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H:mrra <<YC.EIJJli!Temr mmoycraaonow> Ha· 
mrca ua p;JIH Y'lamnxcJJ rnHon n Y'Jl'fJJIJll\ no 
uop;rorom<e JmHoMoxaHlJI\On II HareropRM 
II )J;JJH l llil[(, CaMOCTOllT8Jli>HO 38EIIM810ll\RXCH 
UOBblillOBMOM J\B8JJI1cp1:1HaJJ.I1H. 

f1 o cop;epmamno HHBry ~JOmuo ycnonao 
pa3p;en.EITb ua rpn qacrR . 

B nepnoB: qacrn JJ3nararorcn npnHU:Hllhl 
pa60Tbl Iii ycr-poikrna naJ<YYMEhiX, ra3oua
nonrreHEThiX II uonyn ponop;m>monw x n p.u6opon, 
IICDOJJb3YOM.biX B yCI1JJHTOJ!bHbiX yerpoifCTBaX 
BH3I\OM qacrorhl IHII:IOYCTal!OBOH. B :noii 
Hacrn p;arrbl Iii HpaTime cnep;euFIH o anyHe. 

Bo BTopoi!i -qacru paccMaTpunaroTcH cxe
Mbi BblnpH~ffiTOJJOM Iii yCRJlHTOJ!hl:lhl. ' J\8CI\8-
)J;OB HaDpHlHOHHH Iii MOU\EIOCTI:I, o6parHaH 
CBH3h, BXO)J;HblO uenlii, l<oppOHl( IHl '1 8CTOT
Bb!X xapaHrepncTHI< n ycMJIHTeJJ HX, a Taro-He 
rrpHUl(HObl pu60Tbl I:! ycTpOHCTBa <lJJOHTpO
aJ<yCTH'IOCI\Oif annaparypw; rpOMI\OfOBOpH
TO.rtei!i, TenecpOHOB, MlH<p ocpOI:IOB n 3BYHOCU.I'I
Mareneif. 

B rpeTbeti qacnr paccMarpiinarorcn J\OM
nJieruw 3BYI\OBOCO]JOM3BO)J;Hll\MX yCTpOHCTB 
1\llFIOYCTaHOBOJ( l\YY0-56 II BOBaR ynncpH
JJ.Kj)OBanuaH annaparypa a3nyH» . 

.Bee 3a~mqaanH H nomenaBIIH no I<nllre 
npocb6a uaopaBJJHTb no aApecy: ~ 

. cr<na, K-51, Uneroofl 6Yil.bBap. 25 . u a):la -
TeJll,cTno «!1CH CCTBO>) 0):131\l(HH Jll!TO a-

T Y]Jbl DO . OT0f!l3 IHIEIOTOXUDHe. 
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§ 1. OCHOBHbiE nOHSITJ.oiSI 0 3BY
K03Am1CH H BOCnPOM3BEAEHHH 
3BYKA 

3aiHIC:b J.l nOCJie,D;yiOrn;ee BOCnp01ii3Be,D;eHJ.Ie 

l'lByi\a npe,D;cTaBJIJieT co6oll: O,D;HY 1il3 !flopM sByHonepe,D;a'IM, 

OC06eHHOCT:bl{) KOTOpO:iiJ: JIBJIJieTCli TO, 'ITO 3ByK, 3anJiiCaHH:biH 

Ha HOCJ.ITeJie, MQri\eT 6oiT:b BOCnpOH3Be,D;eH no npomeCTBJ.IJ.l 

,ll;JIHTeJII>HOrO BpeMeHM, 'Iero He n03BOJIJieT C,D;eJiaT:b HJii O,D;Ha 

,D;pyraJI !flopMa sByi\onepe,D;a'Ilii (no npoBO,!J;HI>INI KaHaJiaM 

CBJI3H, no pa,D;MO, no TeJieBM,D;eHMIO). 

3ByiW3anHC:b MOJI\eT 6I>IT:b ocyrn;eCTBJieHa HeCI\OJI:bi\HMM 

MeTO,D;aMJ.I . IJpaHTJii'IeCI\Oe npHMeHeHJile HaiDJIH MeXaHJ.I'Ie

CIUIH, OJITM'IeCI\JiiH ( !floTorpa!fl:a'IeCI\HH) J.l MarHHTHI>IH M8TO,!J;bi 

3anHCJ.l H BOCnp01ii3Be,D;ElHJ.lli 3Byi\a. 

MexaHH~recKH:if: MeTOA 3anHcH 3ByRa M3o6peTeH B 1877 r., 

rwr,D;a T. A. 8;:J;HCOH BnepB:ore nocTpOliiJI !floHorpa!fl. B !floHo

rpa!fle sanHC:b ,ll;BHJI-\eHJiiH MeM6paHI>I, B u;eHTpe I\OTOpO:iiJ: yKpen

JiliJICli can!fllilpOBI>Iiir peseu; , npOH3BO,!J;H.UaC:b Ha ,D;BHmyrn;eMCJI 

6apa6aHe, nOI<pi>ITOM JIHCTOM CTaHIWJIJI, a B ,D;aJioHe:iiJ:meM -

Ha BOCI\OBI>TX BaJIIHWX. 3anJ.IC:b nOJiy'IaJiaCb B BH,D;e pR,D;a yr

.rry6JieHJ.I:iir, pacnOJIOllieHH:biX no BHHTOBO:iir p;oponme Ha no

BepXHOCTM D;HJIJ.IH,D;pa (rJiy6HHHaJI 3anHCo). 
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B 1894 r. 8. Bepmmep npe,n:JiomHJI HOBI:.IH npH6op p:JIJI 
sanHCH 3ByKa, HaaBaHHblH HM rpaMMOcpOHOM , B HOTOpOM 3BYI< 
sanHCniBa.JICJI Ha BOCHOBOM P:HCHe, npH'IeM IWJie6aHHJI pean;a 
npOHCXOp:HJIH He B r.Jiy6HHy, a nonepeH HaHaBHH, IWTOpaJI 
CnHpa.JibHO BHJiaCJ:. no P:HCHy (nonepe'IHaJI aanHCn). 

8ToT crroco6 no.JiyqHJI 6o.Jinmoe p acnpocTpaHeHHe 6Jiaro
,n:apH y,n:o6cTJ;J Y paaMHomeHHJI sanHceFi: npecconamreM n.Jiac
THHOH C MaTpn:n;. 3amiCb npH nOMOIIJ;H rpaMMOcpOHa H B HaC
TOJIID;ee BpeMJI MOiHeT C'IHTaTI:.CJI OP:HOH H3 JIY'IillHX TeXHH'Ie
CKHX cpopM 3BYH03anHCH. 

rpaMMOcpOJJHaJI aanHCb BOCnpOH3BOP:HTCJI aKyCTH<reCHHM . 
HJIH 3JieKTpH<reCHHM CnOC060M. 

II pH aHycTn:•recHoM cnoco6e Hr.Jia, ,n:nHrarorn;aJICJI no r<a
HaBHe rpaliiMOcpOHHOH IIJiaCTHHKH, COBepmaeT JWJie6a Te.JIJ:.
HI:.Te ,ll;BHJI<eHHH. ,lJ;pyrHM CBOHM KOHD;OM l1TJia <repe3 CHCTeMhi 
pnr<raron nepe,n:aeT ,n:nHmeHHe n;eHTPY ,n:n:cKa MeM6paHI:.I, sa 
Hpen.JieHHo:H no HpaJIM. Me1116paHa noMern;eHa B npe,n:pynop
Holl: HaMepe, npn:coep:HHeHHOH I< rop.Jiy pynopa. I-\oJre6aHHJI 
B03p:yxa B npep:pynopHOH IWMepe yCHJIHBaiOTCJI pynopOM. 
B na TecpoHax npHMeHeH cnepHynrFi: pynop, KOTopr,rFi: pasMe
rn;aeTCJI KOHCTpyKTHBHO B <reMop:aHe BMeCTe C MeXaHH3MOM 
na TecpoHa. 

IlpH 3JieKTpH'IeCHOM cnoco6e HCnOJin3YIOT 3BYHOCHHMa
Te.JIJ:., npep:cTaBJIJIIOID;HFi co6oFi: npeo6pasona Te.Jib MexaHH'Ie
CHHX HOJie6aHHH Hr.Jihi B 3JieHTpH<reCKHe HOJie6aHH.H. 8Jiei<T
pH<reCKH8 Ho.Jie6aHHJI ycn:JIHBaiOTCJI ycu/l,wne/l,e.M p;o Heo6-
xo,n:HMOH MOID;HOCTH H nop:nop:JITCJI H rpOMI<OrOBOpHTe.JIIO, 
npeo6pasyrorn;eMy 3JieHTpH<reCHHe HOJie6aHHJI B aHyCTH<reCKHe 
HJIH 3BYKOBJ:.Ie HOJie6aHHJI. 

0rrTH'IeCIHIH 1\leTO,ll; 3am:WH 3ByHa 3ai<JIIO<raeTCJI B TOM, <ITO 
CBeTo<ryBCTBHTe.JibHblH CJIOH (I<HHOnJieHHa) OCBern;aeTCJI ny•I
KOM CBeTa, H3MeHJIIOID;HMCJI no mHpHHe (nonepe<rHHJI aanHCb) 
HJIH no CHJie cneTa (HHTeHCHBHaJI sanHcb). B pesyJrbTaTe rro
Jiyqa eTcJI OnTH'IeCI<aJI cpOHOrpaMll1a, B IWTOpOii: HMeiOTCJI yqa
CTKH paaJIH'IHoll: n.JIOTHOCTH (pRe . I -1). 

0nTH<reCHaJI aanHCb BOCnpOH3BOP:HTCJI CJiep:yiOID;HM o6-
pa30M. <!JOHOrpaMMa (B KHHOTeaTpaX - cpHJibMOIWnHJI C 
cpormrpaMMOH) P:BHn<eTCJI MHMO y3IWH OCBern;eHHOH rn;e.JIH -
cneTonoro mTpHxa . II pH 3TOM nsMeHJieTCJI ne.JIH<rHHa cneTo
noro noToKa, npome,n:mero qepes cpoaorpaMMY Ha ifjomo
<MeJ.teH,m. <!loToaJieMeHT npeo6pasyeT KOJie6amm cneTonoro 
nOTOKa B KOJie6aHHJI 3JieKTpH'IeCKOrO TOI<a TOR n<e 'laCTOTbl. 
Ho KOJie6aHHJI ToKa, pasnHnaeMr,re cpoT03JieMeHTo:ti'I, HH'ITOn<
HO Ma.JIJ:.I H He B COCTOJIHliiH 3HC'faBHTb pa6oTaTJ:. rpollmOrOBO-
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p FITBJib. ilO::JTOMy Ji!X n pe)J,Ba p FITBJihHO llO)J,BO)J)IT R YCU.ILU

m e.ILIO, KOTOpbiH yCFIJIItiBaeT ::JJIBI>TpFI'IBCKFIB ROJie6aHFIH OT 

<iJOT08JI6MBHTa )J;O ~IOiliHOCl'H, HB06XO)J;I!IMOH )J;JIH pa60Thi rpOM

ROfOBOpHTBJIH . 

OnTH'IBCKI!IH MBTOA sarri!ICH H nocnpoM3BB)J;BHI1H snyRa 

HaH60Jihrrree npHMBHBHI!Ie uaxo)J;HT B snyRoBoM RFIHO . B CCCP 
OH 6hiJI B n epBbiB paspa6oTaH 11 . r . TarepoM (1927 r.) Ji[ 

A . <D . UlopHHhi M (1928 r .). 

MarunTHhiM MeTop; sanncH sByRa ocHoBaH Ha cnoil:t:TBe 

CTaJibHOH IIpOllOJIOKlii liiJI H q)eppo~rarHliiTHOH JIBHTbi HaMarHH-

1,85 1,85 1,8 1,8 1,04 1, 8 - f-· r- - r- 1-
I~ 

h I;-
f-' I.,_ 

h lr-
f-' I~ 

f- 1,-
r- I'-
r- :r-
I-
1- ,-

a 6 B 

P IIC. 1-1 . Cf>o norpa~tMhl t<IIHOiflliJlbMOB : a- OIITIIYCCI<af! n epCMCH
HOil lllllpllllbi; 6 - OOTI·I':tecJ\Rff I I HTCII.CilBHan; 6 - i\Iafl!11THafl 

'IHBa'J'bCH IIO)J; ));6HCTBI!IBM rrepeMBHHOr O MarHHTHOrO IIOJIH H 

c o xpaH HTh HeRo Topym ocTaTo~myro uanmrHH'IBHHOCTh. Ha

ArarHH'IHBaHHe n poFI3BO)J;FITCH C llOMOil!biO 3aiiFICbiBaiOiliBH 

Mar HJ1THOM fOJIOBRI!I. 

3arrFICbiBamm:aa Marmrrnan roJIOBKa rrpep;cTaBJIHBT co6oil: 

HesaMKHY'l~hT il: MarHFITHhi:i1 cep)J;B'IHFIR TOR FIJIFI HHOH ROH

CTpyR:u,nH, FIMBIOil!JiiH 06MOTRy, ITO ROTOpOH IIpOXO)J;HT TOR 

snyRonoil: 'laCTOTbi *. ToK 3Byrwno:ii 'IaCTOTbi pasnnBaeTCH 

JvWnpoifjO!iOJl'l-, rrpeo6pa3yiOiliHM :3BYl{0Bbi6 ROJIB6aHFIH B03-

p;yx a' B SJIBR'rpFI'lBCKHB, I~OTOpbiB yCHJIFIBaiOTCH ycu.ILume.!LeJlt, 
ilp61!{));6 'IBM IIO!:(aiOTCfl Ha 3aJIHCI>IBaiOiliYIO roJIOBRy. 

3ByROHOCHT6Jib B <iJopMB JIBHTbi HJIH IIpOBOJIORlii )J;Bli!lli6TCH 

OTH OCHTeJJhHO sarrncbmammeH: roJIOBKH. B pesyJihTa Te RarK

AhiH S.TIBI\IBHT 3BYKOHOCvlTBJIH IIO)J,BepraeTCH Hai\<JafHJil'IHBaHFIIO 

MrHOBBHHbllii 1-Iari-II!ITHhni IIOJI6J\!. 

* IToMHMO TOI'<l 3D)'lWDoii 'laCTOThl no o6MOTIW saDHChiDaiOIIIeii 
!'OJIODl\ll upOTei\aeT TOI\ UO)l;Ma!'HII'IMDa HHH HJ111 TOI\ Dbl COl\O<raCTOTilO!'O 
CMelii.eHl!f!. 
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I1pOHBB8,ll;8HHall MarHHTHall aanHCb BbUIBJIFI8TCJI BO BH8ill

H8M npO<.:TpaHCTBe, OKpymaiOm;eM 3BYKOHOCHT8Jlb B cpOpMe 

MarHMTHOrO ITOJIFI, H:M8IOIIJ;ero nepeM8HH08 · (TO HJIH HHOe) 

3HacreHM8 ITOB0pXHOCTHOH (BHemHefr) OCTaTOCIHOH MH,D;YKJJ;MH. 

B ocnpouaeofhLUfaR- .ilW21iUmliaR- ao.tLoe1w npep;cTaBJIFieT co-

6oft cpeppoMarHHTHI>IH cepp;ecrHHK KOJin:o;eBoro THrra c ooMoT

Koii:. BocnpoHaBep;eHHe aByKoBoro cHrHaJia c MarHHTHOH 

cpOHorpaMMbi OCHOBaHO Ha lil3M8H8Hlillil MarHHTHOrO ITOJIFI 

BOCITp01ii3BO,ll;FIIIJ;8H rOJIOBKlil ;D;BliD·KYfii8HCFI MarHliiTHOH JI8H

TOH C 3aiTHCbiO. OTH H3M8H8HHJI MarHHTHOrO ITOTOKa liiH;D;yK

THpyiOT Ha KOHD;3X OOMOTKH rOJIOBKH ::>.p;. C., KOTOpaFI H ITO

p;aeTCFI Ha ycuJtUme.!Lb C ITO,D;KJIIOCI8HHhlM K HeMy rpOMKOrOBO

pHT8JI8M. 

MarHHTHaH aanHcn BBYKa 6nma naoopeTeHa B 1898 r. 

p;aTCKHM cpnaHKOi\I B . llayJinceHoM, nepBniH annapar KOToporo 

,ll;JIFI aanHCH Ha CTaJinHyiO npOBOJIOKy ,ll;8MOHCTpHp.OB3JICFI B 

1900 r. 
B 1920 r. B. Jii. KoBaJieHKOB npep;JIO>I{HJI HcnoJII>BoBaTn Ha 

OCHOBe npHM8H8HHFI TOHKOH CT3JlbHOH npOBOJIOKH, aap;eJiaH

HOH B KHHOITJI8HKy, MarHHTHYIO 33ITHCb ,D;JIFI C03;JJ;3HHFI 3By

KOBOrO KHHO H npHM8HHTb 3JI8KTpOHHbi8 JI3Mllbl ,D;JIFI yCHJie

HHFI CHrHaJIOB KaK :qpH 3aJJHCH, TaK H npH BOCripOH3B8,ll;8HHH. 

PaapaooTKa nopomKOBhlX MarHHTHnix JieHT H MeTop;oB 

yJinTpaaByKoBoro CMem;eHHFI no3BOJIHJia mHpoKo BHep;pHTn 

MarHHTHI>IH MeTop;, H B nepByiO O'Iepe;n;n B npo:o;eccax nepBH'I

HoH: 33ITHCJii 3ByKa npH rrpOH3BO,ll;CTB8 CpHJibll'lOB. IJpHM8H8HJii8 

MarHHTHOrO M8TO,ll;3 B KHH8MaTorpacpHif ITO CpaBH8HHIO C 

OriTH'I8CKHM p;aeT CJI8,D;YIOfiiH8 npeHMym;eCTBa: BbiCOKOe Ka

'I8CTBO aBy'IaHHFI, B03MOJ-KHOCTn onepaTHBHoro KOHTPOJIFI 

npOH3Bep;eHHOH 33ITHCH nyTeM H8M8;D;JI8HHOrO npOCJiyillHB3HHFI, 

OTCyTCTBHe npoMemyTO'IHbiX npo:o;eCCOB OOpaOOTKJii <floHO

rpaMMl>I, p;emeBH3Ha MarHHTHOH JI8HTbi H B03MOrKHOCTb MHO

roKpaTHOrO ee HCITOJib30B3HHFI, OTCYTCTBH8 npo:o;eCCOB ne

craTH <floHorpaMM H CBII33HHbiX C 3THM HCK31I<8HHH. 

MarHHTHaFI aarrHCb HMeeT II Hep;ocTaTKH: HeJI:&BII pac

CMaTpHBaTb <floHorpaMMy Ha JI8HT8, 'ITO 3aTpyp;HFI8T BH3y-

3JibHhl:il KOHTpOJib H MOHTarK , yCJIO>HH8HO COBM8IIJ;8HH8 <flo

HOrpaMiVIhi H H300paJ-I{8HHFI Ha O;D;HOH ITJI8HK8, B03MOJ-HHO 

ITOFIBJI8HH8 HOITHp::>tlJ<fleKTa, H3HaiTIHB3IOTCFI MarHHTHJ>I8 ro

JIOBHH. 

I1peHMYIT\8CTBa MarHHTHOrO M8TO;D;3 33ITHCH 3BYI{3 ooyc

JIOBHJIH illHpOKHH nepexop; OT <floTorpa<fJJ<I'I8CI<OH 3Byi<03a

ITHCH H MarHHTHOH Ha HHHOCTyp;HFIX, B M3CCOBhiX HOIJHIIX 

_ mHpOH03KpaHHhlX, IT3HOpaMHhlX H illi-IpOKOCpOpMaTHhlX CTe-
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peocfloHHlJeCKliiX cPHJihMOII, a TaiHRe B 16-M.M cPHJib:MaX. Ilp:a

MeHeHHe :MarHRTHOH 3ByR03aiiHCH &HalJMTeJihHO CORpaTMJIO 

TeXHGJior:aqecRMH rrpoiJ,ecc aByRoaarr:ac:a. 

Ha puc. I-2 rroRaaaHhi TPH cxeMhi, cooTBeTCTByiOIIJ,Me 

BO CIIpOM 3Be)J;eHMIO rpaMaamiCH (a), cPOTOrpaqmlJeCKOH ( 6) 
H MarHMTHOM (e) cfloHorpaMM. Ha HMX BHp;Ho MeCTO ycMJIMTeJIJI 

a 

B 

PHc. I-2. CxeM OI nocnpouane)l.enuH aswm rpaMsamicn (a); 
C !jJ OTOf!JacjJH'ICCI<O:il' (6) II M8rHIITH0M (B) cjJOHOrpaMM 

B o6IIJ,eM TpaRTe aByi<oBocrrpo:aaBep;eHHJI . Heo6xop;HMOCTb 

yCHJIHTeJIJI CTaHOBHTCJI IIOHJITHOH, eCJIH COfiOCTaBHTb MOIIJ,

HOCTb, paammae:MyiO 3BYI<OCHHMaTeJieM, cPOTO::JJie:MeHTOl\1 H 

:MarHHTHOH 3BYI<OBOCIIpOH3BO)l;JIIIJ,eH rOJIOBI<OH C MOIIJ,HOCTbiO 

3JieRTpHlJeCRHX HOJie6aHHM, IIO)l;BO)l;HMhiX H rpOMHOrOBOpH

TeJIIO conpeMeHHoro RHHOTeaTpa. 

TaR, Banp.HMep, a.p;.c. MarHHTHOH roJIOBRH HeBeJI:aRa -

rrpHMepHo 1,5 .ll£e Ha qacTOTe 1000 <nf . EcJI:a roJIOBHa Harpy

/HeRa Ha aHTHBHOe .COIIpOTHBJI8HFf8 100 0.11£, TO MOIIJ,HOCTb COC

TaBJIJieT: 

P = u; · 10-a = 2 · 2~~;o - s = 2,25 -10 - 8em, 

T . e. 0,0000225 .!Item. 
CPoToaJieMeHT qyncTBHTeJibHOCThiO 200 .lltna/ AJn paannBaeT 

rrepeMeHHyro cocTaBJIJIIOIIJ,yro ToHa, panHyro 2 .lltna. IIpu corr

poTHBJieHMH HarpyaK:a cfloToaJie:MeHTa R=150 000 o.u (:no 

COIIpOTHBJieH:ae IIpHHJITO )l;JIJI MaCCOBOH CTaiJ,HOHapHOH arr

rrapaTyphl) MOIII,HOCTh 6yp;eT paBHa: 

P=l2 ·R=(2·10- 6?·150000=6·10- 7 em, 

T. e. 0,0000006 em. 
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HecKOJibKO 66Jrhmyro MOII(HOCTb pasBimaeT rrLesoaJrern

plr<IeCKMi1: 3BYKOCHMMaTeJib. 8.p; . C. 3BYIWCHIIMaTeJIJI 200 .MB . 

II pn: conpoTHBJIBHHII narpysrrn: snyKoCHIIMa TeJIJI R = 200 000 a.M. 
MOlll,HOCTb 6yp;eT paBna : 

U2 (200-J0- 3)2 
P = - = . 

10
_ = 0, 0Ll02 Jli67n. 

ll ..., . ' '1 

Op;naKo MOIII.HOCTb aJieKTpH~mciciix IWJie6anni1:, nop;Bop;n:

~raJI K rpOi\IKOrOBOpHTeJIJil\1 ,IJ;JIH C03).J;aHUJI ,IJ;OCTaTO'IHOH rpoM

ICOCTII 3Byi\a B 3pHTeJibH0.\[ 3aJie KJifHOTeaTpa, ~(OJIH·\Ha COC

TaBJIJITb ep;IIHHJ~hl, ,IJ;BC.f!'I'H:U H p;ail\B COTHH BaTT. 

Y CliJIIITeJHI llliipOKO npHM8HJIIOT He TOJIJ>l{O rrpii BOCIIpO

U3BB)l.eHIIVI ::myKa, no II B npou;eccax sarrHcn sByKa, pap;Ho

nepe;a;a'Ie, B TeJieBH)l;BHMII, IIpOBO)l;HJ>L\. HaHaJJaX CBJI3II, lil3l\Ie

pHTeJibHbiX U ;a;pyrHX npH6opax. Y Cl!IJIMTeJIH IU iaCCMCJmu;upyiOT 

no pasJIIILIHhlM npnsnaKaM, B 'IaCTHOCTII no ;a;IIanasony 'lac

TOT KOJle6aHUM, KOTOphiB OHU rrponyCI\aiOT . Pa3JIU'IalOT ycu

JIUTBJIII HU3IWH 'IaCTOThi, IDI1pOK0110JIOCHhie yCIIJIUTBJIM -

BIIp;eoyCIIJiliiTBJIU U yCHJil1TBJil1 MB)l;Jiel:IHbiX KOJi e6aHl1H, yc

JIOBHO I-Ia3biBaBMbie yCUJIIITBJIJIMli ITOCTOJIHI-IOrO TOKa. 

Y CFIJIIITBJIU HII3I{QH 'IaCTOThl npep;r-rasna'IBHbl )l;JIJI yCIWB

HUJI KOJie6ai-IFIH 3ByiWBOH 'IaCTOThl OT 16 )1; 0 20 000 elf, HO UX 

II3rOTOBJlHIOT Ha llBCKOJibKO MBHbDJI1H p;Harra30H: QT 40 elf 
!J;O 15 000 eLf., 'ITO ynpom.ae1' KOI-ICTpy KJJ;UIO. GTU yCHJIHTBJIII 

illUpOI{O HCliOJib3YWT B 3ByHOBOM HFII-IO. 

3a ITOCJIBp;HeB ,IJ;BCJITFIJIBTFIB TBXHFIHa l{lilHBMaTOl'pacpa ITOJiy

'IJtJJia sna'IFITeJILnoe pasBFITMe . IIoJIBJtJJIMCb HOBbi e, 6oJiee co

nepmennhle BI>I,IJ;bi HMHeMaTorpacpa - mnpoKoaKpannoe, mu

porwcpopMaTnoe u rranopa11mo e HIIlio . 3na'IMTB.JibHble MsMe

ueHMJI npOH30IDJIII . H B CMCTeMaX sanHCII Jil BOClipOM3BB)l;eHI-IJ'I 

snyrta . ,il;JIJI Toro 'IT06hi JierHo paso6paTbCJI B cxeMax Iii an

uapaTy p e 3aliUCl1 - BOCIIpOFI3BB)l;BHl1JI pa3Jil1'IHbiX CJiiCTeM, 

II03I-IaHOMlB ICJ'I C HBKOTOpbi11Ill MBTOp;aMII 3BYKOIIepe;a; a~III. 

Pac cMoTpeHHhie MeTO)l;bi sByHosarrMCH rrosBOJIJIIOT noJiy-

'IllTb M 0 H 0 y p a JI b H y IO II C T e p e 0 cp 0 H H 'I e-

C H y IO 3BYHOIIepep;a qy . 

lVIonoypaJibHafl 3BYKOnepeJW'Ia ( O)l.HOKaHaJibHaH 3BYKO

aanHCb) OCylll,eCTBJIJIBTCJI JII06bUI MBTO)l;OM 3ByKo3aiiMCli!, HO 

C I1:CIIOJib30BaHI!IeM O,IJ;HOl'O 3JI6Kl'pOai{yCTJII'IBCKOl'O TpaKTa -

op;Horo rmnaJia . 8-ro sna'IMT, 'ITO snyK sannchlnaeTCH c no

MOIII.biO O~HOrO JilJIJii rp_yrrnbi M!!IHpoq)OHOB, TOKM IWTOpbiX 

nonap;aiOT Ha BXO)l; TOJibl\:0 O,IJ;HOl'O yCMJlllTBJIJI, M II03TOMY Ha 

3BYHOHOCB:TBJIB (MarHiil'l'HOH JIBHTe, BOCIWBOM )l;llCHe, HlilHO

IIJIBJIHe) sanuCLI Bae-rcn o;a;ua cponorpa~L\la. CxeMa o;a;noKanaJib-
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HOM suyKosanMCH noKasaHa Ira pMc. I-3, a. l\1HI{pociJOH M-' 
IIOAKJII01Ja8TCJI . K liiMKillepCKOMY IIYJibTy, J-Ia KOTOpOM Hl\18-

IOTCH peryJIHTOpbi ypOBHJI KarRp;oro MHKpo<!JoHHOrO BXOp;a II 

o6IT.J;Mi1: peryJIHTOp ypoBHH PY. C i\IImmepcKoro nynwa TOKH 

3ByiWBOM 'JaCTOTT>I TIOJJ,BO,[(HTCJI J{ yCHJIYIT0JIIO 3aiU1CH Y 3, 

a 

PHc. I-3. CHeJJC1'ili>IC cxeMbl aoyHoaarmcn 11 aoyHonocnpouaBeAe· 
H>Jll: a- OilHOl>3T-Ia.qbH3fl, 6-c•rcpeOqlOHI!'ieCI{3fl (1'peXH3H3JlbH3fl) 

Ha BbiXOp;e KOTOporo BKJIIO'I8H TOT Hmi IIHOH 3ByK03aiiMCbi

BaiOIT.J;IIM anna paT, HanpnMep sanncbmaroiT.J;aH rononKa Br . 
MoHoypaJihHall suyn:onepe,[(a'Ia DHOCHT onpep;eneHHyro 

yC.llOBHOCTb D npo~eCC 3DyKOIIepep;a'IM, OC060HHO 3aM0THYIO B . 

· 3BYKOD0111 HHHO, 'ITO IIpOJIBJIJI8TCJI B H8COOTB8TCTBHH nepe

M0IT.J;8HHJI J!ICIIO.ITHHT8JIH, IIOKa3biBa0MOrO Ha ::mpaHe, C H0-

IIOA:flHIImOM TO'IKOH paCIIO.llOrK0HHH HCTO'IHHKa 3ByKa -

rpo~morouopnTe.llJI. XoTH 6 Jiaro,[(apn ncHxo<iJHsHoJiorH'IecHHM 

OC060HHOCTHM Hamero BOCIIpHHTHJI 3pHT0Jih CDH3biBa8'r 3pH

T0JihHhl H o6pa3 C o6pa30M 3BYIWDhiM, MOHOypaJihHarr 3BYKO

nepep;aqa ae ,[(aeT rrpocTpaHCTBeHaoro n HaTypaJihHoro suy

'IaHHH. 

CTepeoc))oHHl.JeCimn. aByKonepe)l;a•m (MaoroHauaJihHaH) Mo

J-KeT 6biTh IIOJiyl:feHa JII06biM H3 M0TOAOB 3BYI\OITHCH nyTeM 

O,Z:(HOBp0i\I0HHOH sarrHCH 3ByHa C HCIJOJih30BaHH8M H8CHOJihKHX 

pa3,[(8JihHbiX <:lJI0I<TpOaHyCTH'I0CKHX TpaKTOB OT !v!HRpo<!JoHa 

p;o 3BYI{Q3aiii1CbiDaiOrn;ero arrrrapaTa C IIOJiy'IeHH0M H8CROJihKHX 

( COOTB8TCTB0HHO 'IHCJiy KaHaJioD) pa3,[(0JihHbiX 3BYHORf.IX p;o
pOrH0K HJIH <!JouorpaMM (HcimiO'IaJI ,[(nyxrwuaJihHbiH M0TOA 

CTepeo<!JoHH'I0CHOH rpaM3aiiHCU, r p;e DCero Op;Ha 3BYKOBaH 

p;opollma). 
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II p11 cTepeocpoHMtrecRoii: anyRoaanMCH coa,n;aiOT ycJIOBHJI, 

aHaJIOI'H'lHbl8 HenocpegCTBBHHOMY CJiyXOBOMy BOCllpHHTHIO 

8CTBCTB8HHbi X HCTO'IHHROB 3ByRa, l{Ol')J;a 'IBJIOBBR pa3JIHtraeT 

HarrpaBJI8HI18 npHXO]J;a 3BYROBbiX BOJIH I1 }J;O HBROTOpOH CTB

ll8HFI OnpegeJIJIBT nOJIOJKBiniB HCTO'lHHRa 3ByRa B npOCTpan

CTBB. 

MgeaJibHaH cTepeocponMtrecRaH anyr-wnepegatra Tpe6yeT 

60JibillOI'O 'lHCJia OT}J;BJibHbiX, H83aBHCHMhlX ,n;pyr OT gpyra 

3JIBRTpOaRyCTH'l8CI\HX RaHaJIOB, CO,D;BprRaiii,HX OCHOBHJ,Je 

aneH:&Hc MMRpocpoH - ycMJIHTBJib - annapaT aanMCH -

cpOHOr paMMa - anna paT BOCnpOI13B8}J;BHHJI - yCHJIHT8Jlb -

rpOMROI'OBOplilTBJib. Ilp11 3TOM HB06XOIJ:HMO TBCHOB paCITOJIO

J-H8HI18 B nepBH'lHOM npOCTpaHCTBe (aRyCTH'lBCHOM noJie) 

llllilRpOcpOHOB, a BO BTOpHtrHOM npOCTpaHCTBB - rp0!11I\Ol'O

BOpHT8J18H. 

,lJ;JIJI CTepeocpOHH'lBCI{Ol'O BOCnpOH3BB}J;BHHJI 3ByHa C COX

paHBHI18M npOCTpaHCTBBHHOH nepcneRTiilBbi B JII06oe npeMJI, 

HC3aBHCHMO OT OpliiTHHaJibHOI'O 3Byl\a, npe,n;napHTBJI-bHO npo

I13BO]J;HTCJI ~fliOI'ORaHaJI:&HaJI 3anHCb . 

CTepeocporrntreci\aH anyi\oaanMCb cTpOHTCH no npnrru;rmy 

3anHCH 3ByROB!ll.'I'O CHrHaJia O,[IHOBpeM8HHO Ha IJ:BYX, Tpex II 

6oJiee ,n;opomRaX 3BYI\OHOCHT8JIH, RaJ-I\}J;OH H3 ROTOphlX COOT

BBTCTByeT cnoii: I{aHaJI anyRorrepegatrH (prrc . I-3, 6). 3nyRoBaH 

BOJIHa OT HCTO'IHHI\a 3ByHa ]J;OCTHraeT Tpex MHHpOcpOHOB : 

J\1!1 , Jl!I 2 11M3 - c HeROTOpbiMH OTJIHtrHJIMH no CHJie, npeMeHH 

M cpaae. CMrnaJI:&r, nocnpiiHHTI.re MHI{pocpoHai\m, nocJie ycM

JtennH ycHJIHTBJIHMn J131 , J13 2 H J13 3 aanHCI.IBaiOTCJI rra paa

,n;eJioHbie MarHHTH:&I e ,n;opomKH 1, 2 H 3. MarnnTHbiH MeTo,n; 

HBJIHBTCH rrar;r6oJiee yp;o6HI.IM )l;JIH 3TMX IJ;BJIBH. 3nyH BOCIIpO

H3BO)l;HTCH C Tpex Mal'HHTHbiX cpOHOrpaMM OIJ:HOBpBMBHHO no 

pa3}];8JlbHbiM RaHaJiaM, H llOCJIB yCUJI8HHH YCHJIHTBJIHMU BOC

npOH3B81J:8HHH J1 B1 , J1 B 2 11 J1 B 3 cnrHaJI:&I nocTynaiOT B rpoM

J\OronopnTeJin Fp 1 , Fp 2 n Fp 3 . Onn pa6oTaiOT op;HonpeMenno 

n nocnponanep;yT cnrnaJI TaR, I\aH on 6:&m nocnpHHHT TpellrH 

~rnRpocponaMn. 
Tai\nM o6paaoM, anyl\onoe noJie, coap;anaeMoe rpm.moro

nopnTeJIHMH, 6ygeT TaRHM II\8, I\aRHM 6niJIO nOJie B 30H8 

pacnoJionwnnH MHI{pocponon . BJiarogapH 3TOM Y n MecTe npo

CJiymnnainiH 3BytraHne BOCllpHHHMaeTCH 60JI88 HHTBHCHBHO, 

'18M npH o6ni'iHOH O}J;HOI\aHaJibHOH nepeJ(a'le. 

To'IHOCTb nepep;atrn noapacTaeT c yneJin'IeHHeM 'IHCJia Ha

HaJion, HO OnbiTHhlM nyTeM J'CTaHOBJI8HO, 'ITO H npn orpaHH

'lBHHOM 'lHCJie l{aHaJIOB (gna, TpH) )l;OCTHI'a8TCH 3HatrHT8JibHblH 

nO,ITOJ-IUIT8JibHblH 3cpcp8I\T. cho n03BOJIHJIO CTpOHTb IJ:BJ'X-
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KaHaJihllbte CTepeoqJOHFflieCI ~16 CHCTeMbl: 3JieKTpOrrpO;tUpbi

Ba TeJIH H l\1aCCOBbJe MariUITOqlOHhl, KOTOpbie BCe 60JibUie 1'! 

60Jibiiie BXO)J;HT B HaUl 6biT . 

HoMHMO yKasaHHhiX pasJIH'laiOT TaKme op;HorroJIOCHyiO 

(IIIHpOKOI!OJIOCHyiO) H )J;BYXIIOJIOCHyiO samiCb . 

fipFI IDHpOKOH IIOJIOCe sarrFIChlBaeliihlX 'laCTOT B03HliiKaiOT 

TeXHFI'leCKne Tpyp;HOCTH nr,rcoKoKa qecTBeHHoro nocrrpoHsne

p;eHHH C HCIIOJib30BaHHeM 06hi'lHhlX O}J;HOI!OJIOCHbiX rpOMKOrO

BOpHTeJieH. fp0111KOrOBOpHTeJib He MOrHeT Oi;J;HHaHOBO XO

pomo pa6oTaTb B o6 JiaCTH HH3ImX H BbiCOHHX 'laCTOT. ,il;JIH 

lTOJiy'leHHH BhlCOHOrO Ka'leCTBa 3BYHOBOClTpOH3Bep;eHHH O)J;HO

HaHaJihHhiX cpOHOrpaMM HClT OJib3YIOT Cl!IC'IeMhl }J;ByXIIOJIOCHOrO 

BOChpOH3Bep;eHHH 3ByHa. 

HpocTol2i: cncTeMol2i: p;nyxnoJiocHoro nocrrpoHsnep;eHHH HB

JIHIOTC.fl: COBpeMeHHhle p8) (HOIIpneMHHKH, rp;e Ha BbiXO}J; YCH

JIHTeJIH IIO}J;KJIIO'leHhl rp0111KOrODOpliiTeJIH HH3KHX H BbiCOKiil.X 

'!aCTOT. 

,ll;nyxnOJIOCHa.H 3aflHCb - pa3)J;9JlbHaH sanl!!Cb 3BYHOBbiX 

HOJie6aHHH BbiCOIHIX H HH3Kl!IX qaCTOT C IIOJiy'leHHeM cpOHO

rpaMMbi B cJJOpMe pasp;em,RbiX samrcel2i:. TaKaH sarrHCb MOII{eT 

6biTb rrpHMeHeHa }J;JIH IIOCJiep;yiOJIJ;ero p;nyxKaHaJibHOrO BOC

npOH3B6)J;eRHH H rrosnoJineT yJiy'l!IIHTh I{a'leCTBO snyHa. 0Ha 

p;aeT B03MOrHHOCTb OCYJIJ;6CTBHTb CHD03HYI0 }J;BYXKaHaJihHYIO 

CHCTeMy 3alTHCFI - BOCIIpOH3B6)J;6HJilH 3ByKa, 'ITO .HBJI.HeTC.H 

p;aJI·bHeHIIIHM pa3BHTFI6M CyJIJ;eeTDyiOJIJ;eH CHCT9Mhl )J;BYXKa

HaJibHOrO 3BYKOBOCIIpOH3B9}J;9HHH. 

8JieHTpOaKyCTH'l6CKaH CHCT9!1ia C pa3}J;9JibHbiM yCHJieHHeM 

H aKyCTIIqeCHHM BOCIIpOll3D9}J;.eHH9M KOJie6aHHH BbiCOKOH 

H IIH3KOR 'laCTOTbi C o6hl'IHOH ,:POHOrpaMMbi paspa6oTaHa 

B CCCP n mnpoHo npHMeHneTC.H n conpeMeHHbiX KHHO

Tea-rpax . 

Ho em;e 6oJibmne p;ocTOHHCTBa MoryT 6biTb BhlHB JieHbi 

TOrp;a, Korp;a }J;BYXHaHaJibHOe BOCIIpOH3Bep;eHHe 3ByKa C pa3-

p;eJieHHeM KOJie6aHJ!IR BbiCOHOH II HH3HOR 'laCTOThl I!pOFI3BO

,r(HTCH He c o6bi'lHOJ2i: cpoHorpa111Mbi, a c cpoHorpaMMhl B cpop~w 
pasp;eJihHbiX sam;rce])i: HOJie6aHHR BbiCOI{OR H HH3KOR 'laCTOThl. 

fipH CKB03HOH CHCTeMe 3alTJilCH - BOCIIpOH3Bep;eHHH He TOJibHO 

B 3BeHbHX TpaKTa BOCIIpOH3B6l.I;6HHH, HO H B 3B6HbHX 3ai!FIChl

BlUOJIJ;ero TpaKTa MoryT 6hlTb YM6Hbiii6Hhl H6JIHH6RHbie HCHa

JI{eHHH, IIOJiy'leHhl 6oJiee IIIHporme B03MQrHHOCTH peryJIHpOD

HH OTHOCHTeJibHhlX ypOBHe:J2i: KOJie6aHHM BbiCOHOR H HH3HOR 

TJaCTOThl, TJTO o6ecrre'lHBaeT Jiy'liiiyiO rrepep;a'ly BbiCOimx 

TJaCTOT H y Jry'lii!aeT TeM6p rrepep;anaeNroro snyi{OBoro !IIaTe

piiaJia . 
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§ 2. CbH31;i\IECi<HE XAPAKTEPI1CTHKJ1 
3~YKA 

HcTo•murnr H pacnpocTpanemre 3BYI\a. 
3ByKOM, MJIJii 3BYKOBhiMM KOJie6aHMJIMM, H33hiB310TCJI T3I\ M8 

KoJie6aini H cperm, KoTophre Moryr noap;efrrnoiffi"Thiiac:rryxo:. 

no:i!i: arrrrauaT <reJioneHa. KoJie6anneM, B cnoro otiepep;b, naabr

naeTCH II8p8M8HHO-B03BpaTH08 ,IJ;BI1/f\8HM8 K3JWI'O-JII160 TeJia. 

IIpocTo:i!i: rrpMMep HoJie6aTeJrbnoro p;nrnHeHMH - ,IJ;BMJHeniie 

l\IaHTHJU\Cl CTSHHbiX 'IaCOI3, KOTOpblH OTKJIOHHSTCJI TO B O,IJ;Hy, 

'Io' 
I \ ,, \ 

I \ 
I \ 

I \ 

Ad bs 

5 
0 

BpeMR 

TO B p;pyryro CTO)JOHy OTHOCJilTSJibHO 

H8llO,IJ;BJilHHIOI'O ll0JIOJH8HMJI, COOTBSTCT

Byrom;ero COCTOJIHIUO paBHOB8CHJI . 

IIpou;ecc rwJie6arrii:i!i: noKaaan na pnc. 

I-4. B nepxne:i!i: <raCTlii rroHaaaHbi TPM 

soaMmHnhrx noJiomeHIIH liWJITHMHa : A, B 
u B, na HOTOpbJX p;Ba Hpa:i!i:mrx (A n B) 
COOTB8TCTBYIOT Ha M60Jiblliii£M OTHJIOH8HJIHM 

OT IIOJIO}l\8HHJI paBHOBSCMJI, a cpep;nee 

(B) COOTB8TCTBY8T IIOJIO}l\ 8HJIIO pa.BHOB8-

CMH. B nnlime:i!i: <racTn p;arr rpaqJJIIK p;nn

n>eHMH MaHTHMHa . ITo ropn3onTaJibHO:i!i: 

OCM OTJIOJH8Ha B8JIM<JUHa OTKJIOH8HUJI 

MClHTHliiHCl OT COCTOHIUIH paBHOB8CHJI, IIO 

nepTnr\aJihno:i!i: - npeMJr. BepTnHaJihHaH 

JIUHMH COOTBSTCTByeT IIOJIO}l\8HIUO paB-
PHC. J -1,. l'pa<jm'leCHOe HOB8CHH M3HTHMHCl. 
H3o6pa;Kemw npoJ.Iecca II 
HOJJe6amrH Th1aF!'rHJHta pH ):(BHH{8HJilii MaJITHJIHa BIIpctBO 

TO<rHa, nao6pamarom;aH p;:inrmenHe MaHT

HHI\a na rpac.pur\e, TaHme 6yp;e1' ,[(BHraTbCJI 

nrrpano. )J;o:i!i:p;n p;o Hpa:i!i:nero rrpanoro rroJIQJI,eHH11 B, MctJIT-

n:vm OCT3HOBlilTCH, a 33T8M H3<JH8T ,IJ;Bliii'3TbCH B o6paTHOM 

nanpanJiennn. Mao6pamaroru;aJI To<ma ripop;e JiaeT TO n>e cal\we: 

p;o:i!i:p,eT p;o Kpa:i!i:nero rron on\eHHJI B u: na<rnet p;BHraTbCH B 

o6paTHOM narrpa BJI8Hliilii. l1po:i!i:p;H IIOJIOJH8HM8 paBHOB8CMJI, 

MaJITHJiK p;o:i!i:p;eT p;o Hpa:i!i:nero Jienoro rroJiomenuH A, ocTa

HOBliiTCH TaM, cnona na<rneT p;nnraThCH nrrpano u: Tan: p;aJiee . 

Mao6pan>arom;aH To<rn:a rrpop;eJraeT TaKo:i!i: >He rryTb. 

TaHHM o6paao111, p,nu:nwnu:e nao6pamarom;e:i!i: TO<JHH na 

rpacp:vme IIOJIHOCTbiO COOTB8TCTBY8T ,IJ;Blil}l\8HMIO l\13JITHHHa. 

Jierr<o nup;eTh, 'iTO Hapnma na rpacpnKe rrocJie noanpar.u;enHJI 

lil306pan\arom;e:i!i: TO<JKlil B IIOJIOJR8HH8 0 4 H3<JH8T IIOBTOpJITbCH. 

TaHo:i!i: rroBTOpHrom;H:i!i:cJI rrpou;ecc naabmaeTCJI rrepiwp,n-qecKMM. 
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RoJie6aTeJihHoe rrepnop;HlleCKoe p;BnmeHHe MaHTHHKa, K a K 

II BCJIKOe KOJie6aTeJlhHOe rrepHOp;H'I6C.K06 p;BHIK6HII6, xapaK

TepHSyeTCJI: '1) B6JIJillJHHOH MaHCHMaJihHOro OTKJIOH6HHJI 

iVIaliTHHf\a OT IIOJIOrKeHHJI paBHOB6CHJI (aMIIJIHTyp;a KOJie6a

HHH- Ha rpaqnme JIHHHH 0 1 B HJIU 0 3 A); 2) lJHCJIOM rroJIHhiX 

KOJie6aHHH sa Op;Hy CeKyHp;y(llaCTOTa KOJi e6aHHH). ilOJIHOe KO

Jie6aHH6 COBeprnaeTCJI Sa Bpei\m, B TelJeHHe HOTOporo MaJITHHK 

:J3 0SBpam;aeTCJI B IICXOJI;-

HYIO TOlJKy, p;BnraliCh B 

TOM me caMoM HarrpaBJie

HHH (JIJiiHHJI OB02 M 

0 2A 0 4) . 
BpeMH, B TelJeHHe HO

Toporo coBeprnaeTCH rroJI

Hoe KoJie6aHHe, HaSI>I

BaeTCH rrepuop;oM KOJie6a

HHEi:; HS06pamaeTCJI OH O 

OTpesKoM 004. E cJI:n: 6hl 

Mhl rrpo,n;oJi rHaJI:n: pac-

CMaTpHBaTh JI;BMIH6HH6 

MaliTHMHa p;aJihiiie, TO 

Ha rpacpUI{6 IIOJIYlJHJili 6 nl 

a ··············· ~ ·· · ···••e• • •• 

... - .., 
6 • .._.••••••• •o• •••••••• 

_ J 

r---. 
B • • • +e•~• • • • • • • • • • • • • • • • ---...J 

A .::."';t • • e • • r.:;.~ • • • • L.. _________ ...J 

PHc. I-5. YcJIOBuoe Hso6paa<CHHe 
liOJie6aHJil! qacnn'l sosgyxa 

n;eJihiH pHp; IIOJIHhiX HOJie6aHHH, rrpH'IeM rrepHOJ];hi , T. e . ylJa

CTHH 004, /];JIH Hamp;oro US HliX 6hlJIJil 6hl p a BHbi. lJaCTOTa 

o6osHalJaeTCll o6hilJHO 6yHBOM j li HSMepJieTCJI B repn;ax . 

EcJIH, HarrpHMep, TeJio coBeprnaeT p;ecJITh IIOJIHhlX HoJie6aHHM 

B O,ll;Hy CeHyHp;y, TO 3'1'0 SHalJHT, 'ITO lJaCTOTa UX paBHa '10 21-f 

(rep_o;). lJaCTOTa HOJie6aHHFr M rrepHOJI; HOJie6aHMH - o6paT-
1 1 

Hhie BeJIMlJMHhl , T . e . f = r n T = 1 , r p;e T- rrepnop; HoJie6a-

HHEi: . TaH, HarrpnMep, ecmr 'IaCTOTa HOJie6aHHH MaJITHHHa 

'10 21-f, TO 0 /];HO IIOJIHOe IWJie6aHHe COBepiiiHTCJI s a 0, '1 cer;_. 
3ByK rrpep;cTaBJIHeT co6oH: HOJie6aTeJihHhlH rrpon;ecc. Hs 

COCTOJIHHJI paBHOBeCHJI lJaCTHII;hl BhiBO)J;JITCJI HaKHM-JIH60 

SBy'IaiiJ;RlV£ TeJIOM, a B03Bpam;aiOTCH B COCTOJIHHe paBHOB6CHJI 

6 Jiaro.n;apJI yrrpyrocTH cpe,n;I>I, Harrpn111ep Bosp;yxa. Ha pHc. 

l-5, a yCJIOBHO IIOKa3aH II;6JibiH pHp; lJaCTHII; BOSp;yxa, HaXO,li;H

ITI;HXCJI B COCTOJIHHif paBHOB6CHJI . 

EcJIH TOJIKHYTh JieByiO lJaCT:n:n;y BrrpaBo , oHa Ha'IHeT p;BH
raThCJI, p;ocTHrHeT cJiep;yrmn;eH: '!aCTHII;hl H TOJIKHeT ee . BTo

paH '!aCTRD;a Tal{ rKG Ha'!HeT JI;BHraThCJI IIO HarrpaBJieHHIO K 

TpeTheH: , TOJIRHeT ee n T . .n;. B p esyJihTaTe HeCROJihRO 'IaCTHII; 

c6JIHSJITCH, o6pasoBaB crym;eHHe (pHc. I-5, 6). Ho '!aCTnn;a 

MOJ-R6T C,lJ;BHH~rhCJI BIIpaBO TOJi bKO /];0 H3B6CTHOrO rrpep;eJia. 
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nocJie 'Iero B CII.J:Iy yrrpyroCTII Boap;yxa orra rra'IrreT p;BIIranca 

B o6paTHOM rrarrpaBJIBHIIII . TaKHM o6paaoM, crym;erriie rre

pep;aeTCH p;aJII>rne, a TaM, rp;e parrnrne 6hlJIO crym;erriie, Te

rrepb 6yp;eT paape/HeHIIe. 

llaCTIID;hl B03p;yxa ,!J;BII'HYTCH CHa'IaJia CJieBa J:IarrpaBO, 

,!l;OXO,!l;HT ,!l;O II3BBCTJ:IOrO rrpep;eJia II ,!J;BII/HYTCH B o6paTJ:I0\1 

rrarrpaBJIBJ:IIIII- CrrpaBa J:IaJieBO II T. ,!J; ., T. e . 'IaCTIID;bi B03-

p;yxa COBeprnaiOT rrepiiO,!l;II'IBCHIIe I<OJie6aJ:IIIH OTHOCIITBJibHO 

IIOJIO/HBJ:IIIH, I<OTOpoe OHII 3aHIIMaJIII JJ,O BI{JIIO'IB:fiiiH IICTO'I

J:IIII<a 3ByHa, COBeprnaH HOJie6aJ:IIIH OKOJIO IIOJIOJKBJ:IHH paB

J:IOBBCHH . Crym;eJ:IIIH II paapen{eHIIH p;BHmyTca TOJibKO B op;
HOM rrarrpaBJ!eJ:IHII - CJieBa rrarrpaBo. CJiep;oBaTeJibJ:IO , aBy

KOBhle KOJie6aJ:IIIH, pacrrpOCTpaHHHCb B B03p;yxe, C03p;aiOT 

p;aBJIBJ:IHe, KOTOpoe JIH60 60JibiiiB p;aBJIBJ:IIIH, cym;eCTBOBaB

rnero B p;aJ:IJ:IOH TO'IHB rrpii OTCYTCTBHH 3ByROBhlX I\OJie6aJ:IHH 

( cJiy'Ia:ii crym;eJ:IHH), mi6o MeJ:II>IIIe ( CJI y'Iaii paapemeJ:IHH). 

TaHoe p;aBJieHRe, OTJIII'Iamm;eeca oT I:IopMaJII>J:Ioro (rrpH oT

cyTCTBHH 3ByKOBhlX KOJie6ami:ii), J:Ia3biBaeTCH 3ByKOBhll\1. 

0J:IO, B03,!l;BHCTBYH J:Ia 6apa6aJ:IJ:IbiB rreperrOHKH yrne:ii 'IBJIO

BBKa, Bhl3hlBaeT orrl;ym;emre aByKa. 

CHJia 3ByKa aaBIICIIT OT p;aBJieHIIa: 'IeM oJ:Io 6oJII>IIIe, TeM 

60Jibiiie CIIJia 3ByHa, IIpii'IBM 8CJIII OHO B03paCTaeT B,!l;BOB, 

CIIJia 3ByKa yBeJIII'IIIBaeTCH B 'I8Thlpe paaa, a BCJIII 3Byi<OBOB 

p;aBJIBJ:IIIe BoapocJio B TPII paaa , CIIJia aByKa yBeJIII'IIIBaeTCH 
B ,!J;8BHTb , pa3 II T . ,!J;. 

8HepriiH, KOTOpyiO HeCyT B Ce6e 3BYKOBhl8 BOJIHhl, TaHme 

3aBIICIIT OT 3ByKOBOrO p;aBJIBHIIH (IIJIII OT CIIJihl 3ByHa); npii 

yBeJIII'IBHIIII CIIJihl 3ByKa B H8CKOJibKO pa3 3ByKOBaH arrep

riiH B03pacTaeT B TaKOB /KB 'IIICJIO pa3. 3ByK pacrrpOCTpaHH

BTCH B B03p;yxe C OIIpep;eJieHHOH CI<OpOCTbiO, HOTOpaH rrpii 

HOpMaJibHOM aTMOCWBPHOl\I p;aBJIBHIIII II TBMIIepwrype B03-

p;yxa 15° C COCTaBJIHBT 340 Mf cen. 3HaH CKOpOC'l'b pacrrpOCT

paHBHHH 3Byi<OBhlX I<OJie6aHIIH II IIX 'IaCTOTY, JierHO OIIpep;e
JIIITb HaHKpaT'IaHrnee p aCCTOHHIIB MB/H,!l;y ,!l;BYMH TO'IKaMH 

nepHO,!J;H'IBCKOrO KOJie6aTBJibHOrO npon;ecca , HaXO,!l;HIIJ;IIMHCH 

B O,!l;HOM II TOM /He IIOJIO/H8HIIII . 8TO paCCTOHHHB Ha3hlBaeTCH 

,!J;JII-IHOH BOJIHbi II o603Ha'laBTCH o6hl'1HO rpe'IBCHOR 6yi{B0H A. 
)J;JIIIHy BOJIHhl JIBr i<O orrpep;eJIH'l'b H3 WOPMJJihl: 

A=; .M, 

rp;e C - CKOpOCTb 3ByRa, paBHali 340 Jrtfcen; j - 'IaCTOTa 

K01.!e6aHHH B Zl-f. 
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TaK, p;JIH Kpalirmu 3BYIWBbiX 'IaCTOT, em;e Bocrrp:~<n-uri\m
eMDIX YXOi\I 'I6JIOB6Ka, )J;JIHHa BOJIHbi COCTaBJIHeT: )J;JIH 'IaC-

3~ 3~ 
TOTbi 16 eq, A= 16=21 ,4 .ilt; p;JIH 'IaCTOTbr 20 000 eq, A= 

20 000 
= 

0,017 M=1,7 C.i\t. 

,il,JIHHa BOJIHhl orrpep;eJIH6TCH 0Tp63KOM 00 4 ( CM. pH C. 

I-4) , HJIH AA1, HJIH BB1 n: T. p;., T. e . paccTonrrn:eM Men<p;y 
,D;BYMH TO'IKaMH, H306pamarom;HMH KOJie6aT6JibHbiH rrpo~eCC, 
Haxop;Hm;HMHCH B Op;H-

HaKOBbiX IIOJIO}l\eHHHX. 

B ra3ax (B03p;yx) H B 

l-KH)J;KOCTHX 3BYI{ pacrrpo

CTpaHH6TCH B BHp;e IIpO

)J;OJibHbiX BOJIH (pn:c. I -6), 
Korp;a KbJie6aHHe "!aCT~ 
rrpOHCXO)J;HT B HarrpaB

JI6HHH pacrrpocTparreHHH 

3ByKOBOH BOJIHbi. 

CKopocn pacrrpoc-

TparrerrrrH 3ByKa B TBep

p;urx TeJiax, ra3ax H B 

lliH)J;KOCTHX pa3JIH'IHa, 

'ITO 06'bHCHH6TCH pa3JIH

'IH6M CTpyKTypbi H cpH-

3H'I6CKHX CBOHCTB pa3-

HbiX TBepp;biX TeJI, Ha

rrpHMep MeTaJIJIOB, p;epe

Ba, pe3HHbi, H 3aBHCHT 

OT cpH3H'I6CKOrO COCTOH

HHH ra30B: T6MIIepaTypDI 

Puc. I-6. CxeM3. anyKonoro nomr ynapa 
HOJIOHOJih'nma: pacnpocTpaaemre aayHa aHa
JIOrwmo KapTHHe pacrrpocTpaaemur BOJIH no 
none OT 6pomemwro KaMHfl. B noanyxe 
3ByK paC!!pOCTpaHfieTCfl 1!0 llOBCpXHOCTH 

mapa 

H p;aBJieHHH . ll3 pa3JIH'IHhlX IIOHHTHH, o6'bep;HHH6MbiX 

o6o6m;eHHbiM TepMHHOM <<3BYK>), pa3'bHCHHM CJiep;yrom;He 

TepMHHDI (prrc. I-7) . 
T o H. TorroM Ha3uiBaeTCH 3ByKoBoe om;ym;errn:e, Bbi3Barr

rroe cn:rrycorrp;aJibHbiM HJIH rapMOHH'IeCKHM .KoJie6arrn:eM. 

Burcota TOHa orrpep;eJIHeTcn 'IHCJIOM KoJie6arrrrlir B ceKyrrp;y 

('IaCTOTOH KOJie6aHHH), CHJia 3ByKa - B6JIH'IHHOH aMIIJIH

Typ;hl KOJie6aHHH. 

Cn:rrycon:p;aJinHure KOJie6arrHH xapaKTepn:3yiOTCH IIOMFIMO 

'IaCTOTbi rrepHO)J;OM KOJie6aHHH - BpeMeHeM, B T6'16HFI6 KOTO

poro COBepmaeTCH O)J;HO IIOJIHOe KOJie6aHH6 'IaCTH~bi HJIH TeJia 

OTHOCHT6JI:bHO IIOJI0}!{6HFIH paBHOB6CHH (rrOKOH). 

J1CTO'IHHKOM 'IHCTOrO TOHa CJiyn<aT :3JI6KTpOHHDI6 rerrepaTO

J?nl crrrrycoFip;aJinHDIX KoJie6arrrrlir, rra3umaeMure rerrepaTopaMH 
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3BYKOBhiX KOJie6aiUIH, BhiXO,!l;H08 HaupmKei-UI8 KOTOphiX llO

p;aiOT Ha rpOMKOrOBOpHT8JIH . 

Ha MY3hiKaJibHhiX rrpn6opoB 6JIH3KJiie I{ CHHyconp;aJihHbiM 

I<OJJe6aHJiiHM (llHCTOMY TORy) C03p;aiOT KaMepTOH H CBMCTOI{. 

3 B y I{. CJioJ:Imhrii ( o6bi"'IHhi:i1) TOH c ocTOJiiT Jii3 pzp;a lJMC

ThiX TOHOB - O,!J;HOrO OCHOBHOrO TOHa (rrepBOIT rapMOHMKJii) 

n cepH:rr o6epTOHOB (nTopaz, TpeThH rapMoH:rrK:rr :rr T . p;.). 
OT lJJiiCJia Jii MHTeHCJiiBHOCTJii conponomp;aiOIIJHX ocrroBEOH TOH 

o6epTOHOB 3aBJiiCMT 3ByKOBaH Oi<pacKa - T8M6p pe"'IJii JIIOp;e§r 

M TeM6p MyanmaJibHhlX MHCTpyMeHTOB . 06hi"'IHhre Torra coa

p;aiOT BC8 MY3hiKaJibllhi8 HHCTpyMeHThi. 

III y M cocTOJiiT na rrenep:rrop;HlleCKJiiX KOJie6arrHH M npep;

CTaBJtHeT co6oll: OlJ8Hh CJIQ}KllbiH KOHrJIOMepaT BC8X BH,!l;OB 

KOJie6aHJiiH. 

H M n y JI h c a B y I{ a (yp;ap, xJionoK, napbiB) - O"'I8Hh 

KOpOTimH (MeHee 1/ 150 cef>) 3ByK 6oJII>IDOH rpOMKOCTM. 

Oco6eHHOCThiO MMITYJihCa aByKa HBJIHeTCH cop;epmanHe B rreM 

orpo~moro lJJiiCJia paaJIJiilJHbiX TOHOB. Orr mHpoKo JiiCITOJihayeT

CH ,!J;JIH Ha6JII0~(8HI1H HBJI8HJiiH penep6epaiJHH (aaTyXaHJiiH) 

anyKa B aaKphlTOM noMeiiJeHHM. BpeMH awryxar-IHH HMITYJihca 

anyKa naahmaiOT npmvreneM penep6epaiJHH. 

,il;JJH xapaKTepHCTHHH ar<ycTH"'IeCHHX CBOHCTB noJvieiiJeHHH 

H HX cpaBH8HHH B pa3JIJiilJHbiX ITOM8IIJ8HMHX HCITOJih3Y8TCH 

ITOHHTM8 Bp8l\I8HM CTarrp;apTHOH peBep6epaiJHH. Orro ITOHa3hl

BaeT, aa CHOJihKO CeHyHp; 3BYHOBaH ::meprHH YM8HhiiiMTCH B 

MHJIJIHOH paa OTHOCMT8Jlhi-IO CBoero nepBOHa <JaJihHOro 3Ha

lJ8HHH . 

B n e n Jii JI noarrHr{aiOT B peayJihTaTe CJromeHHJI p;nyx 

lJJiiCThiX TOHOB, nec:oMa 6Jinarmx no qacToTe. PeayJihTHpyro

IIJaH 3BYIWBaJI BOJIHa HM88T qacTOTy, cpep;HIOIO Memp;y p;ByMJI 

COCTaB JIJIIOIIJHl'I'IJii ~raCTOTaMH, Jii aMITJIHTyp;y, H3M8HHIOliiYIOCH 

nepnop;nqecr{H OT paauocTn ~(o cyMMhi aMITJIHTYA o6enx co

cTaBJiliiOIIJHX qacTOT . Horp;a o6e cocTaBJIJIIOIIJHe B op;nnarwnoll: 

cpaae, aMnJIHTyp;a p;ocTnraeT Mai<CHMyMa, panrroro cyMMe 

8MllJIJ1Typ; COCTaBJIHIOIIJHX 'IaCTOT, a I<Orp;a COCTaBJIRIOIIJH8 

npOTMBOITOJIO}!-\Hhi ITO cpaae, peayJihTHpyiOIIJaH aMITJIJiiTyp;a 

MM88T MHHHMyM, paBHbiH paaHOCTM aMIIJIHTyp; 068HX COCTaB

JIHIOIIJHX qacTOT. HoJinqecTBO Mai<CHMyMoB n J'"IHHHMYMOB B 

cer:.:yHp;y Ha3biBa8TCH 'laCTOTOM 6n:eHHH Jii paBHO pa3HOCTH 

qacTOT o6en:x COCTaBJIJIIOIIJHX 3ByKOBhiX BOJIH. 

BneHHJI O'I8Hh CJiiJihHO OliiYIIJaiOTCJI HaK rroMexn npu any

Honepep;aqe - npocJiymn:naeTCH paanocTrrr,rii TOI-L 

p e 3 0 H a H C npep;CTaB.ITH8T C060ifr HBJI8HH8, ITOJiyqaiO

IIJ88CH B peayJihTaTe COBITap;eHIUI HJIH CIH-IXpOHH3aiJHJii CBO-
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6op;HbiX ROJie6amrii: TeJia n ROJie6amri'r, coo6m;eHHJ,rx e1v1y 

H3BHe. H .orp;a BHemHne 1<0Jie6aHHH connap;aroT no 'IaCTOTe c 

O,ll;HOR H3 C06CTB8HHb1X 'IaCTOT T8Jia, peariipOBaHM8 KOJI86JIIO

m;erOCfl T8Jia O'IBHb 3aM8THO, HaK rOBOpHT, T8JIO p830HHpyeT 

npn p;aHHOR 'IaCTOTe. 

He cJiep;yeT cMemnnaTb noHHTMH pe3oHaHc n penep6epa · 

IIIlfl. qaCTO rOBOpHT 0 nOM8IlJ8HMJii C 'Ip83M8pHOR penep6epa .. 

IIH8H, HaR HM810IlJ8M 60JibillOH p830HaHC, 'ITO H8B8pHO . 

,I( Jii <fJ p a 1{ II H fl - flBJI8HJii8 H 3M8H8HJiifl HanpaBJI8HHli 

pacnpocTpaHenna 3BYKOBhlX BOJIH y 1<paen nperpap;bi, 'ITO 

npnnop;nT K orn6aHnro nperpap;b1 3BYKOBO:iir BOJIHOH . EcJIH 

Ha nyTH pacnpOCTp3H8HH!I 3BYKOBOH BOJIHbi BCTpe~raeTCfl 
np8D.HTCTBH8 B BHp;e IlJliiTa, TO ORO 6yp;eT 060HP,8HO. 3TO 

OC068HHO 3aM8THO Ha HlHI\HHX Lf3CTOTaX, ROTOpbi8 HM8IOT 

60JibillYIO ,ll;JIHHY BO JIHhl, H, CjJ8,ll;OB3T8JibHO , H3CTO!IllJ8H npe

rpap;oll: ,lJ;jJ!I HHX MOIK8T CJiyH<HTb TQjJbKO O'l8Hb 60Jibill3!I 

nonepxHOCTb . 

M H T e p <P e p e H II H JI - HB JJeHHe cyMMnponaHTm 

,ll;BYX 3BYHOBhlX BOJIH O,ll;HHai\OBOH 'laCTOTbi B npOCTpaHCTB8. 

B pe3yjJoTaTe HHTep<flepeHu;un pe3ym,THpymm;ee ROJie6aHHe 

llwn.;eT Jm6o yneJJIFIJiiBaTbCH no aMIIJIHTyp;e, m.r6o yMeHo

maT:oca, 101TO 3aBl'!CHT OT COOTHOill8Hliifl aMnJJJiiTY,ll; Jii <fla3 

KOJie6aHJiiH. 

§ 3. CbJit3HOnOfl.fLIECKHE XAPAKTEPM
CTI.fKI.f 3BYKA 

q8JIOB8H BOCnpliiHJiiMaeT 3BY1WB:OI8 B03-

6yn<,D;8HJii!I B p;pyroM IIJiaHe, '18M BOCnpliiHliiMaiOT JiiX H3M8plii

T8Jll>Hbie npH6op:or. ToJI:oKo 6Jiarop;ap!I orpoMHOMY 'lHCJiy 

:mcnepHM8HTOB ycTaHOBJI8Hbi CBH3H Memp;y <fJH3H'l8C1-\HMJii 

B8JIH'lHHaMlii H <fJJii3HOJIOrlii•IeCKHMH OIJ;8HR3MH 3BYKOB:OIX pa3-

p;pa}R8HHH, ROTOpi>Ie Mb1 BOCnpHHHI\1381\1. 

OcHOBbi :=JTHX CBH3ell: Jien-\aT B o6JiacTu: <fln:3HOJIOrHr-r. 

qyBCTBHTeJII>HOCTb yxa. BocnpHHTHe 3ByRa . orpaHH'leHo 

onpep;eJieHHblli1H npep;eJiaMH r<aH no <racTOTe, TaR n no HH

TeHCHBHOCTH. "Y XO 'lyBCTBHT8JlbHO 1{ ~IaCTOT8 B p;Han a30H8 

oT 16 p;o 20 000 Zl.f (p;nana3oH <raCTOT) . ITo HHTeHCHBHOCTH, 

HJIJii 3BYKOBOMY p;aBJI8HHIO, BOCnpiiHTH8 3Byi<a TaKme orpa

HR'l8HO (pn:c. I -8). 
q YBCTBHT8Jll>HOCT:b yxa 1{ pa3HbiM <raCTOTaM pa3JIH'IH3 : 

TaR, B npep;eJiaX 'l3CTOT OT 1000 ,ll;O 5000 Zl.f ORa npHll18pHO 

B 10 000 pa3 6oJI:ome, <reM na Hpall:Hlii~ LiaCTOTax CJih~mn:Mo:ro 
p;Hana3oHa . 



l1pH BOSpacTaliHM CHJihl SBYI{ a rpOMKOCTh TO}KB yneJHl'Ilt~ 
Ba8TCH, npH'IeM rpOMK OCTh nponop1IMOHaJihHa JIOrapmpMy 
RSMeHeHHH CHJlhl SBYI{a. 3TO SHa'lHT, 'ITO ecJIH CHJia SByKa 

BOSpaCTeT, HanpHMep, B ThlCJI'lY pas, TO rpOMKOCTh yneJIH
. 'IHTCJI TOJihiW B TpH pasa, a ecJIH CHJia SByKa BOSpacTeT B 
MHJIJIHOH pas, rpOMIWC'l'h yneJIHtiHTCJI B IDeCTh pas H T. Jl: . 
Tarwe CBOHCTBO yxa nosnoJIHeT nocnpHHHMaTh snyrm, OT-

JIH'laiOIIIHecH OJJ:HO OT p:py- spc 

roro no CHJie B orpoMHoe 
'IHCJIO pas . 

TaK, CHJia ca111oro rpoivr
rwro SByKa B MHJIJIHOH pas 
6oJihme CHJihi ca111oro cJia-
6oro CJihiiiiHMoro snyKa. Ho 
yneJIH'lHBaTb cnJiy snyKa 
6ecnpep:eJihHO HeJihSH. Cy

IIIecTnyeT npep:eJI, nashmae
MhiH 6oJieBhiM noporoM, no
CJie qero yme yBeJin'lenne 
CHJihi SByRa BhiShiBaeT 6o

JICSHeHH08 OIIIYIIIeHHe. Cy
IIIeCTnyeT ellle TaR nashma-

CM 2 CeH 

I 0 "
2 H-'I+Httt1-t+t1ftttti-+-H-+-Hll!--lt++J 

10.
4 H -tfNffil-t-+Hfttttt-1-+t+-lttH--1-4+1 

10 -s H -t+Htttl-".d-+Hfttttt-1-+t+-lttH--+4+1 
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100 1000 10000 50000 
ru 

PHC. l-8. 06JiaCTb cnyxoaoro aocnpHflTHll 

eMhlH nopor CJihiiDHli10CTH, KOTOpbiH onpep:eJIJieT HIDI{HHH 
npep:eJI cJiyxoBoro BocnpHHTRH. Korp:a cnJia snyKa HHme 

::noro npep:eJia, cJiyxonoe nocnpHHTHe npeHpam;aeTcH. 
TaKHl\1 o6pasoM, CJiyxonoiir annapaT <IeJionerm BocnpH

HHMaeT SBYKOBhie ROJie6aHHJI, HSMeHJIIOIIIHeCJI no p:aBJieHHIO 
B HeKOTOpOM )J;HanaSOHe, IWTOphlH HaSbiBaiOT p:nnaMH'leCKHl\1. 
Il;HHaMH'leCHHH )J;HanaSOH orpaHH'leH noporOM CJlhliDHMOCTH 
(npH ep:na CJihiiiiii!MhiX snyr{ax) H noporoM 6oJieBhiX OIIIYIIIeHHiir 
(npH qpeSM8pHO rpOMIUIX SByHax). 

,lJ;anJieHHB SBYHOBhiX BOJIH xa parnepHsyeTCH BeJIH'lHHOH 

CHJihi, npHXOJJ:HIIIBHCH Ha 1 CJlt
2 nJIOIIIaJJ:H, H HSMBpHBTCH B 

6apax ( 6ap) . Op:HH 6ap paBeH op:noiir p:nne na 1 c~t2 ( op:na 
D;HHa paBHa npn6JIHSRTBJihHO 0,001 e). 

3ByROBOB p:aBJIBHHB Ha nopore CJihiiiiHMOCTH paBHO 
0,0002 6ap (T. e. p:anJieHHe paBHO Jl:BYM JJ:BCHTHMHJIJIHOHHhlM 
JJ:OJIHM an10c¢ephr) . ITo sToiir 1IH¢pe Momno cyp:MTh o TOM, 
CI\OJih CJia6oe p:aBJIBHRB SByiWBhiX HOJie6aHHH BOSp:yxa BOC
npHHHMaBTCH HaiDHI\.1 YXOM HaR CJlhliiiHMhiH SByH. ,lJ;anJieHiife, 
COOTBeTCTBYIOIIIBe O'leHh rpOMROMY 3ByHy, JJ:OCTHraeT 200 6ap 
H 6oJiee. 

0HaShiBaBTCJI , yxo 'leJIOBeHa BOCnpHHHMaeT RaH yBeJIH~Ie
HHe HJIH yMeHhll18HB:8 rpOMI\OCTH SByHa He HSMeHeHHe a6co-

19 



JIIOTHOfO SHaqeHIUI SByHOBOfO ~(aBJieHMH, aero OTHOCMTeJihHOe 

MSMeHeHMe. l1HbiMM CJIOBa~1M, Mbl qyBCTByeM, He Ha CKOJibKO 

MSMeHHJIOCb JJ;aBJiemre, a B O CI<OJibKO pas ORO CTaJIO 60Jibllie 

MJIH MeHbrne . HarrpnMep, ecJin JJ:aBJieHMe IIOBhiCMJIOCb c 

0,1 JJ:O 0,2 6ap, TO Mbi saMeTMM OIIpe~(eJieHHOe IIOBhillieHHe 

rpoMIWCTH. Toqno TaKoe ;.He MSMenerrMe rpmvnwcTM Mhi saMe

TMM, eCJIM p;aBJJeHne YBHJIM'l:Wl'C.fl OT 1 JJ:O 2 6ap. 0 JJ;HHai<OBl>IH 
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PHC. I -9. 

1000 
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10 

5 

1 
0,5 

0, 1 

200 

20 

2 

0 ,2 

0,05 

:; 
a. 

"' "' 
~ 
I 

" ~ m 
~ 

" 
" 0 

0,02 ~ 
I 

0,01 ~ 
m 

0,005 (!) 

, . 0,002 

0.,001 
-0,0005 

0,0002 

IIII;aJJa nc1.1u6e.n 

CJibiiiJHMbiH a<fl<fleHT pOCTa rpOMKOCTI'l 

IIOJiy<rMTCH I1 IIpi1 pOCTe JJ;aBJJ()HHH OT 

10 JJ:O 20 6ap n OT 100 JJ:O 200 6ap. B 
n epB OM IIp:r-u.mpe JJ;aBJieHHeyBeJIH'IMJJOCb 

TOJibJW ua 0,1 6ap, B rrocJieJJ;yrorn.nx na 

1, 10 n 100 6ap. H:aK BMJJ:HO, a6co

JIIOTHhie SHa qeHU.fl JJ;aBJieHU.fl U3MeHH

JIUCh Cyii(eCTBeHHO, a CJibiUJHMblff ::!cp
<fleHT yBeJIHqeHI-rH rpOMI{OCTH 6nlJI OJJ;H

H.ai<OB . 

~e.!JO B TOM, 'lTO B IIpHBeJJ;eHHhiX 

npHMepax JJ;aBJieuHe yneJinqMBaJIOCh 

IWJ-HJJ;J,r:iiJ: pas TO'lHO BJJ:BOe, T. e. Ha 

100 % , I1 Tal{ Hal{ OTHOCHTeJihHhie HSMe

HeHH.fl 6niJIH OJJ:HHal<OBhl, TO I1 CJibiiiiH

MbiH ::Jcp<flel-I:T HSMeHeHUH rpOMl<OCTH TaH

JI{e 6niJI OJJ:HHal<OB . 

Y xo <reJroner{a cnoco6Ho 'leTrw OT

JnrqHTh paSJIHqJ1e rpOMIWCTM TOJibiW 

TOTJJ;a, TWTJJ;a HSMeHeHHe JJ;aBJieHU.fl paB

HO rrpHMepHO 12%. ilpn H3MeHeHHH 

JJ;aBJieHJIH B MeHbllieH CTeiieHM (JJ:O 12%) 
HaM I\aJ-HeTCH, 'ITO rpOMKOCTh npaKTH

qeCKH He MeHHeTCR. CJJeJJ;OBaTeJihHO , MeJIHHe rpaJJ;ai:r_HM Hs

MeneunR JJ:aBJieHnH uac He nnTepecyroT. 

Monmo rrocTpOliiTh JJJHaJry, JJ;eJieHHR ua HOTopoi1 6yJJ;yT 

COOTBeTCTBOBaTh HSMeHeHHIO JJ;aBJieHliiH 3BYJ.W He Ha onpe

l (eJieHHOe qucJio eJJ;MRlii:r_, a B orrpeJJ;eJieuuoe 'lMCJIO pas. 

Ho Tai{ HaJ{ nmaJia rpaJJ;ywpyeTCH B eJJ;:HHMJ.J;aX OTHOCMTeJihHOro 

HSMeHeHMH JJ;aBJieHMH, TO Tpe6yeTCH KaKOe-TO MCXOJJ:HOe 

JJ;aBJieHMe , OT HOTOpOrO CJieJJ;yeT Ha'lMHaTb OTC'leT. 3a TaHyiO 

HCXOJJ:HYIO BeJll'I'lliiHY YCJJOBHO npHHHTO IIOpOTOBOe JJ;aBJieHHe, 

pannoe 0,0002 6ap_. 11 ecJIM OT noro JJ;aBJieHMR HaHOCMTD 

OTMeTIHI .... qepes 12% IIpHpOCTa, TO OI\arHeTCH, 'lTO nynmo BCero 

120 JJ;8JI8HMH OT nopora C.JIUilliMMOCTM AO CaMOrO rpOMKOrO 

snyHa. Tm\aH U.IKaJia oxnan,maeT Beer, JJ:HHaMM'lecr<nfr JJ;Mana

soa cJiyxonoro nocnpHRTHH (puc. 1-9). 
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3a e,ZVIHHI(y OTHOCHTeJibROrO H3~IeHBHH.A: 3BYK0BOTO p;aB

JieHJHI rrpHH.A:T )J;ei(H6eJI ( 86), .COOTBeTCTByiOIJJ,Hii H3MeHeHHIO 

Ha '12, 2%. Op;rroMy ,Z:(euH6eJiy cooTneTCTnyeT ·rarwe H3M.eHeHHe 

3ByKonoro ,Z:(anJieHHJI, IWTopoe saMeTHO Ha cJiyx . MsMeHeHHe 

p;anJieHMJI l\18Hee LieM Ha O,!J;HH ,!J;8l~H6eJI Hal\IM rrpaWrH'leCl\H He 

om,ym,aeTCH. BecJ, p;Harrasoi-I nocnpn:JITHJI yxoM <reJioner{a 

COCTaBJIJieT rrpn:6JIH3HTeJI:o-

HO 120 86. 
JlHrreH:uaJI umaJia p;eiJH-

6eJIOB, COOTBeTCTBYIOIJJ,aJI 

Jiora pH~MH'leCKOH uma.rre 

3BYIWBbiX p;anJieHHH, 6JIH3-

I\O conrrap;aeT c JioralJH~MH
'IeCI{Hl\I xa pai{T8pOM BOCllplil

Wl'Hfl snyKa. IIonoMy p;eiJH-

6eJiaMlii liOJib3YIOTCJI O<reH:o 

IDHpOI\0 . 

IIocrwJI:oi{y p;eiJH6eJI -
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80 

60 

40 

20 

20 

-~ 
::--;:: 

:--.. 
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12( )16 
~ 

110 ........ I-' 
~ 100 ....... '/ 
ff .91l""'--. :/. 

80 ../ 

"" 70 j.../, .. 60 . _,. 
50 ' ../ 

r-;e 40 / 
30 / 
20 / 
10 ........ / 

I o"' ,...._ 
600 1000 6000 10000 r ij 

OTHOCMTeJI:OHaJI ep;MHJiii(a, TO Pnc. I-10. I-\pHBbie paDHOti rpOMHOCTII 

rrplii yneJIJii'leHHlii 3BYKOBOrO 

p;anJieHJilfl ITO OTHOID8HH:IO I-\ 'IHCJIY p;ei(H6eJI rrpHHJITO ,!J;0-

6anJIJITb 3Hai{ rrmoc, a rrpH yMeHbmeHHlii snyi{OBoro p;an

JieHn:JI - 3Hai\ MliiHyc. EcJIH M:or uTC'IHT:omaeM p;aBJieHHe 

OT HCXO,!J;HOTO (0,0002 6ap), rrpHHJITOTO yCJIOBHO 3a HyJI:o 

p;ei(H6eJIOB, TO BCJI llii{aJJa p;eiJH68JJOB HMeeT 3Hai{ lJJIIOC 

lii i:JTO MO}IUIO He oronapHBaT:o. ECJIH }I{e Mbl OTC'IHT:OIBaeM I-\0-

JIH'leCTBO p;ei(H6eJI He OT ycJJOBHOro HYJIJI, 'ITO p;orrycr{aeTCJI , 

a OT T>arwro-To 6oJI:omero p;anJieHliiJI B CTopoHy yMerr:ome

HHJI, TO llpH6aBJieHHe 3Hai{a MliiiiYC o6JI3aTeJihHO. ,/J;ei.J,H-

6eJI:OI Momuo OTC'IHT:oiBaT:o H He oT ycJionuoro uyJIJI. Cpan

Hn:naJI ,!J;Ba CHJibHblX 3ByHOBbiX p;aBJieHHJI, O,!J;HO H3 IWTOpblX 

60JibiDe p;pyroro, Mbl MOmeM 6oJihill8e p;anJieHHe llpHHJITb 

!Ja HyJI:o H CKa3aT:O, 'ITO MeH:OULee p;aBJieHJiie OTHOCJiiTeJI:OHO 

60JI:Olliero HJVJeeT BeJIH'IHHY MHHyC CTOJibKO-TO p;eiJH6eJI . 

ToJI:orw rrpH aTOM o6JI3aTeJI:OHO nap;o yHasaT:o, 'ITO ,z:(ei(H6eJihi 

OTC'IHTaHbi OT Tai<OrO-TO ):(aBJieHHJI, HHa<Ie MOJHeT B03HHI\HYTb 

rrep;opasyMeHHe . 

TaH I{aH HHTeHCHBHOCTb snyr{a n rrop;anJIJIIOill,eM 6oJI:OIDliiHCT

ne CJJyqaeB OI(eHliiBaeTCJI O'l'HOCJiiTeJI:OHO HHTeHCHBHOCTHHailOpO

re CJibJIDHMOCTJii, TO B ::JTHX CJiy<JaJIX llpliiMeHJIIOT TepMHH <<ypo

BeHb snyKa» (yponerr:o pe•m, yponeH:o Mysr,um, yponerr:o my1vJa) . 

Ha pMc. I-10 rroi<asaHDI I{punr,re pamroii: rpoMI<OCTH c 

HHTepf'a.TIOM B 10 86 C YI{a3ai:IHeM Ha I<amp;oiiJ. H3 l:lliiX ypOBl:IH 

rpOMKOCTH B p;ei(M6eJiaX. 
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·q yBCTBHTeJibHOCTb 1{ H3MeHeHIDO 'laCTOT.hi Ha3.hiBaeTCH 

TOHIWCThiO CJiyxa. 

B ,[(erw6eJiax MGrKHO BnrpaaHTb OTHomerrHe ,[(Byx mo6r,rx 

neJiw.mrr . MaTeMaTH'leCKH OTHomerrHe ,[(Byx BeJIH'lHH Bblpa

/HaeTCH <flop My JIOM: 

N = 10 lg ~ o6, 

r,[(e I 1 H I 2 - crrJra anyi,a. 

Tar{ KaK crrJia anyr{a I cnaaarra co anyT<OBbiM ,[(aBJieHHeM p 
OTHOIDeHHeM: 

p2 
I = -

p·c ' 

r,[(e p - IIJIOTHOCTJ, cpe,[(ni; C - CKOpOCTb 3BYI{a B Herr , TO 

OTIIOilleHHe ,[(aBJieHHll 6y,[(eT TaiUIM: 

I p2 
N=10lo·--.! = 10lg-1 =20lg_!2 o6 . 

"'!2 P~ P2 

To'lHO Tal{ JKe rro,[(C'liiTniBaiOTCH OTHomeHHH B ,[(ei!H6e-

. Jrax ,[(JIJI aJieKTPH'lecrnrx neJIM'lHH (pn:c. I-11). 
0THOIIIeHMe HaiipHi:I{emr:iiJ: nO,[(CllHTbiBaiOT no <flopMyJie: 

N=20lg~~ o6, 

a OTHOilleHHe MOID;HOCTe:iiJ: - no <flopMyJie: 

N = 10 lg w1 o6, 
w2 

U2 
TaH HaH Mom;rrocTb w = R, r,[(e R - aJieHTpH<JecHoe corrpo-

THBJieHHe. 

CJiyxono:iir arrnapaT 'leJioBei{a noaBOJIHeT He TOJibiW yJiaB

JIHBaTb 3BYIUI, HO H onpe,[(eJIJITb HanpaBJieHJ'l:e, OTHy,[(a OHM 

npHXO,[(HT. 8TO JIBJI8HM8 H a3biBa8TCH 6ImaypaJibHbiM a<fl<flen:

TOM H IIOJiy'la8TC.fl H3-3a '!'Oro, 'ITO 3BYI\H ,[(OCTHraiOT npaBOrO 

H JI8BOrO yiiieM He O,[(HOBp8M8HHO, a C HeiWTOpbiM aana3,[(biBa

HM8M OTHOCMTeJihHO ,[(pyr ,[(pyra. 

B conpeMeHHDIX anyKonocnpoMaBO,[(RJJJ;HX ycTaHOBHax c 

llpOCTpaHCTBeHHOH rrepe,[(a'leH 3ByKa 6Jiaro,[(apR 6HHaypaJib

HOMy a<fl<flern·y y,[(a8TCH OIIp8,[(8JIHTb :M8CTO, IWTOpOe J{aK 6ni 

flBJIJI8TCJI HCTO'IHHIWM 3Byn:a. 

CTepeo<floHH'leCKHH a!fl<flern Tai<J:I<e coa,[(a8'r H JIJIIO 3HJO 

IIpOCTpaHCTB8HHOrO BOCnpOH3B8,[(8HHH 3BYI<a M OT•IaCTM o6·r,

JICHJ18TCH 6MrraypaJihHhiM a<fl<flerno~r. 
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II pH SByKonepep;a '18 CTepeOIJJORlH8CKHM a!Jl!JleKT y,n;aeTCH 

llOJIY'lHTb pas,n;eJibHOM nepep;aqe"ff 8CT8CTB8HHOrO SBYKOBO

ro IIOJIH ITO H8CIWJibKIIM pas,n;eJihHbiM KaHaJiaM SBYKOII8-

pep;aqJI, 

OcTaHOBHMCH em:e Ha o,n;HoM CBOMCTBe yxa - ero IIHep

D;IIOHHOCTII. EcJIII KaKoM-JIII6o IICTO'lmm sByKa BhmJIIO'lHTh 

Ha 0,04-0,05 cer;,, a SaTe:M CHOBa Bl\JIIO'lHTb, TO yxo H8 o6-

HapynmT rraysr,r H 6y,n;eT Bee Bp8MH om:ym;aTh sByr<. 8To CBOM

CTBO yxa KaK 6bi YB8JIH'liiBaTh IIpOTJIH{8HHOCTb SByim Ha 

0,04-0,05 cen HrpaeT Ban<HyiO 

pOJib B OIJ;8HK8 aKyCTH'l8CKHX •oooo,~~~~~~ 
CBOMCTB IIOM8ID;8HHM. 

5000 ~ 
Pe'lh, MY3hiKa H UIYMbi. :515 2000 

Pe'lh . 3ByKH qeJioBe'lecrwro ro- ·~ ·~:~~~~~~~~ 
JIOCa MM:eiOT pa3H006pa3HVIO H ·~ J ~ 200 

CJIQrHHYIO CTpyKTypy II B u;e- g. IOO~~~~~~~~ 
JIOM H8 rrpe,D;CTaBJIHIOT C060M ~ 50 

~ 

CTporo rrepno,D;H'lecrwro KOJie - ii ~~5~M~~~~~~ 
6aTeJihHoro rrpou;ecca. Pe'lh q e- ~ 
JIOB8Ka COCTOHT HS CO'l8TaHHH o 

rJiaCHhiX H COrJiaCHhiX SBYI<OB. 

Oco6oe sHa'leHHe ,D;JIH pas-

6op'IIIBOCTH p8'IH HM8IOT rJiaC

Hbl8 sByHH. OHM saHHMaiOT 

,D;HaiiaSOH OT 300 ,!J;O 3000 3Lf- H 

HM8IOT HaH60JibiiiYIO MOID;HOCTb . 

1
0 10 20 30 40 50 60 70 8 0 A5 

PHC . I-ll. HOMOrpaMMa )J;Jifl 
nepeC<IeTa OTHOIDeHHif BeJIH'IHH 

a Ae~H6eJiax 

IlJIOXaJI rrepe,D;aqa COrJiaCHbiX SByHOB (HaiipHMep , BCJI8,!1;

CTBH8 MaCI-\HpOBKH HX IIIYMOM) TaHH-<8 IIpHBO,ll;HT H YXY,!l;III8HHIO 

pas6op'IHBOCTH p8'IH. 

Co'leTaHHe corJiaCHhiX H rJiaCHhiX sByHoB o6pasyeT cJiorn. 

Peqr, qeJioBer<a cocTOHT Hs OT,D;8JihHhrx cJioroB, HOTopr,re co

CTaBJIHIOT cJioBa. CJioBa H cJiora OT,ll;8JIHIOTCH ,D;pyr OT ,D;pyra 

rraysaMH. 

IIopMaJibHaH cKopoCTh peqn cocTaBJIHeT H8CKOJibHO cJio

roB B C8KYH,!J;y . 

Cpe,n;HHH MOID;HOCTh qeJioBe'lecrwro roJioca (peqn) HMeeT 

SHa'l8HH8 IIOpH,D;Ka 10 JM£8m, a THXOrO III8IIOTa - IIQIHM8pHO 

0,01 .J~t~wm. Mom;HOCTh roJioca y mo,D;eii p asJIH'lHa: BCTpeqa

IOTCH roJioca B 20 pas 6oJiee cJia6nle I-I B 8 pas 6oJiee CHJihHbie, 

'18M Cp8,ll;HII8. 

Ra'leCTBO rrepe,D;a'IH p e'IH (ee pas6op'IHBOCTb) T8CHO CBH

saHo C T8M6pOM. IlO::JTOMy, 'lT06bi peqr, 6nTJia IIOHHTHOM, H8-

06XO,ll;HMO nepe,D;aBaTb (saiiHCbiB aTb H BOCIIpOHSBO,!J;HTb) 6o

JI88 IIIHpOHyiO IIOJIOCy 'laCTOT (80-8000 31f) , T. 8. H8 TOJlbl\0 



OCHOBHbi6 qacTOThi, HO H HX rapMOHHIHI. B 3TOM CJiyqae iVIhi 

IIOJiyqHM XOpomyiO p a36opqHBOCTb H 6CT6CTR6HHYIO rrepep:aqy 

'<6M6pa peqH. 

My3biKa. My3hmaJibHhre 3Byim rrpocTHpaiOTCH B 6oJiee 

IDHpOI-\OH o6JiaC'fi!I , '16M p eqh , H COp:epmaT 60JIT>J.U06 IWJIHqecTBO 

rapt.roHHK. I\aqecTBO rrepep:aqH MY3hiKH 3aBHCHT OT rre p ep:a

qJ!I BC6X ra pMOHHH, COCTaBJIHIOIIJ;HX My3bii\aJihHI>I6 3BYHH. 

Do qacTOTe MY3hiKaJihHbie 3BYHH 3aHuMaiOT rroJiocy OT 30 p:o 

16 000 eLf. Pa3JIHqHhie MY3hmaJibHhre HHCTpyMeHThi nMeroT 

CBOH JJ:Haiia30Hbi qaCTOT. 

OrrhiT rroHa3aJI, qTo p:a1He JJ:JIH BhrcorwKa<IeCTBeHHOH rrepe

p:a'IH 3ByqaHHH MY3hlHH noo6IIJ;e n Han<p:oro MY3hiKaJibHoro 

HHCTpyMeHTa B OTJJ:6JibHOCTH JJ:OIIYCTUMO COH:paiiJ;aTb qaCTOT

Hoirr p:uarra3oH. ,Il;JIH nepep:aqu MY3hiKn p:ocTaToqen p:Harra3oH 

50-8000 8Lf. 
Cpep:HHH MOIIJ:HOCTh cnMtPOHHqecrwro opHecTpa cocTaB

JIHeT rrpHMepno 0,1 em, a IIHHOBaR - orwJio 70 em. Do cpan

HeHHIO C MOIIJ;HOCTbiO qeJIOB6'16CIWrO fOJIOCa MOIIJ;HOCTb OpKe

CTpa rrpuMepHo B 10 000 pa3 6oJihme. 

MHFIH:NiaJihHYIO MOIIJ:HOCTb pa3BHBawr cr<pHm<a - nopnp:

r<a 4 Ml£em. CJiep:onaTeJibHO, mnwnan MOIIJ:HOCTb 6oJibmoro 

OpKeCTpa (7 5 HCIIOJIHH:TeJien) Ha 72 86 npeBbiiDaeT MJiiFIHMaJib

HYIO MOIIJ;HOCTb CI<pHIIKJii , HJIH, HHaqe rOBOpH, JJ:H:HaMH'IeCI<HH 

p:nana30FI 6oJibmoro cnMI!Jounqecrwro opr<ecTpa HMeeT 3Ha

qeFine 70-75 86. 
IllyMbl xapaHT6pH3YIOTCH JJ:JIHT6JibHbiMI1 HenepHOJJ:Hqe

CKHMH npou;eccal\m n rro cnoen CTpyr<Type rrpep:cTaBJIHIOT co -

6on crrJiomnoti crreinp. MuorHe myMoi HBJimoTcH crreu;ni!JHqe

crmMH H xapaHT6pH3YIOT orrpep:eJieHFibiH UCTOqFIHJ{ HX B03-

HHKHOB6HHJ1 . TaHono, narrpHMep, XJiorraHbe B Jiap:omn, myM 

marOB, 3BOH J{JII0'I6H, ryJI MOTOpa H T. IT. 

XaparrrepHbre n cnoeo6pa3Hhie uryMhi rrpncyiiJ;H pa6oTaiO

'mHM CTaFIKaM, TpaHCIIOpTy H T. JJ: . 

Ill yMoi 3aHHMaiOT IIO<ITH necb 'IaCTOTHbri1 p:Harra3oH . 

K myMaM OTROCHTCR TaKrEe MRoroo6pa3Hhie cmrcThi. CnHCTbi 

xapaHT6pM3YIOTCR BbiCOKHMJii qacTOTaMH 6oJibi.IIOH CHJibi. 

Do yponmo rpoMHOCTH myMhi BeCbl\Ia pa3Hoo6pa3Hbi II 3a 

HI1MaiOT B6Cb JJ:IIHaMHqeCI(HM JJ:Harra30H. 

"Y IJOBHH rpOliU-\OCTJii H6I-\OTOpbiX myMOB ITO OTHOID6HJiiiO H 

IJOpory CJibiJIIHMOCTJii IIpHB6JJ:6Hbl B Ta6JT. 1. 
My3bm3JihHbie onpe,ll;eJieHIIH. B MY3hme, B OTJIHLJI1e OT 

ar-tyCTHl<H , IlOJib3YIOTCH H6CI-\OJ!bl{Q HHbll\11-I onpep:eJI6HJiiHMI1, 

xapaKT6IJH3YIOiu;HMH 3BYKH : BhlCOTO~i: TOHa, rpOMI-\OCTblO, 

T6M6poM II AOJirO 'I'OO. 
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TaiiJJHI~a 1 

i i aJL\IC!I nUaiiii C IIC I'OtJI\111-\a liJ")':'\Ia 

JJl y•r n aTeJII,e ,UJJH aam1cH Myar,um . . . . . . . . . . 
lJJ yM n apJJTOJibHO"t 33JJe no Bpe~IH 1.\0"IOHcTpllponamiH 

mmocjliiJibMOB, ua nayse 
O•mrrb nrxaH y JIHII,a . . . . . . 
OamnJJearroe ymr'1noe .unua<erme . . . . 
Paaronop na paccTo.mmu 1-2 .1£ 

Pa6om cTau.nonaprroro rmnonpoeETo pa . 
Pa6oTa rmaoaepe,UnEJauur H.H-1 3 . . . . 
Pa6om nenTHJJllTopa . . . . . . 
BoJJbrnoi1 cocTan cnwpoan'1ecHoro opi<ec-rpa 

I 
J'po HCIIh 

III Y Ma. 06 

20 

30-35 
50 
80 
68 
75 
85 

80-90 
ItO 

1. BbLconw mona. Memp;y LiaCTOToii anyrwuorr l30 JIHLI II 

om;ym;eBIIeM BhiCOThl TOHa cym;ec·rnyeT onpeJ~e JreHHoe Jrora

pncpMIILJecKoe COOTHOIJJ8HH8 npH OCBOBaBl'IH JIOra pHcpi'IIa 2. 
(ho OTHOJIJeHne Ha3hiBaroT MY<lhli<aJILHbJM HHTepnaJIOM . Mo

JHHO CKa3aTb, LJTO IJOCTOHHBOe OTHOUI8HI18 LJaCTOT COOT

B8TCTBY8T rrocTOHHHOMY MY3LIKaJILHOMy HHTepnaJiy. Ornana 

HBJIH8TCH IWT8pBaJIOM M8ll<!J:Y !J:BY~IH TOHaMH C LJaCTOTHhll\1 

OTHomeHHeM 2 : 1 . HpoMe ornaBhl Han6 onee nnrporw IICITOJIL

ayroTCH B MY3bl1\8 CJiegyrDm;He HHT8pBaJihi: 

HJ)JIM3 

01nana 
:KUIIIIT3 
K napTa 
60JibiJJ3 ll 

TOp 1.\llll 

1 : 1 
2: 1 
3 : 2 
4: :3 
5:4 

~mJJall Tepu;mi 6 : 5 
60JJ biiJall cei<cTa 5 : 3 
M3JJ3H COKCTil. 8 : 5 
6oJib marr cerrTHMa 15: 8 
M3Ji3Jl COIJTFI~I3 9 : 1 

B peayJibTaTe Bbi6opa OHTaBLI I\aK OCHOBHOrO l'I'IY3hiHaJib

HOrO l1.HT8pBaJia II J(8JI8HUH ero Ha C8Mh H80J(UHai<OBhlX CTy

IJ8H8M IIOJiyLJeH OCHOBBOH 3Byi>OpHp; H.JiaCCH'leCKOM My3LmaJib

HOH C:HCTeMhl. HaJHgarr cTyneHL ocHOBHoro anyiWPHAa mvreeT 

cnoe BaanaHIIe (:rrTaJihHHCHoe): <<AO>>, <<pe», <<MII>>, <<cpa>>, <<COJih>>, 

<<JHI>>, <<CH>) . 

BhiCOTa TOHa aanHCHT OT qacTOThl HOJie6aHIIM anylmm;ero 

TOHa . lfeM qaCTOTa KOJie6aHIIII BhiJIJe, T8M BLJIII8 BblCOTa 3Byr<a. 

MepiiJIOM (sTaJIOHOM) BhtCOTLJ TOHa CJIYJRMT HaMepTOH . 

B CCCP aa OCHOBHOM TOH, o6HaaTeJihHLti1 AJI H HaC'l'POHRH 

MY3hiKaJibHhiX MHCTpyMeHTOB, llpHHHT TOH (< JIH>>, COOTB6T

CTByrom;:rrfr 440 81-f npH TellmepaType 20° C (fOCT-7710). 

2. Tpo:A-L I·WC7nb . B Myar,me rro.Jih3YIOTCH nmaJioill rpoM

ROCTH, COCTOHIII,6ll 113 C8l\IH CTyiJeHeiJ, pa3JIIii.LJaiOIII,IIXCH M6JHJ(y 
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to6o-H npMMepRo Ra '10 86 (eM. pnc. I-10). 8nr cTytrefiM o'r 
CaMWX THXMX ,!].0 C3MblX l'pOMHMX 0603R3'l3IOTCH: 

llnauo-rrHanuccHMO - ppp 
ITI1aHI'!CCJiiMO - pp 

rmano -p 
Meu;l_\o-mrano - mp 

Meu;u;o-cpopTe 
cpopTe 
qlOpTHCCl'IMO 
<pOpTe-cpOpTIICCIBJO 

-mf 
-f 
-ff 
-fff 

3. TeM6p 3Byl.{,ai-£UJL saBMCMT OT 'IMCJia rr cooTROIIIeRMH 

BeJUI.'IMRhi COUpOB07H,!J.3IOIIl,HX OCHOBROH TOR KOJie6amiH . J-br 
O,!l.IIR l\fY3hiiW.JihRhiH IIRCTpyMeHT He ,[l.aeT npOCThiX CIIHyCOII

,[J.aJibRhiX KOJie6aRrr:i1:, cooTBeTCTByrom,IIx 'IIICTOMY TORy. II o

MHMO 'IIICTOrO TOHa BCer,[l.a IIMeiOT MeCTO ,!l.pyrrre nepHO,!l.H'Ie

CHII8 KOJie6aHHH, Ra3biBaeMwe rapMOIIIIKaMH. fapMORIIHII, 

HMeiOIIT,He 'laCTOThi Bbiiiie 'laCTOThi OCHOBHOrO TOHa, Ra3biBaiOT 

o6epTOIIaMII, a IWJie6aHIIH C MeHbiJieH 'l3CTOTOH - YIITep

T OHaMII. 1.JaCTOThi rapMOHHI{ OTIIOCHTCH II: 'laCTOTe OCHOBHOrO 

TOHa, KaK RaTypaJibHhiH pH,!]. 'IHCeJI. 

4. J( o.rwoma 3By1f-a rrpiiMeHHeTCH B MY3bme, r ,[l.e upeMH II3Me

pHeTCH ne B CeKyH,[l.aX II MIIHyTaX, a B ,!J.OJIHX BpeMeHII 3Byi<a 

IJ,eJIOH HOTbi. 3a,[J.3IOTCJI TeMn, piiTM (Ra iipiiMep: Me,[l.JI8HHO, 

crrorwll:uo, 6hrcTpo rr T. rr.) . 0P.HO II TO nw MyshmaJihRoe 

npOII3Be,[J.8HHe MO}HeT IICnOJIHHThCH ReCHOJihiW 6hlCTpee HJIII 

Me,[l.JieHnee. MeJIO,!l.IIH nprr aTOM ne nsMeRIITCJI . Ba}HHO TOJI:OHO, 

'IT06bi 6biJIO CoxpaHeHO npaBHJibHOe COOTROIJI8Hl!Ie Mem,[l.y ,[l.JIII

TeJI:OHOCThiO OCHOBHOH MY3hiH3JihHOH e,[l.IIHl!IIJ,hl II ee qacTeH. 

B Myshme nOJih3YIOTCH IIIeCThiO cTyrreRHMH ,!J.OJirOThi suyr<a, 

npii'IeM I{a}r<,[J.aH IIOT3 o6osnaqaeTCJI IWH IJ,eJioe, nOJIOBHHa, 

'IBTB8pTh, BOCbMaJI, meCTRa,[l.IJ,aTaH II TpH,!l.IJ,3Th BTOpaH. 

IIcr~:a<Kei-UIH rrpH sByrwrrepe)J;a'Ie. M:or nosnaKOMIIJIIICh c 

WII3II'leCI<OH npiipO,!l.OH suyHa, HCTO'IHHI{aMII suyr{a, c oco6eu

HOCTHMII pe'IH, MY3hlKII, IIIyMOB, C BOCIIpHHTHeM 3Byi<a opra

H3MH cJiyxa, ysuaJirr, 'ITO, HCXO,!l.H rrs <I>rrsii'leCKIIX BeJIII'IHH, 

xapainepnsyiOIIJ,MX CJiyX II MCTO'IHMKH 3BYI<a , K annapaType 

sanrrCl!I II BOCnpOII3Be,[l.eHHH 3ByKa npe,!l.'bHBJIHIOTCH COOTBeT

CTByiOIIT,Me Tpe6oBaHMH. 0,[l.Hai{0 nOCTpOIITh H,[l.eaJihHYIO an

na paTypy ,[l.JIH sanHCH II nOCJie,[l.yiOIIT,ero BOCnpOH3Be,r:t;eHHH 

suyKa ne y,!l.aeTCH no PRAY TeXHM'lecKnx npH'IHH. 

AnnapaTypa sanncii, ycMJieHMH H uocnponsBe,[l.eHrrH sByi<a 

BCJI8,[l.CTBHe OTKJIOHeHIIH peaJihHhiX xa paKTepl!ICTIII< OT II,[l.e

aJI:OHhiX npiiBO,!J.HT K MCII:a/H8HHHM 3ByKa. 

RaK npii mo6oM ·MeTO,!J.e sByrwnepe,!l.a'III (no npoBO,!J.HhiM 

KaHaJiaM CBJI3II, no pa,!].HO), TaK H npii saniiCl!I 3BYIW C no

CJie,[l.yiOIIT,Hl\1 BOCUpOH3B8,!].8HHeM BbiXO,!J.HOH CIIrHaJI CBH3aH C 

BXO,[J.Hhll\1 CHrHaJIOM IJ,enbiO pa3Jil!I'IHhlX npeo6pa30BaHHH. 
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Jlpn M8fHIITHOH 3FillHCII 3B YK FI npeo fi pa30B8 HUJI CI:lTHFIJTa 

lJ j)OHCXO;tJ,HT B MlimpocpOHB, yCHJTIITBJle, 3f\llMChiBHfOULBi·'t fO 

JTOBHB, MarHiilTllOM JTBHTB, BOCIIj)0113BO;tJ,HlilBll fOJT OBt.:B, YC11-

JI11Te.rre nocnp0113Be;a,eH11JI 11 rpoMHoronop11TeJie . Kam;a,oe 113 

::JT11X 3BBHbeB B npo:u;ecce npeo6pa30BaH11H 11C.KarKaeT C11fHaJI . 

I\aqeCTBO TOfO 11JI11 11HOfO 113 H11X ITOMHMO lJYBCTBHTeJibHOCTH 

OIJ;BHHBaeTCH er:u;e neJIHq11HOH HCKarHBH11H, HOTOj)bie HM BHO

CHTCH B nepe;a,anaeMhiH c11rHaJI. ConepmeHHO oqenH;a,Ho, lJTO 

lJeM HX 60JibiDB, TBM 60Jihill8 HCHaH\aeTCH CHfHaJI . 

CHHH\eHHB HCKarKeHHH, l'I'IBj)hi II MeTO,!l;hi HCnpaBJIBHHH HC

HameHHH CHrHaJia, nepe;a,anaeMoro no KaKOMy-JIH6o KaHaJiy, 

COCTaBJIHIOT O,!l;Hy II3 BanmeMIDHX TeXHIIlJeCKHX 3ap;aq. 

l{aKHe me OCHOBHhiB IICHameHHH 3llyHa HJIII CHfHaJia pa3-

JIHlJaiOT? 

cho HeJIIIHBHHbie, lJaCTOTHhie , cpa30Bhie I1CHan\BHIIH II p;e

TOHaiJ;IIII. 

HeJIHHeiHhle IICKameHIIH B03HIIHaiOT nprr npoxom;a,eHHII 

qepe3 TpaKT 3nyKorrepe;a,aqii npii HaJIII'IIIII B o;a,HoM H3 ero 

3BeHhBB HBJIHHBifiHOH 3aBHCHMOCTII Memp;y BXO,!l;Hhli\1 H BhiXO,!l;

HhiM CIIfHaJiaMH, lJTO ll'fmHeT Bhl3BaTb llOJIB.JieHHe HOBhiX CHHy

COIIp;aJibHhiX cocTaBJIRIOID;IIX CHrHaJIOB. OcHOBHhiM ycJiom-reM 

HeHCKarHeHHOH nepep;aqH HBJIHeTCH npaBHJibHaR nepep;aqa 

aMITJIIITyp; H lJaC'fOT G11HyCOH,!l;aJibHhiX COCTaB.JIHIOIIJ;HX CHf

HaJia, a He cpopJVIhi Kj)IIllOH, npe;a,cTaBJIHIOIIJ;BH ::JTOT CHrHaJI 

BO BpeMBHH, TaK I\ai\ llOCJiep;HHJI MOn\eT 6hiTh HCKarHeHa BCJIB,!l;

CTBHe TOJibiW JIIIITib cpa30BhlX IICHarHemrfr . 

HeJIHHBHHbie 11CI\arHeHIIR, B03HIIHaiOIIJ;IIe B TOM HJIH IIHOM 

3BeHe Tparna, cy6'bei\TIIBHO BOCllj)IIHHMaiOT(',JI I\aH p;pe6e3-

iRaH11B, xpHnhr II H3MeHeHHR TeM6pa. HeJIHHeHHble HCHan\e

Him HBJIRIOTCH BanmeHIDHM ITOI\a3aTeJieM H:a'leCTBa JII060rO 

3BeHa IIJIH BCBfO Tpawra 3BYHOITepep;aqii. 0HH OIJ;eHHBaiOTCH 

KO<lcpcpii:u;HeHTOM HeJIHHeHHhiX IICT\arReHHH, MHHHMaJibHOe 3Ha

'leHIIe ROTOj)OfO COCTaBJIReT llj)HMBj)HO 4% , Rorp;a IT[lH nepe

p;aqe peqH II MY3biiHJ HalJHHaiOT nocnpHHHMaTbCR Ha cJiyx . 

q aCTOTHbiB HCHarKeHHH B03HMI\aiOT B CJiyqae H3MeHeHIIH 

Ha BbiXOp;e COOTHOWeHI-IJI aMllJIHTY;tJ, I\OJie6aHHM B 3aBIICIIMO

CTH OT qaCTOThi npii O,!l;HHaHOBJ,JX aMIIJIIITyp;ax IWJie6aHHH pa3-

JIIIlJHhTX qaCTOT Ha BXOp;e . qaCTOTHbJB IICI\aii\eHIIH OIJ;BHHBa

IOTCH C llOMOIIJ;biO 'laCTOTHOifi xapaHTBj)IICTHHII - rpacpiii\a 

3aBI-J:CHMOCTH O,!l;HOfO 113 IIOI\a3aTeJieH yCTj)OHCTBa IIJIH MaTe

pHaJia (HanpHMep, J(JlH l\1afHIITHOH JieHThi) OT qaCTOThT 

(piic. 1-12). H;a,eaJibRaH qaGTOTHaJI xapaKTepiiCT11I\a npe;a,

CTaBJIReT C060H npm-ryto JTTHIIUO, rrapaJIJJeJibHYIO OCH a6c

IJ;IICC B 3ap;aHHOM ,!l;HaDa30ilB 'laCTOT. 
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I-IaM6oJiee pacrrpocTpauen crroco6 liauecemra qacTOTHOH 
xapawrepMCTHKP! ua CWrKy, y IWTOpDTI ITO OCH Opp;:HI-IaT OTI{Jia
IJ:blBaiOTCH 3Ha 'I8HJUI MCCJiep:yeMOH B8JIH'IMHbi B JIHH8HHOM 
l\1aCiaTa6e, a ITO OCH a6CIJ;HCC - '-IaCTOTbi B JIOrap:n<fJMH'-l8CHOM 
MaCmTa6e. 

1-laCTOTHaH xapaKrepHCTHRa MOfH8T 6biTb rrpep:C'raBJTeHa 
Tal{II{8 B Ta6JIH'IHOH clJopMe. LJaCTO yHa3biBa8'rCJI TOJibl{O Be-
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Puc. I -12. '-IacTOTHaH xapa]-(TepHCTJll{a 

.ITH'Il'IHa OTHJIOH8HHJI OT IIpHMOH (HepaBHOMepHOCTb qaCTOTHOH 
xapai{T8pl!ICTHIUI) B aap:aHHOM p:narra30H8 '!aCTOT. 

Tar< Har< Han<p;oe aneno Tpmna anyHorrepep:a•r:n nuocnT 
'!aC'rOTH1>18 MCJ{a}l\8HHJI, MO}K8T OHa3aTbC.fi, 'ITO '!aCTOTHI>Ie 
MCHamen:na ncero Tpmna HJIH ycTpo:ticTna 6yp:yT rrpem,rmaTh 
p;orryCTHMYIO B8JIHLJJ'lHy. ,il;JIJI TOrO LJT06r,r rrepep:aqa aMIIJIHTY,[( 
CMriiaJia ua BC8X qaCTOTaX 6bTJia O,[(HHaHOBOII, BBOJJ;JIT CII8-
IJHaJibHI>18 J{OppeHTI!IpyiOIIJ;I1:8 IJ8IIH l!IJIH 3JI8M8HTbi C Tai<OM 
qaCTOTHOH xa paHT8pHCTHHOII, '-IT06bi peayJibTI!Ipymru;aa LJaC
TOTHaJI xapaHT8pHCTHI<a y p;OBJI8TBOpaJia IIOCTaB.TI8HHbiM Tpe-
6onaHHJIM. 1-la!IJe ncero Tar,ne IJ8IIH HJII!I ::JJieMeHTbi (HacHap;bT) 
BBOJJ;HT B YCHJIHT8Jll!I. . 

B conpeMeuHbiX ycnJJnTeJIJIX aarrncn l!I nocrrpoFranep;euna 
3B yHa '!aCTO peaym,T:npyiO!IJ8M xa paHTepHCTHI\8 rrpnp;aiOT 
Tar<yiO clJopMy, 'IT06bi IIOJIY'IHTb Jiyqmee HaqeCTBO BOCIIpOH3-
B8JJ;8HJilJI anyrw, Y'IHTbTBaH qaeTOTHbre l!ICHamenna, coap:ana-
8l\oJbre n J\pyrnx anem,ax Tpawra anyrwrrepep:a•m: MarnnTnoiii 
JI8HTOM, rpOMHOrOBOpHT8JIHMI!I, MarHHTHJ,Il\Uil rOJIOBHaMH JilT. II. 
TaHoe ncrrpanJieHne pesyJihTHpymrrwi'r qaCTOTHoi'r xaparnepnc
Tnrur TpaHTa anyHorrepep;a•n-r naabmaeTCJI rwppeHIJHeiir qac
TOTnoi'r xaparuepHCTHHH. 

Ha cJiyx '-IaC.TOTHbie ncHa>HeHI!Ia oru:y!IJaiOTCJI rmH l!I3Me
Henne TeM6pa anyRa, 6y6ueul!Ia, 6oJiee npnrJiymeuuoro MJIH 
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3BOHI\Ol'O 3BY'IUHIUI, TIO,ll.'I8plUIBaHJUI CBHCTHIIJ)ilX H illiilllHIIJ;HX 

3BYIWB. J]oqTH BC8 ycTpOMCTBa 3BYJ\OBOCIIpOH3138,ll.8HHH Hll-1810'1' 

peryJIHTOpbi T8M6pa, ll03130JIHIOIII,vl8 M8HHTb 'laCTOTHYIO xa-

1_)ai\T8pHCTHKY yCTpOLTCTBa . 

cDa30Bbi8 HCI\ameHHH OI\a3biBaiOT MaJI08 BJIHHHH8 Ha Ra

qeCTBO nepe,ll.a'IH 3Byrm B 3ByKOBOII IH.fHeMaTorpa<fJHH H pa

,ll.HOB8IIJ;aHHH, H IIOTOMy Mb! Ha IIHX OCTaHaBJIHBaTLCH He 6y

,ll.8M . (0HH HM8IOT 60Jibill08 3Ha•IeHH8 B T8JI8BH,ll.8IIHH.) 

I\poMe STHX OCHOBHbTX HCHa}l{8HHM npH 3aiiHCH 3ByHa MO

>I\8T OIII,yiii,aTbCH ,ll.8TOHa[\HH - OTJ\JIOH8HH8 OT HOpMaJibHOM 

BbTCOTbl TOHa. j] pH BOI\aJibHOM HCIIOJIH8HHH ,ll.8TOHa[\HH •faiiJ;e 

ncero osiiaqaeT IIOHHH\eHMe BhrCOThT anyrm. IlpH nocnpoHane

,ll.8IIHH <fJOHOrpaMM ,ll.8TOHa[\HH B03HIU\aeT H3-3a H8llOCTOHIICTBa 

crwpocnr npo,ll.nnmeHHH JieHThi n MecTe 'ITeHHH . KoJie6aHHH 

CI\OpOCTH Bbi3I>IBaiOT HCI\a}!\8HHH 3BYIW, llO,ll.pa3,ll.8JIHIOII~Fl8CH 

Ha ,ll.eToHai\HH nepnoro w nToporo po,ll.a. 

K ,ll.eToHai\HI-1 ne1'noro po,ll.a OTHOCHTCH HH3KO'laCTOTnr,re 

HOJie6aHHH 10-12 3Lf , IWTOphi8 BOCIIpiHIHMaiOTCH Hai< «TIJia

BaHH8>) 3ByHa . l{ ,ll.8TOIIa[\HHM BTOpOrO j)O,ll.a OTIIOCHTCH BhiCO

I\O'laCTOTHbi8 I\OJie6aHHH OT 12 ,ll.O 300 3Lf . ,lJ;eTOHa[\HH BTOporo 

pO,ll.a MOI'YT Bbl3biBaTbCH pH,ll.OM IIpH'IHH, B qaCTHOCTH npo

CKaJib3I>TBaH"R8111 JI8HTbl B MarHHTO<flouax. 

,Il;onyCTHl\Ibie 3HaqeiiJ1:H ,ll.8TOHaiJ;Hl-I, He BOCIIpHHHMa8MbiX 

HaiDHM CJiyXOM, T8M 60JibiiT8, qeJ\1 iVI8HMIJ8 rpOMHOCTb H '18M 

1\IeHLme qacTOTa nocnponaBO,ll.HMoro anyHa . HarrpHMep, npH 

O,ll.HHai\OBOM rpOMI\OCTH ,ll.OIIyCTHMhie 3Ha qeHHH ,ll.JIH 'laCTOTbl 

1000 eLf COCTaBJJHIOT 0,15-0,2 o/o, a ,ll.JJH 'laCTOTbi 125 eLy-

01\0JIO 2,5% . 
B o6JiaCTH nocrrpo RanO,ll.HMhJX qacTOT ncHan<eHHH , o6ycJion

JieHm,re l\OJie6aHHHMH CIWpOCTlii <fJOIIOrpaMMbi + 0,2-:--0,3 o/o, 
He BOCIIpHHHMaiOTCH. 

B [\eJIHX yMenr,menwH ,ll.eToHai\Hi"i npnMeHHIOT CTa6HJIH

aaTopr,r CHOpOCTR (MaXOBHim) H MeXUJ:IJ.f'leCinie <fJHJibTpl>I. 

Ha ,ll.pyrwx BH,ll.a. · anyHom,rx HCI<an<eHHfi, HMeiOIII,HX CJI0/1\

Hyro Uj)HpO,ll.y Fl npai\TM'leCHJ.I M8H88 BafHH.hiX, Mbl OCTaHaBJIR

naTbCH He 6y,ll.eM. 

§ 4. AKYCTHMA nOMEl.l..tEHHiiit 

3nyH pacnpOCTpaHHeTCH HpHMOJIHH8MHO, 

KaH ny'loK cneTa. EcJiw Ha rryTn pacnpocTpaueHHH anyHa 

B03HHKH8T llp8llHTCTBH8, HaHpi1M8p CT8Ha, TO [IaCTb 3ByiWBOH 

aaeprrur oTpaaMTCH o6panro, qaCTh npofr,ll.eT cr<B03L cTeny, 
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a qacTh norJIOTHTCli cal\WH CTeHoi1. Ha prrc. I-13 cxeManPmo 

n:ao6pameH npou;ecc· OTpameHHli I4' norJioiJJ;eHHli aByKa. 

EcJIM o6oaHa•rMTb aByKoByiO :meprn:ro, nap;amru;ym Ha 

npenFITCTBHe, <repea I ""A' norJioiJJ;eHHyiO :meprn:m <repea I noF.n, 
I 

a 0Tp3rK38MYIO Sl:leprMIO qepe3 IOTP' TO 0THOIII8HM8 ~=~ 
I na ;1 

Ha3hiB38TCFI KOScpcpMJJ;H8HTOM OTpan<eHMli 3Byi<3, a 0Tl:lOIII8HMe 
I 
I nor.n = a l:l33J>IB38TCFI Koacprf>n:u;n:eHTOM norJIOIJJ;8HHFI 3ByKa . 

nan 
I{oarf>rf>IIJJ;M8HThi a H 

P11c. I-13. IIpoqecc OTpa
;neHJHT a norJJOW:etnrH 3Bv
Ha: 1 - nanaiomaa sny~<o
naJI aHepnm; 2 - o·rpa
)HeHHaH ; 3 - npouren.ruan~ 
Yt --:- yroJT na.uer-uur; "\'2 -

yron OTpa>Hemm 

~ 33BMCFIT OT MaTepn:aJia, Ha KOTOphiH 

nap;aeT anyK, II onpep;eJimOTCFI ero 

cpH3II<J8CKEMII CBOHCTB3ME. 

Heo6xop;:rrMo OTMeTHTh, <ITO Koarf>

rf>Hu;neHT ~ BCerp;a M8Hbiii8 ep;HHHJJ;hi. 

chO 3H3<JET, <ITO JII060H MaTepnaJI He 

MOme'r ITOJIHOCTbiO 0Tp33HTb 3BYIWBYIO 

aneprnm r<~: qacTn aHeprMM HeMa6erKHO 

norJioru;aeT. 

IIprr OTpan<eHHH OT npenFITCTBnFI 

3BYK ll0p;<IHHFI8TCFI p;ByM 33KOHaM: 

1) yroJI nap;eHMFI paBeH yrJiy OTpan<e

HHFI M 2) nap;aiOIJJ;IIH II OTpa.H<eHHbiH 

3BYK JierHaT B O,L.l;HOH ITJIOCI<OCTH. 

EcJIM Ha nyTII pacnpocTpaHeHHFI 

3ByHa B03HMHHeT npeiTFITCTBHe, TO He 

ncerp;a anyr< OTpaaiiTCFI OT Hero . H:orp;a paaMepr:,r npenFITCT

BnFI MeHniiie, <reM ITOJIOBMHa f);JIEHbi BOJIHbl, nap;aiOIJJ;Ee Ha 

Hero 3BYKOBbie BOJIHhl 060rHyT STO npeiTFITCTBMe M 6yp;yT pac

npOCTpaHFITbCFI p;am,rne. aTO JIBJieHHe OrM6aHHFI npellFITCT

BEH Haar:,maeTCFI fJurjJpanu,ueu . 
PacnpocTpanenne anyKa n aaKpbiTOM noMem;ennn. Ecmr 

HCTO<JHMI< 3ByHa H CJiyrnaTeJib H3XO,L.l;FITCFI Ha OTI<pbiTOM B03-

p;yxe, TO p;o CJiyiiiaTe;JIFI ,L.l;OXO,L.l;FIT 3BYHOBbie BOJIHbi TOJlhi<O 

Henocpep;CTBeHHO OT HCTQqHHI<a 3ByHa (IIpFIMhie 3ByROBbie 

B OJIHM) . EcJIH n<e n6JIII3II Haxop;HTCH r<ar<aFI- Jin6o oTparH:aro

TIWFI llOBepXHOCTb, H3llpH11<Iep CTeHa p;OMa, TO ITOMIIMO llpHMbiX 

3BYIWBbiX BOJIH p;o CJiyrnaTeJIH MOryT ~(OXO,L.l;IITb BOJIHbi, OT

pameHHJ,Ie OT CTeHbi. 

B aaKpniTOM noMeru;eHIIII OTparHaiOIJJ;MX rronepxHOCTe:H no 

MeHniiieH i\'lepe IIIeCTb: ITOTOJIOI<, ITOJI II <reTnipe CTeHbi. B Ka

I\0111 6ni Hanpa BJieHHII HH pacnpOCTp3HFIJI3Cb 3BYHOB3H BOJI

Ha, OHa Heii36en-mo p;OCTHrHeT OTpan<aiOIJJ;eH IIOBepXHOCTH, 

0Tp33MTCFI M, H3MeHMB CBOe rrepBOHa<JaJibHOe HanpaBJI8HHe, 

CHOB3 6yp;eT ,L.l;BHraTbCFI p;O BCTpe<rH C npenFITCTBHeM, 33'1'81\f 
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onJITb oTpaanTCJI H T. ,a; . EcJIH 6hr He 6blJIO noTeph aByr<OBOH 

:mepr HH Ha rpanHu;ax oTpameHHH, TO a TOT npou;ecc npo,a;oJI

}HaJICH 6bi 6ecH.OHB'IHO ,a;oJiro. Ho TaH HaH npn BCHIWM oTpa

}HBHHH 'laCTb CJHeprHH norJIOIIJ;a6TCH, TO npou;ecc 0TpaJH6HHH 

llOCT6ll6HHO npeHpaTHTCJl. 

PaccMoTpHM HapTnHy, B03HHI<amrn,ym B r<anoH- JIH6o TO'II<e 

llOM6ll}eHHH B MOM6HT BI<JIIO'l6HHH HCTO'IHHI<a 3BYI<a . I1pe1I<,[(6 

BC6rO ,!J;O CJiymaTeJIH ,!J;OH,!l;YT npHMbl6 3ByHOBbl6 BOJIHbl, Tal\ 

RaR llYTh HX HaH60JI66 HOpOTHHH. qepe3 H6ROTOpoe Bp6MH 

yxa ·cJiyrnaTeJIH ,!l;OCTHrHyT 0Tpa}R6HHbi6 BOJIHbi, llp0ill6,!l;illl'l6 

60JI66 )J;JIHHHbiH ITyTb. 3aTeM npH6aBJITCH ern,e HOBbie OTpa

}R6HHbi6 BOJIHhl, npOID6,!l;lliH6 em;e 6oJiee )J;JIHHHbiH nyTh, H T. p; . 
3Ha'IHT, CHJia 3ByRa, BOCITpHHHMae!l10rO CJiyrnaTeJieM, 6y

,!l;6T BCe BpeMH YBBJIH'IHBaTbCJl 3a C'l6T npH6aBHl'l 3BYROBOH 

aHeprHH o'T OTpameHHhiX BOJIH . Ho TaH I<aR 'IBM noame nplir

xo,a;HT OTpa}R6HHa!I BOJIHa, T6M M6Hhill6 OHa H6C6T B ce6e 

aHepr:an (H6o paa oHa noame npnxop;nT, ana'IHT, OHa npwrep

neJia 60Jiblli6 OTpan<BHHH, a CJI6,!l;OBa'l'6JibHO, llOTepHJia 60JlhUI6 

CJHeprHH), npou;eCC npHpOCTa 3ByH:a BC e M6Hbill6 H M6Hblll6 

3aM6T6H H, HaROHBIJ;, npai<TH'l6CI\H COBC6M npeRparn,aeTCH. 

To'IHO TaHaH }Re r<apTnHa HMeeT MeCTO B mo6oii p;pyro}r 

TO'IH6 llOM6IIJ,6HHH H, CJI6,!l;OBaT6JihHO, BO BC6M ITOM6IIJ,6HHH. 

8TOT npou;ecc 3aiTOJIH6HHH ITOM6IIJ,6HHH 3BYROBOH CJHep

rneH npeRpa THTCH TOrp;a, ROrp;a I\OJIH'l6CTBO 3BYROBOH CJHep

rHH, H3Jiyqae!IIOH JiiCTO'IHHROM 3Byr<a B onpep;eJIBHHhiH npoMe

}I{YTOI\ Bp6M6HH, ypaBHOB6CHTCH I\OJIH'l6CTBOM aneprHH, RO

TOpaH T6pH6TCH 3a TOT me llpOMemyTOI< Bp6M6HH B peayJihTaTe 

UOrJIOIIJ,6HHH OTpamaiOIIJ,JiiMH ITOB6pXHOCTJlMH. TaROe COCTOH

HH6 Ha3biBaeTCH CTaiJ;HOHapHbiM H npOp;OmRaeTCH OHO p;O 
T6X nop, llORa BRJIIO'l6H HCTO'IHHR 3ByRa. 

KaR TOJihRO HCTO'IHHH 3ByRa BhmJIIO'IHTCH, aByrwBaH aHep

rHJI na'IHBT y6biBaTh, n6o npou;ecc norJiorn,eHHH OTpa,.namrn,HMH 

llOB6pXHOCTHMH npO,!J;OJin{a6TCJI, a llOT8pH CJHeprHH He BOC

llOJIHRIOTCH. CJiyrnaTeJih cnaqaJra nepecTaeT CJihlrnaTh npHMhre 

BOJIHhi, 3aTeM OTpaa<eHHbie Jii T. p;. 
TaRHM o6paaoM, RaR npou;ecc aanoJIHBHHH noMern,eHHH 

3BYHOBOH aneprne:ff, TaH H npou;ecc y6niBaHHH ee npOHCXO)J;JlT 

nocTenenno. TeopeTnqecr<H CJTH npou;eccnr nponcxop;HT cRa'l

RaMH, HO BBHp;y TOrO, 'ITO CJTH CHa'IHH MaJibl H 6hiCTp0 CJiep;y

IOT ,a;pyr 3a p;pyrOM, npaRTH'ltCI\H C'IHTaiOT, 'ITO npou;ecc H)J;6T 

nenpepbiBHo. 

llpou;ecchr napacTannH aByr<a, cnap;aHnH ero, a TaRme 

CTaiJ;HOHapnbiM pea;;JiiM noRaaanhr na pnc. I-14. CJie,a;oBaTeJII>

no, BCRI\HH 3BYI< B ITOM6lll,6HHH )J;JIHTCH )J;OJiblliB, 'IBM Ha 
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OTHpr,rTOM nosp,yxe . 8To sa-rJJnmaBMe snyHa BashmaeTCH pe
eep6epalfueu, IWTopaH M onpe,D,eJI HeT B ocnonnoM cJiyxonoe 
nneqaTJiearre o noMeiii;eHMJii. B rymmx, 6oJiblllMX noMeiii;eHHHX 
penep6epau;MH 6o.Tiblile, <reM B MaJLeHbHMX, sarJiyrneHHbiX 
HOMHaTax. EcJIM noMeCTMTb <JeJIOBeHa c saHphiThiMH rJia saMM 
B Hal\OM- JIM60 ITOMeiii;eHHH, OR OUpep,eJIMT, B HaROM ITOMeiii;eHHH 
uaxo)J,nTcH. 3uaqwr, MeiH,D,y penep6epau;Heli ~>r xaparnep.11c-

"' ~ 
a. 
Q) 

"' (') 

0 
a> ,_ 
0 
Q) ,. 
"' "' 0 

:X: 

Bpe M~ 

PHC. 1-1 ~ . l\apTI·IIJa Hapac'l'aHHH II cnaJJ,a HJTR 3ByHa 
B 3allpblTOM llOMCi..U,CilliJI 

TMJ\O~i caM oro n oMeiii;eHJiHI cyru;ecTnyeT rm KaH-TO CBHSb . II pem
p;e qeM ycTaHOBMTb ee, BbiHCHHM eiii;e OgHO 06CTOHTeJibCTB O. 

EcJIM BhmmoqHT!> ncToqunr< snyHa B RaHoM-JIH6o noMe
III;eHnH, B Teqenrre aerwToporo npeMeHH eiii;e cm,rmeu OTsnyr-> 

(peBep6epaiJ,HH) , ROTOpblH CTaHOBHTCH BCe TMID6 M TMITfG M 
HaROHGIJ, COBCeM nepeCTaHeT 6blTb CJlbiiJJMMbiM, HOrp;a SBYHO
BaH aneprMH ero CT::J.HeT nrrme npep;eJia, onpep;eJIHIOIII;ero 
nopor CJiblDJHMOCTH CJiymaTeJIH. QqeBH,D;HO, qeM 60JibiD8 
CHJia SByRa HCTO<IHMI\a 3ByHa, TeM gOJibiDe 6yp;eT OT3BYI\ H, 
Hao6opoT,- cJia6br:0: snyr< )J.aeT Meur,mee npeMH OTSByHa. 

XaparnepHCTHHa noMeiii;eHMH ne MOrHeT sannceTb OT Taro, 
C HaHOfi rpOMIWCTbiO IIpOMSHOCMTCH B HeM 3ByH. 1} T05bi HC
HJIIQqHTb BJIHHHMe Ha penep6epaiJ,MIO Ha<raJibHOrO ypOBHH 
snyr<a, BBOP,HTCH noHHTHe Tar< uasbmae~roro epe:Atenu cman
oapmnou peeep6epa1fUU, I<OTOpOe IIOHaSbiBaeT, Sa CHOJlbRO 
CBHYHA SBYIWBaH 3HeprHR YM6HbiDHTCH B MMJIJIUOH p as OT
HOCHTeJihHO cnoero nepnoaaqaJibHoro suaqeuuR. CJiep;onaTeJib-
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HO, 6espa3JIH<IHO, I\ai\OH ypOB8Hh 3BYI\OBOFI ::lHeprHH B M01VI8HT 

Bbll\JIIOlJ8HHJI HCTOlJHima 3Byrm 6yp;8'r B IIOM8ID;8HHH:, a BaH{

HO, sa Hai\08 BpeMJI STOT uaqaJihHhiH ypOB8Hb 3ByHOBOH SHep

rHJii YM8HbiiiJiiTCH p;o O)J;HOH MJiiJIJIMOHHOFI CB08H rrepBOHalJaJib

HO:iir B8JIHlJHHhi. 

Terrepr:. MorHHO ycTaHOBHTh CBJI3b Me:>H,n:y npeMeHeM cTaH

,n:ap·mo:fi: penep6epa!IHH T H rrapa1vreTpa11m rroMem;enHH: 

v T=0,164-
8

, 
acp· 

rp;e T - npeMH CTaH,[(apTHOH penep6epa!IUH n eel\:; V - o6'heM 

noMem;enHJI B .l~3; S - rrJiom;a,n:h ncex rroBepxuocTeH: noMe

m;eHMH, 'l'. e . IIJIOIIIa,IJ;b IIOTOJII\a, CT8H H IIOJia B M 2; a.cp 

CpegHJiiH IW8cpcp!iii!U8HT IIOrJIOIIIeHHH. 

Cpep;uHn HoscpcpHI!HeHT rrorJiom;eHHJI a.cp orrper~eJIHeTCJI 
no cpopMyJie: 

a = alSl + a.zSz + a. 3S3 + . .. +a,S, 
cp S 

rp;e Sl, Sz, S3 . .. sn- IIJIOIIIap;b HOBepxHOCTeH IIOMem;eHHH, 

HMeiOIIIHX pa3JIJiilJHbie IWScpcpHI!HeHTbi IIOrJIOIII8HHJI, T. e . 

a.l, a.2, a.3 H T . p; . 
JlerRO BMp;eTb, lJTO, lJ8M 60Jibiiie 06'beM IIOMem;eHHJI, TeM 

p;OJibiii8 CTaHp;a pTHaJI peBep6epai!UJI. 1.} eM M8Hhiii8 IW8cpcpH

IIIl8HT IIOrJIOIII8HHJI, T. e. lJ8M 60Jibiii8 OTpari\aeTCJI SHepriiJI 

OT IIOB8pXHOCTII, T8M TaRme 60Jiblll8 CTaHp;apTHaH peBep6e

pai!HJI. 3ua lJHT, H3M8HJIJI H08cpcpHI!H8HTbi IIOrJIOIII8HHJI, o6-

pa6aTbiBaJI IIOB8pXHOCTb IIOM8II!8HUJI T8M HJIJii HHhiM 3BYI\O

IIOrJIOIIIaiOII!JiiiVI MaTepn:aJIOM, MO ;>HHO B H3B8CTHOH CT8II8HH 

BJIHHTb Ha Bp8MJI CTaHp;apTHOH peBep6epai!HH. 

Crroco6I>I OI\eHirn: aKycTn:qecKHX cnoiicTB rroMell\eHn:n:. 
EcJin: BpeMJI peBep6epai!JiiH 6oJibiUOe, TO rrocJie Ramp;oro 

rrpousueceuuoro CJIOBa HJIH cJiora cym;ecTByeT ,n:JIHT8JihHhiH 

OT3ByH. CJie,n:yrom;u:iiJ: cJior IifJIJii CJIOBO, uaRJiap;hiBaJICh ua 

OT3ByK, 6yp;eT RaR 6r,I CJIHBaTbCJI C rrpep;bi,IJ;YIIIHM CJIOBOM HJIH 

CJioroM, B pesyJrr:.TaTe pas6op<IHBOCTh pequ rroHH3HTCJI. EcJIH 

BpeMJI p eBep6epai!HH MaJIO, peqr, BOCIIpHHHMa8TCJI lJ8THO H 

JICHO, uo· ucqesaeT ecTeCTB8HHOCTh rrepe,n:aqu sByr<a. To me 
rrpHM8pHO MOl-RHO CI{a3aTb H 0 MY3biH8. 3ua•IHT, cym;eCTByeT 

Rarwe- To BpeMJI CTan,n:a pTHOH peBep6epai!HH, yp;OBJI8TBopmo

m;ee uaM6oJiee ecTeCTBeuuoiii rrepep;aqe MY3hm:H n pequ. Tarwe 

BpeMJI CTaHp;apTHOll penep6epa!IUH rrpHHHTO Ha3biBaTb OII

TJiiMaJibHbll\1. 

Yn'e ,n:anuo Bhmcueuo, 'ITO orrTuMaJibHaJI peBep6epai!JiiH 

3aBHCJiiT OT 06'beMa IIOM8II!8HHJI: lJ8M 60Jibllle 06'b8li•I, T8M 60Jib-
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me p;OJIJI\Ha 6hl'l'b CTaHp;ap'l'HaH peBep6epaiV-IH B HeM. 9aBHCH· 

MOCTb OIITH:MaJibHOH peBep6epa~HH OT 06'beMa IIOMeiiJ,eHHH 

onpep;empracb ::mcnepHM8HTaJibHO. B Teqem:re pHp;a Jie~ 
CKJiap;biBaJiaCb 0~8HI{a IIOMe~eHHH IIO MHSHHIO CJiymaTeJieH. 

Ha ocHoBaHRH 6oJrbruoro HOJIRlJecTBa MSMepem-rll: 6hm nocTpo~ 
eH rpatlJHK SaBMCHMOC'DI OII'fHMaJibHOH penep6epa~HH OT 

r onl 
2,5 

2,0 

1,5 

,; 
1,0 

I 

!.;;;; 
....... ~ 

~ 
_ ... 

Puc. l- 1 o. 3anucu!IIOCTb onTn
Ma.nbHO!'o npeMeHJI n penep6epa
uuH aT oo'be~ta 3ana I<JillOTeaTpa n 
cooTneTcTnuH c HOpMaMu CH30-o8 
gnu •mc·roT 128 zlJ. (1) n ot 2z1J.(2) 

06'beMa IIOMeiiJ,SHHH I'lJIH OT BMSC

THM OC'fM (pHC. l-15). 
Heo6xop;MMO yqecTb, 'ITO OT-

1\JJ OHeHHS peBep6epa~HH H a 

+10% OT OIITH1<IaJibHOH B8J1H

lJHHbl npaRTHlJeCIUI MaJIO SaMSTHO. 

TaKMM o6pasoM, sHaH o6'heM noMe

~eHHH, onpep;eJIHIOT Heo6xop;nMoe 

,[l;JIH Hero BpeMJI OTITMMaJibHO~I 
peBep6epa~MH. EcJIH B RarwM

Jm6o TIOMSIIJ,SHM¥1 Bp8i\1JI peBep-

6epa~MH H.S COOTBe'FCTByeT OIITH

MaJibHOMy, TO IIOM8IIl,8HI18 <<KOp-

p8I{TJifpyiOT>) o6pa60TIWH CTSH H 

TIOTOJIKa TIOMeiiJ,eHHJI SBYIWTIOfJIOIIJ,aiO~MM MaTepMaJIOM . lls

MepeHMJI BpeMeHH CTaHp;apTHOH peBep6epa~HM npOMSBO,[!;HT 

cne~rmrrbHhiMM npn6opaMH. 

Ha OCHOBaHHM MSJIOiHSHHoro MOJ-ReT CJIOJRHThCJI y6em

p;eHne, 'ITO aKyCTHlJeCrme CBOHCTBa TIOMeiiJ,eHMJI (T. e. YCJIOBHH 

,[l;JIH HOpMaJibHOfO H SCTeCTBeHHOfO BOCTipliHTliiH pe•Ilil H My

Sj)IKlii) SaBHCJIT TOJibKO OT BpeMeHH peBep6epap;Hll, KOTOpyro 

Mbl MOiKSM OTHOCIITSJibHO JI8fKO MeHHTb . 0p;HaKO OTITHMaJib

HaH peBep6epa~HH, XOTH H He06XO,[l;¥1MOe, HO He ,[J;OCTaTOlJHOe 

yCJIOBHe ,[l;JIH ·COSp;aHHH HOpMaJibHhlX arqCTlllJeCKliiX CBOifcTB 

noMe~eHHJI. B HaCTOH~ee BpeMH neT e~e TaKHX MeTop;oB 

O~eHKH TIOMSIIJ,eHHH, KOTOphle TIOJIHOCTbiO x apaK'repi130BaJIII 

6hl ero c TOlJKH speHHH aKyCTHlJSCKHX CBOHCTB . Han60JihillHH 

HHTepeC npep,CTaBJIJieT HaM8THBillaJICJI B IIOCJI8,[l;H88 BpeMJI 

TeH,[l;SH~IIH HCCJieP,OBaTb TIOMe~eHHJI nplil TIOMO~I'.l SByKOBbiX 

HMTIYJihCOB. OcTaHOBHMCJI Ha STO:~t'f HecrWJibKO nop;po6Hee. 

TaR KaK Kai-Rp;Oe npOHSHOC¥1M08 CJIOBO COCTOIIT lil3 OT,[J;SJib

HhiX CJIOfOB, peqb MOJ-KHO npep,CTaBHTb IWK ITOCJIS,[J;OBaTSJib

HOCTb 3ByiWBJ:iiX liiMITYJibCOB . 0HH ,[l;JIJITCH O'ISHb MaJIO lii CJie

p;yrOT p;pyr sa p;pyroM oqeHb 6hiCTpo. RpoMe Toro, B aaKphlTOM 

IIOMSIIJ,eHHII sa Kamp;hl.M IIMTIYJibCOM o6pasyiOTCH OTpameHHJI. 

IIono.My HHTepecHo npocJiep;HTh, Kar{ 3TH HMITYJihChl p;oxop;JIT 

p;o cJiyrnaTeJIJI. ,lJ;JIJI aToro cJiyamT cne~RaJibHaH annapaTypa , 

I{ OTopaH noaB OJIHeT HSJiy•raTb sByKOBhre HMTIYJihChl. II paeM-
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HHIWM 3ByHa BMeCTO CJiyUJaTeJIJI JIBJIJieTCJI llnmpo~OH, a 

liMIIYJibCbl Ha6mop;aiOTCJI Ha ::mpaHe 3JieHTpOHHO~JiyqeBOH 
Tpy6Ini oc:u;HJIJiorpa~a. I1MnyJJbC npep;cTaBJJJieT co6ot'r <<na

KeT>>, 3aiiOJIHeHHbiM 3BYHOBOH 'IaCTOTOB. 

Ha oTHpbiTOM B03p;yxe HMnyJihCbi nepep;aroTCJI 6e3 HCHa

rReHnil . A 3TO 03HaqaeT, B cnoro oqepep,b, 'ITO H pellh H MY3hiim 

TaHrr~e He 6yp,yT ncKameHbi npn nepep;a'le. 

B noMer:u;eHRH noJiy•IaeTCJI conepmemro nnaJI Hapnma: 

B 3aJI H3JiyqaeTCJI TaHOB 1I\e HMIIYJJbC, I{al\ II Ha OTHpbiTOl\1 

I p ( t) I 

Oone3Hb1H 
3BYK 

8xo- MeWaiOUiijii 
aay\t 

Prre. I-16. <I>op~ta nMnynbca na nhrxo;:re rrpne~nmna anyr.;a (;>m
r.;po<jJona) n aai<pbtTOM noMCll\CHtm. Yr;aaaua noncaHaR H npe;:r-

uaa aHeprrm · 

B03p:yxe, HO Ha BbiXOP,e Mimpo~OHa IIOMHMO IIpJIJIIOrO HMIIYJib

ca 3ByKa RMeeTCJI err~e 6oJibmoe ~mcJio OTparKeHHbiX OT no

TOJII<a, CTeH, noJia H p;pyrnx nonepxuocTe:fr. HaM yrHe H3-

necTHO, q'l'O penep6epa:u;HJI 06'hJICHJI8TCJI IIOCJiep;OBaTeJibHbJM 

npRXOP,OM OTparKeHHOH 3BYHOBOH 3HeprHH H yxy CJiyll.TaTe.JIJI 

(RJIH I\ MRKpO~OHy). 3p;ecb Ha6mop;aeTCJI Ta me CaMaJI Hap

TIIHa . fpOMKOrOBOpHTeJib H3JIY'!HJI HMIIYJibC, KOTOpbiH p;.r. HT

eJI oqeub MaJio npe11reHH, npep;noJJOJHHM 0,02 cen. Ilpn •,JaJI 

;meprHJI p;OCTHrJJa MHKpO~OHa, H Ha 3HpaHe OCJJ;HJIJIOrf a~ a 

IIOJIBRJJCJI RMIIYJJbC. IlpJIMOH auepruu 6oJJbme neT. Ho I:Ia"lR

HaiOT IIpHXOp;HTb OTparHeHHJI, KOTOpble TaJnl\8 BH)J;Hbl Ha 

::mpane ocr~uJJJiorpa~a. Tai< nai~ qeM no3»~e npuxop;nT OTpa

rReHHbiH H.liWYJJbC, TeM· 1\IeHbille OH HeCeT B ce6e 3Hepniii, TO M 

Ha 3RpaHe Mbi BHAHM pacTJIHYTblH JnmyJihC (puc. I-16), 
IIOCTeiieHHO y6b!BaJOI:u;H.ii IIO BeJIII'lHHe. fhmy.JibC HCHa3H.!l

CJI. 3naqMT JIM 3TO, 'ITO H nepep;aqa 3Byi\a 6yp;eT IICHameHHOH.? 

Mbr ronopMJIH o6 op;HOM 11.3 cnoiicTB yxa - ero Imep:u;H

OHHOCTH. OnbiTbT noi\33biBaJOT, 'ITO ec.rrn oTpaJHeHHJI p;ocTMr JIH 

yxa ne no3p;Hee <IeM qepe3 40-50 .;,~cen nocJie npH11Wro 3!lyKa , 
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TO OHM YCHJIHBaiO'l' npHMOiii HMITYJibC. 3aTO OTpari\eHHH, ITpH
XO)J;HiliHe IT03me 50 JltCeK., CHJibHO BJIHHIOT Ha !{a qeCTBO BOC
npHHTHH anyHonoiii rrepep;a<rH. Ha pHC. I-16 HMITYJibC paa6wr 
Ha )];Be qaCTH: rrepnaH l.faCTb, Jl e/Haii!aH B o6JiaCTH 50 JltCeK.,

ITOJie3HaH aHeprHH, li BTOpaH, rrpanaH <raCTb,- He/-KeJiaTeJib
HaJf aHeprHJI . 

Tarnnvr o6paaoM, MJJI BJJHICHHJIH, 'ITO HeiWTOpJJre m~pame
HHH He TOJibKO He MeiDaiOT, a, Ha060pOT, ynemFIHBaiOT CHJIY 
ITpHMOrO 3BYI{a li TeM CaMbTIVI HBJIHIOTCH ITOJie3HblMH. l1pH 
rrepep;aqe 3ByHa B ITOMeureHHH 06H3aTeJibHO 6yp;eT HMITYJibC, 
Tal{ CHa3aTb, C ,JJ;BYMH ITOJIOBHHaMH, 3Ha1IHT, OITHTb 6yp;yT 
:rrcHameHHH rrpH rrepeJ(al.fe. 0Haar,maeTCH, aTo He TaH. Bee 
3aBHCHT OT COOTHOIUeHI-IH CHJihi 3ByKa B JieBOM H npaBOM ITOJTO
BHHaX. EcJIH HMnyJioC crrap;aeT 6JJTCTpo, TO rrpanaJI '!aCTo, 
Jre.mauraJI sa 40 JJtcer., 6yp;eT aHa l-fHTe.rroHO MeHorne, qel\1 JienaH, 
H yxo ·He <<aaMeTHT>> noro MaJieHoi{Oro npep;Horo c:nrHaJia. 
Ho ecJIH npep;HJJiiii cHrHaJI 6yp;eT HMeTo 6oJrornyro neJiwnmy, TO 
yxo noqyncTnyeT ero, a cJiep;onaTeJibHO, n HCIWrHeHHe HM
rryJioca. 

Ha puc. I -16 rrpnnep;eH rnmyJJJJC, rr_t;e no BTopo:iir ero <racnr 
:rrMeeTCH anyH c 6oJioiUo:iir aHeprHe:iir, rroqrn c Tarw:iir me, HaK 
rrpmw:iir, HOTopr,ri'r coap;aeT axo rrpn rrepep;aqe . 3HaqnT, noT 
CHrHaJI YrHe HerHeJiaTeJieH H OT Hero Ha,[(O H36aBHTbCH. 

B HacToHm;ee npeMH Monmo no rnmyJioCHoft I{apTnHe r-r 
qepTenwM rroMeii!eHHH onpep;eJIHTb Te rronepxnocn-r, JWTOphte 
C03,[(aiOT Tai{He CHJihHbie OTparH8HHJI. J\IIOJI{HO H36aBHTbCJI 0'1' 
IT0,[(06HoiX OTpameHHM, eCJIH o6pa6oTaTb aTH ITOBepXHOCTH 
rrorJIOIJJ;aiOurHM 3BYH MaTepHaJIOM. 

3ByKouorJiou~arom;He l\IaTepHaJibi n KOHCTPY~Hn. Ec.rrH 
pacnpOCTpaHHIOiliaJICJI 3BYIWBaH BOJIHa BCTpe<raeT Ha CB08M 
nyTH rrpenHTCTBHe B nnp;e rreperopop;HH, TO op;Ha '!aCTo anep
rrrn anyHa oTpa>HaeTCH, p;pyraH rrorJIOII(aeTeH. 

KaH nponcxop;HT norJIOII!8HHe anyrwno:iir aHeprnH? 
Cym;ecTnyroT p;na rryTH . 1-Iacn anyxono:iir aHeprnrr, rrap;a

roure:iir Ha rreperopop;Hy, rrpoxop;riT CHnoar, nee, npnqeM Taxon " 
nepexop; 06'DJICHHeTCH TeM, qTO ITO)]; )J;8MCTBH8M 3ByHOBOrO 
p;anJieHHH ynpyraH rreperopo,n;rm nprrxop;wr B I{OJie6aTeJionoe 
p;nrrmeHne rr pa6oTaeT J{ai\ MeM6paHa, rrepep;anaJI snyrwnyro 
aneprrno na p;pyryro cTopony rreperopop;I{H. Hprr aToM rro TepH 
3BYHOBOH anepl'HH MOryT 6oiTb 3HaqJ;JTeJibHJ,IMH, qTO ll03BO.fili
eT HCITOJio3on wro aTo cno:i!i:CTBO ,[(JIJI yCTpo:iircTna /HeCTI<HX rro
rJioTHTeJiei'r (anyHonorJiouraiOII!HX rraHeJie:iir, urHTOB rr T. n .). 

BTopo:iir nyTh. - aTo TeJJJIOBoie noTe pH n :rv1wrepua.rre. 
'LlaCTb 3Byi\OBOH aHeprHH nepeXOXJ;HT B T8ITJIO npH npOHHHHO-
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BeBF!JI[ B TOJJIIJ,Y MaTepF!aJia, npB'IeM 06'hJICHJIIOTCJl ClTH llOTepH 

TpeMJ{ npHL1HHal\1JI[. J1RMeHeBHe 3ByKOBOrO ,r:t;aBJieBHJI npHBO

,r:t;HT B HOJie6aTeJi hHOe ,r:t;BFlrHeHMe nos,n;yx B nopax MaTepnaJia, 

Ba TpeHiii8 HOTOpOrO 0 CTeBHH nop TpaTMTCJl 3BYIWBaJI ::mep

nm, HOTopaH, HaK 11 ncer,n;a np:a TpeHHH, npenpamaeTCH B 

TeiTJJO. l{pOMe TOrO, TIO,r:t; ,r:t;ellCTBMeM 3BYKOBOrO ,r:t;aBJieBHJI npo

HCXO,r:t;HT ,n;e¢opMan;HH 'IaCTH:O: MaTep:aaJia, nanpmvrep cmanre, 

o,n;narw npn nocJiei(JIOIII;eM paapemeHHH qacTn:o;a ne no.snpa

r:o;aeTCH B CBOe nepBOBa'laJihBOe COCTOHHHe . C Ji e,r:t;OBaTeJibBO, 

Ba CrHaTHe 3aTpa'IliiBaeTCJl 60JJbiDaJI pa60Ta, 'lei\J Ta, KOTOpaH 

oT,n;aeTCH 'laCTHJiei':r npr~ nenoJIBOli:I nepexo,n;e B nepnona'laJib

noe COCTOJIBHe . 

HaHone:o;, Tpenriir BH,r:t; noTepb snyHonofi: :meprHH o6'bJIC

BJieTCH TeM, 'ITO HOp; p;eMCTBJ!leM 3BYHOBOM BOJIBJ,I ,r:t;aBJieHHe 

nos,n;yxa, HMerm:o;erocH B nopax MaTepnaJia, yneJIH'IHBaeTc·JI, 

'ITO npHBO,r:t;HT H lJOBbiiDeHIUO ero TeMnepa·rypbi, 11pH ClTOM 

'!aCTO TeiTJIO nepep;aeTCJl CTeBHaM nop. 

TaKHM o6pasoM, noTe pH snyKono:iir ::meprHM saBHCJIT OT 

CTPYKTYPI>I H TenJionpono,r:t;HhlX CBOMCTB MaTepHaJia, na rw

Topr,r:iir nap;aeT snyiwnaH BOJIBa. MaTepMaJII>I, HMeiOIJIHe no

pMcTyiO M BOJI OKHMCTYIO CTpyi\'rypy, 06Jiap;aiOT BaM60Jiee 

a¢¢eHTHBHbiMM snyHonorJIOIII;aiOIIl,HMH CBOMCTBaMH. 

3ByiWITOrJIOIU,aiOIII;M8 CBOMCTBa OIJ;eHMBaiOT HO<ltPtPMI~MeHTOM 
llOrJIOIIJ,8HMJl 3Byi<a a . IlpEBJITO XapaHTepM30BaTb 3ByHOTIO

rJJOIIl,eBHe MaTepMaJia BeJIM'IEHOB ero IWa!fJcpMII,MeBTa 3ByHO

ITOrJJOlll,eBIIH Ha OJ(BOM M3 Cpe,r:t;BHX 'laC TOT (500 MJIH 1000 2Lf). 
Op;nai<o ,r:t;JIH nparnrnm TaHaJI BeJIM'IMBa ne,n;ocTaTO'IBa, TaB 

HaK 3BYIWI10rJIOU\aiOIII;Me CBOMCTBa MaTepMaJia 3aBHCJIT OT 

'laCTOTbi snyrw. HonoMy Hpoivi e HoacpcpH:o;HeBTa norJJOIII;eBHH 

Ba CjJe,r:t;HMX 'laCTOTaX liOJJb3YIOTCJI 'laCTOTBOH xapaHTepMC

'l'MIWH snyHonorJJOIII;aiOIIl,ero i\WTep:aaJia. 

RoacpcpM:o;HeBT snyrHmorrromenMH MaTep:aaJia saBHCMT Tai{

;.He OT TOrO, nap;aeT JIM 3BYH Ha Hero nepneBp;HI<yJIHpBO HJIH 

ITO,r:t; yrJIOM. 06hl'lHO B llOMeiii;eHMH, o6pa6oTaBBOM 3BYIWITOr

JIOIII;aiOIII;MM MaTepuaJIOM, npOMCXO,r:t;HT O,r:t;BOBpeMeBHbiH npH
XO,r:t; 3BYHOBJ>lX BO.nH H3 pa3BblX HanpaBJieBMM l?I HOp; pa3BbiMl?I 

yrJiaMM. Hono111y ua nparn-BHe uoJI:r:.syiOTCH ycpe,n;HeHHhiM 

HO<:>cpcpMIJ;HeHTOM HOrJIOIIJ,eHl?IJl M TOJibHO B OC06biX CJIY'IaJlX -

ero HanpaBJJeBBOH xapaHTepHCTHHOTI B saBMCHi\IOCTH OT ynra 

na,n;eHHH anyHa. 

EcJIM HsnecTeB rwa!fJcpH:o;HeHT aByHonorJioru,eHHH MaTepn

aJia, TO JVIOJHeT 6I>ITh onpe,n;eJiena norJion(amm,aJI cnoco6nocTh 

llOBepXBOCTJI nyTeM nepeMHQfHeHHJl HOacpcpHIJ;HeHTa llOrJIOIII;e~ 
HH.fl a na nJiorn;ap,b noBepxHOCTM S. HorJIOIJiamm,aJI cnoco6-
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HOCTh IIOBepXHOCTR H3MepJieTCJI B yCJIOnHbiX e,IJ;RHEI~ax rro

I'JI0~8HEIJI. HarrpEIMep, rror.rro"~eHEie rmprrHqHoii CTeHbi, rro

KpoiTOH illTyKaTypiWH R I<paCI\OH (a = 0,02), IIJIO~a,IJ;biD 
8 = 100 .h~2 COCTanHT: 

aS= 0,02-100 = 2 8 JlH HHUbf. 

IIor.rro~aro~aJI crroco6HoCTh OT,IJ;eJihHbiX rrpep;MeTon orr

pep;e.rrJieTCJI I<OacpcpEI~HeHTOM IIOI'JIO~eHHJI, OTHeCeHHbiM Ha 

O,Il;HH rrpep;MeT. HarrpnMep, I<OJmqecTno rror.rro~eHim, BHe

ceHHoe 100 CTYJibJIMH (a = 0,02), COCTaBliT : 0,02 ·100 = 
2 e,IJ;HHH~bi. 

06hJqHbiMH CTpOHTeJibHbHUI MaTepiiaJiaMH o6pa6aTbJBaiDT 

60JihillHHCTnO IIOMe~eHHH l<HHOTeaTpOn R I<Jiy6on, KOTOpole 

II03BOJIJIIOT n pH,IJ;e c.rry•raen o6ecrreqr-rTh Heo6xo,IJ;IIMI>re ai<yc

TRtieci<ne yc.rronRJI. B rroMe~eHnJix, r ,IJ;e rrpRMeHeHbi crre~H
a.rrhHI>Ie ai<y.cTRqeci<ne 3Byi<orror.rro~aiOIIl,He llmTepna.rri>r, 3Ha

tiHTeJibHaJI •racTh rronepxHOCTR o6pa6anmaeTcJI TamKe o6hi'I

HhiMH CTpORTeJibHhlMR MaTepRaJiaMR. 

KoacpcpH~HeHT 3nyKorrorJio~eHRJI rnrrconoii mTyi<aTypi<R 

IIO J{HpiiH'IHOH CTeHe Ha qaCTOTe 1000 er_y neCbMa HeneJIRI< H 

p aneH 0,013, a n o6JiaCTR 4000 er_y - 0,05. 
3HaqeHHJI I<OacpcpMIJ;HeHTa IIOI'JIO~eHRJI CTaH,IJ;apTHbiX CTpO

HTeJihHhiX MaTepn:aJion rrpune,IJ;eHbi n Ta6JI. 2. Bee aTR MaTe

pua.rroi JinJIJIIOTCJI Ma.rroacpcpei<TIIBHbJMii IIOI'JIOTIITeJIHMR 3nyi<a. 

Kor,IJ;a Tpe6yeTCJI 3arJiymMTb rroMe~eHHe, T. e . CHM3RTh 

BpeMJI peBep6epa~rm n HeM, Heo6xo,IJ;RMO o6pa6anmaTh 

IIOnepXHOCTM ,Il;pyriiMII, 6oJi ee acpcpeHTRnHblMH IIOI'JIO~aiO~HMH 
3nyH MaTepRaJiaMII. 3nyEOIIOI'JIOII.I,aiD~He CnOHCTna norpaii\6-

J;Ibi y rropRCTbiX MaTepRaJion. Op;HaEo nopRCTbie MaTepRaJihl 

HMeiOT HepanHOMepHyiO qacTOTHYIO xaparnepHCTRI{Y IIOI'JIO

lll,eHRJI l1 H6HpaCMnbi. ilOaTOMY IIOMHMO IIOpMCTuJJ( MaTepHaJIOB 

illHpOI{O IIpMMeHJIIOTCJI aHyCTIFieCI{l16 H a pxwrewrypHO-aHyc

TH'l6CI\H6 I<OHCTpyH~HU. 

ll 0 p II C T hie 3nyHOIIOI'JIO~aiD~ue liWTepuaJibi pa3,IJ;eJI JIIOT 

Ha phi x JI hie u T n epA bi e. K phlXJiblM OTHOCJITCJI : ,IJ;penecHbie 

nOJIOEHa , nOJIOI\Ha caxapHOrO TpOCTHHI\a H 1\0I\OCOBJ,IX ITaJibM, 

MUHepa.rri>HaJI mepcTh (m.rrarwnaTa) , ac6ecTonaJI naTa, cTeH

JI.IUI Ha.H naTa II AP· HaH60Jibmee npuMeHeHue )J,JIJI aHycTntie

CHoi'r o6pa6oTEH no.rryqu.rra MnHepaJII>Ha.H me pen (a = O, 7 
Ha 'laC TOTe 1000 8 ~f ,Il;ITJI CJIOJI 1 C.ht). 3nylWIIOI'JIOIIl,eHUe )J;JIJI 

,IJ;pynrx <raCTOT nR,IJ;HO Ha pH c. I -17. ,[f, .rr.H norpanHHnaHHJI qac

TOTHOH xapaKTepHCTHEH, T. e . ITOJiyqeHHJI nhiCOI\OI'O IW::Jcp

cpH~HeHTa 3nyHOIIOI'JI0~6HHJI n 06JiaCTR HR3KHX 'IaCTOT, He

o6XO)J,HMO yneJIHqiinaTb TOJI~Jmy CJI()JI p;o 10-15 C.h~. 
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Ta6JJnna 2 
l\oaqHJnu.(ueHT an yl\onorJiolll,eunn o6hl •mbJX erponreJlbHWX 

Ma repuaJion ua paaHbiX •1aC'I or ax 

I 'LJ aCTOTa , Zlf 

HanMeHonanue Ma1·ep1IaJ10B 
128 I 256 512 1 10 21. 1 20 48 1 4096 

Mpa~rop 0,01 0,01 0,015 
BeroH n: ;neJieao6eron rnap,-

JUIH 0,01 0,012 0,015 0,019 0,023 0,035 
l\uprrn•ntaJI CTCHa ueomry-

I<arypemJall . 0,024 0,025 0,032 0,042 0,049 0,070 
illryKarypKa l'FITIC.OB8Hl'Jl3TJ,-

!tall ao nnpan'ly 0 ,013 0,015 0,020 0,028 0,040 0,050 
To liHl, oHpameuuan 0,012 0,013 0,017 0,02 0,023 0,025 
lllrynarypHa I\CMCRTR3JI UO 

p,epeny, mepoxonarall 0,025 0,045 0,060 0,085 0,043 0,058 
To me, r Jrap,naJI 0,024 0,027 0,030 0,037 0,019 0 ,034 
,[I,epeBJIHHaJI o6mn:mm (coc-

ua). 0,098 0,11 0,10 0,084 0,082 0,011 
llapJmr. 0,05 0,03 O,Oti 0,09 0,10 0,22 
Cre1mo op,Imapuoe 0,025 0,027 0,02 

Tnepp,I>re nopneThle MaTepnaJII>I naroTonJIHIOT n nnp,e UJIHT 
nyTel\1 npeeeOBI\H nOJIORHHeTI>lX MaTepHaJIOn, 'IaeTO e UpH
Meei>IO [\el\18HTHpyiOID,HX ne:rn,eeTn. I{ HHM OTHOeHTeH: HHey
JII1T, ap6opHT, nepmmyJIHT, 3II-5 H p,p . MneyJIHT H ap6opHT 
npeeeyiOT H3 OTXOP,On 6yMaJHHOH Maeebl H UpOTIHTI>IBaiOT OrHe
eTOHHHM: eoeTanoM. BnmyeRaiOT n nnp,e mnn TOJIID,HHOH 
2 c.u. 06'l>eMHhlH nee 125-150 ne/c.u3 (a=0,2-0,4 npn panHo-
MepHOH 'IaeTOTHOH xaparne
pHeTHRe) . B epMHI{YJIHT na
roTonJIHIOT H3 MeJIKHX Ry
eO'IIWn o60riGH:eHHOH eJIIO
P,l>l, eMemaHHOH e l{JieeM, 
H npeeeyiOT B nHP,8 TIJIHT. 
OH HeropiOti H HernrpoeRo
IUI'IeH (a = 0,3-0,5). 

3n YIWTIOr JI OID,aiOID,HH Ma
T8pHaJI 3Il -5 npep,eTaBJUI8T 
eo6o:H aaenmmym neHy MO-

a 

~:~ 
0,2 

0 wttl .. 
100 200 400 BOO 16001Y 

Puc. I - 17. '<IacTOTHaR xapm,Tep><CTIH<a 
3BYI<DnornolllaiOII(ero MaTepHana (~mHe
paJJbHaR BaT a) : a-TOJlli(UHa CJlOR 10 C.11~ 

6 - TOJlllll!Ha CJlOH 1 i:M 

'tJen:unotiJopMaJII>P,erup,no:H eMOJihl e npnMeei>IO ne60JII>moro 
ROJIHti8eTna p,peneeHhlX OTIHJIOR. 3Il-5 oqeHI> JI81'0K - 06'!>
eMHI>lH nee 15-17 Ke!~tt3 (a=0,5-0,7). Br,myeKaeTeH n nnp,e 
TIJIHT 50 X 50 X 10 Cltt . 11M o6pa6aThlBaiOT eT8Hhl H TIOTO.l!RH 
IIaBUJII>OHOB KHHOeTyP,HH. 
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ARyCTRTiecrnre rnTyr<aTyprm OTJUPiaJOTCJI OT o6r>Iqm;Jx mTy

ItaTypor' namiTIMeM JierRoro aanoJIHHTeJIJI (neMaa, ,n;po6Jiennr.H 

ROT8JibHhlH ITIJia:K H T. IT.), 6Jiarop:apR qeMy llOBbiDiaeTCJI R0-

3cpcpHI!H8HT 3BYIWITOrJIOITWHHJI (a = 0,3 Ha TiaCTOTe 1000 <nf). 
Jl-\ e C T I\ R 8 IT 0 r JI 0 'l' H T e JI H 06Jiap;aiOT npeHMYIIJ8CT

B8HHJ,IM norJIOIIJenneM na HIIarnrx <racTOTax. 8To n~IIThi B eite

mn, npep:CTaBJIRIOIIJII8 co6o:i!i: p:epeBJIHIIyiO paMy, 3aTRHYTYIO 

ITJIOTHOM JiaRHpOBaHHOH TI\aHbiO, Ha IWTopyro llOM8IIJa8TCJI 

cJio:i!i: MnnepaJinnoi'r mepcTII TOJIIIJRno:i!i: 4-5 CJlt. PaaMepnr IIJIITa 

Ber\emn 1 X4 .M, npu ::JTOM a = 0,8 B o6JiaCTII 125-250 <nf . 
llepcpo p npoBaHHnre JIHCTni cpanepnr, meJieaa, cyxo:i!i: mTyHa

TYPRII, cpii6poJIIITa II p:pyrnx Tornmx ynpyrux MaTepnaJIOB 

paCITOJIO}l\8Hbi Ha paCCTOJIHHH 4-5 C.!lt OT CT8Hbl. 8TOT 

llpOM8rKYTOI\ MmHeT 6ni'l'h 3aiTOJIH8H pbJXJlbiM ll0l'JIOTHT8JI8M, 

'ITO pearw yBeJIII'IIIB aeT rw::Jcpcflni!H8HT 3ByHonorJIOIIJenua 

naneJin. 

ApxnTeKTypno -ar\yCTJ~tiecKne KOHCTPYI\D;IHI . Pemeniie BO

npocoB C03p;aHIIJI 6JiaronpiH ITHbiX aHyCTUlJ8CICl'IX yCJIOBHM BO 

BHOBh CTpORIIJUXCJI U peiWHCTpyupyeM.biX HUHOT8aTpax npep;

CTaBJIJIJIO 3HalJUT8JibHbl8 Tpyp:HOCTU, BO- nepBbiX, BBII,ll;Y OT

cyTCTili1H llpOM.billiJI8HHOl'O BblllyCHa !J:OCTaTOLIHO 60JihliiOl'O 

aCCOpTHM8HTa 3BYHOllOl'JIOIIJaiOIIJIIX MaTepUaJIOB H, BO- BTO

pbiX, B CIIJIY Tpyp:HOCT8H CO'I8TaHIIJI HpaCIIBOH apXUT8HTypbi 

c coap:anueM xopomux ar<ycnrqecr<ux ycJJOBUH npii ncnoJIL-

30BaHnn cyiiJeCTBYIOIIJUX aHyCTHlJecRux MaTepHaJIOB u rwH

CTPYKI!HH . Bnernnii:i!i: BHA norJIOTIZITeJJe:i!i: aByKa He OTBelJaeT 

'l'p860BaHIIJIM, npep;'l>JIBJIJI8MblM K o6.fLHIJOBO'IHhlM !viaTepiia

JiaM. BoJibiiiHHCTBO H3 HIZIX p:an<e neJlb3JI or parnHBaTb, Tal\ 

Hal{ llpH 3TOM OHM T81JRIOT aHyCTUlJ8CI{H8 CBOHCTBa . 

Paapa6oTaHI>I CTanJJ;a pTHI>Ie 6 Jwrm a pxiZITernypHo- aHyCTH

lJecHnx HOHCTpyi-I:IJI!IH p:JIJI o6pa60TI-\J!I 3pHT8JibHbiX 3aJIOB HHHO

T8aTpOB, T8aTpOB, l{Jiy60B Jii p:pyrux llOM8IIJ8HJiii'I, HOTOpbi8 

COlJ8TaiOT H806XO!J:HMbi8 aHyCTI!IlJ8CKH8 II xyp:OrH8CTB8HHbi8 

Tpe60BaHHJI llpH 0Tp:8JIR8 llOM8IIJ8HHH. 

OcnoBHbiM aJieMeHTOM c6opno:i1 IWHCTPYHI!IIH JIBJIJieTCR'" 

cTan,n;a pTHbiH a pxHTeHTypno-aHyCTR'Iecrm:i!i: 6 JIOIC C6opnocn 

apxnTeKTypuo-aHyCTHlJeCHRX HOHCTPYKI!HH ana'InTeJibHO o6-

JierlJaeT npOB8!J:8HH8 CTpOHT8JibHLlX OTp:8JIOlJHbJX pa60T. llo-

3TOMY OHM IIIHpOKO npUM8HJIIOTCJI npu CTpOHT8JibCTB8 HOBbiX 

1\HHOTeaTpOB H aHyCTH'I8CIWH pei<OHCTPYKI!JiiH CTapbiX. 

PaccMOTpHM ycTpoticTBO apxnTeHTypHo-ar-~:ycTn'IeCHoro 
6JIOI{a (puc. I -18). OcHoBa 6Jior-~:a - p:epeBJIHHaJI pa111a aa

p:aFmo.H cpOpMJ,J II pa3M8pOB (BhlCOTa 10- 15 C.!lt). 0 [J;Ha CTO

pOHa paMhi aaTRrHBaeTCJI ceTHoiJ: Pa6HTIJa, no rwTopo:fr OTJIH-
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Ba8TCJI peJI:oelfl l!I3 rl!II!Ca l!IJilii ll,8M8HTa TIO B:OI6paHHOMy fJRCyH

I{y. 0TJIMBlW H3 rl!IIICa MOrH8T 6J,IT:O 3aM8H8Ha fi!Ta!V!ITOl\1 H3 

cyxo:Er mTyr{aTypHH H JIH nan:oe-Mame. B:or6op pncynHa o6yc

JIOBJien pa3M8p0111 H lflopMOH CB060,ll.HhlX ITOJI8l! H OTHOID8Hli!8i\I 

l!IX ITJIOID,a,ll.l!I HO BC8H ITJIOlll,a,ll.H 6JIOKa. 

C ,ll.pyroH CTOpOHl>I J:Ia C8THY J:IaHJI8HBa8TCJI CJIOH JierHOH 

oKpai:rrenHo:Ei: THanr, cJiyrHanre:K lfloJ:IoM ,ll.JIH peJI:oelf!Horo 

~tHepanbHaA sara 

fHnc, l.leMeHT, nanbe-Mawe1 wraMnbl H3 
cyxoil wryKarypKH H AP · 

Pf.IC. I-1 8. ApnJTenTYPJJ O· a i<ycTI1'lCCIW1i 6JJOii (paapea) 

pHCyJ:II{a. Ha THaH:o ITO BC8H ITOB8lJXHOCTl!I H Jia,ll.8TCJI CJIOH B 

10-12 c.u rropHcToro rrorJIOTineJIJI 3Byr<a. 1Jalll,e Bcero rrpH

l\IenHeTCJI mJiarwBaJI BaTa Maprm M-150, no rrpnro,[l.eH rr APY

ro:K rropncnrii rrorJIOTHTeJI:o. 

IlopHCT:hiH 3BYI{0ITOrJIOlll,aiOlll,HH MaTepHaJI paCITOJIOJ-Hen 

IT03a,ll.H OpHaMeHTa H THaHH, a ITOTOMY ne BH,ll.8H . fMITCOBbiH 

OplialVI8HT ITp8,ll.CTaBJIJI8T C060H HaH 6J,I peiii8TI{y, IT03a,ll.H 

ROTOpOH paCITOJiaraiOT alfllfleRTMBHbiH ITOrJIOTMT8Jib 3ByKa . 

3ByH, na,[l.aiOlll,l'IH na TaHyiO pemeTHy, 1IaCTH'IHO OTpamaeTCJI 

OT 3JI8M8HTOB p8III8Tl{M Iii •raCTJi!qJ:IO ITOrJIOTIW8TCJI, rrpOH,ll.JI 

'I8p83 OTB8pCTMJI pemeTHM. 

AHycTn'IecHne CBOHCTBa ROHCTpyHD,MH CTaHOBJITCJI rronJIT

HhtMn, 8CJIM rrpe,ll.CTamrr:o ce6e OTHpbi'l'I>lH Hlll,l!II{ , HaiTOJIH8H~ 
HbiH ITOpHCTT>IM ITOrJIOTHT8JI8M C HO::Jlfllflnu,HeHTOM 3ByHOITOrJIO

lll,8HHJI a = 0,7 . EcJIH 3aHp:on:o Hlll,HH ITJIMTOii c OTBepcnrHMM, 

ITJIOlll,a,ll.:O I\OTOpbiX COCTaBJIJI8T 50% ITOBepXHOCTM ITJIHTbi, TO 

IIpH6JIH3HT8JI:OHO MOrHHO C1IMTaTb, 'ITO IIOrJIOlll,aiOlll,aJI CITO

C06HOCTb rroBepxHOCTH yMen:omMJiac:o B,ll.BOe. EcJin rrJiolll,a,ll.:O 

OTB8pCTHH COCTaBJIJI8T 25% OT ITJIOlll,a,ll.l!I ITOBepxnOCTl!I TaHOH 

IJ81U8TKH, TO MOfHHO 0/HH,[I.aT:O, 'ITO TaHaJI ITOB8IJXHOCT:O 6y,ll.8T 

ITOrJIOlll,aTb 3BYII: rrpn6JIH3Ii!T8JibHO B 'I81'blp8 pa-sa ll'l8Hl>III8, 

'18M OTHpbiTbiH Hlll,MH C Tai{Ji!l\1 rH8 3aiiOJIHHT8JI8l\1. 

TaHMM o6pa30M, H3MenenHeM oTnomeHMJI rrJIOlll,a,ll.H OT

BepcTMH 1{0 BC8H ITJIOlll,a,ll.M 6.JIOIW MOmHO B H8HOTOpbiX rrpe,[l.e

JiaX l'I3M8flJITh IW8lfllflnu,nenT 3BYHOIIOrJ10lll,8HHJI 6JIOHa . 8TO 
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p;aeT B03l\10>RHOCT:b I13rOTOBHT:b ROHCTpyRIJ,HH, COCTOHIIJ,He H3 

TeX rRe MarepH3JIOB , HO C pa3JIHI.JH:bll\1H aRyCTaqecRHMH CBOH

CTB3MH. 

Ros<}>qmrr,HeHr anyrwnorJiorrr,eHim nmaJ\OBanr CJJOe!II 10-
15 C.M B 06JiaCTH cpe)J,HHX <JaCTOT paBeH 0, 7. llpaRTHqeCRJI 

nyreM H3MeHeHHH OTHOIIIeHHH OTRp:biTOH nJIOIIJ,3)J,Ii RO BCeH 

nJIOIIJ,3)J,H 6JIORa B npep;enax OT 15 )J,O 65% noJiyi.JaiOT 3BYRO

norJIOIIJ,3IOIIJ,H8 ROHCrpyRIJ,HH C ROC>tPWHIJ,H8HTOM norJIOIIJ,eHiiH 

or 0,1 p;o 0,5 Ha tracrore 1000 Uf. 
Bnr6opoM paaMepon OTBepcrnii: yp;aercH noJiyi.JHT:b qacToT

Hyro xa par<repHCTHHY Hoe> ¢¢Hrr,HeHTa nor Jiorrr,eHHH raRHX 

ROHCTpyHIJ,HH C He60JI:biiiliM nO)J,':b8MOM B o6Jracnr HH3HHX qac

TOT, 'ITO npHBO)J,HT l{ Bblp3BHHB3HHIO lf3CTOTHOH xapaRT8pHC

THRH npEJMeHH penep6eparr,HH apHTeJII>HnlX aaJI OB RHHorearpon. 

Paapa6oraHni a pXHTeHTypHo-aKyc THI.Jecrme ROHcrpyKrr,Inr, 

npe)J,H33H3I.JeHH:bie )J,JJH nO)J,B8CKH K IIOTOJIKY HJIH )J,JIH ycraHOB

KH H3 CT8H3X. 

§ 5. AKYCTH~ECKHE TPE&OBAHHSI K 
KHHOTEATPY 

llocToponmre anyiur u nry!II:bl, npoHHKaro

IIJ,He B 3pHTeJI:bHbrii: 3aJI, M8III3IOT CJIYIII3T:b My3niRy, 33Tpyp;

HHIOT paa6optiHBOCT:b petrH, CHHrl\3H TeM C3M:bll\1 3MOIJ,IiOli3JI:b

HOe noap;eii:crBHe WHJII>Ma Ha apHreJieii:. 
1JaCT:b npOHiiR3IOU~HX llOCTOpOHHHX 3BYKOB, HanpHMep 

Hrpa opr<ecrpa B ¢ofte, CHrHaJI:bl npoxop;Hrrr,ero no yJiarr,e 

rpaHCIIOpTa H )J,pyrHe )J,OHOCHIIJ,HeCH 3BYRH, OTBJieRaeT 3pH

reJieH or n pocMorpa WHJibll!a . HaJIHtrHe IIIyMa B aaJie aa

craBJIHer apHreJIH HanpHrarb cJiyx, trTOUbi paao6parb petrb. 

B Hrore p;nyxqacoBoro Hanpmr<eHHH cJiyxa apHreJih He TOJib

RO He OT)J,hrxaer , a, Hao6opoT, ycraeT. llHorp;a nocropoHHim 

ruyMbi HJIH peryJIHpHO nOBTOpHIOIIJ,HeCli 3BYKH Bbi3biB3IOT 

p;arHe paap;parReHHe y apHreJieM:. 

EcJIH B RHHorearpe pa6oTaer neHTHJIHL~HOHHaH cHcreMa 

HJIH )J,pyrHe arperaT:bl C IIOBbiiiieHHbiM ypOBH8M TIIyMa, TO 

apHTeJIH, c yBJietreHHeM cJie)J,HIIJ,He aa xop;oM co6biTI1H Ha 

3K.paHe, He 3aMei.JaJOT IIIyMa, HO CTOIH BbiHJIIOI.JHTb B8HTHJIH

IJ,HIO BO npe11m p;eMoHcrparr,HH WHJibMa, Rai< spHreJIH notryB

crnyroT o6JiertreHHe. 8ror npHMep nm<aabiBaer, 'ITO nonpocbi 

3BYHOH30JIHIJ,HH B KHHOTearpe, npe)J,H33H3tieHHOl\1 )J,JIH H3'Ie

CTBeHHOrO 3BYI<OBOCIIpOH3Be)J,eHHli, He )J,OJI}l{Hbl OCT3B3T:bCH 

6ea BHHM3HHH. 
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OcROBHwe Ronpncw uo nsonnnnM apMTeDbHoro aana Of 
llOCTOpOHHMX 3BYI\OB 11 IllYMOB ~WJIJRHbl 6biTb perneHhl e111e B 

npoeRTB npM CTpOMTBJibCTBB MJIB: peROHCTpyRII,MM RMHOTeBTpB o 

O,n;Hai<a 11 npM ;mcnnyaTBII,B:H I\MHOTeBTpoB nonpocbl anyrw

H30JHID,IiiM BrpaiOT BBCbMB CYlliBCTBBHHYIO pOJibo 

Bee CI\B3BHHOB OTHOCI1TCfi TBIURe R ycJIOB11fiM npOBep;eHJlH 

RFIHOCeaHCOB B HJiy6ax C IUIHOnepep;BI1}!\l\0H, rp;e 06bitrHO 

IIO'ITI1 'He IIpliiHiiiMBeTCfi HliiHBH11X Mep no CHI11-HBHI1IO ypOBHH 

rnyMao 

1.J TO me fiBJIHeTCfi OCHOBHbiMiil 11CTOqHJiiRBMM rnyMa B RI1-

HOTBBTpax? IlOMFIMO BHBIDH:i'IX IDYMOB, 11pOHI1RBI011111X C y iur

II,bl, 1\10}!\HO yRB38Tb e111e ,[l;BB TIOCTOHHHblX B:CTOtrHHRa: anna

pBTHBfi RBMepa M BBHTMJlfii1,110HHBfi CMCTeMao 

Ilpoxon.;p;eHMe 3ByROBblX nOMBX B JII06oe 3BRpbiTOe TIOMe

lliBHMB npOMCXO,[l;I1T TpBMfi nyTHMI1o 

Bo-nepBbix, no noa,n;yxy qepea mo61>1e HBHBJibl (llleJin B 

,liBBpHX, 01\HBX 11 CTeHax; CMOTpOBbie 11 npoeRII,MOHHbie 01\Ha), 

coe,n:HHHIOlliHB 3pMTBJibHbiH 3BJI C ynnu;ei\: MJIM IDYMHbiM llOMe

lliBHHeM ( lf>oi\:e, HMHonpoeRu;noHHaH) 0 ,IJ; an<e <repea oqeHL Ma

noe OTBepcTne npoxo,n:HT oqeHb i\moro aRycTnqecRoH :=meprnno 

Ilo:3TOMY npn 3BYHOM30JIHII,MM . OCHOBHOe BHMMBHMe Hep6-

XO,liHMO y,n:eJIHTb orpBrl\,lleHHIO 3pHTeJibHOf0 3BJIB OT YJIHII,bl 

M TlliBTBJlbHOH 3B,liBJIHe npHMblX OTBBpCTMH M 1\BHBJIOB, Cf)fi-

3blBBI011lHX 3pMTBJibHbiH 3BJI C IDyMHbiMM COCe,liHliMM nOMBlliB

HMfiMHo 8TMM me nyTeM nepe,n:aeTCfi IDyM pa60TBI0111HX BBHTH

JIHTOpOB no BBHTHJIHD,liOHHblM RBHBJIBM B 3pHTBJibHbiH aaJi o 

B u;enHx orpan<,n:eHI1H apwreJJbHOro sana OT rnyMOB BBHTHJIH

II,HOHHOH CHCTBMbi HB06XO,l\HMO BHYCTHqecHH o6pa60TBTb BBH

THJI fiii,MOHHbie I\BHBJibi o 

BO-BTOpbiX, BHBIDHHB 3BYHOBbiB TIOMBXH nepe,n:BIOTCH B 

3pHTeJibHbiH 3BJI trepe3 CTBHbi, nOJI H llOTOJIOH, I\OTOpbiB npH 

B03,liBHCTBHH npHXO,l\HlliHX H3 COCB,liHHX nOMelliBHHH 3BYHOBblX 

BOJ!H CBMH HaqnHBIOT ROJie6BTbCfi H nepe,n:aiOT TBKHM o6pB3'0M 

3BYHo Ilo3TOMY K ycTpo:ikTBY CTBH, neperopO,liOK, nona H 

IIepeRpbiTHH npe,ll'bHBJIHIOTCH cnen;HBJibHbiB Tpe60BBHHH, o6ec

neqnBBIOIIJM8 He06XO,liHMyiO 3BYROH30JIHII,HIO o 

B-TpeTbHX, BHeiDHHe anyH:rr: n myMbi MoryT npoHnl\aTb 

TBKn\e no CTBHBM, nepei<pbiTHfiM M noJJy, HO, B OTJIHqHe :·aT 

BTOpOrO nyTH, He no B03,llyxy, a no CBMHM KOHCTpyi\II,MHM o 

Hanpmvrep, Ha •IBp,n:a<rHoe nepeKpbiTHe ycTaHOBJieH a JreKTpo

,n:nHraTeJJb BBHTHJIHII,HOHHOH CMCTeMbi. IlpH ero p a60TB B03-

HMI\BIOT KOJie6aHHH (BH6pBII,HH), HOTOpbiB nepe,n:BIOTCH ·no 

IIepeHpbiTMIO, CTBHBM, ORHBM H B MBCTBX HBTIJIOTHOfO npHJIB

fBHI1H MOryT Bbl3BBTb p:pe6e3/I\BHM8 o 
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lloaTOMY npR yCTaHOBJ\8 CTaii,ROBapm; rx ~(B IHa'I'8JI8H (neH

TliiJIJUl,ROHHhiX J1. OTOnRT8JibHbiX CRCT8M, CHJIOBJ,lX TpaHCcpOp

MaTOpOB H T. n.) He06XO~HMbi cneiJ,HaJibHhl8 Mephl OT npOHHR

HOB8HHfl aHyCTR'l8CRHX nOM8X B 3pFIT8JibHblH 3aJI. 

Y CTpOMCTBa HCI<yCCTB8HHOM B8HTHJlflll,MFI npe~CTaBJifliOT 
C060H ~BOMHyiO CFICTeMy B03~\YXOBO~OB, npOJIO}H8HHbiX <Je

pea nee ocnoBHhie noMen~eHFifl a~aHFifl. ITo o~HFIM noa~yxo
no~aM B03~YX BBO~FITCfl B B8HTHJIHpyeMbl8 nOM8~8HIUI, no 

~pyrFIM - aa6npaeTCfl 113 HHX. 

Ce'leHHe B03J(yxono~on )l.OBOJibHO neJmrw H ~OCTFirawr 
1, 5 .ilL2. B oa~yxono~r,r TaiWro 6oJihtuoro ceqenFm npe~cTaB
JifliOT C060H XOpOruHe 3ByrwnpOBO~hi, H no HMM 3BYKH JI8rKO 

npoxo~nT FI3 o~noro noMe~eHHfl n ~pyroe. Tai{ HM nyTeivr n 

3pHT8JlhHbiH 3aJI JieriW MOryT npOHFIJ\aTJ, 3BYIUI, HanpHMep, 

H3 myMnoro cpo:iire, annapaTno:iir RaMepbl H ~pyrHx noMe~eHHH. 
LI T06hr HCHJIIO'lHTh HJIH ana qwreJibHO ocJia6HTh npoHFIR

nonenHe anyrwn no noa~yxono~aM, npMHHMaiOTCfl cneii,HaJib

Hhie .Mepbl, Hanpmvrep ycTpaHBaiOTCfl OT~8JlhHh[8, He CBfl3aHHbie 

M8>H~y C060II B8HTHJIHIJ,HOHHLI8 CHCT8JVILI ~JIJI 1\a}I\~OrO H3 

nOM8III,8HHM C nOBblill8HHLIMH Tpe6oBaHHJIMM B OTHOill8HMH 

3BYIWH30JIJIII,MM. 

ilpH o6~e:ii B8HTJWfliJ,HOHHOll CHCT8M8 CHHII>8HH8 ypOBHJI 

IllyMa ~OCTHraeTCJI BH8C8HH8M HCHyCCTB8HHOrO 3aTyXaHHJI 

3ByRa B CMCTeMy B03~YXOBO~OB, KOTOpoe MOI-R8T 6LITb OCy

~eCTBJI8HO : 1) yJvreHbllleHHeM cHopocTH rrpoxom~enn:JI anyrw 

B B03~yXOBO~e; 2) yneJIJil'l8HFI8M ~JIHHhl nyTH B03~yxa; 3) 
ycTpOHCTBOM ROJI8H Jii IIOBOpOTOB B03~YXOBO~OB; 4) o6pa60T

ROH BHyTpeHHMX CTeHoH qaCTH noa~yxono~a anyrwrrorJio~aro
~lli\1 MaTepHa IOM; 5) ycTpOHCTBOM Ha nynr npOXOJ-R~8HHJI 
B03~yxa ar<yCTH'l8CRHX cpHJibTpOB. 

fJiaBHblM HCTO'lHJiii\OM my:Ma CaMO{I B8HTHJIJIIJ,HOHH0ll CHC

T8Mbl 06hl 'lHO CJiy>HHT B8HTHJiflJJ;IIOHHLIH a rperaT, HOTOpLIH 

"COCTOHT H3 ::J JI8I<TpO~BHraTeJIJl H MOII.I,HOrO B8HTFIJIJITOpa. 

L1To6br Ha6en<aTb rrepep;a•nr nn6pall,J;IH arperaTa no HOp

nycy a~amm, ero ycTananJinnaiOT na aMOpTH3aTopax. AMop

TH3aTopaMH JIBJIJIIOTCJI CTaJibHbl8 npyrHMHhl, 6pyCRM M IIpO

RJia~RM M3 BOHJIORa, p83HHbi, rrpo6rm , Ha HOTOpbie R Jiap;eTCfl 

T.fUReJiaJI · 6eTOHHafl HJIH rK8JI83068TOHHa JI IIJIHTa, CJlyll<a~afl 
nJIWrcpOpMOH ~Jlfl ycTaHOBRH arperaTa. 

KpoMe 6oph6hr c nepep;aqe:i;l nn6paiJ,HH neHTHJIJill,HOHHOH 

ycTaHOBRH neo6xo~HMO npnnnMaTb Mephr nponm rrepe~aqn 
anyr<a no noap;yxonop;aM. B ::JTMX IJ,8JiflX nnyTpennne rronepx

HOCTM B8HTHJIJlll,HOHHOH IWMepLI M B03J\YXOBO~OB o6pa6aTbi

B3H)'f 3ByROIIOl'JI0~3IOIII,FIMH MaTep HaJiaMM. ~JIJI o6pa60Tl<H 
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B8I-IT1IJIJI!J,BOBHLJX IHUlep R B03)WXOBO,D:OB npM~f8HHIOT al{yC

T1I"l8CKM8 lliTyKaTypKB: 1I p:pyrne TB8p):(bl8 Mai'8pMa Jibl. 

HecMoTpH aa cxo,n:cTno Men<,n:y noMem;eHMHMM o6hrqahlx 

T8aTpOB MJUI KOH!I8PTHblX 3aJIOB 1I KMHOTeaTpOB, npep:'bHBJIH

IOTCH pa3JII,I'IHbie Tpe6onaHMH B OTHOD18H1IH FIX aJ\YCT1JqeCI\OH 

o6pa6o•m1J. ()To Bb1T8Ha8T 1I3 OC068HHOCT8H nOM8II(8HHH, npep:

Ha3aaqeHHbiX ,D:JIH CJiymaHiifH 3Byi<a, BOCnpOH3BO,D:HMOrO ClJI8HT

pOai<yCTHqeCI<OH anna paTypoB:, no cpanHeHFIIO . c noMem;e

HFIHMM, npep:Ha3HaqeHHbiMH ,D:JIH CJiyDJaHHH . 8CT8CTB8HHOrO 

3ByHa. 

B TeaTpe cJiymaTeJih nu,n:FIT ucrroJIHHTeJIH, Haxo,n:Hm;erocH 

Ha C!I8H8 . fi pH nepep:BFirl\8HHlii JiiCIIOJIHHT8JIH no C!I8He, 6Jia

rop:apH 6naaypaJibHhiM cnofrcTBaM c.rryxa CJiymaTeJib Jierrw 

OIIpep:eJIH8T M8CTOpacnOJIO>l\8HH8 liiCnOJIHFIT8JlH lii, CJI8,D:OBa

T8JibHO, nocnpnanMaeT snyqaaFie cTepeo<f>oHnqecl<FI. T ai<nM 

o6pasoM, n TeaTpe nJin HOH!I8PTHOM saJie cym;ecTnyeT ecTe

CTBeaaoe nocnpuwrue anyi<a CJiymaTeJieM H conrra,n:aroT ocn 

3p8HJiiH lii HarrpaBJI8HFIH liiCTOqRJima 3Byi<a. 

B KHHOTeaTpe CFICTeJvra rpo~moronopnTeJiei1: ncer,n:a pac

IIOJIOn>eHa B OIIpep:eJieHHOM M8CT8 - y Cli<paHa HJllii n03a,D:M 

aero. HeaanFICHMO OT Toro, n Hai<OH qacTM CJ I<paaa Haxo,n:FITCH 

B ):(aHHhiR JVIOM8HT MCIIOJIH:HT8Jib H I<al\OR FICTO'IHHH 3Byr<a BOC

IIpOM3BO,D:MTCH, CliiCT8Ma rpOMI<OronopHTeJieR H3JiyqaeT 3BYI< B 

OIIpep:eJI8HHOM HanpaBJI8HHH, B COOTB8TCTBHII C xapawr epHC

TIII\OH HanpaBJI8HHOCTH. 

Ta1m111 o6pasoM, n o6hi"IHOlii HHHOTeaTpe HapymaeTCH Ha

TypaJihHOCTb nepe,r(aqn 3Byl<a, OTCyTCTByeT CT8p80WOH1J<I

HOCTb nepep:aqu, 'ITO JIIIIIIaeT CJiymaT8JIH BOCIIpHHTHH a<f>

<f>ei\Ta nepcnei<THBhi n rJiy6nHhi sny<raHHH . 8To pasJinqHe 

npuno,n:u:T I< aeo6xo,n:nMOCTH canmaTh npe:r,m penep6epa!IHH n 

HHHOTeaTpax, Tal< I<ar< Han6oJree 6JiarorrpHHTHhre aHycn:J:Lie

Cl<IIe ycJIOBIIH aacTynaiOT npii MeHbmeM npeMeHII penep6epa

niiu:, qeM n TeaTpax Tai<oro me o6'hellra . 

,lJ;pyrofr OC06eHHOCTbiO HBJIH8TCH TO, q']'O B IU1HOT8aTpax 

NW>KeT 6hlTh rrpHMeaena anyi<onocrrpoHano,n:Hm;aH annapaTypa 

3HaqHT8JlbHOii MOII(HOCTH, B TO Bp8MH Hal< MOIIJ;HOCTM 8CT8CT

B8HHhiX HCTO'IHHlWB snyi<a orpam-rqeHHhi. B TeaTpax M I<OH

!I8PTHhiX 3aJiaX paBHOlVI8pHaH CJibiiiJHMOCTb B nepe,n:HMX H 

sap:HHX pH,n:ax C03,D:a8TCH penep6epau;HeH IIOM8ID;8HliiH, KOTO

paH ,n:oJJmHa 6hiTb ,n:ocTaTO'IHO neJIMI<a . B I<HHOTeaTpax no

BhrmeaaaH penep6epa!IHH oH:asnrnae-r Memarom;ee ,n:efrcTBHe, 

Tal\ Hal< paBHOM8pHaH CJibilll:HMOCTb B rrepep:HliiX H 3a,D:HMX 

pH,n:ax JVIO/HeT 6hiTb o6ecrre'leHa Bhr6opoM aeo6xo,n:HMOH MOIJJ,

HOCTH 3BYIWBOCIIpOII3BO,D:HII\8H annapaTypbi, <f>opMOR 3pFI-

4S 



TeJibHOfO 3aJia H paCIIOJIOtl\8HHSM rpOMK01'0BOpHT8J18H C yqe

TOA'I HX xa pai<TepHCTHK I-IarrpaBJI8HHOCTH. 

Op;Harw rrpep;rroJraraTh, 'ITO n KHHOTeaTpe MOFI\HO rroJiyqJITb 

6JiarOIIpl'UITHbl8 aKyCTH'18Cl{H8 YCJIOBHH 6e3 )l;OCTU TO'-IHOH pe

nep6epaiJ,HH, 6hiJIO 6hi H8IIpaDHJibHO, TaR Kai~ B IIpOTJiiBHOM 

CJiytJae 3BytJaHH8 IIOJiytJa8TCH IIpHrJiymeHI-IbiM H I-I8IIpHHTHhlM. 

,J'J;oCTJiin{8HJii8 He06XO,ll;JiiMOH penep6epau,HH HBJIH8TCH nam

HhlM yCJIOB~I8M )l;JIH C03p;aHJiiH 6JiarorrpHHTI-IhiX ai~yCTH<J.'eCKHX 

Ka<JSCTB 3aJia. 
CJiep;onaTeJihHO, m~yCTHHa KHHOTeaTpa p;omima yp;onJieT

nopH'fh CJiep;yiOIIJ,:Hl\'1 Tpe6onaHJiiHM: 3BYIWH30JIHIJ,HH OT IIOCTO

pOHH:HX 3ByKOB H m yMOB, OIITJiiM8JihH08 Bp8MH penep6epaD;HH B 

06JiaCTJii Cpep;HHX tJaCTOT, COOTB8TCTBH8 qaCTOTHOH xapaKT8-

pHCTHKH peKoMenp;yeMo:iiJ: (pHc. I-19) , OTCYTCTIJHe axa, ¢oKY-
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P11c. I-19. '-IacTOTHarr xapaHTe
p n CTHHa OnTUMaJJbHOrO BpeMCHir 
p esepo epaQHH !VIIT s p i!TCJJbHOro 

3aJJa HH HO'reaTpa 

PMC. I - 20 . BliA HPI!BO 'r 
cna)l,a1UIIT ypOBHH BBYHO
BOii 31!6pl'H'I B JlOrapmp-

MHt.JCC HOM MaClli'l'::tOe 

CHponaHHH snyi{ a H <<MepTBhiX 30H>>, naJI.HtiHe JIOMano:U: Kpnno:iiJ: 

crrap;aHHH yponHH anyKono:iiJ: aHeprrm c KPYThlM natJaJihHhiM 

ytiaCTKOM - 0,12-0,15 cer;, (qTo o6ecrretJnnaeT xopomym paa-

6op'lnBOCTh petiH) H IIOJIOfHM sanepmaiOIIJ,JiiM y<JaCTKOM (qTO 

coap;aeT 6JiarorrpHHTHOe nocrrpHHTHe MY3hiKH; pnc. I-20). 
TaKo:U: xapaKTep I{plimoM: crrap;aHHH anyiwnoM: aneprHn rroJiy

tJaiOT o6pa60TIWH a4J4JeKTHBHhlMH 3ByKOIIOfJIOTHT8JIHMH IIO

TOJII\a, B8pXHHX tJaCTe:iiJ: C'l'8H, a TaHri\8 HmKHHX <faCT8H C'l'8H 

( HHme 1 I 2 BhiCOThl rrop;neca rpoMKoronopnTeJie:U:), 'ITO orrpep;e

JIHeTCH pacqeTOl\1. 

HOHTPOilbHbiE BOnPOCbl 

1. 1\aiU!Mfl BeJHI'-ITIHaMll OIIpep;eJHieTCJI ROJie6aTe JJ I> HOe )l;IU!llWHIIe? 
2. }{ aR . 06nHCIIH8TCH pacrrpOCTpaHeHHe SB)'Ha? 
3. C RaROH Cl{OpOCTI>lO p a crrpOCTpaHHeTCH 3B)'!{ B B03p;yxe? 
4. 1-ho IIa3biBaeTCJI 3 B)'I{OBI>IM p;aB.TieEilleM? 

5. 1ho Tai,oe p;eu.u6eJr II "'TO u sMepHIOT a p;eu.n6e;rax? 
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ti. lho Ha3brnaror o6naCTbiO cnyxonoro nocnpr1HTJHI H 1reM oua orpa
J-il!'Iena? 

7. liTO Ha3biBaiOT TCM6pOM 3B)l:\a? 
8. l\aKIIC HCI\arHCHUH lJa3biBaJOTCH '!aCTOTJib!MJl II Hal\ OHH om;y

m;aiOTCH? 
9. 1\.aR npOCJJ YilliiBaiOTCH JICJIIII-ICHHble HCHBlHCHIIH II H3KIIMII nprr-

1IHH3MU OHT{ 061>HCHHIOTCJ1? 
10. KaR o6J>RCHReTcfl npol\ecc aanonneunR noMem;ennR anyHonoii: 

aHeprneii? 
1'1 . 1\aH 061>flCHHBTCfl npOI~BCC y6hiBaHIIfl 3BYI\OBOH 3HCprHH B llO~!e-

IT(BlUHI? 
12. Rar\ Ol\BHHBaror aayr\orrornom;arom;ne ca oi1craa Marepnanon? 
13. llro rarwe penep6epal\HH H npeMR cranp;aprrw1r penep6epal\HIT? 
14. H amrmHre clJOPMYJIY p;mr pac•rera crar-1p;apraoii: penep6epal\HH. 
15. J\aH aaBIICIIT 1\a'ICCTBO 3By1JaUHfl B 3IJUTCJ!bilOM aaJie HHIIOTearpa 

or npeMeHH craHp;apTl-!OH pencp6epar.(HH sana? 
16. l.JTo IIOHHMaTOT ITOA aHyCTTllJBCI\OM o6pa60THOii 3pUTCJJbHOf0 aaJJa? 
17. liTO TaHOe OllTlfMaJibHaH ]JCDep6epal\llfl? 
18. I\ar<He MCTOAhi 3all.EICI1 3ByJ<a H ero BOClliJOl13Bep;eHHH llpl1MCHRIOTCH 

n a npaHrrme? 



rnABA IL 

BEHTHJ1H 

§ 1. OCHOBHb!E nOHSITHSI 0 CTPOE
H~!-1 BElJ..!,ECTBA H A TOMA. BHAbl 
nPOBOAHMOCTH 

PasBHTHe n conepmerrcTnonarriie TexHIIl.;II 

3ByiWBOrO KHI:IO B 3HaqiJT8Jibi:IOH Mepe o6yCJIOBJI8IIO pa3Blil

TII8M aJlei{ TpOHHIUI. aJI8J{TpOHHKa OC068HHO pa3BHBaJiaCb B 

liOCJI8,LI;IIH8 ,LI;8CJITIIJI8THJI H Hapap;y C yconepmeHCTBOBaHI!IJIMII 

aJI8KTpOHHbiX JiaMJI o6ora THJiaCb lipHIIIJI!IITHaJibHO HOBbli\IH 

cpe,n;cTBaMH p;JIJI rrpeo6pasonaima n ycHJieHHJI ::>JieKTpHqecrmx 

KOJie6aHI!IH - liOJiyrrpOBO!J:HHI\OBbTMII rrpn6opaMI!I (p;Hop;aMH H 

TparrsncTopa~nr). B TO npeMJI J{aH pa6on ::>JiernponaKyyMHhiX 

rrpn6opon ocrronaua rra saKorrax p;nnmerrna ::>JieKTporron n 

BbiCOI{Ql\•[ BaKyyMe ITO)]; !J:8HCTBHmi CHJI liOCTOJIHHbiX H rrep e

M8HllblX aJI8KTpHqeCJ{HX JIOJI8H, p a60Ta liOJiyrrpOBOIJ:Hl!II\OBbiX 

)l;HOIJ:OB H TpHO,LI;OB. OCHOBai:Ia rra lipOX0rl{!J:8HHH aJI8l{Tpiiqeci{llX 

sapap;on qepes rpaiiiii!I,r Tnep~(r,rx TeJI, o6Jiap;arom;IIx KpncTa.rr

JIHqecHHM CTp08HII8M, H npOI.~8CCaX, npOIICXO,LI;JIITI;IIX B aTOi\IaX 

aTHX T8JI. 

q T06nr oTqeTJinnee rrpep;CTaBHTb ce6e rrpolJ;eCCbt, rrponc

xop;Hm;ne llpH p a60T8 aJI8l{TpOHHbiX, IIOHHbiX H liOJiyiTpOBOp;

HHKOBbiX rrpn6opOB, 03IIaKOMIIMCH C COBp8M8HHbiMH npe,u;

CTaBJI8HIIHMH 0 CTp08IIHH Bem;eCTBa II aTOMa . 
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ATOMbi JII06oro XMMF!'IeCHOrO SJieMeHTa COCTOJIT MS TJI/He

JIOrO, Ho O'IeHr, iviaJroro no pasMepa:rvr Jip:p a, sapJimeuuoro 

nOJIO/KHTeJibHO, M JieriUIX OTpFIIraTeJibHbiX 'laCTFIIl; - SJieJ{T

pOHOB , ;:(BIUHYllJMX CJI BOHpyr Hp:pa no onpep:eJieHHbiM TpaeH.

TOpMJIM - op6FITaM. HomrqecTBo SJIBHTpOH OB y aTOMOB pas

JIM'IHb1X 8JI8M8HTOB HeOp:HHaiWBO, HO B I!8JIOM aTOM 06bi'IHO 

8JI8InpM'I8CIUI H8HTpaJieH, TaH HaH OTpRrraT8JlbHbiH sa prrp: 

ncex sJiei{ Tp OHOB y panmzmaeTCH pan

HbiM , HO npOTMBOITOJIOJ-HHbiM ITO SHa

Hy 8Jl8HTpR'IeCI\FIM sapHp:OM H,[lpa . 

ATOMHOe Jip;po , B CBOIO oqepe~(b , 
COCTORT FI3 HefrrpaJibHbiX FI sapmHeH

HbiX 8JieM8HTapHbiX 'laCTRI! (HeHTpO

Hbi, npOTOHbi H p:p.). 

II pFipo,n;a sJiernponponop:HOCTH 

(HBJIJIIOll!eHCH O;:(HOH H3 BamHeHIDHX 

qniSR'l8CI-\IIX xa parnepR CTIIl{ B8IIJ;8 -

CTBU) sai-\JIIO'laeTCH B n epeMellJ8H lUT 

sJiewrpnqecrnrx sa prrp:on BHYTPR ne

P11c . II-1. MoncJih aTO~Ia 

IIWCTBa. 8 JI8HTponpOBO;:J:HOCTb Bem;eCTBa T8CHO CBJISUHa C 

COCTOJIHI18M, B IWTOpOM HaXO;:(JITCJI 3TOMbi, B •raCTHOCTH C 

HOJIH'l8CTBOM (HOHIJeHTpal~HeH) TaH Ha3biBaeMhlX C806ofhibLX " 

SJieHTpOHOB, JI8riW T8pHIOllJHX CBHSH C p:aHHbll\1 aTOMHbiM Jip:

pOlVI M 6ecnpenJITCTB8HHO n ep eM8llJaiOll!IIXCJI MeJ-Hp:y aTOMaMH. 

1.JMCJIO 8JI8HTpOHOB aTOMa COOTBeTCTByeT ero nOpJip:HOBOMy 

HOMepy B nepnop;IIqecHo:i!J. ciicTeMe Menp:eJieena: aToM nop:o

pop:a IIM8eT 1 8JI8HTpOH; KliiCJIOpop:a - 8, HpeMHHH - 14, 
repMaHRJI - 32 8Jl8I{Tp0Ha II T . p:. l.lHCJTO SJieHTpOHOB, )J;BII:-

1-HYll!MXCJI BOI{pyr Jip:pa no onpep:eJieiiHbiM op6IITRM, He MOJI{eT 

6niTb nponsBOJibHbiM. Ha 6JIH:J-Ha:i!J.me:i!J. H HP:PY nepBOH op6nTe 

ne MOJ-H eT 6niTb 6oJiee p:Byx sJiei{Tponon (pRe. II -1) , Ha cJiep:y

IOll!e:H:, BTOpOH, Op6H:T8 - He 6oJiee BOCbMII 3JI8I-\TpOHOB, 

Tp8TbJI op6HTa He MOJI-\8T HM8Tb 60JI88 BOC8MHap:rraTH: 8JI8HT

pOHOB Jil '1'. p; . 
Y p;nnmyrrwxcrr t>JI8I{TpoHOB aT0111a pasJinqnr,re sanacr,r 

aneprHH; ne M OJ-ReT ' 6r,rTn 6oJiee p:nyx aJieHTponon, o6Jiap;aro

ll!IIX 0;:\H:HaiWBOH aneprii:eH . 8JI8KTpOHbi Ha BH8II.IHHX op6HTaX 

o6Jiap:aroT 66JinTIIMMM sanaca111n aHeprnii . BMecTe c T8M aJieKT

ponr,r, BXO;:(Jllll,M8 B COCTaB aTOMa, He MOryT 06Jiap:aTb JII060H 

snepr11e:H:, a naxop;rrTcrr JIHITJb B CTporo onpep:eJrennr,rx anep

reTM'IeCHH X COCTOHHMHX, HaSbTBa8JVIJ,JX y p 0 B H JI M II. 

B neKoTopr,rx ycJIOBIIJIX SJI8KTpon M OJHBT nepeH:nr c op:no:H: 

op6M'rnr Ha p:pyryro. EcJIM nepexop: npoHcxop:MT c nnemne:H: 

op6wrnr Ha BnyTpeHmoro, Bnrp:eJrJieTcrr cTporo onpep;eJiennaJI 
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IIOp.IJ;HJI :meprHM B BM,D;8 M3Jiy'IeHRJI. ,lJ; JIJI TOrO tiT06bi aJieRTpOH 
nepenreJI e BHyrpeHHeH op6MTT>I Ha BHell!HIOIO, HY1HHO eoo6-
lll.MTh H3BHe Tam-He eTporo onpe,n;eJieHHyiO nopu;nro aHep
rHH B BH,D;e TeiiJia, HJIM IIpFI IIOMOIIl.R 6oM6app;HpOBRH aTOMa 
qaenru;aMH, MJIU B03p;efteTBMJI BHenrHero aJieKTpH'Ieer<oro 
IIOJIJI. 

EeJIH eoo6r.u;ae~wft II3BHe aHepnxn ,n;oeTaTOTIHO, To H3 aroM
Hoii o60JIOqJ{H MO.)I{HO BI>I6MTb O,LJ;HH MJIR HeeKOJibKO aJieKTpO
HOU, TepJIIOIIl.HX yn;e eBJJSh e p;aHHhiM aTOMOM n Jip;po111. Ee.:rrn 
nnenrHHJI op6nTa ne .u;eJIHIWM sanoJIHeHa, KaK, nanp:u111ep, 
y repMaHim HJIH KpeMHHJI, TO RMeeTeJI B03MO.mHOeTb IIpH
eoep;MHHTb H aToMy op;HH MJIM HeeROJihKO a.:rreHTpoHOB. IIpn 
IIOTepe MJIM IIpMo6peTeHMM p;o6aBOtiHbiX :3JI8KTpOHOB aTOM 
IIOHHsnpyereJI, T. e. nepeeTaeT 6niTh a.:rrernpHqeeKH Heft
TpaJihHb!M. 

8.:rreKTp0Hhl BH8ll!Hero eJIOJI Ha3biBaiOTeJI Ba.!Le/im/ibLJ.tu; 

OHM onpep;eJIJIIOT :3JI8RTpOIIpOBO,D;HOeTb nem.eeTBa M, BeTyiiaJI 
BO B3ain10p;efteTBHe e p;pyrHMH Hp;pallm, Bbl3biBaiOT XliiMHtie
eKHe peaHIJ;HH. 

RaK noerpoeno nem;eeTBO us aroMOB? 
Bee TBepp;r,w Te.:rra, neTpe•ramn~HeeJI B npnpo,n;e, MOi-RHO 

pas,n;emrTh no !flnsHqecHOliiY eTpoernno na aMop!fJHhre H Kpne
TaJIJIHtieerme. TaHHe enol1erna a~wp!flnnrx TeJI, HaH Ten.:rro
nponop;HoeTh, a.:rreHTponponop;HMOCTh, rroH:asaTeJJb rrpeJIOM
JJeHHJI enera lii p;pyrne, B OTJJHqJiie OT KpHeTaJIJIH'!eeKHX He 
3aBHeJIT OT HarrpaBJI8HHJI, B KOTOpOM OIIpep;eJIJIIOTeJI 3TH 
eBOHeTBa. 

RpneTaJIJIMtieeHne nem;eeTna o6Jiap;aroT ynopJip;otieHHhiM 
eTpoeHHeM. Me.:rrbtiaftmHe •racTHD;br, OTJIH'Iamm;ne p;aHHoe ne
m.eerno OT p;pyrMX - aTOMbi, MOJieKyJihi H HOHbi J{pMeTaJI
JIOB,- o6pasyiOT B rrpoerpaHeTBe ySJibi rrpaBHJlbHO IIOBTOpJI
IOIIl.eHeJI pemeTim. 06JI3aT8JlbH08 TeiiJIOBOe ,D;BHmeHHe 'IaeTHIJ; 
rrpoHeXO,D;HT Bee BpeMJI B OI<peCTHOeTJIX :3THX ysJIOBhiX TOlle!{ 
npoeTpaHeTneHHOH KpMera.:rr.:rrn:~reeKoH pemeTKH. Bn,n; pemerr<H 
3aBMeHT OT TiaeTHIJ;, M3 HOTOpbiX OHa IIOeTpOeHa. LfaeniiJ;J>I 
eBJI3aHhi M8/I\,D;Y eo6oft eHJiaMM aJieKTpH'IeeKOrO B3aH~IOp;eft
eTBHJI. Ror,n;a nem.eeTBo M3 paerr.:rranJJeHHoro eoeTOHHMH rrepe
xo,n;rrr B TB8pp;oe, . qaeTHIJ;I>l 3aHHMaiOT B rrpoerpaneTB8 IIOJIO
meHHe, eOOTBeTeTByrom;ee MHHI-IMaJJbHOll IIOTeHIJ;HaJibHOII 
aHeprHH, TaHHlii o6pa30M, 'ITO o6pasyiOT HpMeTaJiiiHtieeHHe 
eTpyi>rypr,r-pemeTHH. 

Oeo6brft HHTepee ,D;JJR: Hac rrpe,n;eTanmnoT repMamu'i, KpeM
HHH, yr.:rrepop; (aJil\Ia3), H3 KOTOpbiX H3rOl'OBJIHIOT IIOJJyiipO
BO,D;HHHOBbie npH60pbi. Y :3THX Bem;eeTB 1IeTbipe BaJieHTHbiX 
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aJiewrpona. CxeMaTJtqecRoe o6'heMHoe nao6pa1Heane KpncTaJI

Jill'IeCKOH peiiiennr ammaa noKaaaao na pnc. II-2. AaaJio

rll'IHhie peiiieTini y repMaHHJIH RpeMHHJI. 1-\a/H,IJ;hl:H aTOM CBJI3aH 

C 'lGTblpbMH 6JIRJ-HaHIIIHMH l{ HeMy B npOCTpaHCTBe aTOMa

MH, paCIIOJIOJ-HeHHhlMH CHMMeTpll'IHO H Ha O,IJ;RHaKOBhiX pac

CTOHHHHX. 

CsJiaH Kamp;oro aTOMa c 'leTLipbMH 6JIHmall:mHMH nop;p;ep

amsaiOTCJI BaJieHTHhlMH ::>JieKTpoHaMn. BJiarop;apH saJieHT

Hhl M CBJI3HM seiii;ecTBO oKaar,maeTCJI cTa6nJILHhlM. BaJieBTHbJe 

CBJI3H Men{p;y aTOMa!VIH l{pl'ICTaJJJIHqeciWM perneTKl'l Bll,IJ;Hbl Ha 

pnc. 11-3, rp;e noKaaaHbl B BHp;e or\pynmocTeif Hp,pa aTo~JOB 

PHc. II-2. Monen& npHCTaJJJIHqecKotl Puc. IT-3. BaneHTHWe cnH3H aToMa 
peweTEm anMaaa repMaBliH 

repMaHHJl H BBeillBHe op6RTbi, Ha KOTOpblX BaXO,IJ;HTCJI IIO qe

Tbipe BaJieBTBbiX :OlJiei<TpOHa (rrpO!vie/HyTO'!Hhle, <<3aiiOJJHeHBhle>> 

op6HThl ,IJ;Jlf! IIpOCTOThi He yr\a3aHbl). 

1-\amp;biM H3 ::>JieHTpOHOB JII06oro aTOMa CBH3aH C O.D;HHM 

H3 ::>JieHTpOHOB 6JIHJHafimero aTOMa - TaH o6pa3yiOTCH HOBa

JieHTHJ,IG CBH3U, B HOTOphlX yqaCTBYIOT ITO p;Ba SJieHTpOHa 

(rror{aaaHo Ha pHcyHHe crrJiomHhiMH Jil'IBHHMH) . TeM caMbiM 

Hamp;b!H U3 aTOMOB Kai\ 6bi IIOJJyqaeT 6oJiee 3aiiOJIHeHHYIO 

BHeiiiHIOIO op6UTy, Ha IWTOpoif HaXO,ll.HTCH BOCeMb :3JieHTpOHOB. 

IJOJIH OTp;eJibflblX 6JIU3HO paCIIOJIOH\GHHbiX aTOMOB BJIHHIOT 

p,pyr Ha p;pyra ll B COBORYIIHOCTH o6paayiOT BHyTpU RpHCTaJIJJa 

rrepuop;nlrecRoe aJieHTpocTaTn<recrwe noJie. 8JiernpoHLI, yqa

CTBYIOII1He B BaJieHTHblX CBH3HX, HOpMaJJbHO llOI\Hp;aTb HX He 

MoryT. Op,naHo ecJiu HaHUM-HH6yp,r, cnoco6oM coo6II1HTh Be

III;eCTBY ,ll.OIIOJIHRTeJihByiO SHeprniO (B lf>opMe aHepnm IIOJIH, 

TeiiJia HJIU CBeTa), TO HGKOTOpoe HOJIH'JGCTBO ::>JJeHTpOHOB Bbl

pr,maeTCH ll3 KOBaJieHTHbiX CBH38H H CTaHOBHTCH CB060p;HbiM. 
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Omi npnrnrMaiOT ytracTne B npon,ecce npoBo,n;nMOCTM, nepeMe

m.aJICh, HanpHMep, IIO,D; p;e:iirCTBHCM BH8IDH6rO 8JI6I<TIJM'l6CIWrO 

IIOJIJI. L.IeM 60JibTI.l6 CB060,D;HhlX 8JI6HTIJOHOB, T8M 60Jihiii6 

8JI8HTpOIIIJOBO,D;HOCTh B8II18CTBa. 

l{amp;oMy 8JI6HTpOHy CBOHCTBBH onpep;eJI8HHhiH 8Hepre

TH'l6CIUIH yponeHh. EcJIH aTOMhi B8II18CTBa 6mi3IUI p;pyr ,n;py

ry, TO 3Ha'I6HHJI ypOBH8H OT,D;8JibHhiX SJiei-\TpOHOB H3- 3a BJIHJI

HHJI noJie:ifr HeCHOJihHO CMeiiiaiOTCJI. B TBepp;oM TeJie c HpHcTaJI

JinqecHoifr cTpyrnypo:ifr aHepreTH'lecr~Hx yponue:ifr Mo.meT 6hrrn 

OCJ8Hh A<IHOrO - B COBOHyiiHOCTH OHH o6pa3yiOT HaH 6hi IIO

Mer ann 

a 

n onynpOBOAHHK 

6 

El 
1 

~3011RT0p 

8 

JIOCy, HJIH 30Hy, B03MOm

HhiX auepreTH'l8CHHX ypOB 

H8H. BaJieHTHhre aJieHTpOHhi 

M 8JI8HTpOHhi C 6oJiee HH3HH

MM 8Hepr8TM'l6CI<MMM ypOB

HJllliM o6pa3yiOT 30HY J, JI6-

ma:rn;yro Hrrme ypoBHJI E1 
(pHc . II-4). 3oua STHX aJieH-

TpOHOB HashmaeTCJI liOp-
.JJW~b~wu MJIII ea~enmnou. 

