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ilpl'tul'tuotl, nutaunaroulert orr(JroHer{rre peryJrr.rpyelroli BeJrHrrr.rHbr

H Ue rpe6oBaJra AanrHefirr jero pery/rHpoBaHHrr. Tax, npH peryJrHpo-
BaHr.rrI qacrorbr BpauIeHr.rn rr.rApoanperaTa BO3MyrqarcuIHMr.r sogAefi_
crBHflMH flBJlfflorcfl uguefieHuq Hanpysl{r.r Ha re}reparop r4JrH r{3Me-
HeHHr{ r\{oMeHTa ryp6uutr, o6ycnonner{Hbre, }ranpururep, none6an wnMH

Pllc. I .  Crpyxtypa npocrerlruei i  cHcreMbr aBToMarr{qecKoro peryJrnpoBarrrrr:
xo -  Sa4ar l I Ioe  3 t raqeHl te  peryJ lupyeqoJt  BeJ IHqt IHbr ;  t I3  -  t t yncrnHre .nu l ru i l  e .neMel r r ;  y  -
ycHn l l reJ lb ;  n  -  npeo6pasooareJrb ;  PO -  peryJr r rpy lou l r r r : i  oprau ;  O i  o6r ,exr  pery" r l lpo-
BaHHn (n  6orsu- rn t rc rne  cnyr racR pery .nHpy iou t i r i t  bbrar i  xor rc rpyr rnBr ro  nxog l i r  

' J -6Or6 i r

perynHpoBanun) ;  z  -  BosMyu{arcu l l le  nos4ef ic rnun ( i : rpenxaMrr  noKasano t ranpaBrrer rge .  npo-
)xAern{n  curHa.non)

Aer?crByrouero Hanopa BoAbr Ha rnApo3Jrer(rpocraHrdr.rH. flp" pery-
JrHpOBaHr.rH ypoBHfl x{HAr(ocrr4 B KaKor\,r-Jrr{6o p$epByape Bo3MyUIa-
IOIIIHMH BoSAellcrBHflMH 6yAyr HsMerJeFrHrr cKopocrr4 Bbrr€Karoulefi w
npl{TeKatouefi X{HAKoCTH, qro H Bbr3brBaer HSMeHeHHrr ee ypoBHfl.

B paccMorpeHFIbIx. cJryqaflx sanaBaeMoe srraqer{He peryfir;iyer\,rofi
B€JIHTII,IHbI xo : const. OAgaxo HMerorcfl aBToMarHqecKHe cucreMbr,
B Koropbrx peryJlHpyeMaf' Hltrr BblxoAHafl, BeJIHqHrta xi,u,* (/) c Ao-
nycrHl\,tofi oruu6xoli (rouuocruro) BocnpoH3Bo.qHT r{3Mer-renlle sxolHoft
BeJrHqlrHbI',rBx (l), usrvreHrrrouer?cn no npoH3BoJrbr-roMy 3ar(oHy. 3,u,ecr
He o6RsarenrHo, qro6rr xo",* (t) : xn* (t).

Huuta BcrpeqarcTcrr cHcrervrbr, KorAa ror,* (/) : hnxo* (t), rae fto*
xosrp$Hlrt leHT saAaHHoro 3ar{oHa Bocnpo}r3BeAeHufl.  Taxue cncreMbr
Ha3bIBarcTcff cJIeAfluII4MH. flpurvreporr,r cJreAflrr1efi cHcreMbI flBJrflercR
ycrpoficrno, Ha3bIBaeMoe xolr6unaTopoM, r{cno.nb3yeMoe B peryJrrr-
ropax. cKopocrr{ rHAporypdr{rr I(Jrf l  ycrarronr(H yrra pa3Bopora i lo-
nactei i  pa6oqero KoJIeca noRoporrroJronacrrrr,rx rpy6l lrr r l  3aBltclrMocrH
or ReJIHqHHbI ort{pbrrr{f l  r laf lpaBJrf lrorqeno annapara, qro o6ecneqHBaer
oIlTI'tIuaJIbI{oe AJrtr Aar'rHoro orKpbrrufl gr-raqeH}{e xoerpcpHr(r.reHTa no-
Jreglroro AeficrBHn ryp6Hrrbr.

Ha pnc. -2 nol(agana npHI{r.lHnHa.nbr-ran cxei\,ta aror':r c,ne/{flr1,efd
cltcreMbl. Cepeonlorop I cJIy)KHT 'AJrn noBopora Jronacrerl pa6o.rero
KOJreca ryp6r{Hbr H ynpaBJrrercfl 3o/rorHHKoM 2, K KOTOpOMy nOA-
BOAHTCfl MACJIO NOA AABJICHHCIU P g. CCPnOMoToP H 3o/IoTHHK cBfl3aHbl
Mex(Ay co6ofi pblllax{Hofi nepeAaqefi 3, urparcuefi po/rb o6panrofi
cBfl3H H SJIeMeHTa cpaBHeHufl, tlepes pblrlax(Hyro nepeAarry BoJtoTr
6

Ht.tK 2 cBrr3an c KyJraqr(oM 4 onpeAe/rerrnoro saAaHHoro npo$HJrn.
I(y"rlarlor( )KecrKo cBfl3aII co ruTor(oM cepBoMoropa 5 nanpaBJrflrorqero
annapara ryp6rrHr,r,  ynpaBJIf leMbrM aBToMarurrecKHM peryJlf lTopoM

Puc. 2. Cxeua c;re4nu1efi  cucreMbr xou6lluaropa' noBo-
pornoJronacrnofi rn4poryp6nHsr

on peAeJIeHI{ yrc, Ha nepeA saAaHrlyro 3aBprcHr\,rocTb noJro}KeHHf nopuHfl
cepBoMoropa pa6ouero KoJIeca or noJroxer{urr cepBoMoropa HanpaB-''. trtrIoulero annapara: 3Ta cllcreMa flBJrflercfl nogur{HoHrrofi cfieAnulefi

, '  cHcreruor?. r
LJIeAflITU{e CHCTeMbI HarrIJrH CaMoe ri lHpol(oe npHMeHeHHe npH

aBTOMaTH3aLIHll [pOUeCCOB DO .BCeX OTpaCJrrrX npoMbr[urer-rHocTH.

:  2. Odrqne noHqrnfl  o peryrrnpoBannu nnAporypdnH.
j HasHaqeHue peryJrnropoB cKopocru

i I ' l r lporyp6ttua, l(al( npannJro, rnJrrrercn ABtrraTeJreM regepaTopa
,i ,;, nepeMelllloro rol{a H o6pasyeT BMecre c HHM e.[uuurl sHeprerHqecrc.tir
i,o arperar, npeBpatqaloulllft gHepfuro BoAbr B o/reKTpHqecxyro gHepruro,

) cerb oTBoAHTCR'K nOrpe6uTeJlf lM.
r( KaqecrBy,sJrer(TpHqecKofi eueprHu,
yKa3brBaercrr, 3a KaKHe npeAeJlbr Fe
r {rarcrnqecKoro 3HaqeHHfl qacrofbr
lrn He 6o"rlee, -+-0,2%. B yAoBJrerBo-
r.rr 3aAaqa peryJrnpoBaHnq. B Aasnorvr
,fr qsnqercfl qacrora gJreKTpnqecxoro

,\n

t



ToI(a f unv cKopocrb BparqeH'.rf f  n (s o6/uHn) poropa arpefara, Ko-TOpble cBrrsaHbr I\{e)r(Ay Co6Olt cooTr.rouerrr{eM

fq , ( l . t )

rK -p - qr.rcJro nap noJrrocoB reHeparopa.' Hs Mexar.rr-rKrr lrsnecrlio, rrro Bpanleur.re poTopa rrrApoarpenara
onpeAe/Iflerctl :ocltoBlrblM ypaBr{elrHeM Maur.rtrbr

r  da  r / lr 'fi_ _ Mt_ Mr,

, - . p , ,
t  - -' 6 0

, t r ;
( 1 .2 )

rAe I - N{or\{eHT
lrHrr  poropai  Mt
I Iarp y3r( r r .

I {HepuHH pOTOpa; o -  yrJroBarr cr(opocrb Bparqe_
lr lVI s - coorBercrBerrr{o MoMer_rrr;i rypduuu 14

Mt: v3{ n, , (  1 . 3 )

i

I
!

I
i
i

rAe_T - Bec eAtrnr.rubr o6r,ella BoAbr; Tt - r(. 1r. A. ryp$nuur.
tr4s eroro tlbrpa)Kcrrln RLrAno, rrro nptr 0) : cofiSt 114On4",,, ryp6Hrrsr

IUO}KI{O I,I3MCIJffTb NYTCM I,I3MCTICHITq PACXOAA BOAbI Q HNN UAiOPA H.
B pea,rIbtrbIX.. ycJIoBH'x npaKTHrrecKH rreBosMo)Kr-ro aBToMar'qecr(H
HsMel l l l r l ,  Aef icruytorr lu l i  l tanop, nosroMy MoMenr typ6nrrrrr  pcryJrp-,
pyror H3r\{eHeHHeM pacxoAa BoAbr.  pacxoa BoAbr Q'nnnneTcf rar( ,' IIaBbIBaeMblM napaMerpoM. peryJlHpoBaHHfl, c noMorrlbro r(oroporo
peryJrHpyeNrafl BeJrHqr.rHa (cxopocrb Bparter{Hrr arperara) noaaef>nr.r-
Baerctl B 3aAaHHbIx npeAeJlax. klsMeHeltne pacxoAa Bo/{rrr ocyu(ecrB.
rlrerctt peryJlHpyrcll lHMH OpraHaMH, r{OTopbre coorBeTCTByrOT Tr4nyrr{Aporyp6uHu.

Ann nepecrarroBr(r{ pe.yJrr{pyrcurx oprarroB B r(pynrbrx H cpeA-HI'IX rHApoTyponuax npHr\{eHrrrorcfl HcKJrrorrHTe/rbHo rHapasrHqecKHe
cepBoMoropbt' n03Bo/Ifl louHe co3Aarb neo6xoAHMbte ycH/I'Hrr B ge.
.cxoJrbt(o cor roHH H 6onee.

8

floAlep>r(arrr.re qacrorbr 
"pr*a,r"n 

rt{Apoarperara B saAaHFIbIx
rr pe4eJrax npH pa3Jrr{qFrbrx uarpysxa* reHeparopa ocyuecrBJlflercn
aBToMarHqecKI.IM peryJlnropoN{ cl(opocrn, Koropbtfi, nepenaelllaff pery-,
.rnrpyroulurl opraH, coorBercrByrolrruM o6pasorr,t H3MeHfler pacxo4r'n
noAbr qepes ryp6t'tHy.

Asrouarr.rqecr(Hrvr peryJraropoM cKopocrH. ruAporyp6HHu uau
npocro penyflrrropoil{ cr(opocru 6yaerr,t IlasbtBarb coBoxynnocrt'
ycrpoiicrB tr ilpu6opon, ocyulecrBJrttrcunx pt3MepeHue peryJlHpyerrlofi
DeJrHqr{Hu (cxopocrH Bpal{gHnn) H ee cpaBHeHHe c 3aAaHHblM SHaqe-
nlteM, r lnpurrl lonantre ynpaRJlrrronr,ero BogAet"tcrnttf l  t4 nepecralroBl(y
peryJrrrpyroulero opraHa, r.  e. I(  peryJIETopy ct(opocrn 6yaeu oruo-
crrrr, Bce ycrpofrcrna or II3t\,tepr.ITeJIfl 'cKopocru Ao cqpBoMoropa Ha-
npaBJrrrror{efo annapaTa Bl( / I IoqHTeJIbHo.

Ilo.nr'nlr.lltcrBo cHc'r'eM aRToMarrrqecKoro peryJIt,tpoBaHHrI nocrpoeno
rra npr.rrrur{ne pef yJrr.rpoBaHnfl no oTK/roHeI.lHIo peryJII{p.yeuofi Be-
f lHquilht (r) oT ee 3a^aHrloro 3HaqeHHR. Pery"r lnroprt, ' ,  ocHoBaHHble Ha
3Toi\r nprrrrt t t . tnc, rrasbrBaroTcrr pel 'yJrf lTopaMIl 'c nos4eficrBl lel\ , |  no
cr(opocrn. IIpn aroM peryJrnrop AoJrx(eH raK soeAeiicrBoBarb Ha pery-

.nr,lpyrcrqr.lfi opraH ryp6unur, uro6nr yMet{b'r.unTb I.IJItt noJII{ocI'blo
Jrr.rr(Br.rAr.rpoRarb ort(Jtor{eHl.te peryJIHpyeuoft BeJII{qHHbI.

Apyrr.rn,t  npHrrrtrrtroM peryJn{poBarrHrr rtBJrrrercn peryJIHpoBattHe
no Do3r\{yrqelil.lo. B erortt cflyqae KoMaHAofi l,nn nepecraHoBKu pery-
nr.rpyrcuero opraHa MolKeT cJIylKI{Tb, HaIIpLIMe p, nOtlBJIeHHe pa3-
rrocrr l  MoMerrroB. OArraxo Heo6xoArrMo 3aMerHTb, qro peryJl l lpoBaHlte
rlrAporyp6ulr ro"rlbr(o no Bo3MyrqeI"IHro HeBo3r\,tolr(Ho, TaK KaI( B grot\{
Cfiyqae I le I I I ) lnOJII I t leTCtl  OCHOBHatI  3aAaqa pefyJl t lpoBaHHfi  -  nOA-

Aep)r(arrrre B 3aAauIIbtx I tpeAeJIax yr"r lonoi i  ct(opocrI I  BpaulenIIn po-
Topa . i l ,ns noJrr-roro peileHHR 3a/[aqu aBToMarnqecKoro peryJlptp-oBa-
rrrr f l  cKopocrn iu4poarpenara nos4ef icrenn no Bo3Myuet{HIo .o6ssa-
TeJrbrro AoJrx(r{br BBoAr.tTbcfl BMecTe c caMHM oTKJIOHeHUeM CKOpOCTH
Bparr(enr{fl . Tal<lre peryJrrrl 'opbr uagbrBarorcrl xotr,t6lrt ' l ttpoBaltttblMt{.

B rrocJreAHee BpeMl r l {Aporyp6l luHue $upn,tn MHoTHX crpaH IUH-
por(o npr.n{eHrlror peryJIfiTopbl cl{opocTH c pa3JIHqHbIMH BHAaMV

l(ono,nrn.r ' reJrbrrbrx nosAef icrnl t f i :  no npon3Bo4rtolYt '  (yct<opeHHrc),  t ro
rurrerpaJry,  no npor.r3Bognoi i  H'  HHTerpdry,  no nropof i  npou3BoAltoi i
t{ r. A. I-laqnsarcr i lpr.rMetrflrbcfl H r<ola6uHnpoBaHHble peryJltlTopbl
c nogAer7rcrnr.reM rro cr(opocrr.t I l  l larpy3l(e.

Cne4yer orMernrb, qro BBeAeHHe B pery/rnrop cl(opocru AoIloJI-
rnrTeJrFirrbrx nosAeficrerrfi npon3Bo4r,rTcf He AJIfl BbInoJIHeHHfr, saAaIIT
peryJll{poBA[Vfl, a lprrt" yJIyqIXeHHn KaqecTBeHHbIx noKa3aTeJIeH
pa6orrr peryJrnropa cKopocrr.r H cucreMbr aBToMarnqecKoro pery.JIHL
poBar r r { f l .

r  |  .  .  , . . " .

3. CtaruqecKne xapaKrepncrHKH rnApoarPg.l l l ,*, , , . . , tu : i '  .  " ' / , :U PerLJlflTOpa , , ,,,*'ffi1ii!i,i": !'. i:;,,,t,:,j .;:,., ,,,, ,,':,
Paccuorpr4M oAnHoqnurYr arperar, pa6orarol l luf i . '  Haf:xArofi 'ando' ' l  1:. i r

n o r p e 6 u r e n i 9 J I e I ( T p o 3 H e p r u H . . H a q H e i l c . x a p a K T e p H c T H K H r ! I A p o -
ryp6r . rur t  ;  ' '  ' ' ; " . ' t ' , - t t  '

I



, f t

Cor.nacuo cpoprrly.ne (1.3), Moiuerrr ryp6Hnu rrB"rrrrercrr rplnxquefi
pacxoAa., cKopocrt{ BparqeHr{r _Hanopa BoAbr n xosrpcpHu{er{Ta noJres-
Horo AeficrnHn, r.  €. Mt :  f  (Q, tx, 'H, r17); ecnu yqecrb, qro pacxoA

-qepe.3, typflHy onpeAerrflercrr orr(pbrrHer\{ pery;spyrcqero opraHa a,
To Mt : f (a, nH, q,). 3ra 3aBucnr\{ocrb HasbrBaercrr crarnqecr<ofi
xapal(Tepllcr l txol: i  ryp6l l t l l ' t .  Ee t lacro II f l3trrRttor TaI()r(e vouellr lrot?
xapal(Tepllcr l troi l .  O4uaxo npeAcraBI' ITb Tar{yro 3aBr-rcr.tMocrb Ha

nl

Pr'rc. 3' Bna yHlinepca"rrurrort xapar(TepHcrrrKrr Mo{eJrH
p aAHarr bHo-oceeoii rH4poryp6rlrrrr

oAHor'l rpa$Hre I{e npelcraBJrffeTCs Bosrvro)Knbrn{, rrosroruy o6rrqrro
orpaHHrrr.rBarorcfl $yuNuueft yl4La Mt : f @,, n, Tt), noirpoesnorl
nJrn onpeAeJreHFroro rranopa H o. i l .nn ApyrHx guaqeunfi  rranopa 3ra
3aBl'lcHMocrb nepecrpat.tBaercfl c noN{or.qbro r{3Becrrrbrx $oprr,ryn nepe-
cqeTa.

ctaruqecxaq xapaKTepr{crur(a ruAporypluatt Mt :  f  (a, f l . ,  t l l )
Mox{eT 6urr nocrpoeHa no AaHHbrM yHHBepcanruoft xapaKTepncrnKr.r
MoAerrH rHAp,oryp6unur, r"rq xoropor? B KoopAr{H arax ii H Qi, npr4-
BeAel{ l lblx r I  M I lanopa u I M,I{Har\,rerph pa6oqero Kofleca, nocrpoer,rr,r
I(pHBbIe rtocrosHFlbtx orl{purufi peryJrupyroulero oprarra d.r, H npHBrrre
rlocrotlHHbIX sHaqeuHii t<oa$rfiurllleHTa noJreaHoro 4elicrnlrn {* Mo-
AeaH rrrAporyp6uHsr. ,

BUA yI{HBepc anawoft xapal(repHcrr.rr(H MoAeJrH pa1..lailbrro-ocesori
rnAporyp6uHrr noKa3ar{ Ha puc. B.

flo ycnoBrnM no4o6un peanrHrrft pacxoA qepe3 ryp6nuy Q (r-,rs/c)
H peaJIbHafl cKopocrb BpalqeuHq n (o6irr,run) Eiln saAaHHbrx sHarre-
uufr puaMerpa pa6ouero Ko/reca ryp6uHr,r D (r) H Hanopa l/ (rrr)
l 0

sl
n

I
i l l l

il17

n!,

n l
t t 14

cBnSarIbI  c npuBeAeHHbIMH
3ABHCI, IMOCT'IMH:

BeJrHqHHaMr pacxoAa Qi t4

a - qrfTn2; 
,

, lf H
n: nr _T- ,

cKopocTw tlt

flocrpoeqge cra.rrrqectcrx xapa_Krepgcrt,u( rllAporyp6tlust lleAerctl

cle4ylottiottut o6pasorl. flycrr, rpe6yercn nocrponrb xapal(repncrnK.y

/lJrn BeflLIqHHbI oTI(pbrrufl MoAeJIHT cooTBeTcTBytoUerO AM (puc' g):

Bnaqane onpeAeJIfeTcfl oTI(pblrl 'Ie d peanrnOft Typ6l'tHbl' KoTopoe

coorBercrByeT orl(pblrl{rc MoAeJIH A*, 
Mt

no rpopuyne
D z:  a * f f i ,  ( 1 . 6 )  M u

Mto
r/tc Dn, - AltaMc'rl) pa6otlero l(o,neca nr,
I\,toAeJIH; z rt zM - qHcJIO JIOnaTOI( Ha-

npaBJrfltortlero annapaTa cooTBeTCT'
Berrlro ryp6uHtt H I\{oAeJIH.

3arerrl npoBoAHTCtl pn4 .nltHtlf i no-

r,{eFlr ryp6Hnur 'no $oPtuYne
? ^  Q '

Mt: -- yDsII -*\ t ,

( 1 . 4 ) ,
r-n

(  1 .5 )

( l  . 7 )
!

rAe f) H H - s M; T -B H/u3; Qi-I  ur/2lci  nlr- s tut ' / ' .  o6irn,1us.

K. n. A. ryp6nHtr B Bbrpax{eHHr{ (1.7) B neqBoM npu6nuxeHHH

Moit(uo npt{ttttTI, paBI-lbIM K. n. A. MoAeJIH Inr. OAr'raxo AJrfl 6onee

roquoro onpeAeJIeIII.ttl MoMeI{Ta ryp6HHbI Uenecoo6pagHo noJIb3o-

Barbcfl  9r\4nl{puqecxoi i  SaBHCHMOCTbIO r

T t : l - ( l - q " )
-  (  1 . 8 )

Toqllo Tat(t . IM X(e nyTeM cTpOflTCq cTaTHrIecI{He Xapal(TepHCTHKH

[r AJrrI ApyrHX otrprtrufi peryrlu,pyrcuero opraHa'
FIa pili. 4 norasaH nppuepHrtft BHA crargqec6gx xapaKTepucrnK

paAuarrbno-ocesoft ruAporyp6uHst n!-I{ pa3rlnqH"l gllqblrHnx H1'

npaBJrrrpulero anna paTa ab dz, a3. I4e rpa$HKoB BHAnQf IITO C yBe'

Jn{qenrleM cKopocTu BpaI{e[IHn Typ6HHbI ee MoMeHT yMeHb[JaeTctL

Srrtu csoftcrsoM olnatawr Bce 6ei^racr<noqeHutl rllnbl,1"O9o"yOU"\:
'  l l



l l oHo I{a3I,IBaerctl ecpc[exroM caMoperyJlHpoBar{Hfl. I(onH,recrBerrHo
fltlexr ca Mopery'rr u pon aH rr fl x a p a r{rep H3 yercfl xoecprflra qH eFrroM ca ruo-peryrHpoBal.I l l f l  ryp6unrt e1, xoroprrf i  ;1nn saaaHr{oro pe}r{HMa onpe-LeJIflercfl I{aKJIoHoI'l KacareJlbHofi,- 

-niloneae"utool r( rprinoi, nocrosH-"-IIoro orl(pblrfitr B paccruarpHsael\aori roqr(e. O6rrquo iroiq,,prui.**ir--aBblpall(aercfl qepe3 oTI'locl'tre,flbttble B€Jrr.rrrfirrbr H onpeAe/rrrercfi nocooTl to l r rc t t t { to

- _ dn4t fln
ct - ------a-- -;-;-

d n  M t , r '
,

rge M1,, I t  t tn - uoMl{naJlbnbte (pacqernnte) euaqerrr.rf l  cooTr}ercrBerirron,roMeHra H cr(opocrr.r BparqeHHn ryp6HHli.
Cornacuo pHc. 4, npoHsBo/irran'r j tw,t i , ,  BcerAa r.rMeer srraK MrrHyc,T' e'  xoa$clrHlrHeHr caMopery/tr ' IpoBarrHfl  f lB/rrercrr nenuqsnofi  orp,-uarensHofi' C.neayer ornaeruir, qTo o6nrqrro B TexHr.rqecxorl n.reDa-

r Hro r HI p or.y p-6vn l< Oscfrcpl{ L(r.re ''roi\' c a r\ o p e r y Jr [r _le f lHrrHrry ( l .g l ,  R3nryro c  o6par l ruu srrar{or i , r .'  
HrIHeriTa caMoperyJrHpoBanr.rrr npr4_
apOAltt  t tvt I{OAOM nO HCtrbITaHHflM
iun t441.

TaTr.Iqecr(r.rx xapar(TepHCTHK reHepa-ropa H HarpysK4. B o6rqeu BHAe aI{TLIBIrarr Mor{rrocrb, norp.Onneniuouarpysxotl, tBJlrtlercn cpyur<qHeft nanprrlKelrgrr IJ n ur'."oir, eJreKTpH_qecr(oro TOr(a I

#
t '

(  I . e )

( r .  l 0 )
^__!.lt,r 

no'rolKlrrF,, qro Bo Bperurr pa6orrr Harpfl)Ke'r{e re'eparopaaBToruarr.Iqecl<rr noAAepx{uBaercrr nocrorrHHbrr\{, rrro B.ecbMa 6,nHs;ioK peaJrbrrbrr\,r ycJroBHni\{ pa6orrr arperaTa, To

P - P (U, f).

P :  Po l -  Pr, ( r . 1 1 )

Ms: Ms,o *  Mrn,  ' !  -  (1 .12)

l 2

,  ' '  ' ' j ' ' t ' '

a) AJrn npunoAa c MoMeHToM, He saBHcRulHM oT qacTorbl BparqeHul,
rranpHMep MeraJrJroo6pa6arbrBarculee o6opyaoBaHHe (pHc.' ,  5, '  6); '

6) AIn npHBoAa c MoMeHroM,..nponopunoHaJrbHbtM qacrore nPall
urernrrr (puc. 5, a);

n) a.lrrr nptrBoAa c r\{oMelrroM, npoiloptlprorlaJrbHbIM KBaApary_ 'ta.
crorr,r Bpaur,errr4n (npnnoAbl I iacocoR, I(oMnpeccopoB I ' I  Ap..; .pHc. 5, e).

I(ax nuAHo'r,r3 pllc. 5, narpy3r(e rar(x{e cnoficrseH scp$exr cat\,tope-
ryJrHpoBarrrrfl, rro B orJrr{que or rr.rAporyp6rturt xoe$cpuul{eHT cai\{o'
peryar{poBar{Hrr rrarpy3r{H €e r\{ox{er 6urs KaI( orpHIlareJIbHblM, TaK

PHc, 5. CraruqecrHe xapaKTepHcrHKH
Harpy3r(H

< (n p n

rr noJIolKHTeJIbHblr\,r. BenHqI.rHa
tro Bbrpax{errHro'

B)
Hs

fil

Mg

nl

fIg

a l

6J

Mg

ec onpeAeJIf leTCfl aHaJIOlHrIHo €1

n - d M g  f l n
' E -  - - A n -  

W , '
( r . r 3 )

r1e Mg,,  *  r ror , r l f  r rzJrbuoe gl laqerrr{e MoMer{Ta'  Harpy3t(H.
tlaclo B Jrnreparype BMecro rroefi iuuHelrra caMoperyJltrpoBaHtln

rrarpysKrr ro MoMerrry es HcnoJrb3yercff xoeSQHuHeHr cat{operynn-
poBaHHrr Harpy3r(r.r no MouIHocrH hr, xoropufi cBfl3aH c,lB€JIHIH-
Itoii eg coorrlourerll 'rer\4 , ,, , ,.: t '  .r , '  : '?':"i,1i: 'r i,,-; 

' i ,  '-,

k e : e e * 1 " '  
"

B ra6n. I  Aarrbr 3rraqeHHH xos$rpHuueHToB
Tpeilrrbrx Bbrrre BHAoB Harpy3r(H.



Koe$SuqHeHrbr caMoperynHpoBaHHfl HarpysKrr

FI arpysxa

A rrrrn no -lt trAyHTr u r rarl

AxrHsHaq

C nocronul+brll Monterrrot\,t

C uovcrrrou, nponopul{ottaJrbrn,rM qacrore npautc-
HHtl

C MoMeHToM, nponopuHoHaJlbrrbrM KBarpary t ta-
cToTbr Bpar4eilHrr

Ee xoeQcpHr{r.reHr car\,{operyJrr.tpoBaHHrr

llz llt

PHc. 6. Crarnqecrne x.apaKTepHcrHKrr ru/ lpo-
arpenaTa

;j ';6;;it;;. 
- 

.I.* 
'6onotu" 

u6.onto"*to. 3I{aqeHlle Ko30$IlulteHta e1'

TeT\{ Mel-IbIrle H3MeI{ellHe cI(opocTH
flocxo"ntxy pef yJrr{pyeMarr (ynpannneMafl) cl{creMa cocTollr tt3

rr{ApoafperaTa H 3l{eprocHcTeMbl' TO BBeAeM nol{flTl{e cyMMapHoro

r(oo(bt|luu.Hettra caMoperyJII'lpoBan H fl yn paBJI fl eMofi cucreuut, KoTopbll'r

paBeH

T a 6 l H r t n  I

<*r
- l

0
I

2

<0

paBerI  Q. l [ ] , . ru B nepBoru
cryqae N,{oruenT l rarpySr{H
onpeAeJlfreTcfl npflrvrorl I- I
c KoaQthI{Ur.reHroM caMope-
f yJIHpoB alHufl 0E : - - I , Bo
Bropor{ __ npflMoti 2-2 c
o e : 0  u  B  T p e r b e M - n p f f -
N,rori 3-J c xoesrpuqHenrolvr
caMoperyJrHpoBaHrf l  €r  -1.  . \' [ 'oqxa 

O nepeceqeHHrr 3THX
nptrMblX c KpI{Boft  Ml olrpe-
Ae/r rreT ycTar.roBHBrrrHfi crr pe-
)KHM paoorrr arperaTa c
yrJroBorl cr(opocrbto BPa[Ie-
HI.tf l txn.

Tenepr, 4nn Kalr{Aoro }r3

, t^

0

I
2

i

i ' :

I  i . l r 1

' ; ,
l l

ft

€ n :  € g -  0 t ' ( 1 . 1 5 )

. Tpex c/ryqaeB yMe[rbtr]HM rra
oAHrraKoByro BeflHqt4r.ry aMn MoMer-rr ltanby3r(H.. B pe'synr,rare Bce
Tpl ' I  npRMble cMecrnrcn BuH3 Ha BeJn{qHHy LMn. I-]a pucytrKe rroBbre
craTllqecKHe .xapglirepHcrlrKH nor(a3aHbr nyHrirr.rprrbrMH npflMbrMr.r'  
l ' - l ' ,  2t-2' ,  3'-s' l  Toraa Ai l tr  nepBoro ,cf lyqaq paBlroBecrrbri i
pex{Hr\,f cN{ecrHTcrr BroqKy orH cKopocrb npaueriun 6yler flt, Ailn
BToporo - B TOI{KY Oz co cKopocrbto tl.2, a AJITI TperF,ero cflyqafl paB-
nonicur'rit ' pelxr.rru onpeAe./rnrin rotrxoi.r Ox r{ cr(opocrr>to tr.s. lvt"-
HI'1il{aJlbl'roe. _yBeJIHqelll{e CKOpOCTH n1nryq4Jrocb Arrr MoMe[rTa Harpy:]-
KI{ c xoeQSuqr.reHroru caMopefyJrapoBa}rrrr €s : l, e N{ar{cHM;Jrb-
HOE __ AJIf l  IVIOMCHTA C KOsS(FI'qHCHTOM €g: __I,

AHa,uoruqHufi pesy.rlrrai rroJryqnTcrr, ecJru BMecro MoMeHTa Ha-
rpy3KH H3MerrHrb r\{oMeHr ryp6Hr{br Ha LM, (rurpnxoBar{ npHnan Mfi,
t4

HeperyJltlpyeurtft rt lApoarperar I{ BbrncrJHr\{, KaK BJrHffror BeJrr.rrruHbr 01
H es-J{a cK0po_cTb ero BpaU{eHI'If l  npH l.13Mel{el' lHflX l\doMet-tTa Harpysr{H.

Ha pr l -c.  6 t (p l lBan M1 f lB,nnercr l  cTar i lqccl<of i  xapar<repui f l l l<olYr



pa3.[I{t lHbl lu [OflO)l(eI] I ' IsM CepBOI\,!OTOpa CooTBeTCTByeT OAHa H Ta ]r(e
ycra l lon l {Bruaf l t f l  cKopocrb Rpat r tenHa Typ6Hrrbr ,  r ra3brRaercr {  acra-

9ro, f
Pu ,c ,7 .  Ac ra r l r qec t<an l  H  c ra -
TlrqecKafl 2 xapaxrepficrtrr(H pe-

, ryJrrropa

TUuecrgj i  xapat(reprfc.rrrr ioi i  per1,,r1y1"
Topa.  I lz r  l ) r rc .  7  orra i lor (asarra B nrUtc
npnuorl I ,  napaJrJre,nrrroi i  roprrsor{-
ra" r lnuOl i  OCH.

OAHaxo peryJrf l rop Moxruo rra-
crpor{Tb i{ TaKr.rM o6paeou, rrro nocJre
u3lvleliellI.tf l  r{arpysr{rr rra reHepaTop
qacToTa BparueH14rr arperaTa r{e BO3_
BpauaeTcff TOqrro I( rtoMHr_raJIbHoi\{y
3lraqellHIO, A ycTalIaBJIHIlaeTCq He_
cKoJrbKo Bbrri le rroMr.rHa,l|IbHoro np14
yMeIIbilJerII. lH l larpy3t(t.t II H€CI(OJIrrr(o
HrrlKe - npH ee yBe,nH'{eHr.rr,r. B erou

cflyl{ae noryquNl c'rarl'Iqe_cKyn xapat{repHcrr{I{y peryJrnropa, Koro-
pafl  noKasaHa I{a PHc. 7 R BIlAe nar(JrorrrrorYr npnr,, toi l  2. 

' l lpnunll-

nHa/IbHo oHa I le o6Rgarenrlto AoJIX{rra 6urrr npnMoJrnneftr-rorl ,  rro,
KaK*npaBHJrO,. OHa 1n:/.sxa x npnvoH.

Bennquna 
I

onpeAe/r f l  rorqan KpyrH3Hy xapaKTepr,rcrr . rKrr  B
Ha3brnaercrr nocroflr{Hori HepaRrroMepHocrbro

(  l . I 6 )

p accMaTp H B aer\,rori rou xe,
peryJrrrTopa HJrr{ ilpocTo

' d n
O p :  - @

thnu*

lxn '

CTO CTATTI3MOM.
I(onrr,lecrno

D rrpouerrTax H
o r  0  A o  0 , 1 .

b1 ,  BL lpa ) I { ac rcn  n  o ' l ' l I oc l l r cJTh l I L t x  t } cJ l I I t t t t t I ax  t t , n t l
Mo)Ker  ycra l . laDJIHRar l )c f l  B peryJI f lTopax B I IpeAeJrax

4. llapan.neilbqa.fl pa1ora rnllpoarperaroB
Ha sHeprocHcTeMy

b rrJra o6 olilsor{HoM rl.rApoarperaTe,
Harpysr{y. B coBpeMeHHbrx ycJro-
raTa rrBJrfleTcfl AoBoJrbFro peAKHM.
)r tr fr{AposJrer(TpocTaHuHr.r B ueJroM
)c.rreAr-rue, ts cBoro oqepeAb, MoryT
fi  e KpyxHbre sHeproo6re4nueHHn.
x rrapaJrJreJrbr{o pa6oraer 6onuuoe

I(oJIIqecTBo arperaToB c cHI-I,xporrnoii qacToToi.r Rparqerrr.rfi, onpeAe-
JItIloueii qacrory greKTpHrlecxoro roKa B AaFrrrorl gHeprocHcreMe.
l ^
I ( )

I(an yi l<e orMeqaJrocb, octroBFrbrM TpedoBaHHeM RBJItIeTcR noAAep' '

X{AHI , IC I IACTOTI ] I  B 3HCPTOCHCTCMC HESABHCIIMO 
'OT 

I IATPY3KH'  .  H8

nepnnrn B3pJIttA MOIKST nOKa3aTIrCfl '  qTO 3To JIeTKO- O6eCneqUTb' eCJIH

ycTarrout{rb'rIyJIeBoii  craTH3M }la peryJInTopaX, I{9 n gToM cJlyqae'

corJracHo pLIc. 7, npq acraTl4qeci<or? Hacrp,ofiKe (npnrr'ran -:r/) AByX'

l.rJrr{ 6oJlee napaJlJleJlbrlo pa6oTarcIIIHx arperaToB Bo3HHKaeT'fieonpe'

AeJregHocrb B pacnpeAeJIeHdH MouIHocTu (orxprrrua) arperaToB'

xorrr rracrora n sireprocrrcreMe ocraercl nocrofll-lHofi, t. e. noRBJIffercR

no3rvro)l(rrocrrr 6ecr<olre.ttrort <ndpel(attt(tl)) ntoll(llocrll c oAlloro aFperara

r ra lpyloi l .  I  l l lar<r l l t lgql( l l  9TO' I (Ol tCt l l t0,  l let l l ) l lCt \ ' { .n01\ '10'

OrCtoAa I\tolKFIo cAeJIaTb BblBO,(' t lTo npu napaJlJlennUofi pa6Ore

ruApoarperaroB, ecJIH Her cneUI{aJIbHbIX ycrpoficra 
_p9_lrypoBal{Hff

qacTOTr,r t4 aKTHBI.IOfi MOIIIHOCTH, B Sgeploqgcrertly MOX{gT pa6Orarl

roJrbKo oAlIrI arperaT c acTaTHqecKoli HacTpoiiKofi peryfiqTopa cKo-

DocTII  .  I Inn o6ecneqel l r l f l  napannenlnof i  pa6orbl  arpareroB Ha ol{epro-

ctt.t.nuy Iteo6xo/{l4Mo ycTaHaBJII' lBaTb CTaTH3t\'I peryJIflTOpa'

I{a 
" 

puc. 8 nol(a3al{bl, JII ' IFieliHlrle CTaTHrIecKHe XapaKTepl'IcTHKI'I

peryJrqropoB I lByx^rpynn arperaroB'  napaJIJISJILI I9 pa6orarcuIHX

tra arrepro.".r.ry. OA"h rpynna pa6oraer co crarl'l3Mol\{, 1q:--3-"1p-Y:
rafl - c bpr. B b6uf.nn cnyuae cTaTH3M MoX{eT 6urn pa3alrqrlblM }Ia

BCex pefyJlflropax, rlo c ueJlbto ynpouleHl{tl 3Aecb paccMaTpHBaIOTCfl

'n I I I il b 
ff;,,;l ffi ffil#tff lLu *u * I(a ]KALI ii peryrl'ro p -o-6-ecnel{ H B aer

C B f l 3 b M e ) I ( A y c l ( o p o c T b l o B p a I I I . e H H ' I n o r x p u T l , I e M ' c o r J l a c t l o c B o e f t
cTaTr.rqecxofi- xapai<repHcTHI(e' npHqeM cl(opocTb Bpaqel{Hfl Ka}I(Aoro

;;p;;r;u 6yler coorBercrBoBarl^ ctlHxpoHriort cKopocrH ni onpeAe-

nniouefi uacro'ry aJrer(rpr4qecKoro roKa. B p$yJlbrare. cepB?"oglt]:

peryJI I Ipylot l1 l lX 'opraHoB. ycTaHoBflTcq B noJlox(eHue tpr H t l rz '  l l fH

yBeJntqel lHII  cHltXbor lHoi i  cKopocTn Ao 3r laqeHl ' l t r 'nn'  cepBoMoTopbl

cr\,lecrrrrcrl B noJo;Kel{l{fl Qi 14 \l);, npHrIeM:

LnnArfrr:  
f f iQr,nu* 

l)}o/oi
' t

[ , r t nArfr, : 
ffilprn'n* 

100%,

H s  p n c . ' 8
S H a q e l l I { f  X  b p l

Bpai l Ie l l l I f l ,  a  c

rAe Arlrl = tlrr - lri - H3Mel{eHHfl
nofi  rpynnbl arperaroB; ArPz : r l l
cepBoMoropoB Bropofi  rpynnbl arp(
rrerrure cHHxpoltt- toi i  cKopocTH' 3Hetr

Ann 6onee o6n(ero cflYqan Hslv
/a-ro arperara 6y4er onpeAe.Jlnrbcfi

A!, n: 
L'!n

11,2bph

M o } I ( H o B H A e T b i q T o A a } I ( e n p H o T F I o c H T e J I b H o M a J I b I x
rn hpz (uanpnMep, 0,5-1,00/;) cHI{xpoHHl,""A- Cfopocrb '
Her6" ; qacroti srreproclcreMbt y:.yli;P-t,t',4 " t 

it" 
,

" 
+, : l i i '* : i j  ' :  I  I

"tf

(  r .  17 )

(  l .  rB )



*#

/ lollycrl l ivltr lx l lpeAcJtoR. /. lntlroro uTo6r,r a'roro r{e npo}r3ourJlo, r(El)r(/ lrrt i l
peryrtlTop cKopocrt'I AoJIl l{eII i lN{eTb ycrporicrBo, nogBoJlflrot{ee Tar{
Bo3AeiicrBonarb Ha ero crarltqecKyro xapat(Tepr.rcrr.u(y, vro6tr cr.trr-

lPott"utl !Ko!gcr! I l j IueIIun ocranaracb rlocrofl lrrror?. Tal<prl,r ytrpg[-
ctn oul pe r yn nropC n nn n Crcn nGf a rr usrrr ir gr,rer ieir H n crio p o-iiijGno
f loMou{blo ocyil{ec'I ' t}Jlf lercfl H3Mer{etrHe sTaJIOr{a, C I(OTOpr,rM CpaBHrr-
Baercfl cl{opocrb, t lro npHBOAHT r( . napaJr/reJlbHoMy cMeqeHHro cTaTH-
.recxor? xapaKrepHcrHKH per-yaqropa.

f locnorpt t rur ,  na.  r iar(yro Bef lnqnrry rry)rrro cMCC.n{ ' r ' r  xapar( , repr{-
c r t l xy ,  i l l anp l l ruep bpr ,  q ro6r r  c r rHXpo l r r ran  qacroTa Bpau{eFrnn c r roBa
BeprryJracb K 3rra.leli l l to nn c sror? rteJlbro npeAnoJro)r(trN{, rrro Motll-

Pnc. 8.. I- lapan.nelblrafl pa6ora ruApoarpenaroB

l locr l l  BCex arperaron, pa6oratoul . tx r ta Aatr i ly to or{eprocr. icreir ly,
l l l )o l lo l ) l t i (o l l l l J lb l t l , l  l l x  o ' l ' t t l ) f r l ' t ' l t t tM t l r .  

' l ' l u t r . l c  
n l l c / [ r ro , , ro ) t (cnuc  o ' rCt r t r

rpy6oe, Ho B AaHHoA{ cJlyqae aro He HMeer oco6oio 3HarreHuf l ,  Tar(  r {aK
Hac I,rFITepecyeT rre Toqtrafr Ko"rtr,tqecTBer,rr.Ian or.(eHKa, a npHrI[Hrrr.tzJrb-
Haf l  cTopoHa Bonpoca.

c yr{erol{ yKa3aHnoro fipeAnoJro]KeHufl Mox{Ho 3anr.rcarb

lF?n'ax 
Lnr: j!#t+ Lnn.

b p ,  u p r

Ecntl )/qecTb, tITo Ln, : An. - Li,r, To

+r* (Ln - a,nu) - Ql*o* Ln,,.Dpz \ " '  [ ,rr t

Orx yla

Ln: Ln, ,br '  /  
9-ttno* 

4- { lmax \ .- ' - t  
, l rrro* \  Dpr ,  bn, I  

,

HJIH

A,n:t,n,,( l  +#*ff i)
E cnw Ha arreprocHcrer\{y napaJrJre.rtbr{o pa6oraer

pa3JrHI{Hbll \{ I t  CT'aTHqecI{14I\, I t I  XapaI(TepLICTHI(aM14 l4X

(  r .20)

z arperaTor]
peryJrf iTopoB,

j  ,t.o BSJIt{qt4ua An, [la I{oTopyn Hy)KHo cMecTHTb XapaKTepUcTIIKy .

oArroro- H3 peryJltlToPoB, onpeAeJIHTCtt no BbIpaxeHIIIo 
I', 

lt:z \ : rl"f

^t1,==uf t , , (  t - , -# I+f f ) '  (1.21)
\ k : l / ,

r/le be I{ tp,,,n* orttocflTcfl I( uJO..urU' Ha KoropoM x3M-eHfierctl :1,1-
Tlrqeci<af l  xapaKTept4cr l r l (a pery/ lnTopa, a noA 3I IaK cyMMbl BeJIH-
rtf i l i l , l  b,., l l  1l),,,, '* eTor() arpefa'rf l t le nxoAtlT.

kle ri 'r, lpa>xeriur:r (1.20) r{ (1.21) nuprto, qro qeu 6onbrle Moulnocrb

arpefaTa, xapaKTepl.rcrl{I(a l{oToporo cl\s}ulaeTcfl '  I ' I  qeM IueHblue

c'raTt.l3r\4 pefyJltlTopa sToro afperaTa, TeM Ha MeHblllylq BeJIHqHHy

rreo6XOAttiuo CMeUldTb cTaTI.{t{ecKyto xapaKTepHcTHKy' a cJIeAoBa-

Te,nbIlO, IIa lvlel{bIIIylO BeflHt{l ' IHy fly)l(HO [I3IvIeHtlTb OTKpbITHe pefy-

Jnr l ly toqero oprat{a Typ6HHbl.  Ecntt  AaJIee yBeal ' lqnearr  qHcJIo

arperaToR, y r(oTopbrx cMeularoTcrr cTaTHqecKHe xapaKTept{cTIII(l ' l

peryJrnTopoB, To 3TO paBHOCI{JIbHo. yBeflHr{eHH}O t|ln,u* -H yMeHbIUe-

uruo sHaKa )  n nupax(eHl lg (1.21),  r .  e.  H B sroM cf lyqae BeJIuqHrIa Ln

6y.u,er yMet{buaTbctt. B npegeJle, Kor \A craTrqecl{He xapaxTeplc]1ry(H

Bcex peryJrrrropoB (c o/[HHat(oBbIM craruaMoM) 6y4yr cMelllarbcfl '

Ln -  2Ln,r . ( t .22)

3Aecs Hy)t{Ho LIMeTb B BHAY, qTo caMo 3HaqeHHe Lnn s BbIpax(eiIHH

1i.ZZ1 ,r i ,n, ,c, l ' ,  or  Bc,nl t t t l t t t t ' t  ycral IoBJIel{ t loro crarI ISMa bp, 9ev

nel ts i l te b, , ,  TeN{ I \4et l l , l i lc  Ln,r .
TaXuvt '  o6paaolr ,  t rPH1OAHM K B6IBOAy'  qTO npg t le ly leHeHHsx

,,Orpa6na""n 3.rIeI(Tp03l' leprllH Hall lvlellbtl l I ' Ie HsMeI{eI{HR OTI(pbITHit

perlrylplOytoulHX opraHoB 6yAyr B roM cflyqae' KorAa npol{3BoAt{Tctl

cTueilIeHHe CTaTllI{ecI(HX XapaKTepHCTHK peryJIflTopoB Bcex fI ' lApo-

arperaToB, IIapaJIJIeJIbl{o pafioTalgu1ux Ha sJIeprocncTeMy.-

Ao FreAaBHero BpeMeHtr AJrfl noAaqH I' lMnyJIbcoB Ha MeXaFII'I3iubl

r.r3ruer{eI{I{tI cKopocTI'1, c noMoulblo I(o
cTaTHqecl{ I . lx  xapaKrepl lcTl4l(  pefyJl j
rar( rrz3bn]z0Mbtii Bropl' lqHbIfi peryJ

ce6e flBJIflerctl AoBoJIbtlo cJIo)KI{btM
B l(oltu.e 50-x roAoB AJIrI I

f  r r r lK.  E.  3.  Anurepuan npeAJlox( l
peryJlHpoBal{Hfl napaJIJIeJIbHO pa6ol
paspa6oraH cneul{aJlbHblfi sJIeKTpO
B BpIAe npHcraBKH ycTaHaBJIHBaercfl B Kax(Ablfi peryJltlTop cxopocr!' ,,
a Rce peryJrnropbr napaJIJreJIbIIo pa6oratolqHx 

'arperaToB '06'b.eAH' 
'

nrnorcn y."pofi.tuo*' *oppe*Utr" arnrBHofi Mqullgcr1' (VKAM)'
I lo4po6uoe onnt.u"'" eroio ycrpolicrga AaHo B:' I l  J' 3Aecr' nHrur
orrueTHM, -rr.To npeAJrolKeHHaR CXeMa j_elyJtllpoBaHHfl ,. 'rIo3BOJIfI€T"'
pa6orarr c'nto6nrrl  ql{cJlolu arperaroB fAC'np6 acTaTnqecKoft Ha-

crpofixe pery.rfnropoB H Aaer Bo3l\,IolKHocrl, ocyilIecrBurb rp{l,lqt^?e
ynpaDJIel{ l . Ie Bcer\,{t{  arperaTaMI,l ,  BI(JIIOqeHHbIMII CXeMy J I\A/vl '



ffi

Bnoc".leACTBr,rr.{ noAo6Hnre cxeMbr noryrrHfir{ rJagBaHH€ cncr€M I.pyn_noBofo peryJ iHpoBaHHf l  rHApoarpefaraMH.,
B rracrofiulee DpeMrr Ha rnApoa/reKTpocraFr(trgx npr{rueHffercfl Ao_IuoJrbrro 6onnuroe--r(oJrHlecrBo' l , ,roaHcfui(at lurt ."."u,ui, ,r" ipynnoBoro

peryJl l l l loBall l t t l .  I(  l l I ' lM orl{octtrct y 'crpoficrno rpynrronoro per.yJru-poBar{urr NroruHocrrr (yfpl,l), paepa6orar_rrroe Hr_rcr}rryroM _5n.p.o-cerbnpoeKr)), CHcrer\{a c rpynloDbrM peryf l f fropoM cKopocrH 1rFcj,paspa6oraHHan rpecror \ {  OpfpgC t361,  i r  ap.  ,
cne4yer orr\{errrrb, rrro uau6o,nei iruna".rrun cr.rcreMa rpynno'oropery/ l l ' lpoBall l l f l  Moll(eT 6utl ,  JIert(o DLrnoflrrerra, ecnl l  ycra1aB.lt . t-Balorctl sJIeKrportlApaBJIHr{ecKlre perlueltooot ci<opocrp,' Tar{ r(ar(B SToIu cJIytlzg lle rpe6yerctl AonoJrnHTe,rrbrrbrx npHcraBoK, a Hr\,reeTcflBo3lvlolKllocrb BBOAI4Tb nro6rte ct{rttaJIbI B Br.rAe Iranpfl)r{enlrfi nocTorrH-HO|O lr.mr nepel{erlHOro Tor{a.

f  n a n a  ?
ocHoBbl AHHAMHKH ABTOMATHTIECKOTO

PETYJII,IPOBAHHfl

5. J lnnef inue H r ie. [nHei iHbre SBeHbq H CHCTeMbI ,  
'

Bocnonr3yeMcff cpynxUuoHa,ulnofi cxeuofi cncTeMbl aBToMaTHqe-

cKoro peryJl l rpoDat lHf l ,  noKa3al lHof l  sa pHc. l .  OHa cocroqT H3 Pnla
pa3JrHrrFrbrx 3BettbeB, BbInoJIHrlotr1ux onpeAeJIeHHbIe SyHxUuu'  npH.

r ler \ {  pxo/t  r ( f l } l ( / loro s l lc l la cInSf i l l  c  f ib lxoAof i l  npc/ i i , iAyl f f ,Gro.  B Aanl ' '

1efi1leM noA sBerroM 6y4elt i loHI{Marb qacrb cHcreMbl, PbIxoAllafl
BeJrrrqr{ua l<OlOpOl't IIe ol(agblBaeT nOgAeliCfstln Ha ee BXOAHyIO Be"

J l t r . i l {Hy .  I
I- la" cucrevry perylnpo'saHlan HenpepblnHo 4eficrnytor Bo3MYUa:

,ourr. soslefrciugn L (q, a raKlKe lynpan"rrgtollrge nosAefic-rsgq c (t)

(rranplruep, tt3MeHeHHe HacrpofixH peryJlnroPs, cHfHaJIbI or cHcre-Mll

rpynnoBoro peryJl I {poBaHlI f l  I ' I  T.  A.) '  B pe3yJlbraTe qero cHcTeMa

n-Ce BpeMs pa6oraer B I{eycTaHoBHBII IHXcn pe}KHMaX.

OcnosHttiu BonpocoM, KoTopbIM 3aFIHIMaeTctl AHHaMHKa perlJIH:

poBaHgrr, flBJrflercfl r.rccJreAoBaHne ABHIKe,HHfl cucreMbl noA ,u,eiicreHel\a

tsO3ruyqatou,t{x H yn p aBJI tltgqu X sOsAefi ctsHft . 3ro Asi{XeH He cHcTelubl

ua3brBaeTctt npQIIeccoN,I peryJlI{pOBaHun, XOTOpE'tfi IvIaTeMaTHqgCKI{

xapar(repr.r3yercrr r.r3Mer{errHeM pet'yJII ' lpyervrol:i BOJIllqHIIbI x Bo I}pe-

MeHr{, r. e. ay"i iuri i  x (/). 3Hhut,ri, ano roro' qrb6sr H3yt{HTb lrpo-
ueccbr,  npol{cxoAnuILIe.B cHcTeMe peryJlHpoBaHHfl ' ,  ueo6xoAlt lvto

n pe)r{Ae Bcero cocraB Hrb At{QqlepeHUHa JI bHble ypaBHeH I'I n Bcex sBeH beB'

uxoArrul . tx B Aal tFly lo cHcT€My, a TaK)Ke,noJIyqHTb ypaBHeHHff '  MaTe'

Marr{r{ecr(n cBg3btBatoulue uerxly co6ofi painuuHsie sBeHb-fl '  .B pe-

3yJrbTare rIoJIyqHM cncreMy aln4$epenqtaanlHrtx ypaBHeHHfi IIJIl l

Oltuo o6ulee ,qu$drcpeHUHaJIbHoe ypaBHeHHe BblcoKoro nopflAKa'

r(oropt)tM 6ylc,r. onltctnnarbctr /(rntaMr{l(a cHcreMbl aBTOMaTHqecl(oFo

peryJ i l {poBa l - lH t l ,  ,  , ,  , . :
I  d x  d n x \

F r l * ,  - T ,  r  r  r  
,  

o ; ) :\

I az dn'z-  I ' ' z l r , i '  .  . t  
, ,  T l c ,  T i , , . .

\
, ( , 1 : . j -

B o6ulernr BLIAe ypaBHeI{ue (2.11 Mo}Ker io4.pxu11,:uacrulJe npo-

r3BoAu r,re, 14 Jr H oH o. Mo)I(er noJI yq HTbcq B HHTer pol4u$SeP'enqnh'urHopt
rJnt pa3t.tocruo* u,rA". tlpu saAaHHblx sosAeflrcrBllnx' t (t). lu c (tl

--,/-

2r



rlKpoBattnn I\{oryr coAcp}Karb IIefl}trtepiltbre rfyuNrll. l l l .  14rrorAa eiH i}i
d ' l t r t ' t z t r r r r t  r d  n ^ r n F ^ d  - . - ^ . 1 . . , , , ^ ^ - , - -  $ . i ,- 
0ynKtluI ' I  3al{atorcrt rpfrfurrecxrr, rranpr{Mep crarprrrecn". ; ;1;r.=- t t ; ,
Pl{crnKH rnAPoryp6uutt (puc. 4). Peuertue rar*rx ypaBrrernl i i ,  nbo6ue ir, ,*

' 
?Hern1<w rnnporyp6nrrr,r fpne: 4F peuleupre rar<l.rx
roBopf l ,  Bo3lv lo)KI{o rorbxo rpa$Hqecr(H r4rH rrHcJIeHHo, qro,  r {ogeqtro,  i i ,B cnnrHofi creneHH 3arpy,uHter noJryqer{ne o6ulnx peayJrbra"ou, t :I-Ioarouy B reopHH aBroMar'qecKoro p..ynrpoil*i"o'"u.i;;;;;;;
ypaBHeHl{f i  o6r. lquo JII , IHeapH3npyror; R oroM cJryqae cncreMy r{asbr-
Baror nHHeiiuoft.

or ycral'loBI'lBlrerocR 3tlaqetlr,rn Bce BpeMt{ ocratorcfl /{ocraTortilo
MaJIbtil 'IH. CnpaneAJluBocrb groro npeAnoJrolKer{Hfl BnoJr}re saKoH[{a,
TaK I(aK caMa I'IAefl pa6orr'r aBToMarlrqecror? cucreMbr rpe6yer l{aflbrx
otx"noueHt'tfi peryJIHpyeuofi BeJrHrrHFrbr or ee ycraHoBlieuerocn sHa-
q e f I H R  ;  t

Ecnu xo* Lr xo,,,* ttBJIfltorcn sxoAttori H nrtxoxtloli BeJnrqHrlar\{H
nllneli ltott cHcrenrblHJltI3BeI{a, To AI,trIaMHKa nocJle/lr{Hx 6yaer oflr{crrl-
Darbcn 4rr(xpepelr IHa,rbrrr , rM ypaDnetr ] reM

TorAa ypaBl le t t t le  (2.2)  MolKl lo  nepenu

':',:;' 
*:'" {' u-' o': -; * 

* " 
:

I( ,nnr'refiI- lblM cllcreMaM oTtlocsrcfl Ta

AHIIaMHI(a I (OTOpbIX OI l lcblBaeTct l  f lHHl

ypaBI{eHI{flMH. tlpl ' l  sTol{ cl ' lcreMa Mo)l{(

cbrBatoul{ecfl auf$epeHul' laJIbHblMH yl

I t  nepeMel{ I ILIMI ' l  naPaMeTPaMH;
2) c pacnpe,(e/ teHHbIMH naPaMerPi

gHdl$epeFI lluaJI bH bIMH ypaBneH ?l.tlM H B rla

coAe[,]Kaulue AJIHHHbIe rpy6onpoBoAbI'
rbrBarb BoJIuoBble rpo[eccu; 3) o6na[a

Aaqe nos4eiicrBl' l t l .
Henl lnei i l lbtMH I lagblBalorcf l  TaKHe

xorr  6u oAHo Henurtef iHoe 3BeHo' T.  e.  I {

nu6o 3Berta (unu HecKoJtbl( l ' Ix  3BeHren) nr

6ea'cyqecrBettrloro yIrlep6a AJI'n roqHocl
B"AaHnof. i  rnupe-6y4yt paccMoTpeHbl ToJIbI{o nuHef inue 3Bel{bf l

t arail*r,r. fIpe4craBJIeHI4e ypaBHenHfi orAeJIbHbIx 3BeHbeB cncreMbl

aBToMaTt{qect(Oro pcryJl t , lpoRal lHn B nuttef i l tOf i  -  t f ropUe 3[ laqHTeJIbl lo

o6ner,{aer aI IaJIu3 AHIIaMHKI' l  peryJlHponaH14f l .  Ho npi l  sToM Hy)Kl{o

BCerAa r.rMeTb B Bl.lAy, tITo LICnOJIb3OBaHHe pe3yJIbTaTOB' nofiyqeHHbIX

I I a o c H o B a H I 4 H . p e [ I e H I { n J I H I { e a p u 3 H p o B a H H b I X y p a e H e u I l f i , 6 y a g r
npt{Bo/{nTb I( onpeAeJlell l lbltvt norpelxHocTflM npH 6onrUrux oTKJIO'

rreHtIflX oT paDlloBecHblx pe>,.t,tuon. HeontOrpn Ha 3TO' nnHetlndR

TeopHn peryJl14poDalll. l t l  JIex(l.Ir B ocl{oBe BCeX I{l lx(eHepHblx MeToAoB

pacqeTa npoqeccou peryJl l ' lpoBal l l " l f l .  ' \

B,  nocneAyrcUgx rJIaBaX np1a paccMoTpeHHH KoHI{peTHblx cXeM

aBroMart . tqecKoro peryJIHponanl ln 
-rHApoarperaroB, 

6y4er yAeJIeHo

oco6oe RIII ' IMatIue IIJII{t lHHIo Hel(oTopblx iyrUectneHHblx ,Hg'nH-Hefi; '  .
nOCreil OTAeJIbHbIX 3BeHbeB Ha I(aqecTBeHHble nOI{a3aTeJIH paOOTbI

3arvil{ l lyTofi ctlcreult peryJlHpoBaHl'If l  :

6. Vcrofi. lHBocrb H KatrecrBo nepexoA'ptx npoqdcc";t 
i, i ' i '  

" '  

t" '  t

,II.t l laMI{t(a ,nlttteitttott cI{CTeIUbl aBToMaTHqecKoro pefyJlI ' IpOt"q"t , :
onr.{cbrBaercf l  ypdnttenuen (2.3),  I (oTopoe Mo)KHo npeAcTaBHTb B BIAe '  '  

,

L (p) xsux : S (p) ru*,
\  ,  

' i  
'  :

rAe L (p) H S (p) - oneparopHble MHoroqJIeHbI nenofi H npanofi 
' 

;
qacrefi  

"ypaBHerIHn 
(2.3). -

Peurenue ypauH"n"o (2.4) cKrl_a4blBaercff l't3 ro6ulero peut_T-il , . 
'

. r , , , * l ( l ) oaHo io lHo roypanHeunnL (p ) . . xo ,o :0 'Hu1 - . ] I 9To ,qF . *9 - ' . ,

, ;llH' ;;:.;7it:".**.';3 :X.,:, ff Tffil y1*@u. #*ffi4

(4

ny-

x

pe

npoqecc pefyJrHpoBaHr{n bnpe4enflercrr o6urHrvl peueHHeM x -
ypaBHeHlrn (2.1)

Vpanltenltn I{eKoropbrx 3BerrbeB cr4creMbr aBToMarr{qecr{oro

rAe At v bt- roarbr|Hr{Herrrbr. | '
B 4an tHefi rueu 6ylerra Hcnofi b3oBarb c r.f MBoJr HqecKyro oneparopH yro

rpopnay 3aflHcr.r,  o6oeuaqHB

d
. T : p ;

dlx G
Px; -Tir - p"XtH r.

(2.2)

dx
dt

f

I  xd t  -
Tr 

'H r.+, JJ '  dP:
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Cor.nacuo (2.9), oAr{opo/{HoMy ypaRneHH}o

L(p) x"r,x: (oop" * orp,r--t -l *F ar_# -f a,r) rnu,* : 0

- c.o.T'ercrByer xapaKrepHcrHqecKoe ypaBHer.rHe

L ( z ) - d o z n  + u r r , r * ,  ' F . .  .  * a n _ r z * a , r _ 0 .
Ecnu onpe-reJr l { rb B ypanneH un (2.7)  r (opHu zr ,  zz,  . ,

96tuo. 'peurerrue oArropoAHoro ypanrlelrHn Anrr cnyttan, r(orAaCTBYIOT I(PATI{bIC H IIY/ICBbIC KOPHH I,I  BCC KOPIII{ PA3ilHtII- IbI,HMETb BHA

rarxr( l)  :  Cre"'  - fCre"'  --F- . .  ,  -F C,rernt,

'r. e. crjcreMa 6yler neycrortqHnofi. EcnH )Ke Kalr{Abrft qflen,,nepBorl
cyMMbr 6yaer HMerb o, {-0, To Bce oHH 6yayr crpeMr{Tbcff K HyJrro
npH l.-.-) oo u Ka)KAbrfi q,neH 6yaer AaBarb xone6arenrHufi saryXarculufi
npo[ecc (puc. g, 6) . ,A

Toqno ral( x(e o6crour AeJIo H co nropofi cyurrrofi Bblpax(enns 
'

(2,9), roJrbl(o Bce cJraFaeMbre erofi cyMMbr onpe,qeJrrrror st(ctroHeH- ' .
ItuaJrbrroe ABH)Keulre. Ecnu xaroe-nu6o cJraraeMoe nropofi cyMlubr
coAepxfl iT s >0, to npl ' l  l -)oo H SHaqeHH€ x"5pj1 -r oo, T. e. cHcTeMa' ,
neycrorlunna. EcnH )r(e r(alr(Aoe r{g cJraraeMbrx srofi cyMMbr ur{eer

Puc. 9. Pa3nuqnue t lropurr nepexoAHbrx npoqeccoB

s ( 0,. ro Bcfl cyMyg crpeMHrcrr K HyJrro npT t-, oo H cHcTeMa ycroi.i-
qrrBa (plrc. 9, a). Korla oAnrr H3 AeficreureJrbHbrx xopHefi s paBeH
HyJrro HJIH r(orAa cpeAr.r xopHer"r l.rnreercq napa qncro MHHMbIx (a : 0),
UrcreMa HaxoAdrcn r{a rpaHr.rqe ycrofiuHBocrH H xapaKTep ee noBe-
AerrHn rreonpeAeJreHerr (pnc. '  9, a)

Cne/tonaTeJlbtto, AJIfl Toro qro6u nnHefrHaq cncren,th aBToMaruqe-
cKoro peryJrr{poBaHvn 6ama ycrofiuunoft, Heo6xoAHMo H AocraToqHo;
qro6u BeulecrBetIHble qacrn Bcex r<opHefi xapar(TepHcrr.rqecKoro
ypaBI{eIII{tI etoflt cplcreMbl 6amu orp[rr{areJrbHbrMH. 3anaetnu, r{To
8eu(ecTBenttntli I(opeFIb ttBJIffeTcfl qacrrrblM cflyqaeM KoMrIJIeKcHoro,
KOrAa ero MHr.r.N{afl  qacTb paBlra HyJIlo.

Jlrc6aq pa6orocnoco6Haq cucreMa aBToMarHqect{oro peryJIHpoBd:
lilffi [pe)r{Ae Bcero AoJr)Kr{a 6urr ycrolivl.rnofi. Ann 3roro,:ee napa-
Merpbr, BxoArrurne n xoasoHuueHru 4H$sepeHuHaJrbHoro ypanHeuHn; '

Heo6xoAuvro nu6parb raKHvr o6pasona, qro6n nepexoAnue:npoqeccbr
6unn saryxarorrtrHMn. I-lo ycrofiuuBocrb isnsetcq He eAHHcrseHHbrM
r p e 6 o n a u H e M x o p o u e r 1 p a 6 o r u . c H c T e M b t . H y x H o e u e , o 6 e c n e q H T b
rpe6yeuoe r(aqecrBo nepexoAHoro npol(ecca.

FIa pnc. 10, a noKasaH. nepexoannri npo[ecc' B cucreMe., perynlr.,' . , ;

xaK l{3MeHrrercfl orKrroHeHHe peryndpyenaofi BeJrHqHHuiijlpl

(2.6)

(2.7)
Z,r, To
orcyr-
6y4er

(2 .8)
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l{cxnroqnn rrg (2. 19) H (2.20) )cr H xr, nonyrruN{
.U nnx lYr: -

, ,ytrx | -r lVlVg

" t^HJIH

l4a (2.16) MolKHo-gnpeAe/rHrb xr H xz 14 noAcraBurb r{xB BbrpalKerrHe (2,17). B p$yJrbrare no.nyvl lu

v -  l V t' Y  -T f iM '

npl'IqeM R 3l'IaMeTIaTe,ne 3I{aI( n,nloc cooTBeTcTByeT OTppII{aTeJIbHOI'lI
o6p_arnorl cBrrgr{, a Mr{r{yc -- [o./Iox(HTeJIbHorl. 

I

, l4s noflyrlslll loro coornolrlerrnfl (2,21) cne4yer, qro rrepeAarorrrrarl
rpyrrxrlun 3BeHa c o6paniofi cBfl3bro panHa nepeAaro.rHort. $yHnu",nerofo 3Berra 6es o6paftrofi cBs3H, AeJreH[rofi^nd eAHHHUV nJIloC r.rJrH
Mttllyc npol'I3DeAet{tte nepeAarorrHbrx SyHxuufi sBer.rbeB 

-c 
o6parrror?

cBrrsbro w, 6es o6parHorl cBflsH.
B AanrHeiirueu 6y4errl pa3fiHqarb nepeAaror{rrbre SyHx[r.rr,r sBerra;

sauxnyrorli cHcreMrrr; pasoMrHyroii crdcreMbr.'  3arurr(Hyrarr cucreMa peryJrupoBaHHs noKa3aHa Ha pHc. I  l .  B grof i
cHcreMe uenb' coeAHHfltoIIIafl BXoAHyto BeJIHTIHHy fr* c Bblxo.(Hofi,;"",*,
HasbrBaeTcrr npnuor? u,enbro.

_ Pagor'lNttytoli HaBbIBaeTcfl TaKaq clrcreMa, B noroport cHrHaJr
o6parnoft csnsH He cpaB-Hr.t'saercrr c BxoAHbrM cHrHaJroM.trBx, Ee uoxHo
noryr{Idrb I{3 SaMKHyroli cHcreMbl, ecJII{ orKJlroqtrrb or roqKH .cyMI\,1u-ponatrrrn ua BxoAe cr.{rrraJr o6parnoi i  cnngu. B pesy,rrurire pasoMr(-
ilyrarr cHcreMa peryJrr{poBarrHrr npeAcraBJrRer co6of.i nocJreAoBareJrbHoe
coeAr.rrreHr{e sBer'rbeB npnuofi IIenH H qetlH o6parHofi CBR3H. flepe-
1:I9-:lno 

cllyrrr<ulrn pasoMKlryroft cncreMbr, i<oropyro Mbr 6yd"*
ooosHaqarr cHMBoloM G (p) HilH npocro G, paBHa-

.G  -  w |w |ws . (2.22)
Paccnnorpuu saMKHyry*o cr{creMy .  peryJr 'poeaHun (perc. ,  l l ) .

Heo6xoAl'ttrto ldMerb B BLIAy, qro B nro6ort cgcreMe aBToMargqecr(oro
peryJrr{poBaFrprfi HJIH cneAsuefi cucreMe AJrfl, BbrnoJrHeHHfl gaAarIH
peryJIHpoBaHHtl BcerAa npoH3BOAHTCfl CpaBHeHHe srrxoAHofi BeJrH-
I{III{bt tBbrx c nxoAuoii xo*. CurHaJIoM Anfr'HgMeHeHHr ycraHoBHBuIe-
focfi pell{Hr\{a flBJlrrercfl paSHocTb MeMAy Xu* V X"r,*..3HaqHr, .B.cHcre-
yu" peryJrHpoBa_HHfl rJraBr{afl o6,parHan cBF3b scerla orpHuaret/rbHa
B orJII ' lqHe oT o6parrlux crrfl3efi orAenrHbrx gBeHbeB, r(oTopble Morvr
6rtrr Kat( orptnrareJlbubrMr{,' raK H r'rroJrox(HreJrbHri"". f i ; i t;;;} j;
II3JIolKenIIbre,Dbt[Ie AeficrgHtt, noflyrlgM 

-t '  : '  ;:.,. ; ..-. '

u(-#
tlrtc"nureJrb BbrpalKenHrr 1I,ZS) n

rbyur<uuro npauofi ttenu Vn, irp,
b p$yJrbrare repeAaroqHafl cpyHl

w:#t

(2.21\
W r :  x t  .  w  -  x ,' I  

f n x  t  " 2 -  l *  t

f fsbrx :  Xf  *  Xz,

(2 .  l 6 )

(2 .17 )

fnulx

Pnc. 12. Pas,nuquule BHAbr coe-
AHtre.HHn SBei lbeB

- - - t V t t W z

.r?
t " " t -  

t

3I{aqeHHe

(2. r e)

(2.20)

' r s x

HJIH

W - V t t l V ,  ;  ( 2 . 1 5 )

Hbre^ SyHxqrau a"ure6pauqecKu cKJraAbrBarorcfl
3neHo c o6parHofi cnserro. ctpvnivp iri,i cxeMa rar{oro sBe'anPeAcraB/reHa Ha pHc. .12, o. B SroM gBerre nuxoAnofi curtraJr xr,xr{epe3 nepeAaroqHy}o syHxulrro-o6parHofi ,uo"^''v{/ r: nolu*r., co

SHaKOM l { l l l tyc  I IJ I I I  nJI IOC } ta BXoA SBet Ia,  T.  e .  SBet IO l . r t {eer .nn6o
oTpH[areJlbltylo, "ntt6o no,rox(tlreJlbHyro o6parnyto c6fl3b. flo aHa-
.nontrr c npeAbrAyultrNr HMeeru

lV1  :+ ,  w2 :
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6es sr{aHHR npaBHJr npeo6pa3oBaHr.tf l  cTpyr{rypr{brx
qafiuo rpyAHo orpeAeJrrirb nepeAaroqHyro cfiyr-rxuuro

paBHa nepeAaroqHorl cpynxquu npnr'loii uenH, /leJrenr{oiil na e/u{r{Hr(y
nJrroc nepeAaroqHarr Qy'rrr<qnn pa3oMr{r{yroii cncreNrbr.

3alrrcuyran cl{crer\ ' { ;r  per"yJrHponar{r{rr,  nor{a3arrrraf l  rra pHc. I  l ,
oTIIOCT.{TCrr r( DpOcTLrr\.,r o/[[rol(orrTypilrrIM cr.Icret\,raM. I-la npal(THI(e
Bcrpeqatorctl 6onee c/rJo)rtrrbre MnoroKorrrypFlbre cHcrer\4br, B r{oropblx
HrvreeTcfl r-re oArra, a lrecl(orbr{o ltenefi o6patnrrrx cBrr3eli, o6pasyrcuHx

rpeHI{l lx KoHrypoB nepecet(arorcrl  Apyr c / IPyrorr l .  B

{ryr rxur . rn Wr yMr{o}KeHa r ra l lVz (puc.  13,  6) .  B pegyrrbrare n i
qetra crpyt(Typr{-af l  cxeMa (puc. 13,.a), i lo xoropot:r JrerKo cocrai
nepeAaroqr{yro $ynxuuro saurnyrorl  crdcreMbr. I

8. t lacrorHbre xapaxrepHcrHKH

rrafl saAaqa npoeKTrrpoBaHufr n pac-
qera cHcTel\4bl aBToMaTHqecKOrO pefyJrprpoBar.rr4fl 3aKfltoqaeTcfl B yAO-
IlJlertlopeIJI{H rpe6onarlHnr\ir ycrofiuuBocrr{ t4 KaqecrBa nepexoAHbtx
npolleccoB. Ann peruertl{f l erofr 3aAaqr{ Heo6xo4urrlo 3Harb crargqe-
cKLIe H /{l4l. la[,IIIqecli l le xapaKTepr.rcrlrr(H Bcex 3Ber{beBr Br{flIoqerrHbrx
B Aall l lylo clrcrelvly. Xapaxrepl-IcrrIr<u or4enEirrbrx 3BerrbeB Moryr 6urr.s
oi lpeAef let l l , l  no l lx  nel)exo/I l Ib l r \ ,1 r l ly l t r<l1l lnu.  OIrrar(o r(orreqnol : i  Uef l r r io

B nocJreArtee BpeMn B HH>xenepnoli npar(TrrKe pacr{era cncreM
peryJrupoBaHr{fl tutrpoKoe npHMeHeHHe noilyrrHfl qacrotuuft MeroA,
ocHonaunuf.i Ha I,IcnoJIL,3oBaHprur qacrorHbrx aMnJrHTy4no-$asoBbrx
I' l  Jloraplr$vruuecl(Hx xapat{TepHcrrrr{. L{euHocrr qacrorHoro uerb4a
cocroHT B ToM, r{TO Or{ no3BoJrffer, He peuafl aH$QepeHllr.raJrbHbrx
ypannenui i  ncef i  cncret \4u, npoH3BoAHTb nonsuf i  aHiniag AHHaMHT(H
peryJlupoBat{Itf l, BI{JIIoqarcuuf,.r B ce6s aHaJrr.r3 ycrofiuuBocru, Kaqe-
crBa. r.r nepexoAHbrx npoueccoB. I(povre rofo, 3Tor MeroA ycrpaHler
ueo6xoAllMocrb rpot\4o3AI(LIX BbtrrucneHrlfi, TaK r{aK oH ocHoBbrBaercfl

I]I,IAA

x o x : a s i n a t (2.25)
c aMnJrHry4ofi a u yrnonofi qacroroii o.

llocne ol(ollqatll 'rfl nepexoAuoro npoqecca B clrcreMe Ha ee BHXoAe
yc'r'ailoBrrTcn !trrrrr)t)f(71enrrr,re lto;le6annn c rofi x(e qacrotoft al, Hq
c apyrolt aunnuryAoli ar tr cABH[oM $asr,r q Mex(Ay BblxoAHblM rr
BXO,I [ I {bIM C}{FHAJIAMH

xn x ' :  a ,  s in  (o l  J-  cp) . (2.26)

i lp" nocrotrtlHoM 3r{arreHr.rr.r aMnJrHTyAbl BxoArroro cLlrHaJIa a
BeJrr{qtrHbl dt H Q 6yryr 3aBr{cerb or r{acrorbt r(oile6aHr.tfi a, Ecnu
IIa BxoA cHcreMbl noAaBarb xone6anHq c pasnuuHofi t{acrorofi 0)
H- Ans xa>x4ofi qacroThl onpeAeJrflTb gHarreHne -ycHJreHLtrI aMnJIHTyAht
4 : ?tla H cABHra Qasui (p, ro Molr{rro nocrponrb sasHCuMocn{
A -  l ( c o )  H  p - I ( r ) . 3 a s H c n M o c r b  y c u r r e H n r r  a M n r r r r r y A b r . , :  A , H a

TaI(HX Cf ly l {anx
cxeM qpe3Bbr-

CHCTCMbI.

Pnc.  I3 .  f lpeo6pasoBarrne cnoxtso i l
gai\rKHyTorl cscreurr B npocryro oAHo-

KOHT)'pHytO CHCTei\ry

Cyuecteyrcr ABa ocr{oBHbrx npaBHJra, c rroMorrrbro r{oropbrx
i{o}KHo npeo6pa3oBarb ruHoroKorrrypHyro cucreMy ;rn6ofi cJro}r{Hocru
B npocryrc, e/ l  3KBrlBa,[errrrryrc.

l. I{enr orBerllJIeI-n{r cHrHaila B cr,rcreMe Mox{er 6rrrr nepeHecer{a
BnepeA HJtr4 l la3ar, no rranpaB/tenHro crpe/IKH, lro Tar{, qro6tt HoBafl
ToqI(a orBerBileHr.rfl He rrporuJra cyt{rutrpyrouyro rorrKy. Ec,rlu uerrb
orBerBlreHHfl nepenocr.rrcfl BlepeA 3a nepeAaroqHyto Qyuxunro Vtr,
To nocJreAoBareJrbrro c ?rori uerbro Ao/rlKHa 6trrn Ao6anneHa QyHx-
uHfl llW. Ec.ruu xe uenb orBerBJrer{Hrr nepeHocHTcrr r{a3aA 3a nepe-
AaroqHyto cpynxuuto W, To nocJreAoBareJrbrro AoJrlr{Ha Ao6an,nnrbcn
cfiyHxqran lY/.

2. L[enr, BxoAauyrc B Toqr(y cyMMHpoBaH]rf l ,  Mo]Krro neperrecrH
BnepcA H/nr  na3a/ t  n  c , rc ' r 'eMe,  r fo ' r 'aK, .1. r1161,r  not la f l  Torn(a cyMMr.rpo-
BaHufl He npoufla roqKy orBerBJrer{rrq. I(or,qa gra r.lenb nepeMerqaercrl
B crlcrerue BnepeA 3a (lyurrlHro W, neo6xoAuuo Aar{Hyro Syuxquro
BK.IIrcqIlrr, nocJreAoBareJrbHo 6 nepeHeceHHyrc uenb. Ecnu )Ke uenb
nepel\teqaercff Haza4\ sa $yHxulrlo lY/, ro B 3ry qenb nocJreAoBareJrbHo
AoJf x(Ha 6urr BKJnoqerra tpl,rrxqlrn ll\Y/.

B KaqecrBe npnhrepa Ha prrc. 13, d npeAcraBJreHa 6onee cJroxHan
gartxnyraq crtcrei lra per) ' .4r{poBaHnrr Lr noKa3aH nyrb ee npeo6paso-
BaHHn B npocr) ' to o[HoKoHrypHy]o cHcrer' ly (pnc. 13,6 r.r 6). B Aau-
Hoh! crlrlae uenb c nepeAaro.lHoft SyHxuueft V r, BxoAnuan B cyM-
l{Hpyroiltylo roqKy, nepeHecena Ha3aA Ba $yHxrlHro V r, no3To}ty
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BbIXoAe cllcTelvlbl , oT qacToTbt l(oile6aH14fi BXoAHofo ctrrHaJIa Ira3br-
Baerctt aMn/tl'tryAlIot:t qacro'r'Hofi xapar{Tepr.rcrr{r{olt clrcteutr, a 3aBn-
cHI\{ocTb cABHra Qastt (p MeMAy BbrxoArlbrM H .BxoArrbrr\,r crrrHaJraMrr

Prrc. 14. Arrrn.ryrlrVflHalr (n), $aaouan (6) t l
a r {nJI r lTy/ {uo-( laso-uan (a) ' , racrot l r r re  xa-

paKTepHcTrrr{H

= or,,  0)r,  i lo rpa{rrany rra pHc. 14, 6 onpeAeJrrrercrl  rJraeonrrir
cABrrr  gr ,  (pz,  .  L4s HaqaJra norqprrbrx KoopArrr {ar  (p l rc .  14,  o)
npoBoAnrcr Jryqn i loA yrJraMr'r K ropr.r3orrraaruofi  ocrr,  coorBercrny-
rcill l{t\,rH Har?Aenur,rM 3r-raqeFrr.rrrM (pl, (pz, npptqeM oTpr.r(aTeJlbtrtrre
yfJlbr orKJraAbrBalorcrl no qacor:ofr crpeJrKe. 3areu Ha r{a)KAoM flyqe
orr{JraAbrBaercrr BeJIHT{r.rr.ta aMtrJIHTyAbr A, 83rrrafl c rpacpuxa Ha
puc. 14, a 4nn 4anuoir qacrorbr cD. B p$yJrbraTe noJryqaeM Toqr{y,
oKoJro roropofi craBHM orMerr(y qacrorbl o.

Bce noJryqeHHbre roqKr.r coeAln-IfleM nnasr{ofi xpunofi, r(oroparr
H npeAcraBJrfler co6ofi aMnJrHry4no-r[raaoByro qacrorrryro xapaKTe-
pr{c'nrry. 3rraqel lHe aMnJrr.rrylp,r A * le, coorRercrnyrou,ee cD : 0,
rIa3blBaercfl craruqecKr.rM xoa(lrpuuneHToM ycHJreHrrfi AarlHofi cllcreuu
HJIH 3BC[ IA .  \

Kax RrrArro rr3 plrc. 14, a, no Mepe yBefir.rqeHlln qacroTbr ro xoe(l-
Qntluerrr ycrrJreHlrrr ts Ar{HaMHKe H3Me}rrrercfl. I4nrepnan qacror or
o) - 0 ao 0) : 0) 0, B r(oTopoM xoeclxpHur{er-rT ycHreHHq l\iraJro oTJrH.
qaeTcfl oT cTarr{qecKofo, Ha3brBaeTcfl r.rHTepBa/roM paBr{oMepHoro
nponycKaHr,rrr qacror. I-lpH or ) crl4 AaHHafl cHcreMa npaKTHtrecKH,
He nponycxaer r{oae6arrr{f l ,  noAaBaeMbre I{a ee BXoA, T. e. oHa cJIy}KHT
KAK 6rr tfrH.nurporrl Hrr3r(HX qacroT. B ooulerur )l(e cny.rae Ka)KAoe
3BeHo lr r(aN{Aafl cncrer\{a xapaKTepu3yercr cBoefi nonocoft npony-
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cr(aHr{f l  rracror. Kponre roro, Ann a{anngd u pacqera Ba}KHo,gHarb
rr ApyrHe oco6eHIlocrH qacroTr{brx xapaKTepr{crHr( Bcex SBeHbeB,
B I { J I I O I I C F I I I b I X B C I { C T C I \ { Y  I / . ,

f locnonrxy qacrorllafl xapal(TeplIcTHKa nor{a3brBaeT, r{acKoJrbKo
Tor{l{o AalIIIafl cHcTerua peryJrurpoDar-rr.rf l Mo}KeT BocrrpoHSBoAHTr)
6t ' rc lpo Mennronlrrce f l  r lc , /nrrnrnbl  r tn ee Dxo4e, To N,tol t { l lo Tat(  noAo6parn
3JIeI\4eIITI)I eroii cllcrelubl ll ee cxeMy, qrodst l.tgt\4erlr.tTb noJlocy irpo.
I I ) 'CKaFIHf l  r {aCTOT B I{y}KHylo CTOpOly,  .  :  , . . t . , , . r  , .

B npat(TI.IqecKI.IX pacqerax yAo6rro noJrb3oBarbcrl uacrorHbrMn
xapal(TepHcrt . I I {aN,tH, r locrpoel tHbrMH'B norapuQMr.rqecKoM Macura6e.
B sroM c.nyuzie oHLI Ha3brBarcTcrl JrorapuSruHvecKaMu aunnnrfAuofi
It Qasonofi qacrorllblrrln 'xapar(repncrrrKaMu. 

Lnn Hx nocrpoer{Hff no
oct't a6ctulcc orr(JlaAblBaercfl Ig ro, l lo nr.rxJercrl guaqeHr{e cauofi
qacror t r  0 )  D pap lc  (pHc.  l5 ) .  B-pesynbrare  no  ocu  a6cqncc  noJry -
qae'rcrr  I IepaBHoMepIIbl f i  Jrorapu$rr luuecxuf i  MactUra6. 'kIeneHeHHe
qacrorbr G) B Aecrrrb pa3 rra3blBaercrr AeraAoft, a .I.I3MeI{eHHe B ABa
paed - ot<rasoii. B AauIIoM cflyqae paBr-roMepr-tbrM uacurra6ona no
ocH (r) rrRJrrrrorcrr Aer{aAa r.r oKTaBa. cneAyer oTMer}{Tb, qTo no ocH
adcr(r.rcc rraqaJra r(oopArrrrar B nprrMoM currcn"e He 6yAet,, tax Kar(
lg 0 -.- -oo, I l 3'r 'a rorn(f. l 6yacr Jlelt(aTb n 6ecxorreqnocTlt c/Ietla.
flo ocrr op/{rrnar orr(JraAbrBaercr BeJn{qnHa L - 20 1g.4, xoropan
H3Meptlercfl n Aequ6eJlax. HerpyAHo Br.rAeTb, rrro H3MeHeHHe ycHJre-
Irurr  aMrl i lH'ry l [br  D Aecf lTb pas npHBoAr{T r(  HgMerrerrrro L,wa 20 p,D:
F lynena l r  ro r { r (a  na  ocu  opAHHar  coorneTctnyer ,4  :  l ,  a ;npu,A.  1 l '
nofl  yqaroTcrr oTpuuaTeJrbtrbre 3r{aqerrHtr.

" t 3

flpt nocrpeerrpu4 "rrorapu$uuqecr<oli $asonofi qacrorHofi xapaK-
Tept.rcrr.rr(r.r tlo ocrr a6cuucc' TaK]Ke' orKJraAbrBarorcfi gHaqeHr.tfi (D
B Jroraprrdrvuuecr(oM uacruta6e, a no ocH opAr.tHar -;  gnaqeulre
cpasonoro yrJra q B rpaAycax B-Jrr{HefiFroM r\{acurra6e. _," ' . '

PaccnnorpHM, xAx noJryqnTb qacrortrbre xapaKTepuctdru aHaJrr{-
Tt{rlecr(r4M nyreM. il,ns aroro BocrroJrb3yer\,rcfl cooruoilrel{HeM

"dto/ 
: cos ol -l- i sin rrrf. (2 .27)

,YDX _

TorAa r{a BbrxoAecl.tcTeMbt, 
-BMecTo

veBhtx -

Bupax<eultn
{repeuqa alrbuoe

n,nfl xBx H
ypaBHeHHe

:- AoJort(ir),

A.  f l reoeapon



dxoo'*-Zf : Atd (.t+,p) 
lial;,

W: Ate.(trrr4-e1 (i*\r, ,{#: lred(.,n,n, {dr;r,

non yu"*

orKyAa MoAyJIb KOMnJIeKcHOfi BeJIHqHHbI \v (i((J),
co6oii aMnJIHryAI.tyto qacrort"lyrc xapaKTepHcrHKy'

A(c'')-Vffi@,
a drasonrrfi yroJl

npeAcraBJInrctrtHft
onpeAeJrrleTcn KaK

laogot)" * ar(ir)'-t + . . .

: fboltll)* + &r 1rro)','-r f
Coxpatrn Ha ei t / ,  HMeer\ , r

Aeiq

* ar_t(ior) J- a,rf Aret 
(ro/-ftp) 

.-

. . ' j- b,n_r(ia) -l b^l Aoe'^,.

IAE A -  A, IAO - OTFIOIUCHHC AMNJIHTYA XONC6ANUfi  FIA BIIXOAC LI
BXOAe CHCTeT\,rbr (seena).

B pe3y/lbTare noflyqella KoMnJreKcr{arr BeJrurrr{rta Aet,t,, noroparr
N{o}Ker 6urr BbtrIl{c.rteHa D gaBlict{MocrrI oT. (,) yr nocrpoera tra I(oM_

iV

*.4r
Pnc. 16. fapr*,rounvecnnelr<o-
ne6anun Ha xounnexcHori

NJIOCKOCTI,I

rJleKcHotl nnocxocrn B r{oopAHHarax fJ-iV. Taxwrr,1 o6pasom, .r1eio :
: f (to) tlBJIrercff ncxort,loii aMnfir{ry4rro-clrasouoli *apar*"epucruxofir

CHCTCMbI.

.  W , . .  
S ( i r o )(,(')) - 
f6rt.

BHAenue B npanoli qacrl 
_ BbrpalKeHnn

ll MHHMyto qacTH, noJIVTIHM

V (io) - U (o) l- iV (tt),

Aaer cpasonyrc qacrorr tyn xapaKTepHcrl tKy. '
[{a Kor\rnJrer{cnofi nflocr(ocrr{ aMnJrHTy4tto-SasoByro qacrorHylc)

xapar(TeprrcTtil(y Molr(Ho cTponTb' HenocpeAcTBeI{FIO nO BbIpa}KeHHIO
(2.32), rroAcraBrrfl,tr B Hero pasfiHrlnbre 3HaqeHLIff o H Ailfr KaxAoro

Hg ornx sHaqeHr4fi orKJra,4brean U v V coornercrBeHHo Ha Aeficrsu-
renluofi H MHI{Moli ocRx.

9. .[,uuarrlnuecgl.te xapaKTepHcTHKH THSOB6IX 3BeHbeB

I3 o6rr leu cJtyqns Ar{ t raMrrKa nrc6oro gBena uox<er 6rtrr  onHcal{a

4u(rr [ reperrurf lJrrrnbrM ypaBrrenHervr (2.3) I IJIu (2.4),  I (oropoe nol(asbl-

uaeT, qro BbtXoAHan 
-tiynxrfHn 

xo'* (l) 3aBHcHT oT nxo4Hofi I"* (l)

t l or cnoftcrn 'cail{oro gBella
tlro6n uNrerb Bo3Molr{Hocrb cpaBHuBarb paSfll.IrrHble sBeHbR no

AHHaMl{qecl{HM Xapal(TepHCTHKaM' He3aBHCHMO OTrHX QH3HqeCKOH
npprpoAbr, 6ya,eru cqHrarb, ,{ro AHSQepeHqnaJIbHoe ypaBHeHHe 3BeHa

Aano n 6espaeuepHofi $oprr,te. B erou cJlyqae' BbIHecfl B ypaBHeHHH

(2.3) sa cxo6KH'n neeof i  uacrH 'oo,  a B npaBofrr  b0'  noJIyqI ' lM nepeAa-

ror{Hyto cpyrtt<tlttto 3BeIIa B cJleAylouleM BHAe:

(2.35)

rAe k = b^lan - craTgqecrufi xoe$SHUHeHT ycHJIeHHff 3BeHa.

I(oaSSuuHeHrbI:

Tr T
t  t  2 - l . . , r T r :

ry/ _ n,r')l^p" +rT,ftp?-r + .. . *rrtp + \
rr - 'v 

Tfrp" +f ir- lp"-t  + .  .  .  + TrO { |

(2.30)

a n - t

Qp

Ir
-  wl l l ' -L

ont

{ * ,1/*
Trt , r:, :l/We . . ., T,i :t[* t.,,

( 2 :31 )

(2.31) Aefi creHrerrbHyro

3,i

-t0

-?0

-J0
ry Puc. tS.

a,ph0/c

lUxanu Ha ocflx Koop-
TfiHAT

(2.32



nxoApan BeJlr{r.tHHa, nooroMy qacTo raKoe 3Betlo ItaSbIIlalor t{I lcro yc}lJlt{-

TeJIbHbtM. Ans HAeaJIbHoro 3BeHa ypaBHeHIIe AI'IHaMI'II(H npeAcTaB'

Jr'Ig:gfl npocteiirrrefi anre6panqecroft 
-3aBHcHIuocTbIo

x"or* : kro*, (?.36)

rAe h -  noedl{rut tHel l r  ycHJIel l l '1f l  sBel la '
I ' lepexoarrai dryHxrlun HMeer Br.rA eAtlnltqttofi dryttxlult ' l ' .  yMI'lo-

)Kerf  nopi  Ha le badi ,2,  snelro l ) .  I lepeAet ' rorntan r l ty l i l i l i l { t l  l lAcnf l l , l loro

SBeHa OnpeAeflt lercfl I{al(

a aMnJtptry4lro-r lasonat l  . ,
B TOITKY HA BCUIECTBCTIHO[{

W : l t , (2.37)

tlaCTOTII a fl X a l) A l(Te p I lc'r tl t(il tl l)l pO)I(/(aeTCtl

(2.38)

qacToT (l) 14 otctosuefi oT

Qasonan qacrorHan xapaK-

A u clrrbep enu I{ a JI b H oe
I lOpttAI(a I{ lvleeT BI' t l (

(2,40)

o c H :
l7 (ico) - h"

3BeHa ' 
L - 20 lg A == 2o 19 k (2'39)

HMeeT BLIA npRnIofi ,  napaJlJlenlHofi  ocH
Hee Ha 20 lg k, I,8, a "rrorapnrpMuqecKan
TepucrHKa (P : 0 coBnaAaer c octto 0)'

AneproAHqecKoe 3BeHo nepBoro noprAI{a '

ypaBl le l lHe a I Iep l4Ql t l ' l r t cc l (o ro  3Be l la  r lepBoro

7 dx'\'-
' d? 

-l- x""'* : llfrsx'

rAe T - nocrotlHHan BPeMeHH 3BeHa
flepexoAr{yro cfrylrruHp Mo}KrIo no:1y:Hfb' perIIHB nu(rcpepeH-

rrHaJrbHoe ypaBHeHHe (2.40) npw i"* :  I l  ] .  3toM,y ypaBHeHHIo coor-

BeTCTByeT xapaKrepHcrHqecKoe

T z + l : 0 '

KOTOpoe lli\{eeT -eA}ll.lcrBeuguft KopeHb z : _ llT',

f i p "  x " * J  t i i  r r  H a q a r l b H o M  y c r l o B l { H  x o u o : 0 ( t < 0 )  o 6 U e e

perileHl{e yPaBHeHIIT (2.40)

(2.42)

trr{eeT BHA aKCnOHellTbI (plrC. 17). BenHqHtIA Xsbrx'- ' k ronwnO npn

f ;-oo, T, e. MaTeMaTl{rIeCKH HOeHflI yCTaHOBHBLilHfiCn pe>t(}tl\t HaCTy-

naer riirii t : oi. OAuaxo ecJIH cr{}lrarb' qro nepexoAuUfi irpottecc

i ,

i r
i l ,
l i
j i  i

I

, t
i t

I

i
I
I

I
i

r s b r x : u ( t - . . + )

nosTorvly Tar(oe SDer{o qacTo rIa3bIBarcT HI{epqHo}llIbIM, TeM CaMbIM

o r I p e A e J I ' I ' I e r o A I i H a M p t I J e c K p I e c s o f i . y o . . ' l
a"riu. OqenuAlto, qel{ ; 6onrrue 

xr6rr

rrocrottHuafl BpeMeHH T, TeM MeA- k
JeHIIee BbIxoAHafl BeJIl lt lHHa' npK-

xoAHr K CBOeMy HoBoMy ycraHo-

Br.rB[IeMycfi cocToflFIl lrc, paBI{oMy

x"rr* : lz. Be.nnqHua nocroqHHofi - I

RpeMerIH T JIerI{o onpeAeJlflerctl
us rpaQuxa nePexoAuoii ,Qluxuull
(pHc. 17). '  Cornacno (2.42),  nPo-
H3BoAI{afl B ,nro6oft Toql(e / excno'

r
B

I
.J lo

tp=Jl
t0

HeHrbr 6yaet

U#:+ ; t  ;  : .
T h - x;r'*: __F__ ,(2.44)

I

h - xsv,x : AB vt d.xrrr*ldt-: tg o. oryo.ail,.loqoflH=
anepuoluqecKoro 

-gseHd' I. onp€a'enfleTcfl orpe3KoM

Pr.rc. .17, flepexo,u,nan {ryHxitHs ane.;
puoAHqecKoro sBeHa :!epBoro noi

pnA{a ., .,
l i t  I  ' ,

. '  
" t'  /  l  : :  i '  ,

i' k, orcel(aeMblM xacatelrHofi B nro6ofi ToqKe

a ero ail{nnltry4Ho-Qaaonar
rr3 (2.45), ecJII{ 3aMeHHrb B

qacToTI{afl

HeM p Ha

bw (ia):-VftT

Iz (iTa -'l,.) k o'

( i fcof  I )  ( i l r r r- , i I . : rcF.,  , ' t

I,IJII{

W (iul) -



AnepHo4HqecKoe BTo-
poro nopfiAKa

,[n uau nuecKHe xapameprcruru

T'p' *z(Tp * |

h- ( r e * l ) ( r 2 p f l )

I  
I  no raPn6MuqecKHe qac ro r t l b le

rrcpexpsuan (byrrr<urrs l_,,jg11{{1i9;tii?.,?.i1,,- ) jas,u(LeencrnxH

f lponopuHot{aJrbHoe
lrAeaJrbHoe

AnepnoarrqecKoe
BOrO noprAKa

7 
dxsix 

-L- d t l

*

Ko.ae6are.ruHoe T z p z * z ( r p { l



-fr1
ll

H a g n a t r a e  3 D e r l a

HHrerpupyrcu{ee
AJTbHOE

IH${ reper r I IHaJrb loe
y p a B H  e H H e

[uQ$epeHuHpyrouee
HAea.nbHoe

Inrfxpeperrunpyrcu(ee
peaJrbi loe

- d'xrr* , dxorr*
'  d t -  t :Z t - :

q : hXsx

T dxorr* | .,'  -  
d t  .  J - ,nnx =

: p dx-nx
dt

'r sir,rk'T kx"* *

f lepeAaroqrar OyrKr l t t f ,  . .

h .
p Q p * r )

JIor a pr&rrrHqecK H e u 
" "rorrrla. '  x a p a x T e i r u c r u r n  l  * ! ; ' r

' l

f lpo[onxeHHe -ra6Jr.

p.epa0

\ ' , '  
i

. * . .  . . _ .  . . - i  
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.

k - l,qcx

k =tga

(p,epaa
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I  I n l n n l l r c  a n e l t n

l lp o nop urroHaJr b Ho -H rr -
TerpHpyrorr lee

Heo4poruuoe

12 |  Heycror ivunoe

,I(l drrlrepo lr r{tr nr Ln00
y p 0 D i l 0 i l i l o I l e p e x o 4 t t n n  r l r y l l r < t u t l

kl

k ' t g  a

A mlt , t t  l r ry4r to.gn$onn n
rr  acToTi la I  x  a pnt(Topi lcTrr  Ka

f Ipo4o.nxeHne ra6n.

Jlor  npl t t f tunqecKn g t rncTort t  bto
,  . rEp0KT0p l rcT f iR f r

AHqecKoe nepBoro

Heycrofi.,lnnoe sflopro:
AHqecKoe Broporo noprAK

- dxtrr*
' --7t -'- Jnbrx :

:  hxsx

- dxorr* |-' -dt 
t

* rn.,* : kxo*

a2dzxn r* ,r, dxrr,r* |'2 -7F-  -  ' r  -Vt  f

#-ror,*: U1",. :

f lcpe,4nrorurn n

x Bbrx : xtxnx *

-l o l x,,*dt.

anepHo-
nopflAr(a

iv

l r  l ,qw
r "

' r
g,epa|

trgw
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k

1.06
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flpoAonxbHrre ra6.n. 2

EI
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H a s r a H H e  g n e r r a I  u$diepeu UH anbHoe
ypaBHeHHe I- Iepe4arouwa n .  $yrrxUnn A Mn"nHry4 l lo .  d )a3oB a  r r

qacroT i la  g  xap a l (Tept rcTur (a
JIora prSrr lHqecrnd qacToTnHe .

, xapaKrepugrl|KH Tlir,,!. ;,
f l e p e x o 4 l l a n  { y H r < u r r  n

n,z dzxaaw | ,v dxnor*
' 2 - d t z - f ' l - I f

-  fsHx :  kXo*

Heycrofiunnoe
qecKoe BToporo

anepHoAlI-
nopsAKa

n2dzx"orx q,  dxr t*' 2 - W - r r - - T

-1 xnux - lexnx

r Z p ' - r f - l
h:ry

L,A5
k

Heycrofiunnoe raplro-
HHqecKH xone6are"nrHoe

tl2 n

r ' #  -  r sb rx :

: hx"*

HeycrorlqHsoe KoJreda-
TEJIbHOC T 2 p 2 - 2 l f p l l

Lgw

400

.-J60

HrraepropHoe
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Jsux T :^kXnx -k
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. A (ar) - l/ U2 ('t)

onpeAeJItIeT aI\ 'InJII{TyAHyIo qacToTHyro xapal(Tepl' lcTlrl{yi a

rp (ro) -_ arctg #S 
- -arc tgTr,t

-- SasoByro.
Ha rounneKclrofi nJrocr(ocrr{ aMnJrHryAlro-$asonyro xapalire-

p r.rcTHKy r\,rolKHo nocrpoHTb, HenocpeAcTBeHHo noAcTaBJr fl q pa3fl HtIHble
sHarreHgr o B BF,rpalKerrur{ (2,47) urr+ B (2.45) u (2.49). OAnarco
rrerpyAr{o BHAerb, qro nu4 (rynKr.turi U (o) r{ V (o) yAoBnerBopner
ypaBHeHHro oKpyxHocrrr rra..  r(o^MnnexcHoii  nJlocKocrH

.  /  b \ 2  /(u-  +) '+v, : (+) '

(2 .47)

h (2 .48)

ap fyMeHT

(2.4e)

2) noKa3aHa noJroBHHa arofi o^-prr,"ocrlt, TaK
NOJIO}KI,ITCJIbI'IbIM 3HA I{CH

-a

I l e p e x o 4 t t a  n  d r y u x q l t  n

ToJrtrr{o oTlll.lrtaTeJlbllbl€ v. oruerHu xapal(TepHble
TyAi lo- ( l )agoBoi . i ' racTot t lo i i  xapaKTepl lc ' rHKe:

np l , r  c r r  :0  A- l z ,  Q  -  0 ;
n p H  o )  :  o o  A : o , ' ( P  :  - 9 0 " ;

T 2 '
Ilora p urpu r.l uecl(a fl a M n Jr nryArra fl q acrort{a fi x a pal<Tqp l{crl{ I(a on pe-

Aer'rercn no'::'r;r#H"; 
r _20 rg vT'eTl

I-pacl lrrrecr(n sanrrcrrMocTt'  L (or) Molr(er 6urr npl l6nttx<etlHo onpe-

/ lererra cJleAytoultlM o6pasovt:
npH I{ I43KHX qaCTOTaX, KOrAa ?rr l  (  l ,

I . T W N l ,  a  L x 2 o l g h ;

npr4 BbrcoKttx qacrorax, I(orAa Tol ) l . ;l ( l f  X  L I i l U l U l a r ' l ,  r \ u r A d  t  w  / /  t , ,  '  .  \ . '  ' . . ' , ' "  
* , , ' . t - . , , . , . , ,

l l TW+1  xTa  H  Lx20 lgh , -20  l gTo , ' : r ' + ;1 (2 :52 )

TaxHu o6pasorrl ,  JlorapHSuuuecxan a
crr.rr(a (pHc. l8) nloxet 6uro npeAcTaBJIeHa AByMn acHMnToTaMHi'oAHar
r.r3 Koropbrx cooreehcrByer HHsxHlul l{acroraM H npeAcraB.nRer 'co6ofi

npnMyto' BO, napaJl/teJlbHylo ocl{ a,/  A BTopan BbIcoKHM'.qacToTaM
rr npeAcraBltler io6ori I{aKrIoHHyry nprMyto 0C. Onpegen1Y.,qa..lfrlon
npnrurofi OC, naryasll erc B Aeiulenix ia oAuY AeKan.y.:4i!;,iiialiii,i ,*

H  a g a a g l r e  3 8 e H a

Hrrneproprroe nponop-
ur{o Han bHo-gutpQep eHuu -
PYtotttee

, t l  uf i  Sepeltt l l {  a Jrh Itoe'
y p a E H e H H  e l l  ePeAaro ' { l ra  R d lYnx ' . t t r

h ( t  _ - T p )

h ( T p * t )

A unlurygno-r f iasoran
r t a c T o T i l a  f l  x a p a K T e p s c T l l  K  a

I lpoAo.nxesud ra6t, 2

JI or apn $m tr q eerr l  e r lacTofl tbte
xap aKTep HcTH KH

x l t l ' l r  i - -

* t ( * n *  - r # )

v --  ^Bblx  *

: ' n ( r4 !p ! -
\ d /

U (.) : -JTr, V(') - -
orr(yAa

Mo,uynr

B ra6n. 2 (sneno
KaK, corJracHo (2.47),

46

r )

lt'f a

T z r z a l .

TOTIKH HA AMNJIH

(2.50)

' l  1z  s t ;

K T
A t
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t0- Td)
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i , i
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l . i : i  i
I  I  ) , .j  r ,

; l

, flpe>i<4e Bcglq oril{ertli\{, qro hcunanrors B0 n OC, nepeceKarorcn
B;toqxe al -- l lT, Tar( I(aK noAcraBlrB aro sHaqer{He o B Bbrpax(e-
HHe (2.52), noJIytIHi\{ L - 20 lg k, qro. coorBercrByer 3r-raqer.rHro

;Hu3Korlacroruofi  aclrr\{nrorbr (2.51). Bosr,Naeil{  rra npnnrofi  OC ABe
-.ToqKH tr):  l lT H ( ')  -  l0lT, orcrorrqt{x Apyr or Apyna rra o/.trry
Aet(aAy, H onpeAeJlHM BeJIuqr{Hy r{ar(Jrorra npnruor? r,ra oroi\{ yqacTKe.
Ann rlacrorbr 

:,: :r' rr: : rT r:7r +^ !;: r:;,: :: .' ",
I

PasHocrb opAHrra'r cocra'BJrrrer -20 n6. A sro 3uaquT, rITo r{ar(Jlorl
BbrcoKor{acrorHort acrr l{nrorbr cocraBfiqeT -Z0,uEhex

L,A6
,  , I lonaHax f  nur lz-n '  BOC Hasbr-
Ba ercrr acnMnrorHqecKofijn,rr Hia n -

0

-45

-90

g,zPa0

.Puc. 18. . , I lorapnrl lrn.recxrre a[{t tJtHTyA-
nas L lr  rpaeoaan (p rtacTorHsre *aparre-
pHcTHr(rr anepHoAHqecKoro SBeHa nep-
'  Boro i loprrAr{a

L,db
0 -

q  7 t 0
A T

Pr ic .  19.  Kpueax nonpaBoK x acuunrb-
ruqecroi i  norapntpmlrqecl<oi. i  aMnJrHTy/t-
Hoii  xapaKTepltcrrrKe anepHoAr.rqecr(oro

3BeHa nepBoro noprrAr{a

IIpoKcHI\4u ponantlolYt .noraplrcptr,tH.{ecxoll i ar\,tnJrHTygr,rofl i xa par{Tepr{-
cruxofi. B Aarr,seiirueM 6yabrvr noJrbsoBarbcrr B ocrroBHoM Hil4er{rro
acI4MnrorHr{ecKl-{Mu XapaKTepr4crlrI{aMr{ 3BeHbeB, KOTOpr,re w npeL-
craBJreHbr B ra6n. 2.

Ecnu rpe6yercn BbrqeprHTb Aeficrnl.meJrbHlro Jrorapu(rrvrluecKyro
xapat(TepltcrtlKy, TO orra Molr(er 6l,rrt noJryqeHa rlg Bbrpall(cHt'trl
(2.50), ecJII{ noAcraBI4Tb B Hero pa3Jrr.rqrrbre sFraqeHr4fl ol. OAHaxo
ltnn coKpalqeHl.tf i 

'  
nrtqncnenufi npH BbrqepqtrBaHHH Aefrcrsu're"rltnorlr

, ':fiorapHrptral.ruecxofi xapar(Tepr{crr{r(rr, ecJrr{ ero rpe6yercrr, qenecoo6-
paaHo HcnoJlbsoBarb npeAcraBneuHuf i  Ha puc. .19 rpaQux nonpaBor{
B Aeuu6enax I{ annpoKcuMHpoBanuofi  xapar(repucrr{r{e. Sror.rpa$ux

, Mo>l<FIo ronyq111b, ecJrpr n nnphx(eHHe (2.50) rollcraB/rffTb n pw h : I
.  pa3f lHr lHbte 3naqeHHR Ta>,  Haqnr{af l  or  To:  l 'B Naensuyto n 6o"nr , -
.  I l ly to  cropor . rbr ,  r {anpuMep or  Tal :0 ,  I  Ao f to :  10,  qro coorBer-

cTByeT H3MeI-IeFIHIO qaCTOTbI IIa ABe Aer(aArrl. 
' ' ' ,

I(aI( DuAI{o LIg pIIc. 19, norpeurrocTb annpoKcHMarrr.rH arunJrHTyA- " }
, l "uofi xapal(Tepttcrnlit 'I HeBeJrHr(a r{ .or{a JrerKo orl,enr.rBaercrr .H l(oppeK- ii; ' , . ' ' .THpyerct l .  Marcuuarrblaf l 'nonpaBr{a B 3 aE, HMeer Mecro ni{ 'oqxe
' ,nepeceqelutr acrrMnror, KorAa .To : l ,  r .  e. 0) : ,  l lT. Sra qacrora

HagbtBaercr qacroroir conpfl)KeHHfl acl{Mnror }rJrr.r qacroroflr r.I3JIoMa
' ,. i.

' , ,18

I:+-
\

I

f

Jlorapl lcprvruuecl<oit aMr/rHTy4Horl,  xapaKTepHcrHKH. Cne4ouare/rbrro,

tg tP : fco, 
' i -: 

(2.53)
a, corJracrro onlleAeJreFrr.rrc, nprt nrc6trx qacrorax gHa,{eHI,t n Tc:t u
l lTot pacrrorrararorcx cumuerpnqrro or. rru :  r  (^g*qr*p,= r lr).  '

qqt qt t0 10. ; 100

-45"

-90" _

Puc.'20. BHI walnona Aillt nocrpoeHfin norapwsrrrH,recri.rx,'ri'!',1,i,', '.','

Sasonrrx qacrorHbrx xapar(repHcrui< '  . j ' . ' i  i -1. ,  f .$ l l r , t
\  , ,  . , . ,  r  , . ,  . '

Bup'ax<enHe (?.53) r'rox{Ho sarrHcarb B cJreAyroilIeM BHAe: i ?

-  c tg  p  :  tg  (90 ' *  q) .
l l

t g p  T a (2.54)

3 t o g n a q a t , I I T o B e I H q H H a . y f { 1 , H a K o T o p y r o q M e H b I l I e 4 5 " , p a B H a
3rrar{eHr{ro yrJra , rra r{oropoe 90 -,q 6onrure 45", , ,

3ro cnot:ic'rno Aaer BosMox(Hocrb rr3roroBlnr, cneiuuahruufi ura6- \
Jloll, c rloluoilIbto I{oroporo crponTcrr .norapuQMuqecKue Saso-uacror-l lhle xapal{Tepl ' Icr l{KI{ 6onrurul{crBa rHnonbrx aBeHbeB KaK c orpH-
tlaTeJlblll,lr\41'l' 'I'aK H C IOJIOX{HT€JIbHbIMH , gHaqeH HfrMH,,:i f[aeOnbrO-, . . 

'. 
;,cABHna rp. Tarofi rua6noH I\,tolKHo H3roroBHTbHg xarotor.rrra6d,nnoeDaq:" . , . ,,! i

troro_ r'rareprrana, HanpHMep 
", 

i opr.;;;;;. ,-,-^;'-::;t",i"iit**# 1.:- 
',,i' r:' ri,i{t;i

FIa pllc.20 noxasall BIIArua6nona, f l  B "ra6n 3'npuneieHil;aannue, . . ;, i 'r. ' . :
IIo KoropblM ol{ nocrpoeH, AJrfr orpurlareJrbHbrx,gHarreuufi $asonoro , ;ir ,:.1
cAtJIIra' (p. Llro6rt rocrpoHrb Jrorapn$nauvecxyro $asonyio vacrorHyro . , ,
xapalirept{crHl{y Hy)r(Ho onpeAeJrHTb qacrory H3JroMa -c,r_=,,1lT u 

' 
. . ' ,  '

conMecrurb ee c 
-Beprnr(anrHofi 

nuHueft ua6noHa,..-np6xti l"*.h - '-. ' ,{*i
qep$ g'- -45" (nnn +45'), a ropu3oHraJrbrryrc ilH+,'t)ild!,boriiltadcrurt'rffi$iiliffi
c .nrrHrtefi IIa rpaclltxe, cooroercrnyrcuefi yrrry -45? '(nffiii["1-+S)ijs*,tii:i:$]i
Hatt6onee yao6lrirru luacura6ona 'ano 'noiu.iu"uun""t;nacto""-on? i r,t;,,ul.; l
xapat(repncrr.rK flB.rrrercn cJre4yrculuri: I AexaAa^- 100 nar-.r;"-|'.1*;ffi,1 uu.' ,, , ''i, ,:,:i

4 n. A. rrrrnonapoa _ : i !. 
. t '  

, ' :  
' . . 

... ' iano{sr#.ff i*,, 
'-:,^ ' i . i  'F:-,r 'tr i 'J' ' ','i ':1;:1r#ff+n':; ,'49 .',l ', ' .r :



OyHxqHn Q: l  (?"co)

(Pt

T a 6 n H u a  3

Anepno4uqecKoe sBeHo Broporo nops1Ka. Ausauuxa anepuoAl{-
'{ecKoro BBe}ra BToporo npprrAr{a onHcblBaerca AI'I+$epeHuHaJIbI{bItu
ypaBHeFII{eM

Tr4'xoo,* |  orr t l  dr t ! "  -L ,  :  hx"* tp l {  e > \ ,  (2:55)-lF- -f Llt - 
dt 

-l-- ^ot tx - "

r.Ae T - nocrofiHHan Bpervrerrr{ ,  E- xoatpcfu[LIetIr 3aryxatlHtl  (AeMn-

T z z '  + 2 ( T z  +  I  : 0

6yayt BeilrecrBelII{bII\tII r4 onpeAeJlnTcfl no

6- fT=t '
o l -  

T  . 1

BbIpSX{QHI ' IRM:

50

(2.56)

A4:

PaeuepHocrb orHX xopnefi coorBercrByer [c-1], nosroMy o6o'
3fraqr.rM ?t *  - l lT I  zt  *  - l lT z.  B peoy/tbrare pcmel l lg ,Vpan-
rreHr.rrr (2.55) N,roxcro 3anucarb' cneAyrcurr,tM o6pasou; . 1 ' .' ., '

t  r y ,  - a \  t  ,
: I L - ; 7 ;  ; - - , 7 ' = "  E l  .  

'  
Q . 1 T )T,  J  f  , "  

-1 -  
Tr_  Tr "  

' l
" tn

xorr*: h

I4rar<, i lepexoArraR {rynr<t1r.rn anepr.roArrqect(oro sBetta BToporo
ropt l / ( l (a  cOC' l 'O l l ' l '  l t : l  / \UyX 5 l (Ct lOI te l lT  C l ) f l3 l l l ) l rUI l  l lOC' l 'Ot l I I I tb l l \ ' l l l  Bpe-

ueiru T, u I '  f locKo/rrrr{y rparpur nepexoAHoir QyHKutII{ (pr". 21, a)
frMcer r(acanlre c ocbto lpeMer-rrr t  n rraqaJle I(oopAIII lar (rat< t(at(
t |x,. , , . ,* ldt :0 npr{ /  :  0) vt B To >Ke BpeMtt npn t = q 3HaqeHHe

o)
xBnrx

0+Tz

Pnc.21.  f lepexo,qr ran rpynxqnn (a)  r  rpar f rux (6)  ann onpeAeJleHHf ,
BpeMenH 7 anepuo.quqecxoro SBeHa BToporo noptlAxa '  ,11 ' : ' , .

il#
q ?

xou,* : lz, To gTor :rPaSHr HMeeT TorIKy neperH6a. C^ c I(.oopAHHa-

t;;;" t,, vr xn. lfnn srofi roqKLI AoJIx(Ho 6strr (!#")r:,,, : o

I {J I I I

l -
i I :

5

*
: r l
: l l
: a :

* i

f is i

t l
c f l

i l l*
,l

q f

x77

0

orr(yAa

,  |  
- l ' t

+ 6g;r;" ." - o'
\ , ''-'

C Apyror? cropoFlbt,

t n  l  l n '
4  -  t  * -  . i

e  " 1 "  ! ' = T 1 l T z .  I  . . ' ' . ,
I

i .  
.  

' t r  j

t n

(gffir:,, n:, tn Q' - r+;' T -
t,,

T2

I



a H3 puc. 2l ' ,  a

t g a

Cornacto (2.57), HMeeM
l n

h - x,, - -J'IL- e- T'
t  l - -  |  2

B p$yJlbrare MolI(I{o 3anl{carl)

CA: T B  A C A :  h - x . n .

C,[eAoeareJlbI{o,
npnmoi l  xr*  :  h

A I J  - T r * T r .

KACATCJIbI{Af l  B TOqKC

orp$ox, panHrtf i  cyMMe

I  t n  / , , \
I { hr, ^* T ltT2 ^-'1-, | *

Z-a \ T::Tze 7-fie I :

1 , ,  l ,

_  k  o - n _  l e  e - n .-  
T r -  T r i  T t -  T r -

f locne npeo6pa3oBaHHtt Bbtpax{elwa (2.59) c yqeroM

(2.5e) ,1,

(2.58) nonyuurr,r ,;l

neperu6a orceKaer ua ,, .
rrocroflHI'lblx BpeMel{l[ : '

r A e  T r T z : 7 2 ,  a  T t  * T z : 2 8 7 . '
flocrosHHas BpeMeHH T MolKer 6ltrr

Horuy rpaQuxy (puc . 21,_6) B 3aBncuuoiru

a BerruqnHa e ;gr#f

T r  * T r '
CornacHo (2.56),

BrIAe:

d'xot*  |  |TrTrf f i  -F(T'

AunnHty4uo'Qa3oBa t l  qacrorr lan

Ha iot nofiyqaercn KaK

ypaDI{eHI. Ie (2.55) 
'n lo>Kuo 

3ar lncarb B Apyrov

|  7 \  d x o o ' *  I-f r zl -dt -r r"o,.* - lexn*,

onpeAeJIeHa IIO
or 3Harrenwi't tt tt

PaccuorpHu qacror l tb le xapaKTepl lcrHKI{
Broporo nopt lAKa .  VIs (2.55) nepeAaroqHat l

anepHoAI4qecI(oro

$yHruur 3Berla

ty/:FNfuIF,
t '

xapaKTepI'ICTHKa nopJIe 3aMeI{bl

r , . t  |  .

'orKyAa I'IMeeM

trZ

I-lo BFrrpa>t(eIIItnN,t (2.64) Ha KoMnJIel(cHoft nJIoCI(ocTI{

aMnJrr{Ty4tro-$aeonan xapal(Tepl lcrnl{a (ra6n, 2,  sneuo 3).

xapal{TepHble Toql( l l :  :
nptd or : 0 U -: le, U : 0, I : 0;

>  c D : c o  u * 0 , y  - 0 , , ( P : - 1 8 0 0 ;
)) o _ l lT U ; 0, l /  - :  -klzE,.q :  -90".

Ann nocrpoeHrln JlorapurfuuuecKnx aMnJIHTyAttof i  n
cToTubrx xapal(Tepr.lcTHI( BOCnOJIbSyeMctl ypaBI{el'lHeM
Koroporo neperaroqrlaf l  'dlyHI{LI,I I f l  paBIIa

crpoHTcn
Oruernu

. l

, '  : ' i

Sasonofi
( 2 . 6 1 ) ,

V t = 'l '1Tr1sr -l- (fr -FTr) p -l- I

HJrI, ecJII{ pa3Jlo}Kptrb 3rtaN4eHareflb (2.65) Ha

flocne saMeFIbI p Ha lo noflytlnM .

lJ{ /  ( ia\ :  t= |  i  . .  t= i '\ ' 1 @ t
I

orr(yAa al\4nJIHTyAHafl qacTOTHafl

coMHoIKIITeJIH,

h i
tY/ i-Yv  -  

( f l - l t)  (rz7 * r ) '\ / l f l - l  , t v z t ,  |  . l

(2.60) l.i

( 2 . 6 1 )

CNCI IHAJ Ib .
'f t 'l-
, 7 . - f - r 2 t

3BerIa
6yRer

(2.62)

xapal{TepHcT14I{a

hA - yN+t{WT
a $aaonan qacrorl laf l  xapaKTepucrnKa

(p : *arctg Tro - arctg (2.68)

xapaKTe"Vls (2.67) Jrorapn{rr ' ruuecKan aMnJII4ryAHat l '  qacroruaf l

pucTHr(a HMeer BHA ' -

L - 20tgte-:20 Wlfffi+I

T za.

-zogff f i+ r . (2.6e)

Cpannunan BbrpalKeHgg (2.68)  H (2.69)  c  (2.49)  H (2.50)  BHAHM,
qTOlrora p  ncpr i lnuecKple qaCTOTHbIe Xapal {TepHCTHKH anep[ IOAHqeCl(OrO

3 B e H a D T o p o r o n o p n A K a c K J I a A b l D a I o T c f f I , I 3 x a p a I ( T e p H c T H I ( A B y x
arepHo/ir{qecKuX 3oeunen, y oAHoro Hs Koropofo 

"otfiP;tft;"ii i*ffiiarepllo/il.lqecKHX 3BeHbeB, y oAHoro H3 KOTOpO|O. KOSQQHIIII€4T;; i:;*+j;il--i;,r:
ycrrJrern.rR paBeH le, a y Apyroro - eAHHntte. 9ru xapaK'repn9lnKn,;iai',$:ilg$;;t
cTpoflrca nyreM cJloll(et.tHfl or/{eJllrlblx cJlal'aeMblx,'Bx:oAnUIl,Ix B YplPji'tfii*+f*ff$
rrehHo (2.6b) l{ (2.69). flpoqecc nocrpoeHHn nor(a3'ar{,T?_pln*: ;224iij:,rr:1'si1',ij;11rteilHo (2.6b) l{ (2.69). flpoqecc nocrpoeHHrl nor(a3'ar{,T?_pln*: ,22E1ij: t1';i,',iji

tlpH qacrorix, coorBercrBytoulux or F llT.r. H oa.::,llT'r,'rttoJly:,'q;trt #ri+i;r
qaeM H3Jrorvrbr r{a acHMnrorr.{qecxofi norapu$ri,tliuecKofi.' aMilJIHTyAll,qFffi,ti:. ,ifrsqaeM HsJrorvrbr I{a acHMnToTl' lqecKoft JlorapHqlMHqecKofr. ' aMqJI[ITy
qacron-roil xapat(repHcrHI(e, _ . .i i.: ,:i, li:r I ' tr;iiiq:i li j:;';t'ill*ltsw

, Konedarenrnoe BBeHo. !,u${rep-enqll{bHo9^'yg.a{Heryuel- 1q4"e"9-it{'ffi1'rerrblloro sBeHa HMeer tdt<oflt >xe: sHA,', KaK""U.Q.55),'i'toJttrxoiitiiqi.qM,ffi,,##,
cflyqae 6 < l. Aun"nury1,uo-$a3oBafl ' ' : I{a.crornan 

'xapal(repl{cfUye;i '  , i :r i .f: i l , ;4
crfourcn no 'nurpaxeuunnn (2:63) u'(2.64), H oHa 6yAer HMerb:;,Io[+"i, l ;.,-, i ' ' , jv r l / v r r r v , r  \ - . - - l  \ - - -  

- / ,  . , . , ,  . i r l . - ; : i i : r l ,  : r { ; . r ,  \ . i

xe o6qufi nu4, rrro pi AJrfl anepgoAqqecKoro sBeHa BToporo".'n,9;Jil?:"-- ll.i i.r:
prAl(a, Ho roJIbKo 6o"uee nttrnHyrufi  KHH3!; ,

i . ' , . , , : , .  .  1 . : * = \ ; . '  . ,

' i t  , t 8  , , '  ' : ' : t , . , 1 .



Ann xo"ne6areJrL,Horo 3rreHa KopHH (2.56) xapaKrepr.rcrr.rqecrono
ypaBHeHHff 6yayr r(orunJrer(cHbrl{r l  conpfi)KeHubrMl.I ,  TaK I(aK ( ( 1;: '
a nepexoArlaf l  Qynxuun npHHHMaer BI ' IA

(2,70\
tI t ' /T----vz "'rcrora co6crnerrr{brx r<one6artuli 3BeHair A e  f i l o :  T  l /  L - l ' - t [ z

VIs (2.70) crreAyer, qro nepexoAHafl Qynxuun None6areJrbHoro
3BeHa cocroHT II3 ycraHoBHsuleiicq cocraBJltlrcqefi, pannofi k, u
nepexoAtroi 'r ,  npeAcraBnrrouleft co6ofi  cuHycon/ty c qacrorofi  oo,

r  r {oropaf i  npr . r  e  >0 cre-
t ,66 r4rzp?d rror"rr lnn nno,* / ro l r r . f  err \ / . *qATI {EHHCM BPCMCHII  3ATYXACT.

