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HenpepbrBHo pa38HBaercf l  B HarpaBJreHHH
yBerHr{eHHfl MourHocru crpoflu{HXcfl  fOC. B CCCp nocrpoeHbi
TaKHe gHepreTHrIecKHe rHraHTbr ,  KaK Eparcxan,  Vcrn- t r4" r rHMcKaf l ,
KpacnorpcKafl ,  CaqHo-[Uyu]eHcKafl  f3C Mou{Hocrbro Ka}KAafl  or 4
Ao 6 NrHn"tIHoHoB KHJIoBarr,  H HaMer{eHo crponTeJrbcrBo eu{e 6o,r lec
MoITIHbIX fOC. SrHu [peAonpeAeJrf lercf l  notrosnHtrf i  pocr eAHHHrr-
uoli Mou{Hocry fr4Ap-oreHe_paropoB. Vx<e BBeAeHbr B oKcnJryaraurirc
arperarbr ro 500-700 MBr H npeAcrour co3AaHHe ruAporeHeparo_
poB Motr{Hocrbro l-1,5 uulf lHoHa Kr.rJroBarr.

f loenttueHue rpe6oeauutl  B orHoIrIeHHH TexHHKo-aKoHoMHr{ecKHX
floKa3are.nel i ,  Kar{ecrBa, HaAexHocrH Lr AoJIfoBer{HocrH fgApofer-Ie-
paropoB BbI3BaJIH Heo6xoAuMocrb coBepueHcrBoBaHHfl Kor{crpyK-
qHfi  ocHoBHbrx y3JroB, MeronoB pacr{era v KoHTpoJrf l .  Aocraxe*ir"
B STHX o6.nacrsx cAeJIanH Bo3Mo>KHbIM 3HaqHTeJrbHo rroAHfrb o6-
u{Hri ypoBeHb rnAporeHeparopocrpoeHufl. Coeercxur? Coros BaHn_
Maer BeAyruee Mecro B o6nacru npoH3BoACTBa rHApOreHeparopoB.
o6ecne.rr4Bafl. r4Mr4 He roJrbKo nocroflHHo pacryulHe BHyrpeHHHe no-
rpe6uocrr{, Ho H rrocraB[rfl.f, 3HatrHTeJrbHyro qacrb rHAporeHeparopoB
Ha sKCnOpT.

Aeropu Hacrof lu{eI l  xHHrH crpeMr4Jrucb HsJro}Kr.rrb Ha coBpeMeH-
HOM HAYqHOM U HH)KCHCPHOM YPOBHC O6UIUC KOHIICNIIHH CO3AAHHfl
BbICOKOHCnOJIb3OBaHHbIX rHAPOreHeparopoB, Bonpocbr Lrx npoeKrH-
poBaHHfl  H 9l(crulyarar\wr4.  B KHLITe He H3JrolKeHbr aJreKTpoMarr{HT-
HbIe H HeKoropble npoqHocrHbre pacqerbr,  MeToAbr nt t6opa ocHoB-
HbIX pa3MepoB,  a  raK)Ke BecbMa KparKo onHcaHbI  Tr . rnoBbre  Ko l rc r -
PYXqUn. B 3HarrHTe.nruoir  Mepe 3ro cBf l3aHO C TeM, qro AaHHbre
Borlpocbl AocrarorlHo no4po6uo ocBeuleHbr B KHHre <<flpoexrr{poBa-
HI{e rHAporeHeparopoB>> t38].  OcHosHoe BHHMaHHe aBropbr yAeJrHJrH
TeM pa3AeJIaM, Koropble B ynoMflHyroi l  Kurrre Hi lH orcyrcrBoBa.ryrr,
riJrr 6u.rlH H3JrolKeHbr HeAocrarorrHo [oApo6Ho. Kpoue roro, pac-
cMoTpeHbJ re KoHCTpyKrrHH H MeTOAbr pacqeroB, Koropbre iloryrrr.uiH
pa3BHTHe 3a BpeMs,  npoueA[ree c  MoMeHTa BbrxoAa B cBeT <<l lpcex-
THpOBaHHfl rHApofeHep aropoB>>.

'[,auHax KHHra co3AaHa KoJIJIeKTHBoM aBTopoB, flBJrflroil{Hxcfl
corpyAHHKaMI'I HI4V /In3O <<S.nexrpocr{rra>> H HHcruryra BH|1,]1^-
?n.JrpjMarrr. f.rasu l, 3, 4 u 6 sanacann f. 6. l luncxuro. S 3-+,-
B. B. f ,or ' ,r6poncxulr.  fraeL,r Z rr b :  B. B. {on6poBcxrrr,r.  Inassr
l *
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rNABA NEPBA'

Thnbr rhgPorEHEPAToPoB
H HX OCOEEHHOCTh

1-1. OCHOBHb|E UCTOilHEHVI'. T4ApOTEHEPATOPOB

Cpe4u Bcex  ranoB sJreKTpr4qecKax MauHH rhAporeHeparopbr  3a-
HHMaror  oco6oe Mecro .  3 ro  ceq3aHo c  reM,  q ro ,  6y lyun,  r<aK H Typ-
6oreHeparopbr,  gau6o,nee MourHbIMH aJreKTpHqecKr.rMH MaITIHHaMH,
OHLI  B  TO }Ke BpeMf  xapaKTepH3yIOTCf  BecbMa HI43KI4MH HoMHHaJIb-
HbIMH qacTOTaMH Bparr leHHfl  vr  noToMy rrpeBocxoAqr Bce ApyfHe
SJIeKTpHqeCKr. Ie MarXr4HbI nO 3HarreHHfM BpaU{arcU{HX MOMeHTOB, nO
cBoHM paywal rbHbrM pa3MepaM r r  ra6apuraw,  MaccaM Bpauao-
uluxcf l  . Iacref i  u o6u{uu MaccaM MaITIHH, / .HHaMHqecKHM MoMeHTa M
HHepuHH, Harpy3KaM Ha noAlUHnHHKH, paCXOAaM OXJra)KAarOU{erO
a f e H T a .

Pasnreprr ruApofeHeparopoB - caMbrx MarepHaJroeMKr4x 14 'rpy-

AOeMKHX 3JIeKTpHqeCKHX Ma[rHH - OnpeAeJrf  rOT 3HaqHTeJrbHyrO AILH-
TeJlbHocrb I {HKJIa r4x t IpoHBBoAcrBa, ueo6xoAuMocrb HcnoJrb3oBaHHfl
npH aroM 6onrruoro qucra c.no>xHofi TexHoJroruqecxofi ocHacrKrl 14
cneuHaJIbHofo MepI{TeJIbHoI.o HHcTpyMeHTa, Co3AaBaeMbrx 3aHOBO
AJrfl Ka)KAOTO HOBO|O Tl4fla MaIIIHH.

Ans H3roroBJre*r4fl.  ruAporeHeparopoB rpe6yercr pasHoo6pas-
gutt [apK craHKoB, B ToM r{HcJre 'H Hel(oropbrx yHHKaJrbHbIx, Moirr-
Hoe KpaHoBoe, npeccoBoe, Ky3HeqHoe v repMr4rrecKoe o6opyaoBaHue,
HaJIHqHe pa3BHTbrX BCnOMOfaTeJrbHbrX Cneqr{aJrH3HpOBaHHbIX IrpOH3-
BoAcrB - nuteftHofo, cBaporlHofo, IIITaMrloBoqr{oro, H3oJIfuuoH-
Hofo H Ap.

l locxo"nbKy pasMepbr H Maccbr fHAporeHeparopoB He no3Boirfror
rpaHcnoprHpoBarb HX n co6paHHoM BHAe Ao rnAposJreKrpocraHuui r ,
ocHoBHbIe pa6orsr t to c6opxe Bcex KpynHbrx y3JtoB H r\{au]HH B qe-
JIOM OCyXIeCTBJTflTOTCfl rrpH MOHTa,)Ke fHApOfeHepaTOpOB Vr npeA-
craBJIrIor co6oi i ,  no cyruecrBy, rrpo/(oJrxeHue Haqaroro Ha 3aBoAe
r lp oH 3BOACTB eHH O -TeXHOJT Of Hq eCKOTO n p OqeCC a .

CogAaHue n BBOA B sKcuryarauHro fuAporeHepa,Topa - oAHH [r3
IIeHTpaJrbHbrx 3Tai loB B coopyx{eHHH rHAposreKrpocTaHrIHH, cTpoH-
TeJIbcrBo Koropofi  scerAa f lBi lnercf l  3HaqHTeJrbHbrM co6urueM B pa3..
BLrrvH ueJroro gKoHoMr.rqecKofo par?oua.

f u4poreHep aropbr fl BJrfl rorcfl THrrurrHbr M r{ npeAcra BHTeJrfl M H I\{ a -
I I IpIH rvreJrKOCepUriHoro HJru eAHHr{rrHofo npoH3BoAcTBa, TaK KaK n0
ycJroBHflM BoAoroKa aJrfl xaxAoli crpoflu{er?cs fDC rpe6yercfl, Kah
npaBuno, Hosrrf i rTlrn f l fp€F&TB; f logrolay HoMeHKJrarypa BbrlrycKae-
Mblx rHAporeHeparopoB necrosHHo o6Hosrsercr, r tro no3Bor' I f ler



c yqeroM r{aKani lHBaeMoro onbrTa H Aocrux{eHari B cMe)KHbrx o6.t  a_
cTflx TexHHKH COBeprXeHCrBOBaTb r(oHCTpyKrIHr.r fHAporeHepaTopoB
6urcrpee,  qeM ApyrHX r {pynHbrx aJreKTpHqecKnx MaurHH.

Bce aro BMecre B3f lToe. .AeJ laer  rnAporeHeparopocrpoeHHe B v3-
eecrHol l  Mepe npecrHxuol i  orpacJ lbro Kpyr tHoro 3JreKrpoMarr r r ] ro-
crpoerJHfl ,  o6 ypoBHe Koroporo B I{eJroM cyAfl t ,  no ; .{ocrr4}K€rrH,r M
e o6r  ac"H npon3BoAcrBa fzAporeHeparopoB.

Hecuorpn Ha pasuoo6pasHe xbHcrpyxrrHf i  f r . rAporeHeparopoD,
Ao Hacroru{ero BpeMeHH orcyrcrByeT HX x"uaccuSHKaqHr,  qro c3f l -
3aHo c rpyAHocrf lMr BbIAeJIeHHfl saxuefir l rnx npH3HaKoB, onpe/le-
/ ' I f l Iou{HX ocHoBHble HcnoJIHeHHfl.  O6trquo B KaqecrBe TaKr4x rrpH-
3HaKOB yKa3blBalor  qHcro H pacnoJrox{eHHe noAIr rH[HhKOB OTHOCH-
TeJIbHO poropa, a raKx(e cHcreMbr oxdrta>KAeHHf H nos6yx{AeHHfl.

oAnau H3 rJIaBHblx Qaxropoe, cnpeAeJrf lFourHX r{oricrpyr{rrgro
rHAPoreHeparopa, f lBJlf lercq, 6eayc.noBHo, rroJro>KeHue oca ero na-
JlorpoBoAa. I- Io erouy npH3HaKy BCe rHAporeHeparopbr Moryr 6trr.r
pas6uTbr Ha ABe rpynnbr: BepruKartbHbte H eopusoHranbub[e.

l loAaerr lou{ee 6o.lruruHcrBo rHAporeHeparopoB BbrnoJrHflercrr
c BeprHKaJrbHbrM BaJroM, rrro o6yc.noeJreHo cnequouxori  npuBoAa _
raAPasrH'Iecxol? ryp6HHtt,  HepeHTa6e.ntuocrbro, a Bo MH9THX cJry-qaqx 14 HeBO3MO)I(HOCTL'IO cO3AaHHfl |HAPOreHeparOpoB 6O.nsurax
pa3MepoB B |OpH3OHTaJIbHOM HCnOJTHeHHH nO ycJroBr.rf lM o6ecneqe-
HHr Heo6xoAHnaux x{ecrKocref i  craropa H porop a, a raK)Ke Bbr11oJr-
HeHHfl rroAruanHHKoB COOTBercrByroqel i  rpysonoAa,eM HOCTH. C60pxa,
sKculyaraqHfl  I ' I  peMOHT KpynHbrx BeprHKaJrbHbrx MarxHH Ocyulecl,-
BJIf l IoTcr sHar{HTeJrbHo Jrerqe, qeM ropH3oHTa.rrbHbrx. OAuaxo BepTa_
KaJIbHOe noJIo>KeHHe BaJIOnpoBoAa npHBOAHT K nOfBJreHHro B KOH-
CTPYKI{ I {H TAAPOTCHCPATOPA OIOPHbIX 9JICMCHTOB -  NOANf lTHHKA H
Bo MHorHx cryqarx onopuofi  KpecroBHHbI, Koropbre Ao/r lKHbr 6urt
paccqHTaHbl Ha BocnpHflTHe ycunui, t  or Maccbr Bpai l{arculHxcfl  qa-
cref i  reHeparopa H ryp6uuu, a raKxe or peaKr{r{r{ BoAbr Ha ee pa_
6o.ree KoJreco.

B cBolo oqepeAb, Bepr'KaJrbHbre r 'AporeHeparopbr i loApa3Ae-
JIflIorcfl Ha ABa ocHoBHbIx rurra: soHTuttnaui, c paCno,rr-o>xeHueM rroA-
nrrHHKa noA poropoM Ha HHxHef i  KpecroBnHe HJ:H Ha [oAcraBKe
Ha Kpbrrrrxe ryp6HHbr (f i .  pHc. 7-3 u 7-4) ,  u nodaecHoti ,  .  noln"r_
HI IKOM'  YCTAHABJ IHBACMbIM HAA POTOPOM,  H3  ECPXHCI i  KPCCTOBHHC
(cu. puc. 7-l u 7-2). He cyuecrByer r{erKoli rpun"rio, ,"rnoay o6na-

CTf lMH NPHMCHCHHf l  }THX ABYX HCNOJIHCHNf i  ECPTHKAJIbHbIX THAPOTC-
HeparopoB' Bo MHorHx cryr{af lx o6a Mofyr 6ttrs ucnoJrb3oBaHbr.
N: L. lr .paJopoB c HH3KHMH H cpeAHHMH qacroraMH BpaureH,n (ao
150 o6/uuH) xapaKrepHo B ocHoBHoM 3oHrHqHoe HcnoJrHeHHe,  xorr
HMelorcfl npHMepbl ero pea JILrsar\HH npH 3Har{HreJrbHo 6o.nee Bbrco-
KHX qacrorax Bpau{eHHfl H OTMer{aercf l  nocreneuuui i  nepexoA
K soHTHr{HoMy HctloJIHeHHIo Bce 6o"r lee 6ucrpoxoAHbrx rtraruHs. f lo-
cJIeAHHe H3roToBJIf l IoTcf l ,  KaK npaBHJIo, noABecHoro THrra.

B sapy6exHofi  npaKTHKe r.rHorAa pa3Jruqaror soHrurrHoe v no-
JlgSoHTUtlHoe ucnoJIHeHHq, noHHMafl nper sToM noA nepBbrM BbrrroJr-
HeHHe poropa B BHAe yceqerrHQro x-ouyca 6,rraro4apn HsorHvroi{
i
U



4lopMe cnnu ocrona,  qeM / Iocrnracrcq MaKcr{MaJrbnoe nprr6; rux<enHc
nJrocKocru TpeI{Hf rIoAnflTHHKa r{ uatuHrrroft  ocu poropa, a noA
BTopbIM - o6rr.{Hyro KoHcrpyKlluro c npf lMoJruHerlHtrnau cnHrIaMH
poropa.

fopuaoHTa, I lbHoe HcrroJIHeI{He Ao HeAaBHero BpeMeHH npHMeHr-
Jlocb B ocHoBr{oM AIrf l  6r,rcrpoxoAHbrx fHAporeHeparopoB, ci lapH-
BaeMbrx,  KaK npaBnJro,  c  oAHof i  unn AByMq (no o6e cropoHbr arpe-
rara)  xoerueBblMu ryp6uuaMH. fopusoHraJrbHbre ruApofeHeparopbr
npu Aocraror{Ho BbrcoKHx r lacrorax Bpau{eHuf oKa3blBalorcg 6olee
KOMnaKTHbTMH H JTeTKHMH nO CpaBHeHHiO C  BepTHKaJrbHbrMH.

K ropH30HTaJIbHoMy pacnoJlo>KeHHlo BaJra npu6eranu raK)Ke
fIpH co3AaHHH HeKoropbrx rHi loB He6onrruux i lpf lMororrHbrx H rtpu-
IIJIoTHHHbIx ycraHoBoK, He noryqnBulux, oAHaKo, cKoJrbKo-ttu6yns
cyulecrBeHHoro pacnpocrpaHeHnfl  H He HMeroi l{ux 6o.ntruoro gHep-
reruqecKoro BHaqeHHq. Buecre c reM pa3BHTHe pa6or i lo rrprMo-
TOqHbIM MaTUHHaM npHBeJrO K CO3AaHHIO HOBOTO THflA gHepfeTr{rre-
cKoro o6opyaoBaHLrfl, - KancyJrbHoro rHApoarpef ara, cocroflu{efo
Lr3 KancryltbHoeo rHApofeHeparopa n noBoporHo-Jrorracruofi  Typ-
6nurr,  coBMeu{eHHbrx B oAHoM Kopnyce u pacnoJroxeHHbrx rroA
BoAofi.

Tarue afpefarbr HauJIH rxupoKoe npHMeHeHHe AJrf l  HusKousrrop:
HbIx pycJroBbrx, a raKx(e rrpHJrr{BHbrx f3C. Ouu xapaKrepn3ytorcfl
orHocHTeJIbHo He6onrruvMH qacroraMH Bpau{eHur 14 r{cKyccrBeuuo
yMeHbIxeHHbrMH y reHeparopoB pa4vra[rbHbrMH pa3MepaMH, rrTo Ao-
crnraercff  I{cnoJIb3oBaHHeM 6o"nee'e$Qexu.rBHbrx, [pHHyALrreJIbHbrx
cncreM oxJIax(AeHHfl. E4HHHuuax MolrrHocrb KancyJrbHbrx fnApoar-
peraroB He npeBbrruaer 50 MBr, oAHaKo npH ueo6xoAr{MocrH oHa
Mox(er 6urt 3HaqnTeJrbHo rroBbllrreHa.

O6ouu HsBecrHbIM HcnoJIHeHHrM BeprnKaJrbHbrx ruAporeHeparo-
poB coorBercrBylor cBoH uo4u$aKarrr4u KancyJrbHbrx M aruHH: rroA-
BecHoMy - KOHCTpyKTHBHafl CXeMa C pa3MeUIeHpreM noAnflTHr{Ka u
KoHTp[oAnrrHHKa Mex(Ay ryp6nnafi u reHeparopoM, 3oHrurrHoMy..-.
KOMnOHOBKa c pac[oJro)r(eHHeM rroArrflTHHKa H KOHTpTTOAnflTHHKa
co cropoHbr, rporuBorroJroxHofi ryp6uue.

HgeecrHbl TaKx(e BecbMa peAKHe ycraHoBxu He6o/rbrrrnx ruApo-
arperaToB c HaKltoHHod ocrrc.

Hapn4y c noJIo>KeHHeM ocu Bpau{eHHfl B KaqecrBe Apyroro
xnaccuSl{KaIIHoHHoro ltp]IsHaKa AJrn fHAporeHeparopoB Mo)r(e'r
{urrn npeAJlox(eHa fi ux- $ynKquoHaJrbHafl poJrb B oHeprocHcreMe.
B sror\a rrJraHe Bce rHAporenepaTopbr AeJrflrcfl Ha ABe rpynnrr: reHe-
paTopbl o6uqnoro HcnoJIHeHLrfl., [peAHa3HarreHHbre B ocHoBHoM AJrfl
BHpa6orxu B cerb gJleKTpl{.Iecxofi aHeprHH, u o6paTuti lbLe Maurur{br,
B pasfiHrrHoe BpeMfl pa6orarourHe B reHeparopHoM (ryp6uHHou)
ultu ABr4rareJrbHoM (nacocHoru) pe>KHMe.

Ocuau{eHHbre o6parunabrMH rHApoafpefaraMH rHApoaxKyMy/rrr-
pylor[He sJreKrpocraHrrnn (fA3C), Ha3brBaeMbre HHorAa raK]Ke Ha-
cocHo-aKKyMyJrr{pyrcrqHMH (HA3C) , cJryx(ar AJrff noKpbrrHff nHKoB
HarpysKn eHeprocncreM nu6o nepeBoAsrcfl B pex(HM norpe6.neHrrfi
aKTHBHofi uou{socrn, BbIpaBHHnas o6u{uft rp a$irx Ha rpv3rir i  cr{cre},{bI



t4 nepeKaqHBafl ,  npn gToM Bo,a,y H3 l{Hx{Hero 6accefiHa B nepxuufi
( a xxyr'ryJr H poB a rr He ) .

O6parnMbrc  ruA l )oa rpe ra rb r  B  3aBHcr {Mocrn  o r  ro ro ,  coBMeu,a rcT
I l , ' rH  r { cT  BXO/ I r r t I lHC r ]  r r r . JX  c / {HHHI {b l  O6Op l ' / tOBaHHf l  pa3J rHqr {b rC
tpyuxquu,  Mory l '  ( t l r rs  qcrbrpexMatr l f iu ] rbrMlr ,  TpcxMauHr{HbrMu i . r
AByxMar rHunbrMr r .  f l oc ,neAur te  ( t yp6HI ta  -  I racoc  H  re l {eparop  -

ABHfareJrb) ,  KaK l ran6o"ryee KoMIIaKTT{bre,  AetueBbIe LI  i lpocrb le  e o6-
cJry lKHB aHHLr,  o6rrqHo npeAnoqrnTe/ ' ibHee v  c  ocB.oeHHeM o6paru-
Mbrx MarrrHH HaulJrv caMoe lxHpoKoe npHMeHeHHe.

O6parHMbIe f  HApofeHeparopbr Moryr 6r, tr l  Beprr,rKaJibHbrMH rl
fopHgoHTaJrbHbIMH, 3oHTHrIHbrMH r i  r roABecHbIMH. Oco6enHocrn Kan-
cyJrbr{brx feHepaTopoB H3.rrox{eHbr Hr{x{e.

3ac"uy>xHBaer  6srr r ,  orMeqeHHbIM orAeJrbHo,  HecMorpf l  Ha nol (a
enuHuquul i  r rpuMep ocyu{ecrBJleHuf l  ( I , Ioecxan f3C) ,  acHHXpoHH-
3upoBaHsnft rvn rtqporeHeparopa (AC-reneparop), nosno.unrculuf i
B OTJII{ I IHC OT OObII IHbIX CHHXPOHHbIX MAIIHH f lPH BPAUICHHH A|PC-
faTa c pa3JraqHbrMH cKoJrb>KeHHflMH oTHocLrTeJrbHo cuHxpoHuof i  cro-
pocrn o6ecne.ruBarb nocrof lHHyro H HoMHHaJrbHyro qacrory ceru.

{ocruraercf l  sro cosAaHHeM 6eryuero orHocHTeJIbHo poropa c qa-

crorort cKoJrb>KeHr4fl MarHHTHoro tIoJIn eos6y>KAeHl4fl .
Or o6uqHbrx MatuHH AC-ru4pofeHeparopbr I4oacKofi fOC orJIH-

qarorcq KoHcrpyxquefi poropa, Bbrno"nselsuoro HesBHorroJIIocHbIlI 14
cua6xeHHoro AByMfl paclpeAeJreHHbIMH o6uorxauu, cABHHyTbIMH
ornocnreJrbHo Apyf Apyra na 90 eJIeKrpHrIecKHx fpaAycoe. Brtcrpo-

o

4eficrs;lrcilrar cucreMa peryJlupoBaHufl roKa eos6yx< LeHvn B KalK-
aofi  Hs o6uoroK, rro o[peAeJreHHbrM 3aKoHaM aBToMarLIqecKH o6ec-
neqHBaer paBeHcrBo r{acrorbr Bpai l IeHr.rf  rroJIf l  poropa orHocl{-
reJIbHo caMofo poropa (c yr{eroM ee HarlpaBJIeHHfl) pa3Hocrl{
cHHXpoHHofi  .racrorbr r{  qacrorbr BpaUeHHr poropa.

trg ,cpaBHeHuro c o6trqubrMr{ Ma[rHHaMH, HMeIouTHMH Te ]Ke I{o-
MHHaJrbHbre AaHHbre, AC-reHeparopbr xapaKTepr{3yrorcs HecKoJrbKo
66.usruuuu pa3Mep aMV Lr crouMocrblo, MeHbluuu KIIA u 3arpyA-
HeHHbIMH ycJroB r4fl,MLr o6c,uy>x HBaHlaT, TaK KaK Tpe6yror Arq 3aMeHbI
crepx(Heft "uro6ofi o6uorxn BbreMa poropa HJIH rroAbeMa craropa, Ho
o6.naAarcr u 3Har{HTeJIbHbIMH npeuMytqecrBaMu B orHoIxeHHH yc-
ror?queocru HX pa6orlr  B cern. AcuuxpoHu3upoBaHHbre reHeparopbl
Moryr uaf iru t tpr4MeHeHHe B cr.rcreMax, rAe rpe6yercn oco6o Bbtco-
"KAfl.  TOIIHOCTb TIOAAEP)KAHHfl q ACTOTbI.

1-2, OCHOBHbIE OAKTOPbI,
olrPE4Enroulr4E PA3MEPbI T4APOTEHEPATOPOB

Ha esr6op ocHoBHbrx pa3MepoB rnAporeHeparopoB BJIHfler 6o,r ls-
uoe qucJ lo  Sarropoe:  rpe6onauun K I IapaMerpaM. v  pe lKI ' IMaM
-pa6oru, yc/roBr.rf l  oxJra)KAeHHfl,  pa3MelqeHnfl  H KoMIIoHoBKLI_reHepa-
j tops, xapaKTepLIcTHKI.I .HcIIoJIb3yeMbIX 'MarepHaJIoB H r.  A. Ho sau-
.Q o"q -ee F ax(HblM I{, onp eAeIfl Ioq uMkr .o fp &H HqeH Hf M H rtp H IIp o eKrI{ po -

3?Hr{Ir -KaX(AOrO .HOBOTO THna fr{ApofeHeparopa flBJIfiIOTCfl CJIe-
AyIOII{He:
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l .  VponeHr HarpeBa aKrHBHbIx r{acref t ,  u s nepBylo ouepe4r o6-
MorKH craropa, f lBnflIou{elicn, KaK npaBI{JIo, JlnMnTupylouefi B Te-
r rJroBoM oTHo[reHHH, He AOJIX(eH npeBbluaTb AOnyCTHMbIX 3r{aqe-
unft .  l lpu cHcreMe KocBeHHoro Bo3Aylxr{oro oxJIax{AeuI l f l  sro rpe-
6osaHl re  npaKTHqecKH cBoAl , t rc f l  K  ToMy,  q ro  rpaAHeHT nepenaAa
TeM[epaTypbr B v.3oJlnl{AH ooMorKH cTaTopa AoJI)Ker{  HaxoAI, ITL,cf l
B  H3BeCTHbTX npeAeJIaX,  o i lpeAeJ l feMblx  XapaKTepHcTHKaMH Cauot?
I r30" [gquI { .

B orAeJrbHbrx cJ{yqarx npH noBbrI I IeHHbrx rpe6oeaH:af lx B orHo-
I I ICHI4H 3HAI {CHHf  CHHXPOHHOfO THAYKTHBHOTO COi lPOTI4BJICHHf l  T IO

npo4o,ur,Hofi ocw x4, a raK>Ke B Ps,u,e MoUIHbIX 6ucrpoxoAHblx tLrL-
pofeHeparopoB [rHMHT:apyrouleri B TerrJIoBoM orHorrreHHH Mo]Ke'r
oKa3arbcq o6NaorKa Bo3 1y>x1euwn.

2. fu4poreHeparop AoJIx{eH 6urr paccqnraH Ha 3aAaHHVIo
yroHHyro qacrory Bpau{eHufl  ny--kyfto (k"- xoeQ$ul{HeHr yroHa).
f lpn aroM cpeAHHe MexaHHqecKHe Hanpfl)KeHlrf l  Bo Bcex gJIeMeHTax
poropa, B ToM rrncJre H B ero o6rt.{Ho HaH6o"nee Hai lpf l}KeHHoM
y3Jre - o6oAe, He AoJrlKHbr npeBocxoAr4Tb rrpeAeJra reKyqecru Mare-
pHaJroB (npnuHrraaeusrr i  3anac cocraBJrf ler,  KaK rrpaBHJIo, He MeHee
L0-20 0lo) , a yrpyrar pa4aallbrar aeSoprvr arryTfl He AoJIxHa Ao-
crurarb onpeAeJreHsolZ Lo[rr4 pa3Mepa Bo3AyluHoro 3a3opa.

3. l lo ycJroBr{f lM crarnrrecxofi  u AuHaMnqecxoti  ycroituHBocrH
pa6oru reHeparopoB Ha i lvrr lo gJreKrpo[epeAaqn vx ocHoBHbIe LIH-
AyKTHBHbIe Co[poTI{BJIeHHfl -  CHHxpOHHOe Xa H IIepexoAHOe X'6 -

He AoJI)KHbI npeBbllxarb 3aAaHHbIX guaqeHut?. Be.nuquHa x'd oI lpe-
Aeflrercq B 3Harrnre"nrnofr Mepe .nHsefiuof i  Harpyexorl  craropa A H
no3ToMy oKa3brBaer 6orruroe BJTHTHHe Ha pa3MepbI MaIIIHH. CIls-
xpoHHoe HHAyKTHBHoe conporlrBJreHl{e, 6yayuu Syuxuuefi  pa3Mepa
Bo3AyrxHoro 3a3opa, BJrHfler Ha rpe6yerrayrc MouHocrb nos6yx4e-
HHfl vr HarpeB o6uorxu poropa 14 noroMy raKx(e Mo)Ker cKa3bl-
Barbcf l  Ha eH6ope ocHoBHbrx pa3MepoB rnAporeHeparopa.

4. f lo ycJroBHrM peryJrHpoBaHI,I f l  ruApaenHqecxofi  ryp6Hurt,
nporrHocru HanopHoro rpy6onpoBoAa H orpaHurreHufl  MaKcHM a.IIb-
Horo noBbrrrregur r{acrorbr BpaureHun npr c6pocax Harpy3KV AVHa-
MHqecKHfi rvrouesr HHeprrLrH rn[poreHeparopa GDz AoJIIKeH 6utr ue
MeHee onpeAeJreHHoro 3HaqeHuq.  OAHoi t  us 3aAar{  KoHcrpyKTopa f lB-
Jrf lercf l  AocrH)KeHHe nocJreAHero coorBercrByrou{HM ert6opou pa3-
MepoB reHeparopa 6es HcKyccrBeHHoro yrf l>KeJleHufl  poropa.

OcHosHHe 3aBr{cnMocrrr Mex(Ay pa3MepaMr{ u rapaMerpaMr{.
LIcc.neAoBaHHe coorHorrresufi Mex<Ay sJIeKTpoMaTHLITHbIMH lr renJlo-
BbrMH Hafpy3KaMlr ,  pa3MepaMH H r rapaMeTpaMH f r {ApofeHepaTopoB
IIO3BOJIfl eT yCTaHOBHTb CJreAylOUIHe 3aBHCHr\{OCTH :

fv X -
fF*1, 4zp lt,i

: 57 ,5 ; ( l  -  l  )
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3Aecn s"or - MOu{HOCrb rHApgleHeparopa, xB . A; f lnou- HoMH-HaJIbHaf r{acrora Bparr{eHufl, o6luun: 2i _ rrHcJro noJrrocoB i Di _
AHaMerp pacroqK, craropa, cM; T - noJrrocHoe AeJreHHe, cM ; i ,  _
AJIHHA CCPACqHHKA CTATOPA, CM i^L, ,  .  YACJI IHAf l  TCTIJIONPOBOAI]OCTb
H3oJrflr lnu o6uorxH craropa, Br/ (crvr. "C) i  A,; _-lonocropoHHflr
TO,rruIHHa v3OJrfI{Au o6uorKu CTaropa, cM.

flocroqHrrrre c" u c', nonyqeHbr H3 ycJroeHri nocroflHcTBa nepe_rTana r6uneparypbr B t4soJrf lr\HH O6rvrorxu craropa H nponopqr.ro_
HaJIbHOCTH HHryxrnBHofo conpoTHBJreHHfl  nasoeoio paccefHHfl  O6-MOTKH NCPCXOAHOMY UHAYXTUBHOMY CONPOTHBJICHHIO.

B orJrnrrHe or nocroqHuofi "Apso,rrrla 
r4lru xoaQsar{HeHTaSccoua, H3MeHfl rour 'Xcq B rxHpoKoM A,ana3oHe B eynxrr 'H ocHoB_Hbrx AaHHbrx, *:^. l l_ot (uou{Hocrl H r{acrora Bpau{eHar), no.ro"n_HbIe c* u c'* He 3aBHcflT He roJrbKo oT IrHx, Ho H or [epexoAHofoHHAYXTUBHO|O conporl 'IBJleHl4fl H THna HSOJrflrrHH O6UOrxa craropa.BltpaxeHua ( i -1)  u ( l -2)  noruon"r ,  cAeJrarb BbrBoAbr o cre-neHH BJTHfHHfl  x 'd H xapa*tapratHK H3oJrrr{r . rH Ha pa3Mepbr feHepa_ropa:

aKrr.rBHbrft o6rerra MarrrHHbr o6paruo nponopqHoHa.rreH 14 ;nepexoA or MHKaJIeHrHofi KoMrIayHAHpoBanHoli HsoJrflrr1u K 6o-JIee TenJlo[poBo'q,Holi TepMopeaxrueHoll H3oJrrr{HH npH oAHnaxoBoli
HX TOJIUdHHe [O3BOJI f ler  TIoBbICHTb SJreKTpOMafHHTHOe HCnOJrb3oBa-HHe reHeparopoB npu6nuzuTeJrbHo Ha l b yo .

Asa.ryor'qHbre BbrBoAbr MoryT 6url cAeJraHbr Ha ocHoBe Bbrpa-x(eHHfl AJrn JrHHefiHOfi HafpySKH CTaro pa A, no,ryua"no.o ,, Tex x{erpeAnocbr. i roK, r r ro H Bbrpax(eHur ( l_ l f  rz  (_2):"

4:2800 4; i l  ^ l  +. (r_3)v a ;
Oopnaynu (1- l )  -  ( l -3) ,  no cyu{ecrBy,  ycraHaBrr 'Baror  cBn3bMex(Ay yc/IoBHflMH HarpeBa H rpe6oeaHueM B orHorrreHrjpr 3HarreHugnepexoAHoro HHryxruBHofo conporHBJreHprf MarrrHHbr. np"n"rroBo BHHMaHHe' KpoMe grof i  cBfl3H, upor{He yc.nonua (araHavruqecxgrrr

MoMeHr HHepIrI{H, f ipoqHocrb poTopa), Mox(Ho onp.a.rHrb pa3MepbrfeHeparopa c yqeroM OCHOBHbTX saxropon, BJrHflrOUrHx Ha Hxen6op.
<<Ecrecre eH H bI I? >> AHHaira uqecxH li MoM eHT HH eprruu, AocTHra e rr i,r i i6es HcKyccrBeHHoro yrf f)KeJreHr{f l  o6oAa poropa, B KHJrorpaMMax-Merpax B KBaApare MolKer 6srru paccquraH no c"neAyrcu{el i  aMtrn_p14qecKofi  sanncnMocru :

GD2 =SD} | l r . l0 -6 .
Peruaq  coBMecrHo  ( l - l )  14  ( l _4 ) ,  a  raK lKe

safiAena

GD,4;; lui

( l  -4)
( l - 4 ) ,

( l  -5)

( l  -6)

t  = l , l

D ; = 2

{

{

l0?
12p;2'5s"o*C"
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lui
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l 0
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AJrq npaKTr. rqecKHx pacr{eroB 6onee yao6Ho Bbtpax{arb noJI loc-
r {oe AeJrcrJ I . Ie  t repe3 Mexal t t lqecKylo nocrosHnvrc / / :

?,, i

L ;

@opMyrrbr  (1-5)  -  ( l -7)  Aalor  Bo3MolKHocrb nt t6parb B.  nepBoM
npu6lHxer{Hu BHyTpetr r -v th  AuaMerp cepAeqHHKa craropa (unu l lo-

Jr rocHoe 4elen l tc) ,  xoropr , ru i  o6ecneqt4Baer  r tpHeMJIeut t t i  ) /poBeHb
HarpeBa o6uorxH craropa c  yr leroM H3BecrHbtx xapaKTepHcru_K ee

A3o[rf l t \vH H no3BoJrf ler yAoBJIerBopLrrb nocraBJIeHHbIM rpe6oea-
Ht4fM B orHo[IeHHH x'd rr GDz. I- lp" 3ToM AJrr4Ha cepAeLiHHKa CTa-
ropa  Mo lKer  6s t r l  onpeAer le l l a  ro  Bb Ipa lKeHHnM (1 - l ) ,  ( l - 2 )  u  (1 -4 )  .

Buec re  c  reM npeABapHreJ lbHo  eu6pausu t?  AHaMerp  reHepa-
ropa AoJrx(eH 6orrn i lpoBepeH no ycJIoBHIo MexaHnqecxol i  npoqHocru
poTopa. B TeX cJlyqafX, KorAa cpeAHI{e Hanpfl}KeH[If  pacTfl>KeHHf
e o6bae poropa Bbrrrre AorrycrHMbIX Lrl tv rpe6yerca ueo6trquo UJ:a-
porHrl o6o4 poropa AJrf l  coxpaHeHr{r ero npoqHocru I IpH yfoHe, Ire-
o6xoAll lvro nu6o yMeHb[rHTb AHaMerp MaIUUHbI 14 ee 3JIeKTpoMar-
HHTHoe HciroJrb3oBaHne, nu6o troHl,r3l lTb npeA'bqBJlf leMble rpe6ona-
HHf l  K r lapaMerpaM, v  B nepBylo oqepeAb x GDz.

AHa.ruls B3a.HMoceqser? ypoBHfl MexaHLIqecKux Hanpflx{eHHfi
e o6oAe porop a H sHatIeHHfl MaxoBoro MoMeHra e QyHKqHH pa3Me-
poB Ma[rnHbr Lr yroHHofi  qacrorbr BpauleHl{f l  no3BoJlrer noJIyqI{Tb
cJreAyroque npu6.nuxeHHbre Bbrpax{eHufl :  AJrr.  ALIHaMUT{ecKoro Mo-
MeHTa HHepqHH

GDz: 1300
D1t, J- lv o

H f;:
r =  l , l . l O ' ; V  ;

(t -7)

ko 
"? 

Di

HO|O BapHaHTa.
OAHHrra I . I3 eaxHefi I IrHx pa3MepoB

Jrf lercf l  pa3Mep Bo3AytxHoro 3a3opa 6,

( l  -B)

SJreKTpHqecKHX MaI IHH f lB-

xoroputf i  B KoHeqHoM HTore

('-ry)'
H MexaHuqecxofi  t locrof lHHoft poropa

H :3550 -1= I  ho o (  t  -  'n* ' \ ' .  ( l  -9)
h"k: ,  n"orC,  Dt  \  Di  )

3Aecn ho - IxHpHHa o6oAa poropa, cM; ko - xoe$Quql{eHr oc",ra6-
JreHHr o6oAa poropa (n cpeauerta 1,6 A'ns rILIXroBaHHbIx poropoe);

o  -  cpeAHee MexaHuqecKoe Hanpf lx<eHue B o6oAe poropa .npu
y.oHe, MI-Ia i  h*p - Bbrcora cepAer{HuKa IIoJIIoca c noJiIocHbIM 6aru-
MaKoM cM; C"  -  xoaQSuI lHeHr 3ccoHa,  xB .A/  ( rur3.o6/ ln lgH)  .

Bupax{eHuf  ( l -B)  H (1-9)  noIyqeHbl  B npeAnoJIo}KeHHI{ '  t l ro

AoJrf Maccbl o6oAa u noJIIocoB B co3AaHHH cyMMapHoro AHHaMHqe-
cKoro MoMeHTa HHepqHH poTopa cocTaBJIf leT B cpeAHeu 0,85, H npn

AorryqeHr{H, r{To Maccbr o6oAa A noJIIocoB ycJIoBHo cocpeAoroqeHbl
no AHaMerpy Dt  -  2hmp.

OopMyr lbr  (  1-  I  )  -  (  1-9)  orpa>Kalor  BHyrpeHI{He cBq3H Mex(Ay

ocHoBHbrMH pa3Mep aMr4,  napaMeTpaMH I {  Hafpy3Kalv{ t i  r l ' lAporeHepa-
TopoB H MoryT 6t t r t  HcnoJlb3oBaHbI  npH nu6ope nepBoro pacqeT-

l l



onpeAe/ l f leT  cHHXpoHHoe Hr l [1 t11114BHOe COnpOTHBJrer {He v  c raTr {qe-
cKyIo  nepef  py lKaeMOcrb  f  eHepaTopoB,  MOUIHOCTb BO36y) {AeHrr f l  r r
nJ IOTT{OCTb nOTCpb r {a  nOBCpXHOCTH iTOJTTOCOB poropa.

B Kpynr{brx 6rrcrpoxoArrbrx rHAporeHeparopax,  r {orAzl  r ro pc-
>KHMHbIM ycJ IoBI . I f lM rpe6yercn  noHLI )KeHHoe 3r iaqeHHe cHHXpoHHoro
I4HAyKTHBHOTO coi lpoTHBr' Ie l {Hf l  ,  ueo6xoAHlto 3reKTpoMarHHTHoe vc-
nor ' rb3oBaFrHe MatIrHH AJrf l  COxp aHeHHtl  MAC poropa F" B AOnyCrH-
MbIX npe46lax,  onpeAeJl f leMblx Bo3Mo)KHocrqMH ox, ' ra)KA eswi 06-
MorKH Bo36ylKA eHtf l , .

MAC po-ropa Ha IIapy no,qrccoB MolKer 6urr c rreKoroprrrM nprr-
6nuxeHueM paccquTar{a no Soprray"rre

F r :  A " (
0 , 3 8  +  0 , 6 4 x 0

l l  + 0,56 (0,85 - cos 9)1. ( l  -  l0)
xd -  0,47x)

C noMou{b lo Bblpax{eHuf l  ( l -10)  Mo}KHo Ha uaqa,r lHor i  c raAHA
r IpoeKTHpoBaHHq no  ocHoBHbrM napaMerpaM H Harpy3KaM onpe(e -
JrHrb MAC poropa.  Ec lH MaKcHMaJrbHoe ceqeHHe MeAH KaryuKH
o6uorxu eos6yx, leHHfl Qeu, Koropyrc npH H3BeCTHOM ^C yAaercrl
pacnoJlox(HTb Ha noJl loce, AocraroqHo H nJlorHocrb roKa B o6MorKe
Jr:E"l (2q"*) Jre)Kr.rr B AonycrrzMbrx npeAe,'rax, paccrruTaHulrri no
( l -1 )  -  ( l - 10 )  BapHaHr  MaTIHHbI  np l4eMr reM.  Ec . r ru  )Ke  r r J ro rHocrb
ToKa e o6Morxe eos6yx{AeHufl  He o6ecne.ruBaer rpe6yerraoro ypoBHfl
ee reMleparypbr ,  seo6xoAHMo nu6o cHH3Hrb MAC poropa,  nu6o
H3bICKarb BO3MOIKHOCTH nO pa3MeU{eHHIO Ha nOJI IOCaX AOnO", l rHH-
reJrbHoro o6reua MeAH o6uorxu ,  nu6o nepel i ru Ha 6o,uee eQ0ex-
THBHyTO CHCTeMy OXJra)KAeHHf.  pOTOpa.

Pasvrep Bo3AytxHoro 3a3opa cyu{ecrBeHHo BJrHf ler  H Ha pf lA 4py-
rHX XapaKTepLICTHK feHepaTOpOB: Ha 3HaqeHHfl  TOprIeBbrX MarHi4T-
HbIX noroKoB 14 BbIgbIBaeMbIX HMH norepb B xpaf iuux rraKerax cep-
Aer {HHKOB H Ha}Kr {MHbrX nJrHTaX CTarOpa,  Ha 3Har reHHe H pacnpeAe-
JIeHHe norepb Ha noBepxHocru noJrrocoB poropa. Taxuu o6pasclrvr,
TenJroBoe cocrof lHHe feHeparopa B rIeJroM v ypoBeHb MecrHbrx Ha-
rpeBoB B 3Haqure.nnHoli  Mepe orpeAeJrf lrorcr pa3{epoM Bo3AyrrrHoro
3a3Opa .

Kponae roro,  o6.nacrH AonycrnMbrx pex{HMoB pa6oru feHeparo-
poB (no ycJroBHflM ycror?uuBocrrr,  npH HeAoBo36y>xher^uu, npH 3a-
pflAKe JrHHHr4 gJreKTpo[epeAarrH) orrpeAeJrflroTcf raK>Ke pa3MepoM
BOSAyTXHO|O 3a3Opa.

l lpeAenrHan MorrlHocTb ruAporeHeparopoB. B cBfl3n c ocBoe-
HHeM fHApOpeCypCOB Bce 6O.nee KpynHbrx peK H pocroM MoulHocrrr
crpoflrr{Hxcr H npoeKrr.rpyeMbrx rHApoa,ryeKrpocrauuul i  Bonpoc
o npe4e"rrrHofi  eAuHIaqHofi  Mou{Hocru feHeparopoB rrocrof lHHo qB-
Jlf lercf npeAMeroM TexHHrrecKHX 4HcxyCCUr? H HaxOAHTCfl B UeHTpe
B H H  M  A H H f .

f lporpecc B o6nacru KoHcrpyNqufi  reHeparopoB, a raKX{e R co-
3AaHHH HoBbIx, BbrcoKoaS$exruBHblx MarepuaJroB rrocrosHHo pac-
IxHpflJr npeAeJrbr Bo3Mo>KHbrx uouuocref i  reHeparopoB, npaKTH-

r 2
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at

qecKH BcerAa onepexat peaJrbHo rpe6yeMble pa3BuBarou{er icf l  f i {A-
po3Hepf err.rKoft.

C pa3pa6orxor? 14 nHeApeHr{eM cucreM rrenocpeAcrBeHl{oro Bo-
AflHoro oxJIa)KAeHHr ar{THBHbrx uacreft, B nepByro oqepcAb o6trto-
TOK CraTOpa H pOTOpa,  KOfAa c-Ta/ ro B npHHut lne Bo3Mox{HbIM pe3Ko
yMeHbulaTb pa3Mepbr  feHeparopoB,  Bonpoc o6 ux nper ,eJ lbuot? uou{-
HOCTH B npeXHeM CMbICJIe nOTepf lJ I  CBOIO OCTpOTy.

OLrrhxo BBUIy yAopolKalrr4tl n ynlrr4r{er{Hfl III4KJIa [poH3BoAcTBa
reHepaTOpoB C HenocpeAcTBeHHblM BOAflHbIM OXJIaX{AeHHCM, yC"{oX{-
HeHHfl yc"uoeur? HX 3KcnJryarar\krLt no cpaBHeHHro c reHeparopaNlH
c Bo3Aytur{brM oxJra}KAeHHeM, HeO6XOAHMOCTH npHMeHeHHf HOBbTX
BCrroMofareJrbHbrx cHcTeM c coorBercrByloqHn, I  o6opyAoBal IHeM, Ho-
Bbrx 3au_tHT, cpeAcrB aBToMarHqecKofo KoHTpoJIf L\ pefyJlHpoBaHHfl
qenecoo6pasuocrl  Hcrro./rHeHHfl rer{eparopoB c HenocpeAcrBeHHbIM
BoAflHbrM oxJra)KAeHHeM (Hecrurorpa Ha Hx 5o.nee ertcoxafi  KnA 'A

MeHbrxyro Maccy) B KaxAoM KoHKperHoM cf lyr lae AoJIxHa onpeAe-
Jrfl Tbcfl HH LHBL4 AVa JrbHO.

l lo sror? rtpHrrHHe npeAcraBJIf ler HHrepec Bonpoc, KaKoBa npe-
AeJrbHaf Mou{HocTb feHepaTopoB c KocBeHHbIM Bo3AyIIrHbIM OXJIaX{-
AeHHeM.

3ra naou{Hocrb B KoHeqHoM HTore o[peAe/rf lercr MaKcHMzJIbHbINI
xoeQQurIHeHToM HcrroJrb3oBaHllr  aKTHBHoro o6r"enaa MaITIHHbI v
uau6o.nr,[ruMH pa3MepaMI{ cepAeqHl{Ka craropa. B cBolo oqepeAb,
xoeQ$urrueHr r.rcroJrb3oBaHr{r onpeAeJlflercfl ,nIlHefisoft narpysNofi
craropa, BepxHflf fpaHurla xoroporz [r:/-M],1-rupyercf HarpeBoM o6-
MorKH craro.pa, H uarHuruofi  uu4yxquetl  B Bo3AyrrIHoM 3a3ope re-
Heparopa, Koropar B 3Haql, ITe.nrHofi  Mepe 3aBHcHT or xapaKTepH-
crHK SJreKTpOTeXHr.rqecxofi cralrrl cepAerlHHKa cTaropa.

f lpu nprrMeHeHr{H H3oJrf lr lun Ha repMopeaKruBHbrx cBfl3yloiqux
A.ns o6uorKu craropa H coBpeMeHHbrx reKcrypoBaHHbrx oJleKTpo'rex-
HLIqecKHx crarerl  B KpynHbIX feHeparopax Mox(er 6urt I IpHHflT
xoeQQuIrI4eHr HcroJIbBoBaHLIf l  C.a:8 rB , ,  A/ (vr3.o6/uHH) .  B AaJIb-
Her?ureu rlpH coBeprxeHcrBoBaHHH TepMopeaxrneHorZ r4soJrflL\Hkr,
a raK>Ke npI,I o)KHAaeMoM yflyqrxeHHr,r KarrecTBa gJIeKTporexHLIqe-

cKr{x cra.uefi cJreAyeT npeA[oJrararb rroBbrrrreHlre MaKcHMyMa xoaQ-

QuqueHra SccoHa Ao 9-10 xB .  Ai  (vs.  o6/rr , ruu).
MaxcHua.rrruufi AHaMerp poropa (tu, cJreAoBareJIbIIo, uau6o.nr-

utuft AHaMerp pacrorrKu craropa) onpeAeJrflercr rro ycJIoBHlo npoq-
Hocru o6oAa poropa, Hanpsll(eHue pacrflx(eHufl B KoropoM npa
yroHe Mox(er 6urr BbrrrHcJreHo B MefanacKaJIrx no cneAyrculerl
Qopnry.rle:

2hmpo - fo,oo6r2 (t - +) ++ o,oos (t - Di +)')koa?, (r_n)

fAe uy - oKpylKHafl  cKopocrb Ha nepuQepna poropa npu yrone, u/c.
B uacrof lu{ee BpeMff A"rrq o6oAa poropa HalrJIH npHMeHeHHe'toH-

KoJrucroBbre craJrH c rrpeAeJloM TeKyr{ecrr4 500 MI-Ia H yAoBJIe'tBo-
pHTeJrbHbrMH rrJracrur{ecKHMH ceoficreaMH, no3BoJIHBIrIHe cyulecr-
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BeHHO nOBblcl lTr,  ypOBerlb AOnycTHMI) lX Hanpf l )KeI{H11 r . {  npHr{RTrt
t l  Mou{ r ib rx  reHeparopax  o :400 M[ Ia .

LUHpur ra  060Ia  poropa c  yneJrHqeHHeM MoulHocrg  H pa3MepoB
npHMer l feMblx  l \ .n f l  e fo  I l3 foroBlCrrHrr  r rpeccoB NloX{er  6u i t  yBeJrH-qeHa.  f lo-eHrxnMoMy ,  Han6onswan qe, r recoo 6pasuan tur . rpuH a 'o6ota
poropa cocra l lJ l t ler  oKoro I  nr .  l /se, ruqcrrHe cc c  I  Ao l^ ,1  M no3i lo-
rqer npl ' lMeI{HTe,r lbHo K re}Jeparol)aM i lpeAe,rr l l roir  Mou{Hocrr.r  vtse./rH-qnrb 4HaMerp poropa R cpeAHeiv t  roJrbKo Ha I  o lo .

,  l u1 " *  o6pasorn l ,  noJ ra ra r  o :400  M l Ia  , r ' ho :1  M,  a  ra l ( x (e
ko :1 ,6  u  hn rp :0 ,32  M,  Mo)Kr {o  paccqHTarb ,  noJ rb3yqcb  Bbrpa }Ke-

o6/nun

t1 to tu H u luu Zaa J00 400 500 600 
. 

o6/uuu

PHc. 1-1- 3aencuMocTb MaKcuua"ntsofi qacrorbr Bpau{eur{f l  ruAporeHeparopoB oT
A'aMerpa pacroqK' craropa H xoeQQHqneHra yrona
Pac. I-2. flpeAe.rrsuas MoulHocrb rHAporeHeparopoB

Hr{eM ( I - 1 1) , MaKcHMaJrbHyro qacrory BpaqeHr4q poropa, Koropas
Moxer 6nrr AorryueHa nbr AaHHoM ero AuaMerpe H H3BecrHoM
xoaQ_QHqHeHre yfoHa (puc.  I - l ) .

Maxcuu alrbHafl AJTHHa cepAerrHuKa craropa ro ycJroBHflM ero
TpaHcflopTHpOBKH X{eJIe3HOAOpON(HbrM TpaHcnoproM COCTaBJrf ler
3,6 M. Kportae Toro, KaK noKa3blBaloT onbrr rL ci lerrHaJrbHbre HccJre-
AoBaHHfl,  AJtr o6ecneqeHufl  ueo6xoAuuorl  paBHoMepHocrg oxJralK-
AeHHfl I Io AJIHHe cepAeqHuKa AoJrx{Ho 6urn co6.nroAeuo ycJroBge
I t l r {4 ,5 .

^ l lo j l9y1c9 saBHcHMocrnMH Ha pHc.  r - I  H  npHHr . {Man cs :-  8 xB .A/  ( r ra3.o6/naHH) ,  l t :5,6 M ("b t th44,S) ,  Haf iaer,a 3aBHcH_
MocTb [peAerbHofi MourHocrl ' I  reHeparopoB c KocBeHHbrM Bo3Ayru-
HbIM oxJIalKAeHHeM ^B QyHxlrHLI qacrorbr BpaureHufl Lt xosQQrqet-
eHra yfoHa (puc.  l -2) .
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Kax BHAHo Hs puc.  l -2 ,  TeopernqecKn Bo3Mo)KHo co3AaI{He
oqeHb Mou{Hbrx rHAporeHeparopoB 6es npHMeHeHI{f l  HenocpeAcr-
BeHHoro BoAflHoro ox,, ' Iax{AeHHfl.  OAsaxo raKHe reHepaTopbl,  6y-

AyrIH BeCbMa fpoMo3AKHMH 14 Tf lX(eJIbIMH, CO3AaIOT 3I{aqI ' ITeJIbHbIe
TpyAHOCTH He TOJIb IO B i lpoH3BOACTBe,  HO TaK>Ke npH TpaHCI IOpTH-
poBKe, MoHTalKe H B sKcnJlyarat \Ltv.

Vqer o6ulux resAeHquf i  B 3u' IeKTpoMauHIJocrpoeHHH no3BoJl f ier

cquraTb, 'uTo npu co3AaHHH cBepXMou{HbIX rnAporeHepaTopoB 6y-

Ayr  HcnoJrb3oBaHbr  rexHuqecKne petueHuf l  l i  cPeAcrea (nx l rcuan
BoAflHoe oxJra>KAenr. t  e)  ,  Koropble Hs6aef lT or Heo6xoAHMocrH o6pa-
I r IaTbc f l  K  npeAeJIbHo BO3MO)KHEIM pa3MepaM rHApofeHepaTopoB.

l-3. KAnCynbHblE T4APO|EHEPATOPbI

B nocJreAHee BpeMfl B raApoaHeprerHKe 6o.ntruoe pacrpocrpa-
H eHHe noJryqHJr H Ka ncyJrbHbre f HAPoreHep aTop bI - tvI a.n ora 6apI{TH ble
repMeru3r,rpoBaHHbre MaTIHHbI o6rexaenaofi  Sopvru, pa6orarclr1ue
HenocpeAcrBeHHo B noroKe BoAbI  (puc.  1-3) .

l lpuueneHue KancyJrbHbrx rHApoarperaroB rtpn crpoureJlbcrBe
HH3KoHanopHbIx f3C BecbMa aQQexrHBHo c roqKu 3peHuf l  eKoHo'
MvrH KarrHTaJIoBJIoxenuft vt coKpau1eHnfl cpoKoB crpoHTeJlbcrBa.

Kancy.nruoe HcnoJIHeHHe AaeT Bo3Mo)KHocTb yBeIHr{HTb npo-
nycKHylo cnoco6uocTb ryp6nuu, a cJIeAoBare/IbHo, H ee eAI{HHqHyn
MoulHocrb rrpn 3aAaHHoM Hanope npnMepHo Ha 30 0/0. 3ro Aoc'r lz-
f  aeTcfl  cnprMJIeHI{eM BOAflHO|O TpaKTa, HMeIOUIefO Ha O6ltqnotx
BeprHKaJIIHbIX MatuHH'ax AocraroqHo cJIolKHyIo Qoprry. Kport,te
TO|O, CnpflMJIeHHe TpaKTa no3BoJlf leT HacToJIbKO y[poCTHTb feoMeT-
pHlo rHApocoopyx(eHllfl, qro cTaHoBHTcfl peaJIbHbIM efo ocyqe-
crBJreHHe B ocHoBHoM l ls c6opHoro x<eneso6eroHa. EnaroAapf roMy
TITO KaTIcyJIbHble rHApoarPCfATbI HMEIOT MCHbIIIHC TA6APUTU H

BCTpaHBaTOTCf HenOCpeAcTBeHHO B BOAOCJIHBHyIO nJIOTHHy, 3HaqU-

TeJIbHo coKpalqaercf l  Ha fOC o6rrr .uf t  o6leu 6erossl tx pa6or.

HapnAy c yKa3aHHbrMH npeHMyII IecrBaMLI,  AocrHfaeMbIMH npl{

npHMeHeHvrH Ha fOC c HH3KHMH HanopaMI{ KancyJIbHbIX ruApofeHe-
paTopoB, nocJreAHHe HMeIOT CyilIeCTBeHHbIe HeAOCTaTKU, KOTOpbIe

He no3BoJrflIoT rrx peKoMeHAoBarb AJIfl .rrro6oir craHIlHH. K He,qocrar-

KaM KaiICyJIbHbIX MaUIHH I IO cpaBHeHLIrc C BepTHKaJIbHbIMI ' i  reHepa-

TOpaMI, I  KIaCCHT{eCKO|O HCIIO/IHeHHfl  CJIeAyeT B nepBylo oqepeAb oT-

Heclu 3HarrHTeJrbHo 6o"nee HH3KyIo crarnqecKylo v AHHaMI'IqecKyIo
ycrof iunBocrb Hz.ea xyAIxHx f iapaMerpoB, HecKoJIbKo uenuuuf i

KnA, a raKx{e yXyAIxeHHe ycJIoeHI? AocryrHocTl{ K y3JIaM u ux o6-
cJrylKHBali.Hfl., H3-3a qero 3aMerHo 3aTpyAHflIOTCfi MOHTa>K, 3Kcn"{ya-
TarIHfi  H peMoHT KalcyJIbHbIX MaIUI{H.

Oauofi  H3 Bax(HbIx 3aAaq, Bo MHoroM onpeAeJlf l Ioqeft KoHcTpyK-
rlHlo KancyJrbHoro rHAporeHeparopa, f lBJIf lercf i  nl t6op cHcreMbI
oxJralr{AeHufi .  Heo6xoAnMocrb pe3Kofo yMeHbureHur AuaMerpa re-
HepaTopa no ycaoBHtM efo pa3Meu{eHHs H nponycKa BoAf lHOfo no-
roKa K pa6ouerray KoJIecy rHAPaB"rtHrlecxofi ryp6uuu npHBeJIa * oT
KaBy oT o6utenPuHsrot i  cXeMbI caMoBeHrLiJIf l l IHH, npu KoTopoH
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porop c  yc raHoBJIeHHbIMH Ha HeM BeHTHJr r ropaMH f lBJr f le rc f  eAHH-crBeHHbrM Hanopl{brM 3JreMerrroM. Taxuna obpasor*,  nepexoA 'anpI ' IHyAHTeJIbHyIO CHCTeMy oxJIalKAeHHf oKa3aJrcff  BbrHyx(AeHHbrM.
fTonyuunu pa3BHTHe,eBe i lpHHuHnHa,r lbHo orJrHrrHbre cHcrer , ,4b lOXNAX{ACHHfl  KPYNHbIX KANCYJIbHbIX MAII IHH: AKCHATbHA' --  BO:JAY-xoM ITOpMaJIbI{ofo HJrr ' |  noBbrl l lerrr{ofo AaBJreHHa H HenocpeAcrBerr-

I Ioe  BoAtHoe ox / r la iKAeHHe.  KaN<Aas L I3  HHx cBf3aHa c  HcnoJrb3oBa-
HHeM coore6rcrByrou{Hx KoHcrpyKt l rz l i  ocHoBHbrx y3JroB reHepa_ropoB.

Puc. I -3. I(ancy.rrrnrrfi raAporeHeparop

flpta npHMeHeHHH axcuanr,sol i  rrpHHyAHre.nrsor? BeHTHJrf lrraH
c IIHpKyJIflIInefi Bo3Ayxa no 3aMKHyroMy rrHKJry Arrfl o6ecneqeHnfl
ueo6xoAHuoli  r{HTeHcHBHocrH TenJrocr,eMa co craropa B sy6uax
CepAerIHHKa BbIIIOJIHflIOTCfl npOAOJIr,HbIe uIeJIeBHAHbIe KaHaJIbI, i lO-
3BO/I f l IOU{HC B HCCKOJIbKO PA3 YBCTHIIHTb OXJIAXAAEMYIO NOBCPX-
Hocrb. Taxuira o6pasorra, Bo3Ayx npoxoArrr no HecKoJrbKHM napaJr_
JIeJrbHbrM nyrf lM: rrepes Bo3AyrxHtrrt  3a3op Me)KAy craropoM H po_
TOpOM, no KaHaJraM e sy6uax cepAeqHr.rKa craropa, rraex4y cnusxol i
cePAe'IuHKa H KopnycoM craropa H B Mex{[O/rrocHbrx npoMe]KyrKax
poropa. ZseecrHL,r raK)Ke KoHcrpyKrrHH c npolyexori  Bo3Ayxa qe-
pe3 c[eqHaJIbHbIe KaHaJIH e o6MorKe H cIIHHT{e cepAeqHvKa craTopa.

llpra axcua"ntuoli Bo3AylxHofi cucreMe oxJra>KAeHHfl MorrlHocrb,
3arpar{HBaeMafl Ha BeHTHJIf lUHIO feHeparopa, craHoBHTCfl BeCbhia
SHarlHre.nrHofi H KnA pe3Ko cHl{xaercfl. firraeHHo ero o6croflreJrb-
crBo 3acraBJlf leT B KpynHbrx KarrcyJrbHbrx feHeparopax noBbrrrrarb
AABJICHHC BO3AYXA; NPH STOU I IOTCPH HA BEHTI ' IJ I f l I IHTO CHI4XAIOTCf l
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nponopuuoHaJlbHo a6conr,orHoMy AaBJreHHro.  OAHaxo TaKoe peue-
I {He  npHBOAHT K  3 l {aqHTeJ IbHOMy yCJro )KHeHHTO KOHCTpyKI IHH CTa  -
Topa v  ero ynnorHeuni t ,  cHcTeMbI  MacJIocHa6xeHHq noArxr{nHr. { r {og,
cHcreMbI  ApeHax(a H3 KancyJIbI ,  nof lBJreHuro rqxenof i  AHaSpsrMbr
MexAy KaMepaMr. r  rer {eparopa H ryp6uHtr .  Kpoue roro,  pe3Ko yc-
", ' IolKHflercf l  3Kcn"r l1r2TaLUif l  rerreparopa H HCKJrroqaercf ero o6cni '-
x<wBaHr4e--  BO BpeMf l  pa6oTtr .  Bce 3To BMeCTe B3f lTOe,  a  raK)Ke
crpeMJIeHHe froJly111116 6O.ryee Kot\4i laKTHylO, Jef I{ \ ' ro, AocrynHyrc l i
!,4,o6Hyro e SKcnJIya raIJLtH MauuHy 3acraBzJrr4 rrpoAoJrx{r{Tb rroHcr{H
onrHMaJIrnoI? / . Irr  erofo rrna ruAporeHeparopoB cucreMbr oxJrax(-
AeHVfl.

kIcnonn3oBaHHe HeIIocpeACrBeHHoro BoAflHoro oxna)KAeHHr o6-
MOTOK CraTOpa H poropa,  a  TaKlKe cepAer{HHKoB nOJTTOCOB ycTpa-
HHJLO BCe yKa3aHHbIe BbIUe TpyAHOCTH, ] -TOJTHOCTbIO HCKJTTOqHJTO He-
o6xoAranaocrb HcKyccreeHHofi  r{HpKyJrrrrr,ru Bo3Ayxa B reHeparop€,
TaK KaK rrpr Ha[Jre)Kau{eu etr6ope MarepHaJroB H pa3MepoB y Kan-
cyJrbHbrx MalIrHH norepH B cepAerrHHKe CTarOpa orBoAflTc.f l  eoAofi ,
nporeKarcqef i  no KaHaJraM B npoBoAHHKaX O6UOTXU CTarOpa.

f lounirao noryqeHHq o6HqHbrx npeHMyrrlecrB (cHnxeu ue ra6a.pu-
ToB u uaccu), BoAflHoe oxJIa>KAeHHe npHMeHHTeJrbHo K KancyJrb-
HbIM rHApofeHeparopaM 6onr,ruof i  MouIHocrn rro3BoJrf ler raK>Ke
3HaTIHTeJIbHO ynpocTl{Tb KOHCTpyKTIHTO pfl ,U,a y3JroB H noBbrcHTb rra-
Ae)KHocrt pa6orr,r  o6opyAoBaHHfl .

VIs-sa 6o.nee Husxofi  reMneparypbr o6uorox H r lx AocraroqHo
cra6unt'Horo renJroBoro pelKuMa B [poqecce aKcnJrya raLryLr npH
BosMolKHbIX H3MeHeHHrx Harpy3Kr{ o6.nerqarorcr ycJroBufl  pa6orrr
HSoJrnr\HH H cpoK c.rty>x6tt nocne4Heri 3Haqr.rreJrbHo yAJrHHrercfl.
l lpta BoArHoM oxJIaxAeHHH ornaAaeT Heo6xoAnMocrb B c)Karorvr
Bo3Ayxe, qro pe3Ko ynpoi l{aeT cucreMbr yn"norHeHufi  noArrf lTHHKa u
noAIIrHnHHKa 14 [o3BoJlrer orKa3arbcfl or rpouosAxor? H rqxefiofi
AuaSpafMbr MexAy ryp6Hnofi  v reHeparopoM. E.naroA apr 6o.rree
BbICOKOMy 9JIeKTpOMaTHLITHOMy I4C[OJIb3OBaH.HIO MaI I IHHbI ,  I {OTODOe
Mox<er 6urr AocrnrHyro IIpH BoAtHoM ox/ra>KAeHur4, MolKHo BbrrroJr-
HHrb KOHCTpyKUT{rc Koprryca crarop a c p a3BHrbrMH pa[HailbHbrMH
llofcaMH vr, cJIeAoBareJrbHo, 6o,nee xecrKylo H oAHoBpeMeHHO 6O-
JICC JICIKVIO.

r l
Ype3Bbl t laHHO BaX{HbIMH sKcnnyaTar {HoHHbrMH npeHMyu{ecTBaMH

reueparopa c BoAflHbrM oxJralKAeHr.reM no cpaBHeHuro c Maurranofi ,
oxJra)KAaeuol i  BosAyxoM, fBJrf lrorcf l  Bo3MoxHocrb Aocry[a BHyrpb
reHeparopa npH efo pa6ore,  coKpau{eHHe AJrHTeJrbHocTH ocMorpoB
H TeKyUIHX peMOHTOB, a raKx<e 6O"Uee strcoxur? KnA, raK KaK 3a-
TpaTbI MOU{HOCTH I{a BOAflHOe OXJra>KAeHHe B AeCflTKH pa3 MeHblUe,
r{eM Ha BO3AyIr IHOe.

Hecnaorpx Ha oqeBIIA.qbIe npenMyu{ecrBa KarcyJrbHbrx rHApore-
HeparopoB c BoAf lHbrM OXJralKAeHr{eM, 6o,ntrul lHcrBo QHpvr npeAno-
qHTaer Bblnycl{arb MaIUprHbI C BO3Aytr IHbrM oxna>KAeHHeM, TaK Kar i
oHH MeHee TpyAoeMI{H B HS|OTOBJTeHHH, He Hyx{AarOTCfl  B HcnoJrb3o-
BaHHH Ps,.a cneIIHaJIbI{brx MarepHaJroB H B oCBOeHHH rreKOTOpbrX
HoBblx KoHcrpVxUHfi ,  H€ rpe6rtnr Aono,rrFr l lTe,TbnbTx cneqr. iaJrur3r{po-
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BaHHbrx npon3BoAcrB u r.rcnblraHull  Li  croJlb BbtcoKofi  KyJlbrypbl

npor{3BoAcrBa B qeJIOM.
Oco6egsocrg KoMnoHoBKH, pa3MeuIeHHr 14 oxJIa)KAeHHf l  Kar l -

cyJrbHbrx ruAporeHeparopoB,  pe3Ko HapyueHHaf l  nporHB o6l tquot i
reoMerpgfl  axrueHofi  30Hbr BJIHtIoT Ha IJeKoropbIe 3Kcn,/ ' IyaraI l I{ol{-

Hbre noKa3areJrr {  H r rapaMeTpbl  srHX MaITIHH.  TpyAHocrH co3AaHHf l

ua.nora6aplzr r {oro reHeparopa npHBoAt{ r  K ueo6xoAuMocrn np l4Ht l -

THfl .  Br,IcoKoro xoaQ$uUHeHTa Mou{Hocru. O6lrqgo B Kancy,r lbl- Iblx

feHeparopax cos Q:0,95 .  1 ,0 ;  3ro pa3fpy lKaer  crarop or  peaK. :

THBHoro ToKa,  a  rJraBHoe -  no3Borqer  pa3MecruTb ueo6xoAuuut f t
O6reU MeAH Ha i lO. / tFOCaX npu Ma, ' IOM nO,{FOCHOM AeJIeHHH.

n  a t
Ut l,J

Puc. l-4. VeergqeHue rrorepb B ruAporeneparopax, o6ycnonleHHoe peaKrHBHoH
Harpy3KoI'I

.l -xancy.nrnr,tir rnApoleHeparop ZQ 4g:, 93,8-o6/rrrnru; 2* ro x<e' 45 MBr,-75 o6lt'rur; 3--"epin"iiirsit 
."fr6;;;;p;;;ii Loo r"rsi, si,5-o6luui; a- ro lxe' 225 MBr' r25 o6lunu

kTs-ga rroHr4x{eHHbrx 3HaqeHufi  orHo[IeHufl  KoporKofo 3aMbIKa-

Hr4f. pe3Ko yBefl[r{HBaloTcfl IIorepI{ V MoUIHocTb Bo36yXAeHI'Ifl rtpH

He3HaqHreJIbHoM noHI,IxeHHI' I  xoa$QuqlleHTa MouIHocTH' 3ro o6-

crof lreJlbcrBo, a raKxe cnequQuqeiroe pacnpeAeJIeHHe l lorepb (eu-

COKafl  AOJIf l  i lOTepb KOpoTKOfO 3aMbIKaHHfl  H, HaO6opOT, MaJIaR

AoJIf l  noTepb xoJlocToro xoAa) o6yc;roBJIHBaIoT 3HaqHTeJIbHO 6Olee

pe3Koe cHr. Ix(eHI4e KnA KarcyJIbHbIX ruAporeHeparopoB npu yMel{b-

I I I e H H H | 4 x c o s g n o c p a B H e H H I o c f e H e p a T o p a M H K J I a c c H l { e c K o f o
HCNOJIHCHHf  .

Ha puc. I  -4 npeAcTaBJIeHbI pacqeTHble 3aBI{cHMocTH oTHo[IeHHtr

noTepb,  BbI3BaHH6IX no fBJ IeHHeM peaKTHBHOf i  Harpy3KH,  K  cyMMap-

H b I M n o T e p f l M I I p H c o s q : l , o r o T H o u I e H H f l p e a K T H B H o i I H a f p y 3 I { H
K HoMHHaJrbr{ot? 

^aKTHBI{of i  
Mou{HocTH. Kax BHAHo H3 pHcyHKa' BbI-

pa6oTKa Toft  )Ke peaKruBHoit  MoII IHocTI i  KancyJIbHbIMH r l {AporeHe-

paropaMg cBf l3aH;  c  npH6JIH3HTeJIbHo B 2 ,5  pa3a 66nru tuuH l lo re -

i r""t i .  l loaror'ry sKoHoMpIqecKH ueJlecoo6pasHo BbIpa6arbIBarb ee
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l {a  fHApoeneKTpocTaHrrHf fx ,  o6opyloBaHHbrx o6bl , {ubrMrt  r r rApoa rpe_
I ' A T A M I , I .

Ans KzncyTlbHbtx Mautr {  xapaKTeprro raKx{e no ' r . r }KeHHoe Ho-
I\4r{HaJIbHOe Hanpflxiet i l j€r o6uo.rxrr cTaTopa, qTo, C OAUOfi CTOpOI{bI,
no3BoJl f ler  yMeI ib IUHTb pa3Mepbr  reHeparopoe H o6rerq l r rb  ycJroBHn
oxJIax(AeHHfl craropoB 3a cqcr i loBbnueHrrr xoaSQarrHeHTa 3anoJr-
HeHHfl I la3OB LI CrIHX{eHHfl I IepenaAa rcMneparypbr B H3OJrf l t \LtH.
a c Apyrori  -  no3BoJlf ler Bo MHorHx c/ryqaflx /{ocrHrHVTb 6o,nee
BbrcoKHx sHaqeHHf i  "UHHel iHOf i  Harpy3KH Craropa,  Koropbre onpeAe-
/ ' IqIOT ypoBelrb 3JIeKTpOMa|HHTHO|O HCnO,rrb3oBaHHfl  MarrrHHbI H. C,,re-
AOBaTeJIbHO,  ee  aKTHeHtr r i  O6r ,eu .

OnruuaJlbublM H3 cral laprHbrx Hanpr)Keunf i  AJrf l  KancyJrbHbix
I 'HAporeleparopoB Mou{Hocrbro oKoJro 20 MB .  A f lBJrf lercr  r ranpf l -
)KeHHe 3;15 KB,  Moudrrocrbro oKoao 4b MB .  A -  6 ,3  xB.  I_ lo-eHAr l_
uotvr| ,  rrpH HeKoropbrx ypoBHflX MOU{HOCTH nOrpe6yeTcfl  npHMerre-
HHe HecraHAapTHbIx Hanpf l )Keunf t ,  B nporHBHoM cryqae oKa>Kercf
HeHs6exHbIM BbIrIo"rIHeHHe reHeparopoB co 3Har{HTeJrbHo 66.rrrurunau
pa3MepaMr4,  qeM npH OI ITHMaJTbHOM Hanpf l )KeHHH.

Tax KaK AHaMerp KancyJIbHbIX r 'AporeHeparopoB 3Haqr . r reJrbHo
MeHb[Ie'  qeM y rHApOreHepaTOpOB KJIaccHrIeCKO|O HCSOJIHeHHfl
c  reMI ' I  )Ke HOMHHaJIbHbIMH AaHHbIMLT,  MexaHHqecKHe nocrogHl{b le
HX poropoB cylqecrBeHHo HHIKe H cocraB/rf froT I-2 c. ! ,ocrHlKeHge
o6H'IHltx sHaqenal? r{exaHnr{ecxofi  nocroqHHori He lrpeAcraBrf lercrr
Bo3Mox<HbIM, a cKoJIbKo-Hu6yAl cyu{ecrBeHHoe r4x yBeJrlrr{eHge cBr{-
3aHo co 3HaqureJrbHbrM Bo3pacraHr{eM Maccbr  poropa.

Ma"uue pa3Mepbl noJIIocHbIx 4e,reuufi  KarrcyJrbHbrx Ma[rHH o6yc-
.I IOBJIHBaIOT 6o.nlruoe pacceflHHe no.urocHor? clacreuu, BtIcoKHe HH-
AyKIIHI{ B CepAeqHHKaX IOJIIOCOB H Bbr3brBaror rpyAHocTrr pa3Meil{e-
HHt rpe6yeuoro o6teua MeAH o6uorxu eos6yxa-eHHfl Ha [oJrrocax,t ITo 3acraB"rl f leT npu6erarr K yMeHbIIIeHHbIM f lporuB o6uquttx eos-
AyIxHbIM 3a3opaM. llpu sroM IIocJIeAHHe AoJrlKHbr 6rt1t eu6pauur
c yqeroM KaK yrpyfHx Aesopuaqur l  poropa npH pa3foHe,  raK H
eosr\aoxHofi  eJrJrHncoHAaJrbHocrpr craropa n poti lp ai  a raK>Ke rrpo-
ru6a Ba[ra noA 4etlcreueu cHJIbI Trx<ecrr{ u MafHHTHbIx rq)KeHr.rfi.
Pesy.r l l raru pacrleToB c yr leroM vKa3aHHbrx Saxropon 11oKa3a, ' iH
AonycrHMocrb Bo3AyIrIHbIX 3a3OpOB npl l6ausr.rreJrbHo Ao oAsoi i  rbr-
cqqHor?  AHaMerpa  po ropa .

Bucoxoe gJIeKTpoMarHHTHoe HcnoJrL,3oBaHHe Kai lcyJrbHbrx rHA-
poreHepa.TopoB 14 orMerleHHbre Bbrrrre oco6eHHocrH reoMerpHH HX
aKTHBHofi soHlt (rraa.nrrfi Bo3AyIIIurrfi 3a3op, MaJroe noJrrocHoe AeJre-
uue)  .npuBoAnr r (  yBeruqeHnro ocHoBHbrx HHAyxrnBHbrx conpornB_
neHHft "
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rTABA BTOPA'

PACqET MATHhTHbIX NONEN
h NAPAMETPOB

2.1. MATHhTHOE NOTE
,/

v1 t4H Ay KT t4BHbtE C O n p O T V1B rlEHV1 fl r n Ap Or E H E p A T O p A

MarnnrHoe rroJre rnAporeHeparopa, KaK H nrc6oi . t  3reKrpnqe-
ct<ol i  MatrrHHbr,  HMeer i lpocrpaHcrBeHHo-rrepr4oAHqecKoe pacnpeAe-
JreHrre c i repuoAoM, paBHbrM 4aof iuouy noJrrocHoMy AeJrerrHro.

B rop l leBbrx  3oHax Mar r rHHbI  noJ le  H3MeHrerc f l  KaK B pa ,u ,uaJrb-
HOM,  TaK V B TaHfeHqHa/ IbHOM H OCeBOM HanpaB. / ' IeHHf lX ,  HO B r lpe-
AeJIax norITH ecef i  AJTHHbI cepAer{Hr.rKa Mox{er paccMarpnBarbcf l  r^;aK

HeH3MeHHOe B OCeBOM HanpaB-
JIEHI{H TIJIOCKOC IIOJIC. TAX XAX
6o,ree 95 7o noJrHoro pa6oue-
fo  Ma|HI , ITHO|O nOTOKa CO-
craBJrf er noroK B nasosori
qacrH cepAerIHVKa, IIoJIe
B ropqeBbrx 3oHax rrpH pac-
qere 6o.nrruuHcrBa napaMer-
poB vr xapaKTepHcrHK Mo)KHo

Przc. 2-1. I(apraHa rrorrr ssuonorrocHofi  yr lHTLIBarb npH6"unxeHHo,
cuuxpoHHofi MauI'IHbI npu xorlocroM xoAe yTOrIHgfl gToT pacqeT ToJIbKo

e Heo6xoAnMbrx cJryqaflx.
Hau6o"rree npocrblM cnoco6ou pacqera nJrocKofo rroJrf l  f lBHorro-

.nrccnofi cuHxpoHsofi uauruHbr flBJrflercfl pacqer 6es yr{era Hacbrule-
HHr, HanpHMep, rpaSHuecKLIM MeroAoM (aua.nuruqecKoe Bbrpar(e-
HHe AJIfl CJION(HbIX fpaHHIi IIOJITOCOB H 3a3opa [Oryqaercfl Jrnlxb ripH
H3BecrHbIx AorlyqenHax). Ha pl4c. 2- l  I IoKa3aHa KaprHHa rroJrf l
B Me)K[oJIIocHbIX rIpoMe]KyrKax rBHorroJrrocHoli cuuxpouHorir Ma-
rrrHHbr, rroryqeHHafl  npH noMou{E rpaQuuecKofo nocrpoeHHfl [68].

Pacqer MarHI{THoro rIoJIfl rBJrflercfl ocHoeor? AJtfl TorrHoro IIo-
cJleAyloqefo pacqera uarHuruofi  qerrH, xapaKTepucrHK, napa&rer-
poB LI llorepb MalIHHbr. llpu sroM AJrr rrpocrorbr crpeMflrcfl BcerAa
cBecrl l  pacrler MafHLITHoti  qenu K pacqery MarHursori  cxeMbr 3aMe-
u{eHHfl,  B KOTOpOI1 eCe yqaCTKH HaMafHr.rqeHbr oAHopoAHo H onpeAe-
JIeHHe Hx MafHHTHbrx conpornereHnft r tpousBoAuTcfi  no Qoprray",rarra
BNAA

Ri : Fi la-i - Ftl(BtS;) : / ; /(p,iS;)i  Ft : f t l t , (2-t)

rAe F.t H (Dr - MAC H noroK i-ro yqacrKa; f t  -.  cpeAHnrr
yAeJrbHaf l  MAC f  t : l lw;  s;  H l t  -  ceqeHHe 14 AJrr{Ha yr{ac. fKa.
O6tt.{uo 3aBHcr.rMocrb ft(Bn) 3aAaercfl ra6,rrnqeri HI:H rpaQuxor,r
H : f  ( B ) .

OAHaxo yqacrKu uarsurHof i  l renu HaMarHrrqeHbr  HeoAHopoAHo,
H pacqer noJrf l  Hyx<eH rrpe)K/{e Bcefo AJrf l  Toro, qro6u yqecrb r{eoA-
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I

HOpOAHOCTb HaMarHHqHBal f .n f l  u  cBecrr . t  pacqeT ManHHrHOr? r lenr . r
I i  pacqeTy Mar l lnrnof i  cxeMbt  3aMeu{eHHx.  Crporo roBopr ,  aro Bo3-
MoIKI{o,  ec. / lH MarUHTI{ar  I lpouHqaeMocrb r rocrof l r rHa.  Ho B pf iAe
npaKTHqeCKHX CJIyqaeB l lacb lu le l rue cepAeqrr t r r {a  He oKa3brBaeT cy-
uIecTBeHHOfO BJrVrf lHHn Ha pacnpeAe.ireHue rroJrf l  BHe CepAeqHHKa.
f logrolay pacqer noJIf l  AJIf l  Me>KnoJrrocHbrx npoMex{yrr{oB npg orHo-
cHTe,'rbHo cna6ou HacbrureHna MO>KHO npoH3BoAHTb npu6,rruxerrHo,
npeHe6p eraf l  H scbrrr{€Hrrel.{ .

MarurzrHaq cxeMa 3aMeu{eHzr Anfl  gToro cryr{aq rrpnBeAeHa Ha
l ) r r c .  2 -2 ,  a .  Ha  pnc .  2 -2 ,  6  noKa3aHa sJ reKrpuqecKa f l  cxeMa 3aMe-

?ca q

Puc. 2-2. MarnutHaq (a) I{ oJIeKrpLlqecKafl (6) cxeMbr 3aMeuteHHq HeHacbrureHuoli
cuHxpoHHoir uaruuunr

u{eHHf .  Ee sJreMeHTbr -  HHAyKTHBHbTe conporHBJreHHfl  Xi-  noJry-
r{arorcff saraeHorl R ua l,:

] " r :  l /R ; ;  x i :  A) ' " ;181, (2-2)
fAe A - . [HHel iHaq Hafpy3Ka;  Br  -  ocHoBHaf l  rapMoHHrrecKaf l  HH-
AyKIIT{ff B 3a3ope.

flo.rre B 3a3ope Mex{Ay HHAyKTopoM H flKopeM Mox(er 6urr npii-
6laxeHHo paccqnTaHo aHalrr4Tr4qecKn, ecJru lroBepxuocrg noJlloca H
f lKopr  cr lHTarb noBepxHocrrMH paBHoro noreHrrHaJra (p : "o) .

I4n4yxqtr.  .B lJr_t4IoM paBHoMepHoM 3a3ope rrHpHHor? 6, cos{aH-
HAfl,  Xaryruxofr,  MAC xoropor? paBHa F, cocraBJrf ler rro saKoHV
NOJIHO|O TOKA

Bo : poF/(26).

Ec"rrn 3a30p HepaBr{orrrepHtrfi, Ho AocraroqHo uanrrfi, . lTo6ur
npeue6peur'  TaHreHI{aanrttol i  cocraBJrnrcuqefi  rrr i l \ rKr{r4H. To pa/l i r-

it

t) Fxa oct d

Rkq R1
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arbHaff  cocraBlr lou{aq noA ueHrpoM noJrnca (d -  MHHHMaJrbHarr
t uHpHr ra  3a30pa )  coc ran r r r

B 6,,, :  poF/(26),

a Ha paccrof lHnh x or  ueHrpa no"rrrcca (0 {x{  at)  ,  rAe T --  no-
JI IOCHOe rXeJIeI IHe,  0 -  OTFIOCIITOJIbHaf l  l I IHpHrIa i lOJI IOCHOTO HaKO-
H e q H H K a ,

Bo*: Bd -616' . (2-3)
o6ri .{uo BeJIHqHHa B o^ HcnoJrb3):ercf B KaqecTBe uacurra6a

npH rpaQHuecxoM rrocrpoeHHrr rroJrf l .
B npaKruKe pacqeroB r reoAl lopoAHo HaMafHHqeHHt l f i  gasop r rpu-

ROAHTCq r i  OAHOpOAHO HaMafr {HqeHHOMy rUHpHnof i  6 '  cJreAyroulHM
o6pasovr .  Ec, ru  no. r r rcc  or lepqeH no Ayre TaK,  qro Mar{cnMa,u lsu i t

l,l8
1 . ! C

l,'!4
1,12
1,10
I

1,05
It t

1,

0,94
0,92
0,90
0,88
0,86
0,84
0,82
0,80
0,78

,...
\ N

\ \l
\

,o.J/tJ'
\ s

\-l / I

3,0'l 0,02 0,0J 0,04 0,05
0,76;

0,0.1 0,02 0,0J 0,04 0,05

Ptc. 2-3. Koe$Quqlaeur AJrfl pacqera noroKa, BxoAfluero n no.nrccssrfi 6aruuax

3a3op noA efo KpaeM cocraBJlf leT 6max, To MafHr.ITHbrir  noroK, Bxo-
Aflu{Hri B rroJrrocHbrfi 6auruax co cropoHbr craropa, cocraBJrfler

o x: kx@'

rAe (D - TIOJIHbIfi IIOTOK IIOJIIOCA.

KoaQ$rarrueHr f t^ 6n.u onpeAeJleH BecbMa rorrHo BngertaaHoM [68]
Ha ocHoBe MHoroqHcJreHHbrx fpaQHqecKHX nocrpoeHHri noJrf KaK

$yuxuHa a :bp f r ,6 l r  u  6 * " ' / 0  (p rc .  2 -3 ) .  OAHoepeMeHHo KaK

QyHxqHfl rex x<e ilapaMerpoB oirpeAeJlqercfl rroroK (D no ocHoBHor?
fapMoHHqecKofi  (Dr, rpe6yrcqeficq AJrf l  co3AaHHfl Qasnoro Hanpfl-
)KeHHr Uq, e o6uorxe c qHcJIoM BHTKoB @ Lr o6uoroqHblM Koo$Qu-
IIHeHToM k. npu qacrore f :

Ol : U 6l(4,44a)fk*); O : ftoOr, (2-5)
r [e f t6: f  (0/r ,  6*u*/6, o) -  xoeQQuqueHr Qopr 'atr  (p"c. 2-4).

Ec.nu 3aMeHHrb peaJrbHbrf i  f loroK (D1 npfMoyfoJrbHHKoM sKBHBa-
neHrnofi  nJrouIaAH, ocHoBaHHe KoToporo paBHo ruHpHHe noJlrocHoro
6auruaxa br, sstcora 3Toro npflMoyroJlbHHKa 86 cocraBHT

Bo : @71(b r l ; \ ,

22
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fl

I
I 'Ae I; - HneanbHafl AJIHHa Bo3AyrrrHoro 3a30pa B oceBoM HanpaB-
J I E H H H .

SxeHeareHTHaf l  ur . rpnHa Bo3AyrxHoro 3a3opa nprr  gToM

6 ' , - -6* (6 . , *_6) /3 ,

H npH orcyrcrnnu sy6qarocrH MAC paBHa

F : 2 8 0 6 , / p o .

0,66 0,70 0,74 0,79 0,92

0,94

0,92

0,90

0,0150,0200 025 0,0J00,0tr5 0,0400,045q05a

(2-6)

(2-7)

Puc. 2-4. Ko:$QuqHeHr Qopuu

Taxau o6pasorra,  
^HepaBHoMepuuf i  3a3op [pHBOAHrc,  K paBHO-

MepHoMy ruupuuofi  6'  14 Becb pacqer MarHHTHoro co[porr.rBJreHHfl
B Aa.nruefi [reM BbrrroJrHrercf l  KaK AJlf l  paBHOMepHOfO OAHOpOAHO
HaMarHHr{eHHoro 3a3opa urHpHHofi  6, u A"nusofi  l . t :

I t  =  l t+26 ,

rAe l t -  noJIHaf l  oceBaf l  AJIHI{a CepAeqHr iKa Ma[r r { i {br  nprr  paBHo-
MCPHOM NO AJIHHC 3A3OPE I I  OAHHAXOEOI? AJIHHC f lKOPf l  T4 HHAYKTOPA.

,  f lpu <<cry' 'eHb*ax>> Ha Kpaflx cepAeqH,Ka pacqerHoe 3HaqeHHe
/i  \rM€Hbtuacrcf l  [26]
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3y6uarocrb cepAeqHHKa HHAyKropa H ffKopfl  BbrsbrBaer nof lBJre-
I lHe npoBaJroB B r {pnBof i  HHlyx\AH,  KaK noKa3aHo Ha pHc.  2-5.  ) ru
npoBaJrbr ,  Bo-nepBbrx,  yMeHblxaror  gnaqeHHn cpe4Hef i  HHAyr{ r {HH H
MafHHTHOfO nOTOKa V ,  BO-BTOpbrX ,  Bb r3b IBa IOT nOf lBJ reHr . Ie  fa l )MOHH-
qecKI IX nopf lAr{a sy6varocrn B xpueor i  Hanpr>KeHrrr r .

VueusrueHr{c  r . r r rAyKr- (HH yqHrbrBacrcf l  xoeQQuqHeHroM Kap-
Tepa ks . /

B o : p"oF l(26' k) ,
flBJrflrourHMcr Qynxqueri b"ld u b"lt, rAe t - naeoBoe AeJrerrue,

b, - utLrpnHa rra3a. 3aeHcalaocrb
kc or  b" l6 v bnlbr ,  rAe br : t -b*
npHBeAeHa Ha pvc.  2-5.  C Aocra-
roqsor? ToqHocrbro NoaQ$urrneHr
kc i lpH sy6uarocru craropa v po-
ropa BbrpaN<aercff Qopnay"rl auvr:

")

6)
k n t

t \

1,4

-H,,\-^lwtzl#
,/vl-. w

tz ry

4W4
I

/

,1 7

1 2

1 4

,,oi
4  

.  , u  
I  bn /6

(a) n xoeQQuquenr Kup-Pac. 2-5. I(apruHa norrfl B 3aoope rpu sy6uarocru
repa (6)

11 + 10d' 12 l- 106'kcr :
h - b n r +  l o d 'i  

kcz :
t r -  brr+ 100'  

' (2-8)

rAe b"z - [rHDHHa rIJrr{qa [a3a 4errauQepnoli o6uorxu.
f lp" HailHrtLtr4 parvailbHblx KaHaJroB ruHpuHofi b, Hx BJTHflHHe

raK)Ke yqnrbrBaercf i  xoaQQurIHeHroM

htecS -

fAe tn - paccrof lHHe MelKAy
JIoM), a no.nuufi xoeSQurIHeHT cocraBJrrer

t n - b r +  1 0 6 '  
'

KaHaJIaMH (urHpnna naKera

tn + 100' (2-e)

c  K a H a -

(2- 10)

24
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lapr taouuqecKaf l  a to6oro nopf lAKa B KpHBor i  nons poTopa Mo)Ker
6urr  noryqerra pa3JIo lKeHHeM noc.neAHet i  B prA Oypue.  Tax KaK

Qopua xpueor i  HHAyKI IHH o6t tqHo 6nusxa K npf lMoyrontuot i ,  npr t
MaJrbrx  3a3opax BepxuHM npeAeJIoM orr {ocnTerrnof i  aMnJIHTyAbl
v- l i  rapMorrHqecnof i  B Ao, / r f lx  aMnJIHTy/ lbr  ocuosuor i  rapMoHHqecNol l
' IB"T IqCTCq BCTHI IHI {A

A, lAt : (4 lv)  s in  (vna l2) ls in  (na l2) ;  v :1 ,3 ,  5 ,  7 .  .  .

l lonyu,eHHbre rpaQuuecKHM rrocrpoeHneM rroJrf l  3Har{eHHq aMnJIH-
TyA raprrr-ouuqecKprx Ar H A3 B 3aBHcHMocTH oT Qopirarr noJIFocoB
rpuBeAeHbr B pa6ore tOB].

HaruqHe sy6uoe Ha f lKope H I {H-
AyKTOpe i lpI4BOAHT K yBeJrHqeHHIo
aMIIJIHTyA fapMOHHrreCKHX rro-

PsAxa \z i :2Qi* " | ,  rAe 0  -  r {HcJ Io

na3oB Ha noJrroc (nns poropa-no
aKBHBaJreHrHoMy urary) .

Koe$SuqHeHr ycHd'reHHfl
rapMoHHqecxoft cocraBJrfler 0,2

n 1
u, I

En"= |  T ko1?u;tr l2;  i :1,  2,
rAe fr; - IIpOBOAHMOCTb A.,'If l  rapMo-
HHrrecKofi nopr4xa sy6uarocrn, on-
peAeJrfleMafl c noMotrlbro pnc. 2-6
B BHAe I24l

ft - Frlt; ]uz: F\2. (2-t2)
Ha"nHqHe AeMnQepHo.H cr4-

creMbr rrpHBoAHr K 4eunQupoBa-
HHro rapMoHr{qecKnx nopflAKa 3y6-
qaTocTH, Ho OAHOBpeMeHHO noflB-
JIf l IoTcr rapMoHuqecKue, Bbr3BaHHbre ToKaMH B AeMnQepHori cucreMe
(cvr. r"rr. 9)

f lpn HaMaTHHTTHBaHHH co cropoHbl craropa, o6naorxa Koroporo
co3Aaer pacrpeAeJreHHylo MAC roqrr,r cHHycoHAa,ntsofi $opralr,
noJle B 3a3ope orrur{aerct or cnHycouAaJrbHofo. fTpu6nuxeHHo HH-
AyKuHIo B Tor{Ke x noJilocHofo 6austvtat<a Mox{}{o onpeAeJruTb no
Bbrpa>KeHHro

rre -F (x) - MAC
A,ns ocHoeHofi

TOpOM,

B (x) - F (x) 6/6,,

i F (x) - Fl sin (nxlr + e),
a e o6qeM cryr rae B .AaHstr f i  MoMeHr BpeMeHH

F (x) =- I Fn sin (vnxk+rpu),
!- l

(2- 1 5)

\iftnlt)

n
v ,

Puc. 2-6. flpono4Hrrlocrs ,,rrfl rap-
MoHHqecKux ilopflAKa sy6uarocru

(2-13)

(2-14)

n 7

u s u

N F

0,4

\ z -H

[24]
(2- l  I )

o6uorxu craropa.
rapMoHuuecrofi, cHHxpoHHo Bpauarcureficfl c po-

.fAe rpv - yfoJr Me)KAy MaKcriMyMoM xpunofi M,[I,C u ocb]o noJrroca.
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l lp "  . l , :0  (npoaonr ,Hoc r {aMarr rHqHBanue)  H t :g0o (nonepeu-
Hoe HaMarHnqHBanHe)_ ^KaprHHa noJr f l ,  nocrpoeHHaq rpaQuve-cx l r ,
npHBeAeHa B pa6ore [68] .  OcHoeHaq rapMoHHr{ecKaf l  noJr f l  r ro  rpo-
Aonrsor i  ocn,  co3AagaeMzrf l  o6norxof i  c raropa,  npHBeAeHHat
x MAC poropa, cocran,rrf ler

Fad: koFo- kd 2, l2 lakr lp
H no no i lepeqHol i  ocu

F  a q  k n F  o ,
fAe ka  H kq :k t *kz ,  I lO ; r l rqgsnota  H3 r iapTHrr
rpaQzvecKH,  noKa3ar rbr  r {a  pnc .  2 -7 .

(2- l6)

(2-t7\
I IoJI f  ,  nocTpoeHI{bIX

6)

t)

,lrl6

1,'14

1,12

l,l0

0,60

0,50

0,40

0,J0

0,20

o,l00h
0,65 0,70

o,Jo

o,2o

0,10

1,0. 0,0,48 0,52 0,56 0,60 0,64 0,69 0,72 0,76 0,60 0,50 qss 0,60 0,65 0,70 0,75

Pr.rc. 2-7. Koa$SnqHeHr npuBe,reHr.rf i  rroJrr: a - f io npo4c.nsuoir ocH; 6 - no
noneperrHofi ocu

Tperln rapMoHnqecKar KpHBor? no/rf l  B sa3ope, o6yc.noureHHofi
CHHXpOHHO Bparqarcqeficq MAC craropa, paBHa B AoJrflX OCHOsHOfi
fqPM_oHH,reCxor? ilpH xoJrocroM xoAe Asa npr{ qHcro npoAoJrbHofi
MILC craropa ,, Asa.rrpu rracro nonepequor? Mf,C craropa.

3HaqeHun Asa ,_Aea B 3aBr.rcHMOCTH OT pa3r\ lepoB noJrrocoB npH-
BeAeHbr B pa6ore tOB]. l{cno.nlsya 3HaqeHnff Ar, As, An, Arq, Ara
H Asq, MOIKHO nocTpOHTb IOJIe B 3a3ope AJIf l  "nn6OrO pe)KHMa, rrMefi

P-Bj4y, vro 41 Y At.rpH orcyrcrBHH HacbIII IeHItf l  l lponoprr, l l6l lsJlbl tbl
MAC_P9I9p a, Af i . ,  Asd., +ra H Azq coorBercrByrou{HM cocraBJrf lro-
uln[MAC craropa i lo npoAo.ntsoft  H nonepeqHofi  ocf lM.

flone B MelKnoJIIocHoM IlpocrpaHcrBe raKlKe Mox(Ho paccr{HTarb
c noMoll{brc rpaQnrlecKoro nocrpoeHuf .  Taxaq KaprHHa noJrf l  noKa-

26



l
3aHa r {a  puc .  2 -8 .  OHa AocraroqHo 6nHsxo coBnaAaer  c  xaprHr ror i
I IoJIf l  ,  noJlyqeH soi ' t  aHai lHTLTLIecKHM peixcHueM ypaBHeHHr l lyaccoua
nJ tn  s ro r i  o6nac t * t  H  aKcnepuMeHTaJrbHbrM H3Mepe l r l reM.

B aHai lHTHqecKoM peuleHHIr  LJt t r  Mex{Ayrro, [ rocHoro npocrpaH-
crBa B r racra o6tacrn MexiAy 6amMaKaMH noJre crpoHJrocb rpa ip l l -
t recKr r ,  an rpo r (c r {Mr rpoBaJrocb  p f lAou  @1,pse  H  3TZ l  annpoKCt rMauHr l
npl ' lHHM2/ ' lZ lCb Ka K rp a l lL lq l rOe yCr ' IOBI{e.

Pac. 2-8. f lo.ne paccesnHq B MexfioJrrocHoM npoMe)KyrKe

I locrpoeHHe norq A[rf l  Mex(f ioJrtocHbrx npoMe)KyrKoB pas.nuuuol i
roHQurypaIIHH no3BoJIHJIo BbIAe,rrHrb cocraBJrf lrouIHe MarHHTHoro
rloroKa paccerHHfl cepAeqHHKoB H 6awMaKoB u rro.nlrqp11o 3aBprcu-
Mocra MaTHHTHbIX npoBoAI4tuocrepl r ,Jrf l  srHX yqacrKoB or r4x pa3-

YepoB lPu orcyrcrBua Hacbru{eHufl  B BHAe npu6"nrrxeHHbrx Sopvl 'n
( ra6n.  2- l ) .

l lo.ne B Toplreeofi soHe cHHxpousori MarrruHbr raKlKe Mo>KHo no-
crpoHTb rpaSuvecKH, ecJIH cqHTarb ero He npocrpaHCTBeHHo-nepr io-
. I I ,HqecKHM, a rr/rocKHM. BosHr.rKaroulaf l  npr{ gToM nofpeurHocrb 3a-
BI ' IcHT or orHoIrIeHHfl MaTHHTHbIx npoBoAHruocreir B paAHaJrbHoM rr
TaHTeHqHaJIbHOM H a np aBJreHHfl X.

I- Ione pacceflHr.rf l  B na3ax o6uorxu craropa (puc. 2-g) MolKHo
onpeAeJIHTb aHa/ IHTI{ r {ecKI{ ,  ec. [ r {  npc i {e6pcul ,  i ]acbrLuc} i rJr ' } i  c ra , , ' r r t .

Va+

9 7
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Kaprr . rna noJr f l ,  noJryqeHr{ar  B pe3yJrbTare peueHrr f l  ) /paBHeHHn
f lyaccoHa Ai ln  qacrn nasa,  3aHnto i . t  roKoM, H ypaBr{euuf l  

- l lannaca

trJ t f r  qacrr . t  na3a,  B xoropol i  Her  roKa,  r roKa3aHa Ha pHc.  2-9.  l lp ,
- l

-/
\

.ct
+
a

Ius

Puc. 2-9. ilo.rre pacceqHufl B

6)

I ]a3ax  ooMOTKH:
JIbIH II43

a - npsMoyroJrbHbrfi nae; 6 - xpyr-

Tafttuqa 2-2

06uorxa
rr.rApof eH ep aTop a

Ma nr HrH aq npoBoAr.rMocTb
AJI I  noroKocr lenJleHr. r f t  pacceaurR

f lasosas qacrb o6rrlorxu:
npflMoyro.nsusrfi or-
xpsrrsrfi nas

xpyr.rrurfi nony3aKpbt-
tsrfi nae

xpl , r " lur i r  aaxprr rsr i r
n a 3

JIo6oeaq qacrb o6uorxl l
cTaTopa

f ieunQepHaq o6Morra:
uo npoAontsofi ocH

. lnt  
:  k"(h" - f  A;

f rs:  (38 t  r) la;
? y n D :  n - - r [ , 6 2 5 *  l n

+  hs lbs  =  0 ,3  +  0 ,64  ( l  -

)ut D - n-11 ,625 -1- l ,*t;

1- 2h"i l(3b,,);
2 / s { B < 1

(2 arcsin bslayrl a
b , ld ) l ( l+bs ld )+hs lbs

ln, .- ctrr. t3Bl

^  . 9  ,
l r l  :  k l rknlx,  rA€ ky -  xoaQcpuuHcHT yKopoqeH-

rrofi o6rrrorxu;

kn -= 0,3 (38 -  l )  -  AJI f l  ner leeol i  o6^4orKH;

kn  :  0 ,6  -  4nn eonHoeot i  o6 l to rxu

?vn od :  0  ,08 t / (1  -  A" ) ;

kc :  s in  n"a" / (n"  s in  a . ) ;

Qc: xt" l r

Itn Dq - 0, L2r (l * ft");

nc-qncJro cTepx(Heft

no no[epeqHofi ocs

29



orHocnTeJrbr{o t l rHpoKrrx  no orHol l reHHro K pa3Mepy npf  MoyroJrb-
HO|O na3a npoBoAHHKaX CH.I IOI lb le  i lHHHH MafHI t rHoro norr t f l  c  ,4 ,ocra-
TorrHor? Tor{Hocrblo rrBJrf lrorcf l  nprMbIMu, nepnerrAr{KyrqpHbrMH ocg
cHMMerpl ' iH na3a,  I {  Hr{AyKt l r . I f l  BO3pacraer  no Bbrcore npaKTr{qecKr{
nuuet?Ho.  3ro no3BoJI t {er  nory t lHTb npocrbre npH6,nu>xeHHbre 3a-
BHCHMOcTH Marr l l t rHbtx  npoBoAnuocrer? t r^Jr f l  [oroKa H noroKocuen-
negw i r  o r ' pasMepo ts  na3a  ( ra6n .  2 -2 t .  f Jo , r ye  BHyrpH Kpy rd r ro fo  no -
Jr l r3aKpbrrofo na3a 4eunQepHof t  o6vorr iu  (p l lc .  2-9,  6)  MoxiHo
nocrpoHTb aHaJrHTVqect{H, peIxHB ypaBHeHHe f lyaccoHa A,, ' rs BeKTop-
rroreHrrH ana A B norqpHbrx KoopAHH arax [22]

02Al0rz f (lir) 0Al0r + (l lr)z 02Al0q, : - VoJ

ni l f l  qacrH na3a, sauttof i  ToKoM c nJlorHocrblo I ,  noJIafaf l ,  r {To
TA H I 'CHI{VAJIbHAfl COCTABJIf l  TOIUAq H ANPfl )I(CHHOCTH NOJIf l  BC3AC, KI)OME

Tafttuqa 2-S

H a H M e R o s a H I . r e
@opuy.tur pacqera HHAyKTHBHbtx conporu sreHu i r

oTHocu Ter'IbH bIX e,U,I'tHItUaX
Ant

b

HHlyrrHBHoe conpornB-
.ueHuel paccesHr.rs:
o6uorxlr craropa

o6uorxu poropa

4eunQepuofi o6uorxu

x t: { lnpoo ol(oraz,)1 lt ,x,,1(*q) + r",] } *

xy: (kaF^,rirtr[A?*",,*r) - r]
xkd: [+pon]n ol  [o,  (r  -  a")]  ]  x

X (tm?\n oln" a ?uo palng);

*hq:  {+pok}F o/ [o ,  ( r  a  r " ) ] ]  x
X (lmLn oln.*?rn pqlng)

Hn4yxruBHoe conpo?uB-
. I ICHHC B3AH MOH HAYKIIH I , I

xad: F ekalFo; xaQ:  Fakq l ,S ( l  * f t " )FO

f lo.nsoe r{HAyKTHBHoe
conpoTr{BJreHHe:
cTaTopa

poropa

nepexoAHoe

cBepxnepexoAHoe

I I p r M e q a H r { e .
&6 - ct'r. puc. 2-4; ft,

30

X 4 :  x t *  x a a i X q :  X t  *  x a q

x'6: xt* xfxoaxnal(tr too* xfna* xnaxoa);
/ \

xq:  x t |_  xonxno l l *oq+ xkq)

x f f : x S * x a a
'  '  ' ( x s + x r a )x d :  x 1 t  x f  o 6 l

O6ognaqeuunz kg
- cM. ra6n. 2-2:

-  0, l56lq2; ka u kq -  cu.  puc.
Y6,  -  c l r .  Ta6. , r .  2 -1 ,

2-7;
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uIJIr tqa,  paBHa HyJr lo,  a B npope3H (unHue) urupuuol i  b,  -  nocro-
f l H H a  H  p a B H a

H*:  - ( l  ly "o)  dAl0r :  I  lb , .

BupalKeHHe AJrt l  npoBoAIrMocrH rroroKocuennesHfi  paccerrr{Hfl
KpyrJrorq.nasa npr.rBeAerro B ra6n. 2-2.

l lone pacceqHll f l  " [o6oertx . Iacrer? o6naorr<u craropa, a rar(]Ke
4enanQepuor? o6uorNH l lBJlf lercf l  I lpocrpaHcrBeHHbrM, 14 ero pacr{er
rtpeAcraBJlf ler HBBecrHbIe rpyAHocrH. f lpaxruqecKHe H3MepeHufl  no-
3BOJI f  IOT  yCTaHOBHTb XapaKTep  gTOfO r roJ r f l ,  Bb r38aHHOfO COCTI IB -
, ' I f l IOU{HMIt  TOKa,  I IpOTeKaIOU{HMH BAOJIb OCH Mal I IHHbI  H B TaHfeHI ] , t I -
aJIbHoM HanpaB,r IeHHLI .  l lo ,ne,  o6pasoeaHHoe oceBbrMH cocraBJrr r rc-
u{r{MH TOKa, B npHHIIHne i lOAO6HO nOJTIO B 3a3ope, HO 3HarreHHf
uu,ayxqufi  cyu{ecrBegHo HH}Ke. [one, o6pasonaHHoe raHreHuvaJrb-
gofi  cocraBJIqlouefi  ToKa, aHarorurrHo B IIepBoM npu6"rrnx eHHH
noJIIo npoBoAa, pac[oJlo>KeHHoro s6nueu noBepxHocru crai lr4. Ta-
Koe ynpou{eHlle Aaer Bo3Mo)KHocrb noryqurb SopMyJrbr AJrr rrpoBo-
Aauocrefi pacceflHr.rff ro6oetrx uacrefi, rrpHBeAeHHbre B ra6n-. 2-2.
Tax xax o6rt,Iuo HHAyKTLrBHocrb ,[o6osoft qacru cocraBJrfler orHo-
cHTeJIbHo He6o.rlblxyrc AoJIIo o6ufeli HHAyKTHBHocTH, outw6xa B pac-
qere, BbI3BaHHafl npu6"rruxeHHofi xapruuofi noJrfi, noJrox(eHHoir
B efo ocHoBy, He Bbr3brBaer cyu{ecrBeHHor? rrofpelrrHocrH.

@opnay.rru AJrr HHAyKTI{BHbrx conporu sneuufr pacceflHufl cra-
TOpa x7, poroPa 4 u 4erranQepnofi cHcreMbr xna, xhq, noJrHbrx conpo-
THBJIeHHfi no npo4o"nluofi u nonepeqHori ocflM xa H xq, tTonrHoro co-
nporl{BJleHHfl O6UOrxu poropa xft, a TaKx{e A/rfl aKrHBHbrx coflpo-
rHereHHfI o6morox B a6co.nrorHblx H orHocaTeJrbHbrx eAHHHqax v,
r,Jrfl rrocroflHHbrx BpeMeHH saryxaHHfl TOKOB B HHX npl{BeAeHbr
e ra6n. 2-3 u 2-4.

2-2. npnF,nwKEHHbtN yr{ET HACbtU{EHV1fl

l lpu6.rluxeHurtli yr{er HacbluleHr{fl npu pacr{ere noJrff H xapaKTe-
pHcrHK fHApOreHeparopoB ocyu{ecrBJrf lercf Ha npaKTHKe C nO-
MOU{b}O CXeMbr SaMeilreHHs (puc. 2-10) ,  aHaJroruqHorl cxeMe 3a-
Meu{eHHfl HeHacbrulesHor? MaIrrHHbr, rroKa3asHofi  Ha pwc. 2-2. B or-
JIHqHe or cxeMbl pl{c. 2-2 MafHHTHbre conporuBJreHr.rfl yqacTKoB
craJlbHoro cepAerIHHKa gAecb He paBHbr HyJrro. Pacqer MarHlrrHoro
[oroKa e taxofi  cucreMe Ha [paKTHKe nponsBoAraTcfl  rpaSHuecKHM
nocrpoeHpIeM, efo MeroAuKa H38ecrHa. l lo4uepKHeM HecKoJrbKo
oco6euHocref i  pacrrera xapaKTepHcrHKr.r xoJrocroro xoAa (x.x.x.) -
xpueor? HaMarHHrrHBaHHfl MalraHbr co cropoHbr poropa.

O6nt.IHo rtpu pacrlere x.x.x. npeHe6peraror noroKoM, saMbrKaro-
II IHMCfl nO BeTBH Rl, TaK KaK OH npOnOpUHoHaJIeH conpoTHBJIeHHIo
h /f(rd, ooycJIoBJIeHHO-My HaCbIIrIeHr{eM cepAerIHHKa craTopa, r{ npaK-
TI'IqecKI{ HeBeJII{K. MarsHTHafl npoBoAuMocrb AJrff uonepeuHoro no-
roKa B na3ax craropa npn nos6yxAeHHr.r noJrfl poropoM cocraB-
JIf ler polth"l  (qb"),  rrpn nos6yx4eHHr{ co cropoHbr craropa -
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t r tol th" l  (2qb").  OAnaxo AJrf l  AocrHX{eHHfl rorrHocrrr pacqera npH
3HaqHTeJIbHoM Hacbtu{eHHH c"rrcAoBaJro 6u, yuecrt .H gror noror{.
l lpaKr t {qecKu x.x .x .  cTporr rc f l  no cocran.nnrcu luu.  3aAasascr  noro-
Kor4 B sy6qax H cnHHKe craropa (conpornBJreHrae Rra) ,  crpoHM, KaK
noKa3a  Ho  Ha  p I9 :  2 - l  l ,  KpHByro  0 )o  (F  

" *  
F  r )  ,  rAe  F  o  H  F ,  _  MAC

Ha gTHHKy H MAC Ha sy6uur .  l lpoeeAq 3areM xapaKrepucr l rKy
@o, (F"*f ,)  B BHAe nparvrol i  (np,u He6onlruorra noi lepeqHoM noror{e
Hacbtu{eHHe He yqr . ITbulaercr )  us HaqaJra KoopAHHar r r  cKJraAb,rBar{

t) 
Rza fna Rad ARod  R ta

a:1r Otk { Arrt

Puc. 2-10. MarnHTHaR (a) u sreKTp'rrecKar (6) cxeubr 3aMeureHr.rfl HacuuteHsoft
cnHxpoHHofi I,rauruurr

ee'opAHHarbI  c  coorBeTCTeyrc i i { r . rMH opAHHaraMH nepnor i  xpueor i ,
l9ry_'rHrt{ 3aBHCLTMOCTb rroroKa, BXOAfrrIero B sy6qonyro 3oHy, orMAC:

(D6 -  (Do *  Oo r  : l  (F r *  Fr ) .

Ha npaKrnxe,. _rroBlopfleM, o6srqHo 3aB,cuMocrb @"(F"+Fr) lr
3aBucHMocrb Oo (F"* F") .cqurarorcr oAHHaKoBbrMH. Ario 

-pr",reru

x.x.x- 9To Ao[yuIeHI{e He npHHocHr c}/ iuecrBenuofi nofpe[rHocrlr,
a AJrn pacqera roKa BHe3arIHOrO KOpOTKO|O 3aMbrKaHLlf l ,  XaX SyAer
noKa3aHo HHlKe, MolKer 6urt yqreHo cneur{aJrbubrr.r  noaQQiluH-
E H T O M .

a6cqlrccu xapaKrepHcruK
i i a t r {a rHr tqHBai tu f l  ,1 .1 t  cTa-

' ) . >
r ) r ) ,

_ l lponets npsMyro 06(.F6) u cJroxHB
Oo (Fr+F.) n Qlo (.Fo ) , r io,, 'r feirM KpHByro

2  3a r tas  JVe  910

,(1
F'ocr

R, oq
Rxq

. a r r

r7

,ar*al
tad .

trral

rkt

Cta{

Lr,2q

t1

o't,',,nl



Topa. A6cqraccrr grori  xpuaofi  cyrb pa3Hocrl{  MarHLIrHbIx I IoreHI{LIa-
JIOB MelKAy COCeAHHMH noJl locaMH.

Broprrrrn o6UenPHHffTbIM Aonyu,eHueM npu pacqere x.x.X. f lB-
Jrf lercf l  npeHe6pelKeHue Hacbru{eHueM noJl loca npu onpeAeJIeHHI{ ro-
ToKa paccef lHug.  I4gaqe foBopf l ,  c t luTaercq,  qro He3aBI ICLIMo oT Ha-
cbruleHHfl noJrroca [poBoAHMOCTb AJIf l  I IOTOKa pacceflHl{f  nOCTOflHHa.

f lpoeear qepe3 Har{arlo KoopAI{Har npf lMyto Oor: I  ({o* F"*

+F") : f  (F>) ,  o i lpeAeJIHM no Hef i  4 l l t  HecKoJIbKI Ix  roqg11 (po2 I {  l lo
orAeJrbHo nocrpoesuofi  xpunofi  Q,.(F^) sat iAevl MAC Ha i lorroc-

Qr(Fr) l*. 12"J,[;'o a u ( rg, * r,)

Qofo-+fz) *6 (f 6+ So+ f" * fr)

Qor(Fo+f)

3\
b

v4
*ot(ro:ro*r"*orrr)

Ret
Prac. 2-Il. floctpoeHue xapaKTepLIcrHKH HaMafHI.IqHBaHvl (x.x.x.)

HyIO CHCTeMy, CooTBeTcTByIOUyrc noJIHOMy IIOTOK-y B IOJIIOCaX:

Q*: @o * Q:n. Croxue c a6cquccaMn ToqeK xpnnofi  HaMafHHtII ' IBa-
HHfl. CTaTOp a COOTBSTCTByIOUIHe F *, nOIytIHM TOTIKH X.X.X. :

@ o : t ( F " * F " * F o + F * \ .

VrouHeuuR, Koropble 6u.nu cAeJIaHbI B pacrleTe X.X.X. '  cBoAtircf l
K ToMy, r{To B BecbMa BbIcoKoHcrroJIb3oBaHHbIX feHeparopax ueo(r-

xoAHMo yrrurbrBa6: a) HacbruleHue Kpafl  noJl locHoro 6aruu aKa, oco-

6eugo B cfiyqae oc.na6JreHnfl efo ceqeHl,Ifl 4enauQepHblM creplKHeM;
'6) HsMeHeHHe npoBoAHMocrI{ rloroKa pacceflHl{fl BcJIeAcrBHe Hacbl-

ilIeHgfl; e) HsrtreHenue Soprvrrr noJIff BcJIeAcrBHe HacbluleHufl 5a-

{ I IMAKA.
Vr{er HacbruleHl{ff noflIocHoro 6aruuaxa cocrol,IT B BbiqHcJIeHHH

ero MAC, T. e. naAeHHfl MarHl,rrHoro noTeHIIHaJIa BAoJIb Kpo_MK_I1.

Ans erofo B rpex cetreHr.rrx I- l l l  noJl loct{oro 6aruMaKa (pnrc.2-I2)
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1

{

I

HaxoAHM MarHHTHtrr i  noroK, paBHbrf i  noroNy, BXOAflUTeMy B 3a3op
cTaTop, @Oo, H IIOTOKy paCceflHLrf l  @pi

O : Oou * Opr - 0,5(Do (l - kx) + 0,5(D6xfr x* F zl *EL ot,
r A e x u I c o c r a B J r r r o r :

,, b ̂ JI
X : S l [ 1  "  - S l n

2 t

Aflrr ceqeHVfl II
h -

x : S i  n " P "  - s i n
2r

Arr ceqeHHfl III

( b ^ *  a p )  n  .
2 r ' E :  I  - 0 / ln I l I nq.pl(2C p)l

l*?rpt

Pvc. 2-12. K pacqery npoBoAr{Mocru pac-
CCffHH' IOJIIOCOB

x - 0 ;  E : l - 0 , 4 X
l n  ( l  *  nap lC  p )

B pex<ranr :Y^""roro xoAa
noroK (D6 npoilopqHoHaJreH
Hanprx<eHnro ,  a  F>:Fo*
*Fr*FO -  MarHr4THON, ly  co-
nporr.rBJreHaro craropa. B oc_
TaJIbHbIX pelKHMax rroroK (D6
IlporlopqHoHaJ-IeH npoeKr{HH
nHyrpeHHeri  3AC Ha npo_
AO,'IbHyIO OCb.

Paccqttrae r,Jrn HecKo,,'rb-
KHx Harrpf lx{eHHri 3HarreHHfl
noToKa H UHAyKT{Hr. r  Brpex
cerleHHqx noJrrocHoto 6aru_
MaKa, yAe,'rbHyro MAC ro
rpeM ceqeHHffM H [oJrHyro MAC LFo o, onpeAeJraM AJrr_ Na>x4ofiTOqKH (<Hacbru{eHHoe)> 3HaqeHHe npoBoAHMOCTH pacceflHaq

?v pr 
" 

: )r r1F 2l (F,* A Fro) (2- 18)
H nocrpoHM Kpr' lByro ooz : f  t  (r" ) nuecro npnrraoii Ha puc. 2-l |  .I-Ipt sroM 6y,aer yrrreHo yMeHbrxeHue O"; u F*. Aua.nornqHo
Mox(Ho yqecrb I{sMeHeHHe QopMbl IIoJIfl B sasope, ilocrpoeHHoro HaocHoBaHHU AUpaxeHHfl

Bo (x) - Bo -6/6,.
HacsluteHue KpoMKH noJl locuoro 6aurnaaxa, KaK ycraHoBJreHo

4. 14. Kref iuuaH, craHoB'rcf l  3aMerHbrM JrHrrrb rrp'  HHAyKuHqx
B CeqeHHrx KpoMKH 6arunaxa '60aee 2 T"rr.  f locne HacbrrqeHli f i
KpoMKH KpHBafl  f ioJrf l  npeBpau{aeTcf B Tpaner{Hro c ocHoBaHUffrupr
u777 H op' l logTOMy ocHoBHafl  rapMoHHr{ecKaf noJrf l  6yler cocTaB-
JIflTb /

(2- 1e)
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r {  KoaQQHuHeHr Qopun

h 6 :

rAe dt( - fr, 1t-b,

a

I n
0

(x) dx
(rr - q.* - p) (p - a) n

8  ( s i n  p  -  s i n  a * )  
' (2-20)

noroKy
MAC

(2-2t)

T

J
0

8 1 @ )  d x

6) /(2r); p*n (r-b*)l(2r).

B "nrc6ona ApyroM pelKHMe HacbrureHHe Mo)Ker 6ttrs yqreHo
c noMoulbro rr,rarguruofi H cooTBercreyrouletl efi 3JIeKTpHqecxoft
cxeM 3aMeuIeHHf,,  noKa3aHHbIX Ha pnc. 2-10.

l .ng^ KaN(Aoro pe)KHMa pa6oru Ha onpeAe/IeHHoe nocrof lHIIoe
BHe[ IHee conporHBJIeHHe ze:  r : t *  jx "  noroK B 3a3ope 3aBHcHT
ToJrbKo pT ToKa sos6yxAeHHfl H, 

'cJIeAoBareJIbHo, 
c)rulecrByeT KpI4-

san (D6(F2r*  F*) ,  noAo6saf l  x .x .x .  Ee Hasr tBalor  xapaKr_e_pHcr l ' tNof t
rraarHuiHofi  Uenu trJI '  ! 'aHHoro BHeIrIHefo conpoTHB,rIeHHn. KpafiuuuH
JrHHLrf l .MLr  s  ceMel?crBe raKHX xapaKTepncruK 6y4yr  KpHBaf l  HaMar-
HktqHBaHHfl, CTaTOpa, KOTOpafl COoTBeTCTByeT noJIHOCTbIO HeHaCbI-

u{eHHoMy poropy, r ITo HMeer Mecro npH euxocruofi  Harpy3Ke, rt
KpHBar r rpn zs:O -MarHHTHaf l ,  xapaKTepncrnKa npu ycraHoBHB-
uleMcfl  KoporKoM 3aMbrKaH:aH. f lpn orHocHTe,' IbHo c.na6ovt Hacblure-
HHH poropa Bce srn Kpr{Bbre 6nusxu Me)KAy co6ol i ,  qro no3BoJlf ler
Ira [paKTHKe noJlb3oBaTbcfl  OAuofi  xpueori  Xo,locTOrO XOAa (Zr:-)

c nonpaexofi  Ha noBbrlrreHHoe HacbIU{eHHe IIoJIIoca B pex(HMe HH-

.ayxrueHofi r4Itr4 cueruasHofi HarpysKl{, eeoAuN{oI? c noMoulblo }IH-

.u,yKTHBHoro co[porHBJIeHHq florle.
'  Paccivrorpr{M nocrpoeHue xapaKTepncruKr MarHHTHofi  qenu upl ' l

r{Hcro r{HAyKrr{eHofi  Harpysxe ze: jxs (puc. 2-I3).  f locrpoHe xa-
paKrepr{crHKy AJrf craropa

(Do: f  e "* 
F=* Fo): f  (F"),

'onpeAeJIHB IIo Hefi MA,C F 
" 

, cooTBercrBylolUyrc AaHHoMy
B 3a3ope, oTJIOx{HM oT ToqKH F> BnpaBO no ocn a6cqucc
npoAoJltHofi peaKqHH flKopfl

F ad:  F eka:2, l ,2 lakrkalp .
'TorAa 

cyMMa Foa*Fz 6y4er pe3yJlbrupyloqeli MAC, ro xoropoli
c noMoulblo KpHBofi Oo2(F) safiAeu noroK pa_cceflHHq (Doz H !?1oI
B noJrroce @zn:Oo*Ooz, a IIo HeMy - MAC F*. f lo.nsas MAC
MarHarHoro conpornBJleHufl cocraBuT F> + F*. O:aa 6y4er 6o"nstue,
'qeM B cf lyqae xoJlocTofo xoAa, TaK KaK tIpH yBeIHr{eHHH noToKa
p accenuur (Doz 3a cr{er MAC Fa6 JBeIHtIHBaIoTcfl nonultft no'toK

n HacblureHue noJlloca, T. e. pacrer F--
f loctporae KpHByIo tDo(F" -pF-),  Mox(Ho onpeAeJII ' I rb t lo ueu

MAC *i.s"t"ofi q-enfi, cborsercrBylollryrc HanPflx(eHHIo U, rouy I

u raK Ha3blBaenaofi  BHyrpeHHefI 3AC €t:  U * I  n.
B paccMaTpHBaeMona bnyvae, T. e. i lpH qncro I{HAyKrI{eH-o-f i  ga-

,rpysKe, feoMeTpl{r legKafl  cyMMa paBHa a,nre6pauqecKofi :  ei :  U * [  xr,

T/{e . f l  -  HHAYKTHBHOe COnpoTHBJIeHHe paCCeflHHq cTaTopa.
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E nn ynpoueHnfl pacqeroB florre npeAJro>KHJr eule B l g00 r.
BMeCTO XapaKTepHcrHKH UarHUrHOf i  UenH AJrn  AaHHO|O Ze HCnOJrb-
3oBarb KpHByro xoJrocroro xoAa, Ho onpeAeJrflrb MAC He no €i,
B IIO €pl

r [e Xp -  HHIyKTHBHOO conpoTHBJIeHHe f lOrre i  Xe]xt .
Ha puc .  2 -13  noKa3aHa pa3Hr{ua  Me}K4y x1  t4  xp .  Koro l la f i  3aBr { -

cI{T oT crer leHr{ HacbIUIeHHfl  noJI IOcoB. O6rrqr io npI{HHMaTOT Xp=
:0 ,8  x 'd .  -

azEr)
Q6fo+6t1

x.x.x.Q6

i"qu(rr);o<zs<q

forrt
Pnc. 2-13. f locrpoeuue xapaKrepHcrnKu uarunrHofi r{ern npn HHAyKrr{Buofi ua-

rpy3I(e

Pac.Ier uaruursofi xapaKTepHcrHKH AJrn cueruauuofi Harpy3KH
HecI(oJIbKO CJrOX(Hee, TaK KaK SAeCb HaAO vrrHTbrBaTb HacbltueHHe
or r ronepeuuof l  MAC Faq. 

-  
,

_Ec"nH saAaHa BHerrrHflf l .  Harpy3Ka za:Ra * jx" (nprr 3roM coS g:
:Rr lx") ,  To,  o[peAeJrvB €i l

(2-22)
Kar(  noKa3aHo Ha pHc.  2-14,  u  saf tAs knr(er )  :  (Fo*  Fr)  lFo,  MolKHo
npa6nux{eHHo onpeAeJIHTb 3aBHcuMocrb [onepeqHoro cuHxpoHHofo
HHAyxraBHoro conporuBJleHufi  or Harpy3KH. Ha prlc. 2-14 Aaua sa-
BHcHMocrs xonnf I  ae:t  @). TorAa xqs: xt*xoqr.

f lolreyf lcb <<HacbIU{eHHbI[, I)> 3HaqeHHeM xqn, HaxoAHM yroJr BHyr..
peHHero cABHra

/.rqH cos e (2-23)
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H noJrHbtf i  ynoJl  S:0*q u crponM, KaK noKa3aHo Ha pnc.  2-15.
npoAoJlbr{yrc ocb eq:

€q: U cos 0 -y I  xtsin (0* q).
npH6"nuxeHHo coorBercrByer noroK noA ueHTpoM
A Ha puc. 2-15).  / j . .ns i lpoBepKn npaBnrrbr{ocrrr  or-

npoeKqHro €.t  He

3rofi 3AC
noJrroca (rouxa

0 0,2 0,4 0,6 0,8 1,0 1,2 1,+ 1,6 l,g 2,0 2,2 2,4 o.

Puc. 2-14. Onpeae.rreurre xoq u no BHyrpeuserl 3AC

peAeJreHufl  xaqtt (uro rpe6yercr He ecer4a) orKJIaAbIBaeM B o6e
cTopoHbr or rorrKr.r A Ha xpunor? HaMafHr{rryrBaHufl, AJrn craTopa.

MAC ^Fonsin $ H HaxoAIaM rot lKH Bzv BrHa srof i  xpueof i ,  a  raK)Ke
2

Pac. 2-15. flocrpoenr{e MarHl{rnofi xapaKTepl.IcruKr4 npr{ cneruanuofi Harpy3Ke

TorrKy B Ha ee flpflMoJruHefiHofi rlacrn. <<HacrtureHHoe>> sHar{eHLIe
xaq cocraBJlfer

xaqH : xad(l + ki [kt(B' * B r)l (28) + kzll2, (2-24\
rAe ftr kr kz orpeAeJlslorcfl  no pHc. 2-7,6. f lp, cHJIbHo HacbIIIIeHHoM
cepAetrnnKe noJrloca nepeufi qJIeH B KBaAparHbrx cro6xax Ao/rxieH
6rtrs ganucaH B BHAe

(B r -  B ) ' F o * F  * . F o l

0r8

-Q6fo*Fr*F-*i5)

Er&*@

'- &Itr
raqStn 

,

3B

k, f  2n 'n,
- L B ( B r * B J + 2 ( B t +  B J  F o *  F r *  F o *  F *

(2-25)



te

t
F
t,

l lpra HeHacbIUreHHoM noJIIocHoM 6aurnnaKe, Ho HacbrrrreHHoM cep-
IeqHHKe,  o I {  He Mo}Ker  6 t t ru  MeHbIUe

2BrB2
(2-26\

B  ( B r *  B z )

l lpu HacblU{eHHot? KpoMKe nor locHoro 6aruuaxa 3aBHcuMocrb
xoq or F"q. lYxHo onpeAe",. l t t rb roqHbrM pacqeroM no,, ' rs. 'C nepuruHol. i
B roqr€ A',  xoropofi  coorBercrBlrer no xapar{TepHcruKe xo,rrocroro
; 'o-ra 3AC

e n * L , e : e n *  
l - c - o s a n  B r - B ' u  I

J r  2 8  
* a g ' q '

cjpouM rpeyroJlbHr4K__KoporKoro ,3aMbrKaHJ.rfl co cropoHaMn Ixt 14
F od,  no cyMMapuof i  MAC onpeAe, ' r reM noiox paccenHun @oz, no-
rori B KopHe noJrroca u MilC F"r. Eclu no puc. 2-14 nocrponM 3a-
BHCHMOCTb Xaqn OT I ,  TO, nepeMerr laf l  i ro xpueor i  HaMafHHuHBaHHfl
A.ns craropa rpeyroJrbHuK co cropoH&Mr:t Ia 14 Ialxt*xa*rzrl (xr+
* xoqrrf, uafip,ew @*, Fz ra nocrpol4M KpHByIO HaMafHHqHB aH:l-f l Ma-
luHHbI r IpH nocrof lHHqM BHeII IH€M corIporHBJIeHHH Za:Rs * ix"  Ha
3 a l K H M a X .

Hacuu{eHr.re B .nepexoAHoM npoqecce Mo>KHo raK}Ke yqecrb npa-
6.naxeHHbIM MeroAoM. Ans grofo HcnoJrb3yercf l  nocrpoenue, npe,u,-
c raBJIeHHoe Ha pgc .  2 -16  AJr r  BHe3anHoro  KoporKoro  3aMbrKaHvf l .

Ha puc .  2 -16 ,  o  noKa3aHo rpaQuvecKoe Haxo lKAeHHe roKa Ko-
porKofo-3aMbIKaHVf  npH OTCyTCTBT{H Hacbru leHHf l  B  coorBercrBHH
co cxeMori puc. .2-2.

Ans MaITIHHbI  6es AeMnQepHof i  o6uorNu cHMMerpnqHaf l  cocraB-
JI f  IOI I Ia f l  TOKa BHe3anHOfO KOpOTKOTO 3aMbrKaHHf l  OnpeAeJr f  e ' rc f l
npH ycJIoBHI{, qro IIoJIHbIe noroKocl{enJleHllfl poropa- \Pif e nepetrfi
M O M C H T  H C H 3 M C H H b I :

vf;o : Voo (xr * xol)lx): CoflSt.
3lecr Vlro : Io(xt* xaa), rA€ .16 - roK poropa; Voo - noroKocUer-
JIeHHe o6naorxu craropa: 'Voo : I oxaa.

kr

f loc.ne BHe3anHoro KoporKoro 3aMbrKaHHfl B
cxeuofi "3aMeureHHr, noroKocr{enJreHr.re- o6uorxn
Baercfl H3 rroroKocuen.nesufi pacceflHHfl poropa
ur'r  o " 1 .

COOTBCTCTBHH CO
poTopa cKJraAbr-
Voz vI CTaTOpa

Vrf - Yoz * Vo, : I' xt * I' x* oal(xt * x oa) :

: I ' I++ xpo6l(xs+ xr,)|.
orcI loAa, npHpaBHHBafl  vffo :v ' f l ,  nO,Tryr{HM Bbrpax{eHr.re AJrt{ ToKa
poropa :

r t _ ,  ( r f * x o i @ t * x " d  r, o T . : r o
" xf (xt * xod * xqoa

Bcnnecr roKa poropa .cocraB_HT /q (Xo-X'o)lX'0, a roK craropa
(e rraacrura6e roKa poropa) i 'd: lsxa6f x'6.

xt * xaa

.. 1 xfxad
^ l  -T

xS 1_ xad

_ l  
x d

- ' 0  r '
X s

u
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Ans rpaSuuecKoro nocrpoeHnfl HyxHo Harreprr.trb KpHBylo Ha-
MarHHtIHBaHHr,_ BblpaxaeMylo LJrn HeHacbru{eHHoli  MaIrIHHbr ypaB-
g.eHHeM \F0 : Ixoa, KpHByIO nOTOKOCqenneuafi  pacceflHHfl  poropa
Yoz: lxr

!o,
' I l

r +kn 6i
Iqd-A

t+kut td

v,)

6)

I d

Ft
s
tJ eh

"T
,ffi' * f :m,l d

!o,
Puc. 2'16. fpa$uvecrufi pacuer roKa BHe3anHofo KoporKoro 3arubrKarrrrfl:

6ea yuera HacbruleHufli 6- c yqeToM Hacbru{eHnfl

H SpHByro noroKocqennesuri KoporKo3a MKHyrofo craropa V'o1 :
- I  x1xo6l (xt* {oa) .

Ha,IarnHble IIoroKocI{enJIeHHfl poropa i lpH xoJrocroM xoAe coor-
BeTCTByTOT Hanpflx{eHHIO uo U COCTaBJTflTOT

Vf i o_  I o@t t xa ) .
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Sror  BeKTop c KoHr{oM B roqKe A noKa3aH Ha pHc.  2-16,  a .
I- Ioc"r le r(oporKoro 3aMbrKaHHq oH nepeMeu{aercf l  Ha / l4atpaMMe
Bnpago raK,  qro efo KoHubI  onuparorc f i  r {a  KpuBbre Ix t  Lr  Ix ,X
Xx"a l (xr+ xad) .  f , Iv ,uun,  npoBeAeHHar H3 KoHua aroro BeKropa na-
par . re" r rbHo ocr . r  a6cqr lcc  (or  rouxA C) ,  Aaer  3HaqeHr{e nepexoAHoro
TOr{a i 'd ,  orpe3or{  oE -  3HaqeHHe nepexoAHofo roKa poropa (6es
yqera a{ repHoAa.{ecNor i  cocraeJsrouef i  )  .

Ana.r ' lorHrIH\/Io /.?el?a lvl\ ,{\ /  Ivto}KHO [OCTpOIirb Ir l"I-f l  ] lacbil l lcH-
r i o r i  v a u H H b r  ( p H c .  2 - 1 6 ,  6 ) .