Pnc . II-4. 8HepreTH'ICCI<He yponmr 'JaC- 8Jiewrp OHhi, IIOJiy~IHB-
THI~ a neli\ec-rnax. c paaJIH'IHoi' ane~;Tpo- rnHe p;o6aBO'lHYIO auepnno H 

npOBO)l.HOCTb!O 
pa30pBaBIIIM6 BaJIGHTHhie 

CBJI3M, HaXO}J,JITCJI Ha 60JI66 

BhlCORHX 8Hepr6TM<I8CRIIX ypOBHJIX, IIpOCTIIpaiOIIIHXCJI, HanpH

Mep, Bhnne E 2. YpoBHH, pacnoJimHeHHhie Bhrme E2 , o6pa

syroT 30Hy 2 - 6oa6y:JICOenuR., H JIU npoBOOU.JJWcmu. lliM

pnua anepreTn'leCRoro sasopa Men~p;y E1 n E 2 , paBHaJI /j,£, 
3aBHCMT OT CTp06HHJI B6II16CTBa - 8Ta 30Ha COOTB8TCTBY8T 

T8M 8HepreTU'l8CI~HM ypOBHRM, ROTOpbi6 He CBOHCTB8HHhi 

aJiernpoHaM p;aHHoro BBII18CTBa, M HasnmaeTCH aanpeUfennou, 
HJIM ne00380~ennb~X ypoeneu. . 

11 pOBO,ll;MMOCTb B8II16CTBa OIIp8,IJ;6JIR6TCH IIIHpMHOH sanpe

IIJ;8HHO:i!'I 30Hhi. EcJIH aTa soHa HaCTO.'lhiW mHpor<a, 'ITO HHRa

HHMII BH8IIIHMMII B03,ll;8HCTBMHMH H8Jib3H 3aCTaBHTb 8JI8I<TIJOHI>I 

nepeMe:rn;aTbCR H3 HOpMa.)IbHOH 30Hhl B 30Hy IIpOBO,ll;HMOCTM, 

TO B6IIJ;6CTBO IIp6,IJ;CTaBJIH6T C06o:ifr U3MR.mop. l{ M30JIHTOpaM 

OTHOCRTCH CJIIO,IJ;a, I<Bapu;, ac6ecT, cepa, H8I<OTOpbi6 I<epaliHII<M 

H p;p. 

EcJIM sarrpe:rn;emraJI soRa OTCYTCTByeT MJIM 30Hhi npoBo

,ll;I1MOCTM H HOpMaJihHaR nepei~phiBaiOT p;pyr p;pyra, aTO 03-

Ha'laeT, 'ITO Bee BaJieHTHhie aJiei<TpOHhl MoryT Jieri<o rrepe

Meru,aThCH H Y'IaCTBOBaTh B npou;ecce npoBO,ll;HMOCTII . TaHoe 

B8D:(CCTBO Ila3hiBa8TCH HpOl!Oj.l,IIHHOM (MeTaJIJibi). 
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Bem:ecTBO, y HOToporo aanpen~eHHaJI amra liHl.rra n nop; 

)];8tiCTBM8M BH8JliiiMX cpaKl'OpOB BaJI8HTHh18 9JI8I\Tp0Hhl MOryT 

nepexop;HTh B sony npoBO)J;HMOCTH, naar,maeTCH no.!/,ynpoeofJ
nUIW.Jr~ (pnc. II -4,6 ) . 8Jiewrponpono;n;nocTn noJiynpono;n;nnKoB 

IIeycTo:iiPnma n CHJihiiO aanncMT OT Bnemrurx cpawropoB. K no

Jrynpono;n;mmaM OTHOCHTCJI rpamr r, ceJien, repMaHMH, KpeM

HMH, T8JIJiyp, 60Jihl!IHHCTBO OIUl.CJIOB M8TaJIJIOB H HX cepHHCThiX 

C08)J;MH8IIMH H p;p . 

BIJ,IJ;hi npoBO,IJ;HMOCTH. 8Jiewrponpono;n;nocTh nem:eCTBa ne 

HC'I8pTihJBa8'l'CJl nepeMem;eHM8M CB060)J;HhJX 9JI8KTpOHOB, pac

TIOJIOiH8IIHbTX B 30H8 npOBO)J;HMOCTH, XOTJI TIO)J;06HaH 3./LCI'im

pOT-LHaJL npOBO)J;HMOCTh )J;JIJ1 II8KOTOpblX nem;eCTB M MrpaeT 

pemarom;yro pOJJih . 

Cym;ecTnyroT npoBO)J;IIHKM c uow-wu nponop;nMOCTbiO, na

npMMep paCTBOphl COJI8H, ra3bl. B HMX HOCHT8JIJ1MII TOKa CJiy

n\aT llOJIOH\HT8JibHJJI8 HJIM OTpMJJ;a1'8JlbHbl 8 HOHbi-aTOMJJI, Bp8-

M8IIHO noTepanrnMe HJIH npMcoep;:HHHBrnne aJiernpoHbi. Mon

naa npOBO)J;HMOCTb 06bl'III0 CBJ13aHa C :H3M8II8HH8M llOJIOlli8HMJl 

aTOMOB , T. e. C H3M8H8HH811I cpH3Hq8CKHX MJIH XHMH'I8CKHX 

CBOHCTB. HoiiiiaH npoBO)J;HMOCTb nMeeT MeCTO B paaJIH'IHhiX 

raaopaapH)J;HJJIX npn6opax. 

Y llOJiynpOBO)J;Hloli{OB C 8JI8I<'l'pOHHOH npOBO)J;:HMOCTbiO npH 

DpOXOa>)l;8HHH 8JI8KTpnqecrwro TOKa aTOMhi OCTaiOTCJl B cpHK

CllpOBaHHbiX ll0JIQ}K8HHHX , B yrJiaX I~pHCTaJIJIHqeCKOH pe

I!I8TKH. ·qHCJIO 8JI8IO'pOHOB, yqaCTBYIOlll;HX B npou;ecce npo

BO)J;HMOCTH, MOJH8T H3M8HJ1ThCJ1, HO CTpyrn·ypa H XHMH'l8CI<HH 

COCTaB B8!JJ;8CTBa II8H3M8HIIbl. 

Pemaronrnii: cparnop, onpe;n;eJIHIOiliHH aJiernponpono;n;Hocn 

llOJiynpOBO~(HHKOB,- T8llJIOB08 )J;BH}K8J:UI8 'IaCTHJJ; . lliHpHHa 

auepreTnqecrwro aasopa Memp;y nopMaJibHOtr aoHofr n aoHofr 

llpOBO)J;HMOCTH y 60JibJJJHHC'rBa llOJiynpOBO)J;H:HKOB COCTaBJIJl-

81' OT 0,1 ;n;o 1 ae*. Ilpli! o6brqnofr IWMHaTHOH TervrnepaType 

cpep;Haa aueprli!H qacTli!U: panHa npli!MepHo 0,4 ae. Op;HaKo 

cpep;li! orpo11moro IWJmqecTBa <raCTHU:, yqacTnyrom;nx B Te

TIJIOBOM )J;BHII<8Hli!H, C Ylll;8CTBYIOT TaKli!8, 8Reprli!li! KOTOpbiX 

OTJIH'IaiOTCJI OT cpep;Hero 3IIa<I8HHJI: qeM 60JibJJ18 8HeprHH, 

T8M M8HbJJ18 B8pOH'l'HOCTh cym;eCTBOBaHHJ1 'IaCTHJJ;hi C TaK OH 

aueprli!efr. 

LJaCTli!JJ;hi C BhiCOI~li!Mli! 3HatJ8HHJ1Miil 9H8prHli! npli! CTOJIKHO

B8HiiiH C COC8)l;HiiiMH aTOMaMH lviOryT Hapymli!Tb BaJI8HTHhi8 

* aa- <J JJei{TpO II OBOJJhT - C) (JIFIHI~a <:meprrrn, COOTBCTCTBYIOIIJ,ail 

TI3M 0 11Clllll0 iJ FI Cj)rJIII <J J1Cl{'J' j)0 113 rl j) ll ri]JOXOiH)l,CllJill B <JJ!CI>TpOCTaTI'I

'JCC!WM [IOJIC pa3 UOCTH OOTCUlVJaJJOB 1 B . 
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CB.H3H n BI>IOHTb ::JJier~:TpOH, coooru;nn eMy ,n;oCTaTo•myio :mep

rmo ,D;JI.H nepexo,n;a B soHy nponb,n;HMOCTH. BnrpnaHHI>IH ns 
CB.H3H :'lJl8HTpOH 6yp;eT H36hl'l'O'IHI>IM ITO OTHOill8HIDO R T8M, 
ROTOpi>Ie o6ecne<rHBaiOT IWBaJI8HTHbie CB.H3H, TaR RaH HH 
B O)J;HJ H3 sanepmeHHblX CB.H3eH OH BORTH He MO}l\8'1'. Ilop; 
,ll;8HCTBH8M llpHJI0rli:8HHOrO 3JieHTpOCTaTH'leCROrO TIOJI.H H3-
6I>ITO'!HblH 3JieRTpOH 6y,n;wr nepeMern;aTbC.H B HanpaBJieHHH 
noJioamTe.rrr,aoro noTenu;naJia H cos,n;anaTb 3JieRTpnqec
HHH TOR. 

Ec.11n ns HeHoTopoFi: ROBaJieHTHOH CB.H3H y,n;aJieH o,n;nn 

3Jl8HTpOH, TO aTOM OIWm8TC.H ll0Jl01-HHTeJibHO 3ap.HmeHHI>IM, 
a B i\onaJieHTHOH CB.H3H o6pasyeTc.H ObLpr.a. IIoHHTHe «,n;nrpRa>> 
HM88T 60Jiblii08 3Ha'l8HH8 B T80pHH llOJiynpOBO,ll;HHROB, H 
ll03TOMy Mbl OCTaHOBHMC.H Ha HeM H8CHOJibiW IIO,D;p06Hee. 

He cJie,n;yeT oTOJH,n;ecTBJI.HTh ,n;nrpr\y c noJimRHTeJinHO noHn
snponaHHbiM wro~10111. IIo,n; ,n;nrprwli: noHnMaeTC.H ns6LITOR 
IIOJIOJ-HHTeJibHOrO 3ap.HJ~a B ROBaJI8HTHOH CB.H3H, qHCJieHHO 
paBHI>IH sap.H,n;y 3JieKTpoHa, T. e . ,n;r,rpRa npe,n;cTaBJI.HeT co6orr 
noH.HTne, y,n;o6Hoe ,n;;ur onncaHn.H oco6oro · nn,n;a 3JieRTpoH
HoFi: nponop;HMOCTH, Tar\ Ha3hiBaeMoa ObLpottnou npono,n;n
MOCTH. 

~blpRa B ROBaJJeHTHOH CB.H3H MOmeT 6niTb 3aTIOJIH8Ha 
::lJieihponoM coce,n;Hero aTOMa, nepeme,n;mHM B soHy rrpono

,ll;HMOCTH. 3TOT 3Jl8I\TpOH, B CBOIO oqepep;b, OCTaBJI.H8T ,ll;blpRy, 
J{QTOpa.H TaRme MOrR8T 6LITb 3aTIOJIH8Ha p;pyrHM 3Jl8RTpOHOll1, 

o6pa30BaBIDJIM HOBYIO )J;nlpii:y, H T. )J;. 

3TOT npou;ecc rrepeMeru;eHiil.H, <<,n;peli:if>a>> ,n;nrpoR Momno 
npe,n;cTaBHTh RaR npou;ecc nepeMeru;eHH.H nnyTpn RplilcTaJI
JIHqecRoli: pemeTim llOJIOrRHT8JlbHhiX 3ap.H,D;OB, paBHbiX ITO 

B8JIIil'!JIHe sap.Hp;aM 3JI8RTpOHOB Iii p;nHmyru;nxc.H B narrpan
JieHHH OTpHu;aT8JlbHOrO llOTeHu;HaJia TIOJI.H. 

Cpe,n;nee sna<renne CRopocTH nepeMeru;enn.H ,n;I>IpoR n 'll'IC

TOM, 6ecnpHM8CHOl\1 llOJiyllpOBO,!J;HHRe H8CROJlbiW M8Hbill8 
cRopocTH nepeMeru;ean.H 3JieRTpoHon. IIowroMy TOR, o6ycJion
JieHHhiH ,!J;bipRaMH, HeCIWJibRO MeHbille TORa, o6yCJIOBJieH
HOrO 3JieRTpOHaMH. 3TO o :maqaeT, 'ITO 6ecrrpHMeCHI>IH IIOJiy
llpOBO,ll;HIIR HM8eT CJia6o BbipameHHyiO 3JieRTpOHHyiO npOBO
,!J;HMOCTb. 

Bnep;enne B 'lHCThiH nonynponop;nnR p;an\e HH<rTonmbrx 
(MHJIJIHOHHhrx) p;oneli: npimeceli: ,n;pyrHx neru;ecTn CHHn\awr 
mnpr-my 30Hbi sanperu;eHHhiX aneprnli: n Bhi3hiBaeT no.Hnnenne 
n36hiTO<rHofr nponop;HMOCTH , nasnmaeMOH npuJ>teawu. IIo,n;
po6no rrpuMecHa.H rrponop;nMOCTb paccMaTpnnaeTC.H n § 5 
3TOH rJiaBbi. 
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§ 2. KnACCHCbHKALV1SI BEHTHnEIIt ~ 
HX nAPAMETPbl 

8JieKTpH'IeCKMM BeHTHJiel\I Ha3biBaiOT IlpH-
6op, I\OTOpbrfi IlpOBO,[I;HT oJienTpH'IeCKHH TOK B O,[J;HOM narrpaB
JieHiiJ:H ana 'IMTeJibHO Jiy'Ime, 'I eM B p;pyroM. Momno cKaaaTh, 
'ITO M)J;ea.llbllbiM BeHTIIJieM na3biBaiOT I1pH60p C O)J;HOCTOpOHHeJ\i: 
rrpOBO)J;MMOCTbiO . 

BoJinTa}.mepnaH xa pmnepncnma Hp;eaJibHoro neHTHJIH 
noKaaana na pnc. II-5. ,II;JIH op;Horo nanpanJieHHH TOI\a (Ha
aoneM ero rrpHMbiM) conpoTnBJienne neHTHJIH panno nyJiro, 
a )J;JIH npOTHBOIIOJIO/RHOrO (Ha30B8M 
ero o6paTHblM) - panHo 6ecKoHe'I
nocTn. Ha pncyHKe noKaaaHo ycJIOB
Hoe o6oaHa'IeHne neHTMJIH H narr
panJienHe npHMOfO li OOpaTHOfO 
TOROB . Taiwi! npn6op c op;HocTopon
Hei! npOBO)J;liMOCTbiO MOI-HHO MCIIOJib-
30BaTb )J;JIH npeo6paaonaHHH nepe
MeHHoro ToKa n TOR rryJincnpymm;nH: , 
T. e. B TOK nepeMeHHbiH no BeJIH
'liiHe, HO nOCTOHHHbiH no HarrpaB
JieHniO, rrpn•reM ocym;ecTBnTb Tarwe 
npeo6paaonanne 6ea noTepb ::JHeprnn 
B B8HTHJI8 HaiipHn>eHHH Ha HeM. 

inpAM=fa 

l o6p U=f(i) 

Uo6p = Uo 

P nc. II-5. BOJibTaillnepHaH 
xapaHTCpUCT!IHa 11,!\CaJibHOfO 

DeHTHJIH 

PeaJibHbie BeHTHJIH nMeiOT BOJibTa~mepHbre xapar,Tepnc
TnKn, OTJIU'IaiOm;neCH OT np;eaJibHbiX. 8TO OTJIH'IHe COCTOHT B 
TOM, 'ITO rrpou;ecc rrpeo6paaonaHnH rrepeMennoro TORa B noc
TOHHHbiH COIIpOBO}H)J;aeTCH IIOTepHMU :meprnn H BanpHJReBHH 
Ha neHTIIJie. KpoMe Toro, peaJibHbre neHTnJin nMeiOT orpann
qenHhre rrpep;eJibi aJiernpnqeciwro p en{nMa pa6oThi. 

8Jiei<Tpnqecrme BeHTHJIH MOryT 6hiTb RJiaCCU<pHIJ;HpOBaHbi 
no pHp;y npHaHaHOB. OcHOBHbiM HBJIHeTCH xapaKTep npono
)J;UMOCTH, onpep;eJimom;u:iii:cH cpep;o:iii:, B rwTopyro noMem;em,r 
aJieHTpop;nr BeHTHJIH. ITo aToMy npHaHaiq neHTHJIH paap;eJIHIOT 
na TPH rpyrrnhr: 

1) oJI8HTpOHHbi8 - HeHOTpOHbi (p;:HO)J;bi), Tpex- H llmOrO
oJiei\TpO,li;Hbie JiaMrrnr; 

2) HOHHbie - raaoTpoHhl , TnpaTpOHhr, pTyTHnre neHTHJin 
H p;p.; 

3) IIOJiynpOBO,li;HHROBhle - ceJieHOBhle, repliiaHHeBbie, 
RpeMHHenhle, Mep;Ho-aarmcnnre n p;p. 

BeHTHJIH paap;eJIHIOT Tar-o-Re na ynpaBJIHeMnre n Heyrrpan
JIJieMbie . I{ HeynpaBJIHeMblM BeHTHJIB.JII OTHOCB.T: KeHOTl)OHbi, 



ra30Tpon:r,r , no.rrynpono~mmom,re ~ItiC~hJ; K ynpaB.rrJieMI>TM 

OTHOCJIT: 3 Ie:WrpOHHI>Ie JiaMIJM C C6TI\aMM, TMpaTpOHbi 

M ~p. 

I-\poMe Toro, nenTMJilii ~wryT 6biTh r~.rraccmpHn;Hponanbi no 

nmy KaTO~a, xapaKTepy 3MMCCMM, I<OHCTpyKIJ;MM !1: T. IT . 

B KMHoycTanonKax a.rrewrpwrecl\Me nenTHJIH naxo~HT 
mHpor<oe npnMenenne Hal\ B cxeMax 3ByHonocnpoH3Be~ennn 

B J{a 'l6CTB6 3JI6RTpOnHTa IOITJ.HX yCTpOHCTB, Tai< H B CTaiJ;HO

napHbiX rumoycTanonRax B cxe~mx :JJiernpHTiecrwro ITMTaHMH 

~yroBbTX .rraJI!rn. M:r,r orpanM•InMCH paccMoTpenHeM I<enoTpo

HOB, ra30TpOHOB H no.rryrrpOBO~HHl\OBLIX npH6opoB, KOTOpbi6 

HCITOJib3YIOTCH B CX6~1aX 3BYI<OBOCITpOH3Be~eHHH I<HHOyCTa

HOBOI<. 

KenoTpOHLI MoryT npHMeHHTLCH B mHpor<oM ~Hana3one 
nanpnmenuil - OT ~o.rreii BOJILTa ~o ~ecnTI<OB H ~aJ:I<e coTen 

IUIJIOBOJibT. 06.rraCTb npHM6H6HHH MX IIO TOHy 60Jiee orpa

Hll'I6Ha - OT ~o.rre:ti MM.rr.rrna~mepa ~o ~eCHThiX .n;o.rre:ti ai\mepa. 

IIo.rry•renHe 66.rr:r,rnMx TOHOB 3aTpy~~HHTe.rr:r,uo. 
fa30Tp0Hl>I IT03BOJIHIOT IIO.rryqH:Tb BbiiipHMJI6HHI>lH TOI\ OT 1 

,0:0 50-;-70 a, HO ycTynaiOT HeHOTpOHal\1 B ,n;Hana30H6 HanpH

mefiHH. ,Il; JIH nanpmHenu:ti Bhurre 15-;-20 liB ra3oTpon:r,r ne na

xo,n;HT npnMenemm. 

l1o.rrynpOBO.U:HHHOBbi6 ~HO.U:bi I-IM6IOT 6o.rree IIIHpOI<Oe npH

M6H6HHe, TaH I\aH IT03BOJIJIIOT ITOJiy<rMT:b TOHH OT .U:OJieH ~IHJI
JIHaMnepa ~0 H6CI<OJibi<HX COT a~mep Jii MX l\'IOrHHO HCITOJib-

30BaTb B ,n;Hana3one nanpnn<enn:J\f oT ,D,O.rrell: BOJILTa .n;o ne

CnOJihKMX IUIJIOBOJibT. 

fioJiyiipOBO~HHI<OBbie B6HTHJIJii OTJIJii'IaiOTCH BbiCOI<OH Me

xaHHTJ6CHOII npoqnOCTbiO, 60JibiiTMM CpOI<OM CJiyrR6LI, ITOC

TOHHHOH rOTOBHOCTbiO I< A6MCTBHIO lii npOCTOTOH B :JI\CITJiya

TaiJ;IUI. 

Bee :JTO no3no.rrneT rnHpoHo nne.a;pHTh no.rrynpono~nn:I<O
Bhre B6HTHJIH B pa3H006pa3H.bie CX6M:bi COBp6M6HHl>IX 3JI6I<

TpOHHbiX yCTpOHC.TB lii IIpH60pOB. 

IIapaMeTpaMH BCHHoro npn:6opa na3hiBaiOTCH onpe.n;e.rren

HI>re IIOCTOHHHbie B6JIM'IJiiHbi. ]{ HJiiM OTHOCHTCH CJie,n;yrorn;He 

napaMeTpbl B6HTHJieH: 

1. BnyTpennee nap;enHe nanpHrHeHHH na neHTMJie HJIH 

COIIpOTliiBJI6HH6 B6HTHJIH B ITpHMOM HanpaBJI8HJiiM. 8TH B6JIJii

TIHHh[ IJ;OJHHHb1 6hiTb no B03MOfi<HOCTH MaJihi, TaR HaH C nOBbi

JII6HM6M nap;eHHH Hanpm·H6HJiiH Ha B6HTHJI6 CHHrr<aeTCH K. IT. p; . 
BbiiipHMlilT6JIH H B03paCTa6T MOIIJ.HOCTb nOT6pb Ha T6IIJIO, BJ,J

p;e.JIHIOIT!66CH BHYTPM rrpH6opa, qTo yxyp;maeT ero Ten.rroBoM: 

pei-HMM. Y BC6X THnOB B6HTJiiJI6H COIIp0TMBJI6HMe B ITpHMOM 
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HanpaBJI8HRH 3aBRCRT OT B8JIR'IHH:b1 npOXO,!l}IU~ero TOHa, T . 8 . 

BOJT:bTaMnepaaH xapai<TepHcnn.;a .a;mr npmroro TOEa aeJIH

aefiaa. 

2. Mar<cnMaJI:r:,aoe (aMITJIHTYAHOe) 3Ha•rear;re npmwro TOKa. 

8TOT n apaM8Tp BaFI\8H rJiaBHhlM o6pa30M ,IJ;JIH B8HTHJI8ll C 

HaHa.TIHBa8Ml>Il\1 I\aTO,!l,OM, y HOTOpbiX ~ta l\CMMaJI:bl:108 3Ha <IeHH8 

TOHa orpaa:aqeno 3MHCCHOHHOH CITOC06HOCTblO HaTO,IJ;a . 

3. Cpe,n;nee 3na•reH:ae npHMoro TOI<a neHTHJTH . 8TOT napa

MeTp xaparnepH3Y8T narp y 3oqaym crroco6nocTb nenTHJili, 

ITOCIWJibH:Y cpep;nee 3HaqeaHe TOI<a B81:1THJIH nenocpep;CTB8HHO 

CBJI3aHO C B8JIIPIHHOM B:bi11pHMJI8HHOrO TOI<a Ha BbiXO,!l,8 BbT

IIp HMHT8JIH. )J;onyCTHJVIhiH cpep;HMH TOI\ B8HTHJili JIHMHHipyeT

CH T8ITJIOB:biM pmHHi\IOM ITOCJI8p;Hero, TaR HaH MO~HOCTb, 

T8pHeMaH BFiyTp H B8HTHJI8M Ha T8ITJIO, B OCHOBHOM onpep;e

Jl li8TCH neJI:aqnno:H cpe.a;nero 3Haliemnr TOI<a. 

Yr<a3aHHble TPH napaMeTpa xapainepn3yiOT cno:iicTBa 

B8HTHJIH B Ilp0BO,!l;H~8M nanpaBJI8HFIH. 

B nenpoBO,!l;HU\8M nanpaBJI8HHH cnoiicTBa nenTHJIH xapar<

TepH3 yiOT cJie,n;yro~:ne rra paMeTpbr : 

4. JJ:onycnrMoe o6panwe aanpHmenne na nenTHJre B ne

npoBOAli~ym liaCTh nep:no,IJ;a. Ono rror<a3r,maeT aJreHTpwreci<ym 

UpOliHOCTb B8HTHJlli. 

5. 06paTHbJH TOR, liTO xapainepno ,!J;.Tili HOHHbiX H ITOJiy

npOBO,!l;HHI\OBblX B8HTHJI8H . 

B nona:r:,rx nenTHJIHX o6paTHhiH TOI< nopMaJI:r:,no cy~ecTnyeT 
B Teqenne ae3aaqiJT8JibHoifr ,IJ;OJIM nerrpono,a;HIT_\eir tracTM ne

pno,n;a. 

L[pe3M8]JH08 IT0Bhilll8HH8 o6paTHOrO TO!{a npH BbiCOKOU HaiT

pmH8HHOCTM 3JI8I<TpHLI8CIWrO ITOJIH B B8HTRJI8 B Henp OBO,IJ;H

~yiO qacTh nepno.a;a rrpMBOAMT H B03HHrmonenMIO BTOPMLIHOH 

3MHCCHH C aHO,!l;OB B npo60IO . 

B rroJrynponop;HHROBhiX neHTMJIHX o6paTHbJH TOH HBJIHeTCH 

<flai<TOpOM, o6yCJIOBJTJiiBaiO~Jinl ,IJ,06aBOlJH08 HarpeBaHM8 B8H

TMJIJI B CBJI3H C T6M, liTO MOID;HOCTb ITOT8pb OT o6paTH:biX TOI\OB 

OHa3biBa8TCJI C01'!3M8pHMOH C MO~HOCTbiO ITOT8pb OT TOI\a Upli

MOTO HanpaBJT8HliH. LJaCTO HCUOJlb3Y8TC.fl napaMeTp - IIJTOT

HOCTb o6p:l'l'HOrO (HJIH npm10r0) TOKa - B8JIWIIUla TOI\a, OT

H8C8HHOrO I\ 8,!l;JiiHUI!8 ITJTOIT_\ap;H ai\TUBHOH llOB8JJXHOCTJ.f IIO

JiyrrpOBO,IJ;HUH OBOrO B8HTHJIH . 

O,a;HMM Ir3 namne:Hwnx aEcrr JiyaTai!HOHHhJX n a paMeTpon 

JIBJIHeTCH cpoH CJiym6h£ neHTHJIH . HanMeHhJJlliiii cpoH cJTym:-

6hi J.BI8IOT B8HTJiiJilf C HaJW IHBa8MbiM HaTO,D;OM (500- 2000 'iac), 
liTO 06'DHCHH8TCJI nerrpepi,Il3HbiM H3HOCOM (UCTOIT_\8HU8M) Ha

TO,IJ;a B rrpoi!ecce pa6oTbr. 
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§ 3. 3nEkTPOHHbiE BEHTHnJif fKEHO· 
TPOHbl) 

H'eHOTpOHOM Ha3LIBaiOT }l;BYX3JI8I,TpQJJ;HyiO 

aJiewrporrnyro Jiallmy. Orra JIBJIJISTCJI rran6oJiee npocThiM aJieRT

poHHLIM npn6opoM. lloaToMy u;eJiecoo6pasrro no,n;po6rro pac

CMOTpeTI> ee yCTpOMC'fBO Jil pa6oTy, rrro6LI B p;aJibH8MID8M 

o6JJerqnTI> nsyqerrne 6oJiee CJIDrHHLix aJieRTpOHHLTX npn-

6opoB. 

B 3JI8I{TpOHHLIX npn6opax ncnOJILsyeTCJI noTOH CBo6o,n;HLIX 

3JI8InpOI-IOB, lii3Jiyq aeMLIX paCHaJI8HHLIM T8JIOM B 6e3B03}l;yiii

Puc. II-6. YcTpo t·ICTBO I;cu o
Tpoua 5I!'•C u ycJ!OBHoe o 6o-
3lta 'JCH HC O!IHOUHO)lHOrO 11 

JlB)'XaHOI\I"IOrO I;CHOTPOHOB 

HOM 11pOCTpaj'IC'l'B8 (B BaRyyMe) -

T8pM03JI8HTpOHHUJI 3MliiCCliiJI. 

,[(no,n; nMeeT ,n;na aJieinpop;a: Ra

Top; n aHop;. Ha puc. II-6 noRasarro 

cxeMaTnqecRoe ycTpoH:cTBo p;no}J;a . 

BrryTpH CTeRJIJIHHoro 6amioHa rra

XO,!l;RTCJI H30JIHpOBRHHLI8 p;pyr OT 

p;pyra KaTop; n anop;. H'aTop; rraRa

JIHnaeTCJI OT BCIIOMOra T8JI:bHOrO li!C-

TOqi-IHI{a TOI a p;o T8MTiepaTypLI, TipH 

IWTOpOM HaCTynaeT T8pM03JI8I{TpOH

HaJI a11urccna (1100--:--1150° K p;JIR 
OKCM,Il;HLIX HaTO)J;OB, 2200--:--2500°K -
p;mr BOJIL<!>paMOBLIX HaTO)J;OB) . I\ a

TOp; npep;CTaBJIJI8T C060M M8TaJIJIH

qecHyiO, Hanpi~Mep BOJIL<!>paMOByiO, 

HH'l'b, no KOTopoH: nponycRaiOT noc

TOJIHI-ILIM 3Jf8KTpHqeCRH:M TOR OT 6a

TapeH HaHaJia HJilii nep8M8HHLIM TOH 

OT HaRaJILHOM 06MOTRH TpaHCtPOP 

MaTopa. Upn nponycRannn TOHa qepes HHTI> oHa rraKaJIH 

BaeTCJI H Ha<urHaeT H3JIJ'IUTh 3JI8HTpOHhi. 

AI-IO)J; H3rOTOBJI.fi8TCJI H3 HHR8JI.fi, peme li!3 MOJI:H6p;eHa HJIH 

TaHTaJia B nnp;e u;nJIHHp;pa, OKpymaroll!ero HHT.b rraHaJia -

KaTOp;. J13 6aJIJIOHa, B HOTOpOM llOM8ll!8HLI UHO)J; H RUTO)J;, 

OTHaqJilBaiOT B03p;yx ,[1,0 BLICOIWM CT8ll8HH BaHyyMa (p;aBJI8H:H8 

He npenLrmaeT 10- 6- 10-- 7 .ilt.i!t pm. em.). BJiaro}l;apH aToMy B 

llpO?~I8JHyTH8 HaTO)J; - anop; 068Cll81IHBa8TC.fi 'IHCTO 3JI8HTpOH

HLIM xapai{Tep npoBop;IIMOCTH, TaR l{ aJ{ cpep;HH.fi p;mma CB0-

6op;Horo npo6era aJier,TpOHOB npeBLrmaeT paCCTO.fiHHe Memp;y 

3JI8HTpOp;all'l:H , H BCTpeqa 3JI8l{TpOHa C MOJI8I{yJiaM:H OCTaB

IDJilXC.fi B 6aJIJIOH8 ra30B MaJIOBepOHTHa - :HOHH3aiJ;HH OCTaT

IWB rasa He llpOliiCXO,!l,HT. 
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IIocJie OTKa'l'KH noa,n;yxa H3 JiaMIIbi B Hell: OKHraroT reT

Tep - Ta6JI8TKY MarHHH HJIH 6apHH, KOTOpbll'fr nor.nom.aeT 

ocniTKH rasa H raar,r , co.a;epmall\H8CH B aJimnpo.a;ax, H TeM 

c.aMhiM nonr,rrnaroT naKyyM B JiaMrre . HarpenaroT reTTBP B 

~IarHHTHOM IIOJI8 BbiCOIWM qaCTOThl. 

O,a;HaKo, BbiJieTaH c pacHaJieHHoro Ka

To,a;a, TOJibiW HI1:qTOJ-KHaH 'IaCTb <JJI8I{Tp0-

HOB JI'IOJ-I\81' ,[\OCTHrHyTb aHO):\a . ,[I;JIH TOrO 

qT06bi C03,[\aTb <JJI8KTpOHHYIO npOBO,[\H

MOCTb Ha Y'IaCTK8 1118/H,[\y KaTO,ll;OM H aHO

,[\OM, K nOCJI8,[\HeMy Heo6XO,[\FIMO TIO,[\aTb 

IIOJIOJ-KHT8JlbHbiH IIOT8HIJ;HaJI OTHOCFIT8Jlb

HO KaTo,a;a . ,ll;mr noro r' aHo,a;y IIO,L\l\JriO'Ja

lOT aHO.r:\HYIO 6wrapem (pHc. 11-7). CnJIOU.T

HMMH CTpe.JIKaMI1: nOIW3aHO HaiipaBJI8Hl!I8 

,ll;BHiHeHHH <JJI8KTpOHOB B IJ;8IIH Hai{aJia 

(nOTOJ:\ <!TUX 3Jl8KTpOHOB o6paayeT TO!{ 

HaKaJia), a nyHI<TMIJHbiMH CTpeJIKaMM -

P11c. II-7. Hanpao.ne
uue /ITJilmCI-IJIR 3JICK
T]JOHOB B /IBYX8JlCJ; -

TJlO/IHOi1. Jla~ITIC 

no auo.a;noi1 u;enn. Y cJionnoe nanpanJienne aJieHTpn•recKoro 

TOI\a HyiimO 6nJJIO 6bi IIOI\a3aTb B IIpOTHBOnOJIOJI{HOM HanpaB

JieHHH. TarniM o6paaoM, Mbi BM.r:\I-IM, qTo .a;nyxaJieKTpo.a;naH 

JiaJima IDreeT .a;ne aJiernpFiqec

KHe I.\8TIH: u;enr, Har{aJia H J.\8IIb 

aHo,a;a ( aHo,a;HaH J.\8IIb) . Y o6ern 

l~8II8M HM88TCH 06fi\Hll yqaCTOH: -

npanaH qaCTb J.\enn HaHaJra,- no 

J\OTOp0111Y npOT8J<aeT I<aK TOI< na

KaJia, Tal< l!I aHO,[\HbiM TOH. 

:Qenr, Hai<aJia - no o6r,rqHaH 

<JJI8KTpFI'IeCHaH J.\81Ib , HOTOpaR 

COCTOUT FI3 HCTOqHMI\a TOJ\a (6a

TapeM HaRaJia) l1 npOBO,[\Hl!IHOB 

aJier<TpwrecHoro TOHa. 

Puc. II-8. CxeMa AJin cHnmn xa- Ano.a;naH J.\8Tih COCTOHT ne 
paKTCJliiCTim c AByxaJICJ;TpOAHDil 

Jia~mbl TOJIJ,JW 11:3 l!ICTOqHHI\a TOJ<a (6a-

Ta peu aHo,a;a), aJiernp:w•recKFIX 

TIIJOBO,ll;Hl!Ili:OB, HO FI HMeeT 6e3B03JIJ'liiH08 IIpOCTpaHCTBO 

Jlle/I\,L\Y J{a TO,[\Oi\1 H aHO,[\Oi\I. 

Beanoa.a;ymm,rrr Y'WCTOJ\, H~reroru11rr MecTo llre;R,a;y HaTo,n;o:\1 

l!I aHO,[\OM, B Jl a lime, UpM,L\ae'r H8IWTOIJhl8 OC06bi8 CHOHCTBa 

aHO,[\HOU J.\eiiH ti;HO):\a . 

MccJie,a;onaHHe cnoftcTB ,n;no.a;a rrponano,a;HT, m <moquB ero 

no cxeMe puc . II-8, r .a;e JI- ,[\MO,ll;; vl - BOJibTM8Tp ,IJ;JIH H3-

MepeHUJ1 HarrpJnH8HHH Hal{aJra i V 2 - BOJibTJII8Tp ,[\JIH l!I31118-



peHFIJI HanpmHeHFIJI MetHJJ;y Ka~rO,D;OM FI aHO,D;OM ,D;FIOp;a; mA -
MFIJIJIFiaM:nepMeTp, M3MepJIIOITJ;Hll BeJIH'IFIHY aHO,D;HOrO TOR a; 

B" - 6aTapen HaKana; B. - aHo,n;HaJI 6arapen. PeocTaTo:r"r 

R1 Mm-HHO M3MeHHTb TOK HaHaJia, a cne,n;onaTeJibHO, TeMne

paTypy Hai<aJra I\aTOp;a M BeJIR'IRHY TOHa C>MFICCHH C I<aTOp;a . 

lloTemwoMeTp R 2 B ii;errn aHop;a noaBOJIHeT H3MeHHTb no

TeHrvraJI aHop;a OTHOCFITeJlbHO HaTop;a. 

Y cTaHOBFIB c noMOll\biO peocTaTa R 1 Harrpm-Heiure Harmna 

,D;HOp;a , COOTBeTCTBYIOIJJ;ee HOMHHaJibHOMy, yKa3aHHOMy B 

ITaCITOpTe JJaMllbT, Ha'IHeM H31118HJI'l'b HanpJIJHeHHe, JJO~lBO

,D;HlVIOe l{ aHO,D;y, H 3aiTI~CbJBaTb llOI\a3aHFIH BOJibT~I8Tpa H 

MRJIJIHa~mep:ti'IeTpa B aHO)l.HOll IJ,eUH B Ta6JIJiiD:y: 

I 
Ua I l a N n/ n 

MHJJ JJ u a~m cp"'l BOJJT:~Tbl ., 
; 

1 0 1 
2 10 t1 i 

' 3 20 - 32 ; 
4 . 30 68 i 5 40 96 
(i 50 1'10 
7 60 120 
8 70 123 

Paci>aJieHHbTi'r I\aTOJI Bee BpeMH Ha.'ly<raeT aneRTpOHbT, 

HOTOp.bre Bhi JieTa10T c pa3JIFI'IH.biMI1 cKopocTnrvnr. Hprif ne6oJib

moM aHOJIHOM HanpnmeHFIH I< aHOJIY 6yJiyT npFITHrFIBaTJ,CH 

TOJibRO 1'0 C>JI0I<TpOHbi, I{QTOp.bie HM0JIH Han60JI.billYIO CI<OpOCTb 

npH Bl>IJI0T0 C l{aTOJia. aJJ0HTp0HI>I }!<0, JifMeBmHe MHJJyiO CHO

pOCTb npn BJ,1.JI0Te, BepHyTCH Ha I<aTOJI. 

TaHHM o6paaoM, ecJJR noJIOJIH IT0JJbHoe aHOJIHOe HanpH;.r.;e

HFie HeB8JU1RO, TO 60J!billaJI 'laCT.b C>Jier<TpOHOB, FI3 JIY"Iae~l.bTX 
HaTOJIOM, naJiaeT Ha Hero o6paTHO . Ho r<aTOJI, 6yp,y'IM HaHa

JJeHHJ,JM, lliJOJIOJirHaeT HenpepMBHO Jii3JIY"IaT.b C>JJ8H1'p0Hl>I. 

B peayJI.bTaTe Henpepi>IBHOro H3JJy'leHHJI H o6paTHoro DaJie

HHH 3JI8HT}JOHOB Ha I<aTOJI BOI<pyr IIOCJJ8JIH8rO o6pa3y8TCH 

CI\OIIJI8HH8 3JI0In'pOHOB, OHpyrH:aiOIJJ,HX 1\a'l'OJI, llOJJY'lli!Rill88 

HaaBaHHe npocmpw-wneeJu-weo aaps1-8a . 
OrpHIJ,a T8JJbiJJ,rrr npocTpaHCTB8HHbrfr a a pHJI MerHJIY Ka TO

,n;oM n: aHOJIOM a a TPYJIHHeT npHTRn<eHne 3Jlei<TpOHOB, BJ,IJle

TaiOIT(HX C HaTOJia H aHOJIY, Tal< RaJ< O'l"l'aJJI<HBa8'1' HX o6paTHO 

Ha r<aTOJI . BBBJIY noro npn MaJJJ,IX aHOJIHbiX HanpRrHeHHHX 
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1{ 3HOp:y np:ri!T.flTRB3IOTeH JTHIIIb Te 3JTeKTpOHbi , KOTOpoie Ha

XOJ(HTeH B nepXHii!X eJIOHX npOeTpaHeTBeHHOrO 33pHp:a. 

11o Mepe yne.JIM'!eHMH 3!-IOp:HOrO HanpmHeiiMH I<OJIM'leeTBO 

3JieHTpOHOB, npMTHrHnaeMblX aHOp:OM, B03paeTaeT, B03pae

TaeT M arrop:HbiH TOI<. Op:Honpe11rerrrro oeJia6enaeT npep:rroe 

J.(eMeTBMe n poeTparreTBeHHOrO 33pHp:a M aHO,D;HbiM TOH 6.&IeTpO 

B03paeTaeT. Op:HaRo npM 3H3'!MTeJibHoi1: neJIM'!MHe aHop:Horo 

Hanpmi>eHHH poeT aHop:Horo TOHa 3a

Mep:JIHeTeH, a nOTOM eoneiHHeiiHO npe

Hpan:r.aeTefl, T. e . e H3ROrO-TO MOMeHT3 

yneJIM'!eHHe aHop:rroro HanpHiHeHMH yme 

He Bbi3omaeT yneJIH'leHHH aHop:rroro 

TOHa . 8TO flBJieHlile o6·MreHHeTeH TeM, 

'lTO BeJilii'!MHa TOKa 3Mlileelillil onpe~(eJIH

eTefl J\OJilii'!eeTBO I 3JieRTpOHOB, M3Jiy'!a

eM.bTX e nonepXHOeTlii RaTOp:a 3a ep:liiHMl~Y 

npeMeHn . EeJIH nee aJier~TpOHI>I, M3Jiy-

I a~ 120 

100 

80 

60 

40 

'leHHore J\3TOiTOM, p:OeT!i!raiOT 3HOp:a, TO Pnc. II-9 . Xapa~<TepHcm-
"' !iU iJ: BYXSJJenTPOAHOft 

aHOp:H.biM TOH paneH TOKY 3Mlileelillil. na~tnbi 

06oi'!HO arrop:H.biM TOI{ neerp:a MeHome 

TOI\3 3MMeelillii. EeJilii Tenepo no p:aHHb1M Ta6JI1ii~bi noeTpO

liiTb rpaqlliiH 33BlileHliiOeTM 3HOp:HOrO TOI{3 OT HanpmKeHMH Ha 

3J:IO)W npM Helii3MeHHOM HanpHJHE'HMlii HaHaJia, TO n o Jiy'llillVI 

BOJToTaMnepHyro xapaHTepMeTMHY p:nyxaJie:rnpop:HOM JiaMn:&I 

(pHe. I I -9). 
BoJI.&TaMnepHaH xapaHTepMeTJiiHa p:Mop:a yHa3.&maeT Ha on

pep:eJJeHm,l iir 331\0H Jii3MeHeHHfl 3HOp:HOrO TOI\a B 3aBHeMMOeTM 

OT 12I3MeHeiililfl 3IIOp:HOrO HanpHn~eHHfl. Jf3 paeeMOTpeHJiifl 3TOrO 

33 I\OHa MOrHHO ep:eJiaTb B.bJBOp: 0 TOM, 'ITO aHOp:H.biM TOR npo

XOP:MT '!epe3 p:liiOp: TOJibiW B TOM eJiy'!ae, ROrp:a aHOA liiMeeT 

llOJIOn<HTe.JibJ:IbiM noTeH~lii3JI no OTHOIIIeHJUO R J{3TO,D;y, T . e. 

p:MOA 06Jiap:a8'r Op:HOeTOpOHHeH npOBO,D;HMOeT.biO. 

ToH n .n;Ho.n;e MO>HeT npoTeHaTo TOJI.biW OT ano.n;a H Ha

To.n;y . 

J13 Rypea 3 IeHTpOTeXHMHH M3BeCTHO, 'ITO eeJIH no eonpo

THBJieHJiiiO npOTeRaeT 3JieHTpH'!eeJ<1i[ff TOI~, TO Ha HeM Bbip:e

JIHeTefl 3JieR'rplii'!eeHafl MOJJI.HOeTb, paBH3H npOH3Bep:eHHIO 

eHJibl TOI~a Ha BeJ!H'!HHY nap:eHMfl HanpmHeHHfl Ha 3TOi\'I eon

pOTliiBJieHIU! . 

Ho lllhT 3HaeM, 'ITO n aHop:Hoi'i r~enM Ji!MeeTeH 6e3B03p:yrn

Hbi M y•raeTOH J{aTO,D; - anop: , no IWTOpOlvry npoTeRaeT 3JieH

TpH'IeeHMII TOR. Ta:r< I<a:r~ 6e3B03AYJJIH.&n'i ygaeToi< He Harpe

naeTeH neJJep:eTBHS BJ,Ip:eJJSHlilfl Ha HBM 3Jiei<TplilqeeiWM 

MOJJI.HOeTH, TO Befl MOJJI.HOCT.b B.blp:SJI HeTefl Ha anop:e JiaMn.bi. 
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<f>H3Ifll6CKli 3TO MOiHHO npe,n;cTaBHTb ce6e TalC MOIII;IiOCTb, 

pacxo.n;yeMa H aHo,n;Ho:iir 6aTapee:iir Ha nepeMeru;eHHe aJieKTpOHOB 

B aHO)J;HOH ~6TIH, nO'ITH nOJIHOCTbiO pacxo,n;yeTCH Ha nepe

M6IlJ;eHH6 3JI6HTpoHon Ha y'IaCTJ\e J\aTo,n; - aHo,n; . B KOH~e 

CBOero TIYTII 3JI6HTpOHhi nJmo6peTaiOT 60JihiiiYIO KHH6TH'I6-

CJ\YIO 3HeprniO H C 60JihllJO:fi CHJIOH 6oM6ap,n;npyiOT aHO)J;, 'ITO 

npHBO,II;MT I< ero HarpenaHMIO. 

I\HH6TM'I6Cl<aR 3H6prl'IH nepeXO)J;HT B T6IIJIOByiO 3HeprHIO, 

pacceHHHyiO Ha n onepXHOCTM aHO)J;a. l103TOMY MOID:HOCTb 

p a Ha3-biBaiOT MOID:HOCTbiO pacceJIHMH Ha auo.n;e. Oua panna 

IIpOH3B6)J;6HHIO aHO)J;HOrO TOHa Ha aHO)J;HOe Haiipl11H8HH6: 

Pa=Ua .Ja. 

Tar-am o6paaoM , oco6eHHOCThiO a ITeKTpOHHO:iir JiaMrrhr RB

JIHBTCH TO, 'ITO B OTJIM'IH6 OT rrpOBO)J;HMKa, r,n;e HarpenaHHe 

npOHCXO)J;HT no BCBH ero )J;JIHHB, B 3JI6KTpOHHOH JiaMne MBCTOM 

nOTpe6JIBHMJ1 MOIIJ;HOCTM M Bl>I)J;BJIBHHH TBIIJia H BJIJ18TCJ1 TOJihKO 

auo.n; . 

Mon.J;ROCTh pacceHHMH ua aHo,n;e - nanme:iirnm::iir napa

MeTp aJieHTpOHHO:iir JiaMnhr. B nacnopTe JiaMnl>I ncer.n;a yKa-

3hmaeTcR MaHCMMaJibHO )J;OnyCTHMaJ1 MOID:HOCTb paCC6H

HI1J1 Ha aHO)J;e . ,ll;eJIO B TOM , 'ITO np~I CMJihHOM HarpenaHMI-i M3 

li•IaTeprraJia aHO)J; a BJ,I)J;8.JIJ1IOTCH Tal\ Ha3hiBa8Mhie OI\1\JIIO)J;M

pOBaHHhie raai>r,- qacTH~bi raaon, ncer.n;a IDierom:rrecH n 

rropax MeTaJI.ila M KOTOpbi6 He 6hiJIH y,n;aJIBHhi II pH OTKa 'II\6 

JiaMnhr. Bhr,n;eJieurre ormJIIO.D;MponaHnhiX raaon nprrno,n;rrT I\ 

yxy.n;rneHrrro naKyyMa BHyTprr 6aJIJIOHa JiaMnhi n noaHnHaeT 

onacHOCTh noHrraa~rrn aTnx raaon. l1oHn:aa~rriO Jierrw aaMe

TMTh ITO xaparnepHOMY WHOJI6TOBOMy CB6'I6HMIO JiaMnhi. ilprr 

3TOM MOJ-I\6T rrpOH30HTH pe3H06 yneJIM'I6HMe aHO)J;HOrO TOKa, 

pacnJianJieHne aHo,n;a, paapyrneurre uaTo,n;a rr Bhrxo.n; JiaMnhi 

H3 CTpOH. 

TeMrrepaTypa 11 ycTpoiicTBO KaTo,n;on aJiei<TpOHHhiX Jia11m. 
PaccMaTpnnaJI aanHCMMOCTb aHo,n;Horo TOKa oT aHo,n;uoro 

HanpmHeHHH, ivibi ronoprrJIM, 'ITO HanpmHeHne HaHaJia ycTa

uanJirrnaeTCR B COOTB6TCTBl'IM C YI<a3aHHI>Ill..! B TiaCTIOpTe 

JiaMnbi. ,Il;e:iirCTBMT6JihHO, 3MMCCMJI 3JI6ItrpOHOB C HaTO)J;a Ha'IH

Ha6TCH TOJibKO llpM HarpenaHMH HaTO)J;a .D;O HaJ\ OH-TO Onpe

)J;6JI6HHOll Te~mepaTyphi M noapacTaeT Henponop~HORaJih

HO c ee yneJIH:'IeHne~r. 

fpaWHH 3UBHCHMOCTH I1'3Jiy'leHHJI 3JI6Kfp0UOB 01' T0MII6-

paTypbi .D;JIH BOJII>4>pa11wnoro -HaTo,n;a noKaaaH Ha pnc. II-10, 
r,n;e no rOpH30HTaJihHOi1: OCH OTJIOrHBHa T6MnepaTypa KaTO)J;a, 

a no nepTHKaJII>HOii ocR - aJrernpoHHI>Iii TOH aMnccrrrr . Pa6o-
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tiaR Te:~>mepaTypa BOJin<flpaMOBOro IWTOp;a 2400° C; rrpii oo

Jiee BbiCOIWR BOJin<flpaM 6hlCTpO MCIIapReTCJ1 H CpO!{ CJiym6bl 

KaTop;a pearw coKpam;aeTcJJ. BbiCOKaJJ pa6oqaJJ TeMrrepaTypa 

BOJintflpa?110BOrO KaTOp;a H MaJiaJ1 9lWHOMHqHOCTb ( OTHOITieHIIe, 

II0I{a3blBaiOm;ee, CKOJibiW MHJIJIHaMrrep TOJ{a HaCbiiJJ;eHIIJ1 

IIpMXO)J,MTCJ1 Ha KarK;r:J;biN nan· MO:W:HOCTH, 3aTpaqHnaei\10U rm 
I e .Ma 

aar{aJI KaTo,n.a: H =p- -) orpaHM•m:naiOT rrpMMeaea:ae noJib
" em 

tflpa?IIOBOrO I<aTOp;a ,D.JIJ1 MaJIOMOIJJ;HbiX JiaJVIII. 

Paapa6oTaHbr 6o.Jiee arwHOMHqabre OKCII;r:J;Hhre KaTOp;hr, 

IWTOpbie IIOJiyq:aJIH illHpOKOe pacrrpOCTpaaemre. 0KCH;r:J;HbiH 
KaTop; ycTpoea cJie,n.yrom;HM o6paaoM: 

BOJibtflpaMOBaJI IIpOBOJIOI<a (Hepn) llOI<ph!

BaeTCJI TOH!{liM CJIOeM CIIJiaBa Me,D.H C 

aJIIOMHHHeM. Cnepxy CJIOH nanecea or<

CH;r:J;Hb!R CJION 6apiiJ1 . l{aTO;r:J;bl C Tai\HM 

ycTpOHCTBOM o6Jiap;aiOT 60JibillHM CpOI\OM 

CJiya<6bl (1500-2000 'taG) li 60JibillON 

arwao;,.mqauCTbiO (80 JLa/em) npril cpan 

HHTeJibHO HH3I\OR TeMrrepaType I\aTOp;a 

(650-850° C) . 
Cym;ecTnyroT p;na crroco6a HaHaJia Ha

TOp;on : ITIJflMON H IWCBeHHblR, HJIH no

,n.orpeBHbiN. 

KaTo,n. rrpm.wro Hai\aJia rrpe,n.cTaBJIJieT 

C060N HHTh, KOTOpan HaHaJIHBaeTCJ1 rrpo-

'· 

Puc. II-10. rpaqum 
3aD HC11: l\10CTH .H 3J1YLIC~ 

Hllfl SJICKTJJOI~OB OT 
TCMI1CJ)a'l'ypbl )J.Jjfl 
BOJibtppaMOBOl'O J<aTO)J.a 

XO;:J;fl:W:HM · no ae:fl TOI\OM naHaJia. KaTO,lJ.bi rrpJJMoro Har<a

Jia MM8IOT TOT He,D.OCTaTOI<, q'fo B 60JibillHHCTBe CJiyqaen HX 

HeB03MOJI\HO IIHTaTb rrepeMeHHblM TOIWM. li3M8HeHIIJI BeJIHqH

Hbl TOI\a nar{aJia, Hai< npanHJIO, BJier<yT sa co6o:fl H3MeHeHHJ1 

'I'OI\a 9MHCCHH li aHO;:J;HOrO 'I'OI\a, qTO rrpH pa60Te JiaMITLI B 

CXeMe YCIIJIIUeJIJJ IIIJHBO)J,liT I\ IIOHBJieHHIO Memarom;ero my

Ma - tflona rrepeMeaaoro TOI\a. 

IJop;orpeBHbie I\aTO,lJ.bi II03BOJIHIOT liCITOJib30BaTh rrepe

:tvieHHbiR TO!{ ,D.JIJI IIHTaHHH Hai\aJia JiaMII, I\OTOIJbiH JierKO 

TpaHCtPOPMHpyeTCJI H He Tpe6yeT p;oporOCTOJI:W:HX li rpOM03p;

I\HX 6a Ta pe:ff HJIH ai\I<YMYJIJJTOpOB, I\ a I< B CJiyqae IIHTaHHJI 
IIOCTOJ1HHblM TOI\OM. 

~ cTpolicTBo rro,n.orpemnrx r<aTop;on rroi<aaaao a a pHc. II -1 1. 
8TO JIH60 tflaptflopOBblll IJ;HJIHH,ll;IJHI{ C ,D.BYMH OTB8IJCTH
JIMH, <repea I<OTOpbre rrpo;o;epnyTa HHTh nai<aJia, JI:a6o HHTh 

Hai\aJia, IWTOpaH IIOI{pb!BaeTCJI '!'8CT006pa3HON MaCCOH H3 

aJiyap;onoro nopomi<a ( aJrya,n.onhr:ii rmTo,n.) :a BbrcymnnaeTCR. 

Cnepxy aa,n.enaeTCJJ RaTop;, o6hi'IHO OI<CH;:J;Hbli1. Ilop;orpen-
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Hhl8 HaTO)].:bl MM8IOT 6om,myro liOB8pXHOCT:b H 6oJIJ:,mOM CpOH 

CJiyrH6hi. 

MaJIOJVIOIIJ:HhTe P,HO)].J,I naa:r,maroT HenoTpona~m :rr HCJIOJI:b

ayroT B Texnn:I<e aByKoBoro HHH O. RenoTpon:r,r qaiJJ;e Bcero 

6:r,maiOT )].ByxaHO)].H:bfMH B BM)].8 Jl 3MJJhl CO CT8JU UIHI:IhiM H Jflii 

_H.HTb HaHana M8T3JIJIJii'I8CHIDI 6aJIJIOHOM, 

HHKeneebl~ 4HnHHAP"" 

KaroA 

ttlap¢opoeaA eTy nHa 

a 6 

yHp8TIJI8HHhiM I:Ia D;OHOJie H3 

Jii30JIJID;HOHHOrO MaTep:rraJia. 

U: OIWJib MM88T 1118TaJIJIJii

lJ8CHM8 JJJThipbHJil, I<OTOpbi8 

BCTaBJifliOTCJI B JiaMTIOBYJO 

n a nem, )].JIJI coep,:rrneHHJI c 

3JI8M8I:ITallm CX8Mhl. 

0CHOBHbT8 T8XHHlJ8CI<He 

Pwc. IJ-11. Yc·l'p oi!cTBo nonorpenubiX 
naTO.UOB (a) 11 y cnonHoc ofiOSI !a'ICHI1C 

no.uorpennoro Hm·o.ua ( 6) 

)l;ai:II:IhT8 H8IWTOpi>IX H8HO

TpOHOB npMB8)l;8Hhi B Ta6JI . 3. 

1 
5 
5 

6 
6 
3 

IDmpp 

~1C 
~3C 
J~4C 

~4II 
~5C 
O~G 

Ta6nn~a 3 

0CJIOBHhlC TCX.HuqeCIOIC )J.aHHbiC HCKOTOpbiX IWHO'l'pOHOB 

' "' ' ' "' 
H aHa,l ~:.c e g "'"' ~~ - o "' ;:c 

D:> E-- = ~ O.a,) 
~ -0 '5 :; 

" 
00 

"' "' 
0..~ 

0'-" Ol :C 0 F- :S:O 
0 =: o ov ~;: 
:={ ..c:;; ;3~ o :t """' 0 r-;~d ~"' CQ~ HanpH- :z: 

§§" ~ 
:90. nm 'fOl\ t "' <1)0 
~~ 

<!.) :::::: 

JWl\aJl a mcmre . 
Q g :: 5~ " "' 50~ ::: o 

8 

~ ~§ 
;:t~:;l ;>.::: "!0. g "'"' c::Q) "::: 
5~~ O o O.o tr .c. ~ro ~;: Uo 

f1plHIO~i 0 ,7 0,1851 1 5 0,5 15 000 7 500 
)) 5 0 3 0 2 179 x 2 125 x 2 ' 700 200 

IIO,!.IO- 5:.£., 2,0 2 375 X 2 62, 5 X 2 1 350 150 
rpeBHL1fl 

)) fi,3 0,6 2 300 x 2 37 ,5 x 2 1 000 250 
)) fi ,3 0, 6 2 300 x 2 37 X 2 1 375 500 
)) 30 ,0 0 ,3 2 500 X 2 60 x 2 500 150 

u 

" .. 
:3 

0 
;E 
~ 
~ 
'-' 
:<: 
0 
0. 
u 

500 
_5_0_0 
500 

500 
500 
500 

§ 4. HOHHbiE BEHTHnM (f A30TPOHbl) 

B OTJilillJMe oT sJieHTpOHHI>rx neHTMJie:iir, 

r ;o;e 3JI8I<TpOHHaJI TipOBO)l;JiiMOCTb o6yCJIOBJI8Ha HaJIJillJH8M 

Bar<yyMa B Jial\ITI8, B JiiOHHhiX B8HTJi!JIHX 3JI8HTpHlJ8CHJiiH pa3pJI)]. 

npoHcxo;o;HT B napax PTYTM IWH unepTHOM rase npH nounrwiir

HOM ,n;aBJI8HHlii (0,1-:-0,5 .ilt.ilt pm. em.) BHYTPlii 6aJIJIOHa. 
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I1s 60Jih.WOll rpyiillbl HOHHbiX llpn6opon OCTaHOJHlMCH Ha 

rasorpoaax - p;nyxaJierupop;HbiX :rroHHhiX neHTHJIHX c aaKa

JieHHhm HaTOJ];OM . 

fasOTpOH llpep;CTaBJIH8T C060H CT8IOIHHHbiH 6aJIJIOH, HS 

KOToporo orr~ a era a nosp;yx tr nnep;eao ne6oJII>rnoe HO.liiil'IeCTBO 

rasa - aproaa - J;IJHI JJapon PTYTH. B 6aJwoae rroMerrcenM 

TaiUH8 HaJ{aJIHBa8Mb1H BOJih<flpaMOBblli (HJIH qall\8 BCero OHCH):(

HbiH) IWTO):( H HHH8JI8BbiH aHO):( 

( op;:rrH HJIIi! p;na) n n:rrp;e p;:rrcHa. 

,nnyxaHO):(HbiH HHSHOBOJihTHblll 

rasoTpoa Br -176 :rrMeeT I< aTop; 

IIpJIMOrO HaHaJia Ii! IIJIOCHH8 

HHH8JI8Bbl8 aHOJJ;bi. 

TaK 1!{8 KaH :rr n aJierupoH

HOH JJaMJJe, np:rr HarpenaHHH 

HaTO):(a npOHCXO):(HT 3MHCCHJI 

3JI8HTpOHOB. 8 JI8IUpOHbi, Bbi

JI8T8BiliH8 C I{aTO):(a, llpHTHrH

naiOTCH aHO):(OM, 8CJIH J{ H8MY 

Ua I I 
Ua 

II 

j 
Ua 

III 

!a 

Puc. IJ- 12. BoJibTaMnepllan xa pa !i 
•repuCTJII<a ra aOT]JO!la JJ.Jlfl II ]JHMoro 

HanpaBJJCHIJfl T Ol\a 

llpHJIOiH8H O H8IWTOpOe IIOJI0ii{Ji!T8JihH08 aHO):(H08 HaiipH'H8HH8. 

Pacc~tOTpHM THIIJ;rqayro BOJibTa~mepnyro xapai{Tep:rrcnmy 

rasoTpOHa p;JIJJ llpJI:r-roro HanpanJieHHJI TOI{a (pHC . II -12). 
Byp;eM nocTeneHHO, Haq:rrJiaJI OT HYJJJI, yneJI:rrq:rrnaTb HarrpJIIHe

HHe Ha aaop;e. 

II pH Mam,rx auop;m,rx HallpJimeHHHX qepes rasoTpOH rrp·o 

TeRaeT qJi!CTO 3JI8HTpOHHbi:iii TOH, H8 IIp8BbiillaiOII(Ji!H H8CH0Jlb

IUIX 11nmpoawmep. IloHa aanpmHeH:ne aa aHop;e HeneJJJmo, 

CIWpOCTii! 3JI8IUpOHOB TaJUI{8 H8B8JIHJUi!, 11: 3JI8Irfp0Hbl 06Jia

p;a iOT MaJI<)ifr HHEI8Tli!qeci<oii: aHeprii!ei'r. CTOJIHHOB8Hli!e TaHoro 

3JI8KTpOHa C l\IOJI8RyJIOH rasa, Ii!M8IOII\8H SJiaqJ1T8JlbHO 60Jih

UJYIO Macey, HOCRT xapaRTep yJJpyroro y,u:apa. 8JiernpoH 

npn 3TOM T8pJI8T CBOIO Hl1H8Tli!'I8CKyJO 3R8pr:rriO l1 l1SM8HJI8T 

HanpaBJI8HUe ):(BUii\8HMH ( OTCI{aimnaeT OT MOJI8I{y Jlb1), a MO

JI8RyJia rasa TOJibHO H8SHa qnT8.JibHO Ii!SM8HJieT CBOIO CHOpOCTb. 

Ilop; ):(8HCTBii!eM 3JieHTpll'18CIWrO IIOJIJI aHop;a 3JI8I{Tp0H CHOBa 

H3'IJiiH38T p;nnraTbCJI K aHOp;y, IIOCTeiieHHO yneJIIi!qli!B3JI C 1<0-

pOCTb. IlpOJI8T8B H8HOTOpOe paCCTOJIHii!8, 3JI8I{Tp0H BHO Bb 

CTaJIHii!BaeTCJI C MOJI8HyJIOll rasa Ii! OIIHTh T8pHeT llpli! aTOM 

CIWpOCTb l1 T. ):(. 

TaHnM o6pasoM, noKa aJiernpoa p;oCTE:rHeT aHop;a, on 

MHOrOl{paTHO CTaJIIUrBaeTCH C MO.JI8I{yJiaMJ;I rasa, HO Tal{ J{ai{ 

CKOpOCTb ero HeB8JlMI{a, OH BCJIImH pas He 11101!{81' pacm;eiiUTh 

MOJieHyJiy rasa n noHHSa1IHH ue rrponcxo,n;nT. 8ToMy rrpo1Ieccy 

cooTB8TCTnyeT y•raCTOK I BOJibTaMrrepHo:ti: xapawrepHCTHJ{H. 
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3p;eco TOI< Henemm, Tal< I<ai< noRpyr I<aTop;a o6paayeTCH ::>Jiei<T

poHHoe o6na•mo - npocTpaHCTB6HHbiH aapHp;, rwTopnrii npe

IIHTCTnyeT IIOTOI<Y ::JJI6I<TpOHOB ]J;OCTffqb aHop;a. 

Op;Hai<o rrpH nonnrrrreHHlii aHop;Horo Hanpmi<eHHH CI<opoCTb 

::JJI6I<TpOHOB * B03paCTaeT, paCT6T J{JiiH6Tlii116CI<aH ::>HeprliiH 

::JJiei{TpOHa lii nplii H6I<OTOpOM 3HaqeHJiilii aHO]J;HOrO HanpmH6HliiH, 

HaanmaeMoro nanpJLJ!cenue.J.t aa:JICU3anuJL ( U 3 = 20725 e p;JIH 

ra30TpOHa), B Uplii60pe HaC'l'ynaeT JiiOHJii3a~JiiH lii B03Hliii<aeT 

p;yrOBOH pa3pHp;. 

11 onuaaLfUJL B03HHI<ae'l' Torp;a, I<orp;a JieTH~liiH c 6onnmoii 

CI<OpOCTbiO ::>JI6I<TpOH ( o6nap;aiO~liiH 60JibillOH RliiH6Tlii'I6CI<OH 

::>HeprHeii) npH C'l'OJIImoneHnn c MOJieHynoii raaa pac~ennHeT 
ee, T . e. llbi6JiiBaeT M3 ::>TOll MOJI6HYJibi :=JJI6HTpOH. IlocJie Ha'laJia 

liiOHiii3a~MFI B 6aJIJIOHB JiaMIIhl Me.mp;y aHO]J;OlVI lii RaTO]J;OM o6pa-

3Y6TCH 60JibillOB ROJIJiiqeCTBO IIOJimHMTBJibHhlX liiOHOB, 'ITO 

p63IW M6HH6T xaparnep UpOX0}J{}J;6HliiH 'l'OHa B ra30TpOHB. 

OcTaHOBliiMCH Ha aToii qacTn npo~ecca HeCHOJibi<O nop;po6-

nee. C HaCTYIIJIBHliiBM JiiOHM3a~liiM :=JJI61{Tp0Hbl npop;OJI.lHaiOT 

UpMTHrliiBaTbCH aHO]J;OM, a IIOJIO/HMl'BJibHbiB liiOHbl - I{aTO]J;OM. 

Ho Mbi sHaeM, 'ITO Macca anernpoHa sna'lnTeJibHO MBHbme 

Maccnr HOHa . Bcnep;cTnne HepaneHcTna Mace anei<TpoHa lii 

liiOHa (nplii paneHCTBB :=JJI6I<TpliiqecRJiiX CiiiJI, B03]];6HCTBYIO~liiX 
Ha HUX B UpOMemy'l'H6 l{aTO]J; - aHOp;) :=JJIBI<TpOHhl 6yp;yT 

UM6Tb 3Ha'IUTBJibHO 60JibillYIO CIWpOC'l'b lii ]J;OCTliirHyT aHO]J;a 

6hiCTpee, '16M liiOHbi I{aTop;a . Bnarop;apH :=JTOMY n6JIH3n RaTop;a 

o6pasyeTCH 06Jia qr<Q IIOJIO;>HJiiTBJibHb1X UOHOB, ROTOpOe ROM

IT6HCHpyeT CBOUM sapH]J;OM OTplii~aTBJibHbiH IIOTBH~JiiaJI IIpOCT

paHCTB6HHOrO sapHp;a n He:iiTpanHsyeT ero. 

Tai<, nononmTeJibHnie liiOHbi ycTpaHHIOT npep;Hoe BJil'IHHne 

IIpOCTpaHCTB6HHOrO sapHp;a, HBJIHIO~erOCH rJiaBHOH Uplii'IliiHOH 

6oJrnmoro nap;eHnH HanpHmeHHH n J{6B;O'l'poHe. TarmM o6pa-

30M, ITO cpaBHBHliiiO C I<6HOTpOHOM ra30TpOH ]2[MB6T MBHbiDYIO 

neJin'IHHY nHyTpeHHero conpoTHBJIBHliiH H, cnep;onaTeJibHO, 

MBHhmyro neJIH'IHHY nap;eHHH HanpH.meHHH BHYTPH JiaMnnr. 

KaTop; rasoTpoHa no npeMH pa6oThl oRpymeH RaJ{ anei{Tpo

Hallm, TaH 1'1 liiOHaMJii, . ROTOphle B COBOHyiTHOCTl'I o6pa3yiOT 

aJieHTpOHHO- liiOHHyiO rmasMy. IInasMa aJieHTpnqecHn HBHT

panoHa 1'1 .l1B JIH6TCH XOpOIDl'IlVI UpOBO]J;HliiROM TOHa, IIO:=JTOMY 

nap;eHUB HanpHn{BHUH B ra30TpOHB CTaHOBJiiTCH B6CbMa MaJihiM 

(13718 e) . 

* CRopoCTb SJiei<Tporra, gBmH~erocH u :meHTpH'leci<OM noJie , 
B I<OHIJ;e ITYTIT Ol{pyrJieEIHO pa1JHa V~6QQ Jf U a, 'f . e. 3aJJHCJ!T TOJj:blW 
O'!' aaogrroro Hanpmi<orrrrH. Ygo6rro BblpamaTb oe n DOJihTax. 
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Pa6oqu:ti: yqacToR xapar<TepnCTHRH II pacrro~araeTCH 
rrparuHLieCHM ropusoHTa~MIO . IIocJre ,[J,OCTHri\eHHli HOpMa~b
Horo TOI<a <>MHCCHH HaTO,[l,a I s xapmn·epncTn.r-\a rrpHo6peTaeT 

ITO,[l,'heM ( yqacTOK I I I). II a,[l,eHue HarrpmHeHMli Ha rasoTpoHe 

paCTeT I1pH yBeJIH'I8IIHH CH~bl TOI<a, tiTO rrpOUCXO,[l,HT sa C'IeT 

ycu~eHHOH 6oM6ap,[!,HpOBl{U HaTO,[l,a HOHaMH H MOJHeT rrpM

BeCTU K paspyrueHHIO KaTO)J,a. 0TCIO,[l,a C~e,[l,yWr, 'ITO TOK, 

npoxO,[l,HJJJ;HH qepes rasoTpOH, He ,[l,OmHeH rrpenwnaTh orrpe

)J,e~eHHOH Be~U'IHHhi I a """c =I5 , (Is- TOI\ HaCniiD;GHHli) . 

TaKRM o6pasoM, BBe)J,eHHe ue6o~hrnoro rw~H'IeCTBa rasa 

IWH rrapOB IJ'fYTH B 6a~~OH ~aMITJ,I IIOSBO~HeT CHHSHTb BHyT

peHHee COITpOTHB~eHHe , a BMeCTe C TeM H IIa,[l,eHHe HarrpmHeHHli 

ua yqacn{e HaTO,ll, - aHop; . Mcno~bsonauue HOHHoii rrpoBO,ll,H

MOCTH B rasopaspH,[!,HOH ~aMITe ITOSBO~lleT ITO~y'IHTb SHa'IH:

Te~hHYIO cn:~y TOKa rrpH He6o~hiDOM Harrp.!IJHeHnH. B noM Jii 

saHmoqaeTCH OCHOBHOe rrpHHI.l;:tmn:a~bHOe OTJIH'IHG raSOTpOHOB 

OT <J~ei<TpOHHbiX ~aMTI. 

BarHHO SHaTh, 'ITO rrpoucxO,[!,HT B rasoTpoue, ec~H r< aHop;y 

ITpH~OJHeHO OTpHIJ;aTe~bHOe HarrpmHeHn:e ITO OTIIOIDeHHIO I\ Im

TO,[l,y, ,[l,OITYCTUM, B OTpHD;aTe~bHbiH ITO~yrrepHOJJ; rrpH HCIIO~b
SOBaHHH raSOTpOHa B CXeMe BbiiipliMHTe~H. 

B MOMeHT ITOHB~enn:a na aHO,[l,e OTpn:D;aTe~hnoro na

rrpmKeHn:.FI rrpoMerHYTOK KaTO,lJ, - aHO,ll, eiD;e sarro~HeH rr~as

llro:ti:: I\ aHO,[l,y 6y,[l,yT ITpHTHrH£aTbCli ITO JIOrHHTe~bHbie UOHbi, 

a K I{aTO,[l,y - a.rrei<TpOHbi. BosHHKHeT o6paTHhiH TOR, T. e. 

TOI\, rrpoTei<aiOJJJ;HH B o6paTHOM HarrpaB~eHHIL 8TO Bpep;aoe 

.FIB~ean:e. Ilpu HOHCTpyHponaHn:u rasoTpOHOB rryTeM yMeHb

meHHH rr~orn;ap;H aHO,[l,a, rro)J,6opa p;an~eHHH rasa B 6a~~oHe 
~aMITbi H T. II. JJ;06HBaiOTC.li TOrO, 'IT06J,I Be~H'IHHa o6paTHOrO 

TOI<a 6hTJia HeBG~UI\a . 
Hep;orrycTnMa 6o~hma.FI ne~H'IHHa o6paTHoro Harrpamenua, 

'Tal{ Hal{ B <JTOM C~yqae TaHH{e BOSMOH\HO BOSHHIUIOBeHJi[8 

n:oHHSaD;HH- o6pam1-we aa~tcuzrmue. Tor<, rrpoxop;JIJJJ;Hii qepes 

~aMITY rrpu o6paTHOM sanmraHHH, sna<rnTe~hHO rrpeBnn.rraeT 

JJ;OITYCTHMYIO Be~H'IHHY H raSOTpOH BbiXOJJ;Ii[T HS CTpOH . 

rasoTpOHbi xapaHTGpHSyiOTCli C~G,ll,YIOID;Ul\Ul OCHOBHJ,IMH 

rrapaMeTpaMH: 

1) HaH60.Jibill88 (a~m~HTY,[l,HOe) ,[l,OITyCTHMOe SHatieHHe o6-

paTHOrO HaiTpHI:HeHHH Uoop ITOI<aSbiBaeT, I\aHoe HaiipliH-\eHRe 

MO/KHO rrpn~OrHUTh 1-\ raS01'pOHy B HGITpOBO~(Hll.J;YIO 'IaCTb 

rrepuo)J,a, He BhiSbiBaJI o6paTnoro sanmraHlila; 

2) HaJii60~biiTee (a111IT~HTYAHOe) ,[l,OITYCTl'H-IOe SHa'IeHHe 

aHO,[J,HOrO TOKa Ia """c ITOKaSbiBaeT, I\ai<OH TOl{ MOri<HO IIpO

IIYCI{aTb qepes ras-oTpoH 6es rropcrn r<aTop;a; 
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3) HaH60Jiblii88 3HaqeHH8 BbiiiiJRMJI8HHOrO TOJ\a f , 0 IIOI\a-

3biBa8T B8JIMqJiiHY IIOCTOJIHHOH COCTaBJIJIIOJI1,8Fl BMlliJRi\IJI8HHOrO 

TOJ{a, IWTOIJYIO MQrHHO IIOJiyqM'l'b OT ra30TpOHa 683 HapyillBHJ!Ili 

ero HOpMaJibHOi pa60Thl; 

PHC . Il-1 3. 
YCJJOBHOC 
o6oaHa<te
Ht·te ra ao-

TIJOIIa 

L~) rrap;emre narrpmHeHMJI na rasoTpoHe U., noRa

\ 3T>IBa8T pa3HOCTb IIOT8HI(IIaJIOB M8/I\~(y aHO)J;Ol\1 Jii 

KaTO,rt;OM DO Bp8MJI pa60Thl D ITOJiynepMO)J; DpOBO

,ll,HMOCTH; 

5) n oTei-Iu;HaJI sanunamJJI U 3 nor,asr,maeT ne

JHiqMI-Iy I-Iaiipllil{8I-IMJI, H806XO)l;MMOrO )J;JIJI B03I-IUK

HOB8Hl'IJI sanurrai-IIiili. I\poMe Toro, yl<asr,maroTCR 

uanpRrRenue naKaJia U11 IJ TOH Har<aJra Iw 
B sny1 onocnpon3BOI.VIII(eii annapaType KIJI-IO

ycTaHonoH HaXO)J;liT IIpMM8H8HJI8 HH31\0BO.TibTHbl8 

rasoTpOHHMe BbiiipHMMTBJIH c rasoTpOHOM Br -176, 

3aiTOJIH8HHbTM aprOHOM (pHC. II-'l3). rasoTpOH 

Bf-176 (ero rmorp;a nasbmarOT TynrapoM) xapal{

TepMsyeTCH CJi e,rt;yiOJII,HMH rrap aMeTpaMH: 0 11 = 2,5 B, 

111 = 1'l a, npeMH rrpe,n;Ba pn:TeJir,noro pasorpena 

0,5 Jotun; I,o = 3a x 2; Ia Ma t<C= 9 a; uo6p = 150 e; 
u a - 14 e; u3 = 15,7 e. Tal\ Hal{ B O,rt;HOM 6aJI.TlOI-Ie pa3M81I(8Hb1 

,n;n a anop;a, TO MaHCMMaJibHOe n epeMennoe I-IarrpHrHBHHe 111em,n;y 

ano,n;aMH orpamrqei-Io 110 e. ITpH TaHOM penmMe OT nr,mpH:

llll11'8JIH MO}JUJO llOJiy<niTb ITOC1'0liHH08 HanplliH8HH8 35-40 e 
(B 3aBHCMMOCTH OT Harpy3HI1). 

3aM8TMM, 'ITO DpM J1CllOJib30BaHIHl ra30TpOI-Ia B CX8M8 

BJ,mpHMJIBI-IHH oqeHb namno ne p;onycr{aTb o6 pwrnoro samH

rai-IHH:. IToaToMy, J{aJ{ Mbl ynH,rt;H:M ,n;aJiee, H8Jib3H narpymaTb 

ra30TIJOHI-Ibiii BblllpH:MHT8Jib Ha <flu.TibTIJ , Ha'IUHaiOLI(HUCli 

81\JIWCTbiO . CPHJibTp rasoTpOHHoro nr,mpmln:TeJIJI ncer,n;a na

qHHaeTcJI c ,n;pocceJIH. 

Heononaa JiaMna npe,ll,CTaBJIHBT co6o1r np116op c uonnoH: 

nponop;l'nrocTbJO. B OTJrHque OT rasoTpona - np116opa c ropn

qHM EaTO)l;OM - H80HOBali JiaMITa HBJIH8TCH HOHI-IbBI IIp.FI60-

pOM C XO.flO)l;HbiM KaTO)J;OM (Tal{ Ha3biBa8MMi npn:6op TJI8IOJI1,8rO 

pas pH,n;a). Jlallma JiiCITO.Tib3Y8TCll B I< a qeCTB8 JiiHL(MHaTopa B 

pHp;e BbtrrpliMl'IT8Jibi-IT>IX IJ yCHJIJiiT8Jlbl-If>TX ycTpOHCTB 3BYI<O

BOl'O JUIHO. 

Y CTpOHCTBO H y CJIOBII08 0603Ha qeHM8 H80HOBO ll JiaMITJ>l 

non:asaar,r na pHc. II-14. CTeJmHHHblH 6a.rrJIOII , H3 HOToporo 

npep;napnTBJibiiO nr,maqaJI nosp;yx, sanoJIIIeii paspemeiiiibTM 

MIIepTHhm rasoM - HeOHOM. B 6aJIJIOHe rroMelii,eHI>I Ana 

3JI8WrpOAa, BbiBO)l;bi OT l\OTOpblX IIIJMC08AMH8Hb1 I\ U,OIWJIIO 

.naMITbi. JlaMrra pa60Ta8'l' CJIBAYIOJII,JiiM o6pa30M: 11IJH IIOAaqe 
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narrpHmeHHH p;o MOMenTa aanm:ranHH TOY< tiepea JWMny np a r<

THqecHH panen nymo, JiaMna npvr ::no~r ne cneTHTCH. ,IJ,aJib

rrefrmee yneJI H lf8HI1e nanpmHeHvrH ,n;o nanpmHeHHH aamvrra

HFIH IIpHBO,IJ;FIT l\ TOMy, rrro Ji a~ma 

BCIIbi XFIB aeT, lif TO!\ <repe3 nee CI\arr

KOM B03pacTaeT. 

B p;aJII>neilrueM yneJI}FienFie TOHa 

qepea JiaMrry (nyTeM yMeHI>rnenHH 

nnemnero corrpoTFIBJieHHH narpyarm) 

He Bbi3biBa8T 3aMeTHOrO H3M8H8HHH 

nanpHrH8HHH na aJiernpo,n;ax Jiali1IIhi. 

H o ecJIH yneJIHLIHBaTb TOI< <repea JiaMrry , 

TO TJieiOII~HH paapH,D; rrepeilp;eT B JJ.Y
rOBOH, llpH'l8M 3JI8IUpO,D;I>l MOryT p ac

U JiaBHTbCH. IToaTOMy nocJie,n;onaTeJibHO 

C JiaMITOH BHJIIOqaiOT orpanHqHT8JihH08 

corrpoTHB JrenHe . HeononaH JiaMna pa-

6oTaeT KaT{ 6eai>mep~Honnr,rii rrp lir6op 

P n c . IJ-[1 .. YcTpotlcTBO 
II yCJIODHOe 0003H a qerrue 

neOHOBOt\ JTaMilbl 

B IUlilpOKOH ITOJI OC8 'laCTOT - OT HyJIH )J,O 5000...;-6000 2lf. 

IJpH 6oJI88 BJ,ICOlUIX qaCTOTaX Ha'lliiHaeT CKa3biBaTbC.fi liiH8p-

~HOHHOCTb JiaMITbi. 

§ 5. nonYnPOBOAHHKOBblE BEH· 
THnH 

PaccMaTpHnaH RHAI>I nponop;HMOCTH, Mhl 

yCTaHOBlifJIM, 'ITO B 'IMCTOM llOJiynpOBO,D;Hlime Hl\f88TCH KaH 

3Jl8Wl'pOHHaH npOBO)J,HMOCTb , o6yCJIOBJI8HHaH 3JI8l{TpOHaMH, 

llOUaBIUHMlii B 30Hy CB060,IJ;HbiX ypOBH8H, TaR M ,D;b!pO'IHaH, 

o6ycJIOBJiennaH nepeMe~enHeM ,IJ;bipKH. 06paaonanMe nap 

aJiernpon - ):\hiprw conponon>,n;aeTCH nx per<oM6nna~:rmn , T. e. 

HMeeT l\l8CTO COCTOHHHe ,IJ;HHaMJilqecKOrO paBHOBeCHH. 06~ee 
I{QJIHqecTBO HOCHT8Jiefl TOI\a - ~\bipOI\ H 3Jiel{TpOHOB - O,IJ;H

Hal\OBO . Op;HaKo B CBH3H co anaY:HTeJibHOH ruHpHnoi!i: aonbi aa

npeTHbi X ypOBH8H aneprlilH q1J:CJIO (HOH~eHTpa~liiH) 3THX HOCH

TeJieH HeBeJfHI\0 H npOBO,D;HMOCTb y qHCTbiX llOJiyllpOBO,D;HHKOB 

ne nar.moro 6oJibme, '18M y ,n;naJieHTp HIWB. 

IT pon op;MMOCTI> noJiynpoBo,n;nHKa MomeT cy~ecTnenno 
H3MeHHTbCH ITOJ.\ BJIHHHH8M p;ame Hlii'lTOri\HbiX (MliiJIJiliiOHHhiX) 

,n;o Jieil: npMMeceM: ,n;pyrMx ne~ecTB . T an: , ,D;JIH qJ1cToro r epMaHHH 

mr-rpnHa aanpe~eHHOii 30Hbi Mom:eT 6I>ITb yi'lmnr,mena noqTJii 

B 15 pa3 npH6aBJi eHHeM MaJIOH p;omr npHMeCM. 
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ConpeMeHHble noJrynponop;HIUWBbie npn6opoi ocHonam,I 

Ha npmvreneHHH npu.llteCiibLX nollynpoeoonwwe, HOTopr,m coa,D.a

IOTCJI IIyTeM BB8)J;8HHJI aTOMOB COOTBeTCTByiOm;HM o6pa30M 

I!Op;06 paHHOll IIpMMeCH B HpHCTaJIJllil'I8CHYIO pemeTHY 8CTeCT

B8HHOrO IIOJlynpOBO)J;HHI<a. 

Cym.ecTnyroT )J,Ba m~p;a npJrMece1r: BbT3bJBarom.ne noJinJieHHe 

H36bJTO'JHOII 3JieirrpOBROH npOBO)J;l!IJIIOCTJI (liJblll.lbJIH, cypoliJa, 

6op) H Bbl3biBaiOII.(He IIOJIBJleHHe H36biTO'IHOll )J,blpO'IHOH npo

BO)J,lli\ IOCTM (nHp;nii HJIH ra JIJIHH) . TiepBbie H3 npMM8CeH Ha3J,[

BaiOT OOIWpHb!JltU, a BTOpure - ar.Lfenmop7iblJ.tU. 
ilpHM8CHblli no.rrynpOBO)J,HHH C IIpOBO,D.lH<IOCTbiO, o6yCJIOB

Jl8I-IHOll H36biTO'IHbli\UI 3Jl8HTpOHai\IH B CB060,D.HOH 30H8, 

Ha3biBaiOT n - IIOJiyiipOBO)J;HHI\0111 (n-OT aHrJIHHCIWfO CJIOBa 

n egative - OTpMiyaTeJlbHbiM), HJIH 3Jlei{Tp0HHbJM IIOJiynpOBOp;

HHHOM. 

TioJiynponop;mum c m<u;enTopm,rMn nprifMeCJIMU, o6Jmp;aro

m;ne )J,blpO'IHOH IIpOBO)J;l!IAJOCTbiO, Ha3biBaiOTCH IIOJiyiipOBO)J;HM

I\aMH Tnna p (oT aHrmriircrwro CJIOBa positive - noJIOJ-HM

TeJibHbiM) . 

ilpHHJITO Ha3biBaTb II36biTO'IHI>l8 3JleHTpOHL1 n-IIOJiynpo

BO)J;HMI\a H II36J,1'fO'IHbie ,D.bipim p-IIOJiyiipOBO)J;IIHHa OCHOB

HbiMJI HOCJITeJIJIMII aapJI,D.OB, J\OTOpbie o6ycJIOBJIHBaiOT 

xopomyro a JreHTponponop;HOCTb . Tipw 3TOM He CJie,D.yeT aa6ur

naTb, 'ITO y n-IIpOBO)J;HHHOB IUie8TCJI II )J;bipO<JHaJI npOBO)J;H

i\IOCTb, TaR IH8 Hal\ y p-IIpOBO)J;HHHa - 3Jl8I<TpOHHaJI IIpOBO

)J;HMOCTb, HO OHII JIBJIJIIOTCJI He OCHOBHblMJI JI 3a IIX C'I8T B 

IIOJiyiipOBO)J;HHHOBblX npn6opax B03Hli!HaeT o6paTHblll TO I\. 

9JieRTpOHHO-)l;blpO'IHbiH nepeXO)l; H BbiiipHlUHTeJihHhie 

CBOHCTBa ilOJiynpOBO)J;HMI\3. 3ali18TiaTeJibH08 CBOHCTBO ITOJiynpo 

BO)J;HHHOB, I!IMeiOm;I!IX 60JlbiDOe IIpai{TJ!ITI8CKOe 3HaTieHHe ,D.JIJI 

BbmpJIMJrem-rJI nepeMeHnoro TOI\ a, noaHnr<aeT rrpn corrpnr<oc

aonemnr noJrynponop;HHHOB THna p H nma n. Ha rpannu;e 

pa3,D.eJia ,D.BYX yHa3aHHbiX T:HIIOB IlOJiynpOB'O):\HHIWB o6pa

syeTCJI TaR Haar,maei\Ihiiir a a no pHbtii. c/lo il. 
EcJIH noJiynpono,D.HHI<H THIIa n n nma p conpHI{acaroTcJI, 

TO JI36biTO'IHbie 3Jl8HTp0Hbl H3 06JlaCTJ!I n ,D.HcpcpyHp;HpyiOT 

(npOHHI\aiOT) B 06JlaCTb p, OCTaBJIJIJI B DOrpaHH'IIIOM CJIOe 

n-ITOJiyiipOBO,D.III!ma IIOJIQ}HIIT8Jlbiiblli npOCTpaiiCTB8IIHb1H 3a

pJip; liOHH3]!JfJOBaHIIbiX H HeiiO)J;BH/IUlhlX npnMeCHbiX aTOi\IOB 

p;orropon. 8ToT npocTparrcTnenHorli aapH,D. oTTammnaeT p;orpHn 

p-UOJIYII IJ OBO):(HHHa, HaXO)J;JIIT.(HeCJI B6JI:H3Ji! OT rpaHliD;bi pa3-

,n;eJia . 

TaKFIM ~He nyTe M BCJrep;cTJHie P.HtflcpyanH na6oiTOTIHbiX p;or

por< 1!3 p - o6JraCTH B n-06JiaCTb :HOHai\IM aHIJ;eiiTOpa C03p;aeTCH 
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OTpHJJ;aTeJibHblll npOCTpaHCTBeHHhiH 3apHp; B6JII.I3H rpaHHJJ;bl 
B p -TIOJiynpOBOP,HHHe, IWTOpblH 0TTaJIRFIBa8'r aJieinpOHhl 
n -noJiynp onop,HFJ:l{a. 

Ha pFic. II-15, a nor<a3ana rpaBn:u;a pa3p;eJia p;nyx THTIOB 
TIOJiyTipOBO)J;HFIKOB H 3HaHaMII TIJIIOC H 'nmyc TIOI{a3aHhi npo
CTpaHCTBeHHbie 3a p.Hp;l>I B6JII!I3H rpa
nn:u;r,r, o6pa3yror:u;ne 3anFiparom;ni1 
CJIO~'r. 8TOT CJIOII HJIFI TIOJie npermT
CTByeT p;aJinne:iiurreiir p;n¢1jly3HH aJieH
Tponon H p;r,rpOI{ H3 op;noro rroJiy
rrponop;nma B p;pyroii . ToJir:u;rma 
3aTIHparor:u;er o CJIOH COCTaBJI.HeT 
10-15 C.M, o6JiaCTb J-Ke llOJIY'IHJia 
Ha3BaHHe 8JieHTpOHHO-p;blpOqnoro 
rrepexop;a, HJIH p - n-rrepexop;a. 

EcJIH J{ p - n-nepexop;y nplil
JIOmJiiTh nnernnee nanpHJ-Henue OT 
6aTapen TaH, 'IT06nr p-noJiynponop;
HJiii{ COep;liiHHTb C TIOJlO;>I{FITeJibHbiM 
IIOJIIOCOM 6aTapeH, TO )J;blp iUI, OTTaJI
HHBa.HCb, TIOJiyqaJOT )J;OTIOJIHHTeJib
HyiO 8Hepr HIO Jii YCTpeMJIHIOTCH B 
narrpaBJieHHH o6Jiacnr n, r p;e nop;
RJIIoqen OTpliiJJ;aTeJibHbiH TIOJIIOC 6a
TapeH. 8JiernpOHhi H3 o6Jiacnr n, 
TaiUHe TIOJiy'IHBIUJile )J;OIIOJIHHTeJib-

e e e e 91++ =='::::: : ~ ~: :~~~ --I Ell"'"'"'"' eeeeel++ ==1::: ~: :::::1:: - -I Ell"'"'"'"' 
'f' 

'f't ~a~Hp:: 
p I 1 10~"" cnoH 

~I ' 
I I 

Puc. II-15. rparml\a 
pa3)leJJa nnyx Trmon 

llOJI)' IljJ OBOI(Inli{OB 

HyiO aneprHID , 6yp;yT ycTpeMJI.HTbCH B HanpaBJieHHH 06JiaC
TH p. ,lJ;e:iirCTBJile 6aTapeH OCJia6JIHeT p;efiCTBHe norpaHH'IHbiX 
06'heMHbiX 3apHp;OB . 

TaRHM o6pa30M, OCHOBHbie HOCHTeJIH 3apHp;a JierRO MOrY'r 
rrep mvrer:u;aTbCH H 8JieHTporrpOBOWIOCTh IWHTainHoro CJIO.H 
MeJ-Hp;y n- H ]J-TIOJiynpOBOP,HHHOM OHa3hiBaeTCH XOpome:iir . 
ITo :u;enlil noTe'IeT ToH; corrpoTHBJienne nepexOJW B aTOM cJiy
'Iae MaJio . EcJIH nanpmHenHe 6aTapen yneJIH'IHBaeTC.H, TO 
TOH, npoTeHaror:u;lilfr no :u;enH, ·rarurw yneJIJil'IHBawrca p;o Tex 
rrop, rrorw H3-3a o6)iiJinnoro Bnlp;eJieHHJI TenJia p - n-nepexop; 
He pa3pyruHTC.H. 

EcJII!I H3MeHHTh noJI.HpHOCTh nop;HJIIO'IeHH.H nnemneiir 6a
Tapen, rrpHCOep;HHI-I:B llJJIOC HCTO'IHHI<a H o6JiaCTJil n, a l\JH
nyc - J{ o6JiaCTI~ p, Mhi yneJIH'IliiM TOJIIJJ;HHY 3annpamr:u;ero 
CJIOJI . 

B aTOM cJiy'Iae ycJIOBHH nepexop;a aJieJ{Tponon Jii p;nrpoH 
FI3 O,IJ;HOM 06JiaCTH B p;pyryro pe3IW JIXYJ(IIJaiOTCJI H OCHOBHbie 
HOCHTeJIH 3ap JI)J;OB He lllOryT C03p;aBaTb '1'01{ , 
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Mbr y JHe roBopum-I, lJTO neocnoB Hbre nocuTeJiu 3a pH,n;OB 

e03,ll;aiOT TaK Ha3biBa6MbiH o6paTHbiH TOH. 

Tam-IM o6pa3 0M, I{ OHTarnHblH nepex o ,n; Mem):cy rro Jr y npoBo ,n;

IHmaMH THITa p H n 06Jia)J,a8T pa3JIHtiHblM COITpOTHBJI8HH811'f, 

5 

P Hc. II-16. YcTpoil CTBO ce.rre u onoro DbiTI
PHMHTCJibi·lOro ::)JJC!\'ICI-I'fa, H 3 1'0TOBJle iiJ 10rO 
Ha CTaJJbH Oi1 OC HOBC : 1 - MCTaJIJl H Y.CCHafl 
OCHOBa (aHOA); 2 - TOHEHR CJJO(! !UIHCJICBOrO 
ll OH]JblTIIH; 3 - CJIOfl Hj)HCTaJIJI!.IqeCHOl'O CC
JlCHa ; 4 - MCC1'0 3af!O]JH01'0 CJJOH (D biTI]JHM
JUl!Oll\Cl'O CJIOH); 5 - Ha'rO)X Hbli·i MCTUJ!JlH 'ICC
HH}i CJIOH (!,aTOA) ; 6 - aHTHDHUH fl OBC]JX
HOCTb, HO[{j)biTan HUTO)XHblM CllJiaBOM; 7 -
CC.TJCHODblj:l CJIOi~, HC ll OH]JblTb!R [{aTO)X HbiM 

C!lJIUDOM 

B ::JaBFICiifMOCTM OT nanpaB

Jl8HMH TOIW, T. e . 06Jia~(a -
8T B6HTHJlbHT,IMM CBOHCT

BaMH. 

Y CTpOMCTBO n xapai{

TepJICTUI\a CeJieHOBbiX 

3JieMeHTOB . ,UJIH Bh !llpH

MHT8JlbHblX ycTpOHCTB 

HCl10Jlb3YIOTCii ITOJiynpo

BO)J,HHIWBbi8 8Jl6M6HTbi. 

CeJieH-aJieMeHT TeM-

no-ceporo :liB eTa. B 
aMOpqli-IOM ( CTCIUIOBH)l -

HOM) COCTOHHHH xpynoH, 

HaH CT8HJIO. TeMnepaTypa 

TIJIHBJI6HHH a Mop¢Horo 

ceJieHa oKoJi o 90° C, a I{pH

cTaJI .TI IP:recHoro - 217 ° C. 

,1J,o6nmaeTcH ceJien B oc-

HOBHOM Iif3 IDJialWB ITOCJI8 

a.TI6HTpOJIH3a npH IIQJiy<reHHII ttHCTOH pa¢rmHpOBaHHOH M8)IM 

raJibBanwrecrnrM nyTeM. CeJien B aMop¢HoM Bnp,e HBJI H eTCH 

XOpOIIIHM H 3 0 JIHTOpOM, a B l{pliCTaJIJIHlJ6CI{OM BH,ll;8 - ITO.Tiy

npoBO,ll;HHIWM . KpHCTaJIJIIIlJeCHHH ceJien o6JrauaeT u r,rpoqHo ll: 

npOBO,ll;MMOCTbiO (nma jJ). 
CeJienoBbTH BhiiTpHMIITeJibHbiM aJieMenT, cxeMaTrFrecHoe 

yCTpOHCTBO KOTOpOrO ITO Ha3aJ-IO Ha p H C. [l -:l{:i COCTOHT Iif3 

aJI:IOMHHIICBOH IIJIII CTaJibHOH OCHOBbi ( 0'1' OCH OBbl 3aBHCIIT 

T6XHOJIOr:I>IH H 3rOTOBJI6HIH f 8 JI8M6HTa), JJOHpbiTOH TOHKHM 

CJI08M HIJHCTaJIJI!if<I8CIWrO C8JI6J-Ia , ITOB 8IJX JWTOporo HaHe

C6H Jiern:orrJiaBin-IH l { aTO,U:HbiH CIIJiaB , COCTOHIIIHH li3 Ka,ll;MMH, 

OJIOBa Iif BMCMyTa. 

B c Jioe ceJiena, rpaHwrmrrero c J{aTO,U:HbiM CJJJiaBoM, 

o6pa3 y6TCH (B pe3yJibTa Te CIIB:liHaJibHOM TBIJMH'IBCHOH o6pa -

60TI{H U 8JI8HTIJHli8CROH ¢opMOBim) C8JI8HMCTbijj: Ha,ll;MMii , 

HBJIHIOIIIHHCH aJieKTponnhiM liiJOBO,U:HHHOM THJJa n. TaHHM 

o6pa3oM, B aJieMeHTe o6pa3yeTCH p - n-rrepexo,a:, M on xo

pomo TIIJOllyCKaeT TOK B HanpaBJI8HHM OT OCHOBaiUIF[ H HaTO,U:-

1-IOMy CIIJiaBy (liiJHMOC H a rrpaBJI8HH8 TOKa) H IIJIOXO -B o6paT

HOM HallpaBJICHUIL 
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BnmpRMHT8Jihm,re IIJiaCTFIHhT xpyrm,re JJ;HaMeTpOM 5 R 

7,2 .iiLM B BH,IJ.8 Wra6.1I8T>> - JJ;JHI BbTllpHMHT8Jl 8H M:aJibiX 1;0KOB 

H ~-l'IaM8TpOM 18, 25 , 35, 45, 86 H 100 .il1 .ilt - J];JIH 60JibillliX 

TOHOB , a TaJU ne IIpHMOyrOJlhRb18 40 X40, 60 X60, 75 X 75, 
90 x 90, 100 x 100, 100 x 200, 
'100 x 300, 100 x 400 .ilt.ilt - JJ:JIH 

M OliiHhiX BbiiipHMFIT8JlhHJ>IX yc

TpoiiCTB. 

ToJIII~Hna JJ:FICHa HJIH Imac

THHhi COCTaB JIJI81' OHpyrJieHHO 

1-1,1 .ilt.il£. 

THrronaH nOJihTa~mepnaH 

xaparnepMCTliT{ a C8JI8HOBOrO 

s JieMenTa rroHasar.ra na pH c. II
'17 , r JJ;8IIOrOpM30HTa iThHOHOCH 

OTJIOrH8HO IIpHMOe VI o6pwrH08 

l np, Ma~ 
12 

10 

6 

6 

4 

2 

3 

I o6p
1 
Ma 

nanpH rH8HMe, a no B8 fJT:l1JWJih- P11c . II-17. T11nonarr non&-ra~mepHa rr 
Xa pa ti'rC[li!CTJ.I!-<a CCJICHOB OP O 8 JJCMCHT2 

HOM OCH-IIJIOTHOCTbTOKaBIIpH-

MOM H o6paTHO.VI HanpaBJ18HHH. 