Benuqnrra f l(  rrB/rrrercrr no-
crosusofi  BpeMeHH oru6aro-
nlefi ar{cno}rel{Tbl (ra6n. 2

-45  sBeno  4 ) .
-90 Brrpa>xeunr r..Jrn flMrrJIH.
-fJS ry/tbl
-/80 A -

V (l - T2orz)z * 4g'7zr'

.,=t ,r-t o,pafl/c i (2.7 l)
- H cAB?rra Qasrt

Pnc. 22. . I lorapHSrr{t.rqecxne qacrorHble xa- - Dtrr"t

pa*replrc'rKrr areplroArrr{ecKofo ru.r,i '-""3- Q : -arctg 
1j}fo (2'72)

poro {,--) u nepnoro (- - -) nopnAKa

rroflyrJarorcfl r.r3 coorHorilerrurl (2.63) r.r (2.64).
, I loral lnt l lmlluecxan aMrrJn.tryArraf l  qacrorrrzlf l  xapat{Tepttcrt. tKa 6y-

AET

L - 20 lg tz -* 2019 1/r .

HailAen,r acrlMrrrorbl erort
KOpl-IeM nOJlyqaelvl €AL{HllUy I{
ocl{oBHoe 3Haqerlr1Ie noJrvqaeT
cf lyqae

L - , ( 2 0 l g h

CneAonareJrbrro, Jrorapuc[ruuuecKyro aMnJII{Ty/{t{yrc qacrorr lyto xa' I
paKTepr{crr{Ky xore6areJrbHoro 3BeHa Mo)KHo npeAcTaBI'ITb B BHAe
AByx acHMnror, o,qHa Hs Koropblx onpeAeJlf lercf l  npnuofi  20 lg h, '
a Apyra fl - npnvrofi c FraKJro 40 aE/aex. Toqxa nepeceqerlpltl
srHX acr{rurrror coorBercrByer 0) r l lT u'( -  l .  3ro 3HaqHT' r ' ITo

annpoxcr.r i l {rrpoBaHHafl norapH{lMr{qecKarr xapat(TepHcrHI(a rone6a.'
TeJIbHOTO 3BeHa HMeeT TOT )Ke BIIA, qTO H pe3yJIIrTHpylouafi xapaKTe- '
pHcTrrr{a AByx nocJreAo8aTeJrbHo coeAHHeHtrbrx anepl{o,u.lqecKHx 3Be'
HbeB c OAHHaKOBbTMH nOCTOflHHbIMH BpeMeHH. ' ,

54

- xnr,,,x *=, 
[ ' 

* t-+ 
' 
(.or]ar,,/ -l- 

zL; srn c,ro/)] ,

xapal{reprlcruKH. f lp" (D -}
L -, 20 lg k. flpu 0) -' oo noA

qJrer{, coAep}Kauufi Taaa, H

-_ 40 lg ?not) -- ) - oo.

(2.73)

0 noA
KopHeM
B STOM

, I loraputlnrnuecKyro rpasonyro qacrorHyro xapar{Tepr.rcrHKy npH-
6,nlt>xellno Nro)KIIo raxx(e nocTpor{Tb B Br.rAe cyMMbr dlaeontrx xapaKTe-
pHcTHI{ AByX nOC/reAOBaTeJrbFIO COeAuHer{HbrX aneprroAr4qecr{Hx 3Be-
I IbeB,  npntreM npr4 o :  l lT  sr raqerr r re q:  __90o.  OAlraxb Aef icrnH-

,TeJi l>l lr ,rc JIorRll trr l i l i l r ,rccl i l {e xapar(TepIrcTti l i l r  B BaBHcilMocTI{ oT'xoarl i t l rnrtucn'r 'zr 
3a'r 'yxarrr.rf l  (  Moryl cnJrbr 'ro orru'{at 'bcrr or nplr6nu-

)f(eHHlrX, oco6ertrro B6nHst.r t tacrorbl 0) :  l lT.
13  qacr r roc rH,  npu  ( :0 ,  KaK 3To  cJ reAyer  uz  (2 .71) ,  A  - ' € ,

T. e. B orJlr{qple or anepr4oAr{qecKHx 3BerrbeB rone6areJrbHoe sBeHo
o6naAaer pe3ollancnblrvrr{ cnoficrBalru tt xoaQ$raqHeHT ycr.rJreHHn
at\lnJlLI'r'y/{bI n6nrrsu qacrorbr co6crserrr'rbrx nole6arruii Mox{er crar-ro-
Brrrr,cfl 6onrure crarrrqecKoro xos$$Hrlr.reHTa k. llodrorvry, npH
pacqera x Jlora p ucplnruecr{ r{e qacrorHbre x a p a KTep Hcrr.rKH xgne6dTeJr b-
Itoro 3Beua uenecoo6pa3rJo crpor.rrb r-rertocpeAcrBer{Ho r]o Bbrpax(e-
I{Hflr\,{ (2.72) tr (2.73) t4JrLJ no"rlrsoearr-,crr cne[HaJrbHbrMH FrorvrorpaM-.
MaMr.r (pHc. 23 r{ 24), Ha r{oropbrx uso6pax<eHu JrorapuQrranuecKue
ailitrIJIIITyAI-tbre n rpaeousre qacrorHbre xapar{TepHcrHKH ,4Jrfl pa3Jrr{rrHbrx
3na,teullflt l<oecfrcpul(ner.rra 3aTyxaHr.rn ( < I B 3aDr.rcr.rMocrtr or oT.

HAca.nruoe H pcaJrbHoe HrrrerpHpyrorr lHe snerirq. y rrAeaJrbHoro
I4[ITerpl{pyrou,efo 3BeHa nuxo4uan BeJrHrrHr{a nponopr\HoHaJrbHa HH-
TerpaJly or nxoAuofi  BeJrnrrurrbr no, BpeMeHH .

. f f ,
X " o r x : n l X B x d t ,

I tat i ,  ecJru npo4HrlrpepeuqupoBarb (2.7+) ro
dxo'*  -  hy

d t  
-  ' " "  sx '

f lepexoTlnal r  rpy l r r<r1rr r  np l r  .vnx :  t l  ]  r r  rnu,x
co6ori npltvtyto xo,ux : kt (ra6n.2, eneno 5).

Cor.nacno (2.74), nepeAaror{Harr Qyuxunn
pyroqero 3BeHa r.rMeeT BHA

(2 76)

aMn.I I I4TyAHarr cpasonan qacrorr-raq xapar(TepHcrH.Ka

l T p r , l = * ,  ( J = 0 ,  V -

conna/{aer c orpr.rrlareJrrr.roflr unuuort ocb}o 14 HMeer npH.Bcex qacro-
Tax nocronrr {b l i i  cABun Qaeu,  panuul i  - - -90" ,  TaI{  KaK'  

- ,  
, , -  

' , ' , - ,  
.

. 
(p - -arctg c'o - _ 99".

Jlora p uQru prqecr{a fl a Mn/r r.rry AHan r{acrorH a n
JryqaeTcfi  H3 BbrpalKeHHn \

L - 20 lg lz - 20 Ig ar: (2:79)

i ij,-ss

(2.7 4)

BpeMeHr.t ,

( 2 . 7 5 )

(0) - 0 np.eAcraBnrie'r

HAeaJrbHoro r*r"*"or-

, u ,  - , kw  _ - .
p

h (2,77)
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' 
ilattafi LI3r\,{etIeHLIe

nprrpaueurre
L ( l 0 r ' r ) - L ( o )

0), coorBercrByrouee oAllofi AerdAe, noJlyqurvl

; 2 0  l g k  2 0  l g 1 0 - 2 0  1 g  2 0  l g ' l e +

+ 20 lg ar :  -20 aE.

[IpH o] =: I eHaqeHrre L * 20 lg k. C,relosare"rbrro, JrorapHrb-
Mplqecl{atI  aMIlJIr-rTyAHarr rracToTrraf l  xapar{TepHcTr.rKa t lAeaflbi loro
Hrrrerpnpyrouero 3BeHa npeAcraBJrf ler co6ol- i  i lprrMyro c Har(,norroM
-20 lB/Aer, rpoxoAffuryro qepe3 -TorJKy c r{oopAurraraMr.{ o : I
n L, -= 20 lg /4. cpz3guafl  , tacrorr 'raf l  xapar(Te pr.rcrnr(a rar( ir(e npe^craD"
JIf ler co6otl i  Irprrh{yro, lrapaJrJreJrbnlro ocn 0) n orcrorr[tyto o'r rree Ira
-90".

An(tcbepeuur{aJrbHoe ypaBHeHHe peaJrbr{oro
3BCI{A HIVTCCT B},IN

.r d'rnrr* , dxn,
' -  dtz 

-,  -Af l txo*, (2.7s)

n xoropo l \ {  T  -  unepr l ] ro rnrAf l  nocror r rna f l  Bper \ re r rH 3Rer ra .
Perue l tne  ypaBl leur ln  (2 .79)  i lpn  xnx  - .  t l  J  I {  ny . / re l }b lx  I Iaqa"nb-

r{brx ycJloBtrnx Aaer cJreAyrouee Bbrpa}KerIrfe AJrrr repexoAlloii cpyHx-
uHr l :

(2.p0)

VIs (2.80) Br{AHo, r{ro nepexoAnaff QyHxqun peaJrbHofo I. IHrerpH-
pyrcqero 3BeHa onpeAeJrrrercn npruori kt, coorBercrnyroqefi nepe-
xoAHofi rpyHxqrrir HAeaJrbnoro 3BeHa, r.r3 l(oropofi ebrqtrraercfl 3Kcno-
HeHTa c nocrorHnoii Bper{errr.r T.

f lepe4aroqnarr rhyrrKrtr lrr  peaJrbrloro Hllrerplf  pyroueno 3BetIa

'  
l f r ,  k
lyt l  _

p ( r p * t ) '

eno aMnar.rTy4rro-{raeoBan xapaKrepHcrutia

le: i.o6;';q1 '

oTKy.4a

leT , ,  k
1 1 _  l / _ _

7 z r r 1 z | 1 ,  o t ( 7 2 a 2 + l ) ,

q) -- -90" - arctg lol.

xRr,,x :  lzt nr (t-  
"- 

+)

r.r r-rre f p r{ p yroulero

( 2 . 8 I  )

W (itul) (2.82)

(2.83)

(2.84)

(2.85)

5 8

l4t (2.83) Mo/lylr,

A -
oflf F& +T'

a ,rorapuQrr,Iuuect{af l  arvtnJIl .rryAlraR qacrorrraf l  xapar(TepHcfl ,rr(a 6y4er

L - 20 te t, - 20lg0 _- 20 1g V F;q. (2.86)
Bt'tpa>xenuR (2.84) Arrfl cABI{ra cpasu rp v (2.86) ror{a3brBa}or,

qro JIorapu$vuuecKHe qacrorr lbre xapar(TepHcTrrr{rr peaJrbrrono t{HTetpH-
PYIoUero sBeIIa noJlyqarorcl npocrbrr\,{ cJro}Ker-rr.reN{ norapnQMr{qe-
cKLIX XapaI(Tepl{crr i l (  l {Aea.nbFroro r.{HTefprrpyrouero rr anep}roAHqe-
cltoro 3Bcl. lr 'en. f ipu qacrorax, MeI{bnIHx l lT, ero 3Berro 6nHsxo K HAe-
aJrbrroMy rrrrrerpnpyror.r{eMy (ra6n. 2, 3Bet{o 6).

H4eanr,uoe H pealbnoe antpQepeur.{Hpylou(He aBeHbn. kl4eanbHoe
4tt(xlrepcnL(npytot l(cc 3uctto Aacr la Bbrxo/le npol13rloArrylo no Bpe-
IUCI{H OT BXO.4I-IOII BC.IIUqPIFIbI

Jn 'x :  l ' #

a ero aMrJrHTy4no-rpaeonan

l4s (2.89) orpeAe/rrreM

W : fzp,

qacToTHarr xapaKTepr.rcTHr{a
W (i,uo) : kia

S B C H A

Q.S7:)

(2.88)

(2.8e)

(2.e0)

'' 
.' ' '"t'i-

onucnlnaeTctr

Ecnl r  r ra BxoA aroro 3Belra noAarb xox:  I l l ,  ro ,  corJracHo (2.87) ,
B Morvrer-rr BpeMerrn t : 0 npotr3Bo Atarr dxo*l dt paBFra 6ecxouelrHocru
H nepexo/lHarr xapar{Tepr.rcrr.rKa xnu,* 6yaer npeAcraBJrflTb co6oii
I \ , f f l lot lCf l l t l , l i i  t IMII) / ,n l ,C. I lCnl t  ) t (e Cql t ' t ' f l ' l ' t r ,  t t1 'O UXO;1ItAl  BeJl t t t t t t t ta In*
noAae'rct I  I Ie N{I ' l loBei l t ro,  a 3a trexoropui i  nporvre} l {yTot(  npeueuH.A/,
To I{ xn,,rx 6yler I{N,terb Kot{equoe gFIaqeHue, qro qacro 6nnxe x peaJlb-
HbrN{ ycJroBHrrrvr noAar{lr BXoAFrofo cHrr{aJra (ra6n.2, sBeHo 7).

I-lepe4aroqrrafl Qynxttl l f l  r.rAeaJrbHoro 4r,r$tlepeHrIHpyrouero sBeHa
coorBercrByer (2.87)

( J : 0 ,  V : l e ' ; , ,  e - a r c t g f  - O O "

FIa I{oMnJIeKcHoft nJIocKocrH aMnJrHTy4Ho-cpasoBafl xapaKTepr.r-
crr.rr(a coBnaAaer c noJro)r(HTentuofi rrlnuuofi ocbro.

Corlaclto (2.90), A,{oAyJrb A * ka, a Jrorapircpmuvecr{af l  aMnJr}r-
TyAlraf l  qacToTrrarr xapar(Tepr.rcTt.rr(a

L  -  2 0  l g  k  a  2 0  l g  o .  ( 2 . 9 1 )

CpanHua an (2.91) c (2.78), Br.rAl
gHaKoM nepeA BTopbrM qJrenoM. Or,
TyAr-ro-rracToTHafl xapaKTeptrcTr4r{a H,
sBerra npeAcratsJrfler co6ofi nprMyro
xoAn[Iyrc qepes roqr(y c KoopAHr{ari
3oBaf l  qaCTOTHat l  XapaI {TepHCTI ' IKa p lMeeT 

LnpH ,BCCX ,qaCTOTaX Ot"V
/ lo  oo c , ILBHr 6asH qr  :  90" .  : ,  , . ' :  

'
Ao oo cABHn $asrr e -

/{ n rr an,t n K a pea Jr br-r oro lurll(repeH rlr.r p yrcuero
Au(xl lepel lUHaJlbl lblM ypaBIIetnteN{ .

r - fu |  - .  tdxD"' lf f xnsr* - R-if '



3Aecr T,'rax )t(e KaK U n (2.79), nunnercn HHepIIHoHUOfi nOCrOsnnO-il

AaHHorO'sBelta.  I lepexoAl{af i  $yuxnun, Asnf l tot t laf lcn p€l IJeHHr
' 

1HS$epeHqHaflbFroro' ypaBHeHr4rr (2.92), onpeAeJInercfl BbIpaiKeHl' l l

h I lponopqHoirarruo-an$Sepenr{Hpyr0u{ee aBeno. 'B raroM. sBeHe.
BblxoAIIaf l  BeJIt{qHlla xo'* rrponopUHoHaJrbFra He roJrbKo . 'orxnoHei:$
ttHIo Ilxogttoti BeJIHtIHIIblv'x,. Fro u npol,rgBoAnofi or.groro ortinoHe.,
ttufi, r. e, ,ulr$rpepeuLr,rraJrbHoe ypaBr{eHHe gToroI

L

R T
-;;- e t

I

Hg KoToporo BHAI{6,  qTo,  I (orAaT -  0,3BeHO npeBpaqaeTcq
u oe 4r-rclxlrepelt il.H p ytouee.

PaCCUorpUu qaCToTI-Ible Xapal(Tepr'IcTI'lI{l '{ 3TOro 3BeHa.
(2,92)i , 

:, kpw -- Te +:lt'

W (ia) * -!J9'-

r, ll.ttl ^ kav  -V ;2a l r  f r :T f f i '

(P : 90o - arctg Tco.

f,norx :i kxo* -f h, W ,

FAe h -- xoaclldrrrrtr.rerrr ycHfleltr.rn BBerra, a lr, - xoarp0H[r.rerrr
Jrerrr{fl autli$epeuquansuoii cocraBJrflr,orr1efr.

t'v651X -

0 ,  v  -

J2.eq)
B HAeaJIb{

Cornu.ri$

SARI, ICHI\{OCTbIO

[Iecro urnone-lrurrrl r.rrr:rrr]/.,rtbc,
nocJre r(oToporo ycTaHoBHTcfl
3tlaqeHl,Ie Xror^ :  k. O4Haxo
6ylelrr cqr.rrarb, qro' Bxo4rlori
cHrHaJI noAaercq He I\,rrHoBeH -
Ho-.  t  :4A I (oFlprr l l r - r r l r  nnove>rrr-. . - , . . - . . - 1 ^ . r " . . ^ - . . ' J

r  rOI< Bpel \ {eHII ,  panHrt f i  Lt ,
T o r A a  r r p n  t : 0  B e J r H q r r H a
r{Mrr},rrbca 6yler ler l  At (ra6n.2,

.  sneuo  9 ) .
ilnn onpeAeJr ewus

rrbrx xa par(Tepr.rcTr{r{
ypaBrreuHe (2.98)  B
UCM BI,IAC:

xnt ,x :  o ( * *+r f f i , (2 .99)

rAe T - hrl k,

CneAonaroJrrrr{o,

0 I t {O/. [ ]J lb

sBeHa onpeAeJrnercd
'  ,  ' '  

' ' "  
; i r 1 i / { t ; ; q

(2 eB)

.  | cH-

3lcctr i l t t f lJtoI 'ntuto t l^cnJir 'nor,ry 4rrclrr lre pctrr(t{pyror{euy gnetry B Mo-
r{el lr  l lo/taql l  BxoAIIoro crIrHaJIf l  fsx :  I l  I  (npH / :  0) 6y4er HMeTb(2.e4)

19 CtE\

HAeaab

!

L,a5_

rkSr

/t =*E
'.-l2o

---3L --

Q)=l u,pa7fc: ' . : '
r  t , ,  ,  i , , ' .

l ,  
' i ' 1 " ; ' ,

Puc. 25. JlorapuQr
paKT€pHCTr.rr{H L u g pea/rbHbtx anQ$eni1,,1
Plrc. 25. JlorapuSr,,tnqecrlle .iacrorrrue rxa.

90
45/ . t  - ^  -  ^ -  ^ F A  F i  t t n

\JJ l t rAur td I  cr r lDf i \J t

r | " fTttt'
v  _ _ ! . 7 z 6 z + ' l ,

OrcrcAa noJlyqaeM
xapaKrepHcTHI{H:

. n p H o = 0  U -

xapaKTepHbIe TotIKI{ AJItI aMnJIHTyAHO-oa3OBOfi

qacToT-

3anH[Iei\,I
cJreAyro-

.=+ l

0 ,  q -
' h

2 T '
I

)  O : - f - t U _

0 ) : o o r u -

90"; .

q  : 4 5 " ; peHUHpyloutnx sBeHbeB: . r..;j.ii;1,1,,;;
- H,q,eanbHoe 4u$$epeHuupyroqee; z =llnd -:,'.

pHoAHqecKoe nepBoro  f lopsAKa, :  : .  ; , '  i ; ; .1 i . , . . ,
0 , 9 : 0 '

IIeHHbIM CBOfiCTBOM AHrpsepeHqHpylo[lHx 3BeHbeB"

,,". ' .vIs (2,96) noflyqaeM JrorapHsMHrIecKylo aMnJII{ryAIIylo
t (

kle (2.99) noflyuuM nepeAaroqHyto SyHxqr.rro H
3OByr0 qacrorrryrc xapaKrepHcrHKy:

V / :  k ( T p  +  l ) ;  W  ( i a ) : k  (T ia  +  l ) . (2 .100)

(2 .  i 0 l )

q{crLIKy

,  ' '  t { 1 ,

HOrO 4HssepeH[Hpylou,ero H arepHoAHqecKofo\ 3uel:etr_'
u AI I \P\PEPEnqnP J r \ r r - r { \ - r  v  r r  ur rv l r  r rvA' r

ili pii.'i5 nonusaHbl orAeJIbHbIe xapaKrepl'I'cr \!v, nocrpoeull-bJ-q

"o 
ti it p u'*.*t " ro 

J SfJl;3, l;t"t" 
*ar H x crloxeH H n' rlp H H tff- 

Tffi:iqTo peaJlbHoe anQSepeHllgpyloqee sBeHo BbInoJIHfleT cE

U : k, 
'V : lzTa, (p :  arCtg ?nco,

A -  k V T q & + I ,

IIACTOTHAfl

" :  L:2ote h *20 lg co ---  20 lg{TWT1, , .

KOTOpafl cKJIaAbIBaeTCfl LI3 y)Ke pl3BecTHblx xapal(TepllcTl',IK

peHr''pyror11ue $yiri<riuu np' qacrorax a { llT,

6 0  -  , :

L'-' 2}lgle { 2Tlg{T6fa 1 ,-



Cpanr l {Bar r  (2 .102)  c  (2 .50) ,  a  ra r {x (e  Bb lpa) t {e t I I I t l  l t r ln  (P  t {3  (2 .101)

g (2.49) nprrxoArrN{ x nbtBoAy, rrTo f lorapl t rp l t t t . lecl( l {e t l f lcror l lb le xa'

paKTept. tcr t {Kt I  nponopUHoHaJIbuo-.Ulr(rcfepeHU}lpyloulero 3RerIa f lB '

Jrflrorcrr 3epr(aJrbHbril.r oro6palKel{[IeM noAo6Hrtx xapaKTepl{crHI( ane'

pl . ro1Hqecr(oro 3Berra rrepBoro roplAI(a orHocl l reJlbl{o ocl{  a6cuHcc.

3 t ta r { , , r ,  R  / la t t t to l l  cJ Iyqae,  t laq t ' l l Ia f l  c  0 )  ==  1 lT ,  aMnJI I ' {TyAI Ia f l , xa-

I)aKTel)nc' t 'ut( ; l  t . t t \ , tec ' r  t tat{ ,nol l  - -20 / tE/Ael<,  a c/ I 'Bl{r  r f raart  rP *  4b; '

LJcn  ,norap l r r l rn rHuecKa l  ( tasonaf l  qacror r ra r r  xapaKTepHcr l l l (a  c ' rpo l l rc t l

c t rotr , to l l l t r to . t 'oro i t (c l  l r raC;notta,  t r ro H /UIn at lct l l loAl l r lecl(oro i " ]Bel l ; ] '

Tor'rbt{o Aan IIoJIo)t(l lTe"rlbllbIX eHaqeHlti i  cl lBI' lra r}aeut (P.

I IponopqHoHaJtbI Io-HHrerpHpylo111ee sBelIO. BblxOAl laq Bef i l ' I -

q H H a X " " , * n p o n o p u H O I I a J I b l ] o . H I { T e f p H p y } o u e r o S B e H a p e a r I , l p y e T
n ^  E ! ! ! ! ! r L ! L !  v  . t - - q t t  r - ,  l f  I  I , l l { T t r I ' n A = n  n o

K a I ( H a 0 - I . K J l U f l e f t | t e D A U A r ' i L , r l I f E J l t 1 a r t r r D r / v B x ' i q i r I l

Bper'teFrH or 3Toro orKiloHeHllf l. !,uualtnxa ral(oro 3BeHa onHcbl-

BaeTcf l  ypaBI Ie l l I {e i l l

xur'x : lzrxn*-l le,lxn*(t) dt' (2' 103)

I lpu BXo/I l tor{  ct . t r t taJle xox :  I l  I  i lepexoAHatt  t l ly t t rq l tn 6yAel

xir,rx : l l t I lzt, (2'1041

BbrXoAe 3Bel la  yc ' ra l loBl {Tct l  nocTot t l l l la t l  c l (opocTb,  o t rpeAe-

xoacpclruUuellrolu )/cl4JIeH [I  t l  lz ] l  I ITerpaJIbHo cocTaBJIf l lo-

nepeAaToqrlatl (ryuxr(lrn l l al\ ' tt lJIHTyAtlo-qla-

3BCHA HI\ , ICIOT BI{A:

' r .  e .  l l a
JI 'I C I\,IA 'I
m.eii.

Corracno (2.  103) ,
3OBaR Xapa l (Tep I ICT I ' I l ( a

t v r  k ( T p + l )  .
w =  p  t

rAe T -  k l l  k .
Vls (2.105) IrMeer\ 'r :

t t / /  t : . - \  / a  ( f f co  f  l )
W \t0)) : ----1;- , (2 .  105)

( J  -  l e T ;  V  -  -  
{ ;  

( P :  - 9 0 ' * l -  a r c t g T t t '  ( 2 ' 1 0 6 )

ilplr H3r.{eHe[rHH qacrorbr or 0 Ao oo aMnJII' lryAIIo-cba3oBar qa-

cToTrrafl xapar(TeprrcTr.rr{a aroro 3Berla 6yAer npeAcTaBJIf rb co6ofi

nprrr\{yro, napaJrJreJrbr{yto oTpHUaTenI'nofjt l \ ' lrt l l luoii ocH I' l  oTcTofiUylo

or Hee Ha paccrot tHt. te,  paBHoe kT (ra6n.2,  3BeHo l0) .  f locronuxy

MoAyJI b Kot\'tn JIet{crtol:r BeJI I'lr{ H I{bI

A _ nttTt& +1
0)

T() .nor,t  pl rrfr trr |  ' , tecr(a l  a Nrrr,n nr yAI I  a f l  q acro'r l l : l  t l  xa pi l  K're pl lcr l l l {  a of l '

PC/[e.nl lrct l  I13 l ]  btpa)l{cl l  I ' l t l

L - 20lg lz - 20lg or f 20 lgltT;Q)'zTl' (2. t07)

VIa (2.106) rr (2.107) BI.IAHo, qro norapHrprvlHllecl{He qacrorFll le

xapar(TepticTHr{r{ npoflopur.ror{aJrbrlo-HHTerpHpylouefo 3BeHa CKJIaALI'

BaroTcff t43 qacToTHbrx xapar{Tepr.rcTll l{ I. lAea,nblloro LIHTerpIrpynuero
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r{ n ponopWrorraJrbno-Ar,rQrflepeH rIHpyrou.
r(a3ar,rbr cocTaBJrflrou{He I.r pe3yJIbTr.tp)
par(TepHcTHr{H sTOrO 3BeHa.

HaogporrrHoe (r,u6xoe) BBeHo. B o6qe
3Belra onHcbrBaeTcf l  TeM )r{e ypaBHeHHel
arrcpcpepeFrrtr{l lyror{ero sBer{a (2.92). Ol
LlMeerct  r . rer(oropoe.pa3/rr . rqHe. ! ,eno B Tot\ , t ,  qTo BpeMrI 7,  exoAguee,
Ir  yPi l t l t le l r l le (2.92),  f luf lnercf l  t luepqtroulroi i  nocronHrroi i ,  nplcy-
utei i  cavof. i  nplrpo/{e peanbrroro aHcf lcpeperrr(Hpyrouero 3BeHa, 

-B 
io

llpcl\ ' l t l  I(al( B l13oApOI\4llOe 3DellO nOCToRI-tFrafl BpeMe1lt ?n ngOAHTCfl Cne-
rruaJrbr-ro 4Jrtr crafunwgaL\Htr \ ,i
cncreMbr peryJrr{ponarrHrr. I(ar . L,a6
npaBHJIO, 3TO 3BeHO BKJ[OqaeT- , -  . '  I
crr B rrenb o6parHofi cBq3H u : ,.-
qacro Ha3brBaercf l  3Ber{oM H3o- k
/rpovl lol) i  o6paruofi  cBrsrr.'  

B ornrr.,,i. or (2.gii l,n,p- o
(lepeu rlpr a Jr r,rroe y paBHer{ rre H3o-
ApoMrroro 3BeHa 3anr.trr]eiu B i
cJreAyrouleM Br{Ae: ,

T dxrrnr* |  w - r,Tdxn*
" 

-nt -f- ^nrtx - t( I -7t "

flo u"rno.,o,n c (r.r$ l0r?
I I 2 I f I - I r ) r r )  ? n r r l T q  r r 6 f \ o w n r r r 4 d 'v u u r  r  q  r r  L y L A \ _ / A f r  d . n

(rynl<qun 6yaer
l /

f o o r x :  f t e - 7 ,  
( 2 ' 1 0 9 )

-45
-90

ut=t u=+ ut,pofl/c

( 2 .1  n  )

(2 .112)

a nepeAaroqHatr  Synxqun H aMnJIHry4uo-QasoBan r{acrorHaf l  xapaKTe-
pldcTI{l{a onpeAeJrnTcrr Iro BbrpaX(eHr.rrrrvt:

tv-#, \v( i , " ) :#h,

PHc. 26. JlorapHrlvHuecxue rracroTHbte xa-
paKTepucrwrv L  H-e nponopqHoHaJrbr ro-

HHTefpHpylotr lHx SBeHbeB:
,1  _ .  n4ea.nrHoe uHrerp i lpy louqee;  2  -  nponop_

uHoH a Jr bHo -4lr$$epeH qri  p yrcq ee

( 2 . r t 0 )
orr(y/Ia

Q : 90o _- arctg 7or.

kls (2.ll l) onpeAeJrrreN{ H norapnrpr{Hqecr(yrc aMnJrr.rryAHyn qa-
cToTrr yro xa pa r(Tel) i lCTt{r{y

L - 20tg hT j- 20 ts co - 20 tglffW|l
/[t ' tnal,t l lqecKl'Ie xapar{TepHcrHxr.r H3oApoMr{ofo 3BeHa ral(}Ke npn-

BeAeHbr  n  ra6n.2 ,  sneHo 11.  Ecnpr  HX cpaBHHTb C Xapar {TepHcrHKaMH
peaJrbrroro auclxlreperruupyroqero 3Berra, ro no BneurreMy BwAy oHrl
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coBnaAaroT. oAi lar(o l l i l t rz l i \ r i lqeclore cBoi . rc ' r t la 3Ti lx 3rJel lbe0 l )a3" ' l l l I I I I l r l .
Hanplnr,rep, corJraclro Jrorapu$tuuuecr(r4M arvrIIJrHTylltbm,t xal)ar{Te-
ptrcrr.rKar\,r, r13r\,reHerilre rlocTorrutroii BpeMelri l T rr pea"ubiloN,{ 4rirlx[reperr-
uHpylou{er\,r 3Berie BeAeT I( }r3i\{eHeilHro xapar{Tepr,ICTl.llil.r JII{uJb lrpr{
qacTo'rax <tt>. l lT, B To Bpeh4rr Kar{ B r,r3oApor\,i l loN,r sBeIIe Rpervrrr T
I ' ,JI l I r lCIJ rr f l  ; l l r i lJr f f fyAi l ) / ro xapar(Tel) t rcTl l l iy  Bo l lceM Al lana3ol le 1la-,

CTOT.
Hcycrof . iqHBbre aBerrr , f l .  I (  neycrof iur{BbrM ort loctrTcf i  sReubn,

y l {oropr,rx np14,noAarre BxoArtoro cufnaJla I ta RbrXo[€ soo6m,e I Ie
ycTatraBJrI{BaeTcrr  onpeAeJrer{rraf  BeJTHqHHA, T.e.  RblxoAIIaf l  Ref l r . l t IHI Ia
treorparr l rqerrr-ro YAanrreTCrr or ycTal{oRl. lBIUefocf l  3 l laqel l l I f l .

Paccuorpul , r  AHlraMr.rr{ecKl-re xapar(TepHcrtnct  ner(ol 'opbrx I Ie-
ycroiiullBbrx gBelrbeB, qacro Bcrper{arcilIHxcfl B ct'{creMax aBTor\{arLI-
qecr{orc peiy,TirpoBai l i i r r .  OAt iar io B i t&t i&. ,T€ l reo6xo4lr t {o cAeJrETi:  o io-
BopKy. k lanecrrro,  qro qacrorr{bre xapar{TepHcl ' I lKu .ryto6oro 3Ber{a
onpeAeJrrroT ycTatroBr.rBr i l r iecf l  cHHycoprAaJrblrbre Bbl I Iy) l t / {e} l l lb le I (oJIe-
6aunn. l locxo.nrxy B orAeJrbrro r]3rrot\,I tteycroiiuuBox{ sr"}elle I{a Bbr-
xo/ Ie oTCyrcTByeT ycrarroBr, Inuteecf l  cocrot l lHe, To raKoe 3l le l lo npaK-
, T r r f r n r r r z r r  r r r t  r , r r r \ r f r ' ' r  I I t t r l T I -  \ / a T t I I n n I . I E l I l t L f  Y f - g I  n t - I l I \ / 1 I { n r . I I I I I - I Y  I , . O n p 6 A -
f  f l l \ . L ! ! l r  l t v  l r l v r l \ V r  r r r r r v ! r r  " t t , " J

I rur i i ,  no Koropbrru Bo3ruo)rcro noJr lvr4Tn qacro'ntbre xapat(Teptdcr l l lu. t .
f loarouy ail{rrJrrnryaHo-cpa3oBbre H norapuc[ri\,tHqecKHe qacrorttbte xa-
paKTepucrHr(r{ neycrol'rurlBr,rx 3BeHbeB Moryr 6rlrr nocrpoerlbt roJIbKo
Teoperr.tqecKtr c ueJrbro o6qero pacr{era cllcrer\irbt, B cocraB l<otopofi
BXO/lr rT TaKI. Ie 3BeHbf l .

l .  I- leycroi i ' l rBoe aneplro1r.rqecr(oe gBeno nepBoro i loplAI(a oi lr . t-
cbrBaercrr aud clrepet{uLIaabHbtM ypaBHeHueM

r !!F - x"",* J kxo*.

Fleycrorlqunuui xapar(rep nepexo4Hor:'r cpynxqnn JIert(o ycrat{o-
Br.rrb no xapaKrepr{crHqecKoMy ypaBIIeHHIO TZ - I  :  0, OrI(yAa
noJryrraei \ t  o/ l r f  n nctr lec ' r t letrr t r , l f i  noJlol tgtr f . I rbt t l , l f i  I (opel t t r  I  -  l lT t
r t ' l 'o  cnrr / lc ' fcJrLrc ' t 'Bye' t '  o lcycl 'of i ' t t tnoc'r ' r  ncpcxo/(not 'o t t l )ot lcccr-r  g ' t 'ot 'o

3BeI {a ,

(2 .1  r  3)

xnur * :  l r ( J -  l ) (2 . t  14 \
npe/{craB-

r{BaApar-rTe
Aun.nurygHo-fasonan xapaKrepHcrt l l {a /{aHrloro 3Be}Ia

JIfler co6ofi noJIyoKpy>Kllocrb, pacnoJlolxeltHylo B TperbeM
KoMnJreKcllorl  nJloct{ocrn, Tat( KaI{ gAect:

h k
W - 7 ; ? T , W ( k t ) -  r i , " * l

h , ,  hTctu - - Twrr, v: -7fiqq' tP

a JrorapnQturuuecxan aMnJrr.rryAHafl xapaKTepr.tcrl{Ka coRnaAaer c xa-
paKTepr{crnxor? ycroltullBoro anepHoAI.Iqecr{oro 3Berta, nocKoJIbI{y

rvroAyJrll A arHx SBelIbeB -coBnaAalor. 
I ' i '

V T z e z + l

M

.Ilora prl$rrruuecKa r {lasoua rr qacrorH a rr xapaKTep Hcrr{r(a ueycrorl-
TIIIROTO aneplloAllqecl(oro 3Dcila nepDoro- n_opflAKa B OTJiltqt.te oT ycrofi-
r rHBoro 3Berra H3r\4eHr{eTcf l  or  Q,= - lB0 'npH @ -  0 ao q :  __g0o
npH ro =: oo (ra6n. 2, 3Ber{o lZ). 

' i

Viue.crrto paccMorperL rracrorHbre xapar(Tepr{crr{r(rr eu1e oAlloro
l lcycTol i r t i lnoro t r rc t r i l  l t .n l i l toro, i l tnn,  l rc l le4a ' io , i l l rUr  r l lJ , l t t<r r , t tn  I (o-
TOpOTO OnpeAeJrrreTcrr r{aK

\ - ' . - . - - l

, t

l l  _ t{fa 
' '" 

,n , , i,",,,
TTF+j'  " i  \2, 1r r t  l .

' ,  
L . t  

' '  
- - :

' . t

xa paKTepr,rcTHKa, -nPe,u,-
pacnoJlox(eHa B nepBoM'l 

17) r{MeeM

cne/lonaTe.rrrrr.ro, ar\4nJrn.ry4Ho-fa3oBafl
craB,[f leT co6oil  no,nyor(py]r(Hocrb,, Koropan
r(Ba/lparrre r(or\,{r1.[er(crrorl nJrocr(ocTH. Hs (2.

J ^

h  , i -  k
l _ T ; 1 n ,  ( /  _ V 6 t T ,

W :

oTr(yAa

A -  k
t t  : :  

{ f razTl i  I  
:  360o {  arctg ?tro.  (2,1 18)

orooAa Br.rArro, rrro Bbrpax(eHHe xJrf l  .4'coenaAaer c (2.a8.) 3Ha-
qHT, Jlo.r,gpurplrlHuecKan aMn/IHTyAHan qacrorHafl xapaKTepHcrHr{a
3ReHa kl(l - Tp) coBrlaAaer a arrrnnHry4Holi xapinrepircferxofi
anepHo/(l l t lecl(o-[o suena i lepBoro noprrAKa, a $asonan HgMerIf lercf l , .  ,
o r  ( p  :  - 3 6 0 '  n p r r  r o  : 0  A o  q  -  - 2 7 0 "  n p n  r o  -  e o  ( r a 6 n . 2 , , r i  j  ,v v v  r r H r r  \ u  _  \ _ ,  A \ _ r .  \ p  _  _ . L t v  I I p n  { . u . :  g g  ( . l . a u J l  .  L  1 , . ,  l . ; , , , .  , , . t  

. , 1
' ' ' " ' 1 i ' ; ' t " 1 t t l  ' ' '3BeHo l3 ) .  

' ,  '  
.  .

2. HeycroiirruBbre Bnepr.roAuqecKr,re 3BeHbs BToporo uopnaxa Mo- . 
' . ,:

fyr r{r\,rerb oAHo rr3 c.rrg.4yrourHx BL,rpaMermfi nnn nepeAaro.rhoft fyHx-

l l/1 "' ' i;;,|a'i,;oT:- rrl)rr ?r h !?'ni 
I

r l

" i '  -  
r B P ' - T P - t '  l ' , ,) ' :

n p I I q e N { B B b I p a X e I t I I f l | Y / 2 I I , | V , . c o o T H o I I J e H H f l M e } K A y n o c T o f l H i , l r u H '
Bper \ {e r {H  T t  r {  Tz - 'n rc6ue . . r  

' i

Bo scex rpex c/ryqasx 6yaer Hilrerb rv -rJ \_ ,  nLE^ |  pc^  uJryedx^  uyAe l -  HNIgTb Iv
rri le guxoArrofi BeJrr4rrHrIbr or ycraHoBHE
Ka)KAOe r.r3 xapaKTepHCTr.rqecKHX ypaBl
xparinefr rrepe oArrrr no.ryox{r{renrHriri r<o
sTrrx 3BertbeB He npeACTaBJrrFOT HHTepeca
HX _qacToTrrbre xapar(TeprrcTr{Krr. .-  - r ( r \ _ r  w r  n D t E  , A ( l I t d t \  l t r l J l t c  | , l K 1 7 .

r -. i j

5 n " ,,t. fruronapoa 
'" 
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.[."rln nepeAaroqnofr rpyuxrlrnr W , noJryqaei \ ' r :

\V1( ico):
/r (l - Tlatz 4- rj;co)

-_T'2;tt iz*Triorf I (t - r'l<dz1z { rzpi! '

re (t * rl'f) (2.t20)U -

(T' ' tp - l )  (?.,p -- l)

(r - 'r2;,>21'z -fT'tf '

tl - ltT tt't, - - @ ,

, lV (ico) -
(Triat * l)  (Tnoiro -_ l)  'v r :

r4e 7" lt T,

qer ' ry coorRcrcrByer I {pnRan n ra( ln.  2 (anerro 14),  r (oropaf l  r rn,rrrercrr
3epKaJlblJrrrM o'ro61ra>r<eFrHe[,r oTFrocr.rTeJtbHo octr a6cui.rcc aA{rrJrHTyArro-

' rpaaonoi i  xapar<repl . Icrrrr(rr  3nelra 3,  i locxo"f ibr(y B /rarrr-roM cf lyqae npH
BCeX 3rraqerrrrRX ro )  0 v -  noJlox(r . t reJrbr{af l  BeJrHqr.{rra.

t{ro6rr nocrpottrb,rlorapt.lcptr,ttauecl(t.{e qacrorFll-,Ie xapal(Tepl.tcrHI(I{,
pa3JroiKI{N{ 3Har\{errareJrb nepe^aroqr ior? Qynxrtulr  Ha coN.{Ho) lorTeJrr{ :

onpe/IeJrrrrcrcf l  ns (2.61). B pe3)/ i l  brare I ' lNleeNI :

A - k

{;""'+ |t{r'^,"' + |

- r3r ' fT1dr , r ._ l

(2 .12t )
rp :  -360'+ arctg Tra 4- arctg TEa.

Bllpa>xeHl.re A"rrrr A cosnaAaer c (2.67) r 'r, cJreAoBsr€.rrbrlo, Jrorapn(r-
rrHqecxaf l  ar \ { r , r r r . r ry, .Han xapar{Tepucrr4Ka l -  == 20 lg A 6yaer coor-
r ]€rcrnoRarb (2.69),  a r faeonan qacrorrarr  onpeAeJrrrercrr  r (ar(  cy1\,rn4a
rpaeourrx xapar{Tepr4crHr{ ARyx rrocJreAoBareJrrr l ro coeAr.rr{er{nbrx rre-
ycro i iunnr rx  anepr . {oAr rqecr ( r . rx  sBer . rbeB,  nepBoro  nopr rAr ia  (2 .113) .

F]ecr<o.nrxo l tpyroir  Rrr / t  l r \ reur e?crorrrbrc xapaKTeprrcrr . { ror  r re-
yc ' rof i .n lBbrx 3l€nbeB, onpe/ leJrf leMrrrx [epe/Iaroqnbrrur.r  r l ryrrx l tnnurt  W z
r.r  Vo. 

' fa l<,  
/ r .Jrrr  3r lerra 2

f r ( t  - f  r lo*  q-r io)

w'
orKyAa

f t ( t+ rzraf )

Wr(i< ' t )  *

I t  -  _

t l  -

(r 1r'lo2)' + ri" 
'

ltT rto

G6

(2.t22\

ffi

a nf l r r  3Bena 3

17, (ior) :
t' (t + r3r' - ?',;o)
(t + r7r')'+r?r'

hTta

( t + Proz)z 4- rlr'
t r _  t ( t 1 - r 3 r ' )  .  t t _L t - - w s . v -

- -T i j< ' f -? , ia r - I

a ) -

(2.  l  23)

I(pnnr, le, nocrpoerrr{bre no (2.122) I .r  (2.123), nBJtRIorcE sepxanu-
nr,lM o'ro6pa>rcerureNr J1pyr Apyna ornoct'ITeJrbno orpr.rqarenrnor:r Aeflr-
CTB}ITCJIb}TOH OCII I(OI\{ | IJIEI(C:
, , ^ , . "  n , , , , ^ , , ^
t l v t ' l  t t J t u L t \ v L t  n .  \ - , r , 1 { r r < r t \ | . - ,  I t

AaHHON Cf l  yqae aMnf l  HTy/ (HO-

Sasonrre xapal{Tepr.rcrHlc.t k
(2.1221 u (2.123) npH Bcex 0
3rlaqer{r.tf lx ( ') r{e nepecel{aror
Mrnlr , ryro ocb. Eonee roro,
i lpl ' l  (1) : oo 3llaqeHlle (p :
' :  -180",  Tar(  r (ar(  r rpH yBe-
,rrrrqerrr.nr 0) geJnrqrnra V 6tt-
cTpee cTpet\4r.rrcn K r{yJilo,
qeM U. Oco6cnno xopoi lo
3TO Br{AI-rO . r{3 paccrilOTpe-
HI,rn norapnfrMHrrecKr{x qa-
cToTrrblx xapar(TepprcTr.rK.

Cornacno (2 .  I  l9 ) ,  3Ha-
n4er{aTeJr14 rrepeAaToqHbrx

QyH xuufi rvrolr(Ho pasJrox(r{Tb
I-la oAHIr H Te )t{e cor\.{Ho-
X{T,ITC"IIH

Wz: IY/s -

k (2. t24)(Trp  - l -  l )  (Tap -  l ) '

6)
L,dF

epa0

0
-w
-90

-tJ5

, lg0

P,2TTA,

\- -'--\i€

l,-.<-
\oo

0v

0
k

0

-,45

-90

-lJ5
-180,
*225

-270

a,padlc'B l(oTopor\,I Aflrr w z Bperu'
Tn )  Tr,  a Ann Wr, nao6o-
por,  Tr>.  To. Br,rpalKer- tue
(2.124) nor{a3brBaer,  qro
3BeHbrr c nepeAaToqr{brMH
rfryHxuunwilu \V ,v V t Mox(Ho

-r=t
Puc. 27. . I lorapurprnrHqecKHe qacroTHbre Xdpdx:
TepHcrHr(H -HeycrofiuHnux anepHoAHrlecxHx

" SBeHbeB . BTOpOrO nOpflAKa .. . -.

-r-t

npeACTaBr.rTb nocJreAoBaTe/rbHbrr\{ coeAHHeHHeM, anepl4oIrqecKldx
3Ber{beB nepBoro nopnnKa, npHqet\t oAHo r13 HHx- ycroftuuBoe,'a
Bropoe - He\icrofiqltsoe. "l-Ioraplr4)irrrvecxlre qacroTHbre xaparffeprr-
crt{KIt grnx 3ReHbeB }'}Ke rr3BecrHb[. Ha pnc. 27 c[.rrollrHbrtrn Jru-
HIIflJ\lll noKa3aIl pe3)'.irbTaT ertolr{eHils xapa}iTeprrcTrrx, BxoAsIu,Hx
B (2.1211. npn sayreHe p ua io fta6t- 2, zsenrs 15, 16l-

5 "



B .tacrttolt l 
'c.rryuae, 

KofAa Te : Io, sneHln W r t ' t W:t npeBpall la-

loTcn B lleycTofi.t l . lsoe Kol{cepBaTHBHoe 3BeFIo' A.]f lt l  KoToporo

(2.125)
;  v - 0 .

l4e (2,125) Br. tArro,  q ' ro aMn,rrr l ry l l ro-cpasonan qacror l laf l  xapal(Te-

prrcrgr{a i lpeAcraB/rrrer co6oft  npf f r \4y}o,  pacnoJlo}t(el lHylo I Ia orp14l la-
, rc,rrr , l ro i i  Acj lc ' t ' l rn ' t 'cJn, t fo i . l  ocr i<ovt t .nct tct lof i  t l . t tocl(oc ' r l l ,  3Aect '  l lp. l l

Bcex 3HaqeHl4f lx 0) cABHr Qasu (P :  -180" ( ' ta6n'  2 '  3 l leHo 17) '

3. I-{eycrofiqr{Boe xone6areJrrr,rroe sBeHo onHCrIBaerctl au$drepeu-
lI.lI a JIbHbII\{ ypaB Hell Hel\'I

Tz ! ' ,n ,*  , r*  d*nuo -L ,  -  hx, .o* npt i  g < l .  (2.1261
zt_ 

_ zbt -r 1-,oux _ 
l

I- lepexoAHan Syuxqun aroro 3BeHa AJItt xo* - [ l I 6yRer HMerb

B l f A )

t ( * ,  
uo t  -  

+s in  
oo l ' ) ] (2. t27)

3Aecr BeIIIecrBeHHafl qacrb conpnlr{eHHbrx I{oMnJIeI{cHbIX KopIIeH

r r  k
t t  -

7z,g I I

r i
t l r  T

X t Y r * : f l _ l - e

a :  E* i  l r - t -P- -  noJrolr{HTeJlbHaf l  BeJl 'qt t t ta,  qro- - r
Baer Ha HeycrofiqHnttfi I(oJle6arenlnuii xapal{rep nepexo4nofi

uHH. kIs (2.126) nonyqaeM

tYl - lt r\'- I(l ==T'=3='i3[lt=t"l ,rr Tzpz - 2ETp +T; 
lV (irv1 - 

O rz$z)z -lAgzTzurz '

yr{a3br-

rlryux-

(2.128)
r r _  k ( l - T z o t 2 )  V _v - 

(l - Tzruz)z + 41272,n2 '
2k(To

( 1 - 7a1ez)z 4- 4(zTzaz

Cpntr t l t lnat l  (2,128\ c (2,64) Rl l I I INl ,  ( t ro sr l r  I ( l l l lBlJe orr l l { t la lorcf l

To"r I I rKo BI{at(oru rrepeA V. lJuauur,  Hul  KoMttJIet(ct tor l  I t i locKocl ' t l  l (pt l -

Baf i t  nocrpoenrran'no (2.128),  f lBJI f lercn Bept(aJIbl l l , lM o'ro6pal<el l l ' leM

KpHBofi, cborsercrBylouefi e.64), orHocptreJlbrlo AeficTBHrerlbl.Iori ocll.
'  

Mo4ynb'BbrpalKesns (2.128) coBnaAa.gr_^c.  (2.71),  h Bbrpa)KeHue

Ailn $adonoro cABHra q oTflHqaerc.s or (2,72) ronlxo 3FIal(oM' T. e'

"rroraflr6Mur{ecr{He aMnJrHryAHbre r{acrorHble xapaKTepHcrHKH ycrofi-
. r lrrBoro H ueycrofiurrBoro IroJIe6aTeJIbI-tbtx 3BeHbeB HMeIoT oAllIIaKo-
gHrl  Bt . rA, a j rorapuSMurrecKaq faeonan qacror l laf i  xapaKTept lcrHKa

Heycrofiutuoao ,nirna6ateJlrrHoro sBeHa H3MeHtteTcfl o'I q : -360""

np; (r-) _. 0 Ao (p - -180' npu nr - oo. Ans orpeAeJleFlllfl Tor{HbIx

.qbrapu{, tv luqecxHx xapaKTepHcrl ' tK I IpH pa3f lHqHblx 3Haqel lHtIx SosS-
$Hrfrierria cleAyer l{cnoJlb3oBarb rpadrnrH rla pvc.23 H 24. ftvna-
r{HqecKHe xapaKTepHcrHKr.r HeycrotluHBoro xone6areJlbHoro 3Belra

rpHBeIeHbr  B  ra6n.2  (aneHo l8 ) .
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HHnepropHbie aBeHbfl,  I(  rnnepropHltrvr orHocgrcf l  sBeubfl ,  Koro-'  j ,

pHe HSr,rer{f froT .nHUb 3l{al( BXoAHOTO I

ero cocTaBJIf l tol l l l {x.
l .  f lpocroe HuBepropHoe sBeHo o

tsbIpa)r(eHHeM

' xnbtx : +kx

r(oropoe orJrrrqaercfl or (2,36) ToJrbl(o gl.tat{oM, nogToMy el'o AHHaMI{'
qecrir.re xapal{Tellucrt.II(tI- ollpeAerfltorcq AocTarorIFIo npocro. OHH
nor ( r3 i ln r r r  r l  ' t ' i r ( rJ t .  2  (s r rc l to  l9 ) .  B  / (a l t t l
or (D : 0 no o) - oo cABlIr rpaert (p =

( )  I z l r r n o n . r n r r l r a \ a  '  '  n n n n n n l r r r n l r t  r i  L L I Ip .  I  l i r u v l j  i v - i r r r v v  t ' f  t - , " " l J  q r r v i : u v E L - r ; !

AuiiarvruNa groro 3BeHa no aFIaJIoTHH
ws au$$epeHuuaJlbHbtx ypanHeHnri BH,

' : .

x "o ,xF  U( r+

f lepexo4nue {rynKIrI,tH nilf l  ypaBHe
noryqHTb npocroft 3ax,reHoli sHaKa coorBercrnyrouerl .cocraBJlfltou{eft "' .'
ua ipacfrur(e'B ra6n 2 (sneno 9).

Pacirr,rorpHM rracrorr.rbre xapaxrepHcrHKu. Cornaclo (z J.QO), HMggMir,tl, ' .' " .

' V - k ( l  T p ) ;  l V ( i l l ) - k ( L - T i a r ) ;  j ' ' , "  ^ , ^ ^ .  
' l

, s - kt; ;:':*;: 
"-" 

I 'f2:1?r) 
' ,r

a  r t 3  ( 2 . 1 3 1 )

W -  k (Tp  l ) ;  W ' ( i a )  -  h (T ia -  t ) ;  I  
:

L I - - k i  V - l e T a . ,  I
(2.133)

I-la r(oMrJrer(crroii nJroct(ocrt.t at\{rt
crr,rKr.r (2.132) u (2.133) f lBnntorct l  npl
ruort ocr{, npuqeM oAIIa uB nux (2.13i
a Apyrarr (2.133) - Bo BropoM KBaAp
BerrHrrHH (2.132) H (2.133) HMeror c

Ao rp - -270", npn o) : oo.



Arlr a Nrl r qec t( r.re x a p a KTep lr crr.r K n r{ H llepro p n bt x Il po nop lu'lo l.l zl JI bl'lo -

l r rc[rc$eperrLtr ipyroru{x sBe}IbeB I ]oI(a3aubt ts ra6n 2 (sner l r ,n 20, 2l) .

Orr i r  r laFJrrrAr,ro I rnJlocrpr{pyror Aru-taMIIqecKI{e cnoi lcrna pa3JIHqFIblx

3BeFrbeL, BXOAfli l IHX B Cr{CTer\{y aBTor\'IaTIIl{ecl(oro pel'yJllfpoRalll ' , lR.
f lpn Br{JI loqeu t{ t t  3 ' r I {X 3tJe I t  nel l  B '  3aMI{ l IyTylo C}{c ' reMy n pOIle6cbl

B lu.tx r,telrrtorcrr KopeuHbn,r o6pasorvt, oAHaKo, TeoperHqecKltu attanug l*

,nrc6ou cucr€t\lbt peryJru{poBaHHfl I{eBo3t\{o}r(et{ 6es 3l.Ial 'IHn ApIHal\ '{H-
qecKt. lx cBoi . lcTr]  orAeJrbrro r ]3rrbrx 3r lentrcn.  B Pnne cf lyt1f lgtr  l (orAa

rre yAaercr cocraRr.rrr ,  gur l r rpepenruraf lbt- toro ypaBl lerr t i t t  Kal(oro-JIu60".
3Derrzl  CHCTeMtrt ,  Oi lO r \ ' tO)t(CT 6t , l t l '  I IOAO6pal lO ny' fCM Cl l? lBl le l l l '1 f l  St iC-.r
nepnNrel{TaJrbr-rr , rx nepexoArrbrx c l l ) ' t rx l tu l t  } tJI I {  qacror l lbtx xapal(Te-
pi . rcrr l r {  c npr.rBeAeHHbrr\4r l  B ra6n" 2 AHHaMHqecxI lMH xapal(Tepl4cr l ' l -
Ka lU l I  n  '  /

r'

10 .  KpHrepnH ycro f iqHBocrH

Buure y)Ke olMeedJroctr ,  qro o6ecneqentre 'ycrot lqt lnocrpt  npo-

il.ecca peryJrr{poBarrr.lr i f lBJrnercfl Ba)KIrel?rueii 3aAaqefi alailHTl4qecKoro ',

HccJreAoBaHrrrr nrc6ofi cucrer\dbr aBToMarl'tqecKoro peryJII{poBaH"n; i,;

Bgno noJryqer{o N{areruarr.rqecxoe ycJIoB}Ie ycror:iullBocrtl JIl lrIefi[ loli

crrcTerubr,  cor" [acHo r{oTopoMy, AJrf l  noJlyqel{Ht l  3aTyxarcUero no Rpe-

n{eHr.r nepexoAr{oro npouecca rreo6xoAt{Mo, tlTo6br BelqecrBeHI{bIe qacrll

Bcex KopHefr  xapaKTepr. icr t r r {ecr(oro ypaBHeII I ' t t t  6snu orpl ; luareJlb-

lrL,rrr{r{, CneAonareJlbHo, ecJrur onpeAeJltrrb qHcJIeHIJbIe 3l{aqell l l f l  l(op-

Irei i ,  ' ro Fol l loc o6 yc ' ro l"rrr f  n loc.Trf  cncrct \ ,ur l  6yner pel l le l l .  Oar la l (o rpyA'

I toc.rr t  naxo)t{Acrrurr  l toptrc i i  6r , rc ' rpo t }o: l l l i tc ' l 'z t lo ' r  c y lJcJFl l t tc l l l lc tu c ' tc '

neHr.{ xapaKTepr.{crHr{ecKoro ypaBue}rtrn. l loaroivly 6snn pazpa5oraHbl,

nptr3gaKn, HJut KpHTepr{H, ycrof iuunocru, '  no3l loJl t l lourHe cyAI{Tb

o6 ycroi iuunocTl. I  CHCTeMbI,  I Ie pei laf l  Xapal{rept ' lcTI ' lqecKoro }paB;
I ICTI I , I  f l .

I4meercs' HecKoJrbKo r{pr.rrep}reR ycrofrluBocrtl. I-ll lx<e paccMa-
TplrBarorcf 6ea AoKa3are.rrbcrBa Locr' IoBI-tbt€ I. t3 HI ' IX: anre6pal. lqecl(HiI

xpurepui i  Payca l - r  fypnr iua,  Kpr. I repHfr  ,Muxaf inona H qacror l {b le

r(plrTeprr l r ,  ocr{oBaFrr-rbte FIa aMnJIHTy{ lp-cpaeonr,rx } l  norapHrfMrI I Ie-

cKHX qacror l lb lx  xapaKrepHcrHI (ax  I27  1 .
AnredpaHqecKHfi  

-  
xpnfepnf i  ycrof iqHBocrH Payca H l 'ypnuqa.

llperx4e ucero 3aMerr.{N,r, qro Ailn ycroiiullBocrH c}'lcreMbl neo6xoAl'ttt'to

(lro eue HeAocraroqHo), qro6br Bce xoecfrrfuit] lellr l l  xapaKTepl' lcrl ' l- -
qecKoro ypaBrretrr . rR (2.7) 6ulnu noJtol t { t4r€Jtr l {bt  } r  l le pal l l ]b l  I ' IyJI Io.

Ecnll 3To'ycJIoBtre IIe BbrnoJIIIeHo, To cHcreMa 3alteAol\,to tteyc'rolYt' luna. r

VKagarrr.roe ycJroBr4e AocraroqHo Ailn ct{creM He BbILile Irropofi cre- t

neHlr. Ann ypaBHeFrltf i Bbrr.ue BToporo noptlAl{a rpe6y}orctl ' /{onoJIiIH- ,

T e J I b r I h I e c o o T I I o u e l I t I ' I P a y c a I t f y p B I 4 u a ' I ( o T o p b I e M o } K F I o n o J I y q H T b
cJreAyrouHIVI O6pa3OIU.

I-lycru Hl\{eeTctl XapaKTepIIcTHqecKoe ypaBI{eHI{e cl ' lcTel\ ' lbl
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aoz,, -l arzn--t -F . . . -F ar-& * d.,, - 0. (2.134]'
7 l

I4e l<oaclrrlru rlrrenroR ororo
il,rarpHua

ypaBlreFn.rR cocTaBfl rreTcfi cneurrafl br-Iafl
' l

A" A,$

0z a4

ar a,B

utt dz , ( 2 ,135 )

Q,r-g-  a ' r t - r  0

an*4,  on -z an

no npaBuJry:  B nepByro ,crpor(y BbrrHcbrBarorcf l  Bce xoessHr{HeHTbl
Xapal(Tepl'ICTI' lt{eCKOfO yp'aBHeHI.If l C HerIeTIlbII\ lH HOMepatvlu H B KOHUe . .
SzIIHCbIBaloTcfl I l€CI(oJIbl(o l lyneri C TeM, qro6sl B cTpOKe qIIcJro gJIe-
Met{ToB 6l ' rno panrro crenerrH n xapaKTepHCTHqeCr<bro 

'ypa,BHeH 
Hn: .

TpHrIe cocrAsntrercr{ t1" onpeAeJr}rreJrefi Payca H fypnHqa

l \  I  
= t  1 1 , '  / \ n  t - * ,

0 0 0

0 0 0

0 0 0

0 0 0

a r

Qo

0

0

0 0 0

0 0 0

0t a ' l

ao az
l f  ' t ' .  l \ .  ,

orr{yAa
A r : a.i Az : ataz - aoa.ai Ao : a3(a1a2- noaa) -

--  ar(arar,-df iq,)  H T. A.
(2 ,136 )

A,rl re6 p a u tr ec rur i'i x ll nre lr u fi ycro li q u nocr n dlop rrr yn r r p yert n cnegyro-
ulrrM,o6paaoir,r : ]|( i ln ycrofiuunocrr.r pefyJrHpoBarrul ueo6xoAHMo H Ao-
crarotl l lo, .tto6t,l Rce oilpeAeJndre.rtlt Payca u fypnll l la, cocraBJIeHHble
H3 xoecpcpltqt{el{Tot} xapar(TeprrcrHr{ecKoro. ypaBHer{u.rrr 6amu noJro- , ' ' '-
)K I {TeJ IbF Ib I  .  i  :  ; ' , '  '  i ;

Herpynr lo y6e.4Hructt ,  t ITo npat(Tl . tqecKoe Hci loJrb3oBaHHe xpHre- r .

plrr Payca H fypnuua Liln ypannell l l f lr BbnJe qeTBeproro flopfl,rt,Kd1: ,
Conptll l(ellO c rpol\ ' lo3ltl(I lN'l l ' t  Blrlt{Hcfletl l{t ln{It OnpeAeJll{reneft; OCO6eHHO;,
KorAa I{3BecTIIbl He Bce xoe+cpuUHeHTbr xapaKTepHcTHqecKoro' ypan.
trerjHrr lr rpe6yeTcr o[peAeJrHTb r{x SHar{eHVFt' AJrn no/ryrreHHn ,ycTofi-,
qnsofi cHcreMbt. I(pou.e roro, oror Kpr4repuft crpahaer er4e .oAHuM r "..t leAOCTaTI{OM' TaK[IrcqarcUHMCR B TOM, qTO OH I{e,_flOBBOllf lET,; H€IIO:.,r.
cpeAcrBeHHo or{eH}trb creneHb ycrofirarnocrr, T. €. oH He Aaer oru"rnT,',t'
tf a Bonpoc: Kat( AaJIet{o HaxoIU4Tcn AafiHatr c:f.creMa or f paryHr\br ycrofr,' '
t{t l l locrl-r. f loarortl, xprrrepufi Payca H [-ypnllua np]rlrerlsercn 

':



r f laBHbiM odpaaou AJIn ypaRuenrt t i
BepKH ua ycroi iq l lsocrr  c l lcreMbl

Psc, 28, I(pltnue Mllxafinosa

I{eBbrcol(oro noptlAl{a c ue.rlblo npo'

c saAauuoi i  ctpyr<rypol i  I {  33/{s l l i

'.IaCTI'{

(2 .138 )

(2 .  r3e)

HbrMr{  napaMeTpaMH.I I {  l l a  P a M e l  P a M
Kpnrepuii  ycrof iuuBocTH MHxafi.roea. I(purepl l i r  Mllxal ' tnosa'

ocl logal f  na cnoi tcrne rogorparpa xapat(repucrt . lqecryoro ypaBl. le l I I { f l '

l {3Becrtroro rroA rra3BaHHervr xpunol i  Mltxaf inona. LI to6u noJlyql{TI)

KpHBylo .Nluxal inona, r ly lKrro r)  xapar{rep}tcr t ' tqecl{oM'ypaBl le l lHI I  cn'
creMbr (2.134) 3aMern.rrr, z Ha qucroe MHl.tMoe 3tlaqeHHe LQ), I{al{ 3To

AeJraJrOCb AJrfl onpeAeJreHHrI qaCToTHbIX XapaI{TepI|CTHI(. TorAa noJIy'
TIHM MHOTOqf iCH

L( ia)  -  Qo( ior) "  *  ar ( ror)n-r  + ' "  *  ar - r ( i t t )  {  a , , ,  (2 .137)

B KOTOpONT IVIOIKHO BbIAeilHTb{, BeqeCTBeHHyio tt MHIIMyIO

L  ( ia )  *  U  (a )  {  iV  (a ) ,
rAe

U (ol) - an- 61.,r-rs12 l- d.,r-ottta - ' ' ', 
I

V ('o) : Qr-L@ - A,r-"{')n -l nn-uc't6 - " ' I

Ann Kax(Aoro 3HaqerrHf l  napaMerpa 0) Be.nr{qHIIy I -  ( io)  Mo)t{ l lo
Hso6pasr{Tb Ha KoMnJreKcnofi nJrocKocTr B BI{Ae BeI{Topa, flplt I{3Me:

HeHHr.r  napaMeTpa 0) B LIHTepi
sare or co 

.: 
0 /lo (t) : oo

KOHeTI sTOrO BeKTOpa OnH'
rxeT I{pHByIO, KOTOpatl H I{a3bI'
Baerctt xplleofi Mtlxattnosa
(plrc. 28, al. Ecnu ycfloRHtl
ycrofiuunocrn BblnoJII{tt lorcn,,
T. e. ecJrl{ BeulecTBeHHbIe qacTH

, BC€x ropHef i  xapal{Tept lcr l {qe-
cI(oro ypaRl.leli l ' I t l  oTpI{lIaTeJII)-
nbr, 3'ral I(l)nBa n o6,naAncr cJIc-.
AyIOulHMlr csotlcrnaMIa.

l )  I - laqano xpHnorl  (o l  :0)  BcerAa pacnoJrolKel- to FIa BelqecrBett-
soli ocu Ha paccroflHuH, paBHoM an or HatraJra I(oopAI.IHar, a ee Ko-
HerI ((0 - oo) BcerAa yxoArrr e 6ecxor{eqHocrb. 3ro cJleAyer Hg BbI-

'  paxeHHq (2 .139) .
2) Ec.nH n- creneHb xapaKTepl lcrHl{ecKoro ypaBIIeHI ' t t ,  To KpI{-

san MHxafinosa nepecer{aei neulecrBeHHyro ocb n.l2 paz npII qerlrcfi, tt.
u (n * l)12:-npH Heqersofi n. MHrrrlarr ocb nepecer(aerctt 't<pusofi nl2"
pa3 npn qerHoft  t t  H (n- l )12 pa3 npn ue.rernort  tx:  3t{a. let tnf l  (D,,

npH t(oropr,rx Kpuuafl rrepecer(aercn c Beul,ecrnernroi' i  H I,rltt{t\,rotl ocRn,tlt,
onpeAefltno'l 'Cfl coollte'rc'rnctttt6 flo nbtpAlt(cllt.tttM V (rn) :: '=.; 0 l l
U ( ' ) - 0 .

I(purepHri Mr,rxapl/roBa uracuT cJreAyrouee: qro6u ct{creMa pery'

JrHpoBaHHff n-fi creneHr.r 6una yerolivunoli, ueo6xoAntvto H Aocra-
ToqHo, qto6u KpHBafl Mllxafinona, nocTpoeHrtafl AJtfl xapaKTepucTl' l '
qecKoro ypaBHeHHff AasHoft cucreMbl, nooqepeAHo npoxoAHJIa 'n

xna4pdHroa nporuB qacosofi crpenKu, Bce Bper{fl oKpy}Kafl I{aqaJIo

7 2 /

7

,r1tr

\r{oopAr.rrra-r (pnc. 28, 6, r(prrBan I), I loraa cr{creMa Heycrofiquna,o,.
I(pllRatI Muxaii,rlo_na MHIIyer xaxue-"nu6o KBaApaHTbr KoMnJIeKcHofi '",

rrJrocrtocrr.r (puc. 28, 6, r{punarr 2).
f pannt1eli ycrorlunBocru flBJrfle

z : A r.tJlr 't rtucro l\ itrr.rMhtx ropltefi z
Her? xapar(repr. tcruqect(oro ypaBneHr
cno6oltttr,rii qren a,, : 0. B sror'l ct
rtcxoArrTb H3 IraqaJra r(oopAr{r{aT, Ti
U ( ,u)  :  0 r . t  /  ( ro)  :  0 (xpgnan J n
napa qHcro Mur.rMbrx xopHerl zr,2: -+ ia, To KpHBAfl , npOXOAr{T (
qepe3 I IaqaJIo I (OopAHHaT npH HeI{OTopOM sI{ar{eHHH 0) -  00, , f lO: :
cr(oJrbr{y HaJrHqHe KopHfl  z :  ia 9KBHBaJTeHTHO npHpaBHHBaHLrn 

' '

yyJrro Bbrpalr(eHurr. AJr\ xpusofi MnxalinoBa, r. e. L (it i ') : 0 unu
u (otl : 0 u v (ot) : 0, npHqeM o6a erw BbrpalKeHufl AoJrx{Hbr yAos.
flel 'Boprrrbcrr oAr-roBpei\{eHHo npH- oAHoM 14 TOM >i<e SHaqeHr.rH .0) :
:=  ( r )n  ( t<punan 4  Ha pwc.28 ,6) .  3naqeHHe r  :  ro ,  KoTopoe cooT-
Dc' tc ' f l lyc ' l  ' l 'o ' l l (c l<1t t i l rc l i i ,  t tot tztntnel t  D i lar taJIo I (oopAII I Iat ,  'onpe,4e-

JIter r{acrory Ile3aryxarou}.fx co6ctsel{Hbtx xone6auuri cl. lcreMbt,
rraxoArruer?crr Ha rparrHrle ycroiivunocra. :

l 1  p  r i  r v r e p b r  n p  t { N { e H e r r f i q  K p r { r e p  H f i  M r . r x a f i . n  o B a . , -
l . f ionycrll lu, qTo noJlygeno xapaKTepr.rcrr{rrecKoe ypaBHeHHe cgcreMbr B BHAe

3 a n o J ' , , , l n n z u a i r o 2 z 3 t ' l 0 z 2 * 5 e f 6 : 6 . : ' , ' . .
-2iotr - l0or2 * Sior f 8 : 0.

B pesynr,raTe noJryql{M:

U ( r t ) :  - l0 ro2 *  8 ;  V (or )  : . -2coe *  5o,
' 

Onpe4eJll'ttt TotIKI.{ nepeceqeHr.rn KpHB^oft_c. oc_q}'{n U u V. Oct U nepecexaercR
x p r r n o i i  n p j l  7 ( r o )  : 9 ,  T . e .  K o r A a  - 2 0 1 3 * S o l : 0 ,  o r x y A a  o r : 0  H  o s :

.  t I  s'= . :  f  
Y 

- ' ; .  . ' -  1: ,1,1-r8.  11oct<oJrr l { }  x ; r t lnan Mrrxai lnonf ,  paccnt l r rpnBneTcn roJlbt(o

np t . t  noJ lo ) rc l r cJ rbn r r r x  s t {a t reH l r f l x  0 ) ,  To  tu2 :  1 ,58 ,  npH t0 :  0  U  (0 ) :  g .  npg
t D : 1 , 5 8  U  ( 1 , 5 8 ) : * 1 7 .

,,  ,  t lui i{at\ t  
' t 'enepb 3traltenHrl r,r ,  n^pr.r KoTopbrx r(prrBan nepeceKaer.ocb V" npu \

U ( c r l ) : 0 ,  T . e .  K o r A a  - l 0 o l 2 * 8 : 0 ,  o r x y , u a - r o : 0 , g .  ! , . n n  o : 0 , 9 , f

Y (0,9)  -  -2 .0,9s + 5.0,9 :  3 ,05.  . '
nocrpoerrrras AJrrr paBnHqHHx sHaqeHnfi o.

KpHBaR tra pflc. 29, a yAoBJrerBoprer xpllrei

2. I locrporrru r(plrBylo Ml.rxafinoBa AJrr clrcTeMbr
CTIlt leCK II I I I  ypa B HeIt f i  et\ ,r

nqrofi  cTeneHH c' xapaxTepu-

rrocnc s.r'c,rr " l- l; ii,1;,,'5d 
+ 7221 52* e: 0'

U (r't) : 4tD4 * 7ot2 * 9;

Y Go) : 5105 - l5art + 50,
on-pege.ane* TocKH nepeceqerr ufr c q.flD1u u tt v. Kpaea,g

Kor4a V-(rtt): 0, T. e. np4 
-' '-,-:-

I-la plrc. 29, o, norasala r(pt{Barr,
f lanlran cr{creMa yc'roi iuuna, raic rar
pr r ro  Mrrxa i inosa.

5@6 -

OTt(yIa fl.tlfi nA[O]Kr{Tr**tbttbrx qaCTOT

l50f + 5a: 0,
0r : 0, @t : 01635, tI:



. [nn sr t tx  o  s t ta t teuun U ( to)  6y i ty t :  U (O;  -  9 ;  U (0 ,635) :  6 ,8 ;  U (1 . ,62)7.18 '  : l
[ 'u"".e, Kpttgag ncpeccKaeT ocb 

'V, 
r<or,r ia U (ol) :  0, T. e. t tpu 4toa * 7t ' t2 4'

- l  9 :  0 .
f lpH scex AeiicrBlrreJrbHr,rx 3lraqeHr.{t tx o 3To ypaBHelt le ue yAoBJleTBopnerct l  1

lr KpltrJatL tre nepecer(acT ocb 7. C.rreaosflrc"ttbltol ct. tcrctua- t teycrofi t l t l tJa' TaK. I(aK KpH"
Batr f ie npoxoAHT 'tel)c3 nf lTb r(rra4puurrort.  I{a pr.rc. 29, 6 not<i lSarl Rl{/ l  etoi i  l<pttnofi ,  :
nocrpoeliroi i  no ro. ixalr.  Orra cpa-sy npoxoArrT 1{3 nepoofo B r leTneprrtf l  xoa.qpallr ,
h{r.r{yrr nropoit ll rperlll. I

t lAcrorur te  KpHrepLIH ycro f iqHncrH.
Tepr.rr,r ycroi.iqHRocrH npHl\{ell l{N,{bl JII. l i l lb

o)
i v

2
I

0
- l

d)
iV
0

- 2
- 4
-6
_B

P H c .

6 B t0 t2 t4 t6 IBU

29. Kpueure l luxairnoea AJrr ycroft.nt-
noii (cr) H rteycrofiqHsoii (6) cHcrer'l

' ror i  cncreArbr cyAlrrb 06 ycrot : iqt . lBocr l t
A r r e r ; l o l r r r t r o  ( 2 . l 2 )  r r c l ) r r / ( a ' t ' o r n n r r l

CTCI\,1bI

G (P): 3lsl-
' t -  |  

Q  (p )

rAe R (p) r{ Q @ - npaBan pr leBatl
ypaBrreHr.rn pa3or\,rI(HyToft ctIcTeMbI.

n a:,)-
4 )q5
t ?

u=lr5.B Q)= 0

-{6 -t4 -t2-t0-B -6 -+ -2

PaccuorpeI In I r Ie  Rut l te  I (PH'
R TeX CJIyqaf lx ,  l (orAa H3-
BecTr lo  x i l  l l f l  l ( ' rc l l |  |cT l  l t l cc l (oe
ypaBI-lel l l ' le CI ' lCTel\4bl I{JI}I '
I ITO TO >Ke C.aMoe, I(orIa no-

Jr yqerr br Ar4rpqlepeH II,Ha JI b Hble

ypaBr . reHr{ r r  Bcex 3Bel - lbeB
RXO/ l f lU l I . {X D Aal l l l y lo  c l {cTe-

rvry .  F Ia  npal ( r t { l (e  3TI I  yPaB-

Hel ' I l , rrr i le BCel ' / Ia yAaerct

COCTaBI ITI ) '  OAI Ia I (O l ' lMC€TCt l

BO3tvtO)KIIOCTI. (OC.O6elt l to B

SJler ( ' , rpHqecKI . lx  cxeMax)  t

cooparb Mal {er  3BeHa w

onbrTI{b'rM nyTeM noJlyqt ' lTb

efo qacToTHble xapal (TepH-

crr, i l ( i l .  I l  Tal i l lx cJIyt lzt l t

Ai ln onpe/IeJlel{Hfl  ycrol iqH-

BOCTII CI4CTel\, lbl  l IcnoJIb3yeT-

crr qacrorHbrr: i  Kpr'{repHif ,
nosBoJr rrnulr ii no qacrorl{ofi
xapaI(TepI{cTLIKe pa3ol\{ l(Hy-
3a IVrrilI yroi'l cl.ICTeIVlbI.

r l r y r r r < r r . t t r t  l ) i r t o M t ( t t y ' r o f i  c l t -

,  (2 .140)

qacr14 /U{rpq)epetl uHaJIblloro

Vcnogl l r , rcn rre BBoAHTT, 3rraK MriHyc B npaRyro t Iodrt ' '  ypaBl le l l l rn
(2.140), '  Kar{  aro AeJlaf locb AJIn 3aMKuyroi l  ct tcreMFrl

Ooprrlynlrpyelrbre rrH)Ke qacrorrrbre KpHrepI.rr.r cnpaBeAJIHIlbl l l f l t l
cHcreNr, y Koropbrx cTenerrb qHcJtr{Te.i ln R (p) i lepelaroqllofi (tytlxl lt lH ,

G (p) ueHbure urru paBHa creneHu 3HaueHareJrrl Q F). 3ro ycnoBlre

BbtnoilHflercff v Oo,rsrullHcrBa crcretr, B ToM r{I{cJIe }I y cHcreilt pery-

.qHpoBaHII n rIIf,p0T)'p6IIH' 
tlro6u on pe:e.ritio 1'*oirqneocrr clrcrerrbr, Heo6xonltrto nocrponTb'T'

Ha Ko,\rn,ireKcnoir rrr-rocKocrn aunirHTynHo-Sa3oByto qacrorHylo \?- :
paxreplrcrrtx\ pa3oltxltlroir cllcr_elthr per,YJIrpoBaHlIR 

"G 
(itl- Ha ';

irari n,tocxocru orlterlllt roqx)' C c xoopnnuara$ll (-1, a'0), xo',;i
Topan Ha3HBaerctt xpllTllqecRoil roqxoti.

74

q6rv \q+ a=1,6.!7
o)0

4B\
l,{

1,5

roBollr.rr o roM,.. r{ro ee xapaKrepHcrHqecr(oe ypaBHeHr{e Q @\ He cb; '

Aep)l(l l 'r I(ollIIeti c no,no)ti l tTeJrbli l ,rNil{ r}eu(ecrBet.i l 'rbrMI,t qacTflMH,' no 
;

Molt(er II l\{erb IIy.neBbre r.rJIr{ rrr.rcro rur{uMrrre I(opurr. IJanl.lque IIJII,I oT:.
cyl 'c ' l ' l l l lc  t loJt()) l ( l l ' l 'CJl t r l l l , tX l (Ol)ncl t  JIert(o [ {o} t ( i lo o6rrapy>rf l tTbr ,Tat(

(.V 1,,

{r,  ,  
(z

w

r l tyrof i_ cr{creMr,r npoxoAHr qepes Kpr.rrt .rqecr(yro roqKy (fI , ,  i .0)(pHc.'30, r(prrBa f l  4), saMr(r{yrarr u.rcrenaa 6yler HaxoAHTbcfl  .ua ,rpa-
Hrlqe ycroftullnocrn. QHslaqecr{H 3To Mo}Krro o6rscHHTb cJrej(ynulrryr
o6pasov. Ilonycrr{M, r{ro r{a BXoA cucreMbr (pnc. 32, a) noAaH cnnyco-

Pnc. 30. Arun,nllryArro-(raeonrre qa- prrc, a | , Arr,tnnrrry4uo-rpa.,, '  ,, ' , , i
, cro'l ' l tblc.. xapat('rcpr.tcrl.txII ycroli ' tr.r- goob,e. qacrolrrJe iapa111e. . " 1 '

noi:i pa3or\,{r(uyroi.i cncrer'ru pucrHxH lreycroiiuHnb;i pa- i :.r 
'

eouxHyro f i  cucrduu 
. ' t  , ,

l (aK nepeAaroq l la l  d lyHxqun pa3oMKHyro f i  cHcreMbr i  KaK nparuno,
npeAcraBJlrer co6ofi nocJleAoBareJrbHoe coeAr.rHenHe paccMorpeHHbrx
I l b l l l l e  T I I l l O n I ) I X  3 B e l l h € 8 .

I i c " r l r l  ) r (0  [ )a : ro r \ I rc ry re l r  cnc ' re r {a  r rcyc ' ro l i . r r rBa,  To  Arn . } /c to i lq r r -
t locTl.r 3aMr{Fryrort ct.rcTer\,rbr Heo6xoAHMo r.t AocTaTorrHo, rlTo6tt aun.nu-
ry l l ro-( la3oBaf l  qacroruaf l  xapaKTeprrcrr{r(a pa3orvtr(rryroir  cr . rcr€r\ , rbr
oX l t i l ' l ' l r t l l i l , / l i . l  l ( l ) l l ' l ' l l ' l c c l ( y l0  1 'O t l l ( y  c  KOOp/ t l l l . lA ' l ' a l \ , t t l  ( - l  ,  i . 0 )  I I a
yfo/r t?tfi; npo'rr.rB qaconol)i crpeJrKH, fAe m - qHcJro r<opHefi c rroJrolKH:
' reJrbr ' rbrMr.{  BeuecrBerrrrbrr \ , { r {  qacrrrMr{ B ypaBHer{HH Q (z)--  0 (prrc.  31,

.  K p r r B a  n  l )  . I

it".ar' yc.rroBr{r r(prrepr{rr He uo,non*,"rorcrr, saMxu yran c'creMa
6ya91  neyc ro i iu r rno f i  ( xp r rnan  J  ua  p r rc .30  u  Kpr . rBa f i  2  na  puc . '31 ) , ,

I(or^a aN{nJIrrryArlo-f la3oRafl qacrorr.raf i  xapar(repr,tcrt{t(a pagoM-.

l lAaJlbHbtfi ct 'trsa,{ ru* lr o6parr{afl cBfl3b orr{JrroqeHa, IIpoxOx{AeHHe .
ar\rniltrry4l-lo-cp_asoeoli qacrorHofi xapaKTepHcrHKH qepe3 KpHTHT{e;
cKyro roqr(y (-1, i.0) 03rraqaer, rrro rpr{ Her(oropofi qacrcrte..bt"'
aI\{n/II{TyAa BbIXOATIOTO CHfHaila XBHr paBHA nO BefiHrlHHe AilrlilUryIle'
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BXoAHoro cHrr{aJra, a cABHf Sasu g : -180", CneAonaTeJrbHo,
, B eaurcuyrofi cHcreil{e Aa}Ke npu orcyrcrBuH BxoAr-roro currraJra Mo-

t"' ryr 'cy4ecrBoBarb cHHycoHAaJIbHbte I(oJIe6aHr.tff c , qacrotolYr oc:
, TaKHM.. o6pasou, corJlacuo qacrorrroMy r(pr4repuro, ycrofiuHnocrl

earrar<Hyfor? cl.rcreuu oltpeAeJrrrercrr pacnoJro)Ker{uervr xInnofi G (io)
or l loct { reJ lb} Io Kpi lTHqecrof i  Tor{ r {H ( -1,  r .0) ,LIeu ganbure or  eror?
ToqKH IIpoxoAHT KpvBafl, TeM AaJrbrxe 6yaet rraxo/(r{'t 'bcrr cr.lcre1,ra or
rpaltHttbl ycroftuunocru. O6rrqtro crener-rb ycroi i ,nlnocrr.r xapar(Tepr.r-
3yeTcfl SanacaIul'I no (rase H atvrnJlt{TyAe, r(oropbre onpeAe/rrrrorca rar{,
l4s uettrpa KoMrTJrcKcnoii  rr.nocxoc'm (pHc , ei,  o7 paluycoM, paBrr[ ' rM
eAI'lHHUe, npoBoAHl'Cfl OKpy)KHOCTb, r{OTOparr nepeceKaer Kpr.rByro

a )  . i r

G (iro) n roqKe. rr,e qacrora o) :
:  o)c. Vron A,p, o6pasonauHufi
BeKTOpOM, CoeAr.ir-rf lrotqtlM Har{aflo
I{OOpArrr.IaT c 0)c r{ oTpr.ruaTe,rlrtrolli
Ber.uecrBennol.i ocbto, HE3brBS€TCfl
sanacoM no c$ase, a paccrof lHt.re LA
or KpHTr{qecxofi roqxn Ao 6ttwx<aih-
uref i  ToqKH nepeceqeHr{rr  xpunoi i
G (iot) c 4eiicrnrtreJrrrr{ofi ocbro rla-

' SbtBaeTcrr 3anacoM no aMnJII{Ty.[,e

peryJI I {poBal lHt l .  TorAa xpurepur i  ycro i ruHBocr} r  no Jrorap l l ( r ;vg. le-
cKHM xapaKTepHcrl l I(aM l i to)Krro ccf ioprr lynlrpoBarr, cJreAyrouHru o6-
pa3oM.

76 . ,1

Prc. 32. 3anacu ycroiiuunocru

p  i l p r r J r ) r (  e  l r  r I  f l .  q  a  c r o r j l t  u  x

8)
Ld6

0

-tB7

PHc. 33.,JI::ipjlfy:"::^.1.:_._y:I9l'lli. 
L3!1_TI.p"crr{K'H ycrofi,ruuo fi (al, 

"eyg1bn..msoit (6) u uaxo4nrrr.eficn ua rpiHHue ycrorriurio.", lui;;i;6;,_.i-i+ji;, ,

Pasor,r*Hen/r c'creMy_ B roqxe /. Tor4a n.p.r,uro.rHarr 
'st"t*.ffi.h*..

G ( p l -

rA l  T
'  

t l'  k  ( ip"- l  t )  ( t  *  r  nf l
p ( r f l  * r ) ( r r p +  l ) Q p + i ,  i

pr{cI' l f Kar\{.
' ) : . . , '  3aueHnn p  Ha io t ,  no , r ryvun i .  

'  
,  .  : , , i .  ,  - ;  .1 ,

,  i  Gf r .n t \ *  h { t ta* l ) ( t - * 'To lc t4 ; , : ; , ;

I I3 l<oropofi  t l l lAl lo, r l t 'o crenel lb trncJnrreJlf l  Meubttre creneHr.t grlaMe-'
rra' lef lrr .  OArrr.r r . ts xoprrel i  xapar(Tel
Rerc'rRyrotttero 3rraMerrareJrro 0) paB(
l [ f ' I 'c, I Ibnl, te. cneAot] i l ' IeJIbi lo, pa3oMIi l l
(reM craru,IecxHii xoa$SHr{r.rerrr ee
fl p u uen r.r rr,r l< p rrre p rr l)r yiro r? u lr nocrtr

orf(yra. i loraplrrprr lHqecr(arr a.funnwryhtlo-rracrorHan xapa(Tepl.rcr irKa

2o Ig G : 20 rs k + zo W{@ aT +zo W1[@

*- ?0 r.{(d - r0 rglrrffJ I - s0rsJlffiE1- r * e0 rs] /F'1-.t,, i
npe.teraanst'r eo(>ofi c)'rIN)' rapaKTeplrerxrc rurrotsblx 3a€flbesr npx6qrenn6,' 

";6rH'

tts,po0/c u,pafllc



Ha oclr  o (pHc. 34,  6)  ornreTl l r \ t  qac ' r 'oTbr,  npH Koropblx I lpol lcxol l t lT ! l3J lo l t tb l

r I  ar \ rnJrrr rv. I I . i lb tx xapaKTcpl{cr l lKax Ka}K/[of  o 3Bel la:  0)  1 :  
'  
l l r  t :  ^0l t  

pal /c;  1D2:=
":" i j i : ; :o;f tB p;Ai;;- ' ; -- '  t l rr :  2,5 paa/c; o)4: t l r^-:  0,5 pa,u,/c; oE:
: l l To - :  l  pan /c .

.  f lbcr tArrbr(y nocTonHHbl€ npel tenu 7"1,  T3 vt  T5 npl lHa,qJIe)KaT anepl lo l t lqecKHlt{

gBeHbf lNt ,  To npt l  r t tcroraX (D1, (D3 I t  0)6 aMf lJI l t ryAl laf l  xapaKTepl lcr l tKa I {3tv l€f l f ler

; ; ; ; ; ;  *u* l tn i ' i t  pui- i to _20'p,Bl i "* ,  n"pl t^aror ' l  ( taeonl , te xapaKreprrcrr l l ( l {  I ,  3,  5

STl lx  3BettbeB Hi l tc loT cA1l t { r  Qaar ' r  tP:  -45o'  Bper"rerr  a T ' r  t t  ?na r tpnnal l f le) l (ar  r tpo ' '

nopr l t ro l ,a.ryrpo-4urf f iepeHurrpytoqlrNr 3BeHL,nM -  o6utut to l ty  H t l l lBepTol lHol{y '  no3'ror \ ' ly

a)

90

+5

0

;ePa0

-45

-90

-tJ5

-lB0

'"qu qzz q0+q06 qt q2 q4 0,6 t,0 urlprio19

pl lc ,  34.  . I Iorapu$rr l t . rqecKrre qacrorHbte xapaKTepl lcr t {Krt  ycrol iurr '

soi l  cncteust

11 D' ,  r taCTOTaX 0),  1 6;4 aNrnJrHTyArraf l  xapaXTeplrcTl f l (a 143l \ let l teT I taKf lQl{  XaX<Ar, t i l

i ; ; ;  r ; -20 ;6)4; ;1 cpasor larr  r ,<c xapaxr"pt . t ' rn i  2 st tet ta c Ts t tnteer cABIr f  ? == 45o

nDH 0 )e ,  a  xapa t (Tep l ' t c r l lKa  5  sne ;a  c  Ta  t tueer - (P :  -45o  npn  (D+ '
.  r  

l {a 'puc.  84,  6 drasonsre xapar(TepHcrHro.r  / -5 sseHu€B Bbl t l€p{€t lb l  c  noMoulblo

rna6no l ra ,  a  p .nyn ' i ' t py lo [ l a f l ' r f raeonan  xapaKTep l t c r l lKa  f  pa lgMKj ry ro f i  * l c r€Mb l

t f  r ) J t y ' t ( . i l i l  t r y , r ' cM. ,  11111 , ' r , i r r r t l r t r , ( , t ( f  ) t ' r )  cy f \ l t r l i l l t r i | | , r l l l r t i  l ( , l l t ! l f ( ' t f ' l t l i r : 1  l l l (  |  l i  r  t l t t t : t t t t t r l f l

x  a pa KTept. rCr l txOt i  6 l t4ea.n r l toro I I I ITeI 'p H pylOi l IeIo 3 l lc l  I l l '-  r  
i loc ipoeuHe at \ {nf lHr lyauoi . i  xapaKTepHcT}. lKH HaqHHaeM c HAeaJIbt loro HI lTetp} t -

pytog\ero Bl le l la,  xoadxlr l ru,r ' rcHr nepeAattH KoTop-oro /a- :0,5 '  Cor 'nactro ta6n'  2 '  t tpu

i i -  I  9To BBel to Ht\1ccT yg{Jtct{ i le  20 lg 0,5 az -618.  t lcper 3Ty -rot l l<y r lpoRo/ l l l l t l  aNl '

nJtHTV.IHVJO Xapar(Tepl icruxy (unprrxonaf l  r l i l i l rR 7 rra p l {c '  34 '  O) c l laK.r lo l lo l \ l' : 'b0';di;"t;.-ft;;;; ' ;to.o-iynlntuIuro-u"nnHryAHatr 
xiipaxrepucrHKa pa3o]'rKHyroil

CgcTe-Mbt f lerKo BbtqepqHBaeTcs,  nOCKOJ]bl(y Mbl  y}Ke SHael{  ToqKt{  } tqJ- lOI\4a eroi i  XapaX-

i*p". i "*rn.  f lepuouauanrHrt f i  HaKrlo l l  -  20 nDi lex 6yler  r? i tb[1 Ao qacrorbl  o1r

sabcu oH 6Vle,r y*e - 40 A6/,fcr< H rrpoAoJt)KaeTcR Ao qacTorbt tor. Or o2 Ao 04 ttlK,rloll

6Oot _ iO lETAex, a or ro4 Ao cD' 6y,Uer 0. flprl qacrorax x(e oi H o3 alr{nflHryAHatl

xapaKrepHcrHKa *r*ar i i i  p is 'HwdHr# rru*ro" '  na _20 aD/aer '  14e prrc.  34,  6 BHArlo '

qTO c r rcTe i l t a  I IN IeeT  3anagb l  ycTo l l r {HBoCr r r  A tp :  50o  n  LA :4nB '  3 t taux r ,  Sa l \ lKHy '

raf l  Cr{cTe}ta,  noKa3aH}Iaf l  Ha pl {c.  34,  A' ,  npl t  3aAal lHblx napar\ leTpax 6yler  ycto i i '

' lHsoi i .
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4.

qacro#;,J;rff ii:i$J,#il",fJffiitH'fficreMb; .
FIa npat{TI'rI(e qacro npHxoAr4rcrr r.rccJreAoBarb raK Ha3brBaeMbre

MIrOfoKOIrr .ypHbre-cucreMbr,  o r(oropbrx y)Ke ynoMHHa.[ocb. B .erux
cr{creruax (prtc. 35, a) t(poMe r{aBnofi o6parnofi cnn6H HMerorcrr eu{e
BHyrperrr [ re o6parHule cBf l3r{ ,  o6pasyrcu{He cBorr BHyrpeHHHe pery-
Jlltpyloil l l{e I(oIIl 'ypr,l, I{oropble cal{t.I no ce6e I\{OryT 6rrrt HeycToriqH-
l lb l l \411, ec.nl ' l  I IX napatureTpl t  n l l6pal tnt  neylaqr lo.  f losrouy srtr  I (OII-
Typr)r  ' t ' iu()r(c l toJt) lctrrr  l l )orJepf lTrrcIr  r rn yglgi i r r r rBocrr) .  I l  ro ) t (e DpeN,{n
.n ro6of i  r l r ry rpe t r rn t i i  r (o r r l . yp  no  n l. -  J  _  r  _ _ _ _ -  _ - - - - J r _  

a l
OTHOIICIJHIO ITO BCCTII  CI4CTEME 7
flRJI'ICTC'I CC 3BEHOM TOI1 TIJIH
Hr.IOr? CJTOIKHOCTpT, KOTOpOe B

PsAe cJryrlaeB He yAaeTcfl
rrpeACTaRr.tTb B Rr.r/ te Tr.rrroBr,rx
SBeHbeB,  qacToTI- tbre xapat {Te-
pr.rcTrfr{t{ r(oTopbrx r43BecTIrbr.
iloerouy AJrn l.rccJreAon arrr'fl
ycToiiqr.rBocTr.r, a Tar{}r{e \iltl
r rpoBepr(rr  l la60rr)r  npoer(rHpye-
MOr? CrrcTer\{br pefyJrr.rpoBaHr{rr
Heo6xoAr.n{o VMerb Jrer-Ko rl

i

ii ,;
l i i

,1
lt. .,

'rl i
I
i
I  r i

. ' :

Boo6rue roBopt{, srr{ xapaKTepncTr'rK}r r\{o}I(Ho nonyqnTb no.-Bbrpa-
)KeIIHI0 (2.24), 3aMeHHB B Het\{ p Ha i or n noAcraBr4B pa3fiHr{Abre sHa-
qerlHfl qacrorbl or or : 0 Ao o - oo. O4naKo rar{ofi f lyrb cBtrgar{ c Ao-

' BOJIbl-lo fpOl' lO3AI{HMI'I BIrlqHCJIeHlltIMII, oco6eHHO npH cHHTe3e CHCTeM.,
I-l a n p a xrII I(e AJI A nOCTpOer-r H n r{acrorHbrx xa p a KTep HcrHr{ sarraxu yroii
cHCT€MbI o6stqso HcnoJIb3ylorcn cneqllaJrbHbre HoMorpaMMr,r, qacro
IIf l3trlB3€l\4bl€ TaI()I{e I{o[,lOrpaMi\{aI{l{ 3arubrr(ati l.rf l. PaccvOrptIN{, I(aI(
oi lH r ]oJrvqel tb l .

6trcrpo crl lotirb qacrorHbre l-y:. 15;-Iu-orotiottrypHan (a) H oAHoKoH'
xapar{reprrcrr4r{i{ 3aMr{rryrbrx rvpHan tu,"tilt;tff:,il,;oiftilecxufi cnoco6
ctrcTet\t ,

C noMorrlbro ilpaRr'rJr npeo6pa3oBaHr.rq crpyKTypHbrx cxe[{ Jrr,o-
6an cttcrer{a peryanpoRarrrrrr Nro)Ker 6brrh nprBeAerra r l  Br{Ay, noriagar{-
l loAl)/  l l t l  l t t le ,  l l l - i ,  6. l j , r t trcr, O ( lr)_- rrr.rpoj(nrorntnfr t l ryrrr i tuf i  pnsot\, t ,
t(Hyroir clrcreML,r. Irlcnonb3yrr (2.24), ro,ryquM aMnJruiyaHo-$aaosy,p
X a p a K T e p I 4 c T I , I I ( y 3 a M I ( I . I y T o f t c u c r e u l t \ | .

t .  
\

Ec'rttt Ha KotrIn"{eKcHor-r n"irocxocrx Bbrtrepr}r rb aMnJrHTynHo4 ago-
Byro xapaKreprrcrrf Ky pa3orrr{H}rori cHcre}Gr G (iol (pac..ffi,.8),
To 9ra lxe xpnaa fl orrocrtTe:rbro rCIrr6x (-I , i.Ql npe.Acfagxngj7.

n,



co6ofi ,FyHt,ur.t lo 
==*l + C (iro), MoAynu roropori I: \rW, rAe U u V -Berr[ecrRerrHarr,

rFynxuutl C (i co). Torla r\,ro/Iyrrb pynxuupr W (io)

I  J - c ( i c o ) 1 , :
MTI] IMA'I  qACTI. I

6Yae"

M - f =ry:;/r-. | (t . l- u1z _l_ v, .

flocne nosni4elr,R B I{Dallpar ne'ofr yt npanol:i qacrerli(2 .142)  H r rpeo6pasoBarr"o 
-nonyor*

/ r ,  M z  _ ) r + V z _ ( _ M  , . 2
\ ( / - T = n r /  r r  . _ 1 1 . _ 7 f r t r , i

u + i v u, +.u + v2

(2 .142)

panerrctna

(2 , t43 )  {

(2.t  44)

l

(2. t  45)

Ilocxo"urxy u w l, orllocsrcq k KoMrrJrer{crrort nJrocKocr}r, rra r(o-ropon l locr l )oef ra  KDI . rBa n G ( i t - i , \  n r=^nnr . * , r r -^ r ,  ̂ r , -4^ ,2 . ,n.nocr(ocr,-rrr,t .ruroboro no.iooi,i;;;';;;;i,"i,'";";;Ulr;,:;';.ti;.l;l;
. npercraBJrrrer co60ri ypaBrrelrHe oKpylKr_rocrr.r c paIHycoM, pzrBr{brMMl(l - /vI'\, u rtenrpou, pacnofloxer*rbrr\r ua Ber(ecr'eunofi oc' u(cnnotrrrrbte 

'nrII I ' I r  
rra puc. i"Oi 

"nit ; i^ l ; ; ; ; , ,qrrbrx 
M : con.st norry_'{aelu ceuel-icrso ol{py)Ksocrefi.' L[eri"pJr r.a* oKpy]r(rrocreH, AJ'R r(o-Topblx M > l, pacnollaratorcrr c/reBa ouoqr(H 

^0 
-: -i, a u,er{Tpbrol{py}KHocreii, I4MeIoIrlHx M < l, nar ut cnpaBa or TosKrr U : o.I(oraa M --, 0, paArrJrc raK)r(e crpeMr.rrcrr r( rryJrro r{ [errrp oKpyx{_Frocr' npH6nu>xaercr K rraqaJry, r{oopAr{r{ur. "llp,,l 

M=: r pa4uycoKpyxHOCTrr crarronr.rrcrr paBr'brM 6ecxoueqrocrH, T. €. oKpylKHOC,rbBblpolKAaeTc-fl B npttI'{ylo, napaJrJIeJIbrlyrc nlttntrtoft ocH rr npoxoAn-tuyrc qepe3 TOrrKy u *--0,5. I(orla " 
14.n*, *, qro coorBercrByerycJIoBHIO cIIJIblJbIx xo,ne6auprft g 3aMI{HyTori cucrer\4e HJIrr pe3oHar{cy,

axoAr.rrcrr s1nwgpr r{pr.ITr.rqecroli .ro.,,,,, (.-_i ;e M I f T C n  r (  I r y n t o .
M MO) I ( , IO  I IOJ IYT IH 'Tb  J I IT I IH I I  PABI Ib IX  SHAqCHHTi
yroli c'crer\{br. Cor.na*o uoipurn."r,o (2.l4iiroooi'r qacrorrrr 

ll, = (p -- lpt, rAe e; er _ apry-Me'rbr rxynxunii G (iot) H I + c (ir). hp, nio6ov 3Frar{errr.rr{ rlr ,:.: coflst Ha KoM'nexcriofi nJlocKocrn uueeicr roqr(a, npr.r Rparr,e*rr.r14BoKpyr r(oropoli  xolru,oB Ber(ropoB G (i  co) lr  t  + c (, ,r), ;ru,,o."u y._JIOB (p * rpr 6yae" coxpaHnrncfl nocrorrr-rtioii '. 
-giu-'"5onu 

(r1errr.trlol(pyxHocru) Ao/l lKI la t taxo4nrb.cf l .  rra o4r.f  rrar{oRoM paccronrrrr{ orHaqana rroopArrrrar rr or roqr(H (-1, i .0i .  ypgj,; in6"Jiot o, ipyrn-lrocrrr flerKo nonyqae'rcrr H3 Blrpaxerrl,rr A,nn' ly/ (i;j, ;;;" noAcra-Btrrb B Frero C ( ia) -_= U + iV: 
- '

W ( ; 6 \ _  Y - f r v  _  u " + . U + V ,  ,  i V\ / | + u + iv - 
TtTOt+7r 1- lT_tLry:FTr-,

orr{y/la

tg,,F-@#w,
HJur nocJre npeo6pagonanHR. i  /

(u+ +)' + (u_"h),:Sl_#
80

36. Ilomorpauua ililrr

, - f

onpe/4leileB'1.n
aauxuyrt lx

6  u .  n .  i l n n o o a p o n



L,d6

. 8 0 t20. t60
f,ePa?

-{60 -t20 -80

Puc, 37. Hovorpaulra AJln orrpe4eJrenurr .norapH{tntnqecKltx xaparrepHcrur 3ar{ '
KHyTbIx cHcrcl l  (no oclt  a6cuucc yl(a3alt .Sanac no rpase)

82

Aanan pa3lltrtHble 3HaqeHHtl r|; :: const, lgfyunM ceMetlctso

oKpylr{Ho.reR (mrpltxonue 'JII ' IHHI{ Ha pHc' 36)

l /d i in rp H Uenrpatvt t { ,  pacnoJlo}KeHHbIMH B roqKax U: +0,5 H

V : l / 2 t g { t .  :  '

, TaKuu- o6pasoM, AJrfl onpeAefleHl;tfl ?l\{llJtHTyAH€-Sasoaofi :ra- '' ,'

crgrryoil ,xapaiqeplcrrrSfi lZ (i rrr) samyuytoi't cHcreMbl AocraTo!{Ho
nocrpotrrb I{a l loMorpal\4Me saMsrxhHHn, (pnc. 36) UaCrOTFIylo xapaK\.; I

. pHct'.rtoy O (ir ' l) pasour<Hyrofi cncrer,lr i, Tottl( l. l  nepeceqeHutt KoT9l91 ;

i  nnrtunvu M - const u r l r  , :  const, , , r laAyr BHaqeHHtt  MoAy/tn H cABHra

rfasrr saul<nyrofi cucTerubr.' MaxcpltrlanlHaq BeJIH.ql4na M flBJIfleTCR '

Ba)t{HbrM rroKa3areJlel\,I oUeHKH Kal{ecrBa 3aMKHyrofi cucrert,tni);[o,'

e e 3 a A a H i { O M y 3 r I a q e H } t I o A o C T a T o q H o n p o e T c u o x < r r o o n P 9 4 S * e r I T | T p e -
6t*;;t nor$,p"urreHr ycnrreHHf pa3orvtxHyrofi iucreuu [33 ] '

Hh puc.'37 npHneA-ena nepecrpoeHHatt no puc. 36 aHaJlorHq[afl

. no cBoer\,ry ga3HaqeHtno Hot\4ofpaMMa 3alubll(aHl'If l '  KoTopafl no3BoJlfleT

on pe.AeJr rr.rh fiora plrrlrrr,r rrqectcte q acrortlble xd Pa l(Tep llcrl lKtl SaMI(l{) '-

rol1.i cr.rcTer\{br, ecJil{ i l3BeCTI{r,r JIOraptlt[uttuectcl ' le tIacToTIIble XAp0l(Te'

1 pnCrrrnH coorBeTcroyroqeft pasoMKHyrofi cLIcreMbI. f lo ocnM HOMO-

rpaMr\{bI I{atlecet-Ibl SHaqeHLiR ycllJleHI'tR L B AeUn6e"rlax tt Sanaca

rpasr,r q B rpaAycax pa3oMl{tlyrofi cucTeMbl' a Ha'cauotl HoMorpaMlvle

CnnounsrprH t4 turp14xoBbtr\,rr{ JIHIIHflMI4 yKa3aHbI' coorBercrBeHHo'

srrar{eHufl ycr.rreHn s'M s Aeqn6en ax v cuyt4ra Qaelt rp n rpa4ycax 3aM -

,unruo"aTHKH 3aMKHyrof i  .- 
t lro6rt nafirn norapltQMHqecKI'le xa I

Torbl (0 cHnrb c Jlorapu$trlt ' luecnux'
' e M b I  3 H a q e H H n  L  H ' q v  H a r i e c r n

lyr HaxoAHTbcq Ha rex HJIH H#bIX
l{oropble H AaAYr 3HaqeHnfl l.cft

CHCTCMbI

12, MeroAur KoppeKrHpoBarr[c cHcTeM peryJlHpoBaHHfl  '

13rraqale Bbtf lc l l I . lM tpl la l ruect<l l t l 'cMbIcJI ,  qacToTbl cpe3a q)c l {  ee

B/rnflutIe Ha ycrotiuunoirr H. Tot{HocTb, pa6ornr cucreMbl peryJll lpo-

BAI I I , I f l .
Llacroruan XapaI(Tepl.{cTHKa SauxHyrOli cHCTeMbI OnpeAeJlfleTcfl

oupuri*ott{eM (2.141). ,  i (ar .y)Te ynoMI4HaJIocb' AIIf l  6onr'uruHcrBa

cr.rcrervr noo4y,r,,,,trytii,u"ti C (ior) lltf..I{lI3I{l 'IX 
qacrorax 3HaqllrenuHo

6 o n r u e e A r i r r I , I L l b l ' n o 3 T o M y ! I 3 ( 2 , | 4 | ) n o J I y q } | M :

- t ^

* , t

11iz(rrrr) : tffifr^, t (to (( r'r") (2:'146)

MoAyrIb G (f o) , sHa'lrt-
, I

ftpH BbtcoKHX )t{e qacroTax, Ha06opor,

TCJIbHO IvICI{btUC CAI,IHI,IIIbI' CJICAOBATCJIbHO'

G (dt'r)
V(/ (ta} - I f O (iro)

x G (i:l (ot )

B pesyJlbrare norapuc$Muqecl(He ' qacroTHble

rulror,Hyiofi cucreuu npH qacrorax' o-(( ro" 6.rHsxg

6 +



(pHc. 38, a), a npn ro ) oc - K rtacrorHbtluX a pa Krep HCTItI(a M- pssOtvti

xHyrofi cr.rcreMbr G (fco). Ans qacrorbl (D : (Dc, I(al{ 3To cJleAyer Hg
pr{c.38,6, MoAyJIb cpynxuuu G (rot) paBet{ eATIHI' I Ie, a cABltr.rpasu.cp;tr
orJrI{qaercfl or -180" rra Be,rrHrrr.{Hy 3araca ycrofruunocrtt no tpaee Acp;;
Ecnu lHecrb,  r r ro o6urqlro Arp :  20 +-60o, To Moxt{o Ban} ' lcaTb t} t - r lpa"
)Kerrne I\Jrn NroltyJrr sarulo{yroflr cncreMbl ' : ' ,

M (o,) :

orKyAa BIIAIIo, , tro M (oi") )  l .  3ro l t{a3btl}f leT l la l loA'bcl\ i l

ryairor? xapaKTepllcrlll{r.r 3aMl{Hyrotl cucreMbt B ol(pgcrHocrn
cpe3a 0)"  (puc,  38,  a) .

d) d)
t,06

(2.  I  48)

aMnJil{-
qacToTbl

,

\.1 I=-
frfgrr--r_ _.-(DGI

>(Y
f\

zpo0

-90

-90

-tB0

!

a,po1/c a,Pad/c 
, ,,

nrrc 38 rffilfui':i;::"lffiHH'i;fH:;:PHq''rxr': .i

f IpU qacTOTe 0) :  o 1 HaqHFIaeTcR pe3l{oe yMeHbUeHI' le ) icHle:"
r rnn {vro1ynr)  3atuKHy' to i t  c l . tc reUl t .  B Auana3oHe qacroT or  0  , [o_(01

cHriycorrAaJrbnbre xo.ne6air i iq f lpo[ycKarcTcfl  cncrelaofi  6eg ocna6'ne'

t I I I t t  nO oTI to t i leHIr ro  K ( r )  :  0 .  Sfo f  At fana3ol l  t la3r , lBaeTcf l  no i lOcol ' t

I lponyct (z l In4 l  r t i tc ' t 'o ' l '  3 i rMr<ny ' l 'o i , i  c t . tc l ' cN, tLL l ' lp l r  t t i t ( l ' t 'o ' t ' c  ( r )  : ' :  ( r r  1
[{acryr]aer r(ar( 6r,r cpes r ioJrocbr n.ponycl(aHLIl.  f locxonbt(y 0)c 6ntlgxa

I(,  0) 1, To ee ua3t)tI latot t taCtOtotl  Cpe3a ,4afrf tOtYt ClICTelvlF,I.

vl 's ptrc. 38, a r lHAFto, rrTo qeM nrrr[ te qac'roTa cpe3a 0)c, ' reM n 6olt -

1geM AI.{anaSOHe qaCTOT c} ' lCTeMa nponyCKaeT cI 'rHycOHAaJIIrHbIe KO'.

i lelaf iHg 6ee ocJra6JlerrHrr, T. e. TeM MeHL,ue /I l r tatvl l lqecKar o[ l1l6Ka

cncreMbl H Bblute ee 6ucrlloAeficrBHe'
Paccuorpulu, KaI{ BJII{ler xoacp(luUl{eHT yc}lJIeHHn pa3oMKHyTof,' l

cncreMbr Ha ycrofiultnocTb sauxriyrofi cHcreMbl 14 ee crarHqecKylo .

TorrHocTb..Ano aroro Bel)rreMcn r(  npHMepy, i lpHl le/ teHI ' toMy I{a pHc. 34. '

Ec.nu cMecrHrb noraplltpMHqecKyro aMnJrHT.yArIyrc xapaKrepHcrnKy
paeouxriyrofi cucrervrbr BBepx, rrro coorBercrByer yBe/luqeHltto crarH'
uaanoao 

"xoarbclrrr[HeHTa y'crrne"tltl," To, I{aK BI{"qHo }I3 pllc' 38, 6,,,
ycro fi u uBa rr 3 aMKHyTa fl c nctepia cra FloBI{Tcr Heycro fi qnnofi , nocKoJI bl(y : :

,paeonan qacrorrrarr  xapaKTeprrcr l {Ka ocTaercn HeH3Merluot l . 'Vnenu' . r ,
qeHHe crarr{qecxoro xoaQQuuHeHTa paBHocLIJIbno yBeflHr{eHHIo qa-

cToTbr cpe3a Ao ocl pa3oMKHyroft cHcTeMbI, qro Tal(Xe cJIeAyeT H3
pHc, 38, 6. CneAoBaTeJtbHo, qeM Bblltte (r)., TeM BblUJe cTaTHqecKafl

84

TOqFIOCTb CHCTeMbI, T, €. TOIIHoCTb n(

Mycfi 3I{aqeHHIo pef yJI}tpyeMofI pen

flpune4eurtble IlbIIre nprlMepbl-

npeA'bflIIJItIeN{bIX rpe6ooannfi; qro6l

ycroi i ,n lnot l ,  I Iy l l ( I Io yMel lb l lJarb cr i

Hrrl pa3oMI{llyrort cltcrel\ ' Ibl (uacroty
peAb, I Ip l . lRoI l l {T t (  yxyAt le l l l l lo 'cTa:
itoato, pa6orrrr ct'tcrel'lbl. Orcrc4a gail

crrcTelvlbl peryJlI ' lpotlall l .If l  cocTol' lT B T

I\{cI'pl ' l  CIlcTCIr4bll l(oTophlC yAoB,neTl

AanrII)rx yc"rlonl'r i i  ToI{l locrl ' l  IIpII 3fl,

orverl.trvr eue o/[Ho o6crosTeJlbcTE
IloJIo)KI' lrb T+ : Tr, : 0, To 3anacbl ycroftuuBocru 3HaqHTeJrbHo

yBeJrr.rqa'..n, tL^ n,rn ,lrutoBas xapal{repHcTllxa soo6qe He 6y4er nepe-

Cer{flTb ,nt{t{}1o -180"; a 3To ogHaqaer, uT6 Heycroilql 'IBocTb cucTelvlbi

c o 3 A a c T c f l r J I a R I . I b I M o 6 p a s o l , r 3 a c q e T I , I H e p q I , I o H H b I x 3 B e H b e B ' A a l o .
i l lr{x o'LcTanarl{e no rfraie BbIXo,[Horo ctlrl{aJla oT BXOAHoro, B tO Xe '

BpeMrr, ecJrr{ npgnnrt T z : 0, ro nq.H AaI{HoM xoer!$ilUneHre ycll-

n iut"n /e cucreua cral loBurcq Heycrof iquBoft ,  T.  e '  3a cqer BBeAeHHfl '

B cr.rcrer\iry sBerrbeB c onepex<eHueM n9 s11: rintxoAHofo cHrHaJIa orl lo' "

cI4TeflbIIO 
-BXoAIlOFo HeycTor{ql' lnylo CHCTeMy n'IoX(HO CAeJIaTb'"YCrOfi- 

'  '

utnoftol,o.Tef.{u,as 
cHcreMa aBror\,{ar,q'ecroro peryJIHpoou,"r-'"o."o*l,t. ,

ns o6r,el(ra peryJll{poDall}It l, qyncrBHreJlblloro gJleMerlra' 
Y:I{it::!:; ' ,

. n peo6 p a3 oB arerr b r{o no ycr p o fi cr B a vl Hcnorl H Hrerl b l.I or g gtl"? l"t-i: :*oo11r-: +'i
ulr.rnc'rBe cJIyqaeB rarafl cHcrelvla oKa3blBaeTcfl Hellcroliu'19l,Igi. i. ,,
xoerlcpuurenie ycr4rrenrrrr, r<oropnfi Heo6xoApIM ,H3 yqn_o:ll l:,:I?::ii' 

' ''i
^ U J t { J t P l , l t l t . | ' E | . r l \ - J \ - r . ! d I v \ | ' | ' ' , B a H H I { B c H c T e M y " a d . u . n J ,

n 6ucrpo.(elicrenn. floerol,ty npll npoeKrupo
cflerlHaJIbHble AOnOJII{}tTeJIbl lble 3BeHbtl H.IIH qenH' Ha3blBaeMble Top- .

peKTI.Ipytoi l I l lx4II,  saAarla I<oTopbtX COCTOHT B O6ecneqeuull  yCrOfiuU-

t loc , t ' t r  : t ; l t \ , t t< t tV ' l 'o i i  C l lC ' l 'o t \ l l r l ,  r fC6yefur , tX nOt(aSaTenel ' t  I taqeCTRa pefy-

J rn l ) o r l a r I I I 1  i r r c l r c l , cpy . r t I I l ) o t t i - l l t t t t l ,  l ] pc l \ ' l e l l l l  l ) c f  y . l l I I poRa l l l l f l '  ' l ' oq '

r { o c r u  r r  r .  A . ) .
C),rr(ec.r.rryio'r /tBir ocnorlrrrrrx r\4etoAa I(oppel(Tl{goRallJll cl{creNl:

nre1oA nocJle/totlaielsrtoii r<oppel(qll l '{ } l Me'ioA o6pa'lnutX CBRseii '

l tJr l {  napa; lJ lentr to lYt  KoppeKUI{ l { .  f lpu.  npOeI(THpoBaHHH cHcTeM aBTo-

Ma'[uqecr(oro, peryJlt{poBalIl ' lr rro.y"' 6ilru uinonrgoBaHbl o.6a 
,\t-e. 'r

,  "  r  , .  , . .  , t ,  . , ) ,  . ; ,  ' , . :  - , : '  , " -  t , ;

TOAa KOppeIiUl l I{ .  '  ' t :  " ' i
Merol o6parnurx cnssefi (napan.nenbllofi KoppeKq""). _91P:T:t: ' , ],,,,1

cBn3bro Fla3brBaercfl TaKafl uenb,' KOTOpafl coeAHHqer BblxoA' xpxQrp---=,.

ns6o sBerra grcreMbl co BxoAoM. oAHoro. H3: npeAbl1ylrlHx' tu"l l,9?:':] ' ::*

u p*rynorare'qero o6pasyeTctl SaMKrtyrrrfi I{oHTyp. Bcqxas CHCT€Mfl '  *l

aUTOMaTI.tqecKoro peryJlr, lpoBal{}lt l , '  KaIi , HSgeCrHO, VX{e r'COAe.pX(HT;'" I i

sHemrIHfi tti l;yt:tti i ' 
";;;typ, t o6l

' cBfl3blo. I-Io xpoue SToro B cHcrel\4
TeJrbllble BI-lyrpel{HI'Ie o6parHble cBfli

o6paruuuu cBs3flMH H tlBJlff lorcfl

Ins olecreqellrtl ycrollqprrocrr eaN



Atlr tatut tqect(ol l  outr6KH, a B r teKoTopbtx cf lyqaf lx r . r  crar l lqecKoi. i ,
Buure 6uno nor(a3aHo, qro ganacbr ycroi luunocrH aamt<lryroi i  cu"
cTeNIbI TeI\ '{ Bbll l le, qelu IueHbl.i le,npH qacTore cpe3a OTcTaBaHI4e no r}ase,
Bbr3BaHHoe orAeJrbrrbrMt{ 3neHbf lMu AaHHoft  crrcreMbr. ' f loarol ty 6onee
nonpo6ilo paccrvrorprir\,r, Kar( r.r3MeHflrcTcrr / l lr lraMLIl{ectc4e cnol'. icrna
pa3JrHqlrbrx 3BeilbeB npH 14x oxBaTe Aonoflt.tr.rTe.rrrrlrbrr\i i l .I o6parl[,tvt.t
CBRS ' IMT4 ,

O6parnsre cBfl3rl t 'roryr 6rrtr, r{ar( noro}Kl.rreJrbIJblrvn{, Tat{ H orpt{-
uaTeJrbrlbn\,rr{. IIpn roro)rrr.tTenurrorf o6paTrroli cr}R3r.r ee cilf l lafl no-
/taercrr i la BXo/( 3Bena c retu )Ke gr'raKot\,f, rrro Ir octtonl'toii ct.trFIaJL
[ :c ; ru  ]Ke 3 t raK c r r r r raJra  o6par l ro i i  cBf l3 r f  n  por r r ]o r roJ lo ) r (e l t  3 t ta t (y
oclrolJr-roro cHrnaJra,  To o6parnarr  cBrr3b I Ia3r)rRaercn orpr{r IareJIr l ro i i .
i lono>xureJlr ,Haf l  odparnaf l  cBr l3rr  npHMeHnercn B ocHonnoM AJIt t  yne-
f l t tqetnt t r  xoa{xlxnluen'ra ycHf lenr{ f l  3Ber-ra rrJr}{  rp}nnrrr  3r}eutreB,
Koropbre oHa oxBarbrBaer.  OrpuqareJrbHarr o6paruaf l  cBttgb B or.nHql le
oT no,nolKHTenluofi o6br.ryro r.{CrroJrb3yeTcrr p.Itfr Ue,rieri KoppeKUHH
cr{creMbr w yryqueHHfl eb r<aqecrBeHHbrx nor(a3are.nefi. f loaromy
rni)Ke, roBoprr o6 o6parnofi cnRsr.r, 6y4eu HM€.'r 'rr B BI{Ay roJIbI{o Ao-
noJrHr{TeJrbHyro orpHuare,,nbr-ryro o6parr tyro cBf l3b.

i lo cnoeil crpyxrype rrpuMeHfler\,rbre B cr4crer\,rax aBTotvtart.tqecKoro
pery,nlpoDarurn o ' rpt ' r r lare, [ r r r r t r r€ o6parrrr , re cBn3r{ Ae,nnrctr  I {a ) l (ecrt( t . te
I t  t 'n6xne. lJ crJoro orrc l )c i ( r r ,  ) r (cc ' i l (af l  o61l iH' t tar t  c l l f l3r ,  M0)l(11' l '  ( r l , l ' ts

npocrofi, oilpeAenqeiuort nepeAaro.{nofi cpyHxunefi Hfleanr,ttoro npo-
nopuHoHaJIbHoro 3BeFIa

l Y : k ,
t t

r{ HHeput{oHsoli ,  nepeAarol{Han rpynxuHn
ailepHOAHtIeCKOIvly 3BeHy nepBoro'nopflAKa

(2.  r50)

I -u6xas o6parnan cBr3[,  TaK)Ke Mox{er 6urru npocroi i  (ntror4a
ee Ha3brBaror qr.rcro cr{opocrHoia),  xorAa.3BeIIo o6paruol i  cnf l3u npeA'
craBJrrrer co6ort l.tAeaJrbtloe 4nQQepeHlll4pytou{ee 3Bello c nepelaroq-

(2.  r4e)
KOrOpOfr CoOrBercrByer

l lolt cfiyuxuuerl

n Hrrepunornlo i i ,

W == kp, (2 .  r5r )

raK l rasbrnaeMor- i  r tso, l lpovl to i i  o6pa'r l lof i  c l l f t3r lo

, (2.152)

I , lsorAa npr{Nrenqrorcf l  }r  6onee cJIo)KHbte o6parnste cBn314..
Bostt\aet\a anepHoAHqecKoe 3BeHo nepBoro nopfiAI(a I{ oXBaTl{M

eno npocrol i  xecrxofi  o6parnofi  cBfl3blo (puc. 39, a). f lepelaroqHatl
(ryHxunn HoBoro 3BeHa 6yaer

w - --J=-
| -f khoc

86

(2 .  t 53 )

B pesynnr?Te i loJlyt1g11o rar(x ie anepHoAuqecKoe 3BeHo, Ho c yMeHb-
uell l lbtl i l  l<ostptpnUileilToM ycHJreFrHn H yMerrbrilernroil nocroRutroli
BpeMer{tr ,  T.  e.  Merree r . rHepquoHHoe 3BeHO. ECIU B3rrrb Aocraror{Ho
6o,nr ruoe 3HaqeHHe hho. " ,  To  BMecro  (2 .  153)  Mo)KHo 3anncarb . '  ,  : "

W x
,(o. c

a 3TO Sl laqI IT ,  t lTO np l l  oxBaTe anepHoAi lqect {o fo  SBer{a AocTaTor{FIO
r ,ny6or<of i  l<ecr l<o i i  o6parno l : i  cBf l3bto  MolKHo nof iy ' {Hrb nponopul to-

Puc. 39. Oxsar 3BelrbeB xecrKHrvnt o6parrlul, ln cBt3nruu

HaJIbHoe 3BeHo c yclIJIeHHeru, oilpeAeJrfleMbrM ToJrbKo xoerpQlrqneHToM
o6parnor? cnflsu

Oxnarl.tir,t npocrott x<ecrxofi o6paruoli cnsguro Heycrofi.l.rnoe sBego
(pttc. 39, 6). I lo.rry'nrrrr

I

,t,.

(2.  154)

oTKyAa c.ne/lyeT, qTo r(ot'Aa
cra noBl.trcrr ycroflrvunum.