Buaqa.ne paccMorpHM c.nyuat?,  KorAa HacbrureH ToJrbr{o crarop.
J focrpouu KpHByro HaMaTHHqHB aHVr n i l r  c raropa Oo:  f  e" j -

*Fr*F6)  c  yr {eroM orBerBJIeHuq qacrn noroKa B HanpaBJreHHH,
[onepeqHoM na3aM, BcJIeAcrBHe Hacbru leHHf l  sy6qon u cnHHKr{  (qe-
pe3 conporHBJIeHHe Rr) .  3ra nonpaBKa HeBeJrHKa,  Ho vBe/rHqH-
Baercf l  c pocroM Hacbru{eHrf l .  VpaeHeuue arof i  xpHeofi  BMecro
Vo: Ixoa 6y:ter renepb 3anucaHo cJreAyrou{HM o6paaorta:

x1
I  * , ts r

Vo: Ixoa x ar l :  Ixo6l(l  *ft"r), (2-27)
xd

l *  k r r
xad

rAe ft,rr :  (Fu+ Fr) lF6.
Tax >xe KaK u r\Jrn HeHacbruleHHor? MaIrHHbr, crpouM xpHnrre /x1

u lxlxo6l (xr+xad.) (puc. 2-16,6\ r{ HaxoAHM roK I 'J w i 'a. JIerKo no-
Ka3arb, rrro raK. Ha3brBaeMbre 3AC 3a nep.exoAHbrM HJrrl cBepxnepe-
xoAHbIM HHAyKTHBHbIM colporI lBJIeHHeM €'6 Lr e"d c yqeroM Hacbr-
IrIeHr.rs cepAeqHuKa craropa orpeAeJrfrcq cJreAyrouluM o6paaon,t:

/  * ' - \  
)

( l * f r " r ) f  t n k " r * o  )  |
e l , : ( U r o + l a o x )  \  x a , ' t  '  '  r  I

l{ kwt r-4- 
' ' + I ao \xa - n); 

l.
xad

*  k " t

(2-28)
r

U 3HAqCHI{ f l  TOKOB

llper sroM
or noneii

ear: (U oo -r I aoxt)

IIprn I ao:A (xo.rrocrofi

* l a o ( r ' ) - r , ) .

*kn,#)

( '

xoa)

" ;  \ .
u l -  f  r

xad /
e 6 , : U r r ( I + k

(1 * f t"r)
* )

xd
I  * A n r

xad

e a n :

o d ,  . o
,  i  L 6 :

xdn

14 X.'  dn ]rr{ItTbIBaeTCfl TOJIbKO HaCbIUIeHI4e
Hlrx<e) .  L{ ro6rr r  vqecrb Hacbru leHne no-

,  * ( ,

t ) ^
L 4 :

xdn

B p&crl€Te f/4s
pacceflHrlf i (crr,r.
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JI loca,  Heo6xoAnMo BMecro I {pHBor i  HaMarHHqHBaHuf l  c raropa no-
crponTb xapaKrepncrHKy uaruHruoir qena AJrn npeArrecrRyrou{ero
KOpOTKOMy 3aMbrKaHr{}O pe}KuMa (unu xorf l  6tr l rar irH OAHV ee
TOt rKy -KOHer l  BeKTOpa v t to ) ,  a  BMecro  xpuno f i  I x t -  xpHaVx t ,

I xllf l + k"zl(l * ftnr)1,
rLe krrz:  Ftn@tl  Q o(D-)  i  k , r t :  (Fo+ Fr)  lF o .

B QopMyJrax (2-28) Heo6xoArrMo 3aMeHHrb ks HA krr :  kr t  *  krz.
Ocra.uulble nocrpoeHHr i rpoLI3BoAfl  Tct{  aHa, ' rof I4r IHo.

l l p "  pacqere  na6poca  cueuauuor i  Harpy3KH z :R* i x  ueoSxo-
AHMo o[peAe"[ I {Tb BeJrr {qr . rHbr  x*r :  h*  x+ R*z lx*  q i  x*  q :  x"  q*  x  ( l .ns
cBepxnepexo^Horo  pe )KHMa)  unu  x *q :xq*x  (nns  nepexoAHofo ,
pexuua) ; R* : r+R (r - conporuB.rreHr.re uamuHlr) . I_lp" aro\,r,
ecJrH MaurHHa HMeJra Hafpy3Ky Ro * jxr,  To coi lporHBJreHr4f x H x0,
R u Ro BKJIIOqaIOTCfl napa/rJreJrbHo; 3areM AeJrarorcf l  Te )Ke [ocrpoe-
HLIf l ,  qTO H BbII I Ie,  HO BMeCTO X1 HCnOJIb3yerCR X*1.

l lpu6nnx<eHHbre 3aBHCHMOCTH -Xt,  X1 H Xna OT TOKOB, npoTe-
KarourHx B O6 iV lOrXax c raropa,  nos6yxAeHHf  H 4evrnQepuo l i ,  He-
o6xoAnuue nil f l  nocrpoeHHq KpHBbrx I xtxoaf (xr+ xoa) i  i  *r; I  x1X
Xxnal @i + xua) , onpeAeJrflrorcfl cJreAyronlr{M o6pasovr.

Ans xt paccqHTbIBaercfl <<HacblrlreHHoe>> 3HarreHne npoBoAHMocru
?up1 trpv HacbIU{eHr4Lr troJtlocHoro 6awMaKa B pe)KHMe ycTaHoBHB[I€;
focfl KopoTKofo 3a,MblKaHr4fl, KaK OIIHCaHO BbI[Ie.

l lpu pacqere HHAyKTHBHbIx coi lporuereHraf i  paccerHHx o6uorox
craropa w 4elran$epuor? yqllTblBaercr HacbrrrleHr{e ro,/rbKo nasoeoi}
q A C T H :

X tn :  Xn .  
" *  

Xn i  Xaan :  Xkdn .  r *  Xnan ;

Xn.  n = Xnkt i  Xp.an.  n :  Xkdnkz,

rAe BbIpa)KeHHfl AJrfl HHAyKTHBHbTx conporr{srenur? nasoeor? H ./ro-
6oeor? qacrerl  o6uorox cM. B ra6n. 2-3.

l4e psAa cnoco6oe pacqera xoeQ$rarrueHroB cHH>KeHHr
Hr4fl, nasosorl npoBoAHMocrH Hau6onee [pocrbrM fBJrflercfl
no SopnayJre BHAa

ht: b,lt n @1t)s-(ne{T)*
AJrfl npflMoyroJrbHofo rra3a H

hz: adlt a Ib (t - d)ltl ,- (ne {2 )*

3Har {e-
pacr leT

(2-2s>

(2-30)
Ailn KpyrJroro rra3a. 3Aect A - "nHuefiHas Harpy3Ka, A/vr; .{.rrs
craropa f t :0,5.  l0-4,  m:1,8.  Eonee AeraJrbHbre pacrreTbi  noKa3br-
Balor ,  r { ro e:1,6 (0,62l+b" l t ) .  3ru QopMyJrbr,  noryrreHHbre Ha
ocHoBaHHH pacqera sy6qoeol i  3oHbr KaK MarHuTHo-aHn3orponnof i
cpeAbI,  yTor{HeHbI TIHCJTeHHbTMH paCqeTaMH.

l lp" pacqerax cocraBJIalourux ToKoB npnltor? i locJreAoBare,rrL,-
I{ocrn rtpu HecuMMerpurrHbrx KoporKHX 3aMbrKaHurx ueo6xoAnMo
BMecro f t  [oAcraBJrf lTb B npHBeAeHHbre Bbr[re $opuy.r lsr v AHar-
paMMbr guaqeHH f,  x1lx2 Lr xt i  xr* xo coorBercrBeHHo AJrf l  AByxQas*
Horo a oAno$a3Hofo KoporKoro 3aMbrKar{Hr Ha Hel irpa.rrb.
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(2 -31)

I lpra aroM MarHHrHafl  npoHulraeMocrb pr LiJrH o6parHan ef i  Be-
JrrqvrHa - yAe.nbHoe MarHHTHoe conporr4BJreHue v: I  lp - onpeAe-
rf l Iorcq no KpHBoti  HalrafHr.IqHBaHHr,.

Ens r {HcJreHHoro petueHuf  ypaBHeHHf l  (2-3I )  uoxuo i lpHMeHHrb
MeToA KoHer{HbIx pa3Hocrel i  H MeroA KoHeqHbrx aJreMeHToB. B npax-
THKe qHCf leHHOTO pacqeTa MaTHHTHOTO no" , r r f l  HaI I IeJT npHMeHeHHe
MeroA KoHeqHbrx pasHocrer l .  f lo  sroMy MeroAy ypaBHeHHe (2-31)
npeo6pa3yercff B KoHeqHo-pa3HocrHoe v AJrr cpeAHefo v3 AeBrrH

*(+#)**(

I{CT

ha

2-3. q%CJIEI{HbIE PACT{ETbI MATHhTHbIX NOJIER
c yr{EToM HACbil{EHht

3a noc", ' IeAHHe roAbl 6naroAapn noBbrrueHHro 6ucrpoAeficreHn
3BM nof lBuJ lacb pea/rb l fa f l ,  Bo3MolKHocrb qncJreHHoro pacqera Mar-
HHTHbIX nO"rref i  c yr{eroM Hacbru(eHHfl,  T. e. r{Hc,[eHHofo peueHHn
ypaBHeuHfl f l l 'accoHa, Koropoe IrJrf l  rr . /rocKoro r ioJrf l  npHo6peraer
cl leA\/routHi i  BHA:

t 0 A
p d s ) :  

- " r

y3JIOB Ha rpaHr{rlax
poHaMH ht ,  hz,  ha H
rrlr{M o6paaou:

A o :

rAe

i lpex f lqeeK HepaBHovrepHori cerKH co cro-
BeKTOp-nOTeHrIHaJr 3anHCbrBaeTcf cJreAyro-

q tA t

i  i : 1 ,  2 ,  3 ,  4 ,

4 l

/ , + I
i : l

4

L o t
i : l

I o : J  ( h t * h t )

2 (vi41his1

(hr* hn);

* tih*s)
I
l

Ih;

(2-32)
d i :

(Ec.rrra cyMMapsufi  HHAeKc 6o.nuue qerbrpex, To v3 Hero Bbrr{H-
raercn 4.)  \

B pacr{erax KoHeqHo-pa3HocrHbrM MeroAoM o6r, iqi io npHMe-
HfeTcfi  HTepar{HoHHo-gKCTpa[O,'rqqHOHUL'rr? MeTOA [IU6ttaUa, rrpH
KoropoM HTepaIrHI{ AeJlalorcfl c xoaQQurIHeHroM aKcrpanoJrflrl lru,
6o"nruruM eAHHLrrrbl.

Ans ue"naHefiuof i  3aAar{H onrHMaJrbHafl  npoAoJr>KHTeJrbHOcrb
pacqoTa noJryqaercf l ,  ecJrH HecKoJrbKo HTepaqufi  AeJraercf l  npH 3a-
SaxcapoBaHHoM B raxAofi  qqel ixe cerKr{ sr{aqeHuu p; npu aroM
xoe$QuuHeHr gKcrpanoJrarluu 6o,ntrue eAHHHubr. 3areu no Hafi-
AeHHOMy 3HaqeHH rc A OnpeAeJrf lercf 8,,  H p H3MeHflercf l  coorBer -
crBeHHo HoBoi\{y 3HaqeHHro B, Ho c xoaQQuqHeHToM eKcrp anoJrf i-
I IHH MeHbuIe eAHHHIIbI,  TaK KaK npr{ sHaqHTeJrbHoM xoeQQurIHeHTe
gKcrpa[oJIflIII{u Bo3Mo>KHa xone6areJrbHafl HeycrofirlaBocrb perxe-
HIrf l .  f lpu cLIJIbHoM HacbIu{eHHH Bo3MoxiHo yBeJrHrreHHe xoa66H-

1 q. lo



I IHeHTa gKCTpanOJIf l I IuH, OAHaKO ero 3HaqeHHe He npeBocxo4rrr
eAHHHT{br.

Ens ycKopeHnf l  pacqera H npoBepKH cxoAnMocru pe[ reHnf l  BBo-
AHTcfl  nonpaBl(a no HHTerpaJIy no"IIHoro roKa. l locne HecKo,rrbKlrx
HTep aunfi onpeAeJrflercfl HHTerpaJr

Puc. 2-17. I(aprHHbI IIoJIf l ,  paccqnTaHHbre c noMourblo 3BM: a-xor'rocroft xo.a,;
6-xoporKoe 3aMbrKaHI. Ie ;  B-HaMafHHr{HBaHrre co cropoubr  cTaTopa t to  ocu q,

e -- To )Ke, rio ocu d

l
no KoHTypaM, or(pyx<arcu{HM ToKr4,  L t  K 3HarreHHf lM BeKTOp-IOTeH-
I \Hai la  Bo Bcex y3Jrax BHyrpr4 STHX KOHT,VpOB BBOAHTCf l  nonpaBKa

a,A: ($ n dt- t) t$ vcrt ,  (2-33)

rAe .I  -  3HaqeHHe roKa.
3naqesue srof i  nonpaBKn cJrylKur raKlKe KpureppreM cxoAn-

MOCTH pacr{eTa.
KaqecreeHHo KaprHHa n.r locKoro MarHHTHoro noJrf l  rr4AporeHe-

paropa, paccrlHTaHHaq C yrreroM HacbruleHHfl. ,  KaK BHAHO r,t3
pHc.  2-17 u 2- lB,  noxolKa Ha KaprHHbr noJrr ,  noryqeHHbre rpaQaue-
CKHMH MeTOAaMH r.r MeroAaMr.r gJreKTpoaHaJrorwu l24l 6es yuera Ha-
cbluleHHfl.  OAsaxo HHAyKUHT no KparM noJrrocHoro cepAeqHr{Ka
BbIII Ie, qeM B cepeAHHe, H, craJlo 6srrs, MarHHTHoe colporuBJrer{He

44

I : ! H d l

.-.--=:::-____=_i
i,,,,-2:------_:'1;:;::-j

/',....-2a-



no.ToKy paccerrHHrr noJrloca B cepAeqHHKe HecKoJIbKo 6o.nuue, qeM

rJraBHoMy noroKy.
f lpH Hai lklutr 4eunQepuofi  cHcreMbl yrxe rIpH HoMHHaJIbHoM

[oTor(e cTaHOBHTCfl 3aMeTHbIM HaCbIUIeHHe yqacTKoB noJIIoca
s6nvsu rpafiHux na3oB .u,ervtnQepHofi  o6uorxH. l lpu cHJIbHoM Hacbl-
u{eHtra craropa B pe)Kr.rMe xoJrocroro xoAa Ira6nrcAaercf l  npoHuK-
HOBer{He B na3bl  He TOJIbKO npoAoxbHofo,  Ho 11 i lonepeqHofo t lo , ls .

I  lp ta  eos6\ 'X<AeHHII  co cTopoHbi  craTopa i lo  nonepeqHol l  oCH
uaruurs l r r l  noroK AoBoi ibHo r "ny5ot io  nponl iKaeT i l  cepAeql i i lK  no-
JIIoCa, I{ ,  c, ' IeAoBaTeJIbHo, oT HacbIU{eHHfl cepAeI{HHI{a noJI}oca 3aBH-
cHT B 3HaqHTe.urHof i  c re -
neHH BeJIHqt IHa Xoq u .

l lo KaprHHe noJIf l
ts sy6uoeof i  3oHe BvAHo,
I I T O  N P H  O A H H A K O B b I X  T O -

K a X  B  n a 3 a x  v 3 - 3 a  H a c b l -

I.-I . I .eHHfl i lo[eper{Hafl HH-

AYKUHf l  B  HHX HCOI .HHA-_
KOBa,  qro noryqaercf l  Teo-
peTHqecKH, ecJIH paccMar-
pr.rBaTb paccefl{He B na3y
c xoseqsofi  tr larHuruoft
npoHHIIaeMocTbIo creHoK,
noJrarar sy6uoeyrc 3oHY
Ma|HHTHO -  aHH3OTpOnHOH

cpeaofr t261.
Ko.nH,.recrBeHHbIe pe-

3yJrbraTbl, noJIyqeHHbIe ny-
TeM qLICJIeHHO|O paCqera

NJIOCKHX MA|HHTHbIX NO-

fler?, cBoAflTcr K cJIeAyIo-
uleuy.

I - IpH o6r ' tqHo rpHHfl-
TbIX COOTHOIIeHHflX Me)KAy
pa3MepaMu MafHnrHofi  qena f lBHonoJlrocsofi  cuHxpoHHofi  Ma[IHHbI
npu6.nuxeHHafl  MeroAHKa, B xoropofi  HacbIUIeHue yrl l4TblBaercr no
oKBHBa. , . reHTHot" {  uarHl r ruo l i  cxeMe,  o6raAaer  Aocraro ' lHoi i  ror lHo-
cTbIo.

KoaQQurIHeHr Kaprepa kc npaKrHqecKH He 3aBLIcHr or  Hacbl -

UleHHs, oTHocHTe,,I IbHo cna6o MeHf IoTcf xoaSSuUHeHTbI $opuu tto-
roKa k6 H HHAyKUHH kt,  a raK>Ke xoaQSuqIIeHr kx. To.nrxo npu

cI4JIbHoM HacbIIUeHHI{ KpOIVIKH noJl}ocHofo 6aruuaKa, KaK noKa3aHo

I. 14. K. irel?nrra au, k6 H kx MofyT cyUIecTBeHHo H3MeHtrbcq, r{ro Ha
npaKTuKe BoSMoxHo TO, , I IbKO / ] .J l f l  BeCbMa BbICOKOHCI IOJIb3OBaHHbIX

M A l l I H H .

Ha pnc.  2-19 noKa3aHo pacnpeAeJreHHe HHAyKITHH no Bblcore
nasa H no noJI IocHoMy le .neHprro 

- (Houepa 
r la3oB-: - -H& p l ic .  2-18)  .

Ans HHAyxrsBHoro conporr{BJreHnfl  pacc.erHux o6utorKu Bo36yx4e-
Hr4r xopouee npu6.nlrxeHue Aaer vqer Hacbl lqeHli f l  6amuara (.".

Puc. 2-18. I lo;re n sy6uoeoif goHe nptr Kopor-
KOIU 3AI\'TbIKAHI,IIT

1-5  -  t IoMeDa I Ia3oB

'1 rJ



pI{c' 2-20, rAe cpaBH14BaIorcr pesyJlbrarbr pacqera noJrr Lr pesyJrb-Tarbr' noJryqeHHbre npu6"rrnxeHHbrMr{ rnreroaanaH) .
JaeprcnN{ocrn xa(l) H xoU), noJryrreHHbre c noMoulbro r{r{cJreH-

HoFo pacqera  I IoJ I f l  npH HaMaTHHqHBaHHH co c ropoHbr  c raropa,
TaKlKe AOCTaroqHo xopol l lo coB[aAaroT c pe3y/rbraTaMH pacqera r lo

/r .5

. - - - ' - - - j

Puc. 2-19. PacnpeAerreHue vHAyKr\r4H
oe3 yrreTa (cn.rrortrHbre xpaerre)

I-.5 - HoMepa

,- -4

no BbIcoTe na3a IIpI{ KOpOTKOM 3aMbrKaHH[
H c yqeroM (rur.pnxootre) HacbrureHafl

r ra3oB no pnc.  2-  l8

0'4b
1 2 3

Pr.rc. 2-20. 3aeucs[,rocrr lrarssruorl
noa6yx<4eHua

/  -  no pe3ynbTaraM gacJreHHoro

4 5 6 7 0 . e .

npoBoAHMocTH paccerHufi noJrroca oT ToKa
fipu xonocToM XOAe

pacrrera;  2 -no npa6luxeHuouy MeroAy

MaTHHTHOT? CXeMe 3aMeUreHHfl.  B qeJroM MO)KHO Cr{r. ITaTb, rITO pac-
qeT nO MaTHHTHOfi cxeue 3aMeu{eylT c yr{eToM 3aBHcgMocrerl  npo_
BoAuMocrert pacceflHun or roKa (2-29) H (2-90) Aaer AocraroqHo
xopouee npH6JrHlKeHHe.

- M-e-roAlt pacqera ropqeBblx MafHHTHbrx noJrefi ocBerr{eHbr B pa-
6ore 1251.
4 6
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'-urNABA TPETb'

xA PA K TEPUCT TIKrl r hAP O rE H E PATOP O B

3 -1 . XAPAKTEPIACTV1KA XOIOCTOTO XOAA

XaparrepflcrnKa xoJrocroro xoAa, Aarourar 3aBncliMocrb 3AC o6rtorxtt cra-
Tops Es'or roKa Bo36ylxAeqr4tr Ie, a raKxe II ApyrI.Ie xapalirepncrl{ l{H cl iHXpoH-

HbIx reHeparopoB galt6o"ree l lo6uo crpoltrb B orHoctITe.[uIlblX eAIII] l luax, qeM

/tocTuraeTcfl JIyquIafl  o6ospeeaeMocrb cBOficrB MauHH. f lpu 3roM 3a eAHHHUy

o6r,rquo 11pr{HHMaercfl  ToK ieo, coorBercrByloqufi i lo xapaKTepI{cTI{Ke xo.i locrofo
xoAa HoMr{HaJrbHoMy Harrpflx{eHHro. Bst6op orHocIITeJIbHoti erl{HI{t l I ' t  roKa Bo3-

6yx4euua LrMeer ro nper.{MyulecrBo, r iro npti groM Mo}KHo Hal' l6o,ree "I iefKo cpaB-

HHBaTb CTeTIeHH Hacb lu leHHq OTAeJIb-

H b I X  M A U H H .

f lpH npurr,reHeHl{H x. x. x. Arf no-
crpoeHnfi AHarpaMM Hanpfl)KeHIrf l  v

Apyrfix xapaKTepvcTHK peKolvleHAyercfl
noJlb3oBaTbcfl ee HllcxoAfluleH BeTBblo'
nepeceKaloulefi ocb a6cuficc B Hyr'Ie-
Bof t  roqKe (puc.  3- l ) .  l l .noqa,q l ,  or -
paHHqeHHaq BocxoAflII{ef i  f i  HHCxOAf -

UIefi BeTBfiMI.{ XapaKTepHcTI'tKH, Onpe;
AerfleTcq fl'lcrepe3HcoM MaTHIITHOH
IIenH poropa. ocrarorlHoe HaflpflxeHl{e
Er, noJlyqaeMoe npu cHflTHH BocxoAs-
uteir neisH xapaKrepHcrHKH Bo:f ( i")
14 cHHXeHLIH TOKa eos6yx4eHua AO
HyJrf, cocraBJlfeT B rl'IAporeHeparopax
B cpeAHeM oKoJIo I % HoMIlHaJIbHoro
HanpaxeHua v Mox(er 6urr Paccqu-
TAHO NO 3HAqCHHIO OCTATOIIHOiI HH-

AyKULIH B BO3AyIUHOM 3a3ope Ma-

IIIHHbI Bf:

Er:  L rJ  ̂o* ,
Bo

1,0

(3- l)

16 Leo

Puc. 3-1. Xapaxtepl{crl lKa xoJlocroro
xoAa?' , 1

:i-t
lir.
I,j: r.Ite .BO - r.rHAyKrlr{r noJrfl B Bo3AyruHoM 3a3ope npu xoJIocToM xoAe I{ HoMI{-

HaJIbHoM Hailpfx(eH vll U tonr.

llocxontxy npr{ ocraroqHoM MarHurHoM noroKe, o6ycnouleHHoM flBJIeHHeM

rgcrepe3gca crar'ur noJrlocoB u o6oAa poropa, cyMMapHoe MafHIITHoe coflporl'IB-

JreHLre npaKTHqecKI{ paBHo conpoTl{BJIeHHIO BO3AyIIIHO|O 3a3opa MaIII{HbI, OCTa-

TOqHat nHAyKUirq B TeCr'Ia Mo)KeT 6stm paccquTaHa nO BbIpaxeHHIo

B , :  
H ' l '  

1 0 - 4 ,'  
1 ,6 f t60 '

t1e H"-KogpunruBHaff cuJra craJrlr noJIIocoB H o6oAa, B cpeAHeM-paBHa^ l::
:t ATcu; lc'_ AJrr'HA nyr, MafHHTHoro noroKa B porope, cM; kc- xosQSu-
rIHeHr'I(aprepa [crra. nupaxeuue (2-10)]; 6'- pacqernblfi noelyruHltf i sagoP, cM'

B saBI{cI{MocrH or [rHAyKqHI,I pa3,'IltqHblx yqacrKoB MafHI.ITonpoBoAa, coor-

Hor.uegprfi pasMepoB aKTuBHoir 3oHbI, Bo3Aylllnoro 3a3opa I'r MapoK npHMeHfleMblx
cranefi xdpa*repr.rcruKr{ xoJrocroro xoAa MofyT cIlJIbHo pa3flHqarbcfl. flpu I{Q-

IIOJIb3OBaHHH AJrs CepAeqHHr(oB cTaTopoB BbIcoKoJIefHpoBaHHbIx XOJIOAHOKaTaHbIX

sJreKTporexHgqecKnx cra.neft reHeparopbl xapaKTepII3ylo'Tcff B I{eJIoM MeHbuIIIrl

HaCbIi l IeHI{eM IIpII HanpgX{eHI{f lX npH6"rruSUTeJIbHO AO l,2Unonr I{,--K8K npaBII! ' IO'

HecKoJIbKo 66aiursn HacbIuIeHHeM npu HanptxieHl{f lx cBbIuIe l ,2UnoN, no cpaB-

HeHHTO C reHepaTopaM[, cepAer{HHKH _cTaTOpOB KOTOpbIX I'I3|OJOBJIeHbI It3 roptqe-

KaraHbrx g,rreKTporexullqecKLIx cralefi. Buecre c reM pa36poc xapaKTepHcrl{K

(3-2)

r 1t t I



xo"[ocToro xoAa I]blnoJlHeHI{bIx I.HAPoreHeparopoB BeCbMa Bed'IHIi,  o qeM cBI{Ae-
TeJrbcTByror  AaHHbre ra6n.  3-1.

Koa$Quur.reur HacbnueHns uarHllrHofi qeng npg l{oMHH?.'rbHoM HanprriKeHrrrr,
BHqHcJIeHHbIfi  KaK oTHolxeHHe ToKa ieo K ToK)' sos6yxAeHlrn i  no cnpqMreH-
ttott xapaKTepHcrHKe xoJrocToro xoAa, cocraBJrf ler B cpe.4uc:vr / i , , :  l ,0g a.i" iei i"
paTOpOB C  cepAeqHI { I (aMH cTaTOpOB Hg  XOITOAI IO I taTaHb lX  3J ie t i ' I ' poTex t r r r r {eCKr rX
c ra . r ye l i  H  ks :  l , l 4  np r r  HcnoJ lL ,3oBaF i l { r r  r opRqeKaTaHbrx  c ra re l i .

Ta6nutga 3-l

i

CreneHu
H acbtu{eH Hf l

B H 4  c r a l n
c e p A e q H u K a  c T a T o p a

X . x . x .  n p n  r r a l l p q x < e H r . I l {
I l  AOJ ' I f l  - \  I IONTI {H a" ' lbHOfO

r , 1 5 | , 2 5 r  ,30

Cna6as Xono luoxaraHaf l
fopnuexaraHat r

1 , 2 0
1 , 3 0

1 , 3 5
1 , 5 0

1 , 4 5 r
1 , 6 5

CpegHnx Xo.nonuox araHafl
fopqqexaraHarl

1 ,30
1 , 4 0

1 , 9 0
1 , 8 0

2,30
2,25

Cunauas Xo"ryolHox araHafl
I -opavexaraHatr

1 , 4 0
1 , 5 0

2,35
2,00

3 , 1 5
2 ,75

t lpH c6pocax Hot ' t l lsa,rusol i  I {arpy3r{f i  r r  coxpaHeHHrr nocrosusoir  qacTorbr
BPauIeHur [oBbII IreH.He Hanpf lx<eHHq reHepaTopoB (6es yqera Aef icrBHfl  peryJrf l -
Topa Bo36y)KAeHHs) onpeAeJrrrercrr <<HacbrrqeHHeM>> x.x.x. v cocraBJrffeT A.]lfi
Kpynf ib lx  rHAporeHeparopoB C cos e:0,8+0,9 n cpe4ueu AU:20 .250lo.

cHqrl'Ie x.x.x. o6stqHo peKoMeH4y_e_rcfl coBMeuraTb c npoBeAeHHeM rrcrrbrra-
nufi noetlureHHbrM Harrpr_x(eHneM (1,s-Urronr B Ter{eHHe 5 rr,run) eurKoeoft r.r3orq_
UEH o6uorxu craropa. O4Haxo, nocKoJrbKy coBpeMeHHbre TupacropHbre cr{cre\{br
sos6yxleHllf i  AonycKaloT, KaK IIpaBHdTo, ToJrbKo AByKpaTHrfi sorusanruurl ToK
nos6yx4eHlla . (n reqeHue AocTarorrHo orpaHHr{eHHofo BpeMeHH - AJrHTeJrbHocrH
$opcupoeaunr), Arff 6onturuscTBa FrrAporeHepaTopoB c HacbruleHHbrMr.r MaTHHT-
HbIMH CHCTeMaMH npHxOAHTcf l  OrpaHHrIHBaTbCf l  I ICn[ , ITaHHeM npH HanpqX{eHHI{
1,3 U6s*1. B p.t lAe teHeparopoB 3HaqeHue noBbrrireHHoro roKa eos6yxieHux rr
IJII'ITeJIbHocTb ero npoTeKaHHq Mo^ryr _6r_trn TaKlKe orpaHuqeHbr no ycJroBr.rro Ha-
rpeBS_ o6uorxu poropa (o"r. S 4-8 u 6-8).

Kpovre Toro, B MoIIIHbIx MaIrLIHax Mox{er oKa3arbcrr Heo6xoAHMbrM cHu3r.rrb
.UJII'IT€"IIbHocTb ltcuurauuft noBbIIrIeHHbIM Hanpffx<eHlIeM, I{HAyI(THpyeML,rM IIo,rreM
poTopa, no ycJroBr.rrc HafpeBa ToprleBofi 3oHbr cTaTopoB.

3.2, HATPY3O'{HbIE XAPAKTEPVICT'1KI 

f locrpoeuue.ceraef icrea Harpy3oqHbrx xapaKreprrcrnr i  u  : f  ( i " )  npu 1:cof lSt ,
CoS tp:.colgt u I:Const peKoMeHAyercfl  nponsBoArrrb, no"rrb3yrcb Hseecrr{ol i  A}ia-
rparu_uoir f lorte. Ha pHc. 3-2 npeAcTaBJreH npr.rMep TaKofo nocrpoeHHfl.

r4s Haqa.ra TqopAHHar noA yrJroM Harpy3Kr4 q K ocn opAHHar, no HarpaB-
JIeHI{I0 c Koropofi coBrlaAaer BeKTop ToKa cTaropa, npoH3BoAHTcq npflMarr OA,
xapaKTepl.r3yoqat HsnpsB",-r€HHe BeKTopa Hafiprr>KeHfiff  reHeparopa. Ha arofi  npn-
uot? or ToqKH O orKJIaAbIBaIoTcq orpe3Ku, npeAcraB;'rf irou{He co6ofi sHaueHrr"
HarpffxeHufi. ,  _gnx {oJgpbrx rpe6yercn -.onpea-e"rrnrb_ roKH poropa, HarrpuMep
O,2  Uno* r ,  0 ,4  Unon ,  0 ,6  0 r ron ,0 ,8  Or roo r ,  U ron ,  r t  1 ,2  l l r o r r .  

I

Or I(oHIroB BeKTopoB 3THx Hanpnx<eHufi BBepx napa,'rneJrbno ocu opAHHar
orKnaAblBaercfi  BeKTop naAeHHr Hanpfix(eHrrf i  B aKTHBHoM corrporHBJreHlrE 06-
MorKH^ cTaropa ra, panusrf i  r" l .  Or KoHrIa gToro BeKTopa BrrpaBo AJrf i  r.{HAyK_
usuoft u BJIeBo AJIx euxocrsoft Hanpy3I{H orKJraAbrBaeTcfl BeKTop naAeHHfl Ha-.NP'X(CHI,If l 

B HHAYKTI-IBHOM CONPOTHBJICHHH IIOTSC fP, P?BHbfr XPI.
Orpeeox oT HaqaJra KoopAHHar Ao Kouua Berffop; xel npeacraBJrffer co6ofi

BHyTpeHHOro 3AC feHeparopa E; npH 3aAaHHoM Hanpq>KeHr-rH.
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Bce nocrpoell I . l f f  natt6o.nee Y,u,o6no Bbrtor'rHrrrb I l  orHoclireJrbHbrx eALrHrrr{ax,3a KOTOpbIe peKof ie l iAyerct l  np l lHHMarb:  no ocr{  opAnHar -  l {oMHHaJrbHOe Hanpf .xeHHe Uno*:1,0 n no ocH a6cul rcc -  ToK nos61;x4errua , ,onoaroao xoAa [eo::1 ,0.  I - lpH arom naAeHHn Hanpn)Ker{nn ra l  n  xof  ; * ; . "6 ; ;y ; "norryqer{br  B or-Hocl{TeJ' lbl lblx eAIlHHuax' cc,l11 ToK cTaropa 1 npHHI.rMaTb B AoJrf lx HoMIrHaJrbrroro/ r ,o* ,  3  f iapaMeTpb l  fo  H Xr , -B  OTI iOCHTCd, I t ,HbIX eAHHI I I {aX.
I- lo x.x.x.  n.uf l  Haf ir ' lct t t tux BI) l l I Ic :uaqeHlrr l  eHyrpeHHeri  3AC Ei of lpeAe,rrs-IoTct{ ToKI{ nos61';x4cHun ic i ,  I io-ropbre oTK.rraAbrBanrcf l  or HaLtaJta KoopAr{HaT

:: . . : :o]" .ercrB)/ loul l rx Bel(ropax Et. , .  f Iapa. ' lne.utuo ocr{ a6cuucc or KoHuoB BeK_TopoB le;  BnpaBo IrJf l  nHl\yxrt ts l lo i l  t t  B.[eBo Arq eMriocruol i  nuapyr,r , ,  orr i . rraAbr-Baercf l  BeKTop ToKa B036ylKAeHHr tart ,  cooTBercTByroutur l  npoa6,rtHol i  paun,_t 'n"f f t (opq npu,Tor(e 1 H paccvHrasuul l i  e ao.tsx ieo.
Orpesox  or  Haqa ' ]a  .KoopAHHaT Ao KoHua BeKTopa ioa  onpeAeJr rer  3 r raqc-HHe To l ia  so36y)KAeHI I f l  i " '  coorBercTBytoqee BbropaHHoMy 3HaqeHuro  Hanpr ix (e -

Harpl 'sovuue xapaKTepHcrHKH
Q > 0 ;  2 - c o s e : 0 . 8 ,

q < 0 ;  4 - c o s e : 0 ,

*11,-l l1l _ 
npHHflrbrx rrocrosHHbrMH roKe craropa v xog$QpntueHre MoulHocrrr.r  ro '{yqeHHble B pe3yJjbraTe cAeJ' IaHHblx nocrpoeHlrf i  Tot in nos6r\r>K4grtr  no3Bo-

d ' I f l Io r  ua f t rn  r i cnoMylo  3aBr {c l rMocts  l J : l ( t " ) .
AHanoruquo MoryT 6stt l  nocrpoeHbl Harpy3oqHbre xapaKTepucruKr.r  rrpg pa3-

JrHqHbrx 3HaqeHHflX TOr{a H COS g.
Hau6onruree  npaKTHqecgoe 3HaqeHHe HMeer  Harpy3oqHas xapaKrepH.THKa

npI ' I  cos Q:0 H q>0-,-TaK KaK oHa AaeT Bo3Mox(HocTF, onpeAe,rrqrb HHAyKTHBH9e
COTIPOTHBJICHHC XP. KAr BHAHO I, I3 PHC. 3-2, MCXAY XAPANTCPHCTHKAMII XONO.
croro xoAa n HHAyKuHouuofi  uarpysovuof i  Bnl{cbrBaercf i  peaKTHBHnfi  rpeyro.rrr-
YX _B^C?: 

y Koroporo Karer BC 
-onpeAeJrffercrr 

conporHB,,reHHeM xpt a KarerLU npeAcraBJlfleT co6oli rorc eoe6,yxAeHus iad, coorBeTcraytouqnrlr rrpoaonr,uo;peal$ll_ffKopr (s Ao,'I_qx roKa Bosoy)KAeuun xo.rrocrofo xoAai.
AapaKTepHcTHKa U:f  ( i " )  npH cos Qr:0 onpeAe,,r f lercf l  KaK reoMerpr{qecKoc

Mecro' 3aHHMaeMoe BepuHHoIl D peaxttlBHoro rpeyroJrbHnKa npg nepeMeuleHHrr
ero RepunHu B no x.x.x. flocxo.nlxr Hacnulenne ruarHuruofi ri.n" feHeparopaM€Hfiercq c Hanpsx(eHHeM, KaTer BC He ocraercfl nocroqHubrM. B npea6.nrn6rrrcJlyqae, npl{ U:0 (pexurtr KopoTKoFo saurtxauuR), *oaau nua"or.r"a Marnr.rr-nofi qeIIH npaKTHqecKrr orcyrcrByer, xr> paBHo HHAyr{TriBr{oMv conporus.aeHrlto

-Pac. 3-2.
, l - c o s e : 0 ,
3 - c o s Q : 0 , 8 , c p > 0 ;

q < 0
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paccergr.rn O6uOrxn . cTaTopa Xt. An! gTolo Hanplrx(eHllfl p-eaKTlrBHnrfi rpeyro"ttl-

t ' ,K O6oguaqcu B'C'D' ,  nprrue* B 'C'<BC, a C'D' :CD'  Taxuu o6pasona'  l iH-

AyKTr{BHOa .onpol"BJIeHI{e^ f lorne MoxeT MeuflTbcq oT Xt npv' U:0 Ao Xp, oflp€-

neJrffeMofo no 
""av*t{gounol 

uarpysouuofi xap"KTepHCTHKe IIpII u:urro*.

Harpysout{b le xapaKTepl IcTI IKr  np l r  cos rp)0,  B roM ql IcJIe I {  npH cos 9:  l "

npoxoAnT BbIuIe xapaKTepItcTHKH cos cp:g (rrpn roryr )Ke rol ie craropa /) , l l  ue

f lBIqIOTCfl  I Iapa,, IJIe"rI t ,HbIMI{ Xapal(Tep}iCTHKe XO"TIOCTOfO XOAa' I{OTOpyrc B OOUteU

n J I a H e M o } K I { o p a c C M a T p H B a T b T o x ( e x a x o , l H Y I i 3 I I a f p y 3 o t l I ' I b I X - \ a p a l i T e p } I C T I l i {
c roKoM cra{oPa, PaBHbIM HYJIIo-

I lpu orepelKarculeM roKe craropa (tp<0) 
.xapaKrepl lcTltKu 

npoxoAtr l lb l lue

x .x .x .  
'np ,  

r io*  xapaKTepucrura .  npn cos  Q:0  Lr  cp(0  (uucro  eMKocTI la f l  Ha-

ipyexa; 
' ro*."  

6uir  noayueHa i lepeMeueHlteM peal(rnBHoro rpeyro"lbHl lKa no

x.x.x. ,  Ho i lpH I lepeBepnyToM IIOJIOX{eHI' IH TpeyfoJIbHI ' , IKa, Tal{  I (aK B 3TOM C' l \ Iqae

TOK qraTopa npoH3BoAI' tT HaMarHl lquna}oue€- AeHCTBHe'

3-3.PETYfiVIPOBOqHbIEXAPAKTE?V1CTV1KV1

Pery.nnpoBorlHbre xapaKTeprrcTLIKII  AaIOT 3aBHCHMOCTI' I  TOKa BOS6yXAeHIIf l .OT

TOKa CTaTOpa I IpU I IOCTOflHHbIX 3HaqeHl{f lX Hanpf l)KeHI4f l ,  t lacTOTbI } I  xoaQQlt-

[HeHTa MOUIHOCTH Lr HCnOJIb3yIOTCfl ,IJIfl

onpeAereHHq ueo6xoAl-ttrlltx npeAe'rloB
i t  |  - /  ' ,  P€ryJII ' IpoBaHH' Bo36yxAeHI' Iq ''  - 

Toi<u eoa6yxAeuua Moryr 6ltrn on*
peAeJIeHbI no u3JIox(eHHoMy Bbllue' n $ 3-2"

cnoco6y H B Toii  )Ke noc,teAoBareJlbHocru'
llpra groM AJtfl ycKopeHl4fl Bcex nocrpoe-

i , o - - - _ - _ - | _ - - _ H l r f t p e K o N I e H A y e T c f B e K T o p n o . [ H o | o - n € ^ -
AeHHq Hanpflx{eHuq B o6uome craropa

t r " t+ rp t )  np ta  roKe c raropa / :  (1 '1 ; -
-. I ,25) 1" o o, pa3AeJII'ITb Ha oTAeflbHble qa-

cru. flpu coeAI{HeHIlI'I ToqeK Ae,'IeHI'Iq c Ha-
qaflOM KOOpAI'IHaT nOr'IyqaIoTcfl AJIf pa3-

JrHqHbIx sHaqeHLIfi ToKa craropa BeKTopbr

BHyrpenHeir 3AC. Onpe4e.ueHuble no HIIM

TOKLI BO36yXAeHHf CKJIaAbIBaIOTCfl 3areM

KaK BeKTOpbI c cooTBeTcTBylouII{M1{ TO-

KaMH nos6yx<Aeuua npog,o"nluofi peaKuliu

0 - . 1 ; / a x o p n ( p r a c . 3 - 2 ) n p u A a H H o M 3 H a q e H I 4 I - l
I. l lolyueuulte pe3yJlbrl'Ipylouue roKH

Puc. 3-3. Perynr.rpoBoqHble xapaKTe- eos6yx<.u,eHHfl [o3BoJIfIoT nocTpoltTb ucKo-

pLICTI{KH MyIoJaBI ' IcHMocTb i" : f  ( l ) '

. l _cosQ :0 ,  Q>0;  2 -cosQ:0 ,^8 i  f tpu  Bo3pacTaHl ' ru  t ' t t lg ,yx rnnHol ' t  Ha-

1trl > 0; J - cos tp :l; 4 - cos ti^:0,8, rpy3Kg Aaq noAAep)KaHl'ifl Hanpf )KeHufr'e 
< 0; 5 - 'cos (9:0, rg < 0 U:const Tpe6yercs yBeJII{qeHHe.,  ToKa

oos6yxAeHI'tx, a npII e['IKocrl-Iou Ha-

rpy3Ke - efo yMeHbueHlte. I lpu cHIrx(eHHLI COS Q rpe6yercx cooTBercrBeHHO

6b.trouree II3MeHeHHe ToKa Bo3-6yI(AeHHs, rlogToMy peryJlgpoBoriHble XapaKrepu-

cTr.rKr.r A,rfl pa3JrurlHbrx suaqeHr,rt cos e HOctT xapaxiep, noxasaHsutl sa pHc' 3'3

3-4. BH ETIIH hE XAPAKTEPV|CTVIKVI

Pacqer BHerrHHx xapaKTepHCrItK u: tu)  npl t  l r :cof lst ,  cos 9:const I i  f  :

:coflst BecbMa rpygoelior. Huxe u3JIo)KeH rpa$uuecxufi MeroA Ilx noJIyqeHIItl '

OCuosaHuHft Ha I{3BecTHbIX BeKTOpHbIx AlrarpqMprax HaIIpfl>KeHsIl t't MAC u no-

BBOJtsIOIIIuft UO 3HaqeHHsru ungyr<illBHoro conpoTuBJleHl{fi l lOrse Xr' rt aKTI.lBHoro

cOnpOTLIBJIeHHfl O6tuOrxs ctarOpa f o AOcTaToqHO 6srcrpo nocTpoliTb ceMeiicTBo

BuerrrHr{x 
"upu*"i!"il; 

flpro,rip rar(oro nocrpoeHun rpuBeAeH Ha puc' 3-4'

Ha ocu a6cllr.rcc BJreBo or HaqaJIa KoopAuHaT AJIfl I'tHAyKTI{BHoft Harpy3Kit

r{ BnpaBo AJrfl Jrarocinot HarpysKr.r orKJIaAbIBalorcx roKH Bo36yxAeHHr, coor-
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aercrBytou{He np-oAoflbtloil peaKul' lH .trKgpR npu necKoJrbKux 3HaqeHuflx ToKa, Ha-npnucp I . :0 ,16  / , rn r ,  / :0 ;5  /non, ,  I :0 ' , .75  i , i , " ^ r , "  t : / , ron ,  g  I :1 ,2b  I ro* r  ( roux l l
At, Az, ,4s, Aa, A5). r4s 3THx ToqeK Ha ocu a6curtcc paArrycoM, paBHbrM ToKy

As At Az f't

Ptrc. 3-4. l locrpoeune BHeurHerl xapaxrepncrnKr

eos6y>KAeHgq i" (xoropufi rpr{HflT rocrorHHtrM
ilpoBoAflrcrr AyrH oKpy)KHocteir I, 2, S, 4 n S

D.nn ucnonaoir xapar{Tepacruxu),
(ayra .1 Hg roqxw- Ar,  iyra 2 uz

tovr<u 42 Lr r. A.). Ha oAnoft H3
grHX Ayr nporr3BoJrsno 6epeTcfl prA
ToqeK (sa pnc. 3-4 .roqxu ba, bn,
brc u bra Ha Ayr€ / ) ,  xoropbre co-
€AHHfitOTCff npflMbIMH Jtr4HLLfr,Mr4 C
Haqa.rroM KoopAHHar. flepeceveHnx
3Tr{X npfiMbrx c ApyfnMH AyfaMH
'g,arcT Tor{KI , I  bnt ,  bnz,  br rs  r r  bno.

l lo roKaM sos6yxAeHufl - or-
pe3KaM Obnu  Obnz ,  

-Obns ,  
Obn , ,  -

r{axoAffTcrr no x. x. x. BHyTpeHHr{e
3AC, Koropbre ork.raAuearoicq Ha
Jyqax Obtr ,  Obn,  Obn,  ObiE,  r r ro
Aaer  ror lxv €t r  (3AC Oe11 CoorB€T-
crByer  roKy Obtr ) ,  er ,  (3 [C Oerz
cooTBeTcTByeT ToKy Obd, €Lt, €tr,
€zr II T. A.

Toqxu e c oAHHaKoBbrM [epBbrM
UHAEKCOM, T. E. TOqKI,I, COOTBCTCT-
ByroulHe oAHoMy 3HaqeHr]rc ToKa
craropa, coeAr{HffroTcs MexAy co-
6o11 xpuenrvLr I, II, III, IV u V.

Ann roria craropa I, Harrpr{-
Mep I :1 ,25  1r ,onr ,  no  BeJrHqI {HaM
, :^s  

f l_crpoHrcf l  peaKrHBHsrf i  rpeyroJrbHHK oBC, y  Koroporo Bo:1,25 fo luon,
E^c-:1,25 xeluo*. f lolnoe naAeHHe Hafipff]KeHnff s o6Morr-e craropa (runoreHysa
OC\ Ae-rrr{rcs H_a paBHbre qacrr{ (ua pnb. B-4 na nsrb qacreft). r{epei 

"ou*" 
ae-

-IIeHI'I f i  Q!, Cr, Cs, C,., C npono4srcff-JIuHVtr CnEn [apaJrreJrbHo BeKTopy Hanpq-
)Kenr{r U, t.  e. nor }rr.rroM q K ocrr opArlrar.

Puc.  3-5.  BueursHe xapaKTepHcrHKH
/  -  cos  e :0 ,  e  >  0 ;  2  -  cos  e :  cos  (pHou ,
e  > 0 ;  J - c o s e : l ;  4 - c o s e : 0 , 2 ;  c p - i " 0 .

5 - c o s Q : 0 ,  p < 0

L 0

Uron

Iro, Ir., I

5 r



t{epea roqKn nepeceqeHufi Fn .nHunfi _CnEn c cooTBercrBylioulnMn _KpllBblMlr
I ,  I I ,  i l l ,  IV ,  V (nanpHrtaep, ,nuuwu C1E1 c rpt lnof i  I  -  tns,  I :0 ,25 - /s611,  . lH-

"n i 'CrEr 'c  
KpI{Bof i ' l l  -  1 .ns '  I :0 ,5 I to*  H r .  A. )  npoBonsrcf  I lsp?a1,r9. , r3uo^Oj

. r ruHnr{ -  F-nD, ' I .o  nepeceqeHnq c BeKTopoM Hanpsx(eHl ' r f l  U.  Bexropur  OD1,  OD2.
ODs,  ODq u ODs npeAcraBJtnror  co6of i  HanpR)KeHHf l  reHeparopa coorBercrBeHHo
n p g  T o K a x  n u a p y t t i "  I : 1 , 2 5  I u o n ,  I : l n o r r ,  I : 0 , 7 5 l , . o n '  / : 0 , 5 0  1 , , o n , ,  J :
:0 ,251goru I r  nprr  nocrof lHHbrx 3HaqeHl l rx  roKa Bo36yxAeHl t f l  i "  H cos q.

Ha pHc.  3-5 noxasaHo ceMef icrso BHeIJHI IX xapaKTepl lcr l . lK c I I I IXpoHHofo re-
Heparopa upfr  pasnnqHbrx cos q.  t lpu U:0 (J 'craHoBHBrIeect {  xopor l {oe 3aMblKa-

n"'a; 
"aa 

*iprnrepHct' l l iu cxoAfrcr B oAHofi roqxe .Ix. : ,  cooTBeTcrBVnIUeu Tox\r

Tpei6a3Horo KopoTKoro 3aMbtKAHHl npn npuHf lToM roKe Bo36yxAeHir f l :

/ x .  
" :  

/ H o "
Ls

L e w .  e

rAe i"  , r .  
"  

-  ToK Bo36yx(AeHr{f l  r rpr{  Koporr{oM 3aMbIKaHIII I  H I{oMHHaJIbHoM ToKe

craropa (orpeaox OD'  sa PHc.  3-2) .
t ipu'1:0 uaa xapaKTepr.rcrr.rKl.I  cxoAsrcr B Touxe 86, coorBercrByloUeii no

x.x .x .  3aAaHHoMy roKy Bo36yx{AeHHr i " .  I4raeuuo sro HanpqxeHHe I {Meer  Mecro

i lpH c6poce Harpysxll  r{ HeH3MeHHbrx 3l{aqeHLtf lx qacrorbl I I  Tolia B036yx/l,eHlif l-

3-5. U-OSPA3HbIE XAPAKTEPhCTVIKV

f lpu usrueHeHng ToKa Bo36yx4eHrtn cHHXpoHI{oI l  MauI I lHt I ,  pa6orarouef i  na-

paJrJreJrbHo c Mou{Horl cncreMofi, ToK B IIenH craropa lt3MeHflercr Lr no 3Haqe-

Hr. rp r r  no Qa3e.
f lOHuxesUe TOKa BO36yxAeHI'Iq npOTHB TOrO 3HaqeHufl, KOTOpOe COoTBeT-

cTByeT HaHMeHbIlIeMy ToKy cTaTopa npn AaHHoM HaIIpsxeHHI'I,  T' e' HeAoBo36yx-
,[,eHHe, BbI3bIBaeT noTpe6JIeHHe roKa,
KOrAa BeKTOp TOKa orcTaeT no $ase
or BeKTopa ianprxeHHq cerH. B gtoM

c.ryqae cHHXpoHHaf Mal l lHHa oKa3bl-

Baer Ha cerb I'IHAyKTHBHOe AeftcTBI'Ie
BHe 3aBHCHMOCTH OT TO|O' pa6oraer

oHa feHepaTopoM LrJlrr ABI{faTeJIeM'
l [aruHrHaq cHcreMa MarrIHHbI .4onoJI-
HHTeJIbHO nOAMafHHqt{BaeTcq peaK-

: uHel l  f lKopr,  co3AaBaeMoii  I IoroKoM
cTaTopa, cocTaBJIflIOU{afl KOTOpoTO or-

craer no sase or BeKTOpa Halpqx{e-

. j t

: l
r l

;+i
ii.

t,,:: .
.:8 i
k
#
{h.
"Ht

tst.
1T-

k
.ia'
,.,ii
*E'
:;:

te

Pnc.  3-6.  U-o6pasHue xapaKrepl tcr l tKH
1  -  P : s / . P H o u i  2 -  P : P H o u i  3 - P  :
s / rPso r , r i  4  -  P  =2 l rP ro * ;  5  -  P  :  t i .Pnou ;

6 - P : 0 i  7 - c o s Q : l ;  8 - n H H I - r s  c r a -
rnr{ecxofi vcrofi ttH gocru

HHf l  CCTH.

Hao6opor,  I IoBbI lueHHe roKa B03-

6yx4enun no cPaBHeHHIo c ef o 3Ha-
qeHLIeM, npH KoTopor{ ToK CTaTOpa
MHHHMaJTeH npu AaHHOM Hanpq)KeHHU'
ItMeeT IUeCTO npH pa3MafHHqHBalolu.ef i
peaKI{HI{ flKOps, KofAa BeKTOp TOKa

craropa onepe)Kaer Lo Qase BeKrop
Hanpflx(eHHfi  cerH. B 9TOM cayqae

crrHxpoHHaq Mal l lHHa UMeer nepeB03-

6yx4enHyro MarHHrHylo cllcreMy Ir

oKa3bIBaer eNIKOCTHOe AeficrBHe Ha

ceTb.
3anucHtuocru ToI{a craropa or

ror(a Bo36yx{AeHHq npH u: coflst, f :

0

: COIISt LT. PA3TI,II{HT,IX AKTHBHbIX I{A.

rpysKax r.r3-3a cBoefi xapaKrepHoft Sopur,r Hoctr Ha3BaHHe U-o6paauux xapal(-

r 'eiucrur. Pacuer. ux, KaK H peryJrupoBorrHblx xapaKTepLIcrHK, Moxer 6slrn BbI-

nonHeH c r{c[oJrb3oBaHHeM gna.parr{Mbr llorse vilv yHHBepcaJlbHofi IUBeAcKoit

AHarpaMMbr. O6uqno U-o6pasn*e xapaxrepltcrHKH paccqHrblBalorcr AJIf l  He-

cKoJrbKHX 3HaqeHnrl aKTHBHoI? Mou(HocrH H cos Q.
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VIs puc. 3-6 saaHo, rrro AJrfl Kaxlofi rr.routHocrg cyuecTByer raKoe nos6yx_AeHIIe'  nplr  KoTOpOM TOK CTaTOpa cHHXpoHHOro reHeparopa rBrrercf MI{HHMa,.Tb-HbrM. Srorrry roKy coorBercruybl  co_:q:1.  
-u l rp"*ouu" 

KpHBarr 7 na prrc.  3-6npeAcTaBJrqer co6ofi aulf^vtto trl l ' tHllua,rtHbrx ToKoB cTaropa u nsrqercr, no cyue-crey, peryr'rrrpono.{uofi xapaKTepucruxoii npu cos g_: l '  pra4a.r"o Bcro o6"nacrupe)KHMoB pa6orrt Hs Aae qacru: cJ'IeBa. or xplreorn 7 -bo!!".t"" ' i iexlrMoB c rp(0lne4onos6yx4eHre),  cnpaBa or xplrnor i  7 - 'oo" iacrb c q>0 (nepeeos6yx.a,eHue).c nospacraHlteM Harpy3t(H tou^n u-oopaiHi , l  
"upunrep'crr . rK,  

coorBercrBylo-u l l le  cos ' {p :1 ,  cABHra lo rc t  BnpaBo,  TaK xax  Tpeoyerc f l  -He i {oTopoe 
yBe.u} r r teHi re

ToKa eos6yxAeHnrr Ailn KoNrneHcauurr pe_
aKUHH qKopr H naAeHuf  Hanpr) r (eHHf l
B aKTHBHoM conpor l {B leHHu o6uorx l l  c ra_

a

Ixa Topa,,npy yBerxr{eHr.rn roKa craropa.
\ l  U-o6pasusre xapar( repucrr rKu B pe_

)KHMax HeAosoa6ylKAeHHfl npaKTHqecKr.l
orpaHHqHBaroTcs npeAer,roM crarnqecxolt
ycror ivunocru (xpunan 8) ,  r r . rero4 onpeAe_
"rreHI{fl Koroporo l.r3v'roxeH HHx{e, n $ 3_6
u  4 -4 .

3-5. nocTPoEHVlE yTIOBOIZ
XAPAKTEPUCTVfiKV|
c yr{EToM HACbillEHht

Kax H3BecrHo, aKTr.rBHaq Morr lHocrb
crzuxpoHHori MatrrrrHbr, pa6orarourefr na*
par ' IJTeJIbHO C ceTblo npH nocToqHHOM Ha_
np f l xeHHu  Ha  3ax<HMax  U  u  npn  HeH3_

L
llpaxnuvecxan
2paHuqa, Pa,Ia

gcnouvu0ocn4 ._ !
Y

gcnoilvu0ocnu
Aj

Pr, Ir

rBHOnOJrrOCsOri cr.rHxpoHHorl MalrHHbr: a - B uacrura6e 3AC;
6 - s uacrura6e TotroB rr Mou{Hocr}r

Teopenuvecttan
zpafluqa

PHc. 3-7. ltuarpaMMa
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{\{eHHoM ToKe Bo36yxAeuufi io, xoropoMy nponopqnoHaJlbHa noJIHas 3AC HHAyK-
Topa E (ec"rrn MaIufiHa He HacbluleHa), onpeAerqercq BbIpaxeHHeM

P :  
EU s in  o  + U'  xd-  xq 

s in  20.
xd 2 xdxs

(3-3)

3asHcHrvrocru P(0) npn E:conSt Ha3bIBaercfl  yrLronofi xaparirepucrut<ott I I
npeAcraB,rqer co6oii  cytr.t tvty AByx rapMoHHIi.

Vao6;to onpeAeJrnTb yrJroByro xapaKTepncrnKy c noMoulbro AIIarpaMMbI, no-
xasasso f i  Ha  pnc .  3 -7 ,6 .

Or, roxue Ha ocn a6cqucc orpe3KI I  Ulxa u Ulxn (OO, u OO2),  npoBeAeM I I3
Toqrig O noa yrJroM q K ocn opAHHar Bel(rop roxa 1; npoBeAeM raKx(e paAny-
coM. paBuuim' /,  oKpyx(Hocrb c qeHTpoM B ToqKe O. CoeAtrHHe KoHeIr BeKropa

")
Teopenuvecxo n
gcnoivu6ocnu

\

dPo
t e

,"c'.1
i^

s*
.;t:

*
tzpqHuqa

u t  u-;;

rd nar

t/16: const

IJ/ro,o, 'i

:i
if

,d
$.
,d,
&'Y
#.:s.

tr
$*

*

#FNc. 3-8. Bapuauru uocrpoeHnff Ar{arpaMM MAC, MourHocru Li yrJIoBbIx xapaK-
TepEcTHK C yqeTOM HaCbrUleHI.Is

-roKa (rour<y A) c Oz, onpeAeJIHM Eixa- orpesoK AD u yroJl 0 fluarr.rerp
or{py>KHocrll, npoxoAtulefi qepe3 ToIIKLI Or, Oz, c I{eHTpoM Ha _ocu a6cql{cc, IIpo-
,oeaenHufi uepe-s roqKy D, 6yaer HarrpaBJIeH noA yrJIoM 2g K ocl{ a6cqucc.
Tfepnen4uKyJrfip, onyuteHHbrfi Hs roqxu A Ea ocb a6cqucc, paBeH PlU, pasuocta
, a 6 c q u c c r o q e K  A  v  H

E . o r g t u z ( x a - x q )  c o s 2 o  : d l  \ .
xd xdxq d0 U

ilporopqHoHaJrbHa cr{HxpoHr.r3Hpyroueft Mou{HocrH dPld, s Macurra6e l lu.
A.trs nocrpoeHnfl ApyrHX ToqeK yr"uonofi xapaKTepHcrLIKLI npoBeAeM He-

cKo,'rbKo nyuefi H3 Tor{K[ Oz (OzAr; OzAz; O2A3 v r. 4.), or"toxtlu Ha HHx or
oKpylKHocr l r  c  AHaMerpoM OtO,  3HaqeHgf l  Ef  x6:co[s t :DiAl  H npoBeLeM Kpu-
rByro qepe3 KoHubr orpilaxon .A;. 3ro 6ya9r yfJroBafi xapaKTepHcrr.rKa. Ec.nu flo-
.cTporrrb Ha Ka)KAoM Jyqe Tpeyro.rtbHuK OzDiBi u nepeH_ecTl.r ero BepuHHy Dt
B roqKy rrepeceqeuurr cooTBeTcrByrou{efo .[yqa c nprlrorl o1L, napaJIJIeJIbHOfi OCH
.opAr{Har, To rHHHq, coeAHHfloulafi  ToqKH 02, o2", or '  14 T. A., 6yaer reoperl{qe--
cKoft rpaHnrlefi cTarr.rqecKofi ycrofiqHBocrll. llpaxruuecKaq rpaHI.Iqa crartlqecxotl
ycToil t{I . IBocTLI cTpogTcfl c sanacoM IIo MoulHocrt l  AP:10-:15 0/0.

Arq npaKTr{qecKoro yr{era HacbrureHuff AocraroqHo paccr{HTarb no SKBHBa-
JreHTHoft uarHplruofi cxeue c [oMorrrbro Mero.[a, H3.rloxeHHoro Bo BTopoif r,laBe,

ic4
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I
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JIIaqeltHt xd'  H l l  xq o ol lp€!e;] f l€M, I iaK yKa3arlo Bo nropol i  r , , raBe, a trJf lrd max H xq max B I IepBoM ntH6"rI I{ I {eI IHH Mo)KHo [pr{HtTb (<Her]acbru. leHHbte> 3IIa-qEHI.If l .

H xd  max ,  - t r l q  max  c rpoHx{ ,  Ka t i  f l o l ( a3aHo  Ha

: i : f  
c  LnaMerpoM Ulxo n- Ulxa, ,  H Apyrvlo

STHX

Ar4a-

TOJTbKO ABa pexnMa: pex(nM
AeJrbHoir MoruHocTrl ,  c yrraMH

l lo 3HaqeHurM xd. s, xq o
prrc. 3-8, e, ABe oKpy)KHocrH:
c ArraMerpoM U lxo ^^*  -  U lxa
PaccTorHHe Me)i(Ay rIeHTpaMH
oKpyx(Hocrefi,  pa3HocrH ux
MeTpOB H pa3HOCTb yrd'roB 0*"* -
-Usou AeJII IM Ha n paBHbIX qacTer? tr
nyTeM nHTepnoJrfrr\Lrw crpoaM rrprr
t  :  cof lSt^ Ar{afpaMMy, noKa3aHHyrO
Ha pr{c. 3-8,6.

Asa.norlrqHblM cnoco6ou MoxHo
yrrecTb fiacbrrlleHHe npH nocTpoeHHH
AHHaMutiecKori yrr'roBort xapaKTepH-
cTr{KH IIpH pe3KoM r.r3MeHeHHr{ Ha_
rpy3Kl-r u ycJrOBi.rH e4:COnSt, KaK
[oKa3aHO Ha pHc. 3-9. l locrpoeuue
Ar.rafpaMMbr AocTaToqHo xopotxo
r{JrJrFocTpupyeTcff pncyHKoM 14 He
HyxAaeTcr B noAPO6nUrX noflcHe_
HI{tx.

Puc. 3-9. Onpe4e.neHue rpaHHrIbr
Ar.rHaMHqecKoft ycrofiqr.rBocrlt c yqe-

TOM HACbIII{CHI,Iff

rIABA I{ETBEPTA'

E * r *u*  \
U  x6^*  - -  xn^^*  ) '

ur..o. ( t

HoMHHaJrbHori uoulHocrtr I t  pexl.rM, 6.r lrexrrf i  K nDe_
BHyTpeHHero cABHra:

/xq,  cos q

-  0 , 2 5

PEX(hMbl pASoTbt rhsqporEHEpATOpOB

4-1 . OE |U4:VilE nOJIOX(EHV1fl

B [poqecce gKcnJrya rar\Hr4 ruAporeHeparopoB Heg36ex{Hbr or-
KJIoHeHHfl  or  HoMHHaJIbHbIx ycJIoBHfi  Hx pa6or l r :  i lo Halpf l>KeH6ro,rracrore, ToKy craropa, KosQ4Hr{HeHTy MOirIHoCTr.r, TeN{neparype
OXJIax{Aaloulero areHTa H Ap. Kporure TorO, B ycJrOBHflX sKCUryara_
I{HH HMelor Mecro nepexoAHble I{  aBapHI?'Hble pe}KHMbr pa6ort i  pas-
JIHqHOli AJr HTeJrbHOCTH.

tlro6n orKJIoHeHI-Ifl or HoMHHaJrbHbrx ycJroBur? pa6orrr u Bo3-.
MOX(HbIC AHOPMAJIbHbIC PCX(I{MbI HC NPHBOAHJIH K BbIXOAY H3 CTPOfl
H npex{AeBpeMeHHoMy lrgHocy ruAporegeparopoB, Heo6xoAHMo VrrH_
TbIBarb Hx y)Ke i lpH npoeKTHpoBar l r l? ,  a  B sKcf rnyaraqr l t r  l re  npe-

fpauuqa 0unaxuqecxou gcnodvu\ocnu
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Bbrr larb AonycrnMbIx npeAeJIoB.  Heo6xoAl{Mo raKxe yqHTbrBarb v
TaI{L{e npoueccbr, KaK nycK, cHIIXpoHV3aIIVfl ,  ocraHoB, pe}KHMbI u
oco6ue ycJIoBHfl pa6ortt  noAnqrHrKa, cHcreM eos6l 'x14eHr.Ir  14 ox-
J rax iAeHr r f l  ,  Ap ) / rHX BCnOMOfaTeJ Ib I {b lX  CHCTeM.

Vcrar{oBr{Bt r lHecf l  HopMbr AonycrnMbrx orx .nosesaf i  or  r {oMH-
HaJIbHbrx pcx{HMoB f lBJIgIOTCf HCXOII {bIMl l  Aal lHbIMH ni lg .  npOeKTr{-
poBaHHf l  rHAporeHeparopoB,  er r6opa pe"re i iHux 3au{HT,  a  raKXie
r1r f l  Aer?creHi ' i  3KcnJryaraI IHoHHoro nepcoHaJra r r rApo3neKTpo-
cra HUH f i .

Hnxe npaBoAflTcq H araJrrgt4pyrorcr oTH HopMbr, a raK>Ke H3-
JrararoTcfl  HeKoropbre MeroAbr pacqeroB no o[peAeJreHuro o6"rracreir
Aorr .vcr r {Mbrx pex iHMoB pa6oru rnAporeHeparopoB.

4-2.'A3MEHEHhE HANP 9>+<EHV1fl

O6nrqHo ruAporeHeparopbr  paccquTbrBaror  raK,  qro6t r  i lpH Hs-
MeHeHHH Hanp f lX (eHHf l  Ha  BbTBOAaX OOMOTKH CTaTOpa  B  npeAe , , , ' I ax
i5  0 /o  HOMHHa/ IbHO|O OHH MO| .4H AJ I I ITeJ IbHO pa3BHBaTb  HOMHHaJ Ib -
HyIo MourHocrb npH HoMHHaJIbHbrx 3HaqeHHsx r{acrorbr H xoe$$u-
r{HeHTa Mou{HocrH. 3ro Aocruraercf l  TeM, r{To HHAyKuHH B pa3-
. J I I IqHbIX YqACTKAX Iv IA |HHTONPOBOAA MAIXHHbI  H T IJ IOTHOCTH TOKA

B o6uorxax err6upalorcf l  c yr{eroM Bo3Mox{Horo Hx noBbrl l ler{Hfl
B yKa3aHHbrx npeAeJrax.

Co cHH>KeHHeM Hanpr)KeHrlf l  noBbr[reHue HarpeBa or norepb
B MeAH o6ruorxu craropa BcJIeAcrBHe yBernr{eHnr e Heft ToKa KoM-
neHcHpyeTcq cHH>KeHHeM HafpeBa H3-3a yMeHbueHHf noTepb B cep-
AerrHHKe craropa. l IpH yMeHbmeHLIH Hanpq)KeHLIr HHX(e 95 Yo Ho-
MHHaJrbHoro yBerHqeHHe roKa craropa cBbIII Ie 105 0/0 HoMHHaJrb-
Horo o6H.rHo He AonycKaercr, Aax(e ecJl{ npu sroM TeMneparypa
,o6uorrH craropa ocraercf l  HHX{e trpeAeJIbHo AonycrnMoro 3Harre-
HVfl. 3ro o6rficHflercfl TeM, qro B MaIrIHHax c KocBeHHbrM Bo3AyrrI-
HbrM oxJra)KAeHHeM neperraA reMneparypbr B H3oJrrrIHH o6uorxu
,craropa nponopqHoHaJreH KBaApaTy roKa H qpe3MepHoe yBeJrHqe-
HHe rpaAHeHTa aroro nepenaAa Mox(er rrpuBecru K Heo6parnMbrM
.orHocnTeJrbHbrM cMeuIeHHfl.M cJIoeB KopnycHoft usor flrryrr crep>rHefi
o6uorxu, HapyueHulo aAre3I{H KopnycHori H3oJlflqurr c r.rsofiqquefi
a/reMeHTapHbrx npoBoAHI{KoB crepx<uei i  14 B pe3yJlbrare K cHu>r(e-
Hrrrc cpoKa c"ny>N6u H3oJIfluHH.

f" lpo.eHeparopbr o6H.rHo paccqnTbrBarorcf l  TaKlKe H3 ycJroBnfi
ux Anure.ursori  pa6oru npn noBbIIueHrIH HanprxeHnfl  Ao 110 %
HoMHHaJrbHofo BKJrrorrHTeJrbHo. OAnaxo BBLTAy yBerar{eHnfl  norepb
B CTaJIH,  BbI3bIBaeMbIX t4MH MeCTHbIX HafpeBOB, a TaK)Ke pOCTa TOKa
H HarpeBa c i6uorxu eos6yxAeHuf l  coxpaHurb npu sroM HoMHHaJrb-
H)rro MourHocTb He yAaercq. O6rrqHo npn noBbrI leHHH Hanps)KeHufl
'cBbrrrre 105 Y0 HoMHHaJrbHoro Kax<)ru{af lcf l  Mori lHocrb rHAPoreHepa-
ropa cHH)Kaercf l  npHMepHo ua 2 ofs c Ka>KAbrM npoqeHToM noBbr[re-
HHfl Hanpflx(eHllr .  Pa6ora npa Harpf lx(eHuu 6onee I l0 0/0 HoMH-
HaJrbHoro He AonycKaercf l .  CxaeaHHoe Bbrrre LrJIJIIocrpHpyeTcr AaH-
HbrMH ra6n.  4-1.
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B HeKoropbrx cryqarx npu npoeKrHpoBaHHH rnAporeHeparopoB
Moryr 6urs HHbIe rpe6oeaHun no orKJroHeHHflM Harrpflx<eHtrf l  or
HoMHHaJIbHoro 3HaqeHHq:  6o.n luHl i  AHana30H nsNreHeHLIr? Hanpf l -
)KeHHf l '  B ToM t {HcJIe H c  coxpaHeHHeM HoMHua.ntuof i  MoI I lHocTH,
Bo3MolKHocrb pa6oru c  HoMHHanruor l  H i lA BecbMa 6nusKof i  K uer i
Mou{Hocrbro npH AocraroqHo 6o"rylruopr cHH)KeHHH Hanpfl>KeHur
Ll r .  r , .  ?T^ rpe6oeaHun o6yc.uon i lHBarcTcr cnequQraqecKnMn ycro-
BHIMH 9HepfocHcreM B pa3rHqHbrx par ioHax,  He HMerournx,  nopor i ,
ueo6xoAHMbrx pe3epBoB Mor{Hocru u o6.naAarcur.Hx cna6awu cBr-
3rMH c ApyrHMH 3HeprocHcreM aMH. B srux cryr {a f lx  rpe6yrorca
BHeCeH.He KOppeKTHBOB B eU6Op 3., ' reKTporuarHHrHux Hafpy3oK aK-
rueuori  3oHbr ruAporeHeparopoB H pacqer cepAeqHHKoB u o6vrorox
craropa H poropa Ha SKCTpeMaJrbHbre AJrHTeJrbHbre 3HarreHHfl TOKOB
H Harrpflxesuri.
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B rex cryqarx, Ror4a rpe6yercn npeAycnaorperb rpoAoJrlKn-
reJIbHyIo pa6ory rHAporeHeparopa c Hanpq)KeHHeM Bbrrre l l0 0/0
HoMHHaJlbHoro, Heo6xoAHMo coorBercrBeHHo yBerHr{HTb roJrrrIHHy
KopnycHofi .Hsornrl:ar o6uorxn craropa nporuB HopMaruBHoro 3Ha-
qeHr{fl, enppSqHoro r43 )'clonufi 4.nHre.nnHofi pa66ru c Harrpsxie-
HHeM Ao I l0 0/o H KpaTKoBpeMeHHbIx si lH3oAHrIecKHx rroBbrlxeHHft
Harrpf lx<eHufl  Ao 150 % HoMHHa./rbHoro.

4-3. V13 MEHEHI4E T{ACTOTbI

ftlpo.eHeparopbl, KaK v 6o.nuuHHcrBo Apyrux rurroB oJreKTpH.-
r IecKHX MaIITHH, paccqHTblBalorcf l ,  KaK npaBHJro, H3 yCJTOBHfl UX pA-
6oru c HoMuHa.ntuoft  MoqHocrblo npn H3MeHeHHH r{acrorbr B npe-
AeJIax + 2,5 0lo HoMHHa.rtnHot?. OAHa xo npH yMeHbrrreHHH qacrorbt
orHocHTeJIbHo HOMHHa.nrHofi  noBbIIxeHHe Hanpfl)KeHufl  cBepx HoMrir-
HaJrbHofo He AonycKaercf l .  3ro o6ycJroBJreHo reM, qro Arf qoAAep-
x(aHHg nocrof lHHofo 3Har{eHHfl Haflpf l)KeHHf npH cHHx(eHHH rra-
crorbl I IpHxoAHTcfl  yBerHrruBarb uarslrrslr i l  noroK, a raK)Ke ToK
poropa. Ec.rrH rrpu gToM H noBbrcnTb Hanpfx{eHHe, T. e. eu{e 6o,ree
yBerHt lurn pa6ouur l  MafHHTHHf i  norox s  MaruHHe,  To HarpeBbr  cep-
AerrHHKa H O6rrlorxu craropa v reMneparypa o6uorxu poropa Mo-
ryT npeBbrcHTb AorrycTHML,re npeAeJrbr.

O I



B orAeJrbHbrx cf iyr{arx Moryr 6rtrn raK}Ke orpaHnqeHnr npn
pa6ore rHAporeHeparopa c noBbllrreuuofi  nporuB HoMr.rHaJrruofi  qa-

crorof i  n 'oAHoBpeMeHHo c 6onrurHu Hanpfl)KeHHeM. I- lpH noBblure-
HVH Lracrorbl HecKoJIbKo yBeJrnqaBalorcq Ao6aBoqHble norepu B npo-
BoAHHKax o6uorKl {  craropa H Ha noBepxHocru noJ l locHbrx HaKoHeq-
t rHKoB;  noTepH B cepAeqHHKe cTaropa H3MeHf l IoTcf l  He3HaqHTeJIbHo:
oHH HeCKOJTbKO BO3paCTaIOT H3-3a yBeIHrreHI I f l  qaCTOTbI ,  HO OAI{O-

BpeMeHHo cHHlKarorcf l  6, ' raro4apn yMeHbuleHHro MafHHTHoro I Io-
ToKa. B pe3yJrbrare o6uvfr HarpeB o6uorxu craropa He BbIXoAHT
H3 AonycruMbrx npeAeJros. O,a,uaKo npH noBbr[IeHHV v Hanpfl ]Kel{Hq
H3-3a pOCTa noTepb B cTai lv cepAer{HHKa cTaTopa B Hanpflx{eHHblx
B TenJroBoM orHo[reHHH fHApofeHeparopax Mo)Ker Bo3pacrl{  TeM-
rreparypa o6uorxH craropa BbIIxe Aonycruruofi .  f lo aroft  npIIqHHe
AJrf l  orAeJrbHbrx runoB r lzAporeHeparopoB He Aon)'cKaercf l  pa6ora
rrpn rroBbrrrressoi l  qacrore c oAHoBpeMeHHo yBeflHqeHHbIM Hanpfl-
)r(eHHeM no cpaBHeHI{Io c HoMHHaJIbHbIM.

4-4. h3MEHEHUE KO3OOV14UEHT A MOIIIHOCTU

Pa6ora rnAporeHeparopa rpu xoaQQHIIHeHre MoudHocrn 'Bbt r le
HoMHHaJrbHoro AotrycKaercf l  c coxpaHeHueM HOMI,IHaJItuoI i  no.nuofi
Morr {Hocrn.  Tarcuu o6pasou,  nPH coscp:1 ruApofeHeparop Mox(er
HecrH r aKrHBHyro Harpy3Ky, paBHyIo efo no,rsot l  MouIHocrH. f lptu
3ToM epalr iarcu{Hfi  MoMeHT Ha BaJry reHeparopa 6o.nb[Ie HoMHHaJIb-
HOrO, qro qcefAa yqHTbIBaeTCfl IIpH npoeKrHpoBaH'lH.

I- IpH noHHX<eHHH cos q no cpaBHeHHro c HoMHHaJIbHbIM rr [epe-
nos6yxAeHuu noJrHyro MoulHocrb coxpaHHTb He yAaercf l ,  TaK KaK
ToK poropa BbIIrre HoMHHaJrbHoro. Ir lcx,rnqeHue cocraBJlr lor re c,I Iy-
'latr, KofAa o6uorxa nos6y>xAeHnfl H noa6yArlreJlb HMeIor Aocra-
TorrHbre 3arracbr no HarpeBy.

l lpu pa6ore.ruAporeHeparopa c noHH)KeHHbIM cos Q I{ HeAoBo3-
6y>x4eHuu (eukocrHan f i  cMerrraHHafl  aKTIaBHo-eMKocrHafl  Ha-
rpysxa) AorycruMan peaKruBHaq MoulHocrb orpaHuquBaercf l  Ha-
rpeBoM xpafiuux naKeroB cepAerrHuKa cTaropa, a raK)Ke ycJIOBHTMI{
ycrofiuueofi pa6orbl JIHHHH sJleKrponepe AaLrv.

Ha [paKrHKe Hau6o.nee ]Ao6Ho onpeAeJlf l rb o6.nacrr '  AottycrH-
Mbrx Hafpy3oK ruAporeHeparopoB, BKJIloqa n u pa6oTy IIpH HeAoBo3-
6yx4eHuu, c IIoMoulbIO rpaQuuecKoro MeToAa, H",'IJIIocTpHpyeMoro
H a  p u c .  4 - 1 .

I,lcxoAuue AaHHbre, Heo6xoAI{MbIe AJIfl BbITIoJIHeHLIn Bcex ilo-

crpoeHufi: CoS pnou - HoMI,IHa,nrustfi xoaQQHuI'IeHT MoUIHocTH;
xa- cHHxpoHHoe HHAyKTHBHOe COilpOTHB,ryeHI4e nO npoAoJIL,HOfi OCH;
xq- cHHXpoHHoe HHAyKTHBHoe coi lporlrBJleHl{e no nonepequott ocH.

f locrpoeuue AHarpaMMbr uarpysox npol{3BoAurcf l  cJIeAyIouII4M
o 6 p a 3 0 M

llpono4flrcff  ocn a6cuHcc v opAHHar, o6pasyrcu{ue ABa KBaA-
paHra - Bropofi H rperui,t. flo ocr.r a6cqHcc orKJIaAbIBaercfl aKrHB-
'Hafl MorrlHocrb B AoJrflx HoMHHa"nrHofi nolgoti MoulHocrll, IIo ocll
opAHHaT -  peaKTHBHaf l  MOUIHOCTb raKN(e B AOJI f lX HOMHHaJIbUOf i ;
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npH STOM BBepX OT HyJtf l ,  BO BTOpOM KBaApaHTe, oTKJraAbrBaeTcfl
Moll lHocrb npl{ orcratouleM ToKe craropa (p)0), a BHr.r3, B o6-
JIacrb _ _orpHqareJIbHbtx gHaqeHufi  peaxrHnHori Mou{Hocrn,- pptr
cp(0. Macrura6u no o6euu ocf lM AoJr>KHbr 6urt oAHHaKoBbr.

Hs Haqai la KoopAHH ar - Tor{KH O - npoBoAurcr Ayra oKpyx-
HocrH XY paAHycoM, paBnbIM Horv iHHa,r r tHof i  nonuor i  MourHocrg,
B npHHf lToM Macurra6e (  1 ,0)  .  3ra Ayra npeAcraBJr f ler  co6or? JrHHuro,
HoMHHaJIbHoro roKa craropa. VIs ror{I{H O no.( yfJrol\ .{  prorr r{  ocu
abcuucc npoBoAHTcfl ry.r Ao nepeceqe-
HLrr, c grsri lyroli e roqxe A. I4s roqxH
A onycxaercn rep[eHA LtKylrnp Ha ocb
a6cuucc s roqKy C. Orpesox ,4O npea,-
craBrqer co6oli HoMHr{aJrbHvro noJrHvro
MoulHocrb B orHocur'e.rrrHlri .A"nr.tr{i*,
orpe3oK OC -  aKTHBHyro HoMHHaJrb-
HyIo, a orpe3oK AC - pear(rr.rBHyro Ho-
MHHaJIbHyIO MOU{HOCTb B OTHOCHTe,r rb-
Hbrx eAHHHrrax. Ha puc. 4-l rpeyroJrb-
I{HK n,tou{Hocreir nocrpoeH Bo BTopoM
KBaApaHTe AJIF. C,Iyqaf, KOfAa grorr)0,
rITo o6uquo LrMeer Mecro.

Or  Ha.{ana KoopAHHar Ha ocu opAH-
HaT B OTpHqaTeJrbHoM HanpaBJreHHtr  oT-
KJlaAblBarorcf l  orpe3Kn OD:l lxa H
OE: l lxq.  Ha orpesr<e DE:OE-OD:
-llxq-lf xa xax Ha AuaMerpe crpourcfl K'"
roJryoKpy)KHocrb EZD - c
g ro.{xe O'.

To.Ixa E coeAuHrercr c ro.rxori A
npauofi, Koropaq nepeceKaer rroJry-
oKpyx(Hocrb EZD s roqxe (. TorAa or-
pe3oK A^K npeAcraBJlrer co6ofi rox Bo3-
6yx<4enHr rrpu HoMr{Ha.ntHofi Harpy3Ke
(orpesox OD - rox eos6yxrAeHun npr{

, \

Puc. 4-1. flocrpoeHHe ruar*
patvlMbI MOXIHOCTII SBHOIO-
.luocHoft cr.rHxpouHofi uauruHut

ueHrpoM

$
,

xoi locToM xoAe H HOM[HaJrbHOM Hai lpf l -
xeHua),^ Lr9fl AEO paBeu yrJry eHyrpeHHero cABHfa reHeparopa 0.
Me)KAy 3AC rI HanpsxieHtieM.

I4s roqKH E npoH3BoJrbHo npoBoAr.rrcr psa nyuefi, nepeceKalo-
r{Hxi rr/rocKocrb Me}KAy ocbro opAHHaT 14 JrHHr4ei4 AE. 3ru flyr{H ne-
peceKaror rroJryoKpyx{Hocrn EZD B roqxax .K', K", Kttt u r. A. Or
STHX TOqeK Ha COOTBeTCTByIOII{HX ilyqax OTKJraAbrBaIOTcf orpe3r(H'
K'A' : K" A' - l(trt 71rt' : KA, a Ha ocu opAHHar - orpe3 ox BD : KA,
paBHbre HoMHHaJTbHOMy rOKy nOS6y>rAeHHfl. CoeArauuB TorrKH B, A,
A',  A",  A" '  H T. A.,  i lo i lyqaeM KpHByro AB -  JILIHHIo HoMHHaJrbHofo,
ToKa nos6yxAeHHfi, onpeAeJlflIou{yro o6.nacrr AonycrrrMbrx pexi}r-
uon pa6orbr rrpH cos g<cos enorvr l l  cp)0.

Otpe3oK O B rpeAcraBJlfler co6ofi MaKcHMaJrbHyro AJrHreJrbHo,
Aonyerr{Myro MoulHocrb rr{AporeHeparopa B pexHMe cHHxpoHHoro,
KoMneHcaropa (cos q: 0) rrpn nepenos6yxAeHnu.
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Yls rorrKu E nponolr.n8n npou3Bo{lHo prA nyueft, nepeceKaro-
uIHx noJryoKpyx{Hocrr EZD Ha Ayre E^K. Oi erui roqeK nepeceqe_
}rrfr '  Ha BCeX _ fiyqax orKJIaAbIBarOTCfl OTpe3KH OAHHaKOsOT? Arr.{HL,r(uanpunaep, krTr, hrgz, krg.., H r. A.). KoHr{u paBHbrx ;rp.;;; ;
coeAHHflorcfl Mex(Ay co6or? KpHBbTMH ffL{tr, trl2nz, trlstls 14 T. A.To.rKH gTHx KpHBbrx, naw6oJree yAaJreHHbre or ocH opa"n- lrounr,'coorBeTcrpyloulHe MaKCHMaJIbHbTM aKTHBHbTM MOU{HOCTqM npH He-
cKoJIbKHx npoH3BoJIbHo esr6paHHbIX 3HarIeHHflx roKa noe6yx4enun),
coeAHHflIorcf l  xpHnoli  GI, sBJIf l tou{ef ics nunuefi  TeopeTqqecKoro
npeAena crarur{ecxol i  vcrori .{HBocra.

B ceqsu c ebsMox<Hurrrau oTKJIoHeHHflMH napaMerpory or pacr{er-
Hbrx 3HaqeHHf i  Ua [paKTHKe. .  O6H.rUO peKoMeHAyercf  npHHHMarb 3a_
rac i lo crarHqecxofi  ycrof ivaBocru, paeHrrf i  l0 7o HoMHHaJrlHoi i
MOU{HOCTH. C grOli I{CJIbIO HA KPHBbIX ftLrfLT, ITLynLr, ITfuTLg H T. A. HA-
HOCflTCT rorrKH, a6cqHccur Koropbrx MeHbrrre Ha 0,1 Ao a6cr{ucc
TOqCK, COOTBETCTBY}OU{HX MAKCHMYMY AXTHEHOIi  MOII IHOCTH. 3rH
HoBbre roqKn coeAaHfl rorcr  Mex{Ayco6or l  xpueort  (LT na puc.  4_l)_
.nasueri npaKrurrecKofo ltpeAeJra crarurreixoli  yirofiuHBocru.

Bo Hs6exaur4e nepeMarHr.rqHBaHHfl Ma[rlrHbr H c yrreroM Bo3-
MO>KHbIX orKJloHeuufi napaMerpoB eos6yx AeHVn or pacqerHbrx 3Ha-qeHafi Ha pa6ory reHeparopoB B pe>KHMax HeAoBo3Oyxae"u"
HaJlafaeTcf l  AOnOJIHHTeJIbHOe OfpaHHrIeHI{e no MHHHMaJTbHO AOIV-,crHMoMy 3HaqeHuro roKa nos6yxAeHnfl .  f loc"ueAuee o6uvno npHHlu_
y3e^Tcs paBHbIM 20 olo roKa nos6y>xAeHufl npH xoJrocroM xoAe rjJrH
lF o/o HoMHHaJrbHoro sHar{eHprf roKa potopr. TorAa Ha Jryqax KA,
\ ' r j ' , ,K"A", Kt/ lAlt t  H T.A. cooreercreeHuo or roqeK K, Kr, Kr ' ,
A . '  orKJraAbrBarorcf l  orpe3KH, paBHbre 0-,2 oD unu 0,15 AK (s sa_
BHCHMOCTH OT TO|O, KaKOe r{3 AByx yr(a3aHHbrx Bbrrrre ofpaHuqeHHft
npaunro) ; KoHrrbr arrrx orpe3KoB coeAuHflrorcq xpanorl 

' 
MN - Jsr-

unefi MHHHMaJrbHoro roKa nos6yxAeHr{fl.

. B pe3J.Tllalg- 
-B_cex npoBeAeHH:bIx Bbrrrre nocrpoeHufi roryqeHa

$urypa BAY LMN B, urou{aAb xoropofi npeAcraBrrser co6ofi o6_
' .rIacrb_ AonycrHMblx pexHMoB pa6oru MaIrIHHbr rlpu pr3MeHeHr.rqx
xoe0QuqueHra MourHocrn no ycJroBHrM:

coxpaHeHHf roKa poropa He 6o.nee HoMHHaJTbHOfO (nuvua BA);
- _,9oxpaHeHHfl ToKa craropa He 6o.rree HoMHHaJrbHoro (nnuut

A Y  L ) ;
o6ecne.reHafl crarar{ecxofi ycrorivl.rBocru (,rruuun LM);

.  coxparyg-HHfl  TOKa poropa He MeHee MHHHMaJTbHO AOnyCTHMOTO' (nu*wn MN)
f locrpoeHHar AuarpaNtMa He yr{HTbrBaer roJrbKo Bo3MoN(Hbrx or-

paHuueuurl npn pa6ore c HeAoBos6y>x4eHHeM, o6ycnoureHHbrx Ha_
rpeBoM_B TopIreBbIX goHax cepAerrHHKa craropa. Taxne orpaHHrreHHr
Moryr 6url B rnAporeHeparopax, xapaKTepn3ytoqnxcfl AocraroqHo
BbIC-OKHM YPOBHCM 3JICKTPOMATHI, ITHOTO HCNOJIb3OBAHHf l  .

..BeH4y 
rlpe3BblrlafiHoIl cJIolKHocrH 3aAaqu onpeAeJreHr{fl 3Haqe-

nuft MecrHbIX HalpeBoB B Topl{eBbrx r{acrrx craropoB H orcyrcrBr.rr
yAoBJreTBOpr{TeJIbHbIX aHaJIHTTLqeCKHX MeTOAOB paCqeroB, yr{LITbr-
rBarcu{Hx peaJIbHyIo reoMerpHro roprleBbrx 30H, pacilpeAeJreHHe rr
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I' cyMMHpoBaHHe noJref i  pacceqHHn craropa v poropa, HX eKpaHHpo-
BaHr.re H rapMoHHqecKHfr cocTaB, BJTHflHHe HaCbrU{eHHfl  3y6qOB CTa-
Topa,  pacnpeAeJreHue BnxpeBbrx roKoB H ApyrHe SaKropbr ,  Ha [paK-
THKe o6nquo onpeAeJrf lror 3oHbr 4onycrHnlori  pa6oru no pe3yJrbra-
TaM HarypHbrx renJroBbrx HcnuraHnf i  c  ycraHoexof i  TepMonap
B uan6o.nee BepoflTHbIX Mecrax MaKcHMaJrbHbrx HarpeBoB Hnrrr ny-
TeM neperqera pe3yJrbraroB l lcnorrasur l  reHeparopa,  npnHf lToro 3a
npoT0THn.

nns onpeAeJIeHHfl Aonycrnuor? onepexarcu{ef i  peaxrHeHorl Mou{-
Hocra rHAporeHeparopoB TpaAHIIHousori  KoHcrpyKunr{ c o6uqsul,r
coorHorrreHHeM iJ.JTHH cepAeqHHKoB craTopa H poTopa, c HeMafHHT-
HbIMI, I  HaIKHMHbIMH naJIbUaMH H C Ma|HHTHbIMI{  I I IeKaMH nOJI IOCOB
ivlox{er 6r,rr l  npeAJrox{eHa 3MrtnpHqecKax $opnry.rra

Q: ft ,15- 0,04e2'sc ) 
m (4-  l )

3lecr 0 - peaKTHBHaff onepex{arcuraf l  MourHocrb B AoJif lx HoMra-
ua.nrsof i  no,ruor? MourHocrn; P - aKTHBHaR MoulHocrb B AoJrf lx Ho-
uuuannHofi  no,rsof i  MouIHocrH; e - ocHoBaHHe HarypaJrbHbrx Jrora-
pnQvron;  A - .nuuef isar  Hafpy3Ka craropa,  A/cu.

Paccqur atHafl ,  no (4-l)  3aBHcLIMocrb Q:f (P) AoJr)KHa 6urn
HaHeceHa Ha  AHarpaMMy Harpy3oK B  rpe rbeM KBaApaHre  (puc .4 - l ) .
l lo pesyJrbraraM corrocraBJleHufl erofi 3aBr.rcr.rMocrr.r H rrocrpoeHsofi
paHee xpnnofi  N MLY oKoHqareJrbHo orrpeAeJrrercf l  o6.nacrt Aony-
crnMbrx pex{HMoB pa6oru npH HeAoBo36yxAeunu c yr leroM Bcex
Qaxropon.

Buure 6u.n H3Jrolr(eH B ocHoBHoM rpaSuuecxufi MeroA IIo-
crpoeHufl AnarpaMMbr AonycrnMbrx Harpy3oK. f lpr H3BecrHbrx na-
paMerpax pex(HMa (U, I, cos cp) Mo)I(er 6urr npoBeAeHa 14 aHa-
JIHrHqecKar npoBepKa efo AorrycruMocrn. Arq aroro seo6xoAlrMo
BbIrroJrHpITb pacr{er uarunrsofi qeuu H y6e4Hrtcx B ToM, qro roK
nos6yx<AeHufl He rrpeBbrruaer HoMLIHaJIbHoro v He MeHbIIre MHHLI-
MaJrbHo AonycruMoro, a raKx(e n ycrofiquBocTn pa6otu reHeparopa
B AaHHoM pex(HMe, o6ecnequeael\,rofi npu ycJIoBriLI: yroJr BHyrpeH-
Hero cABHra 0 Ao"nx<es 6um MeHbIrIe KpHTHqecKoro yrna Or*n:

0: arctg xnl  cos q

U k -+- xal sin g

rAe / - rox craropa B AoJI f lx  HoMHHaJbHoro;  U-Hanpf lx(eHne
craropa B AoJrf lx HoMHHaJrbHofo.

KoeQSHrrHeHr Hacbruresus k, paccqurblBaercff KaK orHorrreHne

r,Byx ycrroBHbrx MAC nos6yxrAeuns F; v F6. MAC F; onpeAe-
Jrf lercf l  no cnpfluneHHort xapaKTepHcrHKe HaMafHnrruBaHHfl,  npoxo-
Iqu{eli qepes rotlKy eHlrrpeHueI? 3AC Et Ha xapaKrepgcrl.IKe xo-
rrocroro xoAa, rrpu Hanpnx(eHuu U (pHc. 4-2). MAC F0 onpeAe-
Jlflercfl no npflrrao"nuHefiHofi xapaKTepHcrHKe xoJrocroro xoAa raKxe
npr.r Hanpflx(euwu U.

Arq fxAporeHeparopoB c npHMeHeHHeM xoJloAHoxaraHofi gJreK-
TporexHH.recxor? craJrr{ AJrf l  cepAeqHHKoB craropoB r{ npa Harrpf lx{e-

(4-2)
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HH'X  HC 6OJ ICC HOMHHAJIbHOIO,  KAK NOKA3b IBAET ONbIT ,  KOoOOHUHCHT
Hacbru leHHr MolKer  6ur t  npHHf lT paBHbrM eAHHHT{e ( f t :  l )  .
-  B Qoprvryne (4-2) 3HaK nJIIoc orHocurcf l  K pelxHMar\4 rrepeBo3-
6y>xAeHun,  3HaK^MHlyc -  x  pe lKHMaM HeAoBo36y*o.n"" .

BuyrpeHHan 3AC reHeparop a AJrr  Aar{Horo pex{r . rMa paccql r rbr_
Baercs qepe3 HHAyKTHBHOe conporHBJreHHe IIoft ,e xr, l

(4-3)

Kpuruvecxvtf i  yroJl reHeparopa, npu f ipeBbrrueHr]rr Koroporo Ma-
I IJI4Ha Bbr[aAaeT r{3 CHHXpOHH3Ma, cOoTBeTCTByeT MaKCHMaJrbHoMy

cHHXpOHH3HpyrOuleMy MOr\f  eHry w
Mox{eT 6urr onpeAe",'reH rro Bbrpa-
x{CHHIO

0*p:  arccOs \
-i*n+ ̂ /75- -  *n ) t

4U (xa - xq)

8U2 (xo

u f 6 f d f

Puc. 4-2. K pacvery yrra BHyrpeH-
HE|O CABI,I|A MAIIJHHbI

(4-4),
rAe I - xparHocrb roKa eos6yx-
AeHrrf B paccMarpHBaeMoM pe-
>Kr{Me no oTHo[reHr.rrc K ToKy BO3-
6yx4euux, coorBercTByroureMy Ha-
npfl)KeHnlo xoJrocTofo xoAa rro
i lprMoJruHer?Hori xap aKTepHcrr{Ke.

I IpH pa6ore c nepeBo36yx4e-
HHeM, KOrAa Bonpoc o cTaTl.rqecxol i

ycrol iuHBocru f lpaKTHtIecKI,I  He crouT, rJraBHbIM gerqercq coxpaHe-
HI' Ie peaxrlanHofi  MoIrIHocrH B [peAeJrax, o6ecneqHBaroulHx paOory
IIpH roKax poropa B rrpeAeJrax HoMHHaJrbHOfo. B pex<r4Me CHHXpOH_
Horo KoMrleHcaropa MaKcHMa[rbHafl, MorrlHocrb Mo]Ker 6urt onpe-
AeJreHa npr{  HoMHHa/rbHoM Ha[pf lx {eHHH (OrpesoN oB ua pHc.  1- l )
qepe3 orHoIrIeHHe KoporKoro 3aMbrKaHufl  OK3 (oruorueHue roKa
nos6y>r4eHllfl npa xoJlocroM xoAe c HoMHHaJrbHbrM Hanpfl>KeHger\{
K ToKy eos6yxAeHufl  npI, I  KoporKoM saMbrKaHLrn Ha BbrBoAax rer{e-
paropa c  HoMr{HaJrbHbrM ToKoM craropa) :

- r
Q* : t/ (oK3 f sin gno")' f cos g?o* - ol(3.

l

(4-5)

4.5. h3MEHEHVIE TEMNEPATYPbI BOAbI V1 BO3AYXA

llpu HoMHHannnoft Morr{Hocrn ruAporeHeparopa reMrrepar}/pa
BXOAflIT{erO OxJIax(AaIOuero Bo3Ayxa trpeAycrraarp}rBaercfl B orerle-
crseHHol? npaKTHKe He nuue 35 oC npn 3aMKHyroM rIr{KJre BeHrtr-
JInr\HH H He Bbllue 40 oC npu pa3oMKHyroM rlHKJre BeHrr{Jrr rIuH-
Bos4yxooxJlaAHTeJIH o6ecneqHBaror oxJralKAeHr{e nocrynarculero
B reHeparop Bo3Ayxa Bo Bcex AJrHTeJrbHbrx gKcrrJryararlHoHHbrx pe-
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,Kr.rMax, BKJrIoqafl  HoMHHarbHbIft ,  lo 35 oC nplr reMreparype nocry-
rraroqefi  rexHnqecxofi  BoAbI He BbIIrIe 28 oC.

B orAeJrbHbrx cf lyqaflx, t IpH ycraHoBKe B parlouax c )KapKHM
TponHqecKHM KJIUMaTOM, fHApOfeHeparOpbr  pacCqHrbrBarcTcf  n i l t r
yc.noeHfi  pa6orsr npu 6o,rree BbrcoNofi  reunepar) 'pe BxoAflurero Bo3-
A] 'xa (nanpunaep,  40 unn 45 oC),  Koropaf l  npeBbrr r raer  reMneparypy
ilocTyna;pu{efi B Bo3AyxooxJlaArreilA BoAbr o6i,rqHo ua 10 oC H MH-
,HI{ r {vM Ha 7 oC.  Hao6opor ,  npu ycraHoBKe B pal ioHax xoJroAHoro
KJTHMaTa pa3HHrIa B TeMrepaType BoAbr  H BO3AyXa npHHHr\ , raeTcf l ,
'c I IeJIbIo -gKoHoMI{H pacxoAa rexHurrecxoft BoAbr Ha fHApo3JreKTpo-
craHqlrn, 6o,nturef i  u Aocrnraer 15 oC u 6o.nee.

B 3HMHee BpeMfl roAa cHHlKeHHe reMneparypbr oxJra)KAarcrrref i
'BOAbr no3BoJrffeT yMeHbLUHTb TeMnepaTypy Bo3Ayxa, qro, B cBoro
.,oqepeAb, AaeT Bo3Mo>KHocrb noBbrcHTb B HSBecTHbrX npeAerrax Mou{-
Hocrb rHApofeHeparopa,  coxpaHf l r  reMneparypy ero o6uorox HeH3-
'ueHsoIi .  OAsaxo yBeJruqeHae MoilrHocru ofpaHr4r{HBaercf l  H B aroM
cJl\rqae nepenaAoM TeMneparypbr B r43oJrf lr luu o6uorxH craropa.

Pac.{eraI'IH H o[brroM gKculyaraqnr{ ycraHoBJreHbr cJreAyrou{He'HOpMbI nOBbIIrIeHHfl MOUIHOCTH TTpH CHH)KCHHH TeMneparypbr OXJra;^r\-
Aaloqero Bo3Ayxa: npf i  cHr.r)Ker{r{H reMneparypbr Bo3Ayxa c 35 Ao
30 'C 

Aonyslprvro yBeJrHqeHHe MorrrHocru rrb 0,J5 }fo Ha xaxAufi rpa-
A]-c noHHlKeHHs TeM[epaTypbr, npH noHH)KeHHH TeMnepaTypbr Bo3-
A)'xa c 30 Ao 25 "C MolqHocrb Molr{er 6um yBerur{eHa ua 0,25 1fo

Ha raN<Aufi  rpaAyc noHH>KeHHfl reMneparypbr Bo3Ayxa. l lpu AaJrb-
*teftueira IoHII]KeHLIH TeMneparypbr oxJrax{Aaroulero Bo3Ayxa (Hr.r>xe
+25 "C) eure 6o.nluee noBbIIUeHHe HarpyBKH He AonycKaercs. Ta-

-KHM o6pasovr, i lpu cHH>KeHHH reMneparypbr oxJra)KAarculero Bo3Ayxa
nporuB ee HoMHHaJrbHofo sHaqeHur Ha l0 'C H 6o.rree o6ulee no-
BbrrueHpre MourHocrn fHAporeHeparopoB AocrHraer 5 olo.

Pa6ora ruAporeneparopa npu reMneparype BxoAflu{ero Bo3Ayxa
HH)Ke + l5 "C se peKoMeHAyercfl, a Hlrx{e + 10 oC ue AorrycKaercfl,
TaK KaK 9To rpo3uT onacHocrbro Hapy[reHrafl r4goJrfl;rwLr o6uorxH
craropa.

B 3I{MHee BpeMfl roAa He cJreAyer raK}Ke repeoxJra)KAarb Bo3-
./tyxooxJlaAureJru Bo Hs6exaHrle KoHAeHc zrruu Ha Hr.rx BJrarH (uot-
roreBaHnr>>). f lo srof i  npHqHHe o6rrqso ocyi lrecrBJrf lercr ce3oHHoe
peryJrl{poBaHne pacxoAa oxJla)KAaro[Iefi BoAbr qepeg Bo3AyxooxJra-
.AIdreJrH H yMeHb[Iaercfl pacxoA BoAbr B 3piMHHft neprao4.

4-6, HEChMMETPI4I{HA' HATPY3KA

B npaKTHKe 3KcrrJryaraI{LIH ruAporeHeparopoB Bo3Mox{Hbr 6onee
lr.tTr MeHee rrpoAoJr)KuTeJrbHbre pelKuMrr pa6orbr, KorAa Qasutre roKr.r
.o6pa3yrcr HecHMMerpuqHyro cHcreMy, r.  e. HMeror HeoAHHaKoByro
at\,InJIHTyAy 14 pas.nnuHrtft Qaaonuft cAer.rl orHocHreJrbHo Hanpflx{e-
]rnff .  B o6ureM cf iyr{ae SasHrre Hanpfl)KeHrf l  raK}Ke Mofyr npeAcraB-
JIflrb co6ofi HecuMMerpur{Hyro cncreMy. Ec"nH HMerb B suAy BHe[r-
Hroro HecHMMeTpHro, To oHa MolKeT BosHHKHyTb, HanpHMep, npr{ He-
cllMMerpuuuoft HarpysKe krrrw npn o6prree oAHofi rr3 Oae ilr4tr4rl
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9JleKTponepeAaqH, orKJIIoqeHHIl $aarr rpaHcQopMaropa, BbrKJrrorta-
TeJI f l  H Ap.  Kporr , te  roro,  MolKer  6urr  v  BpeMeHHar BH)/ rpeHHrt
HecHMMerpHf l  B o6uorxe craropa rnnporeHeparopa,  cBf l3aHHaf i
c BbIKJIIot{eHHeM Hg cxeMbl o6uorxH B cBg3r.t  c noBpe}K.II ,eHHeNr ee
ceKr{Hr{.

HecuuuerpdvHan rpexS as la f l ,  cncreMa roKoB craropa co3Aaer
B Bo3AyluHoM 3a3ope MaruLITHoe nole, Koropoe Mox(eT 6urrs npe,n,-
CTABJICHO B BI IAC CYMMbI ABYX COCTABJI f  IOIqHX, BPAU{ANUII IXCf l

1 nporHBonoJIolKHblx HanpaBJreHr.{f lx c cHHxpoHHofi  cKopocrbro.
OaHa H3 arHX cocraBJrf lrourHx, Bpauarcuaflcf l  B Ty )Ke cropoHy,
qro H porop, H HenoABH)KHaq orHocHTeJibHo Hefo, o6vcroeJreHa ro-
KaMH npnuofi  nocJreAoBareJrbHocrH. Sra cocraBJrf rouraq lroJrf l  H Bbr-
3BaB[IHe ee roKH He OTJIHqaIOTCq OT I IOJI f l  H TOKOB CHMMeTpHTIHOTO
H arpy3otlHoro p elKH M a. B rop a n cocraBJlfl rou{afl rroJrs, Bp a u{arcula fl cfl
c caHxpoHuoli  cKopocrbr,o B cropoHy, rrpoTHBonoJro)KHyro poropy,
I IepeMelqaercq orHocHreJlbHo Hero c AeofiHofi  cnsxpoHHofi  cKopocrbro
H c cHHxpoHuoft -  orHocHTeJIL,Ho craropa. 3ra cocraerf lrcu{aq rroJrf l
Bbr3BaHa roKaMH o6parHoft nocneAoBareJrbHocrn. L{ueuuo e}o onpe_
ACJIf l IOTCfl  BCC f lBJICHHfl ,  OT.I IHqATOUIHC HCCHMMETPHqHbIC PC}KI, INTbI OT
cr rMMeTpHqHbrx .

AHa.[Hs 3THX pe)KHMoB npoH3BoAHTcf l  c noMourbro NreroAa cHM-
MerpHqHbIX COCTaBJIf l IOU{HX, B COOTBeTCTBHH C KOTOpbIM HeCH}vrMer-
prrrrHaq rpex$asHan clrcreMa $asuux roKoe ./o, In, Ic npeAcraBJrfl-
ETCf l  B BHAC COBOKYNHOCTPI TPCX CHMMCTPHqHbI .K CI ICTCM, OTTI , IqAT-
ulHxcfl rlocJleAoBareJlbHocrbro npoxox(AeHufl QasHur roKoB qepe3
MaKcHMyI\{bI (cucrettbl roKoB nparraoii, o6paruofi Lt. Hy"ueeorl nocie-
. I I ,OBATCJIIHOCTN ) :

- i  r  i  -  r  i-  t  a O - I -  t  a l - T  t  a z t

: i u o * i u r * i n r l (4-6)

I  , :  I  ro* i , r*  I 'a ,

rAe HHAexcaun 0, I u 2 o6osHa.IeHbl coorBercrBeHHo roKH Hv.resor?.
nparrrofi u o6parHofi nocJreAoBareJrbHocru.

CuvruerpHr{Hbre QasHure roKH, o6pasytourre cncreMy nprrvrofi
IOCJICAOBATCJIbHOCTH, AOCTHfAIOT I\,{AKCHI\lYMOB NOCTCAOBATCJIbHO
n Sasax c ,  b ,  c ;  nopf lAoK qepeAoBaHgf  MaKcHM)/Moe roKoB o6par-
Hofi nocJIeAoBareJlbHocru - a, c, b; HaKorlerd, ToKH Hy;renorl no^c"rre-
AoBareJrbHocru coBnaAarcr no Qaee B xax<Aufi  AasHuri MoMeHT.

O6ogHa.I ag Aig, KparKoc ru Ias: Io, I 'ar:  i  r ,  I  oz: I '2, uaf iAeu

i _  i  r i  t ' r .t  a  -  , 0  - l -  t ! - I -  r  2 t

io : lo*  a ' i r -Yair ;

!

Io

i' b

(4-7)

(4-B)

(4-e)
. 2Jr

r.u,e a-i T.
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- l4s (4-7) - (4-9) roKH pas"nHuuofi nocrreAoBa,l.errbHocru Mofyf
6urr  BbrpalKeHbr qepe3 HecHMMerpnqHbre Qasubre roKH B BHAe:

( i ,+  iu*  i , ) ; (4- r 0)

(4-  l  l )

(4-t2)

, ,  
TaxHu o6pasona,  3Haf l  ToKt I  n  Qasax H noJrb3yf lcb BbrpalKeHHeM

\+- Iz,,  MO)KHO nyreM CoorBercrByroulefo reoMerpHrrecKoro [ocrpoe-
HHfl '  9nPeAe.nurs 3HaqeHHe roKa o6parHofi  nocJreAoBareJrbHocrH
B ,rrrc6ou pexaue. B qacrHoM cryqae HecHMMerpuuHofi  Harpy3KH,
r(orAa B sasax b H c TOK?4 paBHbr no 3HaqeHHlo H He paBHbr roKy
B rperuefi  $ase e, Mo>KHo rroKa3arb, rrro roK o6parHofi  nocne4g'_
BATEJIbHOCTH

I o :  
I a  -- 2

H ToK nparr,rori nocJreAoBare.rrbHocrn

I

3
I -. 0  -

I
3

I

3

Ir

t 2

(i 
"+ ai u + a't ',);

re

( i  
"+ or i  , *  a i , ) .

4r
I 6

I,:!+#4;ffi
Ha sJleKTpocraHlraflx Bcrpeqalorcfl  pasrurrHbre cxeMbr pa6oru

rHAPoreHeparopoB Ha cerb. l lp" pa6ore reHeparopa HerocpeA_
crBeHHO Ha Cerb 6es rroBbr[rarcilrero rpaHcQopu-aropa v orKflroqe-
HHH oAHot? Hs Qas 1z--It,  1o:0. f locxo.nbKy roK s oArrofi ns $aspaBeH HyJrro, HerpyAHo [oKa3arb, rrro B paccMarpr{BaeMoM Cflyqae

Iz:  I  b l { {  , (4- r 5)
rAe 1o - ToK n Qase craropa.

flp, pa6ore r'AporeHeparop_a B 6"rrore c rpaHcSopMaropoM,
HMeIou{HM cxeMy coeAHHeHHff o6uorox <<3Be3Aa c usonllpoeaHHor?
HeftrpaJrbro - TpeyfoJrbHHK>>,. u orKJrroqeHulr oAsofi H3 Sui 

"u 
.ro-

poHe sBesAbI raK)Ke lz:- l t ,  /o:0. l lpu aToM roK o6parHofi no-
cJreAoBaTeJrbHocTH

I z-- I ol2,

(4- r 3)

(4-t4)

(4- 16)
rAe /o -nau60.nrruufi us Qasnbrx roKoB reHeparopa.

Han6o.rree pacnpocrpaHeH clyualt, KorAa feHeparop pa6oraer
B 6.noxe c rp.aucQopMaropoM, cxeMa o6uorox *oioporo <<3Be3Aa
c 3a3eM.teHHOfi Hefirpa"ubro - TpeyfoJrbHHK>>. f lp" groM, KorAa roKH
Bo Bcex rpex Qasax reHeparopa pasJrur{Hbr, Mox{Ho c AocraroqHbrM
npu6.rru>xeHueM onpeAeJrnTb rbxn o6parHoft r{ npnrraofi nocneAoBa-
TeJI-bHOCTH nO CJTeAVIOUHIVI BbrpalheHHf M:

I z : - l o - I ; ' .  
'  

I L = ( I o - l l ) 1 2 ,
rAe /o - sau60,nrurHfi us $asHbrx roKoB feHeparopa.

3 3axas  Ne 910

( a - V ; 4 - 1 8 )
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^^. f : | "  ?  -paccMarpnBaer , , ro f i  cxeMe I t ,=1"  u  Io l log l ,T  .  l ,g ,  uroooblt lHo PIMeeT Mecro' ToK o6parHor? nocJleAoBareJrbHocrH Mo)Ker6url paccquraH no cJreAyroureri aMnr{pnqecxofi qoprr,1y,r,e:
I  z : 0 ,45  ( l  

" l  
I  b -  \  I  

" .  
( 4_  l  g )

B oreqecrseHHof i  npaKTHKe o6uqHo np'H,Maercf l ,  qro rHApore_
HCPATOPbI AOJI>KI{bI  AONYCKATb AJIHTCJIbHYT HCCHMMCTPHTIHYIO HA-rpy3Ky, e-c"rra roK Hr{ e oAHori us $aa He npeBocxoAaT HoMHHaJrbHoro
sHaqeHHf,  a  pa3Hocrb TOKOB B sasax He npeBbrrxaeT rpH cncreMe
KocBeHHoro Bo3AylxHoro oxJra>xAeH:afl  o6naorxn craropi ZOolo l , i ,reHeparopoB Mou{Hocrbro He 6o"nee l2s MB.A, IS olo a, i"  . .neparo-poB MoulHocrbro cBbrrre 125 MB .A H npn HenocpeAcrBeHHoM BoAfl_HOM OXJra)KAeHHH O6UOTXH Craropa - l0 0/3 HOnalruaJrbHoro roKa
craTopa.

6)
11 Jtt

Pnc' 4-3' Cxenau 3aMeu{eHI'Iq sBnono,nrccsofi cHHXpoHHofr uaruuHbr Arq roKoa o6-parHofi nocJreAoBare.rrbHocru: a _ no ocu d; 6 _;;;cu q

B ra6"rr. 4-2 np'BeAeHbr paccqr.rraHHbre ro sopvry.ne (4-13) sHa_qeHHff ToKoB o6paruoft noc"neAoBareJlbHocrn B AoJrflx HoMr.rHaJrbHoro
T,JIf l  CTYqACB, KO|AA TOKI.I B ABYX QASAX PABHbI H OTTHqAIOTCfl OTroKa B rperbeft $ase.

Ecnu ToK B oAnorl us $as paBeH HyJrro, To ,,o Bbrpa)KeHr.r no(4-15) rox o6parHofi nocJreAoBareJrbHocru cocraBJrner 0,58 pasHo_
crn roKoB B Qasax.

r)
r1 jrt

Ta6nuqa 4-2

Tox s Qasax
I b :  I ,

Tox o6paruof i  nocae4oBareJrbHocru npn /o,  paeHou

0,951 , 0 0 , 9 0 , 8

1 , 0
0,9
0,85
0,8

0
0,067
0,1 02
0 ,139

0,066
0
0,033
0,069

0,097
0,034
0
0,033

0 ,130
0,066
0,033
0

. . f lparrraqecK, npH nrc6ori secaMMerpHqsofi HarpysKe roK o6par_
sofi nocJreAoBareJrbHocr' He rpeBbrrrraer 0,7 _puu"J.r" roKoB s ea-sax. I4cxnrcqeHue rrpeAcrasnser c"rryuafi puobrii- ."aboreHeparopaqepes noBbIIxarcuHfi tpaHc$opMarop, cxertaa o6naoior KoroDoro<<3BesAa - Tpeyro"rrbHuK>>, npHqeM ABe $asrr sBe3Abr (r,a .ropon.
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BblcoKoro Hanpflx{eHrf l)  saMKHyrbr HaKoporKo. t lpra erof i  HcKyc-
crBeHHoI i  cxenae,  He HMelouer i  i lpaKTr{ r recKoro gHaqeHgf l ,  ToK o6par-
Hof i  nocneAoBareJrbHocrn paBeH pa3Hocrr . {  ToKoB e Qasax.

SxeagareHTHL,Ie aKTHBHbIe H HHAyKTr.rBHbre conpornBJreHqfl  f lBHo-
no'utocuofi  cHHxpoHuofi  gJleKTpr.tqecxor? r ' rautrHbr no npoAo,rtHoi i  t4
i lonepequoti  ocqM AJIf l  roKoB o6parHofi  nocxeAoBareJrbHocrr{ Moryr
6t rm f laccuHraHbr  r ro  npeAcraBJreHHbrM Ha pHc.  4-J  cxeMaM 3aMe_
lllel] tifl:

i xza :  h l  iq Izzd : rza t

i '"'(!+ ' . , ) (++i .no)
-l-

* ixoa(+ + i.*)- (+ * *,) (+ + i"uo),ttoQ

(++i .oo)

+rr ,  )

zrq rzq 1- ixrn == h * ix, *
ixoq

(4-20)

(4-2t)

(4-22)

$ -23i r; '24)

, I

f ,
: - -  r  R Q  r  .
l * a q t - t l x k q

s
rAe f  t  -  aKTHBHoe coi lporHB"r leHl le roKaM nprn, lof t  nocJreAoBare,, ' rb-
HOCTH, OnpeAeJIf leMOe qepe3 aKTHBHOC conpOTHBJIeHLIe o6morKg cTa-
TOpa f  a,  [orepH^KOpOTKOfO saMbrKaHHfl  P, , . ,  H norepH B MeAH O6-
MorKr,r craropa Purl

/ , - - /  D  l Dt  I  
- ' A t  

K . 3 / r  M I r

lct  -  HHAYff iUBHoe conporaBJIeHHe paccesHHfl o6rrrorxu craropa;
xad. - HHAYffiUBHoe collporl4BJIeI{He npo4o.nsuoli peaKr{HH flKopfl;
xn,s - TO )Ke, f iOnepequofl  peaKuHH_flr iopf l ;  xf  -  HHAyXrnBHoe conpo_
THBJTeHHe pacceflHus o6rraorKH nos(tyxiAeHr{f i  xna_ uuAyKTr.rBHoe co_
nporHBJreHHe pacceflHkrff  Aei\ .rn$epHoir o6naomu i lo rpoAonruofi  ocg;
)chq To Xe, nO i lOlepeuHOli OCH; rf ' :kfzfrt-aKTr4BHoe conpOTHB-
xeHue o6norxn nos6yx4eHHf l  c  yqeroM BbrrecHeurr f f  ToKa npH qa-
crore 2f no*, npr{BeAeHHoe K o-6rtoo'ne craropa; r'hd.: kz;d;od -
aKTHBHoe conporI4BJIeHHe AeMnSepHoft o6uorxu l to npoAo.nrsorl  ocu
c yqeToM BbITecHeHHr roKa i lpH qacrore 2fnon, npHBeAeHHoe x o6-
MorKe craTopa i  f 'nq:kfzaf nq - To X€, no nonepeuHofi  ocg; s
CKOJIbx(CHHC.

E nn noJrfl  ,ToKoB o6paruoir noc.ueAoBareJrbHocr', Bp auarourerocfl
c cHHxpoHHofi cKopocrbro B cropoHy, lrporuBorroJro)KHyro poropy,
s:2.  f loAcrapus sro 3HaqeHHe cKoJrblKeHuf l  B uotpu*.nrr ' (+- idy '
u (4-21) u nuAeJIHB B HI ' tx  Aet icrsuTerbHbre r i  MHrrMbre qacru,  nafr-
AeM aKTHBHOe H HHAyKTHBHOe gKBHBaJreHTrioe conporHBJreHHfl  TO-
KaM o6parHofi nocneAoBareJrbHocrn :

f , :  
f z d ' *  f z q  .  u' z -  

2  
,  * 2 -

:tr*



MeroAu pacqera xoe$druuueHToB BbrrecHeHHfl ToKa B poropHbrx
KoHryp ax kpy u kyza,  norepb H Harpeea o6MoroK npH HecHMMerpHr{-
nofi  Harpy3Ke H3Jro)KeHbr HH)Ke, B rJraBe ruecrof i .

Ha npaKrr {Ke npu npeABapHreJrbHbIX pacqerax AJr f l  onpeAeJreHHrr
f2 rroJr b3yroTcq n p u 6,'r H )r{eH u o r? Qop v y"n o n

rna )- rnrl (4-25)f  z ' :  r t  1-

Toxu,  HaBeAeHHbre B 3aMKHyrbrx o6uorrax poropa MaTHHTHbTM
noJIeM ToKoB o6parHofi  noc"rreAoBareJrbHocrH, o6yc"rrourHBaror nof lB-
J IeHHe 3HaKonepeMeHHofo aJreKTpoMarHtr r r io fo  MoMeHTa.  Sror  Mo-
MCHT NPCACTABJ I f lCT  CO6OT? CYMMY 3HAKOI ICPCMCHHbIX  MOMCHTOB,
nyJIbcHpyIou{HX c qacroraMH 2frro*,, 4frro*, 6foo* v r. r.. O4uaxo npH
HecHMMerpHH, npeAcraBrqrouefi npaKTur{ecxHfi HHTepec, yx€ aMrr-
JIHTyAa MOMeHTa, nyJrbcHpylouero c qacrorofi 4frror, cocraBJrffer
Bcefo oKoJIo l0 % aMrrJrHTyArr MoMeHra, nyJrbcr{pyrourero c rracro-
rofi 2foo*. f loeromy n nyJlbcnpylouert qacru cyMMapHoro MoMeHra
npn HecaMuerpHuHofi Harpy3Ke AocraroqHo yrruTbrBarb Jrutub co-
CTaBJIfl FoUIyro r{aCTOTbI 2f ,roui

Mzf :Eal,  to cos 2at l(Jr l ,
x4

u  - u o

r  r l  r  
n q  * d

- r v 1 , z - - s i n 0 s i n 2 c o l ,
xq

rAe ur-Hanpfl)KeHHe npflMofi  nocJreAoBareJrbHocTH Ha BbrBoAax
reHepaTopa B AoJrfx HoMr.rHaJrbHoro Hanpfl)KeHHf i  Ea-KpaTHocTb
roKa Bo36ylKAeHHfl no orHoIrIeHHIo K ror{y Bo36y}KAeHr.rfl rrpH xoJro-
cToM xoAe H HoMHHaJrbHor\.r  Hanpfl>KeHrrH IIo cnpfMJreHHofi  xapaK-
repucrr4Ke xoJrocroro xoAa (io ) ; 0 - yroJr BHyl peHHefo cABHra
Me)KAy BeKropaMH Ea 14 Ur 3AC Ea vr yroJr 0 orpeAeJrflrorcfl H3
BeKTOpHOft AHarpaMMbr, nOCTpOeHHOft l ,ns, TOKa npflMOfi nOCJTeAOBa-
TeJrbHocrr4, rrw6o nyreM pacqera napaMerpoB pex(Hwa.

C yueroM paccqnraHHoro no BbrpalKeHnro (4-26) 3HaKorepeMerr-
Horo MoMeHTa AoJrlKHbr 6srrr,  npoBepeHbr Harpy3Ktr B nepByro oqe-
PCAI ABYX 3JICMCHTOB KOHCTPYKIIHH CTATOPA - CBAPHbIX I I IBOB, KPC-
nff I r lHX JracTorIKHHbI KJrHHbf l  CepAeqHHKa CTarOpa K rroJrKaM Kopnyca,
H Jro6oBbrx qacrefi o6uorxrr craropa, oco6eHHo B 3oHe BbrxoAa HX
H3 [a30B.

Kar [oKasbrBaer onbrr aKcrrJlyaralrna, AJrHTeJrbHbre pe)KHMbr pa-
6oru Aaxe c BecbMa orpaHHr{eHsofi  HecuMMerpuefi  ToKoB onacHbr
TeM, qTO MOfyT BO3HHKHyTb yCTaJrOCTHbre paSpyrr jeHHfi HeAOCTaTOTTHO
)KecTKO saKpenJIeHHbrX SJTeMeHTOB KOHCTpyKT{Hr.r nOJTTOCOB pOTOpa,
oco6eHHo Mex(f loJl locHbrx coeAHHeHHfi.  l loerouy BecbMa BaxHbrMH
flBJrflrorcfl cBoeBpeMeHHoe onpeAeJIeHHe qacror co6crBeHHbrx KoJre-
6auufi, HX, orcrpofiKa or BosMox{Hbrx p$oHaHcoB, nJrorHafl ycra-
HOBKa KaTyIUeK Ha CepAer{HHKaX nOJr[OCOB H ]r{eCTKOe SaKpenJreHHe
BCeX Me>KrrOJr rOCHbrX COeAIiH eHI{ I1.

A A

cos 0 cos 2col *

(4-26)



4-7. PE)+(hM 3ApflAKVl nUHUt4 SJTEKTPOnEPEA ALIU

f loa 3apf lAKof t  nnsuv I IoHHMaercf l  pa6ora reHeparopa Ha HeHa-
rpyx(eHHyro i lvtHLrw aJleKTponepeAaqn, rrro Mo)Ker norpe6oBarbcf l ,
H anp H u ep, np I{  Heo6xoAH tvtocrH npoBeAeH r.r  f l  BbrcoKoBoJrbrH brx Hcnbl-
tauuir o6opyaoBaHnfl  npoMe)KyroqHbrx noAcrasqHfi  14 pacnpeAeJrH-
re,rytHu{ ycrporlcrB Ha npI{eMHoM Kor{qe i lvHLr,v rrJrr4 B c,rryqae BHe-
3anHoro orKJu,J.rer{Hq tscex Qi.tr tepoe Harpy3Krl npt l  pa6ore craHunt. i
Ha aBTOHOMHyTO JtHHr'tIO.

! ,"rare"rrbHocrb 3aprr.Kt4 JrvHvrH o6rrqHo He npeBbrrxaer rpex,
pex(e -  n f rH MHHyr.

I Ip" AocraroqHo 6o.nsurof i  nporf lx{eHHocru Jrr4HHH 3JreKTpo[epe-
' .a'qv, KorAa ee eMxocrstrr? aSQexr i loJryrJaercf l  3HaqHTeJrbHbrM, re-
HepaTop oKa3brBaeTCr  BKJr ro-  .r {eHHbIM Ha eMKocrb. ecJra oHa L

He KOMTIeHCHpOBaHa Cr reuH-
aJrbHbrMH ycrpof icrBaMH, Ha-
npuMep peaKropoM. Taxun,I te
o6pason, HecMorpr Ha pe-
X{HM XOJIOCTO|O XOAA ilHHUH
sJreKTpOnepeAaqH, reHepa-
rop B paccMarpunaeuort
cxeMe Harpyx(aeTcr{ eMKocT-
HbrM roKoM. f lpa orpeAeJreH-
HbIX yCJTOBHflX 9TOT pe>KHM
MOXer OKa3aTbcf l  onacHbIM
KaK ni ln reHepaTopa, TaK H
AJII JIUHHH [epeAarrE BBHAy
BHaqHTeJrbHbrx Hanpflx(eHufi
B qenH cTaTopa.

l lp" pa6ore reHeparopa
Ha eMKocrb ero roK Harpy3KH (e npene6pex(eHHH aKrHBHbrM co-
nporHBJIeHHeL craropa v nuuuu) flBJrfleTcfl peaKTHBHbrM Lr o[epe-
x(alou{HM Hanpfl)KeHHe (Q:-90),.  n MarrrnHe r{Meer Mecro npo-
AorbHaq HaMafHHr{HBaroUar  peaKr lg f l  sKops ( l  n :0 ,  I  a :  I ) .  C"r re-
AoB areJibr{o, 3 a B ucH M ocrb 3AC, o6ycronn en so ir pe3y.rr brlr pyrc uri l\{
MafHHTHbIM no" ' leM B BO3AyI I IHOM 3a3ope Ma[ l l IHbI ,  OT CyMMbI M, [ ,C
poropa H craropa Mox{er 6urt npHHflra u4eHrnuHofi xapaKTepH-
cTLIKe XOJTOCTOTO XOAa.

onpe,u,eJruM roK I H Ha[pf l ]KeHHe U Ha BbrBoAax reHeparopa,
ecJrH 3aAaHbr MAC ngs6ylx genun F"-Fo, eMKOCTHOe COnporHBJreHHe
BHerIHefi  rdenn xc: l / (oC) H r{sBecrHo HHAyKTHBHoe conporaBJreHr.re
paccernus o6uorKu craropa reHeparop a xr.

B coorBercrBnH c nexropuoi i  Auarpatruof i  reHeparopa, pa6o-
TaIOU{efO Ha eMKocTb, .

U : E * E t - E - i l \ .
[ocxo,rrbKy ir-1 : -ii xc, ro

E -  I  (xc-r r ) .

? f s f o f

PHq. 4-4. K pacqery pe)KrrMa 3aprrAr(r{
Jil4HIlU sJreKTpOnePeAa.IU

(4-27)

(4-28)

,s\
x l

c"\/

E=1(f)



i1

To.rxa
pnc.  4-4 -
po ropa) .

3arevr
rrpf )KeHHe

.  f  pqQHqecKr{ peureHHe 3aAaqH cocrouT B ToM, qro crpoflrcf l
(pr.. 4-4) xapaKrepncruKa xoJrocroro xoAa, npeAHa3Harrarci l{afl  co-
6ofi o.u,HoBpeMeHHo 3aBHcHMocrb E-- f (F), u nb $opmy,rre (4-2A1 ---
HaKJTOHHaf  np f lMaq,  npoxoAf lu ra f l  qepe3 Tor IKy  Ha ocH a6cu l lcc ,  co-
orBercrByroulyFo MAC oo:6yx4eH rrq F o, tr rorrKy c opAr{H arofi Eo
t4 a6cuuccot i  Fo*Fc,  rAe Fc- MAC craropa or  3apqAHoro roKa
I  C, ,  PACCqHTAHTiO|O KAK

I c: Eol(x6- x).
nepeceqervn .  E : f  (F )  v  I ( * " - x r ) : f  (F )  - roqKa  a  Ha
onpeAeJr f ler  3HarreHnf l  E:  ac u.  I :bd (y  Macrr ra6e MAC

no HafiAeHHoMy 3rlaqeHHrc E r\4olKer 6stru Bbri incJreHo Ha-
Ha BbrBoAax reHepaTopa:

r

u - 6  
' - c

xc-  x r

ve pnc. 4-4 nuano, r{To npu Bogp act'altn eMKocrHoro roKa pa-
crer H H_anpfl)KeHne. f lp" ue6o.nrniorra HacbrureHHu reHeparopa oHo
Mox{er 6url  3HaqHTeJIbHbIIvI,  Ho MarHHTHoe HacbruleHue r{cKrloqaer
BO3MOIKHOCTb pe3OH aHCa.

B HeHacbIUIeHHoM reHepaTope HaMarHHrrHBaroulnf i  ToK 6u"r l  6tr
uponopql loHaJleH 3AC 14 c pocroM eMr(ocrHoro roKa HanpflxeHr{e
pesKo Bo3pacra lo  6t r .  l lpa AocrHlKeHHH Fc:F6,  KorAa xapaKrepg-
crHKH HaMarHHLrvBaHr4r, H eMKocrHofi  HarpysKu craHoBflTcr napar-
/ IeJIbHrIMH, Harlpsx(eHHe reHeparopa o6paulaercf l  e 6ecroHerrHocrb,
T. e. HacTy[aeT sBJreHHe pesoHaHca.

Hanpa>xeHue xoJlocroro xoAa Bbrpa)Kaercf l  rrepe3 HaMarHHrrH-
sarcqufi rox /6 LI B3aHMHyrO HHAYxqurO Xaa Me)KAy craropoM r{ po-
ropoM:

Eo : Xoal o.

(4-2e)

(4-30)

.  :  T?* KaK no ycJroBuro I c: I 6, To peuafl coBMecrHo (4-28) H
(4-30),  uaf i4eu ycJroBHe Bo3HHKHoBeHHfl  pe3oHaHca

xc:  xd

14JIH

a - t l { CLo, (4-31)

rAe La - IIoJIHafl uHAyxulBHocrb o6norxu craropa no ttpoAonn-
sofi ocu.

Ecna rrpn saAasHoft eMKocrHorl Harp)'sKe yMeHburarr M!,C sos-
6yxAesus, To eMKocrHar xapaKrepr.rcrr.rKa cMecrrr.rcf l  Ha pHc. 4-4
BJIeBO kr Hanpn)KeHHe Ha BbrBoAax reHeparopa yMeHbuHrcfl.  f lpn
noJIHoM HcqegHoBeHI4H ToKa nos6yx,u,eHr{f l  Hanpfl)KeHne Ha reHepa-
TOpe yraAer Ao Iryirl JrHtub npH ycJroBr{H, ecJrH M.[,C craropa Fc
craHer MeHb[re MAC eos6vxAeHufl xoJrocroro xoAa.F6 HeHacbr-
rqesHoii uaulrutr. B nporHBHoM cr'rvqae sapng,uru"i (eirrxocrHtu"r)

7A



k ToK AocTaToqeH AJIR Toro, qTo6LI no/IHocTbro HaMarHuTtrrb MarrlHHy,
se AonycKaf l  TeM CaMbIM HCqe3HOBeHHg MafHHTHOfO rorq.

Cncreua craHoBHTcfl  caMoBo36)'xAarcuel ics, H B Hefi  cosAaercf l
Hanpf)KeHHe,  3Har{eHHe Koroporo,  KaK Br . tAHo H3 pHc.  4-4,  onpeAe-
rf lercq nepeceqeHHeM xapaKTepHcrHK reHeparopa rr erraxoCrgol i
( rovxa e) ,  npHqeM o6e onu renepb npoxoAsr  qepe3 HaqaJro Koop-
AHHaT.  ' /

Taxoe caMoBo36yx<4eHue Moxier Bo3HHKHyrb, ecJrr{ eMKocrHafl
xapaKTepidcrvKa JIex<IzT HHX{e npflMoJruHefiHofi  qacrg xapaKTepH-
crHKI' I  xoJlocrofo xoAa. D.nn groro rpe6yercR, uro6ot erxoirt  6trna
6o"ulue tof i ,  Koropafl  no/Iyqaercq H3 yc.rroB,f l  (4-31). Taxn^a o6pa-
3oM' ycJIoBHe peSoHaHca B HeHacblUleuuofi  cHcTeMe craHoBHTcfl
B peaJrbHbrx ycJroBuflx KpHrepHeM caMoBo36yxAerruq.

Ha npaKruKe Bo ras6exanHe r repeHanprx<eHnr? Ha reHeparope
H JTHHUId gJIeKTpO[epeAaqH npHXOAr{TCfl OrpaHHr{r4Barb 3HaqeHHe
ToKa craropa, o6ecneqvBaf, f lpH aroM A, ' tg HcKJrroqeHHfl npoqecca
CAMOBO36Y*ACH' f l  MHHI{MAJIbHOC 3HAIICHHC TOKA POTOPA. TO* POTopa o6uqHo, c yrIeToM Bo3MoxHbIx orK,,troHeHuli napaMerpoB reHe-
paropoB or pacqerHbrx sHaueHufi, npHHtrMaercff paBHbrM l5 o/o HO-
MHHaJrbHofo roKa nos6yxAeHHfl, a B orerrecreeHHofi npaKTr{Ke -
paBHbrM 20 olo roKa nos6yxAeHus npu .\.oJrocroM xoAe (no .np"*_
neHHofi rracTH xapaKTepHcrHKH) U HOrrrHHaJrbHoM Hanpffx<eHHn.

B 6ontruuHcrBe cryqaeB o6a sru orpaHur{eHufl '  rrpaKTHqecKH
coBnaAaIoT.

I,IcxoAq r.r3 rrocJreAHero ycJroBnfl F:0,2 F6, uafi4eu MaKcr{MaJrb-
HyIo 3apflAHylo MourHocrb, Koropyrc cnoco6en p a3Burb reHep arop
rIpH-saAaHHoM Hanpflx{e:fl.vrn Uc Ha BbiBoAax craropa.

l locro"nbKy npu pa6ore Ha eMKocrb roK craropa co3Aaer MAC
fl. qo"naAarouly*o no HarpaBJreHlrro c MaC- po"opl, ypaBHeHHe
MAC Mox(er 6urt sanacaHo B BHAe

U C
F 6

H MaKCHMaJrbHafl  3apsAHar MouIHOCrb reHeparopa

-Fh j* :  o '2F6 ' (4-32)

(4-33)

U ro*

orKyAa MaKcHMa"nruufi  roK craropa B pexuMe 3apffAKH JTLTHHH sJreK-
TponepeLaqH

I " : / n o *

Qc:+*

*(r*-o' ' )

( * -0 , , )

Ec.nu sapflAKa
HHH (U 

" :  
Uoor , r ) ,

JtvHHH npoHcxoAHT npH HOMHHaJTbHOM rranps)Ke_
TO

S"o". (4 -34)

(4-35)
n e

/ - l  v t v  ( r
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UAHaKO KpynHbre rHAporerJeparopbr  NroryT pa3Br. rBaTb paccqHTbl -
BaeMbre r ro  { ,opM}rr raM (4-33)  -  (4-35)  roKr i  r {  Morr lHocrH (Ho He
6onee  HoMr {HaJrbHL , rx  3Ha t reHtn i ) ,  KeK npaBr r rTo ,  J ru rub  BecbMa o fpa -
Hr . rqeHHoe BpeMf l .  3ro o6ycaoB/ ' reHo r roBbruer t rbrM r rarpeBoM xpal i -
HHX naKeroB cepAeqHr-{Ka craTopa,  co3Aarcu{HM onacHocTb i loBpe)K-
AeHHf l  J IaKOBOTO nOKpt ITHq  CerMeH ' fOB CepAeqHHKa H  H3OJ I f lUHU O6-
MorKH cr?ropa.  f loeHureunuf i  HarpeB xpaf iuHx r iaKeroB,  a  raKlKe
HalKHMHbrx rpe6eHox o6'as.cv.s.ercf l  Bo3pacraHr4eM axcHa.ryrHoit  co-
craBJrf l Iou{ef i  MarHHTHoro rroJlf l ,  co3AaBaeMoro roKoM B o6uorxe
craropa,  i lpH ocna6.neHun MarHHTHoro f loroKa noJrrocoB.

B r,rp a x(eH He 
-(4 

-34) no:eon qer orrp eAeJr rrrb 3 a p fl AHyro MoulHoCrr,,
KOrOpyrc cnocooeH pa3Br{ rb f r {ApofeHeparop.

3saqesHe iKe 3apflAHoii  uour,Hocrpr, Koropoe rpe6yercf l ,  AJrf l ,  noA-
Aep)KaHHfl Hanpfl)KeHHfl H3 HeHarp) '>Neusofi  JrHHrtH sJreKTpongpe-
AaqH, Mo>Ker 6urr paccqr{raHo B KnJroBoJrbr-aMrrepax no Sopuy"ne

Qc: mtJ26g6l '  103, (4-36)

rAe  m-qHcJro  Qas  (o6uuHo m:3 ) ;  U* -sasuoe  Hanp f l x {eHge
JrHHrrLr, xB; Uc - yAeJrbHafl eMKocrHar npoBoAuMocrb JtAHr4Lr Ha
1 ru, B cpeAHeM paBHas !Jc:2,75. 10-6 Ou/xrr,r ;  I  -  Ai lvHa i l r4rr4r
SJreKTpOnepeAatIH, KM.