CeJieHOBI>re 8 JieMeHThi cpeJJ;nero Ha creC'ma Bhi)l.epmHBaiOT 

aanopnoe uanpmHeHHe 20+ 25 e (rrpH n .rroTHOCTH o6paTHoro 

TOHa 4.iiW Ha 1 C.il£2
). IlpM 

9 

~~~2 
~~ 

Q6paTH.Oe ~ 
HanpRmet:tue 

10 9 8 7 6 5 4 3 2 I 
I 

06p~T'Hbli1 
TOK 

Pnc. ll-1 8. Cxe~m JJPOL\eeca Bblrl[lHMJJCIHtn 
TOIW CCJICHOTlbiM 8JICMCUTOM: 1 - BOJJ b 'l'aM
TJC[lHHR XapaHTC[lii CTH KB TI[lll TI[lOTCI<aHIIJ.l '1'0 -
1-W B llpfl i\10!\1 H a np a AJICHvtH ; 2 - BOJi h Tal\·1-
ne pH a fl xapa HTCJ)HCT IHW np11 npOTeKaJUHI 
'fOlia D 0 6pa 't'IIOM HanpaBJICI-11'111 ; 3 - CHH YC0-
11 ll3 ll CJ)CMCHII OPO 11 311 1)RH\CHHH; 4 - rpaq)l!l\ 

I1JIOTHOCTH npm.wro TOHa 

40 .. na/ c.ilt2 cpe)l.nee rraJJ;e

HHe HanpHrH8HHH Ha 8JI8-

U8HT8 COCTaBJIH8T OT 0,8 
A O 1,2 e. 

0TJJ;8JihHhi8 C8JI8HO-

Bhl8 8 JI8M8H1'hl C06HpaiOT

CJI B C8JI8HOBb18 CTOJI6hi Ha 

CTaJibHOfi H30JIHpOBaH

HOJ':T umHJibHe. MerHAY 

HHMH IIOCp8JJ;CTBOM M8-

Ta.JJJIJiq8CIUlX )l.liCTaHIJ;H

OHHbl X wai6 OCTaB JIH8T

CJI IIpOM8JHyTOI\ OT 3 JJ;O 

10 .ilt.il£ JJ;JIH OXJiarHJJ;8HHH. 

ToH co cToponr,r Ka
DbiD[l fl~IJICHIJOrO TO I;a 

JJ;HTCJI qepea rrpyrHHHJlliiH8 

TOJJ;Horo cnJiaBa 

wai16hl-3B83JJ:Oq~m. 
IIOABO

Cxe~m 
npou;ecca llbiiipHMJI8HHH TOI\a C8JI8HOBhiM 8JI8M8HTOM IIOI\a-

3al1a rra p11c. 11-18. 
Ha BbiXOJJ;e BbiiipHMHT8JIH, co6p a nrroro no MOCTOBo:iiJ cxeMe 

C OJJ;HRM IIOCJJ 8,1J. OBa'J'8Jihi-IO BJ>JIIO'I8HHblM C8JI8HOBbll\1 8 JI8-

73 



MenTOM B nJie'Ie, Monmo noJiy'IHTb nanpamenne B cpep;neM 

20-:--22 e npn op;no¢aanoM BbiiipHMJremur. EcJIH nynmo Bbt

npJIMJIHTb 60JlbillHe TOIHf , TO I\aJHp;oe llJie'IO M0CTa C06MpaeTCH 

na necKOJibinrx BeTBei!J:, coep;nnennhrx MerHAY co6oi!J: napaJI

JieJibHO, C TeM paC'I8TOM , 'IT06MllJIOTHOCTb TOHa He npeBbiiDaJia 

p;onycnnvwi!J: p;JIJI ceJienoBoro aJieMenTa BeJIH'IHHT,t. B eJiy'Iae 

llOJiy'IeHHJI 60JibillHX nanpmi<eHHH B KarKp;oe llJle'IO MOCTa 

60Jibiii08 'IHCJIO 3JieMeHTOB BI<JIIO'IaeTCH IIOCJT ep;ona TeJibHO . 

Do cpaBnenuro c JiaMIIaMM ce.'lenoBJJie aJieMennr o6Jlap;a 

IOT pap;oM npeHMym:ecTB: 

a) 60JibiiiOH MeXaHM'IeCKOH npO'IHOCTbiO , nap;onmOCTbiO 

B pa6oTe, ne Tpe6yroT na6mop;eHHH H yxop;a; 

6) llOCTOHHHO rOTOBbT R p;ei!J:CTDHIO JJ:JU! MrFIOB8HHOrO BIU IIO

qemiH B pa6oTy; 

B) 6eCIIIYMHbi B pa60Te H He C03):(aiOT HH 3JI8KTpH<IeC5HX, 

HH ar<yCTJii'IeCI\HX TIOMex; 

r) HM8IOT BJ,ICOKHH K . ll . p;., )J;OJirOB8'IHhl H MOryT pa6oTaTI, 

6ea aaMem,r H JIH peMonTa 6oJree 25 000 <we; 
p;) HMeiOT MaJihie ra6apHTbi n pa6oTaiOT npn TeMnepaType 

oHpynwrornei!J: cpep;r,r B p;nanaaone +40-:---60° C. 
K nep;o cTaTr<aM ceJienOB!JIX aJieMeHTOB OTHOCHTCH: 

a ) 'IYBCTBHTeJibHOCTb K BJrare, 1\0TOpaH, llpOHHHaJl <repe3 

aarnnTnym HpacHy, paapymaeT sarropnhlii CJIOi't, B!Jl3hrnaeT 

HOpp 03IUO CTaJIH R, HaH C.Jiep;CTBH8, CaM03atwpa 'IRBaHH8 

3JieMenTa R BbiBOp; ero H3 CTIJOJI; 

6 ) llOTepH CBOHX BeHTHJlbHbtX CBOllCTB npH !J:O.JJrOM Xpa

H8HHH liJIH llpOCTOHX; pac4JopMHpOBaHHbie 3JieMeHTbt MO

ryT 6hiTb BOCCTaHOBJI8Hbl llOCJiep;yiOlJ]ei!J: 3Jiei<TpH~IeCHOi1: 
~OpMOBIWH; 

B) 'IYBCTBHTeJibHOCTb l{ nepenanpmi\:8HHJIM f! llOBbiiii8HHbiM 

TOHal\I narpy3I<R, npn IWTOpl>IX OHH MOryT npo6HBaTbCH HJIFI 

neperpeBancH 6oJiee nopMbt; 

r ) CTapenHe - YB8JIH'IeHH8 COIIpOTHBJieHRH IIpHMOMY TOI<y 

B T8'I8HH8 nepBbTX 1000- 1500 'iaC pa60TI>L. 

Y CTpOHCTBO H xapai<TepHCTHI\H l\I8)J;H03aiUICHbiX 3JI8i\18H 

TOB . :Mep;R03aHHCHbiH (r<ynpOKCHbii!J:) BblllpHMHTeJiuE!brfi 3Jie

JVIeHT npep;CTaBJUieT Co6oiJ: !J:HCH HJIH npJIMOyrOJibHYIO ITJiaCTI'l

HY rrs 'IliCToi!J: (pa¢RnHpoBarmo:ii) li18,L(H, na noBepxnocTn 

J{,OTOporo nyTeM T8pMH'I8CIWJJ o6pa60TlUI C03~[a8TCH CJIOll 

saKHCR Megu . H a aToT cJio1r HaHOCHTCJI cepe6prrnhrfi BepXInrii 

3Jiernpog. 3aKMCb M8JJ:l'l HBJIH8TCH IlOJiyn pOBOJJ:HHKOM: C ,L(bl

pO'IHOH npOBOJJ:HMOCTbiO, HO B CJIOe, H8IIOCp 81J:CTB8RHO IIpHMbi

RaiOIIJ:SM I\ M81J:I'l, JI8ri{ 0 OT,L(aiOnreH 3JteJ<TpOHhi, o6paayeTCJl 

3aHHCb 1118)1M C 3JI8l<'l' pOHH OH IIpOBOIJ:HMOCTbiO, T. e. TIOJtynpO-
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BO,ll;mW Tima n . TarmM o6pasoM, B aJieMeHTe o6pasyeTCJI 

p - n - rrepexop;, xopomo rrporrycrwto:rn;uii TOR oT sar<HCH Mep;u 

(anop;) r< Mep;n (!{aTop;). 

Mep;nosarmcnr.re aJieMeiiTI>I MMeroT o6pa TIIoe narrpHrHenue 

6-8 B, IIJIOTIIOCTb TOI\3 B IIpHMOM HaupaBJICHMH 30-60 J.ta/C.JI~2 . 
,IJ,orrycTMMaH pa6o<ran Te:NmepaTypa 45-55° C. Mep;Ho3aRMC

Hhie 3JICMCHTbl IIO)J;BCpfH8Hbl CTapemno, HO HC 'rpe6yiOT <iJop

+ -

PMC. II-9. 1 YcTpOiiCTBO rep~mmwnoro 
)\MO!(a C 'fO'IC'IHbiM HOH'faKTOM: 

1 - MCTaJIJIH'lCCIHIC qJJiaHQbi; 2 - HC
paMH'lCCI<aH B"l'YJIIIU; 4 - Bb!BOA; 5 -
HjlMCTaJIJIO)\CjlmaTCJlb; 6 - HjlHCTaJI
PCpMaHJ!li; 7 - BOJlo(j>paMOBaH npy-

H\HHHa 

MOBKJii. Onu HMCIOT orpaHJiiLICR· 

HOe npMMCHCHHC B H3MCpH

TCJlbHhiX IIpH6opaX. 113rOTOB

JIHIOTCJI Ha BI>IIIIJHMJICHHOC Ha

rrpmRCHJiiC OT 1 ,2 )J;O 300 8 

H TOI< OT 1 .Ma )];0 80 a. 
Y CTpOHCTBO H xapai<Te-

pHCTHKH repMaHHCBbiX :Me-
MCHTOB. 

repMa HHH rrpep;cTaBJIJICT co6o:ti 

TBepp;bTII xpyrri<HH MUTCpHUJI 

cepe6pHcTo-ceporo n;neTa c 

YACJlbHhiM BCCOM 5,32 H T8l\'IllC

paTypoH IIJIUBJICHHJI 958° C. 

On rrpnHap;JierRHT R rpyrrrre 

CTCJI HUT\ 

cepe6pa H 

IJC)li\HX 3JICMCHTOB H ,D;06biBU

II060<IHhiH rrpop;ywr II pH IIpOH3BO)J;CTBC HOI\Ca, 

D;HBI\3. ,Il,JIH H3rOTOBJICHHJl repMaHJiiCBbiX Bbiiipll-

MHTCJlhHbiX 3JICMCHTOB IIpHM8IUJCTCll CBCpXqHCTbiH MOHOI<pH

CTaJIJIHLICCI\HH (RpyiTHblC I<pHCTaJIJibJ qHCTbiX Ma TCpHaJIOB) rep

MaHHH, o6Jiap;aiOII.J;HH <lJIC!UpOHHOll npOBO)J;HMOCThiO, C mrq

TQ}RHOH IIOCTOpOHHCH IIpHM8CI)IO. 

Cnepx•rHCThLrr rroJiyrrponop;HHI<OBhrii: repManu:ti rroJiyqaiOT 

B Bll)J;C l{pyrJihlX CTepmHeH, H3 HOTOpi,JX pemyT TOHIUf8 (0,4-
0,5 .Jit •. M) I<pyrJI)>I8 IIJIU CTHHI\H pa3JIH'lHhlX )J;HaMeTpOB H pa3~ 
M8pOB, naqHfl3H C 1 .M.Jit - )J;JIH )J;MO)lOB THIIa ,IJ,r-IJ; H ROHLIUJI 

)J;MUM8TpOM 30 .Jit.Jit - )J;JIJI MOIIJ;HhlX BblllpHMHTCJihHhiX ,IJ;HO,IJ;OB. 

repMaHHCBblC ClJICMCHTbl ITO JCTpOHCTBY pasp;eJIJIIOTCJI 

Ha BCHTHJIJii C ITiO'Le'll-tbL.JI·~ RJHI n.!LOCYWCmHbL.M rwnmmonO.llt. 

Y CTpOHCTBO repMaHH8BOrO p;nop;a C TOLJCl.IHbJM IWHTURTOM 

rrormsano Ha puc. II-19. 
B neHTHJIHX c To<reLIHhiM ItoHTal\TOM R I<pHcTaJIJIY repMa

HHH rrpnr<acaeTCJI HJIH rrpnnapnnaeTCH BOJih¢paMoBaJI rrpy

nnmKa c saocTpeHHhiM KOHI10l>1. KpMcTaJIJI repMaHHJI HBJIJICTCJI 

ClJICI\TpOHHbiM IIOJIJIIpOBO,IJ;HlH\OM, a B M8CTC COIIpHIWCHOBCHHJI 

C MCTaJIJIOM o6pa3JCTCJI yqaCTOK C )J;blpOLIHOH IIpOBO,l!;H

MOCThiO. 
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IIJiaCTHHHa I{pHcTammqecRoro repMaHH.fl nma n pas

MepoM 1,5 X 0,5 X 1,5 .M.U ITORpnmaeTCJI C O,ll;HOM CTOpOHbl TOH

KHM CJIOeM MeTaJIJia n npnnannaeTC.fl H l\JeTaJIJIHqecr{oMy 

IDTnipnKy .n;no .n;a. JJocJre npnna:ihur Hapyii\HaJI nonepxHocn 

repMaHFI.fl TIIJ;aT8JibHO IDJimpyeTCH, npOMbiBaeTCJI M TpaBFITCJI 

B OCOOOM XMMJ1'18CI\OM peaHTHBe, CIIOC06C: rByiOlil,8M o6pa30-

8 

Puc. II-20. HOHCT
PYHL\Hfl nJlOCHOC'I'· 
HOL'O W10ga: 1-lla
PY<HHb!ll BbiBOA; 
2 - O!·IYTPCHI-m!l 
Db!B OA; 3-TP)'Ot;a; 
4 - H30JlflTO]); 5-
liOp nyc; 6 - 3 J1CH
TPO!l; 7-HpncTaJlJI 
repM8HT1 H; 8-HPII· 

CTaJJJIOJJ.epa\aTenh 

BaHHIO Ha IIOB8pXHOCTJ1 3JJ8R'rpOHHOrO CJIOJI. 

IIpynmHa H3 BOJih<flpaMa saKpenJJHeTC.H no 

BTOpOM IDTblphHe /.\l10IJ:a. 

Oco6eHHOCTbiO pa6oTbl repMaHHeBoro neH

THJIJI C ToqeqHJ,IM HOHTaHTOM HBJIJI8TCJI TO, 

q'fQ B8HTFIJlbHhiH a<fl<flewr Ha6JIIOIJ:a8TCJI He 

TO.IThHO na rpamu~e pa3.n;eJia ABYX noJiynpo

BO,IJ;HHHOB C pa3HhlMH npOBO/.\HHHal\HI, HO 

TaJUHe Ha IIOBepXHOCTH 0/.\HOpO,ll;HOrO ITOJiy

npOBOJJ:HMHa, 8CJIM llOB8pXHOCTb COOTB8TCT

ByiOlil,HM o6paso111 o6pa6oTmra. 

,[(MO,ll;bi, H3rOTOBJlE:"HHbT8 Ta 1\HM CllOC0-

6oM, paccqHTaHnJ TOJinlW na ne6oJinruyro 

CHJiy TOJ{a . 

,[(JIJI llOJiyqeHMH BblllpHMJI8HHOrO TOJ-I:a 

OT H8CHOJibiUIX /.\8CHThi X ,ll;OJI8ll a1>mepa JJ:O 

COT8H aMnep llpHM8H.f!IOTC.fl B8HTHJIH C ITJIOC

I\OCTHbiM HOHTaJ{TOM. 

Ha nonepxHOCTb mracTMHinr repMaHHH 

HaHOCJiiTCH H8I\OTOpOe HO.JIJ1lJ8CTBO IIpHM8CJ1, 

HanpHMep HaiiJIH MH,ll;lUI, AH<fJ<flyH,ll;FipyiOlll,eH 

3aTeM B TOJIIIJ;Y repMaHHH npH HarpeBaHMH. 

fepMaHMH C IlpFIM8ChiO MH,[(HH o6Jia.n;aeT 

,[(J,Jpoqnoft IIpOB0,ll;MMOCThiO , lJHCTDIH repMa-

HEi'I - 3JI8I\TpOHllOIT. 

KoHCTPYHI\MH HJIOCHOCTHOro gno.n;a .noHasaHa ua 

pnc. II-20. K J{pMCTaJIJIOAeprHaTemo nprmaHHa mracTHHHa 

repMaHHH UJlOlll,a,ll;biO '1 X 1 ~t.llt2 Ji[ TOJIJJ~HHOH 0,3-0,4 ~t.At. 
HHpn:enaH HanJIH, o6pasyiOlll,aH nepexo.n;, HMeeT ,!:(:1-IaMeTp 

0,8 .M.At. J\II8TaJIJIJillJ8CHH8 npOBO,[.\HHl\H ,ll;JI.fl nprmafrrm JJ:HO,ll;a 

B CXeJVIe paCHOJIOJH8Hbl Ha OCH. ,[(HOIJ:bl ::JTOrO TMIJa paCClJHTaHDI 

Ha Bb1llpHMJI8HHb1H TOK 300 .ua npH na.n;eHFIB HarrpameHHH 

Ha ,ll;HOJJ:8 0,5 e J1 )J}I.fl o6paTHbJX al\WJIHTY)J.J:IbTX 3HalJ8HJiill Ha

npmi-1:8HHH OT 50 AO 400 e. 
lJapaMeTpbl H8lWTOpblX fiJIOCKOCTHblX repMaHH8BbTX B8H

THJI8H npHB8,ll;8Hbl B TaOJL 4. 
IIoMHMO repNiaHHeBDIX npHMeHHIOTCH 11 HpeMHH8BDie BeH

TFIJIH, anaJJorH'IHhie no ycTpo:iir:cTBY. KpeMHHem,le p;HO,[(bl no-
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T a 6 Jl 11 1\ a 4 
--

'lltnbl BCIITIIJJei-i 

-<:! i!l i!l .... 
..... ..... ..... ..... 
~ ~ ~ ~ 

Han~leHonaane ne.:mqn11 
c-.1 

"' ..... ..: - '~ ~ .,., 
"' "' "' "' "'' "' "" "' 

,.., 
"' '"' ~ 9 ::1" ::1" 9~ 9"" 1~ 0 0 0 0 

2. ~ ""' ""' ""' 7 >'< 1'-.<- >'<'- Ht-
2r ~ 2r ~ ~ ~ ~ ~~ ~~ ~~ ~ 

A ~JUJlllTYAa o6paTHoro 
ua·npHlKeHHH, 8 50 100 150 200 300 350 400 200 150 100 50 

c peARee 3Ha'lemre npn-
~10 1'0 TOJ\a, a 0,3 0,3 0,3 0,3 0.1 '~ 0,1 * 0.1 * 1 3 5 10 

CpeAaee ana-qerrfle npn-
Moro nap;eHnH Barr-

pmnel!flH rra neHTfl-

JJe , 8 0,5 0,5 ~.5 0 ,5 0,3 0, 3 0,3 0,25 0,3 0,3 0,3 
c peA Ree anaqenrre o6-

pan-roro TO I\ a, Jlta 0,3 0,3 0,3 0, .1 0,3 0,3 0,3 1 2 3 5 
I 

* ,il,JIH BOHTHJieti ,l],7,l], , ,l],7E, ,l],7fl\ AOITYCTHMbl~l ll]JHMOI~l TOK CO
CTaDJUleT 0, 3 a . 

3Bo;uuoT pa60TaTb rrpn BI>ICOI{IIX Te~mepwrypax (rw + 200° C). 
Ilpmvroe rrap,enne uanpm-I\8HIIH B HpeMHII8BbiX p,nop,ax co
CTal:IJIHeT '[,5-2 8 . 

KOHTPOnbHbiE BOnPOCbl 

1. D 'Ie~'l 3ai\Jll0'13eTCH Dpflj)O):\a <lJle i\TpOD]JOBO,li,HOCTfl BOfi\OCTBa? 
2. Itmme Bil):\bl TJ]JOBO):\HMOCTfl Db! 3HaeTe? 
3. LJTo I"IOHUM38TCH IJOA ):\ bl]JO'lHOM li]JOBO,li,UMOCTbiO? 
4. T-\a 1n1 e npn6opLl ua abiBaJOT anernpwreCIOIMrr neHTJIJIHMn? 
5. H a t>arure rpyn rtbi pa ap;eJIHIOTCH n e 1·JTJJJ!li no xa p arnepy n p ono

A HMOCTH? 
6. 06'bHCHHTe Ha3Ha'leHII e KaTO,ll,a II a nop;a 3Jl8KT]JOLIHOrO BeHTilJJ fl. 

7. 1-\arwii: napa MeTp xapaKTepuayeT <>JieHTpuqecHyro opoq1 10CTb 
BeUTHJIH? 

8. 06'bHCHIITe D]Jll fl[\IITJIIaJIJ,BOe OTJIIl'llle ai-!O,ll,flOll u;emr 3Jle i\Tp01 1 ll0l~l 
.JiaMnhl OT u,enrr Hai<ana. 

9. llpii IWIUIX yCJIOBIIHX B03MOn\HO ll]JOXOn-i,ll,eBire 3 11 0):\1101'0 TOJ\3 
q epea na~my? 

10. HaH BoammaeT opocTpaHCTBeHRhlii aapnp; B aJiei\T]JOiliiOj,i Jia~we? 
1'1. B 'leM opoHDJI HeTcH nJinnmre npocTpaRCTBemroro aapHp;a 11 a ne

JJII'llln y aHO,LJ,T-!01'0 TOKa? 
12. flo<reMy ll ]Jll M3Jlb!X aHOJl:TIMX HanpHmeHHHX aHOJJ:HblM 1'01\ B03-

paCTaeT ~ re,LJ,JieHHO , opn p;anr,u eiim e M yneJin'leHllii a HOWJOro 
H3flj)HlHeJJIIii aHO,LJ, I·JblJI TOH B03jJ3CT3eT 6biCTpee, a npu 60JibiTIIIX 
aH·O,'J;HbiX HanpRme HHHX poeT TOI \a nper<pamae'rcn? 

13. 1\ai-i 06'bJICHI'I'fb B3Jlll'1He TOJ\a H3CbllJ]eHF!ll? 
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14. 

15. 
16. 

17. 
18. 

19. 
20. 
21. 

22. 
23. 

24. 
25. 

26 . 

27. 

28. 

29 . 

1-leM Monmo o6'bJ1CHHTb cllJihnoe narpenanne auO}l;a oprr rrpoTeHa
HIU1 aHO,[( llOfO TOHa? 
1.JTo xapar<TepnayeT MOIT\liOCTb p acceHHHH rra auo.r~e? 
'"iTo IJOHFIMaeTCJl 110,[( BeJII1'li1HOH MaHCHMaJibHO ,[(OilYCTIIMOM MOID;
HOCTH, paccermae~wii Ha aHo~~e, n HaKouo npm<Tll'IeCIWe aHa'!emre 
::lTOH B8Jirl'!I!BLl? 
J-\a li:OM BH8illOHll11pH3Hai< CBt!,[(8T8JIE.CTBY8T 06 HOHH3:lll;l!ll B Jia~llle! 
YI<amHTe npeFH1ym;ec·l'Ba u ae.r~ocTanur r<aTO,[(OB opmwro 11 rwcneu
Horo aar<aJia . 
Kai<ono Haaaa<mnne raaa n 6aJIJIOHe raaoTpoHa? 
0Trrero MOn>eT nponcxo.r~nTT> o6panwe aaamramm raaoTpoRa? 
qTO I IIJOHCXO,[(HT 13 r a30TIJOH8, 8CJIII aBO,[(llhlH TOK ra30TIJOHa 60Jibllle 
~~onyCTHMOM llBJil!'IllHbl? 
I\m< BJillHIOT nprrMecn Ha npono,[(HMOCTb noJiyrrpono.r~aiiKa? 
06'bncsnTe oprrpo.r~y noaaHimonenan aarropnoro CJIOH aa rpa EIHu;e 
paa,[(eJia npH co oprmocuonerrHR IIOJiynpono,[(EIHKOB T:rrna n JI Tima p. 
lJTO Ha3b1BaeTCH iJJI8I<'l'IJOBIIO-,[(hliJO'IEibiM oepeXO,[(OM? 
B '18M COCTOIIT OCHOIJEfOe CBOHCTBO ()JI8HTpOIIIIO-,[(LipO'IH01'0 rrepe
XO,[(a? 
B CI:IJIY HaKRX npn'IHH noaaimaeT onacnocTb paapyrueHH.fl aJieKT
pounO-,[(bl)JO'!IIoro nepe xo.r~a? 
J\aiUIMH na paMeTpa~w xa paHTepnayeTCH llOJiynpOBO,[( lHITWBblH 
nellnmr,? 
J\'.aKHe XHMIJ'l8CJ{ll8 8Jl8M8BTbi np1IM8IIHIOTCH ,[(JIH l13f0TOBJI8II11H 
IIOJIYfliJOBO,[(UHIWBLIX BOHTIIJieH? 
I\aH ycTpoeu Toqeqnblii. repMaiDienbili ,[(110,[(? 



rnABA Ill 

BblnPSIMHTEnH OAHOCDA3HOrO 
TOKA 

§ 1. OAHOnOnYnEPHOAHbl~ BbtnPSI
MHTEJlb 

PaccMOTpHM, RBK caoicTBO OAHOCTopoH

Hei rrpOBOAHMOCTH B6HTHJieH HCIIOJlo3yiOT AJIH npeo6pa30BB

HIIII rrepeMeHHOrO OAHO<l>B3HOrO TOKB B IJOCTOiiHHbiH. "Y CTpOH

CTBO, npeAHB3HB'leHHOe AJIH npeo6paaoBBHHH rrepeMeHHOro 

T01{8 B IIOCTOiiHHbiH, H83biB86TCH 8bLnpHMUmeJLelot I!I COCTOI!IT 

I!I3 Tpex OCHOBHbiX 'lBCTei (pi!Ic. I II -1): 
I- TpaHc<PopMBTopa, CJIY/Ham;ero AJIH rrpeo6paaooaHI!IH 

B6JIJ!I'li!IHbl HBIIpH:rK6HHH; 

· I I- BeHTHJIH ( OAHOro HJIH HeCKOJioKHX), rrocpeACTBOM 

HOTOporo rrepeMeHHLIH 1'01{ rrpeo6paayeTCH B IIyJioCI!IpyiOIIIHH; 

I I I- <!>HJibTpa, rrpeAHB3Ha'leHuoro AJIH crJianmBBHHH 

nyJioCBJIHH, T. e. OCJIB6JieUI!IH rrepeMeUHOI1 COCTBBJIIIIOIII6H 

BbiiipHMJI61-IUOrO 1'01{8 . 

BxoA BLIIIpiiMUTeJIH IIOAHJIIoqaeTcH B ceTo rrepeMenHoro 

TOHB, a H BLIXOAY BbiiipHMHT6JIH IIOAHJIIO<Ja8TCH Il0Tpe6MT8Jlb 

IIOCTOiiHHOrO TOI{B, HOTOpLIH H83LIBBIOT naepyarw(l. Harpya

HOH MOryT CJiymi!ITb CBMbie pB3H006pB31-Ibi8 nprr60pLI: B IIpO

CT8lllll6M CJiyqae - BIUHBH08 COIIpOTUB.Jl8HH6, HBIIpi!IMep JIBM-

08 H8I{8JIHBBHHII, 'IBTJJ;6 - ClJI 6In"p01-II-IBH JiaMIIB H T. IT. 
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CxeMa o~HonoJiyrrepMO~Horo nbmpRMHTemi npr-rue~eHa 
Ha pHc . III-2 . 

l1epnr-rqHaJI o6MOTI\a TpaHc<f>opMaTopa Tp BHJIIoqaeTcJI n 

ceTb nepeMeHHoro TOHa. Bo BTOpHqHyiO o6~IOTI\y nocJJe~o
naTeJibHO nxmoqenl>! neHTHJib B 11 uarpy3I<a. BennuTo BI<JIIO-

f(\"· b:____ It", 
/\!' lv-' ~· 
Puc. lli-l. CTpy 1nypuaR cxc~m Obln!J fiMIITCJtbi! Oro ycTpoi1Cl'Ba 

II l'!)B(jJH IHI CI' O pafiOTbl 

<ra roT trau.~;e ncero HaTop,oM '' aarpy3He, a aao~ol\I- H o6~roTxe 
Tpaac<f>opMaTopa. B npocTeiiUieM cJiy'rae aarpy3Hoi1 cJJyll.\MT 
aKTHuaoe conpoTHBJieHHe R . 

f\ or)l,a n ~em,r ~eiicTnyeT rrepeMeHHoe aanpmHeHMe, ua 

BTOpHtliiOU o6~IOTKe TpaHC<fJOp~taTopa MH~yl\THpyeTCJI nepe

lii8HHaH 3. JI, . C. e2 , IIO~ P,6LICTBH6i\I J{QTOpOll TOI\ B l~8IIM MOII\6T 

IrpOXOt (MTb TOJibHO B TeqeHMe T8X IfOJiynepMOll,OB, I\Or~a aHO~ 

B8HTii!JI H HM86T IIOJIO}l\HT6JibHbiii UOT81U~MaJI OTHOCHT6JibHO 

wrrop,a. 

BeHTMJib nponycr<aeT TOR B nepBhtrr noJiynepuop, H ue npo

nycHa8'r TOKa BO BTOpOH, HOrp,a DOT8H~MaJI auop,a CTaHOBHTCfl 

OTpHl.(aTeJibHbiM. BJJarop,apH ::JTOMY TOH no nTopr-r'IHoifr :qenM 
npoTermeT mo.ttbiW n oiJ J-W.A~ 1-wnpae.aenuu, HO c nepepMBaMr<I. 

H'pOi\!6 TOrO, B6JIHqHHa TOT\a B TeqeHH8 IIOJiynepMOP,a H3i\Ie

BH6TCH nO B6JIHqMHe OT HYJIH P,O Mai\CMMaJibHOrO 3Haq8HMH 

! " "'IKe• a 3aTeM onHTb crra)l,aeT !W HYJIH. 
ToE, HOTOpori.i npoTeJmeT n op,aoM HarrpaBJieHliM, no 

1>13M8ilH8TCH no B8JIHqJiiH8, Ha3J>IBaeTCH ny.ttbCUPYIOUfU.!o~ 
(pMC. III -2, 2). 

lJ:JJH npai\THI\M BamHCJ 3H3Tb Cp8ll,HP8 3Ha<r8HR8 BbTDpJIMJieH

H oro TOKa In , 11 poTeHaiOI:qero no conpOTMBJieHHIO Harpy3rm 
3a n epwop,. 
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Or~asr,maeTCH , <tTO npn ot (EIODOJiyoepno,[(HOl\f BblDpHMJieHHM 

cpe,[(nee saaqeaH e sr,mpHMJIBHHoro TOna / 8 s 3, 14 pasa MBHbiDB 

l\Ja l\CMMaJJ bl:IOI'O: 

1 
f 8= n- ·fll 

1 
3 1/ . . Jn r.ta Kc· 

' .. 
Cpe,[(nee sua qeuue BhJOPHMJI8HHoro nanpH IH8HHH Tam-He 

B 3,14 pasa M8HbU.l8 Mal\C:HMaJlbHOI'O. 

Mo:rn;HoCTb BbmpHMHT8JJH onpe,[(eJTHBTCH I>aH npoMsne-

JJ,emm cpe,[(UHX 3IIa lJ8HHH 

Harrpm-H8HMJI H TOHa. 

JI:JIH xa pai{T8pHCTHI\ H 

CX8Mbl BblDpHMJ18HHH l!IM88T 

nan\H08 3Ha lJ8HH8 IaHC.H

MaJibH08 o6paTH08 HanpH

meHH8 Ha nenTMJie. Ono ,[(O

CTilraeT aMllJIHTYJ(bi 3 . ,[( . C. 

BTOpHlJHOH 06l\IOTl\H TpaHC

cpopMaTOpa (pnc . III-2, 6) 
H, CJ18,[(0BaT8JibHO , 60JI88 

LJeM B 3,14 pasa nr.rme cpe,[(

nero sna:qenM.fl nanpH}I\8-

HIUI ua uarpysHe. 

Bes sHaHH.fl 3THX cooT

Homeanifr M ne.rr:aq:au neJib

sH nop,o6pa-n neo6xop,MMbJi:i 

B8HTMJib P, JIH Bb.1DpHMMT8JlH 1 

pa6oTaiOm:ero na sa,[(annym 

Harpysr<y. 

Tipn 

CX8Mbl 

HCIIOJib30BaHHH 

O,[(HODOJiynepHOP,HO-

I'O Bbll1pHMJI8HHH B8HTH.Jib 

a 

6 

f'nc. III-2. Cxc~w (a) OJlHOnonynepHOI\
n oro nhmpmmTCJill 11 rpaqnn<H ( 6, u, z), 

HJ1J1 10CTJJHJJYIOIU11C cro p aOOTy 

~(OJnH8H P,OUyCI<aTb aMUJJMTY,[(H08 3Ha LJ8HH8 TOHa H iVIal\C:H

~IaJlbH08 nanpJHHenne, no Hpai1nei'r Mepe B 3,1LI, pasa npe

BblJIIam:rn;ee cpep,nne ana lJ8HHH TOr< a n HanpHmenn.fl na aa

rpysr,e . 

I1s pnc. III-2, e u 2 BM,[(HO TaruHe, 'ITO qacTOTa nyJibca

u,r-Iill HanpHw;eEIMil Ha neRT¥IJie u aa aarpys Ke panna 'IaCTOTe 

C8TM , T. e . 50 2~. 
EcJJM o6osna'.IMTb OTHOLuernJ.e n eJJI<I'IMHhi Mal\CMl\IaJihHoro 

3 fialJ 8HHH nepBOR rapMOHMIUI H Cp8,[(R8MJ' 3Ha<r8HHIO BblllpHM

Jl8HHOI'O nanpmH8HHH lW3qlcpH.U,H8HTOM nyJibCaU,HM, TO p:JJ H 

CX8Mbl O,l.l,HOllOJJynepHO,[(HOI'O BhiiipHMJl8HH.fl 3TH: OTHOCH.T8Jlb

HbJ8 nyJJr.CaiJ,HH COCTaBJJHIOT '157%. 
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M 3 paccMOTperrHH pa6oTbi Tarwro BbiiipHMHTeJIH rrwrpyp,rro 
BH)J,eTb, 'ITO B CXeMe IIJIOXO HCIIOJib3yeTCH Tparrc<flopMaTOp, 
TaH HaK '1'01{ BO BTOpH'lHOM 06MOTKe IIpOTeiWeT B Te<rerrHe 
JIHIDb op,rroro rronyrrepMop,a Ba rrepHop,. 

TaHHM o6pa30M, op,rrorronyrrepHop,rraH cxeMa BbiiipHMJie
HHH HMeeT pH)J, UpMHl~UIIHaJibHbiX He)J,OCTaTROB: 

1) HH3I\Oe Ji!CllOJib30BaHHe Tparrc<f>OpMaTOpa; 
2) 60JibiDYIO BeJIU'lHHY OTHOCHTeJibHbiX IIYJibCaD;HM BJ>l

npHMJieHHOrO rranpmHeHJi!H H TORa, COCTaBJIFIIOm;yiO 157% 
npH <raCTOTe nyJibCaiJ;HM, paBHOM <raCTOTe CeTH, 'lTO Tpe6yeT 
npMMerrerrrrH rpoMoBp,rmx <f>HJibTpon )J,JIH HX crnan<HnarrHH; 

3) 60JibiDyiO BeJIJi!'ll'IHY o6paTHOrO HanpHn<eHHH Ha BeHTHJie, 
n TPH c JIHIDHHM pa3a npenbrmarom;ero cpep,rree BHa<rerrHe 
BhmpHMJierrrroro r-ranpmHeHHH . 

Bee BTH Hep,ocTaTHH orpaarr<rrrnaroT rrcnoJihBOnaaue cxeM 
O)J,HOIIOJiynepHOj:(HOrO BbliipHMJieHHH, Ji! OHM npHMeHHIOTCJI 
TOJibHO TOrp,a, KOrp,a IIOTpe6JIJieMbiM TOI< O'lei-Ib 1\IaJI. 

§ 2. ABYXnOnYnEPI-10AHblllf BblnPSI
MHTEflb 

PaccllrOTpHlii cxe11ry p,nyxnonynepHop,r-roro 
BI>liiPHMFITeJIH C BT>lBO,[\OM HyJieBOti TO'IKH OT BTOpiFHIOti o6-
IIIOTJ\H Tpar-rc<flopMaTOpa Ji! rpa<f>Ji!I{H, tlOJICHJIIOll!Me ero pa6oTy 
(p:v.rc . III-3). 

l1epBH'liiaH 06MOTI<a TpaHc<flopMaTopa BIUJIO<JaeTCH B CeT.b 
op,ao<f>aBaoro nepeMearroro TOHa. BTopn<rHaJI o6MOTHa HMeeT 
BbiBO)J, OT cpep,aeM TO'lHJi! H 6Jiarop,apH BTOMy C03p,aeT )J,Be 
B. )J, . C. paBHOM BeJIH'lHHbi, HO IIpOTHBOITOJIO}HHbie ITO <fla3e . 

l10TemrrraJI cpe.n;rre:i1 TO'l.HH paneH rrymo, no'l.eMy :rr caMa 
TO'l.Ha rronyq:rrJia rrasnarr:rre rryJieno:i1. 

B BTOll cxeMe :rrcnOJibByiOTCH p,na neHTHJIH . HarpyBHa -
aiUUBHOe COIIpO'n!BJiea:rre - BI<JIIO'leHa MeJ-H)J,y IWTOJ:IaMJi! BeH
THJieffi: M Hynenoffi: TO'lr-wffi: . Korp,a n rren:rr p,e:HcTnyeT rrepeMearroe 
HarrpH~HeHHe, neaTHJIU B1 rr B 2 pa6oTaiOT nooqepep,rro: n Te
•rerrue rrepnoro rronyrrepnop,a rroJimHnTeJibHhTH rroTeHu;na.a 
MMeeT arrop, neHTHJIH B1, TOH npoxo;:rwr qepeB BTOT neHTHJib 
H COIIpOTHBJierrrre HarpyBI\Ji! H IIyJieBOH TO'l.He 0 Tparrc<flopll!a
TOpa H p,anee qepeB nepxmoro rro.non:rruy ero o61vronnr I< auo~(y 

neHTHJIH - rrerrr, Ba!lnmyTa . 
B Teqeune nToporo nonyrrepnop,a rroJimHrrTeJibHhiM noTeH

rrnaJI BOBHHHaeT rra arrop,e neHTHJIH B2 :rr •repeB BTOT neHTHJib 
H COIIpOTHBJieHHe Harpy3J{H B TOM <He Ca!IIOM HarrpaBJteHHH -
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B nanpanJieHHH I{ nyJienoii: Toqr{e Tpai-IccpopMaTopa . ITocJie 
HyJieBOH TO'Il{J.f TOR npOT8I{a8T no BTOpOii IIOJIOBMH8 06MOTI{:H 
TpanccpopMaTopa H: anop;y neHTHJIJI B 2. 

Oco6ennocTbiO p;ByxnoJiynep:Hop;noro BbiiipH:NHITeJIJI JIB-
JIJI8TCJI TO, <ITO BbiiipliMJieHHblfl TOR npOXO)J;:HT B HeM B Te<ren-ue 
060HX noJiyrrep:HO)J;OB rrepeMeH-
HOrO TOI{a M Ramp;aJI IIOJIOB:HHa 
BTOpHqHOH 06MOTRH Tpanccpop
MaTopa narpyn<ena TO HOM TOJih
HO nOJIOBHHY rrep:Hop;a . 

Cpe,n;nee snaqenne BbiiipHM
Jiennoro Torm / 8 , rrpoTeHaro~e
ro no corrpoTHBJieH:HIO narpys
r<n sa rrepnop;, paBno: 

2 2 
f n=-n· fB MaKC=3,14, J B MaKe> 

T. e. BeJI:H<I:HHa BhlnpHMJI8HHO
ro TORa B p;Ba pasa 6oJibme no 
CpaBH8H:HIO C BhlnpHMJl8HHbiM 
TOROM O)J;HOnOJiyrrep:HO)J;HOrO 
BbiiipliMMTeJIJI IIpM O)J;:HHaiW
BbiX aMnJIHTY)J;HbiX 3Ha<reHMJIX 
TOHa. 

Cpep;nee snaqen:He BbiiipHM
Jiei-Inoro nanpHri{eHMli TainKe 

B 1,57 pas a ( 3 ,~ 4 ) Mennrne 

MaKCMMaJI bHOro . 
BeJI.m:qnra o6paTnoro na

npmi\eHHJI Ha BeHTMJie B )J;ByX-

·D 
e 

6 

8 

Ais~•t 
PHc. III-3. CxeMa (a) a rpa<jn!l{Jil (6, 
B, 2, B), H.iiJIIOC'fPJIIPYIOII.II<e pa60TY 
1\Byxnorrynep~<OI\HOro BhlnpHMHTe.iiH 

C BbiBO)\OM Hy.ileBOfl TO'lliJII 

llOJiynepiiO)J;HOM BbiiipliMHTeJie MOf!{eT 6hiTb Haii:p;eHB. 113 paC
CMOTpeHHJI pHc. III-3, 6 H 6JIM3Ha H BeJI:Hq:Hne, B p;Ba pasa 
npeBhllllaiOII~eii: aMnJIHTyp;y cpa3HOH 3. p; . C. BTOpHqnoii: 06-
MOTI\:H. 06paTHOe Hanpmi\eHMe Ha BeHT:HJI8 6oJiee <reM B 
3,14 pas a rrpeBhrmaeT cpep;nee snaqen:He BbiiipJIMJiennoro 
narrp Jiri\eHHJI. 

B cxeMe p;ByxnoJiynep.m:op;noro BbiiipnMJieHMJI Jiyqme 
HCllOJih3yeTCJI TpaHccpopMaTop, Tal\ Har< B Te<ren:u:e nep:uo,n;a 
TO no O,I\HOfl nOJIOBHHe, TO no BTOpOH IIpOTei{aeT TOR. 

Ms rpacpur{OB puc. III-3, fJ B.m:,n;no, qTo qacTOTa nyJibCa~HH 
BbiiipHMJieHnoro TORa B p;Ba pasa Bhime <racTOThi rrepeMennoro 
TOI<a IIMTaiO~eH CeTH. 0THOCHTeJibHbie nym,ca~HU rrp.m: )J;ByX
llOJiyrrepHO)J;HOM Bbiiip.!IMJieH:HH COCTaBJIJIIOT 67%, q'fO 3Ha-

83 



IIHT8JibHO ynpor.u.aeT C03P,aHH8 CrJiaJ-KMBaiOIII,HX tPMJibTpOB ITO 

cpaBH8H.HIO C tPMJibTpaMM ):(JUI O):(HOITOJiynepHO):(HhiX CX8M 

Bh1DpHMJI8HHH. 

Tarmwr o6pasoM, p:nyxrronyrrepHO~(HaH cxe~m HMeeT no 

cpaBH8HJiiiO C OP,HOHOJiyrrepHO):(HOH CX8~IOM BhUliJHMJI8HUH 

CJJep:yiOill,l!I8 npeMMYII1,8CTBa: 

1) Jryqrnee Hcnonr,soBami!e Tpanct!JopMaTopa; 

2) M8HblliYIO B8JliiJ'IMHY Jii B ~(Ba pasa 6onee BhiCOKYIO 'la

CTOTY nynr,cau;Kii BhmpaMnennoro rranpmHenua; 

3) B p:na pasa 6onbruyro nenn<mny cp ep:nero Bhmpm.1JieH

noro TOHa llpM O):(MHaKOBOM ero aMIIJIMTYIJ:HOM 3I-Ia'l8HMM . 

B oTnoruenMn neJIM'IMHhi o6panroro nanpmn:emm 

na neHTMJ18 op:uononynepHop:rraH cxeMa Iii cxeMa c nyJrenhTM 

BhiBOIJ:OM pannou;eHHbi, TaK rwK B o6eux o6paTHoe HanpHrHe

HMe B 3,14 pas a 60J1hlile cpep:nero sua <reHIIH nr,mpaM.nennoro 

HaiipH1-l\8HiiJH. 

B p:nyxnonyrrepiiop:noi'r cxeMe BhmpHMJieHMll c HyJrenr,rM 

BhiUOP,OM 06bi'IHO IICIIOJib3yiOTCH P,ByXaHOP,Hbi8 B8HTM.JI M: 

I{eHoTpOHhi, HIISHOBOJibTHhie rasoTpOHI>I M AP. ,lJ;nyxrronyrre

pMOIJ:HaH CX8Ma BI>ITIIJllMJI8HMH llBJill8TCH HaM60Jiee pacnpo

CTpaneHHOH. 

§ 3. MOCTOBASI CXEMA SbinPSIM
iiiEHJ.iSI 

IlOMMJVIO CX8Mhl IJ:BYXIIOJiyrrepiiO):(HOrO Bhi

lliJHMliJT8JIH C BhiBOP,OM HyJI8BOM TO'II{M OT BTOpi1'IHOhl 06MOTJUI 

Tpanct!JopMaTopa p:nyxnonyrrepuop:noe Bh!IlpHMJieHIIe Monuro 

UOJIY<1I1Tb, I1CllOJih3YJI MOCTOByiO CXeMy . 

PaccMOTpnM op:not!Jasuyro MOCTonyro cxeMy H rpat!JnJ{I1, 

rroncnHIOIII,ne pa6oTy Tai<aro BhinpHMMTeJIH (puc. III -4) . 
IIepnw1I-ma o6MOTHa Tpanct!JopMaTopa BHJIIo<raeTCH B ceTb 

II8p8i\18HROrO TO I\ a. I{ BTOIJiii'IHOM 06MOTJ{8 IIOP,HJIIO<raeTCJI 

MOCT, COCTaBJI8HHhiM M3 <18Thlpex B8HTHJiei'r, IIPI1'I8M a . ):( . C. , 

pa3BI1Ba81<JaH BTOIJU'IROM 06MOTHOM Tpanct!JopMWl'Opa, BOS

):(8MCTByeT na P,HaronaJJh MOCTa a - e, a narpysHa BHJJioqaeT

cn B rwyrofr ero ):(Haronann - Me/H):(y TO'IHOH coep:unennH 

HaTO):(OB ):(BYX B8HTHJI8ll (IlOJIOII\JiiT8JibHbiH IIOJIIOC BbiiipB:MI1-

T8JIH) M T0'II{0H C08):(HH8HMH aRO):(OB IJ:BYX p:pyrHX B8HTMJI8VI 

( OTpnu;a T8JibHhiH IIOJIIDC). 

Ily·rn TOHa BO BTOIJH'IHOH IJ;8Ili1 IIOHa3aR na CX8Me CTpeJI

J{ai\m: CllJIOlilHOH - sa O):(HH Jii nynHTiiiiJHOH - sa p:pyro:iir 

noJiynepnop: . Kar\ BHIJ:HO HS cxeMhi, nenTUJIM nponycHaiOT 

TOI{ llOlla IJHO: npM IlOJIOl-Hl'IT8JibHOM llOT8HIJ;UaJie TOlJI\M a TOI\ 
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rrpoBO)J;JIT BeHTiiJJIII B1 II B 3 , BHJIIo•reHHhre nocJie/WBaTe.Ji bHO, 

a B c.rre JWIOII(Fiii noJiynepiiOA p a6oTaiOT HeHTII.JU1 B 2 u B 4 
Cpe):\Hee snaqerme BhmpHMJier-nwro HnnpmHernrH w TOIW 

B3HTbiX IIO OTHOllleHIIIO 

I\ MaHCl!MaJibHbiM , Bhl'III

CJI.fl8TC.fl, Rai{ n ,l!JIH cxe

Mbi C BbiBO,liOM HyJI8BOR 

TO'Il{R . 

06paTHoe 

Ha BeHTHJI8 

nanpmHenHe 

B MOCTOBOJ1 

CXeMe npR XOJIOCTOM X0):\8 

(npii HaRXY)J.IDIIX yCJIOBRHX) 

)J,OCTIIrae T aMITJIRTY,lJ,hi 3 . ,lJ.C. 

BTOpH'IHOi'I 06MOTIU! TpaHC

qwplviaTOp a . B a Toi'r cxeMe 

ITO JIHOCTbiO RCIJOJih3Y8TCH 

TpancrpopMaTop, Tal{ RaH no 

BTOpRqHQR o6MOTI{e '1'01{ 

IIpOXO,liHT B TeqeHII8 060IIX 

ITOJiynepUO,liOB , npii'IeM 

RpJ;IBa.fl TOI{a CIIHyCOH-

,llaJibHa. 

MocToBaH cxeMa nos

BOJIHeT C,lleJia'fb Bbliip.HMH

Te.rrb 6es TpancrpopMaTopa , 

eCJIH nO,liBO)J,IIMOe R HeR 

nepeMennoe nanpmHenne 

COOTBeTCTBY8T HanpHme-

HIIIO, I\OTOpOe ,l!OJIJIUIO 6biTb 

nO,llaHO Ha BXO,ll Bbliipmm-

t 
• 

Pnc. li[-IJ. Cxe~w (a) H r paqn11H! (6, a, 
z, 8, e), l<JJJliOC'l'P l•lPYIOII~I1 e pa60TY 0AHO

[jJa3 110rO MOC'l'OBO!'O BhlllpHMI1TCJ1H 

TeJI.H. MocTOBbie cxeMhr BhnrpHMHTeJiei:l naxo,l!HT nee 6oJree 

R 6oJiee UIMpOIW8 ll}JIIM8HeHHE' B 3BYIWBOCIIpOII3B O,liHIII;8R an

na paType Iii 06bJqJIQ C06HpaiOTCH Ha IIOJiyiipOBO)J,HIII\OBbiX 

B8HTHJIHX. 

§ 4. cr.nA:H<~BAK>W,J-1E ClH11bTPbl 

PaccMaTpnnaH cxeMhi Bbiii}JHMRTeJrei\: R 

rparpHI{li , nOH CHHIOIIIli8 p a6oTy CXeM, Mbl BR,l!HM, qTQ H.a 

HarpysH e npOT8Ka8T nyJibClipyiOIIIliH TOH. 0)J,HaKO OH npai{Tli

qecHli He HaXOJJ.IIT II}JliM8H8HH.H. ,Il;JIH IIIITaHHH yCHJHIT8JlbHJ,[X 

yCT}JORCTB H806XO,l!HMO IIM8Tb liCTO'IHRl{ BblCOI\OrO nOCTOHH

HOrO HaiipHn{8HliH C nyJibCal1M.HMII, ROTO}J bl8 He ,l!OJIH{Hbl 

npeBbTIDa'fb COTblX H ,llarH 8 TblCHqflbiX JJ:OJI8H II}J01IeiiTa. 
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,Il;JIJI crJmnnmanrJI rryJibcau;n:i1 B peaJibHbiX cxeMax nc

rroJibsyeTCJI TpeTFIH aJieMeHT BbiiipJIMHTeJIJI ( CM. pnc. III -1)
crJiann1BaiOII(HH cpnJibTp, KOTOpbiM .munoqaeTCJI Memp;y 

B 

a J 
u 

6 

B 

BhiiipJIMHT6JI8M H Har

py3HOM . 

Tar{ Kai{ rryJihCHpym

I.IJ;HH TOI{ JIBJIJI.6TCJI cyM

MOH p;nyx TOIWB - IIOC

TOJIHHOrO H II8p6M6HHO

f0, - p;eHCTBYIOI.IJ;HX B 

op;Hoi'r II Toft me u;errn , 

sap; a <ra rrocTpoeHFIJI cpHJib 

Tpa CBOJJ;liTCJI I{ C03p;aHHIO 

TaKHX ycJIOBHH, rrpFI KO

Topr,rx IIOCTOJIHHaJI CO

CTaBJIJIIOI.IJ;aJI TOI{a CB0 -

6op;HO 6r,r npoxop;HJia B 

Har pysKy, a rrepeMeHHaJI 

COCTaBJI JIIOI.IJ;aJI - BCTpe

qaJia Ha CB08M IIYTli 

60JibiD08 COIIpOTHBJI8HH8, 

BCJI6JJ;CTBH8 qero 3TH 

ny Jibcau;Hn yMeHbiDaJIHCb 

6bi B 60JibiD06 qHCJIO pas. 

TaKoe pasp;eJieHHe 

110CTOJIHHOH H rrepeMeH

HOH COCTaBJIJIIOI.IJ;liX rrym,

CHpyiOI.IJ;ero TOKa MO/HHO 

BhliiOJIHHTb, 6CJili rrapaJI 

JI6JibHO Harpy3K6 BKJIIO

qliTb IWHJJ;8HCaTOp 60Jib

IDOH eMKOCTFI . l1op;o6HI>I~i 
KOHJJ;6HCaTOp JIBJIJI6TCJI 

rrpocTeifrmFIM crJiarKHBa

IOI.IJ;FIM cpHJibTpOM. 

PaccMoTpHM pa6oTy 

CX6Mhi OJJ;HOIIOJiyrrepHOJJ;-

A Horo BbiiipJIJ\IHT8JIJI Ha 

6MIWCTb H aKTHBHOe CO

IIpOTHBJI6HH8 B ycTaHO

BHBID6MCJI pemHM8 (pHC. 

III-5). 
PHc. III-5. CxeMa (a ) 11 rpaqnum (6. e, a, 6) Bo npeMJI IIOJIOrHFI-
paOoTbl on» onoJJyrrepu o.u.noro Ilhll1 JJfiMHTeJIH 

H 3 CMK OCTh ll 3 KTII DHOC COfi[JOTI1DJieHHC T8JibHOrO IIOJiyiiep HOJJ;a 
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HanpR1I-\8HH8, paSBJ-IBae~lOe BTOpH'IHOll 06MOTI-\OR TpaHc!flopMa

TOpa e2, HatniHaJI C 1\al\OI'O-TO MO~!eHTa u 1 60Jibill8 HanpmH8HHJI 

Ha IWH)l:8HCaTOpe Uc, aHO)l: B8HTHJIJI nOJIO}]{HT8Jl8H FI B8HTHJlo 

nponycHaeT TOH. 8ToT TOI{ pasneTB weTCJI: qacTb ero i 8 npo

xop:HT n HarpysRy, a 66JII:.mal1 rraCTh npep:cTaBJIJieT co6oi1r 

sapRp:HhrH TOI{ ROHp:eHcaTopa ic3 (pHC. III -5, e, e). 
HanpmHeHFie Ha sapRIHarom;eMCR I\OHp:eHcaTope FI pannoe 

eMy BbTIIpRMJI8HH08 HaiipR1-R8HU8 IIOBbiUiaiOTCfl BITJIOTI> )1:0 

MOMeHTa u 2. HanpRmeaue uc M8Hbme a. p:. c. o6MOTI-\H 

TpaHc!flopMaTopa, TaR RaJ{ qacTh aanpmHeHHfl 

T8pR8TCJI Ha COnpOTHBJI8HHU B8HTHJIJI H TpaH

ccpopMaTOpa. llocJie MOM8HTa U2 :3. )]:. C. BTO

pH'IHOH o6MOTRH TpaHc!flopliiaTOpa CTaHOBUTCfl 

M8Hbill8, '18M HanpRrH8Hl218 Ha ROH)l:8HCaTope, 

T. e. aHO)l: B8HTUJIJI nplii06peTa8T 60JI88 HFIS

hHR noTeHu;HaJI, •reM I{aTop:. BeHTIWb npei{

paru;aeT nponop:HTh TOH paHnme, '18M sa i{aH'II<I

naeTcR IIOJIOJIUIT8JlbHbll IIOJiynepuop:. 

HaquHafl c MOM8HTa u 2, Monmo C'IHTaTb, 'ITO 

Prrc. nr-o. 
Cxe~m pa~paua 
HOB,!J,eHCaTOpa 

ua COflj)Ol'IIB-
JICHIIC 

IWH)l:8HCaTOp U conpOTHBJI8HU8 HarpySE\II OTI{Jli0'18Hh1 OT TpaHC

!flopMaTopa (puc. 111-6) . Konp:eHcaTop sapmnen H paspmnaeTCH 

Ha conpOTHBJieHue Harpysrm R,. Paspnp: IWHp:eHcaTopa npoHc

xop:HT no ::mcnoneHu;uaJihHOMY saRoHy, npr-I<rel\1 HanpanJieHne 

TOI{a paspnp:a, I\OH8<IHO, npOTI1:BOTIOJIOJ-HHO HanpaBJI8HHIO Sa

pH)l:HOI'O TOI{a, HO no conponmJiemno narpys1m TOR paspHp:a 

IIpOXO)l:HT B TOM 1-I\8 HanpaBJI8HHU, 'ITO H TOH B II8pHO)l: IIpO

BOgHMOCTH B8HTHJIJ1. 

EcJIH napaJIJieJihHO HarpysHe ycTaHOBJieH IWHp:eHcaTop 

)l:OCTaTO'IHO 60JibillOH 8MHOCTH, TO IIOCTOHHHaH Bp81118HH 

(npousnep;eHHe R,· C), OT ROTOporo saBHCUT npeMH paspHp;a 

IWH)l;8HCaTopa ITO 8HCIIOH8HIJ;HaJibHOMy SaiWHy *, Bemma H 

ROH,ll;8HCaTOp He ycrrenaeT paspH,ll;HTbCfl IIOJIHOCTbiO I{ IVIOM8HTY 

u 2, Ha'IHHaH C HO'l'Oporo l1BJI8HHH TIOBTOpHIOTCH. 

TarnrM o6pasoM, cyru;HoCTh crJiamnnaroru;ero ,n;e:llcTBnH 

RORp;encaTopa saRmoqaeTCH n TOM, 'ITO sa cqeT sarraca auep

rHH, HaiWIIJI8HHOH B 8Jl8J{TpUti8Cl\OM IIOJI8 sa Bp8MH sapH)_t;a, 

IWHp;encaTop, paspmRaHcb, rrop;,n;epnmnaeT nanpH1-1{8HHe H 

TOR B Harpy3R8 B T8LI8HH8 TOI'O rrpOM8rHYTHa Bp8M8HH, IWI','J;a 

B8HTUJlb H8 pa60Ta8T . 

Ha puc. III-5, a BH,ll;EIO, 'ITO I-<piiBafl Bbiiipl1~IJI8HHOro na

npHmeHHH U 0 ID1El8T 3HatUIT8JlhHO M8HbiUYIO nepe!II8HHY10 

* CM.: 11. <I> e r~ o c e en, 3noHTpo·rexH.IlHa, i\I., <d1CI<yccTnO>>, 
'1963. 
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cocTan.rrmom,ym, 'Ie:tvr rrpM qFJcTo aRTMBHOH narpyaRe. Ha 

pnc. l ll-5 , 2 rroRaaarra c!JopMa aapH.[(Horo M paapH.[(Horo TOH.a 

HOBgencaTopa. Cpe)l.nee ana•rerrMe TORa sa rrepHO)l. panno 

HyJIIO, TaH HaH IIOCTOHHHaH COCTaBJTJIIOJ.D,aJI TOI{a qepeS 

8Ml\OCTb IIpOXO)l.MTb H8 MOJI>8T. 

l1 pH paCCMOTp8HMM rpaclJM-

01 
Ha pMc. III -5, e MO.truro BM.lJ.8Th 

a ul, R, em,e O)l.HO nanmoecnoiicTBo cxe-

'---- ----<>----__J MbT. l1pM pa60T8 Ha 8MIWCTHbiM 

e 

6 

B 

P uc. IIJ-7. Cxc~ta (a) H rpacjJimn (6, 
o), II JlJI JOCTJlllPYTOII.(llC paoOTy O)l JJ O
flOJJyllCJ)HO)l HOI'O UbtnJ)flMII 'l'CJil-I rJJ)11 

llll)lYHTIIOHO>i p ea Hl.\Hll JJarpy 3 1H I 

cPHJlbTp B8HTMJib nponyC1W8T 

TOJ{ B BM)l.8 l{paTJWBp8M8HHblX 

JIIMIIYJibCOB 60JiblliOH CMJibi 

(I. """c), snaqHTeJibHO rrpeBhi

wamru,:ux cpe)l.nee snaqenMe 

(o6r,tquo n 5-:--10 pas). Tarwfr 

pemHM pa6oThi ue6JiaronpHH

TeH )l.JIH B8HTMJIJI, MM8IOIIl,8l'O 

HaHaJIMBa8MbiM RaTO)l., HallpM

lVIep )l.JUI K8HOTpOHa, TaH J{al\ 

l\8HOTpOH )l.OJIJH8H MM8Tb TOl{ 

9MMCCMM, HaMHOl'O IIp8BbiDia

IOIIl,MM ero suaqenMe, )l.orrycTM

MbiH )l.JTH HOpMaJibHOrO T8llJIO 

BOl'O o6Mena. 

l10 cpaBH8HMIO CO CX8MOM 

BblllpHMMT8JIJI, pa60TaiOIII,8l'O Ha O)l.Hy aKTMBHYIO narpyan:y, 

no)l.T:U IIO'renMe rwn)l.eHcaTopa npMBO)l.HT H y )l.noeunm o6paT

uoro HaiipHm8HMJI Ha B8HTHJI8 B p81HHM8 XOJIOCTOl'O XO)l.a. 

MaHCMMaJrhnoe o6paTrroe uarrpmHeHMe na neHTMJie panuo cyM

Me HanpHiH81U1H Ha ROH)l.8HCaTOpe Jii aMUJIHTY)l.bi 9. )l. . C. BTO

pn<mO.fi 06MOTI{H TpaHCC'flOpMaTOpa B OTpMu;aT8JibHbiFI llOJiy

nepMO)l.: 

(ho TaHme ne6JiaronpHHTHhTi1 c!JaKrop, TaH HaR Tpe6yeT 

11pHM8H8HHH B8HTHJI8H C BbiCOLWIT B8JIJ.:!qJ.:!HOH )l.OllYCTHMOl'O 

o6pan-roro uanpmHeHHH. 

Bee, q'fo ronopHJTOCb B OTHOTJJeHHH pa6oTbi cxeMbi o ,n,uo

llOJiynepHO)l.Horo BbLIIpHMHT8JIH, pa60TaiOIIJ,8l'O Ha aHTHBH0-

3MKOCTHYIO uarpysRy, cnpaB8)l.JIHBO I:! )l.JIJI CX8Mbl )l.BYXIIOJiy

nepMO)l.HOl'O BblllpHMJI8HH.fi . 3)l,8Cb O)l.HH IJ;HKJI lliJOI!8CCa 

sapHJ:(a H paSpH)l.a HOH)l.8HCaTOpa npOHCXO)l.HT He sa rrepHO)l. , 

a sa JJOJIOBHHY nepMo)l.a nepeMeHHoro TOI>a. B Jiaro.[(apH 

6o.Ji r,weii qacTOTe qepe)l.oBaHMJI rrpou;eccoB sapJip;a M paspn)l.a 
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BBJHJ<IJUia nyJibCaL~MFl HanpHil\BHHH IIOJIY'IaBTCH 3Ha'II1'f8Jl b

HO M8Hblli8H, qeM B CXBMB O,ZJ;HOHOJiynepHO,[l):IOrO Bbiiipm!

JTBHHJI. 

Ha pa6oTy Bnmp.HMlilTBJTH Han6om,mee BJJMHHMe oHa3bi

BaeT nepBbl H aJIBMBHT <fl .HJlbTpa, IIOaTOMY Il0Jl83HO paCCMOT

pen, em;e TaiWH CJryqai:i, lWrAa HM HBJI.HBTC.H lilHAJHTlilBHOCTb 

(A pOCCeJih <flnJihTpa). 

PaccMoTpHM pa6oTy OAHOnoJiynepFIOAHoro BblllpHMMTeJI.H 

npn FIHAYIHFIBHOH pearu~;nFI uarpy3HH (pFic. lii-7). llycn 

CXBMa ITOAHJIIOqeua B CBTb nepeMBHHOrO TOHa B TOT l\IOMBHT, 

IWrAa a. A· c. BTOpFI<moiir o6MOTJ{Til paBHa nymo. l1o Mepe 

HapaCTaHMJI a. A · C. B llOJlOii\MTBJlhHbTH IIOJiyrrepFIOA BBHTMJlh 

Ha 'IliiHaeT rrponyCI\aTh TOI{, I<OTOpbl M CHa qaJia YBBJIJiiqJ.mael'CJI, 

a 3aTeM yMeHhmaeTCH. Dplil aToM <flopMa HpFinoiii: TOHa 6y~(eT 
HeCFIHYCOliiAaJibHa, TaH l{aJ{ llOMFIMO a. l~· C. e2 B IJ;eJJJii Aei{

CTBYBT a. A · c. MHAYinHBHoii: HaTymKH e L, J{OTopaa npu 

YBBJJHqeHMFI TOI a OTIJBIJ;aTBJibHa, T. e. 3aMeAJJ.HeT npo

IJ;BCC HapacTaHFIH TOHa, a npH YMBHhiDeHHH TOHa lJOJIO JHHTeJJb

Ha H, AeHCTBYJI corJiacno c uanpaBJierrneM TOHa, saMeAJIHeT 

npoiJ;ecc ero yMeHbiDBHHH . 

B Teqemm nepnoii: qacTH noro npoiJ;ecca nponcxo;~uT 
Hai<OIIJIBHFIB aHeprFIH B MarHlilTHOM IIOJIB lilHAYHTHBHOH Ha

TYliJHH, a B Teqerrue BTopo:hl qaCTI1 MHAYI{TMBHaH HaTyiu J{a 

OTAaBT IIaHOITJJBHHyiO aneprHIO B IJ;BIIJ,, 6 JiarOAapH <reMy B 

TB 'JeHHe qaCTM OTplillJ;aTeJihHOrO IIOJiynepHOAa B IJ;BITM npOTBHaB"r 

TOH. HanpaBnerrne aToro TOI\a COBIIaAaB"r c aanpaBnenueM 

TOHa qepe3 BBHTMJib. 

TaH.FIM o6pa30M, cyrr~HOCTb crJran'>uBarom;ero ABi1ICTBFIH 

HHAYI{'l'J-!BHOH HaTyilli\ 11 3aHJIIO<JaeTCH B TOM, q'fO sa C<IBT 3a

naca arreprFIFI, HaHOllJIBHHOH B MarHHTHOM IlOJie 3a Bp8MH 

yBeJJnqeHFIH TOI{a qepe3 B BHTFIJib, CTaHOBHTCH B03MOn\HhiM 

llpOT8HaHM8 TOHa H B Teqeane <JaCTM OTpHIJ;aTBJJbHOrO IIOJJy

nepHOAa. 

UpoHCXOAMT <<saTHrnBanne>> npeMeHH npoTeHaHlilH TOJm 

qepe3 uarpy3I{Y (BeHTHJih npoiiycHaeT TOI{ B Teqerrne npol\!e

m:ynw BpeMBHll, 60Jibii18rO IIOJlOBHHbT n epHOJJ;a). 

l1pH ABYXllOJiynepHOAHOM BbiJJpHMJIBHHH IIOT8HIJ;J1aJJ Ha

TOAOB BeHTHJI8H BCerAa ITOJIO>HMTBJIBH flO OTHOllleHHTO I> cpeA

HBH TOqHe, II BbillpRMJJBHHOB HanpHIHBHHB Ha BXOAB <fJMJihTpa 

npeACTaBJI.HeT co6oH: pHA nonon>HTeJibHhlX nonyBOJlH - nyJr b

cFipyrom;ee rranp.s:nHeHHe. l1oA ero B03A BHCTBHBM B IJ,BITH APOC

cenH H C011pOTHBJI8HHH Harpy3HH l10HBJIJI8TCH IIYJihCHpyrom;Hl\ 

TOH, HOT0pbti1, OAHai-<0 , HM88T 3Haqrue.JibHO MBHb i LLYIO nepe

l\18HHyiO cocTaBJIHIOII\yiO, 'IBM HanpH:rH:eHHe. Crnan>HBaane 
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llYJibCaii;J,Jii: npOMCXO,!l)<IT sa C<reT HH,!l;YRTMBHOCTII B :u;erm, npH
'IeM OHO Tei\I 60Jibiiie, 'IeM 60Jibiiie BeJIII'IIIHa IIH,!l;YRTIIBHOCTII. 

Ha npar{TIII{e 60JiblilYIO IIHp;yi{TIIBHOCTb n cxeMe crJiamrr
namr:u;ero qnmr,Tpa noJiy'IaiOT, HCITOJib3YH p;pocceJib co cTaJrb
HhiM cep~\e'IHIII{OM, IIMeiOID;IIM B03,!l;ylilHhiH 3a30p. 

Mhr pacCMOTpeJIII p a6oTy p;nyx npocTeiiumx BII,!l;OB cfliiJibT
pon D CXeMqX BhiTipHMFITeJieft: a) IWHp;eHCaTopa 60JibiiiOH eM-

R, 

I\OCTII, Bl{Jil01IeHHOTO napaJIJieJibHO 
narpy3I{e, II 6) IIH,!l;Yl{TIIBHOCTH (p;poc
CeJIH), BHJIIO'IeHHOH llOCJiep;onaTeJib
HO C Harpy3ROH. 

B peaJibHhiX cxeMax npoMnrm
JiennoFi: anna pwrypnr o6r,rqno ncrroJir.
syiOT cflHJihTphi, COCTaBJieHHhle H3 eM-

Pl'IC. III-8 . CxeMa OJU lOro 
aaeHa T-o6paar-roro crJJaaHr Ba- IWCTeH, HH,!l;Yl{'l'HBIIOCTeH H aHTIIB-

lOll.lero cPHJJ bTpa HblX COIIpOTIIBJieHIIH. 3neiiO cflHJihTpa 
MQ}l{eT 6hiTb C06paHO B BIIp;e 6yi{Bhi r 

HJIH II , rrpiilieM aJieMeHnJ cfJHJibTpa, BRJIIOlieHHhie rrocJiep;ona
TeJihHO C rrarpy3ROH, ,!l;OJiiHHhi o6Jiap;aTb 60JihiDHM COIIpOTIIB
JierrrreM p;JIH rrepeMeHHON COCTaBJIHIOI:u;eH TOI{a II i\faJihiM - ,!l;JIH 
rrocTOHHHOH . 8JieMeHThi cflnJihTpa , BI{JIIO'Iennr,re rrapaJIJieJibiiO 
Harpy3I{e, rrao6opOT, ,!l;OJiiHHbl IIMeTb l'viaJIOe COIIpOTHBJiei:IHe 
p;JIH rrepeJvieHHOir COCTaB JIHIOII!eH TOHa H 60JibiDOe - p;JIH 

IIOCTOHHHOH. 
II piiiiD;IIIIHaJibiiaJI cxeMa O,!l;HOTO 3Berra r -o6pa3HOTO crJia

amnamr:u;ero cflnJiwpa nor{asana na pnc. I I I -8. 
Korrp;encaTop C - rrepnr,rrr rwnp;errcaTOp nhlnpHM:rrTeJIJI. 

3neHO C06CTBeiiHO r -o6pa3HOTO cfJHJibTpa COCTOIIT R3 HH
p;yRTHBHOH I{aTymRH ·(p;pocceJIH) L 1 , BI{JIIoqerrnoFi: nocJie
p;onaTeJir.no c narpyaRoFi:, H rwnp;enca1'opa C1, BHJIIO'Ienrroro 
napaJIJieJir.rro. ~pocceJib L 1 o6Jiap;aeT 6oJir.mliLVI corrpoTJm
JieHIIeM ,!J;JIH rrepeMeHHOH COCTaBJIHIOII!eH H Ha nero nap;aeT 
60JibiilaJI qaCTb rrepeMeHIIOi1: COCTaBJIHIOI:u;eli BbiiipHMJieHHOTO 
narrpHmennH, ncJiep;cTniie qero rryJir,ca:u;nn narrpHmeHHH rra 
narpysn:e yMenr,maiOTCH. 

BeJIH'IIIHoFi:, xaparnepnsyror:u;eFi: pa6oTy cflrrJiwp a, T. e. 
ero CTJiarRHBaiOr:u;ee p;eHCTBHe, HBJIJieTCH HOacflcfln:u;HeHT cflRJibT
pa:u;HH, llO,!l; IWTOphiM IIOHIIMaiOT OTHOIDeHHe IWacflcflHD;Hei:ITa 
rryJir,cau;nFi: na nxop;e cflHJihTpa I{ Hoacflcfln:u;rreHTY rry Jrr.cau;nFi: 
rra ero nr,rxop;e. 

Ro3cflcfliiu;nenT cfJIIJibTpau;nn nr.rparRaeTcH cJie):lyror:u;eii: rrpn-
6JnnRerrrroi1: cflopMyJioii:: 
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rp;e w= 2nf (f- -qacTOTa nyJibCa~:rr:fl: p;mr op;HonoJiynep:rrop;
Horo BbmpHMMTeJIJI paBHa 50 elf, p;JIH p;nyxnoJiynep:rrop;Horo-
100 elf); L1 - MHAYIUMBHOCTh p;pocceJIJI B reHp:rr (m); 
C1 - e:W<OCTb J\OHJ1:8HCaTopa B wapap;ax (ifj), (rt = 3,14). 

Hanpr-rMep , nyJihCa~MM na-
npJimen:rrJI J:Ia BXOp;e f -o6pa3-
HOfO HHJ1:YIUI1BHO-eMI<OCTHOfO 
WHJibTpa paBHhi 50 e. Mn
AYKTHBHOCTb p;poccemi 30 m, 
eMKOCTb KOHp;eHCaTOpa 8 J.UWjJ. 

BnmpHMHTeJib p;nyxnoJiyne
pHOlJ:HhiH. Onpep;emnh nyJih
ca~nH HanpmReHIIJI B nar
pyaKe. 

:=:r:n C, C, R. 

'-----v------''------v---' 
I 3Be Ho II 3BeHo 

Puc. JII-9. Cxe~m nsyxanenuoro 
CpHJl b Tpa L-C 

Onpep;eJIJieM HO::lWWII~HeHT WMJib'rpa~HH: no wopMyJie: 

wl =wz. Ll.cl - 1. 

W1 = (2 ·3,14 ·100)2 ·30·8·10- 6 -1 ~93, 

T. e. nyJibCa~H:M HanpmHeHH.!I Ha BTOpOM I<OHp;eHCaTOpe, liJIII, 
'ITO TO rHe CaMOe, J:Ia 3a)I{IIMaX Harpy3I{M, 6yp;yT OCJia6JieHbl 
B 93 paaa II pannhr: 

50 
93 

= 0,53 e. 

EcJin na narpy3I{e nynmo noJiyqnTh MaJibre nym,ca~nii 

TOHa, T. e. 6oJihmo:fl Hoa¢¢H~HeHT WH:JibTpa~IIII, TO Bhirop;no 
npl'):MeHJITb MHOroaBeHHbie ¢nJibTpbi (puc III-9). IloJieanaJI 
narpyaHa BHmoqeHa nocJie BToporo anena. Tal{ HaH nyJibCa
~IIn, OCJia6JieHHbie nepBbiM 3BeHOM, OCJia6JIJIIOTCJI B HeCHOJib
HO paa BTOpbili•I anenoM, TO Hoawwn~HeHT wnJibTpa~nH p;nyx
anennoro WHJibTpa panen npoManep;ennro Hoaw¢n~HeHTOB 
WUJlbTpa~H:H: Ha!HJ1:0f0 II3 3BeHbeB H: onpep;eJIJieTCJI no WOpMyJie: 

cp = cpl. (jJ2 

(JJ = ( w2 · L1 · C 1 - 1) · ( w2 · L2 · C 2 -1). 

HanpHMep, ecJin H nepnoMy aneny WHJibTpa c IW::JWWII~n
em·oM WUJibTpa~MH: W1 = 93 nop;H.iiJOqHTb eiile 0~\HO TaHOe ;<I-\e 
aneno, TO o6m;n:fl rwa¢¢n~neHT WliiJibTpan;nn 6yp;eT: 

(jJ = (/Jl . cp2 = 93. 93 = 8649, 

a nyJibca~nn Hanpm-HeHIIH B narpyarw 6yp;yT: 
50 

8649
;::::: 0,005 e. 
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<l>HJib'l'p-npo6Ka . l1p11 JcrcnoJTb30BaHMH cxeMI>I ,n;Byxnony

neprro;vwro BblllpHMJI8HHH OCHOBHaH: LlaCTOTa ITYJlbCal.\Jill!f 

paBna I 00 Uf. ,D;mr ee not \aBnemur upHM8HH8TCH cPHJibTp 

P •·•c . 1 r r- ro. Cxc~.a 
<lHIJi bTpa c pcao l laHC· 
llbiM II OCJ1CL(O B31'CJlb
llbli\I nJICliOM - 4m.rJ&-

C MCl10Jlb30BaHH8M HBJJ8HUH p830HaHCa 

TOHOB (p1~c . Ill-10). :Vb ::wewrpoTexHMlUI 

H3B8CTHO, <JTO npM p 830HaHC8 TOl\OB Ha 

<JaCTOT8 p830HaH Ca C01IpOTHBJJ8HM8 IWH

Typa , COCTaBJJ8HHOrO H3 napaJIJI8JJbHO 

m <mo qemTbJX HOH).(eHcaTopa u p;poccemr, 

p83HO B03pacTaeT flO cpaBH€ RMIO C Ji!H)J;yi<

TMBHhiM COIIpOHTBJl8Hii!8M. 

TPOM- npo 6 •w •'i 

06hLLJliO H ,npocce no cflum,Tpa BbllipH

•rMTe.JJH ll0,[\1\ JIQLlaiQT l\OH,[\8HCaTOp TaR011 

8MlWCTM, <JT06T,l )J;JJH qacTOTbi 100 31f 
H poucxop;u 1 p esoHaHc TOJ\OB . B aTOM cnylrae y,n;aeTCH yMeHb

rrr nTh uyJr bCalJ)iiM n q e·nrp e-nHTh pas. 

ConpoTMHJieHMe HOHTypa npH pesoHaHce onpep;enneTCH 

He TO.ilbl\0 B8JJMlfHHaMl>f 8Ml\OCTM ]11 HHp;yHTHBHOCTH, HO 3a

BHCM'I' TaJHI\8 OT ai TMBI:IOrO COIIpOTJ1B-

Jl8RHH IWHTypa. UonoMy CTpeMHTCH 

I1pHM8HHTb )J;8TaJIH C MaJJbiMM arnHB

HbTM]!I TI0'1'8pHMM. 

B cPHJTbTpax HH3HOBOJThTHhlX Bhlii

p.rumTeJrer'.i J![H,lJ;YHTHBHOCTh He ana rni

TeJTbHa (,n;eCHTbl8 H COTbl8 )J;OJH! reBpH) 

M B8J[]!lqJ-rHa 8MROCTH C p OHa3MBa8TCH 

H8IlpM8~!.TI 8~JO 60JlhWOH (a ::JJJ8KTpOJIH

TWI8CIUI8 HOH,[\8HCaTOpbl TlpHM8HHTb 

H8JTh3H , 'L'al\ I<al\ OHH Tpe6yiOT l10JlH

pri13YIO UJ;ero narrpmr<eHHH). B TaHHX 

CJryqaHX DpHM8H.fTIOT aBTOTpaHCcflOpMa-

Pllc.III-11 . <'tliiJlbTp-upo6-
na C BHJI IOlfCHHel\1 e MHO
CTI1 flO aBTOTp3 11 C{jJO[nla-

TOPIIOfl CXCMC 

TOpHy ro cxeMy BHJJiorreHHH eMI<OCTM (pHc . III-1'1), HOTO 

paH II03BO.IIH8T npHM8HMTb HOH)J;8HCaTOp M8HbUJ8H 8MJWCTH. 

CD]!tJJbTp-npo6Ha Tpe6yeT HHAMBMAYaJJhHOM nacTpoii:I\121 na 

sano,ne Hs-sa pas6poca napaMeTpoB p;eTaJieii:, •no HBJIH8TCH 

60JibUIM~l H8)J;OCTaTHOM. 

PeaucTo puo-el\IKOCTHbul: <JluJibTp. )];poccenb, ncnonbsye

"'bi.ll B CX8NI8 CrJian-mnaiOTIJ;8rO cPMJJbTpa,- OTHOCJiJT8JJhHO 

) \OpOrOCTO.fiii\a.fi H rp0~!03p;HaH p;eTaJJJJ . l1o::JTOMY B T8X l:(8 ll.fJX , 

r,n;e npOT8J{a8T ~raJTbill llOCTOHHHI>rll TOH (p;o H8Cl{0 IJ,IU!X 

)J,8CHT1WB li'JMJTJT:Ha~mep), qaCTO llpHM8HHIOT f-o6pa3Hb18 

cPl1 JILTpL>J , B 1\0TOpb!X ,npOCC8Jih 3aM8H8H aiHMBHbiM COIIpO'l'liB

J f 8fUf8~·1 . TaHHe cPMJJhTlJhl Ha3b1BaiOT pesMCTOpHo-eMHOCTHhiMil 

]!!Jrvr cPMJII>TpaMn R - C. 
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8ToT <j;JIIJi bTp TaiUI\8 crJTa;.In1naeT rryJibCai\IIII BhlllpHMJT8H

noro HaiipRri\8HllJI, 0 ,[\Hai\O B Bl1JJ:Y :3Ha'liU8JibHOrr B8Jilll!IIHf,J 

conpOTMBJI8HMJI na H8M rrpoucxo.n;wr rrap;8Hl'I8 nanpmH8HIIH M 

'IaCTb Bblllp R!viJI8HHOl'O HarrpmH8HIIfl Hal{ 6J,l T8pH8TCJI . 

B8JIII'lllHa IIOCTOHHHOrO Harrpfltr{8HMH IIOCJJ8 p8:3IICTOpH0-81L

I\OCTHOl'O lf>MJJbTpa a na 'liiT8JibHO Hll}I\8 HaiipHIH8HMH , paaBII

Ba8MOl'O BbiiipHMMT8JI8M . 

l{oalf>lf>un;M8HT lf>MJJbTpai~Ml1 p8:3IICTOpH0-8MKOCTHOrO 

lf>nJlbTpa R<P - c,jJ MOfH8T 6hiTb Ollj)8,[\8 Jf8H no ¢opMyJJ8: 

(JJ = w · C,\J · R,1,. 

B ycr-rJJMT8JIHX HMar~oa qacTOThi mMpOJ\o rrpuM8HHIOTCH 

MHOl'0:3B8HI-I l>18 p83HCTOIJH0- 8Ml\OCTHI>I8 lf>IIJibTj)hi, COCTOH~He 
H3 H8CHOJibl\IIX f -o6pa3HhiX 3B8Hb8B MJIII H'I88H. 06~IIH HOalf>

lf>rniii8HT lf>HJibTpan;HH paB8H HIJOll3B 8,[\8HIIIO IWalfJ!fliii\II8HTOB 

lf>HJibTpal\HH OT,[\8Ji bHhiX 3B8Hb8B: 

(JJ = ([J l . (j_j2. (JJ 3' .. 

TaHHJ\I o6paaoM , npiiM8H8HII8 MI-roro3B8HHhiX lf>uJinTpon 

pa3JI II'lHhiX TIIIIOB II03BOJIJI8T OCy~8CTBIITJ, CIIJIJ,H08 CrJJamu

BaHII8 rryJir.Cal\IIll, npOIICXO,ll;HII\IiiX rrplil Bl>IIIpHMJI8Hiiiii II8p8-

M8HHOrO TOKa, II IIOJiyrrHTb B Harpy3H8 TOI<, B8CJ,Ma 6JIII3HII:iJ 

l{ IIOCTOHHHOMy-

§ 5. BblnPSIMJ;1TEJ1JII B KOMnllEKTE 
3BYKOBOCnPOI-13BOASIJ..4EIIf AnnA
PATYPbl KJIIHOYCTAHOBOK 

BnmpHMiiiT8JIII - H80T1,8MJI8MaH qacTh 

3Byl\OBOCIIpOH3BO,ll;f!~8ll arrnapaTyphl, OHII H806XO,ll;lilll1bl ,[\JIH 

llHTaHIIH IIOCTOHHHblNI TOJ\Ol\1 aHO,[\Hl>IX l\8II8H YCiiiJIHT8JibHhiX 

JiaMII ll lf> OT0:3JI8M8HTO B, a TaiUH8 <r:wraiOII\HX Jialiiii HIIHOIIp0-

8l\TOpOB. 

Han6oJi hill8e 3Ha'leHu8 HM810T HeHOTIJOHHhie .n;nyxno.Jiy

n8pHOJJ:Hr.re n:r:,mp HMHTeJIH . Onn rrpHM8HHJOTCH Tor.n;a, 1wr.n;a 

H806XO~\IIMO IIOJiyTIHTh Bl>ICOHOe HaiipHm8HH8 IIpll He60JlbiiJO:iJ 

CHJI8 TOJ{a (HaH p¥IM8p, 7-\JIH IlHTai-IHH aHO~\HblX I~erre:ff yCII.JIH

T8JlhHhTX l\aCHap;OB) . 

KenoTpOHHbiH n~>mpllMJITeJib. TnnonaJI cxeMa .n;nyxnoJiy

nepHo.n;noro H8HOTpOHHOrO Bb1IIpHMHT8JIH IIOIW3aHa Ha 

pr1c . III--12. Tpauc!f>opMaTop nr,mpJIMHTe.rrJI trMeeT nepnnrmyro 

o6MOTI'Y I H .n;ne BTOpH'lHhl8: II u III. 
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IlepBM'IHaJI o6MoTr<a I pacc'l~ITana na onpep;eJiennoe na
npHJHeHHe nepeMeHHoro TOI<a: 110, 127 MJIM 220 B. BTopB:qr-raH 
o6MOTI<a I I- BhiCOHOBOJihTHaJI, MsroTOBJIJieTcJI noBomraro
m:e:i!i:, C TeM 'IT06hi llOJIY'IMTb OT BI>IIIpHMMTeJJJI BbiCOIWe IIOCTO
f!HHOe Hanpaa<enMe (p;o 400-500 B) . 06MOTI<a I II- HH3HO
BOJibTHaa, cny.tHMT p;JIJI IIMTamur IraRaJia RenoTpona . HanpH
J:I<enne, pa3BHBaeMOe aTOM 06MOTIWH, ycTaHaBJIHBaeTCJI paB-

Tp 

+---<t-+------ilf+Ea2 
"C:J-<p-----¢+E a a 

+-C=::r-+--0 +Eu 

PHC. III - 12. THOOBaR CXC~Ja nsyxnOJJynepHOAHOro neHOTpOHHOrO 
BW llp RMH1'CJJR 

HLIM noMMnanr,noMy narrpmReHMIO naRana ReHoTpona. Tai<, 
nanpHM.ep, narrpmHeHMe nar<a.ua HeHOTpona 5U:4C paBHO 5 B. 

Ha 5 B H pacc'IMTana HH3ROBOJJI>THaJI BTOpM'IHaH o6MOTHa 
Tpanc¢opMaTopa. HarrpmRenne nar<ana I<eHoTpona 1U: 1 C 0, 7 B; 
p;JJH IIHTaHHH :noro RenOTpona H o6MOTI{a Tpanc¢opMaTopa 
)J;OJIJHHa 6hiTb paCC'IHTaHa Ha 0,7 B. 

06hi'IHO IIOMHMO Tpex OCHOBHhiX 06MOTOI< TpaHCWOPNiaTOp 
HMeeT em;e pHp; BTOpH'IHJ,rx: HM3ROBOJihTHLIX AJIH mnaHHH 
HH'l'8H Hai<aJIOB yCMJiliiT8JibHbiX JiaMII IIOTpe6HTeJTJI, ::mpaHH
pyrom;yro o6MOTRy, cny.tHam;yro )J;JIJI ycTpanenMH npep;HhlX 
nanop;oK, lii AP· ~orroJIHHTeJihHI>Ie o6MOTKH na pHcyni<e He 
non:asaHI>I. 

Br,rcorwnoJibTHaH o6MOTKa HMeeT OTBOA OT cpep;neli TO'IIUI, 
HOTopaH cJiyJHHT MHnyco~1 BompHMHTeJIJI . HaTOA HenoTpona 
HBJIJI8TCH nmocoM BompHMHTeJJJI. B aTOM neTpyp;no y6ep;HThCH, 
ecnH npocJiep;HTh, J{aK npoTermeT TOK. HaTOA I{8HOTpona 
narpeBaeTcH nepeMeHHI>IM TOIWM. l1ocJie rrporpeBa I{a'rop; 
naqneT HcnycKaTb aneKTponi>I c noBepxnocTH. Op;naKo B TO 
Bp8WI, IIOHa DOTeHIJ)ilaJT anop;a 6yp;eT OTpliiiWT8JibHbiM, 
8JT8KTpOHbl He fl:OCTHfi-IYT aiiOp;a, Iii TOKa B I\8IUI He 6y
p;eT. B Te'leHHe BpeMeHH, rro Ka rroTeHu;rmn ar-rop;a 6yp;eT 
IIOJIOJ-lUITeJibHbJM, 'I8p83 Jia~my 6yp;eT IIpOXOfl:HTb TOI<. 
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8JieKTpoHr.r BHYTPH JiaMrrr.r P,BMmyTCR OT I{aTop,a I{ aHop,y, 

3Ha'IMT, TOI{ IIpOXO,U:MT OT anop,a J{ KaTOP,y, 3aT6M qepe3 p,pOC

C8Jib, pap, corrpOTMBJieHMH 11 uarpy3Hy I{ HyJrenoMy rrponop,y 

H IIO HeMy l{ cpep,HeH TOqJ{6 BblCOlWBOJibTHOH o6MOTKI11'pai-IC

qlOpMaTOpa, p,aJiee qepe3 op,Hy 113 IIOJIOBMH aToll: o6MOTIUI 

H paCCNiaTpnnaeMoMy anop,y. l1yn TOKa ua p:m:c . III-13 
yim3aH CTpeJIHaMM: CIIJIOIIII-IblMM - 3a OP,MH IIOJiynepHOP, 

rrepeMeHuoro HanpmHe-

HHR H ITyHKTMpHbiMH-

3a p,pyro:H'. 

C])rmr.Tp K6I-IOTpOHI-IO

ro BbiiTpRMMT8JIR COCTO

MT 113 pap,a 3B6Hnen: L-C 
M R - c. B K6HOTpOH

HbiX BbiiTpRMHT6JIRX, Ml\16-

IOIII,MX MHOJ103B6HI-Ibl6 

qJMJibTpr.r, narpy3Ha 'lac

TO BI{JII{)qaeTCR B BHP,6 H6-

CHOJibHMX rpynn: Ta qaCTb 

Puc. IH-1 3. ITy-rh Tmm n cxeMe ABYX
IJOJ(ynepuOAI·!Dro BhlllPHMHTeJ!li 

Har py3HM, HOTOpaR p,onycHa6T ITMTaHH6 TOHOM C 60JiblliHMH 

rryJII>CaiJ,HRMM, BHJIIOqaeTCR ITOCJI6 II6pBOJ10 3B6Ha, T. e . Ha 3a

iHHMbi Honp,eHcaTopa C1; ,u;pyraa •rac'fh, Tpe6ymiil,aR P,JIR IIM

TaHMR TOH C M8HblliHMM IIYJibCaiJ,MRMM, BHJIIO'Ia6TCR Ha 3am:m:

Mbl CJiep,yrorr~ero HOHP,6HCaTopa H T. p, . TaHaR CHCT6Ma ITOP,

HJIIOqeHMR Har;:Jy3HM II03BOJIR6T ITOJIHOIJ,6I-IHO l1CITOJib30BaTb 

tPHJibTp. 

qaCTb 3B8Hb6B MHOJ103B6HHOJ10 tPHJibTpa CJiyi-I{HT IIOMHMO 

tPMJibTpaiJ,MM HaiipRI-H6HMR B J{a'I6CTB8 pa3BR3biBaWIJJ,MX 

aqeeH, OCJia6JJRIOIII,l1X (Hal{ Mbl YBM,ll,Hl\1 B p,aJibH6HIII6111) CBR3b 

Memp,y OTP,6Jibi-IhlMH I{aCHap,aMH yCHJIHT6JI6H 'Iepe3 06IJJ,HH 

HCTOqHHK IIHTaHHR . 
1-JT06hl H6HOTpOHHbiH BhliTpRMHT6Jib pa6oTaJI 6e3aBapHHHO 

H p,oJirone•nm, HYrHHO xopoiiio 3HaTb ero aHcnJiyaTaiJ,HOHHr.re 

OC066HHOCTl1 l1 IIOp,p,eprHHBaTb HOpMaJibHbiH per!UIM pa60Tbi. 

PaccMOTpHM HeKOTOphle perHHMbi pa6oTr.r, KOTopr.re MoryT 

B03HHI<HYTb B IIpOIJ,8CC6 8I{CITJiyaTaiJ,HH H ITpHB6CTH K Hapyiiie

HHIO HOplVIaJibHOH pa60Tbi K6HOTpOHHOJ10 BbiiTpRMHT6JIR. 

1. PemMM xoJIOCToro xop,a - pa6oTa HeHOTpounoro Bbi

upaMHTeJIR 6e3 Harpy3HM. Tarwll: peiHMM M0if{6T B03I-IMKHYTh 

TOrp,a, IWrp,a ITO KaHHM-JIH60 ITpH•IMHaM ( o6pbiB IIpOBOP,OB, 

Hapyiii6HH6 HOHTai<Ta H T . IT. B IJ,6ITl1 Harpy3HM) Harpy3I{a 

OHa3biBaeTCR OTI<JIIOqei-IHOH . cDaHTHqeCHM Bl>IIIpHMl1T6Jib pa-

6oTaeT Ha 8MI{0CTHYIO Harpy3Hy: OP,RH MJIM H6ClWJibHO 1{ 0J:I

J];6HCaTOpOB , Bl{JII{)qeHHbiX napaJIJl6JibHO. 
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IIpu 3TOM KOHP,eHcaTopbr, HOTOpbJe npH nopMa.JibHOH pa-

6oTe ~(OJiiHHbi pa3pHiHaTbCJI Ha COIIpOTMBJieHHe Harpy3IH£, 

3apJimaiOTCJI ,IJ;O aMIIJIHTYAHOrO 3Ha'leHHJI HanpHIHeHI-IJI Ha 

BTOpH'IHOH 06MOTite TpaHCcpOpMaTOpa, 'ITO MOmeT Bbi3BaTb 

rrpo60li ,lJ;l!I3Jiei<TpHI{a 1\0HP,eHCaTOpOB. 

EcJIH B cpnJibTpe y cTaHOBJieHbi rwup,encaTOpbi, rwTopr,re 

Bbi P,epH<HBaiOT 3Ha cmTeJibHOe (Ha 25-40%) llOBJ,Jlil eHHe Ha

npmHeHHJI, TO penmM XO.JIOCTOrO XOP,a P,JIJI Tai<OrO BblllpJIMJ;I

TeJibHOrO ycTpOHCTBa He onaceH. 

2. PemnM rt opoTI<aro aaMbmaBHJI - pa6oTa HeHoTponnoro 

BbillpJIMHTeJIJI npM COilpOTFIBJieHMM Harpy3I<FI, paBHOM Hy.nTO. 

Tar<oj;'r p emnM MOJ-ReT noannrmyTJ>: ecJIM npoHaoifrp,eT npo6oi'r 

P,M3Jiei<TpHI<a OP,HOrO H3 HOHP,eHCa'fOpOB cpHJibTpa M BHeJJJHJIJI 

u,enb OHarrt eTCJI J\OpOTI<03aMI<HYTOll; 8CJIH rrpOM30HP,8T npo-

6oifr l130JIJIIJ,FIH Memp,y llOBblTJlaiOIIJ,eH M IIOHHJ-HaiOIIJ,eH o6~ 1 0T
I<a~IH TpaHccpopMaTopa; eCJIH npOM30ll ll,6'1' HOpOTHOe 3aMblK3 HHe 

B u,errn narpyaHH. 

HopoTiwe aaMbmanne B n;emr narpyarm - 3TO anapM:Frr-ro e 

COCTOJIHHe H MOJ-HeT Dpi!IBeCTH It IIOJIHOMy paapymeHMIO H 

BhiBOAY H3 CTpon ncero BbiiipJJMMTeJihHoro ycTpOMCTBa. B~re
CTe C TeM pel-IHIM I<OpOTI<OrO 3aMbmaHMJI IteHOTpOHHOrO Bfk 

DpJii\1HT8JUI OTJIJilqaeTCH OT npon;eCCOB, IIpOMCXOP,rin~HX Dj)M 

ROpOTI<OM 3aMbJRaHHlii B o6bl'IHbiX 3JieitTpH'I8CRHX li,8IlHX, 

Tal< Rait B CXeMe BJ>IIIPHMHTeJUI BI\JIIO'leHbl JiaMIIbl (r<eHOTpOHhJ), 

HM8IOIIJ,Me orpaHH'leHHyiO BeJUl'IHHY TOI\a 3Ml!ICCFIH C I\aTOp,a. 

PaccMoTpHM npou,eccbi , IIpoHcxop,HIIJ,He B BbiiipHMnTeJie 

lliJH HOpOTI<OM 3aMbmaHHH, 60Jiee IIO~(p06HO. 
IIpli HOpOTHOM aaMnmaHnn nnemBHHIJ,errr, FIMeeT conponrs

nenne, 6 JIH3Hoe K Hymo. Toi< yBeJIM'lliiBaeTcJI HeaHa'lnTeJibi-IO 

(ncero B P,Ba-TpH: paaa, Tai< ltaH OH orpaHFI'leH 3MMCCH:OHHO:iir: 

cnoco6HOCTbiO HaTop,a). Hanpm-HeHHe Ha Bhrxop,e BbiiiiJHMII

TeJIJI yMeHbTJJa8TCJI ITO'ITFI Jl,O HYJIJI, H BCe HanpHl-I<8HMe , pa 3-

BFIBaeMOe IIOBbiiJJ3IOIIJ,8H o6MOTI<OH TpaHCcpOpMaTop a, OHa 3 bl

Ba8TCH npnJiomeHnhiM I< Jia1<me . B noJIOJ-HHTeJibHhiiT noJiyne

pnop, 31'0 paBHOCHJibHO 3Ha'IMTeJibl:IOMy llOBbiTJlel:IFIIO aHOP,Horo 

HarrpmHeHnJI. BoapacTaeT npoTeitaroiiJ,n:Fr qepea Jia~my TOH , 

'ITO npH:BO,lJ;H'l' 1{ pe3KOMy yB8JII!I'l8HH:IO MOIIJ,HOCTH, paccenBae

MOM Ha anop,e JiaMITbl (P a = 1 a. u .) ' a CJiep,OBaTeJihHO, I{ 6hiCTpo

My FI <IpeaMepuoMy HarpenaHHJO a Hop,a. AHop,r,r cnJibHO pacHa

JIHIOTCH, IIpH: 3TOM BbiP,eJIJIIOTCH OI\IU ilDP,HpOBaHHbie * ra3hT, U 

BaHyyM JiaMIIbi yxyp,maeTCH. 
t :' 

Omu nop;trpoBaHuore ra aor - MOJreHyJJ bi r aaa, JWTOphre cone p
maTcH B MeTaJIJiaX npii HH31HIX TeMDepaTypax H He yp;aJIHIOTCH iipM 

OTJ< aql\e ra sa H3 6aJIJJoua JraMDbi. 
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HaBH'IHB rasa n 6annoae naMDhl npn CMJJhHOM aaop;HOM 

aanpmHBHMH npnnop;BT I-\ BOHMsau;JiiB rasa, c onponomp;aro

rue rrcH CMJJhHLIM rony6hiM cne qeaMeM. Tan HaH aaop;aoe 

BanpH;.HBHHB nemn,O, TO HOHhl 6o•·I6ap,rU1IJJ'lOT JWTO,O: H pas

pymalOT ero. Paspyweune HRTH no~( p;erl cTBJ1B~r Imnaoii 

6oM6apJ].HIJOBHH IIpOMCXO)l;HT sa 10-20 cer;,. 
l10CJJB pas p y iDBHMH (paSpbiBa) HHTM O)l;MH HS BB I<OHIJ;OB 

na~~BBT na aHO)l; JiaMllbi (eM. KOHCTpyHr~MJO JiaMilhl) M llOBhlTJJaiO

JUBH o6MOTH a TIJBHCcpOpi'dBTOpa OHa ShTHD.BTCH HOIJOTKOSaMJ\Hy

TOii. Y EBJ:IOTIJOHOB C TIO)J,OI'pBBHhlM i<;a TO~(OM BBpOHTHOCTh 

I\OIJOTJ\01'0 SaMbU\BJ:IHH 06MOTIUI TpaHccJJOpMaTOpa SHa'IHTBJJb

HO MBHhlllB. 
1:lT06J,I :ns6emaTb CTOJi b CBpbBSHhi X IIOCJJBJ(CTBHH IWpOTJWI'O 

Sa~ l hll'8HHH, B D;Bllb JIBpBJillJHOii 06MO'J'J-\H TpaHCcpOplVJaTOpa 

neo6xop;nMo BKJUO'laTh mwmme upe~(oxpamrreJIH r-r npone

IJHTh liX TBXHII'IBCIWB COCTOHHHB. 

EcJJn npn BKJIIO'IBHHH I<BHOTpouuoro BhiiipHMHTBBJI n 6aJJ

n onax BaMII IIOJIBJIJIBTCJI CHJlbHOB CHB'IBHMB, l\OTOpOB HB npe

Hparr~aBTCJI noc.rre nporpena J...:aTO~(a Jia :\lll, aHOAhi J{BHOTpoua 

pac HaJIHIOTCH ,O:OHpacrra M npOHCXOAHT paspyWBHid.B HBTO)l;a. 

(}ro yHashmaeT, <no uarpysKa BhliiiJHMiilTBJIH s aMKHyTa u a 

HopoTJ<Q, Iil BO IilS6BiHBI-IH:B llOIJ'HI JlBMTI HB06XO,O:Hl\10 HBMB,O:

B BHHO lsblKJJIO'IWJ'h BhllliJHMHTBJJb H yCTIJBHHTh nonperi-\)l;BHiilB. 

~~ CTpaH HTh HBiilCUIJBBHOCHI B BhllliJB MlilTBJJB, HBX0,0:1Ul(BMCH 

IlO~( HBI!p.H~HBHHBM, OIIBCHO )l;JJH H'HSI-111, TaH HaK HB HOHABH

CaTOpax H UOBhlllJBlOJUBH o6MOTI\B TpaHCcpOpMaTopa ):(BilCT

BYIOT BhlCOIU l8 HallpHl·I<BHlHT. 

3. l1eperpySJ\a l \BHOTpOHHOI'O BhlllpJIMHTBJIH - p BILUU'f, 

npH I\OTOpO:M COITIJOTHB JI BHl~B HarpySHH BblTipHMHTBJIH MBHbiilB 

paC'l01'HOI'O . l1pH neperpysHB HBHOTpOHHOfO Bhlllp.H~JHTBJJH 
TOI{, npoxo.o;mu;u:M qepes JiaMny, nospacTaeT , a nanpJnHenwe, 

pasnnnaeMoe nnmpHMH'l'BJIBM, yMeHnnrae-rcH. 

l1pH yMBHhiDBHiilH BbillpHMJIBHHOI'O HBITpHlHBHHH paCTBT 

aHO):(HOB HBllpHJ-I\BHHB B llOJIO}J\HTBJihHJ>lii ITOJiynepnO,L~ H 

llpOHCXO)l;H'f TB FI\B rrpou;eccr,l, I-10 60JIBB MBAJIBHHO, 'ITO 11 nplil 

1-\0pOTIWM 3aMbJKaHHH.: HOHHSaD;IilH, paapyliiBHiilB I\aTOJ].a. 

B BI-IAY ::rroro neperpysHa J\BHOTIJOHHoro n ~>mpHMHTBJJ H HB

p;onycTJB1a. 

4. Her(oHaJI HaTop;oB HBHOTpoHon MOn-\BT nponcxo~IT1:Th 
113-Sa naJ].BHJ'IH Hanp.HIHBHBH B UHTBIOT_u;eii CBTH UBpBMei-lJ-lOI'U 

TOHa. OH npHBOJl.HT H Hapymemno r-ropMaJihHOro perTmMa 

pa60'l'bl KBHOTp OHHOI'O BLlllpHMJITBJIJI. 

l1pH IIOHIHKBHHH HBimJia KaTop;a KBHOTpOHa (IIJIOXOif HOH

TUIO' B D;BIIH HaHaJia HJIH MBJ].JIBHHhlll Harpen HaTOJJ.a), BCJIJ1 

4 YC II .liiTC~l ll l\IIHO~' CT3110BO K 97 



npu :noM ne DOHTi!3MJIOCb nepeMeHnoe nanpmHenne nonr.rmaro

m,eiir o6MOTHM, n p oncxo,n:MT yMenbmenHe <JMHCCHH c KaTo).J;a , 

'r . e. TOK HaCb!lll,eHHH CHJ!bHO yMeHr, maeTCH, 'ITO Bl>I3brBaeT 

3Ha 'IHTeJibHOe yMeHb meHMe Bhlllp HM.liBHHOrO Harrpm·I\eHMH 

JiaMJJhi. ,ll;aJiee CJiep;yeT MOHM3al(MH, JiJOHHaH 6oM6app;HpOBHa 

KaTo,n:a lii e r o paapymenMe . 

,lJ;JIH rrpep;OTBpalll,eHHH CTOJJb HerrpHHTHbiX l10CJJe)ICTJ3Mi1: 

DpO~ I hJliiJJ8HHOCTb BbiDYCHaeT J{eH.OTpOHbT C 6om, rnoiir <J.JieWr

pOHHOtl <JMMCCHeM. KpoMe Toro, BbTITpHMHT8JIM pacclJHTbiBaroT 

2 MK<jl 1,5 MK<jl 

2Q00M K<IJ 

P11 C. JJJ-1 4. Cxe~·Ja Dblll [JJHIIITeJIH I OB-1 9 

TaH, 'IT06hi MaHCMMaJJhHbJH M.MUyJibC TOKa 6hiJI 3Ha'IMTeJibHO 

MeHbl1I8 TOH:a HaCJ,JIII,eHHH H8HOTp OHa . IlO<JTOMY He60JiblllOe 

UOHH/HeHMe HaHaJia (Ha 8- :lO %) )IJJH TaiUI:X H8HOTpOHOB He 

OJJaCHO Jii HX MOri\HO <JHCITJiyaTliipOBaTb . 

IIonyuponop;HHROnMe n:&mpHl\mTeJIH. II pn HCllOJJb30BaHJillii 

::3 1\alJeCTBe BeHTMJJH DOJJynpOBO)IRJiiHOBhiX BMDpHMHTeJJbH~TX 

<JJJeM8HTOB HaM60JJee lJaCTO DpMMeHHeTCH MOCTOBaH CX8Ma 

ABYXIIOJI YIIepliiO)IHOrO BbTITpJIM.fieHJiiH, paCCMOTp8HHaJI B § 3 . 

B HOMIIJieKTe 3nyrwnocnpolii3BOARil\ :H: HHHoycTaHOBJ'lii 

U O.JiynpOBO)IHJiiiWBbi8 BbiiipRMHTeJJM MCIIOJJb3YIOTCJI )JJJJI ITHTa

HHJI HHTH uaHaJra ~rwraronw:ill: JJ aMnbr xoporno crJJamenmrM 

BblllpRMJJeHHbl M TOHOM (Haiip liiMep , I{OMIIJI8I{Tbl 10Y,IJ;C-3 H 

1QY,IJ;C-4 ), HJIJii )IJJH ITJiiTaHJiiJ.I Har\aJia JiaMII npe)InapliiT8JibHOTO 

ycHJJMT8JJJI (KOMIIJJ8I<T 31Y3Y-1), HJIJii ,[t;JJ.fl IIO)Ia'Ilii H83aBHCJii

MOrO CMeil(eHHH Ha CeTI\Jii JJaMII MOil(HOrO Hacrm)Ia (IWMIIJJ8HT 

H3BT- 3) . 

B HOBOM ynliiqlH!IJIIIJOBaHHOM IWMIIJJei\Te 3BYI OBOCIIIJOH3BO

)IHil(8M annapaTypbi <<3ByH>> CeJJ8HOl3hl8 BbTIIIJHMJiiT8JJJii JiiCIIOJJb-

3YIOTCJI n 6JIOI{e IIHTaHHJI 10B- 19 (pRe . II I -14). 8TOT n:&mpHMlii

Te.rrb IIIJHM8HJieTCJI )JJJH IIMTaRJiiJI lJJiiTaiOliJ;e:ill: JJaMIIbi HMHOIIp0-

8In'OIJOB H muaHHH Ha-ryrneH peJJe xoporno .crJJan<eHHhlM 

BbllliJHMJJ8HHbl M TOIWM. BuiiiiJHMJilT8JJb COCTOHT Jil3 l10HH>I\ aiD

Il(8rO Tp a uc!flopMaTOpa, O)IRO!fla3HOrO C8JI8HOBOrO MOCTa Jil 
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):IBYX3B8HI-IOfO q:JMJibTpa C p630HaHCHbll\Ul KOHTypaMM, HaCTp08H• 

HbBIM ua qacToTy 100 2Lf. Ha rrepnH•myro o6MOTI\Y Tpanccflop

liWTopa nogaeTCH uarrpm-I\8HHe 220 e. BmipHMJieHHoe uarrpH

J-H8HHe ua BT>Ixoge qJHJibTpa - go 8 e npH TOJ{e 5 a. B Ita'IeCTne 

B8HTHJill HCilOJib3Y8TCll C8JI8HOBI>U':i: BblllpllMMT8JibHbiH MOCT BC. 
B aTOM me KOMIIJI8HTe mrraroiiJ;ee yCJ·poiicTBo 20B-89 cJiy-

1-I\MT ):\Ji ll IlH'raHJUI: aHO):\RblX IJ8ll8H JiaMH rrpegnapHT8JIJ,HbiX ycM-

JIMT8JI8H (pwc. II I -15) . TiepBwmaH o6MOTHa p acC'IMTana Ha 

ITO):\I\JIIO'I8HH8 K C8TH ll8p81118HHOfO TOI\a Hallplll-H8HH8M 220 e. 

KMT - 1- 22KO ifl 

ll, /lHT aHHe HaKana naMn 
npeABapHTellbHO r O YCHn e HHR 

--!'< 

Pile . III-1 5. IIpmii.\WriHaJi biraH cxeMa BbHiiJHMWTeJIH 20B-89 

I1M8IOTCH TlJ:K II8pBH'IHbl8 o6MOTHH. l{ OCHOBHOJ1 H3 HUX ll0):1-

H.IIIO'J8H MOCT H3 HpeMHYI8BbiX gYiogou . B IJ8JIRX TeMnepaTypuoii 

CTCI6YIJIYI3al(MH BbiiipllMJl8HHOrO HanpHFl\ 81-IHH rrpM M3M8H8HYIH 

TOHa Harpy3KM UOCJI8):\0BaT8JibHO C rrepBH'IHOH o6MOTHOH 

BHJIIoqerro TepMoconpoTHBJJeHHe JtMT -1 (22 Jl:O~t) . B m,mpRMM

TeJJe HCllOJlb30Bai-I l1-o6pa3I-IRH cPHJlbTp M p830I-IaHCHbiH 

cj_JMJJbTp, HaCTp08HHbllJ Ha LJaCTOTY 100 2Lf. 

KOHTPOJibHbiE BOnPOCbl 

1. 1\a iOIC OCHODIIbiB CBOMCTBa mreeT npn6op, ll33blB3C~ThiH DCFITH.ITeM? 

2. 1-\a !<: J-133hl D3CTCH ycTpoi-icTBO, ll]JC):\ IL33H3'Ie llH OC ):\Jl H n peo6pa30B3 -
J-IHH n e peMeJIIIOfO TOI<a ll llOCTOJlHHJ,JI~I? 

3. [1[ 3 Hamc: '1 3CTCR COCTOHT Bblll]JJlMI!TC.IThHOC yc-rpoi1CTOO, ll yHa
JIWTe Ha3na<reuHc anrx •rae-rei:! . 

4. B '!CM COCTOI IT ifJJJ3J1'1CCIUIH CMhiCJI npeo6pa30031-lllH 11CpCM8!IHOf0 
TOJ<a B TI OCTO H HHhii;J:? 

5. ,I(aii:re onpep;eJietme nym,cH.py!Oll(ero TOHa . 
o. Yr<aHOITe ocnOBllhle nprrHl~ImNaJIMIJ,Je JI Cl \OCTaTJ>JI OJ\i!OllOJIYIIe

puop;uoi1 CXB~Ibl Dblll pHMJICIJll H fiC]J CMC LIJ-lOrO TO I> a. 
7. ]{ali: pa60T3CT l~BJ'XDOJJyn epll O):\ Hblll BM ll pFIWLTC Jlb C BblBO):\OM 

li J'JieBO{! TO'll01 TpaHCqJOp~iaTOpa? 
8. [[ e jJC'IHCJntTe OCH 01'1 L-lb!C Ti pellM YII\CCTDa p;Byx n OJI .Y nepHO):\flOfO 

4"' 

Bbl!lpHMJ!CIIliH 110 Cp3BHCHI!IO C 0):\llOUOJJy n e pllO):\Ubnl BblllpHMJie
J-il!CM nepeMemroro TOHa. 
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0. I\ai< paOOTaeT MOCTOBafl CXBMa ~BYXJJOJiynepHO)\HOl'O Bbiiip!HHl

'fCJJ n? 
10. YnalHHTe J·Jaaaa'JeH ll e HeHOTpOHHhiX BhmpnMHTeJreii n ycHJtUTBJib

JJhiX J'CTpOBCTBaX 3BJ'I\OB0f0 IOilHO. 

11. ] {aK pa6oTaeT ~BYXllOJiyiiepiiO~HblH HeHO'fj)OHHbll:l BhliipBMHTCJib? 
'12 . J\al\08 HaUpHrHCDlfe, IlpHJIO)J{CI!HOe I{ BCEITIIJIIO, HaBJ>IBaeTCH o6-

paTHbiM u •reMy OliO paBHO n cxe~re )l;ByxnoJiyrrepiiC!)l;HOro Heuo

Tj)Ol:!Horo BbiUj)flM.HTeJIH C BhiBO)l;OM HyJIBBOH TO'IIUl? 

13. J\aH pa60TaeT MOCTOBaH CXB~Ia )l;BYXllOJiyllepHO)l;ROfO Bblllj)HM.H

TCJill? 

14. 06'bllCHHTC fta3H3'l8lill8 1\0H):\BHCaTOpa, IIO)l;I\Jl!O'JeHHOrO H3 Bh!XOJ(C 
Bh! Uj)HMUTCJIH. 

15 . .B- q eM HaaFra•reHHe c rJianmnaiOm;IIx c}ltrJihTpon? 

'16. 06'bHCBI'lT8 pa6oTy 1\0H):\eHCaTOpa II Aj)QCCCJJH B 0 ):\H03BeHHOM 

crJianmnawm;eM <lJJJJibTpe. 
17. J1o'leMy 'l3CTO rrpiiXO):\ItTCH rrpHMeHllTh MHOf03 1lCHHhle Cl'JI31WUlaiO

lllii8 <!JnJILTpbi? l.JeMy .pq.BeH Hoa<fl<l>Mn;Heut cpHJihTpall,HH mroroaneH

Horo crJianmnamm;ero cpHJlLTpa? 

18. I\a:nne crJiannmaiOm;Me <pHJILTpLl rrpFHteH RIOT TOrAa , Hor,rt;a no

CTO.HHHbrt-i TOJ{ , UOTpe6JIJ1Cl-LhlH OT DhlnpllMII TCJI H , O'JeHb M3JI? 

·J!J . IJa HaHyiO 'lacToTy uacTpannaeTcn cpiiJihTp-npo6Ha B cxeMax ADYX

noJiyrrepiiO)l;HOro llbiUpHMilTeJIH? 

20. lJeMy paDHO IIarrpnmeHHe na l{Qll,!(~HCaTOpax BhlUpi!MHTCJI H , BJWIO

'ICHHOI'O 6ea Harpy;:KH? 

2•J. I\ K3I<HM TTOCJIB)l;CTmlllM npnDO)l;HT I<opOTI<Oe aa~fhll\3 IHle B uarpy3He 

HCI:lOTpOHHOfO BMU])i!MFI.TCJIH'? 

22 . Do'leMy Heo6xoAHMbl rrn.aBime npe)l;oxpaRIITcnu u 11,emr Jr e pnit'lHOH 

06MOTKH 'fj)aUCcpOpMaTOpa I>eHOTj)O'HHOl' O DhTUpmDtTeJIH? 

23. 0 :'leM CBM)l;CT8JlhCTDyeT f0Jly6oe CBC'l9HHe B 6aJIJIOHe HCHO'l'pOHa? 



rnABA IV 

3nEKTPOHHbiE nAMnbl 

§ 1. CDH3H"tECKOE nPEACT ABnEHiiff. 
nPOU.ECCOB B TPHOAE 

I1syqarr pa6oTy J.\HOJ(a , i\Jhi BH~eJin:, qTo 

aHO,J!Hblll TOH B HeM 3aBH.CllT OT IIpOCTpaHCTBellHOrO 3aprrp;a: 

::I JleJI:TpOHbJ , l1.3JiyqaeMI>Je HaTO~OM, rrpe~H~e '!eM IIOIIaCTb B 

ycJ{Oprrroii.J,ee aJieJ{ TpH'Iec.Jwe rroJr e , o6pasye~we rroJIOJRH.TeJib

HhiM aHO~OM, lWJiiHHJ,I rrpe op,O JI8Tb orrpep,eJieHHJ,ri"I IIOT8HIJ;HaJib

BhiF! 6apbep, cosp;anae:Nmii npocTpaacTBeHHhiM aapHp;oM 

B6 JHl3lti I>:a TOJ(a . 

BeJIH'IHHa aHO):(HOro TOJ-\a B p,Hop,e saBH.Cl'LT OT nemrqHHbi 

wroro oTpHI(aTeJIJ>Horo npoeTpan cTBeHHoro saprr~a. EcJIH 

B 06JiaCTb IIpOCTpaHCTBeHUOl'O 3apRp,a BBeCTif ::IJieHTIJO~ B BH~e 
cemrn.t. H nop,aBa Th H a n ero no.JI On{HTeJihHhii1 RJin OTpwn;aTeJih

m,di: IIOT8Hl(Ua [ OTHO CHTeJibHO KaTOP,a, 'l'O MOJI>HO JI H OO yMeHb

l.IJaTh (npH HOJIOi'IHITeJihHOM llOTeHn;HaJie) , JUI60 YCH:JIHBaTb 

(np11 OTpMn;aTeJibHOM IIOTeHI(HaJie) Bpep;HOe ~e~iCTBHe rrpo

CTpallCTBeHHOl'O s aprrp;a . CJiep;onaTeJII>HO , Monmo ynpaBJHJ.Th 

nemPIHHOi"I TOHa , npoTeHaiOU(ero H a yrracTHe auop; - I\aTO~, 
T. e. B aHOJ];HOFi l(emi. 
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JI: eucmeue cem11,u aa/l,.n,Tot{,aemcJL e mo.M, t{,nw o~w ynpaMJLem 
nomO/l,O Jlt a.!leKmpm-we enympu .n,a.J.tnbL, m. e. anoanbL.J.t mor;,o.M, u 
noamo;.~y ee ~W3bLBaTOm ynpaMJLTOUfeii cemr;,ou. 

PeryJJnponaHne, onncaHHoe Bb1me, Jierr-w ocym;ecTBHTJo, 

ecmr co6paTb cxeMy, noKaaaHHyro Ha puc. IV-1. B noli 

CX_eMe H:MeiOTCH: 1) l.fenb IW/l,a.n,a, COCTOHIIJ;aH j;J3 HHTH: HaKaJia, 

6wrapen Ha1{aJia B 11 H coep;H:HHTeJII>Hb1X nponop;on; 2) w-wanaJL 

6 

P~o~ c. IV-1. Cxe>~bi Tp noua: a- oT
PioiUaTc,1bHbii1 nomoc 6a-rapcn Be 
[JO,UHJliOtJCI-I H CCTI-\C; 6 - n OJIOiHI1TCJJb
ll hlfl noJJJOC 6aTapen Be no;:u;mo'ICI-I H 

CCTl-\ C 

Lfenb, COCTOHTJJ,aH H3 aHOJJ,a 

JiaMIIbi, 6eanoap;yumoro npo

MemyTKa aaop; - HaTop; Jimr

IIbi, HaTo,n;a , aHO,[\HOM 6aTapeH: 

Ba H: Harpy31{H B nn,n;e MHJI

JIIi!allmepMeTpa; 3) Lfenb cem-
ll,U, COCTOH:UJ;aH H3 CeTKH, 

6eanoap;yumoro np011181HYTJ-\a 

CeTI<a - H3TO,[\ JI3Mllhi, KaTO

p;a, ceTo•moii 6aTapen Be :~-r co

e,n;nHrrTeJibHblX npono,n;on . B ::JTy 
JJ;ellb l\IOi-1-\eT Ob1Tb BHJTIO'!eH 

MMJI mr al\<mepMeTp. 

EcJin 1{ ceTHe no,n;rwro'!MTb oTpMu;aTeJibi-IbiH nomoc 6aTa

peri! Be, a J-\ HaTo,n;y- noJIOH-\H:TeJibHMH (puc. IV-'l, a), TO 

~:WernpOHbi, BbiJieTaiOIIJ;H:e Jil3 1{a TOp; a l'l CTpeMHIIJ;JileCH I-\ aHop;y, 

6y,n;yT OTT3JII-\JiiB3TLCH C8TKOH o6paTHO B CTOpORJ' 1\aTO)J;a . 

Hpn ne6o.rri>mOM o-Tpnu;aTeJIJ,HOM HanpHn>eHH:H: Ha ceTr-te 

'JaCTI> sJiel{TpOHOB nop; ,n;eHCTBliieM aHo,n;a nee me npoJieTaeT 

CHB03b CeTHJ' H nona,n;aeT Ha aHO,[\, H B aHO,[\HOH IJ;elllii llpOTta-

1\aeT ne6oJir.moJ)i: aHo,n;Hr.ril: TOK. Op;HaHo MOmHo HaCTOJibKO 

yBeJIHllJ1Tb OTpliiD;aTeJI.bHOe HanpHJ-HeHHe Ha CeT1{e, 'ITO OHa 

CTaHeT OTT3JII\JiiB3Tb BC8 3JI8I\TpOHbT, H aHO,[\HbiH TOI-\ npe

KpaTH:TCH:. B 3TOM cJiyqae ronopHT, qTo JiaMna a'lrrepTa. 

Ompul.falne.n,b noe nanpJL:Jicenue fW ynpae.n,JLTOUfP.L'i cemK.e 
!)J>~elibLUaem - a/iOOI-ibLU mar;, U .J.W:JICem aa:J/Ce npe11,pa11lUmb ezo. 

I1oJIOJ-HMT8JII>HOe narrpmHeHMe rra cenw (pMc . IV-1, 6) 
p;eJ\IcTByeT HHaqe. Ono rroMoraer arrop;y rrpHTH:rHBaTI> sJieHT

ponr.r rra rrpocTp arrcrBeHnoro aapHp;a. Bo.rri>mMHCTBO 3JI8HTpo

HOB, HeCMOTpH Ha npHTHmerrMe K ceTI{e, BCJieJJ,CTBHe 6oJII>lliOM 

CIWpOCTI!l npOJieTaeT ITO MH8pJJ;liii!l B rrpOCB8Tbf C8THI!l I!l JieTMT 

K aHo.D:y, TaH Hai{ narrpm1WHHe rra arrop;e ncer,[(a anaqnTeJibHO 

6oJII>me, lJeM na ceTHe. 

1JaCTb 3JI8I-\TpOHOB BC8 H-\8 rrp viTJHHBa8TCJI C3MOM C8THorr M, 

nonap;aH na nee, o6pa ayeT cemot{,l-~bLU mo11,. flpM ,r~;ocTaTOtrHO 
60JI.billOM IIO.JIOri{I!lTeJl:.bi-IOM I-Iarrpm-HeHHI!l Ha CeTIW aHO)J;HblM 

TOJ\ B03paCTaeT ,[(0 BeJIH'IJ!lHJ,J 1'01 a HaCbliiJ;ei-IMH , HO O)J;I-IOBpe-
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Menno nospacTaeT H ceTo<IHbiM TOI\. ToH aMHCCHM HaTo,IJ;a rrp:a 

naCbiiii8nHH 6y,IJ;eT panen CyMM8 anO,IJ;HOrO M C8TO'InOrO TOHOB. 

II o.rw:JJcume.1bN.oe IWnpJL:JJCeHue ~w ynpaB.!lJLIOUf:JU cemne 
yee.n.ww.eaem auofJH~>Lii mon u :t.LO:JJcem fJoeecmu e2o oo HaCbLUfe
HUJL, a man:J1ce coafJaem cemo'I.HbLii mon. 

l13M8nJUI nanpJDH8HM8 Ha ynpaB.liHIOIII8H C8TI{8 B cpaBHH

T8JibnO ne6oJI:nru:ax npe,IJ;eJiax ( OT neHOToporo oTpl-'II~aTeJI:n-
HOrO ,!l;O neHOTOpOrO IIOJIO}HHT8JibnO-

rO 3Ha'IeHHH) MmHHO llOJIY'IHTb H3-

Menen:ae aHO)l;HOrO TOI\a OT HyJIH )l;O 

TOHa HaCI>UD;8HHJ'l , T. e. B 3Ha'IH

TeJI:nnblX npe,IJ;eJIUX . J1lii8HnO B <HOM 

H sarWIO'IaeTCH ynpanJimoro;ee p,ei1-

CTBHe C8Tl\H . 
C erKa 

Ho>KKH 
40KOfiH 

PaccMaTpnnaB p,nrur<eHrre aJieH

Tpona OT HaTO,IJ;a 1\ aHO,IJ;y B TpHO

,IJ;e, MbT BH,!l;HM, 'ITO B TpHO,!J;8 Ha 
f) ~ v PHc. IV-2. YcTpo>icTBO Tpex· 

Hero o 7-wepe:t.tenno ueucmeyem nan- 3.rre~<TPDAIIOH miMrrbi 

pJL:JJCenue ano8a u cemnu. 
0TCIO,IJ;a MOIHHO 3aHJIIO<IJiiTb, 'ITO aHO)l;HbiM TOHOM B TpHO

,!J;8 MO}I\HO ynpaBJIHTb ,!J;BYMH CIIOC06a.MM: 1) M8HJIH B8JIM1:J:HHY 

anO,IJ;HOrO Hanpm-H8HMH ('IT06I>I IIOJIY'IMTb nynmbi8 H3M8H8nHH 

aHO)l;HOrO TOHa, CJI8,!l;,Y8T CHJibHO M3M8nBTb B8JIH'IllliY aHO,!J;HOrO 

HaiipH}H8nHH); 2) H3MOHHJI HanpmH8HH8 Ha C8TH8 (,IJ;JIJI H~06-
XO!l;HMbiX H3MeiieHHH ano,IJ;noro TOKa nanpmHen:rie ceiHH Hy:rR

no H3M8HJIT:n 3HatiHTeJI:nno MBHT:>me, treM anop;noe nanpa

:rhen:ae). 

E oJiee CliiJibHOe BJiliiJIHHe neJIH'IHHbi nanpan<eHliiH na ceTHe 

ITO cpaBH8HHIO C aHO)l;HbTM HaiipHm8Hlii8M Ha B8JiliitrHHy aHO,IJ;

HOrO TOI<a 06'bHCHH8TCH T8M, 'ITO C8TI<a paCIIOJIOmeHa 3Ha'Ilii-

T8JibHO 6JIHme H HaTO,IJ;y, 'IBM aHO,D;. . 

Bne,IJ;eniiie B ,IJ;nyxaJieHTPOAHYIO JiaMny TpeTI>ero aJieKrpo

,IJ;a - C8THH - npH,IJ;aJIO 3TOMY HOBOMY flJI8KTpOHHOMy npH-

6opy - TpHO,IJ;y - lii HOBbie CBOHCTBa . . 

IIOMHMO O)l;HOCTOpOHHeiif llpOBOJJ;HMOCTM TpliiO)l; 06Jiat:~;aeT 
CBOHCTBOM ynpaBJUITb B8JIH'IHHOH TOH:a B aHO,!J;HOM I18III1 

nyTeM H3M8H8HHH HanpmHBHHll ynpaBJIJIIOIII8rO 3JI8HTpOp;a, 

KOTOpbHvl HBJIH8TCH C8TRa. B ()TOM COCTOHT OCHOBH08 llpiiHI1H

IIliiaJihH08 OTJIH'IH8 TpHo,IJ;a OT ,!J;·Ho,IJ;a, Tar< l{Ul{ 3TO CBOHCTBO 

OTI<pbl JIO IDHpOHH8 B03MOnUIOCTH HCIIOJib30BaHHH TpliiO)l;OB )l;JIH 

IIOCTp08HHH pHp;a 3JI8I<TpOHHl>IX IIpH60pOB. 

Y CTpOHCTBO Tp8X3JI8I<TpO,IJ;HOH JiaMIIbl llOI<asaHO Ha pHC. 

IV-2. BnyTpH CT8RJIHHHoro (FIJIM MeTaJIJIJiitiecxoro) 6aJI JIOHa, 

H3 KOTOporo Bbmaqan ll03)l;YX ,L!.O BblCOI\OM CT8II€H :1 Bai<yyMa 

103 



(JJ;aBJie~Be He 6oJiee '10- 6 .M.M pm. em.), paaMen(BHht: HaTOJJ;, 

aHOJJ; H cmtpaJir,HaJI ceTKa. AHOJJ; ~wmeT npeJJ;cTaBJIJITn co6ou 

MBTaJIJIB'lBCHyiO TIJJOCJ\YIO JUIH l~HJIHHJ(pH~IeCHyiO lWHCTpyi<

~JHO. RaTOJJ; Mo;-HeT 6D1Th npJIMoro HaF-;amt B RHJ~e ?.JBTa.nJJvi

qeCJwiir HHTH 11JTH DOJJ;OrpeUHhli1, 1\0HCTpyKU;fiJI J\OTOpOrO l;Te 

OTJJJPiaBTCJI OT KaTOJ(a }J;JiiOJ(OB . 

Ce-rxy 113fOTOBJIJIJOT 113 TOHHoii nponoJIOI\11 n BH)J,e ~HJIHHJJ;
pH'IeCTWH H.JIH H.JIOCHOii CDHpaJJH, J\OTOpaH HaXOJJ;FlTCJI i\<IerHJJ;Y 

Pnc: IV-3 . CxeMa 
COCI(liHCHilll BiiCH 
'I'POAOB (J:IOHOJICB-

Ha) TPUOI(a 

HaTOJJ;OM H anoJJ,Oi\J. OT ncex <lJiewrpoJJ;OB 

CJ.(eJiam,:r BhiBOJJ;hT r-; LfO,;:oJLIO JiaMDhl. Ano)J, H 

CeTT\a HMBJOT DO OJJ;HOM.y BhlllOJ\Y, KaTOJJ; DpJI

MOfO naHaJJa - p,na Bhi.BOJJ,a, a r<aTOJJ; no

p,orpesnr,ru - TpH BhiBO}J;a: }J;Ba - OT HHTF! 

naxaJJa n TpeTH~r - I-Ienocpep,cTneHHO OT Ka

TOJJ;a. QO_KOJih JJaMllbl CJJy/I\HT lJ,JIJI HpenJJeHHJI 

JiaMnhl n annapaType Iii coe)J,HHeHHH Jia~mo

BhiX <lJIBRTpO.!J;OB CO CXBMOH U UCTO'IHHKal\UI 

DUTaHHH. QoKOJib U3fOTOBJIHlOT l13. H30JIHIJ;U· 

OHHbiX MaTepHaJIOB C MBTaJIJIH'IBCimMH HO/H

KaMH-illTblpbKaMH. It Hall<JJ;OMY na mThlpn

KOB DpHCOBJJ;HHHBTCH BJ>IBOJJ; OJJ;HOrO H3 <JJIBK

TpOJJ;OB Jia:MDhi, a illThlphl\H BCTaBJIHIOTCH B 

rneap;a JiaMDOBOH naHBJIH, K I\OTOphiM DOJJ;-

BOJJ;JIT COBJJ;HHUTBJibHhle IIpOBO,!J;HJHUI CX BMT>l. 

,IJ;.JI JJ npaBBJlbHOfO DOJIOiJ\8HHJJ Jiai\filbl B .Jiai\JTIOBOH IIaHBJIH 

na ee n;oxoJre BMeeTCJI HanpanJIHIOll\HH KJJlO'l (pHc. IV-3), a B 

IJ;BHTpe JiaMITOBOH naHBJIM - OTRBpCTHB C HWp830M, HCKJIJO

~IaJOllJ,BB B03MOrHHOCTb nenpaBRJlbHOM yCTaHOBHFl Jiai\Illbl. 

IIpasnJrbHOCTb ycTaHOBHH .JiaMnl>l n naneJTh n HeHoTopr,rx 

nurax Jia;vm o6ecrreqJimaeTCJI aecaMMeTpi1'THbiM pacnoJIOti~e
aaeM illThlpb~OB Ha ~OHOne Jlf\MITW. 

QoHo.JieBHy mum no ncex cxeMax npHHJJTO Hao6paa;aTb 

TaR, HaH OHa Bblf.TIJIJJ;HT, BCJIJi CMOTpBTb Ha .Jia~my CO CTOpOHbl 

~OKOJifl, T. e. CHM3y . lfT06bL pa3J1HqaTh UITbipbHH, HX HyMe

pyiOT n nopR:JJ;He, yxaaaHHOM ua pHc. lV-3, - no qaconoFi 

CTpeJJI<e Ha ~OHOJie JiaMITbl H DpOTHB 'JaCOBOFi CTpeJIHH Ha 

naMITOBOH rraReJIH . . 

RpoMe Jia~m, mRpOHO HCIIOJI&ayeMnlX B ImuoarmapaTyp~, 
'!aCTO llpHi\•leHHJOT MHH:HanopRbie JiaMJibT naJib'IHT\OBOfO THHl;\. 

Y <JTHX Jiai\lm HeT OTJJ;eJI&HhlX n;oHOJIJI H Hmoqa. BhlBOJJ;J,T nc~x 
3JI8HTpOJJ;OB yHpenJieHT>l aerrocpeJJ,CTBeHHO Ha IIJI OCIWM CTBH

J~HRHOM }];He JiaMITbi 1'1 BblXO)J,.!IT aapymy B B:Hl-1,8 TOHHHX H 

rrpoqm,rx IDThlpnHOB. IIIThipblni pacaoJJon;:ea.hl ao oRpymnu

CTH TaR, 'ITO Mei-KJJ;y JJ;BYMJ'l H3 HRX - nepBhiM 11 TIOCJiep;-
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HlDi (BOChMhlH) IHI861'CJI OTHO CI'lT6Ji bHO 60 JJ bUJUII 11pOM6tKYTOl\ 1 

'iBM MetHA Y Bce~m ocTa.n:r:.HLL\111. TaKoe pacnoJIOi-J-\eHMe lJJThipb-. ~ 

HOB ooecae•JimaeT y cTaHOBI<Y l3Mllhl B aaHeJihKY B 6,[1,HH-

« TB6RHO up a B l(.T[bHOe I10JIOH\6H u e . 

• ITaJibllHHOBbl6 JJ ai\lTibT llpH~l6HJUOT B pa,[J,HOarmapaType U 

H3~tepliiTeJibH:hiX npH6opax. 

' .[( Jill yMeHbW6BHJI ra6apnTOB annapaTyphl KOHCTPYHTOpbr 

<W81<'1'pOHHI>lX JJaMll CyMe.TlH B O,[I,HO~I 6aJJJIOH.e UOM8CTU'fb ,[I,Be 

JID.Mllhl , HanpHMep ,[J,Ba TpUO

D.a . B o6w.eM K a TOJW BBYTPH 

~aJI JIOHa pa3M6ll~6Hbl ,[I,Ba 

aBO,[!, a II ,[I, Be C6TI<l1 , a BbiBO

tJ.bl OT HI-IX I1pJiiC06,[1,11H6Hbi 1-\ 

lDTblpbi\ai\I ll,OKO JI H . l~OKO
JI6BKa ,[I,BOHHOTO TpliiO,[I,a 

6H8CnoHaaaHa Ha pHc . IV-4. 
3a6eraH aecKOJih.Ko sne-

pe,D. , CHaH\ 6i\J , LITO llOi\Uli\10 

TpexaJielnpO,D.HhtX .na~m paa-

AHOA nej?SOJ.O 
TpHOAa ;2 

CetKa nepeoro 
TPKQAa 

PH C. JV-It I[ OiiOJI CDHa ABOiiHOrO 
orp nona 6H 8C 

pa6oTa Ho 60JJhlll06 lll!ICJJO ,D,pyrHX 'fiUIOB TaH Ba3hiBa8MblX 

i\moroceTOLJHJ,JX JiaMn, HMeronvix ai-IaJiorH•moe paccMoTpeH

I-IhJM ycTpOHCTBO I[Ol\OJIJI. 

8JI6H'l'pOHHhli\J JJ aMnaM BC6X 'l'MTIOB llp!tiCBaHBaiOTCJI B COOT

B6TCTBHH C focyp,apCTB6HHblM 06JI~6COI03HhJM CTaH,D,apTOi\1 

(fOCToM) cnel\HaJI:r:.Hhie ycJIOBHhle o6oaaatieHHJL B npHeMHO

ycHJIHTeJJ:r:.H:r:.l x JJai\max o6oaaarwHne COCTOHT na ti6T:hrpex 

aJieMeHTOB . IT ep s hrii aJieMeHT - ti~>fCJIO, yHaahiBaiO~ee ua

npmHemre HaHaJJa B BOJibTax ( Ol\ pyrJreHuo). 

BTopoii: aJiei\JeHT - 6y1ma - xapawrepltayeT THn JraMnhJ: 

)J.HO~'hl 0603Ha LJaiOTCR 6y1m0~I .[( , ,[I,BOIIHT>le ,[I,HO,[J.bl - 6yn

BOH X, TPHO,D;I>l - C , neHTO,[I,hi - It JitJI H .1-K, •racToTHonpeo-

6paaonaTen:r:.nr,w JJaMnhi c ~'BYMJI ynpasJIHIOIII.HMH ceTJm

MH - A, BhTXO,D,nMe nenTO,D.M 11 Jiytienhre TeTpO,D,hl - IT H P, 
TpUO)J.bJ C O,[J,HHM ~IJIH ,D,BY~iJI ,[I,HO,[J,aMH - f , ,[I,BOHHhi6 TpHO

,[J.hl - H , neH'l'O)J.hL c O,[I,HHM J-IJIH ,B;BY~IR p,uo,n.aMH - B H I\eHo

TpOHhi - Q. 
TpeTHli a Jr e~teHT - tiHCJrO, yKa3hlBatolll.ee nopJI,[J,HOBhlH 

HOMep nma JiaMIIbL. LJenepThlM aJr eMeRT o6oaHa'leHHH -

6yHna, xapat~Tepna yrolll,aH rwucTpyinnsnoe ocpopMneu.ne 

Jia~lllhJ. EcJni JiaMna c l\IeTa JIJIH•recHI~M 6aJJJJ OHOM , o6oaua

•Jenue H e CTaB.JiiTCJl, 8CJIH CO CT6KJIRHHhiM, - CTaBHTCJI 6yHBa 

C . llan:r:.~mRoBaR Jial\ma o6oaua 'Ia6TCJI 6yHBOH IT; na~m:r:.r 
cnepxMHHHaTIOpBhle p,Hal\reTpOl'II 10 ~£~£ - 6yr\ BOH B. CTeHJIHH

HaR Jra!lma B cpopMe /H6JIY~IH - 6yi\BOH .1-I\ ( ,D,Hal\I6Tp 6 ~~M). 
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§ 2. XAPAKTEPHCTHKIA H nAPAMETPbl 
TPHOJ!OB 

PaccM>:.tTpi<~:Bafl qmsn trecm<~:e npou;ecchr, npo

ncx O~UIIIIM8 B T,PUO,IJ,e, Mbl yCTaHOBUJIM, <ITO TORR H HanpFDHe

HMH B ll8IIHX TDUOJia BSaRMOCBHSaHbi. J.iiSMBHeHHB O,D,HOH MS 

BBJIM<nm Be~eT - J{ . HSM8H8I-IHIO p;pyrnx. .IJ:nn npaBI-IJlbHO i1 
ou;enr<n n pacLJwta ycJIJJillTBJie:iir ncer,rr;a nariniO sHaTb xapaKTep 

CBHS8Il H OIJ;BI-IHBaTb BJIIUIHltl8 I!lSMBH8BMfl O,Ll;HOH MS B8JIJ11tiJ11 H 

Ha ,rr;pyrne . B TPMO)J.e aHO,Ll;Hblj;'J TOH, uanpnMep, sanncnT OT 

P11c. IV-6. Cxe•~a /IJUI C!lf!THR xa pa!,Te · 
JJHCTHH C TJ)CX 3JieHTIJ O/lHblX .Tla~lll 

TIJ8XB8JIHLJMH:HanpHmeHMfl 

HaHaJia, Hanpamennn na 

aHo ,rr;e H nanpamenna Ha 

ceTKe. 

B sa r-rMOCBHSM nan6onee 

TO'IHO onpep;eJIHIOTCH C ITO

MOru:biO TaH Ha SbiBaB~IbiX 

cmamul.(.ecr•ux xapar..mepuc
mur.. - rpacf>nrwB, noRaSbiBa

IOIJJ,I1X 3aBMCMMOCTb OD;HOII 

MS B8JI'J1'IHH, nanpJ;IMep TO

Ha, 01' HSM8H8HHfl TORa MJIH 

n a npmEenna B p;pyrou u;enH 

I!pM ITOCTOflHHbl X BO Bp8MH OITbTTa p;pyrMX lJOKa::>aTBJl flX. 

TIIHI pa6oTe Tpno)J.a, HanpnMep, HanpmHeHHe HaHaJia nee 

Bp 8MH ITOp;)J.ep rHHB a BTCH ITOCTOflHHbi M, M, Kai< Mbf BH,[\8JIM BbiJJJe, 

aHO)J.HbiH TOJ{ TIJHO)J.a SaBHCMT TOJibRO OT IJ:BYX BBJIHLJim: 

Hanpmi<BHMfl Ha aHO)J.8 M Ha C8TH8 . 

.IJ: JI H n p aiHMKH SaBHCMMOCTh aHO)J.HOrO TOKa B TpHO~(e 
OT ABYX yHasaHHbiX BBJIM<JMH Y)J.06HO MCCJI8,[\0BaTb p;Bamp;bl , 

HarH)J.bi ll pas npnp;aBaH 0,[\HOH MS HHX onpep;eJIBHH08 ITOCTO

HHH08 SHa LI8HltiB . 

B MTore rroJiyLiaiOT p;Be xapaHTepncnmi-r: ceTOLJHyro (HJIM 

aHO,[\HO-C8TO<IHyiO) Jd: aHO,D;HyiO . 

PaccMOTpuM noJiylJeHue cemotawii xapaHTepncTHHrnpHop;a, 

ITOHaShiBaiOru:e:iiJ: SaBMCHMOCTh aHO)J;BOrO TOI<a OT HanpHH<8HHH 

Ha CBTI{B npH ITOCTOHHHOM HaiipHrH 8HHH auop;a. 

CeTo tmyro xapar<TepHCTHI<y rroJiytraroT, MJIH, KaH rrpHHHTO 

rOBOpHTb , a£UM aTOm , OITbiTHbl I nyTeM, p;.JI H Liero C06HpaiOT 

cneu;MaJionyro cxeMy p;JIH cnnnu:r xaparuepMCTHI< c Tpex

aJierupop;Hbi X JiaJvm, nor<asanHyro Ha p Hc . IV-5. 
Hanp!HR8HIU:I Har<aJia VII H Ha anop;e JiaMJibl u a IIO)J.)J.ep

}l{HBaiOTCfl ITOCTOHHHbiMH C liOMOru:oro p eOCTaTa R M IIOTBH

IJ;MOM8Tpa R1. HonTpOJib sa uanpm.KeHHHliiH Be,n;eTcH no BOJib'f-
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MeTpaM. lloTeHli,HOMeTpoM R 2 H3M6HHIOT HanpmHeHHe Ha 

C6TH6 U c H q)]imC:rrpyiOT TIOH333HRH BOJihT!I16Tpa H MHJIJIH

aMnepMeTpa, yCT3HOBJI6HJ:IhlX B 3HO~HOH ll,8 llH. 

HanpmHenHe na ceTHe H3MenHIOT, natJHHaH c TarwH: neJI:rr

'IHHbi ero oTpi~ll,aTeJihHOro 3Ha•remm, np1~ KOTopo!lr Jiai\ma 

sanepTa, T . e. TOI{ B aHo~Hoj,i 
l.(en:rr paneH Hymo. 

J13M6Hllfl llOJIOiH6HH6 ~BHH{l{fl 
noTeHIJ,HOMeTpa , yMeHr,waroT na

npHn,enHe, llO~BO~HMOe I{ yrrpaB

Jl liiOili,6H C6Tl{6 "'epe3 paBI-Ihie HH

TepnaJibl 1-2 8, H 33llHCbiB3IOT 

liOH333HHll MHJIJIHaMnepMeTpa, 

COOTB6TCTBYIOIIJ,H6 0TpHIJ,3T6JlbHO

MY 3HatJeHHIO HanpmHeHHH ceTim. 

OtJeHb na}KHa neJIR"'HHa ano~Horo 
-Uc -6 

TOHa llpH HyJieBOM 3H3"'6HHI1 

A 

HallpH}l>eHHfl Ha C6TK6. 3aTeM Pnc . IV-6·. X apan-repJ>lCTJma TPH-
ona, CJifiTaf! TIPI1 TIOCTOfiiiHOM 

T3l{ II-\e YB6JIR'IHB3IOT 3Ha 'IeHHfl aHOiiHOM nanpmHeHIIl1 U a= 100 e 
BeJIH'IHHbl liOJIQ}HHTeJihHOI'O Ha-

lipB:rH6HRJI Ha CeTJ{e H 33liHChi

B3IOT 3H3"'eHHfl aHO~HOI'O TOHa . 

Ha pRe. IV-6 rrpHBe~ena xaparnepncT:rrHa, CHHTaH ~Jill 
HeiWTOpOI'O Tp:rroga npH liOCTOHIIHOM aHOgiiOM HaliplliH6HHH, 

paBHOM 100 8 . Ms xaparuepHCTHT{ BH~Ho, 'ITO gJIH aToro 

TpHoga rroJinoe H3Menerme auogrroro TO I{a OT uyJIH go TOHa 

H3Cbiii.(eHHH , paBI-IOI'O rrpHMepno 30 ~W, liOJIY'I36TCJI rrpH H3Me

Ia lc 
A 

6 

HeHHH HalipB:IKeHHll Ha C6TI{e OT -8 
go +6 8. 

Xapa·rnepHCTHI{a HMeeT TPH ocHOB

HLie '-I3CTH: HHH-\HHH l{pHBOJIHHeHHblH 

yqaCTOH - HHH\HHi1. 33I'H6, cpeJJ;fiHH 

npHMOJIHHeiiHhiH y<IaCTOH H B6pXHHH 

- Uc + Uc HpHBOJIHH6l!Hbi:i'I Y'I3CT0l{ - BepXHHi'I 

33I'I'I6. Y '-I3CTOH xa paKTepHCTHT{H npa
P11c. JV-7. Xapar<TepnCTJI· 
na aHOiiHOro .., ceToYnoro Bee TO'-II<H A COOTBeTCTByeT pemHMY 

T0~<0 " '1'PHona nacutll.(eHHJL PeR01M nacLIII.(eHHH o6-bHC-

HH6TCH TeM, qTO rrpH yBeJIH'I6HHH 

liOJIOHHITeJihHOI'O Halip1HH6HHfl CeTI{ll HaCTyrraeT T3IWe COCTO

flHHe, IWI'ga liOgaBJIJIIOII.(ee 60JiblliHHCTBO aJieKTpOHOB, H3Jiy

craeMhi X KaTO~OM, IIPHTJII'HB3IOTCH anogoM. 

OgHarw ecJIH noJionurreJibHOe HanpmHerrHe ua ynpanJIH

roru.ea CeTHe yneJIM"'HB3Tb 3H3'IMTeJibHO, TO aHOgRhiH TOH 6y

~\8T yMeHbTLiaTbCJr (pHc. IV-7). 8To nponcxogFrr noToMy, 'ITO 
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CHJfbHO B03paCTaeT C8TO'fHblll. TOn, TaR JWR CeTJ...:a ffj) I~ 60Jibl00ilf 

TIOJIOil\Wf8JibHOM HanpHfl\eHlUI Ha H e iii npHTHrJmaeT 60JibiDylO 

'IaCTb aJrei<TpoHon. TaHoifr p eiHHM , npH HOTopoM aHO,IJ;HblH TOK 

yMeHbmaeTC.fl (y~racTOH AB) sa crwT poc-ra ceTO <IHoro TO J>a , 

Ha3brBaeTC.fl nepeHarrpHJI\8HHblM periHIMO~i. 8TOT p eiHHM Dpa I\ 

TH'I8CIUI He HCllOJfb3yeTCH B yCJUIHT8JIHX. 

Ms xapaHTepHCTHHH Jia~mhr ncer,o;a Monmo Hafrm neJrH<IImy 

aHO,IJ;Horo TOHa ,IJ;JrJI mo6oro HanpmHeHHH ua ynpaBJIJIJOU(e i1 

ceTRe npH p;aHHOM auop;HOM HarrpHmeHRM. HanpRMep, M3 

xapawrepMCTMl\M (eM. pHc.JV- 6) 

J~JIH Uc = - LJ. e noJry•raeM 

10 = Ll .i!La; ,IJ;.fiH Uc =+2 8 T-W

XO,IJ;IifM 10 = 16 .MG. M T. ~~-
II OMllMO xa paHTepMCTH I<H 

a Ho,o;Horo TOHa cy~ecTnyeT 

XapaHTepi1CTMKa C0TOtiHOl'O TO 

J\a (eM. puc. IV-7) , JWTOphli'J 

llO JTBJ1HeTCR l1pM Hy.rre Ha C0T l\C 

1,1 pacTeT no i\.repe yneJJll'IeHHH 

noJronnrre.TibHoro Harrp.An<eHTUI 

PHC . IV-8. CeMei1CTDO CTaTII'ICCH IIX Ha CeTHe. Y H0HOTOpbTX TMDOH 
CCTO'I IIb! X xapa HTCPIICT!I n 'I'p li OJ<a Jrai\'[lJ CeTO~lHblfi TOl{ ff0HBJIH8T-

CJI p;ame npH He60JJbUJHX 0Tp.11 -

~a'1'8JibBbTX HanpmH8HHHX H a C8Tl\e . 8TO CBli,IJ;eT8Ji bCTBY8'1' 0 

TOi\1, 'ITO 'IaCTb <J .TI81\Tj)OROB OCep;aeT Ha CeTHe, HOITap;aH Ha H ee , 

npoJreTaR c HaTop;a H aHop;y. 

CeTO<IHaR xapaRTepHCTHKa, paccMoTpeHHaR HaMH, rroJry

qeHa lipM HeKOTOpOM Ollpep;eJieHHOM aHO,IJ;HOl\1 HanpRn\eHI1lif , 

TIOCTOHHHOM ,IJ;JIH BCeX TO<Iei\ xapawrepHCTHJUI. )J; .rLH p;pyrHX 

aHO,IJ;Hhix narrpRmemrFi: xapa!nepHCTimH 6yp;yT Hm,re . r:J) opMa 

HX OCTaHeTCH Ta me, HO paCDOJJOJHeHHe ImMeHHTCH. 

llpn 6oJiee BhTCOROM aHop;rroM rranpmHeHMH ,IJ;JTH rrpemar;rx 

sHa'Iennfr narrpmiWHHR ua ynpaBJrJIIOUJ;ei1: ceTI \e a Jrop;nr,Je 

TOI\:H 6yp;yT 60JJbiJJe H ).~JlH aan:apaHIUf JiaMITbi npH,O:eTCH H a 

ceTRY nop;aTb 6oJibmee oTpn~aTe.rrbHOe n anpmHeHHe . l1oaToMy 

xapaKTepncTHI>a ,IJ;JJ.fl 6o ree Bbl COI<Oro ano,o;uoro narrpmHeHHH 

rrpon,o;eT Jienee. 

IIpH 6oJiee HH31\0M aHO,IJ;HOM Harrpn:n...:eHMl-1 xaparu-epHCTH

Ha, Hao6opoT, C,IJ;BHHeTCH nrrpano , Tal< Kar< JraMna 6y,o;eT 

sarmpaTbCH npH M8HbUJeM OTpH~aTeJrbHOi\I HanpRn<eHHH HU 

ynpaBJIHIOUJ;eH CeTRe, BeJrl1<JHHhi aHO,IJ;HJ>lX TOI\OB yM8HblllaTC.H. 

Ha pHc. IV-8 p;aHa rpynna xapaKTepnc.THI< op;Hoii H TOM me 

JiaMTibl ,IJ;JrH pa3JIII'IHMX aHO,IJ;HbTX HaiiJHGHeHHH, Ha3blBaeMaH 

ceJJtdicmeoJit cemO'lH,bl-X xa. aJonepucmuJ£. 

108 



flo)U !MO xapawl'ep11cTHK auo~Horo TOKa 31(8Cb 11~e ao~<aaaHo 
R C81118fiCTBO XapaHT8pHC1'111{ C8TO<JHOrO TOI\a. chOT TOK T8M 

6oJrou te , lfeM MeH~>we aHo~woe Hanpllll\e i:IHe; Ha o 6 opoT, npn 

60J!b iii 8.\L aHO)l.FlOM Hanpll<K8 IH!11 TOI{ C8TI~ Jif yM8HbUJa8TCll 
~ ' Ta I> HaK OOJI blU88 K O ITH<f8CTBO ::l Jl8 f~Tp01:10B flO~~ )l.8 {LCTBH8M fl O III 

aFiop;a npo.rreTaeT CRB03b ceTHy, H ecMOTpli ua ee n piHRrrmaro-
~ee p;eiicTnwe. · 

B aaBHCRMOCTR OT KOHCTPY IUJ;HI-r ::> JieHTPOJ~on JiaMIIbT, xa

pawrepRCTRHR aHO,!l;HOrO TOI\a pacnOJiafaiOTCH RJIII B JI8BOH 

<JaCTH - B 06JiaCTR OTpRl\UT8Jlb

HblX Hanpll>I\8HRH C8TKR, HJIH B 

npaBOR-B 06JiaCTR TIO J!Q}HRT8Jib

Hbi X HanpmHeHREi: ceTI<R. B co oT

BeTcTmnr: C 3TRM xapaRT8pRCTMI;J'l 

JiaMII, a Rnorp;a M ca~nr m nmhl Ha-

3hmatoT (<Jl8BbiMH>> JIJHI <<IIpaBbiMH>) . 

Ha TaiWe paciioJiomeFIHe xa

p awrepRCTHK 60Jib l ll 8 BCero BJilJJl-

81' ryCTOTa C8TIHI. qeM ryw,e C8T

Ha, T8M l\18Hblli88 OTpHIJ;aT8Jl bH08 

HanpmHeHMe amurpaeT Jta~my, 

Puc. I V-9. Ce~IC i·iCTBO a!I OI\HbiX 
xapaHTCJ) HCTHH 

T. e. xapawrepRCTRKR noJry •raiOTCll 6oJwe <mpaBbie>>. I1 Ha

o6opoT, npn p e)l.I\OH ceTr<e .nai\ma aaiiMpaeTCll npn 6oJII>lliOM 

OTIJRIJ;aT8JibHOi'll HaiipmHefllHl Ha C8TH8 J1 xapai~TepRCTRKR 

ITOJ!y<raiOTCJl <<JI8BhT8>>. fl IJH 8~ 1 HO-yCI1JIRT8JII>Hbie Jiai\IIIbT <Jam;e 

BCero )l;8JiaTOT C <<JI8BbD[Jil)) x a p a K 'l'8 ]HlCTHT<aMH, <JT06bi MOJHHO 

6h!JIO pa6oTaTb 6e3 C8TO<JHblX TO IWB. 

B Ha<raJie wroro rraparp a <fJ a ~!hi ronopHJrR, . <JTO IIOMRMO 

C8TO<JHOil xaparnep11CTRIHI F!CCJie,n;yJOT 3aBHCMi\IOCTb aFIO)l.HOfO 

'J'OI\a OT aHO,!l;HOfO HaiipHH\8HHJ1 IIIJI1 nOCTOJlH I:IOM HaUpHrH8HlHI 

n a ceTEe 11 noJt Y"IaJOT aHo,n;ayro xapawrepi>rcnmy RJIH ceJiteucm
eo a!·WiJnu~x xa ar>me ucmuK (puc. IV-9). 

c rroBHaH xapawrepl'ICTJU~a JJ;Jifl Uc = 0 pac noJIO>Kerra Toqao 

TaH "~e, l{a l\ 11 xapawrepHCTJifi:W ~(rW~(a. Oaa uaqHuaeTCll 

OT TOLmlif., n~e aanpmHeHHe aao,TJ; a p a BHO uy mo . OT noi!i >He 

TOlfKH Ha 'UfHa £0TCJ1 xa palnepMCTJn~A: )l;Jl ll IIO.TlOil>RT8JibHhiX 

3 HaLJ8HHD nanpHH\8HHH C8T lHl, HO vUlYT 0Hl1 BhlliJ8 OCHOBHOH 

xapai\T8JHICTJ1nl1, TaH HaK B8.lJH LfloJEi bT ariO,U,BbiX TOHOB npH 

flOJIOJI\ l>TT8.JTbH bl.'\ uanpan~eHHJlX Ha cen;e DOJJyqaiOTCH 

66.n I> ill MMlil. 

X a pai<Tep vtcnum ,n;JIH OTpRIJ;aTeJl bHblX a aacrerrRH nanpJI

n>eH.viH cenm p acnOJ!OrH8Hhl IIpa see OCHOBHOii xapaHT8pRCTHH.R 

lil HaLJJHi aiOTCH OT H8TWTOpbTX TO<f8 1-\, COOTB8TCTBYIOID;J1X OIIpe

g8Ji eHHO ~I y HOJIOrl>HT8JlhFIOMY Han pHrl>eHlillO Ha aHO)l.e, Ha-
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npMM ep xapawrepMCTliii\a V c = -4 e HaquaaeTCH OT Toq~:ur, 
cooTBeTCTByioiu,ei\ U a= 80 e. 8To 03HULJ.aeT , lfTO nplil aaop:RblX 

HanpmHetnHIX MeHbure 80 e JraMna 3anepTa oTp:rnt;a-reJibHbiM 

HanpmHeHReM Ra ceTHe, paBHbiM - 4 e. 
Dop:o6ao STOMY xapawrepHcnma p:JlH V c= -8 eHaLIMHaeT

cn TOJJhiW OT TO LIJUI, cooTBeTcTnyroT_u;e~r V, = 1.60 e, TaH Har~ 
HanpB n\eHMe Ha ceTHe -8 e ew ,e CHJLhHee 3aiH1paeT Jia~my. 
Vl3 aHOP,HhiX xapawrepHCTMH MOIIUIO Onpep,eJIMTh Tam-He Be

.TI J1LJIUJy aHOP,HOl'O TOHa P,JIH pa3JI I!I'HlbTX 3HaLieHJIPl Hanpn:n~eHI!IH 
aa ceTJ\e 11 Juo6hi X 3HaLJeHnll: aHop:uoro nanpniHeHHH . Hanpn

Mep, iVJH Vc=-2 en V 0 = 'l20 e naxop,HM l a='l .M.a, a npn 

yseJJliiLJeHJHI HanpmHeHJHl P,O 160 e aHO~\HbTH TOH B03paCTaeT 

p,o 2,2 .M.a. 
,1J;JJH pe.weHliiH p a3.JIHl!HbfX BOIIpOCOB, CBH3aHH),[X C pa60TOH 

:3Jl8HTpOHHhiX JJaMII, HallpHMep )l;JJH HaXOJH)l;eiHm TOL\ OB npH 

3ap:aHHbiX HarrpBi i\eHHHX , H8'J' He06XOP,Ji!MOCTH HMeTb C8M8HCT

BO CeTOLIHbJX l1 CeMeHCTBO aT-IOP,I-lbiX xapaH'repHCTHI\ , )l;OCTa 

TOLIHO IIOJJb30BaTbCR OP,ROfi Jil3 HJi!X. 

Xaparu_epHCTHHlil Jialllll pa3JIHLIHT>rx nn1on IIpHBOil:HTCR 

R CIIpaBOliHUHaX DO :3Jl8KTpOHfl),[M JJaM IJaM. 

lloMHMO xapaH'repliiCTHK cnoll:cTna JJaMn Oit;eHMBaiOTCR 

ITOCTOHHHblMJil P,JJ H ODpep,eJJeHI-lOl'O peiHT~Ma B8JJ]IJLJVIHaMJ-T, h:O

'l.'Opole IIa3biBaiOTCH rrapaMeTpaMM. 

OcHOBHhiMH napaMeTpar.IM Tpvrop:a HBJJHIOTcn: 1) rwacp<!Jn

J..iHeHT ycHJieHHH fL ( <<MIO>>); 2) HPYTM3Ha xaparnepviCTHI~M S 
11 3) nnyTpei-mee conpoTHBJJer-nre R.,-. 

Han6oJiee nann-r&ri>i: napaMe'I'P TpHop,a - JlioaifJrfiuLfUefW1 
ycu.unu.H.. On noHa3 bmaeT, so Cl \OJibi\0 pa3 I13MeHeHHe ua

npmHeHMH Ha ynpaBJIHIOIJJ,eH ceTHe fJeucmeyem na anofJnbtu 
mo11, cuJLbnee, '-te:M ma11,oe ;Jtce no eeJLu<iune ua.Atenenue nanp.H.;JtCe-
1-W.JI. na a1-wfJe . 

I-\oa<!J<lJMit;JI8HT yCMJI8HliiH - OTTlJl8<18HHOe LIMCJIO. C ero 

!IOMOII.l,hiO MmHHO cpaBHHTb BJlliiHHHe ynpaBJIJUOlJ..i8B CeTJ~Jil l'I 

aHOAa Ha aHOP,Hbiiit TOH. 

PaccMOTpHM no na npnMepe. ,1J;JJH orrpep:eJJeBHH Hoa<P

tPMJ..iH8HTa yCHJI8HJi!Jl He06XOP,HMO HMeTb C8M8HCTBO C8TOLIHJ,JX: 

xapaH'repliiCTHI\ 1 CHHTbJX DpM pa3JJMtU-IbiX 3HalJeHHHX aHO)l;HOl'O 

HanpmHeHHH . Ha pMc. IV-'10 noHa3aHbi ceTOLIHbTe xapai<Te

pHCTHI\lil AJIH Tpnop,a 6I-J 15fi, CHJIThie np11 pa3JIHlJHT>IX 3Ha

'leHHHX auop,noro HanpmT, eHMn:: U 01 = '100 e lii V a2 = 150 e. 
PenmM pa6oTJ>I p,aHHoro Tpnop:a B TOlJJ e A, OTMeLienaoi1 Ba 

xaparnepHCTMT{e I, Hal{ BHP,HO H3 pMcynHa, cJieAyTOIIt;Hrr: 
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YneJIM<IHTh anop,Hhlil TOJ\ c 4 .!IW, ,D;onycTMM , JJ:O 10, T. e. 

)l06MTbCH npupau~eHMH aHO,[I,HOrO TOEa 6.I" = 6 .!Ita, i\1011\HO , 

KaJ-( Mbf 3Ha8M, JJ;ByMH ITYTHi\HI: M3M8HHH nanpH}H8HMe u a 

aiiO~~e H JIH I-Ia C8TH8. 1_JT06hT aHO,D;I-IblfT TOH B03pOC OT 4 P,O 10 JILa 

npH HOCTOHHHOM HanpHH{8IIHI>I Ha C8TH8, Hyn \HO llOBbiCMTh 

aHop,Hoe nanpmHenue c o 100 JJ:O 150 e (Toqr<a B na xapawre

pucnme I I) HJIM npl'r H8H3MennoM 

HanpmHeHI1M Ha ano,D;e yMeHhUJHTb 

BeJr:uqHny OTIHIU:aTeJrhnoro nanprr

>Heiirur Ha cen<e c - 1,5 p,o - 0,5e 
(ToqT{ a C na xapaHTepncTMKe I). 

B nepnoM c Jryqae npnpa~erure 
anop,noro HanpmEeHMH 

Bo BTOPOi\L c Jry<ra e npHparn.eHne 

HanpH>H8IIMH Ha CeTI\8 COCTaBHT 

6.Uc = Ucl - Uc2 = - 1,5 -
(- 0,5) = -- '1 (1 . 

CJie,D;oBaTeJTbHO, O,D,MHaHo Bo e H3-

Meiienue aHOJJ:HOrO TOI<a MQ}H8T 

I I 
la (Ma 
20 

Js H15n IL/ 18 
( OA~' H lpHOA) 

~1/f - r- u1" s".a8- •n o 
,- 9 14 
"' II 

:2 :::;"'] }3.1 

I 8 :t<'ola 

I I;; ft ~,f8 
t , T :Ia, 

1j 1 k:'LIUc 

..... 41. ~ 

2 

9-8 - 7 -s - 5 -4 -3 - 2 1-1 I o Ucte 
Uc1 Uc2 

P 11 c . lV-1 0 . C e1'0'tHbte xapa" 
Tepii C1'11"H 'fp l-101.\a 6I-J1 5fi 

6hiTb JJ;OCTHriiYTO l'l3M8H8H~IeM nanpmHei-IMH Ha CeTHe Tipi1 

TIOCTOHHHOM aHOP,HOM HaiTpHl·H8HHH JiiJTM H3M8HeHM8i\I aHOJJ;

HOrO rranpmHeHHH U a npn ITOCTOHHHOM rranpHmeHMH Ha 

ceTI<e. 

T armM o6pa30i\I , ecmr JJ;JI H U 3i\IeHeHMH arrop,rroro TOKa 

Ha 6 Jlta nymuo H 3i\:remiTh a nop,uoe r-ranpmHerrHe na 50 e 
npH nocTOHHHOM nanpm-r>eHHvr na ceTHe, a JJ;JIJI Tarwro rr<e 

nsMenennH aHOp,Horo TOHa nsMeneHMeM n anpHmennrr na yrr

paBJimou~e:H C8TI<e P,OCTaToqy.ro Ha C8T!{e H3M8HI<I'l'b BanpHHWHHe 

BCero Ba 1 B, TO MOHHIO Cim3aTb, 'ITO CeTJ<a ,D;eMCTByeT B 50 pa3 

CliiJJbHee, <felii aHOJJ;, H, 3Ha liH'f, I<OcHpqlMIJ;I>l8H'l' ycnJI8HI1:H pa

B8H 50. 
BI>L'IMCJier-nre CBO,D,HTCH npawn1<recrur I< cJiep,yroru;eMy: Ha 

llpHMOJIHH8HHbfX y<raCTIWX ,D,BYX xapaHT8})HCTliiK Bbi6l!lpaiOT 

P,B8 'l'O'IlUI , COOTB8TCTBYIOIIJ;l!l8 O~I-IOMY 3I-Ia 'l8I-IHJO aHO~HOrO 

TOt>a (Hanp:ai\rep , TO<rRl!l B 1-r C na puc. IV-10). llpupa~errnH 
anop,rroro HarrpHn<eHHH onpep,eJIHIOT Ra r' pasHOCTb nanpmr-;e

HM~i, npu KOTopr:,rx 6bi JIM CHHTI>l paccMaTpnnaeMnre xaparne

pHCTJTKl!l . 

IIpuparu;errnR HarrpmHenurr cenm naxo~HT I{a i-\ pas 

HOCTb I-IaTipRm:eHHM C8TIUI , COOTB8TCTBYl.OH~liiX Bbi6paHHbiM 

TO'lHaM (- 1,5 11 - 0,5 e H a p11c. IV-'10). 
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Jl, JIJI Jia~!llbi, xapawrepUCTIU{a lWTOpO ~I ,!.J,aHa Ha p.MC. l V - 10, 
KOB~~HQHBHT yCHHBHMB paBBH: 

D.u" so _0 ~L = D. IJ c = ' T = ::> , 

r,a;e /1Ua H !J.Uc - yCJlOBHbiB o603HalfBHHB H3MBHBHHB, T . B. 

npwpan~BHMB aHO,iJ; IIOrO HailpH1HBHT1JI H Hall pJiat:emiH CBTJUI. 

J\oa~~IU\ffBHT yC~IHBHMR TpHO,LJ;a 3aBJ-TCHT TOJibHO OT HOHCT

pyHI.J,HH 3JIBKTpO,iJ;OB M HB H3MBHJIBT CBOBIT BBJIH<IMHbT B llpO

JJ:BCCB pa60Thl. f JraBHbiM o6pasoM rwa~~I.H(MBHT y c MJretnm 

!'l::IBMCUT OT ryCTOTbi CBTTUI: Y:B~l OHa ryJJJ;B, TBM 60.JI b i.UB J\03 ~
qHIQHBHT yCHHBHIHT. 

Y pasnnriHblX TpMO,iJ;OB B 3aBHCH~IOCTH OT HX 1-\0HCTpyH

QMH I\03~~l10,MBHT yCHJTBHHJI MOII{BT 6b!Tb B npe,a;eHax OT 

4 ,u;o 100. 
Ho He cnet J,yeT ,a;eJrwrr, nr,mo,u;, LJTO L!BNI 6onr.we Hoa~~H

Q]!IBHT ycwnernm, TBM JI Y<I IJJ B J1a~ura. H .al{ MM ynu,a;HM B ,a;a Jib

ueihueM, ~l,HB rrpaHTHKH 6hmaroT uyn:>Hhl HaMTihi rwr.;: c 6oJib

IDHM, Tal{ l1 C ~WJ1b!M K08~~HQHBHTOM yCHHBHMJI. llo ::lTO~lY 
:nrernpOHHbiB JiaMIIhl, n <racTHOCTM TpRo,a;I>T, BhiiTYCJ{aJOT c 

pa3Jl Ht1Hbl~Il1 IW3~~l10,11BHTaMI!I yCHJIBHHH. 

C H08~~Hf.l, I!IBHTOM yCHHBHI!IH TBCHO CBJI3a H ,a;pyrOT•i n apa

~IBTp Tp no,u;a - npo!iUlfae.iltocmb D . 
l1pOHHI.J,aBMOCTJ> - BCTb BBJlliJTJMHa, o6pa'rHaH 1\0::l~ClJH:

QMBHTY YCMJl BHJUI JiaMilbJ: 

D 1 D D.U c ( I ) = -;L HJIH = /'>,U" np11 3 -r!OCT .. 

IIocrWJibKY BBJIMLJHHa f1. ncer,u;a 6onr.rue e,a;~IHMQbl, neJrwnnra 

IIpOHHl(aBMOCTH BCBrJ~a MBHhll.IB B,iJ;MHIHJ,bl. Jl. .JIH orpi10JW, xa

pawrepHCTl!Ka HO Toporo rrpHB e,a;eHa na 1nrc. IV -10, r.;oa~
~HQHBHT ycnJreHMH p a BeH 50, a npoHMQae~LOCTh D = 0,02. 
11 pOHHQaBMOCTb l'IBOl',lla BhTparRaiOT B UpOU,BHTaX. Jl, JJH yHa-

3aHHOrO cJiy<JaJI npomu(aeMOCTb panna 2%. 
UpoHHT.(aBMOCTh u oJ<a3hJBaeT, 'ITO npn 6onee rycToi1 cen:e 

BHMlJH.HB HaiipmHBIUIJI Ha CBTI{B Ha BBJJl'I<!J;IHy aHO~(HOI'O TOI<a 

cxasr,maeTca c1r.rrr.nee, LJBM rrpH peJJ, lWii cen.;e, FI upomn.:Hone

nue aHO,iJ;HOrO U OJIJI CE I303b ryCTYJO CBTHY 3Hll'niTBJibHO 

CJi a6ee. Jla~ma C ryCTOff C8TKOR o6Jra,a;aeT ~·LBHbiJJB~I IIpOHM

QaBMOCTbiO , 'IBM Jra~ma c p e,u;n:oii ceTI~oiL B aTOM H cocTOHT 

~H3MLJBCKMH CMbfC .fi n apa~reorpa <<IIpOHMQaBMOCTb>>. 
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1\pyTusua xapai-;Tepncnmu xapawrep~ts yeT HJHUIHHe 

HafiPHrl\8HHH HH VIIDaB JIHIOlUBli C8 'J'[\8 1U1 aHO)J.HblFI TOI\. 

ifpymuarwu xdpdKmepucmww. naab!Ba!Om marwe uaJ.teT-lei-We 
atiofh-w;;o mona, 1wmopue npuxooumcJL na 1 e uaNeneTiUR. nanpR.
:HCeTutR. cem1r.u npu TieU3JJtelil-liiL.x arWO/iO.M nanpR.:JICe/iuu -u nanpR.
:Jiceruw. TUliWJW. KpynJsua Bbl parr<aeTCH B MFIJIJIHai\mepax Ha 

BOJlbT HaTipHi-1:\BHHJl G8TlUI (.%a-'e). 
EcJJ~J, HarrpJIIMep , npFI FI311I eHeBJ1H HanpH;-~> eHMH na ceTRe na 

aHO)J,HbJli TOJ\ JII3M8Hl1JICJl 1-Ht 8,_/" = 6 J.W npVI B8H3MeHHOM 

aHO)lHOll l HanpHa\CHHH , TO EpyTH3Ha 

S' - Ia2·-- T"l _ I". J., -~ - G / 
- [ f - U - A lj --- 1 - , ll(l (]' 

C2 Cl D C 

T. fJ. vl3M8HB~ure C8TO'IHOro narrpmHBHHJl Ha 1 B B ).l;UHHOJ'i JiaMne 

Bhl3hiBaeT U3M8H8BH8 aBO):(HOrO TORa Ha 6 J.ta. 
lJ eM 6oJJbme Bemnuna HpyTl13Hbi , TeM Hpy-.:re n:p;eT ce

ToquaH xapawrepl'ICTHI<a. T<:mHM o6pasoM, rrapaMeTp S HB

Jlf!BTCH IJO cyureCTBy l{ }JYTH3HOH CBTO'lHO~i xapaHTC}JJilCTHlUI 

Ji aM llLl. 

BeJai'li1Ha Kpynt3HLI saBHCHT OT IWHCTpyrnvur JiaMnbr. 

Lf: JrH pasJiuqHbTX JiaMrr HpyTnsua MOii\BT _ oJJITb B npep;eJiax 

OT t ):(0 20 .llt.a/e. l.JeM 60JibDJB TBpMO::J JJ0HTpOHHaH 3MHCCHH 

1\aTO):(a, qeM OJIH}l{8 C8THa I \ HaTO~(y H 1-JeM ryii(8 CCTHa , TCi\I 

fioJ I b tu e neJIH'IHHa S. 
Ha pasJIH'IHbiX Y'JaCTI\aX xapaJ-\ TepncTHI-m ):t;aHno}r JiaMnr,r 

BBJI YfLIHHa HpyTH3Hhi TaJUI-\8 HBO~(HHaHOHa : Ha npHMOJIHHCH

HOM yqacTI\8 OHa HaH60Jlbiiial1 H TIOCTOHHHaJI , a Ha IU]}IUI8M li 

HepxueM H3rn:6ax yMeHhruaeTcH n yme ne nocTomma. B cnpa-

. tHJ<lHFmax yHa3bJBa8TCH Hpy'nJ3Ha, COOTB8TCTBYIOll1aH npJIMO

JIHH8HHOli1Y y'laCTHY xapa rnepHCTHHH. 

Buy•rpeunee conpoTHBJienne R,. norwsi,maeT BJIHHHHe anop;

noro HanpH}I\8HHH Ha UHO~(Hh i M TOI\ llpH yCJIOBHH ITOCTOHHCTBa 

Hallpll }HBHHH na yrrpaB.rr mou~eii ceTKe . Ouo onpe,n;e JIJieTCH Har~ 
OTHOWCHI18 npnpall(eHBH HanpHiHBHHH Ha aHO)le 6U 0 H BbJ3bi

BaBMOMy HM. npn:pam,eHHIO aHO,!J;HOro TO!\ a 8,_/ a npn ITOCTOHIIHOH 

B8.'IIFIHH8 HanpJHH8HHH Ha C8THe: 

R __ :-,.u" (np·• U-no--,· ) 
t - !'l.T" ' c L . 

H npe,n;CTaB JJHBT C060ll B8JHJC1HHy COI1p0THB JJ8HHH , OHa3hlBae

M oro TpHO):(OM Jil3MBHBHHIO a HO,!J;HOrO TOI\a. 
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Korp,a Tp.r-rop; pa6oTaeT n cxeMe ycriiJIHTe.rw HJIH renepa

Topa, TO aHOJlH:bJ:iir TOI< rroJiyqaeTCH rryJII>Cl'rpymiUHM. 113-

BeCTHO, 'ITO TaiWM 1'01\ MOrHHO C1IHTaTb COCTOl!JJJ;lZ!M 1i!3 ,ll;BYX 

TOROn: IlOCTOl!HHOrO H rrepeMeHHOrO. 

BnyTpennee corrpoTHBJiem;re R1 rrpep;cTanJIHe'r co6ofr co

npOTHnJieHHe JiaMilbi Men p,y anop;oM H I{aTop;oM p;JIH nepe

Mennoili: COCTanJIHIOil~eJ~[ aHO,ll;HOrO TORa, I<OTOpaH n03HlZ!RaeT 

nnyTpH JJaMilbi nop; p;e:iircTnMeM nepe~wnnoro narrpmReHHH 

ceTHM ua TIOTOK ::lJiei{Tponon. BeJJM'lMHY nnyTpennero conpo

THnJrer-nrJI MOJHHO onpep;eJIHTI> no 3aiWHY 0Ma. Tm{, p;JIH naurero 

ll)JMMepa M3M8H8HMe aHO,ll;HOrO HanpHrH8IUIH /:!, Ua = Ual- Ua 2 = 
= 150- 100= 50 e, a H3Menerme aHop;noro TOHa n a~mepax 
panHO 6f0 = f al- f a2= 10-4= 6 .iiW, HJIH 0,006 a. 

R; = 0,
5
0°06 = 8333 0 JlL. 

,lJ; JIH l10JIY'l€Hl'Il! COIIpOTI-IBJI8HHH n OMaX H806XO,ll;HMO nhi

pan->aTb I-I311'reneuHe anop;uoro nanpmHeHHH n noJII>Tax, a l'I3-

MeHerm:e aHop;Horo Torw - n a~mepax. BHyTpei-mee conpo

THnnem,re JJaMilbi nepeMeHHOl\IY TOHY n npe):(enax npHMOJIH

HeiiHoro Y'JaCTHa xa parnepHCTHrnr nocTOHHHO H CHJihHO 

yneJIHLJHnaeTCH Ha ee 3arr-r6ax, TaK J\aJ{ na 3THX yqacTHax Te me 

H3MGH8HHJI aHO,ll;HOrO HanpHrH8EHH Bbl3biBaiOT 3HaqHT8JibHO 

M8Hbllili[8 I-I3M8H8I-IHH aHO)lHOrO TO!Hl. 

,ll;nJI pa3JIH'IH biX TpHO,ll;Oll nem-r•mna R 1 HMeeT 3Ha'leHne 

OT 1000 ,ll;O 100 000 O.iiL M sanHCHT OT ycTpO:ikrna 3Jl8Krpop;on 

JlaMTibi. l.JeM M8Hb.W8 3MMCCMH HaTOp;a, 118.1 ryr:u;e C8TI\a Jii '18M 

6JIHrH8 OHa J{ HaTOp;y, a Tai<rHe, 118M p;aJiblll8 aHOP, OT HaTOP,a, 

TeM 6oJII>IDe nHyTpennee conpoTMBJI8HMe. HanpMMep, JiaMm,r 

,ll;JIH MOJJJ;HbiX yCHJIMTeJieft HM3ROH 'laCTOTbl p;OmJ\1-lbi 6biTh 

c ne6oJII>IUMM R 1• 

OcHonHhie napaMeTpbi TpHO,[(a - He CTporo nocTOJIHHbTe 

neJIM'1MI-Ibi. IJpM6JIMfl ei-IHO MX M0/:1\I-IO C'IMTaTb IIOCTOJII-II-IhiMH 

TOJihiW )lJIJI npJIMOJIHEeiilnoro y-qacTJ{a ceTO'lHOiil xaparnepn

CTHRM. B o61II,eM cny1:rae nee napaMeTpbi Tpnop,a H3Mer-rmOTCH 

C H311•18I-I8I-IM8M I-IaTipJin\8HHl! Ha C8TH8. 

EcJIM nepnyTbCH H puc. IV-10, TO MI>I ynM,[(MM TpeyroJI&HHI{ 

ABC (samTpMxoBan); HCIIOJII>ayroll(HHCJI p;JIH onpep,ener-rnR 

OCHOnHbLX napaMeTpOB T)JHOP,a, HOTOpbrff Ha3biBaiOT napa
.iltempurteC1W.ilt mpeyz oJLbJUUW.ilt. l{aTeT AB rra paJIJienen ocn 

opp,nnaT, H neJur•mna 3Toro HaTera panna neJIH'lHHe npHpa

n(enrur aHOAHOro TOI{a I:!.Ia, BM3bmae~wro yneJIH'lBHRe:l.oi aHo ,r~
HOro r-ranpmi\81-IJi!H OT snaqennH U at p,o sHaqer-rH!i Ua 2. BTopofr 

HaTeT (AC) napamreJien ropnsonTaJibHOM OCR H panen npn-
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paJJJ;emuo I-IanpmH:emut ua ceTRe !1Uc, rwTopoe Bh13bmaeT 
TaHOe me M3MeHeHHe aHO,[(HOrO TOI<a. 

l\1erHJW ocnoBHhl MM napaMeTpaMn TPMO,[(a: S, R1 n 1..1. - cy-
ru;ecTByeT n pOCTaH 3aBMCMMOCTb, I103BOJiliLOJJJ;aH HaHTM O,LJ;MH 
FI3 CJTFIX napaMeTpOB, eCJJH FI3BeCTHbi ,[(Ba p,pyrMX. C))opMyJJy 
aTO I~i 3aBMcmvrocTM na3bmaiOT vmor,[(a BHyTpenmiM ypaBHe
HHel\r Jiamihi. Ona HMeeT cJie,[(yiOJJJ;HEi m;r,[(: 

R1 ·S = ~.t · 

~ eiJCTBMTeJIMlO, BHyTpei-mee COII pOTJilB.II emre 

R -= t:.Ua 
I t:. l a • 

HpyTH3Ha xapaRTeprrcTMf\H, Har< MbT BH,[(eJIH Bhrm e, paBna: 

S = ~:; r .,. 
t>Uc 

Ilop,cTaBMB aTn aaa 'JeHHH B rrpaByro LJ aCTh ypaBHeHMH, 
TI OJiy<ri1M: 

R·S = t:.u •. M • 
. I !:; ! , t:.Uc . 

EcJin R1 n S 6hTJIH nr,J<mcJJenbr ua op,noM R TOM me yqacTHe 
xapaKTepncTm 11 , TO 111. HaJ< B cpopMyJie ,[(JLH R 1 TaK M B cpop!viy
Jie ,[(JHI S HMeeT O,[(HO H TO n<e 3HaLJeHMe; TI03TOII1Y , CO I<paTF.IB 
na 6.!,, noJiyqae!vi: 

t;U 
R1·S = c,.u: · 

0Tnornenne npnpam.ennH ano).J,noro uarrpmHeHnH H nprrpa
m.enHIO HarrpmHBHFIH CeTI\H IIpM O,[(HOM 1'1 TO ~! H\e aHO).J, HOM 
'1'01\e - eCTb I<03cpcpHIJ;HBHT yCJUJeHHH .HaMil bl , llO:HOMy 

HJIH 

Ta I\ I< a I< 

HO::>cpcpHJJ,HeHTY 

R1·S = ~t. 
npOHIHiae!viOCTb - eCTh BB!lH'IHHa, o6paTHaH 

( 
1 \ 

ycHJJ erum D =~ ), TO n a cpopMy Jla M omeT 

6hJTh aarrrrcana eilie M B ,[(pyroM BJ;r,[(e: 
1 

R ·S = -
1 D' 

HJilil 

DSR 1 = 1. 
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8TH cJ>opMyJJLl nalf\Hhl, ecJIH nytrmo naHTJii o,n;JiiH rrapa

MOTP no ,n;n y~1 J\PYrl'tM, rrp!t<teJvt EPYTJ'l3Ra B <JTJiiX cJ>opMyJiax 

,n;oJinnra 6biTb Bhlpai-HeHa B a~mepax Ha BOJJbT (al e). 
II p r-~: ~~ e p hl: 

1. Tpe6yeTCH onpet (OJIHTh IwacJ>cJ>nl\MOHT ycHnennR JiaM

IIbi, HMOIOII.I,eii R1= 20 000 o.M Jii S = 4 J.ta!e. 
Haxo,n;HM ~t = 20 000-0,004 = 80. 
2. JiaMna nMeeT napa,,reTpr,r fl- = 25 11: 8 = 2 J.ta /e. Ha1rrH 

ee nayTpeaaee corrpoTMBJJ eawe . 

I1s cJ>opM:ynr,r ~· = R 1 - S c.ue,n;yeT, <rTO R,. ~L 
S, TIO<lTOMy 

1 - 25 - ' ?h . h. i - 0 . 002 - I ,... 000 o lt. 

Be.JUl'll21Ha 
fl2 
li; xapaw r epH3YOT JiaMrry B OTHOIDOHJiiJl i\HHI~-

HOCTH , i\lal\CUMa.libHYIO BOJIJilllMHY KOTOpOH JiaMna MO/l\OT 

pa3BllTb BO BHOlilHOff 1\0TIH I'I Ha 3blBaOTCH iJo6pom7-WCmb70. 
,Il;o6poTHOCTh G HBJIHOTCH •reTBepTbTni napa~wTpOM naMni>I. 

0Ha U03BOJIHOT cpaBHJ1Tb I\aCHa,TJ;bl MO}I\,TJ; y c o6ofi: JIYlllilllM, 

O'IOBH}J;HO , 6yp;eT TOT J<aCHa}:( yCI1JJOHUH, HOTOphllf , OT,TJ;aBaH 

n rmrpysKy onpe,n;enenaoe 3Ha r:renvte MODJ,HO CTM, Tpe6ywr 

:MOHbiDOfO Hanpmr.;eHMH Ha BXOt J,O . L.JHCJJORHO p;o6pOTROCTb 

BI,lpa>HaOTCH B 1\1HJlJIJ1BaT'rax TipM HaTipHn\ OHUH COTI\ll 1 6. 

I-\poMe ocnonHhJX napaM:eTpon: S, R,. H ~L , JraMTihi Ka }H,TJ;O

ro nrna xaparnepH3 Y !OTCH BOJI .lil'lFJHaMJ1 HOpMaJihHhlX TIHTH

IOJJI,HX HanpH:H\ORJilll , TOIWM <JMMCC:HH, CpOI\OM CJI yn;6M, 1\lai-t

CF!i\laJJ bHOM AOUyCTFilllOiJ i\IOUI,B OCThlO TI OTOj)b Ha aHO,lJ;O H 

t~,pyr:UMH ,n;aHHbiMH. 

8JJOHTj)OHbi UO,TJ; B.JITHIFIFI.O~l llj)llTfl}HOHRH J-t aHO,TJ;y pa3BH

BHIOT 60JibnTYIO CIWpOCTb FI CO 3HH'lHTOJlbHOB CHJIOi1: YJJ,apH

IOT o6 anot~,. 
HanpHMep , ec.HH U" = t00 e, TO c Jwpocn aJieHTpoaon ,n;o

CTJ!traeT 6000 fl..~t/ eel£. Cr<o poCTh aJieKTpOHOI~ TOM Bl>ll o e, LIOM 

6o.1Ibl1Je aaop,noe HanpHmem ,Ie. B pesyJibTaTe TaiWii <<aJiei<

:rpoanofu 6oM6ap~~HpOBJUI >> aao,n; narpenaeTCH. Ha ero na

rpen TpaTUTCH HOIWTOpaR <lHOj)TRH, H Jill, HaH Ml>I TOBOj)I1:Jllii, 

paccMaTpHnaH pa6oTy ,n;uo,n;a , aa ano,n;e pacceHnaeTCH MO~
HOCTb. Ano,n; MOJI\OT CYIJJMIO nai>aJIHTbCH, naor,n;a ,n;oHpacHa 

U .JHl p;o6e.'l a, H J\HH\0 paCO JiaBRThCH. 

Bemr<runa MOUJ,HOCTH., paccer-tnaeMoii na aaop;e, o6osHa

'!aeTCH P" 11 JJOt~,C'!IiiTr>maeTCH yMnomeHHOM aao,n;aoro nanpH

meHHH U a Ha aRO,[lHhli'I TO!'< } a · 8TO TIOT8IJHHHaf! MO~HOCTb, 
TaJ< HaT\ HarpeB aao,n;a c onepmermo ae nymea n t~,anw 

Bj) OJ\OH. 
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,il; JT.Jl KamAO{I JiaMTII>I cyn~eCTByeT CBOH Mai{Clili\IaJfhHaJI 

AOTIYCTJZii\IIaJl MOlll,I-IOCTh TIOTep b Ha aH0~\8 p a """ 0 3aBJiiCHU],aH 

OT paa111epon, HOHCTPYHI\HlZI H MaTepHana anoAa . 

P11c. IV-l1. 
M e a >).ly<J.neH· 
'f)JO).lHbiC C~I-

IWC'I'H B T)JIIOI(C 

Lho6bl y JlaJVJTibl npn pa6oTe He neperpeJrCH 

anor.~;, <PaHTnqecKM pacceMnaeMaH na aROAe MOlll,

HOCTh p a BCerAa ~(O JDI\Ra 6I>ITb i\18Hblll8 i\1ai{CJ1-

:Ma.JlbROH A OTIYCTJZIMOH MOlll,ROCTJii P a Ma~<e . 
,il;JIH yneJinqennH P,. "'""c yneJrHqnnaiOT rro

nepxnoCTb H paaMepbl aHOAa, AeJiamT ero 

M3 6onee Tyronnamwro MeTaJI Jia co c neu,HaJJI>

HhlMM pe6paMn AJ! fl yne.rrnqenMH nonepxno

CTH OXJla}HA8HIUl. f\po~Le TOrO, npOM3BOAJI'l' 

qepnenHe aHOAa. Tat\ 1\aK •repncur rroBepx

HOCTb JIY'IIDe H3JryqaeT TeJJ JlOllht e JJy LtJJ , LfeM 6 Jr ecTJID:J,aJI. 

ilpMM8B8HM8 Tp8X::JJI8Wl'pOAHhlX .JiaM ll B H8J\OTOpblX CJiy'Ia

JlX orpaBM'nmaeTCH BBHAY naJr:wmH n HMX JlleJ1-c8ya.'LeMnpoo
noii e.Mr.ocmu . 8nernpOAI>I Jr aM n H3rOTOBJJHIOT 113 MeTa.rwa, 

OHM OTAeJreni>I AM::>JieKTpMI<OM-naHyyMoM. Tar< KaH aJiernpOAhi 

JJaMTibl HaXOll;JITCfl IIOA pa3BblMM IlOT8HI],JZiaJraMM OTHOCM

T8JlbHO APYr Apyra, TO MeJI'AY HHMM o6paayeTC.!I aJieHTpn

qecKoe llOJI8, CBHA8T8JlbCTBYIOll\88 0 HaJIM'IlilH 8MKOCTJii. 

B TpexaJJeHTPOAHOH JJaMrre Tpn Tal{Me eMIWCTH (puc . IV-11): 
M8rHAY aHOAOM M C8TKOH Cao i\18ri\AY a HOAOi\1 li IWTO

AOM C," FI Me>KAY ceTrw:iir li IWTOAOM Ccw BeJrB'InHa Harr<

AOH 113 eMHOCTeii 3anncnT OT pa3Mepon n ¢opi\lbl ::>Jie

HTPOAOB, paCC'l'O.!IHHH M8>HAY HHMH h OT I\OHC.Tpyi\II;JilM JiaJVlllbL 

MerHAY::JJieHTPOAHhie ei\IIWCTM TaHrHe OTHOCJITCH K napai\reT

paM .uaMIIhi. 

B 3aHmo'IenFie CJieAyeT OTMeTnTI>, qTo no ::>I<crrnyaTaiJ;FI

OHHhiM CBOHCTBaM TpeX::JJl8RTpOjl,Bhl8 JiaMUbl He OTJIM~IaiOTCJl 
OT riB YX::> JrernpOAHI>Ix. Tai< , cpoi< CJIYrH6I>r JiaMn onpeAe

JIHeTCH CTIOC06HOCTbJO HX J<aTOAa Ji13JIY<Ja'fb ).l;OCTaTO'IH08 J{O jJFJ

qecTBO ::J J18WrpOHOB DpM C06.niOA8Hl'IFI HOpMa.JihHhlX pemMMOB 

pa6oTI>T. 

§ 3. HCnOnb30BAHHE TPHOAA AnSI 
YCHnEHHSI 3nEKTPHLIECKJ.1X KOnE-
6AHJ.1~ 

TpexaJI8KTPOAHaJI Jiai\llla MMeeT 3ai\1e'Ja

TeJII>Hoe CllOiCTBO, ROTOpOe IT03B0Jl.!I8T HCTIOJlb30BaTb ee B 

I\eJI.HX ycFIJieHHH cJia6I>JX ::>Jiei{TpMqecl, HX I<OJie6ann:i1:. 0Ho 

3aKJliO'Ia8TCfl B TOM , 'ITO OTHOCUT8JlhHO H860JibUIOe H3i\I8-

H8HM8 nanpmHeHHH Ha ceTKe BhT3I>JBaeT 6o.nr,moe M3MeHe-
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RHe anO,[(Horo TOHa . AHO,[(Hbi H TOr< n TpHO,[(e perynnpyeTCJI 

ll3M8H8HH8M HanpJHH8HHJl C8TRH, npH'l8M TaHOH CllOC06 pe

ryJmpOBJ<H o6na,[(ae'r 60JJblliOH lJYBCTBHT8JibHOCTbiO ll rrpaR

TI~lJ8CIHI 6e3biH8PIJHOH8H, T. e. H3M8H8HH8 aHO,[(HOrO TOI<a 

IIpOHCXO,[(HT OJ(HOBpeM 8HHO C H3M8H8HH8M mmpHII{8HHJl C8TIUI. 

P1..c. IV-12. Cxe~m nO!l
HJI IOl-l e lltHI l\ CeTHe Jl a l\Hibl 
n!ip CMCHUOrO uanpA>IW IIHA 
ll 3HO!li·IO (.I Hal'p)' 3 nlt B 

~:~enb a>IO!\a 

q To6br yHCHHTb ycn:nnTeJibHOe ,[(ell:

CTmre TpHO,[(a, paccMoTpHM pHc. IV-12. 
B II8IIb ceTKH Bl{ JIIoqeu HCTO'IHHI< rre

peMenHoro HaDp!Dl emiH T, a B aHO,[(HYIO 

I18llb noMHMO arro,[(Ho:i:r 6aTapel'r B. -
conpOTHBJJeaue Harpyar n R •. Tar< Har< 

B IJ8Ilb C8TKH BlWID'l8H reHepa'I'Op II8-

p8M8HHOfO Hallp1IIl<8HHH CHrHaJia, TO 

TOH B aHOJJ;HOH II8llH 6yJJ;e'l' H3M8HHTbCH 

no neJTH'lHHe (rro He no rranpannemno), 

T. e. 6yJJ;eT nyJibcnpymnJ;HM. Tor{ n 

arro,[(HOH IJeiiH 6yJJ;eT npoTeHaTb ncer):(a 

B O,[(HOM HanpaBJieBHH, TaH RaH IIOTOK 

anernpoHoB n TpHo):(e narrpanneH ncen1.a OT KaTO,[(a r< aHo):(y . 

II ynbcnpyroll(HH TOH y):(o6Ho npeJJ;cTaBHTb cocTOJill(HM 

ua JIBYX cocTaanmmnHx: nocTommoi2r H nepeMeHHoft. Oco6hri2r 

HHTepec JJ;JIH HaC npeJJ;CTaB JIHeT paCCMOTpeHJie IIepeMeHHOH 

COCTaBJIHIOJII.8H nyJibCHpyiOIIJero aHOJIHOro TOJW. 

Benlii'lHHy nyJibCaiiliiH aHO,r(Horo TOHa Jvro~HHO HaRTH, 

eCJIVI BOCilOJib30J3aTbCJI aHO,[(H0-C8TO'lHO:i:I xapaHT8pHCTHHOH 

TpHOJJ;a. 

Ha pr•tc. IV-13 non:aaarra ano,r~,no-cwro<maH xapawrepuc

TUI\a TpFro,rJ,a II nocTpoeHbi rpacinmu nepeMeanoro rrarrpH

i-H8HHH ceTKH n: ROJte6anHH aHO,[(noro TOT{a. Tat< I{ ai{ c 

TaTHlM rpatPHHOM Mbl BCTpeqaeMCH Bl18pBble, paCCMOTpHM 

H8CHOJJbi<O l10,[(p06Hee, Hal{ OH CTpOHTCH. 

Ano,r~,no-ceTo<InaH xapaHTepHcnma , c n:oTopoiiJ: 'lH'raTenr, 

yme 3Hal<OM, CTpOHTCH B IWOp,[(HHaTHbiX OCHX, rJJ,e IIO nep

THHaJlbHOH OCl'I OTHJla):(blBaeTCH BeJIH<HIHa aHOJJ,HOrO TOHa, 

a DO roplii30HTaJlbHOH - OTPHIJaT8JlbJ:IOe (B JI 8BO) H IIOJIQ}l{Jii 

TeJTbH0 8 (Bnpano) HaiipHti{eHHe Ha C8TH8 . L(anee HaM HYII{

HO l10Ha3aTb H3MeH8BHe HaiipHiHeHHH Ha CeTH8 C Te<IeJ:IHeM 

npeMeHH . 

TaHoCr rpatl>rn< o6bi'lBO Bao6panmeTCH TaH, HaH noHa

aano na pwc. IV-13,6. 
CoaMeCTHM Tenepb ocH ceTotmoro nanpm-HeHBH ano,r~,no

ceTo<moiil xapaJnepHCTl'IIUI H pHc. IV-13,6. L(JTJI noro nya{

no noBepnyTn rpatl>nH tra 90~ nnpano TaH, <IT06bl ocb npeMe

FH t1 6hJJla HanpaBJI8Ha BJ:II13. 
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Har< OHeu;, rpa<f!Ml{ M3MOHOHMH ny.JibCMpyiOlll;ero aHOJJ;HO

ro TOHa BO BpOMOHM B 061ll,OM BM,ll,O noKa3aH Ha puc. lV-13, G. 

Ta1wi1 rpa<f!MK M.bi M noJry<raeM B peay.JibTa're nocTpoemHI. 

I:\ aK n;e :no p,e.JiaeTcH? 

,IJ: JIH nOCTpOOHMJI Bbl6Mpam.r Ha Kpli!BOH rrepOMOHHOrO Ra

llplliEOHFIJJ, llO,ll,BO,ll,HMOrO I\ COTHO JiaMllhl , ,ll,OBJITb npOT13-

BOJi bHbiX TO<fOH (JJ.JIJJ 6o.Jiee TOqi-Ioro nOCTpOOHli!JI HX 6epyT 

t, 

a 

8 

PRe. IV-1 3. AH OI\HO-CCTOqHa n x apaHTCJl HCTHHa Tpno
)(a (a) H r pa<~HI< II flC)JCMCHI! OI'O Ha rtpHH<CHUH CCTHH 

(6) n HOJJe6a m m anO)(HOro TOJ;a (e) 

auaqrue.JibHO 6o.ilbllle): 1-9, npH<reM TOtii{y 1 6yp,ei\I Ctrli!Tan 

Ba<Ja JIOM OTC<reTa npeMeBR. Hamp,oMy aua•reHRIO BOJilii'IHHbi 

Baiipllr!{OBHJI Ha COTKO COOTBOTCTBYOT onpep,e.JIOHHaH BOJIHtiH

Ba aHO)J;HOrO TOI{a, KOTOpyiO MO}J"\HO HaJ1TM nO COTOtii-IOH Xa

paKTOpHCTHI{O JiaMIIbi. TaK , HanpmKeHMIO ceTHH, paBHOMY 

HYJIIO BO.ilbT (TOtii{liJ. 1, 5, 9), COOTBOTCTBYOT aHO,ll,HbiH TOH, 

paBHbiH no BOJIMqHHe 1. 0 - TOHY norwH. TOI{ norwJI - :no 

BO.ilJil<IMHa TOI a B aHO,ll,HOH IJ;OIIM npH OTCYTCTBHM nepeMOH

HOrO CMrHa.Jia, T. O. llpH HanpHlHOHHM Ha COTI{O, p aBHOM Hymo . 

HanpmHOHlUO Ha COT He u cl B no.JI OriHITO.JlbHblH no.Jiy

nepHO,ll, (TOtiHH 2, 4) COOTBOTCTBYOT TOI{, paBHhfff BOJIH4J1-

HO I . l;nanpmHeHHIO u c2 B OTpHu;aTOJibHbiH noJrynepHO,ll, (TOti 

Hlii 6, 8) - TOJ{ 102 H T. ,lJ, . 

T aKI,IM o6paa o M, a ap,anaJicr, onpep,e.JieHHOH BOJIH<rHHOH 

Hallpll i-KOHMH Ha COTHO, no COTO<JHOH xaparnepMCTHKO Ha

XOP,JIT BOJIHtii1RY aHO,ll,HOrO TOI{a M no HMM CTpOHT rpa<flMI{ M3-

MOH8Hli!JI anop,Horo TO I< a. Ha pHc. IV -13 To•nnt, cooTBOTCT

BYIOII.l,He 0~\HHM H TOM }I\0 MOMOHTaM , 0603HatiOHbl O,ll,MBai{ O

BhlMH U:H<f!paMH. 
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Ha1< BJ;JP,HO BS pHc . lV-'13 e, aaop,HhLH TOI< HSMenH eTcH no 

neJmqHne . no He no nanpanJieHBIO. TaHHM o6pasoM, nepe-

1\Iennoe narrp m-HenBe, rrop,nep,ennoe n: ceTKe TpBop,a, Bhl3I>I

naeT BOJIB .JieHBe IIYJibCBpyiOIIJero aHOP,HOrO TOI<a , COCTOJ!

IIJero BS rrocTORHHOli B rrepeMennoEi cocTaBJIHIOIIJBX . Oco6r,ru 

BHTepec Dpep,CTa BJIHeT paCCMOTpeHHe rrepeMeHHO:ii COCTaB

JJHIOI.U,eM ar-rop,noro TOI<a. KaH BHP,HO MS pMCJ'HHa , cJia6bie 

KOJieOaHBH HanpmKeHHfl Ra CeTH:e (CHrRaJi a) Bhi ShiBaJOT 

60Jlb1LI He J~SMeHeH:H.II aHOP,HOrO 1'01\a, HOTO}Jl>Ltl CTaHOBHTC.II 

nyJihCHpylOIIJHM . IIepeMeHHa.II cocTaBJIHIOJ.U,a.II aHOl~Horo 
TOHa , ll}JOXOT~ll IIO COIIpOTHBJieHHIO aHO)J,HO~I HarpySKH, COS

p;aeT aa HeM rrap;eHH6 nepeMennoro aarrpmH6HH.II , aMIIJI HTy,D,a 

JWToporo npH rrpaBHJihHO BM6pannhl x p6mHMe H uarpys r<6 

no ~moro pas 6oJiblD6 aMIIJIHTY,lJ;hl n6p6MeHHor o HarrpmH6-

mm, p,eiircTBYIOlL~6ro B nenM C6TK.Vr. B aTOM n s aHJIIOlJa6TC.II 

cym,IIOCTb ycH.JieHHH aJreJCrpHlJ6CI<Mx Ho.rre6a rur~l . 
Tarur6 npn6opi>r, HaH MHHpo<f>oH, <f>oTOa JI 6M6HT, ~rarnMT

IIaa BOCIIp01i!3BO):(HIIJa f! rOJIOBHa , SB y i<; OCHHNraTeJih , p aSBH

BaiOT ua BhiXO).~e Oq6Hb MaJIOe HaiT}JHJHeHHe. J\!J. OIIJHOCTh , pas

BHBa61.!aH na corrpOTHBJieHFIH HarpySJ-\H ::ynnnr rrpn6opa~m , 
TaiOI\8 0 1I 8Hb MaJra . ~JUI TOrO lJTOOJ,l yBeJIM'HlTb MOI.ll,HOC'l'T> 

3J16HTpHlJ6ClUlX KOJI60aHl!l.II , paSBHBaeMbl X :=JTHMH RCTO 'IHEI.IW

MH, .VJX BHJliO'IaiOT i'v16rl\P,Y C8Tl<Oll H HaTO,[~OM Tpli!OP, a , a B aHO,l.I;

HyiO IJ6IIh BI\JIIO<raiOT corrpOTHBJieHH6 narpys1m. H a corrpo

Tii!BJi eHHH narpysi<H 6 Jiarop;a pH rrponeccaM , onMc aHHMM 

BbflU6, 6yp;6T BJ,J)J;6JI HTbC.II SlH\ rrHT6JibHO 60JibJ11aH 1\JOII\HOCTb, 

lJ6M UpM H6ITOC.p6,1.1;CTBeHHOM Bl\JIIOlJ6fUHI COUpOTlil.BJieHHH 

HarpySJ\H H HCTO<fHFIHy CHrHaJra. 

Ho ycJMJeHHe MOIIJHOCTH aJrernpKq6ciUix HOJI66anm1: B03 · 

1\JOFHHO munh sa C'I6T pacxop;a ::m6prnH I<a tUBt- Jnr6o ,D,pyruM 

MCTOlJHI-II<OM. T ar<HM FICTOlJHHHOM CJiymHT ano;waa 6aTapeH 

MJilif BMITIJ!IMHTeJib aHO)J;HOrO llHTaHH.II. Jlai\ma He lJBJI JI8TCJI 

FICTO<IHHHOM 3H6prHH, OH a CaMa IIO'I'p66JIH6T :=JJ16In"pl!lq6c i-<YIO 

an6pr.vuo B nponecc6 pa6oThL Pa6oTa ycnmrr e.rrMIOH JiaMIIM 

COCTOH'L' B TOM , lJTO aneprFI.II HOCTOHHHOrO TOHa , paSBHBa6-

MaH HCTOrrHHHaMH ITHTaHHH aHO,IJ;HO~I IJ6BH, rrpeo6pasy6TC.II B 

an6prFIIO nyJihCHpym~6ro TOHa, FIS IWToporo JI6r Ro MOJH6T 

ObiTh BbTp,eJr6H a n 6 p 611Jennaa coc·raBJIHIO~a.II . 

Y CWJI6HHe :=JJieHTpWi eCIUIX HOJie6anui1: C U0 :110U.~blO Tpex

:=JJl eln'pO)J;HOi·{ Jia ilfllhl BOS~IOrHHO 60\6 H OJia r op;apH TO~Iy, 'ITO 

Dpeo6paSOBaHii!B llOCTOHHHOrO TOKa aHO,l.I;HOH 6aTap6H B 0 6· 

peii•IeHHhl i\ MOmeT IIIJOJilCXO)J;HTb 06S IilSMeHBHHH •IaCTOT bl ll 

<f>opM bl l\0 I e6aHHll Hall}JJil·HellHH, ITO)J;B OP,l'IMOrO I< C6TI{6 JiaM

nE>I, lliJH npaBHJibHOM Bbi OOpe p6FI\HMa paOOTbi JiaMllbi. 
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IT pH Hapymemnr pa6ont ycH.TIMTe.rri>noii .rta~lllht <flopM a 

nepeMeHHOH COCTaBJIJflOIJJ.erl aHOP,HOrO TOI\a 1VIOJI\8T OT.TUI

lJaThCfl OT <flopMhl HpHBOtl liep8Mf.'HHOrO HallpfD-I\8HJifJf, 110):(

BOP,HMOrO J{ C8TJ\8, T . e. <flop~r a YCJii .T I 8HHf,f X EO:l e6 a RPdT ~L0£1\ 8 1' 
6hTTh Hct-;aa-;eHa. 

JtlcHa£1\8HMH, BHOCMMbT8 IaMUO}i 11p11 yCMJI 8flHH, JIB.nJIJOT

CH Bpep;HhlMH, Tal{ Ran MCl'>a}l\ aiOT ClUUaJI H BHOCJIT HOJ3bte, 

,ll;O llOJIHHTeJihHhl 6 3BYKH, H OTOphTX He 6bl JIO B CHrua.rre, liO,ll;

BOP,HMOM H ceTI<e JiaMllhL 

TaR 1-.:aH ycJu renHe c MCIW<HeHvrH~tTif: TepHeT nparnH'leCEMii 

CMJJIC.rr, oqeuh BaFHHo Ms6emaTh HCI\a}r-\euui:r. PacciVTOTIHTM, 

I-<Orp;a OlHI B03HHIHIJOT H J\a l\ HX Ji1 368ri\3Tb. 

§ 4. J.1CKAM<EHIASI, B03HIAKAK>UJ,IAE 
nPH YCIAnEHIAIA TPEX3nEKfPOAHOJ.1 
nAMnoa~t 

PaccMaTpMnaa auop;uo-ceTO'luyro xa-

paR '1'6pHC1'Ii!HY 'l'pexaJiei{TpOP,HOH Jia:tiWI>I, Mhl OTMe'laJIM, 'ITO 

ana n:MeeT TPH xapaHTepHniX y'laCTHa: nn:nmHil sarH6, npH

MOJIHHeiJ:nr,ril: yqacToH H nepxun:il: sarn:6. ToJihKO nprrMo

.rrn:He:iJ:nr,ril: yqacTOT< xa pmnep:Hcnuur c o sp,aeT n p mrym rrpo

_rropu,HouaJihHOCTh MerH~\Y B8JIH'IHHal\Ui! aHOlJ,HOl'O TOH a H 

nanpmHeHHH cennr. 

HHmHRifr M nepxHMlr sar.H6br x apar> TepMCTMinr MllleiOT ue

mmeil:aym <flop11Iy, no:noMy onH ae roryT o6ecne'IMTh npJI

liJYIO nponopU,IiOHaJibHOCTh MBn-\~\Y J1!3MBHBHMHMH uanpHme

Hli!JI, llO l-I,B Ol-I,MMOrO H. CBTHB, J![ J13MBHeHJHIMliJ: aHO,ll;HOrO TOHa. 

B <JTJiiX cJiy'laHx .rraMna naocvrT MC f{a/nBHRH n y cRJIMBaeMhlfr 

CT•IrHaJI, Ha3bTBa8Mhte /l e JI U/le iiHb_i.li/l. 

PaccMoTpHM Henpan-vr.rrhii bte, IIO B03MO:-HHMe B aHcn.rrya

TaiJ,JiiVI perH VJMbl pa60Thl yCMJHITBJI bHQj;'[ .HaMIIhl , II pH H OTOphlX 

B03HMH aiOT 3Ha 'lMT6Jl:bHbl6 HB.TJHHefiH biB :J!J C Kan\eiUI ff. 11 O,ll; pe

rHRMOM pa60'l'I>I JiaMllhl fiOH.HMaiOTCH HBJIVJlJJi[flT>I HallpHmBHMl~l 
M TOHOB H ee ~BUffX. 

)J,onyCTTi!M , '-ITO ITO J{alUl M-TO npM'lli!HaM 3Ha'-HITBJihHO 

rroHM3J!lJIOCL aHO,[~no e I-ranpmner-ure TpHop:a. B aTOM c.rry'rae 

xapar,;TepJ!lCTIIHa CMeCTMTCH BllpaBO H ycli!.Tl6Hl1Ie 6ylJ:BT IIpOH3-

BO,ll;HThCH C HCllOJih30BaHMB~l HfilrHHero sarH6a xapawrepHC

THHH. Ha pHc. IV -'14 nyHJ{THIJOM rrot{asana xapaK'repviCTR

_Ha, l\OTOpyiO Ii!MBeT .Ji aMna ll]JI1 HOpMaJibHOM pa60'-Ie.M aHOlJ:HOM 

HanpmHeHHR. Kan: BMlJ:HO H3 p11cyaHa , CHHycoMp:aJJbiiOe 

rrepeMeHHOe uanpJin,;eHHB, llO,ll;BO,ll;l'HlOB H C8TKB. HMeeT 
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Ta i{YIO BeJIH'lFIRy, '1'1'0 pa6oTa IIpFI ROpMaJihROM aRO;:J;ROM Ra

IIp.!I:II\ eRHH JleJ-KHT B rrp ep;eJJaX HaH60Jiee IIpHMOJIHHeHHOrO 

y'laCTHa (ycracTOK a, 6) , H B ::JTOM CJiy<rae Jial\ma He BHOCHT FIC

Eaii {eHFiiL Crwomuo:iif JIMHHeiif nor\a3aHa xaparnepFICTMI<a rrpFI 

flOHM/HeHHOM aHO;:J;HOM HallpJIJ-HeHMFI. 

Ec.nii nepeMenHoe HanpmHeHHe, nop;nop;nMoe H ceTHe 

JiaMIIbT, MMeeT npenmroro neJIM'lFIHy, TO pa6on 6yp;eT npo

Ia 

/ 
I 

I 
a I 
, If 

,/ I __ , 

t , 

PHC. JV-1/t. l'patpJ'II< HOJJC031111Jl 3110Jl
H01'0 TOI\3 J13i\IIlbl , pa6oTa!OlUefi C li C-
1-\8 H'leiHifll\'li'l (pa60T8 Jlj) OHCXOJlWl' 1-18 

IIIIH-\HC l\1 38 ri1GC :xapaHTCJ)IICTHl\11 ) 

t, 

PJIC. IV- ! 5 . fpacjJJm HOJJe6aHI'!II aHOJl-
1-IOrO 1'0H8 Jl8r-1 llbl , pa60'f810 L!le fl C HC
H3>nfl HJIIIMII (jJ800T3 lljJ OHCXO!liiT 1-13 

lllfiHI-ICi\J aar116e X8J)3l\Tep i·I CTJill\JI~ 

FICXO;:J;JiiTb Ha HpRBOJIMHei1HOM Y'IaCTKe, T. e. Ha HMmHeM 

3arn6e xapar<TepFICTMKFI. ITocTpoFIB rpaqmr\ aHop;Horo TO

rm C HCIIOJib30BaHIIeM tlTOM xa paiCl'ep iiCTMIUI ('ral\HM :me 

MeTOAOM, Hal\ Mbl CTpOHJIK ero na pac. IV-13, e), MLI BR

AHM, 'ITO l<O Jie6aHK.!I aHO)J.HOfO TOI\a He COOTBeTCTBYIOT ITO 

CBOeM !lJopMe IWJie6aHKHM Haiip.!I:II\eHKH CeTI\K. <Dopi\1a OKa-

3aJiaCb HCKaJ-HeHHOll - B03HFII\JIFI HeJIKHeMHbie KCHameHM.H, 

l\OTOpMe BHeCJia JiaMrra. 3p;ecb ITj)M'lRIJa B03HFIKHOBeHFIJI 

HeJIHHeMHbiX IICI\aJ-HeHKM HpOeTCH B IIOHJiOHeHMM aHO;:J;HOrO 

HanpmHernm. 

,[(pyro:i1 B03MOJI\HOM IIpK'lliiHOM IIO.HBJielHI.!I MCI\aJI\eHKM 

JIBJIHeTC.!I 3lia'IHTeJibHbiM HeJ(OI\aJI HaTOp;a. 06paTHMC.!I J\ 

pn:c. IV-15, n(e noKa3aH rpa¢aK rwJie6aHKii aHop;uoro T(ma 

JiaMIIbT, pa6oTaiOII1eii c acHamemmMFI (pa6oTa ua nepxueM 

3arH6e). 3p;ecb nyHHnrpo 1 rroKa3aH rpa¢r;m npH nopMaJib

HOM peH\KMe pa60Tbi 1 T . e . IIj)H HOpMaJibHOH TeMrre

paType HaTOJW- Ho ecJIK no r<mwii-JIH6o npK'lHHe (nanpFI

l\rep, ynaJio nanpmHeHKe n ar<aJia) TeMnepaTypa HaTop;a 
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yMenhmHJiaCb, To ana'lHTeJibHO yMeHbmaiOTCH TOI< aMHCCHH 

H TO!{ HaCbJI.U,8HI1fl. fpaljJHK B aTOM CJiyqae npHM8T BH:,ll, 

HOI\a3aHHbiH CITJIOUIHOM JII1HH:8M. Y CIIJI8HII8 Tenepb 6y- . 

,!1,8T npOH:CXO,ll)1Tb C H:CITO.JIT,30BaHH8M B8pXH8fO 3arH6a xa

paKT8pHCTIIHH JiaMIILI, T. e . Ha HIJHBOJIIIH8MHOM yqacTH8 . 

B aTOM CJiyqae TarnHe B03HliiHaiOT 3Ha'lnTe.nonLre HCKan<eniia 

ljlopMLI yciiJIIIBaeMoro CIIr-

HaJia - JiaMna BHOCHT H8-

JIIIH8HHbl8 HCHaJHeHIIH. 

Jila paCC!I10Tp8HHH ::lTliiX 

JJ.BYX IIpliiM8pOB 1\Wnmo c,rre

JiaTb Ban<HLIH BLIBO,ll, 'lTO 

JiaMrra, HBJIHJICb rrpR6opol\[ 

C H8JIJiiH8MHOH x apaHT8piiC

TliiHOM, !II0}!{8T CJiyn<liiTb HC

TOqHHKOM H8JIHlieMHLIX HC

HaHWHliiM. Mor yBH,llliiM H3 

,rraJibneiimero, qTo HeJIIIHei'r

HI>Ie liiCHan<eHJiiJI BIIOCJITCH 

JiaMnoii JI BO Mnorlilx APY

nrx cJiy'laHx . TaH, oqeno 

'!aCTO !IpH.'lHilOM ITOHBJI8IIIIH 

Ia 

Puc . fV- 16. fpai{JIH< , HJlJIIOCT!)I IpylOIIIUil 
IICHCHarneHIIYIO H I!CHDiliCHHYIO pa60TY 

yCHjJWrCj)_b ii Oit JJaMObl 

H8JiliiH8HHblX JiiCKaJH8HliiM JIBJIJI8TCH nepezpya-,;.a CO cmopOI-ibL 
BXOOa, T. e. TaHne yCJIOBliiH pa60Tbi, HOf):(a B8JJHqHna 

II8p8M8HHOf0 HaiipH>1{8HHH, IIO!J:BO!J:HMOfO l{ C8TH8, CTOJib B8-

JIJiiRa, 'ITO BbiXOIJ:IIT 3a IIp81J:8Jibi IIpHMOJIIIH8HnOfO y'laCTHa 

xaparnepHCTHRH JiaMIILI. 

Ha puc . JV-16 rroHaaanLI rpaljlnrur pa6on1 JiaMITLl 6ea 

HCHaJH8HH:H H C HCHaH-\8HHHMH OT rreperpy3KH CO CTOpOHbl BXO

IJ:a. JII3 pHCYHI<a BHIJ:HO, qTO np8BbiiD8Hlil8 nanpm-H8IIHJI Ucl• 
JIBJIHIOIII,8fOCJI iVJaHCHMaJibHbllii, KOTOpOe MOJ-E8T 6LTTJ, HO!J:Be

!J:8HO H C8TH8 JiaMITbi 683 BOHHIIKHOB8HHH HCII:an<eHIIM, He

MHHY8MO rrpHBOIJ:HT I\ ITOHBJI8IIH.IO HCJ\a~R8HHH. 
EcJIII ITO!J:B8CTII K ceTI<e ana'liiTeJioHO 6oJibmee nepeMen

noe HaiTpHIH8Hlil8 U c2 , TO pa6oTa 6y!J:8T npOIICXO)J;IITb <raCTII'I

HO na .hpHBOJIInrei1HhiX yqacTimx xapaHTepiiCTHHII . ITpH 

ne60JibUIOl\1 TOH8 HaChnii,8HHH Ha yqacTK8 a' 6' , T. e . O!J:HOBpe

M8HHO Ha B8pXH8M H HlUIUI8M aarii6ax xaparcrepHCTIIIUI, l<pH

BaH KOJJe6aHHM aHO!J:HOfO TOKa H~188T cpe3aHHT>I8 Bep

illHHbi. 

EcJIH TOI{ nacJ,m~enHJI BeJnm , TO pa6oTa B81J:8TCH na yqa

CTKe xaparnepHCTJoiKH a' 6", H B ::JTOM CJiy'lae KOJie6aHUJI 

aHOIJ:HOfO TOHa Hl\18IOT Cp83aHHJ,I8 B8pliii1Hbl TO Jib 1\ 0 B OTpH

lWT81IbHbi8 IIOJiyrrepuop;LI. 
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EIII,e o p;rwn BalrHofr 1,1 pacnpocTpaHeHHO~i npH':fHHo H no

llBJieHHH HeJ!HHeMHbiX HCI\amemiTI IlpH yCHJieHJHI: CHrHaJIOB 

c rroMOIII,hiO TpHop;a JIB JHreTCH HaJiwm:e ceTo<moro ToHa. Kar>: 

<>TO IIOJiy'Iae'J'CJI? 

E c Jru rrop,aTh Ha ceTI{Y rrep eMeHnoe HarrpHH\eHue CliTHaJia, 

1:1 H OJ!O/It:u:T8JI bHblll JJO Jiyrr eJHIO~~ B I(8IIH C8TIU! 6yp,eT IIpOTe-

0 HaTh C8TO'IHbiM TOH, TaK Hall: 'laCTb 

~ ::>J!eJ{TIJOHOB, Ji eTJIII!HX OT I{ aTOP,a 

'" 1\ a HOP,", 6yp,eT rrpHTHrHBaTbCJI 
~r----, J 
~I · C8'J'l\Oll, MM810II(8M XOTJI M He60J!b-

~ I lllOii , HO llOJJOJI\HT8JlbHbiM IIO'l'eH-
i}l R; 
"1 l\l'IUJI OTHOCl!ITeJI JoHo Ha Top, a. K po-

"'' ~ I rv 

ol E 
~ L- _L_- .Jl--,1.__. ___ __, 

P llC. IV- l 'i. 
1; een\e .!lai\11lbi

1
JIC'I'UllJUI Jirl JJepc 

MC I IIIOr O CllrllClJia e 60JiblUIBI BIIY-
'fj) Clll l l !i\1 CO JIJ) OTII BJ ie!III CM 

111e Toro , ceTr\a pac rroJJO}HeH a sHa 

' l HTeJ!MIO 6 JDUf\8 1.; HaTO):~y , 'l8M 

aHop, . B OTpliU~aTeJrbHhl M no;ryne-

fJliOt~ C8TO'IJ-JI;riiJ 'I'OH OTCYTCTBY8T, 

TaR 1\a l> ::>.neWJ'j)OHJ, J OTTaJU\MBa

IOTCH OTpHI(aT8JlbHO ::lapmHeHHOlf 

cenwi'r. 

PaccMOTpHM puc. IV - 17, Ha KOTopoM noh:aaaHa c xeMa 

BHJIIO lJ 8HMH 1{ CeTKe JiaM[I bl HCTO'IHML\a rrepeM8HJlUrO C..IHHa

Jia C 60JIMUI1M J3HyTpeHHMJ\l COHpOTJ!IBJI8Hii!8~I. 0603Ha'IHM 

BHyTpeHH.ee corrpoTHBJ!eHHe MCTO'IHJma R,. , a ero ::>JieKTpo

P,BH:n<yll\yiO c:vmy E . 
M a ::>JieHTpoTeXHMIUI n:anecTHO, 'ITO HarrpJIH\enue Ha aa

>HHMax reHepaTopa, pa6oTaiOlilero 6ea Harpysiur (xoJIOCTOH 

XOJJ,), p a tmo ero a . ,a; . c . (TOI\ ne npo-

xo,a;HT •repes reHepaTop, PI nageH:u:e u a

npmHeHHJI na ero BHyTp eHHeM c onpo

TMB Ji eHH]II OTCYTCTByeT). 

Ha tu reHep a Top p a 6oTaeT 6es ua

rpysKH, T. e. B p ennnre xoJIOCTOro xo

J\a B OTIJHl(aT8JibHhii~l IIOJiynepMOi ( , 'J'a!{ 

HaH OTCYTCTBY8T TO I' 13 l(8liJ7I C8TEH H -Uc 

HallpHF1{8HH8, ll07J,ll0,[1,11M08 J\ CeTl-.:8 , 

U E B P il e . n -- 18. l'paljJIIl; a .;J;.c. 
paBHO (), ,[(. C. HCTO'IHH1H1 c = < . IIO- (nyJII; mp) " Ha npna;eHHfi 

J!OJIHITeJibHbl t i IIO.rryn epHO,f\ IIOJIBJIH8T- aa CC'l'HC 

CH CeTOtiHbiR TOI , HOTOpbT.iiJ:, IIpOXO,[I,H 

no BHY'rpenneNry c o n poTHBJieHHJO MCTOLUIIHW R,., coap,aeT 

n a HeM nap,eaue Hanpm-HeHHJI. TaH Kai\ BHyTpeuHee conpo

THBJieHl!le MU.TIOMOII\FIOrO HC'l'OqHHHa BeJHmO, '1'0 p,aJI\ 8 H860.Jih

UlOii C8T0'IHb1H TO!\ 6y,[1,8T 60JJblOOJJ narpy3HOH ,[\J!JI TaKoro 

renepaTop a H era nanpmr<eHHe 6yp,eT sHaqMTeJ!bHO Meni>rrre 

a . p, . c. (Ha neJIM'IHHy nnyTpenH.ero nap,eHHH uanpmHeHHH) . 

124 



C IG,[I;OBaTeJibHO, TIOJIB.'I GHHG CCTOqHoro TOI\a B TGLIGHHe 

TIO IOHUITGJJ bHbJ X:' TIOJiynepJifOJJ,OJJ n pHBOJ],HT H Y~i8Hbll18H:Ul0 

Hanp::UHGHHli, TIOJlBOJJ.MMOl'O 1\ CG'I'l\8 B <JT.H llpOMGn\yTIO!I Bpe

\IeRH. I-\a 1..: JH1JJ.HO IH\ p l'rc . I V-1 8, ctmycoJ'I) l,aJibHOe nanpmue

HM.e, IIO~(BOJ\Hl\10 8 J 'ceTKe Jia~JTihT , 6yJJ,GT HCI..:arHCHO , BBMp;y 

HaJIHLIHfl ceTolraoro TOHa. CJr ep;ona

TGJihHO, 6yJJ,eT HCHall\CHa JJ cPOpMa L{pl1-

BOfr HO e6aHHn ano,qrroro TOKa , IIe

CMO TpH Ha TO , 'ITO pa6oTa .JiaMITbl rrpo

l!lCXOJ],T1'1' ua npRMOJitruei!i Ho~r Y'taCT I>e 

xapatnepvrCTHKI'I .Jia ~tn bJ. 

0LICBHJ],HO, HaJ'1Fl<Il!lC CGTOLiffbJX TO · 

I\013 COBep iUGHHO HGJJ,OHyCTHMO 13 npo 

l.I,CCCe ycnJreHHH n nx J\ a tF ro H yamo 

JIJ36GH\aTb. 0Ka3b!BaeTCH, llOHBJl 8HT1H 

C.CTOqUhTX TOHOB MO/I\HO M36emaTG, CC.."ll1 

I!O~(aTh Ha C.GTI{Y HGKOTOpoe JJ,OHOJI Hri-

Pnc. IY-l !1 . Cxe~ta IHiJl iOP 
1JC!II trl iia'l'rlpell o·rpuu,a
TC:JuH o r o CMCll.l,C IIIIfl B 

I~C II b CC'I' I-\ tl 

TGJibHOe OTpHI.I,aTCJI bHOe E!allpHrl\GHII C, Hi13b1 Ba8?1108 1-tanp.R..?/Ce
liUeJl~ c;A ·~e14e1w.R. liTJHI np oc.To C;A~eLLf enunL llpawrM'J GC.KH n :u:errb 

CCTLUI Mon>eT 6J,ITb nHmorrena 6aTa p en B c (puc. [V -19). 
Tal\ Hal..: 6aTapea Be nKJI IOlleHa noc.n:e)J,onaTeJihHO c nc

TO'IHIHWM nepei\JGHHOl'O HaiipH<hGHJifH, '1'0 nanpHii\ GHRe l\Ieii JJ.Y 

CGTHOfi Jif J'\aTO)J,OM yCFIJJ J;J'f8Jl bHO l l Jl a MD h i B TG'IGHF!e OJJ;HOrO 

no ryrrepn oJJ,a pa1nro cymre HanpmHeHMii 6aTapen CMGII\GHH.H 

U FTCTOqHJma u epeii iGHHOl'O HaDJHHI>GHJHl, 13 TG'IGHF!e JJ,py

rorO JJO Ji ynepMOlJ,H - pa3BOCHI ;)TRX uanpHJ·I GHRiL fJOCTO

HHHOe HanpH£J\8HJiJ8 018UJ,8HMH l (OJiihHO 6h1Tb BJ,l6paHO TaK, 

'IT06hT OHO 6hwo 6oJibuJ e ai\m.lHTYl \bl nepe~reHHoro Harrpmr.;e

HJHI , IIOJ(BO;ll,HiiJOl'O 1..: CGTH8, l1 JJH B Hpa nH€~1 CJIY'Iae paBHO 

eMy. To'n(a p es y.rT hTHpyrotl\ee l·ianpnmemr e ceTJHI 6yp;eT H3-

:~~reHHTbCH JlHIJ ib flO B G.f! H'l .Hll€, OCTClBHHCb no 3HaHy OTpM

I(C\ T8.1IbHblill. 

C J18JJ,OHaTeJl bFIO , 'rro6 1r1 yc i1.JtHnaT& c Jra6hl e <J JieJ\TPl'JLrec

J..:Jte HOJr e6 aHFIH c n o:t.lOLL\blO Tp exa.HC hTpo.u,noii Ji aMTihl 6es nc

E a a.;eHMn HX clJopw,t , Hy ~J>Bo B!J16paTb npaBJi!JibHbrii. pea>mr 

p a60TJ>I Jl aMllbl , 1\0rp,a lilCIJOJl b::JY8TC H TOJJ b EO ee npHiiJOJIH

H GUHblli y qac.oro~..: s apa wrepHCTI1 1H J, Jiei'HaiU,lill'l B o6Jr ac.n<~: OT

pHn,aTeJibHhiX uanpninennii ceTinr (puc. JV-20). 
T0 1LK a Ha xapaHTepHCTHEe, COOTBGTCTBYlOIJJ;a H HOCTOHH

HOMY oTpMu,aor eJILHOMy C.i\l GU.\GHH IO na ceTI{e U0 , naabmaeTCH 

pa6o'ieu IIW'iJWu . 
B hl6op npaBMJihHOro rroJl orJ..: eH.HH pa6o•reiir To•nm Ha xapaH

Tep.HCTHl\ e Jl aMflbl 3aBHCJiiT OT Be.nTFIHHbl yCH.ffliiBaeMOrO CMrHa

JLa. EcJIH uanpJuHenne CJHBaJia He6oJlhJJJOe , TO 11 uanp.Hrr,;enHe 
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cMem;enuH, Har< iiii>I 3HaeM, p;oJnr<uo 6nrTI> ue6oJII>IDHM. EcJrH 

narrpmHenue CMelll,eHHH p;omrmo 6nrTI> 6oJII>IDHM, TO B03HHHaeT 

OII3CHOCTb, ~rro pa60ll3H TO'llta CMem;aeTCH B CTOpOHY HH}H

Hero HpHBOJIHHei1uoro yqa CTHa . q T06I>I :noro ne rrpoK30IDJIO, 

HyJ-HHO C)J;BKHYTb xapai<TepHCTKI<y BJieilo, yneJIH'lHB 3HO[_(-

/

---------- Hoe narrpmHeu:ae. B aTOM CJry-
Ia u u 

qae IIpHMOJIHHeHHbiH yqacTOI< 

xapaHTepHCTHI<H 6yp;eT Jie/H3Tb 

B 06JiaCTH . OTpnu;aTeJibHbiX Ha

IIpmHeHMff na cen<e . 

;r-:-trm-n'ftl+i\---.---<~ 12 (ha 3 aBMCHMOCTb X 0 p Olll 0 

BMp;Ha na pnc. IV-21. 
IT pu ne6oJII>IDOM anop;noM 

+Uc HarrpmHeHMM U al IIpHMOJIMHeH-

1 
i HI>r{r nmr pa6o'luti: yqacTOH xa-

1 • 

I I J parnepMCTHHH JI3MIIbl a6 HeBe-L t, uoi JIMI<. EcJIM BI>r6paTI> pa6o'lyro 

~----------., TO'li<y Ha cepep;MHe npH11'1'0JIH-
PHc. IV-~0. lTOJJO}HCHI!e pa6o4Cl! e u . 1 .. 
T04HH Ha xapaHTep11 c-r JJ Hc JHl~Inbi, II rrnoro ) 'l3CTha H H3 nee 

p a6oTaiOIJ.J.e>i 6e3 I'!CHa>HCIIII/1 OllyCTHTb neprreH)J;HHyJIHp Ha 

ocn a6cu;:acc, TO MI>I onpep;em-rM 

neJIH'lHHY neo6xop;nMoro nanpmHeHHH CMem;ennH U 01 . B aTOM 

CJiylrae JiaMna CMOII<8T YCHJIHB3Tb 6e3 MCH3/HeHMH OTHO

CHTeJibi-10 He60Jib WMe no BeJIH'-HIHe CHri-IaJibl. l1 pH nOBbllUeH· 

HOM anop;HOM uanpmHeHMH U, 2 
xapaHTepHCTHHa C)J;BHraeTCH 

BJieno . Pa6oqni'i: y'laCTOI< ez 
yneJIM'IHnaeTCH, M ecJnr uymno 

YCHJIMB3Tb Cp3BHHTe.llbHO 60Jib

lJ[0ff no BeJIH'IHHe CHri-IaJI , TO 

neo6xop;r1MO nO/WTI> 6oJJI>mee 

nanpmHeHne C111eru;eHMH U02 . 

Kar< BH)J;HO 113 paccMOTpen-

ia 

noro npHMepa, neJIM'lMHa Bhi- _ Uc + uc 

6Mpae1\wro CMem;eHHH ( Uol > u a2 ' 

U 03 ) He HBJIHeTCH IIOCTOHH

HOH p;JIH JiaMni>r, a 3anncnT OT 
Pnc . IV-2 1. CpamHITeJJbHble pcmnMbi 

BeJIH'IHI-lbi 3HO)J;HOr0 HanpH- yCIIJIIoiTCJJb ii Oii Ji aM!l bl 

/HeHHH . IlpH yCHJleRHH 3Ha'IH-

TeJibHbiX no neJin'IHHe HO.ir e6a-

HHH na JiaMny nop,aeTCH 6oJILwoe anop;noe nanpluHenue n 

3Ha'IHTeJII>HOe nanpHn<eHHe CMerrJ;eHHH. EcJIH nepeMeunoe 

H3IIplUl{8HI1e CIHH3Jl a npeBJJlW38T )J;OIIYCTHMyiO B8JlH'IHHy, 

TO, 1<31\ Mbl BII/),8JlM paHee, npOMCXO/],HT neperpy3I<a CO CTO-
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poHoT BXO)J,a M B03HMI<aror Ii!CRan<enii!.f!. B MOlll,HhtX ycrumreJJb

m,rx Tp~IO)J,ax ua Jim,my rro)J,aeTCH 6oJJomoe auoP,soe uarrpfl

mem!le c y<t:eToM uarrpflmenii!fl cMelll,eHiiiH ua cwme. EcJIIi! no 

I>.aHiil~i-JJJii60 IIpHqJi!HaM nanpHi-H8HVJe CM81I1,8HMH He 6yP,eT 

ITOP,aBaTbCH Ha C8TI{Y JiaMIIbl, TO TOI\ qepea JiaMIIY pe3KO 

BOapacTeT. B ;noM cJiyqae peaKo BoapacTeT MOlll,HOCTh, pac

cel'maeMaH Ha aHOP,e, l\OTOpaH MQ}H8T llp8BbiCHTb )l;OIIYCTFI

MYIO B8JJWH1 uy, B03MOJH eH uarpes auop;a p;o r<pacuoro HaJie

BI~H H Bbi XOA JiaMIIbl H3 CTpOH. 

§ 5. cnoC06bl nOAALiJit OTPJitU,A
TEnbHOrO CMEW.EHHSI 

PaHee yr<aabTBaJiocr,, qTo Ma6emaTo rroHB

JieHJi!H C8TOqHbiX TOHOB, BbJ3bTBaiOIII,Ji!X H8JlHH8HHbl8 Ji!CRarJ<e

HJi!H, l\•!Otl>HO, 8CJIJi! IIOp;aBaTb Ha C8TJ{Y .JiaMITbi HpOMe rrepe

M8HHOrO HaiipH>H8HHH CHrHaJra IIOCTOHHHOe OTpMII;aTeJibHOe 

uanpnmen Me - narrpnmmme cMera;eHHH. ,!J;Jifl ::noro B u;enh 

C8TIUI IIOCJJ8)l;OBaT8JibHO C JilCTO<IHHl<OM rrepeM8HHOrO HanpH

}T\8BJilH Bl\JUOqaeTCH 6aTa peH CM8JIJ;8HHJI JilJIM B I~8IIb HaTOp;a 

BI<moqaeTCH crreu;Mam;uoe corrponm

JieHMe, 3aUiyHTMpOBaHHOe 60JibiDOH 

8Ml\OCTbiO . 

TarurM o6paaoM, no crroco6y rro 

p;a qJil CM8lll,8HHH pa3JIHqaiOT p;Ba CIIO

C06a MJJH p;Ba BHp;a cxe111 : 1) c ueaaBH

CHMbiM HJJH qm:HCHpOBaHHblM CM81I1,8-

HH8M H 2) aDTOlliaTHqecrWrO Cl\le

lll,8HHH. 

Ilpnuu;urrnaJiblraH cxeMa nop;a'IH ue-

P,lC. CxeMa IIe-aa- 3aBHCFIMOrO CM8U.\8HHH OT CII8II;Ji!aJITr 
DH CI'Ii\IOrO Cl\ICWeUJHI 

Bon 6aTapen CMem;eunH rrOI<aaana ua 

pnc . IV-22,rp;e Be- 6aTapeH cMera;ennH, 

a Rg- corrpoTHBJieHHe B u;errn cenm JiaMrror (corrpoTHBJieHHe 

yTeqKn ceTHH). Ha ::JTOM corrpOTMBJieHHH HCToquJi!H ycMJrH

BaeMbiX IWJie6aHHH (3Byi\OCHHMaT8Jih, MarHHTHaH BOCIIpO 

H3BO)l;Hlll,aH rOJIOBI\a H 06bFIHO rrpep; .bl~\YIII,HH I\aCKap;) pa3-

BHBaeT rrepeMeHHoe uarrpmHeHHe Bxop;a. 

BanpeH cMe:m,eHHH BIWIO'laeTCfl o6HaaTeJibHO nocJiep;o

BaTeJioBO C MCTOqHHHOM nepeMeHHOrO HarrpHil\8HMH, TaH. Hal{ 

npn napaJrJieJibHOM BHmoqennM, BBMAY MaJioro conpoTHB

JieHMH HCTO<IHMHa rrepeMeHHOMy TOI<y, OH aamyHTHpyeT MC

TO'IBMI\ rrepeMeHnoro cnrHaJia H nx.OJJ;Horo CJ'lrHaJia Ha ceTHe 
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JlaMlll>l He 6yll,8T. llO::J TOMY nanpMI\8E!F18 CMBll.J,eHFIJI liOll,aBTCR 

na cen<y Ji aMIIhl qepeo conpOTI!IBJieHFie Rg, HOTopoe Jl.OJliHHO 

6blTb ll,OCTaTO'IBO ll8.fl lilKO ll,JHf TIOJlyLJeHJi!H 60.!lbffi0l'O BXOJJ.

HOrO CMrHaJi a. 

1-\.o r JJ.a JTa11rn a pa6oTaeT 6es ceTolfno r o TOr> a, TOrJJ.a Ji!C

TOLJHHH HeoaBMCJ!I MOro CMelll,enMH p a6oTaeT B penn~Me XOJIOC

TOrO XOJJ.a, TOl\a B CeTOlfHOIT IJ,e!Ul neT H neT liOCTORnnoro na-

'1--...,..-,~-....... -+ ~ ~ 
0~ 

R3 ~g 
~
a.~ c, 

~---+i:=J-+c:::r.__ - :I: ~ 

I{ ce.~~~oiii:.~tllllJI n;w~ 
PHC. IV-23. Cxe~Ja HCHO'f]JOIUIOI'O Dh!IT]Jli

MHTCJfli HCSUm!CHMOI'O CMC!.I(CI'Um 
Puc. IV-24. CxeMa anTOMa

Tl!'ICCimro CMC!IICHll li 

,n;emm narrpRmenMR na corrpoTHBJienFin R "' IT oaTOJvry namr

qne R, ne 01'pan<aeTCR na p eauiMe p a 6on/ .rmMnH. 
B "Ha 'leCTB e HCTOLJHMl\a <fJ:ai<CI-rpo a aunoro CMem enHR MC

liOJib3YIOT raJibBaHH'I8Cl\Ji!e ::J JieMeHThl H a in<yMyJUI'rOpbl , HO 

HaU60Jiblll 8e pacnpOCTpaHeH:ae TIOJIY'lMJIH I<GHOTpOHHbie H 

noJJyrrponoll,nHIWBhie Bhlll]JHNIHTeJJH . KeaoTponni>re r-r rroJiy

npoBOJJ.R HHOBbl8 BbllipRMHTeJJM, l\ai< HCTO'IHJiiHH <flm<CHpOBaH

ROrO CMelll,eHJiiH, IIpHMeHHlOTCff B MOU],HJ)fX l \aCl\a,n;ax J'CHJleHHR 