Oxnarlrn x<ecrr<oi i  o6parnof i  cBf lsbro
(puc.39, a).  B p$yJrbrare 6yaerrn HMerb

(2 .155 )

ycr.rJrernre no Kor-rrypy leh,o. 
" 

> l, sBer.ro

xone6areJr  b l toe , .  
jgneno

^ oAHOnper{eHrro c yrr leHrru'eHHeM nocrorHHofi epeueHu' 7 B
V' | + kko,, pa3 Bo cro/rbr{o }Ke pa3 yMeHbuaercs d roscp$HqHeHr
33T!)12111lfi (, no3ToMy Hr-rorAa BBeAeFrHe orpr{[aTe,nnnofi o6patHofi
cBfl3I,l l\,lolKer oI(aSarbctt BpeAI{btM Lnfr orAeJIbHo Bgqroro xone6a-
reJrbuoro 3Ber{a. oAllal<o B 6ontulrHcrBe ,cJryqaeB pa6ora 'scefi

' '  '  ' 8 7

+28 fp+l



cHcTeMbr yJryrluaercfl, Tat( KaK yBeJll{t lt{Baercn co6crBgllt latl .Iacrora'

xone6atut f t  
-Aattnoro 

gBet la.  I
Bogr,n,teu, rraKolre[[, lrAeaJIbHoe [II{Terpt'tpyloilIee^3BeHo

rltrvr ero npocroir >xecrxoii o6parHofi cBn3blo (pnrc. 39, a). B
Ta.:e noJlyqpnu nepeAarol{uyrc cpynxquro BHAa

r rv -  l  I-  k . o . .  T p + l '

l-6 i , ;  *  I loc ' l 'ont t t tn t t  I . lpCMcl l l l  s l lc l l i l .

l I  oxBa;
pe3yJrb-

(2 .157)

rAc T --'

C.nc^orra ' t 'cJ lbuo, nptr  oxBare r inrerpnpytol l iero 3BeIIa nl locrot l

r p * l (2 .158)

B pe3y/IbraTe rionyueHo 3BeIIo c BBeAel-ILIeM npolr3Bo4l'tofi, i lo-

croflHHafi BpeMer{}{ xoropoflr ottpeAeJrnerctl nocloflHttoii BpeMelrl ' l

o6parnof i  csssH. Ecnu ycHJrer{He no KoHTypy hko,rBeJII I I ( .o, .To Bluecro
(2.'158) NIoH{FIo cqplrarb npu6.uuxeHHo 

- -W 
- Qp + l)l k' ' .". f lo

fl yqaeM oKBH BaJreHT rr poilopquorJaJrbuo-4H$rpeperlult pytonlero 3Bel{a,
r{oropoe, KaK I,I3BecrrIo, Aaer olepe]I{eHlre tpasu. 3ro ttB,rtf lercn 3a-
Mer{areJibHbtN{ cnoiicrsoM HHepuuonnofi o6parHofi cuqeu. Brtrrte y}Ke

oTMerIaJIOCb, IITO HHepUHOHHbre SDeI{bfl, BI(JIIOqel{l lble B II l l t lMylo

uenb cucreMbr, co3Aaror orcraBar{ne no rfase tl yxyAlxarcT ee yctoli-
r{r.rBocrb, E To x(e Bpen4r{ B uenu o6parrrofi cntlstt oI-tH Aalor onepe}Ke-
lrue rpaeur u yryqilaror ycrofrqLlBocrb ncefi cl lcrel\ ' Ibl.

Alra,nor l rq l ryto Kai)Trr l ry nof lyr{r . rM, ecf l I t  oxBarl t t \ r  I . I l t re,rpr lpyloi l . lee
3BeFro HnepUl lout to i i  >Necrxoi l  o6parrror i  cut l3 l , lo (pl tc.  39,  e) ,

w l  |  "  i n p { - lw  -  
K ; r r i F - P r y t l r 1 '

r l e  71  :  l l  kho , " .
flpu IraAJrelKaUeM nsr6ope naparr,rerpon o6partroti cBfl3l'l 3To sBetlo

B saAarnroM Ar.rarra3orrc qacror 6y.ner Becrn ce6n t(al( nponopt{,llo'
r r a J r b l r o - , u , r , r Q S e p e u u u p y r o u e e .  

1 : ; :

flpnneaeHrrbre Bbrme np_r.rMepbr noKa3brBalor, tITo cMblc/I BBe/[eHl'Ifl
x{ecrKHx o6parHulx csngefi  BaKJrroqaercn B yMeHbIl leHHrI uHepuHoH-
HocTTI 3BeHbeB VJIH B I{3I\iICHCHHH HX AHI{AMI{qCCI(IIX XAPAI{TCPI{CTHK.
3ru cnoficrea )Kecrr(r.rx o6parnux csflsefi flB.IlflIorcr Bax(FIblMI'I 1lrnn

uenerl o6ecneqeHnq ycrortulrnocrH cr{cret\lbl peryJtt4poBaHllt l. Buecre

C Tervt OHH O6naAalOT cytUeCTBeHI{bIM HeAOCTaTKOM, cRtlSaHI-IblM C yMeHb-

ttleHHeM ycLIJIeHr.rrr. 3ro uox<eT npHBecrr{ K c}tH}KeFIHIo ttyBcrBHTeJIb-

88

(2.  l5e)

t 
,t./.

a)

90
-tJ5
-tB0

|  |  |  /  . . ^ - n t ^

T T T 
tr4Pa|/c I ' 

, ',,

. Ptrc' 
t?;,,3,J"t ,i'Ej'ii',,'i,l,L'i"[lT.tX"ol,'o.6-nurn'ooi 

' 
*

H e H H f l  :  : '  . . i
:  r  :  - : .  l

qecl(oe 3BeHo c npocrofi ru6xoii o6parHoft cBrrsbro. flepeAaroquofi
r lrylrr<r1ne l : i  sr(nrf oaJlerr ' t .rroro sBerra 6yner 

' '  , , '  '

rrr, ltl v : f f i

k\s (roprr.ry.rrnr ndnuo, qro ru6r(aq . o6parHao .n""? ynenuuusaelr r r  qrul rMyrrbr  uHAi lu,  r l - l 'u  l . l lur(aH .  ooPaTHaf l  CBHSb yBef lHqHBae.T,  .
I locroflI ' IIIylo BpeMeHI{ He I.I3MeHnfl 'no,e$SraqHeHTa ycu.rreHnfi; ggeua.'" ', ' .
lJ ueroropbrx cryqarl 3ro oqeHb [errno,. d qacrHocril anfl xoppe.guFn ;:il_ _ _ _ r _  _  . s v r r r v v r r r  A u t a l  1 \ v H y : . . 1 r \ l r r r  ,  \ , ; ,

Tpe I I I IHX  l ( o l {TypOB 'CHCTeMbI .  
. ' : , , ! '  , ;  ,  . ] ' . ' , r  ,  . ,  l ' - , l g " t i ; ' t ; ' i . ' i r , ; : ' 1 i " , . . . : . i : , . :

B r(aqecrBe npr{Mepa paccrr,rorpl lM '",xoHiyp;. '  peryar.rbogarru"r:, ,  1r i :
Bl rvTper r r rHX r (o r { rypoB 'cHcTeMbI .

HM '" , xoHiyp"t;' pery.hr.liion'hriu"'i1, 
",',:rsarenrho ;, coeariHeHsiri ,,;,f ,{tanepr{oAurrecxt{x 3BeHbeB. l lycrr npF.3aAaHHOM lXOoQsaqaeHterl lcH-' .nl: ; ' i ,or r \ -Pr ' rvAn ' l s \ - r \ t l  ^  i t r tEr1DEl t .  r ryurb  ' I IP I {  3a l {a f iHUM Kog(PWHUHgHTe: .yCH- '  -  i :

Jf er'rHrr lztlez sror r(oHTyp , ,HeycTofiqHB'i (cn,uoruHue' : nHHttH-j ,Ho .l ,.
l)Hc., 40, o). Ec,ryn oxBarr.rrb 3BeHo, o6naAamn{ee .MaKcul\4anrHofi . .:

(2. I 60)



tr4s nupalKer{rrrr (2. l6l) nnqlro, qro
xoe{xpuu,uerrra o6parlror.i cnngl.r leo."

3I{aqerrH n T, i  krko., Btr6pan coorBercrByrouee 3rraqer{ ry.e ho. '  rro_
flyqHr\r ycroirurrnrrr l  Korrryp (mrpuxonue Jnrrrrf  rr rra pHc. ao, a) '  6ea
t.I3Mellerll '1fi crarHqecKoro xoerfrrbHr.lHer.rra ycnJrerrHrr sToro Kor{Typa
B pa3oMKHyTor\{ cocToflHprH.

-, '*9*.r,ut " rr6xolt o6paruofi  cB13bro xone6are,rbrroro sBer{a(puc.  41,  a)  Aaer

W :
rlrn2 -t (rr * k:h:o. 

"), 
+1

n p r r  T r { 2 T r . ( 2 . r 6 t )

nr,l6o;le
n  peBpa-

Puc. 41. Oxnar 3BetrbeB npocroi i  rH6xort (a n 6) rr rr3o/tporlr lrof i  (a) o6par_
Hbi l \ tH  cBtSqMH

n p r.r cooTReTCTBytorrlen,r
xo.ne6areirbrroe 

-s 
nel lo

.,i

ulaercfl B aneplloAHqecKoe c reru )r(e xoecp(rrrqrreHToM ycr.rf ier-rHrr k.
I(ax npaBIIJIO' TaIiafl o6parnan cBrrsb i lpHr\ter{flercfl AJrrr r{oJre6arenr-
l lblx 3BeHbeB c Ma'nbll\t xoe$QHITHeHToM ycnJrer{r{f l, r(ofAa FreBo3Mo)Ktro

)  CRf l3h ,  I IOCI (OJ | t r l ( !  O i l f l  C I t t . t ) t ( f lCT

oe) uHrerpr{pyrcqee 3Ber{o r{ oxBa_
or i  csf lebro (puc.  41,  6) .  B pe3yrrb_

, (-f*;r, + t)
(2. t62)

T' e' To )Ke I{I ' ITerpI{pYlou,ee 3BeHo' I{o c trlertl,t l letl t{tIeprIr{orltrocrbro
H MetrbtuHrrr xoerli(}rql, i6urou ycHreHHfl ..

l lpu 6onuurou yc' / reHHH no Korrrypy o6parnof i  cBrr3H leho. 
"ral{oe 3Berro npu6nntKaercfl x l iAeanrnovy Hnrer"pHpyrorteMy c xoj$lrp,r lHerrrou ycnnenun 

) l  k" ." .  . [ iurnnto,  

-u io 
14rrrerpHpyrouf ie sBeHr, f l ,oxBaqer ' i l rbre nH6xof i  o6par l lo l" l  cBf l3bro,  B orJrHqrre or >xecr l<of i ,  l reTepfllor cnogx r.rHTerpr.rpyroulltx cnoiicrn. Oro cy[dec.rgelrrro c rorrr{H3perrr{n Hcr(JrrotreHr.rfl crarnqecr(HX Onru60x.

t , 
Paccuorpnu rfAeaJrbHoe r{rrrerpr{pyrour,ee 3Be'ro c ireolpoulror,r( u H e p q l r o u n o f i r H 6 r < o l i ) o 6 p a r H o f t b o o J o ' o _ ( p " . . 4 | , e ) - :

v r -  Tp ' *1  r
(t{FF."-JII 

ffil '1- kho. cT

(2.163)

90

f lo"nyur{Jrocb HrreprrHor-rHoe r{HTerpHpyrou1ee sBeHo c BBeAeHHeM
npol43BoAtloi i .  f lpu Aocraroqno BbtcoKoM ycr{JreHHH leleo." 3BeHo npH-
6nu>xaercfl r( lrrrrerprrpyroilreMy c BBeAeHr,reM npoHsBoAnofi" ,'

v o; ! ; ( rp* r ) .  
' , ' l  

,  -  " 'A

Taxt l tvt  o6paaou, '  t tdo, [poMFlaf l  o6parHan cBf l3b He roJrbr(o coxpa-'FI t ler  
acrar l t t lecKHe-cnoi icrna gBeHa, I {oropoe oHo oxnarHgaer,  FIo H .r .

BBO/lt ' lr R IIOBOe 3Bello npoH3BoArryrc, yil{et{bruarr reM caMbrM orcra-
Bal{ l {e no (rase. f loarouy H3oApoMuan o6parHaf l  cBR3b qacro prcno/rb-
syeTctt D ctf Cl'ervlax pef yJrHpOBatII.rf l. \

oruersn eue oAr.rn sar(Hbrrl eaxrop,' onpe.qensrcunfi [rupoKoe

ff ffi fii:"-' " :f. # il?^ i .? i I il1T :";i: \X, ^ ffi " I#.1# :X 5 ", fl i x?iT,
cJleAyer' qro npII oxBare nro6ort o6parHori .censrrc yqacrxa rlenu, ,,.,
r 'rMeroilrefo nrrcoxlrfi xoaQQHrIHeHT ycHJreHHfl, nepe4aior{Hafl 0yr*-
tt l ' I t l  sToro 3al\4KI{yroro yqacrr(a onpeAeJrrlercrr B ocHoBHoru o6parHoii , \
nepeAaroqlror i  d)y i lxr(uef i  qenH o6paruor l .  cnnsH. B pe3yJrbTare n3-
Mer{eHr{e napaN,rerpoB n npnuof i  qenr{  yuacrra,  oxBarreHHoro ci6par_
ttoll cBtl3blo, 6y4er IuaJIo nnisra na ycr6fiqusocrr ncert eauruyroft.
c l rcreMbr.  EcnH npr{  3roM napaMerpir  ,  4pyrux y-q.acrKoB, grcieuur".
ocralorctl r locroflHI.lblMI' l, To ycrorlqfinocrb gaMKHyrofi cgcTeybr 6y4er
3aBr.JCerb rJraBrrbrM o6paeorr,r or rrapaMeTpoB uenu o6paruofi ceieH

OAnarco yl(a3allrtble . noJlolKuTeJrbr.rbre KaqecrBa MeroAa o6parHnx
csflsell Aocrl ' lralorctl 3a cqer yMeHbureHus xoe$SaunenTa ycHJreHHn
R Onper,eJreulroflr o6nacrH r{acror. l losrouy, KorAa npH npoeKTHpo.
nau nn  c l l c l ' cN,nr r  pc f  ) t , [ t r l )onRnt r l  ncno.nbB] loTCn o6par . t t r ) te  cBf lgu ,  ] t (eJ ln -  

, '  ,
TeJrbrro i lpHMerrfiTb 3BeHbrr, r(oTopbrru no cnoefr Qusrasecxofr npHpoAe
c s o I 1 c r n e H H l i B L , I c o K H e x o a Q Q u u l l e n r u y c ' u e n u " . .

I( lreaocrarr(aM rueroAa o6parHsrx cnngcifi cJre.[yer orHecrr.r rar<x<e .\
I to3lr l l l (a lou(ne B PnAe cf lyqaeB TpyAHocrr . r  B o6ecneqenuu ycrol iu l l -
Bocrll Bl.lyrpel{[lHX l(oHrypoB, oco6eurro KorAa AJrn Vc'rofiqnBocrrt
ncefi 3aMI(llyrott cucterr,mr,rpe6yercff cpaBHHTeJrbHo r"nyboxax o6par-
rrarr cBrr3b (nucoxuft xoecpcpuuuenr ycuJreHurr no KoHrypy o6paiHofi
cnlsu). VxasaHllbte l leAocrarKpr qacrr.rr{Ho wnl noJlHocrbro Morvr
6uru ycrpar{errbr sa cqer qenecoo6pa3Horo. nu6opa r ioHcrpyx(HH
H CXeMbr pefyJr f lTopa.

Mero4 nocJreAoBarenrsofi xoppexq'nH. I-lonyrlnrr rpe6yeMyro cre-
neFlb ycrofiuunocrH cucreMbl MolKHo He roJIbKo. c noMoulblo o6par-,,) '  .
HbIX CBn3efi, l lo l{ nyrerv,r nocJreloBareJrbHoro BKflloqeHHfl xoppexrH- ;
pyrontrrx 3r lerrr ,er l  D npf lMyro t l .enb ycnnei l r rn.  Hanprrruep, Ha'plrc^.  42,  a,
nol{a3at la crpyl(Typl lan CXeMa CHCTeMbT peryJrHpoBaHHfl ,  CoCTOflUIaf l

/  , . ' '  9 l



G ^ : a ( l  * T p ) ,
rAe T - xosr[rt l l rr l rrcnr ycnJrcrrrf  f l  r(opper(Tr' f  pyrontero BBettn,
HOM CJryqae Aa',r'qHKa npor.r3Bolr-rofr.

l[ycrr, sra cucrerua ueycrofiullna
xapaKTepHcruKlr r.rMercT su1' L v q.
BBeHo c nepeAaroqHoli Syurqneir Wn
H W 2, Ann Hosoli cucreMbr HMeeM

-:-  ,- , . .  .  _9

Taxoe I lDeAerr l re f ipor{snoArroi . i  B 3ar{orr
r(oropoe onepelKer{He no rpaee. f loerouy,

d)
L,a6 ?,e\a?'
2tl !10

tr5

0
-q5

-90

-tJ5

-/80

e)1 4 loor w,pal/c
t ,

Pnc. 42. BeeAeHHe 
^t#H?T,l 

4n$rpepeHqupyro-

(puc. 42, 6) H ee ttacrorFlbr€; 
"BseAeNa auQ$epeHuupytorlsg :ril I

- Tp Me>KAy snenrnr*al, Wti:i"

(2. l6C) ' ',:

n  Ia r r -

t0
0
t0
20

-J0

pery, / r r rpoDai l i l f l  l laeT I Ie"  . .
nu6paa coorBercrByrou,ee'
3rraqenI're T, udx<Ho He-'"
ycrofruuByro ct{crei\{y cAe- ',
Jrarb ycrofi uttnor:t' (rurplr-.,
xoBbre JIIdHILH Ha .pHC,

42, 6). Bosvo>nrto, tiro B ;
HeKOTOpbTX I(OHI(peTHblx t
cnyr12 n* norpe6yercn "
errte cn r l l r(e n ue o(rtt lero .
xoetlrl l l  n,ucn'rzl yct.tJtctt tt t l
pa3ot\,IKHyrofr cplcTelvlbl, ,
r(oTopoe npor.I3BoAI4Tcfl 3a :,
cqer r . Igruel IeHHfi  xoecpQn,- , ' . .1
uHeHroB ycu,neHnf i  APY- , . i
rHX 3BeHbeB HJlt4 nyTeM i
BBeAer{I{f l o6parHux cnh.',t: ".,1
sefi. ' t

Perynnrop cKopp€K- ,
ruponauHof i  cucreMbl pe-
arr4pyeT KaK Ha oTKJIo-
HelrHe pelyJlupyeuof i  ne-.
JI I {TI14I . IbI ,  TAI(  H I IA CC

r lpor.{3Bo1rryro. OAuaxo r{AeaJrr,rroe gr,rrprlreperrr lnpyrol i lee sBeuo qyn-
cTBHTeJIbI'Io I( BbrcoKorlacrorrlbli\{ xone6anprnu rr noMexar\4, r{ToMo)r{er

npH se6.naroilprrrrrHbrx ycJroBr4rrx npHBoAHTb K I{ex(eJIareJlbt{oNly
rracbrueFlHro orAeJrbrrbrx 3BerrrreB peryJrnTopa. tlro6u yr,lelrbil. l l .{Tb
BIIHTIHHS BbICOKOqaCTOJFIbIX nOMeX, B CLICTeMy MOX{HO BI(JIIOqltTb He
r{AeaJrbHoe, a peaJlbHoe au$$epeHuHpytouee 3BeI{o c. nepeAaroquoii

Synxur.ref i  V^ :  Tpl  (T rp + 1),  -FA€ T L- Hl lepu'oHt lan nocrof lH-
HAfl 3BeHa. TOrla 6ynervr HMeTb

G, , :  G
( r - F r ) p * r (2. r 66)

to rrro>rHo

rf l* |

Ecnu ou6pam coorBercrBytouee 3HaqeHHe BpeMenH T r,,
CTIII3I,ITb VCHJICIIHC HA BbICOKI,IX qACTOTAX

Aga.noruqHyr,o cucreMy c rorrKr{ 3peHuq ycrofivnnocrll lvro}r(Ho tlo,ny.
r{r.rrb, ecJrH B KaqecrBe KoppeKTHpyrouero 3BeHa BBecrt.t He 4ucprpepeH'-
rlHpyroqee, a HHrerpHpyroqee sBer{o c nepeAaroqrlofi cpynxuuefi:
V^: klp. To"qtxo B sror\,r cilyrrae HylKrro /lonoJrHr.rreJlbuo ptHTerpu.,'

9 2  1 1 ,

- -/'

d) L,7t;
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tpyllxl l l ' t to sTono KoHTypa MolK[Io nbnyvHrb, ucnoJrb3yn reop6lo'snex,
TpHqecKI4x qenef i ,  ocI IoBaH[ty lo Ha'r iousr l rn noJrHoro conpoTHBJIeHHR
(uir,rne4aHca). B cooTBercrBtv, co cxeuorl HMeeM , ,,, i :,

Uo* : i.; Uou,* : Rsi.
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FI, prrc. 43, 6 i lprrBeAerrbr. Jrorapurpurlrectc.re xapaKTepHcrHl(H
raxoio KoHrypa. Onepelr(eHlre dlasrr I .rMeer Mecro Bo Rceh{ AHanasot{e
qacro?,  oco6enuo Ha yqacrr (e or  o -  l lT t  lo  o i  l lTz,  rAe ycH'
Jrer{rre Bo3pacraer c yBeflHr{eHHerVI tlacTorbl. cor"rlacHb pHc. 42, 6,
I:ini Aocrr.r)r(errr.rfl ycrolivnnocrr.r cr,rcreMbr neo6xoAHMo noAIItrrb rpaso-
Byro xapar{Tepr.rcrHr(y B o6nacrn qacrorbr cpe3a ot.. 3ro Aocrltraerctl
cooTnercrrlyroulr.rl,r Dbt60poN{ nocroRlrr-lotYr npeMerlI{ T I Malcculrla;ln-
ttr ,r f i  ) t ie nolt , ' r)eN4 (uronoflr xapar(Teprrcrnr{rr onpe/{e,nf lerctI  ntt6opotr,t
xoa(xl l . t  uncr' [a yc.nJrcu rr r l

, te-.=nfa;

il
g,ePao

0
- 4 5

-90

Puc. 44. f laccueHsriir lrnrerpupytoultlf i  KoHTyp

Snexrpl tqect(an uei lb naccttBl toro I l l l rerpHpyloulcro
3aHa Ha pnc. 44, a,  I r3 l ioroporo,cJleAyer:

i

SBeHa noKa-

R, la)

11

\
n2

u)1 Ir,

, rJBx : (*, f fi 
-f Rr)'tt

a nocJre  npeo6pa3oRat ' tH t l

Uno, * :  (R r+  + ) ' ,

V .'=" Y,)';': -.'. l,:rl; -!l- , (2.  |  68)

rAe Tt: (R, * Rr) C - nocTott:n*afl  BpeIvleHI'{ Hl lrerpl lpytou.ero
Kor.rrypa i

Tz: \rC 
: f1t k -= i*&

'  . I lorapr.r$unuecxl le qacror l rbre xapal{TepHcrt{KH 3Toro I (oHTypa

npr.rBelenbr Ha puc" 44, 6,  B AaHI- loM cf lyqae Li ln BceX qacToT'  KpOMe
oi : 0 H 0) --:: (rc, tIMeeT MecTo oTcTaBatIHe rlo cpase Blrlxo/{l loro IIa'

npflx{eHl.rf l 'or. BXoAHoro. VcuneuHe H3Met{lercfl or eAIll-IHIrbI npH

o)- : 0 Ao sHaqerlnfl l lk npl{ 0) : oo. Qaxruqect<tl )Ke AHana3oH
r{acToT, B r(oroporvr npoucxoAlrr 6ucrpoe H3MeHeHHe ycHJIeHllf l, Ha'

xoAHTcf l  B o6nacr l l  or  o -  l lTt  / Io o -  k lTb, I (aI t  3To noKa3aHo

Ha pr{c. 44, 6 H B aror\{ )Ke AHana3orle HMeer Mecro :nau6onullee orcra'

BaHHe no $aae
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lL" . \ 'rvrDrL,,r rrrrcl(cH t.t,r lt cncTeli ly HrtTet.pt.tpyrcuero xolrrypa SaKJIIO.

;;;tt"l,"t J:,Y' .ut:9?'^nt.ll::ii:: ngr.hOurrueur ycu,rreHun 'puuoln*ny-
$; ror:i cHcrer\{br B paiioHe qacrorbr 

^cpesir ;.; i,*" 
"r*e;;;t;;;;[;#;,, ljjl,l":,:"1,, ;:.'I:'::^Jl.'l::.15J -?1" no,u6,"er ao6sr;;" "v;;;;;:

ir Bocrr'r, rre crrr.{)Karr craruqecl<ofi TOqr.rocrr.{ cr{creMbr. nrp;*ilp;;'r;
' !":'^^Xlilj::''.j,:j:',.:::91,11:' .T:'l'lyl, .,ro6sr o'iruu'i"e no ease,

Cur t cn  BBe / teH l r f l  B  a ,na ru "u , r , , , r o " , . . , , . , ^ \ / r ^ r r r an , . 1 . , , ^ , , ^ i , , ^ ^

co3AaIlaeNIOe sTIIIvl  I(ol lryl)oNl, I Ie oI(a3trtBflJIO 3at\, terHono B4I{nHI.IR I la(rasorryro xnl)nr<reprrc,rrr i i l ,  pngo[,niI fy,1., ,y '  ai ,a,rett t , t  u6nttntt  { f le, l ,o,r,hl
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g,epail.
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-90
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q0/ 402 q0+q07al 0,2 0,+ 0,7tT-v--ilTl\
u, pa?/c

prc. 45. BneAenue B cl.rcrer\ry naccHBnofo. HHTerpH-
pyrorrdefo r(oHTypa

cpe3a nlc. Tar<unn o6pasorr,r, 4eficrnlre HHTerpr.rpyrcHero Konrypacocrollr FIe B yJlyquleHI{H cpasonofi xapar{Tep HCTH:xH pa3oMr{uyrort
CHCTEMbI, A B YMCH'IIJCHI{H CE '<OE$QHUIIEHTA YCI'JICHHO 

" 
ONPCACJICH-Hoir o6nacrrr qacror. B pn4e cnyoie*u,,bii r(orrryp BBoAflr n ycrol:r_t f l lBylo c l lcTeNIy peryJI I {poBaII I I f l  AJI t I  noBLlnel t t ln 'crart iuaanor l  

"Ou-uoclrr ee 1la6orl,r (crrl. rt. 5, crp. 224).
B / t ; l t l l l ( ) l \ ' t  t t i l l ) l t t ' l l r t l re ui lJro)r{c l i l r r t  , t ioJn,r(o, fc f i {c.roAbr r(ol)pcr(Tr.poBal l l '1f l '  I (orol)ble npl tMel l f I lorct l  nprr  npoer(TrrpoBar.rrrrr  crrcreM pery-rl l ' lpoBaIIlrn rl lAporyp6urr. Boo6rqe )Ke cyqecrByror r,r 6o"nee cJrox{r{bleKoppel(' l ' t ' Ipytoil{rle I(enH, c r(oTopbrMl.t ' lrrox<Ho 

03Har(oMr.rrbcrr B cne-I t r { a . r l r r l o H  J I I . I T e p a r y p e  t z l l .  
i  :  . . , : . , . . , . . | ,

I3' I'panuqa o6rlacTlJr*i::-tgpr', 
"u 

nno"*orr," {f;ij,'o:f,:.;'l a p a M e r p o B , , ,  -  : ' , ' ' : 1 , ' , r , j , i i ' " i i i : J . i i , , t
B npar(Tr'rrrecr(r.rx pacqerax uacro' rpe6yercq' onpeAenrnro' Anana-,3Or{ r{3Mer-rertrrtr  HacTpa|,tDfl€r\4trrX nal

cr{creMa peryJrHpoBaHr.rrr ycrofiuHna
BAHrrfl, clfcTeMbr cocToHT B Haxoxu
nnocxocru napaMeTpoB HJ:H rpaHHr
craBJrrrrculefi co6ofi coBoK.ynnocTb
cHCTeMbr, oTAe/Iarcunx o6nacrr vcl
qIIBOCTI{ .

i " t A
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,  B $6 6r , tno noKa3ar{o,
yc'rofiuuna B ToM cilyr{ae;
CHCTCMbI

I ITO 3AMKHYTAN CHCTEMA PCTYJIHPOBAI{ I , I ' I
KOrAa Xapar(repHcTrrqecr(oe ypaBHerrHe

* dn-tz # c l , r :  0 (2. r 6e)L(z): aoz" i a&'-r *

IIe coAepiKnr xopneir c noJrox{r.rre,nr,lrof.r BeruecrBet-trtorl {3crrrro.
Ec"ryu Bce Koprm ypaDrreuHn (2.  169) rrar lecrH rra r(oMflJrel(cHyto

IIJIOCKOCTb d,'.- ltr), TO A/Ifl yCrOl:tUHnOrl Cltcreutr OIIH pacnOJION(aTcrl
cJTeBa or MHHr\ror i  ocr{  (p l rc.  46,  a) . j ra [JrocKocrb Ha3brBaercf l  nJro-
cKocrbro xopHef i  xapaKTepHcrHqecKoro ypaBIreHHrr.  Ee MHHMafl

OCb CoOTBeTcTByeT rpai l i4i te' 
ycrortqHBocrr.r cl.rcreMbr, r.r
na lrerl HaxonrTcrr Bce qHcro

I (OpHH ,  .
l , l ^ - ^
r t L l t ( J . / l D J  v l t  J I u l  . ,  . a t \ c

rrpHr-rrIHn, Mo)Krro onpeAe-
JrHTb rpaH r.r uy ycroriuunocru
Ha lrJrocr(ocTr.r oAHoro r.IJrH
rr€cr{oJrbK14X xoa$$HqHerr-
TOn Xa par(Tepr.f cTrrqect(oro
ypaErret r r { r r .  I - lyc ' r r ,  r ran l ) r r -
Mep,  B ypaBr-reHHu (2.169)
H3Becrrlbr Rce xoacp$uqueH-

a)
. t r I

I
, l

. 6 )
d1TQ)

?
I

I
I
Z6;lr

t'
I

Prrc. 46. llnocrocrrr xopnei'r (a) n xoerfxplr-
t t ] tei l l 'ort  (6) xal l lxrcpl{"t ' t .r ' t ( 'ct(oro yl)atr lclnl: ,
/ - o6racr" 

".""i"""Hiu.;;r; rrrnr, 
- o6racru ne- r

TbI,  Kporue eo H dr,  H rpe6yercn onpeAeJrurb rpaHn[y ycroi i r {H-
BOCTI{ CHCTetvrbI' B 3aBilCpIMOCTH OT 3HaqenUfi ao H. AL. 3aAanUfl{Cb npo-
H 3 B O J r b H b r M r r  3 H a q e H r , r f l M 4 Q o > 0  H  A t > .  I  U n O A C T a B H B  r . r x B y p a B -
Hertrle (2. 169), onpeAeJIfleM Kopt{}t vt r{aHocrrM r{x Ha KoMnfleKcrryrc
ilJIocKocrb. f locneAoRareJlbHo aahaPafi Bce B03Mo)r(rrble coqeTarrHrr
xoarlrfHqHellToB a, I.{ a1 H orrueqarr noJryqaroilIuecfl r(opHr.r rra nJro-
cKocrH xoplrel i ,  onpe/ leJruM BeJrHqr{rrbr d.s H,d1, npH Ko'r 'opblx KopHr.r
pacnoJrararoTcrr  Ha vuuuof i  ocH.

Tenepr 6epeu flnocr(ocrb aodr (pelc., 46, 6) 14 neperrocr.rM Ha nee
TOIIKH, COOTBeTCTByTOIqHe 3r{ageHHflM A,0 H AL,.tnpld r{OTOpbIX KOpHpt
ypaBIIel 'IHn (2. 169) IlaxoAnrcn Ha uHurvrofi ocn. CoeAnnr.fu 3rr.{ Tolrr(H
KpHBot?,  noJyIIHM r l )aHrrqy yctof iunBocru rra n,noct iocru xoa{ i ( luqlrerr-
IoB-.fl0 u dr, KoTOpafl pa3AeJIner o6nacrH ycTofiqunocrr.r H r{eycrofiqH-
B o c T l . | . I ( o 3 Q 4 ) H q H e I . I T o B . , , , , ; ' . . . l : . , ' ;

ToqHo tbx"ru >Ke 
'nyerM 'Mox{H; 

oripe4e,rrrrb 'rpaHaqy ycrofiuH-
BOCTH I{ Ha nJTOCKOCTH napaMeTpoB CHCTeMbr. oAHaXO 3TOT nyTb qpes-'
Br,rqartHo rpoN{o3AoK. l loeronry 6unu, paspa6oraHbr npocTr,le npueMbr
n;rn rrocrpoer;Hfi rparruubr\ o6"rtacrrr ycrofiuunocrr{ Ha nJrocqocrtr
oAHofo H AByx napaMerpoB. O4uurr, t  H3-TaKr{x ' r rpHeMoB nsrqercs
IlocrpoeHHe o6"nacrefi ycrofiqrrBocru no " r{pHrepuro MuxarlnoBa.'
B arou cryrrae pas6uelrue nJrocKocrn naparvrerpoB r-ra ycrofivunyn H.
ueycrof iuHnyrc o6.nacrr  Ha3brBaercn'D-pas6uelrueu, a rpaHr.rqa, '  or-

96 1

AeJrnroqan arr.{ o6nacru, r- .pu"rl.fi D-paeilueHufl HIIH npgcro
I  

, lD-rpunor i  1 .
fpannqa D-parduennfl  'no oAHoMy napaMerpy. B o6uleM'sine

napaMeTpbr cHcreMr,r peryJn{poBar{r.rrr (xoa$Qur{Herrrbr yct4ile]'jl:'/-fl , no-
cronHI-rbre BpeMerrn H r. ,q.) Moryr BXoAHTb B xapaKTepHcru.rrecKoe
ypaBrrern{e (2.169),nro6ur,r o6pasou. f lpeanoJrox(?rM, qro ypaBHeHHe
(2.169) I l3r lecrrro u rpe6yercrr nocrl lotrrb D-rpnnyto no Kar(oMy-rH6o

l ) r tc ,  , [7 .  l ' l ra t t tu l t ' r  D-g lns6r tcr run t rn  l rJ loc t (oc ' rnx o4rroro (a)  t r  Ar ]yx
(6 u o) naparr,rerpoB

napaN{erpy m rpu saAar{Frbrx ApyrHX napaMerpax c}{crervrbr. Cocra-
nHM Bbrpax(eHne . xpHrof. i  MHxafinosa AJrf l  xapaKTepHcrHriecKoro
ypaBrreHr.rn (2.169) \

L  ( io)  .  U.  ( r )  - l -  f  7 ,  (o) . (2. t70)

( 2 . 1 7  t )

.!,,\

flapanerp tn nofiaer,"'s xoscpcprrur{enrbr r\{HororrJrer{oB U1 (al)
n V1(co). f lo I ipr.rrepr.I to Ml.txafinona Bbrpax{eHrre Arrrr rpaHHubr ycrolt-
qnBocrr.r 6y4er L ( ior) - 0. Peruttn Dbrpax(eune (2.170) orHoctrrerrbno
IIapal,leTpa rn, tloJtyt11.1114

1 r :  U ( , 0 )  f  i l z ( o ) .

3a4anancb 3r ' taqel-I t . InMrl co or 0 ao €, onrrueM Ha l{oMnJleKcnoii
nJrocKocrl{ r(ptrByro, r(oroparr H flBJrffercfl rpaHr.ruefi 'D-paaQueHHrr
(puc. 47, a). 

^Teriepb 
IIy)KIIo yqecrr,,  rrro napartrerp.-tn'npelcruo-

Jrrrer co6oii Qusuuecnyrc BeflHrrHHy H, cJreAoBareJrbHo, oH He:"Mo>Ker
6srrr I{ orvr [Jrer(c rr btr\.{ rI Hc"rrotvt, no3ToMy rt p a t(TH qecr n fi H HTe pec n peAcra B -
JIRIOT ToqKH nepeceqeunn D-xpunoit c Ber4ecTse1:F.ofr ocbfo. Ornrerllu,
IITO A/rtr xax<4ofi Toqr{H D-xpunoia BeJrr{qr.rHa 0) r4MeeT coBepuerrHo

r Sror lrreron s 1940 r,
6ur"n noApo6uo paccuorpeH

7  n .  , , t .  f l uooeapou

6stn Aau s o6qeu srrle A. A.,Coro.noeu^r. B lg48
IO. 14. HeliuapxoM noA HasBarrnerr D-pat6uenrd,

r .  o t f
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i l : i ,

i i r'1i,,

onpeAe;retrrrtrfi rpuslruecxufi cr,rbrcJr - ona npeAcraBJIfler 'co6oft qa-

cTory co6crseuHbrx lioJle6aulttl ctlcteusl.
f loc"ne nocrpoenun D-xprreofi  HylKIto eqe peuprrb Boupoc, Kal{ue

r.rs 3r{aqeHur:r /?z nonaAaror B o6nacrr ycror?uunocri{. !{ro6rr BbrncHHTb
3TO,,BepHer\,rcn K pnc. 46, a. llpu HsruerIeHHH (D or 0 lo oo o6.nacrl
ycrorluuBocrrl ocraercR caeBa oT utrrruofi ocH. Toquo raK )t{e, ecJIH
r"Br.rrarbcfl no D-rpHnoii or ror{Ku o : 0, To oTa o6nacrr AoJI)I(Ha
HaxoAr.rrbcrr cJreBa or xpnnoft. FIa puc. 47, a D.KpHBan 3alilrpt{xo"
BAHA CJ IEBA

l lprr 6onee c"nolr(rrbrx oqepTaFrr.rrrx D-rcpllnolYr c l leflbto 6egoutu-
6oqrroro orrpc/ lcJreulrJr  o6nac'r ' r r  ycrol iunnoc' t ' r . r  l reo6xol( t luo I tbt t tep-
Tr.rrb /ionoJrrrHTeJrbrryro D-rpnnyro, cooTBercrByloulyro II3MeI{eHl{to
'. iffcrorbr or -oo Ao 0, I i cAeJiarb uirl i trxoni{y c.reilB oT xpltnoi?,
ecJII{ Alrrral 'bcl IIo rreii or o : -oo Ao (D :0. 

- 
3'ra l(pllBarl

f lBJrrrercfl sepIiaJIbHbIM oro6pa>xeHl{etu D-t<punoft AJII qacTor or 0

Ao oo (rurpuxoBafl Kprnan), noorot\,ty ee BbIqepqHBaFIHe He nPeA-
cranJrrreT cJrolKrrocrrr. O6nacrrro ycrol)runnocrn Mo)r{er 6stra orpe'

t r r r ^ r - ,  A t r r t  ^ + n  n n r r l r  u n r n n n F n  L r 4 r t n c t n  n a L t r . I  6 n n r - -
J W r \  D E L l { g L r E ' g I l n L , r l  V \ - f r t  D  V r \ - r y v f r J  r \ v r \ - r H v r  v  r r q r r H q u d r v r r v  v v o t p

ruuHcrBo rrrrpuxoBol{ .  B AaHHoM cf lyqae ora o6nacrt  orpaHHqeHa
gr raqeHut rMt  nx , I  m I  m,  a  TaKlKe n t  )  mr .

. B saxJloqeHrie Heo6xoAr,rMo.y6enurrcn n npaBHJIbHocrH peuenl{fl
sa1aqr. Ans 3roro cJIeAyeT BHyrpH naitAertnofi o6nacru npoBepurb
BbrnoJrrleFrr.le ycnonnii ycroiivlrBocTH B oAuoft xaxoli-.ntl6o roqKe
no l {pHTepr { ro  Muxa l inona.

IpaHHqa D-pas6pieHHq Ha nf locKocrn AByx napaMerpoB. f lpel-
noJIolKHM, qro Hl\{eerctt XapaKTepl{crHqecKoe ypaBIIeFII ' le (2.169) u
Hexoropbre r{3 ero xoa$cpHr{HerrroB coAep}Kar naparuerpbl ttt H tL cH'
cTeMbI, i lo KoropL,tM rpe^6yercn rocTpoHrr D-rpl,lBylo. f lo aua.rlorl lg
c npeAbr,qyUIlIM BbtpalKeHHe tipunofi Mltxailnosa Ailf l ypaBHel{I ' ln
(2.169) 6y4er HMerb ror )Ke BHA, rrro l.t (2.I70), roJIbKo renepb MHoFo-
r{JreHbr U, (r) H V r (or) nnnnrcrcn QyuxUunMH or o H or napaMerpoB m
H tx, a Ha rpaHr.rqe ycrofiur.rBocrr.r no r{pHTepI4Io Muxat'tnoBa Ao/Ix(Hbl
co6rtoAarbcfl coorHouleHLIfl :

Paccuarpnnan (2 .172)
Hertu l ' t  c  l len3Becr t lb t i \ r t t  / tz

C H T C J I b I I O ' 7 1 - W N R B H A C :

(pHc.  47,  61.

98

(2.172)

r(ar( crrcreMy AByx a"nre6;lal{qecl(t{x ypaR'
W tL, IIHAI'IM, qTO I{X l,lo]l i l lo peil l lTh OT}IO-

U - U (nt, tx, ro) = 0; 
l

V - l/ (rtt, n, at) - 0. l

tTL : tn (ol); 
\

n - n(ro). J

I4s (2,173) stirexaer,Aocraro'{rro npocroflr IIpHetu AJIR nocrpoeHHn
D-xpnnorl. 3aAanancb 3rraqeFrnrrMu o or 0 Ao oo II noAcraBJltlfl I 'IX
B (2.173); I IoJIyqaeN{ BeJIHqHHIT m V ft ,  npHHaAJIe)KatUHe D-KpVBofi,

I(OTOpafl BbrrrepqHBaeTcfl  Ha nJIocKocTH c I{Oop/IUHaTaMH m' H n

1z.ni1

Oruernl,t Helioropbre oco6euuocrn, cBflganl{bte c D-paz6u:eHueM

Ha nJrocKocrtl AByx napaN,terpoB, flpn Hel(oropl,lx SHaI{eHHflx o_ Mo-

)Ker ol{a3arbctl, qro ypaBlreHufl (2.172) 6ynyr orJlHqarbcn Apyr or

Apyra Ha noctoRnuufi MHo)KHreJIb. B p$yJlbraTe nofiyrIHTCfl oAHo
ypaBHerrHe, KoTopoe AaeT lla nJlocl<ocTK mt n He ToqKy, a npffMylo.
t laxan 

np tMan ] ra3brBaercq  oco6o i i 'npRmof i
Oco6irx npnMbtx Mox{er '6r t r t  uecxonnxo. Ane Hs HHx coorBer-

Koropbrx onpeAef l  LIreJIn ypanHet lHtt  (2.172):

A r :
u (m)
v (m)

^  l - U ( t )  U ( n )
Az : ,1  -y ( r )  v  (n )

. ( 2 :17  
4 )

oAr{oBpeMeHHo paBHbr HyJrro HI|H 6, nocJle qefo HafiAeuHble 3Haqe- -

r{r.{rr o noAcraBrrrb B (2.172) H orpeAeJlltrb ypaBrlenHtt orux npttMblx.
Taxuu o6paaou, I Ia I IJIocKocrH AByx i lapaMerpoB rpaHLIUa D'pa3-

6preunn cocroilr us D-)<praroflt u oco6rtx npnMblx. I(or4a D'pasdueqle
l{Tb o6nacrr ycroflruuBocrtl. Ha
flclro, I{aKag }I3 r{acrefi, na Koro-
rpoB mH nD-xpueof i  n  oco6bIMH
ycrofiuuBocrn. Anfi onpeAeJlen-
CyEecrnyer cJleAyloqee [paBHJIo i

trJrpHxoBI{I.I KpHBux. EcnH onpeAeJIHTeJIb A, nono}KHTeJIeH, ro D-xpt't '

Bafl urpr4xyercrr cJreBa npu ABHX{eHI{H no sefi B HanpaBJIeH}IH Bo3-
pacTaHlrfl 0); ecJILI X(e onpeAe/IHTeJIb A t orpHIIaTeJIeH, To -:- cnpaBa.
llpll 3ToM, r(of/(a r.rr\ireroTcfl oco6ure nptIl\{bre, o}lH AoJIiKHbI IIITpHXO-
BaTbcrr oTAe/rbrro rr He3aBI{cHMO OT llx i lepeceqeHtlf l c ApyrI' lMH npfl '

MbrMr{ r.rJru ripuBbIMH. Oco6ute npnMble, coorBercrByloqne o : 0 l{ ' '

(D : oor ri lTpr.rxyloTcfi TaKHM o6paeolt, uro6H .no oAFI.y: cTopoHy oT
Toqer( c t'l : 0 i.r o) '_ oo r(pl.rBBrr lr npnMan 6unll odpallleHbl Apyl'
r (  Apyry sarIrpHxoBarlHblMH cropoH?MH, a no Apy_ryn * 'Hesar j rpr l {

xouiHnrftnH. A AaJrbrre orn npnMble IrrpHxytorcff 6es HslueHeu,uR na'.

ilpoH3BO"rIrrIIOli TOqKe srOfi o6nacru.
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ocFrr\{?r r(oop/tr{}faT. Bosnro)Kr{arr o6,nacro vcrofjr_
cBepxy or r(pr iBoi i  ABC.

xapaK'repHcTtrqecKoe ypaBHerrr4e 3aMr(r{yToi i  cH_

- l  (T rh le ,  j -  Tn : -  2Tr )  p  *  |  -  0

ry Bce napaN,rerpbr, Kpor\,re T L w /2, usnecrHtr (T z :  I  c; T.t:10 c;
hr :0,A.  Tpe6yerct t  BbtnonHurr  D-pas6uer-rHe r ra nJroc6ocrr . r  napa-
Merpon TL H k,

f io,naraB?ti]  B xapat{TepHcrHrrecKoe ypaBHeHr{e qprcJrerrrrbre gr-raqe-
H.II'{ nAparueTPoB, noryr{r{M
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Aasafl 3ttaqellHfl 0) or 0 4o oo, flo_crpor,rM r(pr.rByro, rror{a3arfHyro
Ha DHc. 48. FlaiiAeu oco6ble npflr'rbre. Ecnpr rrpupaBHnrb rryJrro nep-
etrpi qJreJr xapaKTepHcrr.rrrecr(oro ypaBHeHun (a"un 0) - oo), ro 6yaerrl
I lMerb  2Tr -0 t tT r :0 .  3 ra  oco6an  np f l i \ {a f l  coBnaAaer  c  oc r io  la .
flocronrry napaueipr,r Tr H le ne coAepx(arcn B cso6oAnor\a r{fleHe
xapaKTepr{crHqecKoro ypanl leHHr,  sHaqeHnro o:  0  He 6y,qer  coor-

t '
BeTCTBOBBTTT OCO6as npnuan,

Busctlt ltvt ecfb JII,I Apyrue oco6ue nprrMr,re. f lnn 3Toro Bbrr{HcflHru
onpeAeJrr{reJrr . r  Ar H Lz no (2.174):

Ar :  U (T) V (14 -  U (k) V (Tr)  *  _.4as -  4(D6 :
:  -4 (cr l6 * olt) ;

Az :  U (h) Iz (r)  -  U (ot)  V (h) :
- - l6ors -- 20os - 2a - -B6,ola - 2a" ),

Hs grnx Bblpaxeul l l i  nrr4no, qro Al  :  Az :0 ToJIbr{o nprr 0) :0u
a ar:  Aa: ooToJIbKo npH, ( , )  : -  oo. 
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14. Brr6op crpyKrypr,r H napaMerpoB
peryJrnropa

t r , lsro)r(errrrbre R n.  l0 Kpr.rreplrLt  ycrol) iur tnocrrr .  no3BoJrrrror ue
ToJrbr(o nporr3Becrrr  npoBepKy ycrortut tnocTu cHcreMbr c 3aAaHHbrMH
c'rpyK'rypoi l  r , r  napaMerpaMr.r ,  Ho H nsr6parr  crpyKrypy peryJrnropa r{
cfo naparueTpr,r, yAoD/reTBopsrol.l lHe Tpe6oBaIIr.rrrM ycroliuHBocTH r'r
crarr4qecxoii roqlrocrr.r cr,rcreMbr. [IocneAHflr saI.asa rrBJrrrercn o,.Hofl
r {3 ocrroBrrbrx npH npoeKTr.{poBaHr.rH cHcTeMbr aBToMaTHqecKoro pery-
Jnrpor l i . l rnrrr .  B l (aJrrruef iurel , r  r reo6xoAtr t r , ro rar(  nt , t6parr  napaMerptJ
pcryJraropa, qro6r,r npr.r 3aAanttofr crenenH ycrol"rulrnocrH oHu .o6ec-
neqHBaJrr4 onpeAeJreI I I Ibre r(aqecrBa nepexoAl loro npouecca. C eroi i
TOI{I ( I {  SPCIIH' I  CNPOCI(TI , IPOBAI{HA' I  CHCTCMA AOJI)KI IA HMCTb AOCTATOI{HO

tx Lr por(yio o6lac'rb ycl'oi.iq14Bocrr4,nrobn HMefl acb Bo3Mo)Kltocrb Dapb-
rrpoBarb rracrpauBaeMbre napaMerpbr. CneAonareJrlHo, noJrHoe peue-
r'rHe 3aAaqH nrr6opa crpyKrypbr H napaMerpoB peryJrrlropa cocrouT
B orr,rcr(aHr.rr.r rqxofi ToqKpr B o6nacru ycrofiuunocrn, Koropafl yAo-
BJrerBopnerrpe6oBalrHrM KarlecrBa npo(ecca perynHpoBaHHE. {

CoornercrByrorquM nu6opol,r crpyr(TypbI TeoperHrIecKH BcerAa
MO)I(l ' lO i lOi lyr1141b X(eJIZl€lvlOe I(aqeCTBO peryf i l {poBaHHtl.  OAUaXO SAeCb
I Iy) l ( l l ( )  l lMC' l 'b  l l  l J l l l l y ,  r l ' l 'o  l lC ucf l l (y lO 1Col )eTl l t lCCl ( l l  O6OC1tOnAI I I ly lO
crpyKrypy Bo3Mo>kuo ocyulecrBurb rexuHqecxn. 3ro cBrr3aHo npex{Ae
ncefo c lraJrr.rqrrel,r pa3Jrnur{brX orpaHllr{eHuft, o6ycnonireHr{Iix, c oAuoflr
cToportbr, Arrrrar\4rrrrecril.r[4rr cnof.icrnaurr cal,rono o6r'et<ra peryJil{po-
Banrtrt a c Apyroft - csoficrnal'nl orAeJrbr{brx €BeHbeB peryJrrrropa.
Eo,nrrulrrlcrBo 3Ber-rbeB, r{ar{ npaBHJro, Hrueror xapaKTepr,rcrl{KH c Ha-
cb[r-(eHr.reN,r, onpeAeJrrrroilIHe npeAeJrbr]bre Sr.raqer.lr'rfl HeKoTopbrx nepe-
MerrHr,rx. I{anpuuep, 6ucrpo.4eficrnue cr4creMbr peryJrr,rpoBaHHfl cr(o-
pocrr.r rr.rApoarperara orpaHHqr.rBaeTcrr sBJrel{HeM rHApaBJrHrrecKoro
ynapa B rranoprroM BoAoBoAe, qro, B cBoro oqepeAb, BbrabrBaet neo6-
xoAr{Mocrb orparrHrrHnarb A"nn 6egonacrrocrr.r coopy}KerrHrr Mal(c}rMaJrb-
rryro cKopocrr, nepeMeqeHHff peryJrHpyroqero opraHa ryp6HHbr. I Ipu
rrpoeKTr{poBarrprr4 cracrelrsr peryJrupoBarrr{fl noAo6stre QaKropbr Hy}KHo
yqr.rrbrBarb r.r ncxoAurb lr3 Bo3Mox{Hbrx AJrfl 4auHofi c.HcreMbl cpeAcrB .
Ar.rrrar{Hqecr<oii Kopper(rtuu (crpyr{rypbI p6rynntopa).

Bu6op crpyKrypbr H napaMerpor peryJrffropa HB yutornfi ycrofi-
rruBocru. A.irq srof i  ueJrH uau6onee [rupoKoe npaKTl{qecKoei"rrpu.
MeHeHHe noJryqHJr qacTorr{brfi r\leroA. [IpeHuyr{ecrBa grolp,{rM€ToAd a.i;
npoflBJrflroTcrr oco6euuo B Tex cryqarx, KorAa 'Hexoropbte,i;egeHrg . l '"
cucreMbr 3d.[dubr Fre [epeAaroqHbtMn $yHrunnMu, a r{x 

".IacrorHbrMrxa p a rirep Hcrr{ r(a M v AJr n r{oro p brx B cnerrua n nuofi JrHTep arype. HMeercfl
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donnruoe KoflHqecrso Holr,{orparvrM u ra6nH(. 3ro no3BoJrrrer B AaJlbnert-,
[IeM HCnOJIb3OBarb 9TLI ]r(e qacroTrlbre xapar{Tepr{cTHl{r.t H Ann aHaJIHSa
KaqecTBa nepexoAHbrx npo(eccoB

: BHaqa.ne paccl{orptrM nopflAox ntr6opa crpyKTypbr u napaMerpoB
perytlflTopar LIcxoAfl H3 ycJroBuii ycrofiqr.rBocrr{, 6ee yuera KaqecrBeH-
r{brx noxasarenefi ctrcreiubr.

llpoexrrt p yeMa r cllcrer\,r a a BToMarr{qecxoro peryJrH poBa rr H n Mo}r(er"
6urru pae6rrra rra ABe ,racrn. B oArry r.r3 rrHx'(plr 'c. 49, a) Br(Jrror{HM
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Prc. 49. Onpe4enenue napaMerpoB KoppeKrHpyroqero
SBCHA

Bce 38eHbfl c H3BecTI{bII\ ,{u napaMeTpaMI{, H3tVIeHr.rTb KoTopble HeBo3-
MOIKHO HJIH HelKeJIaTe"rlbHO, W Ha3oBeM ee l{e?t3Mengel,toft  qaCTbIO cH-
creMbr. O6oslra,rHil,{ nepeAaroqrryro cfrynxunlo erori qacrr.r uepes 12,,.
Tor4a BTopatI qacrb gauuoft cucreMbr 6yaer coAepx{arb roJrbr(o re
3BeHbfl,  Koropbte tteo6xoAHMo Ao6annrb r{ rret{sMenneMorl qacru, uto6u
o6ecneq tlrb ycrotlq Hsocln saMr(llyroti cucrevul. 3ru 3ner-r bR fl BJr rnorcfl
{o_ppeKrH pyroutHMH, H oHu 6yayr on peAerrrrrb crpyKrypy peryJr rrropa.
O-_6ogH a,{ HM n epeAarorrH yro S y n t< qr.r ro Ko p p eKrH p yrouu.x B Ber{ beB qepeg
\Y *, 4 acrorH a fl xa p a Krep HcrH I{a p asoMr{H yroir 

-cHcreMbr 
on pdAen neicq

no Bbrpax(eHHro

G (lor) - W,, (io) W* (io). (2.175)
f lycrr norapurpMl{qecKHe aMnJrHry/tnafl u cpasonafl qacrorrJbre ,xa-

paKTepHCTHI{lI' HeHSM€Hqet\aofi qacra cr{creMbr lY/r, (ito) uiweror nnq,
noKasaHu6rf t  Ha pHc, 49, 6.?ru xapaKTepHcrHr{H I t lo iyr  6rrrn noryrreHbr
nn6a alHailHTt4tiecKHM nyreM no nepeAaroqHbrrvr Qynnrlr.roM orAeJrbnuX
gBeI{beB, BxoAEIIIHx B HeHsMeHfleMyrc qacTb, ner66, ecJrH nepeAarorrHbre'
QyHrqnu HeLIsBecrHbr, - no qacrorHbrM xapar{TepucTnKaM, cHflTbrM
g K C n e p H M e H T a J I b H O .  , , r .

102

AuanHsHpyn xapaKrepncrr.rKu Lu : f  ( . ' l )  H en : l -(or),  MoN{Ho
nputrru r( sar(JrroqerrHro, qro, 6ucrpo4eficTnue paccMarpnBaeMofi cH-
creMr,r orpaHr.rqr.rBaerctr qacrorofi_ oz,. rar l<ax rIpH,qacroTax al ).oz
orcraBaHue no cpase HacroJrbxo 6rtcrpo yBeflHrluBaercf l , ' r ITo,BpRA JIH
r.rMeer cMbrcJr Ao6rEnarscn 6onee BbrcoKoro 6ucrpo4eficrnHn; kls inux
coo6pax<enurl nur6upaeu >r(eJraeMbre norapuQMrrqecKHe xapaxrepu-
crr.rr{r{ pa3oNl l*ryrofi cncteusr Lr* : I (t) H (pr< : f (r) (e }reKotopbrx

3BeFrbeB AoJr)r{r{br DXoAr.{rb nponopqnor{aJrbHo-An+QepeHunpyrouee H
ailepnoAuqecKoe 3Beubfl c nocroflHHbrMn BpeMeHH (coornercrBeHlro
T I t4 T r) H o6quu xoarpcpuuueHroM ycuJreHr.rfl k. CneAoeareJrbno,

r 6 r r ^ t r r ^ r r r ^ ' " r  ^ ;  K r ' - " ^
L r l / y n r y P d  r r  r t a P a l v r E r P b r  r \ w l . r P t r ^ r r r P y 1 1 . , r r \ E 1 1  . l c l L l l l  

P t r r y / r , } r r y P d  v y A ) ' l

oi l  l )c i  tcJt i l ' t ' t , ( ' i l  r rc l rc/( f l ' t 'or i l  ro i i  t l ry l r  t t  l ( t re f i

W'n:Uffi ; (2 l?6)
' \ .

r(oropafl MolKer 6trrr peaJru3oBaHa cxeMofi, no^ugaHnorl Ha puc.'43, a. ; .
I- lp" npoeKTr.{poBaHrrH KoHKperHbrx cxeM aBToMarnrrecroro,pery-, -

JrHpoBarrnrr qaqe 6rinaer, qro )KeJraeMue qacrorHbre xapaKTeplrcrHKu "'
r-re saAaHbr, a nx neo6xoAurvro rrr6parb. 3Aecr Hyx{Ho HMerb B BHAy, .
r{ro rapaMerpr)r r(opper(rupyrournx sBerrbeB (naparraetpur perynnropa)
AoJrlKHbr nu6uparbcfl TaKHrra o6pasovr, urodrr crrcre.Ma pefyJIHpoBaHHtI
HaxoAuJracb AocraroqHo AaJreKo or rpaHHurr ycrortqueocrr, T. e.i He-
o6xoAltrr,ro; uro6rr crrcreMa r{MeJra onpeAeJreHHble 3anacbl ycrotlullBocrn
no aMnJIHr5t4e A,4 n'Qaae Arp.

3ro cnflsar{o c rer\,r, qro npr.r BbrBoAe nepeAarorrHofi QyuxuHH Het.{3-,
Meuneturor.i qactr.r 17,,, r<ar< npaBr.rJlo, IIe yqrrrbrBarorcrl MaJIbIe nocronHltbte
BpeMerrrr 3Ber.rbeB, AonycKaercR onpeAeJrer{rran rrAeaJn13auHR Qusn-
qecrc.rx lrlJrenHrYr, nponcxoAflrrlrrx B orAeJlbrrr,rx gBeHbtlx, ycyry6Jlne-
Marr nocJreAyrculefi JrHrreapusarrueli noJryr{erlnr,rx gHr[QepeHIreraJIbHbtx
ypaBrreHr{ft . B pe3yJrbrare xoe$Qxqt{eHrbr, BxoAfl rr1ue B nepeAarorlHylo
cpylrxrluroWu, onpeAeJrflrorcrt c Her(oropofi norpeuHocrbto, Koropyto :

I(porvre roro, npu nrr6ope sanacoB ycTofiqueoctH Heo6xoAHMo yqr-"
TbrBarb, rrro B 4a.lrHefiruena 6y.a,er BbrnycKarbcs SepHfl pery.{flIopoB,.
B orAeJrbutrx o6pa3qax xoropofi Moryr'HMerb Mecro.orKJloHeuuS'.naP3--i.' ,,,,.1 ' ' ;.
MerpoB or pacrrerHbrx sHa,{euHrt ui-sa. c,nyvafiH urx" n*neHfltl3(Hpcra{i,,1;jlt l1*;
6Hnlnocr b,'BJrlflHrre reMneparypbr H T. 4.).- llo yxasaufiHuilrfi.{-q wuau i,';i;':"Tt ,'i,'ii



3anacbr ycroi.iunnocTt.r AoJrlr{r'rhr npeAycMarpHBarb ral(He 3I.lal{ellH fl
napaMerpoB pery/rrrropd, q'ro6br nro6oil  o6paseq Aauuoii  cepulI Ha'
nepunra o6eCnequean pa6ory saMr(lryrof i  cucreMbl B o6nacrl l  ycrof i-
qIIBOCTH

Onsrr npoer(rnpoBaHrir lr 3xcnJryarauuu cHCTeM aBTot\darl{I{ecKoro
peryJrl tponatrr{f l  cr{opocTrr frr/ IpoarperaToB nol(asblBaeT, I{ro Lf i t l  o6ec-
nLr r tc t f  n  l  i l x  y t " r ' r r l i , f l t r ro l i  l l r rd i r t ' r r r  nco i rx ru l t tN l i )  l t t l t ( "1 ' t r  l t l t t t , t c t ' t  yc ' l ' o i i '
r rHBOcrH l lo aMnJln ' t 'yAe 0-10 AD, t to r l larc iJO +-50".

O6nacru ycroi lu l lBocrH .Ha nJIocKocTH napaMerpoB. Brtue 6un
u3Jtb)t(ei l  McTo/t  onpeAcJruurrr  fp iunl t t r r t  ycroi i , lnt loc ' l ' t l  t t t l  l lJ Iocl(ocr l l
napar\ . reTpoB, ocHosaHHHt"r  Ha r{crroJrb3oBaHHI.r  Xpt lnoi i  Mrtxat inona H

xapaKTepncrur{ecKoro ypaBHeHHr saMKuyroir  cHCTeMbt. 'Ha npal{r l ' IKe
He BcerAa yAaercrr cocranuTu 4urprpepernr,uaJll l loe ypaBIIeIIl le cHcre-
Mbt, oAr{aKo B pacnopfl)r{eHr.rH npoer(THpoBrltHl{a Hl\{eloTctl ee qacToT-

l{bre xapaKTepHcrLrKu, crr f lTbre,  Hanpt{Mep, at{cf lepHMeHTa.I lb l lo.  Pac-
cMoTpHl\'r KaK B sTOrU Cryqae nocTpoHTb rpaHl4uy ycToHqHBocrH IIa nroc-

KOCTH napaMerpoB.
Ilpeano.rrolr{HM, r{To crpyr{Typa cr{creMbt L{3Becrt{a (ptlc. 49, d)t

npuqeM saAaHbt BCe napai \ , teTpbt,  KpoMe tn w n.  Tpe6yercf l_onpeAeJIHTb
Ha rL[ocKocTH orHX napail ierpon o6nacrb ycrofiqusocrfi. Kax H paH-e-e'

pa3AeJrLIN{ CHCTeIVIy Ha ABe rIaCTH, TOJIbKO Tenepb B nepBylo uacru- t ' ,x/ 
1

BKJrrOqrrN{ BCe 3BeHbf l  C 3aAaHIIblMI. l  napaMeTpaMH, a Bo BTOpyrc \ ,  
-

3Beubrr c HeH3BecrHbtMI{ napaMerpawr4 m r4 n.. i lnn npocrorsl 6_yAeu

cqrtraTb, t lTo lVr :  lY/r ,  a Wr:  lW*. TorAa I Ia pl ' lc .  ! :?,  .q .Lu^:
- Ar(co) u g" i f (t) 

' ioorsercrBylor 
xapal(repl' lcrHl{e IVt (ico). Co'

rJracHo qacToTHolvty Kptmeptrrc, Ha rpaHHUe ycrofiuunocTH AoJIx(HbI
co6"urcAarbctI coorHotuellttfl :

A ,  ) -  A z : 0 ;  g r  *  ( P z :  - n

HJIH

A 2  - - . ,  - A 1 i  g z  = =  - n  -  ( P r , (2 .177 )

rAe AL 14 er A/rn nro6ofi qacrorbr onpeAeatllorcn HenocpeAcrnellHo
t4s pr{c. 49, 6.

C ,npyroH c'r 'oponbl, IraM I.r3necl 'no t lulpa)r(ctt t tc A,nu ttacrot l lor"t

xapaKrepr.rcTl{l{H
(2 .  l 78 )U(r(ia):fr#

Koropor6 Q (i<o) g R (tro) BxoAtlr rlel. l3BecrFlble II3p3-

BuAe.rl ls B (2.178) aeilcrBurerlbllyrc. H. MHI'lMllo eacrH;

(r,o) - U, Qn, n, co) -1- iV, (m, ft, o). (2.179)

kIe (2.177) n (2.179) cneAyer, qro

U, (rtt, tL, ol) * A 2 cos tP2i

V ,  (m,  f l ,  o )  -  A ,  s in  rPr ;

rAe ,4 g Aofl)KFIo 6ttrr Bbtpall{eHo He B AelrH6e ilax, a B
qHCJTAX.

1 0 4

B MI{OTOqJICIIbt
Merpbl tn H tL.
noJryqHM

IV,

(2 .180)
HaTypaJIbHblx

flocrpoenHe rpatrr{rtbr ycrofi.rHBocru npol,tgBoALITctt cJIeAyrol]lHY

o 6 p a s o m . 3 , a a ' ' H c b I ( a K H M - J I H 6 o ' 3 I I a q e I . I H e I v t ' I a c T o T b t 0 g 1 I 1 o p H c . 4 g , 6
orrpeAeJlnior 3HaqeII I4t t  At  Ja 

(Pr,  2 raKlKe A, u,P.a !9^.coorHouleHHlo
(2. '177).  f loAcraBJrf l f l  ros,  Az f i  ez B BbrpaxeHuff  (2.180),  BblqHcJl t l tor

t1x r.t t1, r(oTopbre onpeAeJrrlror rotlry rpaHI.{Ubl ycTofiqHBocTI{ AJIfl AaI{-
I tof : r  r racro.nr l  ( r )n,  To. l l to rar(r . tM )r(e nyrcMr 3aAaBaRcb paSdHqHbIMH

3unr t ( .u l tn l \ ,n t  r tn ( i ' t ' o ' t ' t r l ,  t \ l ( ) l l ( l t ( l  l l ( ) , l l y t l l l ' l ' l r  l l ( ' t i l l ' o r l l { l l r  l l l ) l l l l l l J l f le ) l (n t l ( l t0
rpant.rr [e yC' l 'o i i ' t t tnoc' t ' l t  l l i l  I I , / loCI(oC' l ' l l  I l f lpai l {Cl 'pol l  t l l  I l  ,1,  _' 

OrleHxa KartecrBa npoqecca peryJrnpoBaHl{fl. Bsture 6rt"nll I ' I3JIo-

) t (c i l t ) t  r \4c ' r 'o/ t t , f  l lCC,[Cl()r ] i i l r i l f i  yC1'Oi i t t l tntrct t r  Cl tCTel\ , tL l  p0ry-111pOBAII l l f l .

OAgaxo ntr6parrHrre rra ocHoBaHrru gr l {x [ tccJIeAoBaIt l t r i  napaMerpbl

peryJrrrropa I 'I 3aIIacbI ycrofivl leocTll eqe Hnr{ero He roBopflT o Ka-
qecTBe nportecca peryJrr{poBat.ntfl , I(oTopoe Tpe6yeT AonoJIlI l{TeJIbHoro
a1afiaga. Aocraror{FIo no/rlrbre cBeAeI{Hr o Karlecrne pa6orbl cucreMbl

AaeT I{pr.rBa rr nepexoAr-rofo rrpoqecca, f lBJIRlOIIIanCfl Tor{HblM pelxeHHeM

aurfxpepet l r1uaJIbt loro ypaBIIeHLIf l  (2.2),  KoropbIM olrHcbIBaeTcff 'AH-

rrar\4r{Ka eaut<Hyrot? cirCrertlsl peryJlI ' lpoBallHfl . kls xpnnoft nepexoA'

rroro nporlecca N,rory'r ' 6rttn noflyqeHbl Bce noKa3arenu (uaxcuMa/IbHoe,

rroBbrmeHr.re peryJrnpyevofi BeJrr.rqHrIbt, nepeperyJll ' IpoBaHI'Ie, Bpelvlrl

peryJnIpOBaHLIf l ,  xone6aTeJlbFlocTb H T. A.) ,  npI ' IHHI\{aeMble 3a Mepy

r(aqecTBa cHcreMbr peryJrHpoBaHHfl npH H-3MelIeHHH B4OAHO|O CHTHaJIa

B rJHAe crynel{qarofi {ryHxquH (crr,r. pHc. l0). f locneAHflfl npeAcraBJIfleT

co6oil nag6o,ryee rrrx{e,, 'n lft sHX, BXoArIoro cHrHaJIa, Ho B To x(e BpeMfl

olra oqeub y/ Io6ua upr{  er(cneprrMenrax H at taJl I {3e.  f lo oroi i  npHqHIIe

cryrerrqararr rpyHr<unn uHpoKo HcnoJIb3yercq npH HccJIeAoBaHvH

nepexoAllblx npoueccoB.
n{erol  nocrpoeHnf l  nepexoAHoro npoqecca npH H3BecrHbIX n?pa-

Merpax flBJIflercrr rrpflr\,rbrM MeroAoM otrpeAeJIeHI'1fl KarlecrBa pa6oru

.ntci.tot. OAnaxo ot{ npaKrHr{ecKH FIenpl{roA€H, KorAa . Tpe6yerct{

rlr i lrrcrl.tr6 BJrrrnnt.re Ira ne;;exo4rturtt npouecc rex I 'IJIl l  HI{bIx napa-

Me.rpo6 ctrcrcrr4rr t .  B oror\ , t  cnyqng _ r teo6xoAt l tvto i lo.nyq1111, pcuel l l lc

Xapat(repncrrlqect(oro ypaBller\l; l f l  (2.169) e o6rueN{ BI'IAe' qro I{eBo3-

Nro)r{ l ro,  nocxoJlr) l (y l (o l ]nrr  ypannennr l  BbrcoI{HX crenenef i  He BbIpa-

)r( :yo,rcn n l )autur i i i . lax.  f loo'rorrry na r tpat(Tt t l (e o6utr t l to I lcnoJlb3ylor

I(OCBeHFrbre MeToAbI ollettKn KaqecTBa nepexoAHoro npouecca

Cyllecrnyer Hecr{oJrbr(o ocHoBrrbtx MeroAoB peul-eHurl npo6nenbl .

I (AI ICCTRA: IVIC' IOA I)ACNOJIO}KCII I ' I f l  NOJIIOCOB H I{YJIEf i ,  HI ITCTPAJIbI IbIC

oueHr(rl H r{acrort-Ibte MeroAbI. llepr
TOpr,rMI.I OrparluqeltHfl IvIH, I{OTOpble
ucnoJrb3oBallHe Ailtt aHailHSa I(aqel

AefleHHrr xopneil, ocl{oBblnarcu{Hfictl
TepITCTI{qecKoro ypaBI.leI{lIq 3aMKH}i
He npHMerI I {M I{  pe[ IeHl{ lo 3aAaqH nu6opa napaMerpoB peryf lqroPal

rrocKoJlbKy, KaK npaBHJIO, BapbHpy(
Byro qacrb aurpcpepeHlluaJlbHoro yp

MeroA plHTerpaJlbtlbtx olreHoK, x
nu6opa i lapan,terpoB nyreM orbtcKaH
HOK, HO, 'K CO)KaJIeHHIO, He HI\{eeT (

. t n  .



tITo B SllaqIiTeJIblloti cTeneHlt ycJro)Klrfler noJrrrrrrir arIaJIr.rg AHrraMr{t(H
peryJlHpoBaHHrt. f lo eroi.i ftpuuune MeloAbr pacnpeAefieHHrr r(opHeli r{
HIrTerpaJIIrHblx oueHol( l] 4auuofi KI.rHre He paccN,raTpr,rBarorcfl. C Hr.rMH
ryfo)K.H_o no^Upo6no o3llaxorvtl.ITbcn B cne(Ha,ntrnorYr JrHTeparype tro aBTo-
MarHt recKoMy peryJr r rponat rHro  t27  l .

Hal l6onee mttpol(oe i lpal{Tnqecr{oe npr iMerrerrr{e np}r  peulerrr . ru npo-. , .
6.neust I(aqecrBa noayql{fl qacromrbrrl rt leroA, r(oropbrit 4aer Ro3Mo)K-
HocTL' cyAlrTb o KaqecrBc pa6orbl cHcreMbr, nocrpoHTb r(pr.tByro nepe-
xoA[Ioro npol lecca, a ral{}Ke nu6parr  napaMerpr,r  peryJraropa, orBe-
qalOIUl.le 3aAall l lLIIVI l lol(a:laTeJItlM l(atlccl ' l .}a, l lC]i loJtb3l' l  /tJlt l STOrO Te )r(e
qacrorHbte xapal(Teprrcrrrr(r.r, qro H npr{ anaJrur3e ycrofiunnocru. B erou
3aI(JItOqaeTCrr i lpaKTr,i lrecKan ueHHocTrr AaHr{oro MeToAa"

nnn qacrorlloro MeroAa xocnenrrofi xapar{Teplrcturcofi r(aqecrBa
Iuoxer cJIylKHTb Beulecrnelruafl qacrorrrafl xapar(Tepr4crur(a U (,0)'
uccle4yeuofi savl<uyrofi u{creMbr peryJrr.rpoBaHHfl. I(orAa r{3BecrHo
aHaJII{T}lqecKoe Bbrpax(err r{e qacrorno fi - xap at(rep r.rcrfi Krl sauxHyrofi
CHCTCIUbI

w fta\ - ,tYn+i"l) .
"  \ " - t -  l f G ( i o t )  '  j

To ee BetrlecrBeHl{afl r iacrorHan xapaKTepr.rcr}rr{a U (al) JrerKo noJry-
qACTC'T I,I3 COOTHOTUCHI,Ifl

W ( i a ) : U ( r o ) f i V ( c o ) . (2.t82)

EcnH xe W (ia) B aFlaJlr{rrrqecKoM BrrAe Frer{sBecrHa, r{o HMeercrr
qacrorHafl xapaKTepr,rcruKa pa3oMKrryrorl ctlcrer\,tbr G (ic,r), crrflTarr
SKCnepHMeHTaJIbHO, KOTOpaq HCrrO/rb3oBa/racb npH r{ccJreAoBaHHr[
ycrofiunBocru, To U( (io) onpeAeJrrrercfl no HoMorpat\{Me 3aMbrKar-rHrr
(cu. pnc. 37), nocJre qero Bbrr{Hcrrrercrr U (or).

3Aecr c/reAyer HMerb B BHAy cJreAylou{ee. CornacHo pr.rc. l, 4uHa-
MHKa CHCTeMbT peryf iHpoBaHHrr rr{ApoarpefaTa onHcbrBaeTcrr  AByMfl
nepeAaroqr-rbrMrr synxr l l rnun. oAl la r . r3 HHx, w,,(p) :  x lxo ( i l ,  xapar(-
TepHgye'r  pa6o'ry cHC'r 'c i r4rr l  lo yrr l )anJrrronteMy lJnt '3a/(r .uontc[{y uog-

4eficreurc xo, a Apyrarr, lV, (p) : + (p), - no nosnrydranueMy
gosAefictBlllo. EcrecreeHrlo, qro nepexoAHr,re npoqeccbl, onpeAeJrrreMbre
QynruunrrrH Wo @) v W, (p), 6ylyr pa3firrqrrbr, xorq B pasoMKr{yroM
cocroflHuu cucreMa rrMeer oAHy nepeAaror{Hyro SyHxquro G (p), flo-
cKoJIbKy ee BIIA IIe 3aBr.rcr.rT OT TOrrI([r pa3Mbrr(ar.tHf , B To BpeMfl KaI(
nepeAaroqrafl rFyrrxunrr 3aMKr{ytofi cncreMbr 3aBHcHT or ror{KH npn-
Jlo)KeHHfl BxoAHoro nosAericrBr{fl. 3ro numuufi pas nor(asbrBaer, qro
HaJIHque ycrofiurBocrH, onpeAeJrnerirofi BrrAoM qacrorsoft xapaKTepH-
crHKH G (;<o), He Aaer r{cqepnbrBaroilrero npeAcraBJrer{Hfl o KaqecrBe

(2 .  rBr )

i t
i ' t
r l  i

i i
f r t
l ' l

nepexoAHoro npoqecca
VqHrsreaff cKa3aHr{oe Bbrnre, a raK}Ke Bbrpa}r(eHHe (2. lBl)

MOIKHO 3anHCaTb

W,( ico )  -  IYu  $co)  W1$o) ,

,  p " . . ' 1 ,

(2.183)
106

rAe

flony.11.1s qacrorrryro xapar(repucrr-rr<y Wa (io) Hnu W, (ilo) H Bbt'
AeJrrrB B neii Beuecrner{Iryro Ir Mr*rMyn rlacrr.t, onpeAeJlfleM gaBHcH-
Mocrb  Uu :  f  ( ,0 )  L IJ I I I  U r :  f  ( co ) .

flyrr- peulerrr.rrr npo6neuu r(aqecrBa, ocHoBannrtfi Ha paccMorpe'
Hr.nr BeillecrBetutoir qacrornof.r xapal(Tept.tcrllKH U (co),' cqff3au., c l{3' .
nccT'trr,rr\/r rilrrerpaJroM <Dypt'e 4nn lreneplloAttqecxoft tbyHrqHy,

|  ,  I  ?  s i n o /  :  i
l [ / t -  j - - r -  - t _ - f l s l ,  ' ( 2 . 1 8 4 )-  r - r  . 2  '  { t  J  o )  ,  . ,  . . , , . .

. - , "  . i

xoropufi noJryqaercn LIs paBJIolKeHHfl. B pfiA Oypre npflMoyronrHofi
nepr.roAr.rqecxoii cFyuxt1tnt z (t) - l. Ec.nu Ha sxoA cHcreMbl noAarb
B03Myu{arouree r{.[rr ynpaBJrrrroulee nos4eircrnlte B Bt'I,tte e,ullHltqsoit
crynerruarori  rpylrr<r1r.rrr (2.184), ro I{ptrBan nepexq/(Horo npoqecca
Ha BbIXOAe CIaCTeN4bI OnpeAeJII. lTCfl nO BbIpax(ertnqM 1:

(2 185)

" . .
$opnryn Aan B pa6ore .1271.':,

' '  t  i  
" - .a  i i r

xo(t ) :+

Itt ,, (la)a Wr(ia):frffi. ,

xz( t )  -

, l

Taxurur o6pasbrrn , ;Harr U, (r) HII{ U, (r), c .Ao:r3roJHofi , Antl
npar(Tr4rrr{ Tor{HocTbro Mo}KFro nocTpor.ITb nepexoAHblH npoqecc, Bbl'
gsar{Hsrir eAHr{r{rrr{brru cl(aqI(oM BoAMyUIaIoqero HJII4 yIIpaBJIffIoulero
sos/telicrBHq.

I la outoBaII I . IH anaJI l . tsa csof icrs I IHTerpaJIa (2.185) B. B. ConoAoB-
nut(oR I3l  I  ycl 'anotrnJr orrpc4eJrcnnyro cRngt Mex(/ ty nottasareJln[{ t t
r(aqecrga r.r BrrAoM Beu{ecrBeuuofr qacrornoii xapaxrepHcrHxu U (ol).

ero nosBoJrrrer cAeJrarb npeABapl{TeJrb}tyro oqeHl{y KaqecrBa; He BH'
qr{cJrrrrr r.rHrerpaJla (2. 185).t f l t r  r . rHrerpaJ la  (2 .185)  :  ,  .  :  ,  , ,  ._ : , , , : ,  

' , i  '

f lycrr neurecrserlHan qacrorHatl xapaKTepucrHxa'U..' (a) ..ea^(aua
(puc.'SO, al. HHrepuair t{acror or'0) : Q'4'o,o :. tor'-ff ix.oropoM.,
U (r) > 0, rra3brBaercfl HHrepBaJrotrr,i nb"nolKnreJlbuocrH,{iEp nu nplt,U ( (J ) /  2  U,  l la3b lBag ' l 'CH l '1  HrePnaJ lUM.  l ru . , lu l t l v l lE r r lDn\ rL r  n l ! , , . . " | :u r l '  l r y r l , . '

r,r ) ro" BeJr4rrr4r-Ia I U (to) | < 0,5e, IA€ I saAaHHafl i'AOcTaTOtIHO :''

Ma/taf l  IroJro)r{t ITeJIbIIaf l  BeJIl . tqt{Ha, To HHTepBaJI oT, tD - '(r tn 
Ao o :.9.,

Ha3bIBaeTCfl llHTepBaJIOI\,I CyUeCTBeHHbIX TIaCTOT.' . , 
-1' ':,1') '

Konra npu co ) arn BHar{eHi4e I U (.o) | < (0,1i0,2) U (9);' ro
\Hurifi ..u,nsAJrfl OrleHr(rr KaqecrBa nepexoAHofo npoqecca c AonyQ.L;., 

" ir..,",_

1 BbrsoA srux



npaIdTHKIt TOqt{OcTbto Mo)Ktto l{cn0,rIbSoBaTb
TeJrbHocru 0 < o < on. Or6pacuBaeMarr
U (r) BJrr{fler ;irruru tra rraqaJrbr{}ro eflCrrr

B. B. ConoAoBrrr.rKoB Aaer c/reAyrou{yro

TO,II bltO HI{TepRaJI nO,nO}l(H -
r{acTb xapaxTepr{cTHr([r

nepexo/{r{oro npouecca.
orterrr(y nepexoArroro npo-

L _ t 9t'p-di

6

4
o
z

(ecca;-
I ) f lprr t

rrare U nprr
- -  oo 3rraqerrue BbrxoArrof i  nenl lqnntr  x.( / )  I laRrro opAH-
ol : 0. C,rrenyer 3arvterr.rrb, qro Bl.t l l  xaparirepttcrul(H

o)

--T 0)
I

8) e)
a x t
a!
0,5
0,2

0,,1

0)a l,J umoa
us(o)

no BeuecT-Puc. 50. Oqenxa KaqecrBa nepexoAHoro npouecca
eeHHoli  qacrorrroi i  xapaKTepHcrlrKe

U == I  ( ,0) ,  oco6ett t to I lat la.nbr-raf l  ee qacrrr  gaRncnr orrofo,  I {ar(af l
I t3 BerqecrBerrrrblx xapar( l 'epl . rcrr{r{  paccMarpHRaercf l .  Tax, nprr  (D :  0
3uaqen'{e Uo (Ol xt | (c"rrc/1nu1arr cl. lcrcva), a U, (0) ='= f) IJrtr ztcra-
TilqecKoH cltcl 'et\,1bt.

2)  3uaqet l l le xapaKrepHcrr{r(r{  U (ro) i lprr  (D -  oo coorBercrByer
BeJ l r {qn t le  x  ( l )  npu I  ==  0 .

.  3)  Tjenr.rqHl la rvraKcrrMaJrbr.roro orr{Jrorrerrr{rr  Ax1 {  O, lgxn
(puc. 50, 6 Kpr.rBarr  ̂1), ec.nn B trrrrepBafle qacror 0 ( c' l < (0n i lpor.rs-
BoAHan dU sl  do orpvruareJrbua.

4) Fcnu npot{3BoAtran dUrldo npeAcraB,nrrer co6or? orpu[areJrb-
ltyrc y6r'rnarcUyro no MoAyJrro 

-Qyurldr{to 
or o, npr.rqeM Uu ("q) :0, ro

nepexo4Hsrf i  npor ldcc 6yaer MoHoroHHr,ru (prrc.  50,  6," t<pvtnan .2). ' ,'  5) Korla 3aAaHHyro BerrrecrBer{Hyro qacrorHyro xapaKrepucrur(y
Uu @) I \4olKHo 3aMeFrHTb,rror\ , {aHofr ,  noxasaulrof i  Ha puc. 50, a,  npurreM

1,2f , f1,0Q)j@2Q)1

&)r

d >
0)c

{in

0)z

0)1

+,p

r08

0,4; > 0,5; < 0,9,

I

TO 3HAqCTIHf l  I \4AI{CI{MAJIbHOTO OTI{JIOI]CHI, IR B OTITOCI, ITCJIbHbIX BeJIHqH-
t{ax Axrlx, n BpeMfl_ peryJrHpoBar{Hrr t t ,  AonycrHMo onpeAe/rf lTb no
fpa{lr.rKar\,r r{a pnc. 50, e.

-6) I(orla ARe Berr(ecrBeHlrbre qacronrr,re xapaxrepucruKlr Ua:
- I (co) vt U tl : f (ao) or/n{qalorcn Apyr or Apyra Jrpnrlb rtracrura"6opr
ro ocl{ (0, To ol{l.l oTReqalor nepexoAFrbrM npoueccaM, coorBeTcTBeI{HO
x ( t )  r {  x  ( t l a )

I_lo yxassIII'Inr\/t Rbru;e Irpl.r3uar{aN,r r\{ox{Ho Aocraroqllo flpocro onpe-
/{cJIl.trb l(aqecrlleili lbre nor(a3areJrr.r pa6orut ctrcrer\{br penyJntpoBaHr.trr.

Merol npu6.nl,ur(cnrroro nocrpoenr,rf l  xpnnori nepexo/lHoro npo-
l ( c C C { 1 ,  l } ' l ' t : X  ( ' , r l ! r 1 1 1 t l X ,  l ( ( } l ' / [ t y r p C d y C ' t ' ( : t t  l t l l { l ' t ' t r  ( r r ) , r l C t t  I t O J t l t , t 0  / U l ' ' t , t 0

Puc. 51. Tpaneqeu4aJrbHbre Beu{ecrBeHHbre qacroTHbre
x apar(Tep HcTlrKr.r

o AttI ' Iai \{ I .rqect(I{x I(aqecrBax cr{creMbl peryJrHpoBaHHfl,  Heo6xoAr.rr\ ,ro
nocTpor'rTb r(pHByro nepexoAHofo npoqecca, r{To f lBJrf leTcR 3aBepilrarc-
ULIN,I 3TanOM npOeKTI4l lOBaI.IHfl  H pacqeTa CI.tCTer\, IbI

I-la ocrroBatrlrH qacrorrrofo Me'r'oAa ConoAoBnr.tr(oBbrM [Bl I paepa-
6orau npn6"nnxenssrrl cnoco6 nocrpoeHnfi nepexoAH.oro npoqecca no
gaAaHHoti BelqecrBennorlr qacrorsorl xapaKrepucruKe aaurHyrori cH:
crei\,{br U (r). Ero npu6nu>xeHrrocrb cocror{r B saMer{e npnnofi U (ol)
.rronattof i  l r 'utnei i ,  I{oropan pas6nnaer rpa$yx U - I  (co) Ha r{ecKoJrbr(o
rl laneqlt i : t .  I lo eroi i  npHqurle paccNrarprruaeuulft  MeroA Ha3brBaercn
Tnl()l(c i\4cl 'ol(ol\{ 'r '  l)a i le r (eil/tt"[ bil t>tx rl zlc'roTil trtx xa pa t(Tep ttcTl i l(.

/ { " r rn o6; lerqel"rr . r f l  BbrrnrcJrer-rni i  nse4elro noHrrr l re rrrnouof i  Tpaneqr{ [ r
(p l rc.  51,  a) ,  npeAcraBJrtrouref i  co6oi i  nprrrvroyroJrbHyro rpaneuHrc c Bbr-
coroii U (0), ItItrepBaJror\4 nponycr(a[Hrr qacror cDn r.r r<oaQrpHqHeHTor\,r
Flar{Jroila k, : rtt r lr,r. i l ,nn erofi Tpaneuur.I BneAervr 6espasuepirute ne-
JITIqI , I I IbI

. t ^

6)
U
A

o)

U)1 Q)p

* o ) 6 ;  r : t ' t n ,
'  , l '  

' ; !  i . ' , .  
- .  

.  
| '  ' '  "  ,  ,

KOTOpbre OnpeAeJrrrror KoopAHHaTbr r{l
B pa6ore t3l I  Ha ocr{oBaHHW HHrerpa

xof t ) -+ {s i tn ,  r )+  * [s i  1 "1  -

(2.t87) ':

; i  i



ffBJr{roulaflcfl, r{pr{Bofi ne'pexoAHoro npoqecqa npH eAHsllqHor? cr}neH:,ii
q f lTof i  r fy l t r t t lu l  nxo/ t t toro nosAei icrnrr t ,  B { roprr ly ,ne (2,187)  r .nr< nngu. . {
saeldttft ptHrerpaJIuHufi cLIIIyc Si (/c, r) onpeAeJrflercrr paBer{crBoM 

;j",,
l' ' 'r -': f ii't

si (/2, r): I 
t 'n,{t ' ' t) dr. (2, I B8)

f lo ypanucrturo (2.188) Conolonnr.rr(on ,{aJr rotoRbre ra6nr{rtbr /r /rn
BbrtrHcJrenl ln Qyl lr(ur{H.xo F) npr{ 3r{aqeHr.rf lx h r-raqr.rHarr or 0 Ao l , ' .
B at l lx radnt{uax Irpr{ lJe/tcnr,r rJC,f lr .rrrr{rrbr x0 rJ gar]ucnMoc'r 'r .r  or ornocg-'
renrHoft nocrognHofr Bper\,reHr{ T, r{axoAnueficn' s HHTepBaJIe 0 <
€  r  4  26 ,0 .

Pacqer npon3Bo !'Vrcn cJreAyrcunu o6pasou. flycrr BeurecrBeHHafl
sacrorHafl  xapar(repHcrr{Ka U (r) r{3Becrrra (puc. 51, 6). 3aAaemcn
HHTepBaJTOM nporycKarrHrr qacror 0 < o < o3 r.r pas6unaerrl  rparpnx
V @) Ha orAe/rbHbre rpaneunrr, B AaHHoM cJryqae ABCE w ODCE.
Cvvrura  n .no t t ta  ne f i  a ru . ] {  'nnenpr ru f i  nn  l r l r . r lq  6 r - r t .  nn , l r rahr r^  r r4nr r r l_ J  . . - . . - _  

l J s p  
^ L q

nnotr1a4u, orpaHr.rqeurrorl xpnnofi U (r) r{ ocsM KoopAr{Harc yr{eroM
SHaKOB orAeJrbHbrx nnouaAor(.  I - Ia puc. Sl ,g lpr lBeAeHbr ABe rpaner{HH:,  ,
oabc, nJlorrlaAb r{oropofi panua nJrouraAH ABCE, u'odfe, paBHarr nno-,r,
IqaAH ODCE. Anq rpaneuuu oabc BeJrnrrr , rHa hr -  o 1lotr ,  U n : 'sds, ' ,
a AJIfl odfe coorBercrBel{Ho hz : a rlt lxr, U zo : -oe. -,1

B pa6ore [31] e ra6nt ' r  qe crp.  7BB HaxoAHM srraqeHr4e l t ,  H DbrnH-
cbIBaeM Becb cro"n6eu Be.rrHr{HH Tt H ,vor. B p$y/rbrare noJryqaeM 3a-
Bl ' Ic l {ntocrb xot :  f  ( " t ) .  AaJree, corJracHo (2.186),  Bce 3HaqeHprf l  xoL,,
83tlrble us ra1nvfi[bt, ]MFIo)KaeM wa U o, @a), a sHar{ev'fn t 6y4yr onpe-
AeJIf lTbcf l  qepes o z,  T.  e.  t  :  'c ,  ( r  r ) .  l lonyuaeu KpHByr,o x,  ( t ) ,
coorBercrByroqyrc Tpaileqeu4a"rltuofi xapaKTepHcrHKe oabc. Toqno
TaKHM )Ke nyreNl BbrqucJrrrercfl r{pHBafl xz U) AJrrr xapaKTepvcrt4rr4
odfe. klcxouufi nepexo4nurrt npoqecc x (t) rpeAcraBJrrer co6oft aJrre-
6panuecl(yrc. .cyr,rMy

:c (l l  : xr U) -l-.xz U). (2 .18e)

I4sfio)Kenrtua rueroA nocrpoeHlrrr xpunort nepexoAr-toro npouecca
AocraroqHo npocr H yAo6err, oco6eurro A/rR cucreM BbrcoKoro nopfi/{r(a. ,
FIau6ontrlue oilJIt6t<u npr.r nocrpoer.rHH nepexoArroro npo(ecca prMeror
Mecro B HaqaJlbl lol i  qacrrr xpunofi ,  Tar(xax or6pdcrrrBzeMarr qacrb Be-.
ulecrnenHotl qactorHort xapaKTepHcrHKi{, coorBercrByrou,aR r{dcro::
TaM or ) 0)n, BJrurrer rrturer{Ho tra Haqafibrryro qacTr, nepexoArloro''
npoqecca.

h

J
0

(r)

a L a .  s

I(OTICTPYKTHBHbIE
PETYJI'ITOPOB CKOPOCTH

I

CXE,MbT -
THAPOTvPEH H

I" .lr

. '^

J IHqCCKHMH.  ,  ^
g ;;;ta, 40-x Ao Har{afla 60-x r. ',IIeHuHrpaAcKHfi ,nreran,nuuecrrafl .:;1'' :, , : ' i j:

3aBoA (JIM3) BbrnycrHn 6onruroe KoJILIqecrBo rHApoMexaHHtIecKHX';f ' . , ' l i,

15. Kraccn$HKaIlHn peryJlf lropoB cl(opocrn

flo I<ol lcTpyt(Tl4BlloMy Bbl[oJIHeHHIo coBpelvIeHIIbIe aBTo

pery.rtFlroprl  cl(opocru rnApo3yp6un AeJlt lrcf l  Ha rHApoMe

H aJrer(rporr.rApaniltrqecr(r.re. B rr.tApoMexaHI'tqecKllx peryJlttropax Bce

aJreMeHTr,r, HaqHHat r.r3rvrepHTeJIeM cKopocTH (uyncreuTeJIbH.blM'' 3fle'

merrior,l) H r{cr{qaF 14cnoJrnr{TefibIIbrM oprartovr (cepnoMoropoM HanpaB- |

"rinrcuero anrlapara ryp6Hubr), trBrRlorcfl MexaHHrIecKHMH HJIPI rHApap- i;
nrrr r^Frr r r \ r rx  :  "  

'  t * j , { ,  
. . ' : f  i . r - t  l ; t  

J ,  
;  i

pery.{lr lopoB pa3JIHr{rtbIX runoB VK u P ! 'nn paAuaJlbHo-oceBblx T}p- ,1, 
'  

, l
b"ni yK; xo"rroluxofi xou6uuaropa; PI( u PI(O ArIr noBoporHoJlo-tr.ac1' 

'  '  
i ;

;;;; 
"VpOit". 

Onr.u""Io aruX peryrlnropgB nocBnuleHn pa6otu 14, 2, 
,

94, 2(;1'. f lo eroii npnqr.rHe B Aar{Hoflr pq6ogg_KoHcrpyKrl{BHble cxeMbl i
peryf l r r ropoB cxopocrt{  ry_n1 

yl( ,  P,  PI( ,  PI(O He paccMarpHBalorcn. ,  :  l i .'  
B Haciorruee BpeMrr /1M3, annnrculnficq eAllHcrBeHHbIM IIpeAnpHtr', '  .: i i

TrfeM e Cosercxolr,r. Conee, HsroraBJrnBaroluHM peryJlflTopbl AJIfl 'cpeA- ' l i
Hl.rx r.r Kpynrrbrx rHAporyp6uu, BblnycKaer s ne66n6rllolr{ KofiHqecrBe, r i

B ocHoBHoM no ci leuga/tbHbtM 3aKa3aM,,  rHApoMexaHHqecKHe. PQr)r ' [q-  
;  '  l '

topii tr"a PII Nt.n pa1narrbHo-oceBbrx ij pnM )lnq nonoPgJHorlorlscr-. - il
,lr,ix rt.IAporyp6nrl, brn peryJltlropbt npe,[cTaBJIaPT co6ofi MoAepHH- ,i
3altptro paHee Ilbtnycl(aBuIl{xcfl l(ol{crpyxuutl

\

MATI4qCCI(HC

XAHHqECKHC

,  ' :  l l l

B nocJreArree AecflTHJIeTIte cat\i loe i l l lpol{oe paCnpoCTpaHeHl{e no'

Jryqr.rJil.{ sJlel(Tpofl. lApaBJIHI{eCKHe peryJltlTopbl cKopocTH' KoTopble BbI-

nycr,arotcn nieun BeAyul l IMLI : r l {Aporyp6unnuuu Qttpuaun MHpa'

B ToM qrrcJre l,r I lel.rnurpaAcKHM MeraJIflHrlqcxHM'SaBoAolvI. u e.nexrPo- i,
rr4ApaBJrHqeclctx peryrtfropax (3fP) rorlbKo yclrJlnrenn_.,tvt!,uflo:11 

., ' , , ,
tr r{cnoJriltrTeJlbHbte opraHbl BbtnoJIHeHbt THApOMeXaHI'Iqe.C5,t' l- lt l t i :;a BCfll,; i , ' .1',,,

BbrflBHreJrbr.rafl qacrb, Br(Jrroqarcuafi s ce6q ,vcrooficrra-i4,g,yBp.-.r1$.ti,r",lr:jlBbrflBHTeJIbllafl qaCTb, BI(JIIOqarcll\afi B Ceof 'ycrpollcl'tla 
oTp,TfPF.n4T.,llo) ,1;.'","i

cKopocrrr, cra6unusaurnr , paAaHHn cropocrH ra r"rblu{ocr{;;"tt$#.-4!?-i'liitr,,ii j;
Barn.rfl, a rar(x{e ycrportcina tqynlojoro, vnnaB.neHHR'rHllDoarDera-?;ii'ri1".i;.',;1,1t1
D | r J r l | ' l I r l  c r  l q r ! / r \ v  J v r r v r r v r e s  

.  r J " ^ : , - _ : ,

TarVrH BblnoJll{ellbl gJIeI{TpHqeCK vMH',; '  B ,
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"[eHHurilal.clt4i4 MeTa/rJIIIqecKrrr-i 3aBo.[ r,rsroraBJn.rBaer 3fp
c l96l r. I4rrru o6opyAylorcr nor{rrl Bce rr,rAporyp6Hr-rbr, Brrrrr}cKaeMbre
oTeqeCTBeHHbll\ ' I l{ r l ' lApol'ypdllHutttulr SaBoAaMra, B Tor{ qHc/te n Ha
3KCnOpT.

.-  ; f " Io cpaBHeuHto c 'u,rAl lqMexaHtrqecr(HMH peryJrrrroparr , r ra 3fP o6"na-
Aalor nucoxofi qyBcrBI4Te"[bl 'tocrbro LI Hal{e)Kr{ocrbro, a rar(}tre rrr}rpo-
l(l ' lMI.l l lo:l[,1(])l{ l loc'rf i l \{ lr i l  o' i l toti lcntlII l t3\4cilctr i l i l  x^ l) iU(Tcl]t.tcTl.tt( 

' '

3Bet{beB }.r BBOAa paSilI.trtr{brx yrIpaB.IIRroilIt{x cHntraJIOB.
I Io crpyKrypttbrtvr  cxeN4aM peryJrrrropbr cr(opocrH rrul l loryp6ulr ,

Bblnygli2IoiUIIecfl pa3JIIltIIIbtN{H d)ttprrlaiurr, r\{oryT 6srrs pas6r.nu r{a
IIeTI' lpe TI{na:

l )  u3oAporuFrbre,  y r{oropbrx B r(aqecrBe Kopper(rrrpyrcuero (cra-
1unusHpytouero) sneua HcroJrb3yercrr rH6riar o_6parHarr cBrr3b (uso-
Aporr l ) ,  B3ffTan nu6o or TJIaBI- toro,  nu6o or Bcrrol , rofsT€Jlbrroro cepBo-
il4OTOpa;

2) peryJrnropbr c noeAeficrBr.rer\,r no cr(opocrrl H ee npol{sRo4noii,
lJ  t (oTophtx ) \Jt1 ' t  cTa6t. fJIH3el t t l . t i l  r . fc i loJrt ,3yc'rcf l  oJrcMelrr  i lpot{gRo/trrOf i ,
npl4qen.I B rlet(oropbrx cJryqasx BBoAr{rcrr ft46r<afl (cxopocrnanl o6par-
r{arr cBfl3b or rJIaBIrofo r.tJrH Bcflorvrofare"nb]roro cepBorvroropa;

3) perynnropbl c noaAericrBpreM no cr(opocrr'r r.r no 14HTefpaJry or ee
oTKJIOI{eHH'I; BblCOKafl CTaTHqeCKarr rorrHocrb cHcTeMbt Aocrt.IraeTcrr
3a crleT BBeAer{IIa r. i l .rTerpaJra 

-no 
oTr(JroHer{rrro cr(opocTlr;

4) peryJIflropbl c AonoJrHr.rTeJrbrrbrMrr sosAeficrsrEqr\,t lr, fA€ A;rfl cTa-
6unlteaUuu nppl[,teHflroTctt l{3oApor\,rrrrri i  rrtexar]H3h,r H oJrer\{eHT ycKope-
H14fl, HJIH SrreIUel{T yCKopel{Hfl LMHTerpar nO orI{JIOr-reHr{lo cKopocrr4,
qro naer 6onee unpoliue Bo3MolKr{ocrrr o6ecne.renun rpe6yer\4brx Ar.rHa-
IvI i {qecKl lX KaqeCTB cHCTeMbI peryJIHpOBat{t . { t .

IIo4po6uur:r arrailus yr{a3aHrrbtx crpyr{ryprrr,rx cxex{ npr.rBeAelr
B rJL 5. B nocJIeAHHe roAbl npeAJraraercfl Aa)r{e BBoAr.{rb AonoJrHr.{TeJrb-
Ilbte Bo3Ael'tcrslts no BToporl npolrsnoAnori, no AaBJrer{r.rro BoAr,r B Ha-
nopl lo lv{  rpy(rolr l loBo/[c,  r<oiv6lrnrrpoRanroe l )eryrr . {poRarure cr(opocrr ' r
u nas6y>t{AeHIi f l  ret tepa'ropa [29 ]  u r .  /1.  I - lpur l r lunHa, i rbrro rar(rre crpyr(-
Typl ib le cxel \ {b l  a l lToiuaTr. f r recKoro peryJrr . rpoBarrnf l  H y.npaBJrerrrr f l  r l rApo-
arperaTaMpl oCyuIecTBI.tI\4bI Ha 6aee 3fP. OArrarco Ao rracTorrulero Bpe-
I\ ' leHI' l 3TI.l npeA.[ox(eHIlf l r-re Hau]JIrr npat(Tr.rqecr(oro npt.rMerre[rr.rf l, no-
cKoJIbKy I ' lx  .BI IeApel lHe cBrr3aHo co 3r{aqHTeJrbrrbrM r{oHcTpyKTHBHbIM
ycJrox{HeFr r.reM pef yJr fl TopoB.

16.  (eHrpo6exHsr f i  ManrHHK

B coBper\4el{Ftbrx rrr lpoMexarJr.rqecr{Hx pery. l le l ropax B KaqecTBe
I{3MepATeJI'I qaCTOTbl IlpaUIeHHtl npHMeIrflroTcq rdIIaBI{btM,' O6paaOrr4
Uenrpo6elKllbte I\4aflTI{HI(r{. Ir lueercR 6onsuoe KoJrHqecrBo'r(oHcrpyr(-
UHfi vaqrHHrKoB, Ho Bo Bccx H3MepeFrr.re qacrorbr BpauleHHfl ocr{oBaHo
Ha u3MepeHhn _qeHrpo6e>xrtofi ,cr.rJrbr Rpauarcilrr{xcff BoKpyr ocH MaffT-
Hura rpy3oB. l{cno.nHl{Te.rrbI{brM opnaHor\,| MarrrFrr.rKa rrBJrrreTcrr AeraJIb
(6yxca, rurHcfr, r ' ly$ra), HenocpeAcrReHr{o cBfl3ar*rafl c ycrportcrBoM
AJIn pacnpeAeJIeHufi nlacJra noA AaBJreHrreu. l lpu aror\,r nro6ortly 3a.u,aH-

l l 2  
t

l{oMy 3rraqeHHro qacToTbr Bparqer-rHr rpy3oB cooTBeTcTByeT onpeAeJIeH-
Hoe [oJro]KeHr.re 6yxcu, ruru$ra ll.nu vytprtt. 3anucttMocTb Me]KAy noJlo-
x(eHHervr 6yxcl,l (ruruSra, rnlyQru) H ycraHoBHB[reircfl qacrorofi npatt\e-"
rrr{r rpysoB rro3brBs€TCfl crarnqecxoi'r xapaKTepucruKofi vanrwuxa.

Kax npaBr.rJro, MarrrHr.rKrr coBpeMeHHbrx peryJrnropoB HMetor gJIeK-
rpuvecxr.rfi npr{Bo/t, cocronu{ufi r.r3 cr-{},rxpoHHoro g/reI(TpoABptrareJln,
C I IAJ IOI \ ,1  l (O1 'O l )01 'O  ) l (CC ' r l (O  Cu t l3A l lA  l l l )A I . (A lO i l l i l t lC , l  r l i . lCTb  IUAf lT l l l l l { n '

Puc. 52. L[enrpo6exrrr,r ir  r , ' tanrrrt lx (a) u ero crarplqecxafl  xa-
par(repHcrHxa (6)

H ctrrrxporrHoro peryJrrrropHoro reHeparopa (Hnor4a ero Ira3btBalor
neHAeJrbreHepaTopoM), poTop xoropoltr ilpHBoAHTcfl .Bo BPauIeHue He-
noc.peAcTRet-ttto oT Ba.[a rg;1poarperaTa. Srum o6ecneqltBaeTc' cgil-
Xpo l l l l oe  BpaUIC I l l l e  I ' v l a t l T I I l l l ( a  I I  po ' r opa  r l lApoa rpe raTa .

/Paccuorpr.rM pa6ory H xapar(repr.rcrr{r{ t {  uer lTpo6ex<troro Maf lTl l t l I (a,
nor(a3arrHoro r{a ptrc. 52, a. B nro6ou paBHoBecI-IoM noJlox(ent,n{ ueH-
rpo6e>xrnfl clnra HI{epIII4u tpy3oB / vaccoit m, Bpau\atoilIuxcfl.c yrJlo-
norl cr<opocrblo cD Ha paccrofl l l :H.H r or ocH BpauIeH^\ 

r*uur,T1,r4r, 
.oa

CTABI,IT

3 r a > x e a 4 [ I a ' n p H B e A e F I H a f l x 6 y t < c e J u a g t u H K a ' 6 y a e r p a n H a

t t ^

F '": nxr?vtr.l? '

rAe l, - Lrl Lh - AJrq MaJIbIX l(oJlefatruit
BHCrrUarr or l(oHcrpyl(uHI.l MaflTllHI{a,

Lr 
'h

Lh 4r

n  ,  
' '  

: - :  (3 .2 )

nocrof lHHatr  BeJIHql. lHa, 3&- '

3uar Mr4rryc yKasbrBaer r;a ro,.  rrro npH npuHqtoft cl lcreMe, Koop-
Aur{ar c yBeJrHqeHr4eM r 3uar{enne, h yMeHblllaercfl | a cr4ila F, .ryanpan'
f l e H a  B B e p X  ' '  . . . - .  i . ' ; " i '  ' , ,

, ,  ( 3 3 ) ?

I t 3B  B .  A .  f l r r n o n a p o a



' Eylen flpeAnoJrararb, qro Ha pr.rc. 52, a MaRTHHT( r.r3o6pa>r(eg,
B noJlox(euut{, coorBercrnyroueM'ero rroMrtrraflrrroii (pacuerrroil) crio.
pocTH BpaueHlr f l  orr .  B SroM noJrolKeHHr.r .  [errrpo6exnaf l  crr f la,  npH..

ypaBrIoBert l rBaeTcf l

BeAeHHafl r( ocH I\raflTIrHr{a,

F ro : lnrgl"alz,t

cunou npy>t<ln.ru 2

E n  -  h t u ,
rAe k - x(ecrKocrb; lo - Be"[trquHa c]Karnrr
ItSJIL,l lOli Ct<O1lOC'il{ Rpatrlcnti lt b),t.

(3.4)

(3 ,6)
npylKr.{r{br npH HoMrr-

(3.6)

3r-Iaqer-rHIo

( 3 . 7 ) '

(3.8)

(3 .9)

yqeToM nceft no-

cJreAyrouleM BHAe:

E,cnll I ' I3MeHI.{Tb 0) I{a BeflHqHrry Acrl, To 6yr(ca cMecrnTcrr or nepBo-
Har{a,rlbl{oro noJlo}Kel-rr4fl r.ra HeKoropy}o BefiurlHrry z. flpu groM rroA,
AepxnBarcE4fl cw.lra npy]Kr{r{br 6y,uer

E - l, (f o + z), 
\

a uenrpo6elKl{aa cHila, coorBercrBytoqafl I.t3rvreHetrFrot\,ry
yrnoooii  cKopocrrr,

F, : m (ro * ?,2) (or" -l- Aro)2 4,.

n dzz
1-1 : l l l ,  

4r2 t

Ilptn ABH>KIHHH 6yxcr'r H rpy3oB ueo6xoAprlro yqecrb raKlr{e Ao-
IIOJIIIHTeJI'bHbIe CHJIbI,I( r{OTopbrr\{ oTrrocfl'fctr cpFbr r.rHeprIHH r{ }r(HAnocT-
Hdno TpeHHs. cunr,t e.yxoro Tper{Hfl B coBpervrer{rrblx MaflTHr.rKax HH-
I t ro)KHo'MaJIbr,  noaroMy B AaHHoM cf lyr{ae HMH npeHe6peraeM. Clrnrt
HHepuHH COCTaBJTTTTOT

r4e ntz - r\,racca ABax(yu{prxcfl qacre}i, npuBeAer{uafl K 6yxce.
' CltnuI Bfl3t{oro rpeHI.if l  nponopuHoHaJrbHbr cr{opocrrt ABr{xeHHR
6yxcrr

l;, *= " *nr 4i- ,

rAe kt - r<oacprpnqHeFrr AHHarvrur{ecxofi Bn3r{ocrH
BepxHocTH Tper rHr r .

B pesynbrare ypaBlreHHe ABnx(euHfl 3anurrercf l  B

F t :  F ,  *  F 2 -  E ,
i ,

HJIH

dzz 
(

ffi,ff i: nt.lu(ro * ?vz) (a,,f Aor)2 ler+ - hffo l- z\,. (3 19)

f lpeue6perafl BeJIHI{r.rrraMH BToporo H Tperbero nopnAr(oB MaJrocrr,r,
a raKll{e yql.trbtBaf , qro Eo : Fzo : mr[ij,l,,", nofly.r{HM ',,,,'

*,ffi*F A, # + (n- ),2 hmzn) z - 2E,Aol
0)n

l t 4

PagAerHI\t gro Bblpail{eHHe tta 
'' 
h }v21n6}n

Acoi ot,, : ff, Tor4a 6Y4ertl llMerb
f i t z d \ z , h r d z r i

n_;67F 1- i4,G,ar 
-r'

Arn nocJreAyroilrero anaJrusa pa6orsr peryJrflTopa B .Bblpax{eHlle
(3. I  l )  [e.necoo6; laslro rre BBoAHrb ornocnreJrbr{yro BeJIHqt{ I Iy AJIf l  xoAa
6yr<cr,r z. B sTor\{ cflyty2s crarrrtrecr<ufl rcoe{xlltt l t lel ' IT yct'tf ietIItn, f lo
t l cJn t ru lnc  t (o ' t 'o l r ( | t ' o  5 r ; lodr to  u l )onSl ro l l i l ' t ' l r  e l )n t l i l t ] t t l t0  Fn i l J t t l t t l l t {X  I \ , l t l t t1 ' .
FI I,I I(OB

rr,eJrrrer BeJrr{qHrry ko - tg a. B AanrneftrJeM xosrptpHIIHeI{T ycnfleHHtI

MarrrFIHI{a lrn 6yaertl Bbtpax{arb B wlo/o

B ypanH'eHuu (3.11)  uneH ;  T i " - ' l  H lvreer  pa3l {epHocrb
k - lvamai ;

k ,  r  1 '
a rureH [c] ' ,  nosToMy

k - )r'ttrci,
o6ognaqt tu

r:#;f f-r?'  H ,+;{:rz'

Il l?)

l c z  l ,

(3. r 3)

TclrAa ypaBHer{r{e ABtr}KeHHR 6yncnr ManrHHI(a 3antluercn B cJIe-

AyloilIeM BHAe:

r? -Afu =F ?r # -+= e * ftou, .  ( 3 , 1 4 )

KAK SBEHA CH.f lepenaroqr.raR (lyHnt1un uentpo6ex{Horo r{atlrHHKa
cTeMbr peryJII. l poBa II LIR

vr-

k >
I(ax

cnoficrs

8*

oro crreAyer  H3 (3.13)  H (3.15) ,
MarrrHHKa ueo6xonnuol

AJrfryflyt{ilIeHHtt



l )  ytueHbularb noc'r 'onHlrbre BperueHr.r  TrH Trsa cqer yrvrelrb[reHHn
ruaccbr /7?2 I.r yBeflr.rqeHrrn x(ecrr(ocrr.r npylKlu,rbr /e, T, e. i lpl.r SaAaHnoii
Befl l l t{t{He Eo npHll14I\{arn 6onee Bbrcol(yrc yrJroByro cr(opocTb Bpaqe-
HII f l  i l IAf fTFII I I (A;

?) aocrl lr l tyrb anepHoAr{qecKr.rx npoueccoB ABHMetrun 6yxcu . nnn
3Toro IrylKHo BbrrroJrr{rrrb ycflosue T r D 2T I vriltr

lt2t 7 4n4 Qt Alnrctl,). p. I 7)

, 3ro IuolKeT 6r'trl noJryqerro 3a cqer yBeflr,rqerrHrr xoa(xprrullerlra /e,
I IJII{  I loBepxrrocrr.r Rrr3r(oro rper-rHn. 3Aecr, /docraroqHo, . lro6rr Tz:
== 2T r. LIpe:rrrcpuoe yneJnrqerrr{e T, rupr.rBo/tr.r ' r  r(  saMeArelnrol. i  pear-
I l l l l t  NIat lTI I l l l (a i la l r3tvei le l t t . re qacror l l t  rJpaulel t i l f l ,  1179 l ]  prAe cf lyqaeB
orpptllare"flbIIo cr{a3brBaercfl r 'ra ycroiiuHnocrr.r saMr(Hyrorl ct4creMbl
penyJrHpoBar,rHn. \

*Orlrertn\,r, 
trro, I(ar( i lp.aBrrro, 3r.raqerlIrf l rrocrorllnrbrx BpeMenr{ T I

v T,  MaJlbI  no CpaBtlel I I ' l lo C Apyrr ' {MI ' I  BpeMel laMII  CHcTeMbl peryJI14pO-
BaHHfl, IIOSTOI\{y npH allaJll l3e AllHal\, l l{I(ft peryJII4pOBaHLIfl C AOCTaTOq-
uol i  AJt t t  npaKTI. IKI-{  Toqr locrbro nepeAarorrHyro ( lynxuuro MarrrHHKa
,u,onycrr . rMo 6parr ,  B Drr i {e nponoprtr4or{a,rrbnoro 3uerra.

l V : k o .  \ (3.  r8)

I - le velree Ba)r{rrbrr \ {  r roKa3a'reJIeI , r  r (aqecrBa pa6ort , r  r (errrpo6e)r(noro
N,ranrlrr.fKa i lnJrtrercrr ero.roqlroc.rb. I(ar< 6lrr nl. l 6unlt l\ laJrbt cr.tJIbI cy-
xoro rpeul{fl, I-Io oHr.r rrpHcyrIH nrc6oli MexaHuqecxoii cncrer\{e. I la-
flHqHe gTHx CI{JI npHBoAr4T I{ Torvry, uro 6yr<ca HaqHr-raeT nepeMeilIaTbcfl,
nocJle Tofo, KaK I{acToTa BpaueHr4fl MaflTirHKa., onpeAeJlflrouafl rIeH-
Tpo6exHbte cI{JIbr,  I {3MbHr{Tcrr  Ha HeKoropyro edJnqHHy Lxt  unvr Lx,
(puc. 52, 6) orHocHreJIbI-Io qacrorbr, coorBercrnyrouleir xapar{repu-
crt{Ke LIAeaJIbI{oro MarrrHHKa. B pe3yJrbrare noJryqaercn HeKoropaq
3oHa, I{a3btBaeruafl uep'reofi eortor?, lrnrr soHorl HeqyBcrBHTeJrbHocrH,

dn  :  (Lx ,  *  Ax r )  100%,

BHyTpl.l I{oTopo}r Bo3il,ro}r(Ho paRr{oBecHoe noJIo)r{eHHe MarrTrrr{t(a.
13 conpenel l I Ibrx r{orrcrpyr{ t t r . rnx r \4aRTrr i lKor}  / \ocTt{rr{yra / locTaToqHo

Bbrcor(aR qyBcrBr4TeJrbr{ocrb.  O6srquo [{eprBarr  sor{a d" (  0,020/o,

17. Fugpan.nnqecKoe H3oApoMHoe ycrpof icrno

B l l3oApon{Hbrx peryrrrrropax cKopocrr . r  B KaqecrBe r{oppeKTHpyro-
uero 3Bel{a npr{rueHfleTcrr rr3oAporvrHoe ycrpoficrno; f lB/rnrcil{eecfl oA-
FII.TM rI3 Ocr{OtsFrbrx 3BerrbeB, c noi\,tor{b}o Koroporo npoH3BoAHTcn Ha-
crpofi l(a ct.{crervrbl peryJrr.rpoBarulq. Ono neo6xoAuMo AJrrr o6ecneqennR
ycrofi. l l tBocrn eauxrtyrofi cHCT€Mr;r r{ rpe6yenaux KaqecrBelrrrbtx rro-
Kasareflefi npot1eccoB peryJrr{poBaHHrr

B rr{Apor\{exaH}rr{ecr(r.rx peryJrrrropax utrpoKoe pacnpocrpaHeHr.re
noflyr{trf lH HBoApoMHbre ycrpoficrBa, BbrnoJrHeHrrbre B BHAe MacJrflHoro
Karapat{Ta H npyiKnHbr.  Ero r tpuHuHnHai lbHaf l  cxeMa noKa3aHa r{a

I l 6

( 3 . l e )

puc. 53, a. I(arapal{T cocToHT H3 Kopnyca /,  n rotopoN{ nepeMeulaeTcn
cral(arr 2, Sanon rerrur'rii [,racJror\,r. BllyrpI.I crat{aHa lovQtt[€H nop-
ru€Frb 3, cno6oAlIo noABeileltHbli i  ua npylxHI{e 4. f lopLueHr 3 cosAaer
B CTar(arre ABe noJrocTr.r: Bepxr{roro, coeAl{Hellllyrc c aTlvloctpepoii, l i
HrrlKr.rroro, 3al\,{l(llyrylo, coo6ularcuy}oct c Bepxueit qepe3 Apocce"nr 5.
Craxalr 2 r{arapaKra rlepm pbrqa}Kl{yrc ilepeAar{y 6 }I(ecrl{o cBfl3al{
CO I I I 'TOI(O]\ ,T I , ICT]OJII I I ITCJII ) .

rroro cepRol\, loTopa z lt non- ' 'a)

Topler ero cMelrtell l{e tP c
xoa$(lututettrotvt nepe/iaqll,
o i l  pe / t c i t  f l c l v l l , l l \ , 1  l l J I cqz lN4 l l  l ) b l -
r rn ra  6 .  IJ l , l xo^no i i  Rc .n lqu-
rroi'r I( ara par(Ta fl LtJI tle'l'cfl
xoA z rot4t<tl A nopurun J.
3lo'r xo/t I{cnoJII-,3}eTCrt I(JIII ?
co3Aa i l l I f l  IO I IOJ I I IHTeJ Ib I IOTO 

L

pefyrrr.rpyrouero eoaAeijtcr- /N
Br.{f l ,  I(OTOpOe CyMN'l l lpyeTcfl  \J

c  Apy r r {N , i l 1  c l l r l l a J IaMI I  pe ry -

J I f l TOpa .  !

Aeficrnne r,racJl nl loro I(a-

Tapar i ' ra  rpo l lcxoAl rT cJ Ie-

/ ly lo l l \ l l  r i l  o61 lasoM. IJp I l  c t \ ' le -
nler.rr.rrr nopuIIf i  cepBoN,lo-
Topa 7 ,  l ranpHMep,  B I {H3
c'ra r(aH 2 6yaer nepel{e-
rr{aTrrcfl BBepx. EcnH Apoc:
ceJlb 5 npHl(pblT,  To u no-
.rrocrH no,( noPmlleM o6pa-
3yercr AaBJIeHHe, noA AeIl-
crnueN{ r{oroporo noprueur- 3
6y4er ral(>t{e nepeN{euarbctl
RBepX, C) l ( l l l \4an npyx( l4t ty 4. '
oAHOBper\,reli l Io c 3TI'IM MacJIo \
qepes ApocceJlb 5 6y4e'r ntt-
TaJrr(rrBSTrrcf l  B noJrocrb rraA nopurneu 3.  f locne rofo I (aK urol(  cepBo- '
rvloropa 7 oc'l 'auoBr.l 'rcfl, Aa,nruefiuee ABItlKeHt{e nopu.ll l f l  J 6y.Uer'

.npor{cXoAr. t rb noL nosAeftcrnHeM ct . tJIbI  cx<arof i  npy>xHurir  KoTopan
BosBpaTtrr  nopmeub xarapdnra B cpeAHee oTHocHTeJIbHo xopnyca, /
rroJlo)Kerrr.Je. flpll aroM Ailfl AarrHoro xoAa craKatra 2. senn\HHa cMe' , '

t u e H I { f i r o q N l l / ( x o a z ) , a T a K ) K e B p e M f l B o 3 B p a T a n o p u H r t . 3 6 ' . c p e A . . ^ '
r . reMy rroJto)Kenl{rc 6y4yr saBl{ceTb oT cHJIbI 'ynpyrocTu npyx(HHat 4 : '
r.r neJrr4qrrr-rbr orr(pbrrr.rf l ApocceJrq 5. I-lerpyAt{o BI{Aerb, qro KotAa Apoc'4 , '  "

ce"rrb 5 no.nlrocrbro orr{pbrr, r. e. r{rueercq cso6oAHoe coo6u{enHe Me}I{Ay
noJrocrflN,rlr uaA I.r noA troptutteM l(arapat(Ta, To nop[IeHb 6y4er He-
iloABHX{eH IIe3aBI,ICHMO OT CMeUIel-IHfl CTaKaHa KaTapaKTa'H cBR3b
M e } K A y X o l t o I { i I i T o I ( a c e p B o M o T o p a 7 w n o p u l w n 3 . o T c y T c T B y , e I ; . H a -
o6opor, r(orAa Apocce/rb 5 nonnocrbto saKpbtr, xoL z r.oItKT',4!6yAer,, 

. ' , ' , .
i  .  i , j t ' f i ' , : 1 4 , - . r " : " 1 1 7 , .  :

Plc.  53.  fn4pan.nu' IecKI{e H3oApoM}Ibte ycr-
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paBeH xoAy'CTaKaHa KarapaKTa, T.  e.  B ,3roM Cf iyqae 6yler Hr,rerb
il{eCTO I(ecTKatI cBtl3b I\{eX(Ay XOIOM nOprrJHn KaTapat(Ta I.r cMeUIeHHeM
r.xToj(a eepBoMOTOpa 7. , ',

Taxlttu odpagoui xapaxrepr.rcrr{r(a ruacJrnrroro r(arapaxTa AoJrx{Ha
AABaTb luareMarHqecKylo SaBprcrrMocrb ABtrx(errrrfl nopurrrr r(arapar(Ta
OT CNICII IEHH'I  I I ITOI(A $ HCNOJIHI, ITCJIbHOTO CCPBOMOTOPA.

Ecnn npene6peqb cr4Jrar\,rr.r  Hr{epuHH nopurrrf l  r iarapar(Ta,
BHe ero, paBrroBecrlrr Molrt",  u;: , :r ; i :*."o ypanrreHrrer\r

3ltccr, le * rtcl :r t l r t l r t t t tncrt ' r '  )rrcctr(oc'r 'n nf)5rly1nnr,r;  l r ,  -  l<ootlxlxnlrrelrr
THApaBJII{qecKol 'o conpoTltBJIeIII ' ls ApocceJltI ;  an - OTIJoctlTe,rtbHafl
cKopocTb nop[rrrrr B cTar(arre r{aTapar{Ta,

a n : # - # ,

fAe ,p" - c[1p - BerHr{r.{rra crueureHr.rfl craKaFra r{ara palra; (o - r<osr}-
tbuqnegr lrponopuHotlaJIbFlocrr.r, gaBlcrlulllr. 'r or rrflerr Dhrqata 6). :'B pe3y/tbrare rroJryqrrru

k z - u , ( " # - # )

34ecn, KaK v,  B ypaBHeHHn ueurpo6e)r{Horo Marrrr{HKa, He 6yAeirr
BBOAHTb orHocuTe/IbHyto BeJrprrruHy Anrr xoAa z, qro6rt Jrerr{e 6rtno
naTb _Qusuuecxoe roJIKoBalIHe naparvrerpaM MacJrf lnoro xarapar<ra.

o60sHaqHM rrepes rp/rpn,u* : / orFrocHTeJrbHoe nepeMeureHHe urror{a
nopIrIHff HcnoJIHHTeJrbtIoro cepBoMoropa. Benu'{HHa t?,zl k HMeer. pa3.
MepHocrb BpelueHlt, o6osnaqaeics .rep+ Ta v r-ra3brBaercff nocrorrrHofi.
.qpeM_er{H ruacJrflr{oro KaTapar(Ta, vrrl/l HSOApOMa.

l4cnonrsyn o6osHaqeHLrfl , noJryqaeM 4nrpcfrepeHrrnaJrbr.roe
Hl le ,  onHcbtBarcuee AHHAh,THI{y  MacJI f lHOTO KaTapaKTa,

f r-h 1- z: a.rlt,,n,T,1lp

BrrscFl14r,t Qusuuecxll/r c.MbrcJr noaQrlrririuer{Ta dt|ln,rx.
noJrHocrbro Apoccent 5. Il sroru cfiyqae R Rbrpa)KeT?ru (3.21)
paBel{ HyJIIo, a cJre/{oBaTc"rrbilo, z : anl Unvt ,

dtl*r*,
z

a
' f. e. BeJIHTtHHa atp,,,u* npeAcraB/tner.
(nepela,{u) naac.nnHoro KarapaKTa npH
KoM xarapaxre).