B rex cryqaflx, KorAa 3HaqeHne rpe6yeuofi  3aprAHofi  uourHocrH
oKa3brBaercf l  6o.uuue Aon)'crHMoro Arr npoeKTupyeMoro reHepa-
Topa, seo6xoAHuo .un6o cHH3HTb efo cul ixpoHHoe HHAyxrHBHoe co-
nporHBJreHHe x6, nu6o cHH3Hrb rpe6yer,, Iyro MoII{Hocrb sapflAKH ny-
TeM r{acruqHofi KoMrreHcalg..Hkr eMKocrn HJrH orKJrror{eHnfl r{acrn AJIHHbI
JIHHHH, nu6o, HaKoHerr, nepefirr  Ha 3apflAKy JIHHHLI aJleKTpo[epeAarlu
cpa3y AByMr rrapaJrJleJlbHo pa6orarou{HMu reHeparopaMH. f loc.rreA-
Hee, rpaBAa, cBf3aHo c TpyAHOcTbIO nOpOBHy pacnpeAeJlHTb Ha-
rpy3Ky Mex<Ay Ma[IHHaMH seHAY HeCOBnaAeHHfl HX XapaKTepHCTHK
H A M A f H H I I H B A H H f l

Ars ycrof iuHnofr pa6oru reHeparopa c saAaHHbIM Hanpfl)Ke-
HHeM B pelKHMe sapsAKH Jrr4Hr4H sJreKTponepeAaqu rpe6yerca o6ec-
f ieqnTb Bo3Mo]KHocrb nJraBHoro peryJII{poBaHHs eos6yx4eHuf upn
BecbMa MaJrbrx roKax poropa. 3ro ycJroBl4e AocraroqHo JIerKo Mo-
)Ker 6urt BbrnoJrHeHo npH 14cnoJrb3oBaHHH He3aBHcHMblx cucreM
nos6yx4eHufl .  f lp" HcnoJrb3oBeHHH sJreKTpoMa[IHHHoro noe6yAH-
TeJrfl, HopMaJrbHo pa6orarcurero rro cxeMe caMoBo36yx,u,eHun, ueo6'
xoAHMo Ha [epuoA sapflAKr{ JrHHr{H rlepei;tru sa cxeMy He3aBHcHMoro
eos6yx4eHHfl c rrHTaHHeM oAuofi H3 o6rraorox rvrarHHruofi cHcreMbl
nos6yAuTeJrfl (ruyHroeofi, KoppeKIr,HH rrJrrl crrer{HaJIbHo rlpeAycMor-
peuHofi  He3aBHcnnaofi)  or nocropoHHefo HcrorIHLIKa nocrof lHHoro
ToKa. I- lp" cprcreMe caMoBo36y>xAeuux co crarHrIecKHMH BeHTIIJIb-
HbrMH upeo6pa3oBareJrrMH c nHTaHHeM rrx or I I ILIH nepeMeHHofo
ToKa ruApogJreKTpocraHuHH rpe6yercf l  rrepexoA Ha IHTaHIre o6uorxH
poropa reHeparopa or HcrorrHuKa nocrorHHoro roKa. B o6oux cJIy-
rraflx seo6xoAnMbr coorBercrByloulue pefyJlflTopbI A[Ln Bo3Mox(-
Hocru IIJraBHoro H ycrofiqasoro HgMeHeHHfl ToKa nos6yx4eHnfl B He-
o6xoAr.t ir,rbrx np eAeJr ax.

72

tfr

*
i r

$
sx.

i.

:
*

$
n



UI
I

I 4-8. AOnyCThMbtE nEPErPy3KVl nO TOKy

f lp r r  BHe3anr{oM noBbrueHHr{  ToI {a B o6uorxe ee reMneparypa
IJ3MeHf lerc f l  He cpa3y.  Aas ycraHoBJreHHrr  r roBoro re i rJroBoro pe-
x(HMa, coorBercrByrourero r i3MeHHBtueMycfl  ToKy, Heo6xoArlMo
BpeMf l ,  onpeAeJr f leMoe i locrof lHsoi i  HarpeBa o6uorxH.

MeroAr,r pacqeroB Hecraur.roHapHbrx renJroBblx npoueccoB npu
neperpy3Kax no roKy o6ntorox c  pa3d ' rHqHbrMH crrcreMaMr{  oxJra}K-
AeHHfl H3Jro)KeHbI B S 6-8

I- lp, KparKoBpeMeHHbrx reperpysKax rro roKy ycJroBr.rr HafpeBa
o6uorox 6nugxu x a4ua6arHbrM, TaK KaK KoJrur{ecrBo norepb, ycne-
Baroulee 3a xoporxHfi  npoMelKyroK BpeMeHH pacceflTbcf l  Bo BHe[r-
Hroro cpeAy, He3HaqHTeJrbHo.

I lo.u,orpeB MeAH o6uorxH 3a BpeMfl neperpyaKu

a @ _
1 3 ( k '  -  r )

t , (4-37)

rAe ./" - aKBHBaJreHTHag nJrorHocrb roKa B o6uorxe c yrreroM Ko-
a$QuuneHra BbrrecHervrf l ,  Alvrna2; k - KparHocrb neperpysKn no
roKy; t - r.nureJlbHocrb neperpy3Ku, c.

f locroqHHas BpeMeHH AJrfl  MeAH T:175. Ec.rru yqecrb orKJroHe-
HHfl yc.uonufi HarpeBa or a6ua6atHbrx, orBoA TenJrorbl Hsonqquefi
H CTaJrbro, yBeJrHqeHrre TenJrooTAaqu c pocToM TeMrrepaTypbl, To no-
crof lHHylo BpeMeHpI Mo>KHo yBeJIHTIHTb Ao 3HarIeHHfi  T:200.

O6tr.rHo rpHHHMarcrcr cJreAyrouue AonycrHMble neperpysxH o6-
MoroK: no roKy craropa- noJlyropaKparHafl B rer{eHue 2 uIaH npu
Bo3AyrxHoM H I uun npu BoAqHoM ox.ra)KAenr4u1' no roKy poropa-
AByKparHaff B reqeHne Bcero BpeMeHH $opcupoBaHHfl nos6yxAeHnfl
(50 c npH Bo3AyrxHoM oxJIa)KAeHHH u 20-30 c npu $opcHpoBaHHblx
cucreMax oxJraxAeHHq) .

3saqenufl AorroJrHHTeJrbr{bIX rroAorpeBoB o6iraorox B npouecce ne-
pefpysoK perJraMeHrHpoBaHHbIX xparHocleft H AJlzre.nruocrefi npu-
HHMAIOTCf l  B KAI{CCTBC KP}ITEPHEB NPH ONPCAEJICHHH AOIYCTHMbIX

AJrHreJrbsocrefi i leperpy3oK HHbIX Kparnocretl.
Tafttuqa 4-3

[onycruuas AJrlIreJrbHocrb neperpysoK

T

o6uorxa craropa ;o6uorrn nos6yxg,euun
I(p arHocrr
nepeFpy3oK

2r0
1 , 5
1 , 4
,3
,25
,2
, 1 5
, l

npu BosAyrrr-
H O M

oxnaxAeHHH

npu BoAtHoM
oxnaxAeHHE

npH Bo3Ayru-
H O M

oxnaxAeHII I I

5 0 c
2 uuu
3 ttrun
4 uun
5 uuu

6,5 uun
10 ,5  uuH

npr{ BoAsHoM oxJIaxAeHuH

5 0 c
2 uug
3 uun
4 usn
5 uun
6 t'rHH

l 0  l run
30 ruiH

2 0 c
I tttuu

1,25 r t rnu
2,5  uuu
4 trrHH

6 r'lgn
1 5  u u n

2 0 c
5 0 c
I trr-tu

1 ,5  l l lH
2  muH

2,75 uun
4 tnlltrt

3 0 c
1,25 uun

1,5 t t l l . Iu
2,25 uuu

3 uun
4 nluH
6 uuu

,[,.nrte.nuso
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Ha ocHose o6o6uleHltf l  peayJlbraroB pactreroB no BbrnoJrHeHHbrM
rnAPoreHeparopaM B ra6n.  4-3 rpHBeAeHbr cpeAHue,  xapaKrepHbre
A.ng 6onbunHcrBa HcnoJrHeunfi  MarurdH 3HarreHHfl AonycrnMbrx ni lm-
renlsocrefi neperpysoK o6uorox. f lp" neo6xoAHuociH rHAporeHe-
paropbl Moryr BbInoJIHflTbcr 14 c 6o"nr,runrrau neperpy3oqHbrMr.r cno-
co6uocrf lMV o6uoror no roKy, qro cBfl3aHo o6lrqno-c AonoJrHHTe., ' rb-
HbIM pacloA,oM MarepKaJroB r{ yAopo)KaHHeM MarrrrH.

4-9. BHE3ANHbIE KOPOTKI4E 3AMbIKAHI,Ifl
Hecuorpn Ha cBolo orHocHTeJIbHo MaJryro fipoAo.nxuTeJrbHocrb,

BHe3 aIIHbIe KOpOTKHe 3 a M bIKaHVf, Ha ilHHI/-flX gJr eKTponep eAarr 14 vJrr4
Aaxe Ha IxHHax craH\uf i  gsnflrorcr BecbMa rf l )KeJrbrMu npoqeccaMg
KaK AJIf l  cauofi  MauIHHbI, TaK H LJtf l ,  cBrrsaHHbrx c Heri  an[aparoB,
o 6opyao B aHr4r, p a cn p eAeJI HTe,/I bH F,IX ycrp ofr crB 3Jr eKTp Hq ecKr.rx cr a H -
IIHfi u noAcraHlrnfi, nusuit g.IleKTponepeAarru r.r cerer?. BoenuKalourne
npH BHe3arIHbIX KOpOTKI{X 3aMbIKaHHf lX BCTTJTeCKH TOKOB CO3AaTOT
3HaqLITeJIbHbIe MeXaHHqeCKLIe CHJIbI ,  OCO6eHHO OnacHble Ai l f l  .uo6o-
BbIx qacrefi o6uorxu craropa. Kporr,te rofo, cogAarorcfl Bo MHoro
pa3 npeBocxoAflurue HoMuHanrsufi oJreKTpoMarHHTHbre MoMeHTbr,
AeficrnyrculHe Ha porop H cTarop, qro raK)Ke ueo6xoA'Mo HMeTb
B BHAy npH KOHCrpyHpOBaHkrU MarrrHHbr.

O6H.IHo paccMarpl,IBaercr B ussecrnofi Mepe LrAeaJrHsHpoBaH-
HOe KOpOTKOe 3aMbrKaHHe npH HeKoropbrx ynpouaxri l IuX npeAno-
JIOIKeHHffX, KOTOpbIe, OAHaKO, IO3BOJTTIOT BbrscHHTb xapaKTep nepe-
xoAHofo rrpoqecca v [oflyrrHTb yAoBJreTBopHTeJrbHbre Lilfl. npaKTH-
rIecKI4x Ile"rrefi BbIpa)KeHHf AJr'. roKoB KoporKoro 3aMbrKaHr4fl.
OcHosHHe AonyueHus rtpn yKa3aHHoM aHaJruse cBoArrcr K cJre-
AyIouIeMy:

nos6yx4eHue cHHxpoHHoro reHeparopa B rrpoqecce KoporKoro
3aMbrKaHlrs He peryJrHpyercs;

rlacrora BPauleunfl reHeparopa He HBMeHflercfl H ocraercfl paeFrofi
cuHxpoHHof t  ( s :0 ) ;

conpoTHBJIeHHe Ayrn B MecTe KopoTKOro 3aMbrKaHuf, paBHo Hy/rrc.'l 'oxn 
KopoTKoro BaMbIKaHI{s B craTope. MrHoBeHHbre roKH B cra-

Tope no ocsu d u Q r,ns pa3rHrIHbIX BuAoe KoporKoro 3aMbrKalr4fl,
npu Ha[pf lx{eHr{H xoJrocroro xoAa H3BecrHbr H3 o6qefi  TeopHH rrepe-
xoAHbrx npoqeccoB cHHxpoHHbrx MaurHH.

f lpn rpex$aeHoM KoporKoM saMbIKaHr.rH, ecJrH eMy npeArrecrBo-
BaJI peryI{M XOJIOCTO|O XOAa C Hanpfl iKeHHeM, paBHbrM HOMHHaJTb-
H o M y  ( E :  1 )  :

AJrfl flBHOnOJTTOCHbTX MarrrHH c AervrnQepHofi o6uorxofi

t- '----7-
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1 t l

r t
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t i i
,ii i

. g " l
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ti1'

rit:
ll

..1 ,

g:l

$
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(;,-t)'ide: L_+(t_t)
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i
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+
I

- - €

xc

t- ------
T

-  ' d
6

I  x ' - 1 s '
, u d
t ,

xd xdxd
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: : : .
d.'l

t
, 4 

- ------

v v Tn d - * d  ' d
_ t _ - p

l l

xdxd

. 1
L q " :  '  e

x -
.l

e 
to 

"o, 
l ; (4 -38)

(4-3e)

(4-40)

(4-41)

XOJIOCTOfO

HCCH M M CT-

*)

t
- - o -

t d .

s in  l ;

f lBHOnOJrrOCHbrx MatUHH 6eS AeNan$epHofi  o6uorxu

t t

id,:r-+G-t), ' 'o

_ t
I  x r - x s  T ' ^

, - - " ? u
I ,

xd xdxa

t
.  I  

--7;
L q y :  ,  e

*q

l lpu AByxSa3HoM KoporKoM 3aMbrKarrprn t4B pe)KHMa
xoAa c HoMHHa./ ' rbHbrM Ha[pf l>KeHHeM H Irpw Hav1o"r l turef i
puuuoir bocrasrsrculefi roKa KoporKoro saMbrKaHHfl;

AJrfl rBHonoJrrocHbrx MaruuH c ,u,enan(repuoli o6uomofi

xa-  xd

L

t t o

t  d z :
x d - x d

AJtfl

x4 { x2

n

6x2l- x6

2x, (xl * *z)

t t l

x d - x d

(*o+ *r) (*o* *z)

x2 -f 3xo

2x,  (xr+ r ; )

*'a - *a

(*o + k) (*o * *z) / ,  ,  \ l  n

\*a t xz) \xa *

x d - x d

t o  
ao r l  -

xd

sin / .

t e  
'o 'n

t- --n-
T s,,

e
xo)

t_------|-
.f

^  ' d 2
e - f

,-T 'lcos2t

(*o+ *r) (*o* *z)
t

x z - x d  T o
t-

L ^ r t  -

_ t  I
r -  |  I

e  "  s i n t - l
L * a _ r * z

__+1
e  

r " z  
I s i n2 /a
I

\

zx, (x) * *z)
e cos 3/ ;

x d - x d

(*o + *r) (*o* *z)
t

x z - x d to 
,in 3l ,

(4-42)
t- ----7-

Taz I+

+

q4-43)
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x d - x d

OON{OTKH

-^i-

T' d 2

Aen n{repHoli

e

e  "  s i n l

AJI f f  gBHonoJ l tocHLrx  N, ta r r l rH  6es

,-r;l_
*r) (*) + .i)(xo * xz)

oM SaMbIKaHHH H3  pe>KHMa XOJ IOCTO|O
rruei i  acrlMuerpl.rqHoii  cocraBJrqFourei i
:

t

t̂ .
a l  u t

. l
1 6 2  -

- l^d -I- ^2

I
- j ;

e cos I I

X c o s 2 / -

x2 1- 3xo

/ l

z x o l x j  - *  x o l
z  \  u  L l

_ t
T

sin 2t --+-
I

cos 3/;

-l#.

t  x c l

x d - x d

( . ;

+

lx 6 -'r- x2)

t-
I '
l xa+x2

x z - x d

xa * 3x2

2*, (*o +
t

' a

(4-44)

2x, (xo * ,z)
L  q 2 :

xd - x'd

I

e 
-" 

s in 31. (4-45)
x2 - x'd
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-e  raz 

I
I

I

M KOpOTK
r i  uan6on
MbIKAHf i f l

2x, (,xo * *z)

,o) (*o * xz* ro)xa*  x2 - l  xs

xo )

HO
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3 a

(*o + *r) (*) +

f lpn o4uoSas
A a  c  E : l  H
KOB KOpOTKO|O

+

XO
TO

AJrf l  f lBHonoJrrocHbrx MarurrH c Ael ln$epuor? o6uorroi i

x d - x d

t- -----
Til

o t
" - T -id, - *  

1 r *u
*o-  *o  

,  
,0 ,  

_  
xo l  Sxr l -  2xo ^

\  /  t t  
. \  ( q ,  \  /  "  ,  \xo) \ra 

-f xz a xo) y-x2 -l xo) I.xa -l x2 + x0)

r  _ t
f r v r '
|  ,  ,  

* d - x d  
^  T a t

r - l
L*o + xr* xs l t ,  + xz * *o) \*a * xz* xo)

_  r l
*d - ' ' d  r r ,  I- r  e  a L  l c o s 2 t -'  I  t  ,  ,  \ /  n  \  |

\ra + xz+r ro) \"a * xz *- xo ) -l

_ *z - *') 
,- 

_-hcos 
3/ :

I

| i l i l t ,

x; I 3x, l- 2x

t- 7 '

e  
' a r  

s i n l -
(r*, + 'o) (', 1- ,; l-'o)

+

(4-46)
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I  x d - x ' a  
- - : -

-----------* € 
'o'+

|  |  \ / ,  ,  ,  \
i -  xz * xo Ira 

- l  xz-l to. l  l"a + x2 + xo)

- *a-*) ,-+lsin 2r-
/  |  ' , /  u  

\  
|\* a -'- xz * *o) \*a 1- xz * xo.) r
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- , _  f f i e  

' " ' s i n 3 l ;  ( 4 - 4 7 )
\ 2 r r +  * o )  \ r a *  x z *  x o )

oJFOClrF,rx Marrr{H 6es aerranSepHofi  o6uorxla
t

,  * a - xd  ^ - i ;
J - C -

*  xz *  xo 
'  

( to*  xz* ro)  ( - )+ ,z*  *o)
t

_  
x ' 01 ' 3x r l - 2xo  

, -T^cos l+
(.2x, * ,o\ (r'o I x2 * xo)

' l

+ r-7; l.or 2t_
* xo l*o + xz* *o) \*a* xz * xo] J

L
l  x, -+-
\ 4

*a - *'i

xd

+

o n

xd

I

x2

I

I- l

f l B I

dL =-

" ,

/\"rI f

i

t--L
+

sin 2/ I

(4.48)

(4 -4e)

(4-50)

I I

x2 - x'd

(zx2* *o)  (*r*  xa* ,o)

xz* 3x'4* 2xo

( r * r+  *o)  ( * t *  xa* 'o)

t

x d -  x d

+
_ T

e 
'o1 

cos 3l  ;

t
T

e  
' o t  

s i n l -L q L

,-il1+Lxa *  x2 l  xo ?o + xz * *o) (*o * xz* ,o)

X 2 -  X t  T
'  

' -d  
e  

'or  
cos 3/  '

I  l ^  \  |  |  ,  \

lzx2i xo) \xz* xa + roj

Arq pacrrera MexaHur{ecKux ycu.nufi Mex(Ay roKoBeAyuIHMI{ rra-

crrMu r{acro seo6xoAHMo sHarb sau6onuuuft MrHoBeHsr' t f i  ToK Ko-
porKoro gaMbrKaHr4rr - TaK HasblBaeuufi y,u,apHltfi ToK KoporKoro

3aMbrKaHHq iy. Sror roK IIPeAcraBJlrer co6ofi  cyMMy nepHoAHqe-
cKofo 14 anepuoAHr{ecKoro roKoB KoporKofo 3aMbIKaHHs npi t6nusu-
TeJrbHo cnycTg rroJrnepHoAa nocJle HaqaJla l(opoTKofo 3aMbIKaI{I l t .

O6uqso cql{Taror, qro B cPeAHeM

i v  : 1 , 0 5 '  l , B ' 1 '  +  '
xd

I

I



3Aect,  1,05 y,111rbtB2er Bo3Mo)r(r rocrr ,  l )af )orbr  rer{eparopa nprr  l0S ?0
I {O M II I I  3"r I  bHOfO II  A I I  PA)I{  CHHfl . .

Toxn KoporKono 3aMbrKaHr.rs B poTope. Ec.nu roKH ia 14 iq H3-
BecrHbI  KaK QyHxuuH BpeMeHI. i ,  To Bbrpax{eHrr f l  Anf l  Mfr {oBeHHbrx
ToKoB B porope no ocf lM d n Q Moryr 6url  l to"uyr1s11o, nyreM rtpn_
MeHeHHq MeTOAOB Or iepaTopHofo HcrrHc, ' reHHq.

Toxlr B poropHbrx cncreM ax I  a n I  , ,  B Ao/rf lx roKa eos6yxf i  eHVfl
npH xoJlocroM xoAe H HoMH.HaJrbr{oM -Hanpfl)KeHrru Moryr 6r,rr t  pac-
c t lHraHbr  no $opuy, ' raM (4-51)-  (4-59)  .

l lp"  rpexQasHoM KoporKoM 3aMbtKaHr4u r . r3  pex{r rMa xo. r rocToro
XOAa C  I IOMHHS" r lb t l b IM  Hanp f lX (eH l teM :

AJrf l  f lBHOnOJrr,OCHbrx Ma[rrrrr  c Aennn$epHoli  o6i l ,rorr, lof i
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AJIf l  f lBHONOJITOCHbIX

, * 'd
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t t

,  xd - x ' d  
-T  

xd . - ) c ' d  
-T  

,: l t - :  , - - : - e  "  C O S I .
xj xd

|  - At q 3 - - w .

f lp" AByxSa3HoM KoporKoM 3aMbIKaHHH H3 pe)KHMa xoJrocroro
xoAa c HOMLIHaJIbHbTM Harrpf)KeHHeM:

EJts, flBHonoJrrocHbrx orHxpoHHbrx MatuHH c AeMn$epHofi 06-
MOTKOfi

,  ( : o - | o  xd - - ; \ ^ - t
+  |  - _ _- T l  

,  - -  '  l "
\ xd xd )

Marur4H 6es Aer\anQepuofi o6uorxpt
t

t _ - - - - - | -

x d - x d  ^  T a  /  , \ ,
*  \xa-  xa) Las:

xd

t- -
Tsq

o l

t
- ---7-

T s

(4-52)

(4-51)

(4-53)
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t d 2 - - - f

x s { x 2

(-i+ *r) (*o- *'o)

(*o l- *r) (*o* *z)
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i

I  qz: (*n- * 'o) irr;

AJrf l  rBHor io, , ' r rocrrbrx MauuH 6es aennnQepnor i  o6morxH

, , - : -

I  d r : #  + #  r ' 0 ,  +  ( * o - x a )  i a z ;

I  oz :0  '

(4-55)

(4-56)

[ - lpn oanoQa3HoM KoporKoM 3aMbrKaHHr{  H3 pe>KHMa xonocToro
xoAa c HoMI4Ha,'rbHbIM HanpglKeHLIeM :

AJrr f lBHonoJrrocHbrx cHHXpoHribrx MarrrHH c Aeun$epuofi  o6-
uorxofi

I  d r :

t
| \ 

- ---7-

s  -  X s l  Tu  . . /  ^  d le

(4-57)

xa * xr* xs

xd

( . )+ xz* 'o)  ( '
x a * x 2 l x o /  ,  .  \ /

f ta  +  xz*  x r )  \ xa*
t

t i l a

X : - X :  Tu  u  ^  d l  I  o \ .- e -j- \xa - xa) Lari
* xz* xo

I qr:Qn-xni) irt, (4-b8)

Ailn tBHoIIoJIIocHbIX cHHXpoHHbrx Marrrr.iH 6es a,erranQepHofi o6-
M O T K H

I o r *
xa*  x2*  xs

t
r  - T

x d - x d  e  T a t
* (*o- xa) i at; (4-b9)

xa*  xr*  xo xa*  xz *  xo

I 6 : o '

Moruenrbl BpalqeHuq npr,r KoporKr{x 3aMbrKaHuqx. MoueHrbr Bpa-
ureHufl  cuHxpouuol i  Ma[r lrHbr npa KoporKHX saMbrKaHaflx rre.necoo6-
pagHo paccrlurblBarb, noJrb3yflcl  Sopnay"rrol i

M*. 
" 

- I  ai r- I  nio- iaiq (x6- xq), (4-60)

rAe la  u  iq-  MfHoBeHHbre roKH B crarope t lo  ocf lNr  d  u q B AoJr f lx
aMnJII4TYArr HoMHHaJlbHoro ToKa craTopa; I6 H Iq- lv{rHoBeHHbIe
roKr{ B porope ro ocf lM d u q B AoJrf lx roKa nos6yx4eHnr npr{ xo-
JIOCTOM XOAe r {  HOMHHaJTbHOM Hanpf lX{eI {HH.

Httxe npHBeAeHbI ocHoBHbIe Bbrpax<eHnfi  AJrf i  r \roMerrroB Bpau{e-
HItf l  B AOJIf lX HOMHHaJIbHO|O MOMeHTa BpaU{eHHfl  npr{  pa3rr . r r iHbrx
BHAaX KOpOTKO|O saMbIKaHHfl  H3 XOJTOCTOTO XOAa, noryqeHHbre
P. A. . I l rorepolr [33].  l ly"nrcar{r4oHHbre MoMeHrL,i  BpaureHrif i  cr iHxpoH-
uofi  uauHHbI AaHbI c yqeroM nepexoAHbix roKoB B porope H crarope
H nropofi  rapMoHu.Iecxol l .  l lpn I IX Bblr{r icJreHr4it  aKTr{BHbre conpo-
THBJIeHHff B qenU O6mOrKI' I  CTaTOpa H aKTHBHOe COnpOTHBJTeHHe rO-
KaM o6paruoli nocJIeAoBareJIbHocrLI yqreHbr roJibKo B orHorrreHr.rr{
t IX BJII I f lHHfl  Ha 3zTYXaHrIe nepexo.r ' { i rbrX T'OKOB.
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MoMeHrbI  Bpau{eHr{ f l  nprr  rpexoa3HoM Kopor-

A/rf l  f lBHOnOnrccHbrx ruarur{rr c AeN{n$epHoft o6rrlorxor?

MK. sa

t t
'T' tt a  t d

I-ly.nrcauHoHHbre
K O M  3 A M b I K A H H H :

,  *a - * ' a
t---; " 

e
xdxd

Mx. ss
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xdxd

+ 4 u
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x o - x d  T

- - -  e  
' o s i n 2 t .

2x {d
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_ 2 t
T
" sin2t; (4-61)
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T

a

/  _ t
I  t  r^

_ l _ e  u
\r td

n$epHofi o6uorxn

_ t _ t \
r o  r ' d  l .s  q  

f  s i n l -

/

Cpe.uuHe 3HaqeHHfl  Ao' 'o i ' IHHTeJrbHbrx acHHxpoHHblx MoMeHToB
BPAUICHHfl  NPH TPCXQASHOM KOPOTKOM SAMbIKA HHV, 3ABHCqII IHC OT
aKTHBHbIX conporHB,,'IeHHfi ceru r H ctlxpoHuofi Ma[rHHbr AJrfl ToKoB
nprvrofi (rr) u o6parsofi (rr) nocJreAosarerrnocrn:

AJIf l  f lBHOIIOJIIOCHbIX MAIIIHH C 4CNAN$CPHOfi O6UOTXOI?

( , -L^' ..' .." -+\'
L M * . g B : (  '  

+ . 0 _ + ,  
' o  

+ * o : : 0 ,  
r i  

l *
\ ta xdxd xdxd ,l

A€UAJIf l  f lBHonoJrrocHbrx raauraH 6eg

L M * . 3 8  :
x d - x d

( r ' * r )+

(4-62)

(4-63)

(4-64)

X(r , * r )  - ( * *q ) '
T L ,'  o 2 (rr-  rr)  Rfrt  

,
ktrf

AJrfl flBHOnOJrrOcHbrx MarrrHH 6es Aex,rncpepHorl o6uorxu

-r)'
xd xdxd

/  I  ,  |  
- "

+[q * o;) '  
' "21',-, i)#

I-IynlcaquoHHbre MoMeHrbr
K O N {  3 A M b I K A H I I T I :
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O O  M O T K O Hc AeM n(repHofi

(*o + *r)' (*o * *z)

z (.0* ,z) ( ' ;  - . ;)

* *z) (*o * *r) (*) * *z)

2 (.; * *z) (*o - *o) (*o - .;)

(.; + *r) (,'o - *i)'(;, + *r) (*n - *o)'

z (to * tz) (*o - *'o)xn*  xz

(*a -r ,z)2

M A l l I H I {

I

AJI f l  f lBHOnOJI IOCHbTX

rt t
Mx .  , z  == l  -  €

l x a l  x 2

) (-; * *z)( x 6 *  x z

I

1
I
i x d - x d 7 ' T' a  ' d 2T o

x d -  x d

*r')

t_ T
Trq

D Ie - r

_i-
I

t -

9 t
_ _

.|
t s o

e u L

J_

)  

, ' "

d

x

rd -tr

f s

"

- x

e

*r) '(*L

,+l
('o +

"y-;)
(*r- io) (sx2r4 5xo2 4 G

+

t t
- "-i-'r 'r

-  ' a  ' d 2
e

(*o + ,r) (*o
J-

I

l-
l r

3 0 : l - e

l x2*-  x4

( 'o - *o)'

(16 + ,2)2

(t, - xo) (sxz, + Exd2 * G**'a) _ 2 t - l

e r "Js inzr
+xl (x2 *

+

+ 'r) (*
_+1 ,trrJ 

(

' r )  ( *o-

T o

z  (xo*

( r ,

t-r

,cq -l- x2
+

(*a + ,2)2

I-r
( r a

t t- - 7 - - T
,Tt rf

^  
' d 2  ' d 2

Y -1-+
(.) + *r)' (m * *z)

2t- - -
.r

^  
' d 2  

|
v -t-

(xo + xz)

+I-T-

+ *r)'

sin 2l ;

(*o + ,r)' (*o + *r)'

+xl (x, +
(4-65)

--i-

e 
'o' 

+

*L)'

AJrfl rBHonoJrtocHbrx rr,raruHH 6es Aelvlntpepuofi o6uorxu

+
_ 

, , x d - x d
M*.

-f xz)

( . - '  '  . -  \  /  -  '  . .  \ 2
\ ta  t  *z)  \ *a*  xz) -

9 l
- -"-7-

T s,,e  - - +

I
i l
i .
i ,

I

(xn * xz)
j-

I

(*'6 * xz)2

*  a l '' ,1,

i'g

(4-66)



q
:.i,:i

i;

AOnOJTH
SAMbIKA

MAIuHH

Hf. npH
conpo-

t'
] X

I*'J '
(4-67 )

HTeJrbHbrx MoMeHTOB BpauleH
HHH, 3ABHCRUIHC OT AKTHBHbIX

c AeMnQepHoft  o6uorxol i

,  - "
x d - x d  

^  
T a z

MY 
1-

f

I  - ' ,
I  t a * 3 x z  -  T o( r + r z ) t l  - - # e
L2r, \*a I *r)

_ r l "
-e  r ; l l rv r -  r r )k* r  ar r
J  l L  k p t' J

Cpe,u,Hne 3HaqeHnfl
anyxQa3HoM KoporKoM
THgNCHI, I f i :

AJIff  f lBHONOJIIOCHbIX

+

l
*2-  x 'd

q \*a 
-l xz

x2(.) +
httt  ,- t
krrf

(*i + *r)

f ,'LM".  sz:2 |  - -

l xa  t  x2
t_ T

T
,  ' d 2
e

, t

x d - x d
+

x 2 (rr- r)

AJrfl flBHOnOJrrOcHbrx MarlHH 6es AeN,rnoepHofi o6rraorxn

(4-68)

KOpor-

t
't'
' d l  

I-1-
T a lx d - x d

( *o+ xz*  *o)  ( 'o*  xz* 'o)

*a-*L
(.)+ xz*.o) (.0* xz* 

"o)

t t -t
_ - - - , _  |

e 
re t  ra t  

l "
J

+

I--l-

;*i

'td,

* ( 4+ *ot' 
* 

xz+ xL* xo) 
,in t -l 

* 'o* *r+ *o 
*

\ x2 l- xol2 2x, I xo I L (ro * xz* .ro)t



2 ( x n 1 -  * ) l
t- ---l-

,,.' d l  
r-l-

xz 1- ,o) \ra e+
?o -l- xz )- x2 * xs)

-  ; ; )

x o ) 2  ( x 6 1

z ( .0* xz+ *o) (*)

(*o + xz* *o) (*o * xz* ro)

- xd) (,;z (.0-f xz + xo) (xd
+( *o+  xz*  ro )  ( *o ) -  xz+  ,o ) ' ( r 'o

* xz* xo) (*o - ,o) '
|  ,  ,  \ 9  I

l xa  *  xz- l  xo)"  lxa *  xz  ) -

t x z * f , 0 ) ( * o - * i ) '

*  x a *

X+

2 (ro * xz* ro) (*o - to)

(r) + xz* ,o) (ro * xz* 'o) '

- - a

T'  , 11
P

( . )+  x r l -x6)

t t- -----1- - --7i-
1- T'

^  ' d l  ' d l
e

- i;)

* xz* ro)
J-

+

AJIf

,oY

2t
- --7-

T' d l
Y

2t
T

e  
' d l

(;;

++

J_
I

SepHofi

_ t
Tal  

r-r

xz * to)' (t'o I xz + ,o)2

++)'+s(x;*+)
*+)(.0*+)

, (*'o- s;*
.I)ls(.,

+ 6(x,

+

n

e

l*,

sin 2t; (4-69)

2t
T

e  
' a L

o6uorxH

'o)'

E M I

- i

x0

x0

.e1

* x ' a * .

H 6 e s A

+

)

+

+
xo

"o) \*a

x a * x z
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t4I
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(r

IlIl
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g B H O N

(*o + xz*

! xol2 ,
-t -n 

-r

n (*ra xol2)2

OJITOCHbIX MA

M*. st  -

I

x d -  x d

' r+ td
- x o  \ |  *o* xz* xo

[ ( x a *  x z * x i l  Isin Iln
*q

x2
(X
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t- -'---
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o  u r  t
" - f+

/  ,  ,  \  |  t \ ,  - -3 i r -
l tq t  xz -f  to) \*a 
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fu( ' ,  **) ' t  s(,0*?)'*
u(',-, +) (.0* +)]

( * r -  * 'o )

9 t
- T -

n  
' o l

c sin 2t. (4-70)-t-
n (*r* xol2) (") -f xrl xo')2

Cpe4HHe 3HaqeHnfl  AonoJIHHTeJIbHbIX MoMeHToB BpaureHut npr.r
HoQasHou KoporKoM 3aMbIKaHHr4, 3aBncfiul l {e or aKTHBHbIX co-
OTHgJCHI, I f i :

Axfl  qBHonorFocHbrx MaUJHH c AeMnSepHofi  o6uorxorl

|  _ J _
I  I  x d - x d  ^  

T a t  
rAr ' r ' i * . * - 2 |  _ - - i -  t  - r

L * o +  x 2 {  x s '  ( * o I  x z *  t o )  ( - ) +  x 2 *  x s )

+ u-T^ l ,r* r,)*
l * o * x z i x o )  l r i + x 2 * x o )  J

oA
n p

(zx2* *o) (* ' i *  xz* 'o)"L
_  t  1 r ,

e  r o t  
l l ' v , -
l L

-L

d

:

)

(x

x0

*o)

r0

t *

I-T-

2x

x2

I
I

t-T-

x2

,=

d -

+

3x
T
\ '

I-1-x 6 *  x 2
- * ,

xo \xa

x a *

(zx, + xo)

, - * ] ' "x2(ru-r,#.1

*';+ Bxr* 2xs

x z - x d

(rt, + *o) (*'o * xz* ro)

JIIOCHbIX MAIII I , IH

x  ( r * r r ) *

2 (rr- rrl htr n
hfrf

e 
Tat

,, +r] ;

(4-7 t)

__+1
e  

r a t  
l "
I

X

rryfu-a
h t ,

6es 4err,rn$epHoft o6uorxu

x d - x d

x z -  x d

(zx2* *o) ?)* xz* ro)

AJIf l  f lBHONO

ILM*. " r  - 'L
* x z * r o )

,-l
I
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[, V,- r') &-721P*r , * r l  .
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f ly . r r r ,caunoHHuf i  MoMeHr BpalqeHHfi
3aMbrKaHHH f lBHonoJrrocHof i  c l ruxpoHuor l
r a p M o H H r r e c K H X

npH AByx$asHor 'a KoporKoM
MatI IHHbI  C yqeToM BbTCUIHX

, . I
t a - l

nbT sin nl -
5 . . .

n ' 1 1  L
, L  V .  (4-73)

xz * * )

v ln2 -T *d

r l -tuI*."2: -+ , I zne Ixr- fxa I  n:r i3,

| ( o, -i'--- 4- A,::::e-'\
\  x2 f  x4  x2  ) r '

3Aecs

T
: 2 , 4 , 6 . . .

t

A - - o  ' a .  h -a l ( ' - - t l ) '

r\ xd a- x2
t -  T

v l v*d -1- *2
/  ,  \ / '  ,  \
\xa t *z) \*a 

-t xz)
]

I  i  
- -  

q

xd -  xd  T  a ,- e
t .

x6 f  x2

Aono.nHHTeJIbHbIf i ,  3aBucfl Ir luf i  or conporuBJreHr.rf i  MoMeHT Bpa-
uIeHHr npH AByxQasHorra KoporKoM 3aMbrKaHHH rBHorroJrrocHorl cHH-
xpoHHoli  MaITIHHbI (n npeHe6pex(eHHu BbrcrrruMn rapMoHHqecKHMH
roKa)

6ful+t*r')+ A'2(r'-")]

(*) + *r)
J-

+

LM*. 
"z 

: (4-7 4)

B npHBeAeHHbIX Bbrure Bblpax(etuflx AJrfl flepexoAHbrx roKoB
e o6rvrorKax craropa H poropa H Ans coaAaBaeMbrx LrMr4 MoMeHToB

HcnoJrb3oBaHbr cJreAyrourHe rrocrorHHr,re BpeMeHH : T; - 
*o 

T ao_
xd

nocrofHHaf i  BpeMeHr{  r {enH Bo36yx{AeHHf l  npH rpex$a3HoM Kopor-
KOM 3aMbrKaHr1t r  B o6t r lorxe cTaropa;  Tao-  I IocroqHHaf l  BpeN, leHrr

n

,  X t

uenn eos6yxAeHnf l  npu pa3oMKHyrof i  o6rraorKe crarop a;Ta:  -*  X
xd

X T'ia- nocroffHHafl BpeMeHpr .qervrn$epHofi o6uorxl.r nprr rpexQas-
HOM KOpOTKOM 3aMbrKaHHH B O6UOrXe CTarOpa;  T ia - .nocroqHHaf l
BpeMeHH AeMnQepHoit  o6uorxu npn KoporKosarr , rxHyror l  o6uorxe

nos6yxAeHnf l  H pa3oMxHyrof i  o6uorxe crarop ai  T 'az:  
*o 

I ,* '  T ao-
x d t  x z

nocrof lHHaf l  BpeMeHr{  qenrr  sos6yxAeHHR npr i  AByloa3HoM Ko-

"  X l *  x Z
poTKoM SaMbIKaHHH B o6uorxe  cTaTopa;  742= '  - : ,  r  0d-

x,, * .t..
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B o6MorKe craropa;

uenH sos6yxAeHufl
xa -f xz 1-

o4HoQ a3HoM
xo

np,l
xd

KOpOTKOM 3aMbIKaHHH B  OO-

MorKe craf  op aiT ar
t  x z *  x o

T' io- r rocrof lHHas BpeMeHH AeMn-
x a *  x r *  x o

Sepuoft o6nrorxH npH KoporKosaMKHyrorl  o6naorKe Bos6yxg,euHa v
l r  o4uoQa3HoM KoporKoM 3aMbIKaHHH e o6MorKe craroPai  To:Ta2:
:x2/fs- nocrof lHqar, BpeMeHH o6uorxu craropa npH o6reraHuu IIo-
crosHHbrM ToKoM B cxeMax Tpex$asuoro H AByxQa3Horo KoporKHX
3aMbIKauvt f i ;  Tar :  (2xr*xo)  lQr" )  -  nocrof lHHar  BpeMeHH o6uorxu
craropa npn o6rexariuu [ocrof lHHbrM ToKoNl B cxeMe oAHoQa3Horo
3AMbIKAHVf,.

B Sopuy"rrax AJrr cpeAHHX AonoJrHHTeJrbHbIX MoMeHroB Bpau{e-
HVfl ,  A,Mrr."sj  LM^."2, LMn."t ,  xoeQQuU?IeHTbI kfrf  ,  knf ,  knt yqHTbI-
BarcT yBeJrr{qeHr{e aKTr4BHbrx conporue, ' Ieuui i  poropHofi  cucreMbl co-
OTBeTCTBeHHO IIpH r{aCTOTaX f*,or, 2f ,ro*,, 3frror.

l lp" pacqere gJreKTpoMarHr.{THbrx MoMeHToB, nepeAaBaeMblx qe-

pes crarop rnAporeHeparopa Ha 4lysAanteHr, MolKHo BoctloJlb3o-
Barbcf l  npu6"rruxeHHbrMn Bbrpal l(eHuflMl{,  nof lyqeHHblNln H3 npHBe-
AeHHbrx BbIIre rtpn npeue6pe]KeHnl4 saryxaHueM. TorAa sHaKo-
rlepeMeHHafl  cocraBJlf l touraf l  MoMeHTa npH rpexQa3HoM KoporKoM
3AMbIKAHI.{}I

M w . g s ' : (4-75)

a Ailf, flBHorroJrrocHbrx Ma[ruH c npoAoJlbHo-nonepe.rnofi 4ervruQep-
Hofi o6uorxofi, Ailn KoTopblx Mo)KHo ytIHTbIBaTb To/IbKo nepeufi
TIJIEH B KBAAPATHbIX CKO6KAX,

nocrorHHatr  BpeMeun Acrvr  nr l leprro i r  o6vorxtr
o6uorxe  nos6yx .u ,eHHf l  t4 .aoyx$a3I IoM

t  d t :
x a *  x r {  x s

npr r  KoporKo3aMxuyro i i
KOpOTKOM 3aMbrKaHHH

Toa- nocTof l I {Haf l  BpeMeHu

(4-76)

SHaKonepeMel lHaf l  co-

(4-77)

(4-78)

" l ts in,.( t- iY],

M K . s s :  + s i n  l .
xd

I IpH 4eyxQa3HoM KoporKoM 3aMbIKaHI' I l I
CTABJIf l IOUIAfl MOMCHTA

M*."2:  #(sin / -o,b s in 2l) .
x4*  xz

MaxcutvtaJIbHoe 3Har{eHHe gTOfO MOMeHTa

Mr<.szma* - 2,6Erl6;* xz),

a C yrIeTOM BbICSHX rapMOHHr{ecKHX B xpunOft  MOMeHTa

AA

M* . "max :  P ] t n  n ( - - '  l ; ) ' l
x4*x2  L  \  xz * *a  /  J

(4-7e)



3Haxonocrof lHHbre cocraBJrrrrcrr lue MoMeHToB
rqeHHH AJr f l  Tpex$asHoro KoporKoro saMbrKaHHf l

LM*sg:E2f+(r ,*  r )+ (+ -+)
L * a  \ " a '  * n ' )

( r r - t t ,  

]  
,

npH ToM X{e AonY-

(4-80)

(4-81)

Maxcuuaar -
H O e

SHaqeHne

n na gsyxQasHoro KoporKoro 3aMbrKaHr lq

aM*."2: J! .  ̂ l  
, ' !  , ,  * 2 (rr_rr) l

Q o + * r ) ' l  2  '  \ '  - ' l

3.rrexrpoMarHHTHble MoMeHTbI Kopornofo saMbr KaHHr BocnpHHH-
MAIoTCfl  KAK CTATOPOM H POTOPOM 3JICKTPHqCCXOfi  MAIUHHbI,  TAK HrlacrHr{Ho pac[oJIo]KeHHbIMH Ha ee BaJry nos6yAureJrflMg HJ1H LrHbrMH
BC[OMOfareJrbHbrMH MaruHHaMH. l lp,  sTOM 4el icrnyrouuft  Ha HHX
IVTOITCHT M" SABHCHT OT COOTHOITCHHfl MC}KAy AuHaMvrIecKHMH Mo-
MeHTaMH HHepuHH poropoB ocHoBHorl  e,uexrpnqecKof i  naauuHtr (Ha-
rIpHMep' rHAporeHeparopa) GD2 v, co6crseuHo nos6yAurerrf l  GD3:

M" == M*."
GD2

B

cn2 a cof;
(4-82)

llpnrvrepu pacqera MoMeHroB BparrleHus npr KoporKr{x aaMHKaHrrrx rgApo-
reHepaTopa.

. .  f l^apgruerpbl_ rr{Aporeseparopa i  ^  Iq:0,80; xq:0,55; Na, :0,8;  xa, ,  :0,20;
xq":_0,26;_xZ:0,?9; xo_:0,i0; ir:0:007 rz:0,9i; T'ao:Z+00: T']':906; f;'J::1250; Tdr ' :1350; Toa":190;  Ta":125;  Taz, , :1"55:  Ta(:160;  

'T"JBg;
T ot :25.

.  Houep
QopMynbr

Buqscaseuufi
MOMEHT

BparrleHEt
9ucneHHoe gHaqeHHe

(4-76)
(4-78)
(4-61)

(4-63)
(4-65)

(4-67)
(4-6e)

(4-7r)
(4-73)
(4-74)

Ms. s 6ax
M*.  

"  
2max

M * . " s

LM*. s s
M * .  

" ,

LM*. 
" 

z
M * . " r

LM*. 
" 

r
M * .  

" ,L M * . " 2

5,0
6 ,0

0,5
(0,97e-o'o3t + 0,g4r-o,o3l/ -p

I 0,44e-o': '112,0S sin I  -  (0,43 +
* 0,87e-o'ooo8l * 0,41e-o'oo6l a
* 0,39e-o'oo7t ! o,4le-o,ool6l1

* o,oge-o'ol3f * o,B1e-o,o6l) sin2t
0,6

(0,88e-o'oat + 0,7t-o'o4lf 4
* o,Be-o'onff) 2,05 sin I - (0,+o +
* 0,73e-o'ooo7t + 0,31r-o'oo6t a
* 0,24e-o1oo7l * o,2ge-o,ol4la

* o,ose-o'ol25t * 0,36e-o,o8l) sin 2l
':'

9,7

Oxo.no 4,5

Oxo.no 6,6

Oxoao 5,1

Orono 6

(1,25e- o'c3l 
+ 2,08e-o'o3ll a

f 1,66e-0'0381) sin I - 0,58e-0'06r sin 2l



l lapauerpbl  r l rAporenepaTopa' .  xa:0,80; rq:0,55; Ja' :0,30i  xz--0,40i  - {0:
: 0 , 1 0 ;  r r : 0 , 0 0 7 ;  r z : 0 , 0 1 ;  T a o : 2 4 0 0 ;  T a ' : 9 0 0 ;  T d 2 ' : 1 4 0 0 ;  T d r ' : 1 4 8 0 ;  7 ' u :
:60 ;  T  o r :45 .

Honep
$opuy,rur

BbrqHcaqeMr,tf i
MOMEHT

Bpar r {eHH ' I

t l  Hc, 'reg Hoe gH aqeHI.Ie
Marcuua.ns-

H O e
3H AI {EHHC

(4-76)
(4-78)

(4-62)

(4-64)

(4-66)

(4-68)

(4-70)

(4-72)
(4-73)
(4-74)

M n . " ^ ^ *
M * .  t  ^ u *

M * . s s

LM* .  
"  

s
M * .  

" ,

LM*.  s  z
M * . " t

LM*. 
" 

r
M* .  

"  
z

LM*.  
"  z

3,33
4,85

(r,2se-o'ot7t + 2,08e-o'ol8l) sin I -
_ 0,76e_0,094t sin2t

0 , 1  I
(0,83a-o'ot7t a 0,60e-o'ot8l) x

x2,24 sin I - (O,OS * 0,g5e-o'ooo7/ a
* 0,33e-0'0014/ * 0,G2e-0'0341) Xsin 2l

0,07
(0,77e-o'022t a O,tnr-o'0231) X

x2,22 sin I - (O,OZ * o,7ge-o'ooo7l -p

* 0,24e-0'00141* 0,48e-0'045r) Xsin 2l
0,05

0,08

Oxolo 3,4

Oxoro 4,8

Oro.no 4,1

Oxono 4,3

(4-83)

(4-84)
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l lepeHanpqx(eHns npu Hecr{MMerpuqHbrx KoporKnx 3aMbIKaHHcx.
f lpru HecHMMerpHqHbrx KoporKHX 3arvrbIKaHHrx ruAporeHeparopoB
143-3a HeCHMMeTpLIU pOTOpa IIO AByM OCqM rrOBbIIXaeTCfl HaIIpflX<e-
HHe Ha CBO6OAHbTX Qa3aX O6MOTKH.

l lpra AByxQa3HoM KoporKoM BaMbIKaHHH Hanpfl)KeHne Ha cBo-
6olnofi  Qase Eo Lr HanprlKeHue Me)KAy cBo6oAHofi  H KoporKoBaMK-
Hyrofi sasarrara Eau rrotrryqarorcf Har46oJrb[Ir.rMH B ToM cJryrrae, KofAa
noroKocrlenJreHHe c KoporKo3aMHyTbIM I{oHTypoM Ha craTope B Mo-
MeHT KOpOTKOTO 3aMbIKAH]aF., HMeer MaKCHMaJTbHOe 3HarIeHHe. TOrAa
AJrf l  Ma[rHHbr 6es AeNanSepuofi  o6ltorxH

Eo*^*-  E (2xolxa- l )

14 LIrfl Maur.rH c AeMrsepHoii o6uorxofi

E o ̂^* - E (zqta- t) ,
fAe E - Haflpf lx{eHHe Ha BblBoAax reHeparopa Ao KoporKoro 3aMbl-
K A H H f .

MaxcHuaJrbHoe Hanpr)KeHne Mex(Ay cBo6oAH oft  u, KoporKo3aMK-
Hyroft  QasartrH

Eou*^* :  1 ,58o *"* . (4-85)

Ec,ul l  B uenH craropa BKnrcr{eHa eMKocrb, To rrpH HecnMMerpuq-
HOM KOpOTKOM 3aMbrKaHHH nepeHanpf l>KeHuf l  MoryT ycHJIHTbcf
BCJTeACTBHe peSOHaHCHbrX fBJreHHft .  A,ns BbICIUHX rapMOHHrreCKHX
TOKa MOIKHO CqHTaTb, qTo CHHXpOHHafl  Ma[IHHa npeACTaBJrf ieT CO6Ori
r iH[y1111rBHOe CO[pOTrrB,rreHrre Tor{a\1 o6parHot ' t  noc.qeAoBaTe, ' ]b l locTl I



X2, TAR KaK poTOp no OTHOII€HI{ lo K Hx nOJIf iM nBJrr IeTCfl  BTopgqHoi l
KoporKo3aMKHyroli o6uorxofi,  Bpau{aroueucq c rreKoropoli qacro-
roi l .  l loaronay BogMolKeH pe3oHaHc LJtn oAHorl rr3 rapMoHr{qecKr.rx
rropflAKa v, ecJrr.t yAoBJreTBOpfleTcfl cooTHotueHHe

x6l x, -- v2, (4-86)

rAe - rc  -  l  l ( rC)  -  eMKocrHoe conpornBJieHt ie .
PesoHaHcHble tBJIeHHfl o6yc.rron.rrHBarorcf l  B ocHoBHoM Heqer-

HbIMH rapMoHHrIecKHMH, TaK KaK qerHbre rapMoHgqecKge o6t tquo
6ucrpo 3aryxalor .  Vn/ iyn ' r4Blaf l ,  aKTHBHas HJrn cN{euaHHaq Ha-
fpy3Ka, nOAKJIIOT{eHHafl  napaJrJreJIbHo eMKOCTH, CHH)Kaer onacHocrb
pe3oH aHcH brx nsnerufr,.

Peuarcurert uepofi  n 6opr6e c i lepeHanpqx<eHnflMrr B rreng cra-
TOpa npH HeCHMMerpHr{HbIX KOpOTKHX 3aMbrKa HHflX flBJrflercfl Bbr-
noJIHeHHe [oJIHofi  ,qel lnQepHou o6trrorxu B reHeparopax. f lpu eroM
ypaBHHBalorcff uH[yt<ruBHbre cottporHBreHuq MarrrHHbr rro ocflM d
H Q, H TeM CaMbIM 3HaqHTeJIbHO yMeHblnaIOTCfl aMIIJIHTyAbI BbICti l f iX
rapMoHl{qecKHx ToKa H noToKocqe[JleHng, a cJreAoBaTeJrbHo, H Ha_
npr)KeHljfl. B rleltr cTaTopa.

O6H.rHo napaMerpb,r Aeun0epnofi o6rraomu eu6uparorcr raKHM
o6pasovr, . qro6u xn" f ia" {1,8. 

-l lpn 
sroM ycJroBHH Bo3Mo)KHbre MaK-

cHMaJIbHbIe nepeHarlpf lx{eHnfl  Ha o6laorxe craropa npu HecHMMer-
pHrIHbIx KoporKux 3aMbIKaHrr.x He [peBbrrrrarcT Hanpflx{euufi, Koro-
pbIM f loABepraercf l  o6uorxa npn npo$H,rraKTHqecKHX BbrcoKoBoJrbr-
HbIX HCNbITAHHfl ,X.

Ecnu oAHa Hs Sae ruAporeHeparopa sa3eMJreHa, HarpnMep,
BCJICACTBHC KOPOTKOTO SAMbIKaHHfl B ceTH, noAKJIIoqeHHoI? HeTIocpeA-
crBeHHO K BbIBOAaM reHeparopa, To Harrpf lx(eHHfl He3a3eMJreHHbrx
Qas orHocnreJlbuo Kopryca 6ilyt B sroM cryqae paBHbr noJrHbrM
.nuuefi  suM Harrpf lx<eHHrM.

o6uqno Hefirpa"rrs rr,rApofeHeparopa nu6o HsoJrHpoBaHa, nu6o
3a3eMJIeHa qepes_ peaKTHBHyIo o4noSasHyro xaryurxy, corrporuBJre-
HHe Koropofi nu6upaercr H3 ycJroBLrfl,.rro6H eMKocrHurfi rbx qepe3

lorrKy- rroBpe)t(AeHHfl H3OJrflrrHH reHeparopa He rrpeBocxoAHJr 5 A.
Taxoi r  roK He [pHBoAHT K Bo3HHKHoBeHHn noBpexAesuf i .

OAuaxo I IocKoJIbKy npu KoporKoM 3aMbrKaHHH Ha oAuol i  us $as
fpaAHeHrbr Har-rpf l)KeHHs B xopnycHoli  H3oJrf lr tHH AByX ApyfHX Qas
Bo3pacralor B ' \ /T P33, yBerHtlnBaercf l  BepoqrHocrb rroBpeiKAeHqff
H3OJIflITHLI Lr Bo3HHKaeT onacHocrb nepexoAa oAuo0a3Hofo Kopor-
Koro saMbrKaHufl  B anyxQa3Hoe. f locleAHee o6lrquo co[poBo)KAa_
ercf l  BO3HHKHOBeHHeM AyfLI H BbIrOpaHHeM CTaJTH CepAerrHHKa cTa-
Topa B MecTax r loBpexAeHufi '  HapyueHHeM H3oJIf l I {HH PqAa cTep}K-
nerl  o6uorxu u rpe6yer BbrBoAa Ma[rHHbr B AJrnreJrbHsrft  perroor,r.
f lo grol i  npHqHHe qeJlecoo6pasHo orKJrroqarb fur.poreHeparopbr or
cerH H facHTb HX MaTHHTHOe noJre y)Ke npr4 nepBoM HapyureHHH
HSOJIffIIHH o6uorxn craropa u c grofi r{eJrbro yKoMnJreKToBbrBarb
reHeparopbl seI\,uIsHofi saqntofi 6eg soHbr HerryBcrBHTeJrbHocrn
c AeficrBHeM ee He Ha cl.rrH aJr, a Ha orKJIloqeHrre.
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TeprvrH'{ecKaq crof iKocrb 4ertrn$epHbrx o6rrroror. [ Iprr rrecr{MMer-
puqHbrx KoporKHX 3aMbrKar{Hqx HarpeB 4evrnQepHbrx o6uorox on-
peAeJl ferc f l  nporeKaHneM B Hrx ToI {oB,  HaBeAeHHbrx o6parHocnH-
xpoHHbIMH noJIqMIJ, H nponopUI{OrJa, ' Iet{ BeJII ' I r{HHe

i{-

I'il
;r.

j&l'K:f
t' , 1

I'rt - i\at.

- \ f

SAect I2-  cpeAHri f i  r ieaAparrrqecxuir  rox
HOCTH 3a BpeMr  t ;  i2 -  MfHoBeHst i l i  rOK
HOCTI,I .

Ec.nn HcxoAuTb H3 ycJroBrr r ,  r r ro  HarpeB creplKnef i  e  Haqa.n ls t r f i
nepHoA KoporKoro 3aMbrKar{}rf  6,rHsox K a1va6atHoMy, r i  orpaHrr-
qurbcf l  MaKcHMalrHofi  TeMneparypofi  creplKHfl  250 oC, ro, BBeAfl
roa$Qul{HeHr sanaca 1,5, yrrnrbrBarcqurl  HepaBHoHaepulrf i  HafpeB
creplKHefi, no,nyqHM

ITt < 3,9. 108d2 (4-88)

npH paBHo-
nepuQepuH

t i
r J, 0

(4-87)

o6p arHol i  nocreAoB areJrb-
o6p arHorl  nocJreAoBareJrb-

A 2 '

fAe d -  gKBHBaJreHTHaf l  ToJru{HHa MeAHoro
MepHoM pac[peAeJreHHH MeAH,u,el rnQepuofr
poTopa c yqeroM BbrrecHeHHfl ToKa:

d : nbqb

I IHJIHHAPA
o6uorxu no

,16
3Aecr f tu- qHcJro 4elrnsepHbrx creplKHefi  ua noJrloc; Qrr- ceqeHr4e
A,erranQepHoro cTep>KHfl , cMZ.

KoeQQrarrueHT @u,ulAa.u,ervrnSepHbrx crepxuefi  npH r{acrore
2fno* ollpeAeJlfercfl v1x A]|'awerpou d6:

(4-8e)

. (4-e0)

(4-er )

hyzo: 
|m 

do: t,25dbI fr-"
50

f ra4poreHeparopbr Ao[ycKaror KparKoBpeMeHHbre HecHMMerpHq-
HbIe KoporKne saMbrKaHr4fl  rrp14 ycJroBHH, qro6u npoH3BeAeHHe KBaA-
para roKa o6parHofi  [ocJreAoBareJrbHocrn 12 (n AoJrf lx HoMr4HaJIb-
Horo roKa craropa) H npoAoJr>KnreJrbHocrn KoporKoro gaMbrKaHHfl
/n . ,  (a  cexyHAax)  He [peBocxoAur ' ro  onpeAeJreHHofo sHaqeHuf l :

tlt*." ( c.
O6r'rqHo A.ns fHAporeHeparopoB c KocBeHHbrM Bo3AyrxHbrM ox-

xalKAeHHeM npuHnMaercr  C:40;  npa gToM MarrrnHbr HMeror 1,5-2-
rparuul? ren.[oeofi sanac no cpaBHeHr-rrc c BeJrurruuoft 122t, BbItIHc-
.ueHHot? no (4-91).  A.rq ruAporeHeparopoB c $opcHpoBaHHbrMH cH-
cTeMaMH OXJra>KAeHHfl H nOBbrtUeHHbrM ypOBHeM SJTeKTpOMaTHHTHO|O
HcnoJrb3oBaHHf l  C -20+-30.

Vcnnnn, ,u,efictnyrctr1ne Ha o6uorxy eoa6y)KAeHua npH KopoTKor\l
saMbIKaHnH. Toxu KoporKoro 3aMbrKaHHs s o6Nrorxe eos6y>x4eHnr
co3Aalor nepeMeHuufi  uaruHrHr,rf i  rroroK, o6yc.nouuearoulurt aJreK-
TpoAr{HaMHrrecKHe ycHJIHq, AeficrBv}ou{rre Fra o6l,rorxy.
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Ecau [PeAcraBnrb MexnoJl locHoe npocrpaHcrBo KaK orKpuruf i
I Ia3  c  napaJ IJ IeJ IbHbIMn 6oxoeu\aH creHKaMH,  To no [epeqHur i  Mar -
HHrUUl l i  noroK qepe3 gJreMeHTapHOe CeqeHhe dx  Ha paccro f lHr . rH x
o i  lna  na3a (puc .  4 -5)  H Ha eAHHHT{y  AJrHHbr  cocraBHr

o r : ltol xdx

h ^ ( r * *  b ^ ) '

rAe Fo - MafHHTafl  npoHHr{aeMocrb Bo3AyXa; /  -  cyrr, Iua
porKofo 3aMbrKaHHr B rvre)Kno"[rocHoM IIpocrpaHcrBe:
(ae- qHcJro BHTKOB O6NAOTXH nOS6yX4eHHfl Ha noJrroc;
I l lLtpHHa SKBHBaJTeHTHOTO na3a npH no-
JrrocHoM AeJreHHrr Ha ITOJIOBHHe BbICOTbI
cepAerrHHKa noJrroca -cm 14 rxHpr.rHe cep-
Aer{HHKa noJrroca b*i  h*- Bbrcora cep-
,U.CIIHHKA IIO/IFOCA.

Cpe4Han HHAyKT{Hn rorepeqHoro
MafHHTHOfO nOJIf l  B CeqeHHH dX IIOA
4eficreueu noJrHoro roKa I (n npeHe-
6pexeHHu MaTHHTHbTM conporzBJreHneM
cra"nu)

B * :
(Dr 2p"oarl6 x. (4 - e3)
dx h*(r**  b*)

Cuna, 4eficrnynu{afl Ha BbrAeJreHHoe
3JIeMeHTapHoe cerleHHe,

F*: B*l
dx +poalrl

nk(r*-  b*)

F  * : 2 , 5  '  1 0 - 6

(4-s2)

TOKOB KO-
I  : 2a ]6 ;

T m -  b r n -

Puc. 4-5. K pacvery ycwnuft,
Aeficrnyrcrqax Ha o6uomy
noe6yx4euun rpu KoporKoM

3AMbIKAHHH

hm
x dx.

(4-e4)

TorAa cyMrtap Hafl cr4Jra, rrpHX(HMarou{afl KaryurKy o6rrrorxn BoB6y>K-
AeHHfl K O6OAy pOTOp a, rra I crra AJrHHbr cocraBHT

h, . m

t r - fr  - . J

0

*?rto
(4-e5)

T m -  b m

4-1 0. ACI4HXPOHHb|E PEX(hMbl

AcuuxpouHsrf i  pe)KHM ruAporeHeparopa Mo>Ker Hacrynurb B pe-
syJlbrare c6poca 6o.nlruoit axrHeHoii Harpy3Ku npH coxp aHeHr4H
3JIeKTpHqecxofi  cBfl3n c cucreluof i ,  r ieyAaqsoi i  cauoinuxpoHr.rsaqrr6,
norepH nos6yx4eHHfl H Tolvry rroAo6Hux aeapnfi .

B acuHxpoHHbrx pex{HMax orMer{a}orcf i  6o.ntruH€ nlryl6gurlHu ToKa
H H anpflx(eHHs, Bbr3brBaroque noBbrrrreHnbre nn6p aqHH rHAporeHep a_
T9pa H sHaqLITeJIbHbIe MeXaHI{qecKHe ycHJrHff B OTAeJrbHbrx y3Jrax.
Kpor t re  roro,  s  o6r \aorKax poropa reHeparopa,  Bpauarou{erocf i  acr rH-

l-t
l-t
l-ll-t

l'-1

9 t



xpoHHo, HaBoAflrcn 3HaqHreJrbHble 3AC. O6ycJroBJreHHbre HMH nepe-
xoAHbre roKH BbI3bIBaIor 6o.nbulHe AonoJrHHTeJrbHbre r\recrHbre nepe-
rpeBbr  o6uorox,  3HaqeHHs KoTopbrx,  oco6eHHo B 3oHe KOHTaKTOB,
Moryr  6r t r r  or racHbrMH r{  npHBecrr {  K BbrxoAy Mat t rHHbr HB cTpof l .

[ IpH pa3MbrKaHurr  uenr{  eos6yx4eHur f lBHorro/nocHor i  cHHXpoH-
Hofi  tr , tarunHbl, pa6oraroueri  co cKoJIblKeHHeM s, Ha BbrBoAax o6rtaorxH

z '

nos6y>N4er{Hfl  r .rHAyKrHpvercf l  Hanpflx{eHtte IL 1a, KoTopoe Mox{el
6urr  paccquTaHo no cxeMe 3aMeur ,eHuf l :

f lu  f  t :
ixoa (ixpa + rhdls)

jxna-f rnals) (r, * ixt * ixoa* ix,) * jxoaVt* tq 1- ixr) 
'

(4-e6)
rAe ix, -  HHAyxrHBHoe conporHBJIeHI{e sHeuHefi  r{enn (o6uruuo
rpaHcSopnaaropa) .

! ,ef icrnyrcuee 3HaqeHile 3Toro r ianpfl ; , i {eHafl

u r":s I uy, | ,Ly' u" 1 " / s ,  
, k .  

- S '

P,:+(+-+)sin2o.

3Aecr 2p - rrncJro rroJrrocoBi lue- qHcJIo BHTKoB o6uorxu noe6yx-
AeHHfl Ha rroJrroc; @ - qHcJro nocJreAoBal'eJrbHo coeAHHeHHbrx BHTKOB
B rpase o6rr,Iorxu cra'ropa , k. - o6ltoroqHufi xoaQQHrIHeHr B rroJre
nepnor? rapMoHn.recxofi ;  Uq- AeficrByrouee SaaHoe Hanprx(eHHe
feHepaTopa.

llp, orcyrcrBun eos6.v>li4eHr4r, sBHono"[rccsufi cuHxpoHuufi re-
HepaTop rvro>KeT pa3BHBaTb npH Hanpfl>KeHHH u aKTHBHyro uou{-
Hocrb, o6yc.noureHHyro pa3rHrrHeM I{HAyKTHBHbrx conporuereHnrl no
nPoAo.itl]Hofr u nolepeqHofi ocqr,I:

(4-e7)

(4-e8)

Mex4y cHHxpoHHbrMr{ HHAyxTHBHbTMH conporr{BJreHuflMLr xa kr xq
o6H.rHo r{Meercfl AocTarorrHo ycrofi.rHeoe coorHorrleHue: xd: (1,4+-
.1 ,75)xq .  f lpuunuan B cpeAHeM xd:1 ,55xn,  sa f iAeu MaKcHMaJIb-

Hyro MolrlHocrb, Koropyro Mox{er pasBnBarb reHeparop 6.naroAapx
peaKTr4BHOMy MOMeHTy nprr  HOMHHaJTbHOT\{ Harrpf lX{eHr,rH H CHHXpOH-
uori qacrore BpaureHwn 6es nos6yx4eHHr:

P o *u* :. 0,2751x6. (4-99)

fIpH rpeBbrrueHrru srofi NrourHocrrr porop ropMo3r4rcr H reHepa-
rop nepexoAuT B acr.rHxpoHHufi pelKHM co cKoJrbx(eHHeM, orrpeAe-
Jrf leMbrM MoMeHTHoft xapaKl'epncrHrofi MarunHbr.

f lpuueHnn HsBecrHyro cncreNry ypaBHeHVft Ans, SasHErx Hanpfl-
xeuHfr, ToKoB lr noroKocqerrJreuui.r o6uorKH craropa, a raK>Ke AJrfl
rrpr.rBeAeHnblx roKoB o6uorrn craropa v roKoB poropHoft Irerrn 14
HcroJrbsyfl MeroA oneparopHbrx HHAyKT'r{BHbrx conpornsreFrHfi [48],
\ , {O}KHO NOJIVI{HTb

ixq (is) - rl(L - 2s)7, .  -
"ds  -

xa0s) xq (is) + , _ 
" 

(r*is) lxaUs) * rs 001

92
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7

" q s - -
xa (is) * irl(t - 2s)

xa (is) xs Us) + 
,3r(r 

-l js) lxa (is) +- ,rs 0s)l

3Aecr xa( is)  \ . * r ( is)  
-  oneparopHbre HHAyKrHBrbre corpor,B, , reH,r

no npoAo.rytHoli H [onepeqsofi ocflM.
Ans' 'reHeparopoB 6es AeNanQepuoli o6uorxH

xa Us) : xd I I ,''!' ,
I  - f  l s l  4 o

xn Us): xr.

Ans reHeparopoB c Aelzi lrpepHofi o6norxofi

( 4 -  1 0 i  )

(4- r02)

(4-r03)

(4- 106)

(4-t0e)

xa (is) - x4
| - s2roro + it (r)+ r,)

; (4-104)
t - s 2 T o r ) + i t ( r o + r , )

(4- 105)

rAe Tc' - nocrorHHafl BpeMeHH..4ervrn$epHofi o6uorxu ro rpoAoJrb-
Hofi ocu rIpH l(oporKo3aMxHyrofi o6rtrorxe craropa H pasorraxnyror?
o6uorre noa6y;x4eHufl B sreKrpurrecKrrx pra"bnax [ | I (2ni)' ie-
xyHau]; T" - to x€, npH pa3oNrKHyrbrx o6laorxax ."u"opu H Bo3-
6yx4enun;,. Tn - rocro fl,H:Ha'-, BpeMeHH 4en{nsepHofi o6rrlorxu no
lorepeqsofi ocu n!H,, pa3oMKHyrofi o6uorxe craropa B ereKrpHrre-
CKHX paAHaHax; T n" - ,o xe , npH r(oporKosauxuyrofi o6uorxe
craropa.

Cpe4uufi MoMeHr BpaqeHufl

M,: o,b (Rela,-Im7o,)+ t?, +;o710,,

.
f,u,€ r;s - TOK, Co3Aaroqufi MAC npnMoro Bpa[IeHuR, panHuli

t f  t : (4-t07)

Io, - ToK, co3Aaroqr'rf i  NIAC o6paruoro BpaueHHfl, panHtrir

r,,- !tto,-p"J. (4_to8)

Oopvryna (4-106) l tox<er 6strr  raKx(e sanucaHa B raKou,BraAe:

+ r -;1"')

xr( is ) :xq##,

!ttr,*iL,);

M,: ne (;r, * itf,

Hau6o.rree yao6Ho npoH3BoAHTb pacr{er ycraHoBuBruerocf l  3Haqe-
H4,4 CpgAHefO MOMeHTa BpaUIeHHfl B aCr{HXpoHHOM pe>KHMe no cxe_
t \ ta I {  '3aN{eu]eHHs
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f lp, HoMHHaJrbHoM Hanpflx(eHun npHBeAeHHbre roKH e o6N,rorxe
craropa no npoAorsHoli  H nonepeqHofi  ocf lM noJrrocoB B KoMnJreKc-
HOM BHAe npH CKOJTbXeHHH S OnpeAeJrf lrOTCfl nO BbrpaX(eHHfM:

i d r :
2, o,

.:-
t L  q t :

/ r t

zdrzqr* zqrzd,

o-'t"ds

rSkSSls * ixt

I

rpals { ixp6

(4- l  r0)

(4- l  l  l )

(4- l  l4)

(4-115)

;  (4- l  l6)

zd&'q, * zqrzd,

3Aecr zds-ocHoBHoe noJrHoe conpol 'HB.rreHHe no npo4o.rrrnof i  ocH
B KOMITJTeKCHOM BHAe npH CKOJTb)KeHHH S:

zds:  in*  r r*  ixoar*  roar;

Zq"- OCHOBHOe [OJIHoe co[pOTI4BJIeHHe I IO nOnepeuuof i
I IJIOKCHOM BI ' IA€ I IpH CKOJIITX{eHHH S:

zqr :  iq*  h*  ixor r* t 'oqr l

(4-fi2)
OCH B  KOM-

(4-113)
?t6"- BcrroMorareJrbHoe (a.ns yqera &tAC o6parHoro BpaureHHr)
TIoJIHOe COilpOTr{BJreHr.re rro flpoAoJrbHofi ocH B KoMnJreKcHolvr BHAe
npH cKoJrbx{eHEH s:

z'6,: 
* 

i ixt* roar* ixoa,i

z'q" - Bc[oMorareJrbHoe (a.ns yrlera MAC o6parHoro apaueHr.ra)
rroJlHoe conporHBJIeHHe rto no[epeuHoft ocu B KoMrrJreKcHoM BHAe ilpH
CKOJIbX{CHHI{ S:

z'qr: 
,, _at-, * ixt* rosr* ixoqr.

l lprn sroM xou6usHpoBaHHble IroJrHbIe conporHBJreHufl  poropHbrx
qenefi tro npoAonrsofi H lonepe.rHofi ocflM noJnocoB B KoMnJreKcHoM
BHAe npH cKOJrb>KeHHH S OnpeAeJrfroTcfl rro BbrpalKeHHflM:

Zad.s: f  ads* ixod, :

-f+
Ixad

+

zaqs :  f oq r *  i xoq r : (4-n7)

rpqls * ixao

flo.nnoe conpornBJreHHe B KoMrrJreKcHoM BHAe npu cKoJrb>KeHHH s

zs:  r r *  iq*
zads* zaqs (4-118)

KparHocru ToKa craropa npu HoMHHaJrbHoM Hanpff)KeHr.{H vr
CKOJIbX{EHHH S

I
I. - r

txaq
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Tox e o6uorxe no:6yx<4eHnfl B KoMnJreKcHoM Br{Ae npH cKoJrb-
X{CHI{I . I  S

r'* (1 - s)zx6xq

( l  - s ) 2 r

E;

E,

(4-r23)

(4-t24)trqf :
r '* (l - s)z x4xq

rAe E - 3AC, onpeAeJlfleMafl ro rpflMoJrr{sefinofi qacrn xapaKre-
pHcrHKH xoJrocroro xoAa npn ToKe eos6yx4eHnfl pex(HMa H rrnc-
JIeHHO paBHaff OTHOrrreHr{ro gToro roKa K TOKy eOS6yX4eHr{fl xO-
JrocTofo xoAa.

Moueur Bparr{eHus, saeucqu{Hfi or eos6yx4eHr{f i ,

i:vlrf :
, (r2 + x2o)

Er+
(rz * *a"q),

s i n o  - r [ ( u ? i - 1 2 ' , cos 0- E. (4-t25)[r' (uo- *) * )c - ratq]
+

AcHuxpoHHbIe pex(I{MbI orHocffTcfl K Han6onee oracHbrM pex(H-
MaM, MOryurHM IrpHBecrH K TflX(eJrbrM rroBpe>KAeHHTM rHAporeHepa-
TopoB H K AJrHTeJrbHoMy BbrxoAy Hx H3 pa6oru. floarorray acHH-
xpoHHble pex{HMbI He AonycKaIoTcfl cKoJrbKo-uH6yAl AJrHTeJrbHoe
BpeMfl, Lr B CIyrIae BbI[aAeHHfl I{3 CHHXpOHH3Ma MaIIIHHy CJreAyeT
anapufiHo orKJrlor{arb or ceru.

I t,: Iixoa (reals * ixuil [Qlls + ix) (reals * ixei (r, + ixt *. ixoa) *
* (rt  * ixt) jxoa(ryls* rnals* i** ixei l- ' .

!,eiicrnyrcrrrHfi roK B o6uorxe sos6vxAeHHfl
(4-t20)

t  _ t i  t  @ k w  3  rI r , :  l / i ' l  , r ; V I " o " .  ( 4 - l 2 l )

T THa i lpaKTHKe uaH6o"uee yAo6uo paccquTbrBarb roK B o6uorxe
eos6yx<4eHHfl ,  noJrb3yrcb Bbrpax{eHHeM

I  t , :

^ l /  
d

0,351q'A V ,Zor* *'oa,
(4-t22)

1,,1,,{ ?,r,,t ') '+.?
Burue 6u"n r{3JroxeH MeroA pacqera roKoB rr MoMeHra Bpaqe-

Hlrfl ' f lBHononrccuoli cuHxpouHofi MarunHbr B acr{HxpoHHoM pe)r(HMe
6es sos6ylKAeHnfl.

IIp" eos6yx4eHuu rrorBJrflrorcfl AonoJrHHTeJrbHbIe roKH H Mo-
MeHTbI, Koropble HaJlararcTcfl Ha ToKH H MoMeHTbI HeBoe6yx4eHnofi
MAIUHHbI .

B pe)KHMe pa6orrr co cKoJrbx{eHHeM s H npn HaflHrrHH nos6yx-
AeHHr rIpI{BeAeHHbIe roKH o6ruorxu craropa, o6yc"uoBJlegHbre no-
cToflHHbrM TOKOM pOTOpa, cocTaBJIrroT

iaf :
( l  -  s)zra

(r'* *atq)'
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Ha rrpaKrHKe Bo HgdexaHHe orxnnqeHuf i  reHeparopon npu
BO3MOIKHbIX K'aqaHHf lX I {anpf lx(eHHf l  A r IaCTOTbr B CeTt I  3aI I IHTa OT
acuHxpoHHofo pex(HMa ocyulecrB.r l fercf l  o6nqHo rarir{M o6pasoivr,
qro cHfHaJr Ha oTKJrFoqeHue rHApofeHeparopa noAaercf l  npr{ Bbr-
noJIHeHHH AByx yc"uonul i :  AocrH)KeHHfl H38ecrHoro cKoJrb)KeHHfl
(1 ,5-2 0 lo) .  H nepBoro npoBopora poropa.

rNABA N'TA'

noTEPh vl KOE(p(DUu|TIEHT
nOnE3HOfO flEFCTBJTIf,

5-1. Btl4bt nOTEPb

O6uqso ttorepu B gJleKTpuqecxofi Marxr{He pa3AeJrrCIT Ha 3JreKTpoMarHr.rrHbre
H MexaHI-IqecKHe. llepnue BKJIIoqaIor s ce6s norepu B cepAerrHuKax r4 Ha rrx no-
BepxHocTH, a TaKxe H B o6uorxax, BTopbIe - norepu Ha rpenr{e u MorltHocrb,
pacxoAyeMyro Ha qHpKyrflrlrtrc oxJraxAaroulefo areHTa.

llo poay 3aBLIcLIMocrH norepb or Haipy3KH pasJrr.rqarcr norepr.r rocroffHHue
H nepeMeHHble. K nepnrrru oruocqrcq MexaHHr{ecKHe f iorepu f i  noTepu, npoflop-

'10"4x'15

10

lo -  4  x l l

200040006000E000 t0000 x8.A 0,4

Puc. 5-1. K npn6Jrr.rxeuHoMy pacqery norepb

qHoHaJIbHbIe KBaApaTy MaTHHTHO|O rrOTOKa, eCJrH HaflpffX(eHr{e noCTosHHO; Ko
BToptIM - IIOTepI{, nponopql{oHaJlbHble KBaApaTy TOKa. I4cxo4n r.I3 aToro Aene-
HHfl, MoxHo npu6.nnxeuHo Bbrpasurn xoeQQuqueHr nod're3nofo 4eficrnnx raApo-
reueparopa c rroMoutbro cJreAyrcutefi Qopuy.uu:

l :  1-  >P/(>P *  P"o")  :  I  -  (>  P lPHou) l ( l  +  >P/PnooJ,
rae XP - norepr{i  P"ou - aKaHBHas MourHocTb.

3Ha,IeHI.Ie

xp/pHoM :  (aA2 + bB|*  cABo *  a) t ( t ,45k,A96) ,

t0

0,5 0,6 0,80,7

(5-1)

(5-2)

rae A - nnneftnan Harpysxa, A/cu, u 86 - r.rHAyKqrrrr
JII{Tb c rroMotrlbro pllc. 5-1, rA€ npnBeAenbr 3HaqeHHs
HOCTH Ha napy nonrccoB Hnv nor'rlocHofo AeJreHHq.
{(eHHo HaxoAr.rrcn no QopMyJre

d x 0,2 (oA' + bBZ * cAau)l(zsoo - 0, rla2), (5-3)

lAe ^u 
- oKpy)KHafi cKopocrb poropa, M/c.

. JJIeKTpOMaTHHTHHe nOTepH, COOTBeTCTByTOUIHe nepBbrM TpeM rrJreHaM qHCrH-
TeJIfi Qoprr,ry.nu (5-2), pasAeJIrIoT eule ycJIoBHo Ha ocnoBHbre u .qo6asoqHue.
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1
{ I- lepnue Bbl3BaHbI rJIaBHbtM MaTHHTHbIM noJreM n pa6ouulr roKoM, BTopbre -

B OCHOBHOM MaTHHTHbIMI{ nOJItMII paCCeflHHr H nyJrbcarlrrf lMH rrHAyr{ur.rH B 3a3ope-
flpu6nrxeHHo, ec, ' l '  He yqtlTbrBarb HacbrureH'e npu Harpy3Ke, Mo>KHo criasaTb,qro norepH B pexHMe HoMHHanluofi MoluHocru tB! ' I f l toTcn 

-cyrrarraori 
noreps B pe-

iKHMax xo,' IocTofo xoAa I ' I  Koporl(oro 3aMblKatvfl ,  (xpor' le norepb s o6urorxe ebs-
9III:_"it",  onpeAe,rleMblx IIo norr{oMy roKy Harpysxrr). Hexoroprre Br.rAbr Ao-oaBoqHblx noTepb B pexl . rMe Harpy3KH MeHbtue,  a  HeKoropsre 6o;rsure,  qeM B pe-
)KI' IMe Koporxoro 3aMbrKaHItf l ,  Ho gra pa3HItua cKa3brBaercfl  rr,raBnbrM o6pasoil l
B BbtcoKotrcltor ' lb3oBaHHbtx MaurHHax.

5-2. nOTEPVI B CEPAET{HhKAX
nPh xoJlocToM xoAE

ocHosHH^aH noreptMH B cepAeqHuKax craTopa r{ noJrrocoB poropa npH xo"To-
cToM Xo.q,e tB,lsloTcq noTepI'I  Ha nepeMarHI.It{IBaHHe (rncrepeslrc) rr noTepH or.
BHxpeBblx rol{oB. B cepAeqHuKe cTarop_a 9TH norepH 

'o6yc.lioBJreHL,r 
Bpaurare,,rb-

HbIIu' nepeMarHlit lnBaHlleM or noJrr nos6yx4eHue, B noJrrocax poTopa - f lyJrbca-quefi HHLyKt\Ht4, nltsnauHoti ey6varocrrrc craropa. fIy.uucaqHH r.rHAyKrrnH, Bbr-
3BaHHble sy6uarocrrrc poropa, cKa3bIBarcTcs Ha norepgx B cTarope roJrbr(o np6
OTHOCI{Ted'IbHO Ma/'IbIX 3a3opax, B OCTa,IbHLIX Xe CJyqafiX UrraH MO>KHO IIpe-
He6pevu.

!gr.pr_n sy6qa; P: 
" 

npue Po cepAeqHHKa craropa npH pa6oueft HH4yx-
uu, (B' 

" 
B") u pa6ouefi qacrore f onpele.rrqrcrcq no rpopnay,ie 

I

P z, a : kz, apz, o (Br, ol Bo12 (t lf o)t,3Gr,ol0-3. (5-4)
3Aecr- kr, o- rogQSEqIreHT, _yr{Hrnreanil IHfi yBeruqeHHe .noTepb noA BJrr{f lHr.{eM
o6pa6orxu: o6uqno \Jrf l  ay6qon k": | ,7 , aix npua ko: l ,Ji-p", o - lA€,rrbHbrenorepu Ha eAnHnUy Maccbr cratr],1. rrpu 6aslrcHor? HHAyKrluH Bo u qacrore Io,
Pnp9{.r:len'Ible no craHAapry ,rilr4 no AaHHbrM r-rcunrauHrt (80:l unu l,S Ti;
/o:59 lq): B H3orponHblx gJIeKTporexHHqecKHx craJrsx c oAHHaKoBbrMH csoiicr-
BaMLI  nO BCeM HanpaBJreHHfM pz:pa-p i  G",  o  -  MOCCa CTaJrH.

B xo"l loaHoKaraHblx TeKcTypoBaHHbIx cTaJrrx 3HaqeHHe p gaBHcHT or HanpaB-
JIeHHfl npoKarKn H yAeJrbHbre rroTepu AJrfl 3y6qoe pz u spMa pa Moryr 6nrru
pa3HbIMH B 3aBucuMocrr{ or rofo, r(aK opHeHTHpoBaHbr sir6qtr npu Bbrpy6xe ,r l lcra
(o6uvno BAoJrb npoxarrr.r) -

B MaIIII'IHax c orHocI{TeJIbHo He6om,urHu r{HcroM nap noJuocoB, a TaKx<e
npn BbIcoKHX I'IHAyKUITSX CI{JIOBbIe JrUHHrr MafHr.rrHoro noJrf npaKTHrrecKH 3aHH-
xaIoT caMoe pa3JII{qHOe IIOJIOX(eHHe nO OTHOUTeHHTO K HanpaBJreHHrc rrpoKarr{r{.
tt 3ToM cflyqae, KaK I{ AJlfl Lr3oTporIHbIx cta.nefi, MoxHo npHHffTb pz:pa:p, Ho
3HaqeHlte p onpeAeJlfleTcff HcnbITaHnrMLr, npoBeAeHHbrMH Ha. KoJrbrleBbrx o6pasqax.

lloreprl or oceeoli cocr?B.ilflouteft n_o.nq e xpafiunx naKerax cepAeqHgKa cra-
TOpa- Mo)r(Ho onpeAeJrHTb cJreAyroulHM o6pa3oM.

l{.ux 4aHHofi xon$urypalrun sy6uonofi 3oHbr (Arn suaueHufi sasopa r.r Bbrdrera
Maf HHTHofo cepAer{HI.rKa poropa orHocr.rreJrbHo cepAeqHrir(a craropa) HaxoAHM
TpIi 3HarreHHfl oceeofi cocTaB,'I trcutefi  uHgyKrlHH no Rbrcore sr '6Ua.. 'B; 82 Ir .83,
a rro Hr.tM - ee cpeAHee KBaApaTHqecKoe 3HaqeHrre

B"p : [(u? + an|+ nr)to]'r. (b_5)

. ..C yrreroM noBepxHocrHoro aQ$exra [23] noreprr Ha eAHHHuy o6reua sy6ua
xpafiuero rraKera cocraBsr

ro Vorrrv sh (op1/2)t ' '  br-  s in ( l ipyl2)t i2b,
P^oo :  B?, bz (5-6)

c.neAo-

1[.+r' ch (cop1:/2)t t '  br-  cos (apyl2)t  2t ,

O6nqHo b , :0 ,02+-0 ,05  M;  y :0 ,2 (106- :107)  Cr ,a ina ;  p :  (10  .  20)pe  r { ,
BSTe;'IbHO,

Li74  S a x a :  I ' e  g i O

b, (ap,yl2)t,2 : (60 -.- 200) bz.



,_ ^!p! TaKHx sHaqeHnflx apryMeuTa noc.neAuufi coMHolr(ureJrb B Qoprtlyne
(c-b)  oyAeT rpaKrHqecKH paBeH eAHHHrle H

r{ A.rrs 50 fu

Ec.nH cltuTarb, qro
Ha AirHHe AByx xpaftuux

prpo : B?rttl'(y11t7t'2orl(4 4r),

Pt  po :  100083  pb , (Y I tD t ' 2 .
oceBaf l  cocTaBJIqrou{4f l  TIHAyKUHH nOJTHOCTbTO 3aT} 'XaeT
naKeroB, To o6utue norepu n xpafiuux rraKerax 6yayr

P*po : 0,333p*po (G*o/7800) l0-3 :  $B?e Oltytt2urc*ol0-0 ,  $-7)
rAe Gnp - Macca AByx xpafiuux naKeroB c AByx cropog MaturlHbr.

Kax [oKa3brBaer onbrr, B pq!,e cf lyr{aeB rpe6yercn pa3pe3arb sy6qtr AByx

Psc. 5-2. K

rAe

xpafiuux ttaKeroB AJIff -vMeHL,ueHHfl no-
Tepb or oceeorl cocraB,rrflroulefi no,rg.

lly,rscaquH r.iHAyKuHH B Bo3AyrxHoM
3a3ope c qacrorofi  sy6uarocrr-r Bbr3brBalor
noTepH Ha noBepxHocTH no,{rccoB poTopa,
orpeAeaqeMbre no Qopuy,re

P no-- 5,04 [(&c, -  1) Botr] '  2pS o(zrt) t '5.
(5-8)

3Aecr A - ro,rurHga Jrucra noJrroca: A:
:0 ,0015  .0 ,002  r ' r ;  Bo -HHAyKur I f l  B  3a -
30pe ;  t t - t na f  no  r rasaM c ra ropa ;  kc r -
xoaQQr.ruueHr Kaprepa; 56 - noBepxHocrb
IOJIIOCa, COCTaBJIflI,OUIaf :

npu AJTHHe ruuxrosaFlHofi qacrH no-
Jrroca Io, paenofi AJTHHe cepAeqH{.IKa cra-
ropa HJrH 6o.nrurerl ee,

5 6 :  b p ( l t * 2 0 ) ;

npw Ipl ls (pac. 5-2)

so : b pltp * 2tpf (0/0pf)''u (z I t, 1o-31,

6pf : [Vd * a6' * e (lpf -Y - a)ll lpS;

e : IQpf- T - a\2 + (6 * r)21r,'2;

npn HeMarnnrsofi ureKe IIoJIIoca w I'p{lt
So : b plp.

IIpn puQ.nesofi noBepxuocru MarHnrsofi uleKr{ nocneAsuft IJIeH B KBaApar-
r{brx cko6xai B Sopnryne ans 56 yMeHbrlaercfl B ABa pa3a. flpn yxyArIeHHH
KaqecTBa rrrTaM[oBI(Lr vJrr4 lrpn npoToqKe noBepxHocTH rlo,llocoB noTepH, noAcql{-
TaHHbIe no (5-8), Moryr yBeflLlql lrbcq B 1,3-1,5 paaa.

llorepr.r Ha noBepxHocTu rroJrrocoB BbrAeJrffrorcfi HepaBHoMepHo H3-sa HepaB-
HOMepHOCTH 3a3opa, nO3TOMy yAeJIbHbIe IIOTepI{

p po: P rol(2n56) 
:  5,0A {[kcr(x) 1] B0l112{tr)t '5

3aBl tcsr  or  l {3Meneuua hg1(x) :

nrr@l:  (100,  + 11)/ (106,  *  b,r ) ,

pacrleTy noBepxHocTHbrx
norepb

l;

: l

i.t:
J.
:1,
,?
,x
s
:ta:

{F
6;l
4 '

w'i:
'.tr
i *
: t.*

:a

(5-e)

rAe

(Rr - paAl{yc pacror{Ku

9B

6x:  d  f  o ,bx2  
R l -  ^o

RiRp

craropa; Rp - paAuyc 6aruuaxa).



.  B ..r l{AporeHeparopax c r{eJrbrM qncJroM na3oB Ha no.lrcc tr Oa3y [raf AeMn-
9:p lqq o6uorxu o6H. lHo nn6upaercn HepaBHbrM ruar-y  no na3aM craropa
( tz* f t ) .  8  3ToM c! ' tyqae HMeIoT Mecro norepn n 4en,rncpepHof i  o6ruorKe,  Bbr3Barr -
HbIe nyrbcaql ' I f fMH noroKa, cuenflf lrorqerocfl c xax<4oli napori coceAHHX cTepx-
Hef i .  B KpynI Ib lx  r t tAporeHeparopax c 6o, rsur . rMr i  3a3opaMrr  arn r rorepr{  oTrrocn-
Te" IbHO HeBeTTHKH '  HO B  Mau IHHax  C  MaJ Ib IM I . I  3a3opaMn I IX  neO6xOAt t t r , tO  yqH-
Tb IBATb .

l lo repl l  n  4erunrpepHof i  o6norxe or  rapMoHuqecKrrx nopqAr{a sy6uarocrg cra-
Topa n?ri xo.nocroM xoAe onpeAerrqrorcq no (toprrly. le

P r o : 2 , S p n " r " [ t t ( k r r -  l )  k c L B  6 1 2 ] 2  ( k f z L L r - i  k r r 2 L 2 )  1 0 4 .

34ecn nc - r{HcJIo crepx<ueti 4erran$epuofi o6r'rorr(H Ha oAHH rroJrloc; rc - conpo-
THB,leHHe crep)KHt, Orur; k1'r H klrz- xoaQQllrrneHTbr BbrrecHeHgr roKa AJrn
4euuQepuoro crepx(Hs npn qacrorax (n repuai )  f  , :zn l60 v  2 zn l60:

kS, x 80dc ff20,0 lT5 .t0-67150p.;1r 2,

(5- r o)

(5 -  1 l )

rAe d" -  AHaMeTp H Pc - yAeJIbHOe COIpOTLIB, ' IeHHe MaTepHar,ra cTepxHff;  AJt ' -
MeAHbIx crepxueil kf a x | ,6dc?.4n; kszz x 2,Bds l/*; A1 lr Az - yAerrbHbre
MarHHTHbre npoBoAr{MocTr.r :

(l - cos a)
A z :

(l - cos 2a) a,q l
A r : (5-t2>

2,0 * 2?rnfzr (l - cos a) 
'

lo * 2l,nfrz (1 - cos2a) 
'

l . ( €  o1 l  x  l ;  a2 t :Q , ! '

I o :  t ' - - b "  
i

6h ,  
' ?unfz t :+Jq  ++ *0 ,2 ;

kizt  b sz

\ntzz: +g + + +0,2;
Rf n osz

a : 2 n t z l t y

I-Ipa otHocuTeilbHo 6o"truroft pa3Huqe MexAy tz H tr r.r MaJroM 3a3ope norepr4
Pco 4orYT 6ntrs cyulecrBenHbrMn.

^__. lot"pu n ay6qax geundlepHoft cncreMbr or nyJrbcarrufi uuayKrrug c qacrorofr

?y?IT|.t l lP"_xorlocroM xoAe o6H.{uo HeBe,rHKH. I4x uoxso ne yunrbrBarb rrprr
atr lo<)r. 3rH norepn MoxHo paccqfiTarb no $opr,,ry,ue, aHa,rorH.{Hofi Sopuy,rreAJrf l  pacqeTa nyJlbcalIHoHHbIx norepb B sy6qax poTopa acuHxpoHnofi uaruprHu'

P po, - ko fB,rc oxf I @. so;l 2c,ro-3,

r le  B. ,z- I {HAyr(qun n sy6r{ax AeMn$epHof i  o6uorxn;  Cr , -  xo:SQl lqneHr nv, rb_
cauuf i :

C r, * I ,5 [(rn - 26)l t)  ( l  -  tr l t r) ;

(5-r3)

(5- l4),

ho'- xoeQQnuueHT [orep-b, cocTaBJlsroutnfi 0,325 AJrfi 3JreKTporexHnqecxofi craJrrr
MapKLI  l2 l l  ro .nuruuof t  0 ,5 uu;0,8-AJr f f  HeJrernpoBaHHof i  c iaau ro.nulusor l  I  uu
u 1,3 - Ails groft xe crad'rr.r ro.nuuuori 2 uu.

Crporo roBops, .npn Ha.rrxqr.ru .UervrnQepuori cHcTeMbr H norepb B serl orny'rlcaltuft HHAyKITHH c qacroroir sy6vatbcru yMenb[rarorcr rroBepxHocrHbre rr
nyJIbcalIHoHHbIe norepH B cTaJIH. OAHaxo yqeT sToro yMeHbueHrrfl cJrolKeH r{ He
Aaer rpe6yeuofi ToqHocrl l ,  noaroMy c HeKoTopbrM n[luO"rrHxe"ra" 6yaer,r .u"-
TaTb, r{To TodtbKo;[OTepjI oT rapMoHHqecKl' lx nopffAKa 

-sy6uarocTn 
o[peAerqrcTcr

B craJru r i  n 4euneepuofr cHcTeMe He3aBucr.rMo.
Taxuu o6pasou, cyMMa rlorepb B cepAeqHr{Kax -nprr xoJ,rocTo' xoAe co-

CTABJIffCT

(5-r 5)
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(5- l6)

rAe r"(T) - conporHBJreHr{e o6MorKH craropa npH cpeAHefi pa6oqeft reMnepa-
Type I, coornercrByrouefi 4auuor'ry KJraccy H3od'rnrrnn u AaHsoii cHcTeMe oxJa)K-
, leUUq,  OU.

Ao6aeoqubre noTepH e o6rvroTKe cTaropa Bo3Hr.rKarcT H3-3a no,reft pacceflFlHff
B nasosofi rr Jro6oBofi .{acrH. Msr paccMorpuM 3TH BHAbI noTepb B orAenbHocru.

I4u4yxr1l.rx noJrfl paccerHuq e nagoeofi qacTu pacrer nuHeftso or Hy"rlfl y ,nsa
{ra3a Ao MaKcr{MaJrbHoro 3HaqeHufl y nepxnefi rpaHrI npoBoAIrHKa. 3neueHrap-
Hbre npoBoAHLrKH, H3 r{oropbrx cocrouT crepxeHb crep}KHesofi o6uorxu I{JII{ or-
Aed'rbHble BI{TKII xaryrueuuofi o6uott<H, oKa3bIBalorcq npu 3ToM c(eIIreHHbIMH
e pa3nnqHbrMu MarHHTHbTMH noroKaMu. Mex4y HHMH Bo3HL{Karor qupKyil f luuoH-
flbre 3AC. tIro6n ug6exart nporer(aHnfi rrr.rpKyJrffurroHHblx roKoB Mex<Ay or-
AeJrbHbrMr{ 3JreMeHTapHbrMH npoBoAHr.rKaMr.r cTepxHrl HJrH BI{TKa, ?TH npoBOAHUKH
TpaHcnoHnpyror e nasoeofi qacrr.r [6]. I(poue rofo, BHyrpIt caMux eJIeMeHrapHL'Ix
npoBoAHHKOB npOHCXOAITT BbrTeCHeHHe TOKa nonepeqHblM IIo,teM, qTo BeAeT K yBe-
JILIqeHHIO I{X COIIpOTHB,'IeHHfl; IIOSTOMy 3J'IeMeHTapHbIe IIpOBOAHHI(l{ AO"IX(HbI
6strn AocraToqHo MaJrblx pa3MepoB.

ConporHer'reHue rpaHcnoHupoBaHHofi  o6rtrorxu nepeMeHHoMy roK,v qacrorof i  f
cocTaBJlfeT

r - ra (r) (1 * efrr).

3aecl ke - xoe$Oul{Heur OulsAa, onpeAenqel,{stf i  no Qopvyne

k F : o, I 07 (fiSolz (2b lb n)2 nzaa I o&;

b u a- rrrupnua f i  Bblcora aJIeMeHTapHoro npoBoAHHKa, M; e-
TJII.IHbI naeoeofi qacrH g6uorru K AJIuHe BilTKa o6uorxu:

e:  ( l t  -  n ,b) l (0 ,5/o) ;

5.3. NOTEPU B OEMOTKAX
u CEPAET{HhKAX
NPN KOPOTKOM 3A MbIKAHIAVI

OcHoeHHe norepn n o6uorxe n norepu, BbI3BaHHbre MaTHHTHbTM noJreM pac-
ce f fHHq B na3oBof i  qacrn .  OcuosHbre  norepu e  o6N{orxe  c raropa or  roKa Ha-
rpy3Ku of lpeAe, 'rqrcTcf l  no Qopul ' , re

P t"rt :  312*r o(I) l0-3,

(5-17',)

OTHOIXCHHC

(5-18)

hu : 0,0 19 [e2b l (S 
"bn) 

]znraf ' 1 08,

TaK rrro AJrg raKofi o6rtaorxn

k f : k n , * f t o , .

r00

(5-20)

f l ,br- cyMMapHaq ruupnHa paAuanbHbrx BeHTHrrIuuoHHbIx KaHaJIoB B cepAeqHHl{e
cTaTopa.

ll"rra upn6JruxeHHoro yqera 4o6anouublx norepb, BbI3BaHHbIX IIor'IeM paccefl-
urlf l  B.no6oeofi qacrn, Mo>KHo B nepBoM npu6nuxeHlrn ct{urarb e:1. Bo,' Iee roq-
uufi ueroA pacqera 9THX florepb I{3JIoxeH HH)Ke.

Ec.nH crepxeHb cocrouT H3 noJrblx u crIJIoIuHbIX lpoBoAHHKoB nucoroit a1 II
ez g enc,rroM /lr t4 tr2 rro Bbrcore, ro xoa$Suur.renr @u.rrrAa nptl pa3Mepax Ka-
f ia"[a B noJIoM npoBoAHHxe or*b* Mox(Ho paccql-ITaTl no $opMyJIe

hF:0,102 l tzot(sot,) l t  l"?"f [ t  + n2arl(n,ar)]  [1 -

-a*bnl(o,b,)] [r - a}*u*l(a3rur)] + nlrllt { n,arl(nror)l } 10*. (5-le)

B raryruevuofi MuoroBuTrosofi o6uorxe c qItcJIoM BttrKoB S"/2 Bo3HI{KaIor
qnpKyrqqEoHHbre roKH Mex(Ay npoBoAIII{KaMI.I oAHoro BLIrKa. KoaSSuutteHr Ao-
6aioqnnx norepb, Bo3uur(arcur?rx BcJIeAcrBI.Ie gToro B KaryllrKax 6es rpaucno3rl-

urltl .lro6oBblx qacreft, coctaBJlffer

(5-2t)



.l.o6asoqHble norepl{ B na3osofi qacrn or BbrrecHeHufl ToKa cocraB.nflr.or

Pt : P*t4.
l lorepn 9f lrnpKynsqfionHbtx roKoB, BbrsBaHHbrx noreM paccerHHfl B Topue-

Bblx 3oHax. MarHurgoe noJle B TopIIeBofi 3oue, nBJIf lroi l Ieecff pe3y,'rbraror\{ 83ax-
raoAericrsus MAC ro6oeHx ,{acrer? craropa u poropa, HaBoAur B npoBoAHirKax
crep)KHeBofi o6uorr<n 3AC. BsrssaHHsre 3TtrMrr 3AC (r{pxynrurror{Hbre roKn 3a-

Puc. 5-3. Vcnclenq KoM[eHcalrun qnpKyJrsrlxoHHnx 3AC npu rpaHcrro3r{rrnr{ npo-
BoAHr{KoB B ra3oBofi cacrn Ha 360' (a) n 540" (6)

. 3

Msrxatfrcq qepe3 Mecra cnaitru [poBoAHr{KoB B roJroBr{ax o6uorxu. I(ar enaFro
I{3 plrc. 5-3, a, npu TpaHcno3HIIHH npoBoAHr.rKoB B nasosofi qacru na 360' 3AC,
HaBeAeHHbte B AByx ro6oeblx rlacrsx, cyMMr.rpyrcrcg. Ha pHc. 5-3 ycJroBHo noKa-
3aHbI snropbr raHreHrIHa.uluofi cocras,raprqeft lrHAyr{r{Hlr IIo Bbrcore crep)KHt
e .ro6ceofi uacru, Bbr3BauHori <<nocropouHHrrl>> (Bo) u <<co6crsenHnrvr>> (8") no.[e\{
[16] B Harype erlr enropbr r{Mercr 6o.nee c.noxuufi xaparirep.

f lpu rpaHcno3r.rrtHn npoBoAHHKoB B nasosofi qacrx Ha 540" (puc. o-3,6)
I(HpKy.;IsqI{oHHbIe 3AC AByx Jo6osrtx qacreft HanpaBJreubr BcTpeqHo rr B 3Ha-
qnrenuHofi Mepe KoMneHcupylorcl. He rouneHcupyroTcs 3AC, Bbl3BaHHbre <<co6-

0 0U
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l

T
crBeHHbIM> noJreM. Ha creneHr.I KoMneHcarrHH cKa3brBaerct TaK)r(e uecunQtaaHocrb
3AC, o6yc.rron.nenHar B ner,'reBbrx o6uorxax pasJrrrqHofi A,rnHofi no6ossrx qacrei'r,
a B BOJTHOBbTX O6MOTKaX - UX OrrU6OM B pa3Hbre CTOpOHbr.

O4uaxo, TaK KaK I-IHAyKrlHt IIo AJTHHe .rro6oeorl qacTr.r naAaer AocraroqHo
uHTeHCHBHo, rIrIpKyd'Itur{oHHHe 3AC AByx f lo6ossrx qacrefi  eoflHoeofi o6uorxn
npu rpaHcrro3nr{r{f i  npoBoAHHKoB Ha 540" oKa3brBarorcfl  oprieHTr.rpoBaHHbrMrr noA
yrJtoM a (90 '<o( lB0 ' )  H r racruqHo B3aIrMHo KoMneHcHpyrorcr .  E^ns Aoro. ' rHH-
Te!' IbHofo cHuxeHr.rf l  r{Hpr(yJrturloHHbIX 3AC rpaucnoHrrpyroT ,ro6oesre qacrrr o6-
MorKI{, oAHaKo, crporo roBopq, uar raxoii  TpaHcno3Hr{HH AoJl}KeH 6srru nepe-
MeHHbrM. Hannyuruux pe3yJ'rbraroB Mo)KHo Ao6[trcq, TpaHcnoHupyfi ,ro6osbte qa-
cTH Ha 360o, paz6uzan Hx lto Bblcore Ha ABa <<noroxa> [6].

B r lrAporeHeparopax ocyuecrBJleHue rarorl cxeMbr cBs3aHo c cepbe3r{bIMIt
TexHoJrorurrecKnMn rpyAHocrsMH H3-3a ua.riofi AJrHHbr no6oeofi qacTr.r. I{por*ae
Toro, Tpaucflognrruq B nasosofi qacrr.I na 540o TaK]Ke 3arpyAHeH a H3-3a orHocu-
TeJrbHo He6o.nuuoft Anu:aat cepAeqnnKa. Ans oqeHKr.I Heo6xoAuMocru [pHMeHeHr'{s
6o.nee c.nox<sofi cxeMbr rpaHcrro3nqur{ no cpaBHeHHro c rpaAr.iuuossofi HaAo pac-
cqr.rrarb 4o6anouubre norepn, Bbr3BaHHbIe rroJrel.r B ropuenoft 3oHe.

O6o6urenr{e AaHHbrx H3Mepeuufi,  nunoJrHeHHoe B. B. KoraH u II.  tr/ t .  Kasro-
poBl{q, rro3BoJrger orHocHTeJIbHo npocro gafiru raureHrruaJrbHyro cocTaB,'Itrcuyo
r.rHAyKrrr{H B 3oHe .[o6oeofi qacru o6rr,lorxu.

BocnorusoBaBrrrucb AuarpaMMoft MAC B ToplreBoft 3one, Mo)KI{o orpeAe"IIHTt}
AoJrro MAC poropa A, <<yqacrByroutyro> B cosAaur.rr.r raHreHrrua.nruoll cocraBJrlo-
utefi nnAyKqnu BAoJrb no6oeofi qacrlr. Ecnn B onblTax xoJrocroro xoAa H Kopor-
Koro 3aMbIKaHLIq uafiAeHu HHAyKI{HII Bro:?ugis u Brk:}u(g*l)tn r lpr roKax
poTopa i6 r{ cT?ToPa in cooTBercTBeHHo, ro

u : (BrolBrn) Qnli)/t1 - (BqlBrd Unli)| .
3ra eenrqr.{Ha Arq pa3ubrx rorreK lro- AJTI.IHe .[o6osofi qacrn, ecrecrBeHHo, flB-

Jrflercff Qyurqueft ocesofi KoopAr{Harbr z:zfls, rAe z orcqllTblBaercq or ropua
cepAeqHHKa cTaropa:

y N t l(t  + gir 's). (5-22')

Marsurnas npoBoAuMocrb raKxe rBrqercff Qyur<r1uefi 2 u npuMepHo o6-
paruo npoflopquoHa,'rbua AJrI{He c[rosofi JrwHHvr MarHI{THoro no,{fl, panuoft:

Anfl BepxHero crepx<Hfl \
I

lms: r + n t@" * h*n* 0,56 + zsinq')z + , ' lu' ' , L- ^^.
Arrn HHxHero crepxHr 

| (5'23)

I
l *r :  "c + r l- [(o, 'ha * h.- zsin qz + zzf i i2, ]

rAe ho - Bblcora rpMa; h. - BbIcoTa crepxHfi; h*n - BbIcoTa KJIHHa 14 6 -

pa3Mep 3a3opa.
Tax xax uupr{Ha rpy6xu MafHHTHofi uuayxquu yBeJIHriLIBaercfi c pocroM z,

B qeJroM ungyxql.rn Ha eHcore h (cuuran or pacToqxu craropa) o[peAeJffercfl
cJreAyr,oqefi $op rr,ryno il, n o,ryuenuo t? B pe3 y!'Ibrare sKcII ep I'I MeHTa :

& (z) : ULor A zx Q) I I ̂  (z)l la f b cos 1,25n (z - 0, I )l .

3Aecr Az?,-nuuefiuas Harpy3Ka poropa rIpH roKe lX:To+An,

Az?u: 2ixatlr;

ueo6xoluMyro AJII pacqera uI'IpKyJIsuHoHHbIx

t02

(5-24)

ge f i  a :1 ,67 ,  b :0 ,8 ;  A j i f r

HB B uee / - "  H Imw, aH-
cTepxHfl Lr nocrpol{M no

m x 0,37, (5-25)

paBHbre: AJrfl BepxHHx crep)K
b--0,25.

rro Qopruy.urr (5-24), noAcraB
Hefo Li BrH - LJlfl HH>KHe|O

MOCTb r.rHAyKUI{H O"t h:

h  
) - :  o -  

B t n  
i

2h" ) Bffi

a u b -roaQ$uIIHeHTbI,
HI{xHI{x crepxuefi a:0,6,

Oupe4e.nuM c noMour
nyKur{rc Brs - Lils. Bepx
OIIb ITHbIM AAHHbIM 3ABHCI . I

//
Bt (h) : B..',o I

\

3fc.
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nnn pacqera Ao6aBoqHbrx norepb
ycpeAHr{rb HHAyKrtr{o Br@) no ArrHHe
>r(eHne (5-24) no z.

B pesynsrare noJryvurr.r cl.'opuynu:

B pex(rrMe KopoTKoro 3aMbrKaHHfl  HSAO
JroooBoH qacTH,  npoHHTefpHpoBaB Bbrpa-

n.rq pexHMa xo.[ocToro xoAa

Brs. cp 6 : kss2a riol ( lmcp . I  06) ;
/  B ts . cpo - :  kno2wr io l ( l * cp .106 ) ;

.4,'Ifl pelKHMa KopOTKOTO saMbrKaHun

. Br B. cp p : ks p2a,i al( l  *cp . 106) ;
Brs. cp p : ksp2a ri  nl ( l  ̂ cp . I  06).

@q : Brcp @) LhIs.

(5-26)

34ecr' lm cp - cpeAHqq nJrHHa ca,roeoli JrHHHn, onpeAeJrrreMafl no eoprrayrre(5-23)  rDz z :0,51" i  xoe$SuqteHrbr  HMeror  cr reAyrorr rue sHaqeHuf l :  kss:0,9;h'o : 0,22-; k" n : 21,,G: ks n :Cj.dg.-

- n^ns pacrlera noroKa, cuenJlslouerocff c napor? cocenHHx npoBoAHHKoB B ,,ro-6osoir uairu, HaxoAHM E, 
"o@) 

no Qopr,rv".-is_z"l 
-fi ';"' i, 'Jo"o"r".r.rByrou{ero

no.lox{eHlrro AaHHoIi flapbl rrpoBoAHI{KOB rro BbrCOTe, r.I OilpeAerqeM noroK:

(5-27)

TorAa I{EpKyJItIdHoI{HyIo 3Ac .Mex(Ay AByMfl coceAHr.rMr{ npoBoAHHKaMH noAHOMepaMH n U n- I uaxoAHM nO QOprr,ryne

€r\:  4,44f @\12.

[.rrr 4eyx ao6onux .racrefi nerfiesor? HJrrr Bo.rrHoeofi o6[{orxa

€r\: G'ut + t?z* 2eut€uzcos 0,r)l/2.

B nerJleeofi o6r.rorxe 0rz:0 npu TpaHcno3HUr.rH Ha 360. pr 0:lg0o i lpr{ rpaHc-no3urrr'ru Ha 540o; B sorrionofi o6Morxe e cpeAHeM grn 3HaqeHr{r ovf,v, 65; ;1 1 5 0 .
nas pacqeTa IIHpKyJIflITI'IoHHbIX ToKoB cocraBrrercfi cucTeMa ypaeneHraii

BITAA

I tuzt * I zazr: €r\rzi
12q22* Iaazs:€rrzpi

(5-28)

I  (n - r )  , \ z (n - t )  *  I  ,u ' r :  e \@-r )  n i / P u :  o .

6naro4apa

(5-2e)

n

T
k : l

-  1 /  9  c )
JAecl zn: V ri+ x'" - noJTHoe conpoTHBJIeHI.IenpoBoAHHKa B rra3oBoir u no6o-
aofi qacrsx.

Hu4yxrungoe conpoTr.rBJrenr.re oAHoro npoBoAur{Ka, He saBr.rcfluree
TpaHc[o3I{IIUI{ or ero IIonoxeHI'Iq B crepxHe, cocraBJlter

xnp : l , l  .2nf V"sIt [al(Bb") + (h"12 + hKJr) lbnl,

TAE A-Bb ICOTA NPOBOAHHKA.
AxrHelroe coflporHBJreur{e

rnp : 0,5lap (T)/q"p, (b-30)

rAe la - AilHH& Br{TKa; 7op - CeqeHHe npoBoAHr{Ka; p (r) _ yAe,lbHge cofiporaB-
JCI{HE.
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f lpu uanou (no cpaenenuro c axrneHuu) HHAyrrusHoM conpornBJreHr{H noJr-
ttutri ToK npoBoAHHKa c!'raraercfl u3 ToKa Harpy3KH tr uupKyd'Inurror{Horo ror(a,
C.fBI ' tHlrToro no Qase Ha 90o:

I np :1'' I'"+ t? ;

i l p l I  3 I l aq I lTeJ lbHOM OTHOI I IeHHf i  Xnp f  rnp : tg  ^ \ '

I  np:V I 'u* 12" + 2l HI ,-cos r

Bltquc,rss norepll
HbIe noTepK Lr noTepr{
MapHbrMH noTeptMH LI

d)

l16

1r2

0,8

014

0,55 0,64 0,65 0,70 0,75

0,Jz

0,28

0,24

0,20

0,16

BO BCeX npOBOAHT{KaX I{ CyMMripyf
or l{HpKyJrrur.roHHbrx roKoB Pq rax
I  n2r  o.

f lX, i lOr' lyt{I{M C}'Mlvlap-

pa3Hocrb IvIeX{A}' c)/M-

,)

Jr0

2,6

2,2

0t_
0,54.

lr8

114

0r5

0,4

0,J

012

0,01 q02 0,oJ 0,04 o,o5

A2 ,*u, :Jr0-

-2,5\

\
s lj,ou
\

"fi) Ja
l. tc

0,05
0,,; 0 0,ol 0,010,0J0,02

Psc. 5-4. K pacuery rorepb or rperbefi rapuoHuqecxofi noJrfl

Aocraroqso [poH3BecTH HecKoJrbKo pacqeroB AJrfl o6uorox pa3Hbrx rnnoB,
qro6u noryrrllTb AaHIIbre Arq oqeHKH Heo6xoAuMocru npHMeHeHHr 6o.nee cJro)K-
HbIx cnoco6oe rpancrro3r.rrrnrr npoBoAHIlKoB B crep)r{He.

Ao6aeoqusre noTepr.r or qr.rpKyrflqr{oHHbIx roKoB Aocrr.rraror MaKcHMyMa
B CaMbIX BepXHHX npOBOAHHKaX, B KOTOpbrX, eCTeCTBeHHO, MaKCrrMaJrbHbr TaK>Ke
H noTepfi or BbrrecueHurr ToKa s uasosoft qacrn.

llorepn B cepAeqHnKax npn KoporKom saMbIKaHHH. Bce norepn, onpeAedrfle-
MbIe B pexl{Me KopoTKofo 3aMbrKaHHt npn HoMLIHaJTbHoM ToKe cTaTopa, cqr{Ta-
Iorcfi ilpo[oprluonaJrbubrMu KBaApary roKa. B rex cryqaflx, KorAa 9To He raKn
n Qoprrry.ubl BBoAflTcfl Hyx(Hbre 3aBrlcHMocTH.

florepn or rperbefi rapl.rouuqecxofi rroJrr npu KoporKoM saMbrKaHLI[ Bo3HIJ-
KaIoT B gy6qax cepAetrunKa craropa. Tpersx rapMoHr.rqecKafi rroJrff uMeercfi B KpH-
Bofi nors sos6yx,u,eHr{s It B xpuaofi noJrff peaKrlur.r flKopfl. OcHosHHe rapMoHII-
qecKr{e floJrfl eos6yx4eHun v peaKqr{H sKops B pexHMe KoporKofo 3aMbIKaHllfi

1 0 4
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B3aHMHO KOMneHCHpyloTcf l ,  TpeTbH
noJ[ocoB ycH/lHBaIoTcfl.

Cyrtn'rapHoe 3HaqeHHe rPerseft
c noMoublo puc. 5-4 uo QopruY.ne

|  ,27 Aroxoal l l  
"o*) 

,

Fv: F&,sNl(vk:o,v),

rAe Fr - ocHoBHaq rapMogl{qecKafl I IAC.
3areu MOSHO ttaitr4 CpeAHIolo I{HAyKqI{p rapMoHutlecKofi nopnAKa

(npll suaxe nJrrcc rapMonr.rqecKar npsMoro Bpaulenlrt, npll 3HaKe MHHyc
uoro BpaueHua).

HnAyxqns Bv Ha noBepxHocrn noJlloca cocraBJlffer

By: VoF.tkvl(6kc),

rAe Av- Ko3QSuqEeHr 3aryxaHHfl \'-fi rapMogrqecKofi iloflq:

k,t: @6k6,tk) sh (n6fr6v/t).

rapMoHHr{ecKHe npH o6uqHoft

rapMoHHrlecrofi  no, ' Iq Moxer

KOHQHrypaurr r r

6uro uai t :eHo

B s :  U r r , ,  lA t *x  o l l1"o"  * ( 5 - 3 1  )

(5  -31)

(5 .35 )

rAe Aar.  n A3a onpeAe,lqloTcf l  nO pl lc.  5-4, a,  6.
f lofepu n sy6Uax OT TpeTbeit  rapuoultqecxof i  t ro, ' l f  cocTaBi l f l IOT

Pt: l0,7prt,oBL'2'Gr. (5 - 32)

I (ax suAiro Hs (5-32),  3HaqeHHg Pt,  crporo foBopff ,  HeJIb3s cr{Hrarb nponop-
r{HoHaJrbHbrM KBaApary roKa, a JIHTIIb roKy B crenenll 514. Heo6xoAl.iMo orMerHTt)
TaKxe, qro B cr.rJrbHo HacblureHHblx MaIrtEHax 3Haqeuun B3 (H norepo Ps) HylKHo
{IpOBepgTb r{HC!'IeHHbIM paCqeTOM IIO,'Iff.

l lorepr Ha noBepxHocru noJrrocoB B pex<HMe KoporKoro 3aMbIKaHI{q npu or-
cyrcrBr.n.r AeMnQepuofi o6uorxu onpeAerqrorcfl no H3BecrHoM,v rapMoHl'IqecKoMy
cocraBy nof lq peaKqul l  O6uorxu craropa.

fapuonlluecxaq MAC [oprAKa v orpeAe.Ilffercfi, ecJII{ I{3BecreH ee o6,rloroq-

uufi xoa$Qlruueur fr&ry:
(5 -  33)

1':3ft -+- I
-  o6par-

B o6uorxax c Apo6HbrM q (asyxcnofiHbrl I o4uocnofiunx) Moryr cytuecrBo'

tsarb Hri3trrue r,{ Apo6nbre rapMoHr{qecKl{e MAC, Koropble raKx{e HyxHo yqI-ITbI-

BaTb nprr pacqere norepb. Kporvre rofo, npu onpeAeJIeHHIz Bv ueo6xoAHMo yqH'

TbrBaTb HacbruleHr{fi r*,raiuurn6fi qenl,t B pexIIMe Harpy3KI'I nu6o npu6.nnx<eHuo,
;rn6o c floMoulblo qucJleHuoro pacqera rroJlt (crrl. r.n. 2).

llorepu Ha noBepxHocru noJIIocoB

fft

D  - S D'  p h -  /  ' p h t t
r r - l

(v -+ l ir '5 ( l /so;t 's 2psu' 103. (5-36)

3rtar< nJrroc B Bupax<esun v-+- I nyx<Ho npHHHMarb AJIfl rapMoul.Iqecxotl nols o6-
paTHofo BpauIeHHq.' 

flpu ianuquu 4erun$epnofi o6rr,rorKn norepn Ha roBepxuocrn norllocoB 9ylyr
Megb[re, TaK KaK MAC-HecnHxpoHuo Bpauarculuxcfl rapMoHLIqecKHX nod'Ifl 6,v.ler
oc.na6.reua npuMepHo B kn Pa3:

k'.o : x kdyl (xdd\t * x na.u) x ttzx p6l (xaa * \2x nd), (5 -37 )

{ t ,  c,TeioBare"rrbHo, norepH Ha noBepxHocrH AoJIxHbI BblqHCrf lTbcf l  no Qoprr l ' . re

(5 -38)
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O4Honperrreuuo Heo6xoAHMo yqecrb
JIHB CpeAHee 3HaqeHHe TOKa B CTepxHe

norepr n 4eunQepuofi cHcTeMe, onDeae_
oT KaxAofi raprraoHuqecxoir noJrff

tt naitpa norepr{ B crepxHrx

I cy :3v.Fy (l  - kov) trh

'c rrl
P o" 

-- 2p L Z l?,kour",
n: l  v : l

-3e)
.a

rAe f c - cOlpOTHBJreHHe 
_ cTcp)KHq, Oiu; kp^t _ xo:Q$uqueur @u,rsga Anficreplr{Hfl nprz qacrore (vi I  )f .

l  rorepH or fapMoHHqecKux MAc noprAKa sy6uarocru craropa npH riopor_KoM 3aMbIKaHIIH Ha noBepxHocTLI rrorrocoB, B aeunQepnofi o6uoixe u 1i]. .Tbca-
ul{oHHbre n ay6qax no,rrrccoB MOX(HO paccqurarr no Qbpr.ryae

P pr: {2pxoal[z (kc, - l)]], (ppo * pro * por). (5-40)
f lorepu- oT TopqeBofo nor'Iq B sy6qax xpafiHux rraKeroB nprr KoporKoM 3a-MbIKaHI'IH o6uqHo HeBe,rIHKH, TaK KaK oceBafl cocTaBJlfiIou1as ITHAyKqI{L1 B 3ToMcr'Iyqae Ha ypoBHe sy6qon 3Har{urerbHo HH}Ke, r{eM npa xoJrocToM 

'xoAe. 
OAsaxonorepl{ B tpM-e rpafiHero laKera u B Ha>xHMHorl 

'nnure 
Moryr 6grs 3HaqH-

TCJIbHbIMI.I,  OCO6EHHO B BbICOKOI,ICNOJIb3OBAHHbIX MAIXHI{AX.
llorepu n Hax(I'IMHbIx rId'ILITax u xpafiHu"_ nu*arax cepAeqnuKa craropa np6KOpOTKOM 3aMr,rKaHHH MOX(HO [OACrr[TaTr no QopMy,,re

P ed: 40 (Arltou)''u {i./so;'D rr.
3ru norepl{ '  KaK cJleAyer ras Qoplrynu (5-41), nponoprruoHarbHbr He riBaA-paTyJoKa, a roKy e creneHn 2,5.
CyuuapHble noTepl{ KoporKoro 3aMbrKaHrzff B o6naorrax u cepAeqHpKax co-

CTABJIf l IOT

P * . s :  P u l  *  P t *  P q  *  P t *  P p n l  P p r *  P p " *  P e a . (5-42>

5-4. nOTEPtl HA BO3Ey)+(AEHhE

florepr B o6uorxe aos6yx4eHufl. 14 uerorruoM KoHTaKTe npr.r HoMHHaJbHoM
roxe sos6yxAeHnfl je psBHbr

Pr :  ( t z r r r *Z t r ) tO-3 ,

P r:  P elr le.

(5-4r )

(5 -43)

(5-45)

(5 -44)

tot 
#*::nlol""rlenue o6uorxH nog6yx4eHnn npv pa6ouerl reMrreparype.
Ilorepu B noa6y4ureJre .r npeo6pisoBarerre (eq.,uE 

"u^o"ofi- 
llr*,reercn1 ),,qu_TblBalorct c noMou{rrc xoeQQHIII'IeHTa noJle3uoro 4eficrnua ycrpoficrna so36\,x{-

AeHI{q 1e, Tdx qTo noJrHbre norepH ua nos6yxAellfie cocTaBJrffroT

5.5. MEXAHhqE CKUE NOTEPh

MexanuqecK,e IIorepI{ cKJIaAbIBaIorcr r.r3 norepb Ha rpenue poTopa o Bo3Ayx,noTepb Ha BeHTUJIflIIUIO' noTepb B noAIIfiTHLIKe H rloAlxunHr{Kax.
Pacqer noTepb ua^rpeHrae_o 

"osay* 
prn, B [OArrjr4rrHr.rKe u noAnflTHtrKePr,rx nPI{BoAI.ITcfi e rr. 6 u 10. llorepu Ha BeHTuJrsr{Hro orpeAeJrfirorcs B pe3yJib_

TaTe BeHTr{Jrsr{rroHnoro pacqera no Qopuy.ne
Pu"r, : QH,

rae 9 
- pacxoA Bo3Ayxa, uslc; H - uanop, fla.

Taxuvr o6pasou, noJrgbre norep[ B pexuMe Harpy3KH cocraBJrflror
X  P :  P " " o * P * .  

"  
*  P r *  P " * *  p " e " r * p r p .  ( 5 - 4 6 )
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IJ]ABA IIJECTA'

HATPEBAHHE yl OXnAIKflEHhE

6-1. ChCTEMbI OXflAIKAEHVlfl

I-lpu pa6ore eJreKTpnqecxofi MarrrnHbr B uefi BblAeJlrercfl ren-
Jrora, i lpeAcraBJlf l Ioulaff  co6ofi  norepn, Koropble Bo3HHKalor npt l
B3auMHbrx npeBpaqeHuflx MexaHllqecxofi  Lr sJleKTpn.Iecxofi  3Hep-
rHH. B- o6utenr cJryqae K gTrlM norepsM orHocflTcfl AX(oyJIeBbI rlo-
TepH B [poBoAHHKaX, noTepr,r Ha BHXpeBbIe TOKI4 14 nepeMaf}jl4l{w-
BaHHe B MafHHTHbIX A npoBoAfluII{X MaCCaX, nOTepH Ha TpeHHe
Bpauanuluxcfl qacrerl H B rroA[rHnHHKax v norepH na {HpKyJIrIIHto
oxna)KAarculefi cpeAbr. Bce eru rrorepn vr rBJlslorcfl npauuuoit Ha'
rpeBaHr{fl aKTHBHbrx v KoHcrpyKTHBHbIx qacrefi aJIeKTpHrIecKI{x
M A U I I { H .

floAaerrroulee 6o.nturuHcrBo rHAporeHeparopoB oxJIax(Aaercfl
BO3AyXOM, i lpHrIeM B CpeAHI{X r4 KpyIIHbIX rHApofeHeparopax I IpH-
MeHfleTCfl CHCTeMa KOCBeHHOfO BO3AyIIIHO-BOAflHOTO OXJIaX(AeHHfl
c saMKHATb[Jvt tluKttoJt| BeHTUltfltlUU. BOa4yx, IlHpKyJlHpyrcuruft qe-

pe3 MauHHy, npoxoAHT 3aTeM rlepe3 BOAflHbIe BO3AyXOOXJIaAHTeJIH,
rAe oxJla)KAaercfl nporoqsoft eoAofi, I,I BHoBb llocryflaer B Ma[IHHy.

3arraxHyrar cr{creMa BeHTHJIffquu o6ec[eqllBaer qncrory Bo3Ayxa H

TeM caMbrM npeAorBpaqaer sacopeHr{e orAeJIbHbIX KaHaJIoB (n nep-

Byro oqepeAb BeHTHJIf l ITHoHHbIx KaHaJIoB craropa).
Ha npaKrr{Ke rracro npr{MeHflercfl qacruttHo paloltrcrugrotrt quK/t

seHTLnnquu c BbIIIycKOM ropflr{efo Bo3Ayxa u3 feHepaTopa B Ma-

uruunttf i 3aJI f3C AJTr ero o6orpena; npu groM HcnoJlb3yercfl Ao
20 0lo pacxoAa BosAyxa, npoxoAflrqero rrepe3 Bo3AyxooxJIaAI{reJIH.
Or6op ropnqero Bo3Ayxa H3 rl,IAporeHeparopa AonycKaercf IIpH
ycJIoBI{It, rITO BCe CTpOI{TeJIbHbIe, MOHTaXHbIe U OTAeJIOqHbIe pa-
6oru B MarxHHHoM 3aJre 3aBeplxenbl H no erof i  npl4rlune 3acopeHue
Ma[rHHbI UCKITOqeHO, A TaKX(e npr4 yCJIOBHH IIOAnHTKIT ee TIHCTbIM

CBe)KLIM BO3AyXOM.
B ru4poreHeparopax naanoft MoIIIHocTH npuMeHflercfl raK>r<e pa-

30ilKHArQfl CUCTeJV|A BeHTqnnquu.
HesaeucuMo oT MouIHocTH B rnAporeHepaTopax, KaK npaBI' IJIo,

peaJrr,r3yeTcq npuHLltun a7ToHoJvtHocrlt cucTeJflbL oxrla?fidenun: poTop
CJIy)KHT BeHTr4JrffTOpOM, a MOIIIHOCTb, 3aTparluBaeMafl Ha III{pKyJIfl-
rlnro eobAyxa, [ocryfiaer HelocpeAcrBeHHo c BaJIa ruApoarperara.
DfiaroAapq ceoefi [pocrore v HaAex(Hocru cucrewq, caliloleHTuJlfl-
tluu l4cu.oJrb3yeTcg ilpaKTHrrecKH Ao Tex nop, IIoKa Harlop, pa3BI'I-
saeNrHfi poropoM, oKa3brBaercfi AocrarorrHblM AJrfl o6ecneqeHufl
Hyx{Horo pacxoAa Bo3Ayxa unrr4 noKa rpe6onaHHr noBbI[IeHHfl sJIeK-
TpoMafHHTHoro uct loJrb3oBaHufi  MaIrI I , IHbr (n Ma[IHHax c 6o"nruroft
MoulHocrblo Ha no"nrcc) H 3HepferHqecKI,IX noKa3are.rrefi .nu6o yc-
fioBHq pa3MeuleHufl He BbIHy)KAaIor neper?ru K 6o.nee I{HTeHcHB-
HbrM, Ho cJrox(HbrM npungdure/tbHbllvL cucreJdaw oxttattcdeHun. kIc-
KflIOqeHHe COCTaBJIf l IOT OTAeJIbHbIe OrrbrTHble MaIIIHHbI, CO3AaHHbIe

i 0 7



AJrl  npoBepKH B sKcn, lyarar lHoHHbrx ycaoBHflX HOBbTX KOHCTpyK-
UHI l .

l lp laHyeHreJIbHble cHcreMbr oxJra)KAeHr.r f l  HauJrH i lpHMeHerrHe
npelKAe Bcefo B fr4ApofeHeparopax oqeHb 6o.rruurof i  Mou{HocrH -
HecKoJIbKO COT TbICf l t I  KLI. I IOBaTT, B KpyrrHbrx feHeparopax c Bbrco-
Kr . rMr . r  qacroraMl {  Bpau leHHf ,  B  Kar rcyJrbHbrx  H HeKOTOpbrx  o6parH-
Mbrx ruAporeHeparopax. 3ro npe)KAe Bcero )KHAKocrHbre clrcreMbr
oxna>KAeHHfl ,  

'a 
TaK)Ke CHCTeMbT npHHyAHTeJrbHOro oxJrax(J,  eHnf l

BO3AyXOM, npeAycMarpHBaIou{He ycraHoBKy nocropoHHHx, orAeJrbHO
CTOf lU{ I4X HAfHCTATCJIbHbIX 3J ICMCHTOB C CAMOCTOqTCTbHbIM TIDH-
B O X O M .

l locxo"ntxy B rnAporeHeparopax [pnHyAnTeJrbHafl BeHTr4Jrflur.rfl
npHMeHqercf l  xpariHe peAKo, 3Aecb _6yayr paccMorpeHbr ro,/rbKo
ocHoBHbre cxeMbr caMoBeHTHJrf lr \HH. o6UqHO nO CnOCO6y noAaqrr
BO3Ayxa pa3IHiIaIOT paLVaJIbHbIe, OCeBbIe HJIL| aKCLIaJIbHbIe t{ pa-
AI,IAJIbHO-OCCBbIC CXCMbI BCHTI.IJIf l I IHH. XAPAKTCP IIHPKYJIf l I IHI,I OX-
Ja)KAarou{ero Bo3Ayxa B sTHX CXeMaX f lCeH H3 HX HaHMeHOBaHHf l -

flpu paduanoruort cucreJfle BeHru/tnquu BogAyx rrocrvrraer
B 3Be3Ay poropa (o6uuno AByMfl noroKaMrr-cBepxy H cHH3y) 14
3areM noA AeftCTBHeM HS6HTO.rHOrO AaBJreHHfl,  CO3AaBaeMOrO Bpa-
qarci lrr{Mcfl  poropoM, npoxoAHT r{epe3 KaHaJrbr B o6oAe poropa,
npoMelKyrKH Mex{Ay rroJrrocaMpr, nosAyurnufi 3a3op, KaHaJrbr cep-
AerrHHKa craropa, BbrxoAHT B Kopflyc craropa H qepes orBepcrHff
B Kopnyce - B oxJraAHreJrH. llpofiaa oxJraAureJrrr, Bo3Ayx no Ka-
Hailau n QyuAaMeHTe H Mex(Ay JIanaMn BepxHeli xpecroBr{Hbr BHoBb
nocrynaer B reHeparop. t lacrr Bo3Ayxa nu6o MHHyfl  porop, nu6o
HenocpeAcTBeHHo H3 3Be3Abr pOTOpa C noMorrlbro cHcTeM UIHTOB vJrW
cnequaJlbHblx pacrpy6oB HanpaBJrflercr B KaMepu no6oBbrx vacrefi,
orKyAa qacrr{qHo, qepe3 Mex{[oJrrocHbre npoMex(yrKH H Bo3A\rrUsUii
3a3op, npoxoAHT B KaHaJIbI CTaTOpa, a TIaCTI{rIHO, Me)KAy flaJlbrlaMtr
Hax(HMHbrX rpe6euox u qepe3 orBepcrHfl  3a Ha)KHMHbTMH nJrH-
TaMH,-Ha reJro craropa. Bo Hs6ex(aHHe o6paruoro nepereKattf i
Bo3Ayxa H3 KaMep ro6oeHx qacref i  3a BeHTuJrrrop craBflTcf l  Bo3-
Ayxop a3AeJIfl loull4e uIHrbI.

Hau6o"nbllruMH Bo3Mox(HocrflMn Ans o6ecnerreHprs Heo6xoAHMbrx
pacxoAoB Bo3AyXa KaK rrepe3 KaHaJrbI craropa, TaK v r lepe3 Ka-
yepbl no6oeHx qacrefi o6.naAarcr ueurpo6ex<Hbre BeHTlrJrflTopbr.
OHH I4crloJlb3ylorcfl Bo BceM AuarragoHe qacror Bpail{eHvrfl., rtpur{eM
SBJIflIOTCfl OCHOBHbIMH HanOpHbrMH gJreMeHTAMn B fr{AporeHepaTo-
P&X, y KOTOpbIX He yAaercfl BbI[oJrHHTb AOCTaTOqHOe rrHC/rO paAH-
aJlbHbrx KaHaJroB B porope. B ruaporeHeparopax c rrrnxroBaHHbrMr.r
o6oAanan poropoB HaITIJII{  rrpHMeHeHHe BcrpoeHHbre qeurpo6€xsue
BeHTHJIflTopbI, Koropble BbrnoJrHflrorcfl KaK KaHaJrbr eHcoroft 60-
120 rravr MelKAy naKeraMH y ropqoe o6oAa; JrorrarKaMH BeHTr{Jrrro-
poB_cJryx(aT ycTaHoBJreHHbre B KaHaJrax pacnopKH.