nnsKOH LJaCTOTJ,r. T aR, narrpHMep, B oHoneqnoM ycHmne

Jl e 51Y-19 IWMITJJerna K3BC-3 cMeUJ;enHe ua ceTKH OIW

ne lJl:lhiX JJali,'!II fY -50 IIOJ(aeTCH OT OTAGJJhUOrO repMaRHeBOrO 

BbHipHMHTeJlH, H aXOAHII(erOCH B liUTaiOIT~GM J'CTpOHCTBe 

2513-24. 
IIo.rrynpOBOJl.T:UIKOBbie nr,mpHMHTeJIH. 1-nreroT NiaJJhre ra6a

pwrr,r, He Tpe6yiOT J'XOJJ;a, ,n;em8Bb!. cJTO BhlrOJJ;UO OT.JiliFiaeT 

HX OT ll,pyrHX J1CTO<IHHROB cpHI<ClilpOBaHHOrO CMelll,eUUH. 

B nerwTopr,tx TMIIax ycHJIHTeJiefr, naiipl'IMep KYCY -52, 
B I< a 'IeCTBG HCTO'InHI<a Q)Jiii{CHpOl3aHUOrO CM81Il,eHHH IIpHMe

HReTCR OJJ.ROIIOJiyrrepHOJl.HblFi l<BHOTpOHHbTH BhlllpHMHTBJIJ, 

CMeUJ,eUJilH C l1-o6pa3HbiM pe3HCTOpH0-8MI<OCTllbli\'l tPl'IJibTpOM , 

rrocTpoeHHhti& na OJJ.HOM 1213 T]mOJJ.OB JiaMIIhi 6H7 (pRe. IV -23). 
PoJJb anoll,a J.:enoTpona BhiiiOJIRReT ynpaBJIRIOIIl,aH ceTHa 

TplilOJJ.a, a aHOJ( HCIIOJi b30BaH J<aK ::J Ji ei< TpOCTaTHl.feCH HIT 

:=mpan, rrpe,n;oxpaHHIOIIJ,JilH J'CJIJJHTGJibllYIO JJaMrry OT UaBOll,OH . 

Harpys rw:ifr nr,mpmiHTeJIR c.rrynmT ~eJIHTGJih nanpRmennR, 
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C 1\0TOporO HallpH/l\8HH8 (28--;--34 e) CHRMaeTCH H C8TT\aM 

OHOH8lJHbTX JJaMU :1-1 JJa~IIJ llp81J;OI\Ofl8qHOrO 1\aC I~a,n:a (2,2--;-
--;--2,6 e). 

B aurrapaType H'3BT-3 Heaasrrcrr~we CM 81U8Hne orwHeq

HbTX Jia:\m IIOgaeTCH OT C6JI 6HOBOrO BbUlpHMWre.JIH, OTJJ;6JJ6fl

HOrO OT ycrrJU!TeJJH. BeJJrr•-nma CMelllernm M01HeT pery.rrrr

poBaTT>CH C IIOMOUJ;biO IIOT6HI.(I'!OM8Tpa. 

B OTHOCnTeJTbHO NiaJJOM01UHT>TX JJaMrrax HaH6o.uee II!Hporw 

liCHOJTb3Y6TCfl CX8Ma anTOMa'J'Hqecrwro CM61U6HHfl (puc. JV-24). 
AnTo~mTHrrecHoe cMe1UeHne coa,n;aeTCH sa crreT r-~:cTO'IHJU<a 

mrraHHH aHOJlflbTX I.(6ll8H yCHJIRT8JTfl. )J; JHI :;noro Memgy T\a

TO)l,OM JiaMllbl l1 MHHYCOi\I UCTO<IHRI~a aHOJJ:HOrO IlMTaHHH Bl\.JIFO

lJa TOTCfl rra paJT.JI6.TibHO C06JJ:HH6HHbi6 HOHJJ:8HCa TOp C 0 1 M CO

npOTIIBJI6HH6 Rc" . 
PaccMoTpMM, I{aJ{ pa6oTaeT Tai<aH cxeMa . l1pu pa6oTe 

naMrrM B ycnJTMT8JThHOM rmcHa,n;e q epea uee rrpoTeHaeT nym,

cnpyrOIUHH aHO,ll;HblH TOIL l10CTOHHHafl COCTaBJJHIOIUafl aHO,D;

HOrO TOHa 10 0 npoT8I{aeT rrepea corrponmneHne R c, M coa,n;a

eT na HeM na,n;eHHe HanpmHeruw, neJJnrri-rHa IWToporo pa nua 

npOH3B8,D;6HMIO: I ao . R CM . B eJTHLJIUi a 6i\TIWCTH l\OHJJ:8HCaTopa 

C0 , Boi6HpaeTCH ,n;ocTaTO'IHO 6oJibruoi!i, rrro6hr nepeMeuaaH 

COCTaB IfiiOIUaH aHOJJ:HOrO TOIW He llpOXOJJ;Ima ITO COllpOTHB

JT8HlUO . l1piii BHJTIO<r8HUJI IWHJJ:8HCaTopa 60Jibll!OH 8MKOCTiii 

napanneJTbHO conpoTHBJJeFIIno I( .. MOfHHO nonyrrJITb npawrn

qecKJI nocToHHJ:Ioe OTPHI.\aTeJJhnoe cMe1UeHne. EMHOCTb ::~neH
TpOJTHTFI'Iecrnrx Hli3HOBOJTbTJ:IJ,TX JWH)l,8HCaTOj)OB, I<OTOpbT8 

o6bi'IHO rrpnMeHHIOTCH B cxeMax aBTOMaTn<rec rwro cMememur, 

JJ:OCTMraeT 5--;--20 J.tlr.rjj . 
OrreHb Banmo paao6paTbCH n IIOJTHj)HOCTFI rronyqaeMoro 

HaiipmH8HiiiH CM81U8HHH. AHOJJ:HbiH TOH, npoTeKaH IIO CODpO

TFIBJT8HMIO R c.,, coa,n;aeT nap;eHMe HanpmHeHMH, D JIIOC J{O'r opo

ro C08)l;FIH8H C KaTO)l;OM JTaMIIbi, a iVLr!IHYC C 061UMM IIpORO)l;OM 

M 'lepea conpOTiiiBJTeHHe Rg c ceTrwFi. Tar<nM o6paaoM, HanpH

meHMe Ha C8Tl\8 OTHOCFIT8JThHO Ha·rop;a DO.Tiy•raeTCH OTpM!J;a

T8.JIJ,HbiM M paBHO: 

'=I TO Obi oupep;eJTMTb Hynmym n I{a}HJ\OM ROHKpeT!JOM cJry

lJae B8JTFI'IMHY COIIpOTiiiBJT8HJiiH aBTOMaTFiqecrwro CM8IIJ;8£Hifl, 

H606XO,D;MMO 3HaTh B6JTFI<rHHy DOCTOHHHOH COCTaBJTfiiOW,6H 

anop;uoro TOHa. 8Ta nenMqMHa onpe,n;eJTHeTCH pa6oqeFi Toq

HOH ua xa painepHCTMHe naMnbr. 

Bcer,n;a HYJHHO noMHHTb o nonnpHOCTM JHmpmHeHHH 

CM81U8Hliifl nprr TIO)l;HJJIOLI6HiiiR 3JT6IUpO JIMTJiiqeci{JIX HOH~(8H-
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CaTopoB B D,ellb CMem,eHHJI, TaR RaR OH:ff, Hal< R3BeC'l'HO., Tar<

/He HMeiOT llOJIHpHOCTb . 

HecMoTpH Ha p;emenEsHy 1'1 npocToTy, cxeMa aBTOManr

qecRoro cMerneBHH ne JIEmena Hep;ocTaTKOB npn pa6oTe JiaM

m,r B yCHJIHTeJibHOl\1 HaCHap;e. 06 9TOM Mbl CKarH ei\I npH pac

CMOTp6Hl'll!I pa60Tb1 yCHJIHT6JibHOfO HaCHap;a. 

§ 6. MHOf03J1EKTPOAHbiE 3J1EKT • 
POHHbiE JlAMnbl 

qeTbipex:meRTpOp;Hble Jial\IIIbl ( TeTpOp;bl). 

Hec111oTpH na p;ocTOHHCTBa TpHop;oB, npocToTy ycTpoiicTBa 

H CXe111bl BHJJIOqeHHH HX HCIIOJib30BaHHe orpaHHt]HBaJIOCb H3-

3a 111aJIOrO IW3tPtPHD,HeHTa yCHJieHHH H 6om,mOH eMHOCTH 

111e>Hp;y aHop;oM n ceTHOiir. EcJin /He BBeCTH B JiaMIIy qeTBep

nrii 3JieRTpop; - p;o6aBO'lHYIO cen;y, paCIIOJIO/HeHHyiO Me/HAY 

yiipaBJIHIO!lleH CeTHOH H aHO,[l;0111 TpH

op;a (pnc . IV-25), TO IW3tPtPHD,HeHT ycn

JieHHH Jia111IIbi 1110/KHO 3Hat]HTeJi bHO yne

JIRt]HTb. B pesyJioTaTe BBep;eHHH qeTnep

Toro 3Jiernpop;a Jia11111a IIpenpam:aeTCR 

B qeTnrpex3neHTpop;nyro, l!IJII!I Te'rpop;. 

,Il; OIIOJIHI!ITeJinHaH. CeTI\a rrpep;CTaB

JIH.eT co6oiil: Har"~: 6br 3HpaH 111emp;y PHC . lV-25. CxeMa BHJllO· 
'1eHnH <JeThipexaneh'TPOA· 

aoii naMDbi IIepBOH CeTIWH H aHO,[l;0111, TBM CaMbl111 

OHa ycTpaH.HeT BJIHHHHe aHO,[l;HOH D,eiiH 

Ha CeTOt]HYIO (yCTpaHJI€TCJI rrapa3HTHaH eMHOCTb). ,Il;onOJI

jll!ITeJibHYIO CeTHy Ha3bTBaiOT 3HpaHEpyiOID,eH. 

8HpaHHpyrom,aH cenm CHJibHO y11-renomaeT p;encTBI!Ie aHo

ga Ha 3JieKTpOHbi , BJ;JJieTaiOIII,He C J{aTOp;a . l.JTo6bi IWMIIeHCH

poBaTb ocJia6neHnoe p;e:ffcTBHe aHop;a, H 3HpanHpyrorneE: ceT

He IIO,[l;aiOT IIOJIO/KHTeJibHOe Hallp.HI-HeHH€ B IIOJITOpa-p;Ba pasa 

1'18Hbiiie aHO,[l;HOfO. 8JieHTpOHbl IIpH 31'0111 6yp;yT IIpHTRrH

BaTbCJI I"~: aHop;y Y 'He rrop; p;encTBI!IeM anop;a H 3Hpannpyrorneiir 

ceTI{H, 

BoJioiiiHHCTBO H3 HH4 rro nnepp:HH rrpoJieTHT CHB03b 31{

panHpyroiii,yro cwmy, TaH HaK paccTORHHe 111em,[(y BHTKa111H 

ceTKH uecpaBHHMO 6oJibme, qe111 pasMepbr 3JieHTpouon. Ho 

HeiWTOpaJI qaCTb 3JieKTpOHOB IIpHTRTHBaeTC.H H IIOIIa,[(aeT Ha 

31"\:paHHpyiOID,yiO CeTKy, o6pasyH B D,€IIH 3KpaHHOH CeTHH He-

60JibiiiOH TOI"I: 13 = 25-30% I • . IIocHOJibJ{Y Hs-sa BJIHRHHH 

3Hpannpyroiii,eiir ceTim yneJIHLrenHe HJIH yMeHbmenHe a~o,[(
J:IOro HarrpmHeHFIH IIO'lTH He Bbl3biBaeT 1'13MeHeHHH aH~,[l;HOrO 
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TO:Ka, TO Ta:KaR Jia11ma MMeeT O'l8Hb 6oJibmoe nuyTpeuuee 

c.orrponmJTerme. 

BuyTpenuee corrpoTHBJieHHe TeTpop:on HC'IHCJIR8TCH COT

HHMH TblCH'l OMOB. GHpaHHpOBaHHaH Jial\ma MM88T BbJCOKHll 

:Koa<fl!fJHI~HeHT ycHJI8HHH (f.t = S · R ,.) , HOTOpbiH 1110/HeT p:oxo

IJ:HTb !J:O H8CI<OJibKHX COT8H. 

IJpH BC8X OTM8'I8HHT>IX IIp8HMYil~8CTB8X 06bi'lHbiH T8Tp01J; -

H81J:OCTaTO'lHO COB8piD8HHaH JiaMna, Tal\ Hal\ xapaRT8pHC

THHa auop:r-roro TORa TeTpop:a MMe

eT CB0806pa3H08 O'I8pTaHM8 (pHC. 

IV-26). 8To o6'hHCHH8TCH BJIHH

HHeM p: II H a T p 0 H H 0 r 0 

3 tP tP 8 H T a, IIpOHBJIHIOI1I8fOCH 

TOrp:a, ROrp:a HarrpmH8HH8 Ha 

auop:e 1118Hhme, '!8111 ua aRpauuoli 

C81'IW. 

Ia lc 
Q5naCT b 8JltiRHI1R ' . 

AHHaTpOHHo ro ap.¢~Hra 

lo 

Pnc. TV-2G. Tunonan xapawrepuc· 
Tnh:a auonnoro TOH"a H TOHa l:H\· 

BToprr'IHaH 3JI8KTpOHHaH pmmoli ceT~<I1 TeTpona 

3MHCCHJI 3aRJIIO'la8TCH B TOM, 'ITO 

1\81-R!J:biH M3 3JI8RTpOHOB, nap:aiOm;wx Ha auop: C 60JibillOH 

CI<OpOCTbiO, Bbi6:HBa8T C IIOB8pXHOCTM aHop:a H8CIWJibHO 

aJieRTpOHOB, Ha3biBaeMbiX BTOpM'IHhiMM. EcJIH Hanpmi{8HHe 

Ha aaop:e M8Hblil8, '18111 Ha 3RpaHHpyiOIII;8H C8TR8, TO 60.Jibill8H 

'laCTb BTopa•mr,rx aJieRTpouon yJiaBJIHnaeTCH nocJiep:uei1:·, n 

CBR3H c 'IBM ua6mop:aeTCR pesrwe yMeHbmenae anop:aoro TOJ{a. 

EcJIH npocJiep:MTb sa M3MeHeHMeM auop:noro TOHa no Mepe 

YB8JIM'l8HHH aHO!J:HOTO HarrpHI-H8HMH, TO JI8rJW BM!J:8Tb, 'ITO 

BHaqaJI8 aHO!J:HbiH TO!{ paCT8T, 3aT8M, llpH !J:OCTH}R8HMM H8RO

TOpOH cpep:H8H B8JIH'lHHbl aHO!J:HOTO HarrpmH8HHH, TOI{ Ha'!H

HaeT yM8Hbill8TbCJI H Ha XaparnepHC'flill\8 IIOJIBJIJI8TCJI <<Cep:

JTOB:HH8>). 

II pH p:aJibHeH:meM yneJIH'l8HHJ!I aHop:uoro uanpm-HeHHH, 

I\Orp:a ero B8JIH'lMHa CTBHOBHTCJI 60JibU18 HarrpmH8HHJI Ha 

aHpaHHpywineii' ceT.Ke, aaop: co nee nospacTarom;ei1: CHJIOH 

rrpHTHTMB3(:: I l:lTOpH'IHbl8 3JI8HTpOHbi H CB08ll IIOB8pXHOCTH. 

AHOi (HbiH r oJ-: lla'!I>IHaeT CHOBa B03p8CTaTb, a TOH 3Hpaunpy

IOI1I8H C<?T!U1 y~I8HbillaTbCJI. 
Toi\ aHpawwu ceTHH HMeeT o6paTHYIO sanMCHMOCTb no 

cpanueuHro c ':~ HOIJ:Hhilii TOHOJII: cuaqaJia npu yneJIH'l8HHH 

aH op:uoro nan pH <HeHHH TOR aHpatmon ceTI<M yMeur,maeTCH, 

3aT8M, IWrp:a <1HOLI.H08 HaiipJIFR8HH8 !J:OCTMraeT 3Ha'l8HHH, npH 

I<O'J 0p011 H a6J1lO)J,a8'rC.H YM8HbTJ18HH8 aHO~(HOrO TOI<a, OH H8C

I<OJJbHO B03paCTU8'1', DOrJW <Teru 13HOBb Ha'!H:Ha8T yM8Hbill8TbCH. 

McKameHMe <flopM bl ttHOIJ:HOH xapawrepHCTHHH TeTpop:a 

OTpnn;aT8JibHO CHaahl.l:lU8TCH Ha pa60T8 T8Tpop:a, orpaHH'lF(-
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BaeT 06JiaCTb ero np11M8H8H~1R H CIIIUHaeT ll8JIWIHHY IIO.Tl83-

HOH lllO!llHOCTFI, IIOJfyqaeli'LOfl OT JJaMIIGL 

llpoBaJI aHOAHOH xapaHTepFICTFIRFI (eM. p:ac . IV -26) BGI

ar,maeT aHa qJiiT8JihHhJe J<ICimn>eHFIR ¢opMM l{ prmon ycFIJJrma

eMoro HanpmH8HFIJI llpM OTHOCFIT8JlbHO 60JJhUJOH CT8ll8HM 

yCHJJ8HHJJ. I1 a-aa ::noro T8TpOAT>T I:Ie HCllOJib3YIOT )J,JTli ycrme

HHR J-\OJJe6aHIIU 3BYKOBOll qaCTOThi. IJeB:I'OAbl lil .Jiyti8Bbl 8 

j --
a 6 

T8Tp0,[\bl, HBJiliJOJIJ;II[8CR A3JJh-

neifrmmvr yconepmeHCTBonam1-

eM T8Tp0,[\0B, He HM8IOT <lTOL'O 

H8.[1;0CT3TH3. 

IlRTH3JI81\TpO,LI,Hbl8 JJ8l\Hibl 

( HeHTOAbi). 11 CTIOJJb30Ba'l'h )J,OC

TOHI:ICTBa T8TPOAOB (60JJhlllOll 

lW3WWHI\H8HT yCHJI8HHR, Ma-

PIIC. lV-27. YCJI ODHOC OUO~ I I Ol'I CHire Jl 3R llj)OXO)J,H3R 8MHOCTb) p;JHI 
_(a) u c xcMa nliJIIo 'leHuH neHTDAa (ii) ycHJJeHHJI HO.ne6aHHH HHSJWII 

'13CTOTbl 110/HHO JIHillb rrpH 

IIO,IJ,aBJI8HlUL B HHX )J,.HHaTpOHHOrO 3 WW8Jn'3. :=ho MOIIHIO C)J,8-

Jl3Tb ABYMR cnoco6aMu: 

1) BBep;eHH8M em;e Op;HOH )J,OIJOl £HH'f8JlbHOH C8'flUI, H33hl

B38MOH IIpOTHBOAHHaTpOHHOli, HJJH 3a1Il,HTHOH, JWTOpaH 110-

Me:rn;aeTCJI Meri>AY aRpaHHpyrom.eifr ceTJ-\OH H aRO,IJ,OM . TaxaR 

Jl 3Mll3, HMeiO:rn;aR llJ1Tb 3Jl8In'pO,IJ,OB, H33blB381'CJJ nenJnOOOJI~; 
2) oco6oi KoH¢Hrypa~Hei H KOHCTPYH~Hei aJieKTpo,a;on 

T8Tpo,a;a, IIpH l~OTOpOfT 3Jl8KTpOHhl JI8'l'RT OT I\aTO,[\a R 3HO~\Y B 

BH,a;e pacxo,a;nrnHXCH ITY'IROB .rry•rei. TaHHe JiaMTfhi noJiyqH~ 
JIH HaanaHMe JLyl.(,eBbLX m~mpoooe . 
. CxeMa rrenTo,a;a H ero yc.J:ronuo e o6oaHa'renHe noJ.<aaaHhi 

ua pHc. IV-27 . 
3alll,HTR3JJ C8TRa 06blliHO HM88T TIOT8R~H3JJ, paBHI>ll';'T llO

T8HI\lii3Jiy HaTop;a. Y H8KOTOph1X TMIJOB ll6HTO)J,OB 3a~fiTH3ll 
ceTIW npHcoe,a;HHHeTcJJ H HaTo,a;y n n yTpH caMofr JJaMTihl H 

BCer,a;a HaXO,[\MTCH IIO,[\ HaiipHrH8HJii8M , 6 .1I Jii3Hl1M E Ry .HIO, J' ,a;py

l'HX TI1llOB Ce'l'Im C H3TO,[\OM C08,[\I1RJ1IOTCJI CHapyriO<l . rl pH 

3TOM ORa CJJYJIUfT 3ll8lO'j)JilqecKHM 3I{paHOM Men<,a;y aHOJJ,OM H 

3I{p3HHOM C8TKOH H aarnliirnaeT BTOpHqHhie 3Jl8l{Tp0Rbl OT 

);1;8MCTBHJI Bl>ICOROrO narrpnmeflliiH 3HpaHHOH cenm. 

BTopH'IRbie aJieRTpOHl>I, or,aaanmHecH B npocTpaRCTBe 

M8fl'<AY aH0,[\0111 11 3aU\HTHOM CeTHOii, BHOBb npHTHrliiB3IOTCH 

aHO)J,OM, Tal{ I{al\ 3alll,HTHaH C8TI\3 HM88T OTpH~aTeJJbRblH TIO

T8HI\HaJI OTHOCHT8Jlbll0 aRO,[\a H OTTaJII{JiiB38T BTOpJ.IqHbie 3Jl8R

TpORhi o6paTRO ua aHo,a;. TeM caMbiM HBJrenMe ,[\HHaTpou

noro a¢¢er,Ta 6y,a;eT ycTpaneHo. 
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~T HeHOTOpi>LX THllOB n eHTO)l.OB 3all(l-lTH aJJ CeTl~a Ui\IeeT 

BhlBOP: J..: o t (HOi\IY H3 JJJTblpbHOB t(OI\OJHI tai\JDhL TaHMe JJaMnhl 

HCDOJTb3YIOT B CXei\JaX pa3JlJ1LiflJJIX ()J[eJ TpOHHblX llpM60pOB 

B uoqT]([ He npnn.reHJJlOT B yCHJJHTeJ!HX HH3EOH qaCTOTbl. 

B cnH311 c Jiycrureii :mpami!pOBIWH ei\mocn aHop; - ynpa

n r HIOIII.aJI cen~a y neHTOJJ;OB en(e i\ reHLme, creM y TeTpo)l.on . 

3arn.Hmaa ce.rKa , EaE PI aKpamrpywrn.aH , ocJJa6JJHeT ,r:r;eii

cTnne ano)l.a rra noTOH aJieinpoHOfl no cpanHemno c ,r:r;e:FicTBM

eM ynpanmnoru;ei1 cenm, n oaToMy J..:o

aljlqn;rn;BeHT YCJilJleHB.!I IIeHTO,!l;O B 60JIL- I ~ 
we, crei\r TeTpO)l.OB. Y conpeMeHHbJ x 

BLICOJWqaCTOTH.bTX IleHTO,U:OB f.!. i (OXO)l.UT 

)l.O HeCI<OJlbiHfX TMCJJq . 

AHO;D;Hbre xaparnepHCTHJUJ nenTop,a 

He BM.eiOT cnoeo6pa3Hon cep;J£OBHHh1, 

CBOHCTBeHHOii aHO)J;HbTM xapawrepBC

TBI<ai\I TeTpop;a. llpHBOJJ:lUI ,IJ;JlH CpaB-
PIIC. JV-28. AHD):(Hbl C xa· 

HeHHH xaparn·epBCTRIHI TeTpop;a 11 patiTcpncTtll"' 'Te-rpoJw (a) 
rreHTOp;a (pRe. IV-28). n netno.:~a (6) 

H aJrRqvre 3aiD;A:THo ti: ceTrHr, tri\Ie!O -

rn.eft HH3I<Hft llOTeHLJ;HaH, Ha IIYTH OCHOBHOrO CJJlei<TpOHHOrO 

IIOTQJ{a IIpBBOJ.l, J.fT 1\ He06XO,!l;RMOCTJiT H31-IeHHTb pell\HM p;pyrHX 

3Jieln'pOJJ;OB )J;JUI yBenrrqeHHH Cl\Oj)OCTH CJ,JieJ\TpOIIO B, JleTFIJII,HX 

I< aHOJJ;y, H LJT06bl OHM CMOrJl11 npeop;OJieTb npeUJITCTBHe B 

BH)J;e 3alii,HTHOH CeTKH. llpRXOJ.l,HTCH yBe JJilqrmaTb Haii]JJIJI~e
HYle na ::mpaHHoi1 cwrr{e, H L£aC'ro y nerrTop;a aTo Harrpame

HHe 6nmaeT paBHO aHOJ.l,HO~IY. 8TO f:IIIO.JIHe ,liOIIYCTI!l\10 )J;JIJI 

neHTop;a , Tal~ 1\a J~ npOTHno,r:r;naa TpOHHaJI cen~a He p;onycKaeT 

B03HHI\HOBeHHH )J;HRaTpOHHOrO aljlljleHTa. 

llOCJTOMy IIeHTO[ ( MOJl\HO DpMi\18HJITb B m;oHeqHOi\'1 l~ac
I<ap;e ycuJIHTe.nH ~\JIJI ycHJleHHH nanpml\eHHJI HM3Ko:Fi TfaCTO

n,I, r;n;e npn pa6oTe HMeiOTCJI 6oJJ blllRe I\OJie6aHHJI aHO;n;Horo 

HanpHmemilH. 

B JrarOJ(apn 60JihnroMy JW<Hplj>IH(Mefrry ycMJieHMH n ManoB. 

i\Ien..:;n;ya Ji eiHpOAHO l~l em<OCTR IIeHTOt ( HBJH ieTCH TaJ-\/He OTJIJi!q

HOH JiaMDOfi )l.JIR yCHJieHBH BNCOHOfi qaCTOThl. 

B yc:unn:TeJibHOi'J annapaType IUJHoycTaHOBOI{ rnnpo1we. 

DpliJMeHeHI-re Ra:XOJ.l,FIT BbJCOl oqaCTOTHblR neHTOJ( 6JI\7. JlaM

Ilbi C ~ l eTaJJJJH<reChJUI 6aJJJIOROM ocleHh DpoqHbl, li!liieiOT y;n;o6-

Hbiii OH'raJibHblD IIOl-\OJJb, xopomyJO 3all(MTy OT BHeDJHIL\': 

Cl Jiei<TpH.LJeCKFIX 11 i\JarHHTIIbi X DOJieii H HM He HyllieH BHeJJI

RHR aHpaa, ~ .ra.JJbl e BHyTpnnaMnom,Ie eMHOCTIL 

BMecte c TeM B Jra~max c MeTaJI u1c1ecKHM 6aJJnOHOM Tpy,r:r;

HO C03,!].a'l'b Bbl COKUii naHyyM, a DpH HCllOJib30BaHHM B MOJII,-
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H OM HacRap;8 OHH CHJihHO r p 8IOTCJI . 1.Jam;8 BC8l'O Jia11ma 61-I\7 
npHM8HJI8TCR B I\aCitap;aX yCHJI8HHJI nanpm·HSHHR . 

Anop;HaJI xapartT8pi<~:CTHIW JiaMnhi 6Jf\7 nortasana Ha 

pnc. IV-29. HanpmK8H:H8 naHaJia 6,3 e, TOH HartaJia 0,3 a. 

Ia 
( Ma) 

2,4 

2 ,0 

1, 6 

1,2 

0, 8 

/~,... 

I 
v 
'/ 
'/ 

ub~ 
Ua- 30s 
~,,7 

-~~ 
I 

-18 

-1,~p 
-do 

KpyTH3Ha xaparn8pHCTHHH 1,2 
JJta!e. Kos<fl<PH1JH8HT ycnJI8H:HJI 

1200. BnyTp8HH88 conpoT:HBJI8-

HH8 1 M20llt. HaH60JihrnaH MOIIJ

nocTb pacc8JIHHJI na anop;8 0,8 em. 
H an6oJibrn88 nanpH1H8HH8 na ano

)];8 330 e. HaH60Jihrn88 nanpmH8-

H:H8 na sHpanno:i1: C8TI\8 140 e. 
0 ,4 

,58 
Jiy•IeBnre Te'l'pO,ll;bi. XapaK-

T8pHCTHKH Jiy'l8BblX T8Tp0p;OB 
8Ua( s) 

6 "' JI:H3Hn r< xapartT8pHCTHI<aM IT8H-

0 100 200 

Pnc. IV-29 . AHOilHbte xapaHTe- TO)J;OB , Tal\ I\al{ B :HX l\OHCTPYK1JH:H 
P11CT~mH nenTOAa 6lH7 11pi1HRTbl M8pbi, YCTpaHRIOIIJH8 

,[I,HBaTpOHHhUJ s <fl<fl8I\T. 

Pnc. IV-30 )J;a8T np8JJ:CTaB jJ8HH8 o <flopMe n B3aHMHOM 

pacnoJion<8HHH SJI8RTpO)IOB JIY'l8Boro T8Tpo,u;a. XapaHT8p

no:i1: OC068HHOCTbiO Jiallm 3TOI'O nma HBJIJI8TCJI JJ;OITOJIH:HT8Jlb

Hb1H, Tart na3biBa8MbiH JIY'l8o6pasyro!IJHH 3JI8rnpop; n onp8-

p;8JI8HH08 B3aHMH08 pacno-

JIQ}I\8H:H8 BHTI\OB CSTOI\. 

JI y'l8o6pasyrom;n:i1: SJI8H

Tpop; COCTOHT :H3 JJ;BYX JI\8-

JI06oo6pa3HJ,IX ITJiaCTHH J, 
pacnoJiorl\eHHbiX M8.lHJW 3I\

paHHOH CSTI\OH 4 11: anop;OM 

5 n npHC08p;nnennnrx nny

TPH JiaMnnr rt 8e rtaTop;y 2. 
YnpaBJIRIOIIJaH · 3 H aRpan

naH C8TIHI HaMOTaHhl B 0)];

Hy III TY .l'I\8 CTOpony C O)J;H

HaKOBbiM mal'OM :H CMOHTH

pOBaHbl B JiaMIT8 Tal\, 'ITO 

llp08l\1JlUI I\aJI\)J;Ol'O ITOJiy- Pnc.IV-30. YcTpoi1CTBO JJY'1enoro TeTpOAa 
BHTI\a BTOpOH C8TI\:H Ha ITO-

B8pXHOCTI1 I<aTO)J;a COBnap;a-

8T C np08H1Jl>I8H COOTB8TCTBYIOilJ8l'O ITOJIYBHTJ\a nepBOH C8TI\H. 

TaKaJI KOHCTpyrn~HJI C03JJ:a8T B03MonmocTb noToKy aJieH

Tponon, JISTJIIlJSMY OT HaTO)J;a, pa3)];8JIJITbCJI C8TI\aMH na OT

)J;8JlbHbi8 TIJIOCI\:H8 <<Jiy'IH>). ilJIOTHOCTb 3JI8J TpOHOB B 3THX 

rry•max liOJiy'laeTCJI ropasp;o 66JibillaJI, 'ISM B 3JI8HTpOHHOM 
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noTOHe o6Lr'lHLIX Jia?.m. Bcne,n;cTBMe noro aneHTpOHHhle ny'l

mf OHaaLmaroT CMJILHOe OTTaJIHMBaroru;ee ,n;eiicTBMe na wroprr'l

HLre 8JI8Kl'p0Hb1 M M8UiaiOT MM rronap;aTL Ha 81-\paHHyiO 

cecmy. 

CDopMnponannro J1y•reil cnoco6cTBYIOT TaHrHe n meno6o
o6paanhle TIJiaCTITHb1-8HpaHL1, C08,[\MH8HHbi8 C HaTO,[\OM IT Or

paHM'1MBaiOll!M8 8JI8HTpOHHbiM TIOTOK C 60KOB. 

CDoHycHponanne aJieRTponnoro noTOI<a B TaHnx Tecrpo,n;ax 

Ha OT,[\8JILHLI8 Jiy'lM H p;aJIO JiaMTiaM Ha3BaHM8 JIY'l8BLIX T8T

pop;OB. Jly'leBLie T8Tp0,[\LI 6Il3C M 6P3C rnnpORO npnMeHHIOT

CH ,[\JIJI YCITJI8HMJI MOIIJ;HOCTM 8JI8KTpMLI8CRMX I<OJie6aHMH HM3-

KOH qacTOTLI B 6oJILITIMHCTBe ycrrnnTeJieil. Jiyqenoil TeTpo,n; 

6Il1Il HBJlH8TCH OROH8'lHbiM B cepnrr rraJib'llli<OBhlX Jia?.m. 

KoM6nnnpoBaHHJ>Ie JiaMIIbi. l{oM6nnnponannaH JiaMna 

COCTOMT M3 ,[\Byx-Tpex 0 ,[\HOTMTIHhlX HJIM pa3HOTMTIHbJX JJa?.<ITI, 

CMOHTMpOBaHHbJX Ha 0,[\HOH HOfln<8 M TIOM8ll!8HHhlX B 0,[\HOM 

6amrone . IlpM.J~errenne rwM6MnnponanHLIX JJaMn ' coi<panraeT 

HOJIH'l8CTBO OT,[\8JibHhiX Jia"m B yCMJJHT8JibHbiX ycTpOHCTBaX, 

6JJaro,n;apH qeMy ynponraeTCH KOHCTPYHIJ.HH, yMeHLrnaroTCH 

ra6apMTbi, B8C H CTOHMOCTb Cl'l'HX yCTpOHCTB. 

IlpOCT8HITia.ll HOM6HHHpOBa1fHaH JJaMna - ,[\BOBHOH ,[\HO,[\ 

HJJM ,[\BOHHOH H8HOTpOH. JiaMrra , COCTOHIIJ,aH M3 .r:\BYX 0,[\MHa

HOBbiX TpHO,[\OB, TIOM8TII8HHhlX B 0,[\HOM 6aJIJIOH8, Ha3blBa8T

CJI ,[\BOHHLIM TpllO,[\OM. 

B ,n;noll:noM Tpno,n;e 6H9C nMeiOTCH oT,n;eJJLHore no,n;orpen

HLie HaTO,[\LI, no,n;ol'penaTeJJn coe,n;nneHLI rrapaJJJJeJILHO. Ano

.r:\hl n ceTRH nMeiOT oT,n;eJILH1Ie n:r,mo,n;LI. Bee no noanoJJHeT 

MCTIOJib30BaTb TaHyiO JJaMrry B ,[\BYX pa3JIM'lHhlX HaCHap;ax. 

B pa,n;nonpneMrroil anrrapaType ncnonLayeTCR IWM6MHHpo

nannaH JJaMrra ,n;Boilnoil p:Mo,n;-Tpno,n;. Ona cocTOMT M3 TpMo

,n;a n ,n;nyx ,n;no,n;cn. ,[(noiinoil ,n;Mo,JJ,-Tpnop: aaMeHHeT TPM 

OT,[\8JibHbi8 JiaMIIbi. 

Tar<aJJ JiaMrra, r<aR ,n;noi!moil ,n;Mo,n;-nenTo,n;, cocTOHT na 

,[\ByX ,[\HO,[\OB H ll8HTO,[\a . lliHpOIW TipHM8HH8TCH B HaLJ:8CTB8 

BnayaJibHOrO MH,[\MI-\aTOpa HaCTpOHl-\M Ha qaCTOTy llpMHMMa

eMOrO cnrnaJJa c rreu.naJJbHaH JJaMrra, naaomaeMaJI aJJeKTporr

HO-CB8TOBbTM MH,[\MI-\aTOpOM HaCTpOHI<M, lWM <<MarHLJ:8CI-\MM 

rJJa30M>> (6E5C). 8Ta JJaMrra rrpe,n;cTaBJIHeT co6oil HOM6rma

IJ.MIO Tpnop;a C JJIOMMH8CD;MpyiOIII,MM 8!-\paHOM, CB8TJITIIMMCJI 

38JI8Hb1M CB8TOM TIO,[\ ,[\8l~ICTBFI8M IIOTOKa 8JI8I{TIJOHOB. 

8HpaH JiaMllbi HaXO,[\MTCJI ITO,[\ IIOJIHhlM HarrpmH8HM8M HC

TO'lHMHa ano,n;noro TOI-\a. Ha rryTn aJJernponrroro noTOI-\a I< 

::mpaHy C 0,[\HOH CTOpOHb1 1-\aTO,[\a HaXO,[\MTCJI TIJIOCIUIH yn

paB.'IHIOJ;JJ;Uii <Wei-\TpO,JJ, - HOIR, HarrpHmenne Ha HOTOpOM 
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o,n,nHaHOBO c Hanprr;.r eHHeM Ha aHo,n,e JiaMTII>I. CnerreHne cer<
Topa ::mpana, naxo,n,rrm;erocrr sa ynpaBJIHIOIIJ,HM aJier~:Tpo,n,oM, 

SaBHCHT OT COOTHOIIIeiU!H HanpmH8HHH Ha 3HpaHe ff Ha 3TOM: 
3.TI8HTpO)l,8 . 

Ec.rrH 3TH HanpmKeHHfl o,n,nnm...:onr,r , TO cerwop, Haxo,n,R
III;IIHCR sa ynpaBJUIIOIIJ,HM 3JI8KT]JO,ll,OM, CB8Tl1TCR: Tali: me, HaK 
H necr:, ocTaJII>HOH aHpaH. EcJIH narrprrmemm na yrrpaBJIHIO
m;eM 3JI8I<Tpo,n,e YM8Hbllla8'l'Cfl, TO Ha rraCTH 3RpaHa, HaXO)l,H
IU,8HCH sa Hl1h'l, IIOJiyqaeTCll SaT8H8HRbiH C8I\TOp, IIOTOMy 'ITO 
KOJIM'I8CTBO rrorra,n,arom;Hx Ty,n,a aJiernpoHOB yMeHhmae-rcrr. 
illMpHHa 3aT8H8HHOTO cewropa SaBHCHT OT B8JII1'IHHT:i! HanpH
rH8HHH na yrrpanJimom;eM aJiei<Tpo,n,e. Tar...: I<ar;: narrpaBJIHIO
IIJ,HH aJrer~:Tpo,n, coe,n,nnen c ano,n,oM, a narrpmHeHrre Ha ano;:(e 
SaBHCHT OT CHJibl npHHMMa8MbTX CHTHaJIOB, TO ITO IJHipHH8 Sa
T8H8HHOrO cernopa MOHmO Cy)l,HTh 0 TO'IHOCTM HaCT]JOHIUI 
npHeMmma. 

ilOIVUIMO HOM6MmipOBaHHbiX Jia~m B pa)l,HOT8XHMH8 IIpM
M8HHIOTCfl MHOroceTO'IHhre JiaMnr,r. O,n,uofr Ms uarr6oJree pac
npocTpauenur,rx Cp 8,ll,M HMX R:BJifl8TCH IIR:THC8TOLJHafl JiaM
rra (neuTarpu,n,) . B TaHoifr Jia~me neprme ,n,ne ceTK[i[ coCI·an 
JIHIOT Tprro,n,uyro LJaCTh JiaMIIbi (rrepnarr - yrrpanJrmoru,arr, ~ 
BToparr - - auo,n, renepaTopa). Ha LJeTnepTyro ceTr<y TIOJ(aeTCfl 
uarrprrmerure cn:rrraJra . Tp aThll n IIHTaH ceTim - 3I<pautl:
pyrorn;ne. 

B nacTorrm;ee npeMH Bhrrrycr~:aeTcR: oqenb ~moro pas.rrn:q
HblX <:!JlewrpoHHbiX JiaMrr. B sanncnMOCTM OT uasuarrennrr 
JiaMIIbi OTJIHqaiQTCH ,n,pyr OT ,n,pyra Hai< 3.TI8I<TpH'I8CJm:MFI na
paMeTpaMFI , TaK FI IWHCTPYHTJIBHbiM BblllOJIHeHMe r. 

§ 7. 3nEKTPOHHO-nYLfEBbiE TPY6Kfii 

Cxmm ycTpOHCTBa 3JieKrponuo-.rryrrenoii 
Tpy6rm rror<asaua na pnc. IV -31. PaccMoTpHM ycTpoifrcmo 
Tpy6KM npocTe:ffruero TMrra. BnyTpH cTeKJIHHHoro 6aJIJIOHa 
6, FI3 KOTOpOrO BblKarreH BOS)l,yX, IIOM8IIJ,8Hbl: KaTO)l, J, !floKy
CiiipyiOI1IMH IJMJIHH)l,p 2, aHO)l,b1 3 Iii )l,B8 napbi OTKJIOHHJOIIJiiiX 
rrJiaCTHH 4 M 5. BnyTpeHHHH nonepxHOCTh TOPI10BOH rraCTH 
6aJIJIOHa 7 (aHpau) noHpbrTa !flmoopecrrr~pyroru,nM cocTaBOM . 
Ha pMc. IV-31 yr<asarrbr H nanpmHeHHH, no,n,no,n,RMMe I< Tpy6-
I<e: ano,n,uoe uarrprra<eHHe Ea H uanpH~HeHn:e muaHiiiH !flor~:y
CMpyroru,ero U.MJIHH,n,pa E,1 . 

KaTo,n, ( o6hl'IHO rro,n:orpennoro Trma) oHpymeH JJ.HJmH,n,poM. 
Ha IJHJIMH,ll,p TIO)J,a8TCH OT]JiiiiJaT8JlhHb1H IIOT8HIJii!aJI OTHOCJi.!-



T8JihHO R3TOJJ:3, 6 Ji arOJJ;3pli ti8lllY <JJI8KTpOHhl , BbiJI8T3IOlli,H8 C 

K3TOJ~3, H 8 pa3JI8TaiOTCH. J3 p33Hhi8 C1'0p0Hh1, a o6pa3yiOT 

~JieHTpOHHhri1: Jiy'I . Hpn H 3MeHennn rroTeH~HaJia ~HJIHH,l.l;pa 
l\l6HH6TCH KOH~6HTpai.~HH 3JI6HTpOHOB B 3JI6HTpOHHOM Jiyqe . 

Pa6oTa ciJoHyClirpyrom;ero ~l!IJIHHJJ:pa anarrorn:•ma JJ:6HCTBHIO 

ynpaBJimom;eu c eTHH a ::>JieRTpormoii JiaMne. OT ROH~eHTpa
~nn :~JI 6HTpOHOJ3 J3 <lJT6I<TpOHHOi\I JJyqe 33BHCHT R]JHOCTb CB6-

TJilll,6rOCH IIHTHa Ha 31\paHe Tpy6HM . ,[(Bn:<h:OK IIOT6HJIHOM6Tpa 

7 

Pnc . lV-31. CxcMa y cTp o ilcTBa :JJJCI;Tp omro-JJy'ICBOI1 Tpy6rn t 

CBH3aH c py'IIWH , naar,maeMo}i'r <<H pEOCTI>>>, B Tarurx npH6o

pax, IWT{ OC~IIJIJIOrpaclJ HJIH 'I6JI6J3M30p. 

AHOJJ: T3IUK6 J3bliTOJIHH6'ICH B BHJJ:6 ~HJIHHJJ;pa , a HHOrJJ;a H 

B BHJJ;e JJ:BYX ~HJIHHJJ:pOB, B TOp~OBbJX LI3CTHX 1\0TOp:biX CJJ:6-

JI3Hbl OTB6pCTHH. G JI6HTpOHbi, npOJI6T6B cPOI{yCnpyro~HM ~H
JIHHJJ:p H BbiMJJ:H H3 Hero , IIOUaJJ;alOT Ha aHOJJ: paCXOJJ:H~HMCJI 
ny'IIWM, HO 1IaCTb 113 HMX ilpOCI\aiUIB36T 'Iepe3 OTB6pCTHH H 

nonanaeT Ha ::> xpaH Tpy6rm. PeayJiun:pyro~ee ::> Jier<TpH<Ie

cHoe norre o6oHx aHOJJ:OB H KaToJJ:a oHaar,maeT ciJoHycn:pyro~ee 
p;eiil:cTuMe Ha ::> Ji eHTpoHni>r i1 Jiy'I. II ocHOJihHY B Tainrx Tpy6-

Hax cP0RYCHp0BI{3 3JI6I{Tp0HHOrO Jr yqa npOH3BO)J;HTCH nyTeM 

H3M6H6HHH 3JI6m'pHTf6CKOrO IIOJIH , TO TaJ\OH CIIOC06 cPOI{y

CHpOBHH Ha3.biBa6TCR 3JI6KTpOCTaTHti6CI\HM. 

B TeJieBnaopax qa~e McnoJinayroTcH Tpy6RH c MarHHT

HOH ciJoHycnpoBHoifr. B 3T011I cJiyqae B npoMe}RYTHe Memp;y 

IWTOJJ:OM If 3HOA OM ITOBepx Tpy6HH ITOM6~3IOT l{aTyiiiHy H 

nponycr<aiOT no ueu TIO CTOHHHbl i-J 1'01{ . Bor\pyr 1\a-ryumM c o

sp;aeTCH 11pOJJ:O.HbH06 MarHHTH08 IIOJJe, IWTOpOe M C06npaeT 

JieTrr~r.w s rreKTponnr B Tommit Jiyli. II pH xopomen ciJoRycn:

ponr<e B ~eHTpe ciJmeJOpecu;Mpyron~ero 3I{paHa Ha6mo,o;aeTcH 

pe31\0 O'I8p'l6HH3H CB6TH~3HCH TO<ma. 
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Ha nynr or aHop:a p:o ::mpaHa :mer<rpoHHbiiir Jiyq npoxop:nr 

qepe3 OTKJIOHHIOIIJ,yiO CMCT8My, I<OTopa.A: MO)I{8T 6uiTb BhlnOJI

R8Ha B BMJ1:8 B3aHMHO n epneH}l;HI<YJI.A:pHbiX nap nJiaCTMH MJIM 

MarHHTHbiX r<arymmc B nepBOM cJiyqae p:JI.A: oTrm oHeHM.A: 

Jiyqa MCnOJib3Y8TC.A: <JJI8In'pM'I8CH08 nOJI8, a BO BTOpOM -

MarHMTH08. 

u 

~ --~- ~epTHHaflbHO - . 

l-13o6pameHHe 
Ha 3HpaHe 

OTHflOHRIOU\He 
nllaC THHbl 

PHc. IV-32. OTKJIOHCIUie aJieKTpouuoro Jiyqa n aJieKTPH'IeCHOM nOj JC 

EcJIM I< op:uo.iir n ape nJiaCTMH (HanpHMep , nepTMI<aJibHO 

OTI<JIOH.A:IOI.Il,8R) npMJIOJHMTb Haiip.A:JI<8HM8, TO nop: }1;8RCTBII8M 

:=JJI8I<TpR<I8CIWfO nOJifl :=JJI8I{Tp0Hbl 6yp:yT CM8IIJ,a TbC.A: B CTO

+ . 
:~o--~---4--~~-1+---

~ 
J: 

poHy nOJIO>I<MT8JibHOfO nOT8HIJ;M

~Ji a. 0TI<JIOH8HI-!8 :=JJI8I<Tp OHHOrO 

JI\y<Ia Ha ar<paHe 6yp:er Ha6mop:aTb-
' u 

~1 I<:I< ~1:;::::b~~:HI~~~~:~~!~ 
HMM. CMeiiJ,eHMe 6yp:er reM 6oJib-

PHc. IV-33. r paqnm mmooopas- me, qeM CMJibHee :=JJiei<Tpnqecr<oe 
HOro uanpnmemm passepTIHI noJie M8)HJl:Y nJiaCTMHaMM (pHC. 

IV-32). 
IlpM C03p:aHI'!M :=JJI8HTpM'l8CI<OfO nOJI.A: Memp:y rOpH30H

TaJibHO-OTI<JIOHHIOIIJ,MMM n JiaCTMHaMM :=JJI8I<TpOHHbiR Jiyq 6y

p:eT nepeMeiiJ;aTbC.A: B ropM 30HTaJibHOM HanpaBJI8HMH. 

EcJIM I< nepTHKaJibHO-OTI<JIOHHIOIIJ,MM nJiaCTMHaM nop:nec

™ nepeMeHHoe CMHyconp:aJibHOe HanpR>r<eHMe, TO Ha ai<paue 

liibi yBMP:MM nprrMyro JIMHMIO, BeJIH'lMHa r<oropo.iir 6yp:er npo

nopu;HoHaJibHa aMnJIMTyp:e nepeMeHHoro CHrHaJia. 

LJ To6r,r ynMp:eTb Ha ar<paHe cnnyconp:y, Ha ropH30HTaJir,

HO-OTI<JIOH.A:IOIIJ,He llJiaCTI-I:Hbl p:OllOJIHMT8JibHO llOp:B OP:HT llMJIO

o6pa3H08 uanpHmeuRe (pRe. IV-33) OT cneu;RaJibHoro reuepa

Topa. Tar<oe HanpmneuRe Haa:r,maroT uanprra eHReM paanepT

I<R, a reHepaTop - reHepaTopoM paanepTr<R. 

HanpHH{8HRe pa:meprr<R o6ecne'lRBaeT ropnaowraJir,uoe 

nep8M8Ill,8HM8 CB8THIIJ,8fOCH llf{THa C nOCTOHHHOR CIWpOCTbiQ 
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l'l TIOCJie P,OCTI>l>HeHMJl HpaHHeH TO'II{M :=mpaHa MrHOBeHHOe 

B03BpaiiJ,eane B ncxop,uoe noJiomemw. BJiarop;a pll TaHo~ry 
ycTpOtlCTBY Ha 8I{paHe 8JiewrpoHHO-Jiyti8BOH Tpy6rm: MO>ImO 

TIOJIYtiMTb HpMByiO, BOCTipOM3BOp;JliiJ,yiO I{aJWe-Jin6o HeM3Be

CTHOe Hanplli-H8HM8 ( CMrHaJI), M MCCJiep;oBaTb ero . 

lJpM60pbl, B lWTOpb!X MCTIOJib3Y8TCJI 8JI8HTpOHHO-Jiyqe

BaJl Tpy6Ha l(JIJI MCCJiep;oBaHMJl TI 8p8M8HHhlX CH:rHaJIOB, Ha-

3biBaiOTCJI aJieHTpOHHbBHl o cu;MJIJiorpacpaMM. PasaoBnp;uoc

TbiO TaHOH 8JI8I{TpOIIHO-JIYti8BOH Tpy6rur JIBJIJl8TCJl HJiiHe

CHOTI, IDH:pOIW MCTIOJib3Y8MbiH B T8JI8BM30pax. 

KOHTPOilbHbiE BOnPOCbl 

1. Orr.m:uHTe ycTpoiicTBO TpexsJieKTpo;o;rroii: JiaM!Ihi H ;o;noiiuoro Tpn:
o;o;a . 

2. 1-\aK pacrrrii!f>poBbiBaeTCJI o6oaua<reune, npucnaeMoe Jia:~<me? 
3. I-\arnre aJiei<Tpn:<reCKHe 1lellli CYJ:IIBCTBJ'IOT B cxeMax c TpexsJiei<T

po;o;uhiMH Jia~maMJI li 1!3 ltaiUIX <JJieMeJITOB OUII COCTOJIT? 
4. LleM 06'bHCHH8TCH IIOHBJIBHHB CeTO'IHOrO TOJ{a IIpii rre60JibillHX 

OTpuo;aTeJihHblX rranpnmeiUIHX, IIO)l;B O)l;tlMGIX J{ CeTI<e? 
5. I-\aKnMH ;o;nyMH crroco6aMn: Moamo ynpaBJIHTb auo;o;ahiM TOKOM 

B TpHO,n;e? 
6. 1JeM OTJIH'IaiOTCJI paamr<ruhle TIIIIbl Tprro;o;on? 
7. OT I<arurx Tpex nemi'II1EI aaBIICIIT auop;Hbll~I TOR B Tpn:o;o;e? 
8. I-Ia30BHTe xapmnepuCTIIKU TpexsJieKTPOAI!OH JiaMllbi. 
9. I\arure xaparnepnhle y <racTrm MMeeT ceTO'IHall xapaRTepn:cnma 

Tpno;o;a? 
10 . LITo rraablnaeTCH peauiMOM rraChiJ:IIeiHIJI? ITpn Hartnx ycJIOBRJIX 

CBTO'IElbiH TO!{ JiaMIIbl CIIJlbHO B03pacTae-r, a aHO,Ll;HblM TO!{ J'MBHb
rnaeTCJI? 

11. 1JTO Ila3blBaeTCH CBMBMCTBOM CBTO'IHblX xapaKTepHCTI'IK? 
12 . I-\aKyro aaBIICHMOCTb noKa3blBaeT auo;o;uan xapaKTepn:cnma 

TpiiOp;a? 1JTO Ha3blBaiOT CflMBHCTflOM aUO)l;HblX xapaHTepHCT!im? 
13. LITo rraahlBaiOT rra paMeTpamr JiaMrr? 
14. Depe<rHCJIIITe rrarr6onee nam ubie rrapaMeTphi Tpno;o;a. 
15. B <reM aaKJIIO<raeTcn !f>uaH<recJmii cMhiCJI napaMeTpa Kos!f>!f>Ho;n:euT 

ycmreuHH TpHo;o;a? 
16. I\art rraxo;o;HTCH •mcJieunoe 3lla<reiUie rwscpqmo;aeHTa ycmie i:IIIIl rro 

Ce~WHCTBY CeTO'IHblX HJHI aEIO)l;Hh!X xapaHTe[HICTfll{ Tpno;o;a? 
17 . OT 'Iero aaBHCHT Roa!f>!f>nl!ueuT ycuneunn JiaMUbi? 
18. 1JTo rror<aahmaeT Hpy·rnal-ta xapaJ<TepHCTHHJI T[JUOAa? 
19. LITo rra3hiBaiOT J.IHyTpenHIIM conpoTHBJieHneM JiaMIIbi? 
20. l-\aJt CBH3aHbl Mem,n;y co6oii: OCI:IOBJ!ble napUMOTpbl TpHop;a? 
21. I-\ar< onpe;o;eJineTCH neJi ll'IHHa MOJ:IIIIOCTH , paccennae~roii: ua arro;o;e 

JiaMDhi, n HaKono ee npalnn<recrwe a!la 'renue? 
22. Mem;o;y I<aiUIMLI aneHTpo;o;aMLI n Tpuo;o;e CYJ:IIOCTDYIOT Mem)l,yaJi ei,T-

po,n;uhle eMIWCTH? , 
23. Iila-3a •rero noanmtaiOT uem·meiiHhie ucHamenHH rrpn ycHJieu~m? 
24. 06'bHCIIl1Te Ha3 1ta'!Olll!O OT[JIIl_\aTBJlbHOrO C~LOII(el-lf1H . 
25. I\mt ocyJ:IIeCTBJIHeTCH aBTO~IaTH<reCIWo cMe!II,emre ycuJIHTeJibHbiX 

Jia~m? 
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26. 113 Harurx coo6pan\euui>i Bbi6FrpaeTCH ueJIIl'rHHa rwrr,u.e HcaTopa, 
IDYHTiil pylOID;CfO CO ilpOTHBJIC HHC CMel.l.\eHIHI ? 

27. B '!eM COCTOI1T fiBJICUITe BTOp ii'IH OH <l~ III CC II II II l([HiaTp 01HibiU 
atjlrpern? 

28. I\aH ycTpa HnTI> ,u.uuaTpOBEihJii acpcpe1n? 
2!J. I\arWBhl npemrym;ecTFra ne nTO):~a no c pau rrermro c T JHlO):~oM? 
30. I \aH ycTpoc H Jiyqeuoii TeTpOJ\? 
31. J10'fCMY TeTpOJ(bl HC llCllOJ!b3J'IOTCJJ B YCII J!I ITCJI JJX Hli3KOii 'Ia-

CTOThl? 
32. B •reM npeHMym;ec:r. ua rwM6rwHpouar·IHbl X Jr a~m? 
33. Hamw wr.oroceTo•urbre JiaMni>r Bbl 01-raeTe? 
34. 1\ar\ pa6oTaeT 8JICHTpOHHO -Jl )''IC BaH Tpy6 r; a? 



tflABA V 

TPAH3HCTOP~ (nOnYnPOBOAHHKO
BbiE TPHOAbl) 

§ 1. YCTPOIIICTBO J.1 nPHHU.Hn PA50-
Tbl TPAH31-1CTOPA 

B § 5 I'JJaBhi II i\!M noanaHOi\HIJTJiiCh c rro

Jiyrrpono,rrnFIROBhiMR B8HTRJI.HMH H l'IX OCHOBHhiM CBOJiiCTBOM 

0~(HOCTOpOHH8ll npOBO,ll,HMOCTH T:Ia rpamnre pasp;eJia IIOJJy

rrpOBO,D,HlmOB c paam-r<mhTMH TunaMH npouo,n,FIMOCTIL Tpan

ancTopoM naar,maeTCH aJieJ-;Tporrpeo6paaoBaTeJibHbiM rroJI y

rrpono,n,mnWBbii1 npn6op c aJieHTPM'recHHi\HT nepexo,n,a~m. 
HM8IOIIJiifH ·rpH BbiBOJJ;a. 

Tpauar<~cTop (rroJiynpono,n,T:nmoBbiR TPiifO,D,) rrpe,n,cTaBJJHeT 

C060H Tp8XCJIORHbiR IIOJiynpOBO,ll,HHH C qepe,n, yiOIIJHMHCH Tiif

IIaMH npono,n,nMOCTH. HarrpMMep, ,n,na CJIOH noJiyrrpono~~HH
Ha C ,ll,blpO<IHOH npOBO,ll,HMOCTblO , pa3,D,8JieHHM8 CJI08M IIOJi y

IIpOBO,ll,HHHa C 3JI8KTpOHHOR npOBO,ll,I1MOCTbiO, o6paaylOT TpaH-

3HCTOp Tima p - n - p. 
Ha pirc. V-:l nor,aaano cxeMaTHLiecHoe ycTpoiicTBO HJIOC

HOCTHOro TpaH3HCTOpa THIIa p - n - p (a) 1-I rpacpH'I8CHH npe,n,

CTaB JI8HO pacrrpe,LJ,8JI8HH8 ITOT8HJIMaJJa B,Ll,OJJb TpaH3HCTOpa 

( 6). Tol:JHO Tal{ me MOIHeT 6r,rrr, naroTOBJJeH TpaH3HCTop TMna 

n-p-n, B l { OTOp0ll1 ,D,Ba CJJOH ITO JiyrrpOBO,D,Hima C 3JI8HTpOH-
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no:ii nponop;MMOCThiO pa3p;eJienr,r cJioeM c p;bipO'IHOH rrpono

p;HMOCThiO. 

ECJIH OT I<an<p;OrO JiJ3 Tpex CJI08B cp;eJiaTb OTBO)J;, TO IIOJiy

'Ia8TCH CHCT8Ma C Tp8llrH 3Jl8I<Tpop;aliiJif. C IIOliiOII!hlO M8TaJIJUI

'l8CKHX BbiBO,IJ;OB, IIpHITaHHHhiX K CJIOflM, TpaH3liiCTOp BKJIIO-

-r~ 
a 6 

Pnc. V-1. Cxe~IaTII'tectwc ycTpo t"tCTBO nJJOCt<oc·mm·o ·rpa1!3!!CT0]1a Ttrna p-n-p(a) 
J.! rpa<jlH'!CCHOC TIIJCACTaBJJCIII!C paCTIIJCACJICRI!H TIOTClll.\ltaJJa ll i~OJ! b TIJ3!!3HCTOpa (6) 

•weTCH B cxeMy. B pa6o'IHX ycJIOBii!HX I\ Tpan3HCTopy IIOJJ;

KJIIO'IaiOT CM8IlJalOU:(lii8 6aTapen; IIpH 3TOM O,IJ;UH 11:3 CJI08B B 

n;errHx 6aTa pen cJiynmT o6ru;HM aJieKTpop;oM . 

Cpep;nnll: CJioll: TpaH3H:CTopa Ha3hiBaroT 6aaou, H:JIH: oc
noeal-tue.ilL Ha pHC. V-2, a rroKa3ana cxeMa nop;KmoqennH 

p n p 

a 

Pnc. V -2. CxcMa nOAI<J!JO'ICHHfl cMeu~momnx 6aTapeii r; TpaHancTopy Tuna 
p-n-p(a) H pacnpCACJICJn!C llOTCH!J,IIaJJa BAO.Tib Tpa!!3UCTOpa (6) 

CM8II!aiOII!HX 6aTape:ii I< TpaH3II!CTOpy, I<Or p;a 06II!H.M 3JI8KTpO

JJ;OM CJiyn<HT 6a3a . l1oJIHpHOCTh BIWIO'I8HH:H 6a-rapeu )J;OJIJHHa 

6b!Th TaKOH, 'IT06bi O)J;HH 11:3 3H8pr8TH:'l8CKHX 6apnepOB ITO

HH3HJICH, a p;pyrou IIOBhiCH:JICH. aJieinpOHHO-,IJ;blpO'IHhi H II8-

pexop;, r< KOTopoMy 6aTapeH rrop;Kmo•rena B rrporrycrm:oM 

(rrpHMOM) HarrpaBJI8HHH:, Ha3hiBa8TCH EJ.iltUlnlnepO.i!£ - OH CJiy

ii<HT IIOCTaBII!li!HOM aapH,IJ;OB H anaJIOl'H'I8H C 3TOH TO'lKH: 3p8-

HHH KaTOp;y 3JI8KTpOHHOH JiaMTihl. aTOT p-n-nepexop; Ha3bl

Ba9TCH 3MH:TT8pHbiM. aJI8I<TpOHHO-,IJ;blpO'IHblll rrepexop;, K 

KOTOpOMy 6aTapeH: IIO)J;KJIIO'l8Ha B o6paTHOM n arrpaBJI8HliiH, 
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HaabmaeTCH rwMer.nwpo.?ot- noT CJJiewrpop; aHaJioriPieH aHop;y 

BJI6RTpOHHOi JiaMIThl. 

EcJIM B TpaHSHCTop THrra p-n-p BHJIIo'leHa 6aTapea 

TaH, 'ITO ITJIIDC ee C08)l;HH8H C ClMHTT8pOM, a MHHyC - C 6aaoi, 

To rroTem.J;HaJibHhli 6apbep Ha rrepexop;e . CJMHTTep - 6aaa 

ITOHH3HTCH H pacrrpep;eJI8HH8 ITOT8HU,.HaJia B)l;OJib TpaH3HCTO

pa 6yp;eT HM6Tb BH)l;, rroHaaanm..ri Ha puc. V-2, 6. 
IIpH TaiWM BRJIIO'l8HHK 6aTapeH p;brprm us CJMHTTepa Ha'l

HYT nepeMerqaTbCH 'lepea rrepexop; B o6JiaCTb 6aabi, a CJJI8I{

TpOI-Ibi- H3 o6JiaCTH 6aahl B o6JiaCTb CJMHTTepa. Tal{ RaH B 

ClMJ.iiTTepe COCpep;OTO'l8HO 3Ha'lJ.IT6JibHO 60Jibiii6 )l;blpOI-t, '18M 

ClJI8KTpOHOB B 6aae, peayJibTHpymm;Hii: TOR onpep;eJIH8TCH B 

OCHOBHOM )l;BH/H8HJ.I8M )l;I>IpOR OT ClMHTTepa B 6aay. 

EcJIJ.I aaMrmyTh IJ8ITb ROJIJieHTop - 6aaa, BHJIIO'IHB B 

Hee 6aTapem MHI-IycoM R IWJIJiewropy, TO BhiCOTa B'roporo no

T8RIJHaJibROro 6apbepa YB8JIHqHTCH. 8TO aaa~IHT, 'ITO )l;bipRaM 

J.ii3 06JiaCTH IWJIJI8RTOpa 6y,a;eT 8ITI8 Tpy,a;Ree npOHJ.iiRHYTb B 

o6JiacTb 6aabr. Ho ecJIH B o6JiaCTH 6aabr or,amyTca )l;bipRH 

(npaHTH'l8CRH BB8,[\8HHbi8 Ty,a;a H3 06JiaCTH ClMJ.iiTTepa), TO 

OHJ.ii 6y,ll;y'l' JI8rRO <<CHaTiiiBaTbCH>) H3 6a3bi B ROJIJI8RTOp. 

l1pOI-IlJI{illlii8 H3 ClMHTTepa B 06JiaCTb 6a3bl )l;blprm )l;BJ.ii/HyT

CH B RanpaBJI8HHH ROJIJI8HTOpa, 'IaCTJ.ii'lHO peHOM6JiiHHpyH Ha 

nyTH c aJierupoHaMH. Coep;HR8RHe p;brprm c aJierupoHOM (pe

rwM6HI-IaiJHH) npHBO)l;HT R J.iiC'l83HOB8HliiiO HaH JJ:hlpKH, TaR H 

cno6op;Roro ::JJieRTpoHa . IIocJie,a;HHi aaMerqaeT p;Dipi{y B co

OTBGTCTBymrqei BaJI8HTHOi CBH3H, H H8iTpaJIH30BaHI-Ibi6 aa

pH)l;bi y1He He y'laCTBYIOT 6oJiee B npoBO)l;HMOCTH. 

CHopoCTb ,a;Bn:mei-InH p;brprur aaBncnT OT paanocnr noTeH

IJHaJioB Mem,a;y 3MliiTT8pOM H 6aaoi (HJIJii M8iHJJ:Y 3MliiTT6pOM U 

HOJIJI6HTOpOM) . 'LleJVI 60Jibill6 3Ta pa3HOCTb, T8M 6biCTpee )l;BH

}l{6TCH p;bipi{a . 

Tpai-IaHCTOpbi uaroTOBJIHIOT TaK, 'ITO pacC'rOHRHe M6}[{)l;Y 

3MHTT6pHbiM U ROJIJI6HTOpHbiM nepexop;aMU M8Hblll6 Cp8JJ:H8-

ro nyTU ,[\BU/H8HHH JJ:bipim, 'ITO o6eCIT8'1JiiBaeT TaRyiO pa6oTy, 

npH ROTOpOH 60JibiiiaH 'laCTb UX H6 ycneBaeT peROM6:P.HliipO

BaTb U <<CHaTJiiTbCH>> C llOT8HIJHaJibHOrO 6apbepa B 06JiaCTb 

IWJIJI8HTO p a. 

B o6JJ:aCTH ::JMUTTepa c JJ:bipO'IROi npoBO)l;U:MOCTbiO p;eicT

ByeT noJre BI-IemHefr 3MUTTepnoi 6wrapeH, crroco6cTBymrqee 

,a;peiiifly ,a;nrpor-t 'Iepea ::JliiUTTepHRit nepexo,a; B o6JJ:aCTb 6aabr. 

3,a;ecb 'laCTb JJ:bipoH perwM6HRIIpyeT c 3Jl8HTpoHa1m, a no,a;aB

JlHIOrqee 60JibUIHHCTBO ,a;peii:iflyeT ,a;aJJ:ee II 6ecnpenHTCTB8HI-IO 

npOHHI{awr 'lepea IWJTJrewropHbri'r rrepexop; B o6JJ:acn IWJJ:JieK

Topa . ,lJ;bipHlii ,[\BHmyTCH ITO,[\ ,a;eiiCTBII8M liOJlH Bl-I8IIIH8H 
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Ro.rr.rreKTopaoi.i 6aTapen: E", BI{.iiiO'IeHao :H l\18/H,o;y 6ason ~~ Ho.rr

.rreHTopoM . 

B ecnperHITCTBeaaoe P,BHli<eHHe p,r,rpOI{ qepes HOJI.ile i,TOP· 

Hhii:i: n epexo)J, osHa'IaeT, qTo nocJiep,miJil o6.rra~1aeT ~W.ill>IJYI 
c onpoTHBJieHn:eM. C yneJIH'IeHHeM OTj)HIJ,aTeJibHoro aarrpmHe

HHH HOJI.JI einopao:i!J: 6aTapen: E~ conpoTn:n.rreiHie HOJJJieinop-

Ea, 

PHc . V- 3 . 3asHCIIMOCTb 11 3MeaeuHf! 
'TOI-\a liOJIJiel\TOpa 0'1' !lanp.Hii\CFIJ.IH 
liOjJJieE'rop uoH 6aTapeH np1'1 pas
JI.l-J llllbi X 3 1f atiCR.II RX 1-Jartpfltl\CllHH 

ua aMnT'repe 

aoro nepexop,a Ha'umaeT npn: ae

TWTopoM E" pesHo Bosp acTaTb p,o 
BeCbMa 60JibWOrO 3Ha'!eHHH (n o

pHP,I\a MeroM) . 8TO Bhi 3BaHO T8~I , 
'ITO npH ReH3MeHHOM Harrpame

RHH 3MHTTepno :i!J: 6aTapen E
9 

'lHC-

JW P,blpOH, IJOCTaB.iiHeM.bJX 113 

3MHTT8pa J3 8P,HR I1IJ,Y npeMeRH:, 

IIOCTOHHHO H orpaHH'leHHO, a l{ OJI -

.ileHTOp, ec.rrH E" p,ocTaTO<Jno ne

JIHHO , Hx 6h1CTpo y)J,aJIHeT. B no

~~o6ao~I c.rryqae TOI' ae yc rr enaeT 

paCTH: CTOJih :CHe 6.bLCTpO, HaK 

B03pacTaeT HarrpameHHe E", 'lTO 

81\BUBaJJeHTHO 6o IhlUOMY conpoTHB.ileHuiO IJ,enn (puc. V-3) . 
,IJ; am,a eHJ.UHM poeT E" no'lTU He npHBO)J,UT 1\ pocTy TOHa 

KO.iiJ18I{'l'O p a. fiOCJl e,[lRHH MOli\eT B03paCTU .iiHllib C yneJLH'le

H I1eM TOHa SMHTTepa, T. e. C YB8Jll1'I eHMeM 'lHC.ila ~( blpOH, llO

CTal3JIH8MhiX 8MUTT8p 0~I, 1\al{ l3UP,RO Ji13 rpa¢HHOB Ha TOM /Ee 

pr-rcyHI{e . 

P accMaTpH:naa npoiJ,ecchr, nporrcxop,alll,ue nHyTpu TpaH-

3HCTopa, Mhl ai\Il,8HTHpOBaJll-t BHlilMaHI18 Ha P,hlpOtiffO{t llj)O

BO)J,HMOCTH. Bo nnemne:U IJ,enH TOJ> n epenocuTca aJJei<Tpoua

Mu. 8.rrernpoHHhle TOl{H rrpoTeEaiOT n 6asonoi!'r o6m1CTH B Ha

rrp anJi eHHH X, o6os Ha<reHHhlX na p nc. V-2 c ooTB8TCTBYIOUJ.HMH 

cTpeJII\aMH. Tm,, rrpoTeKaroru;vri!'t B 11enH SAIHrr epa, H a3biBaiOT 

mor;,o:t.t a:t.wmmepa I 3 , a n I1,8l1H I<OJI JTeHTopa - mor;,ojJt IW.a
.aer;,mopa I". B p accMaTpFma en10ii cxe~re puc. V-2 TOI{ IWJJ

JJei{TOp a HBJ"IH8TCH Bbi XOp;Hbl M TOlW~I, a TOI{ SMHTTepa - BXO,[l

HM~I. 

0THOUieHU8 I1:3M8H 8HHH TOI\a RO.ii.ii8I{TOpa I\ Bhi 3BaBUI8~IY 
ero H3M8H8HUlO TOJ<a 8MHTT8pa llpH ITOCTOHHHOM Hanpm-HeiiMH 

HO.ITJI8l\TOpa Ha3brBaiOT CTa'fHLJeCI\HM r.:oarjjrjjWyUenmO:A'L ycu
.11-eH,UR- no m or;,y a: 

6.1... u 
ct = M npH " = ITOCT. 
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,Il..rrrr IJ JIOCIWCTHblX 'i'pHO,ll;OB a BCerp;a Meflhlll8 8,ll;JIHHI.\hi. 

B conpeMeHHMX TpaH 3HCTopax a = 0,9 - 0,99. 
EcJm IIOCi\llOTpen na puc. V-2, a, TO m~p;Ho , qro TOt\ B 6a-

30B0 111 nponop;e f 6 paBeH pa3HOCTH 1\Ierl:\[.\Y TOI{<.UIU 3MHTTepa 

FI HOJIJieln'Opa : 

TaKMM o6paaoM, B TfJaH3HCTope Mb.L HMeeM p;e.lJo c Tpe

MH TOI...:aMH I1 B TpHop;e Tal...: n;e C Tp8MJ1 TOHaMH B Tpex 

I18ILJIX. 

KorrcTpyHTMBHoe ycTpo i1cTBO en ranHoro repManHenoro 

Tpaii3HCTopa THna p-n- p noHaaaHo ua p11c. V-4. 8MHT

Tepnbrn 11 IWJIJieHTOpiihJM p - n - p-rrepexop;ht n TaHn:x Tpan-

3Hc-ropax IIOJiy traiOT BllJiaBJI8HH8111 

B repMaHRM Tl'liia n MeTaJIJia HH,ll)HI 

B cpep;e BO,llopop;a npH TenrnepaTy

pe 550° C. 
Tpaaai<rcTop CMOHTH:pomm aa 

KpyrJIOM MeTaJIJIH:qeCIWM OCHOBaHJIH 

C ,D;ByMH OTB8pCTHHMU, B IWTOpbiX 

ycTaHOBJrem,I uaoJIHTOpbr. llepea uao

JIHTOpbi IIpoayru;eHbi BbiBO,ll;bl IWJI 

JI81\ TOpa H 3W1TTepa. Bblnop; 6aabr 

Dpl1IIC1JIH nenocpep;CTB8HHO H OCHO

BaHJHO npH6op a. 

KpncTaJIJI repMaHHH B BHp;e TOH

I...:oii JIJiaCTHHIHI ycTaHOBJieH Ha OC0-

6oii Uiai16e, rrpnr~:penJiearro[r H o c

HOBanHro. l{ li JiaCTHHl\8 repMaHH:Jl 

Tima n C ilBYX CTOpOH BilJiaBJI8H UH

AH ~i, apnMecn rwroporo coap;aiOT u 

repMaHHH CJIOJ<I Tima p. I{ H:H,ll;HIO 

DpHDaJ!HbJ BhiBO,ll;bl 3MIITTepa H HOJI

JI8KTOpa. Bee ycTpoi1cTBO aar\mo

qeao B CTaJlbHOM !lMJIH:H,llpHqec

HH:ll I\Op nyc, CIIaJIHHhiM C OCHO-

BaHU8M. 

2 1 4 

Pnc. V-1 .. Yc-rpofrCTBO cmran· 
uor·o rcp~raHHen oro -rpaHauc
'I'Opa Tnna p-n-p: .l - aneJ\
·rpo.a. HOJIJl ::! I-\TOpa; 2 - Hp~<~ c
TaJIJJ r epMal!HH ; 3 -3J~CI<T]J0;1 
:31\IHT'fCpa ; 4 - I\OJ16a; 5 -
DblllOLl, HOJ1 JICHTOpa; 6 -BbiBO.tl. 
6a3 bi ; 7 - BhiBO~ 3 MHT'Tepa 

Korrc Tp y LH(rHr Kpe.\IHH8Bh1X TpaH3HCTopos TIUia n - p-:t 
aHa JJOrJdqHa lipHB8,!.(8FIHOU BhUUe. ,Il. JIJl Jl0.1lYLJeHHJl n- p-n
nepe XO)J, OB 13 rrJiaCTHHKy xpeMHHH Tima p srr IaBJIHIOT c ABYX 

CTOpOH CliJlaB OJI OBa C He60JlbiUHM Cop;eprHaHU8M <fJoc<fJopa. 

KpeMHHeBbie TpaH3I1CTOphi (Ha npHMep , JI10J, 11'102, fl'103) 
HM8IOT HeCI\OJibl\0 60JibllLJiie pa3M8phi, ~Ie.M repMaHH8Bhl8, 
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HpH paBHbiX p;orryCTHMJ,1X MOID;HOCTB:X, paCC8MBa8MbiX Ha 

ROJIJJ8HTopax (150 .1wm) . BoJiee Mom;nr,re TpaH3HC1'0pi>r cna6-

¥¥" 
n-P-n 

P-

5 

a 6 

Pnc. V-5. 06oana'lcmre TpaH3HC· 
TO}JOB 11a DPII I·I ~HIJHaJJbHbiX CXe
Max: a - THna p-n-p; 6-Tuna 

n-p-n 

/1\aiOTCB: pap;HaTopoM, cp;eJiaHHI>IM 

FI3 Mep;M - MeTaJIJia, o6Jiap;aro

m;ero BbiCOHOH T8llJIOllpOBO}J;· 

HOCTbiO. 

Ha rrpMHIJ,MTIMaJI:onr,rx cxeMax 

TpaH3FICTOpbl TFilla p-n-p o6o-

3Ha'laiOTCfl Tal{, J{a!{ ll0I{a3aHO 

Ha pHc. V-5, a, a TpansHcTop:or TII· 

na n-p-n- HaH na pHc. V-5,6. 

§ 2. CXEMbl BKiltOLfEHJ.oiSI TPAH3J.o1-
Cl'OPOB 

PaccliiOTpMlii HeHoTop:ore cxeM:or BI{JIIO<re

HMH TpaH3FICTOpa npH pa60T8 ero B yCMJIMT6JlhHOM HaCKa):~8. 
Op;na M3 naM6oJiee rrpoCTblX cxeM ycMJIFITeJI:onoro I{acr<a

p;a na TpansFicTop e nor<asana na pr1c. V-6, a, rp;e TpansMcTop 

m<mo'leH no cxeMe c o6m;eii 6aso:iit:. Ha pFic. V-6, 6 npMaep;ena 

cxe11ra aHaJionr<ruoro 1 ac -

Kap;a C HCllOJib30BaHH6M 

8JI81UpOHHOH JJaMllbi. 

c, 

a 6 
Puc. V-6. B"JJIO'IeHHe TpaH3HCTopa no cxcMe 
c o61.l(Cfi 6aaoti (a) 11 aneKTJlOIIHOti JJaMilbl no 

cxeMe c o6meil ceTHOii (6) 

'Y CFIJIIIBa8il106 HanpH

J-H6HH6 UBX BKJIIO'l8HO 

M8l-Hp;y 8MHTT8pOM M 6a-

30H llOCJI8}J;OBaT8JibHO C 

HOCTOflHHbiM HanpHl-H8HH· 

e11r E 9 • EcJIM nanpmHeniie 

Usx = O, T. e . OTCYTCTBY

eT, TO B ll,8l1M 8MHTTepa 
npOT8I<a8T TOH IIOCTOflHHOH B6JIM'lHHbl f 9 , a B ll,6l1H HOJI

JI8KTOpa - TOH 1"';::::,1
9

• Tor{ KOJIJieKTopa, npoxop;a no co

nponmJieHMIO narpysKFI, cosp;aeT na nei\I rrap;eniie nanpmHe

HFIH HOCTOHHHOH B8JIFI'lHHbi: 

U11 =1"·R. 

E c JJH B r~en:r, aMHTTepa BI<JIIO'I8HO nepeMennoe nanpHiE8-

HMe U n" TO TOI{ B u,enM a!IIHTTepa I 9 cTanoBMTCH nyJI:ociipyro

Ill,MM, M3M6Hflfl Bemrqrruy B COOTB6TCTBHH C H3M6H8HHHMM 

Unx · l{oJIHqecTBO p;:r,rpoK, nepemep;nlHx B 6asy, a cJrep;oaa

TeJihHO, II TOK KOJIJI8HTOpa TaiUI\6 M3M8HfliOTCH ITO 3aHOHy 



M3MenenMJI U11 ,. B 3TOM cJiyqae na conpon1!3JieHMII narpya-· 
HM R npmrcxoJ~HT nap:enMe nanprrmeiiiiJI, nepeMeHHarr cocTan
JIHlOJJJ,aH IWTOpOrO crepes 1\0II,O:eHCa'l'Op C 2 IIOp:aeTCJI IIa BbiXO,O: 
ycnJrHTeJibHotr cxeMM B BIIp:e neJIMqHfibi Un ,.x · 

B aToi!i: cxmvre, Kar{ niip:Ho ns pncymw, nxop:noi!i: cnrHaJI 
cos,a:aeT TOI{ n rrenii 3MHTTep - 6asa, a BbiXOAIIOH cnrnaJI 
(nbrxop:noe narrpmHetme) CIIH~raeTcn c IIarpyso<moro pesiic
Topa R, ycTanonJierraoro n rrerrn rWJIJiernop - 6asa. l{ar{ 
HeTpyp:HO BM,LJ;eTh, KOIITawr 6a3bi - 06UfUU ,O:JIJI BXO,O:HOrO I1 
Bhrxop:rroro cMrrranon. ITonoMy pacc~raTpiinaeMarr cxeMa 
yCMJIMTeJihHOrO TpaH3MCTOpHOrO I{aCI{ap;a Ha3biBaeTCJI CXe
MOIT c o6UfeU 6aaou, IIJIM cor{paJJJ,errrro OB. 

B cxeMe c o6JJJ,e:i!i: 6aso:i!i: IICITOJrh3YIOTCJI n;na MCToqrrMI{a rrii
TaHMJI c aJrernpop:nMri{YIIIeifr CMJro:i!i:: E 3 11 E". BaTapeJI E 9 cJry
/HMT )J;JfJI C03p;aHMJI B rreiiM 3MHTTepa rreiWTOporo IlOCTOJIHHO
ro TOI{a, onpep:eJrJIIOIIIero penurM pa6oTbi TpansMcTopa, era 
pa6oqyro Toqr{y,- 3TO TOI{ CMeiiieHHH. BeJIIIqMna TO I{ a CMe
UJ;eHMJI orrpep;eJrJieTCJI S. p;. C. 6aTa peM, COil pOTMBJreiiiieM yqa
CTI-\a TpaH3liCTOpa 3MHTTep - 6asa I1 BeJfM0IMIIOll pe3MCTO
pa R 1 . 

Ilpal{'rMqecHM corrpoTMBJremre nepexop:a 3MMTTep - 6aaa 
~mora Merrbrne R 1 . 

ITocrWJrbi-I:J corrpoTMBJreHMe aMMTTep - 6asa neneJrRrw, 
ne6oJibrnoe M3MenerrMe nxop:noro Hanpmr{eHMJI coap:aeT sHa
qJ;rreJrbHoe I13MerrerrMe TOHa 3MHTTepa. IT PM :noM 1'01{ B rrerrM 
IWJrJreHTopa, orrpep;eJrJieMbiii a. p; . c. 6aTapeH E", corrpoTMB
JreHneM ytraCTI{a TpansiiCTopa rwmrernop - 6asa II narpy
aoqnhrM pesMCTopoM R, TaHIHe naqHIIaeT IIs:.rerrJITbCJI. 

ITpii nop;aqe rrepeMennoro narrpmu emm no nxop:nym rrerrb 
TpaH3MCTOpa li3MeHeHMe TOI{a B era BbiXOIJ:HOH rreiiM HeCHOJfb
HO MeHbiiie, qeM I13MeHeHHe TOI\a BO BXO,O:HOH rrerrM, T. e. 
ycMJrerrHJI no TOI<y n p:arrrro:i!i: cxei\Ie ne rroJryqaeTCJI . 

Ho Tal{ Hart conpoTIIBJreHHe y•mCTI{ a IWJrJrei{TOp - 6asa 
BeJrMI\0, TO MOn>HO Bbi6MpaTb 60JrbllOe rrarpy30'IHOe COilpO
THBJreHMe R, rra HOTopoM IWJrJrei{TOpHbiH TOit coap:aeT nap;e
rrMe rranpm-HeHIIJI, BO llliiOrO pas npeBOCXOIJ:HIIIee BXO)J;HOe 
rrepeMeHHOe rranpJimeHIIe. 

l{OJrJf8HTOpHbiH 1'01{ noqTII panerr SMMTTepHOMy I1 II031'011Iy, 
ecJrM nhr6paTb R sna tiHTeJrbHO 66JiblliHM, treM conpoTMnJienMe 
nxop:no:ii rrenu, TO nap:ernre rrepe11mrrnoro rranpJirr{eHMJI na 
Harpysr{e U s .,.x 6yp;eT srraqMTeJibHO 6oJrhme nxop,rmro nanpJI
J-HeHHJI U 11 , . 

3na qHT, CXeMa l\lOri{eT MCIIOJfb30BaTbCJI 1\al{ yCMJfMT8Jfb 
Harrpm-HerrHJI . 
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Ycnnnren&Hwe csoicrsa rpaaBMcrop a xapaKrepHaywrca 

rwatflqnn:J;HBHTOM ycnnemu:r no HanpmHBHMro: 

k = u Bb!X = I ". R 
, u BX I , . ,.3 . 

r~~e r
3

- corrpoTHB Jl BHliiB sxo,n;rroi:i n;emr rpaHBliiCTopa (conpo

nlBJIBHHB y<raCTI\8 <lMJ![TTBp - 0838). 
li 

TaH 1wH l ";:::::, l " , To k,;:::::,r. 
3 

E.naro,n;aprr TOMY q To s aToi'r cxei\re i\!OrKBT 6r,rro 6oJrhrmm 

c onpOTHBJIBHliiB Harpyaim R, aTa cxeMa c y c nexoM i\IOfl\BT 

Puc . V-7 . BHJIIO'ICHHC Tpa ii 3 11 CTOp a lhl 
CxrMC C Ofilli!BI 3 MHTTCJI I M ( a) II OJICI<TIJ OII 
II Oii n aMilbl 110 CXCMC C 061lji! M I<aTOilO~l (6) 

IIpHMBHliTbCJI p; Ill y CIVfBHFili 

MOUI;HOCTI-I, T81\ I\ BJ\ BbiXO,D; 

HBH i\IOlii,HOCTb D pH HBH3 -

l\IBHHOM TOKB npFBIO nponop

l\HOH8JibH8 R. 
Koa tfltflrm;aerrT yc ~>I JI BHHJI 

DO i\lOJII.UOCTl!l: 

~ f z .R. 
k = ~l!:!.f.'!._ = -"- -;:::::, R. 

p p"' ];.,.3 ,.3 

BLu ae 6Lu iO cHa aaHo , <ITO 

HOJIJIBI\ TO pHLJO TO I\ ri pl10JIFI-

311TBJibHO paBBU H ,D;Bii\B H BCJ\0 l b lW MBHbiTJB <li\lMTTBpHoro , ll0-

3TOMY ycn.•rerrHJI no TOI\Y B aTolil c xeMe He npoMcxo,n;nT. Ko

a tfltflnn;:r-rerrT ycHJIBHI![JI no TOKY panen: 

k . == tJ.f" <...' 1 
I tJ. I . 

~JUJ p83JJHCJHbTX THIIOB IIJIOCJWCTHhlX Tp 8H3liCTOpOB a = 
= 0,90- 0,98. 

PaccMoTperrn~JI cxeMa c o6m;efr 6aaoii OCilOBHhlWt c so.iii

CTBBMH HBllOMHHBBT CXBMY yCHJfHTBJibHOrO I\BCHap;a HB <JJI BI\

TpOHHOE Jl8i\1llB C OOW,BH ( << 383BMJIBHHOH>>) CBTIW{I (eM. 

pnc. V-6, 6). 8MHTTep rpaaancTopa Momer 6LITb yno,n;o6JieH 

HBTO,D; y 3JIBKTIJOHilOU JIBMIIbT - YICTO<IHHKY 3 I BHTpOHOB , 0838-

CBTHB <JJIBHTpOHHOH JIBMDbi, a l<OJI IBI<'l'Op - BB BHOp;y. 

C x eMa c o6m;eii 6aaou, HaH n c o6m;eii ceTiwii, rre H3Me

H JIBT tPB3bi yCHJIHB88NIOrO HOJI B6BBHJI, MMB8T i\IBJTOB BXO,D;BOe 

H 60JiblliOB BbiXO,D;HOe COIIpOTI<I.BJI8HHH. 

IlOMliiMO paCCMOTpBHHOH H.M8lOTCfl ,[(138 CX8~ 1 hi BHJIIO<rBHl!IH 

Tp8H3MCTOpOB: C OOID;MM 3MMTTBpOM (08) H C OOID;MM HOJIJlBI\

TOpOi\1 (OK). 
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Cxm.m c o6III,I~M a~IMTTepoM npHMeHHeTCJI qaiii,e ,IJ;pyrnx 

(pHc . V-7, a). Bxo,IJ;HOe HanpHmenHe CMrHaJia rro,IJ;aeTcH Mea.:

JJ:Y 6a30H M 3MMTTepOM. l10C'l'OHHHa.H COCTaBJIJliOIII,a.H (TOJ{ 

CMeiii,eHHH) coa,IJ;aeTCH 6aTapeeii E. HcTO'lHMKOM TOHa JWJI

Jrewropa CJiy>HMT 6aTapeH EK: R - narpyao'IHOe conpoTMB

JieHMe . 

B cxeMe c o6IIIMM aMMTTepoM MO>HHO IIOJIY'IHTJ, 6oJTbrnoe 

ycimeHHe IIO TOHy, 'ITO HBJIJ18TC.H IIp8HMyiii,eCTBOM 8TOH c:xe

Mbi. Hoa<fl<flm:~;HeHT ycimemm no TOHY n,1 npe,IJ;cTaBJIHeT co6oli: 

OTH0lll8HH8 rrepeMeHHOH COCTaBJJHIOIII8H BhTXO,ll;HOrO TOHa 1..: 

IIepeMeHHOi1: COCTaBJJHIOlll,eiit BXO)J,HOrO TOHa. B p,aHHOM CJiy

qae BbiXO)J,HOH TOH HBJIJ18TCH TOIWM I\OJI.TI8WfOpa 6.J," a B:XOp;

HOH - TOHOM 6a3bi 6/6 : 

r,IJ;e 

(f. 

1-a' 

B cxeMe c 08 OTHOmerme n epmvrennoro T6Ra TW.JIJiernopa 

R n epeMennoMy TORY 6aabr o6oaHa'IaJOT 6yimoJ,T ~. Torp;a 

(.\ _ fl.!" (.\ - (f. 
I" - /!;[

0 
1 H!IH I" -- 1 -a . 

Roa<fl<fJHT~HeBT ycl'rJieHHJI IIO MOII~HOCTM panen: 

u k - - -'!.'"-"! 
"u - u"' . 

CxeMa c o6III,HM aMHTTepoM cxop,aa c caMOJ'ir pacnpocTpa

Hermoll: CX8MOH yCHJIHT8JlbHOrO I\RCI<ap;a Ha 3JI8HTpOHHOH 

JiaMne c o6III,HM I<aTOJJ:OM (pRe. V-7,6). c))aaa ycnJIHnaeMI>IX 

ItoJie6aHHH o6opa'IliiBaeTCH Ha 180°. Bxo,IJ;HOe conpoTHBJie

HHe cxeMI>I HeCHOJibi\0 6oJJbme, 'leM y cxeMbi c o6III,ell: 6aaoll:. 

8TO CBOECTBO B CO'IeTaHliiM C 60JibiiJMM yCMJI8HH8M IIO TOHy 

n03BOJIJ18T a<fl<fleHTliiBHO HCIIO.Tib30BaTb CXeMy B MHOrOI<aC

H aJJ;Hbl X YCHJIMT8JIHX. 

CxeMhl c o6III,MM aMHTTepoM p;aroT ycrmenHe no TOHy 

B p;eCHTHH paa lii yCHJI8Hlii8 no HanpH>H8HliiiO B COTHH paa, Tal\ 

'ITO YCliiJI8H:He IIO MOill;HOCTFI ,ll;OCTliiraeT H8CROJibKliiX TbiCH'I. 

BoJibiDHM JJ:OCTOFIHCTBOM aToll: c:xeMht HBJIHeTCH TaiuKe noa-
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_ ..... , •···· 

MOJKHOCTb IIpHMeHeHIU! O,ll,HOro ltCTO'IHMHa IIMTaHMH IWJIJiei{
TOpa H CMe~eRJUI BO BXO,ll,HOH IJ;8IIIii. 

CxeMa c o6~n:M IWJIJiewropoM rrp11nep,ena na pHc. V-8, a. 
Bxop,no.iir cMrnaJI ~(eHCTnyeT n :u;enM 6asa - rwJmewrop, a 
narpysolmoe corrpoTMBJienn:e R BI{JiroqaeTCH B :u;errr, 6asa -
CJMMTTep. Cxe.\la c o6r:u;n:M HOJIJiei{TOpoM nanollmuaeT cnoM

Pl•IC. V-8. BnJJ IO'ICHH C Tpana~rcTopa no cxeMe 
C 0611\HM tWJlJlCii'l'OpOM (3MI1'l''l'CpHbl>i nciBTO· 
P HTCJlb, a) I! 3JlCI<'l'POHIIOii JlUMnbl no CXCMC C 
00 11\IIM 3 1-!0AOM ( I<aTOAHbiH nOB'rOpJoiTCJlb, 6) 

MM CBOHCTBaMM CXeMy Ka
TO)J,HOrO nOBTOpMT8JIH 
(pn:c. V-8, 6), I\OTOpaa no
p,po6no paccMaTpHnaeTca 
B r Jiane VII. Ona n:norp,a 
Ha3biBa8TCH CJMMTTepHbiM 
nonTopMTeJieM. CxeMa 
06Jiap,aeT BbiCOI\MM BXO)J,
HbiM H HM3J{HJVI BbiXO)J,
HbiM COnpOTMBJI8HMHMM, 
ne MeHHeT <flasr,r CMrnaJia 
H npH:M8HH8TCH rJiaBHbiM 

o6pasoM n Tex CJiy'laHx, rwrp,a nyJ-Imo corJiaconaTb conpo
THBJienn:H, nanpHNrep, npn: pa6oTe ycn:Jin:TeJia na nr,mocnyro 
JIMHMIO MJIM OT BbiCOHOOMHOrO 3BYI\OCHHMaTeJIH. 

Koa<fl<fln::u;n:enT ycMJienn:H no TORy Mon<eT 6biTb na.iirp,en no 
<flopMyJre: 

Hanpmrep, npM a = 0,95 
1 

k, = 1-0 ,95 = 20 · 

8Ta cxeMa p,aeT nan:6oJihmMiir no cpanneiiiDO c p,pyrMMM 
cxeMaMM rws<fl<fln:u;n:enT ycnJienn:H no ToRy. Op,narw Tai< Har' 
n cxeMe p,e.iircTByeT 100 % -naH oTpn::u;aTeJihnaH o6paTnaa 
CBH3b, TO I<oa<fl<fln::u;nenT ycn:Jienna no nanpHn{ennro Menr,me 
8)J,RHRIJ;bi, a yCRJI8HR8 ilO MO~HOCTR M8Hbill8, '!8111 no TORy. 

YMeCTHO cpannn:Tb cnoiircTBa TpansncTopon co cso.iircTsa
Jvrn: CJJiernponnr,rx JiaMn. 

B JiaMnax ynpanJiemre anop,nbiM TOIWM (rroTOIWM CJJieKT
ponon na yqacTr{e KaTop, - anop,) rrpon:snop,n:TCH nyTeM ns
Menenn:a narrpan,em-rH, npnJion,ennoro Memp,y ceTI<OR n Ka
TO,ll,OM. B TpaH3HCTOpax HOCRTeJIHMR 3apH,ll,OB HBJIHIOTCH 
3JI8In'pOHbi H ,ll,blpRH:, rrepe)J,BHII<eHH8 IWTOpbl X OT CJMRTTepa 
I< IWJIJI8I<TOpy IIpOHCXO)J,MT 06bi'IHO B pesyJibTa T8 pa3HOCTR 
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IiOHIJ;8H'l'pau;liiM HOCliiTeJieM B 06JiaCTJIX, CMe/I\HbiX C aTliiMif 

<lJiernpop:aMH. 

B TparrsiicTopax yrrpannerriie TOROM IWJIJieRTopa ocyiiJ,eCT

BJIHeTCH B o6JiaCTII oMIITTepa 3a cqeT II3MeHeHIIJI BeJIIIqiiHbi 

8MIITTepnoro TOHa B COOTBeTCTBIIII C II3MeHeHHeM HaiipJIJI{e

HHJI Memp:y 8MIITTepOM II 6a30M. 

Bxop:rroe corrpoTIIBJieniie TpiiO)J;a HMeeT 6oJinmyro neJIH'IH

rry, a y TpaH3HCTOpOB, OHO, J{aH rrpaBIIJIO, MaJIO. l10oTOMY IIpii 

pa6oTe B peH{IIJ\18 ycliiJI8HIIJI B u;eiiii ceTim 3JI8l{TpOHHOM JiaJ•vr

IIni OTCYTCTnyeT Ce'l'O'IHbiM '1'01{, a y '1'paH3HCTOpa B u;errii 6a3ni 

ncerp;a rrpoxop:liiT TOI{. 

"Y TpHOp:a BXO)J;HOM C:MTHaJI rrpai{TII'I8CI{H He 3aBIICIIT 0'1' 

nnrxop;Horo narrpmneHIIH, a y TpaH3IICTopon ncerp;a cyiiJ,eCT

nyeT BHyTpeHHJIJI o6paTHaJI CBJI3b. 

06IIJ,IIM CBOMCTBOM TpaH3IICTOpa II oJieH'l'pOHHOM JiaMIIbi 

JIBJIJieTCJI TO, 'ITO, pacxop;yH li'IaJiyiO MOID;HOCTb BO BXO)J;HOM 

u;enii, MO}l{HO yrrpaBJIHTb 3Ha 'IIIT8JibHO 60JibiiieM MOIIJ,HOCTbiO 

B BDIXO)J;HOM IJ;8IIH. 

l1peiiMyiiJ,eCTBa TpaH3IICTOpOB rrepep; oJieii:TpOHHbiMII Jial\1-

IIaMII COCTOJIT B IIpOCTOTe CXeMbl II oJierupii'IeCHOrO IIHTaHIIH, 

MaJibiX pa3Mepax II nece, MrHOBeHHOM rOTOBHOCTII J{ pa60Te 

II BbiCOIWM J{. II. p: . , BbiCOROM IIpO'IHOCTII II )J;OJirOB8'IHOCTII . 

HapHp:y c rrepe'IIICJieHHorMn rrpeiiMyiiJ,eCTBaMII TpaHsn

CTopor HM8IOT II IJ;eJibiH pHp; H8)J;OCTaTHOB, H 'IIICJiy HOTOpbiX 

OTHOCJITCJI: MaJIOe BXO)J;HOe COIIpOTIIBJieHIIe; BDICOHIIM ypo

B8Hb myMon; 3aBIICHMOCTb CTa6IIJibHOCTII pa60Tbi TpaH3IIC

TOpa OT OI{pymaiOIIJ,eifr TeMIIepaTypol II BJiari-\HOCTII; BHyTpeH

HJIJI o6paTHaJI CBJI3b, Tpe6yiOIIJ,aJI IIpiiMeHeHIIJI CII8IJ;IIaJibHDIX 

MeTO)J;OB ee HeifrTpaJIII3aiJ;IIII; CIIJibHaJI 'IYBCTBIITeJibHOCTb 

R oJiernpii'IeCHIIM rreperpy3I{aM, p;aH{e RpaTROBpeMeHHJ>IM, IW

TOpoie nep:yT R. rropqe TpaH3IICTopon . Bee OTII Hep:ocTaTI{II 

06'bJICHJIIOTCJI B OCHOBHOM 'l'BM, 'ITO eiiJ,e He Bnipa6oTaHa CO

neprueHHaJI T8XHOJIOriiJI IIX II3rOTOBJieHIIJI. 

§ 3. XAPAKTEPiliCTiliKH Jil nAPAMETPbl 
TPAH3HCTOPA 

Tai{ rHe RaH II p;nH aJierupOHHbiX JiaMrr, 

sanncru.,rocnr, cyiiJ,ecTnyroiiJ,ne M8H{p;y TOHaMII II narrpHmennH

MII TpaH3HCTOpa, IIO)J;HJIIO'I8HHOrO l{ HCTO'IHHHaM IIHTaHIIJI, 

yp;o6Ho rrpep;cTaBJIHTb rpaqmqecrm n niip:e xapawrepHCTHI{ . 
1ho6or o6ner'IHTb IIOHHMaHIIe nosMmHHbiX xaparnepnc

TIIH, rrpep:CTaBHM Ce6e TpaH3HCTOp B BIIp:e 'I8Tblp8XIIOJIIOCHH-



IW (pHc. V-9). lila cxeMbi snp,ao , qTo Me£Ep,y co6oFi saaHMO· 

CBH3aHbl 'IeTblpe B8JIH'lRHbl: 11, U 1, U 2. 12. 

L( JJH Tarwro qeTbrpexnomocnHHa MoryT ObLTh nocTpoenr,r 

<I6lThlpe BH,n;a xapaKTeprrcTim: 

'l. Bxop,Hhle xapawrepHCTHHM, KOTOpbre BhipamaiOT aa

BHC:HMOCTb BXO):\HOI'O HanpJUH8HHJI OT BXO):\HOI'O TOKa llpH llO

CTOJlHHOi!i B8JlM'IHH8 BhlXO)J,HOI'O Ha-

P1-tC. Y-0. "lCTbipcxnOJIIOCmll; 

npmHeHJm. 

2. Bbt XOAHbJe xapaHTepncTHHH, 

ROTOpbl8 llOI\a3bLBa iOT 3aBMCHMOCTh 

BbTXO):\HOI'O TOL-\a OT Bh! XO)J,HOPO Ha

npmr-;eHH Jl H llOCTO JIHHOII B8JJlfqJ!Iflhi 

BXO)J,HOPO TOI-\a. 

3. X apawr epHCTHKR nepe.n;a<IH 

llO TOHy , ROT0pb18 llOHa3biBaiOT 3a

BHCHMOCTb Bh!XOJ(HOPO TOHa OT BXO)J,HOI'O llpH UOCTOJIHHOiH 

ana<Jemonr BhiXOJ~Horo nanpmHeHJiiJI. 8-ra xapai<Tepn:cnma 

oTpamaeT npm~ecc n epet(aqM aaeprMn oT nxo,n;HhJX aanmMOB 

H BhlXO~~HbiM. 

4. XapaitTepr-rcrnrtH o6paTnou CBR3M no aanpmHeHMIO -

3aBMCHi\'IOCTb BXO /.l;HOI'O R anpmH8HH H OT BbTXO)J,HOI'O npr-r ITO

CTOHHHOM 3IIaqeHMH BXO/.~ EIOI'O TOHa. 0rm OTpamaiOT npo~ecc 
nepe)J,a'tli! 3BeprMH OT Bhl XO)J,BblX 3a>HH1JOB H BXO)J,Bhi M, T . e. 

xapawrepH3ylOT CTCIJCI·lh o6paTHOI'O B03)J,8HCTBHH Bbl XO)J,HOM 

~enn Eia nxop:nym. 

<DopMa Ham,n;oM M3 'I6'fbrp ex xapawrepMcTint aenocTOHHHa. 

Oaa aaBJ~CMT OT Taro, RaJ<OFi aJJei tTpo,n; TpanaHcropa HBJlH

eTcH o6~HM )J,JlH BXO/.IHOi1 H BblXO)J,HOM ~eneiL IlO<JTOMy xa

paHT8pHCTHKH TpaH3I1CTOpa pa3JUJqBhl )J,JJ H pa3HbiX CX8M ero 

BHJIIOqeHI!LH B ~8llh. 

HaM60Ji ee qacTo np~rBo,n; HTCJI M Mcno.1Jb3YIOTCH BXOJJ:Hhre 

H Bbi.\O)J;Hhle xapaHTepMCTMHM )];Jill TOM MJIM MHOM CX8Mbl BI-\JIIO

<IeHMH. TaL{, )J,JIH cxe~n,r c o6~eM 6aaoM BXO)J,Hbie xapaHTe

pMCTMRM TpaaaHcTopa nor,aaaHhl na p11c. V-10. HoJIJiei{TOp

HhiB (BbiXO)J;Hhle) xapmnepMCTMim p;JIH TOM nte cxeMbi noHa

aaHhi aa p Mc. V-'li . 
J1o /.JBYM BH)J;aM xapawrepMCTMH TpaH3MCTOpa MOmHO Oll

p8/.l8JIMTb ero rrapaMeTpbl , T. e. Tax ni:e, Hai{ no xapaHTepHc

TMHaM JiaMn onpe/.leJJ HIOT MX rrapaMeTphr. P aaJIM<IaiOT p;se 

rpyiiiibl napaMeTpOB TpaH3HCTOpOD . 

flepBJit'IHhlB napaMeTpbi xapaHTeprrayiOT 3JI8HTPH'l8CKMB 

CBOHCTBa CaMOI'O TpaH3MCTOpa H He 3aBMCHT OT CX8Mbi ero 

BHJIIO'leHrui B aJieHTpnqecHyro I\Bllb. BTopM'IHnre napaMeTphr 

onpe,n;eJIHIOTCll CX8MOM Bl\.'HO';eHMll. 
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TiepBH'lH.f>lliiH napallreTpaMJ![ rraahmaroT: 

conpoTHBJieHHe aMMTTepnoro nepexon;a 1"9 ( ono paRHO p;e-

Cf!TRa'r OM); 
COllpOTFlBJI81-HI 8 6a3hi r6 (erO BeJIWtJHHa COCTaB.Tif!8T COT-

HII OM); 
conpoTHB.TieBHe r.;o.rr ·rei{TOpaoro n ep exo,a.a ,.K (ero ne.TIHtfM-

na COCTaB.TJH8T COTHM Tb1Cfl'l OM) . 
B aTy me rpynny napaMeTpon nxo;.~wr : n:oa¢qmn;uenT 

yCH JI8HFIH DO TOKY (Col. CTp. 144) , I'OTOpbLIT o6o3naqaeTCH 

Pnc. v - 111. Bxom1b1c 
xapn tnepH CT H IHI -rpau-
3 11C'r opa npH BHJI IOllC
HIIII ITO CXCMC C 06 -

ll(Cii 5a3ol\ 

r+-------1,. 
~ 13 6onbwe 

l t+--+-~ ----133 

11 .!--------1~2 
1111--------1

31 

Pnc. Y- 11. H oJJj]ewropHbiC xa
paHTCPI ICTl'lt\ H 'J'J)a!-1 3He't'OJ) OH TJ1-
na p-P-7J npn BHJIJOqeH un no 

cxeMe c o!iu.teli 5a3oii 

oyRBOH a - B CXeMe Bl{ .TII0'18BFIH TpaH 3HCTOpa C 06lll,eH 6a30H 

J![ 6yrmo:Fi B - n cxe111e BT>.TIIO'lennH c o6lli,HliJ aliiHTTepolii. 

BTopafl rpynna napal'vle'rpon . TaK aa a r,maeMhTX xapawre

pncTH'leCHHX, ycTaiJaHJIHBaeT CB f! 3 b 11181:1>P,y Ma.TibllllH DpFipa

lii,8BHHMH TOHOB H HanpmH8HHi1I , i1,8ErCTBytolll)![X B TpaH3 HC

TOpe . 0Hn H800XOAHMhl fl]JM anaJIH38 H paCLJe'J'O H8.TIHHeUHhi X 

CHCT8M 1 I< KOT0pb1M OTHOCf!TCfl 1'1 CX8M hl C Tpai-T3l'ICTO]JaMH. 

Cylii,eCTnyeT HeCHOJibKO cHcTeM xa parnep!iiCTI(!'leciu r x n a

pall-reTpon. H aH60JihUiee pacrrpocTpaHeHMe n npai<\TTn>e no.r1 y

rrponop;HHI<OBhlX ycHJIJ1TeJleH no.rryrr11. a CHCTellw neop;nopog

HhiX H.TIH CMeUJaHHhJX napaMeTpOB , npep;CTaBJIHIOIIl,aH C060i:i 

cepruo ¢opMyJI , J-\OTOphle Jienw no3BOJimOT paec '!FJ:TaTL TY 

l'IJIH HHyiO CX8M y yCHJTHT8JI.bHOf0 J\aCHap;a Ha Tp a ii3 1'ICTOpe . 

KpoMe Toro , Tp a a 3WCTOpbl H HX CB OTICTBa .xapawrepn ::~y
IOTCH D;8Jlb!M pHp;OM p;pyrHX IIOf\a3aTeJTe i-1 Iii B8JIJ'llri'IH. J.1apa

M8Tpbl TpaH3HCTOpOB CHJibHO 3aBHCf!T OT pet-HH ~'la fJHTaHlU I 11 

TeMnepaTypnT. 8To lracTo cJiyt-rniT npH'lHHO 5 neco nrwr~e u H a 

pacqeTHhrX p;aHHI>IX C pe3yJibTaTaAJU 3HCIT8]JHM8IITOB , a H Ubi 

X OJ(H h!X 1\aCI\ap;ax - ll purnniOll !IOJIBJJeHl-IH H eJJl'IHe{rl-IblX 

HCKall-\8HHH. 
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C llOB:biiD8HI18M traCTOTbi yciiJnmaeM:biX IWJie6aHRff CBOJi

CTBa TpaH3IICTOpOB TaiUI\8 M8HHIOTCJI: napaMeTp:bi, ROTOp:bi8 

cqiiTaiOTCH nOCTOHHH:biMH BeJIHqHHaMH, )l;aJ-He npH MaJI:biX CIH

HaJJaX CTaHOBHTCH HHJ,IMH Ha BhiCOI{HX qaCTOTaX. 06'DHC

HHeTCH 3TO TeM, qro COnpOTHBJI8HH8 ROJIJieRTOpHOrO nepeXO)l;a 

B8JIHIW H 8MI{OCT:b B HeCIWJI:bHO )l;8CHTIWB nHIW~apa)l; naqH

HaeT npOHBJIHT:bCJI Ha qaCTOTaX B HeCHOJI:biW )l;8CJITHOB HHJIO

rep:o;. IIonoMy eMROCTh IWJIJieHropnoro nepexo)l;a HBJIHercH 

nanmon neJIHqHnoii, onpe)l;eJimor:o:en qacTornym xaparnepHc

THI{J yCHJIHT8JI:bHOrO l{aCl\a)l;a. 

IT OMHMO H8JIHHeHH:biX II 'IaCTOTH:biX HCimmeHHH Ha qeCTBO 

pa6onr ycHJIHTeJI:r:,noro ycrponcTna onpe)l;eJmercH my;vraMH 

(nOMexaMH) - nOCTOpOHHIIMH CHrHaJiaMH Ha B:bi XO)l;e YCHJIH

T8JIH )];a/He npH OTCYTCTBMH nOJI83H:biX CHrHaJIOB. 

l1pH HaJIHqHH yCMJIHBa8M:biX CHrHaJIOB IDYM:bl CHJia)l;:bi

BaiOTCH C HMMM, I13-3a 'I8rO peayJI:bTHpyiOr:o;ee B:biXO)l;HOe Ha

npmHeHM8 HCI{anmeTCH H npH npocJiyiDMBaHIIH C03)l;aeTCH 

nenpHHTHhiH xapawrepnhln a~~ern. IIorm noJiean:r:,rn cHrnaJI 

MHOrO 60JI:biD8, 'IeM HanpHJ-H8HH8 myMOB, BJIIIHHM8M nOCJI8)l;

HMX MOIHHO npene6pe%. I-\or)l;a /He OHM CTaHyT COH3MepH

lVl:blMII C nOJie3H:blMH CHrHaJiaMM, BOCnpOI13B8)1;8HJie OHa3hi

Ba8TCJI nenpHeMJI8MhiM. IIoaTOMY noMexH orpanMqHnaiOT 

nomvronmocTh ycHJieHMH CJia6:r:,rx cnrnaJIOB H craBHT npe)l;eJI 

YB8JIJilqenMH IW3~~I1IJ;M8HTa YCMJieHMH . 

B rpanaHcropn:r:,rx ycMJIMTeJIHX myM B03HMKaer no pHJJ:Y 

npMqMH, rJiaBHaH 113 ROTOphlX - npHHIJ;IInMaJI:bHO HeyCTpa

HMM:bie 3Jiei{Tpii1I8CHMe ~JIIORTyaiJ;MH. 
8JI8KTpH1IeCI{MMH ~JIIOWryaiJ;MHMH Ha3:biBaiOTCH l'I'IaJl:bl8 

ROJie6aHHH BeJIH1IHH pa3HOCTH llOTeH:o;MaJIOB MJIM TOIWB M3- 3a 

nepannoMepnoro ( xaorHqecrwro) xa parn·epa aJieHTpH1IeCRMx 

npo:o;eccon B nem,ecTBe . B rpansHcTopax rJiannoe snaqenMe 

HMGeT T8llJIOBOH IDYM 6a3:bJ. C HHM COH3MepMMhl ~JIIOH
rya:o;MH TOim 3MMCCHH )l;:bipOR B p-n- nepeXO)l;e H myMhi, o6y

CJIOBJI8HHhl8 6ecnOpHJJ;01IHOll peiWM6HHaiJ;HGH )l;:blpOI{ C 3JI8H

TpOHaMH, T . e. Bhi3BaHH:bie Ca~IOH npHpOJJ;OH liOJiynpOBO)l;

l'IHHa . 

IIpai{TH<IecHM yJJ;o6no o:o;eniiBfJ.Th TPfJ.H3HCTop rwa~~Hp;H
eHTOM myMa, paBH:[.>IM OTH{JUieHH~O MOIIJ;HOCTH IDYMOB B BJ:,IxO)l;

HOM Harpy;:JOUHOM COnpOTl'IBJl8l'!Jil~ l{ MOIIJ;HOCTH myMOB , 

hOTopaH rio,rry<IfJ.JlflCb 6~ B aTOM conpoTHBJieHHH, ecJIH 6r,r 

YCHJIIIT8JI:b ~X H\') C03)l;fJ.BaJI. 8Ta MOI:o;HOCT:b paBHa MOI:o;HOCTH 

myMOB, pa3BHB~8MhiX COllpOTHBJieHHeM reHepaTOpa BXO)l;HOrO 

~MrHaJia, yMHOFHeHHOH Ha H03~~l'IIJ;HeHT YCHJieH:prH no MOI:o;

~OCTH yciiJIHTeJIH. I-\oa~cJn-r:o;IIeHT IUyMa Tpansiicropa F npaH:-
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TIFieCKM 3aBMCMT He OT CXel\Ibi BHJIIO'IeHMJI M COITp OTMBJieHMJI 

aarpysHM, a OT conpoTMBJieHHJI renepaTopa BXO,D;Horo CHrHa

Jia H CTaHOBHTCJI MHHHMa JibHbi M npH Rr = 500 OJI·t. l{os<J!qm

I~HeHT myMa 3aBHCHT TaH/He OT 'IaCTOTbl. ,il;JIJI THITOBbiX TpaH-

3MCTOpOB F = 10-25 86 Ha TJ:aCTOTe 1000 eLf . 
HaJIMTIHe myMoB o rpaHH'IHBaeT B03MonmocTh ycHJieHHJI 

CJia6niX CHrHaJIOB, Tal{ HaK BMeCTe C ITOJie3HbiM CMrHaJIOM 

yCHJIMTeJih yCJif.JJMBaeT H myMhl . 

KOHTPOflbHbiE BOnPOCbl 

1. KaT,OBM ocuoBHbie nperrMyruecTBa u HC)l,OCTaTrm TpaBancTopoa? 
2. K a r< ycTpoen Tpan aiJcTop TTI IIa p-n-r'? 
;3, fi e p e <IJICJJHTe Tpn BOaMOHHi blC CXC:Ilbl BI\JIIO <JCHIIII TpH 11 3 11 CTOpOB . 
4. KaKall na Tpex cxe~r Br<moqeiJIIH Tpa11 311CTopoa gaeT uau6oJibmee 

ycrrJJeuue no TOT\Y, no ~IOIU I!OCT il n uanpml\emuo? 
5. I\ai\all CXCMa BHJfiO'IOlltlll T p a113!1CTOIJOB JIMCC T uau6om,uree BXO)l, II OC 

COUIJOTRBJJCHIIe? 
6. I\ai\afl CXCMa BJ,JI!O'ICH!IIl TpaH3HCTOpOB l!MCCT HaH60JlbUICC Bb!XO)l,

HOC CO OpOTIJB JJCIJifC JI 1\ai\all - HaliMCJIJ,lJICC? 
7. ,I(aihe OfiiJC)l,CJICHliC IW3cpqnJIJ,liCHTa YCIIJICH fl H 00 TOJ\Y )],Jill CXC:IIh! 

c o6rueM 6aaoifr. 
8. J\aH CBil3a H !WflqJqlTII.\HCHT yCnJJemm no MO ill,HOCTII C IW<lcpCllll l.\ITCIITOM 

J'CIIJICIJJ!H no TOT\Y n no Ha np mHC lliiiO? 
9. fiepe'll!Cmt Te OCIIOBIJblC xa pal\TC IJHCTITJHI Tpa!l 3IICTO pa. 



rnABA VI 

tllOT03J1EMEHTbl 

§ 1. tllOT03JlEKTPOHHASI 3MI-iCOfSI 

B eooTBeTCTBHH c conpeMeHt-JbiMH npe,r(

CTanJiemurmr o CTpOeHHH Beru,ecTBa (eM. rJJ. II, § 1) n MeTaJI

Jrax Tl)JM OTCYTCTBMM BHeLimero 3JieKTpHqeCHOrO no UI BHyT

pH I\pncTaJIJIJ1qecJwii perneTIUI x aOTJ.fqec rm n epeMell(aiOTCH 

cno60,[(Hl>Ie ::lJierHpOHhi, nMeFI p asm.rqnhm n anpanJieHMH H 

paSJIJiqHhie CH.O pO CTli. 

O ,r(Har-w 3TH 3JrernpoHhl B o6bJqH&rx ycJIOBHFIX He MoryT 

BblHTM sa rrp e,[(8JlbJ Beii(eC'l'Ba, TaH I<aH He UMeiOT ,[(OCTaTOLJ

HOH 3HeprHI.f. llT06hl 3Jiei<TpOH CMOr BhlHT!!I HS MeTaJIJra 

B nar<yyi\I, OH ,[(OJIH\eH 06JiaJWTb SHaqaTeJibHOH 3Hepruei& , 'IT0-

6&1 n peO,[(OJieTh 3Jie i<Tpl.f<IeCHMe CHJI bl , ,[(eHCTBYIOIT(l.fe Ha Hero 

Ha rpaHMIIe pas,[(eJia MeTaJIJI - nar<yyM . 

TaHoii'r Heo6xo,[(MMOH 3HeprHei& 3JieHTpoH Mon~eT o6Jta

/.(a'rh TOJlbl<O B TOM CJIY'Iae, eCJIH J(OIIOJIHHTeJibHaH 3HeprHH 

6y,[(eT coo6rn,eaa eMy HSnHe. IlpH BhJXO,[(e 3Jie rn poHa sa rpa

HHI\Y TeJi a oH c onepruaeT pa6oTy no npeo)l,OJJeHHIO CHJI 3Jrer<

TpuqecHoro nOJlH. oTa pa6oTa HaSblBaeTCH pa6omou BbLXOOa 
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rr H3~JepaeTCH B sJier>TpoH-BOJt hTfl.X (ae); oaa nocTOHHHa JJ.JIR 

Ham;wro MeTaJIJra. 

Ta r\, HanJHrMep, Humeaepe•ntCJteHHble ~.18Ta JIJihi IIMeroT 

c JieJJ.yiOm;I<re auaqeHlm pa60Tbl BhiXOJI.a sJiei,Tpoua: u;eau:ii: 

1 ,8'1, 6apF!H 2,52 H BOJ!b<lJpaM 4,52 .18. 

J.); JIR cpaBH8HHR :MOiHHO yKa3aTb 3Ha118HH8 pa60Tbi Bhl

XO).I,a 8JI8 KTpOHa H )l.JHI H8KOTOpbiX fi.pyriiX M8TaJIJIOB, KO

TOpi:Je HaXO)J)lT npRM8U8HII8 rrpH H3f0TOB.Jl8HII11 8JteKTpOBal{y

YMHblX npH6opoB: Ra Jrbu;nli: 2,71, TopnF'r 3,4, :rviOJIII6JJ.eH 4,16, 
a.HlOMIIHFlH 4,23 fJB. 

HaH cJieJJ.yeT II3 npuBe)l.eHHhi X fl.aHHLIX , u;eauli: u 6apuli: 

Tpe6yiOT HaUM8Hblli8H aaTpaTbi JI.OllOJIHUT8JibHOFI 8H8prnu 

,I(JI H IICllYCHaHHH 3JI8HTpOHOB. 

J.];onoJIHUT8JihHaH auepruH, I-Ieo6xo~(HMaH <JJieKTpony JJ.JIH 

COB8plli8I-II<IH liM pa60TLI BbiXO)J;a, MOi-l\8'1' 6hiTL npaKTJ-PI8CKH 

coo6ru;eua pa3JIIIqi-lbiMII llYTfiMli B BIIJ1.8 T8llJIOBOH, CB8T0BOH, 

Mexai-IMqecrw:H anepruu U JIH aHep nm <J JI8KTpi1"'I8CKor<) nOJIH . 

TaH Hal\ pa6oTa <iJoTCisJieMeHTOB ocnoBana na HCllOJib30-

BaHRli <iJoTO<JJreHTponno:ii: aMnccur1, paccMOTpnM <JTOT nonpoc 

6oJiee noJJ.p06Ho. 

fiOJJ. L~8MCTBH8M CB8TOBOl'O llOTOKa C llOB8pXHOCTII M0TaJI

Jia M3rryqaiOTCH CB060fl.Rhl8 3JI8I\Tp0Hbl. 8TO HBJI8Hli8 llOJiy

~Ili JTO naaBamre Bnemnero <iJoTos<iJ<iJeKTa. 

Y CTaHOBJreuo, qTo <iJoToaJieJ<TponuaH <JMii!CCIIH npoucxo

)J,ltlT C llOB0pXHOCTH fl.aHHOrO M8TaJIJia T8M CliJibH88, 'ISM KO

p0'18 AJIHHa BOJIHhi na):iaiOru;ero na nero CBeTa, T . e . qeM 6oJib

we 'IaCTOTa CB8Ta . <l>OT08JI8HTp OnHaJI <JMHCCHH npOliCXOJI.HT 

JIM IIIh TOrp;a, KOriJ.a qacTOTa nap;amm;ero CBeTa v 6oJibrne ne-

1\0TOpoi!:i: B8JIH"'IHHhi v0 , npucyu.~;eiJ i].aHHOMY M8TaJIJIY, HJIH, 

'IT O TO me ca~>IOe, J\orp;a ~vruna BOJIHhl naJJ.aroru;ero cneTa 'A 6y

iJ.8T M8HbiJJ8 H81WTOpOH 0Ilp8i].8JI8HHOH JJ.JIH JJ.aHHOl'O MeTaJIJia 

B8JlH'lliHhT "A0 . 

8Ta •racToTa v0 naabmaeTCH rpanH'lHOii: t:IaCTOToii:. Toqno 

Tal\ ii\8 JJ.JJHHa BOJJHhi "A0 RBJJH8TCH rpaHH'lHO:ii: JJ.JJHHOii: BOJJ

I:Ibl, IIJIII, Ha 1\ 88 qaCTO Ha3bTBaiOT, KpaCHOH rpai-IHJ.J;8H WOTO

a<lJ<iJeHTa. fpaHIIqHaH ,I(JII1.Ha BOJJHI:J JJ.JJH pa3JIH"'HbJX MeTaJI

JJOB TeM 60JJbfJI8, '18M M8Hblli8 pa6oTa BbiXO)J;a )J;JIH JJ.aH 

HOfO MeTaJTJJa. TaH, p;JIH u;eaiiH, o6JJaJJ.aiOTu;ero n aiiMeHbilliiM 

3Ha'l8HH8M pa60Tbi BbtXOp;a, rpaHI.PIHall )J;JIHHa BOJIHbl JI8/IHIT 

B rrp e.n,eJi ax '1760--:---908 li.TIL *, a ~\JJH 6apHH - B rrpeJJ.eJiax 
777--:---538 li.TIL 

* n.lt (BaRoMeTp)=i0- 9 .u= io-s .u,;,t; paHhllie uaahmaJicH wmJIH
Mlll>pou. 
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§ 2. 3nEKTPOBAI<YYMHbiE CDOT03nE
MEHTbl 

cDoTO:=JJI811!8HTOM Ha3h!BaiOT llpH60p, npe

o6pa3yiOUJ,viJ1: KOJie6amiH CB8Ta B COOTB8TCTBYIOIIJ)ii8 KOJie6a

HHH :=JJI8KrpH'18CIWl'O TOHa. 

ITo np:rmn;Hny p;eii:CTBHH pa3JIH'IUIOT p;ne ocnoBHbre rpynrrbi 

cPOTO :=JJI8M8HTOB: 1) :=JJI8WrpOB a i<YYMH bl8 cPOTO:=JJI8M8HThl H 

A Hop. K aTOA 

KaTOA 

PHc . VI-t. YcTpotic·rno aJTeH'rponaRy· 
)'M JI OI' O (fJOT03:ICMCHTa lf )'CJIOBHOC 

0003!la'IC!IHC na CXCMC 

2) IIOJiyiJpOBO,ll;HMIWBbl8 cPOTO

:=JJI8HTpH'l8Cime npH60pbl. 

GJI8I<TpOBai<YYMHbl8 cPOTO

:=JJI8M8HTM IDHpORO HCllOJib3Y

IOTCJI R 3BYIWBOM I<Hno . Omr 

HBJIHIOTCH H80T'b8MJI81110ii <Ja

CTb lO 3BYKOBOCIIpOII3BO.JJ:Hll~HX 

ycrpoii:CTB, pa6oTaiOUI,HX C cPO

TOrpacPH'I8CI<OH cPOHOrpali'IlllOII. 

B 3aBHCHMOCTH OT CTenenn p a3 -

pe1HennoCTH ra3a B a .rrer-npona

I<YYMHOM cPOTO :=JJI8M8HT8, p as

mt'laiOT ,ll;Ba I-IX BHp;a: 1) cPO-

TO:=JJieMeHT aJieHTponnoro pa3-

pHp;a (aJI8HTpORHblll cPOTO:=JJI811I8HT), 2) cPOTO:=JJI8M8HT T8Ml:IOl'O 

pa3pHp:a (vtOHHbiH cPOTO:=JJI8M8RT). 

'Y CTpOllCTBO cPOTO:=JJI8M8RTa OTHOCHT8J!bHO H8CJIOli>HO. 

GJI8I<TpOBai<YYMRbiH cPOT09JI8M8HT npep;CTaBJIH8T co6oii: nplil-

6op C cPOT09J!8RTpORHbiM I<aTO,ll;OM . J{on-

CTp~I<TMBHO OR COCTOHT H3 CT8KJIHHHOH 

KOJ!Obl, H3 HOTOpOH BbiHa 'Ian B03,!J;YX . 

BnyTpennnn crenKa 6u.rmona rrocepe6pe

na M llOI<pbiTa TOHHHM CJI0 8M HaJIHH HJIH 

!I83MH. 8To noHpbiTHe 3aHHMaer npHMep

no 50% nnorr.~;ap;H BHyrpenne:iir nonepxno

CTT>~ HOJI6J,I H npep;CTaBJIH8T C06otJ: 1\aTO,!J; . 

OcraroUI,aHCH 6e3 noKpbiTHH qac'l.'b 6aJIJiona 

o6pa3yeT CD8TOB08 OHHO qlOT09J!8M8RTa. 

Pnc. Vl-2. Cxo~m 
B!W IO'ICI!Jlfl (p0T0-

3JICMC~JTa 

B I18Rrpe 6aJIJiona B cPOP~18 r<oJie'IHa noliieUI,en anop: cPOTO

aJie ~renTa (puc. VI-1). BblBO,ll;bT or r<arop;a M anop;a npHcoe

p;vtumorcn K HO>HI{a~r !IO l W .llll cPOTO~ JI8'\18HTa . 
,Il;JIH pa6oTbi cPOT03Jie"renTa :r< ero 3JieJ<Tpop;aM neo6xop;~mo 

TIO,ll;BSCTVI nanpHm8HH8 OT BH 8[[!H8l'O HCTO'IHHI<a llHTaHHH 

(pn:c. VI -2); B !I8llb BI{JIIO'laeTCH p e3HC'L'Op - conporHBJieHMe 

narpy3:rm. 
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llop; p;eHCTBliBM CBBTOBOfO IIO'l'OKa, rrap;aiOJIJ,BrO Ita Ka'fo~, 
c nero BhiJieTaiOT aJieKTpOHhi. Tar~: r~:ar\ K ano)J.y npn:Jiomen 

ana qHT8JihHhlll IIOJIOnUIT8JihHbiii flOTBHIJ,HaJI OTHOCHT8JI bHO 

Il:aTop;a, 3JI8II:Tp0Hh1 CTp8MllTCll 

nonacTh na ano)J. . BJiarop;apll iq, 

TaKO!I'lY II8p8MBIII,BHHIO 3JIBKTpO-

HOB BO BH8IIIHBH IJ,8IIH cpOT0-

3JIBMBHTa B03HHKa8T 3JI8KTpH

<JBCI<HH TO I\ ( cpoTOTOI\ ), HM8I0-

1Il,HH OTHOCHT8JihHO ne60JihiiiYIO 

BBJIHLIHHY. ilCTOLIHHI\OM 9TOfO 

TOKa CJiyn\HT 6aTapeH C Haii

pHri\8HHBM Ea, BKJIJOLI8HHaH 

IIOCJIBJJ;OBaTBJihHO C cpOT09JI8-

MBHTOM H COIIpOTHBJI8HH8M Ha

rpy3KH . 

PoJih cneTonoro IIOTOI\a 

CBOJJ;HTCH I\ yiipaBJIBHHIO TOlWM 

B Il,BIIH HCTOLIHH!{a IIHTaHHH; 

TOI\ B I1,8IIH cpOT03JI8M8HTa IIpO

T8KaeT JIHIIIh TOrp;a, l\Orp;a Ka

TOA ocneiiJ,eH. II pn BbiHJIIOLie

HMlii CB8Ta TO!\ IIp8HpaiiJ,aBTCH. 

BeJIH<JHHa TOKa B naH:yyMHo~r 
cpOT09JIBMBHT8IIpOIIOpiJ,HOHaJib

Ha B8JIHLII1:H8 CBBTOBOfO IIOTO-

Ka, IIap;aiOIIJ,ero na HaTop; 

(pn:c. VI-3). 
BeJIHLIHHa TOI\a B <JJIBHT-

pOHHOM, a Tami\e B HOHH0~1 

cpOT09JIBMBHTaX 3aBHCHT OT Ha

npm-I\BIU1:ll Men~:p;y anop;oM n 

KaTOJJ;OM cpOT09JIBMBHTa H 01' 

cneTonoro II01'0I\a, n ap;amm ;ero 

Ha ero !\aTop;. CJiep;o:flaTe.rrr,

no, AJIH BbUICHeHHH (laKono

i\IepnocTe:H: H3MBHBHHH MOli\HO 

ycTaHOBHTb JJ;BB 3aBHCHlVIOCTJii

p;Be xapaKTepHCTJiiKH. Op;ua H3 

PHc . VI-3. CseTonwe xapaHTepnc-
1'111{11 !jJOT03JTe~JeHTOB : 1 - 3JTCI{· 

TPOili!Oro; 2 - 1101moro 

Ml~3; iq. 
0 ,15A.M 

O, l AM 

Q,Q5.AAt 

100 150 20 0 260 3 0 0 
Ua 
8 

Prrc. Vl-11. BOJTbTaMTiepHhie xapar<-
TepliCTIU{I! 

100 
~ 

u::m 80 
~A 
z>
.a o 60 
"0 
Q)% 

~~ 40 

"" 0>-
~; 20 

0~ 0 

_,-

\ 
\ 

~ 400 

DJTeHTpOHHOPO !jJOT03.ije-
Mem•a 

\ 
'/" ' /2 

I i/ 1\ 
Jl \ 
~~--~ ,\. 

' ' 600 800 1000 li.U 

Pnc. VI-5. CneHTpaJTbHhre xapaHTe
pnCTI!Hn !jJOT03JleMGHTOB: 1 -C Cypb, 
l\lfiiiO-U.CSUeDbi M Ha'l'O,[J.Ol\i; 2 - C Hl1C-

JIOIJOAHO-QG3llellb!M HaTOI\OM 

nux nashmaeTCH cneTonoM: xapaHTepHCTHrw:H: (pHc . VI-3) 
H IIOKa3hiBa8T 3aBHCIIMOCTb TOI\a 01: B8JIHqHflhl CBBTOBOfO 

IIOTOKa IIplii IIOCTOHHHOM aHOJJ;HOM HaiipHrl\BHHH . ,[(pyrafl 

Ha3h1Ba8TCH BOJibTaMIIBP,HOll xapai\TBpHCTHIWH Jii IIOKa3hiBa-

8T 3aBJiiCHMOCTh TOKa OT BBJIHqHHhl aHO,[l,HOfO HanpHri\BHJiiH 
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npn: nocTOHHHOM snaqemui nap;arow,ero na r"'aTop; cne-ronoro 

noTOI<a (pn:c. VI-4). 
OcnoBHhiM napa~reTpOM <!JoToaJieMenTa HBJIHeTcH ero qyB

CTBHTeJihHOCTh - B8JIH<m:na H3M8H8RHII TOl<a npH l'I3~I8H8-

HHH CB8TOB01'0 llOTOr<a Ha 1 JLJlL 1.lyBCTBl'JT8JibHOCl'h H3M8pH8T

Cll B MHKpoa~mepax na moMeH (JitKa/.!WI·~). 
O p;naKo qynCTBHT8JihHOCTh <!JoToa JieMeHTa - neJIHqMna 

H8llOCTOHHHaH l'I l'I3M8HH8TCH B 3aBl'ICHMOCTH OT JJ:JHIHhl BOJI

~ 

"' o: .ll 
~ 0 100 1---------=-----
.llo 
"r QJ .Jl 
>-c; 

~e 
O:s; 

"'"' ,..,_ I 

O ~ O L__l OL0---:2-,!0-:0---:4--!-0::;dt-:-1 Q:l:00:-:--2:-:0-f:. 0:-:0:-4:-:0:_1-:0:-:0:-:-:1 0:::0:-:00:::-',.-U 
-:r 

P11c. VI-6. LJa C1'0THhte xapaHTep HCTIItm cjJOTOOJte Me HTOB: 
1 - 3Jie HTJlOHHOfO; 2 - II OJili OrO 

Hhl nap;aiOlll,81'0 Ha <!JoTOSJI8M8HT CB8Ta. 3aBl'JCl'IMOCTh :na 

noxasana na pn:c. VI-5 H naahmaeTCH c nm-;Tp a JihHOM xapai--\Te

pHCTHKOM <!JoTOS JieMenTa . On a nor<aahmaeT, qTo iVIaKCHMaJib

HbiH <!JoToTor-;. noJryqaeTCH npM Karwiii-To onpep;eJieaaoiii p;Jin

He BOJIHbl CB8Ta. ilocJiep;HHH 3aBHCMT OT MaTepnaJia <!JoTOI-ta-

TOp;a. -· 

HaKoneu;, Bamuall xaparnepHCTHHa <!JoToaJieMenTa - ero 

qacToTnaH xaparnepHCTl'II<a (puc. VI -6), noimanmarow,aH 

aaBHCHMOCTh <lJOTOTOKa OT qacTOThl IWJie6aHJ!lH CB8TOB01'0 

llOTOKa . 

l\poMe nepequcJieHHhiX xapar<Tepncnm H qyBCTBHTeJir,

HOCTM <floTOSJI8M8HTbl H MX CBOHCTBa OIJ;8HHBaiOTCH ITO B8JIH

<IHH8 TeMnonoro Torm, yTOMJIHeMOCTH H CTapemuo , BHyTpen

rreMy COIIIJOTHBJI8HHIO, B8JII~qn:ne HaiipH1i<8HHH IIMTaHHJI 

HAP · 
l1o~( yTOMJIHeMoCThiO <floTOSJieMenTa noiiM!\'laiOT pesr<oe, 

HO o6panmoe CHIHI\8HH8 ero qyBCTBiiiT0JlhHOCTH llpH yBeJIH

qeJIHH oc sem,enHOCTH KaTop;a. EcJin <!JoTosJieMeHTY ,D,aTh <COT

AOXHYT b» B T8MHOTe, 81'0 qyBCTBHT8JlhHOCTh BO CCTaHOBHTCH. 

CTapenweM nasnrBaiOT neo6paTHMoe yMennwenHe <ryBcT

BHTeJihHOCTH C T8<I8HH8111 Bp8M8HH, IIpOHCXO)J,Hlll,68 B p83J'Jlh

TaTe <fJH3l'IIW-XHMMqeci<HX H3M8H8HHH B CJIOJI{HOM HaTO)J,e . 

TeMHOB biYI n asnmaeTCH TOK, npoTer<aiOlli,HH q ep es BHJI J.O

<reHHhiH B L(8 lb llHTaHHH <!JoTOSJI8M8HT, I\Orp;a OH HaXO)J,HTCll 

B TeMHOTe. TeMHOBnie TOI<H o6ycJIOBJieHLI TepMOSJieKTponnoiii 
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8W1CCite i] H '1'01\0~ 1 YT8tll\H (Haflp l,n ·l ep, llO CT8J{JIY 6a JIJIOHa) . 

l1pH f!OCTOllHHOO Te~mepaType T8~'1H0Bbl8 TOIUI B03paCTaJOT 

Dpll YB8.1Ulll8llllll aHO)l;HOrO HaDpHII-<8HRli cpOTO::JJI8~18HTa. 
CBOHCTJ3a n napaMeTpM cpOT0 3JieMeHTOB n 3Ha'lHTe.rrbHOM 

uep e 3aBBCliT OT MaTepMaJia M TM IT R 

B a .rreHTponanyyMHhl X cpoTo-

npHM8H8HH O!'O HaTO,Ua . 

Iq, 
a.rreMeHTax o6hrrruo rrpHMeHHIOT ""a 
Tal{ Ha3hlB88MbJe lHl:CJIO]JO)l;HO-u;e-

3H8Bbl8 H cypbMHRO-L~83H8Bhi8 

KaTO)l;bl. 

8 

6 

4 

~ 

0,03 n• , I 
I v 

V jo,oo/ 

l/.: v v 
v_.. V ' 0,01 

Ua 

0 3HaTWliHIFllllRCh C X a pa.KTe

pRCTH J.;aMH H rrapaMeTpaMH 3JI8K

TpOBai<yyMHblX cpOT03JI8M8 HTOB, 
Q 50 100 150 200 250 3QQ B 

MOH\HO CYMMHpOB8Th HX T8XH~l-
Pnc. VT -i. BOJJbT~Mnep nb1C xa-

'l8CI{H8 )l;8HHbl8. pa1nCp 11CT1fl<ll l!OHllOr O (jJOTOa.TJe-
lj YBCTBHTeJihHOCTb 3Jie lnpoH- •1c1na 

HJ,lX CpOT03JI8MeHTOB C HHC.1IOpOp;O-

U,83MeBbnl R8TO)l;OM (THfla IJ;B) COCT8BJUieT 

a C cypbMHHO-L\e3H8BblM l>UTO)l;O~l ( 'l'Hlla 

JlUW/AJJ~. 

20- 25 Mr;,a / /l.Jit, 

CIJ;B) -80-85 

lJaCTOTHaH XapaHT8fH!CTHKa UpH~'!OJIJUieHHa, T. e. cpOT0-

3JieMeHT npar;nr'leCKH 6e3hlHepu,HoHen. CneToBaH xapa lnepHc

nma 11pHMOmiHe~ura, T. e. cpOT03Jielii8HT ne BHOCIIT H8JIIIH8M

HblX ncHarHer-nr:N. HecMOTpH na y t>a3aHHhie .uocTOIHICTBa 

aJiernpounoro cpOTOaJr eMeHTa , ou IBieeT O,UHH cephe3HbiM ue

p;ocTaT o r-; - OTHOCIIT8JibHO MaJJYlO <JyBCTBHTeJlhHOCTb (30-:
-:-50 JI~Ka/ AJit). 

l!OHHh18 cpOT03JieM8HThl Bhll'O)l;HO OTJIII'l8EOTCll ITO BeJili'lH- . 

ue qync TBHTeJihHOCTH oT na~<yyMHhiX . B HHX BHYTPh 6aJIJIOHa 

BBO)l;HTCH BHepTEIT>lM ra3 II pH )l;UBJI8Hiill!l 0,1-0,01 Jlt.ilf, pm. Cln . 

l1 pH 3TO~~ lil3M8HHIOTCH cpHSH'l8CI\He npou,eCChi, IIpOHCXO,!I;H

llJ,Iii8 B cpOT03JI8M8HTe, Iii ero xapa!{T8pHCTHI\H. 

l!OHH bl8 cp01'03JI8M8HTbl B !{JIIOqaJOTC,H B I(8l1h TaiUIM me 06-

pa30M, Hal\ l!l 3JieHTpOHHble . l1pH oap;eHHH CB8TOBOrO UOTOI\a 

Ha HaTO)l; liiOHHOrO cpOT03JI8M8HTa H3 1\aTO)l;a BblJI8TaeT J:Ie

ROTOpOe ROJIH'l8CTBO 3JI8HTpOHOB, o6pa3yiOllJ,HX rrepB!iiqflblK 

cpOT03JI8HTp0HflhiM TOH. GTH 3JI8HTpOHbl npH )l;BiiiJHeH!iiH 

H aHOp;y, 06Jiap;aH 3H8'lHT8Jihi-IOH CKOpOCThiO, BCTpeqaiOT Ha 

CB08111 nyTiii MOJl8l{YJihl ra3a, coyp;apHIOTCH C HHMH H liiOHH-

31iip yiOT liiX, liTO Hp!iiBO)l;HT K pa3BHTH10 JI8BiiiH006pa3HOrO UpO

u;ecca BOHiii38IJ;Bl!l ra3a Iii 3Ba'lHTeJihHOMY B03paCT8HBIO TOI\a B 

IJ;8Illil cpOT03JieMeHTa. 

l!OHHbiM cpOT03JI8M8HT HM88T HeJm:Heuayro BOJibTaMrrep

HYIO xapai<TepHCTHKY (pHc . VI-7), liTO Tpe6yeT Bhr6opa 
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'h\rwro paooqero yqac·rKa, rp;e ni:tOCRMbTe Ji!ei~ameFIRH MHT:Ht

MaJibHbL 

lfaeTOTFiaH xapaJ:nepHCTHKa FIMeeT CIIa)J, Ha BbJeOXJi!X 

qaeTOTax (eM. pRe. VI-6). CneTonaH xapaHTepHCTMKa Ta H/-1\e 

rremme:i!i:rra (eM. Jmc. Vl-3) . Tai\MM o6paaoM, nee xapawreplire

THKH HOHHblX cpOT03JI8M8HTOB yeTyJTalOT X a pa rn·epHeT:Hl\aM 

aneKTporrrrr,rx. O p;rra1w qyneTB:aTeJihHOeTh HOHHhiX ipoToane

:tvreHTOB 100-300 JoMl.a/.1£.At, H 3TO onpep;eJIHJIO HX rmrpOI\Oe 

IIpHMeHeHHe B 3ByKOBOM KHHO. 

§ 3. CbOT0311EKTPOHHbiE YMHO>KJ.1-
TEJ1Jit 

CPoToanei\TPOHHhTi\Jiii yMHonuneJIHMJoi rra

ar,marorcH cpOT0 3JI8M8HTh1 , 1\0TOpble HeJTOJib3YIOT He TOJTblW 

cpOT03JI8KTpOHHYIO 3MHCCT110, HO H BTOpR'II-IYlO 3Jl8J{TpOHHYIO 

3MMCCHIO. 8TH rrpM6opr,r HMeiOT anaqJITeJibHO 66JibiDYIO •ryn

CTBHTeJihHOCTb TIO cpanHeHI1IO C 3Jlei..:TpOBai\YYMHbglY( cpOT0-

3JieMeHTaMH (500-600 .AtKa/.1£:A·L) IlJHI coxparremm ncex noJro

/HHTeJibHblX X a paKTepHCTHl\ 3JieHTpOHHbTX cpOT03JI8lVIeHTO B. 

v' 8ner<Tpop:br ipoToaJieHorporrnoro yMHO/mnemr aaKmotrenhi 

B CTeKJIHHHOM 6aJIJIOHe, H3 IWTOpOrO BbJHaqau B03JJ;YX JJ;O Bbi

COIWH cTerreHR naT<yyMa. IIop; p;ei:i:cTnHeM cneTa, nap,amu~ero 
Ha I\aTOJJ;, C ero UOBepXHOCTH H3JJyttaeTCH Hei\OTOpoe I\OJIH

qeCTBO 3JiernpOHOB, 1\0TOphie HanpaBJiliiOTCH K BTOpHqiJOMY 

I{aTO)J,y (3MMTTepy) C )J,OCTaTOqHo 60JiblliOM CKOpOCTbiO H, y p;a

pHBWHCb o ero no.aepniOCTh, nT>I6HnamT H3 nero uer..:ooropoe 

KOJI:HqeCTBO BTOpHqHhiX 3JleHTpOHOB, l\OTOpbie narrpaBJIJJJOTCH 

K anop,y. 

</ B peayJibTaTe HCIIOJib30nam;ur HBJieHHH BTopro~qnoiil 3i\IHC

CHM rrpOMCXO)J,MT YCHJieHMe 3JieHTpOHHOro TIOTOHa, HOTOp ulll 

B KOHe'!HOM wrore IIOIIap,aeT Ha aHO)J,. fiOMHMO O)J,HOCTyneu

HOrO MOrKHO IIOCTpOHTb H MHOTOI\aCJ\&)J,Hbie cpOT03JT8WfpOH-

Hbie yMHOIHioiTeJIH . flvl 
B anyKonoM J\HHO rrpHMBHHIOTCH HCKJIIOqJoiTBJibHO op,Ho

KaCKa)J,Hbie IIpM60pbi <!>8Y-1 I1 <!>8Y-2 C cypbMHHO-IJ,83M8BhiM 

KaTO)J,OM (qTo II03BOJIH8T HCIIOJib30BaTb HX JJ;JHI BOCHpOU313 8-

)J,8HMH qepno-6em.u u 11BeTHhiX cpoHorpaAnvr). 

RaTO)J, M 3MHTTep H3rOTOBJI8Hhi no O~\MHaHOBoi:i: TexHOJTO

rHn M HM8f0T Op;HHal\OB);>Ie CBOHCTBa, HO Ha3HaqeHH8 HX pa3-

JIJoiqHO. flepnMqHb.U\ J\aTO)J, CJIYJI\In' HCTOqHJoiHOM cpOT03JI81\T

pOHOB, HCIIyCI{a8Mh1X 3a cqeT )J,BHCTBHH CBBTOBOTO 110TOI\a, a 
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::illlUTTep HBJIH8TCH UCTOtUUil{OM BTOpuqHbiX 8JI8KTpOHOB, l:lhl
JJ:8T8IOill,I1:X sa c<reT p:unaTponnor o acpcpeHTa. 

Cxei\m BKJIIO<IeHHH op:nOJ{BCKap:noro cpoToaJieKTponnoro 
yMHOiKI!TeJirr no1-xasana na pi<rc . VI-8. B J.ien u anop:a npoTe-

Pnc. VI-8 . CxeMa B~<J ilO 'JCHI•IF! 
OAHOHaCI<a;uibro ruoTOSJ!Ch'F 

IJOilitdi 6 y ~.ufOatli TCJ I H 

Ol=O,Oil\bl 

I I Ua 
0 40 80 120 160 :200 240 280 8 

EaeT cy1vrMapm:>rn Tor' (us n epnuturbrx aJieinponou, <IacTu<Ino 
nonap:aiOl.IJ,MX Ha BHOJJ:, Iii RTOpHtiiUJlX 8JI8HTIJOHOB OT 8MUT
repa), IWTOphLtl S8M8THO npeBOCXOJJ:IH' TOH, COSJJ:8B88MbiH 

"' 0 

a 

~ I 
N 

+ 

aJieruponaMu, ucnycr{a8i\1MMH Nwr op:oi\r. B aToM c.rryqae npo
ucxop:Hr ycunenue cpoT08JI8HTponHoro TONa unyTpu caMoro 
cpOT08JJ8 M8HT a . . 

HaTO,I:\hi cp OTO<JJJeKTpOHHbl X yMnomHTeJreiii nanecenr,r IIa 
BHyTp8HHei1: CT8HE0 CT01Ul HHHOfO 6aJI.JIOH8 lliJHMepno 0,[\HH 
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nponm ~\pyroro. A no}:\ :aaro TonJieH n BH,L\e MeTaJIJL!tl'IecrwM: 

ceTJU1 H pacnoJi o men n6JIFI3H CJ MHTTepa . 06m,ee pa6o'Iee u a

npmr<es He <PoToaJlewrpoHsoro y~moJ.rmTeJIH panuo 220 e. 
HanpH<HeHHe aa ::>Mr1TTepe 160-180 e. 

Cner\TpaJi bHbre sapai{T6pliiCTHEl1 CD8Y-1 11 cD8J1-2 Ta

rnre J-1:\e, h3K H 3JI 0ETpOHHb1X <lJoT0 8Jl6MeHTOB C c ypbl\UIHO-JJ,e-

3l!10HbiM IWTOJ:\OM . X apaHTepHCTHHa aaBHCHMOCTH <JYB CTBH

'l'OJibHOCTI1 cD8Y -1 H Cl)8Y -2 OT n emJLHm~>~ aHO,L\I-IOro uarrpH

J-Her-JHH u oJ<aaaHa Ha p111C. ~~ <;j§·'~"'h " , J< lJ1. 
1-\o Hc Tpyr.;r.(MH n paal\ repbl ¢oTo ::> .newrpOH1-ihtX y\\mon;uTe

Jieil cD8Y-1 u Cl)8Y-2 noHaaaHht n a pvrc.; . VI-'10 , a H 6. 
'i f "''' · ~C<A.I1tpa.:n;_ /Wo"7<U-<.o, q. ~~~~ ~.rR. 

§ 4. nonYnPOBO,AHHKOBbiE tt>OT0-
3nEKTPH~ECK~E nP~60P~ 

<JlOTOCOI1pO'I' liiJJJieHHH . fDOTOp63MCTOpHhlj;'I 

a :p¢ewr aa l-\ JIIO<raeorcH n TOM, <rro y pHJW no.nynpono,[\

J:Hl.l-\0 13 ( ce.uen, cepHii!CTbll~l TaJIJJJZlli 11 /.l,p.) llOI.I, ,[\6RCTBiil0M CBe

'l'OBOfr aneprHn M3M0HH0TCH no neJnlLJHJ-JO a.newrpH•Iec rwe cou

ponmJr et-rHe I1j)0110p 1\HOllaJibHO B 6JJWlHEl0 3TOI'O CB6TOBOfO 

I10TOHa . 06'hHCHH eTCH tPOTOp 83l'ICTOpHhf{f a ¢<fleH'l' T0M, CJTO 

llOIJ. B03~\0HCTBH0M CB0'1'0BOlf aa eprHJil 'TaCTh ee lZli.I,0T Ha OCB0-

60/HIJ.efHle 3Jf6lHpOHOR OT CBH3eH C aTOMaMJ1 , 6JJaro1.1,apa qe-
MY yBeJIH' IHBae-rcH 'lHCJt o cno6oJ~HhL\ aJleHTpouon B Beur,ecTne, 

'-1TO H ll]JWBO)l,HT 1-\ yse.JIM<I8HliHO npOBO/.(H~IOCTH llOJrynpOBO).(

HHJ{a. 

cDooroco oponr BJL6HJJ e :-roi-J{eT p earuponaTb a e TO .'l bi~O na 

llOH.BJl 0Hl•l0 l1JLH HC'I83 HOBeHT10 CB6TOBOfO I10T01{3 , IIO J'f I!I3-

M0HH8T 13 0J1 HCJHHY 8Jl0 1:\ TpUtl6CK OfO COUj)OTJilB.Jl6HHJl B 3aBH

CHMOCTl l o-r se.rn i qi1Hhl <nor o cue-rouoro rroTor~:a . <I>o·roconpo

TJHlJJeuHe He npeo6 pa ay-eT .n y'HTCTof'r an epnru H a.neH"rpnqec

HyJO. JlpVl OC.H eD.l,8Hl!IH H JJH ero O'l'C YTCTBfi! l'I 01:!0 Uj) 6JJ;CTHBJ!H8'1' 

C060U Hl-\Tl!BI-lOe COll]JO'I'J•lB ,16HH8 (p0311CTOp) . <DoTOCOl1pOTHB

JI0Hl10 131-\JilO'Ia eTCH B L\8l1L JJ OC.IT6j(O BaT8JJ.bHO C BH01UHl'IM li!C

TO'lHH J{QM nwraHJU ! J·t 6ea aero pa6oTaTb n e iVJO;+;eT. llpH no

CTOH.aaoi\ Be.TlW lHHO upr~ Jl O/f\eHHO I'O [{ tPOTOCOllj)OTiiJ.BJ16HI1TO 

nanpH rRO H~IJI JJ O.'HJqHHa ll[JOTel{ f\IOII.\0 f0 TO t.; a 6yl.l,01' aaBJ-IC6Tb 

OT }!]8T0B CH BHOCT H o 6Jty 'l eHHH . 

Jl j)H e~ l l-li:1 H D.TTOl11,3 ).\ b rPOTOGOJl pOTYIHJlCHHH l13I' OTO BJIH6TCH 

B BHJ10 l·\H<I ,il [J3TH , n pHMOy rO JT bHJ1J-( a J1 .JJ H 1-\)Jyra IJ :\IO iJ-\6'1' UM0Tb 

pa3M6phl OT 0 JlO !1 00 J11J't
2

. 

(.£>oToa.rleMeHThl c a a n !~ pamru,nM c.rroe~t ( !floTora Jl bBaHH'Iec

RIIe a.rr eMeHTbt) Berrocpe~\CTBei:Ino npeo6p aaytoT rra1.1.arow;ym na 
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HHX CB8TOBYIO ;:meprHTO B 8 JJ8l·lTpWI8CI~yJO , T. e. JIBJIHIOTCH re

nepaTOpaMH 8JI8HTPH'18CKoii 8Heprnn, vi ne Tpe6yroT AJill pa-

6oTI>I HCTO'IHHKa nnemnero nanpnmenrur. 

Ci>oToraJibBannqecrme <l.neMeHTI>I pa6oTaroT 6Jiaro}~apH 
BHyTp8HH8My <lJOT08cpcp8I-tTy, 3aKJIIO'I aJOJJJ;8MYCJI B TOM, 'lTO 

Ra TIOBepXHOCTJii pasp:eJia J1:BYX CJI08B TIOJ1: B03)1;8HCTBH8M CBC

Ta B03HHHaeT 3. )1;. C. 

iliHpor<oe pacnpocTpanenne noJiy<n1JIH ceJienom,re rr cep

no-TaJIJIIIenr,m cpoToaJieMeHTbT. 

B ceJieHOBOM <PoToaJieMenTe OTHOCHTCJII>HO 'I'OJTCThTII <J ;l: e K

Tpop: HsroTOBJIHeTCJI H3 amoMIIHHJI }!IJIH CTa JJH. Ha ::rry 

R 

P 11c. VI-1 L Ce.riCHOBhlii (jloToa.rieMeHT 
C 33f!H!Ja10 1l(HM CJIOCM C (jlpOI·ITOBhiM 
(jJOTOS!jJijJCHTOM: ] - 3JI CH1'J)Oil; 2 -
ceJicH; 3 - CJJOFi MeTaJIJla; 3c - aa· 

rmpaiOil(llfi CJIOH 

PHC. VI-12 . CepE!O-TaJIJiliCllblH qlOTo-
8 JI CMCil'r C 33ITI11Ja!Oil(HM CJIOCM C 
'l'blJIOBbiM <jJo·r oaljJ(jleHTOM: ] - OJICHT· 
pon.; 2 - CCJI CH ~ 3 - CJT OJi i\'ICT3.'Ula; 

Jc - 33illiiJ3 10 ll\llii CJIO(r 

ocHony naHOCHTCJI TOHIUIH CJioi& ceJiena. Cnepxy MeTO~lOM 
J{ aTOJ1:HOl'O paCTibiJI8HHJI . HaHOCF!TCJI TOHllaHIDHH TIOJiynp03-

patiHbiiT CJIOifr :MeTaJIJia. 3annparom;Hii CJioi!r ncerp:a o6pasyeT

CJI Memp:y noJiynpospaqJII>IM CJIOeM MeTaJIJia H ceJieHa. 

Ilop: J1:8HCTBH8M CB8TOBOfO TIOTOJ<a 3JI8HTpOHJ,I, OCB060i!(

p:aiOITI;H8C.fl B cJioe ceJieHa, nanpanJIJIIOTCJI qepea aauHparou~n:Fr 

CJIOH H TIOJiynpoapaqJIOJVIY CJIOIO, sapmHaJI ero OTpHIJ;aT8Jib

HO . HanpanJieHHe TOJ<a B u;emr noHaaano Ha pH c. VI -1'1 ; B 

p:aHHOM CJi ytiae npOl'ICX0)1;Jii'f TaH Ha3hiBa8Mbll'il <lJpOH1'0BOH <lJo

T03<lJcpei~T. 
J3 C8pHO-TaJIJIH8BOM <lJOT08JI8M8HT8 npn aHa.JIOfliliHOli•I pac

IIOJIOH-t8HHH CJI08B, HO IIpH pa3JIHqHOH T8pMF!'I8CROH o6pa60T

I<8 MO/H8T o6pa30BaTbCH cpOT08JI8.M8RT JIH60 C <lJpORTOBhlM 

cpoToacpcpm-noM, JIH6o c TI>IJIOBI>IM. B rrocJiep:ueM cJiyqae aJiex

TpORI>l , BhTCB06omp:aiOJJJ;H8CH IIOJ1: J1:8HCTBH8M CB8Ta B CJI08 

rroJ!ynponoJJ:mma, uarrpanm noTCJI H ocnonauuro (pHc. VI -12) . 
CeJreHonuiir cpoToaJi eMenT HMeeT cnmnpanr,nyro xapal<'re

pHCTHI\Y, 6.TIF!3I<YIO IIO CB0 8M Y BHAY J{ HpHBOH CfieiHpaJibHOH 

liYBCTBHT8JlbHOCTlll f JI2t 3 a, H ll03TOMy Olcl HaXOJJ:FlT III1Ip0h08 

DpHMCH8HHC B <lJOTOM8TpHtl8CHHX up:I!I6opax, B <raCTHOCTH B 
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BKCTIOBOMBTp BX - rrpa6opax ):(JlH B3MBpBHBH HpKOCTB B 0~ 
BBil.l,BI-IHOCTM. 

l.lyBCTBBTBJlbHOCTh CBJlBI-IOBOrO tPOTOBJlBMBHTB 500-600 
J.uw/ .tLJ.t. Ma T\CMMan&Hoe BHB'IBHBB a. p: . c. He npenr,nu aeT 0,35 e 

rrpn cneronr,rx IIOTOI\B X, 6 nHBIUIX 1 .tLM . Ma HCMMYM crrei\T

panhHOM 'IYBCTBUTBJlbHOCTB nenurr B o6nacTM 590 riM. Ce

JlBHOBhtB cpOTO BJIBMBHTbl HMBTOT OqBHb HBJIHHBVIHYIO CBBTOByiO 

:xapaKTBpHCTHI<y H. orpaBH'lBHHYIO IIOJlOCy rrporryc:KBHHH 

'IBCTOT . 

B rrocnep:HHB rop:r,r IIponop:HTCH 6oJTbmKe pa6oTbi no Kc

no.JJhBOBBHHTO IIOJTyTipOBO,I.I,Hlll{OB, CBOMCTBB I\OTOpbiX TBHT B 

ce6e aeorpanHqeuH&re l.lO BMOHHIOCTH . TaJ\, npoMLHIIneHnoc

TbJO YtHB OCBOBB BbliiYCH rep MBHI1BBblX Iii: l{pBMHlii:BBbTX cpOTO

Jl,UO}lOB M cpOTOTpBI13HCTOpOB, HOTOphlB DpHMBHJUOTCH nOI\B 

B OCHO BHOM H CXBMBX aBTONIBTHIUL 

<l>oTOAU:OJI;bl 06J1 BJJ,BIOT IJOBbiJUBHHOM no CpBBHBHJiiTO C 

BB l\YYMHhl MH tjJOTOBJIBMBHTBMJii qyBCTBJiiTBJlbHOCThTO, MOryT 

pa60TB Th Jii I\BH cpOTOrBJlbBaHMqeCJUlB BJIBMBHThl H HBI\ cpOTO

pB3HCTOpbL <l>oTOTpBH3liCTOpbl OJI,HOBpBMBIIHO C npeo6pB30-

BBHMBM nyqHCTOH BHBprHlil: B BJJBJ\TPlii:'IBCI{YIO n0 3B OJIHIOT TBI\-

1-l\B yCHJlHBBTb cpOTOBJ18I{TpOHHbl ll TO!{ . 

KOHTPOllbHbiE BOnPOCbl 

1. l\mm e TPH JJHAR ::JMHCCHH Bbi 3IiaeTe? 
2. B 'lNI c.ocToru n aa uarJ e ime qJOToaJJeMe ii Ta uprr BOCDporrancAemur 

c!JOu orpa~1~1 bi ? 

3. HaH ycTpoc H :'lJiei\Tponar>yyMHbll~t cjJoTO::JJie~re HT? 
4. J3 'I eM :~a lU I rorw eTCH n pff li i.\ II llHaJJb ll Oe pa3JIJl'IHe MCIEAY aJie T\Tpo u 

IlbiM Jl IIO llll bl M CpOT03JieMel·lT3MU? 
5. llepCLJTICJJ II Te OC UOB II f>Je napaMeTpbl II XapaKTep UCTJII{II 3JICI<Tp0-

133HYJ'~IH OI'O cpOT03JlCMe HT3 . 
6. )latiTe Ollj)eAeJICIH18 'I YBCTB HTe JlbHOCTII lpOT03JICMCHTU . 
7. J\arme 3aBHCHMOCTit HOJ\33b!B3IOT BOJi bT3Mrl0 ])113il ll CBCTOB3ll 

Xapa I\Te p UCTliK II ? 
8. LJTo 11 0HllM3CTCH n OA J'TOMJIHe~ I OCTb!O qJOTO::JJJeMC II Ta? 
9. Ka 1We JIBJieHne IIcrronr,aycTCH B pa6oTe cpOTOaJJe inpo rniOro Y1UIO

awTeJHI? 

10. ll epeqncmrre AOCTOl1 HCTBa lJ YI\31IU!Te lieAOCTaTIHI cjJOT03Jiel\1'pOH
Hb!X YMB OliHITCJiel~l. 

1 L B 'ICM 331\JilO"'aeTcH !POTopeancTopr i blii aqJc!JOwr n JJ r\aH II X u p u 6o
pax 0 11 liCII OJi b3YeTCB? 

12. 1\ai\Oe upmleJJelilHJ ll JUJJJOTexum;e HaXOABT c!JoTOAilOAbl? 



rnABA VII 

YCH11HTEnH HH3KOI'i LfACTOTbl 

§ 1. HA3HALfEHHE H K11ACCHCbHKA
U,HSI YCH11HTE11Eii'! HM3KOJ1 LfACTOTbl 

"Y CHJUIT8.JI8M Ha3biBa8TC.fl YCTpOHCTBO, C 

ITOMOill;bTO HOTOporo OCyill;eCTB.JI.fl8TC.fl yCHJI8HH8, T. e. yne

JIHLJ8HH8 HanpmreHH.fl, TOII:a H.JIH i\IOTl:t;HOC'l'H 8JI8HTpH1J8CKHX 

rwne6anHii. 

Pa3.JIHlJaiOT yCHJII~TeJIH HH3ROFr lJaCTOTbT, BbiCO.Ko:fl <raCTOTbi, 

rmrporwnonocnom ycHJIHTe.JIH (BH~eoycrmHTe.JIH) H ycnJIMTe

.JIH IJOCTO.fiHHOrO TOHa . 

"Y CH.JIHTeJIIi! HH3IWM qacTOThi .npe~na3na qenr,r ~.JI.fl ycnJie

HM.fl HOJie6aHlilH 3BYl\OBOM qaCTOTI>T OT 16 ~0 20 000 3Lf . GTH 

ycnnnTe.JIH m npoKo frcno.JII>3YIOT n anna paType ~.JIJI aanHcn n 

BOCllpOH3B8~8HHJI 3ByRa B 3BYKOBOM lUIHO, B pa~HOB8Ill;aHMH, 

B T8JI8BH~8I-IHH H T. ll . 

Ha ueo6xo~HMOCTb npnMeneunJI ycH.JIHTene:H: snewrpH

qecHHX CHl'HU.JIOB npH BOCnp01~3B8~8HHH 3BYI>a B 3BYIWBOi\I 

rn1uo yr>a3brnanocb p anr,we . Moru;uoCTb, no~no~HMaJI K rpoM

HoronopnTeJJJIM J(JJJI C03~aHHJI JWCTaTOlJHOH rpOMJ\OCTH 3By

J{a B 3pHT8JlbHOM 3a.Ji e H!H!OT83Tpa, ~O.JI:mna COCTaBHTb 

e~HHHIJ;bJ, ~8CJ1TIU1 H ~a/I\8 COTHH BaTT, B TO Bp8i\Ul J\:aR 
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<floTOtlJI8M8HT C qyBCTBl'IT8JlbHOCTbJO 200 JIHW/ JI,Jit pa3BHBaeT 

MomnoCTh ncero 6. tO - 7 em. 
B anyKoTexmu;:e npnMeHHIOTCJl T OJi bi\ O JiaMnom,re n no

.uynpono,n:nm<onue ycHmrre.rru. Omr H coc:ran.TTHlOT rrpe,n: ~1CT 
namero naytrenna. 

l1pHRl(Mll YCMJI8HMH OCHOl~aH na np:HM8H8HJ1H ynpaBJIHe

MOrO aHTHBf:WrO H JIM peaRTJiiBHOrO COIIIJOTHBJI8HMH ( t1 JI8:WrpOH

HOH JiaMnhi, TpanaMCTopa n JJ.p.), HOTopoe m<JITO'Ia8TCH n I!8IIb 

JiiCTOqHni\a TOI\a llOCJI8,1J,OBaT8JibHO C IIOJI83HOH Harpyar\OFI. 

Oenonnoe cnoil:cTno yrrpaBJIHeMoro corrpoTMBJieH.HH cocTonT 

B TOM, 'ITO IIp!ii }.l.8HCTBHJii B I!8IIJii yrrpaBJI8HMH CJia6oro tlJI8ltT

plPI8CIWrO CMrHaJia COOTB8TCTB8HHO H3M8HH8TCH B8JIM'IHHa 

ero COIIj)OTJiiBJI8HMH H TOI\ B 60JI88 MOlfiHOFI I.J;8IIH COp;ep

/HaiiJ.8H n a rp yarty . KoJr e6anuJI MaJioiT MOU:J.HOCTH, rro,n:.uema

rrwe ycnJieHMIQ, no,n:no):I.HTCH r< yrrpanmnom.efr ·u:errJii , a n 

I.J;8IHI narpy3IUI llCJIY'IaiOTCH 3HaqJii'f8JihHO 60JI88 MOIIJ.HT>I8 HO

.rre6aHJiiJI. 

0TCIOp;a CJiep;yeT, <ITO yrrpaBJIH8~J08 COH]J OTHBJI8Hiil8 HB

JIJI8TCH YCiiiJIHT8JibHMM 3Jl8M8HTOM. 

C Ol.(,ema.rwe ycuJ/,UI7WJtbrWZO iJJI,e:AW7ima c Heo6xochtMbl..JJUt 
OJI,fl. ezo pa6ombL aM.MeHma.!ltu cxe.!ltbL npeocmaBJ/,fl.em co6ou oony 
cmynenb ycu.fl,ertufl., NaabLeaeJltyw lf,acr>aoo.lt. 

Tax, B ycHmneJII>HOM rtacl>a):l.e, c o6panHOM Ha aJiewrpon

noil: Jia~·IITe, B aHO,[(HYIO U8llb BJ\JIIOqaeTCH COllj)OTHBJI8HI18 

Harpy3I\H H MCTO'IHHR aHO,[(HOrO IIHTaHH H, a J'CHJIJiiBa8Mhl8 

HO.Tie6aHMJI IIOJJ.BO,[(JITC.H r< y npan.TUIIOIIJ.eil: ceTEe. B ycMJIM

TeJibHOM I{aCRa,[l,e, C06paHHOM Ha TpaH3HCTOpe ITO CX8M8 

c o6rr(eii: 6aa01l, uarpyaoquoe conponmJJeHHe M HCTO'I

HHR UU'l'aHUH (6aTapeJI I\OJIJI8RTOpa) BIU IIO'l8Hb1 B I.J;8Ub 

I\OJIJI8II:TOpa, a J'CMJIJiiBa8MJ,Je KOJie6aHH.H UO,lJ,BO,[(HTCJl R I.J;8UH 

aMHTTep-6aaa. 

'Y B8JIHq8HH8 1110lfiHOCTJii ROJ186aHJiiFI rrpOHCXO,lJ,HT 3a C'I8T 

ll0Tpe6JI8HHJI l{aCI<ap;OM tlHeprliiH 1'ICTO'IHHIWB UMTaHii!JI. 

TaRMM o6paaoM, yc:rrJIHT8Jih RBJIHeTCH rrpeo6paaoBaTeJieM 

tlHeprHH IIOCTO.HHHOrO TOI\a B anepr:rriO H OJie6aHHM 3BYKOBOH 

qaCTOTbi, 8CJIH Ha ero B X O,[( llO,lJ,BO,lJ,HTCJI CJia6J,I8 IWJie6aHHH 

anyrwBoil: qacTonr. O.n:Harw o6ecrreqJiiTh HymHoe ycHJieune 

O}.l.HHM J'CMJIJiiT8Jll,HbiM I\aCI\a,[(OM, Hal{ npaBHJIO, He yp;aeTCH , 

UOtlTOMY B npaRTH'I8CHUX CX8MaX CHrHaJI IIOCJI8):l.OBaT8JibHO 

yc:rrJIHBaeTCH HeCKOJibi\HMH rmcEa,n:aMH. 

l1pH HOHCTpynpoBaHJiiH J'CHJIHT8JIH, MCXO,[(JI Jii3 H806X0,1J,H

MOrO J'CMJI8HHJI , onpe):I.8JIJIIOT 'IHCJIO CTYU8H8H J'CHJI8HHJl JiiJil'I 

'IHCJIO HaCim,ll;OB. 'Y CMJIHT8JIH, C0~( 8j)FHaliJ.M8 H8CJ\ O.JibEO HaC

HHJJ:OB J'CMJI8HMH, Ha3hiBaiOTCJl MHOrOHaCHa,[I,HbiMJii. 
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0TJ-\8JibHb18 T<aCT>:a,!J;hl MOryT CHH3blBaTbCH i\18/H)J,Y C060ll 

pa3~rwmbTMl1 cnoco6a~m. B ycH rwre.rrHx HH3LWii qacTOTbi H C

no .rrr,3yroTCH TPH BHp,a CBH3eii l\ICrL\AY K acRa )J.allnr: 1) Henoc

pe.u,cTBeHHaH, J'IJIH raJJbBaBHqecHaH ( ycU.lHIT8JJH IJOCTOHHHOrO 

TOEa) , 2) peOCTa'l'HO-CliiKOC'J.'HaH (1-I.flll npOCTO peocTaTFiaH) 11 

3) Tpaac¢opMaTopaaH. 

Hau6oJJee pacn poeT pa 1:!8Hbl peoc -raTHO-eMl{OCTHaJI H 

TQas c <fJopMaT OpHaH CB H 3M. 

CrwJreTHaH cxeMa liiHOI' OJ{acKap,Horo ycMJJH TeJJ H np.Ime

.n,e Ha u a p.Hc. VII-1. 8 JreMeHTh1, c.rryrHa lii,He )J,JJH CBH3H .n,aH-

t+-~--f!l-, ~ 

~ 
c. 
~ 

t..:.=.:::!.tt'-9>---¢-J"C 

noro l>aCHa.n,a c n ocJJe.n,y mrn;nM U JHI c BHel!lHefr uarpy3 r.wi'r, 

nxop;f!T B cxeMy .n,annoro RacRa)l,a. Ha ::non CI\eJJeTHO:fl cxeMe 

EaH\J~ f:iiM HaCHaA rrp8J!CTaBJJ8H B Blil).l,8 rl8Tblp8XllOJJIOCHMHa, 

Hl\JeiOITJ,ero p;Ba BXO~\HblX H J!Ba Bbl-

XOJ!HbTX 3aHUIMa. 

QqeHb. CJJa6bre no.rre6aHnf! 

nanplni\eHHH, lWTOphre J!OJJJHH hT 

6b1Tb yCHJI8Hbl , IIOJ!BOJ!HTCH H 

BXOJIHhlM 3alrn-tliiaM nepnoro Kac

nap;a, BhiXO)l,Hbl8 3alliHMbl KOTO

poro C0 8J!HH8Hbl IIOCJI8J!OBaT8JJbHO 

C BXOJ!HbiMH 3aHmMaMH CJJ8J!YIO

ITJ,ero H T. ~\ . 

0TBJJeqeaH08 qMCJIO, JWTOpoe 

IIOI\a3o!BaeT, BO CHOJJbRO pa3 np:n 

PIIC. VII-2. o' cumtTe.Tlbilblii Hac -
1-\H,l.1. HI1 3 HOti 4aCTO'J'bl 

IIOli.JOTTI;H OJ.l,HOro YCHJIH'l'8JIJ,HOrO HaCI->aJ!a ll0Bblllia8TCH Ha

IlpH1E8HH8, DOJ].BO,!l;HMOe OT HC'l'OqHHRU, Ha3htBa8TCH 11-0arjjrjju

l.fUeHJnO.M YCU i lel-lUR. Ci lr/.030 11-aCYi-aOa . l.JHCJIOB08 3Ha<reHH8 

Eoa<fJ<fJMT.l,M8HTa YCHJI8HHH I>aCHaJ!a OIIp8J18 HI.CTCH I\ai\ O'J.'HO

Ili8HJi!8 nepe11wunoro aarrpmr,el:lMf! aa BbiXO,!l;Hhrx 3arEHllrax 

HaCI \a,[(a l{ nep811ICHHOMY HarrpHmeHMIO Ha ero BXO,!J;HblX 

3af.f\HMaX . 

flpHM8HH'I'eJi hHO I\ ycH.JIJi!T8JlhHOMY J\aCHaAy, C06p aHHOMy 

Ha sJJc rn poaHo{r .rr aMne (pnc. VII -2), rw a<!J<!JruJ,HeHT ycuJieHJiiH 
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RaC.Ka)l;a !{ - 8CTb OTHOIII8HM8 rrepeM8H'f!OfO HarrpmHeHMli, 
JJ,8 llCTBYIOJJ~ero ffa C011pOTI~B J1 8 1-!Wvl aHOiJ:HOli narpy31H~ ljB ntx I{ 

nepellteHHOMY nanpmi\81-IFilO, IJO):\HOJJ,HMOMY l{ C8Tf{8 Jiai\Hl bl 
UBX: 

u [{ = DhiX, 

[/BX 

Ecmr yeHJTHTeJib eoeTOHT lii3 ueeHOJihKliiX Haer..:a~\OB , TO 
o6L[\I,di I\oa!JJcfluu;uewr yeuneHHH paBeH rrpoH3Bep,eHM LO hoaij>
cPIH\ReHTOB yeMJI8HFili OTp;8JlbHbTX I{aei{ap;OB: 

K = K1 -K2 -K3 ... 

chOT o6m;uii: .K03qlcP1IU,FI8HT yermeHJ!Ili IT01\a3 blBaeT, BO 
eHOJfhHO paa nanpmHenue rroe.Tle ycr!lnenFJH 6oJrbme narrpmHe
HllH HeTOqHTn\a . 

II p rr M e p. PaeellroTpRM Tpexr{aeHap;uLiii ycRJIRTeJrh 
narrpmHenrrH (eM. pRe. Vll-1). 1-\oa!JJ!JJRu;MeHT yermenHH nep
Boro Haer{ap;a H1= 15; BToporo - H2= 12 H Tpenero HaeHaL(a 
[{' 3 = ·10. 06JTJ;I•Irr rwa!JJ!JJuu;FieHT yeHneHH:H Beero yeH:JlHT8JIH u a
npmEeHH:li MmHeT 6b1Th rro,n:e•unaH: 

K = K1 · K 2 · K 3 = 15-12-10 = 1800. 

EeJIFI I{ Bxo,n:y Tarwro yeumue.rw ITO,!l;BeeTJoi nepe~rennoe 
nanpmHenue OT UMI{po¢ona Unx , = 10 Jl~e , TO nepBE>HI I{aeKa
JJ;OM :=no narrpmn:eavre 6y,n:eT yeHJreao B 15 pas u 1w BTopo;vry 
IweHap;y 6yp;eT ITOiJ:Bep;eHo U8 x.= 10 ·15 = '150 .Me . Han pllme
nne, ITOJJ,BOil:liii\f08 Ha BXOp; Tpe·rr,ero I\aei<ap;a lj ax, = 150 ·1 2 = 
= 1800 .Me = 1,8 e, H na Bhrxo,n:e TpeThero I{aeHap;a rrarrpmne
HMe eocTaBHT Uax,= 1,8-10 = 18 e . TaHI-IM o6pa30M, narrpli
J-Henue, ITOiJ:BOp;HtviOe I\ MOII.\HOMY HJIH OROHeqnoMy HaeHap;y, 
6yp;eT pamw 18 e (eM. puc. VII-1). 

Panee roBopl-mocb o JrorapncflMHqecrwfr umaJre (eM. cTp . 
20). Tar{ HaH Mbl BocrrptunrMaeM HSMenenHe rpol'viJWCTH sBy
Ha rrporrOpl~HOHaJfbHO JIOf<\l)[i[cPMY H3M0H8HHli 3BYHOBOl'O 
p;aBJ18HHH, TO Jii IW::JcPcPT-IU,H8HT yCRJieHJiiH MHOrp;a YJ:(06HO H3-
M8pliTb B JIOrapRcP~IJ!I<I8CI{H:X 8~(MEm:u;ax - JJ,8D;lii68JfaX . 0THO
llf8RM8 narrpmHeHHii (ycliiJrenue) H ,n:eu;H6eJiax L paHuo: 

u 
L = 20 lg J"''x = 20 lg K . 

nx 

I-\ oacflcflnr~HeHT ycJureHHH ycHJIH:TeJili HarrpHmeHHH, pac
CMOTpennoro naMH B rrprr~mpe (R' = 1800) B Jrorapn!JJMwiee
J{H:X 8)l;I~Hl1lWX, paBeH: 

L = 20 lg K = 20 lg 1800;::::; 20 · 3,25 = 65 86. 
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EcJIH Iwa<flqniU;TfBHT ycrmemm OT)J,8JibHb1X J{aCI{a)J,OB L 1 , 

L 2 , L 3 BbipanmeTCH B p;eqn6eJiax, 10 ~\JIH onpep;eJieHHH o6m,e

ro H03<fJ<fJHIJ;I18HTa YC1U18HIUI BC8f0 YCI1:JIHT8Jlfl J\03<fl<fJHIJ;Ji!8HTbl 

yCJi!J18HJi!fl OT)J;8JlbHhlX HaCI\a)J;OB cyMMHpylOTCH: 

Lti!ol = 20 lg K = 20 lg (K1 · K 2 · K 3 . . . ) = 
= 20lgK1 + 20 lgK2 -f- 20lgK3 + ... = 

= Ll + L2 + L3 + ... 

BepHeMcH I\ paccMoTpeHHIO puc. VIT-1. 11oMJifMO ycu.rrHTe

JI.FJ HarrpHrH8HMH B CJ{8JI8THOM CX8M8 YC1UU1T8Jl.FI HM88TCH 81.l~8 

O)J,JUI OHOHeqHhiH MJIM BhlXO)J;HOH 1\aCI{a)J; . IloCJI8)J;HJi!M HaCH:ap; 

ycM.liHT8JlbHOfO yCTpOMCTB a llBJili8TCR BCerp;a I{aCRa)J;OM, pa 3-

BMBalOIIJ;HM JVIOIIJ;HOCTb B Harpy3I\8. 

EcJiu HasH a qeaue ycuJI~ITeJIH nanpHJI\8HHH cocTOMT TOJrb

IW B TOM, 'lT06bi yCMJIMTb B H806XO)J;IB'108 'lMCJIO pas nepeM8H

H08 HarrpHmenn:e cn:rnaJia, TO nasna qeHn:e oHoneqHoro ycrunr

TBJIH 3aHJIIOqaeTCll B TOM, qT06bi pa3BiilTb H806XO,il)'IM YIO 

MOJJ.~HOCTb B Harpy31{8, HaiipHM8p TaHyiO MOiqHOCTb 3J18HTpH

qeCI\H:X I<OJie6aHn::iir B rpo~moroBopMTeJre, qTo6or sacTaBH:Tb 

rrepeMeiiJ;aTbCH ero IIO)J,BHH\HYIO CH:CT8MY M AM<fl<flysop. 

Moru;HhiM H:aci\a)J, xaparuepMsyeTCH Hoa<fl<flnu;MeHTOM ycM

JI8HHR ITO MOIIJ;HOCTH: 

Kp = 10 lg~lh! X 86. 
BX 

ilpM JIOrapH<fJMe OTHOII18HMR MOili,HOCT8ll CTaBl'ITCH MH0-

1JHIT8Jlb 10, a IIpH JIOrapH<fJMe OTHOII18HHH HanpHJl{8flH:R -20 , 
Tal\ l{ ai\ ll'lOIIJ;HOCTb IIpOIIOpiJ;HOHaJibHa HBa)J,paTy HaiipH>H8HIIn . 

,[l;pyrOM xapai\T8pMCTJi!IWR MOlli,HOfO 1\aCI\aJ~a HBJIH8TCH 

B8JIMqn:Ha 'IYBCTBHT8JlbHOCTH (HJIH )J,06pOTHOCTH) MOIIJ;HOfO 

I{aCI\a)J,a: 

r)J,e P Bblx - B8JIHqMfia BbiXO)J,HOH ~IOIIJ;HOCT .H; U ux - uanpH

>Heuue, HOTopoe ueo6xo)J,HMO rro)J,aTb ua BXOJ\ J\aCKa)J,a )J,JIH 

UOJIY'18HHR p;aHHO:iii AIOUI,HOCTH. 

lic.Kaa~:eHHH rrpn ycnJreHnH. B rJiaBe I Mhi nosHaKOMJU IMCb 

c MCI{aJHeHHHMl'I rrpn sByrwrrepe)J,aqe II nx BH)J,aMII. 2ho qac

TOTHore, H8Jll'IH8MHh18 l'I <fla30Bbl8 MCI\arH8Hl'Ill. 

Y CHJil'IT8Jib, fiBJIHHCb Ba>IHI8HIIHIM 3J18M8HTOM Tparna 3By

IWBOC11pO:H3B8)J,8Hl'IH, 8CT8CTB8HHO, BHOCHT UCJ<ameHHH. Pac-
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cMoTpHM 6oJree nop,po6no Tpe6onamur, npep,'bliBJUieMhTe I< 

yeRJHIT8JIIO B OTHOIDeHHl'l BHOCHMbTX I1M HCI<U>I{8H]lll . 

LlaCTOTHbi8 HCKU>I>eHHli oru;ym,aiOTCfi HUMH KUI{ lil3M8HeHH8 

Tm16pa 3By'IUHl'lli rOJIOCOB H lllY3f,TKUJTbHbiX HHCTpyMeHTOB, 

FIC.rJeaaeT liCHOCTb rrepep;aqJii, CHR/KU8TCfi paa6oprrHBOCTb 

peq~r. 

PaomFmhre MY3Mr<aJT:r:,n:r:,re 3BYL<H n peLib cocTOHT H3 cyMMLI 

Cli!l:IYCOW,D;UJTbRblX l\OJie6anHH pa3JIJFIHOH rraCTOTbi, lii 8CJIFI 

ye i1 Jl liiTeJTb no r-;aKHM-Jm6o npH<IJiiHaM nepaBHOMepno ycHJIH

r~aeT nepeMeHnoe narrpHii{enFie pa3HbJX <racToT, oTp;eJI:r:,n:r:,re coc

TaBJIHIOlL~ I1e 3BYl<a yCHJIHBUIOTCli R80,D;HHUI\OBO, a CJI8,D;OBa

TeJlbHO, M IIpOCJIYIDFIBUIOTCJl OHH TUH/He HeO,D;HHUROBO : O,ll;HH 

cJJa6ee, .n;pyrne CHJihnee . 

Hamlil opram,r cJiyxa om,ym,aroT ::ny nepannoMepnocn 

yCJiiJJeHHli pa3JI JilqffhTX 'IUCTOT HUT H3l\'IeH8HHe OHpUCI{H 3By

Ha, T. e . rwr< TeM6paJihHhie H3~IenemnL BoanMI<aiOT qacTOT

n hie HCHUii\eHHli. 

1JT06hi H36erHUTb LJUCTOTHbiX IiiCRamenHI'r, He06XO,D;HMO 

l \06JiiBUTbCH 6oJiee paBHOMepnoro yCHJieHHfi B IllHpOKOM 

U p ep;eJie (p;Ha1IU30Ue) 3BYKOBb1X LJUCTOT. 

fl. LWna30IWJlt ttacmom, HJIH nOJLOCOU nponycr.anuR- ycuJLU
me/I.JL, HU3hiBaeTCH Ta 06JiaCTb rraCTOT, B npep;eJIUX HOTOpOH 

goacpqmu,nenT ycMJieHHli H3MenJieTCli n aap;amrhlx rrpep;eJiax, 

ooyCJ'IOBJieHHhl X Tpe6onaHHllMT!I I{ yCHJIHTemo. Kar< Mbi YBH,D;IiiM 

B ,IJ,UJibHeHUleM, Tpe60BUHHli 3TH MOryT 6b1Tb pa3UbiMI!I ,ll;Jlll 

ycnJIHTeJieiil: paaJIHTinoro naanarrenna. 

ConpeMenn:r:,re n:r:,rcoiWI<arrecTBenn:r:,re ycHmHeJIH anyrw- · 

noro rnmo HMeiOT rroJiocy rrporrycHaHHH 40-12 000 Zl.f. 

,[l,rmrra30H 'IUCTOT HJ\leeT, KaH BI!T,D;HO 113 1IpHBep;eHHb1X 

lJ,aHHhiX, lJ,Be rpaHHII,bT: nnar.ayro H BhiCmyro. HMarneu rpanM

JJ,eiil: liBJIHeTCfi CaMUH Hlil3I<UH qaCTOTa /
11

, a BhiCllleH - CUMUH 

BhiCOHUH qacTOTa fu, yCHJIJiiBUeMaH lJ,UHHbiM yCI'iJIJ!lT8JI8~1 B 

rrpel-l,eJiax ,D;OllyCTHMhiX OTK.JIOHeHHU. 

,[I,Manaaon LJaCTOT ycnJIHTeJrerr RH3.rwfr 'lUCTOTbi Momao 

ycJionno paa,D;eJIHTb na TPH o6JiaCTH : a) o6JiaCTb Hlil3lllHX 

qacTOT (30 -;-500 Zl,f); 6) 06JJUC'l'b Cpe,IJ,HMX <raCTOT (500-;-1500 
Zl,f ) ; B) 06JIUCTb BbiCIJJHX <JUCTOT ('1 500-;-12 000 BLf). 'YCJIOB

HO 1IpHHliTO CqHTUTb B JmqeCTBe TUH HU3hTBaeMOH cpelJ,Heiir 

<JaCTOi'hl 'lUCTOTY, pannyro 1000 Zl.f. 

KpMnafi, rroRa3bmarom,aR lil311lel:lenHe rw::>cpcpHII,IilenTa 

ycliiJTeHMfi c rracToTou, naabrnaeTCH rracTOTHOH xapaHTepnc

TliiKOH, HJTH UMllJIHTY,D;HO-qacTOTHOH xaparn·epHCTJiiHOH YClil

JIHTeJIH . Ha pMc. VII -3 noT<aaarrr,r lJ,ne lfaCTOTHr,:re xa p a HTe

pHr: rlHH1. HepnaH (l>p:HBaH. 1) OTHOCHTCH 1< yc~urHTemu, r.;oTo-
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pbiH npaKTM'18CKlll He BHOCHT '1aCTOTHbTX: MCKan<eHMIT BO BC8M 

p;rmnaaoHe qacTOT 11 TOJibT<O sa aap;aHHb!Mlil rpaH~n~aMM npo

Hcxop;HT yMeHornernre ycMJI8HHH ( cnap; qacTOTHOH xa pawl'e

pucTMHH). BToparr (r<pnnan I I) - R ycM.TIMTemo, r<OTopm1 

BHOCHT 3Ha'1HT8JlbHht8 'laCTOTHbiB HCHat:KeHMH, Tal~ Hal\ H8-

paBHOM8pHO YCHJII![BaeT l \O .TTe6R RHH pa3JTHLJHhl.\ 'HICTOT. 

Koacpqm~MeHT ycHJIBHIH I 

Ha cpe,ll;HBH 'laCTOTe 0003- K 

HaLJBH Ha pi<ICYHKe qep e ·l 

K 0 , HOacpcpMo;neHT ycrtiJTe· 

HHH Ha CaMOff fnl3l<OVI 'JaC

TOTe-qepe3 [{" vi n a caMoi1 

ri 
~H 

I~ 

r 
Ka 

BhlCOI{Oil: LJaCTOTe-R' 11 • 3-ro o'--- '-------'------'---r t 
f H fo fa 

II03BOJIR8T KOJIHqecTB8HHO 

O~BHliiTb BBJIH'1HHY qaCTOT

HblX HCHameHHi1, BHOCHMhl.\: 

Puc. VI r- 3. LJac-ro-rubiC xapa~-<Tep u c'I'HI<~I 
yCH.li iiTeJICll 

yCHJIIif'reneM, C IIOMOll~blO T\0-

il tPtPH~HeHTa rraCTOTHblX HCJ<ameHHH, HOTOp hli~ OIIpe,ll;B.Ti fi BTCR 

Hal{ oTaomenHe rwacpcpHI\JilBH'l'a yc.n.rrer-mJI ua cpe,ll;HHX qac

TOTax r-t rwacptf>nu;HeHTY ycJUJCHHH ua ;wuuorr LiaCTOTe: 

M _ Ko 
f - [(I. 

CooTHBTCTBeHuo, rwacpcpJI~I-teHT qacTOTHMX wcJ<ameuwit Ra 
I< [( 

f!II[3J<HX cracToTax: M 11 = /(o' a Ba BhiCOJ-arx -Mn =[/· 
H B 

I-\o atf>cpH~HeHThl 'JaCTOTHhJX HCI{ameHMfr noaBOJIJIIOT, Ta-

IU!TM o6pa30i\l, cyp;nTh o pae~WJltep~wcmu '-tacmomnoii xapa~>
mepucmur;,u, H <JaCTO B TBXHHqeCI{HX ,ll;aHHbJX YCHJIHT8JI8H 

MOFHHO BCTpeTHTb tflpaay: «J-lepaBHOMepHOCTb qaCTOTHOi:\" 

xapar{TepliiCTHHH He npeBh!JilaeT + 2 iJ6 B aap;aHHOM p;Hana

aoHe '1R.CTOT>>. 3p;eCb HOatflcpH~HeHT <JaCTOTHT>lX MCHameHHi'i: 

Bhlpamen B A en;n:6enax, TaJ{ me r\a J{ M Hoatf>cpH~HeHT 
yCMJI8HHfi . 

II pn'nmoiii •raCTOTHbiX nc KaJHeHJiJiil JIJ3.Tifi8TCH HenpaBnm,

HbTiir Bhi60p 3JTBM8HTOB yCHJIHTeJJbHOrO HaCHa,IJ;a: B8JIHqJi!H 

CODpOTHB.TieHH.fr, 8MJWCTBFI H J1H)J;YHTI1BHOCT8H JJ;8TaJie:iir. 

Ma-aa p;eTanei'r, o6JJ a,ll;aiOlii,BX e~IJ<OCThiO H HH,ll;yH.THBHO

CTbiO, B yCI-IJ'IHT8JJRX B03HHI<aTOT HapJIAY C <IaCTOTHhiMH HC

Hafi\8HJiJHMH ei1Je l1 tfla30BbTe. 11 pHpO,ll;a HX 3aJ{JliQqaeTCH B 

TOM, 'ITO B rrpo~ecce yCHJIBHHli pa3JIH:'1Ubl8 '1aCTOTbl rrpeTep

neBaiOT pa3Hbte cpaaonr,re CI-\UlilrM. Ha-::Ja a-roro qJOpMa cnom

noro HOJiefiaHHH Ua Bhl .\0118 OTJ! WlaC~TCH OT cpop~Ihl I\OJre6a

HlUT, llOP,Ue,IJ;BHHOrO na BXO~~ YCliiJiliT6JUI. 
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O~em\a BeJIM'liUihr <flasoBbiX HCHarr\erurM: npoHSBO,ll;H'l'CJI 

TipH TIOMO~H <!Ja30BOM xap a tnepHCTHI\11: YCHJIHT8J[ll . 

<Da30Bhle HCKameHH.H He BOCllpHHHMaiOTC.H HaUlHM CJiy

XOM, l103TOMY He HMeiOT cym;eCTBeHHOrO 3Ha'leHM.H ,[\JI.H Xa

painepHCTHKH pa6oThi ycHJIHTeJI.H B Tpar<Te 3ByrwBocnpolii3-

Bep;erum. 

I-IeJrHHBMHr>I e HCKameHHH o6ycJIOBJI8HhT ns~reHeHneM ¢op

Mbi H p HBOM yCHJIMBaBMbl X I\OJie6aHMU, Bhi3BaHHhl X HeJlHHeH

HbiMH cBoi!'rcTBaMH aJieMeHTOB ycnJinTeJrH. Tar\MMH aJreMeHTa·· 

PIIC. VII-! .. rpacjll-11< pa 3JI O;J;e ll llfl 
CJJOi-1\H Ot'I HP II BOi·i Ha COC'f a llJifi iO

lll,He ee rapMOH HHH 

MH B YCHJIHTeJiliX .HB JIHIOTCH, Ha

npi-rMep, ::mewrpo :m-l.hle JiaMnr,r, 

Tpauc<!JoplVIaTOpbl H T. ll . 

O.o;uaiw, HaK Mhr yH:aar,maJIH 

Bhliiie, <!JopMa HpliiBOii MOiHeT 6hiTb 

IiiCI\arHeHa BCJI8,[\CTBH8 TOJihiW <!Ja -

30BhiX HCI\amemn}. l1o3TOMY 6o

Jiee npaBHJibHO C'lHTaTh OCHOB

HbiM yCJIOBHeM HeHCI{ aH\ eHHO H 
nepep;a'IH npaBHJihHYIO nepep;aqy 

aMllJIWryp; Iii 'laCTOT CHHYCOH,[\aJib

HJ,IX COCTaB JIHfOW;Ii!X c:.;rrHaJia, a 

ue <!JopMbT 1\piiiBOH . 

0rH6aiOll.\aiT 3BYHOBI>IX J{0-

Jt e6aHHH npep;cTaBJIHeT co6oii 

CJIOiHHYIO l{p]IByro . MsBeCTHO, rrro BCITI\YIO HeCMHyconp;aJib

HYIO nepHO,[\H'IeCKyro HpMBYIO C TiaCTOTOH (J) MOH\HO pa3JIO

iHHTh Ha pHp; CHHyCOH,[\aJibHbiX HpHBhl X, H3 HOTOpbiX 0,[\Ha 

IiiMBeT TaHyro H\e 'laCTOTY (J) H IIa3hmaeTCll OCHOBHOH, HJIH 

nepBOM ra pMOHHIWH ( ra pMOHH'lBCHOH COC'l'aBJIHIOJJJ,ei:i:), a 

OCTaJibHhie HMeiOT 'laCTOTbl B ~eJIOe lJHCJIO pa3 60JibW8, '18M 

OCHOBHaH (2(J), 3(J), 4(J) H T. p;.), H Ha3b£BaiOTCH BhTCimiMH 

rapMOHHHaMH (B COOTBeTCTBHH C 'laCTOTOH - B'l'OpaH rap

MOHHHa, TpeTbH 11 T . p;. ). 

Ha pHC. VII-4 nor\aaan npHMep paaJromeHHH cJiorn:uoil 

KpHBOH Ha COCTaBJIHIOUJ;HB ee rapMOHHIUI: nepBOH C 'IaCTOTOM 

(J) H BTOpOH rapiVIOHHHH C 'laCTOTOH 2(J). 
Tar<HM o6paaoM, uaJIJil<rHe HeJinHeiirHhrx HCKameuH(r B ycH

JIHTene Bbl3hlBaeT llO.HBJieHHe Ha ero BbiXO~(e H p01118 llOJI83HOrO 

cnrHaJia (O CHOBHOH LJaCTOThi, nop;anaeMOH na BXO,[\ yCHJIHTe

JIH) em;e I!eJIOrO pnp,a P,OllOJIHHTeJibHblX HOBhiX TiaCTOT -

r apMOHHK, I<OTOpbiX He 6hiJIO Ha BXOp;e YCHJIHTeJI.H. 

l10.HBJieHHe 3THX HOBblX 'laCTOT llpHB0,[\1-IT H HCHa>HeHHIO 

anyr\a. HeJIHHei'mhTe HCKameHHH npocJiy ru vtsamTCB. Ita!{ <<p;pe-

6esmauue>>, CHH/1\eHue paa6op'IMBOCTH pe<IH. 
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0 B8JJH'fHH8 H8JJHH8n Hb1X MCI.;an.;:eHHH, BHOCHMbiX YCHJIH

T8JlbHhlM ycTpOiiCTBOM, cyp)IT no B8.JUFillH8 H08WWHIJ;H8IlTa 

uemmefmhrx ncHameHn}r I'· 
I-\08WWHI1M8HTOM H8JIFIH8HHTJJX HCt\aiH8HHH (•raCTO 81'0 Ha-

3 b1BaJOT JW8WWHI~l18HTOM rapMOHHl{) Ha3b!Ba8TC.H. OTHOill8Hl!I8 

,[1;8HCTBYJOIJJ,8I'O 3Half8HIIR HCCJl8p;ye~IOI'O Hanpml{8HHH (HJIH 

TOHa), cop;eprHaiii8I'O BC8 rapMOHMHH 6e3 OCHOBHOH, 1{ ,[1;8HCT

BYIOU\8MY 3Half8HIUO BhiXO,[l;HOI'O nanpmH8HH.H. (HJIH TOKa) 

OCHOBHOft q aCTOThl: 

06WIHO EO::>WW~H8HT B8.'lHH8ftHLlX MCJ.;arl\E'lHift BI,I p a>Ha

IOT B npou;e~nax . 

B oTnomeHHU rwe¢¢HJJ.U8HTa nemmeiinblx HCI<ameHnil H 

COBp8M8HHhiM yCUJiliT8JIJIM 3BYIWBOI'O HHHO IIp8,[i;'hHBJIJIIO'l'CH 

BbiCOEil e Tpe6oBamm, u on ne p;OJiiH8H rrpeBhrmaTb 1-2%. 
l{08WWHI1M8l:IT H 8JIUH8HHbiX HCI\ari\8HMH MOfH8T 6hiTh H3-

M8p8H C IIOMOlllbiO cnen;MaJibHOI'O npn6opa - H3M8pHT8JIJI 

HeJIHHeiiHhiX HCr<an\eHnn HI-III -11 *, HOTOpbrii noaBOJI.H.eT na

Mepwrh IW8WWMI1U8HT H8JIUH8HHbTX UCJ\a/H8HMH B npep;eJlaX 

OT 0 ,3 p;o 30 % B p;Hanaaoue <JaCTOT OT 50 eLf p;o 15 KeLf. 
B MHOI'Ol\aCHap;HhlX yCHJIHT8JI.H.X B OCHOBHOM H8JIMH8HHhi8 

HCEa/I\8HMJI BHOCHTCJI pa60TOH 01\0H8lfl:IOI'O MOIIIHOI'O HaCHa

/.J.a. 8TO 06'h.H.CHJI8TCH T8M, 'ITO B l~8Jl.H.X IIOJIY'f8HHH HaH60Jih

Jl[8H MOll~HOCTH ua BhlXOp;e OIWl:I8lfHOI'O I\aCHap;a Ha 8!'0 BXOA 

nop;aeTCH narrpMH8HHe co aHa lfHT8JibHOH arvmmuyp;o:H. Ilo

::>TOMY C8TO'fHaJI xapaHT8piiCTHHa JiaMII, pa60TaiOIIIHX B MOIII

HOM KaCHap;e, MCllOJib3Y8TCH HaM60JI88 llOJIHO, BHJIIO'faH MHOI'

p,a H HpHBOmmeHHhie y•mcTr<H. 

,[l;orryCTMMO J<IM8Th H8CHOJlb !W 60JibiiTMH IW::>WWIIII;M8HT H8-

JIBH8lll:IblX MCI\a/I\8l:IMll Ha HM3KMX U lH>ICO 1\MX qaCTOTaX no 

cpaBH8HMIO C 8!'0 B8JIM'!MHOH B 06JiaCTH cpep;HHX lfaCTOT. 06'h

JICHH8TCH STO T8M , 'ITO name yxo M8H8() lfYBCTBMT8JlbHO 

J\ H8JlMH8HHhl~I MCHameRHJIM, B03HJ!II{aiOIIIBM na HpaHHMX 

rracToTax . 

Ilo~teXB napHJJ,Y C lfaCTOTHbl~!M JI H8JUIH8llHI>IM:H MCKaJ-l\8-

HMflMH TaHri'8 CBJihllO CHMrl\aJOT I'a'l8CTBO 3BYKOBOCnp01il3B8-

*C. 11 . 11 o r~H y lrr\o , A. C. T p eT bfiHOBa, l13Mepe
lllifl u yc uJifiTCJrHx l\llrr oycTau oBOJ<, M. , <<HcKyccTB O>>, 1960. 
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,n:em.ur. B n,n:eaJibHOM cJryrrae ycHJlHTeJIJ, He p;o Jm~:ea cosJ(aBaTb 

Ha BbiXOp;e ROJie6aHHH TOHa, eCJIH ero BXOlJ: 3aMHHYT HaROpOT

IW, T . e. ecmil H ero Bxop;y He nop;BOlJ:HTCll nepeMeHHOe aanpH

£ReHne 3BYIWBOH rraCTOTbi. 

O p:Harw i::rpal{THrrecRHe cxeMI>I ycimHTeJieB: cosp;aroT no

Mexn - myMhi, B03HHHaroru;ne ns- sa <!JoHa nepeMeHHoro TOna 

OT IiiCTOrrHHI<OB llHTaHHll, IDyi\Ia JiaMIT , p83HCTOpOB, TpaH3l!IC

TOpOB, BH8IUHHX ::JJI8I<TpHrr8CI<HX ITOM8X H T. l(· 
Han6oJII>mee BJIHJIHHe Ha ypoBeHb co6cTB8HHbiX rroMex B 

yCHJIHT8JI8 OI<a3biBaeT UiyM JiaMJJ, pa6oTaiOII~HX B nepBblX 

Hacr<ap;ax MHoro.KaCI{ap;rroro ycHJIHTeJIH. IIoaTOMy I< ::>TMM 

JiaMJJaM rrpep;'bHBJIHIOTCH JJOBblill8HHbi8 Tpe6oBaHHll B OTHO

ill811HH MHHHMaJibHblX ypOBHen C06CTB8HHblX my MOB. 

Bo BpeMH pa6onr JiaMJJbi c ee I<aTO~(a B o ,n:nHaiWBhie npo

MemyTHH Bp8M8HH H3Jiy<IaeTCH H80,0:Hlial\OB08 HOJIH<J8CTB0 

::JJI8I<TpOHOB. 8TO H8JJOCTOJIHCTBO ::JJI8Kl'j)OHHOii ::JMHCCHH BO 

Bj)8M8HH HBJill8TCll npHt!JiiHOH HenepHO)J;HrreCRHX IWJie6aHHM 

ano,n:Horo TOKa, r<oTop&Ie npi-I ,n:aJi bHeihrreM ycM.JieHHM noc

Jie,n:yroru;Hil'fH H:aCI<a,O:ai\IH CTaHOBliTCli CHJihHO OJJ(yTHi\lbiMH Ha 

c Jryx. 

IIIyMhl B JJOJiyiij)OBOlJ:Inli\OBbTX IIJHI6opax , B '!aCTHOCTlil B 

TpaH3HCTOpax, TaKTI e 06'bliCHfliOTCJ! T8M, rrTO B HHX npOHC

XO,O:JIT ::>Jr er<Tj)IiiLiecr<He <!JmoKryan;nril. 3a pamnre npoJvre;.Kyn; u 

BpeMeHM qepes rrorrepermoe ce<reaHe rroJrynpoBo,n:mma rrpo

xop;MT Heo,n:HHaHOBoe <JHCJro sapH,n:oB. B Tpm-rsHcTopax rJiaB

Hoe 3Ha'l8HH8 HM88T T8llJIOBOU myi\1 COIIpOTJI[BJI8HHH 6a3bl. 

Ha HH3HHX 'laCTOTax myMbi Tpaii3HCTopoB BospacTaiOT . 

III yM pesMCTopoB o6•r,JicuJieTCH TeM, rrTo ua sanutMax JII0-

6oro pe3J-I.C'ropa Bcerp;a Mi\188TCH HesHa•mTe.JibHOe Hanpmi\ellne, 

HBJI H1011\e8Cli pe3yJibTaTOM T8JJJIOB biX ~(BHili:8HliiH 'laCTioi.LJ; 

BHYTPH aHTHBHoro noHpblTMH pesrotcTopa HJIJ1I BHyTpn MeTaJI

Jra, 8CJIH ::>TO DpOBOJIQ<IR08 COTipOTioi.BJI8HH8. 

III yMhl ycHJIHTeJIJI orrpe,n:eJIRIOT Hnnmroro rpaHHI(Y AHHa

M~r~recKoro ,n:nanasoHa ycnJIHTeJI H . ,[(JrnmMnqecr<HM ,n:narraso

HOM . IOIII;llOCTH YCHJIH:T8JIH Ha3hiBaeTCH ,O:Hana30H i\'lOIII;HO CTeii: 

OT caMOH liWJIOH MOIIJ,HOCTH, J30CI1pOH3BOlJ:HMOff yCH:JIHT8JI8M, 

p;O tv!ai<CH:~IaJihHOH (HOMHHaJibHOH) MOIII;HOCTH:. 

YcTaHOBJieHo, rrTo xopomaH rrepe,n:a<ra sByRa 6yp;eT B TOM 

CJiy<rae, 8CJIH J_("I!IHaMHrrecJHIH ,0:11anaaoa MOJJ\HOCTH YCH:JIH:T8JIJI 

paBeH 60 86, T. e . 8CJIH Mai~CilM.aJibHali MOIII;HOCTb Ha ero Bbi

XOp;e B MJZ!JIJIH:OI:l pas 60JibUI8 MT!Il:IlZ!~WJihHOH BOCIIp0113BO,O:M

MOH MOIII;HOCTJZ!. 

1ho6I>I o6ecneqwr& ,n:ocTaTOrrHyro pas6op quBOCTb caMoro 

CJia6oro 3BYI<a, BOCnp01Z!3BOJ\Toi.MOrO yCHJIHT8Jl8M, He06XO p;H:-
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MO, qT06bi i\UlHRMaJibHOe nOJI83H08 HanpmH8HR8 6hlJIO DO 

r<paiiaeil Mepe B TPH paaa 6oJibille aanpm·RBHHH co6cTBeHH hH 

IUYMOB H nOM8X:. 

0 B8JIRqHH8 nOM8X cyp;HT no OTHOLU8HHIO HanplHI-\8HHi"f 

UOM8X , pa3BHB38Ml>IX YCHJIHT8Jl8M npH OTCyTCTBHH HaiipH

I:l-\8HlHI anyrwnom <raCTOTbL aa BXOJ\8 ycuJIHTeJIH V ", R HOillH

naJibHOtvl y aanpmHeHHIO nr,rxop;a ycHJJRT8.'lH V
11

• 06r:;rqHo 

ypOB8Hh C06CTB8HHbiX LUYMOB HJUI IIO~L8X BblpamaeTCJI B p;eu;FI-

6eJrax: 

l\T ?O J Un N -· 10 l o·~ h co= ~ gu H!lll eu- "'P . 
H II 

TaH l{a l{ noilrexH Bcer;w M8Hbrue HOMHHaJir,noro CHrHaJia, 

TO ypOB8Hh nOM8X B p;e o,u6eJi aX l1M88T OTpiH\3T8JibHhi~i 3Hai-\. 

B conpeMeHHhiX ycn:m>neJibHblX ycTpoii:cTnax yponeHh noMex 

lie npeBhrwaeT 0,1-0,2%. 

BbiXOAHASI MOW.HOCTb H K. n. A· 
YCHnHTEnSI 

B a<HHeF'rmeil xa pai\Tepri.CTiuwil ycFWH-

TeJill HH3JWU rutCTOTbl HBJlH8TCH {;blXOO J·ta.H. JI'/OUflWCmb, T . e. 

Ta noJreaaan MOID,HOCTh, HOTopyiO pa3lnmaeT ycHJIHTeJih aa 

COnpOTHBJI8HHH Harpy3 IUI , KOTOpOfi B 3BYHOB Olll HBHO HB

JlH8TCH rpOMHOfOB OpB.T8Jlb. 

Bul XO)!H aH iliOlD,HOCTb P "b'x MOI'H8T 6b1Th onpe)leJren a no 

<flopMyJie: 

U2 
DblX 

PUb!X = fr-, 
ll 

rlJ,e R 11 - c onpoTHBJrenHe narpyaHH; V Bhlx - aanpmEeHHe 

Ha Bbl.\0)18 yCI!l.TlRT8JlH. 

B aanucHMOCTH OT H3MeHeHHH aMIIJIHTyp;r,l cHrHaJia aa 

BXOp;e , BC8 Bp8MH B UpOL\8CC8 BOCnpOH3B8,T.I;8Hl1H 3ByHa l13~J8-

HJI8TCH H Bbi XOp;HaJI MOJJ~HOCTb. B nayae (npH OTCYTCTBHH IIO

JI83HOl'O CHrHaJia Ha BXOp;e) BhlXOp;Harr MOID,HOCTb YCHJIHT 8.TIH, 

ecJIH npeae6peqh noMexaMH , panaa aymo, a Ha nuHax rpoM

IWCTH l\JOID,HOCTb HaH60JibillaH. 

CJie)lyeT CHaaan,, 'ITO c ynemilLJBHHeM narrpHmeHHH na 

BXO)le pacTyT HeJIHHeiinr,re :t>rcr<an..;emnr. CJie)loBaTeJibHO, MO

<KHO yCTaHOBii!Tb 3aBHCii!MOCTb M8rr\)ly JW:3<fl<fJii!~Ii!8HTOi\I H8JIH-

H8HHJ,LX HCRatH8HHH Iii BbTXO)lHOH MOlD,HOCTJ,JO ycHJIIi!T8JIH: 

(pii!C . VII -5). II pH MaJILlX saaLJemmx MOID,HOCTii! na BhiXO)le 
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ycliTJil'ITeJTH 1 oa(p(pnJJ,MeHT nemmeiiHbTX HCJ,an;enHii neBeJIHI' 

M M8,[~Jl8HHO paCT8T C YB8JIJilq8HH8M BbJXO,[J;HOH MOIII,ROCTM . 

O p;narw c JWJibHelimHM pocTOM BbTxop;norr MOIII,HOCTH neJIH

neAnhle ncKamenaa naqarraroT 6hlcTpo yBeJinqaBaTbCR . 

H oJownaAblWU Bbuo8rwu Jowuyn ocmblo ycHJIMTeJIR rrpMHR

TO C'lUTaTb TY HaH60JihiiiYlO MOIII,HOCTb, KOTOpyro pa3BMBaeT 

ycMJIHTeJih na narpysHe rrpM 

Y% 

P nc. VTT-5. 3aB HCIIMOC1' b HoacJHJlln.\ll Cll 'l' a 
II CJllfiiCiil-lbi X II C HC1il\ C' III!ii O'r l\IOIIU!OCTll 

11 3 Bb!XOJI,C )'CHJII ITCJlff 

,[l;OITYCTHMOJI B8JIMq H H 8 H8-

JfJ-IH8JIHbiX MCI{aJ-K8HMll . 

Han6oJibmaa BI>Txop;naH 

1\JOIII,HOCTb , J{aKyiO MOmeT 

pasmub ycaJinTeJib ( ecJin ne 

o6paiii,BTb BHHMBHHH Ha 

60JibiUM8 H8JIHH8HHbl 8 HC

HBrH8HHH), HB3bJBB8TCH .il'LaX:

CUJotaAb iWU BbLX08nou j\WUf

noctnbiO. EcTeCTBenno, 'ITO 

HOMHHBJlbHBR MOIII,HOCTb 

BcerJJ,a li16Hhllle MaKCMMaJihnorr. HoMnrraJibRaR MOIII,HOCTb 

y JW3bmaeTCH B Texnw1ecrnrx ABHBbJX ycMJTHTeJTH n B ero rrac

nopTe. Ta 1,, n anpHMep, B nacnopTe ycaJIHTeJTH 90Y-2 y rw

sa na ero HOMHHBJibHBR MOIIJ,HOCTb 10 Bm npH HOa{p{pHJJ,H8HT8 

H8Jl l'IH6IiHbTX HCIWJH8HHJ";\ He 6oJiee 3 %. f1HIWBBH MOIII,HOCTh-

15 Rtn . 
flUIWBOU Ha3bJBBIOT 1\IOIII,HOCTb, IIOHBJIHIOIII,YIOCH na Bb1-

X OJ(6 YCHJ!IH8.JJH Ilj)H H j)BT1WBp6M8HBbl X llHHOBhlX snaqeHMHX 

nanp HliWHlilH Ba BXOJ18 H rrpn H8CHOJibHO IIOBbiii.l8HBb1X , HO 

BC€: em;e JIOITYCHIMbl'i: H6JfHH8llHbiX HCJ\BJ-H6HIU IX. f1nKOB BR 

i\fOIIJ,HOCTb IIp8BbTIDB6T H0111HHBJfhHYIO IIpHM8pBO na 25....;....50 %. 
Br,rme 6MJTO c r,asaHo, 'ITO m,r xO,[(HaH liWIII,HOCTb saBHCHT 

OT B6JlH1HIHbl Hail]J HJ-IWHI'JH H a B XOJ18 yCHJIJilT8JIH. f10 ::JTOM Y 

BBOJIHTCH ITOHHTM8 0 HOi\'!HHa.'JbHOM BXOJIHOM HaiipHrK8HI1Jil 

]i!J[J{ qyBCTBJiiT6Jf"bHO CTM YCMJIHT8JIH. 

fJ yecmeumeAbi·WCtnb/0 Ha3b1BaiOT TaHOe aMIJJII'ITY JJ;HOe 3Ha-

1l8Hl'l6 BXOJIHOrO HaiipHiH6RHH , IIpH KOTOpOM na BMXO,[l;8 ycH

JIHT6JIH p a3BHB a 8 TCH HOMHHaJII,HBH MOIII;HOCTh. 

McTO'lHHr<aJvrii nepeMennoro nanpmHeHHH na BXOJie ycii

.rrnTeJI H CJIYrHB T {pOTO::JJIBinpOHHbliJ y~IHQ}HMT8Jlb, MMHpO{pOH, 

sByHOCBrnraTeJih H p;p . Onn pasBl'IBaiOT, B saBJi!CHliiOCTH OT 

TJifJIB, pB3JlH'lHbl8 IIO B8JIJilqHH8 3HBCJ6Hl'IH HaiipHrHBHHH: {po 

TO::JJI8ETpOHHI>16 YMHOHUlT8Jfl'I -40-200 Jote ; ::JJI8HTpOJIHHa

MIPI8CKH8 liUmpo{pOHbl - 0,3-2 .iltB; lVIarBMTHble 3BYHOBOC

IIpOJiJ3B OJJ;HIII,H:8 rOJTOBT\H -0,05-1 ,5 Jo'£8; 3BYHOCHHMa'I8JIM. 

a .Jie lupoMarnnTno:ro 'l;HIIa -80-150 Jo~(i. 
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TaK HaH ycTIJmTeJib HJ!J3I<On LJ.acTOTol o6orcmo rrpe)inasHa

qen ):\JIH pa60Tbl OT H8CIWJibi\MX MCTO'IHFIJWB, TO ero BX 0):\ 

paccqwnmawrcn Ira uaFIMeHbJllee uarrpmHenFie, IWTopoe p;a wr 

0 ~\FIH H3 HCTO'IHMIWB, a p;pyrne HCTOqRMI~H CHl'Ha.TIOB BH.TllO Lia

IOTCH LJ.epes p;eJIHTeJIH Harrpnn,emuL CxeMhi Btuu oqen nn n c 

TO'-II-IHIWB CHrHaJIOB I-Ia BXO):\ yCJ!J:JIJi!T8JI8Ii paCC~JaTpJ!lB3-

IOTCH B rJiane XI. 
Ball uo:iir xapar{'repHCTFII~oil ycnJIH TeJIJJ BBJJJJeTCH ero KO 

acficfiuq ueum no .rw3T-toW 8eucm wst . II pmvremtTeJihHO I' ycnmii:

TeJinM H.H3IWH qaCTOThl p a3JJJ!J:'JaiOT p:Ba Bl!lp:a H . IT. p;. : 3JI8HT

pM'I8CHJ!J:H J!J: rrpOMbllliJ18HHblll. 

llepBbiH H3 HHX orrpep:eJIH8TCH I~aH OTHO!ll8HH8 ITOJI 83HOU 

MOIIJ.HOCTJ!J:, pa3BHBa8l\IOH Ha COHIJOTJiJBJI8HHJ!J: Harpy3KU ,T[ aH

HOl'O HaCJ\ap:a, J~ MOIII,HOCTFI, HOTpe6JHI8MOli 1-WCI,ap:OM OT HC

To qm:ma rrnTaHHH anop:nol"r u,ernr : 

1'1 3 = ~P :~' · 1 OODfo. 

IIpoMblmJieHHbiH, HJin rroJIB hTH, E . n. p; . HacHap:a ycnJie

nnn OIIp8)J;8JIH8TCH J~ai~ OTI-10 JJJ 8H Jii8 II OJ! 8313.0 i1 MOl.L(HOCTlil, 

pa3BFIBa8MOH Ha COllpOTHBJlCHiiiH Bar py3HFI, I~ IlOJIHOH MOUl,

HOCTH, IIOTpe6JIH8MOU OT BC8X FICTOqHHKOB l1FITaHFIH ( aHO)J;

HaH II,enh, u,en b naHaJia, u,en b a r~pauFipyroUJ,en cen m H p;p .): 

11 = pli O" -1 000/ 
"P PnoTP o· 

IIoJtHbl~'t K. rr. p;. ycnJmTeJIH o6hi<rHO cocTaBJIHeT 5-30% . 

§ 2. PE3HCTOPHbll'2 KACKAA 

CxeMa p83BCTOpuoro Kacimp;a na 'l'pHop;e. 
B naqaJre noi:i r JTaBbr yi-<a3blBaJIOCb, <rTO ycHJIHT8JJI1 uarrpH-

1-HeHHJI BXO):\HT 06bl<JBO BO BCJIIW8 YCFIJIHT8JibH0 8 ycTpOHCTBO 

H CJiymaT )J;JIH ycHJieHHH nepeMeuuoro uanpm-HeHHJI snyiwnoi1: 

"laCTOThl (CJiirHaJia), llO):\aBaewiOrO Ha OIWH8<JHblll yCRJIFIT8Jlb . 

B sanHCHMOCTH OT xapawr epa anop;uofr uarpysHH, pasmil

'I3IOT TpM OCHOBHbl e CX8lllbi yCHJIJ1T8Jieft· HaiJpRrH8HHH , co6-

paHHblX Ha ClJI8KrpOHHhJX Jia~max UJIH llOJiynpOBO):\HJ;mOBhiX 

npH6opax: 

1) pesMCTOIJHhtii: HacHap; - ycn.lJMTeJib c awrnBHbiM co

npoTRBJienHellr anop;HOII narpysrm; 

2) p;pOCC8Jlbi-Ibdi 1\aCH.ap; - yCHJIHT8Jib C HH)J;YKTHBI-lbHi 

COilp OTHBJI8HH8M aHO):\BOH aarpy3HH; 
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3) 1]JaHcqJOp1VIaTopnbTH Hac r<a,n; - yc:aJUITSJih c Tpanc~op
MaTopoM B ano,n;non rrerr:a. 

8TJii 3.'16M6HTbl MOryT 6blTb HCIIOJib30BaHbl B Ra'l6CTB6 Ba
rpy3l<I!I H B CX6MaX TpaH3HCTOIJEibiX J'CJ-t:JIHT6JI6H. 0CT3.Jlh
Hhl6 C.\. 6~Ibl, HO cyrr~eCTBy, - TOJibHO BaprraHTb1 nep6'1Ii!C.IT6H
HbTX CX6M. 

Han6oJree pacrrpocTpasennbTM JIB.nHeTca pe3HCTOpHbl ft 
Hacr<ap; ycrrJrenHH sanpHi-HenHn; c nero Mhl rr a aqneM pacci\IOT
penne ycTpoii'icTBa n pa6oThi. 

Ha prrc. VII-6 noHa3asa npHHI~l'unra .r.rr,na n cxeMa op;noro 
pe3HCTopnoro RacHa~~a, co6pannoro sa Tpexa.rrewrpon.aon 

a 6 

PHC. VT [-6. llpr•llll~llllll aJJ bllafl CXCMa j)C311CTOPAOI'O HaCr>RJla: 
0 - C 6aTap Cfll\In B HattCCTBC IICTQt.IIfHI\ OB fii!TaHnfl; 6 - C ytm -

3UHIICJ\l 3ail\lli\10H IICTQtiHIH\O D ntiTa HJJfl 

JiaMrre JI . )J;JIH 6oJihmerr nar.TIH,JJ,JJOCTH rra prrc. VII-6, a B 
J~aCJ6CTB6 T1CTO<(JlffiWB ITHT31JMH llOR333llbi 6aTapen. 

Ha cxeMe OT'leTJIHBO BHLI,Hhl Tpn rrenM: 1) rrerrr, naJ;aJia, 
cocTOHIT\aa 113 6aTape~r rraRaJra B 11 , peryJIHpym~ero peocTa
Ta, rrnTn naHaJia JJaMDhl Iii coep;nnn.TeJrhrror o nponop;a OT 
HHTH na:KaJra ~~o OTPJilrraTeJibf!Oro rromoca 6aTa p eH nar<aJra; 
2) ano,n;nan uerrh, cocTOJJJIJ,an n3 6anpeH arro,JJ,noro mrranHH Ba, 
pe3ncTopa .R.. B arrop;no'M rrenH, yqacTI<a ano,n; - I<aTo,n; 
JiaMIIbl u coe,n;urrHTSJibHoro n poBo,n;a - o6~ero rrpoBo,n;a yclir
JTHTSJJa; 3) J.(enr, ceTJm, cocTOHUJ,aJI If3 6aTapeH CMer.IJ,eHinr Be, 
C06)J,J-IHHT6JibHOrO I1p0BO,JJ,3, y<JaCTI<a HaTO,lJ; - CSTI<a, HCTO'l
HJ-IH:a IJepe~ I ennoro narrpmHeHHH (cHrnaJia) . B Ham,n;oii 
I!61IH IIpOT6I\ aiOT COOTBSTCTBYIO~He TOHH: 111 - TOR H3K3JJ3, 
13 - anOJ(HbTiJ TOR, I g- TOT< ceTKH. 

Harrpmr enne crrrnaJia ug_, JWTopoe ,n;omHno 6MTb ycr-rJie
no, T. e. YB6JIH'l6HO 110 aMIIJIHTy,n;e, IIO,lJ;BO,lJ;HTC.II 1\ C6TH6 Jl3 ~1 -
IIJ, J. B <>Ty n<e ceTO'lHyro ~en& BRJIIO'!ena 6aTapeH cMerrrenHa , a 
CJJ6,1J;OBaT6JibHO, E C6Tl\6 UOMJifMO nepeMeHBOrO UO,JJ,B6~6HO Fl 
o qwrraTeJionoe uocToHnHoe naupnmenHe cMeru;enHfL 
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B aHo~~Hoiir u;emr npoTeruleT ano,IJ;Hhl fr TOR , HOTOpbru cos

JWeT Ha 60JTbiUOM COilpOTI2!Bii6I-IMM aHO~(HOH Harpy3HH -

pe3RCTope R.,- nap:eHRe HanpmHeHHH uR = i. · R • . 
fioHa H: ceTRe JiaMIThi He nop:ae~(eH nepeMeHHbri.i: cnrHaJI 

(B pennrMe ITOH:OH HJHI B rrayae), Ha CeTEe JTa~Hihl J(e(lCTByeT TIO

CTOHHH06 OTpnu;aT8J"I bHOe HanpmHeHH6 CM:el[(6Hl2!H IWTO

poMy Ha ceTO'IHOH xapainepHCTRI{e JiaMITbi (puc. VII-7) co

OTBeTcTnyeT pa6o'!aH TO'IKa P, a B aHOJl:HOfi u;errrr npoTeKaeT 

IIOCTOHHHbi :t'I aHOJ(HbiM TOI{ J ao 

(ToH noHoH) M Ha pesRcTope R . 
C03p:aeTCH llOCTOHHH06 rrap:e

HRe HarrpmHeHHH U ao 

KaK BRJl:HO 1213 rrpMnep:eHHofi 

¢opMyJII>I, aHOJl:HOe HanpHme

HMe Jia.1llbl (T. e. pa3HOCTb 

llOT6HIJ;12!aJIOB M6lHJl:Y HaTOJl:OM 

M aHOJl:OM Jia:tvlllbT) MeHbiDe Be

JIM'IMHbl a. Jl:. C. aHOJl:HOH 6a

Tapei1 E. ua BSJIM'IHHY nap:e

HMH uanpmHeHRJI Ha c onpo

TMBJieHMM aHOJl:HOH Harpy3KM. 

fi p M !vi 6 p. ,lJ;BOrtHOH Tp12!-

0 Jl: 6H7 C RMeeT nnyTpeHHee 

ia ia 

6 

PH c. VTI-7. rpa(jJ<n< , m<mocTpHpym
w.ai'l JlOflBJJCIIH e nepel\IeiHtO ti: COCTf-lB
.llfiiOUte i,j a11onnoro 'fOl-ia npl![ no!J,:l'-le 
ncpeMCI-IH OrO 11 3ff]JfDHeHJI Fl Ha CCTI-\y 

Ji aMnbi 

conpoTHB JieHRe R 1= 12 IWJ1t. B TMIIOBOM p emnMe ero TOI{ no

HOH 1. 0 = 4 .Ma npH nanpmi>ennn aHOJl.HOro rrwraHRH E. = 
= 300 e M nanpH}H6HHM cMeiiJ;eHHH E" = - 6 e. Orrpe/J;eJIHTb, 

qeMy panuo auop:uoe uarrpmrwune Jiaimi>T , ecJin conponmJie

uue ano,IJ;uo:ii: uarpys1m R. = (2--:--4)-R1= 4 -l 2;:::::;50 IW.M. 

U ao = E. - J ao . R., 
vlO = 300- 4 -1o- a. 5-104 = 300-200 = 100 e. 

I{ al{ TO JlbiW I{ CeTH6 JiaMIJJ,I llOp:aeTCH rrepeMeHHOe HalTpH

}I\6HM8 U" - (6y,IJ;eM C'IMTaTb ero CHHYCOii!AaJibHblli'I ,IJ;.JIH lliJOCTO

Tbl UOC1~pOeHHH rpa¢HIWB liT yp:o6CTBa paCCMOTp8HllH), 06-

D\66 HanpmH6HH8 Ha CeTR6 U g CTaHOBMTCH nyJibCMIJYIOIIJ;Ii!M 

(p11c . VIJ-8, a). Ouo nee npe:rvur ocTaeTCH oTpMrJ;aTeJibHblM, 

'J'r 06bi H36emaTb H He Jl:OITyCTllTb llOHBJl6Hl1H CeTO'IHOfO TOHa , 

HBJIHIOITJ;erOCH, l{al{ Mb! 3HaeM, npH'IHHOTI B03HIUUIOB6HJtiH 

HeJIHH6HJ:IbiX HCHa}E8HHTI. 

C UO,IJ;a'IeH rrepeMeHH.OfO HanpmEeHJiiH Ha BXOJl: HaCI{ap:a OH 

pa6oTaeT n 1W.!£e6ame.!£bflOJlL pe:J!cuJote , nJIH pe:JICUJlLe ycu.!£enuSI.. 
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B coo'rBeTCTBHR c H3MeBerrHR:HR rranpHmerrHH rra ceTT-W 

6y.L(eT J13MerrHTbCH no neJmqHHe 11 aJ:IOAHhli1 TOH (p1-rc. Vll-8, 6), 
a cJJe,.'l,OBaTeJibrro, no conpoT:UBJieamo arro,[(Hoii aarpysrm -

pe3IICTOpy - 6y,[(eT npoTei<aTb IIYJibCHpyiOIIJ,l~II aHO)J,Rhtii 

a 

6 

B 

Ug Pe»01M K one6arenbHbiH 
noHOR I peJ+<HM 

1,, 

TOJ\, C03,[(aBaH Ha HeM IlYJibCJ-t

pyiOIIJ,ee na,[(eRHe RanpmHerrHJI 

(pHc. Vll-8, e). ARO,[(Roe aa

npmHerrHe ra~mhr Tam-Re M3-

MeHJieTCH no neJiw:rHrre, n6o 

yne.rnJ<reaMe aaoJ~rroro TO I{ a 

npHBOAMT H yBeJIHqemuo na)J,e

mm aanpHa-;eHHH U R rra conpo

TMB JieanH aHO,[(HOU rrarpy3HJI, 

lJTO, B CBOIO oqepew,, Bbl3bJBaeT 

Tatwe me no BeJIM<IHHe yllreHb

JrreaMe aHo)J.rroro rrarrpn;.I-;e

HlrJI U", TaE I<aH M3 nocTOHHHO

ro HanpmHeHHH MCTOLIHMI<a DR

TaEIMH . Ea BbJqMTaeTCH 6oJihnJee 

rra,[(eiiiie narrpmHeRMH rra R a. 

n p M M e p . K cen<e Jia 1-

TlbT IlO,[(Be,[(eHO nepeMeRHOe Ha

npml>eHMe C aMITJII1TY,[(Oi1 2 B. 

n PM ;:)TOM aHO)J,Hbd! TOH 11 3Me

HHeTCH OT 3,5 AO 4,5 ~w. On
pe)J.eJIMTb l\UIHMJ\IajJbHOe H l\Ial-\

CT1l\IaJibHOe rra)J,eHMe HanpHII-\8-

Puc. YTT-8 . rpac!J~<'TCCI<OC npe)ICTan- HHH Ha R, li[ COOTBeTCTByJO-
!ICIII!C npOQecca )'CI!JICH ilfl liJ,He BeJIJ1qJiiHbl aHO)J,HOrO Ha-

npH!HeHMf[. 

B HOJie6aTeJILHOM penm11re lllHHHl\IaJibHoe rra)J.enue HarrpH

fJ\eHHH na corrpOTMBJieHHJ-I R, pam-IO: 

U, 11 n= Ja., 111,·R a=3,5 -10- 3 -5-10 4 = 175 IJ , 

a l\Ial CMMaJibHOe IIa)J,eHHe HanpHffi8HMH paBHO: 

u.,OKC = f a MaKe. Ra = 4,5-10- 3 .5-104 = 225 e. 

CooTBeTCTBeHHO, B MOMenT lllMHIDiaJibHOro na)J,em·m aa

npna<em1H aao,n;aoe aanpmneane 6yp;eT 1\Ianc:n~raJibRhnr: 

ua M aJ<C = 300-175 = 125 (], 
a B liiOl\!0HT Mal\CHM·aJibHOrO na,i.(0E!Ji!H Hanpm.K0H11H aHO,l.l,tlOe 

H anpHa<eJ:IRe 6y)J,eT MRHMMaJibHbJM 

u" '"'II= 300-225 = 75 (1 . 
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Ms pacc~roTpemiH rpatpimon , xapmnepnsyroiivn~ pa6oTy 
peBHCTopnoro Hacrw,o;a ( c~ r. pJitC. VII -8), 11. npuMcpa M onmo 
c,o;e.rraTb c.rre,o;ymri\MB BhTDO,[\br: 

1. AMnJmTyp:a nepe1rennoro nanpn;.Hemur na Bhrxop:e 
I<aCHap:a IIOJiyqaeTCH 3I-W1TMT8JIT>H0 60JlbJJJ 8 aMTIJIHTYJ\l•l II8-

p8M8HHOrO nanpHmemm na nxo,o;e, B 'Iei\1 n saHJUO'IaeTCH 
cym;noCTb ycnJiemnr no-
cpep:CTBOM 8JI81H'p OHHO~l 
JiaMIIbi. 

2. A~m.JIMTYJW ano,\
noro nanpHrHenuH, HBJrn
IOII\erocn: yCMJI8HHb!M Cl1r
HaJIOM, OIIpep:e.rrHeTCH .t<a 1-\ 

U""' = lam·Ra. 

3. B rrpou.ecce ycu
Jienun: JiaMna rronopa rrH
naer ~asy ycunnnaeuoro 
cnrnaJra na 180°, Tar< Kal\ 

Puc. VTT-9. llplllii.\IInnaJi b!lan CXC~Ja 
pC a ii CT OpiiOrO 1:\aCW:l,!la 

ug_ (nxop:aoe aarrpn:ii.:enHe) l'I u
0
_(nr,no,o;rroe rrarrpHn.;err:ue) no 

~aBe rrpoTHBorro.rronmhr ( cNr. rpa~nrur na p:uc. VII -8, a Ji! 2) . 
3p:ecb Mbl pacc~IOTpeJIH pom, .rra~IIITii Iii aHO)J;HOII HarpyBKII 

B cxeMe p eBMCToprroro Hacr<a,o;a. PaccMoTpHM TeiJepb nasr-ra
'IeHHe OCTa.JibHblX 8JI8MeHTOB CXeMbT STOrO I<aCr<ap:a - rrepe
XO)J;ROrO Kon,o;enca Top a C g u corrponm.rrenHH yTerrEH ceTHH R e· 

"31 CJi!JieHHOe I!epBbl ~l HaCI<a,l],Ol\1 IIepeM8HH08 Harrpn:meHHEI 
neo6xo,o;HMO rrop;neCTH K cen<e JJaMIIhi BToporo I<acr<ap;a . Ec.rrH 
rrpm.IO COe):\JiiHJi!Tb CeTKy BTOpoiir JiaMIIbi C aHO)J;OM rrepnofr JiaM
m,r, TO Ha Bee IIOlla,!J;8T llOCTOHHHOe BhiCOHOe Harrpm·HeHHe OT 
HCTO'IHHI<a aHO~\HOrO llMTaHHH . q T06bi STOrO He IIpOHBOIIIJIO, 
ycTanan.rruBaeTcH nepexop;nofr I<on,o;encaTop C g· On rroBBOJIH
eT OT)J;8JIJiiTb nepeMeHHYIO COCTaBJIHIOII\YIO Ji!3 llYJibCHpyiOII\ero 
Haiip1HHeHHH, BT,t,l],eJIHIOII\eroCH Ha COIIpOTMBJI8HIUf aHO)J;HOJI 
HarpyBHJil, TaH Hal< JWHJ\8HCaTOp He nponycJ\aeT IIOCTOHHHhlll 
TOIC 

Ha p:uc. VIT-9 rroHaBaHa rrpMnu;rnnr:a.rrbnaH cxe11ra pesrzrc
Topnoro I<ac·Ka,l],a . n pll paccMOTp8HTi!Jil cxe~rbt BMJ\HO, LJTO, )J;JIH 
TOrO <rro6ht TIO;[~J38CTH H CJI8,L\YIOII\8li JiaMne rrepeMeHHOe Ra
npmEeHH8, neo6xo,;J,mlo em;e conpoTHBJieune R g. 

ConpOTJiTBJTenue R, uasbmaeTCH conpoTHBJieHMe~r yTe<u.;ri! 
ceTHM. On;o Bhm OJJ nn:eT cJrep;ymrrvre ~ymuvrw 1) 'Iepea nero 
IIO):\BO):\MTCH OTpHIJ.aTeJt LHOe HanpmHeHHe CMem;eHMJI K CeTI{e 
JJaMIIhi JI2. BIWIO'IeHHe HCTO'IHIHW nanpH;.reHHH CMeiiJ.eHHH 
napamreJibHO BXOJJ:Y JJaMIIJ,t rr ep;onyCTMMO H3-3a ~JaJIOH B8JIH-
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'll1Hhf nnyTpennero eonpoTHBJleH:HH HeTOl.J.Hli!J-\a; 2) 'lepea nero 
<<CTeHaJOT>> o6paTHO Ra 1-\aTO,U: Jia. IllJ>l Te 3JieHTp0Hhl, J{OTOpbte 
HaJ{aiT.JIFmaiOTCH na eeTHe JiaMITLI no npeMJI ee pa60Thl. Rar' 
l213BeeTHO, 3JieHTp0Hbl , JieTJIJJJ,He Ha aHO,U:, •raeTH'IHO ITOila):(aiOT 

na eeTRY ('I eM lii o6yeJJ OBJleH TO l{ eeT-
+ Ea HH); HaRall JIHBaJieb, OHl'l ilOeTenem:ro 

C( 

~ 
2 

co 

P1 1C. Vll-10 . HpHIIO,HmtHJi b· 
Han CXCMa IJC3 1I CTOpuorO t'i aC ~ 

1\aAH 

aapJra>aiOT ee nee 6oJILUJHM OTIJMII,a
TeJrLHLJM noTenn;Jila.noM M, narwneu;, 
OH )J;OeTHraeT TaiWH BeJIH qli!HbT, '1'1'0 
BJ,J3bmaeT nper<paru,enne anop,noro 
TOHa qepea JJ al\my - Jial\ma oKa

iHeTe.H <<aanepToi!r» . 
TaHoe HBJienHe Hnorga MOrHeT 

lliJOMeXO)J,MTb DpH aapymeHHH KOH
TaH'ra MJlH o6phme B peaHCTope Rg. 
IJpl!I 3TOM yeHJJMT8Jib H8HOTOpOe 
BpeMH en1e pa6oTaeT e 6om,mMMH Fte
Ra/-HeHliiJIMH, a aaTeM pa6oTa npe-
Hparu,aeTcH - JraMna aanMpaeTCH. 

BeJmrw poJib conpOTMBJieHMH yTe<rKH eeTHM M B Tex eJly
•wHx, Horga npH eJry<railul>Ix nHRax nanpmHeHMll, KOTOIJLTe 
npeBOeXO)J;H'l' B8JTli'HIHY OTpHIJ;a'l'eJJbHOrO CM8JJJ,8HH.!l , lWH)J,8H
eaTOp, aapJirHaiOJJJ,HlleJI ILpH aTOM eeTO'lHhl M TOHOM JiaMTihl , 
l\101' 6bl TIOeJie npei{paiii,8Hl!IJI )J;8Fi eTJHIJI llli!HOBOl'O nanpHrH8-
Hli!H g oeTaTO'IHO 6MeTpo paapll)J;HTbeH. Hnaqe aap!IJJ: HOH
,a;eneaTopa eMeeTMT pa6oqym TO'll-\Y BJieBo 11 i\IOa;eT na onpe

)J,e.rrennoe npeMJI aanepeTh JraMny . 
HoanatworMMeH eiU,e e o,a;nMM enoeo6oM tra'IepTamm npMH-

1.\l!lflMaJIT>HhiX ex eM yeHJIHTeJibHhlX Hacrw,a;on (pH c. VII -10). 
3 ,a;eeb nee aJieMeHThi n.enen paenoJwn;errhr cnepxy BHFI3 TaE, 
tn·o I-\am,a;aH 6oJiee Bhreor-\aJI TO'll\a cxeMhi MMeeT 6oJJee Bhreo

I>Hi1' IIOT8HIVJ:aJI IIO OTHOilleHMIO R o6ru,eMy npOBO,U:y, IWTOpblif 
qacTo aaaeM.JTJieTCJI. aTOT enoeo6 naH6oJiee 'laeTo npHMenHeT
eH B pa,Lr;HOT8XI:Ill.'Ieei \l1X exeMaX 11 B 3aBO)J,CHMX OTIMCaHHHX. 

3KBJ.1BAnEHTHA SI CXEMA PE3HCTO P
HOrO KACKAAA 

aRBMBa.IreHTHbii\IM 11,pyr 1wyry exeMa:mr 
Haar,JBaJOreH Tai-\M8 exeMbJ, peayJibTa'l'hi pa60Tbl EOTOIJblX OJJ:H
HaKOBbl. 

)];.fiJI l1j)MHl~IilTIMaJibHOH exeMbl pealileTopnoro 1\aeHa,a:a MO
JHeT 6b!Tb e03)J,aHa Tai-\aJI :3JieHTpRtieeKaH exeMa, B HOTOpOM 

184 



a.rreHTpoHHaH Jia~ma sai\leHHeTcH reaepuopoM nepeMeHrroi-1 

3 . ,ll; . C., 3JiernpO,ll;BJUHylll,aH CHJia Ha 3aJlHIMaX 3T0l'O reHepa

TOpa Bb16HpaeTCH B ~l pas 60JihiJlell rrepeMeHHOl'O HarrpHi-HeHJiiJI 

Ha ceTHe JiaMIIbl, a BHyTpeHHee conpoTHB.<emm - paBHI>I;\l 

BHyTpeHHei\Iy conpoTIIBJteHIIIO m nmhi R1 B pa6o•reli TO'II<e. 

(hmHBaJieHTHaJJ cxe;vra l103B OJH£eT: 

1) paCC'Il'I'l'aTb pe3JiiCTOpHblM H3C.Ka,[l,, T . e. HaHTII BCe Be

JIH'IliiHbl nepeJVteHHblX COCT3BJTHIOlll,HX H3llplli-H8HH.iii Iii TOIWB, 

,n:eiiiCTBYIOlll,liiX B HeM (Tal '\ J{aJ{ 1!13 H ee TifC.I·\JTJ0 1TeHhl ITCTO'IHliiHH 

p JJC. VJ l - 1 1. IIpi ii iQJrtli Ja Jlbl ll1R 
CXCJ\·ra pC3HCTOpHOro E:l. CHH; W 

P11c. Y J 1- l ~ - :'\i>U l!ll~ JlCilTflnA CXCMa 
pC3 11CTOJ)I IOro HaCHa,tta 

liOCTOHHHOl'O TOI{a), liOJih3YHCb OCHOBHhiMIZ! sa iWHaMJti aJiei{

TpOTeXHJtil{Jii l{HpxrotlJa Jti 0Ma ,ll;JIH nepeMeHHOl'O TOH.a, 1I e