Ec.rH s (3.23) BrraseHrae y nilpaaHrb B npoqer{rax r{
xoafrpuuueHr ycr{rreHnrr (n uru/%) uepes, - ,

- R -- ol|]'na*p _ _Too% ,

1 1 8

1'o nepeAarol l I I i l t t  r l rynr<l l r r r r  MacJr l r roro I {aTapar{Ta 6yaer LIMerb BHI

rrro, corJracrro i[an 2, coornbrcrnyer-H3oApoMHOMy (rr.r6xorray)':aueny.
I(ax y)Ke orveuanoct, Irso/(poMHoe ycrpofi irno rrcnoJrb3yercR

B peryJltlropax cKopocrt.{ AJrrr cra6llnllgautir.r gar\,rKr-ryroi:r cHcreMbI pe-
r) , .nt lpot tat l l l , l .  f loc ' rcr [ ly  e l 'o t toucl ' l )yr i r ( t r r r  l (oJt)r(n€l  o6ccne,r t rBart ,  t log-
Nlo)l(l locrb I.t3t\{ellenufl napaNrerp.ott T1 u 0 n AoBo.rrbr-ro uHpot(ol\I AIta-
I la3ol lc.  Cor. t lacl to cxor\{e 1l lc.  53,  o,  s i ra ' le l t r re noc" l 'onl lnoi l  ipeuerr i . r  ? ' ,y
peryJrr.rpyercfl c nol,rou{bro ApocceJrfl 5, a BeflHrrr4Ha xoeQr[uqHeHTa
ycrrJlenlrfl F - sa cqer n3ruer.reHlrfl nJierr pbrqara 6.' 'o4uaxo 

pa6ora r.{3oApor\{rrono ycrpoiicr"r 
""puae.nfier' 

H'e roJrbKo'
xapar{Tep npoqecca peryJrHpoBaHHfl ,  Ho H or(a3brBaer cyurecrBeHHoe
RJil.tf lrrue r{a BeJrr.rqr{rry Meprnoft sonrr peryJrnropa. I(aqecrno pa6orrr
MacJrri lroro r{arapaKTa I{O}Kr{O XapaKTepr,r3oBarb AByMn noKa3are-
JIflMI'I .- TOqFIOCTbIO 17 cl{opocrbro Bo3BpaueHr4q noprilHfl r{ cBoeMy
cpeAIIeN{y I IoJIo}r(enrro.  Toqrrocrb npHXoAa nopuHr K cpeAHervry noJro-
)Kel l l { lo 3aI} l {cHT OT BeJII IqHHbt C}IJI  CyXOTO TpeHHfl ,  BO3HHKaTIIHX npt{
ABHlKerltrt{ nopull{r B crar{arle. Ecnu B MacJrflHoM Karapar(Te npuMe-
Hrrercrr  npy>r<uHa 6es npeABapr,rreJrbHoro roAlKar4n (puc. 53, a1, ro.

* n *
1 r / - L

a

To  )C /10 - ' r

(3.20)

(3 .2r )

r\,repTBan BoHa no xoAy nopuHfl 6yaer

Lz-+,

rAe _ l, 
- cH.rrbr TperrHrr, npeoAoJreBaeMbre nop[rHeM.

ypaBr{e-'

(3.22)

3axpoerra
qneq hz

3aKpbrroM Apocce"rre (npu )K€cr.,' l.,
i

o6ognaqut l r '

(3.24)

- - ' J  ^ * '

TeJIbHoro noAlt{arr . r f l ,  qro6ul  oHa,KoIv

,' rofAa A,z : 0 u cr<opocrb dzl dt,.nopm,t
;, r lofio)KeHHro rat(]Ke 6nusxa x.uynrc. (

pr.rTeJr,br{oro noAX{aTHfi npyx(HHbr npHE
'r'a paKTa FrarrHrraer nepeMeularrcg:.ToJII
)KerrHrr cTar{aHa AocTI.rfFreT onpeAeJrel
noprueHb co3AacT ycHJrHe, npeBbr[Jal

I{a"r lnque Lz, '  ecrecrneHllo, oKa3brBaeT 
'nnranHHe 

Ha MepTFyro
3or{yl jcero peryJrf lropa. B ro xe BpeMfi y KarapaKTa no cxervre.Ha
pnc. 53, c.cxopocrb noAXoAa rropuHn.x cpeAHeMy noJrolKeHHro ,6nusxaK IIy"r1rc. A aro 3IlaqI{T, trTo cxeMa o6ecneqHBaer npaBrrJrbHyro Qoprvry '
xapal(Tepr'rcrr.ir{r.r l.r3oAporvra (cru. ra6n. 2) npar(THrrecr(H npH cr(oJrb
yno/tlto ualoii cl(opocrtl /{Rll)r(errrrrr urror{a ficilo/lHI{TeJIbHoro cepBo-
I\,{OTOPA

'  
' '  -  ^ " ^ - - - -  ^ - - - - - ' -  . '  T  

'  
:  '  

:  
" i ' ! ] - 3 r i i ' i L : ' : r t 1B / lpyryto, t te'Bbt3btBafl  cMert.eHHn rroplrrHq. B pesinrrrarg p Koyrype;., , .  ,  , l i=i i

' -  '  l ' " i '  " . '  
" 1. . . ,

! , i i'.., : , l l"

LIacro c ueJlbto yl\,rel-tb[IeHHrr 3oHbt Lz B r{or{STpyKulrH MacJIflHoro
r(arapar(ranpeAycMarprrBaercrrnpeABapHTeJrbHoehoAx<arnenpyxHHbr,  :
Aer lcrnSt lot l (ce n o6crux I lanpaBJrerrurrx,  r (ar(  oro nor(asarro ua pir i . ' f f i |  d:  . :  -  : i

B 9TOI\ . {  Cf lyqae ' feopeTHrIeCI(H 
MO)KgO r t^1r  "nrrKnarr  .^r 'nr '  l '^^- ' -^^."  : ' , ' . . . i '

noAlt(arHfl npy)Kr.rr{br._ l lp" MeHbtnHxj cKopocrflx ABHx(eHhfl;;cfaKaHf ..; ,;1./i,.. i ;
*u!.fo, l I{arapal(re 6yler ycrleBarb neperex ar:'' Hs'oAHoft'-:nolrdCrH ",, iii,i,llj
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coAepx{aqel\4 I\,racJIflHbrri r{aTapaKT, Hcqe3aeT !r3oApoMr{afl o6parnan
cBfi3t,, t{To MO}KeT Bbr3Barr xone6aHr{R B ctrcTeMe peryJlHpoBar{Hrr c qa-
crorofi u aMnJll{ryaofi, rpr.r l{oropbrx r(arapaKT Bcrynaer n Aeficrsue.

€ FfeABapH+effblltrlM He/d)KaTfieM yBedl'tql4*a€T €TarFJ,lqeCKJ{O'TOTIHO€Tb
pa6orbt I ' tSoApolua H peryJrnropa, Ho npr.rBoAr4T r( Bo3rrr.rr{rroner-rr{ro

aBTor{oJre6artufr c'r'er\.r 6onrruefr
aN{n.nnryAoft , rrcN{ 6oJIrnre crJra
npeABapHTeJrbrroro noAlr(aTr.rR
nl)y)ronulr.  O'r 'crclAa cni4yer' ,
TITO 

Yf lYqTUCIIHC CTATI, IqCCI( I4X H

ALI I {a l \ i l l . tqecI( I . lX Xa paKTep HC'IHK

f IIA p a B JI I{qecKorO I.r3 OApOlvl H OrO

ycrpol:rcrna rpe6yer npeAeJrr'-
HO B03MO)l(nOfO ) / t \4eHbi lJeI- tHt l
cr'rJr cyxoro Tperrr.{fl, npeoAo-
JIeBaeMrrlX BbIXOAI{IJI\,1 3JIeMeH-
TOM H3OApOr\{a.

18.  I {eurpo6exHur f i  MacrHHK
c MacJrf lHbrM KaTapaKToM

B ruApol{exa [rr.rrrecKrrx pe-
f yJrrrToiiax cr(opocTr{ Tr.rna
PM I{ PI(M, 'eunycl<aer{brx

/1M3, n pr.rMerrrercfl coRr\4euen-
rraf l  Korrcrpyr(r(uf l  rr ,eurpo6elK-
r-rofo r\{af lTItHr{a c no6yAHTeJIb-
Hl,I[{ SOJIOTIIHKOM LI n,laCJIflI{bIM
KarapaKroM. Ero np14r . rqr . rnH-
ai lbuafl ,  CXeiVIa noKa3aHa Ha
puc.  54.

MaRrnl . r r (  npHBoAHTcrr Bo
n pa nleri ue aJIeI(TpoAB H rare"fiel{,
qacToTa Bpauer{r.f f l  r(oToporo
n ponop IIHor-r aJr br]a qacroTe B pa-
uler-rr.rf l pery/rrrToprrono rer{e-
pa'ropa, HaxoAf l r .qerocn tra Ra/ry

rr{Apoarpe,rara. fpyeu 2, pacnoro)KerrHbre nr{yrpH Ko}Kyxa ,1, no.u,ne-

14 Bblnofir{nrcuafl poJrb >xecrropl o6parHorl cBff3l{.
BuxoAHbrr\,r sJreMer{ToM MaflTHr{r{a flB.nrercrr 6yxca T. B 6yr<ce

Hr{eercrr rptr pnla oKou. I( nepxHHM or(HaM nocroflr{Fro noARoAHTcrr

t2a

Plrc. 54. I{errrpo6c>l<rrui l  ruarrr l l l rK c r\{a-
cJ t f l i l b tNt  KaTapaKTOM

Macfio noA AaBJTeIII{eN{ or $unr'rpa pery.rtt lTopa. CpeAIJpte oKFIa coeAn-
Her{bt c oAuorl }r3 noJrocrefi ynpaBJrrreMoro cepBoMoropa, a I{H}KHHe -

co cJrr.rBol,r. I4rna I cunoi.i cx<arorl npyx{HHut 15 nput{HMaercn I{ pbl-
qary (na pracyr{Ke He noxasaH),  }KecrKo cBn3aHHoMy c_nop[IHeM ynpap- , ' . l
JrffeMoro cepBoMoTopa

I-la pl. lc. 54 vrarrrrrurl( noKa3arl B paBr-roBecHoM noJlox{eHHH, KorAa
r,rrJra B neper<prrrRaer nepxHl{e I{ HH)KIIHe oKIIa 

's 
6yxce 7. Ha 6yxce

MaflTr.rrrr(a 3ar{peIJreH rroAuHnr{HI( 10. C Hapyx{}tblM KoJIbqoM groro

noAilJlrr-rrrr{r(a cBrr3arra npy)r(r.rr{a 12, rra roropotr cso6oAl-to noABeulerr
rropr l rerrb I ,? r{arapar(Ta, nepeMet{arcurnt lcn B Kopnyce 14, gaJII{ToM

[ {aCf lOIv l .

B Kopnyce 14 nepeMeuaercf l  nropof l r  nopi lJeHb I  I ,  qepesrrr t ]  9

. cBrr3aFrHr,lf i  c BaJro[,r Bbrr(JrroqareJrn. l loprunu II u l3 pa3AeJlfl lor l(op-
nyc r(aTapaKTa r{a ABe noJIocTH: BepxHroro H'HI ix{Hlolo,  coeAHHeHHble
Melr(/ty co6ofi ApocceJrbrrbrM orBepcrr.ren{ 16, orKpbtrne Koroporo pe-
ryJrr{pyercn c nor{ourbro I . ITJIbI  17 Karapat(Ta. B l (arapaKTe npeA)/-
cr\,roTper-ro ApocceJrbHoe ycTporlcrso ,ir8, npe4r-ra3HaqeHHoe AJrfl BbIKJIIo-
qeHHfl ruacJrflr{oro Karapar(Ta, a raK>Ke AJIfl orpaHHr{eHHt{ xoAa nopu-.
Hrr I3 npn 6onrurux cx{eilrel{Hnx noprlHn I I.

BuxoAr'rort senr.rqrauoft MhcnrHoro KarapaKTa flBJlrercfl xoA 6yxcrr
ivraflTr.rur(a, a BXoAuoft - nepeMeqet{He rlopuHn I I unu ruToKa ynl)aB-
JrfleMofo cepBoMoropa, npplqeM 3HaK [epeMenlel{Htt 6yxclt oT Aeft'
crBr.rf l r{arapar(Ta AoJr}Kes 6rrrr nporHBorlo/Io}Kllbli\{ 3I{aKy or AeficrBIItI
MarrTHr. t r (a,  Tar{  Kar(  r (aTapaKT f lBJrrreTcf l  3BeHoM O6parnof i  cBq3pl .

B paccl,rarpl{saeNrori r(oHcrpyKrlHr{ npy}r{HI-Ia Karapal{Ta }Ie }tMeer
i lpel inaprrueJrrr l rofo I ro/ [ ) t (aTrr f l ,  cJIe/ IoBaTeJII) i lO, eCJII I  npel te6peur c l l -
Jrarulr cyxoro rpeHI.tn, $opua xapat(TepI.Icrt{t(tt I(aTapaKTa 6yAet
6nuzxa K HAeaJrbnofi. Vl,reulureHHe cr4Jr cyxoro rpeHrn B oroM l{ara-
par{Te AocrHraerc'f l sa c.rei BparrleHns c He6o.nturoli yrnonofi ci<o-
pocrbro f iopruHrr 13, cBf l3aHHofo c 6yxcof i  Maf lTHHKa.

VTe pnc. 54 tsHAFIa ocHoBHafl oco6euHocrb 4auHofi KoHCTpyKqrIH,
3al(JIIoqalou,aflctl B Tolvl, rITo npH He[oABI'IxHoM nop[IHe 1I seJll4qHHa
crvreuetrl ln 6yl<cr,r 7 eaBHCr-rT oT cTener.Ilr oTI{pblTHtI ApocceJlbHono oT-
nepc'rHrr  16, r .  e.  Ar. t r . rax{HqecKr.re xapal(Tepl{crr l I (H Maf lTHI4Ka gaBHcttr

oT IIaPa^,reTpoB I\, lacJltl l loro I(aTapal(Ta.
flocrvrorpr.rM renepb, I(al(ot? BHA 6y/fyr HMeTb ypaBHeHHf MaflTHHKa.

H r(arapar(ra r{orcrpylc{r4}.r /tM3 H cp
Jryqeil i lbrMrr Bbrri le AJIfl cxeM, npeAcTaB

Fla  pHc.  55 ,  a  f ioxagana ynpoue l
par{Tor\,r, cooTBeTcTByrouan KorIcTpyl{q}
Cuaqana orpeAeJII.rM nepeAaroqHyto c
rrTo rroprJrer-rb 6 uerloAsr{x{eH. B paBHoBecHoM rloJIox(eHHH MaflTHHKa'.. , ,
rrenrpobe)Knrrre clr/rbr rpy3oB, npHBeAer{nbte I{ oct4'MaRTHHI(a]' i ionpe-,,, '1 ;, i , ,.1'1i

Aerrrrrorcrr rfopmynori (3.4) fl ypaBHoBeilruBatorcn'ct4nlokirio4ixarss'i':': ,* :/

rpy)r(r.rr{br 1, paeuoli

E o :  l e r f  o ,

l2l

rAe le, - roerpcpuuneHT xecrrocru npylKullbl I.



VuenuueHI{e yrnonor? cKopocrH Bpauerrr.rff r\{anrHrrKa Ha Aco nr,r^
3oBer cr{eu{eHHe BIII ' I3 6yl<crr 2 Ha. BeJn{qHHy z. [ lpn eToM ycJroDHe
paBHoBecHff 6yxcH 3anr{rrercn B cJreAyroueN{ BHAe: ,:

'  F , - - f ,  *  Ez  :  0 .  (8 .28
3aeCs F. = mL (rn - ?r,z) (on - Ar), --- qer,trpo6e>xuan
3OB, COOTBercrByro4arr nonofi ycrauoBr4nrileficq yrnonoii
Bparqenuni  Ei  :  k t ( fo . -  z)  u  En -  k ,  (z  -  zr )  LcHrrbr

l(k, -r ltz- nttza,z,) z - 2Esxl.

c$ilA rpy-
cKopocTH ..

noAlKaTHfl

I . 0 6

ko

0

PHc. -55' cxena (a) H aorapH$*luuecKI{e qacroTHbre xa-
paKTepHcruxn (6) qeHrpo6exHoro Marrrr{HKa c Macflq-

HbIIU l(aTapaXTOr\,r

npy>KHH coorBercrBeHl{o ^{a'fiTHr.rr(a r.t Karapar{ra (k, - xosrprfrHrlqer{T
x{ecrKocrH npy}Kuntr ,3; zt- nepervreueFrr.re nopuHn xarapakia).

C"neAogareJrbr{o,

nz lv  ( ro -  ? " r )  ( r , ,  -  A r , r )2  * -  k ,  ( fo  z )  *  h ,  ( z -  z t )  :0 .  ( J .2g )
llpeHe6peFan MaJIbIMLI BeJILI.IHHa r\{H BToporo nopflAr(a H yqnTbrBarr,

qTO krfs : nil"rsal. : Eo, noryr{aeM

(kr * kz - nt?u'az,r) z - kzzr - 2nil"rnro,, Aor .- 0, (3.30)

(3 .3  r )

oTr(yAa

vcnogHe paBr{oBe cHfl c,n,4eficrnyrcur.rx Ha nopueiin xarapun"u'f ,
'  .  h ,  ( z  - , z r )  :  A p s r ,  ,  , i  , ( g : g 2 )

rae ap - nepenaA AaBJre"""' rernAy noJrocrflMrr noA nopilr{eM H HaA
nopuHeM KarapaKra; sr - nJrouaAb nophun.
122 . ,.

/  
, . .  

, ,  
, , r /  

,  t L  
- ] ,

I

T

E

I
Z t :  

E

w, pa|/c

Vls Bbrpax(enr4rr (3,32)

, - 
aPt' )- ,--T -T&1'

llepenaa raBJrerurrr Ap ruox<Ho Bbrpaxarb qepe3
rrHrr Hoputr.rfl, rrocr{oJrbr(y .pacxoA qefe3 Apoccenu 4

dz,
, q :.s1 

Al- ,

(3.33)

cKopocTb ABHxe-
r{aTapar(Ta

(3.34)

C 4pyror? croporlr,r, aror pacxoA onpeAeJrflercfl nepenaAoM AaBJTeHHH

g: snpp +,

fAe 
son - rrf lorqaAb ceqeilHrI ApocceJlbHoro orBepcTHn;

(l luuehr pacxola; I yAeJrbllbrfi nec lvracJla
14l  (3.3a) rr  (3.35) uoi ly,rncr\ , r  nbrpn)r(enne I , rn rrepcnn^a

LP__ srY !L '
ssp&r d,t

floAcr aRilnr 3r{aqe}rr{e Lp 'ue:(3,36) s (3.33), HaxoAHM

t?v dz, ,' : - ' o o t ' h f i r z t

I kz- nillr?,) # - 28, #l

. (3.3,5)

li - r<osS-

l l f lr lJreri lrrl

(3.36)

' (3.37)

Cr<opocrr dzrldt orpeAerHM, npoAH$SepeHrrl{poBaB Bbrpaxe-
Hr re  (3 .31) ,  I

+:* lru, (3 38)

noryrrHM guS$epeHuHaJrbHoe
- : .  i  . r '  . , ,
, , i ' .  " t s ' . . "  i .

f loAcrasHn (3.31)  ta  (3.38)  n (3.37) ,
ypaBr.reHr.re MaRTHHKa c KaTapaKToM

r.renoABrIlr(Hor\{ nopurHe

co6ol:r
HOCTb

nocTosHHyro BpeMeHH

hr

. , 7- -  - ' t  d

BpeMeHH.



B I ITore ypaBHerrr ie Nraf lTrrr . r r (ac r(arapaKTor{ 6yger un{erb Br.r/{

n, (rofr,(o

ho
r o  # *  1 : F ") , 

(r.40)

(3.4 r  )

a 
" i 'o 

r ,apal tu"ulrrraf l  r { r5r111i1.1111r

W - l t o
Tdp 4- |

];'u' 
-,- '

Ha puc. 55, 6 not<aaan BLIA Jrorapnrpunuecr(nx ai\{nar{ryAuofi L
u rpaeonoir q qacrc)Tl{blx xapar{Tepr{crnr(, onpeAeJrrrervrbrx nepeAaroq-
Itoi i  clryrrxr(uefi  (3.41). Ha erov )Ke pr.rcyrrKe rrrrpnxonoii  nnui lel ' i  npo-
BeAeIIa aMnJII ' tryAHal xapar{Teprrcrr4r(a IuarTTnr.rr{a 6es r(arapat(Ta,
coornercrBytouafl  nepeAaro,rrtol i  i f rylrrcrt l l l  (3.18). I4s cpaBrrerrrrf l
xapaKTepttcrt lK RITAI{o, trTo B Aanrlo[{ cJryqae uacnnr-luf i  r(arapat(T
OKa3blBaeT OTpl{UaTeJIbHOe BJII.If l l l l le I{a AI.l l laI{l{qecl(}{e I(AqeCTBa i\,ralT-
I{FlKa, c l l l i }Kaf l  R onpeAe/rerrrroi \ , r  Ar.rana3oi le qacror l<osr l rcpi i i ( r . rerrr  ycr{-
JIeI I I I f l  Maf lTI IHI{a t {  yxyAruan cl lasonyro xapar(TepHcrHr(y nocJreAr-rero.
f lp"  aroM yxyAueHI. Ie AI{r{al , rurqecKuX KaqecrB MarrrrrHr(a nporBJrf lercn
B TeI\{ 6onuuret? c'renelrH, qeil,t BbruJe }r{ecrKocrb npy}KI{r-rbl Karapar(Ta
no cpaBFlennto c ) t (ecr l (ocrbro npy)r(rrrrbr Maf lTrrrrKa. Oco6o c/reAyer
loArlepKHyrb ro o6crorre/IbcrBo, qro orcraBaHLre iro Qase HMeer rvrecro
Iti\{eHllo B TotVI Alrana3olre qacror, B I(oropoN{ Aeficrnyer H3oApoM[Ioe
ycrpof icrno Kar{  KoppeKrnpyrcuee 3BeHo.

. Taxltpt o6paeorr,r, IvtaflTFIHK, r{oHCTpyr{Tr.rBHo BblnoJrHertnlrrri I{aK
OAHO tle.Iroe C MaCJIfl l lblM r{arapar{Torvr, yxyArrraer ycrol.iqlrnocrb 33M:
xuyrof t  cHcrelubl  pery;stroBanHfl  r ro cpaBHer{r . r rc c MarrrHr.rKoru o6uq-
Hof i  xoncrpyxr lun (puc. 52, a).

Paccuorpuir , t  BJI I { f lHHe rrapal{erpoB r{arrrHHKa Ha pa6ory i \ {ac.nf l -
HOro r{arapar(ra (pHc. 55, a).  B Aannou cJryqae qacrory BpaueHHrr
I\,taflTIIIII(a 6yaenr ctnrrarr, rrerr:n,tenlrofi. I(aN ylr{e olMeuSJrocb, nxol(-
Hoii Benuqltltoii Ka"t'apaKTa rrBJlrrercrr xoA rp noprurrr rrcnoJrr,rr.rreflbHoro
cepBol\, loropa, a Bbrxoluoii - neper\4erqeFrI're z 6yKctt crraqa.na 6ylerrl
cqHTarb, vro 6yxca n4af lTI{nr(a HenoABH}Kna. PacxoA qepe3 Apoccent 4
saBHcHT or pasnocrr..r cxopocreri ABHIr(errr.rf l o6oHx noplr-rneii, T. e.

dz, ^ dz,
Q : s z i - s r - Z t - '

rAe Hrutexcorvr 2 orMeqerrbr nepeMerlleHHe r.r rrJlor.u,aAb noprj]rrrr 6.
VuurunaR, qro 22 : d.\p, v npHr.ruMafl Bo Bnr.tMatrHe BbtpalKe-

HHe (3.35), no;ryrrael{

(3.42\

(3.43)
d,Jt dzsre .#-s l  # :

flepenag AaBJrerrHR Lp onpeAe/rflercrr rrs coorr-totrlerruR

(3.44) '
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L p -

I-[o4cranun (3.44) D (3.43), rrari4eu

". 
d/, _L 

sooFfr, 
{ 

dr!_. 
(8.4b)Sr i 

-l- 
ys, 21 : Sza -lf

PagAelrr3 J, l 'o l l r r l l ) i l ) t€rrrre na qJrcn IrcpeA z1 t t  l lb lpo3l l l ]  I lepeNc-

Ueulle !) qepes OTIIOCI{Te.rIbIIylo IIeJII4qHI'Iy rlr : Jtl)nr.*, nOflyr{HN{

aurprlepeirullanr,rroe ypaBrreHrre ABI4>I{eIIttn nopLuI{tt 5 npl't HeIIoADI' 'I)K-
noft  6vl<ce Mattr t l l l l (a

r ,+*z ; : (3.46)

T, t :
s4pitir2

lz2(21- z) | m?r(ro + 1r,z) al, - kr(f o + ,),

rAe

orr{yAa

l,l

drJ - h, * te, - mt'2a?, a,
d.t lt^ dt

l loAcraenn 21 I{3 (3.48) u dzrldt vt (3.a9) n Bblpa}I{eHue (3.46)'
noJr yq rr M Auc|tcpeperr Urr a Jr br-roe yp aB FIetn4e Macil tl l'loro I{ara pa l(Ta

dz | - /arsrcrrPrn* .r dg
t a  a t t z : r r * h r : ; W r t d  d t

lzl l k2 rr/u2tof;
{ 7 -

h2

p : /arsrorp*r*

(n, + te, - mtJozn) too%

Cpant tunan (3.50)  H (3.51)  c  (3.22\  t4  (3.25) '  BI IAHM'
MHqecriHe XapaKTepHcTI.IKH o6efiX CXeM MacJInHOro

(3.{7)

(3.48)

(3.4e)

(3 .50)

tr  ero nepeAaroqnyro cpyrrr<uuro r(ar( sBena ct lcreMbl peryJIHpoB.al{Hnj

w -##, " (3.5'l)
' . . . '

rAe : '



ycr.rJleHHfl KaTapar(Ta, r{e }.r3MeHflff ero cTpyKTypbr.

19. Snexrpnqecxne Maf lTHHKH

B e.nerrportlApaBJI Htlecl( HX peryJr nropa x B r{aqecrBe qyBcrBr.rre/r b-
HOrO SJIeMeIITa I 'IcnOJIL3yIOTCtl 3/lel{Tpl{qect(tte MarITrIHr(t.r. 14ueercn
6onruioe pasnoo6pa3ue HX cxeM H Korrcrpyr{uHf i .  Hau6o,rree pac-.
npOcTpal le l l l laf l  CXeMa qyBCTtl l ' lTeJI I ' I IOfO 3/ lCMel lTa, RbtI IOJII- let tnOrO ng
SJIeKTpHqeCKI'lX SreMeHTOB, OCHOBaIta Ha r{cnoJrb3oBaHuI4 pe3or.raHc-

roJ rlono Kotlrypa, cocroflulero
=;._ Ir3 Hr{AyKrHsHofi xaryurxa /.

r.r r(oFrAer{caTopa C, coeAH-
HeHr{bIX na pa JrJreJI bHo.
'  FIa pHc. 56 nor(a3arra
c xeMa sJrer(Tp Hqecr(oro I,{a rrT-

noJIHOCTbTO HAeHTHr.rHbt.
napaMeTpbr MaflTri l rr(a

B paccvarpuBaeMofi xoncrpyr(uur{ (puc. b4)
BJrHrrror Jrutxb Ha crarlrqecxufi xoa$Suuuerrr

,  (3.53)

. ;:.
nocTotl{Hafl  KoH4eH.:,

! , ;
- i ' i ,

\ r /

,  ( 3 .54 ) '

Harpff>KeHHe ng,
1ii i

Tpt ,ozl ,/r\ rr4na 3fP-M H 3fP-2M,

r-r-n I Y
, l  cd J \ ,1 c ' ;  I  ro l l l ' l l (z l  c r l ra lo. ty l lc ' rDl . l rcJtb-

ll tS lfffiffr:7 HbrM BbInpnMHrerIeM, npu-
I I If ' l  L--t---jb ^'telltteMafl B peryfiffropax

f 'A^  BbrnycKaeMbrx  I IM3.Ann
\Zftr l lenocpeAcrBeHl-loro H3Mepe'

Y HHfl qacroTbr BpaueHHfl rHA-

tr 
poarperara cJry)r{Hr cHH-
xponHufi raxoreHeparop Zf

Puc. 56. Cxeua sJIeKTpHqecKoro MarrHHKa c nepeMeHFloro ToKa, )xecTKo
(rasouyacrBItTeJIbr-rbrM BbrnprrMr{TeJrerf CgrISaHHfl j i  C EaJIOM,fl tApO-

, ,  arperara.  l lpu r roMuuaJrb-
HoH qacrore BpaUeHHR q-acrora raxoneHeparopa cocraBJrrrer 50 fU.
BxoAsoe HanpqlKer{Lre u n* p$oHar{cnoro xoHiypa LC rponoprlno-
HaJIbHO qacToTe TaxoreFrepaTopa.

klsnecr l to,  qro i lprr  RI(J l roqerrr{r{  r {oFlAerrcaropa B uenb cr,rrrycog.
AaJIbIIOTO rlepelueHI{OrO TOKa ero conporHBJrer,rHe yMeHbr.i laercrr c yBe-
fiHqeuuer\,{ qacroru / roxa

x6_  # ,
rAe  @:z r r f  -  y f J roBar r  qacToTa_ 'ToKa;  C-
caropa (err,txocrl).

B gror*a cfiyqae rox

ir,== + : UtaC,

npoxoAnSHfi qepes KoHAer{caroll, orepe}Kaer
yrorr nl2.
. fIpH BKJrroqeHr.rr4 )Ke HHAyKTHeHofi KaryurKu
ToKa s uefi BcJreAcrBHe aJreKTpo4Bulr(yuerl cu.nu
126

B Uenb nepeMeHHoro' f ;
ca MoHHAyKrIHrr BO3 i;$i.

rrkrr{aeT HHAyr(Tr.tBrroe conpoTHBJIeHLre,
qacrore rol{a 

xL':  (DL'

rAe L - t<oscptpr.rql,rerrr carvroHrlAyr(uHr{
B erom cnyq2s trr,

r i  : u r - u !u  x L  t l o L , .
(3.56)

orcraer or ranprrx(errrrn rra yron nl2.
Tar<nu o6pasorrl, ] 'otilr i6 t't i7 r.raxoAflTcfl B nporrrno$ase no or.

Horrjer{r'rro Apyr K Apyry, a 3HaqHT, pesyJrbrHpyrorqufi roK, npoxo!,f' '
uru i j r  qepeg KoHlyp LC,6y4er  paBeH pagHocru srHx ToKoB : .  , : t ; , : ' . , : : . . i

i : ( J t ( # - ' c )

Vls groro B-btpa)l(ent.tn BI.IAIto, .rJo A{rr l i i isorrancnort qacrorbl (0p
I\4o)l(l lo ral( no,rio6parr, SnaqerrHrr I- tI C, rrro I 6yAer paBrlo uy"rrrb
I{e3aBrrcHh,ro or rranpf l ) r (enr.rrr  D. r(ot , r rype u, ,  f inn gToro r teo6xo4nMo,
qro6tr

: (3.q8) :

3naqenue pesouaucuofi  qacrorbr op npHtrHMaror parHofi  .  HoMtr: ' , '
ttanruofi yr,uonofi qacrore, coorBercrnyrouleii qacrore bpaulendfl rrlr-.:
Apoarperara f ,, : 50 fq. llpu aroM, ecJrH qacrora f > f ;, To no qenn
r(orrrypa nporeKaer eMKocruofi rox .ic; j ec_JrH f { f n, ro qepffi uenb
I{orrrypa_Teqer H}rAyKrr{nntni rorc tL. B o6oux cryr{aflx Ha KoHAerr-
carope cl co3Aaercrr naAeHHe r{arrpfx{eHHfl, HaxoAftqeecq B Qase
I{JII{ B _nporHBocpaae no orFIouJeFIHro K Hanpfl}KeHuro Ur,* raxoreHepa-
TOpa. ..Hanpn)Kerrue U nu* I.rcno/rb3yercfl .B r(aqecrBe peryJrHpyroqero
nos,rteiicrnr{rr Marrrrrrrr(a.

Iloct<o.rtt't<y l)caJILIn,ri:t x-orrryp lC o6naiAaer r<orre,trror"t 4o6por.-.
Ilocrblo, To npH pe3ol-IaHcnofi qacrore qepes ero uenb nporer{aeT He-
6onruofi  antunHrtft  Tor{, npHBoAflurur? k noRnneuurc nocronuHoro
crlrrrara na Bbrxole. Anr ycl 'parrerl
qelr pesr4crop R1, conporuBJreHue

, MocrH or 4o6porHocru xonrypa f(
X apar(TepHcrHKa aJreKTpHr{ecKol

3aBHCHMOCTb BbtXOAilOTO Franprrx{el
rr.rApoarperara

OAuaxo Ailn co3AaHr,rfl peryJrH
I IHe f, /n,, ,x AOJIII(I IO l t l l lTblRElTtr eUde H 3t ' laK OTI(JIOI-I€IIHtI qaQTQTbt; ' i inO-, .
SToMy _oHo Aa/Iee noAaercn, Ha, r$asor{yBcrBurenruuf i  'Bbrnpf lMuTef lb- .  

j
(puc. 56), xoropuft npeo6pa3yer lnepelr,teHnufi ToK B nocrosHnuifi,,1.r-,:
onpeAe/Iser ero norflpt{ocrb. @asoqvBcrBLITefibHr,rfi RsrnosMuTe-rrlbirl '; ,onpeAe/Iser ero noJIflpl{ocrb. @asouyncrBlrreJrbnbrfi ssrnpflr\4HTeJrF*to';1,urrPtrAc. / I l Ic l  c l  u l luJ lHPl lUc. l ' t .  \ r /aSOqyBCTBLITeJIbHbIH BbII Ipf lMHTeJIn CO:. , .
Aepx{Hr ABa BbrrrpflMHre/rbrJbrx AHoAHbrx Mocra DI u DZJbwn6bD*Vro--
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rqHri KorrAer{carop C2 u nxo4r-ror? rpauc{ropr\,rarop Tp2.OnopHoe r{oi\,r-
t{yrl' lpyrcuee I{anpl)Kentrc Ha Mocrbr noAaercrr or o6iraoror< Tpd1lc-.,
rpopnraropa TpJ uepes pe3r.rcrol lrr 'R2 H R3, orparrr. tsHBalor.ure-r{oM.
Myrl lpyrcqHrl roK qepe3 

_AIIoAbr'  IrbrnpnMureneil .  IJrnrcqeHr{e B cxeMy
rpaucSopluaropa Tp2 o6ycnoureFlo reivr, qro Bbrnpflr\{/reHHe cBfl3ar{o
c npeABapHTerlbHbIIu H3NreHer{r.reM BeJrHrrr.tr-rbr Hanprr)KeHHfi nepeMer.r-
I Ioro rolta, a Tar{)r(c lreo6xo4r.rMocrbro foJn:BsrurrrecKoro pa3AeJrerr}I t l
ueneri peryJrflropa. Srol rpancrfopx,ra'rop rracl.o r.ra3brBaror pa3Ae-
J I I ITCJ Ib I Ib I IT , I .

I- lprrt t l t t ln palorw. rfraaouyBcrnr.rrei lbuoro Br,rnprrr,rrrreJrf l  3ar(Jtro-
ttac' l 'ctt  tJ cJtel lyroulcu, lJ,rrro6ol i  lvror\,rcrr 'r ' t l l )crvrcrrr o/t fnt uJ Mtlc' t 'ot) c no-

Pnc. 57. Cxerra (a) u xapaKrepncrHxa (6) a.rrexrpl lve-
I (OIO MAf lT} IHKA

r\{oulb}o onopHofo Hanpfl}r(etrrrf l orr{pbrr, a Apyrofi - 32r{prrrr. Ecnn
3aMepflTb rlanpaB.rlelu{e ror(a Ha nbrxoAe BbrnprrMr4TeJrn (n,lex<4y o6uleli
roqxofi luocroB Lt cpe4rref.i roiNor? rparrc$opr\laropa Tp2), ro oHo
ocTaeTcff IIet{3MeHHbIM npl4-_cOxpaHeHHH nOJIflpHOcTH I\{e}KAy Uoo,* l l
onopIIbII\{ HaIIpfl}Ker-rHe^4. f lp" r{3MeHeHr.rH cpaaur BxoAHoro curiiana
Il3l\,IeHtleTcfl ero orl locr.rreJrbHafl noJIRprrocTb no orno[Jetnlrc K onop-
HoMy Hanpf lx{eHtuo, B pes) i f lbrare qero roK Ha BbrxoAe cpaaouyncrBH-
TeJrbI{oro Bbrrrpflr{r.rTe,rrfl MeHrreT cBoe HanpaB/reHt{e,

I(ax npaBH,rIo, B KaqecrBe BbrxoAsoro curr{aJra aJIer{Tpr{rrecKoro

lr Ko[IAel'Icaropon C I , C2, C3. B 3otle ne6onrrtrrx orr{flonenllt qacrorbr
BIr lxoAIIoe l lanpt l )Kel IHe l \4oc'ra Uour* c, l luHity ' ro ot 'nocul 'Cnr l to nHTdto-,
lJlero Haflptr)KeHHfl I{a yro/ri 6nwsKtr+ x nlL. ConporuBJreHurr r{ Kor{-
AeHcaTopr,t noA6uparorcfl Tar{r.n{ o6paaoirn, rrro6trr Uuo,* - 0 npn Ho-
N{l{t laJIbHoii qacrore fu. B pe3yJrbrare, rrpH orr("noueur{nx qacrorbr or
I{OMI'lI{aJIbHOrO 3l-raqeHr{n Ha BbrxoAe r(olmypa norrBJrrreTcrr Halrpflxe-
HLIe {,/ou,r, nponopltuoHaJlr,rroe H3tuer{enHlo qacrorbl, a ero Qaea 6yaet
I{3I\,{eHfiTbCtI Ha yrofl xI B 3aB}{CHMOCTL{ OT 3l{aKa OTKJIOHeI{Hfl qaCTOTbI.' :

Konryp RC npIlnreHflercfl B KaqecrBe r{3r\{epuTeJrfl cKopocru B pe-
ryJlnropax'u-reef iqapcxor-"r  cpHprurr  <Charmi l les>, e onbrrHoM rpaH3H-
glgplqil peryrrnrope rurra SfPn .rlM3, s S|PC KorrcrpyKurlH
OP|POC n Ap.
t28

R2R Ia)

Xapar{repr{crr.n(a aJreKrplrqecr(oro MarrrrrHl<a (plrc, 57, 6) nuHefiHa
B AotloJIbl'lo li l l4poKolvl AHana3ol{e H3MelieliHtl qacToTbl. Ila6opaToprrbre
I{ccJreAonant.t f l  not(a3r)rnator, trro nocrorl t{ traf l  DpeMeritr KonrypoB LC
u /lC 6es y.1s'ra nocroquttoii BpeMet-tu QHnr'rpa $asouyncrBr{re;rbnoro
BbrrrprrMrrreJrrr r{axoAr{rcf B npeAeJrax 0,001-0,005 c. floeroMy Mo)KHO
ctl I ITzTb, qTO nepeAaTOqI{af l  rbyuxqug SJIeI(TpHqecr(oro MaTTTHHI(a COOT-
BeTcTt lyeT n ponopl$ IOI ' IaJ Ibr lON,{y  3Bel ly

ru/ - AUn,u*
l y :  : f t . ,

x

r / te h -  r<clsr lx l lnt t rcn' l '  ycrrJ lc lntrr  r \ , {a l ' r 'nrrr( i l .
Orrlerltr ' tr rITo orcyrcrnl'te B l(ottrype RC urr4yxrunnoii I(aryultl l

cnocodctByer noBbItrletIl.no cra6u"nrnocr]{ MaflTFrrdt(a no cpaBr{eHt{ro
c Korrrypovr I-C. B ro )t(e BpeMfl I(oHryp RC upeastrqarino qyBcrBH-
TCNE'N I( HATITI.IHIO BbICIIII4X TAPIVIoHI,II{ nHTaIoUIefo Hanpfl)KeH4fl, Ko.
Topbre BJrHrrroT KaK rra r(pyTrr3Hy_xapaKTepHcrHKH KOHTypa, Tar{  H H?
cra6uJlbnocrl) ero napatvterpoB. B grot\,t 3aKJlloqaercs ocHoBHoft Helo-
crarol( 3JIet{Tpl{qecr(t{x MaflTHr.Ir{oB, BbrnoJrHeHrlbtx B BI4Ae xoHrypa ftC.

20. SnexrpuqecxHfi HBoApoM

flpttttqnnr4anlbrrafl cxeMa gJIeKTpr{qecKoro HsoApoMa, ucno/rb3ye-

or flnoJlor(eutlf l nopull lf l  HcnoJrFruTeJrbrroro cepBoMoTopa. Taxltrvr o6pa-
sorvr,  Har-rprr)Kenue u 1 'Ha BbrxoAe rparrcsopMaropa Tp2 .nponopuHo-
ilf l" 'rbrro noJro)KeHr4ro nopllrHn cepBoMoTopa.

IJanpn>xeHL{e Vt neper,reHl{oro ror(a noAaercf AaJree Ha Bbrnpff-
Mr.r'reJruHr,ri i  N,rocr n, or r(oropofo qepe3 (lunmp, cocrofluIHfi Hs Apoc-
cerfl / lp r.r r(olr/ ler-rcaropoB Cl, C2, C3, Hanpnx(errr.re Uo* rrocroflH-
ilot'o 'r 'ol(i l  i loc'r 'yi l i lc'r '  i l f l  i lxol( i lBo/lpoiun. lJoc.neTltttrf i nlrc4c'rail i l f iel.
co6ot? nocJIeAoBareJlbtIoe coeALIHeHHe rrepervrerrrrbrx r{oHAeHcaropa C
I{ pe3l.ICTopa R. ButxoA I{3oApor\{a noAr{JrrotreH x o6uou(ar\{ Marr{r{THbrx
ycr{.rureleii A4yl n MU2, r^e r.ranpfl)r(eriue {./o,,,* cyMr\4r.{pyercrr c Apy-
fHr\,rr{ currraJrar\,[r. Peslrcrop R2 cJry)r(r.rr uarpysxoft A.i ln cp]r.ntrpa.

on pe4en nln nepeAaroqH yro $yur<qnro -aJreKTpHr{ecKoro. lrsg4pqrtra,,
npeAcraBJreHrroro rra puc. 58, a,  Bxoanoe-uanpf l )KeHue panHd i . : , , . :1, . r . . ,

(3.5e)

- (3.60)
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rAe r - corlporr.rBJrenHe o6uoroi< Marr{urnbrx ycunurenerl
MV2; i - cuna roKa, nporeKaroulero no qenu,

a BbtxoAHoe HanprrlKeHr.Ie
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.  \  
orclo.qa r io.^yr166v rel)cAa'ro(rnyro r lryrrr<rr irro r(o*rypa 1lc

wr:+;tu) : T:;": m#W. (8 62)- e n t l ( f r

Cornacno c.xetrre,3o* =l-!?\F,n^*A, rAe k - Kpyr'giia xapaftTep'-
crHKH,Uo*: I (,p), B/narvr. Vq.reu rar()r(e, qro R^i ,. g p.=ynorrr.

c -+r+-ry I
/ +f L-., MYt4
n 2  l {

I Mt2;

L l.sr t
I

r S-

P)

1
r ' rT

"4
RJ

.w
S.nexrpnvecxoe H3oApor\rHoe ycrporlcrno peryJrrrTopoR co .^aonunn"

rnnoB 3fP-M (a) u Ofp-2M (6

nepeAaroqHatl tpyuxqr'rn 3JIeKrpHqecxoft ueo4pon,tuoii o6parnoii cBfl3g
6yaer Hrvrerb BwA

(P): lult^o*-f r#+,

trJrvr, ec.ln g 6pars B nporlerrrax tr 3aMeFrHTn RC : T,t,

w-##,
'  

, t '

r4e p =. ftrlr,,,n*r/(1q0.{) _- xoscprlrnqHerrr ycr{rrerrr{n 
'

o6paruofi cBRsH , Bl %. .!

P uc. 58.

V/ --!uln
g (3.63)

(3.64) ,,,;.
'  , l ' '

r.r3oApoMuoft -
j  , "

BupaxeuHe (3.64) no $oprr,re coBnaAaer c (8.s2), qro yxaerrnaer r; j,
Ha npllHIrl ' IrIHaJIbHytg HAeHTI.rqHocrb sJreKTpHqecKoro t4 rnApaB/prqe-' '$il,
cKoro I 'I3oApot\4oB' f iultamnqecKue xapar{TepHcrHr{r{ H3oApor\{a. Kar( .
3BeHa cr{crer\,Ibr pefyJrr.rpoRar-rHrr npHBerer{br R ra6n. 2. 

' i

34ecr c/IeAyer orMerrtrb, tITo r.rHorAa B rexr.rHqecxoii JrHTeparype no ..
peFyJrHpoBalrlrn i luporyp6prrr B Bbrpa)Ker{}fr.r (3.64) BMecro 

-xoacp-

r 3 0

tpttqttett ' ra ycnflenlru l3 yrrorpedfl f lercrr DpeMeutran lrepanHoMepuocrb bt
peryJlnropa, I(oropan ctJfl3arra c xosr$rllurduer-rroM p coornoruegr.{eM

,  (3.65i . 'n

flo cyrqecJsy sra cxeMa coAepx{iar Aee tlenu, oArra us rotopbrx BKfiio- 1. - , "r r.;
qaer R ce6n repeNrerruuf,i l<ouAel{carop,C lr uri:peMeH}rbre pesr.rcropu fr/ , _. 

' , ., i

h - Pu t : _ J { t

!

l

,:
: l

, Noi.i l l o6paruo. flepexnrcqerrHe uenefr ocvilIecrB.rlsercH"xonraxrarnln,'
peJle P, xoropoe cpa6arsrBaer or reHeparopH.oro BbrKrroqalgg,s;;.-*i i,.

Cnelyer yl{asarb I.ra cyqecrBeurrlnt HeAocrarox srer(Tp}rqecKoro
n3o l l l l on{a ,  npr rBc / (cnr ro ro  na  puc .  58 ,  a
cxcMa npar(Tt{qecr(H l re o6ecneqr.rBaer,pa
MeTpoB T a H b1, Heo6xoAur\{yro rre roJrbr{l
yc'rofi unnocrr.t crrcreMbr perynHpoBar{Ht
6yerri loro KaqecTBa ilepexoArrblx npou,ec

f lpulrur{nrraJrbrro,  B na6opu xonAeirr
ql ' lrb ral{oe I(oJIHgecTBo KoHAeHcaropoB (c coorBercrBytotrlHMH j.nepei;, i.r; i",: i ,;,, i ' , i=,}
I(fltoqarennvlll), 'lro6u Iriln xa>r4oro BrrarreHI,tR noenneilHoft Henanilo:]i.:it';i;i;jiii;1ti;;;
MeprrocTtl  ,b1 nu6parr '  )KeJraeMoe Srraq(
c,[yqae I{soApoM 6yaer Hacro,[bKo ,rp

r..aanue. B npar{Tl{qecrc.rx UeJlflx'rcrarler n
I- la pHc. 5q, 6 npHBeAeHa 4pyran cx

npHruerrfleMoro B pefy/rflTopax c sJreKTp

g t



t i  R2, nuno,nirser po/rb r. leolporunofi  o6parrroir cBrr3H, r(of^a ruApo-
anperar pa6oraer B peiKltrue xoJrocroro xo/{a, a r}Topafl  (CI, R3,
R4). - Bcrynaer e AeIlcrBI4e' IrorAa rnApoarpenaT Br{Jrroqaercrr B peiKHM
pa6oru noA Harpy3Ky B alreprocucrevy. Kar< H B cxen,re Fra pHc.-58, a,
nepel{Jll,oqeH}'te qenetl ocyu{ecrBJrnercfl r(oHTaKTar\drr pe/re P, cpa6aru-
BaIOUII.IMH OT reHeparopt{oro BbrK"[rcqareJlf l  .

Paccuorp r{ru nepeAaror{}r yrc $yHxquro Kor.rrypa, coAepiKarqero eM-
Kocrb C l {  conporuBJleHl l f l  RI  H R2. Cnngb BbrxoArroro Frarrprr}r(e-
rlt4fl Uoo,* c BXoAIIbtt\,{ U"* aroro Kor-rrypa Mo)Ker 6uru ycrat.roBJretra
c nOl' lotqbrc C,[eAyl]otUHX ypanHelll l f i  :

r r  _ l  I  I  R r ( R , * r ) l r .usx: I en 
-r 

7;44-P-l I;

U'o'* - riz'

I
I (3 .66)

(3.671

(3.6e)

(3.70)

oTr{yna

tcp
Rr (Rr -l- r) c p * l
Rt -f- R, j- r

BenH,IHHbr c:{Jr roKoB i u i, cnnear{br coorr.rouleHraeru

rvr U orr* /-\
w  1 :  l p ) :

v n x

i 2

i

r, (Rt *l r) ,:

f lo4craeup (3.68)

R2
T;TF;+; ' (3'68)

B (3.67) n yrlrs, TITO Rt )> r  u RrD t ,  i lof lyr{r . rM:

l q
o  _ : _ -

I

Qp

"trftt 
cp*l

,. 3Aect nocroflHHarr Bper\,reHH H3oApoMa

'  T a -  R r R '  n
4f1ft; "'

a xosrpcpHlluerlr ycHJIeIrHn onpeAeJrr.rrcrr;.€c,rrH rrprrHrrrb Bo Br-rHr\,{aHtre,
rrro Un* - letltno*g. TorAa 6ylertn Hruerb I

l y / -  
U n r r *  - p r , t ,  T a P

u " }] 
'P'u* 

TaP 4l 
'

r . e . f l : k - '. , R, 
l l) 'nn^, t{ ero peryJllrpoBl{a ocyilIecTBJlfleTctl 3a cqer

H3MeHeHHfl  co[poruBJreH Hn R I  .
^ xors B BblpalKeHHe AJrn BpeMeuu T6 BxoAr{T Tar{}Ke H BeJrr.{trrLHa RI,
Ho KoncrpyI{IrHtI H cxeMa r.{3oilpoMa BbrnoJrrrerrbr raKHM o6paso*r, qro
npH H3h4eHeHHtr ConporHBJreHHs pe3Hcropa 

'Rl 
H3r\,{eHrrercfl. ir coilpo..,

THBJIeTIHe pe3r ' rcropa R2. f IpH aroM sHaqeHHn RI H'R2 ru6paHu r3:  "
R 'Ro 

'  ,Kr.rMtl,_HTo r{orAa H3MeHrercrr R1, BeJrHrrHHu 
6pi6 

ocraercrr nocroflH-lr .

Hofi. Srau AocrHraercfl He3aBlrcHMarr Apyr or Apyra peryJrrlpoBKa
napaMeTpoB Td H bt. n i

t32

Alranorlrrrr-rbre pe3yJrbrarbl Moryr 6trrr . noJryqeHbr, ecJrH pac-
CMo'tperb SJlel(1'pl ' l t lecl(ylo l[0IIb I ' l3O/lpOMa, cOAep)KaLuylo I{OllAellca-
rop CI H pffir{cropbl RJ, R4.

OnrrcaHnaR cxeMa gJrer{TpHqecKoro HgoApor\,ra n03BoJIfler c rtro-
IVrouIbro neper(JrroqaTeJrefi cTyneHqaTo H3MeFrrrTr, napaMeTpbr bt H Td
B CJIeAyrOlrIer{ ALIarra3oHe:

AJIn pel t (uN{a xoJlocroro xoAai b1 :0 +-0,7;  Ta :2 --30 c;
AJI. f l  pex( l ' lMa I IarpysI{ I ' I :  bt  :0 - : -2,0;  Ta :2 -r30 C. ,

21. fH4pannnqecrHe ycHJrHTeJrH H cepBoMoropbr

B rHApol 'yp6r.nulr , rx ycraHoBr(ax AJrn nepecrarroBr{r{  peryJrprpyrc-
i l( l lX OpfalloR rpe6yrorcfl rpoil{aA[rbre ycI.rJtI{H, HcrllrcJrqeruhle coTHflr\,rr{
T'oilil . f-ltur co3Aarrr{fl Tar(prx ycr.rJiltii n u,enb or rryncrBr.rreflbr{oro gJre-
l,terITa Ao Pery"ryplpyrcxlefo opraHa BBoArrTCr Hecr{oJrbKo Kacr(aAoB
ycHJrr.rTeJrbl{brx 3Ber.rbeB. B rr.rApoMexar{HqecKorl qacTH pely/InTopa
B l{aqecrBe rar(r.rx BBer-rbeB npuMerrflrorcrr trqpaBilr{qecKue ycHJrHTeJrH
u cepBollorol]br, B l{oropL,rx AJIR co3.nanHfl neo6xoAr.rMblx nepecraHoBorl- '
i lr)rx ycr{nl,rf i cny>r(}.rT MacJro noA AaBJreHHeM, noABoAr{Moe oT cneqHaJrb-
nori MacJroHanopnori ycraHoBr(r.r (MHy) HJn4 or uacoca.

B AaJrbr{ef{ueNr rroA norrflTHeM cepBor\,rorop 6yAeu HMerb p eHAy
Ana Bsa4MrIo cBs3aHrrbrx ycTpofrcTsa: co6cTBeHHo cepBoMoToP, Bbrpa- i

6arrrnarourrrl cnnonoe Bo3AericrBue, H 3oJrorrlHr{, rrBJrRrouufics aJIe.
i\,rerlTon{ ynpaBJreTr4tr. flr4pannr{qecKHft x{e ycr.rJrr4TeJrb npeAcTaBJrffeT
co6oft cepBoMorop, oxnaqeHHrrfi xecrxofr o6parHofi censrrc. Cornacuo
arHM nollnrr{rM, cepBoMorop H ruApaBilHr{e"clrnft ycunHreJrb KaK gBel{bfl
cl4cTeMbl Per i t ;gooBaI ' IHf l  cocTofT H3'oAHHaKoBbIX 3JIeMeHTOB,,  I IO-,
sTOrUy lrx Kor{cTpyr(THBHoe BbrnoJrHeHHe, xapaKTepHcTHKH 14 nepeAa- ,i .
T o I I H b I e $ y r r x u u u c J I e A y e T p a c c M a T p H B a T b c o B M e c T H o .

_ B peryJrnropax cKopocru ruAporyp6uH' npHMeHsrcTc.f l  
' r raBHbrM ' ,

o6pasou 3oJrorr{HKoBble ruApaBJruqecKrre ycHJrHTeJrH vI cepnoMoTopbr i

xRycropor.rrrero rr 4lrclxpeperrulraflbHoro rl lnon. B sJreKrporHApaBJrH. :
qecr{Hx pefyJrnropax cKopgcTH tuHpoKoe pacnpocTpaHeHHe nofiyr{Hrrl l1. :
.TA I(}KC 6CSSOJTOTFII.IKOBbIC - NPOTOIII{bIC HAPABJIIIqCCI{HC YCHJIHTCJII{ 

'

T l tnA (conf lo-3acJ lo i l t (a) .

I - la puc. 59 noxasanbr pa3Jrnqrrbre cxeMbr cepBoMoropoB H rnApoycn- ,
nltre.neii, Koroplle B Toivr r.rJrH HHoM KOHCTpyKTHBHoM, HcnoJIHeHLIH npH-
MeilrroTcrr R peryJrrrTopax cr{opocTtr, Bbrrrycr(aeMbrx /lM3

Cepnovorop Auycroporruero 4er lcrnur 
-(pHc. 

59, a) yrpaBJlnercn
3OJIOl' l lr.rr(OM l, rrl lrr cr\reuleri l. i l{. I(oToporo BBepx r-rJIi l  BIIHS Macflo noA
/taBJIeIrHeM /ro uocrynaer B oAr{y H3 noJrocrefi cepBoMoropa "2.:f lpu , .: l
3TOIU efo Apyrarr rroJrocTb qepe3 r{aHaJrbr B SoJroTHHr(e coeAI{Hf€TCf .; ' ,
co c"nllnuofi qacrbro cHcreMbr. f loa
B noJrocrrrx cepBoMoropa nopueul  2 (
noKa so,rrorHr4t< 6y4er cruerrleg orHocr.j
x{errrrq. f lpu ycranoBr4BrileMcs ABHxteH
4ericrnyrou{ux Ha nopilteHb cepBoMorop

'  ( p o .  A p )  F - R



Brrer{HeM p0 nocrynHr B rorrocrb noA noor#ff,"}1t ffi#:t;;f,oT 
'

IIoJIocrb IIaA nopmueM coeAHHr{Tcrr co cnunou, B pesynrrare rlop-' l i leHn 6yler nepel\,teuarbcff BBepx Ao rex nop, nor{a iuv-ar Ha saflrnr6r
noJIOlKelrHe A $C r, f lPH I{oTopoM soJIoTII}{I(  Satl l{MaeT CDO€ I. lcXOAIloe .

i ^  Ht I  CepBOMOTOpa nponOpUHor laJ lbHa CMetqeHHlO TorrKrr  A,  T. .  e{ r l1pa :_
'  BJlHrtrecxtl f i  ycplJIHTeJIb KaK 3BeHo cHcreMbl pery/rHpoBaHufl npegcia- - i ,  .

. ' ' BJItrer' co6ott nosr.IL(HotrHyro cJreAflulyro cncreMy c xoe{lrpnirHenrou,'ti '

cTof lHlrbtM r laBf lerrueM p o,  a B Apyryrc nof locTb, HMetoi l lyrc,6ontu:yro
pa6ouylo nfio[\aAb, IuacJIo noA AaB/:reHHeM nocrynaeT B 3aBHcr4Mocru
or noJlo)KetltIf l  3oJIorIII.rt<a I. f lpu cMeuIeHHH goJlorr-mna'.1 BBepx nop-
ueIIb cepBoMoropa nepeMeulaercrr Rrrr'r3 noA gelicrnl.reu yq6Jrr{fl,
co3/laBaer\lofo 3a cqer pa.3rrocru pa6ouux nnoulaAefi noprxHfl, l lpl l
cluell lell l l l l  )I(e SoJtoTIIIII(a BI-lH3 ynpaBJIneMan ndnOCTn cOO6qaerCn
co cJIl{BoM, fl rtopruetlb nepeMeqaercfl BBepx noA AeficrB]reM rrocrorrH-
l loro / lAI lJ lCI l l l r l  Po, I IOl l lJol t l l l \4OfO I l  I I I l l l ( l I lOIO t IOJIOCTb CepBOMOTOpa;

Ot'nlt. l l le paccMorpel{Hbrx -cxeM rHApoycunrrre"nert cocrouT n' rom;
qro npH rrpoqprx paBr-rbrx ycJroBnf,x cr{opocrb ABtr}r{eHrrfi noprrlHn"qnrf.
$ e p e t t q u a J I b I I o n o c e p R o M o T o p a 6 y a e r B c e f A a B A B a p a 3 a r ' a e u r u r e c K a -
pocrl ' l  l lopultl Anycropotlrlero cepBoruoropa. 3t'o Mox{Ho rroncr{r.trb'
cJreAyrorr{HM o6pasou. Ilycrt o6a cepBoMoropa r{afpy}KeHbr oAHHa-
Konbri\,ru,cH,[ai\{r{ conporr.rBJreHprfl R. B sToM Cflyqae pa6ouar nJroudaAb
noprulltt B IleynpasnneMor'r noJrocru aurfcpepelrrrHaJrbr.roro cepBoMoropa
lloJlx{l la 6rtrr paBrla naouaAl.r F nopruHfl ABycropoHr{ero cepBor{oropa,
?_ B ynp?nnnevou norocrr.r pa6ouaa rrJro[r,aAb ropurHfl AoJrx{Ha 6urr

'F ,  , '=='21;.  f lp l r  o/( t t t lx  I . t  rex )r(e pa3r\ , repax goJrorrrur(oB n rrx oAHI{ar(o-
Ilblx cMeuIeIIt{nx pacxoA MacJra qepe3,oxr{a o6oux 3oJrorHr.rKoB 6yaer
o/rHIraKoBbtM. CneAoeareJlbHo, MolKHo ganacarr ,  , .  . . : .

t tF  :  a tFu

fAe a n u t - cKopocrll nBHlKer,"o ) nopu:rreft coorBeTcTBe[riro .noV: ' ' ],- 'tA B y 1  . i , ' .  ,
.  c ropo l {Hero  H auSSepenr l r {aJ lbHoro  cepBoMoropoB.  ,  , , , ' t  ; ; , " . | i ' i ;  i , l  .  . . ' , ,1

' I 'ar 
xax nroulaAb Fr :  2F, ro u - 2uy-  -  r '

B sanucr4r\,rocrr.r or crpyr<rypuoii cxeMbr p€ryrqtrpa cKopocTu A.AJIfl
yr p aB Jrer{ H fl peryJrr.r p yrorrluM opraHor\,r (n anpannfl ror.rIHM anna parov)
rrlAporyp6tnnu npHMeIIflercfl Hlvt_-cepBoMorop (pHc. 59, a), HrrH ry{-
ApaBJrr'rqecl<r.l i i  ycr.rJrr4reJrb (puc.' 59, 6). B o6oux cflycanx xapqKle;
l l l tcTl ' I I { l {  cepBoMoTopa or{asbrBaroT cyuecrBeHHoe BJIHf lHHe r{8, 'aHr
HaMI{I{y aBroMarHqecKoro peryJrr,rpoBaHr{fl . .f loerouy ueJrecoo6paeuo'
6o.rree no4po6l to paccMorperb AHr{aMr.r t {ecKHe.xapar(TeprrcruKr.r  cepBo.
Moropa Kat( 3Bella cr{crer\,rbr peryJrr.rpoearrnrr: 3ro reu 6onee BaxHo, ,
t l l 'o B nocJIeAFIee Bpeivlf l na xpynHux fOC, rAe nprrMerrflroTcrr AJrHHHbre
i\4acJlflHble rpy6onpoBoAbI, cBflBbrBaroulHe rnanuurt soJroTHHr{ c cep-
BOMOTOpar,rr.r r{afipaB,/rnrour€ro annapara H pa6ouero KoJreca, , ua6nlo
/{alorctl nlt6llatl l trt 3oJloruur(on c orr-rocr.rreJrbrro nttcoxor}, qactoroil. 4
B uexoropbrx cJryqaf ix sru nlr6pa[r4n
rpy6onpoBoAoB. Cneqnanrrr{rrrMH HccJ
Ilo3HHKHoBer{r.re nu6paqlrfi He .cBffBar
cr.rcTer\{br aBToMaTHqecKOrO peryJlHpOB
npr.r pa6ore peryJrrrropa r{a pyqHoM }

rAe Ap - cyr\,rMa norepb 4anneuufl MacJra
nJroualtb rroprxrrrr cepBoruoropa; R - cuJrbr
,4eBaerubte nopiuHeM cepBoh,roTopa.

|t "12.rt) 
nonyuum cocrr-rourerure

a p :  p o - (3.72)

noKaSbrBaroulee, qro cyM[,ra norepb AaBJreHr.rrr B rHApanJn.rqecxofi
cHcTeMe qHCJIel{l lo paBI{a 3anacy AaBJrer.rr.rn B cepBoruoTope, HJrH

A ta-i- Bt
Al

Puc. 59. fnApannuqecxuii  cepBoruorop (a) u rH4-
paBJrHqecKHe ycriJir{Tenu (6), (a), (a)

nplr  ero ABHX(elrHr{ ;  F -  i ,  '
conpoTrrBJrerrHf l  ,  npeo4g- " '

pa3riocTr.I Mex{Ay FIOr,tH-' , ,
I . IAJIbI ' IbIM,II .ABJICH}ICM B CII- i .

CTelvle I . l  AaBJIel l l . leM. I te- :

o6xoAr.lvbrM AJrr npeoAo-
JreHr.rrr cr.rJr conpoTr.rBJre-
FrnR R.

.  o l IpH 3aAarrrrbrx pas-
Mepa x SoJroTr-rr4Ka, cepBo-
I\/toTopa, l{ MaCJItII-lbtX Tpy- I
6onponoAoB ReJr r ru r rua  Ap
6yaer onpeAeJrnrb cr{o-
pocTb ABHIr{er{rrH nopuHrr
cepBol\4oTopa.

B THxpaBJIHI{ecKoM :
ycrrJrrrreJre (pHc. 59, 6) s : , , ,

orJruqHe or cepnouoropa ,"r ',
I{MeeTCfl eIIIe lv{exaHI.Iqe-'
cr(af l  nepeAaqa B BHAe
pbrqara A BC, cnReslnaro-
urar il{e}r{Ay co6ort 3o.rror." ,
r{Hr{ lr cepnouorop. l lpH
cMeureHHH Tor{KH A pbr-
qara B no,r to)Ker{He A1
pbrqar noBepHercrr  BoKpyr , ,
TOr{KII c U CrvleCTI{T 30'rto1'-

R_ F ,

C1
!
C

4' iD
A o ,

Po
<-

' .ycl/.rrelHP.n, 
onpe4enf eMbrM nJreqaMu" pbrqara A BC. , THII€CI(l{e 3BeIlFrf l ,  I{pOMe UenH 3OJIOTI,I I .TK--CepBOMOTOp, OTKJIIOqeHbI.- ' i , '  r , :

,  
^  

" A Y v J  
v r r e r { r r L r ' r r r  \ .  A n Y r \ l r \ - P \ - n r r t n a J r D f i D i l v r , L E P D U t v r \ / r v P u / v l  ( P l , t Y ,  . J J ,  a t  

* , ; , ' :  j , . ;

.  
' I IpHMCHReTcf l  

rJIaBHbtM o6pasovr B [poMe]KyroqHbrx cryrreHRxrycH.ne- ' '1 , ,  ;

[ IeHHn, oi lpeAef l f  eMbtM nJleqaMu" pblqara A BC. '  ,  , ,  ,  \  
' , : .1r . . '  

i
fugpoycnJlure"rlb c 4n$cfrepeHr.IHaJrbHbrM cepBoMoropoM (pllc. 59,'o)_,,1.;;:: vpanHeHne H nepeAaror{HaqI tllyurqnq cepBoMoTopa. : PaccmqTpyu i,r."r;i,,ruApalrruqecKyro qenb soJrorr{uK-cepBoMorop,; npHBe.4eHui.rp ii i;ua ,l 111 :f

r \ I rv lv l t r  Uc I rn  dUJru l t l t { r { - -UepEUMU' I 'OP,  O ' I 'KJ I IOq€HbI . ' i  r , :
vpanHeHne H nepeAaror{Haq. $yurqnn cepnonaoropi. : paccy.gTplIM 

:i;:r,"

.', ' HI'Iff peryJlnropa cxopocru. B srori cxeil{e B rroJrocrb cepnoMoropa ,r. I

i ' 
c MeHbrlefi pa6ouerl'rrflorraAhro nopuqfl noABoAHTcfl.Mac/to rroA nQ- -,;" ,

r  r  I  t - . , - ^ - -  - - . J - . - r - ' | \ : " : - ,  
.  . . . r  r ,pfic. 60, a. f lpe4nono)rg.tM, rrro, Inf l ,MaJrbrX bnrerqenptft , l ieonorHhKaf . , . ,  , .

or cpeAllero IIoJIo)KeIIufl xapaKTepr4crltrr oroft cucTeMbr finwuefi-.;' ;,-'.,' ,| 1 . . , ; . . . : . ' . - .

l lbl. Llro6rt AocraroqHo noJrl{o onHcarb AHIraMHqecKHe 
'cgoltcrna ..,1- .,1:."

'!

r04 , t



CepBoMOTOpa, IIeo6XOAIn\,lO .yqecTb BCe OCI.IOBIIbIO napaMeTpbl' BJII 'IfI '

roulge Ha ero pa6ory. C erofi I{eJIblo npll Bbll loAe AHd1+epeHUI{a/Iblloro
y p aBHer{ [r n cepBor\,{oTop a 6yaeu yrrHTbIB aTb Hllepullott HocTb rl a f p y3KH'

ptrJrhL Bn3l(oro TpeI{Hfl, AeficrBylo[I{e Ha noplxeHb' cX(HMaeMocrb

r{acJra, a raK}Ke npo'reqKr.r MacJIa B cucreMe. /J,nn 3THX ycnontlf i nofl-

HOe fiepeNleuleHl]e 3oJIoTI{l ' lKa paBIIo i
S  -  S ,  *  S ,  *  S o , (3 ,73)

r1,e St - nepeMeuleHne so,noTtll{t{a, IIeo6XoAl' lMoe l\,nn cosAallun

3at \a l l r ro f . i  c r to l toc ' r ' r t  / tun l t (ennn noprn t t t l ;  S , r  *  r tcpeMct l tc l l l l c  soJ lo r -
IIHI(a, o6ecneqprBatoulee lpe6yeuoe ycl(o'
perrue I Iarpy3KI . t ;  SB -  Aot loJ IHl lTe. r lb l la t l
BeJIlrqr{Ha cMelr lerlHtl ,  I{oMrieHcHllyrcII(af l

C)KHMACMOCTb MACJIA.

Benuqu t ra 'S ,  u  cKopoc rb  AB I l l I ( eHHf l
nopuHr l  cepBoMoropa c  yqeroM cHf i  8 f l3 ;

Koro rpeHur cBfl3al{bl lvte}t{Ay co6or? coor-

[IOUJCIII, ICM

s r : ,  0 \  d r l )-r 1; ) 
-tr

a)

(+ (3.74)

3Aecr ht - r<oecp$uut{enr, onpeleJlttto'
unfi Bvn, cltopocrHofr xapaKTept.{crHKI{
cepBoMoropa Altldt - f (S) npr{ Marrbrx
r{oJre6ar{Hrrx 6es yqera cHfi Bq3l(oro rpe-
Hr.rfi (ruru/c.MM) i lez - xos$cfiuqlleHr,
onpeAe/rnroulufi BI4A cunonofi xapaKTe-
pHcrHKH cepBoMoropa Lp : I  (S) npu
Marrbrx None6auurx (H/uu) i  a- xoscp-
cpr.rrluenr B13Koro rpel'tt{tt.

pHc. 60. Cepnouorop (a) H Cttna l t f iepql lu [o/{BI{) l{ l IblX uactet l ,

c rpyKryp r ran  . * " "0  (O ) '  i , t 4 -  CB f l 3a l I l I b IX  c  nop I I I l l eM ,  paB I Ia  Mdz \ t l d t z ,
poycHr lHrer la  f1e M -npHl ' leAel lHaq K 1Op111I I IONIaCCa

BCeX nOLBH) l f i t t ' tx  qacre i i ,  u l (J I loqat l  Maccy

MacJra, HaxoAflr{erocrr n{e)KAy BoJrorHHI(oM u cepBoMoropoM. Als
npeoAoJreHtrf l  sroft cr.{Jrbr neo6xoAl' ,rMo cMecrt{Tb 3oJIoTFILIK Ha Be,l lpt-

uuHy Sr. Orcror,a ) ,I

; i
I

' ; l i. l

i ', , ] i

o  M d z V. > 2  : 7 . d ; t r

Buipasuna renepb BeJrr{quny s3 rrep$ nepeN,reueHr.re rp nopulHn. Tax
KaK MacJro c)KHMaeMo, To B noJrocTrrx cepBoMoTopa 6yAer LlMeTb MecTo
H3r,rener{He AaBJIet{r.rf l, Koropoe AoJIx(Ho 6rtrr Kor\irIIeHcI{poBaHo Ao-
noJrHHTeJrbHblM nognb4oM HeKoroporo o6teua MacJIa. f iono.rlHHT€.rln-
l l t r t r " r  I racxo/ i  6yner af lnrrcc 'n '  oT odt l tero o6rreMfl .BoRfleqel t t toro n pa'
6ory MacJra V v, or er-o o6r,evlroro MoAyJrr ynpynocru E. I"loetorr,ry

2Lq:++,

(3.75)

1 3 6

(3.76)

f/Ie h - cyr,,rrvra HsN,reHerulfi 4anneuufi B o6elrx noJIocTflx

Topa; rtoe(lclruu,rlettr 2 yqHrblBaer' qro MacJIo /{Ba pasa
qepm ol{Ha 3oJIoTll l ' l l(4.^ 

PaeleJlI.n\{ Bce qfleHbl Bblpa}KeHun (3.76)

TorAa 6yAerr,l l4Merb

, L q
F

I. l .n l I ,  eci l l l  y t lecl 'b,  i l ' fo LqlF

cepBol\{O-
npoxo/llIr

Ha nJIOtqaAb nopll lHtl .F' .,.r

(3,77)

qepe3 nepeMe-

(3.78)

iu.tnl

V:EF

:  /a1Ss,

v
S!l

2El;kt

dlt-7i-'

TO

dlt
1r

Be,rr lrqlrlty rrnn*i,att,ott AaBJIeH ui't h MoH{Ho BbIpa3HTb

rqerrre IIoptuttf l r lt c"rleAylotql' lM o6pasou:

F t t -  M#+"# - .

coBl\4ecrno (3.77) t t  (3.78),  noJIyt l I {M

. VM dsrp , Va dzp
D:r : -?rTF,t; 

dt, f TEFA 
-Itr

EcnH noAcraut ' t rb  B l laqet l r tR  S1,  Sr ,  S ,  us  (3 .74) '  (3 '75)  u  (3 '79)

R Bbrpall(eHI.Ie (3.73) , ro ol{oHr{areJlbllo nnQQepeHUHaJIbHoe ypaBHeHI4e

cepBor\{oTopa ilpilN'leT c.nelyrctrtrnft BIIA: I

s : #h# + G#,; + #) #+ (+ ++) #' (3 80)
a nepeAaroqt{afl (ryHxunn npn 3aMene rp'- r|lru* I 6yaer. I ' ' 

'

I

Pennln

W _

3/tcct ' ,  r to l t l r rptul t lc t t l '  r tcpe1{ l t l l t

$tH) : (3 .81 )
' 1 f f i P 2 +

+nj-,-",'r(#h+#) o+r]
BreAeu o6ogrtaqet lHq

r -1[w. ,' - , /  2 E F 2  n r t a k t t

e  kz  I  Va  ,  f t tM\
6-  m\nqr t - r -T ) :

TorAa:

v  - -  h c
f f i '

cepnoMoTopn
hrh,

lz.

1 3 7



BeJrHqr{ l ry_ KoToporo qacro Bblpa)r(aror B %/(c.rr t " r ) .  I lc"nn Q. :  0,
To lec : /er/rp,,,u*. , i.

Cornactto ta6n. 2,  nurpa>r(cnire n suaMelrareJrc i lepeAaroqrrol l i  ( lyHl t ' r , ,
ur{}r (3.89) yr(a3brBaer rra ro, qro npu € < I t(enb bonorulu<*cepnoi' 

' ' i

Morop-Kal{ 3Bel' lo cl4cTelvu,l peryJlprpoBarrHR oTHoCHTcfl l<,xone6a,r.e/rb.
Horvy T\ny.  

L lacrora co6c'rnenr.rbrx KoJre6aurr f i  sroro 3neua oc :  l lT
t4 xoa{xpl l l le j l r  3aryxatt t t r  I  rvroryr 6l r r l  onpeAeJrerrbr no, coorr{oue-,  *
I t l t i t t r l  (3.82).  I - lanpHrvrep, cof . r racr{o pacqerarvr,  noITBep)r{Aer-rr . rHM [raryp.-
II lrrrlrH t.rcllrrrratrr.rf lMn, )\Jtl ueilt.t so,rrorrrr{r(- 'cepBotuo'rop ryp6llr[,r
Caparoncnof i  fOC Be, f l r r r r r r r ra  [  =  0 ,7 ,  a  |  -=  0 ,03  - : -0 ,04  c . "Ta l<ur r r r
odpalol t ,  t t  c:c l ) t ]oMo'rol lc,  yrr l lar l , [ncMoM goJtol 'nut(oN{,  I ]o3tuo)t(eH
rl 'tApaBJIHqecxHfi pe3oIIauc, ' o6yc,rlon,nenntrflr c)r(r.{MaeMoCTbro MacJra.
A ero 3FIa'JHT, qro npr{ rio6rix Bo3rviyii1ei{i ir ix B cricreME, no q-acT,ore
6nuexwx K qacrore co6crnelrlrbrx xone6aHufi gnena golrorrrr.{r(-cepBo-
IuoTop' B HeM llofyT Bo3HI{KHyTb pe3oHaHcl{ble .FIBJIC}IHfl; 

"l locuorpHu, I{aK BJI}{tiror napaMerpbr nr,rApaB/rraqecxofi cr.rcrerv{br !
soJlorHuK-cepBol' loJop rTa qacrory 0)c ; 1lT. Ann sroro o6parurrca
K Bbtpax{eli it io (3.82). i loa 3Fi?i(oivi i{opHri e,r-ieii kzl kz t qk, 6hnsow
I( eAHI.lIIue, TaK t<at< kr) ahr. I(onllqecrtsenHo ruacca M onpepeJrlercfl
B ocHoBI{oM npHBeAeuHor? K nopurr{to rrlaccofi MacJra, T. e. Mo}Krro
cqHTarb, tITo BOJIIII{HHa M npnvo nponopql.toHa,rlbrra AJrr.rHe ruacJllr{btx
rpy6onpoBoAoB, Tat{ }Ke. i{aK lr o6renr V-macna. CneAonareJrbHo, pego-
HaI{C} lag qacroTa cOc npI{  npoqHX paBrrbrx ycroB.r{rrx TeM Mer{bure,  qe[{
6o,nrure AJrr ' rHa MacJrf l r rbrx rpy6onpoBoAos.-  noeroMy npH npoer(rHpo-
Bar'i l .rH clrcTervrbr pefyJrr{poBaHr.rfl soJroTHr{K uenecoo6pa3Ho ycTarraB-
JIlIBal'b KaI{ Nlo)I<lro 6atl.>Ne I{ cepBoMoropy. 3ro B BHaqr.rrenrnori cre-
.nellH yMerlL,II lH'r B03l\ ' lO)KIIoCTb B03HHKI'IOBel-IHtl pe3OHarlCI{btX UBJIe-
Il l{H I 'I, qro ratix(e oqeHb Ba)r{Ho, yMer{bultrr AJIl{rry o6parrrux csnse}i. 

'  
.

OAuaxo B AaJlbHeitruel,t Arrfl aHalrasa AHnaA{r4KH cHcreMbr aBToMa-
TllqecKoro pery"rl lrpoBaHl4rr uer seo6xollur\.{ocru 6parr i lepeAarorrHyro
rlytlt<ul.lto cepBot\,toropa n cpopue (3.83), raK KaK nocroflHrJa'rr npeuerur-T,
BxoAt l r r laf l  B Rblpa) l (enlre (3.83),  N{aJra i lo cpaBrreHr. t ro c BpeMer{aMH
Ap1'p1, l*  3Bel lbeu. l lpeue6peran B (3.83) nocrorrnrof i  RpeMerrr . r  T,
xo"r lyqsgM neper,aror{ t ryro r l ryrni l l l r ro cepBotvtoropa R ynporr(etnroN/r  nuAe

w - !s- .
p (3.84)

Koropafl no ra6n. 2 coorBercrByer r.rAeaJrbr-roMy HurerpHpyroueNry
3BeHy.  :

ilnx on p eAe Jrer-r H fl rre peAarou Ho lt'{ryrr K ur,r H rHAp aBJr HqecKoro ypu-.,,
JIHTeJIf f  cocTaBHIU ero crpyl(rypHylo cxeMy, I {cxoAf l  Hs pHc. '59,  6. ' .  '

3 r a c x e M a n o K a 3 a I I a I I a p ' n . . b b , " 6 , ' n ' * ' e e c J I e A y e T

(3.85)

a - l bh
h _ v
, 1 , - -. arAe

138

t r r  T -
akc

Taxuu o6pasov, r t {ApaBf inqecr(Hf i  ycH.rrureJrb Kar{  gBeHO cHcreMbr
peryJrrrpoBaHprfl rBJrflercfl anepHoAHqecKHM sBeHoM nepBoro, q,oflfana
fta6n, 2,  gDel lo e).  ,  ,  , ;  '  ,  .  r ,  .  r ,  * ;1 j , ; : ; f  ; ,  , i , . . ,

I 'u4poycHJrr. r ref lb r l rna'  (conf lo-gacJrorrr(a),  noxagaHHri f i  :na
puc. 59, e,  rpHMerl f lercn B oJreKTporuApaBJrr i rqecr(Hx, peryJrf lTopax
B I(atlecrl le ycr.r/rHTe/ra' Motrdr{ocrH. ' 'To.luoctr pa60rtr sToro :y3JIa
BO I\ ' l torolu oilpeAeJrler rryBcrBraTeJrbHocTb Bcero peryJrnropa. 3ro
o6tncl tRerct l  Tcr\{ ,  t l ro Marl l t lTogJleI(Tpt luecrui i  npeo6pagoBaTeJrb,
c xaryurxon ynpatlJleut{fl l(oroporo }r(ecrr(o cBrr3atra BacJIoHI(a I
I ' i l / l l ) ( )y( ' l r , l i l t ' rc, / tn,  l )nr l i l l i l f lcT,
cparlr 'rrrre,rrblro l le6o;lslloe yclr-
Jrr . re,  paBrroe or(oJro 1,0 I {  npu*
cr4rllaJle paccorJlacoBaullf l , co-
oTBeTCTBylOUeM .U3Mer{eHr4tO
rracrorbr B I fu. llpu raKor\{
il,IAJIOIVI YCI4JIHI{ BbICOI{Afl .IYB-
cTBHTeJTbI{OCTb THAPOyCT.TJIH-
Te,rrr Molr{er 6tnt, Aocrr.rrlryra
ToJrbr(o B rbu cJryqae, r{orAa
r(aTyrrKa ynpaB/rerrl{f l r le npe-
oAoJreBaeT cr.rJr cyxofo TperrHrr. .

B paccl{arpHeaeNrofi c1eMe
f r4ApoycuJr uTeJr rr cyxoe TpeHHe
n par{Tr.rqecKr{ oTcyTcTByeT, Tar(

r1 
"

Pr

i l

Puc. 61. Cxemrr nepexprrrrrf i
rrux (6) ABycropoHHero
t '

_ ,  : , 1  , '
' : . # r - l : :

(o) t '  ^  3oJror-
4eficrnur

r{aK 3acJrorrKa nepeMeulaercrr B 3a3ope Mex{Ay AByMfl ApocceJrnwt 2,
Koropbte rt.IApaB/rl{qecKr{ cBrr3ar{br c nepxuefi u ulunHefi no.nocrnnan
nopu:nrr  cepBoMoropa. Koucrpyr(THBHo o6a 4poccef l r r  pacnonolKeHbr
IIa IITOI(e IIOpIIII{R. STHU OCyrUeCTBJrflercrr '}KeCTKafl e,:Utt:/-q{,an
o6parnan cBf l3b .

Xapax'repHcrHKH cepBoMoropa. C ror{Kpr speHr.rq crarHr{ecKHX
H /l l l l lax{r.{qecKl.rx KaqecrB pa6ortr peryJrrrropa cKopocrn cyrqecrBe}r-
I IOe 3l taqel I I {e I IMeroT cprJrOBarr rr  cKopocTrraf l  xapar{TepHcTLrr(H cepBo-
A,{o'ropa. I lepnan II3 I{14x oilpeAeJrrrer saBr'rcr.rMocrb .ycHJrr,rf l, pa3Br.t-
l lacNloro l lo l ) l l l i lc [ , r  ccpl lo[ , ro1'opn, oT r ]cJi l t rn i l i l r t  ctucuel i l r t l  g0f loTl l l l t ( f l ,
a BTopan yt(a3bIBaer ua 3aBI ' rcr ' {Mocrb c l<opocru ABHX(eHHn nop[rr{rr
or nepeMerrlcrrHrr soJrorr{trr(a. f lpn :
H CepBoMoropa Br.rA 3rr.rx xapar(Tepr,l
$opuoii Kpoi\,toK 3oJrorrrur(a H 6yxclr.
soJrorrr l rKr{  (pHc. 61, a) c noiro>rure
Bbrcora rapeJrr{H h so/rorHnKa 6onr
c HyJteBbrMpr reperrpbrrHflMui'xor1a h =
KpbrTr'rrrMr.r, KorAa rlbrcoTa' TapeJII{H i
r .  e .  h { h r .  :

B Kpy[Hbrx soJrorrrrrr(ax,  KpoMe
I-ra3brBaeMbre napuHaJrbHbre nepeKpbrT
eur€Jlbr{o 6onrrue Bbrcorbr oKHa n 6yr
orceKaroul t {x KpoMor(,  I {a _qacrtr  nep]
rH.rrbr (,raule R 6yr<ce), F/{€ nepeKpr

7/z



Kpynlrbrx 3oJroTHI{r{ax,  npeAria3Har{eH}rbrx AJrr-r  ynpaBJretr}{ f l  cepBo-
[{oropaMH HanpaBJlr to i l rero annapara H pa6ouero r(oJreca, BeJrr{q14Ha
noJlo)KlrreJlbr{brx neper ipbrrrai- i ,  r {ax npaBn.[o,  cocraBJIner |  -  (0,2--
-+0,25) t*ru I {a cropoHy, a napquaJrbHocrb nu6npaetcn B rpeAeJrax

Ao 2 rvrrvt  Ha cropoHy. 3onorr tuxrt  r te6onrrul lx pa3r{epoB (4l lanerpon
Ao 20 MM) rlgroraBJrHBarorcrr c noJrolKr.rr€Jrbrrr-,rMr{ i lepeKpbrrHflMr.r oT
/  :  0 , 0 5  M I U  A o  [  :  0 , 1 5  M M  H a  c r o p o H y .

Octtonl toc I Ia3uarrer. tHe noJro)Krn'cJn:rnrrx rrepet( ; l , r ' r t r i l r  n nal)r . t r laJIb-
i locTl{ cocTor,rT B yMeHbrrrerrrrrr npoTeqer{ MacJra R cr.rcTeMe peryJrHpo-
Barrt r r r  npr.{  ycTarronHBrruxcrr  pexc.rMax pa6ot l r .  OAuarco n rrocreAnee
Bperuf HaMeTHJIacb onpeAeJreHHafl TerrAeHurrrr r{ yMenbIIJeHHIo nepe-
xptrr.ulYl SoJroTHl{r{oB. 3ro ctl3a}to rflailrrbrM o6pasonr c i leo6xo.u,HMo-
CTl, lO yRef l I { I {e l lHn qyBCTBIl l 'eJIbl lOCTH peryaf lTopa CI(OpOCTH, t rO-
cr{oJtbr{}  i l€ l rcr(prrr l i l f l ,  Kar(  6yler nor( f l3arro I tH)r(c,  onpeAeJrf l roT oclron-
r{yrc ' {acrb ueprnoi i  3or{br pcryrrrropa.

3onoruuxl t  c ny/reBbrMr.r  neper(pbrrHnMlr "  r . rc+a rexrroJrorHqecKof i
CJIOX(I{OCTL l{X II3rOTOBJIeIIIIa npIII\ ' IeHRIOTCR OqeFIb peAI(O H B OCIIOB-
I{OrU B fHApOyCHJilrTe,/ 'rf lX rvraJrbrx pa3r\4epoB. Eure pe}Ke npLIMeHaroTcrr
R CHCTeMaX peryJrr.rpoBaHI{r{ rr.rAporypor.rH 3oJrorFrHKr.r c oTpHI{ar€Jrb-
Irbri\,rrI nepeKpbrTHRrvrr.r (nirorour'rr,re 3oJroTlrr.rxH), ral< r(ar( B Hr.rx HMeroT
I\,{ecTo lrenpor{3BoAr.rTe/rbFrbre norepr.r 3r-reprr.rr.r rra rrenpepbrnrrrrrl nepe-
TOK MaCJra Vrc FIanOpHOfi  qaCrpr Cr.{CTeMbrTJ C. l r {Brryro,

Paccvorpr{r\{ orJioByro xapar(TepucTr.rKy cepBor\loropa c peaJrbFlrrrr\,r
3or lor l rHl(ol ' r .  VnpoueHHafl  cxeMa raKoro 3oJrorHrrr(a c [epeKpbrr l . { rMH
/ ra napnrraJrbFrocrbro tn npuBeAeFra Ha pmc. 61, 6. f lpeanoJrox{r.iM, rrro
Tape/lKH TeJIa 3OJIoTI{l.IKa paCno.[O]l(eI'IbI cTporo cHI\4MeTpHqI{o OTI'IO-
cr i re"rrbrro oKor{ B 6yxce. 3ro coorBercrByer paBeHcrBy nepeKpbrruf t
rrapylKHoit, u Brryrpenueii orcer(aroull{x KpoMoK rapeJli{rl. B o6u,enr }r(e
cflyqae BeJIHtIrrHa 3TI.rx neper(pbrrufi s 3aBHcr{Mocrr.r or l{aqecrna l i3ro-
ToB/reHHfl TeJra u 6yxcm Mox(er 6urrn pagfir{rrHcifi, uro npr.rBoAlrr K I.I3-
I\ ' IeHeHHro a6co,rrrorHofi senlrqnrrbr AaBJrer{r{s B noJrocrr{x cepBoMoropa
B ycTaHoBHBUTHXCfl peX{r.{MaX, COOTBeTCTByTOIIHX CpeAHeN4y nOJIO]Ke-
I I I ' I Io  3o . i ro1 ' I I r I r (a .  Ecnn,  I IanpI IMep,  lnu ; .  1 , , ,  To  R€Jr r l rnnrnr  [ ) r  I I  l ] z
6yayr MeHbr.ue 0,5p0, a l (or l r ,a /o, ,  (  l r ,  To 3rraqer{nrr  p1 t . r  pz 6yayr
6onsrue 0,5p o.

I lpelnonox{r.rrvr raK}r(e, qro goJroruHK Hrvreer onpeAeJleulturfi pa-
Anailbtbrfi sasop 6 rt,te>xny reJroM u 6yxcoii H rr1'o MacJro /ltlrilttercn no
Ko/rbr.teBbrM sa3opaM AnHHofi / rr3 noJrocrH c AaB,rreHrreM p0 B noJlocrt{
cepBoMoropa c AaB/reHHrrMr4 pt  H pz t4 orryAa r . ra cJnrB. Cqrrran norepH
AaBJrerrHH B 3Tr.rX Sa3OpaX nponopUU}Hailbr{brrvrH Anuue'1, AJIfl cPel-
HefO IOJIOX(eHHt l  SOJIOTHHKa MOX{HO I {a I IHCaTb,  r {TO Pr :  Pz :0r ,Po,
a pa3Hocrb AaBJrerrrr f l  Ap -  0,  EcnH Tenepb cMecrurb 3o.norr 'n,n( B npe-
AeJrax nepexpurnfi Ha BeflHul.rHy S, To npH rrenoABl.rx{HoM !op[I]He/ + s
cepBoMoropa B ero noJrocr f lx  ycrar joBnrcrr  AaBJreHr{ f l  Pt -  p t - f  H

, - s
P z : P o  Z t  I I x  P a 3 H o c T b

L p  -  F t -  F z :  P o

1 4 0

S
t

(3 .86)

of lpeAe/rner nepecrarroBor{Hoe ycHJlLre Ha nopuHe cepBoMoropa.
flpoteuxar\4r.r N,racJra B 3a3ope Meir{Ay nopnrHeM r.r q}rJrHHApoM cep-

Bol' loropa B AaIIFIOI\{ cryqae npeHe6peraeM, nocKoJrbr{y oHtr MaJrbI
B cJreAcrB pr e orH o c r,rre Jr b H o 6o,rl r uto r".r AJr H H bt tu,eJr r.r .

3tlatt BeJII,tt{I.IHbI p0 vt L u gaAaBar{cb pagflr.rqHblr\4r4 3rraqeHHtrMH .S,
rvro)r(r 'ro nocrpoHTb. cHJroByro xapar{TepHcrHr(y cepBoMoropa B KoopAr.r-
r{arax A^p r{  S (puc. 62, a).  f lpu S > /  pasnocru AaB/reHufr '  Ap
l l oC ' f l l l 'AC ' f  I / t a l (C l l [ 4AJ l l , l lO fO S l taqe l l l l t l ,  p€ lB -

rroro po. A,nrr cpanrrerrr.rrr rra oroM >rre plr-
cyur(e nt ' rpr . lxorrof i , ru l rure i . i  nor(agarra c t rJro-
Rarr xapaKTepr4cTHr(a Ai ln c/ryqan, KorAa
nepeKpr,rruf l  paBllbr r-ryJrro. 3Aecr npH Ma-
Jrei{rrreM cMeuer-rHr.{ 3o/rorrrr{Ka B Ty vtnr
I l)yryro croporry pa3rrocrb Aanneuul. i  Lp no-
c. ' r ' l l rac ' r  l r l )e/ lcJi l ) i lono 3l tar tcui l f l  p o,

IIpune4eI-tlIafl ct{,rloDan xapar{Tepr.rcrHKa
npltt lt( l ' Int 'IaJILItO npHroAI{a Ailrr nrc6orO
rwrra H pa3Mepa cepBoMoTopa v 3o/roTHr.rr(a
c n oJrolr( IITeJI b FI brM I.I nepeK pbrru rrr,rn . OAHa Ico
c rleJrbro onpeAeJrer{HocTH B oueHKe Bo3-'
uorr<uorl BeJrra'{HHr,r weprnofi BoHbr (eouu ne-
qyRcrBrrreJrbrrocru) no xoAy 3oJIorr{HKa aHa-
Jrr13 arofi xapar(Tepr.rcrHr(rr ue,necoo6pagHo
rrpOBCCTI.I npHI\.IerII4T€JIbFIo K CepBON4oTOpy
HanpaBJrnrcu,ero anrapara.  Cwna conporH-
BJrer{uf l  R, npeoAoJreBaeMafl  nopur{eM cepBo-
i\4oTopa, cr{JraAbrBaeTCfl H3 AByx CoCTaBJIfltO-
III ' I ' IX Puc.  62,  CuJosHe xapaK-

TepHCTITKH CepBOI{OTOpaR - R . - 1  R , , (3.87)

a)

Po

I

/ l
I-1

,St I'

o,:*

Ap;

0

rAe R,. - cyMlua cvil, Ha[paBJrqFIr{e Aeiicrnlrn r{oropbrx He 3aB}rcHT
or HanpaBJIeI{lIf i  ABII)(eI{Hrr nOpUrrA CepBor\'roTopa (Clua, cosAaBaer\,rarr
r l t / ( l ) ln, [ t t r tect{ t IN{ l {o l4enTo[{ ;  crr ,ntr t  Dcca n r .  X.) ;  R'  -  c^1f la cyxoro
' fpet l l . l l  ( l te i ic ' rnrre ee BcerAa l - ranpaBaerro B croporry,  rporrrnonoJlox(-
Hyro l {anpaRJreHr4ro ABr{x{eFruf l  noprunn)

B ;lanrllelltureu lAo6rtee I.IMerb AeJIo rre c cr,rJrarvrn, 4eficrnyrournMu
IIa I Ioptrer lb,  . f l  c  pa3nocrrrMH AaBJreIrur ' r  B noJrocrrrx cepBoMoropa,
I(OTOpr,Ie. neo6xo.(HN{trr Afin npeoAoJleHr.rrr cocraBJlfltoilIHx , cHJIbr , co-
nporHBJIeHI.tf l, C aroli rreJrbro pa3AeJrHM Rce qJreHbr Bbrpax(er{Hrr (3,82)
r{a rrJrorqala Fn nopr.rJHrr.  Tofaa noJryqnr\{  

i  
. t  

o '

, Lp": Lpr.J- Ap' (3.88)

B o6uena BHAe BeJll4qr4rra notpe6uoii pa3lrocrn AaBJrerrufr s rtono.
cTrIX CepBor\,rorop.a L,p" 3aBHct{T oT Mr{orHx QaxropoB: rHrra ryp6nurr,
KOI.lCTpyl(UHrI l{anpaBJrflroulero annapaTa, noJro}KeHHfl rroptrrHfl cepBo..
fi,Ioropa, ;1eficrnyrcilIero Harlopa H , KaqecrBa MoHTa)Ka r.r ' .T. 

A.
,  . l 4 l



f lpururepnutfi g_LIA saBIIcnMocrH Ap" or noJroir(er{r'rR A nopuJr{n cepno.
Moropa npn H * const nor(a3arr  Ha 1twc. 62, 6.

Crpenxantlt noKa3alro IIanpanJrerrr're ABr.r)Ker{r.rf l rtopu]r"rfl ; aa nono,
>KHTeJIbttoe uanpaB,neIIr.re orcqera nplnrflTa pa3r.rocrb AaBJrelulf lr, coot-
BeTcTryroruan ABH)r{er-rHn }rarTpaBJrrlroulero annapaTa Ha oTKpbrTHe.,
B 4at lnor{  cf lyqae, ecJI I {  c l t r r rb AaBJrerrr . re c nopulrn cepBoMoropa npH i
rro/rFrocrbro ort(pbrron{ HailpaBJrfl lourelt annapare, oH gar(poercn cau i
AO OTr(pbrTHrr,  cooTBeTcTByrcuero npr.rMepFro ! /  :0,25. Tanoft  Ha:,
npaBJlff lou{ptfi anflapar l-ra3brBaercfl, caMo3aKpbrDarou{l{Mcfl. 3ro grra.
qllT, t{TO R /tr{ana3olre oTripbrtl, i l 'r or g == 0,25 Io !/ : 1,0 rlr,npaRJrH-
qecxptil Nrot\,renr crr/r Aan.rrerrrrf l Bo/t,bt 4ericT'nye'i. n croporry Bar(pbrrt{rr
JIonaroK t ta l rpal lJ l l rom,cro annapara l r  De.nlr . l l i l ra R,"  )  R".  I4s rpa(rnl<a
llH/{}lo, I{To npll I{3Melleilrrr,r HanpaBJrerr}r.rl / lBH)t{eHr.trr noprjtrrrr BeJrH-
qHHa Ap" cnaur(onr r.r3ruerrrrercff na 2Lpr., rrro o6ycnooneuo AeficrBHeM

l(oJI)t{Ho nu6uparbctl TaI(r.rM, r11sfior A/rfi Bcex HanopoB r.{ Bo BceM AVa-
na3oHe: oTKpbrTrrn Bbrno,'rrrrrJrocb ycJroBr.{e p o } Lp". Ha npar{Tr,rKe
o6rrqHo [punr.r l , raror p o :  ( l  ,3 - : -  I  ,5)  Ap. n 'o*.  PasHoctb p o -*
-  Lp"nr* *  Lp onpeAeJlner ganac AaB.[err l . r f l  R r(orf le lvracJlol{anop-
uof i  ycraHoBKH.

Buqcrur\,r BJrI.rf lrrr{e cocraBJrrrrculuX Ap, u Lpi, Ha BeJrr{qr.rHy x4epT.
soii solrbr 3oJrorl.rr.rKa. IIns groro HcrroJrb3yeM 3aBr.rcrMocrb Lp":
: f fu) na pwc. 62, .6. f lpexAe Bcero otnreruna, rrro noHflrHe cpeAr{ee
IloJto)Ket{tte 3oJIorIIIIKa r-re 03r'rar{aer, qro nocJreAl{l lr i naxoAr.rrcff B reo-
Iuerpnqecr{J.r cpeAHeM noJro}r{eHHH, nptr KoropoM neper{pbrrr.rf l lu, u 1,,
o6eux rapeflol{ paBHbr. 3ro nor-rflTHe onpeAeJrrrer raKoe noJro}r(enue
goJIornIIKa, I(orAa nopilrerrb cepBor\,roropa rrenoABr.txer{. Jlerxo Mo}r(Ho
Ilot(agarb, rITo reoMerpnqecKoe lr Aeficrgrrreflbrroe cpeArlr{e noJIo)Ke-
HI{rr  3OJIOTHT{r(a,  KaI{  npaBl lJro,  He coBnaAaror.  Hanpl t r r lep,  qro6u
yAepil(aTb B rleI1OABII;{t l lo]\{ CocToflI. lHI.l nOpllrel-Ib cepBoI\4OTopa npu
!/ - 0,5, ueo6xoArrruo r.rr\,rerb pa3Frocrb AaRJreHr.rfr Lp'u. Ecnll nepeHecru
ory BeJrutrpu{y rra rparf t rx Lp __ /  (S) (pnc. 62, a),  ro oKa}r(ercrr ,  r r ro
3OJIOTIIHK Ao/llKell 6bttt, cr,reuer.l orHocHTeJrbrro reoMeTpI{rrecKr.{ cpeA-
l tefo l to i lo)Kenr l r  I - Ia Bef lurnnry S.r .  3ro l \4o)r*ro nupa3t. f rb n otr f lJmrn-
t lecKf i .

flpeanoJlox(r.rrvr, rrro
rrracrro (3.86),

Ap, :  0. TorAa Ap.- -:  Ap., npnqeM, co-

aP"

si  :  Ap,  !  Lp,  
I  rn  S,  :  

Lpr :  Lp '  
7 ,-  

P o  P o  
- '

or'r(yAa Molr(er 6urr nofiyqerra ero MeprBarr soHa

s i  - 's r_g:Z-o l t t .- P o

I4s cpopiuynr,r (3.90) cJreAyer, qro npn nu6pauuolr,r r{oMr,rHaJrbnoM
AaUJIeIII{l ' l  h4aCJIa p0 lvlepTBatl 3ol{a SOJIOTIIHT{a 3aBI,ICHT OT BeJTHqHHbI
ero nepexpltrlt i i  II ct4Jlbr cyxoro rpeHafl, '  npeoAo;reBaeMofi 'nopruH€M

. . _ . ,  , , , . ;  , . l icepBOIVIOTopa.' I (ax 
o"ao,o r ls (3.90),  r {eprBaf l  sorra 3oJrorHnr<h ncerAut l ru"r*u '  l

BeJrHrrHHbl cyN,rMapHbrx nepeKpbrruit, paBHbrx 21, rax xax Lp, 1 p o.
llep e fi 4er\,t I( p a ccMorpeH Lrrc pea Jr buofi cxopocruoil xap a KTep Hcrr{ r{ H

cepBoMoropa, .t(oroparr onpeAeJrffer xoeQcpuuHeHT ycnnetHu ff k": cxo-
pocrb /{BI{}KerIHtl nopilHs cepBoruoTopa 3aBHcr{T or pacxoAa MacJra,
i lpoxoAtru{ero qepe3 soJrorFlr.rx. B AanHoM cflyqaerMo}Kr.ro cqurarb, qTo
r{creqeHr4e npor.rcxoAr,rr r{ep$ u{eJrb, nJrorqaAb' npoxoAa f xoropofi
3aBr'rcHT or cMerrlerrHfl '  3oJrorFrr.rKa. I4anecrud, qro pacxoA Q uepea
Iuer'rb orpeAeJrrrercfl r loplry"rrolt t32l

Q - p l 0,5 L,p ,

!t Jt

(3 eo)
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Y
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aHaJIofHr{utrf t  L, not(a3bmatoul l l l i ,  I{aKafl
3at{rrTa or{t{aN,rr.r. cne4onaTeJrbHO, nJrouaAb
CI{N{OCTb oT xoAa 3oJloTril.rr(a.

r{aCTL nepHI\{eTpa I(pOMOI(
/ rt iueer rrenHltel"lrrVro 3aBI{-

B,nnnwfe pa3trocT'r i  / iaRrerrul i  A,p na pacxol  Q 6o,rree cf lo) t (no, Tar(,  r  ( r r rt;.:,:.-::.rlll"jl:,,-l4l 
._ A4 *.- Atk^,r,,,rrc,rrir. o,r. ur,;icmerrrofi Ar;, i;,,t;:_ . 1 ' s  r / r r l J L -

l:i"T::i;||o- iqig],]]jJ ,1, puc. 62, a, H or Berrrrqurrbr conporrrBrrenH,r.,; ;;ilrr,;;#;;il*il"
HO r{  or  r ranpaBJrerrHf l  ero ABH)r(errHn (puc, 62, 6),  I (a l< y i r<e orMeqa-
Jloct" trl lH Ii3l ' teHellt4H rtanpaBJIeHr.rfl ABI4]KerII.rf l nopuJHrr Me]Irercfl

3r,tar( Lpri  rroprrrenr, naqnrraer rBr{-
faTL,Ctt TOJIbKO nOCJIe TO|O, XaX genll-
r{r.rrra Ap' 6y4er 6o"ntme Ap,.

Ecnu pa3AerrHrb Bbrpa)Keriue (8.91)
Ha nJrorr{aAb F, nopuHrr cepBoMo-
TOpa,  TO JreBaf l  r tacTb STOrO Bbrpa)Ke_
rrr.r.fl 6yler rpeAcraB ilrrrb co6ofi' cr(o_
pocTb t-ropurrrr

ttfu n :  
i u 0,5 Ap , (3,92)

flprll,tepurrfi Br{A cxopocruofi xa_
par(repr,rcrr.rrrur, nocrpoennofi  no (8.92),
nor{a3ar{ Ha puc. OJ. A"rrfl cpaRr_reHr.rn
r{a SToM }Ke pr.rcyHr(e npHBeAeHa r.rAe-
arrbHan cr(opocTr{afl xapar{Tepr.rcTlrKa

cepBol{oropa (lurpHxonaa nnwun), ynpaBJraer,roro 3oJrorrrHr(oru c
rIyJIeBbllut' l  nepeKpblTHtltr ' lH H 6ee napqtiaJlbl{ocrH. 3ru xapar(Tepq-
crl ' IKI' l  coorBeTcrBylor onpeAeJreHrroMy orr(prrrrr. lro rra nl)aBarrroil lero
annapa'ra.

l4z pHCytl*a Bt'tAI{o, tITo noflo}Kr4TeJrbr-rbre nepeKpbrrr.{q 3oJrorr,rr{r{a
CO3AAIOT T, ICPTBYIO SO}IY H SOHY IvICAJICFIHOrO .qBHX{CHI, I f l  I ]OPU]Hf l
cepBoMoropa i lpH cMeulel ' rHnx 3oJrorHr.rKa B npeAeJrax neper.pircnf t .

Taxunr o6pasoiu, ;1el:ic*HTeJrr,rrafl saB'cr4Mb.ro o, J p,1sy'"raa,
/IoBOJII)l ' lo cJlo)KIIylo cpoprnty H Aaer cytuecrRenHoe orr(Jror{errr{e orn4eanruofi, onpeAeJrneuor)i nepe/{aro.ruorl $ynr<r1ueft (g.B+). olrunl;
ec/II ' f npH pactrere AHllar\ ' l l iKI' l  aBToMarr.rqecKoro peryJrHpoBar.rr.rrr npa-
IJu,nhIIo nl 'r6parr yqacror{ r<pnnofi an T / (s) 

" 
no in.ry Lupu,,ran,rro

xoerfxf,rqrrerrr yc^ne*Hr cepBoMoropi /e", io BbrpalKe,,ue 1a.b+i'. ao:craroql tor i  AJrrr  I lpal(THKH Toqnocrbro xapar(Tepr.r3yer Ar{rraMr{qecr(r{e,
cHcreMbr peryfi prpoBarrrrfl .

)T yqacrot{, ueo6xoAr.IMo' BbrncrIHTI)
crofiqlrnocrl 3aMKHyrorl... '  cucreuul
onTypa_ peryJrrrropa, Oror Borrpoc
il. 5. SAecr JIHuIb orMerr{M, rrro

B peaJrbHbrx ycfloBHax yBeJrHqeHHe xos$Onqnellra ft. conpoBoir{Aaercrr
yflyrr.LUeHHeru ycroifuuBocrr{ crrcreMbr perynnpoBaHr{fi, r{o npH 9TOM
ycrof iu l rBocrb BrryrpeHHefo r(oHrypa..  pefyJrsropa, nao60por,  yxyA-
maercfl '  f loeror{y npH pacqere y6foiiwroo.r" n'cefi .ucren,1or peryJrH-
t44
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,Puc. 63. CropocrHrre xapaKreprr-
cTlrKlr CepBo[,roTopa

poRall l{r I  RCJII lql t l la le" AoJI)KIIa npHll t tMarbcrr MHrrLrMaflf l rof i ,  f locne
nrr6opa napail{erpoB peryJltlTopa, o6ecneqr.rBarcilrnx rpe6yeMoe r{aqe-
crBo rpoqeccoB pefyJrHpoBar{Hrr, Heo6xoAl.rvo npobepHru' ycroi ivH_
BoC' l 'b l r . l ly l 'per l l lerr)  l (o l t ' rVl)a perynn' fo l r l t ,  t lpt . t l l t t t \ i f '1t t ,  CO1JIAeIIO Cr(o"
llt lc'r ltcl i i  xi l l) i. l l( ' l 'cptlcl ' , l l l(c ccptloN,ro'ropa, r\,rat(clrMaJIbr,roe gtraqeHr.rc
xoac|rcpHrlr.relrra h".

[Ipo_re4eu r(oJrr.rqecrBeuHyro oueHr(y pa3ilr.{qHbrx yqacr6oB cKo-
pocrrrof i  xapar(repucrnrrrr .  B conpeMer{ur,rx ofp c odput"orMr{,cBr-

.3flr\{rr or fJraBrrofo cepBorvroTopa xoecp{HrIr.reHT ycr.rJrer{Hrr or qyBcTBH-
'refl bllof o 3,[e[{ell 'ra I( fJIaBIION,ry soJIoTHrrr(y cocTaBJIrreT B- 15 

- 
urrl/ % . '

3lla'ulr, neper{pbrrr.rro I : 0,2s urur aooioaratuy"t 
-urn,1arr*nr{e 

qa-
crorbr Bparr(eryt"  f r rApoarperara 0,01S_0,080/0,-  a napUrraJrbrrocTH,
panuoi i  nr  -  2 uu, coorsercrBeHr{o 0, lB-0,250/0.  I4s np"ou4.Hr1brx
uHdrp BIIAIIo, qro 3oJloruuK cr\,{erl lae-Tcr B npeAe/rax neper(pbrrHi.i npn
AocTaroqlro nqanow Be,rrr.{r{HHe wo,ne6anwg qacroftt. r^

I4cxorn I{3 3roro, npH pacr{ere AHHaMurr{ cr.rcrer\,rbr peryJrHpoBa-
III 'rf l  r<oerlxtxlqrrerrr ),. 'ci. ir icri i lrr cepBoMgropa k" [enecooSpa3r{o onpe-
AcJ I r rb  t ro  n i l r (J ro r ry  r< l l r rno i i  un .4  f  (S)  r r&  y r16g1r (e  o r  g - :  /  411 S ' :: n1.. npj{ Tar(oM -nu6ope' k" Her(oropoe yxyArxeHue ycrofiqHnocru,
cllcrelvlbl 6yaer ua6nrcAaTbctl Jrnrub npu oqerrb MaJrbrx orKJIoHe HHflxqacrorbr rl3onHponarruoi.i rrarpy3r(H (nopr4xa -r0,02%), uro lre Mo]Ker
oKa3aTL saMeTIIoro Bltrrtttrf l r la KaqecTBo pa6ortt cHcTeMbI peryJrH-
poRarru-rr .  Anr,^ yr(a3arrr{oro y_rracrr{a saBr.JcHMOCrr{  Un -  

I  (s)  i tno--
{taAb [ : ndS]r, p, - 0,65. 

-Vuururna.R, 
qro e : UiF*u*, rroflyrrr4M

rpopvy,'ry, ro xoropofi orpeAeJrflercn NoaQQuqHeHr ycnJrer-rufl cepBo-
r\{oTopa, .

^, , Ec"ri l l  R 13.g3) nenr{qrrr{a a Bbrpa>t(eHa B 0/0, ro /e" lrsueprercn Bo/o lc . mrr,t.
Maxcl'tnlaJlrtto€ 3IIaqeII tte lz", rrcflo.nb3yer\,roe AJIrr npoBepKu ,ycrofr-t lI ' IBocrH RIIyrpel{l leFo^Kor-rJypa peryJrrrrop4, rax>xe r\tox{et 6rrrl-nony-

qello ro ublpa)I{eIl l{ loj(3.93), no BeJIHTIT{rra l. renepr, 6y4er onpeAeJrn'l.bcrr
t t l l lp l t t lof i  ot<ott  n 6yr<ce, coorBercrnyroqer: i  cpreulel l lno goJlorr{r .n(a
S l r n .  

J
' l - la pl . rc.  63 ralrrerrc vrJra rrar(Jrol

gorr lanblroi j i  ocr.r  npr{-S > m npehcra
Toqno TaKr.rN,r >Ke nyreM npor.rsBo

xa par(TepHcrr.rr(r aucprfeperrulraJrbrroro
c,nyqae HylKHo yqecrb, qro B Qopruy"n
6yaer xoerlxpHqnefira 0,b, a Be/rHqH
cJreAyer yi\4r{o)Kr.rrb r.ra vr. Kporue ror
pa6ouHx_ n.nod(aAefi nopl-uHn ar.l$rlrepeH
F, =# 2lr r, n (3.g2) H (8.93) ny>x,,b 6
cooTBeTCTr. lyeT paccruaTpHBaeruoMy r{an

(3.e3)
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tJ gJrer{T llo f t.r.4p a B Jr r,rtrecti H x per yJI nTO p a x cK o pocTr{
ycrr / rHTeJrLl  npeAHa3ftaqerrrrr  4nn o6ecneqeHuR B cHcreMe
ycHJrer{Lrfl rro i\roulrrocTr{ }r rryBcTRtrTeJrbHocTH.

' " l

, l. .,.i,

SreKTpHqecKl{e "
Heo6xoAr{Moro "

l lpu npoer(rr4poBarrr{u peryJrf l ropa Bbr6op rraAJre}Kauei t  Korrcrpyr(- '
t l l 'r l ' l  sJIeKTpllqecKoro yctIJrHTeilf l r.rnpaeT r.rcl{f lroqHTeJrbHo r}a>Krty}o ̂ ;:
poJlh. Cal\4a cxeil la yct{/tH'I 'eJIn Bo rvrHoroM onpe/le,nflercrr reMrl rpe6o.
Bzl l l l l t l tu l l ' f '  I ( t ) ' l 'O1) l r lC I I l )Cl l l " l l lJ I t l lOl 'Ct l  I (  peryJl t l l 'Ol)y CI(opOCl ' t {  B o ' r t lO-
tneHI{1{ t {yBcrBI ' l reJlbl locr l r  r {  KaqecrBa npouecca peryJrr lpoBar{Htr ,
FIo rorAa yctr / l t l ' reJlL nt ' r6paII ,  To ero rr . rn rr  cxeMa npi l r (Tnqeix l . r  onpe-
AeJrflror KoHcrp)/l{rtrrro ApyrHx ueneii r,t sBerrbeB, BxoAnll lrrx B sJrer(:
f h t t t t 6 n ? \ t t n  t r d n r r  h A F r t' I ' l j i i ' {ccKi ' ru qaLrD HUr yrr i l iup?, a raK}i{e KoHcrpyKUl. i lo ycrpof ic-rna,
npeodpasyloil lero sflef{Tpt.fqecl{He crrrHaJrbr B MexaHr.rqecKoe rrepeMe-
ureHr.te. I-losrol,ry, npeir{Ae qer{ npficrynHTb r( pa3padorrie rpHr{r{H-
nlIaJILIIoli cxer,rtt pery/tnropa, I{oHCrpyr(Top /{oJr)Kerr peulrrrb Bonpoc,
nrt6parr,,nl{ yctl.[t ' tr€Jln noJllrocrbto r-t& nocrotltr{oM Tot(e. r]oJIl{ocrbto

Vcs"nllre.,TH nepeMeHHoro roKa no cpaBHeHprro c ycr.rJrprreJrrMr.r no-
CToflrlFloro roKa o6"laAanr pflAoM cyulecrBeHubrx nper.rruyrqecrB , HaH-
6onee BaIKI{btMtt I.t3 l(oropbrx rrBJrffrorcrr npocrora r,r orcyrcrBr.{e Apeficfra
IIyJIfl. B rrt lx lvtelKl(acxaAl{bre rpancQopiraaroplr HJu4 nepexoAr,rbre r(otr-
AeHcaTopbl oTAe/' lt l loT CLITHaJIbI apefirpa, t{MeroilIr{e I.rH3KyrO qaCTOTy,
or no.Ile3Hbtx cl{rl ia/ ' loB nepeMeliHoro ToI{4. B ro }r(e Bpeivrfl yctrJnrreJnr
rlepelvlell l toro l 'ol(a o1nananr 6onl' luori qyncrRLtr€Jrbrrocrrrro t( .[o)K-
I Ib l l r , l  CI . ITI IaJIaIVI ,  3TO f lR,nf ieTCtI  I fX I {€IOCTaTI(ON,I .

I IpH nr, t6ope ycHJl l t re,rr  cJleAyer yqr{Tbrnarb rar()Ke ero HnepuHolr-
I-tocrb, TaI( I(aK ona orpar-rHqHBaer BeJrr{qnHy xos$rbHuueura ycr.rJrerrr.rf l
peryJlflTOpa B pa3oMI(llyTolu cocTonIILIH. I-lall6o"rlr ' i lJer"{ Hr{epUtror{- ,.
HocTblo o6naAalor ruarHr4Tr-rbre ycr.rJrHTeJrr{, rrro rrsnse{cn I{X cyilIe- 

':,

crBeHFIbIIu IIeAocrarI(oM. 14nepUuo[IHocrb onpeAeflnercrr gr-raqHTeJrbHofi.,
I I I IAyKTHBl locrbro ynpaBJrrrroulr{x o6vorox.  OAHaxo Marr{HTrrbte ycH-
IIHTgJIH no cpaBIIelII ' !rc c APyruir,i lr THnaN{H orJrrrqarorcfl oqeHu llzi>li lrulu
AJIfl npal{TIIKH cBotlcrBotvt - BblcoKorl HaAe}r(Hocrbro I{ AoJrfoB€rr- r
Hocrblo. IIo 3Totl npHqtlue l\.rarHLITrrble ycr,tJn{Te.[r{ I{arrrJtr{ tur.rpor{oe I
l lp l iMe l le l l l l e  l l  c l l cTcMax n t i l ' oMaTI . t r rcc t (o ro  l )c ry i l t . tpoBar i l t f l  I t  ynpaB.
JICHI,Iff

B nepBbIX tr toAl l rp l txaunf lx SJreI(TporHApaR/r l {qecK}rx pery/rrrropoB,
cKopocrr{, BbrrrycKaBuHXcfl / lM3 r.r pnAon,I sapy6e>xHux Qllprvr, AJrfl
ycH/ leHHR SJIeKTpHqecKI ' lX cI{r I taJIOB:npl ' l i l , leHf lJ lHcb gJleKTpoHtlble }CH-'  .
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JII4TeJIH nocrotlHHoro rot(a. Oco6euHocrbro grux ycHJrHTeJr eilt ininnetao
t.tx Bbtcot(oe BxoAHoe conporuBJreHHe H npaKTuqecKarr 6esbrHepuuoH-
I'locrb. OiHaxo''6onrruoe BbrxoAnoe conporuBJrentre raxi.rx ybunure-
feii, oTHocHTeJIbHo Husxufi cpoK cny>x6u aJrer(Tpor{r{brx JraM[, H- na-
Jrr,rrrr4e KaroAa c noAofpeBoM npHBeJro K ToMy, rrro peryJrfropbr
c JraMnoBbrr\{14 ycHJrr{TeJrrrMr.r He r\,rorJrr.r yAoBJrerBopHTb HenpepbrBHo
yciloll(HtlBiIII.{Mcfi rpe6onaHunv K cHcTeMe aBTotWaTHqecKOro pery,rrH-
po-Ba.Hrrfl rr.rAporyp6r.rH. B coBpeMelrr{brx 3f P, Bbrnycr(arcrqHxcn
,/IM3, npnN{enltol 'cr Mannrrrrbrc t t  rpnngucropnrrrc yci lJIt . lT.cJIII ,

.  
. , . , . ! i _ . _ 1 . ,  :

, " ,  ,  . ' . . t _ :

xapaKreprrcrHra (6) npocrefiurero] 'maruu1.," 'r i ' r  i  .
H O | O y C H J I H T e J I f l  , '  . ' . '

VnpouretlHafl cxer,ra ManFIHTHoro ycr{JrprreJlff nor{a3arIa Ha
pr{c. 64, a. f lpHuIII{n ero AeficrnHrr ocHosaH Ha 3aB[rcHMocrn MarHr.rr- '

I tot l  npot inqaeuocru QepponarHHrr-rbrx MarepuaJroB Ha nepeMeHHoM
ToI(e or l le.rl l tq]IIIbt noAruarr{HrrlrBarouero AefrcrBr.rf l nocrorrHFloto roKa.
A{arnrmuuir ycrr.nrireJrb cocrour }r3 AByx Apocceneii I tt 2. B o6uyro
o6l orxy 3 erux ApocceJleil, xoropafl r-ra3brndercs ynpaBJrflroulefi, trJrr{
nolMaTII I ITI I ' r I lu ' r ro l t lc i i ,  no/(aercf l  I ranprr)Kenrre Ur* nocrosHrroro rot(a.
3 ' ro I tanpl) t (ct luc nr lJr t lcrcn Dxolpror: i  BeJlHI lnol : t  ycl t . r r i l re.nr.  I ' Ia cep-
Aeqrll lKax l{Melolcfl o6trlorxn 4 H 5 neperr,re.r'rrroro ror(a. t ' Ipu pa6ore
yct4JlI,treJIn B ApocceJlflx BO3rrHKaror nepeMeHHbre MarrrHTHbIe noToxu_Q, ,
IranpaBJIelII{f l l{oTopblX noKa3aI{bI I{a pucytlKe CTpeJIIisMH;: i.3Ttl, r;
l loTol(l l  IIaRoAtlT B o6rraorxax sJIeKTpOABnlKyulHe CHJrbr,"r npUueM , B ' i l  jr loTol( l l  I IaRoAflT B O6rrAOrXaX sJreKTpOABnlKyUlHe CHJrbr,"r npUUeM , B't lJ j  "
ynpaBJltltouleli o6uorxe oIIlr B3aHMHo KoMner{cupyrorcn. 'l lepe1as11-,-,i1!, ':, '. 1
Hrtf i  rox, nporel(arcqufi  n o6vorxax 4 uSwnarpy3orrHoMconporuB/reir , i : ' , '  ;
} t I , l I I R , ' B J I ' I e T c ' I n r t x o A H o t i n e n H . t l l n o f i u a n H u t H o r o y c i u u t e J I f l . :
B e n H . I H H a g r o r o r o l ( a  ;  '  ;  ,  , , , r , i ' , i . , ' , " r : , , ' i ' - . ; .
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Pnc. 64. Cxer',ra (a) u

U

\fffiT I

rAe U - Hanpfl)r{eFrue [epeMerrHoro ror{al Rr -
conpornB.nennr? Harpysr{r{ R H o6rrloroK 4 u 5; xr:
'r'r4BHoe conporr.rBJlerrxe uenn grnx : o6naoror

.,  " '  (3.94)

,'., ::,-
cyMMa. ,aKTl I tsHbIX '  '
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HugyxttlBllocrr, L xa>r<Aoii ug o6r{010l( gaBI{cHT or r{Hcfla Rr,rrr(on zr,
xoaQcllutlHeHra varlrurrnofi npoHr'ruaeMocrr.r cepAeqntrKa F, nJrou{aAn
ceqeultfl, s II AJIuHbr cpeAner:i JrItHrrrr / cep4eur{r{r(a r{ onpeAeJrrrercrr no
BbrpalrieHr.rio

rt : !+I:rr,to-a

Vcttneul te crrr l {aJIoB ocyi lecrB/rnercrr  cJreAyron(r . rM o6pasoru.  l lo-
crot l l i l l t , t i i ' roK, I lpo'reKar l  i lo o6uo' [Ke yrrpaR,rref iHrr ,  Merrtrc ' f  r racbr l l le-
Iutc ccp1eqlltr(a, r(oropoe onpe/{eJrrrerctr Be;lr.ttn.nloii cr.tJtrrr rot{a
yi lpaBJIel{} ' ln Iy.  C ) tuen,tqel l l let \ , {  I ,  t tarHIITI{4f l  npoHI{qa€MocT6 cep-
Aer{Hr.rria p yr\, lcrrbrraercfl. B pe3}JrrrTaTe r.r[.rAyr(Tr.rBr-rocTb o6uorox 4
u 5 nepeN,IeHHoro roKa 'rar()Ke yrvreHbuaercrr, a cr4Jra roxa 1 cofJracllo
ypaBHeHHro (3.94) yBe/rHrrr{Baercf l .  XapaxreplrcrHxof i  r \ , rarrrHrr{oro
ycIIJrHTe.nfl nBnrflerctr gaBHcr.rNlocrb ct{Jrbr Tor{a I or BeilHr.rr.rHbI ToKa
ynpaBJrenun Ir .  OHa nol<a3ala r la prrc.  64,  6.  I (oe$tfruurrerrr 'yc]rJre-
l lHrr no Tot{y

, A i
t l :  

n r ,

D,nn roro uro6u o6ecnequlr  pa6ory Marrrr{ luoro ycrt" [ r . r reJlr I  I Ia
caMoM r{pyror{  yqacrKe xapaKTepr.rcrrrr(r . r  A,A z,  T.  e.  c i l {ar(cr{rvraJrbr{brru
r<oscfrcfrnur.rerirolr ycr.r,rleirrf fl, o6sl.ttio BBoAr.rrcrr AonoJIHr{Te,rrbHarr o6-
I\,IoTKa noAr{arltHrlHBaHIlf i, I{a3btBaet\,tafi o6uorxot"l cueueIrHfl, I ioTopafl
co3Aaer arunep-Br.rrr(i{, coorBercrByrouue roqxe A. B aror\,r clr)tqae
ocb I  xapar(reprrcrrn{r{  J -== l  ( / r )  npoxoArrr  qepe3 rour<y l ,  a rol(
ynp_aBJreHr{fl H3i\,reHsercrr B npeAeJrax or -A I, Ao J-A1n.

Kpyrnsna xapaKTeprrcrr.{r{H Marr{r.rrHoro ycHJrr.rreilf l  3aBHcr.IT or
I\{aTepua.rla cepAerlHI{K0B H gzcToTbt roxa. B KaqecTBe lvtaTepHaJIa
o6utquo npLrx{eHflrorcfl rpar-rcrfopiuaropr{afl (anexrporeXnuqebxan)
craJrb lr/rr.{ rrepua,rr"nofi. Vcplnlrrefl}r, cepAeqrrHr{14 r{oropbrx BbrnoJnrel{bI
r{3 nepr\,raJrJrofl, }rx{eror 6o;lee nucoxli l i  xoarprpuu,Henr ycHJreHl'Itr no
c l ) i l l l l l c i l l i l ( )  c  yc i l J l i l ' rQ . / r i lMr r ,  i lN4e to l l i l . tN t i l  ccp i l c r l i l i l l i l t ,  1 l3 roTon , , l c l l -

r r r ) re H3 r 'parrc(ropN{aToprroir  cra"nlr .  c yReJrr . rqerrreN{ rrscToTrrr  Tor(a Kpy-
'rH3Fra xallaK'r'eprrcl 'rJrc{ 'f; lr{)Ke yne;lr.rrr]rBaercrr. I lpu groM cnrt]Kae'fct
n rrnepr l r ronrrocrb yclr , ryureJrf l .  O6a err . l  r l rar<ropa trpe3Bbrqai i l lo na>r<ur ' t
AJIrr nonbrulerrrrr r(aqecruer.rrrbrx noxagalener.i pa6o'rtr peryJlnropa
cKopocTl{ .  '  .