B [ocJIeAHHe roAbl noryr{Hra pa3BHTHg cxeMa BeHTr.r"rrflrlrpr
c HcnoJIb3oBaHIIeM AaBJIeHHfl,  pa3BuBaeMofo cnHrIaMH B TOpI{eBbrx
3oHax. OlHa r{3 MoAH$uraqufi  srof i  cxeMbr npelycuarpr{Baer ycra-
HOBKy BeprHKaJrbHbrx Bo3AyxopasAersrculHx trIHrOB rro AHaMerpy,
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I

MeHbueMy AHaMeTpa pa3MeqeHnfl  nepenycKHblx oKoH B ocToBe po-.

ropa (pl, t-c. 6- l  ) .  3ra cxeMa BecbMa eQQexrnBHa' ro3BoJlf fer orKa-

saTbcfl oT ToprleBbrx BeHTI.rJrflTOpOB, HO MO)Ker 3arpyAHurl o6c.ny-

iKHBaHHe TOpMO3OB. SrOr HeAOCTaTOK ycTpaHfleTcf,  eCJIH HHN(HHe
BepTHKaJrbHbre Bo3Ayxopa3AeJIf l IOUIHe U{HTbI yCTaHaBJIHBaIOTCfl no

AHaMeTpy, 6o.ryE,rueMy AnaMerpa pasMeUIeHHfl ropuosHoli  cHcTeMbI.
B 3ToM cryqae Ha :auxttufi, ropeq poTopa ycTaHaBJIHBaeTcf IIeH-

rpo6eI?Hbrfr BeHruJrflrop. O6e srn rt,toe,HQuKaIIulI He HCKJIloqalor

3afpff3HeHnfl  HH>KHHX no6oeux qacref i  o6uoroN TopMo3Holi  nutnr 'rc-

Puc. 6-1. PaAua.nrHafl cxeMa BeHTLIJISIII'IH

BepoarHocrb 3arpfl3HeHnfl Mo)Ker 6i;rt 3HaqI{TeJIbHo cHH}KeHa npll

nepexoAe K cxeMe, npn xoropofi  xpafir iue KaHaJIbI MelKAy- naKe-

trr" o6oAa poropa BbrnoJrHrrorcf l  KaK BcrpoeHHble qeurpo6elKHble

BeHTprJrflTopbr n oxaax(Aaroulldil Bo3Ayx Hg crlgu poropa nonaAaer

HerrocpeAcrBeHHo B KaHa.uu o6oAa.
flpa r{r{cTo aKcuartb$ori cucre*te BeHTLltnquu BosAyx llocrynaer

B MargHHy c oAuofi cropoHbr, rrpoxoAuT no HecKoJIbKHM napaJIJIeJIb-

HbrM BeTBqM - Mex<Ay noJIlocaMI'I, B BO3AyIIIHOM 3a3ope' IIo npo-

AOJrbHbrM KaHaJIaM U 3a TeJIOM CepAerIHHKa CTaTOpa, nocJle r{ero

BbrxoAur c 4pyroft cropoHbl MaIUHHbI.
B cBrsu c Heus6exHbrM 3HaqHTeJIbHbIM l lepenaAoM TeMnepa-

Typbr B aKcHaJrbHoM HanpaBJIeHHH, TpyAHocrf lMH o6ecneqeHl4f l  Ao-

" i i tou"o 
aQQexrgBHoro oxJIaxAeHHfl BceX aKTHBHbIX uactef i ,

a TaKx(e HeKoTOpbIM ycJIo)KHeHHeM KOHCTpyKIIHI4 MaluHH 3Ta
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cHcreMa BeHTHJIf l t{HI{ He noJlyqa.na cKoJrbKo-HH6yAb trrnpoKoro npg-
MeHeHI'It . I4ct<ntoqeHIIe cocraBJIflror ropr{3oHTaJrbHbre KancyJtbHbre
THAPOTCHCPATOPbI C NPHHYAHTCJIbHbIM AKCHA.J ' IbHbIM OX/IAX(ACHHCM
,BO3AYX A H OP M A JI b HO IO 14 JII4 TIOBbIIII CH HO f O AA B.,'I C HVF- .

f lprr cJi lewaHuoil  padua/tbHo-arccuattouort 6eHrultn4uu (pwc. O-2)
BO3Ayx r rocrynaer  B MauHHy cBepxy u cHH3y H c noMou{bro npo-
neJIJIepHbrx (ocentrx) neurHrqropoB, paci loirox{eHHbrx Ha roprrax
o6oAa poropZ, HarrpaB,rrf lercf l  B MelKnoJrrocHoe npocrpaHCTBo H
p_acnpeAe./ ' I f leTcf l  I Io pa/] . Iai lbHblM KaHaJIaM cepAeqHHKa CTaTopa.
Hacrr '  Bo3Ayxa .trortaAaer B KaMepbr no6oerrx .racreri ,  rJrf l  I . rHTeH-

cuQHxaqaH oxJrax{AeHHf l
KOTOpbrx B r{opnyce cTa-
TOpa MofyT Bbr[o,rrHf Tbcf l
oKHa,  q ro  o6ecne. {p iBaer
cr {Bo3Hoe ABH}KeHHe BO3-
Ayxa.

B cxeMax BeHTHJTTuHH
rHAporeHepaTOpOB oceBL,Ie
Berr rH,Tf lTopbr  o6ecneqH-
BaroT no cpaBHeHHro c  r IeH-
rpo6exubrMn Toro >Ke AHa-
MeTpa MeHbtUHe cTaTHqe-
cKHe AaBfleHHq. l loarorrry
t lpI ' IMeHeilue oceBbIX BeH-
TI-I/I

ercf  fHApofeHeparopaMH
c orHocHTeJrbHo rie6o,nt-
IT IHMH aSpOAHHaMHr{ecKH-
MH COTTpOTHBJIeHHf lMH BeH-
THJIf lUHOHHOfO rpaKra .

Puc. 6-2. Pa1uansuo-aKcr{aJrbHas cxeMa BeH-
TLtJtflULtrl

Bnecre c reM, nocKoJrbKy
oceBbre BeHTHJrf lTOpbr Xa-
paKrepH3yrorcf 3HAI IH-

TeJIbHO MeHbIIIHMI{ yAerbHbIMH 3arp araM? MOUIHOCT?r Ha OX/ra}K-
AeHHe,  Hx npHMeHeHHe Hal i6o"nee eQSexrHBHo B ruAporeHeparopax
c oTHocHTeJIbHo BbIcoKHMH BeHTHJrsr{HoHHbrMH norepsMr4. llo erori
npHqHHe npH oKpyxHbrx rracrorax BpaureHHfl 60 na/c H BL,rtxe [peA-
lorrreHHe o6ttquo orAaerc)-r parTai lbHo-aKc?ra,rytHorl  cxeMe BeH-'tuJrr l \H\.  OAuaxo JIHMHTI{poBaHHe aKcnaJrbHbrx pa3MepoB Marrr lrHbr
MOXeT CTaTb npentTcrBlleM AJrfl npHMeHeFrHfl oceBbrx BeHTHJTflTO-
poB. B AuanasoHe r{acror BpaureHHs 30-60 na/c B saBHcHMocrH or
oco6euHocrerl  KoMnoHoBKH H KoHKperHbrx rexHarrecKax AaHHbrx Ma-
ITIHHbI Mofyr 6olrl ucnoJlb3oBaHbr o6a ocHoBHbrx rnrra BeHTHJTflTo-
poB. Haxoueq, rtpn r{acrorax BpauleHafl ,  MeHbrur{x 30 wlc, npuMe-
HeHHe cxeMbl paAHaJIbHoI? BeHTHJIf l I IHH f lBrqercf l  o6qsareJrbHbrM.

PaHee unpoKo npHMeHfB[IHecfi  KoBrr]eBble BeHTHJrrropbI, KaK
nOKa3aJIH HCCJIeAOBaHHf l ,  CO3AaTOT He3HaqHTe, / ' ibHble AOIOJTHHTCJTb-
HbIC AABJIEHHfi LT CJIY}KAT B OcHoBHoM AJIf l  yIyqlxeHHfl ycnoeHfi
BxoAa Bo3,(yxa B Mex(noJlrocHbre npoMe)KyrKn. flo grorl [puqr.rHe

I 1 0



B CoBper\reHHbrx KpynHbrx fHApofeHeparopax, xapaKrepl{3yIOUlIxCfl

6o, i r i luei i  HHTeHCHBHOCTbIO OXJIaIKAeHHS, KOBl l leBbIe BeHTHJIfTOpbI

npaKTHqecKH He I , IcnoJrb3ylorcf l .  Orxas or HHX t to3BoJIHJI TaKX{e

yryr{ulgrb ycJtoBpf l  I IpoBeAeHHf peMoHrHbIX pa6or.
'  'HapnAy 

c  onHcaHHbrMH Bbru le  cncreMaMLI  Koc leHHoeo eosdgut -

HO)O OXtt,AUCdeHUf B nocJleAHHe fOAbI iIO/'IytIHJII4 pa38HTUe CHCTeMbI

Henocp.edcraeHHoeo u StopcupolaHHoeo ox/La3fideHufl '. Ans ux ocy-

u{ecTBJIeHHfl  B sJIeMeHTaX KOHCTpyKIIHH, B KOTOpbIX BblAenfeTcf l
' t 'eftr ' lOTa, BbInOJIHflIOTCfl KaHa,'IbI, nO KOTOpbIM I-IIIpKy,' iHpyeT OXJIaIK-

Aarouas cpeAa.
BHe4peuue cHcTeM HeilocpeAcTBeHHoro SXJIa)KAeHHff '  xapaKTe-

pg3yrorqvxcfl. 6ontrueir e$SexruBHocrblo pr sKoHoMut{Hoc'rblo, [o-
3BO,'THJIO pe3KO noBbIcHTb VAeJIbHble .?IeKTpOl\[arHI4THbIe I4 ',IeIIJIOBbIe

Harpy3KH MauHH I{  I IoBbIcHrb HX eAHHHtiHy}o MoII IHocTb'  l lp"  sroM

B fHApofeHepaTopax B KaqecTBe ox, ' Ia lKAaIOUerO afeHTa npHNIeHf-

ercf l  o6H.rHO BOAa.
B HacTof lu lee BpeMf i lpaKTHr{ecKlr  peanH3oBaHbl KOHCTpyKTHB-

Hbre cxeMbr Henocpedcreeiuoeo BodnHoeo ox/IaztcdeHun Bcex oc-

HOBHbTX SJreMeHTOB, B KOTOpbTX BbIAeJI f l IOTCf l  3HaquTelbHble I IOTepH:

o6uorox cTaTOpa v Bo36ylKAeHHfl,  IuHHonpoBoAoB, cepAerlHHKoB

CTaTOpa H nOJItOcOB pOTOpa, 4err,rnQepHoft cHcTeMbI'  Ha>KHMHbIX rpe-

6euor cTaTopa. Hexoropble v3 sTHX cXeM nolyquflH AocTaToqHo
IXHpOKOe pacnpocTpaHeHHe,  ApyfHe npHMeHAIOrCf l  BeCbMa ofpaHI{ -
qeFrHo. Peruesue o ueJlecoo6paauocru nepexoAa K cHCTeMaM Hefio-

cpeAcrBeHHOfO BOAflHOTO OXJIaX{AeHHfl npHHHMaeTcfl  [pI4 npoeKrl]-

poBaHHr{ Ka}KAofi  HoBoft MOUIHofi  Ma[IHHbI c yqeToM Bcefi  coBoKyn-

Hocrg rrpeA'bfBJrfleMbrx K Her? TexHHr{ecKHx rpe6oBaHufi 14 creneHl{

ycJrolKHeHHfl KOHCTpyKqHH I\{auII',IHbI I{ ee sKCnJIyaTaqHI{.
Bo MHorHx cryqaflx ocyulecrBJlflIorcfl cucreJrtbL ox/Laittdettun

cJilewaHHoeo rltna, B Koropblx AJIfl oAHHX, HaH6oJIee Hanpflx(eHHblx

B TenJIOBOM OTHOIIeHHH, gJTeMeHTOB HCnOJIb3yeTCf HenocpeAcTBeH-

Hoe BoAflHoe oxJIa)KAeHLIe, LJI1 ApyrHX - Bo3Aylu-Iloe. flpuuepOvt

Moryr cJIy)KI{rb KpyIIHe_fiIrIHe rllAporeHeparopbl KpacuonpcKofi vT

CaaHo-tllyueHcKofi f3C, B Koropblx o6Morrr4 rt luIlHbI craropa ox-

Jra>KAaroTcfl HenocpeAcTBeHHo BoAofI, o6uorxu Bo36yX(AeHI{fl I 'IMeIoT

$opcl lpoBaHHoe Bo3AyluHoe oxJIa>KAeHI{e'  npurleM QopctlpoBaHI' le
oxJIa)KAeHHfl  AOCTI ' I f  aeTcf l  BbInoJIHeHHeM nonepeqHblx KaHa' ' ' loB

B BHTKax KaryixeK IroJI IocoB. Ocra"r lbHble 3,r ' teMeHTbI KoHcrpyKuI{H

r.rMercr TpaAHIIHOHHOe KOCBeHHOe BO3AyIXHOe OXJIaIKAeHHe.

6-2. @V|3l4t{ECKhE nPEAnOCblfl Kh
BEHTI4JIfl UhOHHOI-O PACqETA

Ox.uaxAaloquli areHr (ras HJIII )KIIAKocrb) npu I{HpKyJInIIHII

i lo KaHaJraM BeHTHJTflTIHOHHOTO TpaKTa Ma[IHHbI I IpeoAoJIeBaeT CO-

nporHBJIeHHe cBoeMlr ABH)KeHHIo, v:,  c., ' IeAoBareJIbHo, AJlf l  o6ecneqe-

HHfl ero uHpKyJIf lUI. i i . i  Tpe6yercf l  3arparurb MeXaHHqecKyIo pa6or.V'

Ee coBeprxaer BeHTHJrf lTop, Koropblf i  co3Aaer Me)KAy BXOAHbIM rt

BbrxoAHbIM CeqeHHf lMH BeHTHJI f lqHOHHO|O TpaKTa paSHocTb AaBJIe-
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HHit, Ha3brBaeMyro Hanopor4 BeHTunnropa. flo Mepe ABHIKeHHfl ox_JIaX{AaIOUIe|O areHTa AaBJreHHe naAaeT, T. e. pacxoA},ercf l  Hanop.
Bnngy.. nocreneHHocr'  cH,l*eHprf l  AaBJIeHHfl Mox(Ho cq'Tarb, r{To
no"ryuul i  Hanop cKJlaAblBaercf l  H3 orAeJrbHbrx qacrHrrHbrx rrepe[sAos
AaBJIeHI{f l .  3ro o3Haqaer, qro Bcfl  cxeMa ox,/ Iax{AeHHfl Ma[rHHbI Mo-)KeT 6urs..  nPeAcraBJIeHa KaK HeKoropafl  xon6uu arrur orAeJrbHbrx
ee npocref iuHx yqacrKoB, Ha Koropblx raMerorcf l  qacrr.rr{Hbre nepe-naAbl n\aBileHr4fl.

Lr =-3^l. j .pHMeHraJrbHbrM nyreM HarlAeno, qro nepenaA AaBrer-rHfln nponopqfioHaJreH KHHerHr{ecxori  gHepfHH A, sanaceHuor? B eAH-
HHue o6reua ABH)Kyu{ei icq cpeAbr. oror $axr '" ; ;p;; ;ercn paBeH_
CTBOM

I T  : E A : E Q',
T  a ' : E  ?  I
29  "29  Fz

7 - r  ?  I
2 - \ " 2 9  F z

KAHAJIA;

(6 - l  )

A -  pacxoA ox-rAe y - rrJrorHocrb cpeAbr; F _ceqeHne
Jrax<Aalou{ero areHTa.

BupaxenHe (6- l )  rpaHqro 3arrucbrBarb B BrrAe

H _ ZQ',
npHrreM

(6-2)

(6-3)

Ha3brB aercn ae p o0 uHatwuqe c rcuJvt (nnu rHAp aernqecKr.rM ) co nporur -
neHueilvL H H3Mepflercs B nacKaJrffx-ceKyHAax B KBaApare Ha Merp
B l l lecrof i  crenesu ( l lu.c2lrua1

Koes0uqr{eHT rponopq'oHaJrbHocru € Ha3brBaercf l  xoaQQHr{er-
eHToM -agpoAHHaMHrlecKoro (wnn fHAP-aenuuecxoro) conporqBJreHgfl
v flBJlflercr 6espasnrepHofi ne.nnunHorl, rrro co3Aaer onpeAeJreHHble
yAo6crsa npn npoBeAeHHH pacqeroB. onpe4eJreHue eroio xoe$QH_
I{HeHTa u BJIHflIoU{Hx Ha Hero Saxropon rBJrflercfl r{€.rrbio MHorr.rxgKcnep H M eHTa JrbHbrx HccJr eAo s aHufr.

Ha npaKrHKe qacro paccrr 'rbrBaror BefiHr{HHy (:  E (yl2d, H2-
BblBaeMyro npHBeAeHHbrM xoaQ$urlneHroM aepoAuHaMr.rqecKofo co_
nporuBJreHnf l .  Ans Bo3Ayxa i lpH p:0,1 Mi la  u  O:25 "C ?:= 1,20 xr/u3, H TorAa

1 , 2 0  e  ^-  - -  
E:0 ,06128 r r .c2 l r r la .

2 . 9 , 8 1  '  - 'r -  T  x
r r - - q"  2 9 "

i l ,nn nepecqera [JrorHocrH ra3a Ha ApyrHe 3HaqeH,f l  AaBJreHHflH TeM[epaTypbr MO]KHO BOCnOJrb3OBarbcs ypaBHeHHeM K.nafinepoHa
r'nF. eAHHI{IrbI Maccbl' 143 Koropofo cJleAyer, qro ec,IIH LI3BecrHa
nJlorHocrb ra3a !1  np '  AaBJTeHHH pt  H TeMneparype or ,  To , ,pH
AaBJIeHHU pz I{  reMlleparype @2

^ ,  - ^ t  P z  2 7 3 + @ r
r z -  r r i  , ? B + % (6-4)
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flo araJrorr:n c sJreKrpn,{ecxoft uenbro pacxoA oxJrax{Aarcurero
arer{Ta Mox{er 6urr npeAcraBJIeH KaK ToK, cKopocrb ABH}KeHLIr -
KaK nJ IOTHOCTb TOKa,  aSpOAHHaMHqeCKOe COnpOTHBJTeHHe -  I {aK
S, r leKTp l lqeCKOe COIpOTHBJIeHI ' I€ '  a  nepenaA AaB,TeHHf  -  KaK naAe-
HHe I ia f ip r ]KeHnf l .  Ho B or ruque or  aJ IeKTpHqecKHx qene i i  cBr r3b
MeIKA) /  [epe i laAoM AaBJreHHf l  H  pacxoAoM HocHT,  KaK 3TO Br . rAHO H3
Bbrp aA<eHvF, (6-2),  He JruHef iu l t r l ,  a KBaAparH.rHnr i  xapaKrep.

f lpr i  nocJreAoBare, ' rbHoM coeAHHeHvrLr n ) 'qacrKoB c conporuBJle-
HLI IMIT 21 ,  22 ,  23 ,  . . . ,  Zn  H o6rexaHr i r4  r l x  oAHHNT H TeM x{e  Ko in{ -
qecrBoM (pacxo4orra) oxJraxAarou{ero areHTa a Ha Kax{AoM I.{3
3Tr4x  vqacrKoB Bo3Hl lKarcT qacrnqHble  nepenaAbr  AaBJreHHf l :  LHr :
:Z rQ ' ,  LHz:ZzQ2,  LHz:ZsQ2,  LH; :Z ,Q2.

OqeeHAHo, qro o6ulvtft nepenaA AaBJreHr.rf l  cKJraAbrBaercr I{3
3TLIX qACTHI{HbIX NCPCNAAOB:

7 -  H  . q
l r - - : )

Qz Er
Zn :  Z r *  Z r *  Z t *  i  Zn ,

T. e. I IpH IOCJI€AOBaTeJIbHOM COeAHHeHI{I ' I  COilpOTHBJIeHHfl CK,r ' IaAbI-
BaIOTCf l .

f lp" napaJrJreJrbHoM coeAHHeHHH n yqacrKoB c coi lporuBJle-
Hufl i l ' ru 21, 22, Zs, .  .  . ,  Zn K HHM npl{Jlo}Kego o6qee AaBJIeHLIe H v
r{epe3 xa>xnnfi  yqacroK nporeKaer qacrnqnuft pacxoA: Qr :  {HIT,
er : {F I k ,  es : {H l z r , . .  . ,  en :48 -n .

OqesHAHo, rrro o6qufi  pacxoA Q cyMMupyercrr r I3 orHX qacrl tq-

Hbrx pacxoAoB:

orKyAa

H

n n l

Q: I  Qn-:1H t  - -+ '
k:l n?t "'/ ZA

Z

H : > ,  L H n : Q 2 L Z u ,
h : l

orK)'Aa o6qee aspoAuHaMHqecKoe
T} IBJEHI IC I ICNU

ft:l

(unu rHApaBJrHqecKoe)  conpo-

(6-5)

Q. 
(:#)'

( t -
\ 4 7

* l  \ '' '  ^ / T , )
I ' l l.--------;:-_-.:----,-.

42, 4z'

(6-6)

l io,r l rqsHHafl  Qopuyna cyulecrBeHHo orJlnqaercf l  or aHa"' tofuq-
Holi SopMyJrL,I AJIfl sreKTpHr{ecxoti qenu.

HerpylHo IIoKa3arL',  qro qacTHr{Hble pacxoAbl no napaJL'Ie,rIb-
Hbn\{  KaHaJraM pacnpeAerq lorc f l  o6parHo nponopqnoHaJlbHo Kop-
rrf l ru KBaAparHbIM H3 HX conporusaeHlrf i :

;  Q,/Q -4zth. ( 6 - 7 ; 6 - 8 )
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B qacrHOM cryqae paBeHcrBa cot tpor l rBJIet {u f i  npH napa.ry . r lenb-
HoM coe AHHeHtA Zt :  Zz:  Zz:  .  .  . :  Zn

Z -: Ztlnz. (6-9)

Hara6onbi l t r4e 3arpyAHeHHr BbI3t  tBaeT pacqer  MocroBbIx cxe\1,
Tpe6ypi l {Hx npHMeHeHHf l  npeo6pa3oBaHHq 3Be3Aa -_ Tpeyro, ' lb l l l ' lK-
B groM cf ly,qae HeJrHHeriHbre I IenH TpaKTa ox,I Ia)KAeHutt paccql irbl-
BaIOTCfl MST9AOM IIoc, ' IeAoBaTe,IIbHbIx npu6.nHNeguii .

6-3. BbIT{hCJIEHUE 3NEMEHTAPHbIX A3POAVIHAMVL.IECKhX

I v1 AP ABJI h L{ E C KVIXI. C O n POT hB nEHVn

Pac.Ier cot tporLIBJIeHHfr BeHTHJIf l I IHoHHoTo t4 rnAPaB", ' IHr{ecKt lx

TpaKTOB MaUrHHbr  cBoAHTCf l  K  CyMMHpOBaHHIO 3J IeMeHTapHbIX Co-

rrpOTHB., IeHHIT, KOTOpbIe I IpI{Hf lTO I IOApa3AeJIf lTb Ha TpH BI ' {Aa: Co-

npOTUS/teHUe TpeHUn cpeAbl O CTeHKLI KaHaJIOB, COnpoTUBJLeHue tlo*

sopora crpAu u conporull teHue pacuupeHufl (cgmeuun) KaHa/ta-'ConporI{BJIeHHe 
rpeHHq B AJIHHHoM KaHaJIe.  Ec,ul , t  oxJlaxAalo-

rt1trfi areHT ABHlKercfl co cKopocrblo a no KaHaJIy AnHHofi l, To'

KaK rroKagaHo MHofoqHcJreHHbIMrr gKcnepuMeHTaMH, KOsQQHIII{CIIT'

rr4ApaBJrr{qecKoro cOnpoTLIBJIeHHfl KaHaJIa Mo)KeT 6ltrl BbIqHc"rIeH

no QopMyrle Aapcu-Bel i  c6axa

€r: ILl ld,

rAe p - KoaQQHIILIeHT TpeHHff,  3aBucflului i  or xa.paKrepa re{€l{Hfl

B KaHaJIe H eocrofHufl  ero roBepxHocrl4; d:4FlI I  -ruApaenn'€-

cKr.rfi AHaMeTp KaHaJra c nJloulaAblo ceqeHnf F vt nepl{MeTpoM il -..

f lpu o6rexanuu orKpbrrof i  nJlocKofi  r loBepxHocru B KaqecrBe C

npr{Hl{MaeTcfl  pa3Mep IIJIOCKOCTH B HanpaBJIeH}IH Ter{eHnfl .
PasrLI.IaIor ABa ocHoBHbIx BHAa TeqeHl{fl fa3a vlrrl >KLIAKOCTH -

JraMHHapHoe r4 Typ6yJreHTHoe. , I lanauuapuoe reqeHue f lBJlf lercr 6es-

B H X p e B b I M H o T J I H I I a e T c f l T e M ' I I T o o T A e J I b H b I e q a c T H u b l c p e A b l - A B H -
)Kyrcr no ilapaJrJreJrbHbrM y[opflAoqeHHblM rpaeKropl{flM 6es ilepe-

Me111HBaHvfl,. Typ6y.neHTHoe TerIeHI,Ie oTIHrIaeTcfl BI'IXpeBbIM xapaK-

TepoM, rrpr{ KoTopoM qacTnqbr cpeAbl l lMe}or cJIo>KHbIe rpaeKropH}I-'  
Xapakrep rerleHl{f l  onpeAeJIf lercf 3HarIeHLIeM KpHTepHf Pel l*

HoJIbAaa (u, ' lH qHcJIa Pefiuo.nr4ca)

Re - udlv ,

xotopmt? r.rMeer Susuuecxufi curtcJl orHo[IeHufl cI'IJI HHepIII4H, AeIi-
CTByIOUII4X Ha qaCTHUbI CpeAbI, K cHJIaM MOJIeKyJIf lpHOfO TpeHhff-

3.U,eCf \,  - KHHeMaTI{rIeCKafl Bfl3KOCTb OXJIa)KAaIOUlefO areHTa.

3Haqeuuq KnHeMarurrecKofi Br3KocrH I{ Apyrnx QIasHr{ecKHX xa-
paKrepucruK Bo3Ayxa H BoAbI IIpI4BeAeHbI B ra6.l.  6-1.'  

SxcnepHMeHraJIbHo HafiAeHo, r lro npu Re(2300 I ' IMeer Mecro
JraMHHapHoe rer leHue, npu Re) 10 000 -  ryp6yJleHrHoe, a npI I
2300<Re<10000 xapaKrep reqeHur Heycrof iq l lB:  B 3aBucHN{ocr l r
or sHaqeHufl r{HcJIa Pefiso,trt Aca v ryp6yrn3upylou{Hx oco6enHocret'}

l 1 4
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Ta6ttuqa 6-l

T e n n e p a r y p a
T ,  ' C

V4enuHan
TCnJrol t  poBoA-

l roc r r  l ,
B r  ( c u . " C )

VAe. [ r 'Haq
T E T J T I O C M K O C T b  C ,

x [ x ' ( u " ' t C )

I ( r t  H e t t r a r r r u e c K a t
B f l 3 K O C T b  1 / ,

cNf: c

I ( pu repu i i
I Ipa ug,ran Pr

Cyxoii Bo3Ayx
20
30
40
50
60
70
80
90

100

0
l 0
20
30
40
50
60
70
80
90

t00

K A H A J I A
q e H H e .

0,000252
0,000258
0,000266
0,000272
0,000279
0,000286
0,000294
0,000300
0,000306

, 1 8
, 1 4
, 1 2
,09
,05

1 , 0 2
0,99
0,96
0,955

0 , 1 5 7
0 , 1 6 6
0 , 1 7 5
0 , 1 8 5
0 , 1 9 4
0,205
0 , 2 1 5
0,226
0,230

0,735
0,735
0,734
0,729
0,728
0,724
0,724
0,722
0,722

13,70
9,56
7,06
5,50
4,30
3,56
3,00
2,56
2 , r 9
l , g l
1 , 7 2

0,00552
0,00575
0,00599
0,00619
0,00635
0,00647
0,00659
0,00669
0,00674
0,00679
0,00683

Bola

4,23
4 , 2 1
4 . 1 8
4 , 1 5
4 , 1 4
4 , 1 3
4 , l l
4,09
4,07
4,06
4,04

0 ,0179
0 ,0130
0 ,0100
0.00805
0,00659
0,00556
0,00479
0,00415
0,00362
0,00320
0,00295

MO)KCT 6Urr  KAK JIAMT4HAPHOC, TAK H TYP6YJICHTHOC TC-

f lp, JraMuHapHoM rerreHnn xoeQSHqHeHr rpeHHfl p He 3aBHCHr
oT COCTOfHuf l  noBepxHocTH
Iareua-flvaserirq

KaHaJra u BbrrrHcJrfleTcfl no Qoprvryne

(6-  l2)
(6-  l0)  -  (6-  12)  ,  HerpyAHo
KaHaJre Mo>Ker 6trrn pac-

p : 64/Re.
l lo.tssyrcr Bbrp a)Ke HAnMr4 (6- I ) H

rloKa3aTb, rITo nepenaA AaBdIIeHHfl B STOM
cqHraH no QopNryJre

L^H - 25tn n
F 2  

\ t

rAe j l :vylg - Ir4laMnr{ecKafl  Br3Kocrb cpeAbr, I la .  c.
Taxuna o6pasovr ,  H3 (6-13)  c . , reAyer ,  qro npH JraMHHapHoM re_qeHHH CBf l3b Me>KAy HarropoM H pacxoAoM noJryqaercf l  He KBaApa_

TI{ I IHOIZ,  KaK O6bIqHO, a i lvHei4uor i .
BnpaxeHHa (6-  12) H (6-  13),  _cnpaBeArr ,Bbr Arrr  c$opunpoBaB-

[ Ie focq  J raMHHapHofo  noToKa.  Ha HaqaIbHoM ) rqacTKe xaHa. [a ,
l lnt lHa Koroporo gqgsr. iBaercq no QopM)r. le lUu.r l , r repa

l, : 0,02875dR e, (6- r 4)

(6- 15)

I  i 5

r ioeQQuqHeHr rpeHr{f l  p, HecrioJrbKo Bbrrrre:

(6 -  13 )

1L :69 ,561Re.



Ec.nH l  l l r ,  ro

r.': + [s+,as + 4 9 1 (6- l6)

f lpH
f e,f UUOfi
TJaAKHX

0,090
0,080

0,070

0,060

0,050

0,040

0,0J0

0,025

0,020

0,015

0,012

0,010

4,81 + 1 '  1go, ' (dRe)

ryp6y , ' reHTHoM TeqeHHH xoaQQuuHeHT rpeH""  
: -  ^3 t l  

aq lJ -

Mepe 3aBHCtrT  OT COCTOf lHHf l  nOBepXI {OCTH KaHar ' ia '  f I l l l l

cfdsxax (uro Bcrpeqaercs BecbMa pe4no) xoaSQtiu l ie l l r

' t4ta: 
o,o5o

0,040

0,oJo

0,020

0,010
0,008

0,006

n
ffi
LRe i

o,oo|frftfffi2  J 4 s 6 8 2  J 4 5 6 8 1 0 2  J 4 5 6 8 1 0
- z  

s + s o t n g

Puc. 6-3. Koa$$uuueHr rpeHrfl npn ryp6yJIeHrHoNI pex{HN{e ABHxieHHr

F, 3aBucHT ro.nbl{O oT rIHcJIa PefisO.nlAca v onpeAeJIfleTCfl IIo cilop-

(6- 17)
Myne 6,naeuyca

A _ _

F :  0,3164/t i  Re ,

H B STOIVI CIyqae, cf leAoBaTeJIbHO, CBfi3b MelKAy HanopoM t i  pacxo-

AoM orr l . Iqaercf l  or KBaAParuquofi .
Ec.nu KaHaJI HMeeT uepoxoBaTylo noBepxHocrb, To xoaQQHUu-

eHT TpeHr{f 3aBHCr{T OT KoJlHqecreeuHofi  xapaKrepHcrHKIl  I I Iepo-

XOBaTOCTH, B KarleCTBe MepbI xOrOpOfi npHHHMaeTCf oTHOiIIeHIJe

cpe4uefi BbIcoTbI MuKpoBblgryngg la creHKe Karaila a K ero rlIA-

pannnuecKoMy .4uartaeipy L:ald. 3ro oTHouIeHHe Ha3blBaercf l  oT-

HOCHTeJIISo I luepoxoB arocrblo.

r 1 6



-

3asucHrvrocrb p:f(Re) o6trquo rpeAcraBJrflror Ha rpa(trrrce
B J rorapuQuuvecKux KoopAHHarax  (puc .  6 -3) .

Huxe AaHbI 3HaqeHufl a6co.nrcrHol'r uepoxoBarocrr.r a (e Nrrr.ry-
nuuerpax) AJrf l  Hall6o,rlee qacro BcrpeqalourHxcfl r{aHa,rroB:

Me.usure noJrbreuer ' rbHoTt  HyTbre  npotsoAr {HKH 0 , 0 6
0 ,  015-0 ,  06
0,  03-0,  06

I{e.ntuorn H yrbre ruenHbre rpy6ur

HOBbIC .  0 ,  05-0 ,  l0
c ) 'MepeHuof i  xopposHei i .  0 . 4

I{e.rrruocaap Hbre cra.rruuue rpy6u:
HOBbIE

c fJaBHoMepHof i  xopposuet ir r  - - - - - "  -

PaAI{anbHbte KaHa,r lb t  B l I iHXTOBaHHOI\ , {  CepAeq}IuKe
Oceesre KaHaJrbr  B ruuxroBaHHo\ , r  cepAeqHuKe
@ropon.rr acroB bre [rJr a H r H
PeguHosgte tuJraHru

)

0 , 0 4 - 0 , 1 o
0 , 1 5
0 , 2 5
0 , 5 0

0
o  r - o  2
" t  r

Kax noKa3bIBaer oI IbIT,  Haqulaf l  c HeKoroporo KpHTHqecr ioro
sHaqeHH f l  qrcJra Pel iHo"ntaca

Re* : (l2olL)t't25

J ra ryHus le  rpy6s r
cra, rbHbre rp1 '6sr :

xoeQSuIrHeHT TpeHHfl 3aBHcLrr ro,.,lrbKo or oTHocuTenrHoli uepoxo-
Barocru lr Mox<er 6rrrt paccquraH no Qoprrry,r le Huxypaase

! r  ==  ( l  ,74-2 lg2L1-2 .  (6 -  l  g )
conporuBJreHr{e rroBopora. f loaopor noroKa B KaHare conpo-

Box<Aaercfl euxpeo6pa3oBaHHeM U XapaKrepH3yercfl MecrHbrM ne-
penaAoM AaBJreHHfl .

KoaQQuuIreHT rHApaBJIHrIecKoro gprpornBreHuq B o6urerr c.ny-
qae 3aBncvr or yrJra noBopora q H or parvyca floBopora ocpr no_
roKa r B KaHaJre rxHpHttofi b (e n.uocxocrr.r noBopora):

En : l ,2kakr,

1 , 4 0

(6- r B)

(6-20)

(6 -21 )

r4e f t* H kr- xoaQQuqueHTbr, yr{HTbrBarourHe coorBercrBeHHo \, foJr
roBopora H paAHyc 3aKpyrJreHHf ocH noroKa ( ra6n.  6-2 u 6-3) -

Ta1ttuqa 6-2

kq 0,48

Q' 60 90 120 150 180

0 0,80 1 ,00 l , l 7 1 ,30

l lpnr npoMelKyroqHbrx3HaqeHHf lx  q MO)KHO BOCnOJIb3OBaTbCf i
np H 6 Jr H)KesHofi Qop rraynoir

kq: # lu, s- 41ft + r,, (#)'l
conporuBfleH'e pacrrr 'peH'q (cyxieHnn) KaHaJra. pesxoe H3Me-

HeHI{e cer leHHfl  KaHaJIa co[poBo]KAaeTcf l  I {HTeHclIBHbrM nrzxpeo6pa-

I  l r



3oBaHHeM u noTepef t  qacTH 3HeptHH noroKa-  CooreeTCTByIoUee na-

Ieltr{e AaBJreHHfl IrpHHfro paccqr{TblBarb, I{cnoJlb3yf l  MeHb[Iee ce-
qelpre KaHaJIa F*i . , .  f lpta sroM xoeQQnUI{eHr raAPaBJII4qecKofo co-

Ta1nuqa 6-3

L

npoTl . IBJIeHHf onpeAeJIqeTCf l  B QVHXt lHl t  OTI{O

-FI a,1a :
n p H  p a c u H p e H H H

E p  :  ( 1 -  F  ̂ i n l F  r n u * ) t ;

1 ,000 0,620 0 , 3 1 0 0 , 1 6 7 0 , 1 0 8 0,087

I"uCHHq

0,062 0,050

CCTICHHf i  KA.

(6-22)

npH cy)KeHVu

Ec :0 ,5 (1 -F - i n /F * " * ) .  ( 6 -23 )

B qacrHoM cJlyr{ae, ecJII 'I ro,, ' ' Io}l(lITb F-ir ',/F*ax:0, Mofyr 6ltrs

onpeAeJreHbr xoa$QuUHeHTbr fHApaB"rIHr{ecKoro conporHBJIeHHf A, ' I r

BXOIa OXJIax(Aaloulero afeHTa B KaHaJI

E " * : 0 , 5
v nilfl, BbIXOAa H3 IKaHaJra

Eoo,*  :  1 ,0 .

Blrno.nHeHHeM IIJraBHbrx i lepexoAoB oT OAHO|O CeI{eHHfl  K Apy-

r.oMy Mo)Ker 6trrt AocrHfHylo HeKOrOpOe yMeHbIXeHI',Ie |UAPaBlrr4-

qecKHX cOnporHBJIeHI{fi pacIIrHpeHHfl H Cy)KeHHfi '

Ha npaKTHKe BcTpeqaroTcf l  KaHaJIbI  HeH3MeHHO|O nO AJIHHe Ce-

qeHHq. Ho c i lepeMe;HofI  cKopocrbFo ABH)KeHHq cpeAbl '  o6yc'noe-

JreHHoir  6o.nturnu qucroM orBerB,r IeHHIi .  TunuqHlt tvtu npI{MepaMH

TaKHX KaHaJroB flBJIflTOTCfl HanopHbIe H cJIHBHbIe KOJIJIeKTOpbI B cI{-

cTeMax BOAflHOTO OXJTaXAeHHfl  o6uoror tHApofeHepaTopoB' B KO-

Topbrx TIIICJIS napaJIJIeJIbHbIX nO XOAy BOAbI BeTBefi MOIKST AOCTH-

raTb HecKoJIbKHX AeCflTKOB 14 Aa>Ke coreH'

Ec,nu AonycTHTb, qTo cKopocTb ABI.I)*(eHHq cpeAbl B KaHaJIe Mo-

HoroHHo y6treaer or MaKcHMaJlbHoro 3HaqeHHf umax Ao HyJIf i  (uro

CooTBeTcTByeT HeIIpepbIBHoMy HcTerleHHFo cpeAbi LrI I r4 6ecNoseq-

HoMy qHcJIy  oTBeTBteHHf i )  ,  To  nepe[aA AaBJIeHHf  B  TaKoM KaHaJIe-

Ko,rrreKrope 6yAer npoi lopuHoHaJIeH

H : .i oid*,
0

rAe ux:umax U-x)l I-  cKopocrb B l{aHa,re AJIHHoit I  s 'a paccrof l-

Hrr?l X Or BXOAa B KaHan. TorAa AaBJIeHI{e
I

r r  ( '  z  / / : a ) t  dx - !o r^^ * l ,n :.J c,max (.- , ) 3
0

I  i 8

(6-24)



T'
I

T. e. paBHo oAHofi  TpeTH nepenaAa AaBileHH;- B KaHa/re, cKopocrL,ABHIKeHHfl cpeAbr B KoropoM MaKCHM alrbHa H paBHa umax.r lpu io_HCqHOM qHCJIC OTB€TB,, ' ICHHf i  C OAHHM H TCM }KC-PACXOAOM NEPCrIAAAaBJreHHfl Bbrrre u Mo)Ker 6rr* paccqr{raH rro 60pnny"i.
H - koa?*^*l,

rAe fto ;1o309H.uHeHr, flBrreroul ufrcn Qyuxqueli qrrcrra
uwfr n (ia6n. 6-4) .

(6-25)
O T B C T B j I E -

6-4. AAETOA BEHTUTIilLIV1,OHHOrO PACLJETA

f 'Apo.eHeparopbI npaKTHrrecKH cHMMeTpHrrHbr oTHocHTe,, lbHoIIJIocKocrI'I '  upoxoAflIqeIZ Ha noJIoBHHe Bbrcorbr cepAeqH14Ka cra-TOpa. l lo eror? npHrrHHe H B CBfl3H C UCnO,rrb3OBaHHeM AByCropoH_sel:r [oAarru Bo3Ayxa K poropy B oc_
HoBe rpaSoauaJrHTr.rqecKoro N{eroAa
BeHTHJTflTIHOHHO|O pacqeTa ,rIe)KHT
cxeMa 3aMerr{eHr{f cI4MMeTpHr{HOfO

",_"1r, -  npHBeAeHHafl  Ha puc. 6_4.
D 3TOH CXeMe _ npr{HrTbi creAyroqHe
o6osHa.reHnf l t  P _ porop KaK Hanop-
Hult  gJreMeHT; Zp - aapoaaHaMHqe_
cKoe colporuBJreHue poropa B _
BeHTr{JrflTop; Zc - aspoAHHaMrdr{ecKoe
conpoTr{BJreHr{e uenH BeHTH.TflUHOH_

0,625 0 , 5 1 5 0,479 0,440 0,385 0,359 0,333

Puc. 6-4. Cxeua 3aMeureHufi
BeHTHJrsrtHoHHOrO TpaKTa frrfpo_

reHeparopa
Hbrx KaHaJroB craropa i Z, _ agpoAu_
HAMHIICCKOC CONPOTHBJIEHHC qCNH HA)KHMHbIX TPC6CUOX CTATOPA;Zo --..aspoAHHaMHqecKoe coIIporr{BJreHHe qenH Bo3Ayxoox,rraAr{-
renefi.

Ha ocHoBe cxeMbr 3aMeur eHr4fl crpouTc s o6uwft rpaQux pacqera
(P" . .  6 -5) ,  HA KOTOPOM NPOI{3BOAI ITCf l  CYMMHPOBAHI IE KPHBbIX IAB-JIeHI{ f  I ' I  I {pHBbIX nepenaAoB AaBJreHHfl ,  paccrrHTbiBaeMblx aHaJrLlTW-r lecKf i .  cyrrauapuaa xapaKTepHcrHKa nepenaAoe AaBr,reHHfl  Haxo_
Aurcfl nyreM cJIox(eHHr KpHBbIx Z" H Z, xax napaJrJreJrbHbrx corpo-
THBJTeHHT? Xaua-noB craropa n HalKHMHrrx rpe6anon (cyvrruupoBaHHe
no a6cuuccaru) 

.I{ -nocJle.q,}trcu{ero c,rrox{eHHff no.uyueuHori ripr{-noft Z".r C KpHBofi, Zo KaK nocJreAoBaTeJrbHbrx conpoT6eneHrar? (.],no_MHpoBaHue ro opAHxar lM).  PesynrrHpyror{af l  xpuean i lepeuaAoB
o6osna.{eHa Ha puc.  G-S Z z .

Ins noryqeHufl cyMMapHoli uanopuori xapaKrepucrr.rKr t H xprt-
ByIo AaBJIeHHff BeHTHJIffT-o-pa Hu uaho cJIox(HTr, c xpunorl Hs6trroq-
HO|O AABJICHHfl  POTOPA H,,  KAK NAPAJIJICJIbHbIC (CYNAUUPOBAHHE TIOa6cqnccarvr). 3aecr ineayer orMeruTb, rrro ec.rrg IranopHafl xapari_
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TeplrcTHKa BeHTHJIrrTopa ecTb efo BHeII IHf i f  xapaKTepHcTHKa, T.  e.

B Hef i  yrrreHo BHyTpeHHee conpoTHBJIeHHe, TO AaB'reHI ' , Ie H BHyTpeH-

Hee conporuBJIeHHe poTopa oilpeAeJIflIoTcfl B orAeJIbHocru. f lo

3ror i  npr.ruHHe npeABapnreJrbHo AoJIX(Ha 6l t r l  noryqeHa KpHBaf l  H3-

6uroql toro D,aBJTeHuf l ,  poropa Ht nyTeM BblqHTaHHfl  H3 AaBJIeHHfl
f f ; l  conpoTHBJIeHWn zo  (noru l r raHHe r ro  opAHHarar ta ) .

Hanop*an KpHBaf l  Be l { rHJ I f l ropa paccqHTbIBaeTcs  Ha ocHoBe

3 a  BHcr rMocrH [2  I  ]
(6-26)

l lpu aroM xoaSQHuHeHrbI
B 3aBHCHMOCTH OT HapyxHo fo

MaxcHMa/ ' I bHoe  r ,aBJ IeHHe

Puc. 6-5. O6urufi rpa$ur BeHrI{JIrIrrloH-
HOrO pacr{era

TOpa i lpoH3BOALITCfl I IO aHaJIOfHtIHOfi

crof l  HHbTMH KO9QQaqueuraMH :

Hp:  Ho-0 ,6Q-0 ,03Q2,

i l pHqeM MaKcHMaJIbHOe AaBJIeHHe pOTOpa B nacKaJ l f l x

Ho:u,r(*) ' r i (6-2e)

f lepeceueHue Ha pHc. 6-5 o6eHX pe3yJlbrapyroqrlx KpHBuu H LI

Z> oi lpeAeJIfeT ToqKy cooTBeTcTBHf cyMMapHoro AaBJIeHI' I f l  B Ma-

[rrrHe H pe3y/rbrnpyroqero nepenaAa AaBJIeHHs. A6ci lHcca kr opAH-

Hara aroft  pa6oueir TorrKH coorBercrBylor noJIoBHHe pacxoAa Bo3-

Ayxa qepes naauuny Q2 H IIo,, ' IHouy us6ltTorlHoMy AaBJIeHHIo H r,
p a 38HBa eMoMy Ha nopHbIMH sJIel\ ' {  eHTa MH.^ 

f lepeceqeuue npnrr,rof i ,  npoxoAflUleq-qepe3 pa6ou,vlo ToIIKV I{ na-

pa.rr,ne.rrrnoft  ocu a6cqucc, c rpueofi  H" onpeAeJlf ler pacxoAbl Bo3-

120

H 
" :  

H  o -  aQ-  bQ ' .

a v b oi lpeAeJlrtorcq IIo PHc. 6-6
AHaMerpa porop a  Dz.
BeHTHrqTOpa Ho B nacKa,' I f lx MO)Ker

6uirt  BbIqHcJIeHo no SoP-
MV",'IC

Ho:n(ft)'o?,(6-27)

rAe Dr-HapyxHuft ALra-
Merp BeHrHJIf lToPa, v; k-ro'
eQ$uuHeur, 3aBucnuIHfi or
HCNOJIHEHHfl  CXCMbI BCHTHJIf l -

t\vrw. IIpH HcnoJIb3oBaHHI'I

AaBJIeHHfl ,  pa3BHBaeMofo cnH-

uaMH poropa B ropIIeBbIX 30-
Hax, Mo>KHo I IpHHflTb k:7,4,
npH pa3AeJIbHbIX TerIeHHflx
IIOTOKOB BO3AyXa qepe3 ocToB
u o6o.u, poropa v qepe3 rop-
r{eBbre BeHTHJIfropbI k:5,3-

Pacqet uanopHof i  xaPaK-
Tepr.rcrnKH co6creeHHo Po-
(6-26) 3aBHcHMocrI,I,  Ho c no-

(6-28)



Ayxa qepes porop Qp H BeHrnJrfrop Q". I-IepeceveHHe npflMofi, npo-
xoAflulerl vepes pa6ouyro ror{Ky n nepner{ArrKyJrf lpHoli ocH a6cr{Hcc,
C XPUNOfi Zo ONPCACJIf lCT IICPETIaA AaBJICHIIf  Ha Bo3AyXooXJIaAHTe-
f l qx  LHo ,  a  c  rpuno f i  Z " . r -nepenaA AaBreHuf l  B  qe r rn  KaHa, i roB
craropa uJrH Ha>Kr.rMHbrx rpe6eHow L,H",r.  Ec.nu )Ke H3 ToqKH nepe-
cel{eHHfl r locrpoeHHofi  BepruKaJru c xpueori  2". ,  npoBecru i lpqMvro,
I IapaJIJIe.IbHyro ocu a6cqucc, To nepecerreHrce grorl  npnn,Iol i  c Z, on-
peAeJIHT pacxoA Bo3Ayxa qepe3 KaHaJrbr craropa Q. H rrepe3 Ha-
>KHMHbre rpe6euxu Q".

TaxHu o6pasou, e pe3yJlbrare BbrnoJrHeHHbrx nocrpoeHufi  no-
ryr reHbr  cyMMapuur? pacxoA Bo3Ayxa qepe3 MauHHy H ero pacnpe-
AeJreHr{e no oTAe.rrbHbrM BeTBqM_.
BeHTHJIflI{IroHHoro rpaKTa. Ec"nrr
B HTOfe TeIJTOBO|O pacqeTa OKa n FR
X{eTCg, r{TO paCXOA OXXaX{Aarc- u'u'

ulefo Bo3Ayxa HeAocTaToeQH 0,48
14Jil4 pacilpeAeJreH HeyAOBJTeTBO-
pHTeJIbHO, TO CHCTeMa BeHTHJIfl- 0,40
r\r4vr AoJrx(Ha 6urt cKoppeKTH-
poBaHa. floc"neAyloqHft rerrJlo- 0,32
Bofi pacr{er [oKa3blBaer pe3]Jl l- ^^,
Tarbr cAeJrarrHofi roppeKTr{poBKV. u''*

OAHaxo roqnufi BeHTHnfl n,ta
quogHuf i  pacqeT Bo3Mox(eH 

u".u

d

-4,14

-n  I t

-0,10

TOJIbKO nOCJIe AOCTaTOTIHO Ae- 0,091

-4oq

N L
7

ranrsofi paspa6orxu KoHcrpyK-
l ] .Hff, rITo 6ueaer o6uqHo H a 0L

5 7 9 l l  | J t 5 i - lcTaLVH pa6ouero rpoeKrupoBa-
HHfl. l loetonay Ha npeABapu- Puc. 6-6. ouunpuvecxae roaQeHqHen-
TeJrbHbIx grallax npoeKTapoBa- rb{ ArIfl pacqera uanopuofi xapaKrepri-
HHr, oKa3brBaercf Heo6xoAHMbIi\,r CTHKH BeHTHJrsTOpa

troJrb3oBarbcff npu6.rrux<eHHbrMH
pIeToAaMr{ BeHTHJTflTIHOHHO|O pacqeTa, nO3BOJTflIOUIHMH C AOCTaTOT{-
Hofi rorrHocrblo orleHurb pacxoA Bo3Ayxa qepe3 MarxHHy.

OLun LI3 TaKHx MeroAoB [38] ocnoBan Ha roM o6crosreJrbcrBe,
tITo ocHoBHbIMH conporIIBJIeHHrMH BogAyrusofi qenu flBJrflIoTcfl rrpo-
xoAHbIe cerreuHfl  craropa v poropa, a raKlKe Ha onpeAeJresHoir
cra6H.nrHocrr{ KoHcrpyKTHBHoro HcnoJrHeHr{f l  crrcTeM oxJrax{AeHHr-
B coorBercrBlrn c grHM MeroAoM pacxoA Bo3Ayxa BHoBb rrpoeKTu-
pyeuofi MarrIHHbr oilpeAeJrflercfl nyreM nepecqera AaHHbrx reHepa-
Topa, npr{Hrroro 3a rrpororun, r,rMeroulero pacxoA Bo3Ayxa Q, nno-
uraAb cerreHnfl BbrxoAa Bo3Ayxa vs o6oAa poropa Sp H urouraAL,
cerreHufl  BxoAa B KaHaJrbr craropa S.:

Q '  I  e '
v -  - - ' l -  s ^

Q ' : 0  u  '
c r cop 1 ._  oC

D',  l ' '
(6-30)

D 1  n

3Aecr HHAeKcoM <<IurpHX>>- orN,IeqeHbI BeJrHrrHHbr, orHocflurnecfl
K npoeKrnpyeMorl  uauruue.
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ceqeHue BxoAa B KaHaJrbr  craropa Mox{Ho paccquTarb
J\4yJte

S" :  nD;n rb ,  L ,
t

a  CeqeHHe BL ' IXOAa w3 KaHaJIOB poTopa

_  Sp  - [1 r (D t -26 -2hr -2h^ ) -2p  (b *+

+ 2L, * 2b,)) t: ' ,b', * nKaKbR, (6-32)
rAe /tr' H br! - rlucro H Bblcora pallaJrbHbrx BeHTHJIflqHoHHbIx Ka-
H8.,'IOB B O6oAe pOTOp&i flu, au H b*- TIHCJIO, BbICoTa H InwpHHa Ka_
Ha.iroB Melr{Ay cerMeHraMu o6oAa poropa.

llp" IulixroBKe o6oAa co cABHroM cerMeHroB Kax{Aoro nocJre-
-4yloqero croq no orHolueHHlo K npeAblAyuleMy Ha Be.IIH.IHHy, KpaT-
xylo rroJrotsHHe noJrrocHoro AeJreHHfl, B Sopnay"ny (6_32) cJreAyer
NOACTABJI f lTb N"I2 BMCCTO f IU,  TAK KAK NOJIOBHHA KAHAJIOB MC)KAY
cel-MeHTaM4 Ha BbIxoAe H3 o6oAa oKa3brBaercf l  saxpsrrorl  noJrro-
'caMH. Bucora KaHaJra aR paBHa ro/IUrHHe Jracroe o6o4 a, a ltfr4pHHa
KaHaJIa bn- paccTOflHHFo MelKAy cMe>KHbrMH cefMeHTaMpr B oAHoM
cJroe o.6o4a y ero BHeruHero AHaMerpa. oAHaxo ecJrH rxHpHHa Ka-
Haila bn 6o"nture npoMelKyrKa Mex(Ay coceAHHMH KaryrrrK aMH, To
BMecro b* cJIeAyer IIoAcraBJIflTb IxHpHHy npoMex{yrKa Mex<Ay
cMe)KHbIMH KaryIrIKaMH LrJrLt HHX{HHMH H3oJrflrIlroHHbIMH wafi6auu
y ocHoBaHLIf nOJIrOCa.

Ec.uu Mex{Ay rIoJIIocaMr{ HMeercfl xoJrocrofi rra3 nJrfl xBocra 11o-
.Jrioca, o6pasyrou\uficn npH rrrprxroBKe o6ola co cABHroM Ha BenH-
qHHy' KpaTHyIO noJIOBHHe IIOJIIOCHOTO AgJIeHHfl, LIJIH npoAoJlburtt i
- f IA3, BbINOJIHCHHbIII CIIC{UAJIbHO LNfl YTYqIXCHI,I '  BCHTHJIffI IHH, TO
pacqerHyro rxupuHy KaHaJra Mex(Ay cerMeHTaMH bx cJreAyer yBeJrH_
drHTb Ha AJTHHy nepHMeTpa gTOfO rra3a.

flpune4eHHafl BbIIIIe MeroAHKa pacqera Aaer yAoBJrerBopgreJrb-
HOe COBrraAeHHe c orrbrToM LJrn fHAporeHepaTopoB c pa4na.nsHori
cucreuofi BeHTI,IJIflIIHH H orHoclrreJlbHo 6o.nnurHna qHcJroM KaHaJIoB
e o6oAe poropa.

6-5. npnHqHnbt TEnJtoBbtx pAcqEToB
u AonycThMbtE HATPEBbI r{ACTEn
T4APo|EHEPATOPOB

AHanHg SnsuuecrHx yc.noeufi oxJraxAeHHr aKTHBHbrx .racrefi
rHAporeHeparopoB noKagblBaer, r{To AeficrenTeJlbHafl KaprHHa ren-
JIoBbIx noroKoB g 6orrlxuHcrBe aKTHBHbIx gJreMeHToB HMeer cJrolK-
uufi^ npocrp aHcrBeHHufi xap aKrep.

OcHoeoli TeuIoBbIX pacrleroB sJreKTpnrrecKux MarrrHH cJry)KHT
AtlSQepeHqI{aJIbHoe ypaBHeHHe crarruoHapnofi rerJrorpoBoAHocru
nplr HaJIwqHH BHyrpeHHr{x HcrorrHHKoB refiJrorbr (ypaeueuHe flyac-
coHa )

no Qop-

(6-31)

a 2 B  r n
+ fv-

o g 2 ' '# * p - o
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Ec.nH B paccMarpnBaeMoM o6reue orcyrcrBylor  norepn [e ypan-
HeHHH (6-33) p -  yAexbHbre norepn],  ro npoqecc onHcbIBaercf l
ypaBHeHueu JIanJraca

a2e : 0.
0zz

(6-34)

(6-36)

(6-37)

.a

PerueHue au$QepeHlrua.ubHoro \ /paBHeHHf l  c  qacrHbIMH npot l3-
BOAHbIMLI, OnplCbIBaloulef O TpeXMepHoe no, ' Ie, I IpeACTaBJIf ler 3Hzl -
qHTeilbHbre rpyAHocTH H AaJreKo He BcefAa MolKeT 6rrrr no.[yqeHo
B o6uleM BHAe.

B LIMerouIeM npaKTur{ecKoe 3HaqeHlze qacrHoM cJ lyqae,  Korra
TenJIoorAarIa nJIacTHHbr npoHcxoAnT ToJrbKo r{epe3 ee 6oxoebte
rpaHH (n HarrpaBJreHrvr  x) ,  ypaBHeHHe rer rJ lonpoBoAHocrH MoiKer
6um sanncaHo raK:

?u a'8 -F p -0.
0x2

OrcrcAa rrpeBbIIUeHHe reMneparlrpbl  I IJIacTHHbI HaA
ee 6oxoeoft noeepxHocrH

(b'-x'),

(6-35)

reMneparypol i

@ :  P
2L

fAe b - nonoBuHa roJIurHHbI IIJIacrHHbI.
MaxculvtaJlbHoe i lpeBbIIxeHHe TeMlepaTypbl  B cepeAHHe I I . ra-

c r H H b I  ( n p H  x : 0 )

@-r* : pbzl(2?r).

3Aect npoH3BeAeHHe pb npeAcraBJrf ler  co6or1 I IoJIoBHHy norepb
B [Jracrr{He Ha eAI{HlIIIy ee AJIHHbI H BbICOTbI.

flpurr,reufleMble B HaCTOfUIee BpeMf MeTOAbI TeUIOBbIX paCr{eToB.
SJreKTpHr{ecKHX Malrrr4H OCHOBaHbT Ha TeX I-IJrr4 HHbIX yllpouarcu{HX
rrpeAnocblJlKax. OAun1a H3 pe1llarcIl lgx ynpoulesufi peuIeHHfl cJto)K-
Hbrx TenJroBbrx 3aAarr AJrfl SJreKTpUqecKHx MaIlIHH flFUIIOCb npeA.iIO-
>KeHHe paccMaTpHBaTb ABYMepHOe TeIIJIOBOe I IOJIe B nJIaCTHHe KaI i
pe3yJlbraT B3aHMoAeI icreHq AByx oAHoMepHbIX noroKoB, xaxAut i l

H3 KOTOpbTX HcrrbrTbrBaeT corrpoTnBJleHLIe B AaHHOM HanpaBJIeHHI ' { -
TorAa pe3yJrbrupyroulurl ren.roeofi noroK Bcrperlaer Ha cBoeM n)'rn
gKBHBaJTeHTHOe COnpOTHBJIeHHe,  Oi lpeAeJI f leMOe KaK CyMMa AByX.
napaJrJreJIbHbIX conpoTHsreuui{  no AByM ocsM. f lpu sroM cyMMI{po-

BaHr.re co[porr . rereHuft  ocyu{ecrBJl f lercr  B coorBeTcrBl , Iu c npaBI{-
JraMH cJro)KeHaf l  coi lporuerenHl? e 3neKTpHrIecKHX Iref i f lx .

C.ue4yer orMerHrb, qro rrofpe[IHocrb B onpeAeJIeHuH cpeg.Hei i
TeMileparypbr,  o6yc.nonJreHHaf l  vKa3aHHbIM BbIIUe Aonyqer lHeM,
gHaquTeJrbrro MeHbtue rex norpel l rHoctef i ,  Koropble BHocf lTcf l  H3-3a

HeAocTaToqHo ToTIHO H3BecTHbIx sua.{euuft  noTepb 14 HX paci lpeAe-

.neuurl i lo o6ten,tau 14. noBepxHocTflM, LI3-3a npHHflTHfl He BceI-Aa

t23'



IOCTaTOqHO TOrrHbrX 3Har{eHHfi CKOpOCTeTI ABr{X(eHHfl OXJIa)KAaIO-
ulefo afeHTa, KOsQQHTIHeHTOB TenJIOIpOBOAHOCTH H TenJIOOTAaqH.

3aueHa aJreMeHToB c pacnpeAeJIeHHbIMI{ rrorepf lMn aKBI{BaJIeHT-
-Hbrr\ ,1u t IM 3JIeMeHTaMI4, y KOTOpbIX t lOTepH COCpeAOTOqeHbI Ha fpa-
Hr.ruax, no3BoJrf ler  paccMarpHBarb re[J loBoe i lo/ Ie KaK xou6nHalrnto
nocJeAoBaTeJrbHo kr napaJIJIeJIbHO COeAI{HeHHbIX TeIJIOBbIX COnpO-
TriBJeHHq-,  no KoropblM nporeKalor renJloBble noroKu.

Ha ocHoBe cxeM 3aMeqeHuf l  B Hacrof lu{ee BpeMfl  BblnoJlHf lercf l
6o,r l ruuHcrBo rerrJroBblx pacqeroB gJIeKTpHqecKHX MaUII lH, I t  rHApo-
-feHeparopoB B qacrHocrkr.

3ror MeroA HcnoJlb3yeTcf He roJIbKo trpn peIxeHLIH AByMepHbIX,
HO tr  TpexMepHblx 3a[aq, KofAa cyMMHpyFoTcf l  TeuIoBbIe coI IpoTHB-
JreHrrf l  no rpeM HanpaBJreHHflM noroKa. l locneAHee xorf l  AeJlaercf l
6es AocrarorlHofo reopeTnr{ecKoro o6ocHoe arwfl,, Ho, KaK noKa3bl-
BaeT orrbrT, He rrpr{BoAHT K CyU{eCTBeHHbIM HeTOqHOCTqM pacr{eTa.
I- lp,  groM npHHflTo pa3AeJrbHoe paccMorpeHue TenJloBoro cocrof l -
Ht4fl craropa v poropa BBLIAy Hx He6o,nruoro BilHfl.Hrlr Apyr Ha

Ip) ' f  a,  a npH peueHI. IH HeKOTOpbIX TenJIOBbIX 3aAaq -  pa3AeJIbHOe
paccMorpeHue orAeJIbHbIX qacref i  craropa v poropa.

6onee rorrHbre v rpyAoeMKne pacqerbr BbrrloJlHflI.orcfl npld rlpo-

BepKe HoBbrX cXeM oXJIalKAeHvf, H KoHcTpyxUuft uIrH L[lf l. o[peAeJle-
l l r { t  MecTHbrx HafpeBoB, KoTopble MofyT AocTHqb 3Har{HTeJIbHbIX Lr

onacHbrx suaqeHuft  B Morr lHbrx H BbIcoKoHcnoJIb3oBaHHbIX fnApore-
Heparopax. I Ipu i lpoeKTLrpoBaHLrH Marrrr . rH c THtIoBbIMH cxeMaMH
oxJrax<AeHHf u KoHcTpyKrIHfMH, i lO KOTOpbIM HaKOnJIeH AOCTaTOT{-
Hur? onblT,  o6uqso AonycTHMhI npHMeHeHHe ynpoUIeHHbIX MeTO-

..noB TeuroBbrx pacr{eroB Lt oIIeHKa cpeAHHX npeBbIIUeHHfi TeMne-
paT'pbr.

flpu pacqere cJro>KHbrx, pa3BerBJIeHHbIX TeIIJIoBbIX cxeM rIpI{Me-
llflIoTcfl MeToAbr, aHaJIorHrIHbIe MeTOAaM SJIeKTpI{qeCKOfO pacrleTa.
Oco6eHuo yAo6no HcnoJrb3oBarb rrpHHIrHn HaJIo)KeHHfl., i lpuroAHbln
BcreAcrBHe HeJruuefiHocrn TefiJloeoft cxeMbl. i lns arofo nooqepeAHo
no.rrararor paBHbIMH HyJIIo Bce r lorepl, I ,  KpoMe xaxax-;tH6o oAHH],
'rr, npeo6pa3yfi cxeMy 3aMeulerkrfl, HaxoArr rerIJIoBbIe noroKa, oo-
yc.noe;ieHHble roJrbKo arHM'oAHHM eu6paHHrtu pIcrorIHI{KoM rlorepb.
Cyrrrrr,tupyfl Bce qacrlrr{Hble renJloBble fioroKu rlepe3 conporl{BJleHl{f
cxer{br c yrreroM 3HaKa rroroKoB (rnx HanpaBJIeHun), onpeAeJlf l Ior
leficreureJrbHbre cpeAHHe npeBbIIrIeHHfl TeM[eparypbl AJIfl Ka>KAoro
3"rreMeHTa cxeMbl npH coBMecTHOM BbIAeJIeHHH BCeX [OTepb.

To.rHocrb pe3yJrbraroB Te[JroBoro pacrrera B sHaqurenln_ofi Mepe
orpaHnrreHa ror{Hocrbro onpeAeJleHHfl I{cxoAHbIx AaHHbIx. I4vtu flB-
.Jrf i lorcff ,  B qacrHocrr{,  ceor7tcrea rrpuMeHreMblx MarepHaJIoB, xapaK-
Tep pacflpeAeJreHr{fl rroTepb B MarrrHHe, cKopocTH ABHX(eHHfl OXJIa}K-

larourefi cpeAbI y noBepxnocreft oxJIax(AeHHfl.
3xcnepuMeHTaJIbHbIM [yTeM HafiAeHo, t{To B i lpaKTHtIecI(H Hc-

IIoJrb3yeMoM B SJIeKTpOMaIUHHOCTpOeHHH AHana30He TeMnepaTyp
npH cTauHoHapHoM TeqeHHH TenJloBofo noToKa qepe3 IIJIacTHHV
ro.nulanOfi A H IIJIoulaAbIo S OT noBepxHocru, fAe OH reHepupy-
,ercq, Ao paBHoMepHo oxJralKAaeuorl  napaJrJlelrHofi .  noBepxHocrH
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pa3Hocrb reMneparyp ropsqef i  H xoJloAHorl  rpaHeft  @ ceqsaHa c ne-
peAaBaeMbrM B 1 c KoJrHqecrBoM TenJlorbr  P sarcoHoNr Oypre:

€) :RrP:frr , (6- 38)

rAe Ri --  re[JroBoe coi lporHB,,:reHne n"ryocxoft creHKH, "ciBr; 7"-

) 'Ae,qbHan ref lJ ronpoBoAHocrb Marepl laJra nJIacrnHbt ,  Br i (crn l . "C) .
OopMy.ra (6-38) cnpaBeAilwBa A/If l  r iJrocKorrapa, ' IJIeJIbr{oro I IoJIf f

B OAHOpOAHOM TBepAOM TeJ Ie  npH yCJ IOBHH,  q ro  MOIKHO He  CqH-
' rarbcf l  c oco6essocrtMH TeMneparypHoro rro,rrr  v KpaeB TeJIa.

B ra6n 6-5 npr.rBeAeHbr 3HaqeHHr yAeJrbHoli  ren"uonpoBoAHocrl l
]"  n renJroeMKocrn c HeKoropblx ocHoBHbrx Marepua, ' IoB, Irpr.{MeHre-
N,rL,rx B rHApofeHepaTopax.

Ta6ttuqa 6-5

Alarepuan

Me:r 3J'reKTpo-
TexHI tqecKaf l
Aniolurur.rfi

Cepe6po
Cra.nu

f l I,rcToBaq
V=o;tsu;as

] \ I I , I  KA.;ICHTHAq

l4zons:0.un
n{ i lHaHHToBaf l

?u,
B 1 1 ( c u . o C ;

,3,85

2,33
4,20
0 ,63

0,0020

0,0024

L t

! , x , ' ( x r .cC)

388

920
250
480

925

Marepuan B r  ( c u . o C )
Ct

! ,x (xr.cC1

tr4zonsuwn
TepMopeaKTHB-
nan (cnn4o-

repu)
Ac6ecr

nHcrosoil
KaproH
Crexno
Eynara

fetusaxc

0,0026

0,002

0 ,0017
0,006-0,0075

0,0008-0,001I
0,0022-0,0027

840

1200
800-900

1200
1400

Ecau co[poruBJreHnf reuloBofi cxeMbr 3aMelrleHr4fl, o6ycroe-
. I ICHHbIC TCNJIOIPOBOAHOCTbIO TBCPANX TCJI,  MOT5I1 6UTN BbII IHCJICHbI,

fiaK npaBHJro, AocTaToqHo TorIHo, To onpeAeJIeHHe ycJIoBI{fi TenJIo-
o6lreHa c oxJrax(Aalou{efi cpeAofl Ha rpaHHIIax rBepAbIX Te,'I
o6uqso BecbMa sarpyAHHTeJIbHo

3ro o6yc./'IoBJIeHo reM, r{To B nepeAaqe renJrorbr or rloBepxHocrti
TBepAOTO TeJra noABnx(Hor:r cpeAe yqacrByloT, no KpafiHefi Mepe,
'TpH MeXaHH3Ma - TenJIO[pOBOAHOCTb, ryqeHCnyCKaHI' Ie V KOHBeK-
uris. r iax{Abrft  Hg Koropblx rroAquHrercr cBoH\.{ 3arior{ar ' I  H ro"i l f l

JTqACTHfl  KAX{AOIO B CYMMAPHOIi  TCnJIOOTAAqC B PA3JII i t iHbIX CNYqAflX
Heo/: l . t lHaKoBa.

A"trs npaKTHrrecKux pacqeroB TerrJroBblx coilporlleneHHri npH
Ten,roorAarre c noBepxHocrefi HcttoJlb3ylor sopuy.[1' Hrrcroua

Ro:  l / (aS) , (6-3e)
f A e S - i l J I O U I a A b T e n J I o o T A a I o q e i i n o B e p X H o C T H , C N { 2 ;

$uuHeHr rerJloorAarlu, Br/ (u'42 '  l9l .
f lpn npHMeHeHHH Qopnal,.rru Htrcrosa BCr rp)'AHocrb 3aAaql' l

nepeHocrT:f l ,  Ha onpeAeJIeHHe xoaSQHI{t{eHTa Ten.rIooTAaqH o, Ko-
ropui l-"r  oKa3brBaeTcfi  [epeMeHHbIM vr 3aBHcflu{HM or MHorrix $axro-
poB - QusHuecKofi  npupoAbr oxJla>KAalou{ef i  cpeAbl, cKopocrl{  oMbI-

1 2 5



il
sBaHr4s ero noBepxHocTn TeJIa,  xapaKTepa TpeHHq v r .  A.  f loarouy

Ha npaKrHKe qacTo noJrb3yroTcf l  sMi lHpHqecKHMH KO3QQHUHeHTaMII '
TerrJroorAaqr4, noJryqeHHbrMH npH o6o6uleur.rH 6o.nlruoro qHcra gKc-

nepHMeHTa"rrbHbrx AaHHbIX no noAooHbIM KoHcTpyKuHfM c oAl {or l4 l l -
H b I M H  C H C T C M A M H  O X J I A > K A E H H f l  .

f lpoUecc rerrJroorl \asv c noBepxHocrr. I  TBepAoro reJIa B oxi lax<-
Aaroqyp noABHlKHyto cpeAy B coorBercrBHu c reopuefi  no1o6vtn
xapaKTepu3vercf l  KpHTepHeM Hyccerr , ra ,  Koropbl r i  cBf  3b lBaer  Ko-
eQQHqueHr rer rJroorAat t r4  c  reoMerpuqecKnMn pa3MepaMu t iaHaJla
H yAenrHofi renJlonpoBoAHocrblo oxJla)KAarou{eli cpeAbl V"'.

Nu: s.dl?'. (6-40)

MeroA f ioLo6r4f l  cocronr B ToM, qro noJlyqeHHbrc gKcnepHNIeH-

TaJrbHbre AaHHbre o6pa6arbrBalorcf l  B orHocHTeJIbHbIX 6espa3Mep-
Hbrx KpuTeprrrx, Koropbre no3BoJlf l Ior o6o6uturl  noryqeHHble AaH-
Hbre Ha uelur? KJracc i ioAo6uotx sereuul l .  f lpta pacqere KoHKper-
Hol i  ganaq-v oKa3bIBaercf f  TofAa Bo3MO)KHbIM, BocI IoJIb3oBaBtxHcF>

6espasuepHbrM KpHTepHeM, HenocpeAcrBeHHo o i lpeAeJIHrb ucxoul t f i
n a p a M e r p .

Kar noKa3brBaer onbrr,  3HarreHHe xoaQQuIIHeHTa reIIJIoorAaqI ' i
B 3Haqure, r tnor? Mepe 3aBHCHT OT XapaKTepa TeqeHl , l f  cpeAbl  -  i la -
MHHapHOe oHo HJTLI ryp6y"rreHTHoe. Vg-sa HailHqvfl, MHorotIHcJIeH-
HbrX BbrcTyIIoB, HepoBuocref i ,  ocTpbIX KpoMoK Ha BXoAax B KaHaJIbI
TerreHue Bo3Ayxa B ruAporeHeparopax, KaK npaBLIxo, ryp6y,reHrHo-
f lp" aruoc$epHoM AaBJTeHHH Bo3Ayxa xoa$QuqpleHr rernoorAaqlr
c Aocraro.rHofi ToqHocrbro Mo)KeT 6strr BbITIHcJIeH IIo Soptrlyne

o: (1 f  Bu)/450,

rAe B - xoaQQuqueHr, saeucqulufi or KoHcrpyKUHH KoHKperHoro
THfia KaHaila s BLrLa cHcreMbl BeHTHJIflITHH: 0:0,05 . 0,25; a -

cKopocTb, noHHMaeMaf uHorAa KaK cKopocTb TeqeHHfl  oxJlax{Aalo-
qefo afeHTa, a B ApyrHX cryr{aqx -  KaK oKpv)KHaf l  cKopocrb po-

ropa,  u /c .
IIpu AaBJIeHHH Bo3Ayxa BbIIIre aruocQepHoro xoaQQuuHeHT

TenJroorAaqv vBeJrHqHBaercf l  npoi lopqHoHaJlbHo AaBJIeHHIO B CTe-
neH l r  0 ,8 .

O6uqHo no pe3yJrbraraM aKc[epuMeHroB onpeAeJlq lor  3aBHcH-
Mocrb rrHcJra Hycce.nsra or Apyrux 6espasuepHblx KpHrepHeB. l lpn
ryp6y"neHTHoM TerreHnlr cpeAbr gTa 3aBucnMocrb BbIpalxaercf l  1rp3B-
HeHHeM KpayccoJrbAa

Nu : 0,023Re0'8Pr0'4 (6-421

3Aect Pr - Kpr.rrepnfi llpaHArJrfl, onpeAeJrqrorlHfi ceoficrea oxJIa>x-
Aarcuteft cpeAbl:

( 6 - 4 1 )

Pr : vla,

TAe a - reMneparyponpoBoAHocft; .cu2/c.

126
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vlg Bbrp a>xenuf i  (6-  I  1) ,  (6-39) ,  (6-40) 14 (6-42) Mox(er 6nrr
o n p eAeJ'r eu xoaQQuuueH r renJroor AaqH np H yCTOrlqHeON,r ryp 6y,rreur-
HOM TeqeHHH CpeAbr :

a:o,o2gffipro'n (6-44\

lDuayvecrne napaMerpbr ocHoBHbrx oxJra)KAaFou{HX cpeA - Bo3-
J, ) 'xa r r  BoAbr  -  npeAcraBJreHbr  e ra6r .  6-1.

Vcrot iqi leaq ryp6y"r leHTHafl  30Ha B npaKrr{r{ecKHX cJryqaflx,
KO|AA HCI IOJIb3YCTCq BOAA HJIH BO3AYX,  NPH KAHAJIAX OTHOCHTCJIbHO
se6o,rruroi i  A"TIHHbI c uepoxoB arof i  noBepxHocrbro Hacryrraer npr.r
Re)5000.

I- lp,  rraMHHapHoM reqeHHH (Reg 2300) xpurepait  Hycce,r l ra
SaBHCI4T OT OTHOIUeHHf l  rHAPaBf lHqecKofo AHaMerpa KaHaJra K efo
{JII, IHC.

Ecnu RePr < 12 ,d

I

T. e. u:3,66 ),1d.

Al.s RePr !> tz
t

Nu :  I , i l  17
I Ipu nepexoAHoM reqeHHH

RePr  L-n
t

Nu : zr (er +)''" (#)'* "o' ,

Nu : 3,66,

p eKo M eHAyercs Q op rvry"rr a

RePr

(2300 ( Re < 5000 )

d
I

(6-45)

(6-46)

CJIYr{ae

(6-47)

rrpn RePr! < n
t

(6 -48)

Bcre4crBue sHepfHriHoro lrepeMeixHBaHHfl rroroKa xosQ$rrqH-
€HT TenroorAarlrl npu ryp6yneHTHoM TeqeHHH 3Har{HTeJIbHo 6o.rrrue,
qeM npH JTaMHHapHOM; nOsTOMy rrpH KoHCTpyHpOBaHHH CHCTeMbT
oxJralKAeHHf BCefAa crpeMrrcfl AocrHrHyrb ryp6yneHTHOfO Te_
q E H H f l .

Kax cJleAyer H3 BbIIIteH3JIolKeHHoro, AJrfl o[peAeJr eH1fl. xo:Q6u-
r{HeHra reirJroorr\aqr ueo6xo4r{Mo npeABapHTeJrbHO 3Harb Qaxiu-qecKI' Ie cKopocTH ABHIKeHHfl OXJIa)KAarou{ero afeHTa Ha yqacTKax
TenJloct,eMa. tr4naeHuo 3Aecb renJloBbre pacrreTbl crvrbrKarorcfi c BeH-
THJI9UI iOHHbIMH.

V'IHrutsaq npu6na>xesHsIf i  xapaKTep BeHTHJrrr{HoHHofo pacr{era
1l ren.[oeoft cxeMbl SaMeuIeHI{ff H Bo3Mo}KHbre norperllHocr6 B orr-

N u =: 3,66 (u*?)''3*re 
Pr
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w'peAeJreHHH ee conporHBJreHHrl,
r lTo6br pacqeTHble npeBbrrI IeHHfl
I IMEJIH AOCTATOqHbI f t  3ANAC
( r a 6 n .  6 - 6 ) .

npH r rpoeKTHpoBaHHH CrpeMf TCfr ,
TeMneparypbr  aKrHBr{brx  qacre i i

no cpaBHeHHro C AOnyCKaeMbrMlr

Ta1.tutqo 6-6

9 acrr  ru.4poreHeparopa

II pe4e.nrH oe A,'r Hre,'r b-
H O  A O n y C K a e M O e

n p e B H r x e H H e  T e M r e -
PaTYPbl * A"' tg H3oJ1fl-

u ,HoHHbrx  MaTepHa-
J I O B  K J I A C C A

H arpeBocTof ixocru

Mero,4 Lr3Meperr r{f i

O6rtorxa craropa npH Koc-
BeH HOM BO3AyrX HOI\,! OXJI a)K-
.XCHIIH YI H3ONflu.HH:

ivruxa.neHrnoif Ko:r{nayH-
J,HpOBaHHOT?
TepMopeaKTHBHOr?

70

85 105

Tepuoruerpsl conporrrB.rrer{Hr,
3aJIOlKeHHbte B na3ax \re)Kly
cTepxHfli\,rH HJIU KaTvtUKa-
MI,r  -  . { f lq ga1'xc.roi iHsrx
o6MoroK t t  nor na3oBbre
KJHrjbq Ai l r  oJ,uocaoft-
urrr o6lrotox

O6vorxa craropa npH Heno-
CPE.ICTBEHHOM BOAfl HOM OX-
JIAX(ACHHII H H3OJIflI\HH:

uHxa.neHtHoft KounayH-
AHponaHnori
TepMopeaKrHsuor?

Teprraouerprr cotrpornB.rreH]rfl ,
3aJrolKeHHbre no,{, na30Bbre
KJIHHbf l

70

85 105

CepAevnuK craropa
JrfltIHu o6uorxu:

rrHxaleHrHoft
AHpoBaHHorl
TepMopeaKrueHofi

npH u3o-

KOMnayH-

Tepuorrlerpsr conporr{B.rreHHs,
SAJIO)KCHHbIC HA T,HC IIA3OB

70

85 105

O6ruorxa nos6yxgeHHx npn
KocBeHHoM uJtH Qopcupo-
BaHHO[{ BO3AyTXHOM OXJTaX(-
AeHI{r{

95 l l 0 ConporunJreHHe

KostarrHbre KoJrbua 85 Tepvor*aerp

* npu reMneparype oxnax(Aanqero Bo3Ayxa 35 oC H Bbrcore ycraHoBKrr rgApo-
reHeparopoB HaA ypoBHeM Mops He 6o"nee 1000 M.

Ecnu reMneparypa oxJra)KAaloulero Bo3Ayxa Bbrue 35 oC, npe-
AeJIbHbIe AJIHTeJIbHO AorrycKaeMbre npeBbrrxeHHf TeMrrepaTypbr, ),xa-
3aHHbIe B Ta6JI.6-6, Ao.nlKHbI 6ntrn yMeHbureHbr Ha pa3Hocrb r!{e}KAy
reMreparypoft oxJraxAaroulero Bo3Ayxa H reMrreparypofi 35' "C.
B rex cryqaflx, KorAa .TeM[eparypa oxJraxAarourero Bo3Ayxa'
HHIKe 35 "C, AorlycKaerct HeKoropoe yBeJrurreHr{e AJrHTeJrbHbrx npe-
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BbrureHnr l  reuneparypbl  H,  creAoBareJ lbHo,  Harpy3oK MaIUHH c 'Bo3-
AyruHbrM oxJrax{AeHlreu.  OAuaKo 3To yBeJIHqeHHe crporo perJIaMeH-
rHpyercr r  (c* .  S 4-5) ,  raK KaK c pocroM roKa B o6naorxe craropa
Bo3pacraer  n  pa3I rocrb reMneparyp MeAH o6vorxu Lt  cepAeqHHKa
craropa.  3ro npHBoAHT K L ix  HeoAHHaKoBoNly . r lnsef iuoMy pacunpe-
HHro, TeM 6olee, qro conpHKacarcu{Hecfl  Mex{Ay co6ol i  MarepHaJIbI
r . rMeror  p i3ruqHble reMneparypHL, te  xoeSSHuHeHrbI :  MeLb -  17)(
X  10 -6  oc - l ,  i 43oJ l f l r {H  10 '10 -6  "C-1 ,  c raJ lb  - -12 '10 -6  "C-1 .  Or -
HocHTeJrbHbte ren,rroBbre 4etlopMaUiiH MeAH H H3oJtl tqi i i l  ui i iv iorKi i  i i
cTaJrH cepAeqHHKa MofyT AocTHfHyTb HeAoflycrHr,rbrx sl{aqeHHil  14
rrpHBecrH K noBpexAeHHrc LI3OJIf lUIIH.

C.rre4yer yqecrb, qro i lpH aKcnJlyarar\uLt reMneparypa Ma[IHHbI
BcefAa BbI[Ie, r{eM B llexy npH ee H3foToB,'IeHI,lH vrJrLL npH c6opxe
Ha MoHTax(e. l lo erorl  r lpnrruHe npoucxoAuT cMeu{eHl{e o6naorox
B na3ax Bo BpeMq pa6or l r .  l IpuHHuaa B cpeAHeM npeBbI I I reHHe
TeMnepaTypbl MeALI o6l lorxH v crai lH cepAer{Hl4Ka craropa npI ' I  pa-
6ore coorBercrBeHHo 85 ra 60 "C, nat iAeM, r{To orHocLITeJIbHoe cMe-
uIeHHe o6naorxH B na3ax Ha xaxAltf i  Merp AJIHHbI cepAeqHuKa co-
c raBHT 0 ,7  uu .

Cpe4Haa reMneparypa o6MorKH craropa c KocBeHHbIM Bo3Aylu-
HbIM OX.[a>KAeHHeM H3Mepf leTCf TepMOMeTpaMH conpoTl ' IB i r le [ r4 f l ' ,  3a-

KJraAbrBaeMbrMH B na3ax Mex(Ay crepx(HflMH vrJrr4 KaTyIxKaMH npH

AByxcJrofinofi o6uorre H noA na3oBbre KJII{Hbfl npH oAHocJlofiuofi
o6uorre, a cpeAHflf l  TeMnepaTvpa cepAeqHLIKa cTaropa H3Mepfi-
eTcfl  TepMoMeTpaMH conpoTHBJIeHHfl,  yCTaHaB,' IHBaelvIbIMH Ha AHe
I I a30B .

I r Is UpaKTHKH H3BecrHo, qro noKa3aHHfl TepMoMerpoB conporHB-
JreHHfl, ycraHoBJIeHHbIx Me)KAy crepx{Hf MLr H Ha AHe na3oB, o6uqHo
npaKTHrIecKH oAHHaKOBbI kr l i , .  OTJIHqaIOTCf l  Ha 3HarIeHLIe,  3aBeAoMo

MeHbuee $axrnuecKofi pa3HI{IlbI TeMneparyp IvIeAH vr craJIH cra-
ropa.

3xcnepaMeHTaJlbHo ycraHoBJIeHo, qTo ecJI l I  cpeAHflf  reMnepa-
Typa craJrH cepAerrHr{Ka craropa, H3MepeHHafl  TepMoMerpaMH co-
[porHBJreHHfl, oqeHb 6nusr<a K orlpeAeJleusotl c noMolrlblo pflAo]\,I
pacnoJro>KeHHbrx repMonap, To cpeAHflf l  TeMrleparypa MeAI{ oo-
MorKH Bbr[re reMrreparypbr, l ranaepeuuofi  TepMoMerpaMH coIIporHB-
.rIeHHfl. l lpHvunofi grofl pa3Hr.rIIbr flB,rIflercs HaJIHqIIe reIIJIoBoro no-
ToKa or MeAH K craJlH qepe3 c"ryofi I.r3o,qflu,Ltw, HaxoAgurHltcq Mex(Ay
cTeplKHflMvr, a caMa pa3HHUa 3Ta TeM 6Ollue, uerra yxe I Ia3 [ I  qeM

ToJrIqe H3oJIfqHf. l lpensruleHne reMneparypbl MeAI{ o6naorxu rio
orHo[reHHro K noKa3aHHro repMoMerpa conpornBJleHHfl Mox{er 6uft
noAcrIHTaHO, ecJrH Lr3BeCTHbr pa3Mepbl I Ia3a U TenJIonpoBoAHocTb
r13oJrfluur.r BAoJrb Lr rroilepeK I{3oJIsuHH. llpaxruqecKn o6H.IHo BBo-

Aflr  nonpaBKy, paBHyIo npHMepHo IIOJIOBHHe IIepenaAa reMnepa-
rypbr B HsoJIfli lHH.- -  

I Ip" HerocpeAcrBeHHoM BoAqHoM oxJIalKAeHHH o6uorxs cra-
ropa ee reMrreparypa KoHTpoJlnpyercfl B xaxAoft IlapaJlJle.nlsoll
no xoAy BoAbr BeTBH C noMoulblo ycTaHaBJIHBaeMbIx noA [a3OBbIe
KJrHHbfl TepMoMerpoB conporr{BJleHl,Ifl. l locneAsHe pa3MeIIraIoT no
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BO3MOIKHOCTH B TeX na3ax, B KOTOpbIX BepXHHfi  CTeplKeHb f lBJI f lerCf l
nocJreAHHM no xoAy BoAbI B napaJIJIeJIbHoft  eereH.

VxasaHHne B ra6n. 6-6 npeAeJlbHbre AJTHTeJIbHo AonycKaeMble
rTpeBbrrxeHHfl  reMnepaTypbl  

In^-fHAPOreHeparopoB 
c HerocpeAcr-

BeHHbrM OXJTaIKAeHHeM BOAOH OOMOTKH CTarOpa CJreAyer nOHHMarb
KaK t tpHHrrHirHaJrbHo AonycrnMbIe AJrtr  o6uorxa c prso"nsqneft  AaH-
HbIX KJraccoB Harpeeocrol iKocru.  Buecre c reM He c,r leAyer noHI{-

-  . t  z - - - -

Marb 6yxna;l tHo, qro aru npeBbIIrIeHHfl Moryr 6ttrn 4et?creuTe,I lbHo
AonyqeHbr B sKcIIJIyaraIIHH.

Terraneparypa oxJra)KAaroulero ALrcrHJrJrr.Ta Ha, '11060M )rqacrKe
KalKAoro KaHaJra o6uorKH AoJI)KHa 6url ,  Bo BcflKoM cnyqae, HHX<e
TeMrrepaTypbl  KHIIeHHfl  BOAbI npLI AaHHOM AaBJIeHHH KaK MHHHMyN{
Ha 3HaqeHHe reMleparypbr AonoJIHHTeJIbHOfo I IOAOfpeBa ! .UCTHJT-
Jrfl,Ta i lpH BpeMeHHOM qacTHqHoM r4Jru IIOJIHOM npeKpau{el{HH efo
rIHpKyJrflrIHH HJrr4 rpH BHe3ailHorl nepefpy3Ke o6naorxu no roKy.
B coorBercrBuu co craHAapraMu npeAeJlbr laf l  A/ IHTeJIbHo Aonycr l { -
Maf l  TeMneparypa AHCTHJIJI f ,TA, BbIXOAflUIefO r43 O6IUOTXU, He AOJI-
)KHa npeBbrrrrart 85 oC.

Heo6xo,U,I{Mo HMeTb B BHAY, r{To B fuAporeHepaTopaX He Bo Bcex
napaJIJIeJIbHbIX nO XOAY BOAbI BeTBflX neperpeB AHcrH[Ii l f lTa I{AeH-
TI{I{eH: B HeKoTopbIX BCTBflX OH MO>KCT 6UTN 3AMCTHO BbIIIC CPCA.
Hero B o6MorKe. To.IHo TaK >Ke, TJIaBHbIM o6pasou LIs-3a Hailkrrrr4g,,
IIHpKyJIflIII{OHHbIX TOKOB Me>KAy SJIeMeHTapHbIMH IIpOBOAHHKaMH,
HC BO BCCX KAHAilAX OAHO|O CTCP>KHfl NOAOIPCB TKICTKIJIJIfl'TA OAH-

HaKoB. Kponae roro, KaK noKa3aJIH HccJIeAoBaHr4fl,, xHMHqecKI-{e pe-

aKqHH c o6pasoeaHueM oKHcJroB 14 coJlef i  H Bo3Mox(HbIM r4x orJlo-

>KeHHeM B KaHaJr ax uau6oJree r.rHTeHcHBHo nporeKalor npH rtpu 6nu-

xeHHH K reMneparype 70 oC. f lo 3rI{M npHrIHHaM Ha r IpaKrHKe
napaMerpbr c[creMbr BoAflHoro oxJIax(AeHHfl o6uqso en6tlpalorc-fl
raxurta o6pasorra, qro6br cpeAHflf reM[eparypa BbIXoAquIero H3 06-

MorKH craropa AHcrHIrIrnra He npeBbIIxaJIa 60 
'C; B pa3rurlHblx

MalrrHHax sro 3HarIeHHe HaxoAI,ITcfl B Al{ana3oHe 45-60 "C. l lpnt

9TOM np.eAeJrbHbre AJrHTeJrbHo AoIrycTI4MbIe B 3KCUIyaTaI$\4 TeMne-
parypbr o6uorxn u cepAerrHriKa craropa cocraBJlf l Ior no pacqeraM
o6riquo 55-75 oC 14 65-90 "C coorBercrBeHHo npu pa6ouHx rla-
paMeTpax cHcreMbl BoAqHofo oxJIalKAeHHf; r IpHrIeM TeM[epaTypa
cepAer{HuKa cTaTopa, oxJIa}KAaeMOfO BO3AyXOM, BbIUIe TeMnepa-
Typbl o6uorxu B cpeAHeM Ha 10-15 "C. OxouqareJlbHble 3Harle-
HHfl. rIpeAeJIbHo AoIIycrHMbIx reMneparyp o6n,torxu v -cepAeqHnKa
craropa ycraHaBJruBarorcfl no pe3yJlbraraM ucurrrastlI? c yqeroM

QaxruuecKoro pa36poca B rroKa3aHnflx repMoMerpoB conporHBJle-
HHg., Lr Bo3Mox(Hblx orxnoseuufi TeMileparypbI oXJIaIKAaIOUIHX
afeHToB.

Pac.rerHHe sHarreHnr rrpeBbrlr leuuft TeMneparypbl Ha IIpaKrHKe
rrpraHHMalorcfi 3aMerHo HHX{e ilpeAeJIbHo AoiIycrHMbIX. 3ro BbI-

3BaHo ueo6xoAr{Mocrbro cr{HTarbcr c Bo3Mo>KHbIMH fiorpelxHocrflMH
gJreKTpOMarHHTHbIX, BeHTHJTflIIHOHHbIX 14 TenJIOBbIX paCqeToB, c Ha-

JIHTIHeM MecrHbIX [oBbIuIeHHbrx HarpeBoB, a raK]Ke c geo6xoAlt-

Mocrblo yqr.rrbrBarb AonoJIHI{TeJIbHbIe noAorpeBbl qacreft MaITIHH

t 3 0



Ta6ttutqa 6-7

9  ac ru  BcnoMofaTeJ IbHb lx
reHeparopon,  nos6y4ure.nei i

n o c T o g H H O r O  T O K a
H  p e r y J r q T o p H b r x  r e H e p a T o p o R

f Ipe4e.nuHoe Annrenb-
HO AOnyCTHTl toe

n p e B b t u e H H e  T e M n e -
parypb,r * Atts H3o.[q-
I {HOH H b lx  M aTep[a" r roB

K J I a C C a  H a r p e B o -
cro i i xocrH

Nlc roA H3Mcper i  H f l

O6rt,torxa craropa npr.r H3oJrrr-
ul.Iu:

MHKaJTeHTHOT? KOrUrrayH-
AHpOBaHHOiT
repMopeaKTHBr,roii

BcnouorareJrbHbrefeHepaTopbr

105

70

85

Teprr,ronaerpu conpoTHBJreHHr,
3aJro)KeHHbre B na3ax Mex{Ay
KaTyuKaMH HJtr4 CTep)K-
HqMH

CepAeuHHr(H craropa nprr r43o-
JIflIIHH O6UOTXI,I:

MHKaJTeHTHOft KOMnayH-
Ar.rpoBaHHofi
TepruopeaKTHBHorl

Tepvo:lrerpsr conporuB,'IeHHq,
3aJIO)KeHHbie Ha ,ZI,HO na30B

70

85 105

O6nrorxa Bo36yxAeHr..rq
Kosraxrnbre KoJrbrra

O6nrorxpr rrKoprr

CepAevHuK sKops
O6rr.rorxa napanneJrbHoro

H He3aBHcHMoro Bo36yxAe-
HHfl,

O6uorxa KoppeKr{Hr{
O6uorxa nocJreAoBared'IbHoro

nos6yx.qeHux
O6uorxa Ao6aBor{Hbrx noJrro-

coB
Ko.n.nexrop

O6rrrorxa craropa

Bos6y,uureJru rrocrosHHoro roKa

ConpornnJreHHe
Tepuouerp

Tepuor'rerp
ConporuureHHe

Teprtrortrerp
Teprr,tortrerp

Conporun.lreHrre
Tepr,rorrerp uJtH

H H C

Teprr,rorvrerp HJrr4
H H C

Tepvor'aerp

95
85

l r 0
95

90
r05

I D

85

90
90

1 0 5
1 0 5

I D
75

85
85

95

85

conpoTHBfle-

conpoTHBJre-1 1 5

95

Pery.rrrropHbrefeHepaTopbr

* flpu reMneparype
ypoBHeM Mops He 6olee

R *

Teprr.roruerp
ConporueJreHHe

35 oC H BbrcoTe ycraHoBKH Ha.q

75
85

oxJrax(Aaroulero
1000 r-r.

1 3 t

BO3AyXa



npH AJII{TeJIbHO AOnyCKaeMbIx orKJroHeHHflx ocHoBHbrX napaMerpoB
(uacrora,  ToK,  Hanpt lKeune)  or  HoMHHarbr{brx  sr {aqeHHr i  g  nprr
Bo3Mox{HbIX KpaTKoBpeMeHHbIx nepefpy3Kax o6rr lOrOx nO ToKy B ne-
pexoAHblx pex{HMax. l IpeAeJIbHbIe npeBbrrxer{Hr reMneparypbr Bcno-
MofareJrbHbrx SJreKTpr{qecKHx MarrrHH npHBeAeHbr B ra6n. 6-7.

Heo6xoAl luo raKlKe r tpuHHMarb Bo BHHMarrHe Bo3MolKHbre r {a-
pylxeHr.rfl B cr.rcreMe oxJralKAeHHfl, H B nepByro oqepeAb orKJror{c-
HHe oAHoro H3 Bo3Ayxoox/IaAHre,uefi  H cBfl3aHHyro c aTHr\4 HepaBHo-
MepHocTb B oxJIaxAeHHLr Mautr4Hbr, a raK)Ke BpeMeHHOe npeKparqe-
Hue rIHp Ky JtflL\Hr4 OXJr aXAaroU{efo afeHTa.

B ralporeHeparopax c KocBeHHbrM Bo3AyrxHbrM oxJra)KAeHHeM n
caMoBeHTr{rqrlHerl  npu npeKpau{eHHH nporeKaHHfl BOAbr qepe3 Bo3-
AyxooxJraAr4TeJrH CpeAHqfl  CKOpOCTb HapacraHHfl reMneparypbr Ma-
IrIHHbr npu npeHe6pex{eHr.tH rerrJroorAaqei i  or reHeparopa B oKp}._
)K.aloil{ee IIpocTp aHcTBO COCTaB/rfl eT

2 P

G r c ,  *  V " c " '
(6-4e)

LAe X P - cyMMa orBoAuMbrx Bo3AyxoM norepb B Marrrr.rHe, xBr;
G"-  Macca rHAPoreHepaTopa,  Kr ;  Cr-cpeAHf l f i  TeI IJ IoeMKocTb eAH-
HHUbI Maccbr reHeparopa: cr:0,43 xAx/ (nr .  "C) ;  V" - o6renr Bo3-
Ayxa B Irraxre fHAporeHeparops, M3i ca-yAeJrbHas o6tenaHafl  Ten-
J loeMKocrb Bo3Ayxa:  Cs:  1 ,1  x ! ,x / (na3."C) .

l locxo.rrxy reuroeMKocrb Bo3Ayxa He npeBbruaer o6uqHo I olo
TCnJIOCMKOCTH MACCbI  MAI I I I ' IHbI ,  BTOPbIM I IJ ICHOM B 3HAMCHATCJIC
BbIp_a)KeHHfl (6-49) Mox(Ho npeHe6peul.

Kax rroKasbrBaror pe3yJrbrarbr pacqeroB (ra6n. o-B), cpeAHflf l
cKopocrb HapacraHr{s reMrreparypbr HaxoAHTcfl o6bI.{HO B Arana-
3oHe 0,004-0,010 "Clc u saBHcHr B rre.rroM or MoulHocrn fuApore-
riepaTopa Ha noJrroc.

Ta6nu4a 6-8

A8- :
Lt

P l Q i l ,  x B . A 500-t000 1000-2000 2000-3000 3000-4000

L@lA,t ,  'Clc 0,0040-0,00500,0050-0,0058 0,0058-0,0065

P l Q i l ,  x B . A 4000-5000 5000-6000 6000-7000

0,0065-0.0075

Bo.nee 7000

A@/ Al, "c/c 0,0075-0,0090 0,0080-0,0095 0,0085-0,00900,0090-0,010

Ha rrpaKrHKe, HMefl  B eHAy QaxruuecKyro HepaBHoMepHocrb
nporpeBa reHeparoP&, Aorlycrl{Myro AJrr{reJrbHocrb pa6ortr c H9MH-
sa.ntuofi MoulHocrbro npu [peKpaqeHHH rIHpKyJrfrrHH BoAbr r{epe-3
Bo3AyxooxJIaAI{TeJIH orpaHHrII{BaroT 10 naunyraun. 3ra peKoMeHAa-
IIHfl He pacnpocrpaHflercff Ha noAnflTHHKH 14 Ha[paBnfroulHe noA-
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rrrHnHHKH, AonycruMarr AJIHTeabHocrb gKc[JIyaraIrHH Koropblx 6eg
rIHpKyJrflr{r4H BOAbI qepe3 MaCJIOOXJIaAI.{TeJIH OnpeAeJIfleTcfl aHa,'Io-
I H T I H b I M  P A C q C T O M .

Ann rnAporeHeparopoB c HerrocpeAcrBeHHblM BoAnHLIM oxJIax{-
AeHr{eM o6uorxu craropa AJrHreJIbHocrb pa6orrt c nos6yx4eHueM
i lpr i  npeKpauIeHHH uHpK"vnrrr IHrr  LVcrvJl i lF,Ta OIIpeAeJIf lercs t I3 yc-

JIOBHfl  pfo AOIIyCTLIIvIOTO nOAOrpeBa B HSO,' I f lUHOHHOM IUJIaHre'  Ha-
xoAsu{eMcf l  noA noJrHbrM SasHr,r l t  Harpq)KeHHeM U6. f lo"r l  araf l .  npo-

uecc a1rua6arHbrM (norepu B Aucrurrqre B [ IJIaHfe Anttuof i  / rn or
TOKoB yTer iKH no, ' IHocTblo uAYT Ha ero uarpee),  Haf iAelr , t  CKopocTb
HapacraHuf reMneparypbl  AHcrHJIJI f l ra B uIJIaHfe B rpaAycax l le"ry l -

cHf l  B ceKyHAy:

AO :#(#) '10-a

(+p)' :0,!2 'c/c.

(6-50)
Lt

Hanpunaep, r tpH yAeJIbHoM coIIpoTHBJIeHHH . I I .HcTHJIJI f lTa Pa:
:75 000 Orra . cvt, ero yAelssofi o6teuHofi ren.noeMKocTl{ Ct:4,13 X
X l0 -3  x [x< l (c t ' .  "C) ,  AJ IHHe I I I J IaHToB / - :50  cM v  Hanpf l ]KeHI IH
U  6 : 9 1 2 0  B

AA 10-3

L t  7 5  0 0 0 . 4 , 1 3 . 1 0 - 3

Maxcul,raJrbHoe 3HarreHue reMrreparypbl Ar4cra,Irilf l,Ta, BbIXoAfl-
ulero Hs o6N,{oTKH craTopa, He AoJI}KHo B coorBeTcrBHH c Aeticreyto-
uIHMH craHAapraMu npeBbltuarb 85 "C. OAnaxo BBHAy 6o.nuuoro
rrHcJr.a napaJrJreJrbHbrx IIo xoAy BoAbI eetsefi, o6naAauqHx pa3-
HbIMH TUAPaBIHT{eCKHMH COnpOTHBJIeHI ' I f lMH, TeMIIepaTypa ropfqefo

AHSTHJIJI f lTa, BbIXoAfli l Iero V3 orAeJIbHbIX eereefi o6uorxu, Mo>Ker

6urt HecKoJrbKo BbrrrIe. C yrreroM orux coo6pa>xegufi A,THTeJIbHocrb
Haxo>KAeHHf rHApofeHeparopoB noA HarIpf l>KeHHeM rpH npeKpaue-

HHr4 rlupKyJrrrrnu Lr4crr4nr{rr,Ta ofpaHH.IIIBaIoT o6H.IHo 30-60 ce-

xyu4auu. lt lcuur aHvfl. noBbrureHHblM Hanpflx(eHaeM o6uorox Aorly-
crgMo (npu rroAcoeAuHeHHbrx K KoJIJIeKTopaM H3oJInI IHoHHbIX l l IJ IaH-

rax) ToJIbKo rIpLI HopIraa.ntuofi uHpKyJIflqI{H BoAbI.

6-6. TENNOBOR PACI{ET CTATOPA

Ec.tru pacxoA Bo3A,vxa qepe3 Ma[Ir iHy, onpeAe.neHHsti l  i lo i lpeA-
BapHTeJrbHoMy BeHTHJrrrIHoHHoMy pacrlery, He MeHbIrIe rpe6yel{oro
(neperpee Bo3Ayxa B rr{AporeHeparopax c KocBeHHbIM Bo3Ayl lr lYr4
oxJra)r(AeHHeM Bcex aKTHBHbIx . Iacref i  npI{HHMaercf l  oKoJIo 25 "C),
To o6n.rHo MoN(Ho ofpaHurruTbcfl H3JIoIKeHHbIM HI4)Ke npu6nHxeu-
HbIM TenJIOBbIM pacqeroM.

VAentnas TenJIoBafl  Harpy3Ka Ha pacToqKe craTopa or noTepl
B MeAr.r o6rraorxu Ha AJIHHe naKeToB cepAeqHrKa, paccrluTaHHafl
B npeAIIoJIox{eHLIH, r l ro Bce norepg (npu reMneparype 105 'C) cHH-
Marorcf l  c BHyrpenuefi  noBepxHocrH craropa, cocraBJIf ler B Barrax
Ha KBaAparurtf i  caHTHMerp

(6 -51)
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rAe .4  -JrHHef iHaf l  Harpy3Ka craropa,  A/u 'a i  Io-  nJ lorHocrb roKa
n o6uorKe craropa,  A l ru tv-2;  h t -  xoaQQuuneHr Ao6aeoqHblx  norepb-

f locroltxy norepH B o6uorxe f lBJIf f lorcf l  B HgeecrHorZ Mepe

QyHxllueri  ee reMneparypbl,  a nocreAHflq orpeAeJIf lercf l  B nepBylo
oqepeAb 3rraqeHHeM norepb B cauoi r  o6rraorxe,  Mox{er  oKa3arbcf f
geo6xoAHMbrM rrocJre Bbrno", ' rHeHr.{f l  TenJIoBoro pacqera BHoBb no-
Bropnrb ero 9.  orKoppeKrI rpoBaHHbIMI I  ro  npeABaphreJ lbHo Haf iAes-
sof t  reuf leparype o6MorKH Or, r  3HaqeHHf lMH norepb B Hei r  H coor-
BercrByroulel:r  yAe,{bHofi  renloeoft Harpy3Ku :

( i lM:  
Ht l  +o,oo4 (@*- 15)1,

rAe @nn -  TeM[eparypa o6uorKu craropa,  oC.

VAennuaq TenJIoBaf l  Hafpy3Ka Ha pacToqKe cTaTopa oT noTepb
B CTaJTH CepAerrHHKa, paccr lHTal iHaf l  i lpH TOM )Ke npeAi loJIo)KeHHH,
r r r o  p r  ( 6 -51 ) ,  panHa

P a l  P ,  *  P t
g v a r  -

nD i (tt - nrb r)

3Aect tLr- qr.rcJro paluaJrbHbrx BeHTHJISIII4oHHbIX KaHa/toB MexAy
naKeraMu cepAer{HnKa craropai br- Bblcora oAHoro BeHTH/rIf lqHoH-
HO|O KAHAJTA.

VAe.nssas renJroBafl  Harpy3Ka Ha noBepxHocrl{  H3oJIf luHLI o6-
MOTKT4 Or [OTepb B MeALI

a i :  a) r r t
2 ( b n * h n - h * n )  

' (6-54)

rAe t1-  sy6qoeuir  r r lar  no pacror lKe craropa;  bn-uwpvHa na3a
cTaTopa; ho- BbIcoTa ua3a cTaTopai  hn,  -  BbIcoTa na3oBoro
K J I H H A .

l lepena4 reMrleparypbl B I,I3oJlrrruu o6uorKn

(6-55)

(6-52)

(6-53)

t1

'  
A  @ ' : a ' * '

3Aecr A; - cyMMapHafl oAHocTopoHHffl ToJIUIHHa u3o[1fl;\A11, Koro-
pafr noHuMaercf l  o6uqHo KaK xparuafi Iuee paccrofHl, Ie oT MeALr
npoBoAHHKoB o6lraorxu Ao 6oxosoi i  rpaHH IIa3a, cM; ?q- YAe.nn-
Hafl HHTefpailb:Hafl, TeIrJrorrpoBoAHocTb yKa3aHHoro IIpoMe)KyTKa,
Br /  ( c r ' l . "C )  .

VAe"[tHaq rerrJronpoBoAHocrb I . I3orquuH 3aBHcHT or MHorHx
TexHHrrecKHx AaHHbIX - KOHCTpyKTIHH H3OJIflIIHI'I. ee COCTaBHbIX qa-

crefi, TexHoJIorLIH HgforoBJreHHfl, KaqecrBa noKpoBHbIX noKpbITHfi,
rrprrHflTblx AonycKoB Ha pa3Mepbl crep>KHefi a I,IX yKJIaAKy, cno-
co6a ynJrorHeHufl  crep>KHefi  B na3ax. fJoeroMy AJIf l  Ka)KAoro ycra-
HoBHB[rerocf i  npoHgBoAcrBeHHoro npoUecca H3roroBJIeHI,I f l  o6uoron
rpe6yercf i  3KcnepHMeHraJrbHoe onpeAeJIeHHe yAe.nlHoi i  ren.r lorpo-
BOAHOCTH H3OJIflIII{H B na3ax.

B Hacrofl i l Iee BpeMrr i lpH BbrnoJIHeHHH TenJIoBbIx pacqeroB

o6urqno npuHuMaercf  :  npH I IpHMeHerywr H3oJIf l I IHH o6MorKV Ha rep-

MopeaKrHBHbIx cBr3yloqwx ?ut:0,0022 Br/  (cu l "q)  ; .  npH MHKaJIeHT-

Hof i  KoMI IayHAHpoBaHHoi I  H36JI f l I IHH X i :0 ,0016 Br /  (cu ' "C)  .
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'q
flpentrureHHe

rypoli BXoAqulero
A@"" :

3Aecr ocr -  aKBHBaJreHTHbrf i
rrrKa craropa , Brl(crrr, . 'C) .

reMneparypbr cepAeqHHKa Craropa HaA reMrrepa-
Bo3Ayxa

(a," + w",)lao. (6-56)
xoaQQHIrHeHr rerJroorAaqH cepAer{-

Ten"noorAaqa or cepAeqHHKa npoircxoAr.rr c noBepxHocrH pac-
TotIKH Ciarop a u 6oxoei lx nonepx"octef i  eeHru,rrf l rruoHHbrx KaHaJroB.
Koa$QHr{neHT ren", ' ioorAaqn B 3a3ope npu6,r iH}KeHHo cocraBrqer

c r6 : ( l+0 ,067a)1450 , (6-57)
fAe u - oKpylKHafl  cKopocrb porop a, vtf  c.

O6uqso crIHTaIor, r{To Ka}KAafl  H3 6oxoerrx noBepxHocref i  na-
KeTa CepAeqHHKa CTaropa pacceHBaer croJrbKo x{e TerrJrorbr, Ka]K H
IroBepxHocTb pacToqKH cTaTopa.

Kporrae Tofo, KaK noKa3blBaeT Onbrr,  Te[JrooTAaqa cepAeqHHKoB
craropoB 3aBHcHT or orHottreHnr lrlr. floeror'ay pe3yJrbrlipyrouufi
xoeQSuIrHeHT TenJloorl..a.ur c yr{eToM yKa3aHHofo Bbrue paccqgTbr-
Baercr no Qopnay"rle

dcr: (l + 0,067a)1k",, (6-58)
rAe KosQQHqHenr k"r:f ( l t lr) Moxer 6srrs onpeAeJreH nyreM HH-
TepnoJrrr{Hu AaHHbrx ra6.rr.  6-9.

Ta6nuqa 6-9

f lpenuureHue reMneparypbr
Jo6oelrx .racrefr o6ruorxu HaA

A@,

Hapyx<uoir noBepxHocru HsoJrflr{Hu
reMrrepalypofi BxoAflulero BosAyxa
: {u;lan. (6-5e)

I roBepxHocrH "no6oeHx3Aecr, dn - xoeQQur{HeHT TerrJroorAarrn c
qacrefi:

dn * (1 + 0,047u)lkn, (O-00)
rAe xoe$Sut{HeHr kn: f  (o)  onpeAeJr f lercq no AaHHbrM ra6n.  6-10.

Ta6ttuqa 6-10

Vcnoeplq ren; loorAaqu c noBepxHocru HgoJrf lr{LrH o6HrorKH B Top-
ueBbIX 3OHaX Lr B paAIaJIbHbIX BeHTHJTflUHOHHbTX KaHa., ' rax craropa
Aocraror{Ho 6nusxLl.  f loerouy, ycJIoBHo pae6lrnax AJTHHy o6uorxl l
Ha naSoBylo v.no6onyrc qacrH. K nocneAHefi  orHocqr raK>Ke H
AJIHHy yqacrKoe o6MorKH B BeHTHJrf ir lHoHHbrx KaHaJrax. TorAa cpeA-

I U U



Hee npeBbrureHHe reMneparypbr MeAu o6uorKn craropa HaA reMne-
parypoir BXoArurero Bo3Ayxa

A @ " :
(AOr -F AB.r)  ( t  -  n,b,)  *  (AB; ' t -  AO") ( l "n L n,b,) (6 -61 )

I t *  l "

I - lpn of ipeAeJrerrHH ren", ' IoBoro cocrorr inrr o6lrorox craropoB co
3 H A T I H T C J I b H b I M  Y P O B H C M  A O 6 A B O q H b I X  T I O T C P b  H C A O C T A T O q H O  O f P A H H -
qHBarbcf l '  pacqeroM cpeAHer i  TeMrreparypbr  o6naorox.  Heo6xoAr. rMo
TaK)Ke y6e4urrcn B ToM, r{To npeBbltxeHHe rel\{ f iepaT]/pbI BepxHefo
cTepX{Hs @*.  

"  
HaXoAHTcq Ha npHeM.r leMoM ypoBHe.

A@". '  :
(noi lne 

" , )(1,-n,u,)+(^o; 
+^o n) Qn+n,a,)

rae A@r'  u L@n' - neperraAbr

I t *  l "

TeMneparypbr B H3oJrf luHH H
HOCTII H3OJIf lUHH

HHX crepxHeft e
I

A @ r : 4 9 -

Rq, '  ^ t  ' A  R f e
A{J" : A(C.,r 

;,

a ktu - xoeQQnIIHeHr Ao-
6aeoqHltx rrorepb B Bepx-
HHX CTepX(HsX.

B rex cnyrraf lx, KofAa
HafpeBbr BepxHr4x 11 HH)K-
HHx crep>xser? B na3ax pa3-
HflTCf 3Har{HTer'I t 'HO, I\ IO}KeT
OKa3aTL,Cf l  Ue, , ' IeCOO6paS-
HbIM Bbrr roJrHeHHe BepxHHX

I
I

, (6-62)

c noBepx-
A,{fl Bepx-
n a 3 a x :

R"r kf"
--l- t

Rf

R"o

PHc. 6-7. Ten"rroeaq cxeMa 3aMeu{eHHfl cra-
TOpa c KocBeHHbrM Bo3AyrrrHbrM oxJrax(AeHHeM

Rao

Ro,

crep>KHeir c lteHblrlefi nJlorHocrblo roKa, IrHbrMr4 pa3MepaN{r.r 3,.'reMeH-
TapHbrx rrpoBoAHHKoB uJrH ApyrHM BHAOM HX TpaHCTO3HUHH C TeM,
.Iro6H cHH3HTb cpeAHroro reMIIeparypy RepxHHx crep)KHeri n Mecr-
HbIe HafpeBbl B HI'IX.

Eonee roqHur? cnoco6 pacr{era rrpeBbrlxeHafi TeMrreparypbr cep-
Aer{HHKa H IIa3oBoft qacrH 06MorKH cTaropa c KocBeHHbrM Bo3Ayru-
HbIM oxJIaxAeHI,reM ocHoBblBaercf l  Ha 6o.nee noApo6riof i  Ten, 'roBofi
cxeMe 3aMeuIeHHs., npeAcraBJreHHoir Ha pHc. 6-7 u i locrpoeHHofi  npr.r
rlpuHflrirn AByx ocHoBHbrx Aonyrr1elnv.fi, - paBeHcrBa reMrreparypbl
BO3AyXa -V BCeX OXJTaX(AaeMbrX nOBepXHOCTer? H OTCyTCTBHq aKCHaJrb-
Horo rerleHug reuroBofo noroKa (eAo;rs ocn MarrrHHui).

llo"rr atafl Bce rraKerbr cepAer{Hl{Ka craropa HAeHTHqHbTMH rr ycJro-
BHfl OXJIaX{AeHHfl nO OKpyX(HOCTH Marrr lrHbr OAHHaKOBbTMH, rrpHMeM
B KaqecrBe pacuerHofi  sqertxu sy6qonoe AeJreHHe oAHoro t taKera
cepAerrHvKa cTaTop a.

B cxeMe 3aMeil IeHufl  Ha puc. 6-7 npurrf l rbr cr 'reAyrorque o6osHa-
qeHnr: pvr -  rrorepu B MeAH o6uorxu (Ha oAHoM rraKere H sy6uo-
qoM rr rare) ,  BT;  pz-  norepu B 3y6ue r raKera,  Br ;  po-  norepu
B CnHHKe naKeTa Ha 3y6qosHfi  [rar,  Br; Rl -  TenJroBoe conporHB-
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JreHHe H3oJI f lu I {H o6uorxH B naKere,  "C/Br ;  Rl ' -  TenJIoBoe conpo-
THBJTeHHe H3oJI f lUI t l I  o6MorxH e paAi laJIbHoM KaHa/ Ie ,  'C/Br ;  Rr , "  -

TenJroBoe conporHBJreHne Ha rpaHHUe_ noBepxHocrl , I  o6MorKH I ' I  Bo3-

AyXa B paAHaJIbHOM KaHa, , ' Ie ,  "C/Br ;  Rat-TeI InoBoe conpoTHBr ' leHHe
sy6ua enorr,  , ' i r4croB cTaJtu, "C1Et Rn.- TertJloBoe cortporHBJIeHI' Ie
sy6Ua nofiepeK Jl{croB craJlH, "C/Br; Rzo -.  Ten.r loBoe conporHBJ]e-
HHe Ha ppaHHUe sy6Ua H Bo3Ayxa B Bo3Ayl r IHoM 3a3ope MaIUHHLI ,
"CiBr ;  R; r -  rer rJroBoe conDoruBneHne na rpaHI{ue sy6ua I ' I  Bo3Ayxa
B paAua"urHbIX KaHaJIax, 

oC/Br; Rto __ Tenl loBoe coi lpornB/' IeHHe
e4ors Jtr.rcroB cTai l :u N,IelKAy 3y6qoM I, I  ci l t iHKoii ,  "C/Br; Rar-ren-
JroBoe conporHBJIeHHe cIIHHKH BAoJIb ,IIIicl 'oB cTa,'IH, 'C/Br 

fuy--
TenJroBoe conpornBJIeHI,Ie cnHHKI,I  nonepeK JII lcroB crai lv,  "C/Br;

Ro, - TenJIoBoe colpoTHBJIeHHe Ha rpaHr' Iqe cttLIHKIl  l {  Bo3Ayxa B pa-

AHarbHbrx KaHaJI ax, "CfBr; Ron - TenJIoBoe coi lporHB,leHtie cIHHKI' I

c HapylKHofi  roBepxHocTII cep,u,eqHHKa, "C/Br.
@ op rra y"rl br AJr fl p a cqera renJroBbrx con p oTH BJr eH Hr.r :

A .

m;
A-  A i

m'
R d o :

R n o :

R o r :Ro" :

Rzo :

4?u 
nb r,lrhn

I
R o , r :

2e.ort o,,rha

1

R ; :

R ;  :

R;, :

Rd,:

2" t ,  pr+ h"  -  h*" )  b ,  
'

I
1^1---l- t
2 h ; 0 - r .  l .

u  a  1 2  t

o'r6brl, 
'

Hopruansl las crarr (0,4-0'9^ Yo)

R , , :
2d,rrb r, "1, 

'

Rro:  Rar*  Ran;

2?rdt a, ,l r

lr

4?rqta' . ,hol

I

2aonlrt6

h a

lr

3AeCl  I r -AJ IHHa naKeTa cepAer {HnKa CTaTopa i  b ,  H  b7 ,1 ,  - IU I {pHHa

3y6[a Ha pacroqKe H noJIoBHHe Bblcorbl  na3a coorBercTBeHHo, hn'-

BbrcoTa cnI{HKtI  CepAer{HHKa CTaTOpa ts u ts '1" -  3.v6qoBoe Ae, ' IeHue

Ha nepuQepuu H B cepeAHHe Bbrcorbr cnI{HKH cepAeqHuKa cTaropa co-

oTBeTcTBeHHO; )ua - yAeJIbHafl TeIJIOIIpOBOAHOCTb JIHCTOB CTaJIV cep-

AeqHHKa cTaropa; ),q - sKBHBaJIeHTHaS yAeJIbHafl TetIJIoIIpoBoA-

HOCTb rraKeTa cepAeqHHKa B aKCHaJIbHOM HaIIpaBJIeHHH.

Koa$QliUHelrr  rerrJronpoBoAHocrH sJIeKTporexHuqecKoI i  crai lv

3ABHCHT OT CC XHMI . IqCCKO|O COCTABA ! I  B  3ABHCHMOCTI I  OT CTCNCHLI

JrefgpoBa1lf l ,  cTaJIt i  (co4epxaHVr-.  B HeI? KpeMHHfl)  npuHriMaer cJIe-

Ayroq l te  3HaqeHIJ f l  B  BarTaX Ha caHTl lN , le rp- rpaAyc  I l ,e rnc l l f l .

C-ni6onerupoBaHuas'crarlb (016^ 1,2yt\ , .
Cpegne.nernposauuafl craJlb (LB^-2, a^ 7O 1
bhioxo"rrerdpoeaHnafl cra.Ilb (3,6'4,2 !s)

0  ,48 -0  ,  41
0  ,44 -0  ,35
0 ,30 -0 ,26
0 ,20 -0 ,  19
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il' -1
t ' i

I

Ten"rronpoBoAHocrb craJIH B HanpaBJreHHH nonepeK naKera B 3Ha-qHrenrHof t  Mepe 3aBHct{T or  r l lna v  roJru luHbr  npHueHf leMoro H3o-
JItUlIoHHOfo noKpbITHf cefMeHToB, TexrroJrofHH 

-C6OpXH 
aXrHeuofi

cTaJrH H OT yCHJrHfl  3arrpeccoBKH.
Ec"nn npeAcraBurL, xa>rAui i  c,rroft  [aKeTa cepAeqHHKa craropa

KaK KOMnO3HIIHTO Tpex pa3JIHrrHbrx cpeA _ cTa",rrr ,  rr3oJrf lr{HoHHO|O
noKpl,IrHff y Bo3AyIrIHoro npoMerKyrKa c roJrir{riHaMrr Ar, a,z, as w
C yAe,'Ibgf,ttraa TenJTOnpOBOAHOCI'nWtt tu1, )rz t4 2v3 COOTBeTCTBeHHO, TO
3KBHBaJIeHTHaf l  no[epeqHaf f  TenJronpoBoAHocrb STofo c , ' ro f  6yaer

(Ar + A2 + AB) ?,"r]"zLg
L r?,,z?,"s + A2llh + Asl,ll,2

P cJlyqae lrpHMeHeHHfl BbIcoKoJrerHpoBaHsoli  3reKrporexHHr{e-
cxo f i  cTa" , ' IH  c  A r :0 ,5  MM H ?q : ) ra :A ,2 -Br / ( c * .oC) ,  ce rMeHTbr  Ko-
rOPOri noKpbITbI H3oJIflIIHoHHbiM J'IaKoM ToJIuIHH of:' 

.Lz:30 
MKM w

c rerJronpoBoAHocrbro l ,z :0 ,001 Br / (c tur .oc) ,  sKBHBaJreHrHaf l  rer r -
JIOIpOBOAHOCTb nonepeK naKera c.TaJrH npH BO3AyrrrHoM npoMe>KyrKe
Me)KAy cMe)KHbIMH cerMeHTauu A3: I  MKM cocraBnT

'uq -
(0,5 + 0,030 + 0,001) .0,2.0,001 . 0,00026

0 ,5 .0 ,001 .0 ,00026  +  0 ,03 .0 ,2 .0 ,00026  +  0 ,001 .0 ,2 .0 ,001  
-

(6-64)

:0,0163 Br/(cna."C).

- n^p^" _BbIIIoJIH eHHH TenJIoBbIx pacr{eroB o6uquo npHHuMaercfl
Lq:0,015 Br/ (crr,r . "C) .

Ans YnPoueHHfl Ten.[oeofi cxeMbr 3arvreu{eHr4fl, npeAcraeregHofi
Ha puc. 6'7, BbIrIoJIHseTcr pflA uareMararrecKux onepar{Hfi, sax.nro-
qAIOUIHXCfl  B CJIO}KCHIIH I IOCJIEAOBATCJIbHbIX H NAPAJIJICJIbHbIX TCTIJIO-
BbrT co[porr,rn"ueuufi, B npeo6pa3oBaHur.r coeAHHeHHfl conporgB,Jre-
sufi TpeyroJrbHHKoM B 3Be3Ay, nocJre r{ero vs ypaBHeHHfl paBHO-
BecHq reMneparypbl B o6uorre craropa Mofyr 6rnt noJryqeHbr
HCKOMbTe cpeAHr.re npeBbrrxc.HHfl TeMnepal,ypbr (uaA reMrreparypoft
oxJr ax(Aaroulero sos,{,yxa ) :

o6uorru craropa

A@"n -  p r 'n  (R; *  Rr  *  Rg)  *  pz  (Rr  *  RJ  *  poRs (  o '  , -  R , - ) -L
n3 n3 R;, * Rr * Rr-- 

\r\ i  -r Adr/ - ' .

++A@o;
sy6qon cepAeqHHKa

A@" : (p** p") (Rr * Rr) * poR, a A@o; (6-65)

(6-63)

I

1
2

cnHHKH CepAer{HHKa

A@o : (p* j- p"+ p") (Rr * Rr) * poRr* I
2

r 3 8

A@0, (6-66)



rAe p'*- norepH B MeAH o6tr lorrH craropa, pacceuBaeMble qepe3

BCe noBepxHocrH oxJIa iKAel lHf l  cepAeqHHKa:

p "  (R ,  +  R r , )  -  Pz  (n '  +  R r )  -  PoRz (6-67)
R ; * R ; * R ; r * R 1 * R s

f loreprr  B MeAH o6uorxu cTaTop a,  pacceuBaeMble qepe3 noBepx-
. L

HOCTT, hSOns\*' f i . t  g BeHTHJIf l I{UOHHbIX KaHa.IIaX CepAerIHIrIKa'.

^u P" (Rt *  Rr *  Rr)  t  Pz (Rr *  R')  + PaRs
r m

R ; * n , + R ; r * R r + R 3
(6-68)

3Aect Rr, Rr, Rt -  cOnpoTHBJIeHHfl,  I lOl lrqgsHble B pe3yJlbTaTe npe-
o6pason artf l .  cxeMbI coeAHHeHHs rpeyroiIbHHKoM B 3Be3Ay:

Rr :  I (Ro ' *  R ,o )  (Rr , *  R , , )  R ,o (Rao*  Ron*  Rqo*  Ro ' ) l  x

x [(Ra, * R,o) (Rn,* R,,)  (Rao f Ro' * Rqo* Ro') *

+ (R aa* Ro) (Rno+ Ro,) (Ra"* Rzo I Rn,+ R"') +
* Rro(Ra"* Rro * Rqr+ R,,) (Rao* Ron + Rqo* Ro,)l-t; (6-69)

Rz : [(R a" * Ror,) (R no* R o,) R,o (Ra" -F Rro + R q"* R")] x

x [(Ra, * Rro) (Rn"* R,') (Rao * Ro,, * Roo* R") -1-

* (Rao * R"n) (Rno+ Ro') (Ra"* Rro * Rn" * R,') *

* Rro(Rar* Rro * Rn,* R,,)  (Rau * Ron+ Rqo* Ro,) l - t ;  (6-70)

R,j : [(Ra"* R,o) (Rn"+ R',) (Rao * Ro,) (Rno * R",')] x

x [(Ra, * R"o) (Rn * R,,) (Rao* Roo + Rqo* R"') +

* (Rao * Ron) (Rno * Ro') (Ra"* R,o + Rq"+ R") +

* Rro(Rar* Rro * Rq..* R") (Rao * Ron+ Rqo * Ro,)l-t; (6-71)

A@o - npeBbIIreHHe reMreparypbl ropsrlero Bo3Ayxa B MaIITHHe HaA
TeMnep arypoli xoJroAHoro.

llpnee4eHHbre Bbrrue Bbrpa>KeH?rfl i loryr{eHbr B npeArroJlox(eHul,I,
qro Han6o.nee ropflqeft qacrbro craropa sBJrflercq o6l,{orKa, cpeAHee
npeBbrrrreHne reMneparypbr Koropofi  Ha no"nHoft AJIHHe cepAeqHuKa
paccqr,rrbrBaercf l  B sroM cryrrae no Qoprvry"ne (6-64). 3ro npeBbIrIe-
HHe reMneparypbr Mo)Ker 6trrr onpeAeJreHo iro Bbipa)KeHHIo, aHaJIo-
rHqHoMy (6-61), i lpH coorBercrByroureM )rqere roAorpeBa .no6onrtx
qacrefr,  paccquTaHHoro qepe3 xoacp$UIIHeHT TenJIoIIepeAaqH c no-
BepxHocrH

P , * :

II3OJI fl,r\Hr4:

(ot^, " -+
A @ " :

otr) /r + (Aor + Aen) /n

++, g-72)
I t * 1 "

A@r, : (1 f0 ,25on)1450 ,

BosAyxa y no6oeltx qacreli  o6uorxH cra-

a

rAe a.' [-cKopocrb
ropa, u/c.

(6-73)
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#
BeHay TpyAHocTH onpeAeJleHHfl uJr MoxHO BOC[OJrb3OBarbcff AJrfl

onpeAeJIeHI ' Iq oJr BbIpalKeHHeM (6-60) .
f lp"  HenocpeAcrBeHHoM BoAflHoM oxJralKAeHHH o6MorKH craropa

H KOCBeHHOM BO3AyIIHOM OXJra] l {AeHHr{ CepAeqHHKa HanpaBJreHHe
ocHoBHoro TeIIJIoBoro noToKa o6uqHo MeHgeTcf l  Ha nporHBono,, ' ro)K-
Hoe: qacrb I rorepb H3 cepAeqHuKa nocrynaer B o6norxy,  uMeroulyFo,
KaK np aBrrJto., 6o.nee HH3Kyro reMrreparypy. CooreercrByroqaq re[-
, ' toBaq cxeMa 3aMeuleHnfl  npeAcraBJreHa Ha puc. 6-8. Tax >Ke KaK rr
paccMoTpeHHafl  BbIIIe TenJroBafl  cxeMa cTaropa c BosAy[rHbrM ox-
JIaIKAeHHeM (cvr. puc. 6-7), oHa nocrpoeHa B npeAnoJrox{eHr.rn, qro
ycJroBr{fl oxJIa)KAeHVfl, oAHHaKOBbT KaK rro OKpy}KHOCTH, TaK 14 nO
, I I .JIHHC MAIIIHHbI.

f locxoalry o6e cxeMbr npeArroJlaralor oAHy cncreMy oxJra)KAe-
HHf l  CepAer{HHKa CTaTOpa,  OHr. I  XapaKTepH3ylOTCf l  B OCHOBHOM TeMH

)Ke TerrJroBbrMH conpoTHB-
T C H H q M I 4 .

Tax KaK reMneparypa
oxJrax{Aarcu1eri BoAbr Mo-
)Ker B o6urena c,'Iyqae or-
JrHqaTbcfl or TeMneparypbr

' lH lr oXJIa)KAaIOUIero Bo3Ayxa,
B rlenb Mex{Ay TenJroBbrM
conpoTr{BJreHHeM Ha fpa-
HHrIe MeAH kr soAH R"o w
geMnefi BKrrorreHa AorroJr-
HHTeJTbH as 3n.C A@". s, co-
orBercTByroilIaf pa3HocTH

Puc. 6-8. Tennoeas cxeMa 3aMeirleuas cra- Mex{Ay cpe4nefi TeMnepa-
ropa c HenocpeAcrBeHHbIM BoAffHbIM oxJrax(- typOfi BOAbI B O6irAOfXe

AeHHeM d 
-cpe4uefi 

reMneparypofi
BO3AyXa B BeHTr{JrflrIr{OH-

Hbrx xaHa.uax. B SaBHCHMOCTH OT erOfi  paSHocrH TeMneparyp Mo-
x(eT H3MeHflTbcfl. rr HaIIpaBJreHHe rerrJioBoro noToKa. 6onee BbrcoKoe
sHaqeHue reMnep^aTypbr Bo3Ayxa coorBercrByer Ha cxeMe sHaKy
rIJIIoc nepeA 3AC A@". s pr,  Hao6opor, gHaK MHHyc o3Haqaer, r{To
reMrreparypa BoAbr s o6r\aorKe Bbrrxe reMrreparypbr Bo3Ayxa.

Ten"rtoeoe colrpornBJreHHe Ha rpaHHqe noBepxHocrH KaHaJroB
B noJrbrx MeAHbrx rrpoBoAur4Kax o6uorxH rr BoAbr

R " a :
a s ( l r *  b r )  n  

'

rAe ff  -_nepuMerp noBepxHocrr l  oxJra)KAeHHr Bcex noJrbrx npoBoA-
HHKOB O6UOrXl l  B [a3y;  on-xoeQSurrHeHT'TenJroorAaqH c noBepx-
HOCTH MeAH B BOAy.

l lpu ynpouleHrlu ren.roeor? cxeMbr
puc. 6-8 (c HcnoJrbsoBaHueM rex )Ke
rrro u AJrs cxeMbr Ha pHc. 6-7), Moryr
ocHoBHbre peSyJrbTaTbr :

I 4 0

3aMeuleHnf l ,  noxagaHsor i  Ha
lpHeMoB rr  npeo6pa3oBaHrrr"{ ,
6urt noryrleHbl cJIeAyIoqHe



n o r e p H c T a r o p a , o r B o A H M b l e B B O A y , I I H p K y A H p y t o l l l y p
MOTKE.

P u q :
p^,'(Ri * Rr + RJ * p, (nt + n.) + p"Rr + AO*

R " o * R ; * R r * R t

orBoAuMble oxJIaxiAaIouHM BO3AyXOM,

no 06-

; (6-74)

f roTeprr

'P*. 
"

craropa,

P*Ruc;'*  P,(R"o,  + R, *  Po(Ru* *  R;  *  Rr)  -  49r i (6-75)
R " o * R ; * R r * R '

f lpenttueHHe reMneparypbl sy6Uon orHocureJlbHo reMneparypbl

BOAbr B O6MOTKe

AO, : [p" (Rr + RJ Ruo * P,(Rt+ RJ (R"o + Rt * poRu (R"* * R,) +

+ A@". u (R"o + Rrl (R"o * R; * Rt * R')-t; (6-76)

npeBbIIxeHHe reMneparypbl 3y6qoB olHocHreJIbHo reMileparypt ' I

cxJr alKAaIoUIefO BO3AyXa

A@, : fP*(Rr * Rs) R"o * P"(Rr * Rs) (R""+ R, +

* poRs (R"o+ Rr-A@". " 
(Rr* RJt (R"o+R; *Rr* Ru)-';  (6'77)

npeBb[rreHHe TeMrrepaTypbr CII,IHKH cepAerlHHKa OTHOCIITeJIbHO

reMneparypbl  BoAbI B O6MOrKe

AO; : [p"RuoR, * p,(R"o+ R, R, * po (R"o * Ri * Rr) Rr *

* A@" 
" 

(R"o* R; + Rl)l (R"o + R; * Rr * Rt)-t * poR,; (6-78)

rrpeBbrrxeHr4e TeMnepaTypbr crrHHKH cepAeqHI4Ka OTHOCHTeJIbHO

TeMneparypbl oxJIax{Aaloulero Bo3Ayxa

AOo -
p"R"o * p '  (R"o *  R;)  *  po (R'o *  R; *  Rt)  -  A@u' u

R"o * Ri -. i- Rr * Rt
Rr * PoRzi

(6-7e)

npeBbrrreHue reM[eparypbr MeAr4 noJIbIX npoBoAHHKoB o6Hlorru

riaA reMileparypofi eoArt B KaHailax npoBoAHI'IKOB

A@" : P*oRuo. (6-80)

3Aecl ConpoTrIB"rteHHfl Rr, Rz I I  Rs paccqIITbIBaIOTcfl  cOoTBeT-

crBeHHo no QdpMyr lar ! {  (6-69)  -  (6-7 i  )  -
o6H.rHO UpHrtneHneMas KoHcrpyKIIHfl CreplKHefi o6naoror cTaro-

poB c BoAfHbIM OXJIaxAeHHeM XapaKTepHsyeTcf r{epeAoBaHHeM no-

Jrbrx npoBoAHHKoB, no KoTOpbIM UI'IpKyJIHpyeT oxJIaX<AaIoUIHft AII-

cTHJrJrflT, I{ rpynn cIIJIoIIIHbIx npoBoAHlIKoB. fleperpea nocJIeAHHX

3aBHCr.rT OT MeCTa Hx pacrroJrox(eHHfl oTHOCIITeJIbHO noJIbIX [poBoAHI'I-

KOB, OT TOJIUIHHbI L\ TenJIOIpOBOAHOCTH H3OJIflI{HOHHbIX I]poMe>KyT-

KOB Me)KAy oTAeJrbHbrMr,l sJreMeHTapHbIMI{ npoBoAHI'lKaMU 11' IIJIOT-

HOCTH yAeJIbHbIX norepb B HHX.

florepH, BblAeJlflIouluecfi B cIIJIoIxHbIx npoBoAHHKaX' oTBoAflTcfl

BoAOir, [pOTeKaIOUefi nO IIOJIbIM npoBOAHI.IKaM, v Ha tryTu TerrJIO-

Bbrx rroToKoB oT [epBbrx K nocJIeAHHM LIMeTOTCfl TeIIJIOBbIe CoIIpo-
. I
r I

I
:

I
l A l
I T  I



TLIBJIelrHq, o6yc"nonJleHHble H3oJIf luHoHHbrMH npoMelKyrKaMH MelKAy
cMe)KHbrMH 3JreMeHTapHbrMH npoBoAHr . rKaMr . r .

B o6uteM cryqae MelKAy AByMq no",'rbrMH rrpoBoAH AKaMLT B oAHoM
BepTLrKaJrbHoM cron6qe npoBOAHHr{OB CTep>KHfl  pacnor,rox{eHo nc
cI IJIotr IHblx,  i lpHqeM xax<Att i t  npoBoAHuK HMeeT co6crseHHylg rr3o-
"rIgqHIo.