ro HeJib3H cp;eJiaTb, rrom,syHCb rrplim~urrrraJibHoii cxe:rvroii c 

3JieM8HTOM B Blii,ll;8 Jl3MIIM; 

2) npOiii3BeCTIZ! aHaJIH3 p;eHCTBFIH Iii pOJilii OT,ll;eJibHblX 3Jie

MeHTOB ycHJIHTeJibHoro HacHap;a n pasJIH'IHbiX p;HanasoHax 

snyHOBbiX l:JaCTOT . OcHOBHoil ~eJibJO aHaJJHsa pa6oTDr H.acHa,ll;a 

ycriJieHrrli HBJIHeTCH Oil pep;eJieHHe IW3tPtPH~HeHTa yCHJI8HliiH H 

3aBHCiilli10CTH ero OT 'laCTOTbl Il j)liiJIQrl\eHHOl'O H3llpHn{ eHHH 

cJtirHaJia . Ha pHc . VII--11 noKasaHa rrp121H~HnHaJibHaH cxei\Ia 

peaHCTOpHoro I{acHa,ll;a, a Ha pHc. VII-12 p;aHa ero aKBHna

JTeHTHaH cxeMa. Ha a eiJ rroMl21MO rrepeqJtreJieHHbrx paHee aJie

MeHTOB pe3HCTOpHOrO I\aCIWp;a: COilpOTHBJieHHH 3HO,ll;HOH Ha

r p y3Hlii R ., nepexOJJ,Horo HOH,ll;eHCaTopa C g• corrpon-rnJieHRH 

y Te'II Jti C8TJ{H Rg- ItiMeeTcH em;e O~(HH aJieMeHT -eMKOCTb C0 . 

0Ha CRJTap:biB38TCH H3 8MHOCTH MOHT3f1{3 H lii3 T3I{ H33J,I

naeMOM BXO,ll;HOH 81VIIWCTlii JiaMITbi, lWTOpaH llfOii\eT 6r,ITh OJI

pep;eJTeHa no ¢opMyJTe: 

CBX = cc~ + cac . (1 + K), 

rp;e CCK- 81111\0CTb MeH>AY ceTT\OTI n .K3TOJJ,Ollf; cac- eMIWCTh 

Mem,n:y aHOP,Olii Iii cenwii; K - r~oa¢¢rnt,H8HT ycHJieHHH Kac-

Ha,n:a. 
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KaH. MLl ynnp;nM ns noc .rrep;ymn~ero paccMoTpeHHJI, nx.o~
Haa e:MLWCTL nrpaeT· cym;eCTBOHHYIO ponr.. Ha BLICOKHX qac

'l'OTax. 

,D; e:iicTmuenr..Ho, HCTO'IHHH nepeMeHaoro Hanpameui-nr 

TIOJJ;I<JllO'IaOTC.H I< yqaCTI<y COTKa - HaTOJJ; JiaMIILI. Ilpli! rrpa

BlilJILIIO BLI6paHHOM pemMMe pa6o·rr,r B IJ;OII.Iil COTK.Iil He IIpOTO-

Pnc. VII-13. YnpOillCIIIIaR 
:J I\ BIIDaJ1CIITJiaH CXCi\·W. J)C311C
'f0f) H OrO HHCI\a)la 11a CpC,!:lii iiX 

lla CTOTaX 

HaeT TOI<, cnep;ona-renr..uo, npoMe>Ky

TOI< CeTI<a - HaTOJJ; Jial\IIILI He Ha

rpyJHaOT HCTO'IHHH . Ho MeJHp;y 3JIOI{

Tpop;allm Jial\IIILI Hi\IOIOTCH eMIWCTfl: 

(c~r. p:ac. IV-11), conpoTMBJieHne 

I\OTOpLIX rrepeMeHHOliiY TOHy Tel\I 

MeHr..me, creu nLnrre 'laCTOTa. qepes 

3TH ei\n-<OCTH MOJHOT IIpOTeimT.b TO!{ 

OT HCTO[IHl'IHa H C03p;anaTL )J.OIIOJI

HHTeJ.lbHble, IIpH:'IeM 3Ha 'IIITeJI.bHbTe 

Ha BLICOKMX 'laCTOTaX 'laCTOTHI>Ie 

ncKaJHeHH:.!l npn pa6oTe Haci<a)J.a. 

PaccMaTpnnaH 3JieMeHTLI, J3xop;Rm;ne n cocTan 3Hnnna

JIOHTHoi.i CXOJ\lhl p03H:CTOpHOrO 1\aCHa,LJ,a, HeTpyp;HO 3aMeTHT.b 

HaJIH'IliiO p;nyx OJ\IIWCTeii : cg H: Co, npH'IeM, eCJIH Op;Ha M3 HHX 

( C g) nrunocrena nocnep;onaTen.oHo c conpoTnnneHneM R '" TO 

;n,pyran (C0)- m<moqeHa napanJren.ono conpoTnnneHnro R .. . 
06e 3TH: OMIWCTH IIO-pa3HOMY BJII'IHIOT Ha neJIM'IHHY BbiXO~
HOrO HanpHrHOHHJl I<aCIW)J.a, a CTaJIO 6hiTh lii Ha H03cpcpliii!HeHT 

ycnJieHI/Ul. B 3aBHCHMOCTH OT 06JiaCTeH 'laCTOT yCHJIHBaOi\lbiX 

CHrHaJIOB. 

Ko3cpcpHIJ;M8HT0:\1 ycnneHH.!l r<aCI<ap;a nas.ornaeTca qncno, 

ITOI<a3r:.IBaiO~ee , BO CI\OJibHO pa3 IIOBbiiUaeTCH nepeM8HHOO 

HanpHfHOHFI8 3BYIWBOIT 'laCTOTbi np!ii IlOJ\IOIJJ;lii OJJ;HOrO J<aCI<a,!.l.a 

Orrpe;n,enaH JW3cpcpnu;HeHT ycHneuna pe3r-rcTopnoro r,ac

Hap;a B 06.TiaCT.Iil Cpep;Hl'.IX 'laCTOT (OT 500-;--1500 ZLf), MO:rtiHO 

ynpOCniTh 3 I<BHBaJ.l8HTHYIO CXOlllY M l1CJ<JIIO'IHTh H3 paCCl\IOT

peHHH o6e e~ll\OCTH, Tal{ Hal{ OHM HO BJIH.HIOT Ha BeJIHriMHY 

ycMneHHH HacT<ap;a . Torp;a 3HBHBaJJeHTHaH cxe~ra npnmi.nJa

eT nnp;, nor<a3a HHhrii Ha pnc. Vll-13, r)J.e BII)J.HO, '!TO o6w.ee 

COIIpOTMB 10JH1.8 H:aCJ<ap,a paBHO: 
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Terrepb orrpcgemm Roa¢qmr.:(HCJIT ycn.Ji eJI IIH Racl\aga -

3aga<ra, HOTOpaH CBOJ(HTCH, J10 Cyill,CCTBy, 1{ 0 11p C,!(CJIClllUO Ull otx 

llpl1 3agaJIJIOM U8 , : 

u Bb! X = I" -. R. 

Ti epe:-reJinaa cocTaBJIHIOtu;aH aHogHoro Tor-.:a p anJia a . A· c ., 

)J.CJICHHOJJ Ha IIOJIHOC COIIpOTHBJICHHC L\Cill!l: 

1 ~tU c 
a- = R; + FI' 

TI O)J;CTaBJIJIH IIOJiyqennoe 3Ha'I8HH8 TOI<a B <flopi\!YJIY )J;JUI 

U llbl X' ITOJiy'l aCl\I: 

T . e. 

J{m.; BM)J.HO Jii3 IIOJJY'lei-lHOH <flop~LY JJ hl , J>oa<fl<flnr.:(MCHT ycJi!-· 

JICHJi!H pC3HCTOpHOrO HaCI{a,[(a 3 aBRCHT OT l\Oo <fl<fllH(~ICHTa ycM
R 

JICHHH .JiaMIII>I ~t Ji! OT OTHOJJlCHJi!H H ; + R . 

BmDIHJi!C BCJJJi!qJi!Hhi c onpoTJi!B.JieHHli R (T. e . corrpOTRBJJe

mJifr R a n: Rg) na nemrcnmy I<oa¢¢nrwenTa ycn.JICHHH I<acKaga 

mrgHo H3 rpa<flmw Ha pn:c. VII-14, na ROTopoM no nepnr

I> a.JinHoi'r OCU OTJJOii{QJI KO a<fl<flrr

I}HCHT ycvmemur HacKaga J(, a 

no ropH30HTa.Jib i-IOM OCH - OT-
n 

HOUJCHHC R . . 
I 

fpa<flnr' nor<aaornaeT, qTo npn 

)J;OCTaTo q no 60.JlbiDOi\! 3!-IalJCHIUI 

c orrpoTHB.Jiemm R Roa<fl<fJH:r(nenT 

yCHJICHRH HaCHa,Lia JJHUlb HCC-

1\0Jib T\0 OT JU!'IaCTCJ'I OT HO::J<fl<fJH

I}HCHTa ycJ.memur Jiai\IIIhr. 

C Jre,LionaTe.Ji r,no , AJIH n o.Jiyqe-

HHH 6 0Jih m oro rwa¢¢nr( liCHT a 

I I R 
5 6 7 Ri 

P I<C. VTI-11.. rpat\llm 3a B11 CII "OC
TII HO~Hplpli[\I!CIITa yCHJie J-11-!fl p c-
3 11CTOP II Oro HaCI\al!a 01' O'THO-

R 
lUCHHH -

R; 

YCIIJICHMH 1\aCT{ a,Lia, T. e . qT06hT YBCJIJi!'llUb nep eMCHHOC 

naupamenne B 6o.JI~>mee qncJJo p aa, B aHO.LJHYIO I.:(CDh JiaMnM 

HC06XO.LJMMO BHJIIO'lWTb CODpOTiiiB J! CHHC, B I-ICCJ{OJlbl\0 p a3 

6o Ihwee, qeNJ BI-IyTpenHee conpoTHBJICHJire JiaMDhi. 
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Ms paeeMOTpeHMH rpaqmrm nwp;ao, · <ITO Hoalj)cf>H~~reHT yen

JieHMH Kaer<ap;a ITO Mepe YB8JIM<J8HHH eonpOTI!IBJI8HJUI Harpys

IUI BHa'laJie paeTeT 6nreTpo, a saTeM, noeJie onpep;eJiennoro 

3Ha'l8HHH, Bee M8f.J;JI8HH88, aeMMllTOTM<I8CI<Jif npH6.JIMH-\aHeb 

H eTaTM'l8CI\OMy IW<JtPcPM~H8HTY ycHJI8HJifH Jia:\Hih! ~· 
IT pH Bbr6ope O<I8Hh 6oJihrnoiir neJIMLIFIHhi conpoTliiBJieHHH 

ano,u,auii HarpysKH yMeHhrnaeTCH aaop;Hoe nanpmiwa~re 
.JiaMllh! (eM. lj)OpMyJiy IIa eTp. 181), IIM/J.l\8 eM8JJl,a8TeH pa60tlaH 

K 

I 
I 

:ij 
I 

rn oo~ I "' I 
I I 
I I 
I 05nacrb 06nac Tbl cpeAHHx 06nacrb 1 

I HH3HHX Yac:ror SbiCOIHlX I 
I -.acror 4aCTOT 

I 
I I 

fH 300 fo 3000 fa f ru 

PHC. VJI-15 . TunoBan 'JaCTOTHan xapanTCPIICTII!;a peai iCTOP HOro J;acJ;a)J3 

TO'Lma JiaMIThi, a Ha y<IaeTI<aX xapawrepweTMIU1 JiaMTibl 6Jinme 

K IIHn<HeJvry sarFI6y, niiyTpeHHee eorrpoTFIBJieaJIIe JiaMITbl B03-

pacTaeT . YneJIFI'l8IIMe BHyTpennero eorrpoTMBJieHHH JiaM.Uh! 

ncJiep;eTnHe y:tvreHnmeHHH aHop;Horo HanpmHeHHH npH yBeJI ~r

'Lf8HHH aHO~(HOrO eOIIj)OTli!BJI8IIHH IIj)li!BOf(HT H TOMy , cJTO l>O

alj)lj)H~HeiiT yeJIIJI8HMH r<acr<ap;a yneJiwumaeTCH OLJ8Hh H83J:Ia-
n 

rrHT8JibHO llj)ll B0 3paCTaHFIFI OTHOia8Hiiffl R; eBT,IUJ8 3-4. 

Eemr nep nyTI>eH K paeeMOTpemno ar<BMBaJleHTIIOII cxe!llbi 

,n;JIH cpep;HFIX qacTOT (eM. pHc. VII-13), To H8Jfh3JI ne sai~Je
THTh, qTo naJJH'IRe corrpoTJIIBJienliiH R " Bhf3bmaeT yMeHbme

IIHe neJIH'IFIIIhi rrepeMennoro narrpHatenHH U cz, pasmmae

Moro ycliiJHIT8JihiihiM r<aer<ap;oM, TaK J<al\ p;.rrrr n epei'<renHoi1: 

eOCTaBJIHIOITJ;8H aiiOp;HOrO TOI<a JJaMIIhl <J TO COllj)OTiifBJI 8HH8 

myHTFipyeT aHOp;H08 COIIj)OTFIBJJ8HJII8, 1160 EOIIL(8HCaTOp C g 

nponycnaeT II8j)8M8HIIYIO eoeTaBJIHIOIJ:I.YIO TOH:a 1<1: 061I\88 eo

rrpOTFIBJI8HH8 anop;Hoiir ~ernr R yMeHbuJaeTcH. 

1ITo6hr corrpoTFIBJI8IIHe Rg IIe eH.JihHO CHHmaJro ycH.nenae 

l{aCr<aL(a, ero B8JIJi[IUIHY Bb16HpaiOT 06b!lJHO 11 TpH-L!8Ti>lpe 

pasa 60JihLUe corrpoTHBJI8HHJI aHOAEIOH HarpyaKH Ra: 

R u= (3-:,-4)·Ra. 
0 
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TnnonaH •racTOTHUH xapal..:Tep.vrcTFJ I{U pe3HCTopnoro rw

crwp,a npMBep,eua na puc . VII-15. B 6oJI&uJei'I 'Iacn<~: 'laCTOT

Roro P,HaiiU30Ha OHa HBJJH8TCH ropM301:ITaJLbi-IO(r llj)ln-IOii , 

a Ha HM3l{HX H BMC0](]1X 3BYHOBbiX rraCTOTaX J-BJ88T CITU):(a !O

Il:I;MH xaparnep. 

PaccMOTpHM rrpH'IHHhi , Bht3hTBaiOI.Il,He crrat \ 'Ja CTOTH OM xa

pawrepHCTMKH B 06JiaC'ni HII31HIX H Bh!COI\HX TiaCTOT, T. e . 

yMeHLll18HMe neJIHrrHHbi Hoacpqnll~newra yc1memu1 Ha Hpaii-

R, ~~l 
M)j_ ~'-'\.l_u_c-+---' 

Puc . Vll- 16 . ihoJHBaJieHTI-taH cseMa pcanc
·ropHOro IWC HrtHa JIU lllf3l-\ 11X 1·1iJCTOTHX 

Puc. VJl- 17. YcHJICilll Oe JWMn oii ll anpHa>e
HIIC Ull 3 l\ IIX lJaC'l'OT paCJ"IJ)CI(eJlf!CTCJl MCfi-l!J.Y 

"c 11 Ru 

HRX qacTOTax. AJIH :noro paccMoTpiBI ::J I{BJil saJreHTnyro ex e~ry 
Hac.Kap,a n o6JiaCTH RR3JUIX 'IUCTOT, xorp,a no ~repe YAJ8HbU.J e

HFJH 'IaCTOTbf cyiJ:I;eCTBennyro poJih uarnmaeT rupaTL rrep e

xop,aorr HOHp,eucaTop cg (pHC. VII-16) . 
ConponmJieHIW h:OHp,eHeaTopa P,JI H nepe~IeHHoro TOt{ a 

'[ 

Xc = (i,28-J- C · 

ITo Mepe yMeH&IUeHI!W rracTOTbT ycMJnmaeowro cnrna.na f 
B8JiliFIHHa 3HaM.eHaT8JIH YM8E~b 1 U a8TCH, a COIIpOTI1B.H81-IJil 8 I{O H

,[1,8HCaTOpa nepeliWHHOMy TOI\Y B03paCTa8T H CTa HOBHTCH 

COH3M 6pFIMblM c conpoTHB.TiemJeM R a ' 

06pa3y8TCH Hal{ 6hl P,8JlliiT8JJb HanpHi1,8IIJUl, pa3BHBae

MOJ'O Jra~moiil:, coCTOHIJ.(Hii 113 ABYX mret.~. : X c 11 R g(puc . VII -17), 
11pFI<i8M ITO Mepe YM8Rbill8RI1H qacTOTbl pOJib IIJI 8'm X c BC8 

speMH no3pacTaeT, rrTo npFIBO,[l,HT K yMeiib lneuMro n epe ~J ea

Horo nanpHmennH Ud , HO,ll,BO~\liiMoro K ceT1>:e na:\•li1M cJi e

AYIOUJ,ero J{aCHap,a, T. e. H yMeHbmeHH tO l\oacpcpr1u,vre rrTa yclii.

JieHHl1 Ha HI13};HX 3BYI \0Bbl'\ <JaCTOTaX. 

Ha HH31\HX •racToTax B.TIUflfliil8lii Nra.-roii e~rJWCTH C 0 MOi "Ho 

npeue6pe'Ib, H11{ H a " no ~1epe yMem, IU 8HHH 'IaCTOTbl con po

THBJleHMe HOH,[l,8HCaTOpa ll8j) 8~T8HriOiVlY TOl-\Y B03iJUCTU e r H 

ae myrrnrpyeT corrpoTHBJrernw R.g. 
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,I\mr cosAaHliHI panHoMepHoro ycmi8HIUI RaK B o6JraCTH 

Cp8;:!,HHX , Ta l\ H HJii31\HX lJaCTOT, T. e. '1T06h1 YMBHblllHTb Clla,J: 

'laCTOTHOU xapaKrepliiCTHl\H Ha HliT3 lUIX lJaCTOTaX, HYJHHO 

yBeJlJii<IJiiBaTb B8JIH'lliiHY KOHA8HCaTopa C g H corrpoTHBJieHHH R g · 

Ynw yT<a3hiBaJIOCb, 'lTO corrpoTHBJl8HJiie Rg Bhi6RpaiOT Jii3 

ycJiomur Rg= (3-:--4) · R,. IlepexOAHOii HOHACHCaTop C g Bhr-

6 :uparoT H3 YCJIOBHH, 'ITO-

R; Cg · R ,.= 0,005-:--0,02 cer.- . 
Rg CoUc Co~ (B ::noi'r cpopMyJI8 eMHOCTb 

2 R ::::> 

]] rn] 6r,t IIpOH3BeA8HHe 

l rv J Ji13M8pH8TCH B cpapaAaX, 

11 Uc a COIIpOTMBJIBHHe - B 
L____.~__.a _ __J 15 o Max . ) 

rr po»sneAeHne cg. R 2" 
P11c. V I [-[ 8. 8 ~;n HBaJJC I!TllbiC CXCMbl ~ 

pc~ II CTOp ll or o I<ac~;ai{a Il o6JJaCTI1 BbiCO!i !IX He CJl eAy8T BI,I6JiipaTb 
'l<lCTOT OLJeHb 60JJb[TJUM, Tal{ Ka t,; 

MOJIWT pa6oTaTh Menee 

Ca:'ltOB036y;-I\,L(e HHIO ( CM . 

B 8TOM CJiycrae yCH.HUTeJib 

ycToli'IHBO » 6yp,8T CEJronen 1..: 

CTp. 256). 
B o6Jiacnr Bhi CORHX lJaCTOT cyu(eCTBBHHYJO pO Jih fia1JH

naeT urpaTb BXO,L(HaH 8~mOCTh CJi eJJ;yroru;8ro n:acr\aAa C 
0

, 

KOTOj)aH, HaK Blii!J;HO U3 8HBHBaJI8ll'l'HOIT CX8Mhl B 06JiaCTU 

n.r,rcotmx: qacToT na puc . VII-18, a , oRasbmaeTCH nr<JII0'18H

HOti napaJIJI8Jl bHO COIIpOTHBJI8HHmi aHOAHOII Harpy3HQI H 

conpOTliiBJI 8HMIO R g. E~moCTb C0 wyHTMPY8T p8syJioTHpyro

nJ,e8 conpoTHBJienMe R, cocTOHU(8e ns conpoTMBJI8HT1rJ R a H 

R ,. . aHBMBaJienTHaH cxeMa B o6Jiacnr BhJCOT-i.liiX 'IaCTOT MomeT 

6J~Th eli(8 ynpon1,ena (pHc. VII-18, 6) . 
llo M8p8 yneJIH'18HHH LJaCTOThl ycHJIHBae~roro CMrnaJia 

COI1pOTJiiBJI8HH8 8MIWCTJil C 0 YM8HbJJJaeTCH, a CJI8f(OBaTeJibHO, 

YM8HbJJra8TCH 06U(88 COilpOTUBJI8HJii8, B1\JII0118HH08 B aHO)l;

nyro I18ITh, Yi\I8HoiJJa8TCH n HoacpcpHIJ.Til8HT ycn.rr8HHH Ha Bhi

XOJJ;8 HaCEaJJ;a . 

Fi.oH,D,8ncwropoM C g rrpM p accMoTpenHn pa6oTb1 I\aCRap:a 

B o6.JTaCTH BbTCOJ(JiiX. 'IaCTOT MOJ-HHO Hp8He6pe•lb, Tal:\ Hal\ CO

llj)OTJ1BJI 8HJif8 8ro n8sna 'IHTeJibHO n Yi\I8Hhrua8TCH no M8p8 po

eT a 'laCTOThT. 

Ha rrpaKnn..:e CTpeMHTCH yMeHhOJHTh BeJIM'1Ji!I-IY BXOJJ;HOM 

8:1-Il{OCTlii, O,L(HaR O C,L(e.rraTb 8TO 0'18Hb CJIO rEHO, Tal\ Hal{ OHa 

B 60Ji b liiOU MCp8 3aBJifCHT OT H08cpcpHl\l1eHTa YCMJI8HJiiH CJie

p,ymlll,ero J{ aCHap;a H OT B8JIJil<HIHhl 8MROCTH i\18/HJJ;Y CenWll l!I 

aHO):~mvr , T. e . OT 1\0HCTpyEHVIH JiaMIJbl. 

Ll'ro6ht Y'teHhmMTh c rraJJ; qacTOTHOI'r xapalu8pMCTHJ'M na 

BhtCOJ-atx qacTOTax, HYIHHO yMerrhmHTb corrpoTI1BJieune R . 
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IIpai{TMqecrui npuxop;MTCH yM8IlbmaTb conpoTnn.rremm Ra 11: 
R u· 'Ielii IVI8Hblll8 B8JIH'IHHa R' T8~[ M8Hbi.IJ8 CJ{a3bJBaeTCH 

nJiviHHH8 BXOJJ:HOH 8MIWCTM Ha B8Jlltl'IHHY OOUJ,ero COTipOTHB

JI8HHH, a CJiep;onwreJibHO, M yMeHhJll8HMe Koa<fl<fl:vm,neHTa 

ycHJieHHH na BbiCOKMX qacTOTax 6yp;eT M8HbLile, T. e . qacTOT

Hhle HCKaJI{8HMH MOrY'r 6oiTb cnep;eHhi K MaJroll: neJm :qMne. 

Op;narw J{oa<fl<flnu;:uenT ycuJieHHH pea:ucTopnoro Kacrmp;a 

y11ren:omaeTCH npM yMem,meHMM conponmJieHHH R, H no

TOMY n p;aHHOM cJryrrae yMen:omenHe conpon1BJI8HHH He;.r-;eJia

TeJI.bHO. 

PE3HCTOPHbl~ KACKAA HA nEHTOAE 

Monmo yMeH:OIJJMT:O neJivi'IHHY Bxop;noi!r 

8MT<OCTH, HCTI0Jlb3YH ll8HTO}l;, KOTOpbtii Hl\I88T 31:Ia~IHT8JlbHO 

M8HblllYIO 8MHOCTb C ac ITO cpaBH8HHIO C TpHO}l;OM. JiiCTIOJib30-

BaHH8 Il8RfO}l;a p;aeT B03MOmHOCTb TIO.JIY'lMTb 'IaCTOTHYTO 

xaparnepHCTHI<y ycHJIHTeJIH c pacmupenueM qacTOTHoro p;na

naaona IIponycKaHHH B CTOpOHY BbiClllMX 'IaCTOT IlpM T8X rH8 

anal.JeHMHX Roa<fl<flnu;uenTa ycwJieHI1H na cpep;nwx qacTOTax 

(HJIH p;ame 6oJibiUeM, qeM y TpHop;a). 

Kpo:Me Toro, I{acr<ap; na nenTop;e noanoJIHeT noJrycmTo 

ana•JJ'lT8JihHO 6oJI:omwM: rwa<fl<f!Hu;MeHT ycrmemur no Han pH
nwnuro, '18111 B CJiy'Iae IIpHM8H8HHJI TpHOp;a. 

Em,e op;Hoft xapaKTepnoii: oco6eHHOCThiO peancTopnoro 

J{aCJ{ap;a Ha l18HTO}l;8 HBJIH8TCH H800JlbiiiaH B8JIWUIHa C011p0-

TMBJI8HVIH aHO}l;HOH Harpy3 KM, COCTaBJIJIIOUJ,aH B8JIM'IMHY IIO

pH}J;I{a Ra=(0,1 -:-0,25)R1. 

Jii3 3JI8l<TpOT8XHHH.M M3B8CTHO , ~ITO 8CJUI HCTO'IHHH nepe

i\l8HHOrO TOI<a o6Jiap;aeT 6oJibiDMM nnyTpeHHHM conpoTMBJie

HHeM, TO YM8Hbiii8HM8 C011pOTMBJI8HMH Harpy31UI BM.30B8T 

6oJibmee yMeH:orueHMe nanpmHeHMH renepaTopa, 'I8M B To~r 
CJiyqae, H.Orp;a renepaTOp Mlll88T M8Hblll88 COIIpOTMBJI8HM8. 

BnyTpenHee conpoTMBJienwe neHTO~\OB necbMa neJIHHO 

(p;ocTMr aeT 106 oAt II 6oJree). EcJIM m,r6paTb, nanpwMep, co

npoTMBJI8HIIe anop;noft narpy3RM n TPII paaa 6o Jihme, 'I8lii 

R 1, TO OHO cocTaBIIT 3 ·106 OAt. Ha TaHOM 6oJihDJOM coiipOTMB

JI8HIIM 6yp;eT npOIICXO}l;MTb 3Ha'IHT8JlbH08 IIap;8HM8 HaTipHfi\8-

HMfi M IIOTpe6yeTCH 3Ha'IMT8JlbHO YB8JIM<IMTb HaiiplHK8Rl18 

HCTO'IHMHa aHOJJ:HOrO IIMTaHMH, 'ITO HpaHH8 H8}K8Jla'l'8JlbHO . 

IloMMMO 3TOrO, H8CMOTpJI Ha OTHOCHT8JlbHO MaJIYIO B8JIM

'lMHY 8MHOCTM C0 , TIOCTOHHHaJI npel\!eHH aHO,[\HOM u;enM (rrpo

H3B8JWHM8 R a. c 0) 3Ha Y.HT8JlbHO yueJIIiJ.liMTCJI, <no npHB8,[\8T 
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1' 6oJihUJOMY yBe.nHrrennm lfaCTOTHhiX J.Icl-~: an<enn~I B o6JiaCTlil 

BblCl1Jl2!X TJaCTO'I' . 

fipM H:CllOJib30BaHHM HBHTO,IJ;a, l { al{ Mbi BIIp;B.JIH , BbTOM

parOT conpOTMBJienMe R. MBEIT>me, '-TeM R 1. 

l\o:1cpqHIL(liiBHT yCMJlBHRR ]JB3H CTO]JHOrO HaCIUl,[l.U B OO JtaCTM 

cpep;mn LJaCTOT onpep;emreTCR. cpopMyJioil : 

r p;e 

R = Ra·Rg 
Ra + R 'i'. 

Tar< T< a T<JJ:JiffT\actmp;ananenTO,[(eR 1~R,> R , TO q1op~ryJiy 
I\03cpcpHIJ;T18HTa YCII[JIBHHR. MOHHIO ynpOCTHTb , BC.JlH lilJBHBO

peTJb BBJIH'!Mnoi'r R B anaMerra-~'\)Jie 

E_=S 
R,. ' 

TO 

EcJIM R a BI>I6paTb B HBCl{QJihi\0 paa OOJibTIIe, "I ell'[ R a ' TO 

yen: rei-me ~tonuw onpe,[(eJIJ.ITJ, eru;e nporu;e, CTIHTaH, rrTo R ~ 
~R. ; TOr,[(a K 0 = S ·R. , r,[(e S - Hpynrana xapai<TepliiCTHHM 

nenTop;a B pa6oqe:H TOrrHe, BbrparHennaJI B MMJIJIHaMnepax 

na BOJlhT , a Ra - conpoTHB.JrenHe arrop;no:iir narpyarm B 1\H

JIOOMax. 

fipHMBHBHMe IIBHTO,[(OB B IIpep; BapMTBJihHbiX HaCI ap;ax 

yCMJlBHH:JI HaiipR.rKBHMJI II03BOJ1JIBT IIOJIYTJH:'l'h 3Ha"IHT8JlhRO 

6oJihiiiHi1 HoacpcpHu;HenT ycHJieHHJI Hacr<ap;a, TJeM n cJiyTiae 

IIpH:M8H8HH:H TpMOp;a. fi plil ,[\OCTaTOTJHO BbiCOHO!II HaiipFUH8HMJil 

HCTO'lHJili\a aHO,[\HOrO IIHTaHHR. (300-;-500 6) MO>HHO IIOJIYTIHTh 

HO::>cpcpH:IJ;HBHT yCH:JI8HHR. HaCJ\a,[(a 150-;-200. 
fi pH:HIJ;HIIHaJlbHaH CX8Ma pB3HCTOpnoro HaCHap;a Ha nen

T0,[\8 noHaaaHa Ha pHc. VII-19. Ona OTJIHTJaeTCH oT cxeMhi na 

T]JH0,[(8 RaJIHT!HBM IJ;8llli ::JI<pannoil: C8THM, HOTOpaH II]JHCOB,[\H

HH8TCH H anop;HoMy HCTOTJHHKY nHTaRHH Tiepea 6oJihrnoe 

conpoTHBJienHe R 3 • HaaHaTJenHe ::>Toro conpoTRBJienHH aa

KJIIOTJaeTCJI B llOHRJI\BflRH HallpJIJHBHHH, IIOCTyn aroru;ero Ha 
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:mpam-ry:ro C8TJ{ Y, 1\0TOpoe ,ll;OJIIHHO 6bTTb HlDI\8 ai-IOJ(HOrO lia

IljJH}I\8HHH. l { pol\w Taro, MMeeTcH JWH,UeHcaTop C
3

, OTCyT

r:rnne HOToporo rrpnneJio 6 bT x cosJ(amu o nyJihCHpyrorr~ero 
ll 0.):\8HIH! HBUIJlD-J{8HH H Ha 

R 3 0 B l\JIIO'l8lUie R 3 H c 3 

COCTBB JUI8T 4JHJII>l'p , CrJi a

HUIBBJOUJ)ifi1 IIYJibCaJ{V!U HB

IIIJlUH8HH ll IUI'l'BHMH ::ll{IJBH

HOU ceTHM , BC Jr ep;cTBMe 'le

ro yMeHburaeTCll 4Joa u epe-

1118HHoro TOEa. B eJrwmna 

n:onp;encaTopa BhJ 6HpaeTCH 

p aBHOJl 0,'1-:-0,25 JM>{/i . 
P esRCTopHbie H acHap;bi Puc. VT T-1 9. U p illll.\llllll aJlbHafl CXCMa 

]JC3 11 CT0l) ll 01'0 1\HCIW [la Ha llCJI 'l'O,[t.C 

Ha Tl8l-I'l'O,ll;BX TlOJIYLIJIJIH 

illMIJOK08 pacrrpOCTpaH8HH8 

B ycHJHtTeJu:rx J(JIJI snyHOi. JCrrpoHsBeJ(8J:HUr. Oco6er-mo IT!H

porw ,L(JIH 9THX n;eJI8HlifCTlOJib 3YJOTCll Jiamihl ()fl{7, oJ-I\8 li1 6Jl{!l. 

AjljHAMW·IECKH~ 
nAMnbl 

PE>KjijM PA50Tbl 

l1 pM B KJIIO<remnr narpys r'H B anop;Hyw 

I18Tlh naMnhr, a aTo Heo6xop;J-nwe yc:ronn e JV Ill pa60T hi JIJ0-

6oro EBCI-\ap;a YCMJI8FH1H, HB1IpHrH8HM8 Ha BHO,ll;8 H3M 8HH8TCH 

C Ji!3M8H8HM8M C8TO'IHOrO HBITplUH8l:IHl1. 

Tat{MM o6pasoM, npn: pa60Te I{BCHap;a npon:cx o p;:wr cJion.,:

Ball 3BBJi!CBhlO CTh B 8JIH'lHl:Ihl BBO,ll;HOrO TORB O,ll;HOBIJ8M 8BHO 

OT HBiliJll iH8Hlif l1 - lif Ha BBOp;e H Ha C8TH8. 

B ee :no nosnoJIHBT nnecTH IIOBliTHe 8unaJJ·£wtec~oeo pe
:JIC UJIW pa6ombL .J£aJl£nb£ - pemn:Ma pa6oTbr JJ aMIIhl c Harpys

xo}J B BH O,li)IOH !I8TUI, npu 1\0T-OpO'M B npou;ecce yCHJI8HHJI H3-

MBH8HJi!8 HBIIpHII\8HHl1 fiB yrrpaBJIHTOill,8{! C8TH8 Bbl3b1BB8T 

1-ipO Me l'I3M8H8HHll B8JI:WIHHb1 aBO,ll;HOI'O TOEa Bill,B Iii l'I 31118 H8Hli18 

BeJTU<JHFibi HBIIpHfl\8HJi!H liB aHOJ\8 B OTJIJOI<me OT CTBTH'18Cl{ Of0 

pemHMB, 1\0rJ(a U 0 OC-TB8TCH llOCTOliHHhfM. 

XapawrepncTHRfr H nap aMeTphl JiaM Ubl B gHHaMn'leCI\01\1 

peJHHM8 HB3hlBBIOTC-H / \.HHBMJil '18CI\MMYI sa j)D 1-\T8pHCTHl{BMH Ii[ 

napal\IeTj) BMH Jii Tl03BOJIHIOT Y'I8CTb CTBH8Hh B JIHJIHiiJll CO ilpO

TliJBJI8RHH BHO,ll;HOi-i Harpy3KH 1-I a p eiEHM p a60Tbi JTB~ I!Ih(. 

,lJ;HHBll lH<J8CKH8 x.a p aKrepHCTF[J{Jil 'l ' pHO~(a H306pama fOTCll 

rpa4JH'l8Cl{ H Iii Mory-r 6h1'l'b IIOCTj)08Hbi B CJiiCT8M8 C8T O 'lHbiX 

J>JJTH BHOJ(HbiX HOOp,li,HHa'f . 
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Ha pHc . VII-20, a rrpHBep;ena )J;HHaMiii'IBCHaH xapaH·re

pHcnma TpHOp;a, TIOCTpO BHHall B CHCTBMB CBTQqiHIX ROOp)J,H

HaT. 0cHOBOH )];Jill ee TIOCTpOBHHll HBJIHIOTCll CBTOqllbiB CTa

TJii'IBCRHB xapaH'repn:CTHKH TIHIOp;a. Cpep;uHH H3 npHBe,n;en

uoro CBi\IBHCTBCl. CBTO T:J Hhl X xapaK repH:CTHh CHWra npH 

' a 

a 

PHc. VII-20. ,0: 111JaMH'teCI>afl xapawrepHC'flH<<I 'f)JJWAa 

HOCT OliHHOM HaHpll>RBHHlii Ha aHO~(B, paBHOM U 0 0 • IlpH Ha

Hpii>I{ BHii!H cl\Iem,emur E" rro CTOHHHaH cocTaBJIHIOII!aH auo,o:

Horo TOI<a panna l ao · ToqR[t P ua cTa'l'H'Iec:iwi1 xapawrepHc

THHB Ha3I>IB a8TCR pa6oqe:ff TQqRQH . 

EcJIH B auop;no:ff r~enH BI<moqen pe3HCTop R a H R ceTr<e 

.rraMnT>I rrop;nep;eao nepeMBHBoe uarrpm·HBHHB CHrHaJia c aMn

JIHTy,o:oi'r U g"" TO aBOp;Hl>lH TOE 6 y,O:BT H3M8HRTbCH TaR, I< a I< 

nor{as ano n a pRe. VII-20, 6. Ilp11 yBeJIHqeHIDI HanpnmeHHR 

Ha CBTRB JiaiVlllbl ('J'Oqi<a J) auop;HblH TOI paCTBT. 8TO IIpRBO

)l;HT H pOCTY nap;eHHll HaDpHrHBHHll IIa COIIpOTHBJIBHHH aHOp;

HOH uarpysHH, paBHOro ia · R 0 • HanpRmeaHe HCToqHHRa anop;

aoro mnaHHfl Bcerp;a paBHO cy11.rMe HanpRmeHHH Ha aHop;e H 

nanpH/I\BHHR Ha COllpO'I'MBJIBHMH a HO)J;HOH Harpy3KH: 

Ea = U 0 - i a · R 3 , 
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Ma noc.rrep:aeii: cpop11ry.rrr,r BMJJ:HO, qTo c pocTollr aHo,n:aoro 
TO.Ka B8JIR'lli!Ha HaiipHiK8Hlilfl I-ta aHO)J,8 Ua YM8HnmaeTCH . 

IIpr-~: yMear,wemm HanpHiHeHMH na ceTKe ·qmop:a (TO'IHa 2) 
Bem-~:qnaa aaop:Horo TOKa yMeHbruaeTCH, n ap;eHne Hanpmne
HMH Ha aHOJJ:HOH Harpy3H8 T8KiJ\8 YM8Hblli88TCH, a B8Jilil'IMHa 
aanpmHeHMH aa aHo,a;e BoapacTaeT. Tar<HM o6paaoM, aanpH
<Henne Ha aHOA8 Tj)Ii!OJW JII3M8HH8TCH B COOTB8TCTBMM C M3llf8-
H8HM8M aiiO)l;HOrO TOI\a, Bb13BalUJOrO I1.3M8I:T8HH8M HanpHH\8-
HIH! na C8TI\8 .ITaMITbi. 

B .Ko.rre6aTeJinHOM perrnrllt e, J\Orp;a na cen<y .rra:Mnl>I no
p:aeTCH nepeMeaaoe nanpHrHeaue ug = U gm · sinwt, pa6o'IaH 
TO'!Ha p COBepmaeT KOJie6aHFIH llO ytraCTEY 8LUta;ALUtt.eCKOU 
xapar.mepucmu~>u ae, Haar,mael\IOMY pa6o'iU;AL y'iacmKoJlL; 
OH 3ai{JIJOqeH M8J-Hp;y CTaTH'I8CIHnm xapa WrepRCTFil:<aMH, 
COOTB8TCTBYIOlll,MlllM MRHFIMaJibHOlllY H: lltaHCIB!aJibHOMy Ha
npH1H8HHIO ua C8TR8, I',ll;8 

ug '"'" = Eg -- u 15 ,, a ug ,1a"c = E g+ug rn· 

CooTBeTCTBeano n ano)J;IInii-'r TOl< npH H3llrenem-~:n nanpa
meiTHH Ha C8TI<8 JiaMIIbl H3M8HH8TCH riO )~HflaMl'l'IeCI-\OH xapai{
TepHCTHI\8 ab, npoxo,a;mr~eH: 6oJiee no.rroro, qeM mo6an CTaTH
qeci<aH ceToturaH xapaHTepncnma ::rro{I JWMIIbi. 

H.pyTnana ,a;nnaMHtieCHOH xapmnepMCTHJUI S 11.," Momer 
6hlTb onpep;eJieua I\aK OTHOID8HJ18 aMll.TlMTY,ll;bi nepeM8HHOIT 
cocTaBJIHIOm;e:ii ano,a;aoro TOI<a I< ar.mmny,n;e nepeMeaaoro 
aanpmneHHH, no,a;anaellroro aa ceTI<y : 

S I a"' 
llllfl=-[-. 

gm 

IIocTponTn ,a;rmaMH'l8CHYIO xapar<TepHCTHKY B aaon;noiir 
CHCT8lii8 HOOp,ll;HHaT MOH\HO, p emHB ypaBH8HH8 Ua = Ea-ia-Ra 
OTHOCHT8JibHO aHO,ll;HOrO TOI\8 

. Ea - lia 
~. = -n-- - . 

" 
8TO Bblpa1H8HH8 Ha3&JBa IOT ypaBH8I-IU8M ,D,J,IHaMMti8CROII 

xapaHTepncTHKlil n aao,a;Hoiir c~ICTeMe I>OOp,D,HHaT. ORo noano
JIHeT JJ.8ri\O llOCTpORTb ,ll;MHaMH'l8CKyro xapaETepMCTHHY, J-Ia-
3b1Ba8MYIO HHa'Je .!LlUHLeU 1-Wzp yaKu,. 

Ha pnc. VJI-21 ):(aHbi )J,Be cTaTn<recKHe xapaETepncTIII<H 
B aHO)J,Hoi'i: CHCTeMe Hoop,a;naaT. A JlH Toro qTo6r,r rrocTpOI1Th 
JIHHBIO narpyam-r, Harrp;eM TO'IHH, B 1\0TO]JhiX OHa nepece
RaeT ocr, a6crvrcc (ia = O) n ocr, opp;TmaT (Ua = O). Ma ypaB
aenn.ff )J,HHaMn~Iecrwrr xaparuepncTMin-I Bn,a;no, 'ITO nepece-
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rr.emre oc11 a6c:u;11cc (Totr.na A) npo11cxo~HT npn u" = E", 
E 

a OCH opp;JiiHaT (TO'ma B) - rrp11 i" = R" . IIpmraH, npone~en-
" Han 'Iepes TO'lror A Jif B, 11 JIBJT HeTCH p;ymaM11'l8CI'<Ofi xapaKre-

piifCT11IWR JiaMnhr ( JrHmrerr nar pysrm). 

,iJ;HHallm'lecrwH xapaKTepm:cnma, nocTpoenHaH na ce

Meii:cTne ai-IO}l;H.biX CT3THqeCIHIX xapawrep11CT111{, 1103BOJUieT 

}l;JIH mo6oro sna 'leHHH uanpmHeHHH na ceTHe orrp ep;eJIH'l'b 

PHc . Vf !-21. CTa-rwJec ~;Hc xapaJ<· 
'J'Cpii Cl' III-\ Il II JIHI!Jr fl 1J arpy 3HH 

BeJH I'lHHY 3HOJ.(HOrO TOHa 11 3HO}l;-

noro nanpmHeH11H n o TO'lHaM 

n epeceqeHIUl }l;MI:Iallliif<I eCHOM xa

paJ\Tepi~CTHI\M CO CT3TI'I'IeCH:Oii, 

C.OOTBeTCTBYIOIJJ;eii )1,3!-IHOMY Ce

TOIJ.flOMy nanpB.!HeHUIO . 

Jii 3M8H8FIU8 BeJII'IIJ.IilFihl COII-

pOTI'IBJieHUH HarpysKu R. , nKJIIO 

qeFinoro B anop;HyJO :u;enb , Bhl 3h1-

naeT H3MeHeHU8 yrJia H3HJIOH3 

JIUHHH Harpysrnr. 

Bee aTo ,r~aeT nosMOJKHOCTh 

BI>l6paTh HyrHHbl }i 

60Th! JI3MIIbl B 

pemHll l pa

pe3HCTopnoM 

yCHJIHTeJibHOM H3CI\ap;e, T. e . 

T3 fWM p emHM , IIpH IWTOpOiVI ycnJieHJ18 6yp;eT I1pOHCXO)J,HTb 

6e3 B:CH3/Her.ndi:. fJiaBHblM B Bhr6ope penmMa HB JIHeTCH onpe

p;e.JI8HM8 IIOJIO J-HeHB:H pa60tieR TO<IT<H Ha }l;MH3MH'I8CKOU xa

paRTepitiCTHI<e .naMIIbi. II pitr npanrnu,no Bht6pamro,\J pe:>HnMe 

,I(JIR ycHJIHTeJIH narrpamenHH p a6otrarr TO'IHa n rwJie6a

TeJibHOlii pe!KHl\Ie He )J,OJni{H3 3aXO}l;HTb B 06JiaCTb l'!JHBOJIH

HBHHOM Y.acnr CTaTn<recimx xaparnepr-rcTHI{ JialiUihi n 

B 06JI3CTh ITOHBJieHHH C8TO<IHhfX TOI\OJL 

L1To6br BbiiTOJIHHTh rrocTaBJieHHhle ycJIOBHH, a~mJnnyp;a 
ceToqnoro rrepeMeHnoro uanpHmemut ne )J,OJmn-ra 6ht Tb 

6oJibUJ8 BeJIH'lMHbi C11Iei1J8HHFL n PM CJIJUIJKO~ r 6oJibUl0111 Clii e

I~eHHM ITOHBJIHTOTCH HeJIHHeMHble HCI\3 /I\eHYIH M3-3a 33XO}l;3 R 

HIHHHUll HpMBOJIYIHeMHbi R yqaCTOl{ xap ainepl!lCTHI{U, C }l;3Jlb

HefnDH1Vt yBe.TIM1I8HMeM CMer:u;eHHH JI3Ml1a MO/H8T Ol{a3aThCll 

sarrepTOI1 (pHc. VII-22, a H 6). llpn CJIUWHOM Ma.noM CMenJ,e

HMii! HeJIMHe:i!iHbT8 UCl \aJ-HeHIUl B03HH!\3IOT 1'13-33 IIOHBJieHHH 

ceTO'lHl,I X TO HOB (pvrc. VII -22, e). 
TaHHM o6pasoM, ,I\JIH rroJiyTiennH HeucKa/Hennoro ycM.lle

mur narrpHmem1H Bhi6npaiOT T3 I{ OIT pemMM pa6on,r HaCI{ap;a, 

<JT06bl: 1) Harrp m HeHI!I8 Ha Ce'I'T{8 B Jit060II 1\IOMeHT BpellleHH 

OCT3B3JIOCb OTpMJJ.3TeJibHbllll, ,[l.JlH t:t.ero na CeTI-\Y JI3Mllhl 110-
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JJ;a8TCJ1 H8CI\0Jlbn0 00Jlbll188 flO B8JIWIHH8 IIOCTOJIHH08 OT

puu;aT8JlbH08 c~reru,etnre, '!eM a~IIIJIMTYIW ycHJIHBae~roro CHr

HaJia: 

U gm ~ I Ec" 1- (0,5-:-- 0,8) e, 

rp;e I Ec" \ - a6coJUOTHaJI BeJIH'lnna cMeiJJ,eHnJI; 

2) pa60'l:Hll yqaCTOK ,IiliiHaMU'l8CIWM xaparnep:HCTIIKH 

JiaMIIbl ,IiOJIJI-\8H 6biTb no B03MO/I\HOCTFI IIplHIOJJiifH8MHbiM . 

'" 

PHC. VIJ-2 ~ . lJOJlUJJeHI·IC rJ C.IJIIrl.ciillhiX ncEarHeHnii. n3-3a ceTO'IHbiX TOl\OB 

l1pFI paceMOTpemnr p;unaMwrect-..:oro penn ma pa6oTbl xac

Kap;a Ha ll0I-ITO,li8 CJiep;yeT l-B18Tb B B:Hp;y , 'ITO IIOJIOrH8HH8 pa6o

qe:i;'r TO'IJ{Ff aaBHCHT H8 TOJibEO OT naiipJirH8HMH Ha anop;e FI na

npJIJI\81-IIiiH CM8I1I8HHH, HO M OT HaiipRH{8fl:HR Ha <mpannpyro

lli.8H ceTHe. 

MOi.14HOCTb B AHOAHO~ U,Emll 

PaccMaTpMBaJI p;rma~r:wrecrmi1: pen~HM pa-

6oThT ycHJIHTeJibnoro Kacr, a p;a , neo6xop;nMo orrpep;eJIMTb 

MOlli.HOCTb, Bbl,li8JIHIOI 1\Y lOCH H a p83MCTO pe aHO,liHOi;f narpy3HH 

npn npOXOri\,li8HHM li8p8M0HI-IOM COCTaBJIJ1IOIII8FI aHO,liHOro 
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TOH.a . 8Ta lOIIl,HOCTb Ha3hiBaBTCH KOJie6aT8JibHOH MOIIl,HOCTbiO 

H :tvromeT 6biTh orrpep;eJieHa no cpopMyJie: 

p- = I~ . R", 
rp;e I. - p;eH:crnym:ru,ee sHa'leHHe rrepeMeaaon cocTaBJIHIOTJJ.eil 

TOJ{a. 

Hs <>Jiei<TpoTexHHrm HsnecTao, 'ITO p;encTnyroTJJ.ee sHa'Ie

HHe rrepeMeHHOrO TOKa p a BIIO ero aMIIJII1'ryp;HOMy 3Ha'l8HHIO, 

rrop;eJieHHOMy na j/ 2, T. e.: 

. J = lam 
a y2 · 

EciiH rrpoHsnecTH nop;CTaHOBI{Y B q)Qp~·IYJIY MOIIl,HOCTH, 

TO llOJIY'lHM, 'ITO 

I 2 ·R 
P- =~ 

A~~>mJIHTyp;Hoe 3Ha'lerme rrepe~rermou cocTaBJimorn:eu 

aHOf];HOrO TOHa MO/H8T 6MTL HaH,!l,BHO 1113 paCCMOTp8HliiH 3ImH

BaJieHTHOfi CX8Mbl pe3HCTOpHOrO HaCKap;a Ha cpep;HliiX 'laCTO

TaX H 6y,!l,BT paBHO: 

~-t·Um c 
J am = Ri+ Ra. 

IlocJie IIO,!l,C.TaHOBI<H cpopMyJJa MOIIJ,HOCTH IIpHliieT BHp;: 

u2 ·U2 ·R , m C a 

p- = 2 (R,+ R.a) · 

Hs cl)QPMYJILI BHp;uo, q'fo cym.ecTsyeT p;oBOJibHO G.TIOIHHaH 

3aBHCHMOCTb t>OJie6aT8JlbHOH MOIII;HOCTH, T. e. MOUJ,HOCTH, 

P~ 

p N MaKC 
1 

0 ,8 

0,6 

0 ,4 

0 

I 
v 

/1 

1ft 
I 

I 
...... -1 

I ~ -.P J4 a 
P ~ M~Hc j dfiijl' 

t-npr u1m 9 ~ cpns'1-
2 3 4 

I-

OTp;anaeMOH KaC:Kap;OM BO 

BH8IDHIOIO IJ,eUh OT aMIIJIM

TY~(bT nanpFHI\eHMH, nop;no

,L\HMOro :K C8TK8 JiaMIIbi, 

:1-l COOTHO J118HMH MBJ-Hp;y CO 

IIpOTHBJI8HH8M aHO,ll,HOH 

uarpy3l{H H BHyTp8HHHM 

COUp OTHBJI8HH8M JimvillJ>T. 
PHC. VII-23. rpacjnm 3aB HCIIMOCTH HOJlC- 8Ty SaBHCHMOCTb yp;06UO 
6aTeJJbHO(J ~10umocTn o-r uarpyao•moro 

1{0SfjHjlHI\Hewra npep;CTaBHTb rpacpH<r8Cl{H 

(pnc. VII -23), r ,!l,e no nepTH

:haJibHOH OCR OTJIOrHBHO OTHOlU8HH8 KOJie6aTe IbHOll ~IOIIJ,HOCTH 
H ee MaHCHl\LaJibHOMY 3Ha'l8HHIO, a no ropH30HTaJTbHOH-Harpy-

30'1HbiH IW3cpcpHIJ,H8HT a= ~·; npH IIOCTOHHHOH aMIIJIHTyp;e 

Haiipllri\BHHH , IIO,ll;BOf];HMOrO H C8TH8. 
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lis rpa!f>.vma Bvrp;Ho , 'ITO iJ)Ifi TPIW,ll;OB Mai\CHMaJioHaa MOIIl,

HOCTh nOJIY'IaeTCH npH a = 1, T. e . 1wr,n;a Ra = R 1. 

O,n;Harw npawr:wreCRM npM pa60Te MOIIJ,Horo KacKa,n;a ua 

TlHIOp;ax Bhi6HpaeorcH narpyswmMii Koa!fJ!f>wu:neHT a = 2-;--4, 
o tJeM nop;po6aee 6y;J,eT cHasaHo rrpn pacc~·IOTpeHnvr ycnJieHHH 

MOIJJ,HOCTl'l. 

nPE.QBAP~TE.IlbHbiE YCHnHTEnH HA 
TPAH3HCTOPAX 

PaccMoTpnM cxeMI>r Kaci<a)J,OB ycJIJieHnH 

HarrpFDI emiR Jii pe3MCTOpRO-ewmOCTHYIO M8}H)J,yiWCKa)J,HYIO 

CBH3h, HO TJ,O ::lTOrO HeOOXO)J,HMO Il03I-IaROMHThCH C HeHOTOpblMH 

cnoco6aMn rro,n;aqn ;roi<a CMeru;eHnH 1-1 cnoco6aMn CTa6nJinsa

u;nn pa6oThl I<aci<a)J,OB c OOill,HM HCTO'IHRHOM rrnTaHnH. 

H eo6XO)J,HMbTM '1'01\ CMerr~eHHH BO BXO,[I;HOM I~eiiH MWHHO 

rroJiy'IMTh IWYMHcnoco6aMH. 

1. H eaaeucwl'we C.JlteUfe-
1-we llOJIY'IaiOT, BI' JITOqaH 

6oJihmoe conpoTHBJI8Hiife R 
0 

M81I\~\Y MCTO'IHHI\OM IIMTa

HMH Jii OCHOBaHI18M TpaH-

3HCTOpa (pRe . VII-24, a) . 

3,n;eco nnTaHMe ycnmrreJio

Horo r<acim)J,a rro cxeMe 0 8 
ocyru;eCTBJIH8TCH OT O,ll;HOrO 

ncTO'II-II·ma . Tor; cMeru:eunH 

a 

E 
+ 

Pnc . VTI - 21, . CXCMbl nesannCHMOI'O CMC· 
J.U,e HH11 B '1'paH 3HCTOpHOi'l[ 1-iaCEaD.e 

rrpoTeHaeT OT llJIIDCa Ji!CTO'THMRa qepe3 npoMeJI\YTOI{ 8MHT

Tep - . 6asa TpansncTopa, rro corrpoTMBJiei-Inro R 0 I< llmHycy nc

TOt:fHHI<a (nyHKTHpi-Ihte CTpemm Ha pncyuKe). EcJIIif R 0 };>Rax• 
T 0 'fOH Cl\1 em:eHHJl onpep;eJIHeTCH RaK 

T. e. npai<Tlif'IeCRJoi He 3aBJoiCJoiT OT napaMeTpOB TpaH3HCTOpa . 
2 . A emoJJwmu'-lecKoe c.~1~eute~we MorHHO noJIY'IMTh, BHJIIO

'laH R 
0 

Mem,n;y KOJIJie.KTopoM H OCHOBaHneM TpaH3MCTopa. Ha 

pHc. VII-24, 6 noHasaHa cxeMa TaiWro. BHmoqennH . 3,n;ech 

conpoTHBJiei-nre R 
0 

TIO)J,Hmoqeuo He H 6aTapee, a r< IWJIJier~:Topy . 
McTO'IHHHOM cMem:aroBJ,ero TOKa cJiymJ.IT He HanpHmeHHe 6a

TapeH, a HanpHJ·H8HH8 lWJIJI8I\TOpa, H npH ero H3MeH eHHH 

l\I8Hfl8TCH H TOH CMeiiJeHHH OCHOBaHHH. 

BeJIR'IlifHa conpoTiifBJieHiifH aBTOMaTH~recrwro cMem:eHHH 

onpep;eJIJieTCH Hal-\ OTHOTII8Hlife HOMiifHaJi hHOrO 3Ha'leHJ.IH HOJI-
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JieETOTJHOrO HanpHmeHMH H HOMMHaJI bHOMY 3Ha qeHJUO TOHa 

C.M6TJJ,6HMH 6a3bC 

R = u,w 
0 10 . 

06e aTH cxeMbi TIOJ(a<r:n cMeTJJ,eHHH npH n :wrauuu I\acrwp;a 

OT o.a;uoro n:cTo~muHa He c·ra6M.JibHbT. Tpan3HCTOpbT o~wur, 
1IYBCTBHT6JlbHbl 1\ H3MeHeHUH1! T6lvlilepaTyph1. l10BhTIDeHHe 

TeMnepwryphr Bbi3b1BaeT IIOHHrl\eu:ne conpoTHBJrennH KOJIJiex-

Puc. Vll-25·. TC~If!CjlaTyp -
1-taH 1\0i\l fi CIICaU,H fl C rrO
MOlL\blO 06pa'l'IIOii CBH3 11 

no ToHy 

"' 0 
E~ 

+ cil 

PllC. VJJ-26 . Cxe~m C'l'a -
0H J I H 33 l~HH 

TOpHoro nepexop;a, yBeJinqeHI'Ie TOKa Ho.rr .rre wropa n: noHn

n\eture HUIIpHmeHB:H HU JWJJJl eWrope U". Y MeHhJJJeHne U" 
IIpHBe,[\eT 1\ yMeHbiDeHHIO TOHa CM6U,\6HI1H, a 3TO rrepeMeCTHT 

pa6oqyro TO'IHY BHM3 no narpy30 1IHOM npHMoi1 u n pnue,a;eT 

K yMeHhrueHHIO Hoa¢qmiJ;Heirra ycrmeHHH no TOEY. 

O ,a;HaHo B cJiyqae nepeMem,eHHH pa6ocrei;i -roq 1m rrop: Bmur

nneM BHellJHHX IIpMLIMH BHM3 IIO Harpy30 1IHOJ~[ IIpHMOfi Haii

pHrHeHne U" B03paCT8T, TOI\ CMem;eHHH YB6JIJil LIHTCH li! pa6o

qaJI -ro~nw n epeMeCTJiiTCH BBepx . TarnrM o6pa.30M, B cxeMe 

aBTOMaTH1I6CIWrO CMeJJJ,eHHH IIpOHCXOJ];Jii.T CTa6H.JIH3aL~HH pe

}{UJMa pa60Tbi C IIOMOJJJ,biO OTpMI.~aTeJihT-TOlJ o6paTIIOfi CBH3H. 

CxeMa 08 u au6oJr ee 'IYBCTBHTeJibHa 1\ H3MenenHIO -reM

nepa-rypbr. l1oBhrmeHHe -re1mepa·rypr,r n p HBOJJ:IH J{ yMeHbme

HMIO COTipOTHBJieiHI H T\OJIJI8HTOpHOrO n epeXO,Il.a :H YB 6JIH'I e

HHIO TOI\a 1\0JIJI8ETOpa, a 'J'aTnHe I\ yMeHbl.lleHHfO BXOJ(HOrO 

conpo-r:nBJienrm :a rwa¢¢vn~nen-ra ycnJieHHH no TOJ<y. 

· lho6bi yMeHbiDHTb cTenenh Hapyurerrun pemn:Ma pa6on1 

R3-3a U3MeHBHHli T8MIIepa-rypbt, BBO.[(HTCH ,[\OJ10JIHHTeJibHhl.6 

aJieMeHThi, ,a;aiOII.\He meJrmep amypNy/0 JW.MneNCCfLfUIO. 
TeMnepaTypHaH HOMn eHCaJ1lHI .IJ.OCTMrae-rca c noMOII.\bTO 

OTpl1TJ;aT6JibHOll o6paTHOH CBH3H IIO l10CTOHHH01JY TOHY. 

AJIH a-roro Mew.:.a;y ::>MHTTepoM n o6ll.\UM npoBO.IJ.OM BI{JIIoqaeTcH 

conpo-rHB JienHe R (pHc. VII -25). 3.a;ecb -raHme TOI{ IWJI.JieH-
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Topa nospacTaeT no i\Iepe IIOBbilllBHHH TeMrrepaTyphr 11, rrpo

xop;H no corrpoTHBJIBHMIO R, 6yp,eT rrpoMcxop;HTb yneJIH'le

Hlie rrap;eHMH uanpmEBHMH Ha neM. (ho nap;eHne nanpmn:e

HMH HBJIHBTCH OTpMIJ,aTeJibl-IbiM CMB!ll,BHMBM Ha 3MMTTepe OTHO

CMTBJibHO 6a3bT , I-Ianp mHBHMB MBiHt \Y 3MliTTBIJOIV1 JI 6asoj;'r 

yMei-IbiiiaeTCH, 'ITO rrpnno;t(MT H yMei-Ibmemno TOHa IWJIJIBH

Topa. ConpoTMBJIBHHe R MO-

i'HBT 6bl'Th samyHTHponano 

BMI\OCTbiO C, <JT06i.>l YMBHh- -EH 

UlMTb OTpnn;aTBJibHYIO 06-

paTHYIO CBH3b no rrepeMeH

HOMY TOI\y. 

Ha puc. VII-26 p,ana 

p,pyraH cxmvra cTa6HJnrsa

ll,MM pei'HHMa pa60ThT HaC

Kap;a, B IWTOpoj;'r nO,IJ;a'la 

CMBIII,BHHH OCYIIlBCTBJIHBTCH 

II pH IIOMOJJ.J;H )J;BJUITBJJ H Ha

rrpmHBHI1H R1-R 2 . ToH OT 

P11c . Vll-27. CxcMa il, By x t;ac~;a n -
n o ro y c nmtTCJHI c pc Jn CTOPH O- CMnOCTHOH 

CBR 3 bl0 

o6Jl(BH 6aTapBlif npOTei\aeT IIO j) B3HCTOpaM )J;BJIMTBJIH, 

cosp;anaH rrap;eHue rranpmHeHHH CTa6ImusupyroiiJ,ee IIOJIOJ-1\8-

nne pa6oqe:iiJ: TO'IKH . 

Peaucmopl-£o-e.iltKocnmaJl. .ilte:JicfJynac~>aiJI-£aJl. CBJ1.3b mnpO-I\0 

HCIIOJ1h3YBTCH B CXBi\IaX ycnJIJilTBJiej;'J Ha TpaH3HCTOpax. Ha 

1mc. Vll-27 noHasana rrpocTafl cxeMa p;nyxHacimp;Horo ycn

JII1TB.TIH C p83HCTOpi-IO-BMHOCTHOH CBJ13biO, J\OTOpaH rrpnMe

HJ18TCH rJiaBI-Ihli\1 o6pa30M npH llHJllO'IeHllli TpaH3MCTOpOB no 

cxeMe 0 8. PaccMOTpHM Ha3fial.reHne M poJib OT)J;BJihi-IbiX aJre

MBHTOB B 3TOj;'J CXBi\ !8 . 

Pasp;eJiuTeJibHbliJ HOI-I,r(eHcaTop C g cJiymiiT i-JJifl pa3i-JBJie

HI1H IJ,eneii nepBoro I{aCHap;a OT IJ,errei1 BToporo I<aCHai-Ja no 

nOCTOHHHOMy TOh:y . 
1Iepes corrpoTJilBJienHe R ~ IWJI Ji eJ>Top IIIITaeTcfl rrocTOJJH

HI>IM TOI\OM. lJ,eJIMTBJib HaiipHiHBHRH R 1-R2 3ai-JaBT IIOTBH

IJ,HaJI 6a3b1 R TeM cai\lbl M orrpei-JBJIHeT TOT\ CMeiiJ,eHIIJ1. Corrpo

THn.rrenRe R 3 c Jryn-atT i-JJifl cTa6JIJIR3ai~RH pa6oqeir TO'IHIL 

0HO C03i-JaBT OTpiH(aTeJibHYIO o6paTHYIO CBJ13b; BCJIJ1 IIOCJIB,II

I-IJ1J1 (no rrepeMBHHOMY TOHY) HemeJiaTeJibHa, TO OHO IIIYHTR

pyeTCH 1\0HJJ,BHCaTOpO~l C3 ,[(OCTaToqH o 6oJibWOM BMI\OCTH:. 

CorrpoTHBJIBHHe HarpysHII rrepnoro J\acHa,r(a p;JIH nepe

Menuoro TOI\a R 3 1"' ~renr,me, 'IBM R~ - conpoTRBJienne na

rpysHM i-JJIJ1 nocTOHHHoro TOHa. Ra~<u onpei-JBJIJ1eTCJ1 KaH con

po'l'llBJienne napaJIJieJIMroro COBi-JRHBHHJ1 R~<, R1 , R 2 n r
8

x2. 

Harpysiwi't i-JJIH ,IJ,aHnoro HaCHai-Ja c.rry/KHT BXOi-JHOe conpo-
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THBJI6HM6 (HJIM COIIpOT!>1BJ!6Hli16 l\I6Hbill86, '16M BXO)l;H06) IJO

CJI6)J.YIOIII.6f0 IWCKap:a. 
)lmi M6JHp:yHaCI<a)lHOM CBJI3H MOJI{8T 6biTb C03)l;3Ha 3HBH

BaJieirrHaJI cxeMa . Ha pHc. VJJ -28 M3o6pari>eRa ynpo

III.6HHaJI 3HBMBaJI6HTHaJI CX611>Ia )lJIJI rrepeMeHHOfO TOI<a . 16}K

p:ykaCI<ap:HOH CBJI3H. 'YrrpOIII.6HI1:6 npOH3B6)l;6HO 3a C'l6T HC-

I:WIOqeHHJ! BJIHJIHHJI R 3 H C3 , TaK 

H.ar< B pa6ol.JeM p,narra3oHe qacTOT 
1 

Xc3 =" ')Q ·f ·C 3H3'lHT6JibHO l\I8HbliJ8 o, _,.._ a 

R
3 

H DOTOMY rrepel\renHaJI cocTaBJIHIO

rr~aJI TOI\3 C03p:aeT Ha pa3B6TBJI6HMM 

R
3
-C

3 
HHqTorHHO JYraJioe rra)l;enwe 

Puc. VH-28. YnpOIJ(Oll!aR 
oHnuuaJJCIL'nWR cxe~ 1 a peanc- narrpRii\6HMH. 

-rop11 oro r<ac~<a)la l1epBhl M HaCI<a.a. 3aMerreH rerrepa-

TopoM ToHa i, aarnyH'mpoBaHHblM 

BHyTp6HHVHI BbiXO[J;HblM COIIp0HrBJI6Hli6M TpHOp:a r BblXl' 

BJ>rx:op:nofr TOI< TpaH3HCTopa o6osua qen i 2 • B cxeMax 08 
wmr OB a-ro TOT\ EOJI.Heiuopa i" . On pa3BeTBJIHeTCH B 

corrpoTHBJieHHJIX fl. 1" R 6 H r
8

, 2 . 3allteTHM, 'ITO BhiXO)J,HOll TOl{ 

n epBOfO I \UCHa)l;a i 2 BOBCe He panen i~ - BX:O,L(HOMY TOI<y BTO

por o Itacr<a)l;a . 

Harpy3o~mbJiu conpoTHBJieHMeM rrepBoro HaCHa,L(a R3 ~ 8 , 
T. e . COIIpOTHBJieH:H8M, IIO I<OTOp0111Y llpOT61\36T nepe~.I8HHhlii 
TOE i 2 , CJiyHUIT CODpOTHBJI6HH8 rrapaJIJI6JlbHOfO C08)J,HH6-

HHH RK, R6 M ,.IIX2: 

f _ j I J I f -- - - .- - , --
11 3~8 HK ' R,s ~'nx ~ ' 

R ReB" ( v v- I 2~) f,L\8 = J1 
1 
+Rz ,L(JIH CX8Mbi, IIOI\a3aHHOM n a pH C. 1 - I . 

BJ>u::o:.a.no8 conponmJieHRe rrepBoro Hacr<ap,a - no con

poTMBJienHe, J\OTOpoe lllYHTI-IpyeT BXOJ' BTOpOrO I\aCH a)l;a. 

MomHo npe,L(ITOJIOJIHITh, 'ITO aTHM corrpoTHBJierureM cJiynnn 

r 13 b1x1· 8To Bepno, ecJIH BbiXO)l;IIbiM TOHOM HBJIHGTCH i 2 . Ho 

B paCCMaTpHB38MOH rrparrrH'l8CHO:ifr CX8M8 BbiXO)l;HOII, IIOJI63-

Hblll, TOI< i~ H BCIO IIp8)J,lfl8CTByiOJJJ;YIO CXGMY CJI8)J,Y8T paC

CMaTpHB3Tb I<ai< renepaTOp TOHa i~ C BbiXO)J,HbJM COIIpOTHB

JI8HH8M R BbiX' p aBHhiM : 

lloHRTHe conpoTHBnerrue reHepaTopa BXO.a,Horo CHrnana 

BTo·poro HaCI{ar~a R 2 rrpMM8HHT8JlbHO K rrpaKrH'feCKHM cxe-
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MaM TaiuHe Tpe6yeT yToqnemur. Mor IIOJih3yeMCJI nOHJITHeM 

BHyTpennee COIIpOTHBJieiHie reHepaTopa BXOP,HOI'O RaCHap,a, 

nonaraH, IJTO naM U3BeCTHO a . p,. c. aToro rerrepaTopa unx· 

B )J:e~lC'I'BMTeJihHOCHI Jil3BeCTeH TO!{ i2, 
HaiipliiMep rr epeMeHHa H COCTaBJHI

IOlll,aH TORa 1\0JIJJeinopa B CXeMaX 

09 H OB . Y 6HpaH M3 o6w,ei'r cxe

MI>I (eM . pHc . Vll-28) HeHynnme 

)J:JIJI p,aHnoro paccy}HP,eHnH ,[\8'ramr, 

MOii\HO H"306pa3H"Tb liiUTepecyiOIII,YJO 

liOI\a3aHO Ha 
a 6 

Hac cxeMy, HaR 

pHc . VII-29, aM 6. 
B aTOM cxeMe reHepaTop TOI\a i2 

PBc. VII-29. 8KnnnaJ1CHTHbte 
CXCM bl ~.JlH OrtPC!ICJ1CfU1H no
'fCpb B MCHit; acl\a)IHOll t<Cnii 

o6n ap,aeT BHyTpeHHYIM corrpoTliiB -

nenMeM R 2 , paBHhlM eoDpOTMBJieHHIO 

paaBeTBJieH.HH R" H R 6, H myHTHpyrolll,RM 

no ROTopofr npoTeKaeT TOE i' 2 : 

Da panneJihHOro 

HarpyaHy 1'8 x2 , 

1\ oa cp qlliiU,HeHT yCMJieHHJI DO TOI<y C ytrel'Olll IIOTepr, 

RaCHa,[\HOM u,errFI paBeH: 

B ~rem-

K; = K,. . -=-_TI_,_r __ 
Rr + ~'nx 2 

CxeMHr,re ane~reuT&l cocTOHT ne TOJihHO M3 aHTMBHhiX co

npoTMBJI8HiilM, HO CO,u;epn{aT TaKme IJaCTOTH0-3aBHCMMbie, pe

a:KTMBH.bie 3JieMeHTbl : paa,u;e.'IMTeJihHbiM I<OHP,eHCaTOp C C• 

J{QH.)J:eH.CaTOp c3 H AP · 
Ha cpep):lHX rracToTax BJIMHHHe eMIWCTM C c Monmo ne 

YIJHTI>IBaTb, Tal-i: £He l~aH M BJIMJIHIJe eMJ\OCTM c3 (AJIJI cxeMhi 

09). 
Ha HM3IUIX 'laCTOTax DO Mepe yMeHhllleRMJI •racTOTI>I cMr

uana COIIpOTJ-TB JI8HM8 paap,eJIHT8JlbHOI'O l<OHP,eHCaTOpa P,JIH 
1 

nepeMeHHOI'O TOI{a Xc = G, 2S-f-Cc B03pacTaeT. IlpH 3TOJI'I, BO-

nepBblX, MeHhlllaJI qacTb TOHa amnmaneuTnoro reuepaTopa OT

BeTBJIJieTCH B IlOC.ll8)J,ODaT8JibHYIO neTBh, I',[\8 H.aXOJl:liiTCJI HOH

p,eHCaTop C C• M 60Jihl.l!aH <raCTb TOHa OTBeTB JIHeTCJl B COIIpOTJiiB

JieHHH r 8 ,"1 lir R " ( CM. pH c. VII -27); nonoMy yMeHnnraeTcJI 

Bh1XO;D;HOI1 TOH, a 3Ha<UIT, 11 nap;eHHe RanpFGHeRHll, C03P,aBae

M08 <JTFIM TOIWM na BhTXO):(e. Bo-B TOphiX , nocJW.JibRY conpo

THBlleHMe xc. c yMeHbiiJ8HHeM <raCTOTbi yneJIJiiLIImaeTCH, a 
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corrponmJienMe rrapaJIJieJILnoro coe,n;HnenYIH R6 H ~'uxz 
OCTaeTCH 110CTOHHHhi M, TO yB_eJIYI'U1BaeTCH nap;enne naiiplirHe

HYIH nepeMeHHOH COCTaBJIHIOIII;8:M na IWHp;enCaTope YI yMeHh

maeTCH na yr{asannhiX conp oTYIBJienMHX . 

EMHOCTb c3 mynTnpyeT conponmJienne R 3, ROTOpoe 

yMenomae'r yCnJieHHe I\aCHaf"(a. [[o Mepe yMeHbl.IIeHHH qa-

Puc. VJJ-30 . 8 IiDH· P1-1 c. V I I -:3 J. 8 1< -
BaJlCHTilaH cxcMa c BHDa j te li'I'II an cxc-

y·lJeTOM C3 Ma nxo.u.Hoii lJaCn ·r 
yCHj li'!TCJJH C ')PIC· 
'l'Oi\1 BXOJ].HOif Ci\1-
J\OCT II ua BhiCOl\JIIX 

CTOTbl COIIp OTI<IBJieHMe l\OH

).(enCaTOpa yneJIMqnnaeTCH M 

ycHJienne yMeHLmaeTCH . 

t:[ To6Lr IIOJIY'JMTh neo6xo

J~HMOe yCHJieHMe Ha HYI;>H

Heif rpaHnqno:iii: qacToTe, 

3Ha'IHTeJibHO yBeJIHqHBaiOT 

eMI\OCTb KOH,l.l;8HCaTopa. 

06biqHO 11pMM8HHIOT HH3I<O

BO.JibTHbl8 3Jiewrpn•IeCK118 

I<OHp;eHCaTOpbl 60JibillO ii 8M-

l<OCTH. 

8mmnaJieHTnaH cxe~ra 
c yqeTOM c3 HlvieeT BI1,l.l; , IIOHa3aHIII>lM Ha pHC . VJ I-30. 

H a pliiC. VII -3'1 rroxasaHa armMBaJien·rnan cxeM.a nxo.n;non 

qacTH ycrilJIMTeJin c Y'IeTOlii nxo.n;uoH: eMHOCTH na BhiCOlUIX 

qacToTax . Bxo.n;uaH eMROCTh Csx rnyuTnpyeT corrpoTYIBJieHue 

BLI XOJ(a J{aCHap,a H llpHBO).(HT E Cllap,y 'laCTOTHOi"r xapainepH

CTJiiiUI na BhiCOJUIX <JaCTOTax . CxeMa 08 HaH6oJiee qyncTBH

TeJILna I \ Bpep;HOli'IY BJIJiiHHHIO BXO,[\HOFI el\H{ OCTII Jii MOJ-H8T ne 

o6ecneqHTb ROCIIpOH3Bep;enHe Bl>l COIW'IaCTOTHblX CTilrHaJIOB. 

Tpauc¢opJ"<wmop ~wJL J"<~e~ciJyr.acr.afhwJL ceJLab TaJnHe illlii

p orw npHMenn eTcn n c xeMax ycnJinTeJiei:r na TpansncTopax . 

,il;JIH MaHCUMaJibHOH OTp;a<JH TpaH3HCTOpa COllpOTHBJI8HHe 

Harp ysHH J(Omi<no 6LITL npMMepr-IO TaHnM m e, HaJ{ ero nny-r

pennee corrponm.rrmme . B cxeMe OB BblXOJIHOe corrpoTnnJie

HHe neJIHKO , a nxo.n;noe c onpoTHBJienne CJieAYIOIIIero Hac

HaJ(a o<Jenh JvraJi o . ,il;Jin corJiaconaunn conpoTliiBJieuliiH B rro

J(o6n oM c Jiyqae u;eJrecoo6pasno IIJHIMeHHTh nomnHaiOII(liiFI ne

p eXOJIHOH TpanC~OpMaTOp . 
Tpauc~opMaTopnaH CBH3h Men~.n;y HacHap;aMlil J(aeT nos

MOJ-HHOCTh IIOJIY<JUTh MaJ{ CHMaJibHbiH H03~~liiiJ;HeHT yCHJie

HliiH H ,l.l;JI H CXeM C 06IIIHM 3MliiTTepOi\I, llX O,l.l;HOe COI1pOTHB.Jie

HHe HOTOp biX He OlJ8Hh MaJIO , HO BCe n~e 3Ha<JJi!TeJibHO M8I-Ibill8 

BhlXOp;Hor o. GTH ABe cxeMhi rrOI~a saHhi ua prilc . VJI-32. 
,il;JIH HaCI{arJ,a C TpaHC~OpMa'rOpHOH CBH3hiO, T a l\ JHe H:aH Ji! 

J(JIH J{aCI{aJ(a C p e3Ji!CTOpHO-eMl{QCTJ:IOJ1 CBH 3hl0, MOJHeT 6hlTh 

nocTpoeHa aHBHBa Jr ennraa cxe~m (pHc. Vll-33 , a). IlpH na-
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Jm:qMM TpanccpopMaTopa rra paMeTpM nTopntJnoiJ: o6~ronnr }.10-
ryT 6oiTb 11 pMB8,1l;8Hhl B I(8IJb n epBMlJHOIT 06MOTKH, J-1 TOrJ];a 
cxeMy ~wmno yrrpoCTMTb (pMC . VJT-33, 6). Harpysr<a BTOpM'I
noiJ: o6~1onur R

11 
::JKBMBaJieHTHa narpysHe R;, = n2 · R 11 , IIOJl.H.THO

'Iennofr nenocpe;:~,cTBenno J\ reHepaTopy. IIpu ::rro~r no T.l,enrr 

a 

0 
~----~~---+~--~+ 

E 

6 

Puc. Vll-32. CxeMbl J>ac~;anon c ·rpanccjJOpwrropnoii CBll3biO 

B cxeMe Ha p1-rc . VII-33, 6 npoTe T,aeT TOT\ i~ = i.ncosJJ;aeTna - n 

corrp OTUBJrennn narp ya rur na!J,8HT1e nanpmHennn u; = u 2 · n. 
B :nnx Bh!pantemurx n - J>oacpcpl1Ll,UeHT TpanccpopMa JJ,J;Jn, 
paBHbirl OTHOUJ8HHIO lJMCJia BWl'l\OB IT8j)BHlJHOll 06!\10Tl' H W1 
J\ qFJ:C.liY BHTlWB BTOj)HlJHOi i 
o6MOTJ>H W 0 • 

H.oacpcpi-iT.J,HeHT nepe,ll.aqH 
nanpmT..-eHvrH Tpanccpop!\la
Top o~J , T. e. OTHOUl8HH8 Ha
npJUl\8HJUI na Harpy3 T\e n 
a. ~(. c. renepaTopa , pamw: 

J( = n·R 11 

Tp Rr + n2 . J7H 

a 6 

P 11 c . Vll-30. 3 J;nn oaJJ eHTI\biC cxcMbi 
liaCI'G)Ia C Tpanctjlop~JaTOpHOi i CBFI3bl0 

IIoc.neAnee Bnrpamenne 
!\1 a I\CH!\IaJibHO , l{Or JJ;a no = 
= R r . R" HJIH R;, = R r· lipn 3'1'0!\I !\Iai<CRMaJII .. noe 3Ha'l 8HRe 

l:oacpcpHT.J,HenTa nepe~(alJR pam-ro: 

Tarun1 o6pasoM, liiai-\CMMa lhHaH n epeJJ:a'Ia narrpmH:eHHH 
Tp aHCcpOpMaTOpOM llOJiyqaeTCH ll iJJ![ COrJiaCOBaHRH COllpOTHB
.TI8Hl'll"I. Ta1wii me BbiBOJJ: Monuw CAeJtaTb l'I B OTHOTlleB.lU!l rre
peJJ:a'lH 'l'OlW J1I MOU.I,HOCTH. 
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EcJIH uarpyai<a BhTCOJ<OOMHaH (R,>Rr), TO TpauccpopMa 

Top p;omr.:eu 6biTh TIOHbtwaroiii;nM (n< 1 HJIH w2>w1); ec.rm 

u a rpys.K a HJii3I<OOMHaH, Tpauc(popMaTop ,!],OmKeH 6r>1Tb no

HHi-1-\aTOlll,H.\r (n>1 IIJIH w1>w2). B npai<THI<e TpaH3HCTOpHblX 

rn X 

R~ 

YCRJIRT6Jieii: CODj)OTIIBJI6HII6 BO BTO j)WfHOii 

o6~IOTJ<e o6 J>TLJHO auaLJHTe.'TLHO ~teHLlue, "'e.\ r 

corrpoTHBJieJtHe <<reuepaTop >>, - :no r116o 

BXOp;HOe COllj)OTJiiB.TT6HH6 CJi ep;yroiii;ero J aC

J..:ap;a, m160 HU3I<OOMH06 C011j)OTRBJI6Illil6 3By

l<OBOi-'I 1\aTYUIKH rpo:~>morOBOj)HT6JI.fl; no ::no

My 11j)RM6HJIIOTCH UOHR)l{aiOIII;H6 'l'panc<f>op-

fiiaTOj)b[ (w2>w1). 
Puc . V IT-3/o. 3~<D H - C\ 
naJICIITllaH cxeMa vl\BIIBaJI6HTHaH C X6~fa Tj)aHC<f>OpMaTOp -
J>aCHana C 'r)JIHIC- HOff CBH3H Ha HH3JUfX 'IaCTOTaX DOHa3aHa 
$O)JMaTO)J li Oii CB H-
3bl0 ua uu a ~< u x n a p11c. VII -34, B J\OTOpo}r L 1 - nnp;yn:-

l.!aC, 'OTax TllllHOCTb Ha]\IarHHtiYBaRHH nepBHliHOii o6-
MOTlUL Ha Bhrcormx qacToTax corrpOTHBJie

HRe XL = 2nj.L1 B6JIHJ<O Iii TOR C.lO,!],a He OTB6TBJIJI6TCJI . ilo 

liiepe yM6HblU6HHH 'IaCTOThl 'J'Oh B RH,!l,YHTHBHOCTR B03paCTa

e-r, a n corrpoTvrB .rrenHn R;, yMeHhJJiaeTcH H, c.rrep;oBaTe.rrr,uo, 

n ap;aeT yCMJf6FIR6 na RH3 lUI X qaCTOTaX . 

Ec.rr~r y'leCTb , <rTO RCHaJHeHMH BHOCHTCH eiii;e Honp;enca

Topo~r C
3 

Ji! l<OH ,!l,6HCaTOpa~IH B ~(pynrx HaCI<ap;ax, TO CTaH6T 

ncno, nacHOJihKO c ;roa..:na aap,atra BhlCOIW JW

'IecTBeunoro noc npoRanep,enliiH RR3RRX <rae

TOT B Tpanc<f>opMaTOj)HblX 1\aCI\ap;ax. fio-

3TOMy na npaKTHI<e p e)J,J\0 MCllOJib3YIOTCH cxe

Mbi , CO,!l,6prHaTII.lil6 Hj)OM6 BbiXOp;HOrO p;pyrHe 

Tpanc<f>opMaTopr;r. 

Y Tlj)OII1;6llfiaJI 3KBRBaJI6HTHaJI CX6Ma 

TpaHc<f>opllmToptiOro Hacxap;a B o6JiaCTH 

BbTCOJ<HX qacToT nor<aaana na pMC. VII-35. 
Ha BLICOJ{HX <racToTax BJIHHHJife OI<a3hl 

n aeT MHAYKl'MBHOCTh pacceHHHH L 5 H cyM

MapnaH IHYHTRpyrow;aH emwCTh C0 , cJ<.rra 

p;bmarom,aHCH H 3 OTp;eJihHbiX pacrrpep;e.rreH-

P n c . VII-35 . Ynpo-
tU.CHHan 3 l\BIIBa-
JlCrt'rHaFJ CXCl\la 
T)JlliJCrjlOpMaTO)JitO
T'O HaCH"a,na D 05 -
JJaC"rJ.t Bb!COIHIX 

HbiX 6M I<OCTeii o6~IOTOK l>I NIOHT<\H<a, llj)FIBep;eHHhiX K rrep

BH<IHOll o6~IOTJ{6 . 
C pOC'J'Q)I ~rac TOThi yM6Hbliia6TCfJ COIIj)OTRBJl6HM6 Xc H 

Ilj)M H6H3M6HHOU B6.11H'IHH6 COIIpOTHBJI6HMH renepaTopa 

yMeni>maeTCH nanpHrHeHHe na BhiXO)l,e . KpoMe Toro, Ha ae

KOTopoll: <racToTe B03HMI{aeT peaonauc nanpHii\6HRH Memp;y 

L
5 

Joi C
0

, nrwmqenHLTX noc.rrep;onaTeJII>no. Ha •mcTOTHOH xa

parrreJHICTin\e 6yp;eT na6mop,aTbCH xapaHTepHLIM nLr6poc . 
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TnmPIHaH 'IaCTOTHaH xapawrepHCTHHa TpanccpopMwrop

noro HacHa~a IJOHasana na p11c. VII-36. 
Ha IJpaHTime ue ncer~a y~aeTcH ~o6HThCH r-rynmoro cor

JJaconannH C011pOTHB JT8HHH H 1JO.ITY 'I8HMH 1\faJIJ,JX 'IaCTOTHhTX 

FICHaJ-Henni c IJO?vrOIJ..t:hiO Tpanccpop:r-raTopa. Tar{, 11pn: 6oJih

ruoM HO<lcpcpnn;uenTe TpaHccpop-

Mal~MM B8JJ:HHa pa3HHlW M8ii-\~y 

HOJlHG8CTBOM BJiiTHOB 118pBH'l

HOH M BTOpH'IHOif 06MOTOJ<, 

H8JJb3li ITOJJY'IMTh 60JJbiDYIO 

CBH3b Mem~y HMMH, a CJI8~0Ba

T8JibHO, 6y,D,eT 60JTbiDaH HH

~YHTHBHOCTb pacceHHMH. Bo.Tih

mne sna'IeHMli L~ llpMBO,D,liT I{ 

CIJa~y '!aCTOTHOH xapar-<TepM

Pnc. V TJ- '!6 . THnwmaa 'W CTOTnaa 
X ~iJ31<TCiJ HCTI!I<a TpaHCcjlOp)!3TOj)I! OrO 

HaCHa.u.a 

CTJiiHYI Ha BhiCOl\:HX <JaCTOTax; 113 <lHBMBa.rreHTHOH CX8l\Tbl 

BH,D,HO, 'ITO '18M 60JiblfJ8 X£, = 6,28 -f-L~, T8M 60JJblli8 Ha H8>I 

IJa,n,enHe HaiJpm-Henuli H, sua 'IHT, na BJJJXO,D,HhiX saa.;r-rMax 

nanpm-HeHue 6y~eT T8;\l Menr,me, LteM 6o.Tir,rue L 5 H Bnnue •ra

CTOTa. 

,Il;JIH yM8Bblli8H:HH HH31\0tJaCTOTHhiX YICJ<an<eHBH, C03):\a

Ba8MhJX TpanccpopMaTOpOM, Tpe6yeTCH YB8JIH'IHBaTb YIHJ:\Yl{

THBHOCTb L 1, 'ITO 11pHBOJ:\YIT H B03pacTamno co6cTnennoii eM

ROCTH 06MOTim ; llOCJI8):(HHH HBJJH8TCH COCTaB ifOH 'laCThiO C' 0 • 

3Ha'IHT, B TaJ<HX CJJY'l3HX HOpp8HlJHH HH3JWLJaCTOTHI>TX YICI-\a

JJ\8H.HH 11plilll0):\HT I\ YB8JIHtJ8HHIO BhlCOHO'laCTOTHhiX HCI\a/-I-\8-

liHH. 

§ 3. YPAHCC.UOPMATOPHbiJ/i W APOC
CEJ1bHblli1 KACKAAbl YCHJlEHWSI HA
nPSI)I(EHWSI 

B npeAI>TAYIJ..t:eH naparpacpe YI-\a3hiBaJiocr,, 

'ITO Mea.;):ly r.;acxa):\aW1 ycuJiemm nanpmHeBYIH Epoi\Ie pe3I,r

CTopno-eMROCTno E: B03MO/-HHa I1 TpaHCcpOpMaTOpHaH CBH3b 

(eM. pHc. VII-32). IJpnMep iiBYXHaCIWJ:IHOrr cxeMhi, n HOTopoi1: 

Tpanc cpopMaTop Tp-1 ucrioJrh syeTCH ):(JIH CBH3YI Jvrem)ly Hac

Ha,[\a~nr, co6panHhnvrn na TpHo~~ax, npJine):leB Ha pnc. VJ I -37. 
Hal{ BH,ll,HO Jil.3 cxeMbl, nepnH•maH o6MOTI-\a TpaHccpop"taTopa 

Tp-1 BHJIIOLJena n aHO):(HyiO lJ8Hb .naMnhr Jl1 MeH>AY noJrorrn1-

T8JihHhiM IJOITIOCOM HCTO'IBI-ma aHO)IHOrO llHTaHHH H aHO,[\OM 

JiaMnhi. TaH Imi conpoTHBJJeHJile nepBH'IHOii: o6MOTI H no

CTOHHBOMY TOHY B8B8JII1J\O ( COTHI1 HJII1 'J'biCHL!H: O.At), TO na)le

Hl'l8M Hanpmi<eHHH Ha nepBliltJHOif 06MOTH8 MOH<HO npene6-
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p8'1b l'I C'IJ1TaTb, 'ITO Hi:1TipJHH8Hl'!8 Ha aHO)l;8 JiaMTII>I Jl1 paBHO 

a . p; . c. HCTO'IHHl\a aHop;Horo m rrmnrJI. 

lJpH llO)l;B8f.1,8HJilM D 8p8M8HHOrO nanpmH8Hl'I.fi Ucl I\ C8TK8 

Jial\'lllbf JI1 B aHO)l;HOU 1.1,8llH 88 C03):(a8TCH TIYJibCJilpyiOIJJ;HI1: TOJ\, 

HOTOpbiM npOXO)l;HT r1epe3 nepBH'IHYIO 061\'IOTI\Y TpaHCcpOpMa

TOpa H C03}:J,a8T B H8li II8j)8M8HH08 nap;8HI18 HailpHm8RHH. 

(lJOCTOHRHOll COCTaB.JI.fiiOJ.JJ;8H nap;8HlUI Hal1j)JnH8HM.fi B II8p

P11c. \"ll-37. p; nyx,;ac~<ail llb<ii yc11· 
Jlll'fCi l b C TpaHCcP O[JMaTO]J lWii CDJ1 3 bl0 

i\'lCi-HJ~ Y I \3CI\a]l.al\Hl 

BU'IHOJ1 06MOTH8 1110}!\HO, I..:al:\ 

6bTJIO TOJJbl\0 'ITO U OI\a3aHO, 

rrpmre6peru,.) 

l1pM :3TO?If BO BTOpM'IHOll 

06MOTH8 l!lHAYHTYipyeTCH nepe

lll8HH08 HaiipFHH8HH8, H 8CJIH 

HHA YI<T:vmnoe corrp oTnBJieHne 

II8pBH'IHOM 06iVlOTI{l1 Tparrccpop

MaTOpa 3Ha LJJiiT8JibHO 60JihiU8 

BHyTpeHHero corrpoTBBJI8HHB 

.JiaMTibi, TO B8Jil'I'Il!lHa U8p8M8H

HOM COCTa BJT HIOIJJ,8J) nanpmHe-

HJUI Ha 3an<:nMaX nepBH'IHOM 

06iVtoTTUI B ~L pa3 60JihlLL8 Hal1pHH\8Hl!lH, UO)l;BO)l;UMOro K C8TI\8. 

Ecmr 'IUCJIO BJ!ITRoB BTopii'IHOH o6MOTHII TparrccpopMa

Topa Cp;eJiaTh 60JibiD8 <JIICJia BIITKOB I18pBl'PHIOU, TO 1\JOn\HO 

nOJry<xnTb H8IWTopoe yneJm<xenHe nepeMem-roro RarrpFm..:eHnJI, 

nop;BOAHMoro r< ceTHe JJaMni>I JI 2 , no cpaBneHnro c rrepeMeR

HbiM IIanpmH8HU8M U8pBUliHOll 06liiOTHM. 

HoBblCMTh rranpmHeHMe rrpM noMOJ.JJ;M ycMJIMT8JibHoro 

TpaHCcpOpMaTOpa rrpaKTHTI8CJHI l\lO}EHO JIMlTlh B p;Ba-TpM pa3a. 

R ~ ~ oacp'l'M!IM8HT TpaHccpopMai(MM n = -=. 11, CJI8)l;OBaT8JihHO, 
wl 

MaHCJtiMaJII>HbiH Hoacpcpl!rtVii8RT ycnJI8HiiiH TpauccpopMwropnoro 

HacHap;a lllOJI\8T 6nJTh onpep;eJreu no cJiep;yroiJJ;eii cpopMyJie: 

[( = ~L · n, 

ecJIM TpanccpopMaTop pa6oTa8'r 6e3 Harpy3rnr. IlpaHTM'18CHM 

napaJJJI8JibHO BTOj)M'IHOIT o6MOTJ{8 BI\JJIO<Ja8TCH IDYHT. 

HaK cJJep;yeT M3 rJp:anep;ennoii cpopMy.Jihi, rw acpcpH!IM8HT 

YCH.II8HMH HaCHap;a C TpaHCcpOpMaTOj)HOli CBH3bl0 M01I\8T 6uLTb 

60JlbW8 Hoacpcpnl.I,Itl8HTa YCI>I .JI8HJ1:H JiaMIILI, 'ITO H8 l\IO}T-\81' 

H11I8Tb ~I8CTa B j)8 3J-ICTOj)HONI JWCI ap;e. 

0TJIU'lMT8JibHOfi 1Ieino:iir TpaHCcpOj)Ma'l'Oj)HOro I{aCHap;a 

.fiBJIH8TCH OTCYTCTBH8 nepeXO,[l,HOrO J\OH)l;8HCaTopa, Heo6xo

)l;MMOCTb B HOTOpOll! OTUap;a8T, Ta K HaR R8T raJII>BaHH'18CHOM 

C B.fi3lif l\18/'H,[l,y aHO).I,OM JlaMllbl JI 1 Jii C8TKoiir JiaMUhi Jl 2 H, CJI8-
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P,OBWreJlhHO, BhiCOHOe aHOP,HOe HaUpiUJ~eHii!e He ll tO ;.HeT IlO

na.a:aTh Ha ceTHY .naMTihi JI 2 ; JWHJ~encaTop C g ne nymeH. 

B qnc.ne ::>JieJVJeHTOB TpaHccpopllm Topnoro r<aci\a.a:a o·rcyT

C'TByeT TaiO:I\e COHpOTRBJieHMe yTe'IKM CeTHli, TaH HaH ra Jib

naHU'IeCI\ali CBH3h Mef!\~(y Ce'n\0{1 M IWTOJJ:OM OCyl_o;eCTBJUieTCII 

'Jepe3 BTOPH'IHYIO o6MOTI<y TpaHccpopMaTopa. LJepe3 Hee me 

IlOp,aeTCII TIO CTOliHHOe HaDpiiiJ{eHUe CMeUJ,eHHII H CeTHe JiaMITbi. 

Tp aHccpopMaTopHbiiT HacHap, nMeeT MaJioe Bbrxop;Hoe con

poTHBJieHne ltl ITO::lTOliiY i\IOH\eT npHMeHHThCII DpH pa6oTe 

CJiep,yrm_o;ero Kacr<ap;a c ceTO'IHhiMH TOHaMn. 

TarmM o6pa3o1vr, no cpanHeHIIIO c pe3nCTOpHMM Hacrm

,D.OM TpaHCcpOplVIaTOpHhiM 1\aC h:a.a: ycnJieHHII Ii!MeeT CJiep,yro

II(IIe npeiiMyii(eCTBa: 

'l. llpn OJJ:HOM n TOll! rHe TIITie JiaMTihl TpanccpopliiaTopm,ril 

HaC Hap; yCHJieHIIH HMeeT 3Ha 'IHTeJihHO 60.IThJ I lHfl HO::>cpcpnl~I1-
eHT yCii!JieHHII, HOTOphill llOJIY'IaeTCII BCJie)J;CTBMe nOBhiiiieHIIII 

Hanp mE6HMII 3a C'IeT TpaHCqlOIJliWTOpa. 

2. B TpaHccpopllraTopHOM Hacr<a,n;e ycHJieHIIH MOrHHO npii

llfeHIITh ncTOl{HHJ< aHo.a:noro rnrTanrul c Mei-Ibruefr a. p;. c . E., 
TaH KaK nap;eBII6 DOCTOiiHHOrO HanpHm6HMR Ha nepBUlli-IOH 

061\IOTI\6 Hii!'ITOrl\I-!0 MaJIO H l\!O}HHO CllHTaTh , 'ITO U ao-:::::::;£0 • 

3. 0Tna.a:aeT He06XOJJ:HMOCTb B pasp;eJIUT6J!bHOl\I KOH,D;6H

CaTOpe M conpoTHBJieHHii! yTellEH ceTim .naMnhi cJie.n:yroii(ero 

nacEa,n:a. 

4. TpaHccpopMwrop nosBOJIReT noJiyLIJ!ITb Ha m,rxop;e r.;ac

rwr~a JJ:Ba paBHhiX no B8JlH'lHH6 U fllJOTHBOnOJIO;.HHblX no cpa3e 

HanpmHeHHR, 6CJHr BhiBeCTU cpe!J:HIOIO TOllHY BTOpii!l{HOH 06-

l\IOTRH, Jii nO::JTOliiY MO/HeT 11pi1MeHIIThCli Ha BXOJJ:6 TCll{ Fia3bi

naeMhlX ~\BYXTClRTHblX yCUJII1'reJiei1 MO~HOCTH, 0 <reM 6yp,eT 

paccRa3ano n ,n:aJibHeiirneM. 

l{ lliiCJ!y He!J:OCTaTJWB TpanccpopMa'l'OpHoro HClCl\Cl,lW CJie

p,yeT OTReCTU OTHOCHTeJlhHYlO P,OpOrOBli13Hy TpaHCcpOpllia TOp a 

no cpaBHeHHIO c pe3HCTopollr H IWHJ\encaTopo~r M TPYJJ:HOCTb 

noJry~rennH paBHOliiepnoii 'IaCTOTHoii xapaKrepncTnr.;u . 

3KBJ!iBAnEHTHASl CXEMA TPAHCU>OP
MATOPHOrO KACKA,QA 

Bonpoc o 'WCTOTHhi X ncHan\eHHHX, nno

CUMhiX T}JClHCqJOpllla'fOIJHhlM HClCI\a~OM, y~o6no paCCMOTp6Th 

npi-1 aHaJIH3e pa60TI>I :31\BMBaJieHTHOH CX6Mhl Ha pa<:.JlMl{HbiX 

'IaCTOTiL\:. .IJ:JJ R rJOCTpOeHlHl ::li\BHHC1.T!6HTHOH CX6Mhi TpaHC

cpopMa'l'O pH oro HaCl{ap,a, Tal<.: me 1m1< 11 npn nocTpoeHHH cxe-
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Mhl pe3HCTOpH0-8MROCTHOTO R~CRaJJ,a, .rra~ma 3a:MeHHeTCH 

8RBF!BaJJeHTHhiM reHepaTOpOM nepeMeHHOTO TOJ<a C 8. p:. C. , 

paBHOH flUcl• M o6.rrap,aJOJJJ;MM BHyTpeHHHM COTipOTI'lBJJeHMeM 

R1. TpaHc~opMaTop, B CBOIO oqepr.p,:r,, - ero 8KBMBaJieHn-roH: 

8JieHTpR'I8CI<OH cxe~JOj;[, 

Ms 8Jieit1'poTeXHHKH H3B8CTHO, 'ITO BCRKyro Harpys"y BO 

BTOp:H'IHOH JieTIR TpaHC~OpMaTopa i\10}}\HO 3aMeHMTh HeJ<OTO

pOU 8HBHBaJieHTHOH Harpy3I<OH, npHCOeP,HH8HHOH H HJiel\I

li>JaM nepBH'lHOH o6Morrm. BeJIM'lMHa aroro 8HBHBaJieHTHoro 

COIIIJOTMBJieHUR , HJII!J, IWK ero '!aCTO Ha3hiBaiOT, IIpHBep:eH

HOTO R rrepBH'lHOH 06MOTHe COllpOTMBJI8HHJI, MOi-HeT 6:r,rr:r, 

.neri<o onpe,n:eJieHa , ecJIH usnecreH I<08~~HJJ;JleHT Tpaac~op
Ivrarvnr, TiyTeM p,eJieHMH BeJJIPIMHbi COIIpOTMBJieHJ-IR Harpy3TU1 

BO BTOPH'IHOH JieTIH rra HBap,paT IW8~~HJIMeHTa Tparrc~op
MaJIHM. 

TaR, HarrpHMep, ruyHT, r<aTopmoi o6:r,r<mo ycTaHaBJIH

BaercH BO BTOpM'IHOll JieiUI Nien<p,yJiaMITOBOTO TpaHC~OpMa
TOpa R,11 , MomeT 6:r,n:r, rrpun ep,err r< nepBH'IHo}.i o6MOTI<e no 

~OpMyJie: 

AuaJiorn'lrrr,rM o6pasmr B nepBM'Irrym r~en:r, MoryT 6J,ITb 

nepeCtUITaHJ>I 3HTMBHOe COllpOTMBJI8Hiiie 1'2 BTOpR'IHOU o6-

~WTKH 11 ee rmp,yHrMnrrocr:r, paccennHH Ls2 · 

B nepBH'Irrym JI8IIh MOJHeT 6biTb rrep ec'IHTana n neJIR'IMHa 

nxor(rro:iir eMROCTR CJiep,yiOIIIero Hacr<ap,a C 0 • Ho y'IHTblBaH, 

'ITO eMI<OCTHOe COIIpOTMBJieHHe o6paTI-IO IIpOnOpi1HOH3JlhHO 
1 

eMKOCTM ~C = Zn. f . C , npR nepeC'leTe eMI\OCTM ee BeJIH'lifHY 

cJie,n:yeT u e lJeJIHTb, a y~mo~HaTb rra rma,n:paT rwa!Jl~MJIHeHTa 1 

TpaHC~OpMaJ~MM, T. e.: 

M s Kypca 8JJ8HTpOTeXHHI{M (ci\1 .: <Deli 0 c e e B n . r. , 
8 Jiewr pOTeXHHJ<a, <<J1cr<yCCTBO>>, 1962) Taini<8 M3BeCTHO, 'ITO 

ecmi H nepBH'IHO:iir o6:r.roTHe Tparrc~opMaTopa (pnc. Vl T-38 ,a) 
nop,B OlJHTCH rrepeMerrrroe rranpH!I<errne, TO 'Iepes nee npoxo

lJHT nepeM8HHhlll TOH, I<OTOpblH C03JJ,aeT B CTaJibHOM cep,r(e'I

HHI<8 nepeMeHHbiH MaTHHTHhlll IIOTOH. 

CHJIOBbre JIHHHH noTOI<a, saMbii<aiOIIIHeCH B craJibHOM cep

p;e'IHHI<e, nor asan:r,r rryrrrnnpoM. MarHMTHbi:iir noTOI< npoHM

s:r,mawr BliiTIUii BTOpH'THOJ~ 06MOTI\M, HHp;ywnrpyH Ha ee HOH

IIaX 8 . p;. C., H 6CJIH K 3arKHMaM BTOpHqHOH o6~fOTKH TIOlJRJilO-
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'Iena Harpy3Ha, TO BO BTOpH<.iHOH ~8IIH IJOT81IeT nepeMeHHbiH 
TOI\. 01-I , B CBOIO O<.Iepep;L , Tal\ }H8 C03p;aeT MarHMTHbiH IIOTOI{ 

B cTa JihHOM cepp;e<mMr{e . TarurM o6paaoM, nepnn'maH M BTO

pM'I!IaH r~ernr Tpanc<flopMaTopa naamvro,!],elicTBYIOT Men;p;y 
co6o:i1, Tal\ J\aJ{ O,!l,MI-I M TOT }}{e MarHHTHblM l10TOJ\ , o6pa30BaH
Hbllf TOJ{aMH nepBFI'IHOH M BTOIJFI'II-IOII l\enefr, 1IpOHJ;J3hJBaeT 
HaR rrepBM<JI-IyiO, Ta l\ M BTOpU'IHYIO 06MOTIUI TpclHC<fJOpMa-ropa. 

Ho oHaaLmaeTCH, 'ITO <JaCTh CHJIOBhiX JIHHJi!H Marmrnwro 
IIOTORa , o6paaonarrnoro TOHOM n nepn:wmofr o 6MOTHe, aaivru-

z 

a 6 

Pl·fc . VII-38. CxeMaTII'ICCI<Oe Hao6pa;HcHII C TpaHccjJop~mTopa : 
a. - c pacceHH J-I el\·t; 6 - 6e3 paccernrH R: , HO c Dl\JifOl.JCHHhll\IU 

B Cl'O 06M OTHH OTil,CJibHbl"nl HHil.YHTIIBHOC'I'HMif 

z 

HaeTCH no nosp;yxy, a ne no CTaJihHOMY cep ge<JBiiii{y. 8TOT no
TOr\ Ha3hiBaeTCH MarHHTHbiM IIOTOI\OM pacceJIFIUH nepBU'lHOH 
o6MOTHH W sl· To me npoucxo,a;wr n noRpyr nTopnqnoll: o6-
MOTI{U, o6pa3yH MarHUTHblM ITOTOH pacceJIHUH W52 . 

MarrrnTHI>IM noTOH p acceHHUH nepnn<nroi~ o6MOTRH npo
HJil3hiBaeT TOJihHO rrepBiii'IHYIO 06MOTRY U I1I-I,!l,YHTUpyeT B Hell 
8 . ,!], . c. caMonrrp;yr\~UH. To me npoHCXO)J;JiiT n no BTopu<Jnoi'r 
o6MOTRe. MarHUTHhie rroTORH pacceJIHJ;JH He yrracTnyroT n 
rrepe,!],a're 8JieRTpn'1eCRoi'r 8Heprnn n s rrepnnqno~i u;em 'r Tparrc
<flopMaTopa BO BTOIJJ;J'IHyiO. 

,1J;o6aB0'11-Ihie 8 . ,ll;. C., IUI,!l,YHTJ;Jpyei\'lhTe B 06MOTHaX TpaHC
<flopMaTOpa IIOTOI{ aMH pacceHHJ;JJI, Bhi3blBaiOT yMeHbJllei-IHe 
narrpJin\ei-IMH na rrpHeMHnHe rra rrecrwJihiW rrpon;errTon. ITo 
BeJIH'lliiHe IIOTOHH paCCeHHHH TeM 60JibJlle, qeM 60JibJlle TOH 
B 06MOTI\aX Tpanc<flopMaTopa. ,lJ; eM'CTBJiie IIOTOHOB pacce.fUIHR 
paBHOCMJibHO BIWIO<JeHMIO IIOCJie,IJ;OBaTeJibHO C rrepBH'lHOH 
n BTOplii<.IHofr o6MOTHaMn Tpanc<flopMaTopa, rre nMero~ero 
pacceHHHH, ne6om;mnx HaTymeH caM OJ;IH,!l,YHII)'IYI L 51 n L 52 
(plilc. VII-38 ,6). 

Ha HH3KHX H cpe,!],nnx qacToTax HH,!l,YI\THBHOCTh pacceH
HHH B TpaHc<flopMaTopax rrpaHTH'IeCHH He CHa3I>TBaeTC.H Ha 
BeJIJii<JHHe H08<fl<flJii~JiieHTa yCHJi eHHH . 8TO 06'bRCHHeTCH TeM, 
qTO HH,ll;YHTUBHOCTb pacceJIHIIH 06biqHO HeBeJIHIW, II08TOMy 
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M MX JiTRP,yRTMBHLIB COIIpOTHBJJBHJiiH Ra RFr3HHX T1T C]JB)J,HHX qa

CTOTaX ~la.Jlb f , B(',JJB)J,CTBMB •rero MaJJO H ll a JlBHHB I-IaiipH1-HBHJifH 

Ha HHX. 

B o6.naCTM BhiCOJurx 'IaCTOT lilHp:ywrHBHoe conpoTHBJIBRHe 

CTaHOBJiiTCH 3EJa 1Il1TBJibHhlM H ero 

~---l,-----;;:-----l 

I 
I 
I 
I 
I 
I 
I 
I 

PHc. VIT-39. lio.n n aH oi;OJmaJICH'l'HaH cxenJa 
Tpa t-fCCbOJ)J\.'JaTO!)l! Ol'O haCHa~ta 

Hy/J\HO Y 'LI,lTI>TBaTb npH 

pacc~roTpemur pa6oThT 

Tpanccpop~raTopnoro Kac

r--.:ar~a. 

8HBHBaJTBHTI:IaH CXB

llla TpanccpopMwropa co

CTOMT M:l awrHBHOl'O CO

Il]JOTJIITIJJBHHH IIB]JBI!l.qHoi[ 

06MOTfUI 1"1, liiH)J,y l~TJiJH
HOCTH paccemnur nepBH'f

noi:i o6Monur L 51 , HHAYJ> 

TMBHOCTB IIB]JBH'IHOIT 06-

lllOTI<H L 1, ]JB3BCTOpa ~"en 
31\BJmaJIBHTHOl'O JIO'I'B

pHM Ha llB]JBliiari-UiqMBaJ:UIB II BJ!L\.pBBbTB TOl<H B CTa.JJbHO t\ I 

cep.De•nrHKe, a Tmor>e H3 rrep ecrrwr am-Ihlx H n epBnqnyw u;enb 

,)',)', ri\ ll!., 
C IIO~ I OIIJ;biO H 03~C.l'HIJ;MBHTa T]JaHC~OpMaiJ;UH n = w- p63MCTO-

l 

I' - L s2 
]JOB, MHP,Yl\TJiiHHOCTeJ.'r li! BMHOCTBfi : "'s2 - ----;)}- IIpHBB,U:BH-

BaH I< IIBpBlil'IHOii 1JBTUl MB,ll,YWrHBHOCTb paCC0HJ:HUl HTO]JWI

HOM o6MOTHH TpaHc cpopllraTopa; r 2 = j-rrpMBB,ll,BHHoe ai\

, R 
TJiiBHOe COIIIJOTHB .rrerrne BTO]JFJ<morr o6Monm; Rw = -----'? -

n-

IIpMBBP,BHHOB COll]JOTJiiB JfBHMC lii YHTa; C'~ = C' 0 · n 2 - ll]JHB0-

,ll,BHHaFI BXOJ~HaH BMIWCTb CJI 0JWIOITJ,Bl'O HaCRa[ l a, BHJllO<IaiO

m :arr M0}HBJIITHOBY10 BMI<OCTh TpanccpopMaTopa Cr =--= 50-:--100 nif; . 
IIoJIHaH armHBa JIBHTHaH cxmm TpaHccpopMaTopnoro J<acHap:a 

p:aHa I-Ia pHc . VIJ-39. 
l:lTOULT paCCMOTpBTh, Hai<Ofr BH)J, J!JMBBT qac TOTHaJI xapal{ 

TB]JHCTMEa TpaHCcpO]JliWTOpHoro 1\aCl<a,D,a , MQ}IUIO yrrpOCTMTb 

ar<BHBaJIBH'l'HYIO cxeMy, rrpene6peraJI rroTepmvrM B cep p:e 'l

Hiime, a TaiURe yqHThlBaH liJaJIOCTb BBJIM<rMH r; M L~2 • Tio

CJIB)J,Hee II03BOJIHBT rrepBHBCTM TO•my II]JMCOB)l,HHBHHH HH

AYJ\niHHOCTM L 1 M3 A B B , rrocJie rrero ~wnmo o6'bep:rmMTb HH

p:yi.; :nmHoc·.nr pacceJIHH-H Ls1 H L~ 2 B o6ru;ym HH,ll,yHTI!IBHOCTb 

pacceHHFIJI TpaHccpopMaTopa L 5 , a pesHCTOpLr r 1 n r; npnco

BJIIiiHH.Tb H R,. ncToqHni\a. Torp:a yrrporu;eHHaH aHBFIBaJieHnraJI 

cxeMa nplilMBT Blil,ll,, rror>a3aHHhlM Ha pnc. VII-40. 
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"'ACTOTHAS1 XAPAKTEPiiiCTJiiKA 
TPAHCCbOPMATOPHOrO KACKAAA 

PaccM oTpMM, Rarme qacTOTHbie MCJ-wa..:e

HMH BHOCHTCH CX8MOIT Ha HJ-I3lUIX, cpegHMX M BbiCOI-\MX IJa

CTOTax, IJTO II03BOJIMT HaM np egCTaBHTb ce6e BM,Li 'JaCTOTHOii: 

xaparnepHCTHKH Tpanc<flop;vraTopHoro HaCJ{aga . Bosb:r.Iei\I 

cxeMy 6es myun. 

8HBMBaJI8H'L'HaH CXeMa Ha HM3HHX 'laCTOTaX IIIJMBegeHa Ha 

puc . VII -4'1, a. ITo cpanHemuo c o cxei\roli pnc . VII-40 3A8Ch 

OTCYTCTBYIOT myHTHpyrorn;aa eMHOCTh C~, rrocrwm,r>y ee 

Pnc. V I I - 1,0. Yn pOII(CIIlla fl 
8 HBI1D3JI CHTH3fl CXC~Ja 1'P3 H C· 

!jJO[JM3TO[JH O!'O HaCHana 

a 6 

P uc. VH-4 1. YnpoLUcn11 an aH ul1naJlcHT
naR cxer.·Ia na 111'1 31\HX lJac·roTax. 

corrpOTMBJieHHe B o6JiaCTH HHrHHHX qacroT MaJro, H L 5 , Tar< 

RaH B ::JTOH 06JiaCTM HH,LiYHTMBHOe COIIpOTHBJ[8HI1"8 pacceH

HMH TaH ;>He MaJIO . 

Y CMJr8HHe Ha lHni\HHX IJaCTOTaX 3aBHCHT OT HH)l;yl\'rHB

HOrO COllpOTHBJI8HHH w£1 , IWTOpOe yMeHMnaeTCH C IIOHHrHe 

HM8M lJaCTOT.bl. 8TO IIpHBO,ll;MT H ynemFI8HIUO TOT<a B aHO,ll;HOli 

~enH H nap;emno uarrpmi<eHMH ua nuyTpeaueM conpoTHBJre

HHM Jral\IIII>I; CJI8,LiOBaTeJI.bHO, BblXO,LiHOe liaiiiJHrH8HH8 M yC~I

JI8HH8 HaCHaJ(a C IIOHMmeHI-Ie i\ 1 rraCTOT.bT yMeHbi.liaiOTCfi. "lla

CTOTHaH xapawrepHCTHI\a HM88T crrap; Ha HM3TUIX <IaCTOTax. 

)J; JIH yMeH.bi.li8HHH Cilaga Hy;>HHO, IJT06bi ,L\Jrfl Cai\IOTI HM3f{ Qll 

'laCTOT.bi MH.L\YHTMBI-IOe conponmJreune w£1 6I>mo 6br 6oJibUie R ;; 
CJregOBa T8Jr.bHO, YIH,ll;YHTH:BHOCTb Tpanc<flopl\IaTopa )l;OJrii-\Ha 

6biT.b 60Jr.bJJIOi1 . 

B OJrhii.lO~r n eJrH IJIUihi nHgyHnmuocTM p;o6nnalOTCH , npMMe

HHH 60JrbUIOe 'lHCJIO BMTJWB rrepBM<IHOM 06MOTHM Tpanc<flop

lVIaTopa (3000- 5000 BMTJ-\OB) . 

RpoMe Taro, nocKOJrhi{Y nonylJeFJ:He 6o.rri>woifr na,a;yJHHB

uocTn CBH3aHo co 3Ha'1rrTeJrhHhJMH Tpy,a;uocTHMH npH MaroTOB

JreHHU Tpauc<flopMaTOpa, JJ;JIH yM8Hbiii8HRH 'IaCTOTHbTX UCHa

rH8HUH CJrep;yeT Bbi6HpaTb JJa~my C MaJrbnl BHyTpeHHHM 

COllpOTHBJr8HM8l\I. 
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C yBBJlli!t[8fllieM traCTOTM l!l.Hll,YRTHB!IhiB ConpOTJIB JIGHIHI 

wLs H wL1 YBBJUl'JHBBIOTCH, HO COllpOTMBJIBBIIe wLs 
p;Bri\8 Ha cpep;HHX qaCTOTBX OCT88TCJI HBCTOJihHO MBJihiM, 

no HM Mormro npene6peqh. B TO n>e npeMJI eMIWCTHoe con-
1 

pOTUBJIBHHB -C • yMe:m,ruaeTCJI U CTBHOBHTCJI COJII31'1Bp .ff-
W 0 

MhiM c wL1 . HaK BMp;no H3 SI{BHBaJrenTnoi'r cxeMI>I (eM. pHc. 

VII -L'd, 6) na neHoTopoiir onpep;eJiennoiir •rae TOTe Memp;y eM

I\.OCThiO L1 H BMIWCThiO C~ HBCTyiTBBT pB30H8HC TOROB: 

1 (, -L1 = --, , 
W·C

0 

npu KOTopoM o6JIJ,ee conpoTHBJienliie p esonan cnoro I\OHTypa 

CTBHOBJiiTCJI 0t[8Hh 6om,nnnr, a TOI{ B l\BITM CTBHOBJiiTCJI MliiHJii

MBJlhHhll\I. Tmn1111 rrapaJTJIBJihHbii\I c onpoTHBJienneM Moauro 

rrpene6peqb, 11 8RBJ-IB8JIBHTH8JI CXBMa CTBROBMTCH 8JIB.M8HT8 pHO 

rrpocToi. llap;enae nanpamenMR na nnyTpenneM corrpoTHB

JieHliiH rrpii aTOM npaKTIIqecEu OTCYTCTBYBT, u narrpRrHBHne na 

rrepnu<moiir OOMOTHB TpancLflopMaTopa u~ 2 paBHO a. p;. c. IIC

TOt[HHH:a, T. e . U~2 = ~tUc l· 
Hanpamenne na Bbrxop;e HacHap;a (na BTOpHqHoili o6~roTI\e 

Tpanc¢opMwrop a) B n = ~2 
pas 6oJibrne, IJeM Ha nep nl'IIJHOM 

1 
06MOTRB , Iii, CJIBp;OB8T8JihHO , paBHO: 

0Tcrop;a H08LPLPIII~lii8HT yCIIJIBHIIJI na cpep;HHX IIBCTOTBX 

[{ 
0 

paneH: 

"LiacTOTa rrepnoro pesonaHca MOrHBT 6h1Th rrpu6JIH/Eenno 

onpep;eJrena no LflopMyJie : 

C ,L\BJihHBlliDJill\II IIOBhilli8Hll8M <Ja CTOTbi HHp;yrniiBH08 COIT

pOTHB JI Biflle 6,28· j-L1 CTBHOBH:TCJI 3H8t[l2!T8JibHO 6om,nre, 
1 

<IBM BMI\OCTHOe COllpOTIIBJIBHH:B , , IWTOpoe npo-
6 ,28-j-C0 

p;omr>aeT yMeHbillBThCH; noaToMy B o6;racTu nepxnux 'Ia-
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CTOT myHTMPYJOJJJ;MM nmunrMeYI HHJJ:YKTMBHOCTR L 1 ;vwa~Ho 
npeHe6peqbo B TO iHe npeMH rrap:ermeM HarrpHii\eHMR Ha 

B03pOCUl8M MHJJ:YI<THBHOM COIIpOTHBJICHHM paCCCJTCIMJI 

6,28° j.£5 Ha nepX I-IIH qaCTOTaX rrpeHe6p8'lb H8J!b3 Ho 8t{ BMBB

JieHTHBH cxe:rvw c Y'IeT0!\1 ::JTMX coo6pa <Ee

HMU MOH\eT 6nrrh ynporu.eHa (pHco VII-42) 0 

3 p:eCb HMCCTCJI IIOCJI C)J;OBBTCJlhHO e COC

,[(lilHCHJiiC HHJJ:YKTJiiBHOCTH paCCCHHMH lii 

IIpliiBC)J;CHHOll BXO)J;HOU CMHOCTH , M Cii\JJ:Y 

HOTOpbiMH MOJI\81' B03HliiKHYTb pe30HBHC 

Hanpan-;eHMHo 113 ycJIOBHH pe3onaHca i\IO 

IKeT 6hiTh orrpep;eJi eHa qacToTa BToporo 
P11c. VJI- 42 . Yrrpo
utei·III Cl FJ ai\ BJ1BaJierlT
H a R CXCMa Ha RbiCOH11 X 

pe3oHaHca: LJaCTOTa x. 

f no pea = · ~ / , o 
6 ,28 V L5 oC 

0 

Ha qacToTe p e 3oHaHc a o6m,ee pea wnmnoe conponmJICHne 

CTaHOBJilTCR panHblM HYJIIO, IIO::J TOMY TOH B l.\CIIH p83HO B03pa

CTaeT Jii HaiipHlli8HJil8 Ha IWrHJJ:OM Jil3 ::J TCMCHTOB pe3 0HaHCHOrO 

I-\OHTypa 3HaqJiiTCJi bHO YBCJUI'lHBaCTCH, BBMJJ: Y 'Iero '!aCTOT-

HaH xapawreprrcnma B o6JiacTM 

n epxmu qacTOT np.ao6peTaeT IIMK 

K (pHCo VII-43), a 3a'J'eM pe3 IW na

fc pe3 

p:aeT I13-3 a yMCHbJJJCHHH CODpO

TMBJICHMH CMHOCTH C~o 

Y CHJIHTCJib C TaHOM qaCTOTHOll 

xapaKTCpHCTMKOU: 1)C03p;aeT3Ha

'lHTCJibHbi8 qacTOTHhte HCI~an~e

H l'IR , TaK HaH HepaBHOMepHO YCJ.i-

JIHBaCT pa3JIHLIHbJC 3BYHOBhlC 'laC-
Puc. V.IJ -Io3 . 'lacTOTHaR xapaHo TOThi', 2) CJ\JIOHCH H reHCIJ a l1HIIf, 
Tepi!CTIII; a TpaHC<!JOpMaTOpH OrO 

HaCHana TaH Hal{ 60JibliiMC 'IaCTOTHbiC HCI\a-

IHCHH.H MOryT IIpMBCCTM 11: 1\ IIOHB

JICHliiiO 60JibJJJHX <f>a30BhlX HCHa}I\CHJiiH; 3) He Jl03BOJIH8T JIO

JIY'lliiTh 6om, mon p;Harra3oH BocrrpoH3nop;mvrhiX cracTOT, TaH 

Hal\ CTp8MJI8HM8 IIOBbiCHTh yCMJICHMC Ha cpep:HHX 'IaCTOTaX 

3a CY CT yn eJIHqeHH:H 1\0::JWWMU:HCHTa Tpanc<f>opMal\1H! rrpn

BO,[\HT H CHIUHCHHIO qacTOTbi pe30HaHCao 06btqno KO ::J W<f>H

IIHCHT Tpanc<f>Opi\Ial1HM MCi-I>,D;y Ji ai\IIIOBOrO TpaHc<f>opMaTOpa 

ne 6oJree 2 74° 
'1To6br yMennmliiTh qacTOTHhre MC T>:amenliiH n nOJIY'IMTh 

6oJiee yCTQHqliiBYIO pa6oTy y c n.JJHTCJIH, BTOpWIHyiO o6M:OTJ{Y 

Tpanc<f>opMaTopa 'laCTO UJYHTHpyiOT, IIO)l;IU IIO'Ia.H pe3I1-
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CTOp .R"' (Ha pHcyHKe VII-42 OH yr<aaaH rryHKTHpoM). 81-\BH

Ba reHTHo e conpoTHB reHHe R' , JWTOpoe o6ycJIOBJieHo co
r.u 

TipOTFIBJi eHHeM myHTa BTOpHqHOH 06MOTIUI, OJ\a3J>IBaeTCH 

BI-\JIIO<JeHHI>IM napaJIJieJibHO C~ . 
illyHT, XOTH H CHlHHaeT yCHJieHlile BO BCeM ,IJ;I1aiJa30He <Ja

CTOT, HO 3a TO BbipaBHliiBaeT <faCTOTHyiO xapawrepHCTl-IJ-\y. 

BHJilOlJeHHe uryHTa napaJJJieJl bHO e~mOCTH c~ npl!IBOJ\HT 

H 3Ha <IHTeJi bHOMy yMeHbUJeHHIO HanpJHHeHI1fl Ha eMIWCTH 

npn peaonaHce n qacTOTHaH xapawrepHCTHI{a ycHJIH'reJrll 

HMeeT MeHbll!HH flO,[\'beM Ha 1IaCTOTaX, 6 JIM3IU1X I\ pe30HaHC

HOM . TaHHM o6paaoM, 'JaCTOTHaH xaparuepHCTMHa yclimn

TeJIH CTaHOBHTCH 60Jiee npHMOJiliiiieUJ:IOH, T. e. IJaCTOTIIbie JiiC

Ha:rr.;eHHH yMeHbiDaiOTCH. 

flo,a:6HpaH BeJIH<JHHy JIIyHTa, ,[(06HBaiOTCH npmiOJIMHeii

HOfi qaCTOTHOH xapawrepliiCTHHlii. flpH CJIFIJIIHOM MaJIOI{ BeJIH

LJHHe COIIpOTMBJieHHH ruytJTa IIOHBJif!eTCH CIIa,[\ <JaCTOTHOll Xa

par.;Tep11CTHKH. B o6JiaC'l'l-I BbiCOHH:X qacTOT. 

BoJree M.JUI Menee H}HtMOJIMnerirnan xapawrepnc~nu.;a rro

JlY '.raeTCH npn Tal\HX conpoTHBJierrnnx mynn, npr1 J:\OTOpbiX 

yMeHhLUeHne rwacpcJnn~nenTa ycHJiennH na cpe,a:nHx qacTOTax 

COCTaBJIHeT 1 0--;-- 20 % . 
TaH HaH cpaay sa nnHOM ycnJieHHH nacTynaer pea r.;nJ;i 

cna~( qaCTOTHOH xaparnepnCTlii iUI, TO ,[\Jill IJOJiy'leHHli 6om;,

JJLero 'IaCTOTHoro ,a:Harraaona uyr.r.;uo ,a:o6HBaTbCH peaonanca 

HanplD·H8HlifH TpaHCcpOpMaTOpa Ha C31>lbL\. BblCOHHX <JaCTOTaX 

3BYHOBOrO ,[\HaDa30Ha, T. e. Ha <JaCTOTaX 7000-10 000 ZLf. 

8TOrO 1>10/HHO ,[(06HTbCli llpl•I T13rOTOB.JieHHH MeH<,[(yJiaMIIOBOrO 

TpauccpopMaTopa, B 'IaCTHOCTH, YM8Hbl.llaH HH,[\Yl{Tl'l.BHOCTh 

paccemnm J\O conrx ,a:o.rre:fl reHJHr H MeHbllle, a TaJUHe npuMe

BHH CeHJ.(TIOHHpOBaHHbie 06MOTHH, ' I TO IJ03BOJIHeT CHH3 l•ITb 

C06c·r nel:IHble eMHOCTI1 H . ITO'J'OJUI paCC0liHHH. 

Bhr6op LJa CTOTDI peaouanca nanpmrWHHH nMeeT 'Jpe3Bhi

'Wiino Ba/IUIOe 3l:I3'Iel:UI8 llp]l[ paC 'IeTe Jii ROHCTpynpOBaHHM 

yc~rmoJTe.rra. TaH, HanpHi\rep, B ycHJIHTeJIHX, npe,a:uaana<rae

i\•mx JV IH nocnpoHaBe,a:enHH anyua c cpoTorpacpniJecrmx cpo

norpaMM 16-.M.M cpH.JibMOB , He06XO)J,J~MO HMeTb ITO,[\'b8M 113-

CTOTHOH x.apawrep]IICTFIKH Ha LJaCTOTe 45()0 ZLf, a 3aTei\I pea

HUH ee cna,a:. 

8To Tpe6oBaHHe Bbl TeHaeT 113 Toro cpanTa , 'ITO c rwpoc:rr, 

l1lJO,[\BHH\eHHH 16-.M~L cpHJibMa Hp!ol 3aiJHCI1 lil npH npOeHIJ;HF! 

COCTaBJJHeT 0,183 ~L/ eel~ (a ,[\JIH 06nilJI-IOrO cpi1JlbMa -

0,456 ~tf cer.), 11 npH TaHOff HH3IWH CIWpOCTH npH 3aiiHCH Bbi

COHHe 3ByiWHJ>Ie qaCTOTbT 3alll1CJ,fBaJOTCli C MeHbUTHMlil aMDJli1-

Ty,[\aA1I1. LJaCTOTHaH xapai<Tepi1CTliii<a cpOHOrpaM:II bi 16-~L~L 
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tPMJIT,Ma HM88T IIJWBHI>fH CHap; B o6.naCTH BJ,TCOJUIX rraCTOT. 
1:lTOObT l>OMI18HC11j)OBaTb ero, HJ'rl\8H J'Cl'IJTM'J'8.fJb BOCIIj)OH3B8-

)l,8HIUI C rmcTOTHO.i'I XapawrepMCTH:HOir, H:M8l0l.L\8ll 3Ha<rH:T8Jl.b

H.blT1 no~(1>8M n o6nacTn BbTCO J\MX •racTOT. HpoMe Toro , Ba 

'JaCTOTax 6oJiee Hr,rcor.;VIx,· Lf8M HaVIBI>TClUa!1 <raCTOTa. sarmcor

nae;vraH Ha l}loHorpai\TMY 16 -"J~.il~ l}lVIJIMia (5000 2Lf, ) ;-J.;eJra:re.JibHO 

MM8Tb HpyTOH cnap; lJaCTOTHOM xapainepHCTHIUI, Tal\ Bal' B 

aTOM cnyqae ylvreH.bJIIaiOTCH npep;Hbr e w yMhi, EOTOphfe oco6emro 

B8JIHI\M npn: BOCIIpOH3B8,IJ;8I-UHf 3BJ' !{a C H3HOUl 8HHOfO Cplii J!bl\Ia . 

Tm.;yro lJaCTOTHyro xaparnepHCTn:Ky c rro,n;1,e,\JOM Bbrco

I\liiX rraCTOT II.M88'l' yuwnepcaJibRhlll YCH.JUIT8J[b 90Y -2 ,lJ;Jl ll pa

OOTI>l c 16-.il~.il~ 3BJ'I\OBLIM I}JWJibi\I0.\1. 

·qaCTOTa pesonanca nanpmr\eHMH y Tpanc¢opMaoropa sa

BliiCiilT OT aHnFinanem·noii: eMIWCTJ<I C' = C · n 2 H noJIHoii IilH-o 0 

p;yi\TIIBHOCTH pacceHHHH L ,: 

1 
/pe3 = ( , 

6 , 28 ·1 L s · C 0 

cDaHTHqecHH nn,n;yJnnnnocTh pacceHHIIJ1 Iii coocTBenn aa 

8MHOCT.b TpaHCI}JOpi\la'fOpa, 3aBJiiCHJI(lii8 ' oT <II1CJJa BMTHOB !<I 

H03WtPiilll,Jif8HTa Tpanci}JopMaiVIH, :f!M8IOT IIOlJTM ncerp;a TaiUie 

3HalJ8HlilH, 'ITO )l,JIH IIOJiy'l8HliiH j)830HaHCa HanpH~H8HMii Ha 

'laCTOT8 BhUIT8 6000-:-8000 ?.If H800XO)l,MMO Bbt6npaTb TpaH

ci}Jopi\WTOp c rwal}li}JHU,M8HTOM Tpancl}lopMau,un n< 2-:-4 . 
IIoaToMy o6ru,u.i'r Hoa¢¢nr~nenT ycHJI8HI1H Tpanc¢opMaTop

rroro HaCJWp;a npaHTJiil£8C IU1 y)l,a8TCH IIOJIY'JT1Tb H8IIaMHOfO 

60Jl .bUJ8 HOai}JI}JMl~H8HTa J'Clil.JI8JUIH p e oCTa'l'flOfO ~.;a cHa[(a, T8M 

OOJI88, LITO B Tpanci}JopniaTOpHOM l\:acr>a p;e IIplEO)l,HTCH IIj)I1-

M8HHTb naMnU c i\18HMLIH.Jvr nHyTpeHHHH conpo THBJI8HJil8i\l M, 

CJI8)l,OBaT8Jlb HO, C i\l aJihiM JWa i}JI}JHI~Ji!8HTOt\l J'CH.Jl 8HIHI. 

Ha pr-rc. VII-44 no1waaHa J\OHCTPYHL(HH M8*AYJraMUOBl>TX 

Tpai-ICI}JOj)Ma'J'Oj)OB HH3HOJ~i <JaCTOTbl. 

Cep,!l,8l!HHI\ Tpanc¢opMaTopa 6potrenoro HJJH CTep,HHenoro 

nma C06Hpa8TCH H3 IIJJaCTIHI , I13l'O'J'OBJI8HI-Ibi X JiJ3 BhlCO IW J\a

'18CTB8I-IHOfO I}JeppoMarHHTI-IOrO MaTepnaJia, a HHOr)l,a JIJ3 

II8pMaJTJIOH . 8TO ~J,a8T B03MO}EHOCTh llOJJy<LHT.b 60JJbLIJJ'10 I1H

AYHTJ1BROCTb rrepBH'IHOii o6~roTJ.\H. HaTyrmm ( o6JHOTHH) 

Ha~(8BaiOTCH Ha lWpHaC . ,Il;JIH J'M8H.blU8H HJI HHJ(J'hTlifBIIOCTM 

paCC8HHIUI (p;o CO'l'hE )J;OJI8M reHpH H M8Hbill8) l1 COOCTB8HHOii: 

217 



8MIWCTU nplifiVI8HJI8TCH C8IU~HOHHpOB3HH3H CHMM8TpH<rHaJI 

HaJviO'ma; npH <JTOM C8J-;n;HH pa3HJ,JX 06MOTOH crepep;yiOTCH, 

BCJI8JJ;CTBH8 '18f0 yJiy<JmaeTCH MarHHTHaH CBH3b H YM8Hh

maiOTCH noTOI\H pacceHHHH. JI y<Jme HMeTb ORHO ysHoe n 

JJ;JIHHHOe, TOl'J(a IWTYllli\a HM88T M8HblllYIO BLTCOTy HaMOTHU U 

66.rromyro p;mmy, qTo CHHiHaeT pac ceRrrrre. I1norp;a npH;\18-

OTHH 

n 
II [[ 

a 6 
F Hc . Y 11- t, '•. HOIICTPY '"~" fl MC lHAYJW MHOD biX Tpa llc-

4,opl\urropon 1111 3 1-\ 0fr LtaCTOTbl 

HHIOTCJI JJ;HCKOBbT8 06~10TIUJ, ll03BOnHIOll.l;YI8 rronycnnr, MaJiyiO 

M8J-I\BHTIWByiO 8MIWCTh H 6oJII>llTyiO <J JI8HTPH'I8Cl\YIO npO'l

HOCTh (pMC. VII-44, 6). 
BHnrocreHHe TparrccpopMaTopa n aHOJ\HYIO ~enr, no-no

BOM,Y CTaBiiiT BOIIpOC 0 H8JIHHeHHh!X HCKameHHHX, Tal< I<aR 

8 (COl TpaHCcpOpMaTOp, HaK H8JIMH8IIHbiK <JJie-

PIIC. V J (- Io5 . HpHBafl 
HaMal' llll t\I I B3Hll fl 

M8HT, HBJIH8TCH BCTO'IHHHOM H8JIHHeJliHbiX 

HCRaFI\ 8HHii B yCJ![J1 JiiT€JI 8 . 

li'I3B8CTIIO, qTo i'.rerl\)J,Y i\IarHHTHOH JiiH

J\YRU:II.[8K H HaM.3fHff'I.lifB3IOU(HM TOROM HM8-

8T iVI 8CTO FI8JIHH8i'IHaJl 3aBHCHMOCTb (pHC. 

VII-45) . llo aTo~ry nop;n eJ(eFIHe CHHy

coHJ.i.aJibHoro rrepeM8HHOI"O HarrpHJ-R8HHH 

R rrepBH<JHOR 06MOTI{8 Tp aHCcpOpMaTOpa 

OT renepaTopa C 60JibTJIHM BHyTp8HHHM 

COIIpOTlifB JI 8HFI8M, l\aKli!M HBJIH8TCH JiaM-

rra, rrpHBOlJ;HT 1\ TOMy, 'ITO D nepBHqHOH 

o6MOTJ<8 IIpOTei<aeT H8CHHyCOHlJ;a Jibl-1biJI TOI< . 

Ha pnc. VII-46 noHasana cxeMa nr<mo'leHHJI TpaHccpop

MaTopa R UCTO'IHHI y nepeMeHHOfO HaUpHJ-I\BHlHI C 60Jib

lJJHM nayTpeHHHM conpoTHBJieHneM - <>RBHBaJieHTHaH cxeMa 

JiaMrrLr, narpyJ-I,;enno:ifr Ha TpaHccpopMaTop. HarrpJii-KeHne na 

nepnH<mo:ifr o6MOTKe TpaHccpop:tvraTopa panHo a. p,. c. renepa~ 
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Tapa i\Hmyc n ap;em re nanplDH8HlUI na ero nHyTpenHei\I co

npoTMBJI8HJHr. TaK I<ai{ nap;enMe nanpmHenn:R na renepaTope 

H8CJ'IHYCOH,[(aJibHO, TO pa3HOCTb CMHyCOH,[(aJibHOrO 11: H8CH

nycon:p;aJibHOrO HanpR1I<8HMll Tai<iH8 6y,[(8T H8CI1HYCOJ<l;J,aJJ bHa. 

Bnn:,[.ly aToro no BTOpMqHoi>r o6AIOTI-\e TarnHe unp;yKTupyeTCH 

necimycol!!p;aJI:onan a. II· c . 0Ha OTJuiqaeT 

crr OT !flopMhi Hpn:noi1 renepaTopa, T.e. 

JIHMilhi, H, CJI8,[(0BaT8JihHO, TpaHCcpOpi\Ia

TOp BHOCI!!T H8JIMH8llllbi8 UCJ{atl{81UIH, 

B8JIMqMHa I<OTOpbiX 3a BMCUT IWJ{ OT B8-

JIJ1:qMHbi TI8p8M8HHOrO TIOTOHa, npOHM3hi

BaiOlli8rO Cepp;eqHJi[l(, a TaJUl{8 OT COOT

HOlli8HIHI UHJJ;YI{Tl!!BHOrO COHpOTHBJI8HMJl 

nepn:uqnoffi o6MOTHH TpaHc!flopMaTopa H 

nnyTpeHnero conpoTHBJrenuR JJaMrr:or. 

)J;JIR yM8Hblli8HHJl H8JIJ1ll8llHhi X l!!CJ\a 

rH8HMH ri\8JiaT8JlbHO Ml\I8Tb B03MQ}HHO 

60JihliiYIO HH,[iyiUMBHOCTb n epnHqiJOM o6-

PII C. Vrii-1,6 . CxcMa 
TJI;.nJO'JCilllfl Tpa u cqJOp · 
MaTOpa 1\ HCTOlt iiiiHY 
ncpcl\·!CHHOro nanpFl -
lHCII!!fl. c GOJ! b llf!I M 
BH)'TJlCIIJ!IIM CO II JlO · 

THBJICU I1.CM 

i\IOTHH Tpanc!flopMaTopa H npM~I8HHTh JiaMrry c MUJThDI nnyT

penmm conpOTHBJI 8H H8M. BoaMmHen eu(e op;MH napHa.HT 

CX8M, B HOTOpblX M8/I\,[iyJiaMITOBhlll TpaiiCWOl)i\!aTOp BJ{JliQ

qaeTCJl llOCJI8 J\aTOJJ;HOrO llOBTOpHT8JIJl , Jill\18IOIIJ,8rO i\Ia JT08 

BhiXOJJ;H08 conpOTMBJJ8JHI:8. Br{JIIOqenHe mynTa no wrop:wr

nyro o6:MOTKY Tpauc!flop.MaTopa yMen:omaeT uemmennbre nc

HameHHH, TaH HaH Il 3TOM CJiyqae H8.JJMH8I1:H08 COIIpOTMBJI8IUtl8 

Tpanc<flopMaTopa aa ruyrunponano JIMnefrnr,m con ponmJie-

HH8M liiYHTa. 

PE3HCTOPHO-TPAHCCiJOPMATOPHblllt 
H ,QPOCCE11bHblil'i KACKAAbl 

H a pHc . VII-47 nm.:aaaua rrprm~umraJih
narr cxe:r.ra peaHCTOpHo-Tpanc !flopMaTopnoro HHCI\Up;a c rra

paJrlleJibHhiM TIMTaHM8i\J. H'.ar..: BM,[i.HO M3 CX8l\IbT, TIOCTOHRHHfl 

COCTaBJIHIO~aJl aHO,[iROrO TOHa H8 C03,[iH8T IIO,[iMarHifql!InaHMH 

C8PJ~8qHJili{a II rrpOXO,[(l!IT He qep ea rrepnMqHyJO 06MOTHJ' Tpanc

!flopMaTOpa, a qepea p eancTop Ra· l1uor,rw nMecTo peaMCTO

pa Ra 6epyT ,[ipocce.rr:o, 11 ycMJIHT8Jib CTaHOBMTCH HH,[iyl\THBHO

,Ll,pocceJII>Rhi M. ,iJ; JIH pa3p;OJI 8HHH II8p81118HHOlJ I1 JTOCTOHHHOiJ 

cocTanmuo~MX Mei-HiJ.Y aHO,[~Olii H rrepnwmoi:i ooMOTHoi'r Tpanc

!flopMaTopa BEJIIO tia8TCJl pa3,[.!8JIHT8JibHhlR I\OH,[i8HCaTOp. 

PeaHcTopHo- Tpanc!flopMaTopHaR cxeMa MMeeT CJ18iJ.J'IOIJi:I-Ie 

IIp8HMYD.!;8CTBa TIO cpaBR8HJiiiO C o6I>ItUIOM Tpanc!flopMaTOIJHOll 

CX8MOU HaCI<ap;a yCHJI 8HM.ll Harrpmi{ 8HHH: 
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t) TJ.a8T B03ll l OJI\HOCTb IIOJiyqHTb np:t-1 TOM }J\8 'II1CJI8 BIH

J\OB 6o.nhwym HHAYHTHBHOCTb L 1, TaR J..:aH rrpw OTCJ'TCTBMM 

IIO)J,l\ IarHHL!HBaRHll Mari-IMTHaJ1 npOHlHW8MOCTb 60JibiH8; 

2) ~( a8T BOSi\10/EHOCTb IIOJIY'IHTb 1118Hbllil18 H 8JUIH8HHbi8 11 

rraCTOTHbJ8 J-TCHall\8HMH, BHO

CHMhl8 Tpauc~opMaTopoM; 
3) ,D,a8T B03MO/-HHOCTb UO

JlJ'1IHTb 60Jib][IHli HO::l~~HIJ;H-
8RT yCH.Tl8lUIH Ha HH3l\UX rrac

TOTaX, 'I 811J ua cpe,a;unx, p;JIJI 

J..:opp e iUI,I-111 'laCTOTHOH xapaH

T8pHCTHI\M yCJIJlHT8JIH . chOT 
IlOJJ;'h811J MOfE8T 6J>lTb IIOJryqen 

J>JI C. VJJ-1,7 . CXCM3 HaC!i3JlU C !Ia - Sa cqeT p830I-IaHCa HaTipH1-H8-
pnMI C.1 Jb ll bi ~ I ll i·ITHIIIICM HHH 1\le}H~\Y MHJJ:YWl'HBHOCTblO 

nepBH'lHOD 0611JOTI\H l'I pa3)J,8JIMT8JlbHblM I\OHJJ:8HCaTOpOM C g; 
Lf) TJ,a eT B03MOJI-;HOCTb l!JCHO.Jib30BaTb TpaHC~OpMaTOp 

lii8Hbl!Jero neca M pasMepa. 

H. ne~(O CTaTHaM pesH CTopno-TpaHc~opllraTopnoro I\acr\a~J,a 
CJI8)J,J'8T OTH8CTH TO, 1JTO HanpmE8Hl'I8 J1CTOlJHUI-;a IlHTaHHH 

)J,OJJII\HO 6J,!Tb 60JlblU8, 'l8~I npl1: TpaHC~OpliiaTOpHOlll I\aCRap;e, 

H3-3a Ua)J,8TUIJ1 HaiiplUH8HHH 

Ha pesHCTope. 1-\poMe Toro, R" 
l LI J'HTHpJ'8'1' TpaHC~OpllraTOp 11 

J'CH.TT8HH8 J-Ia Cj)8~1,HJiiX 'IaCTO

TaX H8CJ\OJI J>l \O CHlUJ-W8TCH . 

CxeM a m)OCC8J[bHOro 1\aC

Ea{ J, a p,a H a na puc . VJ 1-48. 
B u eii BMecTo pesHcTopa aHOJJ;

no i1 narpyaT\11 BJ-;JJIO'Ia8TC H 

p,pocceJJh HHsHo ir ' IaCTOTM. Ha 

111a .r ro'r awrHBHOM conponmJre

HHH p,pocce.TT H TIO'lTH u e npo

HCXO~J,HT IIOT8pH HaiTpHII\ CHIUI , 

P11c. VJI-1,8 . CxcMa upocccnbnoro 
Haci"'aua 

TIO::JTOMJ' Hanprln\8HH8 Ha aHOJ.J,8 npaJ{'l':Hli8CHH paBHO HaiipH

Jitel-IJUO HCTO'IHYTHa IIHTai:IJHT. 

RaH a H pesHCTOpHo-Tpauc~op:r.-r aTopHO:t.I n:aci\age, ,D,p oc

ceJibHbiiii 1\aCl\a[.J, i\101H8T 6b!Tb UCIIOJih30BaH gJill TIO)J,'f,81VI a qa

CTOTHOiii xapawr epJiJCTHJ\H Ha I-IM3HHX 'JaCTOTaX sa CLf8T peao

H.ai-JCa narrpllt!\8HHii Men<:gy HI-I J.J,yHTIIBHOCTbiO p,p occeJIH FI m r

HOC.TbiO pa3J.(8.f[J;[T8.UbHOrO J\OH~(8HCaTopa . 

Btnrp,y Toro 'ITO p,pocceJJh H H.TTHe-rcn Tmi..:eJIOii ):(eTaJibiO 

Jii Cp aBIUtl 'E'JJbHO ~(O j)Ol'Oi[, CX8Mbl p,pOCC8JihHhiX IWCI\a)J, OB B 

ann apa-rype BOCTipOH3B8g8HHH 3ByHa llO<!TH He npHM8HHIOTCH -
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KOHTPOilbHbiE BOnPOCbl 

/ 

1. 06'I,HC I-!llT0 ll a31-la'Ie l-lliC ll ,\IeCTO yCHJJI!TCJl fl B CXC~lC 3Byi\OBOCIJ]JO-

Jf 3 ll0i-\0 1-Jllfl. 

2. l1o•teMy llj)II MC IIHIOTCH MI I OI'OI\aC J\a f~ ll hl0 YCJIJIIl 'f8J!ll? 

3. T.JTo JJ a3 biTi ilCTCH yclJ JJJ JT8Jt hl lhHr 1\aCJ\a,L\OM? 

4. B 1f0~ ! 3al\.IIJO'IaeTCH Ha3J i il'IC !IIl.C n pcp,DapHTCJlbHOfO II OHOH01IH OrO 

ycmm TeJI0i1? 

5. l1 0 p 8 'lllCJli1TC OC HOBI-l&I C napa MCTjJhl yC J<!JIH TeJ!Oll. 

6. 1-lTo llOJJllMaroT no)~ I' oaqJc.(mL~JrerJTOM yC JIJier rHH ycH J!IlT0JIH? 

7. l.J 0MY p a BCII lW<JtPqlll l~li C IIT YCll JJCHJIH M IJ O!'Ol\a C1HIP,H OI'O YCll.TI HT0JI JI 

Hall]Jfi1HC l lllH ! 

8. l.lTo nOH JJ MacTCH n op, 'lYDCTIJI LTCJJ bii OCTh10 ycHmlT0JIH? 

\J . l.fTO TaHOe p;o6pOTIIOC'fb 01\0HC'lllOJ'O yCJIJlHTCJIH ? 

10. 1\amre TH!Ihl IICKall\e iiiiM HII OC!!T yCJIJJ II 'l'C.Ti r,? 

11. l.JTo JJa S hiDaiOT i~Haii a30 li OM '-IaCTOT JJ.Tlll HOJIOCOi:i U jJOTIJ'CI\aHl!H 

yen JJ UTCJJ fl ? 

12. ]{aJ-\ CTj)01 1TCH •raCTOT II a H XCijJaJ\T8 jJli CTJma J'CliJlllTCJIH IT D Hal\OM 

OTilODfC IIHli Olla e rO XajJal\T0jJH3ye T? 
13. J{ aH HOCTI}JHIUI Ma iOTCH lla CJJ YX 11 0 .1JJIII Cii Ubl 0 ll C1\aii\0 1HIH lljJF! BOC

Il]J Oll3BCf~CJilll! MY3 hll{ll 11 pe1m? 

14. }\:armc :3JICM8 HTbl YCJJ.TJliTCJ! bliOfO HaCJ<ap,a MOfYT CJJY<JWTb Ilj)H'Ill

JI OM llOflllJie HII fl li CJJ HII CiiHhi X JI CJ\a1l\ CII JIJI ? 

15. LJ TO l i O IIH~J a lOT 110):\ JI OM IJJi aJJbHOii llhiXOP, Il Oll ~ IO ill.llO CTb10 IT llll!\0-

B O ~i MOlL~IJO CTb10 ycFJ JT IJ Tc.n e i1? 

16. \.[TO 11 33 h1Ba JOT rJOMeXa MJJ. fl j)H pa60TC YCHJIIlTCJJ H? \.[ eM Bhl3B3 Hhl 

DJ Y~llii, mop ox li <J!o11 n cpeMe riHOro TOHa Ha Bh!XOP,e ycmmTeJin!l 

17. 06'bHC HIITC rpa<J:lll 1 1.8CI\ II llj)Ol~CCChl , I IJJ O II CXOJ~Hill.UC ll YCIIJillTCJlhUO~I 
l'aCHa~~C-

18. f! oJJhayHCb c x e Mm'i , o6'hH CIIJJTc, no•rcMy JJaMn a nonopa'IHBaeT 

ycH JJ HBacMoe ll a npH a,c rrH 0 no r.[m 3e rr a "180° 
•J !:J . lJTo rr a3r,maeTCH wn :aMI I'JeC1UJM pc»;mro~J pa6oTht JiaMllhJ ? 

20. HarmMH DCJJWHu ra Mu onpe~~0.nn eTCH noJJOll\0 JIIl e pa6o'Ieiir Toqmi 

ll<l Xa p aWrOpH CTHH C JHH lrlhl ? 
21. I-l: aH <~a miCHT ll 0JJHrr eiillhlO HCI>a /HBJJH H OT Hhi6opa penm~Ja pa6oTbl 

JJ a~Jn bl ? 
22 . '-JTo Ta1WO aBTOMa'fJlli ()Cl\00 C~J C~C IIll C? 
23. 06MlCJill'f() OC060J JJJOCTIJ a BT OM3TJilJ eCJ{0f0 U HeaaDJ1CliMOf0 CM0-

IT[0 Hl1H. 

24 . C J{aJ\Oi,[ l~ ()Jl blO COfi)J OTJJ B.ne i-IJI O aBTOM a'fJJ'JeCI\Of O CMCill.C HilH lD YH-

Tilj) YIOT HOl-I P,CJ-IC3TOpaM11 60JihlUOii 0MJ{Q CTH ? 

25 . l1 e p e 1Il lC.HH Te TlUlbl lWCl\a,[l,O B YCIJ JJCJIJ IH Ha npmHeJ-lilH ? 
26 . 06'bH CJIII TC Ha3 H3 1l () IIII C <JJJNICHT OB CXC. Ih! ]J83ll CTO)J li OrO H aCHap;a . 
27 . n o J<an>JrTe rr a cxo~re p o311 CTopr-JOro IW C1>ar~a n yTH II n a npaHJi e HJJH 

ri OCTOH IIli O.I~l COCTaBJJHlOll\Cii aJJO,l], II Oro TOJ{a . 

28 . n oiW/JO JTe Ha cxe;110 Toro me IWCIWAa rl y Tu IJ Jla llpaB JIC HILH n ope
MCilll o j,j COCTaB.if HJOII[C i•i a II Ofl.ll OrO T0 1,:1. 

2!J . 06'bH CllllTC 110 <J HJJ IJ BH JICIITJ IOi i CXN!C j)C311 CT Op 1.1 0 f0 l<U Cr;a~w, 1;a

J\JI~Jl[ 3 .TieM eHTa~lll CXNlhl ll llO ' I C~ I Y ~IU/1" 1 0 ri)J0 ll e 6 p c 'l b He\ .llllili:

liH X, CjJC~\]-iii X lJ ll (']JXJ-Jl i X 1laCTOT3.\ . 

30. Ji apii CJ'iiTC n o6'bHC JJIITC 1 JaCTOTii YTO xapawrcpl! CT IIHJ' pe3TICTOp
J IOl' O 1\aCIHt,'(a . 

3"1. 061,HCHl iTI? Ha:llifl'ICJH IC CO iip OT IJBJIOUIIH ll HOJJ P,C II CaTOpa B l~efl1f 
a r;pa!IH OM Ce TJ{U ri CTIT0)\<1. 
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32. 06'bRCJ1 1JT8 np11HI:~IIUJ1aJJbHYIO CXBMY Tpauc!J!opMaTOj)HOfO 1\aCKa.l(a 
u HaaHa'lonuo ero .l(era JJ eii . 

33. l..JTo llj)OHCXOJ-IRT B Tpanc!J!opMaTOIJHOM 1\UCHaJ-19 TIIJI! ITOJ-Ia'Ie Ha 
BhlXOJ-1 ycummaeMoro n epeMeHriOro narrpmKeunR? 

34. lloHan{UTo n a cxeMe TpaHc¢opMaTOpH oro J<acJ<aJ-Ia n y Th H u anpan
Jienne UOCTO.fllLHOi1 H nepeMOHHOll COCT3 13JIJ1IO~eiJ: TOKa JI3Milhl. 

35 . ITepe•rncJiuTe u o6'bRCHHTe HOJ-IOCTaTKI! n J-IOCTOTIHCTBa rpasc¢op
Maroprroro J{aCKa.l(a . 

36. n OJi h3yRcr, y n po~e n noii ar,nunaJie iiTuoiJ. cxe~wii , o61,HCHIITe npn
' lllHY TI OJ-I'hCM3 'laCTOTH OI~! x a p31{T0]Jl!CTIHHI B o6JI3CTH BblCOI\U X 
'laCTOT. 

37. l \aH ycTpOO!I ~Je JHJ~YJra~monhri1 Tpall c!JlopMaTop? 
38. I \ai\ y~IOJlhliiUTh llUJ-IYHTUBHOCTl· p accoRHll.fl TpaHClpOJDiaTopa? 



rnABA VIII 

OKOHE"'HbiE 
KACKAAbl 

nPEAOKOHE"'HbiE 

§ 1. HA3HALIEHHE H OC06EHHOCTI-f 
BhlXOAHhlXKACKAAOB . 

lVIOIJJ;HhiM, UJUI BbiXOfi:HhiM ( OI<OHetJ:HhlM), 
rraabmaror r<acKap;, rrerrocpep;cTBerrrro pa6oraiOI.!J;HM rra nonea
rryro rrarpyar<y, rranpHMep rra rporvmoroBopHrenr, B ycHJII1-
TeJihHOM ycrpoH.cTBe p;mr BocnpoHaBep,ernm aByKa . OcuoBrroe 
Ha3Ha tJ:eHI-Te BblXO)J,HOI'O J{aCKap,a 3aKJIIO<JaeTCH B C03)J,aHHH 
noneauoro c:u:rrraJia onpep;eneurroH. MOIJJ;HOCTH np:u: rre6oJir,r.mrx 
ue.nrme.B:ar,rx JJCI{a:merrHax. riocnep,rrHe tracro onpep;enmor 
Bnr6op cxeMhi Kacr<ap;a :u: peHmM ero pa6orr,r. 

Har~6onhmaa rvronrrrocrh ::JJieHTpB<recHHX rwne6amri1, paa
BJJBaeMaa Ha HarpyaKe, 3aBli!CMT TOJILKO OT CBOHCTB BbiXOJ~

BOI'O HacKap;a. ripep;napHTeJihHhre Kacr<ap,hi yc:u:neBHH aanpa
i-I>eBHH npep,uaarratJ:eHbi JIHlllb p;JI H Toro , ~no6bl yBeJIMtiiHh aM
IJJIHryp,y nepeMeHHOI'O BallpH1HeHI1H, llOfi:BOfi:HMOFO Ha BXO)J, 
MOiliHOI'O I\aCI<ap,a . 

B Bhrxop;HbJX J{aCHap,ax o6hitrHo crpeMHTCH noJrytrnrr, 
rraH6on nwnH. rwacpcpMIJ;HeHT nonearroro p;ei&CTBMH ( r;. n. p;.) 
M CTapaiOTCH Il03TOMY Hau6oJiee llOJIHO HCllOJih30BaTb B03-
li!Off\HOCTFI aneKTpoHaoii naMIIhi ~m ~r TpaH3HCTopa. Op,rrarw 
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TIOCJI8JIH88 npHBO,[\JilT H H8MHHY8MOMY pOCTy H8JIHH8aHbTX HC

Hamemri1J, IWTOpbTe <IaCTo orpannqnnaroT noJiy~reHne neo6-

XOAHMOR MOIII;HOCTl'I. 

K. n. J( . HB.JHreTcH naamLIM noRaaaTeJie;~r pa6oTbl i\WJJJ:

noro I\ aCJ\a,[(a, Tar.: J..:al\ OH xapai<T8]JH3Y8T ::J l\OHO:\IH'IHOC'flj 

ycTpoiicTBa. 

Ha plirc. VJJI-1 ,[(ana cxeMa npocTeliruero B.bTXOJ(Horo 

HaCHa,[(a C H8IIOCp8,[J,CTB8HHbTM BT{JIIQ<I8HU8M TIOJI83HOii Ha

rpy3K!il B aHO,iJ;HyiO IJ:8Ilb. 3TOli CX8M8 

npncyUIH C8)J.b83H.bT8 H8)J,OCTa'l'JUI, l\0-

RH TOpbl8 l10'1TH He l103BO.TJHIOT liiCI10Jf.b30 -

BaTJ, ee B yCJ!IJIMT8JIHX 313Yl{OBOTO l->IIHO . 

Rg 

+ 
Ea 

P uc. V If 1- 1. Cxc~m Bhi XO.\· 
1101'0 HCICHaLLa C HCliOCpC,il· 
CTBeJII-Ibll\J BHJl iOL!eHJI CJ\1 llil
f!)Y 3 I\I I B fiiiOJl iiYJO U.Cil b 

\. 1:1epea narpy301IHOe conpOTnn 

JJeHMe (anyrwnym rwTynmy rpoi\mo

ronopnTeJJH) npoXO,iJ;l'IT ne Tom,rw n e 

pei\18HHaH, HO l>f ITOCTOHHHaH COCTaB -

JI H.fOJJ.I;aH aiTO)J.HOrO TO IW OI\OI'J8qHQIT 

JraMITh l. !10CTOHHJ:IaH COCTaBJJHfOIIWH 

aHop,noro TOH a Bhl3hJBaeT ana'-une.nr,

HhTrr JlOIIOJIHJH8JlbHhttl HarpeB 3BYHO

HOll I\aTyUmH H YB8JfJ!FI 8HH8 H8JrHHei-f-

HI>IX UCHarJ..:8HHII U3-3a CM8UJ:8HHH 3BYHOB0ll J<aTyWlUI B B03-

J:IYLUHOM aasope OTHOCHT8JibHO cpep;n ero flOJIQ;.HeHI~H . 

2. CoiipOTHBJieHHe rtarpysrn1 He MOrJ\8T 6 ~>IT.b corJraco

nauo c nnyTpeHHMM COIIlJOTHBJieHnei\J JiaMnhl . Bi\recTe c Te!\1 

YCMJIHT8JlbHaH JiaMUa JIJlU orpaH3FICTOp OT,[\aiOT BO BH811JHIOIO 

IWITb MaHCMMa.ll.bHYIO MOU(HOCTb TOJibHO UpM BilOJIH8 onpep,e

Jf8HH011! OTHOIU8HJIIH COI!pOTJiiBJI8IU!H BH81UH 8TI Harpysl..:M I I: 

BHyTp8HH8MY COI1pOTMBJI8HliiJO Jiai\IIlhL 

3. Hpoucxo)J.MT snaqHTe.nbna.n noTepH HanpmEernm na 

CO UpOTJiiB.JT8IHIJII Harpy3HM, U3-3a '18TO ):IJI.H UO.TIY'I8HUH Hy/H

HOrO aHO):IHOTO HaTipHIH8HJ;IH Tpe6yeTCH UCTQqJIHK aHO)J,HOTO 

liMTaHHH C l10Bhi!U 8HH.bli\I HaUpH>li:8HU8M. 

Morrmo 6JJJJIO 6hr ~1.o6HT.bCH conraconaHMH M81HJIY BHyT

peHHiifM COUpOTHBJI8HFI8M Jiai\IIThT Jii COUpOUIBJJ8HH8M rpOi\I

HOrOBO)JHT8JfJJ, HO l~JIJl :noro UO'rpe6oBaJ[J;lCh 6hT BMCO JWOM

llhl 8 (1000-1500 O.i!L) rpOMHOl'OBOpHT8JIB:, HOTOpbie Hi\I8IOT 

M8HbillB:M I . n. p; . 11 lJOTOMy He H3TOTOBJ!HIOTCH . 

HaH6oJiee npneMJI8i\lOU orwsaJiacr, cxe111a OJIHOTar<Tnoro 

BhJXOTJ,Horo J\acrw~(a c TpaHccpopMaTopnoii CBH3.bl O (pMc. Vl II -2). 
AHO,[\HaJl narpy3Ha JiaMIT.b1 COCTOI-IT M3 T]JaHCcpO)Ji\IaTO

pa, nashiBaeMoro BMXO~(HJ,IM, narpyrHennoro ua conpOTMB

Jienue R" (HanpuMep, snyr<onaH KaTymKa r oJionr<M rpoMHO

ronopnTeJIH). Bhrxop,nol'r Tpanccpopl\raTop c Jr ymwr sp,ecr, ,[IJIJI 
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COrJI BCOBBI-Uili Hlii3HOO~JH0j;'J 3BYHOB0l[ HBTYJJJ IHI rOJI OBHH 

rpOi\moroBopHTeJur c BHyTpeHHliM corrpoTHBJieHneM JiaJVlllhL 

J1 a~ma OH83bJB88TCl-J Harpy>E8HHOU Ha COllpOTHBJI8HMe, rrpH

B8):\8HH Oe H nepBM4HOfi 00MOTH8 BhlXO.D,HOrO TpaHc¢opMBTOp8 

R;, = 17 ~, r ,r(e J(O a¢¢lu~HeHT Tpanc¢opMa TJ)!fH n = wz . 
n- w1 

Br,r6I-rpaH R;, = (2-7-4)R1, MOJEHO naiiTM Iwa ¢¢:~u.~;HeHT TpaHc

¢opMar:t;HH no ¢opMyJie : 

Tar< HaH rra.D,eH:rre narrpJTa-\emur aa 

TpaHC¢0p11181'0p8 H83HBLIHT8Jl bHO, TO 

rrepBH'IHOll 06MOTR8 

B j)BCCMaTpMB88MOH 

,-----., ,, 0 "'"' ?<.«, cxeMe ano,r(Hoe Hanpmr.;enHe npu

Mepao paBHO (). ,!],. C. )1IC"J'OLIHJ11'8 

IlliTBHFll-J U"-::::::;E 0 • 

Mom;aocTh, paaBliiBaeMyro JJBM

noii B O.D,HOTBHTHOM TpaHc¢op

MBTOpH0111 HBC.Ka.D,e, TII0£1-\HO onpe

.D,8JIIi!Th ):\.JIH CJI Y 'IBB R · = R,· no 
H 

¢opMy Jie : 

w.s:. 
+ 

Pnc. VIII-2. CxeMa BbiXOAI!Oro 
Oi\I!OT3I<THOrO I<aCna!la C TpaHC

cjJOpMaTO)JHOii CBIT3bl0 

r.D,e p """c- MBRCUMBJlLHBli MOllt;HOCTJ,, OT.D,BB88MBH JIBMITOM, 

Uc - .11,8HCTBYIOIIt;88 3HB'I8HH8 ITO.D,BO,ll;UMOrO !{ C8TH8 Ha

npmH8HlUI. 

H'or,rr;a R;.,= R,. H Hanpliii\8HHe, rro,rr;BO,ll;HMOe K ceTKe, 

paBHO 1 B, ¢opMyJra Jl}}MHJIM88T BII,ll;: 

Jii3 i:lTOH cpOpMyJihi BU,ll;HO, 'ITO MaJ{CHMBJibHBli ~lOlii,HOCTb 
38BHCHT OT ll8p8M8TpOB JIBMllbT: ~L H .R1. 

Ecmi! H3BeCTHa B8JIM'IMHB Uc ,r(e:ticTnyrouJ,ero aHa •reHHH 

nepeM8HHOrO H8llj)flrK8HHH C8TJUI, TO MBHCJilMBJinHyiO i\IOIIt;

HOCTb, p83BH.B88MYJO JIB.WIOH, i\10/I\HO onpe,rr;eJIJilTb ITO ¢opMyJie: 
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EcJm }He nop;cTaBtrTI> aMnJiliTyp;Hoe SHa eitEie aanpa.mellJii:JI 
u 

CEirHaJra ljc = ;; , <flopMyJia IIpl!IMeT BMp;: 

2 uz 
~L • e m 

pMaKc = 8R; 

Tai<nM o6pa3oM, MOIII;HOCTI>, pa3BEIBaeMaH JiaMnoll: B cxeMe 

Oll;HOTai\THOrO l<aCRap;a, 3aBMCl'IT OT p;o6pOTHOCTl'I JiaMIIbi, OT 

BeJIH'lHHbi nepeMeHHOrO H3I1pH>I\eHHH, IIO}J;BOfl;l'IMOrO I\ CeTHe, 

Ptlc. VIII-3 . Cxerua O/UlOTaHTHOro 
Dbixonnoro ~<aet;ana OB 

Puc. VTIJ- /._ Cxe~m OJl lfO'raHTI{O
ro BbiXO)lllOrO HaCJ;ana 09 

OT Bhl60pa BeJil'I'lHHbi COIIpOTMBJieHMH Harpy3l{l'I 1'1, I\3H 6oiJIO 

I10H333HO Bhlme, M3I\CHM3JibHYIO 1-IOIII,HOCTb JiaMna OTp;aeT 

npn ycJIOBlnr, qTo R;
1
=R,.. 

0p;HOT3I<THJ>Ie BhlXO}J;Hhle I<3Cl{3}J;hi MOryT 6niTb C06paHhl H 

na TpaH3ncTopax. B MOIII;HhlX r<acr<ap;ax J303MO}I<HO HCIIOJII>

soBaHHe Bcex Tpex ex eM BI<JuoqeHEIH TpaH3l'ICTopoB: OB, 

08 H OR. 
Ha pRe. VIII-3 nor<a3aHa cxeMa op;HoTarnnoro Bnrxop;

noro r<acr<ap;a OB. 3p;eci> Harpysr<a TaHme nop;HJIIO'laeTCH I< 

TpaH3HCTopy 'lepes TpaHc<flopMaTop Tp-2. CxeMa OB MMewr 

TO p;OCTOl'IRCTBO, q'fQ p;aeT H3UMeHhliiHe HeJIHHeHHhie HCJ<ame

Hl'IH, 33BHCHIII;He rJiaBHhiM o6pa30M OT HCI<arHeHEIH BO BXOp;

HOH u;eiiH, HO lmeeT He60JibillOH I<O<><fl<fJEIIJ;HeHT yCHJieHHH ITO 

MOIII;HOCTH. IToaToMy meJiaTeJII>HO, qTo6hl sHaq:aTeJII>HyiO 

MOIII,HOCTb pa3BHB3JI npep;OI\OHe'lHhlH I<3CH3Jl:, H, I<3I< CJie)l;

CTBHe <lTOrO, B03HHI<aeT He06XOlJ;HMOCTb npHMeHeHHH BXO,D;

HOrO TpaHc<flopMaTopa. OH Hyn<eH p;JIH corJiacoBaHHH MaJIOro 

BXO}J;HOrO COTipOTHBJieHEIH OROHeqHoro R3CI<ap;a C BhlXOll;HhlM 

conpoTHBJieHneM npep;oi<oHe'lHOro I<acRap;a. 

CxeMa OB :r.reHee p;pyr:ax 'lYBCTBUTeJII>Ha I< M3MeHeHMHM 

OHpymaroru;ell: Te:r.>mepaTyphl Jii R CMeHe TpaH3HCTOp a . 0Ha 
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HMeeT 60JibiiiOe BbTXOJJ;HOe COnpOTHBJieHii!e, "<ITO MOiHHO C"<IH

TaTb HeJJ;OCTaTI-\Oi\I npH HCnOJib30BaHHH ,[(JIJI YCHJieHHJI Mom

HOCTH. 

,IJ,pyraH cxeMa MomHoro on,HoTaKTHoro Kaci<an,a - c o6-

mHM :nmTTepoM 08 - nor<a3aHa Ha pHC . VIII-4 . ORa TaK}Ke 

RMeeT n.na TpaHccpopMaTopa R n,aeT HaR60Jibiiiee ycHJieHRe no 

l\IOmHOCTR R, CJie)J;OBaTeJibHO, 

Tpe6yeT HaJiiMeHbllleH MOmHo

CTR cRrHaJia Ha nxop;e . On,Ha

IW :na cxel\ra p;aeT 6oJibiiiRe 

HeJII•IHeHHbie l!ICI{aiHeHIUI R, 

l{pOMe TOrO, BeCbMa "<IYBCTBR

TeJibHa K H3MeHeFTHIO napaMeT

pOB TpaH3HCTOpOB. lho6bi 

y11reHbiiiRTb KoacpcpmrHeHT He

Pnc. VIIJ-5. "<IacTOTHaH xapaHTe· 
J)liCTIIHa O!<OHe'-!HOrO TpaHCQJOpMaTOp

HOrO l\aCH3)J.a 

mmeiiHbiX HCHan{eHHH B ::lTOH CXeMe, npYIXO,[IUTCH MeHee 

nOJIHO HCnOJib30BaTb TpaH3HCTOp no nnTaHHIO. 

lloJie3HaH 1\IOII~HOCTb, pa3BHBaeMafl I<aCHap;OM Ha TpaH-

3UCTOpe, 3aBHCYIT OT Mai{CHMaJibHO p;onyCTMMhlX HanpRiHe

HHH H MOIIJ,HOCTH pacceHHHJI Ha KOJI JieHTOpe U npaKTH"<IeCI<H 

He 3aBHC:Iii'l' OT CXeMbi BI\JIIO"<IeHHH TpaH3YICTOpa. 

8XBHBaJieHTHaH CXeMa H "<IaCTOTHaH xapaHTepRCTHHa 0,[1-

HOTaHTHOrO BblXO,[IHOrO HaCHap:a C TpaHCcpOpl\IaTOpHOH CBJI3biO 

H,[leHTH"<IHI>l nOJIHOH 3HBMBaJieHTHOH CXeMe TpaHCcpOpMa

TOpHOrO I<aCKap;a YCHJieHHH HarrpHmeHRll (eM. CTp . 212). 
OcHonnoe OTJIR'IHe ::mnnna.rrenTno]J- cxeMbi OHOHe"<IHoro Hac-

Hap;a yCHJieHHH HaDpflrHeHHJI COCTOHT B TOM, "<ITO ORa He 

HMeeT eMHOCTH (eM. pHc. VII- 39) . OtcyTCTBHe eMHOCTH 

B 3J\BHBaJ! eHTHOH CXeMe OHOHe"<IHOrO HaCI<ap;a 06'bHCHJieTCH 

TeM, 'ITO CyiiJ,eCTBYIOIIJ,aJI BO BTOpH"<IHOH l\BnH eMKOCTb coep;n:

HJ.'lTeJibHOH Jinmni K rpoMrwronopHTemo He y"<IHTbmaeTCH, 

TaK Hal{ ee 31\BHBaJieHTHaR: BeJIHqHHa npH nOHHiHaiOIIJ,eM 

TpaHCcpOpMaTOpe - TIOJiyqaeTCH HH"<ITOiHHO MaJIOH H eiO MOn<HO 

rrpeHe6pe"<Ib; ORa noqTH He BJIHHeT Ha cpopMy "<IaCTOTHOH Xa

paHTepHCTHHH. 

LJ aCTOTHaH xa pai<TepHCTHJ{a OHOHe"<IROrO TpaHCcpOpMa-

TOpHOrO HaCI<ap;a I1MeeT crrap; Ra BbiCOJ\HX qacTOTaX 

(pRe. VII I-5). Ha rpacpHHe no ocR opp;HHaT OTJiomeHhi sHa

<reHHH BeJfH'UIHbi HanpHrHeHHH Ha BI>JXO)];e (rra rrarpy3He), 

3 He I<03cpcpiH!I1eJ-IT yCFIJleHI'Iii. 0THOlUeHJi1e HaDpHiHeHFIH Bbi

xop;a ycHJIHTeJIH R nanpRmeHHIO, rrop;nop;FIMOMY r< ceTHe 

J!aMDJ,I, He Ha3hrHaiOT I \08cpcpl1l!M6RTOM YCHJI8HJ!HI, Tal< HaK 

B OIWHe'-lHOM l{aCl H,Z:(e 8TO OTHOlJleHMe He xapaHTepHsyeT 

cnoiicTna ycMJII1TeJJH . T1;1H, nanpjtMep, ecjiM rpoMHoronoprr-
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TeJib lU13H OO~!HlJI:fJ, TO i-(.JIH HO.Jiyq eHHH 6 0Jll'>JJleM 1\IOU(I:TOCTJ!l 

B lJ,eJIRX COr JiaCOBaHMH J1CIJOJlh3yeTCJI llOHMiRaiOI1111i i B hi XOJJ:

HOli Tpanc~op~IaTOp , a CJie,[(OBa'l'eJibHO, narrpmHeHHe Ha Bfk 

xop:e ycMJIMTeJ!ll 6yp:eT ne6oJihLUM~1. 
IIpM HOHCTpyMponamnr Bb[XOp:r-wro Tpanc~opMaTopa l\ 

HeMy · npep:'.bHBJIHeTCll pH ,[~ Tpe6 o BaHMM: OH )J;OJI }HeH lllll eTb 

1\I aJiyro HHJJ:YETMBH OCTh p acceHHJHI Ls, n oaToMy naMOTHY p:e

JtaJOT Tat<, tiTO BTOpH'Ul aH o6~lOTK<l HOMeUJ,aeTCH Memp:y rrep

B Oiii .H BTOpoiii lTOJl OBHFIP<aMM rrepBWIHOH 06lllOTlHI: P,JI H yMeHb

llieHMH H eJumeii:HblX JiiCIHI /-I\8HMH npn p aC <J eTe YB8JIHlJMBaJOT 

o61>eM ; r.;eJtesa , 'Il'06hi rrocToHnnoe naMarmi!tJH:Ban ne ero H e 

npBBhliJlaJIO )J.OIIyCTHl\JOll .BeJi li!lJHHbl , MHaqe CMJl bHO B03p a

CTalOT MCI:\aJ-I\eHMH. 

§ 2. PE>KHM PA60Tbl flAMn MOW.
HOrO KACKAAA 

H_ MOJJ:(HOMY Hac r-; a,o:y np ep,'bHBJIHeTCH oc

HOBHoe Tp e 6 ona HMe , sar-;n r.o 'lawu_~eecH B noJiyqem;rM rran6o.rrh

ru eiii B03MOil\HOH MOI[(HOCT11 npn ,[~OnyCTJi!M bl X H8JIMHeHHhL\ 

MCf-\a/H:eHHH x . M br Bl~,[leJI11, LJTO a.rrel<Tj)J1'leCHaH MOII~HOCTh, 
1\0TOpyro ~JO/I\8T pa3BHTb OHOH eqHbfM HaCHap: Ha Harpy3H8, 

saBHCHT Ol' napaMe-rpoB .nallrnhr ~L li R,- lii OT narrpm-HeHHH 

na ceT r<e, HOTopoe nee BpeM H M3MeHHeTCH _ B eJTH 'mHa I:J e.'n i!

He i1Hh1X I•ICIWIL>eHHH 13 OCHOBHOM 3al3HCMT OT p enurMa p a60T hl 

B r..; a c n:aAe yCHJJeHHll MOII\HOCTH . 

f{ai< H3BeCTHO 113 p aCC~lOTp eHHH pa60Thl .na~lfl hi I\ a l\ yc~I
JI H TeJJH , ITO)]; pei-I( illl\'IOM pa6oTJ,[ JiaMllhl TIOI'flJI MafOT IIOCTOHHJ-IOe 

n a npameune n a aHOJ(e, rrocToHnnoe Ha npHII{ eHJde OTpH: r~a

T8JJhHOro C~JeJJJ,8 HJiiH , Ma i{CFl ~'la JfbHO ):(OU yc: rJ!Ii\lOe I-ra n p H ~l\e- 

HHe, nop:B OJJ;MMOe x ceT r\e. PennBI onpep:eJJH eTCH Tar.;n<e BeJnr

tJHHO~ aHO)J.HOfi Harpy3f-\H . 

IIpn p a 6oTe JiaMTibl B pemr1Me ycnJieiUJH Morrnw noJtYLif1Tb 

)J.B a IIpl1HIWITHaJibH O pasmilJIIh i X BH,[la XOJie6am!Jl\T a r-IO,[(HOrO 

TOHa. 0 AJHI H 3 HHX HH3lllnaiOT peri<HMOM HJJaCCa A 

(pRe. Vlli-6). l3 ::JTO~l peiHHMe pa6011aH TO 'ma nbr6np aeTCH aa 

_ cepe~(HHe rrpHMOJIMHeiiHoro y <racTHa xapawrep HCTJ!Il\H .JJ aMnbr , 

Tal< 1\ai\ n ::JTOM CJiy rrae H 8JIHH eHHhl e HCI\aJ-H8!UfH rrpH YCFfJI8-

HRii! cno~J.Hl'CH H MHHHMYMY . Arrop:H&lil: TOI< rrpo xop:wr q epea 

Jiai\my n TetJeHHe scero n epHo,a;a rwJie6arnnir nanpHn>eHHH na 

ceTHe. J{ar\ nH,[lHO na p accMaTpHn aeMOM plircyHEe, ai\tii JIH-

. Typ:a nepeMeHHOM COCTaBJIHIOUJ;SH aT-IOTJ;HO f O TOHa f ma i\W rEeT 

6biTh MeHbJIJe Ii!JIH panna TOI-\y TIOIW H f 30 , a IIOCTOHHHaH CO

CTanJIHIOI!J;aH aRO)J.rroro To r.;a np11 rro,[Ia<Je rrepeMeHHoro na

rrpmE eHHH Ha CeTHY JiaMilbl Upli!Mep no panHa TOI-\Y I!Ol<OH . 
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IIpn pa6oTe JJa.\IJibT n J-\a'reCTBe ycmnne.na B pea-\RMe 

l\Jracca A JJ) LH nero xa pa 1-\Tepm,r ~ ~ a JI bl e ne.,mHe:i:'mbte l'ICJ-\aiHe

HHH Jil IUT3HI1i i H. IT. ~~· (11= 0,1--;-0,3). ,[I,JUI 06hl'!HbiX O,[I;HOTHHT-

HbiX CX8.\ I L\OHyCTIBI TOJlbJ{Q 

Tar<o:ti pemM~J. l{aK i\Ihl yBJII 

p;rrM n3 w u rbneli ruero, ou 

MOineT 6h1Tb JiiCITOJib30Ra LI H 

B p;pyrux, Ta l{ u a3biBae,\1 i>I X 

r~nyxTawrHLLX cxeMax ycJir

.rreHJiiH MOUJ;HOC:rJii . 

Ho n p;ByxTahTHhi X I-> ac

Hap;ax yCJiiJiemur MOJl.I,HOCnr 

MomeT 6r,rTh MCnoJi h30.BaiL 

e11.\e Ta r\ Ha3biBaeMbti'I pe

rHJiiM HJiacc a B (pHc. VI TT -7). 
3p;ecb pa6oqaa TO'II>a Bhl6JI 

paeTCH n ·ro'Ir\e rrepeceqeau.R: 

xapai-;Te]JJiiCTHlHI C OCbTO a6-

Cl~RCC. AHop;RLifi TOJ-\ n poxo -

~~HT ' I 8]J83 Jiai\UIY TO Jib l \0 B 

P11 c. VJn -6. Pa 6oTa .~a~Jnbr n pc;~mMe 
liJl<:1CCa A 

Teq eavre op;noi1 noJIOBHHhl nepHop;a nepeMeHnoro nanpH iiiC 

rntH Ha C8TH8 , a B T8'f81Hl8 BTOpoii ( OT]JHD;aT8JibHOU ITO 3Ha 

Hy) noJIOBRHbl nepHOJ\a aHO,[I;Hhl .ii TO!\ panen nymo . ToH uo-

n 
2 

Puc. YfJJ-7. P a6o·ra JI<D!rlbi n p crhnl\Ie 
I-\.1acca B 

P nc. V I 1 1- 8. Ilpt ll t l~IHlll a.,bnan 
CXCMa llBYX'f::l HTII OI'O HaCl\3;ta IIU 

T}JJICl!ta X 

1-\0.R: 100 B peil\loie E Ji acca 1) paB e H nyJu o . Tal\oJ:i peannr 

pa60Tbf HCUOJib3J'eTCH B T0.\1 C l J'Ltae, 8CJIH npHilf8Hl18TCH 

p;nyxTa L-\THaH cxei\w OJ>OHe'rHoro HacHap;a. 

,[!,By X 'I' a 1-;THbi~LH Ha3b!BaiOT Tfl 1<118 CX8i\lhl , B l>OTO]JbiX He 

O).l,I:Ii:l, a L\B8 Jlaillflbl (]!IJLH ).l,Ba TpaH3HCTOpa) pa6oTa10T IIOO'le-
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pe,n;Ho . II pn HaJHI'lHH .n;nyx JiaMrr I\ari<p;a JI H3 HHX co CBOHMH 

:o;enJIMH cocTaBJIHeT rrJie'lo r<acKap;a . IIJieqn B .n;nyxTarnao~i 
CXeMe ,D;Omi\Hbi 6oiTb CMMMeTp1PIHbi, T . e . JiaMIIbi p;om-I<Hbl 

MMeTb O,D;MHaiWBI>Ie II a pm.'leTpr,I M perKMMbi. 

Ha pHc. VIII-8 .n;aaa rrpMHD;MIIMaJII>HaH cxeMa p;ByxTaKT

aoro orwae'laoro J<aci<a,n;a aa TpMop;ax. ,IJ,mr aarJIHJJ:HOCTM aa 

cxeMe rroJ<asaHhl aHop;HaH 6aTapeJI H 6aTapeJI oTpMI.l,aTeJII>

Horo cMeii.l,eHMH. RaH BMJJ:HO M3 cxeMhr, oTpMI.l,aTeJII>Hoe cMe

II.l,eHMe Ha ceTim rrepBOH M BTOpOH JiaMII IIO,!J;BO,!J;HTCJI OT 06II.l,eM 

6aTapeM . BJiaro.n;apH 9TOMY HarrpmHeHMH Ira ceTHax o6eMx 

JWMIT paBHI>I Me>I<,n;y co6oii. Aao.n;aoe Harrpnn,eHMe JiaMnhr 

TaKri<e O,D;IIHai{OBO, TaK KaK IIOp;aeTCJI OT O,D;HOH 06II.l,eH 6aTa

peM. TaH. Hal\ rrap;eHMe rrocTOHHHoro HanpJI>HeHMH B o6enx 

IIOJIOBMHaX rrepBH'lHOH 06MOTHM BJ,IXO,D;HOrO TpaHCqJOpMaTOpa 

li'IaJIO, MOfl{HO C'lHTaTb, 'ITO Haiiplll-HeHMJI Ha aHO,D;aX paBHbi 

HanpHH\eHMIO IIM'raHMJI: U~0 = U~0 = Ea. 
PaccMoTpMM CHa'laJia cJiy<rafr, I{Orp;a nepeMeFIHOe aarrpH

/HeHMe He ITO,D;BO,D;MTCJI Ha BXO,!J; HaCI<ap;a, T. e. B p erHMMe II0-

1\0JI. TaH . 1\ai< aHOJJ:Hbie HanpHrKeHMH M Harrpnrr\eHMH cMell.l,e

HMJI y JiaMII O,D;HM ll Te J-He, a JiaMIIbi O,!J;MHaHOBJ,I, TO aFIO,!J;Hbie 

TOI{M JiaMIT 6yp;yT TaHn\e CTpOrO O,!J;MHaHOBbi : J' = f" = / .,0 • ao ao • 
Tar{ I{aH BI\JIIO'leHbi p;Be JiaMnor, To o6uwii rroTpe6JIHeMI>IM oT 

aHO,!J;HOM 6aTapeM TOH f 0 =2 ·fao· 
ToHM rroHOJI Jial\m (yrwsaru,r Ha cxeMe cTpeJIHaMM) npo

xop;JIT qepe3 COOTBeTCTByiOII.l,Me IIOJIOBMHbl nepBHliHOH 06-

MOTHM Tpaac<!JopMaTOpa B IIpOTMBOIIOJIOJ-I{HbiX HarrpaB Jie

HMHX H cos.n;aroT B cepp;e'IHMI{e BI>rxo.n;aoro Tpanc<!JopMaT opa 

IIOCTOJIHHhie MarHMTH.bie IIOTOHM IIpOTMBOITOJIOri\HOrO H arrpaB

JieHMJI, HOTopore B3aHMHO HOMnencMpyroTCH . BJiaro.n;apn 9TOMY 

B cepp;e'lmme Bhrxo.n;noro Tpanc<!JopMaTopa OTCYTCTByeT no

CTOHIIHOe IIO,D;MarHM'lMBaHMe. 

0TCYTCTBHe IIOCTOJIHHOrO IIO,D;MarHIPIMBaHMJI CTaJIJ,HOrO 

cepp;e'lHMHa Tpanc<!JopMaTopa HBJIJieTCH BarHIII>Ilii rrpeMMyll.l,e

CTBOM JJ:BYXTaHTHblX CXeM IIO cpaBHeiiMIO C O,!J;HOTai{THbiJ'I'[M, 

TaH Hal{ IIpMBO,!J;MT I\ yMeHbiiieHMIO HeJIMHeMHblX MCHamer-ud!i: 

B BbiXO,!J;HOJV[ Tpanc<!JopMaTOpe M II03BOJIHeT Cp;eJiaTb ero Me

nee rpoMosp;I<HM . 

JI erHO ce6e rrpep;CTaBiiiTb , 'ITO IIpOM30M,D;eT, eCJIT-f BMeCTO 

aHO,D;HOM 6aTapeM 6yp;eT MCITOJib30BaTbCJI MCTO'IHMK aiiO,!J;HOrO 

IIJHaHHfi B BMJJ:e J<eHOTpOHHOrO BJ,IIIpHMMTeJIJI C <lJMJibTpO:--I, 

r }le B03MO>HIIhi rryJII>Cal.l,MM mnaiOII.l,MX narrpHmerruii: TOI\II 

o6eux JiaMII 6yp:yT li3MeHJITI>Cfl O,[(HOBpeMeiiHO, OCTaBaHCb 

paBHbi MM )lpyr p;pyry B JII060H MOMeHT, a TaR I<aK OHII CO 3-

)J;aiOT B3aMMHO I{OMIIencupymu\He )J.pyr J:\pyra rryJII>CHpyro-
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lii,liiEl Marml'1'Hhl8 IIOTOIU1 B cepp;e<1HHH8, TO CYMMapHhiM Mar

HHTHhiH IIOTOH 6yp;eT paB8H HYJIIO. 

MaJiaH 'IYBCTBMT8JihHOCTh R ny JihCan;MHM IIHTaiOID;MX Ha

npmHeHuii - BTOpoe IIp8MMYII18CTBO ,D;BYXTaHTHhJX CX8M . 

B 'laCTHOCTB:, 3TO nosnoJIHeT CHMSMTh Tpe6onaHMH, npep;'hHB

JIH8Mhie I< cpB:JihTpaiJ,MH aHO,D;HOfO HaiipHrH8HMH. 

PaccMoTpMM, Hai< pa6oTaeT cxeMa, rwrp;a H ceTHaM JiaMn 

i3 IIpOTB:BOcpase IIO,D;BO,D;HTCH II8p8M8HHhi8 HaiipHri{8HHH CB:r

HaJia. iho Tpe6onaHue, npep;'h

HBJIHeMoe p;nyxTaHTHOH cxeMoi'r, 

M0rl{8T 6niTh BhiiTOJIH8HO JIM60 

IIYT8M B:CIIOJib30BaHHH nepeXO,D;

HOrO TpaHCcpOpMaTOpa C BbiBO,D;OM 

OT Cp8,D;H8H TO'll{ll BTOpM'IHOH 06 -

MOTKB:, JII160 IIpB:M8H8HM8M TaK 

Ha3hiBa8MbiX MHB8pCHbiX HaCHa

,D;OB YCHJI8HHH HaiipHlli8HMH. 

II pn nop;a'le Ha ceTKM JiaMn 

II8p8M8HHhiX HaiipHrH8HHH pe-

3YJihTMpyiOID;M8 C8TO'IHbie HaiipH

}1{8HMH M3M8HHIOTCH B IIpOTMBO

cpase (pRe. VIII-9, a). IloaTo

MY aHO,D;Hhi8 TOIUI JiaMII Tai{}l{8 

M3M8HHIOTCH B npOTliBOcpase 

(pMc . VIII-9, 6), cJiep;onaTeJihHO, 

MX II8p8M8HHhi8 COCTaBJIHIOID;M8 

C,D;BMHYTbi IIO cpase Ha 180°. 
PaccMoTpHM nepnyro 'l8TBepn 

nepnop;a, M 8CJIM aHO,D;HhlH TOI< 

nepnoii JiaMIIbi nospacTaeT, a 

aHO,D;HhlH TOR BTOpOH JiaMIIhl 

WI 

Ia 

5 

WI 

8 

lma 

PHC. VIII-9. fpa<jJHHH paOOTW 
1\DYXTaHTHOrO HaCHaga 

yM8Hbiiia8TCH, CYMMa MfHOB8HHhiX 3Ha'l8HliH TOROB JiaMII B 

JII060H MOM8HT OCTa8TCH IIOCTOHHHOH. 8TO 03Ha'la8T, 'ITO I-I B 

IWJie6aT8JihHOM penUIM8 TOR, IIOTpe6JIH8MhiH OT MCTO'IHHI{a 

miTaHMH, paBeH Y,D;B08HHOMY TOI<y IIOROH O,IJ;HOH JiaMIIbl M He 

cop;epmMT rrepeMeHHoii cocTaBJimoru;eii (pnc. VII I -9, e) . 
BepueMCH K paccMOTpeHMIO nepnoii 'leTnepTH rrepHop;a RO

Jie6aTeJII>Horo p8rHHMa: B TO Bp8MH, HOrp;a aHO,D;HhiH TOI{ II8p

BOH JiaMnhl nospacTaeT, a BTopoii - yMeHI>rnaeTCH, B cTaJII>

HOM C8p,D;8'IHMI<8 BhiXO,D;HOrO TpaHCcpOpMaTOpa B03HB:Ha8T 

MarHHTHbiH IIOTOH, 'IMCJI8HHO paBHblH pa3HOCTll IIOTOHOB, C03-

,D;aBa8MbiX TOKOM rrepBOH II BTOpOH JiaMII. Ilo HarrpaBJI8HHIO 

OH 6yp;eT COBIIap;aTh C IIOTOKOM, C03,D;aBa8MbiM TOHOM rrepnm\i: 

JiaMnhr. BeJIH'IMHa MarHHTHoro noTor<a B cepp;e'IHHI<e TpaHc-
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cpopMaTOpa H paCCIIIaTpMBaeMJJIU n pON16rHYTOl\ Bp8MBHM 

6y)l.8T T8M 6oJJhUI8, '18M 6om:.w8 yBe.Jnl'IeHHe TOHa rrep

noii •1JaMTibl Jil '18M 3R3'1HT8JibH 88 YM8HbUIHTCH TO!{ BTOpOM 

JJ3~'l1Jb[. 

B CJJ8)l.Y ron(Hii noJiyn8puo;~ ar-rol-(HJ,Li·i TOT\ n8pBofr JiaMIILI 

6y~(8T YM8Hh lll3TbCH, a atW~\HhllT TOJ\ B 'I'OJ)OM JiaMilJ>l - YB8-

.JUP1JiiB3ThCR. B aToM CJIY'Ia8 MarnHTHbTll rrOTOJ< BbTXO)l):IOro 

TpaHCcpOpMaTOpa paB8H pa3HO CTJI[ ITO'J'OIWB , C03)l,aBa8MblX TO

E3M!ii wropoi'r Til rr8pBOJ'!! JiaMTI, a no HanpaBJr8muo on 6 yp,8T 

COBHa)],aTb C ITOTOIWM, C03)l,aBa8MhTM TO 1{0 11 1 HTOpOM Jl aMITbl. 

TmniM o6paaoM, 8CJIH ' ' BXO~W 1\B YXTawrHoro O t<OH8'IHOro 

HaC I\ap,a TIO)l,B O)l,Jil 'J'CH U8p8M8HH08 H3L1pHIH8HT!(8 CHI'HaJia, TO 

B C8p)],8'1HJiii{8 Bl>IXO)l,HOI'O TpaH CcpOp}laTOpa l\OJI86aHHfiMH 

aHO)l,HbiX TOl OH Ol\OH8'1HbiX Jl aMII C03JJ,a8TCH II8j)8M8HHhli1 

MariUITHI>IM IJOTOK , H TI0 3TOMY BO BTOplFIHOH o6MOTll8 BblX:O)l,

HOI'O Tp a nccpopMaTopa c oap,a8TCll n8p 81118HH08 nanpmi\8l:Tl18 . 

EcJJH na HJI8M11IbT nTopnqnofr o6MOTJUI m,r xop,noro Tpanccpop

MaTopa IIO)l,f\JII0'1HTb CO ll[)OTMBJJ8HH8 uarpy3 TOI[ (rOJI OB h:Y 

rpo11moronopHT8JIH), TO LI8p83 3 TY n a rpyaHy OY! \8T npoT8-

HaTb II8p8M8HH1>IM TOh:. 

IlOJie3Hh1ll 3cpcpel\T B Harpy31:\8 33BMCHT OT B8JI1il'lHH bl II8-

p 8M8HHOI'O Mai'HliiTHOI'O UOTOJ\ a B C8[) )l,8 1IHM!\8 BhTXO~(HOI'O 

TpauccpopMaTopa, HOTOpr,rJ,i nponopiJ,1'IOHa.TI8H paaaocTn nyJih

cnpyroTJJ,HX TOI<OB Jr a"m (pnc . VIJ J-9, z), npoxop,.fHI\IiiX '18p83 

IIOJIOBHRbi H8])BH'1HOI1 06MOTJUI B IipOTHBOilOJIOrH I:lbiX HanpaB

JI8HJi!JIX: 

i~- i~ = 2 · Jm " · s in wt ; 
W = a·2· l 111 a·sin wt, 

r p,8 a - noacpcpHIJ,H8HT nponopu,noua.TihHOCTH. 

0TciOp:a CJiep,y8T , 'ITO TJO J183Hhltl ~IarHWJ'HhiM TJOTOT~ HpO

ITOj)II,Ji!OHaJieH yp,B0 8HHOtl II8p8M8HHOii COCT a B Jf liTOTI(8H aHO)l,

HOI'O TO I< a M, CJI8)l,OBaT8JJbHO, MOUJ,HOCTb B narpy31\8 paBHa 

cyMMe MOTJJ,HOCTeii., p aaBJimamlhL~ Hamp,oki .n:aMnoi1. 

Bbrme yr<aanmaJIOCh, 'ITO H8Cll lOTPH na TO, '1TO aHO~\HhTe 
TOl\JiJ JiaMll H3M8HRIOTCJI llO B8JI1ifqlifl'l.8, CyM:MapHbiH '1'01{, npo

XO)l,Hll],HH '18p83 Ji!CT0'1HJill\ IIHTaHJi!ll aHO)l,HhiX II,8II8H, OCTa8TCll 

ITOCTOHHHblM. 3TO - BaJIUI08 Ilj)8Ii!MYTJJ,8CTBO CX8MhT. 06M'1HO 

nyJihCaiJ,Hiil anop:noro nanpm·H8HHJI H nanpH>HeHHll CliieTJJ,8-

HliiH Jii3-3a H8)l,OCTaTOqHOM cpHJibTp a ii,HJi! Hj)J1BO)l,HT J{ IIOHBJJ8-

HlUO cpona II8j)8M8HHOI'O TOt<a BCJl8)l,CTBH8 IIYJibCaii,MH aHO)l,

HOI'O TOI\a JiaMIIhl C 'IaCTOT OH 50 MJTH 100 Zl{. 

YM8HhiU8HM8 nyJibCaL\HH na o6m;8 ~t MCT0'1HHH8 IIJi!Ta 

H liiH IIOJIO/HHT8JibHO Cl\a3biBa8TCH .Eia CTa6JiiJibHOCTH pa60Thl 
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~IHOfOlWCKa)J;HOfO YCI1Jl HT8I UI , Tal\ h:al{ IIpMBO)J;HT I\ OCJia-

6JI8HIHO napa3HTHOR CBH3M Men;p;y lWCKap;aMM '18 ])83 06-

III;MR MCTO'lHHT{ IIHT3HHH aHOJ~H bl.\. ~8IT8H pa3JJMliHIJIX 

r\acr<.ap;on. 

B H31IaJie ::rroi1 r JiaBbT yHa3biBaJIO Cb, 1ITO nasHa'IeHM8 Bhi

XO~\HOro K3CK3[J;a 3aL\JITO'la8TCH B C03J\3Hvm: IIOJI83HOf0 CHr

liaJi a OIIp8)];8Jl8HHOH MOl~HOCTH lJj)H i\lHHHMaJibHbiX H8JIHI-Iefr

Hb1X HCHamemurx. 0Ha3hiBaeTCH , 'ITO p;nyxTai\THaH cxmra 

H:M88T 81l\8 0):\HO npe:nMyJJ~8CTBO nep8J\ O~WOTai{TI-IOH CX8MOH, 

Tai{ J{a[{ I103BOJT H8T 3Ha-

q]IJT8Jl!JH0 YM8I-IblJJH:Tb H8-

Jll-IR8RHhl 8 HCHarH8HHH 

6 Jlaf0):\3j)H l-iOMII8HCaiJ;HH 

LI8THbiX rapl\!OHMI{ B Blk 

XO):\H01I TpaHCtlJOj)l\Hl

TOpe. 

l {aH 3TO IIpOHCXO):\MT ? 

)J;o Cl'IX IIOp l\Ibi paCCMaT

pHBam-rpa6oTy ~\BYXTawr
uofr CX8Mbi, IIOJiafaH, 'ITO 

IIJI8'IH CTporo CHMM8Tpn'I

Hh1, a JiaMIIbl - O,[(l'IHa

IWBbi. HpaKTM'lecrnr, o ,rc

Harw, JiaMIIbi HM8IOT pa3-

6poc napaMeTpon H H3-

MeHeHMH TOIWB B JiaMnax 

I-I8 O):\HH3I\0Bbl BBH:U:Y TO-

ro, 'ITO n mo6oM yqacT

I\e xapawrepHCTHlm MX 

OTI\JIOHHIOTCH OT lipHMOiii . 

Ia 

I 
I 

- I .. 
I arv·+ I aN 

I 
I 

PIIC. VJU-1 0. P a6om na i<pJIUOMil WiiHOM 
y tta CTI-\C xapal\'l'Cl)UCTHH'Il 

)J;onyCTHM, LJTO iia BXO!J: OIWH8LJHOfO I\aCI{a):\a IIO):\BO):\HT

CH CHHYCOH):IaJibH&rii curna.rr. Ecm-r pa6oTa npoMcXOJ:IHT 

Ha HpHBOJIHH8liHOll! Y'IaCT!\8 X.apai{T8pHCTHlHI, HaiipHMep 

IIpH HCIIOJlb30BaHHH HJiHHHflfO KpHBOJIHH8HHOf0 y<raCTHa 

(puc . VIII-'10) , TO J-\OJie6amu r aHOJ:IHblX TOKOB JiaMrr 6ypyr 

rrecHHYCOH):IaJibHb!MM. BcHKJilJ\i HeCHHycoM):Ia.rrbHbiR nepeMen

HhTii TO!{ !{pOMe I\OJie6aHMii OCl-IOBHOii lJaCTOTbi CO~eprHMT l {OJI8-

6aHMH c qacToTaMn, HpaTHNMH ocnonHoft . Hocrwm,Hy I{pM

naH TIOJIY'Ia8TCH H8CHl\1M8TpM 0HfOM, TO n Heft rrp eo6JiagaiOT 

"JeTJ-Ihte rapMOHI11-\U TOHa. Ho n epeMeJ-!Hbie nanpm-HeHMH ua 

C8TTmX JfaMII C~WliHYTbl IIO tjJa3e Ha 180°; IIO::JTOMY ):\JlH TO.rm 

n epnoft JiaMIIM HpMBHH CUJTbH O }!!CHan;eHa BO BTOpOH IIOJ!yiie

j)MO):\, a ):\JIH TO I{ a BTO poft JiaMIJbl , Ha060pOT,- B nepBhiiii IIO

Jrynepl-10):\. 
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ilpH BbTqHTaHHH :q:yJihCHpyiOITJ.HX TOHOB Jia~m llX nepeMeH

Hbie COCTaBJiffiOIIJ;He CYMMHpyiOTCfi, IIpH~IeM MeHee HCKati<eH

HbLK IIOJiyrrepHO)l; TOKa rrepBOH JiaMIIbi Crma)l;niBaeTCfi C 6oJiee 

HCKameHHblM TIOJiyrrepEJO)l;OM TOKa BTOpOU JiaMIIbi, H Hao6o

pOT,- 6oJiee IIpHTYIIJI6HHbiH IIOJiyrrepHO)l; TOKa rrepnOM 

JiaMIIbi CHJia)l;biBaeTCfi C IIOJiyrrepHO)l;OM 6oJiee OCTpOH tflopMbi 

)l;Jlfl TOHa BTOpOH JiaMIIhl. 

Kar< BH)l;HO H3 rpatflHr<a, peayJibTHpymm;aH HpHna.FI paaHo

CTHOro TOI<a IIOJiytJaeTCfi CHMM6TpUllHOM, T. e . He co.o;epmHT 

Puc. V!II-Il. Pa60Ta JJ3Mribl B pe<lii'IMC 
IiJiacca AB 

qeTHbiX rapMOHHI<, H He

JII1H6MHbie HCr<an<eHHli 

aHa'lwreJibHO yMeHnma

IOTCH . 

8TO 06'b.FICHli6TCfi T6M, 

liTO TOHH '18THbiX rapMO

HHK, r<ar< H IIOCTOfiHHbi6 

COCTaBJiffiOIII;IIe, IIpOTer<a

IOT ITO IIOJIOBHHaM nep

BHqHOH 06MOTKH BbiXO)l;

HOrO TpaHC~OpMaTOpa B 

IIpOTHBOIIOJIOH<HbiX Ha

npaRJI6HHfiX H coa.o;anae

Mbie HMH MarHHTHJ,Ie IIO

TOI<H B3aHMHO HOMII6HCH-

pyiOTCfi. IToaToMy rrpH aa-

,n;aHHOM 3HatreHHH I\03~~Hl:J;H6HTa H6JIHH6ITHbiX HCKan<eHHH OT 

Ra>I<)l;OH JiaMIIbi HJIH OT I<alli)l;OrO TpaH3HCTOpa ( 6CJIH CX6J\1a Ha 

TpaH3HCTOpax) MOH<HO IIOJiytiHTb 60JibillYIO MOIII,HOCTb, '16M 

OT TOli >Ke JiaMIIbi HJIJii OT 'fOrO J-He TpaH3HCTOpa B O)l;HOTai<THOH 

cxe111e. 

MaJibie HemmeiHnre r-rcr<an<eHHH H pa6oTa JiaMn n rrpoTH

no~aae B )l;BYXTai<THOM MOIIJ;HOM r<aC I<a,n;e II03BOJlfiiOT HC

IIOJlb30BaTb penmM r<Jiacca B HJIH rrpoMemyToqHbiH pe>HHJvr 

rmacca AB, Ha HOTopoM cJie.o;yeT ocTaHOBHThCR oco6o . 

PeriUIM KJiacca AB Han6oJiee pacrrpocTpaHeH Ha rrpar<THKe. 

Pa6oqarr Totrr<a Bbl6HpaeTcrr Ha Ha'laJibHOM y'laCTJ<e AHHaMH

~recKOH xapawrepHCTiiii<H JiaMIIbi, 6JIH>Ke H Hiii'H<HeMy aarH6y, 

L£eM )l;JIH pemHMa A. Tor< nor<o.FI MaJI , HO He paneH Hymo. 

B aTOM penmMe Kam.o;r,rft rroJiyrrepHOA pa6oTaiOT o6e Jiallmnr, 

HO 8CJII!I B3fJifiHYTb Ha rpa~Hl< 3HO)J,HOf0 TOKa H3/H)J,Oll Jialllllbl 

(pnc. VJII-11), JierHo aaMeTHTh, qTo rnnKHne rroJiynepHO)J,hi 

ROJie6am-rH: TOHa qacTJiiqHo cpeaaHhi, T . e. TOK Kam.o;oft JiaMIIbi 

ucr<a>HeH. O.o;HaKo peayJibTHpymw.ue MCKan<eHHH n Bb[XOJJ:

HOM TOI<e (n Harpy aRe) OTCYTCTnyiOT, Tar< J-He HaH 11 n wracce B. 



lloJieaHaH MOII.J:HOCTb u r< . n. g. n perKHMe I<Jiacca AB 6oJihme, 

'leM B I{Jiacce A, no MeHLme, qeM n perHHMe HJiacca B. 
Pasmrqaw:r gne pa3HOBH)];HOCTH pmKfiMa AB. OguH IIa3hl

naiOT pemnMoM AB1, Korga pa6oTa npoucxogHT TOJihKO n OTpH

u;aTeJihHOH 06JiaCTH xapaKTepHCTHK, T. e . 6ea C8TO'lHbiX TO

HOB. ,I\pyroii: penmM, rwrga pa6oTa npoHCXOiJ:HT c aaxop;oM 

B IIOJI0rKHT8JibHYIO o6JiaCTb xapawrepHCTIU<, Ha3biBaiOT pe

il\HMOM AB 2. Pen{HM AB 2 c IIOHBJieHHeM ceTOt.lHhiX Torwn He 

DpHM8HHGTCH B arrrrapaType BOCIIpOH3B8)];8Hl'IH 3ByKa KHHO

ycTaHOBOK . 

PerKHM AB1 mHpoKo HCITOJihayeTcH, TaK KaK B aTOM pe

)HHMe OT YCHJIHT8JIH MOfl\HO TIOJIY'lHTb 60JibiDYIO MOIIJ;HOCTb, 

qe111 n pemu111e A . Torga, Korga penmM AB 6JIH30K r< peiRliiMY 

A, MOfl<HO HCITOJib30BaTb OTpHIJ;aTGJibHOe aBTOMaTl'I'IGCKOe 

Cl\-reru;eHHe . EcJIH J-Ke ucrroJihayeTCH rJiy6oKHii pmKHM AB1 , 

DpH KOTOpOM TOK TIOIWH O'l8Hb MaJI, a cpegHee 3Ha'IGHHG 

a HO)];HOrO TOKa CHJibHO 3aBHCHT OT aMITJIHTYiJ:hl CHrHaJia, 

DpHXO)];HTCH DpHMGHHTb TaK Ha3hiBaeMOe HG3aBHCHMOe CMe

IIJ;8HH8, TaK KaK HGB03MOlliHO HM8Tb aBTOMaTH'lGCKOe CMe

IIJ;8HH8. 

TaKHM o6paaoM, no cpanHeHHIO c ogHOTaKTHOH gnyxTaru

HaH cxeMa MOIIJ;Horo KacKap;a HMeeT cJiep;ymru;Me npeHMy

IIJGCTna: 

1) Cepge'IHHK BhlXO,D;HOrO TpaHc<flopMaTopa He HM8GT ITO

CTOHHHOrO llO,D;MarHH<IIIBaHHH , 'ITO DpHBO,D;HT !{ CHHII\eHHIO 

BHOCHMhlX liM HGJIIIHGHHbiX HCKaH{GHHH KaCKap;a . TpaHc<flop

MaTOp MOmeT 6nl'l'b MGHee rpOM03f];KHM; 

2) MeHnme rrpocJiymHnaeTC.H <floH rrepeMeHHoro TOKa, 

B03HHKaiOIIJ;HH rrpH nyJinCaiJHHX ITI-ITamiiJ,HX Harrpmi<GHHH; 

3) napa3HTHbiG CBfl 3H qepe3 06IIJ,HH HCTO'IHHJ{ llHTaHHH 

KaCKap;OB 3Ha'liiTGJibHO OCJia6JI8HLI; 

4) H8JIIIHGHHbiG HCI<ameHHH 6Jiarop;apH KOMTI8HCaiJ;HH B 

Bbi XOf];HOM TpaHC<flOpMaTOpe qeTHbiX rapMOHHI\ 3Ha'IHTGJibHO 

OCJia6JIGHbi; . 

5) TI03BOJIHGT HCITOJib30BaTb SKOHOMII'lRbiG perHHMbl pa-

60Thl Jial\om KJiaccon B H AB. 
HapHp;y c rrepeqHcJieHHhiMH npeHMYIIJeCTBaMu p;nyxTaKT

HaH CXeMa HMGGT H pRp; Rep;OCTaTJ{OB : rrpHMGHGHHG JJ;BYX JiaMIT 

HJIH TpaH3HCTOpOB, BblBO)J; cpep;HGM TOql\M nepnrqrJOH o6-

M OTHH Bbrxop;Horo TpaHc<flop:tvraTopa, Heo6xop;HMOCTh nop;no

p;HTh It ceTKaM JiaMrr npoTnno!flaaHhre nanpRnmmur cunraJia, 

nop;6opa JiaMTI C Of];HHaKOBhlMH napaMG'rpailm, TIOJIHOH CHM

MG'l'pHH BXOf];HbiX HanpHmeHHM II CHMMGTpHH IJOJIOBIIH nep

BHqHOH o6MOTKH BhlXOf];HOrO TpaHC<flOpMaTopa. 
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§ 3. 31<BHBAnEHTtiAS1 CXEMA ,QBYX
T AI<THOrO BbiXO,QHOrO I<ACKAAA 

IIpvr paccllroTpeHMFI nonep:emur EacHap:on 

llj)M yCM.TieiUIM pa::J JIJiJL!HhlX 'IaCTO'l' Mhl TIOJih30BaJIMCb ::H~B rr

BaJieHTH.bJMM cxeMaM.M . PaccMoTpMM ::mnrmaJreHTHYIO cxe111y 

p:nyxTaETHoro Bhrxop:Horo Hac rmp:a (pRe. VIII-12). 8·ra cxe11•ra 

IIOJiytreHa nyTeM 3aMeHhl JiaMII 3l{BHBaJieHTHbTMH reuepaTO

paMH ~tUc c nnyTpeHHHMM conponm.rreHMHMH R 1. ConpoTJIB-

JieBne JilC'l'01IHMI{a IIMTUHHH n epellteH

HOMy TOEy ueneJIMHO JI a e y ':rrur,l 

naeTCH. 

Monmo c•nrraTh, qTo B npvmep:eu

FI Oi'! 3KBHB a JJeHTHOi i CX el\J e ,ll,JOI nepe

MeHHOll COCTUBJIHIOJJJ,eH TOHa reHepa-ro

phl nHmo<renbr nocJJep:or~aTeJihHO . IIo

::rroll ry CX80lY MOmHO ynpOC.'rHTb, HCIIOJI.b-

3YH BM8CTO !J:BYX reHepaTOpOB O!J:liiH 

P11 c . \'11 1-1 2 . 8 J<Bl1Ba- C YABOeHHOii 8 . A- C. M Y!J:BOeHHbl!\1 
.nc ll'nJaR c xcM a !t Byx-ra ~<T - BHyTpeHHlilM conpOTHBJJeHMeM (IJMC. 
11 0 1'0 Ubi XOJlH Or o l\a CHrlWl 

VTJT-13, a). TaHaH TaH Ha3b1Baellran 

nocJiep:oBa-re.JJbHaH 8HBHBaJJeRTHaH cxeMa (puc. VIJI-13, 6) 
cnpaBep:Jmua JIHJJJ r, AJIH pemMMa HJracca A npu nom-roi'r CMM

llreTpMH IIJJe<r Jii a6COJIIOTliOH JIHHeHHOCTH xapairrepli!CTJIH JIUMII . 

a 6 

)J,JIH peiiUIMOB HJJaC

COB B :n AB YA06aee npe

o6pa30Ba'rh cxeMy rryTeM 

pasp:eJieHnH HOHTypoB 

TOHOB o6onx reaep aTo

pon 11: BHmoqemur nx na

paJIJieJibHO Ha 061L~Yl0 o6-

MOTHy TpUHC~OpMUTOpa '*' PH c. V l IT-1 :3 . 8t-\ DnBaJlCJJTIWH cxCI\IFL .o. n y x-
u; 

Bli!Tl\OB ...! 
2 

'faHrrn oro Boixonnoro J<aCHaJJ.a n perHHi\le 
K.nacca A c <IMCJIOM 

(puc. VIII-14 , a). )J,aJih-

ueihnee npeo6pasoBam1e 3 a T\JJIO<Ia eTCH ll JJ;BYX 
na paJIJieJibHO COeAI!IH8HHblX renepa-ropoB OAHHlii C TUHOH me 

R 
8. p: . c., ~ Uc n BHyTpei-IJ:UIM conpoTHBJieHHeM R 15 =-f 
(pHc. VIII-H,, 6 M e). 

Pasp:eJieHne HOHTypoB TOHOB o60ii!X reHepa-ropOB B03MO~HRO 
6JiarO)J;apH TOMy, 'ITO a. A· C., liH!J:YHTii!pyeMhle B IIOJIO

BBHUX nepBM<IHOH 06MOTHM, OABHBHOBhl, TBH RaE 06MOTRY 

npOHJ!I3bTBUeT 06III;BH MUI'HHTHblil: ITOTOH. 
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B IIOCJieiJ:Reil cxeMe R as- conpoTviBJieHHe HarpyaHH cyllr

MapHOMy TOH:y. Conpo·nmJreB]!Ie narpya i\M cyMMapHoMy TORY 

HB J! HeTCH COilpOTHIJJieHMeM IlOJ£e3HOfi I-Iarpy3l{M, I!pHBep;eH

Hhl.\1 1-\ noJIOBJIHe n epnwnroil: o6.\IOTIUI Tpauc cpop.\raTopa: 

R.,s= ~";, = R4:,. 
' '1· IL-

l.laC'l'O'l'Hble xapaKr epHCTIUUI iJ:BYXTaJ{ THhlX 1\aCHaiJ:OB HH

'lm1 H e OTJIJ1LJaiOTCH OT O,IJJIOTaWl'HhlX 11 Hl\Je!OT BMIJ:, IIOHa3aH

l:lblM na pHc. VII-43. ToqHo Tar{ /T\e p:JIH yMenhmeHHH 'lac

TOTHhrx iTC I\8ri\eHUM lifll ):\YHTilBHOe CO ilpOTI1BJieHHe nepBHq-

BR[J, . 2 R' 
RH "' Ras= -f 

llU c 

6 8 

Puc. Vlll-1 '1. 3 I\Blrl na .rJCH'fllble cx.cl\ 11 ~1 l lBYXT:JJ-iTIIOro Bbi XUJJ.HOro I-'iaCH::lil.a 
JlJtR pcmiiMOD H.naccoa 6 11 AB 

Hoii o6MOTI\M TpaHccpopMaTopa AOJITKEIO 6brrh 11:a1He Ha caMbiX 

HH3JHJX 'laCTOTaX OO.ilh iTJ8 i3HBIZ!Ba.TJ8RTI-IOrO COilpOTHBJI8HHH 

Jiallm, T. e. 6oJihWe 2Ri )V IH cxeMbl p~rc. VIII-13, 6 (npH pe

il\l!IMe mracca A) . 
BmumMe nH)l;YHTI!IBHOCTM TpaEi c cpopM aTopa aa qacTOT

HYIO xapaHTep:HCTH!{Y CI\a3JXnaeTCH Ha ee aanap;aHHH Ha BI>l

COHHX qaCTOTaX, TI09TOMY HHiJ:YTrl'HBHOCTb paCCeHHHH )l;OJI/I-\

H8 6nrrh no-noaMorr\ HOC'flii MaJJoi'r. B BbTXOIJ:HOM TpauccpopMa

Top e ).~BYXTaHTHOH CXeMhl ]113-38 OTCYTCTBHH IIOCTOHHHOrO 

IIOiJ:MarHM'IHBaHHH cepp;eqHMIW TpaHCcpOpMaTOpa MOrimO IIO

JIY'IHTb aa,I:\8HHYIO MH)l;YKDIBHOCTh nepnwmoii: o6MOTHH rrpH 

MeHbllleM qJ1CJie BWI'HOB, qe111 B Tp aHCcpOpMaTOpe O,IJ;HOT8HT

HOrO I<8CKa)l;a, II09TOMY H liiB)l;YI<THBHOCTb paCCeHRHH MOmeT 

ObiTh noJJy<rcHa n pa wrwreciUI MeHhrueii:. 

§ 4. ABYXT AKTHbiE BbiXOAHbiE KAC
KAAbl HA TPAH3HCTOPAX 

,[(ByXTaHTHbJe BhJXOiJ:HbJe 1<8CHaiJ:hi MOryT 

OhiTh nocTpoeHbi Be TOJihKO Ha 9Jrewrpom-rbrx JiaMnax, rro H 

Ha TpaH3HCTopax, rrp11qeM AOCTO HBCTBO ABYXTaHTHbiX ex eM 

aaKJIIOcraeTCH B npHMeueHHH l{aK peii\HMa KJiacca A, TaK M 
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pe"it{RMa KJ:Iacca B, Kor,n;a TpanancTophl paooTaiOT rronepe

'MenHo (B nepBbi:H llOjJynepnop; - Op;RH TpaH3HCTOp, BO BTO

!pOH - ,n;pyro:H). 

BKmo'leHne TpanancTopon B RhiXOAHLTX KacKap;ax, n TOM 

''l.HCJie .Jil ,rt;BYXTair fHLIX, B03MO:HmO IIO BC8M TpeM OCHOBHLIM 

cxe.MaM: OB, 08 H OK. 

EcJIR paccMOTpen, cxeMy p;nyxTal<Tnoro nr,rxop;Horo Kac

Kap;a Ha TpanancTopax (pnc. VIII-15), TO n ne:H ncrroJinay

IOTCH p;na Tpanc<!JopMaTopa: Tpl - nxop;no:H n Tp2 -- Bbi

xo,n;no:H. IlepnhlH Tpanc<!JopMa

TOp RM88T BhlBO)J; OT cpep;ne:fl 

TO'l.KR BTOplil'l.HOH 06MOTKlil, 

BTOpOH - OT Cpep;ne:fl TO'l.l{R 

rrepBR'l.HOH o6.MOTI<R. B ne:H 

0/];JiiHaKOBhle TpaH3RCTOphl ('l.TO 

p;eJiaeT CXeMy CliiMM8TpR'l.HOH) 

BKJIIO'l8HLI IIO CX8i'.<Ie C o6m;RM 

3MFITT8pOM. 

KoJIJieKTOpHhlMR narpyaKa-

MR TpaH3FICTOpOB CJiynmT Ha-

PHC. VIII-15. Cxe~m ABYX'Tai{TH OrO 
Bb!XO):IHOPO I<aCHa;I.a Ha TpaH 3 !1C'TOpax 

rpy30'l.H08 COIIpOTRBJI8HRe, nepeC'l.RTaHHOe B COOTB8TCTByiO

III,FI8 noJIOBRHhl nepnR'l.HOH o6MOTim Tpanc<!JopMaTopa T p2. 
KoJIJieKTOpHLie nanpan<eHFIH nop;aiOTCH op;nFIM nponop;oM na 

o6a TpaH3FICTOpa qepe3 IIOJIOBF!Hhl nepBR'l.HOH 06MOTim TOrO 

/K8 Tpanc<!JopMaTOpa. Tal{ KaK IIOCTOHHHhl8 COCTaBJIHIOIII,R8 

KOJIJI8KTOpHbiX TOKOB 0/];FIHaKOBbi R npOT8I<aiOT ITO 06MOTK8 

B pa3HbiX HanpaBJI8HRHX OT Cpep;HeH TO'l.KR, MarHRTHhl8 IIO

TOKR, C03p;aBa8Mhl8 3TRMFI TOKaMFI , B3aRMHO KOMII8HCRpyiOT 

p;pyr p;pyra R n peayJinTaTe cepp;eqrum Tpanc<!JopMaTopa 

Tp2 pa6oTaeT 6ea nocToannoro rrop;MarHRl!RBaHFIH. 

CxeMa pa6oTaeT TO'l.HO TaK me, KaK p;nyxTarnHhlH KaCKap; 

na Tpnop;ax. 

Y CHJIFIBa8MbiH CFirHaJI, nop;nep;eHHbiH !{ nepBH'l.HOH o6-

MOTK8 Tpanc<!JopMaTopa Tpl, RHAYKTHpyeT n npoTnnonoJimK

HhlX I\OHI\aX BTOpH'l.HOH o6MOTKFI HaiipHn<eHHH, nponiBOcpa3-

Hbi8 OTHOCFIT8JibHO cpep;HeH TO'l.KH. Korp;a IIOT8Hl\RaJI 6a3bi 

TpanaHCTopa T -1 noapacTaeT, noTeHI\RaJI 6aabr TpanaFICTopa 

T -2 yMeHbmaeTCH. CooTneTCTBeHHO R3M8HHIOTCH H KOJIJieKTOp

Rhie TOKH TpaH3FICTOpOB: 0/];HH - YM8Hbilla8TCH , B TO npe~m 

KaK BTOpOH - YB8JIFI'l.FIBa8TCH. 3Hal!HT, H3M8H8HFIH TOKOB 

n o6MOTKax Tpanc<!JopMaTopa Tp2 6yp;yT corJiaconaHHbiMR, 

o6a TOKa B Op;HHaKOBOM HanpaBJI8HliiH H3M8HHIOT MarHlilTHbl8 

llOTOim, IIpOHH3biBa!OII\H8 BTOpH'l.HYIO 06MOTHY BbiXO)J;HOrO 

Tpanc<!JopllraTopa . Peay JibTRpymm;_~;rii BhiXOJJ:HOil cnrna jJ upo-
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IIOpU,MOHa.rreH /].B OHHOMY H3MOH8HMIO TOI{a Kan>p;oro ll3 TpaH-
3MCTOpOB. 

l{acKap; (pn:c. VIII-16) TaHme npep;cTaBJUieT co6o:H o6wi
uyro IJ.BYXTaKTHyiO CXeMy, HO co6paHHYIO Ha TpaH3IICTOpax, 
BKJIIO'leHHLrx c o6m,e:H 6aao:H. ITo cpanHeun:ro c npep;r,rp;ym,eH. 
na cxe111a p;aeT HaHM8Hhmn:e He
.rrn:He:Hur,re HCKarK8HIIH, BaBIICH
m,He rJiaBHbll\1 o6pa30M OT HCHa
rKBHIIH BO BXO/].HOH l!BIIII, HO IIM8-
8T ue6o.rrr,rno:H Koa¢¢II1IIIBHT ycn:
.rremm IIO MOI.I\HOCTII. floaTOMy 
npn ee Hcrro.rrr,aonaHHH rrpen;o
KOHB'lHbiH KaCKap; /].O.ilrH8H 6hlTb 
)J.OCTaTO'lHO MOI.I\Hbil\1. Pnc. VIII-16 . Cxc~Ia nnyxTaHT

HOro BhixonHoro Rac><alla, co6pan
nan J-!a •rpaH3HC'l'Opax, BHJliO'iCH-CxeMa c o6m,HM aMHTTepoM 

p;aeT uan6o.rrr,rnee ycn.rreHHe no 
MOiliHOCTII, HO OHa B8Cbll1a 'lyBCT-

llbiX no cxeMe c OE 

BIJ:T8JibHa I\ ll3M8H8HHHM napaMeTpOB TpaH3Ii!CTOpOB, 'lero 
H8Jih3H CKa3aTb 0 BKJIIO'l8Hllll C 06IIIMM OCHOBaHIJ:8M. 

Barrmo:i!I xapaHTepHCTHrwir HBJIHeTCH BeJIIJ:'liJ:Ha BI>rxop;
Horo corrpOTii!BJieHHJi. Cxmw c o6m,eH: 6aaoB: nMeeT Ha:H6o.1Jb
mee BbiXO)J.HOe COIIpOTii!BJieHHe, II 3TO CJiep;yeT OTHeCTII H ee 

Puc. VIII-17 ECCTJlai-lCQJOJlMa
TOpHafl cxel\m ;a;syxrraH'niOro Iiac-
1-m.n;a C riOC..llCJ:WB3TCJl blfbll\1 DKJIIO· 

'JCHJICM i:\BYX Tpall311CTOp OB 

He/].OCTaTIWM, Tal{ 1\al{ )J.JIH COr
JiaCOBaHHH C Harpy31{0H Tpe6yeT
CH 6o.rri>rno:H Hoa¢¢Hl!HeHT Tpauc
<!JopMal!Hli! Tpauc¢opMaTopa. 

HanMeHI>rnee BLrxop;uoe con
ponm.rrenHe y cxeMbi c o6m,IIM 
rw.rr.rrernopoM, 'lT.O IJoano.rraeT 
Ii!HOrp;a Ii!CHJIIO'lli!Tb Jil3 nee BM
XO/].HOH TpaHCWOpl'vlaTop H HeiiOC
pep;CTBeHHO BHJIIO'Ili!Tb HarpyaKy 
B l!Bllh TpaH3Ii!CTOpOB. 

BeaTpanc¢opMaTopHLre cxeMni 
npep;CTaBJIHIOT 60Jibl1JOH npaKTJ!I
'l8CIUfH Ii!HTepec, Tal{ I{al\: TpaHC-
¢opMaTOpbl yneJIM'lii!BaiOT nee, ra-

6apnTLI H CTOHMOCTb ycTpOHCTB, B 'laC'rHOCTJ!I yCHJIHT8JI8H 
Ha TpanaHcTopax . Bxop;IIow Tpanc¢opMaTop Momuo ne npH
lii8HHTb, eCJIIi! HCIIOJib30D3Tb B npep;O!-\OHB'lHO~l KaCKap;e TaK 
Hasr,maeMyro ¢aaoniinepcHyro exeMy. 

Cxm11>1 p;nyxTaKTHhlX T\acHagoB 6ea Bbrxop;noro TpaHc
¢opl'vWTopa l\10}1\HO DOCTpOHTI> H8CJ\OJTI>KHMH CIIOC06aMH. 
Ha J?liC . VII I -17 gaHa cxe~w c IJoc.rrep,oBaTeJII>HhlM nHJIIO'leHHeM 



~nyx BoTXO~nr,n:: TpansRCTopon . Bxo~nofr TpancqJOpnwTop 
H!IIee-r ~Be pas~eJibHbTe BTopiil'IHbie o6MOTJHL On pasmmaeT 
npoTHBo(pasHhie nos6ym~caroru;Re CI-rrnaJTbl. ConpoTRBJieHHJI R1 
M R 2 Hynmr,r ~JIJI cos~amw ne6on r,rnoro Rcxo~noro CMe
ru;eHRJI Ha 6asax TpaHSRCTopon. 8MRTTep TpaHSRCTOpa T -2 
coe~HHeH c ROJIJier,TopoM TpansHCTopa T -1. ,r:(na o~nnaHOBbiX 
HCToqnHI<a ITRTaHHH COe~HHeiibf ITOCJie~OBaTeJibHO lii IIO~KJIIO

qenoi MerH~Y HOJIJieKropo111 Tp arrsHCTopa T -2 R tlMRTTepol\r 
Tpai-ISHCTopa T -1. IlocTOJII:II-IaH cocTaBJUIJOII(aH TOH a RCToqJ:Iu:
IWB IIpoTeHaeT OT IImoca 6aTapm-r EK1 qepes Tpansr-rcTop T-1 , 
TpansRcTop T-2 I< 11rr-rnycy RCTormn r{a E "2 . 

EcJIH TpansHCTOpor u~enTHLIHbJ, TO noTenu.RaJI Toqrm A 
paneH IIOTenr.cnaJiy Tocnui B, Tal< Kap; IIa~cenue Haiip.Hn<enl'm 
IIOCTOJIHHOH COCTaBJIHJO[TJ.eH na Harl\)~O'l H3 TpaHSHCTO pOB 
o~u:naKOBO H panno E"1 = Er.z· 

Harpys1<a BHmoqena Mea\~( Y TO'iJ.;aMH A H B. 0Tpnu.a
TeJronaH IIO.TIYBOJIHa BXOAI:IOrO CHrHaJTa AeJiaeT 6o.rree IIpOBO
~HIIJ;HM O~HH Jii3 TpaHSUCTOIJOB R Menee IIpOBO~JIIIJ;H/11 - ~py

r o:iJ:. TaHHM me o6pasoM HSMeHHfOTCH v.r corrpoTHBJieHHJI HOJI
JieRTOpHbiX r~erreil rroc·r·oHHHOMY TOKy . IloTenu.IIaJI Toqrm A 
CTaHOBHTCH 6oJiee OTPii!TJ.a'reJibHbiM, rwrAa oTpnu;aTeJibiiaJI 
IIOJiynoJin a uarrpmRenFur na 6ase Tp an sri!CTopa T-2 , u: MeHee 
oTpuu;aTeJioHbil\l, KOrAa OTpuu;aTeJTbHaH nonynoJirra na 6ase 
TpansHCTopa T -1 (AMI THna n-p-n). B CB.fiSH c <>THM qepes 
narpysoqnoe corrpoTFIBJienne R" npoTe"aeT nepeMennaJI co
CTaBJilliOIIJ;aJI TOI<a , cos~a roncan B Harpysr<e Iwne6aTeJrr,nym 
MOIIJ;HOCTb. 

l.laCTO BeJililqJiina COUpOTHB.T!eHFill 3BYHOBOlT KaTyillKH ro
JIOBI\l'I rpOMJWrOBO pHTeJIJI COOTHeTC'I'B yeT HaHB bTl'O~HeifrmeMy 
sHaqenHIO narpysoqnoro conpoTl'IBJrerruH . 8To rrosBOJIJieT 
BHmoqaTo B rwqecTBe narpysKFI rpmmoronopHTenr, . 

Cyru;ecTnyeT pH~ ~pyrHx 6ecTpauc(pop iVraTopuJ,IX cxeM 
Ol\OHeTIHblX JWCI<aAOB Ha '1'paH3HCTOpax , O~(Hal\0 p aCCMOTpe
HHe FIX He BXOAHT B Bailly 3a~(aqy . 

§ 5. nPEAOKOHE"'HbiE KACKAAbl 

Hasuaqemie npe.r:r;oHoueqHoro HacRa~a 
COCTOl'IT B TOi\l, qT06hi DOAaTb Ha BXO)l OHOHeqHoro I~aCHa.[( a 

nanpHmeuMe crrrnaJia onpe~eneHHoii BemPntHl>l, ~ocTaToq
noii AJIH ero pacRaqRrr. 

B saBHCHMOCTH OT cxeM bi orwnecrnoro rwcKa~(a - o~no
TarrrHoii 12IJIFI ~BYXTal{THOH - HCllOJih3YlOT mo6y10 CXeMy 
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ycMJiem.-rrr HanprrmeHnrr MJIH cneT.VIaJfh fly 10, o6ecneqJmamrr~yiO 
nop:a'ly I{ ceTKaM Jiai\rn nr,rxop:uoro J' ac,.; a.n,a nepeMeHHoro 
HarrpH >Hemui co CJIBIHOM no ¢aae Ha 180°. MriJ>lMH CJIOBaiVrn, 
HJHI pa6oTe npe.n,o rwHe<moro HacKa.n,a na ar,rxop:Holir , co6paH
HbiH IJO JIBYXTUKTHOH CX8Me, Oil p:omr.;ea p a3BHBaTb J:Ia BblXOJJ.8 
,D,Ba Hanpnm:eHUH 3Byi<OBOI1 LJaCTOTbl , paBHhie no B8J1Hq1Hl8 
11 Cfl:BMHYTI>Je no ¢aae Ha 180° OTHOCHTeJihHO o6u~ero nponop:a. 

PH C. Vll l-1 8 . Tip!lllll.llfllla~ribHafl CXCi\Ja HBYX IWC I .; ~1 I! I IOro y c it JIII TCJH r: 
npC.UOHOJietJ JI OI'O II OHOIICtJ1101~0 

TaHr~e HanpHJI\8HHH MO/EHO no.rryq~nr, OT Tpanc¢op~taTop

Horo HacHa~(a, ecJin no u-rop:w woi:i o6i\WTHe Tpanc¢opHaTopa 
c.n,eJJ aTr, nr,mop: oT cpep:uen ToqJm. 

Ha pMc. VIJI-18 noHaaaHa npMH!J.IilllMaJibHarr cxeMa J:~nyx
IWCI\a.n,Horo yCiiJJ1MT8Jf H, OIWH81UIT,Tiir HaCJ\ ap: HOTOporo C06-
paH no p:nyxTaKTnoii cxeMe, a npep:oHone'IHbiFI - no .n,poc
ceJI r,uo-Tpanc¢opMaTopHoii. Tarmn cxeMa B HaCTOJIT.[(ee 
Bp8MH 11pHM8HH8TC.II Kpai'me pe~~l{Q , Tal\ I\al< JIYLU!JH8 pe3yJJb
TaThl p:aiOT 6ecTpauc¢opMaTopHr,re cxei\Ihi. Omr rrpou(e n H3-
roTOBJieHHH, 31\0HOMH'lHee, BHOC.IIT M8HbUfM8 H8JIHH8{JHbl8 
.11 'IaCTOTBJ,le MCHa/H8HMH . 

J3ecTpaHCC}:lOpMaTOpHbl8 CX8MbT, I<OTOpi>I8 p:a tOT B03MOIH
HOCTb IIO.TIY'lll'l'b ,D,Ba paBHbiX DO B8JfM'IHH8 M npOTRBO TIOJIOIH
HbiX no ¢a3e nepeMeHHI.iL\ HanpluEeHliiH, Ha3bmaTOT ¢a3o:~<ru

nepCHhlMM CX8MaMM. 

nPOCT ASI C>A3011HBEPCHAS! CXEMA 

Ha puc. VI II -19 p:aaa npMHL\hlUllaJibHa.II 
cx eMa npocToro cpa30HHBep cHoro Hacrwp:a , ncnoJir,ay rorr~;ero 
.n,Be Jta~JDhl: JI 1 H JI 2. l1epBaH c.rry iHMT TT;JIH y cMJieHM.II nanprr
memn r, a JHO paH - ~JLH rronopoTa ¢a3bl nanprrmeHHH cur-
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naJia Ha 180°. Ms npi!IBep;eHHOi:'r cxeHbi BHAHO, qTo nepBaH 

TIOJIOBHHa MHB6pCHOrO I<aCHap;a - Jia~ma Jl1, p63HCT0pbl 

R' R' R1, R. H KOHJJ:eacaTop Cg' - npeJJ:CTaBJIHeT co6ou 
CM' a · ""' 

o6r,rqHblH pe3HCTOpHbiH RaCim}J; C aBTOMaTHqecrmM C~-tew;e -

Hl16M . Ha BXOJJ: aToro I{acHa}J;a nop;aeTcH nepeMeHHOe aanpH

meHlife CITrHaJia u:n, HOTOpOe YCIIIJIHBaeTCH IIO alviiTJIHTyJJ;e 

B K 1 pas H ITO)J;BO)l;MTCH I< C6TH6 Jiall1llbl OTWHeqaoro I<acrmp;a Jl 3 . 

P•·rc. VIII-19. Ilprnr~:~nmraJ!b!laA cxcMa upocToro 
!jlaaolllmepcHoro Hacr;ana 

GTO HanpmHeHHe o6osnaqeuo Ha cxeMe KaH u~2· ]if ORO 

o6pasyeTCH Ha COIIpOTIIIBJI6HHH yTeqi{III C6TI<M Tp6Tb6ff JiaMTihi. 

IlocJiep;Hee BhiiiOJIHeHo B BI!Ip;e p;eJIHTe.rrH HanpHmeHHH R1- R 2 , 

C Hl'll-HHero IIJieqa KOTOpOrO (R 2) IIO]J;a6TCH HanpmR6HH6 U;1 
Ha C6TKY JiaMIIhl Jl 2, IIOBOpa qHBaiOIII;6H !flasy l1 Ha3biBae-

MOH !flasoMHBepTopoM. 8Ta JiaMrra JI 2 (pesncTopnr R~M• 
R~, R; lii HOHp;eucaTop c;) JIBJIJI6TCH BTOpoft IIOJIO

BHHOH IIIHB6pCHOrO HaCHap;a III TaK/R6 rrpe}J;CTaBJIH6T C060ft 

IIpOCTOH p631iiCTOpHblH RaCRa}J; C aBTOMaTIIJ:q6CHHM CM6JII6Hlii8M. 

C Bhrxop;a ~noro HacHap;a, HMerorrrero Hoa!fl!flnn;neHT ycHJie

HHH K 2• HarrpH1R8Hlii6 u;2 rrop;aeTCJI Ha C6TKY JiaMIIbi JI 4 OIW
HeqHoro KacRap;a. 

PaccMOTPIIIM, HaK pa6oTaeT TaHaH cxeMa. MsBeCTHO, qTo B 

p83HCTOpHOM KaCHap;e HaiTplllH8HH6, pa3BHBa6M06 HM, HJIH, 

qTo TO me caMoe, rrepeMeHHaJI cocTaBJIHIOrrraH na npm-T{8HHH 

M6l-KJJ:Y aHO,li;OM H I<aTO)J;OM IIpOTJiiBOIIOJIOmHa IIO !flase nepe

M6HHOMY HarrpHm6HIHO, IIO)J;BO}J;liiMOMY J{ C6TT<6 JiaMIIbi. 

06paTJiiMCll H CX61\16. IlyCTb B }J;aHHblll MOM6HT Ha C8TKy 

JiaMITbl Jl1 IIO)J;a6TCH <<+>> ne:peM6HHOrO HarrplDH6HHH 1 TOr):\a 



aao.n.e ::rrofl: JiaMUhl a na ceTHe JiaMnbt .!I 3 6y.n.eT << - >> nepe

Hnoro aanpHmeanH, lJaCTb rwToporo co suaiWM <<->> nprr

n<eHa I CBTI<e JiaMilhl .Jl 2. 

Tai< :Kal\ Jia~ma .!I 2 TaKn<e nepesopa lJii!BaeT <!Jasy aanpH£He

iH, TO IIpH IIOJJ.a'le H ee C8TK8 HanpHrKBHMfl CO 3HaiWM «->>, 
1 ee aHOJJ.e 6y.n.eT <<+>> aanpnn<eHnH. Tenepb Mbi BMJJ.MM, LITO 

C8TI\aM JiaMII Ol\OH8lJHOfO HaCHa):(a OJJ.HOBp8M8HHO IIOJJ.BO

lTCH aarrpmHeHMH CHrHaJia n rrponmo<!Jase. 

Heo6xOJJ.Ii!MhiM ycJionneM pa6oThi <!JasOii!HBepcHoro Hac

a.n.a HBJIHBTCH paBeHCTBO 3THX HaTipHI:K8HMH, Tal\ 1\aJ\ OHM 

DCTyiiaiOT Ha COOTB8TCTBYIOIII;M8 IIJI8LIM JJ.BYXTal\THOfO HaC

aJ].a yc:aJieHHH Moru;aocni. B npocToil <!Jaso:ansepcnoi-i cxeMe 

L" O paBeHCTBO JJ.OCTMfaBTCH Bb!60pOM B8JIM<HIH COIIpOTMB.Tle

MH R 1 M R 2 .n.eJinTeJIH narrpHn<eHMH. ConpOTMBJieHMe R 2 

OJI/1\HO 6biTb B lJMCJIO pas, paBBOe l\03<lJ<lJMil,M8HTY yCMJIGBMH 