C rleJrbro nofiyqelrr.rr 6onrurero ycr.rf leru{rr B cxeMax peiynnropa
rrpr.rMer{flro'rcri 'NrarHr.rrrrbre ycr.r/rHTeJrpr c noJro)r(HTe.nrnoir o6parnorl
cBfl3bro, a raK)r{e coeAHrrerr4ff ycltJrureneii B Kacl{a/lbr.

B gJrer(TporrrApaBJn{qecKr.rx peryJrnropax cKopocrr{ c gJIet(TpH-
qecKr{Mr,r cxeil{al,rpr rlrna 3fP-M, 3fP-2M w efP-14, ounybt(aer,tbtx
/1M3, npuN{e}rflrorcrr ivrarrrurHbre ycuJrr{reJrr{ cepnu TVM-A ll TVM-b
c qacroroft- nr.rraHsyr 50 frt, H3roraB.[HBael,rbre I(anunuuclq{N{ 3aBo'
AOIvI sJIeKTpoann a paTypbl

Kporue ycrrJler{Hfl, 3TH ycHJrlrreJu.r o6ecne.ulBaror cyMM14poBaHHe
HeCKOJIbI(I , IX ynpaB/If l lOU{}IX CI' ITHaJIOB H i lO3BOJIII IOT I ' ICIOJIIT3OBaTL ] lX

B  KaCKaAHb IX  CXeMaX.

1 4 8  :

(3.e5)

(3.e6)

I- lg pl. .  65 npuneAeua npuuuuilHaJrbHafl cxeMa ycH/rureJrefi  TyM:A
H TVM-E H noxasal{a MapKHpoBKa BbrBoAoB r.rx o6rnrotox: Burute ien-
TOtlllble cepAeqH uNvt I u 2 sbtnoJrHerrbr H3 xoJroArroKararrofi rerc'rypo-
narnol i  3JleKTporexsrt.recxoft craJrn. , '
flo oco6ol,ry 3ar(a3y orur, Moryr 6rrrr
I lL , l i lO' / I  I ICI I I : l  I ' r3 neplv laJIJIOf i  .

O6uorxrr ynparlJrer{r,rn ycr.rJrrlTeJrn
oXnrrr , rnaror o6a cep,r lerrnrrr(a.  Ha I(a)K- .
AOM CCp^eqrrl.rr{e pacrroJro)Ke}ro ro
oi t l lo l \ , {y I (OMllJIel( ' I 'y  I larpy3OtI I Ib lX O6-
Moror ( :  A I -X1,  A2- -X2 u  B l -Y I
n B2-Y2. Br<"nroqerrr.re arrrx o6uoror<
n p o r 1 3 B o A L I T c f f B  c o o T B e T c T B H H C H C -
nonrsyenaolYr cxeuofi MarrrHTHoro ycu-
II,ITCJI 'I'F Ia 

pnc.  66 noxa3ana cxeMa AByx-
r(acr(aAf{oro rvrarHrrrtloro ycrrJrHTerR c
BbIXOAOnL IrA nOCTOflTIIIOI\, I  TOI(e pefy-

Jrrrropa rr4ra 3fP-2M. Cepael{HITKH
3Trrx ycr.rJnrre,lei.t l{sroroBJrerlbr Hg nep-
nraJIJtorr. flr.rraru.re ycrrJrr..rreJln ilepe-
rvreHrrbrM ToKoM qacroroii 50 f u ocyilIecTBJrflercrr qepe3 TpaHc-

Qoprirarop Tpl  or  cr4rrxpoHHoro raxoreHeparopa, x{ecrKo .cBf l3aH-
Horo c BaJror\l rr.rApoarperara. I-lepnurft KacKaA, Hdgt,teaeuuii

Prrc. 66. Cxerua /[Byxl(acKaAuoro r\,raur.rTnono ycr.rJlrTeJIR 3JIeKTpHqecxofi cxeMbt rI{na
3 f P - 2 M  e J r e r r p o r u A p a B r H q e c K o r o  p e r y J l n r o p a  c l ( o p o c r r , , . , ,  : , .  .

BXollHbrM, coAeplr{r.rr ycH/IpITeJII.r MJ/l n 44U2, a nropoft, sblxoAHofi, '
cocrblrr Hs MyS r{ My4. O6a KacKaAa, coeAuHeHrlbte nocJleAoBa-
TeJrbtro,  BbrrrolrHeHbl no AByxraxrnof i  cxeMe c 'BHyrpeHHHMH'o6par-
rrbrMrr cBrr3Rr\,rH. Marur.rrrrbre noJrs o6paruux , cBfl3efi cosAalotc4I '.

,, :, i ',," i | 49
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nocrofiHHori cocraBJlrrrcuert rrona B Harpy3oqrrbrx
qCHHbIX NOCJICAOBATCJIbHO C OAHONOJIYNCPHOAHbIMI,I
Ill-ill H il5-n,5.

i

o6lror lkax,  exnlo-,  - '
BbIn p RI,{ Ittenqrr4H .},

:.:' .
Ann cMeIqeIIIIfl {qPatT_e_pHcrnK ycllnnre.nefr Hcrro/rb3yrorcfl o6-:ll.Il.rlrt cMeIqeIIIIfl 

{qPalT_e_pHcrnK ycllnure.nel:r Hcrro/rb3yrorcfl o6-,,i
MorKH*ynpaBJrer{Hrr 2H*'2K nepBoro KacKa/Ia H 6H_6j( nroporo,'
KacKaAa' I{oropble nI'ITarcTctI cra6tullsl ' tpoBaHnbIM rranps}KegHeM.
(errr-o6uorxu rr  ' {en'  r rx nHTaHHfl  Ha pHcyr{Ke rre noKasairr , r ) .  .  j

I- la nxo4tloft Kact{aA Mart.tt.tr l-toro ycunr.rre"[f l nocrynaror cgpraJrbl
or [eneit Hn[t4BvrlyaJrbr.roro pr rp)/nrroBoro peryJrHpoBar{r.rq, C".,niri i
nocTor{Hrroro Tor{a H[{ArrB]4/tyaJlbrroro penyfi l.rpoBa HHfl,, npeAcTaBJrrrro.
ylHe co6ora cyrrln'{y ct'IrHaJIoB or rlyBcrBuTe/rbHoro 3/IeMeHTu,'t*uatno,fi
(crarusrra) H H3oApoMrror? b6parur,rx cBfl3efr perynnropa r{ or Mexa-
HIr'31,i',4 H3A'lci.ielillti Cr(opocTli, BBoAlr=TcF- Ha ilocfle4oBaiensHo coeAg.
HeHHF,re o6naorru _ynpaBJreH}{n 3H-3K nepBor.o Kacr(aAa. o6naorr<H
6H-6K u 7H-7r( eroro Kact{aAa (na'pucy"xe rle nor{a3aHr,t) Hcnlnr,;,,
Sylorcf l  AJI f i  DIIOAa Cl l f l la i loB rpynf ioBoro.peryJrr{poBaHr.r f i  .  BtrxoArroe,
Hanptl)Kel{He llepBoro KacI{ a/ua, cHHMaeMoe c lannacrHbrx p$r{cropoB
D 9  u  D q  n n ^ T r r n ^ ^ d  ^  tr \ z  ' L  r \ v r  r r \ r \ -_ r  J r ra ' - r sp t rJ  pe5r . l c tup  Kr I  I I a  HOCJIeAOBa. IeJ IbHO.
coeAuHeHrrbre o6uorxu yrpaBJrewns SH_JK v 4H_41( Broporo K8:
cKana

BrrxoAHoit eenlrqrrHoli N,rarHr{Tlloro ycu/rHTeJrrr ffB.rrrrercrr ror{ B
Karyur{e Marr{uro3fieKrllrrqecKoro npeo6pa3oBareJrrr (I,l3D. c uenrro
ynlc l l l " l l le l l f in Hl lepl l l to l l f locl ' l . l  yc l f ,nHTe.nf l  t rp i l  coxl l f l l rc i l i l l t  / toc ' ra l .or i l ro
IlblcoKoro xosQrpl'ltl.l'leHTa ycplJletr wn, o6ecneqHBaroIl1ero neo6x.oAr{Myro
TorrHocrb. .pa6oru peryJrnropa, nropofi Kacr(aA oxBaqeH x<ecrxofi
o6parnofi 

'cnnsrrc. -,[.nn 
ororo BbrxoAr-roe Hanpflx{eHne ya"n"rl"r,. l

opon R7 n R8, uepes pesr.rcr.opu Rf''
rreHHfl BTopofo Kacr(aAa. I-lepemeu_'
F.nHpoBr{H BeJru{qr4Hrr o6nlefo roe$:
/CI{JIHTCJI ' I .
'yJIrrTopax cKopocTH CTaTr.rqecr(r{e

cBol' lcrBa sJIeKTpltqecl(oro ycI{JI}ITe.rtf l o6slqHo orreHr.IBator r{e no eno
xoa$cpttuHeHry yctlJIeHLIn, a ro xoac[rrprar{Herrry'nepeAaqr.r or rryBcrRr.r-
TeJIbl' loro 3JIelUellTa Ao I{aTylj. l l tH npeo6pa3oBaTe/rfl , T. e. ncel., i 

-rlrtnnrt.

:re.nuuor? qacrrr 
_ pefyJrnropa. Sror i<oecprpuqHenr ko r.r3Meprrercrr

mLl % Hrrrr  naA/fu.  B cxeMax rr . rna 3fP:2M Berrprqnr iu i r :  (85 +
*  q u N %  .  iKax yxe orMeqaJlocb, IvIarHHTHbre ycHJrHTeJrH no cpaBr.reHgro c aJrer(-

TPOHIIb IMI{  H Tpa} ISHCTopr lb lMH HMeIoT OTI IOCHT€JIbI IO:BbICOI(y lO Hrrep-  , ,
(tloHllocrb. BcneAcrnue sroro npn yr(a3aHrroM BIlaqeHHl{ lr" o6qilfi,,r,i l(troHllocrb. BcneAcrnue sroro npn yr(a3aHrroM BIlaqeHHl{ lr" o6rqiir?,,,
rosrffiuqHeHT ycHneHHR peryfirlropa B pasor\,rr(HyroM .dbtooit,irn:*.
AoJIx{eH 6ltrr orpaHl'trteH. B nporHBHoM cnyuae BHyrpeHwvu\,xo"ryp,1i',l
peryJrrrrops,. oxBaqeunufi r.r3oApoMHofi o6paruofi cnairrc, 6y,nat d*, .,,
ycroftvr.reuu.

Ha npaxrnJ{e ara l{e)/croiiuunocrb npoflBJrrrercff B Bo3H}rr(HoBeHr,rH. :
abroxo.ne6aHufi BHyrpeHr{ero norirypa. floapo6Hnpi ana nus nni"""nii
pa3f iHql lb lx napaluerpoB pery,nqropa rra ycrol tv l lnocrb Btry.rpengero" i
Kotrrypa 6y4er clleJrail B rJr. 5, 3necr, nHu-ri, o,rMert.tM, rtro /tJtf l pacilJr{-

1 5 0

pet{Hrr Afiana3oila ylgtpglril{ Bp€r\{enuofi HepaBHoMepr{ocrH bt pery-
/rrfropa npH ho - Q5 -=ae-mLl%.. nepnsift KacKaA Marr{r.trr{oro-,ycu-
JIHT€JIfI oxBaqell nlt6rotl o6parHorl cntl3bto, cocroflrrleft .us 'roufieilca-
ropoB C n CI H..nepei\,reHr.rbrx pe3ucropos R.u R I. B pesy.rrdra;-;;t-
crr lnf l  o6parlrorYr cBrr3H nepnult KacriaA' ycluurenn "npuo6peiaer,,
xapal{repucrl ' l I (H, 6nl. lerue'I( npHBeAer,rHbrM ga puc. 44, 6. Tixerq^cxei l{a
no3BoJItleT yCTal{airJlI{t}aTL gl{aqel{He BpeMeuuofi HepaBr{oMepHoCTtI'.oT
lt1 =- 0 lto b7 == 2,9 npr.r r<osclxpnqrrerire nepe,[aqn or npebdpugooor.
Tc.lI tt /lo 3oJIorII rI r( a trcr]oJililrTeJr bHoro, cepnbuoropa ftr, :,-0, O5-narr,t/lraA
rt xoerlxpnl(r{errrc ycrr.ner{Hrr cepBoMoropa, h" :  i+rt t i .MM. , i , , i ' . :  

'
I(orlcrpyt{TI'IBI{o cxel{a enexrplrvecxori qu.r" peryJrflTopa Bbrno.n.

FIeI{a Tal(LII\,I O6pasoM, rITO npH ltgUenenltlr geJrlr.rHHLI b, 
'anrOUatU-

rieci{H ll3Meitttercfi I ' I gHaqeltHe conporr.rBJlerrHg R, I(oropoe onpeAenrrer
IlocToflHIIylo BpeMentl ru6t<ofi o6parHofi cEflsH. Srurrl o6ecneqlirBaercff
orlrl ' l luaJlbHafi c roqKu speHrlfl y.crofiuHnocrr.r nriyrpeuHero KoHTypa.
pery/r f lTopa l racrpol txa o1parnoft  cBrr3r.r .  : :  ;  ,  t ; t  1;

yxaaaHnr're Bbr[re 3Har{eH,fl r<oaSQnriHeHToB kn H fr"' coorner-
Lr 'yrL,r  urPyr(rypHol ' t  cxeNle peTy/ l f lTopa (J l  Pl \ -ZM-zbU-3),  y KoTo-
poro )I(ecrl(al Ir la3o_4poMHas o6parHsle Ceqsu B3flrbr or npoMex(yrorr-
rrofo cepBorvroropa. I,{nor4a 3Ty'cxeMy Ha3brBalor rIBe4cxofi.

Snel<rpuqecKne u-rxarpur rt4na gip-zivt Moryr ycraHaBJrr{Barbcr
c rl lApoMexar{I{qecl{HI\41{ I(OJIOHI{at\,tH, BbtnoJIHeHHbU\{H KaK rIO CXe[{e
c o6;tnTl l t , lNt t t  cnr l3t t t \ ,ut  o ' r  npoMclt(y ' ror tnoro ceprroMol.opa, Tf l t (  I I  t Io
cxeMe' I ]  I (oropott  aru cBl3t ' t  B3rrbr or rJraBHofo cepBoMoropa. B no.
gJIeAIIeil{ cJlyqae BeJIHT{HHa rrpou3BeAerrufl knh., ecrecrBeHHo, Mo}Ke1
6urrs 4pyror?, 

rrro norpe6yer i iexoropofi xoppeKrupoBKH B ng'crpofiKet,.
rs6noii o6paruofi cBrsn Marl{HrHoro ycu/rprrens.' Taxas n6pgi"*i"-
poBr(a ocyuecrBJrflercrr c noN{ourbro pery/rHpyeMoro conpbiuBJre-
rrtrfr R I , BernlrlilIa l(oroporo orpeAeJlxeT r.ny6iairy rH6noft o6parHoli
CBf l3 I I .

,A{arlt l ' trt lste yctIJIIITeJILI AJIr ycr.rJIeHrIH gJreKTprrqecKlIx cr{fHaJroB
ilpr{n{er{rrroTCrr Tar{x(e B sJreKTpOrHApaBJIr4qeCI(HX peryJrnTopax THna
3rP-M, r{oropbre y_crar{oBJrer.rbr r{a. pn,ue Kpynrrbrx rr.rApocraHqHfi,
B T 0 M I I I I C J I e I I a I ( p a c l t o . n p c t < o r ? , A c y a l l c x o i i , C a p a r o n c i t o f i I , I ' a p '
l lo cnoeli cxel'te MarHnrurri i ycunure"nb peryJrffropa 3fP-M HecKoJrbKo
orfl Hqaerctl o1' paccnaOrpeHlloro Bblue. OH nUno;rHet{ AByxr{acr(aAHbrrvl
H co6parr  l r l  cel)ni i l rux ycrrJnrrenefr  Tuf la TyM-A, Hb cebaerrrrr , r r ( r r  ero
Il3ro'roR4el{bl I{e lt3 nepMaJIJIoR, q H3 sJleKTporextlnqecxofi craJII{. ,
13 pesy"nr, la le nocrot t t { I IaR BpeMeHu'ycHJrHTeJrrr 'cpaBLrr"*nono ou""nu , .  , ,  , ,  ,
(nopn4l<a 0,2 c). I lpu srI ' Ix ycnonHni, 'gro6u norryqHro,reoOiolr"i in, '1,*;*ir.r, i i l
xoa({luqHel{r ycl{rteHIttI H o/{HoBpeMeHHo Hcr(JrroqHrb .aBxoKore6r"";;ltjrtil::i 'J;ii
BHyrperrr{ero r(or{rypa peryrrrrropn, B cxeMe 

"ur"riH;;,t; i lr lr; i ;  
i ' :- i i lr,.;r:

npl' lN'lellel{bl ABe ru6xue o6paruure cBflgr.r, oAHa H3 Koropllx oxbarbl, , :,, 
'  

,Baer-oropofi Kacr(aA, a Apyras.--=, o6s r(acKaAa. , . '  , ' . . ,.,.,, '  lr is;l ' , ,  .r::,, l i l i : i i
I( rreAocrarr(ar'r AaFrrloro ycnJrHTeJrr :Mox(Fro orHecru-orayrliur.re?t'ti,,i',i

:^:L:11-" 
sjlleMe.,rtrojl uacrpotiKrl'ycufleHufl H napaMerpoB rat6iw"xt 

',o6-,:,,,:.i,,t,,+ii
parllhlx cnflseii. Bc"neAcrBI.Ie groro B gxcnJryaiartr.roilnlrx'.-ycJtog14nx ';, ' i ' : ' : '"rr*' :;-.

nbl t lCl l l l , r loCt,r  r l ' l 'o  l la l ) f l l \ ' lc ' r l ) l ) t  f t l6t tOf i  O6pntr tOl l  Cnttgl , ' ,  OXba' fUBf, to.  ,  . :

J ;
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ue['{ o6a l(act(aAa, oKa3brBaJn.t gar\,reruoe BJIHrrFIr.re Ha ycrorluunocrb,
3aruKlryroil cucreMbr peryJrI.rpoBaHrrfl \t rpe6olann rularenrttoff Ha-
crpofixu, I.IHorAa cBfl3ariuoii c prsr,reHenurrMr.r B cxeMe. IJa' Hexoropuxi
fDC oHa 6rr,na saMerreHa rra x{ecrKyro o6parnyrc ctsrls_b. I-tnlt eroM
Kao$cpltqtteur ycrlJreHurr ycrar-raBJr'rBaJrcn panrrr,rrr,r. -15 vLl%. FIa

t apyrax x<e I3e reaaqwna ko AocTr,rraer 25-3O rvAla/o,3,ro BHflr{rlT;

Myl

My2

PHc. 67. Cxeua Marr{H{Horo ycHJrHTeJrx AJrrr ynpqBlle{!fi ac_HHXpoHnbrM 4BrrarefleM

. 
peryrl trropa cKopocru rr{na 3fP-,14: 150-10

qro uacrpofir{a napaMerpoB ycr.rJrHTear npor.r3BoAuJracb ro cyuecrBy
3a cqer yxyAruer{r{fl rryBcTRlrreJrbr{ocrr.r peryJrrrrops, Tar( I(aK xosrp{tu-
rluerrT ycHJrerrrrrr or rvraf r-rr.rroSJrer(TpHqecr(ofo. npeo6pa3oBaTe.IIR Ao,,
TJIaRFIOTO 3OJIOTHITT(a npal{Ti l r recrtrr  COXparrf lJrCf l  I reHSI\4CIIrrF rU I Ia pa3-
JIHTII' lblX f3C.

Paccnnorprr i \ r  cxeMy erne o1rroro t \ , tannrrnoro ycHJII ITenn (pr lc.  67),
xotopt n.r nplrMer{eH B orrbrTnoM SJrer(TporHApa0Jrrlqecl{oM pefyJlflTope
cKopocrr4 THna 3l'P-I4 Anrr ynpaBJreHurr AByx(rasurru' acr{HXpoHHbIM
KoHAer{caropHbrM ABurareJretu rr.tna A co BcrpoeHHIrtM peAyltropoM.
Ha pHcynxe sror ABnrarerr  o6ogHauelr  6yxnoft  M. C sana peAyl(ropa
BbrxoAHofr  cHnuar c nor{our l lo Bpar.qarculerocn rpauc( lopMaropa'TpB :

. noAaeTcfl Ha BxoA r\{afr-rrrTrro|o ycr{.nHTeJrrr. B raqecTBe TFB, Hcnoflb:
gyercrr 6ecrouraxrnuli i ceJrr,cun. B AaHHoru cJryqae Mart{urHrtfi ycu-
Jrr,rreJrb c ABr{rareJreM rr Bpalr1arclrlt4Mct rpaucSopMaTopoM, oc}H€--:
crBJrflrorrlnr\{ '-o6parHyro cBrr3b rro noJroxeHHrc, npeAcraBJIfler co6oflr
cJreAfli lryro cHCTeMy, npeo6pa3yroruyro gJreKTpHqecKHe curnanrt . i
B. N{exaHl.tqecKI'te nepeMeu{eHHfl 3oJrorHHr(a, xecrr(o cBfl3aHl{oro c
BaJroM peAyliropa.
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VcunureJnr,  cocronqul l  l4g MU I 'u My2, BbInoJIHeH no , l l ,B!XT?KT-,r
rroii cxeirae c BrryrpeHnerl o6parHofi cnggblo. f luraque ycH/lHTeJln nepe-
Merrr{brru roxoM qacrorofi 50 fq ocyulecrBJlnercn qep€ rpauc{ropMa-

Jtcrutr l  g i le l (Tpo/Uutrarenel l  M, a cr I rHa,[  nocronl t l toro rol(a,  cHl lMae-
vr,lr i c 6annac. I{btx pe3ucropoB R1 H R2, - AJIfl co3AaHHn AonoJIllH-'
TeJrbHbrx o6parHutx cBq3efi,

Ann ^ocru)r(eHr.rfl lreo6xoAr.rMoro roeclrclrurtHeHTa ycHJIeI{ttf l  Mar-
I-urrr-toro ycHJrt{TeJIfl ou oxBar{er{ ,qonoJII{r.rreJIbHofi noJIox(urengHofi
o6parHofi 

"cnfl3bto, 
UeIIb xoropofr CoAepx<Hr pe3l.Icrop R3 u o6uorrn

ynpannduns 2H-2l(. OcnoBr-rafl )KecrKaR o6parHan cBRsb no rioJlo-
N(er-rHro Br,rxor,Froro BaJra srer(TpoABHFareJrn M ocyutecrBJlttercfl Bpa-
il{arcrrlHMc-ff rpaHccpOpnnaropoM TpB (ce.rrrclruou). BsIxoAnoe Hanpfl-
xer i l {e ceJrbcur-ra,  nponop( l . IoHaJlbHoe yrf ly noBopoTa poTopa, qepes

Mocrosofi rpasouynctsr4renr,Hr,lf i  Bbrnpnr\4uTeJrb, coAepx{alqufi TpaHc-.

Qopruarop Tp3, ipancQopMarop oi lopHoro HanpnlKeHHs Tp4 H AHIA-
rir, lr i vocr, rloAaercn B o6uorxn 3H .3K o6parHofi cBfl3n ycltnure"refi
My I v, MV2, I-Ia nrrxo4e QasouyncrBr{TeJrbHoro BbrnpflMLITeJItt HMeercff
crJralr(LIBatour.trl cpunrrp, cocroflttI,Hft I{3 I(oI{AeHcaropoB C4 w CS
rI Apoccenst flp

Crafunrcaur{fl cJreArrueil cncreubr Aocruraercrr BBeAeHHeM B t\enb
o6parnoli cnngu gurpclrepeH4.Ipyrcqero sBeHa. C erofi Ue/tblo naparl '
Jreflbrlo pe3r.rcrop y R4 noAKJIIoqeHbr KonAencarop C3 tt peauctop R5.
Maxcuuantlrslf.r yroJr noBopora Bbrxor,Horo Baila ABHrareJIn M co-
c't 'aBJrter 60o, uro coorBercfByer H3MeIreHrIIo orKpbrrufl HaIrpaB,IIttto-
ulero anflapara or rryJreBoro /{o NraKct{MaJrbHoro. IIpu sroM xoA nopulHtl
r r r / ( l loyctr , r r r l 'e,r t f l ,  t<oropr ' r f i  x(ecrr(o cnr3an'  c Ba.r IoN.{  ARI ' I rareJln Mr '
paBerr 20 vu. Mar<crrnlzr .nr , r r r , l i i  Tor{  ynpaBJrerrrrr ,  noAanaeutt i i  I Ia BXoA
Mnrulrrnoro ycl t"mrrclr f l  c .nernu.(et i  ct tCrenbr,  cocr i tn,nner 4 ' ,8 rr , rA.

B sar(Jnoqelrtr{e paccNrorprrM cxeMy rpar.l3r.rcroplloro ycHrtrreJltl
orrbr.Tr{oro sJreI(Tpofl.r/{paDJrr.rqecr(oro pefyJIgTopa cKopocTH T}Ina
3[P-n (prrc.68).  Ort  cocror l r  ] r3 AByx I{acKaAoB: cyMMl' tpyoqero,  ,
co1ep)r(ailrero rpaH3r.rcropbr TI H 72, H SaaouyncrBHTeJIbHotgr..,EbI'",, i" ",,
rroJrHerruoro r{a rpar.rsr.rcropax TJ u 74. CyvMHpyroulufi wacr<aA npeA" io,l ' , 

' :

c ' l 'aBJrtrel '  co6of i  ycu/tHTe/rb nepeMeHHoro roKa- c pagAeJIbI{btMH' 6;69--r ' i ' , ,  i

AaMH. Ero nptraHlle ocyulecrBJlflerctt or,rpaHcdloprr,ratopa f p! qepe3,

Bbr r lp t {Mutennnr t r i  iuocr  4 .  , , : ,  ' "  ) : . '  '

Ha nepBrrr{Hyro o6naorKy rpaHc$oprr,raropa Tpl noAaeTcr Hanpff- ".,
)Ker-rue nepeN,reHr{oro ror(a or uettH rr3oApoMHofi o6patuotl cBflBHr' 'a Ha ' '

nepBuqrryro o6ruort<y T p2 - cyMMapuufi cr{rHaJr or t lyBcrsureflrHoro

SJreMeHTa, nocrorrrrHofi r{epaBHoMepHocrn H MexaHHgMa H3Mel.{eHH-ff

' " ,  
"  

"  1 5 3



cKopocrl l .  A"rrre6paHqecr(oe cyMMlrpoBaHHe 3Tr{x ct{rrraJloB npoHcxo-
Ar ' r r  r ra  nepBrrr {Hbrx o6uorxax rpaucQopMaropa Tp4.Cxeua no3Bo.
JIfler I{cKJlloq}ITb noAi\{arr-n.{qr.rBaHHe cep4eqrrr{l(a. Tp4, nocr(oJrbl(y
nocronllHbte cocraBJrflrorurre KoJrJrer{TopHlr_x rot{oB TpaH3HcropoB T I
tt'. T2--paBI'Ibt LllHanpaB/rer-rbr BcrpeqHo. Llro6sr HMerb Bo3MolKr-rocrb
npr,rMelr nrb rparr3Hcropbr 6es Hx no46opa no xapaKrepHcrHKaM,
B srvrurrepnbre uenr{ BKJrroqeFrbr pe3Hcropbr R2 H RJ. I-lanpnxeHne
nHTaHHfl cyMr\,rHpyrouero KacKaAa cra6unm3Hpyercrr c rroMoulbto

Tp6

prc. G8. cxena rpaH3rrcroproro ,"rrnl*"n^ peryrrrrop ^ 
"::JrrH 

r'na rao-r,

cr a1wnurpona C m. I4ervreneH lre xoeQcpr.ruuer{Ta nepeAaqn n3o4porrluofi
o6parHoii cBn3l.r ocyu{ecrBJrrrercrr c noMolqbro norerrqrroN{erpa R I .

Ot rpaucrlroprr,raropa Tp4 cyr4rvrapurrft cr{rrraJr noctyn2sr r{a rpaso.
tIyBcTBHT€,nbIIbrI i  Kacl(aA, cO6pailHrrrf i  no ARyxi loJlynepHo4ltof i  cxeMe
H rIpeAcraBJIrrou{ufr co6or'r ycHtHTeJrb Morr\Hocrr.r c BrrrXo/[oM rla AHQ-
rpepenuttaJlbnyro narpy3r{y, xoropoii .ffB,rrflercn r{aryrilKa Man.trrro-
sJIeKrpHqecr(oro npeo6pa3oBareJrf l  (MOn) peryJrrrropa. tDasoqys-
crBHTeJlbuuit xacKaA cJrylKr.rr AJrrr ycuJreHurr r{ npeo6pasonaHr{fl cnr-
If aJra paccorJracoBaHHfl nepeMet{Horo ToKa B cHrilaJr nocTorrilr-roro ToKa.
il1s cra6vnu3aur{H xapar{TepucTnr< Kacr(aAa npeAycMorpeHbr pe3n-
cropbr R4 v, R5, roropbre cyuecrBeHHo cHHlKaror BJIHRnrre.HsrueneHr.rft
TeMnepaTypbr oKpy>Karouerl cpe4u. , rl i , ',

, Cxenta Sasouyncrnr{relrbHoro r(acKaAa rrosBoJIrrer,, IpaKTrrqecKr{
.noJrHocrblo' HcKJrrorrHTb (/{pefi+> r{yJrn ycuflHTeJrff, TaK KaK cpeAHufi,
ToK, nporeKarorqur? B r(aryrr lKe. MAn, Ha 3aBHcHT or rrapaMerpoB
TpaH3ucropoB TS u 74, a sn:';-suue uecra6nJrbH,ocru o6parHr,rx roxon
AI,IoAoB il,1-,4,2 H ,A3-il4 oqenr, rreBeJrr{Ko, nocxoJrbKy B cxerue npr{-
MeHeIIbI Bblcor{oKarIecrRe}rr{bre r{peMHr.IeBbre /IHoAtr. Maxcuuanuuufi

l l:4

,41
L - d

ru\51,
,ol 7 a

t2  I
Pts
l t t

l-l
) n o

\ l

J

ror(  pae6anarrca cpasoqyBcrBr.rrenruoro Kacl(aAa paBeH 250 uA .rpH
conporI.rBJIetn.IH xa>rAoi,r l.rg KaryueK MarrrHTogfleK.TpHqecKoro,,npe- .
o6paeoeareJl f l ,  paBHoM 140 Onn. MaxcurtraJrbHaf l  BbrxoAnaf l  Morr lqoirb,  . , '
ycp lJ l l {TeJ l f l  paBHa B,75  Br .  '  1  .  , t  , ,  r  -  :  . ' " ' ;  , ' ; ' , , ; , ' , , , , . , i - i , - , i - , r : - , ,  ; ;n

zg,  [ IpHHqnn,aJrbHaq cxeMa 
' ] i  

' , j ' i i  :

opocrh THna PM 
. '  

:

A nrovarII trecr( I{e peryJr nropbr cKopocrr.r rr.rna PM Hs roraBJr u Barorcn
,Ileuunrpa^ClrurM MeraJlJn.rqeclc.rM 3aBoAoM rlo c[equaJIbHbIM sar(asaM
I t  I Ipc / ( l la3 l l i . l t l c l l l ) l  / (J r t I  peryJ l t lponat l l l f l  I tpynI Ib lx  paAr lAJIb l tQ-OCQBITIX.
rrrAporyp6uu. FIa pHc. 69 npeAcraBJreHa npHrrrrunHailbqafr cxeMa
.aroro nel .v.nf lTona l4c[ , fenl . r re-r t rM nxn'F  - -  J  - - - - - - r - -  ^ ^ - ' ' ^ - r

6uqecxr.rf i  Maflrr.rr.rK 2 (cu. pHc. 54),. f lpH
xoroprrr? aJreKTpHqecr<ort cuHxpoHHofi
arperara . l4rna 4 no6yxureJrbr{oro goJ
AaqH 36 w 4l cnnsaHa co ruroKoM Bcn(
Cepnovorop 14 H no6.vlureJrbHbrfi son
3r{r.(Ho}{rryFo cJreArrrqyrc cHcTeMy, B K(
TeJlbnoro cepBoMoropa 14 flponopu4onailen BeflHr{r.rHe CnaerqeHHfr, noA- _
nrrN<norl 6yxcl,l 3. floprueur cepBoMoropa 14 srtnoJrHeHlary$Sepen- '.

IIIIaJIbHbIIVI, H B efo BepXHIoro noJrocTb noABoAHTcff MacJIo noA rrocTorrH- -. 
'

I IbtM AaBJIet{I ieM, a FIH}KI{f lr I  noJrocrb ynpaBflqercf l  no6yAHTeJrbHbrM
3oJrorrrr.rr{on,r Ivarrrrrur(a. I(oaQr}HutreHT nepeAaqH or MaflTHr.rr(a"K'cep-
Ilol\4oropy 14 lvtolt{er peryJn{poBarbcfl 3a cqer H3MeHeHHr coorHotlreHHfl
rr ,nerr  l l r , i r lara 4 / ,  n l ,nro,nnnroutero poJrb >l<ecu<ol ' r  o6pat l rofr  cnn: iu.  Oro
Aocrrtraercrr nyrer\{ cMell(eHr.rrr no4nHx<Hoii oilopbr pbrqara 4l c i lo-
MoHbIo smtra 42.

IIIrox BcnoMorareJlbl{oro cepBoMoropa 14 ynpas.rrrer nropori 'c.ne- -r
Alnret? cucrevofi, cocronrqeii H3 rJraBl{oro goJrorHnKa 37., natnoJrHeu- . :
rrofo sa oAr{o u,eJroe c nop[rHeM ynpaBJrfleMofo cepBoMorbpa, pbrqax(-.
rlofi nepeAaqr{ 38 n no6yAureJrbHoro soJrorHuxa 40. f iuarr,rerp nepxrreii
rapeJrr(I{ soJrorrrr.rxa 37 6o.nrue, qeu Hi.lxriefi.,B nolocrn'rr,teii<Ay,brnur , '  .
T a p e f l I ( a M I I n o / { a e T c f l M a c J | o n o A A a B J I e I { } l e M ; o r u a c n o H a n o p H o f i . y c r a -
IIoRt(l l, a nou'IocTb IIa.[ rtopul]leM ynpaBflqeTcfi no6y,qufeJlbHbtM gO/tOT-
HHr(or\ , r  40.  I f i taMerp'nepxrref i  rapeJrr(H 3oJrorHHtla '40 6onrue; qey. , .
H t , I > x t l e f i , 6 n a r o g a p l I { e M y 3 a . c q e T n o c T o ' t H H o r o A a B J I e H H ! , n , t a c ' r r a , . '
noAaBaelvtorO R IIOJIOCTb MeX{Ay TapeJII(aMH, CO3AaeTCfl CHJra, HanpaB-... t" ' . ", , ' , ..,, i i
, I Ie l - lHatI  BBepx. oua SaMbIKaer pblr laxHble nepeAarrHr, ,HcKrtot{ag ,rerr , I : j , . , , ' - ' , ,  . . , ; , .  , i l
cdMulM nto{iru, Lll,tetotrlHecs B corureHeHHnx pstuaroB.'PuqAxHax,Eepe.....$i,,;, i ' . ' .  ^ 

,,, :, |1
Aaqa Jd nstnoJrnner poJrb >xecrxofi o6patrofi cshslr..,B'. 'Deivirrtate"i l l ' 'r, ' .  ; 'r:] ' i{

I r,r\,

.  : t  i

BeJIHTI t{Ha CI\{eUIe HHfl r ilARHOTO 3OJIOTHHK
noprurrfl cepBor\{oropa 14. '  . .'; I(dqecrserrHble nonasareJru,: ,pa6orri
cHcrer\{ xapaKTepH3yroTcfi Hx' nocTo4r{Hb
ToM ycr4ilerrtI uerlu MarrHHK - . 1..p{Bg6
cJreAqulr{e cHcTer\{br Bblno/rHeHbl AocTaT(
14X flocrorrHr{bre BperuerrH Hg 6onture
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ycH/lel{Htl  oT MaHTI-lHKa AO rJraBrroro 3oJroTHHKa MO}KeT VCTaHaBJIH-
B a r b c n B n p e A e J r a x 2 , S - l l r r t v l o / 0 .  ;  '  \  :

f,uannrtu aoJIorHI.r R 37 ynpaBJrfleT cepBoMoropoM HanpaBJrJrrourero
annapara, or l(oroporo qepee rpocoByro nep_e4aqy 32 ocywecrBJrflercrr ..\
o6paruatt  cBt3b I(  BaJIy J5 nuxnroqareJrf l .  FlarsxeHr{e-Tpoca npor ls-
Jlol$flrcR e IJoMoI{bIo +ljfl+al}fi+tqeeKofi nepe4aqn, A/rn gTofo }ra +aJry
BbII(JIloqareJlr pacnoJIolKel{ pbrqar 33; KoHerI Koroporo coeAgHeH
c nopll l l leM cepBoMoropa 34, naxoAfiuluMcrr noA AertcrnueM AaBJreHHrr
MacJra, noABoAHMoro or rfiunrrpa 46. Tarcurr,r o6pasoM, yroJr noBopora
BaJIa J5 sHxfltoqareJlfl nponopquoHaJrer{ {oAy noptrlHn cepBoMoropa
I l a n p a D J l f l l o t u , e n o a n n a p a T a .  d '  I

A.trq o6ecneqerrt.tn ycrofiuunocru cucreMbr peryJrupoBarrHr H Tpg- .
6yeuoro r(aqecrBa rrepexoAHbrx npoueccos peryrqrop cna6nien
ll3oApoMllofi o6parHofi cBtl3br.o, BbrnoJrHeuuofi B Br.rAe MacJrflHoro r{ara-
paKTa .10, xolopt' lt?_ -I(otlcrpyKTrrBHo coBMeil{eH c Marrrlanoru "(cu.
pf tc.  54).  l lopl l tcnt ,  L? xa'rapar( ' ra rrepe3 pr, tqa)rcrbre nepe/(a ' l rn 43 i  44
}KECTI(O CB'3ATt C BAJIOI\ , {  BbIKf l IOqATCJIf l .  MaxcI IMaJIbHa' I  BeJIHqHHa
cMeuleHrln nopLUH n I3, onpeAeJlnrcUafl r<oa{r$uqHerrr ycHJreHHfl KaTa-
par(ra (uso,ltponrnoi.i o6parrroflr cnnsu) p, Mox{er, peryJrupoBarbcfl 3a
cqer r.r3MeFrer{rlfl nJreqa putuara 43.

flpe4enr'nufi xoA rloptullf l  9 o6rr.rHo orpaHur{eH. B Aasnofi KoH-
crpyr{Uuu Ail\ ?Jofi uefirl npeAycMorpeubr ABa KJrailala 7 u B c npy-
)KHHai\{H 5 w 6.1-loAxart. ' te grl4x npy}KHH onpeAeJrrreT BeJrrrqr{Hy AaBJre- :
nlt i i  n roft unu ApyroI:r noJlocrflx, npH r{oropbrx r{Jralar{br orKpbrBarorcfl,
cso6oAHo coeAHHflfl no,rlocru r.r reM caMbrM orpaHHqHBaH xoA.nopul:nn I I. :

npI'I ero clueilIeHLItlx B o6ollx HanpaBJrer{Hflx . nnn,oTKJrroqeHr.rff Kara-
n'''iX J ffffi'T"T o'i:. f*T' :?rTil:tr,f #^, o n p eAe rr q rc ue n n o cr o n H :
H y t o } I e p a B I I o [ { e p H Q c T b ' t , u h c T a T H 3 M ' : p e r y J I ' T o p a n p e A y c M o T p e H a
plJqa)t(ttafl nepeAaua 30, r(oropan rrep$ pbrrrar J6 ocyurecrBJrfler vexa- i

i I I H q e c K y I o c B ' I 3 b I u e } K A y y r J I o M I I o B o p o T a B a J I a 3 5 B b I K f i I o q a T e J I f l | 4
oMett{etlrIeM LtrJIbI 4 xqanrr'n.rl(a^,, Be.n_rluHrla crarr{gMa &o uoxer ,ycra- 

'il

HaBJII.IBa'l'bCfl B npeAeJrax or 0 16 B0/o nyTeM cueqeuia fr non}r4>xilor? . , .
o f lopb l  pb l r {a ra  3 l  c  nouorur lo  su t t la  32 . .  j  "  , ' '  I  i '  '  ' ' : '

i tacir,,torpl.rtvl B3ar.IMoAericreile' onHcaFrr{brx errue sBerrrreB pery-
Jlnropa nppt aBToMarH'{ecKoM' pery;rHponaHHu. B ycraHor}HBruervrcf l
pe)Kllrvle pa6orrr rt.IApoarperara HrJra 4 gaHHMaer' cpeAr{ee orFloct{-
T€JIIrI lo 6yxcrr 3 no"no>l{ellrfe, npH r(oropoM nopue}tb cepBoMoropa I4
HenoABI,l lKelI. CneAnulafl Cucretvta rJraBHoro goJrornuKa JZ raxxe Ha-,
xo/{r-rrcrr B cpe/rneN{ rroJrox(er{Hr.I, nepeKpl{Ban Aocryn Macfla b'no,rroctr.t
ccpnor,toropn lranl)an;rnroi l lero annapa'ra. EcJnr, rtanprrMep, cKopobrb i :
Bpauerrr.rrt rHApoafperara Bo3pacTaer, To noA AeiicrnueM. rler-rrpo-
6e>xnoli cHJIbI, paAuyc BpaueHr.rrr rpy3oB Marrrr{wxa 2 yBerrir{HBaercn.
llpH sroM 6yxia',t noari"Maercff 

"i6p*1" 
u"p"r HuxHlre o*"u*Ar.rn ;i,l '^,-L;iip

Hfler- yhpannneMyro noJrocrb,cepnouoropa I4 co cnllsoM., . ,i:,r,, '{;-'ttr;r;f}fi1," .';,: ,
n.ia ,qeficrnneM AaBrreH 

"^ 
i[Jiu;;;ilil";"";;'iii"*oro 

'g'iib&:;,i'4iir,rr.fi

Hloto noJlocrb cepBoMoropa 14, ero, ropilreHb a"auraaraa u1t*""i"ii-i'i,t. tii:.i- ' --;;J;;;;.;:-:r 
l-= --^I " 

r -;:';i.' iBeJIH'{HHy,, npx xOropofi Hrnra 4 cHoBa safiN,rer nepBo,Ha.Ihfibuoet :'*',,'
1,r: irrl-i'iiz : ,-#i



(cpe4nee) noJrolKer{ue ornoct l reJlbHo oKoH 6yxct ' t 'J .  .OanoBpeMeHHo
nopuerrb cepRor\,toropa /4 cmeUaeT BIIU3 no6ypr.rtenrurtft soJlorl lut<40;: '
xoroptrfi noAaer B ynpaB.nfleMylo noJlocrb cepRoMoropa r.rlaBHoro
eonoiurrwa 37 NracJro noA AaBJreHHeM. B pesynrrare soJIorHHx 37 nepe- '
r\{eulaelcn BHr,r3 Ao rex i lop, noKa no6yAutenltlulf i SoJIorHHK 40 c'
nouorrlbro pbrqalxnofi nepeAarlH 38 He Bo3Bparllrctt K cpeAHeMy nofio-
)r(crrHro oruocHTe/rbt to oKoII  6yl<cut aroro soJtor l t t {Ka.

I Ip,  onycKarrHH rJraBlroFo 3oJrort{Hxa HH}I(HHe pa6ouue oxna.
coeAr{nrrro ' rcn c o6aacrr , ro AanJrentf  r ,  a Depxrn{e -  co cJIHnoN.{,  Mac,no
noA AaBJreril4eM nocTynae'r' R noJrocrb 3ar(pblTHfl cepBoruoTopa HanpaB-
Jrrrro[rero arrnapara,  a r3 rroJrocl 'n or l {pbtr l . t f l  MacJIo ubpes gonotr i t lw,}7

yxoAtrr Ha cJn.rB. l loprueHb cepBoruoropa, nepeN{eil{aflcb Ha 3altpblrue,
rrpHlr .pr l lRaer rranpaBJrrrrou{Hif  anrapar,  yMeHbl l . taf l  Mol l l r locrb ryp-
6rrnul.. !.err>xeHr{e nopmHrr cepBoMoropa 6yaer rpoAo/rr(?TucrI .u,o rex
nop, notg r"ranuufi 3o,[orr{rrK I{e safiN{er cBoe HcxoAnoe cpeAHe€ [oJIo:
)Kerrr.re. I-lpu 3ToM npoUecc no npeivreul.t noAXoAa noplIIHtI K rloBoMy
ycraHoBr.rBrrreruycfl rto.no)Kerlr{ro 6y4er onpeAeJIflTbctl r/IaBHbIM o6pasou,
nac'rpoirrrou napaMerpoB l . tso4povrof i  o6paruof i  cBf l3H Ta Lt  bt .  , ' , , ,

npoc"tel(r.rM Aur{}Ker-rr4e paccMorpetll{bIx 3BeItbeB cHCTeMbI IIo,[, /(etl-
crBtreN{ cHrrraJra o6paruor l i  ceRaH, l lpr t  AI I I I }KeFIHt{  nopuHr cepBoMoTopa,
traflpaBJrrrForqero ailnapara rra saKpbrTlle BaJI BbIK./IrcqaTeJIfl n_OBOpa-
qnBaercf  npor l lB 'qacoBori  crpenxu L{ nepeMelUaer nopueHb I3 xara'

r\. loTopa I4 c AaBJIeHHeM, r.r BCe 3BeHbfl, B TOI\,I qHCJIe H rJIaBsStfi gOnor-i

nur< 37, Bo3tsparnTcr R cpelHee noJrolKeHue,' npu I(oropoN,t uanpan-

nnrcurplrl anflapar 6yaer HenoABHxeH.
, C)ntlnr(o nepexo,rr,ln,rri nporlecc tra arot\t l ie sat(ottrtt l ' t 'ctt. f la,nl, l le f it lree

cocroffHHe ycKopfleTcff.

l{'

- 
,  f lpor1". i ' 'p..yJrHpoBaHHrr 3aKorrqgrcf l ,"  I(orAa nopuleus II  t<ara!", i

paxra, cepBoMoiop 
^14 

H rnansuft 3oJrorHHK 37 6ynyr,rtaxoAHrl^cfr i ' r
B' cpeAHHX noJtox{eHurrx. I-lpu aror\{," ecJIH nocrottHHati ' HepaBHouePil;
r {ocrb peryr lnropa b,  ycrat loBJleHa'panHof i  HyJIIo,  ,To cKopocTb up?' l

rteHr{s poropa 
-arpdrara 

6yaet coorpercrnoBarb,rt€pBoH,fluaJlbflofii

158

I:::^1._ lt 1- 0, l.p npu r{oBoM nonoxerl_T].1 nopyHn lepBoMoropa 
, r , ,I lanpaBJIf l tol l lero annapaT{l cKopocrb t}pauef tun' '  6y4u,n, 

- 
trecxoJlt iKo , ; ,  ,6onnure neprJoHaqanruoft,  ran :r{aK B oroM,cryqae Hrrra ;, ;3;, ;"}"_ ' , ,  ,

crBpreM >xecrxoii o6paruorr cBrr3u 6yler .r.i,lu"u ;;;;* 
"u 

"ulo"- 
, 

J.,, "qI'rrly' onpeAeJlfiel\'Iylo 3l.laI{eHHeM .yCTarroBJreHHorO aiut"ir ^-'"i*'r'- e. coorr-rourerjr{er{ n,rrerr pbrqax{Hori nepe4arilt 30.
JJnn r{BMenerrr.rrr cr(opociH nrApoarpeiara n o0yu{ecrnJrer{Hfl clrrr-xpottl 't:iaqllu rerleparoPa- -c sHeprocncretuoil cJryx{HT Mexagr.rgM r,r3Me-.r ler l l rn cl(opocrt l  (MI4C) 29,l l t t leioul l tr"t  npnno4 or ei ler(rpoABrparenn ZT/urf l  l l l rcral l l l l ' Iol l l lofo ynpanneHiln n pyuuorl npunoA or MaxoBl.Iqxa 26,Hsntettel l l jc cl(opoc't l l  Aocrl iraercn cMerqenHdu rrr.nut 4 nnepx l I"rIH Bp,trgq e p $ p b I q a X { H y I o n e p e A a q y 3 6 . M I 4 c . . i ' u o ' * . n T p e M f l n a p a M H . K o H - . '

TaI(T.B 28' .n'ne II2pbI cny>Kar Ann orr{Jrioqer{riri sireKTpoABHrarefifl i-o xpaliilI 'rx no,rrolr{er{r{flx, a rperrfl napa, Koropan SaMblKaercff B MO_,Mcllr orl{JIIoqeI{Htt 
.relleparopa, oT eHeprocucreMbl, npeArla3"*a*i,

A.nfl aBTor\4arHqecxoii ycTar-roBl{r{ IroMHHaJrsuol,i .nopo.ir^;p;u*;;;arperara IIa xorocroM xoAy nocfle c6poca Harpy3l(ei.  Sror NrexaHH3M
cJIy)KI ' lT Tal(x(e ni ln I ISl\4eI ' IeI{Hfl  lvtolqHccru rnApoarperara npH eropa6ore rra orreprocrrcreMy, B erou . , i l ; ; ; ' .no1ro."o BparqeHrrs uanr. lt l IIKa ocraerctl [ocroflutrofi ] legaIlHcHMo or luouluocru arperara uBblI(JIIor{eIIHc urJIbl 4 ocyqecrBJltIeTcn 

-*aar,.ort 
o6paruori cBrrgbro(c'rarltslrrotu) qepes prrua>nnyo_ nepeAauy. J0. 

I - ' 'r 
Y1''- '- . .Pery.nnrop cKopocrH rr.rna pm inl '6#"" 

"ur. 
AByMfl vcrpeyigrBaMu:

u (MOO) H-r,,rexiruubuou orpa.,
rarreH n.i ln nycKa H ocranoBKH ..:..
4f i  HanpaBJrf l rorqero annapaTa, ,  i
topocrbro H Mor.rlHocrrjo rnApo_ ,.
)AoM oT r\{axoBHrrr{a IS u sJreK_
7 r{ HMeer rpH napbr KoHTar(_ .
HaqeHbr A/r.rt oTr(JlrcqeHr.rfl 3/reK_
)tntnx MOO, n T.pe,ttrrl =_T itJtrt
BO|O OI.t(pbrTrrfl.
J9, xecrKo cBflgaurruri c BaJroM
:rrrolr(rrlto nepe/(a,ty JB. I(or,,ta
)urelrb ceprloMoropa 14 MolKer .
T.  e.  B CTOpOHy SaKpbrTHfl ,  a
K elo . r r rTol( ,  OTXOAHT OT nepe-,aq .r, \ 'v,,,u Dn,.rnrudr)r rrcpeMelqell'tl uono"unii;: 

" 
T;"ffi i irj irir;

"p"il::?f:'t:_::l:]|::..*,I_ orKpbrrHfl HanpaBrrnrorqefo annapara-,,.,.,,n, , lLlro6u nepeBecrrr p*.yrn"op' ;;; p;'i,r*1tffi;;;"il'- [i:i. oo,., , , 
'

'e'6xoAr.rvro noABecrr prruar j^r_ ,: pi,'uu.v- Jb ;-;GBIcrH:rpy,{Ky 
"1,,1;i,.,..iKlrarra neper(nroqerrnrr 4s B 

:?igr-i"rHe oiiyuHoe), .H , ;;;r',."ntvrr[;,ri"]i uN.noprueIIb cepBor\{oropa 14 nepeMecrurcn n xparln.. u.p*n.u.nir;o:,;|,;;;.i,; i i.
) l(er.rHe I{ efo lrrroK He 6y4erioI{a3bIBarnlBJrHflHHfl Hal:r.noJIo}I(eHHe :r, i \} ;1t. ; i ! , : t i i : i l3o'/IorHrII(a 40 rre3aBHcHMo 9t' cr(opocru, opuur.;;;^-';u';;;?:;:o''1,, ,,.itrii,iii*ynpaBJIeIIHe orl{pbITI'IeM ryp6unu Mox{Ho ' niro"rroa"tot]fnokoT.qe.., ;,;,;,:.,,.i,: 

' 
;111ipee Moo' o6pa*ra' cBt{Bb x eronay, 

"*;;;;;;";ffi;Li#"ei[;iir:;i*t1:i.i,;'lBaJIa BLII<JIIO.Iarenn 35.
,, 

" l' -, ' ;1:;: r'1',, :'' lr;"f!;,xl;;j'$l'1,, 
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'  l{exarrH3Nr orpaHr.rqeHr.rfl no Haflopy 2_2 eogAef,IcrByer Ha, Ilepe-

Aa.ry 3B uepes lri 'ox IVIOO 11 ,pu.lar 39. OrpaHuueHrle orr.pnflln no
' Hanopy npor{cxoAnT cne4yrcruirtrr o6paeona. Snexrpuqecruft cI4rI{aJI;
nponop[uol lanlumfi BeJrr,rquue l lanopa, roAaercf l  Ha sJIeKTpoABHra-

-re.rrt i4, woroprrfr ynpaB,rrfler r(yJlaqt(ott 21. flpll yBeflllqel{HH Ilanopa
p.""" 2O notopau.#riete; nporae -raeoao# e+1e+r<++ lepesllsrsanJ9-
rtor, MOO u^pguar J9 nosAeficrByer IIa pltqalKl.lyrc ilepeAar{y 3^8_,,
O6parHofi crnsl*o AJrrr 3Jret(rpoAshrarenn 24 cflyll{Hr ceJIbcHH 25.

MexannBM clra6>l<err Maxonr{rn(oM 23, c I IoMOllUrlo l(oroporo Mo)l( l lo
BpyqHyro ocyuecTBJrf lTb OfpaHr.rqer{He oTKpblrHtl  I{anpaBJInloi l Iero
ail I lal)ara IJ SaBHCHI\{OC', l ' t {  oT l lal lopa. '

24. l lpuHqnnnaJlbHafl cxeMa
rHApOMeXaHHqecKoro peryJrflropa cKopocTH Tl,lna' PKM

Pery"nnropu cKopocrn rHfia- pKq (perynnrop I{oMnJIeKcntrIt i,

uexauuqecl<ufi1, Tar{ }Ke KaK 14. PM, l isrorasnHBalorcfl 3aBoAol\ '{ ro

cneur.raJrHoruy 3aKa3y. oi i ia f ipeAHasHaqeHbr AJIf i  .ynpaBJIeI l las noBo-

portioJlollacrHbtt\,tH rHAporyp6iariarrru. B K6JIorlKe peryJltlropa PM

b6te1ulcrrr , r  rJcc Mcxan13Mrrr  /Utrr  ynpaBJret t t ' tn ccl lnoMol 'cJpoM l lanpaB'

JrflroilIero annapara H xov6usarop, ocyilIecrBJlflloLt(Hfi cBfl3b Iue)KAy '

oTKpblTI.leIu HanpaBJltl loilIefo anna para H yfJIOI\4 pa3BopoTa nonacreli

pa6ouero r{oreca ryp6urru.  f lpuHUI.{nt . IaJIbI- taf l  cxeMa 3roro peryJl f l '

i o p a  n p e A c r a B r e H a  F I a  P H c ' 7 0 .'  
Alr i  ynpaBf leHHq orr{pbrrueM HanpaBJIr to l l lero annapara sAecb

I{MeIoTctt ysJIbt, aI{aflol ' l{eHble y3JIaM peryJltlTopa PM: ^ruasTHHI{ 
4,

MacJrRnuf i"  KarapaKT 5,  ecnolaoiarenuHr,r i : r  c-epBoMorop 6,  MexaII I ' l3M

iurr"".n, 
" 

.nopb cru I 0, rvrexa Hrr3ru ocraloulefi cs HepaBHotvtep Hocr v I I,

, no6yAtare"n't lrr,ri i  I3 tt r,rlaeHurri l2 gonorHI4I(H, Mexal'IH3M orpal{Hqe-

HHfl IIo wanopy 20.
Bur,urcqeHr4e H3oApoMuofi o6parrrofi cBn3I.I ocy[ecrBJlflercr c i lo-

Nroulblo ,n.^rponnurti"tu I, xo'ropuir qepes pblqalxl{ylo nepeAaqy 2

sosAericrByer Ha r{ury 3, nocJreAI-IrIrl npH BKJIIoqeH}ll{ sJIeI(TpoMar-

rrHia I  o i tyct(ulcrct l  nt t t t ; l  t t  coe1l t l l f le l '  Me)K/ty co6Oi i  Bel)Xtt lo lo l t

HHX{I l tOtO noJIocTH KaTapaKTa.
B perynflrope PI(l{ oc,totuorarerlbrlblf i cepnouorop 6 l<potue ycu-

JreHI{fl troul}tocTrr BblnoJrrrrreT poJrb orpal{l{ql{TeJIfl 3al(pblTl' ln IIanpaB-

Jrnroulero anila.para, npl{ c6pocax Harilysxlr c oTI(JIi"oqeHHeM reHepa-

ropa or arreprobtacrenlr,r 1. C-eroft ueJlbto BIlyrpH AHSSePeHIrHaJIbHoro
nopu:un 7 pacnonolKeHa' IIIJIa B, Koropatl ' Iep99 

PllqalKHyli I:15
Aaqy 9 >xecixo qBt3aIIa c RaJIoM BblKflrcIrareJltl J,5.'I lpry.HopMaflbHoii

iuOirt. ryp6grrbr noJrocrb nol( nopulneM Z cso6oAno coo6uraercn c no'-

JTOCTbIO CpeAIIHX OKOrI no6y,O,tnteJlbHOrO dO.nOtuUxa MafTI{HI(a 4'

KorAa npbHcxoA"r c6poc narpysxtr, rsra floJlocrb coeAl{I{terctl co

cJlr,rBorvr, u nopueHb i cMellaeTcq BHHs ToA AeiictsHelvl AaBJISHI'IR

MacJra, nocTottHl{O noAaBaeMofo B noJIOCrn no.4 nopurneU Z' /
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rl croporry ear(pbrrHrr rr qepm rpocoByro nepeAa,ry- H rpys'J4 nonop,a-qllBaer BaJI BblI{JIIorIareJItl I5 no qacosofr crpeJrr(e. i3 pesyirrrare nrnd B,'  cBfl3aHHan pblqaxHot'i nepeAaqefi g c'BaJror\,r Bbrr{JuorraTeJrrr, onycKaercfl--BHH3.. flprl Hel(oropoil't orl(pblrr'rr.r HanpaB/rflrorrlero annapara ur.na' Bceoert nu;Krrefr +ap€JrK€ii neper<poer Aocryr1 Macna or no6ylrr.raino,o
3OJIOT[II4Ka MaflTltHKa B III{)KIrIOIO noJrocrb cepr}oMoropa 6 n o4rtonpe)
MeHI{O coeAHHI{T 3Ty IIOJI0CTL C nOJIOCTDIoI f,r[e N,taCflO rraXOII4TCfl nOA
AaBJIcllf ieM I' l  l locl 'otl l l l lo I lo/lae'l 'crr D i loJroc,tb rroA r.rrroit B or rlxrnl- '
rpa 40. f lopuella 7, a l lMecre c IIHM H rJrarlrrr,rrl sonornnx Ii 

"n;;p;-Iqalorcf B cpeAllee noJIo)KeIIHe, a cepBoMorop rranpaBJrrrroruero anna-
para npeKpauaeT ABlIlKel{He Ha gal{pbrrr.re, He3aBHcr.tMo or noJro)KeHHrr
rpySoB ttasrnuxa 4. Be.-ntlquua orpaHr.rqeur{fi ear(pbirun rvroir{€T ycra-

1 tjfjy::I:.o Ht'llKe Be"r14tllllbr orKpr,n:./{r xorrocroro xoAa r5rp6Hirr,l uperyrrnpoBarbcrr c noMorr{nrc uycpru 16. paccuorpeHHoe yiipoficrno
npeAHasHaqeHo Ailn npeAorBpallterlHfl noAT)ervla (noA6pacuinanNn)'
poropa BepTr{KaJrbr.roro rH.4poarperara npH nepexoAe ryp'6uHrr u na_
cocuul i  pex{HM pa6oru B npoqecce 3ar{pbrr l rs i lanpan,nn,or i (e i -o anna-
para.

' B SToM pery/Itrope np,I\ 'elreua'cneuua[rb'rafl JrorlrqecKafl cxer'ra
nporHBopasrouuofi sarrlr.rrbr rnApoarperara r. Ann sroro B cucreMe
aBToMaruKH HMeercfi peJIe rrHcfla o6oporon, KoHTar(Tr,r Koropofo'  cpa1arblBalor npH yBeJl l tqeHHH cr{opocrvr Ha 15% nwrue rroMHna; l r r rof i .
Curua/I or pefle [oAaercn I{a aJreKTpoMarHHr anaprartHoro gaKpbrrgr
(pene H saexrprrqecKar cxeMa Ha pr4cyHKe He noxasauu),  B ; r ; ; ;p; ; :qecKyl'o qenb nocJleAoBareJtbrlo Br(Jrroqer{br KoHTaKTbt lB MacJrflr.rono
I(arapal{Ta 17 oxttoc'TopoHHero 4eficrBufl . 3rH KoHTar(Tr,r saMKHyrbr,
ecJIH l{anpaBJlsrouufi an[apar HenoABHxeH r.rJrr.r 3aKpbrBaercfl oqer{b
MeAJIeHHO' H pa3oMK.HyTbl' KorAa HanpaBJlsloti lttf i  artf lapaT gaKpbr-
Baercfl c Aocraroqnoli cxopocrbto. Pagvsrxanlle xoHraNios /B ocv-
rqecrBJrfleTcn rtopmrleM r{arapar(Ta lT .

Cxenaa 4ericrnyer cJleAyrourirr\{ o6pasonr. Ecnu [ocJre c6poca Ha-
rpy3I{ l r  I IanpaB/Is loHlt f i  annapar I te gar(pbrnaercrr  r rJrr . r  ABr.r)r(ercrr  R
c'foltolty iff l t(pbt1'i l It ct i lc/toc.r,i l ' t ,o' i l tcl i. i  ct(ol)oc'l.t,to, rt ' l .o !t(f l3bil l f ler na
H_eHc[paBHocrb peryJlnrop?, To KoHTaKTF,T 18 ocrarcTcfl gaMt(r.IyrbrMn.
Kor,qa cxopocrb BpauetHn 

'arperara 
Aocrr4rrrer B€Jrr.rr{Hrrbr f,rs ot

HoMHIIaJIusolt, cpa6aTbrlalol ' Kolrral(Tbr pefle qrlcra o6oporcin, 
'saurrr-

Kafl sJIeKTpHrrecKylo qenb sJrer{rp_oMarHr.rra. I locneAnr.rfi vep* KJranaH
ylpalJleHHfl cMeula..e'r anapulinri l l i  gonorHI.II( B noJrolKeHHe,' npn Koro-
pona uhnpaBJlfl lolt lufi annapar BaKpbrBaeTcH FresaBnc}rMo or noJrox{en Hfl ;
rJraBHoro 3oJrorHHxa. B rex >l ie cf lyr{arx,  r (orAa.nocJre"c6poca Ha-
rpy3I(H HanpaBJInrcuIHfi anilapar sal{pbrBaercn c Hopvanrii loft cKo-
pocrblo, SJIeI{TpoMarllHl' ne cpa6arblBaer, Tar( Kar{ ero"aJreKTpr.rqecKafl
I{errb pa3MbrKaercq, Korrrar{TaMH Ig"

flpunegeHHafl cxer\,ra . nporH'nopasroHr-rorl i,gauHTbr rnApoarperara
no3BoJlffer ycTaHoBLIrb peJre sHc/ra o6oporoB Ha cpa6arunaHre np6

, cKopocTH npauerrHn [H)r(e npefleJla,
IyJIHpOBAtrilfi, ttTo AaeT,BoSMOXHO(
pasrouHorl cr(opocru arperara. l ' ,  '

Paccnror.puu cxeMy ynpaBJrenH
Cnnst Me>K/ty yrJroM paseopora Jro
uero anilapara ocyuecrBJlflercfl c noMorrlbro r{yaaqr<a 26 xona6Huaropa?
xoroprtii rocpcAcrnou sy6uarofi nepeAaqrn *r trir'r, 28 cnssa" 

" "rnou 
ISBhil(Jtrorrf lTc,nn._ I(y,na,rorr qepes pttrta)tntt , te.nepeAaqt.r 

'  
2g, s6 ;;  3iynpaBrltler no6ylllrerlbt{bty 38 I{ flraBHbrn,t 39 ro"bin"r.r*" cepBoMo-

ropa pa60uero r{oJreca. o6parnan cBssb c cepBoMOTOpOM Ocyqe-
cTB/rreTcrr nocpeAcTBOM TpOCa, x(€
I{ynauox 26 ubrno"nFren npocrparrcl
cTDyeT Tan r{asbrnaet\aort rou6uuarr
Her'i onruMa/rrurrii c rortxr.t ; gp(
Aeficrnufl ryp6HHu yrorr pa3Bopo
B SABHCTIMOCTI{  OT BCJIHIIHH OTKPbI

" ",t"fluronnr"r.rqecr<oryr racrpofir<H pefyJrffropa B saBr{c"*ol* orBerrnr{Hrrbr jer?crnyrorrrero, 
"unopu 

npuay"r;;F"" ;;;p;"rHqecxnii
ycHJIHreJIb' cocrotludHli II3 cepBoMoropa 25' n soflOrHH wa 2I .t floprleur
sroro cepBoMoropa >I(ecrl(o cBRsaH c KyfiaqKou 26 u cMerrlaer ero
B rpo,[oJlbHoJ\{ HanpaBJIeHHH. VnpanneHHe rr{ApoycHJrHTeJreM ocy-
[r,ecrBJrrercrr ^or, sJrer(rpoABurarenfl 23 HI:H Bpyr{Hyro c noMourbro
MaxoBrrqKa 22. Ponu >xecrrofi o6parHoft cBfl3n OT CepBOrrAOrOpa 

'25

BbInoJII{ser pblqar 24. Cursantt Ha aJreKTpoABfirareno 23 rocrynarcT
oT cneUHaJIbHblx IIonJIaBKoBbIX ycrpoficTB, KoHTpoJrHpyrorrln* ypoUHn
RepxHero H IIH)KHero 6ue$on fOC. Curuan o6parirofiis-seu Mexarrg3Ma
uacrpofixu no Hanopy cosAaercrr c nortaourrrro ceJrbcHHa 3i, yaon
noBopora l(oropofo npoilopqHoHaJreH BeJrHrrHHe' cMeuleHr.rfl riy.
Jraqr(a 26,

Bo Bper'rrr nycr(oHaJraAoqHbrx pa6or qacro [pHXoAHTcff npo]rs-
BoAI{Tb uacrpolit<y xou6Hnaropnofi saBucr{Mocrn.' 3ro' 4ocrHraercflc,/Iei(ylolrlttltl o61la3ol\{. Ecfitr rpedyercfl ltgt\{et.nrrb }roJt ttfrl(JIotIa Kor\,t-
6lilra'roprrofi r<prrroii, ro neobxoAuuo rnrnn",orro nreqo . puuara Jf,
a napaJrJreJrbr,roe cMelu,errHe rpHnofi r
r.r,enJr-eHtrfl sy6uarofi nepeAarrH 50.:',
. Anfl AlrcraHr.lr{orrrroro HrH .pyr{Hor(

6oqero r{oJleca, a raKx{e{Jlfl",HX pagBotr

qeflr{ cfly}r{Hr r(/rurr 3l , xoropufi :}Kecl
noBTopfleT ero ABr.riKeHHe B ,npoAoJrbH(
x{er{Hn npeAeJrbuoft Ann AaHHoro Harrol
parrrrBafl nan Ig orpaHHrrurenefi nporuB
Baer pbtqar'  I4 s rar(oe no/IolKenHe,' I(or
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3oJrorHur(a I3 n cropouy orr(pbrrlrff nper(paqaercrr. flpu Aa,nbnefi.
meM ynenltueunt.I Hanopa pbrqar 14 6yger nepen{euarb so/rorHHr{ I3
Ha gaKpbrrue, npr,rKpbrBafl  HanpaBJrrrrouluf i  annapar.

25. 9nexrDlrqecxas cxeMa runa 3fP-
eJreKTporHApaBJruqecKoro peryJrrrropa cKopocTr{

enerrporr.IApaBtln.Iecxufi peryJlnrop cKopocrr{ Br{Jrrorraer B ce6n
sJIeKTpllqecKyto qacrb (urar! aJrer{rpoo6opyAouarrun) r{ ru/lpor\4exarru-
qecKyro Ko/rorrKy ynpaBJrei lnfr,  c 1970 r. / lM3 Bbrnycr(aer peryJrn-
Topbr cKopocrH c yHHBepcanlnofi sJreKrpr.rqecKofi cxeuofi 3fP-2M,
KOTOpa'I npHroAI'Ia A./lfr rHAPouexaHr{qecKHx KoJrorror(, ycra}raBJrr.r-

Baerubrx Ha fHAporyp6Huax Bcex rHnoB. Eyxnu 3fP o3Har{aror, qTo
peryJrflTop a/rer{rpornApaB/ri.ruecl<nfi, uuffpa 2 - r{oMep uo4HQH-
KaqHH sJreKTpH.reCXOfi qacrH, a 6yxoa M MarnurHuft ycHJrHTeJrb.

OcHosHlIe y3Jrbr sJrer{rpnqecrofi qacrn peryJrnropa 6wnn pac.
cMorpel{bl Bbtue, noaroMy i la pwc.7l onertpHqecKarr cxel{a noKa3aFra
B ynpoulellHoM Br.rAe.

, flfitanue sJlel{Tpaqecrcofi Cxervtbr ocyulecTBJrrreTcfi or raxoreHepa-
Topa /- nepeMeHHoro roKa , HaxoAfrrIerocf r{a BaJry arperara. llpu
HOMHrraJrruofi cKopocrH Bpau{eHHrr arperara raxoreHeparop Aaer
ToK r{acroroli 50 rq, ero Hanpflx{eHHe flBJrrrercrr BxoAHbrM cprrHaJror\{
uyncinHTefibrroro aJreMelrTa I, coAeplKaurero LG-xoHryp. flocneAHHfi
$opt",rt p yer gJIeKTp HI{ecK n fi cH rH afl , n pono p quo}r a JrrHrrfi orKJroHeH Hio
qacrorbl Taxoreueparopa or 50 fu. eror cr{rrraJr noAaerctr Ha .cyM-
yarop 2, rge oH cyMMnpyercfl c cHrHaJroM or pesncropa 13 w c cnr-
HaJraMH OT MexaHu3r\{a HeruefieHr.tfl qacrorbr (MI4q), cdcrorruero H3
aJIeKTpoABI{rareJIs MI c ceJrbcr{nou Cc,/. Cyrrruaprinft cHrHaJr rr€p08,

{raaovyncrBuTe/rbntrfi ' BbrnpffMr4rdnn 3 nocrynder Ha BxoA AByxKac-
KaAHoro MarHHTHoro ycrilHieJrn, Cro4a )Ke noAaercfl cHrHaJr or
HsoApomnofi o6parHofi cBnsn 10, t<oropan c noMoulbro r(oHTar(roB I I
peJle no3BoJlfleT aBTOMaTHqecKu I{aM€IlflTb napaMeTplJ Ta H bt npH
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nepeBoAe rr,rApoafperara H3 pelr(Hrrla pa6orbr noA HarpysKofi n pelr{HM
xoJrocroro xona H o6paruo. ' l

Ann o6ecneqeHprn .Aocraroqno .Bbrcoxoro craruqecroro xoaQQu-
uuet'tra ycHJIerIHn BbrnBltrenrnofi qacrr.r KacKaA 4 naarHHTnoro ycHJrH-
TeJrff oxBaqeH ru6xofi o6parHofi cnsstro 5 c peryJrHpyeurlnau napa-

MaTIII' lroa,neKTpt{qecl(oro npeo6paBoBareJrrr, r<oroprrfi pacnoJro}KeH
R rt'tAlloMcxartnqect<oii l(oJrorrr(e. Llenu rracrpofinn nocrofll.rtrofi HepaB-
HoMepHocrw 13 H l{soApol,lHori o6paruofi cessH I0 nnranTcrr or ceJrb-
cu\ta Cc?, pa6oranqero n rpaucQopMaropHoM pelKHMe. B uenb rr3o- .

MotllHocrtl (MLIM), coctonuul? H3 -eJreKTpoABurareJrfl M2 u ceJrbcnua
Cc2. I(oucrpyr{rnBrro MI4LI,' MI4M H ceJrbcuH o6parHofi cBflsH CcJ
pacn_oJrolr{e}rbt B rHApouexaHuqecKort ronoHKe peryJrsropa.

tr4s puc. 7l nu4na oclloBHaq oco6euruocrb paccMarpHBaevofi cxeMbr.
3Aecr' Ailn yBeflHrIeI{HR 6ucrpo4erlcrnHq c}rcreMbr peryJrHpona}rurr
npn pa6ore rHApoarperara Ha ruor{Hyro sHeprocHcreMy BnepBbre rrpH-

IIapaN,te'r l)on ttactpoi i t<lt  IrBoApoMa. Olrrar<o yr(asarrHatr cxeMa odna-
Aaer u HeAocrarl(oM, cocrorrqr.rM B ToMi qro BpeMn orpa6orxg cHrHaJIa

* t A

Prrc. 71. 3;rer<rl t trr lecr(an cxeua
3rP-2M



'  Cxeua r t {Apol , lexatrutqecl<of i  r (oJroHr(H SfPI(-250-3 f ioKa3aHa r la 
' t

pHc. 72. Otnternu,.qro npHIIqrtnHaJrbnarr  cxeMa u Kor{crpyr{g,Hq or- ,
AeJIbHbIX y3JIOB erOl i  KOJIOHKTT rre saBHCfiT OT pa3rvlepa 4nanerpa f f laB..
HbIX soJrorHH*o?llo?lqMlgyecro uur$prr  ̂ 250 Moryr 6r,rrr H ApyfH€r., .Hallpxrlep 60, 100, 150, 250, BxoAflurrie B nopui+rrnsrfi psa Aaa-..ll'i
M e T p o B 3 o J I o T H l I K o B ' } I 3 r o T a B J I H B a e M b I X . 3 a B o A o ^ { . ]

SnexrpHqecxufi  cI{rHaJI nocrotrHl{oro roKa c BIrIxo.4a MarHHTHoro"";^ 
i ' t" '

ycHJrHTeJIn nocrynaeT B Karyuliy ynpaB"rreHHfi 3, XOrOpafi HaXOAHTCTT
B noJre l]ocroflHHofo-MarHura 2 H [oABer.ileHa Ha AByx n,[ocKHx npy-
)KHHaX 4. Enn paccMarpHnaevori cxeMbr xoerpclrrEr{lrerir nepeAaqu uenuqacrora: HsrytrrKfl  ynpaB/reHrrf l  cocraB/raer 1,5 twl%. c r(aryrr-
xofi 3 )r(ecrKo cBRsaHa 3acJror{Ka I, DacnoJro)KerHaq .MexAy AByM-rr

o6parHunan cBfl3tIMH, oAria H3 r{oropbrx ynpaBJrnercr gacfloHxoft I
H conJraruu, a BTopan - nrnoft O,

llopuenr 
f ruApolcHJrr.rre/r.f l r.rMeer rpu noJrocrn. Cpe4unn no-

Jlocrb r{ep03 (lu"nlrp 56 nocroflIlHo coeAr.rr{flercq c noJrocrb}o, rA€
MacJIO HaXOIHTCfl nOA AaB/rerrHeM; Bepxrrflrr noJrocrb B 3aBHcHMocrH
or noJIolKeHI'I.fl l{paHa 7 cae4trueua .ul.l6o c noJrocrbro AaBJTSHH n, nvt6o

noJlocTb coelHrleHa c AaBJIet{r4eM Macfia, B STOM Cflyr{ae noJIO}KeHHe
nopLxHff 8 6yAer rorlHo coorBeTcrBoBarb noJrolKennro nop[rnrr 6,
ynpaBJrffeMoro sacnoHxort 1.

,Ilro6oe nepeMeueHrre nopurrn B uepes pbrqar Ig w pacnop 2l nepe-
Aaercfi Ha no6yAlzreJlbHsrtt so"norFruK 28, xoropufi ynpaBJrser Bcno-
MofareJrbHbrM (nponaexyroriHbrM) cepnor,, IoropoM 27, 'Av,aMerp Bepx.
uet? rapeJIKpI groro goJlorr-rnKa 6o"ntne, qer\L HHIKnwft, RogroMy B pe-
3yJlbTare AaBJIeHHtI MaCJra, [oAaBaeMoro B noJlocrb r,te]KAy TapeJrKaMH,
co3,u,aeTcfl cHJIa,'Hanpa€JIeHHa ff BBepX, KOTOpa fl SaMbIKaer pbrqa)Kl{bre
ncpeAaqrr  u pacnop 2 l  .  /

KoHcrpyKTHBuo no6y4rrrenrlruri  soJrorr.ruK BblnoJnteH TaKHM o6-

rflq co3AaHHs ttecrroft o6parHoli cBfl3H cHcreMbr rpynroBofo pery-, ,,
)'

con.rlaMH f ruApoycl{rr Hrer' b" ;;";' -A;;;;j;;;;;;;^;:'- n.'.r6'iir'ii 
i

cocrol lT 1{;} noptt l i l f l  6, - t t t , tr tof lrrerntoro t]MecTe c l l r ,qoi i ,  nal t(o,rol)oM
3aKpenJleHbt ABa con"rt a. Wrna ynpaBJrner nopuneu B. Taxl lrr,r  o6pasou,
rHApoycl'lJIIlTe/Ib COAep)KHT ABe CJreArruHe cr.rcreMbr c e,IlHrrHqHbrMr.r

tUI

J

Jt, js

Kcepflononfrj

truc. 72, fuApouexaHnqecxafl cier,,ta

--l--Jq

I -or
-{Lo:

Soxpatmue

)t K co,

ynpaBJrgHHff
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rrr{poBart,n".,o}j,"j:r.t-,yl:.rilbrft Barr rlepe.3 pbrqa}Kr,rbre nepeAar{H 29'cBflsaH c no6y4HreJrbHbrr*r 3oJrornHr{oM r/ A;qQ"p.nun rJrbHoro rHna,xoro pu ft yn paB JI fl er rJIaB l{brru B oJrorH H KoM .t.l'*p-ri'nJrop, r{a n p a B-.rrflrourero annarrara. flo4nH>xrran 6yrca J0 ;;i{;ir.il,,n.o sorror-HIlIg 3l olpaeyer )Kecl.r{yro oApurii,r-Iu"ro c pbr,qanow J2.fleperrre'1e'He r[Tor(a cepB.oMorbpa HanpaBJrrrrorqero annaparac noMourbro Tpocorgl 06parnort csn:l' 50 u rpysa 5/ nepelaercn HaBAil Bbrr(Jrroqarenfi 52, xoroprrrui noBopaqr.rBaelcrr H r{epe3 paruar 2gBo3Bpaqaer lIrJIy no6y,nureJlbHoro 3oJlorrruxa s! r 
".*Jar{oe 

cpe/IrreenofloxeltHe' Tat<uu o6pasou, nolynLlrenlHrrii JI i--rnas.rrtfr SS3oJrorrrHKr{ BMecre c cepBOMOTOpOM iranpa"nflrorir{ero annapara o6pa-SyloT CHJIoByIo c/IeAtlrqylo cHcTeMy' H ee noro*a*"a 
" 

to.tttoaTr{ cooT- iBeTcTByeTno/Io}KeHHIonop[rHflBcnoMofaTeJIbI.IorocepBoMoTopa.
Korla pyqKa nepex,trrol{eH'fl KpaHa T rraxoAr.rrcrr B ,,o/ro)Ker.rH^(pytlHoe>' rorlocr4 HaA H noA noptrrueM I coelili l;;;.; co crrHBoM,H STor nopuel-lb noA,u,elicrBl{etvt AaBJIeFIH fl Mac[ra, [oAaBaeMoro B cpeA-

pl l  orpbrBan pacrop 2l or onopbr.
)yAHTeflbrlbrM 3oJrorr{r4r(or\,r 2g ocyiqe-
]Ma orpaHr.rr{eHHrr orr{pbrrr{rr 4 I .-
rco6eHnocrb paccMarpaBaeuolt cxeMbr.
arHoli cBrrsr{ H nocrorrfilrori 

"apuun,o_ 
,

cepBoMoropa, a He rJIaBHorr 
\4elqel-l 'fl ' nopul-Ifl BcnoMorareJlbHoro

r a x a q c xeNla o 6e* eq nr s ;;; !"i, :i' "{' J#i#" Iil3i, i,'i; ffr';.H fr - Ig:nnropa H Aaer Her{oropue y406crBa np,u "xornb"oun. 
p*yr"ropHoroo6opy4oea'I'n' B uaciHocnn, rJraBHbre soJrorHr.rKr{ Moryr 6r*r BbrHe-ceHbt 3a npeAe/ibl fHAPouexanuqect<ofi I(oJIoHKH H ycraHoB/reHbr no-lnusocru or r{cnorrrHTeflbHr,rx.sgpnorvolopqf , r(Al( oro /re/raror, rra_rrpr{fiep, urneAcl(He euprr,rr,r I(MW'u NOI_IAlJ

flpuHuHn*arrbHafl, cxeMa aBroMar,qecKoro ynpaRJreHHfl Jrona-cr n M r{ p a 6ouero Korreca ! gf_yrr rrf o p a D f p X_z tut_zSd_ Bt;; ffi e p H o ra K a rr)I(e, KaK H peryJrrrropa PI(M. Ornrr.rge cocroHT B ToM, uro'u ;;;;;;;cflyrlae ynpaBJIeHHe I(yJIar{I(oM 48 xo.,vtluHaropa 1r soJrorrtuxa^nt 54, SS

B paccllarpHBaeMoM peryillrope BnepBbre np'Mener{br He4oropbre ,li;AonoJrHHTeJIbHble y3JIbI' oTHoc.flIlll{ecfl K 3/teMeHTaM aBTo vtaritxtt u npe4- "i, ,I{a3Hatre'Hbre rin noBbrrre'Hfl HaAexHocTH .pa60rrr r 'Apoafpe-rara. 
$parr<o paccMorp'M orr{ yunii.^-'^"^:- ,1. fparro paccMorpnM orr{ ysJrbr. | ,

I I J::t"::l:_ olq; 
""ue"ro' 

sa r(pbrrr.r s I 0 rra npaBrrnrorqero u nna-,, ;j,p ara n ocn b . ur; :lll# ff ;; ;; :' rj, " lffffi i\TT fr:ffir!:,i?, ,;I "j;' ;finoA6ea{a poropa rHApoarpefara npH nepexoAe rypouHu B HacocHufi ,,pelr(HM p a6orn n n poqecci c6poca H a rp y3 n 
" 
. 5"o'i.;'ffi .;# iiffiTl

j : ; i : -  tA!; l .) : I l

i ' t;it: tr l '

13 nopruHfi I I c s'Jror'r.rr(oM 1,2,, ynpaBJrfl.eMbrM: 
:epu3 prrl"*HyronepeAaqy /J snexrpoMarHHroM l4'. noin.anurt-cpaouii,ru." or,iKoH-Tal(ToB feI'leparopHoro BbII(fiIoI{aTeJIR H cMeIrIaeT BHHg goJIoTHHrt: II,B pe3yJlt,rarlc ndpnrerrn ,/^1 cuerqaeTcrr nrrr{s r{ ,repes pbtqarg '16, 

16ilepeMeuraeT B CropoHy rsal(pbrrHfi no6y4urenruuli 
'3OJrOTHH 

t<, 2g,o,r luonpeMerrrro noprueHi I I  c noMorrrbro pbrqaron IT, Ig n.BHlrTa Ig,rrolrrrrfMaer Rnepx pacnop 2 I, reu caMbrM ilcrnroqa" 
"1broo*i.a"Apl:ycH/rr{TeJrr 9 c sJrer(Tp}rqecxori qairuo peryJrflTopa. BenHrrgua xoAanopurrrfl Rcr-rorvofareJrbrrono cepBor\{oropa B Croporry sar(pbrrp.B 6ylG;oIIpeAe/ItlTbctI ToJIbl(o nofloll(erlIIeM peryJrr.rpoBoqHoro Br{HTa lS,I(orna cKopocrb Ilpau.eHIIfl rI'IApoarperara AocrHraer HoN{r{rraJrbHoro3HaqeIIIIfl ' sJIeI{TpoMarIJI'lr 14 noenpaqaercq B HcxoAuoe noJrox{egge,

;;l#;il;#;r"#XTaercn 
BBepx 

" 
irrorur"qecKan rracrb,pery/rnropa

, 2) vcrpoficrno orparrrq eHHfr orr(pbrr'fi B gaBHcHMocrH or Aeft-ctnyronlero rii:.g!l r.r- Bbrcorbr orcacbrBaHH_ff, cocrorru{ee Hs peAyr{-- ropa ,99, e.nexrpb4nurarerrrr 37, ce4ariii io,'"t;;;;;l;, peryrrr.rpo-Borrrroro Dlrrrra 36 w pbrqafa 35. cornacuo sri.nryururr;;"bri iupl*_Tepr4cr,r(e' r{oul'ocrb ryp6unu np_H AaHHOM Hanope AOJT"*Ha 6urrof parrHqel{a Bbrcoroli orcacblBa wnn H ,. 3ro cnqgaHo c reM, qTo C yMe'b-, ..i lJeIIIleM H, yllefll{tlHBalorcfl KaBtlra4HoHlthre paapyuterr1l pa6overoKo.reca H nporor{Horo rpaKra ryp6nHrr. [aHHoe'i;firlar;;:;p;;: ,
rra3lraqerro AJrn aBroMarr.rqecKofo HcKJiloqeHnn pa60i" ;tpo'Hbr B p€_ ,N{r'Max' coilpoBo}KAarcrrIHXCrr noBurueusofi KaBr{Tauprefi ." bro ycrpofi-crB o p a 6ora er,":1flyj:y um o6p asoM. Or' o6nrecra Hrrr.ror{ Hbrx ycrp o fi crnerteKrpuqecr(r.rr"r .rl1li{: nponop(r{oHa/rbHolfi AelicJlyroruenay HanopyH Be,rrHqr'rHe H, noA.aercrr Ha sJreKrpoABHrareJr t 37i xoibpult qepe3pe/(yr(l'op ,7.u' 

:,y:,j,1'j:i1^{,? r] pr,rirar Jd nonoparurDaer rlarr orparrrrql-re'refi 
"J4 

tr sosAeiiclgyer'na no6ya"i*niiriiri roroiit"" za. X(ecrr<ano6parnax cBs3b tlo noJIox(eIJHro r{yJraqKa .la ocvurea"uni"ra, c no-I{OIIItrlO ceJIbctIrIa 40.
3) fr'l4pan.rrr'rqecr(afl c'crea,ra Ailfl aBToMarrrrrecKoro pa3Bopora

"nonacrelt pa6ouero I{oreca Ha nycKonolt yion. Ora cncreMa cocror{T Hgruexarrr'r3Ma ynpaBJreuun 44 H soJrorHvrxa-43. f lpu o.ru*a*e rypolrHurI' l lToK l\4exall l ' l3Ma orpallHqetrr.rn orr(pbrrn s 42 cMerrlaercr B noJroxe'Heno'nlloro 3aI(pblrl{a H nepel\4eHaer BI{r{g goJrorl.rHt< 4J,. Or sonornHr(a

l. Fnlporr'rexaH'qecKa''cxeMa Korro'Krr ynpa';.nro,*il:tr:1,'1f ,il;,t.;-r l{na SfPI(-100 (lE0)-4 eflexrporn,qpaBJrnqec6oro _.;. , ,t i  r;,,*,.:. iuu ( | av)-q ofleKTporn.qpaBJrHqecxoro _,,;, . ,,1:1, i,,_; ..,,1peryJrflTopa cropocrn 
- 

:,,,, :. t.f i :ryi.,;,,.,,:,, ' :_,,
fnApotrrexarlHqecr(an Ko/ro nwa runa9rpl(-l0O (f S'Ot-+ .r^*tyfriilr;*,ir*,#rlj,{i,st4 I{onoHI{a SfPI(-250-3, paccMorpeHHan Bbrrre, npeAHa3Hrl#;'rjil, ].r';i'1''.v n pa B rI e H H n p e r vrl II p y rcu ir nn u o p r a H a M H no uffi ;ir:###il;' 1i,6 ",t 

l 
;iil$ryp6Hrrr,r H BMecre c s/reKrpHueci<ori ou.tur-frn". 7iru;'iiyn ,rtta*. - ,! i .'i ,1,

fi
rIi
i;
il
i l i

iill
;iJi

,{i
ii{1'ir',

Macro r IoA AaBJTeHHeM nocrynaer D noJrocrb HaA noplUnar-  45;,no"ol  . , : ,prrfi cveilraeTct BI.l l43 l l YcranaB/rnBaer pHqar 47 n noJrox{enuei,cooT.*,r,,: i i ,,,,.**,.:*::*. : . :^':: :: il;;;;"; " ",.i: p,', :i^; if # "Jffifi #;;,t |Ii,,o,,,,,,* i,r r r r \ , t . l , w v l - , : . . j , ' , , ,  r i ;

ffH:?l'"#:: IJj.l"",::*t^I.:LJ1T9t Ii rronacren. ,B.{,,1g,;"1..,,ry,jri,l.ii,i _jii[i,;:i.$i{_ ; "n,: l; :'r
- zr 

: - -l!Af g.,Iu.llug: Iu. cxeM a Korro HK rr ynp arne n 
";,**illfstj;
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' rporr{ApanJrHqecKurt peryrrnrop cKopocrH rr.rna ofpl(-2jvt-100 (l5o1ia

ffi:prt 
4uaMerpori ."rranurrx 3orrornuKoB Monyr 6urrn Apyl

BbInoJIHeHbI TaKLIMH X{e, Kat{ H B
cflTcq: NtarHuTosJreKTpnuecrlrf i n;
THna (conJro_sacnoul<a> 2, rl lAtr
MexAlI I l3Mbl / tJ l f t  ynpaBf le i lHn JrOr
11,  13 ,  Mexaf ru3rnr  o rpa l ruqeHnr r  I'  

trr{n Moulrrocrr.t no nanopy 14, M" qar IT r{ pacnop IB, r-i*"Oya"r.i

Ar.raMerpoM.
rH srori cxeMbr.
14, npHBeAeHsofi rra pHc. 72,
3Lt B3rrtbr oT rJraBr{oro cepBoMOTOpa.
i Mexai{Hsrua o6parnlrx cenger? 

- 
^lg

RaJroM r.rbu(Jnottd,re,nn I 6.
lofi sarqr,rrbr rHApoarperara Kor{ j
e rJIaBHOfo SoJIOTHHKa, a Fre cepBo-Moropa IIanpaBJItIIoUero arTilapara, r(aK B r{oJroHr{e Srpl(-t5b:3.

3ro Aarlo Bo3Moll{Hocrb orKa3arbcrr or MacJrflr'oro KaTapa*Ta, HCrroJrb.SyeMOrO'= AJITI nepeKJIIOqeFIHfl KOr{TaKTOB, t4 HecKoJrbr{o ynpocrHTb .KOHCTpyKUHTO AaHHOro v3ra.
oAHaxo' ycraHoBKa t,o,rraxaog Ha uraBl{or\{ goJrorH'I{e cHH}Kaet

oHuor? 3aIr{HTrrr no cpaBr.rerrHro co
I HeKoropux f3C Ai ln anapul inoro
aTa Ii lJOrAa npHMeHqroTcfl cner{H-
)re ycraHoBKtr (AMHy), Koropbre
B AaBJreHr.rrr B Tex cIyqaflx, KOrAa

AaB/reHue B ocsonHolyl MI_Iy Ao

Harpy3nr.r,, To rnasunrii 3orror'r{,ltl,#1fl.ffi- rilfft;r-"#T#f.::;Kol{Tal{Tat 22, Ho I'I3-3a naAel'll{fl AaBJleHHn n MFIV 
"on*et 

oKaBarbcrl,rrro }IanpaBJrffror.qurl annapar He 3ai{pbrBaercH. B ro }Ke BpeMn npo_ ,THBOpasroHHarr( sarq,ra ne cpa6arunaer, raK Kar( xo"iu*io, iz pi_', /SOMKr{yTbr. . . /
'Kporv reTo fo ' I { y }KHooTMeTHTb 'qTocpoKcny>x6 l IKoHTaI {To" ,y . ,u . ,

HoBJIeHHbIx tIa SOJIOTITHI{e, 6y4er, no-BHAHMoMy, 3HaqHTeflbr{o Mer-rbltte,no cpaBIIel"IHIo c Hx ycrallonxofi Ha naacnnnorta rataparre, TaI( KaKHa pHc' 72 uovenr cp-a6atrtnanuq r{oHTar{ToB HaxoAr.rrcff B 3aBprcr{Mo-
f l  cepBoMoropa, ,a  Ha puc .  78  uo_ .
:TCfi XOAOM rJIaBHOro SoJIOTHHKa, ,..
e ycTaHaB/rHBaeTcf l  cpaBHHTeJrbHo,
ycHJIeHLIfl (etIH rraCTOTa - rJIaB_ l,
iR xoAa goJrorHuwa S:-4 MM I(oHr ,
r(Jror{eHufl x, qacrorbl Ha senhqHHI,,,,,,
rTKJroHeHr.rfl 'c 

/docTaToquo uanriu
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nepl{oAoM B sKCnJIyara(HoHHbrx yc/IoBHflX ffBJrflrorcrr HopruaJrbHbtM
.flBJrerrlreM, oco6er-rHo AJrrr pelxr.rMa xoJrocroto xoAa. CnelonareJrbgof..
rlacrora cpaOarblBaHI{ff I{onrar(roB (pr,tc. 73) 6yaer 3r{aqr.rreflbHo
6onrure, qeM 3To Hl\4eer r\,recro B cxeMe ua pnc. 72".

3) 'B Korrorrxe S|PI{ -100 ( lb0)-4 npeAycMorpeHa nrraBrran pery-
/lHpoBl{a xoe$cfruuHel{Ta nepeAaqu or rr.rApoycHJlHreJrrr Ao r,/raBlroro
SoJIorHI'tra. 3ro Aocruraercfl sa cqer cMerl,enirrr onopbr 4 poturau J
c noMoulr,ro BHHri{- !. i l^ana3oH H3MeHeHr.rn ros(l)Qnujlelrra nepeAaqH
cocran.n ner 2-5,25,

28. l ' l l,t1p_otrlcxaftHrtccKatt cxcMa KoJIorrKn ynpanrerrlq
- runa 3fP- 100 ( lb0)-4 orreKrpornApaBJruqecxoro

perynffropa cKopocrH

Ans ynpaBJre.Hr.rrr penSr;spyrouiHnn oprarroM pa1larr1;ro-ocenofi
rHAporyp6HHrr,I IenHHrpa4cxnft MeraJrJrHriecxufi  ba"oa BbrrrvcKaer
r{oJrorrr(y ynpaBnerrrr runa 3fp-100(150)-4 c AnarvrerpoM rninlloro
soJrorHHKa 100 H 150 Ndr\,i (e npnHr{Hne pa3Mep AHaMerpa riro}Ker
6wrs H apyrrar'a): B KoMnJIeKre c gJrer(rpHirecxoli qacrbro r(oJrorrr{a
9W1{gr_ _q4g1lp.orr.rApasrr.recx14rl peiynotop cKopocrH rr.rna
9fP -2M- 1 00( 1 50) -4. llpuluunua.nbl{an cxervra eroii xono,rNu ynp uune-
Hrlfr' npHBeAeHa Ha pHc. 74. OcHosHnIe ysJrbr, K r(oTopbrr\,r orr{ocflTcrr
MarHHTosJreKTpI'lqecxufi -npeo6pa3oBareJrb 12, ril4poycllJrr.rreJrr)
TLrna confio-3acJIoIIKa I I, Mexanr.r3M orparrr{qeHr.trr orr(pbtrrrfi B,
KoHTaKTHoe ycrpofictno nporl{BopasroHnofi sarr lr{Tbr 20, MexaHH3M'
o6parHux-ts"re,i I0 u qrinrrp i2, noi"rpy,.",uu*,o BbrrrorrHeHbr ra-
KHil,rH N{e, KaK r.r B KoJrOHr{ax, paccr\{orpeHHbrx B npeAbrAyrrlr4x [apa:
rpaQax.

frr4poyclr/rureJrb I I uepez_prluar IJ u pacilop 14 ynpanfirrer no-
6ylurenbHblM 3oJIorHHKom- 16.- flplr cMeu{er{Hflx HrJrbr groro goJror-
HHKa BBepx pIJIH BHI.I3 IOJTOCTb HaA nopil]HeM fJraBr,rofo 3oJrorrmxa 19
coeAl'IHffercfl tlu6o co cJIl.{BoM, nu6o c AaBJret{Hei\.r MacJra, nocrorl{Ho
nOAaBaeMOfO B IIOJIOCTL TVTeIKAy Tape/rr{aMl{ 3OJIOTHHt<a. BflXnrc,IeHLIe
nocJIeAIIero ocylqecrBJrrrercn c rroMortlbro pbrqara 17, lnawllrlr."l go,lot-
t l t l l {  l9 y l l l ) t l l t , / l r lc ' l '  cc l ) r } ( )M(11'ol)ot \ , t  i l f l l t l ) f l i lJ i l l r ( ) l l r .c i ,0 f l i l l1 i t l ) l t1 ' i l .  l 'k t f  -
I i lel lb 9'l 'oro cepuot\{o'rolta nocl)e/{crBoM Tpoca 2l crlf lsarr c rJaJroM iS
BbIKJIIoqareJI t l .  Taxuu o6paaom, yroJr noBopora BaJra nponopqr{oHa-
JIeH Be.nl{ql ' lHe cMeu{el-rHa nopurrH cepBoMoropa HalrpaBfirrrotltero
annapara. C BaJIoM BbII(JIIoqareJrfl )Kecrr(o cBfl3aHbr poropn ceJrbcHHoB
MexaHH3ua .o6panlbtx cnflsefi 10, nrrpa6arbrrlarourtrx oJrer(Tpr{qecxprfi
cl ' IrHaJI Ailn co3Aat'tHfl nocrosunoli HepaBr-roN,reprrocru" r.r l.rsogporr,rnofi
o6parHoii cBfl3rr 

/
^--Jtg^ cpaBHeI{HIo c paHee paccMorpeFrrrbrr\,rr{ cxeMaMr{ B r(oJrogr(e
3rP-100(150)-4 i recxo.rrrxo HHaqe BbrnoJrHeH r\{exarrnsM orpar{HqeHrrf l
r{oll{Hocrl{ ro Hanopy. Or o6uleciauut{oHHbrx ycrpoftcrs sJrer(Tp4-
qecxur l  cHrHaJr,  nponopuuoHaJrbHurr i  Aer lcrByroueMy r{anopy, nocry-
naer }ra sJrer{TpoABHrareJrb 3, xoropsrii coeAHrreH.c pe4yxioporrl 2.
Ha BbrxoAHor q.uny 4 p_eAyr(ropa )KecrKo sar{penJrer{ nynauo* s,
noBopaqHBaloUuf i  puuar 6,  earpen.neusuft  Ha rrre 9.  3ner ipuuecnHi i
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cllrHan )kecrKol? o6parHofi cBrgH aupa6arbrBaercrr ceJrbcHHoM I,
porop Koroporo noBopaqHBaercff.. nponopu,r{oHaJrbHo yrJry noBopora
xy.rrauxa 5. flpu yBeJrr.rqeunu 4eficr-nyrorirero Harropa pbrqat 6 ubpes,
71ry -T,cMeuraer BHH3 luroK 9 u eos4erl-crnyer lra prtua r 

^lB, 
noJrolr(eHHe

KOTOpOTO OnpeAeJr.fleT rvrolllHocrr ryp6r.lHbr A/rfl Aar{rrofo Hanopa. .,;r,:

29. [ IpuHqunuaJrbHarr cxeMa
. eJreKTporHApaBJrHqecKoro peryJrrrTopa cKopocTH

rHna 3 fP-H-  lEO-  l0

I.;nn paAHaJIbuo-oceBbIX rr{Aporyp6un IIM3 paspa6ora.r r.roBbrfi pe-
ryJlflTop cKopocrll c Bo3Aeljrcrnneu no prr.rTerpaJry or orr(Jrogegprfl cr{o-
pocrH.

Snexrpuqecr{afl cxeMa rurra ofp-14 sroro peryrrnro pa B ynporqeH-
HOM Br{Ae noKa3aHa Ha pHc. 75. Cr<opocrb BparqeHHrr rH/Ipoafperara

;;
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Puc. 75. S.nexrpuuecKar cxeMa rlna Ofp-I4

crByer AIlana3olIy _I'l3l-lelleHHR^ qpenreriHofi HepaBHoMeprrocri{ .pery-
attropa or bt :  2,0 Ao bt - 0,1:

Benuquua Bperuerrr.r r.rHTerparopa. T^ I{3MeHrercff c noMorrlr'tg
coorBercrByrou{ero !y9opa eMKocrefi xouAeHcaropos cl (a"rq pe}KHMa
xoJrocrofo xo,4a) n c2 (nnn pelr(HMa rrarpysnr.l). I(oucrpyr(ur{n H cxer\,ra

TpoABI'IrareJIn co BcrpoeHnbrM peAyKropoM M I H o6parnori cBrrsbto
no noJro)r(er{r.rro, r(oropaR ocyulecrBJltrercn c noMorrlbrc ceJIbcHHa Cc2,
ArIB II pe3ucrolta 19.'Cra6unHsaur{n cJreAffilrefi cucrerr,rbr .qocrHraercn , i
sa cqer BBeAerrHrr B ue.lb . .odparnofi cBRsH aH$QepeHrlHpyrotqero, ^ ,
3nerra 20. .MaxcHMaJlbttotl senuqlrHe roKa ynpaBJreHufl coorBercrByer,:

uero annapara B npoqecce c6poca H
sJreKTpoABr{rareJrrr MI xecrKo.cBflsa
rHApoMexaHnqecKorl qacrH,,;peryJrrTbp
Ha puc. 76. SnerrpoABHrareJr:o,t  MI t
B ruApoMexauHqecxoft. KoJrolrr(e pery.

t  
.  i  . .

, r  .  : ,  . , \  , , ,  : t  .
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tr4s cpanrrellHfl aJrer{rpnqecl(Irx cxeM pr4c.7l et 75 BHAHa. ocHoBHarr
oco6eurroclb paccMarpr.rBaeMoro peryJrnropa. 3Aecu cHrura4 BosAeri-
cTBHrr no cKopocTr.r oKoHqareJrbHo Bbrpa6arbrBaeTcfl nHqeHteneN4
n BHAe BbrxoAr-roro r.rHTerparopo, a ycuJrHTeJrb-npeo6pasonarenr
cyMMHpyeT r.I ycrrJrl4BaeT Bce BXoAI{bIe crrrFraJrbr, HanpaBJreHr{bre Ha
usMerrerrr.re ar{Tr.rBlrol'.lr voll1rrocrn atperara, LI npeo6pasyer ux B npo-
noprtuol{aJrblrbre MexanuqecKue nepeMerqeHnrr. 'Kar< 6yaer noxagarro
D r"n. V, TaI{arr crpyKTypa peryJrrrropa no3BoJrfler noflyqr.rrb psl,
npelll\,lyuecTB no cpaBIIeHIito c peryJltlropaMH II3oApOMHbIMI{ I{ c Bo3-
Aericrnnenr no npor43BoAuofr (ycr<operrraro)

Paccl,ror'l l lnl cxcr\4y rrrAl)oNrexarilr.recr<ori I(oJrorrrilr ynpaBJreili lfl
(puc. 76) rr lra 3f P- 150-10, nxo4nuler? B KoMnJreKr peryJrnropa
3fP-H-150-10. B erol"r r{oJroHr(e Mexar-rn3r\{ orpaHnqeHun orxpurrun 2,
n{exnrnr3 i \ , r  or l lanrr r rcr r r r r t  n tot r t t rocrr l  I to  r tRnopy / ,  I {onrat (TI Ioe } Icrpoi i -
crfro 24 u rlrrr.rrrlp 26 nsnntorcrr rrrronrrrrVrt.r ygJraMlI lr l(orcrpyl(TI{nno
Fre or,nrrqarorcfl or noAo6nrrx y3JroB r(oJIoHr{rI ynpaBJreHr{s rrrna
e f  P-  r00(  r  50)-4

B I(aqecrBe aJrer{Tpor\{exar{HqecKoro npeo6pasoBareJln HcnoJIb-
3yercrr 3Jrer{Tpo/tBr.rrareJrb 3 co nct'poeuHurr,t peAyKTopor\,r, xoroprrft
Br\4ecre c ceJrbcHr-roir,r B tr Marnr{Tr'rbrM ycHJrHTenertt (noe. 17 ua puc. 75)
o6pasyel sJrer{Tpor\,{exar{HqecKyro cJreAnulyro cHcTer\,ry. Cnnsr MexiAy
aJIer(TpoABr'rrareJleM r{ ceJrbcrrHoM ocyilIecrBJrrrercrr c nor{oqrro SpHx-
ul lonnor:r nrycpru 4. Ee nonymy$ra S,3aKpenJreHHaR Ha BaJry ceJIbcHHa,
)r(ecrr(o cBfl3aHa c rrrrofi 7 .v qepes pbrqar 6 ynpanJrrrer urnofi l0
rH/tpoycr.rrrlrreJrfl 12. !,ucprpepenqllanrnHri nopuer{b 1l rnlpoycr.rJrH-
TeJrfl, noBToplrourufi ABH>KeHr.re HrJrbr, o6pasyer n Kopnyce qerblpe
r IoJ rocTLI :  A*  cJ I r {B I - Ia f l ,  E :  ynpaBJ l r leMat r ,  B-  B  SaBHCHMOCTH OT
iroJro)r(el{urr r{paHa 13 coe1urreHa nv6o c. AaBJIeHHei\{ Macna,'nu6o co
c,nHBoM, a B noJrocrb f nocroflHlro noAaercfl MacJIo noA AaBJIeIrHeM.

FIa cxenre r{parr l.rso6pax<elr B rloJro)Ker{HI.r (aBTor\,{ar), rrpH Koropotvl
rroJrocrb B coeAHrrelra c AaBJTeHHeM MacJra. B oroM cryqae ilpH clueue-
Itr-rur r4rJrbt 10, rlanpr.rMep BHr.r3, rrro coorBercrByer noBopory uy$rnr 4
R HanpaRJrer-rHr.r no qacosofi crpeJrKe, noJrocrb 6 uepea paAHaJIbI-Ibre
oKrra B noprilrre coeArrr{rercfl c noJrocrbro B u nop[Ier]b Il nepeMe-
ilr,aercrr Brru3, Tar( r{ar( pa6ovan nJroil{a/t,b noprrrHn noJrocrr{ 6 6o.nrutc,
treN{ cyr\4Mn ;'ra6o,rrrx rrJrorriareii noprlrrrf l noflocrefi B u [. f[nttx<eulte
rroprrrr f l  r rper(parr ' r rcf l ,  r (orAa orr  sar iMer nepBor{aqaJrbuoe oTI ' Ioct . I -
' l 'cJrr,no rrrJrrrr I0 i loJro)l(cilt 're, T. e. nopilcltb rropToprleT ABI.l l l(ellIIe
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\ r,r[Jrr,r, a cJre/ioBaTe./rbHo, H lrlycpru 4. flo"rrHoMy yrJry noBopoTa tuysru 4,

paRl-Ior\{y 60", cooTBercrByer xoA HrJrbl
r\,rflJrbr-Ibrri )r(e xo1 noprrJrrfl orparinueH

flepenenieHr{e nopilIHrr // uepes prrr
Ha no6yAr.rrenrtrufi soJrorHHr{ 20, r((
rJraBr.roro 3oJrorHprt<a 23. BuxnrcqeHue i
ocyulecrBJrrrercrr c rroMorrlbro ; pulara
3OJTOTHHKa BHHs noplxer{b CepBOMOTOI
nepeMeulaercfl B cTopoHy 3aKpbrTHfl H
Ba[I Bbrr{JnoqareJlfl IB B r{anpaBJreHH}r
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,; B pesyJlbrare coeAliireuHafl c pbtqarorut I9 Trrra 9 noAuprruaercfl BBepx
H qepffi pbrqar 6 nosnpaulaeT r.rrJry 10, a BMecre c llel:i r{ nopruefu II
B HcxoAIIoe cpeAltee iloJrox(eFlne. Buecre c iloprilI-reM Ro3Bpaqaercr
B cpeAuee rroJrox{eHl.re r.r rJraBrrbrri sonornut< 23, npeKpaua.rr reru caMbrM

_:ABHlt (ernte HarrpaB/ I f l tou lero ani lapara.'L'axlr lrr  
o6parou, IroJro)r(e ulrc nol)rnnrr ccprloMo'r 'ol)a nanpanJrnrouefo.

annapara D Toqriocrrr coorBercrnyer noJrolr(er.rHto nnyclnrr 4, T. e,
rHApoMexaHLIqecr{afl r(oJlonKa yilpaBJrerrr{ fl rrpeAcraBJrfler co6ofi
cH/IoByIo cJleAnilIyro cucreMy, orpa6arrrBaroqyro clrrHa,nbr, rlol[dno€r
Mbre rra BXoA gJreKTpoMexaHr.rqecxolt eneAnulefi, 'cHcTevrr.'B KoJIonr(c npeAycuorpeua r lo3Mo)r(ttocrb IfBN{enerrHrr l<oe(xpu-
qI{eHTa nepeAaqu oT rr.rApoycuJruTeJrrr I2 .Ao rJraB}roro soJrornuKa..\_ ̂
JTo ocyiqecTBfif ieTcrr (. ;  i loMor_rlbro noltBH)t{Holt onopF,t Io, nepeMe-
ulaevofi sutrcol. 16. Koacpcpuurrerrr nepeAaqH H3Merrrrercfl B npeAeJrax,
or 8,6 ao 28,5.  : .

C Ba/roM, Bbu("nrcqare.rrfl IB xecrr(o cBrr3aFr .porop ceJrbcr.rHa 22,
xoroputt HcnoJrb3yerca B cxeMe cJreAffu{ero rrpr.rBoAa MexaHu3rvra r{BMe-
Hei{I{fi cKopocTr4 Atrtfi rrpeAoTBpairieHr.rr{ Hsrue-FreFir{rr oTi(pbrTr'rfi }ranpaB-
JIRIOLIIeFO anI]apaTa rlprr nepeBoAe arperara r.r3 pe)r(HMa rpynnoBoro
peryJrHpoBaHHfl B pexr.rM HHArrBprAyaJrbHofo peryJrHpoBaHr.rfl. :

, D1n pyr{Horo ynpaBJreHHfl orr{pbrrHeM HanpaBJrflrourero annapaTa
Heo6xoALIMo KpaH I3 ycrauonlrru B noJro)r(er-rHe (pyqnoo). IIpH aroM
no.nocrn',8 rnApoyclr.[r.rreJrfl coeAl.rHnercrr co'cJrHBoM H nopruenr ;//
noA Aei.'lcTBI.Ietu AaBJIeHT{fl lvtacJla, nocroflHIIo noAaBaet\,Ioro B noJlocTb /:;
cMeulaercn B xpar?Hee BepxHee noJrox(eHlre He3aBr.rcHMo orrroJro)K€r
HHfl HrJItt 10. B srou cfiyqae y[paBJreHHe rJraBHbrM 3oJror]rur{ol{ ocy-
IIeCTBJIfleTCS C nO[.IotI|bIO lvlexaIIH3Ma orpallHtIeHHtI oTI{pblTHtl.
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cHcrEMbt pEfyJt HpoBAHHtt rHApoArpErATA ,
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30. Tpc6onarrHn K peryJrnropaM cKopocrH

OArntv r.rg ocrroBlrnrx rpe6onanufi, npeAlrnBnffer\{brx r{ peryfinropaM
cKopocTr.{, f lBJrrrercn o6ecneqeHr{e yclofiuunocrn aamxuyrofi cucreMbl
pery;rr . rpoBarruf l .  l lo cpanHeHuro c peryJrupoBaHueM Apyrnx nepBur{-
Flrrrx l lBHrarenerl (naponue H rasoBbre ryp6ur{br, ABHTaTeJIH BHyrpeH-
Hero-croparrus u ap.)  ycnobnn pa6orrr  cucreMbr peryJrupoBaHur rH- {
gporypSr4IrbI srraqnrefi br{o c,/To}KHee, 3ro oSrncunercn FJraBHblr,{ o6pa-
SOM DOsr[rr(rroBer{i lCM rr.rApaBJrr{qecnoro yAapa , B noABoAnilIHX I.I
orBoAflrqHx lraflopHbrx BoAoBoAax npH H3MeHeHr,rH oTKpbrTHfl peryJI]I-
pyrcqero'opraHa. Ecnu, HanpHM€p, r4s:3r noBbrtrrennr cKopocrn Bpa- i . j
u{err u fl rHApoa rperara aBroMarr{.recxHri peryJrflrop saK pbrBaer Ha lt paB-
nnroululi annapar, To 3To npHBoAr{T K yMeHbrrrer{Hro pacxoAa qepe3

ryp6uny, a cJreAoBareJr bFro, r( 'yMeHb[rer{Hro cKopocru 4nHxeuufl BoAbI.
flocneAuee BcerAa conpoBo)KAaercfl ,IroBbrrrreuHeM AaBJIeI{ptfl l ; 'D€p0A,', i,
pa6ouurvt r{oJrecoN{ H rroHHx(eHHeM AaBJTeHH fl ga HHM, T.' e. 'g AaHHON4
cryqae 4efrcrnyroulHrl Hanop ryp6HHu Bospacraer. B p$yJlbrare
B HaqaJlbrltrf lr neplroA Bper\,reHu nocJle HaqaJIa 3aKpbrrl.If l , HecMorpn Ha
crrrr)r(eil i le pacxo^a, r\ iroMerrT I 'Ia rlaJIy ryp6rilru Do3pacTaeT, qTo ente
6onr,ue yneJrr . rquBaer cr(opocrb Bpar{er l r rn rnApoarperara.

Be,[r.r,{r.rHa rroBbrr.i lerrHrr AaBJreHprfl (rranopa), r(aK n3BecrHo, 6yAer
6o.nuure, qer\,r 6o.nsrue cr(opocrb sar(pbrrHff pery;rupyrouero op-



cKopocrH' - saTpyAHffIolUHx peuleHHe BonPoca o Bbr6ope-ero napaMer-
pon Hacrpofixu.

C roqxu spelrufl o6ecneqeuus ycrofi.luBocrr4 crrcreMbr peryJrqpo-
BaHHfl' llalt6onee rtIlKeJIbtMI{ pex{Hr\{aMr.{ rrBJrrrrorcn pa6ora rrrApoarpe-

.,.f9.19*,*ta y3lonKpoBaHr{ylo }Ia-rpy3l!y u Ha xoJrocrol\4 xoAyr qrq q6r,irc:
HHercfl MaJIbIIU cyM[,IapJIbIM xoerDOHrrueHTor\,r caMoperyJrr.rpoBaHr4rr,
ynpaBJrrreuoi.'r cHcreMbr. B rex )r(e c,IIyqaflx, r(orAa rr.rApoafperar pa-..
6oraer B MoutHylo 3rteprocl.IcreM)/, r(orAa crlcrer'ry- peryJrHpoBar{r.rfl
Moll(rro cqplTarb paaotur(rryrort no qacrore (cl<opoc.r,n), nonpbc o-6 ycrol'i-gHT]OCTI,I NAHTIO|O ATPETATA HC BO3I.II'ITACT BBI,I/IY |POMAAIIOTO CI{HXPO-
l l l t3t lpyloulero Mol\{eltT;1, pa3BunaeMoro rei lcparopoM. Srot MOI\4errr
cosAaer IlIouIItoe cTa6lt,nrtgt{pyrotqee nosgel:icrngel o6ecneqllnarorqee
ycrofiullnocrb cllcrei\'tbt peryJrHpoBarutff npH BecbMa MaJrbrx gHaqe-
IrHrrx napaMerpoB rioppexrr.rpynuHX ycrporlcrn peryJrflropa. flpH
pa6ore r l{Apoarperara IIa r.r3oJrrrpoBarrHyrc Harpysr(y, Hao6opor,
cHHXpOHr,reHpyrcqllfi ' r\,ror.{enr noJrHocrbro orcyrcrByer H ycroriura-
BOCTb 6y4er onpeAeJrrrrbcn roJrbKo - napaMerpar\4n ynpannoevofi
CI{CTCI\,IbI

Heo6xoAl'ttvto ort\,terl. lrb, qro B nocfieArree BpeMrr Bonpoc o6 o6ecne-
qel l l t l t  ycrof i t l t tBocrt ' t  r tso/u{f loBarrrro pa6orarolr(ero ' r r r / l l )of l rperf lTa
3AMe',I ' l lO yCJlCil(ItVIJlCil rJ cilf l3t.t co 3tIaqilTe,lbilbtM yr]eiltrqerIHeM eAlt-
Hut{Hofi Morr{Hocru ycrauoBKu, paCXOAa BOAbr rrep$ ryp6uuy H /urr.rHbr.
rranopHblx rpy6onpoBoAoB. ?rw Qaxropu ilpr.tBoArrr K yMeHbxreHHro
nocroffHHofi npeueHl't rt ' tApoarperara H yBeJrnqer{r.rrc nocrorr-nloft npe-
MeHH rpy6onpoBoAa, qro oi{asblBaer orptrrrareJrbHoe BJrHflrrr{e rru ycrofn-
rlr{BocTb cncTeNrbr pefyJrHpoBaHHtt.

Vc'itosHq peryJIHpoBaHHtI cKopocrr.r B 3rraquTenruoft crenerrr.r 3a-
B[cnr raKlKe or rllna rl.tAporyp6llHsr. B erou ornoueHwu uau6oabmvro
TpyAHocrb IIpeAcraBJIltor KoBrrroBbre ryp6Hnu u ropr-r3oHranouue
Kancy"rrbubre rHApoarperarbr. Te H Apyrr{e o6na[arcT cpaBr{HreJrbHo
uanoii lIHepqHoIlHocrbro, a ycraHoBKr.r c r(oBuloBbrr\,rrd ryp6uHaun,
Kpolvle roro, HIuercT, Kat{ npaBr{/ro, AJrHHFrbre Hanopr-rbre rpy6onpo-
BOAbr.

Ha srt6op napaMerpoB peryJrflropa cKopocru cyulecrBelrrroe BJrr{rr-
I lple oKa3blBalor LI ocodertuocrn cucreMbr noe6y>r4errurr reHepaTopa.
Ee AertcrBHe onpeAeJrne.t. AHHaMH.recxHrt xoe6,pH[HeHr caMoperyilH-
poBaI{Hff Harpy3I(H, npplqeM qeM Bbrrre HHepr.(r4oHr-rocTb peryJrrrTopa
aos6y>x4eHI'lfi, reM cuJIbHee e4l{rer<r' caMoperynuporauun'. llp}-
MeHfleMbre B r{acroflrrree BpeMrr 6ucrpogeficrnyrcqge' peryJrrrropbr
noe 6yx<4e H Hff B c yl{ecrB eFI HoM Iw an asoHe rr a cror n p a r(Tr{qecK r,r noAAep -
IKHBaloT Hanpn)Kel{tte relleparopa cTpofo nocTorrHnblr\,t, n n. 6Onr[rHFr-
crge efiyqaeB xosfQuqrreHr caMoperyJrupoBar{Hrr uarpyaitn orpeAe-
Jlrrercn no ee crarnqecNolt xapaKTepHcTHr(e.

Hecuorpfl 
'Ha 

orMerreHnbre Bbrrue rpyAHocru perynHpoBaHr.rrr, Te-
operHl{ecKl4 H npaKTHI{ecKH Aor{a3aHo, qro ycrofiunnocrb cucreMbr
peryJrupoBaHus npn pa6ore ru4poarperara Ha xonocroM xoAy H Ha
I4sOJrHpOBaHHyrO r{arpysr{y BcerAa Mo)Ker 6urrs o6ecneqeua peryrq-
TopaMH cKopocrl{ c BosAeficrsi.rel4 no ycKopeHr{ro r.rJrr{ c HsoapoMHofi
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o6paruofi csRsnm. Bax<Ho Jrntrrb npaBr{JrbHo nu6patn iaparTepncrur(r{
H napaMerpbr peryJrfTopa cKopocTH : : ,

OAHaxo rpe6onauun K peiynnropaM He orpaunrlnnanrcfl Bonpo-
car\irr{ ycrofiuunocrr.r sanlnuyrofi cHcreMbr pefyJrr.{poBaHHH. Heo6xo- * .\
nHl4a quq rax nlr6parr ero napauerprr. qro6rr o6ecneqHTl x{eJraeMoe, ,
KaqecrBo nepexoAHbrx npoueccoB, KoTopoe onpeAeaffeTcfi oTKJIoHe-
HHeru qacroTbr B glreprocHcTeMe npH H3MeHeI{Hflx HarpysKH H BpeMe-
r.reM ycrarroBJrer-rprfl Horloro pelKur\{a r.rJrr{ 6ncrpo4eficrst{eil{ clIcTeMbI.

I-la r<a.recrno nolu(epx(anHn qacTo'r'br B grreprocr{creMe cyulecrnel- .
I'IOC BJII,{tHI'le ol(a3blBaeT TaKx(e qyBCTBI'ITeJIITHOCTb peIyJItITOpa CKO-
pocl' l ' t . Oqcntl4tto, 

' IIGI\ '{ 
Bsll"uc $ncrpo4etlcrnlte pefyJlnropa I' l  qeM

Merrb[re ero MepTBafl sotra (soHa HeqyBcrrnTe/rbuocru), TeM Met{bule
6yayr orxJroFlel{r.rfl rlacrorbl B aHepfocucreMe or gaAaHuoro gHaqeHrfl.

'Cornacuo fOC'f 5.180-69, MeprBafl 3oHa peryJlflTopoB He AoJIX(Ha
npeBbruaTb Berr.rquny 0,04%. c"rreAyer orrvrer.HTb, tITo MHorHe' Sapy-
6e>xsrre $uprr , ru (<Neyrpicrr ,  <Nohab>, oHitachi> H Ap.)  BbrnycKator
peryJlflropbl cl{opocrl.t c rr,Ieprnoft soHofl 0,01-0,020/0.

Manan BeJrt{qLrI.ra BorJbl HeqyBcrBHTeJIbr{ocrll, B cBoto oqepeAb;
noBbrulaer rpe6onaur,rfl lr x cra6unbrrocrr,r pery.JlflropEl, TaI( KaI( ero
ycrnDr(n l to rrncl 'oTe / loJr)r(rr f l  no/ IAeplr( l i l laTLcn nocTori l tuoi i ,  no t ipaf i "
rrcii Mepe c rorrnocrr,ro, orpeAeJlrtevoi' i  ucnu.nntof.i rr,Icplnofl SotIbt.
J'arue )KecrKrre rpe6onanr.{fl B orHor.i leHr{H qyBcrBLITeJIbHocrH per}rJln-
ropoB o6ycnourer-rbr rJraBrrbrM o6pasou ueo6xoAuMocrblo peryJrupoBa-
I-Ir{fl nepeTor{oB MoilIr-rocTH no Jrr.{r{Hflr\,r sJrer(TponepeAar{H

B conpeMeHnbrx Morr-(rrbrx eHeproo6beAHr-reHHflx peryJlnropbl cKo-
pocrrr AoJr)r(r.rbr o6"riaAarr He roJIbKo Bbrcor(HMH KaqecrBeHHbIMlI noKa-
sareJrrrMr,r pa6ortr no r(aHaJry qacrorbl, Ho H HaHryqmunr o6pa3oM pea-
rr.rpoBarb rra pa3rr.rqnbre ynpaBJrflIourr.re nosAerlcrsHfl (oneparuBHbte
Ar4cneTqepcr(He KoMaHAbr, cHfl 'raJrbr, ofpaHHqHBaFoilIue nepeToKH MouI- . i'Hoc'r 'H 

rro Jrr{HHflM H r. a.). Kaqecrno pa6orbr peryJrflropa no KaHaJIy
ynpaBJrflror{Hx nos4eficrnul'r npu ycJroBHH nocroflHcrBa r{acrorbl B atlep-
rocncreMe o6srqlro xapar(repu3yercfl 6ucrpoAei-icrnlreu no cuntaJly
yflpaBJrer{14fl, rroA r{oropbrNr noHHMaercrr BpeMrr peaJlH3aI{HH 90-95% :
noAar{Horo rra BXoA pefyJrrrropa ctrrHa.na.\Tpe6oeaHlrfl K 6rrcrpolefi-
crB14ro orpa6orrn ynpaBJrrrrcurnX noeAerlcrnuli, oqeBuAHo, 3aBltcnr
or rHrra BxoArroro cHrHaJra. .C.neAoBareJrbHo, cxeMa peryJIry.Topa
/{oJr}r{Ha npeAycMarpr,rBarb BosMo)Kl.rocrb BBeAeHHfl Hegaencl{l4ofr no
oTilorueHHro I( KaHaJry qacToTbr I-IacTpo
Jr[Iqr{bIx Br.rAoB BXoArJbrx gosAefrcrsHf

I(porure 9Toro, npH orr(JrroqeHr.rflx
(c6poc narpysxu) aDTor\darnqecxuf i  p
raxofi npouecc sar{pbrrufl pefyJrurpyrc
Hr.rfl cr{opocTH BparqerlHrr rHApoarperz
rronn rpy6onpoBoAe u nor{H}KeHHe AaBJre
n peBocxo Akrrrld onpeAeJreHHbrx . BeJrHqr.il
6unrt BKJrroqerrbr B Tar{ Ha3brBaeMbr
HaxnaAurBaeMbre npu sroM orpaHr4qer
AaBJrer{r,rff B uanopHofi qacTH ryp6nHu ra noHr{}KeHun;j; '{ppfleHllf l . , ,,nj., ,,,

/
- -  i



B oTcacblBaloqel"l rpy6e onpeAeJlfllor Mar(cuMaJrtr{o Aonycrr{Myro cKo-
pocTl gnI(pblTIl f l  peryJlI 'pyloi luX opf0i loD. l loc-ne1rrnn or(Robtr)f leT,;
cyuecTBeHHoe B/IllflHlle Ha Ar{rraMHKy cr{cTeMbr peryJrHpoBar-rr{fl npH

. ee lropManruofi pa6ore. -1,:

.,;. t{TQ Kacaercn Cr(opocrrr orr(pbtrnn pefyJrr{pyroulefo opraHa, To
orpal l t{qeuuft '  SAecb al latt} lreJrblro Menbnre, Tar( r(ar( vr l touentrulYr
ua6poc IIarpy3KI.I B SKcnJIyarar(Hor-nrbrx yc/toBr{rrx rrpar(Tr{qecr(H lrc- *
I(JIIoqerI. lloarouy npHlutltnr{aJrbI.Io'cr{opocrb orr(l)brrrrfl Mo}r{er 6rrrr

,  t l l l6pal la _Sll i tr l t t ' t 'cJIt , t to 6orn'rre cr(ol)oe't 'n Sitr( l) l ' , l ' t ' t t rr ,  O/tnario nccJIe-
AoBaHHfl, t l0 I u npaKrt{I(a sKcr/ryarallr{r.r FprAporyp6un noKa3brBaror,
rtTo, i laql'/, i lafi c IIelto' l 'opr,tx sIlaqcIi ltf i  cropocTtr oTI(ptrTI.tf l, / laflr lrerl-

, [Iee ee yBeJll lqellHe He npr{rsoAHT r( yBeJrprqerrHrc cKopocTH tr3MeHeHHfl
t t a F h r r -  t t r ,  ^ r r n R t r r r ,  '  1 , 4 ^  ^ ^ ^ e ^  ^ . . . ^ , . . - J ' -i i a iPys i l i {  ' i JPU? i i i b l .  r i LJ  31 ' l iX  cOOOpaX{eHHH i {a  npa i iTH i ie ,  KaK i l pa -
BHJIO, CKOpOCTH OTKpbITHtI H 3aKpbrTr{R ycTaHaB/rHBaForcs oAHHa-', ' ,
KOBbIMH.