OqeeHAHo, qro saH6o,uturt t f i  neperpeB 6yaer HMerL, rrpoBoAr{rrK,
gaH6o.nee y,u,a, ' renutt t? or I Io,r IbIX npoBoAHHKoB B 3ToM BepTt iKa,,rbHoM
cron6qe, TaK KaK oH orAeJIeH or 3oHbr oxJra>KAeHHfl  uau6o,rs[ i r4M
TeIJIoBbIM noroKoM (P9n"1 , t2 H uaIa6o.nrruHM rrncJroM H3or,r f l r lgoH-
HtIX npoMeX{yTKOB n"|2,  eCJrr . i  f lc  -  r reTHoe qHcJrO, H (r"+ I )  12,
ecJr i {  f lc  -  HeqeTHoe qHcJIO.

fleperpen aroro npoBoAHHKa orHocnTeJrbHo lnpt>xaftlrrHx no,,,rbrx
npoBoAHHKoB B BeprHKaJIbnoM crol6qe Mo)Ker 6r,rr t  paccrrgTaH no
Qopnayne

a @ _ (6-Bl)

q
i

P c A A

O l u

3Aecr pc - norepu .B oAHoM curorrrHoM npoBoAHHKe Ha eAHHHuy
efo A,'rHHbr, Br/cu; b - rxHpHHa CrrJiorrrHofo npoBoAHHKA, Crur; A
TOJIII{HHA H3OilNIdHH MC)KAY ABYMS CMC>KHbIMI{ IIPOBOAHVKAMKI B OA-
HoM cro"n6qe, cM; I _ yAeJIbHafl TenJrolpoBoAHocrb HsoJrn!;[^r1
MexAy npoBoAHHKaMH, Br/  (crra. 'c)  ;  A -  xoa66uqueHr cyMMHpoBa-
HHfl TeTIJIOBbIX IIOTOKOB rlepe3 pr3orqr{uoHHbre npoMe)KyTKH Ailfl Har4-
6o"uee .yAaJreHHoro or noJrbrx crrJrourHofo [poBoAHr.rKa.

KoaSQurrHeHr cyMMHpoBaHr{f l  A npelcraBJrf ler co6ofi  cva,{Mv Ko-
HCqHO|O I{HCJIA I IJICHOB 

PNT.A:
n./2

A :  S  f &  *  n c - 2  |  r -  ' " - 2 k  |  . \

4 \ , +  2  
- f  ' ' - r - ; + " ' + t )  ( 6 - 8 2 )

r rp l  nc-  qeTHOM TIHCJIe H
n ._ l l

r rpLr  nc -HeqerHoM, rAe f t - r {eJroe r rHcJro l ,  2 ,3  r . r  r .  A.
X,nn npaKrutlecKHx qe,ryefi uau6o.uee lAo6no ro/rb3oBarbcfl Bbr-

palKeHr.reM

2

A :  ) ( g  ,  
n . - 2  

,
. ? \ 2  2  '

I

A - n" (rt"+ 2)18
IJrpl4 t ls, paBHOM qeTHOMy tIHcJIy, H

A :  ( n " *  l ) z l 9

(6-84)

(6-85)
np?4 nc - HeTIeTHOM TIHCJIe.

@opnay"rra (q-84) nao;Ner 6ttrr raK>Ke HcnoJrbsoBaH a 14 AIrfl orpe-
AeJIeHHfl xoaS$uqneHra cyMMHpoBaHHfl npg pacr{ere neperpeBa
xpatiHero B crepx(He c[JIoIUHoro npoBoAHHKa orHocnTeJrbHo 6nu-
xafiurero B BeprHKaJIbHoM cro.[6ug no,,'Iofo, ecJIH noJIox<HTb, qro

t42



TTHCIO CnJrOItrHbrx npoBoAHHKoB B CTOJI6IIe oT Kpafl CTepX{Hfi Ao nep-
BO|O ilOJIOTO rlh.: n"12.

BupaxeHlrf l  (6-8 l  )  -  (6-85) nonyueHur B nPeAno.nox(eHHI' I ,  r{ro

norepq Bo Bcex cnrourHbrx npoBoAHI{Kax crepxHfl  o6uorrH OAIIHa-
KoBbr; rerrJronepeAaqa qepe3 KopnycHylo H3OJIrI{HIo o6uotKu,
a TaK)Ke Me)KAy BeprHKaJrbHbrMH cro, r6qauu npoBoAHIIKoB orcyr-

CTB\reT.
f lpH cAeraHHbrx Bbr [ re AonyueHurx yAe,rbHble norepl i  B CI IJ IOI I -

Ho\{ o.rreMeHTapHoM npoBoAHHKe, orHeceHHble K ero oAHorl ruupoxol i

fpaHlr  u  ua I  CM AJIHHbI  3TOpO gpOBOAHI lKa,  coCTaBJI f l lOT

p"lb - J2a ptky,

rae ./ - rrJrorHocTb roKa e o6rvrorre, A/u rufl; a - Bblcora c[JIoIUHoro
IIpoBoAHI4Ka, cM; pr -yAeJIbHoe conpoTHBJIeHHe MaTepHaJIa I IpoBoA-
nnxa rpn QaKrl, Iqecxofi  reui leparype, Ou 'rvt;  4 - roaSQuUuenr Ao-
6aeoqHHX norepb.

f loAcrae nni pclb uz (6-86) B (6-81), no.nyugrra

A@ : AJza pr. 10-6 kt\l?,".

BtrpaxeHue (6-87) rro3BoJrf ler paccqurarb MaKcHMa,rlsuf i  nepe-

fpeB cflJrorrrHofo npoBoAHHKa OTHOCI{TeJIbHO BOAOOXJIa}KAaeMbIX no-

Jrbrx. Sror neperpeB rro ycJroBHIo ofpaHut{eHus orHocI{TeJIbHbIX Ten-

JroBbrx 4eSopuaquft 3JreMeHTapHbIx IIpoBoAHI,IKoB LI coxpaHeHHfl Mo-

HOJTHTHOCTT.T CTeplKHfl He AOJTIKeH npeBocxoAllTb OnpeAeJIeHHOrO
ypoBHf.  Ha npaKTHKe oH orpaHarIHBaeTcf l ,  KaK npaBHJIo,  3Haqe-

HHeM 20  "C .

5-7. TEnnOBOlv PACqET OSMOTKh BO3svlK AEHV1fl

| I pn rKocBeHHoMBo3Ay IxHoMoXJ Ia )KAeHI , Iuo6 r l t o rxunos6yx4e-
HHfl, BbIAeJIflIoIIIHecf B gefi norepl'I orBoAfiTcf B ocHoBHoM rlepe3

Hapy>KHyio rroBepxHocTb KaTyrrIeK IIOJIIOCOB, yAeJIbHaq TeIJIOBafl' Ha-

rpysKa Ha Koropofi  uoxer 6urr '  BbIqHcIeHa (upu reMneparype o6-

MorK l r  120 'C)  no  Qopuy .ne
@u e: Jlbrl+0, i (6-83)

fAe J"-rIJIoTHocTb ToKa B o6tr lorxe, A/uu2i b"-1uHpHHa MeAI4

Br. irKa o6uorxlt ,  cM.
f locro.ntKy cKopocrb ABHX{eHHs Bo3Ayxa orHocHTeJIbHo ooMorKli

eos6yx4eHr{fl B 3Har{ure.nlHor? Mepe 3aBucar or oKpyxsofi cKopocrl'I
poTopa, nocJreAHffl onpeAeJrfleT Lr I,THTeHCIIBHOCTb OXJIa)KAeHI',Ifl OO-

MorKH. Kar 11oKa3bIBaer orlbrr, ycJIoB?Ifl oxJIax<AeHI,Ifl IIo AJIHHe
KaTyIIIeK IIOJIIOCOB HeOAHHaKOBbI: TOpIIeBbIe rIaCTLI, nponopqploHaJIb-
Hbre IIo pa3Mepy noJrrocHoMy AeJreryHro, oxJIa]KAaIoTCfl xy)Ke yqacTKoB

KaryureK BAoJrb AJrr{Hbr noJrrocos. 3ro npeAonpeAeJlfler 3aBHcI'IMocrb
pegyJrbrgpyroulero xoaQSuqHeHTa rerrJIoorAarlH or orHoIrIeHHfi
I t l t .  Ha pgc. 6-9 npeAcraBJreHbr coorBercrBylotque sMnHpHrIecKHe

3 a B H crr M ocrg, no3BoJr fl iorrru e on p eAeJI I{Tb Kos Q Q u uu eHT TenJI oorAaq II

c H apyxnofi noBepxHocTu KaTyuIeK o6uorxu nos6yx,u'eHuf ae

n SyuxUHr{ oKpyxnoft cKopocru poropa LI rHIIa cucTeMbl BeHTHJIflUHH

(6-86)

(6-87)

I
i

I
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npu lyfr- l  u nonpaBor{Hbrri KosSQHr\HeHT ke, yrrurbrBaroulnft coor-
HoI I IeHHe ocHoBHbIX reoMerpr . rqecKnx pa3MepoB aKTHBHor i  so l r t r  Ma-
IIILIHbI.

f lpeasrrueHrre reMneparypr,r o6naorxH eos6yxAeHr.rf l  HaA TeMne-
parypoH oxJralKAarouefo Bo3Ayxa cocraBJrrer

AO, : wr rl(arkr). (6-8e)

[U upoxoe np HM eHeHr]e nolyqHJrH KoH crp)/Krlur l  o6Morxrr nos 61,;yi-
AeHHfl C BHTKaMH H3 MeAH Cner{HaJrbHbrx npoQHJrefi  runa <<TonopHK>>

H.TIH C BbICTYIArcUII4MH BHT-
KaMI j ,  nO3BOJI f l IOUIHe ,VBe-
.TII,ITIHTb NOBCPXHOCTII OX-

"r raxAeHHf l  KaTyUeK, qro,

KAK NOKASbIBACT Of IbIT.  CHU-
>Kaer HarpeB o6uorxu Bo3-
6yx4euwa. f lnn srr.rx KoH-
crpyKur{rl p accuuraHH bre no
Qopuy.rre (6-88) npeBbrrrre-
HHfl. TeMnepaTypbr BbrrIIe
np aKTHrrecKH AOCTr.rraeM brx
B cpeAHeM Ha 20-25 olo.

'Tr  rocJre onpeAeJreHHfl 3Ha-
qeH14fl  reMneparypbr o6-
IvrorKH nos6yx4eHufl O"
gHaqeHne yAeJrbsoft ren.no-
eort Harpy3Kr{ Mo>Ker 6snt
yTorIHeHo:

J?b'd A '  r t l  +* u t -  
5 T

+ 0,004 (@,- l5)l
U BeCb fenrrOeOfi
BHOBb nOBTOpeH.

(6-e0)
pacqer

. B i
,'M2.'c

0,022

0,020

0,019

0,016

0,014

0,412

4,010

0,008

0,006

0,00+

0,002

! 10 20 J0 40 sa 6J 70 n/c

Pac. 6-9. K pac.uery xoarfrSurlueHra renJro-
oTAarrH o6lrorxu nos6yx4eHua

/ - paAnalsHag cxeMa BenTll.rrf lr lr{g.i 2 - axcu-
AJIbHA' CXCMA BEHTH.[qUUH

Hapx4y c rpaAr.rquoH-
HbrM KOCBeHHbTM BO3Ayrrr-
HbrM oxJra>KAeHHeM o6tvro-
roK nos6yxneHufl  B no-
cJreAHee BpeMfl HaurJro
npHMeHeHHe $opcupoBaH-

HOe BO3AyrrrHoe oxJrax(AeHr{e, n03BoJrflloulee 6naroAaps ycrpofi-
crBy B KarylxKax o6naorxu 6olnuroro qucra nonepeqHbrx r(aHa-
JIOB yBeflHqHTb B HeCKOJTbKO pa3 OMbrBaeMbre Bo3AyxoM rroBepx-
Hocrl{. l lpu groli cucreMe oxJIa>KAeHHq rerrJroorAaqa or KaryrrreK
B Bo3Ayx npol4cxoAnT c noBepxsocreft  Tpex pa3rnrrHbrx rgrroB: c Ha-
py>xHofi  B MelKnoJI[ocHoM [pocrpaHcrBe (exnunaJieHTHoe rerrJroBoe
conporHBJIe_HHe R"r),  B nonepeqHblx KaHaJrax B BHTKax vJrr4 MeNiAy
BI'IrKaMH (R"z) I{. Bo BHyrpeHHeM KaHaiie Me)KAy cepAerrHHKoM rro-
Jlroca H xaryuxofi (R"s) .

1 4 4

1 L

1 1
1 a
l ' /
'i .l

1,0

0,9
0,7
0,6
0,5



l lo"rr ataf l ,  TeMneparypy Bo3.4yxa y Bcex noBepxHocrel i  oxJra)KAe-
HHfl,  oAHHaxouofi ,  Hai iAena cpeAHHfr i lcperpeB o6n,torxrr noa6yx-
, [ I .CHHfl :

L@ r ' -"  Po
R e t R e z R r t (6-er)

R r r R ,  z 1 -  R e r R r r  - i -  R , , r R r ,  
'

fAe

R r r
dr rs r r  O . ,ekesc r  

'

R r z
drrs.-, 

' R r a :
& r s S r e

f IpH H3BecrHbrx lr3 BeHTHJrfluHoHHoro pacr{era cKopocrflx Bo3-
Ayxa B KaHaJrax KoSosHuHeurbl TelJIoorAar{H de2 14 o,s3 Mof}r 6ltrs
paccqlrraHbr no ypaBHeHHro (6-44) H AaHHbrl r  ra6"rr .  6-1.

6-8. HEYCTAHOBhBIUVIECfl TENIOBbIE PE}KhMbI

HeycraHoBHBrrrr{ecfl TenJroBbre npoqeccbr B rrrAporeHeparopax
oTHOCflTCf l  K qHC/Iy THnHqHbIX SKCriJryaraUrioHHbIX f lBJreHr.r f i ,  Bo3HII-
KarcuIHX, Hanpl , rMep, npH pe3KHX H3MeHeHUflX TOKOB, npOTeKaIOUIHX
no o6MorKaM.  Pacqer  a rHX npo[eccoB ocHoBblBaerc f l  Ha PsAe Ao[y -
uIeHHrl, ocHoBHbrMH H3 KOTOpbTX flBJIttoTCfl CJIeAyIOUIHe:

TeMneparypa oKpyiKaroi l Iero Bo3Ayxa HeI43MeHHa B reqeHHe
Bcefo HeycTaHoBHBII Iefocf l  Te[JIoBOfo pexrHMa;

xoaQ$HuHeHTbr rerrJroorAaqw H TenJrorrpoBoAHocrH He 3aBHcfr
oT TeMnepaTypbr TeJra H f locTof lHHbr B TeqeHHe Bcefo HeycTaHoBHB-
Iue foc f l  pe lKHMa;

HafpeBaeMoe (unu oxJrax{AaeMoe) TeJro o6"uaAaer cBoi lcrBoM
HeorpaHHqeHHoft  TerrJIolpoBoAHocTI{ ,  T.  e.  B HeM rpaAHeHT TeMnepa-
Typbr rro Jrro6oMy HanpaBJIeHHIo paBell HVJIIO.

C yqeroM orHX AonyueHuf i  HeycraHoBuBixnf icf l  ren" ' roBol i  rpo-
qecc o.[,HopoAHofo reJra Mox(er 6url onr.rcaH JrHHerlHbrrvr ALrQSepeH-
rIHaJrbHbrM ypaBHeHLIeM C nOCTOflHHbIMH XO3TpSUIIHeHTaMH:

Pdt  ==cGd@ *aS @ dt ,  (6-92)

Ha3brBaeMbIM ypaBHeHI{eM l 'elrJloBoro 6anasca. 3Aecl Pdt- KoJIH-
qecTBo rroTepb, BbrAerqrculr{xcf B TeJIe sa [poMe)KyToK B_p_enneuH d/;
cGdt\ - KoflHqecrBo norepb, r{Ayurux Ha HarpeB reJla; oSOd/ -. Ko-
JHI{ECTBO TIOTCPb,  PACCCHBACMbIX C NOBCPXHOCTI, I  TEJIA B OKPY)KAIO-

III)'rc cpeAy.
VpanHeHue (6-92) s o6ueM BHAe IIN'Ieer perieHHe

A O r : A @ " * ( A O t - o , (6-93)

rAe A@r -  MTHoBeHHOe SHaqeHHe npeBbl i l leHHfl  Tel \ {nepaTypbi  TeJla;
A@" -  HaqaJrbHoe f lpeBbrrrreHne reMl leparypbr reJIa B MoMeHT, He[o-

- no") (r +)

l l q
|  1 ! ,



cPeAcrseHHo rrPeAurecrBoBaBmufi,  neperpy3Ke; A@r-ycraHoBHB-
ueecfl  npeBbrrxeHr4e reMneparypbr reJia, Koropoe HMeJIo 6ur MecTo
npH AJrnre"nrHofi  neperpy3Ke 3aAausofi  KparHocrn; T - f iocrof lHHafl
BpeMeHH r{afpeBa TeJra,  c :

T -
T -

cG cG A@n (6-e4)
a S

3Aecl r  -  yaa,, ' rbHafl  TenroeMKocrb N{arepua,,rta reJIa; G - N{acca
TeJra; xoaQSurIHeHT TerrJloorAarr l{  c noBepxHocrn Te, ' Ia B ol{py-
)Karouyrc cpeAy; S - noBepxHocrb oxJrax{AeHufl  reJra; P - norepr.{
B TeJre, cooTBeTcTByrouHe vcraHoBnB[IeMycfl  npeBbrueHHlo efo TeM-
nepaTypbr.

HerpyaHo noKa3arb, qro ypaBrleHue (6-93) crpaBeAJIHBo KaK
npH HarpeBaHHH, TaK H npl4 OXJIa>KAeHHI.I  OAHOpOAHOTO TeJIa.

f locroquHaq I xapaxrepH3yeT HIITeHcnBHocrb HecralruoHapHoro
ren"uoo6MeHa. Ha npaKTr,rKe saH6o.nee yAo6no ee paccqr,rrblBarb,
noAcraB ilfl,fl. B Bbrpa>KeHue (6-94) HsBecrHble 3IIaqeHHfl norepb LI re-
perpeBoB npH HoMHHaJIbHoM pe)KHMe paoorbl.

Kax BHAHo H3 BcnoMorareJrbHbrx pacqerHblx AaHHbIX, npHBeAeH-
Hbrx e ra6r .  6-11,  npn 3KcrroHeHr{HaJrbHoM H3MeHeHHH TeMr leparypbl
ee ycTaHoBr.rB[Ieecs 3Har{eHHe AocTl'Iraercfl qepe3 [poMe>KyToK Bpe-
MeHH, panHuit npH6,uusHTeJIbHo qeTblpeM IIocrof lHHbIM.

Ta6ttuqa 6-11

T
t - e

P

t
T

_ t
T

/

A@", r : A@"". ' * (A@"r. ,- AO"r. 
") [ 

I

L- r

t i T

0 , 1
0,2
0,3
0,4
0,5
0,6
0,7
0,8

0,095
0 , 1 8 1
0,259
0,330
0,394
0,451
0,503
0,551

0,950
0,905
0,863
0,825
0,788
0,752
0 ,719
0,689

0,905
0 ,819
0,741
0,670
0,606
0,549
0,497
0,449

0,593
0,632
0,777
0,865
0,950
0,982
0,993
0,9975

0,659
0,632
0 , 5 1 8
0,433
0 ,317
0,245
0 ,199
0 ,166

0,407
0,368
0,223
0 ,135
0,050
0 ,018
0,007
0,0025

0,9
1 , 0
1 , 5
2 ,0
3 ,0
4,0
5,0
6 ,0

O6nnorra craTopa c KocBeHHbrM Bo3AyrrrHbrM oxJra)KAeHl{ena. flpn
pacrleTe nepexoAHblx Ten",'IoBbIX [poueccoB cTaTopa, cBfSaHHbIX c ne-
pefpy3KaMr.r o6uorxu no ToKy, aKTpIBHafl  3oHa cTaTopa ycJIoBHo
pas6unaercfl Ha rpr{ sJreMeHTa, Ka)KAurfi Hg Koropbrx c Aocraror{HblM
npu6"uuxeHI{eM Mo>xHo crrHTarb oAHopoAHbrM TeJroM: cepAer{HHK
craropa, nagoBas r{acrl  o6iraorxu, no6oBble qacru o6rrromn.

B coorBercrBuu c srHM MfHoBeHHbre gHaqeHHfl I lpeBblruenui i
TeMrreparypbr AJrfl saAassofi KparHocrr.r i leperpy3Ku & cocranst:

AJrfi CepAeqHI{Ka CTarOpa

1 4 6

_  / \

-  e 
'*  

) ;  (6-e5)



AJts H3oJrf luHH o6uorrH
rrso"nxquH)

( nepena4 ' l ' eMnepa rypb r  no TOJIUI}THC

_ o

AJrf l  noBepxHocrr H3oJtf lurnl o6nrorKrr e ro6oebrx qacrqx

A@r, r : A@r,. 
" * (AO". y- A@r,. ,)

+)4O,r :  A@; 
" 

- f  (A@; u- A@, , ,1 ( ,

/ r \

[ r - ' T ) ,

)l
( ' - ; " = ) ]

(6-e6)

(6-e7)

cpeAHee npeBbrrxeHHe reMrreparypn o6uorKH craropa

A@* r :  (A@;r*  Ao" ,  , )+*  (A@i,+ao"  , \  ( t -  r ,  
) .  (6-98)

l a  "  " " ' \  t " ) '  
\ - - - '

3ACCS I  _  AJIVTHA CCPACqHI4KA CTA,TOPA 6Cs BeHTHJI f  I IHoHHbIX KaHa-
,roB; lo- LJrr4Ha BHTKa o6naorxH craropa.
.  ̂  -g^olpu>KeH'q (6-95) - (6-98) , KaK rr nocrreAyrourue (6-99) -
(6- l0 l ) ,  i loryqeHbr B npeAno,rox<eHr{r{ ,  qro norepu B crepx<He'o6-
MOTKH nO ero AJIHHe noCTOSHHbI H, CJreAOBaTeJrbHo, nepenaA TeMne-
p_arypbl B H3oJIflr\uu ila3oeofi H .[o6osofi .racrefi crep>NHfl oAr]HaKoB.
!,era"rinHtte pacrleTbl noKa3blBator, rrro Aflfl o6rnroror c KocBeHHbIM
BO3AyIXHbIM OXJIaX{AeHHeM 3TO AOnyUeHr{e He BHOCHT CKOJTT,KO-HH-
6yar cyurecrBeHHbrx norperxHocreri B pesyJrbrarbr.

llocxo.ntxy trepenaA TeMneparypbr B H3oJrflrruu H npeBbrrrreHHe
TeMneparypbl noBepxHocrri r43oJrr,r\4r4 no6oetrx qacreli onpeAerq-
rorcfl r.rcKrroqHTeJrbHo norepflMH B o6n,,Iorxe, Bbrpa>KeHuf (6-96) H
(6-97) Moryr 6urr ynpoureHbr:

6 @ ; r : A @ ; , [ , *  @ ' _ . t )

A@,, r :Ao" , . " I r *  G ' - t )

( ,  _ ,
T u l ' 

(6-96a)

(6-ee)

(6-97a)

VcraHosHBtrluecf i  sHaqeHrls npeBbrrueurrf i  TeMrrepar,vpbr onpeAe-
r'if lIoTcf B cooTBeTcTBHH c o6u{enpriHflTL,rMri r\{eToAat\{Ii pacrreToB.

f locrossHbre BpeMeHr.r HarpeBa s,TeMeHToB craropa:
cepAerrHHKa

nasoeof i  qacrr{  o6uorxl i

c""G"r * cnrG" 
3.1 p,
la

P""  -F  P*  2 l

la

1,  cuG*k iAGi  .'  uI .- 
--T- r

r M

Ao"';

(6-1 00)
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. [o6oeHx qacreli  o6uorxH

T
r  M . J l -

cyG*fr;A@r,
(6 -10 l )

P M

3,u.ecr ,  G" t  -  Macca cra i lv  cepAeqHHKa craropa,  Kf  ;  G* -  Macca
MeAr{ o6uorxrr craropa, K_r: P", -  cyl{N,{apHbre f lorepH B craJnr cep-
AeqHHKa CTrTOpa,  xBr ' ;  P* , -  cyN{MapHbre norepH B O6UOrXe Cra-
ropa, xBr; kt -  xoeQSHuIieHr, yrIHTbIBarcu{r i i l  ren.noerr lKocrb rr3oJrf l-
IIHIr o6ntorxtt; ccr - yAe.rIbHafl TenJroeMKocrb crailv; cc,r:
:0,48 xAx/ (r<.."C) ;  c '  --  ) iAeJrbrraf l  rerJroeMKocrb MeAH 1 cw:
: 0 ,39  xAx /  ( x r . 'C )  .

KoeS$uuHeHr ki  nBi lnercx SynxI{Hefi  xapaKrepHcrHK n3oJrqqgg,
HoMHHaJlbHoro Halpf lx{eHr4s. H pa3MepoB Marrrul ls l .  ! , , rx rHAporeHe-
paropoB c HoMHHa.rrbHbrM Hanpfi)KeHlreM 10,5 xB rr Bbrrrre npu pac-
qerax Moi r {Ho npuHqrb B cpeAHew kn:2.

Ec"nu AonycrHrb, tlro B lpgqecce nepefpy3Ku cpeAHflfl reMrrepa-
Typa o6naorxl l  cocraB,' I f leT 90 "C u npraHarb yKa3aHHbre Bbl[re 3Ha-
qeHHfl cv H ki,  To Mo>KHo 3aMerHo ylpocrHTL, BbIpalKeHHfl (6-100)
t4  (6 -  101  )  :

T* t :300 A@;/ /3;  T*.  n:300 L@,1J3. (6-100a;  6-101a)

3Aecl  Io-  3KBHBaJIeHTHaf l  nJloTHocrb ToKa B o6MoTKe (c yveroM Ao-
6aeoquux norepr),  A/rrrrrn2.

l locrosHHaq BpeMeHH HarpeBa cepAeqFrnKa craropa, KaK noKa-
3brBarcT pe3yJrbraTbr pacqeroB, H3MeHfercfl AJrfl rHAporeHeparopoB
pa3rHrrHbrx llcno"uueuufi B orHocr.rreJrbHo y3KHX npeAe.nax: 50-
65 naun.

flocrosuHaq BpeMeHH HarpeBa nasoeofi qacrra o6trorru cTaropa
c II3oJIflUHeiI Ha repMopeaKTHBHbIx cBflsylou1ux HaxoAHTcfl o6uquo
B npeAe.nax 8,5-12,5 uHu LI B 3HaqnTeJrbriof i  uepe 3aBHcHT or roJr-
U{HHbI LI3O"IIf l I IHH H, CIeAOBaTeJIL'HO, OT 3I ' IaqeHI{f l  HOMHHaJIbHOfO Ha-
npflx{eHHt. Ann npeABapHTeJIbHblx pacqeroB Mo>KHo BocrroJrb3o-
B arbcr cJr eAyro uer? s r\a nH p Hq ecKo ii Q o p nay.rlofi :

T  *  t : 0 , 8  U , (6-r02)

rAe U - HoMr.iHaJrbHoe .uuuefinoe Hanps)KeHr{e craropa, KB.
B cryqae [pHMeHeHHr KoMlrayH4upoeaHuofi lruxlnesrsofi H3o-

Jrflril4r4, o6,naAarculer? B 1,3-I',4 pasa 6o.nee Husxoft TenJrorpoBoA-
HOCTbIO, [OCTOflHHaf BpeMeHH HarpeBa cooTBeTcTBeHHO BO3paCTaeT.
f locrosHuas BpeMeHH HarpeBa no6oeHx .{acrerl o6rrlorxH craropa
cocTaBJrf ler  B cpeAHeM 15 MHH V B 3aBICHMOCTH OT yC.nOnUit  OX-
JraxAeHufl KoJre6"tercs o6uqHo B npeAenax 13-lT vus.

O6uorra nor6yx(AeHr.rff c Bo3AyurHbrM oxJrax{AeHHeM. flpaxrnue-
cKH BCe nOTepH, BbrAeJrsrourHecfl B oAHopflAHbrx o6lrorxax nos6yx-
AeHHfl ,  CHHMaIOTCfl  BO3AyXOM, OMbrBarOUIr4M Hapy)KHyro [oBepxHocrb
KaryrrreK. flo sror? npHqHHe O6uOrxa eos6yx4eHHfl MolKer pac-
cMaTpHBaTbcfl KaK oAHgpoAHOe TeJro H, CJreAOBaTeJrbHo, nepexoAHbre

l - 18



TeTIJIOBbIe npoqeccbl  B HeH MOryT onHcbrBarbcf npHBeAeHHbrMu
Bbrrlrg ypaBHeHunMr4 (6-92) - (6-94).

MrHoeeHHoe 3HaqeHHe rIpeBbIIIreHHfl TeMrreparypbr o6uorxn Bo3-
6y*4."Hf l  B npouecce repefpy3Ku KparHocru'k.o. tuun". ,

.  L @ , t , _ _ - A @ , n | - , *  ( n ' - , l ( ,-e +)1 ,
rAe AO"s -  HaqaJIbl{Oe 3l lar{eHHe I IpeBbII I IeHHf TeMIIepaTypbr B Mo-
Mers HerocpeAcrBeHHo rrpeAruecrBoBaBwuit reperpysKe.

flocroqHHaq BpeMeHH HarpeBa o6rraorxu uorby*aeHr4fl Iu rvro>xer
6uro paccrruTaHa aHaroruqHo rocroqHHbrM BpeMeHH nu.pauu o6-
MorKH craropa .[uur.. Bbrpa]KeHuq (6-100), (6-i01)] i lpH rrpl lrrr lr4
xoeS$uqHeHTa kr:1, nocxoJlbKy TerrJroeMKocrb r.r3oJrf lrrr{u o6ruorxu
eos6yx4eHHfl BecbMa MaJra:

(6-103)

(6-104)

(6-105)

T -1 e -
c*GrL,@,

Pe

yIH^IpH cpe4Hefi reMneparype o6nnorxu B rpotlecce nepefpvsKH
90 'c

Tr:$0+'

3Aecr G" - r{acca MeAH o6uorxu _nos6yxAeHnfl, Kr; p" - norepH
B o6ruorxe n_os6y>x AeHr4fl,, xBr; A@" - npenurueHue reMrreparypbr
o6rraorxu eos6yx4eltf l ,"C; J"- nJrorHocrr roKa e o6Morxe,^A/nal,az,
rpHJ<OrOpOrl r{Meror Mecro [orepH P" B Uefi H nepefpee A@r.

flocrossnas BpeMeHH Harpena o6naorxu nos6yxaeHufl rrrApore-
l9paropoB c KocBeHHbIM BO3AyrrrHbrr\,1 oxJraxAeHLreM COCTaBJrfler
20-35 MHH. llpu TpHMeHeHHH KoHcrpyxqrafi c BbrcryraForrlulvrn no
uapyx<uoft noBepxHocrl{ BI{rKaMr.r HJrr4 ctrerlr4aJrbHbrx npoQunefi
M€AH, o6 ecnequBa Iourux 6o.n ee e Q QexrHBHoe oxJr a)KAeH r.re, rrocror H -
Haf BpeMeHr.r HarpeBa cHH)Kaercq Ao 16-28 MHH.

llocroqHHafl BpeMeHrr HarpeBa o6iuorox eos6yx<4eHur c Qopcu-
poBaHHbIM OXJIaX(AeHHeM, AOCTHTaeMbIM rIpH prcrroJlb3oBaHHtr KoH-
cTpyI(qlII ' I C fIO[epeqIIbIMH KaHaJraMri BHyrpLr orAeJrbHbrx BHTKOB i{a-
TyIxeK HJIII luex(Ay tsHTKaMr.r, cyqecrBeHHo Hr.rxie [r cocrasnser 7-
12 ttun.

o6rrloffiH cTaTopa H poropa c HerrocpeAcTBeHHbrM BOAqHbTM OX-
JIax{AeHHeM. 3xcnepulvIeuTa.rlbHble HccJreAoBaHlrfl npoBoAHHKoB, ox-
JIa>KAaeMbIX HerrocpeAcTBeHHo no4oir, rroKa3aJru, rrro HX Aono/rHr.{-
renlHuft noAorpeB rrpH BHe3arrHor\,r  Harpy]KeHHH ToKoM Mox{er 6trr l
paccrlHTaH c Aocraro.Igoll Aas npaKTHqecKHX. r{e.rrer? TorrHocrbro r{3
ycJroBufl  a4ua6arHoro HarpeBaHri.q. :  i  '

f lo.naraf l ,  qro rroAofpes Meau o6rrrorxH H BoAbr B KaHaJrax npo-
BOAHHKOB oAI{HaKoB, ypaBHeHHe HafpeBa, o6lrorxu Mo}Kuo 33rrr{caTrr

(6-r06)
|  1c . ,
I : J

B CJreAyiouIeM BHAe:

Pdt-cuGud@+coG&Q,



fAe coGod@ - KoJIHvecrBo norepb, HAyuIHx Ha HarpeB BoAbI, Haxo-

il
t
I
I

t
I

AflqeHcf l  B KaHaJIaX I IOJIbIX I IpOBOAHHKOB
pocrb HapacTaHHfl  TeMfieparypbl  ooMoTKH
KaMH,  3anOJrHeHHbrMH HenOABLtX<UOf i  eO4Ot i ,

d @ p t? (a ' -  l )  P"  J 'u

o6uorxu. OrcroAa cKo-
c noJrbIMH npoBoAHH-

I

1 l - o
(k" - r) .  (6-107)

dt cuQu *' coGo c*T" (1 J- o) 175

3,{ecr  I " -  gKBHBaJreHTHar nJrorHocrb roKa B o6rraorxe r tpH HoMH-
ua,urHoft Harpy3Ke, Altutvt2; p* - yAeJIbHoe gJIeKrpurlecKoe conpo-
rHBJreHHe u€AIa; r tpH cpe4Hefi  reMneparype o6ntoror c BoAqHbIM
oxJra)KAesnerr r  50 oC p* :0 ,0199.10-6 Oru.u;  o ' :csysSo/(c*ynnS' )  -

oTHocHTeJIbHafi Te[JIoeMKocrb oxJIa]KAaIoUeft BoAbI i co - yAeJIbHatl
Te[/ ' IoeMKocrb BoAbI ;  co:4,18 xlJ..>xl(xr .  "C) ;  Yo - nJlorHocrb BoAbl.
yo:1000 xr / r ra3;  ynr  -  n / IorHocrb MeAHI !u :8900 xr /u3;  So H S* -

IrJrorqaAu oxraxAalou{Hx KaHa.rroB H MeAH o6uorxu coorBercrBe}IHo.
KoeQSurIHeHT 6 pJtf l  o6nrorox H3 MeAH c HenocpeAcrBeHHbIM Bo-

AffHbIM oxJIa>KAeHHeM Mo>I{eT 6ttrt BbIt{HcreH lto BbIpaX(eHHIo

6 o : 1 , 2

rAe q -  OTHo[IeHHe ceqeHl4f l  KaHaJIoB B cTep>KHe (eHrxe) K I Ior ' I -
HoMy ero ceqesurc. B Bbrrro.r-rHeHHbrx o6uorxax craropoB cpeAHee
3HaqeHHe Q:0,15.  B o6uorxax poropoB, xapaKrepH3ylou{Hxcf l
o6uqso 6o"rlruofi Anu:goft oxJra)KAaIoIIIHX KaHaJroB, ,II,oJIfl Hx cerle-
H H H e c K O J I b K o  B b I u e  I {  C O C T a B J I f e T  B  C p e A H e M  q : 0 , 2 0 .

VpanHeHne (6-107) 6u.no ronyqeHo Arrf l  o6uotNn, oxJlax{,r,arc-
IqHe KaHaJrbr B Koropoli sanoJIHeHbI HenoABH>xHofi BoAoiI.

l lpu AocraroqHo AfiHTeJrbHbrx [eperpy3Kax o6uorrH rrnrr4 orHo-
cHTeJrbHo KoporKHX oxJra>KAaroulrx KaHaJIax B uefi pacrler cKopocrn
HapacTaHufl  ieuneparypbl o6ltorxu Mo)Ker 6urn cAeJIaH l to yroq-
HeHHOMy Bbrpax(eHHIo:

q

l - -  q '

d @ (6-108)
l * o ( r * h f l t l t " )

3Aecr h - xoe$SHuueur, yrrnrblBarcurrair orBoA renJlorbl wz o6-
MorKH ABl{}Kylr lef icq soAofi :  kr:0,4+0,5; a- cKopocrb ABH)KeHHfl
BoAbr B KaHaJIax o6naorxu, I t t /c;  ln-cyMMapHafl  AJIHHa oAnoi l  i la-
pa.u.ne.nsHofi BeTBI{ rro xoAY BoAbI B o6uorxe (o4uoro oxJIa>KAaFo-
u lero KaHaJra) ,  r " r ;  / -  npeur  neperpy3Kn,  c .

I4cxoAq vs roro qro AorloJlHure.nusttfi noAofpeB BoAb,I B o6-
MOrKe He AOJIN(eH IIpeBOCXOAHrb ee reMneparypbl npH HoMIIHaJIb-
HoM pelKHMe 6onee qeM Ha A@soo 14 ilorb3yqcb BbIpalKeHLIflMH
(6-107) Lr (6-108), Mo)KHo paccrrzrarb AorrycruN,{ble AJIHreJIbHocrr l
[eperpysox o6MoroK no roKy, ecJru B KoHrre lrepefpysKrl ycraHoBLIB-
uiHficq pex(HM He Aocruraercfl. l loc"neAHee ycJroBue AoJI>KHo 6ttrl
rpoBepeHo IIo cJieAyloulefi Qoptvty.rle:

dt
:#@'_ \

hson:V t + A@Aon/A@no*

1 5 0

(6-10e)



fAe kson- MaKcHMaJIbHas KpaTHOcTb AonycTHMOfi  AJIHTeJIbHOfi  ne-
pefpy3Kr.r,  npu Koropofi  reMreparypa o6nrorxH noBbrrx'aercf l  Ha
A@:ro., ;  A@"o* - neperpeB BoAbr B o6vrorxe npH HoMHHa,'rbHori  Ha-
fpy3Ke,  oc.

f leperpysxra o6uorox c  KparHocrb lo  k : l , l  Mofyr  AonycKarbcf l
4" , ' IHTeJIbHo npu npaKTHtIecKH , r rc6ux napaMerpax cHcreMbr Herro-
cpeAcTB€r-rHofo BoAf Hofo oxi ' r  a)KAeHHfl .

6.9. TENNOBOIZ PACI{ET AEMNOEPHOIZ OSMOTKh

Harpen 4enan$epHbrx o6uorox onpeAeJrsercq, KaK rrpaBaJro, i lo
ycxoBHflM ux pa6oru B AJIHTeJIbHo AonycTnMbrx HecHMMerpurrHbrx
pex{HMax, perJlaMeHTHpoBaHHbrx CTaHAapTaMr{ HJrLr rexHHqecKHMH
yc/ToBHqMH Ha nocraBKy. B 9THX pe)KHMax MarHllrHoe IroJre roKoB
o6parHoI? noc"neAoBareJrbHocrn (crur.S 4-6) HaBoAHr Bo Bcex 3aMKHy-
Tbrx KoHTypax poropa roKH AeofiHofi  qacrorbr, Koropbre Mofyr
6urr  paccquraHbr  no cxeMaM 3aMeu{eHar  (uur .  puc.  4-3)  :

a geunQepuofi  o6naorxe no npoAo,ur,uol i  ocn

I r o a - 1 2 * i - * ' ,
xkd

n 4erranQepHoli o6naorxe ro i lolepeuuofi ocu

*', - *r
I z o q - l z

e o6vrorxe nos6yx(AeHHt

xkq

x d - x I
I r t :  I ,

x .
I

!,o6anoqr{ble rrorepr{ B KuJroBarrax
AOB aTeJrbHocTH cocTaBflT :

or ToKoB o6paruofi nocJre-

o
tps"o"ftp , /3 t'

n 4euuQepuofi o6uorxe ro rpoAo.nruofi ocu

L P na : + 
r p6 S n6*ks z o I2z oa;

n 4evnQepHofio6ruorxe no rorepeuHofi ocu

L P oq - + 
r pqS ns*kt, olS}o;

s o6Morxe eoe6ylKAeHHfl

A P :
e

3Aecn fhd, rhq H r7-cooTBeTcTBeHHo ConpoTHBJreHHfi 4eUnQepHorl
o6uorxH rro npo4onrHoii  u nonepeuuofi  ocffM, o6uorxu noe6yx<ge-

(6- l  l0 )

(6- l  I  l )

(6- l  l2)

(6-r r 3)

(6-r 14)

(6- l  r5)

i 5 1



r . r r r f l ,  npHBeAeHHbre K o6MorKe craropa;  kyzo-xosSQuIrHeHT Ao6a-
BOqlrbrx rroTepb B cTep}KHqx Ler',{nQepuofi o6uorxt{ npl.I qacToTe

f :2[uo*:

k y  z  D :  0 , 8 8 5  d o l /  f  l 5 o ,

rAe dr, -  4ultr lerp
k f r o : 1 , 2 5  d t ;  r I p H
Ao6aeoqrlblx norepb

4erranQeprIbIX crepxltefr,

f  : 120  fu  k t ro :1 ,37  d1 ' ;
e o6Morxe eoe6vx{AeHl,Ifl

2 b t

5 0  T " p - b ^

( 6 - 1 1 6 )

cN{ ;  npu  i :  100  f  q
krU - xoaScpr.rUHellr

ilpH r{acrore l':2f ,ro*r'.

kr rr ' :  l  + 0,107 a2r(
) 'o ! ,

( 6 - 1 1 7 )

fAe (!)e - r{I4c"[o BHTKoB o6uorxu eos6yx<4eHl'{f l Ha IIo,IIrcc: b"

V ae --  111HpHHa 14 BbICoTa BHTKa o6uOrxu nOS6yX4eHHfl ,  cM; Tcp

cpeAHee nOJI iOcHOe AeJIeHVe Ha I IOJIOBLIHe BbICOTbI cepAeqHHKOB no-

Pco+APna+LPno Pe+APe J I tocoB '  tY ;  b : -  I IHpHHa cep-

AeqHUKa I IO, ' I IOCa, CM.
Cpe,u,Hne npeBbIIxeHHfl  TeM-

Ireparypbl  AeunQepHbIX creP)K-
Heli H o6lrorxn eos6yxg, eHlar,
c ) /qeroM Ao6asoqHbIX i lorepb
B HHX or  roKoB o6parHo i t  no-
CJICAOBATCJIbHOCTIT MO)KTIO OII-
peAeJIHTb,  BOCfrOJrb3OBaBruHCb

)/npo[reHsofi ren"rlosol? cxelioli
3aMeuretLrfr . ,  uso6paxeunofi  Ha

: : ^:  puc .  6 -10 .  Ha gror i  cxeMe npu-
Psc. 6-10. Ten.noBan cxeMa saMeiueHnn Hf lTbI creAyrou{ue o6osgar leHnf l :

norrrocoB Prp 11orepl4 Ha noBepxHocrg
IOJ ITOCHbIX HAI (OHCqHHKOB OT TDC-

HHfi O BO3AyX, Br; Ra - TenJrOBOe COnpOTHBJTeHHe BO3AyrrrHOfO
npoMelKyTKa MexAy 4ervrnQepHbrMH crep)KHflMH vr creHKa\{H rra-
3oB l- Ir f l  HHX B noJrlocHbrx HaKoHeqHHKax, "C/Br; Rp - TenJro-
BOe COnpOTHBJTeHHe Ha rpaHLlUe IIOBepXHOCTH rroJrIOCHbrx HaKO-
HeqHHKoB 14 Bo3Ayxa B Bo3AyurHor\{ 3a3ope, 'C/Br; 

Rl -  TenJoBoe
conporHBJreHue H3oJrflrIHH cepAeqHHKoB rroJrrocoB, "C/Br; Ro - Terr-
JIOBOe cOrpOTHBJreHHe BO3AyTXHOTO npOMe)KyrKa Mex{Ay Karyur-
KaMI,r o6nrorxH nos6y>xAeHlrfl Lr cepAeqHVr<aMV norncoB, "C/Br;
R" - Tenr'roBoe co[poruBJreHHe o6rrorxn eos6yx4eHHs, 'C/Br.

f lorepH Ha rroBepxHocrr4 noJrFocHbrx HaKoHeqHHKoB or rpeHHr
o Bo3Ayx B KHJroBarrax Moryr 6rrm paccqnTaHbr no or\{[r .rpuqecxoi l
Qop uy"ne

P rp :0,045 '2 pb , l  oas , (6-1 1B)

fAe bp - ruHpHHa [oJrrocHoro HaKoHeqHHKa, cM; le - ArHHa rro-
Jr locHoro HaKoHeqHHKa, cM; a - oKpylKHas cKopocrb Ha nepuQepun
poropa, vr/c.
r r .o
I  d . :

Pco+ APna+LPng

Pps+ Ppz+ Ppy+Prp



Ten,[osHe co_nporHBJreHufl ,  BxoAfurHe B TenroByr.o cxeMy 3aMe-
ureHr.rr rra pHc. 6-10, orpeAeJrf lrorcf l  cJreAyroquvr o6pa3oM:

R a :
?u"2  pn6  n  d6 lp  

' R o :
dp4 p  (bp-1 ,  2  hp) i to  

'
6 o

L t z 62R ; : R6 ==

I

7"t  ,4  p lparw,  
'

) , "4  p lparws 
'

R , :
arkr 2 plsasu)s

3Aect 6o -  cpeAHHfi  3KBHBaJreHrHbrf i  Bo3AytuHbri i  3a3op MelKAy
AeMIIQ€pI{bIMH crepxHflMH Lr creHKax4H na3oB AJrf l  HHX, sae6cqu{Hr?
or Kar{ecrBa c6opxa cepAeqHHKoB rroJrrocoB H 3ar{eKaFrKH AeN,{nQep-
HbIx crepx{Hef i ;  npu pacqerHoM 3a3ope 0,025 cM 6" :0 ,015 o, t ;
] '"s - yAe-IlbHafl Teuio[poBoAHocrb Bo3Ayxa, onpeAefiqeMafl no
Ta6Jr. 6-1; n6 - r{HcJro AeMnQepHbrx crep>KHeit na no,rroc; ho - nar-
COTa IIOJITOCHOTO HaKOHeTIHHKai \rz - TOJIU{HHa VsOJIFtt.wH cepAeq-
HHKOB noJIIocoB , Lrz=0,4 cM; )" iz -  yAenbHaf TelJronpoBoAHocrb
rrcoJrnllrr4 ce_pAeqHHKoB IIOJIIocoB; o6blqHo hiz:0,001 Br/ (ciur.'C ) ;
6z - cpeAHurt sKBuBaJreHrunfi  Bo3AytxHbrr l  3asop Mex<Ay cepAeqHn-
KaM]/' [oJrrocoB Lr Kary[rKaMH O6UOTXU BO36y]KAeHHfl; B CpeAHeM
0z:0,2 cu; l"-  cpeAHfls AJTHHa BHrKa o6uori<H eos6yxaenrzq, cN,r;
ap - NoeQQuuHeHT Te[JIoor r.aqH c noBepxHocru noJrrocHbrx HaKo-
HeqHrIKoB,  Br / (u ' , r2 . 'c )  :  c r ,p :1+0,1a1450,  rAe o -  oKpylKHaf l  cKo-
pocrb porop a, vf  c.

I4cno.nrsyn !.Jrfl yrpo[teHuq ren,[oeori cxeMrr MeroA HaJro>KeHHfl,
noJlyqaeM cJIeAyIoulHe Bbrpax{eHrn 'Jrfl CpeAHHX rrpeBbrrileuHft reM-
nepaTypbl C yr{eTOM BceX COCTaBJIf l I0II IHX noTepb B gJreMeHTaX KOH-
crpyKrIHH noJrrocoB:

npeBhIIxeHHe TeN4neparypbr rroBepxHocrr.r  noJrrocHbrx HaKoHeq-
Hr{KOB

A@r,  : [ (P  p r *  P  r r *  P  pn*  P 'p  *  P .o  I  LP  oa l -  LPrn l (R ; *  Ro*

+R, )  + (P ,+  LP , )  R , l  (Ro*  R ; *Ro*  R , ) -1  Ro ;  ( 6 -  l l 9 )
npeBbrrxeHr.re reMneparypbr crepx{Heft 4eunsepuor? o6uorNH

AO, :  AOn * (P"o *  LP naa AP2n) R6;

rrpeBbnueHHe TeMneparypbr o6uorxu eos6yxgeHHfl

(6- 120)

AO, -  WP,1 AP.) (Ro*R;*R") + (P ro)- P *a P,,n * p"p - l  p.n *
*  LP  na*  LP  n )  Rp l / (Rp*R; *Ro*R, ) - ' ]R , .

l leperoK Terr, ' rorbr r .{ex(l{v o6lrorxori  eos6v)r iAer]rrf l  r i  ccp{gqgy1
Kax{II  no", lrocoB

L P r *  L P d  R e -  ( P p o *  P r , - r  P p n l - Prp*Prn*  L P oa* LP pq)  R p

( 6 -121  )

(6-r22)

I i.l3

R p * R ; * R o * R ,



1npr{ sroM 3HaK rrJrroc oTHocHTcr K cJlyqarc, KorAa o6uorxa sos6yx-
AeHHfl HMeer 6oree BbrcoKyro reMneparypy, qeM noBepxHocrb no-
JrrocoB, a 3HaK MHr{yc - K cf lyqarc, KorAa qacTb noTepb oT noJl}ocoB
orBoAHTCf qepe3 noBepxHocrb ox,rralKAeHrif l  KaryureK o6r,rorxn Bo3-
6yx4eHux.

f lpHee4esunfi  MeroA TerJloBoro pacrleTa 6asupyercq Ha rex x<e
AOnyqeHI4f,X; t ITo H H3JIO)KeHHL'Ie paHee TenJIoBbIe pacqeTbl cTaTOpa
rr o6nrorxu nos6y>x4eHHq. a raKlKe npeAno,rrataer, qro ren, 'roBble
conpoTHBJIeHHfl CTaJrn I IoJrocoB no cpaBHeHHIo c conpoTHBJIeHuflMH
CXeMbI MaJIbI ,  noTepH nO AJI I {He H IXHpI ' IHe nOl ' I IOCHbIX HaKOHeTIHIaKOB
paci lpeAe, 'reHbr paBHoMePHo, a ycroBHq oxJIa)KAeHHfl Ha eceft no-
BepxHocrH tIoJrrocHblx HaKoHeqHHKOB OALIHaKOBbI.

Bnaecre c reM B AericrBHTeJrbHocra noBepxHocrHble norepH
B craJru B gHaqprre"nrsoft creneHpr oilpeAeJlrlorcfl MecrHbIM Bo3Aytx-
HbrM 3a3OpOM rrOA AaHHbrM yrracrKoM rroJi loca, qro o6ycnoulHBaer
HepaBHoMepHocTb Hx pacnpeAeJreHI,I f l  B TaHTeHIIHaJIbHOM HanpaB/Ie-
Hrr,Lr, tr  r4Melor MaKcHMyM rroA cepeAHHoli  no.nrccoe. KaK noKa3blBaer
orrbrr, 3[ropbr pacflpeAeJreHufi pacqerHblx noBepxHocrnblx fiorepb H

$axruvecKllx [peBbIIIrelav,ft TeMneparypbl Ha noBepxHocra no,rrcc-
Hbrx HaKoHerrHHKoB BecbMa 6nuext. 3ro [o3BoJlf ler cpeAHHe r lpe-
BbrrxeHHfl reMneparypbr a@, u A@a, no, ' Iyr{eHHble Arq cpeAHHX BO3-
AytxHbrx 3a3opoB, nepecqHTaTb Ha MaKcHMaJIbHbIe 3HaqeHHfl IvleCT-
HL,rX [OBepXHOCTHbIX noTepb Ha poTope H onpeAeJIHTb TeM caMblM
MaKCHMaJrbHbre npeBblru e}luf TeMrIepaTypbl IIoJiIocI{bIx HaKOHeTIHH-
KoB r{ crepx{Heii aeunQepHofi o6uorxH, coorBercrBytoque rloreprM
noA cepeAusori IIoJIIocoB.

Lls,'roxeusstti BbI[Ie MeroA pacrlera [pI]MeHHM K ycJIoBHf,M pa-
6oru B craquoHapHblx TerIJIoBbIx pe>KI4Max, BKrror{afi Lr pa6ory
c nocrof lHHoft HecHMMerpuuuofi  uarpysxoft.

i lgs pacqera rrepexoAHbrx rerlJroBblx npoqeccoB, cBfl3aHHbIX
c BHeSarrHbrM Harpy>KeHHeM TOKOM O6parUOfi nOCJIeAOBaTeJIbHOCTI4,
I \{OX(HO BOCIrOJrb3OBaTbCfl MeToAoM, aHaJIOTHTIHbIM I43JIOX(eHHOMy

e $ 6-8 npurraeHLITeJIbHo K craropy H ocHoBaHHbIM Ha rex >.Ke Aony-
rrleHHf x.

VcraHoeHB[II4ecq B KoHI{e nepexoAHoro npoqecca cpeAHHe 3Ha-
qeHHfl npeBbrrlleHufi TeM[eparypbr tIoJIrocHbIx HaKoHeqHHKoB, AeMri-

Sepuux 
- 
crepxHefi  kI o6ntomn nos6yx4eHl4f l  Moryr 6url  paccrlu-

raHbr rro BbIpaxeHHnM (6- 120) H (6- 121 ) 14 B o6qeM cf iyr{ae rpeA-
CTABJICHbI B BT4AC

A @ o " : X @ o  ̂ * F o l 2 z ;

A@, 
"  

:  A@a ,*  FJ3;
A @ r v : A O "  ' * F r l \ ,

(6-123)

(6-124)

(6-125)

rAe A@po, A@or, A@"r - nepefpeBbl coorBercrByroqax TeJI B IIPe.u,-
rrrecTBoBaBIIIeM nepexoAHoMy npoqeccy cHMMerpHrIHoM pe>KLIMe,
a qJreHbr BHAa FIz2 - Ao[oJIHHTeJIbHbIe noAorpeBbl, loflyqeHHble
B pesyJrbrare ero Hapy[IeHI{s.
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TorAa MrHoBeHHbre npeBbr[reHHfl TeMneparypbr:
NOJI  FOCH bIX H AKOHCqHHKOB

LemnQepHbrx

o6uorxu gos6

/  -  1 1

L @ r t :  A O o , , +  p o l S l t  - r  
"  ) ,

crepx<Herl

(  ! -  r r
L@ u, :  A@6n + pbt | (  t  -  J  

'u  
) ,

ylr(AeHHf

+)

(6-  126)

(6-t27)

(6-r28)
(

L @ , t : A O , , + p J | [ t - ,
f locroqHHbre BpeMeHH HarpeBa HHn:
NOJI  TOCHbIX HAKOHCI IHHKOB

rp : f f iF , t ' , ;
4erranQepHbrx crep>NHeft

c*G u$6122

(6- r2e)

To --

rAe G, - Macca noJrrocHbrx
QepHux crepxHer?, xr.

(6-130)
L P o a +  L P n q '

HaKOHeTTHHKOB,  K f ;  Gu-  MaCCa AeMn-

l locrossHaR BpeMeHu HarpeBaHr4fl o6uorxu noa6yx4eHr.rs T"
paccqprrbrBaercfl no Bbrpax(eHnro (6-104).

6-1 0. pACr{ET AOnyCTt4MOn HArpy3Kt4
nPn HEChHyCOVIAAJTbHOM TOKE CTATOPA

Ec.nH Qopua xpunofi roKa craropa reHeparopa orJruqaercfl or
cr{HycoHAanlHofi, r{To, HanpuMep, HMeer Mecro rrpr4 pa6ore ua Bbr-
rIpflMI{TeJIbHyIO Hafpy3Ky, B feHepaTope BO3HHKaTOT AOilOJTHHTeJTb-
HbIe norepl{, BbIsbIBaroIrIHe rroBbrruesHnrfi HarpeB ero o6naoroK. Ann
oIIpeAeJIeHkIff grHX .norepb rrpon3BoAHTcfi rapMoHu.{ecxHfi a+ailvg
xpHeoii  ToKa H onpeAeJlslorcf l  aMnJrHryAbr Bbrcrunx rapMoHHqecKrix
ToKa 1n B AoJIf lx ocHoBHofi  rapuoHr{qecKofi .  O6rrqno B xpraoofi  roKa

coAep>Karcf l  HerrerHbre H He KparHbre rpeM rapMoHHqeCKHe:  V:1,
5 ,  7 ,  I  l ,  13 ,  17 ,  19 ,  23 ,  25 .  .  .

! ,ef icrnynqee 3HaqeHHe fapMoHHK ToKa I u, Bbr3brBaeMbrx Bbr-
npqMHTeJrf lMLr, 3aBHCLIT OT napaMerpoB CXeMbr co cropoHbr nHTaHr.rf l
BblnpflMure"uetl  nepeMeHHbIM ToKoM H Mox{er 6urr BbrqncJreHo c Ao-
craroqHuu npu6JrHX(eHHeM no Qopuyne

I r : k u  
I t  

( 6 - l 3 t )
1/ .1/] gray '

fAe fv - npHBeAeHHoe HHAyKTI{BHOe CO[porr]BJreHHe cxeMbr nHTa-
Hr4fl, AJtr', v-fi rapuoHltqecKoft s orHocnTeJrbHbrx eAuHi{rraxi ku:1 Anr{

i 5 5



v :5 ,  7  ,  I  l ,  13 ,  17 ,  19 ,  23 ,  25  s  G-Qasnof i  cxeue u  r .J t f l  v :  I  l ,  13 ,
23 ,25  s  l 2 -QasHo f i  c xeue ;  r , i l n  \ : 5 , 7 ,  17 ,19  s  12 -Qasuo f i  c xe r r ' t e
k r : 0 , 2 '

Pacqer npHBeAeHHofo cot lpoTHBJIeHLIf l  xy npol ' {3BoAHTcf l  I Io

cxeMe 3aMeuletqrf l . ,  B Koropoft  uu.u,yKTHBIIbIe conporHBlel{Hf l  Tpal{c-

QopuaropoB, peaKTopoB, HHAyKUHoII I IbIX peryJl f l ropoB, wa6eneit  LI

Bo3Ayrlrn;x'nu:nuk oilpeAenflrcTcfl qepe3 H3BecrHbIe cofiporliBJleHHfl

nepnor? rapMoHHqecKof i  xp: \x1,  a HHAyKT?IBHOe 9O_npoTI{B./ IeHIJe
rHAporeHepaTopa X^ t :0 ,7vx2,  rAe xoeQQuqHeHr  0 ,7  yq I I rb IBaeT

B/ ' I l { f lHI te I IOBbr[ IeHHOTO BbITeCFICIIaf f  TOKa B l le i l f lX pOTOpa Ha peaK-

THBHoe conpor l iBr ' r€Hhe roKaM o6parr lo l? i locJle. [ ,oBareJlbHocrt ' I  reHe-

paropa x2.
flo H3BecrI{bIM 3HarIeHInflM

B Kpr.rBoi l  ToKa cTaropa MoryT
6aeoquHe r lorepu:

B o6MorKe craropa

Bbrclr I4x BpeMeHHb'IX fapMoHIIqecKHX
6urr tsblrrucfleHbl B KHJIoBarrax Ao-

(6-132)

I t r ) ' *
(r.

; (6- 133)

AP^, u : P* [>li I (kt- l) x /2,v2] ;
e o6N,rorxe nos6yx(AeHI4s

LP ,r: + tS"o" lkseoof(/u * I r)' * ksaoof (1r, *
2

I kssoor (/tt * /tJ' * ' I

B AeMr$epHoft o6uorxe

I k s s o o n U t  * / t r ) ' *  ' l

KoaQQuIrI4eHrbI Ao6aso.IHblx Ilorepb B
6yx4eHIaa u 4erranQepHofi onpeAeJlflForcfl

(+)
('#)'

P" (l * nr)

.  (6-134)

o6rrrorrax craropa, Bo3-
ro BbIpalKeHLIf  M (5- 17) ,

LP p, :+ /&dSro*, Ikfroo, U r']- I r)'* kruoor(/r, * Ir)' *

( 6 - 1 1 6 )  e r  ( 6 - 1 1 7 ) .
Ao6aeor{HbrMr.r norepflMu B cepAeqHnKax cTaropa _H poropa fe-

Heparopa or BpauaioutHxcs MaTHHTHbIX IIoJIefi, o6yc.rroeJIeHHbIX
rapMorrnqecKnMa B KpHBoH ToKa craropa, o6uuuo npeue6pefanr.
BC.rreAcrege HaIrHq.Hfl, Ha porope AeunQupynqux KoHrypoB 3rl1

rIoJIfl, KaK rlpaBI{JIO, He3HaqureJIbHbI.
llo Hafi,u,eHHrrlt BHar{eHuflM Ao6aeoqliblx Ilorepb B o6rr,torxax

MOX<HO paCCqHTaTb IIX npeBblli leHHfl Tel{[epaTypbl kr ofipeAefinto.'
ecJrr4 reHeparop He 6un cneqnaJrbHo c[poeKrupoBaH AIrr ycJIoBHI'I

pa6oru nb HecIzHycoHAaJIbHyIo Harpy3Ky, KaKoBo_ AoJI)KHo 6url

cHH)KeHHe MoIIIHocill, uro6i,t reuneparyp a HH oAnofi us o6N'IoroK He

npeBocxoAHJIa 3aAaHHO|O SHarleHHfl .^ 
I Io ycJroBr{ro HeH3MeHHocrH HarpeBa o6uorru craropa MaKcH-

MaJrbHo AorlycTnuufi  roK cTaTopa saAaHHoft Qopuu cocTaBJIf ieT

r56

/:/"o* I P " ( 1  * k i l * A P " n
(6-135)



Aua.uoruqHo MaKcHMaJrbHo Aonycrlrnrtrr i
AeHrrfl onpeAeJrreTcf r.r3 ycJroBlrfl

I
I

Le - '=  Ic  , r "*  \  f  
'

v

TOK B O6UOrXe eOs6yx( -

p
r (

P ,  '  j  L P , ,
(6-136)

(6- 137)

Harrpfl)KeirHfl Mo>KeT

f lpeeuruer{He reMneparypbr  AcMnOepHor l  o6nrorx l r  r r  Aon1rg1y, -
M1fl  Harpy3Ka reHeparopa, ortpeAe/ 'r f leMbre ro6asoqHbrMrr noreprntrt
AP^rv; yolyr 6otr l  paccul iraHbl rro hieroAlr,  r3,rroxieHHoNr), tsbrLUe,
n-$ 6-9.  l lpn sroM, ec. r rH npeBbrrxeHue reMnepar) , 'pbr  a .*n6.pnoa
o6uorxu A@a oKagbrBaeTcfl  6o,rytrue paccrruTaHHoro Ar,rq upeAeJrbHo
AonycrHuol i  4"uurenlHofi  HecuMMerpuuuofi  Hafpy3KH rrJr7 Bbrrre
MaKcIlMaJlbl{o AoIIycrHMofo B AJII4TeJIbIIoM pe)Kr.rl,re A@r, rnax, To roK
craropa Aoi'rx{eH 6urr, [oHt{}KeH Ao

I : l r o * l A@a

A@a-u*

oxo' ' rareJrbHo MaKcHMaJrbHo AorrycT'Mafl  Harpy3Ka reHeparopa
npH HecHHycoHAaJIbHOM TOKe CTaTOpa npr4HHMaercf Halruesr,ru^eri
I43 Tpex suaveHut?, onpeAeJlfleMblx no ycJroBHflM HeH3r\{eHHocrn rro-
rePb e o6rv{orKe craropz, s o6uorxe eo-s6yx4eHufl  rr  B AeN{nSepHgii
o6lrorxe

flpu nuraHHH oT cpIHXpoHHoro reHeparopa Bbrirpflr\,rure,ryeii rra
KpHByro .. pa6ouero Harrpflx{eHkrfl, reneparops, coorBercrByrouyrc
ocHoBHOfi rapuoHHKe roKa, HaJrafaeTcfl  pf lA rapMoHHqecKHX Hanpfl-
xeHuft,  o6ycnouleHHblx npoTeKaHIaeM no o6ubrxe ToKoB esrcuJux
rapMoHHr{ecKHX.

3Ha.reHHe oTHocHTeJrbHoro HcKax(eHHfl
6uru BbrrrrdcreHo no Qopuy"rre

NU:Z I r ,0 ,Tvx r .

IIABA CE{lbMA'

(6-138)

KOMnOHOBKA |IAPOTEHEPATOPOB

7-1 . KOHCTPYKThBHbIE hCNOIHEHVIfl
TnAPoTEHEPATOPOB

Kax yKa3brBa,rrocb B rJraBe nepeofi, ocHoBHbrM $arroporvr, onpe-
AeJrrIoIIII,IM KOHCTpyKUHTO f [rApof eHepaTopoB, flBJrseTcfl oTHocH_
TeJIbHO HH3Kaf l  r {aCTOTa Bpalr(eHHf efo npHBoAa -  f r inpasf luqecxor i
(eo4auoi i)  ryp6unsr. 3ro o6crorire,rr,creo B coqeraHr. iH c 6o,rr lruof i

e,u,ugnqHotl  MoulHocrbto coBpeMeHHbrx fuApoarperaroB, cocraBJrf lro_
rqefi HecKo.rrbKo cor rbrcflrr Kr{JroBarT, npr{BoAtir K Tol\,Iy. qro pa3-
Y9pot rHAPoreHeparopoB craHoBflrcr oqeHb BeJrHr{H (Auarraerp Ao
20 u, Bbrcora Ao 13 u), a uacca HepeAKO npeBocxoAr.{r 1500 r.

C yqeToM orpaHHrIeHHbIx Bo3Mo)KHocrefi rroAbeMr{o-TpaHcrropT-
HbIX CPCACTS, A TAKX<C XCJICSHOAOPO>KHOTO I IJ I I {  I , IHOTO BI{AA TPAHC-
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nopTa no fa6apHraM H MaccaM nepeBo3HMblx rpy3oB r l {AporeHe-
paropbr H Hx y3Jrbr BbrrroJrHsroTcf pa3oopHbIMH.

Pas6opuocrb, 6ortruoe rrucJro corrpf lraeMbrx y3noB H Aetaner?,
Ha, ' r r lqHe MnolKecrBa Mecr  Kperr r r reHnf  (npn o6ecneqeHur i  HX Aocryt r -
Hocrr i )  eenaloT KoHcrpyKuuro r l rAporer{eparopoB Becbr \ ra  cro: t iuo i t
r r  rpyroerrxof i .  f ]pH sroM TexHororuq rz3roroB/ ' reHr{ f l  Jo. rx(Ha o6ec-
neqr iBarb conpr)KeHHe orAeJrbHbrx . {acre l : I  H Aerare i r  c  eucoxoi i
Tor{Hocrbro pa3N{epoB H Qopusr  co6HpaeMbrx y3"qoB,  Hec\ Iorpf l  Ha
TO,  r {TO HeKOTOpbIe  H3 HHX,  KaK,  HaI IpHMep,  CTaTOp 11 poTop,  } lo fyT

AOCrr i fa rb  HecKoJrbKr . i x  AecqrKoB MerpoB no nepHMeTpy.
Baxnel i iuuM Qaxropou, olpeAeJl t l roulnM KoHcrpyKr{Lrro rnApo-

feHeparopa,  f  Br ' rseTca raK)Ke pacnoJ lo lKeHHe BaJra  a fpe faTa -  Bep-
THKaJTbHOe HJr rr  fop H3oHTa", ' rbHoe.

Bnu4y roro qro AJtr  roplr3oHTa", ' IbHoro r l lAporeHeparopa npaK-
THIICCKH HCBO3MO>KHO O6CCNCqHTb HCO6XOAHMYIO }KCCTKOCTb CTATOPA
H poropa npu 3Har{HTe"rrnoft  Macce uoc, ' reAHero, noAo6unre Ma[IHHbI
Bcrperrarorcfl peAKo vt o6uqHo AJIfl r{acror BpaureHllf l cBbIIUe
600 o6/rraaH. B Cosercron Coro3e, rAe IIo xapaKrepy BoAHIIX pecyp-
coB ycTaHaBJruBalorcf l  r l {Apoarpefarbl c qacroroft  BpaqeHnfl  He
Bbrrrre 500 o6/uHH, fopr43oHTaJrbHbre Ma[rHHbr o6rt.{Horo HcrIorHeHHq
He npHMeHflrorcf l .

OAuaxo B nocJ leAHee BpeMf l  KaK B CCCP, raK H 3a py6exorr
HaxoAflT ece 6orbtuee rtp14MeHeHr.re ropLI3oHTaJIbHbIe rHApoarperarbl
cneuuaJrbHoro HcnoJrHeHufl .  -  KancyJrbHble. l lepcnexruBbr rdx pa3BH-
THl.,  cBfl3aHbI co crpouTeJlbcrBoM HH3KoHanopHbIX pyc, ' ioBbIX fOC,
a raKx{e c co3AaHHeM npHJII4BHbIx 3JleKrpocraHIrIar i  (n3C).

Taral, t  o6pasovr, Bce cKoJrbKo-Hn6yAr 3HaqHTeJrbHble r l4ApocraH-
rIHPr OCHaUIarOTCfl rHApOafperaTaMH BepTI4KaJrbHOfO HCnOJIHeHHfl.

f lp" BeprHKaJrbHoM pacnoJlo>KeHHH BaJra B KoHcrpyKIrHH fHA-
pofeHepaTopoB r.rMeroTcfl crrerlHaJrbHble y3Jrbl, oTcyrcTBytouue B fo-
pLr3oHTaJrbHbrx aJIeKTpHTIecKHX MarrlHHax. Taxauu y3JIaMH fiBltfl-
rorcfl: [oAnflTHHK, Boclrpr.rHurraarcurprfi Bec Bpaua]ouIHXcs .{acrell
reHepaTopa v ryp6uHu, a TaKlKe oceBoe TLIApaBJIHT{ecKoe ycHJIHe,
Aeftcrnyrcuree Ha pa6ovee KoJreco ryp6uHu; HailpaBJlslotrlze noA-
rxHrrHHKH (o4HH vrrw ABa), yaep>xllBaloulue BaJr or paAHaJIbHbIx ile-
peMelI{euul i ;  KpecroB}IHbI, B KoTopbIx pacnoJlo>KeHbI noAnflTHHK
(xponre rex cryqaeB, KorAa rroArrrrHnK ycraHoBJreH Ha KpbIIrIKe
ryp6Huu) u uanpaBJlf l Iolque noAIUHnHHKH; r lepeKpblrnf l  no reHepa-
ropy pr ul,axre ryp6uuu.

Vcpr.nug Ha onopHbre y3Jrbl rr{Apoafperara BecbMa 3HaqHTeJIbHbI
u, nopofi, rpeBbr[raroT 30 MH, uro o6ycJroBJrr4Baer cJlo)KHocrb KoH-
crpyxqufi. Taxaq 6o.nr,uras Hafpy3Ka onpef€"r-Iflercfl, c oAsoti cro-
poHbl, oceBbrM ruAPaBJrr4qecKHM ycIrJrHeM, Koropoe Mo)KeT r lpeBo-
cxoAnrb noJIoBHHy o6uref i  Harpy3KH Ha IIoAnflrHHK, a c Apyrof i t  -

rpe6onaHaf lMH K poropy reHeparopa no AHHaMHqecKoMy MoMeHry
HHeprrHH (uaxoeoMy MoMeHry) H npor{Hocru. Porop AoJI)KeH o6na-
AaTb o[peAeJIeHHbrM AHHaMHTIecKHM MoMeHToM HHepuHu, o6ec[eql l-
BarouIHM ycrof iuuBylo pa6ory reHeparopa H peryJIHpoBaHHe qa-

crorbr Bpau{eHuq ryp6nuu, a no nporlHocrn - 6snr paccr{HTan Ha
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Fffi

yroHHylo r{acr_ory^ Bpaueul ls ryp6autr,  Koropafl  npeBbrrxaer HOMH-
I raxbHyro  B  1 ,7 -9 ,2  pasa  (n  saeHcHMocru  o r  rHr ra^ ryp6uHsr ) .  l l oa -
po6Ho 

,o  rpe6ona Hr4f l .x  K poropy r .HAporeHeparopa cKa3aHo B pa_
6ore t38l

7 -2. KOMnOHOBOT{HbIE PETUEHUI
BEpThKAJt bH bt x f uAporEH EpATopOB

BepruxalbHbte r l4AporeHeparopbr  no ceoer l  KoMrroHoBKe pa3Ae-
JI f l IOTCf l  Ha I IOABeCHbIe -  c  I IoAnqrHI . rKoM, pacnoJrox(eHHbIN{ HaA pO-
ropoM, rr  3oHTHr{Hbre- c noAnqrHHKoM noA poropoM. I {a pnc.  T_l_
7 -4 npep,craBJreHbr rHAporeHeparopbr o6oux rnnoB.

B reHeparope, uso6paxeHHoM Ha puc.  7-1,  crarop,  cocroqurHr i
H3 Kopnyca 1, cepAeqHHKa 2 14 o6lrorxu J, onupaeria Ha Syula-MeHrHbre nnurat 4. Bsylpy-craropa pacnoJro)KeH porop c eaioN,{ g
H ropMo3HbrM KoJrbrroM 5. t{epe3 3aKpeureHHyro ua na.rry nrynxy 17
I'I AHCK 16 porop onl4paercfl I{a HenoABr.rN<Hbre cerMeHrsi t5 noai"t-
HHKa, noMeureHHoro Ha onopHori xpecroBr.rHe 14. Taxoe Hcno,'rHeHue
|HAPoreHeparopa Ha3bIBaercfl noABecHbrM. Bepxnrul HanpaBJrflro-
uruft rIOAIUHnHI'IK 13 HaxoAHTcfl B r{eHTpaJrrsoii qacrn nepxHeri
(onopnofi) KpecroBnHbr, Hr.rxHurl l2 - e HHxuerl xpecroeuHe l l .
Ha serl )Ke ycraHoBJIeHbI TopMo3a-AoMKparbr 10, pacno.rrox{eHHbre
no/t_Top Mo3HbrM KOJrbr{OM poropa.

Kax BHAHo r.rs pHc. 7-1, nan rnAporeHeparopa r,rMeer B AaHHoM
cryqae ABa Ha[paBJItIOUIHx rrOArxHnHHKa, TpeTbHM TTOATXHTTFTHKOM
afpefara cJry)KHT noAtuLrnHHK Typ6HUU, pa3Meuleuuurl  s6nueu pa-
6oqero KoJreca.

Korla paccroflHlle MexAy rIoArxHrrHr4KoM ryp6raHu rr BepxHHM
IIOATXTTIHprKOM reHeparopa raKoBo, qTo BaJr afpefaTa o6nalaeT Ao-
craroqHofi >KecrKocrblo rlpu AByx noArrrurrr;HKax, Hllxsurt reHepa-
ropurtli Mox(Ho FIe ycraHaBJrHBarb. Btr6op seo6xoArir\,roro qr.rcJra
noAr.uHnHHKOB OnpeAeJrflercs p_ac_rreloM BaJra Ha X<ecrKocrb kr KpH-
rurlecKylo qacrory BpaueHnfl t381. I(oncrpyKrrlrfl rroABecHoro rHApo-
reHep aTop a c _oAHHM Hanp aB.rlfl roullr M rroAtrriHnH]rKoM rrpeAcraBJreH a
Ha pHc. 7'2. O.IeeHAHo, tITo orKa3 or HHlKHero lroArrrurtHr4Ka ylpo-
ulaeT KoHcrpyKIrHIo ecel? MatrrHHbr: ornaAaer ueo6xonqrvrocrb
B HH)KHeli  xpecroBuHe (roprvros a-AoM Kparbr ycTaH aBJTHB aroTcfl  Herro-
cPeAcreeHHo Ha QyHaalrcur) ,  trac"nluofr BarJHe H uref ixe Bai la trJrf l
TIOAIXHnHHI.'A, CHCTeMe ero OxJrax<AeHHfl t4 T. II. KpOnAe rOrO, cHH-
xaercf l  o6qaq Bbrcora afperaTa, qro Mo)Ker Aarb onpeAeJleHHyro
gKoHoMHro rrpu crpoureJrbcrBe 3AaHrar f3C.

B rueporeHeparopax 3oHTHtIHofo Trir ta pasnr- iqaroTcfl  ABe ocHoB-
HbIe nao4nQuKat\HH, or.r'rr.rqaroxlnecfl Mex<Ay co6ofi MecroM ycra-
HoBKH [oAnflTHHI{a: Ha ul l>Nner? (onopuoi i)  KpecrotsHHe rerrepaTopa
(nnw BHyrpH ge qeqJparoHoi i  qacrr { )  -  puc.  T-g H Ha Kpbrr rKe ryp-
6uHlt -  pHc. 7 -4. l loc"reAHqs KoHcrpyKrruf l  serqercf l  nan6o"rree
KoMnaKrirof.r .  I- Iepaan cepHfl  rHApofeHeparopoB c raxofi  onopofr
roArsrHr.rKa MorrlHocrbro 50 MB .A 6una H3roroBJreHa B 1951 f .
AJrr I-{uu,naucxort fOC. fla"rrluefiruee pa3Br{rne 3ra KoHcrpyKrrufl
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Puc. 7-1. f lrAporeHeparop noABecHofo ucnoJiHeHHff c AByMfl HailpaBrqIouIHMLI noA-
munHllKal\ lrr,  353 MB'A, 200 o6htl ln

I  -  xopnyc craropa;  2 -  cepAevHHr craropa;  3 _-  o6uorxa craropa:  4 -  dyHAarrrenruat{
n n r i u ; ' i - x o . n o q o ' r o p v o a H b e ;  6 -  n o n r c c ;  7 - o 6 o n  p o r o p a ;  8 - o c r o s  p o r o p a ;  9 - s a . l :
/0  -  ropuo3-AoMKpar;  / /  -  xpecroBnHa HH)KHrf l ;  12 -  ssxul l f i  uaupaelgrcu{uf t  r roAuHnHHK:
/3 - neilxn"ii 'uanpau.irgroulrlr ' l- noAurunHHKi 14 - Kp_ecroBnHa B€pxusf ; .15 - cerueuT troAtrtr-

Hi rKa:  /6  -  A l tcr< noAnr l runKa;  17 -  eryaxa noAtr f fTHtIKa
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Puc. 7-2. fu4poreueparop noABecHofo HcnoJIHeHHs c oAHHM HanpaB!'rrrcqrrr{ noA-
uHnHHKoM, 264,7 MB . A, 125 o6/rrauu

l l a r " a - l  \ e  9 1 0 l L l



Y
,

Puc. 7-3. fprAporeueparop soHTnrrHoro uciroJrHeHufi c rroArrf lTrrHKoM, ycraHoBJIeH-
HbrM Ha ssxneif KpecroBr.rne, H ABynrfl HanpaBJrflrouII-{MlI noAIrIunHHKaN{H,

103 MB .A, 83,3 o6luuu
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noflyr{Hr a npH
128 MB.A .u ,nq
HbIX pycJroBbrx
ercfl ocuoeuofi.

paspa6orxe cepuli rnAporene.paropoB MotrlHocrbro
Bo.rxcxnx f3C, v B Hacrofl i lree BpeMr A.nfl moul-

ruApogrer(rpocrauuuri Coeercxoro Corc3a oHa rBJrq-

1n12' t<t l

Puc. 7-4. fugporeHeparoo 3oHTI{qHoro ucnoJrHeHus c onopofi noAnrrHqKa Ha
KpbrrrrKy ryp6annr, 253 MB, 136,4 o6luun

/ -crarop: '  2-porop;  3-u1tr r  Bo3Ayxopa3,u,eaarcu1uf i  sepxunf i ;  4-xpecronxHa Bepxnrs;
5 - reH-eparop BcnoMorare.lbllblft: 6 - noAcraBKa noA MacnonpHeMHHK; 7 - nepxHllf i Hinpan-
.nstoull lf i  noAru{nHnK; 8 - reneparop_ pery.laropHrrii; 9 *- noAcrasxa noA noAnqrnax; iO -
BaI{ t Ia  Ntac.r lsHar c  noA[ f lTHHKoM; / /  -  nepexpblTue uaxrbr ;  I2  -  rpy6onpoBoA ropl roeHol i ;

13 - rpy6onpoBoA rox(apor)'ruervfl: '  14 - u{Hr Bo3Ayxopa3ae.ni-rournii uu>rsuft

B soHrnqHbrx, TaK )Ke KaK B IroAtsecHbrx, rHAporeHeparopax Mo-
){(er 6urt oAHH uJrH ABa HaIIpaBJIrIoIqux rroAtxllnHrlKa. Pasru.rurre
KOIUIOHOBKI{ f l {ApofeHeparOpOB noABeCHOTO rr 3or]Tr.rqHofo THrrcB
6o.ryee noApo6Ho orncaHbr B pa6ore t3B].
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B rrpeAcraBJreHHoM Ha pHc. 7-3 3oi{TrrrrHoNr rnAporer{eparope
noAttfrHHK ycraHoBJIeH r{a Hn>xHeft KpecroBr.rHe 1, Koroparr onrlpa-
eTcfl  Ha QyuaanaeHT. Bepxurrr l  I - t3np?B",1srou{url  noA[rnrrHI{K 2 pa3-
MeuIeH B r leHTpa/rrgof i  rracrr.{  nepxHeft KpecroBHHbI, HHxunft noA-
urr { r rHnK 3 -s  r reHTpaaurro i i  qacrr i  uHxiHef t  (o t topnoi i )  KpecroBIrHbI .

B gau6o"nee coBperuer{HoM HcrroJrHcr{HH 3oHTHt iHblx  rHAporene-
paropoB (pHc.  7  -4)  M acJ n la f l  BaHHa c noArqrHI I I ior {  10 ycra-
HoBreHa H& . 'noAcraBr ie  9  H onl tpaercf l  B Kpbl tx t iy  r1 'p6 l tust .
l loAcranxa o6orqno r iNrcer KoHr{qecKyro cbopny Lr f lBrrercf l  qacrblo
ryp6uHuoro o6opyLoBaHtf l . .  f lpH erol i  KorrcrpyNrrHu eAil l {crBeHsul i
HanpaBJrsrou{Hfi  noArr} lnlrrrK reHeparopa 7 pasMeuraercr B nepxHerl
KpecroBune 4.

Kax BrrAHo Hs pnc.  7-3 14 7-4,  npn pac[oJ lox{eHr l r {  onopbl  noA-
nf lTHr4Ka Ha Kpbrr r rKe ryp6uHrr  H orKa3e or  B loporo reHeparopHoro
[oArunrrHr{Ka cyrqecrBeHrro coKpauaerclt  o6uraq Bbrcora arpe.raTa
H coorBercrBeHHo ero Macca H cror4Mocrb. OlHaxo r"uaenttf t  gl{oHo-
MHqecKHri aSQexr Aocruraercf l  3a cqeT cH?rN{eHHfl Bblcorbl MaUILIH-
Horo sai la f3C.

Kax noABecHbre, TaK u 3oHrnrrHble fnApofeHeparopbl H\ ' tetor
cBoH npeHMyurecTBa vr HeAocrarKr{.  l lpanH.rrrHufi  eu6op r l4na ar-
perara r\{ox{er Aarb. o.npeAe"neuuufi  oKoHoMuqecxHfi  eQSexr r lpn
crpoprreJrbcrBe rHApo3neKTpocraHr,t l l r{  H o6ecneqtlr l  i lpeI{MylIrecrB a
nprr  3KcnJyaTauHlr .

7-3. COOSPAIKEHVlg nO gUlSOPy

KOMNOHOBKZ TUAP OTEHEPATOPA

B upuuquue noAeecHofi  THrr fprApofeHeparopa Mo>Ker 6urt r iptr-
r \4eHeH nprr . t trc6ofi ,  MouIHocrH r.{  qacrore BpaIqeHHf,.a HcrIoJIb3oBa-
HHFO 30HTI4IIHOfO IIPCTIfiTCTBYCT PgA O6CTO'TCJIbCTB, CBf 3AHHbIX

rJraBHbrM o6pasou c,pa3Mepar,{H lyp6uuu. Hecnrorpf l  Ha oto,  6o.rs-
rrrnHcrBo ruAposJreKTpocrasuufi Coeercxoro Coiosa ocl{aqeHo He
noABecHbIN{I{, a 3OHTI4r{HbIMH MaIrIHHaMI4.

A"{q npnHfrur rrenecoo6pasuoro peuts1114" c/ ' IeAyer yr lecrb- Pqa
$axropon, CnpeAe.' I f lFougtx eu6op KoMIIoHoBKH rHAporeHeparopa.
I- lpu MaJroM AuaMerpe pa6ouero Ko.r ieca ryp6Hum H cpaBHlirej ' IbHo
He6o"nuuom Al4aMerpe pacrot lKn craropa reHeparopa, qro l{ \{eer
Mecro npr.r BblcoNotl  qacrore Bpau1el{Hfl  arpefara, BbIno, ' lHeFIHe rI IA-
poreHepaTopa 3oHTHrrHoro THna Mox(eT oKa3aTbcf HeBo3Mox<HbIN{.
Ma,'rsrf i  AtraMerp [raxrbr ryp6uHu He Aaer Bo3Mox<Hocru pa3Mecrl i r t)
B Her? onopy rroAnfrr{HKa, a ycranoBKa rpovtosAxofi Huxnet-i Kpe-
croBuHbr reHeparopa, cBoArlr laf l  B 3HarIHTe"tIuHoiI  Mepe Ha HeT npe-
HMyqecrBa 3oHTHr{Hofo rHna, Mo>Ker cyulecrBeHHo 3arpyAHltrn o6-
cJryxHBaHHe noAnflTHHKa rr ropr\{o3Hofi urcreN,Ibl. I( ronry )Ke y 3oH-
THrIHO|O TCHCPATOPA NO,I. I f lTHHK, CfO CHCTCMA OX"TIA)KACHI,I f l  I , I  NIAC,' I f l -

Har BaHHa HMeror 6orsurue pa3MepbI, r{eM y I ioABecHoro, Tai{ KaK
BHyTpeHruuft AvaMeTp ALIci{a noAnflrHHKa B nepBoM c,'IYqae AoJI)KeH
6rtrt  6oluue Hapyx<Horo AHaMerpa Q"rraHua BaJIa, npoHocl lMoro
qep$ AHcK npu c6opKax l r  pas6opKax arperara.
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Koraa N(e AHaMerp ryp6uuu AOCTaroqHo Be. l r rK,  TaK qro pa3-
MeureHHe [oAnf lTHHKa noA poropoM rre Bbr3brr ;aer  3aTpyArrcHuf t ,
r lpl{MeHeHIle 3oFITHI{I{oro rr.{na, oco6enHo c onopoi i  noAnflTr-tr l r ia Ha
r{pbrr l jKe ryp6unr, l ,  npeAnorrrHTe,rIbno. K ronry ir(c yr{opoqeFn.re Bai la
BcJeAcrBHe MaKCHMaJrbHoro c6r l {xeHr. iq  reHcparopa u rypSrrnr , r
r lpl{  soHrI{qHoIl  KoMttot{oBKe n03Bo,rrf ler o6oirr lrcu 6es nHXirrcro rc-
IJeparopHoro noA[r I { r rHHKa H,  Tar(uM o6paaor , r ,  orKa3arbcrr  oT r r r r iK-
r re r ' i  Npec roBHHbr  ( c * .  p  uc .  7  -4 \  .

EcrrH x{e o i lopy noAr ln l r i r { r ia  }craHoBnrb Ha KI ]bnrrK) '  T , \ 'p6rrur t
HeB03I,{O}KHO H feHepaTOp npH 30r{Trrr{rroM r.rcno":rrrerrHH A0,-rxieH

Puc. 7-5. f lepeHoc poropa rn,(poreHeparopa HaA aeficrnl'rcu1H,r,r arperaroM

I ' iN IeTb OnOpHyIO HHIKIJ IOIO HpecroBHH)"  npeHx{yudecTBo 3Tofo ' i ' r r f ra
cHH) i \aeTcf l  113-3a oTHOCI{TeJSHOfO yBeJ} iqeHI i f  Bb ICoTbt  k l  MaCCbI  fe -
Heparopa (cu.  puc .  7  -3)  .

Kax yKa3btBaJlocb Bbltue, rr .r .rporeHeparop rro6ori  t{ourHocrr{ r .r
rlacrorbl eparqeultn Mox{er 6strr EbInoJrHeH rroABecHoro rH1ia, orx-
HaKO r rpHMeHeHHe e fo  npaKTHqecKH OfpaHHr reHo .  Bo-nepBbrx ,  o6 -
u{af l  Bblcora noABecHoro rer {eparopa 6ol t ruc,  r reM 3oHTr i i jHoro
c aI IaJIofL{qHbIMH napaMerpaN,u{ ,  LL,  r ITo oco6egno c) ;L IecrBeHHo,
v Hefo oTHocHTeJrbHo BbrcoKa qacTb, BbICT)/[arcl l lag r{aA fro"[o\{ N{a-
tx I lHHoro 3a, I Ia .  Ecrn yqccrb t ieo6xoAuN{ocrb ne l )er {oca Kp) ' r rHbrx
ySxoB fHApoarpefaTa fpir  Moi{Ta)r(e HJfi4 Kanrrra"rrbHoN,{ peN,roHTe,
I{MeHHo IIocJ-IeAHee o6croqreJlbcrBo onpeAeJrfleT pacno.rrox(eHI,re
KpaHoBoro o6opyAoBaHnq, a cneAoBarerbHo, H Bcro Bbrcorv 3AaHr.rf l

l 6 i



f 3C .  I l a  puc .  7 -5 .noxa3ar {  nepeHoc  co6paHHoro  po ropa  MoHr r . rpye -
Moro reHeparopa HaA Aef icrBy lou luM arperaToM.

Bo-aropr' Ix, onopHafl  KpecroBnHa B rroABecHoM THne orrnpaercf l
Ha Kopnyc craTopa,  r .  e .  Ha canrs l f i  xpynHr, l r i  ro  AHaMerpy y3eJr
rHApOre-ueparopa,  B TO BpeMq KaK B SOHTHqHOT:r  Ma[rnHe nponer
onopHoli  KoHcrpyKIIHH 3HaqHTe,'rbHo rueHbure, oco6eHHo B c;T\/rr2€
pa3MeuIeHIaf i  noAnsrHlrKa I{a KpbrrrrKe r1'p6rauor. I_lo arori  nprir{rrHe
npu 6o"qlurof i-  Harpysxe Ha nornf lTHuK r{ 6o.r l turonr .(}raMerpe cra-
lOpa o[opHafl  KpecToBLiHa B noABecHoNr TH[e noJryqaercf l  oqeHb
6onrrunx pa3MepoB H Maccbr. B sToM cr 'ryqae BbrroAHee nepeftru
Ha goHTLIqHoe ucnoJIHeHHe. XapaKTepHbrM rrpr{MepoM B gToM oruo-
rrreHpru rBJrflrorcf rHApofeHeparopbr f,Henpoecxor? v tr4pxyrcxofi
fOC, HMeIoulHe oAHHaKoBbIe ocHoBHbre napaMeTpbr rr pa3Mepbr aK-
THBHbTX .raCref i .  Tax KaK Harpy3Ka Ha noAnflTHHK reHeparopa vp-
xyrcrof i  f3C (us-za pa3Hbrx runoB ryp6uuu) oxasa,racb npr{N{epHo
B ABa pa3a 6o.nturer?, oH BbrrroJrHeH 3oHTHrrHbrM, B TO BpeMfl KaK
ruAporeHeparop f,Henposcxori  fOC - noABecHbrM.

Helreq npeue6peraTb H TeM o6crosreJrbcrBoM, rrro pa3Nrepbr
IIOAIflTHUKa y noABecHofo reHepaTopa, a cJreAoBaTe.rrbHo, H lrorepn
Ha TpeHlIe MeHb[Ie, t IeM y SOHTHrrHOrO, TaK KaK rrocJreAHHe nponop-
I{HoHaJrbHbr oKpy>ruofi cKopocru AHcKa noA[flrHr4Ka B creneHH 3i2.

_ llp" cpaBHeHIl[ MoHra]KHbIX H aKcrrJryarar{HoHHbrx KaqecrB
o6oltx rl{noB cJIeAyeT orn{erlrrb 6o.nruree yAo6crao o6cayrxuBaHVfl.
noAnfTHr{Ka noABecHoro reHepaTopa 6"naroAapa Bo3Mo}KHocrH
noJIb3oBaHafl, KpaHOM MaTITHHHOTO 3AJra; rrpH pacloJrox{eHHH rroA-
Irf l rHr{Ka rIoA poropoM Bce onepaqHr] ro c6opxe H pas6opxe efo
npI{xoAHTCs BbInO/IHflTb BpytlHyro, xoTfl H c rroMoulbro HeKoropbrx
cneIIHaJIbHbIx rrpucrroco6"rrenuft. l lpenrr,ryurecrBoM noABecHoro rutta
gBJlgercfl TaKx(e To, rITO MaCJIflHbIe flapbl I{3 BaHHbI [OAnqrHHKa He
[o[aAaIoT BHyTpb MaIXHHbt,  B TO BpeMq KaK B 3OHTHrrHbrX feHepa-
Topax 3aIqHTa o6uorox or aTHX napoB upeAcraBJrrer 6oanulle
rpyAHocrH.

Mosrax rloABecHoro fl{AporeHepaTopa HecKoJrbKo cJrox(Hee, raK
KaK I{eHTpOB.Ka BarIa arpefara H cTaTopa reHepaTopa BbrrroJrHflercfl
coBMecrHo (onopHax KpecroBHHa C [oArrf lTHHKOM CrOHT Ha CTa-
rope), 3 B goHTr,rrrHoM - He3aBHcHMo.

floAeoAs HTorI4 50-"nersero onblTa coBercKoro ruAporeHeparo-
pocTpoeHr{fl c yrreroM TeHAeHTIHI{ efo pa3BHTHfl 3a nOCJTeAHHe
10 JIer, MoxHo cAeJrarb BbrBoA, r{To B orrpeAeJreHHoM Ar.ra[a3oHe
MOUIHOCTeft, qaCTOT BpaueHHfl U HarpysoK Ha rroAnflTHr{K Ko\{no-
HOBKa rl4AporeHepaTopa onpeAeJrfleTcfl oAHo3HarrHO, HO CyqecTByeT
AOBOJTbHO rrr,upoKafl o6"tacTb, FAe npHMeHflrorcfl o6a runa. 3ra o6-
JIacTb 3a nocJIeAHHe roAbl cMeulaeTcfi B cropoHy 6onturefi qacrorbr
BpauIeHHs. B Hacroquree BpeMfl Bce arperarbr, 3a MaJrbrM HcKnrc-
qeHHeM, c qacrorof i  BpauleHlrf l  Ao 150 o6/rvruu Bbrno, 'rHflrorcr 3oH-
TUTIHbTM{: npHqeM o6uqno c onopofi  rroAnflTHHKa Ha KpbruKe ryp-
6Huu. B ro )Ke BpeMfl 6onee 6ucrpoxoAHbre r\{alrruHbr - or
200 o6lMI{H H BbIIxe - HMeIor rroABecHoe ucnoaseHue. B anana3oHe
or 150 ao 200 o6lruuH Bcrper{arorcfl o6e xourroHoBKu.
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Heo6xoAHMo raKx{e orMerr.rrb, rrro noABecHori run o6uqHo npn-
MeHflercq npn Harpy3Kax Ha noArf l rHuK Ao l2 MH H npr{  AHaMer-
pax pacror{KH craropa Ao l0 M. OAnaxo ecrb orAeJIbHbIe cepHI'I
r roABecHbrx rHAporeHeparopoB c Harpysxof i  14 MH npH AnaMerpe
pacror{KH craropa l1 Nr (Eparcxax f3C) u Aa}Ke c Harpyaxof i ,
rrpeBbrrx_arourey l7 MH, trpw AaaMerpe pacror{Krl l0 ,* (ToxroryJrb-
cKafi  fgc). Henn3q, KoHeqHo, cqHTarb, r{To STII Maur*HHbI f lBJrrt torcf
npeAelrHbIMH AJrf l  rroABecHoro rHrra, TaK KaK Heo6xoAHMafl x(ecr-
Kocrb onopHoft KpecroBHnbr H npu HecKoJrbxo 6oree rpyAHbIX ycJlo-
BHflx Mox(er 6urt o6ecneqeua c co6.rrIoAeHHeM o6ttqHux rpe6oea-
uHf i  rpaHcnopTapoBaHHf l  .

OrMe.reHgas Bbrrrre TeHAeHuHq pactuupeHlrf l  rpaHHIrbI trpHNIeHe-
HHs, 3oHTHqHoro runa B cropoHy 6ucrpoxoAHblx Maur{H oco6esno
3aMerua 3a py6exo*t,  rAe crpoeKrnpoBaH pflA raKHx reHeparopoB
MourHocrbro or 60 ao 500 MB. A, c qacrorofi npaureHliq or 200 ao
333 o6/rrnnn.

CyuecrBeHHylo poJlb npl{ ett6ope KoMnoHoBKLI Moryr Hrparb
TaKX(e QapueHHble HHTepecbI, B ToM rrr.rcJre HaJIHqHe TexHoJloruqe-
crofi ocHacrKn paHee BbrnoJrHeHHbrx MarxHH c 6nwsKuNrr4 [apaMer-
paMH. Ha nsr6op KoMnoHoBKI,I  Moxer B"rIHflTb rLIn cauofi  r l {Apo-
gJIeKTpocraHIII{u. Tax, HalpnMep, AJrf l  f  3C c noA3eMHbIM M atunH-
HbIM gaJroM, cronMocrb Koroporo oco6esgo BeJIHKa, TaK KaK ero
[pr{xoAHTcfi BbrnoJrHflTb He[ocpeAcrBeHHo B cKaJIe, npeAnoqrHTeJleH
6o.nee lg.uzt<uft - 3oHTH.IHHft - rHAporeHeparop.

B Kar{ecrBe npnMepa corrocraBJreHnff KoMrroHoBorIHbIx BapHaH-
roB paccMorpuM ruAporeHeparop MoulHocrr,ro 282,5 MB'A, Hanpn-
xentnelr 15,75 xB, c qacroroft, npauleHufl 125 o6lvuH u narpysxoft
Ha no,u,nffrHl{K 16,45 MH.

rfiABA BOCbMA'

CTATOP

8-1. OElllhE nOJIO)+(EHht

Crarop qBrqercr ocHoBHbriu HenoABHX(HbIrvl  ysJloM rnAporeHe-
paTopa. Kax sO eCqxoft CHHxpOItuOfi  g, ' IeKTpHqecxoft Mai l IHHe, oH
Bbrno"rrHqeT SyHxuuro qKopr, qepe3 cepAeqHHK Koroporo 3aMbI-
Kaercf l  [epeMeHsuIl  MarHnrHufi  noroK, a B o6uorxe HHAyKTHpyercf l
sJreKTpoABH)Kyulaq cHJIa. Crarop cocrol{T H3 Kopnyca, cepAeqrrKa
H o6naorxll u cua6xaercfl 3aKJraAHbrMpI r{acrflMH riln Kpen;leHHfl
r< QyH4aMeHry. Bonpocst,  cBn3aHHbIe c KoHcrpyxt{uef i  o6uorxH u
conocraBJreHHeM ee cxeM, paccMorpeHbl  e  r r .  9 .

B i lpoqecce pa6omr y3xbr craropa noABepraForcf i  nl l6pauHflM
H AeftcrBHro pa3rHrIHbrx ycnJrHfi  or Beca qacrei i  MalrIHHbI, AaBJIeHHT
BoAbr, o, ' reKTpoMafHHTHoro noJrff ,  narHrrrHofi  HeypaBHoBe[IeHHocrII
H T. A. 3rH ycJroBnfl  Mofyr 6urr oco6euno gHaqHTeJIbHbIMH npu
anapnfiHsrx cnTyaI{Hnx. Crarop TaKx(e AoJI>KeH nporuBocroflTb
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cHJraM, Bo3HHKarOrUI . rM npl {  TexHOrorHqecKHX onepaur . l fx  B I lpoqccce
I . r3roToBr ' reHHt u MoHTa)Ka,  c  TeM qToobr  BHyTperrHIre Halpfx{ef rHf l
B MaTeplr/ .ai le H cBapHbrx [rBax He npHBerH K HeAonycrHMbrM AeQop-
NIauHf lM n l lcKa)KeHrI f lM Qoprr tu l .  f losroMy Bo MHoTHX cJyrrasx pa3-
MepbI, H oco6eHIlo rolUr,rJHbr crSr' IbHL,rX "rrHcToB, Kopnyca craropa
ert6uparcr, HcxoAr He H3 o(recne.{eHurr npolrHocrn, a no }/cJIoBi. IsM
coxpauesUJr Qoprnln.

B 6o"uuurHHcrBe cJryqaeB craropbr  rHAporeHeparopoB HMeror
AHax{eTp, npeBbrurarc[r.Hfi  4,5 M, H trnf l  Bo3Mo)KHocrH TpaHcIIopTLI-
poBaHHfl ozru BbrrroJrHflrorcff  pa3'beMHbrMH Lr3 HecKoJrbKHX qacrei i  -

ceKTopoe. quc"tro raKr4x qacref i  o6uqHo qeTHoe: ABa, qerblpe vi lH
uecrb. B noc, 'reAHee BpeMfl [pr4 au6ope onruMaJrbHoro qprcJa
pa3beMoB Lt  pa3MepoB ceKropoB o6pauaercr  BHHMaHHe Ha ro,
qro6rr no AJTHHe KalKAoro ceKTopa yKJraAbrBaJrocb IIeJroe r{Hc"'ro
noJrlocoB poropa. f lp" 3ToM TaHreHrrnaJrbHbre a./ ' reKTpoMarHHTHble
yc'AJLUfl  B CTbrKaX CeKTOpOB B3aHMHO ypaBHOBe[r]rBaFOTCfl,  Lr 3THM
AOCrHfaeTCfl CHr.r>KeHHe ypoBr{fl Ua6p aL34fl CepAeqHVKa.

8.2. KOPNYC CTATOPA

Kopnyc craropa npeAcraBJrfler co6ofi KoJrbueByro r{oHcrpyr{qltrc,
cBapeHHyro H3 fopu3oHTaJrbHblx pe6ep-noJroK, BepruKaarrbHbrX pe6ep
H uapyxHori o6ruuexu. BHyrpu Koprryca, o6nruuo Ha KJrHHbflx, co-
6upaercx rr 3anpeccoBbrBaercf l  cepAeqHHK, B xoropurl  3areM yKJa-
AblBaercr o6uorxa. Bepxurafi rroflc Kopryca cJryx(Hr onopofi noA
BepxHloro KpecroBrry H cHcreMy nepexpururi  [raxrbr reHeparopa,
a HIrx{HHri ucno,nb3yercr AJrfl KpenJreHnfl craropa r SyuaaMeHTy.

HapyxHan 6oxoeaq noBepxHocrb Koprryca, H& xoropol i  yKpen-

",'rflIorcq Bo3AyxooxJraAHTeJrH, HMeer Sopvry rIH./'rHHApa vilv rtpa-
BHJrbHoro MHofoyro,rrbHr{Ka (puc. 8- I  )  .  l loc, ' reAHqq $opna o6na-
AaeT HeKOTOpbrMr{ TeXHOJTO|LIqeCKHMH npeHMyrrleCTBaMr.{,  TaK KaK
Ilo3BoJrfler orKa3arbcfl or rHyrbf Jrl{croe o6ruuBKr4 ,r o6"[er.raer co-
lpflx<eHue c Bo3Ayxoox,rraAnre,'rqMr.r. Kopnyca raxofi $oputr HMelor
t loBblmeHHyro x(ecrKocrb. OAsaxo MHorofpaHHbre craropbl noKa
eue He nonyqvurK r lrHpoKoro pacnpocTpaHeHr4q, TaK KaK HX rrpHMe-
HeHLIe 

'Mo>Ker 
Bbr3Barb seo6xoAHMocrb yBerur{eHufl  ArlaMeTpa 6e-

ToHHofo craKaHa QyuaaueHTa.
Cpe4Hrcro qacrb Kopnyca, K Koropori  xpenurcq cepAerrHux, o6pa-

3yIOT HeCKOJTbKO rrapaJrJreJrbHblx nOJiOK, pacCTOflHHe Me)KAy KOTO-
pbrMa npI{H}rMaercfl rlpl.rMepHo 400-500 rurvr; MexAy noJrKaMr4 ycra-
HaBJruBarorcr pe6pa H pacnopHbre yroJrbHHKH. Bucory cpe4Hefi
rlacru 6epyr HecKoJrbKo ueHnurefi AJrHHbr cepAer{HHKa, ..iro6L,r pas-
MecrHTb cBepxy 14 cHH3y Hax{HMHbre rraJrbubr rpe6eHox, crsruBaro-
UIHX CepAer{HI4K.

BepxHufi v uptx<Hurl noflca Kopnyca cocroflT r4s oAuor? noJrriu
u pe6ep. 3rn noJrKH BblnoJrHfl Iorcf l  6o.uee roJrcrbrMH, qeM cpeAHr.re,
TaK KaK oHI{ Hcnolbgyrorcfl AJrfl KpenJreHufl eepxHefi KpecroBHHL,r
Lr Ailn npHcoeAI{HeHIts x SyHAaMeHry. HHorAa c ueJrbro sKoHoMHH
cra"ud u o6aerqesun craropa BepxHroro r{ HHxHIoru noJrKH Bbrnox-
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IIf l l .OT COCTaBHbTMH H3 pa3r{brx JIIICTOB: BCe t{OJibt{O r.{3rOTOBJrri l.OT H3
cpaBi lLITe" ' rbHo TorrKofo JI . IcTa v ToJrbr io B MccTax l ipenneHHrr . r ran
BepxHe{i  KpecroBHHbr rr  npHcoeAHHeHHr r i  QyHearnrer-rrrrbrr \ {  nJrrraM
BBapnBaror yqacrKr.r  ro i rcrof t  crai lv.

Bucory noflcoB 6epyr rrecKo"{bKo 6onrruer? A.-rrrHbr ro6oeux
qacrei t  o6uorxrr  HJIL naKera coeAHI{HTe,r lbr{brx I r r . rH, 3aurr iu laf l  rTI . iN{
o6vor i<y  npn rparJc i lopr t {poBannu 14  MoHrax{e .

Pnc. 8-1.  Kopnyc craropa
I - e e p X H a f i  n O , ' I K a ;  2 - g a x e a ' i ; 3 - o 6 r u n a n a ;  4 - p a c n o p u o t e  y n o " [ b H H K H :  5 - p e 6 p a ;  6 -

cpeAHqfl noJIKa; 7 - vn>xss,q norKa

LIsorAa AJr f l  Bo3Mo)KHocrr i  rpaHcropr l lpoBaHnf f  craropoB c cep '

AerIHuKoM 6o"ryluroft  AJIHHbI H BbtcoKI.IMllro6oBbtN't tr  qacrf l l ! ' I I i  [pH-
xoAllTcfl oTKa3bIBaTbcfl oT HHX(He|O IIOflCa; B 3THX C,' ' IyqaflX AJIfl
KpenJ' ieHur K QyHaaueHTy Hcr loJrb3yercf  HIIX(Hf lq IoJIKa cpeAHef i
qacTH Kopnyca, Koropafl BblnoJlHflercfl 6o.nee roJlcroll, qeM o6ttquo.

Cnapyxr.r Kopnyc 3aKpbrBaercfl o6rurtexoli, B Koropoii IINIeIorcfi

oKHa A"rr f l  npoxoAa Harperofo Bo3Ayxa K Bo3AyxooxnaAi i re.r l fM H
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t"r,t ts BbrBoAa runrr o6uorxu. Bce noJrKH, pe6pa, pacnopHbre yro,rrb-
HHKH u  o6ruHsxa (nos .  1 ,3 -7  Ha pHc.  8 - l )  cBapeHbr  MexAy co6or i .
A,nq nepeHoca orAeJrbrrbrx ceKTopoB HnH co6pauHoro craropa,
a TaKx(e AJIf l  Kal lToBoK CeKTopoB npeAyCMoTpeHbI cneUllar]bHbte Ae-
Tai lH (saxearu) vi lH ycrporicrBa, o6srqHo f lBJrsroulHecfl  HeolbeM-
"ueuof t  qacrbro Kopnyca (noa.  2  na pzc.  8- l ) .

Kax 6anro.,  cKa3aHo Bbrrrre, o6rtquo craropbr BL,rnolHflroTcfl
pa3beuHbrMH Lr3 HecKoJrbKux ceKTopoB, o6pasyrournx B co6panHonr
BHAe 3aMKHyrOe KOJTbUO. B HaCTOsUree BpeMfl nprrMeHflIorcf l  ABe
KOHCTpyKTTHH CTUXa. B 6O,qblxHHCTBe fr i lpofeHeparopoB AJa erof i

Pac. 8-2. Crarop ruAporeHeparopa a co6pauHorr BHAe

IIeJIH cJlyx{ar crblKoBble nJr.rrbr, crflruBaeMbte N{ex{Ay co6ofi tulturb-
KaMr.r,  a r.Jrf l  QuxcaquH rroJro)KeHHfl ceKTopoB npH c6opxe - ycra-
HOBOrrHbre [rruQrH. CeapKa qacref i  Kopnyca c nonapHo crfHyrbrMH
Mex(Ay co6ofi nJIHTaMI4 BblnoJlHtercfl <<B KoJIbIIo>>, TaK KaK To.IrbKo
npu gToM ycJIoBHH Mox(eT 6urt o6ecueqeHa nJrorHocrb crbrKoB;
TaKX{e <<B KOJTbTIO>> npOH3BOAHTCfl C6OpXa CepAeqHr4KA. TaXOfi TeX-
HoJloruqecxptfi npouecc rpe6yer 6o.nsurux npor.{3BoAcrBeHHbrx irJro-
ulaAefi ,  3aHHMaeMbrx AJlr.rreJrbHoe BpeN,rq A;rn cBapKH Kopnyca
u c6opxH cepAer{HHKa.

B gexoropblx cryqasx, oco6eHHo rrpH r.r3roroB,, ' reHnu 3Haql. i re, ' rb-
Horo rIHcJIa oAHorHtIHbtx reHeparopoB 6o"rynuux ra6apI{ToB, r{eJreco-
o6pasHo npr{MeHflrn 6onee nporpeccHBHy}o r{oHcrpyKuuro craropoB,
KoTopafl  AJII  HX npou3BoAcrBa He rpe6yer croJrb 3HaquTeJrbHbrx
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nJIOUIaAefi ,  nO3BOJIf i f l  H3nOTOB/rrTb OTAe,'rbHbre CeKTOpa <<noTolioM>>,
6es c6opKr{ craropoB <<B KoJrbuo>>. f lpn eroft  KoHcrpyKuHLI orAeJIb-
Hbre qacrn Kopnyca coeAnHqorcf l  Mex(Ay co6oft He crbrKoBbIMH n/tH-
TaMH, a HaKJ' laAKaMH, npHBapHBaeMbIMI ' {  K Cp€AHHM IOJIKaM npH
c6opxe Ha Mor{Tax(e, H y3KHMH 6pycsnvru co crrx{I{btMH IUiIHJIb-
I (aMH. Taxaq c6opxa npelycnaarp l {Baer  Me>KAy noJIKaMII  Kopnyca
r{a. irrrr{H€ 3a3opoB, Ho o6ecneqHBaeT nrorHsrf i  crblK no cepAeqHnKy.

f loapo6uoe onHcaHHe rexHo"r rornqecKHX r rpoqeccoB I {3roroBJIe-
r ] r4 f l  c raropoe o6oHx KoHcrpyKrr {BHbIX BapHaHroB AaHo B pa6ore

[50]  Ha pHc.  B-2 noKa3aH co6paHHrt f t  Ha 3aBoAe crarop xpynHef i -
r rero no ra6apHrau H Mou{Hocrn rHAporeHeparopa Kpacnoxpcxola
f3C. Hapy>xHsrfr AuaMerp craropa 19,1 N,L 3rr l  craropL,I H3roroB-
Jr f lJ r r rcb raK Ha3brBaeMbrM r IoceKTopHbIM cnoco6ont ,  Ho oAHH, nepnuf t
cTarop, Ad'rf l  KoHTpoJIf l  6u; co6paH Ha 3aBoAe <<B KorrIbIIo>>, npHr{eM
c yJrox(eHHofi  o6uorrof i .  Ha pizcyHKe orqer,rrHBo BHAHbI crbtKH ceK-
TopoB, o6ruHsxa c oKHaMH AJIf l  Bo3Ayxoox, ' taAl{Tenefi ,  no"r lKH cPeA-
Hef t  qacra,  eepxHHi l  noqc c  pe6paMu Lr  3axBaravn.  Kopryc craropa
noAfoToB"r'reH AJrfl wr4xToBKH cepAeqHVKA.

B nocJeAHee BpeMs ro" , tyqaer  pacnpocrpaHeHHe c6opxa cepAeq-
HHKoB cTaTopoB B 3aMKHyToe Ko"qbIIo, oT t<oropofi  Mo>KHo o)KHAaTb
noBbrrrreH r{fl oricn",'ryarauuoHsori H aAe>KHocrI.{ craropoe. Ha HecKoJIb-
Kr . rx  raAporeHeparopax Pu6Hncxof t ,  BepxHe-Ceapcxof i ,  MI lHrer{ayp-
cxofi  v Hnea-l  I  I  f3C BcneAcrBHe roBbrrrreHHbrx en6pauufi  HMeJIH
Mecro pa3pyuleHur aKTHBHoi ' t  crann craropoB B Mecrax KperIJIeHHfl
cerr\reHToB Ha KrHHbqx, orpblB r lpuBapbluref i  or K"rtHHbeB v noJIoK
Kopnyca, a raKlKe H3,rroM KJrHHbeB. 3rH [oBpe>KAeHLIf l  6r;nw rJIaB-

Tainuqa 8-I

Paa l repu  Kop r l yca ,  MM F

c r a

9acrora
BpauleHHfl
n, o6llruu

55,6
7 1 , 5
93,8

t25
187,5
250
300

Inanerp
cepAerl-

H H K A
D o '  u u

1 5  1 0 0
14 880
l6  860

l l  9 0 0
8 540
6 400
6 270

4 600

.{,nauerP
Kopnyca
D * ,  u u

17 466 *

16 870
t6  900
1 9  1 0 0

14 030 *

D*-Do

sr

30
25

30
30
25
30

s r

30
25
25

20
25
20
20

6
6
6

C)
4
A
a

+

s5

l 6
20
20
20

sr

40
50
50
60

s 3

50
50
50

40
50
50
60

50

Da

0,  r37
50
50
50

20
20
20

1685
t725
I 850

2450
3 1 9 0
3450

3600
3100
3200
3750

3700

t3 642
I 800
7 500
7 500

6 6 4 6 *

0 , 1 1 7
0 , 1 3 6
0 , 1 3 3
0 ,163
0 ,1  46
0 ,1  48
0,r72
0 ,196
0,390
0,33520 30

2t20
2350
r700
2270

2070 6  1 4 0

f l p u [ { e q a H H e .  C r a r o p s r  c  D * ,  o r r { e q e H H b r r t  g s e g A o q r o f t ,  H M e r c T  N I H o r o -

rDaHHvro 6oprrrv. B quc.nurere Anfi HHX AaH Haa6onuurufi pa3Mep, B 3HaMeHaTeJTe -

niro"uirrr1lft'. Ot*or"nue (D*-Da)llDa onpe1eneHo no cpeAHeuy (n qllcJrHrene) u no

HaHNreHbIIreuy (e 3HaMeHare"re) paauepaNl.
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HL'IrI  o6l lasoir l  n par:tottax crbtKoB ceKropoB. f locae perioHcrpyrrurrur,
B npouecce xoropoi i  cepAeqHIrKH 6u" ;u . r  noJHocrb lo  paao6pauu t r
BHOBb CO6panU He B OTAeJbHbre CeKTOpa,  a  B 3aMKHyrOe Ko.r ibuo,
3TH r r . rAporeHeparopbr  B TeqeuHe pel ,a  Jer  pa6orarcr  6es BbrcoKrrx
e l t6paql . t t i  r ' r  xaNux-nu6o noBpex{Aesrr f i  axrusHof i  c raJrr  r { . rn  3 . r re-
a{eHToB ee I{pei lJrei luq.

f loro>xnTe,Tbr{r,u. i  onsrr raxofi  peKoHcrpyxqr.rrr  Aan Bo3Moxirrocrb
yiKe I ia craLHu npoer{TlrpoBaHr.rq fuApofeHeparopoB eAHrnrqHofi
Mou-(Hocrbro 736 MB .A ni l f l  CaqHo-l i ]yurencrof i  f3C npeA],cr\{or-

Tota,.S

perb coopKy cepAeqHplKoB craro-
poB B 3aMr{HyTOe KOJbr iC l ra
M C C T C  M O H T A X { A .

f IpH Kol {crpynponaFnrr r  Kop-
nyca perior\{er{AyeTcs yrrHTbrBaTb
p a3Mepbr paHee Bbrrro.rrHeHHbrx
c ra ropoB ( ra6 , r .  B - l  H  puc .B-3 ) ,
sareM pacqeroN{ [38] i lpoBepr.rrb
efo >KecTKocTb.

A;rs cTaropoB, cocTor-
tql{x Hg ulecru uacref i ,  orHoule-
Hpie (Dn -  D")  lD" ,  B ocHoBHoM
OnpeAeJIflI.OUIee >KeCTKOcTb Kop-
ryca, o6rrqHo JelKrzT B [pe-
Ae",Tax 0 ,12 -0 ,15 . l {ro6u
o6ecne.{HTb Heo6xog,arvry}o Niecr-
KOCTb oTAeJrbHbrx cer{TopoB
npH TexHo/ ' tofHqecKHX 14 N{oH-
Tax{Hbrx onepaIIHflx, trJIf l cTa-
TOpOB, pa3AeJrf leMbrx Ha qe-

orHorreHue (D'.- D")lD" rpr{Hr{-

*

#
!.,
+:

i

n

Puc.  8-3.  K eur6opy ocHoBHbrx pa3Me-
PcB KoPn)/ca ETaroPa

Tbrpe u oco6eHHo Ha ABe qacTl l ,
Maercfl cvuecrBeHHo 66"nnrusu.

I4e ra6i lr{ubr raKx{e Br{AHo, r{To craropbr MHororpaHHofi  $oputr,
KaK yKa3blBa"[ocb Bblu]e, LIMeIOT colruryio )KecTKocTb, qei\4 IdurHHA-
pHqecKr.re.

8-3. CEPAEL{HhK CTATOPA

CepAeuHltx co6upaercr rr3 cerMeHToB sJeKTporexHr.rqecxofi
craJrl4 ro.nuruHofi 0,5 vrJrpr 0,35 MM. B Hacroflulee BpeMfl Ailn erort
I IeJIH B OCHOBHOM npHIvIeHfleTCf XO,'rOAHOKaTats^Atr aHH3OTpO[Hafl
cr&,,rrb MapKH 3413 i lo |OCT 21427.2-75. CerueHru uraMnyrorcfl
KOIUnayHAHbTM turai\ ,r [ IoN{, npuqeM OAHHM yAapoM uTaMna Bbrpy-
6arorcg na3bl AJrs o6rrcrrNlr H na3oBbrx KJrHHbeB, nagbr rro Hapyx<-
Horvly AI{aMeTpy Axfl  r{penrrreHHfl cerMeHroB K Kopnycy v KoHryp
ce f  MeHTa.

O6uree rIHcJIo H pa3Mepbr rra3oB AJrf l  o6uorxu v Bbrcora rra3a
noA x.nuH onpeAerff  torcq a"IreKTpirqecr{r{M p acqerou. P a3Mepbr na3oB,
KOTOpbTMH KpentrTcrr cepAeqHr{K, rrx AonycKri,  a Tar<>Ke 3a30pbr
Iuex{Av KJILIHbffMI{ H na3aM}t craHAapTH3HpoBaHbr. S"rrexrpuqecKnM
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I

pacqeroM onpeAer f l roTcf l  TaK Ha3brBaeNrbre pasMepbr  nasa B cBery.
Vqnr l leaf l  Hel l36exHocrb HeKoroporo 83aHMHoro c fBrr ra  cerMeHToB
npl r  c6opl<e,  pa3Mepbr  na3oB B or l l r raMnoBaHHbrx cerMeHTax nprr -
HIIN{aror ua 0,2-0;5 rt , tu 6o,ruure.

i l . ts o6ecneqeHr.rf l  yr{JaAKrr cerMe}rroB B Ko.rrbuo tto ux 6oxoBbrNr
cropor{arr npeAycl,rarprrBaroTcfl  3a3opbr 0,6 r\{M, [ .r-r f  qero AJrr4Ha
cef N,leHtroB AeJIaeTcq r\,reHblxe TeopeTrrqecxot? H a 3Ty BeJIHr{HHy.
Cerl , teurbl BbrrroJHfl Iorcf l  cI IN{r.{erpHrrHbrxrr.r  I i  3aI iaHqIrBalorcg o6stqHo
Ha cepeAHHe i laga. 3ro HcKxloqaeT o6pasoeaHr.re Ha crbrKe ceKTo-
poB y3Koro, HeAOCTaTOqHO npOqHOfO Sy6Ua. TO"ir lxo B orAenr,Hbrx
I ' I {AporeHeparopax, y Koropblx sy6eu craropa AocraroqHo [rHpor{,
Moxier 6slrt  npr{MeHeH pa3pes cerMeHToB no sy6uy.

CepAeuHIIK t lo eceri  Bblcore pa3Ae,TeH Ha naKerbr, Nrex{Ay r ioro-
pbI i l ' l I I  i lpeAyCMaTpHBaIOTCf l  KOJIb[eBbIe B€HTH/TqI IHOHHble KaHaJIbI .
floc"reAurre r{rieroT nocroflHHyro Arrr Bcex ruAporeHeparopoB Bbr-
cory 10 [rM u o6pasy]orcf l  BeHTH,rrf l r IHoHHbrMH pacnopKaNrr.r H3 cne-
IruaJbHoro nporiara AByraBpoBoro ce.IeHHs. B 3aBHcirr,{ocrl{  or
runpuHbr sy6qa nprrMeHflrorcf l  y3KHe vrJtn 6o.uee uupor{He pac-
nopKr.r -  oAHa HJrr4 ABe Ha s-v6eq- Pacnopxl l  K cerMeHraNr npuBa-
pI{BaroTcfl roqeqHofi ceapr<or?, a cerN{enrbr Anfl eroli ueJH Bbrrro/'r-
Hslorcf l  us r,reHee JrefupoBauHor? KpeMHHeM crai lH, Koropafl  i ryqtrre
cBapl lBaercf l  c pacnopKaMl4. Hecuorprr Ha Bce npHMeHfler\rbre Mepbr,
cBapKa, Aax{e roqeqHas, npraBoAr4T K HeKoropoMy xopo6reHur.o cer-
MeHTa 14 nepeKocy 3y5qoe, B pe3yr'rbrare r{ero Bo3Mo}KHo HecoB[a-
AeHIIe na3oB B ocHoBHbIx rr BeHTrrJnunorrHbrx cerrvrer-rrax. f lo erof i
i lpHt i i iHe BeHTIIJf iUI ' iCHHbIe CefNteHTbI BL'I I IOT'IHf l IOTCtI C 6Ofee l I I I IpO-

KLiMr.r na3aMr.{. Ats o6aerqeHas BXoAa oxJra}KAaroilIero Bo3Ayxa
B KaHa,'rbr Topubl pacnopoK cKaIrrI4BaloTcf.

f laxeru, r i3 r(oropbrx cocrouT cepAeqHprK, co6Hparorca <<Bnepe-
xpoli>>, T. e. crbII(H cerMeHToB Ka)KAofo c",' iofl He coBnaAaloT co crbl-
KaMLI coceAHprx AByx c, ' ioeB. Taxaq c6opxa o6ecneqr.rBaeT uan6o,rr-
il lyro N4afHuTHyro npoBoArri\rocTb 14 MaKcHMarbHylo xecTKocTr, cep-
AerIHHKa. Ars noAo6Hofi  c6opNz c oAHoro uJt4 o6oux KpaeB
Kax<Aoro ceKTopa qepes oAHH cnofi  yKJaAbrBalorcr ceri l leHTbr
c ytrvfeHbIIreHHbrM rIHcr'IoNI |Ia3oB. cairnrru ilpocTbrM, Ho He BcerAa
caMbrM 3KoHor.{r.rrrHbrx{ cnoco6ou sBirqeTcq nepexpoft Ha noJIoBHHy
qllc,ra t ta3oB ocHoBHoro cerrreHTa (np" ]reqeTHorr rr l rcr ' Ie na3oB
B CerMeHTe - Ha IIo.r iOBI{Hy na3a nreunrue).

flpaera;rlsrrfi nsr6op o6urero qvcila na3oB craropa v quc/'ia

IIa3oB B ocHoBHoM cerr\,IeHTe l/iox(eT o6ecne.IuTb 3HaqnTeJlbriyio gr{o-

HoMrto 3neKTporexHr{qecNofi  craJlH. Tax, HaIIpI-IMep, cerueHTupoBKa
B craropax fr{ApofeHeparopoB 6parcxori  f  3C c nepeKpoeN{ Ha
4110 (ocuoeuor? cerueHr rtrueer l0 nasoe, na.nntr l  -  4 naza) I I  oco-
6oe pacnoiro>KeHlre Kpenqui. ix K"IrIrHbeB Bo3"rre crbrr(a cer{TopoB AarH
aKoHoMliro 1200 r crai l l {  Ha lB aei icrBy}ou{Hx xlaru}Isax f3C. f lo.u,-
po6no Bonpoc sKoHoMHquof i  cerMenrupoBr iu  cepAer{HHKoB c pa3JI {q-
HbIM rrepeKpoeM H HcnoJrb3oBaHlleM HecKoJrbKI{x nosHll t{ f t  cefMeH-
roB H3Jrox(eH n pa6ore [3a].
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Bucora cpeAHHX nar(eroB cepAeqr{HKa o6rr.rHo cocraBJrffer

45 n,t iu. B ruAporeHeparopax c paAHaJbHo-ar{cr{a"rr,uof i  Ber{Trr, ,rr-
quer? H ABycropoHHeft noAaqeft Bo3Ayxa Bbrcory naKeroB r( cepe-
AHHe cepAeqHtrKa, rAe oHH xy)Ke oxnax{AaroTcfl ,  r{eJrecoo6pasHo
yMeHbtnnrb Ha 20-25 olo. Bepxuue H HHX{r{He xpafiHHe naKerbr
IIMeIoT oco6yro Kor{crpyKuaro: A"rr yMeHbureHr.rf l  i lorepb rr HarpeBa,
Bbl3blBaeM bIX,TOpUeBbI  M H Ma IH LITH bI  MH no, ' r  f  MH, STLI  naKeTbI  BbI [O; ' r  -

HflIor cTyneHqaroft  Soptrr i ,  a Bo l ls6eNasl le <<pacnSrttroBKr{>> - co-
6aparcr H3 MoHo/'rHTHbrx, 3a[eqeHHbrx Ha JIaKe He6o.nuurux no

Bb lco re  naKeroB (p " . .  B -4 ) .  Cer -
MeHTbr AJrr xpaftuux rraKeroB rro-

? .uyuaiorcf l  nyreM o6pesxH ocHoB-
HbIX CC| IV ICHTOB.

l lpeccoexa cepAerrHHKa npo-
H3BOAHTCf l  B HeCKOJTbKO npHeMOB

2 o6rruHo npu rroMou{H nepeHocHbrx
rHApaBnr4riecKHX ycrporicre. Aae-
"qeHue npn 3roM paBHo 2 Mf Ia ,
oAHaKO nOCJre CHflTHq npecca r43-
3a Hexoroporl aeQopna ar\Hr4 crqx{-

J HbIX aJIeMeHToB v ocraroqsori  Ae-
Qopnaaquu cerMeHToB AaBJreHHe
HCCKOJIbKO NAAACT H COCTAB,' I f lCT

npHMepHo 1 ,5  Mf Ia .  3 ro  3HaqeHue
u i lpHHHMaeTCq n.Jr f l  [pOqHOCTHbIX
pacr{eToB.

CepAeunux oKoHrrareJrbr{o crf l -
rHBaeTcf l  AJTHHHbIMH tUt IHJrbKaMH,
nponyqeHHbIMH no eceri  Bbrcore
MelKAy KopnycoM Lr cnuHxofi cep-
AeqHHKa,  f fPH nOMOUIH HaX(HMHbrX
rpe6eHox. l la"uruu rpe6euox npo-
xoAfiT Me>KAy crepx(HflMr.r o6-
MorKr{ H AaBflT rro ecefi AJTHHe

3y6qa .u,o nepeofi cryrreHbKn xpafiuero naKera. fpe6eHxu HMeror
orlKar\,rHble 6o,rtrt, KoropbIMH Mox(Ho noJrb3oBarbcfl AJIfl noAnpec-
coBKH cepAeqHuKa B cryr lae ero oc"na6reHIzs rIpH 3Kc[JIyaraIIHI{.
A; iq yMeHL,ueHr.rf l  HafpeBa roprreBbrx qacref i  craropa or MaTHHT-
HbIx no"refi naJrbrrbr rpe6euox BblnoJrHflIorcfl u3 HeMarHHrHofi
CTAJIU.

f , /

\aK rpeoeHKH, TaK vr cTflx<Hble IUnHJTbKH HCrrbrTbIBaIoT 3HaqH-
TCJIbHbIE MCXAHHIICCKHC HATIPf lX(CHHfl ;  PACqCT HA NPOqHOCTb sTHX
eJIeMeHroB npHBeAeH n pa6ore [38].

Kpen,reHue cepAerrHnKa K Kopnycy B 6o"ururuHcrBe c.rryqaeB Bbr-
floJlHflercfl npu rroMouru AJrHHHbrx Kr'rr{HbeB Qopvrtr racror{KuHoro
xBocra, Ha Koropbre HaHu3brBaroTcr cefMeHTrr. Bce cefMer{Tbr B ceK-
Tope, 3a HcKJrroqeHI{eM xpafiHux, Aep)Karcr Ha AByx KJrHHbflx.
B cBoro oqepeAb, KJrr.rHbs KpenflTcfl npu IroMorqu npoMex(yrorrHblx
nycrorerbrx yroJrbHr{KoB-rrpHeaprtruef i ,  Koropbre npHBapHBarorcf l

t t +

Prac. 8-4. Kpafiuae naKerbr cepAeq-
HUKA

,l - na.neq saxnunofi rpe6eHxn; 2 -
3aneqeHHbIe naKerbl;  3 -BeHTH.rrgIIHoH-

HbIC KAHAJIbI



,FS

I
I
i

K KJTHHbnM H cpeAHHM noJIKaM Kopryca. Sror orBercrBesHnfi  y3eJr
noABepraeTcfl  3r{ aqLITe"'rbHblM I lafpy3r{aIu or MoMeHTa KopoTKofo
3AMbIKAHHf l  H  MATI ]HTHOTO Tf l>KCHHf l  .

r IABA AEBgTA'

OEMOTKA CTATOPA

9-1. Tnnbl oEMoToK

EraroAapfl 6omurouy Auana3oHy HoMUHaJIEHbIx uou{socrei i  lr  uanpnxeuuii,
pasHoo6pasHro KoHcrpyKTHBHbrx ucnonsesrir i  H yc,rroBuii pa6oru B rr-rAporeHepa-
Topax LrcnoJrb3yrorcfl  MHofHe rurrbl o6uorox nxopeir Matur{H nepeMeHHoro roKa.

O6uqso i lpurirro pa3rnqarb KarqueqHb[e H crepc{Helbre o6uorxr.r craropoB.
f lpH groM noA Karyuer{HbrMu noHnMalorcfi  o6uorxn, y Koropr,rx ceKr{Hfl (xa-
ryurra) cocroHT Lr3 HecKo,{bKHX rrocJleAoBareJlbuo coeAuHeHHbIX Br.rTKoB. Crepx-
HeBafl o6uorna cocroHT o6r'r.rHo Lr3 noJlyceKuuit - crepxuerl, npeAcraB,'rflrourux
co6oii  noJryBr{ToK, pe}Ke - v3 ue.[blx Hepa3pe3aHHbIX cexqplr?, o6pasyrournx BuroK.
Bcrpeuarcrcn raKxe crep>KHeBble o6uorxa c AByMr nocJleAoBare,rbHbrMu BHT-
KaMH B  CeKUHH.

flo ycJroBHflM [por{Hocru 
\ 

HaAe)I(HocrH H3oJrfl iu4n crepx{HeBafl o6rvrorxa
npeAnoqTI{TeJIbHee, TaK KaK B HeH MexBHTKOBaff H3OJIflt lHfi BABOe TOrilIe Il3OJIflIII. i} l
or Kopnyca. Crepxneeas o6uorxa o6ecnequsaer Jryquee 3ano,'rHeHue na3a, qelr
KaTylreqHaq, a TaKx(e BBr.{Ay Bo3Mox<HocTrl ocyulecTBIeH[q TpaHcrro3nul{u tta-
MeHTapHbIX npoBoAHLIKOB B CTepXHe nO3BO"rrf ler, KaK npaBr.rd'IO, yMeHbuIrTb AOOa-
BOqHbre noTepH oT rtI .rpKyJIf l I IHOHHt'IX TOKOB B npeAeJraX CTepXHfl. HO, f l taBHOe,
oHa 3Har{LITeJIbHo o6,rerqaer yKr'raAKy cex[rrrl B na3br, Lrx BbIeNr H 3aMeHy npn
MoHTax(e n peMoHTax. HeAocrarKaMH crepx<Henoil o6morxr. i  f ln., ' I f l rorcf l  6onrurofi
BbIJrer Jro6oesrx qacrefi  u 6onsuroe ql icd'ro naeK oruocuTe"' 'rbHo r{pynHoro ceqeHnq.
Kporrae roro, npu crepx{senofr o6uorxe He BcefAa yAaercq o6ecnequrb t ipI ieMJIe-
MbIe 3HaqeHHq o6reMa roKa R na3y r.t  . tuluefiuofi  Harpy3Kr{ craropa u, cd'Ie.r,oBa-
TeJIbHo, yAoB,'rerBopHTerbHo I{cnoJIb3oBarb axrHeHbtri o6'relr N{attrrrHbr.

14 xaryrueqHbre u crepxHeBbre o6uorxu Mofyr 6urs oduoc,oofrHbl.tut, y Ko-
Topbrx B Kax(AoM na3y ,rex(HT ToJIbKo oAHa cTopoHa KaTyruKr.r r{JrH oAr{H cTep-
xeub, 14 deyxcttotinblJ,Lu, y Koropbrx B Ka>KAoM na3y Jrex(ar ABe cropoHbr Ka-
TyrxKH HJrH ABa crep>run. B Hacrorlrree BpeMq B ocHoBHoM l{cnoilb3yercr AByx-
c.noriunfi run o6uorKu, KaK o6naAarcuuii 6oree npocroi;r xou$urypaquefi cexuuit
v 6oree rexHoJrofriqsuii B npoH3BoAcrBe, nogeofiqrourHii BbrrroJrHuTb B crepx-
asx 6o.uee eQ$extuBuyro rpaHcno3HI{HIo gJIeMeHTapHbrx npoBoAHaKoB.

Buecre c reM B orAeJrbHbrx cflyqaflx, B r{acrHocrn npr{ 3aTpyAHeuHofi Aocry[-
HOCTH K CTepX{Hfirvr O6VOTXU Mar'rOf a6apr{THbrX KanCyJrr,HbrX rHApOfeHepaTOpOB
c HerIocpeAcrBeHHbrM BoArHbrM ox";raxAeHIrerv{, rte,recoo6pasHo nprJ\{eHrrrb oAHo-
c"nofiuuir r l in o6uorKn craroDa

I4geecrnH TaKx(e, xorfl fi oqeHb peAKue, Qaxrr,t BbInoJrHeHHfl o6l,,rorox
c Apo6nnu qHcJroM cJroeB B rra3ax (Hanpurraep 5,.:312 vJn4 S"r:413), KofAa
B KaX(AOM na3y paCnOJrO>KeHbr JiBe CTOpOHTT KaTyUIKlr, HeCyUIHe pa3Hble TOKpI lI
r{Merourue coorBercrBeHHo pa3Hbre ceqeHr{fl. 3ro 4ocruraercfl onpeAeJreHHoii cxe-
uoii  o6uorKlr, npn Koropofi uucno napaJrJ'reabHbrx eereerl n Qaaax nepeMeHnoe.