.BBepTMpyiOIII,ero UJielJa, M8Hhlll8 ncero conpOTJiiBJI8HJiifl R u • 

Paso6paHHaH HaMM cxeMa CTpa.n.aeT pHJJ.OM se.n.ocTanwl3, 

; lJMCJiy IWTOpblX MOri\HO OTH8CTH B806XOJJ.Ml">IOCTb MM8Th )],88 

:aMIIhL Ilpanp,a, aToT Hep,ocTaTOI\ npawn.rcrecKH JrerHo npeo

;oJiesaeTCH nyTeM HCl10Jih30BaBHfl JIBOHHbiX TpHO)IOB 6H8, 
H9 . Pas6poc napaMeTpos JiaMn H aJieMeHTOB ycTpoi1cTsa 

!pHBOJIMT H JipyroMy B8JIOCTaTHY - TPYJIHOCTH JIOCTM}K8HHH 

.MMM8TpMH CX8Mhl M ee CTa6MJihBOH pa60Tbi. 

Oaa aenpHeMJieMa B Tex cJiylJaHx, I<Or)Ia BbiXOJIHOH .n.syx

raHTHbiH HaCI\a)I pa60TaeT C H83aBHCHMhiM CM8Ul,8HH8M, Tal\ 

\ai\ 60JibUIOe OTpMil,aT8JibH08 HaiipJUH8HH8 CM8Ill,8HHH OIW-

18lJHbiX JiaMII nonaJiaeT qepes conpoTHBJieHne JIBJIMTeJIH R 2 a a 

:eTHY JiaMIIhi .!I 2 n BhiShlnaeT sanHpaHHe aTOll JiaMIIhL HpoMe 

·oro, 3Ta CX8Ma BHOCHT HepaBHbi8 <IaCTOTHbi8 HCI\a}H8HMH Ha 

l8pXHMX M HH>HHJiiX lJaCTOTaX )IarHe npH IIOJIHOM CHMMeTpHH 

lJIBlJ Ba cpeJIBHX lJaCTOTaX. 

qaCTO B IIpOMbiTIIJI8HBOH annapaType MQ}I\HO BCTpe

rHTb CXeMy <lJa30MBBepCHOf0 I{aCHap,a, IIOI{a3aHHYIO Ha 

)HC. VI II -20. Oaa He HMeeT npHHIJ,HIIMaJihHhiX OTJIH<IHH OT 

)aCCMOTp8HHOH paHee, HOB HBH ycTaHOBJI8HO OT)I8JibH08 COIIpO

~UBJI8BM8 yTelJI\H ceTHM oHoaeqaoii JiaMIIbi JI 3. 8To MSMeHe

me II03BOJIH8T IIpMM8HHTb CX8MY H B TOM CJiyqae, HOfJ].a B B bi

WJJ.HOM 1\aCKa)Ie MCIIOJib3Y8TCH H83aBHCHM08 CM8III;8HH8, Tal{ 

<aK IIpH TaiWM BKJIIOLI8HHH OTpMil,aT8JibH08 BanpmHeHH8 CM8-

li,8HHfl He MO}H8T IIOIIaCTb Ha C8TI{ Y JiaMflhl JI 2 MilB8IJTHpy10-

ll,8f0 nJieqa. 

HecMoTpH aa TO, lJTO aTa cxeMa 6oJiee cosepwenna no 

;paBH8BMID C 11pOCTOM MBB8pCHOH, OIIa T0}I{ 8 CTpa)IaeT pHp;OM 

IISJIOCTaTHOB. ,IJ,eJio B TO~I, lJTO conpoTMBJieHMH R 7 M R 8 
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B Il,BllHX CBTOl{ B CJIY'Iae l!lCllQJIJ,30BaHMH HB3aJHICJi1MOrO C~ t eiiJ,e

HRJ1 OHOHBtiHOrO 1\aCJ<ap;a )J;OJiri\Hbl 6bJ.Tb HB60JibliiMMH (IIO

pl1p;Ha 50 000 O.i!L ) . Ho <JTO npMBOp;In' I< cmuHeuruo ycw.nemtH 

npe,n;oKOHeqrwro J<acKap;a 1-1 B03pacTamno HeJmHei~Hht:\ ucl\a

n\eHJZti1. 

EIIJ,e o.n;Hoi& oTJI Ji!TJMTeJibHO:ifr 'lepToii HBJHJBTCH BH.ilmCJeHne 

nocJienonaTeJibHO c conpoTMilJIBHMeM R 5 HOHJ.l.BHCaTopa C 5 , 

P1·1c. VJli-20. CxeMa QJa30 1111 BCPC HOI'O HUC1«1Aa c gemiTCJICM 
n uenu m10ga 

HOTOpbt:ifr OTCYTCTBOBaJI B IIpOCTOII I1HBepCHOH CXBMB . 8TOT 

HOHJ.l,BHCaTOp FlB06XO,O:HM ,O:.HJI TOrO, 1IT06bJ BbiCOJ-\08 a BO,O:HO e 

HanpmHeane JiaMnr,r JJ1 Be nonap:aJio a a ceTI<y JiaMIIhl JI 2 . 

8Ta CXBMa C He3H.atJHTBJ1bHblMM )J;OllOJIH.eHMB MH, npep:Ha3-

HaLIBHHb!Ml'T )J;JIJ1 y JJYlJUJ BHMJ1 ee CBOMCTB, HanpnMep yl'vlBHhme

HHJ1 B03M0/1\I-IOH aCHMM.BTpHYI , y~t BllbiilBlUIJI HBJIMHBHHblX 

MCHameHHhl, HaH Mbl YII-\8 yHa3hJBaJIH, BCTpBtiaBTCJ1 B annapa

Type KYC'Y-52 1-r l{3BT-3 . 
Ee Ha3htBaiOT cpa30IUJBepcm,tM J.l,BJIHTeJieM B I1BIIM aHop;a. 

ABT06AJ1AHCHbiE CJlA30HHBEPCHbiE 
CXEMbl 

llpM paCCl.lOTpBHMM cpa30YIHBepCHblX CXe~i 
ytia3btBaJIOCb, <JTO O)J;HHU M3 CBpbe3HbiX MX HB,O:OCTaTEWB 

HBJIJ18TCJ1 aCH:MMBTp lill1 IIJIB<J. , B03lllii-\aiOIIJ,aH He CTOJib l-\0 H3-3 a 

pa36poca II a paMeTpOB Jia~ ID H 3JIBMBHTOB CXBMhl , CI-\OJJb I-\0 

M3-3a Hapymemur pemnMa n npoiiecce pa6oTbi. AcnMMeT-
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I TI JIB'l cPa30MI'!UBp CHOrO T~aCHap;a apHB0,[\12!1' H 3Ha'lH'l'BJlb

lY B03paCTai-Il1IO HBJIMHei1RLJX MCI\all\8HMM B OIWHB'IHbiX 

awp;ax M B pe3yJibTaTe T\: Cl-IJUl\BIIli!fO Ha'lBCTBa 3BYI~O

;np01>13BB)l,BHli! ll. 

8TJ~ I-rep;ocTaTJUI nosno.rrHJOT y cTp a t-run, Tar-< Ha3MBae~n,re 
ro6aJiaHCI-Ihl8 CXBl\lbT. -

ABTo6ananCHbiMM cxeMaMI1 aa3btBaroT Tarum cpas oMHBep

biB CXBMJ,l, B lWTOp hi X CHMMB'l'pMll T-Ia BhiX0,[\8 TIO,[(,[(epmH

BTCH aBTOMaTWJBCi:\H npH M3MBHBHHlil 13 HBIWTOpblX rrpep;e

X napaMBTpOB JiaMH M BB.IIM'IHI-l p e3MCTO pOB. 

Ha puc. VII I-21 )],ana anTo6aJraHCHaH cpasoHHB epcuarr 

e~w H normsaua cxe;-.ra OJWHB"IAoro HaCJ\a~~a. B ::noii cxei\I e 

P11 c . VI T [ - 2 1. A n-ro6a JJaltC II nH c~a aO IIIIB CP CitaH 
cxe !\IC.l 

c nom,soBaH cp,BoenHhiiT TpHo,o: . Ta rwii c,o:soeHHhiM Tp12Io,o: 

Ori\BT 6LI Tb IIpl>IMBHBH I\ a!\ B npOCTOII cpa30HHBBpCHOH CX:e

e, Tal\ Ji[ B CXBMB HaCT\ap,a C )l,BJIHTBJJ8M B ll,Blll>I arrop,a . 

IT,JlH'IMT8Ji bHOM 'lBpTOli arno6a.!Ia l-ICHO·i1 CXBMbl HBJlllBTCH 

anancHpyrom,ee coup OTHB JIBHMe R 6 , m u n oLJeHuoe Mem:p;y 

oqKaMlii coep, lirneHMH R ~ :u R~ (R 4 M R 5) M o6IIJ.MlVI npono

OM. KaT\ nup,uo M3 cxeMbi, rrarrpm-I\BHMe ua cen~y JiaMn!Jl 

HBBpTI<rpy rorn;er o ITJI8Lfa CHM~IaBTCH He C P,BJIMT8JIH B I~BIIlil 

eTHH naMIIbi JI3, a c 6a JmHCHpyrorn;ero corrpoTMBJi eHMH R 6 . 

ITO H3M8H8HH8 B CX8M8 npHp;aeT BI1 COB8pLIJ8HHO I-IOBblC 

B O~ic'rBa. 

PaccMOTpHM rrpMHIJ.Hil p;ei1cTBMl1 Tarwro r~acr~ap;a :u Bn1llC

HM ponr:, 6anaucHpyroru.ero c onpOTHBJIBHMll R 6• 

EcnH npocnep;HTb sa npoxmHp;euMeM rrepeMeHHhiX cocTaB

HIOIIJ.HX TO HOB JiaMn Jf1 H Jf 2 (Ha CX8M8 yKa3aHbl BOJIHHCTJ,IMM 

rpeJII\aMH), TO MOJ-HHO BU,[\8Tb, <JTO qepe3 COIIpOTHBJI8IU1.8 

t6 OHM npOTBI\alOT B npOTHBOIIOJIOfiUf!JIX HanpaB.JIBHHHX M Ha 

eM cosp;aeTCH na,o:em;re H a npHi-Hei-IMll _ U, nporropu.vwnanr:, 

oe B8JlH 'IHH8 p a3HOCTHOrO '1'01\a . lloHa CHM~!BTpHH n.neq 
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HHBepcnoro I<acr{ap,a ne Hapyrnena, TOHI!I nJieq paBHbi H, cJie

AOBaTeJrbHO, pa3HOCTHbli1 TOI< paBeH aymo, H 11U = 0. 
EcJIH me no J<arwi1-JIH6o npH'!MHe (nanpMMep, yBeJII-1'111.

JIOCh BHyTpenHee COUpOTMBJieHHe JJaMTibl Jl 2 H3-3a qaCTHCfHO(I 

noTe pH <JMHCCMH I<aTop;a) B03BHI<Jia acHMMeTpHR, yMeHbUJU

Jiacb neJHFIHHa TO I< a I 2, aTo yMenbmenHe TOI<a Bbi30BeT 

noJIBJieHne pasuocTH TOI<OB I 1-I 2 , na conpoTHBJieHHH R 6 
TIO.fiBHTC.fi nap;enne Hanpmi<eHH.fi 11U, a CJieJJ;OBa'1'8JlbHO, yne

JIHCfHTC.fi HaiipRiH8BHe, llOJJ;BOJJ;HMOe H CeTHe JiaMTibl Jl 2 H 

TOK I 2 p,ocTHrHeT cnoen nepnona craJibHOH neJIHCfHHbi. 

PHC . VIIT-22 . ABT003Jl3HCHaH cjJ3301msepcHafl CXeMa 
6e3 AeJJ HTeJJ A 

AaaJIOrJiiqao noMy noccTanonHTC.fi CHMMeTpHJI, ecJIH no 

:Kar~oii-Jm6o npHqnae TOI{ I 2 nospacTeT. Torp;a H3MeHHTC.fi 

sua I{ npHpaiiJ;eHH.fi nanpmHeH.HH 11 U, Tal{ CfTO B · pesyJibTare 

HanpmHeHHe, IIOJJ;BOJJ;HMOe K CeTKe JiaMIIbl Jl 2 , yMeHblliHTCR H 

CHMM8Tp.HR BHOBb 6yp;eT BOCCTaHOBJieHa. 

TaKHM o6paaoM, BCHKoe naMenen11e TOHa I 2 , Bbrsnaur-roe 

H3MeHeHHeM napaMeTpOB JiaMllbl HJIH napaMeTpOB CXeMbl, 

Bbi3biBaeT TaHoe H3MeHeHHe CeTOtiHOrO Haiip.HmeHH.fi, HOTOpOe 

C'rpeMHTC.fi IIpOTHBOJJ;8HCTBOBaT.h nepBOHaqaJI.DHOMy H<JMeHe

HHIO TOI<a I 2 . 

OT nr:.r6opa BeJIHlfHHbi conpOTHBJieHl'l.fi R 6 saBHCMT L£YBCT

BHTeJI.oHOCT.h CX8Mbi K pas6aJiaHCl'lpOBH8 . 1JeM 60JJblli8 CO

rrpOTHBJI8HMe R 6, TeM ocTpee 6yp,eT pearnpoBaT.o cxeMa, TaH 

KaH rrap;eune uanpmHeHBH 11 U 6yp,eT 6oJI.orne p;arRe npn He-

6oJI.oruon paauocTH TOIWB I 1 H I 2 . Ha npar<Tl'IHe nr.,r6MparoT 

R 6 npmvrepno TaKOH me BeJil'ICfl'IHbi, RaK H conpoTHBJienHe 

yTecrrur ceTKM. 

AnTo6arrancnaJI cxel\m 6e3 JJ,emtTeJJH HanpmKeHHH. Ha 

p1-rc. VI II -22 gana Tal{ Hashmae.MaH gH!fl!flepeBIJ;MaJJ.oHaR 
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ro6aJiaHcHaH c x eMa <fla30H.anepcaoro rw c:K a,n:a, rwTopaH 

<me HBXO,[\HT DpHM8H8HH8 B arrnapaType 3BYKOBOCDpOH3-

\8HHH. 

0TJIH'lHT8JibHOH OC068HHOCTbiO <JTOH CX8Mbi HBJIH8TCH TO, 

0 HanpH1-H8HH8 Ha C8TKY <fla30HHBepnrpyrom;efr JIBMTibi J/ 2 
HMaeTCH TOJibHO c 6aJiaHcHpyrom;ero conpoTMBJieHHH R 6, 

HOTOpOM na,n:eHM8 HBIIpmHBHHH o6pa3yeTCH pa3HOCTHbnl 

rwM I 1-I 2. II p:a aTOM ex eM a MmHeT pa6oTa To TOJihiW n 

M CJiyqae, llORa pa3HOCTb TOHOB He 6y,n:eT pasHa HYJIIO. 

JIH nora B cxeMy BRJIIO'laiOTCH corrpOTHBJieHHH yTe'lHH 

:TKH, He Of];MHaiWBbie ITO BemrtmHe, a OTJIM'laiOID;HeCH Of);HO 

: p;pyroro Ha 20-30%. B6JibiiiHM Bbi 6MpaeTcH corrpoTIJBJie

ITe mu~:-mero rrJie'la . Y'lHTbiBaH, 'ITO rrpn ycJIOBMH, Korp;a 

-~ 2 = u;2 , TOK nepBOH JIBMllbi BCerp;a 60Jibiiie TO I< a BTOpofr 

a~lllbi H llOJIHpHOCTb HarrpHmeHHH u; I' CHHMaeMoro c R6, 
aBHCHT OT HarrpaBJI8HHH TOHa I 1 B p;aHHMH MOM8HT. cl'fo C03-

aeT IIOBOpOT <fla3bi HaiipHJI<eHHH u;, JiaMITOH Jl 2 Ha 180° 
0 OTHOIIIeHMIO R U~2. 

EcJIH B HaRou-To MOMeHT rroTeHI!HaJI ceTRH JiaMrror J/1 

!OHIUI<a8TCH, TO aHOf);HbiH TOH :HOH JiaMITbl YM8HbiiiaeTCH, a 

JOTeHI!HaJI aHo,n:a B03pacTaeT. B a To npeMH nepeMeHHaH co

:TaBJIHrom;aH aHOf];HOrO TOHa npoTei<aeT OT aHO):\a H HaTop;y H 

wpeMeHHoe HanpHmeH:ae c R6 nocTynaeT Ha ceTI<Y JiaMnor J12 
:0 3HBHOM << + >>. 3Ha'IHT, B <JTOT )J:<e MOMeHT ITOTeHI!HaJI C8THH 

raMDbi J/2 B03pacTaeT, a noTeHI!HaJI aHop;a noH:amaeTCH. Rai< 

!l'lf);HO 1'13 CXeMbi (noTeHI!HaJibi o603Ha'leHbl 3Hai<aMH << + >> H 

->>), H C8THaM JiaMIT OHOHe'lHOrO HaCHap;a HaiipHmeHHH CMr

raJJa rrpHJiomeHbi B npoTBBo<fla3e. CHMMeTpHH cxeMbi no,n:p;ep

!{HBaeTcH aBTOM8THti8CHH 6JiarO)lapH TOMy, tiTO HallpHmeHH8 

Ja BXO,[\e HHBepTMpyiOID;8H JiaMDbl o6yCJIOBJieHO pa3HOCT

IblM TOJ{OM I 1-I2, rrp:atreM ncer,n:a I 1 > 12. 

Rai< :a n npe,n:bi,n:ym;efr anTo6aJiaHcHou cxeMe, BCHI<oe H3-

~eHeH:ae TOI{a I 2 (pa36aJiaHCHpOBI<a nJie'I) Bbi3bJBaeT Tarwe 

J3M8H8HH8 C8TOtiHOrO HaiipHi'HeHHH Ha <fla30HHB8pTope, HO

·opoe CTp8MHTCH IIpOnmop;eHCTBOBaTb rrepBOHa'laJibHOMy 

13M8HeHHIO TOHa I 2 , T. e. IIpMBOAHT K BOCCTa HOBJI8HHIO CMli! -

18Tpl'IH. 

AnTo6aJiaHCHbJe cxeMbi MMeroT HapH,n:y c npenMym;ecT

:aMrr, o IWTOpblX yHa3biBBJIOCb paaee, M I!8Jihri1: PHA Hep;o

:raTKOB. TaR, OHM MoryT cJiymHTb npH'lHHoi1: HeCTa6MJibHOii: 

1a60Tbl yCHJIMTeJIH, eCJIH OH OXBatreH rJiy60I<OR OTPHI!8TeJib

IOH o6paTHOR CBH3biO. B a nTo6a JiaHCHbiX cxeMax nJie<m 

tMeiOT HeO):\HHaHOBbl8 Bbi XO,[\Hbl8 CODponrB.JI8HM!f H3- 3a TOrO, 
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llTO B rpaaoMnBepTope , no cylii,eCTBy, nptHlenena o6parna 

CBH3b, a B OCHOBHOM IJJJeqe ee HeT. 

GTI~ Hei],OCTaTI\H llpr-!BOI.l,HT 1{ TOMy, l}TQ B llp0Mbl l 11Jlel 

HOll annapaType MOlli,I-lblX ycH.JJHTeJiell nplilMeHelllm aBT06< 

JJancm,IX cxeM orpam 

l=r---1~---r-'(%-) LieHO, H BCIIOJib3YIOTC 

lliJOCTbl e qJa3 0~IllBepcHb1 
cxe~Jhl. 

<l>aaoH tmepcHaH ex< 
111«:1 c paa,l),eJJeHt-IOH I-1~ 

P11c. VITI.-23. CxeMa qJa 30IIIIB CPCHOt' O !ia c
t-iarta c pa 3I.I.CJICI I !lOrJ narpyanofi 

Ppyatwi'i . Ha pHc . VJJI-2 
J ~ana cxe11ta rpaao:nHBepc 

nora HacJ,a,!J,a c paap;E 

Jl eHHOii narpy3 1{0H, 1\0 

TOpaR 06JJal],aeT TOfi 01 

JJHl}JiJTeJibHOM LJepTOB, LJT, 

HCIJO JJh3yeTCH TOJJ hHO 0~1 

na JJa w1a. ConponmJre 

nne ano,[l,noii narpyaHM ::rrorr Jla~mhl Jl paa~(eJreno na ABe •1a 

CTH: OJJ;Ha R" BRJJioqeHa y ano,n;a, a l.l,pyraR R"- y r<aTOJ~a 
Bhl6nparoTCR onH paBIIhJMH no BeJJJ1<JHHe . HanpaBJJenue n e 

pe11JeHHOII COCTaHJJHIOTI].eM aiiOI.l,HOrO TOI\3 JJaMBbl Jl yn:aaan< 

na cxe111e BO JrHHCTOll CTpemwM. Y CBJieH

noe JraMno:iil nanpmHenHe cnrnaJJa o6pa

ayeTCH na .Ra M R" M qepea ]Ja 3J(eJJli!

TeJJ bHhl e HOH,l),encaTOpbl C~ II (~ H 

conpoTMBJJei-IHH yTernm cennr IIO,ll,BO

AMTCH E ce·.maM JJa~IIl OT{Q!-Iecmoro HaC

Ea,l),a B fllJOTMBOrpa ae. 

Cxe111a ,[l,OJmma 6r,nr, CTporo CMM-

1\l eTpH LlifOH. 

aTOT rpaaoHnBepcHr,ri:i rmcEaA c 

pa al],eJieHHOii narpy31\0H qaCTO H:CilO.Jib 

ayeTCH Jil B TpaH3MCTOIJl-IbLX CXmJaX. 

Ha puc. VJII -24 not{aaan rpaaouH

Bepcnhiii HaCHa,[l, C j)U3,[l,eJJeHBOH Har

py3KOH, c o6pamlhTB na TpanaHCTope T -1. 

A 

P 11 c. VllJ-2!,. <l!a ;'3,0HH 
DCI) CIIblfi 1-\B CI-iC:l]l C j)3::l!(e 

J I CIIHOJ~ I IHfl)"j" :i HOil 11 3 
'flJ3 11 3 11CTOIJC 

rl epeMeHHaH COCTaBJJHIOUJ;aH HOJI.JJeHTOj)EOrO TOJ\a npOTeHae· 

IJO COII IJOTHBJieHJHO .R
3

, qepe3 Tj)aE3B CTOp H COnpOTBBJJeHM • 

B Ha npaBJJeEBM, yHa38HBOM BOJJHHCTOfi CTpenHoi . 

rJ OCHO Ji hHY MHBYC MCTO"'HHHa 110 nepeMeHHOMY TOHY aa 

seM JJeJ-1, TO'II M A B r cxeM b1 paBBOl10TeH IJ,H a JJbllbl. EcJJl!I no 

TeB!Jlii8 JJ TO"ll\11 B OTHOCMTeJJbiiO 06IJJ,ero npOBO,[J,a (3ei\JJIH 

y111en blll aeTC.H, TO noTeHJ~MH Jl TOCJHH B OTHOCMTeJJ h i -10 ae111m 
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yueJII1 qvmaeTCJJ. il pOTHBOcpa3Bble 

aepe~(aiOTCJJ J{ TpanancTopaM T-2 H 

n 0 COD pOTHB JJ emuo R3 l{pOMe 

BhiXOAHI>r e nanpHmetuur 

T-3 ,n.ByxTa lnuoii cxeMI>I. 

TOHa l{OJIJiewropa rrpoTe-

I-\a8T eU\e nepe1J8RHaH COCTaBJIBJOULaH TO I-\ a , C03AaBU8~Htfi HC

TO'!Hl'l l-\01\1 BXOAHOfO Cl'lrHaJia, 110 i:JTO~IY paBeJ-Jt.;TBO COUIJOTHB

Ji eHMH R." VI R. 3 em,e He 03Ha<raeT paBeHCTB a BblXO)J.HhiX 

Haupm-HeHHH. ilo pap;y npnq11H l1IJHXOAJiJTCH BblOHpaTb ae6oJih

LllOH BeJIB'HJHY R 3 l!l COOTBeTCTB8HHO )J.JI H CHMMeTpHVI BhlXOp;

HhlX HanpmHeHMIT yMeHhiUaTb ld R.". 
Paapa6oTaHI>l 11 ,n.pynw cpaamHmepcH&Ie cxel\Ihl Ha Tp <J H

a r,lCTopa x, B <JaCTHOCTlil c xeMa Ha ,n.Byx Tpaaa ncTopax. B KH

ae,,JaTorpacpnn OJ-IV! n o1'a He rrpM!\JeHHIOTCH. 

I<OHTPOilbHbiE BOnPOCbl 

1. 06~bHCH JiiTO IW 3 113'leHlle OJWI IO'ILIOI'O 1\aCI\a,D,a . 

2. OT 'Je ro aamrcnT MOll\JI OCTb, pa 3BHUa 8~ J aH o rwuo'! HhBr Racr>a,D,oM? 

3. 06'h HCHJJT8 pa6o T y JJaMflbl u p8mmie 1\JJacca A . 
4. H'aH pa60'ra8T JJaMna B pei!UIM aX HJJaCCOD [) H A£? 
5. Ha 11 ocylll.eCTBJJ H8TCH corJ1acoBaHU8 c onpoTliBJ!8JIMH l!a rpy a iUI 

c D II YT]J8 l·JHll~r co opoTIIBJJ8HH8M JiaMDW? 

6. 061,fiCHiol'l'e n pHII L[llrl )l;8HCTBliH CXeMbl J!DYXTHI\TIJOrO I\aCl{a)J;a. 

7. '-]TO BJJ OI ICXO,IJ,llT U ,D,BYXTaJ\TliOM I>aCJHI):\8 ll!J II llJ\Jl l0'IeHl111 IICTOl£
Hl1HOll llliTH!JJ.J H? 

8. notleMy rJ JJe'JFI ,D, llYXTaHTI·I OI'O Ha Ct{a,[\8 ,[[OJJ)l\H bl 6b1Tb CHMMeTj)l'l'!Hb!? 

9. n o 'J e~ I Y oyJJbCat[llll uanpmH8H ru r mtTallHH .rr;uyxTaTnuoro t\aC!<a,D,a 

MOryT 6&ITf, 60JibiDe, '18 ~1 )l;JIH O)l;l·IOTal{THOfO I-\aCKa)l;a? 

10. 06·r,HCH1Tr e u a3ua'te HI1e H y i>amu Te oco6euuOCTll npe.rr;oiWH8'!HbiX 

HaCIW,D,OH . 

11. }{aJUl 8 CX8Mbl 1{8C1Hl)l;OB Ha3&Jlla!OT cpa30llll08JJCI1bi~Hl? 
12. LlTo UpOHCXO,Il,llT ll HaCl\a):\8, Co6pa tiJIOM 11 0 n pOCTOM Hlllle[JCHOH 

CX8Me, e CJJ H r-ra OXOA rr ocTynaeT ycBJJII Ba e ,,Joe H a upmr.;e ull8? 

13. 1-\ai>ail cxeMa Ha a bJBae-rcH awro6aJJallcuoii? 



rnABA IX 

06PAnlblE C8SI3JA B YCJAIJ~TEIISJX 

§ 1. CXEMbl 06PATHOI-1 CBSI3JA 

Y CI'IJI8HM8 CJirHaJia , HyiHH08 ,]J,JIH pa60T1 

RJi!HOyCTaHOBIUI, y,JJ,a8TCH IIOJ1Y'U1Tb 6narO,D,apH npMM8H8Hlll 

MHOTORaCIW,]J,HbiX yCJi!JIJ1T8JI8H, B ROTOpbiX pa3BHBa8MblH 11( 

T0'1HMROM Cl1rHaJI IJOCJI8,]J,OBaT8JibHO yCHJiliiBa8TCH H8CI<OJII 

IUIMI1 RaCRa,JJ,aMM. CxeMy MJIH CHCT8My CBH3M M8iH,JJ,Y OT,]J,8JII 

HbiMM RaCKa,JJ, aMM yCMJIMT8JIH, B KOTOpOH BbiXO,]J,HOH CIHHa 

IIepBOTO HaCRap;a nop;aeTCH Ha BXO,]J, BTOporo, BbiXO,ll;HOH CMI 

BaJI BTOpOrO RaCRap;a - Ha BXO,ll; Tp8Tb8TO Jii T. p;., MOiHHO yc 

JJOBHO Ha3BaTb npR-liWU CBH3biO. 

llOMMMO DpHMOH (o6H3aT8JlbHOH) CBH3M M8iR,D;Y KaCKap;aM 

B YCMJIHT8JIHX MO/H8T Cylll,8CTBOBaTb TaR Ha3biBaeMaJI o6pam 
1-laR. C8R.3b, ROrp;a qaCTb BhlXO,ll;HOTO CMTHaJia BC8TO yCMJIMT8JI 

HJIH ero OT,ll;8JibHOTO RaCRa,JJ,a IJOCTynaeT o6paTHO Ha BXO 

<rroro iHe ycnJIHTeJIH MJIH I<aci<ap;a. MHbiMH cnonaMM, DOHE 

JI8HM8 BO BXO,ll;HOll ~8IIM TORa, o6yCJIOBJI8HHOrO TOROM Bhl 

XO,]J,HOll ~8IIH, Ha3blBaiOT o6paTHOll CBH3biO. 

06paTHaJI CBH3b B MHOTORaCI<ap;HhlX YCHJili!T8JIHX MOiRe 

6&ITb coap;aHa B onpep;eneHHhTX r~eJJHX J71CI<yccTneaubJM IIY 

T 8M , HO MOl'l\ 8T B 0 3HHI<aTb }11 Ca~JOCTOHT8JlbHO. 
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Ha pnc. IX-1 npMBe~eHa CKeJieTHaH cxeMa ycuJIFITBJIH 

C o6paTHOM CBH3biO , KOr~a CMrfiaJI, IIOCTynaiOIIJ.Mll M3 IJ;BTIH 

o6paTHOH CBH3M, ~eifiCTByeT TIOCJIB~OBaTeJioHO C MCTOqHM

I\OM nxo~Horo CMrHaJia. TaEyiO CBH3o nasomaiOT noc.tLeiJoea
me.tLb T-WU. 

IJapaJIJI8JibH08 TIO~KJIIOqeHHe J{ BXO~HbiM 33)I{HM3M ycM

JIHT8JIH HCTOqHIJI\3 yCHJIMB aeMOrO CHrHaJia l'I CMrHaJia, TIO-

PHc. IX-1. CI<cJieTHaa cxenm vcnnn· 
TCJlF! C o6paTHOM CBli3bTO (CXC~Ja BO· 

CJlCi\OBaTCJlbHOil CDH3l•l) no TOJ;y 

T 
Uot~ll 

.l 

Pr-rc. IX -2. CI<eJieTHaH cxeMa ycnnn
·reJIH c o6paTHOT~ CBH3bTO (cxe~ra na
paJrJJeJJbHoll CBH 311) no Hanpamernllo 

cTynarom.ero c BbiXO~Horo I\aCKa~a, HasomaeTCH napa.tL.tLe.!Lb
I·WU o6paTHofr cnasblo (pHc. IX-2). Ha pHc. IX-1 H IX-2 
TipMHHTbi CJie~yiOIIJ;H8 0603HaqeHMH: ij BbTX - HaTipHIH8HM8 

BbiXO~a yCHJIMT8JIH; ij g - HanprnH8HM8 BXO~a 6es o6paTHOIT 

CBH3M; ij nx - HaiipH1K8HH8 BXO~a yCHJIMT8JIH C o6paTHOH 

CBH3oiO; U ~ - HanpmHeHMe o6 -

paTHOH CBH3H. 

Ha cxeMax B BH~e qeTorpex

nomocH:aKa npe~cTaBJieHa n;eno 

o6paTHOM CBH3M, B npOCT8HID8M 

cJiyqae - ~eJIHTBJih Hanp.R rKe

HM.R Ji13 ~BYX pe3MCTOpOB. ,[I,JIH 

TaHoro qeTJ,rpexrromocHMrm 

BXO~HbiM HaiipHlli8Hlii8M .RB-

PHc. JX-3. CxeMa ycr-rnnTemr c o6paT
uoi-i CIJfl;jbJO no HanpflaiCHI1lO c aH'l'!IB

HblM J"CJII11'CJICM 06pa·moi1 CDH3H 

JIH8TCH BbTXO~HOe Harrp rn.ReHHe yCMJIMT8JIH ullb!X (pHC. IX-3), 
a BbJXO~HbfM - HanpmHBHHe o6paTIIOiJ CB.R3H U~. ll,errb o6-

paTHOM CB.R3H OIJ;8Hl'IBa8TCH ro.oaifjifjULfUeHmOM nep efJa<tU HaiipH

iH8HHH ~ : 

~ - ur 
- UBb!X. 

3TO OTHOIU 8HM8 TIORa 3hiBaeT, HaHaJl qaCTh BbiXO~HOl'O Ha

npHiH8HHH IIO~aeTCH o6paTI-IO Ha BXO~ YCMJIHT8JUI, H II0-

3TOMY qaCTO HMeHyeTC.R ro.oaif;if;UL[UeHmOJ,t o6pamHOU C8.fL3Ll, 
H3M8pH8MbTM B OTBJieqeHHbiX 'HlCJiaX HJIH B IIpOIJ;8HTaX . 

Pasm1qaroT TPH BM} r;a cxeM o6panroi1 cmrsn: 

1) cxeM&I o6pantoi1: CBH3u no TOKY (eM. puc. IX-1); 
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2) cxem,1 o6paTHorr CBl13H no HanpBi-l\BHIIHO (c~r. pnc. 

IX-3); 
3) CX8Mbl CO CMemaHHOiJ o6paTHOM. CBJI3hiO (eM . nyHI\ Tlilp 

Ha puc. JX-1). 
EcJIH HanpmHeHne o6pan10~r CB.H3U nponopur,IOHaJJbHO 

BhlXOJJ;HOMy TOHy, TO ee Ra3bLnaiOT o6paTHOH CBll3biO T!O TOJ\y, 

TaH Hal\ U ~ B aToM cny•me npep;cTaBJIJieT co6oli nap;eHHe na

npm-HeHRH na pesHCTope R, r1 epes HOTopoe npoxo~(JiiT TOH 

BhTXOJJ;a ycRJJRTeJur / n,1,. TaH HaH pesHcTop R BJ\JJJOlJen no

cJJeJJ;Ol3aTeJJhHO c Harpys1wi'r R 1p TO nanpmHeHHe U f- 6yp;eT 

n ponOpll,lWBaJlbHO TOKy B Bhl XOJJ;HOIJ l1,8TIU. 

Ecm-r HanpmHeBHe o6paTHoi1 c nrrsu nponopL(ROHaJi hHO 

Bh!X 0,/J,HOMJ' Hanp.RmBHHIO, TO 6y,JJ,BT Hl\18Tb M8CTO o6paTHaH 

CBl13b no nanpmHeHHIO (c~ 1. puc . IX-3). U:enh o6pan-IOi:i: 

CBH3U npe,np raB.TIH8T C06oi1 ,JJ,8JJWI'8JJb HanpmKBHHH, H J(JIH 

::JTO i1 CX8M bT HO<lWWHIJ,FI8HT o6paTHO{r CBH3H MO/I\BT 6h1Tb LUJ.C

Jl8HHO OII}J8,1J,8Jl8H H3 OTHOlJJBHHH COUpOTMBJI 8HHrr 

Hs aToro OTFIOTJJemm .rrerrw JJ;OI>asaTb, CJTO H an pn a-<eHne 

o6paTI:lOll CI3H3H u~ nponopll,HOHaJJbHO HarrpHn-<emuo UHb!X: 

U U H.~ 
j} = l\hJX. Rl + R~ . 

§ 2. nOJlO>KHTEJlbHASJ lo1 OTPHU.A
TEJlbHASI 06PATHASI CBSI3b 

PaccMaTpHBaB 6noH-cxe~ihJ MHoroHac-

HaJJ,IIhJX yc~IJJiiJ:'I eJJBH, OXBaCJ8Hl-TJ,JX o6paTHOH CBH 3biO , MOtiUI O 

Ce6e :npep;CTaBiiJ.Th, 'ITO Haiip.lnl\8HiiJ.8 o6paTHOH CBl13M, llOCTy

naroru,ee Ha BXO,IJ, YC.HJIMT8JIH , MOJI-\81' JIH60 COBfJaf(aTh IJO <f>a 3e 

C HaUpHH>8I-IH8~l BXOt (HOI'O CJHJ-JaJJa, JIM60 HaXO~(HTbCH B npo

TJJBO<f>ase C I-HIM. 

B nepuo~J cJiyqae o6paTI-H\fl CJJH 3b Ha3hmaeTCH no.tW:J!cu
meAbi-WU, BO BTopoM - ompu~fameAbJ-Wu (neranmnoi1). 

113 pacci\JOTpeHHH cxe~Ihl na pnc. IX -'1 BHJJ;HO, LITO U ,. = 
= U11 , + U 0, ecJm: <f>a3hL BanpHii\8HHH o6 p aTHOii CBB au n i l a

npHnWI:JliiH BXO)J,HOfO ClilrHaJJa COBTiap;aJOT; a 8C.TJM OHM He COB

nap;aiOT, TO U g = lj 11 , - lj ~ ' T. e. DpM OTpHIJ,aT8JlhHOM o6paT

HOM CBH3l'l HanpH}l\8HMe, llO,JJ,BO,IJ,liiM08 H CBTI\8 JJ"aMHhl llCIJBOrO 

.)'CJ1 .TJ HT8JlbHOrO I\aCKap,a, Ol\a3hJBa8TCH paBHbl M: pa3HOCTJ1 
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:emp,y IIanpH£E8IH1 8~J BXO)J,HOfO CBrHa JJa II I-IanpHrl,8H l18M 

6paTHOi i CBJI3H. 

Tenepb orrpe~(eJruM, HaHoe BJIUJIHne OHa3LJBae-r o6pa-rnaH 

BH3b rra I{oa<Jl<flnu,neHT ycr-v remu1 ycnJrnTeJrH , oxna qemroro 

6pa-rnou CBH3biO, )J,JIH qero onHTb nepneMCH K pHc. IX -J . 
MsnecTno, qTo I{oa<flljlmJ)'IeHT ycHJteHHH yc:wJnr-reJIH 

K = u,"·" 
~.o·g . 

EcJIJ.l nneCTH o6paTHYIO CBH3L, To l'o::Jijlljlvm;newr ycmre

:MB yCHJIIIT8JIH, OXB3'18I-IHOfO o6paTI-IOll CBH3biO ( 0603Ha

.IIM K~), Momno aamrca-rb B Bl~_p,e: 

K -- u "" ' B - /_jB X • 

I-Iaiip,ei\1, '18MY paBHO ui\Xl H3 ypam-IeHJtl H U!! = U!\, + U~ : 

Uu, = Ug- Ufl. 

Dop,cTaBJIHH noJiyLJeJ:Iuoe 3 !-Ia'lCHHC Unx B ljlopMyJlY Kfl, 
lOJIY'IHM : 

T? _ u""" 1\.B - u - u . · 
g ~ 

Tm~ l{al\ HanpHri\8HI1e o6paTH O~f CBH3H U~= ~. ul!b!Xl 1'0 

[( ·= lj P. h ! X 

'' u R u· g- IJ' Bbi X 

f10,Q,8JI¥Il\1 LJHCJIHT8Jlb H 3HaMeHa T8J"IL JJ;p06JII Ha U i; 

u""" 
u" K A = -=------'--=-=---

I-' lj u lj l~iJIX t u:- ~ ug· 
i Tal{ J{al\ UUhlx = H, TO ql OIJMYJI[l np in18T mrp;: 

g 

K - K 
B- 1- f:\ -/( 

()To COOTHOU18HI18 TIOHa3bTBaeT, 'ITO npH IIOJl0iJ\fifT8Jfl,ROlf 

>6panroi1 CBH 3H HoaljlljJHu;HeHT ycnJieHFU I ycHJntTeJJ H nospa

·:ra eT. JlpH OT)J TIJJ;3T8Jl bHOll o6paTHOU CBH3H ~ I1M88T OTpi1-

~aTeJibHblll 3 H3H Jif YCHJI 8HH8 6yp;eT paBHO : 

J( _ __ !<_( __ -~ 
B- '1-(-~·K) - '1 + ~-f(. 
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(:ha ~OpMyJia nOR33blB38T, qTo npH OTpHI1,3T8JibHOH OC 

paTHOH CBH3H ycHJI8HJiJe yMeHbwaeTCH n 1 +~K paa. 

BeJIHq:r,ma, noRaa:r:,mamm.aH, no CIWJihRO paa CHH,HaeTc 

YCHJI8Hl'I8 yCHJIHT8JJH npH BB8,[(8Hl'Il'I OTpHIJ;UT8JibHOH o6paTHO 

cnJiaH, Haar,maeTCH 2.ay6wwu o6pamNou cBJI.au. 
HnMMU cJJonaMJif, rJiy6uHy o6paTHoi-i CBH3H xapmueplil 

ayeT OTHOUJ8HH8: 

K 
r=1 + ~K. 

~ 

TaH, nanpnMep, ecJIH ::no OTHOmenne panao .[(Byill, TO 3T• 

3f-13tUIT, qTO BB8,[(8Hl'I8 o6paTHOH CBH3l'I YM8HbTli38T yCHJI8Hl'I• 

I\aCI\3,[(3 B,[\B08. 

Ho npH nne.[(eHHH oTpHIJ;UT8JibHOH o6paTno:K CBHaH: 

1) H8JJIIH8r!Hbl8 IJ:CI\3rR8Hl'IH yCUJIHT8JibHOrO ycTpOHCTB: 

TaTGHe y~renhmmoTCH B (1 + ~K) paa; 

2) qacTOTHhie HCHarHeHHH TarnHe yMen:r:,maroTCH B t 

CTOJJbHO )H8 paa, BO CI\OJibHO CHl'I)H38TCH YCHJI8HUe; 

3) l'I3M8HH8TCH BXO,[(H08 COIJpOTUBJie.HH8 CX8Mni; npH no 

CJI8,[\0B3T8JibHOIJ o6paTHON CBH3H BXO,[(HOe COnpOTUBJI8HUt 

noapacTaeT B ( 1 + ~K) paa, npH napaJIJieJI:r:,no:K o6paTHoi 

CBH3U BXO,[\H08 C0llp0Tl'.IBJI8Hl'I8 YM8HbiD38TCH - ORO o6pa 

ayeTCH, R3R napaJIJI8JJbH08 C08,[\l'IH8HH8 BXO,[\HOrO COIJpOTUB 

JI8Hl'IH YCHJIUT8J1H 6ea o6paTHOH CBH3l'I Jif BXO,[(HOrO conpOTl'!B· 

JJ8HJifH U:8IJH CBH3l'I, yM8HbiD8HHOrO B (i + ~K) paa; 

·4) l'I3M8HH8TCH BbJXO,[\H08 COnpOTl'IBJI8HHe; IIpH HCnom,ao 

B3HHH CBH3l'I IJO HanpmH8Hl'IIO BT>lXO,[\HOe COnpOTHBJI8Hl'I! 

YM8HhiD38TCH; ecmi HCnOJib3Y8TCH CBH3b no TOHy, TO BhiXO,U: 

noe conpoTHBJI8HJife noapacTaeT. YMen:r:,men:ae BbJXO.[(nor< 

conpOTHBJI8Hl'IJJ npHBO,[\HT H TOMy, qTO BbiXO,[\H08 HanpHmemn 

M3JIO 33BH'Cl'IT OT l'I3M8H8Hl'IH Harpy30'IHOrO COnpOTUBJI8HJiffi J 

TeM ca~IhiM cTa6HJJH3HpyeTCH ycHJieHHe no nanpamemno 

IToc.rre.[(onaTeJJbJ:IaH o6paTHaH cnHan cTa6HJiuaupyeT ycuJie 

HHe no TOHY. 

II pnMeHeHne OTPHU:aTeJJnHOH o6paTHOH CBH3JI n ycrmnTe· 

JIJJX Rnarw:ff qacTOTl>I aRaiJHT8JibHO yJiy<JmaeT Ra'ieCTBeHHhH 

nol\aaaTeJiu pa6oThi ycHJinTeJI.H. He ronopH o narrmocTH CHH

n\eHHH H8JIH'H8lfHbiX H' qaCTOTHblX l'ICR3rH8Hl'IH, OCT3HOBHMCF 

Ha BOllpOC8 l'ICIJOJib30B3HllH o6paTHOH CBH3l'I no HanpHIH8HH'l( 

,[\JI.!I H8IWTOpJ,IX npaRTnqecHUX U:8JI8H. 

Tar{ , .[(JIH xopome:ff p a6oTDr rpmmoronopHTeJie:K o<Jem 

nanmo no~mepnmnaTb nocTOJJHHbiM HanpHmeHHe na aarr-\HMa'

anyr{onon l\aTYlLlRI1, T. e. yCHJIMT8JlbHhlH l{3CR3,[\ ,]J;OJirR8H pa· 

60T3Tb B peiiHIMe nOCTOiiUCTB3 HanpmH8Hl'IFL I\aR U3B8CTH0 1 
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COllpOTI!lBJieilne 3BYI<OBOH KaTyiiii{H rpOMKOl'OBOpnTeJIJI aa

BHCHT OT 'laCTOThl, a R3Menerure conpOTHBJI8HHJI 3BYIWBOH 

KaTyillKH Ha pa3JIH'lHhiX 3BYROBbiX 'IaCTOTaX He p;OJnKHO npH

BO;rJ;liiTb K lil3MenenHIO Bhrxop;aoro nanpR:rKeHHJI ycHJIHTeJib

noro HaCI{a;a;a, Tal\ Hal{ nanpR:rHenHe na snyrwnoil: I{aTyiime 

rpOMKOrOBOpliiT8JIJI He p;omrmo lil3M8HJITbCJI. 

2ho ;D;OCTlilraeTCJI llpliiM8H8HH8M OTpliiiJ;aT8JibHOH o6paTHOH 

CBH3H no HanpJirH8HliiiO. ,1J;eHCTBliiT8JibHO, B 3TOM CJiy'lae 3Ha

'lMT8JibHO yMenbmaeTCJI nnyT-

pennee conpoTHBJieHMe JiaMnhi, 

'ITO lii npHBO;D;liiT H nOC'I'OJIHCTBY 

BhlXO;rJ;HOl'O HanpJIJ:I{8I!liiJI , TaH 

HaK '18M M8Hbill8 COnpOTHBJI8-

Hlil8 liiCTO'lHMKa TOH.a no cpanne

HHIO C COnpOTHBJI8Hlil8M Harpys

Klil, '!'8111 M8Hbill8 KOJie6aHHH 

BhlXO;rJ;HOl'O HanpRri{8HliiH 6yp;yT 

nplil lil3M8H8HHJIX B8Jilil'lMRbl 

narpysKH. EcJIH conpoTHB Jie

nne liiCTO'lHHKa O'l8Hb MaJIO, 

T. e. CTp8MHTCJI K Hymo, TO 

BblXO;rJ;H08 HanpmK8HH8 6yp;eT 

R, 

Pnc. IX-''- Uenb oupaT!IO(l CBH3VI 11 0 
uanpFD-HCIIH10 B OHOHet.J!-10!\l ll npC,!..l.

Ol{OHe'iHOM !<aCHagax 

CTporo nOCTOHHHbiM, H8CMOTpR Ha H3M8H8HH8 Harpy3KM. 

,lJ;JIJI 3TOrO CJiy'laH pa60Thl OHOH8'lHOrO KaCKap;a Ha Ha

rpysKy, conpOTHBJieHHe rwTopo:M saBMCHT OT 'laCTOTbi (rpoMJW

ronopnTeJib), He npHM8HJIIOT CXeMy o6paTHOH CBJI3H no TOI{y, 

TaK KaK npn aTOM nnyTpennee conponmJieHHe JiaMnhi sna'llil

T8JibHO yB8JIH'lliiBa8TCH lii B03HliiHaiOT 'laCTOTHbl8 MCHa/K8HHJI. 

0TpHIJ;aT8JibHaJI 06paTHaJI CBJI3b lllHpOHO HCnOJib3Y8TCJI 

B YCHJiliiTeJIJIX B D;8JIJIX HOppeKIJ;HM 'laCTOTHOH xapaKTeplil

CTHHlil, o 'leM no;a;po6no CM . n rJiane XII. 
06paTHOH CBJI3biO OXBaThlBaiOT IJ;8JIMHOM MHOrOKaCHap;

HhlH ycHJIHTeJib liiJilil 'laCTb HaCI{ap;on. 

IllnpoHoe pacnpocTpaneuHe noJiy'lHJia cxeMa o6paTHOH 

CBJI3lil no HanpJIJ-l{8HHIO B OKOH8'lflbiX II npe):\OHOHG'lHblX l{aC

l{a):\aX (pRe. lX -4). HanpnmenHe Bhixo;a;a ycHJIHTeJIJI Unbix 

p;eJIHTCJI p;eJIHTeJieM, cocTORI.l\IDvl H3 conpoTHBJiennM: R1 lii 

R 2 • HanpmHenMe, no):\anaeMoe na nxo;a; ycHJIHTeJIJI, n npoTH

noiflase U o. c npep;cTaBJIReT co 6oft qacTb BbiXOf\HOro nanpn

:rKeHMJI, HoTopaR na;a;aeT na conpoTHBJieHHH R 2 • ,lJ;JIR Toro 

'IT06hr n npep;OI{OH8'IHOM HacHap;e ne cos;a;anaJiaCb o6paTHaJI 

CBJI3b no TOI{y, conpoTHBJienne R 2 Bhl6HpaiOT sna'lMTeJibHO 

Jlrenbmeifr neJIH'lHHhl, 'I eM conpoTHBJienne CMel.l\eHHJI R 0 ,. 

rJiy6nna CBJI3H perymrpyeTCJI B8JIH'IMHOH COIIpOTHBJI8HHJI Rl. 
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B npoMhml.rrenaorr armapaType ncrrOJih3yeTCH r Jiy6oHaa 

o6paTHaH CBH3b (oT 2 ~(O 9 86). O,n;aaKo c yBeJmqenneM rJiy-

6MHhl CBH3ll yCIIJIMT6Jlb CTaHOBMTCH B 60JibiD6M CT6H6HM 

CJ{JI OHHhlM H caMoBos6yn->,n;enMJO. IIp:wumoii: noniin·eniiH cTa-

6HJibHOCTM HBJUteTCfl neyp;OB JteTBOpliT6JlbHaB cpa30Ba.H X a pat-\

TepiiCTMKa KacHap;oB ycHJIHTeJIH, oxBaqennr,n rJiy6oHoii o6-

pa·moi1 CBH3hiO. 

Haci-\a)J;hl, co):(epnwru.IIe TpanccpopMaTOpbl II IWHLWHCa

TOphl (OlWH6LJHhl M II rrpep;OIWRe~IHbliii:) , HaiiJ60Jiee CHJIOHHhl 

H CaMOB036y:rH,!.(6HTi!IO Ha BhlCOI-\MX qaCTOTaX r.JiaBHbLI o6pa301>1 

l13-3a MH):(y l-\TMBHOCTH paCC6J1HI1H B BT, I XO,!l;HO~I TpaHCcpOpMa

TOpe. 

§ 3. CAMOB036Y)I{,AEHIIIE MHOrO
KACKA~HhlX YC~n~TEnE~ 

Ca:Aweoa6y:JicOeliue.A'£, .HJIII ee ,-~,epa~.tueu, ycu

JIIITeJIH nasbmaeTcH Tan:orr HOJre6aTeJibHhl M npol(ecc, npli! 

HOTOIJOM _ yCMJIHT6Jib pa3BIIBaeT Ha BhlXOp;e nepeMeHI-106 Ha

npH:rH6HR6 rrp .u. OTCYTCTBHH nop;a<JH Ha BXO,!l; n epeMeHHOrO Ha

npmr-;eHHH, n o,n;Jien->aru.ero ycFIJieHIIIO. 

Tarwil rwJie6a TeJibHhiM penu1M cTanoBwrc H B03MOFHHJ,IM 

np.u. B03HRI<HOB6HHH TIQJlQ}I-\H'l'6.TibHOH o6paTI:IOM CBJ13ll B ~moro-

1-\aCHap;HOM ycn.nnTeJie . Hoacpcpnu;MeHT yc.u.JieHHH I<aCHap;a, 

oxBaqenaoro o6pwruo:i1 CBH3hJO, B o6ru.eM c Jiyqae paBen: 

[( 

Ka = 'l-P·K 

II pH noJionurTeJibHOH o6pwruow CBH3H rrpn snaqeHMH 

~[{ = 1 s aaMeHaTeJio Apo6n o6paru.aeTCH n nyJJh , nJIH J(? cTpe

MIITC.H 1-\ 6eCIWBe~IHOCTH. 
Y CHJlllT6Jib B ::JTOM CJiylJae CTaHOBHTCJJ reHepaTOIJOM He-

3aTyXaiOlll,:HX I{OJ1e6am1iir, LJaCTOTa IWTOpJ,JX orrpep;eJIHeTCH 

napaMeTpaMM cxeMhl, a nopMaJioBaH pa6oTa ycnJIMTeJIJI 

npeHpmu;aeTca. Y CIIJIMTeJio Ha<JMHaeT pa6oTaTD HaH npeo6pa

soBwreJib IIOCTO.HHHOrO TOHa, lilCTOqHFIIWl\1 IWTOpOrO CJiy:ri·\ll'l' 

Bhi11pHMl1T6Jib Jil.liii 6aTapeH , B nepeMeHHblM; OH Call'! renepM

pyeT rrepeMenm,l M TOI-\. 

,lJ;JIH yCMJlllT6JJ6H B03HMIUIOB6HM6 renepau;MJil - JIBJI6HII6 

H:pa:llne Bpe,n;noe n conepmenno ne,n;onycTMMoe, o,n;naiw ero 

MC110Jib3YIOT )J;JIH C03}:\aHFIJ1 Cl16IJ;MaJibHbTX ycTp OHC'l'B - Bhi

COIW'IaC'l'OTHI,IX JiaMIIOBhlX renepaTOpOB, l\OT0phl6 IDliipOIW 

D IJMM8HHIOTCH B p ap;MOT6XHI1l-\6. 
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I-\ qeMy npHBO,U,IH B03HHrmoBe<ure reiwpau;aH n ycMJIH

TeJJe HH3IWH qac TOTJ,I? 

fenepan;HH ycH.TfJiiTeJIH o6HapynmBaeTCH no xapaHTep

HOM.y CBJ!ICTY HJIH <<6yJII>HaHJ,IO>>, HaiiOMHHaiOIIJeMy pa6oTy 

ABiilraTeJIH nHyTpennero cropamur, npocJiyunmaeMoMy na 

BLTXO,!l;O II pH OTCyTCTBHJii IIO~(a qJii nepeMeHHOrO HaiipHn~eHHH 

Ha BXO,!l; (I<Jiei\11\fbl BXO)]:a 3a~nmyThl Hai\OpOTI\0). feHepaiJ;JiiH 

B03HJiii\aeT He TOJihiW Ha BLICORJiiX, HO H IIa oqenh Rlif3T>MX 

qaCTOTaX (2-3 8lf) JiiJIH Ha oqeHh BLTCOIUIX qaCTOTaX - OIWJJO 

HeCJWJihKHX p;eCHT.hOB KHJIOrepa;, T . e. BhTXO,!l;HIU:HX 3 a npe

p;eJihi 3BYIWBOrO ,[J;T'l:aiia30Ha. 

Bo3HHRHOBeHne renepau;nn Ha oqeHh BhiCOI\HX qacTOTax

OT 40 11.CLf (rmJiorepu;) ,a;o 1 .ilteetf (Merarepr_~) - HaH6oJiee qac

rr,rFi: c .rry•mFi: npH pa6oTe ycHJIJiiTeJiei1-, oxBa<IeHHhiX o6paTHofr 

CBH3I,ro . MexaHH3M B03HJiii<noneHMH TaJWFi renepaa;HH 3a

HmoqaeTCH B nepexo,a;e OTpHU:aTCJlhHOM o6paTHOH CBH3U B 

IIOJJOiJ\HTeJihHYIO I13-3a Heyp;OBJieTBOpHTeJihHOH lfJa30BOH xa

pai\TepHCTHHH yCHJIMTeJibHhTX HaCJ<ap;OB, OXBaqeHHhJX o6paT

HOll CBH3biO. 

Bo3HHrmoBeHHe JHe lfJa30BbTX c,a;nHron na BhiCOHHX qacTO

nx 06'hHCHHeTCH HaJUJ<IJileM peaHTHBHLlX SJJeMeHTOB (liiH,rJ;YI<

THBHOCTeJ~i Jii eMHOCTeFi) B yCHJIHTeJIHX, oxnaqeHHLIX o6pa'rHOH 

CBH3biO. llpn )]:OCTaTOqJIQ 60JihillJiiX lfJa30BLIX C,!l;BT1rax OTpH

u;aTeJihiiaH o6paTHaH CBH3h MOn<eT nepeihJii B IIOJIO}IUITOJib

HyiO . 

fenepiiponaH.Re ycn.rnrTeJJJI nemeJiwreJlLHO eru:e M noToMy, 

qTo MOIIJHOCTh nepeMennoro TOHa, pa3BJmae11mH reHepiipyro

liJ;JiiM yciiJIMTeJieM, 6nmaeT 3HaqHTeJihHO 6oJILme ero HOMH

rraJILHoii HOHCI<a}HCJIHOH MOIUHOC.Tiil M M0rl\eT IIpMBeCTJii I< 

nopqe rpo~moronopHTeJIH ( cpRB 3BYTWBOIT r<aTymrnr, pa3phiB 

7J, liltPQ)Y30pa), nopqe caMOrO YCHJIHTCJIH 1I3-3a B03HMI<aiOIIJHX 

nepenanpHn{eHMH n AP· 
Jla:MDOBbn1 reHepaTop. BLrme yrW3hTBaJIOCb, qTo noJionur

TeJILHyro o6paTHYIO CBJl3h HCIIOJIL3YIOT )l;JIH C03p;amiH CIIe

QJiiaJibHLJX yCTpOUCTB - JiaMIIOBl>TX BhlCOl\QqaCTOTHhiX reHe

paTOpOB, npeo6pa 3yiOIQHX 3HCpl'HIO HCTO'IHli!Ka llOCTOHHHOrO 

ToHa n Ho.rre6aHHH nepeMer-moro TOI<a BLrcorwiii 'IaCTOThi. Pac

CMOTpeHJiie pa60Th1 JiaMIIOBOrO rei-IepaTOpa p;aeT B03MOJHHOCTh 

ITOHHTL B ,a;aJibHeFi:n:reM B03HMHHOBeHH8 napa3HTHOll reHepa

IJ;Ti!FJ. 

Hprrau;rrm1aJibHaJI cxeMa JiaMnonoro renepaTopa c JtiH,a;yr{

TFIBHoffr CBJI3biO noHa3arra na puc. IX-5. B ero aHo,a;nyro u;enb 

BI\JiroqeiJ HOJie6aTe.JihHbiH EOHTYP. BcnoMHHM, qTo ecJIH HOH

p;encaTopy coo6m.eH neHOTopm1 3 anac aneprnH, TO npH 3aMhi-
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1\aHHlil. Kmotra (pnc. IX -6) IWH)l;encaTop Ha qHeT paspJI
n<aTI>CJI L!epe3 HH)l;YKTHBHyiO KaTyumy, qepe3 ROTOpyro 6y)l;eT 
npOTBI<aTI> 3JIBKTplil'I6CKHH TOR - TOR paspJI)l;a ROH)l;BHCa

Pnc. IX 5. IIpm![\H
nuaJtbllan cxer .. ta JlaM
noooro reHepa·ropa c 
lo!H/IYI<1'!1Bl10i.i CBR 3bl0 

TOpa. lila Rypca 3Jl6IUpOTBXHHI<H lil3B6CT
HO, q'fo npn paspJI)l;e r<OH)l;eHcaTopa qepea 
HH)l;YKTHBHyro RaTynmy ero aHepnm ne
pexop;HT B 3HeprliiiO JVIarHHTHOrO ITOJIJI, IW
TOpoe cosp;aeTcJI TOROM paspJip;a . 

Ho HHp;yr<THBHocn npenJITCTByeT r<ai< 
YBBJIHqeHHIO, TaR H YMBHI>IDBHHIO TOI<a B 
3.JieKTpHqecr<OH rrenH, IT03TOMy, I<Or)l;a 3a
p.!I)l; I<OHp;eHCaTOpa yMeHbiTiaeTCJI, HH)l;YI<
THBHOC'l'b 6yp;eT CTp6MHTbCJI ITOp;)l;epnnr
BaTb pa3pJI)l;Hbiir TOI< B TOM >r<e HanpaBJie
Hl'IH, H B pesyJihTaTe r<OH)l;eHcaTop nepe-
sapR)l;MTCJI. 8neprHR MarHHTHOrO ITOJIJI 

r<aTyrnrm npeo6pasyeTCJI n aHeprnro aJier<TpnqecRoro sapJI
~(a rwH~(eHcaTopa . fiocJJe nepesapJip;a ROHp;eHcaTop BHOBb 
6yp;eT paspHn..:aTbCJI <Iepes vmp;yrnHtmyro RaTynmy lii caona 

U, l 

I 
I 

3 I 
I 

Pnc. lX-6. RoJieoa·reJlbHhlii l>OHTYP 

/ 
/ 

/ 
/ 

,,.-· 

TFl 
_LT=_j 

n epesapmr.;ancH, T. e. 6y)l;eT HMeTb Tarwii: no 3Har<y sapJip;, 
Kal\ }jl B IIBpBOM CJiyLiae, H T. p;. 

Tar<HM o6pasoM, B r<OHType 6yp;eT rrpoTei<aTb nepeMeHHhiH 
TOJ-< , HO r<a>Hp;oe CJiep;yroD.I,ee IWJie6aHHe TOI<a MeHbnre rrpep;r,r-
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.!J:YU~ero DO aMTIJIMTY.D:e, TaT< HaH 'JaCTh ::m e prMM Te]HIBTCF! 

aa Harpea aneMBBTOR 11 npoBO.!J: OB cxeMhl. Cne,[(OBaTBJibHO , a 

KOJie6aTeJibHOM J\OHType DpOMCXO,[(F!T aamyxaiOUfUC IW.JtC6a
J-tU5L TOHa. 

q aCTOTa JWJie6 aHHH onpe,[(eJI JieTCJ! ~OpMyJIOM: 
1 

I = 2n: YL. c ' 

r ,[(e L - HH.!J:YKTMBHOCTh B reHpn, a C - e:wwCTb B ~apa,[(a x. 
Bo3apaTMMCJI H pl!IC . IX -5. B J.~BDb ceTHl!I naMTibi BHJJIO'JeHa 

KaTymHa Lo. c• J\OTopaH oxaaThlBaeTCH MarHMTHhJM noTOIWM 

HaTymKa L. l1pH BKJIIoqeHnn MCToqmma TIHTaHnJI aHO.!J:HOfr 

n:enH ( 3aMI>manne Hmoqa K) B03HHEaeT :rnmyJibC aHO.!J:RO

ro TOEa, H B IWHType B03HHKHyT 38TYX8IOI:o:He HOJie-

6aHHH, IWTOpbie Bhl 3hiBaiOT HO.rre6aHIUI M8fHHTHOf0 TIO .TIJ!. 

CHJJOBhle MarHIHHhiB JJHHHH nepecel\aiOT BHTKH HaTymHn L o.c 
H MH.!J:YHTHpyiDT B HeM nepeMeHHYIO a. A· C. C qacTOTOIT HOJie-

6aHHM n IWHType. liH.!J:YKTnponaiUiaH B KarymHe Lo. c nepeMeH

HaJI 8.,!:(. C. ,[(eMCTByeT Me>H.!J:Y ceTIWM H J\8T_O,[(Oll1 JJ8li1Tihl 

H Bhl3hlBaeT J\OJJ e 6aHHJI 8HO,[(H0f0 TOK8 JJ8MTihl. 

l1epe111eHHaH COCT8BJJF!JOI:o:8H 8HO,[(HOfO TOKa, npOXO,[(JI 

TJepe3 HOHTYP LC, C03,[(aeT Ha H BM nepeMeHHOe nanpmHenne. 

cDaHTH'IeCJ\II 8TO eCTh yCIIJJeHHOe JJ8MTIOM nep eMeHHOe H8DpH

>H eHHe ynpanJJHIOin:ei"I ceTKH, T8J{ HaK KOHTYP ,[(JJR JJallmbr 

Dpep,CT8BJJJieT C060M Harpy3I(Y. l1epeMeHHaJI COCTaBJJHIOI:o:aH 

aHO,[(HOfO TO I\ a IIMeeT TaHyiO >He 'IaCTOTy, HaK II lJ8CTOT8 pe30-

H8HC8 HOHTypa, H 6y,[(eT TI0,[(3apHii\UTh J\OH,[(eHC8TOp HOJJe6a

TeJJbHOfO IWHTypa II TeM C8MbiM TIO,[(,ll,epiiUJBaTb B HeM H8'lii

H8IOIIJ:JJe 38TYX8Tb HOJJe6aHIIJI. B CBOIO O'lepe,[(h, TIO,[l,,[(Bpil\aH

HblB B KOHType KOJJe6aHIIH M3MeHRIOT H8DpHmeHJJe H8 CeTHe, 

a DOC.JIB,[(HJIJI - aHO,[l,HhlM 1'01{. 

B pe3y.TII>TaTe n KO<IType ycTaHOBJITCH Heaamyxa/OU{Ue 
IW.rte6attUJL nepeMeHHOfO TOH8. 0,[(H8HO OHM NJOryT B03HJJI{8Tb 

TOJlbHO npn: yCJJOBIIII, eCJJII nepeMeHHaR COCT8BJIHIOU\UH 8HO,[l,

HOfO TOHa 6y,[l,eT IIO,[(,[i;epii{HB8Tb IWJJe6aHH:JI B HOHType (npH 

yCJJOBllH TIOJJOmHTeJJbHOM o6paTHOiir CBJI3ll). 0DIIC8HHaH TI0-

,[(8'18 o6paTHO n HOHTYP co6craeHHhlX Hone6aHIIM HOHTypa 

110CJJe ycnJJeHHH HX Jl8MITOM H eCTb o6paTH8H CBR3b. 

By,[(eT JJH o6paniaR CBJI 3h yMeHI>UJ8Tb IIJJH yB BJJl!FIHBaTh 

38TyxaHHe HO.rre6aHIIH B HOHType , 38BHCHT OT TOfO, COBI1 8,ll,YT 

YJJJlil He COBIIap;yT IIO ~838 HOJJe6aHVIJI Ha CBTHe C HOJJe6aHIIJIMII 

B HOIHype, T. e. OT IIp8BllJJbHOCTFI BlUIIOT]eHJ1H J\OHl\OB a YJ 6 
Ha'f yUJIU1 o6p8THOM OBJI3YJ. IJ paBH:JlbHOCTb BHJIIO'leHI1H llX 

o6bJ'IHO onpep;eJJHeTcH TJBCTO IIpainBqeci<Jii. E cn n HOJr e6aHI1H 
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B reaepaTope He B03HHI\aJOT, TO CJieJ:(YCT CeTO<JHblrr 1\0Hel.( 

B l{illOLIHTb Ha I\ aTOll;, a HOHCLL 6 C T<aTO)l;a nepeCOC)J,lifH HTb H 

ceTJ{y. Boaaw:ImoneaHe aeaaTyxmou(HX KOJJe6aiudi aasHCH 

TaiOI\"8 OT )l;OCTaTOLIHOH BeJHJ.LIJUlbl JW3tPtPMI.(HCHTa B3ai1MOIHI 

AYI<l.(HM JV/ ~ten<AY I<aTyiJll\aMH. [J pn CJIHUll\0;\1 i\lano i1 CBfi3 I 

aaeprMfl, J:t06aBJIHe~Iafl B f{OHTYP qepea o6paTayro CBfl3 b 

Puc. TX-7. E~lHOCTHa~ oOpaTt-lan 
CBH 3 b U yCHJIHTC.ilC 

6yll;CT HeJ(OCTaTOLJHOH , H Ca,\J O 

B036yri\ )J,eHHfl He3aTyXai01J.(l'l.\: 1<0 

JJe6aH r~i·i B HOHType He 6y)J,eT. 

BoaHHr<HoneaMe n HOHType 1\0 

JJe6atHIJJ ~IOrKeT Dp01130i!iTU l·H 

TOJIJ>HO B MO~teHT BHJJIOLJeHI'Ifl HJlf 

BbllWioqeanfl aHO):(Horo aanpm-r<e · 

HJ1fl. J] ro6oe, )J,a£He He6oJrbUloe R3· 

MeHeHHe aHO)J,HOrO TOI<a npwneLI,e·r 

H B03HMHHOBeHMIO B HOHType HWI· 

TO}J\ HO ~ J aJJblX 3aTy xaJOIJ.(HX HOJie· 

6anuil. TaH I<aH JJa~ma yciilJJMBae'l 

MaJJbte nepeMeHElbl e HallpHmeEIMfl, TO H CaMbJe MaJihTe HOJJC6a

HMH, Bcenta HMCIO~HeCJI B l.(ellfiX JJaMrtbl H HOHTypa, Ti p!'! Ha

JJMqHM o6paTHO l~I CBH3H MOryT rrpenpaTHTbCH B l\OJJe6aHJUI C 

60JibliJOM aMDJIHTYAOM. 

3)J,eCb 6b!Jla paCCMOTpeaa cxe~Ia C HAJl;YH'l'JiiBHO{I o6paTHOU 

CBfl3biO ~ J em)J,y aao)J,HOTi 1\ellblO ,,. r.tenbro cen\Iif. BoaMo;rma 

Tal\a<e o6paTHaH CBH3b rrepea eMHOCTb (pHc. IX-7) . E~mocT& 
HBJIHeTCfl X.OpOTIJIDI DpOBO)J,HRKOi\1 nepeMeHHOrO TO I< a fiT, 

cJie)J,onaTeJibHO, aaeprHH H3 r.~ena aao)l;a n u;eiib ceTin.r. EM

J{OCTI-Iafl CBfl3b, I-< C01I\aJieHHIO, 6:r,maeT yCTpaiUIMa C 60.TibUJH~I 
TPYAOi\1, Ta~< r<aH cy~ecTnyeT MeH-<AY IIpono)l;aMM i\JOWr aa.;a, 

Mer£-<~\Y a r·IOAO~r H ceTHoi!i H T. A· Oaa Moaw-r 6h1Th npH'HUJ.Oi:i 

B03HMKHOBeHMH napa3MTHOi reaepa~MM. 

§ 4. nAPA3HTHbiE CBSI3H B YCHnHTE
nSIX H CnOC06bl nPEAOTBPAW.EHHSI 
rEHEPAU,HH 

BoaaanaronJ,ne napaaMTHbJe o6panrbre 

CBll3H OC068HRO OIIaCHbl B MHOI'OHaCH:a)l;HblX yCTpOUCTBaX. 

C 60Jib iii HM IW3tPtPHI.(JileHTOM yCimeHHH, IWr)l;a Aa1H8 HJil<ITOflHlO 

MaJIOrO BJIMIIHHfl BblXO)J,a Ha BXOA AOCTaTO<JHO AJIH B03Hli[[HlO

BeRv,IH reHepau;nn. IToaTOMY n MHoror-~:ac r-~:a)J,HhiX ycrilJIHTe.rrHx 

IIpMXO)J,HTCfl DpHHJiiM.aTb CIIeL(IiJaJJbHl>Ie M8pbi, np8J(YU]Je/H)l;a LO

lll,M8 B03RMrmoBeaue caMosoa6ymAeHHH ycrwHTeJIH. L1 perH)l;e 
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BM HX paCC~WTpHBBTb , HyHUIO I\JiaCCHcp11UHpOBaTb np11'-111Hbl, 

3-3a .KOTOpblX ~JOH\eT B03HI1H HYTf> reHepaU,HH. 

Pa3JIH 1IaiOT 1IeT:bipe BMJ~a na pa3MTHhl x o6paTHhiX CB H 3ei'r: 

Ml\OCTHyro, HH)J,y 1\TJ-IBH yro, raJ! hBaHHtieCRyiO H a l\YC'nPie

I<yiO. 

EJ,uwcmnaJL CBH3h o6pa3yeTCH 1Iepe3 eM tWCTh Meri\AY ceT

:oi1 M aHOJJ;OM JJBM llhl J'lJJH MerHJIY npOBOJiaMH Bhi XOJja H BXOJ!a 

'CHJH!TeJIH. 

,lJ,JIH npe,Il,OTBpatu,eHHH reHepaT-\ffH 113-38 eMHOCTHOH CBH3H 

rpMMeHfte'I'CH ::mpaHHpomnme BXO)J,HblX 

)Hpau npe.;:r;cranJIHeT co6ou ~:reTaJI
IatJecr,yro Hopo6r\y, H3omrpos aH

Iyro or Bcex ::JJJeMeHTOB cxeMbr a 

ICTOlJHHKO~ IIHTaHMH, HO BJieKrpH

JeCI<H coe,n,~meuHyro c o6IIJ,ei.1 TOtJKoi1 

ycHJIMTena .(p11c. 1 X -8) . B aTOM CJi y

'Jae napB3llTHBH eMIWCTb 6y)J,eT 3HB

'll1TeJibHO yMeHhUJeHa. 8 I<pau MOa\eT 

6h1Tb CJjeJHpl H3 TOHI<OU cpOJJhriL 

lfnoymn:uenaJL Hapa3In'HBH CBH3h 

B03Hll.Ka8'r H3-3a HBBO)J,OK CHJJbHblX 

u,eneii ycHJJHTeJra. 

nepeMeHHhTX MarmtTHhiX nonet\ (Ha-
PI!c. IX-8. Cxc~Ja J !>pa lll·IPO· 

IIpiiMep , BI,>IXO)];HblX TpBHCcpOpMaTO- oa 1111 H BXOll HOM uer111 yCIWii-

pOB) HB np~:>BOJJB H ;:meMeHTbl BXO)J,- 'J'CJIR 

H hi X u,en eiL 

B u,eJJHX 6opb6bJ c reHepauMetl 113-::Ja MBJJ.YHTHBHoii CBH3H 

TBH/Ke npHMeHHJOT :mpamrpOBBHMe BXO,D,HbJX u,eneH, HO npH 

BTOM BKpBH JjeJJBIOT JJBTYHHblM HJJH MeJjHb!M C TOJICTbiMH 

('1-3 J,U~) CTeHHBMJL GHIJBHHpyiOT 06hl 1IHO BXO,TJ;Hbie u,enH M 

nxop;nwe TpanccpopMaTophl. TaKMe aHpaaw cnymaT H AJJH 

6opb6bJ C IIOAHl XBMH - HBBO~lKBMM OT CHJJOBhiX TpBHCcpop~tB
l 'OpOB. 

IIpHHMNiaroTcH H ,D,pyrn.e Mepbl ,D,JIR. yMeHbWeHHR. HHAYI~nm
noi1 CBH3H N~en>"AY TpaHccpopMaTopaMH. Mx pa3HOCHT npH MOH

Taa<e HB MBI>CMM3Jl bHOe Y/~BJJeHHe J~pyr OT p;pyra, yCTBHBBJJH

BBIOT TBH, '1T06bl 1\B"J'Y I.ilHH Ol\B3BJJHCb B ,D,BYX B3BHMHO nep

llBH)];UHYJIHpHbl X II JI OCI\OCTHX, ~J30JlMpylOT TpBHCcpOpMa'fOIJbl 

OT IJJBCCH YCHJIFJTBJIH H J\P· 
A HaJrorntJHblAl o6pa3o~ r npe;WTBpau\aiOT B03Hl1HHOBeHHe 

retJepaU,HH H B yCHJJHTB.TIHX HB TpaH3MCTOpax. 

Fa.abBanul£eC/iaJL napa3HTHBH CBH3h B03HMHaeT rJJaBHblM 

o6p830M lfepea 06ll\HB HCT0 11HJH\M II HT3HHH MJJM I\Or)J,B HBROH

mr6o pe3HCTOp CJJymwr CBli3YlOIIJ,l'L''l 3BeHOM Memp;y BhiXO)J;-

HbiMM H BXO)];HblMH ~ell.RMM. 
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TaK, aanpaMep , aa pac . IX-9 ;:(a Ha c xeMa nwxoP,aoro 

OP,BOTaKTHOrO Tpaac<f>opMaTopaoro HaCKaP,a, B I<OTOpOM J:(JHI 

YMBHbillBHBR HBJJHHBHHWX BCKalliBHHi DpHMBHeHa DpOTHBO

CBR3b. CBR3b ocyu~ecTnneaa •repes p esMcTop B.0, coeP,HHRrom;Hi1: 

BTOpl1lJHYIO 06MOTKY Bbl XO,ll,HOrO Tpaac<f>opMaTopa C nepBBtJHOU 

PHc . IX-9.- CxeMa onHoTa~<THoro 
BblXOllHOro ,;ac,;ana ·c o6pan10i'l 
CBR3b10 B ueJJRX yMeHbruenuR ue-

JJ IIHe i.lubi X 11CH3H\CH Hti 

o6~wnwi1 BXOP,Horo . PesncTop Ra 
HylliHO BRnTOlJaTb 06R3aTBJJbH~ 
MBrH,D,y DpOTHBO<f>a3HbJMU I\OHIJ;aMI1: 

o6MOTOH - B DpOTliiBHOM C.TiylJae 

B03HHHaiOT DOJI O>I\IHB.TlbHaH 06-

paTHaH CBH3b H reHepai J;:HH B 

YCH.TJHTBJJB. 

Ha cxeMe pMc. JX-10 noHasaH 

TpexHacHa,D,HhLi ycl'I.TIHTeJJb c o6-

IIJ.l'IM JiiCTOlJHl'IKOM DMTaHJiiH aHOLJ.0 

Hbrx u;enef.r. 06uwH ano,D,HaR 6a

TapeH, :HJJH Bblll])HMH:TB.Tlb, 06JJa

P,aBT HBHOTO])bliiJ BHYT])BHHMM CO-

DpOTHBJTBHMBM R,., I<OTopoe H RB

JIRBTCR rrplilll li!HOH napa3H'fHOH CB R3lil MBJ:H,D,Y I<aCHaP,aMlii. LJepe3 

:3TO CODpOTJi!BJJBHHB D])OXO,ll,HT aHOP,HJ,IB TOKH BCBX .TJa!v!U, DpMqeM 

a HOP,HbiH TOR DOCJJBP,HBH. lil3 HliiX C03J:(a8'r Ha B.; HaM60JJbiJIBB ne

peMeHHOB n ap,eHJiiB HaDpRrHBHliJR. cho DpliiBOP,liiT I\ TOMy, lJTO BO 

B ])BMR p a60TbT YCHJJJiiTBJfH HaDpHH\BHlilB 06JI(BrO MCTJ)'IHJIHa l1M-

Ra 

Pnc. IX-lO. Tpc xJ;ac~<anHblt\ ycnm rreJJb c OOD.Il!M HCTO'l!Hl ~<OM 
m-t·raJHifl aHOJlHbiX uenerr 

Ta HM.fl He OCTaBTCR DOCTOJ1HHb111'1 , a B3MBHRBTCH B COOTBBTCTBHH 

C HOJJe6aH.HRMJii TOJ<a IIOCJI8P,HBiii .TiaMDbJ. IJpH 06II(BM :1-ICTO'IH I!me 

IlMTaHHH 3TH HOJJe6aHBR HanpHmBHMH IIODaP,aiDT Ha aBOP, 

DB])BQH · JiaMDbl H <Iepes nepeXO,!J,HOH I<OHP,BHCaTOp Ha CBTHY 

BTO])Oi1 JiaMDbJ. 

Oco6eHHO CI<noneu I< r eHepau;nlii ycM.TIMTenb c 6onbmHM 

Hoa<f><f>:llu;uenTCM ycHJIBIUIH lil. npa 6onbmOM sHa'leHMH BHyT-
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peHH8fO CODpOTMBJI8HMH MCTOlJHHKB. feaepaQHH yCMJIHTBJIR, 

Bbl3BBHH8H napB 3H'l'HOll CBH3bTO <Jepe3 06JQMH MCTOlJmm UMTB

HMR , BC8f)],8 B03HHK88T HB Q<J8Hb Hl131H !X lJBCTOTBX (3BYR, 

C03)],8B88Mbl M B 3TOM cnyqae rpOMHOfOBOpHT8JI8M , H8DOMHH88T 

pa6oTy )],B:ij r aTeJJR BHyTpeanero cropaHHR). 

,[(JIR np e;:I,OTBp8JQ8HHH r enepBQMH YCHJIHT8JIH, B03HHI\8l0-

lll,8ll 113-38 U8p83HTHOH CBH3l1 LI8p83 HCTOLJHHH UHTBHHJI, rrpM

l\18HHIOT p83BR3blB8 10lll,l18 cPHJlbTp bl. 

AKycmwtec ~£a.R. napa3HTHBR CBH3b MOH\8T B0 3HHKHYTb 

H3-38 B03)],8i:JCTBHR 3BYIWBOH BOJJHbl OT rpo~mOfOBOpHTBJIR 
HB MHHPOcPOH (npH YCHJI8HHH peqH) HJJH HB 3JI8RTpOHHhl8 

JIBMDhi, D03TOMY JIBMDbl B YCMJJH'l'8JI8, OC068HHO nepByiO, yK

peUJIJIIOT HB JIBMllOBOH D8H8JIH C 8MOpnl38TOp8MH. 

MimpoclJoa B cnyqae ycnneHMR pelJM )],Omi\eH 6h!Th 3Ha

qJ1TeJI b HO Y;:I,BJJ8H OT rpOM !WfOBOp HTBJJJI. 

KOHTPOnbHbiE BOnPOCbl 

1. B I\atnrx CJIY'IaBx o6paTHaB CBB3b Ha 3 bi BaeTCH oonomHTBJihHoi:i 

J.! B KaJ\HX OTj)BU.aTBJibHOll? 

2. 1-\ 'IeMY llpHBO):\H'l' RaJII'I'lFie llOJIOH\l!TeJihHOll o6paTF!Oll CBH3ll B 
YCUJIMTeJI bi-IOM HaCI<a,!\e? 

3. 1-\ar< olll,yUiaeTCH r e u e p a LJ.FIH ycnJIFITen H? 

4. 1-\aKHe .HBJie HUH D pOBCXO):\HT B . I<OJie6aTeJI hBOM 1\0HTy p e, eCJIH 

KOH ):\eHCaTopy IWH'rypa C006Ill,eH oepBOHa'laJihHbiH 3Jie i<Tpll'leCI\FIH 
3a p H,!\? · · · 

5. 06·bHCHHTe opnau.rro ,!\eHCTilH H JiaMnosoro reHepaTopa. 

O. I-\al\ pa3):\eJI.HIOTCH CXBMbl o6pan10M CBH3H DO npHHU.Hll Y )l.ellCTBHH? 

7. 1-\a i\ aaBHCHT CllOMCTBa YCllJHI 'JlBJI H OT CXBMbi o6paTBOH CBH3H? 

8. l-JTo Ha 3 bi BaeTCH rJi y6HHOH o6paTFIOH CBH3H ? 

!J. L! eMy paBe H 1\03iflqJHIJ,ll e HT yCHJieHHH yCHJHITeJIH C 06paTBOH CBH-
3 b l0? 

10. liTO Ha3biBaeTCH CTa6IIJI H 31i l~ffei~I yCJJ JI IITBJIH? 

'] '] . 1-\aK B03HJil\aeT r e He p a iJ,HH np11 CBH3f1 qepe3 06Ill,He FICTO'lHHKH 
011Ta Bll H? 

'12. 06'bf!CHHTe )l.eHCTBJ.re pa3BH 3biBaJOUIHX cPHJJ hTpOB. 

13. 06'bHCHHTe cylll,eCTBOBa uHe nn yTp eHHell o6paTHOH CBH 3I1 B TpaH-
3l~ CTOpax. 

14. 1-\aK!IlMri CIJOC06aMl{ )I.06HB310TC.H OOBblilleH H R CTa61IJ!hHOCTH yCH 
JIHTeJie H C rny6o!WH o6 paTHOH CBH 3b iO? 

15. JJ.nH 'lero npHMeuHeTCR oTpuu.aTenr,uaH o6paTI-I aH CBH3b B yca-
miTeJI Hx? 

16. JJ,JIH tJe ro npmleUHIOTCH 3alll,HTRble 3 I<p3Hbl? 

17. 1-\aT\ 3H p a rmpy iOTCH BXO)~Hbl e Tpa n c c!JO]JtvlaTOpb!? 

18. LITO Ha3biBaeTCH aKyCTU 'leCI{Ohl o6paTJ-IOH CBH 3bl0? 



rnABA X 

KATOAHbU1 noBTOPHTEnb 

§ 1. CXEMA KATOAHOrO nOBTOPH· 
TEnSI H EE OC06EHHOCTH 

RaTO,D;HhiM rroBTOpHTeJieM Ha3biBaeTcH pe-

3HCTOpHbii1: yCHJIHT8JlbHbiH I\aCKa,D; C KaTO,D;HOH Harpy3IWH. 

Hail: H3BeCTHo, ano,n;HaH I!8l1b TpHo,n;a cocTOHT H3 HCToqnHHa 

aHO,D;HOrO DHTaHHH, COITpOTHBJIBHHR Harpy3RM yqaCTRa 

aHO,D; - I\aTO,D; JiaMDbl H 11pOBO,D;a I \ aTOiJ, - OTpHr~aTBJibHl>Tti 
ITOJTIOC HCTO'IHHI\a TIH'l'aHHR. I:IMBHHO TIO TaTWtf I!Bl1H npOTB

HaeT aHO~(HbTtl TOJ\ H, Ha3aJIOCb 6bi, He HM88T 11pHHI!Ml1HaJfb

HOrO 3Ha '18HHR MBCTO BHJIIO'IBHHH Harpy30'IHOrO CODpOTHB

JI8HHH B nocJieiJ,OBaTeJibHYIO l(enr,. O,n;narw, HaH 6y,n;eT noi<a-

3ano i),aJiee, M8CTO BRJIIOqeHHR C011p0THB J18HHH Harpy3rm: 

pe3KO H3MenaeT CBOtiCTBa ycMJIHTeJibi-IOro JraMnoaoro I\ac

Ka,n;a. 

CxeMbi HaTOiJ,Horo noBTOpHTeJIH , co6panHr,re na TJHIOiJ,e H 

na neHTo,n;e, noKaaaHhl Ha pHc . X -1. 
l1pH pa3Jm :qHT>IX CX8MaX BI\Jl iD'I8HI1H COTIIJOHIB JIBHHH Ha

rpyarm H3M8HHIOTCH napaMeTphl H:aCHai],a: HOa!lJ!lJHI!HBHT YCH

JlBHHH, BXOil,HOe H BbTXOiJ,HOe CODpOTMBJJBHHfi. 

PaccMoTpHM ocHOBHhre OTJIHqHTeJibHhie oco0eHHOCTH Ta

IWro RaCHai],a, KaKHM RBJIR8TCR I\ Wl'O,lJ;HblH HOBTOpHT8Jlb. 
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Bxo,D.HOH c:u rHaJI no,D.aeTCil Meaw,y ceTI\OH H o6lli,HM upo

BO,il.OM yCHJIHTeJJ.Il. l1pH <HOM aHO,[l.HblM TO!\ nyJibCHpyeT, H Ha 

pesHCTope narpysmr R 11 cos,D.aeTCil rryJihCHpyrom;ee rra,D.eH}Ie 

RarrpHri<eHHH , nep eMeH Ha ll COCTaBJIRIOill,aH KOTOpOrO HB JI .IleTC.Il 

BblXO,[l.HblM CHrHaJJO~I. 

Bhi6epeM ,D.JJH pacc~JOTpeHHil :rmwil MOMeHT, rwr,D.a noTeH

~HaJJ CeTJ\H DOBhlUJaeTCH 11 l\ CeTI\e HOJJ,BO,[l.HTCH IJOJIO/IUITeJib

HhlM rroJJyneprwp; aarrpHtr>emiH nepe~JeHHoro cMrHaJia (saa J< 

<< + >> Ha puc. X-1,a). 
B aTOT MOMenT aHo,D.r-rr:.I:ii: TOR yBeJIJ1'nmaeTCH ("ral\ Hal< aa 

cwme ,u,eiiurnyeT n o JI OII\HTeJihHhiii Bospacnrou~ ~Ii1 rroTeHL\ HaJl ) , 

+ 
Eo 

Ro 

<+l 
c, 

"' (+) e "' "' CD 0 e ~ ~ 
CD CD 

H (- ) 

a 6 

Pnc. X -I. CXCMbl IHI 'fO!.li! OfO n OBTOp rtTCJIR 1-!a T[lHOi te (a.) II na HCHTO)lC (6) 

JJa,D.eHHe HaDpMl\eHHH Ha pe3HCTOpe Harpy3JHI HaTO,JJ;HOI'O 

IJOBTOpHTeJIH B03pacTaeT H llOTeH~HaJI KaTOJ:);a DOBhilllaeTCH 

OTHOCHTeJJbHO 06U\el'O npOBOIJ,a. TaH Hal\ BhlXO,il.HOe HanpmHe

HHe U llblx CHHMaeTCH c pesli!CTopa R," TO HeTPYJIHO BMp;eTI>, 

<ITo HaTOJIHI>Tii noBTopwreJih ae rrepeBopa'nmaeT <flasy cnr

HaJia. 

BblXOOiiOe nanp.flJ!CeJ-tue ullb!X coenaoaem no (/iaae c 6XOO/ibt.i!£ 
~tanpJtJ!CeliUeJlt U 8 , . 8TO OJIHO H3 OCHOBHhiX CBOHCTB HaTOJ:I;

HOI'O IIOBTOpl-D'eJIFI. 

Ms puc. X -1, a BH)l.HO, 'ITO pesHCTop Harpysi<H R 11 Bxo

JIHT raHJ:he B ~ellb CeTKH JiaMTibl, a CJieJIOBareJJbHO, BCe BhlXOJ:I;

HOe Hanpm-HeHHe llOJiaeTCH 06paTHO Ha BXOJI B DpOTHBO<flase 

C BXOJ:];HblM CHI'fia JlOM. TaiU1M o6pa30M, B HaTOJ:);HOM TIOBTOpH

TeJie BCerJia p,eHCTByeT CTOnpo~eHTHall 06parHaH CBH3b DO 

HanpmHeHHIO. 

l{ aTOJIHbill IIOBTOp!HeJJb ~ I OIEHO paCC~IaTpMBaTb HaK ycu

JH!TeJJbHbrli I<aCI\aJI, OXBalJeflHblrr r JJy60HOfi OTpH~aTeJJbHOH 
o6pa-raoi1 CBH3hiO. 

H oa<fl<f!IiUJ,FieHT o6paTHou CB H3l1 ~ = u o.c. ; TaK HaK B I\a
UuhJx 

TOp;HOM IIOBTOpHTeJie U o. c. p a BHO U BbiX' 1'0 ~ = 1. 
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KoacflqniUHenr ycaneHHII c o6paraoi·i CBH S&ro Mowuo onpe
J:WJHIT& n o cflopMy.rte: 

r ne K 
Hbl tl 

K - Un"x- _~<_r_ 
13 - Unx - 1 + ~K' 

I-\O::JcPcPMUHeHT yCHJieHHII 6e3 o6paHIOH CBII3l'I, paB-

K R" = 1-l R -t- R . 
l I{ 

IT paHrH'lecrm HoacflcfJFIUReHr ycHneBnH n aMn&r seen~; a sua

'linen &no 6on&rne_ eARHH Uhi (1-"~ 1), H, y'lMT&JBaH, qro t = S, 

MOH<Ho cflopMyny ycHJieHMH KaTO IJ.HOro ITOBTOpMrenH opep;cTa
BMTb B raiWM BUp;e: 

K S · R,. 
13 = 1+ S· R II 

M 3 cflopMyn&I c.rrep;yer, ·'ITO Hoacflcf!HuHenr ycrr.rreau.H Harop;
aoro noBropMre.rrH scerp;a ocraercH MeH&rne ep;MHMUhi, npM-
6nMmaHc& H aeiit: no Mepe yBenwreHHR npoMaBep;eHHR S · R 11 • 

lloaTOMy JIOPM'lHO Ha3BaTb era He IW<lcPcPMUHeHTOM yCMJJ8HIHI , 
a IW<lcPcPIHJ,MeHTOM nepep;a'lH HaTOAHOrO n OBTOpMTeJJH . 

K oaifjrfluztue~-~,m nepeiJa'lu namoo~-~,ozo noemopume.ML 6JLu
aon, 1-1,0 eceeoa A-teH,bute eOUH,UlfbL 8To BTopoe OTJIM'lliiTe.rr&aoe 
CBOHCTBO HaTO!J.HOrO IIOBTOpHTeJJH OT 06hl 'lHOrO pe3HCTOpHoro 
HacHap;a. 

Ec.rrM BCIIOMHiiiTb , 'ITO HaTOp;HblH IIOBTOpliiT8Jib He H3M8-
H.A:eT Bxep;Horo cMrHana no cflaae H no'lrM He H3MeHHer era no 
BeJIM'lHHe, TO IIOHflTHbl l\'1 CTaHOBMTCll Ha3BaHHe <<TIOBTOpH
TeJib)}. 

Tper&eiit: orn H'lMTen &noiit: oco6enuocr&ro KaTOAHOro noBro
pHT8JJ ll .A:BJ1ll8TCJl TO , tiTO, He /].aBall yCHJJ8H I~.A: IIO Haiipll }J-\8-
HMIO, OH p;aeT B03MQ}KHOCTb IlOJJy 'lMTb 31W'lUII2eJLbHOe ycuJLeH,Ue 
no mony u no A-wuv wcmu. 

B cxeMax HaTop;noro IIOBTOPHT8JJ II conponrBnenHe r<aTop;
uoi\: Harpy3KH XOTll M Bhi6HpaiOT 60JJbliiHM, HO OHO BCerp;a 
31-la rnrTeJJbHO MeHbW€ COIIPOTMBJJ8HUH YT8LIJUil C8T l{H. llo::noMy' 
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6CJJH ClJ HTa'J'b, 'ITO BXO)J,I'I06 H BblXO,[\HOe nanplliH6IH1fl np.M

MepHO paBHbl , TO TOIUI B l}6DHX aHO)J,a I1 C6TJUl o6paTHO npo

nOpl~HOHaJJbHbl B6JJJiiCJMHaM corrpOTHBJJ6HHii R 11 11 R " . 
J\oacpqnrl}He BT ycMJJeHMH no TOKY onpe,D,eJJ HeTCH b no lflop

~Iy.ne: 

TaK Kai{ Rg'?>R .. , a [{ ~~1, TO ycnneHHe no TOKY no.ny

lJaeTCR. 60JJbillH.M. 

Y CJiiJJ6IIll6 MOil}HOCTJii MOJHHO Ol}6HllBaTb H03cpcplill}ll8HTOM 

yCFIJ16HllR. IIO MOil}HOCTJii J( P' paBHbU.J OTHOJJ18HHIO MOIIJHOCTH, 

pa3BHBa61110H CX6MOll I{aTO,[\HOrO l10BTOpHT8JIH B Harpy30'IHOM 

CO ilpOTHBJI6HHH, I< MOIIJHOCTM, 3aTpaLJMB36MOH renepaTOpOM 

BXO)J,HOrO CMrHaJJa : 

[( = lr·Uw,Jx = K .. [( 
p jj . lj BX I /3• 

n OCJI6,[\Hee paneHCTBO II03 BOJJ.R.6T Bbl LJHCJIMTb xoacplfJMl.l,l16HT 

yCMJ16HH.R. ITO MOil}HOCTH, l{aK npOH3B8,[\8HM6 K03cpcpHl}l18HTOB 

ycMJieHMR. no TOKY n no nanpHmenMro. EcnM ncnoMHHTb, ~ITO 
](?~ 1, TO I\03cpcpHl}H8HT YCMJI6HH.R. flO MOIIJHOCTH. llOJryqaeTC.R. 

TaHoro me nop.R.,D,Im, Hal{ 11. no TOI<Y. 

'IeTB6pTa.R. OTJJH.lJMT6JJbHa.R. OC066HHOCTb I<aTO,[\HOrO 110B

TOplilT8JUI COCTOHT B TOM, 'ITO ero Bb~Xo(JT.we conpomUB.!I.enue 
JrW:Jteem 6b~mb O'ienb ne6o.!l.bU1UM. 

B J{acHap:e co CTonpol}eHTHOH OTpMl}aTeJJbHOif o6paTno:H 

CBHHbiO ero 3I\BHBaJI6HTH06 BHyTpeHHee COnpOTHBJI6Hl16 

B ( 'l -f- f-L'), pa3 M8Hbill6 BHyTp8HH6rO COHp01'HBJI6HH.R. JIUMflhl: 

R, R,. 
i = -1 _j . 

,- ~L 

T :::::::-... 1 R ,. S R' 1 
a K ImH f-L~ ' 11 - = , TO i ::::::. -S · 

~L 

B bJ6HpaFI JraMny c 6onbmorr HpyTH3nolj x a pa wrepwcTH

HM, MOJI\HO IJOJiycniTb O'I6Hb H660Jiblrl06 '3i{BMBaJI8HTH06 C.:O

npOTFIBJI6HE:6 HaCHap:a, a TaH Hat< BblXO,[\HOe <:onpOTHil .ll8-

HI16 R"b" panno conponrnnenMro IIa paJIJieJibHO BH JIIOlJen

Hh!X R j 11 R , TO 

R 11 ·R; 

n" + n; 
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T R
. 1 

at{ t\al\ i ~ S' TO, noJJ,c TaBJIRR , noJTy <JHM: 

R H.H 
fib! X 'I .L s. R 

I II 

IiJ3 cpOpMy JJ hl BFIJJ;HO , 'ITO eCJJH H:pyni 3Ha JJa~tlli>I 6om,mafT , 

TO BblXOJ],HOe COIIpOTFIBJJeHHe W'\TO,!l;FIOfO QOBTOpFITeJIH MOJReT 

6htTb oqeHb He60JlbillRM. 8TO CBO iiCTBO l>RTOJJ;HOTO IIOBTOpR

TeJlfi UlFlpORO FICIIOJlb3yeTCR ,D;Jlfl COr.n aCOBaHRH COIIpOTHBJle

HHi:i, HOTJJ;a COIIIJOTMB.TieHHe f10Tpe6FITeJI H IW.Tie6aHMM MaJ£0. 

-- ,- -
: l 

~H 4H Usbl> 

I I 
__ j_ j_ 

P11 c. X -2. 3~<n llnaJtennmR 
CXC MU I; UTOI\11 0 1'0 rJOBTO· 

JliiTCJi fl 

B :nnx CJI'Y'IaH x r>aTO,D;HbJN IIOBTOpH

Tem, J.;al\ 6ht 3aMeHH 8T BblXO,!l;HOi1: 

Tp a Rc cpopMaTop. 

Ilwroif OC06eRHOCTbiO I\aTO,!J;HOTO 

IIOBTOpMTeJJ .H HBJJHeTC.R J/,UfleUI-WCinb U 

fJG.BflOJotep l·WCinb 'I.G.CinOinflOU U rjjaaOBOU 

xapamnepucmur.. e w.upor..ou n o.rwce ttac
m om. Il pM BKJHo •reHTHI rrarpy3I\H n 

aHO,D;Hyro Qellb ll 06hJ<JHO~I pe3I-t:CTOpHOM 

H aCHa}J;e IIOJIY 'WeTCH 3a~I eTRbiH CUa,D; 

ycMJieHMH n o6JTaCTH nhtCORHX 'WCTOT M3- 3a BJrMHHHH rrapa

::nrTrroi£ eMIWCTH, wyH'rwpy10u~ei1 co rrp oTHBJieHtte aarpy3HM 

H BHyTpeHHee COIIpOTFIBJJe HHe Jla~'Lllb l . 

RaT\ BH,D;HO FI3 ::n-:mmaJu:iRTHOif cxe~tbi J{aTO,D;Horo IIOBTOpM

TeJrH (pl1C. X-2), e~mOCTb ell lDYH'nipyeT c onpOTFIJJJi eHJ'le rra

rpy3r01. Oaa CIU ia,D;bJBaeTCH T1 3 eMROCTFI MOHTama FI nxo,D;Hoi:t 

e~IROCTH CJi e,[(y iOJQero I\aCI\a,D;a R IlpFI ,[(JI HHHOll JI MHMFI ~IOJHeT 

6hlTb ,!l;OBOJTbHO 60JlbillOH. 

0 ,D;HaKO ORa He BHOCFIT CyJQeCTBeHHblX M3~teHeHHll B qa

CTOTHYIO xaparnepMCTTmy KaCKa,[(a, 'ITO BH,[(HO JiJ.3 aRaiTH3a 

<}lOpMyJJbl J\09cpcpHQMeHTa nepe,[(a 'JB 1\aTO,!l;HOTO H OBTOpFITeJ!ll 

,!l;JH:I STOfO CJiylJaH : 

B o6Jiacni HHSK:nx t t c p e,D;HHX qacTOT nTopoe cJrarae~we 
TIO)J. 1WpHeM 06bitiHO BO MHOTO p as M eHbUi e n epBOTO H FIM MOJI\HO 

npeH e6pe<Jb. Ha HHSlmx n c p e,D;HHX qacToTax qacTOTHble 

(~1 cpa s onhle) HCI>ameHHH 6y,D;yT HHqTOiiHlhJ. Ha BhlCOimx qacTo

TaX npOHCXO,!l;HT CIIa,[\ yCHJJeHTHJ. 3 aM8THLlM c na.n; TIOJryqaeTCH 

B 06bl iiifbiX y C.TIO IHiffX TO .TJbl\0 Ra ocreHh Bbl COI\HX lJaCTOTaX, 

BMXOJJ;HT.II,HX Sa rrpe)J.eJibl SBYIWBOI'O ,!l.HaiJaSOHa I!Opll,D;Ha COTeH 

mworepu;. 
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8TO CB OHCTBO 1\aTO,D,HOrO IlOBTOplil'1'8JUI ,D,aeT B03MO/HI-lOCTb 
I!fC OOJlb30BaTb ero ,IJ,JIJl BIU110t]8HJUI BblHOCHOrO peryJJHTOpa 
rpOMIWCTM B HaqeCTB8 HaCHa,D,a, CTOHIIJ8rO nepe,D, ,D,JIHHHOH 
mmMei1. 

III ecTaH oco6ennocTb HaTO,D,Horo rronTOIHITe.n a - 6o.ttbUWJL 
ee.ttu<W.I-W e<w exoorweo conpomue.ttenuJL , cner~onaTe.TrbHO , ;-,1a.ri aH 
BXO,IJ,HaH 8MIWCTb, I\OTOpaH onpep,e
JlHBTCH IIO r!JopMy.ne: 

CBX = c,. c + cc" (1 - K). 

l1ocHOJihl\Y K~1, TO C11 , MOII\eT 
6hiTb noJry-.:reua O"JBHh ne6oJihiUOH. 

CxeMa 1\aTop,aoro nonTopnTeJH I 
M~I eeT eiiie PHA oT.nnqwre.nhRJ,JX oco-
6eauocTeli. : 1{ ero BXO,D,y MOHHIO IIO,D,BB
CTM sua-.:rMTeJibHO 6onbmee aanpH
/HeHI~e, 'IBM n ,D,pyrnx cxeMax, npJ;J 
T<OTOpbiX JTaMn a ne ueperpymaeTCJI co 

8 

PHc. X-3. 8 t-mnoa.newrnafl 
CXCo!a Tp a H3HCTOpttOrO 
yC HJIHTCJlbHOrO l\3C I'\ana C 

06UU·I iH 1\ 0JlJICHTOpOM 

CTOpOHbl BXO,D,a H RaCI<a,D, He BHOCMT H8JIHHeiiHblX JiiCI<ameHHH. 
I-\poMe TOrO , Ha.TIHtJH8 CTOIIp0~8HTHOii o6paTHOM CBH3H, HaH 
yHaswnanocb paHee , cTa6unusMpyeT Bhlxop,uoe nanpHmenue 
J\ aCI\ a,lJ,a npl'I H3I~·Ienenun rrap a!I JeTpon JJaMn M narpysKH 11 

n pH IWJie6atniHX rrwraiOII1ero HanpHmemHL 
CnoiiicTna?~ I M , 6JJH 3I<HMM HaTop,noMy nonTopwremo, o6na

~~aeT CXeMa BIUllOT.J8HMH Tp 3I-13RCTOpa C 06IIJHM IWJI.JI8HTOpO"I 
(C"I. prrc . V -8 , a), T~OTOpaH H33hlBaeTCJl '1 3CTO 3MHTTepHblM 
IIOBTOpHTeJJ eM. 

81\ BlilBa,JleHTHaH CXeMa TpaH3RC.TOpiiOrO yCHJIHTeJihHOrO 
r<acHap,a c o6m,IBl 1\0.HJieinopoM noHaaai-Ia Ha pi>rc. X-3. Oeo-
6erruocTh CX8Mbl 331\ BIO'laeTCJl B TOi\1, <ITO 31\ BHBaJieHTHblll 
reaep wrop c 3. p, . c . rr · i3 nrmm<reH B o6uvri1 P,JIH nxo~(Horo 
H BblXO,D,Horo r<aHTypon npono~(. B c xeMe c o6IIJH!II r<onneH 
TopoM ¢aaa BblXO,lJ,Horo Hanpm-rmHI1H connap,aeT c ¢asof1 
BXO,D,HOI'O. 

Bxop,Hoe conpoTHBJJeHHe c xeMbi ncer,a;a noJI OJ-IHITBBhHO 
n .l(OCTaTOL1HO BeJJHIW .l(ame npH MaJiblX 3HacreHHHX R. 

Bbl XOAHOe conpoTHBJrernre cxeM&I MaJro game npn 6oJih
UJHX arraLieHnHx nnyTpenHero conponrnneHH.H reHepaTo
pa R;. I-IanpHMep, npH Rr = 200 OJ1~ r 11 .," = 45 OJl~ (c yqe
TO~I r 3 ) , npH Rr = 10 IW.llt ,."""~1000 o.~t. Ha 3Tl1X npii!Me
pax BH,D,HO geHCT13H e CXeMM Hal< TpaHcr!JopMaTOpa conpo
THBBeHHH . 

Jl CHJleHMe flO TOI>y CXeMbl C 06lll.Ii!M 1\0JIJieHTOpOM B8JlHI<O 
(eM . rn. V, S 2). 



Koacpqmr.J,l1eHT ycl1 JJeal'IH no HanpB iReHHJO s cxeMe c o6 

lll,l1M HOJJJJewropoM scer,[(a MeHh m e e,[(HHlHJ,hL 

PaccMoTpeHBhie o c o6 eHHOCTH cxeMT>I (sosM on<HOCTh co 

r JJacosannH c onpOTY(BJJeHMH, 6oJJomoe ycH JJeHJ1e no TOHy 

p,eJJaro T ee s pBp,e cJJy'laes HesaMemHwl"r. 

§ 2. cnOCOiibl nOAA"'I-1 OTPI!fU.A· 
TEnbHOrO HAnPSUKEHHSI CMELl\EHHSl 
HA CETKY nAMnbl KATOAHOrO nOB
TOPI!fTEnSI 

,lJ, Jill TOfO 'IT06bi Ha aH0,[\8 JlaMllbl I<aTO,[(

HOfO fJ 0 BTO pvrreJI fl IJe B biP,8JHIJiaCh M3JIMIIIH8 60JJblllall MOII.l,

HOCTh , Hyil:mO COO'I'B8TCTBYIOID)il I o6pa30M II0,[(06paTb p ei-Hlii M 

pa60Tbl r<aCI<a,[(a no llOCTOllHHOMY TOK y. 

PaccMaTpHsaa c xeMy I<aTO,[(aoro nosTopMTeJJ H (eM. 
pHC. X-'1, a), BMP,HO , <LTO DO CTOllHHaH COCTaBJIH IOII.l,aH a HO)l.HOrO 

Tor<a l ao cos,[(aeT aa aarpyso<IHOM peaMc-

+ Tope R 11 noCTOHHHoe na,[(eHne aanpH I-He

HHH, IIpHJJO/H8HHOe M8if{,[(y C8TIWH M KaTO

Jl.OM. ,il;JJH Toro 'IT06hi aTo nap;ea11 e na

npHI-HeHiiiH IiiJ!ll ero 'JaCTh MDrKHO 6hl.'IO 

liiCIIOJlh30BaTb RaJ< HaiipH il:<8HHe OTplHJ,a

T8JihHOf0 aBTOMaTM'I8CI\OfO CM81Il,8Hl'lfl, 

06bJ<IHO BBOJl.llT B CXeMy Jl.OIIOJJHMT8JihHbl 8 

aJJeM eHThT, noHasaHHhi e aa pHc . X -4. 
BBHJl.Y 'foro [no n aJJ.eHHe aanpHn<eHMll 

Pnc. X-4. Cxc~m li D· 

a a pesHcTop e aarpysi<M npeshnna eT ae

o6xOJl.liiMyro B8Jllii'IHHY Haiiplln<eHHH CM8-

W.8HMH, pe3MCTOp Harpy3Kll BhJIIOJJHH8T

Cll B BHJl.8 )J;8JJ HT8JJ H , COCTOBII.J,ero H 3 ABYX 

p esMcTopos: R1 H R 2 . TiepshlH :n s HHX 

.J.8l1Jf ua npHiH'eH Hfl 
C~I CUJ,CIH!fl Ha CCT I\Y 
naMnbi Ha'ronnoro nOB· 

'TOpwrenfl 

Bhi6HpaeTCH TaK , 'IT06bl llOCTOflHHOe Ha

Dp.A 11\8Hlil8, cosp;asae~we npoxop;HII.J,JilM no HeMy TOI\OM I ao• 

6biJJO p aBHO HyHmOMY H aDpHl·H8HJiiiO CM8Il~8H MJI U 01 : 

CxeMa c 
ycnorini eHa 

(pHC . X-5) . 

27 0 

R = UCM 

1 I ao ' 

)J;8JlHT8Jl8~ I H an pHl-H8HIHT ~ J 0i!{8T 6nlTh H8CXOJibi\O 

B sep,eHM e~l pasnHShl smo~ero tPM JibTpa R 3C\ 



RpoMe yKa3aR!-JhiX MOri\eT 6bJTb np8l \JlOH{8HO eu_~e 6o Jih llLOe 

'IJ!ICJIO CX8M TIO,LJ, alJH OTpHU,aT8JibHOfO HanpHiE81UlH Ha CCTI<y 

JlaMllhi Ha TO}l,HOfO llOBTOp~IT8JIH · 

Pnc. X-5. Cxe~m n on a '"' 
HanpmHCH!!Jl CMCU(CH!UI 11 a 
ceTt-\y JJaMnhi I-iaTOJ.l ii Or o 
JJ OB'rOpH1'C.n H , yc.n oau-ICJ I ~ 

H3Jl BBCJlCIIHCM pa 3 BA3T•I-
B3JOI.l(Cl'O c!JHJJbTpa 

P11c. X-6. C-ra611JJI1 33 · 
u, au-1 pa6o 4e i1 TOlJh' l.f: 
11p11 OI\JIJOt.ICHHU Tp a l-1· 
31iC-ro pa n o cxeMe c 
06U(IIM H OJI.lJCHTOp OM 

ilpH HCllOJJh3 0BaRJiiH 8MTITT8pROfO llOBTOpllT8JIH, T. e. 

TpaHancTopnoro ycMJIJiiT8Jili, m<mo'IeHHoro no cxeMe c o6rJJ, .JHI 

J{OJI J18KTOpOM, J~JIR CTa6TIJIJi13aU,JiiH pCIIUIMa M DOJIOrl\8HliiH pa-

6oqeu TO<IHH nKmoqaeTCH p,o6aBO'IHI>I~r peawcTop R 1 (pHc.X -6). 

§ 3. nPJ.iMEHEHJ.iE KATOAHOrO 1-i 
3MJ.iTTEPHOrO nOBTOPJ.iTEnEI't 

n PI-IM8H8HH8 HaTOP,HOro 11: 8MHTT8pHoro 

llOBTOpHT8JI8U B 8JI8IiTpOaHyCTJii<I8CHOrr annapaType o6yCJIOB

JJ8HO MCDOJib30BaHII8M T8X HJIM MHI>lX H3 HX OTJIHLJHT8JibRf,JX 

Cl30BCTB, Ha HOTOpbi8 yHa3J,maJJOCb paaee. 

TaH, nanpRMep, B r<aMrrJieHTax snyHonocnp on3BO,LI, liJJJ,HX 

ycTpoll:cTn 10Y,ZJ;C-1 M H3BT-3 HcnoJI:oayeTcR npRMOJLMHe~T
HOCTb <IaCTOTHOi& xapal<T8pHCTMHH HaTOP,HOfO IIOBTOpHT8JfR 

B lUHpOHOM )VIaiia30H8 fJaCTOT II pH pa60T8 Ha ,LI,JIHI-IHYIO JIHHHIO . 

PeryJiwrophi ycMJieHHR (rpoMHOCTH) MoryT 6biTh paaMeH\8Hhi 

RaH B CaMOM HOprryce yCHJIFIT8JIH, TaH Jil. BH8 ero B BHP,8 OT

}l,8JfbHOfO Y3Jia , CBH3aHHOfO C yCHJIHT8Jf8M ,LI,JI HHHT,Jl\1 C08,LI,MHJ!I

T8JihHI>IM llJJiaHTOM ('10- 12 ~t). TipH Tai<OfJ 60JibiJJOi1 P,JIMH8 

mJianra ero pacnpeJ~eJieHHaH eMHOCTh npuo6pwl'aeT 6oJJbiLLHe 

;ma'ICHHR. Ha pH c. X -7 noKaaaHo , 'ITO Ha TO,Lf,HMii non To pH-
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T6Jlb FICllOJlb30BaH B I\ a 'l6CTB6 KacKap,a rrepe,o; BJ,JHOCHhllll 

})Bl'YJIHTOpOM rpOMIWC'l'H Pr. 
B R3BT-3 (pRe. X -8) r<aTO,[(HhLil nonTop:wreJih Bh:JHOLieH ua 

BhLXO)J;e npe,o;saplrreJibHoro ycli!JIHTBJUL , T. e . pa6oTaeT Ha 

p;JiliiHHyiO JIFIHliiiO - coe,o;li!HliiTe.rri>HhiH w .naHr Mem,o; y npe,o; s a

pHTeJibHhiM lii OCHOBHhiM yCHJiliiT6JIHMH. TaK IWK BbiXO)J,HOe 

COllpOTHBJieJIJiie J;WTO,[(HOl'O IIOBTOIJHTeJIH MaJIO, TO IIO'ITH CO

neplll6HHO ne cr<aai>maeTcrr m yHTupymw;ee ~(ei1cTnne pacnpeJ(e

JieHHOI1: eMKOCTH nmanra na LfaCTOTHYIO xapawrepHCTJH\ Y Ha 

BhlCOKHX 'laCTOTaX . 

Puc. X-i. Cxe~Ia ncnoJib30Balii iH 
naTO"lii OI'O II OB'I'OIJ II 'I'CJJH nepeJ" BbiHOC· 
Hhl"l peryHHTOIJOM yCUJIBill'lfl D 

iOY)J,C-1 II R3BT-3 

P11 c. X -8. CxcMa ucnojJb30uanlln HaTou
IIOl' O llOB'rOJ)II'I'CJIH IICPCJl UJ,TJa ii POM , CO
C,lJ,HII HIOUJ.HM II J)CLJ, HapJ·ITCJl bi Lbli i 1'1 OC JL OB · 

uo1'1 yCHJIIITCJIIol n Y.UC-1 11 H3BT-3 

Rar< yKa3oiBaJIOCb paaee (c~ r. CTp. 267) , yMeHI>JJJaiOTCH 

IIOM8XH, HaBO)J.li!Mbie Ha BXO)J.HyiO I!eiib, - Ha JIHHliiiO BXO)J.a 

OCHOBI-IOrO YCHJIHT6JIR; Tal{ Kai{ BblXO)J.HOe COllpOTHBJlefUie IW

TO)J.HOl'O IIOBTOpHTeJrH MaJIO, TO MaJIO H: BaBO,!l,HMOe HaiJpH:;>I>e

HH:e noMex, nprrMo nponopi!HOHaJioHoe neJIHLJJi!He .:noro conpo

THBJreHliiH. 

H'aTO)J.Hoii1 nOBTopnTeJih nMeeT cpa BHJiiTeJibHO MaJioe Bbi

xop,noe lii 6oJII>moe nxop,noe conpoTliiBJiemur. ITo3'roMy Ha·rop,

HI>Iiir IIOBTO})HTeJib HCIIOJib3yeTCli B Ka'leCTBe llpOMemyTO'l

HOrO , 6y<!JepHoro Kacrwp,a B Tex CJiyqarrx, twrp,a HymHo cor

JiaconaTI> MaJioe nxop,Hoe conpoTliiBJierum nocJJep,ymm;eJ1: u;enn 

CO CpaBHJi!TeJibHO 60JibiUJiiM BhlXO)J.HI>IM COllpOTHBJieHHeM rrpe

)J.bi)J.yTil;erO rwcr<ap,a ycliiJJemm nanprrmemm. 

Tar<, HanpHMep, B oKoHe'!HOM ycrmliiTeJre 51 ~7 -1 9 1!13 KOM

IIJrerna R3BC-3 oiwne•more JiaMIIhi pa6oTalOT B pennrMe A B 2, 

(c TOIWMH CeTIUI), ~I II03TOMY BXO,ll;HOe COIIpOTHBJieHJile OlWHeLI

HOl'O I<aCKap,a MaJIO , B TO ;.n:e npeMH lii3BeCTHO, 'lTO BhTXO,n;Hbie 

COHpOTHBJieHHH 060HX UJieq <fla30liiHBepTOpa OTHOCJiiTeJibHO 
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neJmHIL IIoaToAJy ycraHonJJeHhJ p,na r<aTO)J,HhJX noBTop.r-r

TeJIJI B Ha'l8CTB8 6ytflepHbl X npe[~OKOH8'1HhlX HaCI<aJ!OB, 06Jia

p,aiOUI,HX NlaJlbll\1 BHyTp8!-lHRM COlliJOTFIB.Jl8HH8M, 6Jiarop,apH 

IJeMy IIOJiy<JaiOTCH Oti8Hb H83Jla '1HT8Ji bHbl 8 UCHaii\81:IHH. 

,D;na H:aTO)J,HbtX rronTopvrTeJIH (pnc. X -9) ycTaHOnJieHhi 

llOTOMy, LITO BblXO)J,HOM HaCI<a.[( HBJIH8TCH .[(ByXTaK!'Elhl M H, 

CJI8)J,OBaT8JlbHO, npe.[(OI<OH8 l1Hl>lii . 1\aC l<a)J, TOn\8 J!Oll£I>8H 6bi'l'b 

co6p a H Ha ABYX JiaMnax. 
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"~ "" "'"' "'-go .... 
-&"' 
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P 11 c . X-9 . Cxei\la HCI I OJ i b~OBCUII I H J\a'I'OHIIO
ro IIOBTOIJ IITCJJH B Ha'tCCTBC lliJCi.lOI<OIIC'III O
PO l\aCHan.a C aHTIIBHOil 11arpy3 KOii , C06pall-

HOI'O IHl i~BOi i iiOM TIJ HOi\C 

+ 
Ea 

Ca 

':1-

IOJ 

Pnc. X-10. CxcMa n c uoJtb 30Ba 
lliiH HaTO:t tiOI'O IIOBTOiJIITCJlH B 

1-ia iJec·rnc Ol\OHC "-IHOPO HaCJ·iaUa 

Tar< I<aH KaTO.[(HhTli nonTopHTeJib HBJJHeTCH ycnJIHTeJieM 

MOU\}IOCTH, OH MOi-H8T 6bJTb JiiCIIOJib30BaH B !{aqeCTB8 OKOHeq

HOrO 1\aci<ap,a (puc. X -10). Ero ~raJr oe BhlXOAHOe corrpOTHBJie

HHe ll03BOJIH8T CHH3HTb pa3:\18pbi Bbl XO,ll;HOl'O TpaHctflopr.ra

TOpa . Kpmu e Toro, MaJJOe BblXOJIHOe conpoTMBJieHue ycril:

mrreJIH, Harpy>Hennoro Ha rpo~HwroBopMTeJI.r,, Tai<me o6Jia

,~J;arou~,ero MaJiblM COIIpOTHBJl8HH8M, B8CMJa 6 Jial'OIIplUITHO 

CI\a3hmaeTcH Ha pa6oTe rpo~moroBopwreJIH . 

KOHTPOflbHbiE BOnPOCbl 

1. 1\a i{Qll yCHJII ITeJJb ll blll 1\aCJ-\a )J, ll a31>11la e TCH t;aTO)J,HbHI OOJJT OpHTe
J I O~ I ll II O'lOMy'? 

2. 1:\aKH~rH OCIIOB IIbDII"I CBO U<;TB[Dll l 06JJH)J,aeT 1\aTO.!J. llbl(! IJ OI.lTOp lJTOJ! b'? 

3. LJ eMy paBeH 1-\0<JCJl!Jllll.~lle ii T o6paTIJO U CB H<!I! 1\aTO)J,HOrO [JQJJTOpli
TeJJFI? 

4. OT 'lero 3a lmCIIT 1\0acpcplll\ll e ii T yctuJe HJIH 1\aTo)J,uoro nonTopllTeJJ n? 
5. rl o•reMy HJJH pa6oT&I n cxe~Je ~>aTO)J,tJOro noBTopnTeJJH Bbi6npaiOT 

JJaMUbl C 60JJbiiiOii l\j)YTJJ3 HOii XapaWl'epuc;nu\11~ 
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6. IIo'leMy HaTOiJ:RbJii nonTopaTeJJh npm<TulJecim o6Jia,[laeT mmerr
non II paJJHOMepHOH 1JaCTOTHOM xapaJ<Tepl'lCTIHWH B lllll])OIWii 110-
JJOCe <JaCTOT? 

7. RaKaJJ cxeMa DHJIIO'IeiDIJJ TpanancTopa Ha3hiDaeTCJJ <J MUTTe pHbBI 
IlODTO]JHTeJJeM? 

8. IJolJeMy na CeTI\J' JiaMilhl HaTO/l:H OrO UOBT0p~IT9JIJJ Hynmo nop:a
BaTb OTpRu,aTeJJhHOe nanpRn<eBne CMememm? 

9. Har< nop:aeTCJJ nanplllHerrue cMell{efmR ua ceTKY JramJhi HaTop:Horo 
IlODTOprneJIR? 

10. 06MICHHTe p:eMCTDIIe CXeMbi HaTO)l;UOfO IlOBTO])HT8JJ JJ npH pa6oTe 
na p:JJI!FIHJ'IO JIMUTl!O. 

11. 1\ar\ 01Ipep:eJIHCTCJ1 J'Cl!lJJ8HIIe IlO MOII{HOCTH )l;JI R CXe MW 1\aTOiJ:HOfO 
ll OBTO]JHTeJIR? 

12. B J<aJnn: cny•ranx HaTOJJ: HMii nowropuTeJib IIC UOJJb3YeTCH AJIH co
rJI a COB a liliH CO 0 p OTIIBJ!eHUll? 



rnABA XI 

BXOAHbiE 1...\EnJ.f YCJ-fJ1J-fTEJ1EIIf 

-' 
; ! 

§ 1. CXEMbl BXOAA nPJ-f · PA60TE OT 
CIJOT03J1EMEHTOB 

HaR6oJiee pacnpocTpaaeHHbiMH HCTO'lHH

Hawnr CMrHaJIOB 3BYKOBOH 'laCTOTbl RBJIHIOTCH <!JoTOBJieMeHTbl 

H <!JoToaJiewrpOHHLre yMHO}KMTemr, MarHHTHhTe 3BYKOBOC

nponaBo,n;mu,He roJIOBKM, 3BYKOCHI<~:MaTeJin n MnKpo<!JoHbi. Bee 

OHH: DpH:MeHfiiOTCH B TeXHH:Ke 3BYHOBOrO KHHeMaTorpa<!Ja. 

Coep;uHeHue (BKJIIO'IeHH:e) HCTO'lHH:Ka cnraaJIOB c ycy,rm:

TeJieM urpaeT BaFimyro pOJib B o6ecne'leHHH BbTCOKoro Ka'lec~ma 
npu ycuJieHnH aByr{a. Ta •racTb ycnJIHTe.nH, J{ KOTopoii: aeno

cpep;cTBeHHO IIO)l;KJIIO'laeTCfl HCTO'lHHK CHrHaJIOB, Ha3biBaeTCfl 

exoaoJJt ycuJLumeJLR. Bxoafwu L~enbTO ycuJLumeJLR ftaabtBaemcR 
CXeJIW C8JL3U HCTO'lHH:I\a yCHJIHBaeMblX CJ;IrHaJIOB C nepBOM 

JraMnow HJIH nepBbiM TpaH3HCTopoM ycHJIH'reJifl. 

PaccMOTperme nocTpoemur BXO)l;HhiX l(enefi ycMJrwreJifl 

Bbl)l;eJieHO B OT)l;8JibHYIO rJiaBy IIOTOMy, 'ITO IIOCTp08HH:8 BXO)l;

HOH u;em-r ycnmHeJIH onpep;eJJReTcR Hai\ aJrernpH•recKHMH 

napaMeTpaMlil HCTOLIHHI\:a, TaH: H BXO)l;Hl>lM CODpOTHBJI8HU8M 

ycnJIHTeJIH. Oco6hre Tpe6oBamm, npep;'hHBJifleMLie K BXO)l;HhlM 

l(811HM, 06'bHCHHIOTCfl T8M, •ITO llOJie3Hhlll CJHHaJI Ha BXO)l;8 
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yCMJIHT8JIH ~IaJI :H, eCJI:H OTHOIU eHrre era BeJIMqHHbl I\ Be.TIJ1<JJ1H8 

110M8X H8B8.TIMIW, Ha qeCTBO BOCIIpOM3BO,ll;I1MOrO 3ByRa 6y)l,eT 

llJIOXMM. 

IIpocTeiiiJIJa.fl cxeMa nogii:JII0 '18HMH <floToaJieMeHTa H BXOAY 

yCHJIMT8JIH, C06paHHOrO HB ::JJI8KTpOHHOi Jl8MDe, IIOH8 3RH8 

PHC. Xl-1. CxeMa BI<JJJO
'ICHHH <jlOTOSJJCMCHTa 113 
BXO)( yCT•TJJriTCJIH (CXCM3 
f!OCJICLlOBa'I'CJi hHOI'O nlrra-

HIUI) 

H8 pi-rc. XI -'I. B JJ;enr, rrrrT8HMJI ¢oTo

aJieMeHT8 IIOCTOHHHbiM 'rQHOM OT HCTO'I

HMI\8 Ea BXO,ll,UT B Ii:8'!8CTBe H8rpy3Ii:H 

conpOTHBJienne yTe<mH ceTHH R 1 nep

Boiii .TI8MUbi ycrm :wreJIH. IlpM H 3Me

nennu CB8TOBOrO IIOTOH8, II8,[1,8IOUJ;ero 

H8 <flaTO::JJI8M8HT OT <IUT8IOIJJ;8M JI8MIIbl 

CHB03b <floHOrp8MMY , TOH <flaTO::JJI8M8H 

T8 IIYJlbCMpyeT H C03~(88T l-18 COIIpOTI1.B

JI8I-IMH R1 rrym,cnpy roiJJ;ee ll8,!1,8HMe H8-

npmHeHMH, rrep8M8HH8H COCT8BJIHIOIJJ;8H 

1\0TOpOrO HBJIH8TCH IIOJI83HbiM BXO,D; 

HJ,JM CMrH8JIOM. 

qT06bJ YH CHIITb , OT H8HIIX IIpHqJIH 

38BHCHT Be.TIJI<JJIHa H8IIpmHeHJIH, p83-

BIIB8eNI8H H8 COIIpOTHBJieHHII H8rpy3IUI <flaTO::JJieM8HT8, HO

CTpOHM ::JI\BMB8JieHTHYIO CX8MY <flaTO::J ,JieMeHT8 C H8rpy3H OM 

(pnc XI-2), B HOTopoiii <floTo aJieMeHT 38Menen renep8Topo.M, 

p83BJIBaiOIJJ;MM a. A· c. n o6JI8,D;8IOUJ;HM nnyTpemnTM conpo

TI1BJienueM R,- . 
BnyTpeHHee conpoTHBJienne ¢oT03Jie

MenToB oqeHb BeJIHKO H COCT8BJIHeT p;e

CHTI\H MeroM; corrpoTHBJieH.Me me H8rpya 

HJI o6r,r<mo 0,1- 1,0 .il £2 0.~t. IIoaTOMY 

11p8I\TH<JeCHH Be.TIH<JHH8 <floTOTOI\8 He 3R

BI1CI1T OT H8rpy3Ii:I1, a OIIpep;eJIHeTCH Be

JIH<II1HOEI qyBCTBHT8JlbHO CTII <floTO::JJieMeH

T8 H CBeTOBbTM IIOTOIWM, II8,[1,8IOIJJ;HM HR 

1\RTO,D;. 

Puc. X 1-2. ::Jr>BHBa
JJCHTI-IaH CXC~!a <pOTO
SJICi\·ICII1'3 C l·!arpy3 l'\Ofl 

H8rrpmHeHne, p aannn8eMoe <floTOaJieMeHTOM Ha HarpyaHe, 

rmii, qTo TO m e caMoe, Ha nxo,n;e ycnJirrTeJIH, 6ygeT onpe,r(e

JIHTbCH no aaHoHy Oi\m: 

UB, = l,j,. , · Rl. 

Har< BH,ll,HO H3 ¢opMym:,r, I~JIH noJiy<mnnH 6oJII>moro nan

pmrwmm Unx ~eJiecoo6pa3HO BJ,J6Hp8Tb 60JibTJJYIO BeJIH'Jii[

HY R1, OAHRIW wroro ~eJiaTb ne CJie~yeT, Tal' HaH conpoTtm.lle 

Hne aaiiiyHTHpOB8HO BXO,ll,I-IOEI eMI\OCTbiO C0 , Ii:OTOp8H HMeeT 

3HR qJIT8JibHYIO BeJiuquny. 
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Bxop;naJI eMHOCTb C0 cruta,o;LmaercJI H3 neJTWIHHhl eMHOCTH 

Ha6eJIH OT cPOTO<lJl8M8HT3, yCT3HOBJT8HHOrO Ha 1\IIIHOllpOe !\

TOpe, )l;O YCHJUIT8JI H, npi1'WM )l;JTHH3 T3IWrO Ha6e.JIJI )l;OCTJ!I

ra8'1' '1 - '1,5 jl£, u Memp;yaJJewrpop;uoii 8NlT\OCTH .TJai\!llbL TaE 

Hal\ BXO)l;H3JI 8i\llWCTh BHJilO'l8H3 napaJIJI8Jlhl-IO COl1pOTHBJI8-

HJiflO R1, ro oaa orway,maeT wynTnpyrou.~,ee p;eitcnnre npn npo

x omp,euuM cnruaJioB nepeMei-Inoro TOHa BMcorwifr qacroTM. 

1.JaCTOTH3JI xaparnepHCTJU\3 BXO)l;HOH li8TIH yCMJTHT8JIJI UpH 

H8H3M8HHOH MO)l;YJIHliHM CB81'0BOrO TIOTOHa ITOI\333Ha Ha 

pnc. XI-3. 
·qaCTOTHhi8 HCH3H\8HJ1H 

cPOTO<lJI8i\181-IT3 Bi\18CT8 C 

BXOJJ,HOH ll811bl0 yCHJIHT8JIJI 

B 06JI3CTH Bb1COHHX <raCTOT 

onpep;eJIHIOTCH IIO cPOPMYJI e : 

rp;e Wn = 2nfn; /n - HaH

BhiCJIIaH 'l3CTOTa 3BYHOBO 

ro p;Hanaaoua. 

l 1 ~. 
50 1000 7000 

P11c . Xl-3. LJacTO'rHaH xapaH:TCP IICTIII-la 
nxo;vwii l(Cfill ·ycnJI II'rC.HR npn u e H 3Men

H Oii l\tO,U:yJIH LJ;HH CllCTOBOrO ITO'l'OI\a 

Mon,uo yMei-IbillHTb qacTOTHLTe HCHaFHennH, T. e. p,o6HThCH 

yMeHbmeu:nJI cnap,a ua BhiCOI\HX qacTOTax, ecJur ana<IMTeJII>HO 

y JvieHhlllMTb nxop,uyro el\IKOCTb C0 M conpoTHBJienMe uarpyarur 

clJoTOaJieMeuTa R 1. Torp;a BTopoi1: 'IJi eH nop;Hopennoro m,Ipa

J-HeHHH yMeHbillHTCR. O p,nmw npaKTJFieCHH aTo ne yp,aeTCH, 

TaH H3K Yll•l8Hblll8HH8 O)l;I-IOBpeMeHHO npHBOJJ,HT h CHHJ-H8HMIO 

nxop,noro cn:rnaJia. 

IIoaToMy, c op,Hoii cTopoui>I, p;o6nBaiOTCR YliJBHhli.LBHHR 

BMH OCTH, UpHMBHJIJI CIT8I~H3JibHbllf i\13 JI08Ml\OCTHOJ.'r I\a6eJib 

)l;JIJI TIOJJ,HJ1IO'l8HHJI cPOTO<lJI8MBHT3 I\ yCHJIJ>IT8JliO, a C p,pyroii,

YB8JTl!l'lHB3IOT YCHJI8HH8 Ha BhlCOIUIX <JaCTOT3X B YCHJIHT8JI8 

B p,na-Tpiil paaa JJ,JIH HOMneucar~rur cnap,a •racTOTnofr xapai\Te

pncTHHM, COXpaHRJI B TO me BpeMH 60JTbiDYIO B8JIH'IliiHY COnpo

TliiBJI8HHH Rl (1-1 ,5 J}t<JOjlt). 
L1To6bl yMeHbiDBTb eMJWCTb C0 , B neHOTopoii annapaType 

ROHCTpyruHBHO o6·hep,HHHIOT clJoToaJreMeHT rmn: (j;>oToyMno

lliBTeJih c nepBblM I\acHap,oM ycHJIHTeJUL Ta1wii yaeJI ua

a~>maeTCR ifjomonacr;.afJojl·t :n ycTaHaBJIHBaeTcn ua HHHonpo

mnope. 

PaccMoTpeuuaJI cxeMa nocJI 8J\OB aTeJII>Horo nnTaHHH nMeeT 

8II-\B p.Hp; I-18)l;OCT3TI\OB l'I HB 111HIMBHH8TCH B COBpBMBHHOEr anna

paType. Han6oJII>IIIee pacnpocTpanenne noJiy'lnJia cxeMa 

BHJIIO<I8HHJI cPOTO <lJieMBHTa napaJIJI8JibUOrO ll:HT3HHH. i:}ra 

c xeMa MOJHeT 6I>ITI> BbUIOJIReHa B p,nyx napHanTax: c m u rro'!e-
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BHe~r narpyaKH co cTopoBhi aao,D,a (p:Hc. X T-4, a) H co cToponhr 

KaTop:a (pHc. XI-<t, 6). 
IlpH M3M8H8Hl'll'l CB8TOBOfO IIOTOl\a, rrap:aiOlll,8fO aa cpOTO

oJI8~18HT OT Lll'!TaiOIIJ,8ll JiaMIIhi CHB03.b cpoaorpaMMY, TOH cpOTO

oJI8l\T8HTa IIy Jl bCHpyeT, IIpH<r8M IIOCTOliHHaH COCTaBJiliiOlll,aH 

::~Toro TOKa rrpoTeRaeT no corrpoTMBJiemno R 1, a rrepeMeHHall, 

HBJIHlOII.J.aHCH IIOJI83HhTM CIHHaJIOll'l,- no corrpoTJiiBJI8HHIO R 2. 

Paap:eJI8HR8 IIOCTOliHHOH Jii rrep8M8HHOH COCTaBJIHIOlli,8H cpOTO

TOHa CTaJIO B03MO>KHhlM 3a C'l8T pa3)l,8Jll1T8JibHOf0 KOH}J;8H

CaTOpa C. 
IIpeMlltylll,eCTBO cxeM c nepeMeHHiilM nJii'raHHeM R cocTOHT 

B pa3)l,8JI8HMH COCTaBJIHIOlli,HX cpOTOTOHa, HOO B CX8l\1e IIOCJI8-

- + a 6 

P1-1c. Xl-'•· Cxc~lbl at;JlJO'tCIUill !jloToaneMell· 
TOB C napaJlJlCJibllblM IIJITaHIICM: a - C 
BHJilQllellllei\J u a t•py3IHl CO CTOPOilbl a no.na; 
6 - c BHJilO'tCUH CM Harpyatm co CTOPDl-l bl 

HaTO)l,a 

)l,OBaT8JibHOfO llMTaHMH 

J.J;8llh C8TI\H JiaMllbl H8 

OT)l,8JI8Ha OT J.J;8llJii llOCTO

HHHOfO TOHa, 'ITO M8HH8T 

p8i-HUM JiaMUb1. 

HecMoTpH Ha TO, <rTo 

o6nPIHhle cpoToaJieMeHThi 

MOryT BKJIIO<rarr.oca no 

mo6o:Fi R3 OTRX cxeM, 

rrpeuMylll,eCTBaMR o6Jia

,D,ae-r CX8Ma BIWIO'l8HHH 

aarpy3KH CO CTOpOHbl 

J{aTop:a. Hao6opoT, npu 
ucnoAbaoeanuu rjjomoaAeK-

mponnMx YliLHO:JICume.n,eu lltOJ/Cem 6bLmb npulltenena mo.n,br.o 
cxellw c enAIO'te~weJiL Hazpyanu co cmopoHb£ aHooa. 

PaccMOTIHr r 6oJiee nop;po6no pa6oTy o6eRx cxeM npH 

BKJIIoqeHHR o6brqHoro cpoToaJiellreHTa. 

B cxeMe c narpyarw:ll co CTOpOHhr anop;a H paap;eJIRTeJI.o

HOMY KOH,[\8HCaTopy llpHJI OiH8HO BblCOH08 HanpHiH8Hli18 

(220 ...;-240 B) lii ll03TOMY HYrKHO npHM8HHTb IWH,[\8HCaTOp 

c 6oJI.&lllRM conpOTliiBJieHReM H30JIHJ.J;lillil, nnaqe Ha ceTKY 

JiaMnhr <repea yTe<rHy HOHp;encaTopa norrap;eT noJIO/HRTeJI.&HhiH 

noTenu;RaJr. H .poMe Toro, :Ha cxmm Tpe6yeT ycTaHOBI{Jii paa

BH3biBaiOlli,MX cpnJI.oTpon nRTaHHH cpoToaJieMeHTa c 6oJr.ornuM 

H03cpcpHJ.J;H8HTOM cpHJI.bTpaJ.J;HJii, rmaqe JCHJIJiiT8JI.b 6yp;eT CHJIO

H8H K renepau;Rlil ua-aa o6paTHOH CBH3R qepea o6lli,HH RCToq

HRI< !HIT aHHll. 

B cxeMe c aarpyarwii: co cTopom,r I<aTop;a ne npep;'hHB

JiliiOTCH CTOJIJ, BbiCOKJii8 TpeOOBaHHH J{ pa3p;8JIJiiT8JI.bHOMY HOH

)l,8HCaTopy, Tal:\ J ai< K H8My npRJIO/H8HO H800Jlbill08 H a rrpame

HH8 , panHoe rra,D,eHHIO narrpHrHeHJifH Ha corrpoTRBJieHRR R1. 
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HanpmKeHHe na pa3HTHoli o6paTnoii CBH3H qepea o6uJ,HH 

HCTOtiHHK TIHTaiTHH, a TaiUKe HaiiplHI<enHe rrym,caTJ,HII IIOIIa

p;aeT na corrpoTHBJienHe R 2 qepea 6oJibmoe nnyTpennee corrpo

THBJienHe cpoT03JJeMenTa. IIoaTOMy rrapaa:rnnaJI CBJI3h }I no

Mex.H OCJia6JJJHOTCJI B HeCTW.JJbRO pa3 H Tpe6oBaHim R pa3BJI-

3J,JBaiOJII,HM J[ CrJial-I-\HBaiOIII.liTM cpHJJbTpaM CHliT>I\aiOTCJI. 

<DOT03JieKTpOHHbie YMHO>I<MTeJIH BKJIJOqaiOTCJI Ha BXOp; 

ycHJIHTeJIJI no cxe111e c narpyaKofr co cTopOHbi anop;a . B 3TOM 

CJJyqae qepea narpy3I{Y IIpOTei{aeT cyMMapHbTH cpOTOTOH, T. e. 

TOI<, . o6yCJIOBJieHHblH Hal\ 3JieinponaMH, H3.JiyqaeMhiMH J\aTO

ll;OM, TaH H BTOpH'IHhTMH 3JJeHTpOliaMH, H3Jiy'laeMJ>IMH 3MI1T

TepoM . 

Cxe11m BRJIIOY:emm cpoTo-

3JieKTIJOHHoro yMHonn>~:TeJIH 

IIOJ{a3aHa Ha puc. XI-5 . Ha 

3MMTTep nop;aeTcJI nanpmHe

HMe 170 8 'Iepe3 OTp;eJibHhle 

pa 3Bll3bTBaiOJII,He cpHJibTphl. 

Ilop; B03p;eHCTBMeM CBeTOBOrO 

IJOTOKa B03HHKaeT cpOTOTOI\, 

yCHJieHBhiH aa cqeT BTOpnqnOl~I 

3MHCCIHL aTOT cpOTOTOI<, npo-

XOll;H no conpoTHBJieHHIO R1, Pnc. XJ-5. cxeMa ar;mo'IcmiH c!Jo·· 
coap;aeT Ha neM rryJihCH- ToaJie~>TPOHHoro yMuoamTeJIII 

pymm.ee nap;eHHe Harrpame-

mm, rrepeMenHaJI cocTaBJIJIIOJII,aH KOToporo npep;cTaBJif!eT 

co6oii TIOJie3HbiH CHrHaJI, nOCTynaiOJII,IH'ir Ha CeTHY JiaMTibi . 

Heo6xop;MMO oco6oe BHHManrre o6pam.aTh npH 3HCIIJJywraJ.~HM 
na H30JIHIJ,MIO paap;eJIMTeJibnoro Konp;encaTopa. 

EcJIM ycHJJMTeJib pa6oTaeT OT cpoT03JieMenTa, TO nepBhlH 

KacHap; ero co6upaiOT na aJieHTpOHHoiii JiaMrre, a He na TpaH-

3MC.Tope . 06'bJICHHeTCfl 3TO TeM, 'ITO cpOT03JieMeHTbl 06JJap;aiOT 

oqenh 6oJihiDHMM BHyTpennHMH corrpoTHBJienHfli\IH rrprr Mam,Tx 

TOHaX CHrHaJia. Ilo3TOMY IJOp;HJIIOqenHe cpOT03JieMeHTOB 

H TpaH3HCTOpHhl M yCHJIHTeJIHM npH JII060H CXeMe B.HJIIO<IeHHH 

TpaH3HCTOpOB p;aeT BeChMa neBhTrOp;Hhie OTHOIDeHHJI CHrHaJJa 

H IDyMy. 

IlpaiHH'IeCIU! 6oJiee BaJ-I-\I:Iali xapaJnepHCTHI\a myMOBbiX 

CBOMCTB CXeMI>T - OTHOUieHHe HaiipHmeHMH no.rreanoro CHr

HaJia J{ nanpHiHeHHJO myi\-roB. Ono aaBHCMT OT nanpmHeHHH 

renepaTopa nxop;noro cMrnaJia, OT nnyTpennero conpoTHBJie

HHfl renepaTOpa M OT llOJIOCbi 'IaCTOT. 

B I<a'IecTnenm,Tx ycH.JTHTeJJJIX OTnomenMe cnrna.rra H myMy 

f:\Omrmo 6hiTh He MeH.ee 30 - 50 fJ6. IIpoBop;JITCH aHcrrepnMeHTI>I 
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C HCllOJih30BaHH8M ~1aJIOIDyMFIIIl,HX TpaH3MCTOpOB, C06paHHbiX 

IJO CX8M8 C 06lil,HM ROJIJI8RTOpOM. 

BocnponsB81J:8HFI8 .onTnq8CRHX !f>oHorpaMM B TpaHsHCTop

H.bTX ycnJIHT8JIFIX ocyfil8CTBJIFI8TCFI c noMOTII,hiO !f>oTOIJ:HO!J:OB. 

BHJIIOq8mi8 !f>oTOIJ:HOIJ:a no BXO!J:HYIO IJ;8llh n8pnoro TpaHsn

c-ropa nor{asaHo Ha pH c. XI -6. 
K !f>oTO,LJ;HOIJ:Y npnJIO}I\8HO HanpmH8HFI8 B samrpaiOfil8M 

HanpaBJI8HUH, q8M o68cn8qHna8TCFI 6oJiniD08 BHYTP8HHe8 

COIIpOTH:B JI8HH8 npH6opa , BbiCOJ{aJI qyBCTBUT8JlbHOCTb H JIH

Tp-1 

I[ 

H8HHOCTb CB8TOBOH xapai{T8pH

CTURH. IlO!J: !J:8HCTBU8M :m8prHH 

CB8TOBOrO llOTOHa B r8pMaHHH 

THlla n o6pasyiOTCH !J:OllOJIHU

T8JlbHbi8 HOCIH8JIH sapH!J:a -

3JI8RTpOHbl H ,LJ;blpHU. IlOJI8 

BH8mn8Fi 6aTap8n cnoco6cTBy-

8T ll8p8M8fil8HUIO !J:bipOH B 06-

JiaCTb p, Tal{ Ilal{ H 3TOH 06-
Pnc. XI-6. CxeMa nHm04CHHH qJO'fO· 
/.\110/la no BXO/IIIJ' IO !Wllb ncpnoro JiaCTH ll01J:B81J:8ll llpOBO,LJ; OT OT-

TpanancTopa pniJ;aT8JibHOro llOJIIOCa 6aTa-

p8H. 1J8M 60Jibill8 CB8TOBOII 

TIOTOI{ , '1'81\1 60Jihii18 6y,U8T TOH, DpOT8HaiOfilHH q8p83 !J:HO,Ll;, H 

T8M 60Jibii18 H3M8H8HH8 DOT8HIJ;HaJia M81-H,LJ;Y 6a30H H 3i\'IHT

T8pOM TpaHSHCTOpa . 

HepBblii HacHa!J: co6paH no cxeMe c o6m,:nM rWJIJrer,TopoM , 

:nMeiOu(eii: 6oJII>moe nxop;Ho8 conpoTHBJieHne. HocJiep;Hee neo6-

XO!J:HMO ,UJIH conraconaHHH nxop;a c BbiCOI{HM BHYTP8HHHM 

conpoTHBJieHneM !f>oTO!J:HOp;a . Cn6nJIH3aiJ;HH noJio:meHJUI pa6o

'I8J1: TO'IIUI TpaH3HCTOpa C03p;aeTCJ1 J{al{ COllpOTHBJI8HH8M 

200 KOJl~, TaJ{ H napaJJJI8JlbHbiM C081J:HH8HH8M !floTO,IJ;HO,IJ;a C CO

npOTI!lBJJ8HH8M 50 KOJot. ,il;JIH 3TOH }1{8 l~8JIH yCTai-IaBJIHBaeTC.fl 

HCXO,[l,Hblti l10T8HIJ;HaJI 6a3!JI TpaH3HCTOpa. 

K 3MHTTepy TpaHsncTopa npncoep;:HHeHo Harpys o•moe co

nponiBJieinie 5 KOJo~ B BH,Il;8 llOT8Hl~HOM8'£pa. IlOJIOJH8HH8 

,[l, Bii!JHRa ll0T8HIJ;HOM8Tpa onpep;eJIJ18T B8JIHqJ-rHy CHrHaJia, CHH

Ma8~WrO Ha BTOpOH HaCHap;, a 3HaqnT, H BbiXO,il;HOe HanpH1H8-

HH8 CX8Mbl. 

§ 2. CXEMbl BXOAA nPH PA60TE OT 
3BYKOCHHMATEm1 H MHKPOCbOHA 

CxeMbi BRmo•IeHIHI aByRoenuMaTeJieii . 0 A
HJ1M H 3 HCTO<JHHHOB 3BYIWBOfO CHrHaJia J1BJIJ18TCH 3BYHOCHH

MaT8Jlb, nosBOJHIIOIIl,Hii: npoHrpbtBaTb rp a11rsam-rcn. Hau6oJI88 
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mHpOiwe pacnpocTpaHenMe noJIY'IMJIM nhe3oa.JiewrpiFieCHMe 

M aJieinpoMarRHTILbie 3BYIWCI-IMMaTeJIIL CxeMhT m <mo•reHMH 

3BYKOCHMMa'reJIH Ha BXOA ycMJII1TeJIH AOCTaTO<JHo · npocT.hf, 

l103TOMY Bcer11:a npeAyClllaTpi-rBaiOTCH B MaCCOBOM YCH.JIMT0.7Ib

HOll annapa-rype , 11:ame B nepeABMnmofr. 

Pa3JIM<JaiOT OTI-\PhTThie cxeMhT M 3ai\pbiThie. B cxe~mx OT

K phiToro BXOp;a 3BYIWCHMJVIaT0Jlh BI<JIJO'Ia01'CH I-10HOCpep;cT

B0HHO MeJ-KAY C0TIWM M H:aTO,ll;OM nepBOM JiaMUbi. flo Tan:oii 

cxeMe (pRe . XI-7) Monmo BI\JIIO<JHTb TO.llbiW aJieHTpoM:arnHT

HbiM 3Byn:ocm;rMaTeJrb. Ur,e3oaJre i t·qmqecn:Hfr 3Byiwcumvra-reJib 

PHC. Xl-7. Cxe~m 
Henocpe):(CTBCHHOro 
DlijJ JQl.JCI-fl'lfl 3 ByHO
CIIHMaTCJ1fl 1\'ICi:HD,Y 
CCTHOli H n:aTO)l.Ol\:1 

nepnoi·i naM ilhl 

a 6 

P11C. Xl-8. 3a i<pb1TaR (a) 11 nOTCtll\11 0· 
MCTp.U4CCI-\3fl (6) CXCJ\Ibl Bl-\JI IO'-ICIIII R 3By

l iOCI Ill i\la TCJ1Cii 

BH:JIIO<JaTh no aTofr cxeMe I-Ie.Tib3H, Tai\ KaH 01-1 He MMeeT r aJib

BaHM<Jeciwii: CBH3U, a C.Jie)l.OBaTeJibHO, Ha CeTHY JiaMHhl He 

6yp;eT l10,ll;BO,ll;IU'bCH aBTOMaTH'IeCIWe CMeiiJ;ei-II-re, M eCJIM ReT 

COllpOTMBJieHHH YT0lJIUl CeTHM, C CeTJUl Ha HaTO,ll; He C:MoryT 

cTei\aTh cJiyqaii:Hhie 3apHAT,T . 8Ta cxeMa no•nH He npmvie

HHeTCH. 

HaH6oJiee mHpOiw HCHOJLb3YJOTCH 3aHphlThTe , a •rau(e no

TeHn;MoMeTpH<JeCIUie CXeMhl Bl\JIIO<JeHHH 3ByiWCHiilMaTeJieiJ 

(plirc. XI-8, a 11 6). B cxeMe 3aKphrToro Bxop;a Memp;y ceTHOii: 

M I\aTO!l:OM .llaMHbi BHJIIO'l0HO COHpOTHBJieHMe YT0'IHM CeTl\M 

Rg, a 3BYI\OCHMMaTeJih mo6oro TMna nOJJ;HJIIO'taeTcH napaJI

JieJibHO 3TOMY C011p0TMB JI8HIUO . 

)J,pyraJI CXeMa, HOKa3aHUaH Ha TOM n-\e pHCYHIW, HBJIHeTCH 

pa3HOBM.D;HOCThiO 3ai\phTTOii: cxeMhi. B Heii conponmJieHMe 

YT€'lKiil BI\JIIO'leHO Hal\ p;eJIMTeJib HanpHH\eHHli I!IJIH Hal\ p ery

JlliTOp rpOMHO CTM. 

Heo6xop;MMOCTh npHMeneHMH noTeun;noM:eTpnqecin rx cxeM 

Bhi3BaHa TeM, 'ITO uanpm-n:eune, pa3BMBael\>we 3BYHOCHHMaTe

JieM, 06hl'IHO BhTille HOMHHaJibHOrO BXOJJ;HOrO HaUpHmeHHli 

yC:HJUlTeJIH (nanpHMep , HO~IHtiaJlbHOe BXO)l.HOe HallpHH\eHMe 
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ycnmnene:iir 90Y-2 cocTaBJureT 75+25 MB, a rrarrpmr<errne, 

pa3BHBaeMOe ITbe303JieKTpH'1eCI\Hl\1 3BYKOCHHMaTe,fleM, p aBHO 

1 e) n ~JIH Toro, '1T06bi rre coa~aBaTb neperpyaKH ycHJIJti

TeJIH CO CTOpOHbl BXOp;a, 3BYKOCHH~iaTeJib BKJII0'1aiOT qepe3 

p;eJIHTeJib . 

fi plil JiiCITOJib30BaHHJii 3JieWrpOMarHHTHOrO 3BYI\OCHJiiMa'reJIH 

cJiep;yeT Y'1JtiTniBaTb, '1TO ero r<aTymrm o6nap;aroT nrrp;yr<THB

HbiM BHyTpeHHHl\1 COilpOTHBJieHHeM, paBHbiM Ha Cpep;HliiX 

'1aCTOTaX 2-6 I£0.M. fi03TOMY COllpOTHBJieHJtie p;eJIHTeJIH, CO

CTOHIIJ.ero H3 conpoTHBJieHH:iir R1 n R 2 (pnc. X I-8 ,6), HeJI&3H 

6 a 

P 11c. XI-9. Cxc~ta DHJlJO'JC· 
HIIH 3JieliTpOMar iiHT llOro 3Dy
HOCIII!Ma TeJlfl IIU BXO):I •rpaa-

3 11 CTOpllOrO )'CI1Jl ll'l"eJifl 

Puc. XI -l 0. C xcMa BHJIIO'!e
HII H llbC303JICHTp i itJCCHOrO 
3B)'HOCIHIMU1"eJJfl na BXOA 

TpaH3 l•ICTOPHOr o ycHmJTeJlfl 

6paTb HJHI{e 20-25 /£OM , B npOTUBHOM CJiy<rae 6yp;eT 3Ha•tH

TeJtbHbLII cnap; 'IaCTOTHOH xa parnepHCTliii\H Ha Bh[COl{HX 

qacToTax. 

8TH n\e coo6pan eHHH y~HTbiBaiOTCH n rrpn BHJIIO<re

a~;m 3JieKrpOMarHHTHOrO 3BYKOCH:aMaTeJIH 1\ YCHJIHTeJIIO Ha 

TpaH3HCTOpe. 

fiOCI\OJibl\Y COllpOTHBJieHHe 3BYKOCHHl\'laT8JIH pacTeT C qa

CTOTOH, ):(JIH paBHOMepnocTH qacTOTHOH xaparnepHCTHI\H 

HyilmO, '1T06bi COllpOTHBJieHFie, Ha KOTOpoe HarpymeH 3BYKO

CHHMa'reJib, 6r,mo 6oJir,me aToM: BeJIH'1HHhi. Bxop;aoe conpoTHB

nenne HacKap;a c o6m.HM 3MHTTepoM HeBennrw. EcJIH a. p;. c., 

pa3BHBaeMaH 3BYIWCHHMaTeJieM, ,ll;OCTaT0'1Ha. (a. p; . C. COCTaB

JIHeT 0,15-0,25 B), TO ITOCJie,!J;OBaTeJibHO C 6a30H MOfKeT 6bl"f.b 

BHJIIo<reno conpoTHBJJeaHe R (pHc. XI-9). 
fi pH BI\JII0'1eHHH ITbe303JieKTIJH<IeCI\OrO 3BYHOCHHMaTeJUI 

c;rep;yeT ycnrThiBaT.h, <ITO ero BHyTpeaaee conpOTHBJieane 0'1eH& 

BeJIHI\0 H HMeeT eMI\OCTHbi H Xaparnep, ll03TOMY OTp;a<ra yBe

JIJ;I'1J<IBaeTCH C <raCTOTOH. ,il,JIH BbipaBHHBaBHH <raCTOTHOH xa

pai\TepHCTHI\11 I!eJiecoo6pa3IIO HarpyrKaTb 3BYROCHHMaTeJib 

Ha 6oJir,moe conpoTHBJieHHe (0,5-2 .Meo.M) H <raCTb uanpmr;e

HHH cnnMaTT> na Bxop; nepBoro HacKap;a, co6par-moro no cxeMe 

c o6l!lHM 1\0JlJJeruopoM (pnc. XI -10). 
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IJ h830<J.IT81-\TpHqeclUI8 3BYJ'\OCHFni3T8JUI pa3BI~BaTOT Haiipll

rE8B r~ e L~O 1 6, IIO<JTOMY IIOT8pH B )];8m1T8Jl 8 Haiipllih8HHH H8 

J1lii810T CYIII.8CTB8HHOrO 3Haqemm. 

TI pono)l;a, coep;HHHIOIII.He anyrwcHHliiaT8JJb c ycHJJHTe

.rre~r. ).\OmHHbl 6blTb 06.H3aT8JJbHO <lRpaHHpOBaHhl (,!\Jill 3aiii.HTbi 

OT noMex) M aKpaH saaeMJJeH. Tm< Kai{ BHyrpeHHee conponm

Ji e HHe 3BYROCHMMaT8JJH cpaBHHT8JJhHO H8B8JIHTW, TO 8MKOCTb 

coep;HJ:IMTeJJMIOro mJJanra ne BJJHHeT na qacroTnym xapaT<re

pHCTHI<Y YCH.JIHT8JJH H <JTa mHIHll "MOil\8T 6bl'l'h )J;OB OJJbHO 

)J;JIHT:liiOH . 

CxeMa mmiO'I8HHH 1\mKpO(por-wn. M~mpo¢oJ:I npFIM8J:IH8TCl1 

OlJ8Hb UIMpOI<O: J:Ia JUIHOCTYJ.\HHX IIpH 3aiiHCH 3ByKa, Ha T8JI8-

J1 pap;HOCTY)J;HJIX II p H IIpHMblX nepep,a 'laX, B MaCCOBbiX Mar

J:IHTO¢onax ).\JJJI JJI06FIT8JJbCKOIT 3aiiHCH, B )J;l1CII8T'18pCIWIT 

CBH3M FI r . .a;. KFIHOMexaHnRy >He trau:J:e ncero rrpFixop;nTCH 

IIpHM8HHTb MI1Kpo¢oH B T8X CJJylJaHX, JWrp;a. 3BYJ\OBO CU pOI13-

BO)J;lUT~aJI anna paTypa I{HI:IOYCTaHOBJUI l'ICIIOJfb3Y8TCJI )J;JIJI ycn

.rreHHH peq11: o6'hHBJieHFirr B ¢orre H aaJie, nepeno.a;e ¢I,IJIMra 

J:Ia .a;p yroE: H3T>II{ n: 1-\P· 
HaH60Jiee npoCTbiM no ycTpoii:crny, HaH6oJree MexaHu

qecHH npO'lHbiM, a CJI8)J;OBaT8JfbHO, H Hap;emJ:II,JM JIBJIJI8TCJI 

aJr ernpop;HHaMHtrecHn:M: MHRpo¢oH. Xour oH n: ycTynaeT no 

8JJ8I\'1'pOa H YCTJiqeCHHM xa paHT8pHCTHl{aM MFIHpo¢oHaM ~(py
rHX CI1CT8M, )J;JIJI yCHJI8Hl,lli pe<rH OH BIJOJIH8 IIpH8MJI8llf, H IIO

STOMY 8JI81{TpOp;HHaMHlJ8CHI18 l\'IFII{p0¢0Hbl IIOJIYLIMJIH HaH60Jib

mee p acrrpocTpaHeHFie . 

MHKpo¢oH - o<reHb He£HHhiH npH6op 11 Tpe6yeT HCI{JJIO

lJHTeJJbHO 6epei-HHOrO OTHOJJ18HHH; J{p0M8 TOrO, 3TO O<J8Hb TOH

IUIFI, tJYBCTBHTeJibHRi>r 3JieMeHT - nprc~:eMHI1K neChMa CJia6I>IX 

snyi{OBr,rx BO.JIH. Pa6oTan J{aH reHepaTop a . .a;. c ., on pasBH

naeT 0'18Hb CJia6bl8 <JJI8I{TpH<r 8ClUie CMTHaJibi , '11'0 Tpe6yeT 

BHHMaT8JfbHOf0 BIOUO'l8 llHfl Ha BXO).\ yCUJIMT8Jf.fl, 

O co6ennocr HMH aJieRTp o,a;uHaMHLJeCRoro MHKpo¢ona I{aK 

HCTO<fHFIRa Cl'IrHaJIOB, BJ\JIIO<I8HHOfO Ha BXO)J; yCHJIHT8JIH, HB

JJ HIOTCH: MaJ£08 BXO)J;ll08 CO_IIpOTHUJI8Hl!Ie M H83Ha tll1T8JJbHaJI 

BeJJRgMna nanpJnHeHJur 2-3 .ilte, p aaBwnaeMoro Ha nopMaJib

noM: Harpysi<e. 

ConpoTFIBJ£eHwe HaTyuH\H 3JJ e rn·porr;HaaMH'lecrwro MHRpo

¢oJ:Ia COCTaBJIH8T e;J,H. I-IHI~bl O~IOB (HaTy LIJKa FIM88T BC8l'O 

HeCIWJJ bEO BHTIWB TOI-IHoii nponOJJOT-\11). EcJIH B JUfiO<IHTb MHH

po¢orr Henocpe~(CTBeJ:Iao na nxop; JiaMnonoro ycHJIFITeJIH 

napanJ£eJibHO conpoTHBJieHHIO yTe'THH nepnoE: JiaMnbl, TO Ha

npmr<eHwe, pa3 BHBa eM 0 8 MI1Hp0¢0HOM Ha BXO)J;e YCI1J£HT8JIH 

np1~ TalWM BKJIIO'!ennn (pHc . Xl-11), 6y,a;eT conocTanHMO 
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c aanpH;.HeHHeM rro~rex. ,[(pynmr~ CJIOBa~m. npH TaiWi\I BKJIIO
tteHHR no ry•taeTCH OTHOCHTeJibHO OOJiblUOM ypoBeHI, llOi\IeX. 
IIoaTOi\lY cxe~ra uenocpep:CTBeHHoro BRJilOLieHHH i\IHI~po<Poua 
Ha BXO)J; Jia~IIIOBOPO yCHJIHTeJIH He npRMeHHeTCH. 

Ha npa~>TnRe aaM6oJiee 111Hp01w RCIIOJih3yeTCH cxeMa 
BHJiroqemHr i\umpo<PoHa qepe3 Tpaac<PopMaTop (pnc . Xl-12). 

fipRMeHerure noBbiruamru;ero Tpaac<PopMaTopa ,a:aeT cJre
,a:yroiiJ;rm npeHMyiiJ;eCTBa: 

1. Momuo aecKOJibiW n OBhlCUTb seJIJ<IlJHHY nxo,o:aoro uan
pH;HeHnH, Bhr6pan TpaacqwpMaTop c 6oJihlU:HM r~oa <P<l>Fru;ueHTOM 

P HC. X f-ll. CXCMa llC!lO· 
CPCILC'I'BCIII!OrO Bli.Tl !OI.IC
ll ll fl ~11 mporpor-ra Ha nxo)( 

Jla~IIIOBOr O yCJ.TJIIITC.Tifl 

P11.:. XJ-l2. Cxe~m DHJI TO'ICH H FT 
MHH(JOrpOila IIU BXOI\ .l!UillTIODOI'O 
yCIIJlll 'rCJifl 'IC(JC3 ·rpauc<Pop~WTOp 

Tpauc<Pop~rau;IHI, l'I TeM Cai\Ibnl CHH3l'I'J'b OTHOCHTeJibl-lblll ypO
BeHb no ~rex. 

2. Mon<rro crBii\IeTpnponaTb nxo,a: nyTei\I 3a3eMJreHnH 
cpe,a:ueii TOLnm nepBHLIHOif ooi\IOTKI'I TpaHc<PopMaTopa, lJTO 
/WeT B03i\IOrl\HOCTb CHH3l'ITb aJJeHTpOCTaTHqecKHe ITOMeXI,I, 
HBJI HIOliii~eCH Cai\Ibli\Ilii paCIIpOCTpaHeHHbiMH F! B03HHJ{aiOIIJ,HMH 
J13-3a HaBei(eHiilH Ha IlpOBO,IJ;a MF!I<pO<l>OHHOfi JIF!HRH IIpH II.TIO

XOii JU aHpamrp osHe . Ecmr /He cpe,a:HHH To•ma nepnHqHoiiL 
HJJH BTOpW!HO{r OOMOTOH TpaHc<l>opMaTopa 3a3eMJieH:a, TO 
IIaBOP,HM B o60HX npOBO/IaX C03,ll,aiOT B cep,ll,eLIHHHe Tpaac<Pop
MaTOpa /I IHl llj)OTHBOIIO.JI Oii\HbiX no tranpaB.JieHHIO i\tarHHTHJ,IX 
IIOTOJW , 1\0TOpbie B3aJ'lMEIO HOi\JileHCRpy iOTCH; B l'ITOre ITOMeXH 
yMeHb IIJa IOTCH. 

,[(JIH 3a ll(HTbl OT HaBO (01{ CO CTOpOHbl BHeiDHHX MarHIITHbiX 
noJie{l Tpaac<PopMaTop no~t em;aToT n MarHMTHMii a1~pan; 
qauJ,e Bcero corJJaCYIOiu;Rii TpauccpopMaTop rro~reru;aroT BHYTPH 
1wpnyca aJrewrpO/IHHaMMqecTwro MHI,po<Pona. 

Ro::1<P<l> l'l tJ.J;reRT Tpanc<PopMaJJ.FIM corJJacyron~ero Tpanc<Pop
J\ItaTopa o6 wmo He npeBbiUiaeT 20--:-40. Y nem,rqemre Koa<P
<l>Ru;ReHTa Tpauc<PopMal.I;.HH npHBO/IMT K ne;HeJiaTem.noii 
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e paBH0~!8pHOC'l'H 'laCTO'l'HO[i xapa l-\T8)JHCTII I\H B 06JiaCni 

)lCOIUfX <raCTOT , TaK l{al\ IOI88TCfl p830HaHC ~1811\,[(y HH,[(y

I'HBHOCTbiO paCC8HBaHHfl TpaHCWO)JMaTOpa , BXO,[(HOti 8~1-
DCTb!O JiaMDbJ H 8MKOCTbiO MOHTan;a. IIo CJTHM 1!\8 rrpH'lMHa~l 
ropn'lHYIO o6MOTKY IDYHTH)JYIOT, 

KJIIO'larr p83HCTop R = 100--;-200 IWJoL 

Cx8~Ia BHJIIOLI8HHH 11nmpo<PoHa Ha 

XO;J; T]JaH3HCTOpHOI'O yCHJIJiiT8JIH no 

ym;8CTBY H8 OTJIJii"Ia8TCfl OT paCCliiOT

•8HIWH TpaHCWOpMaTOpHOH CX8Mbl. 

l <rnTJJIBaH, 'lTO Tpanc<PopMaTop pac

!OJIOJH8H B rwprryc8 MHHpo<PoHa, MH

:po<Ponur,riil J{a68Jib MOJH8T 6nlTb no;J;

:moLI8H R 6as8 TpausrrcTopa n8pBoro 

;acHaAa, co6panHoro no CX8M8 c o6-

0.HM 3lllHTT8pOM, 'l8p83 pa3;J;8JIHT8Jib

lbtH J\OH;J;8J:ICaTop TaH, HaK llOKa3aHO 

ra prrc . XI-13 . 

Puc. XI- J 3. floll " JI JO•JC
J·IIJ C MI!Kj]O(j}OIIa Ha BXOil 
Tpa H3HCTO pH Or O y CII Jl l1-

TCJIH 

B ycHJIHT8JI8 7Y-17 , co6paunoM ua TpansHcTopax, HOTO

)JJI[;i HCIIOJib3Y8TCll B I\OMIIJI8I T8 IU IHOaiiiiapaTypbl «YHpa

ma-4>> , ;J;JUI BOCll]JOH3B8;J;8HHH Mai'HHTHbi X WOHOrpallllii 16-JlLJl~ 
~HJibMOB , IIp8;J;YCMOTp8Ha B03MOHmOCTb BHJIIO"'8HHfl MHHpO-

2,2 11 2,2n 

K dleu /l .3o :Y 2. 
Pnc. X I-[ /~, CxeMa 1' r a n 3 JI CTOIJ I I Oro yc n .II IITC.-Ifl 7Y-J7 

poua. Cx811ra BXOJW noiwsaHa ua puc. XI-1 4. Bxo;J; H08 

'H 83AO K 2 np8JJ:HasuaCJ8HO AJI H rro~~E .JI IO'I8HMH umaHra OT lltar

IHTnofi 3BY IWBocnpovi3BOJJ:HIII,8U roJIOBim. Bxo;J;I-108 rH83JJ:O K1 
:Jr yn.;nT AJIH IIOJJ)UIIOCJ8mm MHHpo<Pomroro UJJiaHr.r.' B xo~~
IO:iii CMrHaJI BBOJ~MTCH B CX8MY 'l8]J83 p83HCTOpH0-8MIWCTHbrli 

~8JlHT8Jib, o6pa3y8MhlH 1WH;J;8HCa'L'O]JOlll c paBHHT8JibHO i\IaJIOrr 

~ ~nwcTH C 2 H p 831i!CTopoM R 1 . 8Ta U:8IIO'ma nomuHa8T yc!iiJI8-

rn8 Ha HH3HMX 'laCTOTax . ,il;aJI88 CMI'HaJI 'I8]J83 pa3;J;8JIW1'8Jfb-
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HhiU .KOHp;eucarop 60JibiDOM 8MI\OCTH C 1 flOJ];BOP)ITCH R 6aae 

rpanaiiCTopa T-1. (HcnoJibayercH TpanarrcTop IH 3B). Ilep

BbJH .KaCHap; co6pan no cxeMe c o6TJJ;Ii!M SMHTTepoM. C11-re~enue 
na 6asy ocy~eCTBJIHeTCH corrpoTHBJieHHeM R 2 , nop;I{JIIoq ea

HbB1 0/];HHM I\OH1IOM I{ HOJIJI8!\TOpy . 

IT pu pa6oTe OT MHI<po<!Jona noHRiHaercfl TaR me yciiJreuue 

Ha Bbl COIHIX <raCTOTax; J];Jlfl STOrO napaJI J18JibHO BbiXOJJ;HbDf 

samnMaM BI\JIIOT.feH IWHp;encarop C 3. Br,moqenue SToro JWH

p;encaTop a npOII3BOJJ;HTCli 0/];HHM H3 KOHTaKfOB BIIJIHII l\Umpo

cpOHHOrO Ha6eJJfl, 3aMbiH aiO~l2IM BbiBOJJ; OT I\OHJ];8HCaTOpa Ha 

o6~HH npOBO,[l cxeMbi. CmnHeHHe ycuJieHHH Ha HH3KHX H Bhi

CO HHX qaCTOTaX npH pa6oTe OT MHKpo<fJoHa 'Iep es npHCTaBKy 

7 ;,r -17 neo6xop;rrMo BBHAY Toro, qTo qacTOTHaH xa p aKTepu

CTIIHa n pHCTaBKT-1: HM88T 3Ha~IHT8JibHbie nop;'b8Ml>I Ha HH3 J(HX 

F! BT>JCOHUX q aCTOTa X, He06XOf:(HMbi8 npH pa6oTe C MarHHTHOH 

roJIOBI\OH. 

§ 3. CXEMbl BKmOliEH~S1 MArH~T · 
HbiX BOCnP0~3BOAS11.1.1,~X r o n OBOK 

O p;HH H3 HCTOT.fHHHOB 3BYHOBoro CHr

HaJia - MarJ:IJi!TilaH rOJIOBHa, n03BOJIHIO~aH BOCnpOH3BO

~~HTb san l1CH C liiarHHTHOH <fJoHorp aMMJ,I. 

O co6eHHOCTh MarJ:IJi!THOU roJIOBHH I{ar' HCTOT.fHHI{a aJie J~T
plFTecrwro Cli!rHaJia B TOM, 'ITO 3 . p;. C. rOJIOBhJi! npHlllO 

nponopurronaJioHa q acToTe 

A6 (pHc . X I-15 , r<pHBaH 1). Iloa-
2 

16 

12 

6 

0 

- 6 

- 12 

-18 

-24 

.... _ 

/ 
'1 

3 4 5 7 100 

v 
' 

2 
34571000 3 4 57 10 000 

ljJ 

TOMY Bxop;nan llenr, ycHJIHTOJIH 

HJIH nepBI>re Hac r<ap;r,r p;o Jiri{Hhi 

HM8Tb qacTOTHYIO xapaHTe

pHCTHHY, fiB Ji lllO~YIOCH ee 

sepHaJibHbiM OTpameHHel'vr 

(prrc. X I-15, HpHBaH 2) p;JIH 

noJiyqeHHH c yMMa pH o il: npHMO

JIHHeHHOH qacTOTHOif xapawre

pHCTHKII . 

P u c. XI-15 . 'IacTOTHafl xapaHTepn
CTHHa BOCrrpOH3DO.rlFIIltel';'l MarH MTHOil 
rOJJODim (1) H Tpe6yeMafl 43CT OTRafl 
xap a I-\TCpiiC'nTHa YCirJJM:TCJTH llP li BOC
ri(JOI-I3DeJJ;Cinlll Ma!'HHTHOI\ aamiCI•I (t) 

MarHHTHbie nocnponsBop;H

IJJ,IIe rOJIOBIHi 6bTBaiOT BblC0-

1\00MHbTe C 60JibiJ1Ji!M T.[JICJI OM 

BHTT~OB B 06MOTI\8 II HH3KOOMHbi8 C MaJibiM T.fHCJIOM BHTHOB. 

8 . p; . C. rOJI OBRII COCTaBJi li8T npHMepHO 1,5 .1Jt6 (HH3I\OOM

H bTX) H 3-•Ll~6 (BbTCOHOOMHbTX) Ha qacTOTe 1000 Zlf, 'ITO r pe6y-

8T ,!l,OIIOJIHHT8JlbHOrO KaCHap;a yCHJI8HRfl no c p aBH8Hii!IO C yCH-
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JIHTeJI.llMH, pa6oTaiOIII.FIMH OT lflOT03JieMeHTa, lfJOTOYMHO/I\HTeJil! 

MJUI 3BYKOCHHMaTeJIJI. 

l1peHMYlll.eCTBO HH3KOOMHbiX rOJIOBOI\ B TOM, <ITO HX MOIIUIO 

y,n;aJIHTb Ha aecKOJibKO MeTpon oT ycHJIHTeJIJI . H .poMe Toro, 

ORH 06Jia,n;aiOT MeHbiDefi CKJIOHHOCTbiO J{ MHI\pO!fJOHHOMy 

slfllfleKTy. 

Bos~mrKHhi p;na KpaiiHHX pemHMa nop;KmoqeHHJI roJIOBOK 

R nxo,n;y ycFIJIMTeJIJI: 

a) perKHM, 6JIH3KHH I\ IWpOTKOMy 3aMbmaHHIO, KOr,n;a 

MarHHTHaJI roJIOBKa pa6oTaeT Ha MaJioe Harpysoquoe c-onpo

THBJieHHe, H 

6 ) perHHM, 6JIFI3IUIH H XOJIOCTOMY XO,!l;Y, HOr,n;a l'OJIOBI\a 

pa6oTaeT Ha 60JibiDOe BXO,ll;HOe COllpOTHBJieHFie. 

B nepnoM cJiyqae TO It, cos,n;anaeMhlii roJIOBHoii, no,n; qac 

He3aBHCHM 01' qacTOTbl, TaH HaH XOTJI 3. p;. C. paCTeT C qaCTO

TOH, -HO o,n:nonpeMeHHO nospacTaiDT H conpoTFIBJieHHJI ~enH, 
onpep;eJIJIGMhie rJiaBHbiM o6pasmvr Hup;yrnMBHOCThiO ( c yMMa 

aKTHBHbiX conpoTHBJieHH~I MaJia). HanpmHenHe na nxop;e ue 

MeHJieTCll c qacTOTOii . B pentHMe HopoTiwro saMhmamm nxop;

Hoe HaiipJirHeHHe OtieHb MaJIO, a COIIpOTHBJieHHe, Ha. IWTOpoe 

HarpyrHeHa rOJIOBHa (50-100 O.itL), He COrJiaCyGTCJI C BXOp;HblM 

COllpOTMBJieHFieM JiaMIIhl HJIH TpaH3HCTOpa, BHJIJOqeHHOl'O ITO 

cxmvre c o6III.FIM aMHTTepoM. 

IlpM MaJIOM BXOp;HOM CHl'HaJie -Ek 
C06CTBGHHbiH myM rrepBOH 

Pr,rc. Xf-1 6. CxeMa B I-iJ110"-IC HHff any
HOBOCrrpoHaBOI\flll\Cfi M3rHHTROii ro
JIOIH\ Il H3 BXOJ], JlaMUOBOrO yCHJlHTCJlfl 

Tp 

ill 
Pnc. X l -1 7 . Cxe~ta nr<mo•JeHHH any
HOsocnpouaoo;tFi w.eil: !\13rHnTHOH ro
JIOBH!l H3 BXO,U Tp3H3H_CTOpHOf0 ycu-

JHITCJIJI 

JiaMIIhi ,n;aeT snallHTeJibHhi~r yponeHb myMOB . Bee aTo Tpe6y

eT IIpFIMeHeHUJI IIOBbllliUIOII1ero TpauclflopMaTopa. 

Ha pHc. XI-16 H XI-17 rroKasano BHmo·<reHHe roJIOBKH. 

HaK H rrpH BKJIIo'leHHH MHKpolflona, ):(JI JI yMeHhiiieHHJI sJieJ\ T

IlOCTanrqecKnx IIOMeX IIpHMGHJieTCJI CHMMeTpFipOBaHHhlH BXOp;, 
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T. e. Tpancc!JopMaTop c saseMJT8HHOiir cpe,a:Heiir Toqrwiir rrep

BHqHoiii 06MOTIUI. 

Pa6oTa B penmMe, 6mrsrwM I\ penurMy xoJIOCToro xo,a:a, 

rronyqaeTCH , Korp:a rrepuhliir KacKap: co6pan Ha TpaH3HCTope 

no cxeMe c o6m;HM H O;rwewropoM, a ro.nonrm qepes pasp:e.rm

TBJThHhl H rwu,a:encaorop cnHsaHa c 6asoli. 3,a:ecb 6o.rrbwe BMxop:

noe OTnomeuJile cnruaJTa .H myMaM, 1160 nxop:uoe uarrpHmenwe 

TIO'ITH panHo a. ,a:. c. Ho B aTOM cny~rae BXOJJ:HOe HarrpmHenne 

ua HH3J{HX FI cpe,a:mu qacToTax pacTeT nporroprvwna.rrMIO 

qacTOTe. ,[(JTH BbipaBmiBaHHH 'laCTOTHOH xapaKf8JHICTHIG1 

B DOC.TI8JJ:YIOUJ;MX yCJ1JTIIT8JTbHhiX HaCKap:ax ,[l;OJT/I\Ha 6biTb 06H-

3aT8JTI>H0 nneJJ:eHa <raCTOTHaH noppei\IIRH, cosp:amm;aJI yMenr,

men:ne YCHJT8HHH C 'laCTOTOM Ha HM3IUIX H Cp8JJ:HHX qacTOTaX. 

§ 4. 3KPAH~POBKA BXOAHbiX U,EnEJI'f 

II pH pa6oTe conpeMeHHOH snyrwnocrrpons

nop:Hm;ell: I\MHoycTaHOBHM, HMeiOJII.eiir 6o.rrbmoe ycM.rreane, 

'laCTO llj)OCJTY JJIMBalOTCH pa3JTWIHbT8 IIOM8XM, 3Ha'IliiT8JTbHO 

CIIMFHa IOIIJM8 Ka '18CTBO 3B YHOBOfO MaTepl'IaJTa cPHJTbMa .. 

Op:Hvfr M3 r.rranm,rx rrpMquu MX B03HHI>nonennH, qacTo 

rrpocnymnBaeMhiX B nnp:e nerrpnwmoro ry,r(eHHH, HBJTHIOTCJI 

DOM8XH, HaBO,[l;MMhie na BXO,[l;HhTe l'8DJii ycM.TlHT8JTJI . J.iiCTO'I

Hliii{Il IIOM8X MOryT B03,[1;8liCTBOBaTb Ha BXOAHYIO I,enr, YCHJTJil

T8JTH B pesy.rrr,TaTe aAernnpocmamutteowu, w-dJyr>muerwu uAu 
aaAbeanuttecr>ou ceR.aeu . 

J.iiCTO'lHHl\aMM IIOM8X MOryT CJTYII\HTb BH8illHM8 (DOCTOj)OH

HMe) :3JT8I\Tj)MLI8CKJil8 lii MarmiTHbl8 rrep8M8HHbl8 DO.TIH (Tp aHC

c!JopMaTOj)hi, a.rrewrpnqecl\ue JIMHUH rrepeMeuuoro TOHa, reHe

paTopr,r }![ :3JT8I\TpH'18Cl\M8 MalliHHhl) HJTH :3JT8M8HTJ>l IIOCJrep:yro

m;nx I\acHap:on HJTH BbiXO,[l;RhlX r,enei1 ycH.TiliiTBJTH. B aTOM c.ny

'Iae IIj)OHBJIHIOTCH Tal\ Ha3hiBa8Mhl8 napa3RTHJ,I8 o6paTHhl8 

CBH3U B ycR.Tll'IT8JlllX . 

BosnnKnoneu:ne no~tex Hs-sa anernpocTwrn<recKoi"l H.JIR 

8MI\OCTHOH CBH3H 06'bHCHH8TCll RaJTI1'lH8M li18FHJJ:Y BXO)J,ROli 

I18IIhiO YCHJTHT8JIH H MCTOtJHHIWM rrep8M8RH0l'O HaiipllfH8HHH, 

HarrpnMep llj)OBO,[l;aMH TORa DpOMblillJT8HROH 'laCTOThl, H8HO

TOj)OH napa3H'ITIOM 8MHOCTH ell. Hal{ BH,[l;HO J;[3 puc. X J-18, a, 
B03HHKa8T HOBaH :3JI8Wl'j)Jilq8CJ\aH I18llb: MCTOtJHIU{ ITO!\<I8XI1:, 

napa3HTHaH 8MHOCTb, BXO)J,H08 COllj)OTHBJI8HH8, 38M.TIH , HO 

HOTOpOM IIj)OT8l\a8T rrepeM8HHbl~I TOH. 8TOT TOK C03)J,a8T Ha 

corrpoTHBJTBHHH R"' na}lelnJe nanpHmeHHH - HarrpHmenwe 

no111ex. Be.'l H'IRHa :noro na,n;emm uanpnmetnm npJIMO npo-
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rrop~nonanbHa nenHqHne nxo~noro corrpoTnnnennrr H ecnn 
OHO BenHKO, HaiipfDl\8HI18 IIOM8X MO/I\81' CTaTb COIIOCTaBHMhiM 
C IIOn83HhlM CHrHaJIO!\I. 

CqHTaJOT, 'ITO rroMenr He ~orramr:.r rrpenr,mraTb 0,3-0,5% 
OT B8JIUqHHhi non83IIOrO CHrHaJia, HHaqe OHH COBepmeHHO 
He~onyCTHMO CHHflmlOT J{ aqeCTBO 3BYIWBOCllpOH3B8~8HHfi. 

O~narw ~o6HTbCH pearwro CHH:meHHH ypoBHH rroMex ny
TeM yMeHbllleHHfi B8nH'IHHhl BXO~HOrO COllpOTHBneHJiifi Hen:03fl, 

8 6 

Pnc. XI-18. Cxc~m noaniHmoscHnH JJICHTIJH'ICC!mx noMcx 
BO BXO):\ I!Oi i QCTIH )'Clliii!TCJIH (a) Jl ACI1CTBl!C 3JICHTp OCTaTI!'ICCIWrO 

a~>paua (6) 

oco6enno npH pa6oTe OT <!JoToaneMeHTOB, Tal< na1<. nxo~Hhle 
conpOTHBneHMH ycHnMTeneFi: ~omrmr,r 6niTb B 3TOM cny<rae 
6onbiiiHMH. 

Il03TOMY ~06HBaiOTCfi CHHn<.eHHfi ypOBHH aneHTpOCTaTHqe-
. CKii!X llOMeX rryTeM TII.t,aTenbHOH 3KpaHHpOBlUI BCeX BXO~HhlX 
~enell:, na6enH: <!JoToaneMeHTOB, 111armiTHhiX rononon n anyno
CHHMaTerreH:, ycTaHOBI<.H cne~FianbHhlX MeTannnqecnnx anpa
HOB Ha <lJOT03neMeHThl H 1\'larHHTHhie ronOBKH, T. e. llOMe~eHHH 
ncex ~eTaneH: B o6mHif MeTanmrqecKHH 3l<.pan, HOTOphlll: aa
aeMnH:eTCH (pnc . XI-18, 6) - coe~HHH:eTCH c 1wprrycoM 
rnaccn nnn c nyneBbiM rrpono~oM ycnnnTenH:. 

Co6mo~enne nocne~nero ycnoBHH conepmeHHO o6H:aa
Tenbno: Hal\ ITO Tpe60BaHHfiM TeXHH!\H 6eaonaCHOCTH, Tal\ H 
rroTOMY j ~rTo ecnn 3l<.pan ne rrpncoe~HHeH 1<. o6~ell: nynenoll: 
Toqne, TO B03HHHaeT ~ellb napa3HTHOH o6paTHOH CBH3H Tiepe3 
~Be rrocne~OBaTenbHbie eMIWCTH lii CHHiHeHHfi ypOBHfi llOMeX 
He npOH30H~eT. 

BoaHHlmonenHe rroMex Ha-aa HH~YHTHBHOH CBH:3H oco-
6eHHO omyTHMO, HOr~a BO BXO~HOH ~enH liiM8eTCH TpaHc<!Jop
MaTOp, H o6'bH:CHH:eTCR TeM, qTo MarHHTHhle nonH:, o6paayeMhle 
6onee MOmHhiMH BhiXO~HblMH HnH CHnOBhlMI1: TpaHC<lJOpMaTO-
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paMrt., MoryT nepeceRaTb BHTRH OOMOTOI< BXO,[(HOro Tpanc<f>op 

MaTopa (pRe. Xl-1 9). 
B n;emrx 6oph6hi c HH,[(YRTHBHbiMH noMexaMH npH MOHTam 

,[(BTaJIBH CXBMbi BCBr)J.a CTapaiOTCJI RaR MO>I<HO ,[(aJihillB pas 

HBCTH BXO,[(HbiB H BhiXO,[(HhiB ll,BllH H rJiaBHhiM o6pa30M BXO,ll 

Hhle H BhiXO)J.HbiB TpancqlOpMaTopbi. Ho :::rroro ne,[(OCTaTO'IHO 

OcnoBHhllVI cnoco6o111 sa~HTbi BXO)J.HbiX n;enea H BXO)J.HOr• 

Tpanc<!JopMaTOpa OT HH)J.YRTHBHbiX llOMBX JIBJIJIBTCJI rrpHM€ 

BxoAHOH 
r p aHCcjJOpM'iTOP ' /--,, 

/ 
..---f---{ / 

II// 
I I 1 
I I I 

..____......,..._\-'{ \ 

' 

Pnc. XI-1 9. CxeMa D03IDIHHOBCHIIH 
JIH)IYHTHBH biX ll OMCX OT Db!XO)IJ!Ol'O 

1'!.1111 CHJI OBOrO TpaHCijJOpMaTOpa 

H6HH6 M6TaJIJIH'l8CIWrO ( CTaJib 

noro) ::mpana c ,[("OBOJihHO TOJI 

CTbiMH CTBHRaMH H 60JIJ>IllOr• 

B03)J.yrnnoro sasop'l. Mem,[(: 

CTBHRaMH :mpana H Tpanc<!Jop 

~IaTOpa . .[\eHCTBHe TaiWrO !\'laC 

CHBHOrO CTaJibHOrO ::mpan: 

06'bJICHJI6TCJI TBM, 'ITO llO'ITJ 

BCB CHJIOBbiB JIHHHH BH6illHH2 

MarHHTHbiX llOJIBH 6y,[(yT sa 

MbmaTbCJI 'I8p83 CT8HRH ::mpa 

Ha, He rrpOHHRaJI BHyTph, Tal 

J<ar< CTaJib o6Jia)J.aeT sna'IH-

T8JihHO M8HbillHM COllpOTHB· 

JI8HH6M )J.JIJI MarHHTHOrO llOTOI<a, '18!11 B03,[(yX . 

fOBOpJI 0 3a~lilT6 11,8ll8H OT 8JI6KTpOCTaTH'l6CI<HX H HH,[(YK

THBHbiX HaBO,[(OI<, CJI8)J.Y8T OC060 llO,[('I6pi<HYTh, 'ITO li16TaJIJIH

<IeCI<H6 ar<panr,i )J.aiOT acflcflern TOJihi<O npH :mpanHpOBI<E 

BXO)J.HhiX n;enea, r)J.e npoTei<aiOT 6oJiee cJia6r,re CHrHaJihi. 

BosHHI{HOBeHHe noMex B ycHJIHTeJIJIX Hs- sa raJihBaHH'le

CI<HX CBJI38H 06'bJICHH8TCJI HaJIH'IH€!11 o6~HX · HCTO'IHHI{OJ' 

llHTaHHJI, a CllOC060M 60pb6hi .C HHMH MOryT 6b!Th pa3BJI3hl· 

BaiO~He cflHJibTpbi. 

PaccMaTpHBaH cxeMy BI<mo'leHHJI <!JoToaJrer~:Tponnoro yM

nomHTeJIJI (eM. pHC. XI-5), Mhi BH)J.HM, 'ITO IIHTaHHe ano)J.a ll 

::JMHTTepa llOTpe6oBaJIO ycTaHOBI<H ,[(OllOJIHHTBJlbHbiX pa3BJI-

3biBaiO~HX cflHJibTpOB. 

Kai< H3B8CTHO, BO :BpeMJI pa6oTbi MnoroJ<aCI<a,[(noro ycH

JIHTeJIJI HarrpH>I<BHl'I6 06~er0 HCTO'IHHRa llHTaHHJI H3M6HJI8TCH 

B cooTBeTCTBl'Il'I c I<OJre6anHHMl'I TOI<a nocJie)J.nea JiaMrrhi. TaH 

n:ar{ aHO)J.HaJI n;errh H n;errb aMl'ITTepa <!JoToaJiei<Tponnoro yMHO

ri<HT8JIJI lllifTaiOTCJI OT o6~er0 HCTO'IHHI<a IUITaHHJI, TO Ha HHX 

rrorra)J.yT l'I nyJihcan;HH nanpHri<BHHJI HCTO'IHHI<a rr:ruanHH. 

Tai<HM o6pasoM o6pasyeTCJI raJihBaHH'l8CI<aJI o6paTHaJI CBJI3b, 

JIBJIJIIO~aJICJI BpB)J.HOH. Y CTaHOBI{a pa3BJI3biBaiO~HX tPliiJlbT

pOB, COCTOJUIJ;HX l'I3 JI'IBHI<H pe3HCTOpa Ril, l'I 6MIWCTH c<l, 
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Bmnoqenm:.rx B rrernr anop:a H <Ji\'IHTTepa, CHJibHO cnnmaeT 
nyJrhcarrnn nanpnmennn mnannn B <JTHX rremrx. 

Hos<f>!flnr~HeHT !flnJibTparrnn op;noro 3Bena pesHcTopno
eMr\OCTnoro WHJibTpa RC npH6JIIIJHenno panen: 

cP ~ wC<P-R<P. 

LiacTo ycTaHOBKa op;noro snena !fl~I.JibTpa or~ashmaeTCH 
nep:ocTaToqnoil: . Torp:a ycTananJIIIBaiOT p:ne rmn 6oJree nqeeK, 
npnqeM rws!fl<f>nrrnenT <f>nJibTparriiii MnorosBennoro <f>nJihTpa 
pan en: 

(jj = rpl . cP2_· rp3 . . . 

Pasnmir,maron~IIe WHJibTpbi neo6xop:HMbi no Bcex ycnJin
TeJibHbiX yCTpOHCTBaX, aHO)l;Hbie rrBIIJ;I I<OTOphiX IIHTaiOTCH OT 
op:nor o o6rrrero KenoTponnoro BbiiipHMHTemr. On o6Jiap:aeT 
6oJihmiiM BHyTpenHHM conpoTHBJienneM, qTo HBJIHeTcH oc
HOBHoil npiitiiiHOHIIapa3IITHOH CBH3II qepe3 HCTOtiHJ;IK IIII'raHHH. 

i<OHTPOilbHbiE BOnPOCbl 

1. lfTO ria3MBaCTCll BXO)l;HOM ~Cllb!O yCHJIIlTCJill? 
2. Paccr,am rne o6 oco6euuocTHX nxogH&IX JJ;encrr ycrr.rrnTeJieii . 
3. 06'bllCBllTC CBOWCTBa rrpOCTeiimei1 CXCMbi BIW!O'!CUilH 06bl'I!l0f0 

(pOTO::JJICMCHTa Ha BXO)l; ycnmiTCJill. 
4. l{al\ BJII1llCT Bbi6o p BCJIII'lHHbi COllpOTITBJICfiHH Harpyarm clJOTO::JJIC 

MC HTa Ha BCJ!TFIITHY BXO)l;HOfO Ha fl j) lliH8Hll ll yCHJIHTOJill ll 'laCTOT
H YIO xapaHTepncTHI'Y ssyr,onoc np ousnegem ur? 

5. Jii3 HaJUIX J{OMIIOHCHTOB CJ{Jia)l;biBaC TCH BCJIH'lllHa BXO)l;HOM CMKO

CTH YCHJillTCJill? 
6. 06'bHCHllTC rrpeHMYI.I\CCTBa CXC~l C rrapaJIJICJibHbiM ni'lTaUHCM ljJOTO

::JJIC~IeHTa C BHJIIO'ICHI'ICM rrarpy31{H CO CTOj)OHbi HaTO)l;a. 
7. 06'bHCHHTC, llO"'eMy llj)II BJ\JIIO'!Cfli'IH ljJOT08J!CIUj)OHHOf0 yMEI01HII

T8Jili rrpBMCHllCTCH F!Cl{JIIO'lllTCJibHO CXCMa C uarpysr>OH CO CTOpOHbl 

aiioga. 
8. 1.INI 06'bHCHHIOTCll myMbl Tpaii3HCTOpOB II l{a!Wlir BCJIH'IHHOJ:I OH!l 

O!ICIII:IBa!OTCH? 
9. C llOMOI.I\blO IW I{IIX IIpFI60pOB BOC!Ij)OH3BO)l;HTCll OfiTH'l8CKI18 ljJOHO· 

rpaMMbi B Tj)3El3l1CTOIJHbiX YCTI JIJJTCJIHX? 
10. 06'bHCIIHTC pa3JII2I'lllC OTHpbiTOli I2I 3aHpbiTOJ:I CXCM B!{JIIO'ICETI1H 

snyr<OCHHMaTeJ1H. Mo1m1o JIFI BIWIO'IHTb rrr,esoaJieKTIJH'TCCKnw ssy

HOCHllMaTeJi b ITO OTI\j)blTOH CXCMe? 
11. ilO'TCMY 06l.I\8C COllpOTUDJI OEIH8 )l;CJIHTCJIH 12IJIII l10TCHI~ffOMCTpa 3By

IWCITHMaTCJIH B 3ByKOBOCnpOll3BOJ~HrnliX YCllJI!ITCJI HX He }J,OJI11HIO 
6oiTb MaJIO'? 

12. l\arure rrpoMMYJ.I\CCTBa ,n:aeT rrprrMenerme llOBMma!Omero TpauccJJOp
~IaTopa lllJT>l R!\JIIO'TCHIIIT MHHpocJJO rra ff3 BXO)l; yCHJI II TOJIH'? 

13. J{arme nporrMyll\OCTBa coagaeT CHMMeTprrponarrno nxo,n:a rrpn DitJIIO
'Iemm MFIKpoc1JOua rra nxo,n: y cmmTeJIH'? 
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14. Hm< ocyll\eCTBJJe Ha cxe~m D!·UliO'Ieaun ~nmpocPo t-ta H a JJXO~ Tpaa-

3 11 CTOpt-toro ycnJJ HTOJIH 7Y - 17 ? 
15. r!O'lO~I Y JI006XO)J,HM O Ctnrme tm e yCHJieHF!H Ba HF13RH X II llbi COHilX 

'lBCTOTaX rrpn pa6oTe OT ~!U!{!JOclJoua 'Iepe3 npHCTaBKY 7Jf- 'J 7'? 
16. B '10M. COCTOliT OC06e t-HI OCTb ~tarFITITH OH rOJIOJJHl! I\ aT> IICTO'Illlll\a 

:meHTpwrecHoro Clll' HaJia ll I>aiwe Tpe6oDamt H npe,!l,'bHBJI maTcH 

I\ IJXO)l;IIOi1 IJ,O I])[ YCFIJJUT()J!H? 

17. B 'leM npenMyll\eCTIJO nnsrwoMHhrx ~rarRHTHhlX Bocnponsno~HII\HX 
l'OJ!OBOI\ flO CpaB IJ () II}I!O C BblCOKOO~!Hb!MrJ? 

18. PaccKaHmTe o ~nyx t<paiimrx po iHHMax nowo no<reRrrH Manii1THhi X 

lJOCHpOH3 130~fllliHX l'OJIOB OI\ H BXOp;y YCI1Jli'!TCJIH . 

19. 06'J,HCI-IHTC fl!JH'HIIibl DOHBJJC IIHH f!OMCX , n pOCJIJ'ill HBaCMb!X D Bll)J,O 

HeDpHHTIIOrO ry)J,OIIITH npH p a60TC YCDJ!E!TCJ! H. 

20. I \aH san~HTUTb B XOAHhW tJ,enu OT sJiei\TpOcTaTrPJecrmx nonci;J? 

2'1. I\aJ\ 3all\IITI1Tb BXO~(Hbl() D,OTTII OT HHAYHTJ.!BHbiX U OMex? 

22. flO'lOMJ' 81\ p a t-1 B XOf ( !IOH l\Of!H AOJIH\CH 6biTb U 30JIHpOBaH OT 1\0j)

n yca yCJi[JI~!TOJI H IT ll]JHCOO}l,Fllf() ll I\ II C~IY TOJibHO B TOI~l 1'0'11{0, l'J\C 

3B30MJI HIOTCH DCC )J,CTBJII1 BXOTW? 

23. 1\aT\ B03EJU Ha!OT II OM0XIJ H 3-3a raJJhlJB HH'ICCIWfi CBJJ3 1l 'ICpC 3 06-
:t:qi'!M HCTO'IBHH fiJJTa FIHH ? 

24. l\aH CHIIII\BIOT rJOMOX JI, B031li1HB!OUW 0 H3-3B fBJihBB llll'I CCIWM CBH3U 

'!C pe3 0611\IIM HCTO'!lllH{ ntrra lll!H ? 
25 . Y e~ r y paneH Hoacpq)uu.ucHT lVJ!JibTpau.Hn ~wor·o3neHHoro paaBH <Jhi

na IOll\ero cjm JJ bTpa? 



rnABA XII.. 
KOPPEKU,I-1SI LfACTOTHOI'I XAPAKTEPI-1· 
CTHKI-1 YCI-1ni-1TEnSI 

§ 1. CnOC06bl KOPPEKU,I-11-1 LfACTOT· 
HOII'I XAPAKTEPI-1CTI-1KI-1 

Tp aRT snyKorrepen;a'lH, B TOM 'IHCJie H 

B 3BYIWBOi\J IUIHO, COCTOMT H3 i\lHOriiX 3B8Hb8B. 1\a J-H~\08 3B8HO , 

J:IallpHM8p B CX8i\J8 BOCllpOH3B8JJ;8HHH 3ByHa : <PonorpaM!IIa, 

<PoT09JI8M8HT , llp8JJ;Bap HT8JibHb1IT yCMJUlT8Jib, yCl!IJIHT8Jib MOIIJ.

l:IOCTH, rp0111IWfOBOpHT8Jib - BHOCHT 'IaCTOTHbl8 HCT\an\8Hl!IH. 

qacTo cyMMapm,Je qacTOT HT,Te MCHameHHH scero TpaKTa npe

BJ,rmaroT p;onycTHMYIO BeJIH'IRHY. He~mJioe snatremre JJ;JIH 

Hati8CTB8HHOTO 3BYJWBOCHp012I3B 8JJ;8H:HH i'IrpaiOT ff all:ycTH

'I8Cl<FI8 yCJIOBMH 3pM'f 8JibROf0 3aJia. 

EcJiu p accM aTpHBa'rb TOJibHo ycuJIHTeJn ,, rwTopr;r(r cocTOHT 

us uecrWJib 1urx r-:aci..:ap;on, To, Y'IHTbmaH , 'ITO RarHJJ:bTH H3 H:HX 

BHOCHT traCTOTHbTe HCI\a i-H8HMff , MOJ-H8T OH:a3a'fbCH, 'ITO <JaCTOT

Hhl8 HCI<amen:nn scero ycnJIHTeJIH 6yp;yT rrp eBbTUJaTb n;orry

CTHliiYIO B8JIWI HHY . 

"Lho6bl HOJIY'IH'fb nyamyiO qacTOTHYIO xapawrepRCTl!IH:y 

yCHJIRT8JIH IilJIH BC8TO Tpa.hTa, np :HXO~(HTCH RCnpaBJIHTb (HOp

pewrupoBaTh) Iil.JHI M3M8HHTb Ll<lCTOTHYJO s apa tnepHCTHKY 

KaHOrO-JIH60 3B8Ha . qaiiJ.e BCer o TaKI,B l 3B8HOM OKa3blBa8TCF.l 
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ycHJUITBJihHhli r~acr~a~, Tal\ Hal\ HMenno a~ech npoiil,e ncero 

lii3M8llUTh 'laCTOTHYIO xaparn·epFICTJiii{y. 

Heo6xo~FIMOCTh rwppeHu;:rn;r qacToTnoti: xapaHTepncTnHH 

ycnJIHTeJIJI npn nocnponane~ennH anyHa oupe~eJHI8TCJI ~BYMJI 

OCHOBH:biMU <!JaHTOpa~m: THITOM 3BYKOHOCUT8JIJI ( OITTU'l8CI\aJI 

<!JonorpaMMa, MarnFITnaJI <!JonorpaMMa, rpaMaamrch) n ar{y

CTU'l8CI{UMn CBOHCTBaMn 3pFIT8JihHOf0 3aJia . 

06'bJICHJI8TCJI 8TO T8M, tiTO , Haiipli!M8p, ITpH BOCIIpOiii3B8~8-
HUU 3Byl\a C <!JonorpaMMbT 16-.M~L <!JnJJ.bMa ~JUI yMeriMIT8HTiiH 

'laCTOTHbiX liiCHameHHH BC8M I\OMIJJI8KTOM 3BYIWBOCllpOH3BO

~HIIl,8H ycTanoBHFI meJiaTeJinno HM8Tb TaRHe ycHJJ.FIT8JIH, 

HOa<IJ<IJliiiJ;Jii8llT YCFIJI8HFIH HOTOpbiX B03pacTa8T na BbiCOHJiiX: 

qacToTax . B 6oJibiDliiX rmnoTeaTpax c ne~ocTaTotinoti: m~y
CTH'lecHofr o6pa6oTiwi1 6nmaeT neo6xo~HMO rroJiytiHTb B ycn

JIHTeJie 3Ha'IFIT8JlbH.bTH Cna~ 'IaCTOTHOTI xapawrepHCTJiiiHI B 

06JTaCTJii HH3IHIX 'laCTOT. llorJTOIIl,8BH8 3Byl\a CT8Hal\IH 3pH

T8JlbHOfO 3aJia 06bitiHO YM8HhiDa8TCH Fia HH3I\HX 'JaCTOTaX, 

IT08TOMY HFI3HH8 tiaCTOTbl 3By'laT 60JI 88 rpOMI\0 H petih CTa

HOBJiiTCH nepaa6oprrHnoti:. Ha cJiyx aTo nocrrpHHHliJa8TCH Hal{ 

<<6y6nenHe>> . 

llo~qepHFIBaHTii8 HH3I<UX tiaCTOT o6yCJIOB.JI8I-IO H8 TO Ji b l\0 

aHyCTJii'l8Cl{HMJil CBOifCTBaMFI 3pHT8JlbHOfO aaJia, HO H H8l\O

TOpbiMH CIT8IJiii<IJlil'l8CI\HMlii OC068HHOCTHMH 3BYI{03aiiTiiCH. 

Mnor~a npH aanliiCFI B CFIJIY pa3JIFI'IHhlX npH'IHH HH31\He 

3BYHOBbl8 'laCTOTbi 3aiTJiiCbiBaiOTCH CHJihH80, 'IBM CJI8~0Barro 6bl. 

llpH BOCITpOlii3B8~8HHH 3ByHa C H3HOllf8HHOfO <!Jn.JihMa, Ha 

<PonorpaMMe 1\0Toporo HM8IOTCH IIapanHHhl, ~.JIH yMenr,meHHH 

myMoB npn11renmoT ycnJIHT8Jib, qacTOTHaH xapaHTepHCTiiu>a 

1\0TOporo FIM88T HpyTOH cna~ IIOCJI8 qaCTOTbl 5000-6000 Blf. 
0IITH'l8CI\a.H <!JonorpaMMa He IT03BOJIH8T 3aiiHCbiBaTh I\OJie6a

HHH C 'laCTOTaMH BbJID8 6000-7000 Blf (IIpH CKOpOCTH 3aiiHCH 

H BOCITpOH3B8~8HHH 24 KafJp /cen ~JIH 35-~Mt <!JuJihMa) H CBJ,JID8 

4500-5000 Zlf (rrpH CIWpOCTH 16 KafJp /ceK ~JIH 16-~u~ 
<PumMa). 

lloaTOMY cna~ 'laCTOTHOH xapaHT8pHCTHl<U na 'laCTOTaX 

BbliD8 6000 Blf He TOJihiW He yxy~IDHT Ka'l8CTBa 3BYKOBOCIIpO

H3B8~8HHH, a, nao6opoT, yJiy'IIDHT ero, TaH KaH B nayaax ne 

6y~yT npOCJIYIDFIBaThCH myMni, JI8ri<aiil,H8 BbiiD8 6000-
7000 Blf . llpan~a, IIOJIHOfO ycTpaH8HHH IIIY~WB IIOJIY'IHTT> H8 

y~a8TCH, TaR J{al{ 'laCTb H3 HHX: JI8ri<liiT B o6JiaCTFI HHII'8 

5000 Zlf. 
KoppeHIJHH qacTOTHOH xapaKTepncTHHH nymna FI npn 

nocnponane~eHFIH MarH.uTnoii: <!JonorpaMMbi, Tal{ Hal{ a. ~· c . 

pa3BHBaBTCH BOCIIpOH3BO~HIIl,8H fOJIOBlWM IIpHMO npOIIOpiJHO-
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HaJibHO 'laCTOTe, T. e. 'laCTOTI'faH xapaRTepHCTHKa HMeeT rmaB

HblM nop,'heM, aaquaaH c HH/HRei& rpamrqaoii 'laCTOThr. Ho .Ha 

nepxmrx <raCTOTax Ha'IHHaeTCH cna,n, 'laCTOTHoi& xapaKTepr-r

cnn<H, o6yCJIOBJI8HHbiM, BO-nepBbiX, 60JibillHM BJIHHHH8:\T 

Ca~IOpa3MarHH'IHBaHHH M, BO-BTOpbiX, l\OH8'IHOH IIII1pUHOfi 

3a3opa B cepp,e'IHHI\8 MarHHTHOM rOJIOBKH, IWrp,a P,JIHHa BOJIHbi 

aamrcrr couaMeprrMa c nmpuaon aaaopa . YcrrJIHTeJih ,n,om-ReH 

HM8Tb 'laCTOTHYIO xapaKT8pHCTI1KY C ITO,ll,'b8MOM HH/f\HMX H 

B8pXHHX 'laCTOT OTHOCHTeJibHO cpep,HHX . 

lila llpHBep,eHHbiX npHMepOB CTaHOBHTCH HCHbiM, 'ITO B03HH

Ra8T He06XO,ll,HMOCTb llOJiy'laTb 'laCTOTHYIO xapaRTepHCTJiii{ Y 

ycMJIHTeJIH ae npHMOJIHHeiimofr, a ,n,oBOJibHO c Jronmofr ¢opMhi 

c aapaaee aa,n,aHHhiM nop,'beMOM MJIH cna,n,oM aa onpe,n,eJieaaym 

B8JIH'lliiHy . 

l{opp8RIJ;HH OCHOBaHa Ha BBep,eHHH 13 YCHJIHTeJib IH)ppeK

TI!pyiOIIJ;liiX KaCKap,OB JiiJIJii OT,ll,8JibHbiX KOppeKTUpyiOIIJ;HX 3Jie

l\I8HTOB - eMKOCTeH liiJIH HHP,YKTHBHOCTell, BeJIH'IHHa COllpO

THBJieHHH IWTOpbiX, l{aK Jii3BeCTHO, 3aBMCHT OT <JaCTOThi, 'ITO 

lii noaBOJIHeT M3M8HHTb Koa¢¢uu;ueHT ycuJieHHH p,JIH pa3HbiX 

qacTOT. ITo cnoco6y Kopper,u;uu cxeMbi p,eJIHTCH Ha TPH oc

HOBHbie rpynnbr: 

1) CXeMbi, B IWTOpbiX MCITOJib3YeTCH pe30HaHC TOROB MJIH 

HanpHrr>eHHH; 

2) CXeMbi, p,aiOru;He ITOp,'beM xapaKT8pMCTHKiii B O,ll,HOM 06-

JiaCTJii 3a C'l8T llO,[(aBJieHHH YCHJI8HMH B p:pyrHX 06JiaCTHX; 

3) CXeMhl, B KOTOpbiX M3M8HeHHe YCHJI8HHH llOJiy'la8TCH 

ll3M8H8HHeM rJiy6HHbl o6paTHOH CBH3lii B onpep:eJieHHOH o6-

JiaCTH 'laCTOT. 

§ 2. CXEMbl KOPPEKU.HH 

l{ CXeMalii, B KOTOpbiX liiCITOJib3yeTCH p830-

HaHC TOKOB MJilii HanpmHeHHM, OTHOCHTCH p,pocceJibHbiM, TpaHC

<lJopMaTOpHbiM lii pe3HCTOpHO-TpaHClJlOpMaTOpHbiH KaCI{a,[(bi 

(eM. rJiaBy VII , rp:e npn:Bep:eHhr <raCTOTHhre xapaKTepHCTHKH 

yKa3aHHbiX KaCKap:OB). 

B TpaHc!J>op~raTopHoM I{aCKap:e MmKHO noJiy'IHTb nop,'beM 

B 06JiaCTlii BbiCOKliiX 'laCTOT 3a C<reT pe30HaHCa HanpHri{e

HliiH M8lEP:Y HHP:YI{TliiBHOCTbiO pacceHHHH L5 H Bxop:aofr eMr{O

CTbiO C0 ' . 

B peaucTopao-Tpaac¢opMaTopHOM KaCKap:e MOrKeT 6biTb 

ITOJiy'leH ITO,[('b8M 'laCTOTHOH xapaKTepHCTHKlii B 06JiaCTH HH}l{

HliiX <IaCTOT 3a C'leT pe30HaHCa HanpHriWHHH Memp:y HH,O:Yl{TJiiB

HOCTbiO nepBH'IHOi& o6MOTHH TpaHc!J>opMaTopa L 1 rr nepex.op:-
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HOH 8Ml\OCTbiO C g I-I IIO)l;1,eM B o6.JiaCTII B8pXHI<IX '!aCTOT 3a 

C'IeT pe3ouauca uanpamei-Iniii i\Jeri>AY HHAYI\TIIBHOCTbiO paccea

HIIR L
5 

II BXO)l;HOH 8i\'llWCTbiO C0 ' . 

Ha pnc. XII -1 rrpnBe)l;eHa cxe~ra pe3HCTopuoro r>acKa)l;a 

C !l;pOCCeJieM B ll,81HI C8TJ\M, C ITOMOU.l,hiO I<OTOpO~I 1\.!0/HI-IO ITOJiy

~niTb H8KOTOpbiEI IIO)l;'h8M 'laCTOHIOH xa paruepHCTHI\H B 06JiaCTII 

HH3IUIX qacToT. A .rm ::rroro c .rre)l;yeT Bhr6pa1'b TaHym eMKOCTb 

HOH)l;8HCaTOpa C, 'IT06hT Ha Ca~10H IUI3 I<OW 'IaCTOTe 3BYIWBOrO 

'I 
I 

I 
I 

-: I I 
I I 
I I 

I 
I 

I I I I 
4000 acioo f 0 50 100 500 1000 2000 

a 6 

PHc. XII-I. Cxc~w peai!CTO]lHOro 1;acHa):la c : lPDCCCj i C"I B '"er111 ceTim (a) 
II CrO t.JaCTOTt-ra.Fl xapa!-\TCpUCTil li l:l ( 6) 

Jl:IifaTia30Ha 8i1IT<OCTH08 COIIp0TftB.TI81UI8 ero 6bTJIO p aBI-IO 1-IH,D;YI\

THBHOMY corrpoTI!IBJierriiro )l;pocceJIR L, T. e.: 

1 
~I c = 2n·f,·L. 
~:rt II 

II pH Bl>JITOJIHeHHII aT oro ycJIOBHH B JJ,emr, cocTomu;eii: H3 

JiaMIThi, HOHJJ:8HCaTOpa H !l;pOCC8JIH, BJ\JIIO'I8HHhTX IIOCJI8p:OBa

T8JihHO, B03HHHaeT pe3orrauc rranpHn>erriifr. Ha p:pocceJie, 

c rwToporo crrnMaeTCfi uarrpmHerrne K cJiep:ymiJJ,eMy r>acRap:y, 

Ha 'IaCTOTe, 6JIH3I<OH I\ p830HaHCHOH, HaiipHn\8HH8 !1'10n\8T 

rrpeBhnnaTb uanpmr>eHI!Ie HCTO'IHHRa (T. e. Jiali'IDhr). CJiep:oBa

TeJibHo, rwa!JJ!JJ«IJ,HeHT ycr-r.rrenn:H HacHap:a na 'laCTOTax, 6m.r3-

HHX J\ p830HaHCHOTI, MOfJ\8T 6h1Tb 60Jibill8 n:oa !JliJJI-IIJ,H8HTa ycn:

JI8HHH RaCI\ap:a Ha cpep:HHX 'IaCTOTaX. 

PaccMoTpeuuaa cxei\-ra rwppeHI\HH HMeeT pap: rrep:ocTanwn: 

CJIOn\HOCTb, BhTCOHYIO CTOHMOCTb MOTO'IHhiX JJ;8TaJiefr (ApOC

C8JIH IIJII.f Tpauc!JlopMa'rOpa B Tparrc !JlopMaTOpHOM HaCKa)l;e) u : 

60Jibilllil8 H8JIHH8HHhi8 HCHa/I\eHHH Ha 'IaCTOTaX, 6JIH3IHIX J\ pe-

30HaHCHOH qacToTe. Bee aTo orpamr•nmaeT nx rrpnMeneun:e 

B COBp8M8HHhTX yCHJIHT8JlbHhiX yCTpOHCTBaX, T8M 6oJiee 'ITO 

cyiJJ,eCTByeT pHp: 6oJiee npoCThTX 11: p:emeB hTX ex eM, r p:e nop:nei\'1 

xapaHTepr-rcTHI\H B O)l;Hofr o6.rracnr p:ocnrr a eTCH 3a crreT no)l;aB

Jieuna yCHJI8HHH B p:pyrHX 0 6JiaCTRX. 
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Ha pnc. X II -2, a p;aaa ex eM a peaHcTopaoro Racn:ap;a c J{Op

peiUJ;fiei1: <JaCTOTHOiii Xap<:UUepMCTHl\H B o6mtCTH BbfCOJ{HX 

qacToT. B cxeMy BE\JIIoqea IWppewrnpyroUJ.JHi aJreMeHT, cocToH

ru.ni!i: H3 rrapa.'IJieJlbHO coep;MaeHHbfX emwcn~r C" H peaMCTO

pa RK. no l\Iepe llOHlUI...:eHHH 'IaCTOTbl yCHJ!HBaeMoro rrepe:MeH

HOro HallpHJHeHMH eMKOCTHOe COllpOTHBJ!eHHe I\OH)J;eHCaTopa C" 
B03paCTaeT J!I yBeJ!H'lHBaeTCH nap;eHHe HarrpHiKeHMH Ha HOp

peRTHpyrom;eM :=JJ!eMeHTe (MeJR)J;y TO•ma~UI a H 6), BCJ!e)J;CTBI-Ie 

qero aarrpmi<eHne aa BLixop;e ' :'lcr-;ap;a yMeHhrnaeTcH . 

Pnc. X ll-2. Cxc~ra pc~nCTOJlHOro Kac t>a~ta c twppe wrnpytomcii uc tt u •~<> u ii (rt) 11 •tac
TOTilhte Xa p at;TC]J IICTIII>II , I>OTOIJbiC na IICii MOryT 6b1Tb nOJIY'!CII bl (6) 

l1HbiMM CJ!OBaMI1 ~ronmo cKaaaTb, •no rro cpanneruno 

C IIj)OCTOH CXeMOH pe3MCTOpHoro I{aCI\a)J;a, B IHJTOpOM HaiipH

JHeHJ!Ie K CeTHe CJ!ep;yJOlli;Cll J!a~IIJ],l CHHMaeTCJl Memp;y TO<maMFI 

a H 6, B :=JTOH CXeli'Ie BI<J!IO'leH 'laCTOTH0-3aBHCI1MbiiT p;eJ!HTeJib 

HanpmHeHHH, COCTOHID;HH H3 )J;BYX ITJ!e'l, rrpHLfeM HaiipHJHCHJ!Ie 

H CeTHe J!aMITbl CJiep;yiOIII.ero HaCJ\a,IJ;a CHMMaeTCH MeiH,IJ;y TO<J-

1\aMM 6 H 8. 

B TaHoM I<ar-Ha,a:e c IwppeKTupyror~HM :=>J!eMeHTOM y,a:aeTCH 

noJ!y'lMTb ue TOJ!bHO yMeur,meHHe ycRJ!eHHH Ha HR3I\HX qa

CTOTax (I<pHnarr 1 ua pnc. XII-2, 6), uo H yMeHbiDCHMe ycFme

HRH aa HH3Hnx u cpep;mrx •racToTax (I{pYJBaH I I na TOM /He 

pncym\e). 

LiacTOTHaH xapawrepHCTRI<a Tima HpHnoirl I noJ!yqaeTCH 

B TOJII CJ!y<rae, ecJiu rwa,a:encaTop CK Bbi6HpaeTCH Tar~:, 'lT06LI 

ero eMKOCTHOe COllpOTHBJ!eHHe Ha CaMOH HH3IWH 'laCTOTe 

6r,mo 6oJ!bme R g H R". II pH MaJiofr eMI<OCTI1 conpoTI1BJ!eiine 

ee BeJ!MIW aa HU3HHX H c pe,a:mrx <racTOTax, na Hopperuupyro

ru.eM :=>J!eMeHTe rra,a:aeT analurTeJ!bHOe HanpmHeHn:e, a HanpH

meaMe, ITO,Il;BO)J;M~IOe H CCTI\e CJle,IJ;y iOil~ero l{aCI\ ap;a, II COOTBeT

CTBCIIHO ero YCHJICHHe IIaJ~aeT. 

ITo 111epe yneJ!uqeaurr <JaCTOTbl conpoTHBJieHMe eMIWCTH 

YMCHbUiaeTCH, yMeHblllaeTCH na,a:enMe HarrpmEeHHH Ha IWp

peHTHpyiOlli;CM 8JICMCHTe H, HaLIHfiaH C <IaCTOTbi IIpMMepHO 
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500 illf H BhiiDe, COllpOTI!IBJieHHe KOH)];eHCaTOpa CTaHOBHTCH 

CTOJib MaJihl~I, ~ITO ROaiflqnm,HeHT yCHJieHHH npaRTH'leCJtH 

HMeeT TaRyiO 1-He BeJIH'lHHy, Ralt H B 06hi'lHOM pe3HCTOpHOM 

ycHJIHTeJie (TO'II<H a H 6 Ha pHc. XII-2, a RaK 6h! 3aMrmy'i'M 

HaROpOTIW). 

EcJIH BhT6paTb eMROCTb CH Tar<, 'ITO eMROCTHOe conponm

JieHHe 6y,n;eT CpaBHHTeJibHO BeJIHIW TOJibHO )];JIH HH1-I<HHX 

~rae ToT, a ,n;JIH cpe.n;mrx H TeM 6oJiee Bepxm-rx qacToT HM Monmo 

npeHe6pet:Ib, TO ycrmei-me 6y,n;eT llOJJ,aBJIHTbCH TOJibl\0 Ha HIUH:-

K 

a 

L__~~-"-----~~o----r~.---~~ 

6 

PHc. X II-3. Cxc~m pc311CTOJlllOI' O ~>ac •wna c ~;oppcETII JlYTOllti•IM I>onncacaTopoM, 
lllYIITHJlYIO!l\l'IM 'JaCTb COfljl OTilDJICJIIIH a !I O;UlOii U3l'jly31ill 

HHX 'laCTorax, 11 noJiyqaeTcH cna.n; mnruurx qacTOT (r<pHBaH I I). 
TaR r<ar< napaJIJieJibHO HOH,n;eHcaTopy C" Br-tmo'leH pe3HCTop 

R", cna.n; 'laCTOTHOH xapaHTepHCTHHH Ha HH3HHX 'laCTOTax 

noJiyqaeTCH He TaHHM HPYThiM, r<aH npH yMeHbmeHHH eMr<ocnr 

nepeXO)];HOfO HOH)];eHC&TOpa (nyHHTHpHaH HpHBaH) B npo

CTOM pe3HCTOpHOM HaCRa,n;e, H, HpOMe TOrO, CaMbie HH>I\HHe 

'laCTOTJ,I He cpe3aiOTCH. 

CJie,n;yeT OTMeTHTb, 'ITO no.rry<IeHHe 'laCTOTHblX xap awre

pHCTHH nma HpHBOH II B nocnpoH3B0)1;H1llHX ycHJIHTeJIHX 

He06X0)1;HMO rJiaBHhiM o6pa30M )];JIH HOMll8HCal\HH TeX 'IaCTOT

HbiX HCHanteHHH, I\OTOpbie C03)1;aiOTCH ifloTOSJieMeHTaMH, pa-

6oTaiOIITHMH Ha JIHHHIO, o6Jia,n;aroru;yro eMHOCTbiO . 

0THOCHTeJibHbiH ll0)1;'b8M HH/I<HHX 'laCTOT 3a C'leT yMeHb

rneHHH yCHJieHHH Ha cpe,n;HHX H BepXHHX 'laCTOTaX MOH\eT 

6J,ITh rroJiy'leH OT cxeMhi Ha pHc . XII-3, a, B KOTopoft HoppeK

THpyrornu:a KOH)];eHCaTOp lJlYHTHpyeT ~raCTb COUp OTH:BJieRI1H 

aHO)];HOH Harpy3HH. 

Ha HH3IUI:X qacToTax conpoTHBJieHHe ·eMROCTH BeJIHKO. 

Ano,n;I-IOH Harpy3IWH HBJIHeTCH cy~1Ma conpOTHBJieHHH: 

Ra1 + Ra 2 · I-Ia cpe.n;mrx H BepxHHX 'laCTOTax aHo,n;noe conpo-
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TUBJI8HIIe c ·ranOBIIl'CH paBHhiM TOJibi<O Rat• rar< r<ar< JJ;Jifl arr.rx 
1 

"'aCTOT o6IIJ;ee conporiiBJieniie R.2 n 2nf- C" O"'8Hh 11-raJio. 

C yMeHbmenr.reM conpoTUBJI8HMfl aHOJ~Ho iii narpysrm ycr<I 

JienHe yMenr,maercfl . Tmn1:~'1 o6pasoM, B aro iii cxeMe OTHOCM

TeJibHhiH TIO,IJ;'b8M ~raCTOTHOM xapmnepHCTHJ\H Ha HIHIHIHX 

"'aCTorax(pMc . XII-3,6) noJiy"'aercB: sa CLieT nop:anJiemm cpep:

HHX H BbiCOI\HX "'aCTOT ITO cpaB

H8HHIO C 'IaCTOTHOM xapawre· 

pHCTHIWM 06bi"'HOrO p83HCTOp

HOrO HaCI<ap:a (nyHI<THpHafl 

HpHBafl Ha TOM H\8 pncyn-

1\8). AnaJiorH"'HI>Ie ~racrorux,re 
xapaHT8pHCTHHH MOti\HO IIOJiy

qJiTb B cxeMe pesncTopHoro 

I<aCHap:a C pa3Bfl3l>IBaiOIIJ;HM 

<iJHJibrpoM R,!J · C,1, B ano,a:noiir 

l~8IIH . 

CxeMa I<oppei<o;HM c IIOKhe-

MOM 'IaCTOTHOH xapai\T8pHCTH-

PHc. X H -It. Cxe~m IWPPCIH1111-I, Aa Jo
U\aH 110)\"beM nep X !HI X <JaC1'o·r 

I\H B 0 6JiaCTH HHJIHUIX qaCTOT UM88T rrpai\TU'I8CIW8 3Ha "'8HU8 H 

HaXO,IJ;HT npUM8H81IH8 IIpH BOCIIpOU3B8,IJ;8HUH MarHJITHOfi 3a

TIHCH 3ByKa. 

Ho np.~>t BocnponsBep:eunn MarH.l!ITHhiX. <iJoHorpaMM B03HH

I<aeT He06XO,IJ;HMOCTb HM8Tb IIO,IJ;'b8M B 06JiaCTH BIJCOI<HX qa

CTOT . TaHOH IIO,IJ;'b8M MO}l\HO IIOJIY"'HTh, npHM8H.!UI CXeMy, 

nor<asaHHYIO n a pnc. XII-4, B I<oropoiii rwpper<o;Hfl ocyiiJ;ecr

BJIB.ercH J:Ia BXO,IJ;8 yCHJlHT8Jifl IIyTeM BI<JIIOLJ8HIUI rrapaJIJI8JlhHO 

rrepBH'lHOH 06MOTI<8 BXO,IJ;HOrO TpaHC<iJOpMaropa IJOCJI8,IJ;OBa

T8JibHO c corrpoT.l!IBJienHeM narpysr<n R" nn,a:yi<THBHOCTH L ... 
ITo Mepe yBeJinqeHnH qacTOThi cHrHaJia yBeJIH"'HBaeTCH n HH

,a:yr<rHBHO e COIIpOTJIBJI8HU8 w£"'' a C HUM paCT8T .l!I B8JIH"'HHa 

Bxo,a:uoro curHaJia. 

illHporwe npnMeHeHue rwppeHo;.l!I.l!I <raCTOTHoiii xaparn:e

pHCTur<u HaXO,IJ;liT CX8Mbl, OCHOBaHHbie Ha HCIIOJih30BaH.l!IU 

rJiy6orwifi 0Tpno;aT8JihHOH o6paTHOH CBH3B ,IJ;JIH yM8Hhill8HHH 

ycuJieHnH B roifr uJru nno:i1: o6JraCTH qacTor. 

Ha puc. XII -5 , a ,a: aHa npuHu;nrrnaJi bHaJI cxeMa rwppe1~:u;nn 
sa cqeT OTp.l!Io;aT8JlhHOH o6parnoi.i CBfl3H IJO HallpHn<8HHIO, a 

Ha puc. XII -5, 6 - B03MOmHhle BH,IJ;hi qacTOTHhlX xa pai<repn 

CTHK, IWTOpbi8 l\10}l{H0 IIOJiyqHTb C IIOMOIIJ;biO TaiWiii CXCMhi. 

HanpmHenHe o6parnoH: CBH3H cmrMaeTCJI c BTopnqHoifi o6-

M OTHH BhTxo,a:noro TpanccpopMaropa n qacTh ero rro,a:aercH na 

BXO,IJ; yCHJIHT8JIH. IJ;enh o6paTHOH CBH3H COCTO.l!IT B3 Ji!CTOq-
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mma narrpHmenun (nTopurrnaH o6MOTI~ a BbiXO,[l;Horo Tpanc
ci>opMaTopa), racmJJ;ero conpoTun.rrenuH R 1 ( op:no n.rreqo p:eJIH
Te.rrH) u conpoTHB.rrenuH R 2 (nTopoe n.rrerro p:e.rrrrTe w). Ilona
poT lf!a3h1 na 180° ,D;OCTHraeTCH TeM , qTO OOpaTHOIJ CBH3bTO 
OXBa'-IeHhl Tj)lil 3JieMeHTa, 1\atH,D;biH Jil3 IWTOj)hiX llOBOpaqiiBaeT 
lf!aay nanpm-HeHHH na 180° - 3TO npep:orwneqm,riir HacHap:, 
OKOneqHhl ~I J{aCHap: H BhJXO}J;HO(I Tpauclf!opMa'fOj). 

a 

, ru 
R" -........ ~ 

11-~IV 
/- --, 

'\ 

f o f B f llj 

5 

Pr·rc. XII-5. HprllrljrrnuaJJ bJraff cxeMa IWPPCiiJ.1111I "a c •IeT o6paTJ LO ii CBff3fi 
riO 113ff(Jff)HCHHIO (a) II B03MOliOibfC ' l <ICTO'I'Hble x apa i;Te (J JJCTIIIH I (6) 

B t~e,'lHX rwppe i\TI;PIH rracTOTHo i1 xapawrepwcTHI\H B u;errr, 
o6paTI-rorr CBH3H c rroMOITI;bTO nepeMr,rqer\ II1 H II 2 MOrY'r 6r,rrr, 
nop:~> JHOLJenr,r HoppeHTupyrou~Pie aJieMeHn,r C1-R3 H C2-R4. 

3p:eCb MO/HHO paCCMO'l'p0Tb H0CKOJibl:W CJiy<raeB. 
1. flycTh nepeMr,rrma II1 paao~nmY'ra, c.rrep:onaTeJihHO, 

ROH,D;eJ-ICaTOp Cl BI{JIIOqen IIOCJie,D;OBaTeJibHO C raCHITI;HM CO
llj)OTHBJI8HHeM R.1. Ha HH3I\HX <raCTOTax conpoTHBJren:vre ra
CHlll,ero IIJI8'la p:eJIHTeJIH CliiJibHO n'oapaCTaeT ff Ti:1RliiM o6pa30M 
narrpm-HeHHe OTj)l!ITI;aTe.JibHOii o6paTitaiif CBH3H yMei-IbiDaeTCH H 
ycR.JrenHe noapacTaeT (RpHBaH I, puc . XII-5, 6) . PeaRCTOp R. 3 
orpaHH'IHBaeT poeT ycHJienrrH na HHmnRx <racToTax, Ti:11{ 
I\aK o6rn;ee corrpOTHB.JieHHe o,enH cl n R2 He MOH<eT CTaTb 
6onhme R 3 . 

2. llepeMhi'II\a II1 aa~umyTa . B 3TOM c.rryqae HoppeRt~MH 
na m-ra1mx qacTOTax BMKJIIO'laeTCH (r{pr;rnaH I I) . 

3. l1epeMbi'IHa II 2 aa11mnyTa. B aTOM cny<rae BTopoe 
IIJie'-lO p:eJIHTe.JIH- pe3HCTOP R2-IDYHTHpyeTCH eMI{ OC,TbTO c2. 
Ha BhiCOKUX qacTOTax e11HWCTHoe conpoTHBJienr-re IWnp:en
caTopa, a CJI8)J;OBaTeJibi-IO, H BCero BTOporo IIJieqa p:eJIHTe.JIH 
i\laJIO , ~IaJIO H rrap:eHHe narrpm-HeHIHI OTj)lill.J;aTeJihHOH oopa T
HOU CBl13H Ha HeM, 6.narop:apl1 '-l8~IY YCl!IJieHHe na BbiCOKMX 
qacTOTax noapacTaeT (Hprrnarr II I). PeaHcTop R 4 orpaHiifLIM
nae-r IIO,D;'beM xapai{TepHC'l'HI{Jil B OOJiaCTH BepXHRX 'laCTOT. 
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4. Ilepew,Jllf\a n 2 pa30MTmyTa. B ::JTO~I CJiy<rae HOppei{

I!IUI He OCyW,eCTBJIH e TCJI. 

I-la IIpal\Tl!I I\e KOpp e !U,H!O 'IaCTOTHOrr XapaRTepiiCTHIUI rry

TeM Bl\JIIOLJeHI~ JI IWp pernHpyiOJJ.,HX ::>JieMeHTOB B I!eiib 06 paT

HOB CBJI3II II[HHie HJIIUT He B IIO CJie~HHX , a B II8pBbiX I\aCHa~aX, 
qTO ITpiiBO):(WI' H ~1:eHbiiiHM Hem;meiiHhlM IICnan\eFIIU!M M CTa-

6IIJi bBOCTH pa6orhl yciiJIHr enR. 

Rg 

a 
K 

II 

Pg -- a&CC 
I 

fH fo f. f., 
6 

PHc . XII-6. CXCMbt nepc~tennol1: !{OiJPCiil.\HII m1 uc rn tt HX 'tUCTOTax: a- c no~ro
U! b tO QCI10 'll<ll R" c" II cc o 6JJ3CTb p c ryJ!It p OBU H11fl 'taCTOTHOi·i xapa!{TC iJHCTtmt-t; 

6 - 33 C<teT OTJJ III~:\TCJih!lO ii 06p3TII Oi i CBH3H 110 TO!iy H CC 06.~aCTb perymtp OD3-
J-I Hfl: I - .n.nna'\01\ nnuay; 11 - J(B il iHot\ nnepxy 

IJO?I'!HMO ITO CTOIUIHOH IWppeiU,HII B03MOn<Ha rrepeMeBBaH 

HOpp81\ I!IUI <raCTOTHOii xapa ruepHCTH!HI. 8 TO qaiiie BCero 

TOH-ROBTpOJi b , 1' . e. ITJiaBBOe M3MeHeHMe rJiy6HHb1 CIIa~a 
HJIH IIO~'beMa qacTOTHOH xapa i<TepHCTHTUI B 06JiaCTII I:lliH\ HIIX 

H B8pXHHX qacTOT. 

,[(OCTl'J:raeTCH rrepeMeHHaH HOpperU,liH C ITOMOII.V>IO nepe

MeHI:lblX COI1pOTMBJieH1IH HJIH 8MIWCTeii, BHJIIOL!eHHbiX B CXeMy 

TaH , I< a I< rroEa3aHo na pH c. XII -6, a II 6. B e e ::>TH c xeMT>I pery

JIHpyroT TeM6p B 06Jiaf.TII BbiCOI\liX qaCTOT. 

Ha pH C. X II -7 , a H 6 rroKa3ai:lbi npocTef'rmHe cxeMbi pery

JIHpOBHH TeM6pa B TpaH3HCTOpH0111 RaCT\R~e . IJpOCTbi8 CX8Mbl 

pery JIHpOBO J\ OCyii.(eCTBJifiiOT C IIOMOII!hiO I'\OH~8HCaTO pOB, CO

e~HHH8MblX I10 CJ!8~0BaTeJibHO C rrepeMeHHbiM COTipOTHB.JI8HH8M . 

TaHaH I!enoqr.;a .RC BHmo•raeTCJI n I!8TIT> MerHI<acrm~HOH cnJI3H 
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HJHI B u;eni> bTtnni,aTeJibHofr o6paTaoi\: CBH3H. EcJIH rwa;n;M

caTop B IJ;8!1H M8ri\I{aCI<a)l;HOfi CBH3H ycTaHOB J18H IIOCJie

;r:J;OBaTeJibHO , TO ero p;eHCTBHe CI<a3biBaeTCJ! B OCJia6JieHIIII 

HII3KoqacTOTHblX COCTaBJIJ!IOIIJ;HX CIIrHaJia IIO C paBHeHHIO C 

cocTaBJIHIOIIJ;RMH cpep;aiix II BbiCOKIIX qacTOT. IIapaJIJieJihHOe 

BKJIIOqeaiie KOH)l;8HCaTOpa OCJia6JIJI8T BbiCOI\QqaCTOTHhle 

COCTaBJIJ!IOIIJ;IIe CHrHaJia . 

B cxeMe aa piic. XII-7 , a nxo;n; TpaH3IICTopa rnyHTIIpyeTCH 

u;enoqrwB: R ·C. "LieM Bbrme •racToTa, TeM M8Hbrne conpOTHBJie

Hiife KOH,[(8HCaTopa II T8M 66.JiblJlaH 'IaC'l'b BbiXO)l;HOrO TOI-W npe-

a 6 

P11 c . XII-7. IIpocTei"ILUIJ e cxeMhi PCI' YJJ IIPOB I' tl 
TeM6pa B Tpa 11 3liCTOpflOM J{aCna).le 

,[(hi;n;yru;ero I<aCKa;n;a OTBeTBJIJieTCJI B u;errb peryJIIIpOBKII. II pH 

6oJibiiiOM 3J:ra<rearrii conpoTMB JieHMJI R ;n;ame na BbiCOHMX LJa

CTOTax COIIpOTHBJI8HM8 IJ;8IIII B8JIIIKO II B8Cb TOK CHrHaJia 

6y;n;eT IIpOT8HaTb qepe3 BXO)l;HYIO IJ;8IIb TpaH3HCTOpa. IlpH Ma

JiblX ana <reHIIJIX R BhicorwqacTOTHbie cocTaBJIJIIOIIJ;rre TOKa 

ciirHaJia 6yp;yT aaMbiKaTbCJI qepea u;enb peryJIMpOBKM. TaKHM 

o6paaoM, paccMaTpHnaeMaJI cxeMa II03BOJIJieT peryJinpoBaTb 

yCIIJI8HFI8 Ha BbiCOHFIX •raCTOTaX. 

B ;n;pyroB: cxeMe peryJirrpoBKH TeM6pa (pHc. XII-7, 6), 
KOH)J;8HCaTOp M nepeMeHHOe COIIpOTIIBJI8HFI8 BHJIID'l8Hbl TIOCJI8-

;r:J;OBaT8JlbHO ;n;pyr p;pyry B IJ;8IIb OTpHIJ;aT8JibHOH o6paTHOH 

CBJI3M no aanpmr<eHHIO. Bee Bhlxo;n;aoe nanpm-Keniie ;n;eiicT

nyeT na p,eJIMTeJie aanpmHeHIIJI, cocToJiru;ero II3 C, R M R 1; 

qacTI> aToro aanpmHeHIIJI, na;n;amru;aJI na · R 1, p,eB:cTnyeT aa 

BXO)l;e, YM8HbiiiaJI BXO,[(HOfi CMrHaJI. 'lJeM Bbiiii8 qaCTOTa CHr

HaJia, TeM Meabrne conpoTrm JrenHe u;eno•mii R · C M TeM 
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66n&maH qacTb rrponmoqwaaoro aarrpmKeHHH rraJJ:aeT a a R1. 

BnaroJJ:apH :no~ry c rroB&rru eaweM qacroT&I p eayn &nrpymru.Mil 

BXOJJ:HOH CJUHRJI Y~IeHbmaeTCH. qeM M8Rbme COI1pOTHBJie

HH8 R , TeM 6onhme IIOJJ:RBJI HIOTCH B&JcorwqacTOTR&J e cocras

Jimorrr,Til e . 

§ 3. CXEMA ABTOMATH~ECKOI!i KOP· 
PEKU,HH 

ABTOJ'I'IaTMqecHaH Hoppernr;HH qacTOTHOH 

xapaKT8pHCTHHH IIpRM8HH8TCH B TOM CJiyqae, I<OrJJ:a MM88TCH 

pa3Jil'IqRbiH ITO B8JJMql'IH8 CIIRJJ: 'IaCTOTHOH xapaHTepMCTRHR, 

BHOCRMbiH eMHOCThiO JIRHRR cfloToaJieMei-rra. CxeMhi aBTOMa

TMqecHOH HOppeH.IJ,l'Il'I C IIOMO~biD OTpHURT8Jl bROfi o6paTHOll 

CBH3H IIpRM8HHIOTCH HaH B CTa

Il,l'IOHapHbiX, TRH l'I B yCHJIRTe

JI HX rrepeJJ:BIUHHoro nma . 

XapaHrepaoB: oco6eHHOCThiO 

cxeM aBTOMarnqecrw:ti Hop

p eHII,RH HBJIH8TCH HCIIOJib30Ba

HH:8 JJ:BYX JJ:8JIH:T8JI8H HRIIpH}He

HHH JJ:JIH OCy~eCTBJI8HH:H o 6 -

paTHOH CBH3l'I , IIpR ::JTOM Hl'IH\ 

HH:M IIJieqoM BTOpOrO JJ:8JIH:T8JIH 

JJ:OJI}HHO 6biTb 06H3aT8JibHO CO-
+ 

.h Puc. X JI-8. Ynpomerman cxc>~a 
IIpOTH:BJI8HH:8 Harpy3KH Y!OTO- BXOi\IIOrO yc n.ni!TeJJ n c aDTOMa nt 4CC -

::JJI8HTpOHHOrO YMHO/I\l'IT8JIH . rw li r;oppernvrell 