B nocneAl'tee BpeMfl B cBr3H c noBceMecrrrbrr'r Bl{eAper{r4eM gJreKTpo-,
rHApaBJIHqecKI. tx peryf l r r ropon cr{opocrn l ra rrr{x Bos,[o) l (enbr BecbMa
h a l r r t t r  r A  r t  A F h  - t r . . - . - - - - - - - -  l /  -Da?i( i {b ie i i  u ' iue ' i 'q ' i ' i jcHi ib ic AOi iOj i i iHTeJibi ib ie ( i )y i i i ( - r ( i4 i i .  i fpOLne f iyCi{a,
ocTaHoBKI. I ,  Cl I r IXpOHr.I3aUr.rr{ ,  peryJrHpoBaHHfl  r rdcToTbI B sr.repro-
cHcTeMe H H3IUeHeHlIfl Harpy3r(H pefyJrflTop cKopocTH AoJrlKeH o6ecne-
qr.lBaTb rpyniloBoe ynpaB"rleHr.re fr{ApoarperaTaMr.r r(aK no cTarr4qecKoft, '
TaK H no acTaTHqecKol l  xapat{TepHcTr.{KaM, a Tar()r(e rrer{oTopbre oyHK-
WH aBapl.tt iHstx 3aIIIHT. I( Hlrrir orHo-crrrcrr sar{r{Ta rnApoarperara or
pasroHa H npeAoxpaHeHl{e oT noAbeil4a poTopa arperaTa c noBopoTr{o-
JronacrHofi ryp6uuorl B rrpoqecce c6poca r{arpy3r{r.r.

, . . . f I o A t e p r p o T o p a M o } I ( e T n p o H 3 o I i T I { I } c J I e A c T B H e n e p e x o A a n o B o p o T . ,
HoJIonaCtHoIl ryp6uHbr B HacocHblfi pelKHM pa6orbr, Koropbn:r xapaxre-
pHsyercfl noBbI[IeHpIer\4 AaBJTeHHR B sorre noA pa6oqrrM r(oJrecoM I{
o6pasonaHl leM rny6oxoro BaKyyMa r{aA FrHM. BosHuKaroi l Iee npu arou
I{anpaBJIeHFIOe BBepX yCr{JrHe HHOf/{a npeBocxo/IHT Bec BpauarcrrlHxcrr
rtacreiyl, no/l l lHI\,tae'r l)o't 'op H pa3pynrae'r ncr(o'ropt)re y3Jlr,r rtr/ ipoarpe-
rara. SxcrrepltMeHTaJlbrlbre HCcJreAoB aHVfl rror(z3rrrRaror, qro npu AaII-
HOil CKOpOCTH BpaI]IeHr'rrr rH/{pOarperara Mar(cHr\{aJrbrrafi BeJrr{rrHr{a
noAleMHoli cltnu r{Meer Mecro rrpn orKpbrrr.rf lx r{anpaBJrrnou(ero anna-
paTa nopflAl{a 2-5%o or MaI(cI-Ih{aJIbIIoro lI MaJIo saBHcllr oT yrJla pa3-
BopOTa Jlollacrer? pa6o.rero KoJreca. C yBeflHqelrr.reM cKopocrH Bpa[le-
HHfl flOAbeMr{afl CHJra B03pacTaeT.

Hl_tttgpo4r_1l l fgTox, o6opy4oBaHr{brx peryrrrrropfrr,ru cKopocrr.r '
rnna SfqK u S|PI(-M, Arrrr npeAoxpaHerrr{a poropa or noAbeMa n,po, i
l lsBoAr{Tcfl ' coornercrByroulr4ft nu6op ' napar\{erpoB rrabrpoiixu H3o-.r; ' i

A p o M a , n p n I { o T o p b I x B I I p o [ e c c e c 6 p o c a I { a r p y 3 I ( H , I { a n p a n n n r c q u f i .
annapaT 3aKpbIBaeTcfl rre i loJrrlocTbro, a JIHnrb Ao oTKpbrTlrg, cooTBeT- ' l
crBylouero B-10% Or rvraKcr,IMaJrbl.rofo. O4nano cJreAyer oTMe'tHTb, i
qro nrt6paHl{ble raKI.IIvr o6llasonn napaMerpbr HgoApoMa qacro oKa3bl- , .
BaIOTCR SHaTIHTeJIbHO 60rt'Ue rex SUaueUnfr, r(oTopbre neo6xoAl,rrubl "
i lJrfr nonyqeHnfi xoporilero KaqecrBa peryJrnpoBaHr{n H 6srcrpo4ert-l ' , '
crBHrr B pex{r.IMe xoJrocroro xoAa. lloarouy raKyro HacrpofrK} per}- , ,:
JIflTOpa CJreAyer rrpoHsBoAHTb roJrbl{o B Tex cJryqasx,.KorAa ero 4efi-;in:,i,1
r82

cTBr.{TeJrr,rro r'leo6xoAr.rMo, T. e. KorAa B pea/tbrlbrx ycJIoBHflx Bo3Mo}l{eH
[ O / l ] r 0 t r ' t  p O l ' O l ) t l r  i  . t  . , . t , , ! , .

B perynflropax /lM3 rJrn npeAoxparrerrHn poropa'. ot ine4beMa
rrpprMeHrlrorcfl cneil.r 'railbr{bre ycrporvrcrBa, orpaH14ttHBaroilI l4e.: gaKpbt-

Tr4e  r ranpaBJr r rouero  a i lnapara  npH c6pocax  Harpy3KH.  
' - ' : ' , '

Taxonr,r  B ocrroRrrbrx qepTax rpe6onarrr . r f i ,  npeArqBJrtreMble K co-
RpeMer{[rbrrvr peryJrnTopax{ cr(opocTr.r rH/{poTyp6ur-r: SHaqHreJrbr{oe 14x
ycJrolr(rreilr{e rrprrBeJro r( co3/[ari l{ro sJrer(TporrrApaBflr.rqecltHx peryJrf.
1 ' ( ) l )or ]  (Ot ' t r ; ,  r (o ' r 'o l ) r , to rorrnsRJrn nt) tcotctc cr l ' tnrreclute,  /UIt InMII t tee.
I(I.re n al(cilJryaranrrolrHbre I{aqecrna, a'Tar(}r(e naAe}KHocrb. B Hacron-
lr(ce i lpeN'rfl 3t'P Bt,ulycr(aroTcrr Rccr\{rr r}eAyrurrr\,{r.r rLlApoTyp6lrultrrtnll.t j

t lxrpuaur l  r \ , r l4pa. .  ' .

J n

f / ; _ _ _ ^  - z _ - - -  r ^ \ F T - t  r - ^  ^
r \PONTC OUrqCrl3rJec' r ' r {brx l rPeHMyrl lec ' r lJ  JL r  i lO cpa. tsHeHr4ru g IH-

ApoMexarrr{qecr{ l rMr4 peryJrf lTopaMH'oHr{ o6. laAaroT er.qe .oAI{HM .34v€- '  n,

9aT€,rtbFIbllr{ r(ar.recrBorvr, I(oTopoe nocrenellHo l.tcnoJlb3yercfl 
j ;n' inpar, .

TI{r(e npoer(TLrpqnalrrrs.  3ro xaqecrBo 3ar{rroqaercf l  B ToM, qro Ha'6ase:
S,neKTpHrrecr(r . rx lycrpoircrs r lo3tMot(Ho co3AaTb nprr i l r {HnuaJIbHo. iJrrc j  

'

6yto crpyr(ry l l l lyro cxeMy cHCr€Mbr peryJrr{poDar{rr f i ,  o6",raAaru-rqyp.
BITICOI(ll l \41'l I{aqec'IBeIII-lbIMIC nOI{a3aTeJIflMI' l BO IICeX peX(lIMaX.'ee pa-
6orul H orBeqarouyrc yr{a3aHilbrM BbIIi le rpe6on?HHrM, . ' .. 

'- ' , ' : '  :" j

V>xe cel'tqac AJrn yJIytlu1ertt ' tf l  AHI1aMHI{ecI(ux Karlecr3,cHcreuri

, peryJrr.rpoBarrrrfl Mr.rorue cpr.tpvbr Bbrnyclraror 3f,P c AonoJrHure.nruums
nosAerYrcrRrrflMr.r no ycr(opeHuro, no Hr{Terpafly or orKJroHeHHx cKopo- -
C,TLI, 3aMer{ri lor pa3flHrrHbte MexaHLIqecl{He 3BeHbfl SJIeKTpHqecKLtMH
( n e p e 4 a . r u I I p f l M I l I X l t o 6 p a r H r t x c B ' I 3 e f l I ' o r p a H H t I w T e i l H o T I ( p b I T H f l '
t<om6uuaropbr  nonopo ' i r ' ro f lonacrubrx  ryp6HH H r .  A . ) .9 to ' roBopHT 06 , . . ,
IrcK"rlroquTeJrbno rrrr4poKr.rx Bo3MolKHocTrrx 3fP B perrreHun''BorlpocoB ,. '

aBroMarHqecr{oro peryJrr{poBaHHfl , '  r r  ynpaBJreHHf rr4ApoarperaTaMH.
O4uar<o AJrfl npanr+"rrniroro ucnoJrb3oBaulrfl ort{x Bo3Mox{Hocrefi :Heo6-'
xoAI4 r\{o nx,Icrb a6co,rlrorrlo r{aAex(r-rbre r\{ero1br pacqera AI.THa MLIKH pery-
. rn r l )onar rur ,  no : l r lo l rn rou t r rc  l [ocT 'a ' ro r tuo  o6oc I roDanno Bb l6parb  c rpyr ( -
' l 'ypr{yro cxeMy cr{creMbr peryJrr{poBaHufl rr napaN,reTpbr pery.flrrropa.

I-lu>xe paccMaTprrBaercrr yToqHeHHarr rvreToAr{Ka pacrreTa ycrori-
qr{Bocrr{  n nrrbopa rapa[4erpoB peryJrnropa cKopocr l { ; '  npHlueHseruan
Ita Me'raJrJrnqecr(on,r ganoAe rrpH pacqerax H npoer(Tr.rpoBar-rHu cncrervl
pery;lrrpoBarrrrfl rr.rApoarp€rzlroB. 3ra naeroAr.rKa no3BoJrser He roJrbr(o'
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MoilIHocrll Bce [apaJIJIeJibHo pa6oratouue af perarbr nptrur{t\, laror yqa-,.
crl{e B pefyJII{poBaHHLI qacrorbr, To c rorrKr.r 3perrl lf l  ycrorlqr.rBocrg
I{  KaqecTBa peryJI I ' lpoRaII I I f l  3To paBIIOC}IJIbt lo pa6oTe rra rrgo.[r{pOBar{-
Hylo Harpy3Ky oAHOTO afperara, MorrlHocrb r{oroporo coorBercrByer
cyr!{r\ra prroii ruouHocl.l{ Rcex arperaroR.

?  I  R t - t - n r  n ^ r a ^ n a - ^ " " ^ . u -  l - - . - . - - . , - - .' i  i .  i . r r ' iuuA i ic l rc l l i lTU'{Hur{  wyHKi(Hi i  t - l i r t l - roarBeraTa

B ocHoe y I'ICCJIeA oB aHH ii /tri Ha r\{ r{K r{ a BTor\{arr{ qecr(oro pe r yJr H p oB a -
uHtI o6uquo gaKlla/.btBaerctr ror t lrr+ r.rnoii cfioco6 uareruarrdqecKoro
onr lcaHr.r f l  rHApoafperara r(aK o6r,exra "peryJrrrpoBaHr.rrr .  r lacro npu
cocraBJIeHI'lI{ Ai'IQOepeHut{aJIbHoro ypaBrreHHfl iyp6Hnr,r npr4nHMaror
PqA AonyqeHHIi, MI'IorHe Il3 Koropbrx sBrqrorcfl HeAocrarbquo o6o-
cHoBaHHbll\{H. 

'Hanpuir,rep, 
He yqHTbrBaeTcrr rl3r\,{eHeFrr{e pacxoAa BoAbr

qepe3 
..Typ6HHy B 3aBI'Icp{MocrH or cl(opocru Bpail{er{Hfl i BJrHfltrHe Jro-

nacrert pa6oqero r{oJreca noBoporr{olonacrhofi rlrp6unu yrrHrbr-
BaeTcfl I ' IJIH B npeAnO/IOX{eHr{r.I, r{TO nocToatrHatr Bper\{errH cepBor\,roTopa
pa6oqcl 'o t to. l tcCa 6ccl t r - l lc ' rno r le, i l r r (zr  ( l rporrc,rr"rrcprralrr .y1l6r.rrra),  , , , i rn
B rIpeAnoJIolKel{HH, I{To ora nocrorrHHarr BpeMerrH paB}ra HyJrro ("Ae-
ailbilafl, noBopoTHoJronacTHarr ryp6HHa).

B Px,q,e cJlyqsss npII yqere cail,roperyJrr.rpoBaulrfl. ynpaBrrner\lofi cH-
creMbl npHHHMator, qro xoeQ$HqHeHrbI caMoperyJrupoBaHHrr ryp6HHbr
H Harpy3KH paBHbI l\{e}l(Ay co6ofi w nporr{BonoJro}K}rbr no 3r{al(y.
VIuoraa, xorfl H oqeHb peAKo, He yr{HTbrBaercfl H rHApaBJrrtuecn"ri
yAap

Ilo4o6tltte AonyqeHHtI, 6esycnonHo, ynpou,aror pacqer /(r.rr{aMgr{pr
pefyJfi{poBar{r'rn, I{o B TO }Ke Bper\,rfr npr.rBoArrr r( 3[raqHTe,rrbrrbrM no-
rpell lHocrfl l t{ B onpeAeJreHI{H napar{erpoB Hacrporixl.r peryJrrrropa cKo-
pocrl{. f losroMy rrH}Ke npr4 BbrBoAe neperaroqr{oli cpyHi<uujr rulpoarpe-
rara yqprrbrBarcTcrr Bce ocHoBrrbre QaNropu, BJrr.rf lrotqr{e Ha }/cror-'rqu-
BOCTb CrrCTeMbr t4 KaqecrBo npoqeccqB peryJrr{poBar,rHr.

Brtaqane paccr4orprfru nepelarorrrryro i l lyrrxunro. ycrarronl(r,r
BoporrroJrorracrnori ryp6lruofi H Hs Hee noJryrruM ilepeAaroqubre
IIHH*ycrar{oBor( c Apyr.Hrr.lr{ Tr.rnaMu ryp6r.nr.

AlruaMur(a ABr{)KerrHrr poropa rrrApoarperara bnucHsaercrr
HeHueM ( l .2 )  ,

,  d t l  r .  iI  f f :  M!* Ms'  '  ' . , .  '  
,  ' ,

c ilo-
cpynr<-

ypaB-

Brtpasurtt 3To ypaBHer{He trep$ orHocHTeJrbt{bre BefluqHHbr,
groro o6osHaqrai\a: '  '
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( 4 . 1 )

rAe I'l l'lAel(coM tt o6oe[ aqel'l bI FI oM Il t.t a JI bubte ( p ac:rettr ue) s Have H H t coor-
BercTByrour.rx BeJrr.rrrHrl. f S.aenr.rM Br,rpax{errne (1.2) Ha M1n u, yqfi-

da diTblBarI, uTo -7r : a,r -fr, [oJryrrHr\{ , ,
I*,, dx 

' '

,  f r  d t  . : t | \ " - f t le ' ' .

Benr. i l r la - / t "
M; 

: I o, II3MeptIeTCfl B C I{ IIagblBaeTCtI nOCTOsHgOfi
BpeMerir.r rtr/ lpoafperara. oHsllqecr(H 7u - ero Bperurr, B Teqer{He
Ito'ropOro arpcraT l(ocI' l l 'FaeT IIoi\,t l .t l lalrttot- 't cI(opocTr{ Bpau1eH}trI nptl
IIoMHHaJIbI'Io[' l  tr lotrlelf le. B npaI{THTIecKHX pacqeTax BeJIHTIHHy . Tu
v lo6 t tee  onnr rnp -ns r r r -  nn  rhn r r r r r rno
J  - 1 -  -  - -  -  -  

Y ' v F r Y r J  v r v

j n

rrc GD 2 __ ss;osor: i  MoMeHT poropa arperara n rc.u2; p,,  -  HoMH-
f  I e  n r - r r o  d  r r n  i r y y r ^ ^ E '  -  - - T ) - -  , ^  /  IL ' u t r D r r u t r  r v r \ r u { n w L l  D  d r  p t r r  d ,  I a  } 5  l 1  D ' l ;  f l n  _  B  o o / M H H .

B p$yJlbrare B orl-tocHTe.Ilbnbrx BeJrHrrHHax ypaBneHHe MarrrqHbr
HI\,{CCT BHA I

T uxp - nlt * ftte. (4.4)
Beplteucn K ypaBltet{t I Io (1.3) r{ 3anrrmetr{ ero rar(x{e R orrrocrrfenr..

l lblx l- tcJl l l t l l l l lax. f- [otto. l t l l l l ' I 'eJIbtto BBeAotu cJIeAytoul l .re o6ogHa.Iegr{tr:

q :8 ,  h - ry , * :# ,

(4.3)

(4.6)

I4s (4.1) r{
: Hn (l -y h); It
(1.3),  nor lyr{r . IM

(4 .5)  HMeeM: CI  -

: XTtn. floAcrasns

Mt:  ( \ 'Q" l1an\
\ 0 n /

o n ( l  * x ) ;  Q :
3TH 3FIAIICHHfl  B

q( t  I  t t )  ̂ .--l-r 
, r'

' l ^ L

(4.5)

TQn, H -
Bbrpax(eHHe

B (4.6) qJrer{ B cl<o6xax npe/{craB,irfler
qerrr.re r,roMerrra ryp6Hrrlr Mr,r. 3uaur.rr,

, 1 1 -  q  # x ,

rI  t | ' Ieo - SHaqeHI{f l  MOn{eHTOB
Jrr{r{eapusaqHu), nprrqel,r trrro

co6orl r{oMr.rr{aJrbr{oe gHa-,

(4.7)

1
ftxto

n h -

m g -
t4e n'tio
(n ror{r(e

paccr\,raTpueaelrofi . Torr$e



I'IsilreHeHlre r'roMel{Ta }rarpygKn Mo}Kr{o npeAcraBurb B BI4Ae
o"L a* -r Az H\Am, - # Ax _l_ Lz (t),

IAe 4, U) J- H3MetIerIHe MoMeIIra Harpy3r(H r{3J3? RKJrroqer-rurr v or.'irarbq?nurr norpe6mrener'i eJrer{Tpoerreprnr.r. ' ' ,
BenH,l.rHa dmrl dx, cor,rlacno BblpalreHHro (1. lB), npeAcraB,rrfler,,,

9g6^?f, xoe.rpr$Hrlueur car\roperyrrupoBarrua es Harpysr{H. lloAcrauun
(4.B)  B (4.4) ,  norryquM

(4:e)

TuAxp -  Lnq-  Lmn.

lIP" cocraB/IeI{I{tI nuuefiuoro nHrfrcpeperruHa/rbrroro ypa'nueuun
' T t r c t .  A n l  ,  l u n . n 6 r ' ^ - r r t r ^  r ' r y n ^ h '  - . - 1 - - - -A d L ' L  6 " & '  r r v \ - r \ J n v A r r r Y t \ r  J - r E L r D ,  Y t L ,  t r  r t u u u P U l l l u J l u l l i l u l ' H b I X  1 ' y l l o l , I H a x
HrvreeTcfl ABa -peryJrr{pyrcrrl.HX opraHa (Hanpannnrcuufi arnapar.
\ JIonacrll padouero xoleca) II I.IBi\ler{eHr.re NroN,reHTa ila Raily 6y'ne.r
t fryl i l tnrte l l  r tc 'r ' r ,r l )cx rrc:rnnrcnMr,rx ncl)cMcrf rt ,rx / \ t t t .1 ,  ,  [  ( t \" ! / ,  "Aip,
Lh, Lx). 3Aecr' Lg II Acp - orFlocnreJrbr-rbre H3Mer{eHr.rfl coorBer-
e T R e I I H n  n r l n a l l l 1 , f l j I J g  r r . f l - \ n n r r n T n f i a  r r 4 r h d n  n n r n " y n F ^

e v l , u v r r r v r v [ / q  r L ( r r t  
l J ( , r I ) J r r l r 1 - r I - L \ E t  L , ,  d t t t l a l ) c I  l d  y l  p a , 5 -

,Bopora Jlonacrerl pa6ouero KoJIeca, npr{qeM BeJrr.rrruHa q onpeAeJrrrercrr

' o o j

.  I  -  (Pnrtn
(P : -;-----=- 

I
9 -u*  -  9m in

MHrrHMaJrrl lr,n"r pr N,raKCHr\{antnurl yrJlbl pa3Bopora
I

PaeiloxHrrl $ynr<quro a,m, B pn4 TeftJropa, r.r3 Koroporo Bo3bMeM
JIHIrlb nepBble qJIeHbI, qro Anfl MaJrbrx orxnoueunrt BeJrHqtrH or HX
ycral{oBHtsruHXCfl srraqernlri no3BoJrrrer nofiyrrHTb Aocraroqr{o xo-
pouee npu6nu>t{eHue,

Lm,- # o, -t i{aq,-t- #or-f ff n*.

COOTHOIICHI.ICM

o o

f f le rpmin, (pmax -
o

JIONACTCH.

(4 .10)

( 4 . 1  l )

( l loct<onbKy H3MeHer'rHe.pacxoAa Aq sanlrcr-rr or rex >r(e BeJrr,rr{HH,
r r r o  H  L * r ,  T .  € ,  L q  :  f  6 A ,  A , r p ,  L h ,  A x ) ,  r o  n o  a H a J r o r H u  c  ( 4 . 1 l )
Mox(Ho 3ant,tcarb ypaBI.Ienrdc pacxoAa, 6es Koroporo r{eR03r\{o}Krro
orrpeAeJrHTb BJrHtrHre rHAparlJrHqecKoro yAapa Ha AHHAMHKy peryJrH-

o q  r . ,
A; nr. (4.12)# n, "t -# A,p -F $ft nr, -1'"

poBaHHn

L q :

1 8 6

l

(T , ,P  +  l )

flplr oroM neo$xo4r{n,ro r.IMerb B Br.rAy, rrro B gaBr.rcr,rMocru or crpyl(.
ryplroii cxeMbr pery/rrrropa cBr3b Mex(Ay pery/nrpyrcrqHMg opraHaMr{
M o l l { e r  6 l l r l  n g e . n u u H n r i  T n v  \ / n e n u A r J r r a  / d  I  t \  ^ r r n q p o r r  r r r r E r ^  n  n c

J r u s r r v ^ r . r v  \ - ^ . * " /  v r r y q u v A y r r r u v  A J r r r

Pnc. 7'1. Crpyrrypr{bre cxeMbr ynpaBrreHurr cepBoMoroporrr 
' ' .

pa6o.lero r ioJreca noBoporno.nonacrHofi  ruApoTyp6uusr - l ' , '

cxerr,r (cnr. pHc. 72), y l{oropbrx ynpaBJrelrHe KyfiaqKou xou6uuaropa
-ocyuecrBJrflercrr cepBoMoropoM HattpaBJrflrorrlero annapara.'" Ecnu xE
Kyflaqol( ynpaBJltteTcn oT llpoMex{yTotlHoro cepBoMoTopa, rrTo cooT-
BercrByer cxeMe peryJrflTopd, nor{agaHHoft rra pHc. 71, ro B grorvr cJly-
qae sxoAHofjl nenuqHtlor'r AJrff rHApoycnJrHTeJrfl pa6ouero r(oJreca
flBJrrrercrr cMetuerrHe nopruHrr La, npoMex{yrorrHoro cepBoMoropa,
flocneAltut? oAnoBpeMeHHo ynpaBJtffer raKlKe H rlr/tpoycnJrr{TeJreM H4- .
f lpaBJrrrrourefo annapara c xoaql$uqHeHToM ycHJreHprfl, paBHbrM eAti-
HHue, r{ nocronuHor? BpeMeHr.r Ta.
. CrpynrypHarr cxeMa raxofi csrr3n

noJrb3yrr npaBHJra npeo6pasoBar{uf i  ,
IroKa3aHHor{ ria pnc, 77, 6. OrcrcAa

(7,,p -F l)A,p- le*(T sp +

kx

f x P + !



Taxul,t o6pasorvrr 4irnalrl lqecKr{e xapaKTepHcrHr{H rr{Apoarperara
KaK o6texra peryJntporlarrr,rrr onpeAeJrrrrorcrr cne4yrorqeii cucreMorl
ypaenenuf i :

T^Lxp -  A,mt-  Atnn;

Lrrtn - 
# O* -l- L^z (t);

^a*kor++
L u 1 - # o r ) - f f i u ,

n , i t :VoAq;

0m.
A^lt )- Z* 

L*;

Lx;t o q-r 
ax

(4 .16 )

I,IJIH

Q,,p  +  l )Aq:  knLA

(7,*t) + 1) A,p - n,,(T nn * l) Ay.

Hs grofi cncreMbr, Hcr(Jrroqafl coorBercrByroutfi€ nepeMenl{bre, npll
ycJIoBHI'{ orcyrcrBl{fl nosuyulenllli IAz (t) : 0 ] Ivto}t{Ho noflytlHrIl
Hecr(oJrbxo nepeAarolrHbrx $ynrqufi , xapar{Tepu3yrorrrux Ar.rr{aMr{I{ec-
KHe cBoficrea arperara B pa3;rurrHbrx pelr{Hr\,{ax ero pa6orur:

1) nepeAaror{Hyto rpynxquto ruAporyp6urir,r npu nocrorrr{uofi cxo-
Pocrrl lVts : LmllLg nPH x - const;

2) nepe.uaroqHyro $yrrxquro rHApoarperara npH rrocroRunoM
orl{pr,rr l{H lranpaBJlrrouero annapara Vn* : Lxl An4 npu lJ :
:  const;

3) nepeAaroqHyn $yHxuuro ruApoarperara W ̂  : L'xl Lg,
Ha npaKTHI{e uau6o"nee Ba)KHo.e sHaqeHue HMe}or SyHxquu lVt:u

H W 
", 

Ilepnan Hz Hr.rx onpeAeJrnei AlrrraMnqecr{rre cnor?crsa f t{Apo-
arperara npH ero pa6ore Ha MoilrHylo ol{eprocrlcreMy I.I xapaKrepr-
3yer, B r{acrnocru, BJrnrr{}.re rr.rApoyAapa r{a Bpaqarcur{ii MoMet-IT ryp-
6unu. Oyuxrlun lY/ ^ orrpeAe/rfler AHHaMHqecKHe xapaRiepucru(H
o6rerra pery/rr{poBaHHfl npH pa6ore Ha HsoJrHpoBaI{Hyto r4Jrv BbtAe-
JreHHyro HarpysKy. OyuxrlHn x0 W^* xapal(repHsyer pa6ory Hepe'
ryJrHpyeMoro rHApoarpcfara.

Ann 6onmeii  rrarJrrrArrocrur, ucnd.nrsytr ypanrtenun (4.16), cocra-
BHM CTpyKTypHytO Cxer\{y rHAPOarperaTa KaK 3BeHa cHcTeMbI pery-
JrHpoBaHHr. 3ra cxerua AJrfl cfiyqafl ynpaBJIeHHfl xov6usaropoM oT
cepBoMoropa HarrpaBJrrrrourero annapara nol(agal{a Ha pwc. 78. flpu

- Amu a L,rn1*, rAe Lmts - LI3MeHeHHe MoMeHTa B ycJIoBHflx
nocroflHuoft cxopocru BpaurenHrr, KoTopoe 3aBHcr{T ToJIbI(o or neJlo-

188

)Ker{ufi pefy/rHpyr'0ur{x opraHoB, a Lmt* - npupaqeHHe ilroMeHTa,
BbrobrBaeMoe orr{JrorreH}reM cr(opocrr.r nprd U 

- const (Ay : 0). Vlc-
noabsyn npaBprJra npeo6pa3oBarrrrrr crpyKrypHbrx cxeM, HsJrolKeHHbre
B rJI. II, pas4eJlI.u\l Ha puc.78 r(arraJrbr sosAertcrsurl no orKpbrTuro H no
ct(opoc't'tr, R pc3;r.151;1'1s rroflyqnnl npeo(lllaaoRilurr)fro cTp)/r{T}/plr\tro

Pnc. 78. Crpyxrypnan cxeMa ru/ lpoarperara KaK sBeHa cucTeMbr peryJrnpoBanufl

cxel\{y l l lAp0arperaTa, nol{a3aHHylo Ha
C IICJIbIO COI{PAxICHI,Ifl 3AIIICH BBCACH\bI

tt\!r; - ttl.pi

vc:r#A;
nepeAarorrHarr $ynxqHrr Wh - Lms*l Lx ryp6nuu
orr{pbrTlrrr peryJrHpyroulHx oprarroB

Vr*: et *

a rax)Ke rrepeAarorrrrafl' Qyuxqnn lY/ts. (
arlrMr{ dlynxqnnr\du noKasaFra na' puc. 79,

puc. 79, a. IJa erofi cxeMe
o6osHa.reHHfl:

dni
nV_ 

ttt1fi

(4 17)

n p H

189

dq 0q
Vi: gr" V* : Q*'

om1-ae

:  Qqi
dq
drl

I4g cXei\{br Jrerr(o l,ro]Krro noJryqHTb nepeAarorrHbre {ryur<uuH npo-
creftul.rx sBerrbeB. K Hr,rrr,r orFrocrrrcrr: nepeAaToqHafi Sytrxqtrn We:
- Lxl Lfitc* rerreparopa c oHeprocncrenaoflr 

-: 
, , :

TITO

wr* :



nepeAarorlHafl $yHl<Uun V n : Lxl Lg rg4poarperara
W": WtcWn*,

'Onpe4enur'r3HaqeHHe QyHxqau Wtu. VIs prrc. Tg, A prMeeM

'V tu :

-l-

(ryuf- t'*'n,*) (- 
mtu

\ ' \a+qntn I *P - 
t

r " P * l

. 3ro BbIpalI{eHI.te Aocraroqno roqno onpeAeJrrrer cBng6 Me}K,{y r.raMe-
HeHHflMH. MOMeHTa ryp6unlr r{ orr{pbrrr.rrr peryJrHpyroueto opraHa npH

uc ,79 . f I peo6pasoBaHHecTpyKTypHo f i cxe l l s l r I 4Apoa rpe raTa

nocrorHnofi  cnopocrr{ Bpaueuus. OAHaKo'AJrf l  npai<ruuecr(Hx pacqe-
ToB olro cp;BHHTeJIbI{o cJIo)r{Ho. tlro6tr ynpocrrirb. Bbrpa}KerrHe AJrrr
V,q, noJIo>KHI\{ *#fr"^- * 

ffi-4ro*' 
tlro' BecbMa 6nusxo

I t  peaflbnblM yCJIOBHIIIvI I , I ,  I(aK nOI(a3bIBalOT npal(THTIeCKHe HCCJIeAOBa-
Hr4fl , ,  cyEecrneHHo He HcxalKaer Kaprr.t l {bl AHrraMnqecf<ux npo[€ccoB:

lW,, - rz 
T',rP * | 

l l * (t"mn- qn)lVu\1,
t Y t u  v u  7 ^ p - V l L W J ,

rAe €s : nqu -l- le*nt1,o - xoecprpuquerrr ycr.{flelrurr
MoMeHTy npu nocroRunorli cr(opocrH,

f lpuHrn Bo BEHMaHHe yrasaHrroe AonyueHue rr BbrHecfl  ea cxo6xy.
nropofi rIJreII ypaBrreHurl (4.21), noflyrtr.rM

, fl lt t,
T  -  " " ' T
4  K  -  

n  o  K o
,  

t g

i

ryJr tilL

te0

EcnH noAcraRtrrb
tlTO 0g - et : 0n,

Bbrpa)Keunr  (4 .17)  t r ' (4 .18 )  B  (4 .19) ,  ro  c
6ylerrr r'{Merb ,l

| - qhlY/ r.t

yqeToM;

(4.23)

/,4 xi

W"* g u u

3llal Wtl II Vn* ll rloJlcf'aB.l1t'l ux slaqelllrrr s {4.2O), 
'ou"r*t

rvro)r(rro noJryqrlrr nepe4d'roqHylo rpyrrxquro rHApoafpefara c noBopo,r-
uoJlofiactuoii ryp6nnofi B o6qerrr BrrAe, r(oropafl. yrrHTbrBser BCe ocr
HOIII{bIe napaMerpbl, oKasbrBatorrlHe BJtr.InHHe Ha ero /lr{HaMHrIecKr.te
xapar(TeplrcTHr{r.r,

(4.2r) ^ 
'f 

,.p j- | I * (),ttt11, - qil \V u 
', :V{/^:osffi

.Jreca, Koropas o6uquo Hrvreercrr B pac-
nopR)r(er{urr r(orrcrp)/r(Topa. BUA raxofi
xapar(Tepilc'il{rilr AJrrr i\{o/[eJrrt paArr-
aJII)rro-ocenoii ryp6ulll,r ylr{e paccMa-
TpHBaJrcrr B rJr. I (ciu. puc. 3). n.[q N,ro-
AeJrH pa6ouero r{oJreca noBoporHoJro-
nacrncl i i  ryp6unr, l  noAo6nrre xapaK-.
Tepr{c'r'Hr(r.r nocTpoeHbr AJrrr pasflHqrrbrx
yfJroB pasBopora ,nonacreii (o6riuHo
yrJrbr saAarorcrr vepes 5'). OHH Ha3br-
BaroTCrI nponeJrJrepHbil\{H, T. e. B 3TOM
cilyqae r{Meercff cepufl xapar(repr4cTr{r(,
cBflBbrBaroqr4x Me)r(Ay co6oii Qi, tti, a*,
u M r l p r . I  H  -  c o n s t H g : c o n s t .

tlro6tr onpeAeJruTb n7.11, H gn, a

lrbre npnBeAer.rr{bre I pacxoAn ,- 
,gi, :

- r . - ' . .  , r ; ' - ' t  l  ' , , '
. r  -  i l  .  ,

i

rar(>r(e apyrue Noscprpnuueuru (i'," eu, q8
0) , BXoArrLqrre B Bbrpa)r(er{He (4.24i ,
I Ieo6xo4rrMo no nponeJrJreprrbtru xapaK- q6
TepHCTHr(aM nocTpor,rTb MoMeHTHbre u
pacxolurbre -xapar(.repprcrHrilt MoAeilH w 0,4
ryp6uusr. Vx BHA Arrrr AByx yrJroB !::
(q :  0 H p - l0')  noi<asau r ia plrc. B0 qz
r{ Ha prac. 81. OnH nofiyqeHbr cJreAyro-'  ,
r r tuM o6pasoM. IJa o6oux rpa{ lHxax no :  . '0
ropr.IgouTa"ryulrort ocu orJroxenbl orHo- i
cHTeJrbHbre npr.rBeAeHr{ble cKopocTpt
xi : nilni,,. l lo ocu opAr{r{aT }ra Mo-
nnerrruofi xapar(TepHcrHKe orJIolKeubr

0,6

q4

. 0r2

t ,?

ryp6HHbr

.  oTFIOCT{TeJrbr rbre BeJILIqr4r {b t  npHBeAeH-, , . . .
n b I X  M o M e H T o B  m i  :  M i / M i n , , , a  

' , H a  
,

flpe>x4e ygM neperiru r( paccruorp*",o nepeAarorrHofi Synrrllnr,,

J r a e M b r e  n o  A a H r , t b r r \ , t  y H H B e p c a J I b t { o f i ' x a - ,
paI{TepHcrllrcr MoAeJrr.r pa6oueno Ko- . , tni



I(axAas l(ptrBatt na rpa$ilKax coorBercrByer onpeAeJrenr{oN{y or-
ttOC-lITeJIbI{OIuy OTI(pblTrrlO Cr, : A*lo,u,, : alA,r, BggTOMy C npOneJIJIep-
HOr? Xapar{Teptrcrar(H, .3u l.roil,rHr{aJrbHoe sHaqeHue A*u @n.)^ nprnuroio
orKpblrl{e HanpaBJI.ffIOUerO annapara, coorBeTcTByrouee Mar(cHMaJrb-
.l{9f!!y- xoA9' noplllHfl cepBol\loropa. Taxofi nrr6op a,, o6ycnoBJren reM,

q+O €eI{oBH+,Ie {{apa*,IeTpf ?er}-
Jrflropa cxopocrur (b, h,) orue-,,
cer-rbr K noflHoMy xoAY cepBoMo-
Topa. Benu. l r .n-n l  tx i , r ,  Mi,r ,  e i"
cooTBeTcTByrOT rroMr.rIraJIbI.IbIt\{
(1 rnc , rc ' r ' l n , l t r )  l l ) lu tc / tcn t r r l r r \ , r  Jua-
qeHl.tf lM cr{opocTH, Mot\,IeFITa W pAC-
xora.  nDLITIeM gFlarrerrr f  q Mi v Mi
onpeAeJrntorcrr no Qopuy/raM:

_ _, eov QrM r :  # ; ; n " ;

Mi,. : xov Qi,, ^^-T - 11*'"

orr{yAa

t?lr - \x,*.
xl

f locrpoeHne 3aBHcHMocrefi
mi : 7 1xi), Qi : 7 @i) BeAercr
TaKlrrvr >xe o6pa3oM, Itar( 3TO Ae-
JraJrocb B rJr. I npu nocrpoeHr4r.r
cTaTHrrecr{HX xapaKTep trcTHK Typ -'  
6Hur, I .

O4naro B Bbrpax{eHve (4.24)
BXO/[rrT rre np r.IBeAer-rr{bre BeJIHT{r.t.
[IbI IvlOAe/l]f, a' 3t{aqetrUrI napa-
MeTpoB la ' ryprroi i  ryp6l l l l l , l ,  no-
sroMy ueo6xoAr.rMo Bbrp asvra mi,
xi, qi qepes coorBercrByroqr{e
r.tM grraqerrr.rf l ttt11 x, q. Oro
MOIKHO CAe"[aTb, ecJIH HCnOJIb3O-

(1.4), ( l  .5) H (1.7). f l ,er lcror{re,rrbHor
M1 na Mtn, 6ygervr HMerb:

n ,-' t f-F Hgr
,;: xt 

V V;; . ffL : -n_T

Ht;';, : ,t+ i," nrnn : ,'l'*,
: xr,a, noJIyqHM: /

i  x'r: J-tL i Qr -:-J---:.
Vr+h '  l r T+n

q6 0r8 !,6 ai

(4 25\

(4.26)

Xt! '  $,27)

a qilxi :

{l
f , 7

1,0

, 0rB

0,6

PHc. 8l .  PacxoArrr;e xapar(Tcprrcrr.u(rr
uo/lef l  n noooporno.nonacrnol i  rn4l loryp-

6n r tu

Barb $oprrnynu nepecrrera
pasAe/Iun Q ua Q,r, n na tLn. [r

q : g r

Ho yqHTbIBaq, qro
- milx, v noJraraff Xt

lTLl - 
mt_ -ITT

tg2

Taxrrrr,r o6paeou, saBr,rcnrvrocru mi - 71xi\, gi - 11xi), npeAcran-
fler{rrbre r{a pHc. 80 u Bl, o4r-ronpeMer{Ho rrBJrrrrorcfl craruqecl(HMl.I xa'
par(reprrcrrrr(aMrr rraryprroir Typ6ur{br:

#:r(i#i) " ffi,-r(l*+)npH c [ :  COi lS t ,

orr(yAa

# 
:  tnh-  f t t to-  0 ,5e;

# :  Qn:0 ,5  (qo  -  Q) .

Tenepn paccMorpr-rM nepeAaroqHyro Qynxuulo rnApoyAapa 'Vf 
s.

Buaqane peuHM saAaqy 6es yuera ynpyrocru creHoK rpy6onpoBoAa
H Bo,(br, r. e, 6yAeru cqnTarb yAap )KecrKHM. Bocnonb3yeMcfl ocHoB-
rJbrM 3aKoHoM MexaHlrr(H F - mduldt, I ioropoMy noAqlluflercfl I\BH:
) I {eHHe BoAbr B soAbsoAax. 3Aecr B AaHHoM cf iyqae .* :  Macca, a
dald.t - ycKoper{He BoAbr. f lpe4no"rro}KnM, qro no rcel AJII{He L
rp y6on po-ro.qa- nJrouaAb nonepeqnoro ceqeHuff oAI.{HaI{o sa ra p anHa .4 .
TorAa:

A L
.  i l t - -  - '

g

V.nttr, tBalt,  r ITo Q - QQ" rr LH : hH,r, nofiyrILIM

h- -#h#
B eroM BbrpalKerJHH xoscpclruuHeHr nepeA

BpeMellH rr r 'ra3brBaercfl nocronunoii
nocronHHoii ltHepuHrl BoAL,r r. l o6o3Ha'
ycJroBuflx nJroua Ab A Ha orAeJrbHbrx \
pas"nH.rHof i ,  [ogroMy. B npaKTurrecKtr)
)KI.Ia onpeAeJrflrbcfl no Sopuyne,wPrYr 

J drs

7..,:43 5' j1 . '
" t -  g H r ,  / J  A t t  i . , 1 t . . -

1 3  l l  .  A .  I l r r u o u a  ' o n  1 9 3

' ' ,,i'

no r(oropr,rN{ rr oIIpeAeJrrrer{ fl1.11, tr 4r,. flycrs, Hanpl.lMep; typ6uHa
pa6oraer B pelr(r.rr\4e, cooTBercrByrouleM a - 0,647 I.l q) : 10". Ans
l lol,t l l l laJIbIIOrO llanol)a B yCTaIIOBIIBIIIeIVICtI nOJIOX(ell l ' IH ff :. 0, /f - 0
i l l1 --== i l t111 n (  - -  Qn,B roql tax c y l {aSatI l ' lb l t \ , l l {  KoopAl l l laTal \4 l l  npoBe-
AeM r(aca'r 'eJrbubrc r{  r (pnuoi i  a,  _.  0,647, ' rcr \ , r  coMbrrr , r  gaMett t l r t  I lcJt l t t lc f l -
r{bre gaBl,tcr.rMocrl{ nuHerir{bnvrr.r. VpanHeHI{fl orHx I{acare/IbHbIX FyAytt

tttt dm1' h t

l  | , , - ' t L l o - E
, - T I L

q d q

T@,-  Qo:  a ,

(4.30)

d a  l d Q
d t  A d t ;  F : - * L H A .

:  ' .  ( 4 . 3 1 )
. .  : ,  r . . t l

da 
'  "  a ' ' ' ; '

4- utteeT pasMepHocTb'
d t  r  , . , ' . . , '

(4.28)



I ' / lc  l ' ,  I t  A t  -""-  /1. , / l l l f  lH l l  t t , / l ( ) r t l i l l t r r  f to l tc l ) {Jr i l lof 'o ccrtct i l | t t  o l . l (Lt ,ntr l6tx
yqacTKoB Tpy6onpoBoAa !  r . , ,

Wa:  -T*P  (4 .33 )
. 

Ecnu )Ke yqr.rrbrBarb yrrpyrue AefopMartnr.r crerror( rpyoonpoBoAa
Pt BoAbl, To nrc6oe H3MetteHHe AaBJrer{r.rfl vIJtH pacxoAa pacnpocTpa-
Hflercfi no AJIHTIe rpy6onpoBoAa IIe Mrl{oBerlHo, a c HeKoropoii^ xolrb,r-
uofi cKopocrbro a, BeJrr.rqlrHa xoropofr -3aBHcHT or Auar\{eipa rpy6o-
IpoBoAa, a raKlKe or ToJIIIIHI-rbr r{ N{OAyJrrr ynpyrocTH ero cTeHon.
B rpySonpoBoAax ri.iAposJreKrpocrauqHfi 

-o6br.ruo 
q : 700-+-i i 00 u/c.

Ann erttx yc.nonuf.t nanopnsrfr rpy6onpoBoA ryp6unsr onucbrBaercrr
I{3BecrHoti cucterrlol:r lu$cpepeHqnaJrbHbtx ypanu-eHwie s qacrHr-,rx npo-
rI3BOAqbrX:

du AH AH
( f -

A t  
- { t  

d I  ,  A t
a2

g
0u/
a l '

rAe u w II - cxopoc'tb rer{etll{fl BoAbr ti rranop B npor.rsnonttrofi
ToqKe, flBrqroluuecfl cpynxuunMn BpeMeHH t u xoopAllHaru I ngons
rpy6onpoBoAa
- PeueHue cucreMbl (4.34) npHBoAHr K c/reAyroureNry BbrpalKeHnro
[ 6 ,  t 0 ] :  j

t t :  -Lq2h*+!?,
I  1 s - T r n  

'

fg{o yAapa nepe4aroqnarr cfryHr<qr.rn Wu 6yAer .', '
- + i

,  '  Taruu odp

Vu:  -2h, th0,57rP. -
U -  

u r e W \ r L u r v l f y .  . . ; . -

o6pasonn, corJracrro BbrpalKeHHRM (4:33)' kt"(4(4i36), Br{A r€pe:_ _ r _ _ _ . , :  
\ r . v v l  

r r  
\ r . v v l ,  

L a r r A  r r v r v

AarosHotl Syuxr(tr,H rtqpoarpenara (4.24) 3aBr.rcnr or roro, s Kariorl
Soprure 6yaer npuHnra nepe aroquafl $yHruiln rr{ApoyAapa. l loeromy
npell{Ae Bcero Heo6xo;lrtrvro Bblrrcl{r,rrb, Mox{Fro JIH Boo6ue H, ecJrH
N{ox(Ho, To npH KaI(tIx }cii loBHflx crlHTarb rHApoY{up )KecTKI{tv.

1 9 4

(4.34)

(4.35)

/ I ,n n l l rnJtrr t l t  gToro nonpoca npr.{ [ i re l {  nepeAarot l l ly to r l iyrrr t r l l r lo

r'uAl)oar.l)cr.;r,ri l  r] rrccr(oJrr,t(o ynpoilteilt loM tltule. C et'oii i l ,eJlblo t] t l lJ'

purn.Hr" (4.24\ noJrox{HM .T*:0- ra 4* *  0,  I t rTO. COOTBeTCI ' IJye' , f

[;;;;;; i l  \yp6urre, rf paccr,,roipr.rM qacrHufi cnyuatl, KolAl';d,, : 0.,.^

I(poil,le ro.o, npeAnorlottrlott, qrb l, =' llXo H. ei : -1qIf:{31..I-0,- 
]

€+n€el+Fen+HsH? K. u- a. ryp6ulu:- pLccMAIpXEq)IuAU =lLe+!U$,
'l '. e. 6y4ett cql'lTarb, tlro

H3l\4eIIeI{ l le l ( .  n.  A.  Typ-
6unu B npot lecce  PerY"
JII ' lpOBal' lIIf l  [Ie oI(aSIrIBaeT
BJI I I f l I I I I f i  I IA  A I , I I IAMI , IqC-

cr{He xapal(Tepl{cTl I I {H
rr . {Apoarperara.  Taxoe
ynpoueHl{e BnoJII Ie AO-
nvcTHMO, TaI(  I {aK B AarI-
H6rut cfiyqae 6ynyt pac-
CIvlaTpPIBaTbCfl / He AHHa-
Mr{qecKI4e xapal(TepH-
c'rpr*pt rHAPoarPerara
noo6nle,  a BJIHHHHe I Ia
3TLI Xap al{Tep LICTHI{II I'HA-
paBJrHqecl(HX npoueccoB,
IIpoHcxoAnI]IHX B rlanop'
Hovr rpy6orpoBoAe. C Yue-
TOM y1(a3al l l - lb lX Aonyue:
urr f t ,  npl . lHHMafl  Bo BHIlMa-
Hr.re saBIIct lMocrLI  (4.30),
noJryqaeM

,,, eu | { qolv g
ta u: 7^p j=TEi;tV;'

(4.37)

(01

Pnc.,82. BsA qactoturtx
a r D e f a T a :  A - C  V T I e T O M
- 'eulT^; o)1 : [ lTtqo;
yueiort,r ynpyroro. YAaPa- nl2 (0,5T;);

xapaxrepncrrur rH/tpo'
)Kecrr(oro yAapa 0)c:"' ' ( D 2 :  

Z l T s q o ; ' ,  6 ' -  c. ' { D 1  :  . l l T r g o i  @ 2 :
0)s :  n /0 ,5Tr

o[rdE

0

r l t  A r
Ul  brvu

, 0
_t0

-20

epa0

-e0

-180

-270

epo0

-90

-t80'
-270
-J60
-450
-540

Q)z At

ECJIH R r loAcTaIlHM 3 I {AqEI IHC

'u l ,( ia)

Us-Ar Q)g

Oruerpn{, t ITo I4MeHIIo

rIr{Mael'cfl nefieAaroqHatl qlu4z--uIap,asrpqrartu--ge94P-4-Q4-!t9--
rHna r l lAporypol{r lb l 40

HM

i1
*f"T;Ttr-'



flpaxruri^, pacqerog cHcreM peryflrrpoBar{ur{ ruAporyp6urr noxa-
3btBaer',tlto- 6ltcrpo4ei"lcrnl'Ie grnx cncreM orpaHuqHBaercr qacroroli
(0 r : l lT*q n. t{acrota cpe3a pa3oMIc{yroii crrcreMr,r peny/rr{poBa-
r.rHR AoJrxua 6rrrb no xpai.inefi Mepe Hr.tlKe o 1. 

^ ,- Toqrro raKr.rM )r{e nJreM, lg4g1?lul l1.Bq rr (4.s7) pr npnuns no
B@r 0;541Io) : r- lE-F, tf,o,- nfr yugr,r uacroruyro
xapaKTepl'lcTxl{y rHApoafperaTa c yqeroM BoJrr-roBbrx npolleccoB B Ha- 

'"
- nopHorvr rpy6onpoBoAe, HJ\H ynpyroro yAapa

lY/^(i(,) :;t6
| - i ryy ts o,sr,<,>
r+ i  + tso ' s ' ' | o

Trpu rocrpoeuHr{ qacrol 'Hbrx xapaKrepHcrHr( no (4.gg) cJreAyeT
HMerb B BHAy, uro tg z nBirneTcrr nepHo.u{qecKon $yHrqHefi c nup"o-
AOru ,tr, no3roMy B Jrorapr4$urruecxor? cpasonor? xapaKTepncrur<e 6yayr
na5nrcAarbcr nocfleAoBare"rrbHbre cKaqr(H xa>r.Artfi pae ila g69" u tiir-
poHy .^olctaBaHr4fl. Srurr cKarrr{aM cooTBercrByror qacrorbr o =
:  nn /0 ,57r  ( r4e . l z  =  l ,  2 ,3 . . . ) .  BHA ' rac ro rHbrx  xapar { rep6crg r ( ,
nocrpoeHHbrx no (4.39), noKasau Ha puc. BZ, 6. f lpu ,{acrorax o :
: nn/o,57_ a-l\,lrIJIHTyAHA'- XapaKTepr4crr{Ka r.{3i\{enferctr B /IBa paSa
H.Itt4 Ha -6 AE

Pacff'ro1pI4l1 joApo6rree rliaaoeyro xapar{repr.rct'Ht(y. flpe4noJro-
JKHII , -Yo T,  KT*80.B ero l r  cryr {ae,  KorAa a l  (  l lTrqo,  sHaqeFrr{e
!g 0,5Tra Mox<Ho 3arueHr{rb ua 0.5Too. TorAa uotpir**Hre (4.gg)
6y4gt roqHo coorBercrBoBarb (4.38). Oro 3Harrnr, rrro, KorAa f , <( Tr, B o6nacrlt cyrqecrBeltHbrx qacror BoJrFroBbre npoqeccbl B Ha-
nopHoM rpy6onpoBoAe FIe oKa3blBaror Bnrvrsrrr4l Ha qacrorHbre xapaK-
rep r.rcTHnr.r rH,4poaf pef aTa

Ec"nu^xe nptl ToM )Ke 3HaqeHI{u T-go yBefiHrIHVarV T, TO r{acrora

9r 
:  n/a,57, nprr Koropori nponcxoAHr nepBbrf i  cprrn Sasu ua -s60",

6yaer npu6nux(arbcrr K qacrbre o1 : llT.qo. 
'l(oraa 

T, : TrQi,
qacrora os : 2n/T*qo, r.  e. cpbrB cpasrr npoucxo4ur Ha qacrore
Zna  r .

(4.3e)

OnpeTenuu,
xapaKTepHcrHr{y
(4.38) (raeonan

rpr (or)

Kaxoe BJrr{flrlne oKasbrBaer cprrrB $astr Ha Qasonyro
B pai ione qacrorbr o1 : l /T*qr. Hs Dbrpa)r(eHr.rn

xapar(repHcrr.rxa c yqeroM )r(ecrr(oro yAapa 6yaer
- -90" - arctg TrQoa - arc tg},bTrq;a ,

Ecnu noAcraBHrb croAa (D - o1, To orcraBaHHe no Saee 6yaer gr:
: 162". C yueronn )Ke Bo,rrHoBbrx npoueccoB, corJracFro nirpa>xenHp
(4.39), Saeonar xapaKrepr{crnr(a /

qr"(co) : - 90" - arctgff tg},br,o - arctg 
Wtg 0,5?n,ar r;-

LI, ecJIH gaMeHI{T b T, : T*g oi 0) : (o l : l /T*q o,To orcraBaHge $asrr
9z : 767,5". Kar nuAuo, pa3r{I{rla Me}KAy es H qr BnoJrHe 4onycinrr,ra
A,nf npaKTHTIeCKHX pacrreToB

t 9 6

rv-
rrKltHlo rH erara uox<so 6 aTb

a (4.38),  a )  / , o4o l  He XO-
JII,I

AHM nni t t t t t t ' ta r t ,  Bo BI I I ' lMat IHe BoJI r loDble n oueccbl B HanoplloM

ArraKo'g3 groro He cJIeAyeT , r{To cyulecTByeT HegoTopaff onpeAe-

Jrerrr{afl rpaIrHIIa, I(orAa o6nsarenr'!o Hy}l(Ho yqI' lTblBaTb ynpyrUft

yAap. Eciu BSJIHqHIIa Tr 6ngsxa K T'40, ro n66op Bl l .qa nepeAaroq-

ilor?' rlryuKUHlI rI4ApoyAapa, oqeBHAHS, Bo NtFIOroM.6y,Uer SaBHceTb OT

rori roqlroc1't{, c l iatior"r 
-rpe6yercn 

onpeAeJII'Irn (laSonyto XapaKTepH'

CTr.rr(y rt.{Apoapperara. FIo s4ecb cJIeAyeT Hl\ ' leTb B BllAy' qrO Aei' ic'rBI' l-

TeJrbr,rt)re sHa.leilt.t f l  T, u T* IvloryT I-IecI(oJIbl(o oTJII{qdTbCfl oT pacqeT-

1rr lX.  i loa' torr ly,  , t ' t 'o6l , t  l lc  Aol tycl ' t . t rb 6o.ntr l t to i l  o l t t t t6t<t t  B onpe/\e/ le l I I I I {

IIapaMe'rpoB cHCT€Mbl pef yJII{poBal-1ufl, Bo BCeX cJIyqanx' l(orAa

T, ) T*go, Bce )Ke llylKrlo yql{TblBarb ynpyrwfi yiap
' 

Vxa>x'eru €nte ga oAr-ro o6cronreJlbcrBo, cBrgaHHoe c coorHoue-

I IHeM T, vt .T.4o. I (ax y lKe OTMer{aJIOcb'  B rJI .  3,  B peryJInTopEX CI(O.-

p ocTH, I{aK n p aBHJIO, n p eAycMoTp eHa p a3Ae/IbHa-s p ef yJII ' lp oBKa'n ap a -

MeTpoB uacrpoftKl{ KoppeI{THpyIoUI'lX rtenefi AJIfl pe}KI' lMoB Harpy3I(H

14 xoJlocroro xoAa. EcrecrBeHrlor l l  nu6op napaMeTpoB AJIfl yKa3an- '

lrbrx pe)KI.lMoB AOJIIKeH np€H3BOAHTbCfl HesaBl', lcHMo Apyr oT Apyra'

Ho nocxoJlbKy BeJIHql{H a T*4 o SaBHcHT oT oTKpblrun perlJlupyloqero

opral{a, To B pqAe Koll l(peTHblx cJlyqaeB Mox{eT oKasaTbcq' gTo B pe-

>riuue uarpyex v AJrn AaHHoiI ycraHoBKI{ AonycrnMo yllTblBarb JIHtlIb

x<ecrxrafi y4ap, a Lilfl pelKHI\{a xoJlocToro xoAa ueo6xo41ltnto 6y,U,er

poueccbl B BOAOBOAaX.
IpHBeAeHbI 3Haqeuun 'T* l{ T,

acHo ta6nuue, B PelKHIue IIoN{t{-

otll{ble $yHt<utl l'l r H.ll,poa r p e,raroB
icxoft fAC Mox{Ho 6Patl rr$oPue
ofi fOC ueo6xoAl{Mo YtIHrbIBarb

BOJrFIeBbte npoqeccbt, a p\[tn ocTaJlbHux fOC, npHBeAeHHbIX e ra6nI4IIe,

yr{er ynpyroro yAapa c/reAyer npoH3BOAI.lrb roJlbr{o B pex{uMe xoJlo-

croro xoAo.
l4cxoAn I.t3 I{3JIo}KellHbIx coo6pax<euufi cocTaBHM nepeAaTotlHble

$ynxUur. t  ruApoarperaroB c pa3JII{ I IHrIMH TIInaN{I{  Typtnu.I r 
l-ugpoarp..at c noBoporgo.nonacTgofi ryp$nnofi. I{nn oTI'IX arpe-

raroB coortrouet-rHe T, 1 T*Qo; I(aI( npaBl{flor. BbIIloJIHflercfi '  Tal(

KaK noBoporr{oJronacrHbre typ6urlu ycraHaBJIHBalorcfi ' '  Ha orHocl{' '  :

TeJrbHo I-IH3I(IIe Hanopbl H HMeloT I(opoTI(I{e tpy6onpoBoAblt -a nHorA4

rpy6onpoBoAbI noo6qe orcyrcrByto'
nepeAaroqt ly lo QynxqHlo rHApoy Aap?
Bt4B (4.30) H (4.33) B BbIPa)KeHHe

$yHxurto\  ruApoarperara i  c noBoporl
6ore Ha I{soJIHpoBaHHyIo Harpy3I(J

T , , p - l  I  1 _ I @ n _ Otww a - oY r"i -l- | o,\TaTu, (qo - rl) p1

*'T*Q*
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Suaqesnn Ts n T7

I(pacuonpcran
Eparcxax

Bonx<cras nu., I leHlrna

X p a u - l l
Llapna xcran
Veirenoneuxan

Caparoucxan

A.nua-AnlrcKarr

T  y p 6 u r r

PO
' P O

foplrsol l raJrbHat
KancyJrbl tat

nil
I(osuosan

T a 6 . l H n a  4

rts

0,585
0,287

0 , 1 1 4

1 , 2 8

1 , 0 4

0,062

0 ,  l 5

7r0

Tu'

PO
PO

n"rt

2,2
1 , 4 3

2,2

1 , 3

2 ,4

I ,85 .

4 1 4

2r5 ,

PO -  pa6uarbuo-oceBar r n n  -  n o n o p o r r r o n o n a c r u a f l  r y p 6 l l r r a .

' crarlrqecKr'rr"r i(ostF$Hqr.rerlr ycr.rJrerrHr arperaTa paBeH
enle,r. 3saueuareJrb eiori QyHrurau rrMeer Broporl nof nao*
PA3JIOX{HTb HA CONIHOX{I,ITCJIH, CCJII{ NPCACTABIiTb B BHAC

Ap '  *  B ,  *  I  :  ( ? rp  +  l l  (T rp+  I ) ,
rAe KosqlsnuHenru:

a 0 STaT@ (qo - q*)
, _ _ _ _ _ _ r ; _ _

B _ T^*  0 , \Tren(qo-  Q)  *  Tp,q*  (n4o -  0 ,Ser)

OTHOI I ICHHIO '

u ero JrerKo

2n

nnn 6urctporo onpeAeJreHr.rs nocrorrHrrbrx BpeMeHH T I H T zr\{o}r(Ho peKoMeHAOBaTb CneulrarbHyn HoMorpaN,rMy, npHBeAeHHyro Ha
pHc. 83' Ha sToM )I(e pHcyHKe noKa3aHa H cxeMa norrbsoBar{Hrr HoMo-
rpaMMor i .

kle Sopnay.nu (a.a0) MolKHo noflyr{HTb nepeAarorrHyro dryHxuHroarperaTa B pelKIIMe xoJlocToro xoAa. B erou cflyqae JronacTn p-a6ouero
KoJIeca FIaxoAflTcfl Ha ynope' H yroJl Hx pasBopora He HsMeHfl€TCfl ,, .y npOUeCCe p9ryf i t" IpoBar{Hn, T. e. Tx : 7'* - oo, a BeIHqHHa es '  ,^
6y4er- onpeAeJlnrbcn roJIbKo r.rsMeHeHr.reM ori<purru n HanpaBJrrrrc111er;
annapara npH (P = Const.

AHaaorH.rHHila,.nyT.eM, rroAcraBJrflrr B Bbrpax(enr.re (4;22)'J*ruu.-
HHn ff1112 r! gh H3 (4.30), a raKlKe v{/u vrt (4.33), onpeAeJrnM nepeAa- ' '
Tor{Hyto QyHrqHIo noBoport{oJronacinofi .Typ6HHbr npu nocrosnHofi ,.. '
cKopocTH

: . :  . '  :  
:  o  

T*p* l . l _ l ( rn ro  *0 ,5e) l ,_O,bqo f  T .p  . , , ,' - v r u - e g T * f , - l . $ : 4 | | . l . ,

l g g  
i '

'  norryr l6 '11*, t , to rrcpeAarotrrrbie drynxttuu (4.a0) I I  (4.41),  I (Bl t  ] ,xe
oTr\{eqaJrocrr, cooTBeTcTDyroT cxeNre, B l{oTopof.i Kyflaqol( KoM6lilIaTopa
ynpaB.nf lercrr  or  cepnoi l , roTopa FIanpaBJIf l louler.o annapaTa. Ecnu ) l (e

-l(+Ullt't()Lt +1ll)flil,,tflc'fcil o't' lrcilorr.rot'f.l'f0Jlbllol'Q (tqlolrelr<y'r'ollllarc) cqr'
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ryp6r.rH Br.rA repeAaroqnori QyHxquH 6yAer BaBr.rcerb'or coorHollenntl
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PsAe cflyqaeB 6es 6onrruoil .norpeil"rHocrrr ruox{rro
0. Tor4a, pasJrox{nB 3HaMeHare/rb W^ no (4.42) Ha

nOflYtIHlvl

l V  ̂ :  g o |  -  [(mto - 0,5e1) ] ,  -  0,5qol T.p

WT7"l-r,tr*,r,'r-lt--'

Ecna T, ) T*Q o, ro nepeAarorrHylo cpyHxuuro rHApoyAapa Hy)KHo
6paru c yqeroM ,BoJrr.roBrrrx npoueccoB n r{anopt.roM rpy6onpoBoAe,
T. 0: n $oprvre (4.36). klcr<nloqun lt3 (4.24) 7n,, rr T'" vr saMerrHn fit11r, Qrt
H Ws ux 3Fraqer-rusMu no (4.30) H (4.36), a raKlKe npHHflB Q* : 0,
noJryqHrvr nepeAaroqHyFo $yHxuaro rHApoafperara c paL]/'ailbFro-oce-
Bor"r ryp6uuofi c yqeror\,r ynpyroro yAapa B crreAyrourer{ BHAe

ru /  d  A |  -  l ( r t r  1 ,  -  0 ,5c1)  ?u *  0 , iqn l  2hrot  Ih  0 ,57 ,p. /  a - Llr -  
(rt '^p + qln *Vp. t t i -O,SZ,p)-.

Ana.norHqrrbrM nyrel,{ H3 (4.22) noJryquM H nepeAaroqHyro
uHro pa4railbHo-oceBoft ryp6uHbr npr.r rocroflr{rloir cxopocrr.r c
BOJIHOBT'IX npOqeccOB

r r n  l - - _
* r o : e u - - [ (n t1s -  0 ,5e 1)  l .  -  0 ,5q0]  2hr , l l t  0 ,5T ,p
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I-u4poarpefar c KoBtrronoi i  rHgporyp6nHofr. FIa nurcoKoHaroprrbrx
f3C, o6opyaoBanr{brx KoBruoBbrMH r5rp6uuavlr,  BeJrrrqH}ra T, KaK
npaBuJro, 6onluE T*Qo, noaroMy 3Aecb HyxtHo yqr,rrbrBarb Bo/rHoBbte
npoueccrr. v r(oB[]oBbrx ryp6un, r(poMe Tofo, gx : 0. cneAoBaTeJrbrro,
AJrn T, ) T-Qo nepeAaroqHaq cpyHxqun rr.rApoarperara c xonruonoli
TypQyttqtt  coornercrByer r lr ,r l)a)r(elnrro (4.44), a W,,, Bbrpa)r(errrrro
(4.45). Ecnn )Ke 7, € T*qn, ro 17u conna4aer c (4.43), a Wtu-
c (4.42)

IIe npeAcraBJIter cJlo)tcrocrH, TaI( Kar( ' ' nepeAaroqlrbre cpylrxquu
(4.40)--(4,43) cocroflr  I I3 rr. IrroBbrx sBenbeB, paccMorpeHr-rr:rX n rn, 2,
Ha npat{THKe ollpeAeJrerrrrbre rpyAllocrrl Bcrpeqarorca npr.r rrocrpoe-
FrI4 n rracrorHbrx'x aparirep HcrH K arperaTa, ecJr H yrrnTbrBaercfl ynpyru ii
yAaPr nocKoJrbr(y AJrfl srrrx yc.nonHfi nepeAaror{Hbre QyHxqHu (a.afl w
,(4,45) HMetor Tpat{cqeH/[errrr{rrre Bbtpa)Kerrr.rfl. 't{ro6tr ynpocrr-rrb no-
crpoerrHe npeAcraBrrM BbrpalKerute (4.44) n BHAe rpolrSBeAeHHrr w -

: W rW r, R KoropoM V t : 
T;?" ssflqercn anepHoAHqecKHN{

3BeHoM nepBoro nopsAKa, 2 B U(roxoarrr ocraJrbr{bre sBeHbq us (4.44).
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i lyro lrol\,tor p aMI\{y, no3BOJI TIIOUIylo .ne
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Tonrxo B 3Tor\{ cryqsg r\{oryT 6uru noJiyqenbr
xoa$QnuueHroB no eAHHofi'ueroAlrKe KaK AJrffLr Arrn xo,/rocToro xoAa.

AOCTOB ep Hbre BeJI r{rr H Hbt
pex(HMa Harpy3r{H,  TaK

PaccmoTpHM noptlAol( onpeAeJrerrr{fi xosrfxfrHr(r{cr.rToD lrcpeAaroq-ttol l  Qy'Krrr{r ' r  noropornononacrriof i  typo"no,. 'p**", iyp6uubr, AJrrr
)apLI3aut{f l  ,  onpe,4eJIReTCfl Be,rIr{rJHHaMLI
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ercrByeT onpeAeJreHnuit yroJr pa3_
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HaJra B3RTa BeJrI4qHHa OTKpbITHfl nO xOAy nopruHf cepBoMoTopa g
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pelr i l tMe, oI]  peAeJrf l  eMoM 3l laqeHllt lMpl-
rpa rpgxax  n r .1  : f  ( " )  ,  g *  / (+ )nP

"B TorrKax, onpeAeJlfleMblx orl ipblrH:M

K OCH ct OnpeAeJILIT 3HaqeHHff ea 7I \  \ J r v T l  W  V r I H U A V r r r l  I  9 l l q a v r r r t r r  " 9 ,

.  A n  
'  : . " . l . . , , . , . : f ; : * i ? . j ;  .  ;  . '  : t { i : . r t  i . : " : ;

4- 1e,,4-, OrnyAa, npHHLIMax Bo BIILINIaHHe KpHByfr e,"=,, ' f i , lU)r!nol{:y:: ; ' i , ' ' , i iI  ' \  C r ( P  \  .  -  
, . , . ' .  r 1 . , l i i i ' u . + : " : ; . . , ] : ; ' , : j 1 r ; , 1 : , i

, ,r cJrp 
Arr" 

. .

'uHM eu - zq.ft u 4s = 4aft_, rneT onpeAe,nnercf u.|,.{"lo,Toy 
fari; 

,!""
- u !

care.ntuorl K xplanofi ct - f (g)-'n 'TouKe, 'cootsetcrBylglllgg:.,orXppr:,:',1:':i i:+li
' t ' l { I ( )  r } 0 .  i '  

' '  
.

A.rr{ onpeAeJIeHHq lipo$Suqileura
dnu€1 : # n xoscpcpuqugqTa._Paqxo4.q,qox

'  !  ' i " ' ' '



rfoMerrrrbre r{ 
l1:Ioffbre xapaKreprrcrHr{r{.,Ha srHx xapar{repr,rcrH.I{ax npH Ka}KAOM yrre ycraHonxu nonacreli q _ const npoBoArrrcrrKacaTeJlb'ble I( I{pHBblM uu - do B ToqKax, coor'eTcrByrou{}rx gaAaII-Hgyy 

.slraqer.rHro *^io, F]axnou KacaTeJrbHbrx r( ocu xt orrDeneJrner

Haff xapaKTepHcrl.tKr.r MoAeJrH pa6ouero
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rrbre, To r{x HaKJrotrbr r{ ocr{ cr haayr
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B Aaltt{ol\{ napanpacpe paccr{orper-r yHr.rBepcaJrbHsrfi ner.oA onpeAe-
JreHHfl x,oscp$uuHeFrroB nepeAa-roqnofi (ryuxquu rtrApoarpefara, trpH-
uenuur'rrt x nrc6ovy rHny ryp6r.rurr H Ans nro6oro pexnnnb ee pa6oir,r,
rrro oqerrb Ba)r(rro AJrtr npat(Tr.rrtecKLrx pacqeroB. I(oHe.IHo, e I(axAoM
r(orrriperrror\,r cJryqae, HcxoArI Lr3 noJryrreHr{brx sHaqeHHfi xoe+$uupreH-
roR, Moryr 6rtrt npt{ttlrbr re LIJrlr r.lnbre AonyqeuHfl, Ho r{f b,rie4yer
i l l ) l l l lHI\{aTb IIe Ao pacqeTa' a D npo[ecce pacqeTa, KorAa yX{e,trano-'  . :
BI'ITcfl ttctlo, I(atc-tMH Reilr 'IrrHHaMH Mo)KIlo npeHe6peqr. igTo*:ltct<,nrc-,, i,,
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pa r( 3oJrorr{Hr{y. 1'or4a BeJrHrrHHa
Ter\{ onpeAeJrrreTcrr w nocToffH}Iafi
rrtrculero annapara Kar( cJreAnrqeri.r BbrnoJtrteH c o6parnuuu cnldRuu
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BCE"SBEHbH OT qYBCTBHTCJIbHOTO 3JICMCHTA AO CCPBOMOTOPA HANPAB-
Jrrlroulero anflapaTa . BKilroriHTeJrbHo. I4snecrHo, rrro peryJrflTop cr{o-
pocrH Mox{eT pa6oraru KaK no cTaTuqecl<ofi, TaK r.I Ro acrarlrqecxori
xapaKT€p HCTHr(.a u. oAHa l{o nocKoJr bKy crarr.r3M peryJr rrroll a D. n p e,4.
LtaDi l . ) rs r  Luuul l  ) l (ccr l (y lo  orp l {uaTeJIbt - ty lo  oopaTl ly lo  cDf l3b,  To ee

:l:{ryl: JnJuraer,ycroriqunocru urcreMbr, no3roMy xyArlrnr\{ cny.,,1
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rrrrercrr pcrynrrrop c H3oApouHoft o6parHofi csssrrc. floerouy ,st{il<e
Syayr Aausi Her(oropue coo6pax{eHurr no ru6opy >KeJIaeMbIx.qacror-

. t n
r-tbrx xapal(TepHcTtlK npI4MeHHreJIbrlo I{ sToMy THny peryJInTopa.

pl'ICTI'lI{aMI4 I'ICIIOJI[r3YeTCtl t{e B nptrMOI\'l .CMblCJIe
a npH r{3Becrr lo i i  xapanrepHcrt tKC Lr;  ou6upaercn
qro6u nofiyqurb )KeJIaeMbIe 3anachl All u Acp,

L * :  L * - . -  L u ,
raxofi Er4L L,.,

(ut,,)
(

0
-t0

L,f,6
ln

20
t0

-70

-JA

-40
-50

Y,zPoo
It.E

0
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90
lJ6

1" 
" rpe6yerrloe KaqecrBo

fl*oH*tt--&- peryrlnpoBarl l ln. B pe-
| 

-  rpyr(ryprraf l  cxbr\aa pa-
I cHcreMbr pery/rHpoBa_

HMeTb BHA|  npHBeAeH-.

il Hr,ui Ha pwc. g9, 6. BAecr lV^lp_
- WH npeAcTaBJrrrer co6ori He-
I .r3MeHffeMyto qacTb cHcTeMbI, {f l -
cToTr-rbre xapar{Tepr{cTHr([r KOTO-

pry..9.9. Crpyxryprrue cxenrbr 3ar\{K1y- Poftuenpl{olu onpeAeJItl lorcn I(oH-
rcfi (a) H pa3oMKHyroii,(6) urcreu pL- crpyxuuefi H napaMerpaMn rtrA-

ryrHpoBaH'rr r ',(poarpdrara poarperaTa, Hanopnorb rpy60_
rrpoBola r4 Harpy3KH.' Llro6u onpe1e/rHrb BHr nepe4aro.i lnofi cpyrrNrr 

"i '  
V,r,^ ucnoJrb3yeM

MeroA trorapu$uuuecKux qacror l lbrx xapaxiepHcrHx. CornacHo aroMy
tcToTHbre xapar{TepHcTr.rKH HeH3Me-
x{eJraer,rbre qacToTHble x apar{Tep r.r_

i ro ) -  W,  ( io )  6yA. "  pannaW, ,  ( i ro ) .
lAaroqFloii r lr irpllqss iu4poarpef ara
JIHTy/IHofr  Lu n $aaonoi i  rp, ,  qacror-  r

I{brx xapar{Tepr.rcrr.rK HeH3r\,reFrrreMofi qacru cr.rcrer\,fbr wr, (iot) He npeA-
craBJIfler oco6ofi c,no)Kllocru. klx RHn\ Afin rri l tpoarlleraTa c paAHaJrblro-
ocenoft  ryp6rrHor i  noKa3an l ra pnc, 90. Coniena i lnaqe o6cror l r  AeJro
c x(eraeMbrMH xapaKTepHCl'r.rr(aMI4 L* n (pr,., TaK I(ar( I.rMerrHo -orrH

, u:o,yn ( i  *)  H 
.napaMerpbr,  

* lu. t ; .  
. ,

ru6uparolcn )r(eJraeMbre aMnJl.rryA-
)HCTHI{H paSor\,rKHyroft cHcreMbr pe-
KoAHMo orMeruTb, rITo Buph6orarr' l
ro 'n6r6opy napaMerpoB Hacrpor lxu ; i

peryJlETOPs, oTBelIarcIIIHx OIITHI\{aJIbHOMy KaqecTBy. nepeXoAHbrX'.
npoqeccoB' Bpf lA JIH BosMolKI{o H, no-BHAHMoMy, HeueJlecoo6pasHo.," i
lLJrfl npaKTHrlecr(r{x [e"neli 6o"nee Bax{Ho HMerb peKoMegaar{r{H, yqu-

.TbrBarourHe Bo3Mo)Krrbre cpeAcrBa AHHaMHTIeCXOTI I{Opper((HH, r. e. 
'  '

.Arrfr onpeAe,resuoli crpyxrypHori cX€Mbr pefyJrrrropa cKopocrr.r.
206 ,

. , ' . j

Puc. 90. LlacrotHue xapaKr.epHcrHKH cHcrcl\'lbl perynH- l. -
poBaHLIf l  f l ' lApoarperaTa . , ,  

. , , ,

B rex u l .ru..r*oi i  Jrprreparype no aBroMarr{qecKol{y. peryJlHpoBa.HHIO

ru4poryp6uu cyuecrBydr 6onruoe pa3Hoo6paaue pel(oMeH,4aulifi no
u"iOopi'napu*e"pon uacrpofixu usogpoltrrrux peryJlflT-otoBi ^Hau6 - -

Jree o6ocHoeaunbll\lu ct{Hratorcr peKoMeH,qaqH;I f. Uttufi"u'"t'' 1421, 
'

noJryqetlnlie Afifi ynpoqellnofi nepeAaroUHofi Synxrtllu"'rHAp.oafpe-'
ral'a, unelou.leii BvA (4.37)

B xaqecrBe Kpr{repr{rr onrnvanrHofi nacrpofixu Lllrefiu npuHltMaer
MI,t I ' lHIv laJIbI IOe'  BpeMfl  peryJlHpOBaH[lJ
cr(ati l(a RmMytltaroll lero Do3,qefi lcrF[1fi .
Ulreiiu peI(on{eHAyer cJIeAylouyFo q
= 67r,,, .brTa - 2,67*, npg oTold MIIH
urrn 6yAer lp : 67, (sa BPeMn Peryrllt
qet{r.re I{oroporo cKaqoI( B03MyIIleHHt
pannofi 0, I or nepBoH_ar{-a:rlFHgl'p,' 3Hl- 

f . V. KpunueHro Il,0I NIn alnar
rn4poryp6Hri HCno/Ib3oBail .BerHtIHHy
TbrB a fl 6onriupr HcrBo Qa xrop gB,' Blrflro
Hr{rr  fHApoarpefara,  oFI nol(a3aJI,  t {To

uacrpof i r<a peryJl l ropa, Aaloulat '  ,  M
I\{eH}f p€r)t;spoBaHHs', 3aBHC}IT OT



caluoperyJll{poBallllfl en. Anq pa3JILlqt{btx Br{aqerrHr"r e,t npfi rrot\4Hr.ta,rrb.
Hofi  Harpysr(e I(p.rrnuenxo . peKoMejJAler rar(rre uacrpoi ir<u:

[pH e-ry 7 0 b1T^: (3:-4) T*,,  T,t ' :  (4---E) T*, qr6 /(aer lp ==
: (B+- lO) T*;

ttptt * (J, -:. l-- b17,, ,-- (2,5+"3,Fs) Tr,, '1,1 ,.= (2+.i:!) ,l,rr, rr.t.o
Aaer t, : (5-=-7) T*i _

npl '  E,.r-:  j  -  b1T^ --= (2-+-2,5\ 7.,  Ta : (0,7b-+_1,2) Tr,,  qro
Aaer t, : (4--5) Tr.

I(ak nlrArro, B Aar{rroM c.nlrqsg r\ i l f l  e, -  0 ne,nuqr,rr{a blTn 6o"nlr lrre,
a ?a - nleHblUe' qeN'l peKor\rerlAyeTctl ll lretvntoru. 

'Taran 
iiacrpofir<a

cnoco6c'rByer yl\,lerlbiueHllo orKJror{eHr{fl cKopocrr.r B npouecce pery-
/ l l lpoBaHHfl,  Ho 3TO AOCTHraercrr 3a cqer Her(oroporo ynenltqetrr{rr- Bpe-
MelrH peryJrHpoBaHr.{n

flp ure4er{r.rbre per{oMeH Aar\ttt no Hacrporlre H3oApor\,rrrbrx penyfl ,r_
TOpOB OCI{OBaHbI Ha AHaIIHSe nepexo/ifrrrrx npoueccoB npr.r Bo3Myrqe-
III' lf lX Tfina eAI{lII ' lqHoro cKaql{a H nglrrrroTcrr B r-rer(oTopoi,i ctenerrrr ycJroB-
HbIMI ' l  - I {  OrpalJHqeIIHbl IVIH, Tal(  Kar{  B pea/tbtrbIX ycJIOBI{f lX l rafpy3l{a
norpe6l t renef i  3/ tet{ lposl lcprr I I4 -r . I3Merrtercf l  r renpepbrBr-ro Bo npeMerrH

1 
6gcnopflAoqIto, a IIe B Br4te orAeJrr.,Hbrx ToJtrr6os c 6onuruutr npoil{e-

)r{yrr{orvr BpeMeHr{. KaqecrBo x{e npouecca peryflrrp oBaHHn, Kar( r{3-
BecrHo, 3aBIICI'IT IIe TOJIbI{O OT napai\,{erpoB cucTeM.br, I io I{ oT BI.tAa B03-
I\tytIIarcluero nosAel:icrBr{fl, H dral<rrruecxr.t r(ax(Aor\,ty Br.rAy nos4eli-
crBl{tl Ao.rI}I{Ha coorBercrBoBarb cBor uacrpofixa peryJrflTopa. Crporo
roBops, Bo3Aeficreutt, rtpI,tJIo>t{eHIrbre K cucrer\,re peryJrr{poBat{HrI,
f lBJIflIorcfl c'uytl2ilHntntl ' t QyHxqunr\,u.I H rrpaBH/rbrlo 6sino 6or npou3Bo-
Ar{Tb oueHr{y KarrecrBa pefyJrHpoRar{Hrr }ra ocr{oBe TeOpHU Cny, laf iHUx
npoqeccoB' oAnaxo ilpaI{TIrqecKHe B03r\,rox{trocrtr crarr{crHqecl(Hx
MeTO.4OB r{CCJreAoeauq,i^ nor{a orpaHr.tqeHbr.

B  l tac ror l r rce  Bpe l , r r  n rnpor (oc  pacnpocrpancr r rc  r ro f l y r r r4Jro  r ra -
npaBJIeHlle, corJlact{o l(oropoMy Bo3Myrrtarcu1ue nosAei'fcrBr.rf l paccr4aT-
pHBarorcn B BHAe repHoAr.rqecKr{x xone6arrwrt ,  u B sTOrU CJryr l2g orterrr(a
KaqecTBa pefyJt l . lpoBal l l l f l  npor,r3BoAr.rTcrr  no qacTorr[ , rM xapar(Tepr{-
crHKaM cLlcTeMbl, no l(oTopblt\{ N,to}t(eT 6rtrs nocTpoena LI KppIBafl nepe-
xoA]roro npo[ecca npII  BO3r\ryEeHr.r f lx  Trrna eAr4Hr.rqr{oro cKaqt(a.

k lcnonnsyn qacrofuuf i  r rero4, B. ol" ls t lg]npeAJro)Kr{Jr  or{enHBarb
KaqecrBo peryal{poBaHI{n ro BeJrHrrHHe eQcfenraBr{ocrr{  peryJrr{po3a-
rIHfT /

, : I A,mtu_l _ IlV e ?ot) vla Uto) | _, r - 1 ,  z - l - l T @ , (4 .47)

rAe z - cHrHaJr Bo3Myularcuero sogAeiicrlr4fl.'Bua Bagncrrruocru r - I  (or) noKa3aFr r.ra plrc. gl.  Ec,nu q _- l ,  ro
BosMyUarclll,He eosAeficrslls ycrpaHflrorcrr noJrrrocrbroi ecJrpr I : 0,

?08

ayer ncnl lqulroi i  M, r{ol 'opafl  .npeAcran/tner co6oii  .or l louel lHe aNI-

nn"tyn xone6aunfr gal,rriyrofi ir pasorurKHSrlsli cucrel\{. CornacHo
puc .  89 ,

l l/.n,, (iro) | "- | t+#ilf"h151 | " I ll/pns (dto) | : l ll/0" (rco) l, *

, ,  I
' rL - 

I  I  -F l lzp (dro) 11zo (dto) |

cpannlrearr Bbrpax(enr.rf l  (4,47) H (4.a8), MoutHo npnfirH I{ BbIBoAy'
r r r o  M -  l - q

EcnH paccNraTpuBaTb rr3r\{eHeHHe M I.IJII{ rl.. BO BCeN'l Al'lanaSoHe
qacror, To, no Ha[ueMy Mr{eHHro, AJIfl HH}I{euepuoti npaKTI'lKu uau6o.nee

0

-0r5

- l r0

a,u 0,02 w+ 0,o7o,l o,? 0,4 0,7 l,7ut,pofl/c

cJreLVeT npHI'l l lMarb cJIe.qyrc-
uftta'runralt l23l: i lo aN,lnJIH- Puc' 91' Kpunan sotlerruaHocru peryrl '-

iln. 
-ia 

I 1o*al LE, tro PoBaHIIn

rllase Arp : 30=-45'. Ars sos-
rvyrqeuHrl THrra eAr{r.rHrrHof o cKaqI{a IIH)KHl{e npeAeJIbI yKa3aHHbIX

3anacoB lp lN,tcprro coornercrByroT- pel(oN{el tAaUII t l lv t  .T.  I l l ref l lHa,

a Depxnr le _- pel(onlel lAaut l t lM f  .  14.  I (p l tnueHxo'

Bepneucn li prrc. 90 rr [ocrpor.rrvr x{eJIaeMLIe qacrorFlble xapaKTepr'I-

cr t { r ( r {  pa3ox{I( I {yrof i  c l lcTelv lb l  pel 'yJ l l lpoDalI I I t I 'c  l l3oApoMIt l ' lM_pelyf  n- :

TOpOh,t cKopoc.TH, I.ICnOJlb3yfl AJIR 3TOrO nplIBeAellHF'Ie Sanacbl LA H

AA. B o6uiei t t  BI{Ae nepeAaroqHaf $yHrUun l i3oApoMHol 'o pefyJl f ropa

6eb VrreTa 3BerrbeB c MaJlbttvtl{ nOcTOflFII{blMH BpeMeI{H 
"COOTBeTCTByeT

uurpax<euulo (2.163).  f lp l t r luuan BO BI- I I IMaFII Ie '  qro l lp BK. l l1oqeHo

R rrel43Mel l f leMylo qacTL cl{cTeMbl ' '  noJlyql tM n\ i ln KOppeKTHpylouero

3 B C I I A

rvn -oW

flpuur.lunrtaJlbtlo 3aBHcl4Mocru Lr,, : f (to) ', tP# 
af 

(9) rnroxtto

nOcTpOItTb,  gaAaBat lcb pa3JtHqHblMu 3 l ' IaqeHl l l tu l l  A ,  T  r ,  T  n '  SrOt  nyTb

,o6r,rquo tpe6yer HecKoJIbKHx npu6nux<euuft, u y HeAocraroqIIo

onbrTHofo pacqeTqHKa oH 3aHl{MaeT cpaBI{HTeJIbI{O MHOrO gpeMeHH'
floorol,ry yxa>*et Ha rleKoropble npaKrutlecKne npHeMbI Ann 1arcTpofo

nocrpoeHl'ttt xapal(repucrHK Lrn' i Qx.
fipaxr"xa pacueron AHI{aMI.II(I{ peryrlupoBarlun rugpollg-.llTt

noxagutsaer, uio tlacrora cpesa Oc al{nJlHTyAHoIl Xa paKTepucrtll1t, 
.O*

14 r ]  .  A .  f r roooa pon .  .  
' i i '  

t "  2og

(4.48)orr(yAa

yAo6Irt ttt{ I(PHTePI'leM olreHKH
KaqecTBa peryJlI ' lpoBallI '1fl l \ ' lo- .
ryT CJIyIKHTb 3anacF,I  no aMn/ lH-
ryae l c}lase Pa3oMl{l{Yroflr
CI"ICTCMhI peryJll lpOBalll ' I f l  rI lA:
poarperaTa,  TaK KaI (  OHI I  nOJI - . , ,
FIOCTbIO On[)e,II,eJIfl lOT CTaTl', lqe-

CKI, IC I I  .U.HHAIVIHTICCI(HC CBOI{.

crBa eaut<l tYroi i  cncreMbl.
B npaKrt4qecl(Hx Pacqerax

{o

0r5

I
t.J

I

\

\



BCerAa HaxoAllTctt JIeBeC qacToTbl (0 2, a 3anac i lo alvll lJlplTyAe LA

A.4s Hot{HrrflJrbr{Ofi Harpy3KI't, I{aK IIpaBH,nO' onpeAeJIReTcfl '  B AI'{aIIa-

3otre qacror or 0)z Ao dr. 3tu oco6eriuocrt{ c ytterotu BItAa llacrorrlblx

XapallTepncrt.tK fu,* (lr, j) AamT Bo3lvlox(Hocrb nocrpoHTb L* I ' t 9x

BO BCeM AIIana3OI. le qacr0T. i
na3OIIe qaCTOT (D l - ( r )3 I IpOROAI' IM" '

, orcroguyrc Ha LA - 6 .-B AE
' MeI{bLUllx qacTor npOBOAHI\'I IIpfl '
Kl, l ivt pacqeToM, qro6bl AllanaSoHbt
[ l I I Ia l (OBbl lUI.r . , I lenee qacTorbl  ( t )4

:oBnaAarb c HaI{JIOIIOI{ LH. B rex

cflyr{arrx, KofAa oTpe3ol{ (r)1(D" Merlb1ge 9.^0rr: 
qacToTa ro4 npH}il4I\ ' IaeTcr

panuofi (D 1, KaK aro noKasaub_ Ha pr.rc. 90. I4s noilyrleHlloir, qacrl4 aM-

in,uty1"ofr '  xapaxrepprcr l1 Kpr Lxonpe4engloTct l  s l taqel l l ' ln T !  
:  l l  an

v h i  lE,  nut ,  pa3Frocl .b rrrex4y"Lrnvt  Lu npr{  qacrorax (D --+ 0.

Aln Hso/tponl l ib iX l )er ,VJi t lTopol ]  DCJI l l t . lu l lb l  T 1 == !0,  le x l lb1T,1,

a T z * 
' l 'r lb1. 

3uauell l.Ie 7, onpeAeJIf eTctl i lo I{oHcTpyI(qHI'{ peryJrn-

rop ; ,  o  by^ : "  l l kTd.3 t tan  qncneHHr , Ie  3 l {aqeHHf l  le ,  T  r ,  T  2 '  AOCTpOHM

arunJl I . ITyAIIy lo Xapal iTepIIcTl lKy L* npaBee qacToTbI Os H I IocTpOHM
qaCTOTIIbte xapaKTepl.lcTllI(II l(OppeI{THpylolr1ero 3BeIIa Lnu' Q*' CylvlMa

Qaaonr,rx xapinrepncrrl l( Q,, * QK Aacr PIcI{oMyto {tasonyrc XapaI(Te-

pHcrLIKy (p)K, H; xdropoi l  npH uacrore oc orpeAeJlseM 3anac no (ba3e A(0

AJr a Bbr6 p aH Hbt x iI a p a N{erpoB I(op p el(rl4 p yt"^$; -e^neHa (p eryn nrop a)'

Ecnpr BeflHrrlrHa Arp truxoarr't 'cfl B npeAeJrax 30-45", To IIa 3Tol' l  pacqer

3aKalIqHBaeTctI .  I lpu 6onrul lx oTKJIoHeHHnx Acp oT yKa3aHIIblX SIIa-

qeHlri i cJleAyer npoI.{3BecrI'I Hel{oTopyFo l{oppeI{TIlpoBI(y napaMerpOB h

l {  T r ( b , ,  T o ) .
npui . t "*a pacqeTol l  noI(a3blBaeT'  qTO HHorAa (xax-npaRI4JI9,  A' I I f l

pelKr{h{a xo.r locioro xol ta)  npu. nm6paHHoM 3anace i lo Oa3e ntp Bgl l -

qr.rHa garraca no ar,{nJrr.rry1e LA aBToMarHqecI(II noryrlaerctl 3FIaqH-

TeJrbtto 6o.nr,ure g nE. B Tal(l. lX CJIyqatlX c,neAyeT opllellTl ' lpoBsTtrCfI

I ta I leJI l tq luy A,p,  Tal(  I { t l l< i lo cBoeMy..OI l3 l ' l t lcc l (oMy cMblc 'ny,  l tCXoAfl :

111eMy tr3 qacToTHoro Kl) t {Tept{n ycTof lq l lBocTt{ '  BeJII4qI{ l . la Sanaca no

ease Acp nplr A;l : corist xapanrepHByer I(o.ne6ar0Jlbl{oc]'b c}Icrel\4,1,1,
' 

3Harren;re x{e 4,4 nprr Aq : coflst onpe/l,eJlt ler orKJloHel-l l le pery-

nt tpyeuor i  BeJIuqHHbI (cKopocr l l  Bpau1eHI ' l f )  oT ycTaI- IoBHBUIeroct l

3[ Iaqe]ptg npH nOAaqe BO3l\{yu1el lHn THna eAl l I I I ' lqI{OrO'CI(at l I (a '  ECre-

cTBeHIIo, .qetvt  6onr ' rue A,p i  LA, TeM MerIbIJIe I {OJIe6aTeJIbHoCTb CHi

cTeMbI H MettbtUe oTKJIoI ' Ie l t I {e cKOpOCTH B npOttecce peryJiHpOBa}IHf l ;

I- lo HS sToro IIe cJIeAyeT, qTo IIyIKIIo cTpeMlli l ,cfl I( noflyr{ellurc 6oJIb-,

ruHX srraqegr{ i i  A;p ; ;LA. fun,  HanpLIMeP, YBeJIHqelIHe sanaca tro cfrase

iuotnr"  50'npw,tA: cof ist  npI IB6AIIT JTHIUb I{  yBeJI[{qeHHIo Bp€Mel l l l  ,
peryJrHpoBaHHfl I.I He I}JII.It leT IIa Befll{q}IHy OTI{JIOI{eHtlf l CI(OpOCTI{, T; €"

iHuueH"o Aq )  50" npaxrHqecl{H yxyArxarcr.  I {aqecrBo peryr l t lqo:1 '

IrIIrI. f loerOrr,ry He cJIeAyeT npHI{l.IMaTb cJIHIUKOM'6OnnruUe 3l{aqeFlHfl Aq'

AOc.raroqHg Xopouee KaqecTBo pefyJl l rpoBaHgq nof iyqaeTct l '  KorAa

A,p * 35--a5;. 'f l [u:arol\{ BeJIHqHI{a 3arlaca no aMn/turyAe Ad Aoa;,.

)KHa'. 6utru He MeHbu'e 6 AE, , "

f  n a s a  5

CPABHHTEJIbHAfl  ,OUEHKA

CTPYI(TYPHbIX CXE,M. PEIYJIflTOP-OB

- t  i a

CKOPOCTI4 ' '

S4, AHanHe crpyKrypHblx cxeM Hso'[poMHblx peryJlnropoB :

rorHbIMH xapal(Tepl',lcTHKaMl{'
)Ml{qecI(HIU xapal(repHcrHKaM

Puc. 92 Peryf lnroPbl H3roraB-

treyrPic> n lPYrue, a ng :i-:Y:
KMw, <Nohab>' qnoncKafl

l 4 *



Pl rc ,  92 .  Qyunr l r ro r raJ tbuan  cxeua
ci lcTerubt .  peryJr l rpoBai l l l f l  c  H3o.
.4polullbll\,! peryJtnTopolvl u o6pat-
r{brrur . r  cBRSf l rurr  oT rJraBHoro cepBo-

MOTOpa:
t l3 *r rvncrrr t r rcJrrr l l t r r i l  gJ lcMci lT l ' '
h l  I ' lC -  Mcx{urt t3tr r  u3Mclei lnn cr<o-
pocrr ;  V -  ancr<rprrr rcc.r (u l . l  yc l r ,nH*
TeJn,; 17 - rt1'tco(tl)fl3ounTeJrb sJlcK.
T p n r t c c l ( l t x  c I r i l a l J l o r ]  B  M e x a l t u q e -
cr (nc  nepe l reu le r r r r r ;  n3  -  no6y4r r -
TCJ i l , r r t , r i i  JoJro t i l i l l ( ;  I JC -  nc l ro t r ro rn '
t ' cJ rbr rb r i l  l t f l I r  npoNrc)Kyro ,nn , r l l  cep .
noMorop;  fA  -  rJ laBt tb t i l  so .nor t tu t< ;
f C  -  r . n a n l r u l l  c c p n o M o r o p : .  O C -

xecTKaf l  o6paT 'Haf l  cDr3b,  onpeAer f l touaf l  nocTor {HI ly lo  HepaDl loMepI {ocTF HJ l l l  cTaTHgM
peryJr f f ropa i 'OC r  -  Mecruar  ) r i cc rKar r  o6paruaf l  cBn3b;  H -  neoqpoMr la t l  o6par t taR cBnsb;

f A  -  r u A p o a r p c r a r H  T f  - , r a x o r c l t c p a r o p

Pnc. 93.  OyHrrqrronaJrblraf i  cxeMa
cHcrerubt  peryJrHpoBaHt{ t l  c  H3o-
llpoMHbrh{ peryJlnropoM H o6pat-
Ilbli l lH CBtlSfll\ lH OT BCnOMOlaTeflb-
rroro ccpuoruo'ropa (o6osi la, tc l r t i l t

Te xQ, qTo H Ha pHc. 92)

Psc. 94. Crpyxrypubre cxeMbl cttcreM peryJl l tpo-
BarrHfl  c H3oApoMr.rbrMr{ peryJltTopaMH: a-o6par-
rrbre cBfl3H or rJratslroro cepBoMoropa; 6 - o6par-

I lble CBfl3H oT BCnOMOTaTeJIbIIOTO CepBoNlOTOpa
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TitTF, : k'; ra :"t :ffi : rt'

nocro,lll l lafl BpcMellH HgoApoMIIOfi
r  nocToHHIIaf l  BpeMeHH rf iaBHOrO

ibt' c; c * ynpaBJIflIoulfle cHrHaJIbI;
'HApoarperaTa

rqecTB CrlcreM peryJII 'IpOBaHHfl yAO6no

f lPI I  c ' raTl lSMe 0P :  0 '  T '  e '  I (oUI 'a

/ a o , " : 0 . B 3 T O r \ , r c J l y t l 2 g n e p e A a r o q F l b l e _ $ y r - r x u u n p a 3 o M I ( I t y T b I X
c'crer\ , {  peryJI I lpoBalt I I t t  ̂I1O 

I<al ia 'n '  t tacrorbl  6y^y'r :

/ l .J l t l  CXeN{l ' ] l  I Ia PIIC'  l i4 '  n

j ^

wr:rf#fu

AJrfl cxeMbl IIa p:/tc' 94; 6
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Wz = V nl/,ri

(5.3)

(5;4)
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I

(5 .6)

'  (5'B)
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repeAaroql lble syuxuuu
BI4AC:

MOIKHO npeACTaBI'ITE, TaKX{e B CJI€-

T a p * r

K o r A a  

h r : l t ' r ,  a T a
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qacToTlrbre Xapal(repI{cTHKI'l 3THX 3BeFIbeB :- 
cyUbcTBeHHoM,:'AHana- ir

3OIIe qacror 6,vayr coBnaAarb' Ecnu npHHflTb



:

iTo W,, H lvi, coBrraAyr c (4.49) u, cJreAoBareJrbHo, npH co6/rroAerrilu
ycJroBHrr (5.7) o6e crpyKrypHbre cxeMbr o6ecneqHBaror )r(eflaeMbre

,AI{ H a l\,1 IlqeCI( Ke Ka qeCTB a CHCTeIVIbI per yn I4pOB a H I.J tI
, -  Paccuorpnu QusHqecryro ocyuecrBHMocrb ycJroBHr (5.7).  B

peMel l l {brx peryJl f lTopax, KaI(  npaBI4JIo,  BeJn{t{r{ I ra le,  :  l0-=-30
Ecnu bt I{ Ta He c.nu[IKoM MaJIbl, ro npH le, - 1r; ycJIOBue
tvlOX{tlO 3aIIHCaTL

coB-
l l  c .

(5.7)

(5.e)r.f .r, i
'  f/ \\ hpbl

BogrMeM le, : 20, b1 : 0,5, I{oropble 6.[HgxH K peaJlbrlbll\ 't
ycJroBHnnr pa6oirr peryJrrrropa. TorAa A"rys o6ecner{eHI,rfl oA}tHaI(oBbrx
AHHaMHqeCKHX KaqeCTB pefyJIf lTOpOB, LIMeIOUI4X nepeAaroqHble $yHx-
uHH (5.5)  r r  (5 ,6) ,  Heo6xoAHMo,. r ro6H Tn K 0,1c.  f lycr r ,  HanpuMep,
noJrr{brfr xoA nopulln cepBoMoropa HanpaBJltltoulero afinapaTz {)nrax :
:720 MM I I  rpe6yercn o6ecnequrn Tr :0,02 c.  ISost t \aeM nonnnf i
xoA rJraBr{oro 3o,[orrrHKa cJreAfuefi cHcreMbr s - 120 Mr\{. Ann
srHx yc.uonufi xoarptlluuHeHr ycHJIet{Hn cepBoMOTopa cnelnuefi cH-
creMbr lrJru HaKnoH rpaQr4r<a gaawcr{Mocra cr{opocrn ABH}r(eHI4n cepbo-
MoTopa or xoAa gono'rtfHxa Aon)I(eH 6urn

. d,li I

k" :# :H:  d#* :3oo*#
Taroft xoaQcpuurreHr ycuaeHHn npaKrr.rqecKl{ noJlyqrlTb qp$Bblqal?no
TpyAHO, TaK r(aK 3TO CBfl3aHO CO SHaqHTeJrbHbIM yBeJIHqeHHeM pa3-
MepoB r/raBHoro 3oJrorrrHna H MacJrflrrbrx rpy6onpoBoAoB I.IJII.t c BBe'

AeHHeM B CXeMy AOnOJrHHTeJrbFrbrx I {acKaAoB |HApaBJILIqeCKLIX YClt '
nure.nefi. B H3oAlloMt-rbrx peryJrffTopax c- o6parFIbIMI.I cBfl3RMt{ or
BcnorrtorareJrbrroro cepBoMoropa, Bbrnycl(aIou-U.IXcfl cplrprrlaul'r I(MW
t4 <Nohab>,  i leJ r r . rqur ra  Tu :0 ,3  - i0 ,5  c ,  a  B  I (oJ Io t lKax  y i lpaBJ le t {Ht l
JIM3 rHna SfPI(-250-3 T,  o 0,7 c.  i lp,r  yt{a3aHI{bIX 3l laqeHut lx Ty
cJleAnr[arr ctrcreMa rJraBrroro cepBoMoropa n o6nacrn cyurecrBet{I{blx
qacror 6yncr yxy1lrrarb /tr.rr"raMHqecr(He t(attec'rRa ct.tcTeMbt peryJI14po'
BaHHrr no cpaBIreHHIo c peryJlnropoM, y Ko' I 'oporo o6parnrte cBf l3 l . l
sgsrrr oT fJraBHoro ceptsoMoropa. '

,  'Taxuu o6paaou, B peaJJbr{brx ycJroBnf lx AHHar\ , tuqecKHe xapal(Te'
pncrr{Kr.r peryJrflTopa c o6paruumu cBflsrrMLI or BcnoMorareJlbHoro
cepBoMoTopa_ HecKoJIbKo xy)Ke AI.IHaMHI{eCKLIX XapaKTepHCTHI{ pery'

Jlrropa c o6patHbII\,IH cBn3ffMH or rJIaBHoro cepnouoropa, TaK o6'
cToHT AeJrO C Ar.rHarurrqecKr{Mr'r xapaKTepHcTHI(aMH H3OApOMHbIX pefy'

JIf lTOpOB nO KaHaJIy TIaCTOTbI.

He MeHee BalKHbrM noKa3areJreM l(aqecrBa pa6orur peryJlnropa
flBJrflercfl ero 6ucrpoleficrnpre no r{aHaJIy ynpaBJIeI-IHn orKpi,ITlIeM
rrpH pa6ore ntApoar l )craTf l  n Molu,rryro sr tcprocucteMy. B sroM cJly '
qae cHcTeMy peryJil.tpoBar{Hfl. i l{o}r{Ho cqHTaTb pasol\ 'tKltyrol't no qa'

cTo.re, Tar( KaK .tt == 0, a 6ucrpoAeilcTBHe peryJlnTopa Moll(l lo Ha-

rJtflAIlO xapal(Tepl{3oBaTb ycraHoBI

nopulHtl cepBol\i loTopa peryJIHpytoul

flerrr{aroro BXOAHOTO Cl{rHaJla npH c

Cor"nactro PHc. 94, I  nePeAaroqHl

/0o."  :  0 r lo I (aI IaJIalv l  ynpaBJIeHII t t

DaBIIITI anOru"r.TBeHHO 
"U(/rrlP U W;

l . t n l

qro lerb l',1 ) I lt k; b tT,t ) I , ro t

HO|O'CI l rHaJ Ia  nocJ le  nepexoAl {OrO

DOcTb ABI'{}Ketll{f l nOpIUHff CepBOMOT

Aer  d l l ld t :  c lb ,Ta ,  r .  e '  g l la  uer l

f i3oApolvlltofo ycrpotlcrna' Ho BeJIU

nouuit  o6ecneqet lun rpe6yeuoro Ka

no I(aHaJIy qacTOTbl' I',l I{X l{3MeHt',l
qTO AI, I [ IAMI. IqCCKIIC KAqECTBA HSOAF

etlcteue cncreMbl peryJlll p oaauvrtl

IeHHbIX Ha I'I3IUeHeHHe oTKpblTHfl

f lTOpaX CI(OpOCTIt t  BblnycKaeMl ' IX

lrBLIfl HcrioJlb3ylorcfl yc'rpoiicrna',

r(oropbre npH.,BI{JII0qeHI'ILI rl ' lApoarp9-t1I1 P^ eHeprocHcreM)r nepel(JIIO-

qarcT HaCTpOHKII I{3OApoMa Ha ueulniHe- sHdqeHHtl l lnu nonHocTblo

Bbl'oArrr 
"roopoin 

Lr-i lO"trr. O.q"ul{o 3Har{HreJIbHoe yMeI{bIIIeHne ?""'

t4 b t HITYL TIOJIHOe OTKJIIOqeHi',le H3C

6ore rt{Apoarperara na AoBoJIbHo I\

TeJIL,IIO 60,nrurl',tlvt l{oJII{qecTBOI\4 SJIe

3r.rcllol\,t pe>l<t'tue. Ecnu >I(e B Sllep

6o.n tuoe l(ofl llqecrrio yuacrBylolr1n)

ro y BCex peryJlttTOpoB yl\ '{eFlbuaTb

- oTt<l"nto.ta'rt, l l3oApolvl IIe.IIb3fl, f l  I ' l i

Rfl ' l ' lr i lapal\4erpbl HSOApoMa' 1nvtsxv

yn p a Brr err u n orn p'ott r.r 
" 
6;;,, y iyai:LeH H n KaqecrBa, pg{y*.tt P"o, u, 1:l tt 1 -.it'

ro KaHaay qacrorbl I  ,  
:  ' ' ; ' -r ' .  '  i : - '  -^--.-,^,, , ,- t^,t :^i9*;$n;r ' ,r l t" ,roiiX"l'l,i':i";d:::::::,.':'i;l;Sl1Ji:fi ':?-:1,:uu1ilL5,,'ffil{fa'i,,'

" ^  ' n  n  r r q  t t a r , r A I . t O I { L I t r  O T -  ; , '
aqll cl ' IfHaJIOB Ha H3MeHeHue or-... ,
eMbI c 3rl{M TI4IOM PeTyJIffTOpa 

',

3aHI {oM I Ia  P t lc '  95- "VnPaBJI f i '
t l  SRe l lbe l l  o6par t tu lx  " rQDf lso l l '

; .  . . '  
' : i , l '' : : ; ;  ' ,  , t ,
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(# nr)ran*t
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Llro6n cpaBnHTb cxet\4t)t  I{a puc. 94, a H 95 no 6ucrpo/tef ictnHto,
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Pr rc .  95.  CrpyxryPHan cxe lda
pasorrlxHyroii cl.tcr€Mbl PerY,:
Jrr.rpoBaHf.Itt c SJIel(Tpllqe-cKolt-  

cxeuoi i  rHna 3 l -P-2M

orK pbr-

{5: l€)

Tot{ crarr{3I\,ta bo. IIPH sToM
paBHbIIvt ko. 

", 
TorAa

( 5 . 1  l )

Bef lHqLIHy BXOAHOTO Cpl rHaJIa [pHMeM

T d p * l (5 .12 )W,, :
, r !  r , + f - f  + ( r  + + ) r ,  I  p * l
k p b p ' '  '  

L / a p b p  
'  \ - '  b p /  
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I[o csoell Qoprvre W, II W rp auaJlorl ' lqtlbl. OAnaro B qHcII'ITefle

Bbrpax(eurrn, (5. I 1) l<ostpcptltt l lel lr I

6o.nrue no cpaBHeHHlo c raKHM ) l
npHqeM oH yBerHquBaercf l  c yBe,
3Haunr,  BpeI{n nepexoAHoro nPo
Met.Ibtlc, qeM D ct4creN4e puc.94, a. B STol\ ' l  JIerI{o y6eg,ttrrcn, ecfiH

nprrnf lTr,  l r ,  Aocraroirno 6onrrunM. TorAa n 3I laMet la ' l 'eJl f lx  t l ly t t l<-

uni ' r  Wr t r  Wrn t ' lo>t(Ho npelre6pevr qJIer laMI ' ,  

" , r# "#.  
B pe3yr lb '

TaTe Wr * I  ne 3aBI. tcHT oT napaMerpoB t tacrpot ixt l  peryJl f lToPf l '  a
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r  u p /

onpeAe/ttterctt -coorHoll lell l4eM MelI{Ay ht pt .bp.
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Ec.utl ItoJloll( l lrb bo : 0, To- .
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Oruerupt oAI{y oco6eunocru paccMorpeul"loH
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crpyKryPnofi  cxeMbl.
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nepeAaroqrraf l  rpyi lNrlun peryf l f lTopa npHo6peraer ceoficrBa,l4HTerpH'
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Hocrb cr.rr{xpoHH3auHlI reHep-aropa c -sHeprocucreuofi npl 
?,lJ^,9:

ro pe r yrr rto p u,^ 
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ni' b fp -Zlut 
ff ?fl5:.2^*ctt 

a6x<eri bI AB yru H ycr poH'

crBaMI{ AJIII BBoAa ynpaBJlfltouruX cHrHaJIoB' OAutl vl3 HI4x - Mexa-

'r43M ,{3MeHe}rri .r ioliocrH (MI4C) - cJIyx{Hr Ailn H3MeHeHHq c*o-

pocTr.r rtrApoarpefaTa B pexulvle xoJIoCTOTO xoAa vt pa6oraeT no'cxeMe'

npeAcraBr.r,u,J,Jo^; p;i 94, a 'upyroir - IuexaHHsM H3MeHeHHtI Mollr-

;5#;^ 
-(lvi l4Mi 

- npeAI{a3HaqeH Artt ynpaBrIeHI'IR at<rt'tsHoii MoI,.-

HOcTblo reHepaTopa npl{ ero pa6ore Ha sHeprocHcTeMy t4 BI(IlOqeH

ro cxeMe, noxasunHoi i  Ha Prac'  95'

cxenra puc. 95 o6ecneqr.rBaeT AOCTaTOT{HO BbICOKOe 6HCrpoAeir-

cTBHe no I{aHaJIy ynpaBle.HHtl oTKpbITHeM' yAoBJIeTBOpflIOil lee Tpe'

6onanttsM al(cnJIyaTaI{Hl ' t ,  Ho, Xax arO BHAI{g- l I3 Bbtpa}KeHI{f  (5 ' l l ) '

ee Ar.r[aM,nu..n". csoiicrna' ral( x(e I(aK I'I Apy-rlii i iY;.:,p" orpaun-

qeHuoM ,o,ruui i",  o 
-Uo 

,u", ' i .ot or napauerpor Hacrpoftxu HsoApoMa

H crarl'I3ua. floeroMy BCflI{oe I'I3Merlerl'u yituu'\-!::-b'!, Ta' o0V!-

JroBJrerrl{oe rpe6onanl'ltlMH peryJIHpoBaHHtl qaCTOTbI' 6y4er FIeHS-

6e>xuo npHBOALtTb K HelraeHeHHro x-apal(TepHcTHK' CI4CTeM aBTOMaTH-

rrecr(oro, pefyJrrrpoBarlt lR at<rusrtofi MOUII{ocTH arperaToB f3C'

\
35. Br,l6op xoe{rSnqueHTa ycHJIeHHs t{soApoMnoro

peryJ lnTopa 1 '  ' '  t

l(oa{r(rlrutrerrr yOl"nenrrn petyJltlropa lpeAcraBJIn-et.-co6ofi 
B.Hpa'

i l(errroe , o.rrroc*l.eJrbrbrx nenr.tir '*rax orrrbuetrue cl(opocttl AIl l{x(e'
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ParHbIx cnneeft 
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o6parrran tseJII 'IqI' lHa l l lz' : 7* 
IBJIHercfi 

BpeMeHeM irHHTerpH-

poBalrurr ..p"l*o";p;. Be.rinquHrr lr, v. T * Aocrqrot:,,1;ii,lonno,
' - 'lf ilit'l 217'

F;trrP: l - II

Tap 4- |

(5 .  13)

(5 .14 )



xapaKreptlsylor pa6o'ry peryrfiTopa H nogBoJrrtroT Harrrf lAHo npoBor
AHTb CpaBHeFIlie AHHaML{qeCKI{X H CTarr.rqecr(r{x Kaqecrr} pa3Jrprqqbrx
crpyt{TypHblx cxeM pery/rrrropon 6es BBeAenr{n fiuxrunrrsri BeJrr.rrr'HH
| 'urut ,brnl  r  l ry l { i lo , l ' {z l r r r  QH3Hqecl(oc roJI t (oBai lHc. l (onn. lec ' t .Bet l I IO
BeflHqHIIa /eo-recHo cBtl3aIIa c Torluocrbro r{JIr.r rIyBcrBHTeJrbr{ocrbte.
perIJItlropa. t leu 6onrrue /ao, TeM Bbrri le roqr-rocTb.'Buue yKa3bIBaJIogb, .  q io 3aMr{Hyrarr  cr{creMa peryJrr{poBaHHn
coAepx(Hr nH yrpeHHuii pef yrrHpyloutufi r(oHryp, oxbauerrHilfi H3o:

PHc' 96' Crpyrryptlbte cxeMbl BIIyTpeIrHr{x perynHpyrourHx KorrypoB r.r3o/r lroMrrbrx
peryrt lropoB c ooparl lbl lvl l {  cnf l3nrl t i l  oT rJraDlroro (a) rt  ncrroi4(,f i r f(ulrrrr0lo (6) ccl)uo-

IvlOT()pOB

Apoluttofi H rnaarnorl o6pa'rHrtn,tu cBfl3rrvrH. lloalouy Ball(rro o11pele-
JIHTb B/lHtl l lHe i lOCTotl l l t l l , lx BpeMel{ l{  OTAOJIbIIbtX gBeftbeB, BXOASUIITX
B 3TOT KOHTyp, lra ero ycrorluunocrb. B qacrnocrr-r, cJreAyer onpeAe-
JIHTb MaKcHMaJIbHo .AoIIycrHMyto BeJIHqHI{y len, Koropylo Mox{Ho
ycraHoBHTb npll nu6panliux vs ycJroBHrr ybrofiuunocrr.r'.ir r(arrecrBa
peryJrupoBar{Hrr saMKHyrofi  cHcreuu ycraBoK b1 n.71.

FIa puc, 96 noxasallu crpyKryprrbre cXeMrrr Blryrperrr-rHx Korrry-
poB perytflTopoi c o6parrtblMll cBff3rMr{ or rJraRrroio'(a) H ,or Bcno-
MorareJlbrloro f) cepnol\{oropon, coorBercrnyroil.lrae Qyrir<qrrosanrurrmcxeMaM puc. 92 I{ 93. Ha sroM pr{cyrrr{e yr(asarrbr nepeAaTou,tiru
{tyHxrrH' npor\{ex(yror{Hbrx sBerrbeB i 

'w, -" ko - uyr.tb";;r;;;
gJIeMeHTa; W, I -gJrer(Tpr{uaan,z : Ti+7 

- sJlel(Tpl{qecKoro ycHJIHTeJrs, B AaH}roivr

c f l y q a e M a | H H T H o I o ' c n o c T o ' I H H o l i n p e r r , r e w w T , i W a : #
' 2v * 2(T2n l- |

-+ il{o rH HToS/IeKTp HqecKoro u peo6pasoBareJl ff , " Koro p bl fi ri pe4craB JrrreT
co6ori xone6are/rbHoe BBeHo c nbcrosuHofi 

'op.r"HH 
T r' v roaSrpu-

2 l B  /  .

r,r. o6part.rstx cnnseii) IIaM yx(e H3Becrl
I(ar Blt/ l l to, no cpaBtleHI' l lo co c

(prc. 96, 6) orcyrcrByer flHlIIb sBeHo (

pa3or\4KIIyTOTO BIIyTpeFI l rero KoHTypa

w -u- , , ,- - 1'=L!'1f -w _ , " | n 1 r , o _ t - r y Q | n 2 4 2 ( T 2 P a l ) ( r 3 r 4 | ) ( T a P + l ) ( 6 n * | )

rr, L't*cxeMi' (pHc. go, o) 
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,  (b.  rz)

rv - '"p 
n (rp a q(r lnz a 2(r2P + t) gur * t)(rar * l)

rAe kn : leolelle., a lzo - kokik;.'^-ndtxonoi.y 
nupr*eipot Ta H by onpeAerlntorcn H3 ycnonHfi rPg-

6yevro ro Kaueirs a r u*n" ytofi cucreMbl penynra pob au vrfl, I a ne"rluut'lu a- bo

no ycJroBHnM aKcnlyaraq.HH Mox{er 6urr ycraHoBJIeHa 
" _1ry{:{ty

or 0 Ao 0,1, To .AoJIll{FIa 6ltrl onpeAeJleHa AonycTHMaR BeIHtIHHa Rp

in" 
-n;. 