I(ar npaauro, o6uorxr.r, KaryuerrHbre H crep)KHeBbre, o,(uoc"noilnue H AByx-
cnofiuHe s nasosofi qacru, BbrnorHrrorcr c KopsuHottHbL^4 degxc.ootiuoLn pacno-
rtoJfieHuett ro6ossrx .racreii. flprr arolr Bce KaryuKrr HJrH crepx<Hr.i cJrofi oKa3bl-
Balorcq npaKTHrrecKH oAHHaKoBbrrvrH, qto o6nerqaer Hx l{3foroBJreHrre rr o6ecneqtt-
Baer B3auMo3aMerrseMocrb. Kportre Tofo, npu Kop3uuoqHoft Qopue "no6osrtx qacrei i
Hx r(perrJresue uau6o,'ree npocroe I{ HaAex{Hoe, a ycJroBufl ox,{ax(AeHrrt Bo3AyxoM -
oAHHaKoBbre AJq Bcex ceKu,Hii.  l losroMy BcTpeqaBruuecs npexAe KoHL+eHrpuqecKue
o6uotru c pacnoJlox(eHlreM ororHyrbrx ,ro6osux qacrert r{aryueK B HecKo,'rbxo
tpycoB He HaxoAflr Tenepb npHr\feHelrl is.

l 1 ;



l lo 3, ' leKTpnqecxof i  cxeue coeAnHesuir  cexqui i  o6ruorxu noApa3AeJrf l rorcn Ha
neTneguc, c pc3yJlbTHpyroruHM II lafolr  no na3aM, paRHbrru eArrr i l r l lc,  t r  BolrHoTbt(, ,
npH Koropbrx pe3), / , ' rbrHpyr<tu_trr i r  uar i lo na3aM paBer{ HJ:H 6nrrsorc ,u,eoirHoray
no,TlocHoMy Aef leHHIo. f locKo,trx) '  nerJleBble o6lrorx[{  BbrnoJ'rHf lrorcrr  npaKTrrqecKtr
BcefAa c yKopoqeHI{bt j \ . t  ncpBuM ruafor\{  (r tcx,rrcueHne cocraB, 'r f l tor roJ' Ibt io oT-
AeJrb l {b re  c , ' ryqa t r  npH r {HCJaX na3OB Ha no, ' r roc  u  ( ta :y  q< l ) ,  oHH xapaKTepr13y_
Iorcf l  tv lesuruei i  nt tut toi t  no6osstx qacrei i ,  l lcusrrrei i  u ir lyxrur: t{ocrbro HX pacccrr-
Hf iq.  Bi l , {ecTe c TeM r l i lq coeAlrr{eHrr i i  B cxcrrv oTJ,C.rrbr{brx KaTVnlcrrt{brx rp1,nn $a:tner, teBbre o6nroTxlr  rpc6i 'xrr  VCTat{oBKrr Meif i i lo" ' l rocr{brx rrepex4611196 (,uuioir  xax-
Aaf l  oKo. ro  no" t rccsoro  j l cJennf l  r r  o6ure i i  x . r r ruor i  . r ra  Matur rH) ' -  oKo. to  rpc \  oK_
pyx{ l {ocre i r  c ra ropa) .  PasvcuteHl te  n  Kpe i l " re r { r re  3Tr rx  f iepeMbrqeK Nro fy r  Rbr3Barb
orIpeAeJIeHHbIe rpyAHocrH, oco6eurio ecJII I  Tor(n B Hrrx H, cJIeLoBare.rtbHo, ceqeHr.ra
nepeN' lblr ieK AocraroqHo Be ruKH. f loarovy, ecr, l r{  r{arylrreqHbre o6uorru Bbrno.[-
Hff IOTCfl  neT, ' IeBbIN{H, TO CTep}KHeBble -  I iaK neT.I IeBbtMi. t ,  TaK Ir  BOJTHOBbIMg.

l lpa  y lauHo nnt6paHHou qncJ le  na3oB Ha no, r r rcc  H Qasy ,  qepeAoBaHr . l r  Ka-
TyueqHblx rp)r[n,  pe3yJlbrHpyloqeM tuare o6uorxrr rr  par{HoHaJrbHo cocraeneHHoii
cxeMe yAaerc f l  npH BonHoeof i  o6raorKe yMeHbur r r rb  B  Hecr (o , [b r (o  pa3 no  cpaBHe-
HI'Iro c ner"uegoll rIncJ'Io repeMblr{et(, pa3ilrecrnTb LIX B OAHH pflA rr rervr ca},{btN{
3HaqrlTerbHo ynpocTHTb BbInod1HeHHe o6uorrH. Brr5op ner,resoir  l r , rrr{  Bo. irHosoi{
crepxuenof i  o6ir lorr l l  3aBHcHT or ALIaMeTpa craTopa, A.rr i IHbr .uo6oebrx uacrer i i ,
a TaKxe rpalurtHi l  3aBoAa H r.rcKyccrBa KoHcrpyKTopa.

f ler.nenste o6lrorxH HMelor BcefAa cocpeAoroqeHHbre napan.[e.rrbHbre BerBrr,
Bo,rIHoBbIe -  pacnpeAeJreHHbre vJrrr  cocpeAoroqeHHo-pacnpeAe,{eHHbre. 3ro pa3.:rr i_
ql{e He HMeeT npl ' lHqI{nI{a, ' IbHOrO 3HaqeHHfl ,  xOTff  I t  I I rpaeT Onpe;{eJeHHytO pod'Ib
npH HepaBI{oMepHOM nO OKpy}KHOCTH rual l ] rrHbr Bo3AyruHoM 3asope: ) 'paBHrrre.rrb-
HbIe TOKH Me)KA): COCpeAOTOT{eHHbIMH IIapaJL'Ie,'IbHbIMtI BeTBfl},,tl.i \rHeHb[IarcT OAHO-
cropoHHee MaTHLITHOe rf lXeHfie,  HO Bbr3bIBanT AOnO,THHT€. '-rbHbre noreDl4 r{  coor-
eercrnyrculHf i  noAorpeB o6uotxlr ,  a raKx{e Moryr 6uru nplaurnror? noBbrureHHbrx
sl46paquf i  cepAeqHuKa craropa.

B conpevreHHblx KpynHblx r l {AporeHeparopax sarr6o.nee ulrpoKo npr.rN{eHffrorcf l
4nyxc.not iHble crepxneBble o6norxu. f ioarolry Hrr lKe 6yaer .aano onrrcaHrre B oc-
HOBHOM r{x KoHcTpyKr{HH.

9 -2. KOHCTPyKLhU'' OEMOTOK

O6rvrorxa craropa sBfiqercr Han6o.nee orBercrBeHHbrM y3.r 'roN{ rHApof eHepa-
TOpOB' onpeAeJlqrcu{I ' IM Hx AoJIroBeqHocTr, u HaAex(Hocrb pa6oru. K o6uoire
npeA'bfiBJrstorcr cJreAylourre ocHoBHtre rpe6oBannq:

3aKoH H3MeHeHI-iq nHHeiiHoro HanpRx(eHHfl Bo BpeMeulr nptr xo, 'rocroM xoAe
AOJIX{eH yAoB,'reTBOpfiTb HOpMaM KaqecTBa 3.rreKTpo3Hepfr{r{:

I'I3oJIflI{I'Iff o6uorxl.t AoJIx{Ha o6"naAarn Aocraroqnoii a.lexrpuuecxol'r H Mexa-
Huqecxoft npoqHocrblo, qro6lt o6ecneqrrrn HopMaJrbHvro gKcn.rryaraqHro rr.rApore-
HepaTopa npu pa6oqfix Harptx(eHxnx B TeqeHr.re cpoKa c, 'ryx6u H BbrAep)KHBarb
3nI' I3oAHqecKHe noBbIIIreHHfl Hanpfi)KeHHfl (excn,ryarautoHHbre H I lcnblTare,rsHue):

oTAeJIbHbIe Qaslr o6rrrorxn Ao,{x{Hbr 6r,trs cHMMeTptir{HbrMH;
IIpeBbITIIeHIIe reMneparypbl o6ltorxrt He Ao,rr)KHo npeBocxo.Irrrb AonycrriMbrxgHa.reHHft (clr.  ra6.rr. 6-6);
o6uotra I i  gJIeMeHTbI ee KpenJIeHHfl AoJIIKHbI ocraBarbcr MexaHlrqecKlr [poq-

HbIMpI npu .nro6i,tx uaa6o.uee se-6.naronpnflTHbrx 3Kcn.ryyaraqrroHHbrx pelKtr\rax, KaK
HopMaJrbHbrx, TaK u aeapufiHr,rx;

aMnnr.rryAa eH6paulrir "rTo6oenx qacreir Aorx{Ha
pexrrMax pa6orrr, a qacrora co6creeHHux xo,re6asnr:r
yABoenuorl qacrortr MaurHHbr.

6rtrn orpaHllrreHa Bo Bcex
- AOCTaTOqHO yAaJTeHa or

Kportae -Tofo, npr npoeKTHpoBaHHri o6lrorxu oco6oe BHrrN{aH}re o6parqaercr
Ha ro, qto6rt norepfi B Heir 6u.nu yMepeuHbrMrr, HepaBHor,tepHocrb HarpeBa or-
AeJIbHbIX qactel ' t  - MlIHHMarlHoii ,  KpenJreHrre no eceir AJrlIHe - AocraTor{Ho }Kecr-
KHM Ir HcK.rlFor{a}oqlrM onacHbie nepeMerrle}{Irfl g"rreN{er{Toe o6Nrorxlr.

OqeHu Ba>KHo, ecJII-I HMerb B BIr4y 6o.nuruoe quc.{o c6opoqHsrx s"rreMeHToB
B o6r'totxax, ulo6u ux KoHcrpyKulrq 

- 
6L,rra MaKcrrMaJrbHo npHcnoco6,rena Aar

MaccoBoro npoH3BoAcrBa, qr{c"rro orrrrqarctuHxcr nosnqnfi crepx<irerl (u.nu ria_
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TyueK)  6u . r ro  MHHHMaJrbr rb rM,
Mbi l \ tH .

a oAHoTHnHr , re  cTep lKHrr  -  B3aHMo3aMeHfe-

OcHosrrHl ' . {  KoHcrpyKTHBIrbIM gJIeMeHToM o6n,torxu rrBJrf lercrr  crepx(eHb, co-
croquHri  H3 orAe., ' lbHbIX r{3o.rrHpoBaHIIbrx MeAHbrx npoBoAHr.tKoB, pacnoJro}KerrHbrx
B AByX BepTHKad'rbHbrx cro, ' r6Hxax. I(axasl i i  3,r IeMeHTapusri i  npoaoAHr.rK Ha A, ' rrrHe
cepAcqI IHKa cTaTopa 3aHl rMaeT nonepeMerrHo Bce Bo3Mox{ } {b re  nor ' rox ieHr { f l  r ro  BbI -
corc  c ron6 i lxos .  Bnaro lap f l  s roMy 3AC,  HaBeAensbre  na3oBbrM noroKoM pac-
cc f iHHs,  oAHHaKoBbI  AJ t r  Bcex  npoBoAHHKoB.  f lpu  raKoM yc" I IoBHH 4o6anovHue
noTepH B.zcTepx{Hgx cyuecTBeHHo cHHX{aroTcf l .

Kax npaeHJro, B rr lAporeHeparopax npr.rMeHrror rpaHcno3urrHr.o ua 360 3JreK-
rpr rqecKr ix  rpaAycoB (puc .  9 - l ) ,  npu xoropof i  xaxAur r i  3 , teMeHTapun i r  nponoAHHK
coBepuaer Ha AJIHHe aKrl ' tBHofi  qacrn l t :24 oAHH no.nsrt f i  o6opor BoKpyr ocLI
crepxHfl .  f lp,  3ToM ruaf nJIereHLIf l  npoBoAHHKoB (urar rpaHcno3ur{r{u) orpeAe-
Jrf fercs no $opruryne t : I t fn,  r1e n-qvrcl to npoBoAHnKoB B crepx{He.

!,rn cHuxeHufl norepb or IrHpKyJIrIulroHHr,rx roKoB, Bbr3BaHHbrx lioroKocr{en-
, leHrrsMH e ro6osL'tx qacrgx, B MolrrHbrx ruAporeHeparopax HHorAa l{cnoJrb3}iercf
TpaHcno3r.rqHq s,rreMeHTapHbrx npoBoAHHKoB Ha 540 saexrpHqecKHx rpaLycon. f lpu

f - / 3-3 4-4

Puc. 9-1. f i;rerenufi crep>xeHs o6tr,rorKn craropa (saroroexa gJreMeHrapHoro npo-
BOAHHKa r.r OCHOBHue paSVreprr)

sroM aKTHBHaq rItHHa Aeal{Tcfi rax 6u ycJroBHo Ha rpn yqacrKa: ltl4, ltl2 H
Itl4, s npeAeJrax KaxAoro H3 Koropblx npoBoAHLrK coBepuraer rroJroBr4Hy o6opora
BoKpyr ocr{ crepx(Hff (180'). Ha uepeoM r.r rperbeM yqacrKax rrrar rpaHcro3nuur{
cocraBJ' rqer  t : l r l (2n) ,  a  Ha BTopoM, cpeAHeM, yqacrKe t : l t ln .

TpaucnosHr{r{s ocyqecrBrfiercrr nyreM sHru6a npoBoAHHKoB Ha IIrHpoKoe
pe6po B AByx (npu rpaxcrro3nulrn 360') urrn B rpex (npu 540") uecrax, qeM Ao-
cTHfaeTcfl nepexoA npoBoAHI{Ka u3 oAHofo BepTHKaJibHofo cTo,l6i lKa B Ap}'foH.
Sror nuru6 npox3BoAr.rrcf l  c noMourbro pbrriax{Horo npucnoco6"'reHuq HJIH nHeBMa-
TnqecKoro npecca nocJre rofo, KaK npoBoAHHKH orpe3aHbr H3 6yxrnt Ha pe3a-
te.nnHoft MatrrHHe, cnaKerr.IpoBaHbr Ha crofie nocpeAcrBoM rpe6eurn, TotIHo 3a-
lanuteir ruar rrarereHufl. Ka>xAaq noJroBHHa crepxHrr 3aforoBJrfiercn orAeJIbHo,
3arelr o6e nonoBHHbr KoMnJreKTyrorcn B nJrerenbrfi crepx<eHb, MexAy HHMn ycra-
HaBJrrrBaeTCfi H3O"rIfUHOHHafl npOKJraAKa. .II,.[s npeAOTBpaUIeHLIff 3aMbrKaHI{g 3JIe-
MeHTapHbrx npoBoAHHKoB B MecTax nepexoAoB ycraHaBJrHBaroTcf AonoJrHHTeJIb-
Hbre npoKd'raAKH H3 rlr6xoro uuxaHura. B 1a.nsueiluren crepxeHb npeccyercq,
r{e\{ Aocrnrarorcfl  ueo6xoAnMble pa3Mepbl efo ceqeHnfl,  u Soprrryercfl  AJIf l  npuAa-
Hr.rr rpe61'euor'r Soprusr. f loc.ne npeccoBKH crepxHeir rrx npoBeprror Ha orcyr-
crBue gatruxaHllf i  MexAy no!'rycrep>KHffMn rr MexAy 3JreMeHTapHbrMH npoBoAHH-
Kair{u Ha[pfl)KeHHeM nepeMeHHoro roKa 220 B. A"'rq npHAaHHff MoHo,'I I ITHocTII
crepx{HrM r{x eanbxaror nocJre npoMa3KH coorBercrByroulrrM JraKoM.

B KaqecrBe ocuoeHoi'{ H3oJrsrrHH ctepxHeft o6uorru craropa HcttoJrb3yercn
HenpepbrBuafl H3orf lr{Hq Ha repMopeaKTHBHbIX cBr3yrou{rrx. Mrrxa.[eHrHaq Ir3oJIf l-
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UHn Ha 6Hryrurorvr cBt3yloueM npuMeHrercf l  s ocHoeHofi  AJrr oAHoc.rroi iHux
crep)t{HeB611 

- 
o6tvtoroK, HMeIouIHx oco6o ctoxHyto xoH$HrypauHro Kop3nHorlHbrx

IO6Ogbrx qacTeH, f i  Ant KaTyuIeqHbIx MHoroBHTKoBblx o6uoTox, ncnoJrb3yeMbrx
B ruAporeHeparopax He6onbuof i  l routuocru.

Ocuosoft  AJIf l  repMopeaKTr.rBHoi? ugonquuH c, ' I ) 'xar creK,.rocr ' r loArrnl{ToBbre r4J'rH
cTeKJIocJIIOAOIIJIaCTOBbIe ,,teHTbI, npeAcTaB,'Ifl louIHe co6oir KoMn03r.tutrrc Ii3 cJrrcAo-
6yrtlaru pI noAJIoxNH yr3 creKJlorKaHIr. Cnnsynulriru A,'rq 3Tr.rx Marepr.raJroB rB!'rfl-
IOTCT IrcKyccTBeHHbre repMopeaKTHBHbIe cMo"rrbr,  noirr iMeprr3ynur{ecf l  nprr Harpe-
BaHI{H Ao onpe4eJeuuoi i  TeMneparypbl 14 He pa3Mrrqaroulrrecf l  nprr noBTopHbrx
HafpeBaHugx. Han6o,ree pacnpocrpaHeHr,I  3rroKcriAHble cMo! ' Ibr,  3arBepAeBaloruge
npl{  reMneparype 150-160 "C.

I - lo cpaBHeHHIo c Ml ' tKa,teHruoi l  TepMopeaKTHBHaff H3olr f luur o6"naAaer 3Ha-
qI. ITeIbHbrMH npeHMyuIecTBaMH, tJTaBHbIMH Ir3 KOTOpbTX f lBJtroTcf l :

6oaee BbIcoKat HarpeBocrofixocru, Iro3BoJIflroilrafl Ad'IHTeJIbHo gKcnJryaTHpo-
sarl  o6N,IoTKy c noBbIuIeHHbrMI. l  pa6OVUrVrU TeMnepaTypaMu yr Bbrnof lHqrb KoH-
crpyKr,(Hro H3oJrsqr{H KJracca F no HarpeBocrof i rocru (cn. ra6n. 6-0);

6oree Bbrcoxar yAeJrbHar rei l ,TronpoBoAHocrb (cnl .  $ 6-G);
MeHbIUI{e AH3JIeKTpl lqecKl le norepr. i ,  r rx 3HaquTerrbHo 6o,ree c:ta6an 3aBr.tcu-

Mocrb or Hanpf lx(eHuq r.r  reMneparypn [13]:
BbICOKafl MeXaHI{qeCKaf npoqHocTb Ha pa3pbrB 11 HCTIrpaHHe, UJrJrrOCTpr{pye-

Maf l  , [aHHuun ra6 .u .  9 -1 .
Ta6nuqa 9-I

I - lpovuocru
Mrrxareura

H a  6 H T y M H o M
T  A K E

Cnro4o.neHra ua
3 f IOKCL IAHOM
cBf 3yrou{eM

flpu r.rcrup aHfiu (orHocurenbHoe qprc!'ro uux.non)
Ha paspun, Mfla/cu2:

npu 20 "C
npu 130 "C

fIpH npo4aBilHBaHHH uapr.rKoxr d: l0 ruu, xH

100 5300

80
40

Eo,ree 50

58
5

28

C,'rrolo6yMara Ha crex.ugHHor? noAJIox(Ke 3HaqHTeJrbHo rlr6ue, qevr o6uqgue
MHKaJIeHTbI, I{ no3ToMy Aonycxaet 6orree nJorHyio o6rsxxy B npoqecce lr3orupo-
BaHvfl crepx<Heri. llpta scnor'Ib3oBaulri 3.,'IelleHTrpHbrx npoBoAHr.rKoB c rlsoiisuuerl
TaKxe Ha repMopeaKTItBHbIX cBt3yrouux o6ecne,rueaercfl aAregHfl r.rx rlgo.;reur.iti
c ropnycHofi I'Isorsquefi crepx(Hfl, rr reM caMbrr\{ Aocrrrraercfl MoHo.r'rHTHocrb
crepll(Hfl no BceMy ceqeHltrc. 3ra uoHoJrurHocrb coxpaHqercr npr{ pa6ouux ren-
JroBbrx 4eQopuaquax.

SlexrpuuecKafl up.otlHocrb repMopearrueuofi a3oj'rsr{Hu HecKonbKo Bbrure.
unhITbI no HcKyccrBeHHoMy crapeHuro cBuAereJrbcrBytor o ee 6o.nee strcoxofi
cra6nnluocru no cpaBHeHlIIo c repMon..r-rdcrr{9Hofi. 

-HaxoHeq, 
TepMopeaKTnB}ias

It3orqqufl AeIITeBJIe fi no3BoJlfler 3aMeHr4Tb geQHqnrnoe MnHepa./'rbHoe cbrpbe -
xlfinaHyro cJrroAy - Ha oTxoAbl crroAqHofo npor.t3BoAcTBa.

Bce eru HecoMHeHHbre npeHMyqecrBa H npeAonpeAeJrr.rrTr{ noqrn noJHoe Bbr-
TecHeHI{e MLIKa!'IeHTsoii xolrnayHAHpoBaHnoli LI3oJrsr{LIH 6o,lee coBepueHuofr - rep-
MopeaKTr{eHofi.

Buecre c reM TepMopeaKTIiBHaq H3oJlflunfl 6o.uee rIyBcrBLITe!'rbHa K MecrHbrM
yAapHbrM sosAeficreusr4 Lr nepelr(arrisM, AonycKaer MeHL,ui{e u3ru6usre Aeqlop-
MauHIt npn yKJIaAI(e crepx{uefi. lloeroruy BecbMa Bax(Ho o6ecnequrb npaBr.r.qbHyro
reoMerpnqecKylo Qopt'ty crepxner?, Hx poBHyro HapyxHyro noBepxHocrb ri  paBHo-
MepHocrb pacnpeAeJreHufl ycunul:r nprr gaKd'rHHoBKe.

TexHo.noru,recxlr i i  uHKJr l lsroroe,reuuq o6lrorox c repMopeaxrHngori r i3o.rff-
uueft cJloxHee, tpe6yer 6o,rrure cfl€r{r4?.,,'rbHoro o6opyAoBaHrifl r.r ocHacrKlr, 6o,ree
eblcoxorl KyJrbrypbl npoll3BoAcrBa B r{e!'ro\r.

I4seecrHo HecKoJIbKo cnoco6os rr3foroB,' ieHrrf l  crepxHeli c repMopeaxrrrsriofr
I{3oJlflqHefi. lIpH oAHoI\! H3 HHX rrpoMa3aHssni anoxcuAHbrM (lr,ru iluuu) Kiree\r H
SaneqeHHblft crepxeut lr3oJlr ipyercfi  cJrroAuHuroeoii  .neHroi.r,  nponHTaHHoii reptro-
peaKTHBHbIM JIaKoM nogblu:eHuoir Bfl3Kocrrr, cylutircs, BaKyyMHpyercrr H 3areM
npeccyercfl  B ropsqux npecc-$opuax. l lpu eroM ctl iora, xoropofi [porHraHa
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JIeHTa' CKJreHBaer ee orAeJrbHbre cJroH H nor 'rrrMepH3yercf l .  I - lpH Apt ' rou cnoco6e
crepx(eHb I{3o' lHpyercff  cyxorl  reI{Tot-" t ,  coAepxauel"r  ul . rHl l r t tyrnr cBnsyrggqs;a, 3a-
TeM BaKyyMr.tpyercq, npontrrbrBaercf l  B TepMopeaKTHBHofi  cuo.ne He6onsurort  sns_
K O C T I I  H  3 A T C M  B b I A E P } K H B A C T C f l  B  T C q C H I I C  O N P C A C N C H I { O | O  B P E M C H T I  N P H  N O B b I -
ulcsuof t  TeMneparype ann 3arnepAeBar{r r f i  cMo.r rbr .

u lu{ecrn1rg1 6onsruoe r {HcJIo uo4uQnxaqur i  3Tr{x  AByx ocHoBr{brx cnoco6oe
[o" I Iy t1ss14f l  crepNiHci i  c  repvropeaKTHBHol i  nsonqqrre i i ,  ceor icrBa xoropor i  onpeAe-
JIfrorcfl  He cro.r lbKo cneunQrruecKr.rMrr oco6esuocrrrMH
texuo,rorf tqecKOrO npou,ecca, cKo, ' IbKo r(aqecrBoM LiC-
xoAHbIX MaTepHaJIoB I I  ocHacrKH, ToqHocrblo Bbrnor ' I -
HeHr.rr Bcex rexHo,'roruqecKrrx onepaquri v. aSsexrus _ 2
HOCTt,ro KoHTpOJrfl.

I_ lpu paapa6orre KoHcrpyKrIHH BbrcoKoBo.,-rbrHol i  I
I I3oJrrrr IHH oco6oe BHHMaHHe o6paulaercn Ha yMeHb[re_
HHe HeoAHopoAHocrH noJrfi B H3o,'rfluuu. C arofi ue.irrrc
Ha y3KHe fpaHlr HeH3OJTHpOBaHHO|O CTepX(Hfl  HaKJraAbr_
BaIOTC' nJraHKH I{3 no.rlyllpoBoARU{ef o HJrrr H3oJIHTIH_
oHHOfO_ MaTepHaJra c 3aKpyfJreHHf MH no Kparrrvr
(puc. 9-2).  An" BbrpaBHHB al l f l .  noreHuna.rroB creplKHfi
H noBepxHocrLr I-{3o,'IffuHognoft HaKd'IaAKH iloc"rrexHflq
coeAr-iHflercq c MeAbro noJrynpoBoAfluleil .[eHTofi, Ko_
ropof i  o6MarHeaetcq creplKenb BMecre c Hax;raAxoit .
3ra Mepa ocyu{ecrB.rrqerci o6H.{Ho nprl HoN,urHa.rrbuoM
Hailpq>KeHHH or 13,8 rB H Bbrrxe.

3Ha.reHne pa4Hlrss 3aKpyrJreHufl HaKJTaAKLT p o6yc-
JIoBd'I_H_Baer pacfipeAeJreHr.re noreHr{Ha.rra B H3o,r.rnuuu [13].

MaxculraJrbHafl Hanpflx(eHHocrb rroJrfl e laFrHoil
KOHCTpyKT{HH

F { /Ho"L m a x :  
4 T  L ,

t r , r a + ,  
,p

Jv (e-1)

rAe Ai - OAHOCTOpOHHfifi TOJIu{I-IHa HsoJtfl,r i l4w.
.{.rrr npe4orBpauleHHn paspflAoB Me)KAy noBepxHo-

crbro crepxuefi rI creHKaMH na3oB cepAer{HrrKa crepx<Hn
noKpbrBaroTcfi cHapyxrH no,'rynpoBoAf uIr,rM MaTepr{a-
. lrotr l .  I4u Moxer 6urr, HanpuMep, ac6o,rancaHoBar JreH-
Ta c npoMasroft ee noJryflpoBoAfluruM .rraKoM HJrH Kap-
6opyn.qosrrfi JraK, o6.naAarourlrt He.nrnseiiuoir xapaKre-
pucruxoft. OcHosHtrN{ napaMerpoM na3oBofo f loKpbrrur
qBrffercfl noBepxHocrHoe colrporHBJreHr{e R, nepxuur:r
npeAeJI KoTOpOnO OlpeAeflqeTcf H3 ycJ'roBr.{fl, qro6ur sa-
ttpffx<eHue Me>*(Ay nrc6ofi roqxoii noKpbrrr.rfl, ]re Kacato-
Uefics cepAeqHr{Ka, rr caMHM cepAer{HHKoM He npeBbr-
uIaJIo MHHHMaJrbHoro npo6rreHoro Hanpqx(eHrzq B03-
AylxHoro 3a3opa AU<230 B:

(s 2)2 L ;  L U
r ( m a x  { :  -

2nfenerlz U 4.,

Prrc. 9-2. f lonepev-
HOe ceqeHlte cTepx(rrq
o6lrorxn craropa B

nasoeoft qacTH
1 -  3neMeHTapHbIe  npo-
BoAHuKir; 2 - usonflr\trs.
B  MeCTaX TpaHCrro3HI InH;
d  -  BepTHKa. r rbHaq npo-
I i i raAKa;  4  -  eHyrpenHee
nonynpoBoAru{ee noKpbr -
r r i e ;  5 - x o p n y c u a x  u 3 o -
, r rq r iHr :  6  -  uapyx<uoe
norynpoBoAflrqee rroKpbr-

T H C

34eqr- f -.uacrora, fq; ro - 3.[€KrplrqecKaff f iocroffHnaq, paBHaff E0:
;8.86'_10-ta @/cu; tr - rrtst lel irpl{qecKat npoHurraeMocrb u3oJrrr{Hw, paBHaq 11pH
f:50 fu lr reMneparype 100'C 

-t,=6 
A"trn iepr'ropeaKTHBsori ngo.nflr{Hq ^ er:s

Arf i  t ' , luxa.neHtHoit I ISoJirut{It :  I  - paccrorHire Ao ror{K}r KoHTaKTa noKpblTr{f i
c  cepAeqHHKoM, cM; U6-  SaeHoe Hanpf lxeHae,  B.

Vs npHHHMaeMoro o6rr.{Ho ycJroBKr, r{To Ha 100 cM A,'rHHbr crep>KHfi
(/:50 cna) npHxoAHTcq ABa KoHTaKTa, H nplr Hc[oJrb3\-errbrx roJrurnnax H3oJrffr{Hu
Mo)KHo ua i i r u  R rn " *<  (0 ,8  .  1 ,0 )  105  Ou .

HHx_gxit npeAeJI coltporrlB,teHllf l  na3oBoro nor(pbrrnn onpeAeJrf lercf l  r l3 yc,r lo-
BI'rR, uto6bl norept{ B noKpbITIIu I i3-3a 3aMbtKaHHfl qepe3 Hefo ceflreHToB cepAeq-
HLIKa CTaTOpa He AOCTH|aJTT{ OnpeAeJreHHOfO ypoBHr:

(e-3)

1 7 9

Rn,in :  El lwn,



rAe Er -  Hanpf lxeHl ie Ha eAuHHUy AnHHbI cepAeqHHKa,

AOnycrr.rMbre yAeJbHbIe noreplt  B noKpblTt l l '1,  Br/cnr2.
l lpu ul tc. ,re nocJleAoBare./ ' IbHo coeAI{I IeHHblx BHTKol l  B

a{, HanpflxeHr{e

E t : U 6 l ( 2 w l )  =  0 , 6 0 5 ' 1 0 - 2  t

B/c l r :  u )n  -  I raHcr . rMa. rbHo

Sase o6vorx r r  c ra  ropa

(e-4)

H cocraB, tser  o6urq lJo  B r r lAporeHeparopax  or  0 ,2  ao  I  B /cu .
B  K a q e c r B e  n p € l e J b r r o r o  3 r { a q e r { L r f l  r r o r e p b  B  n o r { p b r r n n  n p u u n } r a e r c n . ' t t t t j o

I  % norepb B N{eAH o6uorx l l  c ra ropa,  r t t6o  0 ,01  % i \ , rou- tHocrn  \ !au lHbt .  f ]p t i
npr . rHqrur {  nepBoro  Kpr . r repr . i f l  ron :  (0 ,06- :0 ,12)  l0 -2  Br /cv2 ;  np i l  npr t t { r r t l t t  Bro-
pofo KprrTepHs, ec,rr i  l iNireTb B BirAy, qTo MoulHocTb, oTHeceHHafl  K f ioBepxHOCTII
I43o, ' I f lu l i t {  o6tt016l l ,  cocraB, ' Iger B reHepaTopax c Bo3AyulHblM ox"[axiAel i i l i ] ]1
o6tr.{Ho 5-30 Brlcuz r{  B Ma[ruHax c QopcHponaHHbIM ox"rIa)KAeHIIeN't  Aocrl l raer
70 Br/cu2, (en: (0,05-:0,7)10-2 Br/cu2.

Taxnu o6paeou,  pacr le rHoe 3HaqeHHe MHHHMa"nbHoro  conporHB. r IeHI I r  na3o-
BOrO nOKpbITHfl Ha eAHHHIIy nOBepXHOCTI'I COCTIBT'Iff€T eAI'tHI]Ubl' AecflTKi{ IIJI'1
COTHI,I OM.

C yrreroM B03Mox<Horl KoHr{eHTpat\vru roKa I{ cHLI)KeHLIr c_onp^orIIB.Ieiillrl
B npoqecce gKcllnyaTarluu Ha npaKTHKe npr{Hr.rMal.or Rmin Ha _2-3 nopflAKa
Bbrrrre, qeM no pacqery, u o6bIrIHo R> 103 Ou, Ho He 6olee 105 Ou.

O6brrrHo nasoeoe noKpbITHe HMeercs Ha nprMo.nusetisttx yqacrKax .no6oestx
uacrefi ,  3axoAfl 3a HaxHMHbre rpe6eHrr.r craropa. 3ruvr npeAorBpaualorcn Bo3-
Mo>t<HbIe nepeKpbITI{g Hanpgx(eHHr iro noBepxHocrl{ L{3o"'IflI{HH ro6oeL'lx qacreii

Ha Kopnyc npu BbIcoKoBoJIbTHbIX HCnbITaHI{fX.
llo.nynpoeoAflulee noKpbrTlre ro6osolx qacrefi AoJrx(Ho o6ecnequeart oTc.vr-

crBue BHAr{Mbrx pa3pflAoB B Mecre crbrKa na3oBofo H ,ro6osoro noxpttrt lr i  I I
cKoJrb3sulux pa3psAoB Ha KoHrIe noKpbITr.rfl; oHo xapaKTepH3yercfl B cpeAHe\1
conporr {BJleHneM R:10e .  l0ro Ou.

,II ,na ycrpaHeHnfl pa3prAoB MexAy crep>KHflMu o6uoroK r creHKa\{H na3oB iI

A,'rfi orpaHnqeHr.rfl eu6paiufr o6uorox npoll3BoAlrrcfl ynJIorHeHHe crepxuet:t, ecJH
3a3op MexAy orx(arbrM K 6oKoBofi rpauu rra3a c noMoulblo cileuLIaJIbHL'Ix HolKeil
crepxHeM Ir npornBonoJro)KHofi 6oxoeofi rpansrc na3a cocr&BJlfler 0,3 uv it 6o-
Jree AJrs repMopearrneHort r{3oJrflrrrlu rI 0,6 MM - Arq uura.nesruofi. Bsa'Iale
oTAeJrbHo ynJroTHflroTcf HHxHr{e cTepxHI.I IocJIe LIX yKJIaAKII, 3aTeM BepXHI{e ny-
TeM ycTaHoBKLr npoKnaAoK I{3 [oJrynpoBoAflulefo BoJIHLICTO|O lI IIJIOCKO|O CTeK,{O-
TeKcroJrr.rra c sa6eraroutefi no Ha[paBJIeHI-IIo BpaqeHl{s poropa cropoHbl na3oB.
O6qas AJTHHa ynd'rorHeHur AoJrxHa cocraBJlfiTb He MeHee 70 olo o6ureit A.IIHHbI
cepAeqHr{Ka craropa. Taxas rexnoJrorut ynJlorHeunfi crepxsefi B na3ax npeAno-
Jrafaer Hangqr.Ie Hbo6xoauMoro 3a3opa no uHpHHe na3oB, o6ecneqHealouero Bo3-
MoxHocTbycTaHoBKIrnoJlynpoBoAf lu l . f ix [poKJIaAor .3rHurapaHTl- ipyeTcf ipa3BI , I -
Tafl no Anr{He v nepHMeTpy na3oB noBepxHocTb KoHTaKTHpoBaHIlfl noBepxHocTlr
crepxuefi c cepAerIHItKoM.

flpu uuou [oAxoAe K yrrJlorHeunr,o crepx<nerl [ocJIeAHI{e BblfioJlHr]orcfl c iII]i-
psnofi, MaKcrrMaJrbuo 6.luskofi K rrrupr.rHe Ira3a, ra.rrz6pyrorcfl JIoA rpe6yerrlre
pa3Mepbr, yKJraAbrBarorcfl rr npn Heo6io.qaMocrll yn,'IorHsForca. flplr srofi rexHo-
JrofHLr o6ecnequsaercr ryr{uee 3anoJrHeHue IIa3oB MeAE}}o, Ho Bo3pacraer rpyAo--
eMKocrb LI3roroBJreHHq o6r\,IorKr{ H yxyAuraorcs ycJloBllfl 3aKpenJIeHI'Ir crepx{HelI
B na3ax.

Hssectgbr raKxe Bapr{aHTbr ynJIorHeHLIfl crepxHefi c noMoulblo noJlynpoBo-

Arrqux gaMa3oK r.I Kopo6orleK, Koropble He nonyql{Jl}I noKa lrlllpoKoro npllMeHeHlifl
fJraBHbrM o6pasolr Lrg-3a HeAocraroqHo orpa6orassofi TexHo.IIoruII Bcefo npo-

uecca.
Crepxcrra o6uorxu coeArlHflrorcq Mex<Ay co6oii nyreM .nallxu. flpulteunn-

11Iarcs pagee nairxa oJroBrrHHcrbrMr.I npprrlofltuLt (rrlarxan nalixa) B nocJIeAilee
BpeMs Bbrrecuflercf l  nai ixol i  rBepAbrMH npHnoqMu, B nepByto oqepeAb l lCp-15.
Tnepaan naiixa npeAnoqrnTeJrr,Hee, nocKo,'IbKy oHa o6ecneqHsaer x.opoliluit e'rex-
rpuuecrufi KoHTaKT, Aa>Ke ecJru nponar.rBaercfl Ao 50 0/0 o6ueir xostaxrsoit
IroBepxHocrlr, BbrcoKyro MexaHr.rqecKyro npoqHocrb coeAuuesnfi v noBbluleHH!'lo
HarpeBocrofiKocrb. Kpoue rofo, nasHbre coeAHHeHI{l Ha rBepAoM npl{[oe, B npo-
rueonoao111Hocrb nafixe MrfKHMrr [p]r lof lMl{, He noABepra}orcn crapeHH}o B npo-
qecce gKcnJlyarauHI.r.
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B ra6;1.  9-2 npl lueAeHbr x l l l \urqccKrr i i  cocras n ooroBHr, rc  csoi icrna npi rnoeB,
HCnOJIb3yeMbIX B KpynHbIX 3r ' IeKTpHqeCKIrX Mat l lUHax.

O6trquo roJIoBKlt crepxHeri BbrnoJIHflrorcfl  3aKpyrJreHHoir Sopnrr nyreM or-
ru6; npoBoAHHKoB I ' t  nai ixH L{x BcrbrK c noN{oir lbro cneurra.rbriofo xreAuoro xo\{v-
rHr(a (p 'uc.  9-9) .  Bo ug6exanHe noBpex{AeHrrq nprr . reranuer l  , r ro"o i i i " ' ; ,  ; ; i i -crBI. l f l  eutcoxofi TeMneparypu nalixa npousnoaurcn nprr 6r,rcrpor.,r rr rrr{TcHcHBHo}r
TPorpeBe, a yqacrKN crepx<Her? s6nusw roJroBKrr nort ibr3oJrgp\rrcTcq i loc".tc nail iH.
/{nf ycKoteHHs nafixt ' t  H^ no^ryqeHufl xopouero no.irHoro r{oHTaKTa coeAHHeHHe
Y^"^T:l_9-{to 

pas6Hro na 2-3 pyqbt, nponaHBaeMbrx pa3Ae.rbHo. IIpu uto* u.r.-cooopa3HO yCTaHOBHTb H3OJrsr{HOHHbre npoKJaAKr.r Nrer{Ay p},r{bfl}{r i ,  3TH\{ AOCTTT_raercfl  yMeHbuleHue no6aeoqHbrx norepb or r{HpKy,rrf lugoHgbrx roKoB Me}KAy a.rre-
MeHTapHbrMn npoBoAHuKaMH crepxuefi.

Hsnecrnst u Apyrue xoHcrpyxl{Hll  coeAuseHurl crepxueir: nyre\r nal ixu nap
npOBoAHI' lKoB BCTL'IK I{r ' I I{ B}{aXJIeCT, nyTeM nalixl l  crepxuel 'r nOcpe4creoNr Nracct4B-Hbrx Ir{eK. fleper,re KorrcrpyKrrHH no3Bo,,rflroT
oTKa3aTbcf l  oT xoMyTI{KOB, FIO HX HCnO, ' Ib3OBa_
HHe Conpax(eHo co 3HaqHTei IbHbIM yBe, l l tqeHH_
eM TpyLoeMKocrH tpn nahxe H pacnafixe crep-
xseii .  f lpuueueuae lvreAHbrx coenHHHTerrbHbrx
il{eK rroBbrlraer o6utyro )KecrKocrt ,ro6oeux
qacreft H Blrecre c reM BeAer K pe3KoMy yBe-
JrHqeHr.ro pacxoAa npHnor, noBbruraeT BepofT_
Hocrb [oBpex<Aenur H3oJrfllilru H3-3a npu6"ru_
x<eHHfl ee K 3oHe nafixu.

Mecra coeAHr{eHHq crepxuefi H3o,,rupy-
IOTCfl pa3a.,eMHbrr'rH $urypHbrMr.r xopo6xauu no
$opue roJroBoK. Kopo6xr.l r.i3roroBJrflrorcrr rr3
BbrcoKonpoqHoro r.{3oJrffrIr{oHHOro MaTepHaJra
METOAOM NPCCCOBAHHq, IICM AOCTI,I |ACTCfl HAH-
6onlruas npor.r3BoAHTeJrbHocrb. BuyrpeHunn
noJlocrb ropo6or 3afioJrHsercr repMopeaKTHB-
HbrM KOMnayHAOM XOJTOAHO|O OTBep)KAeHHfl.
Taras KoHcTpyKqHq o6ecneqnBaer 3Haqr.rTe,'rb-
Ho nyuuufi Tend'rorBoA no cpaBueHr{ro c Ba-
pIraHToM roJroBoK c ruHoroc.noiiHofi .neuroquoir
ueo.nsquefi (rerraneparypa roJroBoK npu paB-
HbIx yCnoBLIfx cHHxaeTcfl B cpeAHerra na 20'C)
npu i,reHbueft rpyaoeMKocru u3oJrrpoBKr.r.

Kpen.nenue nagoBofi qacru o6uorxr cra-

Puc. 9-3. CoeAuHeuue roJroBoK
crepxHefi

TOpa ocyqecTBJrseTcff c noMotrlbro K,'rHHbeB.
B xa,IecrBe Marepvaila Ann Hr{x qsure Bcefo ircno,usyroTcfl BoJroKHrrcrble npecc-
MATEPHAJIbI, A Ailf l  3AKJIHHOBKI,I CTbilKOBbIX NASOB _ KJII]Hbfl I{3 CTCKJIOTCKCTO-
.tII{Ta. flpo$r-r.nr K.IIHHbeB AoJIxeH coorBercrBoBaTb Soprrae na3a, o6ecne,{uearn
HaAexHoe saKpenJleHue o6uorKLI flpn pa6ouux u anapufiHblx pe)KuMax, BKJrroqat
BHyrpeHHHe KoporKr.re 3aMbrKaHrrq n o6yorxe craropa.

f lo A"rHse na3a KJIHH cocrolrr r{3 HecKoJrlxax.ractel i  (xaxSan 1,rHHofi 150-
250 rur't) A.ns o6refqeHufl ycraHoBKH r.r Jryquefi'sax,'ruHoBKr{. Ha yuacrKax, pac-
TIoJIOII{eHHbIX nporHB BeHTI{JiflrIHOHHbrX KaHaJTOB CepAerrHHKa CTarOpa, KJrHH r{Meer
cKocbl, ynyqlllarculHe ycJIoBHff BxoAa Bo3AyXa n3 BO3AyTXHOTO 3a3opa B KaHaJrbr.

3axnuuosra o6Motxr.t s na3ax AeJraercfl coBepurenHo nJrorHorl^ nyreu ycra-
HOBKI-I noA KIHH ueo6xoAl.tMoro tlucra )KecrKnx npox.na,u,ox (o6nuHo H3 creKro-
rexcro.nura) c reM, qro6u B gKcnJlyaralluu x"[HHiq He oc,ra6eBaJrr{. Hexoropue
@uprr.rn BeAyr pa6oru no co3AaHuro KoHcrpyKuHH y[JrorneHr.rs crepxHefi B na-
3ax c HcnoJIb3oBaHHeM ynpyrr.rx g"[eMeHToB, ycraHaBJuIBaeMbrx o6n.]Ho rroA KJrrrH
ll  paccqHTaHHblx Ha coxpaHeHue Heo6xoAut'roi l  nr 'rorHocTu 3aK.rrHHoBKrr B npo-
Uecce pa6orn rocJre noflBJreHHr ocTaToqHbrx AeQopnaUHfi r.r3o;1rL(Htr crepxHefi
H npoKnaAoK no BbrcoTe na3a.

B BepruKanbHbrx MauruHax rpafiHne HHxHHe KJ'rHHbfl ni l f l  npeAorBpar{eHufl
I{X CMeUleHHq npHBfl3brBaroTcfl c noMo[lbro rxHypa.

B orAeJIbHbIx na3ax yKJIaAbIBaIorcfl TepMoMerpbr conporHBJreHHfl: Ha AHo
na3oB - Aaff H3IIepeHHfl TeMneparypbr cepAeqHHKa (oaun Ha ceKTop, Ho He MeHee
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Mapxa  npHnor r

Teuneparypa nnaBJIeHHf l  ,
O C

H aq a.no K O H e U

{
I
I
i

VAeylssoe
SreKTpHr{e-

cKoe
conpoTHB-

J I E H H C ,

l0-9 Ou.r ' r

Xulrnqe

f[.norHocrt,,
t /cM'J

cepe6po

665
640
705
183
183
183

730
8 1 0
8 1 0
190
238
256

100
207
384
139
159
t70

9 , 1
8 ,5
8,0
8 ,5
9,3
9,6

rrrecTn), MexAy crepxHqMu- AJrfl. H3MepeHHrr cpeAHefi reMfleparypbr AByxcJlofr-
Horl o6ruorxu craropa H noA na3oBble KrHHbq - AJIn u3MepeHnq reMneparypbl
oAHocJroftHofi o6MorKH. O6uree qucJlo repMoMerpoB conporl{BJleHufl, ycraHaBJIH-
BaeMbrx AJrfl r.i3MepeHHf TeMnepaTypbr m-Qasuoit o6MoTKr.r c 4 napaJI.rIeJIbHbIMH
BerBqMH B 0a3e, Bbl6r.Ipaercfi  no Qoprrly.ue N:2mq., Ho He MeHee 12, u [o3BoJlf ler
npoAy6Jrnpoearn H3MepeHHfl, Anfl, Bcex napaJIJIeJIbHbIx eereefi B o6MorKe. flpoeoAa
OT TepMOMeTpOB COIIpOTHBileHvfi BbIBoAffTCfl, KaK npaBI{JIO, qepe3 BeHTI'{,' 'ISIIHOH-
Hbrfi KaHaJr B cepAeqHr.rKe.

Kpenaenue flo6oBbrx qacrer:r o6uorru craropa ocyulecrBJlsercfl c floMou{b}o
6aHAaxnux KoJreq, oxBarbrBarouux Kop3HHKy ro6oBblx rlacreft cHapyxfi H npe-
nflTcTByroillux r4x nepeMeuleHKflM B paAr-raJIbHoM HaIIpaBJIeHLIU. TIHCJIO H CerIeHUe
6anAaxHux KoJrer{ onpeAe,rrflrorcq u3 yc,{oBrrr nporlHocrn ux Ha pa3pblB npu
BHe3anHbrx KopoTKHX 3aMbrKaHHflX, a MeCTa ycTaHoBKH KOJIeU BbI6HpaIOTCff C yqe-

ToM uanpxxeHufi  B crepxnf lx o6vtorxu r lpn nporeKaHnH no HLIM ToKoB Kopor-
KOIO 3AMbIKAHH'.

Hrxnprft cJrofi flo6oBbrx qacreit olupaercs Ha 6asAaxHoe Ko,'Ibuo. Mex,1y

AByMrr cJroffMH ro6oBbrx qacreft ycraHaBJlnBaercfl Ha6op npoKJIaAoK, nepeBr3aH-
Hbrx aeHTofi. Kax4nfi crepx<eHb Hr{)KHefo v BepxHero cJIoeB npoqHo [pI'lBn3bI-
Baercfi Ko BceM 6anAaxcHuM KoJIbIIaM.

A.ns KpenJreHur ro6oBbrx qacreft B TaHreHuI{aJIbHoM HanpaBJIeHI-Ifi cd'Iy>Kar

Ar{cTaHrIHOHHbIe npoKnaAKr.r, ycTaHaBJrHBaeMbIe nJIoTHO MeXAy CMe)KHbIMH CTepX(-
HflMH Kax<Aoro cJioff qepee 150-200 uvr, a raKx(e Qacouune pa36opHble ynopbl.

I(ax pacnopKn, TaK H ynopbr npuBfi3brBaForcfi x .tto6oeuM qacrffM tilHypoM.
B Hacrosulee BpeMt B KpynHbrx trrAporeHeparopax A,'Ifi Bcex I{3oJIqIIHoHHbIx

Kpe[ex(HbIX rr [poKJIaAOqHbIX g.rIeMeHTOB, pacnoJlox<eHHblx B soHe o6IVIOTKH, HC-

nor'Ib3yroTcf MaTepuaJrbr no HarpeBocTofiKocTll He Hlrx<e KJIaCCa B, qaule Bcefo
creKJroreKcroJrr.rrbl, a AJrfi Bfl3Kn fio6oBblx qacrefi npuMeHrlorcs I{cKyccrBeHHbIe
Marepr.raJrbr: caMoycax(uearcquficq laecaHoeHfi [IHyp rtnIrt tuHypbl H3 creKJIo-
BO,'IOKHa.

Hau6o.uee eQQernaeHbrft cnoco6 ycrauoBKu AHcTaHITIIoHHbIX pacnopoK B JIo'

6oeHx qacrqx -  cnoco6. qennof i  Brr3Kr.r ,  npu KoropoM KaxAax pacropKa rIpHBfl-

3brBaeTcq oAHoBpeMeHHo K AByM CMeX(HbIM CTepX<HqM H BCe paCnOpKI'I pacnono-

xeHbr raKHM o6pa3oM, qro MecTa Bfl3oK qepeAylorcq B luaxMarHoM [opflAKe.

Kpennenr.re ro6oBbrx tracrefi B o6fiacru BbIxoAa crepxHeft H3 na3oB ocyqe-
cTBJIffeTcff ynopaMH apoqHoro TH[a, H3rOToBJIfleMbIMI4 o6nt.IHo Hg npeccoBaHHofo
Marepr.raJra (HanpnMep, H3 Af-4) r{ cJIyx(au{HMLI TaKxe AJIn npeAorBpaureHun aK-

cgaJrbuoro nepelaeuleinn o6uorxu noA AeficrBHeM co6crseHHoro Beca v etl6-
pauEfi.

EasAaxsue Konbr{a ruAporeHeparopoB c HoMI{HaJIbHbIM Hanpr}KeHI'IeM
[/r,o* >6,3 xB H c .rrnHefisbrMrl Harpy3Kauu A>700 A/cu H3foroBJlfftorcfi I{3 He-
uarnntuoft craJrH. Ko.n_tqa cocrofiT H3 orAenbHblx cexquit, coorBercrBylourux
rrucfiy ceKTopoB crarope, r.r Kpenrrcfi c noMoulbto KpoHtrITefiHoB,.. ycraHaBJ'IHBae-
Mbrx HenocpeAcrBeHHo Ha Ha>rr{MHbrx rrJIHTax. Ecnu K_poHuITefiH npHKpenneH
K nJIr{Te B AByx roqKax, To oAHo n3 KpenJreHLIft Ao,lx(Ho 6bITb areKTpHqecKE ll3o-
.rrrrpoBaHo. Bo Hs6exaHHe nofiBJreHHfl KoHTypoB c napa3HTHbIMH ToKaMH lIIaf
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paclloJloxeHlis KpoHIxreIiHoB xeJIaTeJIbHo err6upau KparubrM yABoeHHoMy no-
nrocHoMy AeJreHHro.

l4sonn:0:an 6auAaxlrux KoJIeIr, a raKxe nepeMbrqeK, coeAr.rHuTeJrbHbrx H Bbr-
BoAHbIx UIIIH BblnoJlHflercfl no rHlry a3oJrflrrr.IH crepxHefi o6uorxu. llaxer coeAr.r-
HI'ITeJIbHbIx lxHH ..co6upaercff Ha HSotHpoBaHHbrx crofiKax, yKpenJrserubrx c no-
MoIIIbIo KpoHlxrefiHoB Ha HaxaMHbIx ILrHTax Hnv Ha Kopnyce craropa. Mex<gy
cMexHbIMI'I IUHHaMLI Ha OnpeAeJIeHHbrx paccroflHHrrx ycraHaBJrHBarOTCr AHCTaH-
UHOHHbIe npOKd'laAKIl' CTtlHBaeMbIe HeMa|HI{THbIMII unIiJIbKaMH. f.flaeHue ri Uefi-
TpaJIbHbIe BbIBOAHbIe IUHHbI fpynnHpyrorcq B AByX MeCTaX nO OKpy>KHOCTH CTa-
TOpa H BbIBOAflTCq qepe3 oKHa B Kopnyce, 3aKpbrBaeMbre Ir3oJrflrIHoHHbtMH flJrr.{-
TAMI,I.

9.3. CXEMbI OEMOTOK
CTATOPOB T4APOTEHEPATOPOB

B coBpeMeHHbrx KpynHbrx_ rnAporeHeparopax npuMeHrrrorcq fJraBHbrM o6pa_
3OM BOJTHOBbTe CTepxHeBrre o6uorxu. 6o.nee roro, npE peKOHCTpyKqHn 4eficrnyio-
urux reHeparopoB o6r't,IHo crapalorcff 3aMeHr.rrl xaiyru-eqHbre o6nrorxH crepxHe-
BbIMIT I'I3-3a rlx npel{MyulecTB - 6o"nee HaAexuofi H3orqr{HH H orHocuTe,rrF,Ho .[ef-
Koro peMoHTa. Crepxuenag o6uorKa, KaK H3BecTHo, oAHoBr.rrKoBafl: B Ka111Aolr
IIa3y pacnoJlo{eHo He 6ofiee AByx aKTHBHbIx cropoH, KaTyurKa coAepx(HT Bcefo
OAHH BHTOK. Bc.[eAcrsne 3Toro Kopnycuaff H3oJrffqufl oAHoBpeMeHHo ffBJrrercfl
sHffioeofi usorqlltleli v ToJIUIHHa Lr3oJIffrII{[ MexAy coceAHr.iMu BHTKaMH BABoe
6o.nnue, rreM Mex(AL KaxAbrM BHTKoM a cepAeqHHKoM, rrro noBbrrrraer HaAelKHocrb
pa6otu o6vIorru._ Eclecraeuuo, rrro BbrrroJrHenr{e crepxnenofi o6uorxn rpe6yer
onpeAeJleHHoro o6leMa roKa B oAHoM na3y (He laeHee 2000 A), uHar{e 3arroJrHe.
ur're sy6qoBoro cJIofl 6yaer MaJIrIM, a pacxoA BbrcoKoBo.nntHofi Hgo,rsrlnlr tl no-
TepI{ - 6o;rr,runull.

Kax yxe orr 'reqaJrocb, rrncJro na3oB craropa Ha noJrioc u $asy Q:zl(2pm)
Moxer 6rttr IIeJrbrM_r.r Apo6HbrM BHAa q:b+ild. flpu groM rr,raxcuua.nbHoe sHa-
rIeHIre d se Moxer 6urr 6o"nuue 2p_la:-rAe a - qr{cJro napaJrJreJrbHbrx sernefi o6-
MorKIr, ttJrLI, rITo ro xe caMoe, a42pld.

B cnMMerplrqnofi o6uotre d He AoJrx(Ho 6um KparHo m. Bo us6exaHue
PyMS u- nu6paqufi us6eralor snaqenttir q, AJIrr Koropbrx cnpaBeAJrHBo paBencrBo
3q :k-1- | ld (k - r{erroe unc.no).

llpu pq:pa6orxe KoHcrpyKr{HH Hosofi MarrrnHbr r4rrrr npn MoAepHu3ar{HH c},-
Il{e.ctnyrcrrlsfi (Hanpurrlep, npn 3aMeHe KaryueqHofi o6uorxll sorHoioir crepxHb-
eofi) nau6o.nee rpyanofi saAa,Iefi flBJ'rflercr cocraBJreHr.{e cxeMbr o6lrorxu i vue-
rou rpe6oeaHl.ifi ee rexHoJlorrir{Hocru H HaAex{Hocrn. BaxHsrl,r vcJroBueN{ reiuo-
roruriHocrl l  BoJIHoBbIX crepxHeBrtx o6uoroK ruAporeueparopoB f lBrqercs MHgrr-
MyM qHcJIa nepeMblqeK, cJrox(HocTb KoucrpyKr{nu, 6o.ntruas Macca lr rpyAHocrli
I{3onxpoBKH Koropbrx BecbMa 3arpyAnrroT MoHTax( o6uorxu.

Bo.[uosHe crepxHeBnre o6uorku o6.naAaror no cpaBHennro c nerJreBbrMrr oA-
HIiM npelrMyulecTBoM: ponb MexnoJIFocHbrx neper{brrreK R HHX Bbrno.nr{frror oTo-
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rHyTl , le  J IO6OBbIe qaCTH KaT) ' l I IeK,  paCnOJIO)KeHHblX nOI OAHOHMCtIHbIMII  nOJI lo-

cairrr .r .  B BoJrHoBblx o6uorxax c uenblM qHcJIoM na3oB t{a noJIIoc u $aay raKl le

KaryuKrl  o6paeyror 3aMKHyrbre Llenn - xoAbl,  o6erarcul l te Becb crarop. Crep.xH.n

B npeAeJrax oAHoro xoAa coeAHHfl IOTCfl  npffMbl luH XoMyTHKaMI{ (pnc. 9-4, a).

B sbrHosorl  o6uorre c ,u,po6HorN{ qncJIoM na3oB I{a noJIIoc u Sa:y xoAbl He Mo-

f) 'T 6nrn 3aMKHyrbrMH no eceri  oKpylKHocrl{  craropa 6ea AonoJIHHTeJIbHbIX co-

etr l tHeguf i ,  TaK KaK qucJlo r(aryurer oAsof i  Qastt  noA pa3HblMI{ no, l locaMII HeoAI{-

HaKoBo: no xpaf iHef i  Mepe, oIr{H xoA o6tnlorxu cocrot l r  H3 Bo.r lHoBbIX rpynn,

pa3AeJreHHbrr npoMelKyrKaMH. Anq ux coeAHHeHHr npu_Mel{f l Iorcf l  r lepeMblqKl i  u

Kocble xoMyrlrr ig,  noKa3aHHbre Ha pIIc.  9-4,6, B Lt e.  LIHc, ' loN' l  Bo"rI I {oBbIX rpynn

a

A
II

a

\ _tv
f f l

l -

OnpeAeIqeTCf l  KOd' IHr{eCTBO AOnOJIHH-
TeJrbHbrx coeAurlesufi (nepeultuxa, Ko-
cbre xoMyTHKV u r. A.).

A.nq paspa6orxu cxeMbl o6uorrn
no roi6paHHoMy r{I icry na30B Ha noJMc
lr Qasy npex{Ae Bcefo seo6xoAllMo co-
craBHTb xaryureuustft pf lA: Bblr lucarb
rrHcjra Kary[reK (ctepxuefi) n noJIy.
$asax noA BceMH noJltocaMH. Ecna

MoxHO npuHLII{aTb pa3J'IHtIHoe qepeAoBaune rpynn- B KaTyIxeqHoM P{{e^'- ua-

rrprrMep Anfi q:tsla 
"bs*ox"H 

tarrae xpaftuile xorrl6usaqua: 2ll2Ll2l rl

222rttll.
KaX Or qItCIa na3OB Ha nO.IIloC u $aSy, TaK H oT BI'IAa KaTyuIeqHorO pflAa

3aBucr4T ri r{r{cJro nepeMbrrier e o6rtorKe H iaprrnoHrauecxuft cocraB ee noJlfl' llpo-

creftruuii cnoco6 cocraBJrel{Hfl cxeMbI o6trlorxH, 4arculuil, KaK npaBHJIo, MHHH-

MaJIbHOe q?ICJIO nepeMblqeK, cocToHT B CJIeAyIOUIeM'
CoqraertaeM r;6fiHlty, coAepx(aqyrc c cTpoK r d crol6rr,oB. HaqHHaq c JIe-

Boro BepxHero yrJla, 3anoJlHfleM ra6xHIIy no cfon6qau- 1roApflA UuQpaun KaTyuleq-

HO;O pflAa: nOApgA BbInIIcbIBaeTcfl c tIlICeJI, paBHbIX b+1, u d-c qHCe"I, paBHbIX

b, c n'epe*o,qo*'" ?nenyroruufi cron6err noc.tre oKoHqaHI'Ifi or{epeAHoro. Hanpl{Mep,

q':S;t^i ;4: d-c:l ; ' ' . rncro crpoK - 3, uuc.no cton6qoB - 4. Bul, ra6.ntlun:

KaxAaq cTpoKa Ta6.qullbl npeAcTaBnfer co6oii  no.nHuii KaryIIIeqHuft pn4'

Katyureunnre pngu, AaIouIEe MaKCuMaJIbHoe 3HarIeHHe aMnJIHTyAbI ocuonuoif rap-

MoguqecKOit g MI{HHMaJIbHOe 3HaqeHI-Ie Ap96sux (He xpatHr,rx ocHonHofi) rapMo-

Hr{qecKgx noJls peaKIIHlt flKopg, npl{BeAeHur n pa6ore [17]. O4saxo 3TH foToBble

1 8 4

q - IIeJIOe qfiCJIO, TO pffA COAepxHT

Puc. g-4. THnut coeAuseuuft eonHoeofi :l::i::"?,t ,#::t;":#3 Tt ',{;' ,*. ' . J-+. tr.rlrbl uuEAnncnvr' '  ""r.:,:::. .u,po6noe (a qHc,,Io KaTyIIIeK B noJly-
creplKneBofi o6trtotKw: a-upruofr xo- ;; ; ;-^;"*er 6r.rrn ro.nhKo ue.rrnru). iocTeplKHeBOH oOI\{oTKw: a - I Ipf lMOH_xu- 

6ase MoxeT 6urt  ronixo qeluu),  ro
MyrHK; 6 -  xocoir  xoMyrHK; 6 -  npf l -  J; ;- . ; ; .n)Kur r{a Ka)Ktrhre d qrenoe cprrA coAepxLIT Ha KaxAbIe d qreHoe c
Marr  repeMblqKa;  e-KOCaf l  nepeMblqKu i rn l "or ]$u""orx b+1,  u d-c  qJreHoB,

pannux b. Ec.rru Bblnl{carb raroft pfiA

B BuAe ra6,qrruu no rpr{ qJreHa B crpoKe, To xaxAstfi cron6eq srofi ra6auust

AaeT qepeAoBaHr.re qlrcJra Kar\rrueK no noJIIocaM Buyrpu oAsoit Qaasr. Hanptlnep,

fiPfi q:3

H  T .  A . ;

rpn g

I,I T. A.

3 3 3
3 3 3

: 2  
|
4
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4 3 4 4
4 4  3  4
4  4  4  3 .



qHcJIoBble pqAbI I 'rHorAa nptrBoAflT K qpe3MepHo 6onr,ruolry qrrc,ry neper'rbrqeK.
Hlt)xc, nptl cocraB,lcrnr.r c.\eNrbr o6lrorxH, paicn,torprnr cnoio6 noJryqeHHrr Kary-
[IeqHoro pnl,a c MHHnMaJtbl{brM qr.tcJroM nepeMblr{eK rr ,qocraroqHo xopoureti xprr_
aofi urr4yKr{nr noJrf l  peaKuHrr sKopfl.

Ann cocrasreHl' I i  cxeMbr o6uorxH qau{e Bcero ucno.rb3yrorcq ABa npr{eMa:
nocrpoeHue raK Ha3bIBaeMoft ra6nu,rHori cxelabr r.r BeKTopHorl rrrarpaMMbr.

, Ans npocrorbr H3JroH<eHHq paccMorpr. iM npHMep o6uorxn c orHocHTeJbHo
se6o.ntrunM 3HaMeHarer'IeM apo6H_ofi ygc1ri q, Hanpuriep d:5. BosN{o>KHbre apo6-
HbIe qacr{  q  npu oroM 6ytyr  l15;  215;315;  aF.  heeecrHo,  qro cxeMbr o6ruorox
c lpo6urry ._q,  y  - I (oropblx  Apo6Hure qacr t i  B cvMMe paBHbr eAr{Huqe.  not ro6su ( l ra-
np[Mep,  415 H l /5) ,  uucto nepeMblqeK B Hrrx  oAHHaKoBo,  qro i ro3Bo, , rqer  B Ha-
IrIeM npt' i luepe paccMorperb roJrbKo ABa cJryqafl v3 rrerbrpex: l15 u 2/5. Orpaurr-
qHMCfl  BHar{a, Ie BTOpblM, TaK KaK 3TOT npHMep HOCI. IT qHCTO vetO4t tueCXl l i r  Xa-
paKTep,  H nocrpouM cxeMy o6uorxu lJ t f l  q :22 ls .

l locrpouu ptA qepeAoBaHLIfl  KaryuerrHbrx rpynn no BbnuerJ3.rrolKeHHorly
npHHui l  n) ' :

c cTpoK

d cron6qos

3  2 2  3  2

2 3 2 2 ,

r. e._Karyrueqsuii prA HMeer BrrI 32232, unv 23228, unu 22828 r.i r. A.
B ra6"ruqgot? cxeue o6votxu, cocroflutefi Hs zs KreroK, rAe zo - qHcro na-

BoB eAr. iHHquofi  Ma[rHHbr:

zo :  6 (bd + c)  :  6 (2.5 + 2)  :  72,

t I I ' Icro KJIeroK e xa>KAoit crpoKe paBHo pe3yJrbrupyrouleMy uary soaHoeoir o6-
M O T K H :

A p :
6 ( b d - L c ) - + m

r(e m - Har.rMeHburee qucJro, AonoJrHflrou{ee B(bd+c) Ao ue.rrofo, KparHoro d
(peay.rbruPYrourlrfi ilJ&t^!p, pa3yMeerct, AoJrxeu 6nrn'ue,'rnrrra). flpulrei ra6,rriulr
flpeAcraBJreH Ha pr{c. 9-5. B coorBercrBr.rr{ c KaryrueqHbrM psAorr,{ npoBo.Ilrrr,r
l,*l5A.oit .crpoKe x(r{pHbre BepruKaJrbnbre JrvrHvtz, orAeJrsroulue- Sasutre 

'soHtr 
,4,

C', B, 4' C, B', co4eplKarrrHe coorBercrBeuHo 2, B, 2, 2,3, 2 xnerrs (n nepnoii
crpouxe) corJracHo rrucroBoMy pflAy,. llpoAo.[xaq H B cJreAyrotuefi crpoxe 

^"ta6_

, 'IHIIbI orAer'IflTb BeprHKaJIsHoi? ueprofi cToJIbKo KJIeroK, cKoJrbKo eAHHtrrI B oqepeA-
HOM ri"rleHe KaryurerlHofo pflAa, noBToptfl HecKoJIbKO pa3 efo r{epeAoBaHHe, nocJ]e
sanorHeHuq ecef i  ra6.nuqu noryqaeM tpaHgubr QasHtrx 3oH e nHae r,roMaHbrx
(crr,r. _xupubre JrrlHr.ru Ha pHc. g-5).

Kax yxasblBaJlocb Bblrr ie,  KaTyrrKH sonHosoi i  o6uorxu, pacnoJroxeHHbie nor
oAHoHMeHHbIMH noJ I locaMH H coeAI . rHreMbre  HenocpeAcrBeHHo cBonruH, ro6os6t r r r
qacTrMll  H nprMbtMH xoMyrHKaMH, o6pasyror Hei lpepbrBHyro BoJrHoByro rpynnv.
noMepa na3oB, B KOTOpbIX Jrexar BepxHHe crep)KHr.r  3Tr{x KaTy[reK, HaxoAflTcf l
B oAHoM .. BeprHKaJIbHoM croJl6Ue ta6.ru,{Hofi cxeMbr puc. 9-5. Taxux cro.n6qos
e xaxAofi no.nyQase ,4 n A' (puc. 9-5) 6yaer r',t,oHurr,tyr 2. floc,reAonarerrbHoe
coeAHHeHHe Henpep^brBHlrx BoJrHoBbrx rpynn $assr ,4 ocyurecrBJrrercfl c noMourbro
rpex_nepeMbrrreK (3-10; I-37; 39-46\.

f ipaaulruocrs coeAIIHeHHfl o6uorxra no ra6;rHqsofi cxeMe JrerKo npoBepprrb
c noMoulblo BeKTopHoi i  AuarpaMMbl (puc. 9-6).  f lpu r{erHoM qucd're na3oB 26 BeK-
TOpHbre AHafpaMMbr r ,Jrf l  no.nyQas A u A' ,  coBepueHHo oAHHaKOBbr, U MO)KHO
orpaHHrrHTbcf l  ToJIbxo oAHoir l i3 r iHx.

Vro.n Mex<Ay BeKTopaMu nepsofi rapMoHHKu OAC aKTr.rBHbrx
JIeXau{Hx B COCeAHHX Ira3aX, COCTaB.rrf leT B HaUIeM npriMepe

cTopoH KaTyrueK,

r80 180d 180.5
3q

Q . :

3 (bd{  c ) 3 ( r 0 + 2 )
_25"
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Vro.n MexAy BeKTopaMn 3AC KaryureK, orcronlunx Ha oAHH pe3yJrbrapyro-
utuii urar /p, p?BeH

F :  d a p  -
l80d 6 ( b d { c ) t m -60 6 ( b d * c ) * . m

b d * cz ( b d * c )  d

B t taurel t  cryr lae 9:25'14:350".
Aono.nnenHt pe3yabrr.rpyrcu{ero uafa Ao Asor?Horo no,'rrocHoro AeJreHHfl co-

CTABI iT

60m- : t r '  
b d * t '

t80m
3 6 0 " - F : +

3qd

i t i
I gs 60'.

c i
6s 701|671

c ' i
62 6Jt

A '
66

l ' , i
721,

I
I

13 14

Puc. 9-5. Ta6.rrHqa a,po6nofi sorHoeofi o6ruorxu Ad'rfi eAHHuqHoft MaIITKHII: po-S,
Zo :72 ,  Q :22 |s

H B HarrreM cJryqae 360'-B:360o-350o:10". Vro;r Mex{Ay AByMfl coceAHHMrI
BeKTopaMv Ha AHarpaMMe puc. 9-6 paBeH

F ' : 360 360 -  5 0 .

f iocrpoun Ha AHarpaMMe AJrf l  rroJlyQasn A cnepea BeKropbr 2 w 3 xax 6aso-
Bbre (yro.n MexAy HHMH 25"), crponM Bce ocraJrbHbre BeKTopbr, ABuraflcr no ra6-
, 'rurle puc. 9-5 H yqnTbrBaq, qro npu ABIa)KeHHH B cropony Bo3pacrannq HoMepa
naga yroJr orKnaAblBaercfl no qacoBoir crpenre, a npli ABr.{)KeHHH B cropoHy y6rt-
BaHlrfl HoMepa - nporr{B qacoeofi crpeJrKr.I. Bextoprr 3AC na3oB, npr.IHaAJIe)Ka-
uux [oJrySase A, BaHnuaror, KaK 9To H AoJIx(Ho 6urr B cuMMerpuuuoft rpexQas-
Hofi o6uorxe, Qasnylo 3ony uurpuuofi 60'. fpanHI{bI grofo ceKTopa Ha AHarpaMMe
(no HoMepaM nexropoe) coBnaAaror c r{sJroMaMr.r ,rr'tHlrir, orAeJIfiIou{HX QasHute
BoHbr e ra6,rr irre puc. 9-5 apyr or Apyra.

l lolrernu Kpy>KKoM Ha BeKTopnorl AuarpaMMe HoMepa BeKropoB, noBepHyrblx
orHocr.rreJrbHo Apyr Apyra Ha yroJr B u"rrH 360-8, Har{HHafi c na3a 3, a IrueHuo:
3-17-31-45-59-1. 3ro 6y,u,er oAHa BorHoBaq rpyrna (crnr. ta6,rnqy
puc. 9-5), KaryuKr.r Koropoii  coeAusrrorcfi  He[ocpeAcrBeHHo no6oesrN{lr qacrt{MH.
Bropar raKafl rpyrna - ero na3bl 46-60-2-16-3044.

Messuree qucJro BoJrHoBbrx rpynn H, cJreAoBareJrbHo, nepeMblqeK B AaHHoM
c/'ryqae noJryqHTb HeBo3MoxHo. oAHaKo, ec.rlll 6H yron MexAy AByMq coceAHHMH
peKropaMr.r P' Ha AIIarpaMMe puc. 9-6 6st.n paBeH yrJly 360-8, ro Moxuo

1 8 6
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6tt , t to 6'  no.nyuHTb oAHy
HOBbTX rpynn 3anH[reTct

H npn Heqersou d

BOJ']HOByIO rpynny.
B BI iAe 360'-9:B' ,

60m 360

Vc.[osne MHHHMaJrbHorb qnc.na BoJr-
r{To o3r{aqaeT npH qeruom d

( m  : 2 )
b d l  c

60m

3 ( b d { c )

360
b d { c 6 (bd J- c)

( m : l ) .

I4uuuu cJloBaMlr, rreM 6.nHxe 6q K qeJroMy r{Hcr.v
MeHbue nepeMbrqeK Hyx(Ho AJrs coeAHHeHHq O6vrorxH e

(uerur tvreHbiue m), Terr
HenpepbrBHYro uenn.

A
R n o

Puc. 9-6. BexropHaff Auarpanlra o6uorru (puc. 9-b) Arrs norryQasn ,4

B cxeue o6uorxu npl ,q :221s,  [zo:G6,  Do:5,  yp:  (66- l ) /5 :  l3 ]m:1.  Co-
craBr.rB aHaJroruqHbrM cnoco6ou ra6"rruqy 4nx erofi cxeMbr (puc. g-7), ynu.a uu, vro
KaxAafl no.lyQasa cocTolir roJIbKo It3 olnofi sonuonofi rpynnbr H 1Jtfl, coeAr.rHe-
HHs scefi $asu nocr'reAoBare"rrbHo rpe6yercr Bcefo oAHa neperrauuxa.

l loHqrae soruosoii  rpyfi i lbl o6ner.{aer paspa6orxy c*e*t 4r" o6uorxH rre-
.norl uaruuuu. Ha puc. 9-8,4 noKa3aHa raKaff cxeMa Ann q:I lu. f lo.[Haq ra6-
nHI{a coorBercTByer r ierblpeM eAHHLIT{HbrM MaurHHat{i z:4zo:4.66:264. B ra6-
JHrIe JIerKo BbIAeJIHTb e raxAofi-1ro"nyQ_a.s_e gne He_npepbrBHbre BoJrHoBbre rpynrrbr
Ir9 ll nasoe, Harrpr.rMep rarbr c 55 no IB5 p no"rryQase A u co IS2 no 22'; Ai.
Herpyano y6e,4xrlcr, qro BeKTopHar AHarpaMMa oTHX KaTyureK noJrHocrblo
HAeHTHqHa BeKTopHoii AsarpaMMe o6uorxu eAuHr.rrrHofi lrauruHri. Ha.raJa (H) H
KoHIrbI (() erl{x BoJIHoBblx rpYln 6yayr ..MecraMH npricoeAHHeHr{q nepeMbrrreK
I'Id'IH BbIBOAHbIMI'I KOHIIaMLI. B uso6paxennofi Ha puc. 9-8, a cxe1{e o6uraq AJrr{Ha
nepeMblqeK eilIe 3HaqHTeJIbHa - OKOJTO Tpex noJrHbrx oxpyx<uocrefi craTopa.
Vuesiluurb Itx qHcJIo Mo)KHo, HcKyccrBeHHo MeHfln SaaHsre 

^sbrrorr 
Ha pnc. g-fi, 6

oAua BOJIH0Bat rpYnna noay$asur A yAJIHHeHa Ha ABe Karvtr lK]r, a BoJrr{oBat
rpynl1 no_.ly_Qasu .4' yxopor{eHa Ha ABe Karyurxu- Bo.n-HoBafl ipynna Hs 1l Kary-
y..f 5f;/85 npenparnJracb npu eroM 

"-1qvn1y 
42-lgg Hs IB iityr.*, a rpynna

Ibz-22 yMeHbuxJracb Ao 9 xarvurex: |S9_JS.
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Anuna xaxAotl nepe!{blqKn Ha pnc. 9-8, 6 paBHa 7 nasosbrM AeJreHHflM (a ue
33, r<ax Ha pac. 9-8, a), H IIx o6utag AJIHHa cocraBJrf ler oKoJro noJ'roBrrHbr oKpyx-
Hocrr {  craropa.  Tax xar  Bce r }aan nperepnnr  noAo6noe H3MeHeHue,  BHA Kary-
r f leqHoro pf lAa H3MeHrrrcr  H BMecro 32222. . .  oH craner  1322232223. . .

l{saqe roBopfl,  nepuoA KaryuJequoro ps.u,a Bo3pacraer B ABa pa3a. He-
cKoJ'IbKo B03pacTaeT :0JLtpUHa @asHoli 3oI{bI, r{To npHBoAHT K He3r{aqtrTeJrr,HbrM
I{3\{eirel{rJqr\r o6N{oroq}roro xoa$QHttueHTa AJIf l  ocHosHorl rapMoHHqecxoii .  OAuaxo
KaK nprr <<ecTecTBeHHoM> KaTyueqHoM pflAe, TaK v npn ero u3N{eHeI{HH AJrf l
yryqueHrrf l  cxeMbr o6uorxrt n xpunoli  MAC peaKI{Hr.I nKopq ruoryr noflBirrbcfl  npr{
apo6uou q rapr{oHnqecKlle, nopsAoK tr npocrpaircrsenHutft nepuoA Koropbrx He
KparHbr p (nopnaxy) u 2r (nepuoay) ocHoeHofi rapMoHr.rqecxofi (rax Ha3bt-
BaeMbre lpo6Hr,re rapMoHnqecxue) . I4x i lopsAoK no orHorrreHuo K nopflAKy oc-
uoeHoii rapMoH[qecxoli  cocraBJrf ler \ :  (d!.2 k) ld npri r ierHoM d trr: (2dt
'+2h ) lQd)  np r r  Heqerso l r .  d  ( k :0 ,  l ,  2 . . . ) .  Ha .noxenne  raxo f i  r apMoHur recxo i i
noJfl Ha ocrroBrl lrrc rapIloHrlqecKyro nprrBoArrT K n\"{bcau,rrrr no.{f l  B 3a3ope tt eH6-
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Puc. 9-7. Ta6,rsr{a Apo6Hoft eoa}iosofi o6nrorxH AJrf l  eAHHnqHorl MaurHnbr: po:5,
Zo :66 ,  Q  :221s

paquu cepAerrHr-rKa (crr,t .  rn. I  I  ).  Harr6o,{ee onacHbrMrr B orHotrreHlrr B03HHKHoBe-
Hr.rf i  erl6paqHii sB.rffrorcfi  rapMoHnqecKrre, nopqAoK Koropbrx 6rr-rsox x I u Ha-
npaBd'IeHne BpaIqeHun o6parHo HanpaBd'reHulo BpauIeHHfi ocHoeHoft rapNloHnrrecxoft
n o r f l  ( k : | , 2 ) .

flonsnrl rapMoHr.rqecxuli cocraB noJrfl o6lrornH craropa Mo)KHo BbIqr.Icd'IHTF,
c noMourbrc 3BM no rvreroAnKe, H3Jrox<eunoir n pa6ore [28]. llyreM r.r3MeHeHur Ka-
TyilrerrHoro psAa rv{ox{Ho uafrru raKyro cxeMy o6uorxu, B xoropofi o6rrroroqsul't
roe$SuqueHr AJrf l  onacsoft Apo6Hofi rapMoHnqecxoir MHHr{MaJreH. f loxa>xervt, I(aK
9To cAeJlarb c noMoursrc ra'6,'Inqsofi cxeMbI.

Paccrr rorpuu ra6, rnuH1' ro cxeMy o6uorxu c  q: ls fa ,  zo:33,  Po:4 H Up:8
(puc. 9-9, a) , nocrpoeHH)'ro Lrrf l  prLa I 12 | 12 12. Bo.rHosste rpynnbl, coorBer-
crByrourue eAHHHrrHofi uauHse, l l-51 u 15-47 saIxrpHxoBaHL,I.

[ .nn ocuoenofi rapMoHuqecxoft

l80d 180.8-  4 3 , 6 'Q , :

3 ( b d { c )

.II,.nn rapuonuqecxoir nopflAKa 10i8

3 . 1 r

F r o :  d r c A p :  4 3 6 o ; 360 -  Fro :  - -76o. , r o  - * n r , g :  s 4 , b o ;

l locrpoan BeKropnyro Auarpar\rMy (pHc. 9-9,6) Arrr rapMoHI.{qecKHX v:10/B
rr noMerHM pnrtrcxrnri qrr$parrr lr nonapHo BeKTopbI, B cyMInte AarcIqIIe nptl6nusH-

l 8 8

I

I



A r I t l
l v l

")
i l
r 2 q

A
/J1

t l
I

t R
t -u

26126J 2641

1--2--J--4--s--6--i I e
10 it 12 lJ
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TeJIbHo HyJIb. Ocraercn oAnH BeKTop r,r3 l l ,  qro coorBeTcrnyer o6r'toroqHoMy Ko-
aS$nuHeHTy A.,If l  aroi i  raprr, lotni,recxoii  oxo.rro 0,09. Toqnsrf i  pacuer Aaer 3HaqeHr.re
kw'o/"  :0 ,12.

He HgueHgs qr{cta BoJI}toBbIX rpynn H nepervrbrqeK, nonbrracrucff yMeHb[Jr.rrb
3Ty BeauquHy. Jlerxo 3aMeTlrrb, qro ecJlr.r i lcKJrloriHTb H3 BoJrHoBoii rpynnsr l5-47
BeKTopbI 15 u 23, BKflrorrHB B BoJIIroByrc rpynny 1l-51 AonoJrHHTer'rbHo BeKTopbr
59  u  67  (pzc .  9 -10 ,  a ) ,  ro  BeKTopHaf l  Aua rpaMMa npno6pe te r  BnA,  noxasauHbr f i
Ha puc.  9-10,6,  T.  e .  noc, r re LrcK"r IK)qeI I r . rn  nonapHo noMerrcr l rJbrx npor l lBonor ' Io>K-

- t

Puc. 9-10. I4sMeHeHHe ra6Jrur{br r{ nexropHoir Ar{arpaMMbr, noKa3aHHbrx Ha pr{c.9-9

HbIx BeKTopoB oHa craHoBuTcrr npaKTr.rqecKu cr.rMMerpuqHofi eeegaofi (puc.9-10, o).
Toqnufi pac_tleT Aaer AJrs gToro cflyqafl ka,o/e:0,01. I(aryureunur? pn4 npHHH-
Maer sLIn 12120212. r{uc.no coeAIiHeHHir He yne.rruquBaercfl ,  TaK KaK ocraercfl  He-
H3MeHHbrM qHCJTO BOJTHOBbTX rpynfl.

OnucaHuue Bblue npaKTHqecKHe npHeMbr cocraBJreHnfl cxeu o6uoror( r lr. lpo-
feHepaTopoB I Io3BOIqIoT OTHOCHTeJTbHO npOCTO IIO"{Vr{aTb CXeMbr C MHHHN,ra"rrbr ibrr ,{
qHcroM f lepeMblqeK H yAoBJIeTBOpr{TeJrbHbrM rapMoHi{qecKi. tru cocTaBoM xpl l tol i
MAC, qro'^saxHo He roJIbKo npH npoeKTripoBanuu HoBbrx, Ho rr  npH MoAepHri3a-
qun AerlcrBylolrrux rr.rAporeHeparopoB.
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e-4. BnnflHlhE AEMnOEPHON ChCTEMbI
HA 3AC h MAC TPEX(DA3Hb!X OEMOTOK

- CyuecrByer PflA cnoco6os cHL{xeHHrr nyJrbcauun HHAyKur4H B 3a3ope n OAC
o6norxu c  qacroro i r  sy6uarocrH (6o.nsuro i i  3HaMeHarenb-Apo6n c ld ,  c*oc naso"
t{r ' IH noJIIocoB, rpynnosotl HJIH noflapHufi cABHr noJrrocoB H i.  n.). OAHuryr H3 Hwx
r{BJ'rflercrr raK}Ke eu6op coorBercrByro[Iero urara 4errlnQepHor.i 

'o6vrorxr.r. 
,[,ervrn_(l_epHan o6votxa, [Iar xoropoil  B TorrHocrl l  paBeH rrJary no na3aM craTopa,

npaxrHvecrtrt He yMeHblrtaer rapMoHHqecKHX noJrn nopnAKa sy6uarocru craropa,
TaK. .KaK paccrosHHe MerKAlr  coceAl{ r { l , rH crep]KHfMH paBHO neprroAy fapMoHrrqe-
cxoi 'r sy6qarocru. Ec,rn xe trraf AeMrr$epuofi o6uorxH orrnqaercfl  or [a3oBoro
AeJIeHHT craropa B 6o.nruryro HJrH MeHbuyro cropoHy, To rapMoHnqecKaq noJrn
nopflAKa ay6uarocrrl  HaBoAHT B KaxAoii nape aellnQ-epuux ciepxHefi rox, no,re
KOTOpO|O yMeHbUraeT 3Ty rapMoHHr{ecKyro.

Ec.nN orcyrcrBlre rapMoHHr{ecKHX nopsAKa 6q*l B xpueoii  OAC o6uorxn
craropa AocrHrHyro Apyfuurr MepaMH, To luar 4enrnQepHoft o6uorxn ue;lecoo6-
pa3Ho nrr6parn paBHbtM [Iary no na3ar{ craropa, TaK KaK npn eroM norepr.r
B aelrnSepuofi cucreMe or roKoB c .{acrorofi sy6varocrn panunr HyJrro. Bsr6bp
urara .UeunQepnoft o6uorxu t2$t1-cyulecree.HHHr? cnoco6 cnaxenuq ny.nscaqnii
xHAYKUrtl't.

OAsaxo KpHBaq MAC 4err,rnQepHoii cncreubr caMa MolKer crarb Hcror{HHKoM
rapMoHur{ecKLIX nOJIfl, nOpflAOK KOrCpbrX 6yAer paBeH 2rltz, H ecJrH o6Moro,{HHfi
xoe$QrlqneHr craropHofi o6trlorxu ,;rfl arHX rapMoHnrrecKux AocraroqHo BeJrHK,
To oHH noflBrrcfi e rpueofi 3AC: Bo Hs6exaHue arofo Heo6xoAllrr,ro, vro6br B ttpe-
Aejlx oAsofi Sasuoil rpyrnbl o6uorru craropa reoMerpuqecKafl cyMMa BeKropoB
3AC, BbI3BaHHbIx rapMoHHqecKHMH nopsAKa 2rftz, 6una paBHa Hlinro. 3ro nony-
rlaeTcff, ecJrH neproA rap{oHaqecxofi uoprAKa 2tftz, pannnii 2t2, KpZ.reH uHprrHe
Sasuofi_ soHbr,. r. e. qtr-ktz, rle & - qe.noe rrncro. ITpn tz*tr 6iwxafiutee K q
qnc.{o k:Qt l ,  u nonvqaeM vcJroBue

t2l t1:2ql(2q i2). (e -5)
3anncasuoe B TaKoM Br{Ae 9To ycJroBue, KaK JrerKo y6eAr.rrncff, cnpaBeAauBo

He ro.rrbKo AJrff ueJroro q, Ho 11 ,.ntfr. q BHI.a b*c12.
fapuoultuecKaq noJIfl nopffAKa 2rltz AoJrxHa 6urt Aocraror{Ho Aa,'reKa or

rapMoHllqecxoit roprAKa 6q*l (nepeofi ey6qoeofi rapMoH6rrecxofi),  raK KaK HX
6.nnsocrb Mo)Ker npuBecru K norBr'renuro 3AC c qacrorofr 2(r l tz)fro* s o6uorxe
craropa.  O6urquo AocraroqHo,  qro6u 2(r l tz ) -6qt l23;  npn ycd ' roBr ln  (g-5)
3TO BbINOJIHflCTCfi ABTOMATHqCCKI-I.

9-5. UCnbtTAHht OEMOTOK

B npoqecce H3foroBJeH[Ig, yKd'IaAKH ra nat?xH o6lrorox Bce Hx ocHoBHbre sJre-
MeHTbI,  HaxoAflu{Hecf i  B pa6ore noA Hanpfl}KeHHeM, noABeprarorcf i  noonepaqHoH-
HbIM ucnbITaHHrM c I{eJIbIo cBoeBpeMeHHofo Bbrf lBJreHHn .ueQexroB H3o.ir f l r l r . rn,  Mo-
fyl{ i {x npIIBecTH K CHH)KeHItrc HaAe,KHOCT}I O6rrrOrOX B 3KCIL' I} 'aTar{H[{.

B ra6, ' r .  9-3 aaHa [ IK?, ' i& Hcnbrrare,rrbHbrx Hanpf lNierrnir  xopnycuori  Hso" 'r f l r rrrr{
o6uorox craropoB ruAporeneparopoB B 3aBr{cnMocrt l  or ux .nHsef iHoro Harrpf l }Ke-
Hlrx. .(.nnreJrbHocrb Kax(Aoro H3 gTHx ucnuranuft 1 MLIH.

Ec.npl ToJIII{HHa ugoJlflrrurr nrr6Hpaercfl AJrfl Hanpflxeuus 6o"nee BbrcoKofo, qeM
HOMHHaJIbHOe Hanpfl)KeHHe MaTIIHHbI, HCnbITaTeJtbHble Hanpflx(eHHfi rrpHHHr\{aioTcfi
I{cxoAfi Ii3 Hattpflx(eHnfl, npnuflToro Aflq nrr6opa roJrurl{I{br H3oJrrr{rirr.

f lpH H3foroBJIeHLrH craropoB H3 orAe,{bHbrx ceKTopoB c yK,TaAKofi  o6uorxu
craTopa qacTHqHo Ha 3aBoAe r{  qacTrrqHo Ha Mecre ycTaHOBKH (crbrKoBbre 3oHbr)
noonepaqnoHHble HcnbrraHHr noBbrrr leHHbrM Hanpfl>KeHHeM I lo nn. 2,  3 v 5
' ta6n.  9 -3  sbrnor i rHf l ro rc f i  Ha saBoAe,  a  no  nn .  4 ,  6  n  7  -  Ha f3C.  B  L{aur rHax,
B Koropblx HeBo3i l{o)KHo npoBecrrr  r icnbrraHHe crblKoBL,rx crepxuerl  BepxHero pqAa
orAeJIbI{o or cgepxHeif  HHx(Hef o pf lAa, BepxHrie crbrKoBbre crepri}{r{  l icnbrrr ,r-
Batorcf i  Hanps)KeHrreM, perJraNreHTr.rpoBaHHbrM n. 6 ra6,r .  9-3.

llpu c6opxe cepAerrHnKa craropa B KoJrbtro HJrn u3 ceKTopoB c yx.na4xofi
eceri  o6vorxu Ha r\ , recre vcrar{oBI(r i  qf ic.{o noof lepaurIoHHbIX l icnutagurl  coKpa-
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ir{aercn: rra fOC ntlnoiHqrorci f icntl ianrtn hOnttueilnr,rM HanpnxeHHeM no nn. 2,
3, 6 r'r 7. f lprlveM nocJIcAHee npoBoAHTcl ABax(Ar,r: Rr{arra,rc nbrnprMJrcrrrrbrM rra-
npf lxeHl leM, a 3areM nepeMeHl{brM Hanpflx(eHHeM npoMbrr i lJrenuori  qacrorbr.

f lnx o6urero cyx(AeHHr, o Kat lecrBe rr3oJrf l r{rru 
-crepxHrr 

o6uorox nocJIC r.r3-
roroBJIeHHfl ,  KpoMe I{cnbITaHHli  nosHneHHbIM Hanprrx(e}IHeM, noABeprarcTcg raK)Ke
HCIIT'ITaHI'IflM Ha AHSileKTpHqeCKLIe nOTepH B I.l3O/'IflI{HH LI Ha ypOBeHb qaCTHqHbIX
pa3pf lAoB. f lepettuu HcnbITaHHflMH onpeAerqercf l  TaHfeHc yrJra rrorepb, npeA-
crae"[q]ou-lHl i  co6of i  orI IotueI{He aKTHBHof o roKa, coorBercrByrouref o norepsM
B usonnL\rtw, K 3aptAHoMy roKy. f.rrx crepxHefi o6uorxll craiopa c uso,{qqgeri
Ha TepMopeaKTHBIIbIX CBfl3yIOII IHX H C na3OBriM noJrynpoBoAflu{rrM noKpbrTr{ct \{
lp{ n-pI'rJIo)KeHIlH HaIIpfl)KeHLlfl 3 xB AoJIx(Ho 6trrr BbrAep)r(aHo ycJroBrle
tg6(0,04, npy:ey pa3Hocrb raHreHcoB yrJra norep-b npr{ HoMHHaJrbrroM Hanpfi-
)KeHyy u npil  U:3 xB ue Aorr)KHa npeBblurars Atg0<0,02.

llpu npuir,reHel{Hn MHKaJIeHTnofi xbunayn4uponlusori u3o,rrflrrrJr.r Ar.raJreKrpr.rqe-
cKHe norepH Bblure H xapaKTepl-r3yr,orcfl AJtfr crepx<HeBr,rx o6rrloroK B 3aBr1cHMocrr.I
oT HOMIIHaJIL'HOrO^ I{9np-t}<_eHufl. vr AJrHHbr cepAer{HHKa cTaTOpa cJreAy}ox{r.rMH 3Ha-
TIeHHsMI ' i :  tg6{0,09.0,06 u Atg6<0,04,  npuveru B Marrr4Hax c 6bnbrr rHlvra Ha-
npflx(eHHqMlid Lr AilUHaMU CepAeqHHKOB AHSJreKTpHr{ecKHe noTepr{ MeHb[re, 14, Ha-
o6opor, nplr Hanpsx(eHgflx 6-l I xB u h.--200'cM oHr.r Aocrzralor nau6onbruero
3H IICHI,Ig.

Ec.ull HcnbITaHI-Ie Ha AI{gJIeKTpHqecKr{e norepr.r npou3BoArrrcfl o6r,rquo str6o-
porlHo, orAe.IIbHbIx crepxHei'r naprufi, uro6rt y6egurncx B orcyrcrBl.ru orKJronesufi
B TeXHOJIO|HT{eCKOM npoqecce, To KoHTpoJrro no I{HTeHCHBHOCTU qaCTHrrHbrX pa3pfl-
AOB n_OABepfalorcs=Bce cTepx(HH c r{eJrbCI npoBepKH MOHO,qUTHOCTH TepMOpeaK-
tHsuofi II3oJIflI{HH. B sasLIcLIMocrH or gnaqeHufl HoMr.rHaJrbHofo Hanpflx{eHHr, fipfi-
HffTOfO I{CnbITareJlbHOfo HarrpflxeHHfl 3aBoAaMH pefJraMeHTHpyrorcr npeAeJrbHo
AonycKaeMbre 3HaqeHHfl HanprxeHr.rf l  pa3psAoB.

B npoqecce nycKoHaraAoqHblx pa6or na fOC npoBoAHTo{ TaK)Ke rlcnbrraHue
e.nerrpuvecxoii rlpotlHocra MexeHrxosofi r{3oJrfir{r{u 

- 
o6uorru craropa, Koropoe

o6tt'IHo coBMeuraercfl co cusrr{eM xapaKTepr{cruKu xoJrocroro xoad. 
'flpurraenu-

TeJIbHo K crepxueBblM o6uorrau rreJlbro groro ucnblTaHuq flBrqercfl npoBepKa
r{soJrsrlHr.r MexAy npr{HaAJrexau{r,rMtr oAuofi Qaae crepx(HrrMu, lo6onHe qacrH Ko-
Topblx HaxoAqrcfl B He[ocpeAcrneunofi 6nusocru r.r oKa3brBarorcs npg gToM noA
pa3rHqHbIMLI [oreHI{I{aJIaMr{. Taxas, rou6uuaquq Bo3MoxHa npr] BoJrHoBoM THne
o6uorru.

Hcnuranre gJleKTpu.Iecxoft 
_npoquocrr.r MexBr4rxoeofi r{3oJrsrrr.ru npeA[r.rcbrBa-

ercfi npoBoAHTb HanptxeHHeM 1,5 U"ou B TerreHne 5 uuu. OAHaxo Ha npaKTr{Ke
ero rpe6oBaHlie qacro HeBo3Mox(Ho BbrnoJrHr.rrb H3-3a rrpe3MepHoro BospacraHrrff
ToKa poropa (4axe c yqeroM n_oBbIIIIeEI{ff qacrorbr Bpaqeur.rrr B orbrre na l0 %)
I'I orpaHl{ueuufi, HaJlaraeMux o6opyAoBaHr{eM Tr.rpucropHbrx cricrerra nos6yxAenrlq
u HarpeBoM aKrHBHbrx qacrefi rr{Aporeneparopa_ (qrr. S B-l). lloerony npuxo-
AuTct cHI'Ix(aTb Suaqenlte Hanpfix(eul{s Ao 1,3 Urou; oAHaKo, KaK noKasbrBaeT
o[bIT, 9TO LICnbITaTeJIbHOe Ha[pffXeHHe BnoJrHe AocTaToqHo.

I4sonsl\ufl, o6naoror cratopon BcnoMorareJrbHbrx reHeparopoB He3aBHcr{Mo oT
l lx HoMHHaJIbHolo nnHefiHoro Hanpf l)Keunq sLi6Hpaercf l  o6nqno r. icxoAfl  r{3 Hanpr-
) i (eHns 31508. f loerortry HcnbITaHHe s3oJrf l r{ l in Karyuer o6uoroK craropoB 3Tt{x
MaUII'IH nOBbIIIeHHbIM HanpflX(eHLIeM OTHOCT.ITeJTbHO Kopnyca npoli3BoAurcfl B co-
orBercrBr{r.I co ruKa.[ofi ra6.rr. 9-3 r.Jrfr Uoo*:3150 B: v.noxeHusre B [a3br Ka-
Ty,:IIKI{ o6uorrn-Hanpsxeur{eM ll,9 rB, o6ruorxu ceriopoe Ha 3aBoAe nocJre
nafixu - Hanptx(eHaeM 9,2 xB, KaryruKr{ crbrKoBbrx 3oH craropoB - 9,6 xB. Hc-
nbITaHIre BblnpffMneHublx Hanpflx(eHneu o6uoroK craTopoB BcrroMorareJrbHblx re-
HepaTopoB, KaK rrpaBHJro, He npoH3BoAHTCfl.

IIpu A.uureJrbHbrx ocragoBKax rr{AporcHeparopoB Bo3MoxHo yxyAuenr.re co-
crotHI{fl I'I3or'IflUHI'I o6uorrn craropa l{3-sa ee yn.tarxuenur. lloarouy nepeA
BKTIOIICHHEM MAUIUHbI B CCTb AJI'I BOCCTAHOBJICHHfl H3oJIfu}II i I\{oxeT oKa3aTbcfl
ueo6xoAl.lMbrM ee Bbrcvurrrrb.

Bx.[to,Ieuue s cerl ruApofeHepaTopa 6ea cyurxrr nocJre AJrHTeJrbrJort croqHxrr
pa3peuraercfl npr{ BbrnoJrHeHHH cneAyroqr{x rpex ocHoBHbrx yc.rronuii: conporgB-
JIeHI{e I,I3oJIflI{HIT Reo o6uoTKH cTaToPa AoJrxrro 6rrrn He MeHbue MI,IHI.IMaJIbHO Ao.
nycrHMoro, xoeQQuquenr a6cop6uun Reo/Rrs npn reMneparype o6uorxu or + 10
Ao +30 "C AoJIIKeH 6urr He MeHbIrIe 1,3, xp-naaa 3aBr.rcriMocrH Tor{oB yreqKr{
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r tcpe3 H3oJr f lu l ln  o6uorxu or  r rcnbl raTcJrbHoro Hanpf lx(cnnn Bblnpf lMJle l l l {oro roKa

iy : f (U")  r rc  AoJr) f i r ra  t rMCTb l (pyrr , rx  i l3 f t t6on,  a  caM ToK yreqKH I Ie  Aor ' IX(eH
yBeJ rg r l . rBaTbcn  npH HeH3MeHHoM Hcnb tTaTenb l l oM Hanp f l ) I ( e l I l l l I  AaHI Io i i  c r y l l e l l l { .
'  

A6coJrrorr roe 3rraqeHrre conporr rBJlcr { t tR t t3oJIRI lHI I  o6uorxu craropa r l lApore-

rrepaTopa, a raKx(e BcnoMofaTeJIbIIOfO fel lepaTopa, I l3Mepe"Log If * reMncpar) 'pe

o6uorxH r re Hr i>xe +10 
'C H apuBeAeHHoe K TeMneparype +75 

oC,  AoJ ' IxHo 6 l t rn

I {e MeHbule DaccqHTaHl loro B MeraoMax no Qopl ty" ' tc

t/uo"
Ron - (e 6)

MOl- l l l lOCTLfAe { / r {orr  -  HOMHHaT' IbHOC HaI Ipf lX(eHHe Ma[I I iHbI ,  B;  S, ,on -  1OJIHaf l

M A U I H H b I .  K B  . A .

I4srraepeHHoe 3r{aqeHHe coi lporHB, ' IeHnfl  I I3oJIf l l lHH npHBoAlrrcf l  K TeMnepar} 'pe

+75 "C nyreM Ae, r reHr i f l  Ha reMneparypus l i  Kos$SI I I IHQHT k7 ,3HaqeHr l f l  Koroporo

traHbI s ra6r.  9-4.

Ta6ttuqa 9'4

1000 -,1 0,01s,, , ,nn

Ta6ttuqa 9-5

O6rexr I{3MepeHut Hanpaxeul{e MefoMMerPa,  B

O6uotxa craropa rnAporeneparopa
O6ruorxa Bos6yxAeHLIfl rHnporeHeparopa
O6tuotra craropa BcnoMofareabuoro reHeparopa:

npu uHsM > 1000 B
rprr ugsy < 1000 B

O6ruotxa Bo36yxAerlldff BcnoMorareJlr,Horo reHe-
paropa

O6uotxu rJIaBnoro Bo36yAureJlfl
06rtrotru [oABo36yAnreilff

2500
1000, AonycKaercf i

2500
1000

1000, AonycKaercff

1000
1000

500

500

Ta6,tuqa 9-6

Moulrrocrr, rB.A

MeHee 1000

HouuH a.nugoe H ail Pfl :,r<eH'I{e,
B

Bce Hanpq)KeHHfl

HcnurarerbH oe BbInPqMreHHoe
H A N D A X E H H E ,  B

1 ,2  (2Uro*+  1000)

l , 2 . 2 , 5 U H o M
l , l5 (2u Ho" * Sooo)

He ueHee 1000 He 6o.nee 3300

3 3 o o < u " o * < 6 6 0 0
Euree 6600

194
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A6co.rrrorHbrc 3HaqeHr.rrr conporuBJleHllt i  HeorqqHu Rso o6uorox eos6yx4eHuR

nriAporeHeparopa II BcnoMoraTed'IbHoro reHeparopa, Bcex o6tt ' torox TJIaBIIbIx u

BcnoMofareJrbubrx nos6y,uure; ref t  npu reMneparype or  +10 ao +30'C Aonxur t
66rs He lreHee 0,5 MOu. ConporrrnJleHue H3oJIf lUHI{ H3Mepflercfl  MeroMMerpoM,

rrattpf l)KeHLIe KoTOpOTO OnpeAeIqeTcfl B coOTBeTcTBI'1I{ c ra6,r '  9-5.-- - ' I4r*apeHr{e 
conporuBJrennfl H3o,rlqu}iu, a raKx(e roKoB yreqKII o6uorox cra-

TopoB AoJrx(HbI npogsnoaurbcq A,'rf l  I{a}KAorl cf iastt or!.€; ' Ibl{o, a npll  HaJrI{qHH pa3-

Ae,,IbHo BbIBeAeHHbIX H H3o!'tHpoBaI{l{bIX IISp?r'Lrle,4bIIbIX serse it - A"'ItI xaxAofi

oTAeJIbHO.
Tor<u yTeqKH qepe3 u3o, ' rqqHro o i lpeAeJI t loTcf l  npl {  HecKo"Ib l { l {x  3HaqeHI; l f lx

BbInpf lM, , IeHHofo Ha11pf f111eHI iq,  H3MeHf leMofo cTyneHf MH npu6'nusHTeJIbHo qepe3

0,S U"o* Ao MaxcHMaJrbHoro 3I {aqeHr{ t ,  o [peAe,{ f leMofo no ra6l '  9-6.  MugrzMaJIb-

Hoe HcnbrrareJrbHoe Hanprx(eHue (nepna" iryneuo) ,u,o;rxuo 6utrl  He 6o,' Iee 20 olo

IOJII{O|O I lCnbITaTe,' IbHO|O HaIIpf l  >KCHIif  '

o6rr lorru poTopoB, sJreKTpHqecKH cBq3aI{HbIe c HHMI' I  yqaCTKH TOKOnOABO,4OB

r{ KOHTaKTHbIe KoJIbIIa r l . iAporeHepaTopoB H BcnoMoraTedTbHbIX reHepaTOpOB B I Ipo-

qecce u3foroBJIeHHf r.I c6opKn [oABepraiorcq KoHTpoJIbItbIM I'I cAarorIHt'IM l{cnbl-

TaHLIflM noBbI11IeHHbIM Hanpq]KeHHeM npoMbltu!'IegHofi qacrorbl AJII'ITeJIbHocrb]o

I vtttH npq LrcrrblTaHVflx gJreKTpr{qecKofi npoqHocrll l 'I3od'Iqquu orHocHTeJIbHo Kop-

f lyca u B TeqeHHe 5 nryrs npu r.rcnbrraHHflx MexBI4TKosof i  usorsuul ' i  Karynrex o6-

rr ,rbrxpr.  B ra6n. g-T AaHbr HcnbrrareJrbHbre Harrprx(eHuq npH noonepauHoHHbIX

HCIIbrTaHHqx H3oJrflr{Htr poTopoB v I4x oTAeJIbHbIX 3JIeMeHTOB OTHOCI'ITeJIbHO KOp-

nyca B $ynrUHu HoMLIHaJIbHofo Hanpqx(eHl ' Iq eo:61'4ure.nn. Ec"ty1 npH Qopcl lpo-
uurr uoi6yx4a"r" HanptxeHge Ha K9HTaKTHbIX KoJlbl{ax U e6 npeBbluaeT

2200 B, ncnnraTeJrbHbre Hanpfl>KeHr.rfi onpeAeJlfllorcfl B 3aBUCI'IMOCTH OT ero 3Ha-

qCHHf l .

MexsurxoBafl r.i3orqrluq KaryueK o6ltorxu Bo36yxAeHI'Iff HcnblTblBaercfl no

MeHb[refi Mepe ABax<AbI: BHaqaJIe Ha 3aBoAe K BbIBOAH6IM K6HIIaM Ka>KAOfi Ka-

TyrrrKH npgKJraAbrBaercfl Hanpfx<eHr1e 15 U" no*l(2n),^u9, nrupoft p€3, nocJle ygra-

HoBKr.r noJlrocoB Ha o6oAe pbtopa,- l lanpflx(eHueM l0 U 
" "o"l 

(2 p) '-AeSeKr I ' I3o-

n"u* o6napyxuBaeTcs no HafpeBy KopoTKo3aMKHyTOfO BHTKa. Ec.rut HaBecKa

[oJrrocoB Ha poTop npor{3BoAHTCf Ha 3aBOAe, nocJleAHee HCTIbITaHHe noBTopfleTcfl

npu ruouraxe. I4cnsiauets. H3oJrfir{HH Mex(Ay BI{rKaMH AoJIxHbI flpoBoAl.rrbcfi Ha

1JTOTHO cx(aTblx KaTyUIKax. 3ry O[epa(HIo BbInoJIHsIor, nu6g noMerqas KaTyuI{H

;;;-;p.; (n; rr"oa"l,  nu6o no"n" pacxrlr-rHoBKl{ xBocroB norl locoB (npn uou-

;&.i;  u 
-ni" 

ux 6onroBoM KperaeHr.{u - rocrle 3aBopaqliBaHllf l  6o.nroe.

9-5. OCOEEHHO CTVI KOHCTPyK|'t4U
h 3KCnJIyATAUV| O5MOTOK

a.j

c BHvrPhnPoBoAHhKOBblM oxnAx(AEHhEM
crepx<eun o6uorru cTaTopa c HenocpeAcTBeHHbIM BOAflHbIM OXJIaX<AeHUeM

BbrnOJrHfleTcs B BLiAe KOM6uHaIIHH qepeAyIOilIHXcfi B OnpeAeJIeHHoM nopflAKe

cnJIOuIHbIx I.I noJIbIX LI3oJII.IpOBaHIIbIx MeAHbIx npOBOAHHKOB. PaCqer MaKCI'IMaJIL-

; ; ; ;p; ;"urenui i  reMneparypbl B raKoM crepx{He I ' I3rIox(eH n- $ 6-6'

no cBoefi xouQuryf at\;;, KoHcrpyKI{LIH H3oJIflIIIlH, croco6aM rpaHcroHnpo-

BaHHfi, Kpe[JIeHHflM B [a3oBofi H JIO6OBoil qacrsx CTepxHlI C BOAflHbIM oX"IaXAe-

HHeM He orJrnrrarorcfl or oIIHcaHHbIx B S 9-2. OAsaro npu gToM y3eJI coeAHHeHHfl

;".&;;fi np"o?p."aer coBepilreggo un6fi BHA. oH Qopunpyercn c noMollrbn 0a-
c o H H b l x M e A H b I x H a K o H e I { H H K o B , o X B a T b I B a t o l q u x S J I e M e H T a p H L , I e n p o B o A H H K H .
crepxeut c KaxAofi cTopoHbr 3aKaHqr{BaeTcfi HaKoHeqHHKOM, BOAOpaCnpeAeJII'r-

TeJrbHafl KaMepa KoToporo cJIyxI.iT AJIS nI'ITaHI'Iq noflblx npoBoAHHKOB AHCTHIIq-

TOM, IxTy(ep - AJIq npI{COeALIHeHI'Ifl BOAoCoeAI'IHI{TeJIbI{bIx rpy6ox lr IIIJIaHToB'

KOHTaKTHan 11JIaCTHHa-Artq gJIeKTpHqeCKoro COeAI'IHeHI'Ix crepxUefi'

Tunuqsas Kor{crpyKrrr{r  xonuesoir  qacr l l  crepxHtt  I IoKa3aHa Ha puc. 9-11.

S,reuesrapHble npononuuKg Bnal iBalorcf cepe6pf lHblM t tpHnoeM B BoAopac[peAe-

JrHTeJIbHyrO xartlepy HaKoHeqHHKa; AJIfl [peAoTBpau{eHHfi 3aTeKaHHfl npHnoff B Ka-

HaJrbI [oJIbIX npoBoAHHKOB nOCJIeAHHe AedtIaIOTCfl HecKoJIbKO AJIHHHee clJIoIxHbIX'

CoeAuseirr.ll cTep111Hefi nocJleAoBaTeJIbHo no xoAy BoAbI ocyUIecTBJIseTcf

c nOMO1lb1o ToHKoCTeHHbIX MeAHbIX Tpy6OK, BnalIBaeMblx B OTBepcTI ' i f l  I l ITyUepoB

1 9 6



i
HaKoHeqHHKoB cepc6ptHblM n-pHnoeM. S"nexrpHuecKoe coeAr{HeHr{e crepxHefi  o6-
MorKI ' I  cocrol i r  t43 t t leAuof i  o6of iurr  H pacKJrrrHnBaeMbrx s Hei i  KoHTaKTHbrx nJra-
crHH HaKot{eqHHKoB coeAlIHf leMbrx crepxuef i .  Bce gTrr sJreMeHTbr npeABapHTeJIbHo
JIyAff-Tcr,  r{  coeAHr{eHr.re nponauBaercr npr jnoeM nOC-40.

f  rr4pan.rruqecKar cxeMa o6uorrcH craTopa rrulporeHeparopoB Aocraror{rro
cJlox(Ha: ot{a BKJIIoqaer B ce6n pas"r lHqHbre rro cocraBy fpynnbr rrapaarTe, ' rbHbrx no
xoAY sereet i  BoAbI -  rpynnbl LI3 oAHHx rolrrbr(o crepxHel i ,  us crepxrtei i  H ruHHo-
npoBoAoB. f  raapanJII iqecKHe coeAHHerrHrr Bbrno,qrrqrorcf l  B coorBercrBHr.t  c s, ' reK-
rpuuecxofr cxeuott  o6uorxu, c reM qro6n crepx(HH xaxAort (et tH rro xoAy BoAbr
npHHaAJIe>i.ai l ] / -  oAttof i  napan,re.nsuof i  BerBH 6assr o6uotxlr  rr  HaxoArJJrHCb noA
MaKcHMaJIbHo 6nusxuvv. S"rteKTpHqecKHMr{ noreHr{HaJraMH. f loaror 'ay npH cocraB-
JIeHI{I'l TLIApaBJIHl{ecxofi cxeMbI o6naorxr.t napaJrd'reJrbHbre BerBH Qut nocJreAoBa-
TeJIbHo Apo6rrcr Ha yqacrKl i ,  xaxAul i  Lr3 Koropbrx o6pasyer cBoro orAeJrbHylo
f lrApaBJrHqecKyro IIenoqKy.
9xcno nocJreAoBareJrbHo coe-
AHHfleMbrX no xoAY BoAbl
crepxHefi onpeleJrsercfl H3
ycJroBrtf AocTHxer{uf npHe}r-
JreMoro ypoBHrr AasreHr.rft  no-
AbI B o6rvrorxe, npr.r Koropbrx
o6ecnequnaercr, c oAnort cro-
poHbr, repMeTHqHocTb Bcex ee
coeAuHesuft npu AJruTe.russori
gKcnJryarauHH, a c  4pyrof t -
, [OCTATOIIHO paBHor\{epHoe
pacnpeAeJreHHe o6urero pac-
xola oxJraxAarouero,[HcTr.rJr-
ilflTa no rI{ApaB,'IHqecKLrM
IlentM. llocneAHue [oAKJrro-
qaloTcg IIapaJraeJrbHo K Ha-
nopHoMy Lr cJrnBHoMy KoJr-
neKTopaM c floMou{bro coeAn-
HI,ITCJIbHbIX IIIJIA HIOB.

K MarepnaJry ruJraHroB
npeAbrrBnflIoTcfl BbrcoKHe Tpe-
6osaHlrs. Bo-nepeux, oH AoJr-
xes o6naAarb Bbrcorofi gJreK-
rpuvecxoft npoqHocrblo, TaK
KaK HanpslKeHr4e MexAy
KOHr{aMr{ rrr laHfa r '  pa6ore
Mo)r(er AocTurarb tpasuoro
Ha[pfl]KeHHq I\!aIIIHHbI, a IIpH HCnbrTaHHflX - HaIIpflX(eHHq, OnpeAeJIfleMOfO B CO-
orBercrBr.ru c'ra6n.9-3. Bo-eropbrx, oH AoJrlKeH nMerb BbrcoKyro HarpeBocroi irocrn,
TaK KaK npu Hapyureur.rqx HopMaJrbHofo pexuMa pa6oru reHeparopa H cr.rcreMbr
BoArHoro oxJra)KAeHr4fl cpeAHqa reMneparypa BbrxoAsulero ug o6lrorxlr Aucrr.rJrJrflTa
rfroxer AocrrrrHyrL, 85oC, a B orAeJrbHbIX BerBrx-npri6JrH3HTbcfl K 100'C. Ha-
KoHei{, H3oJrflr{HoHHbre uJraHf H AoJr)KHbr o6,ra4am sucoxori nu6pocroiiKocrb}o,
qro6rt Heus6e)Kubre nepeMeu{eHufl roJroBoK crepxHerl noA AerlcrBr{eM gJreKTpoAr.rna-
IvIHqeCKHX yCU.nUrl He IIpHBOAUJLH K pa3pyueHnro MaTepValra ruJraHra H HapyUeHH]O
repMeri.IqHoc'ru rLt.lpaBJIHqecKHx coeAnuenr-rfi. Kax npaBnJro, AJrrr mJraHroB HcrroJrb-
3ylorcl rpy6ru H3 $ropouracra, Koropbre yAoBJrerBopflr,or BceM nepequcJreHHbrM
lpe6onarinfiM 14 gapeKoMeHAoBaJrH ce6s s sKcnJryararlsr.r 6o.nee AoJrroBeqHbrMH rro
cpaBHeHr{ro c npuMeHflBulr.rMHcfl paHee pe3HHoBbrMr.r [rJIaHfaMII.

Aprrar.rposaHHble KoHIrbr ruJlaHfoB noAcoeAuHsrorcq nocpeAcrBoM HaKHAHbrx
l 'aeK K lxryuepaM HaKoHeqHnxon crbpxseii  H K rxryuepar\{, BBapeHHbrM B KoJrJreK-
Topbl f locxo.nrxy uJraHrH AocraToqHo >KecrKH, a r.rx 4eQopMaqr{f l  n3-3a onacHo-
crn noBpex<AeHufl BecbMa He>KeJIareJIbHa, g.nn y4o6crBa noAfoHoK no Mecry nppl
ycTaHoBKe [rJraHfH HHorAa HapauIHBaIoT c noMoulbro MeAHblx npoMe>KyTorrHbrx
rpy6or. Porn ynJrorHeHufi s Mecrax pesr6oBbrx coeAHHeHHfi gneN{eHToB BoAffHoro
TpaKra o6uorxn rlrpalor o6uqHo KoJrbqa H3 cnequanlsofi HarpeBocroftrofi pe-
3HHbI.

Pnc. 9- l l .  Haxoseqsax crepx{Hf l  o6uorxu cra-
TOpa c BoAflHbrM oxJra)KAeH[eM

/ -ereueHrapHbie [poBoAHnKH; 2-no4opacnpeAenn-
TelbHal  KaMepa;  3  -  unyqep;  4  -KoHraKTHaq nJra-

CTIIHA
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HanopHurfi  n cJtHBHofi xo.n.nexropbr pa3Meuanrcn no oAHy cropoHy craropa,
I l  BCpTl lKa, ' l l ,Hb lX  Iua l l l l lHaX -  C l {H3y,  yKpCnJInruTCt l  l l a  onopHblX l l3or l t lTopaX l r
TcnJIol{3oJ' I} lpy}orct{  Bo lr36ex{aHHe KoHAeHcaUrrH Ha rrr{x Brart .r .  I (ax npaBHJto,
r(oJrJrcKTopbt BbrnoJi l {rrnTcf l  rJ BrrAe KoJrbueBbrx Tpy60npoBoAoB, oAr{aKo npt.{  oqeHb
6o,rsurHx pacxoAax AncrlJtJrtrra Mo)Kcr oKa3arbcf l  ue.necoo6pa3nbrM AJtf l  yMcHb-
UIe l IHq AHaMeTpa KOr ' I reKTOpoB Bb lno , l l l l lTb  HX H3 OTA€JIbHbIX C€KTOpOB.

Ha coeAHHel IHqx Ko, ' I J IeKTopoB c  B ITeuHHMH Tpy6onpoBoAaMH ) 'c raHaB"r r r {Ba-
ruTCq I i3OJIfUHOItHble BcTaBKl{,  n03BO"rIqrclUHe H3Mepl{TI- ,  COilpOTI ' lBJIeHl{e H3OJIqt lHt{
o6uorxl l  crarope (ncex rpex cbag nntecre) 6eg c, ' rHsa H3 Hee At.rcrrrJr, ' r rrra.  I l .nst
STOfo  rpe6yercn  c t { f lT I )  3a3eMJICHHe c  BoAf lHbtx  Kor ' I J reKTopoB,  nepeKpbr rb  3anopr rb te
BeHTL{.ry1{ no o6e cropol lbl  l {3oJIfUI joHHbtx BcTaBoK, yAaJlnrb H3 HI. tx Ar.{crHJr,r I f lT qe-
pe3 c.r lHBHbIe Bel{TI ' lJ lH, OCyIUHTb BHyTpeHH}OrO nOBepxHocTb H3oJrRuHoHHbrx BcTa-
BoK cyxHM clKaTbIM Bo3AyxoM l l ,  y6e4lrnuHcb B oTcyTcTBHr{ 3arpq3HeHr. i f i  noBepx-
I IOCTH OnOpHbIX I ' l3oi ' l f lTOpOB BOAflHbIX KO.I, ' ]eKTOpOts, npOII3BeCTI{ I{3MepeHIIe.

3, ' reXfpl lUeCKOe COnpOTHBJIeHHe 3aIIOJIHeHHbIX AI.{CTHr' Ir ' I f lTOM tUJIat{rOB COCTaB-
, l fe r  B  r l rApore l reparopax  103-105 Ol t ,  t .  e .  npu6ru3HTer r rb r {o  r {a  rpu  nopsAKa
MeHbue conpoTl{BJIeHHq L{3oJIf lUHH o6tvtotKH, KoTopoe oHo uryHTupyeT. f loarovry
1J. i r f l  BC3MoxHocrI . I  H3MepeHHrI conporuB,teHHr H3oJrf luHH o6MorKH nocJreAoBa-
TC, ' IbHO K I I ITAHIAM NOACOCAHHf fCTCf l  H3OJI f l I IHOHHAf i  BCTABKA,  CONPOTHBJICHHC KO-
Topof i  B  cyxoM cocroqHun He MeHee 108- l0e  Or ra .

Tax xax coeAHHHTeJIbHbre H BbrBoAHbre [ruHbr o6uorxlr ,  a HHofAa raK)Ke H
yr{acrKn luHHonpoBoAoB 3a npeAe,TaMH reHeparopa BKJrroqarorcq n o6utyro cH-
cTeMy BoAflHoro oxJIa)KAeHHfl ,  Heo6xoALIMo npeAycMaTplrBaTb Aonor 'rHHTeJrt ,Hbre
cJIHBHbIe KoJIJIeKTopbl AJIfl cooTBeTcTByIoU{Hx napaJlr'Ier'IbHblx no XoAy BoAbI Ueneii.

onucansue BbIIr Ie KoHcrpyKuHH He rBJrf l rorcf l  eAHHcrBeHHbrMr.{ .  hpH co:4aHVH
rHAporeHeparopoB c HenocpeAcrBeHHbrM BoAflHbrM oxJra)KAeHHeM o6uorxl .r  cra-
Topa QHpuLt npHMeHflrcT pa3rHr{Hbre rexHHr{ecKHe peueHHfl .  HseecruH, HanpH-
Mep, KoHcrpyKIl l {H crep>xHefi  c BoAooxJraxAaeMbrrvrH Tpy6KaMH, pa3MeuraeMbrMtr
MexAy AByMn B€pTHKSJIbHbIMH crol6HxauH cnJo[rHbrx MeAHblx rrpoBoAHr.rKoB, H
KoHcrpyKutl i i  

-crepxHefi  
c l tor ' IbIMH craJrbHbrMH f lpoBoAHHKaMH u 6olsruHM qHc"'roM

cIIJIot l IHblx MeAHbIX Mex(Ay KaxAoi i  6nnxai iuei i  napof i  noJrF,rx s cron6Hxe. Kax
u e ryp6ofeHeparopax, HcnoJlb3ytorcf l  pa3rr.rr iHbre BapHaHTbr coeAnHeHnrl  crep>x-
uef i ,  - i - -g-acrHocrl{  HaxoAflT rrpHMeHeHr.re KoHcrpyKut.rH c pa3AeJrbHbrMH coeAHrre-
HHf lMH no roKy H BoAe.  Be.nuxo raK lKe pasHoo6pa3He B cnoco6ax repMerH3auHt r
pa3nxqHbrx -SJreMeHToB BOAflHO|O TpaKTa Ma[rHHbr H T. L.
'  -  K o6Mcirxe craTopa c HenocpeAcrBeHHbrM oxJrax{AeHHeM npeA'bf lBJrf l rorcr ABa

ocHoBHbIx rpe6onauHfl  -  nJlorHocrb Bcex coeAHHeHuft rHApaBJrr{qecxoi i  cr.rcreMbr
l I  npoxoAHMocrb BHyrpHrrpoBoAr{r.rKoBbrx KaHaJroB Bcex ee crepxHefi .  f loarorray
B npoqecce H3roroBJIeHHq, a 3areM Bo BpeMq 3KcnJryaraquu o6rvrorKa H orAeJrb-
HbIe ee qacTH noABepfaroTcq coorBercTByroulHM trcnbrTaHHqM Ha fepMerHqHOCTb,
npOqHOCTb H npOXOAHIvIOcTb.

Hcnuranur Ha 3aBoAe HaqrrHarorcq c npoBepKn B Ter{eHne 5 unn 6yxr r ' rea-
Hofi rpy6xr.r, I{cnoJlb3yeluofi AJ'rn no,'rbrx npoBoAHHKoB, AaBJTeHHeM soasi 7 MtIa
np_r'r roJrrqliHe creHKn rpy6xri 1,5 llu r-{ AaBJreHneu 3 Mfla npr.r roJrurHHe creHKrr
1 , 3  u u .

HaxoHeqsHKH crepx<sef i  i rcnurbrBarorcr  a3oroM npn AaBJreHnrr  1 ,5 Mf Ia B Te-
qeHHe 5 unH ABax(AbI - nocJle JIHTbfl H 3areM B 3aKoHqeHHoM Buae. nocr're Bcex
MexaHHr{ecKHX o6pa6orox. f ian eroro BoAopacnpeAenHTeJrbHar KaMepa HaKoHeq.
uH.xa saxprreaetcn xpuruxofi c ynJrorHqr,ouefi npoKJraAKoii,  n orBepcrue uryuepa
noAaeTcfl cxarufi  Bo3Ayx H HaKoHeqHHK norpyx(aercfl  B BoAy. OrcyrcrnHe ny-
3bIpbKoB BOAbI CBHAeTeJrbcTBveT O TTJIoTHOCTT.I  CTeHOK HaKOHer{HL{Ka.

Ha cJIeAyIoueM gTane ucnutanufi npoBeprercfl  KaqecrBo coeArrHeHnfl HaKo-
HeqHHKoB c noJlHocTl'n or$opMoBaHHbIMH crepxHflMLl Ao HaHeceHHfl Ha HHX Kop-
nycHor? H3oJrsuHr.r. 3rH HcnbrraHHfi npor.t3BoAflTcR npH uHpKyJrf luriH BoAsr no/I
{aBJIeHHeM 0,7-0,8 Mfla c pacrBopeHHblM e Heir xpacure.rreu v npH unKJutqe-
cKoM H3MeHeHIIH TeMnepqTypbl Kaxlurit  UHKJI BKJlrcqaer n ce6n Lr.HpKy,'rnUuru
BoAbI c reMneparypo4 80-85 oC s teqenue 2 q, c reMneparypoii  oKpyxaloruero
Posayxa n reqeHue I q v BHoBb c reMneparypoii  Ao 8o-ss oc --scero 2-
3 1tux.rra. llponepreMble Mecra noKpbrBanrcfl MeJroBbrM pacrBopoM AJrq ueerHorl
4eQexrocKo[Hn; npl{ HaJII{qufi HenflbTuocrefi  naeK ro xapaKTepHoMy noAKpauH-
Banr{ro JrerKo o6napyxnBaercfr Mecro nporeqKn.

-198



I

i
I

t

l lpoue4ruue npoBepxy Ha repMert{qHocrb crcpx}rrr 3areM ABaxAbr noABep-
rarcTcfi l lcnbtrattt{ lo l ta npoqHocrb AatsJreHIIeM BoAbr 1,5 MIIa: 4o ria.ro)Kel"rrrf l
TgpnycHoit l'tsorsurrLr - B TeqeHtte 30 rtrun u y)Ke B roJlHocrblo forosoM . BHAe -
l0  r { .

Bce ga.nlneliruue ucnbITaHHt npousBoArrcfl  y)Ke Ha o6uorxe, y"noxesuori
B CTaTOp.

floc.ne yKJIaAKrr B na3br cepAerrHHKa ceKTopa H.J:rA craropa crepxueii  r jr .rx(-
Hero H BepxHefo psAOB, I ix ynJrorHeHHrr H 3aKJrHHoBKu, naiixu nepcMbrqeK Lr co-
eAHHHTetbHbIx rpy6ox npoH3BoAfiTcfl  HcnbrraHrq Ha npor{Hocrb AaBJ'reHHeM BoAbr
1 ,3  Mf la  s  reqenue  2  ' r -  u .3a reM Ha  repMer r rqHoc rb  B  TeqeHHe T2  , t  c , t r rn r "u " -
CKI{M I{3MeHeI{HeM TeMneparypbl aHaJrorutrHo roMy, KaK 3To 6u.no onHcaHo Bbrrrre.
B yclonuqx f3C rtocJle yx.tra4xH crepxuerl n crirxoebrx 3oHax r.r coeArrHeHHfl ux
c ocraJlbHoii o6rr.rorxofi noc.neAHne HcnbITar{Hfl rroBTopflrorcfl, a vx AJrr.{TeJrbHocri,
yBerHrlHBaercq Ao 100 q. l lpoqeaypa rHApaB,ruqecxnx r{cnbrraHHii noc, 're 3aMeHbr
TeXHOJIOf HqeCKHX lUr'IaHf OB Ha UITaTHbIe 3aBeplUaeTCfl IIOBbIlIIeHHeM AaB/'IeHr.rn
BOAF,I Ao 1,3 Mfla H BblAepx(xofi uoA STHM AaBJTeHHeM B Ter{cHne 2 u, nocJre r{efo
TOJIOBKH crepxHeti H3onupylorcs, u 3areM BbrAepx(Kofi no4 AaBJreHHeu 0,8 Mfia
(no He it{eHee 1,5 uonania.nrsoro AaBJreHHfl Ha BxoAe e o6uorxy) B TeqeHHe
cyToK.

B rexHoJloruqecKoM npoqecce la3roroBreHuq o6uorxH npeAycMarpHBarorcr
TaK)Ke HcnbITaHHfl orAeJIbHo crblKoBbrx crepxseft nepeA HX yKJraAxoii e crarop,
MeAHbIx BoAocoeAHHHTeJIbHblx tpy6or, H3oJIgr{HoHHbrx trrJlaH,f oB, KoJrJreKTopoB,
a TaKxe o6opyaonaHHfl cucreMbr BoAsHoro oxJraxAeHHfl.

f lousnao HcnbITaHI-If i  ua npoquocrb H repMerur{Hocrb, crepx(Hn o6uorxH uso-
foKpaTHo _noAB-epraloT HcnbITaHr{sM Ha npoxoAHMocTb BHyTpeHHHX KaHaJTOB Arq
Toro, qro6u y6e4utrcx B orcyrcrBuu r{x 3aKynopKH rlre-aa nepexarr.rs, 3areKaHHq
npHnoq, KoMnayHAa u np. 3rr.r ucnblTaHHs npoBoAqrcq nocJre nafixH nepBoro
HaKoHeqHHKa, nocJle natlxH BToporo HaKoHeqHuKa, nocJre qupKyrqr{an ropnveft
BoAbI yI, HaKoHeII, nocJle BbInetrKLI xopnycuofi LI3oJrfluHH. OxoH.rareJrbHafl npo-
BepKaJIpoxoAHMOCTH KaHaJIOB npOH3BOAHTCq Ha CTaTOpe nO [apaJrJrer'rbHbrM BeT-
BffM. f lpaxrnuecKlt_pacxoA H3Mepqercfl  BpeMeHeM 3anoJrHeHnfl MepHoro cocyAa
no ceKyHAoMepy. l lo.nyueuHble pe3yJlbraTbr cpaBHHBalorcfl  c pacqerHbrMH 3Har{e-
HLIffMH paCXOAa npH SaAaHHOM AaBJTeHHH r{ He AOJr}KHbr OTJrlrqaTbcfl or nocJreAHHX
6o.nee qeM Ha l0 o/0.

O6uorxu c He[ocpeAcrBeHHbIM BoAflHbrM oxJraxAeHHeM o6.naAam HeKoro-
pbllrH cneqnQruecKuMn oco6esHocrsMr{, Koropbre Heo6xoAlrMo yrruTbrBarb, qro6u
Hs6exarn rfl)KeJrbrx nonpexAenHfi.

llep-e4 TpaucnoprupoBaHueM ceKropoB craropa c y.roxeusofi B rra3br cepAeq-
uuxa o6uorxofi BoAa I{3 Bcex crepxHefi u coeAunr.rreJrbHbrx gJreMeHToB AoJrxHa
6urr noJluocrbFo yAaneHa BBLIAy onacHocrr{ ee 3aMep3 a*ufl,, npr4BoAsru,ero K pa3-
pyIIreHHIo npoBoAHLIxon. XpaHenr{e, c6opxa craropa u ruoHTax reHeparopa AoJr-
xHbI npo[3BoAHTbcs no sroil x{e npl{qHue o6xsareJrbHo npH noJrox{rireflbHor-'r reu-
neparype.

l lepeA noAaqefi Hanpfix(eHHfl Ha o6rraorxy craropa (nos6yx4euue reHepa-
Topa npu nycKe, [poBeAeHue npoQuJraKTnqecKr{x r icnuraHuii) cHcreMa oxJrax(Ae-
HI.If l  AoJIII(ua 6urt 3anoJIHeHa AHcrH"q"[ffToM ]r AoJr)KHa 6trrt o6ecneqeua ero Hop-
MaJIbHafl uHpKyJIflI{Iifi. Ec.rru xe raxofi-.uu6o uJraHr oKaxercs 6es BoAbr, To
Moxer npoHsofiru uepe6poc Hanprlx{eur{fl Ha 3eMJrro no eraxHoii eHyrpeHueii
noBepxHocru trrJlaHra r{ ero pagpyureHr.re. llpn HcnbrraHnqx o6[,rorKu BbrrrpflMJreH-
HbIM HanpflxeHl{eM Ha KoJIJIeKTop noAaercfl Tor )Ke norenr{riaJr, qro v Ha o6-
MOTKy; nOgTOr{y TOK qepe3 IrJ.rIaHfH He npoTeKaeT il H3MepqeTct ToJrbKo ToK,
onpeAeJlseuufi o6leuuuu H noBepxHocrHr,IM conporuBJreHneM ri3oJrsUHlr orHocn-
TeJIbHo 3eMJIrI. l lpuvreueHue raKoro MeroAa ucnuraHufi rpe6yer, qro6tr H3orq-
Topbl KoJIJIeKTopoB 6rtnn eu6pauu Ha coorBercrBytouee Hcnbrrare, 'rbHoe nanpfl-
)KCHHE.

Ha4exHocru pa6oror o6uoroK c HenocpeAcrBeHHbrM BoArrHbrM oxJraxAeHHeM
s 6orlulofi r,,tepe onpeAenflercf AHcrHJrJrsroM, TaK KaK or ero KaqecrBa 3aBllcilr
coxpaHeHLIe uopua.nruoli  npoxoAHMocrn KaHaJroB B noJrrJx npoBoAHHxax '  o6-
MOTKI,I.

Eqe He nnpa6oraHbl eAuHbIe rpe6oeaHr.rfi K TexHHrrecKr.{M xapaKTepr.icrnKaM
AI'IcrHJIJIsra, KoropblM ,(onx<Ha 3a[onHfrbcfl cucreMa oxnax(AenHs o6uorKu cra-
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Topa. O6nqrto oroBapHBaerCfl, qro AHcrnrfit lT AoJrx(eu 6trrn Heiirpanr,Huu no
oTHO[IeHl l lo  I (o BceM MarepHaJIaM r ]oAf lHOtO TpaKTa,  B I (Or{TaKTe C KOTOpITIMH
HaxoAHTcn; o6uqar xecrKocrb AHcrHJraffTa AoJrxHa 6urr He 6onee 30 rrlxr-sxn/n,
pH - s npeAeJrax 6,4-7,5, coAeplKarrne B3BeurenHbrx rracrnr{ 6oaee
50 urr/.n, r{ed're3a - He 6o.ryee 20 uxr/.n, r(aJrbr{rrfl - He 6o,qee 0,6 ur/.n, yAeJrb-
Hoe 9JleKTpuqecKoe conporuBJreulre Aucrlr" 'rJrf lTa-He MeHee 200 xOlt.cu, B I{eM
AoJI>KHbI orcyrcrBoBarb cJlyqaiiuue MexaHHr{ecKHe qacrrlrrbr H Macd'Io.

Oco6euuo Ba)KHoe 3HaqeHHe Hrueer cHH)KeHHe Ao MhHHMyMa coAepx(aHufl
B AHCTHJTJIflTe yr.rrexHcJlofo ra3a coz u Kr.rcJropoAg oz, TaK KaK r.rMeHHO r4MH
B gHaqurelnuotl Mepe oi lpeAerflercq uHTeHcHBHocrb rrporeKarculrrx B KaHaJrax
xHMLIqecKux npoqeccoB. Bsuly r{eAocraror{Hocrn orrbrra, B ToM rrHcJre u onbrra
pa6oru coBpeMerlHbIX o6uecrasquoHHbrx crrcreM BoAorroAroroBKr{, rpe6onauHn
B OTHOUeHHH npeAeJIbHOfO COAeprKaHHf l  paCTBOpeHHbIX B AI tCTTL'r" r r tTe f  a3oB
BecbMa pa3rr.rrrHbr: or 0 Ao 3,5 urln gnn COz H or 0,05 ao 5 ur/.n Ann Oz.

BHeuHsq cncreMa l{HpKyflqr{rrrr AHcrLrJrJrr,Ta BK,rrrcqaer e ce6s BoAflrrbre Ha-
cocbI, rennoo6ueHHL{KI{, Qnarrpu MexaHH.recxoii oqHcrKr.r, Mafr{HTHbre Qu.ntrprr,
uouHo-o6uesustf i  SH.nnrp, noAsHofi 6ax, peryJrsrop TeMrreparypbr, a raK)Ke KoH-
TpoJIbHO-r{3Mepr.rTeJrbHyro anIIapaTypy, cpeAcTBa 3aulr.lTbt u cHfHaJrr{3ar{urr.

Bce 6axw, tpy6onpoBoAbl, apMarypa H annaparypa 3aMxHyrorl r{r4pKyJrsr{Hou-
Hofi cucreMbr BbrrrorHflrorcff r.r3 HeKoppo3r4pyrouHx MarepHaJroB.

floAaqa Awcruntlrflta s o6MorKy ocyqecrBJrsercq AByMr qeurpo6exHbrMu Ha-
cocaMu c gneKTpoABI{raTeJIffMlr nepeMeHHofo roKa, fi3 Koropbrx oAHH - pa6ouur?,
a Apyrotl - pesepBsufi. Hacocr,r 6.rtoxupylorcr no oJrer(rpaqecxoil cxeMe uycKa H
ynpaBneHl{s raKHM o6paaou, rrro npa cHH>KeHHH AaBJreHr.ir Hprx(e Aonycrr.rMoro
HJLH npH BbIXOAe r.r3 CTpOrr pa6OUerO HaCOCa aBTOMaTT{rreCKr.i BKrrOqaeTCr pe-
sepeuufi.

Hs Hacoca Aucrllflrqr nonaAaer B BoAgnbre ren.noo6vreHHl{Kr{, rAe oxJrax-
Aaercff Ao Heo6xoAutr,tofi TeMnepaTypbl, 3aTeM B cerqarue Qunrrpbr Mexasuqecxofi
oqLIcrKLI, MafHr.rrHbre Qu.urrpu, rAe oquqaercq or c.nyuafiuux Seppovrarur.rrHbrx
qacrllq, a sareM nocrynaer e o6Morxy r{ AaJree B BoAflnofi 6ax r.r BHoBb K Ha-
cocaM. B BoAflHoM 6axe nu6o [oAAepx<HBaercq He6onsuroe us6HroqHoe AaBre-
HHe a3ora AJrfl npeAorBparr{eHafl noflaAa}1.4fl. B Ar.rcrlrJrJrsr Bo3Ayxa, .nu6o Hao6o-
por - BaKyyM, co3AaBaeMrrr? eoAocrpylinrrrvr sx{eKTopoM, AJrs yAaJreHnff Bo3Ayxa
I{ ra30B.

B npoqecce gKctrnyarat\un fiepHoAr.rtrecKr.r BKrroqaercfl r.rouso-o6uessuft
Qu.nnrp, ucnoJlb3yelaHfi A.[q o6ecco.nHn arvfl, BoAbr n noAAepxuBaFoilr[rl aucoroe
yAeJIbHoe greKTpuqecKoe cdnporr.rBJreHr.{e AHcrr.rJrJrflTa.

HaAexnocrb pa6orbr cr{creMbl uupKynffrlun AucruJrJrflra o6ecneqrrBaercfi KoH-
TpoJIbHo-r{3MeprareJrbHbrMr.r ycrpoficrnaMH, cBerosnyroeoft TexHoJrorr.rqecxofi cr.rfHa-
.nreaquefi ?r aBToMarurofi. AeroNraruqecKr.r KoHTpoJrr,rpyercfl pa6ora HacocoB, ypo-
BeHb Ancrr{.rrJrffTa H AaBnenr{r BoAbr (n.nu naxyyM) n 6aKe, pacxoA, AaBJreHue u
TeM[eparypa Ar.rcrr.r.tlJlflTa Ha BxoAe H BbIxoAe o6rr,Iorxu craropa r.r Ap.

llpr srcnJryararrur.r rr.rAporeuepaTopoB c HerrocpeAcrBeHHbrM BoArHbrM oxJrax{-
AeHHeM o6uorxn craropa oco6oe BHHMaHue o6pauaercff Ha gJreMeHTbr KoHcrpyK-
IILrH BoAsuoro rpaKTa o6uorxn u ilapaMerpbr cr{creMbr BoAflHoro oxJraxAeHr{r.