PaccMOTpRM 6on ee IIOJJ:-

po6ao IIpHHII,l'IIl RBTOMRTHqeCKOH I<OppeHII,lilH B rrepBOM HaC

HRJJ:8 ycHJIRTeJIH 70Y- 5 (HoMnJieHT KYCY-52), yrrporrr;eaaaH 

cxeMa HOToporo npnBeJJ:eHa aa pH:c . XII- 8. 

I{aH yHa3hiBan ocb paHee , meJiaTeJibHO npHMeHHTh HacKaJJ: 

Ha TI8HTOJJ:8 JJ:JIH YCH:JI8HH:H cPOTOTOHOB, TRH HRK II8HTOJJ: H:M88T 

HH'ITO}HHO Man yro BXOJJ:HYIO eMI<OCTh . H a npRB8JJ:8HHOH ynpo

~eaaoH- CX8Mbl BXOJJ:HOrO HaCHRJJ:R Ha TI8RTOJJ:8 JJ1 BHJJ:HO, qTQ 

RaCHRJJ: OXBaqes OTpHUaT8JlbHOH o6paTHO:ii CBH3&IO : HarrpmHe

HH8 BbiXOJJ:R HaCHaJJ:a IIOJJ:R8TCH Ha nepBblH JJ:8JIH:T8Jlb, COCTOH

~HM H3 pe3H:CTOpOB R13 H: Rl ; <raCTb aroro HanpHmeHRH ul 
CHH:MaeTCH c snmaero rrJie<ra JJ:8JIHTeJIH - peaHcropa R 1 -

na BTopo:ti JJ:8JIRTeJih, cocTOHmHli H3 peancropoB R 3 11: R 6 , 

npn<reM pea:acTop R 6 HBJIHeTCH HarpyaHoH B rr,enn asoJJ:a cfJOTo

aJieHrpoaHoro yMHO}HHTeJIH. 

ITapaJIJieJI&HO R 6 or<aahmaeTCH BI~moqeuuoB: eMHOCTb ,n:n

~H:H cporoaJiervrenTa C0 . ABTOM li\TII'IeCHaH cTa6HJIH3aii,JiUI (Bbi-



paBmiBaHHB) 'laCTOTHOH xapaKTepHCTHI{Jil B irl'OH CXBMB npo

HCXO,IJ.MT 6JiarO,IJ.apn TOMy, 'ITO YBBJIJil'18HHB BBJI M'lJiiHbi BiVl

KOCTH C0 Bbi3r,maeT poeT cna~(a Ha BbiCOI\MX 'laCTOTax BXO,IJ.Horo 

HanpmKBHMH n: op;uoBpe:rvreHHO npHBO,IJ.HT I{ pocTy ycn:Jrenun 

KaCIWp;a. 

Cxe:rvra aBTOMaTH'lec.Koii: .KoppernvrH ,IJ.BHCTBYBT JIHIIIb 

B TOM CJiyqae, IWrp;a BHyTpBHHBB COnpOTHBJIBHHB HCT0'1-

HHI{a nepe:rvrennoro nanpllmeRFHI R 1 BBJIHHO (rrpH BJ{JIIO'lBHFIM 

Ha Bxop; !f:>oToaJieMeHTa FIJIH !f:>oToaJieKTponHoro yMHonnneJin, 

BHyTpeHnee conpoTHBJIBHFie .KOTopr,rx OIWJIO 10-15 M30.ilt). 

IlpFI BI{JII0'18HHJil HCTO'lRHI<a nepeMBHHOrO HanpmiWHI1:H C lVIa

JlbiM R i (HarrpHMep, 3By.KOCHHl\faTBJIJ1) no conpoTHBJIBHMe 

6yp;eT nO'lTH HaiWpOTIW 3aMblKaTb HHII\HBB n JIB'lO BTOpOrO 

p;eJIFITBJIJl - conpOTHBJIBHHe R 6 ,- <rTO npFIBep;eT no'lTH 

I< IIOJIHOMY BbTHJIIO'lBHJiiiO o6paTHOH CBJ13H; B pe3yJibTaTe 

aToro o6II(ee ycHJIBHHe yBeJIH'1FITCn, a crrap; B o6JiaCTH Bepx

Hl'IX 'laCTOT He KOMnBHCHpyeTCJl. 

CxeMa, aHaJiorFI'lHall pacc:rvroTpemrofr, rrpFIMBHJleTcn H 

B rrepep;BHF.KHOM ycHJIHTBJie 90Y-2. i}ro yHHBepcaJII>HhiH ycH

JIFITBJII>, npep;na3HatieHHI>IH p;Jill pa6on,I c 16-.MJl~ rmHonpoer{

TopoM IIII-16-Lt H JIFI c I<HHonpoewropaMJif RH-13 (o,IJ.HHM H JIH 

p;nyMH B rwMrrJiei<Te p;ByxnocTHori cTallFIOHapnofr HHHoycTa

BoBrm). 

B nepBOM cJiyqae ycHJIHTeJII> pa6oTaeT oT !f:>oTOaJreHTpoH

Boro yMBOmFITBJIJl CP3Y-2, pacrroJiomeHnoro B Hopnyce 

CaMOrO YCHJIHTBJIH , Jii BXO,IJ.HaJl JIHHIUl CBep;erra ,[1,0 MUIIHMyMa, 

6Jiarop;apn 'lBMY H BXOP,HaJl BM.KOCTb JUIHHFI MaJia. 

IlpH pa6oTe c rumonpoeHTopaMn HH-13, Korp;a !f:>oToaJie

MBIIT pacnOJIO}I\BH Ha IWpnyce JUmonpOBHTOpa, COBAHHBIIMB 

C BXOp;OM yCHJIHTBJIH npOU3BOAHTCJ1 <Jepe3 nepexop;HyiO HO

po6Hy c noMOHJ.I>IO op;Horo FIJIH ,IJ.Byx !f:>oTomJrarrron co 3Ha"<~H
TBJibHoi1: pacnpep;eJIBHIIOH 8MHOC'l'I>IO. OTa BXOp;IIaH BMJWCTb 

BIIOCHT 3aMBTHbl8 '-IaCTOTHblB HC.Ka~Jl<BHHJl Ha BbiCOHUX <raCTO

TaX, H ee l-I\eJiaTeJibHO JWMnBIICHpOBaTb. l1pHMBHBIIHaH B YCH

JIHTBJIB 90Y-2 CXBMa aBTOMaTH'18CIWM IWppeHIJ.HH 'laCTOTHOM 

xapar{TBpHCTFIKH B o6JiaCTFI BbiCOKHX tiaCTOT (pHc. XII-9) 
nOJIHOCTbiO yp;OBJIBTBOpHBT nOCTaBJIBHHbiM Tpe6oBaHHHM. 

B neE: coxpaHerrr,r 3anop;crme rroMepa pe3HCTopoB H KOII,IJ.BHca

TopoB, '11'0 p;OJIJKHO 06Jier'1HTb B p;aJib.HBMIIIBM paCCl\JOTpBIHlB 

3aBO,IJ.CIWH CX8Mbi, npHJiaraeMOH K yCHJIHTBJIIO . 

HepBbiH r<aci~:ap; ycHJIHTeJin co6pan na rreHTop;e 61:1-\7 no 

pesHcTopno:i1 cxeMe c OTPHIJ.aTeJibHOH o6paTHoii CBJ13I>IO no 

Harrpmi<BHHIQ. Tal{ Hal\ nepeXO,IJ.HOF! IWH~(BHCaTOp cl H 1\0H

p;eHCaTOP C 3 !f:>JiiJII>Tpa arro,IJ.Horo nwramm !f:>oToaJieKrpormoro 
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YMHOH>MT8JIH ,[\JIH rrepeMem-roro TOI>a rrpe.r\CTaB JIJIIOT co6oH: 

MaJIOe COIIpOTMEJI8HM8, TO HMM :tviO}I{HO rrpeHe6p8'lb M He Y'lH

T:biBaTb MX BJIHHHMH IIpM paCCMOTp8HHM pa60Tbi CX8Mbi. 

HarrpmHeHne OTPMI!aTeJibHOH o6paTHofr CBJI3n CHMMaeTCH 

c BblXO,[\a r-;_acHa,[\a - pesncTopa R 12 - H IIO,[\aeTCH Ha rrep-

Puc. XJI-9 . Cxc~m aBTOMaTH'-!CCIWii noppei<L\ I•IH ycHJJHTCJIH 90Y-2 

BhlH ,[\8JniTeJih, c ocTOHII\HH H3 pesHCTopoB R 9, R 7 n R 4 , a 

C IIOCJI8,[\I-IerO H3 ()Tl'IX COilpOTHBJI8HHH HaiipHrH8Hl'I8 IIO,[\a8TCH 

na BTopoif ,[\8JIB:T8Jih, cocTOHIIIHH H3 corrpOTHBJiemm yTe'lRB: 

ceTRB: R 6 n corrpoTnBJieHnH J-Tarpysr'n cpoT03Ji ernpoHnoro 

yMHOHUlT8JIH R 3 • C corrpo- K uy·\ (C,J 

TB.BJieHnH R 3 HarrpHmerme y· . 
o6paTHOH CBH3l'I BM8CT8 C ,~: \ 

BXO,[\Hbll\1 Cl'IrHaJIOl\1 IIOCTy- ~ -= · ,<":'---.-".---.,~ "':'t 1 
tc.,J 

rraeT Ha cen'y Jiallmbr. '::::~~~~~~ 
Ha pnc. XII-10 norm- '~~'': 

II '~1-,·. 3aHbl 'laCTOTHbie X a paHTe- 1-
pHCTHHH, l{O'l'Oj)bi8 MOryT IC,- R•J 

6J,ITb IlOJiy<IeHhi C IIOMOliV>lO 

I!8ll8H HOppeRI!IHl B ycH

JIHT8JI8 90Y-2. KpnBaH I 
llj)B:M8HH8TCJI TOr,[\a , ROr,[\a 

YCI1JIHT8Jib pa60TaeT C KHHO

npoeRTOpaMH K-13. Bxo,[\

I I 
•o 100 500 1000 5000 10 4 

I'" 

P H c. X U-1 0. 1IacTOTHbiC xapaK'repHCTil
HH YCHJIIITCJIH 90Y-2: 1 II Ii npH paao
MHHY'l'Oii , III - npH aa~u;uy-ro i-i nepe-

MbP-IHe EOppeHU.IUl 

naH eMROCTh cpoTonmaHrOB rrrynTHpyeT conpoTHBJieHJie R 3 • 

B aTOM cJiy'lae ,[\8HCTByeT aBTOMWrnqecr>aJI HoppelH~HJI o6pa-r

noif CBH3H, BblpaBHHBaiOIIIaH 'laCTOTHYIO xapaKT8pHCTHKy. 

H.pnBI>re I I MoryT 6biTh noJiy•mHhi c noMOIIIhiO peryJIJITopa 

TOHa B o6.rraCTJi1 Bh1COJ{HX 'IaCTOT . .JJ:JIJI ()TOrO B l~errr, o6paTI-IOH 

CB JI3H Bl{ JIIO'l8Hbi nepeMeHHoe conpoTHBJienne R 9 n HOH.z:\8H-
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caTop C8• Crra.n; lJaCTOTHm\i xaparnepliiCTHinr Ha BhiCOIUIX 

-qacToTax Heo6xo,n;HM ,n;Jur yMeHhmemur myMa H3 HOUieHHoii: 

cpoHorpaMMhi. 

R pHBaH I I I rroJiyqaeTCH , rwr.n;a aaMhmaroTCH nepeMJ,TlJKOli 

ROHTaRThi J-2 , 6Jiaro,n;apH lJ8MY BRJIIOlJa8TCH ROH.D;8HCa

TOp C21 . I-\.OH.D;8HCaTOp illYHTHpyeT COIIpOTHBJI8HHH o6paTIJOM 

CBH3H R 7 n: R 4 . ITo Mepe rroBhiiD8HHH qacTOThi corrpoTHB.rreHHe 

ROH,D;8HCaTopa YM8Hblla8TCH, yM8Hhlla8TCH H HarrpmR8HH8 

o6paTHOil: CBH3H Ha R 7 H R 4 , a cJie,n;onaTeJihHO, H Ha R 3 CTa

HOBHTCH M8Hbll8 , lJTO IIpHBO.D;Ii!T I{ IIO.D;'b8My lJaCTOTHOll xapaK

T8pMCTHKH Ha BbiCOKHX qacToTax. E e no,n;'heM Ha ~racTOTax 
Bhlme 4000 3lf orpaHn:lJHBaeTCH conpoTn:BJieHHe R 29 , IWTopoe 

BI'JIIOlJ8HO IIOCJI8.D;OBaT8JihHO C J\OH.D;8HCaTOpOM C 21 . 

IIepeMhilJI<a c IWHTaJnaMH 3-2 rroanoJIHeT rro,n;KJIIOlJHTb 

rra paJIJieJibHO Bbixo.n;y RacKa,n;a I<OII,n;eHca Top C 22. B RmoqeiJHe 

ero cpeaaeT myMhi, Jrema:rn:ue m,Jme 5000 Uf . l1pH Bocnpouane

,n;eHHn cpoHorpaMMbi 16-.iltJit cpnJI&Ma B :no:fl o6JracTn yme ReT 

rroJieaiJoro cnrHaJia. 

§ 4. PErYnl-iPOBAHI-iE rPOMKOCTI-1 

P eryJIHTOpbi rpOMKOCTH, nJin peryJIHTOpbi 

ycHJieHnH, rrp e,n;HaaHalJeHhi .D;JIH ycTaHOBI<n B apnTeJibHo. r 

3aJie KUHOTeaTpa Tpe6yeMOrO ypOBHH rpOMKOCTU B 3aBUCUMO

CTU OT 06'b8Ma 3aJia H ero 3aiiOJIIJ8IJUH 3pHT8JIHMH. 

fpOMI<OCTb M0}!\8T peryJIHpOBaTbCH .D;BYMH IIpHHIJHIIHaJibHO 

p a 3JIIillJHJ>l 1H CIIOC06aMH. l1epBI>IH 3ai\JIIOlJa8TCH B U3M8H8HUU 

B8JIUlJHIJhi yCHJIHBaeMoro CIHIJaJia Ha BXO.D;8 HJIH B O.D;HOM H3 

IlpOMe;HyTOlJHhiX HaCI<a,D;OB 11 B UTOre B U3M8H8HHU B8JIHlJHHhi 

Bl>IXO,D;HOrO CHriJaJia . BTOpOH CIIOC06 COCTOHT B U3M8H8HHH 

I\oacpcpniJH8RTa ycnJieHHH cxeMhT, q1o npHBO.D;HT I< TOMY n<e pe

ayJf bTaTy. 

B Ji aMnOBbiX ycumrTeJIHX noqnr ncer.n;a rrpHM8HHeTCH 

nepBbiH cnoco6. B eJIHqHIJa eHrHaJia o6bFIHO J'vieiJHeTCH c no

MOII.J:biO IIOT8HIJUOM8Tpa, ycTaiJOBJI8HHOrO B IJ8IIH C8TI<H O.D;HOM 

H3 Jiai\m --,- .D;BHn<OI< IIOT8HIJUOM8Tpa. C08,D;HH8H C C8TROH 

JiaMrrr,r. Tai<oe BI<JIIOlJeHne rroTeHIJHOMeTp a .n;orrycTnMo rro

TOMY, lJTO BXO.D;H08 COllpOTHBJI8HH8 JiaMifbi OlJ8Hb B8JIHKO ~I 

p eryJIHpOBKa IfOJI 011\8HHH ,D;BiilrHI<a H3M8HH8T H8 rrapaM8Tpbi 

cxeMbi, a JIHUlb B8JTHlJHHY cnrHaJra, rro.n;anaei\IOro Ha ceTI<y. 

Heo6xo,n;HMOCTb HMeTI> peryJIHTOp rpo:rvmocTn: B ycHJIIii

TeJie Bbi3BaiJa e:rn;e T8M o6CTOHT8JibCTBOM, lJTO JII060H yCHJIH

T8Jib paccqn:TaiJ Ha IJaHM8IJbiii88 B03MQ}J<IJ08 B HOpMaJibHbTX 

YCJIOBHHX 3KCI£JiyaTaJI,HH BXOP,H08 IJaD:pH1I<8IJH8 CHrH~l_Jii;l, . 
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B cJiyqae npenhrmeaH.rr :nora HanpmHeHHJt no3MO:a.;aa nepe

rpys r'a ycruurreJI.rr co CTopoabl nxop,a H, H a K CJiep;CTBRe :noro, 

no.rrnJieHMe LJp esMepabiX neJIRHeiiabiX MCHaiReHMH . PeryJiwrop 

rpoMKOCTM, MJIH peryJI.rrTop y cHJiemi.rr, nosnoJI .rreT npep,oTnp a

THTh neperpysHy YCHJIHT8JIH CO CTOpOHbl BXOp,a. 

IIo<rTH nee ycaJiuTeJiu »MeiOT BHyTpennue , HJIH TaK IIas r,r

naeMhle YCTaHOBOqHhi8 peryJIFITOpnl rpOMHOCTH, IWl'Opbie 

<ralll,e ncero BHJIIo<raiOTCH B Ha

<recTne conponiBJieau.rr yTetmu 

C8TJ<H Ha BXOP, BTOpOrO 11JIH Tpe

Tb8f0 HacHap,a (pHc. XII-11). 
B npoMhiiJJJieHHOH annapaTy

pe HCIIOJlb3YIOTCH B Ha qeCTBe 

peryJIH'ropOB rpOMHOCTH H8-

IIpOBOJIOqHbl8 BhlCOKOOMRbl8 

noTeHu;uoMeTpbr BK, TK HJIH 

Cil, II03BOJIHIOlll,H8 TIJiaBHO pe

ryJIHpOBa'l'b ycuJieaue. Llalll,e 

BCero HCIIOJlb3YIOTCH TIOT8H

l\HOM8Tpbl C TIOHa3aT8JlbHOH 

Pnc. X li-11 . Cxc~ta m;.rno••c•nm yc
-raHOBO•!HOr o pcrymiTOpa ptlO!\IIWCTII 

xapainepHCTHHOH SaBHCHMOCTJ'I COIIpOTHBJI8HI'IH OT yrJia TIO

BOpOTa OCH (eM. IIpHJI0}!{8HHe 1., Ta6JI. 6.) , qTO TI03BOJIH8T 

p aBHOM8pHO H3M8HHTb rpOMlWCTb SByHa IIpH paBHOM8pHOM 

TIOBOpOT8 OCH peryJIHTOpa. 

B TpansHCTOpHbiX ycMJinTeJIHX nxop,aoe conpoTHBJieHHe 

H8J3 8JlJiilW, TI03TOMY BI\JIIOqeaue TIOT8HIJ;HOM8Tpa IIO CX8~18, 

aHaJIOrHqHOH paCCMOTp8HHOi·i , 

TipHBOP,HT K H3M8H8HHIO napaMeT

pOB CX8Mbl: H3M8HH8TCH BXOP,HOe 

COTipOTHBJI8HII8 H H03tPtPHIJ;H8HT 

yCIIJI8HHH HaCI{ap,a. il03TOMY npH

M8HH8TCH CP,B08HHhiH TIOT8HIJ;H O

M8Tp (pJ!1C- XII -12). IIoTenu;uo-

MeTphi p,eJiaiOTCH Tal\, <ITO pesyJib

TJ!tpyiOlll,88 COIIpOTHBJI8HH8 1\•Ien>:-

p,y Tocmoii a H se:Nmell: ne usMe -

Pnc. XII-1 2. Pcry:IHJl ODiia rpoM- HJ1 8TCH B 1Ip0IJ;8CC8 p eryJIHpOBl>H 
HOCTI! CADOC!lllb!M 110TC111.\IIOMCT- rpOMJ\OCTH. 

p aM B TpansHCTopn.orx ycHJIHTe -

JIHX IDHpOIW npH1118HH8TCH TalGHe BTOpOH CITOC06 U S 18H8HH.H 

rpoMI>OCTH- ITY'reM nsMeHeHHH I<oatiJtiJnu;HeHTa ycHJierru.rr ex e 

MU. Ha p1-rc. XII-13 noi<asaHa cxeMa peryJiupoBKI'I rpOMHOCTH 

H3M8H8HII8M o6paTHOH CBH3H TIO TOHY TipH ITOMOIIJ;H B8Jl:HlJHHhi 

3MHTT8pHOl'OCOllpOTHBJI8HHH,H83a6JIOKHpOBaHHOf08MI<OCTbiO. 
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1-\or)J,a ~( IHJil\0 I< OOTBR UHOMBTpa 0 pHO.fr IIIH\3BTCH I< 31\HTTTBpy , 

npOTHBOCBH 3 b YMBHbrn aeTCH R K03WWMQHBifT yCHJI BHliiH r< acn:aAa 

B03paCTaeT. HBA OCTa'fOI\ CXBMhi B TOM, ~ITO OHa HB II03BOJIJIBT 

y~r e RblliHT b rpo~rF\OCTb noJIHOCThiO. l { poMe Toro , nprr H 3llleHe -

RHH BBJJHqJiiHhl OopaTHOM CBH3H MBHJIBT

CH BXOA HOB CODpOTHBJIBHHB I<aCI<a A a. 

B cTau,HOHapHhle ycHJIHTBJihHhie ycT

poF'rcTBa 3Byi<OBOrO I<HHO 06hl LIH0 BXO

A HT BhlHOCHbiB peryJIJ=ITOpbi rpOMI<O

CTH, l<OTOpbiB ycTaHaBJIHBaiOTCH B 3pH

TBJJhHOM 3aJi e I<llHOTeaTpa. liMBTh Bbi

ROCHOll p eryJIH'rOp rpOMI<OCTH HaAO IIO

TOlllY , ~ITO IUIHOMeXaHHI<, HaXO,l]/I~HMCJI 
B arrnapaTHOM, HB CJihllliHT 3BYI<a B 3aJie 

li HB l\10 /l:\BT C DOlliOID;hiO yCTaHOBO~IHO· 

ro peryJiwropa ycTaHOBHTh nynmyro 

rpO~lHOCTh B 3pHTBJihHOM aa Jie. 

llyJihT 60K35 BhiHOCHOrO peryJIHTO· 

pa rpOMI<OCTH rroi<aaaR na pHc. XII-1 4. 
Bnmocnoii: peryJIJrrop rpoMI<OCTH coc

TaB JIHBTCH H3 11pOBOJIOqflhlX HJIH FieDpOBOJIO'IHbiX pe3HCTOpOB, 

BH:JIIO<fBHHbiX ll'lBffiAY I<OHTa K Tai\IH rrepeiU IIO'laTeJIH. llepei<JIIo

'lBHHB rrpoHaBop;HTCH ABH/-I<I<OM 6ea paaphiBa n;errH. 

Puc . XH-1 3. PcryJIII POB· 
li<-l l'IJ O.MHOCTH fi CJ)CM ( HUbl l\1 
~~I U 'fTepllb l ~l CO I/jJ O'fi!BJIC-

llll C!\1 

Puc . X TI-l /1. B tte UlH!! lt Bill\ ny.~b'fa 60H35 C BbTHOCHbiM 
pery JJJlTOp OM rpO~!IiOCT II 

CxeMa mwroqenHH BhiHOCHoro pery JIHTopa r poMROCTH 

IIOJ<aaana ua pH c. XII -15. B1mocnoii peryJIHTOp r poMI<OCTH 

npep;cTaBJIHBT C060H COIIpOTI<IBJIBHHB YTB'IIUI CBTI{H BTOporo 
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lHtcEa,l.l.a, BbJH!:iCeHnoe B aaJJ. O.o,na1w ec.n:u oH on,moqeu, TO 

T.\8Hb ycu.nHTemr paaopBana H ycHJIHTe.nb pa6oTaTb ne 6y.o,eT. 

,[(nH Toro 'ITo6r,t :noro He rrpouaomJIO, BHYTPII ycumne.rrH 

c r-roHTRponaHo sKBnBaneHTHoe conpoTMnn eHne R. ,[(.rrH ero 

BH.ll[QqelJJiiH .IJ,OCTaToqHo IIOCTRBTHb rrepeMbJqHy lll8:1HiJ. Y EOH-

,------, 
I Pr I 
I I 
L_- _j 

~~ 
c..!>. 

PHc. X 1I-I :1 . Cxcl\ta BJ1.T1IO'Ie lln n BhiH Ocnor o 
p c r y .riHTOp a l' J) OMH OC'J'Jl 

Tawra11nr J(C-K-)1, , o;.~uonpervrenno ycTpaHHIOLo;yro paapbiB 

i\le~HJ\Y 1\aCr<a,l.l.aMM npn OTimroqeHHOi\l peryJIHTOpe rpOMHOCTH. 

Ba}HHbiM rrpn BimmqeHnn BhTHOCHoro peryJIHTopa rpoM

IWCTl'I HBJIH8TCH TO o6CTOHT8JibCTBO, 'ITO JIHHl'IH, C08,[\HHHIO

II\aH ero C ycHJll1T8JJ8M, o6J!a~J;aeT .60J!LIIIOU pacrrpe.o,eJI8HHOR 

eMHOCTbiO, r.ayHTnpymnJ,ei:r conpoTMBJi einre perymnopa, q'fo 

IIpMBO,!J.HT I\ CHU}l{ 8HHIO yCH.fl8HI1H Ha Bl>LCOI<HX 'laCTOTaX. 

,[(JIH TOfO qT06bl <J a CTOTHbl8 MCH:aii{ 8HHH, BHOCHMhl8 JIHHH8H 

BJ,TROCHOfO peryJIHTOpa rpOMH:OCTH, He 6bTJUI B8JIIU\H, IIpUM8-

HJIIOT peryJIHTOpbl C OTHOCl'ITeJII, HO He60JihillOH B8JIJiqJiiHOH 

COIIpOTHBJl8HHH (10-:-30 X:O.il·~) H B EaCRa.o,e rrepe.o, BJ,IHOCHhB'l 

peryJIHTopoM rpoMTWCTH npmv1emnoT J1a11my c MaJiblM BHYT

peHHHM corrpoTnnJieHHeM (Tpuo.o, HJIH n euTO,l.l. B TPHO/IHOM co

e,[\nnemm). 

Han6o.nee acpcpennmna c xeMa I\ a-ro;:~Horo nonTopHTe.n: H 

nepe.o, BhiHOCHhJM peryJIHTopoM rpoMHOCTM. BhTxo;rHoe corrpo

THBJrenHe TaHOfO I<aCr\a,[\a COCTaBJIH8T BC8f0 100-300 O.iiL 

YMeRhmamTCH npn sTOM n Hanop;I\ H na Jll!HHIO BhlHOCHoro pe

rymrropa rpo~mocn<~. 
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I<OiHPOflbHbiE BOilPOCbl 

1. l.JTo Ha3bi BaeTCif HOppeiUJ,HeH qaCTOTIIOH XapaHTepRCTIIHH ycll
JI WreJIH? 

2. I\aJHIMM npwuwa~ur o6ycnonmruaeTCH Heo6xop,nMOCTb Hoppei,JJ,UII 
' IaCTOTHoii xa paHTepHCTfnnr ycu JmTeJrH? 

3. IIepe'Il!l.cmrTe BIIP,hl HoppeHIJ.MH qacTOTIIoi1 xapaHTepHCTIIHH. 
4. IIepe'lliCJIHTe cuoco6hl noJr yqeuHH HOppeHIJ,HU. 
5. 06'hHCUI'ITe npOCTeJiiiiiJie CXeMbl !WppeHIJ,IIII, Dpl!BOP,HIIIHe K yMeHb

IJieU.BIO l!JIH H yBeJIH'JeHHIO J'CHJieR}IH u a IJH}IUII!X 'laCTOTaX. 
6. 06'hHCill1Te UpOCTeHIIDle CXeMhl I<OppeHIJ,HH, DpHBOP,HIIIFie I\ y MeHb

m em:uo IIJIH H ynemr'leHIIIO ycunenrrH Ha nepxmrx 'laCTOTax. 
7. I\aHol'r nep,ocTaTOH nMeiOT upocTeiimae cxeMhi Hop peHI.I,HH? 
8. B Haimx cn)rqa.Hx up11~1eJHIIOT peaoHaHCHbie <!JnnhTphl B HaqecTBe 

<JJieMeHTOB HOppei{!J,HH? 
9. Hm<Me cyrneCTBYIOT cnoco6hl ucnoJib30BaniiH OTpul.l,aTeJihBOii o6-

paTnoii CB.H3H ,[l,Jill I<OppeHIJ,HH 'laCTOTUOli xapaHTepHCTHHI'I yCHJII'I
TeJI .H? 

10. 06'b.HCHl!Te CXeMy HOppeHIJ,l11I C DOMOIIIbiO OTpHIJ,aTeJibHOM o6-
paTUOii Cl3H3H DO TOHJ' . 

1'1. Hapncyihe u o6'hBcrmTe cxeMy n ep eMeniJoii I<oppeiHJ.HU. 
12. 06'hHCHUTe naaHaqerme nepeMeunoii HoppeHI.I,HFI 'IaCTOTnoii xapaH

TCpHCT11HII. 
1:J. I-lapHcyihe l!I 06'b.HCUIITe CXeMy n epeMeHHOM HOppei<l.I,HH C IIOMOIIJ,biO 

OTpHI.I,aTeJi bBOH o6paTHOH CB.H3ll . 
14. '-lTO Ha3WBaeTC.H UBTOMaTH'1eCHOll HOppeHD,HeH? 
15. I-lapHCYHTe H 06'b.HCHHTe CXeMy aBTOMaTI'I'leCJWH IWppel\Il,f1H. 
16. 06'h.HCUIITe CXeMy HOppei<IJ,Hl!I q aCTOTROH xapai<TepiiCTlii\I'I yCH JUI-

TeJIH 90Y -2 . 
'17 . 06'hHCHHTe na an aqerure peryJIHTOpon ycHnemiH. 
j 8. H.aH perynHpyeTCH yc~:IJieHne? 
19. IIepeqncnnTe nnp,br p eryJIHTopon yc~JJiemrn H YJ<a>mHe nx oco6en

B OCTH. 
20. 06'bHCHHTe Ha3ltaqef111C yCTaHOBO'lHOfO p ery.U:HTOpa fj)OMHOCT!I , 

rrepe'Il!I.CJII!Te Tpe6oDaiiFIH I> HeMy I'I YI<a >HFITe Ha3Ha'leiiHe Bbi J:!OC
HOfO p eryMrropa rpOMIWCTI!. 

21. IloqeMy peryJ!fiTOpbi rpo~mOCTH ne BI<JIIO'Ia!OT Ha BXOP,e FIJIH Ha 
BhlXOP,e yCHJi liTeJI H? 

22. 06'bHCHH.Te CXeMy BI<JII0'1eJJliiH BblROCfiOfO peryJIHTOpa rpOMIWCTH. 
23 . IIepequcnHTe u o6'hHCIUITe Tpe6onaunn, upep,'hHBJIHeMLi e H Hac

I<a}.l.y, liOCJie IWToporo CJieP,J'e'f B&IHOCHOM p eryJIHTOj) rpOMI<OCTIL 
24. 06'hHCIIHTe ycTpoikTBO DbiiiOCHhlX pcrynHTopon rpoMrWCTI1 ycr1JIH

Tenei1 3BYI\OBOfQ IUIHO H n e pe'IHCJlllTe Tpe60BaHH.H, npeP,'h.HBJIHeMbie 
H UHM. 



rnABA XIII 

311EKTPOAKYCTIA"'ECKASI 
AnnAPATYPA 

§ 1, 311EKTPOA~HAMW·IECKIAVf rPOM
KOrOBOPIATEflb 

fpOJvmoronopMTeJieM aaai>TnaeTCJI npeo6-

paaonaTem, 3JI8l-\Tp:wrecrmx HOJie6aHMR 3BYIWBOR tiaCTOTbi 

B 3BYHOBhl8 HOJie6aHMR. 

ITo cnoco6y npeo6paaonaaMH rpo~moronopMTeJIM nop;paa

p;eJIRIOTCR Ha 3JI8KTpO!J:H:Ha11Ul'l8CKH8, 3JI8KTpOMarHHTHJ,Te, 

nbeaoaJiernpnTieci{H:e u aJiernpocTaTuTieCr{He . B aacToRn:t;ee 

Bp8MR B KHHOT8XHHK8, Hal{ H pap;HOBen:t;aHHH, npH1118HRIOTCJI 

TIOTITH: MCKJIIOTIFIT8JibHO rpOMIWrOBOpHT8JIH 3JI8I-\TpO,ll;MHallm

ll8CIWR CHCT8111bl. l103TOMY 31J:8Cb paCCMaTpHBaiOTCR npH:HIJ;Jini 

,[(8HCTBJW H ycTpOMCTBO TOJibiW 3JI8KTpO,ll;HHal\1l!Iti8CHH:X rpOM

IWrOBOpHT8JI8M. 

Pa6oTa aJieKTpop;HHaMHTieCKoro rpoMHoronopFITeJIH ocao

naaa Ha 3aJWH8 B3aHMOp;efiCTBJUI i\J8rH,ll;Y npOBO,ll;HUKOM C TO

HOM lil MarHHTHbBI IIOJI8M. 

llycTb Memp;y cenepHhiM H ro;.HHbiM nomocaMH MarH!'ITa 

B rOpH30HTaJibHOM HanpaBJI8HFIH: llpOXOIJ:HT MarHHTHbi8 ClilJIO

Bbi8 JIFIHFIH: (pnc . XIIJ-1) . B ~rarnMTBOM rroJTe B ropH30irraJib

ROl.l llOJIOfl'\8HFIH: TIOlll8llJ,8H npOBO,IJ,I-IHl\ )l;JHii-IOH l, rrepe3 HOTO-
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pLrii: n poxo,n;HT aJieKTpH'leCKHii: TOK I, nLI3hiBaiOII~;Hii: noJinJie

n:ae BOHpyr IIpOBO,!l;HHHa MarHHTHOrO IIOJIH, CHJIOBhie JIHHHH 
IWTOpOrO HaiipaBJieHhl IIO OHpyrHHOCTH BOHpyr IIpOBO,!l;HHHa. 
B HTore naaHMo,n;eil:cTBHH o6o11:x MarnnTHhiX noJieii: (T . e. no

Puc. XJll-1. Jip OBOUHIII> C TOHOM 
ll ~JarJUITilOM 110J!C 

JIH, B I\OTOpOM HaXO,!l;HTCH IIpO
BO,!l;Hlll{, H rroJIH caMoro rrpono,n;
HHI<a) B03Hlli\aeT MeXaHJlqecHaH 

CHJia, CTpeMHIII;aHCH ,!l;BHraTh npo
BO,!l;HllK B MarHHTHOM IIOJie. 

HanpanJieHHe ,n;nHmenua npo
BOIJ:Hlima,HaK H3BeCTHO, nepneHp;H
J{YJIHpHO nanpanJieHHIO TOHa Jil 
nanpanJieHJiiiO CH.JIOBhlX JIHI-UJ:II 
:Marnunroro ITOJIH. EcJIH n npo-

nop;HHHe nepeKJIIOtiBTh nanpan
JieHHe TOHa Ha o6paTHOe, TO 

HanpanJiei-Uie ,!l;BllJ-1\eHJUI TaiUHe I13li•IeHHTCH. cl'fO JIBriW npo
nepHTh, IIpHMeHHH npaBHJIO JieBOH pyim. 

CnJia, ,n;eii:cTnymiTJ;aH na npono,n;, TeM 6oJihlJJe, qeM 6oJihrne 
Mn,n;yrn:~;ua MarnnTHOro rroJIJI B, cnJia Ton:a I n npono,n;nHr{e 
H era ,!l;JIHna l, T. e. F = O,i BIZ. 

OcHonamwn na HCIIOJibaonaHMH naaHMO}J.eiicTnurr npono,n;
HHKa C TOKOM, IIOMeiiJ;eHHOrO B MarR:Wl'HOB ITOJie, ::JJIBHTpO,!J;MHa
li'UiqecJ<aH rOJIOBKa rpollmOrOBOpHTeJIJI CJiaraeTCH H3 CJie,lWIO
lliHX OCHOBHI>IX ::JJieiVfeHTOB: 

a) ITO,!l;BHrHHOH CHCTBMhi, 
6) MarHBTIIOH CHCTBMhl, 

n) no,n;,n;epnmnamm,Hx H aaHpemmroiiJ;HX ,n;eTaJie~r (mai16Lr, 
,n;mpcpyaopo,n;ep maTeJm H ,n;p. ) . 

Ha pHc. XIII-2 rror{a3aHa o,n;na H3 HOIICTPYI<IJ;HH ro
JIOBI{H. 

MarnHTIIaH CHCTeMa npe,n;cTanJIHeT co6oii: cotieTanHe Mar
HB.Tonpono,n;a H MarHHTa . 0na COCTOHT H3 CTaJihHOrO CTaKaHa 
1 H 2, n ,n;ne IWToporo yr,penJien cTaJILHoii: IJ;HJIHH,n;p:aqecKHir 
cepp;e'lHHI\- Hepn 3 . CTaHai-I CHa6n{ei-I rtp~>rmrwii: 4, naahmae
lllOH nepxi-IHM cpJianiJ;eM. BepxrrHn cpJianeiJ; nMeeT Kpyr.rroe 
OTBepCTHe TaiWrO ,!l;HaMeTpa , 'ITO Memp;y 1-IHJVI J;r H:epHOM o6pa
ayeTCH B03,!l;Yilll-lblH 3a30p . l{epl-1 IiiJIH CTaJ{aH npep;CTaBJIHIOT 
co6oii: IIOCTOHHHI>IM Manurr . 

Boa,n;ynmMii aaaop nepece1,aeTCH pa,n;HaJILHblllf noTOI\OM 
CHJIOBhiX JIHHIIii . B aTOT noa,n;ymi-Ihrii: aaaop noMeii~;aeTcH 
IIpOBO,!l;HIIH, HalVWTaHHblM B HeCJWJlhi\0 CJIOeB Ha IJ;HJIIIH
p;p:aqeCHIIM 6yll'ramHblll IIJIJil Jil3l'OTOBJieHHbiH Jil3 aJIIOli'IHHB.eBQH 
cpOJihrM JierKHH Ha pr~:ac 6. 
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f1i 3 p1>3C C H3MOT3HHhJM H3 Hero IIpOBO)J;OM H33T>JB3eTCH 

3BYIWBOH, HJIH IIO):\BHiiUIOH, H3TYIIll\OH. 3ByKOB3H KaTymHa 

IIO):\BefllHB3eTCH B B03J:IYIDHOM 3a3ope C IIOMOIIT;hlO u;eHTpHpyro

lJl.eTI ill3R6bi 5 T3IHUI o6pa30M, lJTO MOIJ{eT rrepe.\'feU~3TbCH 

B):\OJih B03J:\YWHOrO 3330pa, HO He B CTOpOHbi. 

Ecmr qepea anyKonyro r-;aTymt<y nponycTHTh nepe~reHHhliT 
TOl{ 3BYROBO:ii LI3CTOTbi, TO IIO):\ BJIFH!Hl!leM B33H:MO):IefiCTBHH 

a 6 

Pnc . XIII-2. Paapea JllHpqlyaopHoro 8.ncwrpOUHIIa~ll l'lec · 
HOI'O l']JO~morOBOIJHTCJJ fl (a) II Cl'O DlfCWIIIIii Dllj:l (6) 

(3BYIWB3H K3TYIIII\a paCCM3TpHBaeTCH H3MH: KaJ{ npOBO):\Hl!ll{ 

C TOIWM) Me}HJ:\Y MarHHTHhiM IIOTOIWM l!I TOHOM B npOBO~(HFIKe 
3BYKOB3H I~3TYIIIH3 6y):leT CM8IIWTbCH B):\OJib B03J:IYIDHOfO 33-

30pa, npnLieM HanpanJrenne ee rrepeMeru;eHFIH 6y):leT MeHHTbCH 

c qacTOTOH rrepeMennoro Torw. 

CJie):IOBaTeJihHO, rrporrycHaH •repe3 3BYKOByro RaTyrrmy TOI{ 

3BYI\OBOH 'l3CTOTbi ( OT yCFIJIH:TeJIH), Mhl 33CT3BJIHeM !{3TYillHY 

COBepma'l'b ):\BFimeHI'IH B):\OJib B03J:\YillHOrO 3330pa C 'l3CTOTOH 

IIO):\BO):\FIMOrO TOK3 l!I 3MIIJIHTY):IOi:i:, IIpOIIOpiJ;H:OH3JlhHOH 3M

IIJHITY):Ie CFIJlbl TOHa B 1\all{):\biH ):\3HHbiH MOMeHT. 

TarmM o6pa30M, no):\ ):leHCTBHe~I 3. A· c. 3ByKono.ii 'la

CTOThi, IIO):\BO):\HMOH OT YCFIJIH:TeJIH, npOHCXO):\HT MeXaHHLieCHHe 

ROJie6aHH:Jl 3BYIWBOH HaTymrm C TOM me 'l3CTOTOH, T. e. 

IIpOFICXO):\FIT npeo6pa30B3HHe MeX3HH'leCKHX HOJie6aHH:H 3By

HOBOH RaTyilli<H: B 3l{YCTH:'leCJUie, B IW.Jie6aHFIH 'l3CTFI'lelt 

B03):1yxa, BOCIIIHIHFIMaeMhie IIpFI CBOeM paCIIpOCTpaHeHH:FI op

raHaMFI namero cJiyxa Kar< 3ByH. 

B AFitPtPY30piiOM rpOivmoronopFITeJie ):I.JIH BhiiiOJIHeHnH 3TOH 

33~(3'lFI CJiymFIT AHtPtPY30p, I\OTOpbiH npe~(CT3BJIHeT co6oii FI3-

rOTOB.1IeHHbJH rryTeM JIHThH FI3 6yl1Ia}RHOH MaCChi I\OHYC 7. 
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!{ Bepnnme KOHyCa. npHKpeiTJIJieTCH (npH1\JI8HBa8TCH) 

3nyHonaH KarylllKa . Kone6mom.aHCH B aaaope MarHHTHOiii 

~enH any"rwnaH KarymKa aacrannHeT rwne6aTbCH H cKpenJieH

mu:Ei: c Hell: p;J<rcptlJyaop, I<OTOphrii, n cnoiO oqepep;b, nepep;acr 

}>OJie6amrH OHpyn<amm,eMy noa,n;yxy. HaTyrnKa nrvrecTe c p;Hcp

<}JyaopoM COCTaBJIHeT llO,ll;BH}KHYIO CHCTeMy . 

TaKHM o6paaoM, HaMH paccMorpeHhi npHHIJ,Hn ,n;encTBHH 

3JieinpO,ll;HHa1'!H'IeCIWH rOJIOBHH rpo~mOrOBOpHTeJIH H OCBOB

Hhie p;eTaJlFI, FI3 KOTOpbTX OHa COCTOHT. 

MarmiTHaH cHcTe:Ma. MarHFITHhie CFICTeMbi roJIOBOI{ rpoM

rwronopHreJieiii 6hiBaiOT p;nyx Biip;on: 

1) CHCTeMbl C llOCTOHHHbiMH MarHHTaMH FI 

2) 3JieKTpOMarHHTbi, FIMeiOIII,He KaTylliKY B036ymp;eHFIH, 

I<OTOpbie B HaCTOHIII,ee BpeMH He npHMeHHIOTCH. 

fiOCTOHHHbie MarHHTbi H3rOTOBJIHIOTCH H3 cneu,naJibHblX 

COpTOB CTaJIH HJIH CllJiaBOB, B qaCTHOCTH illHpOIWe pacnpo

crpaHeHiie noJiy<IFIJIH cnJiaBbi aJibHH H aJibHFII<O, co,n;eprr<aru.He 

aJIIOi\HfHFIH, HFI:KeJib H I<06aJibT . fipHMeHeHHe CllJiaBOB ll03BO

JIHeT llOJIY'IHTb B 3a3ope MarHHTHOH ~emi BbiCOIWe 3Ha<remre 

MarHHTHOH HHp;ym:~lfH (p;o 20 000 cc*). 

B i\'IarHHTHhiX J.(enHx c :merrrpnqecHFIM noa6yn<,n;euneM: 

llO I<aTymHe 3Jiei<TpOMarHHTa llpOTeHaeT llOCTOHHHbTM TO lL 

O cHOBHhi M rpe6onanHeM, npep;'hHBnHeMbiM H o6oHM BFI

p,aM MarHHTHOH ~eTI FI, HBJIHeTCH DOnyqeune B031\10}HHO 60Jib

mei1 HHJJ;yku,HH MarmHnoro nonH n noap;ymnoM aaaope, rar< 

Hal\ 'IeM 60JibUie I1H,ll;YH~HH llOJIH, TeM 60Jihme 6yp;eT npH O,ll;

HOM H TOM :me TOI<e <repe3 31lYHOBYIO HaTymHy H MeXaHH'IeCI\aH 

CHJia, llpFIBO~\HIII,aH llO,ll;BHrHHYIO · CHCTeMy B ,ll;BHri<eHH8 

(F = 0,1 B · I · l). 
Bennqnna FIH,ll;YHIJ,HFI nonH aanncnr OT pH,n;a cpaHropon: 

paaMepon noa,n;ymnoro aaaopa, o6'heMa MarHHTa, copTa MaTe

pFiaJra ,ll;JIH MarnFITHOH CHCTeMbl FI JJ:P. 
IJ:enFI C llOCTOHHHblMFI MarHHTaMH FIMeiOT pa3H006pa3Hhie 

HOHCTPYHIJ,HH (pnc. XIII-3) . C aKcmr yarau,nouuo:ff TO'II<H ap e

HFIH npenMyiiJ,eCTBa llpHMeHeHHH llOCTOHHHbiX MarHHTOB O<Je

BU,ll;Hbl: 

1.) llOCTOHHHble MarHFITbi He Tpe6ylOT anernpFI'IeCI<OM MOIII,

HOCTFI p;nH coa,n;annH MarHFITuoro noJIH . Cne,n;onareJihHO, npn 

* fa ycc (zc) - e)J;Iliiiii.~a MaTBlilTHOH II.B)J;YK~HH B CHCTeMe e,IJ;H:
Hfl~ e r e (caATIJ MeTp, rpaMM, CeKyH,IJ;a) . E)J;IHITI~eii. Ma!'HllTBOH IIFI
AYIHI,HH no MemHyHapo,D,Etoii c11cTeMe e,D;l1.1U1D; (eH) (fOeT 9867 - 61) 
ycTaHOBJWEla TecJia (m.tt) . 1 nl..ll = ( 1 o6) : ('l .lt) 1. eoonwwemm Menqy 
e,D,HHHQaMH MarHtlTHOi'I lJ I·lAYl·;l~IHI CtlCTeM ere Hen TaKoe: 1 ZC= 

10- '1 e6 j.~t2= 1 nl.lt. 
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HX IIpiiM8H8I:lHM yCTpaHFI8TCFI I:l806XO;r:\HMOCTb B )J;OIIOJIHHT8.1b

HbiX HCTO'lHHHaX IIOCTOFIHHOfO TOHa, qTO OC068HHO Ba/I\HO. 

B nepegBRJKHK'.: ycTpOHCTBax; 

2) rpOMKOfOBOpiU8JIM C IIOCTOFIHHbiMH Marmrra~UI He 

BHOCHT B nepega<ry IIO~·Iex B BH)J;8 <flona, I\OTOpbiH 06bFUIO 

PHC. X IH-3. M:arnnTHbtC CtiCTCl\lbt ro.nooo t; rpo~·moro
sopnTeJICii C flOCTOfllll{hi:\III !\Ia l'J-IItTa:ml 

BHOCHT 1\0HCTpyHIJ;HH C 8JI8KrpoMafHHTOM, 8CJIH J{aTyim<a 

B036yrH)J;8HRFI IIUTa8TCJI IIJIOXO CrJiameHHJ,JM BbiiipJIMJI8HHblM 

TOKOM. TaiWR <floH IIOFIBJIFI81'CJI B peayJinTaTe TOfO, ql'O B 3By

lWBOR I{aTyiiiHe HHgy rnn

pyeTCFI neHoTopaFI a. A · c. aa 

cqeT rryJir,cau;ni1: BbiiipH~I

JI8HHoro TOJ{a; 

3) omagaeT . rreo6xo~u
MOCTn B )J;OIIOJIHRT8JlbHOH 

JIUHUU annapaTHaFI - 3pH

T8JibHbTH 3aJI npu MOHTa

H\8 HUHOYCTaHODHFI. 

llO,IJ;BJiii{HaJI CUCT8~Ia . 
IJ;errTpnpyroru;aFI rnaM:6a 1, 
gR<fl<flyaop 2 n anyKo- Ptlc . XHI-'" llo;tBJntmaH cncTcMa rpoM-

6 t<OrODO!JHTCJlfl 
naFI I{aTynma o paayroT no-

)J;BliHKHYIO CHCTeMy (puc. 

XIII -!f) roJiomnr AH<fl¢yaopnoro rpollmoronopuTeJm. ,I(n¢

<flyaop rrpegCTaBJIJI81' co6oii HOHyC C HpHBOJII1H8NHoli HJIH 

IIpHMOM o6pa3yiOiu;8FI. .I(H<fl<flyaopbi U3roTODJIHIOTCFI OCaiJ{~\8 -
HJl8M }EHTUWH 6yMaH\lfOU MaCCJ,I na CII8D,Ra.1Jb iibi8 <flopMbi C 

nocJiegy mru;e.ff npocyrruwM:. a TOT crroco6 gaeT noaMomHOCTb 



HRM8HJITb B lllliliJOHHX npe,a:eJiaX COCTaB 6y~Iaif\HOH MaCCbT If, 

C.1e ~OUaT8JlbHO, ~H3lil'l8CKlii8 CBOITCTBa MaTeplila.!la )l;ll~~yao p a, 
OT 1\0TOpblX 3aBJiiCJIT ero aHyCTlllJ:8CI\H8 Hali8CTRa: lJ.ilOTHO ~Tb, 

ynpyrocTb, nnyTpenHee TpenHe. BHernnee I<OJibiro, KOTopblM 

Alil~ ({>y aop (plilc. X Tll-5) aaKpeiiJIJI8TCJI B o6o~~e ;:t;lil<Jl~yaopo
J~epJHaTeJIJI , p;eJraeTCH ro<!JpHponanHhiM, ;:t;JIH Toro <rro6r,r o6e

CII8lJ:liiTb CB060p;Hyl0 IIO;:t;aTJIJiiBOCTb IIO)l;BliiJIHIOfi CliiCT8Mbi B OC8-

BOM HanpaBJI8Hlillil . flpH Jllil'l'b8 )l;lil tPtPY30pOB ro~p 06JJilJ:HO OTmi

Ba8TCJI BM8CT8 C KOHyCOM. Y B8plllliiHbl ,O:VI~<Jlyaopa VIM88TCH 

IfMJII!!H)l;}JH'l8ClUIIJ BOIJOTHlillJ:OI<, Ha KOTOpblll Ha;:t;eBa8TCH H 

nplil rwe:usaeTCH anyrwBaJI r<aTyuma. 

[(eHTpHpyroiiJ,aH rnaii6a MaTepqaTan, ro<!Jp:upoBannan, 

npouHTaHa 6ar<e IHTOBbiM JiarwM. IllaFi6a ,P,OJirrma o6JiaJ(aTb 

~" ro.p p 

Pnc. X lli-5. )J;nqHjJyaop c Hprr
nommeiinofi oopaayroll(eii 

3Ha'Il!IT8JibHOH pa,a:HaJibHOH JI\8-

CTHOCTblO Jii B11'18CT8 C T8M p;ony

CI<aTb p;ocTaToqno cno6op;uoe n e 

peMeiiJ;enne IWTyflm.lil C IWI-IYCOM 

B oceBOM uanpaBJiemnr. 

IJ;eHTpHpyrom,an maii:6a npH

r,penJIJieTCH I\ Bepxue~ty ~Jian-
IIY ~rarHliiTHOiir cncTe~J bl nocpep;

CTBOM cneu,liHlJibHhiX CTOei\ H p;Byx liiJIR Tpex BHHTOB . Ha

ana'rerme u,eirrpnpyiOIIl,liiX iJ.8TaJieii: aai\morraeTCH B coxpane

HHH IIOJIO:HWHRJI IIO)l;BIHHHOH !{aTyiDJ{M BO B}J8i\IJI )J;BJHH8HRH 

I~ C8 j)8)J,JilH8 3a30pa lii C03,LJ;aHHII }1{8CTIWCTH IIIaH6bl Jl ropH:30H 

TaJibHOM HarrpaBJI8l:IIIJil. llpii ROJie6aT8JibHOM J(BIDIWHJilii Ra

TYLOI{Jil nep;orryCTliiMhl ee rreperwcr,r lii Tpeulile o cTemm p;eTaJrei;i 

MarHJiiTHOM IJ,8IIlil, lJ:TO MOH\8'1' Bbl3BaTb He 'l'OJIT>IW RCimmemUI, 

H8IIpiiJITFibl8 )J;JIJI CJiyx:a, HO H MeX:afUJTI8ClUW ITOBp81-R)J;8HHH 

IIO)l;BH}l{HOH CliiCT8Mbi. 

3ByKOBUJI 1\aTYlllRU Ha~IaTbiBaeTCJI Ha IfHJIHH)J;}JJill{8CHOol 

6yMaJ-I\HOM HJilil H3 aJIIOM~IHJil8BOH tPOJibrH n:aplWC8 aJIIOMIIHE:e

BblM liiJilil M8)J;Hh1111 npOBO)J;O~l C 8MaJI8BOTI lil30JIJliJ,T18H. qliiCJIO 

BliiTKOB , p;na~J eTp H THII IIIJOBOJ(a OIIp8i1,8JIHIOTCJI IWHCTpyi{

l!Heii rOJIOBI<Til rp0 11.1 hOrOBO}JliiT8JIJI 11 BbTX:O~~Hbll\1 COIIIJO'l'liiBJI8-

HH8M YCHJIHT8.JIJI, B KOMUJI8J{T8 C KOTOphlM )J;OJiii~eH pa60TaTh 

rpoMsoronopHTeJib. 

Tar<, nanpHMep, anyrwsaJI I{aTyrnrw p;lil~~yaopnoH: ro

JIOBHlil 2A.-9 HaMUThLBaeTCJI Me[~HhiM 811WJIHIJOBaHHhlM IIpOBO

)J,OM fi8 00,12 Jl 'L,M na Eapl\aC H3 aJIIOMIHIH8BOU ~OJihrlil TOJilU)ii

HOfl 0, 2 JlLJlL . 

Rapi<ac , rrpe)J,CTaBJIJIIOIIl,lilH co6oti: HeaaMrmyThiN IJ,HJJliiHJip, 

JiiM88T CIJ8IfHaJlbHYIO H:anaBHY J(JI JI pa3M8IIJ;8HHH HaMOTI{Iii . 

BJiarop;apJI aToMy, a TaruHe 6JJarop;apn TIIJ,aTeJibHOH npo-
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JiJieiil\e lW'l'YlliiUI npH Hai\IOTH8 Me:XaHH'l8CHaH npOtiHOCTb ee 

neCbMa neJI:u::ha. 

KoHL(bi 3nyrwno:ti: HaTyruHH yr<penJIHJOTCH na ,o:n:¢¢y3ope, 

CHaHnalOTCR: C MHl'I\H!II MHOrO J-HHJibHbll\1 npOBO,ll;O!II, I\OTOpbiH, 

B CBOlO 0 1Iep8,ll;b, npnnaliiBa8TCH J{ HOHTai\TaM Ha ,ll;I-ItPtPY30p0-

,11;8pil~aTeJie. Ha HaTynmy naMoTano 240 BliiTI<on n tJ:eTbtpe cJioH. 

Hapy<EHbt:iz'r ,ll;lilaMeTp KaTymHH ne 6oJiee 54,4 AtJlt . BnyTpeH

nnii L~naMeTp I\aTymHH 51,8 At.ilt. BhiCOTa naMonur 18 At.ilt. 

ConpoTunJienne 3ByKonof<r r<aTymi<n: nocTOHHHOMY TOKY 12+ 
+ 'l O.ilL ITo.rmoe conpo·rliiBJienHe 3nyiwno:ti: HaTyrui\H na tJ:a

CTOTe 200 eLf 18+2 OAt. 

H aMOT I<a 3ByKonorJ: rmTyruHn rrpoH3BO~\HTCH n necr<OJihKO

,o:na-<re'l'htpe - cJioen (<reTnoe qnc.rro) TaH, qTo6bi BhTBO,ll;Hhre 

EOHIJ;bl BbiXO,ll;HJIH na O,ll;HY CTOpony. ilpH na~IOTI<e I<arH,ll;T>lH 

C.iiOH TJJJ;aTeJibHO TIIHIHJI8HnaeTCH cner~HaJibHbli\'1 H.TieeM ,ll;JIJI 

3aJI:p8Il JI8HHR: BMTKOB 3BYI<OB0ll KaTyWHM na I<apr<ace. 

§ 2. OCHOBHbiE XAPAKTEPI-iCT~K~ 

fPOMKOfOBOP~TEnEJ't 

B cncTeMe nocnpor,r3nep;en:u:H 3ByHa rpoM

KoronopuTeJih HBJJH8TCH 3anepmaJOJJ1IiJM 3JI8M8HTOM - MCTOq

HHHOM, C03,U:aiOIIV;J:M 3BYI\OBOe p;aBJI8HJ;I8 IlO,ll; ,ll;8IICTJHI8M IlO,ll;

nep;eHHbiX I< HeMy 3JI8KTpl'rqecRHX J<OJie6aHiilll. 

06 OTp;a<re rpmmoronopHTeJieM rro~(ne,o:ennoii r< neMy 

a.rre~>TpHqecrwi1 aneprn:rr Monmo cy~(HTh no op;noifr H3 ,o:nyx Be

JIH'HIH: JWJIJiiqnne 'IYBCTBHT8JibHOCTH I;J:JIJii BeJiuqune I<. II. ,0:. 

l.JyncTmiTeJibHOCTb E rpo~moronopwreJIH o6brqno orJ;eHH

naeTCH flO B8JIH<JHJ-Ie 3BYHOBOrO ,o:anJI8Hl'IH p, J<OTOpoe C03,ll;aE\T 

rpOMHOrOB OIJl'IT8Jib Ha Oilpep;eJieHHOM paCCTOHHHH IIO OCH (npH

HHTO orrpe,o:eJIHTb 'IYBCTBHT8JibHOCTb Ha paCCTOHHHH 1 .~·t) 
npn onpe,o:eJrennoM no,o:Bo,o:n:MOM l{ neMy HanpHiJ,eHMH U: 

E _ P (/oap ) - u- . 
6 

8oro noHHTne em.e Hw:rero He ronopwr o rwa¢¢rrn;vrcnTe 

IIOJI83HOl'O ,ll;GllCTBiiiH rpO:\Il<Ol'OBOlJl'IT8JUI, HO O'l8Hb y ;J;06HO f];JIR: 

cpanHeHHH pa3Jinqnbrx: rpow{oronopnTeJreil. Ho n o neJIHLJHHe 

'l.yBCTBl1T8JibHOCTH 1\IOJI<HO c paBHJilBaTb M8H->,O:y c o 6oii TOJibl<O 

rOJIOBHiii rpo11moronopnTeJiei.i: c panHT>IM coupoTHBJienHelii 

3BYHOBTJrx r<aTy lll e rc HeJih3H cp aBHHBa'rb no r:ryBCTBHTeJib

HOCTr-r rOJIOBHiii C pa3JIJ;ILJHhHIM COHpOTHBJIGHHHMiii. 
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Cpannenne or<asr,maercJI, o,n;narw, nosMomnhiM, ecJIM Mhi 

oyp;eM 6paTb OTHOJII8HH8 3BYHOBOI'O p;aBJICIUIJI He I< nanpH

Jl\CHHIO na rmeMMax rpo~moronopnreJIJI, a I< Ima,n;parnOJvry 

IWpHIO H3 IIO,Il;BO,Il;HMOH 3JI8KTpH'18CIWH MOIII,HOCTM: 

, - u 
-v P = vz- · 

Tor,n;a IIOJIY'lMM neJIM'lnny, xapaKrepnsyiOIII:JTJO 3clJclJer<THB-

nocTh 3JICKTpoaKycrnqecrwro IIpeo6pasonamm ropas,n;o 

Jrycrwe, H8JH8JIH tiYBCTBMTCJihHOCTb : 

p p v- v-E.6c = YP = u · z = E · z . 

BeJintrnna Ea6c nasLmaeTCJI a6co;uomrwii l{,yecmeume.r£b
rwcmbl0. 

Bo npeMJI pa6oThi roJionr<n rpo~moronopnreJIJI 3Jiernpn

'lCCI<aJI MOlii,HOCTh IIO,Il;BO,Il;MTCJI K HOM ne B BM,Il;8 CHnyconp;aJib

HOI'O II8p8M8HHOI'O TOI<a, a B BM,Il;8 TOKa CJIOri{HOH clJopMbi, COOT

B8TCTBYIOlii,8H 3BYKOBOMY CIHHaJiy, 3aiiHCaHHOMy na clJono

rpaMM8. Il03TOMy B OT,I1;8JlbHbi8, 0'18Hb IWpOTI<H8 0Tp83H:M 

Bp8M8HH, IIO,Il;BO,Il;HMaJI MOII\fiOCTb MOJH8T 6biTb ropa3p;O BhiJII8 

HOMMHaJrhno:H. Han6oJibmaJI MrnonenHaJI MOlii,HOCTh roHa sny

HOBOH qacroThi nasr,maercJI nur.oeoii . 
KoacJ)tPJru;IIeHT rrorre3noro ,n;eiicTniiH. Ilo,n; H. II. ,n;. roJIOBKR 

rp0~1HOI'OBOpHT8JIJI IIpHHJITO IIOHHMaTb OTHOJII8HH8 H3Jiyq:ae

llfOU aHyCTH'l8CIWM MOIII,HOCTH p a K IIO,Il;BO,Il;MMOll 3JI8I<TpH'18-

CIWl~I MOli.I,HOCT.H p. l{. II. p;. BbipamaeTCJI B IIpOJJ;8HTax: 

- Pa 1000J H. n. ,n; . - p· o· 

8ra B8JIH'1HHa, llOHa3biBaiOJII;aJI , I<ai<YJO ,ITOJIIO llO,Il;BO,Il;HlVIOM 

H rpOMHOI'OBOpHTCJIIO 3JI8I<TpHti8CI\OM MOlii,HOCTH OH npenpa

lT.l;aeT n MOIII;HOCTh aKycrntrecKyiO, xapar<repnsyer <lcPcPCKi'nn

nocrh <JJier<rpoaHycrii'lecHoro IIpeo6pasonannJI. 06hl'Ino 

K . IT . p; . rpOMKOI'OBOpUT8JIJI H8 BbiCOJ{ - H8 Bhiill8 H8CHOJib

HHX npOJJ;CHTOB . 

Tm< I<ai<. M3MepnTh m<ycrnqecHym MOlii,HOCTh oqenh CJiomno 

n, CJie,n;onareJibHO, Tpy,n;no OIIpe,n;eJIJITh H . II. ,n;. rpoMHOrono

])JIIT8JIJI , TO 06 acpclJel<TUBHOCTH rpOll'lHOI'OBOpHTCJIJI KOCB8HHO 

CYJV!T no ero <r.yncrnnTGJibHOCTn . 

lJacTOTnaa . xapai>repiiCTIII\a . OcB:onrrr,IM rpe6onanneM 
H rpOMIWI'OBOpHT8JIIO HBJIHCTCJI O,Il;I1:HaHOBaJI CT8II8Hh 81'0 OT

p;a'llii na nceM p;IIaiiasone noc rrponsno)l;-vn-rr,rx •rae TOT, T. e . 

LJyBCTDUT8JlhHOC'J;b rpOMlWI'OBOpHT8JIH p;OJnl\Fia 6J,ITh He TOJibHO 



,fi;OcTaToqno BhlCOJ\OH, HO H ne ,ll;OJDRHa CHJibHO OTRJIOHJITbCH 

OT cpep;Hefr neJin:qrmnr p;JIH ncero p;uanaaoHa qacToT. 

3aBHCUMOCTb qyBCTBHT8JibHOCTH rpo~mOrOBOpHT8JIH OT 

'laCTOTbi Ha3hlBa8TCH qacTOTHOH xapaRT8pHCTHKOH rpO~l
KOrOBOpHT8JIH H 06brqno H306paiHa8TCH B BH)J;8 l{pHBOH, 

HaH8C8HHOH B CHCT8M8 KOOp)J;HHaT. Ha OCH a6Cl\HCC OTRJia)J;bi

BaiOTCH 'laCTOTbl (qa~e BCero B JIOrapHcpMH'l8CI\OM MaCIDTa6e 

)J;JIH COKpa~eHim rpacpuRa), Ha OCH Op,IJ;HHaT - B8JIHqHHhi 

qyBCTBHT8JibHOCTH HJIH 3BYROBOrO ,IJ;aBJI8HHH, pa3B~Ba8MO-
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ro rpoMRoronopn:TeJieM 

(pn:c. XII I-6). 
Banmo1l neJin:qn:no1l 

HBJIH8TCH HepaBHOMep

HOCTb 'laCTOTHOH xapai\

T8pHCTHKH ( OTI{JIOHBHHH 

OT neKoToporo cpep;nero 

ypOBHJI). 0Ha ll03BOJIH6T 

PHC. Xlll-6. 'IacTOTHaH xapatiTCPHCTI-JHa CY)J;HTb 0 B8JI HqHH6 '!a-
rpo~moronopHTCJJH CTOTHblX HCRarH8HHH, I\O-

TOpi,l8 BHOCHTCJI rpOMKO

rOBOpHT8JI8M no npe"m ero pa6oThi. 06brqno onpep;eJIJIIOT 

HepaBHOMepHOCTb B HaiWM-TO )J;HaUa30H8 qaCTOT H yim3hiBa

IOT 3TH rpaHHI\hl B OTHOCHT6JibHhiX ep;Ii!HHI\aX - )J;8l\liT6eJia:X. 

B TeXHH'lecHn:x p;aHHhiX qacTo He npli!BO)J;HTCH rpacpli!H, 

a XO)J; qaCTOTHOH xapaHTBpHCTHHH 3aUHCblBaiOT CJIOBa~nr, 

nanpHMep: <<HepaBHOMepHOCTb 'laCTOTHOH xapar..:Tepli!CTli!Klil 

B pa6oqeM ,n;n:anaaone qacToT 40--:-10 000 21-f He npenhrmaeT 

16 86>>. 
HeJIHIIeMHbie HCRameHHn:. IlpH pa6oTe rpoMI oronopH

TeJih, HBJI.IIIO~HHC.II H8JIHH8HHOH Cli!CT6MOH, llOMlilMO 'laCTOT

HhiX BHOCHT e~e H H8Jili!H8HHhl8 HCKa/KBHH.II . HeJIHI'l8HHJ,l8 

HCI\aii\8HH.II llpOCJIYIDHBaiOTCH I\aR XpHllhl, p;pe6ea:maHliiH H 

p;pyrHe nenpHHTHhle anyKOBhre o~y~eHHJI. B ycJionn:Hx noc

npoHanep;eHn:H peqH n: MY3hiKH nop;nop;HMaH K rpoMKoronopH

Temo MO~HOCTh pacnpep;eJiena no pa3JIH'lHhlM o6JiacTmvr <ra

CTOT nepannoMepHo. HaH60JihmHe nHKOBhle MO~HOCTH npM

xop;HTCH Ha o6JiaCTb OT 250 ,[(0 500 21-f - ,[(JIB: CHMcpOHI1qecHOH 

MY3hlKlil n: Ha o6Jiac'l'b oT 500 p;o 1000 21-f - ,IJ;JIH peqH. Ha o6-

JiaCTH HHrHHHX H BepXHHX <raCTOT llpHXO)J;HTCH OTHOCliiT8JibRO 

O'l6Hb ne60JihillaH ,D;OJIJI o6~ej;[ llHIWBOH MO~HOCTH. Ilo::JT011Y 

l{ rpO!VIHOrOBOpHT8JIIO He npep;'hf!BJIHIOTCH Tpe6oBaHHH H~I8Tb 
O,ll;HHaHOBO MaJihiH R03cpcplill\H8HT H6JiliiH8HHhiX liiCHaJI\8HliiH BO 

BC8M ,D;Halla30H8 qacTOT, B qaCTHOCTH B 06JiaCTlil Hlil3Hlil:X 

qacTOT. Cllii!TaeTCJI p;onycTHMhl1I, 'lT06hl na qacToTax MeHhlJJe 
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50 illf T<Oa<IJ<IJ.Hn;IIenT neJT.Hnef!HMX HGKaH\enHH COC'faBJIHJI 
10--:--15%, B ,n;11arraaone 50-100 Zlf - 3--;-5% H na 'laCTOTax 
CBhiDie 100 81{- )J;O 1%. 

HarrpaBJJennOCTb. rpo)flWronopnTeJTh o6Jia,n;aeT CBOllCT
BOM narrpaBJiennOCTR ,n;en CTBHJT, T. e. UO-pa3nOMY R3JJyqaTh 
3BYIWBYIO 3Hepr.HIO B pa3HhiX nanpaBJienHHX. 

Xaparnep.HCTHIW nanpanJiennocT.H ,n;II¢¢y3opnoro aJieJu
po,n;IInaMn•Ieciwro rpo~moronopvrTeJIH nor<a3ana na pHc. 
XI JI -7. ,[(HarpaMMa CTponTc.A: cJie,n;yiOI1IUM o6pa30M: na rpa
,n;ycnym CeTHY HaHOCHT B orrpe,n;eJienHOM MaCTUTa6e 3na'leHvfli 

Pnc. X lll-7. Xapai>Tepn cTnl<a 
HanpauncniiOCTII )I IHjJipyaopnoro 

rpOMJ\Ol'OBOj)IITCJif! 

P11c. XIII-8. XaplHTCPHCTHHH 
IJanpanncJLHOCTJI AIJijJJjJy aopHoro 
rpo~moronopn·reJin A.TTFI paanwi-

Hhi X <JaCTOT 

3BYHOBOI'O ,n;aBJJeHU.A:, U3MepeHHhte na O)J;nOl\1 H TOM ii<e pac
CTOHn:Wl'l OT rpOMI\OI'OBOp.HTeJIH , no ITO)J; pa3nhiMiif yr Jia~m 
H ero OCH (narrpaBJieH.He 3TOH OCiif COOTBeTCTByeT OTMeTKe 0°). 
IloJJy<reHBhie TO'lHiif coe,n;HnHIOT rmannoii KpHnoii, npe,n;cTaB
JIHlOnJ,e:ii xapai{TepHCTHI<y narrpaBJieHHOCT.H. CDopMa xapaHTe
pHCTliJH.H nanpaBJiennOCT.H rp0!11!{0fOBOpHTeJUI 3aBiifCHT 01' 
ero pa3Mepon no cpannen.HIO c ,n;mmoii: BOJIHhi, IWTopym on 
H3JryqaeT, :w OT nu,n;a ar<yCT.H'lecrwro o¢opMJienHJL 

Ha p:wc. XJJI-8 npHne,n;en pH,n; xapaKTepHCTHH nanpanJien
noCTJii )J;lii<IJ<Jly30pHOI'O rpOMHOI'OBOpMTeJIH )J;JIH pa3JII!f'lnbiX 
~JaCTOT. J13 Rp.HBblX BJii)J;nO, 'ITO C yBeJIJii'len.HeM 'laCTOTbl 
rpo!lmoronopHTeJJn npenparu;aeTCH Jii3 nenanpaBJieiiHoro n ocT
ponanpanJiennnr:H: . iha oco6ennOCTo HBJIHeTCH o,n;niiM U3 ne,n;o
CTaTl\OB )J;Iii<IJ<Jly30pHblX rpOMI\OI'OBOpliinmen. 

§ 3. PA50T A AHCbCDY30PHOrO rPOM
KOrOBOPHTEnsl CO W.HTOM lit 9 
SIW.HKE 

IT pril pa6oTe ,n;n¢¢y3opnoro rpomwrono
pRTeJJH I-Ia nU3IIIUX 'laCTOTaX na6mo,n;aeTCH CnUiHei:IHe OT)J;a"'.Jii 
B 3TOH 06JJaCTiif 'laCTOT, T. e. 3na'l.HTeJihnaH nepaBI-IOMepnOCTb 
'laCTOTHOi1: xapmrrepHC'l'Jiil{}l 3BYIWBOI'O p;aBJienJiiH. 
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06'bJICHJIIOTCJI CJTII JIBJI8HIIJI OT'IaCTII IIHTep<}JepeHIJ;II8H 
M8/I\)J;Y 3BYI\0Bbli\UI BOJIHaMII OT nepep;neii II sap;neii CTOpOH 
gn<jl<jlysopa. ,IJ;nnraJICh nnepep;, p;n<jl<jlysop C/HIIMaeT nosp;yx 
nepep; co6oii II pasperHaeT ero nosap;n ce6JI. B pesyJihTaTe 
STIIX C/HaTIIii II -paspem:enn:fl nosp;yxa, nprmeraroiiiero H p;nqr 
<}Jysopy, C03)J;aiOTCJI 3BYI\0Bhl8 BOJIHhl, HOTOpbl8 pa3JIII"!aiOT
CJI IIO <}lase Ha 180°, "'TO COOTB8TCTByeT IIOJIOBIIH8 )J;JIIIHbl 
BOJIHhl ('A/2). 

EcJIII B TO"'HY npocTpancTBa, rp;e nponsnop;IITCH npocJiyiiiii
nanne snyHa, npnp;yT o6e BOJIHhi - npHMaH II orn6aroiiiaH -
oT sap;ne:fl cToponhi p;n<jl<jlysopa, TO, naRJiap;nmaHCh op;na na 
p;pyryro, OHII B3aMMHO IIO~lTH IIOJIHOCThlO 
ynii"'TOrn:aTCJI H snyH 6yp;eT pesRo ocJia6Jien . 
TaHoE: a<jl<jleHT nashlnaeTcJI aH:yCTH"!ecrurM 
rwpoTRHM saMhiRanMeM (pRe. XIII-9). llpn 
CJTOM BM8CTO TOrO, 'lT06bi B036yp;HTh 3BYIW
Bbl8 BOJIHhi, pacnpOCTpaHHIOII1li8CH p;aJibiii8, 
p;n<jl<jlysop 6yp;eT neperonJITD nosp;yx c og
no:fl CToponhl na p;pyryro. 

AHyCTH"!ecKoe RopoTHoe saMhiRanMe npo-
JIBJIHeTCH TOJihRO B 06JiaCTII CaMbiX Hli3HIIX PHc. XIII-9. AHy-
3BYHOBblX "laC TOT (p;O 3QQ i3!f), IIpli HOTO- C'I'H'JecHoe HOPO'l~ 

HOe 3aMbiHaiDie 
phlx pasMepbr p;n<jl<jlysopa ·MaJihi no cpan-
nenMro C )J;JlliHaMH CJTHX BOJIH. ,[I;JIH 60JI88 
BbiCOI\IIX 3BYROBbiX "laC TOT, IIpli HOTOphiX )J;JIHHa BOJIHhi 
M8Hhiii8, B03p;8HCTBH8 BOJIHhl OT sap;ne:fl CTOpOHhl p;M<jl<jlysopa 
OCJia6JIH8TCH CaMHM )J;H<jl<jlysopOM. 

TaH, nanpRMep, eCJIII rpoMrwronopiiTeJih 4A18/A oT HHHO
ycTanoBHH <<'YRpaliHa» liSJiyqaeT 3ByR "!aCTOTOH / = 700 i3lf, 

TO ,r;J;JIHHa BOJIHbl 3ByHa CJTOH "!aCTOTbl 

~ = .:._ = 340·100 ""'50 
"' f 700 ,...,.. CM . 

TaH Hal{ p;MaMeTp pa6oqe:fl qacTH p;M<jl<jlysopa rpoMHoro
BOp.!i!TeJIH 4A18/ A paBeH 200 JltM, TO )J;JIH IIpliXO)J;a B TO"'KY 
IIpOCJIYIIIHBaHHH, HaXO;r:I;HIIIYIOCH Ha OCR rpOMIWrOBOpliT8JIH, 
BOJIHa OT 3ap;H8H CTOpOHbl )J;H<jl<jlysopa )J;OJIJI{Ha IIpOHTH rryn, 
IIpH6JIH3liT8JlhHO Ha 200 M.ilt 60JihiiiHH, "!8M BOJIHa OT nepep;
Heii: ero CTopoHbi (p~-~:c. XIII-10) . Hs-sa no:fl pasiiHIJ;bi nyTH 
3BYI{OBaH BOJIHa . OT sap;neii: CTOpOHhl )J;H<jl<jlysopa IIpliip;eT 
B TO"!l{Y IIplieMa C p;OIIOJIHHT8JlhHbiM C;r:I;BHrOM <jlasbl, HOTOpbiH 
6yp;eT OIIpep;eJIJIThCH OTHOIII8HH8M pa3HOCTII )J;JlliHbl IIyTeH 0'1' 
nepep;neft li sap;neft cTopon ,I;J;H<jl<jlysopa 1{ gmme BOJIHhi. 

1 1 YcumtTemt tmHOYCTaliOBOH llt 



,ll.onoJIHllreJII>Hhlii: CgBBr ~aabl B nameM npmrepe cocTaBH'l' : 

_ 200 -0 !.!. 
(Pilon - 500- ':1 • 

ITocROJII>RY aByrwBaa BOJma or aa):\Heii: cTopom,r }:\Hcpcpy

aopa Bcerga Cf\BHHyTa no cpaae Ha 0,5 'A, peayJII>THpyiOI.II,Hii: 

PHC. Xlll-10. MuTep(jJcpcmUIH MCHiAY 3BYiiODbrnm BOJU!a~m 
o-r nepei\HCJI H aagneii cToporr i\Hc!lrjlyaopa 

C):\BHr cpaahl paCC:!<IaTpHBaeMOH BOJIHbi IIO OTHOill8HHIO 1{ BOJIHe 

OT IIepe}:\H8I1: CTOpOHbi }:\Hcpcpyaopa COC'faBHT: 

<ro61I\ = 0,4/.. + 0,5/.. = 0, 9A.. 

8TO 03HaTiaeT, 'ITO BOJIHJ:.I 01' o6eHX CTOpOH }:\1Icp$yaopa DpH

):IYT B TO'lRY npneMa DO"'ITII B 0):\HHaKOBOH paae (cgBHT <flaahl 

COCTaBHT 0,1 A) H CJIOJKaTC.fl, B peayJihTaTe. qero 3.ByROBOe 

):laBJI8HH8 BOapaCTeT. ,[l;JIH 3ByKa 'laCTOTOH 50 8/,f {A.=680 C..lt) 

np:a TOM J-Re ):IHaMeTPe ABf!lcpyaopa coa~aerca ycJWBHe, npa 

IWTOpOM C):\BHr tPa3hl BCJie):\CTBHe OrH6aHHH gn!Jlcpyaopa Co

CTaBUT BCerO JI:Hillb 

' 20 
<rAon = GSO ~ 0,03A., 

a o6IIl,:Hi:i: Cf\BHr cpaaor 

(#l~I51I\ = 0,03/.. + 0,5/.. = 0,53/... 

llp14 TRNOM C):\Illlre ~a3bl 3B}"NOB:bl8 BOJIHbl OT o6eDX CTOpOH 

AHcl>cpyaopa 6ym•T :BwrnTaThC.H OAHa Ba )Wyroii:, B 3EYJ{OBoe 

):laBJleHHe peaKo yna):\8'.1'. 

Ma npnMepa CJie):\ye'r, "'ITO eCJIH OOigliH C~IIDI' l}la3bl BOJIHbi 

0 '£ 38.AHe.i CTOpOH.hl AH!f>4>yaopa E TOTIKe npDeMa paliB1leTCH 

IJ;'llOMy 'lllCJ:ry' A.!HIH BO!IH (fo., 2A., 3},. H T . ):\.), TO' <Yra BOJIHa 

6y,qeT CKJIR,Dilii1U\ThCSI C BO!IHO:il OT nepe}:\HeH CTOpOHhl }:\lilc}JIPy-

30pa, H 3BYII'. 6ytJieT ycMJHI:BaTbca; ecJn1 me C,!!Bm' q.aai>I paBeH 
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H8'I8THOMY 'IHCJIY IIOJIYBOJIH (0,5A,; 1,5A,; 2,5 A H T. p; .), TO 

BOJIHbl 6yp;yT BblqHTaTbCH H 3BYK 6yp;eT OCJia6JIHTbCH. 

Bni'IHTaHne H cJiomeHne aByrWBhlX BOJIH paaJinqHhlX 'Ia

CTOT B TO'IIte MX IIpHeMa C03p;aiOT Mai{CMMYMbi H MHHHMYMbl 

(rrop;'beMbi H rrpoBaJII>r) aByKoBoro p;aBJISHMH. HaM6oJII>IIIaH 

H8paBHOM8pHOCTb 'IaCTOTHOH xapaKT8pHCTHKH 3BYKOBOrO 

p;aBJI8HMH Ha6mop;a8TCH B,!l;OJib OClil ,!l;Hcpcpyaopa IIpH OC8BOH 

cnMMeTpHH rpo:MKoroBopnTeJIH. 8To rrponcxop;nT rroToMy, 

'ITO IIpH 3TOM C,IJ;BHr cpa3bl 3BYKOBOH BOJIHbl aa C'I8T OrM-

6aHMH 6yp;eT O,!J;HHaKOBbiM BOI{pyr BC8rO p;ncpcpyaopa (rpOM

KOrOBOpHT8JIH). 

B CTopone OT ocn rpoMKoroBopHT8JIH ns-sa pasHHI!bi 

B ,!l;JIHH8 IIYTH ,!l;JIH BOJIH OT pa3JIM'lHblX 'IaCT8H p;ncpcpyaopa p;o 
TO'IKH IIpOCJIYIIIHBaHHH C,!l;BHr cpa3bi BOJIHbi OT o6paTHOH CTO

pOHbl p;Mcpcpysopa TaKJ-Ke oKa3blBaeTCH pasJIH'IHbiM. IIoaToMy 

c6oKy OT OCH rp0111KOrOBOpHT8JIH IIpOBaJibi H IIO,!J;'b8Mbl 'IaCTOT

HOH xapaKTepncTI-mn 3ByrwBoro p;aBJI8HHH, pasBHBaeMoro 

rpOMKOrOBOpHT8JI8M, CrJiaJRHBaiOTCH H XapaKT8pHCTHI{a IIO

Jiy'Ia8TCH 6oJiee pOBHOH. 

"t-JTo6bi ycTpaHHTb HpaHH8 H8J-H8JiaT8JibH08 HBJI8HH8 HHT8p

cpep8HI!HH BOJIH HM3IIIHX 'IaCTOT rrepep;H8H H aap;HeH CTOpOH 

p;Hcpcpysopa , IIpHM8HHIOT pa3JIHqHbi8 BH,!l;bl aKyCTM'I8CKOrO 

ocpopMJI8HHH rpOMHOrOBOpHT8JI8H: aKyCTM'I8CKHH 3KpaH 

(IIIHT), OTKpbiTblH HJIH 3aHpbiTbiii HIIIMI{, cpa30HHB8pTOp H Ha

npaBJIHIOIIIHH pynop. 

AKycTH'IeCKHH aKpaH. HaH6oJiee rrpoCTbiM crroco6oM 

6opb6bi C aKyCTH'I8CHHM IWpOTJ{HM 3aMbiKaHH8M Iii HHT8pcpe

p8HI!H8H B 06JiaCTH HH3IIIHX 'IaCTOT HBJIH8TCH ycTaHOBKa ro

JIOBKlii rpOMKOrOBOpHT8JIH B aKyCTH'I8CKHH p;epeBHHHbiH IIIHT. 

PasMepbi rrpHMoyroJibHOro IIIHTa p;OJIJIHibi 6biTb p;oBOJibHO 

6oJibiiiliil'I'Ilii . HarrpnMep, p;JIH BOCrrpoHsBep;eHliiH 6ea ocJia6Jie

HHH 3ByHa 'IaCTOTbl 50 Zl{, p;mma BOJIHbl KOTOpOrO paBHa 

680 C.M, HYfi<HO, 'IT06bl CTOpOHa 3KpaHa IIpiii6JIH3liiT8JibHO paB

HHJiaCb IIOJIOBMHB ,!l;JiliiH8 BOJIHbi, T. e. 60JI88 3 ~t. 
HeJ-I{eJiaTeJibHa TaKme CliiMMeTpMqHoCTb aHpaHa OTHOClii

T8JibHO OClii ,!l;Hcpcpyaopa, 'l'aK KaK IIpii 3TOM B 'IaCTOTHOH xapaH

T8pHCTliiK8 rpOl\1KOrOBOpliiT8JIH IIOHBliiTCH rJiy60KHH IIpOBa.JI 

B pesyJibTaTe aKyCTH'I8CKOrO KOpOTIWrO 3a.MbiKaHHJI. 3Ha'IM

T8JibH08 yJiy'ImeHHe 'IaCTOTHOH xapmuepncTMKlii p;ocTnraeTcH 

MJIH H8CliiMM8TpH'IHbiM 3I{paHOM, MJilii aCIIMM8TpliiqHblM pa

CIIOJIOJ-l{8HH8l\I rpOMl{OrOBOpMT8Jili B 3I{paHe IIpaBliiJibHOH 

cpopMI>I. 

HIIIHK. fpol\'nwroBopnTeJib MOJHHO rroMeCTMTb B HIIIMK, 

IWTOpbiH C OTI{pbiTOH 3ap;H8H CT8HKO[I 3KBHBaJI8IIT8H IIJIO-
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CKO:MY aKyCTHqeCKOMY :mpaHy CO CTOpOHOH d= a+2e. f Jiy-

6HHa 6 paBHa 0,125 ,D;JIHHhl BOJIHbi HH3JII6H BOCllpOH3BO

,ll;H:MOH qacTOTbi (pHc . XIII-11). T arme HJII.HI{H c OTKpbiTOH 

sap;HeH CT6HKOH npHM6HHIOT B KOMITJI6I{T6 IUIHOITepep;BH~KeH, 

HanpHMep B rmHonepep;BH~me <<YHpaima>>. PacHpbiThlH f!JII.HH 

MOffiHO pacc:~IaTpHBaTb Hal{ H6HOTOpoe ITO,D;06He aHyCTHqe

Cl\OrO :mpaHa. 

HapHp;y c f!JII.HI{aMH, HMemm;HMH OTRpi>rTyro sap;moro 

CT6HHy, np:H:M6HHIOT :H HITI;IU{H C 3al{pbiTOH sap;HeH CT6HI<OH, 

PHC. XIII- ! 1. Pas~!eiiiCHI~e 
rpo~moronopnTemi: a - na 
8!<paue C paC'IeTHbiM p a3MC
poM d; 6 - D Rll1l!HC C 8HBHDa
JICHTI{blM paaMep oM d=a+ 2e 

IWTOpbi6 OTJIJiiqaiOTCH ITO CB06MY 

BJIJiiHHJiiiO Ha qacTOTHYIO X a paRT6-

pHCTiiiRY Jii3JiyqeHHH rpOMHOrOBOp:H

T6JIH OT aHyCTHqecHoro ~mpaHa. Ha 

nepBbiH B3rJif!,ll; 3aRpl>ITaH sap;HHf! 

CT6HHa p;omrma y JryqmaT» Bocnpo

:H3Bep;eHHe HJii3JIIJiiX 'IaCTOT T6M, 'ITO 

ORa :HCl{JIIOqaeT Jii3JiyqeHJii6 OT sap; 

Rei! CTOpOHbi p;H<lJ<lJysopa. Op;Har-w 

ynpyrOCTh HaXO,ll;HJII.6rOCH B HJII.:HH8 

o6'beMa Bosp;yxa, oco6eHHO ecJI:H 

::JTOT 06'b6M H6 CJIHIIII\01\'I B6JI:HI{, 

Cl\Jiap;r,maeTCH c ynpyroCThiO nop;

BHl-HHOH CJiiCT6Mbl rpOMI\OrOBOpiiiT8-

JIH Iii llOBbiJIIaeT ero p630HaHCHYIO 

qacToTy, qeM yxyp;maeT OTp;aqy Ha HH3JIIHX qacToTax. 

RpoMe Toro, saMrmyTr,ri:l o6'l>eM Bosp;yxa Bnrsr,maeT p;onoJI

HHTeJil>Hnie p830HaHCHbl8 f!BJI8HJiiH Ha 60JI68 BbiCOI\:HX qaCTO

TaX, yMeH»maiOJII.He paBHOMepHOCTl> qacTOTHOH xapai{TepH

CT:Hl\H rpo~mOrOBOpiiiT6Jlf!, ,lJ;JIH ycTpaH6HJiiH ,ll;OllOJIHJiiT8JlbHblX 

pe30HaHCOB, C03p;aBa6:MblX B03,D;YliiHbiM 06'b6MOM f!JII.IiiHa, 

npHMeHHIOT noHpniT:He BHyTpeHHiiiX noBepxHocTei! HJII.HI{a 

3BYROITOr JIOJII.aiOJII.IiiM MaTepHaJIOM. 

<l>a30HHBepTop. B CTau;HoHapHbiX IUIHoycTaHOBKax rnn

poRoe pacnpocTpaHeHHe noJiyqHJIO aHyCTH'Iecrwe o<lJopMJie

HHe rpollmOrOBOpHT6Jl6H B <lJa30JiiHB8pTOpaX - pa3HOBHp;

HOCTJii 3ai{pblTOrO HJII.IiiKa, JiiM6IOJII.6rO OTB6pCTJii8 Ha O,ll;HOH 

CTOpOHe C rOJIOBHOH rpOMKOrOBOpiiiT6JIH, Iii ITO B6JIH'IHH6 IIpiii-

6JIJI3HT6Jll>HO paBHOe IIJIOJII.ap;:H p;Iii<lJ<lJysopa. 0TBepCTH6 CJIYH<IIT 

,D;JIH HCIIOJlb30BaH:HH :HSJiyqeHJiiH 3ap;H6H CTOpOHJ,I p;Iii<lJ<lJysop a 

rpo~morOBOpHT6JIH H yB6JIJii'IHBaeT OTp;aqy Ha HJii3KHX qa

CTOTaX. 

Mp;eH ycTpoftcTBa CBO,ll;HTCH H TOMY, 'IT06ni o6paTHTI> (HJili, 

I<aK HHaqe MO}l{RO CI{a3aTb, :HHB8pTHpOBaTb) <lJasy H3JIY'I6H:Hf! 

o6opOTHOH CTOpOHbi p;:rr<lJ<lJysopa. llpH ::JTOM BOJ!Ha, Jii3Jiy'Iae-
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l\IaH rrepep;HeH CTOpOHOH )J;HWWY30pa, H BOJIHa, BhiXO)J;HIIJ;aH H3 

HIIJ;HKa C o6paiiJ;eHHOIT <Paso:ifr, HMeiOT B6JIH3H OT JIITJ;HI\a O)J;HHa-

1\0Bhie <Pashl , H HX HHTepcp epeHD;HH YJHe He IIpHBO)J;HT H. OCJia6-

JI8H1HO 3BYI{a. 

Ha pHc. XIII-12 rroKasaua cxeMa <PasoHHBepTopa. Pa6o

TaeT OH c.Jiep;yiOIIJ;HM o6pasoM. Horp;a rwayc p;n:<l><l>ysopa )J;BH

meTCH OT MarHHTHOR CHCT8Mhl, C03)J;aBaH BH8 HIIJ;HHa CJ-I-\a'fHe, 

B03)J;YX B OTBepCTHH )J;BH)l{8TCH aapymy, TaR J-I{e C03)J;aBaH 

rrepep; OTBepcTn:eM cmaTn:e. HarrpoTHB, rwrp;a KOHyc )J;BHJI{8TCH 

K MarHHTHOH CHCT8Me, C03)J;aBaH BH8 

HIIJ;HKa paspemeHHe, B03)J;YX B OT-

B8pCTHH p;BHJHeTCH nayTph HIIJ;HHa H 

rrepep; OTB8pCTH8M IIOJiy'laeTCH TOJI\8 

paspemeHn:e. 

TaHHM o6pasbM n: rrpoHcxop;n:T 

me.JiaeMoe o6paiiJ;eHHe (Hanepcn:H) 

<!>as:r,r H3JIY'l8HHH o6opOTHOH CTOpO 

Hhl )J;HWWY30pa H ycTpaHHIOTCJI H8-

BhirO)J;Hhl8 IIOCJie)J;CTBHH HHTep<Pe

peiiD;HH IIpHMOH H o6paTHOH BOJIH. 

II pon:cxop;wr aTo IIOTOMY, 'ITO p;H<l>-

<l>ysop rpOMHOrOBOpHT8JIH CBH3aH 

eonHa 

YiHsepniposaH '.,.. J 

HaR eon Ha 

'I8p83 yrrpyrOCTh B03)J;YIIIHOrO 06'be- Pac. Xlll-12 . CxeMa tjJaao-

Ma HIIJ;HHa C MaCCOH B03p;yxa B OT- mmepTopa 

nepcTHH. Macca Bosp;yxa B OTBep-

CTHH Bep;eT ce6H rrop;o6HO )J;HWWY30py, HBJIHHCh )J;OIIOJIHHT8Jih 

HhiM H3Jiy'laTe.JieM 3BYI{a . 0Tp;a'la YB8JIH'IHBaeTCH IIp8HMyiiJ;e

CTB8HHO Ha p830HaHCHOH 'laCTOT8 06'beMa <l>a30HHB8pTOpa , 

l{OTOpaH Bhi6HpaeTCH paBHOR IIJIH H8CIWJihiW HHJ-I-\8 OCHOB

HOH pesoHaHCHOH IIaCTOThi ro.JIOBI{H rpoMHoronopHTe.JIH. 

Xopomo paCC'IHTaHHhiR H H3rOTOBJI8HHhiH <PasoHHBepTop 

He TOJI:bl{O y.JiyiimaeT IIaCTOTHYIO xapaHT8pHCTJmy 3BYHOBOC

IIpOH3B8,!i;8HHH B 06JiaCTH HH3IIIHX 'laCTOT, HO H CIIOC06CTByeT 

yMeHhiii8HHIO H8JIHH8HHbiX HCI<arH8HHH B6JIH3H 'laCTOThl peso

HaHCa rOJIOBI-\H rpOMKOrOBOpHT8JIH. 

TaK Kar< a<P<PeHTHBHaH IIJIOIIJ;ap;b p;u<l><Pysopa MOII\HbiX con

peMeHHhiX rpOMIWrOBOpHT8JI8H (a B MOIIWbiX CHCT8MaX ycTa

HaBJIHBaeTCH H8Cl{QJibiW rOJIOBOH) 3Ha'IHT8JibHa, TO H 06'heM 

<Pa30HHBepTOpa )J;OCTliraeT 3Ha'IHT0JibHb1X pa3M0pOB, 'ITO Har

JIH)J;HO BH)J;HO Ha <PoTorpaqmu saar{paHHI>IX rpmmoronopu

Te.JieFi, ycTaHOBJieHHhrx B KHHOTeaTpe <<Poccnm> B MocHne 

(pHC. XIII - 13). 

Pynop -,- necuMa pacrrpocTpaHeHHbiTir aH.yCTMIIeCI{HR a.Jie

M8HT, COr JiaCyiOID;MH OTHOCHTe.JibHO BbiCOKOe IIOJIHOe ar<yCTH-
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'I8CK08 ConpOTYIBJI8HH8 rpO~lKOfOBOpHT8JIH C ~OBOJibHO HH3KHM 

COnpOTHBJI8HH8M Harpy3KH, T. e. B03~YillHOH Cpe~ofr . 
II pH'IRHa H83Ha'IHT8JibHOH swweKTHBHOCTH 3aKJIIO'laeTCH 

B TOM, 'lTO HCTO'IHHK 3BYI{a cpaBHRT8JibHO H860Jibi!lHX pa3M8-

pOB R3Jiy'IaeT rnapOBYIO BOJIHy, IWTOpaH paCXO~RTCf! no BC8M 

HanpaBJI8HHHM OT JiiCTO'lHHKa . 8HeprHH, OT~aBae~<J:af! JiiCTO'I

HHKOM, pacnpe~eJIH8TCH no 

noBepXHOCTH, B03paCTaiOIJJ;8H 

C KBa~paTOM paCCTOHHHH OT 

HCTO'IHMI\a, BCJI8~CTBM8 'lero 

aMnJIHTy~a 3BYKOBOrO ~aBJie

HMH B6JIH3H OT M3Jiy'laT8JIH 

O'I8Hb 6biCTpO na~aeT . 
EcJin sacTaBMTb nsJiy'Ia

TeJib snyKa pa6oTaTb na py

nop, T. e . Ha Tpy6y nOCTeneH

HO B03paCTaiOIJJ;8rO C8'l8HMH, 

TO saKOH yMenr,rneHRH aMnJIH

TY~I>I c paccTOHHReM onpe~e

JIHeTCH Y}K8 wopMOH pynopa . 

Br,r6HpaH TY HJIH HHYIO wop

MY pynopa, MO}KHO noJiy'lHTb 

~OBOJibHO M8~JI8HH08 y6r,ma 

HII8 aMnJIHTY~J,I 3BYKOBOrO 

~aBJI8HliH B6JIII3H li3Jiy'IaT8Jif! , 

Pnc. XIII-13. 3aai;paHHbie rpOll!hO- C nOMOIJJ;biO pynopa COOTB8T-
rosopi!Tem! B IH1HOTCarpe <<POCCMR >> CTBYIOIJJ:8H wopMbi y~aeTCH 

Harpy3HTb R3Jiy'laT8Jib ~0-

BOJibHO 60Jibi!lHM COnpOTHBJI8HH811I H3JIY'I8HMH, 3aBHCHIJJ;liM 

OT 'IaCTOTbi JIMI!lb B O'l8Hb H83Ha'IMT8JibHOH CTen8HJii. 

KaKyro )!{8 wopMy Hynmo n pHp;aTb pynopy, 'lT06bi noJiy

'IHTb Haii60JI88 6JiaronpRHTHbiH 3aiWH y6r,maHMH ~aBJI8HliH 
C paCCTOHHMeM? 

B cnoefr Ha'IaJir,noil: 'IaCTM pynop ~omKeH pacrnnpHTbCH 

O'I8Hb M8~JI8HHO, 'lT06bi B6JIH3M OT pacnOJIO>K8HHOrO TaM 

H3Jiy'IaTeJIH snyrwnoe ~aBJieHRe ne yMeHbmaJiocr, CJIRI!lKO:t~>l 

pe3I\O. 0HOH8'lHOe OTBepCTMe (ycTbe) pynopa, r~e 3BYI{OBaf! 

BOJIHa nepeXO~MT B HeorpaHH'l8HH08 npOCTpaHCTBO, ~OJilliHO 

6I>ITb ~OCTaTO'IHO B8JIRKO C IJ;8JibiO H368n\aTb CHa'li\006pa3HOrO 

H3MeHeHMH ~aBJieHMH na rpannu;e pynopa c nnenmeil: cpe~oH:; 
B npOTHBHOM CJiy'Iae 3Ha'IMT8JibHaf! 'laCTb ::JHeprHM BOJIRbi 

0Tpa3RTCH OT OJWH8'IHOrO OTB8pCTRH o6paniO B pynop . 

8TMM Tpe6oBaHMHM nan6oJiee nOJIHO OTB81JaeT 3I\CUOH8H

IJliaJibHbiH pynop. Ero ceTienHe BospacTaeT TeM Me~Jiennee, 
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!J:eM OliO MeHbille, td, 3Ha1U.t'f, Tr:l·M 6.hiCTpee, '!eM OHO oom,me. 

):\pyrD:toHI CJH.>:Ba:MH, llpR rrepeXO,l\6 Ha 3a,E~~.aHHbTH mpe30K oce

l!Oil: ,I\Jll!Ilhl pynopa ero ceqeuHe f\OJURBO y.ueJIH"lllBaTbCH 

B O,lil;BO M 'l'O Ji\8 'lHCJIO pa3, F,I\8 Q:hl HH Ilh16pan, 3'FOT 0Tpe30H. 

Ha puc . XIII-1 4 naoopamea: paapea TaKoro pynopa; ero ce•re

HHe yBeJIHqJIU~aeTCH B 2,09 paaa IlipH 

nepexo,ll,e Ha Ram~e 10 CJ"K :s e-Topony 

OT rop;;1a. 
Ponh pynopa xopo:rno BJl~Ha H3 [ 

paccJvroTpeHHH pRe. XIII-15, rAe no- ~ 
Ra3aHO, Ral\ yMeHbmaeTCH 3BYIWBOe 

p;aBJI8HH8 B 3I\CllOH8HI.J;HaJibHOM pyno-

pe no Mepe YAaJieHB.Il OT H3JiyqaTeJia 

(KpHRaS a); Ha T0il1 }l\8 FpaqJHKe ,I\JIH 

cpaBIIemiiH npeACTamreno y6hrsaa:He 

P"~IC. X HI-H. 8J;c n oHeH
l\l-tUJJI>Hbl(> pynop 

p;aBJIBBillH B mapOBOH BOJIHe, T. e. B TOM CJiy•Iae, KOrp;a 

pyrrop CIDI'F (.h}HIBaH 6) . 
HecMoTpJil na TO, 'ITO pyrrop yReJin•nmaeT H. Ili. p;. FpOM IW

ronopHTeJIH, ,I\JIH 3cpcpeHTHBHOI'O BOCIIiJHHl<J.Be~eHHH HH3KHX 
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Puc. XIII-1 5. Xo~ J:MCHblllCIHI.H 
3B)'BWB01'0o ):(a'JmeHilUI Ir S'RCiifOF!Cf!· 
qua.TJbHOM pynope (a) w rnapenoi1 

BOJJHC (6) 

3BYEOBbiX 1IaCTOT OH ,I\OJI/1\eH 

6biTh ana 'l:wreJihHhiX paaMepon, 

qTo II COCTaBJifr8T rJiaBHbiH HB,I\0-

CTaTOK <:-:EOrO Bl\I,IIa aKyC'1'B'I8CKO

FO OtjlOpMJI8HJ!f1l'. 

IIoaToMy B a:acTomu;ee npeMJI 

pynapHI>le YpOilfKOFOBOJl'H'liBJJH 

Haxop;MT' runpmwe npHr;rea:enBe 

B Ka "1\El'CTire BUCOIKO'Jia.CTOO'BIJ:L~ 

aeeHbeB B ABYX- n TJl8lXDOJIOCHhlX. 

a:RyCTD<JieCKJU arperanL'!:, TaK 

lli:cl'li p;,lUI DOCT1]}ml3'B8~8'EIH}lt BbliC.

If.tH:X ''IaCTOT pa3.JUH]l0l! pyno.pa B 
:BCBJ'O I'p011IROrOB0;pHTHJif! ,!liO'JI/1\-

Hbi 6n!Tb H860JibiDHMJif. 

Ha p ·HC . XI II -16 noKaa.amr )'(C?po:McTBO Bhl'CO•:K(i)"llaC'l'(i)THOH 

rOJI€lBKH HO]il-MaJY&HOFO ]lJHOJ>ROJ:'O I'}l'Olt~E<il'1'01310pHT6"JJI~. 

l10J!liBHIJ'<Haa e».e'FeMa COCl'OIH'F ]113 3'BJKO>l!l'OH :Na!TJmKl'l' J, 
rl\8C'J!KO CB_l;l\S<aHHOU C M8T3:JLJlllli<Ji8CIHJifu ~atP-panron 2, IdMBID1Ili8H 

ifiBJlMy HBBI:rl!CO>JWFO e~pH"f8CHCJlFO' l\,)fliMl'J1ll; c!J>ep:m•.MlCI\a:a 

<l/opMa. UJlHi)if,aB'ECJ.Ii p;,Hacpp·3:FMe ,D;JliJI ).Ei8C·1'.fi.ci}~TPl. 3B·JKOlli:!U]; l'Ua

'.F)l"IIIKlil. H&MCI!Tbj]3a8'FC.a aJIIDJ)YUIHJilif!l,Bhll\11 DJ)OBO"AOl\II. Ji1JJIOCKHH 

Blil>jHYiRltU~ AHC~!~p>aFMhl aama~·!ae'FCJ'l! DO OKpyrHHOC'JIH, eo·o6UJiafl! 

llO,!J;BBIIN.HOill ClilC'118Nl8 lil800XEJ;p;D~fJlli.Jo JliO,D;,a'liJIHBOC'lllb B o-ee:B'OM 

Haupan-.;reHiiiH. Pynop 3, nacnmaiOlll!liliien B·DY'F.t.JH I{~pna, co-



8!J:HHH8TCH c rrp8p;pynopHoiir KaM8poiir 4 rrocp8p;CTBOivi pap;HaJII>

HbiX KaHaJIOB 5 ( 06 HX 3HalJ8HI1ll 6yp;8T CKa3aHO ll03,[1;H88) . 

M a rHHTHaH CHCT8Ma HM88T u;8HTpani>Rnr:ff K8pH 6. R8pH 

HBJIH8TCH 0 /];HHM H3 llOJIIOCOB MarHHTHOH CHCT8MJ,I, p;pyro:ff 

nomoc - n8p8p;Hn:ff qJJiaH8IJ;. B KOJibiJ;8BOM 3a3op8 M8/HAY 

r<:8pHOJVI n n8p8p;HHM qmaHIJ;8M, r p;8 npoxop;HT liiarHHTHbi8 CH

JIOBhl8 JIHHHH, no111eru;a8TCH 3BYKOBaH KaTymr{a. RpnrmHa 8 
3aru;nru;a8T p;na<PparMy OT M8XaHH'I8CHHX noBp8mp;8mr :ff. OT

pocTOH C p 83b60:ff 9 Ha 3ap;H8M <PnaHIJ;8 7 MarHHTHOH CHCT8~Ihl 
CJIY£HFIT /];JIH npHB8pT.blBaHI-IH pynopa. 

a 6 

PHc. XIII-1 6. BbiCOI<O'IaCTOTirarr roJJOBHa pyrropHOI'O rpo~moro· 
nopmemc a - paapca ; 6 - o6mVI il DHA 

Bo3p;ymRni8 HaHaJI.bi B ropnOBHH8 roJIOBI{H p;omlUibi Bbi

poBHHTb TIYTH, llpOXO,[I;HMbi8 HOJI86aHHHMH 0'1' p a3JIFI'IHbiX 

TO'I8I{ p;Ha<PparMI>I p;o ropna p y nopa. 8To HYJHHO p;JIH ycTpaH8-

RHH p83HHX llpOBaJIOB B lJaCTOTHOH xapaKT8pHCTHI\8 rpOlVIKO

rOBOpFIT8JIH, KOTOpbi8 MOryT npOHCXO/];HTb H3-3a pa3HOCTH 

paCCTOHHHH OT pa3JIH'IHbiX 'IaCT8H p;Ha<PparMbi p;o ropJia py

nopa . RaHaJihl BnrpaBHHBaroT aTH p;JiliiHni nyT8H. 

PaccMOTpHM H8KOTOpni8 noHa3aT8JIH pynopHoro rpoMHO

roBopliiT8JIH. 

XopomH8 .PYTIOpHI,I8 rpoJVmoroBopFIT8JIFI FIM8IOT p;oBOJibHO 

nr,rcoHyro oTp;atJy (p;o 10 %) B o6n acTH c p8p;RliiX tJaCTOT. Mar{CH

MaJII>Hoe 3Ha'IeHHe oTp;atJa liiMe8T H a ~racToTe pe3oHaHca nop;

BHJimo:ff CliiCTeMhl (o6ni'IHO B o6JiaCTlii 500-800 il!f) . Op;HaKo 

pynopHbiH rpOMIWrOBOpliiTeJIJ, He MO}K8T C03p;aTb paBH01118p

HOrO BOCllpOlii3Bep;eHHH He06XO,[I;HMOH B 3BYHOBOM KFIHO llO

JIOCbi tJaCTOT. B o6naCTlii BhlCOKliiX 3BYHOBbiX tJaCTOT oTp;atJa 

pynopHoro rpoMrwroBopHTeJIH yMeHnmaeTCH no M8pe pacTa 

lJaCTOTbi, 'ITO 06'bHCHH8TCH BJiliiHHHeM MaCChi llO,[I;BFI}HHOH CH

CT8Mhl, KOTOpaH He MO}l{eT 6hlTb C)l;eJiaHa )l;OCTaTO'IHO JierKOH. 
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ITop;BM/I\HaH CHCT8iVIa, l'viaCCa HOTOpOH COCTaBJIHBT 3-5 il, 

or~asnmaeT MHBPI1MaJibHOe conpoTHBJieHMe. Cp;eJiaTb nop;BMrH

HYIO CHCTeMy OOJiee JI8ri\OH H8JIJ,3H, Tar< RaH OHa, BO-IIepBbiX, 

oyp;eT p;an<e llpl-1: CJiaobiX HOJie6aHHfiX yp;apHTbCH 0 CT8HI<M 

npep;pynopHOH I<aMepbi H B03HMHHYT H8JIMH8HHbl8 HCHan<e

HHfl, a BO-BTOpJ,IX, i:JTO IIpHBep;eT I{ CHMrH8HMIO MOIIIHOCTH 

rp011mOTOBOpHT8Jlfl , 

PynopHnrii rpoMHoroBOpMTeJin HMeeT eiiie op;Ho Ban-moe 

CBOHCTBO - 6oJiee paBHOMepHyiO aanpaBJI8HHOCTb H3Jiyqe

HHH Ha pa3HbiX qaCTOTaX IIO cpaBH8HHIO C p;mplf>y30pHbiM 

rpOMHOTOBOpHT8JI8M . 

Bonee HJIH MeHee HCHO BnrpameHHafl HanpaBJieHHOCTb M3Jiy

qeRHfl, COXpaHHIOIIIafl IIOCTOHHCTBO CB08H xapaHT8pHCTHHH 

B B03MOmHo 6oJree mHportoM p;HanasoHe qacTOT, p;aeT B03MOrT\

HOCTb HanpaBHTb npHMYIO 3BYIWBYIO 3Hepnno Ha 3pHT8Jib

CHM8 M8CTa, p;O H3B8CTHOH CT8II8HH ycTpaHJIJI COBepmeHHO 6ec

ITOJI83HbiH pas6poc ar<yCTJiiqeCHOH MOIIIHOCTH IIO IIOBepXHOCTH, 

orpaHHqJiiBaiOIII8H 3pHT8JibHbiH 3aJI. 

aTo cnoiicTBO nmpoHo HCITOJih3yercJI p;JIJI cosp;aHHJI 

rpOMI\OTOBOpHT8JI8H C HanpaBJIJIIOIIIHM pynopoM. foJIOBHa 

Tarwro rpoMKoronopHT8JIJI npep;cTaBJIJieT co6oii o6hrqHbiH 

p;Mif>lf>ysopHMH rp011mOTOBOpHT8Jlb C IWHYCOM HeCHOJibl\0 

liiBHbmero pa31118pa . B 3TOM cnyqae IIOBnrmaeTCJI R. n. p;. 
rp011mOTOBOpHT8JIJI, 

ABYXnOnOCHbiE 
TEnH 

rPOMKOrOBOPH-

IT pH paccl\roTpeHMH pa6oTbi p;H!f>!f>ysoprmro 

rpol\moronopHT8JIH yr<a3bTBaJICH pHp; ero Hep;ocTaTHOB. Op;HHM 

H3 HHX flBJIH8TCfl Tpyp;HOCTb IIOJiyqeHHJI yp;OBJI8TBOpHT8JlbHOH 

qaCTOTHOH XaparnepHCTHHH BO BC8M p;Maiia30H8 'IaCTOT . 

1-1 TO Obi BOCITpOH3B8CTI1: RM3I<Me qacTOTbl, IIO)J;BMIHRaH CHCT811Ia 

p;oJIH{Ha 6hiTb, oqeBMp;Ho, TH>HeJioii, a ynpyrocTb ee saHpen

JieHMH - H800JibillOH. ,lJ;JIH BOCIIpOM3B8)1;8Hl'IH BbiCOI<MX qacTOT 

npep;'bJIBJIJIIOTCfl o6paTHM8 TpeoOBaHMJI. 

IT pMMeHeHMe TOJibHO pynopHbiX rpoMr<oroBopMTeJieii 

l'IM88T TaHn<e CBOM Heyp;OOCTBa, TaH HaH )J;JIJI H3JiyqeHMfl HH3-

I<MX qaCTOT H 800XO)J;IIMO, 'IT06ur pynop OJ,IJI TMTaHTCI<MX pa3-

M8pOB, B TO Bp8MH HaH BbiCOKM8 qaCTOTbi MOryT BOCITpOH3BO

)J;HTbCfl oqeH:& He6oJibiiTHMM pynopaMM. 8To o6CTOHTeJI:&CTBO 

HaBeJIO Ha MbiCJib 0 B03MOJHHOCTl'I IIpUM8H8HHH )J;Jlfl BOCITpOM3-

Dep;eHim ncero Heo6xop;MMOro p;ManasoHa qacTOT r<oM6MHa-
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/ 
/ ll,HH l!I3 fi:B~X l!IJUI 6oJiee rp0~1HOrOB0pMT8JI efr pa3JIFf'IHhiX 

IWHCTPYKIJ.MII. 

OfiHH:I.i M3 Tarm:x aKycrfiqecKMX arperaTOB HBMJIOCb o6'!>

ep;KHe;me JlK~yaopHoro rpo~uwl'onopnreJHI AJIH BOCIIiJOH3Be

.ll:BHHfl BMiHHIX 1I:aCTO'f C OIHOCifT€JibHO HeOOJibillH!.£ :pyno-pRIDI 

rpOMROrOBOpKT€JI8M ,ll;Jifl BOCITpOR3B8!1;8HHll BbiCORKX qacTOT. 

B B:H3HO'lacTOTHOM rpo11morono pnreJie o6a'IHO npRMeHHeH~H 
ro JWBlUl ~~;u$¢yaoprroro THna, paooTarorn;aH 13 tfla3oimBepTope. 

Heo.6xo,n;JJMO OTM.eTHTb, q r o coe)l;RHBHHe <>JieMeHTOB arpe 

raTa c ycHlllHTCJl eM OTJIH'iaeTCll OT oobrqHoro 111ero.n;a BRJIID'le

HHH rpmvmoronopHTeJiell: . B arperaTe, r<aK y11<e yiW3biBa.rroch, 

HUeJOTCH IIO K paRH€H Mepe }l;B a 3 JI8l\ieiiTa (B biCORO'laCTOTHT>l it 

H HH3nO'la.CTOTHbrii). C Jie)l;O'BaTB.:IbHO, ~>po~Ie BK.Til<l'lBRna ;n;nyx 

CyM"MapH aA xapaHre pl4cnu(a 

Pnc . XIII-i 7. t.IacTOTHbie xapa HTC]JII CTIIIm Pnc . XTJJ-1 8 . Cxc~Ja n pocTor o 
.J,B ~· KriOJIO Cll biX rp 0~1I<O r ODOj)I!TCJiefl p a 3.J,C;;JJ ITCJI h HOf O !bH.l.h T]la 

HJIH HBCKOJibi,HX arperaTOB B 1~8Ilb YCHJIHTBJI JI Hyamo BI\JIIO

LJHTb !IIe;Hp;y co6ou <> JJel\Jerrnr caMoro arperaTa . CxeMa m ;mo

'lBBHH 3JJ8M8HTOB HOM6HHH poBaHHOrO rpO!IIHOrOBOpHTB.JTJI 

f];OJJIHHa 6b1Tb ycTpOeHa Tar<, tiT06J,I TIOJIHaJI TIO!l;BO!l;HMaJI OT 

yCHJIHTBJJJI MOW:HOCTb ,ll;BJJHJiaCh COOTBBTCTBBHHO MBII\,ll;Y HH3I\O

<JaCTOTH·blM: H BbiC01WlJaCTOTHblM <JJI8M:8HTaMH. 

HpoMe Toro, p;Hauaaorrr,r qacroT, nocup<lM3BO,ll;HMJ,re o6o

HMH 3JI8M8HT3MH, }.l;OJllHHbl 6b1Tb CTpOrO paarpaHHq8Hhl . 

.il:JIH paa}.l;eJieiUm qacroTrroro ,n;Manaaorra Merr<,rw .n;nyMH 

3JI8M8HT3.1H HYri\HO, 'lT06bi 'l3CTOTHbT8 xapar<TepHCTHI<M 060MX 

<JJieMeHTOB .n;orroJIHHJIH ,n;pyr .n;pyra . Hanpm.Iep, eCJIM RM3I<O

qacTOTHblll 3JI8M8HT f];OJIIHBH BOCTipOH3BO,ll;HTb qaCTOTbi OT 50 
,ll;O 1000 ZLf, a BblCOKOqaCTOTHbill - OT 1000 ,ll;O 10 QQQ ZLf, 

/I{8JiaT8JlbHO, 'IT06bi CUap;bi '!aCTOTHOU XapaRTBpHCTHRH HH3I{0-

qaCTOTHOrO H Bl>ICOI<O'laCTOTHOrO 3B8Hb8B HM€JIH 60JibiDYIO 

RPYTH3HY B aepa6oqe:ff aoae f];JISI yMerrr,merrHa 30HLI COBMBCT

HOH pa6oTbi 3B€HbeB (pHc. XIII-17). 
)l.JIH iHOI'O BRJIIO'l8HH8 ,ll;BYX 3B€Hb€B arperaTa 06bi'lHO 

IIpOH3BO,ll;HTCH C UOMOll!bi<l CIIBIJ.HaJibHOrO tPHJibTpa, CJiyrKa
ru.ero gnH paageJieHH.R p;Hanaaorra qacToT MBII>p,y o6oHMI! 
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aneHh.RMH. CxeMa BK.fl lOtH'l':IHf! paa,[l.E!Jllit't!ll.lhliOt' O q,li!JibTp::t 

no.Kaaana Ha pnc. XIII-18. 
3ByHOBaH HaTyilli{a BhlCOl{O<JaC'i'O'rHOI'O rpOMI<orOilOpH

TeJlll C08JJ,HHH8TCH C Bhi XO)l,OM yCHJIHT8JIH 11epe3 ITOCJI8JJ,OBa

T8JlhHO BHJIIO<JeHHhlH KOHJ~8HCaTOp . 06na,[l.aH 60Jibll1HM conpo

T.l!BJI8HH8M Ha Hll31UIX lJ:aCTO'faX, J{OH,[l.8HCaTop orpaHH<JHBaeT 

ITOJJ,BOJJ,HMYIO H rpOMKOfOBOp.l!T81IlO 3HeprHIO B ::>TOM ,[l.llarra30He 

<JaCTOT. Ha 6o1ree BhlCOIUIX <JacTo·rax BJIIIHHIIe .KOHJ!encaTopa 

DOCT8II8HHO yMeHhJllaeTCH, Tal{ ImH ero COITpOTHBJI8HH8 na

p;aei' npn ynenn<JeHHII <JaCTOTbl. 

IloMMIMO yMeHbilleHMIJI OT,[l.a<JMI BbiCOHO<JaCTOTHOro rpoMI<O

roBopHTeJIH Ha HH3IUIX <JaCTOTaX HOHJ18HCaTOp aa:tn;nm;aeT 

rpOMKOfOBOpHT8Jlh OT ITOITa,[l.aHHH 

TOI\a HMI3IWH <JaCTOTl>J, lWTOphiH 113-

JIHDIHe neperpyman 6br ero . 

HH3K0'1aCTOTHhlH rpo~morono-
pHTeJih BI>JJIO<J3! 8TCH DpH ITOMOllW 

ITOCJI8,[l.OBaT8JihHO B l<.J1IO<J8IIHOH HH

JWKTliiBHOH EaTymKIL Ee pom, aa

RmoqaeTCH B orpaHH<JeHHH nona

p,aro~ea Ha HJ.I3KOCfaCTOTHhlll FpO~!

IWrOBOp"J.IT8Jlh 3HeprMIH cpaBHHTeJib

HO BhiCOKHX <raCTOT. 

B coB peMeHHhiX p,nyxnonocnr,rx 

rpoMKOFOBOJ>'H1'8JijijX KpyTnana cna

J!a traC'l'01'HOH x apaKTepHC'FllHH pa3-

p,eJIHTeJI:OH!0rO $'HJib'F]l ~ panna 12+ 
±2 86 Ha OHnmy. lJaCTOTa , Ra 

KO TOpOH MOIIIJIOCTh J!eJIHTCJI nopo-rr~ 
ny MerRAY rpollmoroBopHTeJIJIMH, 

Ha3biBaeTCll <JaCTOTOH paap,eJieHHJI. 

qaCTOTa pa3JVJ'JieRHJI, HaiT]JFIMe}J', 

tPHJib 1'}lCl! JliBYXITOJIO~HhlX rpOM KQrO

BOpHTeJieH IWMITJieHTa 3BYIWBOCITpO

V13BeJ!eHHH <<3ByH>> paBHa 1200 ZLf. 

PHC . XIII-1 9. MH OTOfl 'ICII!{O
gblH Ce n[\l!Ol!HP O!Jaftf!bl fr py

rrop 

MHorOJP-IeHROBbiH ceR~HOHHpOBaHHhii:f pyrrop. l{aK Mhl 

r;;Ke 3Ha\8Mi, BMCOOil<D'<raCTOTIUJ.H pynopHbill rJJOMROrOBO'pH'F8l!h 

'I'NnGJe'.ll J3~YIO x a p a K'lrep'I!C'JlBHJ H a UIJ'U:BJieRlHJ'CTH lila B'hlCIDHX 

racToTax . ,il;nJI pacmHpeHHH xarpaliil'e'pHC'.FHKH nall!p armen

!OC.11lll TIJ!l •Hll·~l!lRJ'III0'.1l ce~0Hr!Jl OBa\H!Hhli pynop , B p~mym>.llaTe 
I·ID'I.'0 BlhM~OWQI<ia !\:'JiO'llRhlR pynopHhiH rpo NoiK0'rOBOpHT'8'Jib npe

~palffil.a6l'l> €.JI :s. HY'IOK D!pHMJ.UW.IQ~lllx APYr K J!py:ry pyl!wpo'B 

1IeHbEiJ'er0 C'8118'1lll:mJ.H, 0!\:H. ROTOptbfX Hfl"Hl\WJ!HHeDBhl H p <6CllO'Jia

'aJOTC.ll BGJepONL (pHc. XIII-19'). 



3)J,eCh yrOJI paCTBOpa xa paKT8pHCTlim HanpaBJI8HHOCTH 

npaK'rnqeci<H MaJio 3aBHCHT OT <JaCTOThl, Tai< I{aR onp8)1,8-

JIH8TCH llpOCTpaHCTB8HHbiM p aCllOJIOri<8HFI8M OT)J,8JibHbiX C8I{ -

1IHH pynopa. 

JJ:pyriiM aljlljl8RTHBHblM Cp8)J,CTBOM OCJla6JI8HII.fl HanpaBJI8H

HOCTII pynopHOI'O I'pO!VIKOI'OBOpFIT8JI.fi .fiBJHieTCH ai<YCTIIq8cRali 

JIFIH3a, 60JI88 npOCTa.H B FI3I'OTOBJI8HHII, q8M C8I\1IIIOHFipOBaH

EhlH MHoro.HqeJ)iHOBhiH pynop . II piiHI1Fill )J,8HCTBIIH ai<YCTIILI8-

crwJ)i JIIIH3hl llO)J,068H )J,BHCTBlUO OllTIIq8CKFIX paCC8IIBaiOIIJ;HX 

JIIIH3, llp8o6pa3yiOrrt;FIX llJIOCI\YIO BOJIHY, pacnpOCTpaHHIO

IliYIOC.li B)J,OJib OCH, B Cljl8pFiq8CI<yiO HJIH 1IFIJIJiii-I)J,pHLI8CI<yiO 

BOJIHY M8I-Ibill8H HanpaBJI8HI-IOCTH. 

Pa3JIHqFie MBJI<)J,y onTHq8cimMFI H aKyCTFiq8cHFIMFI JIFII-I3aMFI 

COCTOHT B TOM, LITO OllTHLI8CKa.li JIHI-I3a llp8o6pa3y8T llJIOCI<YIO 

BOJIHy, FI3M8H.li.li 88 CIWpOCTb llpH npOXO>H)J,BI-IHFI CKB03b JIHH -

3Y, FI '1'8111 60Jibill8, q8M 60Jibill8 88 llYTb B JIHI-138 . l13M8H8HH8 

CIWpOCTFI BOJII-Ibl B JIFIH38 o6yCJIOBJI8I-IO 88 MaT8pHaJIOM ( CT8R

JIOM), B KOTOpO!Vl CIWpOCTb pacnpOCTpai-I8I-IH.li CB8Ta M8I-Ibill8, 

qeM B B03)J,YX8. B aHyCTFiq8crwJ)i JIHI-I38 crwpocTh 3ByKa B83)1,8 

O)J,FII-Iai<OBa FI llp8o6pa30Bai-IFI8 BOJII-Ibi llpOFICXO)J,FIT BCJI8)J,CTBH8 

pa3JIHqH.fi )J,JIHHbi nyTeH BOJIH, npOXO)J,HIIIHX q8p83 JIHI-I3Y 

B I18I-I'l'p8 U Ha ll8piiijl8pHH. l13M8H8HH8 )J,JIUI-Ibl llYT8H BOJII-I 

u 

Pnc. XIII-20. Xapa HTCPHCTJ.llHi Hanpan· 
JICI1HOCT I1 DbiCOHO'IaCTOTHOI'O l'!)OMKOI'O
BO!Jl!TCJHI 30A-3 : 1 - C J111H 3 0JJ; 2 -
6C3 J1U H3bl; 3 - C 6 - H4CilHODblM CC l<I\UO-

HII!JOD aHHblM pynopOM 

Pnc. XIII- 21 . AHyCTWiecHaf! 
JIIHI3a C pynopOM ):IJJR Bb!CQ!{Q<J<l· 

CTo•rtJOI'O rpOMHOI'ODOpllTCJIJI 

B aHycnrq8ClWH JIHI-138 OCYIII8CTBJI.li8TC.li HaHJIOI-IHLIMH HaHa

JiaMH FIJIH III8JIHMH, y)J,JIIII-IHIOIIIHMH llYTb 3BYIWBOH BOJII-Ibi, C03-

)J,aBa8MOH rpo~moronopFITBJI8M. 
P8syJihTaTbi npFIMBI-I8HFIH C8IUJ;HOI-IFiponai-II-IOro pynopa H 

aJ\yCTHq8CIWH JIHH3bl npFIB8)1,8Rhi I-Ia xapaHT8pHC'l'HKaX Hall

paBJIBI-IHOCTH (pnc. XIII-20) . Ha pRe. XIII-21 noHa3ai-Ia 

JIFII-I3a C pynopOM )J,Jili BbiCOKO<IaCTOTHOI'O rpOMKOI'OBOpiiT8JIH 

30A-3, pacrnFip.liiOIIIaH )J,lill'trpaMMY I-IanpaBJIBHHOCTH I'pO!VIH0-
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fOBOpBT8JJH B rop!'I30HTaJibHOff nJJOCKOCTE:, KOTOpaH H300pa

mesa sa npep, bip,y:rn;eM pHcysHe. 

Em.e op,HHM cnocoooM p,ocTHn<emur onpep;eneHHOiir Ha

npaBneHHOCTH H3Ji y<Ia8MOH 3BYIWBOll a a eprHH HBJIHIOTCH 3By

I\0Bble IWJIOH RH . B npHMoyronhEOM HJIH n;nnnsp;pn<IeCIWM 

R IIJ.HRe yeT a HOBJleHh1 BepTHKaJibHO B O)l;lHl HJIH )l;Ba pHp;a n.f!Th

BOCeMb O)l;HOTHllHhlX fOJIOBOl{ rpo~morOBOpHTeJieH, 'ITO n03BO

JI R8T DOJI Y<IHTh MaJiyiO HanpaBJI8HHOCTh B BepnmaJihHOH 

DJIOCIWCTH Jii yBeJIH'IHBaeT HanpaBJieHHOCTb B ropH30HTaJIJ,HOH 

unocKOCTH. KoJIOHRH npnMeHHIOTCH npn aByiwycnneRHH B 

pa3JJl1qHblX OOIIJ.8CTBeHHhiX nOMeiiJ.eHHHX. 

§ 4. TEnEU>OH, MI-1KPOU>OH, 3BYKO
CHI-1M.A. TEnb 

9JieKTpOMarHHTHhlU TeJI8q)OH npep;Ha3Ha

qes p;nH npeo6paaoBaHJm a rernpnqec1wiir aaepr:Hn B aHeprnio 

aKyCTH<IeCI{yiO. 

0CHOBHbllVlH XapaKTepE:CTHKaMH TeJiecpOHOB HBJIHIOTCH 

<IYBCTBHTeJihHOCTh H 'IaCTOTHaH xapai\TepHCTHKa . llyBCTBH

TeJibHOCTb TeJiecpona onpep;eJIHeTCH, RaK OTHOIDeHHe 3BYKO

BOI'O p;aBJieHHH, co ap;aBaeMoro Tenecpo

HOM B nOJIOCTH yxa, K BeJIHqHH8 nop;

BO)l;HMOI'O K TeJiecpoay nanpmHeHHH. 

l13MepHeTCfl 'IYBCTBHTeJibHOCTb B 6a

pax aa BOJihT (6ap /e) . Ten ecpon p;oJIH{ eH 

o6ecneqHTh p;ocTaToqsyro paa6op<Iu

BOCTh peqn n o6bi'IHO K neMy H e 

npep;'hHBJIH8TCH BhiCOHE:X TpeOOBaHHH. 

IIoaToMy ero 'IaC'rOTHaH xapaKTepn-

CTHHa OrpaHHqHBaeTCH 'IaCTOTHbiM )l;Ha-

MarHHl" 

Pnc. Xlll-22. YcTpOIICT
B O TCJi e qJOHa aJieJ<TpOMa P

}UITHOfl CIICTeMbl 

na30HOM OT 200 p;o 3000-4000 ZLf npH p;oBOJibHO 6onhrnoll: 

BeJIHqHRe p;onyCTJiiMhlX OTI{JIOHeHHH OT paBHOMepROCTH. 

Hanoonee rnnpoRoe npnMeReHHe aarnnn Tenecponhi aneKT

poMarnnTaofii CHCTeMbl, ycTpOHCTBO HOTOpbiX ITOKa3aHO na 

pac. XIII-22 . TenecpoH cocTOHT na MarnnTa, nonrocnhiX HaRo

HB'IHHKOB, Ha HOTOpble Rap;eTa 3BYHOBaH KaTymHa, H CTaJib

HOH MeM6panbi , aai<pennenao:ii no napymnoMy Kparo. 

Ilop; p;efii:CTBI'J eM DOCTOfiHHOrO MarHHTa MBJVIOpaHa BCerp;a 

HBCHOJiblW Bbii'HyTa B CTOpony nOJilOCHhlX HaHOHeqHJII{QB. 

Ecnl'l /He no aByHoBofii HaTymr<e npoxop;nT nepE)MBHHhiH TOH, 

TO B03Hl'lHaiOIIJ.HH )l;OnOJIHHTBJl bHblH Mai'HHTHbiH nOTOK B Teqe

HHe O)l;HOrO nOJTynepH.O)J;a YCl'lJTli!Ba eT nOTOR nOCTOHHHOI'O 

Marswra, a B TeLJBHlile JJ;pyroro noJiynepHo)J;a ocna6JIHBT ero . 
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Bcnep;cTBIIe noro MeM6paHa TenecpoHa 6yp;eT rwne6aTbCJi 

OKOJIO CBOero nepBOHa"'IaJI:OHOrO IIOJIOri<8HIIH C "'IaCTOTOH nepe

MeHHOrO TOKa, npoxop;mn;ero -qepea 3BYI{OBYIO KaTyumy TeJie

cpoHa . 

TenecpoH:oi IIcrron:oaymT p;na KOHTpona pa6oT:oi yciiJIIITeJI:o

HhlX yCTpOHCTB II MarHIITOcpOHOB B T8X CJiy"'IaHX , I\Orp;a Heri<e

JiaTeJI:OHO IIJIH H8B03MOri<HO IICIIOJib30BaTb rp0~1KOrOBOpiiT8JIII. 

Banmo:ff xapaRTepiiCTIIKOH TenecpoHa HBJIHeTCH neniiqiiHa 

corrpoTIIBJIBHIIH 3BYKOBOH KaTyiDI{II. PaaJIII"'IaiOT BhlCOKOOM

Hbie II HII3KOOMH:Oie TeJiecpOHbi, IIpii"'I8M CJiep;yeT COrJiaCOBaT:O 

COIIpOTIIBJI8HIIH TeJiecpoHa C COIIpOTIIBJIBHIIeM B:OIXOp;a yCIIJIH:

T8JIH IIpH: H:X C08)l;IIH8HH:H:. 1Jam;e BCero H:CIIOJI:03Y8TCH napa 

TeJiecpOHOB, C08)l;H:H8HH:OIX C IIOMOID;:OIO OrOJIOB:OH. 

MnKpocpoH. MHKpocpoHoM Ha3biBaeTCH rrpeo6paaoBaTeJI:o 

3BYKOBbiX KOJie6aHIIH B aJieKTpH:"'Iecrme. ITo crroco6y rrpeo6pa-

30BaHHH· MHKpOcpOHhl IIOp;pa3)l;8JIHIOTCH Ha )l;H:HaMII"'I8CKIIe, HJIH: 

KaTyiDe"'IH:Oie, JI8HTO"'IHhl8, I\OH)l;8HCaTOpH:OI8 (aJI8KTpOCTaTH:

"'I8CI<He) H II:08303JI8KTpH:"'I8CI{H:8. 

MHI<pocpoH - rrepBH:"'IHOe aBeHo np11 aarrH:CH: 3Byi<a B npo

I!ecce coap;aHH:H aByKonoro KH:HocpH:JI:oMa. Ha I<HHOCTyp;Hax 

IDIIpOI\0 H:CIIOJib3YIOTCH )l;H:HaMIIqecKIIe H: KOH)l;8HCaTOpHbi8 

MIII<pocpOHhl . Ha KHHoycTaHoBimx H:crron:oayroTca p;na ycH:Jie

HHH peqii B OCHOBHOM )l;HHaMH"'I8CI<He MIIKpOcpOHhl. 

0CHOBHhle napa~18Tphl MHKpOcpOHOB: OCeBaH "'IYBCTBHTeJib

HOCT:O, p;H:aiia30H "'!aCTOT H HepaBHOMepHOCT:O "'IaCTOTHOH xa

paKTepHCTIIKH, COIIpOTHBJI8HHe HOMIIHaJI:OHOH Harpy3I<H, xa

paKTepHCTIII<a HarrpaBJI8HHOCTH II OTHOCIIT8JI:OH:OIH ypOB8Hb 

co6cTBeHHbiX myMon. HeniiHeiiiHbie IICKaJ-KeHHH p;na MHI<po

cpoHOB BC8X THIIOB B8C:OMa MaJibi. 

TJ yecmeumeAbf£OCmbJO Ha3hlBaeTCH OTHOID8HH8 B8JIHqHHbi 

HaiipHmeHHH, pa3BHBaeMOrO MIII<pOcpOHOM Ha ai<TliBHOM COII

pOTHBJI8HHH, paBHOM COIIpOTHBJI8HlHO HOMHHaJI:OHOH Harpy3I<H 

MHI<pOcpOHa, l{ B8JIH"'IHH8 3BYI<OBOrO p;aBJI8HIIH B TO"'II<e, rp;e 

paCIIOJIQJ-I{8H "'IYBCTBHT8JibHhlH 3JI8M8HT MHKpo<f>oHa. 

Ben:H"'IHHa "'IYBCTBHTeJI:oHOCTH naMepaeTca B MHJIJIHBOJib

Tax Ha 6ap (JlUJ/6ap) *. 
06hl"'IHO OIIpep;eJIH8TCH OCeBaH "'IYBCTBHT8JI:OHOCT:O MHKpO

cpOHa, Bcerp;a Han6on:omaa. 

* fQCT 8849 - 58 He peKOM81:fJIY8T Ha3uiBaTb e,liHHIIl\Y 3By:IW
soro ,llaBJieJHIH, pasnyro OJIEIOU JIEil:le na KBa,llpaT J:Ihli1. ca iiTI1MeTp 
(81·tfc,lt2}, - 6apoM, O,liHai<O 3TO Ha3BaHHe HaCTOJib iW illl!pOKO BOillJIO 

B IIpaRT.li!{Y 11 IIpHM8HfleTCH B TCXI IH'I8C i<Oi1. JlP!Te paType, 'ITO OTI<U3 OT 
llero 3UTPYJIIHIJI 6 1>1 ITOJib30BU UIIC o6n lilpllbiM cnpaB0 1lllL1M MUTc pua
JIOM II JlllTepaTypoii. 
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fJ acmomH,OU xapaK,mepucnwK,ou i\Ilii>po<!JoHa Haar,maercfi 

rpa<lJH'leC:KOe Jii300paii{eHHe 3aBHCIDIOCTJii ero 'lYBCTBJiiTeJib

HOCTJii OT 'laCTOTbi. t.IyBCTBHTeJibHOCTb 1\Hmpo<!JoHa pa3JIJiilJHa 

)l,JIH pa3JII1:lJHbiX 'laC TOT. 

HepaeH,O:ALepH,OCmb/0 qacrorHou xapai{TepHCTHRH Haar.,r

saercH BbipalHeHHOe B AeD;HOeJiaX OTHOmeHHe i\Ia:KCJiil\IaJibHOrO 

3Ha'l8HJiiH 'lYBCTBJiiT8JibHOCTH :K MHHH1viaJibHOII, H3MepeHHbiX 

B rrpeAeJiaX HOMHHaJibHOrO AHaiia30Ha 'laCTOT. 

HepaBHOMepHOCTb qacroTHOH xapaHrepHCTHrm Aemesr.,rx, 

6niTOBbTX AHHaMH<Jecrmx MH:Kpo<!JoHOB cocraBJIHer 8-12 fJ6, 
T. e . AOBOJibHO 3Ha'lHT8JlbHYIO B8JI.ll'IllHY, H 3TO HX cepbe3HbTU 

Hep;ocrarorc 

Conpomue.fl,eH,Ue:At H,O:AWH,a.fl,b~Wii na<lpy3K,U Haar.,maercH ra

KOe COIIpOTHBJieHHe, IIpH IWTOpOM Mimpo<lJOH OTAaeT HaHOOJib

myro rroJieaHyro MOID;HOCTh. MHHpo<!JoH AOmHeH 6hlTh Harpy-

1-HeH Ha COTipOTHBJI8HHe, paBHOe ero BHyrpeHHeMy TIOJIHOMy 

::JJieKTpH'leCKOMY COIIpOTimJieHHIO, C TeM 'lT06bi OH pa3BHBaJI 

HaHOOJibillYID IIOJI83HYIO MOID;HOCTb. 

XapaK,mepucmuK,OU H,anpaeMTuwcmu Haar.,maercH aaBH

CHMOCTh 'lYBCTBHTeJihHOCTH liiHHpo<!JoHa Ha AaHHOH 'laCTOTe 

OT yrJia Me£HAY aHyCTH'leC:KOU (paooqeu) OChiO Jii HarrpaBJieHHeM 

113 HCTO'lH1IHa asyrm . B1IA xaparuepHCTJiii{Jii HarrpasJieHHOCTH 

3aB1ICHT OT ycTpOHCTBa 3BYIWTip1IeMHOII 'laCTJii MH:Kpo<!JoHa. 

YpoeeH,b co6cmee7-mo3o my:Ata. HeaHa'IHTeJibHhre H3MeHe

HHH (<iJJIIOJ{TyaD;HH) AaBJieHHH B03AyXa BOHpyr MHHpo<!JoHa, 

He 3aBHCHID;He OT 3BYHOBbiX I\OJieOaHHH, BMeCTe C TeiiJIOBbiM 

myMoM corrporHBJieHHIT B ::JJierupaqecrmx n:errax MHHpo<!JoHa 

coaAaror Ha ero BhiXOAe myMosoe HarrpmHeHHe. YposeHb ::JToro 

myMa o6r.,r<JHO MaJI (-50 fJ6 a MeHr,me), a rroroMy yHaar.,m aercH 

TOJibiW AJIH BbiCOI{OJ{a'leCTBeHHbiX MHRpo<iJOHOB . 

Haa6oJiee mHporwe pacrrpocrpaHeHHe rroJiy'IHJIH A H H a

lii H q e C H Jii e (Haryme'lHbie) MHHpo<iJOHbi. 3ByHOIIpHeMHH

HOM B HHX CJiytHHT HYIIOJI006pa3HaH AHa<!JparMa H3 TOHIWH 

TIOJIHCTHpOJIOBOJui IIJieHRJii JiiJIH aJIIOMJiiHHeBOll <iJOJihrH. }J;Ha<!J

parMa ii.;ecTIW CBH3aHa C 3BYIWBOH J{aTymiWH, HaMOTaHHOH 

aJIIOMHHHeBbiM rrpOBOAOM TOJIID;HHOH 0,05 M:At. l{arymHa HaXO

,il;HTCH B paAHaJibHOM aaaope MarHHTHOH CHCT8Mbi. TaHaH 

HOHCTPYI'U:HH THIIH'IHa p;JIH asyrwrrpReMHHHOB AaBJieHHH. 

Ha pHc. XIII-23 noHaaaHa cxeMa ycrpofrcrsa AHHaMH'le

cr-wro MHHpo<!JoHa . B paARaJibHOM aaaope MarHHTHOH n:enr;r 1 
no.u;semeHa asyi<oBaH I<arymr{a 2, mecnw CBH3aHHaH c AHa

<!JparMOH 3. BoaAeHCTBHe asyrwsoro AaBJieHHH rrpHBOAHT AHa

<!Jpar My Jii 3BYHOBYIO I{aTyilli{Y B COCTOHHJiie HOJie6areJibHOrO 

A_BH£HeHHH . II ~m nepece<JeHHH BHTHa~m: asyrwBou HarymHH 



CHJIOBblX JlllHHll B KaTymr<e HH,!l;YKTHpyeTCH 8JieKTpO,!J;BHrKy

m;aH CHJia, rrporropu;HOHaJibHaH 3BYKOBOMY p;aBJieHHIO. 

Bee ,!J;HHallmqeci<He MHKpo<J!onni no npeMH aHcrrJiyaTau;H:n 

n: rrpn: rrepenoaKax cJie,n;yeT rrpe,n;oxpaHHTh OT y,n;apon n: pea

HHX coTpaceHHH . ITo OHonqanHM pa6oTbi 

na MHHpo<J!on neo6xo,n;HMO na,n;eTb qexoJI, 

rrperrHTCTBYIOIIJ:HH rrorra,n;aHHIO B Hero IIbi

JIH H rHeJie3HbiX OITHJIOIC 

X paHHTh MH:Kpo<JloH cJie,n;yeT n rrollre 

m:eHHH C OTEO ~II(TeJibHOH BJiarHHOCTbiO B03-

p;yxa He nnrme 80% H TeMnepaTypoii 
PMC. XIII-23. CxeMa He HHrHe 5° C. 
ycTpofiCTBa ;umaMn- M ;J.. ( 
qec"oro MHHPO<!JOila .HHpO'!'OHJ,I p;pyrHX TMIIOB .JieHTOqHhie, 

HOHp;eHCaTOpHbie, ITbe303Jiei\TpHqecHHe) 

HMeiOT orpaHJ!IqeHHOB rrpHMeHeHMB B HHHOCBTH, Tal\ Kal\ 

Tpe6yiOT 6oJiee CJIOJHHbiX TpaHTOB 3BYHOYCHJIBHHH. 

3Byl<acmmaTeJIH . MexanHqecHaH aarrn:ch anyHa ocno

nana Ha MexaHI'J.llBCIWH ,n;e$opMaiJ;MH MaTepHaJia 3BYI\OHOCJl 

TeJIH c rroMOIIJ:biO crreu;n:aJibHOro rrpH6opa - aamrcniBaTBJIR 

(peHop,n;epa). 

Cym;eCTBYIOT ,n;na OCHOBHhiX MBTOp;a MBXaHMtJBCKOH 3a

llHCH anyKa: rrorrepeqnaH n: rJry6n:nnaH . IIpn: rronepe•moM 

MBTO,!l;B aarrHCH peaeu; HOJie6JieTCH rrapaJIJieJibHO ITOBBpXHOCTM 

3BYKOHOCHTBJIH H IlBpilBH,!l;HI\ymrpHO I{ HarrpaBJieHMIO ero 

,n;BHrHBHMH n MBCTe aarrHCH. IIpH rJry6unnoM MBTo,n;e aarrHcn 

peaeu; conepmaeT HOJie6aHMH neprren,n;HHYJIHpno rronepxnocTM 

,r - 3BYHOHOCHTBJIH. B rrocJie,n;nee ,n;ecHTHJIBTHe muporwe pacrrpo

CTpanenMe noJiy'lHJra cTepeo<PonnqecHaH aarrucb, rrpn HOTO

po:H peaeu; conepmaeT IWJie6ann:H rro,n; yrJioM 45° K rronepx

HOCTH 3BYIWCHMMa TBJIH. 06nitJHblB II ,!J;OJll'OMl'paroru;He MOHO

tPOHHqBCKHe rpaMMOtPOifHbiB ITJiaCTMHJUI MMBIOT ITOIIepeqnyiO 

MeXaHII(qBCKYIO 3aiiHCb . 

3nyr< c nJiaCTHHI<M nocrrpoMano,n;nTCR rrpH6opoM, Haanmae

MDIM 3ByKOCHHMaTBJIBM. 3nyHOCHHMaTeJIH 6niBaiOT MBXaHM-

treCHHe 3JieKTpOMarHMTHbiB 

MBXaHMtJBCIWM 3BYIWCHHMaTeJie HrJia COB,!l;HHBHa C MBM-

6paHOH, KOTopaa aaHJJ:IOqeHa B ropJJ:e pyriopa. 

3n rwcHMMaTeJib aneKT oMarH THO U hi pHc. XIII-
24) npe,n;cTaBJIHBT CO OM 8JIBI<TpOai<YCTHtJBCHHH npeo6pa30-

BaTeJib MBXaHM'IBCKHX KOJie6aHHH rpaMMOtPOHHOH MrJihl B 

3JIBHTpHqBCKHe IWJIB6aHHH, IWTOphle MOryT 6nl'l'b YCHJieHbi 

ll( BOCllpOH3BB,!l;BHbl rpOMKOrODOpMTeJieM. 8JIBK'l'pOMarHHTHbiH 

3BYIWCHH11WTBJib npep;CTaBJIHBT co6o:ii CTaJibHOM RIWpb J, 
cna aanni>Iii c HrJio:ff 2, rwTop:r:,r:ff ,n;nH;.HeTCH BHYTPH RaTymr{ M 3, 
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Haxo,rvm~efrcH B noJie nocTOHHHoro Marmna 4. Jib-s a p;J1¢<!Je

peH~HpoBam-rorx n JIOCIHIX Hai{ OHe qmmOB 5 l \OJIB6aHHH Hl~OpH 
Bbl3biBaiOT H3M eHBHJi!li HanpaBJIBHHH MarHHTHOrO nOTOHa, n e

peceKaiO~ero HaTymKy , Ji! B JIOCJIBp;H eH H a BO)l;HTCH a. Jl: . C. 

(0,15-0,25 e). 
IloeaoaJiernpHqec K H iii aByrwcHH~raTeJib (pMc. XI I I -25) 

COCTOHT H3 nbB30aJieMeHTa , CI<pyqHBaiOTli,Be yCMJIMB Ha KOTO-

PHc. Xlll-21, . 3B) ' HOClll!MaTCJJb 3JJ CHT JJOMarHHTHOi i CH CTe~J bl 

pbliii Bbi3biBaeT noHBJienHe a. p;. c. (0 ,5-1 e) . Pa6oTa aByHo

CHHMaTeJIH OCHOBaHa Ha HCnOJib30Ba HI1M n b630 at!Jt!JeKTa: HeHO

TOpbie KpHCTaJIJibl, HaTipHMBp cerHBTOBOH COJIH, HMBIOT TO 

CBOHCTBO, 'ITO eCJIM FIX nop,BepraTb CJHaTJi!IO, paCT.IUHBHHIO, 

CKPY'IHBaHHIO, T. e. MexaHH'lecKH p;et!JopMHpOBaTb, To n a 

npOTHBOTIOJIO~KHbiX rpaHHX HpHCTaJIJia llOHBJIHBTCH a . p; . C. 

EcJIH, HaK yHaaano aa pMc. 

XIII -25, H op;HMM npoTHBono

JiommrM rpaHHM npHHJiap;omaeTCH 

MeXaHH'leCHOe YCHJIHB , TO H a p;py

l'OH nape rpaae:iii: B03HMKaeT paa 

HOCTb noTeH~HaJi oB. H a np.sur<e 

HHe CHMMaeTCH 6 Jiarop;apJI Ha

KJIBMBaeM:bll\1 CTaHHOJIBBJ,I M JIMCT-

HaM, K KOTOpbiM nop;rraHBaiOTCJI 

OTBOJJ;H~Ji!e npOBOJJ;HliiHM. 

Pnc. X III-25 . CxcMa ro.non 
"''~ ll bC3 03Jieli'l'Jlll ' ICCHOL'O 3 D)'JiO
Cllll MaTCJJR: 1 - l!bC303.TJC MCUT; 

2 - •tr Ji a 

Ilbe30aJieKTpM'IBCHHe 3BYKOCHMMaTeJIJi! MMeiOT 6oJiee IDH

pOI<YIO pa60'IYIO nOJIOCy 'laCTOT (50-8000 2Lf), 60JibillYIO B e

JIM'IHHY aarpyao'IHOro conponmJieHHH (0 ,5-2 .M20.;Jt) , orw -

3biBaiOT MBHbiiiBe p;aBJieHMe H a nJiaCTHHI<y (30- 70 2) no cpaB

HeHJi!IO C aJIBI<TpOMal'HJi!THblM 3BYIWCHMMaTeJieM, y KOTOpOrO 

iYKa3aHHbie BBJIM'IHHbi COOTBeTCTBBHHO CO CTaBJIJIIOT 75-
6500 2Lf, 0,2-1 jj>L20.;Jt, 60-120 2 . 1-laCTOTHbie xapa l i:TBpM-

CTHKM p;OCTaTO'IHO paBHOMBpHbi. 
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§ 5. MArHJ.1THbiE ronOBKH 

B Mara:ruao:H aamrcR B OTJIWIMe or <floro

rpa!f>Mqecrw:H Rcno.rrbayerc.H ae CBeroqyBCTBKTeJibHa.H rrJieHKa, 

a :MaraMTHaJI Jienra. MarmrrnaJI Jieara rrpep;craBJI.Her co6o:0: 

!fleppoMarmiTHbiH CJIOH TOJIII.I;IiiHOi'I OKOJIO 0,01-0,015 .ftLJlt, 

COCTOJIIIJ;MH M3 iVI8JibqaHIDMX HpMCTaJIJIOB !IWTHHTHOTO IIO

pouma - ra~nra-or<HCH n~eJieaa - qacTo c p;o6aB.rrenMeM co

Jieii: I<o6aJibra M CBHayror:o;ero Ber:o;eCTBa. CJioii: naaocMTCH aa 

HMHOTIJI8HI<y B BHp;e p;opOrH8I~ HJIH Ha JI8HTY H3 JiaBCaHa, 

Pnc. XIII- 26. CxeMa np011CC· 
Ca 3Uill!CH HU MarnHTH)'IO 

Jiei·IT)' 

TIOJIMXJIOpBHHMJia H T. IT. urnpHHOU 

6,25 Jl~.ftt j];JIH HCTIOJib30BamiJI B Mar

HHTOtPOHaX . 

TaHOH CJIOH o6Jiap;aeT crroco6-

HOCTbiO HaMaTHMqHBaTbCH H o6ecrre

qHBaeT Bl>ICOHYIO OTp;a'ly MaTHW!' 

HOH !f>onorpaMMbi M HeMaMeHHOCTb 

ee CBOHCTB. 

Banmeii:mMM sJieMeHTOM ycTpoii:

CTBa jl;JIH MaTHHTHOH aaiUICM 3Byi<a 

.HBJIH8TCH 3JI8KTpOMaTHMT, IIO HOTO

po~ry IIpOTeKaeT 3JI8KTpHqeCKHH TOI~ . 
GJJ8I<TpOMaTHHT, C IIOMOIIJ;biO KO

TOpOrO rrpOR3BOjl;MTCJI aaiiHCb 3BY-

I<a aa Marrrn:rao:i1: JieHre, aaahmaror aarrMCbmaror:o;e:H ro

JIOBIWH (F3) . _Ha pRe. XIII-26 cxeMaTM'l:eCKH rror<aaaa 

rrpou;ecc aanMCH rra JVIaTHHTHYIO Jieary. B6JIM3H aaaopa I 
3aiiHCbiBaror:o;e:i1: TOJJOBI\H 2 C IIOCTOHHHOH CKOpOCTbiO rrpop;BII

raeTCJI MarHMTHaJI neara 3. ITo Karymr<e 4 aarrMCbmaror:o;ei:'r 

TOJIOBI{H nporeKaeT 3JJ8HTpHqeCKMH TOH 3BYKOBOH lJaCTOTI>T 

M TOI< rrop;MaraMqHBaiiMH. EcJIM rro HaTymHe sJieKrpoMarHHTa 

nponyCI\aTb 3JI8HTpHqeCHMH TOI~ TaKOH me !flopMbi , I\aH H 3By

HOBhl8 HOJie6aHMJI, a B6JIH3H 3JI8HTpOMaTHHTa IIpOT.HTMBaTb 

JI8HTY, TO y'laCTHM MaTHlUHOH JI8IITbi IIpR ee jl;BMH\8HMM B6JIH3M 

3JI8IUpOMaTHHTa 6yp;yT HaMaTHMlJHBaTbCH IIO- pa3HOMY (B CO

OTB8TCTBMH C IIMTaiOJII;MM 3JI8KTpOMaTHMT TOKOM) H JI8HTa, 

Tai~HM o6pa30M, CTaHeT 3BYIWHOCMT8JI8l\1 . IlpH MaTHHTHOH 

aamiCH B aarrHChlBaror:o;yro roJIOBHY rrop;aercH er:o;e TOI< rrop;Mar

HM'IMBaHMJI, HOTOpbiff Hyrr~eH, lJT06hl H36emaTb HCI~ameHHH 
aByHa rrpH aamrcM. B Ha'lecrBe ror<a nop;MarHH'IHBaHHH HC

IIOJibayerc H TOI< BhlCOIWH (p;ec.HTKH HHnorepu;) lJaCTOTbi. Ero 

HCTO'-IHMKOM CJIYrHHT Jia~illOBbiH BbiCOHOlJaCTOTHbiH reaeparop. 

PoJib uop;MarHHlJHBaHHH B MaraHTHOH aByrwaarrHCH HCHJIIO

lJMTeJibHO B8JIHHa. ,II;eJIO 3aHJIIo qaeTCJI B TOM ~ 'ITO ll;JHI H8HCH!l,-



}t>:eHHOIT 3aUMCH 3BYIWBhiX KOJie6amu1 :MO/HHO HCIIOJib::iOBatb 

TOJibiW IIpHMOJIImeHHhiH yqacTOK HpHBO~i OCTaTO'IHOM HaMar

HH'leHHOCTH (pHc. XIII-27). TaK RaR OR p acrroJiomeH He B Ha

'IaJie ROOpp;MHaT, IIOTpe6yeTCH CMeCTHTb M Ha'IaJibHYIO TO'II{Y 

HaMarHH'leHHOCTH R Cepep;:HHe UpHMOJIImeMHOrO y'IaC'nW . 

aTO MOJI{eT 6hiTh p;OCTHrHyTO sa 

C'leT HeH3MeHHOM ITO BeJIH'lHHe 

HarrpmHeHHOCTH MaTHRTHOrO 

IIOJIH H 0 C IIOMOJII.hiO UOCTOHH

HOTO TOR a, IIMTaiOJII.ero 06MOTI{Y 

TOJIOBRH 3aiiRCR Op;HOBpeMeHHO 

C TOROM 3BYROBOH 'laCTOThi. 

Op;HaRo R B aTOM cJiyqae sa

IIRCh 3ByRa He o6ecrre'IRT Ra

'IeCTBeHHhlX pesyJih'l'aTOB , 'l'ai{ 

KaR IIpHMOJII-!:HefiHhlM y'IaCTOK 

KpHBOM OCTaTO'IHOM HaMaTHH

'leHHOCTM HeBeJIHK, a H3-3a ero 

He6oJibmofl: RPYTH3Hhi p;nHanm-

'IeCKRM p;Raiia30H MarHHTHOM 

+H,i 

-1 

P nc . XII I-27. CMCll\Cime pa6D•Iero 
ylmc-rHa Hpneo~t uaMaJ.' JIJLLICH HOCTII. 
l1pHMOJ111He iiHbii:r y•mc-roH MCfliAY TO'l-

Ha~m a H 6 

ipoHorp aMMhi MaJI. RpoMe Toro, npM BocnpoRsBep;eHMM rrop;

MarHM'IeHHOM IIOCTOHHHhiM TOKOM rpOHOrpaMMbi UOBhiJIIaeTCH 

ypoBeHb IIIYMOB, 'ITO CBH3aHO C HeOp;HOpOp;HOC'l'biO Mari-HITHOM 

cTpyKTYPhl ipeppocJioH. 

Jly'IIIIee Ka' IeCTBO MarHMTHOfi rpOHOrpaMMhl IIOJiy'Ia iOT, 

ROrp;a pa6oTaiOT IIpM 3BYK03alll'ICH B penn-~:Me C HCIIOJib30Ba

HH8M TOJ{a nop;MarHM'lHBaHHH yJihTpasByKonoll: 'IaCTOTLI 

(60 000 aq,). B aTOM cJiyqae rrep ep; sanMCbiBaiOJII.eii roJioBrwll: 

yCTaHaBJIHBaiOT CTHpaiOJII.YIO rOJIOBI{J (TC), Ha 06MOTI{ Y KOTO

pofl: rrop;aeTCH Tor' ynhTpasByrwBo:M 'IaCTOThi OT BhiCOHO'laCTOT

Horo reuepaTopa. Y'laCTOH ~mrHHTHOH JieHThi p;o corrpruwcuo

BeHHH C TOJIOBIWH 3aUHCH UOp;BepraeTCH p;eHCTBHIO BhiCOJ{ O

'laCTOTHOTO nepeMarHM'lMBaHHH C IIOMOJII.hiO CTHpaiOJII.eH 

TOJIOBKH H nop;x op;HT K 3alll'IChiBaiOJII.eH TOJIOBI<e COBepmeHHO 

pa3MarHH'leHHhlM. 

lloMHMO TOI<a 3BYI{OBOH 'laCTOThi 'Iepe3 06MOTHY 3aiiMChi

BaiOJII.eM TOJIOBJ{H rrponyci<aeTCH TaiUKe TOR OT renepaTopa 

yJinTpasByKonoM: qacTOThi (pHc. XIII - 28) . 
I1 puMeHeHHe rrop;MarHH'lHBaHHH non eM ynnTpasnyROBOH 

'IaCTOThl JIHHea pH3HpyeT ( CTipH.MJIHeT) aMIIJIHTYAHYIO xa paiue

pHCTRHY 3BYKOHOCHTeJIH (MarHHTHOTO CJIOH Ji eHTbi), 'ITO U03-

BOJIH.8'1' rny6me ero Mop;yJIHpOBaTh R UOJIY'Ia'l'h 60JihiiiYIO BeJIR

'lRHY IIOJie3HOrO c :~n'HaJia, yBeJIH'IHBaH tJ;HHaMH'IeCHHM p;uana-

30H 3aiiRCH. 
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C8pp;8~HMR ronoBKM aarrMCM KOnb~8Boro Tnrra Ha6pan M3 

BMCOI{OKa~8CTB8HHoro nncTonoro rr8pMannoH. C8pp;8tiHMH: ro

nomm 3aUHCM (M CTMpaHMH) COCTOHT H3 Jl:BYX UOnOBHH, CMM

l\'18TpM~HbiX ITO OTHOID8-

HMIO K aaaopy . 06MOTKY 

paa,n:8nHIOT na Jl:B8 rron o

BMHbi, llOM81Il,a8Mbi8 CHl\1-

M8TpM~HO Ha 068HX llO

nOBMHaX C8pp;8~HMI\a. 

llinpHHa aaaopa CTaH

,n:apTHMX ronOBOI{ 3allHCH 

H BOCllpOH3B8Jl:8HHH -

15-20 .il'/,/l:.ilt, CTHpaiOIII,HX 

rononon: - 200-500 .iltX:.ilt. 

Y rononOI{ aarrHCH c o6-

paTHOH CTOpOHbi HaXO

,!l;HTCH ,!l;OllOnHHT8nbHbiH 

B03Jl:YIDHbiH aaaop IDH

pMHOH 0,25 - 0,3 .ilt.M . Oc-

Pnc. XIII-28 . Cxc~m ~mrrmTr-toH 3anncn 
3By!W C HCI10Jlb30Balll1eM TOIWB BblCOHOii 'laC· 
1'0TbT: 1 - ~nu;poqJOn; 2 - ycHJU!TCJlb ; 3 -
roJionKa 3anucn; 4 - l\IarHHTnaFI JICJ·ITa; 5-
rononr;a CTr-rpaunn; G - r eHepaTop BbiCOr<olt HOBH08 Ha3Ha~8HH8 ::l'foro 

'!aCTOTbi ; 7- COII]lO'rliBJTCHHe aaaopa - COSJl:aTb nMH8H-

HyJO 3al3MCHMOCTb M8rHJl:Y TOIWM 3allHCH H HHJl:YH~H8H B pa-

60~8M aaaop8 ronomm. KoncTpyH~HH H o6rn.Hii: BHJl: ro

Jronrur KOJib~8Boro nma rroHaaaHbi na pnc . XI II -29. 

a 

Pnc. XIII-29. HOI-ICT!JYIH.\IIH (a) II OOI.llllil BII)l, (6) 
rOJlOBIH! j;QJib[.\CBOI'O Tlllla 

BocrrpoH3B8Jl:8HH8 anyRa (pHc. XIII-30) c MarHHTHoFi cpo

norpaMMbi 3ai{niO~a8TCH B TOM, ~TO UpH rrpO,!l;BHFH8HHM HaMar

HH~8HHOH Jl8HTbi 3 B TOM 11{8 HanpaBJ£8HHH H C TOR iH8 CROpO

CTbiO, <JTO H rrpH aaUMCH, n6nH3H aaaopa•.l BOCllpOH3BO,!l;HI~e:ifr 
rOnOBI{H 2 B H.aTyume 4 B03HHRaeT TOR, COOTB8TCTBYIOIII,MH 3By-
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I\OBI>m KO.Jie6amunr. IlynKnrpo ~r IIOI<asan nyTI> Marmnnoro 

IIOTOKa 3BYI<OHOCJiiT8.Jill, I<OTOpbiH nepecei<aeT BliiTKJii IWTYIDKJii. 

OcnOBHall sap;aqa nplil lii3rOTOB.JieHlillii nocnpoliiSBO)l;HTIJliiX 

ro [QBOK CBO)l;liiTCH K IIO.JiycJeHJiiiO Ha Bl>IXO)l;e rO.JIOBI<lii B03~10}H

HO 60 Ibill8Ji 3. p;. C. 3aM8TliiM, qTQ Bl\18CTO IIOHHTJiiH 3. p;. C. 

llpliiM8HJiiT8JlbHO l{ rO.JIOBI<aM qaCTO IIO.Jlb3YIOTCH IIOHHTlii8M 

oTp;a'Ia, nonliiMaH nop; 3TliiM nanp.AJ-I<enlile, npai<TJilqecrm co

sp;anaeMoe ro.Jionrwiir na nxop;e 

yClii.JIJiiT8.Jill BOCIIp0lii3B8)l;8HliiH, C 

yqeTOM IIOTepr, Hal{ B CaMOir ro

.JIOBl\81 Tal\ lii BO BXO)l;HO:iir IJ;8IIJii 

YClii.JIJiiT8.Jill. 

,lJ; Jlll IIO.Jiyqenlilll 60.JibiDOH 

3. p;. C. (lii.JIJii 60.JibiiiOiir OTp;aqJii) 

neo6xop;liiMO rrpen<p;e ncero, qTo-

6r,r cepp;eqnJiii< roJIOBI<lii n6Hpa.JI 

B ce6H B03MO}I{H0 60Jibiii8 1\Iar

HliiTHl>IX Clii.JIOBbiX .JIHHHH, Bl>IXO

)l;HTIJliiX H3 II.JI8HI<H, T . e . OH )l;O.JI

J-H8H JiiM8Tb BhlCOI<J'IO MarHHTHYIO 

IIp OHI,ID;aeMOCTb. 8TO )l;OCTHraeTCll 

Puc. Xlll-30. Cxe~m llPOL\CCCa 
DOCiliJOII 3Be]lellllll 3 B)'Ha C Mar

H1lTHOi1 qJOUOrpaMMbl 

nyTeM lilsroTOB.Jienna cepp;eqnJiiiWB ns cneu;naJir,nr,rx Mar

HliiTHhlX CIIJiaBOB : J-H8JI830HHI<8.JI8BOro 80HXC (nepMaJIJIOII) 

HJIH ri<eJiesoamoMliiHHeBoro 1610 ( aJir,cpenoJI). 

Cepp;eqnni<H na6npaiOTCH ns Tommx (0,1-0,25 .M.M.) nJia

CTMn; aTO Y1118HbiiiaeT IIOT8pH na BHXp8Bhl8 TOHH ('rorm 

<Dyi<o). 

fiOBbiiii8HH.I1 OTp;aqn rOJIOBI<H p;06HBaiOTCH TaiUH8 YB8JIHqe

HH8M 'IHCJia BHTI\OB 06MOTim. 06:r,rqHQ OHO COCTaBJI.I18T 0'1' 400 

p;o 1200. ,lJ;JIH HaMOTim nplii1118H.fleTCll nponop; Maprm IISB-1-2 

.er0,05-7-0,1 .ilt.ilt . YneJIJilqenliiiO qncJia BHTI<OB npen .f!TCTBYIOT 

orpamiqerrrr:r,re pasMepr,r onpan:r,r roJIOBI<H n OHHa cepp;eqHJiii<a

npOCTpaHCTBa l\181-I<p;y IIOCTaBJI8HHl>IMH IIOJiycepp;eqHJiii<allm. 

BanmyiO pOJib lilrpaiOT n TexnoJiorJilqeci<ne Tpyp;nocTH, na

rrpmrep B IIp0lii3BO!J:CTB8HHl>IX yCJIOBH.fiX CJIORmO HaMOTaTb 

061\IOTI<Y H3 oqenr, TOHI<O:iir IIpOBOJIOHH (.er0,02--:--0,03 .i!L.i!t). 

CyTIJeCTByeT n eTIJe op;na rran6oJiee nanma.11 npMqnna 

OrpannqeHH.fl qJiiCJia BHTHOB: C HX pOCTOM YB8JIHqHBaiOTCH 

liiH!J:YHTliiBHOCTb H C06CTB8HHall 8MHOCTb rOJIOBI<H, a 3Haqn'J', 

CHH/I<aeTCll 'laCTOTa pesonanca . 8TO MOJ-H8T npHB8CTJii I\ TOMy, 

qTQ qaCTOTa C06CTB8HHOrO pe30HaHca rOJIOBI\Jii rrepeM8CTHT

CH B o6JiaCTb 3BYI<OBblX qaCTOT. 

B Jio6onoiif 'IaCTM roJIOBI<H Mem):( y rroJiycepp;eqmmaMlii nplil 

c6opi<e BCTaBJilleTcJI neMarnMTHa.fl nporurap;r<a ns cpoJior¥I 
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6epHJIJIHeBoH 6ponsiJ. Tomn;nna cl>oJir:.ru cOOTBeTCTl3yeT p,.rrn
ne pa60'leH m;eJIH Jii COCTaBJIHeT 10-20 .lt~L 

q T06hl 3aiD;HTHTb rOJIOBHY OT B03P,eHCTBHH BHeiDHHX Mar

HHTHhlX IIOJieH, HaiipHMep OT IIOJIH pacceHHHH P,BHraTeJIH HH

HOIIpoeruopa H.JIH TpanccpopMaTopa IIHTaHHH, ee saHJIIO'laroT 

B sJieKTpoMarHHTHhiH 3KpaH. CHJIOBbie JIHHiiiH BHemHHX Mar

HHTHhlX IIOJieH 3aMhll{aiOTCH IIO 3KpaHy H He B03P,eiiCTBYIOT Ha 

o6MOTI{Y roJIOBKH . 8KpaH p,eJraeTCH H3 Tarwro me cnmtBa c 

BhlCOIWH MarHJITHOH IIpOHiiiQaeMOCTbiO, IWK li cepp,eqmm ro

JIOBI{Iii . 

)J; JIH BOCIIpOlii3Bep,eHiiiH 3ByKa B KliiHOTeaTpax CJiymaT ro

JIOBKH ABYX BHAOB: O,IJ;HOKaHaJihHhre H MHoror{aHaJibHhle. O,IJ;

HOHaHaJihHbie roJIOBKn Mf -14B H Mf-14BM npHMeHHIOTCH B 

16-M.M RHHonpoernopax <<YRpa~ma» u IUIC- 162A(M). foJIOB

rnr OTJIHqaiOTC.R O'leHb iVIaJihlM pa3MepoM , 'ITO Bbl3BaHO HOH

CTpyRTHBHhiMH Tpe6oBaHHHMH: HX MOH'.FHpyiOT BHYTPiii rJia,IJ;

Koro 6apa6ana KHHOIIpoeHTopa . OnpaBa FOJWBOK O,IJ;HOBpe

MeHHO HBJIHeTCH H sJieKTpoMarHMTHhl.l\1 3NpaHOM . Cep,IJ;e'lHiiiK 

rOJIOBHH saJ{peiiJIHIOT B onpaBe C IIOMOID;biO CIIB~HaJibHOH MaC

Chi . foJIOBKa Mf- 14BM OTJIH'laeTCH 0'1' roJimmH Mf- 14B 

ycTpo:iiCTBOM HpenJieHnH u peryJIHpoBamm . B:w~O'Ta na6opa 

cepp;e'IHiiiHa I'OJIOBKH Ha 0 ,2-0,3 Jlt..ili MeHhiDB, 'IBM IllHpliiHa Mar

HHTHOH AO}JOJ-KHH sanHcH. 

lliupuHa ;n;opomrm nparnH'IeCKH nepaBHOMepHa, lii ecJilil 

6bi ne OhlJIO 3TOH pasHHD;hi, TO OT)Jiarm roJIOBHH liiSMeHHJiacb 

B saBHcn:rviOCTiii OT lil3MeHeHHH mHpiiiHbi ;n;opomKH. Ha 6oJiee 

mHpoHnx yqaCTHax oua 6r,IJia 6hr 6oJihrne, a Ha ysKHX -

!l'teHbme. 

MnoroHaHaJfhHhle MaFHIIfTHhle roJIOBKlil npH1\1iBBlHIO'IiCH 

p;m;: O,Z~HOEJl-eMeHHO·FO BOCIIJlOH3BBJJ:eHlilH 3ByHa C HeCIWJf-hKHX 

p;opo-meK, 3aiiHCaHHbiX Ha 35- H 70-.lftM KHHOIIJieHKB,- B IIIH

pOK03KpaHHOM H illHpOI.a<!JopMaTHOM lUIHO. 

"Lho6hl O,lliHOBp€MBHHO BOCHpflHS.BBCTH 3ByH, Ha:Ef_li)Hi\<Iep, C 

4-KaHa.llbHOH HIRpOIHl3KpaHHOH qJHJibMOKOITRH, qeTbipe BOC

IIpO·H3BOP,Hlll;HB rOJIOBKlil 061>8p;HHHIOT B &)l;HOH O.lil]DaBe, COC'~'o
HID;8H H3 p;Byx NOJIOBHH. OnpaBa nsroTOBJIHB'FCH H3 MaeeHB

HOH HeMarHHTHOH 3aFOTO·BHH, B KO'fO.pOH cppesepyiO.TCH naSh! 

p;JIH ycTaliWBKH ngnycep,llie'lHHitOB ronoB.o-H. E KHHOannaJil·a

Type npRMBRJIIOT orrpan.y H3 amo;;mHHenoro CRJiaBa ,D; HiT. 

II onycepp;e'lHJnm ncTaBJIRIOTCH B onpany H saKpBIIJfHIOTCH 

cneiJiH<l.JibHhlM J{Jieel\1. Mmn;n;y cMentHhlMH roJionHaMH ECTaBJIH

IOTCH <fleppmrarHHTHbiB ITJiaCTI1iHb1-3l{paH.E>1, II]DBIIJii FC'1'ByiOID;H8 

BJIB.HH.HIO O)liROro. KaHaJia Ra AJilYI'OH yp.n: BO.CN]DOiif3B6l)l;eHI-IH 

3B yHa. 06e llOJIOBRHbl onpaBbi CTHrHBaiOTCH BHH'L'aMH. fOJIOB-
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rm:, co6paHHI>Te B orrpaBe, o6pasymT TaT\ rra3bl:Bae~rblii JI!Horo

HaHanbHbli 6noH ronoBOK. 

B 6noHe BOcrrpOM3BOlJ)IIli;MX ron oBOH 7A-5 ,n;mr nnrporw:m

paHHoro muro CMOHTHp oBaHI>T qenrpe ron oBim: TPH - c BI>rco

rou Ha6opa UO 1,25 j!tJL U O,Il;Ha- C BLIGOTOH Ha6opa 0,85 jltolL. 

B OJIOKe BOCUpOH3BO)l;JIII{HX roJIOBOR rRY -1 CMOHTMIJOBa

HO ,ll;8C.fiTb TOJIOBOH, ITPM'I8M ,ll;H.fi BOCIIIJOH3B8,ll;8HH.fi 3Byi<a B 

IIIMpOIWqlOpMaTHOM !{MHO (Ha 70-jl·t.M IUIHOITH8Hl{8) CJiyJHaT 

TOni>KO mecTb H3 nnx - no TPH c Ha>H,n;oro I<paH 6JIO}<a . Br>r

c oTa na6opa cep ,n;eqmma y Ha>H,n;oii ns arnx ronoBOI{ op;HHa

HOBaH - 1,25 jltM. I-\pOM8 TOTO, B CIJ8,ll;H8i"I 'IaCTM 6noHa CMOH

THpOBaHbi qerbrp e ron OBHH, HOTOIJbi8 cnyiHaT ,ll;Jl.fi BOCIIpOH3-

B8,ll;8HM.fi 3ByHa B rrnrpOIW:mpai-IHOM HJ1HO (Ha I<MHOITH8HH8 

nmpHHOi 35 j!Ut) . Pas Mepbr Hx M p asMem;errHe raHHe JKe, J{aJ{ 

H B 6JIOI{8 7 ,lJ; -5, T. e . 6JIOI< TBY -1 YHHBepcanbHI,TH, C er o IIO

MOili;biO MOJT\HO BOCIIpOH3BO,ll;HTb 3BYI< IWl{ C IU:HpOIW WOPlviaT

HbiX, rar' n c mnpoHoaHpaHHbiX Wl'Inb llrDEOITHi1. H e,n;ocTaToK 

rOJIOBOJ{ ClTOrO 6nOI{a - JIIaJiaH B8HHliiiHa Ii!H,ll;yi<TMBHOCTI1. 

I<OHTPOJibHbiE BOnPOCbl 

1. H aJIOiErrre rrpHHJJ.HJJI>I .n;ei1cTBIUI rOJIOBKn 3J1CI\Tpo.n;lrnaMuqccTwro 
rpO!>fKOTOBOpHTeJili. 

2. Ommm.Te KOHCTPYKU.HIO .n;H$4Jyaopuoii roJIOBI<H rpo~morono
pnTeJIH. 

3. 1.JTo TaiWC 'lYBCTBHT€JibHOCTT> fOJIOBIUI rpO~IHOfOBOj)IlTCJH!? 
4. LITO TTOITT!MaeTCll IIO)l; RO<!cptPHJJ.HC II TOM TTOJIC3HOTO )l;CHCTBilf! rOJIOBTm 

rpO)ffiOI'OBOj)IITeJIH? 
5. 06'hHCHJITe Jtaan.aTienne aKyCTfl'!CCRoro a i,pa]{a . 
6. LITo TaKoe xaprunepiiCTima Han panJi ennocrn rpmvmoronopureJIH? 
7. B 'leM ocnonni>Ie paaJIM'Illf! p yuopuoro rpo~moronopnTeJlf! rr 

)l;l'ltflcpyaopnoro? 
8. 1.Jro TaHoe aJ(YCTIPI8CIUli1 arpe raT, 1'13 RaHHX 3BCHhCB OH COCTOIIT? 
9. Kai< OT)l;eJIReTCR HH3RO'JaCTOTJIOe aneuo OT BI>ICOHO'JaCTOTHoro? 

10. J13 I<aiU!X )l;eTaJieH COCTOHT IlO)l;DWRllali CHCTeMa TOJIOBIUI rpOMI{O
TOBO p HTeJIH? 

11. 3a'leM Byilnra I\CHTpHpyrorrran cl'!cTeMa? 
12. I-\aRITW! c rroco6awr pacmnpRroT xa paT<rcprrcTimy uarrpanJieRHOCTll 

BbiCOHO'JaCTOTTIOI'O pyrrOpBOI'O rpo~morOBOj)I1TeJJ.5l? 
13. 06'bHCHIITC na3Haqe HHe aRyCTHTICCROJ{ JIJIH3hl. 
14. J13JIOii,I'ITC npKm~HTT .n;e{JCTBITH ,U:HJJaMll'JeCKOTO Mil!{pOcpOHa . 
15. Paccr<a i!mTe o xapai<repncnmax nanpaBJTenHOCTI1 wmpocpoua . 
16. KaR p a6orae T rrheaa<meKTplf'lecimii anyr<ocHnMaTeJih? 
17. J\aHyiO 9. ,n: . C. pa3BIIBaeT TT h830SJieJ{Tj)H'ICCKriif 3BYKOCHU.MaTCJih? 
18. l1aJiotrmTe ycTpoi1crno rr rrpn:u:u.rrrr ,n:ei1cTBllH 3 BYIWCilliWlTCJTH 

3Jl8l{Tj)OMarHf!TH Oj;i CUCTeMbi. 
19. Kai< ycTpoena nocrrporr aBO)l;HJTia H MarnrrnraH rorrom<a? 
20. P accRamHTe o naanaTierrJm BhiCOKO'IacTOTHoro nolJ.MarnrrquBaHHH 

B MarHHTEIOH 3ByK03aiiHCJI, 



rnABA XIV 

nPOMbJW.niEHHbiE YCI-in~TEnbHbiE 
· YCTPOiitCTBA KHHOYCl'AHOBOK 

§ 1. KOMnnEKT. nEPEABJ1>KHOrO 3BY
KOBOCnPOH3BOASIU4ErO YCTPOiit
CTBA KYYn-56 

RoMrrJiei{T ymmepcaJibHOro rrepep;BHJHHO

ro sByKoBocrrponsBop;mrJ;ero ycTpoikma KYYII -56 rrpep;Has

Ha'IeH p;JIH BOCIIpOH3B8p;8HllH 3BYI<a OT cpOTOrpaqJHtJ8CKHX cpo

HOrpaMM 16-.M.ilt cpHJibMOIWIIHH npH pa60T8 C rrepep;Bln HI-I biMJil 

Y3KOIIJI8HO'IHbiMll IUIHOIIpOei<TOpaMH rrrr -16-1' rrrr -1 6-2, 

Illl -16-4 H 35-.MM cpHJibMOIWIIJiiH npH pa60T8 C rrepep;BJil}J{HbiMH 

H CTaiJ;HOHapHbiMH KHHonpoeKTopaMH RIICM, R-303M, 

35- 0CR-1, RH-11 H RH-13 B KHHOTeaTpax BMeCTJi!MOCTbiO 

p;o 200 3pHT8JI8H. V 
HpoMe Toro, c p;onoJIHHTeJibHOH npiiCTaBKOH - rrpep;Ba

pnTeJibHbiM YCHJlliT8JI8M 7Y -17-KOMIIJI8KT II03BOJIH8T BOCllpO

ll3BOp;llTb 3BYI{ OT MarHHTHbiX cpOHOrpaMl\1 16- .ilUt cpHJibMOKO

IIHH rrp11 pa6oTe c Mop;epHH3IIpoBaHHbiM KHHorrpoeKTopoM 

Illl -16-4, HM8IOIIJ;HM MarHHTHbiFr 6JIOI{. , 

RoMTIJiei{T MNHeT 6biTb IICIIOJib30BaH TaKme p;JUI Bocnpo

II3Bep;eHHH rpall13aUHCH C IIOMOIIJ;biO JII06oro tlJI8I{TpOMarHIIT

HOrO liJIH IIb8303JI8I-(Tpll'I8CKOrO 3BYKOCHIIMaT8JIH, a B CJiy'Iae 

HCIIOJib30BaHHH npep;BapHT8JibHOrO YCliJiliT8JIH 7Y -17 H p;JIH 
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ycnJiemui peqeBblX nepep;aq OT a.newrpo.n;naa~mqeci{Oro Mliii<

po<floHa mo6oro Tima . 

I-\YJ' Il -56 B:biTiycrmeTCH JleHnHrpa):(CIHIM o6'hep;nHeHneM 

OIITliiiW-MeXaHlii<JCCIHIX npep;npMHTHH B Tpex HOMIIJieHTaiiUHX 

p;JIH pa6onr c Y3HomreHocmnT!IIlii :hHHonpoertTopaMn u p;JI H 

pa60Tbl C O,]J;HMM MJlll p;ByMH UlMpOHODJieHO'UlblMll npoeK· 

TOpaMH. 

Bhlxop;HaH MOIIIHOCTb HOJvmJierna BTIOJIHe p;ocTa TO<JHa p;JIH 

C03p;aHMH Heo6xop;MMOH rpOMHOCTM 3BYl\OBOCIIpOM3Bep;eHMH B 

3pMTeJibHbiX 3aJiaX He60JibillMX IHIHOTeaTpOB ll COCTaBJIHe·r 

10 em. 
RommeKT HYYII -56 m u aeTCH OT aJieinpnrrecrwfr ceTH 

nepeMeHHoro TOI-<a M noTpe6JmeT OHOJIO 750 em. CTOJib cpan

HHTeJibHO He60JibiiiaH MOIIIHOC'l'b He Tpe6yeT CIIeiiMaJibHOH 

3JieHTpOIIpOBO,lJ;HM C YB8JIM<J8HHbiM C8'l8HHeM DpOBO,lJ;OB, ~ITO 

II03BOJIJieT DpHMeHJITb HOMIIJI8Wr IIOBCeMCCTHO. }I e60JibiiiOe 

HaiipJIJI<8HHe IIHTaHHJI ( 110 e) II03BOJIJieT BHJIIO'IaTb ero qepe3 

aBTOTpaHC<flopMaTOp B 06bi'IHhle OCBeTMTeJibHbie 8 Jiei<Tpnqec

HMe C8TH IIepeMeHHOl'O 'l'OI{a 'IaCTO'l'bl 50 21-f HaiipJIJH8HJIJ.8M 127 

HJIH 220 e. 
B HOMIIJI8HT BXO,lJ;HT: yCHJiliiT8Jlb, rpOMI<Ol'OBOpHTeJIH, Ka-

6eJIH H coep;HHMT8JlbHbie IDJiaHrH, IIITblpb ,]J;JlJI 3a38MJI8HHJI • 

.IJ:JIJI pa60Tbi B CTaiiHOHapHbiX YCJIOBMJIX C 35-AiAi 1U-IHOIIpOeH

TOpaMH IIpHM8HJieTCJI rpOi\1I{Ol'OBOpHT8Jlb 25A-17, COCTOJIIIIMH 

H3 p;ByX qaCTeH, yHpeiiJIJI8MhlX IIO o6eHM CTOpOHaM 8HpaHa; 

B Kamp;yiO M3 HMX BMOHTMpOBaHO IIO Op;HOH l'OJIOBHe 4A-18 C 

noCTOJIHHhlMH MarmnaMn. Ha npeMH TpaHcnopTHpOBHH o6e 

'IaCTH rpOMIWl'OBOpHT8JIJI CHpeiiJIJIIOTCJI Bl\18CTe. 

I-\po111e TOl'O, B IWMIIJI8I\T8 HMeeTCJI I<OHTpOJibHbiH rpOMIW

l'OBOpHT8Jib 0,25f.IJ:-Ill, COrJiaCyiOIIIHH TpaHc<flopMaTOp I 0-

Toporo IIepeC<JHTaH Ha BXO,lJ;HOe HaiipJirHeHHe 9 e; MOIIIHOC'l'b 

1WHTpOJibHOro rpoMKoronopMTeJIJI 0,25 em. TaH K_ai{ KOHT

poJibHhiH rpOMI\Ol'OBOpMT8Jlb ycTaHaBJIHBaeTCJI B M30JIHpO

BaHHOH 01' 3pHT8JlbHOl'O 3aJia 1\MHOaiiiiapaTHOH KOMHaTe, TO 

Ha HeM ycTaHOBJieH peryJIJITOp rpOMHOCTH, 'ITO II03BOJI.fleT 

KHHOMeXaHHI\Y J.J;06HBaTbCH HYJ-HHOH eMy rpOMI\OCTlL 

.IJ:JIJI pa60Thl C 16-AUi 1\HHOIIpOeHTOpOM CJIYIHMT O,lJ;HH 

rpoi\mOrOBOpHT8Jlb 25A-13. 

Y HHBepcaJibHb1H yCMJIMTeJib 90Y -2 BbiTIYCHaeTCJI 6oJiee 

.n;ecJITH JieT, n 3a aTM · rop;b1 npeTepneJI pHp; cxeMHbiX M3MeHe

HHJ1i:. Ha npaHTHHe MOmHo BCTpeTHTb ycHJIHTeJin, cxeMbi HO

TOpbiX OTJIH<JaiOTCJI Op;Ha OT p;pyro:ii, II08TOMy Ha yCMJIHTeJie 

y:na3biBaeTCJI HOMep CXeMbi, IIO HOTOpOH p;aHHbiH yCHJIHTeJib 

C06paH,- 'Iallle 31'0 .ffi 8, 9, 10 II p;p . 3p;eCb OIIllCbiBaeTCH 
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tlJ)»Hli;linnaJil>HMt cxeMa yt»JinTeJHI 90Y-2 (cxe~ta M iO) KOM

n Jier<Ta H_YYIT -56 . 
Oco6ennoe.nro )J(aHHoro ycn.nwre.JIH HEJUHITCH ero ya:riiBep 

cani>noc·r~.. 3To oaHa'laeT, 'ITO ye:miHTeJII> no3BOJIHei HMe'n. 

pa3JIH'IHbi€ 'laCTCYfH:bie xapawrepHCTIIh"H, He06XOAHMhle AJDI 

pa60Tiii OT 1&- H 35.-.U.M I~HHOIIpOeKTOpOB. 
P aaJII1liHbie 'laCTOTHhr e xap arnep MCTHKH r:ro .rry<raroT r:rpoc

Thll\1! r:repeKmo<JeHHeM nepe~Thr<IKH Koppe:l\:qiD£ B cxeMe ycu.rru

TeJIH . Ha pHc . X H -10 noKaaaHhl )J{Ba BHp;a qac.1·o·rn:r,rx xapaK

Tepnc·rin> ycHJIHTemi, KMop:r,r e ~nmum n ony'lHTb npn li>HIKCH

MaJib H OM ycnJIBHUH r:rpu 3aMrmyToi.'r H p a30MIHIY TOM r:repeMl>I'l

Ke ROppeKQHH. 

B RaKnx cny'IaHx cnep;yeT HMeTJD TY JIJIH uHyro 'laCl'OT

HYID xaparnep HcTnKy'? 

llpn BOCllJlOH3-Be,D{emniJ! OllTH'JeCIWlr <}JOBOI'JH~!UMH 16-..lUt 
~HJIMra xap aKTepnCTliiKe Heo6xop:nMo II]iHJ)J{aJ~an cne:qHam.

nyro. !flopMy c OOJlhiDHM HOA'beMO!tr Ha BhlCOKHX qa&TOTa. · n c 
Rpym:,w cnap;oM Bhlme 4500 2Lf, a npu Bo-cnpona.BeAeiDm OliiTn

q~rw:i1 !flonor paM:ttiN 35.-.ilMt qJI<IJII>Ma - xapaK'EepHCTIDia AOJI

/HHa 6b1Tb )J;OCTaTO'lHO paBHOMepHOM B p;nar:ra30HB 80-6000 2'1J-. 
RpoMe To.ro, npH pa6CYr e c 1&-M.iJot rumonpoeHTOpONI D OtJiep;

HHH ycTaHaE.rrnnaeTCH na Kopnyc ycHmuemr, r)Jie Haxop;llTCJI 

M 9Jo'.fOOJieM:eBT H Ofl']Hllpj3:e'f He06XO.,DiUMOCTb mren !)>00'0>IIDI3HF. 

flpu pa6oo·e C 35.-M.M. RHHOilpOe'KTOpOo!r! ~OmJlaJir Bi'f18trf 

;!{JIDHY 1 ,2'5 .M H OVJJaPiaeT If3- 3a OO'OY!) 3Ha'llD'€JJhHOM paenpe

Pi8JieHHOM eMKOCTbKl . 

B ycMJ.HITe.rre 90Y -2 c:xer.ra nepBoFo KaeKaAa nocTpoeua 

TaKnM o6paaoM, ']TO qacTornaa xap aN1'epBC'fl'IRa ycHJIHTe.rra, 

BKJIIO!JaJI H DXOp;HyiD I~enr., ll H3BC.CTBhlX npep;e.rrax He 3aBJiJCHT 

OT B8JlH'll'ffil'>I el\-IJ\OCTH BXO,[\a . 8--ro 3aMeqa'Jfl'JlbHOO CII-OHCTli'O 

CXeMJ>I OCHO:BaJIO Ba TOM, IJJi'O cnap: 1f8.C'FO'l'II!OJ\i: xapaJJ\Tep HC'FH

RH H a l'lhlCORDX 'lll!CTO'l'aX, :KO'FOpi>IH H(imyqae'FCH! HS:- 33! BKJliO'

qeHHJI Ha BXO)J; yCHJJHT8JIE $M'OIDJiaHra, OOJla)J;aKll!EI;eFO• e"i\'FJ\0-

C'Fl>ID, ali1'0MaTW!i8e-Kl'l KOMD8HCHpyeTCE li! H8'Jl-l!lOi'fi HaCHllPie 0-0-
paTHOll CDJI3hiO. 

ilpUBO,D(HM 'JeXHH'JeCRyiD xapaWPe]_)HCTIIKy KOMDJJe'NTa . 

1. BoaMOJ.J\HoeTr. pa6oThi ycHJIMTeJrJI c 16- M 35.-..l~.il~ HjHJei<

Top aMn p;e.rraeT ero yHHBepca.rrbHbEM. 

2. Hc.ro"lliiDKOM TO·JJ\a AJJJI MOl\lmJie.w_m CJJYJ.Irnl' ce1'b op;Ho
!flaa-Hor() Hepe!llJe:HHm'() TOKa qaC'HYF:hl 50 2~· UpH mmpJIWi8HH.H 

110 6, llO-JlY'l~HJMOM O.T cHI-TCJT:paHC¢opMa'IH'lp.a Jili-\T-15, BXOAR

:I:Q8f0 B K Ol'viDJieKT KJIDOIIpO.tn~'FOJla . 

3- _Mo:m;HOf.'Jl>,- IIOIJ'fl-eOJUlieMaJI ytl!WMTe'JHJ~l OT :m::w "lHJII-\a 

TOKa, He npeBMruaeT 'HO em. 



4. HoMMIIaJinHoe Harrpm-HeHMe ,[(JIH 'IMTaiOIII;eii Jia~mr,r 4 e 
rrpM TOI{e 0,8 a M rryJincau;uHx n:r:,mpmmeHHoro HarrpmHeHMH, 

He rrpen:r:,rmaiOIII;MX 0,3% OT HOMimaJI:r:,Horo 3Ha'IeHMH. HarrpH

"ri'-eRHe CHHl\IaeTCH C OT,IJ;eJibROrO CeJieROBOrO BbiiipHMMT6JIH, 

CMOHTMpOBaHHOrO n YCHJIMTeJie. 

5. B xo,n;noe conpoTMBJieRHe ycrrJIHTeJIJI P,JIH ~oToaJiern
poHHoro yMROrHHTeJIH panno 1,8 .AtZO.ilt H op,rrnarwno I{aH rrpH 

pa60Te C 35-M.ilt, Tal{ H C 16-M.ilt HHliOIIp06KTOpaMM. 

6. Bxo,n; ycnJIHTeJIH pacc'!MTaR Ha pa6oTy OT op;ROHac

Hap;HniX cypnMHHo-u;esuen:r:,rx ~oToaJieHTpOHHnrx yMHonm

TeJieii <lJ8Y -1 H CD8Y -2 , MMeiOIII;MX 'IYBCTBHTeJibHOCTb 

400--;-800 Jrclwl .a.i!t . <D8Y -1 rrpnMeHHeTCH npH pa6oTe KYYII -56 
c 35-M.ilt rmnorrpoel\TopaMM. 

IlpM pa6oTe C .r\BYMH IIIHpOHOITJieHO'IHbThiH IIp08HTOpallm: 

cxeMa rrpe,n;ycl\mTpnnaeT orpanH'Iennyro p eryJinponHy narrpH

meHHH na aMHTTepe op,noro H3 ~oToaJiernp onn:r:,rx yMHOrHM

TeJieii, II03BOJIHIOIII;yiO H3MeHR:Tb OTP,a 'IY ~OTOClJieinpOHHOrO 
yMnomHTeJIJI rrpMMepno n p,na pasa. 

7. Bxop;Hoe nanpmHeHMe, npM I\OTOpoM ycHJIMTeJin pas

BMnaeT HOMHHaJinHyiO BbiXO,[(HyiO MOIII;HOCTb Ha 'IaCTOTaX 500 
H 1000 eLf, paBHO 55+15 .ilt8 Ha BX0,[\8 ,[(JIH ~OTOClJieKTpOHHOrO 
YMHonmTeJIH H 75+25 .iltB Ha nxop,e p;JIH rpaMMO~OHHOro sny

KOCHHMaTeJIJI. 

8. Pa6o'IHH p;Harra soH 'laCTOT ycumrTeJIH rrpu nocrrpoH3-

nep;eHHM 3ByHa C ~OHOrpaMl\I 35-.ilt.i!L HMHO~HJibMOB - OT 80 
p,o 6000 eLf. Crra,n; 'IaCTOTHOH xa paHTepMCTHHH ne rrpenr,urraeT 

3 fJ6 Ha HH3I<MX 'laCTOTaX H 6 fJ6 Ha BbiCOHHX (rrpH .r\BYX IIp08l{

TOpax) OTHOCHTeJibHO ypOBHH Ha 'laCTOTe 1000 eLf . 
9. Pa6o'1Mii p;narrason '13 CTOT ycHJIHTeJIH rrpM nocupoH3-

nep,eHMH 3Byi<a C ~OHOrpaMJI•I 16-.ilt.lL HHHO~HJibMOB - OT 80 
p,o 4500-5000 eLf. Crra,n; tiaCTOTHoii xapaRTepHCTHrnr ne rrpe

m,rruaeT -3 fJ6 Ha HH3HHX tiaCTOTaX OTHOCMTeJibHO ypOBHH 

na 'IaCTOTe 500 eLf. 
,Il; JIH KOMII8HCaiJ;HH 'laCTOTHbiX HCHarHeHHH, BHOCHMbTX ~0-

HOrpaMMaMH Ha y3I<OM IIJI8HT\e, 'laCTOTHaH xapaRTepH:CTMHa 

Ha 'laC TOTe MaHCHMaJibHOrO IIOP,'b8Ma HMeeT llO,r:('bel\1 OT 10 
,n;o 16 fJ6. 

10. IloJinoe nne,n;enHe peryJIHTOpa TeM6pa n:r:,rs:r:,maeT p,o
IIOJIHHTeJihHI>Iii crrap, 'laCTOTHOII xapaHTepHCTHlUI IIO OTHO

UT8HMIO K HCXO,!l;HbU! xapaHTepHCTMHaM (rrpi1 IIOJIHOCTbiO Bbl

nep;eHHOM perymiTope TeM6pa): P,JIH mrrporwii nJieHRH - ne 

Menee 4 fJ6 na 'laCTOTe 6000 eLf r-r P,JIH ysHoi1 rr.rreHKH - ne Me

nee 12 fJ6 na 'laCTOTe i\faHCHMaJI:r:,noro rrop;'I>eMa xapai{Tepr-rc

THI{M. 
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Bee BHAhT qacTOTHhrx xa pa raepMCTME ycliiJiwreJIH 90J' -2 
eM. Ha pHc. XII-10. 

11 . Ho~nmaJTMiaH BhiXOAHaR MOIQHOCTh ycHmrrenJI 10 em 
opu JW3<lJqnn\Hewre rapMomm ue 6oJiee 3% Ha cpep;mrx qa

CTOTax. 

12. MaHCHMaJTbHaJI nr,rxop;HaJI MOIQHOCTh ycHJIMTeJIH 15 em 
opn Hoa<P<Pm:~nerrTe rap~IOHHI{ ue 6onee 6% Ha cpep;mr:x 

qacTOTaX. cJTa MOIQHOCTb OTMeqaeTCH BCIIbJXHBaHHeM HeO!-IO

BOI'O HHAHHaTopa IIeperpyBKH. 

'13. Y poneHh co6cTneHHhiX rro~,rex ycHJHITeJIR IIPH IIOJIHOM 

ycHJTeHHH H seocner:o:essoM <!JoToaneHTpOHHOM yMHOJHHTene 

.neiHHT Ha 48 fJ6 Hlil/-HO ypOBl'IH HOMMHaJibHOH BhiXO,!l;HOH MOm;

HOCTH 10 ern (HarrpH>HOHliiO IIOMOX IIpliiMOpHO B 250 pa3 MOHhJJJO 

Ha n pHIHOHii!fi, COOTBOTCTBYIOIQOI'O HOMHHaJibHOH BhiXO,[l;HfJH 

MOII\HOCTH) . 

14. HoMimaJihHOe corrponm.rrenue sarpysKH ycHJIHTeJIH 

30 O.M COO'l'BO'l'CTByeT IIOJIHOMY COIIpOTHBJIOHHIO BBYHOBT,IX I\il

Tyruel\ Ha qaCTOTe 400 81-f ,[l;JIH IIOCJiep;onaTeJibHO COO,[l;HHOHHhTX 

I'OJJOBOI\ rpOMKOI'OBOpliiTeJIJI. 

15. ,[( Haiia30H qacTOT, BOCIIpOlii3BO,[l;liiMbTX rpOMKOI'OBOpH

TeJJeM,- OT 100 ,!1;0 6000 8 Lf C OTHJTOHeHHHMlil He 6onee +8 fJ6. 
16. BeJTliJ<IliJHa cpep;Hero cnnp;apTHOro snyrwnoro p;an-

JTOHMJI rpOMI\OI'OBOpHTOJIJI 25A-17 B llOJIOCO qaCTOl' 

100-:-6000 81-f - 3,5 6ap. 
Bee IWMrrJTeHTa KYYIT-56 OJ ono 40 K8. 

B ycHJIHTeJre cnep;yror:o:ee HOJJHqecTBo aneHTIJOHHI>Ix, nciJo

MoraTeJTbHJ,TX H CHI'HaJibHhlX JiaMIJ: 6JR7-1 JilT.; 6f-I9C-

1 mT.; 6113C -2 mT.; 5[(4C -1 ruT.; MH-3-1 ruT.; MH-15 

(6,3 e 0 ,28 a) -1 IDT. 

ConpeMeHHaH aiiiiapaTypa p;nJI ycHnenHJI H nociipoHsne

p,ennJI BByi\a MOm:eT 6J,JTb IIOCTpOeHa: IIO Oi'J,HOIIOJIOCHOH Cii!C

TOMe 3BYHOBOCIIpOii13Bep,eHHJI; ITO CJiiCTeMe C O,!l;HOIIOJIOCHhl M 

ycHJIIi!TeneM M p;nyxrronocHhiMM rpo~moronopMTOJIHMM; no 

CKB03HOH ABYXIIOJIOCHOH CHCTeMe. 

KYYIT-56 IIOCTpoeu IIO op;soiiOJIOCHo:ti: cu,cTeMe snyHonoc

IIponsnep;eHHH, IIpH KOTOpoft BeCb p;Halla30H BOCIIIJOH3BOP,M

MW X qacTOT yCHJUIBaOTCH Oi'J,HHM yCJiiJIJiiTOJieM, K BhiXOP,y KO

TOporO OOP,KJliOqeH IDHIJOIWllOJIOCHbTM rpOMKOI'OBOIJliiTeJib . 

8TO CaMaH llpOCTaH CJiiCTeMa 3BYKOBOCIIp01ii3Bep;eHHH . 

l1 pii!MOHOHJiiO O,[l;HOIIOJIOCHOM CHCTeMhi BOClliJOHBBep;eHHH 

3Byi<a, qaCTOTHblO H HOJUJ:HOMHbiO HCKameHHH 3aCTaBJIJIIOT 01'

HeCTJii ycHJJIITeJih 90Y -2 H II rwaccy ycHJIIITene:ti:. 

"lJ T06bT o6nertiHTb 03HaiWMJieHHe C yCIIJIHTOJJOM 9QY -2, 

paccMOTIJMM ero IIpocTyro CTPYKTypsyro cxeMy (pHc. XIV-1). 
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YcMJJMTeJib 90Y-2 npep;craRJTHeT co6ofr TpexHaCI\a):(HhTM 
ycT,IJIHTeJib. IIepnr,r:iiJ: r~acHap; - ycHJilineJib rranpm-HeHMJI. On 
co6pan no peawcTopnofr cxeMe na Jia~me 6/K7, JJBJJJilOIII;ei:icR 
BblCOIW'IaCTOTHbTl\1 neHTO):\OM. 8 ·ra JiaMna TI03BOJIHeT ITOJiyqJITh 
BbiCOKHH KOa<flqlHIJ;HeHT yCHJTeHlUI HaCHap;a, T. e. cpaay 3Ha
quTeJihHO nOBbiCMTb yponeHb IJOJJe3HOfO CHri'IaJia H yMeHh
IDHTh OTHOCMTeJihHYIO BeJIHqHIIY IIOMeX, B03HHKaiOIII;IIX no
CJie nepnoro KacHap;a. l{poMe Taro, ana InJeeT cpanniiTeJibHO 
HM3HIIH y p oneHh C06CTBeHHO-
ro ruyMa . Bee aTo II onpep;e- 2 a 4 5 
JUIJIO Bbi6op STOll Jia~IIIbl ):\JIH 

MCDOJlb30BaHHJI B nepBOM 
Hacr<ap;e ycMJIHTeJIH. 

BTopofr Hacr<ap; - Tar~:
me ycrmMTeJib nanpmr~:e

HHH. Bnup;y Taro, qTo on 
f!BJJHeTCH H npe):(OHOHeqnbiM 
HacHap;oM, pa6oTaiOIIIHM na 

Pnc. X IV-1. CTpywrypnafl CXCMa ycR
JlWr eJlfl 90Y-2: 1 - qJOTO~JlCMCJl'r; 2 -
ncpBbtfl 1\aCI-\aJl; 3 - BTOpOii 1-WCI-iall; 
4 - 01-\ 0HCLJJfbli-'1 HaCKaU; 5 - rpOMI-iO-

l'OBO!JWf eJlb 

p;nyxTarnHbiH oHoneqnoril HacHap;, TO on co6pan no 
<flaaounnepcnofr cxeMe. B neM HCIIOJibayeTCR Jia~ma 6H9C -
)l,BOHHOH Tj)IIO)l, . 

HaHoHel!, oHoneqnJJIM HacHap;oM, RBJIHIOil!MMCH ycMJIHTe
JieM MOIIIHOCTII, CJIYri\MT <rpeTMH I\aCHap;, co6paHIIMi1: no p;nyx
TaHTHOH cxeMe na p;nyx JiaMnax 6II3C- Jiyqenorx TeTpop;ax . 

TaHaJI cTpyHTypnaf! cxeMa p;aeT TOJihi\0 o6Il!ee npep;cTan
JienHe 0 nOCTpOeHMM yCMJIMTeJIJI, B qaCTHOCTM yCMJIMTeJIH 
90Y -2. Ona ne noanoJIHeT ynup;eTh pH)l,a r~enefr H aJieMeHTOB, 
urpaiOIIIIIX nanmyro poJib n CTPYI\Type ycMJIHTeJIII . 

p aCCMOTj)HM 3TII 3JJeMeHTbi M l!enM M yHameM JIX MeCTO B 
cTpyinypnofr cxeMe. 

0TJJMqHTeJJbHaJI oco6ennocTh ycFIJJMTeJJf! 90Y -2- ycTpofr
CTBO ero BXOiJH,OU ljenu . OpurHHaJJbHaH CXell'la BXO)l,HOH l!enH 
n03BOJJHeT BHJJIOqaTb Ha BXO)l, yCHJJHTeJIH O)l,HH IIJIH )l,Ba niJiaH
ra <floTO::JJJeJSTj)OHHbiX YMIIGrHHTeJJeH ( COOTBeTCTBeHHO )l,JIJI 
pa60Thi c op;nlli~'1mH p;nyMH HIIHorrpoeHTopaMH RH-13), a TaR
me anyHOCHIIMa1·eJio )l,JIH nocnporranep;eHHH rpaMaarmcrr. Mec
TO nxop;nofr l!eiiii n CTPYHTypnofr cxeMe onpe)l.eJTHeTCH ee naa
nanueM. 

Barr;m,TM aJieMeHTOM n mo6oM ycFIJJHTeJJe p;JIH nocnpoFia
nep;enuJI anyr<a HBJJHeTCH peeyJ£JLmop epo;Ai/Wcmu. B ycrmii
TeJie 90Y -2 peryJJHTOp rpOMJ\OCTH pacnOJIOiHeH Memp;y nep
BbiM H BTOj)hiM Hacr<ap;aMH ycHJieHHH rranpHiHeHMJI . 8To rryri 
no, 'IT06or He npoHanop;FITh perymrponamur na nxop;e, rp;e ypo
BeHh CHri:IaJia oqen& HM3KHH. 
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OrwuequbiH 11 npep;ol\oHe<JHbiiT HaCI{a,ll;bi oxBaqeHbi L{enb TO 
ompULfamMbliOU o6pamuou C6R3U , 'ITO p;aeT CHMIR8HI18 H8JII1-

H8HHbiX liCI\ameHHH. 

lJ,enhiO OTpHIJ,aTSJibHOH o6paTHOH CBH3H OXBal:JSHbl TalOHS 

P uc. XIV 2. CTpyHTypnan cxe~ r a ycnmrTe~-Z.....c nseneHncM 
3JICMCHT OB H [1Cnei1: 1 - tfJOTOJJlCMCI!T; 2 - DXOllH3R' 1.\Cflb; 3 -
nep obrli Hacr;an; 4 - perymrTop rpo~n;ocTu ; 5 - nTopoli r-wc><a:l; 
6 - or;one'r Hhlr1 r;acHan; 7 - rpoMr;oronopr rTCJlh; 8 - ucnb OTPI·r
uaTeJl bllO i·i 00p3Tf1Q(r CDH3l! ; 9 - [ICil b r;oppeH [IIIH; 10 - !{OHTpOJlb-

, HbiH rpOMnOr OB O[li·!TCJl b 

Cs ·:flO..,~ 
.-4r----~------------, 

~ 
a 3,6a 6 

C xeMa 
CO eAHHe HHfl 0 6M OTOK 

TpaHcrbooMaropa 

I fl1tl1-o. 

Pnc. ·x TV-3. IIp rnr~:~umra ,,bHan cxeMa ycmnrTCJlR SOY-2 (cxeMa M 1 0) 

nepBhlH 1\aCI\ap: I1 BXO)J;HaR Il,8Ilb. 8Ta Il,8Ilb o6paTHOH CBR3M 

HCIIOJib3YBTCJI )J;JIR KOppeRIJ,HH qaC.TOTHOH xapaRTSpHCTHlUi 

yCFIJIHTSJIJI M ll03TOMy Ha3hiBa8TCJI Lfenb/0 liOppeKLfUU. 
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Tenep·h c BBeAeBn.eM 3JleMei1ToB H :ttenell: cTpyrnypHaH 
cxeMa npHMeT BHp;, mma3aHH.hlH Ha pRe. XIV-2. 0Ha onpep;e
JJ H 81' Fl. HOHCTpyKTHBHOe perneHHe YCHJIHT8Jl1!; TaH l\aK qHCJIO 

9JJ8M8H:'I'OB B H8M HeB8JliDW, COOTB8'.fCTBtmno H800JihiUJIMH 
AOJUI\Bbl OhlTb . ra6apHThl H nee Tarwro yCHJIHTeJ!H. Paa~Iepbi 

90Y -2 425 X 2 60 X 190 .iiLJlL H Bee 

G.KOJI'Q 14 K<! • 

.--:...:, Tipn.HrrHnHaJihHail cxeMa 
yc:ttmneJUl 90¥-2 (cxeMa 
.N'~ 10) npep;c'IaBJieHa na pnc. 

Kcn3>Y-2w 

X I V -3. -0~,_, ...-+1-=~t-t=_::: 

d JlepB&Iiil KacKap; co6paH l!~O c":;.: ~» 
pe3HCTOpHoii . cxeMe Ha .na~me : c3 ., .n 

6/l\7. Ha pnc . XIV-4 noKa3 .. .,_+"'--+-"'_._-+-_._._--J___J 
Ha cxeMa nepBoro Kacr~a~a. 

3.FieMeHTaMFI 06hPIHOfO pe-

31JC'mpHOFO KaCKa)ll.a, COOJlUH
BOfO Ba ll8HTO)W, HBJJHIOl'C.R : CO-

+ A 

Puc. X I V-1.. IIpHHI.\IHtHaJlbltaH 
cxe~>a rrepBoro r;acp;aga 

Il pOTI1 BJJeHIIe aHOp;HOft Harpya-

l\H Ru *, nepexoMJ>Iii KOHp;eHcatTop C1, conpo·rliiBJieHne yTeqHH 
ceTKn, coc.TOJU!J,ee us . ABYX peaHcTopon: R5 H Rr;, ~eru:, aBT€J.
ManPiecKoro cMe~eaua: peaHCTop R 8 n KOH)l.eHcaTop C 5. 
B I,\GIUI ::mpanaon ce-nrn CTOHT II'IElHKa pa:mnru;r.Baro~erl'l 
q,n.JJhTpa , cocTOJl~iUI D3 pe3BCT(!J'jl'a R16 II KOH~eacaTo.pa C6 . 

Pwc . X IV-5. ITplo.LH"1~1fll<a.n.bHaa 
cxeMa BTOporo Imc ~;ap;a 

2 BTopiD·i (npeJwimHe"!HhJ ~i) 
RaCIH~p: ycHnB.TeJIH co6paH n a 
JiaMne 6H9·C, KMopaa npeA
cTaBJIHeT COOOH Cp;B08HHbiH T'pJI

op; C 60JibllillM HOaq,q,Ili!H0HTOM 

ycmneHMH. TaK KaK p;na nop
Ma Jlhl'l!OH pan~Hhl .LlBYXTaKTHQ,I'O 

O•KOHet!E'OFO l\1\CKa~a H800XO

gMil<l,Q IIOp;,BOp;H'l'l> K ero ynpaB
JUHOHI;HM C8'l"K<liM BaDp1IateHJiUJ, 
JHtB!l.bl8 ITO Be.rm,q:HHe, HO Cp;BH-

ay·n.re liHUI<~y co6o:ii :no !}lase 
Ha 180°, B YCHJIHT8Jle 9()Y -2 rrpe,LWKOllie'llllhlR lHlCl\ap; co.6paH 

no <iJ.a30HHRepcao3 cxeM~ (puc.. XIV-5). 
AHOAHhiMH narpy3Kawrt~ cJ.IymaT pes.uno phi R15 

1:\us.z:r.enca>opbi clO :u Cu HMHUH'CH nepexop;HhlMH Ha 

' * 3ACCb fi p;a.'lee 0603Ha '!Cr!IIe pe3TICTOpOB, KOH)l;CIIC'aTOpOB , M<YIO'I-

fhhLX A~?aneii ll Bblli! O.J\H l'>FX I>OJ:IU: fil'B p:a E!O. llO 3aBOgCHOH CXOMe, UpJ!IJia
raeMO.il Ii au nap<nype. 



Jif!IOLI-(He C8THH Jia~m 6fi3C. Y Teqr\aMH ynpaBJif!IOIIl;HX CeTOK 
JiaMn 6II3C cJryrRaT p esHCTOpnr : R18 H R19 - p;JUI nepnoro 
n Jieqa H R17 - p;JIH BToporo . 

0TpH~aTeJibHaH o6paTHaH CBH3b ITO TOHy llpHMeHeHa C 
~eJibiO ynpOU-(8HHH CX8Mbl H CTa6IHIH3al!JI[Jil pa60Tbi yCHJIH
Te.JJ H. 

B ocaonHOM nJie•re npep;orwuequoro Hacr<ap;a OTPHI!a TeJih
aaa o6paTHaf! CBH3b no 1'01\Y OTCYTCTByeT. 

PaccMaTpHnaa cTpy1nypayro cxeMy, Mhl yKa3biBaJIH, 'ITO 
OIWH8'IHbiH H npep;OKOH8'IHbiH RaC1\ap;b1 OXBa'I8Hbi OTPMl!a
T8JibHOH o6paTHOH CBH3hiO no aanpmnemno. 8To cp;eJiaao p;JIH 
CHIUH8HHH "!aCTOTHbiX U H8JIHH8HHb1X HCHarH8HHH. C 'IaCTU 
BTOpH'IHOH 06hlOTHH BhlXOfl:HOrO TpaHC~OpMaTOpa qepe3 CO
llpOTHBJI8HH8 o6paTnofr cnasu R14 , samyHTI'lponaaaoe eM
I\OCTbiO C 9, HanpJHH8HU8 TIOfl:BOfl:HTCH K C8TH8 JiaMnbi. 8TO 
HanpmHeHHe p;eHCTByeT M8ri\fl:Y l\aTOfl:OM U ynpaBJIJIIOIIl;8H 
ceTHOH JiaMnhi npep;oKoaeqaoro 1\aCI\ap;a. ITo ~ase oao npoTH
nonoJiomao Hanpam:eauro , nocTynarom;eMy aa nxop; ocaon
aoro rweqa npep;orwaeqaoro Hacr\ap;a. 

HanpHn\eHHe, p;eE:cTByrom;ee aa qacTn nTopnqaoE: o6MoT
Hn, OKa3biBa8TCJI npHJIOrl\8HHhlM 1118rHp;y I\aTOfl:OM OCHOBHOrO 
TpHOp;a npep;OKOH8'IHOrO KaCHap;a H 3a38MJI8HHhlMnpOBOp;OM. 
Y npanJimom;aH ceTI\a Tpnop;a qepes conpoTMBJieHHe peryJIHTO
pa rpoMROCTn npucoep;HHeHa 1\ saseMJieHHOMy nponop;y. 

BeJIM'IHHa aanpameana, CHHMaeMoro c qacTn BTopnq
aoE: o6MOTKM Bhlxop;aoro Tpaac~opMaTopa, onpep;eJIJieT rJiy-
6HHY OTP¥Il!aT8JibHOH o6pa'l'HOH CBJI3M, HOTOpaa B p;aHHOlVI 
YCHJIUTeJie panna npHMepHO 9 a6 (TpexHpaTHaf! o6paTHaJI 
CBf!3b) . 

IIpn p;ocTaTO'IHO rJiy6orwE: OTPHI!aTeJibHOH o6paTHOH CBJI-
3H no aanpHmeHHIO aanpHn>enn e aa Bb1Xop;e ycnJIMTeJIJI (aa 
rpo~morOBOpHTeJie) CTa6MJIH3HpyeTCJI H83aBHCMMO OT M31118-
B8HHH conpO').'HBJI8HMf! rpOM1\0rOBOpHT8JIJI B IDMpOHUX npe
p;eJiaX, H 3THM CaMbiM B 3Ha'IMT8JibHOH CTeneHH yJiyqmaeTCJI 
3BYI\OBOCnpOH3Bep;eHH8 Bcero HOMnJieKTa. 

CJiep;yeT OTMeTHTh, 'ITO o6paTHaH CBH3b no aanpHmenHro 
npMBOAHT H YM8Hbill8HHIO o6m;ero yCHJI8HHJI BTOporo H Tp8Tb
ero HaCHap;OB . 06'bJICHf!8TCJI 81'0 T8M, 'ITO Hanpf!rl\8HH8 o6-
p aTHOH CBJI3H nop;aeTCJI Ha BXOp; BTOporo HaC1\ap;a B npOTHBO
~a3e c aanpmrwaneM cnrHaJia, nop;nop;MMbiM oT nepnoro Hac
r\ ap;a. TaHHM o6pasoM, p;eE:cTnyrom,ee HanpHmeane aa nxop;e 
BTOpOrO HaCI\ap;a OKa3hJBa8TCJI paBHbiM pa3HOCTH HanpHme
HHIT, nop;BOAH~IblX OT n epnoro 1\aC.Ka,IJ,a H HanpHrl\8HHJI o6paT
HOH CBJI3H. 
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Racr\a~r,r, oxBa'leHHMe orpMI}aTeJinHoM: o6parHoil CBH3hiO, 

CRJIOHHbi H reHepa~J.IJ.I (caMOB036yJI\~8HMIO) Ha CB8pX3BYRO

Bl>IX 'laCTOTaX. 1.JT06bi TaRaJJ reHepaiJ;J.IJI He B03HJ.IHaJJa, B 

u;enb ynpaBJIJIIOIJJ;8H C8THJ.I npe~OIWH8'lROrO HaCHa~a BHJilO'l8H 

pesJ.IcTop R 2 8 , o6pasyiOTI!Mii llMecTe c BXO~HoM: eMHOCTbiO JraM

llbi lj>J.IJihTP BhiCOHMX qacTOT . 8ToT lj>MJibTp CHJ.InmeT ycMJieHJ.Ie 

Ha CB8pX3BYHOBbiX 'laCTOTaX J.I T8M Cai\Ib1M 3a:rn;J.III(a8T yCMJili

T8Jib OT B03HliHHOB8HliJl reHe

pai(H:li. 

B Tex <He u;eJIJIX B u;flnM 

C8TOH OIWH8'lHbiX JiaMn BI\JIIO

'l8I-Ibl p83liCTOpbl R20 li R21> 

COCTaBJIHIO:rn;H:e C BXO~HbiMJ.I 

8MHOCTHMli JiaMn ljlliJibTpbi Bbl

COIUIX 'laCTOT . 

..3 TpernM: , ORoHe'lHbiH, RaCHap; 

ycumrreJIJI co6pai-I no p;llyx

TaHTI-IOH cxeMe Ha Jial'lmax 6II3C 

(pnc. XIV-6). 8Tn JiaMilbi

Jiy'leBhre TeTpop;r.L Oci-Iollnr.rMn 

3JI8M8HTaMH: MOll!HOrO HaC-

Pnc. XIV-6. Cxe~m O~<OHe•moPo 

Hap;a, co6panHoro no p;Byx·raHTI-IOH cxmm, HBJIJIIOTcJI : Bbl

xop;noM: TpaHcljlopMaTop Tp-2 , BRJIIO'leHHI>Iil B ai-Iop;nr,re u;enrr 

p;JIH JiaMn ~10TI!HOro Rac!\ap;a; conpornnJienne aBTOMaTn'lec

rwro CM8TI!8I-IJIII R22> sawyHT1IpOBai-IH08 HOHp;eHCaTOpOl'vi c13; 
conpoTJIBJieHrre yre'IRR ceTRli JiaMn orwHe'lHOro KacRap;a R11 

M R1s+R19· 
Bnrxop;I-Ioiii Tpai-Icljlopwia TOp cJiymRT p;JIH cor JiacoBaHnB. 

conpOTHBJI8HliJI rpOMI\Or0130pMT8JIH (I-Iarpy3HH yCRJIJIT8JIH) C 

3RBH:BaJieHTHhiM BHyTpeHHRM conpOT11BJI8I-IHeM Jiai\m 6II3C. 

Ero nepBli'lHaH o6MOTRa COCTOJIT 113 'l8Tbipex C8HIJ;HH, HOTOpbl8 

rronapno coep;HHHIOTCJI nocJiep;onaTeJinHO (eM. prrc. XIV-3) . 

BTopH'lHaJI o6l'viOTHa BbiXO~Horo Tpai-IcljlopMaTopa 11MeeT 

p;Ba p;onOJIH11T8Jlbi-IhiX OTBOp;a: OTBO,ll; 6, I< 1\0TOpOMy npi-!:C08,li;H

HJI8TCJI u;enb OTpHIJ;aT8JibHOH o6paTHOH CBJI3H, OXllaTbiBaiOTI!8H 

OROH8'lHbiH H npep;OI\OH8'lHbiH HaCHap;bT, 11 01'130~\ 8, npHC0-

8,ll;11HJI8MbiH I\ O,ll;HOMY 113 rnesp; IIIT8nC8JibHOH ROJIO,ll;KH ,ll;JIJI 

BHJIIO'l8HHJI I\OHTpOJihHOrO rpoi\mOrOBOpMT8JIJI. qaCTb BTO

pH'IHOH 06MOTI\11 BhlXO,ll;HOrO rpaHClj>Opi\IaTOpa C BhlBO,ll;HblMH 

KOH~aMH 5-7 npn:coep;n.nena I\ cneu;11aJihHOH IWJIOp;He p;JIH 

BI\JIIO'l8HH.fl rpOMH:OrOBOpHT8JIJI . 

1\ 'laCT11 nepBH'lHOH 06MOTI<M nop;rmroqena H80HOBaJI HH

)l,HI<aTOpHaH JiaMna MH-3 c 6aJIJiaCTI-IhiM corrpoTHllJI8HHeM R 23 . 

HeononaH JiaMrra cJiym11T yi\asaTeJieM rreperpy3H11 M ncnr,rx11-
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naeT npH OT,D,a<Je ycHJIHTeJie~I ~Ioru.nocTH OI-<OJIO 15 em, RBJIH
rou.~;errc.H npe,D,eJI bHOH AJT .fl p;annoro YCHJTHTeJIH . n pH ,[),aJTbHei1:
meM yne;mqenrnr BhTxognoifr MOID;HOCTH nemmeifrnhle HCT<a
meHH.H, BHOCH~lhTe JTa~ma~IH 6l13C, CHJibHO B03paCTaJOT, qTO 
cnHmaeT I< a qecTBO snyKonocrrpoHsBegenHH. Ha neperpysHy 
J'CHJHIT8JJH yHa3b!BaiOT He KpaTKOBpeMeHHhie BCIIhiUJKH JiaM
llhl, a ee rrpogomHHTeJibnoe ropenn:e. Jla~ma MH-3 sanm
raeTC.H rrpn: aarrpm-HeHHH 47 -;-59 e. 

HarrpmHen:r-re na nceifr rrepnwmoifr o6MOTI<e Bhrxognoro 
TpanccpOpMaTopa IIpH OT)J;aBaeMO:fr MOID;HOCTH 15 em COCTaBJIH
€ T 280 e. l1osTOMY Jia~ma MH-3 rrogru noqena H qaCTH rrepnn:q
noi;J 06MOTI<H M81H!J:Y cpep;Heifr TO<JKOff (KOHD;hi 1 H 15) H O!J:HHM 
J13 OTBO,[~OB 12, 13 , 14 , B 3aBHCMMOCTH OT IlOT8HD;HaJia 3a/I<Hra
HM.fl JiaMIIbi. 

]] pH ycTanoBKe JiaMIIhi sa sanoge ee nop;r\moqaroT " o.n;
no~IY H3 OTBo.n;on, qTo6:r,r o6ecrreqHTh aaropanHe JiaMnbl rrpH 
nanpmHeHHH 21,5 e aa narpysHe ycHJIHTeJI.H. BaJIJiaCTHoe 
co npoTHBJieHHe orpanHqHnaeT neJJHqHny TOHa B n,em;r JTaM
n " ' rrpH ee ropeHHH. 

U:enn mtTaHH.R ycHJIHTeJIH. lJHTanue ycHmrTeJIR 90Y -2 
Ilp0113BOIJ:HTC.fl OT C8TH rrepeM8HHOTO TOI\a qepe3 H8HOTpOHHblH 
BhillpRMHT8Jib, CMOHTHIJOBaHHhrH BM8CTe C YCHJIHT8JI8M Ha Op;
HO:vt maceR. K enoTponni>Tii BhiiipHMHTeJih co6pan no o6r,,qnoi1: 
ABYXTIOJiynepl10)J;HOH CXeMe H COCTOHT U3 CHJIOBOrO TpaHccpop
~LaTOpa, ABJ'XIIOJiyrrepHO)J;HOrO R8HOTpOHa 5L(4C, CrJiaJ!.UIBa
IOU.I,ero I -o6pasn oro cpHJihTpa, cocToHm;ero ns gpocceJI .R /{p-1 
l1 l\OH,IJ;8HCaTOpa C14 . ,1J;pOCC8Jlb C llOMOID;biO l\OH)l8HCaTOpa C15 
nacTpoen B pesonaac aa qacTOTY rrepnoifr rapMOHURB aarrpR
ii\eHTHJ nyJibcar~I'IH, pannym 10 BLf. TaHaH peaonancnaH cHc
TeMa npe)J;CTaBJJH8T C060ii cpHJibTp-rrp061\Y )J;JIH qacTOThl 100 8Lf 

H p83I<O yMeHbmaeT HarrpmHeHH8 nyJibCa JJ,HM Ha HOH}:\8H
Ca TOpe C15 . 

JJepBMqnaH o6MOTHa CHJIOBoro TpanccpopMaTopa Tp-1 
Bl\.TJJO'la8TCH B C8Th 'l8pe3 TIJiaBI\HM rrpep;oxpaHRT8Jib Jlp Ha 
2 a. TpaaccpopMaTop HMeeT llHTh BTOPH'IHhiX o6MOTOIC no
BhruJa TOm;yiO o6MOTHY )lJIH IIMTaHHH aHO,IJ;HhlX I,enei!i T\8HO
TpOHa 5L(4C, JJOHHn\aiOUJ,yiO 06MOTI\Y )J;JI .fl miTaHHH HH'l'H 
HaKaJta !{8HOTpOHa, IIOHM>HaiOUJ,yiO C8JHJ,HOHRpOBaHHyiO 06-
~IOTI\Y ,IJ;JTH IlHTaHMH HHT8H Har\aJia JlaMII yCMJIHT8JIR, IlO
HMrl\a !OOJ,YIO 06MOTnY )J;JIH n:wraHM.fl C8JI8HOBOrO BbliipHMH
T8JI .R (n pe~J,r·raaaa qeHHoro JJ;Jl.R rrvnaHM.H JtaMflhT rrpocseruma~ 

HJHr npoeRTopa) B sxpamrpyrolll,yio o6MOTHy . 
CxeMa aaop,Horo nMTaHHH 1 acHagoB ycuJIHTeJI.H no ruuJaHa 

Ha p11c. X TV-7. 
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Ano.n;nnre ~emr H ~enn ar~paHHbiX ceTOH scex HacKaAOI3, a 

TaJO-He <fJoToaJieHTpOHHnii1 yMnonmTeJin miTaiOTCH qepes ~~o
noJIHJi!TeJinHbie H'leihm pasnHsnmam~nx <fJnJinTpon . Pasnn-

3biBaro~He <fJHJibTpbl B ~8IlflX aHOJJ;HOrO llHTamm HaCK aAOB 

ycMJieHHH pa6oTaiOT, c o .n;noil CTopoHbi , KaH crJianumaro~ne 
<fJHJibTpbi, a C ,D;pyrOM - pas 'he,D;MHJIIOT (pa3BJl3biBaiOT) ~ellM 
OAHOro r<acKa.n;a OT ~eneli .n;pyroro 1~ acr~aAa ,D;JIJI npe.n;oTnpa-

~eHiiUI B03MOJI~HOCTH B03HHl \HOBeHJ1J'I renepa!IHH, T. e. Ha

npaBJieHbl npOTHB B03HHHHO 

BeHHJl rrapa3MTHbiX o6paTHblX 

CBH3ell. 

HanpmReHMe aa aHOAbJ l'I 

cenm JiaMn oRoaeqaoro Ka c

I,aAa CHH~WeTCH C I\OHJJ;eHCaTO

pa cl5 " HanpnmeHHe Ha aHOAhl 

JiaMII npe.n;oRone~moro Racr~a

Aa CHMMaeTCH IIOCJie ABYX ITO-

CJieAOBaTeJibHO BKJIJO 'leHHblX 

Puc. X lV-7. Cxc~m aJwunor o rurra· 
wu1 ''acH:anon ycHJu rTenFI 

pe3HCTOpH0- 8MHOCTHhlX H'leer{ : R24- cl6 11 H.25 -C'l7. fJOCJie 

H'leRKH R26 -C18 rro.n;aeTcJI aarrpH}HeHHe aa rrepB biM I<acr,a).l; 

ycuJIHTeJIH 11 <lMMTTep <fJoToaJieHTpoaaoro yMHOilmTeJIJI . 

Haiipnn~enHe na aHOA <fJoToaJieinpoaaoro yMHOmH-

TeJIH rroJJ;aeTCH qepes ABe pesucTopnoeMI\OCTHble nqeJ1rm: 

R27 -C4 II R 2-C3, BI\JIIO'leHHbie IIOCJie H<Jeiirm R24 - C16 
(eM . pHc. XIV-::1). 

HHTH nal\aJion JiaMII ycHJIMTeJIH rrMTaiOTCH rrepeMeHHbJM 

TOIWM o T CHJionoro Tpaac<fJopMaTopa. HMTH aar<aJIOB JJCU J a 

6f13C H 6H9C IIHTaiOTCH aarrpHmeHHeM 6,3 e H BKJIJO'leHbl 

Ha BCIO HaHaJibHYIO 06MOTHY (BbiBO)J;bi a H e) Tpaac<fJop 

MaTopa. 

HMTh nal\aJia JiaMnnr nepnoro I\aCHa.n;a nHTaeTCH noHH

}H8HHblM HanpHn~eHHeM (5,5 e) OT <JaCTH HaKaJibHOH 06MOTI\H 

(nhiBOAbi a H 6). DonHn>eaHe aanp.fi }R8HH.fi aaKaJia oepnoi1 

JiaMilbi npH!VIepHO Ha 10% yMeHbillae'r OOM8XH, I\OTOpbie MO

ryT B03HHHHYTb npH HeCOBepmeHCTBe 12I30JI!l~MH Me}I\}J;Y Hll

TbiO naKaJia H I\aTOAOM JiaMnbi. IT pH ne.n;ocTaTO'lHOM H30JIH~IH1 
B03HHI\aeT TOI\ yTe'IKH, l<OTOpblM opOTel\aeT OT HCTOllHMH a 

aar,aJia. 

KoncTpyKTHBHoe o<fJopMJieHMe ycHJIMTeJIJ.I 90Y -2 IJ08BO

JI.fieT HCIIOJib30BaTb ero KaK B pa60Te C ill12IpOKOITJI8HO<IHhlJ\ J IJ 

npoeKTopaMH (n KOMIIJieHTe rumoycTaHOBKH KH- 14) , TaK H c 

ysr,onJieno<JHhlMH HHHOIIpoeETopaMH ITD-1 6. B nocJie,D;HeM 

CJiyqae IUIHOllpOel\TOp yCTaHaBJlMBa8TCH Ha Hpblll i>y yCHJIHT8·· 

JIH . Y CMJIMTeJib HM88T llO)J;"b8MHbl H MeXafni3M, ll03BOJIJII0lllf! fl 
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R3MeHHTb yroJI HaRJIOHa OTITR>aCHOH OCR 16-.M.;JL RHHOTipOei\
TOpa. 

Ropnyc ycHJIHTeJrH rrpeppraBJureT co6o:U nnocrwe maceR 
c ~BYMH npHnapemiMMM 6orwmmaMM. Cnepxy aa maceR paa
~Ieliiemr Tpaac<f>opMaTopLI Tp-224, Tp-223, ~pocceJIIJ. !{ p-46, 
J{p-48, aneRTpOHHLie JiaMTIDI 6/I\7 , 6H9C, 6IJ3C (2 lliT.) , ce
neHOBLIH CToJI6 ABC-40-81, <f>oToaJreMeHT cD8Y -2 n RO/Hyxe. 

Ha mnreno:ll CTopoae ruaccn ycnaonJieHa Ha BHHTax aa
ruroaaaH rraHeJIL, Ha HOTopyro nr,meceHLI sJieMeHTLI ynpan
JrenrrH ycHJIMTeJieM 11 na6mo,IJ;eHHH aa ero pa6oToii: peryJIHTOp 
rpoMROCTH, perymnop rwppern:J;TH1 <JaCTOTHOJ1 xapaRTepnc
THIHI Ha BbiCOIH1X qaCTOTaX, rrpe~oxpaHHTeJib , yHa3aTe.Jib 
rreperpy3HH H JiaMIIOqHa ~JIH OCBeliieHMH JieHTOIIpOTJI/I{HOrO 
otexam.ralVra 16-.;Jut RMHorrpoewropa, rwTopaH npH pa6oTe n 
IWMTIJieHTe lUf-14 He HCIIOJib3yeTCH. 

C DpOTHBOIIOJIOII\HOM CTOpOHbl maCCH paCIIOJI0}!{0Hbl JiaM
rtbl, 3aHphlBaeMnie C'heMHOM !~pbiU]l{OM , rrep<f>opHpOBaHHO:t'I ~JIH 
OXJia iR~eHJUl Jia~m . JlMI~enaH CTOpOHa yCHJIHTeJIH C IIaHeJibiO 
yrrpaBJieHMH 11 ruacc11 aaHpnna o6u~e:ll xpr,mmoi1 , aai\pemur
eMoil m-rHTaM.u: Ha 6orwBMHax ruacc.u:. Ha nepxueii qacTM Hpnllli
ro.r HMeeTCH 3aCJIOHI{a C pyqr\OH ~JIH 3aHpbiBamiH OTBep CTHH 
uap; <f>oTosJiernpoHHDIM yMuonmTeJieJvr rrpH pa6oTe c ruH:porw
mreHoqunrM rnmorrpoernopoM 11 rrpH TpaucrropTI1pOBHe. 

Ha H.U:mHeii CTopoHe ruaccH uaxo~HTCH nee ocTaJII>H&re 
aJie"1eHTLI cxeMnr H MOHTam. )J; JIH y~o6cTBa rrpn peMOHTe lil 

LJT06nr Jierqe paao6paTLCH B cxeMe, MOHTan-\ BLIIIOJIHeH u;neT
HLIMH rrpono~aMH. P acrroJIOFHeHMe MOHTamHhiX rrpono~on Bbi-
6pauo TaRHM, qT06I>I IIO B03MOH\HOCTI1 yMeHbllifHb napa3HT
Hbie CBH3M Mem~y OT~0Jl bHbiMlil u;enHM.U: CXeMhi. IJ09TOMY IIpH 
peMOHTe ycMJIMTeJIH cJie~yeT coxpaHHTL aano~cRoepacnoJio
mernre npono~on . 

Cuuay yc.u:JIMTeJrn aaRphmaeTCH ~HOM, Ha BHyTpeHHeii 
CTOpOl'Ie IWTOpOrO HaHJie.U:BaeTCH CX8Ma. )J;HO l{peiiMTCH BMH
Tal\IH R 60IWB.U:HaM lliaCC.U:. 'Y CHJI.U:TeJib CHa6meH HO/-HRaM.U:
aMOpTH3aTOpaMM, ~Be 113 IWTOpbiX HpeiTHTCH na ,IJ;He .U: ~Be 

.a;pynre Ha rrJiaHHe rro~neMaoro MexaHM3Ma. 
Ha 6oHOBDIX CTeHKax ruacc11 paaMeliiaiDTCH I{OJIO~HM ~JIH 

COe~HHeiUIH J'CHJIHTeJIH C ~pyrMMH ::>JieMeHTaMM HOMl1JieHTa 
tnmo ycTaHOBI{H RH -'14. Ha npano:ll 6oKonoii CTeHI{e ( oT JIM
u;eBoil naHeJil!I ycMJIMTeJin) pacrroJiomeHni ~ne nxo~HDie HOJIO~
KH C 9RpaHHpyiOU.I,MMM aarJiyruRaMM, 3al{pniBaiOliiMMM HOJIO~
RH npM pa6oTe ycMJIMTeJIH c 16-.i\UL HHHonpoernopoM. B oTM 
IW.TIO~KM llO~I-\JIIO'laiOTCH lli.JiaHrH <f>OTO<JJieMeHTOB OT ~BYX HM
HOllpOernopOB RH -1 3, BXO,ll;HliiMX n :KoMnJiern H.U:HoycTanon rm 

356 



KH-14. Ha <noH: a\e cTea r.; e yr<perr I 8Hbi KOJJo,n;r>H ,n;.'lJI nru uo

'l8HiiiJI 3BYHOCHHMaT8JJJI H 'IIiiTaiOIIJ;8H JiaMIIbl , raea,n;o ,[(JIJI rrpw

C08,1J;IiiH8HHJI IIpOBO,[(a 3a38MJI8HHJI, rOJIOBRa BHHTa IIO ,IJ; 'b8~I-

Puc. X TV-8. YCI1Jl ll 're.Hb 90Y-2. Bnn Ha Jl iiQeoyiO naHeJJb 

aoro MexaHH3Ma H perymrrop aarrpmi\8HHJI aa ::>MMTTepe 
<D8Y -1, ocb KoToporo n ·r,me,n;ea a no,n; mmn1. 

Ha Jienoii: 601wnoi.i: CT8H Ke , q acTHcmo rrep<JlopHponaaaoil 
)J;JIJI T8IIJI006Meaa, IIOM8IIJ;8Hbl 

KOJIO,[(Kiii ,[(JIJI BKJIIoqeHMJI rpOM

l\OTOBOpHT8JIJI, KOHTpOJibHOTO 

rporvmoronopHTeJIJI H 'IMTaro 

m;ei1 JiaMITbi, a Tam-He poaeTKa 

c yTonJieHHbiMM IIITbipbKa~m 

)J;JIJI Bl\JIIO'l8Hii!JI YCMJIMT8JIJI K 

JICToqmmy TOim (K raea,n;aM 

«11 0 B>> a a anToTpaac<flop~ra
Tope I\AT-15) . 

Y CMJIJU8Jib 90Y -2 IIOI<aaaH 

aa pnc. XIV-8. 
B ROMIIJI8KT KYYII-56 BXO

)J;HT rpo~moronopnTS.'lb 25A-17 
(pnc. XIV-9). Oa rrpep;cTan

JIHeT co6oi1 'leMo,n;aa, CKJia)l; hl

namm;Mlica na ,n;nyx 'lacTei1:. B 
Raii\)J;YIO qaCTb qeMOp;aHa BMOH

THponaao IIO O)J;HOR rOJIOBKe 

rpoMIWronopHT8JI JI 4A-18. Ha 

Pnc. XTV-9. I'pOMHorooopnTeJlb 
25 A-17 

BpeMJI TpaHCTIOpTMpOBI\li o6e qaCTM rpOMI\OrOBOpMT8JJ.fl CKpe
IIJJJIIOTCJI BM8CT8. 

fOJJ OBI\a 4A-18 IIp8,!1;CTaBJIJI8T co6oi1: O)l;HOIIOJJOCHbiH ,li;M<fJ

<JlyaopabiM rpO~IKOrOBOpMT8Jfb C IIOCTO.fiHHbDI MarHMTOM. 
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MarmiTHaJI ciicre~m I'OJIOBI<H rpo~moroBOpii!1'8JIJI cocrorrT 
rrs MarHIIra rr MaruwronpoBop;a . MarHHTHafi crrcreMa 4A-18 
H3I'OTOBJIJI8TCJI H3 CnJiaBa aJibHII II BKJIIOtiaeT B C80H KOJibiJ;8-
BOH MarHHT, BepxHrr:iii II HIDKHIIH qwaHIJ;bi rr I{epH. 

Bbrcora MarHIITa -5'1 Au~; BHeiDHIIH p;n:mvrerp -105 .MAt, 

BHyTp8HHH:H- 67 MM. 

3aaop Memp;y I{epHOM II BepxHHM qmaHu;eM H:Meer pap;II
aJibHYIO IDHpiiHY 1,3 AtAt npH: p;IIaMerpe KepHa 25,2 AtM. 

I1H,D;YKIJ;H:JI B 3a3ope MarHIITHOH u;enii 8000 ec . 
Ilop;BII~KHaJI CIICT8Ma COCTOIIT II3 IICTOt:[HIII{a ,ll;Bllii<8HIIH, 

II3JiytiarenH 3BYI{a (p;II¢¢ysopa) u npn:cnoco6neHIIH, o6ecne
'IHBamru;ux npaBIIJibH08 nOJIO~KeHH:e IICTOtiHIIKa )l;BH:iHeHH:fi B 
Mar HIITHOM noJie. 

OcHOBHOH aneMeHT nop;BM~HHo i'r CIICTeMbi - p;n¢¢ysop. 
,1J;II¢¢ysopbl )l;JIH I'OJIOBOI{ 4A-'18 H3rOTOBJIHIOTCH nyT8i\I ocam
p;eHIUI BOJIOIWH II3 nmp;I\OH oy111a~KHOH NiaCCbi Ha cneu;n:aJib
HYIO ¢op111y e noenep;ymru;eFi: npeeeoBKOH rr eymi{OH. IIonoMy 
TaKl'l8 p;Rcl>cl>ysopbl tiaeTO Ha3biBaiOT JIHTbiMII, T. e. oeemOB
HhlMII. 

,1J;II¢¢ysopi>I )l;JIJI I'OJIOBOK 4A-18 HM8IOT l{pliBOJIHHeifHyiO 
oopasyiOIII;yiO KOHyea, 'ITO IIeKJIIOtiaeT B030yri{,ll;8HII8 nOB8pX
HOeTII p;n:¢¢ysopa n:s-sa napaMeTpiitieerwro peaoHaHea Ha on
pep;eneHHbiX tiaeTOTaX H: nOJIBJI8HIIe HenpiiJITHbiX npii3BYKOB 
npii paOOTe rpOMKOI'OBOpiiT8JIJI, Oe008HHO npH nOBbiiD8HHbiX 
MOIIJ;HOeTHX. ,[I;II¢¢ysop IIM88T pa3JIIItiHyiO no eB08MY eetie
HIIIO TOJIIII;IIHy, yBeJIIItiiiBaiOIII;yiOeH 0'1' OeHOBaHIIJI K BepiDIIH8. 
Paerpy6 p;II¢¢ysopa nepexop;IIT B ro¢piipoBaHHLIH Bopor
HIIK - ro¢p. fo<Pp HBJIJI8TeJI Banmbll\1 8JI8M8HTOM rpOi\mOrO
BOp iiTeJIH, Tal{ Kai{ OT ero ynpyroeTR 3aBH:eH:T nop;BliirimOeTb 
p;lii¢¢ysopa . 4A-'18 ru1eer rpexsBeHHnr:iii ro clJp, tiTO no epaBHe
HIIIO e p;ByxsBeHH:biM ro¢poM n03BOJIIIJIO paCmliipHTb BOerrpo
II3BO)l;IIMbiH p;IIarraSOH B CTOpOHy OOJI8e HII3HIIX tiaeTOT. 

Ban{HOH p;eranr.m nop;BIInmoFi: c:ncreMbi HBJIJieTeJI u;eHrpii
pyroru;aH ma:iii6a, IIsroroBJIJieMaH II3 rer{CTOJI:nra. IIIaFi:6a o6ee
rretiRBaer npaBIIJibHOe (u;eHTpaJihHOe) nOJIO,H8HIIe 3BYIWBOH 