I4nienno gra BeJrHr{Hrra onpeAeJlner ycrofiql'IBocrb HJIH KoJIe-

6arentnocrb BHyrpeHI{ero KoHTypa. OtcoAa BblreKaeT nopnAoK

onp.a.n.uun kr" ir;, flocne uu6opa napaMerqou f-1".:1,!-,: -"-q-".:"::1'
3arot1.1X 'r.1lc6ycuclc t(atIce''rBo peryJll ' lPonaltlltt ' c ytlcTolvt 9TllX SIla'
qenl l i i ,cTpoarcf l  qacroTHbre xapaKTeppICTHKH pasoMKHyroro BI{y-
:rpeHr.rero peryJrl tpyroqero KoFtrypa,,
Mar{cl. lMaJlbIIo /{OnyCrHMOe 3l' latlellHe fr

Paccuorpuu peaJlbHble BeJIItTIHItbI

o6ecneqeHHq )KeJIaeMoro KaqecrBa I

xoAHMO ycral ' IoRHTb bt ,  :  0,1,  br"  =
or{cneprIMeIITaJIbFIbIM 4hullslu 7r : 0

I , IHqecKHeI lacToTI ' . lb IexapaI (TepI , IcTHKHMant lHTo3JIeKTpHqecKoro , 'npe.
o6paeonareJln BMecre c rHApoycHJIHT(
noflyt1g1'111bta gKCnepHMeltraJIbl. lblM n'

r4a r(oropbtx BI' lAHo' tITo npeo6paaona:
rueufleMble B 3fP, t lBrqlorcn Aocrar(
CpaBHeHHIO C ApyrHMH gJIelv leHTaMH'

rlocrpoeHbl qacrorllble xapq{lgpHcrHr
peryJl l {pymqero'  Kol{rypa 3fP .c Ma

I('Jrfl cxeMu c o6parFIbIMII cBR3flMlI or;

r(orAa o6parnue cBl3H B3flTbI or-

Topa, tlp" oAHHaI{oBblx gallacax yc:

uuer i rou 4eunrpnpoBaHHn [ ;  Wa:

conJro-3acJlollKa c nocronngoft npeirletln ?nr;

!  TUAPOYCHJIHTCJIR THNA

v+ :# fu -Bcno '

\ P + /



kb : 26,5. Ann cpaBlrelrrr4lla aroM )Ke pr.rcyrrKe npuneAerrbr sacror-
I{bre xapar(repucrnr(H (J) 3l'P B npeAnofloxeHur{, qro srer(Tpnqec-
xrrr"r ycr{/n{Teab 6e.lurrep[uoHHrrft (uanpl.ruep, Tpa]r3r,rcroplluil.

oTBeTcTByeT cxel,re c 6esutHepUHOHHbIM yCHflHTeJIeM H o6parnrtmu

CBn3nMl,t OT BcloMOraTeJIbHOfO CepBoMOTOpa. B AaHHOtut cflyrlae Ha

ycrofiunnocTrr Br.ryTperil lero Kor{Typa oclloBHoe BilnnHVe oKaSbIBaeT

.rerrr.rfl peryJrqropa, o6ecneqr.rBarotrr,ero neo6xoAI'IMyto ToqI{ocrb .pa'
6oru cHcrervrbr, Heo6xoAt{Mo crpeMltrbcfl l{ pacullpeHl'Ito noJlocbt

nponycKaHLIf l  npnuor i  UenH, r .  e,  npl lMeHRTb MaJIoHHepUHol{Hble

" t ^

XapanrepucrrdKu (3) coor- r<on e6areJl bHocTb gJIeKT porl'lAp aB JI l{qecKoro n peo6p asoB areJl fl '

B€TCTByIoT CXel\, le C OOpaT-5

0

-t0

-tI

t0 Z0 J0 40 60 80 100 ?00u,p00/c

PHc. 97. SxcnepnN{errrz,rbrn,rc qacroTubre xa-
paKTepHCTHKr.I IUari lHTOSireKTpHqeCKOrO npe-
o6paaonareJlrl c rrr4poycHJrr.rreJreru rnna conJro-

3ACJIOHKA

JI  Yt l1ITL
.rIrrTopa,
CAuaxo

L,a6
50

-80

I I I , INI I I  CBf l3f lMI, I  OT TJIAB-.

r rofo cepBoMoropa. B 3ToM
cfiyl{ae k, : 33 Bluecro
k r : B  J u r f f  3 f P  c N r a r u r n r -
tt irilill I yCI.I JI 14TeJI tl N,l I.I. OrClO4a
MOX(HO C.U,eJIaTb BbIBOAi qTO

o6e cxeMbr l{Meror orpalru-
qCI ' I14C NO BCJIHIIHI- IAIU IEP H

lur,  qro o6ycnonJrHBaercn
r/raBrrbrM o6pasov r{r{epqH-
oHr.rocTbro 3JreKTpr{qecKoro
ycHJrr.rTeJrrr.

t?0

, TIpu r{Hepu,r.rortr{oM ycu-
JIHTeJre, Bbtnoi l i leHI{o[{ no
cxeMe pHC. 96,6,  Mox( f lo  r ro-

3rraqHTeJrbrro 6onrrr.i l lr i  lcosrp{ll. i l tr.tcrrr ycr'rJrerrrrn pery-
qeN.r npw ycrr,rrHTe"[e, BbrnoJrHefinon lro cxeMe Ha puc. 96, a.
B npeAnoJrolKeHHH 6esuHepuHoHHoro ycHJrr4TeJrrr o6e

epoA

yCHJTHTeJIL{. {- 
f lponeAeN,r r(oJrrrqecrBerrHyro oUeHKy Mal(clt l\{aJIbl' lo AonycTI{MoH

nennqul.ltr ke W] c Toqr(H speHl{n ee Ql{3nqecxoft ocyqecrBHMocrH'"

T. C. C TOI{ I (H 3PCIITI f l  I (O}ICTPYI{TI IBFIOTO BbINOJIHEHHfl  Y3JIOB H C YqE'

ToM peaJllrltblx 
-ycnonHft. 

l lpoustreAeHge krkr, BXoAHIqee B BbIpa]Ke'

rure /ep, npeAcraB/lner co6or? orHouleHue nu,qty-uryYi soJIorHHKa
rJraBl loro cepBoMoropa K I{3MeHduHlo cKopocTH (uacroru),  a hoh' i -

To )r(e orHoilelri{e, Ho I\Jrf goJIoTHHKa BcnoMorareJllrHoro cepBoMo.-

ropr. y coBpeMer{r{brx rJraBHbrx 3oJtorH}IKoB BeflHI{IaHa nepexpurHflt

cocraRJrf ler  -  0,25 vu Ha cropoHy. 3o,noruun BcnoMorareJlbHoro

cepBol\{oTopa I.I3TOTaBJII' lBaeTcfl ' , c Mel-IbIIIHMH nepel{pbITHfMH, P?B-

nrn,tru - 0;l unn. Onrrr gr(cnJryaratulu rHAporyp6HH nol(a3blBaer' q'ro

RTOpr.rqr l , le (rar i roptr ,  l 'ar(rre,  r (aK I Iet tg6ex( l lb le 6l ' te l l t lR peryJlnrop-

goro reHepaTopa, H3MeI-IeHHq I\{OMeHTa ryp6Uuut' cBflSaHl{bte C He-

cTaUr{o}rap}Iocrblo noTOI(a B nporouHofi qacrH Typ6HHbI' sJIeKTpH-

qecKr,re xone6ar luq poTopa r i l , [poarperara rr  t .  A. '  ' [pHBoAflT K no-

Bbrrrrel{FloMy H3IlOCy 3OJIOTHLIKOB H y3JIOB COtUIeHeHI{fl B MexaHHSMax

nonopora JIonaToK HanpaBJlfl loll lero anqapaTa. floerouy peryJlnTop

He AoJI1{eH nepeAaBaTb 3TH (noMexg) Ha rJlaBsrtfi cepBoMoToP, T' e'

noMexH He AoJrlKHbr ,cI\{eUaTb rJlaBurtft gonoTHHK 3a. rIpeAeJIbI nepe-

rpurnil . VIs 3rux coo6palKesufi MaKcHMaJIbHbIe xoeQ$uUHeHTbI y^cu-

JIerrHrr  AO 3o,I IOTII I I I (oR Orpal ' lHt l l . lBalOTCfl  SgaqeHI ' I f lMII  lenh, :  l ,O ;
. 15 ttnrtrl % , a lelllei * I -.;- 1,5 rvnr l o/0. Menrmue 3HaqeHgfl ftokr

o6r'ncHnrorcfl ort,IocHTeJIbr-ro x{aJrbrMH nepel(pblrHtllvlH 3oJIOTHIII(a II

Tre3ilaqr.rreJrbrrbrMLr Cr.tJIarur.r conporr4BJIeI{Hfl , npeoAoJIeBaeMbIMII BCnO-

MOraTeJIb[Iblh,l cepBO]\'{OTOpOM.
Paccvorpunr xoechrlrurrraeHt y$lrlellH{- c-e-!?Boygropa' BenHqHHa le"

Molr(er 6urrr oflpeAeJleHa no $opruyne (3.93). O6uquo sanac AaBJIe-

; ; ;  l fp :  0,6 +-0,7b or pa6ouero AaBrreHr{n.po.3Aecr cr leAyer HMerb

B RHAy, rITo Aflff saAaHHOrO SHaI{eHI4ff p6 6OnUlIHfI Sanag AaBJISHHR

Mo)roto co3Aarb ToJIITKo 3a. cqeT yBeJIHqeHHft'nJIou1aAH Fn, r ' e' Be;

Jn.rrrur.rbr Lp u Fn cnnsaHbl MelKAy co6ofi. {o$tpJKrHBHo gefiHqlrHy 1
N{o)KI-to sblnonHHrr I{e 6onee, qervr }" - 0,75. Taxurtl OOpa3OM, HO

$opr'ly.rrr,r (3.93) cJleAyer, r{ro Aflg AaIIHoro cepBoMoTopa npH saAaH-

nortl la6ouevr AaBileHAH MacJIa B 'cgcreMe peryJll{poBaHl'ls BSJIH-

ulrHa 7c., a cJIeAoBaTeJIbHo 14 ko, ohpe4enffeTcfl AHaMeTpoM soJIoT'

I I } I I (A  d .
/lM3 Ann ynpaBleHl{H cepBoMoroParyg- peTy.nulYroufHx opraHoB

Bbrrrycr(aer 3orrorHIII{H AHaMecpoM 100, lq0' -?00, ?50 MM, I(oTopble

o6ecneqltBaloT BefiI ' lqLIHY h" n npe,UenaX l0-15 rurt,t/c;MM'

t2 l

-40

-80

-t20

-t60
- t80
*200

- ?40

"10

-?0

Puc. 98. r{acrornue xapaKTeplrcrr{Krr pa3orlrKr-ryrbrx BrJyTpeHrrI{x peryJlHpytoulttx KoH'
Typoo HgoApon{Hbrx peryJrrrTopou: c MaTHHTHbTM ycHJtHTeJreM u o6parnetMn cBtlglMl{
or rJraBuoro (/) r{ BcnoMorareJrbnoro (2) cepaorrroropoB; c rpaHsucropHbtM ycHJIHTerIeM

u o6parHurrvrn cBrrgqMH or rJraBHoro (3) H BcnoMoraTeJrbHofo (4) cepnor',roropoB

cxeMbr npaKTurrecKH panHorleHHbI c Tor{Kr{ 3peHr,If i  ycrof i . lHnocTH

BHyrpeHHero peryaHpyrouero KoHrypa.  3ro BI4AHo H3 cpaBHeHHf l
aMnflHryAHbrx xapaKrepHcrHK (3) H (4), rocJreAHflf l  H3 Koropblx co-
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Ann cepBotvtoropon c xoAoM or tP4r4* : 500 MM .[o !),r,u* :
:1000 N{r\,r  oro coorBerclByer le": l  +-3 %l(c.MM). TorAa AJIq cxeMbl
c o6parnuuu cBfl3f lrurr or rJraBHoro cepBotvtoropa Mal(cHManltrrt f i
r<oe0(rrlrr,Her{T }rct{Jrer{t{n peryJrflTopa _ B - 3aBI.Ic}tMocrH or. pa3MepoB

CepBOMOTOpa COCTaR/ IneT l? t ,  :  IU +JD t lc .

Benr.rqurra )r(e h'" B xodcrpyr{Tr.{Bl{orvr orttolilettllH HMeer ropa3lo
ruelrbr l te orpaHtrqenuir .  l ' lnorue 3apy6exurre QHpvot H3roraBJIHBalor
peryJl f tTopbt c le ' "  *  60:80 urr , r /c.MM. B xonouKax yi lpaBJleHus , I IM3

rgna SfPK-250-3 BeJILIqt.tHa ft i rr,tox<er peryJll lpoBarbctl B npeAeJlax

oT 20 /(o 55 uu/c.MM. Cnelye'r orruerr.rrb, t lro sapy6e>r(IILIe clrt lprlt ' l

nprrr l t ruaror rro cpaBr{eHr{ lo c I IM3 HecI(oJIbt<o 6o,nuut{e 3I{aqel{Hn lz ' r ,

r ro i l rerrbrJrrre ReJrr . rqr . rHr,r  l to l t i .  Tax, B I{o.noII t (ax rr tna SfPI(-250-3
Itl l t i  =",= l, ' ,s ttml 9(t, zr ri l lJc/lcri l lc rl luptvtt,t I(&lW ll <Noltal;> ltt,t l tycl(alor

peryxfl lopbr c leslzi - 0,5 -+-1,0 un,tl o/0. MaxcttMa,rtbttblf i xe xoA BCno-

I \ . roraTeJrbl loro cepBoMoTopa peryJl f lTopoB Bcex thuprur,  KaK npaBH.no'

cOCTanJIneT 1l)1, , , r .v :  120 MM, I Ie3aBl. lc l tMO OT THnOpa3l\4epa r l ' lApO'

ryp6u rrn.
C"neAosareJrbHo, AJrrr cxerubr c o6parHuuu cBflStlMH or BcnoMora-

Te.nbHoro cepBor\{oropa ruaKcHManrHrtpl xoa(b(tugnej'Ir ycH.IIeHHtl pe'

ryJrrrropa HaxoAprrcrr B npeAeJIax kp : 30 .--60 l lc. Kal< BI4AI.IO,

ki ) kr. 3ro no3BoJrRer rroBbrcr.rrb 6ucrpo4eftcrsHe peryJlflropa

rro cxeiv le Ha prrc.  96,  6 no cpaBHelIHIo c peryJl t lTopoM no cxeN'{e

Ha pr{c. 96, a B 3one oqet{b r\{a.[brx crarHqecl{HX orK"nonettufi qacrorbl

or ycTaHoBI{Bmerocf l  3HaqeHHt
Bepneucn r(  Bonpocy o6 ycrortqunoctt . I  BHyrpel tnero l (onrypa.

BrrqcFrr.rlr{ BJrHsHr{e i lapai\{eTpon lzv br, To, be Ha efo ycroftuunocTb,

Ann aroro o6parnnacn r( qacrorlrbrr\,{ xapaKTepHcrr'II{aM, nol(a3al{IiblM

iua puc. 98. Paccrtorpt lM, r tanpplMep, xapaKrepl ' IcrnKy 2.  Cornacno

nepeAaro,{Hofr  cpyuxunn (5.17) ,  cD ,  -  
-  7 ,  , l  o i  \ ,  

(D , :  #,ra \ r  - l  Z ;  )
a xoe$rprlluellT yct{fleHllf l B Al' lana3oHe qacToT oT or Ao oz cocTaB-

rrner 
'lt 

: 20 lg lz,rT6 Qt * bo) lE
flpH rr3r\,rerrerrr.{H Bper\,reHvt f o B TaKoM }l(e cooTFloujel{un (no uI{aJIe

AeuH6eJr) 6yaer r.rgr\lenflTr,cff u k. CneAosareJlbno, II3MeH0HI'le T,r

He ot{a3brBaeT BJlt4nlnn ria ar\,rrrJrr'rTyAHylo xapal(Tepl' lcTHKy g o6,nactl ' l
qaeToTbl cpe3a ( i r2r IpH BCeX 3l laqel luf lX ro,  {  t t t r r :  , , [ l ,an0e'  ecf l l {  -Oz (

<_( ) , lo t r2 ,  TO qaCTOTa (D2t  a  C l le l l  W 7 ,1 ,  I Ipa l (T l ' t t leCKt ' t  l l e  o l (agb lBAeT

sJrrrrrrrrr f l  t r  r ra rpasonylo xapar{Tept{crr l t (y t }  o6"nacrn t \cz.  l lpt l  qa-

cToTaX (r)z > 0,  l^or,  { lasonad XapaI{TepHcTHI{a n o6nacrW 0)cz I Iaq} leT

H3MeHrrbcf l  B cropony yBeJrHqeHHfl  3anacoB no ( laee v aMnJlnry/ le '

T. €; B cropotty yflyqil leHHn yctottutlBocrH BIIyrpellrlerg Kol-Irypa'

Taxst oOputo*,  
"np,t  

3aAaHI{bIX sHaqeHg-t lx ho &i-) ,  b, ,  bo yne'

JrHqeHtre 7,1 npHBoArrr r{ yxyArrreHnro'ycToliqusocru BIIyrpeHl{ero

r{oHrypa. OAuaxo, HaI{HHan c Hel(oTopblx sHaqeHIrI? Ta, ee yBegu-
qeHlre -He Bbr3brBaer,[anr,Heii i lero yxyAue]tI{ff ycroftuunocrl4. f lo-

cKoJrbKy or BcerAa lv leHbl l le,  r {eM oz'  To HgMeHeHHe bo npaxrHqecK}{

He oKasbtBaeT B/II, lf l I{Hfl FIa SaeOnyrc xapaK epl{cT4Ky . B 3oHe IIa-'
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crorbl oc2. HgMeHerlfie )1(e Berl ' l t{ l ' l l t  l t, ( lerl,

I\iIEHCH I,IIO A MN JI ITTY4ITOiI XA P AKTCP HC'TIIK I'I BO

a rpasonal xapaKTepucrl{I(a He I' lslueHflerctl '

I,{e npttBeAett}loro al' laJII13a cJleAyer' qro

b,t vr bo nPnnoAuT K H3"
BCeM ALIana3oHe' rlacTor'

A.nn o6ecneqeHur Yctoil '
q l ' l B o c T I I  R I I y T I ) Q l t t l c I U  l \ u l r r J l r c r  r r l / v r t r p v A v ' r r r v  . ' - p  \ - r ' ;

i';l-b,-+ oo) 
' 

n. AorllKno npeBbrrxarb onq:lt::lTt-"^:" 
""iilii1il:

llr.tcrr{r{LI BCex 3fler\{ell'l'oB o6:l^* 
c-,rzyT--t--

cTl )yr {T) rp l l l , l x  cxeN' l  peryJ lnTopa '

?0

l5

t0

5

0r l 0,? 0,J n,c

ral'a Ha BblAe.neuHlttl paftott HJIH peryJl f l ropa cKopocr l l

KOTOpoe 3aBHCr4T OT LIHepul4oFIHOCTlI OTAeJIbHbIX 3BeHbeB peryaHTOpa'
' "^ i j ;  

p0,..  gg rrolca3aHbr 3aor{cHr\,rocrH leo(bt * bo),. .H !, ,  
(b, * bo)

or nocTort l t loi . t  BpeMerlI I  sJIeI{Tpl{qecKoro yCHJII ' lTeJIi  T r ' I- lpu pacqeTe

6r,r.lrrr lclIo.[b3oDatll,l peanuuuie al\'IIIJII' lTyAIrble It $asonlte xspSl(Te:

3'r ' r t  rpa{rnt<t t  Mo)l( l lo I lpt ' lMel l t lTb

Liln HenocpeAcrBel{l{oro onpeAe-

"neHtll ft,, II h; rf lPI' l  3aAaul{bIX
gr ra ' te l t l l i t x  b1  t ' t  Ta ,

f lpaxr l lNa sKcnJIYaraqHPI rHA-

poryp6uH noKa3blBaeT' IITO B

bonturtancrBe cJlyqaeB A'rfl o6bc-

neqeHHn ycrofiut' lBocrl ' l  3aMI{IIy-

roft cncreMbl peryJll ' IpoBaHl'lq lp9-
6yercn )tcrauonurc b1:0,3 +-0,6' prrc. gg. I{oruorparrr,aa /tJrn nu6opa
I4nor4a n pr{ pa6ore rl lApoarpe- xoesrfuqner-rra ycnrreHun H3oApoMHoro

143OJII4poBarlHylo Hafpy3f(y rpg'
i i i ; f f i  i ,  : '0,8 *1,0. '  BHrue 6ltnlE onpeAerleHbl lvlaKcltMarlbHo Bo3-

ruo)r(r,rbre c Toqli l . l  3peII l{ f l  l (oHcTpyI(TI '{BI- lOtO I lblnoJIHeI{ l l f l  BeJII{quHbl

noa6QrruueHroB ycr{nell l ln p;;i;;;p;; k, : 10 =-35 l lc v k' '  :

-  30  +-60  l l c .
C o r ' n a c u o p H c ' 9 9 ' n p u b r : 0 ' 8 - i l ' 0 u a x c H l \ ' I a J I b H b l e 3 H a r t e H H R k e

u /ai nnoryr 6tnr o6ecneqellbl ToJIbli

Tr.rqecKI.I 6esltuepulouHoro 3Jlel(T

rrue rlocrolrtrtoii BpeMeltl l  ycl4JlHTe
qHrrbr le^ r{  le!" .  I - lanpuuep, np}I

o .n ,uu , rn iu  hn ' -  13  l l c  a  l t ' ,  -  49

I(orAa T t =:' 0,025 c NIoII(l lo o6ecne'

Cle1ortar:cJlnIIo, B IISor,por{l ' IbIx
c ' l ' l )yt( ' t 'y l l t t t l i i  cxcAlt , l  c  l \cJ l l : lo t toJl

r<oetptpllullellra ycHJIel'lHtl peryJltrr(

rptruecr<ue ycl.lJII ' lTeJII{ C MaJIbIMH IIOCTOfIII-lbIMI'I BpeMeHu' ',u r 
'

B noc.nenn.. BpeMfl JIM3 BblnycKaer eJIeI(IqofI14paBJII{llecKIIe

peryJrflropr,r c ofleKrpurrectir4Mg cxeMaMH runa gip-lW-n 3fP'2M,

f locronuHatt  BpeMel{H y."n"runl ;  V'3fP'M cocraBJl f l  er . '7,  . - - '0 ' '15'-

.-0,2 c. f lo 3aBHcHMocrH, npeAcraBJlerlHoFr 1<puvofi 
I u3 ^R1lC* 

991

Arrn T t : 0, l8 c Aonycrurnran Be/IHqHHa k, (4 !. bo)-= 5'0"r Ecnu

i", :^ ZO, ro' MolKr{o .y.ruuor"to bt * br") 0,2,5. 
-IIpu 

66nuurux

3rrarreHr{nx ,r; i i, *i.o6*ol"nuo ynaeHnuiatp rogQQurrueur 'ycune-

;;;;-4; I4cxoArr H3 aroro, n cxeuix 3f P-M H 3fP'2M'' I(aI(-' ylKe
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ort\,teqaJIocl, lJ rJr. 3, c r(eflbro yBeJlt.tqeilnfl h1., r] lr l)rrN,roii UeilH yct.t.
. [e l { l I f i  I IpeAycI\ IoTperIa Aono.nFIr ITeJrblraf l  AHr{ar,rHqecKarr r(oppeKuun
c I IOI\ ' tOUlt  lO naCCIIBIIOI 'O I I I ITerpl lpyl0ulero 3RCl la C nepe^aTort l lo l l
d lyrr  r t  r r .nei i

kT'p )- |

SnexrpuqecKan cxeMa I{  qacrorHbre xapar{Tepr.rcrnKr. t  groro 3BeHa
noKa3aHbl Ha pnc. 44, FIa pnc. 100 cnJlounbrrvrr{  Jrr{}rHrrMH nprrBe-
AeHbI ar\.InJIHTyAI-rbre u Qasonue qacToTHbre xapar(TepHcTHr(r{ pa3oM-
KHyroro BHyrpeHr{ero KoHTypa peryJrnropa c AonoJrr-rr{re/rbHort  Kop-

a - L'- -t( I
.8"-t' ,ri?:,!: i
a

k-<
\ \

<_
I+N

\

\
q?t qn gnq 0,t qz q4 f,0 ?. + 6 S l0 Z0 40 w,Po?lc

Puc.  I00.  L lacroru l re  xapaKTeprrcr r {K}{  pa3oN, tKHyroro Brr } ' -
TpeHHero peryf l i lpylouelo KollTypa H3oApolvtt loro peryJlf l-
ropa

-  6es xoppexquu)

pexu,uef i  no (5.18),  a nrrpr ' txoBr,rMIr  Jn{I i r , r r r rnr  -  6es Kopperc(r . r r {  / l , ra
s r ra . leuuf i  l z ,  -  7 ,5  l l c ,  b t  4 -  bp  :  0 ,6  t ' t  T t  :  l0  c .

Paccuorpulr , r  BJnrnrrrre napar{erpoB AI ' rHaMI.rqecKoi ' r  I (oppeKqHH
na pa6ory peryJrffropa cKopocrrl. I4s aNrnnuryAuort xapar{repucr}Il{H
BHAHO, r{TO qaCTOTa o)c pa3OMI{Hyroro KOHTypa HaXOAr.rrCrr n6nUSU
(1) - l lTr. l loerou1l, uro6tr AHHaMltqecl{an KoppeKltr.rf l l le or{a3brBaJla
BJrr{flrnrfl rra ycrofiuunocrb DFIyrper{rrero Kor-rrypa, ee nocroflr-Inarr
BpeMerf r.t T Ac,nt(rra 6r)r'rrr f lo Kpa ii uen Mepe D ceMb - Aecfl ' tb p83 6onrrue
l lot" . l lpn MeHr,r i l r {x coorHori leHHflx yroJr orcrasaHHn no $ase n paf ione
qacrorbl ol" 6yAer 6o.nru;e, qeM AfiR CX€Mrrr 6eg AonoJII{HTeJIbHofi t<op-
peKrtHH, a gro npnBeAer K yxyAI[eI I t I Io ycrof iuHnocrt l

l lpu nu6ope napar\lerpoB T t4 lt cfleAyer yqnrblBarb etqe oAI{o
o6croRreJrbcrno. f leno B ToM, r{To l<osrprpullr,rerrr ycuneniln or ,{yB-

cTBHTeJTbHOTO SJIeiUeHTa AO rJraBHOrO 3OJTOTIIHKa OrpaHI ' IqeH 3Ha-
r{eHHeA{ kokt  :  l0 --15 v*r l%. CneAonareJrbno, BeJII{qtdr ly k I {y}Kl lo
nu6uparb raxofi ,  uro6ur rpor.IsBe4et{He lehok, € l0-. ' -15 rwl0/0,
Ec..rru x(e npuHnrr 6o"ryruee 3t{aqenue k, ro nocroffHHyro npeueHu T
Hdo6xo.u,r.rrrro sbrdparr, raKuru o6pasou, uro6u B onpeAenennotl o6nacru
qacror  kk.okr  € l0+-15 unr /%.}ra o6nacru B 3aBHcHI ' tocrH or  runa
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t. rr uapamcriro_n HgoApor\{a. 3to, I( 'olletl l lo,. SarpyA}lRe'r
iracrpoffxy napaverpoB h n T, reu 6o"rlee, I{ro orAeJIbHbIe o6pasqgf PefY,

o' f  npclr lct t t tof i  I IepaDIION{epl locTl ' l  p,eryJl t l ropa bt .

Xorn BBeAerIHe AonoJlHurenluoft  KoppeK[HI ' I  B,HeKoTopOIt  . .cTe-
neHr.r ycJlo)t(nfleT KaK cxeMy peryJlflToPs, raK H ero Hacrpotlxy,

rro Tar(af l  r {opper(qrr f l  no3BoJrHJra npH HaJIH[IUH B CXeMe.. I rHep[HoHHbIx

Marr.urrr.lbrx ycr.rJnrre,nefi noflytIHTb AocraroqHo srtcoxuflI crarur{ecxutt
xoatpQuutrerrr  ycl . l f ie l {Hf l  peryJl f ropa qpu ul f ipoKoM AHana39Le,HiY9-
HeHprr{  npel tennol l i  uepanuoMepHocr l {  (or  bt :0 ao bt  :  l ' ! * '^0)t

B pesynira're, qyDcrBHrenrHoCrr peryJrrropoB cKopocru TI4na 3fP-2M

rro cpaBr{eHr.{ro c paHee BbrnycKaBuHMHCfl pery/It lTopaMH 3HaTIHTeJIbHO

rlo3pocJra, HanpHMep, corJlacHo HcrIbITaI{r4flM,,- f lpoBeAeHHblM Ha

creirAe ,I-lM3 no npaBHJIaM MexnyHapoAlloro Ko4a, MeprBatl 3ol{a

pefyaflropoB cr{opocru runa S|PR-2M-250-3 cocraBJlrer BeJIRqHHy

i* :0,015 :0,020/0,  KOTOpaf l  HaXOAHTcf l  B COOTBeTCTBHH c I IOBbII IJCH'

nurun rpeOonauHttMI{  fOCTa i l  Sal(a3ql lKa.

36. Meprnan sona HsoApoMHblx peryJlflro.poB
H nyTH ee ycTpaHeHHff

B npe1r, lAytqnx naparpa$ax cpaBl leulre crpyl{TypHblx cxelu,  I tso-

,[,porvrrrblx pefyJrrrTopoB rrpor]oAr.r/rocb c ToqI{II spel{Hfl '  O6eCneqeHltn

)/crofiquBocrH cHCTeMbr peryJrupoBaHufl kt BHyTpet{FIero peryJIHpylo-

i l lero Kor-rrypa. I-ft1>xe 6yaer npoBeAeHa cpaBHHTeJrbHatt oIreHKa Tex x(e

crpyr{rypr{brx cxeN{ peryJrrropoB, Ho c rotlKH 3peHl{tl crar-h.{ecxoil u

AnrraMr{r{ect<otl Toqt.tocrH LIX pa6orrt.

l l " r ru anaJrrrga nocnoJlbsyeMcrl  pr . rc.  92 H 93. f lo.nnat 'MgprBat l

3oHa (nnu 3or-ra r{eqyBcrBnrenrirocru) 3fP. saBHcHT or soH 'I}BCTBH-.

TeJrblroro aJreMerrTa, oJreKTporHApaBfiHqecKoro npeo6pasoBaTeJIfl,
o6Hqno rla3brBaeMoro HcrroJrlruTeJreM, no6y.RHreJIbHoro H' TJIaBHOTO
Bo,no'rlrr{r(oB tr nrocfron B pag/IHqnbtx l\{exaFIHqect(HX coqflel{eHHRx.

B 3fP qyBcrBr4Te,qrsurfi aJreMeltr BbInoJIIIelI B BIIA0 napaJIJIeJIIrHoro
LC.- nu6o RC-r<ourypa, Koropble npaKruqecKn He HMeIor Ueprnofi
Bolrbr. C norrlour,bro prrAa KoHcrpyKTI{BHbrx Mep npal(THqeqKH ng4Hocrblo
ycrpatreurr nlorfru D MexauHrrecKHx coqJleHerrrltx Ko/IorlKl.l,-,p:"lyn"-;,
TOpa  t .  

' , . . i ; , ' :  , , : ; , 1- 
Taxuirn o6paeonr, MeprBarI 3oHa coBpeMeuuux peryJlt lTopoB' 3a'

BI.ICI{T OT TIYBCTBI'ITCJILII{OCTI{ HCNO/IHHTEJIbHOTO OPTAHA, NO6YAHTCJIb'
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Hofo I{  rJIaBIIoro 3oJIorHtu{oB. PaccuorpurM peaJlbrrr)re grraqer{ t4n h{epT-
Bbtx 3orr  yKa3aFrHbrx 9Jrer\ , {eHToB pefyJrnTopa.

l lorperuHocru B pa6ore l rcnoJrr-rHTeJrbr loro opraHa (ucno.nuure.ux)

I t t t l  (n ,nn  .  KoJ I raq t (oBbrx  r {c l roJun. l re " re i i ) .  Do.nruoe nnr tn l ine  na q y B -

I,I3I'O.
Mepr-
TI4 tIA

CTBI'l 're"rlbIIocTb rlci loJlIII ' lTeJItl ol(a3blBaeT TaK)I(e Kaqec.'rBo ero
ToBJIel'Iplf i I{ I\,toHTa}Ka. Cornacno na6oparoprrbti\,r rr3rvreperrr.trrrvr,
BAfi SOltA l{Cnoflrrr{TeJIfl, R I{OTOllor\{ t lpr{r\,Ielleil rr.t l tpoycil,rri lTeJil,
COnJIO-3aCJIOHI(a HaxoAI. ITCt l  B npeAeJIaX 0,005-0,01%.

Eclpr H3Becrnrr l  c14JIbr rpenr. t f l ,  npeoAo.nenaeMbre cepBox{o' fopoM,
To ilteprBan 3ona 3oJIorFIr.rKa, xoroprrfi yi lpaBJrrrer srr.rM cepBoMoro-
poy, Mox{er 6urr ,  onpeAerreHa no Qopnny.ne (3.90).  Tax, HanpuMep,
s 3fP, BbtnycKaet\,{L,tx /1M3, BeJIHT{HHa nepeKpr'rrnlt rJraBHoro 3oJror-
HI {Ka / :0 ,25  ur t l  ua  c ropouy.  Sxcneppr l , re l r raJrbnbre  saMepbr  na  Aer l -
cTByloulerx fOC rIoKa3bIBatoT, t ITo npr.{ 'po:4,0 Ml la ne.r luq}tga pr =
:  0,5 +-1,5 Mf la.  Cne/ iosare/rbr-ro,  BeJrHrn.rrra r ' :  0,062 - : -0,  187 N{r,{ ,
KOTOpafl BCefAa I\, leHbUe, ,i 'e}.,a 21. .

OArtarco t teo6xoArMo orN{erH'rrr ,  uro rpoprvryJa (3.90) c i l l lane/ lJt} tBa
Jll l l l jb D TOM CJIyqae, KOrAa B 3OJIOTTIHI(e I4MelOTCtt npOTeI{l(H MaCJIa
qep$ Ar{aN{erpanouuf l  3a3op y neper(pblrHr l ,  H npH ycJroBr.rH orcyr-
crBHq nporel{er{ B 3a3ope y nopuHrr cepBoi\,roropa. I la.rrr.rque orFrocu-
TeJIbHO 6Onrnrux 3a3opoB r\,re)KAy nopur{er\,{ H rtt4Jrrrr.rAporvr cepBoMo-
TOpa npI.rBoALrT r{ 3HaqHTeJlbl{Or\,Iy yBeJ[rqeFr14ro rueprnoir 3or-tbl
3OJIOTHHI{a, KOTOpafl B FIeI{OTOpbrX CryqaflX l\{O)r(er npeBbrcr,rrb BeJIH-
qHHy cyr\{r \ {apHbrx neper(pblrui i  21.

B.nlrsur.te x(e 3a3opa Melr{Ay reJrorvr tr 6yxcorl 3oJrorr-rHI{a Ha ero
I \ . repTByto 3oHy 6onee cJIoiKIIo.  Tax, pa6ouue [oBepxHocrtr  coBpeMer{-
HblX 3oJloTl-lHl{otlblx nap AHaI\,IeTpoIvI oT 50 Ao 200 rurr/l rI Bbrr-Ue o6pa-
6afi ' tsatorctt no 8-9-My Knaccy t{HcroTbl H no l lepBoMy I(JIaccy rol{-
HocrH ALln1 nocaAKI{ conptr}KerI l r f l .  I (ar< nor(a3nBaror 3r{c lepr{r \ , rer-rrbr,
npH raxoft  roqsoi . i  nocaAr{e BeJrnqnr{a meprnol)r  3or ' rbr  1n+sxa K 21,
I{TO yl{a3hlRaeT rra oTcyrcTr}He npoTeqcr(  r \4ac"na r lepeS 3a3opbt y nepe-
xpurur l .  Aua"norr{qHarr I (apTnrra ua6nroAaercrr  r . r  y soJrorrrr4r{a BCnoMo-
.rareJrblroro cepBoMoropa . klcnura H r.r rr peryJrff ropa rn n a Sf P I(-2M-250
c o6paTHbrMH cBfl3flrvrH or BcnoMorareJrbr{oro cepBoMoropa ilor{a3a,rrr4,'qTO 

np-I t  |  :  0,08 -+0,1 I \ , {N{ I \ {epTl}af l  SoHa ynpaR/rnroulero 3oJIoTIIHI(a
6rtna 6.4ttsxa K 2l u He yAoBJlerBoprrJra rexr-rr4qecr(HM 

-rpe6onaHrlflM.

CHlureHue lreprnorl 30Hbr 6lrno Aocrurrryro sa cqer yr\{er-rbueHr.rff
s 3-4 pa3a nepeKpbrruf i .

I {apyureHHe npaBuJrr ,Hort  pa6otu qpe3r\{epr-ro na"nuix no BeJrHtILrFIe
I{OJIbUeBbrX 3a3OpOB B 3OJTOTHHT(e i\{O}KeT ilpOr4CXOAHTb rr3-34 BilHfltrr4tl
TaKHx rpaxropon, r(aK qHcrora H TeMrreparypa A,racJra, a rar()r(e pa3-
r\{€prrr So.rroTrrHKa rr cepROi\,{oropa. f locnclrrcc o6cTonrcflr:crRo I.rMeeT
Her,raJIoBa>KHoe BI-taqenHe. Ileno B Tor\{, r{To l\,reprgaR 3otla 'no xoAy
yrtpaBJIt{Foulero 3oJlorr{HKa Ba}r{Ha He caMa no ce6e, a rrr\ ireer gHaqe-
rrpre,  KaK oHa BJrHffeT Ha ruepTByro,3or.ry Bcero pefyJrf lTopa.

JJnn npHMepa cpanHr{r \ {  TorrHocrb pa6orsr 3oJrorHHKoB, y[paBJIaro-
UIHX BcnoMorareJlbHbl lu cepBoMoropoM peryJlnropa, SfPI(-2M-250-3
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(pr.rc. 71, 72) rI tlcnoMorareJlblIbIM ce.pBoMoropoM rJIaBHoFo soJIoT-

Hr{r{a peryrrrrropa SfPI(-2M-150-4 (pl lc. 71, 73), BbInoJIHeHHoro

"o'&.^1. 
d -Opu"tlbtN{t{ cBtt3tlMu or rrlaBHoro cepBoMoropa' I4 s tol'l

3OJIOTIII I I(e BO3lj i \{eM OAI{I{al{OBbIe nepeKpLlTl l f f '  paBFIble

I : 0,08 rr,rrrl. B nepuox'r cJlyqae roacpQl'l(Hel{T yclIJIeI{Hfl or' i  
"J:.:],?l-

,r.eJIbllofo 3JIeMellTa I{o ynpaDJltl lou-\el 'o SoJIOTI.IHI(a COCTaBJItIeT I 'D MM/ 70 '

a Bo BTOpOT\,r  -  orr  paReH -4,5 yt t , t lo/0,  T.  €.  B TpH paSa 6onrure'

E,c"nl l  r rp i l l rnr . r ,  o l \ t1I f l t (o3bt€ MepTBble 3OIIbl  SOJIOTI- I l { l (OB' paBHble'

nunpl , t*"p,0,08 N,I Iu,  To npl l  oTCyTcTBI ' I I {  3oFI B ApyruX 3BeHbsx MepT'

Bafl, 3orra nepBoro peryJltlTopa 6y,Uer. n TpI' l pa3a 6Onrute, qelu Bo

uropo*. B npmrrtlrne Bert.IqHHy lhll i  MolKHo yBerHr{l ' l to_l 
_941T.o

npat{TLIqec.I{H 3TO OKa3bIBaeTcfl HeBO3MO}KHbII\',I IIO CJIeAyIoui'HM npH"

,:,
l

\  i ' ;  ,
i. t, ,.

t ^ t  ;

l ' l | '
\ 'i,1i:

tiiit'  
ir ', i

l | , : , .
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l;. ';l

I
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qHI ]AM.

Kax Hssecrr-ro, xoe+cpHr{r4eHr ycl{JIeFIHff peryJlflropa fti o,rpaHHqeH

H3 VCJrOBrrrr ycroiruueocru BHyrpeHHero I(oHTypa, no3TOMY, ecJIH
u  

t  
- t

]r)gJlr.rrrrrTr: 
pstt i ,  To A.ntt coxpal 'rermn ki,  :  COflSt Hy)KHo yMeI-IbLl lHTb

r<oa(xfr.rUI.IetIr yCIJJIel l l { f l  Bcnon{orareJlbl- loro cepBon'Ioropa ft i '  Ho' 3ro

c l l r r3 :1 i l0  c  ! f r {e l lb l l le l l l l cN{  pa3MepoD so. r IoTI l l l l (a  I {  c ro  ynpaBJl t l lou l l lx

ol(orr.  Anar, l terpor X{e I ' l  oKHa'ynpannRloulero 3oJlorl{HI(a peryJlnT:f". t

5fpf<-?l l  -2503 BbInoJII{eHbI HacroJlbxo IuaJIbIMH' t lro I ' lx 'u'aJIbHeH-

r11ee yMeI{bIr leI-IHe cBn3aHo c TexHoJIorI4qecKI' IMH TpyAHocTffMH' I(potr le

TOrO, CJII, IUII(OM MaJIble ueJII4 A/1f l  npoxoAa I\ ' lacJIa MOryT npHBecTI{

r{ yBeJIHqel{ l I lO UeprnOii 3orlbI 3OJIOT1IHKa' TaK I(aI( B STOM Cflyqae

6Onr,UtOe BJII{f l I IHS Ha 3orly HaqI' lHaIOT OKagblBaTb qt{CTOTa U TeMnepa'

rirpa Macla. OruoAa cnesyer, qro BerIIlqHH V 
"k:!-'^:--.Li^.tY.l^V"i

npr.r 3aAartIIOI{ 3FIaqeFIl'lu lzn s .HacrOtrqee Bpelvlfl MO}KHo CrII'ITaTb I\'laK'

cr,rlrqanlno Aorl YcrHMoi{
B peryJrflTopax,, y r{oropblx o6parurte cBffSH B3flTbI OT TJIaBI{OrO

cepBoi\,roropa, AJItI yi lyqueHl{tt ycrofiuunocr1l BI{yTpeHHero I(oHTypa'

, ,ub6opor ' '  I Ieo6xoAit t t lo,  r {To6bl  xoacpQHuHel l r  ycl lJ leHHfl  BcnoMora-

TSJIbt{Oro CepBoN,IOTopa 6U.n l<aX NIOH(FIO 6Onlure, H TeXHOJIOrIIqeCKHX

o.lrut t i r .* t t t r l i  sAecb npat(r t . Iqecl t t l  I Ier .  B qacr l - IocTl{ '  BSJII IqI1FIy

4,6't r*lo/o \{o}KlIo Aa}Ke. I{ecI{oJIbl(o yBeJII ' lql{Tb' a AJI;I '  CoxpaueHun

It^ - const VMelIb1uI,lTb nepeAaqy oT no6yLI'IreJIbHoro I{ rJIaBHoMy
' - p  

i -
3oJrorgr{Ky. t i sroM cJlyqae qyBaTBHIeJIbHocTb no6yAHTeJIbHoro 30'

JlorHr.rr(a rro qacrore norJblct.ITc; npH ToI? )Ke Befll lquHe nepeKpblTHft'
- - - - iur , r*  

o6pasov,.  Arer yMeHbtI IeHHs tr leprnoi i  soFlbl  l ISoApoMHoro

peryJrnropa, rre3aBr4ct4Mo or ero crpyKrypnoln' .*"ryJ'_,.ueO6xoAl'ttr lo

npHMerrrrrb rvrat(cHMarlbl.Io AonycTllrrlufi Ko3+qlHUHeHT yc-lJl: lT1'.,?I

r{yBCTBr.rTeJIbHorO sJIelueIITa AO [O6yAlITeJIbXOrO 3oJIOTHI'IKa U MI'IIIH-

MaJrbI Io Bo3l \ {o l ( I {b le nepeKpblrpl f l  eroro'soJIoTHHKa' TaK' 
"g:1"9

AeAo c 3oJIo'rl-IHI{aMI{ MaJILIX pa3Mepon. flpaxrlluecKpl TaI{He SOJIOT-

ir '. io r\4oryr 6t,t ' t ' t , BlnnoJlttcttbl c ncper<prrrTIIf l l \ '11'l '  6nltgl(uMI'I I( l lyJllo'

tIrO KaCaeTCn fJIaBrlbIX SOJIOTIII{KOB' TO H3-3a OTHOCHTeJIbI{O 6Onf-

ujr.tx pa3lvlepoB sTIdX SOJIOTHI'IKOB ktx nepeKpbITHfl BPgA JtH MOIKHO

fM€rrrruiHTb Ha 3IIaql.ITeJIbHylo BeflHIIHHy' 3AeCn, nO-BHAIIMOI\{y'

6onee ueJrecoo6pa3r{o c Toqr{H 3peI{HtI yMeHbuel{Hf r"rep'rnofi gouu

3OJTOTIII{I(a not'.trtt no . nyTl{ , npaBHJIbHOrO COqeTaHHfi paSMepoB

't
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i
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I

nepeKpbtrHf i  H Al{aMerpa;Ibl{oro 3a3opa soJlorrrr{Ka, B qacrr-rocrn,  9To
r{o)KIIO CAeJIaTb nyreN,{ parlHorraJrbiloro cH}r)Ker{HH KJracca Toqr{ocTH
lI nocaAlu.t conpfl)I(eHIrfi 3o/rorrrr{t(a H 6yt<cl,l 6es tlst\aeueuHfl BeflHqprHbl
nepeKpblruf t .  Vsenl lqeHue AHaMeTpaJrbr loro 3a3opa paBHocHJrbFro
y l \ ' leHblue lJHI0 nepeKpblT l { l { ,  nOSTOMy npl IHI tHnHaJIbHO 3a3Op Iv lO}KI - IO
nu6parr raKHIu, qro Bo,[orHHr( no ceoeii pa6ore 6yner r.rAerrrr,rqrrbrM
3oJIo'r t I I . t t (y c I IyJIcRbrMLr nepcrrpbtr l r r rMl{ .  Ogrrar<o npu nrr6ope sa3opa
cJIeAyeT yql4TblBaTb TaKlKe Be,rruqrrHy npoTeqer( MacJra rtepes soJroT-
t lHK, KOTopaf l  npH AOcTaToI{ [ Io 6OnrrUott  3agope Mo]KeT Ol(agaTbcrr
Henpr{eil{neuofi.

f locuorplrl,r, Kar( BJIr{fler r\. lepTBafl 3oFra FJraBHoro 3o/torHLII{a Ha
qyBcrBHTeJIbl tocrb peryJrnropoB, BbrnoJrrretrr-rbrx no cxeMaM puc. 92
H 93. f lpeAnonolKHM, qro Mepruafl. goHa no xoAy rJraBrrbrx soJrorHn-

, KOB O6OUX peryJrnTopoB oAr.Ir{aKoBa r.r paBHa E : 0,2 ult, rITo BecbMa
6.nllsxo K peaJlbHbIM ycJroBHrrr\{. TorAa AJrfl cxerubr c o6parnul{r.r ,cBff-
sflMr{ or rJraBrroro cepBoMoropa (pnc. 92) npw r<oecfrrpHuHeHre ycn-
JIei i i ' i f i  OT' i lyt lCTIl I ' lTeJIIrr lOfO SJIeMellTa AO 3O"rloTtl l . lKa, paBI-lOM hslZ, :
-  10 +-15 l / . t t l0 r '0 ,  t t  oTcyTcTBHLI  3OHbl  R ApyrHX 3BeI Ib f lX BeJ i l . IqUHa
naeprnoH 3oHbr peryJrrrropa 6yAer i*  :0,013 --0,02V0, r(oropaff  on-
peAeJIfler crarr{qecryro rorrnocrb pa6oru peryJrflTopa. B 4aurroii
cxeMe ora roquocrb He gaBr.rcHT or ycrarroBJleuuofi BeJrHqHHbr rlo-
cronHuofi HepaBr{oruepr{ocrn bo, TaK KaK noAaercrr Ha peryJra-
Top or cepBoMoropa, xoropuii pacnoJro)Kerr B cxeMe nocJre rJraB-
Horo 3oJIo'rI{LIxa. fIpH H3rvreHeFrHr.t be 6yger Merrrrbcr Jlrrrrjb MepTBafl
3OHa nO XOAy noplxHrr CepBOMOTOpa IranpaBJrfiroulero ailnapaTa.

B penyJlfirope x(e, y r(oroporo o6parnbre cBlt3r-{ B3ffTbr or BCnoMo.
r.areJrbHoro cepBorvroTopa (pnc. 93), npr.r nocTorrHHoit HepaBHoMep-
't{ocrl.I b, : 0 sefiHqHHa mepreofi 3olrbr rJraBHoro 3oJrorHHxa soo6ule
He oKa3blBaer BJIHTHHn Ha crarrrqecKyro rorrHocrb pa6oru peryJrfi-
Topa. 3ro o6r,scHsercr TeM, rITo n 4aHnoii cxerue III{TerpHpyIoIIIHM
gBelIoM n:]i l f lerctr Bcnoi\,rofar€Jlbrrrrtrt ceprloN,rorop, noSToMy nocJle or-
K,rIOHeHLlfi qacTo'rbl r{a crioJrb yfo/{rro rvraJryro ReflrrqHr'ry (npu orcyT-
crlirrr gorrL,r B ApyrnX sBer{brrx pery.rrnropa) nopilJerlb BcnoMora-
T€.rlbllolo cepBoMoTopa 6y^er nepeMcilI?' l 'rrcfr lto 'rex i lop, nol(a q.a-
cToTa lte AocrHrFIeT nepBoFIaqaJIbr{oro 3Haqet{Htr.

.I lerxo Mox{Ho nol(a3arb, qTo paccMarp.HBaeMarr cxeMa r{ npn Ha-
ilI{tI l{H craTn3rua o6ecne.rnBaer 6onee BbrcoKyro no cpaBtretntro co
cxeyo_{ Ha puc. 92 craruqecr(yto rorruocrb peryJrnropa. f lycm b, :
:  0,04, a I  :  0,2 uu. Ec;nr nepeAaqa or BcnoMorareJrbHoro cepno-
MoTopa rpr,nu* - 120 urur, a r<oe$Ququerrr ycwilHn or sTol'o cepBo-
Moropa Ao r f laBnoro goJrorrrr . Ixa hr ' :  l ,  ro MepTBaR gor{a pery/r f lTopa
6y.u,er

t ,  n n l

Boo6ue roBopff, c roqrr{ speHun roqrrocrH noAAep>KaHHfr r{acrorbr
B 3HeprocHcTeil{e c not{orqbro nepBHrrHbIX peryJrnTopoB cr(opocTH
BHAHMO He HMeer CMblCfla 

-'IIpHr{HMarb 
BO BHHMaT{He MeprByro sOHy

228

DerVJInrol la nptl  cpaBHHTeJIbl{o BbIcoKHX sl laqel lunX CTaTI' loMa bU 7^: 
6,02 *b,04,-TaK Kar( npu arHX ycJroBr{nx ort(JloHellue qacToTbl or

rroMr.rlraflblloro uiuuunnn 
^6yAer 

onpeAeJIflTbcff I{e r',,teptnoii 3ol{oft'

a ge l l tq t ' lHof t  ycraHoBJIeHI loro crarHglv la '

f i tr lyrOe ASJIO, gCJII{ peryAHpOBal{[Ie qacTg-l 'bl  uuyurtrr

c nor\4ol l(blo'BTOll l{ t l l lofo peryJlnTopa !f lcToTbl I ' IJI l ' l  I {a BXOA p*vl l-

TOpa cr(opocr l l  noAalorct l  ynpaBJl t l toulH€",BOgAel lcTBlI f  oT ApyrHx

o6irtcc,r'ell l ttottttt,tx atyl 'ON,laTl' lqecl(lIX ycrpoiictn. B TaI(l lX peX(HI{aX

pa6OrUl CLIcTeMbI, I{aK npa_BI'IJIO' ^ycTaHaBJIHBalOTCtt 
MaKCLIMaJIbHbIe

3t{aqel{Hfl crarl ' l3Ma bp : 0,08 -+0,1 II l\4epTBafl 3oHa peryJlnropa

c o6parubll\{H, cBfl3nMI.l oT BCnoMoraTeJIbl{oro cepBoMoTopa' o6ycnon-

Jler{} raq gOI- IOtI  B fJIaBTIOI ' I  SO.r iOtHlrXe,  6yAel  Ol(a3bIBaTb BJIHgFIPIe Ha

Toql{ocTb nogepx{ afiHfl qacToTbl vtJIIl Ha ToqHocTb, orpa6orxH yn-

paBrrnrour{x so3Aerlmnlti l .  HanP{rvrep' ecrln bp :-1ll- l :- no I{aHarIy' '

yn p aB JI q rc111g X s osAelicr suia us'sa ne peK p arcvtfi B rJI aB HoM SpJISTH HKe

ruepTnal sot ta pe-ryJIaTOpa, Bbl t lOJIn€I lHOro no cxeMe I{a pHCt 93'

OVi. ;  i *  :0,0i8 o/r ,  , .  
" ' .  

oAHI{aKoBa c veprnof i  soHoi l  p. lYl :"opu'

y" r(ol 'oporo o6pet'rttrte cRfl3ll B3flrbl oT TJIaBI{oro cepBoMOTOpa'
" I4U nptlueAeHl{oro AHailHga BI'IAHO' qTO B KOflI'IqeCTBeHHoM OTHO-

rrrerrr{r.r rorrl locrb pa6orlr H3oApoMlorg peryJlgropa cKopocrn onpe-

AeJrrrercn ero crpyl{rypHol{ cxer'aoil . nnn peryJlnropa c o6parultnnH

cBfl3tIMH oT fJIaBHoro cepBoMoropa roqHocTb onpeAeilf lercfl, B OCH9I-

rrox{ lueprnofi sorroi.i r.tcnoJrHr{TeJIff .H TJIaBl{oro SoJIorI{l{Ka I'I He 3a'

Bprcnr or BerrHrrHHbr ycranoBrrerrHoro crart{3Ma bo:, 
P_!:lylTtopax 

N{e'

BbrrrOJII{erIFtbIX no cieue c O6paTHbIMH cBtI3tlMH oT BcnoMoraTeJIbHOrO

cepBoMoropfl, npn Marrbrx sHarleHulrx crarl lsMu .Q, l1g9:lb 
onpeAe-.

Jrflercfl B ocr{oBr.roM MeprBofi soHofi HcnoJIHHTeJItI u noOyAI'ITeJIbHoro

,onot""nu. flocxonsxy BeJIllqHHa neper<purfrfi' y n.o-6y4.4teJlbHoro

3oJIoTHHKa 3[IaI{HTCJIbHO MEHbIIE, qCM Y TJIABHOTO' 14 CHJIbI TPCHHfl'



o6par l ro i i  cnngl l l  exBsTblr latoqei i  aJret(TptrqecKtui  Vcl l .n l reJl [ ,  l ' l  l {cnoJl '

HHTCJIb .

I- la pr{c. 101 nor{a3arrbr lr ,Be cpyt"txurtouaJlbHble n crpyKryPl{ble
cxer'rbr BKrroqeHHfl I,lcno.IIH Hrenq. 

- 
iJ o6rtqnoii cxelde (puc. 10 I , n),

o T o p a f l  1 1  I J H M e H H e ' l U l t  H  p e l  y J l x I U P 4 A r  D D I l l y L ^ a E r v r D r ^  u r i r r v t

o) u ill ;.;l G tffi _r!- MerrreHuro cepBoMoropa Hc-
noJIHHTeJIn noAaeTcfi Ha
BXOA SJreKTpHqecKoro ycH'

/rHreJIfl (Y) A cePBoMoroP
npe.4craBJItter co6olYI I'lHTe-
rpr{pyrouee sBeHo. Ann
Toro qro6ut nPaBHIIbIIo ou,e-
HHTb BnI4fl.HI4e uePrnoft
3oHbr s o6et lx cxeNlax,  neo6-
xoAHI\4O npe/{noJIo)KI'ITb, IITO

xoe$rfxqHeIIr ycuJleHll f l  Pac-
cMarp nnaeuoft  uenl{  n PH
nepexoAe or oAHofi cxen'trt x

npyrolt ocraercfl nocrofl l l-
nuirnr. Aeiicrl lHe uePrnofi
SOHbI IvIO)KHO YqeCTb B BI'lAe
HeKOTOpOTO 3KBHBaJIeHT-
Horo  cu iHana noMexu Ha
BXOAC HCNOJIHHTCJI ' I

puc. l0l .  (DyHxrl l louarrbrrbre H crpyKrypHbre BteAeU_CJIeAylOil lHeO6OS-
cxer\rbr BKflror{eHr.rf l  trcnoJIHHTeJItt  Haqel{Hfl :  U Hanpfl}KeHI4e

Ha BxoAe ycHJIl ' ITe/If l ;  z -

ct.rrHaJI noMexl.l , tt'., - nepeN{euleHLIe ulToxa HCIIOJII{l'lTeJIfl 
" 

lrt. I'I

hz - xoesrluuueHTbr yctrJrer{Hr ycu.nure"neti coorBercrBel]Ho B cxe'

i\{ax Ha ptlc. l0l , a " u 6; kM'- xoeQ$llUHeHr ycHJIeHHn MO II;

kr* xos4$nuHelrr arrer(rpHqecxofi x<ecii<ofi o6paiuofi cBtl3H 3OC
B cxeMe (6); lr. - xoetfrrfruUHeHr ycHJIeHHtl cepBoMoropa B cxeMe
(6), a B ix*t.  

"(a) '  
aro't : 'cepnoMorop Hto{eer gAHHl{qnylo o6paruyrc

cBngb u flBJlttercg cJleAtlu{etl cucreuoft. ,
PesynrrHpyroult.{fi xosrprpnuuenr ycHJren}f fl no Bxo/(lroMy cllrr{aJly

6yaer:
, Aflq cxeutr .(a) 

' . r

h '  :  k1k* , (5 .1e)

(5.20)

I(al< ( l t  t .no yKa3allo t lbl l l le '  t leO6XOAl4tvto l ]bl I lOJl l l l lTb yCJIOUHe

h' - '  lz ' ,  r .  e. ierk* - l l  h". Ecns >Ke paccr4arpuBarb npoxoll{Ae-

Hr.re 3t(Bt.rBa,ner.rTr{oro ctrrHaJla noMexg; TO Ha BbIxoAe 6yaer:

AJItt cXerur,r (a) \

Morop HcnoJrrrHTe.,'rf l (CH), yIpaBJInevnft no6ylHreJlbrlblM soJlor',,,

nuxorrn (n3),  oXBaqeII  eAHHllqnof i  orpHqarenrsot? o6paruoft  cBf lsblo

t4 noBToprrer nepeMeueHHe ruarFl l tro3rel(rpHqecKoro .1peo,6pa3oBa-
reJIff  (M7n\ KaK cJlelnu1afl  cl tcreua. B cxel\, Ie (puc. l0l '  6) cI{rHaJI

o6Parttof i  cut3I ' l  no nePe'

Arrn cxeMbl (.61 
I

z z : 6  " "

tr- loAenPte (5.22) Ha (5'21) t t

Hoe gHaqeHHe lz1kr ,  i lo , ' I IHHM

noAcraBHB BMecro lt k, sKBHBaJIeHT-
- / /

let

T ,

l I3 I(OTOpOfo cJleAyer' t{To B CXelVIe c 3/leKTpltqecxoft o6paruofi cBnarrc

Bnvt.irf iLle VeprnoH 3OIIITI HCnOilrtHTeJIn MO)KeT 6Hrn CIIII)KeIIO nyTeM

yBe/r pt,teilt4n ^or,loru HeHr a ycHneHHtI ?neKr!-y.:i::I9Y ^y 
e!'IilHreilt.t'

fltttt a*tvtqecK H e cs o flIcr n a'ncn o JI H H T elt fl' c 3 IteKT p wqe1<o fr o6p ar uoft

cBfl3r,ro, nou,au,,o, 6y1yr 3ABVC1T1 OT HlepuwonrocTll gilerTprqe'

cKoro ycl4rlrlrerlfl II lvlarHHrosfleKrpHqecKoro lry:-6,1::oBareJlfl 
' tla'

r-rpHMep, ecflH np14MeIll{Tb npaxruuecKl'I 6esltuepUuonHufr SJIeKTpH-

qeCt<l.tt l yCL{JII-ITeJrb, To' npene6peratl HI{epUHOHHOCTbIO I\ ' larHI'ITOsneK-

Tpr.rqecr(oro npeo6paaonar-e.rq, nepe4aToql{ylo rpyuxuuro raxofi cxeMbl

I \ {O) l ( l lO 32l I I ' lCeTb l l  I } l ' lAe

r lw -  t r *aa '
I  -  r l{T{,t t  BDeMeHI o6Patuoflr

rAe T o : 
,W6 

- nocroflHHatl BpeMeHH cl '{cTeMbt c

Mep' r l ly lo  so l ly  HcI IoJI I I I {TeJI f l  '

E c , n t l l l ( e n p l l M e l { l ' I ' t F ' 3 r y c x e M y 4 r l t l l ' l r l e p i l ' l { o H H o r o ' - i : l 9 l t - } 1 : l
r \ .rafr{r. tTnoro, ycl. lJIHTe.nfl  c rtOcrOslt l- tOtt BpeMellH T ' '  TO ngpeAaTotl-

t  . _ - '

rrarl  ( lynxtlun 6Yler

(5.22)

(5.23)2 z _
zL

(5 .24)  !

r l
t v -rr ha flnz * z(Tf 4.

rAe T t  :  1/ f f i - -  
nocrotrHHan BPeMeHn'

h o -  
|

r v  
h r

xoadlrpuul{el{r Aeun4lltpoBaH14fl cHcTeMbI'

B AarIl{olu cJIYqae yBeJII{qerlHe /c, -.conpoBoH{AaeTcR 
yI\{eHbrue.

'  'cr \ , t  t toat l r t l r t t ' f , t . ' i ' i 'n  
- l ier t i r r { l l r  

pol ln l l l t t l  '  
-  

I (polre rol 'o}  sTo npl tBoAl lT

2 3 1
?30

Arrff cxeNlbt (6)



K yBeflHqeHHro nocronHHofi npertleHu ?r. Cornacl.lg4la6^ogaroprlbtM l'lcntt'

TaHHf lM,  f lpH hz:  (3. - , -a)  /a ,  nenuunHa [  :0 ,05- : -0,1,  nosToMY Ann
o6ecneqeHllq ueb6xollrr'rbrx sanacos ycroftuunocrn no {lase I{-aMnJIH'

3BeHa B uenb aJleKTpl{ t lecl<oft  o6paruoft  cBf l3H.
Taxgu o6paaour A.,.r fr y1{etrbri lerrHR lleprnotYt sollbl peryJltlropa

cgopocrtr rleJrecoo6paeuo sBecrH 3Jrel{rpl{qect{yrc }KecrKylo o6parnyrc

cBfl36, oxBarbrBaroqyrc areKTpr.rqecxuft ycHJIHTeJIb H 3JIeI{Tporl{ApaB'
nl lqecxutt  nPeo6Pa3oBareJlb

IOpC u uvl,( l  r  r t  
" I  3OHbI HeqyBCTBHTeJlbItoc-TH coBnaAaul .

ueprnoi'r 3otnn-r.r At::Tit]""-,:.j:1, nnrnn. v no"ooo** 
'oopr"noru 

cBnsrr

l'106

20

l0

0

*f0

Prc. 102; Aun.nnrYAHan
Tepl{cTHKa HSoApoMHOrO

pocTH

(ncnonnl l renr) .
B 3ar(JI loqeHue nPoBeAeM

cpa BII I ' ITeJI bHylo olIeHI{ y cTp yI(-
Typr-lbrx cxeM HsoApol\4llblx pe'

ry / r t ropoB c '  ToqKl !  speHHt

Ar{naMptqecxoit Toql' locrl{ Hx
pa6orrt, I(oroPyrc 6Yaerrl xa'
paKTep H3OBaTb AIllIaMI'lqecrotlqu qoz q04 0,f q? 0,4 f,0 2 4w,pod/c 5;;;;; ' rrerryBcrBr.rrerrbtocrH.

o/o -  0,13 %. ?ra BeJIHqIIHa 3Ha-

JIrToPa c o6Paruuttlu cBH3ttMH or

\  i , , .  :

!

I

1
i

sacrorHa'  xapaK- B- peanruux ycJloBl l f lx  Aplr la-
p e r y n t r o p d c K o . M l ' l q e C K a t l T O r { H O C T b t B J I f l e T C f l

6onee BaxHbIM noKa3are.l leM

HMeHHo x srof i  xaPaKTePHcrHKe.  " .
llyCrr qaCTOTa B sHeprocljcTeMe xone6.neTcfl C AnOliHolvl al'rnnuryAOfi

r :O1Og6/o . Torta np6 uepgott 3orre i":0,03 7o rJIoBFIufi  cepnoNlorop

232

37. PerY'nnrop c nosgefi'
lr npoIrsBOAHOH

FIa Puc. I03 nol(a3aHur QYuruuo
CXel\4bl sAel(TpOfHn'pABnlHqecKOrO 

p(

nepnofr nporl3RoAltor 'r  I I ' { l {  no y( 
.  lg3



cpanHilnan Bbrpa)KeH ue,,(5.27) c nepeAaroqHoft {ryuxuueft AJIfi

H3oApol\,ll{oro peryJlflropa !b'l)' 
riuaqy'^:ro npI'l onpeAeJIeHHbIx co'

orHorieHrrr{x ilaparuerpoB ,pyntiu"rr (5.27) H (l.tl norlFlocrblo coB-

qHKa npou3no4l lo i . i .
I_ lpr-r  arraJlr{3e pa6olur paccMarpusaelrotYt cXeMrI,  I (a l (  H pf l l l rLU€,

r-re 6yAerrr yr114'pr,tnarr, nocronFrnbre Bpelvrel{tI npoN{e}KyrotIIIblx 3BeI-lb€81
' r a l (  l ( a l (  0 l l l {  C l )aB l l } l ' l 'CJ lb l lO  MZ lJ lb l  l l  I I e  O I (a :JL t t tA lo ' f  3AMC' r l lO fO n 'n l { t t -

I ) r rc .  103,  < l ryrx t l t to t ta . r l r , r tan (a)  l l  c rpy l { rypr r l rn  (6)  cxcMbl
sJleKrpofl{ApaBJll lqecKono pefyJlnTopa cKopocTu c Bo3Aeil '

cTDl {c i l t  no  ncpno l t  i l po l ts l lo / l l to l l

r{Hrr i{a AlrrraNrurrecr{He KaqecrBa 3aruKl{yroi i  cncreMbt peryJIHpoBaHHn.
I-lepe4aroqHyrc rlyuxqurc AarqHKa npousBo4qofi npeAcraBIIM B cJle'
AyloqeM BIIAe:

l, ;;:,H: "5io " ;i';;;;;;; i'L uo'*?.i:"::"-.,::::1?l:"H"J*'#'T;'
I IOCTI ' I  A l l l l a I \4  I ' Iqec I ( I IX  X i t l ' ,d l \ r r r l r r ' \ - r  ! r r  " t " ' -  "

no I{analy r}o3Myu(arorr,rrx nosAellcr:l::^.Y,i:":l:Xr:i['XT'':ft[ltil:
l:.l.ll' ;;';r&";, pa'errcrBo coorBercr'yrorur.rx r<osgd*uuerrroB nepc'

, iu ' ro. i ""x tpyrrr<rt i r i i  (5 '27) r t  (5 '  l ) :

(5.28)

I
I

i
I
i

t

W n : # ,

r1e 7,, - xoa{rcfruqgellr nepe1aqll AaTqHIta npOH3BoAI1otYt; Jn - no-

cTonHHafl  BpeMeHH Aarql . {Ka npol ' IaBoAuof i ,  xapaKTepH3yloulan ero
HHepTIHOItHOCTb.

ilepeaarorrHafl dryurunn no KaHaJIy rlacrorbl pa3oMKHyrofi cl l-

creMbr peryJILIpoBaI{HtI npI{ bo : 0 6yaet

r A e l ' I I . I A e I ( c o M H n o M e q e l { b l n a p a M e T p b t H 3 o A p o I \ , l H o r o p e | y J l n T o p a '
a HHAeKcol\'l n - Te >l(e napartlerpbl pery'tlniopa c nosAeftcrBHeM

T. e. AOJIIKI ' IO BblnoJIHflTbcfl  ycJIoBl

neqeHI'I f l  rpe6yevroro l{aqecrBa np

hr, : (holzrlz.)n AonlKHa q:l i l .PerY"r:
B TaI(oM )Ke, I{aK 14 npol{3BeAeHH(

o>xtto, oco6etttlo .t1' l l f l  cxeMbl c I ' IH-

(5.28), AJIfl l ' lAelIrl ' lql loro peryJlar

r t o i i  n o n y q l { M :  T r r : 5 ' 9  c ,  T * n :

I - lpunaeu,  HanPuM€P,  lhoh l ln  :

l in aTHx AaII I Ib lx cPaBHI ' lM Pefyi

cTBI{TeJIbljocTt',I npH IIaJIllqI'IH il{ep

Ann gTOrO nocTpOLIM qacToTtlblg xapaKTepHcTHKH IIenH qacToTa -

rflaeHrrlrl 3OJrOTr{Hr{. f lpu HaJrHqr{H B cxeMe 6e:rtnepuHoHHoro SJIeI{-

rpHqecKoro ycurlllrerltl nupunu"out:1-fly,^uHfl stofi IIenH AJIfi pery:

Jrrrropa c sosAeftcrBneM no npon3BoAqoft 6yaer ' ' ., '  
,,

(5.26)

(5.2e)

235
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w-nohrn . ! f f i v ^ (5.27) Vn:Ikokrhffit



a AJrf l  H3OApOMHOTO

Prrc .  104.
rnaeHrni

V*: [ftgltr]n t;;lp1 ,

renepb K .nepeAaroqHofi Qy-Hr<uuu peryJlnropa (6ee

no KaIIaJIy ynpaBaeHHfi orl(pblrH6r',t 
-npu 

bn : 0

(5,30)

I\'toTOpa.
f loAcrasus B (5.29) lr  (5.30) qHcrrerlHbre 3r{aqeHHn naparuerpoB,

nOAyTIHM

r v l  6 p * l  , -  1 0wn: 
1g;i7TildImTX ' w il _-0!06t-FT

sKBI {Baf ie I {T t Io fo143oApoMIJoropefyJ I ' lTopaa AAfl

(5.32)

(5.33)

I C .  E A \'  
\ t r .  u - r 1

( 5 .31 )

.Ilorapu$rvruqecKlre aMrrJrHTyAHbre qacrorFrbre xapal{Tepr.tcrnl{Ll, co-
orBercrByroqtre Bbrpax{errHfr{ (5.31), npHBeAeHbr Ha pHc. 104, a
(I -  l ,nn Wn, a 2 - Ann W"). Cpanuuoan xapat{repncrt ' IKu, f lPH-

a)
L,i6

JO

20

IO

0,+ 1.0 ? tt 6 t0 ?0 40 ri.pol/c

Amn.nnryAuue qacrorHbre xapaKrepncrr.rrH r lenH rracroTa -
3o.riornl.{K (a) n nepexoAHbre npoueccu (6) npH noAaqe DXoA-

IIJII ' I ,  eCJII{ yqeCTb' qTO T*, K b'Ta' To

T a p * l
V , , :

0tI ttP 
\-6, 

, -r ' 
)

r.  e. no I(al la,ry ynpaRrlf l loi l l l {x Bo3Aeficr l-1ft . .npn craTllYe bo:0

peryJrfrop c u'oaluli.tBIIeI\'I no npoH3Boluolt npe1craBJIfeT'co6oflt

rroro BogAeficrrsus:

,  I  -  perynflTop c BosAer' lcrnueu no nepnor: i  npoHsno4Hoii ;  2 - Hao4porrr lrurr l
pefynflrop

xoAHM K BbrBoAy, qro peryJrnTop c Bo3AertcrBHeM no npoH3BoAllofi
NreHee qycTBHTeIeH r{ KoJre6aHHrfi\.{ r{acToTbr B cyr{ecTBerrHoM L:,1'ana-
soHe r{acror of < I pra/". 3ro o6ycJroBJreHo MeHbrruM Noaclrcpuuyell-
TOI\[ yCHJIeHI{fl OT BXOAa AO rJIaBr.rofo SOJIOTT'Ir,tKa, ,t.rMetOU{erO rrer436e>x-
Hyro MeprByro sor{y. B ro )r(e BpeMR peryJrrrrop c Bo3Aef.rcrBHeM no
nporr3BoAHofi 6o.nee qyBcTBr{Te,ileH K BbrcoKortacTorr{brM I(oJre6aHHflM
(o  )  2 - -5  pa4/c )-g"o' 

"o*et 
Bbr3Barb HelKeJrareJrbHbre ro,rrrrKlr B cncferue perynH-

poBaHHfl ,  Bbt3brBaeMbre, Hanpr.rMep, 6treHusnnH peryJrnTopHofo reHe-
paTopa HJrH xyJrbcaqHrrMH AaBJrer.rHR B nporounoil qacTH ryp6HIibI.
OAHaxo orcroAa r{e cJreAyer, qro raKr,re peryJrtrropu-,noo6ue xy}Ke
H3OApOMT{brX, B reX CJryrl; l51*, KOrAa KaqeCTBO nepexoAr{brx npollec-
coB B 3aMr(Hyroil .cHCTeMe peryJrupoBalrurr o6ecnequBaercfl npLI orHo-
cr{TeJtbrlo Dr,tcoI(Hx Srraqerrr{flx l<osfrQurtrrerrra ycr' lf ier.rI.rn lrr.rf i tITo'

cooTBeTqTrlyeT Merrbr.i luM Srraqer-rHflM Ta H b7 3r(BHBaJrer{Ttlofo H3O-
ApoMr{ofo peryJrnropa, pefyJrrrrop c Bo3AeficrBHelvl no npopl3Bo4uofi
craHoBHTcrr 6onee qyBcrBHTeJiLI{brM, rIeM r{3o,[porunuft. lIpH aroM
BJII{f lI{He BblcoKor{acrorHblx noMex Mox{er 6uro yMeHbuer{o ga crler
yBeJrHrreHr:rfl Hlrepquossofi nocroRsuoft T Aarqnr{a npor{sBoAHoft.
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:'ii;,,13,?;"f"i|^,n",il5,i;,",,K**dy#Jf "'|"":l:tsffi :l

peaJrb,goe Hlrerpupylotqee 3BeHo (5'32)' a l{soApouurti i pery;lnrop -

,rrrerpo-gntp{repenur{pyrouee sneiro i lepBoro itoplAll^J5 g+l' 3to'

l ( o l l e t l l I O ' y I ( a 3 b I I ] a c ' r } I I l a c y u e c T B e H I I o e _ o T J l I , I q l { e B x a p a K T c p e n e p e .
X O A } I b I X n p o u e c c o B - n p H n o a u u . B x o A H o r o c u r H a J l a C T I , I n a e A } { H l , t q -
I toro c l (aqKa'  

_^^o-^rrur_ry a3aH I{a pHc. L04, q U *
BI,tA ert4x nepexoAHblx ,npoueccoB i9-i

p e r y J I ' I T o p c g o g A e i { c r B H e M n b n p o , a s s o A H o f I , z - ! ? : I p o t u n u f i p e r y -
. r r n r o p ) . X o r n y c T a l { o B H u * - u o . * c K o p o c T b A B H } K e I I H f l ' c e p B o M o T o p a '
o 6 o H x p e r y J I ' l T o p o B o A H H a I { o B a ' H o B H a q a J I b H u r f t n e p u o / t . ' B P e [ { e l t u
6urcrpoAericrnne H3OApoMI{olo peryJIflTOpa BbIlIIe' qeM'peryJIffTOpa

c nos/tcilcrBtrer{ no ycKopeHuro^ npH Tex }I(e lyciroBHffx' o'IesHAHO'

raxoil >Ke BbIBoA Mo)KHo cAerlarb I 'I KorAa b't- 
^^F*r

I{er<oropoe yJryqueltl le AIlHarll lqecKtlx Kdqecrs pery1firopa c Bo3-

4elYtctnlleM no npoH3BoAsoft Mo)KHo no

TeJIbHo BBecrll Cxopocnr yro o6paTHylo

p yrcilrero cepBoluoropa. CTpyilypnan
A{oro HTailbnlcxot? Qllpr'rol'r <Riva>' nc

roarpsrruttel{T yctl.{eHHq cKopocTH
. ,,_ . .  E!7 , i" ,

?
2 l



tYl - -- 
)-

w c -  
I . r . * T "

fLe

r r" -: t#rtl, _- *"
a T, : kr. ol ho -- on peAeJrneTcti Aei' 'rcrnlreirl cxopocruoil o6parnoli

C B R 3 H .

E c n t t n o J l o x { t { T b  T r " : T r , r ,  T " : b , T d ,  T n - l - T : T a  I ' I  T *

T*nTa To lV no Bbrpax{euuro (5.35) nonnocTblo coBnaAaer c no-
:  

T;TT7;'  
tw tY "..v uu'L'""

AoOilt ' t '  nepL4aroqnoii  $yrrrtuuei i  lYt l  p (5'6) n"qn I43oApoMIIoro pery-

Jqropa' ecJlI'I yuecro, tlrb ll h, : T*"' a H1fll4ql4e B cxel\'Ie eJIeI\{eI.ITa

ycKopeHr{fl cnoco6crByel ynenHrIeIIHIO qyBcTBI'IT€,IIbIIOCTII I ' , l  6utcrpo-

Aeiicrnns a"ata*o, s 
"o6ni.t l l  BbIcoKI.lX qaCToT' I-lo Bo3l' lolKlto JII ' l

ycTaIloBHTb TaKHe IIapaMeTpbl I l pea'nsuofi cl lCTeI\'{e? tlro6ll Bblttc-

HHTb sTo, paccr{oTpt{x{ pa3ot\{KI{yiufi anyrpeuull it KoHTyp co cl(o-

pocruofi o6Paruofi cBfl3bro''  
E"nr. t  .p iut i r tb puc. 105 c puc. 9i ,  Q, ro Mo)KIIo Bu/ lerb,  t l ro tJuy-

T p e H H p l e K o H T y p b I c x e M n p u ' , l e o ' " : 0 o r n u q a l o r c f l J I H I u b B H A o l v l n e p e -
Aaroq'ofr QyHxUltu o6par"on .i iotl l . f loarol' ly no aHaJIorI' lH c pHc' 96' a

nepeAaroqr{afl rpyrrxuran RIIyrpeHHero I(OHTypa paccMaTpl' lBaeMofo

peryJlnropa 3anl{[Iercfl B I] l lAe

aHaJrr.r3 erof i  crpyKrypnofi  cxeNIbI cAeJIaH r. 14, Kpunuenxo [10] '

;p;;A;, 6et yuer-a .'ir'epq'orr IIocrrI n poll:llt'l::l:113tjl'li3;-:"I?T
;,;;;;; a*utinu o6parrior'r cnssu. Ilptl erl'Ix ycnoBl{nx nepeAaroqrran

l ,  - n
yHKUHtl-  Pa3ol \ lKI IYro

Tdfi t-  l .  Ecnrt '  r talrp"t l l '^ npnlt l i l l ' *  ̂T 1: Ta' i9 
ycrofruuBocrb

Rny'rPcrrnero l(orrrypa --, ;r .9.: tnb.l 'o 'uttR 
npri- l" tJ ' \3 lz 'ubtTa

c .rer'r' )Ke sarlacair,r, ycroi.iurauoart, r'r'o t'r /tnti t''llpoMtroro pel'yJltl-

Top i l 'HoB3ToNlcny i13g ' .p " . ' " .Rnpe l . IMyuru . ' ' u facc r ' , ra tp l {BaeMot4

qCI\4 t' l3OAPOIvllIOrO'

OAuat<o Dce )l(e cJI

KOrAa nPI'IIVIeHtllO'tCfl '

CXei\,la pefYJI ttTOPa IvIOJI'

Ta l (  I { a l ( '  co r ' [ ac l l o  (D '

MO)I{I . IO ycTaIIOBI' ITb 3I ' l i

r ope ,  t t ao6oPor ,  r lP l t

J l t I rg{ i ly  /?p.  r r .

' , ' 38' HsoAPoMHbIe peryJtflrglbl- cKopocrll o-

c AonoJlHHreJII'HbIM 
uoun"nt"sueM no npoHtuoAnol

B nocneAuee Bper{n MHorHe eapy6exlf-9"pMbl Haqafl]1 :brnycKarb

r r 3 o n p o M n o,* p., v i n " o p o' : 1: #H##,:T$ff; *'fru!{' H iiftl'
;;"6ii . Tutt"t pi'tyn trropld II3 

ififfi;tuup"" A), AS EA u'

" Rili'"*' ifu iil t d i,"; t :'6)ffi ''lJil.'yi ffi;";; : :-u * p' | { | ::
ropo', Bbrrrycriu,brqu*.o purn"u";ff Stln*nn"' :9i9if," 

B cnocooe

noAK,nlor{er'I'r' ;;";d;"ti ]i 
;e*xo;r o6parHt'tx cB'3eI{'

K a't ecr s e I I I I y I o I I I( o rI u q 
"t"L " 

* y I "- :-5t:;tJrf,i!3t t ;:?'t "" JfiT " :;

;.; H, :1T l'.tT, lll t,,:.i1'li, ib il::ii- t' il lifi d;; 1 ! ; H: " or * lril
re )r(e o6oerrar{crr'r, rrro rr rra nf.^o,lvull1'ptidt]T1-',,T"ttt6pera'r

r{ t tept l t lo, , "ot to 'o i lpoMe}Ky'ouuoi*  
gner ibeB H'nonarun ! ' :  

0 ( f to '  
"  

:

,--,= 0), l loJtyr'tr\4 
"cj.rclla,ro.,,ryio",pyllI(ullIO 

pnto*nnyrofi cl ' lcTeMbI pe-

f)r"[rIpoBal'II4tl B cJteAytoillelu BHAe:

l f  : " 
(5'37)

p( r * *o , rn f f i np *  l )  t r r+  t l

Vls aroro Bbrpa)r{eH'rfl Br'AHo, qr9 
.P AaHHoM cfiyqae- peryJlnTop

6ee rr,rApoarperaia np.o."^u#; g96ofi n[onopuuorianl'1o-H*rerpu-

pyrcueeaucpQepe"ul ly . : * t t " inra l j : : ' " : ; ' -u iopotonopnAKa'ot t
r(opelrr.rblru ociila-soM olrrl:,1e"'' o" puttnno"i*utoi* ul]yt crpyKry?-

ltblx cx€\{ peiynnrolroo .no1r*r,u ,.a,< ' ',gonriottntt*' TaK n c BOSA.H-
239

( 7 n - F T ) P + l wn,
p Q p ) - t )

(5 .35)

kp .  cTc
rYn - r ) gon -l- l Xr4r -F l ) (rsp -l- l )

(5.36)

f ; iC /e , , , "  -  xOar l r t l lu t l t tC l t t  yC: l l .nCl l t t t l ;  Tr ,  -  r toC' l 'Ot l l l l la f l  l l l le l \4CI I l l  i ln ' r -

u' i .u'o-6pur"oi i ' lone,r.  ocianr)rrbre o6osna.rerrrrrr rar(14e )r(e'  r(al( I ' r  I ' Ia

puc .  96 ,  a .
Ecn' cpaBrprrb (5.36) c noAo6tttll\ 't Il l, lpa)l(elll ' leN{ /{atr H3oIl'poN'llloro

p..f f""tplr- (S.lO), '  npeABapt{rertbt-Io norlo}K'{B B HeI' I  b, = 0' ro

oKasbrBaercn, qro-l xorAa h;:'.-; i;r,,, ': lf* B 3HaMer{arerle (5'36)

no cpaBget{Hlo c (5.16) crorrr 'MIIoxl irenu T6p J- I  nl ' recro T'tP -p l '

Ha aMnJrHTyAnoft, xapal{Tepllcrl{Ke (pr'rc. 98) 3ro coorBercTByer pes'

KoMyyBeal{qeHlqoycHJIeI - I I4 f lB3oHeqacToT'onpeAeJl ' IeMbIK] ]9_:T-" . ] ]1 ;
HbrMH B peMerIH' f , I T n, t4 cMelrreH Hflr:'il"#'Jr:HtX.i^fffilitt;.t

5yler neYcrofi ql' lBblM'

iti-"LooxoAllrtno yMeI{brlarb l<oedr'
'ccTBeHFIO RBOAI{Tb 3HaI{HTeJIbHyrc

(]Togllblx 3BelIbeB' - l l ro6rt 
xorr lnen-

)JIe BbIpalKel{I ' l t t  (5'36) IuHo}KHTeJIt l

238

i l
i, I
r ! l
r i

t1i
, i t

l :

ia,
[!

ti



I lepe4 l(BaApart'tbtt\{r.I cxo6nauu cronr 3BeFrbr, B to.roroir,{ coor-
BercrByloI I { I {e nepe/ laro ' t t tof t  ( ly tn<t1t t l . t ,  ct{opl)ct(Tt . rpoBalrrroi i  c no-
l\{Oulbro }r3o/tpoMHoii o6p31H.Ofi CBff3r.r Cr.rcrervrbr pery.nnpoBarrlrr (5. l),
ec.Jr l t  B (5.1) san,rel l l l r ;  l l  leol t r le"  :  T*,  a $l  len ia 

-b1,  ̂ a 
r iBaAparrraf l .

ct<c6t<a onpeAeJlrer nepeAaroqHyro rlrynxril l lo perSr,nfiropa c ros4eii-

crBI{eN{ !o,  l lpol lsnoAtroi i .  Oco6ertr to HarJrr lu{o oro BrrAr{o,  ecJpt
)r(eutre (5.37) Barlncarrr R lrecr(oJrr,r(o urroN{ Blr/{e, a r.rMernro

W _ (Tap * l) iluo ( I " * r ) p * l
5.38

n I  I
T*  *  b tTa '

Puc. 106. Crpyxryprraf i  cxe^{a H3o/lpor\rrroro pery.nrrropa
CKopOcTH C AOnO"I IF I I . {TeJ IL I ' lb l l \ t  nO34et iCrn t tenr  nO ne l tnOf i

r rporrsnoTlrroi l

crBr.teM no npoH3noArrofi c r<oa$rpurltrerrror\,r ycrrJterrHrr ftp. ,, : l .
B l4Tore ttoJlyqaeTcfl, rrro ara cxeMa coAeplKHT B ce6e l<ax''6u ABa
nocJIeAoBaTeJIbHo CoeAHIIeI.IHbIX peryJltlTopa cKOpOcTLI: H3OApOlvtHufi
H c Bo3Aeri.rcrBHeM no npor{3Bo4Hoft, T. e.

nl ) I . IBC/ ICI I I Ib le  I Ia  pHC.  10.7 qaCTOTHble XapaI (TepHCT[ t I {H ' l *x IJJ IHturu) r

rrr i l r{rrrrrrrMr.r l tJrrr paAr.rarbuo-oceBbtx ruAporyp6l{H c I ' l3oApol\ ' I I{bII \{  pery-

Jrrrroporu cr(opocil l. Mlloroql{cJleHHble pacqerbl I ' l  I{ccJteAoBaIIHH noKa-

3 b I I ] a l o . l . ' q . l . o / \ J I ' I T € l l ( I I X C , I I C ' r e M B I I o [ , l t l I I a J I b I I o N { p e X ( I I I { e S a n a c n o
a n { i l J l I I T V / I e ' I ( a I ( n p a B H . n o ' p a c n o J l a r a e T c ' I B 3 o l { e q a c T o T ' f A e n p o ' I B .

Bbrpi l .

(5.3e)

t0

1.06

20

- l n

. U

-7n

tp,epa0

- t00

.t?0

-t+0

-t60

-tE0

- 200

0,0? 0,0+ 0,00 0,1. l).? 0.tt 0.ti l,tl 2 cu,Pad/c

flunamuqecr{r{e . KarrecrBa }.r3o/IpoN{rroro per}/Jrnropa c AorloJrrrr.r-
TOJIbIIbIM no3Aei.icl'Ilt4cM IIo Irpotrsno4rroi.i paccN,rorpt.rM rra r(orn(pe'r-
I tblx npl lMepax. BosbNlen{ crlcreMy peryJrr.rpoRarnlrr ryp6Hrrbr I(pacrro-
f lpcKofi  fAC, AJIn Koropor? Tn: B c n T* :2,2 c. 

-Paccuorpur,r 
pe-

)J(l{M pa6oru arperara ra rrrrr/{e.rrenrryto rrarpyBr(y; cyMh{apl l l , i i i  r(o50-
cpltqlleHr caMoperyruponanufl cr{creMbr npH rroMuHaJrbFrofi Morr{Hocrrd
npHI\{eM paBllbll\{ HyJfiO Q,r:0. Driln gTr.tx ycJroBrrfi, Hcno/tb3yrr Bbr-
pax(eHHe (4.43), cr{opper{rr.rpyeM cncreMy c noN,rorrrbro r.r3oApoMr{oro
peryJlnropa cKopocrl.I. ,Ilorapucpultuecr(r're ar,rnJrr,rryArrarr H rpaeonan
qacroTHble xap_al{TepucrHl(Lt / erofi cucreMbr nor{asarrbr rra ptrc. 107.
3Aecr T'* : [Qn,o J 0,5e) ]v -_ 0,5 gol T*, , a 3rraqeur{fi 01 r.r I
nofiyqeHbl tlo N,loMeI{TFIofi tt pacxoAl{oii xaparrepr{crur(ar\{ MoAeJrH pa-
6oqero KoJreca /{Jra r"rol{r+raJrbr-rofo pex(r.rMa tTr.16 :,1 H Qo: l. fip"
aroM nrr6pauu napaMerpbr r.r3oAporvra bt : 0,45 fi T,! : 14,3 c,
o6ecneqrBaroque sa/^aHHbre 3ailacbr ycrofivrnocru 

'AA - I AE rf
Aq :  3oo.
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P r r c . l 0 T . t I a c , r o T l l b l e X a p a x r e p u b r t ' l x H p a 3 o M l ( u Y t o f i . c 1 g r e l | b l p e - .
I ' y J l l l l ) o l l a l l l l t l r l lApoa rpc ra ra l ( pac l l onpc l (o l l l c ' \ ' ;

I  - c  x 3 o A p o M I t b I I \ {  p e r y n n r o p o M ;  2 - c  H 3 - o A p o M H b l M  p l f I f L T : P " M

,, nonffii,ii,ie"ii,oii, l;;l;Tilll,":ll ::_ Tof;,:l""#1""'BoA'oB

Jrrie'r ' cRoe Aei:tcrBI'Ie rl lApaBJIHqecx
3OHa COOTBeTCTRyeT qacToTaM oT

Ilosror,ty i lponoPlu'lollaJIbIIo-ntlt l 'cl
--l- T') p -l- I lvloll{ l lo l}BecrH roJIbl{

3rraql . lT,  qTo I IocTot l l I I laf l  BpeMel{}{  l

Hr.rqeila IleJIIIqttl lort Tn -l T < 0,57, (o Uolr'tt luaJlbl{oM pe)KI{Me Qa :

1 \

ijir Pr.rc. 107 ilor(asarrbr qacrorHbre xapal(rep":it]I-1^3 lu"oYtHy.'
rofi clrcrel,rbr c AonoJrr.rr4TeJrbr-rbrM BBeAeI{neM npottgsoAHoil npH Tn -}-
'-i 

f : 0,57,0, t4 T : 0,1 c. I(ali Br4rtto, sanacbr IIo- aMnJI*!+:

,o' ,iiuu. y o6" * xapat(repgcrgI( o/tHI.Ial(opbl' rlo Atrfl xa.pgrrepr'

c r t { I (H  2  3 ro  Aocru ruy ro  npu  Ta ' :8 ,7  c  B l \ {ec ro  Ta :  I4 'p "c :npq

r.r3o/(poMIION,{ peryJItlTope. _
Ecnu npo,"* 'o fr+ T > 0,5 Tr, ro xorf l  3ai lac no Saae H 6y-:

AeT yBeJII{t I I{BaTbcfl ,  HO OAHOBpeMeHHO yIVIeHbulaeTcf 3anac no

ar\4nJil.rTyAe, qro npI{BOAI'IT I{ 
-YBefiI4r{e}II{lo 

nepepery"'B:"-?i11:t

T. e. yxyAltraeTcfl nuu..rro perynlapoBaHl'Iff .qacToTbl' I-Ipu AafiblleI{-

lrrer\,r  yBerrrrrrerrrrrr ?" (npu ntT) 
o") t touan Befl l lql ' IHa cp.e3a (0cr

l 0  n .  A .  i l r t n o o a p o n  "  
: '  2 4 1

Iw,,- -;-w..w
- -  L I I I  k p . n - '  H "  n '

I

\
wl

I

-tJ
I ;>l \

- l
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cMeulaerctl B 3()l ly I lblcol(rlx qacroT, H 3aMr(ilyTan cl.tcrcMa [4o]r(e'r
o l (a3arbct l  I leycroi iqnBoi. i .  Oucnlr4rro,  Tar<t{e )r(e BbrBoAbr rvtoxrro cAe-
tlaTL II AJITI cfiCTeilrbl c r(OB[rOnOfi rHApoTyp6rrrrOil, Tar{ riaK irepeAaTOrI-
Hble tJ)yllxtl l ttt cltcreir, i c palla[rr)rro-ocenofi H l<onruonor'l ryp6""artru ; l t * ; "  b t := 1,7 (xapatmepl lc ' r l { I ( } r  z \ '

f{3o/tpoMa 7"1 y l)t, Ecnn yMe}lblIII4Tb gTll 3anacbt AO BllatleHl', l ft '

ropbre noflyt1s11bl AJIfl CHCTeMbI c HSOApOMHbIM peryJltITopoM' To'

,rpe6yercn y.T;rl"r."ro- iu: ro 9 
ur*^ecro Ta : 25 c u bt :

H p € 3 1 t , r 1 5 1 ' g l a I I p l l l J U u x Y c l L l \ r r d 1 \ r \ v J Y r \ l ' r r r { J - - "

creN4l,I c l l3o/l.pol\{l lbllvl l leryJlt lropoM tl Aolo'nll lrenllI:I){ .:": l:::,Ti

KO-
no-
1 , 1

Pacclrorpl l t r , t  _cI4crei \ , Iy pery.4spoBaIrHn c i loBoporr tononacrrroi i
rH/rpol 'yp6rrr lof i .  I - Ia prrc.  108 nor<a3anbr rr i lcro ' r r r r , rc xapat( ' l 'cpt , rc,nlr<l l  /
cr'rcrerubt pery"rylrooBarrilrr ryp6l.rlrr,r f3c <f{>l<epAan) c qr{cro r.r3oApoM-
HbIlvr peryJltlropoNl cKopocTlI AIrn yc,uonllfi r.r3oJrrrposaHHoir rrarpygKH

npO"t t " ; l r lo i i '  O l (a3 l ) lBae ' Ic t l  3 I Iaq l ' lTeJIL I lo  6o1ut l le ,  qeM y cHcTeMbl

c l .r3o/UloA.II IbII \ , t  pelyJlt lToPoM, a 3To 3HaqHT' qTo 6blCTpOAefiCTBUe I{3o'

Apor \4 l ro fo  perynnropa c  Bo3Aef l ICTBHeM no ycKopeHpI IO BO3paCTaeT'

C r<o.nt rqec l 'Be l t l to i i  Tot l l ( l l  3pe l {u f l ,  I {aK 3TO BI{A l io  I r3  CpaBI . le l l l '1 f l  p l lC '  107

i l  l0B, y CI.ICTex{ C IIOBOpOTTIOJIOIIaCTI' l t ' l i \ { l ' l  Typ6l lHal\{ l ' I  acf( l)eXr OT

/tOIIO,i , I I I I ITeJILIIOTO l l l le^el{ i I t l  i lpOll3I}OAttOlYt 6Onee 3l. laql lTe'nrHrt l ' t r  t t€IU

V CTTCTCI\,1 C paAIjtaJIbl lO-OCSB6lMI{ I l  l (OBl. l lOBbttrt t ' r  ryp6I ' lH-alUI{ '

RolAef ic r .n t re  l ro  yc t (opel l l l lo  I (ocRel l l l l ' , lM 616pa30l \4  np l ' {B9AHT I (  yBe-

, [ t lqc l l l l io  6utc ' t '1 lo , r1c i ic 'Lr l r t i r  l lo  l (a l le lJ l ) /  ) t r lp i l l ] ' f l c l l l l f l  o l ' l ipb lT ' I Ie l \ ' l ' l ) 'p '

6unnt B par,,ot,r ia'1la6orr 'r  Ha I ' Iou.Hylo sl leprocl ' Icrelvly'  O6ycnoBJIeHo

3TO TeM, irTo nrieAeFil4e cHrI{aJIa no ycKopeHHIO [o3BOJIf leT S 6o"nb'

r . r i f r ' cT.Be cJryqaeB yrvre 'b ' l ' ' rb  ycrant< i t  I l3o/ t 'o lv l^  
! ,_ l l  T l

EcnH BBeCTr.r rpotr3BoAHylo B Cxelvly H3OApOIuHofo peryJIfTOPs'

y K.TOporo o6parriure cBfl3H 83tlTbl oT BcloMoraTe"[bHoro cepBOMo-

'r'o p a, ro n o c p aB rr eH I'ilo c I43oApoMH brM ptili-T19-p:^Y^:::. l llt*%tlt
K yBeJIllqeul.{lo efo tlyBCTBI4TeJIbI-IOCTH Ha HI',I3KOqacToTHble KOJIeoa-

r{gfl peryJll, lpyevorl sefl l lquHut' 3ro TaI{}Ke o6r'f lcHqeTcfl MeHbuHMll

3rraqeFrrrrrrvrr . l  napaMeTpon T4 u b, ,  KOTOllble npH npoqux paBlIbIX yC-

JroBplflx onpeAeJItl loT AI' lUaN'lHqecKyIo 30Hy HeIIyBCTBUT€JIbIIOCTII pe'-
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Puc. 108, t lacro' lrrr, lc xal)ar(TepucTr.rxtr pasol.rxrryroi i  ci lcTer\ l , t
peryJrr{poBauHff nrApoarperara f3C <Ax<epAanl>:

I  -c  r r3oApot \ { r ' rb r [ r  peryJ l r ropo l t ;  2  -c  r . rgoApo iv rHbr r r r  peryJr r ropoM
tr  AonoJrHr r rcJ rb lb l t r r  nos4e i ic rnueM no nepBoi i  npoueno.a , r to i i

I r  e n  = =  0 , 2 5 ,  T n : 7  c  t t  T . : 2 , 2 3  c .  X a p a r r e p n c r u r ( r . {  r r . f A p o a r p e -
raTa nOcTpoCII I ) l  l Io I l l , Ipa)t(el l l . t to (4.40) t ta ocnoBalrut t  o6pa6o'rr{H r \ {o-
MeHTI.IbIX it- paCXoAI-lI)lX xapaKTepl.{CTHK MOAeJn{ pa6ouero r(OJreca
Typ6t{Hbr.  k lsoApouHtn' i  peryJrnrop lnn arof i  I 'eC nr,rnonneu c o6par-
I{bII\{I ' l  cBfl3tIn,If l or BCIION,rorare/rbHoro cepBoMoropa. B l)e3}Jrbrzlr€
pacqeTa I Io .nyqs111,1  i lapaN, teTpbt  l {3Ol (po [ {a  b7 :1 ,7 ,  7 ' ,1  -  25  C,
o6ecneql'tBatoqt{e rpe6yen'roe l{aqecrBo peryJrr4poBarrr.rrr B paccMarpr,r-
BaelvlOI\{ pe)KIIlte

l lpuoegel l l tb le I Ia l ) r . rc.  l0B {zcrorrrrrrc xapar(repr.rcrr . l r { l . r  I  c r . rao-
/ (pOMl l l " f \4  pCry, i f t l ' fopOtv l  t l l l J l t l lO ' l 'Ct l  ' l ' l l l l l l t l l lb l l \4 l l  l l , , / l t l  C l tC l 'CI \ ,1  C I (pyn-
HblMl l  noBopoTl loJ tonacTI Ib l I \ { t {  Typ6rr I {ar \4 I r .  3Ta cr . rcTeMa,  KaK H3BecTr{o,
coAepl l {HT ABa peryJr l rpyrom,r rx  oprar ja ,  npr4qeiu  nocTorrHr- rar  BpeMerr r4
cepBoMoropa pa6ouero r (o ; leca 7, ,  :  l . l<o,  no cBoer? Be,nHqr{ t . re  o6srrnro
1nuexa K rrocrof lHr{or? Bper\ teHtr  rpy6of lpoeola T' ,  :  1/or.  I locxoJrbr(y
qacrora o2 HaxoAHTcf l  n6,nHeu (0. ,  To R AaFIr-roM cryqae BBeAeHHe npo-
nopnr roHar rbr ro -Ar rc$$epeHrurpyror r te ro  3BeHa '  (7"  *  f )  p  +  I  Mo-

{er 6urt ocyuecrBJleHo nprr ruer{brl l l .rx qacrorax, B r{acrHocru, KorAa
Tn * T = T,r, riro /l,aer sFIaqHTeJrbHoe yBefiHqer-rHe Banacor] ycrofi-
r 'IHBocrH no +a3e I'I aMIJII{TyAe npu Tex H(e 3Har{errr.rffx i lapaMerpoB
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IyJI t t ropa.- '  
Tui l r r iu o6pa3oM, no cpaBI leHl ' l lo c paccMorpel{HbIMH BbI l l Ie c lPYx

rypHL,rrvrH cxel,raurr .peryJIflropoB .t.o_q9.1-1. l l3oApoMHblli peryflqrop

c AoloJg{HTeJIblIblM BIJSAgHI'IeM npog3BoAHofi o6naAaer 6O'nee Bblco-

nttin-Oit."pnnci.ic'nttctr 't I(al( no l(allaJly tlacToTbl' Tal( II no l(arlaJIy yn'

paBJrerrurrr oTr{pbrTt.reM, A Mellbueli AUllauoltlecl(oii 3orloi ' i  IIeqyBcTBII-

TeJI ITI IOCTI{ .

S g . P e r y n n r o p c K o p o c T H c n o e n e f i c r B H e M n o H H T e r p a f l y
or peryJl4Pyeruofi BeJIHIIHHbI

f l l l l r r r r1t t t t t l i l .n l , l l i - l t l  cxCi\ ' la pCI 'yJI t lTopA sToro Tl lna 6l tna paCCIvtO'

rrreira B r ,n,  3,  Ocla 'or l tNtcf l  I la ero crar l lqecl( l lx  I ' l  Al t l laMl{qecl( I {x

, , iue.ruax. I - la puc. 109 nora3al lb l  ynpoqel l l lb le rpyl txquol la lbHan (d)

t.{ pacqerllatl (6) cxervrur ct{creMbl, pefyJlI'lpOBaHIItl

FIa cxeue ('6) o6ostta.{etto: h; -" Ko3$$I,UIIeHr ycI{JIeHHn tIyB'

cr'r lretbtloro !l"*itr; l t, - peryJlrlpyeirluil xoat|lcpHlrl{eHr ycl{ '

rrer{r.rf l perynnropa; le Ko;$S;ura"e'^ ycune*lHn 3U r, T'- no'

crorrrrr{arr Bperuerru 3BeHa t"6iloti o6pai.Hofi cBnBH; ko.:^2,133.c1l'

rpl1q6egr ycttJlel{Hfl xecrl(oli o6patHort cBfl3H ' oIIpeAefiRlglil'HH

crarg3r\4 peryn;Topa; T sr tt T o 
i nocrof HFIble BpeMeHI't cJIeAqUHx

cr{cTeNI,  oXBaqeHrlblX o6parHrtuu CBtl3nMpI '  coOTBeTcTBe[ l l IO'  OCt

r{ OC,t.

_ f i

i

t
n

l 6 *
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B paccMarpHBaeMoii cxeMe peryJrf lropa
c nepe1aroqHofi QyHrruuert

wo.,:T#h

npeAHa3lraqaercr r1i ln $opvl ipoBarrLrR nponoprtr . {or{aJrr ,no-Hl l rerpaJIb-
rroro cr,rrlraJla ynpaBJrer{r.rf l no ort{JrolreHr.rrc qacrorbr (nkl - BaKorI

r<nyroii cucreMbl peryfiHponannn npu crarusMe b, : 0 (&o,. : 0)

3anl{ujercn B BnAe

tY/*!f f iv", (5.43)

T€.IIbl lolo CepBOI\{OTOpa npl ' I  yCJIOBHII:

ru6xan o6parnan cBf lgb

(5.40)

t

, h ,  l r '
R n .  r r  :  

; - - ; - J T  -  x  l : i . , ' l '  r r :  T  a l
,  -y  , " r ,  1 l  d 

o l l  d 
' -

T a  ^ , \ -  T  - T' I ' ! t1 :T+ryn* -b ; t  t  sn :  rs '

P accvorp t{l\4 nepeAaroqlly ro cFyrlr<u,"t9, ?Ioto 
peryJl tlropa (3f P-H)

ilo r{aHaJry ynpaBJrerrHrr orrp'iuer,,r. Kax nu4Ho 43^ p'c. 109., o,

33errbrl ,  oxBaqett l lble o6parur, iuu cBfl3t lMH OC t t4 OCr' o6pasyrcr

iA"nyto 6ucrpoAeircrnyrcTyt sJIeKrporn1paailrruecKylo cfleAqttlyrc

cHcTeMy, I{a BXoA KOTopOfi noAaloTcff CHrHaJlbl'tto KaHafly qacTOTbI

H RTIeUIHLIe ynpaBJIfl lOlIIHe CI' lrHaJIbI' HanpaBJIeHHbIe Ha I' l3MeHeHHe

ar<rHsrloli MolqllocrH rHApoarpefara' . B pe3yJlbrare crpyKTypHafl

cxeN,ra sTOrO peryJltlTopa KopeuHgrtl O6paSOU OTflHr{aeTcfl OT pacCMO-

rpellFIbIX Bbli le cTpyKrypIIblx cxeM'' t "B'5iP-14 
{ry;xql iu qiopnn"poBaH'n c ' rHar ioB qerKQ pa3AerleHbr:

cr t r r r f l . r  no: l ;1ef ic ' rnt tn l lo c l (opoiTlr  ( ' lacro ' re)-pgP.o68Ttr IDII€TCn BbIt l l ] l { '

re.nrroi . i  qacrbro,  B uo'ropyro"; ; ; / tH 
- t t3; '  

H I<y ut  )c l l ' r ' l rgJlb 9Vt '

oxna.rernnrft f CiC, u 
-y.ittJt.u"" 

ocyuecrBJltlercfl ycI{JIHTeJIeM 3U 
"

rraxoAr'rltrNrcrr D coc'rarle cJreArrueii cucrelatt. ,f locl(oJlbl(y ynpaBJInIo-

111r.re BOBAeliCTBllt l C noAalgTctl. HenOcpeAcTBeIIHO Ha BxoA glOlYI CJIS-

Anrueii cncreMbl, ro n"p.;1urotluaR $yHxuHn pt:yi: l:fu 6es rr4po-

arperaTa no KarraJry ynpaBJltrrcuHx Bo3Aefrcrsl4n OyAeT

l ) r rc .  l0U,  ( )y tnc(uo l t i rJur t r f l r  ( " )  t t  l )acr rc ' r ' r ra l  (6)  cxcrvrbr  pc lyJ t t t ropa cr (opocr t l
c nos4eficrBr{c1ru no HnTerpaJry:

I ' l t l  *  rncArer r  l rac rpo i l x r . r  yc ' r ' i l n ro {  r racror r , r ;  I ' .1  Ky  -  sJ teMcr r  r tac rpo f l t< l t  l<osdxhr t t { !c ' t t ra
y C l r . n c i l u r l  p c r y n r T o p a  n o  r ( a r t i l J r y  , r a c T o T b l ;  3 , Y  1 n  3 U ,  -  S J l e K T p r l t t c c K l r c  y c l r J l l t T e t n ;  I - O C  -
r116raR orpr . tUareJrb l ra r t  o6pat l r i r  i r  c r ! r l3 r r l  OC -  ) r (ecr r {aR orpHl [a rcJr r r t lan  o6par r tan  c l ] t l sb ,
onpeAenr rou la f l  c ra r r {o } f  pc ry r r r ro l )a ;  eMI l  -  g .nexrpouexar r r r , l cc rur i l  npeo6paeonareJ lb ;

OCr ,  OC,  r t  OC,  -  Mecr r rb rc  x (ccr r (He o6par r r r te  cBn3t t

peryJrHpoBaHHrr). fJepe4aror{Harr dryHxUun 3V t oxBaqeII lroro f 0C
6yaer

rul le (7,,p { l) T,lt 1- |wn:TTwffi=fr;;= (5'41)
-T- ' 111', -r- -71,

I(oo(xpuqr{eHr ycn/rer-rr.rn sroro ycHJrr.rreJrrr Rbr6paH AocraroqFlo
6o.nruul't

w,, :TI#- l .+ h,  F.4zl
T. e. 3Ur, oxBaqeHHbif lr  ru6rorYr o6parrrorl  csf issro, rBJrf iercf l  nporiop-
qI{oFIa Jr b}ro: HHTef p H pyroillrrr,r 3BeHoM. flepeAaTorrHa R $yH xqu n paSoM-
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(5.44)

'  (5.45)

B nnpar(eHue (5.45). HeixoAnr napaMerpbl ky' y " --T :'^?,?tRBHrerIb-
rror:i qacrr{ pe;trr;r"ph floarouy AHHaMHTIecKHe xaparrepHcrHKH

s T o r o p e r y J l ' I r o p a n o o T r I o u e H H I o K B r l e u I { H M y n p a B J I ' I r c u I { M c H r -
lraJiaM IIe 3aBI'tCflT O'f napaMeTpoB
qacTorbl. A ero 3HaqHT' I{TO TaKafl

Ao6Hrrcq npeAe/lbHo B03MolKHorc

JIIo6blx ynpaliltfiollll4x Bo3AeficrBH

axrHnnoft I\,IOilI,r locrtI rHApoarpera

He3aBlrcnMbte ycrpoficrsu' .quuauuqecxofi KoppeKUI'IH AJIfi '  KaXq'oro

2!5
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i r i ,
l ; ! :

l i l l

i . l i
,  i '

I  r l l

r , l':,,
. '. 1

rl

t t

-  i : i
.  i ; i .

ifiii
.  l ;1,

'  -  i r l r

i l  ir
t , !
i 1 i ,
i ' ;
l , i i' l i l ,

I

T y p t l

TuP
TuP,  I



p acc l\'loTp ell H bilu It .
Bropoe He ^.{eHee Ba}Kr{oenper{Myr.tiecrBo 3fP-H cocronr B roM,

h ' lexar l l t t tcc- l<o i i  t lac t t t  l )c ryJ l t t ropa snaI I l . t ' rc , / l t r t to  yMcnt> l11. r . t r  c ro  l \ tep1"
Byro 3olry. f leno B Tor\,1, qro B peryJrrrropax r.r3oApoMr.rbrx r.r c nosaefi_
crll l leM ro ycKopeull lo r.rr-rrerptrpyroqr.rri sJrer\{er{T - cepBoMorop -
pacnof lo lKer l  i locJle s/rer(TpoMexaHr.rqecr{oro npeo6pasoBarenn. Kan
6rtno noKa3alto,  3oJlorr ' rHK cepBoi\{oropa rr  caM npeo6pauouutar i
B 3aBHclIr locrH or crpyl i rypHoi i  cxeMbt peryJrrropa o6.naAaror ror?
HJ\H LIHofi nenllquuofr n'repTlgl 3olrr 'r, xoropan H onpeAe/rfler qyBcrnr.r-' TeJlbHocrb peryJlfl 'Topa. I l 3fP-l, l l tsrerpr{pyrclr1l.rr? s"neverrr gBflrrercq
SJIeKTplIqecI(l lN{ 6ecl<ottrat('t ' I ' tbII\,t ycrpoiici lrol,r 6es noABr.rxg{brx Ae-
Tarel"{, II nosTol\,Iy oH npaKTI{qecKH He trNreeT ueprnori to"oi. no.nonfr.y
sTor I ' tHTerpHpylotUHli sJIetueHT pacnoflolKeH B cxeMe cpa3y sa 3JreK-
TpI4t{ecKHr'lH SBel{bffl\ lH, B I{oTopbtx l i{epTBan 3orra rar{>Ke oTcyrcrByer,
To nPI ' t  b,  :0 nreprnatt  sot . ta Bcero peryJrnropa npar{T}rqecr(14 paBr{a
rr yJfio.

B onbrrHo-rpolvrbrruJrer{Hor\{ o6pasue Ofp-14, xoropulfi 6un r.rcnbr_
Tal I  B na6oparopl l t , IX yc,rronrJrrx H rra I (pacrronpcr<of i ' fOC, nnr,rron,1y
xo,4y.- 3/IeKTpol\4exaHllqect<oti cneAnuleiir cHcrer\4br coorBercrByer 6;-
sosr l f i  xoA rJIaBHoro 3oJiorHr{r{a,  pannr, l r t  300 uu. CornacHo. npoBe-
'{eHHbllu }{cnblTaIII ' l t lNI, IvlepTBat{ 3o}ra cfleArrrl leri cucreuu, o6ycnoBJlet{-
Hatl N'loMel{ToNI TporaHI.rfl oJrer(TpoABHrare,rrr H .niocprol,l n peAytirope,
He npeBbl[iaeT BeJIHTII.{Hy 6 rtlr<A, qro AJrn noJrHoro BXoAHoro cHfr{aJIa
B 4,8 rrlA coorBe.Tcrnyei iat : 0,1250/a' or noJrr{oro xoAa c.rleAflrqefi
ct IcTeMbI.  Ecnt l  bp :0,04, ro Be/rHqr.rFre ia,  :  O, l25o/r ' -6yrcr cooT-
BercTBOBarb r \ {epTBaf Ber la peryJrrrropa i" t  :  bp ivt  :0,04.0,125 :
:  0,005 % .

Auanoruqrtbllu rlyrer\. l l \4olr{no oueHHTb x,repTByro gouy, o6yc.noBJleH-
Hylo HerlyBcrBI'tre"rybHocrbro TJIaBI{oro 3o.rrortrHI{a. l lpu.reu, Kar{ H
AJlfr r{3oAporvrFrbrx perylrrropoB, E : 0,2 Mx,r, TorAa nptr 6aeonol,I
xoAe 3oJlort{r 'rxa 300 N{M A,reprBafl 3or{a peryJrrro pa i*, : 

# 
100 :

:  
%#a 100 ar  0,00B %, r .  e .  cyMMap'arr  3orra sroro pery/ r r ropa

i*: r : t  - l -  ixz:0,008% n 1gc_xoJlbKo pas Mer{bri le, r{eM y u3oApor\{-
Hblx" Bo npen'rf l  I{cnbtralnn:i  3fP-14 n na6oparopr-rbrx ycno-nrrox pely-
JIflTop qerl(o orpa6aruBa/I cl4ruaJlbr, cooTBercrByrolrlue orr(JroHeFlHtt\l
qac ro rb r  -F0 ,0025  fu  ( t0 ,005%) .

Oruernu eue oAIIo cyil{ecrBer{Hoe npeur\{yqecrBo cxen,rbr 3fP-14.
SAecr arrer{rpol exarrHqecxui.i npeo6paiouat"ero c OV, o6pasyrcr
sJreI{TpOJ\{eXaHr.tqecKyro cJreAsrrly0 cr{cTeruy, r(oropafl flBJrseTcH AocTa.
TotIHo 6ltcrpo4eficrnylouefi. LiacrorHbre- xapaniepHctorxro arofi cH-
crei l" Ibt,  nofiyl{el lHbte orlbu't lbl i l {  nyreM, noKa3a[rbr Ha pr{c. l l0. Kar
BHAHO H3 pl ' lcyHKa, I IOJIOCa npo[.ycKaHHs CHCTeMbT npocrHpaercrr npH-
MepHo Ao qacror 0) :  6-+7 paplc. Taxan KorrcrpyKrr.HR npeo6pasoba-
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Tef l f l  l ro3t ]0, i l { Ia rroJryrnrTb rra ero BbrxoAe BblcoKl{e gl laqel lHt l  nepecTa'

t roBorrrrbrx ycl ln l t f i  ,  r rpaKTHqecKH I{e AocrH}KI4Mblx c Marr lHToSJIeKTpH'
qeclg{M npeo6pa3oBareret't, r lcnoJlb3yel\, lblM B II3oApoMHbIx 3fP. f lplt

lror\{r.{Fraflbr-rol,r cr.rf rraJre MarnLITosJIeKTpLrqecxltt i npeo6pa3oBareJlb
pa3Bl lRaeT yc l r ,nue I lo l l t l / \ l (a  Y , ru - l , v  

I - I  ,  . t  11 i1  IJb t / \vAs  r r / r l t r \ rP lJ rv r tvnc t r l r r -

i rccr<oro l rpco6l la3ol ta ' t 'c , / r r r  3 l 'P- l , l  npn I ' t 'ot \ , t -x(e I lotv l I I I IaJlbl loM cI{r l laJIe

ruexaHr.rtlecl(oe )icI.tJIl.te cocraBJlfler 50-100 H, r. e.n 100 pas 6o.nr'ute.

Taxoe yneJrr{treHr,re BbrxoAHoro ycrlaIrtI AaJIo Bo3tvtox(Hocrb s 3lP-PI

o,fr{?3?TrrCfl  OT qyBcTtlr.rTeJlbHoFo I( t I I lcToTe MacJIa rI tApoycHJII{Te.[f l '

np l rMerrReMoro B r rsoApoMHbrx 3 fP,  H 3at \ {eHI ITb ero 3oJIorHHxoeoI" {  cH-
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Puc. I  10. 3r<cnept' tMelITaJIbHble qacrorl{ble xapaKTepHcrHKll
o"rrer{TpoMexaHH,{ecxofr cne^4nlrtefr _ gHqrgl'tbl peryJlflropa

cr(opocrn 3fP-14- 150 l0

cremoii, rrro s sHaqnre,nrnofi crenenll noBbluaer HaAe)KHOcrb pa6oru
Ct{CTei\'tI)I pel- yJr I'I pOBa rI14 fl.

B cxcnr i ,  Sf I i -k l  r recJro)r(no Dlecnr AoIIoJI I I l l rcJlbl loe nogAei icrnt te

no ycr(operlltFo. Ecrecreer{rIo, r{To Bce BbrBoAbI, CAeJIaHHbIe B npeAbI-

AYrr,er.r napafpacpe oruoclireJtblJo npeHl\,tyuecTB pefyJltlTopoB c AOIIOJI-
trr. lreJrr,gbrr\,{ uosAeiic1Brret,{ no yct(opeHIIto, orl loctlrctl II I( AaHHoI\' ly
pef yJ l t l ropy'  

4a^n, f  r - . ,^r \ /  ncrrnn nl {ot . tocr l {  c  no l l l ' re '
'  

Tal<l,tn,t 
-o6paeov, 

peryJlttTop cl(opocrl{ c soeAelicrBHeM
rpa,ny l rMeer prrA cyr j tecTBerrr{brx npeHA{yuecTB no cpaBI{eHI ' l lo c Apy-
rr{ru14 efP. Cxelaa 3fP-14 rrosBoJrfler noJlyqurb MaKcHMaJlbHo Bo3Mo}I(-

Hoe 6brcrpoAeiicrB He cncreMbr no BI'reuI{HM yn paBJrf Iol[pIM cHrHaJIaM.

ocyqecTBr.rTb rre3aBHCr4MyrO At4lf,aM4rtecKyto KoppeKllHrc no KalI{AOMy

R orAeJr b rroc.r u y r p a B Jr rr rcuIeM y Bo3AerlcrB H to, 3 H a I{ HTefi bHo yBeJI Ht{vr b

crarrlr{ecr(yro t.r Ar.rlraMl.tqecKyto ToI{HocTb pa6oru cl{cTeMbl' a TaI{}Ke

ynpocrHrb KoI{CTpyI(Ullto rl{ApoluexaHHrlecKoii qacru peryJlflTopa H

noBblcrrTb ero HaAex(HocTb.
Kpovre yt{a3aFlHblx npeHMylqecrB 3fP'14' orHocflI{Hxcfl K Kaqe'

cTBer-lFIbrr\,I nol(asaTeJIfl l l t cHCTel\{bI pel'yJrl 'rpoBaHllt l '  cTpyI(Typa 9TOro

pery.rraTopa no3BoJlfleT AOCTaTOqI-lo npocTo ocyutecrBHTb lleKoTopble

AonoJrr{rrTeJrbHbre dl}rnxUun aBTot\{aTl' lqecKol'o ynpaBJIerllIf l^rHApoarpe'
rat 'oN{ B pa3JII I t I t Ibtx pe}t( l l l \ , tax ero paooru.  B qicruocr l r ,  s 3lP-H nycx

247

B OTAeJlbt{OcTrr ynpaBJrnrcuero Bo3Aef.rCTBr.rR.
ueHr{brM npeHr\{yil{ecTBo[,t Aar{HOro pefyJrflTopa

3ro flB/tRercff BecbMa
no cpaBneHr.rro c paHee
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rHApoarperaTa ocyuecTBJrfreTcR He orpaHrrqr.rTeJreM oTr(pbrTr.rfl ', Kar{
3TO AeJIaeTCfl B H3OApOIUHbTX peryJrrrTopaX, a nyTeM noAaqH nporpar{Nlbr
Ha BxoA cJreAnilrerlr cHcrevu (na BxoA yctrJrHrenn 0Ur). flpegycMor-
pelr0 Tal()Ke nporpal\ ' l l \ , l l loe ynpaB.f lel l l . le npoqeCcoM 3at(pbtTlt f i  f tanpat]-

(c6poc Harpysru) .
l lporpavMHoe 3aKpbrrr.re o6ecnerlHBaer 6rrcrpoe u nau6onee 6naro-

npI{ t r l . Ioe nporeKarrHe rrel)exo,q,rrr , rx npordeccoR noc,ne c6poca l larpvaxir ,
I{To oco6eHl{o Ba}KIIo A,IIf l rHApoarperaToB c noDopoTr-roJrorracrrrbrMH
ryp6lr t laut . t ,  I 'Ae H3-3a Bo3Molr*rocrr . r  no46pacr,rBarrHt poropa rrrAl to-
arpeFaTa Orlacl lo AorIyCI(aTb r lOJI l IOe 3aI{pbITI{e I Ia i lpaB,nf l lOtI IerO f lnna-
paTa. I lporpaMMIroe 3ar{pbrrpre raK)r(e ocyi l {ecrBJrrrercrr  r ryrer\ , r  nonaq} l
coorBercrByrouero cr{rH alra ynp aBJrerrufl Ha BXoA cJreArrrrdert cuctetrrr.
B ?fP-I4 Hecl{oJrbKo ynpoqeHa H cxeMa fpynnoBoro yrpaBJrenr{n
rrLpoarperararur,r f3C, B ocHoBy xoropofi saJrolKeH npurri lHn pa4r4ailb-
Horo sal.aHr4fl aKrr{Brloli Harpysxu. I{anuqr{e B peryJrflrope cneAqilIeit
cLIcreMbI, I{a BXoA Koropoil nocrynaror cnrHaJrbr or saAarrrr{Ka MorrlFro-
cTI.r, o6ecne.IHBaeT Bbrcol{yto ror{t.tocrl pacnpe.qeJrer-tHl rrarpy3I(H
I\fex(Ay arperaTaun 6es cneuuaJrrHor? cxel,rbr ypaBr-rr.rBarrnra, i lprrMel{ne-
Nroii s H3oApor\,rHbrx peryJrnropax.

f  n a s a  6

rr{EToAbt HATyPHbIX HCnblTAHvlfr CHCTEMbI

PETYJIHPOBAHI,Ifl VI AHAJIH3 HX PESYJIbTATOB

'  
40. [cnr' H o6tcrrl HcnbtTanHii

B npeAbrAyr,,,Hx rJIaBax oTMerla'ocb' qTO Bonpgcbl ycTofIquBOcTH'

Oor.rpoi"nltoiun I, l rotl l locrg pa6oru cHcreMF'I peryJIHpoBaHHq Tecl{o

cBr3aHbr Mex{Ly co6ofi, no3ToMy OHH-AOJI}KHbI paccMaTpl4BaTbcfl t_o:--. ,

MecrHo yl6e i lpH Har{aIbHoH ciaArau npoeKTuponaHlrn ' OAHaro npu

p;;;;" i i  nu6ope crrcreMbr peryrtHpoBaHI4tl Bo3HHKaer Bonpoc o Aocro-

BepHocTI,I Utnunt"fi BeJIIIqHH^ napaUeTpOB peaJIbHbIX 3BeHbeB npOeI(TI' l-

pyen,rofi cHcTel\'lbl
Flexoroptre napaMerpbl. qacro onpeAerlf lorcn p1.1-.1:o'* nyreM

c norpemHocrbro o bO-Zb o/o u 6onee. Taxpre norpeuHocTl B HcxoAHblx

BeJIHqHHaX npl.rBoAtlT K 3Har{Hrelrnri l ' I  HeToql{ocTflM' B p$yJIbTaTe

ua AeficrByroutux igC npoBoAnrcn Arll{reilbuble ry11":111Je 
pa6oru,

I I o c y U I e c T B y l { M e l o u l u e u e J l b t o H c n p a B J I e H I { e H e T o l { H o c r g l l p a c I I e T a . "
floarouy npH co3AaFrHr{ BbICOKOtIyBCTBHTeJIbHbtx u 6ucrpoAeficTBylo-

uIHX CUCTeM peryJrurpoBaHHq 6onsnroe 3HaqeHHe HMeeT sKCnepHMeHT'

Pesy.rr1'raru Ha'rypHblx HcnbITaHHfi scerAa MoryT 6strr HcnoJIbsOBaHbl

AJrrr ur,l6opa onrHMaJt6IIbIx AJr; AaHnoft f?C napar'aerpoB Hacrpofixu

peryJrrrTOps, a i lpl{ cooTBercTByloqerr'r o6o6uterluu uarepuaJloB Hcnbl-

ranHii r.r AJtrr yTorrr.reHl{g HcnoJlisyeuux aHaJIHTHqecKHX MSTOAOB pac'

qeTa AI{ I IaM14l{ l I  peryJI I4pOIlaI IHf l  '

ilffi;;;;;;;;;;.;"io, uro B rracro,ruee Bper,rn npar(rgqecKp Her
^ - - : - - ^ - ^ -  ^ ( ^ ^ n r n r -

.,,"1;?;,,"t,^Jfrit iu.,^. l | | t tt n a p a N{ erp oB' I(oro p bre o6ecn e't it n a tor a6con rcr'
I - I ^  r r r r r l r L r n r : t c r  n l l n -

il;;t;';;;;itt'v*',,uu..'ruu n.p.*o4Hbtx npou::t?l-:.1].::,{,tt::i?illi:;
; il;;.;;;t;"','r'or*,or,(rrocrer'r ucnorb3oBat{r{n erleKrpor]PI:-1:anoroB'Ix

,  w d r n r t l r t v  1 1 A I l t A ' f I -  R A  n A q H

;i1i;h;;;roi*lnturlcnr'rrenbIILIx I'Iail-rl 'rH' nosBonnloulux'peua'rb saAaqH
, - . , . ^ 1 , , , ^ ^ - a r ' i  r i . n n a  n r - t . t L l  X

;;;;il'i;;,"' p;;:i;;;;;;;;- c yqeroM lrerrrrHenrHocrer.i orAe.nrusrx
^ 4 ^ . . n n r  m e r a r t a

i;*fi";"l"li,,i;,'';p;;iuinn"unorno BosMo'rrro paspa6orarb rar(rre
-  ^  - - ; r ' ^ ^ h n n  n h n -

MeTO/[bI pacl leTa, KoTOpbIe no3BOJIf lT I IaAeX{HO CyAI{Tb'o KaqecTBe npo-

11eccoB peryJrr{poBa}rqrr AJtn nrc6oro B14NA no"apryruarcillero sosAefi -
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XapaKTepHCTHK cl lcTeMf, ]  peryJI I4pOBal{ t la,  KoTopble OTBeqaloT onTI ' { '
rvraJrbHr,rr\r IraparueTparvr HacTpofiKr,r pefyJlflTopa trpH pa3JrHqrrbrx 3Haqe-
HHflX naparueTpoB cr.{cTer\,1br. f locne 3Toro B HaTypHbrx ycaoBr4rrx AocTa-
rog Ho €yAer or p eAeJI HTb 0a Krnqecr( He 3 r{aqeH Hn nap auerpoB Hcnbrrye-

I,rcnoJIb3yrr N,roAe/tblrbre t{ HaTypr-rbre trcrrrrrTari}rf lr oclrulggTBr.rTb r(opper(-
rHpoBa HHe napaMerpoB Hacrpof4K l r  peryJrnropa.

3aAaqa Ilacroarqeil r,nanrr coc'rouT B ToM, qro6br i lpor.rJrJlrocrpr{po-
BaTb IVIeTOAbT OnpeAeJIeil i l f l  B Jra6opaTopr{r,rx t[, r{aTyprrbrx ycJroBLIflx'
cTa'r l l t lecl i l lx  l l  / { i l l laN{r i l rc 'c l i l lx  xapal( ' r 'c l ) r rc ' r ' i l r (  c l rcrcr \4rr t  pcryJlr . rpor}a-
Iir.If cl(opocTl.r fHApoafpefaTa. Xorfl I j3JtaraeN,rbre rJ14)Ke r\,reToAr,r f lB-.
Jrfrro'tcfl He eAHI-ICTBeHHO Bo3r\,ro)rffrbrr\4rr, l{o o}rH npoBepeFn r Ha npaKTHI(e
H pagpa6oldrrbr rra ocrronanrra o6o6utefrHft  orrr , r ra f iaf ia1rrr  H naryprrbrx
trccf leAoBari l { r i  peryJrf lTol loR cr(opocTr.r  r r { Iporyp6Hr-r ,  i lpoBeAerr l rbrx
Ja6oparopHer i  pe lyJ l r . rpo l? r r rHr r  J IM3.

H l-r >xe H3JIolKeH br rueroAbr on p eAeJrerr H rr Bcex ocrroBHbrx n ap aMerpoB
cr{cTerubr peryflHpoBaHHr{ c sJreKTporHApaBJrr.rqecKr.rrvr peryJIflToporu
cKopocTr't H r\{eToAbr 3t{cilepr.rr\,reHTaJrb}rofo cHflTHfl qacToTHbrx xapaKTe-
pHcTHK OTAeJIbrrbrX SBeHbeB r-{ BCer? CHCTeMbr, KOTOpbre B nocJreAr.rft
BpeMrr ycfleuHo Rr-r€/tp€Frbr R rrpar(T].rKy FraTypr{brx r.rccJleAoBaHHfi .