Musuua.nbuo AolycruMoe guaseur{e yAeJlbHoro sreKTpuqecKoro coflporHBJre-
Hr{ff Ar.rcrvrlrilflTa, no Aocru}Kenr.ifi Koropofo noAaercfl flpeAynpexAarcu{ufi cHfHaJr,
ycrauaBnuBaercfi o6rr.rHo B Auana3oue 75-100 xOu . ct'r. Bx.npqeHr{eM r.ronHo-o6-
MeHHoro Qu.rrmpa Aocrnraercff yBefiuqeHne yAeJrbnoro coilporlrBJreHurr Ar{crHJr-
JIflra ao 400-500 xOu.crr,r.

,I[,na xonrponff 3a uupKynffqr.reft Ar{crH.IIJIrra B cucreMe oxJra)r{AeHns craropa
ycranaBJrnBarorcr pacxoAoMepu, pa6oraFoulue no cxeMe <<ABa r.r3 Tpex>> H HMelo-
u{ue o6uquo ABe ycraBKH: Ha <<cHfHaJr> npn cHrlx<eHr.ru pacxoAa ao 80 % H Ha
(<ocTaHoB)> - Ao 50 o/o HoMHHaJTbHOfO sHaqeHr.rfi pacxoAa.

IIpu Haxox(AeHHn ruAporeueparopa B pesepBe Bo Hs6exauue oKr{cJreHHfi
BHyrpeuHefi nonepxuocrr.r noJrbrx npoBoAHnKoB H o6pasonaHnff Ha seii ornoxeHnft
qnpKyJrfirurff Ar{cT[JIJIflTa He npeKparqaeTcr.

Bo BpeMfi 9Kc[Jryaraqr][ KoHTpoJrr.rpyercfl no repMoMerpaM corrporr.rBJrer{Hfi
TeMneparypa pcex [apaJIJIeJIbHbrx. no xoAy BoAbr eereefi. llpn erou pasruqar,orctt
rpynnbl sersefi, r{Meroulnx B cBoeM cocraBe pa3Jrr{qHoe qucJro crepxuefi, a raKxe
cocrotulue lr3 ctepxueft c IIoAKJrroqeHHbrMH K HLIM lrocJreAoBareJrbuo uepeMbrrl-
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KaMH o6nlorxH craropa vi lH KpyroBbrMu u BbrBoAHbrMH ri lHHaMr.I. Arq xaxAofi
rpynnbr napaJIJIeJIbIrbrx no xoAy BoAbr serseir (c yqeroM H3MeHeHurr reMnepa-
Typbl BxoArulero AHcrHJtnnra) onpeAerqercrr ypoBeHb reMneparypbr, xoropsrf i  go-
cTHraeTcfl r. IMH npr.I HoMHHaJrbHoM pex(rrrrre pa6orbr rr.rAporeHeparopa H Ha KoTo-
puii n Aa.nlnefiureM opr-renTupyForcrr nprr or{eHKe renJroBoro cocrorHnff o6uorxu
cTaTopa.

[,ra yrr,IenbuleHHq 4eSopN,raqui.t u AocrH)KeHuq 6o,'ree cra6u"nrHoro renJroBoro
pe)KHMa o6uorxu ucnoJrb3yrorcs aBToMaTHqecKHe perydrrropbr reMnepaTypbr, noA-
gepxnndrculue npu6nuzureJlbHo nocroqnnofi TeMneparypy BErxoAflurero u3 o6-
MorKH AHcrr.rJrJrf lTa tryreM peryJrripoBaHHq ef o pacxoAa qepe3 ren,roo6r'.reHHbre
anfiaparbr. C srofi  r{eJlbro B cxeMe oxJlax{AeHr.rq npeAycMarpuBaercs 6afinac AJrr
Bo3Mo>KHocru nponycKa qacra o6utero pacxoAa AucrrrJrJrf lTa Mr.iMo reunoo6ueH-
HHKOB.

rnABA AECflT Afl

POTOP

I O-1 . KOHCTPYKThBHbIE VCNO fiHEHV11 POTOPOB

Porop npeAcraBJrrer co6ofi Bpauaioqyrocr rracrb rnAporeHepa-
TOpa, HenocrpeAcTBeHHo coeAHHeHHvro c BaJroM Typ6r.rHbr. Porop nu-
noJrHfer rpr SyHKTIHH: B TrepBylo oqepeAb 3ro HHAyKrop, o6paa1'n-
u1ufi MarHHTHoe noJre; 3areM MaxoBr.rK, o6ecnequBaroilIrzfi xoporuyrc
ycroftuuBylo pa6ory arperara, vr, HaKoHeU, BeHTHJrflTop, co3Aalo-
uIHfi Heo6xoAuMbrfi Harrop LJtfl IIHpKyJTflTIHH Bo3Ayxa, oxJrax{Aaro-
ulero aKrHBHbre qacrr.r rHApofeHeparopa. Kponae rofo, K poropy
KperrHTcfl TopMo3Hoe KoJrbrlo, ucnoJrb3yeMoe npH ocTaHoBKax af-
pefaTa.

Porop cocronT r,I3 Baila, ocroBa, o6oAa, [oJrrocoB c o6rr,to'lxofr
BO3OyX(AeHHfl, TOKOIOABOAa C KOHTaKTHbTMH KOJTbIIaMH U TOpMO3-
HO|O KOJrbUa.

Hecuorpn Ha HaJrHqHe 3Har{HTeJrbHoro qHcra KoHcrpyKTHBHbIx
pellreHHfi, BCe poTopbr Mox(Ho noAPa3AeJrr.rTb Ha HecKoJrbKo ocHoB-
HbIX THrrOB, npHHaAJreX(HOCTb K KOTOpbTM B OCHOBHOM OnpeAeJrfeTcfl
ycJroBI4flMH Hx flporrHocru Lr rpaHcnopTr.rpoBaHufl. AocrarorrHo noA-
po6Hnfi o6sop KoHcrpyKrIHfi, ttpHMeHflBrxuxcfl B oreqecrBeHHoM
rr{AporeHeparopocrpoeHkrr4 3a Bce BpeMfl ero pa3BHTHrr (ucx"urouan
caMbre nepBbre rHApofeHeparopur) ,  npuBeAeH B pa6ore [38] .  Tau xe
paccMorpeHbr rpe6oBaHnfl  no npoqHocrr.r  v )KecrKocrr.r  ocHoBHL,rx
y3JroB poropa, noABeprarculHxcf BecbMa sHaqHTeJrbHbrM Hafpy3KaM
B npouecce HopMaJrbHofi  pa6oru a oco6eHHo npH yroHuofi  qacrore
BpauIeHHq.

B Hacroruree BpeMfl rnrf l  poropoB npuMeHrrorcf l  qelbrpe ocHots-
Hbrx rHna r(oHcrpyKIIHH, pa3rtrqarcul l lecr MelKAy co6ofi  creneHbro
pas6opHocrH. B Kax(AoM H3 oTHX THnoB Bcrpeqarorcf l  pa3JrurrHbre,
HO, nO CyUIeCTBy, paBHOnpaBHbIe rrAO4UQUKarlr.rH y3JrOB H AeTaJreft,
npLIMeHeHHe KOTOpbIX OnpeAeJI f leTCf l  HaJIHrrHeM TeXHOJTOfHTIeCKOfO
o6opyaoBaHHs, I{cnoJIb3oBaHHeM ocBoeHHbrx npoH3BoAcrBeHHbrx
npoqeccoB r.r roMy noAo6surran SrpMeHHbrMr.r nHrepecaMr{.

Porop, rpeAcrasreHHHfi Ha puc. l0-1, xapaKrepeH AJrfl  6ucrpo-
xoAHbIX rlrAporeHeparopoB c qacrorofi BpauIeHHfl 375 o6/r 'rHH H
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BbI[Ie. Taxl lc arperarbl o6rtqno ycraHaB,,,rr{BaroTcrr rra BbrcoKorop-
HF' IX cra l iUt l f ix ,  a  rpe6onanHn I i  rpancf iopTr{poBarr r r ro  i lo  ropr{brM
AOporaM N'{oryT l laJlal-arb cyu{ecrBerrr{bre orpar{uqer{r{f l  rr  a ra6apHTbr
t4 Maccbl  AOcTal l r f leMblx  y3J loB.  OrnocureJbr{o uansl f i  Ar1aMerpporopa,  He npeBbl luatou{Ht? 6es no"r t rccoB 3,5 M,  no3BoJrrer  BbrnoJr-
I rHTb ocroB n o60A B BHAe eAHr{OfO qerofo.  Ho raK r {ax noAo6ss l . i
ocron-o6o4 nolBbrcore Mox(er  npeBocxoArrTb 2 M,  a  no Macce _
100 T, efo H3roroBJfl IoT H3 HecKo,'rbKHX AHcKoB. C,rreAyer raKlKc
orMeTHTb' qro B 3apy6exuoft npaKTL{Ke Bcrpeqarorcff  6srcrpoxoAHbre
rHAPoreHepaTopbl '  B Koropblx y3ei l  ocros-o6oA Bbrno.[rreH ue B Br.rAe
I ICJ IbHbIX / I I , iCKOB,  A  tUTIXTOBATIHbIM I I3  IUTAMNOBAHFIb IX CC|MEI{TOts

Psc. l0-1.  Porop 6ucrpoxoAHoro ruAporeHeparopa c ocroBoM_o6o4orrr
HbIX AHCKOB

H3 KOBA-

AHAJIOTHqHO O6OAAU THXOXOAHbIX MAII IHH. TAXAg KOHCTPYI{ I {Hf l
no3BoJrfler cHH3HTb rpyAoeMKocrb craHoqHor? o6pa60rKlr poropa.

Enn rtrApofeHeparopoB c r{acrorori epaueHHfl HHx{ e STS o61*^n
poTopbl BblnoJlllslorcfl c ocToBoM H o6oAonr B BHAe caMocToflTeJrb-
Hblx y3JIoB. O6oa nPeAcraBJIf leT co6ofi  [rHXroBaHHoe H co6pauuoe
Ha UI I IHJIbKaX KO" ' I IbUO H3 lUTaMI iOBaHHblX CefMeI{TOB. a OCTOB -
CBAPHYIO ITJIH CBAPHO-, ' IHTYIO KOI]CTPYKIIHIO.  EC,TIA AHAMCTP OCTOBA
He npeBbI IxaeT Aonycr l4Mofo no ycJroBHf lM TpaHcrroprr {poBaHHf
(npunae_gno 416 na), 

-ocron 
H3roroBrqercr B BHAe rre., ,rbHoro 6apa_

6atta. I lpu 6o.ntrultx pa3Mepax oc-ToB cocrolrr H3 rreHTpa.nsHofiqacrH 14 O'r 'beMHbrx cnHq, [pHqeM UeO6XO4prMoe qHc"[o pa3beMoB
TaKlKe orrpeAe/rf lercf l  rpe6onaHHflMH lrepeBo3KH.

Poropu,  y  Koropbrx pa3Mep no BHyrpeHHeMy A,aMerpy o6oAa
npeBbllUaer B M, HMeloT Bce cnHrlbr orbeMHbre. HtreHuo raKHM o6-
pa30M B rracrof lu{ee BpeMq BbrrroJrHflrorcf l  poropbr fHAporeHeparo_
poB c qacrorot i  epauleHHs HHIKe 187,5 o6f vuw, KaK 3oHTHr{Hbrx, TaK
H rloABecHbIX. CoeAuHeHIIe cnl l t l  c qerrrpaJrlHoft qacTbro ocyu{ecrB-
JIf leTCfl C nOMOIqbIO CTbIKOBbIX II, / ' I I ' IT H CTflX(HbtX [InHJIet(. 3rO COeAH-
I iel{ l le nosBoJlt{eT o6ecneql{Barb npoqHocTb crbrKoBoro V3Jra ebr6o-
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PHc.  l0-2.  Porop soHTur{Horo ruApore l leparopa 6eseanbt to i r  xoH-rrpy l iq l l l l  c  Kpen-
J IEHHEM CNHI I  CTbIKOBbIMH NJIHTAMH

/  _ qeHrparbHarr qacrb ocroBa; ,r: tXX";"^*ry;*,ruitor*ouu"; 4 - nryrna noAnrrrHHKa;
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poM Hy)KHoro qncJIa crf l )KHbrx unr.I f ler( 6o.uluroro AHaMerpa.
Vcneuuo sKcnJryarnpyrorcr  ruAporeHeparopbr  c  no4o6rrbrMn poro-
paMH, y Koropbrx Bpaularcurul i  MoMeHr npeBbuxaer 50 MH. nn.

Ha pl4c. l0-2 noKa3aH porop raNofi  r(oscrpyr{qrru A, 'rs 3onruq-
Horo r l-rAporeHeparopa cpe4Hefi  qacrorbr BpaqeHHq.

Pasee ttrHpoKo pacnpocrpaHeHHafl  Kor{crpyKuufl ,  B xoropoit
cIIHubI coeAr4lr*r Jrr4cb co BTyJrxori, Haca>KeHnoil ua BaJr, npH noMoruH
AByx AHCKOB LI npH3OHHbrX UrrrHJreK, H€ npHMeHfleTCq y)Ke npH-
MepHo l5 Jrer. Orxas or erof i  KorrcrpyKrrnn o6yc,ron"ueH rpyAoervr-
KocrbFo npHfoHXH 6o"nsruoro qvcila ilJnH/'IeK rr lreBo3MoX{Hocrr;ro
o6ecnequrt Bocnpnarue MoMeHroB Bpaureul. I f l  6onee 20 A4l{ . ivt .

10-2. BAnbt h ocToBbt PoToPoB

Ba"uu ruApoarperaroB B 3aBHcHMocrI4 oT r4x pa3MepoB H3roroB-
JIfIOTCfl I IeJIbHOKOBaHbIMT.I UIrr4 KOBaHO-CBapHbrMrr H rrOCTaBJrfrOTCfl
MeraJrJryprr{qecKnM npeAnpHflTr4eM c qHcrosori  pacrounol ir  oceBoro
KaHaJra vr rpy6ofi  o6pa6orxori  i lo napyx<Hofi  noBepxHocrpr. Ocenofi
KaHaJI, Lt{rrr ,  KaK er 'o o6rt.rHo Ha3bIBaIoT, I{eHTpaJIbHoe orBepcrne,
HCIIOJrb3yeTCfl AJrs KOHTpOJTfl KaireCTBa IIOKOBKU 14 CJryX<HT y rHApO-
arperaroB c noBoporHo-JronacrHbrMpr ryp6uHannH AJrfl  pa3MeureHr4fl
[ITaHr ycrpoficrna rroBopora Jroracrefi pa6ouero KoJreca, a y rHA-
poarperaroB c pa4raJrbHo-oceBbrMr.r ryp6uuaMH -.4,Jrr noAaqn Bo3-
Ayxa no4 pa6oqee KoJreco.

B BaJrax cpaBHHTeJrbHo MaJrbIX pa3MepoB rleHrpaJrbHoe orBep-
cTHe BbrnoJrHf l IoT cBepJreHHeM, B To BpeMfl  KaK B KpynHbrx BaJrax
oceeofi KaHaJr, Ar{aMerp Koroporo HepeAKo npeBbrrtraer I u, BbrKo-
BbIBACTCfl .

KosaHo-cBapHble BaJrbr rHAporeHeparopoB BbrnoJrHrroTcfl  Lt3
AByX nOKOBOK, KOTOpbre CBapLrBarOTCfl 9./'reKTpOrrrJraKOBbrM CnOCO-
6orra; ilpur{eM o6ecueqnBaercfl paBHollporrHocrF, cBapHoro coeAr.rHe-
HHfl, c ocHoBHbIM MeTaJrJroM noKoBoK. I-lenrHoKoBaHbre BaJrbr H3ro-
ToBJrflIoTcfl Lrs craJrr{ MapKH 40, a KoBaHo-cBapHbre - Hs craJrn
M apKH 25f  C.

Ao 1961 r.  Bce ruApoarperarbl BbInoJrHrJrHcb c orAeJrbHbrMH
BaJIaMH AJIfl Typ6unst u feHeparopa v c Q"rranqeBbrM coeAr4HeHHeM
Me)KAy HHMTI. Pasueprr Qnauuee, KoropbrMu coeAr.{uf lrorcf l  BaJrbr
typ6r-rHrr H reHeparopa, a raKlKe rrucro Lr AHaMerp nprr3oi{Hbrx
Q"naHqeBbilx 6o"rroe onpeAeJrrrorcf l  ryp6rzHubrMu saBoAaMH.

Bo S"rraHrre oAHofo lr3 BaJroB (o6uuuo reHeparopHoM) npeay-
cMarpr,rBaercr IIeHTpr{pyrou1Hfi Bblcryn, a B ApyroM - coorBer-
crByrourafl BbrroqKa. Ornepcrufi rtoA 6o"nrnr Bo S,raHqax o6oux
BaJroB pa3BepTbrBaroTcfl coBMecTHo npH r-rx cilapHBa}jr4ll, KoTopoe
BbrnoJrHflercr o6rrquo Ha ryp6uHnorvr saBoAe, Ho lrHorAa nepeHo-
CHTCf l  HA MCCTO MOHTA}KA.

l loc"ue roro xax 6u.n Il3roToBJreH H noJrox{HTeJrbHo orreHeH onbrr-
unfi ruApoarperar c eAHHbrM BaJroM Mou{Hocrbro 160 MB.A AJrfl
Bo.rrxcxofi f3C r{MeHH XXII cresAa K[CC, B Coeercxovr Corcse
6o.nturuHcrBo 3oHTI,I.IHbIX MaITIHH BbIIIoJIHflercx TaKI{M o6pasorr,l.
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B naCrOflulee BpeMfl To,I IbKO noABecHble r l lApoarperaTbl H He3HaqI{-

TeJrr )Hoe qHcJIO 3OI ITI . lqHblx  npoeKTlrpy loTcq no-npcx l lcMy c  oTAeJIb-

HbIMH BAJIAMI ' I  AJ I f l  TYP6UHNT H fCHCPATOPA.

Ba.rr  arperaTa, BXoAfl I I IHft  B I {OMnIeKT Typ6l tHbl '  SBOHM BepXHI{M

e.rraHqeru ioeAHHqercf i  co BrynKoI i  ueHrpaJlbHol i  qacr l ' I  ocroBa po-

TOpa feHepaTopa,  KoTopa ' i ,  B  3TOM C' lyqae Anf l  cnap i lBaHHf l  OTnpaB-

nfercf l  .Ha ryP6LIHHbl i i  3aBoA. I (oucrpyl{ql4f l  poropa ral(oro r l4Apo-

reHeparopa nory r ruxa  I {a3BaHI {e  6essaJF,Hof t .  HaxoAqEaf lc f l  Bb l lue

poTopa oTI tocHTeJIbHO KOpoTKaf  qacTb Ba i la '  Ha KOTOpoi I  pacnoJra-

iaorcq uef iKa rranpaBnf l Ioulefo noA[r l t r rHl4Ka, KoFITal{TI ]bIe KoJIbua'

poTop peryJlnTopHoro reHepaTopa I t ,  ecr ' lH I {MeIoTcf,  f lKOpf l  Bo36y-

AHTe,rs,  I IpHCoeAHI- l f leTCfl  I {  BepXIreMy QrraHUy BTyJII{H poropa

(cna. puc .  7 -4) .'  
EC"rru Me)KAy KoHTaKTHbTMH KoJIbI{aMLI 14 poropoM pa3MeuaeTcf l

UlefiKa I{anpaBJIflIouIerO gOAUII{nil:g'Ka VilA BTyJIKa nOAnflTHlIKa

(npn noABecHoM THIIS) ,  Anq 1pOKJIaAKI4 I I IHH TOKot loABoAa B BepX-

Her? qaCTH BaJIa ASJIaIOTCfl  I Ia3bI,  3aKpblBaeMble KJIHHbf lMII .

Kar yKa3bIBaJIocb BbII I Ie,  noABecHble ruAporeHeparopbl  l lo Ha-

croflulefo BpeMer{H BbrrroJrHflIorcf c pa3AeJIbHbIMI'I Ba,' iaMH. Moxtlo

npeAnoxox(HTb, qTo B 6nuxai,ttueM 6y4yuferu V ?TH IvIa[IHHbI 6ylyr

HMeTb o6ufr,rf i BaJI, Oco6eHHo B ToM cJIyrIae' KofAa oTcyTCTByeT

HH)KHHfr feHeparopHbrri [oArrHnHr{K. o6urufi BI'IA raKOfO fHApore-

Heparopa noNasaH Ha pHc. 1B-5. f lpu eAHHoM Ba, ' Ie y i lpoqaercf l

MOHTaIK arperara H HcKrtoqaercfl BO3MOX{HOCTb <<H3JIOMa>> Jlr4Hr4l4

BaJra (neu4y orcyrcTBgq Q,raHUeBoro coeAHHeHII f )  14 KaK cJIeA-

crBHe - 6uesue BaJIa.
PaccuorpuM 6o.nee noApo6Ho Ko.I lcrpyKIILiH ocroBa porop a H Prx

coeAHHeHVfr, C BaJroM, rlail le Bcefo npl{MeHflrculHecfl B HaCTOflUIee

B p e M f .- 
BpaufaFoulufi MoMeHr repeAaercfl or Baila K poropy B rl4Apore-

HepaTopax c eAHHbIM BaJIOM, KaK yKa3aHo BbIII Ie'  npu noMoull l

6,ranUeBofo coeAHHeHI{fl Baila ryp6nHbl c BryJIKofI qeHrpaJlbHofi

qacrg poropa. f lpra pa3AeJrbHbrx BaJIax MoMeHr I lepeAaerc.r i lH6o

c noMotubro IllnoHorrHoro coeAI{HeHIlfl MexAy BaJIOM feHepaTopa

H Hacax(eHHbIM Ha Hero ocToBoM poTopa' au6o TpeHHe-M, co3AaBae-

MbrM tIocaAoqHbIM HaTflroM MeXAy 3TI{MH y3JIaMH. HeAocraTKoM

runoHoqHoro coeAI{HeHHfl f lBJIf lercf l  Heo6XoAIlMocTb Spesepoexu
na3a nOA [ InOHKy, KOTOpaf l  MO)KeT BbI3BaTb HCI{pHB, ' Ie l ] I le Bai la

r{3-3a BHyTpeHHHX Hanpf lx{eHuf i  B MeraJIJIe.  B coepeMeHHbIX Malxl{-

Hax [rrroHoqnoe coeAHHeHI{e He npnMeHflIor, a nocaAorlHblfi Harrr

Bbr6HpaIoT I{3 pacqera nepeAaqn Bpaqarculefo MoMeHra.- 
Ai" poropoe 6ttcrpoxoAnux fuAporeHep aropoB (crr 'r. . .pHc. l0- 1 ) '

y Koropbrx obros 14 o6o,n [peAcraBJlrlor co6oft eAHHbIil y3eJi, xa-
paKTepHbrM sBJrfeTcfl pa3AeJIeHHe IIOCJIeAHe|O IIo BbICOTe Ha He-

cKorrbKo riacrefr (Aucxbe) uaccofi no 20-40 r. 3ro Heo6xoAHMo
He TOJIbKO AJIfl nepeBo3Kl,r, HO H AJIff BO3MOX{HOCTH KarIecTBeHHOfo

H3rOTOB,, ieHr{f l  nOKOBOK AHCKOB. l lOxOexH B 3aBI ' ICHMOCTH -OT Tpe6O-

BaHr{fi no npoqHocrg BbInoJIHflIorcfl trs craJIH Kn32-Kn40 no

fOCT 8749-79. Btvlecro I{3roroBIeHI,lt{ IIoKoBoK nHcKvI Mo)KHo
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Bblpe3aTb ra3oKHCJIOpOAlibl lv l  nJraMeHeM H3 Jtr.rcTon 1.or 'rutrrrror i  30-40 MM H coeAI ' I I I t t ' rb  Hx IJ  I IeKeTbr  r rocpeAcrBor ' r  3 . / rer (Tp03ar{JrcroK
It.r IH npo6o,l trr ,rx tuBoB.

f l o l  xaxAu i i  A I t cK  oc roBa  I Ia  Ba , ' r y  r r x ree rc f l  c ' o r  c ryne r rb r i? r .
i l ,nn lAo6craa opHerr r r rpoBaHrrr r  r rpr {  r ' 'pnuef i  roczr .Kc r iepBoro(Hax<Hero)  lHcx a Ha BaJry npelyc l rarpr . rBaercr r  ne6o,r tuarr  LUrroHr{a,Koropaf l  c  I {eJbIo ynpouleHHr Mo}KeT 6uru 3aMerreHa FraHeceHr. reMc6opounoir pucku- np" HacaAKe creAyrou{Hx Ar. icr{oB npHMerrrrrorcrr
Cf ieql la 'qb l lb le  KJIHl lbr l ,  yCTaHSB; ' IHBSeMble B nOJI IOCIIbtx  r ]a3aX HIr ]K-I lero lr [cl<a H oQecneuHBarou{He coBnaAeHHe 3Tr{x na3oB no gceft
BbIcoTe o6ola.  CraHoqHaq o6pa6orKa Ar{cKoB ocroBa,  B qacrHocTr i
spesepoexa n, ' rocxocrcr i  r ro  6oxoeoi l  nou.p*uocrr r  noA cepAeqrr r r r . r
H na3oB A" ' | f l  I (peI IJ IeI I I l f  I lo , r lncoB,  Bbt I IOJI IqeTCf l  COl tN, tccr l lo  H aBCeX AI ]CKaX'  HacaX{eI I I tb lX AJITI  3TO|O Ha Cf lc t {Ha, Ib l roe TeXHOr,rOrI { -qecKoe npHcnoco6reHl ie  -  BpeMessuf i  Ba, ' r .  O6pa6orxa Ha nocrof l r r -HOM Ba,{y He BeAeTCq, Tar{ KaK BCJTeACTBHe ropaueri  nocaAKH pa3_6opf 

1 ggtop a AJrfl rpaHcnoprr4poBa Hr4tr craHer HeBosr\,{oxgor?.
AO nOCJreAHefo BpeMeHH y 6ucrpoxoAHbrx fHAporeHeparopoB

s cpeAHer? sacru ocroBa, Mex{Ay AucxauH, co6paunolr" Ha Bai ly,nPelyCuaTpHB aJrWcb BeHTr.rJrf fr{HoHHbre KaHaJrbr, BosAyX K KoTopbrMnocryf iar 'r  en6o qepe3 oceBbre oTBepcTHs B AHcKax, nn6o ;; t . ;aKCHaJIbHbIe KaHaJIbI MexAy ocroBoM vr BaJIoM, AJrtr qefo noBepx-HOCTb NOCJIEAHE.O BbINOJIHflJIACb PC6PUCTOT?. TAXAN KOHCTPYKIIHfl
npHMeHflJIacb c I IeJblo HcnoJIb3oBaHHq ocroBa poropa B KaqecTBe
Pa,.HantHofo BeHTHJItrOpa B AOnOJrHeHpre K OCeBbrM npo[eJrrepHbrM
BeHTHrqropaM, ycraHaB/- ' IHBaeMbrM Ha efo TopI{ax.  oasaxo Hcc"rre_
AOBAHHfl-  |HAPOTCHCPATOPOB NOAO6UOi1 KOHCTPYKI{HH NOKA3A/ ' IH MA-Jlyro sssexrHBHOCTb paLwai lbHbrx xauanon, u no grof t  npHr{HHe orHHX B HACTOf lU{CC BPCMf l  I {ACTO OTKA3bIBATOTCf l .

ocroe poropa, xoropufi  Mox(Ho_ tpu"_anopT'poBarb r{e"rr 'KoM,BbrrroJrHfleTcf R Br{Ae cBapHo!-o 6apa6aHa. On iocroHT H3 qeHrpaJrb-
uorl eryJLKH, o6H.rHo Hs iranbHoro JrHTbfl, npaBapeHHbrx x ueli Bepx_HC|O H HHX<HC|O AHCKOB, BCPTHI(AJIbHbIX PC6CP , . *AV AHCKAMHH nry"nxofi .  l lo Hapyxuol i  noBepxHocrr.r  ycraHaBJr6Barorcf l  raK Ha-
SbIBACMbIC KJII . IHOBbIC I IO, ' IOCbI,  TAK)KC NPHBAPCHHbIC K AHCKAM HBepTHKaJIbHbIM pe6pavr. Kpolae Toro, MoryT ycraH aBlrLrBarbcfl Ao-no"rrHHre"rrbHbre KocbrHKri H ue60rnurue pe6pa" *..r^o.rru. i""?i,pe6pa H KJIHHoBbIe norrlocbl Bbrpe3aroTcfl Iis ToJrcrorr{crosofi yr,.re-poA'crofi cranu, o6mqHo uapxra cr 3. f loc,ue cBapKH ocToB orx{H_raeTcfl B rer{H AJrn cHfl 'Tufl Hallpfl}KeHurl. BHyrpeunan [ocaAor{HaflNOBCPXHOCTb I ICHTPA, ' I IgOf i  BTYJIKH PACTAqHBACTCq NO BTOPOMYr{Jraccy TOqHOCTH.

B BepxHeM H HHxHeM AHcKax HMeercf l  no HecKo/rbr{y oTBep_crufi AJr'_ 3acacbrB aHHfl B-paurarcu{HMcfl poropoM oxJrax{Aarou{efo
Bo3Ayxa. Bof iAs BHyrpb 6-apa6aaa u 3aKpyr{HBaf lcb pe6p aMH, Bo3_Ayx IIonaAaer B KaHaJrbr o60Aa i ]  3are'r  

-nu6puaor"uara" 
Mex{AynoJriocaMr{ B Bo3AyruHufi  3a3op

Eapa6aHuue ocroBbr o6pa6arl ,rBaroTcq Ha KapyceJrbHbrx crar{-Kax' nosToMy noBepxHocrb Hx KJIHHoBbTx [o.[oc, conpsrarou(af lcf l
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I
c o6oAorrt ,  o6raqr.rBaeTcq nO OKpyxHocTH. B ocTaJIbHOM y3eJI CO-

npfl)KeHI{f l  KJII4HoBbIX IIoJIoc ocrbea c o6oAoM gLHI{aKoB AJIR ruApo-

feHepaTopoB Bcex pa3MepoB vl BblnoJlHflercf o6ltqgo gJIeAyIOUIHM

;6p;;-. 'Hu HuxHeir qacru KJIHHoBbIx I lo" loc ocraBJIf lercf ycryn

(sy6) ,  Ha Noropni l  onu.paercn o6ol  (pHc '  10-3)  '  Vcryny npvrya-

rorcf l  cneuHan;i", t  npoq"no rr AocraroqHbre pa3Mepbr, qro6bl npe-

AOrBpaT.r r rb  
"*  

ap. r .^  BAOnn KJIHHOBbIX nOxOC Qpesepyiorc f  Ka-

HaBKr{ Anfl  r{rrHrroBbrx i l l f iol{ol{  (Nlt lHuen), nepeAa}oulHx MOMeIlr

Ha o6oA. C noMoulblo 3THX K, ' , l l i I IbeB AOCTHnaeTcq IIocaAoqult t i  I Ia-

r r |  MexAY o6oaoM H ocroBoM'
ocroe poTopa,  AHaMeTp KOTOpofo xoTf  v  Mer{b i l le  B M,  HO I le

LaeT BO3MOX(HOCTT{ nepeBo3HTb efo l ler ' I I {KOM' npeAcTaB"lqeT co6oi i

c B a p H y l o 3 B e 3 A o o 6 p a a H y r c K o H c T p y N u H 0 c q a c T H q H o o T b e M H b I M H
.n"i iui l" .  f loc,.rean"" o6otuno I4Melor AByraBpoBoe ceqel{He H Kpe-

r i fTcq npH noMOIIIH crbIKOBblx nJIHT'

crfl>KHbIX IuTIHJIeK a rurusron' [LInH'nr'-

KLI paccqHTaHbl Ha nepeAaqy Bpalqalo-

i lrero MoMeHTa u usru6arcuero MoMeHTa

or  Beca o6oAa H noJ I IocoB '  a  ropn3oH-

TaJIbHbIe ruruQrl t  -  Ha nepepe3blBalo-

UIyrc cuJly B nJIOCKOCTIT Cpe3a'

A"rq yBeruqeHl{ f  }KecrKocr l {  KoHtr l l

cnu( cBepx,v H cHH3y cKpenrqForcf l  6a-

'}]OrIKal\4H vIJrvl JIHCTaMH nepeKpblrvti ' t,

npuJlerarcuruMu K euyrpeHuefi noBepx-
Hocrn o6o4a, o6PasYn nPH 3ToM oKHa

AJIfl npoxoAa Ro3AyXa BHyTpb ocroBa' Pr'rc' l0-3' Vcryn (ay6) KrIIr'
V poropoe KpynHbIX fuApofeHepaTo- Hoeofi norlocbl ocroBa poropa

poB c BHVTpeHHHM AI{aMerpoM o6oAa 6onee B M ocroB npeAcraB-

i". t  co6ofi 'cBapHo-JII{ryIo I leHrpanbHyp qacrb' no nepr'rQepuu Ko-

ropofi npnBapeHbr crbrKoBbre n"{HTbI. Qoprr,ra .unroli BTyJIKI{ ueHT-

paituoft-  qaciu saBucrrr or npuHarofi  KoMnoHoBKH rn, l l ,poreHepa-

rOpa. Ec.ug 9TO - IOABecHaq MaruHHa c OTAeJbHbIMH BaJIaMI{ Typ-

6ssU 14 feHepaTopa H, CJIeAOBaTeJIbHo, OCTOB pOTOpa Hacax(I ' IBa-

ercfl Ha BaJI, To BryJIKa HMee'r ilpocrylo UHJiHHApI{qecl(yrc Sop.*y'
y poTopa 3oHrHrlHoro r!{AporeHepaTopa c eAHIIbIN' l  BaJIoM (ct" '

pr. l  10^-2) BrvJrKa o6.naaaer cnox<sot? xou$rar,vpauuei i :  Huxsizi t

pasnurtrf i '  u t"rouluuft  i lof lc r .B.r lnercf i  qacrblo QllaHueBoro coeAH-

HeHI{f C BaJIoM Typ6HHbI I,I AoJIx<eH Bocrpl{HflTb Hafpy3Ky Ha noA-

nflTHLIK, nepeAaBaeMyIO qepe3 BTyn6t noLnsTHHKa, npHKpeIIJIei l IHyro

cHH3y. I(  nepxueuy QnaHrIy slyJIKu ocroBa poropa npl4coeAl ' IHf lercf i

BepxHff l  r{acTb BaJIa.' t r4uerctCg 
pa3IHrIHble vO,U,uSuKaIII{H cnHU poTopa, HaH6O"nee

3I {OHOM!I I {HbIMH I , {3  HHX gBJI f l IOTCf l  TPAI ICqCI {AAJIbHA' I  C f I I IUA XOPO6-

qaroro  ceqeHrr f l  g  cnr {Ua c  AByMf l  r l t6x t l t t l r  " r lY ' tav l t .  B  o6et lx  l (o l { -

crpyKl l r r f lx  Ha oAHof i  cnHue pac[o, ' to)KeHbI , [ ,Be I{r ' IHHoBbIe no.I locbl .

Alra"tlorurrHo npeAbiAyuleN,ry Baprrarrry ocroBa, cnHubl AJIA yBe,'II ' Iqe-

HLrf >KecTKocTr.r r{ opfar{H3aUHI{ BO3AytI]HbIX noTolioB oxJIax(Aarc-

U{erO Bo3Ayxa CoeAl{Hfltgrqfl 6anOqfaN'lI{ I{ repeKpblrl{f l lyl l l '

- - r - - - - - -
I
I
I

10  l - : - - - - - -

; \ /  I



Ha pHc. l0-4 noKa3aH ocroB poropa KpynHoro 3oHr'rrHoro rHA-poreHeparopa' Ha HeM BHAeH vrouruuli,  noABepxeuHuli sHaqprreJrb-HbIM HarpV3KaM y3eJr conpgx<eHufl ctrHq c rleHTpaJrlHofi r{acrbro.
Pacqer irsx'rtx IUnH'rIeK 14 cB-apHbrx rrBoB, KoropbrM' npHBapH-Balorcfl nJrHrbr, AaH B pa6ore t38]. r{ro6u o6ecuequm Hepacr{pbr_BACMOCTb CTbIKA TIJIHT, IUNHJIbKH AOJrX<HbI 6UrI .PCA"APHTCJIbI]O
paBHOMepHO SarflH.yrbr. JJnn BbrrroJrrreHHfl sr,ori oreparrHr_r, rpe6yrc_tr{el? onpeAeJlduuol? ToqHocra, rlpr.rMeHflrorcfl crerrHaJrbrrbre ycrporl-crBa - IIHeBMaTI'IqecKI'Ie c6ar.Iae areJrrl, a /.i lf l Bo3MoxHocr' noBo-

Psc' l0-4. ocroB poropa Mou{Horo 3o'rrltlHoro r'AporeHeparopa co c[nr{aMr.{ Ko-

/ - nryaxa ., - ny:':,^!.;o"u.oo,-ro'u;"fro;o" :::iH,. nn'r; ; - ;","Ban nonoca ; 6 *crbrKoBas nn*rai 7 - t\unnaIip; g -cn'rra; g - nax<nee Konbrlo; /a - feapii

poTa KJIrOqa npH SarsN<Ke crgx(Hbre tu[HJrbKH, pac[oJrox(eHHbre no
o6e cropoHbl BepruKaJIbHbIX 

_ pe6ep IreHTpaJrrgoft qacrr{ ocroBa,r.{Meror rrpaByro H "{eByro peer6y.

10-3. o6OAb

lUuxrosauuuli o6o4, rrpr.rMeHflenauri Bo Bcex ruAporeHeparopax,
sa IzcKJrnqeHHeM caMbrx 6ucrpoxoAHbrx, co6npaercn Ha iunr6pu*
H lUnHJIbKax I'I3 orAeJIbHbIx cerMeHToB, uTaMnoBaHHbrx I.r3 Jrgcroiorl
craJIH. O6oa f lBJIf leTcg uau6o.nee Harrpf l)KeHHbrM B rvrexaHgr{ecKoM
:i:"T:I11 yq.roM poropa. tr4ueuuo ero npoqHocrb orpeAerrner Bbr-oop oxpyx<Hofi cKopocr,, a cJreAoBaren*ro, ra6apuroe rr{AporeHe-p arop a.

Cerueurst o6oAa o6uqso uTaMnyiorcff r{3 JrucroBo ft ctanu ToJr-ull.tuorl 3-4 rr,ttl. 3a py6exoM AJifl srorl rreJra npr.rMeHflroT TaK>KecraJlb to,nulHnofi 2 I{ Aax{e I uu, r{To yBeJrgr{rrBaer rpyAoeMKocrb
(uHcno nupy6ox), uo garo Aael Bo3laq4Hocrb rrcrreJlb3oBaTb MeHee
20'1
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.ip

MouIHbIe npeccbl. Kpoue To.fo, npn 6o,rree ToHKHx cefMeHrax yBeJrr{-tIHBaeTct qHcJIo n.uocxocrefi cpega crfl>KHblx urrlH/reK, qro nogBo-
JI f lCT YMCHbUIHTb HX .U.HAMCTP LI  6NATOAAPq 3TOMY YBCTHqHTb NO-
JIC3HYIO PAIUA/IbHYIO IIIHPHHY CC|MCHTOB.

KoHcrpyK.g.Hfl o6oaa 
^e 

TeqeHHe ps,u,a Jrer nperepne/ra cyure-
C T B C H H b I C  H 3 M E I ] C H W t .

Panee np' I43roToB,' IeHHH cefMeHToB npaMeHflJlacb raK Ha3brBae-Mafl  i l rafoBafl  ruTaMnoBKa, npH XOrOpofi  Ka>KAbrM yAapoM ruTaMrra
nupy6aerca oAHo rroJrrocHoe AeJreHHe co BceMH nasaMH H OTBep-crr4trMrl, a AJr'. cJreAyrouero yAapa safoToBKa nepeABHfaercff noAIrlraMrIoM Ha rIoJIIocHbIfi ruar. B sacrosulee Bp.eMfl MorrrHbre npeccbrOAHHM YAapona IxTaMnyIoT Becb cefMeHT, o^6ecnerraBafl ToqHocTbnnpy6xn H 6naroLapfl  3roMy BbrcoKoe KarrecrBo c60pxu o604a,6es suar{HTeJrbHofi aopHoBKH oTBepcTHri noA crflx<HEre rrrnujibK]r.

Huut" Bcefo' ecJIH no3BoJIteT qficJro noJrlocoB r'AporeHeparopa,
a cTo"rr npecca ' 'o AJrr.rHe BMeU{aeT UeO6XOAHMyro 3aroroBKy, cef_MCHT O6OIA HMCCT qCTbIPC NOJIIOCHbIX ACJICHHfl. HO T,JIf l  MOUIH6IXrHAPoreHeparopoB c oqeHb 6o"nrurHna IIoJIIocHbrM rrraroM qucJro no-JIIOCHbTX AeneHHli e cefMeHTe npuxo AHTCL yMeHbuJarb H3_3a r{eAo_craror{Holt uo[lHOCTH npecca. B ro xce 

"perta 
u-*ull]""r* c Ma-

fi"Jy"#:rftit?#O.rrIaroM 
y cefMeHra Moxer 6nrr nnrb_rrrecrb rro_

Bonrruyrc poJrb B pasBHTHH orerrecrBeHHofo ruAporeHeparopo_
crpoeHHf cbIfpaJIO npHMeHeHHe LJrn o6oAa cra.nefi^ noBbrrrreHHOftnpoqHocTH' Pasee cerMeHTbI o6oAa rrrraMnoBaJrprcb Lrs craJrr{MapKH Cr 3 c npeAe.rroM reKyr{ecru 240 Mn;,-;;;;;o 

" 
1960 r.,KorAa npH co3AaHI{H rl{AP_o_reHeparopoB Eparcxofi f3c 6u"rra 

".]no/Ib3oBaHa craJrb MapKu BS c npeAe,rrorra rexyuecru 320 Mfi, yt;JIOCb AO6UTbcf cyrqecrBeHHoro cHnxeHlrff Maccbr poTopoB srHX nlocJreAyroulHx M arrrHH.
B Aa.nrsefirueu HanJrr{ npnMeneHr{e eule 6onee npoqHbre cralrrlc npeAeJIoM TeKyqecru 380 H Aax<e 500 Mna, rrro, 

" 
.uoro oqepeAb,yBeJruqr{Jro BO3MOX(HOCTb co3AaHHfl MOrrlHbrx f}IApOreHepaTopoB

c xopolllr4Mr SKoHoMLIqecKHMH noKa3areJrflMH.
B HacTosrqee BpeMff AJrr cerMeHToB [p'MeHflroTcff B ocHoBHoMrpu MapKr.{  crarra (ra6n. l0_l) .

Ta1nuqa I0-l

,{,onycraeuoe H auprr}KeHv e

Mapxa craJrrr

Cra.nr 35
l0f2cl
23Xr2AOP

flpeger
TeKyqecTH,

MfIa

90
90

320
380
500

MfIa

280
340
425

B npor leHrax
oT npeAeJra
TeKYTIeCTI.I

Oro.rro
))
B5

Baxnstu noKagareJIeM craJII{ AJrfl o6oAa flBJrfleTcfl TaK}Ke eenJracrHrrHocrb, o6ecneqHBarouraq yMeHbuJeHHe KOHUeHTparlux Ha_npxxeuufi  B yrJIax BbItrIraMnoBaI{Hbrx nagoB I{ B orBerJcrrrrrx.
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B groN,r orHoueHHu npeAnoqruTcJ'tbHo Hcno, ' IbgoBarb craJlb l0f2Cl,

Koropaq HapaAy c  BbrcoKr{MH npoqHocrHblNal r  csof ic rBauu o6; laAaer

6Onrurof i  nl laCTI.I I IHoCTbIO v He ycTyIIaeT nO sToMy nol ia3aTeJIIo

craJI I {  35.  Craas 23X|2AOP Mel{ee r , ' IacruqHa'  a  no3roMy npn ee

npHMer{eHLII{ pel ioMeHAyercf l  ocraBJIf l rb 6ongutt i i  3artac ro npe-

Ae"ryy TeKyqecrH.
Cne4yer  OTMeTl lTb,  qTo npI I  IocTaBKe rHApore l {ep aTopoB 3a

py6ex qacro npHX9AH1Ct l  y t lHr l learb rpe6oBar{Hf l  3a l {a3qHKa o6 yre-

JruqeHHH 3anaca no npeAeJly TeKyrlecrg MarepgaJla o6OAa nO cpaB-

r {eHHro  c  yKa3aHHbIMH B  ra6 i l .  10 -1 .
BaXHsrna QaxrOpOtvt,  OTpa>KaIOUl,I ' tMcfl  FIa npoqHoCTH o6oAa, f lB-

rqercf l  cxeMa ero c6opxH, or Koropol i  saeHcHT qI{cJIo crblKoB l \{ex{Ay

cerMeHTaMH, ocJra6irf l .pulgx ceqeHue o6oAa. Ecnu crblK B Ka)KAoM

rrocJreAylouleM c,qoe cMeuIeH OTHOCHTe.TIbHO npeAblAyulefo I{a oAHo

I6JIIOCHOe AeJreHIAe, a B cerMeHTe HMeercfl z noJI]ocHbIX ,lleJleHHll'

To Ha Ka>KAbre trL:Z cJIoeB, Ha3bIBaeMblx SJIeMellTapHbIr{ o6oAou,

npHXOAr{TCfl 9AHH CTbIK. C,[eAOsaTeJIbHO, xOaQSUIIHeFIT I{cilO,'Ib3o-

saHuq o6oAa B AaHHoM cryr lae cocraBJl f ler  k1:  (m -  l )  l * '  l IpH

m : 4  o H  p a B e H  h : 3 f  4 .
Ecreciger{Ho, qro raKoe 3Haql{Te"' tbHoe ocna6r' IeHI{e o6oAa BbI-

3blBaJIO CTpeMi ' IeHHe y. [yquHTb efo I {cnoJIb3oBaHHe, ApyTHIvI I I  CJIO-

BaMH, yBeIHI IHTL|  qHCr ' tO CJIOSB B S.neMel{TapHOM O6OAe 6eS yeel l {qe-

HHf l  AJIHHbI  cerMeHTa,  T.  e .  i lpU i lpex{HeM Z.  Bnepeue 3TO 6l t " IO

AocrurHyro B l95B r .  Ha rHApofe l {eparopax Bo"nxcnoi l  fOC

"* .n"  
XXt l  c tesAa K[CC. CAeHr cefMeHroB l - la  o6oAe 3rr IX Ma-

urHH 6tr,r  npnHflr  paBHbIM l12 nomocHofo AeJeHHfl,  a Ko3S$HqHeur

ero HCIIOJIb3OBaHI{f npH npe)KHeM qHc"rle IIOJIIOCOB B Cef MeHTe

(z:4)  crar l  kr :  @-1) l * :7 lB (uucno cr loeB B sr leMeHrapHoM

o6oAe'yABoHJIocn), ' r .  e.  yBeJI I {qHJIcf  Ha l7 o lo.Hoeas c6opxa ro3Bo-

JrVila cooTBeTcTBeHHo yMeHbIIIHTb IxHpHHy V Maccy o6o,U,a' Cer-

MeHTbI I {  cxeMa 1IHXT6BKH 3rofo o6oAa npeAcTaBJIeHbI Ha pI Ic '  l0-5 '

cauo co6of i  pa3yMeercf ,  qTo AJrf l  BO3MO)KHOCTH C6OpKI{ 060Aa sTLI

cerMeHTbI uue.nin yABoeHHoe qHcJIo rpaHefi, IIa3oB noA nolFocbl

14 UrnoHKLr, a TaK)Ke rpynn OTBepCTHfi nOA 1111HJIbKH.

3aueruru, qTO CABHp qaCTO onpeAe,'If l IOT He B Apo6HuX AoJIflX

noJpocHofo AeJreHr4;., a B qeJrbrx r{Hc,'rax fpynn oTBepcTl{i i. TaN,

cABHry Ha t l ,  noJl locHoro AeJIeHHfl  cooTBeTcTByeT cABHr Ha oAHy

fpynny orBepcrHfi .' " f lepexoA 
Ha c6opxy co cABHIOM Ha '1, noJlrocHofo AeJIeHLIf 3a'

TpyAHsJro ro o6cronreJrbcrBo, qro rlucro cpe3a_eMblx IIIIIHJIeK, npe-

nflTcrByIoUIuX cMeuIeHHIo cerMeHroB Me)KAy co6ofi B AByX coceAHHX

cJIO-fx, oKa3bIBaJIOCb IIpHMepHo B ABa pa3a MeHb[IHM, qeM npl l

C6OpXe CO CABHTOM Ha OAHO 1IO,{IOCHOe Aer'IeHI1e. B HaCTOflII Iee

epelax HafiAeHo petuel l l le sroro Bol lpoca. I_lprr BbI6paHHol\{ t luc;te

q rpyn11 oTBepcrrr i .r  B cerN{eHTe Maticl l I \ , {aJIL,r laff  r iporJHocTb ce(IeHI'1f l

O6OAa, KaK I43BeCTHO, AOCTHTaeTCf l  npH HaH6o1b111eM BO3l \ {o)KHOM

qHcJIe cJIOeB B gJIeMeHTapHoM o6oAe m:q '

O6OSHaqHN,t  CABI{r  CeTMeHTOB I (a}KAOTO CJIOq'  I I3MepeHHbl l '1  q I IC-

Jror\4 rrraroB Mex<Ay rPynnaMH orBepcrl l l i ,  v. TorAa, r{106bl oAI-loBPe-
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Puc. l0-5. Cer' i l ,reHr (a) u cxcrvra irJt ixroBKH o6oAa co cABHroru Ha r/2 noJlrucrroro
AerreHnn (6 )

1 - no"nrcc; 2 - c..-st>t<uarr runuJ,rbKa J _cer.MeHTbr o6o,aa

B ra6n. l0-2
Mex{Ay fpynnaMr{
UIHX Z nOJrrOCHbrX
nepcrlrr lr.

NPI , IBCACIJbI  3 IJ  AqCHI i f  HAHBbI |OAI - ICI? i I ]C f  O CABI { f  A
oreepcruft  v A.I I f l  cerMeuToB O6o4a, coAep)Ka-
AeJreHI{r?, HJyH, qro ro x<e caN,roe, Q:tr l  rpyntr or-

f loAeoAs I{rofI{ paccMorpeHl{Io oco6eHHocrefi npoeKrrrpoBarrrrf l
rur.rxroBar{Hofo o6oAa p_oropa, ruo}KHo Qaxropsr, bnpeAersrcIl lr{e
eno IoHqrpyKrlr{Fo, pas6urn Ha ABe fpynrbr. 

- 
f lepean BK.,rrrcqaer

B ce6s 3aAaHHr, te ycnoBI{ t t .  yrot lHyro qacrory Bpau\e}t r { r ,  Ar : r - raMr{-

2 1 1
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t I e c K H f i M o M e I | T u H e p u H I . I p o T o p a ' 3 a n a c n o n p e A e J l y T e I { y q e c T H ;
BTOpafl COSTOIiT Lr3 CJTeAyIOIIIHX I{OHCTpyliTopCKo-TeXIIO,riOrHqecI{HX

npHeMOB H BO3MOXHocTef i :  a)  BbI6opa qncJIa nOJI locoB B cefMeHTe,

onpeAe, ' I f leMoro uIafoM IOJIIOCOB pOTOpa v MouIHocTbIo npecca;

6)^ eu6opa HagBbrroAr{ei iuero cABHra; B) OIIpeAe" ' Ie l lHf l  l l IHpHHbI

CeTMSHTOB L I  BbIcoTbI  O6oAa,  Bb l6opa MapKH CTaJIH.

l l lupr.rHy.cerMeHroB I{  Bblcory o6oAa Mo>KHo B nepByFo oqepeAb

no46l lpars,  HcXoAfl  LL3 3l laqel lHf l  AHr{aMuqecKoro MoMeHTa HHep-

I{HH, HMefl  npH 9TOM B BHAY, qTO yt i iHpeHHe cefMel lToB 3a CrIeT

yMeHbIgeHHfl  BI IyTpeHHerO AHaMeTpa o6oAa Ma/ ' lO B, ' I I . { f leT Ha yBe-

, ,THqCHI' IC MOMCHTA HHCPI{I IH GD2.

floc.rre ror;- Kat{ by4." nolyqeH Heo6xoAI'IMbIiI MoMeHr GDz

o6oAa, cJIeAyeT npoH3BecTH i lpot IHocTI{bI I? pacqer nocJIeAHero 11,

Hc[OJIb3yf HaHBbIroArIeI iuHf i  cABHr cerMeHToB v'  BbI6paTb MapKy

cTaJIH. f lpH aroM peKoMeHAyeTcf l ,  O6ecneqI ' IB 3a[ac nO i lpeAer ' Iy Te-

KYI{CCTH' OTAABATb ilPCAilOq-
TeHHe CTaJIH C JIYqUIHMH II;-I3-

Ta6ttuqa 10-2 cTHqeCKkIMu cBoIlcTB aMV'

Kar cKa3aHo BbI[ Ie,  co-

Q : m

npfl>KeHHe o6oAa c ocroBoM
ocyqecrBJlflercfl napHbIMH
KJIHHOBbIMH l l l t IoHKaMH, 3a-

6uruuu B na3bl KJII 'IHoBbIX
noJloc 17 o6o\a,  a raK>Ke npu

noMouIH ycTyiIoB KJIHHOBbIX
rroJloc,  npHrIeM nepBble nepe-

Aaror MoMeHT BpaIIIeHI',If l ,
a BTOpbIe BOCIIpI{HHMaIOT Bec
o6oAa c noJIIocaMI,I.

Ec"uu He npuHflrb cneqHaJIbHbIX Mep, To npu BpaIqeHHH poTopa
noA AeficrBHeM r{eHrpo6ex(Hbrx cHJr HeII36ex(Ho 6yayr o6pasonnt-
Barbcfl gagopbl Mex<Ay ocroBoM Lr o6oAou, rITo Mox(er IIpHBecrH
K cMelqeHuro o6oAa. PacurnpeHl,Ie H cx(arue o6oAa npu [ycKax
LI OCTaHOBKaX MOryT BbI3BaTb ero IIOJI3aHLIe rio IOBepXHOCTI'I-yCTy-
noB KJILIHoBbIx IIoJIoc u KaK cJIeAcrBHe Hx pa3pyueHue. Mepofi,
npeAoTBpatlqarclr1efi Bo3HHKHoBeHI,Ie 3a3opoB, flBJIfleTcfl CO3AaHHe
pa1uaJrbHoro Harflra MelKAy ocroBoM rr o6oAolra. A,'Is 3Toro o6oA
HafpeBaror Ao nonyr{eHHfl, saAaHHOfO nepeilaAa TeMileparyp n{ex<Ay
c[HrraMr{ u o6oAoM H olycKaror KJIHHoBbIe runoHKH ("x 3a6HBHbIe
r{acru) Bo Bcex cnurrax Ha Heo6xoAnMyro BeJIHqI4Hy. Be"nnqHHy Ha-
Tflra Bbr6r.rparor o6H.rHo H3 Tofo pacr{era, qro6bl pa3beAIrHHTeJIb-
HAf IIACTOTA BPAUICHIIf l ,  TIPH XOTOPOfi MCN{AY O6OAOITA VI CNHIIAN'III

HarrnHaer o6pasonbrBarbcf l  3a3op, 6u.ua He HHX{e qacrorbl Bpaule-
HUfl.  arperara B cryr{ae BHesanHoro c6poca IIoJIHOft .Hafpy3KH
(o6srvHo oKoJIo 150 % HoMHHaJIbHofi  qacrorbl Bp aqeH Yfl)  .'  

Pacqer Harrra pr Bbr3BaHHbrx HM paAHaJIbHbIX ycHJIuft  no4po6Ho
paccMorpeH B pa6ore [38].

VqurHsafl, rrro 060A l{crroJrb3yercfl TaKxe B KaqecrBe BeHTHJrfl, '
Topa, BaX{Ho npaBHJIbHo ent6part AJIHHy cerMeHroB, onpeAeJlf l f

2t2

3 , 5 4 , 5

6 B 9 l 0

v J 3



grnM pa3Mepbr Mr{ororrHcJreHrrbrx (noprrAxa 10000) 3a3opoB Me}KAy
ux 6oxoBbIMH cTopoHaMlt .  f lo  xpaf inei i  Mepe, noJroBnHa oTHX 3a3o-
poB, pacnoJlafaflcb MelKAy no"rrlocaMH, cJty)KHT r{aHailaMr7 AJIF- npo-
xoAa oxJra)KAaroulefo Bo3Ayxa u Hfpaer cyu{ecrBeHHyro po/rb B cr.r-
creMe BeHrHrqr{HH fHApofeHeparopa.  f lo  erof i  [pHqHHe 3a3opbr  Ha
BbIXOAe Hg O6OAa Aer'rarorcf l  npHMepHo paBHbrMH paccTosHHflM
MC}KAY,i(ATYUIKA MH NOJIIOCOB.

I .ns npoxoAa Bo3Ayxa qepes o6ol B r{eM npeAycr\{ arprBaercfl
TaKx(e HecKoJIbKo BeHTHJIf l I IHoHT{bIX KaFraJroB, o6pasyeMbrx AHcrarr-
TIHOHHbTMH p aCi lOpKaMH.

Cnepxy ,  Ha cnuuax,  o6o4 3annpaerc f l  3aMKaMH AJr f l  npeAorBpa-
ilIeHHfl CKOJIb)KeHHfl BBepX OTHOCHTeJTbHO OCTOBa rrpr4 noA'beMe Ha
AoMKparax. 3auxn cocroqr v3 KoporKHX IrrrroHoK, sa"[o)KeHrrbrx
B [a3bl  KJTHHOBbTX nOJTOC U 3anHpaeMbrx c 6oxoe ynopaMH, KoTo-
pble saKpenJIeHbI cBepxy o6oAa ero crflx{HbrMlr [rrruJrbKaMr4.

K uuxHefi ,  Toprreeofi ,  qacrH poropa Kpenarcf l  ropMo3Hoe
KoJIbIIo, cocroflulee Ir3 orAeJlbr{brx cerMeHToB. V ruaporeHeparopoB
6o"nuuoro Ar{aMeTpa ropM03Hoe KoJrbuo yKpenJreHo HenocpeA-
crBeHHo Ha o6oAe ero crs>KHbIMLI urnuJrbKaMv. Vcu.uue 3arf l>KKH
urnuJreK o6H.rHo Aocraror{Ho Ars yAepx(aHnfl cefMeHToB OT CMeUIe-
Hr4fl. npu yroHuofi qacrore BpauleHnfl. B rex cJryrraflx, KorAa sroro
ycuJrr4fl HeAocrarollHo, rITo Mox(eT 6urt y 6ricrpoxoAHbrx MarrruH,
HcnoJrb3yror AonoJrHHreJrbHoe KperrJreHHe, HanpHMep B BHAe Sy6a,
Koropbll\{ s allerlJltercq cerMeHT 3 a BHyrpeHHroro noBepxHocrb o6oAa.

Ha poropax cpaBHHreJIbHo He6o.nuuoro AHaMerpa cerMeHrbr
TOpMO3HOTO KOJIbI{a KpeIIf lTCfl TOJTbKO K OCTOBy LrIrH K OCTOBy 14
o6o4y coBMecrHo.

Beu4y roro tITo noBepxHocrHble cJron cerMeHToB npr.r ropMox{e-
Hr4H CHJIbHO HafpeBaIOTCf, AJrf yMeHbrxeHHfl TeuroBofo pacrxHpe-
HHfl cerMeHTbI BbInoJIHflIorcfl nu6o orHocuTeJrbHo KoporKr4Mr.r (sa
ABa [oJIIocHbIx AeJIeHHs), .rru6o csa6xarorcr paAr{aJrbHbrMr,r KaHaB-
KaMH. KanaBKLI vr'Kpas. cerMeHToB cKa[ruBaroTcr H 3aKpyrJrflroTcfl,
.Iro6H He saAr,rparb QpuxqraoHHbre KoJioAKH TopMo3oB, a rpyrrlaflcr
noBepxHocTb ru.rrn$yercn A,rrs npeAorBpaueHaq pr3JrurrrHero HgHoca
KOJTOAOK.

10-4. noIFOCbt v1 TOKOnOABOA

f lo"nrcc poropa ruAporeHeparopa cocrouT Hs cepAeqHr4Ka, Ka-
TyrrrKH o6uorxu nos6yx4eHuq, r{3oJrflrlur{ MexAy HHMr{ u 4erran$ep-
Hoft o6rraorKH.

r{acrn cepAeqHrKa, o6pauleHHafl K pacTor{Ke craropa, Hasbr-
BaeTcq 6aurnarou; ero QopMa r{ pa3Mepbr onpeAe.rnrcrca, c oAHofi
cropoHbl, ycJIoBHqMH iloryr{eHllfl noJrx nos6yx<4euufl cHHycoHAaJrb-
Hofi Qopuu, a c 4pyror? - p a3MeuIeHHeM 4err,rnQepuol'r o6uorxu
LI MexaHuqecxoft [porrHocTbro Kpouxu 6aruMaKa.
, CepaeqHHK nMeer oAHH HJrH ABa xBocra, o6uquo T-o6pasuorl
QopMbr, KoropbrMn noJrroc Kpenurcq x o6oAy. Hexoropbre sapy6ex<-
HbIe $upuu npeAnoquTaloT npnMeHrrb Aflq eroft rIeJrH flacroriKgH
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xBocr I IJrH 6o,qrogoe Kpenr ' IeHLle.  CepAeuHnx, I iaK npaBIr , ' Io,  Bblnor ' I -

I I f lCTC ' I  t l l T IXTOBAI , I I I b IM  L I3  TOFI I { I IX  J I I ICTOB C MACCI IB I Ib IMH IUCKANi I I i

i lo  TOpUaM rr  cTf f f tJBacTcf l  / { . / i l i l rHI ) lMl l  i l ln l lJ lL I i? lVI I I .  I l - ln t tnux l t  n l )o-

X9 ! .RT  cKBo3b  gce  Te .no  Ce l )Aeq t t t lKa ,  a  I IX  ra i i n t t  y l ' a l l . l . l l IBa lOTCt t

B Te",'te u{eK.
J lucru cepAerrHnKa [ r raMnyForcf l  H3 crar t l  MapKH_Cr 3 roxurn-

Hor i  l ;  l , 5 "u iu  2  uv .  Xo r r  no repu  I {a  I l oBepxHocr r l  6au rvaxa  cHH-

)Ka lOTCf  npH yMel lb l i leHI4 I I  TO, ' IU IHHbI  T tHCTOB'  B  I {OHeq l lOM CqeTe

nsr6op roJrUHHbr o6brqHo onpeAerqercq N{exaHuqecxoti  npoql locrblo

1BOCTOB t4 KpOMOK 6aruv aKa,  KOTopble np l {  6onuuux Harpy3l {aX

Tepflror cBoro ycrof iqgBocrb. A"'rq yBe, ' IHqeHHfl MexaHnqecKoli  ycrori-
qHBocr t l  xBocrbr  n  6orb[urHcrBe c , ' IyqaeB npoBapuBaror ,  TaK)Ke npH

Heo6xoArrMocrn npoBapHBarcT I I  KpoMKH 6aurMaKoB.  Xeocrbt  noMe-

u{arorc f l  B na3ax o6o1a H pacKJrHHHBaIorcr  B I IeM npu nolv lou lH nap-

HbrX KJTHHOBbIX IuSOHOK, i lO ABe [apbl  Ha xaxAst l? XBSCT.

f lpHrraerreHue B peAKHX CIyqaqX MaCCHBHbIX no, ' IFOcOB AaeT BO3-

Mo)KHocrb orKa3arbcf l  or  AeMlQepHof i  o6uorxu, 3aKJ' IaAbIBaeMol i

e 6ai l r r , raKu tuHXToBaHHbrx noJrtocoB. OAHaxo noBbl[ IeHr{ble noBepx-

HOCTHble noTepH VI HafpeB MaCCHBHbIX CepAer{HHKOB' yBe, ' lHr{eHHe

o6renaa HX MexaHHqecKor:r  o6pa6orxu, MeHbuIaf l  HaAelKHocTt,

rHTbq r . r  noKoBoK no cpaBHeHHro c npoKaTHbIM JI I4CTOBbIM MaTepHa-

. , ' IOM 3aCTaBJrqFoT noqTH Bo BCeX CJIyqaqx npeAIIot{HTaTb IUHXTOBaH-

HbIe cepAerIHHKr4.
ilIexu cepAer{HHKoB 6o.nnurefi .Iacrrrc H3roroBJlflIorcfl u3 cra,' lb-

HbIX noKoBoK c npeAeJIoM reKyqecru 320-360 MfIa,  pelKe H3

cTaJlbHoro JIHcT a LLJrv Jrvrbfl.. Marepua,r v Qopua 3aroroBKn 4J:rI

rqeK esr6HparcTcf l  HcxoAf l  H3 Tpe6oBaHHIl  rpot lHocr\  Lt  rexHoJIofHtI-

Hocrg npg o6pa6orne. Tax, npHMeHeHHe JIHTbf l ,  HaHloJIee l reJlecoo6-

pa3Ho AJrfl norrocoB, B KoTopbrx KaTyIxKH BbITIOJIH'IOTCfl C OAHHM

paAr{ycoM, rITO HMeeT MecTo y MHOTOTIOJIIOCHbIX THXOXOAHbIX fHApO-

feHeparopoB. Hanpnx<eHnf l  B uleKax raKHX MaTIHH cpaBHHTeJIbHo

He6o.rrtrurae, a i lvrafl. 3aroroBKa rpe6yer MHHHMa"ntHofi craHoqHoil

o6pa6orxu,:  TaK KaK Moxer 6ur l  BbInoJIHeHa BecbMa 6eHsxof i

K OKOHqaTeJIbHbIrvr  Qopue u pa3MepaM.

i l^ng cHLI)KeHHfl  [oTepb I{  HarpeBa npu npoxo)KAeHHH qacrn Mar-

HHTHoro noroKa r{epe3 MaccI{BHbte uIeKH Ha HX uapyxHof i  i loBepx-

I{OCTH BbI| IOJIHqIOT I{aHaBKI{,  I ' I rpaFOUl.He Ty )he pO, ' lb '  qTO t I IUXTOBKa

noJr rocHoro  6auMaKa.  C ero i l  >Ke ue , ' lb lo  I la  r l lApore l l cparope Cas-

uo- l l lyrueHcxoft  f3C npuMel ieHo HoBoe, 6o, ' lee eQ$ercrnBl loe cPeA-

crBo: o6pauteHHar K craropy qacrb u{eK Bbl t IoJIHeHa I43 THraHa.

Sror HeMafHHTHbIf t  MarepHaJI,  o6"[aAaq BbtcoKIIMI ' i  i lpoqHocrHbl lv l l4

ceoficrsarvru (npe4e"rr reKyqecru oKoJIo 500 MlIa) H nrracrHql{ocrblo,

B oTJIHIIue oT HeMafHHTHbIX CrA"NCfi  XOPOTUO NOAAACTCfl  MCXAHHqC-

cxort o6pa6orxe. Kportae roro, nJlorHocrb rI ' IraHa (4,55 r/cu3)
MCHbIIIC, I ICM Y CTAJIH.

Ha puc. 10-6 noKa3aH noJrroc ruxoxoAHofo fnAporeHeparopa
c o6uqnofi cucreMoft oxJrax(AeHHr, npu xoropofi oxJIa>KAalou{Hft
BO3AyX OMbrBaeT TOJTbKO Hapy)KHyIO noBepxHocrb BHTKOB I(aTyIxKH

o6uorru nos6yx4eHufl .  O6rurorxa nos6yx4etl l { f l  cocrol lr  H3 noJIIoc-
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Pr'rc'  I0-6' f Io'rync poropa rHxoxoAl{oro rHAporeHeparopa c o6r,rqHoir crrcreiuofi
oxJtaxiAeHrfl.: a_ o6uquri aH4

,I - cepAequnr<; 2 _ KaryuKa

6 - paspe3 noJrroca
1 -  aerr ln6epxuf i  crepx(eHb;  2 *  .qeransepHuf i -  cerMeHT; J -  aepxues H3onf l r r 'oH'a,  ruaf i6a;4 - xaryruxa: 5 - HH)Kl{ffq trro,"rqquouiaff ruarl6a; o -'cra,,rL,Hafl ruali6a; 7 - HsoJrfl,t\Hr cep-Aet{HHKa; 8 -  cep4evHxx;  9 _ cr f lxHaf l  [ rnnJlbKa;  lO _ r i i i  
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1
I
{Hbrx KaryueK, coeAHHeHHbrx nocJreAoBareJrbHo Mex(Ay co6ofi. CoeAH-

HeHHe Bepxr{efo Br.rTKa KaTy[IKH c BepxHHM *r HHX{Hefo c HHX{HHM
coceAHHX Kary[reK o6ecne.{HBaer nooqepeAHoe H3MeHeHHe noJIf lp-
Hocrn. f lpu aroM LlMeercf l  B BHAy, r{To HanpaBJreHne HaMorKH Bcex
KaryueK oAnHaKoBo,  HanpuMep no qacosof i  c rpeJ lKe cr rn3y BBepx,
ecJrH cMorperb Ha KaryrxKy cBepxy.

Karyurx14,,'KaK npaBI4Jro, BbInoJIHflIoTcfl H3 n.nocxoft urHHHoft
MeAH, HaMarblsaeMofi  Ha pe6po. B gaBLIcI, IMocrH or tuHpHHbI
cepAeqHnKa v npHHuMaevofi  $oprrau KarymKLI Moryr HMerb B JIo-
6osofi  qacru (no roprraM cepAeqHuxa) oAHopaAnycHoe, AByxpa-
AHycHoe Hilr4 nprMoyroJrbHoe HcnoJrHeHHe. Ilpra orHocuTer'rbHo He-
rrIHpoKoM cepAeqHuKe (ao 250 MM) o6rt.rHo npnMeHflercf l  oAHopa-
AHycHafl Soprvra, AJrfl cepAeqHuKa c urHpuHofi 6o"nee 250 MM -

AByXpaAHyCHAfl. 14 npH CBapHbIX KaryrlKax - ilpflMOyfOJIbHafl.
OasopaAuycHbre KaryrrrKn qaule Bcefo HcnoJrb3ylorcfl B THXo-

xoAHbrx rnAporeHeparopax. PacxoA MeAI4 i lpH aroM HcIIoJIHeHHIt
noi ' ryqaeTcfl  Hau6o.nr,utvtf i ,  (us-aa AJIHHHbIX no6oeHx uacref i) ,  Ho
TexHoJroru.recxufi npoqecc rHyrbrl BHTKoB uaH6o.nee npocr. Ans
co3AaHnfl  nJraBHoro [epexoAa or npnuofi  qacru cepAerlHLrKaKIIIeKe,
uuerculefi noJryKpyfJryro Qoprury, BblnoJrHflercfl HecKoJIbKo ycrynoB
HJIH CKOCbI.

f lpu r{cnoJrr,3 oBaHvrH Karyrrex c AByM n paN4ycaMH coKpauaercfl
AJTHHa "[o6oeux qacreft. IT[exu, ToJrurHHa KoTopbIX B sroM cryqae
onpeAeJrflercr MexaHHqecrofi npoqHocrblo, qaule Bcero BbInoJIHr-
Iorcr H3 [oKoBoK. Pa4uycnr 3aKpyfJreuHft BHTKoB npHHHMaIorcfl
npaMepHo Ha l0 0/o 6orr,ure rxupl4Hbr MeAH.

flpnnaoyroJrbHafl Qoprr,ra KaryIIIeK B orerrecrBessofi npaKTHKe
npuMeHfleTcr peAKo, rJraBHbrM o6pasou AJrfl KaryIIreK, cBapI,IBae-
MbIx I{3 rroJroc MeAn cnerraaJrbHoro npo$u,rrn, npu $opcrapoBaHHoM
oxJrax(AeHHH o6ruorxu aos6y>xAeHufl (cr"t. nraxe). Ha pq.u,e sapy-
6ex<Hux Qupr"r raKafl. KoHcrpyKur{fl crruTaercfl sau6o.nee rexHoJlo-
ru.rHofi r.r noroMy uvreer rrrupoKoe npHMeHeHHe AIrn rtLporeHeparo-
poe "rrro6oro r{cnoJrHeHufl

nns cHlrx<eHnfl HarpeBa o6naorxu nos6yx4eHufl pa3pa6oran
pqA KoHcTpyKTr.rBHbrx na€p, yBe"rrHrruBaroulHx noBepxHocTb oxJIax{Ae-
HHfl KaTyrXeK.

B ruAporeHeparopax c o6uquofi cucreuofi Bo3AyrxHoro oxJra>K-
AeHHr B ocHoBHoM rrpuMeHflIorcr ABe KoHcrpyKrrI{H KaryueK. Hau-
6o"nturee pacilpocrpaHeHHe noryrluru Kary[IKI,I, HaMoraHHbIe LI3
nrHsHoft MeAH cnerruaJrbHofo npoSHn r, - <<ronoplrKa)> (puc. l0-6),
xoropsrfi  Hatrra npoMbnxJreHHocrb H3roroBJrfler, HaqHHafl c roJI-
uruHlr 5 MM. Arq 6rrcrpoxoAHbrx rHAporeHeparopoB c rreJrblo yBe-
JIHI{CHI{f  NOBCPXHOCTH OXJIA>KACHHfi  BHTKH KATYIIIKH NOOqCPCAHO

Moryr 6urn BbrnoJrHeHbr H3 AByx pa3rllr{Hbrx tlo ur{pnHe npoQr.r,rrefi.
l lpu HaMorKe KaryrrreK B Mecrax saKpyrJreHufl  BHerxHHe Bo-

JroKHa BHTKoB yAJrnHflrorcr, ?r no srorl npprrruHe cHapyx<u rrruHa cra-
HoBr{Tcfl Toubrrre, a Bo nuyrpeHuefi lracrn, Hao6opor, roJrrr{e. llpH
MaJroM paAHyce 3aKpyfJreHHfl 9ro MoxeT npHBecrr.r  K pa3pbIBaM
BLITKoB cHapyxH Ir Heug6exuo BJreqer 3a co6oft HepaBlroMepHocrb
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KaTytuKH no Bblcore. f loarottay npeAnoqrtrreJrbHo npHMeHflTb Ka-
Tyti lKLI oAl{opaAHycHble H c orHocuTe"rrbFro 6o;rtul lu paAuycoM 3a-
KpyrJreHufl. tr4srH[rHroro roJruIHHy MeAr.r Moxno yAanr.rrb Qpesepo-
BaHI.IeM, Ho 3t{aqI4TeJrbHo l{enecoo6pasHee BbInoJrHflTb Kary[rKu Hg
<<TonopHK&)), xoropr, l f i  KpoMe HapylKHoro cKoca HMeer raKx(e H
BHyrpeHwuit -  <<rexHoJrorHqecKuft>>. Pasuepu MeAu raKoro npo-
Qunn, ocBoer{Horo sauref i  npoMburrJreHHocrbro, npuBeAeHbr B pa-
6ore t501.

KaryurNa o6uorxH nos6yx4eHnfl r.r3oJrnpyercq or cepAeqHuKa
rloJrroca ra cjr o6oAa poropa. B Hacroqulee BpeMfl H3OJqrIr.rf BoKpyf
cepAeqHuKa HMeer BHA TBepAocnpeccoBasHori ruJrb3br Lrg creKJrrH-
Hofi rxaH:a rL ac6ecronofi 6yuarn Ha JraKe. Tawas rHJrb3a o6.naAaer
6onrruoIl uexasH.Iecxori nporrHocrbro pr HarpeBocrofirocrbro H B or-
JII{que or paHee npl4MeHqenofi rr,rraNaQo"[Heeofi r4soJrrrrHu r{3roroB-
J I f lCTCf  HC3ABHCHMO OT NOJI IOCA.

Topusr KaryrrreK or o6oAa c oAsofi cropoHbr Lr or 6auruaxa
u KosbrpbKoB ueK - c apyrofi r43oJrupyrorcff utafi6atvrw, HaAeBae-
MbIMH Ha cepAerrHuK. B Hacroflulee BpeMfl urafi6rr HsroroBJrflrorcfl
rJIaBtIbIM O6pasou H3 MexaHHqecKH [porrHoro creKJroreKcToJrHTa.
Ec.nu l4cnbrrareJrbHoe Hanpflx(eHHe o6uorNn nos6yx4eHufl Ha-
CTOJIbKO BeJIHKO, IITO O6H.IHas TOJIIIIHHa I{SOJIflIlHoHUOfi ruafi6u
(oxo.no 12 rrtu) HeAocraror{Ha, to AJrfl yBeruqeHr{rr pa3pflAHoro npo-
Mex{yrKa Mox(Ho I{soJII{poBarb xpafiuue BUTKH KaryrueK. flpocroe
yBefluqeHue roJnrlr{Hbr tnaia6 HepaquoHaJrbHo, TaK KaK rpe6yer yBe-
JII4TIeHI{fl BbICOTbT [OJrrOCa U yXyAUraeT 3a[oJrHeHr{e MeAlrc Mexno-
JIIOCHOTO OKHA.

Bnrru KaryrrrKa r.r3oJrupyrorcr Mex{Ay co6ofi npoKJraAKaMH Hg
ac6ecrosoft 6ynaaru roJIuII{Hofi 0,3-0,5 MM, HaKJrer{Baeruofi ua o6e
cropoHbl MeAI{ npfi noMoula [raKa. I4so,rrupoBaHHbre KaryrrrKu rrpec-
cyloTcfl B HarpeToM cocToflHLII{, JraK npr{ sTOM OTBepAeBaeT 14 Ka-
TyIxKr{ npuo6peraror MoHoJrHTHocrb.

Bo us6ex(aHl{e Bo3Mo)KHbIX nepeMeqeHrzfi orHocr4TeJrbHo cepAeq-
Hr.rKa npH nycKax H ocraHoBKax poTopa KaryrxKH o6uorNu nos6yx<-
AeHHfl Suxcupyrorcr B paAHaJrbHoM HanpaBJreHHr{. Lns aroro
rlacTo npl{MeHflIoTcfl c[HpaJIbHbIe npyx(HHbr cx(arufl, yToureHHbre
B CnerlHaJrbHbrx na3ax o6oAa no AJTHHe Kary[reK Ha paccrofHHH
npr.{MepHo 200 I'arra Apyf or Apyfa. flpyx<uHbr yrrr{parorcfl B roHKtre
craJlbHble urafi6u, HaAerble Ha cepAeqHHK noBepx r.r3oJrsquoHubrx
utait6, u o6ecnequBalor npr.rxr{M KaryrxeK K 6aruuaKaM.

Hexorcpble sapy6ex<Hue Qnprvrn ne [praMeHflroT rrpyx(r,iH, a sa-
KpbIBaIoT H3oJIflIII-IoHHyro ruafi6y roncrofi cra,nnsofi wafi,6oit, Koro-
pyrc npaBapr{Baror K cepAerrHuKy rrpu cx<arofi iloA rpeccoM Ka-
TyIxKe. HeAocrarKaMH raxot? KoHcrpyKrIHH flBJrflrorcfl yBernrreHne
BbrcoTbl noJrroca H cJrox(HocTb cHfTHq KaryrxKH.

flpurraeHflercfl MHofo pa3HoBuAHocrer? KoHcrpyxqufi Mex{noJrroc-
HbIx coeAuHeHufi xaryureK nos6yx<4eHnfl. O6ssareJrbHbrM ycJroBHeM
ffBJlflercq o6ecneqeHne He roJIbKo npoqHocrl,I, Ho H rH6xocru coeAn-
HeHHff. 3rH Asa rpe6onaHHn rracro npHBoAflT K ToMy, r{To Me}Kno-
JIIocHbre coeAHHeHHfl saKpe[Jrf lror Ha o6oAe poropa.
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A.trq yAo6crna pa6or, cBfl3anI{brx co c6oproilr H pas6opxori no-
JTIOCOB, COeAHtreHHfl r l lelKAy KaryurKaMrr pacf lo, lanaror BBepxy o6o4a.

B Hacrofluree BpeMt Ha KoHcrpyr{r{Hro Mex{flo,,'rrccur,rx coeAHHe-
Huli  nepTHKaJIbHbtx ruAporeHepaTopoB c Bo3AyrrrHbrM oxJralKAeHHeM
poropoB r . rMeercn orpacrreeof i  c raHAapr  OCT 16.0.684 195-75.

f lpru BpaureHHH poropa Ha BlrrKr{ KaryrreK 4er?crnyer paArr-
aJIbHO HarrpaBJreHHafl  qeurpo6ex(Haq cni la, HMeloulaf l  npoAoJrr,Hyro
cocraBJlf l Iou{yrc, BocnpHHHMaeMyro 6awMaKoM cepAerrHr4Ka, H Tarr-
reHI{HaJIbI{yFo, Koropafl  crpeMnTcfl  rr3orHyTb BrrrKr.r.  B rr{xoxoAHbrx
Ma[rr.rHax xeerKocrb BHTKOB v cHJrbr rpeHHfl Me)KAy r{HMr4 AOCTa-
TOqHbr, qro6u nporHBocToflTb l{sru6aou{HM ycHJrHflM, a B 6UCrpO-
XOAHbIX IHAPOTCHCPATOPAX I IPHXOAHTCf l  I IPHI \TCHf lTb Ci lCI IHAJIbHbIC
Mepbr nporlrB ugru6a H BbrBopaqHBaHVf BHTKOB. HaU6O"rree yAO6-
uott u He Mellraroutefi npu BbIeMKe noJrr.ocoB flBJrrercq KolrcrpyKr{Hfl,
npH xoropofi KarylxKa yAep)KIrBaercfl cxo6auH, yKpenJreHHbrMr{
B reJre cepAeqHuKa t3B]. Enn sroro B cepAeriHuKe trpeAycrr,tarpu-
BaIOTCfl  MaCCHBHbIe BCTaBKH nO r{ I4Cr ' Iy CxO6 IOJIIOCa. BCraexH H3-
IoToBJIflIOTCfl H3 TO|O >I{e MaTepl{aJra, riTo H u{eKI4, a Ha rroBepx-
HocTu Hx 6anMaKoB TaKx{e i lporaquBarorcf l  KaHaBKH.

f lpurvreuf leMbre B cHHxpoHHbrx MatrrHHax pacf lopKH, Koropbre
ycTaHaBJrHBarcTCff MeX(Ay KaryrxKaMH noJrrocoB, AilF. fHApofeHepa-
TOpOB, HMeIOUIUX 3HarIHTeJrbHyIO aKCI{aJrbHyro AJrHHy, HerrpHeM.r.reMbr.

3a MaJIbIM HcKrIoqeHHeM, Bce coBpeMeHHbre rr . rAporeHeparopbr
BbInoJIHfl lorcr c npoAoJrbHo-rronepeuuort 4eunSepHoli o6vrorxofi.
flpo4o"rrbHyro ee qacrb cocraBJrfllor MeAHbre crepx{HH, o6uuuo
KpyrJlofo ceqeHI4q, SaJrOX(eHHbre B Bb[rrTaMnoBaHHbre oTBepcTHfl
6aruuaxoB cepAeqHLIKa. Maccunuue MeAHbre IroJrocbr-cerMeuTbl no
TOpqaM noJIIOCa HaKOpOTKO 3aMbrKaOT CTepX(HH U BMeCTe C 3, 'ra-
crHqHbrMH Mex{noJrrocHbrMH nepeMbrrrKaMH o6pasyrcr no roprlaM
noJrrocoB ABa 3aMKHyrbrx KoJrbr{a (puc. 10-6) .

l lp" 3HaqHTeJIbHbIX qeHrpo6ex(Hbrx cr.rJrax Mo)KeT oKa3arbcfl,
qro npoqHocrb Aeun$epHbrx crepxuert HeAocrarorrHa Anfl yAep)Ka-
HHfl cerMeHToe. B groM cryr{ae cerMeHTbr AonoJrHHTeJrbHo KperrflT
rurusrauH K Ko3brpbKy ureKH HJ\H, r(aK B 6lrCrpoxoAHbrx fHApo-
reHeparopax, npHMeHqIoT cneqHaJrbHoe Kpe[JreHHe Me>KnoJrrocHofo
y3Jra x o6o4y poropa.

l lpta rpoeKrHpoBarJHH fr{AporeHeparopa, KoHcrpyKrrHf Koro-
poro rpe6yer 3aKpeIIJIeHHfl K o6oay Me>KnoJrrocHbrx coe4uueuufi
o6uorxu nos6yx<4eHuq u 4enanQepuofi  cucreMbr, cJreAyer o6parum
oco6oe BHHMaHHe Ha Hx B3aI4MHoe pacnoJrox(eHr{e, qro6u o6ecne-
qHTb ]Ao6creo pa6ot npn c6opxe H pas6opxe noJr.rocoB H r.rcKJrro-
IIHTb BO3MOXHOCTb 3aMbrKaHHq O6NaOTOK MeX(Ay CO6Oft npU Bpau{e-
Hr4H pOTOpa.

Pocr eAuHuqsofi  Morr{Hocra rHAporeHeparopoB norpe6oea"u co3-
AalHun HoBbIx, 6o"nee HHTeHCHBHbIX cHcTeM oxJra>KAeItHfl o6uorox,
qeM KocBeHHoe Bo3AytxHoe. A.ns o6uorxn crarop a noryrrruro pac-
nDocrpaHeHHe BHyTpHnpOBOAHHKOBOe OXJra)KAeHHe nO4Ofi,  a AJrf
o6rrrorxu nos6yx4eHnfl - QopcnpoBaHHoe Bo3AyrrrHoe. Ec.nH rrpu
o6H.rHoM oxJr ax(AeHHH TenJrooTAarra KaryrueK nos6yxAeHHfl rrpo-
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HCxoAHr c Hx HapyxHof i  6oxosof t  noBepxHocrH, ro npH Qopcupo-
BaHI{oN'l  oxJlax{/ larcl l lHf i  Bo3Ayx oMbtBaer He ro, lrbKo o6e 6oxogure
noBepxrrocrH,  r ro  H npoxoAHT i lonepeK npoBoAHHr ioB o6MorKH qepe3
MIIOrOqHCJIe l lHb le  KaHa"r lb I  B  BHTKaX VJIL |  Me lKAy HHMr{ .  Ann CO3Aa-
r i r { f l  Tar {HX noToKoB Mex{Ay cepAer i r {HKoM r . t  KaTyuKof i  npeAycMaTpH_
Baercr  r {pyroBo i i  3a3op t r rHpr {Ho i i  20-25  MM,  KyAa nor raAaer  BO3-
Ayx I ' I3 o6Bna. Vs 3roro KaHai la Bo3Ayx npoxoAr.rr  nonepeK BHTKoB
B MeX{no, ' t }oct{oe npocTpat{cTBo.

HssecrHr,r  ABe KoHcrpyKr{HH Kary[reK Bo36y]KAeHuf l  c nonepeq-
HbIMH OXJra>KAaTOUIHTVTH KarraJr aMH. Karyu_rxu nepBor? Kor icTpyKur. iH
HaMarblBalorcr I ' I3 o6uqHof i  tuhl- tHoft  NreAH, a nonepeqHbre KaHaJrbr
o6pasyrorcn ycraHoexoi i  Mex{Ay BHTKaMH [poKJraAoK. f lpox.rraAxu
npeccylorcf l  H3 H3oJIf l t { i IOHr{oro Marepr.rarrra BbrcoKori  npoqHocTH
v HMeror Qoprry, o6ecneqHBaFouryrc Hx SHxcauHro Ha eHixe. f loa
npeccoM K_aryutKvr crf l f l / .Barorcfl 6aHAaxaMH, qro npuAaeT HM MOHO-
rrurHocm [50].

Bropax KoHcrpyKL\Hf l  KaryueK, Halr6oaee pacrpocrpaHeHHaf l ,
BbrnoJrHf lercf l  c npHMeHeHHeM MeAH i lepr.roAHqecKofo npoQu"rra

(p"c .  l0-7) ,  r roJ lyqaeMoro r ryreM r rpoKarKH.  Kaxasrr? BHroK raxof i
KaryuKH cocroHT Hs AByX nO"rOC MeAH -  C nepHoAHqecKr{M npooa-
JI€M u o6ltqnofi  raxofi  x(e IxHpHHbr. Ha orAeJrbHbrx yqacrKax sru
i loJlocbl no 6oxoBblM nJlocKocrqM cnaHBaroTcr cepe6pnHbrM npurtoeM.
Karyrur<a HMeer nprMoyroJrbHyro Qoprury, a ee Br.rrKH cBapeHbr H3
qerbrpex orpe3KoB no yfJraM. o6HqHaq HaMorKa noJroc c nepHoAH-
r{e_cKHM npoQunena HeBo3Mo}KHa, TaK KaK npl4 oTOM HeHS6eXHST
o6pnnu Ha 3aKpyr{eHHbrx yqacrKax B ToHKof i  

-  
qacru MeAH. Burxo-

Bafl ,  H3OJIf l I I I { '  HaKJIeHBaerCq Ha nJrocKHe IOBepXHOCTH BHTKOB, 3a-
TeM, KaK o6uvl to,  KaTyIUKH npeccyrorcf f  H npno6peTalor MSHSJTHT-
HOCrb. Karyruxn eropol i  KoHcrpyKr{HH nO cpaBHeHHro c nepeof i
AaroT BO3MOXHOCTb 3a, ' rO)KHrs 6olutue MeAH B TOM X<e O6teMe, TaK
KaK BO3AytrJHbre KaHaJrbr B HHX OTHOCHTeJTbHO HeBer ' rL{KH. KpOrr,{e
TOrO,  B  HHX I ,OCTHfaeTCf l  6O, r r r ruaq paBr roMepHocTb HarpeBa i lo
BbrcoTe.

Halu. lue 3a3opa 20-25 MM Mex{Ay xaryurxol i  H cepAeqHHKoM
Bbr3brBaer ueo6xoAHMocrt  SuxcHpoBaHH' KaryuKkr,  A[r f l  qefo B 3a-
3op sa6Heaercq HecKoJtbKo pacnopHbrx KJrr{HbeB, BbrnoJrHSHHbrx H3
I {3oJ I f lU I {oHHoro  MarepHaJ la .  Hecuorpx  Ha 3HaqHrensHsr r t  QHxc l lpo-
BaHHstf i  sa3op, cepAeqHHK noJl loca npH $opcl lpoeaHHor? BerrruJrf l r IHtr
neo6xoAHrr,ro H3oJrr{poBaTb 6olee Tu{aTe"rrbHo, qeM rrpH xoceeuHorl ,
TaK KaK BMeCTe C OXJIaX(AaIOUIHM BO3AyxoM Bo3MO)KHO 3aCacbrBa-
HHe cJIy ' Iaf tHl ' lx  qacruU H nepeKpbITHe Hanpsx{eHHfl  r ro noBepxHocrr . r
r{3oJrflr{HH KaryrrrKH 14 Ha cepAeqHHK. l lOerouy, KpoMe HaAeBaHHfl
H3OJrrrlf iouuofi rHJrb3br Ha cepAeqHHK, q.HyrpeHHflfi noBepxHocrb

Prrc.  l0-7.  I lo ; roca MeAH nepnoAuqecKoro npo$l r .nn



6auruaxa 14 Ko3brpbKoB uleK AonoJrHHTe/rbr{o o6xneHeaercf crel(-
rsunoi r  rKaHbro I I  ac6ecrosof i  6yuarof i .

Tox nos6yx4er{I4q, nuraiourHft KarytuKH norrccoB, noAaeTcfl
qepe3 cKorb3fl l r{ t{e Kor{TaKTbr Me)KAy pacIIoro>KeHHblMH I{a ocH po-
TOpa KOHTaKTHbTMH KOJTbUaMH H y foJrbr rb IMH U{eTKaMl { ,  pa3Meu{e l l -
nbrMH Ha rpaBepce BoKpyr  KoJ IeU.  To i ionoAeoA or  KoHTaKTHbIX
Ko/TeII  x o6uqrNe eos6ylKAeHHr Bbrno/ ' IHtreTcq r4g MeAHbIX H3oJIHpo-
BaHHbrx  r r rnH,  3ar {pe f l r leMbtx  Ha BaJy ,  o6oAe I I  oc roBe poropa npu
noMorrIH Lr3o, ' I f l I {HoHHbIX KoJIoAoK. Kor lqa Moryr pac[oJIararbcf l
I - ra pa3rr l I4qHbIXJqacrKax Ba, ' ra,  Ho esr6paHHoe Mecro AoJIX(Ho 6utr t

]Ao6nunn rJrfl ocMorpa v o6c.ny>xvaarr4fl. rpaBepcbl co ulerKoAep-
>KareJr f lMn Bo BpeMr pa6orr t  arperara.

Ecau roKorroABoA AoJr>KeH npoxoAnTb noA nryaxoft noAnflTltrLKa
t4irvr noAUHrIHHKa, To cooTBeTcTByIOUafl r{acrb IIIHH yTailJIHBaeTCfl
B crrer{HaJrbHo nuQpesepoBaHHbrx rra3ax Bai la v 3aKpenJIreTcfl
K, ' IHHbflMH. O6r,tquo yqacroK Bai la, Ha KoropoM pacnoJlaraloTcfl
na3br, cJrylKHT AJrf pa3MeilreHr.{f l  ynrorueuufi  MacJIf lHbIX BaHH noA-
nflTHHKa HJrI4 ITOAUHnHI4Ka LrJfi4 LrCnOJrb3yeTCfl npH MOHTaX<HbIX One-
p al{Hflx noA ycraHoBKy uH4:nKaropoB. flo srofi npHqHHe oKouqa-
Ter'rr lHar craHor{Hafl  o6pa6orxa Bai la npoH3BoALITcfl  coBMecrHo
C 3AJIOX{CHHbIMH B NA3bI  K , ' IHHbf lMH.

KoHraxrHble Ko/'rblra L{3oJIHpyIorcn or Baila, a rpaBepca co urer-
xoAePxare/'rflx,IH - or Kopnyca.

rnABA OAhHHAAT_IArA'

BOnPOCbT nPOqHOCTTI
u KoJrEs AHUr rhflPOI'EHEPATOPOB

1 1 -1 . OE,l4hE nOJrOlKEHVlfl

Beprnxanruufi  ruAporeHeparop - MatuuHa 6o.ntmnx pa3MepoB
u Maccbr, co cpaBHHTeJrbHo ueerrcoxofi .racroroft BpaII{eHHfl. 3ut
o6croqreJrbcrBa BJrusror Ha MexaHurlecKoe IroBeAeIrHe fnAporeHe-
paTopa, zf c.neAoBareJrbHo, 14 Ha MeroAr,r efo [por{HocrHoro pacqera.
PaccuorpuM KparKo Harpy3Ku, AeficrBylotque Ha ocHoBHbIe y3JIbI H
AeraJIr{ fHAporeHeparop a.

SnexrpoMarnnrHbre Harpy3KH. Hau6o.nee cyulecrBeHHo orn Ha-
rpysKH eosAerlcrByror Ha o6uorKy H cepAeqHHK craropa. S,rrerrpo-
MarHHTHafl  cn[ra, ] IeHfl f lcb c qacrorof i  100 fu, npH>KHMaer
ur,t>xHufi crep)Kesr AByxc"rrofiuofi o6rr,torxu Ko AHy rla3a. Bepxuuft
crepx{eHb Mox{er nu6o npux{HMarbcfl  K HHx(HeMy (ec.nu roKH
B crepx(Hrx HanpaBJreHbr oAHHaKoBo), ,ru6o BbITaJIKI{Barbcf l  I43
na3a (n nporr{BHoM c"rryuae). BsrraJrKuBarouraf l  cvlra AocrHraer
MaKCHMaJTbHOfO 3HaqeHHq npH BHyTpeHHHX KOpOTKHX 3aMbIKaHHf lX
H BOC[pHHHMaeTCf l  na3OBbIM KJIHHOM.

Ec.nu KJIHHbfl ue o6eclequBaror nJrorHoro 3aKpenJIeHHfl crep>K-
ueft o6rr, IorKH B rra3ax, ro Bo3HHKaer nl l6pauus o6uorxr.r .  t lpe3Mep-
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Hafl,  BH6p ar]xf l  npr,rBoAHT K HcTIrpaHHro r{3O/rf lUHH H yCTaJIOCTHOMy
pa3pyrueHHro noJrbrx  oJreMeHTapr{bIX npoBoAI I r . rKoB o6nornu c  Heno-
cpeAcrBeHr{brM BoAfl  HbrM oxJI a}KAeHHeM. t{ro6rr ynJrorHuTb crep}KHI{
B na3ax,  B coBpeMeHHbIx fHApofeHeparopax Hapf lAy c  pax.Vai lb-
HbnvrH na3oBbrMH KJrr4r{bf lMr.r npHMeHqror 6oxoeHe roq)pr.rpoBaHHr,re
npoKJr aAKw c floJrynpoBoAflurl.iM iloKpbrrneN{. 3rie upoKJI aAK:a 3a crrer
cHJr rpeHfix yAepxi i lBaror o6uorxy vr noBbrIrIalor xoaQQuqHeHr
4enanSupoBa HHfl f ipv nn6p ar\Ht4.

B .rro6oeoft qacrn o6tt lorxH noA Ael icrsHeN,{ g, ' reKTpoMarHnrHbrx
criJr Bo3HHKaror nu6pa\r4v c qacrorof i  100 fq. ! ,era, ' rH Kpe[JreHafl

"rro6oeofi  qacrn (npoxn a/.r<r4, 6auAaxHble KoJrbr{a H 6aHAaxHrrr i
urHyp) npe4Ha3Har{eHbr AJrf l  orpaHnr{eHl{f l  arHX nn6paqHr?, a raK}Ke
Li ln o6ecneqeHafl  i lpoqHocrn o6uorNrz B pe>KHMax BHe3anHbrx Ko-
poTKHX 3aMbIKau,uft ,  KOrAa gJIeKTpoMarHHTHbre cHJIbr Bo3pacralor
B HeCKO, ' tbKO AeCqTKOB pa3.

Ha .rro6oByro qacrb o6uorxH BJIHfl I ,oT TaKX{e xo"ue6aHr.rf l  cepAer{-
HHKa. 3.nexrpoMarHr4THbre cIrJIbr npHTfl)KeHr{f l  Me)KAy poropoM \r
cTaropoM, pacnpeAeJreHHbre no oKpy)KHocTH HepaBHoMepHo, nprr-
Aaror cepAerrHHKy craropa po3erKoo6pasHyro Qoprury. Bpauaqcr
BMecre c MaTHHTHbTM noJIeM, BoJIHa AeQopvraI1url  cJry)Kr{T l ipurrH-
Hori  era6pauur? cepAerrHLrKa, qacrora Koropbrx nponopqHoHaJrbHa
rracrore BpaureHur BoJrHbr eeQoplraqufi  r{  LrHcJry BoJrH, yMeuran-
rqHxcfl Ha oKpyx(HocrH.

Brn6paqun cepAeqHuKa cyurecrBeHHo 3aBHcr{T or AJrHHbr BoJrHbr
4e$oprr,r a:q:aft. Oueeu4uo, rITo rIeM 6o.nnrue p.ilLrHa B9JIHbI, TeM
MeHbure conporuBJreHHe cepAerrHHKa aeQopnaHpoBaHHFo H TeM
6o"nrure Mo>xer 6urr aMrrJIHTyAa ero KoJre6asufi. B cBoro oqepeAb,
AJTHHa BoJrHbr aeSopuaqufi  cepAeqHuKa 3aBHcHr or AByx o6croq-
TeJIbCTB: OT AJIHHbI BOJIHbI yCHJrHfl H OT TO|O, npeACTaBJrfleT JrH CO-
6ofi cepAeriHnK 3aMKHyroe KoJrbllo H[rH >xe ero crbrKu u3-ga HX
ocna6.ueHuq cMeuralorcq nu6o IIoBopaqI{Barorcfl orHocLITeJrbHo Apyf
Apyra. B ilepBoM cryqae Kax<Aafi crrHycou Aa ycr4Jrrrfl c HeKoropbrM
rrLIcJroM BoJrH Bbi3brBaer cuHycoHAaJrbHyro )Ke geSopnaarruro c reM
x<e qucroM BOJIH rro oKpyx{HocTr.r. l loarouy MarHr{THoe noJre po-
Topa, r{Meroulee B ruApofeHeparopax 6orsuroe rIHcJro Bo,'rH no
oKpyx{HocTH, He Mox<eT BbI3Barb B Ko,'IbueBoM cepAerIHHKe cr{oJlb-
xo-HIl6yAs 3Har{HTeJIbHbIX nu6pauHii" Ec"uH }Ke crbrKr{ cepAeqHrrKa
oc"na6.ueHrr u oH He npeAcraBJlrer co6orl  3aMKHyroro Ko,rrbrra, To
A[rura BoJrHbr 4e$opnaaqnfi MoN<er HaMHoro npeBbrruarb AJTHHy
Bo.rrHbI ycnJrLrfl,. B sroM cryqae Aax(e ocHoBHafl rapMoHHr{a [o,'ir
poropa BbI3bIBaeT 3HaqnTeJrbHbre nH6p ar\Lrr4 cepAer{HrKa. Vcu.nue
c 6o"nsruofi  4"uuuofi  BoJIHrI Bo3HI{Kaer B pe3yJrbrare B3aHMoAeftcr-
BHs AByx vrJtLr 6onee rapMoHHrrecKHX cocraBJrflrournx HHAyKTTHII Maf-
HpITHoro r loJrf i ,  npocrpaHcrBeHHbre nepuoAbr r(oropbrx 6nwsww Apyr
K Apyry, Aax<e ecJIH arH nepuorbr MaJrbr. Taxyro npnpoAy HMelor
nn6paqr{H cepAerIHHKa npH ,apo6Horra rrr{cJre na3oB craropa Ha rro-
Jr loc u Qasy.

Bu6pauuu cepAeqHnKa Bo3HHKaIoT TaKX{e npu acHMMerpLrH Mar-
nL{THoro I ioJIf l  B Bo3AynIHoM 3a30pe, BbI3Bartuof i  3alvtbrKaHner{ o6-
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MOTKH BO36yX(AeHHf l  B r raCTH nOJTTOCOB HJrH HC'paBHOMepr{OCTbtO BO3-
A) / ruHoro  3a3opa .  B  cno lo  oqepeAb ,  H( rpaBHoMepuocrb  3a3opa  Moxer
BbI3b IBaTbCf  SKCUeHTpHqHbIM nOJTOX{eHHeM pOTOpa  OTHOCHTeJTbT{O
craropa H orKJIoHeHr{eM poropa HJrH craropa or  r ipyrosor i  Qoprurs l .
Or  npt { t { r , rHbr  acHMMerpHH MaTHHTI{oro nor ' r f l  3aBHCr{T qacrora Bo3-
6y* l raMbrx B cepAeqrJHKe nrr6pauHi i :  npH 3aMbrKaHHv r racr t  r io . r r ro-
coB,  aKcr{eH"pHcHTere poropa Hi lH orKJroHeHHH ero or  r {p) / roBoi r
Qoprr , ls r  qacrora nu6paryuf t  cepAeqrrHKa paBHa v i lLr ,  KparHa qacrore
Bpau leHHq po ropa ,  a  npu  neNpyroeor i  Qopue  c ra ropa  Bo3Fr l {Karc r
nrz6p aWV nonrocsof i  qacrorbr .

l lprE acHMMerpHI.r MarHHTHoro noJrr cr i , ' rbr 83ar.{ruoAeficrer.rs
l i le)KAy poropoM H craropoM i lpHBoAfrcf l  K paBHoAer?crnyrcu{el i ,
KoTopyo Ha3blBaror  ca. ryo l i  oAl rocropoHHero MarHr{ rHofo npur f l }Ke-
Ht4f l .  3ra cuJra eosAer1crByer B ocHoBHoM Ha porop w HarrpaBJrrro-
ulne [oAuiHrrHLrKH. Eclu cxeMa 3au{r.rrbr reHeparopa AonycKaer pa-
6ory npa 3aMbrKaHlrH o6uornn nos6y>x4eHuf l ,  To BTopoe 3aMbrKa-
HHC MO)KCT I IPHBCCTH K TOMV.  I ITO NOJIOBH} IA NOJITOCOB OKA}KCTCf l
o6ecroqennol i .  f lp" oroM eoiHuxHer cLIJra oAHocropoHHero rrpHrf l-
>KeHHfl,  B 5-8 pa3 npeBbrularouafl  r{opMaJrbHyro. Taxofi  c, ' ryuafi
HMe. [  MeCTO B I ]paKTr. rKe 3KC'nJIyaTaUHH 14 npHBeJr  K CMf iTt r ro  onop-
Hbrx 6onros Hanp aBJtRrourero no1rxunHnKa r r  3aAeBaHr, r to  porop a 3a
cTaTop.

Cerner{ rbr  cepAeqHHKa c ' raropa HaHr. r3aHbr  Ha pe6pa,  [pr4BapeH-
rlble K Kopnycy. I loerolay nH6p aLrLrH cepAeqHHKa nepeAarorcrr Ha
pe6pa u vx cBapHble Ir IBbr. l lp" AJrHreJrbHo AeficrByrournx 6onsurux
eu6pauuax cepAeqHLIKa Bo3Mo)KHo pa3py[ reHne cBapHbrx coeAu[re-
wvti ,r  H Aa>Ke JrHcroB cepAeqHHKa B Mecre coeAuHeHr.rf l  c pe6paMa.
Taxae noBpe)KAeHHfl pa3BuBalorcf l  fJIaBHbrM o6pasorra s6nwew oc-
.na6neHHbrx crbrKoB cepAeqHuKa craropa.

KpyrsrqHfi  MoMeHr neHeparopa. Kpyrqulrrr i  MoMeHr co3Aaercf l
TaHfeHI{HaJIbHbIMH aJIeKTpoMarHHTHbrMH cHJraMH, Ael icreyrcuIHMH
Ha porop H crarop. C cepAeqHwKa craropa MoMeHr nepeAaercr Ha
y3Jlbr efo KperJreHHfl r{ AaJree ua .SyHaaMeHr.

Ha porope xpyurqur? MoMeHT B ycraHoBuB[reMcfl  pe]KrrMe pa-
6oru ypaBHoBerrrHBaer Bpau{anunfi  MoMeHr ryp6uHsl.  Sru Mo-
MeHTbI 3aKpyt{HBaFor BaJI v 4eQopnaupyror B ropu3oHra.ntuoi i  nJro-
cKocrn ocroB poropa ruApofeHeparopa. Hapi6onee cJr a6anvtpt B or-
HotrreHua 4er?creux Kpyrflu{ero MoMeHTa flBJrflrorcr B porope y3,'rbr
KpeureHHfl ocToBa K BaJry, a TaK>Ke MecTo coeAHHeHHf Ba.[oB Typ-
6unur  H  reHepaTopa .

fIp" BHe3anHbIx KoporKHX 3aMbIKa HHflx 3neKTpouarsurssrft
MoMeHT Bo3pacraer  s5-7 pa3 no cpaBHeHuro c  HoMHHaJrbHbrM H Top-
MO3I{T porop feHeparopa,  TorAa KaK pa6oqee KoJreco ryp6untr  npo-
AoJI)Kaer Bpaqarbcf l .  B pe3yJlbrare Bo3HHKaror KpyrnJrbHbre r(o,Te-
6asus Bai la  u  ocroBa poropa reHeparopa.  XapaKrepHort  oco6eHHo-
crblo fr{APoarpefaroB f lBJrfercf l  To, r{To porop feHeparopa r lo Macce
H AnaMerpy B HecKoJrbKo pa3 6o.nt rue,  qeM pa6ouee KoJreco ryp-
6uuu. I4x AHHaMHqecKHe MoMeHTbr Hrreprruu orraqarorcf l  B Ae-
cqrKn pa3, 6aaro4apn qeMy ynpyruf i  MoMeHT, cKpyr{HBanulnft  Ba.rr
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u ocroB poTopa,  B pexHMe BHe3anHOfO KOpOTKOTO 3aMbrKaHHf l
o6 l rqHo r re  npeBr ' r ruaer  5  7o HoMHHa"rrbHofo Kpyrsu lefo MoMeHTa.

B crarope,  I tanpornB,  r {a  y3JIbr  KpenJrcr { r . l f l  4er icreyer  MoMeHT,
xoroplt l i  MolKer npeBbr[Iarb 3JleKTpovarunrusrft  MoMer{T npH BHe-
SanHoM KoporKoM 3aMbIKaHArt .  Be" IH. IHHa npeBbr lueHuf l  3aBrrcHT or
y f lpyfHx ceor lcre cHcreMbr crarop-QyHaaMeHr.  B pacqerax AHHa-
MIIqeCr{Oe yBerHqeHHe MoMeHra npHHHMaercf l  oKoJo AByKparHofo.

I{eHrpo6ex(Hble cHJIbI.  t{eurpo6e)KHbre ycKopeHHfl B rr{AporeHe-
paropax AocrnrarcT 1000 g,  H I IMI{  orpaHr{qHBaercr r  3HaqeHrre l \va-
Merpa poropa.  Hau6o,nee l lar l ly )Ker- r r {brM oKa3brBaercf l  o6oA poropa,
B_ocnpuHuuarouruft qeurpo6exiHyro cuJry rroJrrocoB rr, co6creeHHyro.
Cpe4uue Harpf l )KeHHq or  3rHX cHJr  B c .na6ou ceqeHHH o6ola onpe-
AeJIf l ioT ero npoqrlocrb. Kouueurpaqprs Hanpfl)KeHl.rr i ,  Bbr38aHHafl
Harr{rrHeM orBepcruf i  Lr na3oB e o6oAe, He BJrHfler Ha efo Hecyurylo
cnoco6Hocrb, IIoKa [fiacrnrrHocrb npr.rMeHfleMblx cra.ueli ocraeics
AocrarorrHo Bbrcoxofi .

Ao 1960 r .  cerMeHTbI  u IHXToBaHHoro o6ola uraMrroBaJrucb ng
craJru c npeAeJroM reKyrrecru 240 MlIa u auuer?uaq cKopocrb Ha
noBepxHocrl'I noJIIocoB npl{ yroHe He npeBbIrIaJ'Ia 120 ttlc. flepexo4
Ha craJlb c IIpeAeJioM TeKyqecra 320 MlIa no3Bo,rruJr yBerurruTb
.urauefiuylo cKopocrb Ao 160 rur/c, oAHaKo BnocJreAcrBHH norpe6oea-
Jlocb ee AaJrbnefiuee rroBbrrxeHue Ao 170-175 rur/c. floalouy n ilo-
cJIeAHI{e roAbl rpl{MeHflercfl craJrb c rrpeAeJroM reKyqecrn 500 MlIa.

B Apyrux y3Jlax poropa qeHrpo6e)KHbre cuJrbr raKx{e Bbr3brBaror
3HaqHTeJrbHbre Hanpfl>KeHHfl.  Hau6o,rrbl l rHe rpyAHocrH npeAcraB-
JIreT KpenJIeHHe cIIHII poropa K ero qeHTpairtuor? qacrr{, a raKx(e
B BbrcoKoo6oporuux feHeparopax KperJreHHe AeMnQepusrx cefMeH-
ToB, MelKloJrlocHbrx 14 Mex(AeMn$epuux coeAHHeuni,t.

Becosaq Harpy3Ka. Bec KpyrrHbrx BepruKaJrbHbrx rHAporeHeparo-
poB AocrHfaer 16-lB MH, a Bec Bpau{atotrruxcf l  qacref i  7-9 MH.
E.naro4apn BeprHKaJIbHoMy pacnoJro)r{eHuro BaJra feHeparopa Aefi-
crBue Beca He BbI3bIBaeT B HeM nepeMeHHbrx Hanpfl>KeHHft,  TaK rrro
onacHocTH ycTaJrocTHofo rroBpex{AeHHfl BaJra norrTH HeT.

AericreHe Beca cKa3blBaercr f lpe>xAe Bcero Ha olopHbrx rracrf lx
reHeparoPs, Ha Koropble KpoMe Beca 4ericreyror oceBbre rHApaBJrH-
qecKLIe HarpysKu or pa6ouero KoJIeca ryp6rlHsr. Cyrrarra ap*afl oce-
Baf l  Harpy3Ka Aocrsraer  30-35 MI{  u  uocnpur l rMaercf  noAnf l rHr{ -
KOM 3a CqeT AaBJIeHHfl,  pa3BHBaroulefocf B ToHKoM CJiOe CMa3KI{
Mex{Ay Bparqarcu{efics u HerroABHxHori qacrflMr{ noAnflTH HKa.
C noAnrrHHKa HarpysKa nepeAaercf l  Ha $yu4alaeHr qepe3 Bepx-
HIOIO KpeCTOBI.rHy B [I_O_ABeCHbIX feHepaTOpax vJrrl KoHHirecKyro
onopy - B 3olITHrIHux. Xecrxocrt KpecroBuHbr r{,rrr{  onopbr AoJrxir{a
6rtm AocrarouHofi ,  .rro6si nH6pal l , lzH oriopHbrx qacref i  He rrpeBbr-
r rar rH sHarreHuf i ,  HopuHpoBaHHux fOCT 5616-81.

!,er?craHe Beca Aeranefi  cKa3blBaercf l  TaKlKe npu prx lr3roToBJre-
HHr4 H TpaHcroprHpoBaHHH. BosuHraCIu{He npr4 gioM 4eooplaarlHr{
He AoJi)KHbI Hapytl laTb npaBHJIbHoro QyuxqHoHi{poBaHgf AeTaJrH.

TepmnvecKne Hanpfl)r(eHHs u peQopM&rlun. Kai< npn r{3roroBJre-
Hr4r4, TaK U B npoqecce 9KCIIJIyaTaIIHTT y3Jrbr H AeraJrH rHAporeHepa-
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topa noABepfalorcfi  HarpeBy. IIp, cBapKe HarpeB Bbl3brBaer B H€r(o.
Topblx 3ot{ax Aera.ueti Hanpflx{erlufl ,  npeBocxoAflrqrie npeAeJr reKy-
qecrH, TaK qro nocJre ocrbrBaHHfl cpa3y yi ln ci lycrf l  HeKoTOpoe
BpeMq Aera/rb npHo6peraer ocrarorrHsre 4eSopMauHH. Hecnaorpf l  Ha
npLIHflTHe ci leuHaJIbHbIx rexHoJrofHrlecr{HX Mep, neo6xoAHMocrb
yMeHb[reHHf ocrarorrHbrx aeQopuaqHfi HHofAa AlrKryer pa3Mepbr
(oco6eHBo roJru{Huy) r,eraJrr4.

B npoqecce eKcuryararrr{H TeMneparypa MHoTHX ysJroB ruApo-
feHeparopa Mo)Ker npu6"rruxarbcf i  K 100'c. Taxofi  HafpeB conpo-
Bo)KAaercf l , '3HarIHTeJIbHbIMH 4eQopuarIHflMH, a ecJnr KoucrpyKr{Hrr
orpaHLIqHBarcT vx, To u Hanpfx(eHlrf lMu. B qacrHocru, Lr3BecrHo,
qro HafpeB cyuIecTBeHHo BJrHfleT Ha COCTOflHHe CepAeqHHKa CTa-
TOpa: c pocroM HafpeBa nu6paqur cepAerrHHKa o6H.rHO yMeHbua-
Iorcfl. 3ro o6tflcHrercfl y[JIorHeHI{eM npn HarpeBe 3a3opoB B crbr-
Kax ceKTopoB cepAerrHuKa, a raKx(e Sa3opoB MelKAy cepAer{HHKoM
Lr p96p aurr, Ha Koropbrx oH 3aKperJreu.

Kponae grofo IIoJIox(HTeJIbHoro *ilr4flHr4fl, HarpeB oKa3brBaer Ha
cepAeqHHK vr orpl{qareJlbHoe BJrHflHHe. Tax KaK cepAeqHHK Harpe-
Baercfl 6onilue, qeM Kopnyc, To Mex(Ay HHMH BO3HHKaer paAr{aJrb-
goe ycuJlple, pacTsfHBalouee Kopfiyc u cx(LIMaIoUee cepAeqHuK.
PacrsrnBaloqee ycHJIHe nepeAaercfl Ha rrrn?rJrbKu, coeAr{Hflrorque
ceKropa Kopryca Mex(Ay co6ofi, u npfi HeAocraroqHofi npeABapH-
'rgtlgotl SaTfx{Ke IITnHJIeK BbI3bIBaeT ocna6.ueuue nJlorHocru crbl.
KoB. Cxuuarcqee cepAeqHHK ycI{JIHe Bbr3brBaer yBergr{eHue Kprd-
RHsHbI (<<no.nutt>) naKeroB cepAeqHuKa 14 o6paaoeaHue H3JroMoB
(..AouuxoB)>) n6nnsu crbrKoB ceKTopoB cepAerrHvr<a. <<Bo.nsa>> Lr
<<AOMHKH)> OTpHqaTeJIbHO CKasbrBarOTCfl Ha UTOTHOCTT4 npeCCOBKH
cepAeqHnlr^a.

fugpannnrrecKue ycr{Jrnfl B ryp6nHe. Kar y)Ke orMerraJrocb,
B oceBoM HanpaBJIeHHH Ha BaJI reHeparopa 4eficrnyer rHApaBJrutre-
cKoe ycnJrr{e, Bo3Hr.rKaroqee Ha pa6oqeM KoJrece ryp6uHbr. 3ro ycll-
nue 3aAaercff I{BforoBHTeJIeM typ6uHu n yqurbrBaercfl ttpn pacqere
noAnflTHHKa Lr ouopnofi KpecToBr.rHbr reHeparopa.

oAuaxo, KpoMe grofi nocrossHofi cocraerRrculefi, Bo3Mox<Ho
H aJIHqI{e nep eMeHHbIx cocTaBJrfl roulHx f HAp a gfl r,rqecKoro ycr{Jr Hf , Bbr -
3bIBaloulwx nu6paqurc KpecroBI4HbI. B ocHosHoM 9To cocraBJrflFoulne
o6oporHofi  r{acrorbr, a raKxe qacroTbr, panuofi  o6oporHofi ,  yMHo-
xeHuoll Ha rIHcJIo Jloflacrefi pa6oqero KoJreca ryp6uun (rax Ha3br-
BaeMafl  JlonacrHar r lacrota). Or gTr{x qacror orcrpar4Barorcs co6-
crBenHbie rracrorbr BepruKaJrbHbrx xo.ue6 anuft poropa rnAporeHepa-
ropa.

11-2, NA3OBA' L{ACTb OEMOTKh CTATOPA

Ha crepxHn o6uorxu craropa B nasoeort tracrn 4eficrnyrcr
P aAuaJIbHbIe u TaHfeHIIHaJIbHbIe gJreKTpoAHHaMIrqecKHe cuJrbr. Pac-
cMorpHM cHar{aJla paAHaJIbHbre cuJrbr, gef icrnynu{He Ha crep)KeHb
AByxcJroriHofi  o6uorxu, nex<au1efi  Ha AHe ra3a (puc. l l -1) .  Ann
ynpoureHHfl Ao[ycrHM, rrro roK paBHoMepHo pacnpeAeJrflercfl no
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nJIoqaAH ceqeHufl crepx{Hefi. TorAa
HLIlKHero creplKl{q dx na paccrof lHl ' In

XOALIT TOK

qepe3 SJIeMeHTapHoe ceqeHl'{e
x or  uHxHei t  ero rPaI{H npo-

Lx dx,

,/
fAe h BbICoTa CTep)KHfl 6eS H3OJIt{IIHH; ir,  -- tON B HH}KHeM

creplKHe.
CpelHxn r4HAyKr{Hfl  no[epeqHoro Marl{HTHoro I IoJIf l  B ceqeHHH

dx, cosgaBaeMoro roKoM i* (e npeHe6pelKel lnl l  MarI lHrHbIM coi lpo'

TrdBJreHHeM CTail :n craropa),
paBHa

B x :

rAe bn - I I IHpHHa [a3a, cM;

l-lo - MarHI'ITHas nPoHHIIae-
MOCTb Bo3Ayxai [ro:
: 4  n .  10 -7  fH /u .

3.rr errp oAI{ H a M I{rI ecK a fl c I'I -

Jr&, 4efictnyrculaf Ha gJIe-

MeHTapHoe ceqeHHe HI4XHero
crepx(Hf,

dfn:B*i r :+ f"  +-  (11- l )
b n " h z Puc. l1-1. K onpeAenegglo ycunnfi o naey

I4Hrerpupyfl BblpaxeHl{e (11-1) no .r or 0 Ro h, uafiAeM eJIeK-

TpoAHHaMHqecKyIo cHJIy, co3AaBaeMylo ToKoM iE 14 AeficrByloulyrc
H-a eAHHI{Uy AJII4HbI HHx{Hero cTep}KHf B na3y:
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Torla cfiJra, a,eficreyton{afl Ha gJreMeHTapHoe ceqenr.re BepxHero
crep)KHfl dx', cocraBLIT

Cy rur rr,r apH afl gJr eKTp oAr.rH a M HqecK afl, cprJra, Aefi crByroqa fl H a eAH -
t1s[Y AJtHH.br BepxHefo cTepxHfl B na3y,
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h r )

i " : *

lTs in(2<o/*p) ] ,

a,

t B

(,","-+)
l lpH cr.rMMerpraqHofi  Harpy3Ke roKH B crepx{Hrrx, Jrex<au{HX

B oAHoM na3y rr,  [pHHaAJrexauIHX pasHbrM Qasau, cABHHym,r or-
HocHTeJrbHo Apyf Apyra Ha yroJr nl3. B aroM c, 'ryqae MfHoBeHHafl
gJIeKTpoAHHaMlir{ecKafl cwila, 4ericreyrculafl Ha eAHHprrIy AJrHHbr
Bepxgero creplKHs, Moxer 6urn onpeAeJreHa no BbrpalKeHHFo

f " -#, ' - [ r*
rAe sin q : tf +lZ , npnqeM

is :  I  *s in col ; in : I  *sin (of :L n/3).

Cuna f" sHaxonepeMeHtafl v uMeer ABa MaKcHMyMa. f lo.noxu-
re.rlrHufi MaKcHMyM cooTBercrByer claJre, ilpr4x(r{Marculefi eepxHHfi
cTepxeHb Ko AHy na3a, 14 onpeAeJrfleTcf BbrpaxeHHeM

fu -- 1 ,16 -l!o- 12*.
' b n

Maxcut"talrb*afr, orpHuareJIbHaff cuila, BbITaJTKI{Ba}oqafl crep-
xeHb r43 rra3a, paBHa

l " :  -0,16 + F*.
0 n

il.nn nprlMeHrrerr,tofi o6rt.rHo AByxcJrofiHofi rpex$aenofi o6irromu
cTaTopa c yKoporIeHHbIM HJILI yAJIHHeHHbIM nepBbIM iIIafoM At i lpH
q nasax Ha noJrroc u Sasy H roeQ$HrrneHroM coKpauIeHHfl ,F Aols
nasoB, B Koropbrx Bepxnnfi, vt HHxuHli crepxHr{ npr.rHaAJrexar pa3-
HbIM Qasau, Mox(er 6um onpeAeJreHa cJreAyrouIHM o6pasou:

T: l+ l  :s( r -P)
3ro nupax(eHne cnpaBeAJrHBo npu p>213. f lpu AHaMerpaJrbHoM

uare ,F:  I  gHaqeHue ?:0 Lt ,  cJreAoBareJrbHo, Bo Bcex na3ax
crepx(Hu npr.rHaAJlexar oAHor{MeHHbrM Sasarra. flp" p < 2/3 Bo
Bcex Ira3ax BepxH{.re r{ HH}KHHe crepxHu npr{HaAJrex{ar pasAoHMeH-
HbrM $asau.
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f IpH pacnoJIolKeHHII B na3y crepxHeft oAHorl Qasn

f n : 12* sin2 at ;
2bn

f  u: # 
f*sin2 ort

CunA, AeI?cTByloUIaq Ha creplKeHb oAHocJlof iuoi i  o6tuorxH, Mo-

)Ker  6u l r r ,  paccul t raHa no Qopr 'ay, re  (11-2) .  np l  o(HoM H roM >Ke

o6telre roxa B na3y AByxcJrol inori  H oAHocJloirnol? o6uorox ycH-

Jrr4fl., ltpHX<HMaIOuIHe suxHprft cTep)KeH^b. KO AHy _I.la3a, y HHX OAHHa-

KoBbr .  Kax  BHAHO H3 Bbrpaxesu l i  ( l  l - 2 )  L r  (11 -3 ) ,  npH pac ro r lox (e -

Hr4H B [a3y crep]KHefi ,  npI{HaAne}KaUIHX oAHoit Qase,. paAHaJIbHbIe

cHJIbr i lyJlbcupylor or HyJIf l  Ao MaKcHMyMa c qacroroft  2f .

CrepxHr.r B na3ax noABepfarorcf l  He roJIbKo paAHaJIbHbIM, Ho I ' I

TaHreHutraJrbHbIM ycHJrHflM, KOTOpbre BO3HHKaIOT I ' I3-3a BbITeCHeHUfl
qacTH MaTHHTHOTO nOTOKa CTaropa B na3bl B pe3ynbTaTe Hacbl l l le '

HHfl  CraJrH 3y6qoB.
Hnayrueiq MarHHTHoro noJrf l  B na3ax Moxer 6rtr l  o[peAeJIeHa

C noMorqblo KpHBbrx HaMarHur{HBaHHr craJlH 3y6UoB c yqeroM BbI-

TecHeHHfl MarHurHoro noroKa B Bo3AyX no cJIeAyIOUIeMy Bblpa-

)KEHHIO:

B n :
Bz  -  B rR

k t -  |  
'

rAe Br- SuxrueHar HHAyKUHfl B sy6t\ax, paccql ' I raHHafl  B cooT-

BercrBHH c o6urenpHHflTofi MeroAHKoft no IIoJIHoMy MarHI4rHoMy

noToKy cTaropa u cer{eHnlo 3y6IIoB; Bzn- AeficrBHTeJIbHaf HHAyK-

IlHfl B 3y6rlax c yrreroM BbrrecHeHufl r{acrn MarHHTHoro noroKa

B [a3bri  ko -orHorreHHe cerreHlrf l  gy6ltoBoro AeJIeHHfi K ceqeHnlo

3y6qa:
ht: tk l(b" l , f )

3Aecr t - sy61loBbrfi uar; b" - 1IIHpHHa 3y6[a; It - noJIHafl

AJTHHa cepAeqHnKa craropa; l"J - eQQexrI4BHafl Anvra c_epAer{Hl'I-K.a.

f lo.tr isynct xapaKTepncrl lKofi  
-  
HartaarHHqHBaHHg Bzn:f (H"\ '

M9)KH6 paccrlgTaTb npll 3aAaHHbIx ku rL B, AeftcrsgTeJlbHyCI I{H-

AyKUI{!O MarHHrHOfo noJIf l  B 3y6qax:

B z R :  B , -  V o H  r ( f t r -  i ) .

Ha trpaKTHKe paccqnrblBaercf l  H crpoHrcf cepHfl  KpI4BbIx Br:
: f  (H") npH pasrnr{Hbrx 3HaqeHHflX ku, qTo IIo3BoJIf leT aBToMaTH-
I ICCKU YTIHTbIBATb BbITCCHCHI,IC MATHHTHO|O NOTOKA B NA3bI.

MryroeeHHoe TaHreHIIHaJIbHoe ycHJIHe' AeficTByFou{ee Ha eAH-

11HrlY AJIHHbI CTepx{Hf B na3y,
A

f ,  -  L Bnl  *s in col  s in (col*  Q) :
J\

-  2 '3n/-  
[cos Q-cos (2r; , t  + ! , )1 .

f i ; r

3Aecr $-yrOJI MexAy BeKropaMI.I 3AC H roKa B creplKHe"

8*r

Po ( l  1-2)

(r  l -3)

(1 1-4)
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Kax BHAHo HB BblpaxeHHq ( l l -4) ,  e  raHreHr l r . raJrbHoM ycr4Jn4r4
uMeIoTCq ABe COCTaB"[ f f rOrr lHe:  I rOCTOf lHI ia f l  V nepeMeHHaf l  C r raCTO-

rofi  2f . l lp" r| l :0 ycurrHe HMeer nyrrbcnpyroqrlr? xapaKrep H crep-
)KeHb [pu)KHMaercq N 6or<oeoi i  creHKe na3a no HanpaBJreHHro Bpa-
u{eHnfl poropa. Moxer 6lrrr, c,nyuali,  KorAa eepxnuii v suxHHfi
cTeplKl{rr ,  Jre}Kau{he B oAHoM lra3}/ ,  HcfrbITbrBaIoT B OAHH MoMeHT
BpeMeHH Tar{ feHql4aJIbHbIe ycvIJrLl f l  B npoTHBOrroJrO}KHbrx HanpaB-
JICI]I,IflX.

I4snecrHo, qro B rrpouecce eKcnJryarauun noA Aei icreHe[a Ha-
rpeBa v ny"rrrcHpyrolqnx ycunufi  Bo3r\{o}KHo Bo3Hr{KHoBeHHe ocra-
rorrHbrx aeQopu arluft  (ycaaSu) crepxuefi ,  BcJreAcrBHe r{ero MexAy
creplKHeM H [a3oBbrM K/rHHoM o6pasyrorcf l  3a3opbr, T. e. Ha HeKoro-
poft A/rHHe creplKeHb i lo,ryqaer ceo6o4y nepeMeuleuui i .  B srr lx
ycJIoBlIf lX paLldalrbLrafl  n TaHTeHIIHaIIbHAf 3JTeKTpOAHHaMHqeCKHe
cHJIbr nos6yx4aroT eu6paquro crepxueli B rrpeAeJrax HMerouruxcfl
3a3opoB. t lro6rr ynJlorHurb crep)KHr4, a raKx{e c qeJrbro npeAorBpa-
I I IeHHfl npOUeCCOB HOHHSAI\WV BO3AyXa Me)KAy Crep)KHflMH Lr CreH-
KaMH na3a, B HacToflu{ee BpeMf B KpynHbrx rHApofeHepaTopax
s 6oxoeori  sasop Me)KAy crep)KHflMH r.r  rra3oM ycraHaBJruBaror BoJr-
HHcrbIe npoKJraAKH Hs rroJrynpoBoAflu{ero creKJroreKcroJrr,rra. 3ru
[poKJIaAKr{ npH>KHMaTOT CTepN{eHb K CTeHKe na3a V 3a CrIeT CV[r
TpeHHfl yAep)Kr{Baror ero or nra6paqrafi. flranneHue, Koropoe co3Aaer
BOJrHr.rCTafl npoKJraAKa, cocTaBJrfleT oKoJro 200 xIIa rti lv, npH BbI-
core crep)KHfl 0,05 M, ycHJrHe l0 xH sa Merp AJrHHbr crep>KHr.f lpu
aM[JIHTyAe roKa B crep)KHe I*:5 xA v [rHpI{He na3a bn:3 cM
MaKcI{MyM oJleKTpoAuHaMraqecxor? cHJrbr no Bbrpa>KeHuro (11-7) co-
CTABHT

|  , 5 ' 4 n ' l 0 - z  
*

3 r

T. e. 15 % ycr4ltr4r,  pa3BnBaeMoro npoKJra4xoft.  Tar xax cHJIbr rpe-
nun AeitcrByror Ha AByx rroBepxHocrflx, ro rrpu roaSSuqr{eHre rpe-
HHfl,0,075 u 6o.nnure oHr4 yAepx(HBaror creplKe.Hb or su6pauufi,
B HoMHHaJrbHoM pexr{Me pa6oru fuAporeHeparopa.

1 1-3. JIOSOBA' T{ACTb O6M OTKV, CTATOPA

AHa.[Hs MexaHHqecKofo cocToflHug. no6oe'of i  qacru o6uorKn cra-
Topa paina4aercf l  Ha ABe cpaBHHTeJrbHo HesaBHcHMbre gaAaqu:
otrp eAeJIeI{ He gJr eKTp oAH H a rvr Hqec KHx y cunui,t AJr fl p a 3Jr HqH brx p eN{H -
MoB pa6orn ruAporeHeparopa 14 pacrrer eu6p atxufr,  I4 HanpqxeuHfi
e o6[aorKe.

Ans peueHnfl  nepeorl  3aAar{H Heo6xoAnuo sHaTb MarHHrHoe
noJle B 3oHe pacnoJrolKeHufl  .ro6oeurx qacrei i  o6uorxu. 3ro MaTHHT-
Hoe IIoJIe npHHflTo [peAcraBJrrrb KaK pe3yJrbrar cJrox{eHufl  nonefi ,
BbI3BaHHbIX TpeMfl npr.rr{HHaMH: ToKaMH B no6oeort qacrr.r  o6uorxu
craropa, ToKaMH B .tro6oeofi  qacrn o6uorxu poropa H TopqeBbrM
BbInyqLIBaHHeM ocHoBHofo MarHHTHoro noJrf i  MaIIIHHbI. Taxoe cJro-
)KeHHe c[paBeAJrHBO npl{ trocToflHHoM MaFHHTHoM ConpO',rHBJIeHr.lJr
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$eppOuarHHTIIbIx Macc, eTo npeAroJIo>KeHHe o6rtquO vr r tpI4HHMa-

ercfl AJrfl pacqeTa ycr4Jrr4i4 B JIO6OBOI1 qacrH o6MorKH.

Ec.nu MarHr.rTHoe noJre l r3BecTHO, TO yCHII4e F, Aef icrByrol l \ee Ha

npoBoLI iHK f fnprr lof i  d l ,  c ToKoM i t ,  onpele"rr t leTcf l  I43BecTHOiI  Qop-

MyJroH

F :  l r  (d l1  x  B) ,  (11-5)

fAe B - UUgyNUvtn MafHHTHOfO nOJIf l  B TOqKe, rAe OilpeAe'r l feTcfl

CVJIA.

Eng yr leTa TOpI IeBOpO BbinyqgBaHHf l  OCHOBHOpO [O" ' I f l  i lOCTy-

f iaror c,, IeAyIoUtIM o6pa3oM. KaxArtf i  surox o6uorxu craTopa LIJIH

poTopa MbIcreHHO Aono,'rHflIOT nepeMbIrIKaMI',I (urrpHxonr'te JIT4HLIIu

i ru  p 'c .  l l -2 ,  a) ,  i lo  KoropbIM nporeKarcr  ABa paBHbIX H nporgBo-

ITOJIO)KHO HaIIpaBJIeHHbIX TOKa; -Kaxi-- \

cKocrH MaITIHHbI. BMecro Aeficrsu-
TeJIbHOiI KarylxKH noJlyqalorcfl TPI4

;.n;ffi""?'J"rypu (p"c. 1l-2, 6): tl lt ll ll
' , d r n m  n n -  i l  l Y  l l  l t

lnf i  H3 roKoB paBeu roKy B .no6oeot:t o) 4 ,., \ .
qacrH naHHoro BHrKa. 3ru i lepeMblq- '7\ 

/ 
\KH pacnoJlaf alor

ABa rpafiHnx KoHrypa saMeHrlor JIo-- ' l  l '  I
6 o e t r e q a c r l a o 6 u o t x H , a c p e A H I I H  I  I  l - -
I lpeAcraBrlner co6ofi KaryrrrKy QIIK- \ i----7 5==7
rneHofi MauIHHbI 6es .[o6oeL'tx qa- 

\r/ V
crefi. Tar< Ka:r^ MAC QuxrunHofi
MaIIIHHbI IIOqTH nOJIHocTbIo ypaBHo- Puc. l l-2. K yqery ropueBoro

BeIII{Baercfl  I IaAeHI{eM MafHI4THofo BbluyquBaHufi- ocHoBHoro noJIf l :

I IOTeHIII, I  AIIA B BO3AyIXHOM 3a3ope' TO a --eutox o6uoff iu; 6 - ycnoe-

y grofi  Ma[IHHbI TopqeBbIM BbInyqH- HbIe KoHrypbl

BaHHeM I IoJI f l  Mo>KHo nPeue6Peun'

ECflU, KpOMe TOrO, TOpIlbI MaIIII ' IHbI CqI' ITaTb 6eCXOger{HbIMH nJIo-

cKocrf lMg 6ee MafHHTHoro conporHBJIeHI,If l  r tJru 6es i lpoHl' IqaeMo-

cTH, TO I {X BJIHf lHHe Ha MafHHTHOe I IOJIe MO}KHO yI IecTb no npuH-

qury 3epKaJrbHoro orpalKeHHfl Bcex npoBoAHI4KOB (QaxruuecKllx H

vcroeurtx) orHocl lreJlbHo roplroB'' -  
Tunrr ra 'o6pa3oM, 3aAar la  cBoAHTcf  K o ' 'peAeJIeHHIo MarHHTHoro

rroJrf l  B Bo3Ayxe, BbI3BaHHOTO TOKaMH npoBoAHHKOB CTaTopa H po-

ropa H l ix orpalxeuttt l .
Ans pacqeTa MaTHHTHOTO IIOJIf l  B 3OHe .[O6Oelix qacref i  o6-

MOTKTT cTaTOpa i lpH yKa3aHHbIX AO[yIleHLIf lx IIpHMeHflIOTCS ABa

noAXoAa, r{crroJrb3oBaHHbre B pa6orax [64, 67]. B nepeoft krc erHX

pa6or Bce ripoBoAHHKH pas6uealorcfl  Ha AocTaToqHo MaJIbIe npflMo-

. r rUHef igUe yUaCrfH, OIIpeAeJIf  eTCf MafHHTHOe I IOJIe,  BbI3BaHHOe

KaxAbIM TaKHM yqacTKoM, a 3aTeM I Io BbIpa>KeHHlo (11-5) BbIr I I4c-

JrflroTcfl r1 CyMMrrpyroTcfl CHJIbI, Aeficreyrculue oT BCeX yqaCTKOB II '

Bcex npoBoAH"^o'". f lpll 3roN4 ocgouoii f lBJlflercs Sopuy'ua Ello-

Canapa
( 1 1 - 6 )
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onpeAeJrfrou{af l  HanpflxeHHocrb MarHHTHoro noJrff  dH, Bbr3BaH-
HO|O TOKOM iz, npOTeKarOUIr.rM rro sJreMeHTapHoMy npoBoAHHKy
dlz, f lonoxeuue roqKn, B r<oropoi i  orpeAeJrf lercr Harprx(eHHocrb,
3aAaHO eAHHHrrHbrM paAHycOM-BeKTOpoM r  I  r .