KaTyiiii{l'I B B03,ll;YIDHOM sasope MarHIITHOH CIIeTeMbi. 

3ByKOBaJI Harymrm eny~HIIT IICTOtiHIIIWM )l;Blif}l{8HHH Been 
nop;B:nnmo:U: errcreMr:;r. Ona HaMaTnmaeTeH ll•rep;Hr:.IM aManrrpo
BaHHI>IM npOBO,ll;OM Ha oyMaHmbiH IIJIII MeTaJIJI Iiiti8ei{l'I~I (R3 
aJIIOMHHHeBOH <Ponr.r:n) KE\pi{aC. 3ByHOBaJI KaTyiiii{a 4A-18 
:nMeeT 158 BIITIWB npoBop;a II8JI 0,16, naMoTaHHbiX B tieTbrpe 
eJioJI . BnreoTa HaMOTKR eoeTaBJIJieT 9 AtM. Bee ooMOTHH 2,5 e. 
Tar{aJI HaMOTI{a JiiM88T eorrpOTIIBJI8HH8 noeTOHHHOMy TORy 
11,5+1,0 OM . 
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K BCIIOMOra T 8JibHO~I CMCT8M8 OTHOCflTCll p:mfl¢yaoptiall 

rrpOKJiaJJ:I{a, KOJIT>u;a M I\perrJiemie. Y 4A-18 JJ:II¢¢yaop op:ep

rHaTeJib UlTaMIIOBaHHbiH M3 M8TaJIJia . 

HIIJ;RK ('IaCTb 'leMop:aHa), B KOTOpbiii BMOHTB:ponaHa ro

JIOBKa 4A- 18, rrpep:CTaBJIH8T co6oH ai\YCTM'l8CKliiH ;mpaH H8-

60JibUlOrO pa3~18pa, KOTOphrH H806XOJJ:MM JJ:.illl ycTpaH8Hlilll 

aEyCTR'lecr,oro EopoTEoro aaMbmaHB:ll . AI,YCTM'leCr{oe HopoT

HOe 3aMhmaHlii8 3aHJIIO'la8TCll B TOM, 'ITO IIpM JJ:BIHH8HHH JJ:H¢

¢yaopa ero rrepep:Hllll M aap:Hflll rronepxaocTM coap:aiOT p:anJie

HHe npoTHBOITOJIOrHHbiX ¢aa (c111. pnc. XIII-9) . 

BcJiep:CTBHe p:n¢pai{IJ;HH ( orn6aaHe BOJIH) npoHCXOJJ:HT aa

JIOrHenne OJJ:HOH BOJIHhl Ha p:pyryro I1 p:aB.JI8HH8 BbipaBmiBaeT

CH. B aTOM cJiyqae 6oJiblllHHCTBO IIOJJ:BOJJ:HMOH aHeprnn pac

xop:yeTCH Ha neperOHKY B03JJ:yxa C OJJ:HOH CTOpOHbl p:n¢¢yaopa 

na p:pyryro; H3Jiy'leHHall aHeprHll O'l8Hb MaJia - nponc

xop;HT ai'-YCTH'l8CH08 KOpOTI{ 08 3aMbiKaHH8 . 

Ilpn o6opyp:oBaHHH CTaiJ;IiJOHapHoii ycTaHOBHH KH-12 HJIH 

KH-1 4 o6e 'laCTH rpoMrwroBopHTeJIH 25A-17 peKoMeHp:yeTCH 

llOJJ:B8UlHBaTb C60I{Y OT al{paHa npHM8pHO Ha Bh1COT8 2
/ 3 01' 

ero HHfl{H8H HpOMI{H. 06e 'laCTH HM8IOT Cll8IJ;HaJibHb18 II8TJIH 

JJ:.illl llOJJ:B8CHM Ha CT8H8. 

fOJIOBHlii rpOMKOl'OBOpHT8JIH 25A-17 C08JJ:HHHIOTCll IIOCJI8·· 

JJ:OBaT8JibHO, npH'l8M 06ll3aT8JlbHO C C06JIIOJJ:8HM8M ¢a3HpOB

I{J1 . Ilop: ¢a3MpOBIWH CJiep:yeT llOHIU.IaTb CMH¢a3HYIO pa6oTy 

roJIOBOH. B op:Ho H TO /H.e Bpmm JJ:H¢¢yaophr JJ:OJIJ-HHl>l cMe

IIJ;aTbCH B OJJ:HOM H TOM li\8 HanpaBJI8HHH - BIIepep: B:JIH 

naaap: . 

HapymeHne ¢aaHpOBHH rrpHBOJJ:HT K yMeHbmeHHIO OTp:aqn 

Ha HH310iiX 'laCTOTax. IIocJiep:uee o6cTOliT8JibCTBO H iVIOfl{HO 

HCllOJib30BaTb JJ:.illl IIpOB8pKH npaBHJibHOCTH ¢aaHpOBHH rOJIO

BOH, JJ:.iiH qero J{ 3BYEOBhiM rOJIOBJ{al\I, C08JJ:l?IH8HHJ,IM IIOCJI8JJ:O

BaT8JibHO, IIOJJ:BOJJ:HTCll nanpllm8HH8 'laCTOTOH 50 HJIM 100 Zlf. 

Ilpom;e BCero HH3HO'laCTOTHRff ¢on MOIHHO llOJIY'liiTb, llO)J;H8CH 

1{ ¢oTOaJI8M8HTY 06bi'll1YIO OCB8THT8JibHYIO JiaMny, llHTae

MYIO OT ceTH . IIpocJiymHBaR ypoBeHb BocnpOII3BOJJ:HMoro 

rpo~morOBOpHT8JI8M ¢oRa, M8HHIOT llOJJ:HJIJO'l8Hli8 HOHIJ;OB 

op:noii B:3 ronoBoK na o6pa·moe. EcJIM BHmoqem-re roJIOBOH 

6biJIO npaBMJibHI,IM, TO IIpii nepeMeHe HOHIJ;OB ypOB8Hb rpOM

HOCTH ynap:eT. IIpop:eJiaB TaHyiO onepa1~vno necHOJibKO paa, 

JI8l'HO YCTaHOBIHb rrpaBHJibHOCTb ¢a3HpOBHH l'OJIOBOK. 

Ilpii pa6oTe KYYII-56 B rwMrrJierne rumoycTaHOBHH 

I{H-12 HJIII IH-I-1 4 apnTeJihHbii'r aan OTp:eneH OT I'-HHOarrrra

paTHOH. IIoaTOMY nynHIO HMen IWHTpOJi hHbdl: rpoMiwr oBo

pnTeJih B arrnapaTHOH KOMHaTe. TaxoH: rpoMHoroBOpiiT8Jih 
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0,25f,II,-III-1 BXOJJ:HT B KOMrr.Jiern KYYII-56, pacc'lHTaHHbii1: 

p:JIH pa60Tbi C rrm:pOIWIIJI8HO'lHbDiR Kl'lHOllpOel\TOpaMH. 

Ha pwc . XIV-10 nor<aaaH KOHTPOJibHhiH rpo~moroBopw
Te.Jib . BHH3Y crrpaBa pacno.Jiomena py'lr<a peryJIHpOBKH rpoM

KOCTH. Pi.oHTpOJibHnlii rpo~uwroBopwTeJrb noJ-wmoqen I{ rnea

)];aM «l\OHTpOJib >> Ha YCHJIHTe.Jie Ha BCIO BTOpH'lHYIO o6MOTJ{Y 

BbiXO)];noro Tpanc~opMaTopa (nanpHmenwe Ha rnea)];ax «l{on

TpOJib>> 9 e). B HD.J,KKe IWHTpo.JibHOro rpo~moroBopHTeJIH paa

Puc. X IV- 10. H OHTP OJl bHbiii rpOMKO· 
ronopwreJib 0,25l',!l;-III-1 

Mem.en corJiacyrom.H:ii: Tpan

c~opMaTop. Mom.nocTb KOH

TPOJibHOro rpoMHoroBopYI

TeJIH 0,25 em. 
Y CHJIHT8JlbH08 YCTpoj:y. 

CTBO KYYH-56 CTa6HJibHO 

H na)];emno B pa6oTe npn 

npaBHJlbHOH3HCDJiyaTa~HH. 
l1op: 3THM DOHHMa8TCH Dp81H

p:e BCero 6eperKHOe OTHO

III8HH8, KOHTpOJib 3a lllil'fa

IOIII,HM HaDpHrK8HH8M H pe

ryJIHpHbiH KOHTpOJib 3Jie· 

KrpnqecHoro pem:wMa ycw

JIHTe.rrH. 

HaH H3B8CTHO, ycHJIH· 

T8JibHOe ycTpOHCTBO paCC'lH

TaHO Ha IIHTaHH8 rrepeMeHHbiM TO HOM HaDpHIH8HH8M 110 e. l1 pH 

pa6oTe HHHOYCTaHOBl'>l H806XO)];HMO IIOCTOHHHO CJI8)];HTh 3a DO

Ka3aHHHMH BOJibTMBTpa Ha HHHOaBTOTpaHC~OpMaTOpe, C T8M 

'lT06bi BCe Bp8MJI DOM8prKHBaTb 31'0 HOMHHaJibHOe HarrpmKe

HHe. 3Ha<JHT8JibHOe YB8JIH'l8HH8 HaiipllrH8HHll DHTaHHll, 00-

p:aBaeMOrO Ha yCHJIH'l'8Jib, MO/H8T IIpHB8CTH R aBapHH - Bbi

XOJJ:Y 113 CTpO JI O)];HOrO ll3 3JI8M8HTOB YCli.JiliT8JibHOrO yCTpOH

CTBa. 

IloMJIMO HOHTpOJill 3a DHTaiOIII,H I HarrpmR8HH8M CJiep:yeT 

D€pliO)];H'l8CI'>I (rrpn HOpMaJibHOH pa60T8 yCHJIHT8JlbHOrO yCT

pOHCTBa HJIFI 8CJIH 3aM8'l8Hbi Rai{FI8- JIH60 H8HOpMaJibHOCTll 

DpH 3BYROBOCDpOH3B8p:8HHFI) DpOH3BOp:FITh KOHTpOJibHYIO rrpo

B8pl{Y 3JI8In'pFI'l8ClWrO YCFIJIFIT8Jlll. 

aJI8RTpFI'l8CKFIH peHUIM yCFIJIHT8JIJI )];OJin<eH COOTB8TCTBO

B-3.Tb HOMFIHaJ.IhHOMY (Ta6JI. 5) , IWTOpbiH yHa3aH B rracrropTe 

ycHJinTe.JII.Horo ycTpo:ii:cTBa. ,r:(JIH o6JierqerrFIJI rrpoBepKFI Ha 

pFic . X lV-11 rroKaaana pa6o'laH HapTa a.JieKTpnqecrwro pemK

Ma ycFIJIFITeJIJI. 0Ha rrpeJJ:CTaBJIHeT co6o:ii: cxe~fY c yxaaanFieM 

B8.JHI'lHH HarrpmHeHRH FI COllpOTHBJI8HFIM, l{OTOpbi€ p:OJnRHhl 

J6J 
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Ta6Jinn;a 5 

HoMIIHD.JihHbiH ailiei<TpnqecKnli peamM ycnmtTeJin 90Y -2 

l-Ianpna\etuie IICTO'IHMI\a TOI\a , UOADOA I~MOe 
H ycnmLTemo 

lloTpe6JIH8MD.fl 9JI8KTj)U'l8CHaf! MO~HOCTb . 
Hanpnmemre narmJia HeaoTpona Jf 5 

» » JiaMIIhl JI 1 
» » Jia~m JI2 , lia, JI_,, Jl7. 

HanpnmeHne AJifl JiaMn npocne'l.llnaEIHH JJ II 1 
El Jlll 2 

Hanpamenne na BhlXOAe <lmJibTpa HeHOTpou
noro Bblllj)HMHT8Jlfl (rra IWHA 8HC3TOpe C 15) 

AnoAHOe Eanpnmemre na~m M0~11oro Ha
CI<aAa (aHOA JJ 3 JJJIJ1 JJ 4 - « 3e ~'!Ji fl » ) 

HanpmHenne ai<pamiblX ceTOI\ na~m MO~
noro I<acnaAa (aHpannarr cen<a JJ 3 l'IJIH 
JJ 4 - «38MJIH >> ) 

HanpmHerrHe cMe~eJrnn Jia~m Moru,Horo Ha-
CH3 Aa (Ha C!Z) 

06~uM: BhmpmmTeJJbHhlii TO!\ 
H anpamenne Ea IWnAeacaTope C 17 
AuoAnoe Hanpnmemm npeJIOHOHB"'lloro Hac

HaAa (OCHOBHOfO Tj)UO,!\a JJ 2) 
AnOJIHOe nanpmHem1e npel\OJ\OHB'lliOro Hac

I<aAa \l1HB8j)TFipym~ero Tj)IIOAa JJ 2) 
Hanp!HI\8HH8 CMe~enna OCHOBHOfO TpJIO

Aa JJ 2 npeAOI\OHe'lHOro 1\acHaAa (na C9). 
HanpmHemJe cMe~e 1nur rrHnepTnpyrorr1ero 

Tj)HOJia JJ 2 llj)8JIOIWH8'lHOf0 1\aCI\D. JID. (ua 
Rd 

HanpnmeiHie na IWHJiencaTope C 18 
AHOJIHOe nanpnmmme nepnoro I\aC J<aAa 

(aHOA Jl 1 - «3 eMJIH>>) 
Haupnmcmre aEpamw i'r cenm nepBoro Ha

CI\aAa (::mp . ceTI\a !! 1 - «3e~mn» ) 

Hanpnmeune Ha J<OH)\BDCaTope cl6 

Hanpn;Hem1c cMeru;eHnn JJaMflhl nepnoro Kac
KaAa (Ha C;; ) 
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B nayae 

110 8 

105 ea 
5 6 

5,5 6 

6,3 6 

3,8 B 

300 6 

300 B 

300 B 

- 20 B 

130 .1ta 

200 B 

100 6 

105 6 

-1 ,2 B 

-1, 3 6 

170 6 

25 B 

25 6 

260 6 

-1 ,4 6 

ITpu H OM l!
" aJihii Otl 

MOLl(II OCTll 

110 8 

110 6a 
5 6 

5,5 6 

6,3 6 

3,8 6 

295 B 

295 B 

295 B 

-20 ,5 8 

130 .Ita 

195 B 

95 8 

100 8 

-1,2 6 

-1,3 6 

165 8 

24 (/ 

24 (/ 
255 8 

- 1 ,4 6 



OhiT:h noJiyqeHbi n p H H3MepeHHH B yr{asaHHI>IX ToqHax n pH6o

poM onpep;eJieHHoro THna . 06r,rqHo B pa6oqHx HapTax yr{a-

3biBaiOTCJI He a6COJIIOTHbie, a YCJIOBHbl8 BeJIHqHHbi Hanp m-Re

RHH H conpoTHBJieHHH, H <:lToro BnoJIHe p;ocTaToqHo, qTo6r,I 

MO/HHO 6r,mo o6Hapynuno npoHcmep;rnHe B cxeMe ycHJIHTeJIJI 

H3MeHeHHJI. 

TaKaJI pa6oqaJI Haprra 3HaqHTeJII>HO ynpolii,aeT TeXHHI{Y 

H3MepeHHR H o6Jier qaeT npOBepHy YCHJIHTeJI:hHOrO yCTpOHCT

na, TaH HaH OHa B:hiiiOJIHeHa B BH,D;e CXeMbi pacnOJIO J-HeHHJI p;e

TaJieH yCHJIHTeJIJI C nop;IIHCaHHbiMH BeJIHqHHaMH Hanpm-HeHHR 

H conpOTHBJieHHH, HOTOpbie ,ll;OJifHHbl 6niTh IIOJiyqeHbl npH H3-

MepeHHH . 

B pa6oqeft Hap Te yHasaHo, Mem,n;y HaHHMH Toqr{aMII cJie

p;yeT H3Mep HTh HanpmHeHHJI npii60pOM HaiWrO THna H Ha 

HaKOR illi{aJie. IJ;Hif>pbl MeJ-I{,ll;y CTpeJII{aMH YI{a3hiBaiOT He p;e:i!J:

CTBHTeJihHYIO neJIHqHHY Hanpm-HeHHJI, a ycJIOBIIyro . EcJIH Ha

n p mr{eHHJI, H3MepeHHhi8 Me:mp;y yKa3aHHhiMH B J{apTe TOqJ{a

MII niiTaHIIJI if>OT0:3JI8ln'pOHHOrO YlfHDriniTeJIJI (<<A>> - aHO,ll; H 

<<3>> - seMJIH) npH6opoM TT-1, cooTBeTCTBYIOT uaniicaHHhiM 

BeJIIIqHHaM , TO, CJie,D;OBaTeJI:hHO , :3Ta qaCTh CXeMbl IICnp aBHa 

(no nOCTOJIHHOMy TOHy). 

l-I 0 n o JiyqeHHbie npH H3MepeHIIR BeJIRqliHhl HanpHIH:8HHR 

He JIBJIJIIOTCJI ,ll;8HCTBIITeJibHhiMII BeJIIIqiiHaMH, Tal{ I{al{ HanpH

J-HeHHe Ha aHOp;e (]) [JY COCTaBJIJieT 220 8 H Ha :3MHTTepe 170 B, 

a n o HapTe noJiyqaeTCJI ua aHop;e ncero JIHmh 60 e H ua ::JMIIT

Tep e 1 50 e. 
TaHoe IIecooTneTCTBIIe o6'bJICHJieTCl1 TeM, qTo TOH npH6opa, 

npoTeHal1 qepes conpoTIIBJieHHJI B TI,enH aiiop;a C/J9Y (R 3+ 
+ R 2+R 27) , HOTOp i>Ie B 06JII,eH CJIOJ-HHOCTH IIMeiOT COllpOTHBJie

HHe 14,5 MeoM, cos,n;acT rra,n;eHJ.Ie (noTepH) HanpJin{eHHJI . 

B TI,emi: ::JMHTTepa nemrqHHa conpoTHBJieHH:i!J:, qepes IWTO

pnienpoTeHaeTTOH npii6opa, .:MeHhme (R1 + R26 + R 25 + R 24)

BCer o 0 ,32 .il'LOO.ilt, ll0:3TOMY H llOTepH Hanpml{ 8HHH MeHbill8 . 

Pa6oqaJI HapTa (eM. pRe . XIV-11) ,n;onoJIHeHa sHaqeHIIJJMH 

. B8JIHqliH COllpOTIIBJI8HHH B p;aHHOH TOqHe OTHOCHT8JlhHO Ha

TO,D;a H8HOTpOHa ( sHaqeHIUI COnpOTHBJI8HMR 06B8,ll;8Hhl Hpyn{

HOM) H OTHOCIIT8JlhHO 06I!Iero llpOBO,D; a (IIM!flpbl llOM8JI1,8Hbl B 

Hna,n;paTax). BeJIMqnHa con poTMBJieHM:i!J: yi{asaHa B HIIJIOOMax . 

Ec-JIM pH,ll;OM c I!Mif>poll: CTOMT 6yi{Ba «M>>, TO, suaqMT, conpo

TMBJieHMe yEa3aHO B MeroMaX. 

3,n;ech n oqTn nee MsMepeHHhie corrpoTMBJieHMJI IIMemT ne

JIHqHHhi , COOTB8TCTBYIOJII,M8 SaBO,ll;CI{HM p;aHHhiM, C OTEJIOHe

HHJIMH, He npeBbiiiiaiOJll,MMM p;onyCTMMOi'I BeJIHqHHhl. li£CHJIIO

qefll'l8 cocTaBJIJIIOT conpoTMBJI8HHJI R 5 , R 7 , R 9 , R12 , HOTopr,re 
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061)a3y10T u.enb o6paTHOH CBJI3l'I H OI<a3h1BaiOTCH B.K.ITIOlJeHHhi
MR napamreJJbHO p;pyr p;pyry. IIonyqeaHbte lJHCJienahre ana
qemur )l;JIH <lTJiiX COUpOTHBJieHHll HBJIJIIOTCJI yCJIOBHblMJil, HO 
n .iii060JII yCHJIHTeJie 9QY -2 ORR )l;OJHI<Hbi 6hlTb TaJU~MR >He, B 
npoTFIBHOM cJrytJ:ae u;enh neHcnparma. 

Tai<FIM o6paaoM, ae npH6eraJI H pacnaf'me cxeMhi, MOrHHO 
nponepviTb BCe CODpOTHBJieRHH yCMJinTe UI, DOJib3YJICb pa-
6o•Ier7r HapToii. TaHaH nponepHa p;aeT B03MOH<HOCTh cyp;HTb o 
TeXHIFieCI:\OM COCTOHHRJil yCRJIMTeJIH. 0TIWOHeHHe OT p;aHRhiX 
HapTbl CBH,r;J;eTeJihCTByeT 0 Hapymemmx B HOpMaJibHOH pa60Te 
ycRJIFITeJur. 

Pa6oqyro H:apTy anernpHqecHnx penmMOB no nocTQHHHOMy 

TORY u;enecoo6paaao p;ononnHTh p;annhiMH no nepeMeHROMY 
TOI<y 3BYKOBOH lJaCTOTbi If IIpOCTaBHTh RX B TO'li\aX CXeMbi, )3 

HOTOphlX 6biJIH IIpOM3Bep;eHJ,J H3MepemrH O'I'HOCHTeJibHO 06-
ru;ero nponop;a (<<3eMm=n>). 

flOJib3YHCh TaHOH HapTOH RaDpmheHHH 3BYKOBOH qaCTOThi, 
MO/HRO 6niCTpO rrposepMTb yCMJIHTeJib If HaHTif ReHCIIpaBHOCTb. 
H'.apl'a narrpmHenHH anyr<onqFi: qacTOTht oco6enno rroJrea
na )IJJH o6napymenMH aeMcrrpaBHOCl'H ycHJIHTeJJH, TaH Hai< 
IIpOBepr<a pemHMa ITO IIOCTOHHHOMY TOHY He II03BOJIHeT o6na
pynmTb Hei\OTOphie HeHCIIpaBHOCTH. 

TaK, narrpnMep, HeHcrrpaBROCTH B r~errR ycHJJHBaeMoro na
rrpmHeHHH MOryT He BJIRHTI? Ra peiiUIM IIOCTOHHHOrO TOI<a HJIJI 

MOryT UpORCXO)l;JiiTb He R3-3a 1!13MeReHMH BeJIH'lRHbl COIIpO~ 

TRBJieHHH, narrpJill\1ep o6phiBa Koap;eacaTopa, mynTHpyroru;ero 
aKpaaayro ceTH:Y JJaMrrhr nepnoro KacK ap;a, BLIChi XaRHH aneHT
pOJIHTHlJeCHHX IWHp;eHCaTOpOB CMeiD;eRRH, o6pbLBa HJIH HO
pOTIWrO aaMhiHaHHH u.errH o6paTnofi CBH3H. TaKHe neHcrrpas
HOCTH MOFI<HO 06napyn\Ji1Tb IIOCpep;CTBOM H3MepeRHH HaiipH
meHHH 3BYKOBOH lJaCTOTbl. 

Pennn-r pa6oTI>I ycHJIHTeJrhHoro ycTpoficTBa MOmHo rrpo_ne
pwri> anoMeTpoM TT-1 HJIH )l;pyrHM BbiCOKOOMRh!M BOJihTMeT
poM c corrpoTHBJieRHeM rrpH6opa ae l\LeHee 5000-7000 oJoti Q. 

TT-1 olJeHb yp;o6en H p;omHeH o6HaaTeJinno nxo)l;nTh B 

HOMIIJieHT HHHOyCTaHOBHH. 
YcHJIHTeJib 7Y-17 - npHCTaBL<a K yc~<rJIHTemo 90Y-2 p;JIH 

BOCIIpOH3Bep;eHHH MafHHTHbiX <I>oaorpaMM 16-Jot.M <l>HJibMOHO
IIHH. TaKJre <I>oaorpaMMbl BocrrpOH3BO)l;HTCH MarRHTHOH _ro
JIOBIWH Mr-14B , ycTaHOBJleHHOH Ha HHHOIIpOein'Ope nii-16- 4 . 

CHrnaJI, noJiyqaeMhiH c MarRHTIIOH roJJOBI{H yaiwnneaoq
noro KHHonpoe~<Topa , Man no neJIHqHHe. Tio TexaHqecHHlii 
ycJromnrM Marn!iiTHaH ronosHa Mr14-B npH nocnpoHanep;e
HRH <l>onorpaMMbi KOIITpOJibHOrO <l>HJibMa •taCTOTOH 400 Zi{ 
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) J;OJIJima p,aBaTh HanpmHeHRe 400 .MKB. Tal\ RaH Hanp>nHeHHe 
Ha rOJIOBKe nOHIUHaeTCH C yMeHbllleHHeM 'laCTOThl CRrHaJia, 
rrpR BOCrrpOHBBep,eHHH tPOHOrpaMMhi 'laCTOTOH 80 2l~ :Ha }He 
roJIOBRa p;acT HanpmHeHHe 80 .AtKB. Manym BeJIHCfHHY noro 
HanpH}H8HHH MQ}I\HO 01I8HHTh, BCnOMHHB, LITO Ha HarpysHe 
op,HoRacHap;Horo <!JoToanewrpoHHoro yMHO}HHTeJIH <D8Y npH 
BOCnpOHSBep,eHHH tPOTOrpa<!JlftfeCKOrO HOHTpOJihHOrO tPHJibMa 
HanpH:II{eHHe CHrHaJra Ha HHSHHX H c pep,HHX SBYKOBbiX '!aCTO
TaX !10-50 .A·LB, T. e. HarrpmHeHHe, noJiy•raeMOe C MarHHTHOH 
rOJIOBHH, lVI8HbUI8 npHMepHO B 500 pas. , 

I1TaH, )J;JIH BOCnpOHSBep;eHHH MarHHTHOH <!JonorpaMMbl ys
HOnJieHOCfHOrO tPHJihMa 'IYBCTBHTeJibHOCTh ycHJIFITeJIH, pa6o
Taroiiiero OT cD8Y , Hynmo yseJIHLIHTh rrpHMepHo B 500 pas, a 
<raCTOTHYIO xapaKTepHCTHHY HSM8HHTb, CfT06JJI ORa HMeJia 
nOp;'beM B 06JiaCTH Bh!COHHX CfaCTOT. 

aTO p;OnOJIHin'eJibHOe yCHJieHHe C Heo6xop;HMOH LJaCTOTHOH 
HOppeHL,ReH B J{OMnJierne l{YYIJ-56 OCyiiieCTBJIHeTCH rrpep;: 
BapHTeJihHhiM TpaHsHCTOpHbiM ycHJIHTeneM TY -1 7 . 

II pFIII1IHIIHaJibHaH cxeMa rrpep;Ba pHTeJihHoro ycHJIFITe
JIH 7 Y - 17 npHBep;ena Ha puc . XI-14. B o6oHx I{acrmp;ax ycMJIFI

TeJIH pa6oTaiOT Ma.TIOUIYMHhie repMaHHeBbie TpaHSHCTOpbriJ13B. 
IIepBhiH HacKap; ycHJIMTenH co6paH no npocTeiimeH: cxeMe: B 
1I8IIH HOJIJI8HTOpa BKJIIOLJ8HO COIIpOTHBJI8Hli8 HarpySHFI; TOR 
CMeiiieHFIH nop;aeTCH Ha OCHOBaHMe TpaHSFICTOpa qepes COIIpO
TMBJI8HFie, coep;MHHIOII(ee OCH OBaHMe C HOJI JieHTOpOM. IlpHCO
ep;MH8HMe conpOTMBJI8HHH CMeiiieHMH · H HOJIJiei{TOpy COSp;aeT 
rrapannenhrryro OTPH1IaTeJibHYIO o6paTrryro CBHSh no HanpH
meHFIIO, HOTOpaH CTa6MJIHSHpyeT pennn1 pa60Tbl TpaHSH
CTOpa M ycMnenMe KaCRap;a. HeHOTOpbiH nep;ocTaTOK TaKoii: 
OTpMIJ;aT8JihHOH o6paTHOH CBHSM - YM8Hbiii8HMe BXO)J;HOrO 

conpoTMBnenMH HacKap;a, LJTO, snpo'reM, ne MMeeT 6onh
moro SnaqenHH npH pa60Te OT HMSKOOMHOrO MCTO'IHFIHa CFirHa·
Jia - MarnMTno:fr ronoBrm Mf14-B. )J;nH yMem,menMH co6cT

BennhiX myMoB rrpep,BapFITeJihnoro ycFIJIHTeJIH TpansHCTop 
nepBoro Kacrmp;a pa6oTaeT npM MaJIOM HanpmHeHFIFI Ha 
KOJIJieHTOpe. 

C KOJIJI8HTOpa TpaHSHCTOpa rrepBOrO IWCHap;a CMrHaJI 
qepes nepexop;rroii: rwnp;errcaTop rrop;aeTCH na OCHOBaHHe Tparr
SFICTopa BTOpOrO l{UCI{U)J;a. Bxop; BTOporo KUCI{ap;a IIIYHTH
pyeTCH Horrp;eHcaTopoM •racToTno:ff r<oppeH1IMH . Tar{ HaH conpo
THBnenHe IWHp;encaTOpa ll0HFI}HU8TCH C pOCTOM craCTOThi, TO 
BXO)J;HOe HarrpHmeHMe BTOporo HaCHap;a H, CJiep;OBaTeJibHO, 
Koa<P <PH1II18HT ycMJJeHMH npep;Ba pMTeJJbnoro ycnJJHTeJIH TaJ{JHe 
yMeHhmaiOTCH c pocTOM •mcTOThi. lJTo6br yMeHhiiiFITh eMHOCTh 
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M pa3M8pbl IWH)l;8HCaTOpa qacTOTHOH KOpp8IUJ;MM, B CX8M8 

YB8JJMq8Hbi BbiXO)l;H08 COnpOTMBJI8HM8 nepBOTO KaCKa,n:a M 

BXO)l;H08 COnpOTMBJI8HM8 BTOporo EaCEap;a. 

Bbrxop;Hoe conpoTMBJI8HMe yneJIMqeao BEJIIOqeaMeM co

npOTMBJI8HMH nOCJI8)l;OBaT8JibHO C nepeXO)l;HbiM KOH)l;8HCaTO

pOM, BXO)l;H08 COnpOTMBJI8HM8 BTOpOrO EaCEap;a YB8JIMq8HO 

npMM8H8HM8M nOCJI8)l;OBaT8JihHOH o6paTHOH CBH3M no TOHY 

(conpOTMBJI8HM8 B IJ;8nM 3MMTT8pa) M MCimiOqeHM8M napaJI

JI8JibHOH o6paTHO:iiJ: CBH3M no a anpmHeHMro. IIocJiep;aee p;oc

TMraeTCH T8M, qTQ COnpOTMBJI8HM8 CM8Ill;8HMH TpaH3MCTOpa, 

pa6oTaiOI!l;8TO Ha BTOpOM !{ aCEap;e yCMJIMT8JIH, npMC08)l;MH8-

HO He K I\OJIJI8KTOpy, a K I\OH)l;8HCaTopy qJMJibTpa B IJ;8nM KOJI

JI8KTOpa. 

IIocJiep;onaTeJibHO c EOHp;eacaTopo:r"r qacTOTHO:iiJ: HoppeH

IJ;MM BKJIIoqeHO COnpOTMBJI8HM8, 6Jiarop;apH IWTOpOMy K03cJ>

WMIJ;M8HT ycMJieHMH yMeHbnraeTCH JIMIIIb p;o onpep;eJieaao:iiJ: 

qaCTOTbi. Ilop;'b8M qacTOTHOfi xaparnepMCTMKM B 06JiaCTM 

BbiCOKMX qaCTOT, H806XO)l;MMI>IH )l;JIH KOMn8HCaiJ;MM 3aBaJia, 

BHOCMMOro EoaeqHhiMM paaMepaMM qMTaiOI!l;ero aaaopa,. ocy

Ill;8CTBJIH8TCH p830HaHCHbiM KOHTypoM, BEJIIoqeHHbll\1 B IJ;8nM 

KOJIJieKTopa TpaH3MCTopa BToporo KacEap;a . PeaoaaHc:HJ,r:iiJ: 

KOHTYP aacTpoeH Ha qacTOTY MaECMMaJibHoro nop;'heMa qac

TOTHOH xapaKTepMCTMHM 7500 i3 Lf. 

HanpmHeHMe c Bbrxop;a BToporo I{acRap;a ycMJIMTeJIH TY-17 
qepea nepexop;aofr KOHp;eacaTop nop;aeTCH aa nxop; <<Ap;an

Tep>> ycMJIMT8JIH 90Y-2. 
Y CMJIMT8Jlb 7Y -17 MM88T MMI{pOcJ>OHHbiH BXO)l;, Hanpm-Ke

HM8 c KOToporo nop;aeTCH Ha nxop; nepBoro KacKap;a qepea 

Koap;eacaTop co cpaBHMT8JihHO MaJioi eMIWCTbiO. CpeaaHMe 

HM3KMX qacTOT yJiyqnraeT paa6opqMBOCTb peqM. Br{moqenMe 

BMJIKM MMHpocJ>oaaoro rrrJiaHra aaHopaqMnaeT paapeaaoe raea

p;o, nryHTMPYH BbiXop; BToporo J(aCI{ap;a HOHp;eacaTopoM, cpe

aaiOIIJ;MM peaoaaHCHbiH nMH . TaEMM o6paao11I B ycMJIMTe

Jie TY -17 npM BHJIIoqeHMM MMHpocJ>oHa aBTOMaTMqecHM HoppeH

THpyeTCH qaCTOTHaH xapaKT8pMCTMKa . 

Y CMJIMT8Jlh 7Y -17 nMTa8TCH OT BbiiipHMMT8JIH JiaMnbi npo

CBeqMBaHMll ycHJIMT8JIH 90Y-2. TaK HaH. npep;BapMT8JibHhiH 

YCMJIMT8Jlb IIOTpe6JIH8T TO!{ nopHp;Ha 1 .Ala, TO BbiiipHMMT8Jib, 

paccqMTaHHbiH Ha IIJUaHM8 JiaMnbi npOCBeqMBaHMH C TOHOM 

0, 75 a, pa6oTa8T npaKTMq8CEM BXOJIOCTYIO C BbiXO)l;Hl>IM Ha

npH1-H8HM8M 15 8. 

BoJihiiiHHCTBO p;eTaJiei ycMJIMTeJIH 7Y-17 CMOHTMponaao 

aa renrHai{COBOH rmaTe c rreqaTHJJll11 MOHTanwM. Ha nJiaTe 

yHp8IIJI8Hbi IWHTa!{ THbl8 IIITblpH, npM nOMOIIliM IWTOpblX YCM-
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JHITeJJh TY -17 BKJIIotJ:aercJJ n rnea)J;O <<A tWIITep» II <<JlaJ.Vma rrpo
cne'IIIBaHIUD> yciimueJIJJ 90Y-2. ,il;eTaJIM yciiJIMTeJur aaHpbil'bi 
M8'raJIJIII'l8CKHM IWmyXOM, Ha I\OTOpOM yHperrJieHbi IWai{CII
aJJbHbl:Fr paa'beM nmaHra MarHMTHOM roJIOBI\II n rHeap;a BI{JIIO
qenMH MMI{polfloHa. 

OCHOBHbiE TEXHH4ECKHE AAHHbiE YCH11H
TEI1SI 7Y-17 

HoMnHaJioHOe nxop;Hoe HarrpHn{enMe Ha tJ:aCTOTe 400 C!Lf -

He 6oJiee 0,25 .ilt8 no MarHMTHOMy BXOJJ;Y M He 6oJiee 1 .ii-L8 no 
Ml.JI\polfloHHOMY BXO,ZJ;Y. 

HoMHHaJibnoe nr,rxo,ZJ;noe narrpmHenne -100 .ilte Ha na
rpyaRe 200 :~>O.ilL. 

YponeHh IIIYMOB na Bhrxop;e ycMJIMTeJIH 90Y-2 rrpM pa6oTe 
c rrpe,ZJ;na pMTeJihHbiM ycMJIHTeJieM 7Y -17- He 6oJiee -35 86. 

PaaMepbi ycMJIMTeJIJI -50 X 55 X 230 .ilt.ilt. 

Bee - 520 a. 
Y CIIJIMTeJib 7Y -17 KOMIIai<TeH II B 06JII.eM nap;emeH B pa-

6oTe . Onr,IT <mcrrJiyaTarwH HOMIIJieHTa, n rwTopoM pa6oTaeT 
·aTOT rrpep;napHTeJibHbiM yCHJIHTeJih, nOI{a3aJI, 'ITO HaH60Jiee 
'laCTOM H nO'ITII ep;HHCTB8HHOM IIpH'IHHOM HeHCIIpaBHOCTH HB
JIJIIOTCJI IIJIOXIIe I\OHTaKTbi B paa'heMaX IIIJiaHra MaTHH'l'HOM 
TOJIOBKH. 

Ilonpemp;emm ycHJIHTeJIH 7Y -17 Bbi3biBaiOTCJI, Hal{ rrpa
BHJIO, HeiipaBIUibHhlM BRJIIO'leHHeM BbiiipiiMHTeJIJI JiaMIIhl IIpO
CB el:J:HB a HHH. 

B n"bmycHaeMbiX n nacTOJIJII.ee npeMJI ycHJIHTeJIJIX 90Y -2 
rroJIHpHOCTb narrpmHeHHJI na rneap;ax JiaMIIbl rrpocneqHna
HHJI 6eayCJIOBHO COOTBeTCTByeT TOll, HOTOpaJI He06XO,ll;HMa 
p;JIH nHTaHHH rrpe,ZJ;na pHTeJibnoro ycHJIHTeJIJI 7Y -17. B ycH
JIHTeJIJIX iHe CTapbiX BbiiiYCROB, H TeM 6oJiee 6oiBIIIHX HeO)l;HO
HpaTHO B peMOHTe, nOJIJipHOCTb HaiipJIJ-I{eHHH na rneap;ax 
nHTaHHH JiaMIIbi npocneqHBaHHH MOJI{8T OI\a3aTbCJI Herrpa
BHJibHOM, a BbiiipiiMHTeJib JiaMIIbi npocneqHBaHHJI - 3a38M
JI8HHbiM. 

EcJIII B rnea,ZJ;ax nHTaHHJI npet~napHTeJibnoro ycHJIHTe
JIH 7Y -17 aaaeMJreno nynmoe rnea,ZJ;o, a IIOJIJipnocTb rreperry-ra
na, TO MoryT 6orrr, rronpe>H,ZJ;enor HJIH rwnp;encaTOpbi lfJHJioTpa 
npe,ZJ;napiiT8JlbHOTO YCHJIHTeJIH, HJIH TpaH3HCTOpbi, IIJIIi[ TO H 
APyroe BMecTe. Ecm;r me B rnea,ZJ;ax IIHTaHHH aaaeMJreno ne To 
rHe3,ZJ;O, TO BbiiipHMllT8Jlb JiaMIIbi IIpOCBeqHBaHMH 0I{a3biBaeT
CJI 3aHopoqeHHblM <<38MJIJIHJ,1M)) IIpOBOAHHHOM nelJaTHOM CXe
Mbi yciiJJHTe.lJH 7Y-17 . 8Tor rrpono,ZJ;HHH cpaay JRe neperopnT. 
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3a38MJI8HH8 MHHYCOBOi{ CTOpORhl BbiiipHMHT8JI.fl JiaMIIhl IIpO

GB8'IHBaHH.fl MomeT 6biTb Bhi3Bano, B qacTaocTn, aapymenHeM 

HCIIpaBHOCTH H30JI.fll~l2IH M8iH)J;Y KOprryCOM 3.118KTpOJUITH'I8C

ROrO KOH)];8HCaTOpa ~HJibTpa 3TOrO BhliipHMHT8JIH .12! maCCH 

ycHJIHTeJIH 90"Y -2. BMeCTO cropeBmero rrpoBO)];HRKa ne'IaT

noro MOHTari\a MOH'<HO BIIaHTb IIpOBOJIOqnyiO II8p8Mblql{Y, 

06H3aT8JibHO yCTpaHHB rrpl2I'IHHY aBapHH. 

IloBpei-Hp;ennJJie TpanaRCTOpbi HYrKHO saMeHHTh . 3aMena 

MO}l-\81' liOHap;06l2l.TbCll KaK IIOCJI8 aBapHH, Bbl3BaHHOH IIOp;aqej1: 

nenpaBJ2IJibHOrO IIO B8JIWIHH8 HJIR liOJIHpHOCTH Harrpan<eHHH, 

TaR H us-sa saMeTnoro yBeJirrqenHa co6cTB8HHhiX ruyMOB rrpe

,n;BapHT8JibHOro yCHJiliiT8JI H, Bbi3Ba~IHOrO CRpbiTb(M 6paHOM 

MaJIOillYMHhiX TpaH3HCTOpOB. 

IlpRCTYIIMTb r-t saMene TpaaaRcTopoB B npe,LJ,BapHT8JihHOi\1 

ycnJIMTeJie Monmo JIRUib y6e,n;HBillHCb B aeo6xo,n;HMOCTM 3Toi1: 

aaMeHM. Tar<, narrpHMep, ecJIH o6napy>Rea yBeJmqennhrft ypo

B8Hh myMOB , TO HYH'<HO, He )];OB8p.flH CJiyxy, JBiJ60 H3M8pHTb 

ypoBeHh IIIYMOB, JIJII6o cpaBHMTb IilYMM aToro ycMJIUTeJr n c 

wyMaMH aaBe,n;oMo HcrrpaBnoro npe,n;Bapwre.Jibaoro ycMJIHTe

Jia. EcJIH yc«JIHT8Jih 7"Y -17 coBepmenao ne pa6oTaeT , TO rrpe

n<.n;e qeM BbiiiaHBaTb TpaH311CTOpbi, HYJI\HO OpH8HTHpOBO<IHO 

upoBepHTh «CrrpannocTb «X rrp« rroMo~~r OMMeTpa nma TT-1 

HJil'I anaJron~:•moro. 

CymaoCTb npoBepHH RcrrpaBHO CTR TpaaaHcTopoB OMMeT

poM COCTOHT B TOM, '11'0 TpaH3HCTOp MOII{HO rrpep;cTaBHTh fl 

BM,n;e ,n;Byx coe.n;«nennhrx naBcTpeqy .n;pyr .n;pyry ,n;Ho,n;oB. Kam

p;r,ri1: )];HO)];, KaT-\ H3B8CTHO, HM88T ll1aJI08 COIIpOTMBJI8HH8 B 0)];

HOM nanpaBJI8HHH H 6oJibJJIOe B .n;pyroM. EcJIH H3MepHTh co

npoTHBJieHMH )];HO)];OB OMM8TpOM , TO liOI\a3aHHH OMM8Tpa llpH 

MCIIpaBHOM )];M0 )];8 )];OmKHhl 3aM8THO M8HHTbCll IIpH rrep8IIOJIIO

COBK8 myrrOB. 

I-\or.n;a corrpOTHBJierr«e rrpM o6onx H3llrepemrrrx neJinKo, 

TO aTo ana•mT, qTo B .n;ao.n;e o6pr,m. IIpu MaJibiX corrpoTaB

JieHHHx B o6or-rx narrpaBJieHHHX ,a;HO)I npo6rn. 

ll3M8pH.fl OMM8TpOM TpaH3HCTOp, HYrl-\HO IIpOB8p 11Tb HCII

paBHOCTb rrepeXO,[J; OB 3MHTT8p - OCHOBaH!II8 H OCHOBaHH8 -

KOJIJI8HTOp, a TaHJ-I\8 IIpOM8pliiTb COllpOTHB JI8HH8 M8m)Iy KOJI

JI8HTOpOM H 3Ml2ITTepoM. B aTOM CJiy'Iae corrpoTHBJienRH 

,[l;OJIJI-(Hbi 6b1Tb CpaBHMT8JibHO 60JibliiMMM IIpH 060MX IISM8-

peHMHX. 

EcJIR rrpR M3Mepem>rHx TpaaaucTop ne BhmaunaeTCH ua 

cxeMhi ycRmHeJIH , TO nymno y•urThTBaTh B JfHliHHe mynTupy

IOmHx corrpoTHBJrenMi1:. B 6o.rrbuHIHCTBe cJiy•raen :HMI1 M:omno 

rrpeae6pe'Ib. 
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§ 2. OCHOBHbiE HAnPABnEHHSI C03-
AAHHSI HOBOI'i YHHCDHLI,HPOBAHHOI'i 
3BYKOBOCnPOH3BOASill\Eiii AnnA
PATYPbl AnSI KHHOTEATPOB, KnY60B 
H TEATPOB 

,IJ:m r Y)J,OBJI8TBOp8HIHI OCHOBHbiX Tpe6o

BaHI1:H p a3Bl'IBaiOITI;8HCH IUIHOC8TH C O)J,HOBp8M8HHbiM Y'l8TO M 

HyrR)J, 3BYRO~HKaiJl'IH T8aTpOB H HJiy60B paapa6oTaHa RO

BaR 3BYIWBOCIIpOH3BO)J,HTIJ;aH arrrrapaTypa. 0TJIHt:IHT8JlbHO ff 

OC068HHOCTbiO HOBbiX MapOR yCHJIHT8JibHhlX ycTpOHCTB H 

:'lJI8KTpOaRyCTHLJ8CI\OH anrrapaTyphl HBJIH8TCH TO, 'ITO OAH 

coa)J,aHbi Ha 6aae e)J,HHoro yHH~HJ:(HponaHHoro pa)J,a nmon 

arrrrapaTOB CJI8)J,YIOIIJ8f0 Ha3Hat:J8HHH. 

)l;JIH CTaU,UOHapHbiX KHHOYCTaHOBOK . a) 0)J,HORaHaJibHaH 

arrrrapaTypa - )J,JI H )J,8MOHCTpaU,HH ~HJibMOKOIIIIH C O)J,HOK a

HaJibHbiM anyROBhfM corrponon<)J,eHHeM. BhlXO)J,HaH aJiewrpo

a RyCTHt:JecRaH MOITI;HOCTb 25 em. HcrroJibayeTCH )J,JIH o6opy)J,o

BaHHH CTaU,HOHapHhiX 16- H 35-Jit.ilt KHHOYCTaHOBOR C 3aJia~1H 
)1,0 300 M8CT. 

llpe)J,yCMOTpeHa TaKri\8 B03MOi'HHOCTb HCIIOJib30BaHHH 0)1,

HOI\aHaJibHOH arrrrapaTyphl B )J,B OfiHOH HOMIIJI8KTaU,HH (B p e

i'HHM8 2 x 25 em); 
6) lJ8ThlpexKaHaJibHaH arrnapaTypa - )J,JIH )J,eMOHCTp a -

U,HH illHpOH0:3HpaHHblX ~HJibMOIWTIHH CO CTepeO~OHHlf8CHHM 
anyiWBblM conponon<)J,8HHeM . BniXO)J,HaH aJieRTpH•recHaH :rviOJIJ;

HOCTh 25 H 50 em n HaHa.rre . HcrroJibayeTcH )J,JIH o6opy)J,onaHMH 

IUIHOT8aTpOB C 3aJiaMH )1,0 500 M8CT IIpH MOIIJHOCTH 25 em B Ha

HaJie H )1,0 1000 M8CT npn MOITI;HOCTJI 50 em B HaHaJie; 

B) ill8CTHKaHaJibHaH annapaTypa - )J,JIH BOCITpOH3Be-

)J,8HHH ~oHorpaMM rnHpOKO~opMaTHhiX ~HJihMOHOITHiL Bhr

XO)J,HaH aJiewrpnqecHaH MOTTI;HOCTb 50 n 100 em B RaHaJie. Hc

TIOJibayeTCH )J,JIH o6opy)J,OBaHHH Hl'IHOTeaTpOB C 3aJiaMH )1,0 1000 
M8CT npn MOTIJ;HOCTH 50 em B HaHaJie l'I )1,0 2000 M8CT ITpH MOIIt;

HOCTJI 100 em B I\aHaJie ; 

r) )J,8BHTHHaHaJibHaH arrnapaTypa - )J,JI H BOCIIpOH3B8-

)J,8Hl'IH ~oHorpaMM naHopaMHbiX ~nJibl'v!Oitom-riir . BbiXO)J,HaH 

MOTIJ;HOCTb 50 H 100 em B KaHaJie . I1CITOJib3Y8TCH )J,JI H o6opy

)J,OBaHnH naHOpaMHbiX Kl'IHOTeaTpOB C aaJiaMU )1,0 1000 M8CT 

npn MOII:(HOCTH 50 em B HaHaJie H )1,0 2000 M8CT IIpH MOII:(HOCTH 

100 em B KaHaJie . 

,IJ:eBHTJIHaHaJ!bHaH anrrapaTypa HBJIH8TCH H8THIIOBOH H 

MOFK8T H3fOTOBJIHTbCH ITO CII81IHa JibHOMY 3a)J,aHMIO C 06Haa

T8JibHhlM HCIIOJib30BaHH8M THIIOBhlX 6 JIOHOB. 
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IlpH anyrwqmKa~HH TeaTpon H rmy6on. a) )J.nyxr<anaJib
naH annapaTypa C BbiXOf];HbiMM MOI.Il,HOCT}IMH 25 Jif 50 em B 
KanaJie B nepenocnoM o¢opMJien:rrn p;JIH o6cJiymnnanrrH Bbi
eap;nhrx cneKTaKJieii . 8Ta n e annapaTypa MOil<eT npnMeHHTbCH 
p;JIH anyKoycnJiennH B Kon~epTHhlX n Kon¢epen~-3aJiax; 

6) mecTHH:anaJibHaH CTa~nonapnaH annapaTypa c Bbi
xop;noii MOI.JJ.HOCTbiO 50 em B KaHaJie f];JI.fl TeaTpOB BM8CTI'l:IW
C'l'biO p;o 1000 apnTeJieii; 

B) KJiy6naH annapwrypa C BbiXOf];HhlMM MOIJ.I;HOCTHMJif 25 
M 50 um B I{aHaJie, o6ecne<rMBaiOJJJ;aH B03MOrKHOCTb JifCITOJib-
30BaHMH ee l{aK f];JIH I{]lfHOITOI<a3a , Tal{ M f];JIH 3BYIWBOrO o4JopM
JI8HFHl cnernai<JieH B rmy6ax M p;nopo;ax I<YJII>Typbr. 

JtlCTO'!HHIUI CHrHaJIOB . 3ByKOBOCllpOH3BOf];HI.Il,a.fl annapa
Typa, MCITOJib3yeMaH B CTa~MOHapHOH Kl'IHOC8TM, TeaTpax Jif 
rmy6ax, o6ecneq:rrBaeT nocnpo:rranep;em1e anyr<a oT cJiep;yro
IIJ,HX BHf];OB tPOHOrpaMM M MCTQqHMKOB CMrHaJIOB: 

a) op;HOI<aHaJII>HaH annapaTypa 35 -.ilt.il·~ rumoycTanonoK: 
¢oTorpa¢nqecKnx ¢oHorpaMM 35-.ilu~ tPHJibMorwmrii; 

6) Op;HOKaHaJibHaH annapaTypa 16-.iiU~ IUIHOYCTaHOBOI< : 
tPOTOrpa4JuqeCKMX tPOHOrpaMM 16-.ilt.ilt tPMJibMOKOmiH, Mar
HHTHbiX tPOHOrpaMM 16-.M.il'~ tPHJibMOlWmiH. 

06a nma op;nor<anaJibHOil: amrapaTypr,r, I<poMe <JToro, BOC
npoM3BOAHT 3BYH OT : rpaMMOWOHHbiX 3aiiMCeil:, 9JI8KTpOp;MHa
~mqecrwro MHKpo¢ona, pap;noBern;aTeJibHoro rrpneMHHKa, 
CTaHp;apTHoro MaruuTo¢oua . IIpep;yc~mTpHBaeTCH B03MOJ-KHO
CTb Of];HOBp8M8HHOM pa60Tbl OT MHI<po4Jona M OT tPOHOrpaMM 
mo6oro BMp;a ; 

B) lleTbipexKanaJrhnaH anrrapwrypa: ¢oTorpa¢:rrqecrmx 
cpOHOrpaMM 35-.iiU~ tPMJibMOKOIIMH, l\IarHHTHbiX CT8p 80WOHM
'l8CIUIX tPOHOrpaMM 35-.iiM~ WHpO!W:mpaHHhiX tPMJibMOIWIIMH, 
rpaMMOtPOHHbiX aanrrceil:, 9JieKTpop;rrHaMMqecKoro ~mr<po¢o
na; p ap;rroBem,aTeJihHOro nplileMnHr<a, CTanp;apTnoro MarHMTO
¢oHa; 

r) IIT8CTHHaHaJibHaH arrrrapaTypa : tPOTOrpa4JMll8CI{]IfX tPO
HOrpaMM 35-JrLil~ qJHJibMOI{QIIHiJ:, MarHHTHbiX CTepeo4JOHMll8C
K11X. tPOHOrpaMM 35-.ilt.ilt IIIHpOIW91{paHHbiX tPHJibMOKOIIMH, 
MarnrrTHbiX CTepeo¢onrrqecrmx ¢ormrpaMM ruupoKo¢opMaT
HbiX tPHJibMOKOIIMH, rpaMMOtPOHHbiX 3aiTHCeM, 8JI 8KTpOp;M
BaMM<IeCr<OrO MHI<POWOHa, pap;HOBeiD,aT8JibHOrO llpH8i'viHMKa, 
CTaHp;a pnroro MarHMTOtPOHa; 

p;) p;eBHTHI{aHaJibHaH anrrapaTypa : tPOTOrpa4JM'l8CI{]IfX tPO
HOrpaMM 35-.ii'~J1t tPHJibMOIWllHH, MarHHTHbiX CTepeo4JonM~IeC
I{]IfX tPOHOrpaMM 35-M.ilt IITMpOKO::Jl{paHHblX tPl!IJlbMOKOITHiJ:, 
MarHl'ITHbiX CTep80tPOHMll8CK11X tPOii.OrpaMM lliHpOKOtlJOpMaT-
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HbiX !f>MJibMOIWIIHH, MarHMTHbiX cTepeo!f>oHR'leCRHX p;eBHTH

KaHaJibHblX !f>oHorpaMM rrauopaMHbi X WHJibMOROIIHrr, rpaMMO

!f>oHHbiX aamilceil, :=JJI6I<TpOiJ:MHai\1Ifqecrwro Ml!IH:po poua, cTaH

p;a pTnoro MarHHTo!f>oua, p ap;l!IOB6IIJa'f6JibHOro rrp 11e:MHHK 3. . 

KpoMe Toro, B qeTbipex- M mecTH RaHaJibHOH a rrrrapaType 

rrpep;ycMoTpeao : 

BocrrpoHaBep;eHHe !f> oTorp atfll!ICJecR o:iit: !f>oHorpaMMbi u pe

JKHMe II0Bbli.II6HHOH MO!JJ;HOCTM IIpM rrap aJIJI 6JibHOH pa60T6 

Tpex aa:=JKpaHHbiX KaHaJioB; 

pa6oTa OT Mimpo!f>oHa, MarHHTo·:PoHa, pa,a;MorrpHeMIIHRa 

HJilii BOCIIpO lii3B6iJ:6HH6 rpaM3aiiliiCJii KaK qepea 3a:=JRpaHHbi6 

r<aRaJibi, Tal{ M qepea KaRaJibi aaJia; 

Oi];HOBp 6:\'16RHali pa6oTa 01' Ml!IRpo!f>oaa H OT WDHOrpa \fMbl 

mo6oro BFip;a. 

ArrrrapaTypa i];JIH KMHOC6TH pacc CJn:TaRa Ra pa6oTy: 

a) Oi];HOKaHaJibHaH M qeTbip6XI<aHaJibHali - OT JIIOJbiX 

iJ:BYX rrp06KTOpOB Tp6XIIOCTHOH HMHOyCTaHOlmH; 

6) ID6CTHRaHaJibHaH - OT JII06oro J{JiiHOIIp06KTOpa LI6-

Tblp6XIIOCTHOH KMHOYCTaHOBIUil ; 

B) p;eBHTJmaHaJibHaH - OT p;Byx !f> HJihMWOHorpa!f>oB, a 

TaKH<e OT JII06oro HliiHOIIp06J{TOpa qeTbip6XIIOCTHO}i HHHOyC

TaHOBHJ!I. 

Crroco6 peaepBHpoBaHHH MRoroKaiiaJibHOH arrrrapaTyphi 

o6ecrreqFJ:Ba6T B03MOHHIOCTb IIpOi];OJIH<6HHH J{HHOC6aHCa 6e3 

rrepepbiBa (HJIM C HpaTI\OBp6M6HHbiM rrepepbiBOM) IIpl!I Bbi

XOiJ:6 M3 CTpOH JII06oro H3 6JIOHOB HOMIIJI6I<Ta H HCJ{JIIQqaeT 

H606XOiJ:MMOCTb ycTaHOBI<H peaepBHOrO HOMIIJI6I<Ta B KHHO

T6aTpe. 

B OiJ:HOI<aHaJibHOH arrrrapaType npep;yci\10TpeHa uoaMo:m

HOCTb peaepBHpOBaHMH Oi];HHM M3 HMmeyr<a3aHHbiX CIIOC060B: 

a) i];.JIH I<HHOTeaTpOB MaJIOH BM6CTHMOCTM C HaiipHii<6HHbiM 

:=JHCllJiyaTaJIHOHHI>IM pelKHMOM - 3aM6HOH OTJ];8JibHbiX 6JIO

HOB ROMIIJI6I<Ta; 

6) i];JIH IUIHOTeaTpOB 60JibiD6H BM6CTMMOCTM HJIJ!I i];JIH HH

HOT6aTpOB C HallpHm6HHI>IM :=Jl{CIJJiyaTal"(HOHHbiM peri<HMOM -

ycTaHOBI<OH BToporo rroJiuoro rmuaJia, pa6oTaroiT(ero rrapaJI

JI6JibHO. 

Kamp;biH aByrwuocnpoH3BOiJ:HIT\MH r<aHaJI MHorormnaJib

HOH arrrrapaTypbi aBTOHOMeH H neaaBMCHM OT p;pyrnx Ha

HaJIOB. 

KarHiJ:biH ycHJIHT6JihRJ,rii I<aHaJI CTaJIMOHapaoil: arrrrapaTy

PI>I COCTOMT H3 CMCT6Mbi rrpep;BapHT6JlhHOrO H OT<OH6'lHOrO 

ycurremm. IIpep;ycMoTpena B03MonmocTb Bl>lHocuoro perymr

p oBamm rpOMIWCTM M3 3pHT6JibHOrO 3aJia. 



CHCTeMa KOMMyTau;HH anrrapaTypbi ooecrreqynaeT ne_r:ex1~ 
C DOCTa Ha liOCT DpH BOClipOH3B8~8HHH Kal\ O~HOpO)l;HhlX, Tal{ 

H pa3HOpO~HbiX (MarHHTHOH H cJ>oTorpacJ>H'l8CKOH) cJ>oHOrpaMM 

6e3 nepephma B KHHoceaHce. B TeaTpanhHbiX H KJiy6m,rx HOM

DJiernax CHCT8Ma lWMMyTaiJ;HH ll03BOJIJI8T o6eCD8'1HBaTb ocy

ID;8CTBJI8HH8 BC8X cJ>yHKTJ;HH yCTaHOBI\H (BOCDpOI-i3B8~8HH8, 3a

llHCb, 3BYHOYCHJI8HH8 H np.). 

Anna paTypa nocTpoeHa no 6JIO<IHOMY npHHIJ;HIIY. Y caJIH

TeJibllbJe ycTpO:iirCTBa HM8IOT OT)l;8Jibllbi8 6JIO I{H OHOH81IHbiX 

ycH.JIHT8Jie:iir, 6JIO!{li npe~BapHT8JlhiJbiX YCHJIHT8JI8H H BCIIO

MOraT8Jlbllbie 6 JIOHH . B JIOHH orwHe<IHbiX ycHJIHTe.rre:iir, B 3a

BHCHMOCTH OT Ha3Ha'l8HHJI annapaTyphi, HM8IOT BbiXO!J:HYIO 

HOMHHaJibHYIO ::JJI8HTpH'l8CHYIO MOiu;HOCTh 25, 50 HJIH 100 em. 
GJIOI<H npe)l;napHTeJibHhiX ycHJIHTeJieii H pH~ ncnoMora

TeJihHhiX 6JIOIWB H ::J JI8M8HTOB Mai<CHMaJibHO YHHcJ>Iiii~HpOBai:lbi, 
'ITO IJ03BOJIH8T HCIIOJlh30BaTb HX B aiJnapaType pa3JIH'IHOrO 

Ha3Ha'leHHH . B aimapaType )l;JIJI I<HHOCeTH c 'lHCJIOM Hananon 

~0 lii8CTH IIHTaHH8 npe~BapHT8JihHhiX YCRJIF!T8JI8H Ha l{ IJO 

aHO~~HO::Jl{paHHhiM TJ;8IIHM, TaJ{ If IJO LJ;8liJIM HaHaJia OCYITJ;8CTB

JIJI8TCJI OT OJ\OH8'lHhiX YCHJIHT8JI8H, a B TeaTpaJibHOH Iii I<HHO

TeaTpaJihHO:iir annapaType C HOJIR'l8CTBOM HallaJIOB lli8CTb If 

60Jiee - TaHHM ll\8 CIIOC060M HJIH OT OT)l;8JibHOrO RCTOqHHKa 

IIH'faHHJI, B 3aBHCHMOCTH OT Ha3Ha<r8HHJI H CX8Mbl HOMMyTa

TJ;HH I<OMIJJI8KTa. IJ;errH Hai{aJia Ilp8)l;BapHT8JlbllblX yCHJIHTe

JieH IlHTaiOTCJI Il8p8M8HHbiM TOI<Ol\1. 

AnnapaTypa pacc<IHTaHa Ha HenpepbiBHYIO pa6oTy B 

Te'feHHe 16 ttac B cyTinr rrpH oKpyri<amm;eH: TeMIJepaType 

OT + 5 p;o + 400 C. 

OCHOBHbiE TEXHHlfECKHE TPESOBAHHSI K 
AnnAPATYPE 

1. Bee TeXHH'leCIUie xapaKrepHCTHKH o6eciJe'IHBaroTcJI B 

aiJnapaType 3aBO)J;CHOrO H3rOTOBJI8HHJI, KOTOpaJI ITO COOTB8T

CTBYIOID;HM IJOI{a3aTeJIJIM HM88T He06XO)J;HMbl8 IIpOH3BO)J;CTB8H

Hbl8 3anacbi. 

2. I1HTaHH8 aniJapaTypbl OCYiu;8CTBJIJI8TCJI: 

a) O~HOHaHaJIJ,HbiH IWMIIJI8I{T - OT O~HocJ>a3HOH C8TH IJe

peM8HHOrO TQJ{a <raCTOTbl 50 Uf C HOMHHaJibHbrM HallpJI}J\8HH8M 

220 8 IlpH IWJie6aHHJIX HaiipJirH8HHJI C8TH B I!pe~eJiaX + 10-:
-7- -30% OTHOCHT8JibHO HOMHHaJibHOrO 3Ha'l8HHJI; 

6 ) MI-IOrOI{aHaJIJ,HJ,I8 HOMIIJI8KTbi - OT O!J:HO- HJIH TpexcJ>a3-

HOH ceTH nepeMennoro TOI{a qacTOTbi 50 8Lf npH Hone6aaHJIX 

Hanpmi<eHHJI C8TH +10-:- -20 % OTHOCHT8JibHO HOMHHaJibHOrO 

31l 



3HBqBHMR M DpM DBpBKOCB ~83 DpM TpBX~B3HOM DMTBHMM ,11,0 

+ 10 %. HoMMHB.JibHOB Hanpsn<B HMB TIMTBHMR 6JIOKOB IWMII

.neKTOB 220 8 M 3 X 220/380 B. 

3. HoMMHBJibHBR BbiXO,D,HBR MOID;HOCTh Kam,D,oro KaaaJia 

annapaTypbi, B 3BBMCMMOCTM OT BB HB3HBtfBHIUI npM HBrpy3KB 

01-\0HBqHoro YCMJJMTBJIR HB BI-\TMBHOB CODpOTiiBJIBHMB HOMH

HBJibHOH BBJJMqMHbi , ,D,OJilHHB COCTBBJIRTb: 

a) 25 Bm - np11 K03~~M~J1BHTB rapMOHIIK HB 60JIBB 1% B 

,ll,MBDB30HB qaCTOT 120-6000 ZLf II HB 60JIBB 2,5%- HB rpa

HMqHbiX qacTOTBX BOCDpOH3BO,Il,HMOrO ,ll,IIBIIB30Ha; 

6) 50 Bm - npM K03~~M~HBHTB rapMOHHK HB 60JIBB 1 % 
B )l;HBIIB30HB tfBCTOT 120-6000 ZLf H HB 6oJJBB 2%- HB rpa

HWlHblX tfBCTOTBX BOCllpOM3BO)l;IIMOrO ,ll,HBDB30HB; 

B) 100 Bm - 1IpH K03~~M~MBHTB rapMOHHJ{ HB 60JIBB 1 % 
B )l;HBIIB30HB qaCTOT 120-6000 ZLf II HB 60JIBB 2% - HB rpa

HM'lHbi X qaCTOTBX BOCllpOH3BO,Il,HMOrO )l;HBllB30HB. 

4. BocnpOH3BO,Il,HMbiH p;HarraaoH <rBCTOT ycHJIIITBJihHoro 

TpBHTB arrnapaTypi>l 40-12 000 ZLf. 0THJI OHBHHJI tfBCTOTHhiX 

xapBHTBpHCTHH OT ropH30HTBJibHbiX HB ,ll,OJIJHHbl 1IpBBhllliBTh 

CJIB)l;yiOID;HX 3HBtfBHHH (OTHOCHTBJihHO tfBCTOTbl 400 i:lLf): 
a) B pBrHIIMB BOCDpOH3BB,Il,BHHJI MBrHHTHbiX ~OHOrpBMM C 

35- H 70-.M.Jit llJIBHKH B HHTBpBBJIB tfBCTOT 100-8000 i:ll-f -
HB 60JIBB +5 86, B )l;HBDB30HBX qaCTOT 40-100 H 8000-
12 000 Zl-f - ae 6oJiee +2,5 86; 

6) B pBrHHMB BOCllpOII3BB,Il,BHHJl MBrHHTHOH ~OHOrpaMMbl C 

16-.Jit.M IIJIBHHH B MHTBpBBJIB qaCTO'f 100-5000 i:l l-f - HB 60JIBB 

+1,5 86; B ,ll,HBIIB30HB 'IBCTOT 50-100 M 5000-10 000 ZLf -

HB 60JIBB +2,5 86; 
B) B penmMB BOCllpOH3BB,Il,BHIIJl ~OTOrpa~nqeCHIIX ~OHO

rpaMM C 35-.M.M ~HJibMOKOIIIIH II rpaM3BlliiCH B HHTepBaJie 

qac'rOT 40-8000 Zl-f - He 6oJiee +2 86; 
r) B pen<IIMe BOCDpOII3BB,D,eHHJI ~OTOrpa~HtfeCI{liX ~OHO

rpaMM C 16-.Jit.Jit D JieHKR B IIHTepBaJie tfBCTO'f 60-6000 i:l l-f - He 

6oJJee + 2 86; 
p;) npR pa6oTe OT pe<renoro MMHpo~oua B HHTepnaJie 'lac

TOT 400-3000 i:l l-f - H e 60JIBB +1 06, CO CDB)l;OM HB 'IBCTO

Te 50 ZLf - HB MBHee 12 06 II HB qacTOTe 1000 i:l l-f - He 

MeHBe 6 86. 
5. 0THOUieHRB CIIrHaJI/ myM B HBH-\)l;OM M3 yCIIJIHTeJibHbiX 

HBHBJIOB npR HOMHHBJihHOM H03~~M~HBHTB YCIIJIBHHJI 1-\BHBJIB 

B ~B.TIOM, M3MepeHHOB C ~MJibTpOM, RMBIOID;HM qaCTOTHYIO xa

pai<TepHCTHHY <<B>>, ,ll,OJJnmo 6hiTb l-IB xyn<B 50-60 06. 
6. Bee yciiJIHTeJibHhie HBHBJJbi anrrapaTyphl p;JIH Imaoce-

TH ~~OJIJHHhi MMBTb Bbii-IOCI-IOB peryJJMpOBBI-IMB rp01'1IHOCTJ1 H3 
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apHTeJI:&Horo aaJia. 1IHcJio cTyneneB: peryJIHpoBim - ne 1\re

nee 20. 06IIJ;HH )l;H3TI330H peryJIHpOB3HHH COCTaBJIHeT He Me

nee 26 86 C B03MOiHHOCTbiO TIOJIHOrO BhmJIIO'IeHHH 3ByRa. 

)J;oTIOJIHHTeJI:&Hbie 'IaCTOTHbie 1-ICRaiHeHHH, BHOCHl\Ibie pe

ryJIHTOpaMH TipH BCeX B03M0rl{HbiX 3aTyXaHHHX, He MOryT 

npeBI>Iman +3,0-;- - 1,5 86 npH o6IIJ;eH eMROCTH Rai-Rp,oro 

H3 3Rp3HI1:pOBaHIIbiX npOBO)l;OB COe)J,I1:HHTeJI:&HbiX JIHHHH )1;0 

5000 nrjJ. 
BnmocnoH perymrrop rpoMROCTH BI<JIIO'laeTCH n TpaRT na 

ypOBHe He Hl1:i-I{e 0,775 8. 

KoncTpyR~HH nyJI:&TOB )J,HCTaH~HOHHoro peryJIHpoBaHHH 

rpOMROCTH )l;OTIYCRaeT: 

a) B O)l;HORaHaJibHOH annapaType - OT)l;eJibHOe peryJIH

pOBaHHe rpOMROCTH 3BYI\a cPOHOrpaMM RHHO!flHJibMOB H 3By

Ra OT MHKpo!flona, MarHHTO!flona, 3BYROCHHMaTeJIH; 

6) B '!eTbipex- H meCTlimaHaJibHOfii annapaType - COB

MeCTHOe peryJIHpOBaHHe rpOMIWCTH 3BYI\a BCeX RaHaJIOB npH 

BOCTipOH3Be)l;eHHH !flonorpaMM RHHO!flHJibMOB; COBMeCTHOe pe

ryJIHpOBamre rpOMROCTH 3ByHa OCHOBHJ,IX. RaHaJIOB H OT)J,eJib

HOe- I\aHaJia 3BYIWBbiX a!fl!fleRTOB; OT)J,eJibHOe peryJIHpOBaHI-re 

rpOMROCTH 3ByRa OT MHHpO!flOHa, MarHHTO!flOHa, 3BYHOCHli[

J'vJaTeJIH ; 

B) B TeaTpaJI:&HOH H RJiy6HOH annapaType peryJIHTOpbl 

rpoMROCTH ycTanaBJIHBaiOTCH na nyJII>Te ynpaBJieHHH H Tpe-

6oBaHHH I{ HHM OTipep,eJIHIOTCH H33Ha'!eHHeM H CXeMOH ycTa

HOBI\H. 

7. B RHHOTeaTpaJII>HOH H HJiy6noB: annapaType npe)l;ycMa

TpHnaeica nwranHe 'IHTaiOIIJ;eH JiaMnhi nanpamenrreM 6 rr 10 8 

npH TOI\e 5 a . B CJiy'Iae HCTIOJib30BaHHH TIOCTOHHHOrO TOHa 

nyJII>Ca~rrH He p,oJinmr,I npeBI>ImaTI> 0,5%. CHcTeMa nrrTaHrrH 

'IHT3IOIII;HX JiaMTI )l;OTIYCRaeT I<paTIWBpeMeHHOe (,Il;O 30 ce~) BHJIIO

'IeHJ-re )J,BYX JiaMTI . 

8. B MHoroHaHaJII>HOH HHnoannapaType rrpe)l;yCMOTpena 

CHCTeMa aBTOMaTM'leCHOrO yrrpaBJieHMfl HaHaJIOM 3BYI\OBhlX 

a!fl!fleHTOB IIpH )l;eMOHCTpa~HH IDHpOH03I\paHHbiX CTepeo!flOHH

'IeCRHX !flHJibMOIWIIMH. 

9. KonTpOJII>HO-M3MepHTeJI:&Haa crrcTeMa annapaTypi>I npe

AYClllaTpHBaeT noaMmHHOCTI>: 

a) IIpOCJIYIDMBaHHH CYMMapnoro CMrHaJia Ha BI>IXO)J,aX 

BCeX H3H3ITOB y HarH)l;OrO I\HHOIIpOeH~HOHHOrO IIOCTa C B03-

MOi-HHOCTbiO peryJIMpOBaHHH rpOMlWCTM ; 

6) M3MepeHHH IIpH60pOM CJie)l;yiOIIJ;MX BeJIM'IMH: Hanpame

HMH IIHTaHMH ROiVliiJiei<Ta; 3HO!J:HbiX TOIWB BbiXO!J:HblX 1\aCJ<a

)l;OB OIWHe'IHhiX YCMJIHTeJreB:; aHOIJ:HbiX H 3I<paHHhiX HaiipHJI\e-
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HI-Ill OHOH8tiT:IblX YCMJIHT8Jiefr; HaiipHJ-H8HHJ1 IIHTafiHJl aHO)l;HbiX 

u;enei'r npep;uapRTeJibHbiX ycRJIHTeJieii; Hanp.fm<eHRH cMem,e

HM.fi ynpaBJUIIOIIl,MX C8TOJ\ Jla~m BbiXO)l;HblX HaCHa)l;OB OHO

neqHbiX yCMJIHT8JI8H. 

B MHOrOI<aHaJibHOi:i: annapaType ~ronmo npocJiymaTb eRr

HaJJ H H3MepRTh ero ypoBeHb na BbiXop;e HaJ-I<p;oro HaaaJia. 

10 . AnnapaTypa p;omrma 6oiTb sam.Hm.eHa oT Bosp;eiicTBH.fi 

rrMTIYJibCHbiX noMex, BosnrrHarom.nx npn saMbmannH H pasMbi

HanRH IWI-ITainOB B IJ;8II.fiX ynpaBJI8Hlii.fi :3JI8I<TpOCJiiJ10BbiM, 

IIp08HIJ;HOI-II-lbiM lii OCB8TliiT8JihHbiM o6opyp;oBaHH8M l{Jiii-!0- . 

T8aTpOB. 

11. B annapaType npep;ycMoTpeHa cTynenqaTaH peryJm 

pOBHa ycHJiei-IH.fi na Bhrcormx qacTOTax, p;arom.an cnap; ycRJie

HM.fi Ha qacTOTe 8000 ill.f OTHOCHT8JihHO qaCTOThi 400 il l.f Ha 

6-8 {)6 M )l;8liCTBYIOIIl,a.fi IIpH BOCIIpOH3B8)1;8HliiH 3ByHa 

cpoTorpaqmqecrmx cponorpaMM lii rrpH pa6oTe OT sByrwcnR

MaTeJIH. 

B rmy6noii lii oco6euno TeaTpaJihHOi:i: annapaType npep;yc

MOTpeHhi 6oJiee nmpoKrre B03MonmocTH peryJIRpoBaHH.fi qac

TOTHhiX xapai\T8pliiCTHK C yqeTOM TOrO, qTO arrnapwrypa COOT

B8TCTBYIOIIJ;liiX I\OMIIJI8I<TOB liiCIIOJih3Y8TCH H8 TOJihHO )l;JI.fi BOC

IIpOM3B8)l;8Hlii.fi, HO lii )l;JI.fi 3ByK03aiiMCH. 

12. 1\onCTpyHIJ;MM O)l;I-IOTHIIHbiX 6JIOlWB annapaTyphi, Bhi

nycRae~n,IX pa3JIJiiqHhJMH 3aBO)l;aMH-H3rOTOBMT8JIJ1MH, p;onyc

HaiOT IIOJIHYIO B3aHM03a~I8HH8MOGTb HX BO BC8X HO~II!JI8HTaX 

annapaTyphl . . 

To 1-He Tpe6oBanrre npep;'hHBJI.HeTCH I< oTp;eJihHbiM p;eTa

JIHM H ysJiaM 6JIOHOB yCHJIMT8JihHbiX ycTpOUCTB ( Tpanccpop

MaTOpbi, p;pocceJirr, peryJinpoBoqnble conpoTHBJieHHH rr p;p . ), 

B p;aJihi-l8Hill8M DOCTaBJIH8MbiU B l{HHOC8Tb Hal\ 3aDaCHhl8 

qacTrr . 

l{OHCTpyiUJ;HH O)l;HOTimHhiX rOJIOBOI\ rpOMIWrOBOpHT8JI8H, 

BH8 3aBHCIIMOCTlii OT 3aBOp;a-H3rOTOBIIT8JIH, )l;OJIJI<Ha o6ecrre

qnBaTb B3aHM03aM8HH8~'10CTh DO)l;BMriHihiX CHCT8M II O)l;III-IaiW

BYIO BeJnJqJmy nocap;oqnhrx pasMepoB. 

13. 1\oHCTpyHIJ;IIH 6JIOHOB M ::JJI8M8HTOB annapaTypbl )l;OJI-

1-Ima II03BOJ1liiTh IIM8Th yp;o6Hblll )l;OCTyD J{ ::JJI8KTpOHI-lhiM JiaM

naM M OCHOBHbiM p;eTaJIHM CX8M )l;JIH MX OC~IOTpa, 3aM8Hbi M 

npoBeprm BHeiiiHIIM nsMepwreJihi-IbiM npn6opo11r. B orwEeq

HhiX 6 JIOI\aX TaHme )l;OJIJ-HHa MM8TbCH B03MOn<HOCTh npOB8pHM 

cxeMbi r-r pemMMOB pa6onr JiaMn M p;eTaJieil: 6es yp;aJieHMH 

::JTMX 6JIOHOB M3 o6m.e.H 1\0HCTpyHIJ;liiii. 

14. Ha MecTe ycTanmnm anrrapaTypLr p;orrycr<aeTCH MOH

Tan~: TOJibiW MMHMMaJibHO H806XO)l;liiMblX BH8IIIHMX :o;erre:ifr: 
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C8T8BOrO llHTaHJi!H , BhiXO.D;Hh!X JJJi!HJIIH, JJJIIHHH K BhlHOCHOMY 

peryJJfiTOpy rpOMI<OCTJII, JIRHHH 1.1,8118H H JIHHRH aaaeMJI8HHH. 

0T,D;8JJbHhl8 3JJ8M8HTbJ arrnapaTypbi C08,li;RHJHOTCH C IIOMOIIJ,h10 

npH.a;asae~I biX I> annapaType roTOBhTX Ka6eJieFi c paa'heMaMH 

Ji!JJR aaJHJi!MaMR. 

15. KoHCTPYKII;RH annapaTypoi upe.a;ycMaTpasaeT aKCIIJiy

aTaii;ROHHO Ha,D;8rKHhiH T8IIJIOBOH perKRM JiaMII H ,11;8TaJieH 6ea 

IIj)RHY.D;RT8JibHOH B8HTRJJHII;RR. )];Jill annapaTyphl , r .a;e MOIII;

H OCTb p aCC8RBaHJ1Jl II]l8BbiiDa8T 2 Kem, .D;Ol1yCKa8TCH IIj)RHy

,D;RT8JlbH08 OXJia>H,D;8Hlil8 06IIJ,8J[ CRCT8MOM llhiTHiHHOH B8HTR

JIHII;RR armapaTHOH. 

16. KoHCTPYKII;JIIH annapaTyphi y<IliiThiBaeT Tpe6onaBRH 

npaBRJI T8XHRI<H 6eaOIIaCHOCTH, pacnpOCTpaHH8MbJX Ha npo

<lJeCCROHaJibHYIO 3BYKOYCliiJIRT8JlbHYIO annapaTypy COOTB8T

CTBYIOIIJ,8H MOIIJ,HOCTR. 

§ 3. YHI-iCilHI..,V-iPOBAHHASI 3BYKO· 
BOCnPOI-i3BOASI~ASI AnnAPATYPA 
((3BYK» 

B COOTB8TCTBRI1 c Tpe6onaHRHMR, 113Jro

rH8 HHhi!IHI B § 2, OT8<I8CTB8HHaH Ilj)OMhJIUJl8HHOC'I'h Ha<raJia Bbl

nyCI<aTb annapaTypy 3BYHOBOCII]lOH3B8,11;8H11H, IIOJIY'HfBIUYIO 

HaasaHHe <<3nyw>. 

E.a;nBhlH pH.D; annapaTyphi npe.a;naaHa treH .D;JI H o6opy.a;ona

BFIH CTaiJ,ROBapHbJX HI1HOYCTaHOBO I< BM8CTRMOCTbiO OT 200 ,11;0 

2500 3j)HT8JI8ll I1 COOTB8TCTB8BBO IIpi1HHTbl TpH rpa.a;aiJ,HH Bbi

XO.D;HOH 3JI8KTpOaKyCTFICf8CIWH MOIII;HOCTR: 25, 50 R 100 em B 

HaRan e. 

B aaBHCUMOCTH OT BMeCTHMOCTH apnTeJihBoro aana FI sap;a 

HHH8MaTorpa<!Ja ( 06bi <IHblH, IIIJIIj)OK03KpaHHbl fl, IDRpOHOtPOp

MaTHb!H), yCTaHaBJJHBaeTCH annapaTypa: 

1.. «3ByK 1-25» - O.D;HOKaHaJJbHaH, C BbiXO,D;HOll MOilJ,RO

CThiO 25 em. 0Ha ucnoJJoayeTCH npu )J;eMOBCTpapoBaHRn 35-.ilut 
tPRJibMOKOIIRH C tPOTOrpa<lJH<I8CKOH <!JonorpaMMOH Ra IUI

BOYCTaHOBI\aX c aaJiaMR BM8CTRMOCTbiO AO 300 qeJioser<. KoM

nJieRT He co.a;epmnT peaepsa, noaTO!IIY ero u;eJiecoo6paano HC

noJioaonaTh B HJiy6ax, AOMax oT.a;r,rxa H p;pyrHx ycTaHOBKax c 

MaJIOH 3RCnJiyaTaiJ,ROHHOH HarpyaHOB. llpH 60JibillOH 3KCl1Jiy

aTaiJ,HOHHOH HarpyaKe ycTaHaBJJVIBaJOT ,D;Ba Tai<HX HOMIIJI8L<Ta, 

npHqeM B aTOM cJJyqae pa6oTa se.a;eTc.fl JJR6o ABYM.fl KaHaJiaMR 

napaJJJJ8JlhHO Ha 3j)HT8JlhHbi H aaJI, JIJi!60 O.D;HH H3 KaHaJJOB UC

l10Jlb3Y8TCH )J;JI H o6cJJynmBaHHH <!Jo}ie , TaHIJ,llJIOUJ,a,D;KH H T. 11. 

376 



,lJ;JUl BOeiipOH3Bep;eHMH 3ByKa e <floTOrpaqmqeeKOH ll Mar

HH'l'HOH <floHorpaMM 16-.M~t <fluJibMa npuMemieTeH a nnapaTypa 

<<3ByK 1-25 Y>>. 

2. <<3ByK 4-25>> - 1Ie'l'blpeXI<3H3JibH3H, e BhlXOJ];HOtl NIOlii,

HOeThiO 25 em B H3rh}l;OM I<aHaJie, npep;H33H3'leHH3H )],JI H BOe

IIpOH3Bep;eHJIH eTepeo<fJOHH'Ieei<OfO 3ByRa illllpOIW3HlJ3HHblX 

<fJHJihMOB B 33JI3X BMeeTMMOeTbiO }1;0 500 qeJIOBei<. 

3. <<3Byi\ 1-50>> - OJ];HOI\3H3JlhH3H, e BhiXO)],HOH MOlii,HO

eTbiO 50 em J];JIH I<HHOTeaTpOB )],0 300 MeeT e 06bi'lHhll\1 IUIHOIIO

H330!\'J. 

4. <<3Byi< 4-50>> - 'leThrpeXI\3H3JlhH3H, e Bl>IXO)],HOj,i MOlii,

HOe'l'hiO 50 em B l{3}l{J];OM H3HaJie, npe)],H33H31IeHH3H }l;JIH BOe

IIpOH3Bep;eHHH eTepeo<floHH'leeHOfO 3BYI\3 IDHpOK03I<paHHbiX 

<fJHJibMOB B 33JI3X BMeeTRMOeTbiO )],0 100 'leJIOBeFC 

5 . <<3ByK 6-50>> - meeTHL\ 3H3JibH3H, e BIJIXOJ];HOiir MOlii,

HOeTbiO 50 em B K3/HJ];OM HaHaJie , npep;H33H3<IeHH3H }l;JIH 

BOeiipOH3Bep;eHMH eTepeo<fJOHH'leern1X <floaorpaMM IDHpOHO

<flopMa'l'HIJIX <fJHJibMOB B 33JiaX BMeeTHI\We'l'hiO )],0 1200 3pH

TeJieH. 

6 . <<3Byi< 6-100>> - meeTHI\3H3JlbH3H, e BbiXO)],HOH MOlii,

HOeThiO 100 em B K3H3Jie , npep;H33H3tieHH3H )],JIH BOe iip011.3-

Bep;eHHH eTepeo<fJOHH'leei<MX <floaorpaMM LIIHpOI\O<flopMaTHblX 

<fJHJibMOB B 33JI3X BMeeTHMOeThiO }1;0 2500 qeJIOBeH. 

Bee HOMIIJieKThi, r<poMe Toro, noaB OJIHIOT noenpoH3BOJJ;HTh 

3BYK OT MHHpo<floHa, 3BYKOeHHll'l3Te.!JH, yen:JieHn:e OT pap;HO

IIpHeMHHI\3. B MHoroKaHaJihHoFi annapaType n:MeeTeH noa

MOJHHOeTh nepeBop;a I'IHOeTpaHHOfO Tel<eTa <fJHJihM3 qepea 33-

<mpaHHbie H aaJihHhie rporvnwronopnTeJIM . 

CyTh yHn:<fln:r<au;n:H eoeTOHT B TOM, 'ITO rwMnJieKThr noeT

poeHbJ IIO 6JIO'IHOMY IIpBHI!HIIY . l{ail\J];hiH 6JIOK - BIIOJIHe ea

MOeTOHTeJibHhiH 3JieMeHT, KOTOpbiH MOH\eT 6MTb HeiiOJih30B3H 

B JII060M IWMIIJieJ\Te. qMeJIO pa3JIH'lHbiX 6JIOKOB J];OBep;eHO J];O 

MHHHMyMa: BMeeTeH Beero TpH THIIa 6JIOI\OB OI\OHeqHJ,JX yeM

JIHTeJieH (Y0- 11 aa 25 em, Y0-13 Ha 50 em H Y0-15 Ha 100em), 
p;na 6JioKa npep;Bapn:TeJibHOro yen:JIHTeJIH (<floTo YII-25 

n MarHHTHhlH YII- 27), 6JioR ROHTpOJibHOro yenJin:TeJIH 

(YK - 19), Tplil THIIa Jlii\a<floB ( OJ];HO-, qenrpex- II meeTMH3H3Jib

HhiH), OJ];Hll JIII<a<fl npep;aapliTeJibHIJIX yeHJIHTeJieH li "i'. p;. 
YHH<f!BIIHPOBaHhi T3H}He HeToqHlJHH eHrHaJJOB. Bee .Mar

HHTHbre BOeiipOH3BOJ];Hlil,lil.e fOJIOBI\H J];JIH KHHOeeTB, HeaaBHeB

MO OT '!MeJia H3H3JIOB, }l;O JIH\Hbl liMeTb HHJJ;YI\THBHOeTb 80 MZ/-£. 

B p;aJibHeFimeM HaMe'laeTeH aHaqHTeJihHO o6Jier'l:HTb TPYA r<H

HOMexaHnr<a nyTeM yeTaHOBI\H M3fHI'ITHblX H eBeTOOHT.ff'leei<HX 

3Byi<O'lHT3IOlii,HX eaeTe>I, He Tpe6yiOli!HX IOeTHpOBKH. 1\poMe 
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'!'Oro, npe)J,IIOJiaraeTCH MCIIOJib30BaTb e)J,MHYIO qHTamm;yiO JiaM

ny l\6 X 30 c <PoKycMpymm;MM <Pnaau;eM. YHMWMIJ.HpOBaHbi 

TaiUI\e OCHOl\Hble SJieKrpOaKyCTWieCKMe IIapaMeTpbi, yKa-

3aHHbie B § 2. 

Bee rpo~moroBopiiTeJIM pH,n;a paccqJ-ITaHbi Ha o,n;ao Bhrxo,n;

Hoe HaiipHn\eHMe 60 e, )l;JIH llero KaJI<,ll;hiH M3 HJIX cna6n<en co

OTBeTCTBYIOIIJ.HM COrJiaCyiOID;RM TpaHCWOpMaTOpOM . 8TO OlleHb 

y ,n;o6HO IIpH MOHTan<e, Tal\ KaK HYIKHO TOJibl\0 CJie)l;IITb, qT06bi 

o6m;aH MOIIJ.HOCTb rpo~mOrOBOpHTeJieH, IIO)l;HJIIOtiaeMbiX I\ ycM

JIMTeJIIO, He IIpeBbiiiiaJi a ero YCTaHOBOliHOH MOIIJ.HOCTR. 

B annapaType <<3Byw> oco6oe ~WCTO y,n;eneno yHMWIIHaiJ;MII 

rpOMI\OrOBOpR'reJieH, I\OTOpbiMJI 1\0MIIJiel\TYIOTCH 3BYI\OBOC

IIpOM3BO,ll;HTTI;Me ycTpOHCTBa. B saBHCRMOCTM OT Ha3HatieHrrH 

I\OMIIJierna, rpollmoroBoprrTeJirr o6pasyiOT cne,n;ymm;rrM: pH,n;: 

3a9I<paHHbie MOIIJ.HOCTbiO 12, 25, 50 R '100 ea; 3aJibHbie R )l;JIH 

WORe MOII1HOCTbiO 12 II 6 ea . 
Maoror<aaaJibHbre HRHOTeaTpaJibHhre HOMIIJieHTbi ocHam;a

IOTCH ,n;ByxnoJIOCHbiMR sasHpaHHbiMR rpo~moroBoprrTeJIHMR 

MOID;HOCTbiO 25, 50 H 100 ea,-a O,ll;HOI\ aHaJibHbie ( «3Byi\ 1-25>>) -

IIIHpOI\OIIOJIOCHbiMR :tviOID;HOCTbiO 12 ea. 
B Ta6n. 6 nprrBe,n;eHhi ,n;aHHbie rpollmoroBoprrTeneM: annapa~_ 

TYPhi «3Bym> H HX MecTa ycTaHOBI\R. 

llpoBe,n;eHa YHHWRHau;rrH roJIOBOK H o<PopMneHHH rpol\>mo

roBopiiTeneM:. l'poMRoroBoprrTemr pH,n;a co,n;epmaT mecTb TM

IIOB roJIOBOK: ,n;Be mHporwnonocabre ronoBim I rr II I\JiaccoB 

(IIIIT- 1 H IIIIT- II); ,n;Be HH3KoqacTOTHbre roJIOBim (H"Y:-I H 

H"LI-II); ,n;Be BbiCOKoqacTOTHbie roJIOBRR (Bq- 1 rr Bq- II). 

B I\OHTpOJibHbiX rpoMRoroBoprrTeJIHX nprrMeHeHa o,n;Ha MaJio

MOIIJ.HaH rOJIOBI\a TpaHCJIHIJ.ROHHOrO TRIIa . 

JIICIIOJib30BaHbi paHee IIpRMeHHBIIIReCH rOJIOBI\H 2A-9 , 

1A- 17 H HOBbie roJIOBKR, HanpHMep ronoBr\a I K Jiacca 4A- 32. 

l1 pMMeHemie IIIHpOKOIIOJIOCHbiX rOJIOBOI\, BOCIIpOR3BO,ll;HID;RX 

BCIO IIOJIOCY llaCTOT, ynporn.aeT IWHCTpyKIJ;MIO rp0111KOrOBOpM

TeJieH H o6JrertiaeT HX 91\ CIIJiyaTaiJ.MIO no cpaBHeHino c ,o;Byx

IIOJIOCHbiMR rpOllmOrOBOpHTeJIHMM . 

B BbiCORoqacTOTHbiX roJIOBKax 1A-16 M 1A-17 ,o;Ha<l>parMbl 

R3 ,[(IOpaJIIOMRHRH 3aMeHeHbi JiaBCa HOBbiMH, liTO ynyqmRJIO 

KalleCTBO 3ByqaHRH, IIOBbiCRJIO CTa6HJibHOCTb CBOHCTB rOJIO

BOR R yBeJIHqHJIO CpOR HX CJiyrr<6bi. 

Mo,o;epHH3MpoBaHbi ,n;M<l><l>ysopbr H u;eHTpHpymm;He maM:6bi 

roJIOBOI\ II I\Jiacca - mHporwrronocHoM: 4A-28 rr HH3RO

tiaCTOTHOH 2A-9. B pesynLTaTe noHMi-HeHa tiacToTa MexaHM

tiecRoro pe30HaHCa CMCTeMbl Iii yMeHbiiieHO I\OJIHqeCTBO IIpH-

3BYKOB. 
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Tnn I<OMnJJe!<Ta 

«3ByK 1-25>> 

<<3Byi< 4-25>> 
<<3Byi< 4-50>> 
<<3Byi< 6-50>> 
<<3Byl\ 6-100>> 

Ta6nHn;a 6 

fpO!IIKOrOBOpHTeJIII annapaTypbi <<3ByiO} 

WlecTo y cT<HIOBl\H 

SI<PaH aa.n <!Jo"e ~<owrpo.•b 

' ' ' " " " 0. "' 0. :r 0. "' 0. 
-e ~0 -e = o -e ::o -e 
:s; ~ "' :s: " "' :s: 8 E= :s: o,. ~t; 8 :::::: o 3 5 ::::::5 a 

30A-46 2 - - 25A-44 1 A6oHeHTCimi1 
0,15f,ll.-III-2 

30A-68 3 25A-44 8 25A-44 3 To me 
30A-64 3 25A-4Ll 12 25A-4L1 5 » >) 
30A-66 5 30A-4G 8 30A-46 5 25A-46 
30A-62 5 30A-4G '16 30A-46 8 25A-46 

0 
:0 ... 
" 

1 

3 
3 
4 
4 

Ymnfniu;n:ponaHo o~PopMJieHn:e rpo~moronopFITene:ff. BMe

CTO BhiCOIW'IaCTOTHbiX pyiiOpOB C p accen:BaiOID;MMH 3BYHOBhi

MH JIHH3aMH, CMeHHBIIIHMM B CBOe BpeM.A: B I<HHOTeaTpaJibHhiX 

rpOMKOI'OBOpHTeJI.A:X p;oporn:e H CJIOII\Hble Cei<D;HOHHpOBaHHT>Ie 

pynopbr, Tenepn npHMeHeHM IIpOCTJJie no KOHCTpyr<D;HH pyno

pnr HOBOH ¢opMhi, IIpH<reM pacceu:naiOID;He CBOHCTBa HX Ta:Ku:e 

me, :KaK H y JJHH3 . 

<<3ByH 4-50>>, <<3ByK 6-50>> H <<3Byi< 6-100>> HMeiOT O,D;HH H 

TOT /He HM3KO'IaCTOTHhiH pynop-IPa30HHBepTOp , B HOTOpOM yc

TaHaBJIHBaiOTC.A: roJIOBKM 2A-9 MJIH 2A-11 . O¢opMJieHHe HH3-

HoqacTOTHoro 3BeHa B KOMIIJierne <<3Byr< 6-100>> nonyqaroT co

e)J.HHeHu:eM ,D;BYX pynopOB IWMHJieKTOB <<3ByH 6-50>> , 'ITO 06-

JierqaeT ero TpaHcnopTn:pom<y H ycTaHOBI<y B saJie. 

Bee p;ByxnoJIOCHhre rpoMr<oroBopHTenu: pHp;a n:MeiOT pasp;e

JIHTeJibHhre lPMJlbTpbi C O,D;HHaiWBOH <IaCTOTOH pasp;eJIBHHJI 

1200 i3 1.f. Uenb ITOBhiiiiBHH.A: •racTOTJ,r pasp;eJiemm no cpaBHBHHIO 

C npelliHHMH ,D;ByXITOJIOCHhiMH arperaTaMH (550 H 800 i31.f)
CHM3HTh HCKar:KeHHJI B BhiCOIW'laCTOTHhiX I'OJIOBKaX H yBe

JIH'lHTb CpOH HX CJiym6bi. 

RoMnJieHTau;n:JI rpoMKoroBopFITeneM: p.A:p;a, IIIH¢pnr, THII 

H Ha3Ha'l8HH8 I'OJIOBOK, a TaiU He HX HOJIH'IBCTBO Ha O,D;MH rpOM

KOI'OBOpHT8Jib; THilbl H HOJIH'l8CTBO o¢opMJI8HHH (JIID;HKH, py

ITOpbl); IIIHlPPhi H MOID;HOCTb COI'JiaCyJOID;JU TpaHCWOpMaTOpOB , 

a TaiUI<8 IIIMlPPhi H BXO,D;H08 COITpOTHBJI8HHe pa3,D;8JIHT8JibHI>IX 

¢u:nnTpon ynasaHJJI B Ta6JI. 7. TaM /H e rrpnnep;eHhi OCHOBHhre 

8Jl8I<TpOaKyCTH'l8CI\M8 IIOHa3aTBJIH H HOHCTpyHTHBHhl8 p;aH

HblB rpoMHOI'OBOpHT8JI8H p.A:p;a . 
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30A-H4 

30A-66 
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25A-46 

Ta6 JIH I~ a 7 

KoMnJieKTa nnn I'pOMIWI'OBopnTeJiei{ pHAa 

r ojiomut 0QJOPM.~CHI'IC Bc rro~t oraTeJib i-Ihl e aJieM eHThl 

CO I'Ji aCY IOU.(H e 
TpaHCQJOj)Ma- p aat~emnen b-

H ble CfH!Ji hTj} bl TOpbl 
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" "' 2 0= 
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4A-32 1 Hnvm-rpaaoau Bep- 1 10-49 , 12 - -
TOP 85, 025 

'lA-'17 1 BbTCOHO'JaCTOTHhlll '1 I0 -49 , 25 I0- 49 , 15 
pynop 85 , 022 12, 003 

2A-9 1 H~HH-<fJaaonuBep - 1 
TO]J 

iA-17 2 B bTCOHo•ra cTOT Hhli1 1 
pyuop I0 -49 . 50 I0-49 , 30 

2A-9 2 Pynop-<flaaom!Bep- 1 85, 026 12 , 004 
TOp 

1A-16 2 BbiCOI\Oqa CTOTH biti 1 
pynop 10-49, 50 I0-49 , 30 

2A-11 2 Pyrrop-<fJa aoaH se p- 1 85, 026 12 , 004 
TOp 

1A-16 4 BbiCOHO'JaCTOTHbu"r 2 
pynop I0-49 . 100 10-49, "1 5 

2A-11 4 Pynop--<fJaaOBH nep- 2 85 , 026 12 , 003 
TOP 

4A-28 1 3aHpbiTbi}I ll~l1H 1 I0-49 , 6 - -
85, 023 

4A-28 1 3aHpb!Tbiii H~lll{ 1 I0-49, 1 ,5 - -
85, 024 

PaccMoTpHM IWHCTPYKD;HH HeKoTopbiX rpollmoroBopHTe

Jieii pHp;a. fpOMKOrOBOpHTBJib 30A-46 (p;JIH <<3ByK 1-25>>) npep;

CTaBJIHBT co6oiJ: p;epeBJIHHT>IH Jllil.HI<- cpa30HHBepTOp, Ha nepep;

HBH CTBHKe KOTOporo YI<p eiiJIBHI>I IDHpOIWIIOJIOCHaH rOJIOBI<a 

4A-32 H COrJiacyiOIIl.HH TpaHCcpOpMaTOp. JlHI.J;BBaH CTBH

I<a rpOMKOrOBOpHTBJIH 3aTHHyTa pap;HOTKaHbiO; Ha 60KOBOH 

CIWIDBHHOH CTBHI<e HMBIOTCH p;Be KJIBMMbl fl:JIH BKJIIO'IBHHH B 

3BYHOByiO JIHHHIO. llepep;HHH CTBHI<a YI<pemrerra Ha mypynax 

M B CJiyqae Heo6xop;HMOCTH MOrHBT 6biTb CHHTa, TOrp;a OTKpJ,I

BaeTCH fl:OCTyn K rOJIOBK aM H TpaRCcpOpMaTOpy, yKpBIIJIBH

HhllVI H a H BH. 
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,[(nyxnOJIOCHbJ e rpOMROrOHOpHTeJUI 30A-62, 30A-64 H 

30A-66 HMeiOT COBepmeHHO O)J.HHaKOBT>Ie HH3KO<IaCTOTHhle 

pynophl- !fla30HHBepTOphl (B ;)QA-62 O)J.HH pynop CTaBHTCJI 

aa ,n.pyroii:). 

,[(nyxnOJIOCHhiH rpOMI<Ol'OBO}JHTeJib 30A-68 npe,n.CTaBJIJI

eT co6oii: JIID;HI<- !fla30HHBepTOp , B KOTOpOM npHMeHeH HOBblH 

Bb!COK01IaCTOTHbiH pynop. 

fpo~morOBOpHTeJib 25A-44- ae60JihlliOH HID;HT<, B IWTO

pOM CMOHTHpOBaHbi ImipOHOIIO.JIOCHaJl rO.JIOBHa 4A-28 H COr

JraCyiOID;HH TpaHc!flopMaTop. ,[(JIH nepei\moqeaHJI Tpaac!flop

MaTopa naHeJih c JierrecTr\arvm pacnoJiaraercJI caapymH JIIIJ;H

Ka. Ta <I<e roJIOBKa ycTaHOBJieaa B rpOJvmoronopHTeJie 25A-46, 
HOTOpbiH co6paH B He60.JJhlliOM fllii,HKe nOJIYIJ;HJIHH,!I.pHqecHOH 

!flopMbJ. B HeM me ycTaHOBJieHbl TpaHc!flopMaTop H noTem~Ho
Me'l'p )J.JIJI peryJIHpOBaHHJI rpOMKOCTH. 

Bee roJioBim rpoMHOronopHTeJieH: aJielnpO,!!.HHaM~qecrwro 
THlla C nOCTOJIHHbl"MH MarHHTaMH . fihrpOKOnOJIOCHhle If HH3IW

qacTOTHhie rOJIOBI\H - ,!I.H!fJ!fly30pHMe npJIMOl'O H3JiyqeHHJI, 

'BblCOKOqacTOTHhie - pynopHbie. 

B nepmHHax 6yMamHhiX ,n.H!f!!fly3opon UIHpoRonoJIOCHLTX 

l'OJIOBOH 4A-28 H 4A-32 BI\JleeH )J.OnOJIHH'l'eJibHbiH BJ,ICOI{Qqac

'l'OTHbiH H3JiyqaTeJih, TaHn\e OTJIHTLrii lil;3 6yMarH. OH yne

JIJilqJ.InaeT qyBCTBHTeJibHOCTb rOJIOBOH Ha qaCTOTaX BbTUie 

6-8 K,Uf. 

OcHOBHT>Ie napaMeTphi rpo~moronopHTeJieii: annapaTyphl 

<<3ByK>>, l'OJIOBOK rpOli1HOl'OBOpHTeJieii: pH,n.a H )J.aHHhTe COrJia

cyiOIII,HX TpaHc!flopMaTOpOB npHBe,n.eHbi B llpHJIOH\eHHH 2. 
lloqTH BCe TpaHC!flopMaTOpbl HMeiOT 06MOTHH C OTBO)J.aMH, 

q'fQ n03BOJIJieT BKJIIOqaTh rpOliU{Ol'OBOpHTeJih Ha nOJIHYIO MOIIJ;

HOCTb HJIH BBO)J.HTh 3aTyXaHHe B 3 HJIH 6 fJ6, T. e. Ha rpo~mO
l'OBOpwreJih MOJHeT no,n.aBaTbCJI llOJIOBHHa JIJIH qeTBepTh HO

MHHaJibHOH MOIII,HOCTH. 

BhiBO)J.hi OT o6MOTOK 3aBe,n.eHbi aa pacrrrHBO'IHhTe n JiaThT; 

llpH MOHTaJ-r<e H HaJia)J.He anna pa-ryp hi, npHnaHBaJI KOHIJ;bi JIH

HHH H pa3JIJ.IqHhlM JieneCTI\3M nJiaThi, MO<I\HO noJiy<IaTb Heo6-

XO)J.HMOe 3aTyXaHHe HJIH IIO)J.aBaTb H a .rpOl\mOrOBOpHTeJJb IIQjJ

HYIO MOIII,HOCTb. 

C])HJibTphr BHmoqaroTCH Men>:,n.y corJiacyrom;HMH Tpauc¢op

MaTopaMH H roJIOBKaMH rpOMKoronopHTeJieii:. Tarwe nr<moqe

HHe n03BOJIHJIO 060HTHCb )J.BYMJI TIIIIaMH !fluJibTpOB: Ha Harpy3-

Hy 15 II 30 O~t. 
IIepeHmo<raTeJin, HMerom;HecH y pa3,n.eJIHTeJihHhrx !flnJihT

pon, no3BOJIHIOT nepeHmoqaTb Ha 3aTyxaHHe 3, 6 IIJIH 9 86, 
IIpHqeM 1IaCTOTH3JI xapaHTepHCTHKa IIpH <!TOM He H3MeHJleTCJI. 
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OKOHE"'Hb!E YCJ.inl-iTEnl-f AnnAPA
TYPbl "3BYKn 

BJIOJHI orwHe<rHblX ycim:wreJie:i1 ncex Tpex 

Timon (Y0-11, Y0-13 :a Y0-15) HMeiOT no<rTH o.n;rmaKonym 

cxeMy. Racl,ap;br npe.n;na p:aTeJibHoro ycFIJieHHH FI cpasoHHBepc

HbiH HaCHap; y HHX IIOJIHOCTbiO O)l;HHaKOBbie, a OKOH8<IHbi8 ImC

Hap;bi OTJIH<raiDTCH <rHCJIOM JiaMII H p;aHHbiMFI BblXO)l;HbiX TpaH-
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PHc . XIV-12. llpu!·l[\lillHaJJbHaH cxe~m m;oi.Ie'HIOro ycFIJIHTeJIH Y0-11 

ccpopMaTopoB . II pFIHD;HIIHaJibHbie cxeMbi orwHe<rHbiX yc:aJI:a

TeJiell: Y0-11 FI Y0-15 rrpFine,n;eHM Ha pRe. XIV-12 FI XIV-13. 
Y CHJIJiiT8Jib rrpep;Ha3Ha <IeH )l;JIH YCJiiJI8HJiiH CJiirHaJIOB, IIOCTyrra

IOJJJ;JiiX OT rrpe.n;napRTeJibHbiX ycRJIFITeJie:i1, .n;o MOJJJ;HOCTH, Hyn-<

HOH )l;JIH IIM'raHFIH rpowwronopFITeJiell:. Ha nxo.n;e ycFIJIHTeJIJI 

382 



c, 
rlf--1r--c:l-, 

R, 

R 2 

rl1-"-+~4----l
c2 

c,. 
R., 1 *.~ 
R42 R., A,a 

~46 l
c,7 
" 

A, ' A, 

f(oH T . Bbl x!J Q 

"'220• ~~ 

R 41 
R21 r'I* ...L. Ro•Hc,;;rg!J 

Ro, 
Ro, 

82~Cerb 

l'uc . X l V- 13. HpHlll.\I I !lHaJlbHan cxe~ta UHOHC'IUoro ycHJIHTCJIH Y0-15 

Tp2 

1 C,o.,. L, 

c,. 
" 



nMeeTcH ,[\emneJih ns pe3HCTopon R 1 rr R 2 , o6ecneqwnaro
lll,HH pa6oTy 6JIORa OT )l;BYX H83aBHCI1MhlX HCTO'IHHKOB CHr
HaJIOB. 

llepBbte ,l\Ba KaCI\a,[\a ycnJieHHH nocTpOeHIJI Ha Jia~me JJ1 
nma 6H2ll . OHM oxnaqeHhl rJiy6oKoll: OTpnr~;aTeJIIJHOH o6paT
HOH CBH3hiO no HanpmHeHnro. JlaMna JJ 2 o6'hep;n:HHeT Tpenrll: 
H cpasonHnepcHIJIH I<acHap;hr. Tpnop;HaH <IaCTIJ JiaMIT.bi 6<D5ll 
wcrroJIIJsyeTCli HaH ycwJIHTeJib Hanplln-\eHHfl . B HaTop; :nof'r 
naMIThi c m,JXO,l\a ycnJIHTeJIH qepes pesncTop R 27 rrop;aeTCH OT
pn~aTeJIJJHaf! o6paTHaf! CBli3h, rJiy6HHa KOTOpOH IIpHMepHO 
25 iJ6. ileHTOp;Hali <raCTh ;non me JiaMnhi, BI<JIIO'I8HHOH B TpH
O,Il;HOM penm:Me, HCnOJIIJ3yeTCli B cpa 30HHB8pCHOM HaCI\ap;e no 
cxeMe c pasp;eJieHHOH Harpysrwll: - peswcTopiJr R 22 H R 2 3 • 

il p!iiM8H8HHe MOITIHOrO neHTOp;a B cpa30liiHBepCHOM KaCHa
p;e rrosnomu ro yMeHIJIIIMTh neJIH'IMHY corrpoTMBJieHHH Harpys
Im B aHop;e Iii HaTop;e, a TaHn-\e corrpoTHBJieHHH yTeqrm B ~e
ITliX ynpanJimonrMx ceTOI\ oHoHe'IHIJIX JiaMrr (pesncTopiJr R 20 
H R 29). YMenhmeHne HarpysoH cpasoMHBepTopa cnoco6cTny
eT yJiyqmeHJIIO cpasonoll: xapaHTepHCTMHlii ycMJIMTeJIH H rroniJr
maeT CTa6IiiJibHOCTb pa60Thl YCHJIHT8JIH, OXBa'IeHHOrO rJiy6o
KOH o6paTHOH CBli3IJro . 

0HoHe<miJrll: HacHap; ycHJIHTeJiell: co6pau Ha p;noll:HIJIX Jiy
qeniJI X TeTpOp;ax 6P3C H HMeeT B ycMJIHTeJie C BhiXO,Il;HOH MOITI
HOCTbiO 25 em op;uy JiaJIUIY, B YCHJIHTeJie C BbiXO,Il;HOH MOITIHO
CTI>IO 50 em - p;Be H B yCHJIHTeJie C BhJXO,Il;HOH MOITIHOCThiO 
100 em - TpH. Jla111rra 6P3C cne~HaJIIJHO paspa6oTaHa p;Jili 
yCHJIH'l'8JJ8H 3BYKOBOrO JUIHO, B qaCTHOCTH ,ll;JIH annapaTyphl 
«3nyw>. Jla~ma o6Jia,[\aeT xopomr-rMH napaMeTpa~m: H ITOBbi
meHHIJIM CpOKOM CJiym6bi. 

Orwile'IHhie JiaMrriJr p a6oTaiOT n pen\HMe rJiy6orwro ycH
n:eHHH AB1. 0TpM~aTeJihHOe cMenreHue Ha ynpaBJIHIOnrHe ceT
KH OI\OH8'1HhiX JiaMn nOCTyrraeT OT OT,Il;8JihHOrO HCTO'IHHKa. 
06MOTKH BbTXO,Il;HbiX TpaHCcpOpMaTOpOB pa36HTbl Ha 15 CeH-

. IIHH (noce~u, ceH~HH - rrepnMqHo:H- o6MoTrm, ceMb - BTOpH'I
Hon), 'ITO n03BOJIH8T IIOJIY'IliiTh MaJiyiO HHlJ:YHTHBHOCTh pacce
HHliili TpaHClf>OpMaTOpa, He06XO,Il;HMOe yCJIOBHe CTa6HJibHO.H 
pa6onr I-\aCHap;a, oxnaqeaHoro rJiy6orwi1 OTpHu;aTeJibHOH o6-
paTHOH CBH3IJIO. 

ilwraHHe aHO,Il;HhiX ~enen OKOH8'1HbiX JiaMII, a TaKn-\e BTO
poro Iii 'l8TB8pTOrO KaCI\ap;OB npO!ii3BO,Il;HTCli OT BbillpHMliiT8Jif! 
n3 JJ.BYX noC.TI8}J.OBaTeJibHO C08,1l;liiH8HHhiX MOCTiiiHOBbiX CX8M, 
pa6oTaiOITIHX Ha IIOJiyiipOBO,Il;HliiKOBhTX )l;HOp;ax OT J!. 4 ,11;0 J!.11 . 

AHOJJ.HOe RarrpmHeHMe Ha 6P3C B ycMJIMTeJIHX Y0-11 H Y0-13 
cocTaBJIHeT 400 e, B ycHJIMTeJre Y0-15-500 e. 

384 



,II,JIH noBhrmer-rMH ycTOU'lMBOCTM pa6oThi Bcero ycrmnTeJih

r-roro KaHaJia Ha HH3I\UX '!aCTOTaX llUTaHH8 aHO)l;HhiX IJ;8II8H 

nepBoro M TpeTbero r>acHa)l;OB o1wr-re•moro ycHJIHTeJIH H npeg

napnTeJihHhiX yCHJIHTeJieH npOH3BO)l;I-ITCH OT OT)l;BJihHOrO Bbi

npHMHTBJIH, co6par-rr-roro r-ra )l;IIOgax OT !1.14 go /{ 17 . 

IlnTaHH8 ;:mpaHHbiX CeTOI\ 0I{OH8'!HbiX JiaMU OCyiiJ;BCTB JIH

eTCH OT MOCTa Ha )l;HO)l;aX Jl. 4- Jl. 7· 

(J)uJibTphi BbmpHMHTeJieM: - eMI\OCTHhre. BeJIH'lHHa eM

rwcTeM: I\OHger-rcaTopon qmJihTpon Bbi6pana TaHoM:, '!T06br npn 

H3MeHeH:HH OT)l;aBaeMOH yCHJIHTBJieM MOIIJ;HOCTH OT HYJIH ):1;0 

HOMHHaJibHOH llHTaiOIIJ;H8 nanpHmeHHH U3MeH:HJIHCb He 6oJiee 

'!eM r-ra 8- 10%. 
BnmpmvrnTeJib r-r a npHmer-rnH CMeru;eHHH co6par-r no )l;Byx

noJiynepno)l;HOH cxeMe na )l;HO)l;ax !1.13 - !1.12 . B Ka'leCTBe Bbi

npHMHTeJieii HCllOJib3YIOTCH HOBbie K p eMHH8Bbie )l;HO)l;bl Jl. -226. 
B MOCTax !1. 4 - !1.7 H Jl.8-Jl.11 o.Koneqr-roro ycnJinTeJIJI Y 0-15 
npHMeHeHbi 6oJiee MOIIJ;Hbie )l;HO)l;bl - Jl.-205 . 

Ocr-roBHhie )l;aHHhre oKoHe'!HhiX ycnJIHTeJI eli npHBe)l;eHbl B 

Ta6JI. 8. 
Ta6 JIR u; a 8 

OcHOBHbie AaH HbJe Ol\OHe•IHbJX ycnJillTe.'leii 

Ho~nmaJibHaH BMXO)J,IIaH MOJu;HOCTb, 

em ..... ... . .. .. . 
l { oacJlcpu.u;aeHT rap~rormK ne 6oJiee, %: 

Ha ~aCTOTe 1000 aq . . . . 

Ha •IaCTOTaX 40 ll 12 000 3 lf 
HepaBHOMepHOCTb '!aCTOTHOH xapait

TepncTHIHr B )J,l!a Oa30HaX '!aCTOT 

40-12 000 atf, 86 . . . . . . . . . 
Ho~nmaJILHaH ~YBCTBHTeJibliOCTb , 8 

HoMHHaJihHOe BbiXO,IU-JOe n arrpHa<e-
rrHe , 8 . . . . • . . . . . • 

~1 poBe Hb IIOMeX yCJUIJHeJJH OTHOCI•l 

TeJibHO HOMHHaJibHOrO BhiXO)J,HOrO 

ypOBHil, 86 . . . . . . . . . . . . 
Hanpnmem-re mnaHHH ycHJIHTeJin, a 
flOTpe6JJHeMaH OT ceni MO[[(HOCTb, em 
Bee, x:a . . 
fa6apHTbi , ,l]. ~£ .••.... •. . . 

Y0- 11 

25 

0,8 
2,3 

± 1 
0, 775 

60 

-70 

T~mbl OHOHC'lHbiX 
ycnmrTeJJe!i 

Y0-1 3 I Y0- ! 5 

50 100 

0,8 0,8 
1,8 1,8 

± 1 ± 1 
0, 775 0, 775 

60 60 

-70 --70 
220±5% 220±5% 220±5% 

130 240 400 
10 12 15 

264 X 261 X 205 

1!aCTOTHaH xap ai<TBpHCTUI{a YCH.!JMTB.IIH HM88T CIIa)l; Ha 

tiaCTOTax, JIB}I<aru;Hx r-rume 40 eLf (a a cqeT rrepexop;r-roii. rr.enH 
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C 9 R 1 5). TeM caMhiM orwHe'!HhiH I{acrwp; n Bhrxop;Hoii TpaHcqlOp

MaTop rrpep;oxpaHJIIOTCJI OT rreperpy3ICH Ha '!aCTOTaX HH/I{8 

40 81-f. 
Y CMJIIIT8JIII CHa6JH8Hhl CHCT8MOH 3aiiJ,HThl ::mpaHHhiX Ce

TOK OKOH8'IHhiX Jia:MII II pH rreperpy3H8 IIO BXOp;y. ,il;JIJI :3TOH 

:u.eJiu ycTaHOBJieHa JiaMIIa MH-3, HOTopaH orpaHII'lHBaeT aM

IIJIIITyp;y CHrHaJia IIpH ero ll0Bhlill8HHH Ha 2 - 3 fJ6 Hap; HOMJi!

HaJibHhiM . Y CHJIHT8JIH Y0-13 H Y0-15 cop;epmaT Tar{me cxe

MY 3aii!HThi aHop;oB OKOH8'lHhiX JiaMn OT neperpeBa npH rwpoT

KOM 3aMbll{aHHJi! BXOp;a. 

l{oHCTpyKTHBHO OIWH8'lHhiH YCMJIHT8Jlh BhillOJIH8H B BMJJ;8 

CaMOCTOJIT8JlbHOrO 6JIOI{a, CMOHTHpOBaimoro Ha BepTIIKaJib

HOM maCCH, Bl{JIIO'laiOlil8rOCJI B mKa1J C IIOMOlilhiO H0/I{8BOrO 

pa3'b8Ma. JlaMIIhi Jl1 H JI 2 C 60JibillJi!HCTBOJVI CX8MHhiX ::JJI8M8H

TOB ycTaHOBJI8Hhi Ha JJ;BYX C08J-\HH8HHhiX M8JI{J];y co6oii IIJia

TaX C II8'laTHhiM MOHTaJKOM . 

McnoJih30BanHe ne'laTHoro MOHTarHa JIBJIHeTCH Bamueii

meii oco6eHHOCThiO 6JIOKOB, 6Jiarop;apH 'l8MY CTa6HJIH3HpyiOTCJI 

::JJI8KTpH'l8Cl{JiiH MOHTaJH B IIpOH3BOJJ;CTB8 Ji! napaMeTpbl yCMJIJi!

T8JIJI. Ile'laTHaH IIJiaTa OKOH8lJHOrO YCHJIIi£T8JIH - 8JJ;HHaJI JJ;JIH 

BC8X Tpex THIIOB 6JIOIWB. IlJiaTbl C II8lJaTHhiM MOHTallWM Hpe

IIJITCH Ha mapHHpax, qTO ll03BOJIH8T IIOB8pHyTh HX JJ;JIH OC

MOTpa Ji! peMOHTa . IlJiaTa 3aiiiJi!lil8Ha HpbiiiliWII OT M8XaHH'I8C

HJi!X noBpemp;eHnii . Ha Hpnmme pacnoJIOrHeHhi BhmJIIO'laTeJih 

ceTn, npep;oxpaHHT8Jih, CHrHaJibHaJI Jiallma, nepeKJIIO"IaT8Jib 

JJ;JIJI HOHTpOJIH pemHMOB ycnJinTeJIJI. 

Ha sap;neii cTopoHe maccn uaxop;HTCJI CHJIOB oii n Bhrxop;

HOi~ TpaHc1Jop11IaTOpbi, IWHJJ;8HCaTOpbi 1JnJibTpOB BbillpHMUT8-

JIH, J-\UOJJ;hi. 

nPE,ll,BAPMTEnbHbll-1 YCHJ1J.1TEJ1b Yn-25 

B annapaType <<3Bym> HM8IOTCJI p;Ba BHJW 
npep;BapUT8JibHhiX yCRJIUT8JI8iJ: : OJJ;HH - J];JIJI ycH.JI8HHH CHr

HaJia OT 1JoTO::JJI8HTpOHHhiX YMHOJI{Ii£T8.JI8H (jj[)Y -2 (Yil -25), a 

p;pyro:H - OT MarHnTm,rx roJIOBOK FEY (YII-27) . 

llpep;BapnTeJII>HhiH ycnJIHT8Jib YII-25 ycnJIRBaeT cnrHaJir,r 

OT (jj[) Y -2 qyBCTBHT8JlhHOCThiO 400-500 :mr,a/ /LJ,·L IIpH BOCIIpO

Ii£3B8JJ;8Hii£Ii£ 4JoTorpa1Jnrrecrurx tflonorpaMM, a TaruHe cruHaJihi 

OT 3Byi{OCHJiiMaT8.JIH H Mimpo1JoHa. 

Ilprm:u.nrrnaJibHaH cxeMa Y II-25 rrpnBep;eua ua pRe. 

XIV- 14. 8To rrenipexr{aCHap;nhiii ycHJIHT8Jib c IWTOJI:HhiM no

BTOpHTeJieM Ha Bhlxop;e. B rrepBOM HaCHap;e rrpnMeHeHa noBaH 

cne:u.naJI I>HaJI Jia:rvma 6rR32II - MaJiomyMHhiii rreHTop; , p;onyc-
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T{a IOIII)i!H ITI!ITaHHe HI!ITH HaitaJia nepeMeHHbiM TOKOM. 9TO IT03B0-

JIHJIO OTH:a3aTbCH OT ,[(OpOrOCTOHII\l!IX BbiiTpJB1HT8JI8ll HaHaJia, 

ynpOCTIITb IWMMyTaiJ;IIIO II ITOBbiCIITb Hap;enmOCTb npep;napH

T8JibHOfO YCIIJIIIT8JIH. 

IlepBbiH HaCHa,[( yCHJIJ-IT8JIH OXBa'leH rJiyOOI\OH OTpiin;a

T6JibHOH oop aTI(OH CBH3biO, p;onycHaiOII\8IT ITO,D;KJIIO'l8HH8 R 

"~ 

Ro 
= 

R4 j[ Rn 
R13 l ,b, R14 

R3 ~ c . 
R10 R, s c ;;;;;;c. 

Jl3 8~ 8 
6H3 n 1-" 

~t 
~7 II (. 

c~ -n-: h1t 
,,:;,~ M 

I OJ JR os lRs '"'(.~'" 1~10 i:- r- !. Jl3 R6 I I:\~ 
1- r----

-~J ~ l R2o I[ R,c~T ~~2 .\ "' "' R,8[l B,l) 0: a:: 0: a:: 

r-' 
~R23 R,g_ 

c R o~:::;::c,3 Ro7 

"n-
-14 Ro, ) n R22 

§ 1a 1 e '2 a. 2 a 3'al3 s 4a4s 5 5s 6a 6s 7a 7 o Ba Bo 
~ lc;; ii "' 

~ ~ xci.! i :.: "0: " 0 e "' 0: (1) ox «o 
r= ~ ~ 0 , "' ~ ~ 

xx 
~ X ~ a. ~ e o~ 

~~, .JI 3 a> <( g- ~ 

~ 
0 

" "il-
~CO(Y) " a. C'l 

0 " :::1 +><: 
" 10 X 0 

" <Cal I C'l 0 

Puc. XIV-! o. ITpuHQHTII!aJJbUaH cx e~Ja npeAnapwreJJbHOro 
ycHJiuTeJm Y IT-25 

ero nxo,n;y ~oTonrJiauron OOII\eil ,a;mmoii: 10-12 - .'l'L (eMrWCTb 

qJOTOITIJiaHrOB OT 150 ,D;O 1500 nrjJ) . aTO IT03BOJIH8T ITO,D;I\JIIOqliTb 

I{ yCJ.IJIIIT8JibHOMY YCTpOi'ICTBY ~OTOITIJi aHrii Cpa3y OT BC8X 

Tpex HIIHonpoeKTopon, a TamHe o6ecne'IJ.IBaeT 66Jinnryro cno-

6o,n;y BhlOOpa M8CTa B I{J.IHOannapaTHOH ,D;JIH ycTaHOBHH YCHJIJ.I

T8JibHOfO ycTpOirCTBa. 

IlocJie nepnoro HacHap;a BHJIIo q eu ycTaHOBO'IHbiH peryJIH

TOp ypOBHH CHrHaJia . 

II pH nocnp o H3Be,n;enHH H3HonreHHOH ~onorpaMMbi BHJIIO'Ia

eTCH BhlrtmoqaTeJib B1 ( <<cna,a; n. 'I.>>), 6Jiaro,n;apH qeMy C0 3J:J;a-
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eTCJI crrap: qaCTOTHOH xapawrepHCTHIUI rrp ep:BapHT8.TibHOI'O 

ycHJmTeJIJI a a qacToTe 8000 <nf a a 6 EJ6 . 
B penmMe B ocnpoHaBep:eHHJI rpa;vraarrHcn rrp e,o:ycMaTpn

BaeTCJI y CH.i18HH8 CHI'Ha.ila OT IIb83 0 3.i18HTpiPI8CJWI'O 3BYI{OCHH

MaT8JIJI, IIpiF I8M ClHHaJI npOXO)TiiiT TaHOH ri\8 IIYTL, !{al\. H IIpH 

pa6oTe OT <floToaJieKTpoaaoro yMHonmTeJIJI. He naMeHJieTcJI 

IIYTL CHI'HaJia H npH pa60T8 OT ,O:HHaMH'l8CKOI'O MHRpo<floaa. 

Y cnJIHTeJIL YTI-25 HMeeT cJiep:ymii~;ne ocaoBHLie Texan

qecHHe ,o:aHHh!e: 

lJyBCTili!TeJibHOCTb: 
np11 nocrrponaneAeHHH 4JoHorpal'lnru , ue MeHee 
npu nocoponaBeAeHHH rpaMaamiCH , He Meoee 
upu pa6ore oT MHHpocjJoua, ne MeH ee 

H OMHI·taJibHhii'i BhiXOAHOH yponenr, . . o • • 

BocnpouanOAHMbli1· ~~naaasoH 'laCTOT . o • • • 

Hemmei1:nble J.ICI\aH\e!HIII na nceM JJ;Harraaoue 'lacroT, 
ue 6oJiee . . . . . . . . . 0 • • • • • • 

YponeHb noMex : 
npu nocnpouaseAeH 1!11 (pOiwrpa~u.u;r, He 6oJiee o 

rrpn uocrr po11 aneAemm rpaMaaoHcH H pa6oTe OT 
M1mpo4Jona, He 6oJiee 0 • • 0 • • • • • 0 • • 

0, 28 ~~~~:a 
150 ~~8 
1 A~B o 

0 , 775 8 

40-12 000 3lf 

1% 

-60 iJ6 

-58 iJ6 

KoHcTpyr<THBHO rrp e,o:napHTeJILHhiH ycHJIHTeJIL BLIIIOJIHeH 

B BB,0:8 CaMOCTOJIT8.ilbHOI'O 6JIOKa, CMOHTHpOBaHHOI'O Ha rre

qaTHLTX IIJiaTaX . C MOHT arKOM IDKa<fla IIpep:Bap HT8.ilbHblX YCH

.ill'l'f8.i18ll 6JIOJ{ coep:HHJieTCH Ha>HeBhiM paa'heMOMo H a rrepep:a eii 

naaem-r paaMern,eHhi ycTaHOBoqabiH peryJIJITop ycnJieHHJI Iii 

BbmJIIO'IaTeJih B1 ° 

I nPEABAPHTEnbHbl~ YCHnJ.1TEnb Yn -27 

BJIOJ{ rrp ep:BapHTeJILHoro ycHJIHTeJIH ,O:JIJI 

B OCTipOH3B8,0:8HiiiH MarHHTHbiX <floaorpaMM l'IM88T ,O:Ba H83aBH

CHMbi X BXO,O:a C pa3p:8.ilbHOH ITO HarH,O:OMy BXO,O:y peryJIHpOB

IWH ycnJieHnJI H HoppeKu;nn na BLICOKBX qacTOTax . K 6Jior<y 

TIO,!I;HJIIO'laiOTCJl O,!I;HOBp8M8HHO Mal'Hl'ITHbT8 l'OJIOBKH ,!I;BYX pa-

6oTaiOJII,HX IIOCTOB l'l C IIOMOIIJ;biO l'IM8IOJII,l'IXCJI pyqeH p eryJIH

pOBOI{ ycTanaBJIHBaeTcH aeo6xo,n;nMoe ycnJJenne n qacTOTHaJI 

xaparnepHCTJiiHa ,!I;JIH l'OJIOBI{H Kam,n;oro IIOCTa. 

Paa,n;eJILHbie ,n;na Bxo,n;a rrp e,n;ycMoTpeHhl ,!I;JIJI JIX rrooqe

pe,n;noro RCIIOJib30BaHHH IIpl'l pa60T8 OT ,!I;BYX HHHOIIp08I\TO

pOB. Hepa6oTaiOIII;IiiH BXOA OTKJIIOtJaeTCJI peJie, pac rroJiomea

HbTM BHe YCHJIRT8JIJI, HOTOpOe 3aMbii<aeT Ha 38MJIIO BbiXO,!J; 0,!1;

HOI'O H3 BXO,!J;HbTX HaCHa,!I;OBo 

Y CHJIY'f8Jlb 'I8Tblp8XHaCHa,!I;HRi~ C HaTO,!J;HblM IIOBTOpHT8-

JI8M aa Bh!xo,n;eo B yciurnTeJie MMeroTcH ,n;na aeaaBMCHMhJX TpaR-
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ctJ>op~vraTopHhiX Bxop;ao Bxop;Hnre I<acKap;I>r co6paHI>I Ha HOBI>rx 
MaJIOMOIII,Hh!X rreHTop;ax 6/I{32II 0 Ta /He Jia:r.ma HCIIOJibayeT
CH H BO BTopo~r l{aCRap;eo TpeTM:i1r H <reTBepThn1 Haci<a.D;bT HC
rroJibayroT Jia~my 6H3IIO 

II 

hllhT l TI 
Sa Sa 7a 7a Salsa 5aj5s 4sl 4a 3el3a 2s 2a Ia Ia 

;. 
~ = ~ "' 2m "' "' ~ "' " :::: c c 0 c "' < c e ~ " ~ 

~ ~ 

ro cD 
M M 

'" ~ 0 " 
a. + " :;s OJ OJ (1) Q.M (1) I 0 

(1) OJ '" ~ :c c 

PHC o XIV-1 50 IIplUIUIHmaJlbHaH cxcMa npennapnTCJlbHOro 
yCHJ1111'CJTf1 YII- 27 

II pnm~nrrnaJibHaH ex eM a rrpep;BapHTeJibHOro ycHJIHTeJIH 
YII-27 p;ana na pHCo XIV-150 HpHBO.D;MM ero ocHOBHI>re Tex
Hlilqecr,He p;aHHbre: 

1:.1 YBCTDUTeJihHOCTb, He ~JeRee 
Ho~nnra JJbHhlfi BhlXO)l;HOii yponeub 0 

Bocuponanop;RMhiii I\Uaua30H 'laCTOT 0 

H eJimlei'mbre ncHamemrJI Ha nceM p;uana-
aone qacTOT, ne 6oJree 0 0 0 0 0 

Ypone uh noMex, He 6onee 0 0 0 •••• 

0, 66 JILB 

0,775 8 

40-12 000 elf 

1% 
-58 86 
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KoHCTpyr<TMBHO npe)J.napiiTeJibHhiH ycHJIIITeJib BhillOJIHen 
B BII)J,e CaMOCTOHTeJibHOrO 6JIOIW, CMOHTIIpOBaHHOrO Ha Tpex 
neqaTHbiX rwaTax . Ha nepep;HeH naHeJm 6JioKa paaMell\eHbi 
peryJIHTOpbl YCHJieHIIH l1 IWppeKU,HH BbiCOKHX qaCTOT 060IIX 
BbiXOf];OB yCHJIHTeJIH. C MOHTarHOM IDKa<fla 6JIOK coep;IIHHeTCH 
nmHeBbiM paa'beMoM. fa6apHTbi yciiJIIITeJIH: 215 x 204 x 52 ~ut. 
Bee 1,55 ~>a . 

KOHTPOnbHbU1 YCHnHTEnb YK-19 

l{oHTpOJibHbtH ycHJIHTeJib YK-19, rrpiiH
U,IITIHaJihHaH cxeMa IWToporo p;aHa Ha piic. XIV-16, npep;Ha
aaa<reH f];JIH IWHTpOJIH 3a J{aqeCTBOM 3BYKOBOCllpOH3Bep;eHHH 13 
annapaTHOH. OR npep;CTaBJIHeT co6oi% p;nyxrmcKap;HbiH ycii
JIHTeJth , co6paBHbll~I na p;nyx Jiar.max 6<3)5II. Op;nH ImCHap; 

Puc. XIV-16. Ilp>IHI:IH nuaJlbuan cxeMa HOHTpOJlL>IlOr o ycuJlHTCJlH YR-19 

<fla30HHBepCHbiH (HCllOJib3YIOTCH TpHOf];Hble qaCTH JiaMn 6<D5IJ) 
- co6pan no cxeMe c paap;eJieaaoii: aarpyaJ{OH, nTopoii: r>ac
Kap; - p;nyxTaKTHbiH OIWHeqHblH (HCIIOJib3YIOTCH JieHTOf];Hble 
qacTH aTHX me p;nyx JiaMII 6<D5II). 0KoHeqnbrii: r>acHap; pa6oTa
eT B pe>rnrMe rJiy6oiwro ycnJieHHH AB1 . Y CHJIHTeJib oxna LJeH 
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I'Jiy60HOH OTpHIJ;aT8JlhHO:ii o6panlOH CBfi3biO ( OHOJIO 17 86) , 
HOTOpaH IIOJ];a8TCfi B I<aTOJ]; rrepBOrO KaCHaJ];a BTOpnqno:ii 06MOT

HH BhiXOAHOrO Tpanc<flopMaTopa. 

,!J,JIH yMenbmenHH HHJJ:YHTHBHOCTH pacceJIHHJI BbiXOJJ:HO

ro Tpanc<flop;vwTopa ero o6MOTHH pa36HThi na celi-Ih cer{_u;n:ii. 

,[I;JIH rrpeJ];OTBpam;eHJi!fl CaMOB036yrH)J;8HHJl YCHJIHT8JIJI Ha Bbf

COI{HX <raCTOTaX rrpep;yCMOTpeiiJ,T aHTHI'8Hepan;HOHHhT8 9Jl8-

M8HTJ>J (pe3HCTOphl R 2 , R12 H R13 , HOHJ(encaTop C8). 

RonTpOJibHhiii ycnJIHT8Jih YR-19 HMeeT cJiep;yrom;ne o c 

HOBHhre T8XHHqeCI{H8 p;aHHbie: 

HomuraJibHaH BJ>IXO)l;LJaH MOIIJ;HOCTb . . . . . . 5 om 
I\oa!lJclJMI.l;lieHT rapMOHHJ\ Ha lJaCTOTax 80 II 

8000 21.f •••• . • . ••••••••••• 

Ho~nmaJibuoe BJ>JXOAHOe HarrpnmeHHe •..•. 

qyBCTBHTeJibHOCTb . . . . . . . . . . . . . 

J-IepaBHOMepiiOCTb 'laCTOTHOfl Xa pa!<Tep HCTHJ\U 

3 % 
60 0 

6 8 

B ,[IHaiia30He lJaCTOT 80- 8000 21.f • • . . . • ±2 86 
YpoBeHJ> IIOMeX OTHOCHTeJTbHO HOMtllJaJTbUOIO 

BhlXO,[IHOIO ypOBHH .. . .. . ...... -55 86 
M OIIJ;HOCTb, OOTpe6JTHeMaH OT CBTJ{ . . . . . . 40 om 

Y CHJIHT8Jih nwraeTCH OT ceTH rrepeMeunoro TOI{a Harrpmr{e

HHeM 220 e+5%. Br,mpRliUITeJib co6pau ua p;Hop;ax Jf,.-226, 
mmwqeHHhiX no MOCTOBo:ii cxeMe. <l>HJibTp auop;noro nai::rpH

n>eHHR - eMI{OCTHhiii. CMoHTHponau ycHJIHT8Jih ua mTaMno

naHHOM maCCH lii IIO)J;HJIIQqaeTCJl H MOHTarHy HaCHap;a C IIO

MOIIJ;hiO HOrKenoro pa3'beMa. 

1'13 OCI-IOBHhiX yCHJlliiT8JlhHhlX 6JIOI<OB C06HpaeTCJl 3ByHO

BOCIIpOH3BO)J;HIIJ;aJI YCTaHOBHa <<3Bym> . 

BJIOKH oHoneqnhrx ycHJIHTeJie:ii ycTanaBJIHBaiOTCH n mHa<fl 

OHOHeqHhlX yCHJIHT8Jie:ii; 6JIOHH IIpep;napHT8JlbiiJ,IX yCHJIHT8-

Jl8H - B mr{a<P rrpe;a;napHTeJihHhiX ycHJIHTeJie:ii. B mHa<flhr rro

MeiiraiOTCH H IIHTaiOIIJ;H8 yCTpOHCTBa. I\poMe TOro, B HOMIIJI8H

Thl BXO)J;JIT H p;pyrHe 9Jl8M8HThl, Haiiplii1118p BbiHOCHOH ITYJibT 

peryJIHpOBHH rpOMI<OCTlii, rrepeXO)J;Hhie I<Op06Hlii H p;p., 0 

KOTOpbiX 6yp;eT CHa3a HO II pH paCCMOTp8Hliilii HOMIIJI8I\Ta 

«3nyH 6-100>> . 

KOMnilEKT CTEPEOCDOHH"'ECKO~ 
3BYKOBOCnPOH3BOASILJ.tEJ1 AnnA
PA TYPbl «3BYK 6-1 00» 

<<3ByJ\ 6 - 100>> npe,n;na3uaqeu p;JIR ycTaHOB

Klil B 60JihTJJHX IUIHOT8aTpax (p;o 2500 3pHT8Jie:ii) H BOCIIpOH3-

B8)J;8HI1H 3B Y I-\ a C TJJ8CTJ'fl\aHaJibHOH l\Ial'HHTHOiit: <flonorpaMMbl 

70-Jl~.llt qmJihMa , CTepeo<fJOHH'l8 CJ\OH <flonorpaMMhi 35-JJ·~.Jit TJJ M-
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pOKOBKpaHHOrO !j;JMJihMa M !j;JOTOrpa!j;JM'I8CKOfr WOHOrpaMMhi 
35-.<t~.ilt !j;JHJihMa. 
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B rwMrrJieKT <<3ByK 6-100>> Bxo,rv rr: 
ffir<alfl OKOH8'IHhiX yCMJilii'f8JI8H IIT8C'fliii{aHaJih-

Hhi H 50Y47 (pliiC. XIV-17) . . . . . . . '1 IIT'f. 
ill Ra!j;J rrpep;Ba pHTBJihHhiX y cHJIHTeJieii: Bocrrpo-

naBerreHHH MarHJiiTHhiX !j;JOHOrpaMM 50Y51 , . 1 IITT. 

PI<C. XtV-17 . lliHa<jJ O!Wc 
He'ffihiX ycunnTenefi 5 OY "7 

PHC. XIV-1 8. lli~< a<jl llPCABa
IJHTCJibHbiX ycHnHTenet•50o' '·9 

illKalfl rrpep;Bap:HT8JihHhiX YCHJiliiT8JI8H BOC11pO
lii3B8p;8H:Hli WOHOrpaMM IITHpOI\O::mpaHHJJIX !j;JMJih
MOB 50Y49 (puc. XIV-18) 
BhlHOCHoii: perymiTop rpoMI\OCTM 61\35 
Ilepexop;HaH rwpo6Ka 61\179 . . 
3a<mpaHHI>Iii rpo~moroBopnTeJII> 
fpOMKOrOBOpHT8Jih 3BYKOBJJIX a!j;J!j;JeKTOB 
fpmmoroBopnTeJih lj;Joi're • . • . • _ 

1 
'1 
1 
5 

'12 
6 

ill'f. 

Ill'f. 

lliT. 

lilT. 

urT . 
lilT . 



.KorrTpO.ITbHRii rpo~n;oronopH·reJib . . . . . LJ, lilT . 

p a601UIH KOMIIJiel~T JiaMII FI npep;OX paHFI1'8JI8R 1 
3arracrrofr HOMIIJieHT JiaMn FI IIpep;oxpaHFITe-

KOMII.JI . 

Jie{r . . . . . . . . 
l1aMep_HT8JILHI>Jfi npn6op TT-3 . . . . . . . 

'1 lWMIIJT. 
1 UJT. 

OCHOBHbiE TEXH~LIECK~E AAHHbiE 
KOMnnEKTA 

Ihnam1e HOMIIJimna OT op;rroqJaarroH. ceTn 220 e, 50 3/,f. 
Mom.aoCTb, noTpe6mreMaH OT ceTFI, OIWJlO 3 KBa. 

Bxop; paccq..,rran rra pa6oTy OT Marmrrnbrx rOJIOBOI< fBY-1 
n <D8Y-2 qe'l'brpex yrrHnepcaJibHbiX mmorrpoeKTopon. 
Hoi\rHnaJibHaH i\IOlii,HOCTh na nr,rxop;e Hamp;oro HairaJi a 
100 em rrpH HO::>cpqnm,HerrTe HemmeiiHI>rx HCHarnemr:i1: 2 % . 
HoMHHaJibHOe m,rxop;noe HaiipruHeHJiJe orwne'lHhTX ycliiJIH
TeJieH. 60 e. 
06III;ee I\OJIH'l8CTBO KaHaJIOB -6, B TOM qFJ:CJie: 
pa6oTaiOIII;HX rra aa::mpauur,w rpoi\moroBopHTeJIH -5; pa-
6oTaron~Hii Ha rpOWWfOBOpHT8JIH 3BYJ\OBhTX ::> cpcpe!>TOB-1. 
IIoJioca Bocrrpor-Ianop;IIIMblX •racTOT - LI0-'12 000 <' If· 
~7pOB8Hb C06CTB8HHJ,IX IIOM8X H p81EHM0 BOCITpOH3B8)1;8HHH 
Marmrrno:i1: cporrorpamrbr -55 fJ6; cpOTorpacpHqecr<oii cpo
norpaMMhl -60 fJ6. 
l13M8H8HH8 yponmr rpOMIWCTH B 3aJie llliiHOCHbiM peryJIH
TO]JOM rpOlVmOCTH 26 fJ6. 
Hoi\mHaJibHaH MOUI,HOCTI> r..:onTpOJII>Horo ycHJIHT8JIH -
OIWJIO 5 Bm rqm HO::>cp<f:FII1H8HT8 H8JIHH8MHLIX HCI<an<emrfl: 
p;o 3%. HarrpHn,enHe mrramm qJirTarom;e:i1 mumbi 6 e, TOI< 
5 a. IIepexop; c rrocTa rra nocT ocyiii;eCTBJIHeTCH pe.rrei1noi1 
CJiiCT8iVTOif MfHOB8HHOfO p;eHCTBHH. 
Hepexop; c op;noro nr1p;a cponorpaMMbT rra p;pyrofr - peJieF.i:
Hbli"' MrnoBennoro p;eii!CTBHH. 
illKacp OHOH81JH.b!X yCHJIIIIT8JJ8H )l;JIH HOpMaJibHOH pa60Tbi 
npR TeMrrepaType noap;yxa OT + 5 p;o + 35 o C Tpe6yeT rrpH
nyp;HTeJibHOiii BhlTmr.;Jut: 500 ~·~3 noap;yxa n qac. 
Ha pFic . XIV-19 p;aHa CHeJieTnaH cxeMa anyrwnr,rx r~erreif 

JWMIIJiei<Ta, Ha IWTOpOH llOHa3aHbl l{F!HOHpOeHTO]Jbl C ycTa
HOB.TI8HHblMH Ha HFIX MarHRTHbTMU l'OJJOBI<ai\IR Ji!JIH cpOTO::>Jie
HTpOHHblMJil YliiHO?-I\RTeJIHMR, rrmacpr,r rrpep;napH'l'eJihHLIX ycH
JJ wreJieiii, BhiHOCHbie pery.nwropbi yponuew rpOMIWCTH, nmacp 
oHoneqHhiX ycliiJIHTeJrefr }I rpo1.moronopHTeJJn. Ha cxeMe rro
Rasanhi peJie: aHop;bi nepni>IX HaCHap;on I amp;oro na npep;napR
TeJibHbiX ycii.JIUTeJieH 3aMI\HYTbi Ha 3el\IJIIO qepe3 l{OHTaJ{Tbl 

13 J.'CnJHtTe.iJ H J\lr HOYCT3.JIOBOI\ 393 



PHc. XIV-1 9. CI<CJlc-rnarr cxcMa anyi<OBhJX I(Cnei-i I<OMn.nci,Ta «3nyH 6-J 00>> 



peJI6 P 1 M P 2 . II pH OTI-<pbTBaHMM aacJIOHKH o,n;Horo H3 rmaonpo-

6HTopo.s cpa6aTbf.Ba6T O)l;HO H3 3THX p6JI6, OTI<;pbiBaH H606XO

)l;HMbi6 BXO)l;bi. 

CMrHaJihi c nxop;o.s ycHJIHT6JI6i:"r YII-27 q6p6a IWHTaTn'bi 

p6JI6 P 3 H P 4 ruHacpon 50Y51 H qep63 r<;oaTaHThi p6JI6 P 5 Toro 

a\6 mRacpa norrap;amT Ha BhHIOCHhT6 p6ryJiwropbr rpoMKOCTM, 

p;aJI66 B J.lliWcp Ha II6pB 1>16 .BXO)l;bl OnOH6<IHbTX yCMJUf1'8Jf€l! H, 

HaHOH6Q, K rpOMKOfOBOpH

T6JIHM. B aToM cJiy<ra6 CHr- . 

HaJibl KaHaJIOB 2 (JI), 3(C), 

4(II) npoxop;RT 'l6p6a Hop

MaJir,ao 3aMHHYTbT6 KOHTaR 

TT>I THrronoro p6JI6 P 1 naH6-

JIH 61\.175, BbiiiOJIHH!OUJ.M6 

n6p6xop; rwMnJimna c noc

rrpoH3B6p;eHHH MarHHTHbiX 

cponorpaMM aa cpoTorpacP-M

<J6Cinr6. 

BTopr,w BhiXO)l;hi o.hOH6'l

HhiX yCHJIHT8JI6H I\aHaJIOB 1 

.H 5 3aMKHYThi Ha <<36M

Pnc . XIV-20 . IJepcxo::HJa f! 
HO]JOQI;a 61{ 17 9 

JIIO». BTophre nxop;r,r orwHeqHhlX ycFIJIHTeJieil 2(JI), 3(C), 4.(II) 

H 6 ( acpcp6IUOB) I\aHaJIOB RCIIOJib3YIOTCJI )l;JIJI pa60Thi 3BYl-\O

BOCllpOI-I3BO)l;JIIIJ,8rO ycTpOHCTBa OT Mr-mpocpOHa H 3BYKOCHH

MaTe IH . 

IIpH Bocnpouanep;eHHH cpoTorpacpH'l6Crmx cponorp aMH CHr

aaJI, CHHMae~u,riii: C r/J[)Y, IIOp;aeTCH IIO I~a66JIHM Ha O)l;HH H3 

meCTM paa'beMoB, pacrroJIOJH6HHhiX na p;nyx nmacpax npep;na

pHT6JihHhiX yCHJLIU6JI8H 50Y 49, M p;aJI66 Ha BXO)l; COOTB8TCTBy

IOIIJ,ero npe,a:napHTem,noro ycHJIHT8JIH YII- 25. 

C BhlX.Op;a npep;BapHTCJibHOrO YCHJIHT6JIH qep63 KOHTai-\Tbi 

p6JI6 P 6 mHacpa 50Y51 CHrBaJI nop;aeTCJI aa peryJIJITOp rpoM

KOCTJil -:a p;aJiee aa mr<;acp orwae'lHhiX ycHJIJiiT6JI6:iii: . B nmacpy 

OIWH6'IHl>IX YCHJIHT8JI6H CBTHaJI IIpOXO)l;J1:T 'l8p63 H:OHTaHTbi 

p6JI6 P 1 naaeJIJil HOMMyTaQHH 6K175 H nop;a6TCH na II6pBh!6 

BXO,!l;bl OlWHC'lHI>lX YCHJIJiiT8JI6H BTOporo, Tp6Thero H 'l6TB8pTO

ro HaHaJIOB, npH'l8~'l aa KaHa.H 3 H6nocp6p;CTB8HHO, a aa 2 H 

4- nocJI6 p6rym:rropa R1 rraHeJIH 6K175. 

P6Jie P 1 naH6JIH cpa6aThmaeT npH B HJIJO'l8H:HH 'l:HTaiOIQ6II 

Ji a ivl llT>l. C Bb!XOp;a OHOH6'IHbiX YCMJIT1T6Jl8H CJ!ITHaJI l10CTyna6T 

Ha COOTB8TCTBYIO.I.l.J.H6 rpOMl\OIOBOpHT8JIH 3pHT6JIT,HOrO aaJia. 

Ha n6pexop;Hoi11: Kopo6H6 6K179 (pHc. XIV-20) :HM6IOTCH 

TH€3)\a )l)IH BHJIIO'ICHHH MHl\pOcpOHU, MarHHTOcpOHa, 3BYI\OCHJii-

MaT6JIH I!I pap;H011pH6M:HHl\a. ., 
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CEJ:rHaJI c MHxpo~ona H JHI sny rwcHiniaTBJUt nocTynaeT ua 

nxo.n. op;noro El3 p;nyx ycEJJUITe lBH Yn-25 ~m ,..:pocpoHHbrx t..:aHa

Jion . B m:nacpy 50~149 nepexj]lo<raTeJieM 8 4 BI>I6HpaeTCH neo6-

xop;YMI>IH pelr<HYI pa6on1. Iloc re nepeKmo<raTeJIBH 8 4 rm..:acpon 

50Y 49 CHI'Ha Jibi llOCTyiTaiOT B umacp 01\0HBtiBbiX ycHm;rreJIBI! 

na IIepeHJIIO'laTeJib B 7 IIaHeJIH 61{175. C IIOMOIII,biO ::noro ne

peHJIIO<IaTeJIH Bbi6HpaeTCH O,ll;MH H3 ,ll;ByX ~nmpocpOHHblX Ha

HaJIOB HJIH CYMMa pHbiH CHrHaJI o60HX IWHaJIOB, CJI0ii(8HHhlff 

rra pesHCTopax R 25 H R 26 IIarreJIH 61-\1 75. 

3aTBM CHI'BaJibl llOCTYIIaiOT Ha peryJIJITOp rpOMHOCTJ<I H 

<repes nepeHJIIO<raTeJJb B3 naueJIH 61{175 rra nTopbre nxop;br 

HaHaJIOB 2, 3 H 4 (ITOJIOJHBHHB ITBpBHJliOtiaTBJIH (<QI{pam>) HJIJ<I 

Ba BTOpOii BXO,Il; HaHaJia acp~eJ<TOB (IIOJIOrH8HH8 neper..:mocraTe

JJ H <<3am>) H Ra COOTBBTCTBYIOW,MB rpO~JHOI'OBOpllT8JJJ<f 3pHT8Jib

HOI'O saJia. 

1-\0HTpOJibHblll yCHJIHTBJib 1\0MllJIBin'a paCIIOJIOn<eH B UIHa

cpy OHOHBtiHbiX ycH IHTe reu . IlepeKJIIO'laTeJieM B 6 naffeJm 

61-\175 J:Ia ero BXO,IJ; lOrKBT 6blTb llOp;aff CHrHaJI C BbiXOp;a OJ:(

HOI'O H3 RaHaJIOB HJIH CYMMapHbiH CHI'HaJI BCBX illBCTH J{aHa

JJOB . B nyJibTe peryJJHTopa rpOMl<OCTI,I pasMell(err ycHJIJ<ITBJib 

nepeBO,Il;tiHRa . Ha ero nxop; nop;aeTCH cyM~rapHh!H CHrBaJI c 

Bbi XO,Il;OB IIpep;napHTBJibHbi X yCHJIJITBJieiJ, a Ra BbTXO,Il; BJU IIO'Ja

IOTCH HOI-ITpOJibHbl8 TBJlBcpOHbl. 

IlMTaBHB HO~!IIJIBI..:Ta OCYII~8CTBJIH8TCH CJIB)J.YIOIIJ,l'HI o6pa-

30l\J: OHOH8tiHbl8 H KOBTj)OJlbHble YCHJlHTBJIH Hl\1810'1' C06CTBBH

Hbl8 BblllplHJMTBJIH . I-\p0111e Toro , narrpm·EBHHe nHTaHHH LTepes 

nepe~>mo<JaTeJI b 8 4 na HeJni 61\'175 nop;nop;HTCH J{ 6.rroi<aJvr 

108-19 miTamm llHTarolll,HX Jia~m J1Ltepe3 HOI:ITai<Tbi peJie P 2 -

p 5 H 6JioKal\I TII1TaHH.fi 208-89, pac noJTo;r..:eHHbiM B narrem;r 

ROlli MY TaiiHH. 

0 11TaHHB creTblpex npe[.~fl3j)IH'BJTbHhl X YCHJIHTBJieii: npOJ-!3-

BO)J.HTCH OT COOTBBTCTBY IOlli,J!JX 6.1JOHOB 208-89 . Y CHJIHTBJih 

nepeBO)J.tiHI<a H OCBBll~BHHB OYJI bTa peryJI.fiTOpOB ypOBH.fi rpOM-

1\0CTH llUTaJOTC.fi OT IIHT3IOU~ero YCTj)OllCTBa I OH'fj)OJibHOrO 

YCH IHTBJI l'l . 

HoMJI'IyTa~HOHHOe ycTpoiiicTBo JW~liiJJ ewra nosnoJillBT npo

HBBO,Il;MTb Bbl60p j)Of(a pa60Tbl TI nepBXO,IJ;HT b C llOCTa Ha llOCT. 

Heo6xo~(H~Jblfl pop; pa6oT BhT6HpaeTCH rrepeHmo<raTeJieM B1 
(TIOCT 1) ·1-1 8 2 {UOCT 2) Ull<acpOB 50Y51. 8nr nepBI:\JllO'Ia'rBJIH 

BMeroT Tpl'l DOJIOrHBHH.fi <<lliClh> ( wMpoKocpop~J aTHoe), «lll8>> 

(mHpOKO cH<pa HHOe) JWJil <<CPOTO>> ( o6wmoe). 

B rwMn JeHTe JiiMeeTCH necT<OJibHO 6 JJOHOB UJ1.Taturn. B Jror.; 

miTaBHl'l 108-19 (c:~.1. pH C. Il T-14) npel.l,naai-Ia'IeH p;JIH nHTa

BHH CJHTa LOIII,BM JIUMllbl HHHODpoe r<TOpOB H: lU!Tai:IHH J{aTy WBI{ 
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peJie anyHonocnpor-ran on JUIJ.ero yCT po11cTsa . B r,m pHMJieHHOe 
H8IlpHil>eHBe Ra Bbi XOLLe ~W 8 8 Ilj)ll TO J\e 5 a. l1yJl hC8 II,IHI Blk 
UpJHJJteHHOfO FH1 U j)Hii\e i-IJHI He fl peB bl LIJ8JOT 0,5%. 

ilHTaiOo-lee ycTpoiiCTBO 208-89 cnynun )l;Jlfi nn:TaHHJI ano)l;
HhJX L\enefr Jia Mn npeABa [HJTeJl bHbiX ycHJlHTenei1. Ono co6paHo 
no MOCTOBOM cxeM e c ~<pe~ t HHeBbt MH ne!-lTHJIHMH. Br,mpHMH
TeJJ b H~ieeT II-o6pa3Hhll'i cpn:nhTP c peaoHaHCHbTMH JWHTypa~m, 
HaCTpOeHHhlMH Ha qaCTOTY 100 Uf . )J;JUI CT86HJIH38I\fiH Bblll
pHMJieHHOfO Hanpmt>eHHJI llj)H H3MeHeiUIH TOI{8 Harpy3HH Ilj)H
MeHeHO TepMoconpoTHBJieHn: e R1. 

Br,mocnoJii peryJIHTOp ypoBnH rpmvuWCTH 60I\35 (eM. pRe. 
XII-14) II03Bo.rureT IIPH nocnponase)l;emrn: Marnn:THhiX cpono
rpa~m Ilj)OH3BO,[(HTb peryJIH j)OBI\Y yponneft rpOMKOCTH pery
JIJIT0j)8MH Pz1 n Pz2 . OI-nt II03BOJIHIOT secnr p aaJ],eJJ bHym H 
COBMeCTHYIO p eryJUij)OBKY ypOBHJI rpOMI\OCTH B IWHaJiaX , 
CBJI38HHbiX C 3a::mp aHHb1MJf rpOMlWfOBOj)IUeJIJIMH, H. l{8H8Jie 
acpcpewron . ,iJ;JrJI perym 1pomur yponnH rpoMHOCTH rrp :vr nocrrpo
H3Begennn cpoTorpacflwrecrnrx cflonorpa~rM cJiyaniT Pz3 . ,JJ;na
naaoH peryJIHponrn-r ncex Tpex peryJimopos 26 fJ6. 

Ha JJHIJ.enoJ\'r nanenn nax ognTCf1 Tai\/Ee rroTei-II1FIOMeTp R 8 
peryJIHpOB8HHJl ypOBHH rpOMKOCTH MHKPOcPOHHOfO KaHaJia, 
cnrnaJJhHhTe rmom\M KH1 , rrepeHmo•mTeJih cflDI<ycuponKn B1 
H neperwiO <raTeJi b )l;emypHoro CBeTa B2. naneJib ocnem;aeTCJI 
naMnaMn . Brry TpH Eopnyca rnreeTCH ycuJIHTeJih na TpaH3HC
Topax )l;JI H rrepenOJ.J, <uma. 



nPHflO>KEHHE 1 

PE3HCTOPbl (COIIPOTJilB JIEIHIH) 

B ycu mneJibfiOH annaparype any i<onoro I'IIBO 
lllflpOJ..:O rrpRMeFTlUOTCJJ paamPilil>Ie SJiei\Tp~!'leCIHie COllpOTHBJielllm - . 
pe3UCT0ph!. J1pJ1HJJ,Iffi HX AeHCTBHII OCIIOBafi IIa HCll0Jib30Bafiiiii CBOR
CTBa TCJI Ol\a3J>IBaTb OllpCACJICIIHOe COlipOTJilBJJ eUHC llpOXOIR):\eFfH IO 
'lepea HHX SJieKTp!PieCROrO TOKa. BeJJ!f'IHEia COllpOTMBJJCHHH aa BH CilT 

or MarepnaJia nponoAHRRa, ero paaMepon n reMn e parypw. JiiaMepH e TCR 
BCJ1H'IIIHa COll]JOTf!BJICHHH B OMaX. B npa!iTHRe II]JHMCHlliOT Ta iOI\ 0 

CJI CAYIOIIJ;HC TipOI13BO):\E!biC OT O~fa: IUIJIOOM (no~~) = 1000 o,u= 103 0-'t, 

a TaJOI\C MCI'OM (,ltZO-"~ IIJIII Mo.u) = 1000 000 o~t= 106 O.lt . 

Bee conpornnJieHrm nurpoRoro npiiMe Ei e AHJJ Moryr 6biTb paa6nThi 

Ha ABC OCHOBHJ>IC rpyTIIIbl: TipOBOJIO'II:IbiC H He npOBOJIO'IHbl e. l\a r\ TC, 
TaK n Apyrne MoryT 6brTb peryJiapyeMMMH (rrepeMeHHhi MII) 11 uepery
JI Il p y e Mb!MH (ITOCTOIIHHJ>IMH). 

IIponoJIO'Ilil>Ie conpOTHBJ1eHHH rrpHMen m oTCJJ n 1..\CllJJX, HOrAa 
HyrR IIa BbiCOKaJJ CTa6FIJibHOCTb HX BCJIH'II1HJ>I TipH ):\Ji liTC.ilbE!OM B03-
ACllCTBIIII . 60Jihmn:x uarpyaoH 11 oco6euno B ycnonrmx 6onhmoro ATI
anaaoua TeMneparyp H BJJaJ·HHOCTH oK p ymarom;eM: cpeAbi (nanp HMep, 
E 1..\CTillX 3BTOM3TI'JlleCI\OI'O CMeiiJ;eHtiH OKOHe'IHMX H3CK3AOB yCHJIIHe
ile U H JIR ACJif!TeJreii: HaiipH1RCHHH AJJR TIHT3HHH iH\pa HHMX ceTOH JJ3Mfl 
01\0 11 C'IHbJX 1\aCI<aAOB). J1pOBOJIO'IHbiC COrlpOTH BJJCEIHH IIpC):\CT3BJJR lOT 
co6o i·i TCIIJJOCTOiinmR H30JJIII..\I'iOfiBb!FI 1\apKaC, Ha 1\0TOpOM HaMOTaHa 
npo n oJioHa R3 crrJianon c 6oJibl!IHM YAeJif>EII,IM co npoTnBJJCBB eM (Hn
x poM, MauraHHH u np. ). Cnepxy o6MOTI<a o6hl'IHO noi<pbiBaeTCH aa lli,LH
Hbi M CJIOCM 3M3JII1. 

HerrponoJIO'IFr.LI C corrpoTu nn emui BhrrOAH O OTJ1 !1'IaiOTCJI OT rrpo
EOJIO'IHJ>IX M3jlbl~1Ii pa3MCpaMH. 0HII ):\e i.ILCBhl B npOU 3 BO):\CTBC, ILM e iOT 
TIO CTOHHHy ro BCJIWI.RHY COIIpOTBB JICHJTR B TIIHpO!\OM ):\A31J3301-JC 'l3CTOT, 
H C60Jibi.ILY IO BCJ!l1'!1HIY C06CTileHHOi1. IIHAYJ\TflB fT OCTTi Fl. CM IWCT!i, 'ITll 
H o 6 yCJLOBT'!JIO l!X ll!Hj)Ol\O B HpiUieHCHHC. 

13ce COHpOTHB JICHFIJI xapawrepH3YJOTCJI C;lC/~YIOIIJ;BMFI OCHOBHbiMI1 
TCX H II 'LCCl\MMJ1 napaMCTp3Mll: HOMI1U3 LbU OU BCJIJI'lllllOH OMri'I CCHOfO 
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COUpOH!B JJeBUil , JWaCCOM TO"'HOCTH, HOMIHJa JJ bHOii MOJIJ,HOCTb!O, T8M
neparypHblM Koa!fJI}lrr:o;RenTOM a neJinquu oii co6cTn enBhiX ruyMOB co

npoTFIBJI emm. 
ConpOTilBJ18lll lll lilHpOKOl'O DpHM8H8HllH Dh!DYCKaiOTCH C HOMHHaJib

HOH B8JJH'JHHOii OT 8)l.H BFIIJ, OMOB )l.O ThlCHqJI MerOMOB (auaaO,lt), COrJiaCHO 
ycranon.~ennoii fO C To111 2825-67 ruK a.Tie noMnnaJinHhlx BeJIWJnn 
(ra6JI. 1). 

l\JiaCC TO"'HOCTI1 Ollp8)l.8Jlll8T B8JII1'111B}' OTKJIOIISBlUI aKTliBIIOrO 
COilpOTHBJISBH.fl OT HOM11HaJibllOR BBJIR"!Hllbi pe3lJCTOpa. )J;JIH COI!pO
THBJl8BHil I KJiacca TO"'HOCTll i:JTO OTKJIOII8HH8 E8 l{OmKHO rrpeBbiiDaTb 
±5%, II KJiacca- ±10% n III KJiacca- ±20% . 

T a6JIH IJ, a 1 

HoMJ:TH3.IIbHbJe ne.llli'IIIHbi nocTOHHHbiX corrpoTnBJieHnii 
(fOCT 2825-67) 

,[(onycHaeMbie OTHJJOHCIH!fl 

± 20% /± 10%/ +5% /+20%/± 10%/ ±5% /± 20 %/± 10 %/ ± 5% /± 20 %/± 10%/ ± 5% 

o.u j o:u, ?io.<u, i\1 o.~t, ToJL 

0 '1 0,1 0,1 1,0 1,0 1,0 10 10 10 100 100 100 
0,'11 1 ' 1 11 110 

0, 12 0,12 1,2 1,2 12 12 120 120 
0,13 1,3 13 130 

0,15 0' 15 0 ' •J5 1 ,5 1, 5 1 '5 15 ~1 5 15 150 150 150 
0,16 1,6 16 160 

0, 18 0,18 1 ,8 1 ,8 1.8 18 180 180 
0,2 2,0 20 200 

0,22 0,22 0,22 2,2 2,2 2,2 22 22 22 220 220 220 
0,24 2,4 24 240 

0 ,27 0,27 2, 7 2,7 27 27 270 270 
0,3 3,0 30 300 

0,33 0,33 0,33 3,3 3,3 3,3 33 33 33 330 330 330 
0,36 3,6 36 360 

0 ,39 0,39 3,9 ::1 ,9 39 39 390 390 
0,43 4,3 43 430 

0,47 0,47 0,47 4, 7 4,7 4,7 47 47 47 470 470 470 
0,51 5,1 51 510 

0,56 0,56 5,6 5,6 56 56 560 560 
0,62 6,2 62 620 

0,68 0,68 0,68 6,8 6,8 6,8 68 68 68 680 680 680 
0,75 7.5 75 750 

0,82 0,82 8,2 8,2 82 82 820 820 
0,9 .1 9,1 91 910 

II p R Me q a n FI e . HacTOHJIJ,HH cTaur~apT pacupocTpamretc.fl na 
uocT OHIJBbJe pea~rcTop&r o6rr~ero upmwnemm n ycTananmmaet PllAhl 
no~umaJi bHIJX coupornnnenHii: B npe)l.e n ax OT 0,1 oM )l.O 10 MoAt l \JIH 
UpOBO JIO'IHbiX p.e311CT0j)OB H OT 1 OM )l.O 1 r oA! )"(Jill B8IIj)O BOJIO'IRblX pe-
2 llCTOj)O B C l{OHyCI<a8MbiM OTKJIOI18lll18~i OT R01lllHaJibHOM BBJlll'Illllhi 
± 5, ±10 li ±20%. 
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B peay.rrr,TaTe npon;ecca cTapeHHH JJemftlnna Henpono·ro'lHLrx 
COIIpO'niBJieHJili MOmCT J!3MCHHTbCJJ, 06hl'lHO B03paCT3Tb Ha 1-2% OT 
Ha'I3 JibHO i,[ BCJlTflUIIIbl. 

l1o,n; 1-IOMHIIaJlbHOii MOJII;HOCTbiO pC3HCTOpa IIOHUMalOT MaKCFIMaJlb
HJ'IO MOJII;HOCTb, l\OTOIJYIO Oli llf011\CT paCCC.HUaTb U 1-teiiO,lJ;BIUKIIOM U03-
,n;yxe rrpn TenmepaType + 20° C 6eo rroupe;H,n;emm rrpouo,n;nru;ero sne
MCRTa. 

HenpouoJIO'lHIJe p esHCTOpbr JL3fOTOB iHIIOTCIT na HO!\nmam,aym 
MOJII;HOCTh n mnpormx rrpe,n;eJrax - OT 0,05 ,n;o 10 om. J1ponoJIO'lHT,re
OT 2,5 ,n;o 150 em. 

H.poMe nmnmaJir,uoi;i MOJII;HOCTH ,n;mr Ham,n;oro nma pesHcTopon 
CJ'III;CCTDyeT TaJUI\8 M3l\CHM3JibHOe naiipHil\eiin e, 1Ip11 HOTOpOM OFIO 
MOfl{CT HOpM3JlbHO pa60TaTb. l1peDbliD3Tb ero HCJJ b3JI, TaT\ H3I\ B03-
M0)1\CII npo60J~I }JC3FICTOpa l'ICI\ IJOll l !JIH ,ll;J'l' ODMM pas pH,ll;OM. q CM ,ll;JIUII
Hee pe3HCTOp ('ICM 60JibiD8 paCCTOJi rme Mem,n;y DbTDO,n;a~m), TCM BIJIDC 
ero MaHC~IManr,uoe nanpmHemre . 

Te~mepaTypnr,rii H03cPcPHD;rreHT c o n poTHBJierrua (TI\C) rrorwsr,r
naeT BCJil-fliiWJ' OTHOCHTeJlbHOl'O Il3 Me iJeEIITH aTHJIBHOI'O COIIjJOTHU
.1I8HJTJI n npou,eHTax na 1? C. 

T H:C y nenponoJio"!mrx p eaucTopon He npenr,n.rra e T 0 ,04-0,2% 
na 1? C, a y nponoJIO'lHbiX- ± 0,003-0,02% Ha 1 ° C. 

l1pn llpOXOH\,ll;eHIH1 IIOCTOHHHOI'O 3JJeHTplr<JCClWI'O TOHa •repe3 
nenpoBOJIO'IHO e conpoTJ1UJJenne na e ro HOHu,a x ncer,n;a noaurmaeT 
HCHOTOpOe napa3HTHOe (IIIJ'MODO C) Hanp mHeu n e, "'TO 06'bHCHHCTCH 
xaon1'lecrniMH H3MeneHHHMH TtaCTHII, MaTep n ana pca HcTopa. BeJiwnmy 
3.,1J;.C. IDYMOB , ll03HHI\EllOJII;J'TO Ha 1WliT\3 X He n pODOJlO'IHOrO pC3HCTOpa , 
OIJ,eiUIB3TOT Jl MHl\pODOJlbT3X na O,ll;II H UOJlbT llpHJIO)I\CHHOT'O H3 11IJHiHC
HHH llOCTOHUHOrO TOI\3. 

l10 BSJil-flii'!H.C S.,lJ;.C. IDJ'MOB nenpOBOJIO'IHbiC COllJJOTIIB JI CHHH ,n;e-
JlHTCJI na ,n;ne rpynnLr: 

rpynna A - c a.,n; . c. myMon ne 6oJiee 1 .m•~/e; 
rpynrra B - c s.,n;.c. myMon ne 6onee 5 .~r. IWJ/o . 
Ha pes McTopax nanocrrrcn MaprmponHa, y"aar.rnamru;aH nx no

MHHaJir.nyro nemr<rnny. Ha MaJIOra6api1Tmrx conpoTn BJICHHJIX o6o
sna'lerrue r;o ,Jt s aM en moT o,n;rroi1 6yrmor1 [{ , a o6oaua'IeFnre lVI o.M -
o,n;nor>i 6yrmol1 M . 

Ha pesncTope yrmsr,ma iOT mr6o onwouenne OT HOMIWa JibHOir 
BSJJH'liJHbi B llpOD;eHTaX (3 ,6 [{ · 5%), Jlrt60 I{JlaCC Cl'O TO"!HOCTFI 
(390 K · II). Ha pesricTopax Tpe TL e ro KJtacca TO'IHOCTH y imar,maeTcfi 
TOJibHO e ro HOMIIHaJibR3li BCJili'IHlla. 

flOMJIHa JJbHaH MOJII;IIOCTb J'l><l3bTBaeTCH TOJI 'b!W Ha H efljJOil0 J10'IllbiX 
peancTopax, HMewru;nx 6onLrun e pamvmphl (HaTipFIMep , BC-2 , BC-5 
H ,n;p.). 0npe}:\CJI CHH8 HOt<mHaJibHOii MOJII;HOCTH y l\PJ'rl!X TIIIIOB pe3R
CTOpOB nporrano,n;rrTCH no pas MepaM 11x rwpnyca. 

l1epCMCRHbie COllpOTHB JJeH HH, T3I< 1I\C 1\al\ Il llOCTOIIH.IlbiC, 110,[1-
pas,n;eJJHIOTCH Ira ):\Be OCHOB.IlbiB rpyllllbi: nenpODOJIO'I.HJ;re ll IIpOBOJI O'l
HI>I e . Bee OHJI npnMeillliOTCJI ,n;JIH p erymrp onarum nanp.1111.; e nnH. Y ne
peMeHR'biX COlljJOTI1BJieHJTi1 I\}JOMe YI\a33f!HblX llbiiDe llOI<asaTCJJeJ~l HMeJOT 
sna'lenne eru;e cne,n;ywru;He: 

1. B CJIJ1'll'J.Ha Mai<CHM3JibROT'O H MIIHHM3JibHOT'O COllpOTI!BJie-
HHH . 

2. l1JiaBHOCTb HSMeHCIDIH H YCTOii'lHDOCTb BeJIU'IUHbl COIIpOTITB 
JJ CHHJI B pa3JJ Jr<II!biX llOJIOmeHJIH X IIO):\lll1H\HOI'O I\O HTaJ<Ta . 

3. 3aHOH H3MeHeiDIH CO!IpOTUBJJeRHH OT J:rJia liOBOpOTa IIO):\BIDH
HOT'O I\OHT31\'!'a. 
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4. 8 JieHTPR'Ieeimll npO'IHOeTb OTHOC.l!TeJibHO !Wprryea . 
I-IoMmi am,nble neJrH'lHHbi nepeMerrBMX eonpoTnnJiemri:i: e001'BeT

CTBYJOT lllHaJ1e HOMHRaJibilhiX nemi'H!H fOCTa 28~5-67 (eM. Ta6JI . 1). 

COHP OTHBJIE HIU I HOCTOHHHbiE 
Yr Jl EPO)J,I1 CTbl E 

ConpoTunJieunJI BC npe):leTanJrmoT eo6ofr cJiap
qioponoe OeHOBaiflJO B BM):\e l(HJIHH):Ip!U\U, Ha DOBepxHOeTII HOTOpOro 
naueeeu Tomurii eJroli: yrJiepo):la. Ha Konn;ax li;I IJIHHJipima HMeroTeJI 
):Ina rH6Rux BbiBO):Ia ):IJIH no):IHJIJO 'ICilHH I\ n;enu. Hpono):IJIID;IIH eJio:i1: 
peaHeTopa ):IJIH npe):loxpauermH OT nopqn TIOI<pbm aeTeii eJioeM I<pacmi, 
na IWTopyiO uauoenTeJJ MapimponHa. Conponm.rrennJI BC Diunycr;a
IOTCII meeTH Bl!AOB: BC-0,25; BC-0,5 ; BC-1; BC-2; BC-5 H BC-10 (n,Hif.Jpbi 
yHa3biBaiOT HOMIIHaJr&uym MOlll,Hoen, paeeemmn). Ourr I~aroTODJIHIOTeJI 
no I , II n III I{ Jraeea~·r TO'lHOeTH e HOMHHaJiaMH OT 27 o .11. )J,O 10 Mo.!~ 
B 06bi'IHOM HeTIOJJHeHJLII I! C 110BbJIDBI!IJOI~l JJJIUrOeTOMH:OeTbiO. 

B Ta6JJ. 2 y rwaaubl Texunqeemle ):laHIHT.e eonponiBJtermi't BC. 

T a 6 JIII U:a 2 

Conp01'1113JieHHH nc 
HOMli JJ a Jih- Mm;cmraJi bHOC 

Pasi\-rephr Hopnyca, 
Bi lL! conpo- H aR i\1011.\- IlpC):(CJibl 31Hl - Han p Ri-HCHilC 

,1\f,.M, 
HOCTb pac- 'ICBI·ri.i conpo- ll OCTOfl llHOl'O 

'I"JI B: Je i-JJi fl 
CCH IHIR , 'f'I IJ~Jte lllJ ff, 0.1\L 11 ncpcMerm or o 

I 1'1'H Ton a · B JleiiCTB ):(l!aMCTP ):(JIIJ H a 

BC-0,25 0,25 27-5, 1 -106 350 5,4 18, 5 
BC-0,5 0,5 27-1 . ·JO• 500 5,4 28,5 
BC-1 1 47-1 -107 700 7 ,2 32,5 
BC-2 2 47-1- :107 1000 9,5 53 
BC-5 5 47-1-107 1500 18,5 77 
BC-10 10 47-1 ' 107 3000 28,5 '1 23 

ConpoTnn.~eumr Y JIM (ynrepO,I\HeTbie JiaKHponaHHUe MaJrora6a
pHTHbie) nhmyermiOTeJI no I , II >r III wraeeaM TO'IHOCTH c HOMHHaJib
HbiMH 3Ha'IBHHJIMH OT 27 0 .1~ ):\0 1 f il} O•lL, COfJIUeHO IDI\aJie HOMHHUJibHbiX 
nemi'lJUI (eM. Ta6JI. 1). HpeAeJibuo e pa6oqee uarrpmHeune 100 e, uo
MnRaJioHaJI MOIIl,HOeTb paeceHHHJI 0,12 em. ,D,rmMeTp rwpnyea 1,5 -'l~.~~ . 
)J,JIHHa 6,5 ;u.M . 

CorrpoTI!BJiemm MJIT (MeTammaHpoBaHHbie JiaHHpo13aHrrble TenJio
cToihme) nhmye~>aiOTen no I , II n III HJiaecaM TOqHoeTn TieTMpex 
13I!)J,OB : iVIJIT-0,25; MJIT-0 ,5; MJlT-1 H l\I[JlT-2 . Oeuoi3H1Je ~(aumre 
eorrponmJienn.H MJIT npJ.Ine):leHbi 13 Ta6JI. 3. 

ConpoTIII3Jiemm Y JIH (ynrepo):IJi eTr;re JrmurponaHHb!e H3MOIHITOJJ b
ur,re) no eBo e.M: IWHCTPYHI\HH anaJrorn'lHM eonpoTnBJieHHHM BC, Ho 
HMBIOT 60JihiDHe ra6apHTbi. 8TH COll pOTTIBJieHHH OTml'IaiOTeH 60JibiDeiJ: 
CTa6HJibHOeTb!O rrapaM8T)l013 I•! enen;HU.JlbHO npe}:\Ha3Ha'lBHf>1 ).!,Ji ll pa60T:bl 
B H3MepHTeJir;rrmli arrrrapaType. 

CorrponmJiemm .MT (MeTaJJJIH3HponaiiHbre TBTIJIOeToihnre) nMny
CHUJOTeH nnTn BHJ\013 : MT-0 ,125; MT-0,25; MT-0,5; MT-1 n MT-2 
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CorrpoTHBJICHnH MJIT 

HoM >maJih- fi[lCJJ;CJTbHOC pa6o-
Pa3MC[Jbl Hopnyca, 

B IIJl conpo- Hafl MOUI- IIpeneJibl ana- qce I·Ia ll [JA;HCH IIC 
HOCTb pac- qenH[1 conpo- nOCTOAIIHOrO HJlH .M-"L 

T1t B~IeiiiHI 
CCfll-fltR, TI.UlJICFIHR, o~lf. nepeMeHHoro 

I AJJi m a Bm TOKa, B~cJicTB nnaMcTp 

MJIT-0,25 0,25 100·3·106 250 2,8 7 
MJIT-0,5 0,5 100-5-106 350 4,2 10 ,8 
MJIT-1 1 100-107 500 6,6 13 
MJrT -2 2 100 ·107 7!?0 8,6 18,5 

IT O I , II n III mraccaM roqnocrn. Onu nMeror mr~ pornri'r m-rrcpsaJI 
pa6o'lt!X r eMIJeparyp (or -60 p;o +200° C). 

ConpoTHBlleHHJI MOH (MeraJIJIOOI\IICHnre HFI3KOOMH.hle) npep;ua3ua
'!errbr ,l(J! JI pa60Thl B ~81JJIX ITO CTOJIHHOTO H nepeMeHHOTO TOI\3 H B HM
ITYJlbCHOM pemnMe. BnrnycHarorcJI rpex nHp;on: MOH-0,5; MOH-1 
II MO H-2 ITO I H II r.:naccaM TO'lHocru. IIpiiMerrmorcJI B pap;rw- H r e.n:e
Bl13 TTOHrroj;i arrrraparype. 

ConpoTJmJieHHJI KMM (rWMIJ03H~nonabre naomrposaarrhre MaJiora -
6apHT EJbie) Bbiiiycr.:arorcJI p;nyx BRp;on: KJiiM-0 ,5 H IUIM-0 ,125 c HO
MHHaJibHbiMH . 3H31J8HTUTMH OT 10 Q,l~ ,1(0 1000 Mo.l~. 8TO 0'181-lb M3JIO
ra6ap!ITHbi8 COllpOTIIBJI8HllJI, BeC HOTOpbiX 0,1-0,2 a. 

ConpoTlmnenRJI KJIM (l\OMIJ03H~uoanwe narmposamir,re Mcro~r
Hbre) rrpep;Ha3JJa'l eHbl p;JIH pa6orbr npn rrarrpm-Kcnrm ne 6oJiee 300 a. 
Bwrry_cKaiOTCJI p;nyx nup;os: I\JIM-1 R I\JIM-2. 

COIIPOTl7IB JIE H Ji1H llOCTOHH I-l hiE 
riPOBOJIOqHhiE 

ConpoT~rnneHun II8 (npononoqnr,re 3MaJmpo
sarmute) npep;naanaqeHbl p;JIJI pa60Tbi n rex cJiy'laJix, Korp;a neo6xop;HMO 
06ecii e'l iiT b TIOCTOI!HCTBO BeJIJi!'lHHbi COII j)OTTIBJI8HHJl FIJIFI ROT,1(3 MOID;
HOCTb, pa CCC~JBaeMaJI Ha pe3HCTOp e, F!MeeT 3H3'lHT8JlbHYIO BeJIH'IHHJ' . 
0BH npe)J,CT3BJIHIOT C060H RapKaC (rpy6Ky) lf3 HepaMHim, mraCTM3CCbi 
llJlll CJIIO,l(bl, na IWTOpbn\i: R3M3TbJBaeTCJl npOBO,l( C BbiCOHHM yp;eJib
FlblM conponmnenneM. ,[(JIH yMerrbmerum co6crnerruoj;i nnp;yrurrsnocTH 
IT OM!WCTH 1IpHM8HHeTCH 6mprWllpHaH, CeiUJ;JilOHH:pOB3HHaH llJll! llOpe
Kj)OCTHaJI H3MOTH3 IWHCT3HTaHOBhiM I!pOBO,l(OM. ,Ll,JIH ll0BbiiD8HiiJI 
BJJ3TOCTOI!KOCTII C011pOTIIBJieHne ITOC.11 e U3MOTRII ITHOrJJ;a 3ai\JIIO'!aeTCH 
B rrnacnwcconbri'r Kopnyc. Br.mycHaiOTCJI c s eJiwnmaMII or p;oJieii: 
OM3 ,1(0 100-200 1£0,1£ . 

MnrepBaJI pa60'IHX rei'lmeparyp or -60 p;o + 70° C. Ocf!OBHbTe 
JJ,aunr,re no corrporHBJICUHllM nma 118 rrpHBep;eHbi B ra6JI. 4 . 

ConpoTimJienua II3B (rrponoJIO'IHbie <JMaJinponauabre nrrarocro.M:
KiiJe) H3fOT OBJl fliOTCJI B )J,BYX BapFiarrrax: IJ8B - ITOCTOJIHHble H 
Il8BP (Il8BX)- perymYpyeMhie XOMJTHIWM. 8rn conpOTHBJieiTHJI C 
UOM I1El3JlbHOll MOIJ~EIOCTbiO OT 3 ,1(0 100 em II C HHTepBaJIOM pa60'!IIX 
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Ta6 JIHIJ,a 4 
CorrpoTimJieHnn fl3 

Bun conpo- - - - --,----- ---' 

I 
I:IoMHHaJtbHaA I HoMuHaJJhHaA I Paat.tepbt Kopnyca, '"~' 

'l'llBJ!C ill!Fl MOU\IlOCTb pac - . DCJIH'II!Ha CO!lj)O-

ri8-7 ,5 
H9-15 
H9-20 
HS-25 
H8-50 
119-75 
118-150 

Cefl l-HI R , 6 1n 'fli BJie HliR , 0."\t LJ;II a!\IeTp ;!l.JlHHa 

7 ,5 3-5100 
15 3-5'100 
20 2,5-5100 
25 4, 7-5600 
50 1-15 000 
75 1--:30 000 

150 0,9-50 000 

'lO 
14 
18 
23 
23 
23 
30 

1 

40 
50 
50 
50 -
90 
60 

215 

TeMnepaTyp OT -60 ) \O + 100° C nsroTOBJrmoTcn no I H II KJraccaM 
TO'IROCTH. OcuonFir.re TexHJ'!'lecrme p;aHrrhle conpoTIIBJiemrii 118 B p,aHr.r 
B Ta6JI. · 5. 

T a 6 JI 11 IJ, a 5. 

CorrpoTitBJreHrUI II3B II II3BP (II3BX) 

Ho~muanb-
IljJCIICJlb\ 3Ha'ICH11~ CO- PaaMephi HOP-

l·taA MOll(-
n p OTH BJieHHR 1 0 .. 1t. nyca, ~t..M. 

Blfll CO!lj)OTHBJ!CHH A HOC'rb pac-

I / 11mma 
CCflHHA , Alia-

em II8B II8BP MCTP 

118B-3 - 3 45-430 - 13,5 26 
ll8B-7 - 7 3-3300 - 14 35 
118B-10 l18BP-10 10 3-10 000 3-200 14 41 
fl 8B-15 Il8B P-15 :l5 3-15 000 20-220 17 45 
l18B-20 l18BP-20 20 10-20 000 20-430 17 51 
l18B-25 HSBP -25 25 10-25 000 10-510 21 51 
HSB-30 l18BP-30 30 10-30000 20-'1000 21 71 
l18B-40 - 40 20- 51 000 - 21 87 
l18B-50 l18BP-50 50 20-51 000 24-1500 29 91 
l18B-75 - 75 51-51 000 - 29 140 
l18B-100 l18BP-100 100 51-56 000 51 - 2700 29 170 

ConpOT:UBJi emnr IT8BT (nponoJIO'lHble BMaj:mponaurrr.re BJmro
Ten:I OCTOJ~ume) IIj)8).l)Ja3Ha'I8Hhi }l;JlH pa60Tbi B OC060 TJHK8JlblX Y.CJIO
BllHX. 

COHPOTHBJIEHMH l1EPEME HHhlE 
HEl1POBOJI0'llHhiE 

B H3MepnTeJrr.rroir, yCI:IJIHTeJir.noH: H pap;Fio
annapaType rraxop;nT npuMerreHHe uerrponoJIO'lHhle >I rrponoJIO'lHble 
n epeMelil!ble CO l f}JOTHBJ!eEU1H. Omr HCIIOJib3YIOTCH !taR perY.JIHTOpbl 
rpOMHOCTH H p eryJJHTOj)bi TeM6pa, llOT8HI.J;HOMeT}Jbi H T. IT .. 
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HoHcTpyHT illJHO n en pOBOJIO'IB&J e conpoTuBneniHI npe.ucTaBJI RIOT 
co6o i·t ll,ynmy 113 ren·IH a t<ca, Ha 1Wropy10 HaueceH TOIWrqJO BO.UHlll.ll(r 
CJIOM lf3 yrnepO,U II CTO l'O IWII IWMR03 11 [(110liH Of0 COCTal3a. Ecm1 B Ha
q ecTBe ~130JJ HTOpa I·ICrLOJl b3YCTCH HepaM II J<a, TO CJ!Otl 3a npeCC013bJI33eTCR 
B .U.y roo6pa3HY IO l{a HaB Ky. 

!10 TOIW HeCy UJ.eMy CJIOIO, o6 p 33.)" 10lll.C~ I .\' CO rliJOTIIIJJieH IIC, MOrKeT 
.UB HraTbCH cn eu,uanbH bJ U n oJI3.)' 1W I<, Mexa uuqeci>H coe,U IHJ CHUbJII c 
ocb ro, Ha I<OTopoi r y i<pen Ji eHa PY'~ I<a. 

n o xapai{Tepy 113Meu eHII lf COITJJOHIIJJIC liHH MClH,Uy l{pa iJHHM L1 

cp e)l,HIIM Bh! BO,[(aMU, B 3a BRC11 MOC'l'l1 OT yrna IIOBOpOTa OCII , nep eMeH
Hhie con ponmJi eHHH no)l,pa3,UeJIR IOTCH Ha TPH r p ynnw: A- JIIH! ei1BhJe , 
B - norapH<lJ~HL'I CC I<He, B - o6paTHO-JJorap M<lJMwl ecime (no i<a3a
TeJJbiiT>l e). 

Tai<, uanpHM ep , Map i\ IIJJOBKa conpoTHBJi eHIHI << BH-JOOA:0,2~ 
oau aqaeT, 'ITO :no n epe.vteuHoe conporJ'IBJJeJm e Tnna BH c JluHeuHou 
3aBUCHMOC'fbJO l i3MeHeHU ff COflJJOTHBJICHl'III , llOMIHi aJibllaH ~-!Olll.H OCTb 

p accenHTIH 0,2 am, IIOJJHOe conpontBJletme 100 1W.M. 

ConpoTim.ijeH JTH Tnna Bl{ u Tl{ OTHOCJJTCH H rpynn e n epeMeUHbTX 
con ponmneHHi·i cTaporo TJHia . I-IoMHEiaJJbHaH MOlll.HOCTb conponm
nemri1: 0,2; 0,4 H 0 ,5 am (npl:l flOJIBOCTbiO BI{JI IO'ICHHOM conponiBJi e
mm:). TH OTJJJL'IaeTcn OT B l{ TeM, qTo nMeeT Bbii-<JI IO'IaTeJib ceTn Ha 
o6rn.e1i oc11. Bbmn iO'IaTeJtb o6 bi'IHO HcrronhayeTCH JJ;JI H BKJI IO'IeH I1H JUIH 
OTI{JUoqenFin ycHJIHTeJJbHOro ycTpo i1cTna or mlTawm;eH: cenr (ycn
JIHTeJJb 1 Y -75) . 

HoMJ!HaJLbHbiC 3Ha'leJ-JIUI co npoTIIDJieHuii T I t i'l BH rrp 11 ne.ueHbi 
B Ta6JL 6. 

O.H. 

250(1 
3600 
5000 
7500 

Ta6nrru, a 6 

Ho~mnaJibUbJe auaqeunn 
conpOTIIBJienuH: TK n Bl{ 

'lO 
15 
20 
25 
36 
50 
75 

no.·u 

100 
150 
200 

2500 
3600 

500 
750 

Uo.u 

1 ,0 
1 , 5 
2 0 
z:s 
3,6 
5,0 
7 , 5 

II p n M e -q a n H e. ConpoTnnneHHH c .HO I' a pH<p ~HI'JeCT<Oi'r 3aBn
CllMOCTbJO J!MefOT 1-IOMl!ITaJJL ITbi e BeJllr'liiHhJ OT 15 IW.It ):\0 2 iV]O .lt, C 110-
l{aaaTeJlbHOioi: - OT 3li I>O,IL ).1,0 2 ill[ OM. 

I-Ia<JaJJbHan BeJIH'IJH ia coupoTlrBJieHHH npn HOMIIHaJJbHbiX neJrr1-
:•nurax l (O 100 KO;n u e 6oJJee 100 o.n, cnLnne 100 1w ,n - ue 6o.IIeO 250 o;1., 

ConpoTUBJJenun nepeMeunr.Ie (noTeu~noMeTpr.!) rwMnoau~uonur.Je 
Cll IIpeJJ;Ua3Ha'.Iellhl JJ;JIH p eryJJ11IJOBaH!IH 1-Ia !IpH meunJJ B IJ,CIIHX fJOCTOHH
HOI'O :a rrep eMeHHOI'O TORa. n o J<OHCTpyHIJ,IUI COIIpOTHBJICUIUI CJI UOJJ;
pa3,[(eJJHJOTCH Ha IlH'I'b TI!llOB: Cl1-1 - OATlBapRhlii IIOTCEIII,I'IOMCTIJ 6 ea 
CTOHOpa ocn; Cn-2 - O,[(JWapHhlH L101'CHIJ;I10MeTp CO CTOIIOpOM OC~I ; 
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CII-3 - CJ.\BOeJHJhti-i nOTem(HOMeTp 6e3 cTonopa ocn; CU-4 - CJ.\BOeu 
Uhlii noTeiili,UOMeTp co cTo nopoM ocn; Cll-5 - OJ.\HI-rapHLiii noTmrn.uo
MeTp 6e3 cTonopa ocH u rinmcaTopon Koprryca. 

OcllOBHble ).\a UHb!B conpOT!IBJIBHIIii err rrp11B BL(8Ilbi ll TaO.Il. 7. 

'l'lln llO'l'CII
l\I!OM C1'J)il 

Cll-1 
Cll -2 
Cll-1 
Cll-2 
CU-5 
CTI-1 
CII-2 
Cl1-1 
CII-2 
CU-5 

Ta 6.rrn r( a 7 
ConpOTJIB.TTIJHJIH err 

Xap a~>Tep 11 3-
i\·tc ncJ-nlfl co
npoTIIB.~C IIIIfl 

ITunei-il'Ibiii 

(A) 

Hemmei1Hhrii 

(B , B) 

HoMHHaJJbnaR IIpe]J,CJibi H OM II
MOtl\HOCTb pac- n aJi b l-roro con p o -

CC RHJIH , flffi TIIRJICI III H 

2 

1 

0 ,5 470o,lr-4 ,7 Mo.l£ 

'1 

0,5 
0,25 

Conponm.TJeunn cno (n epeMeUUbie 06'bBMllble) Il3l'OTOBJieHbl ua 
J'epa~wqecrwii ocuone. Onu OTJJJI'laJOTCH MaJrhiMn ra6apnTaMn H IIOBbi
meuuoii BJial'OCTOiiHOCTbiO . Bee THIIhi 9TilX COITpOTIIRJ18BHM HMeiOT 
TOJJbHO JHIH8MHJ'l0 3aBI!CilMOCTb H3M81JeHJUI conpOTlJBJJ8HfiH OT yrJJa 
nonopo-ra ocu. 

ConpO'l'ImJJeiHJH CHK (CABOenuMe HenpoBOJ!O'!Hhie c Iwnn.enTpwie
CIHLMH ocHMn 6ea BhiKJ!lO'lel-ll111) , CH BI{ (c OJ.\HOIIOJJJOCllliiM Bhii\JHO'la
TeJJeM ce-r11 ua 250 e 1 a) n CHBK-)J; (c ,1.\ByxnoJJ IOCIIhiM Bhli'JJIO'!aTeJieM 
cent) npe).(Ha3uaqeubr A JH pa60T1>! n pa,l.\uoneii(aTeJibHOiir annapa-rype, · 
ycTaHOBHaX 3a ll11 Cli U BOCllp0113BB,l.\8Bl'lH 3BY I<a, T8JJBBII30pax. 

ConpoTHBJJ BIHIH HMero-r npHMOJJnHef-iHyio, JiorapF!lilMwJecHyro n 
TIOJ\a3aT8JlbHYIO 33BH CIIMOC'fb. J3biiTYCHaiOTCH Ha MOII(HOCTb 0,2 H 0,5 em, 
pa6oTaJoT n 11FJTepna.He Te~mepa1'yp OT +5 J.\O + 60° C. 

CorrpoTJIBJJenun CIIII (nOJ.\CTpOe'!Hbie, nepeMeUHhre) rrp e,l.\naauaqeJihi 
AJIH pa60Thl B pa}.\noneii(aTeJihliOi:i anrrapaTyp e n n arruapaTyp e sny
IWnoro HHHO ue naXOJ.\HT npmwrreuna. 

Conpo'l'nB teunn CIIA (nepeMeHHhie )l,HCI\OBI>Ie) rrp e,l.\Ba3na'!eHbi 
AJJH MaJ1 0ra6apnTHOI1 TP<HI3 11CTOpHoii annapaTyphi. BLmycHaJOTCH 
C HOMIIHaJibUOll MOI.I(llOCTb iO 0,05 I! 0,06 Bnt. 0TJIII'l3l0TCH MaJJbiMil 
ra6ap11Ta1<JH: ]~TiaMeTp 17,5 ,1£ ,1! , TOJJII:\Ii!Ha 4,4 ,u,M (BMBCTB C BbiUO)l,a
MH- 7,7 ,n,lt). 

COTIPOTHBnEHMH fi EPEMEHHhlE 
fiPOBO JIOLIHbiE 

IlponOJJO'!HJ,Ie rrepeMeHI-lbte conpoTunnemui Ha
XOJJ.RT orpanrJ'! eJ-TBOe 11pUMeHBllHB B anrrapaType 3BYHOB0l'O IUIHO, HO 
f'IOJJ.qa c BCTP!''IaJOTCH n paa.JJ 11q.J-JOi•j aJiewrpo- H paJJ.nOH3Mep1rTeJibHOi1 
arrnapaType. OH11 uaroTOBJIHJOTCJI c noMJIJ:JaJibHhlMH 3Ha'reHrHrMn oT 
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):\OJIBH OMa ,!1;0 )l;BCIITKO~ KHJIOOM, C FTOMIHTaJlbFIOM MOmFTOCTbTO paccelt
JHIR 1-5 H 6onee BaTT, Ba pa6o<ree HanpHmernre 400-600 a. 

ConpoTJrnnemm IIII1-1 u IIII'l-3 c HOMJIHaJr&I:IOii Momaocr&ro pac-. 
ceiiHHII 1 em B&myci<aJOTCII no II Knaccy TO'IHOCTI1. TOiwnpono)l;~JmHi1 
aneMeHT uaMoraH Ha nnacnmcconoM RapHace. 11oJJ Hhlii yroJJ rronopoTa 
OCH 01\0JIO 275°. 3aDHCHMOCTb DBJJJ.J'lJill:!hi ai<TJiDHOl'O COUpOniDJJ8lii11I 
or yrna nonopora ocJil Jmne.iimafi. 

ConpoTHBJJ8HHH IIII3 -1, IIII3-4., IIII3 -11 11 IIII3-12 OTJJH'laiOTCII 
OT ITp8)l;bi)l;YIIJ;I1X TOJlbl<O 60JJbiii8ii ~iOmHOCTbiO paCC8liHI1H (3 em) I!l 
66n&rmiMI1 ra6api!ITaMI1. 

ConpoTnB.Jremm IIIIE (npononO'lH&re rrepeMerm&re 6ecKapHaCHble) 
H3TOTODJl8Hhl D RepaMH'l8CT\I!IX KOprrycax . BbiiTyCKaJOTCli III8CTH DH)l;OD, 
B sanaOf!MOCTH or Momrrocnr pacceJIHaH. 

Ilpouono•rn&Ie noTeH~IiOMeTp&I no KOHcTpyKu;rm aHanorH'lHbl rrepe
MeHHhiM COllpOTHBJ18HIUIM, HO y HHX C)l;eJiaHhl BbiDO)l;hi OT 060HX KOHD;OB 
nponoJIO'lHni cnHpana. 

Honnman&Hhre sF:a'leiiiui neJIH'liiHbl aRTHBHOro corrporliDJJeHFIH 
npOBOJJO'lHbiX nepeM8HHhlX p83HCTOpOB rrprrne)l;eHJll D Ta6JI . 8. 

Ta6nn~a 8 

IIpouo.qo•rH&re nepeMeHH&re conpoTuu.rrerniH 

Blli!hi conpoTIIBne
HHR 

11111-1 

11111-3 

IIL1 3-1 

11113-4 

IIH3-11 

llr1 3-12 

II oTeHu;FioMeTpbi 
ornm apBwe 

Tin2 

nns-1, rtrrB-2 

Hor.niHa.nbHbTe BCJHflJ itHbT aHTnuuoro 
COn l)OTJ.l BJle l·lll R, OAt 

4,7, 5,6, 6,8, 8,2, 10, 12 

15, 18 , 24, 22 

2, 7 , 3,3 , 3,9, 4,7, 5,6, 8,2, 10 

12, 15, 18, 22 , 24 

27 , 33, 39, 47, 56, 68 , 82, 100, 120, 
180, 270, 330, 390 , 470 , 510, 560, 
680, 820, 1000, '1200 , 1500, 1800 

2200, 2700, 3300, 4700, 5100, 5600, 
6800' 8200' '10 000 ' 12 000 ' '15 000' 
18 000' 20 000 

8, 25, 85, 100, 200, 510, 1000, 2000 , 
3500' 5000' '10 000' 20 000 

10 000' '15 000' 20 000' 30 000' 4.0 000 

100, 120, 160, 200, 250, 310, 400, 
500' 630' 800' '1000' 1200' 1600' 
2000, 2500, 3100, 4000, 5000, 63UO, 
8000, 10 000 

Ha yc.rronHhiX 3HaRax co nponm.rrenHii, mm:, Hal\ nx IIaar,maTOT,
pe3IJCTopax, UaliOCJiTCli eme 0).\Hll )l;OllOJIFIIIT8J1bHblll 3HaK, j'l<a3biBaiO
mHii J:Ja )l;OIIYCTHMYIO MOmHOCTb pacceHBJi!H. 

B ycHJJHTeJIHX sByiwnoro EHHO Jil aneHrpoaHycT I.T'Te-
cHofr al1napary_pe HCllOJlb3Y~OT HeCJ<OJlbl\0 TlHJOD pea uCTOpOB. 
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Oarr pa3Jlll'Ia!OTCH ITO BHeli!HeMy BIIJJ,Y II IIO HOMJ1I!aJlbBOMY 3Hq'lef!HI9 
conpornn rrerrHH . BeJmqrma conpornnJrenun n OMax (KrrJ!OOMax II Me
roMax) o6hPIHO nanrrcarra aa caMOM peancrope. 0JJ,HaKo, 3HaH TOJJhT<O 
nenrrqnrry conponm JieEirrJI, ero aeJib3H ycrar-ronnTh n ry HJJH rmym 
n.enh ycnmneJIJI . B aanrrcHMOCTH or TOT<a n nanpmKeBHH, p;eiiicrny iOIII,I1X 
B arorr I1,6ITH , Ba pe3HCTOpe 6yJJ,eT Bbi)l,eJJHTbCfi pa3JilJqHaH MOIII,HOCTb, 
ll 'l.T06bl npaBHJlbBO Bbi6p aTb IlO)l,XO)l,fTIII,Ufi pe3HCTOp, He06XO)l,JlMO 3HaTb, 
:i\aKyTO OH HMeeT )l,OIIYCTIIM)'TO MOIII,HOCTb pacceHEIHJI. 

Ha pnc. 1 JJ,am,r ycnonHble o6oaEia'leHHH, no"a-
3hTBaiOIII,F!e )l,OIIJ'CTHMYIO MOIII,HOCTb pacceHHIUI pe3HC-~ 
Topa. H a cxewJaX JIHlPPhi, nr,rpa»<aTOIII,I•Ie JJ,OrrycTPIMYIO · o, 125 8m -· 
MOIII,HOCTb pacceHFil!Uf, 06oi'lHO He CTaBHT, OrpaHHqH-
BaHCb TOJlbKO ycJIOBHbi MU 3Ha'lKaMR. ---[ZJ-

I(H!lJpbi, KOTOpbie CTOHT pH)l,OM C p e3HCTOpOM, 0,2QBm • . 

yKa3hiBaror ero neJIJtiqany. B ra6n. 9 p;aHa pacrnH!lJ- ---..r.:::=1... 
ponKa 3THX JIHcPP · HanpHMep , rra cxeMe pHIJ:OM co aHa- ~--
HOM p e3HCTOpa CTOHT ~H<fJpa 2,0 - dTO 03HaqaeT, qro Q, 5_sm 

peaucrop HMeer corrporrrnnemre 2 Mo.1t; o6oaHa'IeJJ ue 5 [{ 
rOBOpHT 0 BeJJU'lHHe COIIpOTHBJJeHHH 5 I>O.~t, II, HaKO
Heii,, npOCTO JII1cPpa 2 rOBOp11T 0 TOM, 'ITO <JTO 2 o .. \~. 
B IIOCJJe)l,Hee npeMH IIOHmlJJ!1Cb II JJ,p06HbJe (MeHb!Ile 
e)l,~IRHII,bi) anai<I1 corrpoTHBJiei·mlr. B <lTOM CJIY'rae pH
IJ:OM c Il,Hq>poii: nnrnyr cnono <<OM>J . I-Ianp>rMep, 0,1 o.u, 

--co-
I ,Onm 

-m-
0,5 o,tt. ---[SL}-

OOoaua 1-I CI·llre Ha 
cxeMax 

0-r 0 ).(0 999 
OT 1 f{ llO 999 K 
Or 1,0 AO oo 

Ta6JIHq a 9 

Be.n nqnna conpOTII BJJC JHifT 

Or 1 ).(O 999 o..1t 
OT 1000 ,[lO 999 000 O.lt 

OT 1 000 000 O..lt )J,O 

6eCKOHe•JHOCTU 

$0TOCOITPOTHBnEHHH 

IO,Oom 

Pnc. 1. Yc,lDR
HbJe o5oana•te· 
HJ1fl, nOI·H\3bi 
Ba tomHe nony · 
CTII MYJO "OUl
HOCTb paCCCR
HII R p e3HCTOpa , 
npH MCFTR e~tbiC 

Ha cxeMax 

c)JoroconpornnJierrnii npep,cTannmor co6oit JJ e
rrponoJroq n hre ITOJiyiTpOBO)J,HHKOBbTe ycrpOMCTDa, OMH'leCI<Oe conpo
THBJJeLHie KOTOpbiX Onpep,eJif!eTCJI CTeiieBbiO OCBeiii,eHHOCTII. Om-1 Ha
XO)J,IIT IIpPIMeHerrne B HeKOTOpbiX T}!l1aX annaparypbl 3BYKOBOrO l\MRO 
(n qacTEIOCTH, n mo6rueJibCHoi1 annaparype), n annapar y p e anroManmn, 
)J,JJJI HOl:ITpOJJII OpOU3BOjJ,CTBCHE!biX IIpOqeCCOB IT T. II . 

B sanrrcmiOCTH oT MaTeprraJTa no,TynponoP;arma q>oToconpon1D
nerrnii rrop,paa)l,eJT HIOTCH rra cepH!ICTO-CBIIIIU,OBbTC (cDC- A 1, CIJC-A4 II Jlp.), 
CCpHIICT0-1-ia)l,MJICBble ((!JC- I\1, CIJC- 1{2 !I p,p.), cepHIICTO-BfiCMYTOBWe 
(CJ:JC- 62) II 110 IYl>pucra ;wnqecKrre CCJICIIIICT0-1\a)J,MIICBWC (CJ:JC- ,[1;) . 

KOH,I(EHCATOPbi 

B anyKonocnponsBQP,HIII,efr an napa1ype O).(HTBt 
H3 BarKHeHT.IJ[JX <JJJeMeHTOB <JJJeKTPH'IeCIHIX CXCM HBJ1HIQTCII I<OHP,eHCa
TOpbl- ycTpoi:icTBa, cnoco6 Hbie nai<anmmarb anernp rrqec1mc aapH Jlbl 
lFfH o6nap,arorn.He orrpep,eJieHB ou ;we rn~wrec 1,oi1 eMtW CTbro. EM~<OCTb 



HJJ.83Jlb80f0 ROB JJ.8BC.3T0jl3 DjlJJMO lljlOllOjlll,BOB3Jlb B3 DJJOIII,3JJ. U ero 
3 JJ811Tjl0JJ.OB ll A~J fl JJeRTjli1'18C I\OU DjlOBIJLJ.38MOCTI1 JJ.U!lJJei\Tjl lll\3 B o6paTHO 
DjlOOOjlUI'JOHa JJbHa paCCTOllliiHO MemJJ,y EIJJei\TjlOJJ.3MH. 

Egrw nu. a eMIWCTH- q>apaga (ffi) - :no eMT\OCTL ra1wro Hongea
caropa, yseJmqenae aapHJJ.a Roroporo Ba 1 KY JIOH (~;) BLI3hiBaer H3Me
nen u e Jl33HOCTI! IIOTeBIJ,I:l3JIOB MemJJ,y 06 J\JiaJJ. I\3Mll 1-13 1 IJ , 

IT paKTII'lecim npHMeJHIIOTCH 6oJJee Memme ep,II Iliiii;LI eM fWCTn: 
10- 6¢ = 1 ,Mffi (MIII>pocl>apaJJ.a); 10- 9 ¢=1 nffi (nanocl>apaga) ; 
10- 12 ¢=1 nffi (nurwcpapaga). 3aMeTHM, 'ITO 1 .. lLI>¢ = 106 nffi, 1 nffi= 
=1()3 nffi. 

1\QHJJ.eHCaTOjlbl 3JICIIT)>II'leCKIIC • 

.UonyCI<aeMhiC 

± 20 % 1 ± 10% 1 ± 5% 1 ± 20% 1 ± 10% 1 ± 5% 1 ± 20% 1 ± 10% 1 ± 5% 

1,0 1, 0 1,0 10 I 10 I 10 '100 100 100 
1, 1 11 110 

'1 ,2 1,2 12 12 120 120 
1,3 13 130 

1, 5 1, 5 1,5 15 15 15 150 150 150 
1,6 16 160 

'l ,8 1,8 18 '18 180 180 
2,0 20 200 

2,::! 2,2 2,2 22 22 22 220 220 220 
2,4 24 240 

2, 7 2,7 27 27 270 270 
3,0 30 300 

3, 3 3,3 3,3 33 33 33 330 330 330 
3, 6 36 360 

3,9 3,9 39 39 390 390 
4,3 43 430 

4,7 4,7 4,7 47 47 47 470 470 470 
5,1 51 510 

5,6 5,6 56 56 560 560 
6,2 62 620 

6,8 6,8 6,8 68 68 68 680 680 680 
7,5 75 750 

8,2 8 ,2 82 82 820 820 
9,1 91 910 

I I 
IT p rr Me '1 a Hun. L I-lacron.ll\uii cran gapr pacupocrpaHnercn 

lfHI ~(IHIM JJ.Hf!JJBI\Tl)I:IHO~l l1 yCT3.Ji3BJIHBaeT JlHJJ.bl HOMHII3JILHLIX 8M!{0-
CTaBJJ.3JlT ue pacrrpocTpaHJJeTCH Ha rwn geHcaTopu cnm~naJI bHOro 
2. ,l].JIH HOMIU13.llbHblX e~JI\OCTCll C / (Oll)'CK3CMLIM OTI\JIOHBIJHeM ±20% 

):(3jlT3X RJIH TCXDR'JeCJUIX )'CJIOB!IHX, )'TBCjl1Kl\eUUT,TX ll yCT3HODJICHHOM 
;3, 1-lo~JIHJa J!bT!bl e BW\OCTH 3JJBJ\T pOJII!TH'leCJU!X lWBJJ.CHC3TOpOB 

5000 .!mffi. )J.onyCIH1CMblC OTI{JlOHel!l!JJ OT IlOMHH3JlbHOii BMIWCTH 
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B a anucuMOCTH OT MaTep n ana LI 11 3J10 r>T JHm a, HOHLIOBCaTop&r n oLI
paanc.l R IOTCH Ha 6yMariWbiC, MOTaJJ JI06 y MallWbJe , ::IJIOl\TpQJIUTII'l OC I(Il O, 
CJl lOJ:IRI-Ibi O, UJ101-IO'l l-lblC, CTO I\JIOinfaJJ()B biC, He paMI!'J ()C IHJO, BaHyyMUbJe 

U C B03AYTJH1bJM J:III::J r e J;TplllWM. 
1-\0U[~OH CaTOj)bJ 0[\ () IIJ!BalOTCfl BOJITI'Jl!IIOI"! OMHOCTtl , J(JiaCCOM TO'l

HO CTJJ, UOMTJIIaJJbHO{I BC IJI'IIJHO{r Ua llpRiKOUliJJ , TOMU epaTyj) UbiM H0:3 cp-
4Jm~IIOHTOM OMI<OCTH (T I:\ E), CO fiJ)OTitn JJe i-ILICM li 30JJHIJ;IIII IIJJI! COIJj)O
TJIBJIOH l! OM yTeqrw HOH J:IO HCaTo p a 11 TaHre r-rcoM y r JJa noTepu. Bee anr 
xa par;Te pncn noJ on p eJ:IeJJHIOT o6Jra CTb n puMelteBUJJ r e x nmt liHblx 
KOAJ:Ieu caropon. 

PrrA&r noMmmm:.ur.rx eMKOC Te ii 

OTIWO IIe l-ll!fl 

± 20% 1 ± 10 % 1 ± 5% 

1000 1000 1000 0,010 
1100 

1200 1200 
1300 

1500 1500 1500 0,015 
1600 

1800 1800 
2000 

2200 2200 2200 0,022 
2400 

2700 2700 
3000 

3300 3300 3300 0,033 
3600 

3900 3900 
4300 

4700 4700 4700 0,047 
5100 

5600 5600 
6200 

6800 6800 6800 0,068 
7500 

8200 8200 
9100 

± 10% 
± 5% 

0,010 

0,012 

0,015 

0,018 

0,022 

0,027 

0,033 

0,039 

0,047 

0,056 

0,068 

0,082 

I ± 5% I ± 10% II ± 20% 

0,'10 1,0 10 100 

0, '15 1, 5 15 

0,22 2,2 22 

0,33 3,3 33 

0,47 4,7 47 

0,68 6,8 68 

Ra Cl JJ() I\TJ)ll' leC.IUlO KOB J:IOHCaTOpb! UOCTO fl BHOii () )JI{QCTII C TBOJ)JibiM II 
cTe fr n npe r(eJrax OT 1 n(/j AO 5000 ~u;(/j . 
u a:J ua•JBHIIJI. 

B03l\10lliHbl OT:KJIOUOHHJI 60JJ80 ± 20%, HOTOj)biO yKa3&JBa!OTCH B CTa H
IIOpH J:IIW. 

):IOJJmHbT COOTBOTC'fllOBaTb 1, 2, 5, 10, 20, 50, 100, 200, 500, 1000, 2000, 
±10 II ±20%. 



B anyKOBOM KHDO nan6onee mnpoK.oe IJPF1Meuerm e I:IaXOART 6y
Mamrrwe, CJJIOIJ.Rllhie H 3.lleKTpOJHITH'l 8CIHie JWB.IJ.8ElC8TOpb!. 

PRAhl HOMF1H3JihHhlX eMrwcreM: aJJeKrpomnnqecrmx rwnLI,eiicaro
pon llpli!BeAeHhl B T36JJ. 10. 

KOHJJ.BBCaTopbi KEf (6yMarKrrhre. repMernaHponaaEJhle) lli2_BAEJaa
Ba'lerrbr AJHI pa6oThl npo: narrpmuei:Ilm: ae Enmw 10 a. 0EIN nhrnycKarorca 
'JeThlpex BHAOB: 1-\Bf-]tf - B I]HJII1HAPH'leCROM KOpnyce 113 H30JJJl!JDOH
I:)OfO MarepHana; I-\ Bf-Mt H I-\Bf-M~ - n MeraJIJJH'lecROM IJHJJHHAPH
,qecROM Roprryce; J-\Bf-l\1fi - B M8T3JJJUI'leCKOM rrpaMoyrOJi bHOM 
JIJJOCI\OM ROpuyce ; I-\Bf-l\IJH- B MeT3JIJJHCJ8CKOM n pa~IOJ'fOJJbBOM I<Op
nyce (HO[JM3JJbUb!i'I). 

ITpH pa60Te n !Jenax nepeMenaoro TOT<a 'lacroroii 50 at? nen w:r:Hna 
;wnycnrMoro n anpRa\eHIIR u e AOJJrKIIa npenhrmaTb asaqenu i"r, ylla
.aaurrbiX n ra6 JJ . 11. 

Ta6JJIII13 11 

HoHJ];cncaTopbr HEr 

)];onyCTIIMOC Hanpmi<CI-Jl!e n epCMCIIII OI'O 
TO I\ a, B ncticTs. 

H oMHHaJ!bH Oe rmnpll-
a <CrHre n OCTOHHHO I'O 1-----------;---------

'fOHa, B 

200 
400 
600 

1000 
1500 

II OM JIII aJJbTiafl Cl\I 

K OCTb 110 2 ·""!fi 

160 
250 
300 
400 
500 

HOMl-Hi a JJb!-lafl CM
!iOCTb 1,- 1 Q ''""fP 

130 
200 
'250 
350 

H'0111J.8UC3T0ph! 1-\Bf-MII BblllYCR3IOTCll C HOMf1H3JJbHOlf CMT<Of,Th!O 
0,01-0 ,25 .JM>r/3 . J{poMe TOTO, 6JIOK3MH 2 X 0,05; 2 X 0,25; 3 X 0,'l; 
3 X 0,25 ,ur;rfi na nanpamemw 200, 400, 600 n 1000 e. 

}{OHJ18HC3TOphi l{Bf-l\1!-I BhlliYCI\3IOTCH C HOMHH3JibHOH 8MROCThlU 
0,25-10 lltl>r/3 H 6JJOK3MH 2 X 0,25; 2 X 1,0; 2 X 2,0 J.t~>r/3 rra nanpmHe
llHJl 200 , 400, 6QQ, 1000 Jil 1500 8 . 

JJ:pyrne BH,I\hl 6yM8}l\HhiX KOHAeHC3TOpon: H40Il (Efl\1 - 6yMam
Hh!e repMeTnarrponannhle MaJJora6apHTHT>Ie), EM (6yMml\Hb!C Manora-
6apnTBhie), BMT (6yMammie MaJJora6apnTmie TenJiocroihmc), BMrT 
(6yMaanrhie MaJiora6ap111'Hbi e orrpeccosaHHbie) FI HEll (6yMamnhre 
IlpOXG;:( ElbTe) rrpai\TI!'1eCini He I1p11M8HHIOTCH B aonapaType 3BJ'KOBOC
Ilp0113Be,I\81lllfl KIIHOJ'CT3HOBOK. 

I-\OHJJ:EIICATOPhi 
CIUlE 

8JIEI-\TPOJIJiiTYJ1-I E-

8JJeKTpOJJHT.FfqecKRH lWHA8EIC3TOp npeACT3BJJHeT 
co6oi·i . 3JilOMUOI18BhiJ~I COCYA, BHYTPH 1\0TOporo llOMem;eH.bl ,LIBe cnepuy
'Jb!O B p yJIOH nonochl amoMHmrenoM: !floJihrH, MBH>AY HOTOphiMH ·naxo
A~JTCJI npomrTaEIIJaJI aJJeKTpOJITITOM lflrrJibTponaJII>HaJI 6yMara. JJ: r1-
8Ji er>Tplll<OM CJl YJHI'IT TOBIUIH CJIO[i; OKCL!)l3 , IIOJI ¥'leHHblH H3 O)J.E!Oll II JIB; 
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ooei'IX o6ru Ja):\Ha x ROB):\ellcaropa. BcJJe):\CTBFi e lHI'lTO}RllO Ma.TToii TOJI

lUI IBW OKCll):\3 B SJiernpOJIHTT'\'IeCI\l l X HOH):\eHC3TOpax J'~(aeTCH TIOJIJ''1RTb 
otteub 6oJib!IHJe e~mocn1. B Ji aro):(apa cnoei1: 6oJrr,rnoi1 YABJJhHOi·i eM

JWCTI'I -(60JJbill3H BMIWCTb llpll M3JiluX p asMepax) OHH TTOJIY'1IIJIH 0'1 8Hb 

IDllpO IWe IlpllMCHOHI'Ie. " 
Onaatw OHIJ nMeroT 11 a u a'lllTCJibHhle n e):(OCTaTJ<rr: 6om,mol1 TOI< 

y r eq r.;n , C.fiJibHYIO 33Bl!CII MOCTL BCJI!l'111H bl CMKOCTJI OT TOlHpCpaTypr,r, 
c pao ~o~ureJibHO He6onr,moli c p oK CJJYIH6bl n o6JJa):(aime rromr pHOCThiD 

.tnO ll03BOJJH CT llCflOllb30B3Th IIX TO JiblW B l(CIJJlX DOCTOJIBi-IOrC FI 'rtyJih

Cfl p y tomero ror<a. 
Bhlnon OT nonomnTeJibHOa o6KJiaA tHI ROBAerrcaTopa yKpenJieH 

aa KpwmKe Ropnyca, a orpm:r,aTCJJbHaJI o6Kl!a):\Ka coe):\~<~,Heiia c ero 

110 poy coM. 
D pH BKJJIQqCHIHI B CXCMY SJiei<Tp0lll1T11'10CKJIX l<OB):\CRCa 'r'OpOB 

1:1 eo6xonHMO co6monaTb yRaaaanyro na n11x nona paocrr,. 
H eo p aBBJibHOe BKliiO'ICHUe l<OH):\CHC8TOpa BC):\ODYCTHMO, T8K KaK 

0 pnBOAHT K ero rropqe , 8liCKTpO!ll'I.TII'10CKF!C 1\0H):\CHCaTOphi Bbllly
CK310TCJI B ):\0aDa30Be j}afioqHx Hanpmi<eBidH 8-500 li . KOR):\6BCaTOphi 

C pa60'!IdM Banp.!Ul<CBHCM AO 50 6 Ha3hlBaiOTCH Bl'I3KOBOJihTBMMll II 
o pi!IMCBRIOTCH AJIH 6 JIORHponrur corrpoTHBJICHHii anToMaTH'1ecRoro 
cMerneaaa. I-\OHAeacaropr,r c pa6oqnM aaapHIKCHHeM nr,rme 50 e na3hJ
Ba IOTCH BblCOIWBOJibTllbiMH H I1p11M8HHIOTCH 06LI'1ll0 B clmm,rpax BhlllpH
MHTe.ueu nepennnmHoifr n CTaii,nonapaoil: anrrapaTy pbi. 

D o X JJaAOYCTOM'1HBOC'I'H SJ! CKTp0.1JI1Tfi'ICCI<lilC .l< OH):\eBCaTOphi IIOJJ;
pa ane.U JJIOTCH aa cJie,IJ,yiO~He rpynnr,r: H - neMopo;;oycToifrqnnhle 
(- 10-:- +60° C), M- MOp030YCT0ll'H!BblC (-40-:-+60° C), TIM
oosw[l]eanoa MopoaoyCTofrqHsocTn (-50-:-+60° C) H OM - oco6o 
MO po3oycroi1qn.nble ( - 60-:- +60° C). 

KoH):(eucaTop&I K3 H 1\3-2-H (c aJIIOMHB.HCB'hiM aiiOAOM) (pnc. 2) 
H3 f OTOBJJ ll lOTCH B HCCI<OJILfniX ROHCTpylHHBHblX ocpopMJieHHHX : l-\8-ia
{';ea KpeneaHwli IJJJaur.;u, H8-16- c r.; pe n e<n u oii n JJaHIWH, 1-\8-2 r<pe-
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TlllTCn raitlWii, K8-3 ITMe!OT BbiBO,D,bi. Kon,D,eHcaTOphi RMeroT eMIWCTb 
OT 5 IW 2000 .nr.(/j, TOK yTe<rim 1,3-3 .lUI, cpOI< CJi ymoi>I 1200 'laC . 

,II,aHJ·Ibl8 0 UO~lliii3JibflbiX B8j[JI'!J11-I3X 8MKOCT8U KOHJ.18f!C3TOpOB 
Trma 1\8, nx pa6o<rux HarrpRiKennii: , a TaKiKe paaMepnr Kopnycon rrprr
Be.ll,ern.r D TaOJI . .12 II 13. 

H 

Ta6nHr~a 12 
J:(a HHbiC <lllCKTpOJJIITiiqeCimX KOH}:\CHC3TOpOB 1'11113 1\3 

Paool1ee I-mnpRtHcnne, o 

"' OM IIIla Jib- § HaFt Cl\1- 8 12 20 30 60 150 300 1,00 '·50 I I I I I I I I '\OC.:Tb, ~t"h·(jj 
;>. 

"" >'--< H O~Jepa I<Oj)n)'COJJ 

5 OM - I - - - - - 4 4 5 
M - ! - - - - - 3 3 3 

10 OM - '1 1 2 3 4 4 6 6 
M - - - - 2 3 4 L1 4 

20 Oi\'l - 1 2 3 3 4 5 7 7 
M - - 1 1 2 3 4 4 5 

30 OM - 2 3 3 4 5 6 - -
M - 1 1 2 3 4 4 - -

50 OM 2 :3 3 4 5 - - - -
M - 2 2 3 3 - - - -

100 OM 3 4 4 5 7 - - - -
M - :3 3 4 5 - - - -

200 O!VI 4 5 5 7 - - - - -
M -- 4 4 5 - - - - -

500 Oi\'J 6 6 7 8 - - - - -
M - 5 6 7 - - - - -

1000 OM 7 8 9 - - - - - -
M - 7 8 -

I 

- - - - -
2000 mr 9 9 - - ·-

I 
-

I 
- - -

M I - 8 9 - - - - - -

15 00 

5 
4 

7 
5 

8 
6 
-
-
-
-
-
-

-
-

-
-
-
-

-
-

H.OHil,CHC3TOpb1 3!'11; (::!JJ8J{TIJOJ!llTJI'IeCJ(lle r e pM8Til3llpOBallBbie 
Il,liJUillAIJIL'l8Cl'lle) ll 3l'OTOD.11l110TC.H D ABJ'X KOHCTpJ'KTITBHbiX napriaHTaX 
AJJH HpeliJieHliR, j)3CC'IJITaULl Ira HallpfDl\C HII e 6-600 IJ , CMHOCTb iO 
2-2000 .ltlr(/j. 

H.OII,LICHC3TOIJbi 3M (9J18!(Tj)O li!TII'IeCJWO ~IaJJOraoapliTHI>Ie) BbrriJ'C-
1\aiOTCJI Ha Hai!pHmemre 4-150 8, eMKOCTbiO 0,5-50 •lU'i(/j. 

H.OJIACHCaTOpbi 3<1J (aJJei\TpOJJIITIT'IeCKne tPOTOOCBeTnTeJJbDLie) 
npe,[(uaa Haqenbr AJIR u;eneM: nnTarnm mmy IbCilhiX JJal\m-ncnr.rmeic 
Pacc'JJITaHLI Ha Harrpnme HnH 130- 300 o, el\mOCTbiO 300-1500 .lt~>(/j. 

KonAencaTopb! 3MM (aJteKTponnTri'lecl\ne MJmuaTJOpilhie) npe)l
naaHaqeHJ,I AJIJI Manora6apnTaoi TparrancTopuoil: anrrapaTypLI. Orm 
BbiUYCKaiOTCH na HOMHH3JJbHOe narrpHliWHJle HOCTORIIH OrO TOKa 3 6 , 

e~uWCTbiO 0,5; 1,25 rr 10 .u~>rfi . To!\ yTeqKn np11 Te~lllepaType + 20° C 
COCT3 BJilleT 0,5-3 ~tKa. ,IJ, u aMeTp KOpDyca 3 .lt.lt 1 ):\JJI1I:Ia '10,5-12 .n.u. 
Cpo1~ CJJYlEOhl 500 •tac. 
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Ta6Jint(a 13 
Pa3Mep bl aJiei>rpomn'Ittie cKnx non~encaropon 1\3 

HO)!Cpa 
I<Opn ycon 

1 
2 
3 
4 
5 
6 
7 
8 
9 

d 

16 
19 
21 
26 
34 
34 
34 
50 
65 

Pa aMepbi, ·"·"(no pnc. 2) 

h "· A B 

28 3ti 22 28 
28 36 25 31 
35 43 27 33 
60 68 32 38 
65 73 29 36 
90 98 29 36 

114 '122 29 36 
114 •J22 4t 50 
1H 122 54 65 

d, 

3,2 
3, 2 
3,2 
3,2 
3,2 
3,2 
3,2 
4,3 
4,8 

<J>op~I a 
lj).-I a>II~n 

OnaJI 

-
-
-

HaanpaT 
-
-
-

n p II Me q a H II e. Hon J'(eHCUTOpbl c lWpnyca~m 1' 2, 8, u 9 na
TOTO BJifliOTCJI TOJibl\0 TJJ!la l-\3-1. 

I-\po~m nepeliiiCJieHnlliX rrpoMMruJTennocTbTO BLmyc~<aeT c.n eiiJ;e 
u;em:,rM: pnp; aJieHTpOJIIITillJecrmx I>onp;encaTopon cne~naJibnoro liaal:la
lJeT:InJI: 31{ (o Ji e HTpOJIJ!Tfl'IeCIHie 1\0Jibl(eBbl e), 3T0 (aJi e!npO.JI II 'I'IllJ e 
CHH e Tal:lT[lJTOBbie 06'be MHOUOp11CTbie} , 1{50-3 II 1{33-1 - HOBbJi:r TI!IT 
01\JICJIO-IlOJTynpODOI-\HIIHOllb!X TaHTaJIOBbiX 1\01:11-\e HCaTOpOB 6e3 3 Ji ei{ 
Tp0 111Ta H AP· B 3ByT<onoM Hlli:IO OHH TIOKa ue uaxo,n:JIT rrpmreuel:llrH. 

ROH~EHCATOPbi CJIIO~HHbiE 

Cmo,n:rmMe IWHJ.(eucaTopbi o6Jia,!.(aroT aaMelJa 
TeJihllbiM CBO lfCTBOM - OlJeHb ne60JibiiiiiMJ! IlOTepJIM:JI, T. e. ll lllfX 
rrpaKTHlJeCiill OTC)'TCTByeT TOii yTelJKR. II03TOMy OHH IIpiU.feHJIIOTCII 
n I\alJecTn e n epexOJ.(BhlX KOHJ(encaTopon n cxeMax ycumrTeJiei1:. 

~l13JieHTpiHWM B aTHX 1\0IJ,!.(encaTopax CJIYil't[\'f JJJiaCTHHKfl CJJIO,!.(bl , 
06KJ!al(l<ll- H3 [\JIJOMHHHeBOM, CBUU~OBOJI HJIJI KpaCHO-Me,!.(HOI~I cPOJJb
nT. ~JJJI 3aii(HTbl OT llJIHHHHJI m re rnneFi c p el(M I\OHJ(eHcaTOpbi 3aiipecco
BbiBaiOTCII B ITJJaCTM[lCCY. 

I-I:OH~encaTOpbi I-I: CO ( CJilQJ(HI:lbie orrpecconanm,Je) II3TOTOBJIIIIOTCII 
m eCTH BIIJ(OB na HOMUITa.TJ:htfbie HanpJI~\eHIIII IIOCTOJIHHOTO TO ({a 250-
7000 e, eMIWCTblO 51-50 000 nif> no I, II H III HJ1accaM TOlJBOCTIT. 
Tanreuc yn1a noTepb 0,01-0,004, corr p onrBJr eane n a onno;HH 
7500 iltf OJIL . J-I:OH,!.(eHcaTOpbl OlJeHb CTa6HJlblll>I B OTIIOIDeHIIU 1!3MeneHIIII 
Te~mepaTypbl. 

Ronl(eucaTOphi I-I:COT (c JIIOJIIIIIhre onpecconamu.re, T eiTJJ O- n BJra
rocToi1KH e) n 3rOTOB JJJIJOTCH mecTH nnl(on ua uanpnmenun 250 -
1000 a, eMIWCTb!O 51-1000 nifJ. 

KoHJ(eucaTopbi I-I:Cf (CJI IOJ.\H HI,Je r e pMeTu3u ponanHLie) Dhmyc r,a
IOTCH J.\BYX Bll,!.(OB Ha ITa llpHmeiUie 500 II 1000 a, eMIWCTb fO OT 470 J(O 
0,1 .1m¢. 

1-l:ow~eucaTOphr CfM (c JIIOl PJHbTe r epMe THa n ponaHHr.Je Ma .n ora6a
p n Tnlln,) H3l'OTOD JIJUOTCH Ha HOM!llJaJlbHbJ e llallpH meHHH 250-1500 a, 
e MKOCTb !O 51-10 000 nifJ. 
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1-\onp;encaTOphl rrJieuOqnhre, KepaME£qeCJme , cTet<JrO-::JMaJienbie E£ 
p,pyrne crreu;MJ!bHOro naana<remm n annapaType 3Byrwnoro mwo 
He IIIJFIMeHIJIOTCH 11 TIO::lTOMy 3)J;CCb CBe,[\CUlilli 0 lll1X Ue ITIJ11BO,l.\liTCH, 

Ha npnrru,JmHaJtbHhiX cxeMax JWHJl.CHCaTophl HrrOrJl.a o6o3ua<raroT
cn c naKJIOlltroi1: Jm:I-nreiil co cTpemwM: nJm 6e3 nee. 8To 03HaqaeT, qTo 
KOH,[\ef!CaTOp nepeMCf!HOlf CMKOCTU HJIH llO,Il;CTpoeqHbJH. H a lill3KO
DOJlbTHbiX IWli,l.\CHCaTOpax KIJOMe u;mppbi , YI{a3biBaiOIII.eii 3Ha<remre 
CMlWCTll, I{aJ{ npaBHJIO, narnwano H 3JiaqeFr He pa6o<Iero mnr rrpo6un
uoro HallpHJHCUI1H. JJ:JIH 06biqJ3b!X KOH,[\eHCaTOIJOD IIOCTOIIUHOH CMIWCTFC 
C TDCIJ,l.\blM ,l.\l13Ji eJUp11KOM ]i[ He60J!bllil1X IWH,[\CHCaTOpOD n epeMeHHOll 
eMI\OCTn na cxeMax ne yKaahlnaeTcJI pa6oqero narrpmHenFJH. Pa6oqee 
HaiiplliKefll1e He yKa3hlDaeTCII, TaR 1\al{ n ep e•I:HCJieHEbi e 1\0ll,[\CHCaTOpbi 
DhiAepaurna ro'!' an aqrueJibHO 6oJrhrnne nanpHl-HeJnm, q eM Te , KOTOpbie 
AeiilcTnyroT n ycHJIHTeJIJIX KrrnoycTanonor{. 

8JICKTpOJIMT~ecrure lWEACHCaTOphl, n ao6opOT, oqenb qyncTBJI
TeJlblibi J{ n eperpy3KaM. E cmr o6bj'qli.bJe Korr.n;eucaTopbi DhTAepmnnaroT 
qaCTO ADYHpaTRYJO rreperpy3KY ITO HaiipHlHCEHIO, TO 3JICKTpOJJJ1T~e

CIUJe J.(a/He IipH llC60JibiiiOR rreperpy3Ke DhlXOAIIT 113 CTpOII . IlpFrqeM 
IniOrAa, oco6enno :Kpynllhle 1\0EJ.(eEcaTopbr, n MOMeHT npo6o11 MOryT 
n3opnaTbCJI 11 rronp eJl.UTb MOETam. H oaTOMY n o6o3naqeu11e aJieKTpo
JIHTFtqecKoro 1\0E)J,e!lcaTopa KpoMe ero ycJionuoro CHM:noJra 11 nem r
'l.I1Ehl CMKOCTII 06JI3aTCJlbll0 DXO)J,HT I\114Jpa, ll0J{a3hlDaJOIII.all HO~:!IH-laJlb
BOe pa6oqee nanpHmeiiue. Be.rurqxw a eMr<ac:i'J1 mo6oro 1\0ITJ.(eHca-ropa 
o6o31la•raeTcJI ua cxeM:e u;H4JpaMII, pacl.IImpponHa HOTOpb!x J.(aHa n 
Ta6JI. 14: 

OooJHa'!emre Ha cxeMe 

01' 1 AO. 999 
0'1' 0, 01 AO 0, 999 
OT '1 ,0 AO 00 

B eJJ IPIH Ha eM l\OCTH 

OT 1 AO 999 nrfi 
OT 0, 01 l\0 0, 999 olLKrjJ 

OT '1 .J~~>rfi AO 6ecrwDe'r-
HOCTH 

HanpNiVrep, IWHAeHca-rop CMJWCTbJO 6800 nr;rfi na cxeMe o6o::nra
'IaTOT npocTo rr.n4Jpori 6800. RoHJJ,eHcaTop eMKOCTbiO 50 000 'urrfi o6o
anaqam-r IJ;1rcppoft 0,05, TaK J{ali ellmOcTb ero panHa 0,05 .ur;rfi. 



A .., 

II p H JI o ll\ e n H e · 2 

OCIIOBHhiE IIAPAMETPhl rPOMI\OrOBOPIITE.TIE:if , rOJIOBOI\ II COrJIACYIOlii,F.IX TPAHC(J)OPMATOPOB 
AIIIIAPATYPhl «3BYK» 

· Ta6 J£Ul( a 1 

OcHOBHhle napaMeTphT rpoMJwrosopn1'eJicii annapaTyphl <<3By•m 

; 
HOIICTPYHTH BII hJC .ua n J!:Ibrc 8 JIC1\Tl)Oa.HyC'I'J.rqCCI\HC fiOH a3aTCJl lt 

illH<jlp 
l ' [JOMHO- l iOI\IHHa Jt b HOe DOC!lfl01 f 3ROLI;HMbl~{ CpC):( II CC 

r OBO[J11'l'CJTf1 II OMH ffaJ"J b rT a ft DXO):( I!OC OJICI<'l'(l H - A lH \ n U30 II t:Ja C'l'OT CTa ll ):(a(JT II OC pa3MC1JhT 
:J,JJCHTp.HlfCCI<afi '!CCHOC COfl[JOTI1 D- ( ll C[lnliHOMC[lliOCTb 3 llYHOBOC (BbJCO'I'a, lll HLJlU ia, BCC, 1\.2 
1\tO i l~ II OCTb, on~ JICHH C, lUt. 12 ao) . ""f AanJIC IIUC, n/~1 t. 2 r Jty6H IIU), .i\t.i\t 

30A-46 12 300 b0-14 000 0,35 980 X 490 X 360 40 

30A-68 25 144 55-12 000 0,3 '1160 X 730 X 460 65 

30A-64 50 72 50-12 000 0,3 1760 X 1382 X '1021 315 

30A-66 50 72 !10-14 OQO 0,35 1760 X '1382 X 1021 325 

30A-62 100 36 40-14000 0,35 3237 X 1382 X 1021 IH 5 

25A-44 6 GOO 80-12 000 0,25 330 x 330 x 210 8 
...:-

25A-46 !,5 2400 . r100-12 000 . 0,25 300 X 269 X 280 7 



... -0. 

Wurpp, na3rraqcmrc 
H 1\JJHCC 

4A-28 lUfl- II 

4A-32 ll!H-I 

2A-9 I-l':l - II 

2A-11 f!Ll -I 

1A-1.7 BLf - II 

1A-16 J3L.l-l 

T a 6J1HU a 2 

OcHOliHr.Te napall(cTphl NJJIOBOK rpo~moronopnTeJJeii annapa1'YJlhl <<3nyim 

HOMIIHaJ!b-
11aH 

MOUl,UOCTb, 
em 

6 

12 

25 

25 

8 

10 

:JstCHTpnaH YC'J'JrqccH JJ C noH a 3 aTCJI Ir 

110.!\lHIJa JJbllOC 
;)J[C l\'J'l)l t tJ CC HOC 

conponm
JICHnc, O.i\t. 

15 

15 

•J5 

15 

20 

2(j 

qacTorra 
MCXan g 
qeCI\ Or O 

pc~ onanca. 

Z11· 

)1Haua30 II 
lJa CTO'l' 

(ncpauno
MCPHOC'l'b 
12 a6), <11. 

AmJ.JqJyaopn~oie roJJOntm 

50- 70 60-14000 

40 40-14000 

:)5-55 40- '1200 

2S- 4U 35- 3 000 

PynopHhJe roJIOBJm 

800-12 000 

500-14 000 

.J ~ 0 :p " 
3 I ;'" 

--~o .f:J9 0 

c pe;viCc 
CTfl!·l)lapTIIOC 

:J il)'HODOC 
Ha nJ!eiiiiC, 

11/ -"' 

0,28 

0,35 

0,3 

0,35 

0, 7 

0,8 

l\OHCTPYH'l'II BIJb! C JJ.a llllhiC 

pa3MC(Jbl 
(ll llaMCTp. 
!'J1)'6HIIa), 

.iH."L 

258; 90 

352; 210 

385; 195 

485; 190 

I 141: 95 I 
(26 X 12-'i; 162 

.HH a M C'fP 
H 3 Ji yqa'I'CJlff 

HJJI I 
HhtXO)ll tOrO 
OTnepcnm , 

.. ,(.0\f, 

235 

280 

3:)0 

L_1'[(J 

28 

28 

BCC, 
1tZ 

1,5 

10 

1 :~ '5 

15 

6 

7,3 



Ta6 .rr Jrt~a 3 

Tpanc~>opMaTopbl rpo~morOBOJlllTe.leii annapaTypbl <<3ByK>> 

IO- 4~.85.022 
IO- 49.85.023 
IO- 49.85.024 
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