4.1.  Onpe4e.neHne crarHqecKHx xapaKrepucrHK
oTAeilbHbrx sBeHbeB H peryJlflropa

/Lnn orr .errr(n r(arrec'r ' r lernrr , rx nor(asale;rei i  ; ra6olrrr  efP cyr.r lcc 'urcn-
HOe 3rraqeHr{e r{MeroT cireAyroqr.re cTaTHqecKHe xapaKTepHcrl . lKH:

l) qyBcrBrrreJrbrroro a,rreMeHTa - 3aBr.rcuMocrb crlJIbI ToKa HilH
HanprlKeHnrr lra Bbrxo4e cpaaor{yBcrBr.rreJrbrroro BbrnprrMl{Te"rtf l or qa-

cToTbI BpauIeHHa poropa arperaTa;
2) BbrrrBrrrerrbr{ort rlenH (ans cxel,{ runa 3fP-M rI 3fP-2M) - sa-

BHCI't i l{OCTb CLtJrbI TOKa t{Jrr'r Harrpn)r(eHr.trr B KaTyr.ur(e i\{arHlITo9JIel(TpI{-
qecKoro npeoopa3oBareJrrr  or  qacroTbr BpaLqer l l {n poropa;

3) 3Jrer(rpor i rApaB,rr{qecr{oro npeo6pa3oBarer ln (3fP-kl  I {  3fP-2M)
3aBr.rcHMocTb rroJro)Ker-rr.rf l nopurrfl cepBoMoTopa rlrApoycllJl l{ ' teJlf l oT
cH"nbr ror{a B I{aTy[rKe ynpaB,nerTvtfr M3n, r.rJrr,r SJreI{TpoMexalIl.IqecKoro
npeo6pa3onare.nn (cxema rmra 3fP-kl)  -  BaBucr.rNrocrb yrJIa noBopora
BbtxoAtroro Ba,/'ra SM|I or rranpfl)r{enHrr t4Ju4 clrnbl ' l 'ol(a yrtpanJlet{Hn
r{a BXoAe 3JreKTprrqecr(oro ycllJrHTeJIR c/leAfluel:i cHcreMbl ;

4)  peryJrrrropa -  3aBr.{cr4Mocrb ycrar-roBHBUIei icf l  c l {opocrt t  Bpa'
nleFrHrr arperaTa oT noJro)Ketrr{rr nopujr'rf l cepBoMoTopa IJanpaBJIflIo-'

uero anf lapara.
Vr<agart i rue xapar(Tepr{crrrr(H nar.r6oJlee roI I I Io Moryr 6urt  ng4y'

qelrbr nprl Hcnbtral{HLI per'yJIflropa B fla6oparopt{btx yc/loBHnx. Ann
peryJrflTopoB rtrna 3fp-14 r{ 3fP-2M xapal{repr.tcrl.uc{ orAeJlbnblx,
gBeHbeB onpeAeJrrrrorcfl oA[roBperuer-rHo. f[uranHe cxeN,tbt ocyulecr-
B.rrflercfl or AraunHHoro afpefara HJrr{ or Hfnl( qepe3 cra'unb,sarop
HanptrH{eHtrfi, a HSMeHeHr{e qacroTbr nporrSBoAHTcfl c noMottlblo HH3Ko'
qacrorr-roro r-erreparopa rrepHoAr.rqecKr.rx xo.ne6anui j r  ( runa Hfnl() ,
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trcrroJlb3yeN,rofo AJrrr cilflTt4fl tracToTHblx xapaKTepllcTl{I(, l l l lr4 c no-
turodlarc raxoro-nu6o Apyroro reHepaTopa nepeueuHofi qacTOTbI.

llpH r{a)r{AoM ycraHoBr.rBrqeMcfl sHaqeHr{H qacrorur f oAHoBpeMeHHo
3aruepflroTcrr: [ranprri l(eFrHe Ha Bbrxo.qe QasouyBcTBHTeJIbHOfO B_blnpflMll '
renn-L|.,.. nannnirtelr\e U.. r{Jrpr cuJra rol(a A1 s KaTv[IKe MOn ]t xoA
nopurrra rr,rApoyct{JrrrreJr n n1., BenHquna f sauepflercff_ rto qacroroMepy
KJracca 0,5,  i7 t ,  U,rv t  A/ -  no npr . r6opau I (J Iacca 1,5,  a  xoL m -no
r 'rrrArrr{aropy. f lo noJIytlsHl-Ibnvt AaHI{bllU cTponTcfl saBllclIMOCTIl:
U , t , :  f  ( f ) ,  A I :  f  ( f )  u  t ' t l . :  f  (A / ) ,  r {o ropb leH nBln torcncrar l ' l qe-
cri l i l \,r i l  xal)ar(Tcpilcri lr(aA{il sIreilbeB peryJltlTopa. Ecnlt Bl\ ' lecTo LI
r.r3ruepflercrr U,r, To sHaqer{Hfl A/ uoryr 6sttt IIoJIyqeHbI pacqerllblM

8) Uo,8

+9 +9.5 50 50.5 f.fu -20 -t510 '5 0 5 t0 6I,nA +6 +7 +0 +g 50 5l 52 f,fu

Puc. I  I  l ,  Crarnqecr(He xapar{Tepr{crr.rKr'r :  BbTRBHT€JIbr{oft uenu (c) H sJteK-
rpor.r{ApaBrrr.rqecKoro npeo6pasoBarertfl (6) peryanropa rllnl?fPKr^M-250-3,

uyRcrnr t rcrbnofo e f leruet t ra  (a)  perynnropa ' r l lna 3 fP '14 '150 '10

ny1'ervr, AJrf l  qero ueo6xoAIIIvIo npeABapllTeJIbHO HsMepl{Tb COnpOTHBJIe-

Hr.re KarylrI{ t I  Rn.
IIpn crrflTr.rur crarrrqecxorYr xapal(Tepncrr{I{H cJIeAt{ulefi cl{creMbI

(perynnrop rrrra 3fP-14) r{a ee BxoL noAaercf i  cryneHtlMu uanpt l }Ke-
rine U. I.IJu.I Tot{ ynpaBJlenHn A I" u tta xaxAofi cryneHll 3al' lep.Eerctl
yrg.n noBopoTa BblxoAHoro BaJIa peAyKTopa uilH no"nox(eHHe HrJIF'I

rH/lpoycflJII{TeJIfl.
Ha pl lc.  I  l l  nol<a3arrbr cTaTI. tqecKIIe XapaI{Tepl . lcTI. l l ( l . l :  d -  BbII IBI ' I '

re.nrnof i  uenlr  LI  :  f  ( f ) ;  6 -  o leKrport . tApaBJIHqecl(oro npeo6paso'
Ba're.rrn (ucnonuurenn) t l t  -  

I  (41) peryrt f ropa r l . lna SfPK'2M'250-3;
d - rryBcrDHrerrbHoro srreMer.rra (xoHfypa (nc1 u o : f (f) peryrlf l-

ropa rrrna 3fP-14-150-10, xoropbre noJryqeHbl B Jla6oparopHblx ycJlo '
BI{ f l  X

Vle rpacpnr<oB Br.rAr{o, qTo Bce xapar{Tepucrr.Ixlt 6.nugrll K /Ilrnefi'
rrbrru. I(oa${tuullerlrbl nepeAaqt{ grt.tx 3Bet{beB:

ten -  37 mAl% [A/  -  f  ( f ) ] ;

h,, : 0,04 rtlrr,rirr,rA [nr - 1 1A/) l;

k o : 1 " 0  B l o / o  U J o - t f f i \ .

I (ax Hgeecrno, B Harypr{brx ycJronl{ f lx  I Ia 'BXoA t IyBcrBLtreJIbHoro

SJrer\retrra noAaercn [ranprx(el{ue nepef i {er{Horo Tol(a 50 f  t t  oT TaxoreHe'
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f,lu

50,+

50,2

50,0

+9,8

+9,6

paTopa, HaxoArrulerocfl  rra oArroM Ba.ny c poroporu rHApoarperaTa,
LIacro r.r3-3a 4e$exroB r.r3roroBJreHHff aroro feHeparopa Qopnra cr4Hyco-
r.rAbr nepeltelrHoro ToI{a 6usaer HecKoJrbKo r.rcxax{eHa, tr B HarypHbrx'
ycJloBl.tfix 3HaI{eHun xoecp(l.rquertron ko H k, Moryr orJl.rrrilrucfl or Be-
Ju{qHlt ,  noJIVqerr I Ibrx n na6ooaroDrtbrx vcJronI.rnx.  I logror\av nD}r I Ia-
JIaAKe peryilrrropoB na 4efrcrnyrolr1rrx fec BefitrrrHr-n,r /en u len Aonx(Hbr
6strs vroqrrer-rbr,

B llaTypHbrx ycJroBrrflx rvreroArrKa dnpe4enerlHR xapaKTepHc.Tr{r(
U o : f (f) u A.I :' I (D saxJrroqaercq B cfleAyroqeM. IJa ocranoRrrer{-
I{OM THAPOATPC|ATC H NP}I TIOJIHOCTbIO CMCI]ICI{IIOM B CTOPOHY 3AKPbITHN
MexaFlr l3rue orpaHHlreHr{rr oTKpbrTr.rr{ Ha BXOA pefyJrf lTopa, HanpHr\{ep

qep€ Mexar- lH3M I . l3Mel leHHff  c l (opo-
crr4, noAaeTcfl crynelrflMH STaJIoHI.loe_
IranpnlKerrHe { /0.  I - la ra>xAoi i  cry-
nerrr{  perHc'r 'pr . Ipyrol 'c f l  BcJI t {qr{ t t 'a U u
r.r  cfrJrzr  Tor(a r ]  I (a ' ry i l i l (e y l lpanJle-
H l r f l  A 1 .

I-[o pes]Jrbf i lrsru 3aMcpoR crpottr-
cfl saBr.rcyMocrb A/ : f (U o). 3arenr
npoHsBoAr4TcfI nycK rl, lApoarperaTa
H ycTaHaBJIHBaeTCfl HOpMaJIbHafl
cKopocTb BpaIIIeHHff Ha XOJIOCTOM
xoAy. l lpu oroM pery.rnrop AoJIIKeH
pa6orarr B pelKHMe acrarur{ecKoro
pefyJrnpoBaHur ,  T .  € .  npu Dp :  0 .
B grol,r pe>KHMe pa6omt IId BXo[, pe:

rrnrur{ rranpnx(enue u r{ nocrre 
'J#Jfflf 

ii??i-J;#:J'idllJ.l;-
3anrrcbrBaercf l  r {acrora Bpar(eurtn f  .  B p$yJrbrare r lonyuaev saBH-
cHMocrr,  f  : f  (U),  I {oropan nepecTpaHbaetcR B I(oopApIHarax
Uo:  f  f f \ ,  raK KaK B ycrar roBr rBu leMcr r  pex{unae Uo:  U,  I Io  easu-
cprruocrrrr 'r  l :  f  (U) v L^l :  f  (Ui crpourcrr-xapar{reprlcrt. IKa A/ :
: f (f) BbrrBr.rrentHoflr uerru. 

CrargrrecKge xapaKrepr{crqKg peryJrrrropa I : f (.1,) r{flr.r B orno-
cHTe.rrbHbrx BefiHrrHHax )c - f (il npH pa3JrHqHbrx Hacrpofirax ro:

,cron n Hoflr nep a n rroMep Hoc ru s n a6op arop r{br x ycJr oB H rrx on p eAeJI fl Iorc tl'AocrarouHo 
npocro. CxeMa llgMepenuft TaKan >r<e, xak H npu c.t4fy_u

saBHcr{Mocrri  LI :  t  f f i .  t lacrota sal{aercn reneparopon{ Hfnl(,

xoAHrvro, qro6ur rrrApoafperar pa6oran noA rrarpysxofi B gHeptocl{'
creMy. f locNonlxy qacrora B'3HeprocucreMe, KaK npaBHJIo, Henpe'
pblBHO H3M€HHeTCfl, TO C UeJIbIO HCKJIIOq€HI4ff ee BIIIIF.HHfr. Ha pB3yJIIr-
TaTbI eandpon Ha Bperufl srHx HcnbrraHufi cnegyer orKJrroqr{Tb qyBcrBH-

rennnHft s.rrer'teHT. Karc H npu onpe,{,eJreHHr{ xaphi<repucrnl(H A/ +
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* | (f), tra BXoA penyrrrrropa cryner.rrMu noAaercn l{anpf,}I(eHHe U
r{ rra xa>xAoii cryrrer{r{ 3atvrepflercff noJro}KeHHe rf urona cepBoMoTopa
HanpanJrrrrourero annapara. i lo nofiyqeHnbrM AanFIbrM crponTcrr gaBr{-
cHMocrrr rlr : f (U). 14cnonrsyn ery xapar(repr.rcrr{Ky H noflyrreHHyro
parree f :  f  (U), norryqaer4 crarrrqecr(yro l tapar<r'epncrur(y tF = I ( f)

A/rfl Aar-rrror.r i lacrpol-rr(H nocrofl i lHol{ HepaBr{oMepr{ocrH.
I- la puc. I  l2 uor<a3arrbr craruqecr(r{e xapar(reprrcrr 'rKn penyJrrrropa

rurra 3fP AJrn pa3JrHqnbrx HacrpoeK . bo,--nonyqer.rHbre.c orxJnoqeHubrM
rIyBcrB r.rreJr br{ hrM gJreMer{ToM n p H n aryp Hrt x Hcrr brra H Hfl x n a B on>xcxofi
f3C r.ru. XXII cresAa I(ilCC.

Ec.rl u lro r{a I( uu -"n u6o fipHq-HHaM HeBo3rvro)K Ho orKJI rotr HTb tI yBc?BH -
re,rlrnr,li i gJIeMeFIT, To Bo BpeMg HctrbrTaHurl cne4yer 3arvreptrrb. qacrory
B erreprocr.rcreMe pr BBoAr4Tb cooTBeTcrByror[yrc nonpaBKy.

42. Onpe,qencnHc ct<opoctuoii xapaKrepncrltKt{
r . r  roe{rpuqHcnra ycnf let ln l  cepBoMoropa

f{ ,nr  r rso4pol , {noro pcryf l r l ' r 'opa c o6paruuNru cBn3arun or r / raBl loro
cepBoMoTopa peaJrbHarr cKopocTr-rafl, xapaKTepHcTlII{a noc/reArrero

"-] - f (S) ruo>r{er 6rrrn cHrrra roJrbl(o ua Aefictnyroueft fOC- 
'Kax

d t ' \ ' '

y-r(a3brBaJrocb B rJI. 5, era xapar(TepucrnKa oKa3brBaer, cyqecrBel{Hoe
BJIH'IHHC HA CTATHTICCKHC I{ AI]HAMHqCCI(HC KAI{CCTBA PA6OTTI' CHCTCMbI
pefynHpoBaIrHrI H oT ee BH.U,a Bo r\{r lofoM SaBHcpIT BeJIHqHI{a MaKCHMaJTb-

Horo xosScpuqpreFlra ycuJrel{Hrr peryJlf lroPd, npH KoropoM o6ecneqn

Baercfl ycroliuunocrb ero BHyrpeHHero'Kol{Typa. l losroN,ry srn Hcnbr-
rarrvfl AoJrlr{}rbr IrpoBoAuTbcfl c oco6oft TIIIaTeJIbHocrbto.

Cornacuo pL Ic .  63 ,  BaBHcHMocrb  # :  f  (S)  Ht r r r4  # :  l (S)

o6naRaei cyqecruenuof-i nenuueiinocrbro, saBr{cnurefi rnasHunn o6pa-
3OM OT rrap(r{aJrbrrocTrr fJraBr.roFo SoJroTHrrKa, I{aJrr.lqlrf l cl{Jl Fyxoro Tpe-
I i l r f l  R MeXar[{3Me noBopoTa Jro[aToK, a Tar{}Ke oT BeJrHrIHHbl 'H HanpaB-
JreHHrr rHApaBJrr.rqecKoro MoMeHTa, Aericrsyrorilero Ha HanpasnqrcilII i f i'  :  du .  . ,^ \
annapar, Vls 3rr{x coo6pa>xeuufi xapaKrepucruKa fr 

: I (Sl

AoJrlKHa 6rrru crrflTa no xpafiuefi uepe npH AByx noJIox(eI{Hflx cepiBo-
MOrOpa r"ranpaBJrrrrouero annapaTa, cooTBeTcTByroudHX MaKcHMaJIb-
lroMy r.I r\,ltrlrrdr\{aJlbrroMy rr.tApaBJrl{qecr{oMy MoMeHTy c TeM, qTo6bl onpe-
Ae.rrr.rrb uosA4o>r{Hbrfi ArlaflaBorr }rsA{erreHr{fl xoetp$uqlredTa ycnJIeHilfl
cepBoMoropa lr".  ' . . ; ! , ' ,1

MeroAur(a onpeAeJreHHrr saBucr{ruocrr,r # 
: I (S) cocrour 8,, !,.ife: .,

/{yrouer{. fl l4poarperar pa6oraer roA Harpysxofi B .sneprocucret\ry
Ha pyqrroM ynpaBJrerruH_nprr oAHoM Hs nu6paHHbrx orr(pbrrHli  Hanpan' 

'

Jrrrouero annapara. VcrauoBxa xoAa BoJIorrlHKa ocyIt1ecTailflg1cfl ,, ;,,;. .,
c noMotUblo pefyJlHpyeMblx ynopoB, npHqeM saMep xoAa Ha (3al{pblTl{$l " ,;. , '.
npoH3Bo,q,HTcrr uynoM, a Ha (oTKpbrTHe> :- no [raFy pesn6u PenY/r.ry' ]"' ',,, '

pyeMoroynopa . | Ioc , r leycTa I IoB I {HxoAoBMexaHI , I3MorpaHH{€HHf loT ; ,
r(pr,rrrrn (MOO) 6ucrpo cr{erqaercl B HanpaBJrer{rru saxp6rrufi Ha BeJI}t-

.253 ,
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qrrHy, coorBercTuyrcUyto 30-409'6 or l ta l< 'Ctt t t laJlbl lofo oI 'KpbITI ' t t I '  a 3a'
.l.eru, r{ofAa npotlecc ABr't)r{e}rr.If l  nopli lrIf l  cepBoIVIoTopa 3aI{oHqllTcfl,

A{OO rax)r{e 6rrcrpo ycrarranJrr . rBaercq B nepBol laqaJlbl loe no/ lox{eHl le,

+ ==l (s) ̂ +'i-: I (s). (6.1)

tr- . leo6xo,r l I , lMo oTMeT|,t1.bl t l l .o V}.€a ItaJlI , IqH'I y 3OJ|01.[I l , l I (a I lo.no)Kl,I .

TeJtbFrbrx  nepeKpbrr l r i ' i  on B ycTaHOBHBt l lHXCt t  pe lKI {Max He 3aHI ' , IMaeT

c B o e r e o l \ 4 e r p l 4 q e c l { 1 4 c p e A I I e e n o J I o x { e H H e ' a c l \ { e t u e H o T r l e r o : l I T j j t

Ro npelr l  onbrToB nl) l r  r ia) t (Aotu ycTal loBJlel l t lo l \ , {  XoIe 3oJIoTII I ' l I (a Ha i l ; ; i l f tn["rtv R sar]r,rcuMoc'rn or roro, B ItaKotvt HanpaBrteIILlI  (or-

Boruoropa H Bpei\ 'tn. D,ntI Ka)l{Aoro
\ - r l l v l l \ U l l l l v  \ r v u l v  |  " - ' l '  

- - . I -

X OAA 3 OJI OT I.I I,I K A N O OCIII .II JI O T P A M M A I\'I 3OJro'11tI(a K cpeAr'reuy nOJIOIKeIII I IO. 3rO npUBOAHT K 3HaqHTeJIbHblM

norperrII . IocTrrM B 3arvlepe AeirrcrnnreJlbFIORO XOAa 3oJIoTHI{l(a np}I ero
rl.y,ld t

onpeAeafleTcfl  cl(opocTb ABI' ; IX{eHUtl
r lop l l l l l t l  t la  y t lacr l te ,  Kor / la  '3oJ lor -

Hr. i l {  HaxoAHTct{ Ha ynope, H crpol ' IT-

cf l  3aBLlct. th,tocrb srof i  cKopocrl l  or

xoAa 3OJIOTII l ' l l (a
0.08

Jsrpt)mue I -.{/ | | Ha p}tc. I 13 npeAcraBJlerla cKo-
6 

'  
+ 2 AIA---- - ) - - )  ^^^-rro. i  vrhrrzrpn Lte, .vt r r '  cenBol \ , Io-nocTI Ia f l  XapaKTepl ' lcTHI{a cepBol \ ' {o-

2 + 6 v
s,HM TOpa HanpaB.r l f l lou lero a i lnapaTa'

}mxpttmue noryr{eHr-raf l  npr.r l rarypl{b]x j ' I jnblra-1,04 
um(pbtmue noJIyr{eHI.Iaf l  I tp}I IraTypI{bJX LICIbl ' fa-

n,rnx rra Epaicxorl fOC. klsrvepe-

0,08 trLf l  l IpoBoAr'IJII ' {cb npl ' I  pa6oTe
0 , 0 8  

r l n n  r r l J v D L ' A n ' l r  I I L D  
"  

y  r r

rnApoarperara noA I larpyexof i  c  or-

, . tZ I ip l - , l r l leM U :0,4-+-0,7 ( rpunan I \v
B pe)r( l tMe' xoJlocroro xoAa (xpH'

0,t6 
Batl  2\.  kls paccMorpellun pHcyHI{a
BHLIIO B.rI HtlFII4e BeJII'{ql'lFIbI I'{ Hanpa-

oTl loc l . l ' re . [ r r l lo  l r ' loJ IL lX CN' lc l . l le l l l l f lX  ( lo  0 ,5  u tu) '

I lo srorl  x{e npHrl l{r le B HaTypHbIX ycJIoBl{f lX Heile"r lecoo6pasnO

3ar\,{eplTb l*tgplnlt i j t  XO/l 3OJlOTl1lI l(a'  Tal( Kal( TOIIHOCTb 3TI' lX 3aMepOB

r{e,nb3l cqt.trarl) )/AoBJIerDolllIreJIbFIofi. Ann yroqHerll4n BHAa t1o3g:l-

r to i . i  Xapar( ' rept {C ' r l l l ( l {  q) l l  c1 , leqe l l l ' I f lX  3OJIOT1l l { l (a '  MeHLul l ' lX  U 'D MM'

H3Mepei l r { r r  c , . reAyc ' t .  i loB, ropt . t ' t 'b  r }  r rec l (oJIb l to  I ' l3 lue l le l l l loM r lopt lA l (e '

a  Hrvrernto : '  i lp t t  t (a) t (AoM oTxpt ln t ' t "  Hanpal lJ l t lou lero annapara nocJ le

ycTalroRI(H XoAa 3OJIOTIII I I<a | l tOO cMculaeTcfl  cl IaqaJIa I l  cTOpoHy 01'-

r{pbITI.t f l ,  a I te B cTopOHy 3aI{pbITI{f l '  I{aI{ 3To AeJIaJIocb paHbrrle'  CpaeHtl-

Barr 3al\4€pell [ Ibl€ CI(OpOCTH ABI{}KeHl{n nopmHtl B oAFIOi\ i l  HanpaBJIeHHH

npr.r oltr .rrIal{oBolVI cMeqeHHI'I  3OJIOTHHI(a' Ivlo)l( l ' lo rpy6o oueHI'ITb BeJII{-

qt.rrry cro I\{epTnol: i  solt t l  l l  yTotl l{ l lT'b BI ' lA cl(OpOC'rl toi i  xapaKTepl.IcTI ' l l ( I ' I

s6nt,tsI4 cpeAI-Iero noJIo)l{eHI{l 3oJIoruHKa'
flocxonr,r<y xoerprpurlnelrr nepeAaqn oT fltApoycl' lJlHreJln Ao rJIaB-

r,fofo 3oJroTl ,a1a lt2'H3llecTel' l  1to KollcTpyKUl4PI' a-l(Ogq)Qra11nellrbl yCH-

Jrer{Hf l  Rbl lBl t re, t r r r io i . i  I lcnH l r ,  H cepBoMoropa /e" nolyuenut no p9-

3yJrbraTat\{ HCIIblTaHIIi j l , 
"o 

nor,p$uUllenr ycHJIel{}IR peryJlnTopa ke

C OTItJITO{eLIHbtt\{t{ O6parult14g CBfl3tlMH JIefKO nOACtII 'ITblBaeTCfl 11O BbI-

pax(eHI4Io l ro :  Izr i i r lz ,  :  hokrh. .

Cxopo.trian XapaI(repl{crnl{a Bcnol{oraTeJlbHoro . CepBolvloTopa

peryJlq1opa, y l ioTgporo'o6paTI-II)le cBfl3I' l  83flTbI oT 3Toro cepBol\ 'IoTopa '

l l o c l ' a ' r o t l l l o r o l l l l . r n n b " t ' ' 6 r i ' r r ' n o f l y t 1 g 1 1 a n - p r { l l c n b l r a l l l l f l x l ( a l ( B J I a 6 o -
Da, ro l ) r1 ) tX ,  T 'a t (  t t  l l  I la ' ry l ) l ln lX  yc . r lou l l t lX .  A . t t l t  3 ' fO l 'O u  l (e l ' l ' y l - l l l ( y  ynpa0-

)r .n, i r t  Ugn noAaerct t  cTyneHtlx '1pl  ro l {  A1 cnaqana B o1HoM' a 3a-

TeN,r 3 o6l lar t toru t r i - l r rpeluJter-nrf lx. .  f lpn_ 3Tolvt  I \ ' l l I I I l lN{aJIbl laf l  Be' [ l ' Iq l l r Ia

A1 lonrt<ria 6g'rn nlr6palta t 'at<ofi, Hto6rl noc.re ee noAaqII B I(aTyli l l ty

nopulcr lb BCIIONIO|aTe"r lb l loro cepBoMoTopa ocTaBaJICf l  Hei IoABH)KHblM'

3rbrvry 3FIaqeHI.Ito cl. lJILI Tol{a 6y4er cooTBercrBoBarb noJIoBHHa N{epT-

Boi i  3orrbr 3oJroTnlKa ITJILI  ero i teuyncrnHTeJIbHocTb. Ha Ka)KAoIvI  cTy-

nernt A1 gamepterctt xoA 3orlorl.I l ' iKa no IIIIAIIKaropy' 
" i"{-".1T::t,":

nopr i l l r f l  cepBox{oTopa sanl lcblBaeTcf l  t ta bcqttn. [Orpal \ l l \ ' ty '  no I (oTopoH

A,/rrr 3?utarrHofo cIVIeuIeHI.{fl SOJIOTI'MKA OnpeAeJltleTcfl cKopocTb ABIIX(e-

l r r { f l  nopl . t l I { f l  R O6OI' IX r lanpaBJIer lHf lx '
[ - la ipr . rc.  l l4 not(a3aI{a cKopocr l ran xapaKTepl{cruKa BcnoMora-

TeJrrrrJoro ce pBoMoTopa roJloBl{oro o6pasUa- peryfl nropa THna

, 5iFi{Ziur-ZSO-e (sAeci Br\,{ecro xoAa sorIorHI'IKa S B3lr xor' m noptuHn

rr,rApoyc v,rrwreilfli. Kun y)r(e.orMeqaJlocb, y sroro peryJlnropa nf 
"Oy;

cMoTpeHa peryJlI. lpoBl(a I(o3QQI'lUHeHTa ycHJIeHHfl cepBoMoTopa &61 3a

cqer l{3Metterl wrt tLtt4ptlFlbt oKoFI ynpaBJlff louero ;onornura' Ha pt4c' l14

nol{aSa llbl xap al(Tep HcTllKI{, cOoTBeTCTBylOillue qeTblpeM [oJIO]KeI{HgM

peryr lHpooou"o .o  
" ' ; ; ; ;6 ; .  ^ 'hunp"M€pr  

Ann '  nor lox{e} IHn ( rpunan '2 )
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0.U It

Plrc .  l l3 .  CxopocrHan xapar( repH- BJIet { t . I f l  I . t , rApaBnHqecKoro Iv loMeHTa,
crHKa cepBot\ loropa l tanpaBrlt l loutero AeficrBylOI]{efO Ha IIanpaBJIt lrctI I I , I f i
annapara r l t4poryp6r tHl ' r  Eparcnoi i  ^ - "  -  -  -  J

r '3C: annapaT' a Tal{x(e BnHfiHfie BeJII{-

/  -  rrprr pa6orc rrr, |1p()arperara 11o/.-na- I{ l f l l l r l  naptu',Ja'nbHocTI' l  ol(ol l  3OJIOT-
rpysr<, i f l ,  

' ! t  * - '  0 ,4 ' :0 ,7 ;  2  - -  r r l t r  1r : t6r l rc  I I I . l l (a ,  t (O ' l 'O l )a f l  , l l  Aa l l l lo t \4  CJ lyqae
r l l , q p o a r p e l ' a T a  I l a  x o J l o c T o l \ t  x o A y

paBl{a npHl\ i lepl{o 2 MIVI.  B pesynr.-

Ta.re NosdXlrrrttptcttt '  yCl,lJtellIIt l  cepRoivloTol)a lr", nponopll l ' tolta,nout'tf i

TaHfeHcy yrJIa HaK"rIOHa, o6pasoBaHl{oro l (acaTeJIIrr lo l l  K noJIy-
qenHofi l ipHBol.i I '{ ocblo s,

o ( 9 - \ (6.2)b - " \ d t l' 'c - 
dS

3aBl{cHT OT Bef lUq}I t lb l  cNIenIeHHfl  3OJIOTHHI(a H OT CHJI COnpoTHBJIeHLIf l '

AeircrBytoql{x Ha I{anpaBJIt l loul l f t  arnapar '

I (a i  y l t (e oTr, teqaJloC6 B rJ l .  3,  npH pacqeTax AtIHaMHI(I{  SaMKI{y-

roii cncre1,thl pefyJlLIpoBallIIf l  BeJIHT{Hrly I{O3O6|tl ' l l luel{Ta yCI'IJIeHI{fl l 'n

Kar{ xyArulrrl inyi1a;i^ crreAyer 6parr, llilrrrlerrfrrreii, coorBercl?yl?:j:.il
crueulerrr{ f i Iu '3oJIOTHHI(a B npeAeJIax napul{aJIbl{blx nepeKpblTl l l { '

n ;p i l -  l l 3  Ha 3roM ) / r {acr r (e  xp 'eo f t  I  k , . :  l ,1o /o / (c .u r ' , ' ) .  l l pu  a*a-

JrH3a )Ke padorbl  BHyTpeHlIefo KoH'rypa pdryJl t lToP?, oXBaqeHHoro HSo-

ApoMHofi  o6patHof i  cBsgI ' lo,  I lao6opoT'  Heo6xo4uuo npHHI4Marb MaKcpl '

r\{aJrbHoe 3Haqe;ue ft", xotopoe B AaHHoM ciTyqae cocraBJltler l '" =
-  2,7 o/o l (c ' i l ' tM) (xPnnan 2\ .
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^k, * 25,5 1lc. TODa. U Ha sTlrx VqaCTKaX nO MaCUTa6V OCI(ltJrJIOrpaMu oepercn xo[ L!|,
HA CKOpOCTTTOH XapaKTepr.rCTHr{H, Kar{  I . r3BecTlro;  onpeAeJrf leT coorBercrByroqur:i saAar-rHoMy cMeuIeHHIo SoJIorHItt{a AJ. l locrosu-

TaK)Kc IleJIHttI{IIy i locT'ofl i lrtoijr BpeMetrH cJreArrrJteil cucrevf,I r.rJIH ru4po:
ycHJIltre/tf l,. TaK I(aK noc.rleArlufr npeAcraBJrffer co6ofi cepBoMorop,
oxBaqeIIFIbIl i )r(ecrxoii o6parrroft cBfl3bro. f loclosrrrrarr Bper\{errrr f o
c"neAnuierl cr.rcreMbr cepBoMoropa HanpaBJrrrrctr1efo annapara (p..y1

dg,fdt

n nna6a, np n Koropolrt o6ecneq HBaercrr orcyrcrB r.re l(oJre6aHnfr nHyrpen-
rtero Korrrypa peryJrrrT'opa, Be.rrHrrrrrra l t" t  :  17%l(c.mu), a'  xosclr$u-
ultellr ycl'tJleln.Irr pcryJraTopa npH k6lei - 1,5 rqrrtlo/o cocraBflfler

KpbrTr{€ H sar(pbrrne (npu Annrx€nlrH B past{blx HanpaB/teHunx gHaqe'

nvte T, Molr(er 6rrrt pa3rH'{nnrv). B116ltparorcfl yrIacrKLI, [Ia l(oropIilx
AocTlrrrryTa ycTatroBt,rBruancn cKopocTb ABI' lx(eHIIf l  nopul{H cepBoMo-

nafl upeMetnr Tu onpeAeJII.tT'cfl I(aI( Bpeyfl, I TerIeHHe l(oToporo nop-
rnerrb cepDoluoropa cuecrt4Tcfl rta BeJll{qulry Ay.

43. Onpe4e.neHHe napaMerpon Hacrpoiltitl peryilqropa

l l  i l3ol l l )or \ , i l tor \ , r  l )c l 'yJt f l ' t 'opc i lnpf lMe'r 'paN{rt  t tacr ' l to i i t t t t  f l l lJ I f l lo ' rct t
nocrorrHr{arr  BpeMe}IH H3oApoMa Td H BpeMeHHatt  HepaBHoMepHocrb
peryJrrrTopa b1. Bentt ' IHHa TdB na6oparopHblx H HarypHblx ycJIoBHflx
onpeAeJrnercrr ana.JronrrqHbrM rryreM. Ann sroro Ha Bxoll II3oApoMHoro
yciporlcrBa cKaqr(oM noAaercfl. Hanpflx{etne UDx nocronHnoro roKa,
BCJII, IqHI{A I{OTOPOIO NPHHqHTTU.
aJrbHo He LIfpaeT pofl I{ ,  TaII KaI{

B AaHIIOiVI Cflyt1as 3aMepffeTcfl
BpeMrr  nepexoAHoro.npouecca Ha
BbrxoAe r l3oApoMa,  a  oHo I Ie  SaBI{ -
CITT OT BEJII{qT,IHbI TIOAAIIHO|O CHT-
rraJa. BrrxoAtroe'I{ an p f l  } I(eFI I Ie Uor*
r,r3 oA poN,r a 3 a n l.rcbl[] aeTctl H a ocql'IJI -

J ro rpaMMy.
I - la  prrc .  l l5  nor<asar la I (onnr i

ocuHJrJlorpaMMbt no onpeAeJIeHLIlo
nocrorrrilrorl BpeMerilI Td AJrfI

s f
E I\ |
€ t

$ l
s l

0,06
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d.(t/4t,
ftf/c
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3

AHa;lo|t.tqrrbtr\,1 rIyTeN{ IvtOX(lIo IIOJIyqllTb I'l nOCTOtllIHylo BpeI\,IelIil

cneAnulefi cucreMbr pa6ouero r<oneca ?n,, noBoport-IoJlonacrsofi Typ-
6nnsr, a rar()r(e flocronnHyro BperueHl ?n" enexrpoMexaIJLIIJecI(oli cneAq-
rqeii ctrcreMbr peryJllropa 3fP -'VI, rontxo B nocJIeAHeM cflyqa_e H? BxoA
ycHrrurenn 3U, (puc. 109) SMII noAaercf l  l lanpflx(eHlte AUo*, a Ha
ocur.rJrJrorpaN{x{y 3anHcbrBaeTcfl HanpflxeHHe [,/uu,* ceJIbcHl{a o6paruofi
cBrr3r.r, KoToparr npeABapLrTeJrbI{o . oTKJIIOqaeTCn oT BXOAa ycHIIH-
reJrfl 3U r.

sl 0,02

0,0+

0,06

0,08

0
0,+ m,HH

PHc.  I14.  Cr<opocrr {a f l  xapaK-
TepHCTHT(a BCnOMOraTeJrbHoro,
cepBoruoTopa peryJlrrTopa THna '
S|PK-2M-250-3 npu nono)Ke-
Hr.rrrx peryJrHpoBorrHoro BnHTa

l ,  2 , 3 , 4

nrrropbr rHna SfPI(-21'1-250-3 rr 3fP-14-150-.10) morxer 6srrr,  onpeAe-
JreHa roJrbr{o ua 4eficrnyroqeft fOC. I4cntnalrnrr cJreAyer npoBoAr.rrr-,
I{a ocraHoBJreHrrorf rr4Apoarperare H npH ocyueHHoli  or RoAbr cnr{-
panrrroi i  r(ar\4epe ryp6urrr, l .  B yxaearrFrbrx cxeMax peryJrf lTopoB noJI-
HONIy clvlel l leHl{Io nopulHtl  cepBol\, IOTOpa COoTBeTCTByeT Bno,nHe Onpe-

AeneHsr,rfi xoA rJraBr.roro soJrorr-rHKa. Tar, B peryJrnrope rr,rtta
SfpI(-2M-250-3 sror 'xoA Sn,o* : I 13 MM, a B 3tP-14- 150-10 ero
MolKHo l{sMel{flrb B npeAeJrax Sn,o* : 103-+-500 vv. CneAoBareJIbHo,
nrc6ouy 3aAaHFroMy crvreueHuro AS sonorHnr(a or cpeAr-rero noJIo)Ke-
rrrf l  coorBercrByer onpeAe.neunrrf i  xo4 Ay nopunn.cepBoMoropa.

MeroAtrxa r.rsruepetulrir /{ocraTorrHo npocra. C noMoulr)ro ynopoB
ycraHanJr Haaercn t<ar<oii-nn6o xo,u, aoJrorrrHr{a AS Ha orr(pbrrr.re I{ sa-
I{pbITI.re. Ecnll goJrorr-rlrK HMeer napu,HaJrbr{ocrb, To BeilHrrr.rHa A}S
.u,o"irx{Ha 6uto nu6pana B ee npeAeJrax. 3areu luexanugr{ orpaHuqeHnfl
orKpbrrr.Iff 6ucrpo nepeBoAuTcfl B noJrolKeHlre noJrHoro orKpbrrnn,
a KorAa npoqecc orKpbrrHfl 3aKoHqHrcrr, MOO raKlr(e 6ucrpo nepe-
BoAHTcfl B norolKer{r4e rtoJrHoro 3aKpbrrr.rfi. flpn 3ToM r{a oc[LIJIJIo-
rpaMluy sanr.rcbrBaer.cfl xoA nopruHrr cepBoMoropa. flo srHM ocrrr.rJrJlo-
rpaMrvraM onpeAeJrrrercfl BeflHr.rHrra To AJrfl ABr{x<enlrfi nopurHrl Ha or-

256

oAuoii r.r3 yc'ranoK nepel(JIloqareJltl
n llfl ocr(HJrnorp.a uuut)

p er yJr rrrop a rnn a 3f P - 2M-250-3 n p u Uo*, coorB ercrByrouena As LIxkelI H Io
nopuJrrrr cepBoMoropa r{a sar(pbrrue H orKpbrrHe. I4s grofi ocuHJIJIo-
rpaMMbr BeJrHqr{Ha Ta Mo)KeT 6ulrr onpeAeJreHa KaK BpeMfl, B TeqeHI{e
r{oroporo U,,,r,,* yMerrbuaercfl or I ao 0,372. flplr oror\{ ga eALIHHIdy
cJreAycT ilpnr[rrvrarb SHaqerrHe {/ub,x, I(orAa .t + 0, TaK KaI( g HaqanbHl'pi
nepHoA BpeMeHr,r Ha nepexoAuutl npoqecc or(asbrBaeT BJrH{HHe HHep-
url'BcaMonxcri##Jrffi 

f$'##ilepHo*H' Ds HsoApoM'oro perynr-,:,,
TOpa rrau6onee roqHo Molr(eT 6urr noflyrreHa r\,reToAoM Ixyr{THpoBaHHff
r(orr/derrca'ropa Hso1poMa. B pesyJrbraTe gToro BpeMeHHafl HepaBHoMep- '

HOCTb npeBpauaeTcrr B nocTorrHHyro H nopflAoK npoBeAeHHfl onbIToB
6yaer rar{rr[{ )Ke, r{ar( H npH onpeAeJreHuH crarH*recxort xapaKTepHcrHKH ,'

Pnc. I15. Xapaxtepttcrr ' Ixa HsoApoMa
perynrrropa runa S|PK-2M-250-B (ro-

0.02
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peryJlnToPf l  '  TOJIbKo B AaIITIOM cf lyqae nocT0t l l t l ty lo HepaBl{oMepi lOcTr,
cJleAyer ycral{oBl l r l '  paBl lo i i  i lyJ l to.  I " locnb nocrpoelHn xapal(repl-
cTHI(l't Be/lllqulla &r onpe4eJlfiercrr no coorHo[rerjr.{ro

A/tF,nn"

rAe Af - NIaI{cIIN{a/Ibl{af l  Bei lHrIHHa H3r\,reFler{ l t f l  qacToTbr B r]poUecce
llcrII : ITZI. l i { l i ,  I toropatJ. 6epelcl JII{60 no Aarrrr l)rM r.r3n4epelHr?, n116o no
t l t i t t c f t / \ , t o ( " t ' i  [  [ ( t / ) ,  r f ( ] , l y , l c l r n r ) f i  l t l ) t f  ( ) u l r c / ( c . , l c u f l 1  c , t , i l , l , l t , t c c l l t x
xapaKrepHCTltI( pefy.rrrrropa; Arl ,  -  xoA nopurrf l  cepBoMoTopa, coor_
BeTCTByTOTIIHT? Ir3r\,reHeHr.rrc qacTorbr Ha Lf .

i ln\ npal{THKH aKcnJIyararrur4 ruApoarpelaron Da)r(rroe gr.raqegHe
Hl'{eer 6urcrpo4eficrsue pcny/rtropa nprr rrenpepbrBrro r.r3Merrflror4,er.icrrqacrore B sHeprocHcrervre. 3ro 6ucrpo4eficrsHe xapar(TepH3yercrr
nocro-qHuoft .. BpeMeHH r.rHTerpr.rpoBa n wn p ef yJrnropa T _ r, Bbrpa)r{eHrre
riln xoropori r.lolKHo ro/ryqHrb. Hs rrepeAaroquor? 

^syHr<ituu 
r.r3oApoM-

Hofo pery/rrrropa npH h, :  0 (cnn. pnc. 94, a)

r Y / -  I  T a p - F lw - p ( " 7 6 V 6 W

Tx* bffa

tTt X
t  xt-:  Tu/dt

b1: {p,1,'o* 
. (6'6) roo

Tarorl N{eroA oIIPeAeJIe- 
' 250

vtn lll Aae'r uecl(oJlbl(o SaIIlI- 200 v r t I | '

. rz, ' rr lr .r .  srraqerlH n b, i lo cpaB- 
'"" 

d-t ? J 4

AaroqI-Iafl cpynxuun llMeer BI'IA

IV _/e1',,,?,, _l ry

Ar l r :

orriyAa

x Q,nn
lf 

lP"tax'

J50
0,?E

24

(6.4)

(6.5) (6 .7)

3l laqeHHE T'xt  npl l -pa3f i t rqr-rbrx BeJr l {qr . rHax Ta u D7 onpe4e/rrreTcn
c/r eAy rounrr,r o6p asou. H a r HApoa rp erare, p a 6ora iouleM n oA' rr a rp ys r<ort
l^ 3t{.ep.rocl{crelMyr ycraIIaI},nt.IBaercfl orr(pr:,r ' i lre, coorDc'rcrRytouee
30-40 t% or HoMHI{aJIbHoro, H B 3To }Ke noJro}ner-rne ycraHaBJrHBaeTcfl
Moo. PeryJItITop nepeBoAuTcn B pe>KHM acrarlrqecKoro peryJrr{poBa-
HHq. fl |" sroM no 6afial 'Ict{oMy np}6opy ueo6xoAurr,ro y66Aurbcrr, rrro
rnaBuult.t SoJIorHlII{ He cMer.ueH B cTopor{y orrpbrrln. 3ure* rra BXoA

- peryJl f lTopa'  HanpHMep qep$ Mexal tH3M H3MCI. IeHHfl  cKopocTH, yo-
AaeTctI Hanpfl)KeHHe, HanpaBJreHHOe Fra yBeJrr.rqeHHe oTI(pbrTHs Ha-
npaBJItlrcuero annapaTa,-- coorBeTcTByroulee onpeAeJrer{HoMy sHaqe-
IIHIO H3l\{eHeHHfl sacTorbl. Coornomenue r\{ex(Ay Hanpfixenlleu H rla-
croroii 6epercn no saBucHMocru t : f (U), nonyueHnori B n. 41,

flocne sroro Moo 6ucrpo cMerqaercr B cropoHy orr{pbrrnn Ha
BeJIH.IHHy 30-40% or HoMIaHaJIbI{oro r.r Ha ocur4JrJrorpaMMy sarrncbr-
BaeTcfl npouecc ABH)KeHI{fl nopruHfl cepBoMoropa. l lo noryqeHnbrr{
258

I(oe(rpuul{ellr lzn.,,Tr,, roropr'lf/t o69?ti3:HM rlep$ hn' flBrlflercfl

Itoerp{lrnttrellrotvt' yctincllttn npoi,opttl4oIIaJIrHofi coitannnrcUefi pery-

Jrnropa u npH saAaHHoM 3HaqeH"" [ut"".  pHc. 109, 6) saDHcHTroJIbI(o or

uacrpofir," norffiil;;;; tr. no atta'norrau c HsoApoMHbrM peryrlnro-

poM o6parnan BerlI4tII' lHa'r<os$$ui'eHra hi' 'nT xt:-Tyl^: flBJrflercfl

BpeMerrer\,r HrrTerpr{poBaHHfl peryJlnTopa u 3aBHCI{T OT riacrpofir<u k|'

H Tn. 
'lorAa 

w) I (6.g)t f ( /  -  k"* ; *

(6.e)
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r A e  u -
rparopa.

Uo"r*
(U;J; 

- orHocr.rreJrbHoe Hanpfl>r{eHHe

3lra.reHufi napaMerpoB
KaK II BeflHIIHHbr Td Lr T xr
cflyqae; corJracrr

f

t z J + 5 6 7 8
|  |  ,n

9 t 0 f l -
ll otto xerue nepexng qomenfl

Prrc. I17. 3aRHcnrtrocrlr xoarlxf lr l [nenra lz,
lr  l tocTonltt toi i  IJpctuct{t I  T'y e,1: IroJrox(cuHrr

nepeKnto'{arenerl peryJrflTopa THna
3 fP_H_150_ t0

3aHbr SaBHCHMOCTT{ xoerpsHuHeHTa
peryrrnropa ri{na 3fp-14-lb0-10 or
A"rrs pex{vua pa'orbr noA Harpy3r{oft.

T' H ?n*, onpeAeJrrrrorcff
H3OAPOMl?TO PCTYJI'ITOPfl ,

AHMO 3aur.rcbrBaTb lra ocrlr.rJrJro_
rpaMMy rranpf l )Kerrr{e rra Bbr-
xo^_e_ H rrret.p a,rop a .

t lro6u eauepurb Refir{rrHHy
xos{rfrHqprer"tra,ycHJrerrHrr npo-
nopuHoHaJrbHor? cocTaBJrrrrc_
u1el"r /a,, npr pas"rlHqrrbrx r{a_
crpof{Kax /e, cne4yer npeABa-
pHTeJrbHo sarxyHTHpoBaTb KOH_
Aer{caTop rH6rorl o6parr.rofi
cBR3H HHTerpaTopa. flocne
oror-o - AJrn rax<aor? Hacrporl-
KH hl Ha BxoA peryJrrrropa no-
AaeTCfi Hanpflx{eHHe, cooTBeT_
cTByloqee onpeAeJrer-rHor\,ry s Ha-
TIEI.I HIO OTKJIOHCI{I,Ifl I{ACT OT:r;I X, 14
gaMeptercrl Reilr.tqt.ri l  a U n,,,*. na
IlbrxoAe rrurerparopa. I(oecllSu_
TIHeHT ycr.rJreHH fl hn onpeAe-
,rltlerctl no orHouIeIIHIo kn :
:  Uoo,^ /x .  Ha prdc .  l lTndra-

k, H nocrosHnofi BpeMeHH T^
noJrox{eHHfl IIeper{Jrror{aTeflefi

3+,il -i;,yJilJ#;p' i id;il ;i*i ii ; I n..:::j j' n oAr''r roq a erc R K r a x o -

r e, r c p a r o I I : #* :::,*m* i'"a"A, [il?,|,T ll ̂'r,f',:;lll#. it il : l;.' T ;

HB BbIXO.{€ LrHTe-

TaI(pIM }Ke nyTeM,
TOJIbI(O B .qAI.IHOM

44. OnpeAe.rerrue n,leprnoli soHbr peryJrflropa

260-

I  =  I  \ \ i /  A . / r ^ , r H l r r v ' v , - ' -  - - r ,  
f l _  1 O O X ,  r A e  A f  _  u e _

AeJIReTcfl I\IepTBafl sOFIa peryJlflTopa tx : -f 
n . i

M e F I e H H e q a c T o T b l ' K o T o p o M y c o o T B e T c T B y e T o A H o H T o } K e n o J l o } I ( e H u e
rrol) i l l I r f l  cc l ) I lof \4o' l 'opn l innpannf l  IoI I [ero annapaTa'

Cne^y er orMer'rb, r{ro tt u"'".""tt;O!--_ldC us's a llecrail'Ilou a p I I o'

crH BoArrrroro noroKa 
" 

npo"ouHofi qaitn.ryp6unbl qa-cjr:ra BDauleHHfl

rr4Apoarperara rra xorro:l_o_y';;;; i.*uOnl,icn B npeAerlax b,02 fu'

flpu sTlX ycJloBH'Ix AaHtIbIfi r,,reroR He Mo}KeT AaTb yRo.gnerBopplTeJlb-

;'Jd;;*";f ;i[Tf#'ffi1lf ̂ i8o"hu 3o_rbr no aroMv teroAv ]i::g:
xoAprMo HMeTb nocropoHuufi ucioquux HallpnMetr!1.-fl-nocTofiHHoro

ror(a, uu.,rorJ*";";;;"cl^i !r, 
?r BorrbrMerp xnacca 1,5' B KaqecrBe

nocropoHr.rero uiroqunxu n*iu""" *ot*t" bblTb HcnoJIb3oBaH reHepa'

rop nepHoo"u".i,# ii"n.O"-t-iffi; l-if1X HanpnxeHue nocronH'

rroro ror(a cryner{nl,rr.r noAaercff Ha BXoA pefyJl nroV3, lcnblTaHHfl 
npo'

BoArrrcrr B crreAyrouleM nop"lii.. CHaqa"T attip" pa6ore-ruApoarperara

B pelKHMe xoJlocTofo *oA3 OnpeAeJlfleTcfl-'saBI',ICUMOCTb 
ycTaHoBI{B'

neiicn qacToTbl RpalueHl,In poTopa oT nolaBaeMoro Ha BxoA perynffTopa

Hanpnl l {e l l l4 f l f : f (4 'q? ' ' ro f isanHcHMocrHonpeAeJl t lercFI- :T l : : ,

nrrfi xoeQcpruraeH; i: #', 
fu/B. xorR saMepbr ttlcrorYlr H. H3npr'

)Ker{Hfl no Aarr'oMy MeroAy npotlsBoAstcs no npH6opart'r'rrriacsa 0'2

141,5, onu ,[aroT BnoJIHe y4on,irerBopuTeJtbnng .pbaynrt?rbr' 
Tar< KaK

onpeAeJrrrercrr lraKJrorr *upr'n".p".oiu*" f : f (U),'u ^u a6conpruue
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SHAqCHI, I ' I  BCJIHIIHH.

flocne orPeAeJIeHHn xoe$Quuu

B eHeprocHcreMy H cepBoMgrop HarI

Baercn B noflolKellue' e6nptsu Koro

ByIo 3oHy. flp" eroM Ha peryJlflrc 
26l



rloc'b b, = 0,02+-0,04. r{to6r,r HcKJrrorrHTr, norpeu,HocTr.r R r{sMepe.Hufix' cBtl3aHIIbIe c lle6o,nrulltr'tl l xo"ne6aHr.InMLI qacroTbr B o'epro-
:ltTtl'-l 

I{a Bper{s Hcnbtrauuti Heo6xoA""o-otnnrorr,rb rryBcrBr.rreflb-

i:Hff;'',lll;^Y_:::y :lryl. pe.yr'rrop y 
".*yccrBerrHo co'AarorcrrycrroB,rr nocrorrHcrBa ,rairorrr. 3irerur ;; ;;;'A l*rffi;":ffi;cryneHf l l \ {H noAaeTcf l  Hanpf l )KeHI4e R nnerrrnv v r , ( in46,r^rr

r r q r r P c | L r / l g -f l r1rx, Ho BeJrHqI.tHa H3MeHefiHfl  
.  

Hanprrx(eHl{f i_ Mex{Ay cTy[eHffMH

fi:#,#;._?"#-;.3:::T:.:j:rj:,^.:.y1uu.ro,i,Heoonee0loz_o,0Bru.B, x a xAoru H 3 H a n p a B rr e u r r rl u eo6 x oa 
" ;; 

- 
; ;.T'#'Jn J;,uaiarj, irt:poB. 3artlep Hanps>xeunri npou3Bo AHTcfl no BoJrbrMeJpy co luxa,lortr,

4 coorBercrnylouler? Mar(cHMaJrbr{o-
B I I I | ,tt,l Lry1 N{y l.rgluerreriurc Hanpnx(er{Hn B
Jt l--]-*-J--- -l:: lz#__l npouecce llcnF,tra ruuft. I-tra ii6)r(.

TCJIbI- IA.

M e r o A 3. Sror MeToA, nO-BI'IAHMoM!, f lBJIReTcs Hau6OJIee Toq-

HLIM H, rrro caMoe rJlaBr{oe, oH cooTBercTByeT peaJIbHbIM ycJIoBI'ItlM

pa6orsi cHcTeMbI peryJlHpoBaHllf l, Ho AJII{ ero IIpHMeHeHHfl Heo6xo-

AtrMo r.tr\4eTL anilapaTypy AJItI CIItITIIf l qaCTOTrllrlX XapaI(Tepl'IcTI' lK

(HfnK) r{ ocqurlnorPaQ. l4c- a)
2x.4025 %

IrLITaI{I{t l  npoBoAtlTctl  CJIeAyIO-
r. lr .nru o6;ral i l t r l .  At '1lct 'a' t '  pa6o'
' raer ro/ t  Harpysxor l  B sHePro'  6)
cr.{crervry. Ha peryJItITOpe ycra-

tr"Qo?Z 7"'
I-I ABJI I,I BACTC'I nocTof lHt la t l

I  I  I  l -4rJ I  |  / (oMyc,r .e ' ror l r ' ] rucA,rcnpe)r(r . rMc3a-
zo l  I  N{eprercrrHarpf l }KeHrre Ur Hno-

I I --F I J I?1.1"." nopruHrr cepBoMoropa
roW I I I l larpaB/Itrouero annapara. l lo- 

14 I ffi r_orryrreHHbrrvr AaHHbrM crpor.rrcrr

I I ".uy"r^L?.r:^,_Ul =/ (,1,). Hnt4'+ x - f (il npw yBemrqer{rrrr HItbu +80 500 r!,nn y*antrfJ"Hr{ orxpbr rlfl, Hs sroro

_  0 . 9 . . s nrAe er :  
f f  

:  0,r  -orHoc'Tef ib 'aq [orperuHocrb H3Mepe'prrr
t I a c T o T b I n p H e e A H a n a g o H e H 3 i \ { e H e H H f l ' p a B H o M l f u , 8 2 : # :

: 0,027 - orHocHTeJrbHafi norperxHocrb H3MepeHHfl rranpfl)KeHHflB Aranasone Bf B. TorAa E : l/0,T{+ 0,0rie^-. 0,108.-- A6connr.Hoe suarreuue k cocrapw k:0,0f Ig ( i  * O,tOg) i ' r /d,
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reJrbHyro norperlrHocTb r{3Meper{Hfl
(loprilyne

HepaBHOIvlepHOCTb bp :  0,02-+-
.-0,04, rlyBcrBuTenrnsll i ene-

Mel-tr ort(Jlloqaercff. 3areu na

RXOA peryJlflropa oT reFle-
paropa Hf nl( noAalorcn
cr.IHycoHAaJIbHble xone6aHHq
lranpfi)r(erlHn. t lacrorY 9TI' lx
xone6auuii cJIeAYer YcraHo-
BHTb Aocraroql{o HI{3I{oft (co :

:  0,05-:-0,1 pa4/c),  a HaqaJIb-

PHc. I19. Konsl l  ocquJIJIorpaMM Ilo onpe'

AeJreHnto mepteofi 3oHbl pely{nloPoB THIIa
efp-Zm-100'-4 (rr,  6) rr runaS|P'I4- 150-10 (a)

,?: I f

a{)
r l

+
\-1
\ l

?
.4 4

4 7

v



BxoAlroro .".rJul-? 
_ ts peryrrrrrope rr.rna ofp-l, l- lb0-10 norrlroMy

Toay cJIeAH[(efi ctlcreltbt coorBeTcrByer cHrrraJr r-ra ee BXoAe, puu*,o,rt
I u : 4,8 uA. cneronare.flrrrro, ilprl crarr{3M€ 0,' =.= o,o+-.aiiTr}an aosa
i lo  r t i tc , tO. l ,c  31.ot .0  pcryJt i l , t ,0 l )a

i r {
Ia

: ';hto.n rood/o - o, oos%

MOMeHTy orKJIrcqel{HtI reHepaTopa or

T" HaxonHtcn no coorl{oileHHlo T ̂  =

L 6 r  U l l

peryJlf lropa AJIf l  AaHHbIX ycJlo-

nprii.
tMero4 onPeAeJIel{Htl 3I'Iaqe-

rufi e1 v, egsarlllottaerctl B cJIe-

AyroueNl. flocle ycrarIoBJIeHIIfl

I IOMI, I I IAf l I : , I IOI ' i  {ZICTOTbI I }  DI ] I -

4e.nennoflt al{eProcHcreMe Bce

ruApoarperaTbl fOC, Pa6orarc-
ulue Ha 3Ty cHcreMy' nepeBo-

ARrctI Ha pyqHoe ynpaBJleHue'

Ha oAttot,t I ' I3 arPeraroB' I(oro-

pr'ri:r HCrloJIb3yerctl AJITI onpe-

AenenUn B€JIHqPIIIbT €1, YCTaHa-

B TOTII{e, coorBerctnyroueil
3rreprocl{cTelr4bl. 3ltatlen ple

r:: I I 
-!;-

Bblpa)I(erl l ' I r IM:

Puc. 120. 3asuctivocrb' x: t {tJ nocJle
c6poca t{arpysKt{ c r}IApoarperara Bollx'
i i .[ i i-".red' i 'nt. B. I ' l '- JIeuuHa (nonun

j OcUIIJIJIOTPaUtrlt't)

aruMbl c6poca 3K [ I ,

t0 t2 t*- t,c

OTHOCHTCJI bH bIC BCfl I,I q H HbT

raK)Ke MolllHocru I'3C no
'  : ' i i  i  r

. Taxan Manrafl Beflnqnrra 1r. ronopHr o BecrrMd nucoxofi qyBcrBH-
re/IbIIocrt l  peryrl t l lqpj ?-fP-el-150-10 no cpaDnerruro, rranlrt ' l rcj i ,  c pc-
ry/rfl 'ropoM rl' lna 3fP-2M-100-4, xorfl rnanutrr? BoJrorHHK r.rcnbrrye-
Moro ?fP -14-I 50- IOj*e{ l1epgrJp.HrnR 0,4 nini 

"r 
.ropo;t;-, neper{pbr-

Tt4'r y SOJIoTIIHI(a 3fP-2M-100-4 cocraBJlntor 0,25'nor" '  i tu croporry.
B 4anHoM cflyqae 3HasHTeJIbI'roe yBeJrHqeHHe qyBcrBHTe,rIbHocr' pery-
JIfiTOpa AOCTI4TFIyTO To/lbl{o 3a cqer paur'roHaJrbHoro nH6Opa crpyK-
rypHori cxer\{br 3fP-I4-150-10, o qeM yx{e ynor'rH}raJrocr l rn. b.

oruetuu' qTo MeroA 3 Aaer Bo3Molr(r.rocrb cyAr.trb o rryBCTBr.rreJIb-
I'rocrH peryJrnropa Tari)r(e H no ocrtr.rJrJrorpaMMe rra pHc. lig, 6. Ecnu
Hs erofi ocu{JlJlorpaM.t\,Ibt onpeAeJrHTb BeJrxrrurly H3Merreggrr BxoAHoro
cht[alra, nPw xoropofi noplrellb cepBoMoropa rraxoAr.rrcn B rrero16Hlr(-
I{oM cocrotlHl'tl l ' To ol{a Tattx(e 6yAet coortsercrroBaTb preprnoli soHe
peryrrflropa (i* : 0,0220/o).

0,2

0,1

-0,1

45. Onpe4e.tenne napaMerpoB rHrpoarperara

K napaMerpaM r l lApoarperara orrrocf lTcrr :  nocrorrr{rraf l  BpeMeHr{
rHnpoarperara Zu, xoecprfuqHerlrbl caMoperyJrnpoBarrr{ff ryp6unrr €1 v
Hanpy3I{H 2gt xo:QQHqrrer-rr yc.w,ne*Hn ryp6uurrr Fro MoMeHTy npH rro-
croqHHort cKopocrr.r.e/ H l<oecp$Hur.rer{T "ycurernuo 

rlrApoaf perara rra
xoJlocroM xoAy ?ur- Xorfl 3^rH BeJII'tquHrrr, npoNr€ egr lr{or}r 6irrr, nofly-rleHbt pacqerllblN{ nyrelu I4Jrr.r no p$yJrbTaraM llcnurranuiiuoAe.nu pa6o-
qero KoJIeca' B psAe cflyqaeB rpe6yercn yroqHrrrb yr(a3aFrrrbre napa-
I\ ' IerpbI l{f lI ' I  noATBepAHTb t{x rapaHTr.{poBaHHbre grraqe}IHfl, r{To Mo}KHo
cAe/raTb ToJrbr(o B HaryprJbrx ycJroBHqx.

llocrosHHas npeuedu rprlboar.perara T" onpeAe/rflercn i lo rpa_
suxy nepexoAr.rofo nportecca 

'  
x :  f  ( t ) ,  3anr{carrr , roro '  Ha ocuunno-

rpaMMy npH c6poce HoIuHHaJIrHofi 4nn AaHFroro Hanopa MorrlHocrq
c-orKJIIoqeI{HeM relJeparopa or gHeprocucreMbr. A.nfl nofl yqeHllq 6onee
TorIHbIx pegyJlbraroB ueo6xoAuMo Ao orKJrrorreHHfl reHeparopa 1lcrzl-HOBHTb MexalIH3M O_rpalrHqeHI{fl OTKpbtrHfi B nOJrO}KeHHe, COOTBeTCTBy-
IoEee I{OMHHa./Il ' t toii Motqtlocrl{, H qepeg MexanH3tu H3Metrel.tHfl cKo.
pocrH noAarb nonHufi cufHaJI Ha yBeJrurrerrue MolrlHocrtr. B groM cJry"qae B HaqaJrbHr,rr? nepuoA BpeMeHH nocne cdpoca Harpy3r{ u ryp6nia
6yaer pa6orarr npu nocrorrFrHoM BpauaroqeM MoMerrre,. qro Aaer
BOSMOX(HOCTb AOCTaTOqHo TorrHo onpeAe/rHTb HaqaJrbHoe ycKopeHHe
poropa arperara. Belt 't ' tnHa ycKopeHun dxl dt onpeAeJrrrercrr r.rdKJro.
HoM KacareJrrHofi, npoBeAeHirofi 

-x 
3anncannofi xpunor? * : f (1)
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BJIHBACTCfl I{OMI'I 'HAJIbI{Afl AJI'I

AaHrrbrx ycnonufi MoulHocrb H perHcll]4fylorcfl QrKpblruf, llanpaB'

rrflrorqero unntp^u";^"; pu6ou..o Korleca (ecnu ryp6tlla- noBopor-

;;;;;;;ilan). 3a.reu qacrora er.reprocrrcre.Mbr r.r3Merrrrercrr cryneHflIvuI

qepe3 Kax{AbIe olf-o,z-fu s npelenux 49--51 Il.^}IsI'IeHeHHe 
qa-

cToTbI ocyuecTBIfleTcfl IIyTeM IaeMeHeHHR MOIIIHOCTI{ OAHOTO H3 COCeI-

rrHX arperaroB. t-la xaxiAottl ycTaHoBHB[IeMcfl pe]KI' lMe 3aMepflercn

qacToTasHeproCHcTeMbI 'uou l r rocrbncnb lTyeMoroarperaTaHMoluHocTb

fOC no npeqpr3,orrrrbrM 
"ur"*-"tp;; P.l:_npoueCc 

ucnntasrtfi crle-

Ayer rrpoBoAr.rr' D Bo3Mox(Ho xoiorxuft npoMelKyrol{ BpeMeHH c TeM'

,{ro6ul noJryqtrTb 3aMepbl nenHqnH npH oTHOCHTeJIbH.O nocTogHHblx

Harpy3ottHbIX ycJIOBHtlx.

iio nottyqeHHbIM 3aMepaM oII peAeJI'ot:1

cKopocrll Rpaulell l{t l  } l MoltlHocru typ6tlHu' a

n - ,+ i  pt : f f i ,  P 'c-#, ,

rAe f, ffr, N 2- silMepgeMble BeJIHqHHbJ qacToTbl'

i i ' id,c; f),', Ni,r, Nrn- HoMHIrarlbHble Arln AaHHbIx

RCJIHIIHH '

I

/

A
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OrHocHreJtblroe 3Haqerrrre Bparl1arcuero
6yaer.

a rvroMeHT, noTpe6nneurrii 3r{eprocHcrelroli,

t ? In :  P  ,
l n

.c

ruor\,reHTa rra BaJry ryp6Hrrbr
I(oe$t|lnuuellr ycHJIeHHn ryp6uHbl no MoMeHry ei : + B HarYP-

l l
l l

l i

f f ;1: P, 
* 

,
HLIX ycJIoBHflX MO>l{eT 6Urr

4poaiperara, Pa6oratouero

I loflyrleH no pe3yJlbraraM
noA narpyst<oii B I\{orqHYIo

HcnbtraHufi ru-
3I{eprOCHcTel\'IY.(6 .10 )

( 6 . 1  I  )

flo AausbrM crponrcn saBrrcr4rvrocrr.r ft1.7: f @) 14 nl.s = f (x).
I - r -  - , , ^  t o lrla irrrc. t 'zr nprl9eAeHbr r{pr{Bbre flL7 - f u) 14 nts - f (x), noflyqeH-

l lb le npI{ 'Harypubtx r . rcnbrrar{r . t f lx  ua Bonx<cxoi i  f3e unr.  XXII  c iesla

mg

t,005

1,0 Pnc .  l 2 l .  SxcnepHMer r rs . f l bnb r€
SABHCItMOCTI,(:

I  - , m t : f  ( x ) , 2 - m n : l  ( x )
Bo.n>xcxof i  fOC rrM-.  XXII

c'r,esAa l(nCC
0,01

JI,ggs
0,0? x

.Kncc c ar.reprocucreuoli Mon{Hocrrro gl5 MBr. I(oecp$lrur.rerrrbr caMo-
peryJIHpoBaHHfl ryp6Hnu et H. Harpy3KH eg Mox{r{o oilpeAeJrurb no BeJrH-
rIHI{e HaKJIOHa I(aCaTeJIbHblX, npOBeAeHHblX K 3TI.IM I(pHBbIM npH Jr :  0"
PaeHocrb ee - 0r : €n senseicn r<oarpSHUr{er-rroM caMoperyJrr{poBa-
rn4rr yn paBJrneiuofi 'cr.rcreMr,r.

Cnelyer orMerLITb, rrro npt r.rc[r,rraHnnx qacro l.rMeer naecro 4b-
BoJIbI{o 3HaqHre/rsnHi i  pas6poc roqeK xpHnof i  f f is :  f  (x) .3ror pas6poc
o6ycnonJlet't rei\{, qro Bo BpeN{rr onbrron npoHcxoAt.tr l.r3Merrerute t{JII, l
xapaKTepa Harpy3Kr.r ,  r . tJrrr  norpe6neuun sHeprHr{,  npHqeM npr.r  H3Me-
HeHHH Xapa_KTepa Hafpy3KH MeHflercf l  HaKJror{  xpHnof i ,  a npH H3MeHe-
HHH norp'e6neuHtl 3HeprtIH I(pHBafl cMeulaercrr no ocu MoMerrroB, rre
H3tueHtIfl FraKJroHa. l losrouy npu nocrpoerrr.rn xpunofi t?Ls : f (xl
cJreAyer npoHyr\{epoBarb BCe roqKr.r  3aMepoB R ToM nopn/ l r (e,  R KOTOpOM
npoBoAHJlHcb 3aMepbl, I.I coeAHr{HTb rorrr(H nnanttoft Npunofi no no-
pf lAKy HOMepoB. l lonyueHl lym rar(HM o6pasou Kpr.rByro MolKr-ro pas6urt
Ha Hecr{o/rbKo r{pr{Bbrx HJrr4 3KBr.rAHCTaHTHbtX Apyr Apyry, }rJrH c paS-
HblM HaKtloHoM, no KoTopbrM onpeAe/rrrlorcrr Bo3MoxHbre 3HaqeHHfl eg
npH pagflr.rr{Hbrx rrarpy3o'rr{brx ycJroBurrx. B aroM cflyr{ae Mo}r{Ho r{s6e-
)Karb noBTopt{blx Hcnbrraunil, Koropbre rro Hx,opraHH3arrHn H npoBeAe-
HHIO tBJI.ffrOTCn AOBoJTbHO C,[OX{Hbrr\{A H AOpOTI4N{rr.
266

- Puc. 122. 3asficr.rMocrH MoMeltra typ6uHlr (a) lt qacrorbl 
^?-p^1u1"'

rrurr ,ru **oaroM xoAy @') oT noJlox(eHHff nopull{R -cepBoMoTopa
HanpaBrrilouero anflapaTa fHApoalpelara 

Eparcxofi I'CL. npH '

H :  l 0 l  t ' l

f lpH pa6ore ryp6lrun B pelKI{Me-XoJIOCTOTO XOAa cTaTHtIecKuM

roaQcirau,ae""ou yiHneHun u.t"t"tu 6y4er orHorleHue npupaueHufi

cr{opocrr.r Bpax{eHr,rfi rr xoAa nop[rHg cepBotuoropa €sx : 
+. 

B Ha'
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SncneputvteHTaJI br{o crrfl Tbtx
xa par(Tep_rrcTtrr( peryJrflTopoB H

B HaTypr"rbrx ycJroBHnx
rl lAporyp6lr l t  nol(a oqeub

40. OnpegeneHne qacrorHbrx xapaKTepncrnx /{nB u FIO $uxcl.rpoBaJrHcb aMnJrHryAa H $aaonnfi cABHr roKa ynpaB'

Jrer{Hrr R I(aTytUKe I\{aFHHTosJIeI(TpHqeCI(OrO npeO6pasOBaTeJIff'
Ornreruu rrer(oropbre ocodennocrt't, Koropble ueo6xoAuuo yl{l4Tbl'

cyuecrBer,rFro BJr[{rrer r{a xapar(Tepr.rcrt4rt4 grltx yCunurenefr. llosrouy

npr{ crrrrT}ltI rIacToTHbIX XapaKTepucrUx ycl'IJIHTeneit uX BbIxOA cJIeAyeT

r[yl 'rrrpoBaTb c.orrporr'tr]f lern.rel{, paburttrl conporl{BJIeHlllo I(aryml(l{ Ma-

e \ 'qACTOTHbIX

MaJro. 3lecs
TI

po'tltoJlonacrHblx rl iAporypblrH cpan rr HTeJrbFro ne6onnurofl i noqr{ocrH,
I{ Ha pa6ory t371, B Koropofr no qacrotssrru xapar(repr{crr.rr(aru r4ccJre-
Aytorcn npltt lHIIbr B03nurcroner.IHrr None6aulri i r\ iroullrocrrr rra fOC
<BHtrAerr> (CIIIA).

C l9G4 r ' .  J IMi i  f ]  co / l l ) v ) r (cc1 'nc  c  J lc l r ru r ' l ) i r l ( ( : f c r r ' r  n r rc ' r 'nT 'y ' r 'oM
SJICKTl)ON{CXal l l . { I i l . r  I rpolreJi l {  r . rctrbrrz l r r i l r r  c l . lc1 'cM pcryJl i lpoBai l t r r r  co
cllf lTHeM r{acrorrlbIX xapar(TepHcr}rr( Ha psLe 4el;rcrnylou,r4x rHApo-
cral lqut?.  Ha ocl IoBaI{HH MarepnaJroB prcnurranHi i  6sna paspa6orana
MeroAHKa no onpeAe/reuuro qacrorHbrx xapaKTepr4crur{ n na6oparop-
Hblx H HaTypHbrx ycJroBHrrx.

B KaqecrBe npu6opa, renepHpyroqero cr{Hy6el4AaJrbHbre xone6a-
HHtt, HcnoJIb3yercfl uu$paHl.r3KoqacrorHrrft e"nexrpoHru,rfi reHeparop
THna HtnK c qacrorHbrn,r  Ar4ana3oHoM 0,001-100 lq,  Ans H3r\{epeHus

'rpaarr c/IylKl,tr (lasouerp-qacroroMep rrna HO, AJrrr r.r3Meperrrlr aMnJrH-
tya, - Asor?Hori nHxosblfi BoJrbrMerp AnB

B na6oparop_Hbrx ycaoBr'rr{x rrpn o[peAeJreHHrr qacrorr-rbrx xapaK-
TepHcrHr( SJreKTpHqecKHX 3BeHbeB, BXOAfl I IHX B CXeN{y 3fP, U Cna6O-
HarpylKel{rtbtx rHApoyctunreneli (runa (corrJro-3acJror{Ka), npoMe-
x{yToqrlble cepBorraoropH) Uerecoo6pa3Ho npuMer{rrb MeToA HenocpeA-
crBenHoro HBMepeHIIfl aMnJrr.rrylbr r.r cpasonoro clBrrra. OAuaxo B KalK-
AoM KorIKperl{oIu cnyqae npeABapr{TeJrb}ro Heo6xoAurr,ro y6e4u'rrcn
B ToM, qro l lccJleAyer\{oe sBer{o nuneilsoe. Ann uenuuerlrHoro gBeHa
yl(a3aHHrtt? -ntetoA BHourr B rrsMepeHun neHg6ex*rbre norpeuHocrH.

B cJlyqss Halrw.uufl, nenuueliHocrelt nrc6oro rHna cJreAyeT npr.rMe-
HflTb MeroA oAltoBpelreHHoil 3anrrcrr BxoAr-roro clrrrycor4/{aJrbHoro Bo3-
Aef icrnHn H ycraHoBHBurlrxcf l  xone6aHufr  Ha Blrxo/ le na l rnel i$ru,r i i
ocuuJI/rorparb Hnr4 caMonr'rrJryulufi npn6op. I-lo noflyrreHlrbri\{ .ocLU4Jr-
JIorpaMMaM otlpeAcJrnrorcrr aMnJr.rryAa u (taronl,rrl i  cAurrr rrepnoii rap-
MoIIHKH ycraHoBHBrrrprxcfl nepHoAr,rqecKHX xone6auufi rra BbrxoAe.
Xorfl gror I\ ' IeroA ilpeAycr\{arpuBaer npoBecrr{ cepuro ocuHJrJrorparfiH-
ponaHHfi  xone6anui i  na BbrxoAe H BXoAe sBerra npu pasnr.rq.Hbrx qacro-
Tax H paSrHrlHblx Sl laqel{Hf lx aMnJrHTyAbI BXOAHOTO Cr{r l raJra H CBrr3aH
c odpa6orxofi octIuJIJIorpaMM, on n03BoJrrrer Aocraroqrro Torrrro r.I r{a-
AexHo nofiyriHTb 3l(BHBaJIer{THbre qacroTHbre xapaKTepHcTHr(H HeJrH-
Hef isux gBeribeB.

Ha puc. 123 ilprBeAeHr,r qacrorHbre xapar(TepHcrt4rrl ofleKTpHqe-
cxofi uenll (perynnrop rHna 3fPD, ,cocroflr[erl Hs HgoApoMr{oro
ycrpol"lcrna, TpaH3Hcropnoro ycrrJrr,tTe/rn H I\{arHHToaJIeKTpr4qecxoro
npeo6pa3oBareJlfl , noJlyqet{HbIe o na6oparopHbrx yinonHrx c nor,rotrlbro
MeroAa HeiIocpeAcrBeHHoro r'r3il,repeHHfl arunJrrlTyAbr r{ Qasonoro
cABI{ra npH nocrotylg4jpei\{eHr.r H3oApova Ta - 8 c. Cunycor4Aarrb-
Hbre KoJre6aunn or HfI-lK noAaBaJrncb Ha BXoA r.r3oApoMa, a c noMourbro
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Puc. I 23. 3xcnep Hil4eHTflJlbltble qacToTllHe Xapal(Tep HcTUI(lt TpaH'

3r{cTopl{oro ycnnHrerlfl c H3oApoMoM I{ l{qSuofllApaBrII{qecKHM
npub6pas6oatcn"n,r  peryr l t l ropa r l lna 3fP-n nprr  ?4:  I  c

rFrHTooJIeKTpHqegKoro npeO6pa3OBaTeJIt, vr1tt4 cI-l.HMaTb XapaKrepK-

CTHKLI c BKIIOqeHHbtM B llenb npeO6paSOBaTeJIelvI' I(aK 3TO^CAeJIaHo npg

onpeAeJreHr,rr4 xapar(Tepr4cTr..rK, npHBeAeHHbIX HA p[C. 123.
' 

I(ponre Tofo, rrprl 3t(cnepHMerrTaJIbI{OM OnpeAeJIeHI'IH qacToTI.IbtX

xapar(Tepr.rcrr.rr( i l ,rarFrr.rrrrbrx ycunllrenett, HMelouIIlx't lecl(oJlbl(o o6uo-

1.ot(  y l l l )aB,nct t t l t l ,  l rco6xoi l t t tuO Yt l l lTblBZlTb, t lTO o6u\an I lOCTOtl l l l tan

npa*dgni o6uorol( paBHa cyMMe nocronllublX Bpel\ ' leHI'I Uenei'r BCeX

o6niroror. f loarouy Bo Dpel\, lt l  HSMepeHufi cJIeAyeTgaMI(l{yTb Bce o6uOtxt' l

Ita conpoTI,lR.IIeIInfl, paBIIbIe cooTBeTCTB_ylOUlHM COnpOTHBJIeI{HflM. B Ue-

nflx o6n,Iotor ynpaBJIeI'IHn B peanrHofi cxeMe' * ' '  '  '

I4uorAa npn cltf lr l{H qactottt l,tx xapanrepucrul( . erleKrp}llgll l- l '  t 
l :

r (e i lef i  noqsnntoTct l  Oi l IH6KI4,  CBf l3aHHble C HenpaBHJIbHbIMlpbtgopoM', ; , , '

a[napaTypbl K3MepeHHfi, KoTOpafl oKa3bIBaeT 6onnuOe nnuRr{pte Ha ' '

AocroBepgocrb 6 ToqHocto tutapon. t lro6lt Hs6e)KaTb 6IIIH6OX, Heo6-' '

*ol,n*o o6ssareJrbHo yrIHTbIBarb coorHotileHHr MexAy nxo4unM^ 
-Y "

BbrxoAHbrMH conporHBJIeHHflMH llCcneAyeuofi UenH 14. HcnoJIgSyeMOI'I l

g

Xn
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nt l lpoa t 'pc ra l 'e r  na  xoJ tocr 'oM xo / ty  lV* . *  ( t t t )  : : . .  * , !  ( lo r ; ;' A o

Iyp6UI.Ibr npr{ nocronrrriort cKopocrtr Wry $o) - n!!t- 
ltot), U O

BeJII'tqI{HbI OA,lrIJII.lTyA Cr.rrIycorr1aJIbrrF,rx r(oJle6aH}.trl oxollrofo crrfrraJla,
a 6ee pIHAeKca - 3rraqeHr.rrr aMnJIr.rryA BbrxoAlroro cr-rrr.raJra.

llpet crtflruH Bcex qacrorHbrx xapaKrepucruK Ha BXoA peryJrrrropa
noAaloTct{ cH}{ycoHLailbHrIe l<one6anHn oT rer{epaTopa Hf nl(. Alan.nu-

.TyAa erl{x xone6auufi  4on>xrra 6nrn nu6paua raxofi ,  uro6u rnannuft
3o/lo'rllHK cMeu,ailcn B npe/teJrax ero .nrllefirrofi xapaKTepl.rcrr.rr(r{. Co-
rJIacHo 3aBucuMocrrr f : f (U), nonyuenHoii npn onpeAeJrer{r.rH crarr4-
qecKHx xapal{TepI.IcTHK pCfyJInroPa, aMnJrr,rryAe BxoltHoro cHrr{aJra,
coorBercrByer onpeAeJreHHoeBHaqeHHe arurrJrr.rryAbl KoJre6aHur? qacrorbl
BpatqeHIt^n Af .Ilosrouy HI.tlr{e, roBopfl o6 aun.nlrryAe BxoAr-roro cHrr-raJra,
Qyaeu Hl\{erb B BHAy L,f wnv ee orHocr.rrenbHyro Berr4r{HHy x0: Lflfrr.
PaccuorpHlr MeroAHI(y oilpeAeJreFrHfl yKa3aHHbrx xapar(Teplrcrr.rK.

r {  a  c r o r r - r b r e  x a  p  a  K T e p H c r r 4 K t r  p  e r  y  J T n r o p a

W, (irl) - -!- ga1 cr.rnr\,rarorcrr npn pa6ore ruApoarperara noA Ha-' X 6

rpyexofi B sHepfocHcTeruy. IJa Bper\,rq r.rcntrraHur? qyBcTBr,rTe"nrnlrfi
gJreMeHT c/ieAyer orKJrroqHrr,. flpu xo : const ycrarraBJraBarorcs pa3-
JIHr{}tbIe guaqenurl qacrorbr Koile6artit BxoAr'toro cnrt-raJla or o -
: 0,01 Pal,lcAo o : 5 -:-10 paa/c 4 Ha xaxAoir qacrore sarrr.rcbrBarorcfl
f la OCIIHJIJIoTpaMIVIy cldrHail Xo t{ noJro)r(errr:te nopuJr-If l Q cepnoMoTopa
HanpaBJrrrrcu{ero annapa'r'a. l lo noflyqelrHbriu ocuHJIJIorpa[,rMaM Ailn
t<axAofi qacrorbl orrpeAeJrfliorcfl orrrocr4TeJrbHble al,trrJruTy4st rone6a-

ltttii nopurHrr U : ffi 
tr (lasonue cABrrrr{ y orrrocr.rre,nbr.ro ),0. flo

arHlu AaI{ItbIM crponrcn arun,nr4TyAHbre u (lasoeue qacrorr-rbre xapar(Te-
prrcrnKl{ . 3aswcuMocrr,r L - I (,u) r{ (p - I (,0) x{eJrareJrbuo cr'Irrrb /(Jrs
pa3rrtql lblx 3Haqeuur)i  nocrorrFrr 'rof i  HepaBuoMeprrocrH bo, nocroRunoft
BpeMerrH H3OApOMA Ta H Bperueuuof.i rrepaBrror\4cprrocfll b|.

Ha pHc. 124 IIoKz3surrr qacTorrrbte xaparirepHcrr,rKr.r '  peryJlt tTopa
rr{n a 3f P K-2M-250-3, no,nyqeH r-rbre n pH r.rcnbrra rr r{ fl x n n a6o paropr{brx

Bo Bpervrfl llcnnrraulrrl qyBcrBltrenrnulfi o/teMeHT AoJIx(eH 6rtrn

o' l , t ( ,ntor lon,  l t  / [ . ,1]  ' t 'o l 'o,  t t ' t 'o(r t . ' r  t t : t6cl t tnt ' t r  (c l loJfs l l l l l t t l l ]  epe/( l lero nOJlo '

>KeHr.Irr BeJluqHrr:r '- !/o fipv xo : coflst u pasnHqHblx IIacToTax, IIeJIeco-

OT rr.rna r l , tAporyp6unU xapal(repltcrui<a lY*.* ( i  co) cuuMaeTcfl  BAuana-
solre qacror ot ,i - -0,01 +-0,j pap,lc Ao (D :2:-5 pa4/c. Ha xax-

Loi'r ycrarronrnurrcricn qacrore IIa octt.t lJlJlorpaluMy SanllcblBalorctl
Arb Af

Re.rrr{r{r-rbr x,, !/o : ffi 
II *:1;, r,qe Arp H Af - aMnJIrIryAbl

L,A6 _ .rp,zpa?

z + l \ < l  l  l l l  I  l  i l l  |  |  l | l d ,

t(;
r ? W  t

+l  =  l -  |  l f f - : \  I  l  l *  
'  -+0

p l z : l - - - T  l  l l \ t \ - ? l  - 6 7
- + l  J - - l - i l i  : l  l r r i  - d ,

;iiffiffi'gi
_rn l__ -/tr
, r t - 1  l l l l  I  l l l l  I  l T r r J l - r o o- z + l - - +  l l - l t  I  t l t l  I  l t l t \ l - / 6 4

0,0t 0,0? 0,0+ 0,06 0,1 0,? 0,+ 0,6 1,0 4 6 ta,pa1/c

Plrc.  I  24.  Slccrrep l t l le t tTaJlb l tb le t lacToTpble xa paKTepuc1t l I (  t l

pery.nrrropa runa S|PK-2M-250-3 !pu &p: 0,04
.(-- aTllnfl l.IryAllble; - Qa3oBble):

t  -  I t r :  0 ,  l ,  T d :  3 l  c ;  2  - _ b t : - 0 , 4 8 ;  T d :  l l '  c :  3  -

b 1  :  2 , 3 2 ,  T d . :  1 , 6  c

r<one6anui.i noprtr-Itl cepBoMoropa I'I qacrorbl BpaqeHgff poropa. I-lO

orrrM Aar{rrbrx{ AJrrr r(a)r<ltoii rracrorbl 0) qnpeAeJltttorctt orl{ouleHwn fi
u $asonrrft cAnur x orr{ocHTeJrbHo g rr BilqepqHBaloTcff aMnJIHTyAHan

f 
'== 

I (or) ,u qrurouurr q :  l (r) qacioruue xapaxrepncrl ' I l (v V*.* (dt).
tlro6rr'n urnui urb r.raJrr{qne rleJIH Fleiil.locrefi , orl{ xa paKTep I{CTHI(H cJIe-

,1.yeT oIIpeAeJI[lTb npH pa3flHr{HbIX aMnJII{TyAax .fs1 IITO coOTBeTcTByeT

sslxoAHofi senHqi.rnoft flBJrnercfl aMnJrr.rryAa xone6auufi Ut.t I  a c r o r H b r e  x a  p  a K T e p H c r r . r K H  V * , * ( i c o )  -
X  t .  \  2: 

7i 
(iot) cuutuatorcn nprr padore rr,rApoarperara B peil{rrrue xoJro-

croro xoAa. Cne,qyer HMerb B BprAy, rrro B r(oucrpyr{ru.rgx cepBoMoropoB
HanpaBJIHIOulerO annapara npeAycr\{arpuBaeTcff '3ail{eAJreHHe 

ABHX(e-
HI{H rropruHq B HanpaB,rreHr.rir sar{pbrrurr np}r orKpbrrrrx or 0 ao 60-
80 I\,rM (nnn cpeAr{HX v r{p1rs116r* ryp6un). floarouy aMn/rury[y xo
ueo6xo,rtr-tuo nu6parr, raroi'.r, qro6tr xone6armfl noprurrfl cepBoMoropa
He gaxBarbtBaJIu o6nacrn 3aMeLJreHHfr,.

270

cbcs/{o I(llCC, clltrble B llarypHbIx ycJIoBHRx'
Cne4lig1 orMert{Tb, qro npu orl{x HcnbITaHHqx ueJlecoo6paeHo

on peAeJrl{Ttr rzt{)Ke rIacToTHbIe 
-xa 

paKTe pHcTuKu pasoMKH yTofi ' no qa--

crore cncreMbl peryrlupoBarlHtl Vl. (ia): * (it) AJtn pasnuunn*
Xn

Hac.TpoeK lt, Ta t 't b7, I{oTopble MoryT 6o5o B AaJlbHefiueu HcnoJlb3o-

Bz1br / ( , r r f l  arraJnrrrrqecr(rrx pacrreroB. l lp l l r rn l ln l laJlbl f  o xapal(TepH-
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eillxl't IY" (ia) B /tonapHQunuecr(oru Macura6e Jrerr(o noJryqalorcrr ny-
reM cJIolI{eHI'r f i  xapaKrepHcrr4r{ W, ( io) H W*.* ( ir) ,  rax.xar

lV, (iat) : W, (i:ro) W *.* (ir).

nHcbIBatoTcn rtoJlo)t(ellIae nopilI lR cepnoubtopa rp 14 aKTHBHafl MouI-

rrocTb reHeparopa N. IIo oiUllJr;rorp_aMMaM AJIfl xaxAoft qacTorbl. 0)

onpeAelnlorcn iiunrnryAPl A,p F ,AN ^ ^l orno:Hl:{:-::]t^?tl3:l::t

t ; ' : -^ , . l r i . l t " ,^ -  "  
p  - "LNlNn,  araKx{e.QaeonuecABII IH N orHocH-(6 .  l2 )

o rrr lr q a r b c'r o r' " p 1,"" *1 r:; X \fr:"'iir\''i; : "'t1 ; i l l] l.?,Hil, J' ffi 1'.".t fi
AOJI IKFIbI  c l lHI \4aTbcn npu Uo:  bonSt ,  n  To BpeMrr  Kar{  npr{  CHf lTr . rq
W" ( io)  B cxei \ , ry Bl{Jrroqaercrr  r {soApoM, u Ani  xo : .onsf  BFraqenr.re
ah'ltr/lHTyAbI U o npfi pa3lrulqFlblx o He 6yry oCTZlBZTbcfl nocTorrrrrrbrM.r I  a  c r o r r r  r ' r c  x  a  p  a  r ( T e  p  r . r  c r r . r  r (  r r  r  r r A p  o a  r  p  c  -
r  a  r a  f l  p  r r  r r  o c r o f l  r r  r r o i i  c K o  p  o c r r . r ' W a u ( f o l ;  :

L,06
D

+
?
U

- 2
- + -t?0
. E

' 6

-t0
-t2
-t+

a?t 0,0? 0,0+ 0,1 0,2 0,+ 1,0 ? +, w,pod/c

rIaTy pIl bIx I'ICnbITaI{14 fl x.
L i  a c ' r o ' t t l  t r l c  x  a  p  a  l < ' i

n, t  o i i  c  i . i  c  T e M bt  Wr."( lo)  :

TeM l\{oryr 6rtrr onPeAeJIeHbI

TOJIbI(O nO p$yJlbTaraM HCIIbITa-

nuf i  ru4poarperara,  Pa6oralou1ero
Ha LI3OJII'IpoRalll lylo IIJII ' I B,bIAe-

JTeII I IyIO r larpyl l l (y,  npl lqeM BO

DpcMl  ueucpc l l l ' t  i i  xapaK ' rcp  l la '

rpy3Kl{ H ee BeJIpItIHI{a AO/lx{Hbl
coxpal l f lTbcR crporo nocTof lH- '

FIITTMI{. B arou cJIytl2g MeTOAHI{a

rcuero ?ilIIBp8T8;
Ecnlt B BbIPalKeHHI4

30BaHLIf l ,  TO noJIyqIIM

V ,. "(iro) 
:

l 8  n .  A .  f l n n o n a p o o

wr."@)-=Warr<P1ff i ,

rAe W, (p) : #^ k) - nepeAarol{Hatl $yHxuun reHeparopa

r ' r c T l l l ( l l  y n p a B J I f l

( i  nr) aKc-ne D!,tMeHTaJII ' l l  bIM
\ - * /  - r - - -  -

PHc. 126. Crpyr<rypnan cxeMa ynpa'
snneltoti cl{creN{bt

(6. r3)

\
c 5Hep.

e p
x
U o

p,apa|
-20
-+0
'60
-80
-t00

t+0
I

Prrc' 125. 3rccn-epxrtettraJlbHbre qacrorr{bre,J("par{TepHcrHKr{ rr.rApoarperara Bonx-
cxori foc lrrrr. XXII cres4a l(ncc npri tranope Ir 

-: 
2C'",

' /  -  pexxu xor locroro xoga; 2 -  xou6^us_aropHHi l  pex(HM nplr  iy '  :  g0 MBr H x:  const ;J -  npone.nreplru i" r  pexnM ipu N :  go t r re i ' ; ; '=I ; ; ; t :  i . -_ 'pu"""r""o,u"Kplrpbre (- -
anrnrHTyArrbre,  _ _ _ { raaoorre)

D== 
^ 

(iot) HMelor Ba)t{tloe srlaqenrde AJrrr ol{erIr(H peryJrr{l]oBorrr.rbrx
cnoficrn r l ' I /{poafperara npu ero pa6ore rra gr.reprocrrcreMy. Orrrr onlrJ-
AeJItlloT BJII'ltl l l l le rllApoyAapa IIa MorqlrocTb arpefaTa. Bce r43Mepet{r{fl
npoBoAnTcrr npn r.rcnbrraHHH_rrLpoarperara, pa6orarcuero noA lra-
rpysxofi B 3HeprocncreMy. Ha npenan Hcnsrrilrufi rryBcrBurenrnrrfi
^SfieMelIT H LISOApOM CJreAyel. OTr{JIIOTIHTb r.r ycTarroBI{Tb I\,{ancHMaJIbHOe
srrar{eHr{e HepaBr{oMeprrocrr.r &n. 3rl.r xapaKTepr,rcrr.rr(rr uenecoo6pa3H0
onpe/leJllITb AJIfi pa3fl l ' l t IIIbIX sllf lgettt l i i  oTI{pbrTr.If l rranpaB,nflror11ero alt-
napara' CooTBercTBylotqt{X MoilII ' IoCTH 20, 50 H g0%o or FIoMr.rrrafirrrroii,
a Ailtr noBoporlloJlonacrllblx ryp6r.rlt c l leJrbro oqer.rKr{ Bnrr4nu1fl ABr{x{e-
Hllfl Jlonacreft pa6ouero I{oJIeca r{a Bpauarculufi N{oMeHT r-ry}Kr,ro cHfiTb
TaKlKe qacrorHbre xapaKTeprrcrr{KH w^, (i|.D) B npone.u"uepilrrx H r(oM-
6nHa'ropr.rbrx pex<Hiraax pa6orr , r  ryp6d' f id. '

b saBHCr.rMOCTr{ OT Tr.rnopa3r\{epa ryp6uuu AHanasorr qacror,
B Koropolu npoBoAflTcfl H3l\, lepeHHtI, cocraB,rtf ier or 0) - 0,1 -:-0,2 panlc,
.u,o o : 2:--10 paa/c. lIpH xaxlofi qacrore o Fra oc[r.rJrJrorparuMy sa_
272

ueuepenltf i ocraerctl TaKoH >Ke'

r(ar( II npu onpeAeJIeH14H qacroTl{blx Xapal(repHSTHK lV*' * (i<o)t

o4UaNO rreo6xo.u,Hn',ro orl'rerplTb' r{To B HarypHblx ycJIoBHtIX ..qpe3Bbl-
qaftuo TpyAHo lo6urrcn i locToflHcTBa HarpySorIHbIX yc'noeHfi B I 'I3O'

nupouUnu*t'o cLICTei\te, a I ' lHOrAa nOo6ule: HeBo3l'nO;11HO''f lOarOUy

r{acrorrrbre xapat(TepHCTHr{r{ ynpaBJIneMol' l c}ICTeMbI 17r." (tro) qeJle-

coo6paaHo onpelenntr pacqeTnbrM nyTelvt, ucnoJlb3oBaB AJIn 3TOrO

r{MetolqHecfl aKcnepl.IMeHTaJIbHble MaTepHaJIbI no AaHHofi H3oJIHpo-
'nauuoit 

HJIH BblAe"nennoii cucreMe'

crpyxrypr{yro cxeMy ynpaB/rfleuofi cl{cTeMbl MO)KHO [peAcTaBHTb

r]  3r{Ae, , ,o, ,ouui iuo* uu'p, i . . '126. l4s etof i  CXeMbI nepeAaTot l l raf l  $ynx'

u l { f l .

-t60
-t00
-200

rocrrcrer\{ort; 'IV"* (p) : + k) - nepeAaroql{afl tpyrlxuun ynpaBrltle'

rr loi i  clcteMtI npl l  i locTotl l l l lOM OTI{pblTHI' l  HanpaB/lt l lgu1ero annapaTa.;

nt,- - Bparrlarorituill ruor\4errr ynpan.ttneuotl cucreuui t?xx'- Bp35fY3.1,i

Moruerrr ynpaBrlneuoii cI{cTeMbI npH nocToffHIloM oTKpbITI{H l{anpaBJlg-

(6.13) 3aMeEHrb p Ha i tn u npoAerlatr qpeo6pa;
,f

lY/ rs (ilt) _ . lY/ on $a)' .
ntc (i<o\ _ U_ pa,1
x xTii^I - w"'('")
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3naueHareJrh rpyrrxuHn Wr." (ir.u) npeAcraB/rrrer
xapar{repr.rcnrKy 

+ 
(io). C"ne4onare.rrbrro,

W r."(ico) : W oo Qro) frttrl.

co6oil rracToTIIyrc

(6. r 4)

tllt q
onpe/{e/rreTcfl nO Bbrpa)Kerrrrro

x  t .  \-  u ( D t :
t l l1, '  /

Hcnonnsya Rbrpa)Kerrlre (b. l) ,  noJryqr{M
p a3 or\{r( H yrorl c r{ cre[{L,r peryJr r.r poB aH r{ n n p rr

I

f i { i , , t ) - l - t
( 6 . 1 5 )

a Tat{}Ke qacToTr{bre xa_
pesyJrbTaTaM [raTyprrbix

(6. t 6)

( 6 . 1 7 )

Be.ryltqHHbr en__H Tu Ann.AaHr_rbrx ycnonur?,
par{Tepr.rcrrrr{r.r W o,, (ic,>) npr{}rr{t\,raloicn [o
14c I l  t ,r l i t  t t t . t i t .

47, Arra.nne cKopocr wofi xapaKTepHcTHKH cepBoMoropa
HanpaBJtrr ro rqero an napaTa

B r 'n '  3 l r  5 y;xc orNlet laJlocb, rrro cr(opocrrraf l  xapzlr(Tepr.rcr . r r r (a rrJrr . r
nocrotl l{I{afi Bpel\{eHLI I4HTeFI)rrp_oBar-rr{f l cepBor,roroira f: or(a3brBaer
cyll(ecrBellIIoe R,rII4Jlt it{e IIa ycroiiuunocrb r.r r(aqecr3errlbte nor{a3are,[r.r
pa6oru cl 'ICT€l\{rl peryJlItponalIrrf l. f loeroir,ry npeAcTaBflf lercq r{eileco-
o6pasull i l{ } la ocHoBaI{ttn rvrareprraJroB rrarypr-rbrx r.rcnbrrattuir yroqr.r}rrb
Ilel(oropble reoperHqecl{He IIO,4O}r{errHfi, Kacatoul.tecfl B[Ir,.f lLrl4fl napa-
r\{erpa T* na Ar,rHai\{r.rKy peryJrrrpoBa}rr{fl. f lpex4e qer{ nepeftru * pu._
clvlorpel"IHro onblTI{bIX xapal{Tepr.Icrtrr{, Bbtffcl{tfN,r BJIr.IffFl.{e nocrofingofi
BperueHI{ I ' IHTerpl.IpoBaHpIfl T* IIa aMIJIHTyA]Ibre u rpasonue qacrorlrbre
xapar{repr'rcrr.rr{H pa3OruKHyroli orcreuri pery/r14poBar{Hfl. AHanHs
BbIIOJII{ITIU AJIfl I{OHI(PCTUOiT SAAAqH C BBCACHHCM HCKOTOPbIX AONYTqC.Hur l .

Bosrr{enr nepeAaroqHyro cpy.uxlluro rrr/Ipoarperara c parr{aJrbr.ro-
oceno j i  r l ' n6ur ro i i  n  c l iop l , re  (4 .43) ,  uono l r { r . rB  

^n t1s : .  
Qoxr ,  0 t :  -goxo,

lu :  l l^Xo, '

f l y c l l ,  e o  : 0 , 8 ,  T o :  B  c ,  e , r : 1 , 0 ,  T r r : =  2 , 2  c ,  g o :  I , 0 ,  . r T o
oqerrr 6nusi(o coo'r 'ercr 'yc' l '  ycJronr.ulu pa6orrJr rrrApoarperaT.a l(pac-FroflpcKorl f3C B rro^,rr.rHanruoiv pex(rrMe.' Tor4a

Vo:0,4,ffi

W - T a p * l
[.Ojo6toq 

Hyrc cPyu xunro

f f i , (6 .18)(T' * b[d)

-  l l  kp.

l i
/

rAe T*
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tlacrornule xapaKrept{crr,rr(H uer.r3MenReuoii qacTn erotl cHcreMbl
L,, (rtr) l r  (prr (rr l)  nora3allbl I Ia puc. 127 (xpwnrre /).  Bttaqane npeAno-
noN<l,ltt, rrro T6 = 0. B groM cJlyqae yc'rofiuunocrb ctlcreMbl' AocrH-
raercrr sa cqer coorRe'rcrrlyrouero nur6opa DeJII{qHuat Tr. ilnn AaHI{bIx

qAi i I IO I \ {CIJ ICI I I IO
q'ro npll 3TI'IX )l{e

cta 6l.r,n u3 II ll oBa I{ a
B l )eN4er t  I t  T  . r .

Aeiic'rnyroulufi cepDor{o'rop. 14nrepecllo orMernTb'
ycJIoBI.IRX, I IO I(OrAa e,r{ 0, cl tctelvla He MOX{eT 6Urr

T. e. TDe6Vercq vcraHoBl4Tb rIpe3BbI-

r l l r  npr{ I(al(I , IX I(oIIeql-Iblx 3[Iaqetl l l t lx i locToffHHo14

1,0  6

20

t0

0

-t0

'20

'J0

T-t-
T ;iv

--\
\-
\ \ -(r^

\

\--\- J\*

ir,f \ - l

T..l- t +\
v + \ 2 \ \

t,2 ' \
5 \

0.0+ 0.06 0.1 0,2 0,+ 0,6 1,0 4 a,pol/c
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-80

-t00
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-t40

-t60

- t80
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Puc. I 27. HacrprHbre xapaKTepHcrrlKt.I HeH3MeHqeI\tofI uacru (/)

H CItCT€lrIt ' l  peryJII{poBaHHfl (2-5) npl{ pa3fll{r{Hllx sHaqeHHflX

nocToflr{rroii^ nfierueHu HnTerprrpoBaHHrr cepBol\toTopa (--

al\ln.l i lTy/lHble, - cpasoeHe)

Paccuorplru Tci lepb peaJlbHble 3l laqel l l ' I f l  T * .  f lycrr ,  T *  :  0, I  c

t r  c t rc , l . cMa c i 'n6r r .n r r ] r rpor lana r r3o i l l to l l t lo i i  I (o l lpe t ( l \ t te i t  c  I lapa l {e rpa i \ ' l l l

To  J  5  c  u  b t :0 ,4  ( r<punt re  J ) .  t lpu  s ro t \ , t  r ionyqe l lo  3 l laqeHr le  To:

l 8 *



: I c, ro xoetbcptlqtteHr ycItJIeIIHrr cr{creMbr H3Merrr.rTcrr }regrraqrrreJrbr{o,
TaK KaK rr npiH 3Tr.rx yc/roBHrr T T * K b,Ta.B ro )Ke BpeMrr BeJrr,rqr{ na T 6yBeJIHtII . ITcf l  npHil , tepHo B l0 p23, r{To gHaqhrenrfo yBer6r{HT yroJr
orcraBaHlrf l  Iro Qase B O6nacrrr rracrorbr cpesa oc.

uoii o6parrtofi ci]fl 3n yBe.rrrqcrrrre f.v yx yArrraer ycrofiuroo.rn' o-n ili il-
T."l:.:l]:ioyt : 6grr,mer'i crenerrr.r, qelr nprr r\.rarrbrx 3rraqerrrrnx Tav i1.
I (ot levt to,  n KalKAor\{  r (orrr{pclrron,r  CJlyr ;ng cTenerr , ,  ) r ry/{rrrcr t rn yc,ror l -qtlBocrr'r jyaat 3anr.rcerb or coorHoluerrHrr nulrun,teipo"' T^, T'rr, n,,,
a ' r 'a l ( )Ke T7 H b1, i lo P peaJl t r t t l>IX.ycJroB14lrx (nvelorcrr  n Br.r / ty pe:rJrrrrrbre
3l laqel l I I f l  y l (a3al l l lb lx B€., I I Ie l l l - I )  ynenlrqet{r4e 7. ,  3cer4a coi lpoBo}r(-

Aaercrr yxyArueut{eM ycrofi. lunocrn
savxHyrol : i  cr . rcreMbr pery.ntrpoBarrHrr.

f lponegeunuri ana ine oqer{b Ba}r(eH.
fieno B ToM, rrro Be"[t{qrrr{a T* orrpeAe-
Jinercn rJraBl{bl\{ o6pasonl Bn/loru ct(o-
p ocrl ro li x a p a r(Te p r.r crr r r( tr ccp t] ot\{oro ila .
I - lanpruep, r . {3 pf ic.  I  lB nn4no, qro
npr.r MaJIbrx cMeIII,errrIrrx SoJIoTItHKa r.I3_
3a HaJIHrcUfl noJIOll{IiTeJIbFILIX nepeKpbr-
ruft cxopocrb ARHIKeHLTfl nopmHfl or{er.rb
r,ra.[a. B pesyrrbrare npH MaJrbrx or-
I{JTOFIeFIHTX CKOpOCTT.T OT ycTar{oBr{B_
Ir lefocl  3rrarreru.r t l  I reJI I I r IHna'T *MO)KerPHc. 128.  I (onHf l  ocrrr { r r ror"paMr\rbr  o l {a3aTbcf l  AocTaToqHo Ooooi- i ; ; :xore6aullf i crrcrer\,br pery.r' lpo- 
30Ber xo.ne6allHrI B ctICTeMeBatrHrI B pe)KHMe xoJlocToro xo,(a:

I  -  urro.  . .noprrrrs cepBoMoropa; 
Ha pHc'  l2B [pI ' IBeAel{a Kor l l4q

z -  nxoarrof i  crr r rar ;  J*  cxopoiru OCI{HJIJIO|paMI\{bI  nepeXOAI{O|O npO_Bpau(el f r ra rHApoarperara qecca,  gaI IHcaI{Horo i lpH ucnbf ia l . I , { l

rac. rvp6,rrra pa6orana B *-:#' ffi?#'i3:;'"f&j:' fi1";X3;
Pery;'ItoOn qepe3 MI'{C trolt.aII cl(atl l(or\{ cl{rrraJr, coorBercrByro-
I{H{ 0,2016 or rlolu.rrranruor? cr(ollocrr.r. flapauerpbr rlso/{po1{a: T; ==: B .r bt : 0,t2.lr Gt;;.,.;.;;';;;;;;;;';;'i;,,;;lilrl,rtorf,,,"I I I I ' I

ycraHoBJrerro 8 mrrtl %.
flp'neAerrrrafl r(orrrrrr oc(rraJrorpaMr\,rbr noATrep)r(/(aer RbrBoAbr, cAe-

/IarIHbIe Ha ocHoBaIIItu,Teoperr.rqecKoro a:l.ailvsa. f locxoJrbt(y npu fa-
AaHHoM SHaI'IeHIII{ xoecfiQuut4eHTa ycuJreHrr n Ao rJraBHoro e;/tor""t<u
H Ma.nbIX cl{ellleHl{flx nocJleAr'rero BeJTHTIHH a T * onpeAeJrffercf BeJIHrl{-
Hoft noJIo)KHTeJIbIIbIX neper(pH'rnfi y soJrorrrri<a, 

^ro 
ueo6xoAHMo no

BO3MOIKIIOCT14 I{3TOTaRJII{B?Tb SOJIOTII I { I ( I . I  C MeI{ ITIJILIMI{  nepel(p6tTI{ f t r \ {H.
i l ,ns npat i rnKH I IpoeI{THpoBarIHn peryJrrrropoB cr{opocr l r  Bax(Fro

npoBecrl{ I(ofiI{qecrBel{Hyrc oueHKy 3HaqeHLtft T*, npn xoropblx ruoryr
276

6rttr
3a I IO ,
o . (
6nrt

nu6panu onTr{MaJrbrrbre ycTaBKH I43OApOMa. B nn.-4 6uno noKa-
qTo qacrora cpe3a pa3oMI(Hyroii cl'IcreMbl peryJll{poBaHllR

llT*qo. B HornluriantHot't pell(I4Me Als 6o.nbuII{HcTBa rHAporyp-

pil.t;;;" o - o..* to 14 n oB o porH orl o n ac"nptg- -lYIl"- ^ l{ l: 4..0 F
:  V t T  - - W t U  Y c r l \ t  

v .  v d r v /

I IC  OI (A3b IRAf iA  RJ I I { f l I I l ' t f l rIa cpasonyto
neo6xoAl.tuocrICTeI\{bI s o6flacrl t  0",

I.l.rI I I

T, :,#fu-< o, lr *,Qo- o, I 5 0,25c

r,( oJffffi6

xa paKrepHcrI{KY Pa3oMKHYrot l
BbrrIoJIIl IITb ycJIoBI' le:

(6 .1e)

Han puvtep, /tJIl qacro Hcn_oJIb3y9l\'1bIX

v ,  7 ,1  : ^6  c  een l lq l l l ta  T*<  0 ,07  - :0 ,1  c '

l ro i i  l lac ' rpoi l l ( l {  peryf i  nropa

sHaqerlHe 7r.  4On>ruo 6urr

Aocrarol{t ' Io MaJIblM. C APY-
roi i  cropoHbl,  raN 6uno no-

I{a3al{o B'r f l .  5,  MaJIoe 3Ha-

venue Z" Moll(er nPHBecTI{

K l-Ieycrollqllsocrt'I Brlyrpel{-
i le.ro pef yal{pylouero l (o l t -
' r ypa .

B l (aqecTRe npII i \ {epa Ha
prrc.  129 npl lneAel{a I (onI ' I f l
ocuHJIJIOfpal\ 'tMbI, f loryI{eH-
rrofi rptt Hcnblral{Hflx P9lY^
,nntopon na Bo.n>t<cxol? fAC
r.rru.  XXII  ctegAa I( [CC.

ycraBol( LI3oAPoMa bt : 0,4

Kax sIaAr4M, AJIfl onrHMa/lb-

Ptrc. 129. I(onHq ocurrlrlorpaMMbr xo'ne6aHtrri
BHyrpeHHero KoHrypa peryntropa:

/  -  r .nanHui l  go , ro r r tnx ;  2  -  ru ron  nopu l lq  cep '

Bo[ loTopa HanpaBnf l  lou le ro  annapaTa

3anrtct  cAeJIaHa t tPI I  Pa6o-
Te f l lApoanpefaTa no/{  I Iarpy3I(OlI
i loAaqrr  cr . t f l raJra I Ia BXO/t  peryJInT(

b t  :  1 ,0 ,  a  T ,  :  0 ,07  c .  B  Aa l {HoM
rrero peryJlr lpylouero Kol{rypa H3-r

I l l { l (e DI)I3t}aJIa Tl ' l i l l I t l l IbIe aBTOI{One(

nrttref i t loe 3I leIIo. f lpu yl\ i lel lb[IeHll l l  
nopl j ]eHb

6annn IIper(pau.ai l t4cb. kt} OCIIHJIJIOTpaMMbI' BHAHO' HTO

ce pBolvloTo pa nepeMeuaJlcfl B Han paBJIeH H H' COOTBeTCTB ytoueM IIO'[il H" 
-

I lo lv ly  I Ia  DXOA peryJ l t lTOpa CHTHaJI

Tarrau o6Pasou, nocrot l t lHaf l  BP

cJrox(Hoe BJII'Ifll{He ua pa6ory peryJl

I.aerctt yfi yqueHHeM ycrofitlunocrH

rrr.rfl I{ yxy,4IIIeHI'IeM ycroftqusocrH I

typa. f losrouy npI{  npoel(Tr lpoBal l l ' l l
onr l IMaJIbHOe Ann lanl lb lx ycJloeHft

3l. lTI) I\{epTRylo 3ol{y nO xOAy rJIi
277
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npaKTHtIeCKH HCKJIIOqHTb B03TvTOIKIIOCTL
SaMKr{yTOrl C}rcrel,re. O,qllonpeMeHrro
tIyBcTBHTeJrbHocTr.r peryJrfl Topa .

B03I. IHI{HOBCTII , I f f

3ro npHBoAHT r(

?0
t8
t6
t+
t2
t0

I
6
+
2
0

0,025 0,05 ql 0,2 0,+ 0,9 1,6 J,2 6,4 w,pal/c
PItc. 130. Sxcnepll lteHTaJlbr{ble qacrorubre xapaKTeprtcrr{r(n

perylrrropa rr.rna 3l-P ruaporyp6urlr,r Bparcroii fAC npu
p,a3"[ Htr H F,rx oTr( p brTlrt x fi a n pa Bfl n roue ro afl n ap aT a:

I  -  N : 5 0  M B r :  2  -  i y ' :  1 5 0  M B r ;  3  -  N  : 2 2 0  M B r

coornercrRyroulux Motruroc.n{ rr.r / tpoanperara b0, lb0 w 220 MBr,
Llacrora B gr,reprocucreMe coxpanrJtac; f locroq]irroit .

I-la pt{c. 130 rlpuneAe}IbI arr.r xapar{Tcpr.rcTr.rKr{, Koropbre rlor(asbr-
Baror, qro B cyurecrBeHFroM Alranasorrb qacror (no o 2 pap,lc) narpysxa
.Ha"cepBol{orop npaKTl{rreclil{ He or(a3brBaer BJrr.rrrFrr{fl rra aMnJrr.rryAHylg
u tpaeooyn qacrorllbre xapar(Tepr.rcrnr(H peryJrflropa. 3ro Aaer- ocuo-
BaHUe cAeJlarb BbIBOA, qTO npr{ pacqeTe AHHar\,rHr(r{ cr{cTeNlbr peryJrHpo-
Ba H I'Iff B JI I'I tl H Helvl [epe[{eH tl oro ycr.tJl I{ fl , AertcTB yrou.lero na ce p BoruoTo p
HanpaBJlf iror{ero anttapara, r\ ,ro]KHo. npene6peqb.'

oanako, ecnu paccMarprrBarb Bonpoc o MepTBofi soHe peryJrf lTops,
To 3Aecb AeJIo Iuenflercfi, TaK Kar{ rHApaBJrr.rqecKrrfi MoMer{T,,AericrByro-
IrtHIt Ha HanpaBJrnroqlrrt anuapar, onpeAeJrner BeJrr.rrrr{r{y cH,rr cyxoro
278

Tperr1tf l ,  npeoAoJIeBaeMbIX nopil I leM CepBoMoTopa' A gengqgrla MepT'

sbfr soubr no xoAy rJraBrroro go.norHuKa, KaK sTo cJleAyer I43 tpoptuynu

is-gol, HaxoAHrcfi B npnrrnor? saBHcrrMocrH or cHJrbi cyxoro 
"p_.1_1_T- a^

d;;A;;rrefir,rio, Mar{cr,rMa;rbHaR ruepr3an 3oHa rro' xoAy 3oJrorHHKa
BeTcTBVIOUIeM MaI(C[lMaJIb'

;6il; . rap u un r.r qccr(oMy' rtrorueHr y, Aefi crB yloilreM y H a I{a n p aB JI R IotIrH

xone6aHnfi e
yBeJil{qeHr.rrc

HaJrHS qacToTrrbrx xapaKTepHcTHK

Hs plrc. 62, 6 c/reAyer, rrro ycnJrr{e, 4et*tcTny1911,ae rra cepnoMorop
HanpaBJIff lotqero annapara, gaBHcHT or orr{pbrruff.  C uenuo olteHr(H
BJruflHr.rs Ha pa6ory peryJr-ETopa cr(opocrr{ yr(a3ansoio c}ar<ropa Ha
Typ6HHe Bparcxofi f3C 6unu crrflrbr rrscrorrrbr€ xapar(Tepr{crrrr(n
penyntlropa npl l  pa3nl{ql lbrx oTr{pbrrr.rrrx HarpaBJrrrroqefo anrapaTa,

l:, ,06

?2

anflal)aT*---B'rn. 
4 i tpu nnuoAe nepeAaroqsofi  $yuxUtlt l  r i lApoarperara c no-

Bo porHorron acrrr ofi ry p 6H H or1 n ne pnble 6brn a 
rytT':1 :_T.:-o_"n 

H a fl B pe-

r,,1eHr.r cepBot\,toTopa pa6ouero I{oJIeca 7,, KaI( cJIeAtlUeH cgcTelylbl'

f locvorpltnil, I(aI( 3To coRllaAaer

c pe3YJIbTaTaI\4I' l  I ' IaTypHbIX I{C-

nrrrair  n i i  .  Cornacl to I lb lpalKe-

r r r . rn r \ , t  (4 .40)  r ' r  (4 .41) ,  nocro f l l l :

I ta f l  Bpc l \ , l c l l l ' I ' 1 " ,  o I ( [ l3b lBae ' l '
RJI I , I t t tuc JI I { [ l lb I Ia ( lasonYrc

xapal(TepncTI ' l I (y r I {Apoarpe-
rara,  no3roMy l le 6yl tcu pac-

cMarpHBaTb ero aMnJIHTyAHyIo
qacToTI- lyrc xapaKrepHcTHKy'
Bosbnael,t {raeonlte xapaKrepll-

c r r {KLI  (2 ) 'u  (3 )  H3 PHc.  125 '

Ogu coorBercrBylor oAHol\{y I{ rr^^F^rul,
T o I \ 4 y } K e o T K p b I T I { I o H a n p a - P l r c . l 3 l . Q a s o s r I e r I a c T o T H b I e x a p a l ( T e .
Brrnrourero arnapara, Ho *u- p*"nti 

'll^o*"ilf:";1ort?'li[E"o 
roc

pa l {Tep l . { cTH l (a  (4  [o "ny t1gg6  
I  -n  r<ou6r *a rop ro ] {  pe r (nMet  2 -Dnpor ren -

np' pa6ore ryp6r{Hbr B I{oM- 
""p"o* o"i}1,1,""* _tr*,iu1?li?"'loou*;"0'*'epr'-

= oo. 3rn t p"uoi" noBTopeI'IbI I{a

:epHcrHI(axll ' I (1) rt (2) ,onpeAerlt ler
bI  pa6ouero I (oJIeca (KPHBan 'J) '

tr xplrnofi AoJI)KHa goorBercrBoBarb

qacroTlta tl xa pal(TepIIcTIII(a
T,, (ito) -f I

W,,(irrr):ff i

20
t0
0
'f0
-20

-J0
-+0

(6.20)

I Io l)acqeTl.tbtrvt l t  3I(CneplIMeI. lTaJIbl l I ' IM Aall I{bIM T,. :  3,3 c'  a

T'-:0,b 
".  

Fia pnc. l3l  xpecrut<auta orMeqeHbl pacqer'ble rorII(H

;; ,p (co), nonyqellHble no uttpux{er-r'Io (ltZOl ' Vls. pHcyHKa BHAH''

qro B cyuecrBeirnou AHarra3oHe qacror pacqer:3:,,P.3.o8aff xapaKre-

pHcrlll(a xopouo corJlacyercs c axcnepl'lMeHTaJlblloH'
' 

B SaNnrcqeHfie npoBeAeM aHaJIH3 qacToTHbIX I-apaKTepHcTHK rH-

Apoafperara npu nocroflr.rr{oH cKopocrH u(uu (ia). vlwo.rha.s rexHHqe-

cxoii rrureparype ro pery'HpoBalil4lo r'Aporyp6uu lYlau ('9) orolKAe'

cTBJrfllorcfl c qacrorHF'rMH xapaKrepHcruxannu rHAPoTyl6taHl l-lq|y

nocroqHHofi cropocru lV 1o $a). Taxoe oroxAecrBJleHHe HeJIbsfl npn-

3IIaTI) f lPaBOI\{€PHbII\ ' I .  
ZTg



. Or'rHqIle.sTIIX. xapal(Tepncrllx cocronT B Toru, qro Rbrxognofi BeJrr.r-
utntor"l 4nn 1yt r, (i i . l) tonnercrr_jMqlrrHTyfla r(oJre6agui.i ar{rr.rBrrog naoul_
rrocTH rer{eparopa P, a / tJrrr  w1, ( ia)  -  aMn.nr.rry^a x9.nc6algH Mo-
y_.] ] t ,  r 'yp"6l t t t l , l  I Ia ce I laJty rr t1, , . -  Xorrr  n ycl 'a l ronnnrrrrrxcrr  pclr(r{Max
orllocu'1'e'rl llute peaa]ltatlJ5t P ++:nr-l Fp+rMep+ro par}Hbl;Jro-B AffHzrNfl{K€
r la BeJIHqtrny P no cpaBIIeI I l l lo c i t t l r -ot<a3brBaror RJrr . t f l r r l re t rer(orol ]bre
AonoJrrrHreJrbr-rbre .(raxropu. Tar, cbr,rlacl_ro Br,rpa)r(er{Hro (4.41,), oin,,r
aNlnJI I ' ITyAI lb lx l l  rpasonux qacrorur,rx xapar(Tepncrur< Wry'  $*) '  bnpe-
Aerrnercrr rorrbr(o napar,rerpql{rl rnAporyp6Husr H ee r{anopnoro r.parcia,
a RwP\ xapaKTepHcrl"ll( W^o fu.,t), rpoive 

'aroro, 
saBrrcr.rr olr ,un"i cpar<-

:  6,4 paa/c coorRercrByer co6crneunoft qacrore xone6anufi  Haflop-
Horo rp y6on poBoAa . Tal<oe n peAnoJrolr(eH ue rpe6yer AonoJIHuTerbH.btx
3r(cnepr{ruei lroB R i laTypl lblx ycJIoBHux.

I- l l i rrrrc,,rcnrrrrrc rr{ lo'r 'o 'r ' rrrrrc Xflpar( ' t 'cpncrt. t lct ronopnr o ttco6xoAII lvto-
{TJr ,[-a.rrrrrciirrrcno nccJle/lonarrufl  ̂ Unarurrqeclntx ct]oiicrB rl lApoafpe- j.

rara r{ar(  o6r 'e l<ra peryJrrrponaunn. B qacr l locrt4,  npu onpeAeJIeHHH-
qerc'rol ' i lrrrx xapar(Te[)ucTil l( rr.rApoarperaTa B IIaTypIIblx ycJIoBIIflx
cJleAycr ri l lor\4e ar(Tlntrroii uoulrrocrpr reilepaTopa 3anltcblBaTb Tal(x(e
ivroMer-rr lra RaJry ryp6lrHr,r pr AaBJrerrHe B cnpIpaJIonofi KaMepe I,I Hanop-
rror\,{ Tpy6onpoBoAe. 3ro .{acr Bo3r\,ro}ri lrocTb oTAeJIbllo I. lSyrIIITb BJIIIRI{l le
fr . {ApaBJrr{qecKr.rx t rpo[eccoB B r{anopHoM rpal{Te rypdHHbl H'saeKTpo-
I\4eXaHHqeCKI'iX i lpOUeCCOB B reiiepaTope Ii SiieproCl{CTelvie.

L,d6

0,05 0,f 0,? Q+ 0,8 1,6 J,2 6,+ w,pad/c

V , :

,epa7 TOpOB, I{aK MeXallHqeCKan nOCTO-
flHua'fl Bper\{errr.r rerrepaTopa, Aeft_
crBr,re pery/rfl ropa nos6ylKlleH r.rrr,
a TaKlKe t{MneAaI{c cBfl3r{ reFre-
paropa c or-reprocr4creraoli. flo_
gToMy n o6u{eu Br{Ae Mox([ro sa-
n t I c 9 T r -

lV"r(iuo) - WrugrgW,(ior), (6.21)

rAe W 
" 

(io\ * !- ( i or) qa-

T 'p ' *z (7^p{ l (6.22)

+0
20
0
-?0
.+0
-ou
-80
-t00

t2
t0
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0
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-+ i l

l , l
: r j
! ' l
Ll

l i I
i iPllc. 132. Sxcneputtetrarblrbre rra( 

crorl{aR xapaKTepl'{crl ' II(a reIIe'

r rbre xapaKTeprrcrrr . r  , , ,uoor.ni 'ot-  
paropa '

Eparcxofi fac npH .r== const, 7ilug Fia puc. l25npuneAeHbrar\,tnJrlr-
: z2o MBr ryAua n L (o) u rpasooan rp (r, l) ua-

crorrrbre xa pa r{Te prrcrH r{ ri ryp 6lr rrtr

narc 4),  nocrpoelrrrbre no Bbrpalr(er l
pbtx cHHTUaJIHCb Xapar{Tepr icTHr{H
cyHKe. B norapuQlur,recKor\,r N{ac[
cruNauu (2) H (4) npeAcraBrrrrror
qacrortrbre xa.paKrepr.rcrr.rr(H 1{/, (irt
crByror xone6are/rrrrroN{y 3Berry c i lepeAaro.fi lorl cbyHr<uueli

I - lnpnucr l ) t r r  gTot 'o gnelr l r ,  no.rryr tct l tbtc I rs r toc,rol tLr . \  xapaxreprt-
c r n l ( ,  l ) f l n r r n n  T : 0 , 5 c ,  ( : 0 , 6 .

(fAttnxo no4odttutfi BIIaJIu3_l{e BCefAa yAaercn npoBecrrr c Aocra-TottIIo qefKtt;\r rldrrcltorr;lt l ttei\t. B rt;rrtecrne nltrrjucptl rr,r prrc. IJp lroxa-
sal lbr  qacToTl lbte xapal iTeplrcTl t l i l l ,  cHf lTbre Ha arperare'Fparcxor"r  fOClll) l l  0' l 'Kpl'tTlltt, COOI'l lOT.C.r.lJ)'rOulCj\r I\TOLUItOCTII i/ .== 120' l lBr. I(;KBr'lAIIO, i laqrrHarr c sacrorbl (D : 0,9 puil",^ ua6nrcraerc, pe3r{oe yse-flr 'rqeHlle ycurreHr{fl Ao 12 l,E (npu iu : 6,4 panic). Taliofi noAT,eMaun"rl lry4HOrt xapaKTepHcrwKH HeBO3MOIKHO o6rgclyrcn flB,rreHHeMr[ApaBilHsecKoro yBpa. Bce nonbITKI{ B,;'ileJIHTb H3 arwx xapar(Tepr{-

CTHI( xone6ateJlbHoe I{ HHepuHoHFroe gBeHbfl Tar{}Ke He ra1r1 noJro)KH-
TCJIbHbIX P€3YJIIJTATOB. MOX<UO NPC/IIOJIOX{HTI, qTO IIACTOTA ($ -
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