B pa6ore [67]  roKr i  B no6ost rx  r racr f lx  ryp6oreHeparopa npu-
6.nuxeHuo 3aMer{q lorc f l  noBepxHocr I Ib IMrr ,  Herrpepbrnuo pac i lpeAe-
JIeHHbIMI4 4 HaXOAHTCf l  MafHHTHOe I IO, I re ,  BbI3BaHIIOe 3THMtr  TOKaMH.
Sror noAXoA o6o6qeH H HcnoJrb3oBau A,lrs pacqera vclraaf i  B rur-
poreHeparopax B pa6ore [471.

PaccuorpHM roApo6Hee pacr{er
14 (11-6) .  Cor .nacso

,)

cHrI Ha ocFIoBe Qopuy"rr (  I  1-5)
-6) MafHHTHafl  HHAyr{r luf l ,  Bbr-SopMyrre ( I I

Piac. 11-3. K oi lpeAeJleHuo ycunui,t e no6oeofi.racru: a-oArrH rrpoBorHuK c ro-
KOM;  O- {Ba  npOBOAHHKa

38aHHag np_fli\,roJrHHerlurtu lrpoBoAHHKoM C TOKOM iz, B npor.r3BoJrb-
sofi roqxe M Bo3AyrrrHoro npocrpaHcrBa paBHa no MoAyJrlo

I drl - ff i  dl, sin a,

r a e _ g - y r o r r  M e ) K A y  d l z v  r  ( p u c .  l l - 3 , a ) .  T a x  K a K  l z - - h t g F ,
r:hlcos F, ro

I  dB |  :#cos B dB.

Hurerpr-rpyfl ro ,0 or l3r Ao.Fr, uaxoAHM

l B l : # ( s i n B r - s i n B 1 ) .

Bexrop B HanpaBJreH nepneHAnKyJrf lpHo [.rrocKocru, npoxoAfl-
I{ef i  qepe3 [poBoAHHK u ror{Ky hI.  Ecnu npoBoAHHK pacnoJro>Ker{
no o6e cropoHbr or rorrKH FI, TO yfo/r gr HaAo crrHraTb orpHua-
TEJIbHbIM.
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f lyctl  renepb qepe3 roqKy M npoxoAnr npoBoAHHK' Hecyrqufi
rox i i .  Vcll . tue, Aeiicisyrcu{ee B ToqKe M na eAHI{I{uy AJIHHbI sroro

npoBoAHHr(a,  corJ lacHo sopuy.rre (11-5) 6yaer paBIIO

I  F, l  :  i t  I  B I  s in 41,  (11-8)

fAe Or -  yfoJl  MelKAy gpOBOAIIL1KOM c ToKoM iy H BeKTOpon'r  B'

I4cno.us3yf l  H3BecrHbre SopMynbI aralrvrr4. lecxof i  reoMerpHH, BbI-

pa3HM cwi ly qepe3 KoopAHHarbI KoHIIoB o6oux i lpoBorr,HuKoB.'  
f lyor t ,  

"  
Ar( i r ,  Ut ,  l r r ) ,  Ar '  (xr ' ,  Ur ' ,  z{)  A Ar(xr ,  ! /2,  zz) . ,

Ar'(Xr ' ,  Uz',  Zz')  -  KOOpALII{aTbI KOHI{oB npOBOAHI{KOII c ToI{aMI{ I1

r l  iz '  coor-sercrBel lHo (p l lc .  11-3,  6) .  O6o3HaqI IM:

ax: Xz- Xz,i b * -' X- X',; cx - Xz_- xi

aa : Uz- U.zi b s : !/ - Azi clr ': !/z- lli

Q z : Z z - Z z i  b t : Z - Z z ;  C z : Z z - Z '

Tor.u,a
AA;: (o1* o7+ o2)' ' ' ;
MAz - G\* t?u + r3)',',',;

MAz: (u?* b'o+ b2)'/ ' ;
AzH : l*b** laba + lrb,,

r,u,e /* - a*l (ArAr') i lu-- arl (AtAr') i l ,: a,l (ArAr') '
Tenepr  HaxoAhM

MH - I(M A2)' - (ArH)'lt ''

rBr:#(#:#)
H  r r o  ( 1 1 - 7 )

9ro6u orpeAeJll{rb sin or B BbIpaxeHI4H ( 1 1-8) ' 3anHIIIe-q n-p9-

"*r\i^- 
i*', Io'i Ii BeKropa B (r. g. yo.py ?rrr4 K nrlocKocru MA2A2')

H npoeKqnla- 1*", ls", tr" orpesxa ArAt'. I4ueeu

l'*: (arco- arcr)lG; t.: (*r- *'t)t(etAi);

G -- l(a"c a - a ac r)' + la rc *- a { !/)' I (a rc r - a,c *)'lt 
/' ;

ta : (a*c"- arc*)lG; t; : (A, - A'tY VtAi);

l , :  (aoc*- a*co)lG; t i - -  (zr-7'r) t (A,,A'r) ;

A rA ,  :  i ( " ,  -  v ' , ) ' +  Q t -  ! J ' t ) ' +  ( r '  - r i )2 ] r "2

I ' I ,  CJIeAOBaTeJIbHO,

sin cr1 : It -(t.t i+ t)rtr+ i,t:) ') ' ' ' .
Ocraercs onpeAeJrHTb HarrpaBJIeHHe cHJIbI F KaK IIepneHAHKy-

JIf lpa K B u A1A1'.  OHo sa1aercf l  orpe3KaMn Lr, Lo, Lr,  Koropbie
HaxoAfTcfl  H3 paBeHcTB

Lx t - a  
_ _ _ 4 : s i n - l c r r .

LzLa

Ec.nn
x(eHHOrO

isl', - isi',
COBMCCTI,ITb

Aeficretlrc

i*i, - i*i,
t t l x

1 t  t l
a  l L  l t  

-  
L  v L  t l^ v  , 5

( 1 1 - e )

noABep-
MO>KHO

o o  I
J , )  L

ocb J '  c  HanpaBJIeHHeM npoBoAHHKa,
cHJIbI, To B npeAbIAYIrlux Qoplray"nax



n p H H f l T b  U : Z : U t : 2 t : U t ' : z r ' : 0 .  [ I p H  g T o M  I 4 M e e M  I * " : 1 ,  l r " :
- l r " : 0  n  u g  ( 1 1 - 9 )  L x : 0 ,  r . e .  c u J r a  F  r r a n p a B J r e H a  n e p r e H A H K y -
JIrpHo orpe3Ky ArA(, KaK u Ao/r>KHo 6urrn B cuJry HcxoAHoro pa-
B e H c r B a  ( l  1 - 5 )  .

B pa6ore [64] npuBeAeHbr pe3yrrbrarbr pacqera ycunuft Arrn ryp-
6oreueparop a kr r,aH aH aJrlr3 BJtvrflHt4fl pa3rr.rr{Hsrx QaxropoB. Aerop
yKa3aI-lHofi p.a6orbl ctlnTaer, qTo norpetuHocrb onpeAeJre*:afl, cr.tJr or
3aMer{br crep>Nuefi  Hx cpeAHHMH Jrr. lHprf lMrr He npeBbrlraer l0 Yo
AJIfi paAVailbHbIX cocTaB,Irflrou{Hx H 5 o/o AJrfl OCeBbrx u Tar{feHrIH-
aJlbHbrx. Ha ocHoBaHHV pacqera ycunnfi, gnn uy.uenor? u 6ecxoHerr-
Hofi  uarHuruol i  npoHr{r laeMocrn QepponaarHHrHbrx rpaHHrI AeJra-
ercf l  BbIBoA, rrro norpeuHocrb 6yaer Jre)Karb B npeAeJrax -r10 70,
ecJIH npeue6peut HaJrHrrHeM fpaHHrI,  T. e. onpeAerqrb MarHHTHoe
[oJIe B Bo3Ayxe. TopueBbrM BbrnyrrHBaHHeM ocHoBHoro MarHrzr-
Horo rIoJIf l  npeAJlaraercf l  npeHe6perarb B pexprMe BHe3anHoro Ko-
porKoro 3aMblKanr4f l . ,  Ho He B HoMHHaJIbHoM. Ornaeqeso raK)Ke 3Ha-
qHTeJIbHOe BJTHflHUe rOKa pOTOpa Ha pa4railbHbre cocraB/rflrotque
ycunufr..

VxasaHHas MeroAuKa pacrrera
n pa6ore [58], rAe Qopua ro6oenx
AHAilI/^TUIICCKH.

t lro6n yMeHbrxnrb qucJro yqacrKoB i lpH pas1ueuwu rrpoBoAHH-
KoB, e pa6orax [30,31] onpeAeJIf lJIocb He rororrHoe ycr{Jrne, a noJr-
Hoe ycHJrHe BsaaMoAeficrsun Me)KAy AByMfl npoBoAHHKaMv KoHeq-
uott 4nuHrt. OAuaxo npu sroM seo6xoArzrr,ro BbrrroJrHrrb qucJreHHoe
IlHTerpHpoBaHHe, qro raKlKe rpe6yer 3arpar MairrnHHofo BpeMeHH.

I' IsroxeHHoe noKa3blBaer, tITo AJIf l  pacrlera ycunnfi e .qo6oeoli
qacru o6lrorxa craropa HeJrb3s [peAJroN{Hrb xat<ux-nu6o npo-
crblx Sopuy,rr v Heo6xoAHMo BbrrroJIHHrb 6o"nrurori o6teu Bbrrrr4c-
reuHrl.

nnn pacqera ro.ne6auur? ro6oeofi qacru o6nrorxu craropa He-
o6xoAHtvto 3HaTb )KecrKocrb crepxruefi o6naorxu npn lrsru6e v
KpyrIeHHu. I4s-sa 83aHMHofo npocKaJrb3brB aHHfl aJreMeHTapHbrx npo-
BoAHIIKoB crep>KHfl, a raKxe Heyrrpyrr{x ceoficre u3oJrflunu )Kecr-
Kocru crepx<Heir He Moryr 6rirr, paccrluTaHbr r4 onpeAeJrrrorcfl gKc-
nepHMeHTaJIbHo. O6rrqHo AJrr arofi Ile"rru HcnoJrb3yror npsMoJrnuefi-
utte o6pa3IIbI crep>Nuefi kr H3MepflIor nu6o ux crarurrecxll f i  usru6,
nu6o qacrory ceo6oAHbrx KoJIe6auuir. l lo,nrsyxcb r43BecrHbrMu Sop-
MyJIaMH COnpOTHBJIeHI{f l  MaTepHaJIOB, BbITIHCJIf l IOT 3aTeM CTaTHTIe-
cKyro Lr AHHaMHqecKyro x(ecrKocru crepxHefi, Koropbre, KaK npa-
BHJIO. HCCKOJIbKO OTJII{qAIOTCfl  .

B pa6ore t60l  npu crarnqecKoM HcnbrraHnH o6paseq Ha AByx
onopax Harpyx{aJrH cocpeAoro.{eHHofi B cepeAHHe npoJrera cunoft,
a npn AHHaMr4qecKoM - nos6yxAaJru ceo6o4utre xo.[e6auuq KoH-
coJlbHoro creplKHfl. CrarnqecKafi C" v 1v*aMLrqecKaq Cn )KecrKo-
cru crepxHs Bbrr{HcrqJrucb no QopuyJraM:

P13

ycnnui, t  npHMeHqJracb raK)Ke
qacref i  o6uorxH onucbrBaJracb
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l- rAe P -- cvila, Bbr3brBaroulafl nporH6 6 npH paccroflHHH MeXAy

onopaMH t ;  H3MepeHHaf l  qacToTa ceo6oAHHx xo.ne6aunf t  KoI l -

co,tg.r AnHsofi L c noroHHofi Maccofi m. HafileHHble raKHM o6pasou
usru6utte )KecrKocrH crepxuefi  o6uorxu Ai l f l  Tpex rnnoB f l lApo-
reHeparopoB npHBeAeHbI  B ra6 i l .  l1 - l  [64] .

Ta6nuqa I I-l

C " ,  r H . u 2

cBo 
1690 -64
185

Tnn reHeParoPa
Hanpaeaenue

l,.,srrT6a

Ha pe6po

flnautu.s

C * '
xHTru'

36,6

8,26

21,2
6,8

22,5
6,8

24,4

6 , 8

C ,
x  H . r ra2

45,9
7 9

Bfco 940 -eo
235

cg I l9o -+s
250

l la pe6po

llraruMq

58,5
13 ,0

3 1 , 0
6 ,8

4 1 , 0
5 ,0

29,0
6,8

43,8

5 ,0

28,5

6,8

45,6

5 ,0

38,7

6 ,9

Ha pe6po

flnaruug

B nocleAHeM croJr6rle ra6i l .  11-1 npI{BeAeHbI pacqerHble v3rLr6-
HbIe x(ecTKocTH B [peAnoJIo)KeHHIt, IITO BCe gJIeMeHTapHbIe IIpOBOA-
HLTKH cTep)KHfl [peAcTaBJIfIoT co6ofi eAHHoe IIeJIoe _(naoHo"rrHTHblfi
creplKeHb), a MoAyJIb yllpyrocrn I{3oJIIIII'Iq PaB-9H 270 lla l,nn re-

HeparopoB rHrla CB u- 310 f la - Anq B|CO. Kax BI ' lAHo vrs ra6-

JrHrIbr, )KecTKOcTb cTepX(Hf npLI I{3rIa6e nnalrlMfl Bo Bcex Tpex cJIy-
rrafix 6nuzxa K pacqerHofi, TorAa KaI( npu H3fH6e Ha pe6po )Kecr-

Kocrb cocraBJrrer 30-60 0/0 N(ecrKocru MoHoJIHrHoro crep>KHfl.
Bepontuo, npH Hsrr.r6e gJreMeHTapHbIe npoBoAHHKI{ IIpocKaJIb3bI-
BaloT oTHocHTeJIbHo Apyr Aplra, I,I3-3a r{ero xecTKocTb cTep>KHf

cHl,Ix{aeTcf TeM cHJIbHee, rIeM 6O.nlure IpOBOAHHKOB pacnOJIO>KeHo

B HanpaBJreHlrr{ rrctu6a. Sruu x(e o6sscugercfl rr SaBHcI{Mocrb
)KecrKocrH or 3HaqeHI{ f v3tr46alouefi CI'IJIbI.

Ta6nuua 11-2

X(ecrxocrr, xH/u

O6terr
ucnttrannft

Maxer

Hanpanaenue
ngrs6a

Or npox.na4xu

I( npoxla,4xe

XzNlKz

r00

Kt

3901
6400 950

360u
4800

feueparop

cg 
1690 -o+
175

Or npoxnaqxu

K npornaAre

m.n"L tgo
> 400

l

1600
800
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PNc. l l-4. K ottpeAed'reHnro x{ecrKocrei i  Kpen-
reHuq o6rraorxa

I  -  crepxeHs;  .2 -  npoxnaAKa; J-xponurer lu
(ro l lqo) ;  4 -6aHAa)Kutr i i  ruHyp

Kpor' , te Hsru6Hofi  )KecrKocrn crep)KHefi ,  ni l r  pacqera sH6paqufi
Heo6xoAHMo 3Harb )KecrKocrH I{perrJIeHHfl crepx<Heri o6uorxu
Mex(Ay co6ori  H K IIenoABHx{HblM gJIeMeHraM. OcHoeuurlau Aera-
IrfMvt KpenJreHHfl qBrf l1OTCrr urHypoBbre 6aH4ax<lr A npoKJraAKH,
npHqeM nepBbre pa6orarcr  npH yBerHrreHHH paccrof lHHf l  Me)KAy
AByMfi cTep>KHflMH LrJlIr1. Me>KAy CTep>KHeM H r{pOH[rrerlUOU, a BrO-
pble- npH yMeHbIl IeHHH sroro paccrof lHt4'-  .  f loarouy >KecrKocTH
3JIeMeHToB KpettJleHHfl gaBHcflT or HarrpaBJreHHfl Aei icrBufl  cHJrbr.
f lo.rryveHHble Ha MaKerax sKcnepuMeHTaJrbHbre 3HarreHur >KecrKo-
cTel i  KpenJIelIHt npHBeAeHbI B ra6n. l l -2. Byxnofi  X o6osFrarreHbr
)KecrKocrH KpenJreHHfl crep>KHerl Me>KAy co6oir, a K - )KecrKocrH
KpenreHuq K KpoHIxTeriHaM. I4sAexc 1 otrocurcq K HanpaBJreHHro,

x{1
nepneHAHKyJrf lpHoMy npo-
KJ raAKe,  A  2 -X  f l apaJ r -
r rer rbHoMy (pHc.  I  1-4)  .

MeroAaxa aKcrepH-
MeHTaJrbHOfO OnpeAeJre-
H H r  ) K e c r K o c r e r i  X H K
Ha HarypHoM reHeparope
onucaHa B pa6ore l32l H
cocToHT B C,rreAYIOUIeM.
.I Io6oesre qacru o6naorxn
3aMeHflrorcfl npocrefiruefi
pacuerHofi cxeMor? H3 oA-
HOMaCCOBbTX CTeplKHeft,
cBq3aHHbrx Mex{Av co6ofi

KperrJreHHfl,MH, X(eCTKOCTb KOTOpbrx B o6oux HanpaBaeHr{flx (np,
yBerHrreHHH H yMeHL,rXeHHpr paccToflHHfl MelKAy CrepxHnvru) oAH_
HaKoBa. 3arena eu6paroPoM, ycraHoBJreHHbrM Ha oAHoM Lrs crepx{-
Hert HarypHoro reHeparopB, Bo36yx{Aarorcfi nu6paquu. CpaeueHr.reno
I'I3MepeHHbIx ntl6paqufi c AaHHIIMH pacrrera rro yxasarruofi cxeMe
onpeAeJlflIoTcfl )I(ecTKocTI{ KpeTIJIeHI'tfl. HaI?leuHbre AJrfl oAHoro Lrs
feHeparopoB eKBr{BaJreHTHbre x(ecrKocru npuBeAeHbr B ra6n. ll_2.

CyrllecrBeHHafl pasHr{ua Mex(Ay >KecrKocrrMH B eepxHeir A
uuxHeli  ro6oBbrx rracrf lx Bbr3BaHa, BepoflTHo, KaK rpy6ocirro pac-
tleruoli cxeMbl, TaK H TeM, qro x{ecrKocrb KperrneHl,Ifi 3aBI,I6HT or
QaxruuecKoro Harflx(eHHfl rrrHypoBbrx 6au1ax<'efi u rrJrorHocru ycra-
HoBKH IIpoKJIaAoK. lloerorray Mo>KHo crrHTaTb H3BecrHbrM ToJrbKo
r loptAoK BeJIHI IHH H npHHHMaTb >KeCTKOCTI4 B3aHMHO|O KpenJreHHf
creplKHefi, s Auana3oHe 1000-5000 xH/u, a >KecrKocrn KpenJreHufl
K 6asAaxHbrM KoJrbrraM 400-4000 xH/vr. Taxofi xe nopnAoK Be_
JIHI{HH [oryqaeTcf, ecJrn paccquTarb xecrKocrb KpenJreHHfl 6an1a-
xaMH Ha pacrfl>KeHHe. f ief icrnureJrbHo, npHHfB XapaKrepHbre r.Irf l
lHAp^oreHeparopa AaHHbre: AHaMerp uHyp a d:3 MM, AJTHHy BHrKa
L:80 {M, _ rrncJro BHTKoB n:20, uoay.i ir ynpyrocru MarepuaJra
IuHypa E:2 l l- la Har?4ena >KecrKocrb Bn3KH:

nx,Edz

K1
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l {sroxeHHoe noKa3blBaer, qTo .no6osl le t lacrl ' l  o6uorxH npeA-

craBJrf lror co6ofi  cJro)KHyro ue.nltuet i l ty lo cucreMy, cocroaulylo I I3

HecKoJrbKr.rx cor crepxHefi  I{  y3JIoB KpenJIeH}If l ,  c He BnoJIHe of lpe-

AeJreHHbrMrr i lapaMerp aMV. Pacqer npoqHocrt{ 14 nH6pauul i  raxoft

cHcTeMbI C yqcToM Bcex ee
oco6ettt tocrel i  cet iqac BPs.a
nII Bo3Moxt€H. f loerouY
rreJ lecoo6pasHo Pa3P a6o-
Tarb pacqerHyio cxel ly '
KOTOpaq yqI ITbIBana obl

ocHoBHbIe oco6ennocrn cH-
CTCMbI  H BMCCTC C TCM

6u.na AocTaroqHo npo-
crol?. OaHa H3 Tar<vx cxeM
ocHoBaHa Ha cJIeAyloIIIHX
AOnyueHHflx:

1. Crepx<Hll  o6uorxu
paccMarpHBaIOTCf KaK TOH-
KHe ynpyrHe 6anxu,  Pa-
6oranu1l le Ha usru6 e ABYX
nJlocKocTflx H Ha KpyqeHHe.
TAIOTCfl  HC 3ABI' ICf lUIHMII OT

HHe c reMreparyPofi.

") 
2s xxn

Puc. 1 l-6. AunnuryAHo-qacrorHble xapaKrepll-
cruKI{ paAI{aJIbHblx xole6auHir o6uotxll

Puc.  I  1 -5 .
K H :  A - B

MoueHru
nporu6a,

Ko.rre6anHq ro6oeofi ' Iacrf i  o6ltor-
[JIocKocrH cJIofl ;  6-s PaAI'IaJIb-

uofi naocKocru

HI{epqIrH cer leHuf  6anoN ct IH-

HO MOX(HO VqCCTb HX I43MCHC'

2. Aea crepx(Hr KaxAoro BHrKa ctluTalorcfl
B MCCTE BbIXOAA }I3 [A3A V }KCCTKO CBfl3AHHbIMH

B TOJIOBKC.

3aUIeMJIeHHbIMH
MeN{Ay co6ofi

3. Jlo6oeas qacrb BI,Ir-
Ka LI Haf py3KI{ Ha Hee
CI{MMeTpLIqHbI OTHOCI{Te.TIb-

HO |OJIOBKH.
4. KaxAaq .ro6oeas

r{acrb ynpyro rpl4Kper-
JreHa K HeloABHx(HbIM Ono-

PBM, npHqeM >I(ecrKocTb
xpen"ueHnfi  oAHHaKoBa nPH
yBerHrIeHHH kr yMeHb[Ie-
HHH paCCrOfHHf l  AO OnOpbL

5. Peaicqun orlop ra-
KOBbI, TITO BHCIIIHHC CHJIbI,

4eficreyrculue B nJIocKo-
crn cJrofl o6irrorxH (t. e.
TaHfeHI IHaJlbr{b le  H OCeBbIe
no oTHoIreHHFo r{ cepAer{-
HHKy craropa) ,  Bbl3b lBaior

nepeMeUIeHHt TO,IIr,XO g IJIOCKOCTH CJIOq. PaguaJIbHbIe CHJIbI BbI3bI-

BaIOT nepeMeilIeHl,rf l  H3 nJIOCKOCTH CJIOfl, I IpHr{eM npOHCXOAllr HS|I '{6

H KpyrIeHHe crePxHefi .-6. 
Pacnpe4eJIeHHafl  Macca crepxHefi  3aMeHflercf l  cocpeAoro-

qeHHbrMH MaCCaMH, He HMeIOU{IIMH IIHePIUU npu nOBOpOTe.

6) 4o uxn
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120

100

80

f lepeuHcJreHHbre AonyqeHuff cBoAflr KaxAyro .no6onyro qacrb
K_ nJrocKor i  ynpyroi l  paMe c cocpeAoroqerrHbrMr.r  Maccaurr  (prrc.  l1-5) .
Kone6auug grnx Macc B nJrocKocru paMbr H H3 r{ee paccquTbrBa-
IOTCfl H3BeCTHbIM H M eTOA a M H CTp OHre,rr,rroli Ivrexa rr rJ KH. Pesy.ur,rarlr
pacr{era BbIHy}KAeIIHbrx xo"ne6arrnf i  .no6oeoi l  qacrr i  B rroMHuaJrbrroN{
pe)KHMe pa6oru oi l{Horo rJ3 MourHbrx rHAporer{eparopoB npnBeAeHbr

Ha pHc. I  I  -5.  Hnsurue co6crneHHbre
qacrorr,r cocraBJrflJrH 68 fu, e palw-
a"nr,Hofi rrJrocKocrn v 200 fq -
B urocKocru cJrofl o6uorxH.

Eo,nee cJro)KHbre pacqerHbre cxel,rbr
"[o6oeor'r qacrn o6uorxz npeA.rro-
x{eHbr B pa6orax 12, 30]. B err.rx pa-
6orax coxpaHeHbr rrepBoe H BTopoe
H3 yKa3aHHbrx Aonyqeuuft, a raKx{e
AorryuleH14fl o .nHgeliHocru cHcreMbr
H o He3aBacllMocrr.r >xecrxocrefi gJre-
MeHTOB KpenJreHHfl OT Ha[paBJieHHfl
nepeMerqeHufi, He AeJrarorcfl i lpeArro-
Jro)KeHHfl o cuMMerprzu "rto6oeorl qa-
c T H V O B O 3 M O X H O C T H p a 3 A e . / ' I b H O f O
pacr{era xo"ue6auufi B rrJiocKocrr H Hg
nJIOCKOCTH CJIOfl.

Paccuorpr{M HeKoropbre sKcrepu-
MeHTaJrbHbre AaHHbre. Ha reHeparope
TO|O X{e Tl4fia, IITO U paCCTIHTaHHbI}'I,
6atnu r.r3MepeHbr nu1patluu HecKoJrb-
KHx roJroBoK o6uorxu. Ha puc. I I  -o
noKa3aHbr aMrrJrHTyAHO-qaCTOTHbre Xa-
paKTepHcrHKH pa4uailbHbrx xo.ne6a-' 
nuft npu pa3,'rurrHblx qacrorax Bpa-
IqeHr{fl B pex(nMe ycTaHoBr.rBrxerocfl
rpexSasHoro KoporKoro 3aMbrKaHrrfl.,
Ha pac. l1-7 - To x€, Ho AJrf l  TaH-

2A

a' r
I

Y t
I

\

\

\

n/nro,

60

40

20

0k
%706050

Puc. lI-7. Auu.uuryAHo-qacror-
Hbre xapaKTepvcTuKr TaHreHqr{-

aJrbnbrx r<o.ne6auufi o6uorrn

reHrlr{aJrbHbrx xo"ue6aHufi (o4uHaxo-
BbrMH uHopanar \a 3Tfix_ AByx pHcyHKax o6osHaqeHhr KpHBbre, orHo-
ctulHecfl x oAHofi 14 rofi >Ke roJionNe). llp,n HoMHHaJriHofi qacrore
Bparr(eHun eu6p ar\Hr4 ro./'roBoK He npeBnrrua,rH 20 MKM.

ovenu4uo, npeAeJrbHo AorrycruMbre nu6patluu, Koropbre eule
nPeAcroI{T ycraHoBnTb, 3aBHcflT or pa3Mepos ro6osnrx ,{acrer? o6-
MOTOK.

1 1 -4. Bt46pAqUn CE?AEL{HhKA CTATOPA
Mex4y poropoM H craTopoM I- iMerorcf l  cr{Jrbr MarHHTHoro B3aH-

rrao4eficrBHf, AesopMHpyroulHe cepAeqHUK craropa, a rar()Ke o60A
Y BaJI poropa. Bpaulaxcb, oTHocHTeJIbHo craropa, 3TLr cgJrbr Bo3-
6yx4aroT ero eu6paIIHLI. Kpoirre roro, eu6parIHH^cepAerrHgKa Bbr3br-
B aIOTCfl TaHTeHUHaJIbHbIMH M arHI'ITHbI MH CLIJI a M H, COgAa IOUI HMr4 Kpy-
rflurufi MoMeHT MarrIHHbr.
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Bu6pa(HH cePAeqHuKa *oT:.?
c/tBl{ra oceeoit Jrurlr4tt KpyroBol'l

M') -  RQ+ RPo:o ;

Q '+  N -  pRU +  R  P* :o i

Ni ' -a- pRW + RP":0;

onucbtBarb ypaBHeHHrMH usrH6a

A\ IT I I ,  I IMC}OIUHMI{  B I . {A

I Pff) cos m(a- a*t)*
m--l

W ' _ U  : O ;

[ J ' , + l v -RF :  U# t

EJ oF'-  RM: 0.

PS) sin m(q- a,, t) ;

( 11 -  10 )

B 3rHx ypaBHeHHflX o6osHa.IeHo: R -paAHYC OCeeOfi Jrr4rlukr

AyfH; p - Macca eAHHHIIbI AJIHHbI 4YrH; E - MoAyJIb ytlpyrorcru

i l ' i "pr iunu;  G-MoAyJrb cABI4ra;  F- r r lou laAb ceqeHuf l ;  R-

x o e s Q n I I H e H T ' y I I H T b I B a r o u H f i H e p a B H o M e p H o c T b p a c l i p e A e J I e H H f l
KacareJrbHbrx Harpfl)KeHPru (Afi q IIpfl MoyfoJlbHoro ceqeHHf 

^l:-.).,.?):
I a - MoMeHT uueiUuu ceqeH'fl orHocI{TeJIbHo oc', coBlaAaIouIeI4

c OAnOfi us TJIaBHbIX qeHTpaJIbHbIX ocefi HHepqux cerleHgf i P*'

pr-npoeKqgr,r BHe[IHHx ycr.t.tluft Ha paAI]aJIbHoe (ocn x) u TaH-

reHur{aJrbHoe (ocn z1 uanpaBfleHl ' I f  i -_Pa - npoeKq'I4 BHerIHefo r43-

ru6arculero MoMeHra Ha ocb A; IvI, N i 0 - usru6arcu{I4fi MoMeHr'

HOpMaflbHafl ,t [epepe3blBal0ulafl cHJIbI B CeTIeHHH KOJIbua; u L\

w -npoeKqur{ nepeMeuleHuf ocesofi JIUHUzT IIO OCnM X kI z; 'B -

yroJr f ioBopora ceqeHr.rf l  OTHOCI', ITeJIbHO OCU a.Ll lrpuxorra B (11-10)

o6osua.reHo AHQQepeHqI'{poBaHHe no yr i l i  q:siR (s - Arl I lHa

oceeofi Jrkrlr4v'aytiul , roqKaMll - AI'ISQepeHqupoBaHI'Ie no BpeMeI{u'

Tax KaK BHeIIHI,Ie cHJIbI LI MoMe[ITbI fBJIf l IoTcfl i lepHo'(Hlle-

.nrti 
^Ov"^tt"nMI'I 

yrrla Lr Bpauarcrcn orH?:'L:::"" craropa' ro

o"ru rory" 6strn npeAcraBJIeHbI pflAaMI{ {Dypre BLrAa

p- -p !0 )+  i  p9 , )cos  m(q -o  * t )+PK)s in  m(q__a^ t ) ;
r  x -  t  x  I  L .

ftl,:l

P a:  Pfo '+

' ,  
PY) cos/tz(q- a*t)+ PP sin nz(q- @*t) '

m : l
( 1 1 - 1 1 )

E c n u c q H T a T b ' I I T 0 c l o A a B K J I I o I I e H b I u p e a K T H B H b I e c I { J I b I B y 3 -
Jrax KpegJIeHI{fl cepAeqHuKa K Kopnycy, To Harpy3KI'I ( I 1- 1 I )

AOJTXHbT yAoBJIerBOpflTb CJIeAyIOUII{M TpeM ypaBHeHI',If lM paBHO-

B C C H f l :

2fi,

J (P" cos q + P,sin q) dQ : 0;
0

(P ,  s in  Q-  P ,cos  cP)  dQ :0 ;
2 n
f
. )
0

2 f i

J
0

(RP, + P ) d q _ _ Q .
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l loAcrauJlf l f f  c loAa BbIpa)KeHHfl ( l  l - l  l )  H BbrnoJrHrf l  HHrefpnpo-
BaHHe,  HaxoAHM

p!, ') +Pil:o; pi!'- Pll : o; Rr lor+Pf ' -0 .
r4ues, B BHAy HCtIoJIb3oB.aHIIe npHHr{rrrra rraJro}Ke Hyrfl cHJr, npeA-

noJrox(IcM CHaqaJra, rrro 4eficreyer oAHa fapMoHrrKa r{a)KAofo Hg
ycunufi, r. e.

P r: P9) cos m (q - o,,t) + Pg) sin m(p - a *t)i
Pu: Pff) cosm(q-a*t)+ Pft) sinm(q- a*t);
P,: PY) cos m (q - a*t) + p:?) sin m(p - o n,t).

,z 
Ec.nH cepAer{HHK craropa paccMarpr{Barb Kar( saMKHyroe KoJrblro

(Oe3 cruxon), To eAHHcTBeHHbIM ycJIoBHeM, KoTopoMy ,qoJrxHbl
yAoBJIerBOpgrb Bce ycl4IrHfl H nepeMeuleHHs, f BJrf ercfl vcJroBHe ne-
pHoAHrrHOCrH no q c nepHoAoM 2 n. l lpu sroM peureuue ypanueHufi
(1  I -10)  Mox{Ho HcKarb B BHAe

M - !r,j') cos m (q - a *t) + pj-' sin m(p - ,o t̂)
H aHaJIofHqHo A[rn ocraJlbHblx BeJrHrrHH, npr{qeM xoeSSHIIHeHTbr
9{pu.4.nn Q,.l / ,  W, IJ r.r B o6o3HaqHM uepes Q(*), n@t), '7p1t*), ' t)t i t  vp(rn)  coorBercrBeHHo. f loAcraBrrrn ( l l - l?) ' ,  ( r r - rsy ;  t r f - io l  ;
npHpaBHLrBan xoe$surlHeHrbr npu cos m(cp-1.i,*t) u sin m(cp-,i j ,*t),
noflyqaeM

( l l - 1 2 )

(1 r - r3 )

( 1 1 - 1 5 )

uY) : RsF,q m-' (m'- l)-2
EJu  \  / [n (t + m'k' e) (mp9 r pP) -

wY) : u:*) m-t .- (* ' -  l )  p$, l ;

( 11 -14 )
3Aecr e: Ia l  (FRt) ;  k , :kElG; Fo -  xoesuqueHr AHHaMT{qHocrH:

po: I t - (  ' -  ) ' l - '
L  \ m r o ,  ) ]

Lr tr lac - co6crBeHHaq qacroTa:

/------.-.------
I  r : l

.  I  L , r U
t\

V pRn (l { mzk'e)
lTLa" :

m ( m ' -  l )

m 2 * r

OrueruM, rrro npu 4eficrBnn
HOno noJrfl poTopa qHcflo BoJrH
2 p. llp" erolrr BerHrrr4Hy m2k'e
pa3oM:

ocHoBHofi rapuoHnqecKofi uarnur-
ycuJrl/.fl m paBHO rrHCIy noJrrocoB
Mox<Ho orIeHHTb cJreAylorrluM o6_

k'e (2p)z -

fAe ho - BbIcoTa CIHHKI'I cepAer{HHKa craropa ; T - rroJrrocHoe Ae-
JICHHC.

238

l 2 *e+)'=,,



i
i
t l\s Soprray"rr (l l-14) Mox(Ho cAeJlarb BbIBoA, tlro Ka>KAar. m'n

rapMoHHKa cHJrbr Bbr3brBaeT AeQopMaUHro KoJIbIIa c TaKHM )Ke qHc-

JroM m BoJrH no oKpyxHocTH, ilp[qeM yMeHbIueHHe nopflAKa raP-

Mor{I.rKH B m pa3 npI{BoAIIT K Bo3pacTaHHn paAHaJlbHoro nporu6a
cepAeqHLIKa oT pa1vai lblofI  cHJIbI npl lMepHo B m4 P33, or raHreH-

[ptaJIbHoIU cuJIbI - B rns pa3 v or H3fll6arculero MoMeHTa - B m3
pa3 (npu i locrof  HHoM xoeQQuUHeHre AHHaMHqHocrH) .  C. reAoea-
TeJIbHo, Hai{6oJree onacHbrMH AJrfl cepAeqHHKa flBJIflIorcfl CI'IJIbI,
HMerouIHe 6o,nouofi  [pocrpaHcrBeHsttf i  nepuoA. 3ru cHJIbI Bo3HIa-
Karor npl{ Hailwrr4r4 MAC c 6o.nuuum [pocrp aHcrBeHHbIM nepuo-

AoM, a TaKlKe H3-3a HepaBHoMepHocTH Bo3AyluHoro 3a3opa. B rr41-
poreHepaTopax HcTor{HHKoM AJIHHHoBoJIHoBbIx MAC Moxer 6url
b6naorxa c Apo6HbrM rrucJroM na3oB Ha noJIIoc H Qagy. I4geecrHo,
rrro raKafl o6MorKa co3Aaer MAC c qI{cJIoM BoJIH no oKpy}KHocrH

, ,  d - r 2 k
/ l / l :  - - - -  p ,  k :0 ,  1 ,  .  .  ,

d

tAe d - sHaMeHareJIb Apo6nocrH; 2 p - qHcJIo IIo,IItocoB; d!2k se
KparHo rpeM.- 

fapnaoHnqecKr{e, 6nuxafwrue K ocHoBHofi (r. -e. coorBercrBylo-
IIIHe HaI{MeHbmeMy sHaqeHHIo k, npu KoropoM d*2 k He Kparno
rpeu), Bpsl{alorcfl HaBcrpeqy poropy, cJIeAyIoqHe - corJlacHo
eMy, cJreAyloque 3a HHM - cHoBa HaBcrpe.Iy u r. A. IJp_t_flocroflH-
Hofr uarHHrsofi npoBoAHMocrH Kax(Aafl rapMoHHKa MAC co3Aaer
co6TBeTcrByroqyrc rapMoHHKy noJlf B 3a3ope. HauueHbIIIee qHcflo

BoJrH (a sHaqHr, uau6o.uee AJTHHHafl BoJIHa ycu,tun) noryr{urcfl  no
( r  l - 16 )  npw  k :  ( d  -  l )  12 :

M ^in - pld.

O.quaxo Har{6oJree onacHoir e orHotlreHuu vulpalrufi cepAerrHuKa
Mox(er oKaBarbcff Apyfafl Apo6Har fapMoHI{Ka. AeficrsureJlbHo, pac-
cMorpHM ycunue F, BbIgBaHHoe HaJIolKeHI,IeM ocHoBHofi rapuoHHKH
noJrfl . poropa B: B p cos (pq - o/) u rapMoHHKI{ noJIfl _ _craropa
Br:B1a cos-( Mq*o/), BpaqarcEefics HaBcrpeqy poropy. V,qeJIbHoe
ycHJIHe 6yaer paBHo

F : x ( B +  B t ) ' : 87 tt f  cos 2 (pq- ol) l  +

+ + 
B2nIl f cos 2 (Mq* o/)l {xB rBv [cos (M +p) q *

f cos (Mq- pp- 2at)l ( l  l  -17)

(x - flocroflHHafl., 3aBncflurafi or eu6opa eAuuHq).
B rr{AporeHeparopax r{Hcro BoJrH nepBoro H3 ycunuit BeJII{Ko,

Bropoe HMeer MaJIeHbKyIo aMnJIHryAy (tax xax BulBp), a rperbe
cocror{T Hs cros.reft u 6ervu{eft sorH. r{Hc"rto BoJIH nocJleAHero

( 11 -16 )

o:  * ro,
l - _ 1  c )

t  L t  '

%

2

d  ! . 2 k  1
d

(1 I  -18)
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rpu k: l  coBnaAaer c 2 Mmtn,  a aMnJrHryAa B 2 BelBu pas npe-
BbITIIACT AMNJIHTYAY BTOPO|O CJIA|ACMO|O YCVTJlHfl.

Taxuu o6pasor"r,  onacHorl apo6uor? rapuour.rxof i  oKagbrBaercf l
He caMafl  AJTHHT{OBOJrHOBa', a 6nw>xafiwas, K ocHosHor?. CneAyer
rtpoBepsrb raKx<e sw6patluu cepAerrHuKa or SrcHJrHfl ,  qnc/ro BoJrH
Koroporo TaKoBo, t{To co6crseHHafl  qacroTa t<one6auufi  oKa3bIBa-
ercq 6nuercoia K 100 fq. l lp, sroM HaAo HMerb B BHAy, uro xoaQ-
Qraquenr wrsaMnrrHocrv ,Ft 6naroAaps 3aryxaHgro o6trqHo He npe-
Bbrrrraer 5-0.

OxosqareJlbHble pacrlerHrre QopMyJrbr AJrr aMUrHTyAbr No,rre6a-
ttuft xonblleBoro cepAeqH wxa A" lz -o6creeHHor? qacrorbr xone6asnft
f  "  

roryqarorcn Hs BbrpalKessfr (11-14) H (t  t - ts i  ; ; ; ;yroulrzna o6-
pa3oM. Bupasunn MarHHrHyIo uHAyKIrHro B Tec Jra, ycTJrr l f l .  -B Hbro-
roHax,  _ € pa3M€py_ _ B {eTpax.  TorAa B $opuyne ( l l  _ lT)  , (_- 4 g. 104 = 4 , 105 ttl (m' l'T.nr) u aMrJruryAa Bo/rHbr or ocHoeHor?
rapMoHHKr ' Lno i l n  po ropa  Fo* - z .1058p2 .8  ( l l - 14 )  n  ( l l - 15 )  npu -
H H M A C M :

P9) :2.rc'9?Dil1D-t; py) : pW, :o;
Ju:  ths" l l z ;  p : l rho l ;  c * : * ( * r_  l ) ( * r+ l ) - t , t ,

rAe D :2 R - cpeAnnri AHaMerp crrHHKa cepAerrH HKai D i - A.na-
MgTp pacror{KH; It - [oJIHafl AiluHa cepAer{HuKa; l=lt--ln-'ero
as$exruB1afl AIrnHai ln - AIrvHa BosAyrxHbrx KaHaJroB i n"'- ,^-
coTa cIIHHKH cepAerrHtrKa; ?:7850 xr/rra3 - nJrorHocrb Marepr4aJra
cepAeqHuKai q - orHorrreHHe Maccbr cepAerrHHKa c o6uorxofi
K Macce cttHHKH cepAer{HHKa. TorAa

A " : 2 l t r : 0 , 3 . 1 0 6
| | m2k'e a2rornz tt

1
i

Foi
( * '  -  t ) ' Eh2

w1
( r 1 -1e )

Fs: lt - (+)']-' '.=*^ ==
l2\y (l a mzk'e)'

[puqeM <(noJlrocHas>> qacrora f.s: pnl30, rAe n - qacrora BpaUIe-
Hr4r, poropa, o6lvun. f lpu 4er?crnun ocnoeHor? rapMoHHKH noJrfl
poropa ln:2 p, npr B3aHMoAeficreHH ee c Apo6uort iaprrnoHuqecNofi
noJIf l  craTopa, Bpalqarcqelc.n HaBcrper{y-poropy, r iHcro BoJIIt oi lpe-
Aer lnercr  Qopuy"rrof i  (11- lB),  a !  ( l l - ig)  

"u4o 
saMer{prrb Bor 'Ha

2 BoBr, rAe .Br - aMrJrr{ryAa Apo6Hofi rapMoHHKH.' Ao cux rop cepAeqHHK. paccMarpnBaJrcfl KaK 3aMKHyroe Hesa-
KpenJreHHoe KoJrbqo. B AeficreHTeJrbHocru ero KoHcrpyx-qran 6o.ryee
cJrox(Ha: Bo-nepBbrx, co BpeMeHeM CTbTKH MeXAy ceKTopaMH Cep_
AeqHHKa oc.i la6egaloT I4 MexAy HHMI,I noflBJrflorcr 3a3opbr; Bo-BTo-
pbIX'  CerMeHTbI CepAeqHHKa HaHH3aHbI Ha KJILIHbf i ,  CBqBaHHbre
c KopnycoM. 3rH o6croqreJrbcrBa AeJraror Ar{HaMHKy cepAerrHHKa
He BnoJrHe o[peAeJreHHofi u rpyAHo npeAcKagyerraoft.

\JcHoBHoe orJIHrIHe cepAerIHHKa c oc.na6.neHHbIMH crbIKaMH or
SaMKHyrofo He3aKpenJIeHHOrO KOJTbIIa 3ar(Jrroqaercf B ToM. rrro Ka)K-
( ' ) ^ i
a 1 w

E



Aafl  rapMoHHKa ycLrJIHf l  BbI3bIBaer Bce npocrpaHcrBeHHbre fapMo-
HHKH KoIIe1aHHfi  cepAer{HHKa. f loarouy ocHoBHafl  BoJrHa rroJrf l  po-
Topa Mox(eT BbI3bIBarb AJIHHHoBoJrHoBbre xo.[e6aHuq cepAerrH H'Ka,
Jlo. o6HapyxeHo Ha npaKrnKe, a reoperr{qecKn BnepBbre H3yqeHo
B. A. [nerxonuru.

B pa6ore [59]  cepAer{HHK cxeMar '3 'poBaH B BHAe KoJrbrra,  B He-
cKo.nbKHX C€rreHHfx Koropofo BHyrpeHHHe caJrbr 14 MoMeHT nponop_
I{HoHaJrbrJbr pa3Hoclt  nepeMerr{enwfr H yrnoB noBopora no o6e crb-
poHbl or ceqeHr4fl .  r4[arre roBopq, npeAnoJrafaercf i ,  qTo coceAHge
ceKropbr cepAer{HuKa ynpyfo cBs3aHbr Me>KAy co6oft. l lp" oroM
xo.ne6aHns cepAerIHHKa cyu{ecrBeHHo saBucrr or >KecrKocru cBfl-
sef i  u AocrHfaloT BHaqLITeJIbHbIx BeJIHrIuu, ua6,nloAaeMbrx Ha npaK-
THKe. llocxo.nrxy >KecTKocrH Ceqseri Me>KAy ceKropaMH - BeJrr{-
TIHHbI HCONPCAEJICHHbIC, PACCqHTACM PU6PAT\UH B NPCAEJIbHOM CJIY-
qae,  KOrAa 3a3opbl  B CTbIKaX H MeCTaX I {peI IJ IeHHf CepAerIHHKa
HACTOJIbKO BCJI I , IKI { ,  I ITO XAX4ITf i  CCKTOP MOX(HO PACCMATPHBATbKaKrBo6o4nyrc KpyroByro Ayry.

flycrn paAuaJrbHoe ycalrve Ha eAr.Hrrrdy ocesort AJrHHbr cepAerr_
HI4KA COCTABJIflCT

P*: xBz cosz 
# tr-_ lilt) : 

+ B, fl * cos m (p_ol)1,

fAe x :4 .  105 f l l !v ' t .Tn ) fleperraeHHarCOCTABJIfl IOI{A g V CLIJILIF.

Pi : 
I 

a' (cos rup cos Ql f sin mg sin Qt),

r4e Q:ffLa - qacroTa KoJre6a:Huft.
VpanHeuHa (11-10) yAo6no peruarb orAerrbHo AJrf l  Ka>KAoro Hs

AByX CJraraeMbrx_ycHJrr4fl,. l lepnoe Lrs erHX cJraraeMbrx, nporop-
IIHoHaJIbHoe cos Q/, BbI3bIBaer xone6anwn, cnMMerpr.srHbre orHocg-
TeJrbHO Cpe4Hefi  ̂paI.Ka[trHoft J|HHLTV, CeKropa, a Bropoe - Koco-
cHMMerpHrrHbre. AunnHryAHbre sHaqeHHf yiunuft 14 n.p.*.rrreHHfl
ONPCACJIfl IOTCfl YP ABHCH VIIMH:

M'+ RQ - O; \Y' U -O;
u, +w -RB _ o;
EJ aB ' , -  RM:0 ,

Q'+ N+ pRQzU+Rl, -  0;
N ' - Q + p R Q z W - 0 ;

r.qe _1"=^0,q xB2 cos mp r,iln cnMMerpr.rqHbrx xo.ne6asnir H f *::0,5 xB2 sin mp AJrn KococuMMerpr.rqHbrx. r4s (l l-20) nocJreAoBa-
TeJrbHo HaxoAr.rM

Q:_+((J, , ,*u,) ;

(r r -20)

( 1 1 - 2 1 )

,  u  _w, ;

R F :  W "  * W ;

M - + Q " * u ) ;
R 2 \

N : +(Utu + (J" - t"4u)_R1,,

pf) : (c

EIa
t a :

o , l  I
z 1  |



f loAcrasoBKa ernx BbrpaxeHuri s nocJleAHee ypaBHeHI{e (l l-20)
AACT

n/vt +2wtv + w -?r1 (w" -w) : f*. (n-22)
EJs

XapaKrepncrnqecKoe ypaBHeHHe Ar I f l  ( l l -22)  HMeer  BHA

q'(q' + l) ' -  ]un (q'- l )  :  0. (11'23)

Anq rr jAporeHeparopoB npn Q:100 fq BeJII, I I IHHa 7, MeHflercf l
B npeAe.nax o i  3 ,u ,o 15.  f lpn sroM ypaBHeHI{e (11-23)  L IMeer  eeq€-
crBeHHbIe KopHH q2.3ro,  Bo- [epBr , tx ,  6o lb l r lue KopHH: q2> I  u ,  eo-
BTopbrx, KopHH, 6nwsxkre K eAHHHIre. Ans onpeAeJleHnfl  6o.nnuHx
xopuef t  or6pocnu e ( l l -23)  eAHHHIIy  no cpaBHeHuro c  Q4,  rorAa

q4 - l,n (l - q-')-2q'.

OrcrcAa

q1  :? r2 -1 ,5 ;  q ' r :  - ( , ? " ' +1 ,5 ) ;

1r ' : t (? , -  + )  i  Qs ,6x t i (? "+  +) .-  
4?1 ) '  

' o ' v  
\  4? t  )

f lonaran s ( I I  -23) q2: I * e, rAe e< l, saftAena e:4 ?u-4 vt, cJIe-
AOBaTeJIbHO,

Qz,sx =L (1 + 2?r-4).

Lln xo,ne6aguft, cuvrMerpuqHblx orHocHTeJIbHo rorlKu Q:0, o6-
uee peueHne ypaBHeHHn (I l -22) 6yaer

3

Vr(p) :  L  A,shq;e i
i : l

U' (e): AiQichQiQ.  ( l -24)

Rr

3

I
.  i : l

VcH.nHs no  (11-21)  paBHbI
^ o g

+ M (q):  L e,q,(q? + t )  chsiq
EJc Er

R 3 3

t ;  Q (e ) :  -  L ,Ar1(q?  +  1)sh  q iq ;

Rs N (p) : f ,+,n, (q^, + q',-ra) ch Qi g.
EJu Er

tlacrsoe perxeHne ypaBHeHHn (l l-22) Aaer

lVr(p) :  A s in rn g;  A:  A*m[m'(m'-  1) ' -  ]uo (m'  *  l ) l - t ;

A * - xR[Bz
17' - 

zEh 
'

D 2
--  M (q):  -  Am (m2 - l )  cos mq;
E J u

U, (q) : Amcos /n P;
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;:

P S

# Q (e)  :  -  Am(m2-  l )s in  rz  g ;
D J a

Rs
F J- 

/i (p) : [Am (mn _ nrz_ ]"0) _ A*J cos rng.
a

,. .  ̂ I : : ,  
cao6o4uori  Ayru MoMeHr r.r  cpr,,rbr Ha Kparo (q _ o) o6pa_

ulaloTcfl B HyJIb, rITo Aaer cJIeAyIouII4e ypaBHeHHfl nJrfl olpeAeJre-
HHs nocrof lHHbrx B t :  A iQ r  ch q ro :

3

Z  n ' ( q 1 +  I ) -  A m ( m z - t ) c o s m a ;
3

L B,qt (q? +t ) tfr Qrd : - Amz (*, - t) sin ma;
3

Z 
u,(nI * q? - ?,n) : la. - Am(ma - m, - ?un)] cosma.

floc.neAsee y-paBHeHr.re Mo)hHo ynpocrHrb, ecJrH Ao6aeHrrK HeMy nepBoe. V.rnrHeaq ( I l  -23) , nonyuuu

3

lY"(a)  - .4 s in md+ E A,q, t
i : l

3
U"(o):  Amcos ma f  Z 8, ,

(tt'-25a)

Kparo Bbrpa3fTcfl

\
I

d: l

a paAHAJrbHOe rrepeMeu{eHHe B CepeAHHe ceKropa

3

Uc (0) - Z n, ch-Lq;a * mA "i :1

.Ans pacqera KococuMMerpur{Hbrx Korr e6anu^fr U,. (p) H UZ^ (q)
l,- topry{ul (L24)- (I t-20) HaAo saMeH'rb rh i).i' u chqd ;;
cn gq H sh 49, srn ma Ha -cos l??o H cos lnCI, Ha sin ma. Anan.rru_
rYAa cyMMapublx eH6paIIHr? panua reoMerpuqecxort cyMMe .r**"r-
pHrrHbrx 14 KococHMMeTpL{rrHbrx aMnJrHTyA:

u - (u?+(J'*)'/'; rY/ - (rv?+v?),,r.

flpg 6onruux m u ?va nocToffHHbre Bt u Be MoxHo onpeAeJrr{rb
n3 ypasHeuHft  (11-25),  or6pocnn B HHx cJraraeMbre,  cor,epxaru{e

3

I atqt' : Am-t cos md,.
i : l

_ CHrrauerpurrHbre [epeMeureHr.rfl Ha ceo6oAHoN,r
Qoprr,ty"rr aMLr:

th qia;

(1r -25)

(r l-26)

9 4 2



Bz.  f lpnHHuan Qa=?v,  Qz=i?, " ,  Haf iAeM cJIeAyIo iuHe npu6.nr txeHHble
BbrpalKet{Hf l  AJt f l  cHMMerpHqubtx [epeueurenl t i ' l  :

I  -  tg l ,a

I -'1' tg l,a

tg l,a

I -J- tg Xcr

+
.  t  cos mq.U"(a) :  -  l - : -  *

I  tn"h'

l  4 cos mct
V. (a ) :  |  : - "' 

L m2?v6

2 sin ma 1 xBz
-  

t -

m),r (l * te ?'a) J 2

sin ma 1 *B'  R4
l -

mlva I 2 EJu

R 4

E J u  
'

(tr-27)

i l ,ns KOCOCHMMeTpt{ t IHbIX KOJIe6aHHft  HaAo 3aMeHHTb 3AeCb

sin l,a fi sin ma Ha -cos l.a v -cos ma,, a cos l,o H cos ma Ha
sin l,cl r4 sin ma coorBercrBeHHo.

HXM

ts0

100

706050

50

0 L
40 f,a9080

Puc. 11-8. AlrnluryAtr paAuaJrbHbrx ro.ne6asufi cepAequHKa craropa

Orueruu, tITo Arfl rlpflMoro crep)KHfl co cBo6oAHbIMH KoHIIaMH

cLIMMeTpHqHbIe nepeMeuleHHfl OnpeAeJIf l IOTCfl paBeHcTBoM

VLz th?'a - tgLa, 
) ao, md _

W 2 - l  t h l a * t g l a  /

_ 2lr" sin rno I
p 4 - 1  t r t l , " + t g l " o  I '

fAe p:mlh. l lpu p) I u ?va) I era Sgq"yla coBnaAaer c (LI-27) '
PaccqraraHHble no BbIpaxeHHfll\{ (ll-27) paAHa./tbHbJg Pryqry:

rtHH cepAer{HuKa craropa ruAporeHepalop a. rtna CB -1160/180-72
npHBeAeHbI Ha pl{c.  l1-8 (xpuean 1). l4st tepeHHble eu6paUuH cep-

AerrHHKa c oc.na6JreHHbrMr,r crbrKaMn no AaHHbIM pa6ortt [59] raxxe
rroKasaHbl Ha eroM pI{cyHKe (xpuean 2). Kax BI'{AHo 113 pHcyHKa'
IrpH HH3KHX qacrorax pacr{erHtte nu6p aril4u cLI/IbHo SaBbIIIIeHbI, rITo

cBfl3aHo co craruqecKofi  HeypaBHoBe[IeHHocrbIo paAHaJIbHbIx ycH-

truft, 4eficrnyrcull4x Ha cBo6oAHblft ceKrop. lIP" qacTorax BbIrIe

70 iq pacqbrHue v HsMepeHHbIe BH6paIIHI{ 6onee 6nugxu Apyr
K Apyfy.
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Co6creeHHbre qacrorbr xo.ne6asni t  cso6oAsoro ceKTopa npn yc-
JIoBHH Xa).2 c Aocraroquor i  ro.rHocrblo o i lpeAerf l rorcr  ypaBr{eHrreM
tgl"a-  -+-  1,  T.  e.  arn co6creeHrrble qacrorbr paBr{br

E J  a

,/
rAe l , r :3nl4 i  )uz:Snl4 H T.  n.  nJr t r  cepAeqHr{Ka co crbrKaMu ceK-
ropoB ueo6xoAnuo o6ecneqr-rBarb orcrpofiKy 3rux qacror or p a6o-
qer? qacrorbr 100 fq He MeHee qeM Ha l0 %, a pacqerHaf l  aMnJrH-
TyAa No"ne6aHufi ue AoJI)KHa npeBbuxarr 50 MKM.

Ann roro )Ke reHeparopa, r r ro v Ha puc.  11-8,  pacqer 3aMKHy-
roro B KoJrbrlo cepAerrHr{Ka no Qopuy.nau (11-19) Aaer co6creeu-
Hyro t{acrory oKoJro 2700 lq 14 pa3Max nH6paqufi MeHbrre I uxrr,t.
C,[eAoeareJrbHo, c6opra cepAeqHuKa craropa B 3aMKHyroe Ko/rbrro
no3BoJlfleT pe3Ko cHH3HTb ero nu6paguu, Bbr3brBaeMbre ocHoeHor?
eorHofi MarHurHoro norq poropa.

rnABA ABEHAAqATAT

TEOP)'lfl U PACIIET nOflItqTHhKOB

12-1 . O6l1lhE nOTOIKEHUfl

BeprnxaJrbHbre yclrJrnf l ,  co3AaBaeMble BecoM Bpauatuuru)ir ' ; r  qa-
crefi arperara r{ oceeor? cocraBJlaloulefi rH4poAuHaMHqecxofi ( rrJrbl,
BocrrpHHHMarorcq troArrsrHHKoM. nns rroAnflTHHKoB rr{AporeHcpa-
ropoB xapaKrepHbr BbIcoKI{e Harpy3Kl4 (ao 35 MH), cpaBHHre.lbHc
He6onruue cKopocrl l  (B-35 u/c) n 6o.nrruue pa3Mepbl (uapyxunrT
AHaMerp Ao 4,65 u). l IoAnsrHHKr4 coBpeMeHHbrx ruAporcHeparo-
poB BbrnoJrHflrorcfl c Bpau{anulHMcfl AHcKoM H HerroABHx(HbIMH
orropHbrMu noAyrrrKaMr4 (cerueHranau). f,ucx s cerMeHrbr rroMe-
rqeubr B 3anoJrHeHHyro MacJroM BaHHy. Cerueurrr olrrparorcfl Ha
ruapoByro oropy (unu, pe)Ke, Ha npyxuHHoe ocHonanue) H HMeror
BogMolKHocrb HaKJroHrrbcfi, TaK rITo Mex{Ay HLrMr4 r4 AHcKol,r o6pa-
3yercfl KJrr.IHoBnAuntri c"ryofi MacJIa, cy)KaFoullti icq B HailpaBJreHHH
ABHlKeHr4n I.UCKa.

K.nuHoeHAHlrfi c"noft u ABr{x(eHHe AlacKa co3Aaror noAbeMHylo
cnry, aHaJlorlrrrHyro rofi, Koropafl 4etTrcrnyer Ha KpbIJro, ABI{x(y-
uleecfl B Bo3Ayxe HJrH B >KHAKocrH. lloAt,euHar cr4la ypaBHoBerrru-
BaeT BepTHKaJrbHoe ycHJrHe, 'Tar{ q'r 'o ABH>Kyulaf lcf l  H HenoABH)KHaf
noBepxHocrr{ TpeHHfl noAnrrHuKa oasAeJreHbr cJroeM MacJra. f lo-
gToMy H3Hoc noBepxHoctefi TpeHHr orcyrcrByer, a re[JroBbrAeJle-
HLre,  BbrgBaHHoe BHyTpeHHHM TpeHHeM B MacJre,  MHHHMaJIbHo.  Bt r -
AeJrfl IOUlafcfl ,  Te[JroTa OTBOAHTCfl B OCIIOBHOM MaCJIOM, KOTOpOe
npoKarlHBaercg r{epe3 c"nofi  Bpau{aFox{HMcri Ar{cKoM, a 3areM cMe-
IUHBaercfl c MacJroM B BaHHe. cnequa,ubHbrrvi;.r oxJraAr.ITeJIflMH Terr-
JIOTa OTBOAHTCfi H3 nOAnflTHHKa Hapy)Ky.

0,c,:(#I I
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{flpu HailvLruLt MacJrrHoro cJIoff, pasAeJrflrou1ero noBepxHocrn

TpeHHfl,  pa6ora noAnflTr{HKa onucblBaercf l  frrApoAr.rHaMHqecnofi  Teo-
ptter l  cMasKH, noBBoJIf lrou,eft  onpeAeJrf lTb ocHoBHbte xapaKTepr{-
crHKI{:  pac[peAeJrerrr{e AaBJrer{urr ro cefMer-rTy, ToJruIHHy MacJrffHofo
cJrof,  noTepH TpeHr.rf l  H T. n.

Hau6o"rree rf l )KeJrbrM qBrf lercf l  pe)KHM nycKa noAttrr i r tKa, B Te-
qeHne KoToporo cyu{ecrByer KoHraKT noBepxHocref i  TpeHHs. Xorq
TeopIl f l  nycKoBoro pex(HMa He paspa6oraHa, ocHoBHbre r,BnreHlaf l
Mox(Ho rrpeAcraBurb ce6e cJreAyroqnrra o6pa3oM. flpn HeroABHlKHoM
cocrof lHuH rbueparopa MacJro noA Aer?crBr-reM Beca BbrAaBJruBaercr
H3-noA AlacKa [oArrflTHLrKa. t{ro6u o6.[er.rurr nycK, BbrnoJrHflercfl
c[eqr{aJrbHafl  o6pa6orxa noBepxHocrH TpeHr.rr cerMeHroB, Ha3brBa-
eMar ura6ponxofi .  I IJa6ponxa npecJreAyer ABe rIeJrH: Bo-nepBbrx,
o6ecne.InBaeT npuJreraHr4e AHcKa K cerMeHTy no MaKcuMa.uruol i
nJIOUIaAH H TeM CaMbIM BbrpaBHHBaeT AaBJreHHe IrO CefMeHTy, BO-
BTopbIX, cosAaer MHKpoyr.iry6,reuuR, B Koropbrx gaAep>KHBaercfl
MacJIo. l lpu nycKe Ka)KAoe MHKpoyr.uy6"neHne co3Aaer HeKoro-
pylo [oA,beMHyro cHJry, cyMMa srHX cHJr npunoAHHMaer porop Lt
AaeT BO3MOXHOCTb Cef  MeHTaM HaKJIOHr. rTbCf l  B HyIKHOM HarrpaB-
JICHHH.

Vc"[oeuq [ycKa rroAnflTHr{Ka saBHcflT rJraBHbrM o6pasou or ny-
cKoBofo AaBJreHHfl H ycKopeHHfl, or cocroflHnfl noBepxHocrer? Tpe-
Hr4r, (Hx no"rrurlcrocru r.r uepoxoBarocrv), a raKlKe or copra MacJra.
tlerra 6ucrpee npeKpauraercr KoHraKr noBepxHocrer? rpeHr{fl 14 o6-
pa3yercfl MacJlflHufi c.nor?, TeM MeHbIxe BbrAeJreHHe rerrJrorbr u r4g-
Hoc rroBepxHocrefi rpeuvfl npr rrycKe.

I4suoc 6a66utosoia rroBepxHocru rrpHBoAr{T K o6pasoeaHuro Ha
uefi 6recrsu{Hx rrflTeH (rax Ha3brBaeMbrx Harupon) u yMeHbrrraer
KoflHrrecrBo MacJra, 3aAeplKl{Baloqefocq Ha cefMeHTax, KorAa Ma-
ruuu,a He pa6oraer. BcneAcreue sroro rpeHue rpn flycKe nocTe-
[eHHo yBeflHrruBaercfl.  HaxonneHue HarHpoB rrpHBoAHT K pacnJraB-
JIeHr{ro 6o.nlruoro o6reua 6a66vtta u noBpexAeHHro roArrfir-
HHKA.

Oanofi us Mep p.iln o6"uerqeuus sareKaHufl MacJra Ha noBepx-
HOCTr-r TpeHHfl f lBJrfeTCfl IIOAbeM pOTOpa Ha rOpMO3aX-AOMKparax
nepeA [ycKoM. OAsaxo sra Mepa naa.rroe$SemueHa H npHEroAHT
K yBeJrr{rreHu}o BpeMeHir nycKa arperara. l loaroMy c pocroM rrycKo-
Bbrx 4an,neHHrl Ha noAnflTHHKH Har{aila IxHpoKo rrpr.rMeHflTbcfl cH-
creMa np?rHyAure.nlHofi cMa3KH noAnflrHuKa (ncn) npu nycKax
H OCTAHOBKAX.

Cucreua ncn cocronr u3 Hacoca u rpy6onpoBoAoB, rro Koro-
pbrM rrepes oTBepcTHfl B cerMeHTax Ha nJrocKocTb TpeHHfl npr{ ny-
cKax u ocTaHoBKax noAaeTcfl  noA AaBJreHueM MacJIo. Pacrexaqcr
ilo rloBepxHocrH cefMeHTa, oHo co3Aaer ycr.rJrHe, AocraroqHoe AJrfl
rroA'beMa poTopa, TaK rrTo nycK ocyulecTBJrfleTcfl nprr HaJTHLILTH Mac-
JrflHoro cJroff. floc.ne AocrulKeHHr afperaroM HoMr4HaJIruofi qa-
crorbr BparrleHl{f u cra6uJIHsaqHH AaBJIeHHfl B cucreMe nCfI ro-
cJreAHflfl orKrroqaercfl H IIoATIflTHHK npoAoJlxaer pa6orarb Ha ca-
MOCMa3Ke.
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PaccuorpnM KpaTKo HaH6oJIee pacnpocrpaHeHHble MoAHQHKa-
r{HH KorrcrpyKr{Hfi ,  Ha3Harlel{He V pa6OTy ocHoBItblx AeTaJIef i  noA'

nf lrHrlKa. I loapo6uoe onrrcaHHe KoHCrpyKuI{H noAIIfTHHKOB COAep-
>Kurcn B pa60rax [4 ,  3B] .

1 2-2. KOHCTPy Kuv1fl n OAn trH h KoB

I(oucrpyKIrLIr IIoAnflrHHKa
u{HM OCHbBHbIM Tpe6oBaHHfM:

a) AaBarb Bo3Mo>KHocrb pacrpeAeJlHrb Hafpy3Ky MexAy cef-

MeHTaMH C AOCTaTOTIHOfi Arq np aKTVKH TOTIHOCTbIO;

6) no3BoJrflTb cerMeHTaM HaKJroHflTbcfl B AByx nJlocKocTflx, co-

sAaB afl K[I4HOBI{AHbIfi sasOp Me)KAy cerMeHTaMI{ 14 AHcKoM;
B) o6ecne.ruBarb coxpaHeHr{e AocrarorlHo rIJIocKofI Qopurt no-

BepxHocref i  TpeHVn f ipH nycKe H pa6ore noAnfrHl{Ka;
r) co3AaBarb npaBnJrbHyro I lHpKyJIf l I I Iarc MacJIa B BaHHe roA-

ngTHHKa u o6ecneql4BaTb orBeAeHHe BbIAeJIfleMoft TeilJIoTbI;

A) yAepxnBaTb cerMeHTbI or cABHra i lpH BpauIeHI.rH poropa vr

oT IIOAbeMa BMeCTe C poTopoM
Hau6o"rree npocrofi, H pacrpocrpaHeHHblil B oreqecrBeHHblx rIrA-

poreHeparopax - 3ro oAHop.flAlblfi noArflrHI'IK c cerMeHraMu Ha

BtrHroBbrx onopax (puc. l2-I). !,ucx 2 rrolnnrHllKa npl{rflHyr K Bpa-
g1arc111er?cfl BTyJrKe I r4 yAepx(HBaercfl or raHreHIIIIaJIbHoro cABHra

rrrr{QraMr. PaeHol,IepHafl no oKpy)KHocrn AeSopMaUHfi Ar4cKa u

BTyJTKI{ B KOHI{rIeCKyIO [oBepxHocTb He OIIaCHa' TaK KaK CefMeHTbI

Mofyr noBepHyrbcf BcJIeA ia AHcKoM. Eo,ree onacHo o6pasonaHue

Ha Ar.rCKe B9JIHbI AeSopMaUHLI C qepeAyloug{Mgcfl BIIaAI'IHaMH H BbI-

cTy[aMH, rITO IIpI4BOAHT K rryJrbcaIII{H AaBneHHf B MacJIfHOM CJIOe.
" Car*eur 3 noAnstn"xa cocroHT H3 craJlbHofi  ocHoBbI H 6a66u-

ToBOro noKpblTlzfl. P a1uanbHaf KpoMKa cerMeHTa, HaA KOTopofi

cHarrarra ilpoxoAur $rarculoeauHl_y p_r{1y. rl{cKa npu ero Bpaqe-
HHLI, HagbIBaeTCf BxoAHOfi KpOMKoft' q n_.llOTHBOrroJIOX(Hafl - BbIXoA-

Hofi. Ha BxoAHor? KpoMKe cerMeHra 6a66uroBoe roKpblrl{e Bbl{gJI-

ngercs c QaCxOfi, O'6ner.IarcUefi 3aTflrHBaHHe MacJIa AHCKOM. IIO-

".p"no"r{6a66Tr,ra 
sa BbrqeroM 3rof i  Qacxrl  Ha3blBa}or pa6ouefi .

-  
BricOrHoe nOJIo)KeHHe cerMeHTOB peryJl l ' ipyeTcfl  BBopaqHBaHHeM

viln BbIBopaqLIBaHI{eM OnopHbIX 6o.[roe 5 B xopnyce-7 c H-3Mepe-

HHeM HarpysKl{,  BocnpHHI{MaeMoiI KaxAbIM V3 HHX. Ans o6nerqe-

HHR HaKJIOHa CerMeHTa BepxHfifl r{acTb 6Onra HMeeT cSepuvegKylo

.ono"*V. flpu 6o.urruofi uarpysxe Ha 6onr c09Pa 6o.nra o6nansa-
eTcfl, saTpyAHf fl caMoycTaHoBKy cefMeHTa. Hro6lr yMeHbrIIHrb

o6NaqrHe, roJIoBKe 6o.nra npHAaIoT BbIcoKyIo TBepAocTb, qTo AocTH-

raeTcf Jlerqe npg MaJIbIX o6'beMax 3aKaJlf leMoro MeTaJI.[a'  I IOSTOMy

COepa BbIIIOJIHfleTCf He Ha caMoM 6O,nre, a Ha BI{JIaAbIIIIe I'I3 Bblco-

KOnporrHoft cra.nu.
Ecnu 6u cernaeHr oIIHpaJIcf l  Hei locpeAcrBeHHo Ha c$epy 6o'nta,

TO AaBJIeHHe Ha cerMeHT HenoABH>KHOfO arperaTa KOHIIeHTpHpo-

BaJrocb 6rr Ha MaJrofi IIJIoulaAu g6.[llsll ToqKH onopbl' qTo 3arpyA-

AOJI)KHa yAOBJIerBOpflTb cJIeAyIO-

o  t ' 7
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Hfler nycK 6eg nCn. Kpoue roro, AaBJreHHe B MacJrf lHoM cJloe npn
pa6ore noA[f lTr]HKa cHJrbHo ae$oprr,r l lpoBaJro 6u cerueHT c o6paso-
BaHr{eM BbrnyKJrocrr4 BBepx, v era 4eQopMaunfl  cKJraAbIBaJIacb 6u
c HcKpr{BJreHHeM, Bbr3BaHHbIM HafpeBoM noBepxHocrH TpeHHfl cef-
MeHra. lloerorray Me>KAy cerMeHToM H 6o.nrorr,t ycraHaBJrHBaercfl
KpyrJraf l  onopa 4, Ha No.rrueeofi  6yprrax xoropofi  ot lupaercf l  cer-
MeHr. l lp.a ottHp aHVw rro KoJlbqenofi  nnoulaAu 6ortruoro ALIaMerpa
cerMerrr rroA lef icrBr4eM AaBJIeHHT npofH6aercq BbInyKJIocrE,Io BHH3,
t4 gror nporH6 BbrrrnTaercrr 14,3 nporu6a, Bbr3BaHHoro HafpeBoM.
Onopa co3Aaer raK)Ke Ao[oJrHHTeJIbHyro [oAarJrhBocrb, yMeHbularc-
flIyro nepeMeHHoe ycr.rJrHe Ha
cerMeHT npn 6uesuu AVcKa.

Ans Aa.nr,Herlluefo yMeHb-
[reHr.rfl nporu6a upu 6o.nbrIIHX
Harpy3Kax Ha [oA[f lrHHK
np HMeHrrorcfl AByxcJrofisue
cerMeHTbI, cocroflulHe H3 ToJr-
croro ocHoBaHHfl vr roHxoli
eepxHer? qacrra, coeAHHeHHbrx
runouxofi. Ha eepxuefi no-
BepxHocTH ocHoBaHkrf, BbInoJr-
HeHa ceTKa KaHaBoK, yBeJIH-
TIHBaFOU{Hx TerrJrOBOe COIIpO-
THBJTeHHe crbrKa. BcleA-
crBr{e eroro reMneparypHuri
nepenaA Iro ToJrulHHe ocHo-
BAHHf l  HC3HAqUTCJIEH H OHO

ocTaeTcfl ilpaKTHrIecKI{ IIJIo-
cKHM. Tonu{usa x(e nepxHefi -p"..
rracrr{ cerMeHTa nu6upaercn
TAK, ' ITO6IT AABJTCHHC IIOJIHO.
crbro KoM[eHcHpoBaJro renJroByro aesoprraaqHro, 6naro4apn qeMy
o6qas Ae$oprra al\Lrf, cefMeHTa cBoAHrcf K Mr{HHMyMy.

IIpa Bpauresuu poropa cerMeHrbr cH[IaMu rpeHHfl npnx{arbr
K TaHfeHqHaJrbHbrM yflopaM 6. Ann co3AaHHfl HaAJre]Karrlefo Ha-
KJIoHa cerMeHToB Heo6xoAHMo BbrAep)Karb rrpaBu/rbHoe paccrofl-
HHe B oKpyxHoM HanpaBJreHHH Me)KAy ocbro pa6ouer? noBepxHocru
I. I  ocblo onopHoro 6o.nra. 3ro paccrorHue Ha3brBaroT eKcqeHTpr4cu-
TeroM. Ann noAnflTHHKoB c nocrorHHbrM HanpaBJreHHeM Bpau{e-
Hufl, AI{cKa o[THMaJIruufi aKcIreHTpHcHTer cocraBJrfler oKoJro 10 Yo
cpe4Hefi TaHreHlruannnofi AJiHHbr cerMeHTa. flprlrraeHrercr r.r KoH-
crpyKrlnf l  corureHeuufl  cerMeHroB c y[opaMr{ no puc. I2-2, B Koro-
pofi BbrBopaqHBaHHeM 6o"rtroe / uoxHo peryJrr{poBarb aKcrleHT-
pr{cHTeT.

Ecnu HarpysKa Ha 6onr npeBbrrxaer 1,5 MH, ro o6rvrsrHe
cQeprr 6o.nra ltcKaxaeT sKclreHTpucucrer v 3arpyAHfleT KaqaHHe
cerMenTa. Tar KaK r{HcJro cerMeHToB B pflAy o6trquo He npeBbl-
Ilraer 20, ro npIE o6ruerl uarpysKe cBbrrrre 30 MH noAnflrHr4Kvr A{rn
yMeHhrueHHff H arpysKr{ Ha 6o;rr Bbr[oJrHrrorcfl AByxpflAHbrMH

l2-2. CerMeHr c perynr{pyeMbrM eKc-
rleHTpHcr{TeToM

llanpaEtetue
Spaqeuun
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(puc. l2-3). I IpH eroM yMeHbrlalorcf l  Lt pasMepbr cefMeHroB, r iro
no3BoJrser yMeHbnIHTb H lrx 4eQopuaulru. r{ro6rr pacnpeAeJrHTb
Hafpy3Ky Me)KAy Hapy)KHbrM H BHyTpeHITLIM CefMeHTOM, r.{X OnOp-
HbIe 6o.uru BBepHyrbr Ha Konqax 6a"raHcHpa B, Jrex{au{ero 'ua r{H-
ruHApurrecxorl  onope 9. Harpysxy Ha enyrpeuuui i  H Hapyx<Hlrf t
ptA cefMeHToB au6upalor rax, uto6u ToJruIHHa c" 'rof l  MacJra Ha HHX
6una oAr{HaKgeor?.

PHc. l2-3. floAngtuttK c AByxpqAHbIM pacnoJrolKeHr.reM cefMeHroB
/-onopHrr f t  6onr ;  2 ,4-cer l renru;  3-Ar icK;  5-onopa 6-nepxuuf i  .u , t rcK *opf f i ;
z - onopHrtft naJIeIr; 8 - 6arauc"o;"r1;,"?Tl3* u,ffiXi,""?"' /0 - rHesao 6anancnpai it -

)
Hnaeercs oIIbIT I,IBroroBJreHHr Lr gKcnJryaraqr{fi [oAnflTHprKoB

c oxJraxAeHHeM cerMeHToB BoAorl, [poTeKaloqeir no rpy6xanr, 3&-
JIoxeHHbIM B cerMeHT. llpn BoAfiHoM oxJraxAeHr.rr{ fieperraAbr TeM-
fiepaTypbl BAoJrb MacJrflHofo cJrofl yMeHbrxarorcf , a nolepeK -
yBerHtIHBalorcr. l logroMy o6brr{Hbre 3HaqeHnfl gKcrIeHTpHcHTera He
o6ecneql{BaIoT AocrarorrHofo HaKJIoHa cerMeHToB vr Heo6xoAr.rMo
yBefiHrluBarb gKcqeHTpncurer Ha 3-4 olo. B nporr.{BHoM cflyrrae
yxyAlxeIIHe xapaKTepI{CTHK H3-3a yMeHblrreHHfl HaKJroHa MO}KeT
cBecru Ha Her eSQeKT r.rHTeHcr{BHoro oxJraxAeunfi cefMeHTa.

B noA[ffTHHKax Ha rngpaBJruqecKofi oflope AJrff BbrpaBHrrBaH]rfl
Harpy3KH MexAy cerMeHTaMr.r iloA Kax(AbrM u3 HHx ycTaHoBJreHbl
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ynpyrHe KaMepbr, sanoJIHeHHbIe MacJroM H rHApaBJrr{qecKr{ coeAH-
HeHHbre MelKAy co6ol i .  OAsaxo, KaK noKagaJr onbrr,  BBeAeHI{e rHA-
paBrHrrecKHX onop He I, IcKJIrcqr{JIo Heo6xoAHMocrH B peryJrupoBKe
BblcorHoro noJrolKeHufl  cefMer{ToB onopHbIMH 6o,rrauH H B ycra-
HoBKe raperbrrarbrx o[op. Srrr a/reMeHTbr orcyrcrBylor B noA[f lT-
r{HKax rra npy}KHHiroN{ ocHoBaHHV, B KOTOpbIX CefMeHTbr t loKoqTcfl
Ha npyry<HHax, 3aKpenJIeHHbIX B AHe Kopnyca. Ans o6ecne.reHvfl ,
t IpaBHJrL,HOfO BbTCOTHOfO nOnOX{eHHg Cef  MeHTOB npy}KHHbI  nOCJre
ycrauoBKrl B Kopnyc ur"rruQyrorcn. 3xcrreHrprrcr{rer B oTHX noAnflT-
svKax co3Aaercs 3a cqer 6o.nee pe4xoir ycraHoBKH npy>KHH s6nusu
exoAHori  KpoMKH cefMeHTa. ! ,ocroHHcrBaMH i loAnf l rHHKoB Ha npy-
)KHHHOM OCHOBaHHH f lBJTf l IOTCS AOCTaTOqHO paBHOMepHOe pacnpe-

AeJIeHHe AaBJreHHf nO nJTOUIaAH CefMeHTa nepeA i lyCKOM Ll  MaJrbIe

4eSopu a\uvr cerMeHroB npH r lx He6o.nnuor i  roJIU{LIHe. OcuoeHoir
HeAOCTaTOK TaKOfO nOAnqrHHKa COCTOT4T B TpyAHOCTH O6eCneqeH4f l ,
nporrHocru npyxHH npr{ 6o.nnuofi uarpy3Ke Ha noAnflTHI,IK.

Ta6nuqa 12-l

Harpyexa,

O

F
a

Ar.raMerp, M ,[,an.neHue,
MIIa C l -

- o

2 c )
o  t ( , rq(n -=
O u >

w :

g  b ( €
-: E\op  l c o

o)

t-

c)

9 o
I o
9 F

Ne
n n .

I

F.
>cr

cs
O t

E ( r )
A >
F O .

F ( g
o i 4

;\ 4l

C)
q)

F

I
2
3
4
5
6
7
8
I

t 0
il
t 2
l 3
t 4

1 , 5 0
1 , 8 0
2,00
2,30
2,30
2,45
3,40
3,60
3,60
3,75
4,45
4,55
4,64
4,64

0,75
0,80
0,90
0,95
0,95
1 ,40
2,40
2,25
2,25
2,45
2,20
3,24
2,73
2,40

2,8
4,7
7 r l

10 ,5
l l ,2
14 ,0
16,0
18 ,0
2 1 . 0
18 ,0
32,0
26,0
32,5
35,0

1 , 4
2 ,0
2,5
3 ,5
3 ,2
8,5
7 1 2
6,9

10 ,4
o 9

l 0
t 4
t 2
l 3

2 ,8
3 ,0
3,6
3,8
5,0
5,5
4r9
3,8
4,2
3,3
3,9
3,8
3,8
3 ,6

1 , 4
1 , 3
1 , 3
1 , 3
1 , 4
3,3
2,2
r , 4
2 , 1
1 , 7
1 , 2
2,0
1 , 4
1 , 3

29
34
23
2 l
l 6
1 3
7,8
8,5

l 5
l 6
24
t 9
28
1 3

8
8
8

l 0
8

T2
l 8
t 4
t 4
1 6
36
20
40
40

500
500
300
250
187,5
T2S
51,7
55,6

r00
100
136,4
93,8

r42,8
71 ,5

I Ipu BbrcoKofi reMrleparype oxJla)KAalouefi BoAbI (nnue 35"C)
npilMeHfeTcf BbIHocHafl cr{cTeMa oxJra}KAeHHfl MacJIa v oxJIaxAeH-
HOe MaCJTO HenOCpeACTBeHHO [OAaeTCfl  KO BXOAHOfT KpOMKe CefMeH-
ToB. braroAapr aroMy HcKrroqaercf l  nepeMeuuBaHue oxJIax(AeH-
HO|O MaCJra C ropfltIHM, nOCTynarcUIHM I-I3 npeAbIAyUIefo (no

BparqeHnro) cefMeHTa. 3ro no3Boxf leT HecKoJrbKo cHH3HTb TeMnepa-
rypy cefMeHroB.

OcHosHHe KoHcrpyKTr rBHbre  napaMerpbr  noAnsrHHKoB HeKoro-
pbrx coBpeMeHHbIX rHAporeHeparopoB npoH3BoAcrBa /I l I3O <<3.nexr-
pocHJIa>> npHBeAeHbi B Ta6r'I.  l2-1.
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f loAnsrHnru Nb 6, B-13 cHa6x{eHbl cl 'IcreMot? ncn, Ne 11, 13
v 14 eHnoJrHeHbI AByxpflAHttuu, Jl lb 5 H 9 HMeFor I{erocpeAcrBeHHoe
oxJraxAeHr.re cerMeHToB soAofi, a J\b 3 14 10 - BbIHocHyIo cncreMy
oxJrax(AeHLIfl.

1 2-3. y PA B H E HV1fl r n AP O AVIH A MVlq E C K O lz T EOP VM
cMA3Kh nOAnrrHhKOB

Ang o[peAeJrerrfl, AaBJreHHr B MacJrflHo\4 cJloe rloAnflTHlaKa ruL-
pofeHeparopa- ucnoJlb3ylor ypaBI{eHI4e Pef iHo,ntAca, Koropoe r ,Jr f l
Hec>KHMaeuoti xHAKocrI'I I{Meer BI'IA

d ivG-p :a . , - -0 .

Bbrpa)Kaercfl qepe3 ToJrurHHy MacJlflHoro cJIofl h, gavneHl4e B cJloe
p, AI4HAML4qeCKyIO B'3KOCTb MaCJIa F, ero IIJIOTHOCTb p H BeKTOp

cKopocrLr Ha noBepxHocru rpeHnfl u. Cxopocrn c6.nHxeHnf noBepx-
uocreli  TpeHHfl IV s ycraHoBuB[reMcfl pe]KHMe pa6orbl rIoAnrrHHKa
paBHa HyJrIo, a flpu HailvLrr4lrl oTHocI4TeJIbHOfO IIepeMeqeHHfl nJIo-
bxocrell 

-TpeHI{fl 
oHa cBfl3aHa c roluruuofi cJlor paBeHcrBoM W -

:dh ld t ,  rAe / -BpeMs.  Ha KoHrype cerMeHra AaBJIeHHe B MacJI f l -
HoM cJroe paBHo AaBJIeHHIo oKpy>Karcuefi cpeAbl.

Vpanueune (12-l)  cnpaeeAJrr{Bo npu BrIrIoJIHeHHLI pf lAa Aory-
u1eHufi, ocHoBHbIMr{ H3 Koropbrx gsJiqlorcg: JIaMHHapHocrb rloroKa,
MaJrocTb cHJr r{Heprlr{H, nocTofHcTBo AaBJIeHITf H TeMrlepaTypbl IIo-
nepeK cJror MacJra. BAo.nt noBepxHocreft TpeHHfl AaBJIeHHe I'I TeM-
ileparypa MacJra MeHflrorcfl, rro3roMy MeHflercs I{ Br3Kocrb. Tunuq-
HbIM AilF- noAnfTHHKOB fHApofeHepaTopoB fBJIfeTcs rIoBbIIIreHIre
TeMneparypbl MacJIa or 40-45"C, Ha sxoAHofi  KpoMKe cerMeHra
Ao 7A-75"C Ha sHxoAHoIl .  I Ipu sroM BflsKocrb MacJIa naAaer
B 3-4 pa3a, r{To cKa3brBaercf l  Ha xapaKTepLIcrHKax noAnqrHrKa.

To"uqusa MacJIflHoro cJIofl B pa3HbIx IIoA[flrHHKax H B pa3ilvq'-
HbIx ror lKax cerMeHTa cocraBJlfer 30-300 MKM. 3ra 3HarIeHHf
cpaBHHMbI He roJIbKo c usru6HbIMH AeQopuaquflMu cefMeHToB' Ho
v c yBeIHqeHLIeM vx ToJIu{I{HbI H3-3a HarpeBa. Tax, y cefMeHTa
ronuusofi  150 MM npr{ HarpeBe Ha 30"C roJIu{LIHa yBeJIHqHrcf l
ua 50 MKM. l loarouy pa3Hnqa 30 oC iraexAy rel\ ' {neparypaMl' I  BXoA-
uofi H eHxoAHoiI KpoMoK cefMeHTa AocTaToqHa Ailr_ o6pasoe aHrfl '
MacJlfHoro KJIHHa H noAteunofi  cHJIbI AalKe npH orcyrcTBun Ha-
KJIOHA CCTMCHTA.

Anq onpeAeJleHufl cpe4uefi i lo ToJIUIHHe cJIofl reMIIeparypbI T
cJry)KHT ypaBHeHue 6anaHca eHeprl lu

Bexrop MaccoBoro pacxoAa MacJIa

G :  -  P h s  I  r  o h

, r - E r a o P +  ,  
v

(r2-r)

(12-2)
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rAe c - MaccoBafl  TenJroeMKocTb MacJlai I Io- MolI IHocTb cHfl  Tpe-
HHfl Ha eAIJHLrqe nOBepXHOCTH:

f lpaanoJraraercq, qro norepu BbrAeJrf lFoTcfl  ToJIbKo B c/Ioe MacJIa
MeiKAy AHCKOM tr  CeTMeHTaMV V OTBOAf lTCq MaCJIOM, i lpoTeKalou{ l . l l \4
r repe3 sror  c"uof i .  i l^ns uHrerpupoBalruf l  ypaBHcnHq (12-3) ueoSxo-
Ar{Mo 3HaTb TeMnepaTypy Ha BXoAe B c.nofi,  KoTopaf, B cBOIo oqe-
peAb,.3aBHCHT Or I IHPKyJTF^I\LTH MaCJIa B BaHHe.

Taxuu O6pasOrra,  XapaKTepHCTHKH noAnfTHHKa oIIpeAeJIf l IoTcf l
B3auuo4ef icrBueM HecKoJrbKHX i lpoueccoB: Qopua MacJl f lHoro cJlos

BIHqeT Ha pa3BHBaIOUIeeCfi  B HeM AaBr ' IeHHe V KOJIHTI€CTBO BbIAe-

.nnrcu1eI?ca TenJIorbI ,  AaBJIeHHe vr HaI 'peB Ae$opuupyloT noBepxHo-

cTH TpeHHfl  14 BJIHf l IoT Ha Qopt*y cJlof l ,  nepeHoc TenJIoTbI AHcKoM
or oAHoro cefMeHra K ApyfoMy BIHqer Ha TeMIIeparypy noAnf l r -

HHKa. Bc"[eAcreze rpylHocrefi aHalrurr4qecKofo yrlera Bcex 3TI'Ix

Saxropoe CyuIecrByIoUHe MeroAbI pacqera ocHoBaHbI Ha pf lAe Ao-
nyu{eHufi H noseoJrr}or paccr{HTbrBarb cKopee orAeJIbHbIe cerMeHTbI,

a He rroArI f lTHHK B UeJroM. I r lgnoxHivl  BHaqaJIe HaI l6onee [pocrble

perueHHf, yrrHTbrBaroulHe JrHIrrb ocHoBHbIe flBJIeHVf, B nOAnfTHVrKaX,
a 3areM KocHeMcn BilvflHHq 6oree cJlolKHltx QaxropoB.

12-41 fiOfiyl,t 164 nPtMOvrOnbHoN CIOPMbl
wn nocrorqqon Bt3KocTh

B flepBbrx MeroAuKax rHApoAI4HaMI4rIecKoro pacrlera noAIIflT-
HHKOB npHHr{MaJrocb? qTo Bfl3KoCTb H UIOTHOCTb MaCJIa nOCTOflHHbI,

a - noBepisocru ipeHur rJIocKLIe. flpn srHX Aglyry.eHnflx AJIfl no-
Ayuex npfMoyronrsofi Qoprratr Hs ypaBHeHI{n (12-l) n ycraHoBI'IB-
[reMcfl pe>KI{Me pa6orrr HMeeM

i lo :  +(grad 
p) '+ '+

?"+)++?'+):-owu+;

(t2-4)

(12-5)
0x

3Aecr u-  -7t  -  cKopocrb ; {a noBepxHocrn rpeHHfl  B
oTpuuare,nr,uori ocLr x,. Pacno.no>KeHple oceft noKa3allo
H3 KOTOpO|O BI{AHO, qro TOJIUIHHa CJIOfl MaCJIa

x z  x z - x t  I

HarrpaBJIeHI{H
Ha p I I c .  l 2 -4 ,

B -  h '
' h 1

(12-6)

(r2-7)

c) i?

h: tTtXi- m -  
h t  -
X1

h,

OrsoureHHe roJrr[HH cJrof l  p '6yaena HasblBarb HaKJIoHorta. Vpan-
HeHHe (12 -5 )  npHHHMaer  B I IA

r *  
d -

0x
I ' l tB)+
\  0 x /

6ttu
o+(.'#):



Ha Kparx noAyrrrKn AaBJreHHe B cJroe AoJrxHo o6paularbcfl
B HyJIb,  T.  e.

p (xr, z) -: p (xz, z) - p(x, t. blz\ - 0. ( l2-8)
f lpocreri luuf i  cayual i  -  3ro noAyrxKa, uHpHHa xoropoft B Ha-

npaBJreHrrH nonepeK ABr. i>KeHHfl b ropa3Ao 6olr,me, qeM AJTHHa I.
f lpeue6peraq ni l f l ,  raxor? noAyrxKr.r B (12-7) npoH3BoAHbrMH rro z H
HHrerpHpy{  oAHH p33,  HaxoAHM

* r  a^p :_ :+ (x_xo) ,
0 x m 2 \

rAe Jfo __ KoopAI4HaTa CeqeHHf , B Koropou dpldJ:0,  r .  e .  AaBJreHHe
MaKcHMaJrbHo. I4Hrerpupyr eu{e
pa3,  r , {MeeM

6uu  (  |  -  xo  +c ) .P - -  * z  y x  2 x z  )

?ie ycnonnfi ( l2-B) HaxoAHM
nocTof lHHbre:

xo :2 -# - ;
xt -f xz x ,  *  x r '

AABJICHHE B

C -

*1,

CJIOC

Pr:c. l2-4. flnocKaff rprMoyroJrbHarr p -
NO,IIVIIJKA

(x * xr) (x, - x) . (r2-e)

cJIeAOBaTe,IIbHO,
paBHo

6pu

mz (xt * xr) x'

flpm uBBecrHoM pac[peAeJreHun AaBJreHr{fl onpeAeJrflrorcfl xa-
paKrepncrr.rKu oAnofi noAytuxn: ro (12-2) - pacxoA MacJra BAoJrb
ocr4 x Ha eAHHHTIy IxHpHHbr G*:-pumxol2 H no.usult pacxo4 G:
:bG*i no (I2-4) - rvroulHocrb cuJr rpeHr{s Ha eAr{Hnrly nJrouraAn

r r  l l uz  |  3 ( to -x )z  ,  I  Ir r o -  
*  L  ' '  - ; l

H [OJrHbre noTepH Ha TpeHr{e
x2

o: , 
5 trodx
*L

p aBHoAefi crnyroul uI 
r" 

n

:  v b u z  ( u n  x z  _ 6 t ' , " t ) ,
m  \  x L  x z * x r /

,U.ABJICHHfl  B CJIOC

P:b  \  pd * :  u t ' u :  ( t " -Y  -2  * ' : * ' \ ,
J '  m z  \  x L  x r f .  x l  ) '

xL

KoopAHHara roqKu rrpHJrolKeHHfl paBHoAer?crnyrou-1eft
xz

x*:+ f  xpdx: u!u: (r ' -*Y - x 'x. ' --- tn 9).
P J  Pmz \  2  xz*x t  x r  )

t1
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Tax xaK pacxoA nocroRHHlt t i ,  ro ypaBHeHHe (12-3) npuHHMaer
BI,IA

cG* - no.
0x
AT (12-10)

OrcrcAa
1 x

T-Tz: +.1 nodx,'  
cG* 

u*,

rAe T2_ TeMneparypa Ha BXoAe B c"not?.  PaaHocrn reMnepaTyp
r{a BbrxoAHoft H BXOAHOfi xpOuKax paBHa

Tr-Tz:  +  (+ ln  x '  -6  " ' l  
t '  

)  .- A 
cGx cpmzx, \ xL xz* 

\ /

floAcrasJrflfl B noryrreHHbre coorHolrteHl,Iff 3HarIeHHe m Lrs (12-6)'

OKOHI{ATEJIbHO HAXOAHM

P : p.pS : k3 v"ulS '
h ? '

TL-Tz: fu *!-.p-;
cp

k'r:o (P- r)-'(tn

(12-r  l )

(t2-r2)
ka:2p (p *  l ) -2;

H a r n o H c e r M e H T a F : h z | l ' r y c T a H a B J I H B a e T c f i a B T o M a T u I I e c K I { :
ecJrH rroAylxKa Mo)KeT ceo6oAuo HaKJIoHflTbcfl' T. e. Ha Hee He Aefi-

crByroT HHKaKHe ApyrHe cHJIbI, KpOMe AaBJIeHI{fl B CJIOe U peaKTl',tB-

Hofi cr.IJrbI B TOr{Ke Onopbl, TO npu nu6paHHoM eKcqeHTpucl'irere to

"u*no" 
p 6y4er TaKHM, KaK cJleAyer H3 nocleAsefi Qopuy'nnt

(12-12)  . 'OaxrH. IecKH H3-3a Heus6exHblx  AeSopuaquf i  oropa He

255

x * : h l l ( 0 , 5 - e o ) ;

G : kagbuh"pi n : knpSuzlh"o;

p-2t#)ik,:ffi '

kn: t+ 2ln B-3;
(p, + 4F + 1) ln p -!_Gi__11

E o :
2 (p  -  l )  t (p  J-  l )  ln  P -2(P -  1)1

3,u,ecr S : b/ - rJIouIaAb noAyluKll; Ieo - paccroflHlle or cepeAI{HbI
roAyruKr.r (nuHun X: JCr+ 0,51) Ao ToTIKH npHJIolKeHHff paBHoAeI{-

creyroufeft CHn AaBJIeHHfl 14 hcp cpeAgffl TOJIUII'IHa cJIOfl MacJIa:

h"P:0 ,5  (p  *  l )  h . (12-r3)

l lpn ugsectHofl Harpy3Ke Ha noAyIIIKe IIepBafl Lrs $opuyn
(12-1i) [o3BoJlfer orpeAeJll{rb HauMeHburyrc ToJIulHHy MacJlfHoro

CJIOfl:

hr:no'1/p lp"r. (12-r4)



Mox(er 6urt toueuHoli ,  H B uerl  Bo3Hr.rKaer MoMeHT cI{Jr TpeHHn.
Kponre roro, ueKoroprrf t ,  xorf l  u He3HaqnTeJlbutt t i ,  MoMeHT co3AaIoT
KacaTeJrbHbre cHJrbI Ha noBepxHocrH TpeHHq. BcIeAcTBHe Bcero 3Tofo
pacqerr{oe coorHotueHue Me>KAy eo H 0 Hapyuaerct;  cJII{ IuKou 6o"nl-
rltoe pa3ilr4qLte QaxruqecKnx r.r pacqerHbrx BeJTHqHH cBl4AereJlbcrByer
o roM, rITo noAyuKa He MolKer ceo60AHo noBoparlnBaTbcf.

O6paruu.ca x o6ulenay cJlyr{arc, KorAa IUHpI{Ha IIoAyIxKH cpaB-
HHMa c A"nuHof i .  Vpaoueuue (12-7)  peuaercf f  npu 3roM pa3Aer le-
HHeM rrepeMeHHbrx, AJrf l  qefo AaBJreHHe onpeAeIqeTcfl  B BHAe cyMMbI

p (x, z): po(") + h(x, z), (12-15)

rAe p0 (x)  -  AaBrIeHHe no Qopvry ' r re (12-9).
f loAcrauosNof i  (12-15) B (12-7) u (12-B) y6ex4aeMcn, r l ro Pt

yAoBJlerBopfler oAHopoAHoMy ypaBHeHLIlo

i a  ( * r 0 p , ) + j _ ( * z  o p ,  
) : O

0 x  \  0 x ) ' 0 2  \  0 z  )

H KpaeBbrM ycJIoBHflM:

pr(x1,  z) :  pr(xz,  z) :0;  h(x,  t  b lz)-  -  Po@).  (12-16)

!,an"rrenHe p1 IIpe,4,craBJIteM B BI{Ae PsAa

hQc, z)= i 
"o 

@)ze(z),
h,:l

rAe QyHKI{r4H Xn(x) u Zn(z), saul{crullae Ka>KAan roJIbKo or oAsoit
rrepeMeHuoli, yAoBJlerBopstor ypaBHeHHfl M :

+e+)a?v2ex3xr:o;
dzZn \2
dzz

-?tlr,Zn - 0.

I4s rpaeBblx yc.noeufi BbITeKaer, rITo AoJIIKHo 6url

Xi,@r): Xp(xJ - o.
flpra err.Ix ycJIoBHrx r.rMeeM peIIIeHLIe ypaBIIeHHfl (12-17)

X n @) 
- y-L IJ 1 (]rex1) Y t (]rnx) -Y 1(]rnxr) J 1(],"ex)1,

rAe Ir(x) 14 Yr(x) -qnrluHApnqecKue (Becce.rreeuI) SyuNquu i lep-
BO|O r{  BrOpOfO pOAa, A }vn- KOpHH ypaBHeHI, I f

J t (Lnxt\ Y 1 (1,ex2) - Y t(I.rt) J 1t-(?,exr) - 0.

CHrravrerpuqHoe orHocr{reJrbHo ocr4 x perleHne yp aBHeHua ( I 2- 1B)
HMCCT BI ' IA

Zn@):  Anchlu6 ' '

r {  nocJreAHee KpaeBoe ycJIoBHe (12-16) Aaer

) ruxe (x) ch t'r+

(12-t7)

(r2-r8)
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Tainuqa 12-2

fJ :  I  '5 I J  : 2

l tb
k,h k,n eo, y6

0,00
0,50
0,75
1 ,00
1 ,50

0,36
0,29
0,26
0,23
0 , 1 9

,06
,05
,04
,03
,08

4,0
4,5
L 9 .r t v

5 ,0
5,6

0,40
0,33
0,30
0,26
0 ,21

l , l 6
l , l 1
1 , 1 1
1 , 0 9
1 , 0 7

6,8
7 ,3
7 ,7
B , i
q 9

0,00
0,50
0,75
1,00
1 ,50

0,38
0,32
0,29
0,26
0,2L

1,40
1 , 3 1
1,27
1,24
l , l 9

10 ,8
1 1 , 4
1 1 , 9
12,6
1 4 , 1

0,35
0,30
0,27
0,24
0,20

1,63
1,47
L ,42
L ,37
1,33

13,2
14 ,3
15 ,0
15 ,8
17,8

Ans onpeAeJleH
cTofiTeJIbcTBO, rITO

Beca x3, T. e. qro

r|f l . oTcIOAa [ocToflHHbIX An IICnoJIb3yeM To 06-

QyHxuuu Xn(x) oproroHaJIbHbI orHocureJlbHo

xsXn@) X"(x) dx -0 rpu n+ m.

VvtHoxas o6e qactu (12-19) Ha x lXn(x)dx,  I {Hrerpupyn or  xt

IO Xz, HaXOAI{M

N nAnch l,fr + : - 
+i' ,* (*- x) (xr- x) Xn@) d'x;

*2

Np: I  fxT($dx.
X 1

Taxuu o6pasolr,  AaBJreHHe noJrHocrL,Io oi lpeAeJleHo. PasuoAefi-

CTByIOUafl, CVrJr AaBJreHr.rfl H ee IIOJIOXeHHe, a TaK)Ke noJlHbie noTepH

roryt 6or"o uafiAeun KaK paHee I, I  npeAcraBJIeHbI B BHAe (12-l  l ) .

Tabnuqa I2-3

OnpeAeneHHe

t2

J
X1

llo pa6ore [391
flo nupaxeHalo (12'20)

I  3u^u .  ^e  g lc

6,3
6,3

8 , 4

7 r 5

q 6
v t "

8 , 6

I l ,7

1 0 , 1

l613

1 4 , 5

I(osSSHIrneHr &, upu 0:3 s l/6' paeuol*{
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[ IoayveHrtbre raKHM o6pa30M 3t {aqerrHrr  KoesOHqlrer r ron k1, ,  hp r r  c0
B 3aBHClrMOcrt r  or  I lb  n  [ ]  n l ) t rnc/ leHbr  r l  ra6 l .  l2-2,  r r3  xoropoH
BI{AHO, t l ro HaH6o.nlutatt  roJIU{uHa MacJIlHoro cJrof l  /11 4ocruraercf
npI{ HaKJIoHe F:2. 3ror BI)IBoA MeHfleTcfl ,  ecJri{  yqecrb r.r3MeHeHHe
Bf l3KOCTU C HafpeBOM.

onpeleaeHHe noJrr reMneparypbr B o6u{ena cJryqae 6o,'ree
cJroN(Ho, raK KaK Bbrpa>KeHHe ( I2-3)  rpeAcraBJrf ler  co6of i  ypaBHe-
I{He c net'ertaeHHbIMH xoaQQuIIHeHraMH. OAHaxo MaKcHMaJrbHas

reMneparypa Ha ocu cHMMeTpHH rro-
AyIXKH OrrpeAeJrfleTcrr cpaBHuTeJrbHo
rpocro.  f lpu z :0  HMeeM dpldz:
:dTldz:O Lt ,  cJreAoBareJrbHo,  ypaB-
Henue l.Irfl TeMrreparypbr Ha erori
ocn coxpaFrner  BHA (  l2-  10)  .  f lo , ry-
r leHHbre u3 eTofo ypaBHeHHfl B pa-
6ore [39] 3HaqeHHn xoeQQHrrHeHra
kt AlIfl pacrlera reMIIeparypbl IIo
Qopnaynarvr  (12- l l )  npr4BeAeHbr
e ra6n. l2-3, a noBbrrrreHHe reM[epa-
rypbr or exoAHofi KpoMKH noAyrrrKn
K nuxo4uof i  r rpu l3 :3  noKa3aHo Ha
pnc. l2-5 (cn.noruur,re nuuuu) .

!,pyrun,t MeroAoM orpeAeJreHHr
reMneparypbr flBJrfleTcfl MeToA cpeA-
Hero pacxoAa. Ans rroAyruxu 6ecxo-
ueqHofi  [ IHpHHbr pacxoA MacJra, H3-3a
ero Hecx{r,rMaeMocrl{ 6u.u oALIHaKo-
BL'IM BO BCCX CCqCHHflX CJIOfi .  I IO-

eroMy nepefpeB Mox(Ho 6u,no onpe-
AeJIHTb KaK qaCTHOe OT AeJIeHI{f l
IroJIHbrx noTepb TpeHr{fl Ha TenJro-
eMKOCTb MaCJra, npOXOAflUIefO qepe3
cer{eHae cJror. y noAyrxKa xoseqsofi
I IJHpHHbT rracTb MacJIa pacTeKaeTcfl

c ropUbB H llogroMy pacxoAbr r{epe3 BXoAHyro H BbrxoAHyro KpoMKH
HeoAHHaKoBbI. PasHocm pacxoAoB paBHa 6oxoeoi l  yreqKe, r.  e.
G2-Gt :  Gy,  fAe

G r : 2 G*(xr, z) dz;
X2

G t : 2 G*(xt, z) dz;

0,5

Puc. l2-5. Teuneparypa Macrrr-
HOrO C.[Oq

Culorunue nHHrrH - 6es yqera or-
BOAA TCIINOTbI B NOTYIUKY; IIITPHXO-
Bas - c yqeroM orBo,qa tpu lfb-j

llo MeroAy
MaroT cpeAHee

r{ onpeAeJrflroT

b/2
f
J
0

bi2
I
I

0

Gy:2 ! G" 1x, bl2) dx.
xr

cpeAHefo pacxoAa B KaqecTBe
apuQnrerurrecKoe pacxoAoe Gr ra

G"p : 0,5 (Gl + Cr) : Gr- 0,5Gy,

neperpeB MacJra no Qopuy.ne

Tz-Tt: I I I(cG").

pacr{eTHofo
G2,  T.  e .

- l

Hanpa6ttexue
6pauqexun
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Ec"rru pacxoAblnpeAcraBHTb B BUAe

Gz: krPbuh"r ; Gv': kuPbuh",

V  I I C I O J I b 3 O B A T b Q o p u y ; r 1 ' ( 1 2 - 1 1 )AJrf l  norepb, To uaf iAel t

I  z -  I  L = :

3uauertvtn k7

kt -!:!-'
cp

np14BeAeHbI

k,,:(#)'
k 'n  (hr -  0 ,s f ty)

kn
(t2-20)

ua  p l i c .  12 -6  t t  s  ra6 "u .  l 2 -3 .

Psc. 12-6. K onpeAeneHl{Io reMneparypbl Mac,'IfiHofo cJIoF

Heo6xoAHMo orMernTb' t ITo B H3JIo>KeHHbIX MeroAax pacqera

yqHTbIBaJIHCb TOJIbKO IIOTepu' BbIAeJIfeMbIe B TOHKOM CJIOe MacJIa

HaA cerMeHTaMH. l lpu 6o.nlruux qacro'fax BpaIIIeHI{f l  AHcKa MOryT

craTb cyIqecrBeHHbIMII TaK>Ke norepH r$sa TpeHHfl AHCKa II  ABH-

)KeHHf l  MaCJIa B BaI{He noAnf lTHI ' , IKa.

Kar< BHAH9 t4s ra6,ry. l2-3, 11o MeroAy cpelHero. pacxoAa r lepe-

.p""' np i"Tii--O,S noryr{aercn 3aHl'r}KeHnrina Ha 10-12 0lo' Vxe

orMer{a,,rocb, qro ypaBHer{He (12-3J 3ai lHCaHo rtpu Aoi lyqeHliu oT-

BOAa,,TenJIoTbI TOJIbKO MacJIoI{.  Tax I{aK SaxrHuecxt HeKOTOpafl

uafti 
jren,noru orBoAurcfl B AHcK vr noAyIrIKy, 19 saiiAensltfi u3

(12-3) HafpeB 6yaer HecKoJrbKo saBbIIIIeHHbIM. flOaron',ty o6uqso

TeMI IepaTypapacc t luTb lBaeTc f lnoMeTo .u .ycpeAHeropacxoAa .

9*
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12-5, BNUflHUE (DOPMbI CETMEHTA

CerueHrr,r noAnnrr-rrKa rrrAporer{eparopa BbrrroJrHflroTcfl  B BHAe
KoJIbUeBbIX ceKTopol l ,  A, ' l f l  Koropblx ypaBI{euHq Pci lHoJIbAca (12-1)
14 oHeprHI . I  (12-3)  yAo6Hee 3anr icarb n noJr f lpr {brx  KoopAr4Harax
(r ,  q) .  B ycraHoBl{Brr leMcs pex{HMe cKopocrb Ha noAev)KHoir  no-
BepXHOCTH A- I ) f  ,  T .  e .  B  OT,qHqHe OT CKOpOCTH Ha  i lOBepXHOCTH
rpeHHq nprMoyrorr,uor? noAvrxKr.r H3MeHr{eTcfl  B nonepeqHoM Ha-
npaBrreHuu.  VpaBHeHHn (12- l )  n  (12-3)  npnHHMar.or  BprA

+(+#)+# (+#)--6c,,r
|@i'++l(#)'*(#)'l-

f / roh hs dp \ AT hg
-  r1 t  t  l_

t\ 2 l2tt r)q ) r09 r2p #l :o

ah
i t
oQ

(t2-2r)
0p
0r

i l.ns n,rrocFlrx notsepxHocretl TpeHHfl B o6urenl c,'ryqae roJrIqHHa
c/Iof l  MacJra B rrprMoyroJrbHbrx KoopAaHarax

h: At|- Azx * Asz,

rAe (x, z) - KoopAHHarbr B nJrocKocrlr cJrofl
nocToflHHbIe.

B no"nnpHblx Koop/tHH arax x: r  sincp, U: r  cosg u, cJIeAoBareJIbHo,

h(r, P) : At* r (Arsin P * Ascos g). (t2-23)

KooparaHarbr x u A orcrruTbrBarorcff or eHxoAHorl KpoMKr,r ilo-
AyIIKH, T. e. Ha nuxoAHofi KpoMKe x: p: 0, a Ha sxoAHofi AIrfl
nptMoyro.ursof i  noAyurxr x:1, a p,nn ceKTopHofi  cp:9.

florpe6yeu, ulo6br Ha BbrxoAnofi xpouxe roarquHa cJrofl 6una
nocrosnHofi ,  TaK KaK npr,r arou o6ecnerruBaercf i  MaKcHMaJrbHafl  rpy-
sonoAbeMHocrb noAyLuKH. TorAa B Bbrpax<eHr{nx (12-22) v (12-23)
HaAo npuHflrb As:O. OrcrcAa BHAH9 p asJIHqHe Soprrarr cJIof l  A[t f l
npflMoyro.nrHofi H cemopHofi rroAyrrreK rp?r oAHHaKoBoM ycJroBHH
nocToflHcTBa ero ToJruIHHbr Ha BbrxoAe: B nepBoM clyqae ToJru{HHa
cJIOfl MeHfleTCfl TO.rrbKO B HaIIpaBJIeHHLI ABr4)KeHHfl ITJTOCKOCTH Tpe-
HHfl, a BO BTOp.OM - 14 B rrep[eHAHKyJrflpHOM HanpaBJreHHH.

3anHrueira BbIpaN(eHHe (12-23) npu As:0 qepe3 ToJIIIIHHy cJIofl
Ha BbrxoAe fu v roJruIHHy Ha cpeAHeM paAnyce exoAHoft KpoMKH
h2. I4veetvr

h t - h ( r ,  0 ) :  A r ;
H, CJIeAOBaTeJIbHO,

fAe B:hz lhr ,
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(t2-22)

u  A n  ( k : 1 , 2 , 3 ) -

e): o' l t

hz:h( r " r ,  0) :  At*  Azr"ps in  0

+(p-  1) 'a  s inq I
r"p ;t -j' 

(12-24)h (r,



B HeKoropbrx pa6orax ToJrrqHHa cJ lor  HaA ce l {TopHou I loAyUJ-

r ror ) r  onpeAcnf lJ Iacb B Br lAc

h* -= rrlt* (F -

r r ro ,  r {aK BHAr- ro  : ,43  cpaBr reHVf l  c  (12  24)  ,  npra6 , r l l l i l {e I - lHo cnpaBcA-

Ju{Bo ToJ IbKo I IpH Mad ' IoNt  y rJ le  pacrBopa (s in0  =  0)  H Ma ' ro l i  pa-

Ana l tno l i  u IHpHHe ( r r - , ' r ( r "p )  .  Ann i loAngrHHI {oB r l4AporeHepa-

ropoB pa3r-rHqa Me)xAy h v h 'F MolKer Aocr l t rarb 30 % roJlul l {Hbl

cror ua exoAuof i  KPoMKe.
Ans ceNroP H o fi noAY lx KI'l

npH ToJI IqHHe CnOf l  [o  BblpaiKe-

Hraro (12-24) PeruenHe YPaBHe-
HHr Pefiso.nlAca (12-21) 6uno
BbinoJIHeHo MeroAoM ceroK.  l lo-

IyqeHHbIe Pe3YJIbTaTbI l ' t-oXHo

npeAcraBurb  n-  QoPnae (  12- l  1  ) ,
roHlrMas noA I u u AJIHHY IIo-
AytuKH 14 r{acToTy BpauleH14f

L]/-CKa noAnflTHHKa Ha cpeAHeM

Al{aMerpe. 3HaqeHuR BxoAf lur l {x
B (12 - i l )  xoeQQuqueHroe  kn ,
kn H to I tpHBeAeHbI B ra6n' l2-4

I^Jrn AByX yfJIOB pacrBopa cer-
MeHTa 0 npu Ha4JIoHe 0:3.

B axnuu Pe3YJIbraroM Pac-
r{era ,-ceKTopHofi noAyIxKH fl.B-
Jrfercfl paAHaJIbHOe no.no>xeune
TOTIKH OrIOpbI, .Ooecneql{BaIOU{ee [ocroflHcrBo
xoAuofi KpoMKe. Pa4uyc iloJto>KeHufl oilopbl

X(CHHCM

ron - rcp* tr- rt) Er,

rAe rcp:0,5 (r21- t ,  )  -  cpe4nraf i  paAI' Iyc cerMeHTa' 3Ha'{eHI' Iq pa-

,qua",rbHoro oKcireHTpHCHTeTa tv AJlf l  F:3 npl ' IBeAeHbI Ha

PHc' l2-7 '  

Tabnuqa 12-4

l) -sl ,' 0 1

er
%

\
\ i

e<
34

\

ooj 0,9 r/b

Pr.rc. l2-7. Paana.rrlsstfi eKclreHrpucrl-
ter -npr.r nocrogurioft Bf3Kocru MacJla

TOJIITIHHbI CJIOfl Ha Bbi-

orpeAeJl f leTcf BbIpa-

0.80,7

0 : 3 0 ' 0  : 4 5 o

t tb
" 0 ,  

%k ntn hh nLnh

0,50
0,75
1,00

0,32
0,28
0,26

1 , 5 5
1 ,36
r ,28

13,7

1 3 , 6

1 3 , 5

d,3t
0,27
0,24

1 , 7 5

1 , 4 3

1 , 3 0

14,7

1 4 , 6

14,+

- / U  
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12.6, BNU'.HVIE h3MEHEHVfl B'3KOCTh MACJIA
B NNOCKOCTU TPEHV1'.

BqaKocrb  cyu{ecrnyrcu IHX MaceJr  3Haqnre" , ' IbHo yMeHbuaerc t l
n p n  H X  l r a r D e B a H H V .  B  K a q e c r B e  n p t { M e p a  e  r a 6 n .  l 2 - 5  n p w B e A e H a
3aBHCI . {MOCTb Bq3KoCTI {  oT TeMnepaTypbt  A , ' I t r  MaC, [a  ryp6t iHHoro
30 no |OCT.32-74.

Pocr  reMneparypbr  H  yMeHb[ ieHr re  B f l3Koc ru  MacJ Ia  B  Hanpa tsJe -
r rHH ABLl>KeHVtl  r rJrocKocTH TpeHrj f l  cKa3bIBaIOTCq Ha paC[peAe,TeHII I t

AaBJreHHfl  HaA noAytuKof i .  Ans yqeTa 3Toro o6croqreJlbcrBa B i lpaK-
rnKe npr {  Hcno" , ' IL ,3oBaHHt{  $opr tayn  rHra  (12  11)  i lpHHf l ro  BBoAI { r l )

B  HHX nu6o cpeAHroro  B l3Kocrb

Fcp:0,5 (Vz*  p1)  ,  'un6o Bq3Koc ' r I )
npu cpe4Hefr  reMneparype l io :
: U , ( T " p ) ,  f A e  T c p : 0 , 5 ( T t *
* 7 2 ) ,  a  V z  v  l r r - B f l 3 K o c r H
MACJIA HA BXOAHOft 14 BbIXOAHOfi
KpoMKax noAyrxKH.

Kax nol(a3aHo HH)Ke, HCno, ' tL,-
3OBaHHe Bf l3KOCTH Fc AaeT XO-
pol l rHe pe3yJrbrarbr npr.r  onpe-
AeneHHH TOIUII4HbI CJrOfl ht, IIO-
repb Ha rpeHue I I  v  neperpeBa
Tt-Tr ,  CC, , ' IH Ct IHTaTb 3aAaH'
HbrM HaKJroH noAyruKr{ 13 OL-
HaKO TaKHM npHeMOM HeJrb3r {
yqecTb Bbr3BaHHoe HafpeBoM
MacJra  H3MeHeHHe HaKJTOHa npr4
3aAaHHoM gKcrreHTpHcHTere. Ha-
K",IIOH X€, OqeBHAHO, yBe"ri l4-
r IHTCq, TaK KaK Bf l3KOCTb MaCJIa,
a 3HarJHT, 14 AaBJIeHHe B CJIOe
yMeHbulaTcf l  cH,rrbHee Bcero
s lnvsu BbrxoAHof i  KpoMKH no-
Aytur{H. Bcne/ l .creHe 3roro MO-
MeHT OTHOCHTeTbHO Ofropbr cH.:r
AaBJeHHq CO CTOpOHL,T nXOAHOfi

KpoMKH npeBbrcHT MOMeHT CO
noBopar iHBaTb cerMeHT AO TeX
cflTcfl.

cropoFrbr esrxoAHorl KpoMr{ti Lr 6yaer
t rop,  noKa MoMeHTbr He ypaBHoBe-

I To'rHHfi  yqer H3MeHeHHfl Bf lsKocru BbrnoJrHeH B pa6ore [65],  rAe
ypaBHeHHfl PeirHo,usAca u 3HepfHH rrrrcreHHo peueHbr i .nn npflMo-
yroJlbHofi  noayruKn c coorHotr leur.rer 'r  cropoH t l l ; :  I  u reruneparypori

p ,  ne . c , l 0 -g

0,15

Prc. 12.8. K onpeAeJreHaro roJruruHbl
MacJrfiHoro cJrofl npr nepeuesnofi Bff3.

Kocru ,  l lb :1 ,  T2 :38  "C
Cuournrte .nHHHr{ - tro MeloAy sBHBaJTeHT-
ttof i  Bs3KocrH, rurpuxoeue - n-o pa6ore [6b]

I

I
8 ,3

Ta6ttuqa l2-5
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Macr a Ha RXOre B cJto l l  Tr :38"C.  Ec.nt l  pe3yJ lb ' tarb l  sroro pacqeTi l
I tpCACTaI l l ' lT I )  I ]  I l l l Ie

hr : k;|i;,uttp,p ,
To Noa{ rQuur le r {T  k ' r ,  6y rer  nMerb  3HaqeHl t r ,  noKa3aunbte  Ha
pt . IC .  l2 -B  tuTpI iXoBbIMI . t  " r " tuHuqMl I .  Bb tseauHoe HarpeBoM Macr r la
y M e H b r l e H r { e  r a H r e H u H a r b H o r o  a K c q e H T p H c r { T e r a  n p H B e A e H o  B  T a 6 r .
t 2 - 6 .

f leperpeB MacJra no pe3) ' rbraraN{ pa6oru [65]  x l r i laKrep] t3verct l
c , reAy rouHMH 3Haqe l lHn t tu  k1  (np"  0 :3 ) :
Cpe4uee ,qaBJreHr.re
I(osQSuuueur ky

Pcp,  Mf la

O r H o c u r e r b H o  c i l a 6 a f l  3 a B H c H M o c r b

JIeHI{ f l  AaeT OCHOBaHHe I IO; ' Ib3OBaTbCf l  Ha

Hefo pacxoAa.
D,ns onpeAe"'IeHHr ToJIUTHHbI croq rro

MeroAy sKBHBaJTeHTHOfi Bf l3KOCTH npe-
o6pasyela $opuy;ry (  12-14) x eu4y

hr: k;4 v.zullpcp; kn: kol Srol 1Lz,
(t2-25)

rAe SKBHBaJIeHTHaf l  Bf  3KOCTb Fo:
:  p  ( T " p ) .  3 a A a e a f l c b  A a B i r e H H e M  u  H a -
K.rroHoM F, no (12-20) ualiAeu neperpeB
H cpeAHroro reMreparypy T 

"p, 
no ra6n.

l2-5 onpeAerluM [r0, a no (12-25) pac-
crrHTaeM 3Har{eHHs h'n. l lo.nyueHHbre ra-
KHM O6paSOrrA 3HarreHHs h'n npHBeAeHbr Ha
pnc.  l2-B (cn.nouHue nuHura).  CpanHH-

0 , 7 0  I  , 8
12,3  I  I  ,6

4 , 4  8 , 4
1 0 , 8  1 0 , 1

3TO|O napaMerpa  o r  AaB-
npaKTHKe MeTOAOM CPe.U,-

Ta1ttuua 12-6

L e ,  % ,  r p r

2
3
4
5
b

8

2 ,8
4,2
5 ,4
6,3
7,0
7 ,5
7,8

2r3
3 , 8
5 , 0
5 , 9
6 , 6
7 , 1
7 ,5

,o;:

t{:

Bafl ,  co rxrpr{xoBbrMH KpHBbTMH pHc. l2-8, nocrpoeHHbrMr,r no quc-

JIeHHoMy pe[IeHHIo, y6e>x4aer\{cfl B xopourerl ToqHocrH MeroAa sK-
BHB aJr eHrsorl Bfl gKocTH.

B cexropHoM 6aruuaxe HafpeB MacJra cKa>Kercf l .  H Ha 3HaqeHHI{
seo6xoAuMoro paAHaJIbHofo eKclreHTpncnrera. Oxsaxo B ", ' Iurepa-
Type HeT AaHHbIX AJrf OnpeAeJIeHHf 3TO|O BlrlJfl.Hr4fl,.

12-7.  O Bb|EOPE PA3MEPOB nOAntTHhKA

I4cxoAubrMu AaHHbTMH npu rrpoeKrnpoBaHuu noArIf lTFIIzKa f l lApo-
arpefara f lB.rrf l rorcf l  qacl 'ora Bpau{eHHfl poropa n, Hafpy3Ka Ha noA-
nrrHHK P u ero MHHHMa.nrHufi  BHyrpeHHLri4 AHaMerp D"n. Heo6xo-
Ar{MO nn6parn TaKHe pa3Mepbr cef MeHToB noAnflTHLlKa, r i ro6bl
TOJTUIHHa MaCJTf lHOTO CJIOf l  B HOMHHaJTbHOM pe)KHMe pa6Orr i  6r t ra

Aocraroquofi AJrf l  HcKrIor{eHHr MeraJrJrHr{ecKoro KoHTaKTa noBepx-
Hocrer? TpeHHfl, a TeMneparypa cefMeHroB He npeBbr[raJra Aony-
cruuof i .

Xors npu orcyrcTBun MeraJrJrurrecKoro KoHTaKTa Susravecxofi
fpaHHrleir flBJrfleTcfl TeMneparypa BcnbrrrrKH MacJra, cocTaBJrffroulafl

S : l ' 5 - + 2
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oKor ' ro IB0oC, no cyuecrBylou{uN,r  t ropMaM rcMneparypa no/ lnRrHtr_
KoB o l 'pa l { t tqe t ta  3 t laqetu{eM 80 "C.  Ec , r r r  n l ) r r r rn rb  l cMneparyp) ,  Ha
BXoAe u Mi lc, . rst r r_,r r i  c"ryof i  pasiror i  45"C (nolpo6r io od 3roM cr{zr : tuHo
ttux<e) ,  r9 4onycrHutni  neperpeu cocrzruui '35"C. f lpur{r . rMarr  B cbop-
MyJ re  (12  20 )  r cn " r r oeMr ioc rb_  gc :1 ,7 .  106  A>N l ( t  3 . " c ) ,  t r , r r , p , pn -
I l H e H r  k t - 1 0  ( l t n  0 : 3  u  l l b : 1 , \  H  n c p e r p c B  T t - T ' z : j b " C ,  n i i i
AeM_AOn)'C1'H^'1Oe AaB"rIeH IIe /rcr):  6 MfIa.

Ten ep I 'M olKHo on peAer' I  urr,  n eo6xoAri M yro p a 6ou1, 'xr no rJepxri  ocrb
TpeHHfl cerMeH-To_B S:Pf Pgp, noJlHyro [JroUaAb [oBepxHocrH [oA-
nf lTHHKa So:  S lk ,  H ero uapyxnt l r?  AHaMerp pzn:pzorr*4Ss/n.
oruoruer{He n,ToulaAei i  k,  xapaKrepr43yer BerhrrnHy rrpoMe}Kyrr{oB
MCX(AY CC|MCHTAMH H ATq BbI IO" , ' IHCHHbIX NOANf lTHHKOB , I ICX{HT B NPC-

AeJrax 0,7-0,8.  Taxula o6-
pa3oM, paLldalrblHafl tuH-
pHHa ce rMeHToB b :0 .5
(D" - D"')  onpe.u,eJleHa H
ocraercn nlr6parb r4x raH-
rcttUHa", ' IbHyro A,rrHHy (wnu,
LITO TO X{e caMoe. ux qr4-
c" r ro) .

r{ro6rr onpeAeJrrzrb orr-
rHMaJrbHoe orHowewue l f  b,
o6ecneqHBarouee H a u 6o,r l-
IUyrc ToJruIHHy cJroff MacJra,

Sop r'ry"rry

h : k l ltrublp"p;

npeo6pa3yex,r
(12-25) K BHAy

0 0,5 1 j,s

Puc. l2-9. Tonuuna MacJrsnofo cJrofl npa
Pcp:6 Ml Ia,  Tz:45 "C k,: k'nlm : khi polfu,rb) .

nnn onpeAeJleHHfl sua.{eHHI2 lro H Vz 3aAaAHMcfl exo4uol)r reM-
neparypof t  Mac"r ra  Tz:45 "C u cpeAHHM AaBJTeHHeM p.p:6 Mf la .
f lpuuauan sHaqeHuf  kn Hs ra6 i .  l2-2,  Haf iAeu sHaqeHHs h.  Ko-
ropble npuBeAeHbr Ha puc. l2-9. Vs srofo pHcyHKa BHAH9, r{ro
TOJIU{HHa MacJI fHOfO CrOq MaKCHMaJIbHa H npaKTnr{ecKH nocrof lHHa
np t {  H3MeHeHHH B  o r  3  Ao  4  u  0 ,6 -< l l b . -< \ , I .  3 ru  3Har {eHHf  B  L r -
I lb ttBJIflrorcfl ortrnMaJIbHbrMH rro roJnr{HHe MacJrflHoro cJrofl Ailn
IIpHHflrbIx sHa.JeFruf i  Pcp H 72. Kax roKa3aHo B pa6ore [36],  i lpr.r
P"p:4 MfIa onruMaJrbHbre rpaHHrIbr HaKJroHa pacur.rpf lrorcr Ao
3l{arIeHHli  2-<F-{4, Ho MaI{cHMa,' IbHafl  ToJruruHa MacJrrrHoro cJIotI  Ha
DbIXoAHori xpour<e no-npe)KHeMy AocrHfaercf l  npn B: S.

l loc.ryc roro KaK pa3Mepbr cerMeHroB nrr6paHbr, rro Qoprray,re(12-14) Hnrkr, rrro ro >Ke cauoe, no (12-2s) onpb4.nf lercf l  roJru{rrHa
r{scJirHofo cJrof l  ht.  ! ,onycrHMoii  A,rq rr{AporeHeparopoB c 6a66u-
TOBbIM nOKpb ITHeM Ce fMeHTOB H Bb IUeyKa3aHHbrM r . ICnoJ IHeHHeM
IT{ I ICKA CI{HTACTCf l  TOJIU{HHA CJOf l  HC HHX{C 40 MKM NPH AHAMCTPC
AHcKa Ao 3 M u 50 MKM npu 6onrruux Ar-raMerpax. f, i"tree ueo6xo-
AHMO OnpeAeJIHTb SKCIIeHTpHCI4Terbr cefMeHTa OTHOCHTeJTbHO O[OpbI,
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I ITO Bbrno, lH f leTcr r  no  AaHHbrM,  I IpHBeAeHHbIM B Ta6 i l .  l2 -2 ,  l2 -4  i l

t 2 -6 .
A O  C 1 4 X  I t O p  n p H H 1 4 M a . n o C b ,  q T O  T c M n e p a T y l ) a  M a C / ' I a  H a  B X O A e

B CJrOr?  H3BeCTl la .  B  Ae l ic rB t rTe" , ' lb l locTH 3Ta TeMneparypa 3aBHcl l r

c r B I r l A e r f l e M I J I X I l I I o A n f l T F I i { K e I I o r e p b ' U H p l { 5 r n t l * t " ' N { a c J I z l B B a l j l i e
r . r  ycJroB l r r i  e ro  oxJra iKAeHr . r r .  B  I tepBoN{  npH6JIH}Ket t t lH  Mox{Ho r rpa '

u t /

Hf lTb ,  , i ro  TeMfrepaTVpa Mac, r la  Ha BXOAe B cnou i lp l4  BCTpOeHHbI - \

B Bar{rry MacJIooxJl  aAr4Tei l f lx  paBHa

T z:  7"p 1-  ATr  *  LT r , (t2-26)

fAe  Tcp-CpeAHqf l  reMneparypa 9XJIa)KAaIOUeH BOAbI  B  MzC; - Io -

oxi la1lrel f lx i  AIr  -  reMl lepaTypl lb l f l  i leperaA MeMAy BoAol i  H MaC-

JIOM B BaHHe;  LTz -  reMnepar}P-
Hbrri tIeperlaA Me]KAy ].,1ac./IoM g
B BaHHe g Ha BxoAe B cJlof i .  M2'"c

B cBolo oqepeAb ,  LT r :  n  I  @F) ,
rAe n - norepH or rpeHHf B noA-
nf lTHHKe;  F -OXJIa>KAaIOU{af l  I IO-

BepxHocrb rpy6oK;
I IHeHT TenJIOOT LAqV OT MaCJIa
K Tpy6KaM oxJIaAHreJI f l .  3HaqeHHq
a LJrfl rpy6oK c Hapy>KHbIM Ar4a-
MerpoM l9  MM 14 BHyTpeHHHM
17 tvtu npu cKopocrn ABHX<eHHfl
BoAbr B rpy6Kax oKoJIo I  u/c npH-
BeAeHbr Ha pl{c. 12-10 B 3aBHcI]Mo-
crH oT cKopocTH ABHX(eHHfl MaCJIa
uM. I-Ioc.neAHIoIo opHeHTI4poBoqHo
Mox(Ho rrpr{Hr4Marb paBHoIl uA/600,
rAe 0a- oKpyxHafl  cKopocrb
AHCKa nOA[qrHHKa Ha Hapyx<HoM
AHaMerpe.

f lepena L LT2 no onbIrHbIM AaH-
HbIM COCTABJI f lCT 5-  I  O "C,  BO3-

0,3

0,2

0,1b
0,05 0,1 n/c

PHc. l2-10. KoeSQtluHeHr rerrloor-
AaqH rpy6ox MacJIooxJIaAHTerq

pacTaf l  c rroBbrrrreHueM AaBJIeHuf l  Ha I IoArI f rHHK. l IpH BbIHeceHHbIX

H3 BaHHbr oxJraAHTeJrf fx H noAaqe oxJIa)KAeHHOfO MaCJIa HenocpeA-

CTBeHHO K nOBepXr IocTqM TpeHHf l  sTOT nepenaA oTcyTcTByeT.

flocxo.unKy reM[epaTypa Tz 3aBIacHT oT BbIAeJIfleMbIx B noAIIfr-

HHKe noTepb, KoTopble,  B cBolo oqepeAb, nponopIIHoIIaJIbHbI Bf l3KO-

crn MacJra,  To B HaqaJIe pacqeTa TeMneparypol? Tz Heo6xoAHMo

3aAarbcs (o6uuno B pIHrepBaJIe 35-45"C) ,  a  B._1ol^U.e rpoBepnrb,
coBnaAaer JrH oHa c HaHAeHHoIi  ro sopM)",re (12-26).

B 3arurroqeHue orMerHM, qro yKa3aHHbI I?  BbIUre reMneparypnut l
IpeAe, 'r  B0'C ycJroBeH. I4uercrcs cBeAeHHfl,  r ITo i lpH l lcrtblTaHHflx
reMneparypa MacJIa B BaHHe noAnf f rHl {Ka AoBoAI iJ Iacb Ao 123 "C
(sa cuer orpaHl{qeHnfl  noAaqu BoAbI B oxJla4l l1eryr) .u aro He npII-
BeJro K )/xyA[rer{Hro cocroflHI{fl IIoAnflrHHKa 157] PaQgla onblrHoro
rroAnflTHHKa c reMileparypot? cerMeHToB BbIIrIe 100 "C onHcaHa

ra r { } r i e  B  pa6ore  [19 ] .

I t) i l
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12-8. AEOOP MAL\VM nOBEpXHOCTEN TPEHVI
vl v1x BnuflHvlE HA XAPAKTEPVICTV1KV| nOAnTTHhKA

f lp r tBeAerrHbre Bbrue pacqerr rbre Qopvryru ocrroBar- rbr  r ' ta  AOn} ' -
t I l C } I I I I I  O  T O M ,  { I T O  N O B C P X H O C T I {  T P C I I I I f l  f I . , l O C K T I E .  B  A C i i C T E H T C J I b -
uocT I I ,  KaK ) ' )Ke  o rMeqa / ' I ocb ,  noBepxr {oc ru  rpenu f l ,  t i  n  oco6enr roc r } r
ce rMeHTbr , ' noA  Ae i r c rsHeNa rJa rpeBa  H  Harpy3Ku  AeQopMr rpy ro rcq .
TaN xaK onpeAerenHe AeQopuaqHl i  cc rMeHroB r rpeAcraBJrse r  co6o f i
caMocrorrerbr{yrc  cJro}KHyio 3aAaqy,  To Bo MHorprx pa6orax aHa-

nH3HpOBaJrOCb BJIHIHHe 3a-
paHee 3aAaHHofo  HcKpHB-
T C H H q  C C I M C H T O B  H A  X A -

p aKTepHCTHKr{ noArrf lTH HKa.
Oanofr Hs nepBbrx B oroM
HanpaBJreHHH qerqbrcn p a-
6ora [66], rAe paccMorpeHo
HCKpHB,' IeHHe KBaAparnOfi
noAyIxKH B BbrnyKJryro v
BorHyrvro cSepnuecKyCI TI
I {HJII ' IHAPHI{CCKYIO TIOBCPX-

HocrH. f loayueHHbre e eroi i
pa6ore pe3yJrbrarbr  noKa-
3aHbr  Ha  puc .  l 2 - l l  B  BHAe
3aBHcHMocre f i  MHHHMaJTb-
sofi ro"rrurr4Hbr cJrofl Ae$op-
MHpoBaHHofo  ce f  N {eHT &  hmn
or  nporH6a cefMeHra ,6  H
TOJITUHHbI  CTOq MACJIA HA

BbrxoAHoft xpouxe [JrocKo-
ro cerMeHTa hr .

Kax BHAHo H3 pHcyHKa,
HCKpHBJ' IeHHe Cef MeHTa B
BbInyKJryro rIHJrHHApHqe-
cKylo noBepxHocrb c o6pa-
3YIOUIH U H, rrep IIeHAHKyJr f p -

HbrMr.r HanpaBJreHHIo ABr.r lKeHHf AHCKa (<npoAoJrbHaq>> KpHBH3Ha,
KpH'Bafl  1),  npueoAur K HeKoropoMy yBerr.rqeHr{ro roJrrqnHbr MacJrf l-
Horo cJlot,  TorAa KaK Bce ocraJlbHue Qoprr, trr  HcKpHBJreHr.rf l ,  r .r  oco-
6esno r{cKpHBJreHHe BorHyrocrbro BBepx (xpnean 4), npHBoArr
K CyurecrBeHHoMy yMeHblrreHHro roJru{HHbr MacJrf Horo cJrofi.

orueruu,  qro r rpH ae$opunpoBaHnH cerMeHra Ha Hexoropol i
ero qacru o6paayercf l  pac[Inpqlou{Hl?cq B HarpaBJreHnr.r ABnx(eHr.rf l
3a3op,  npH KoropoM Hal iAeHHoe r {3  ypaBHeHHq (12- l )  4ae, r reHHe
MoxeT noryr{HTbcs orpHIrareJIbHbrM. 3ro o3Haqaer, qro Ha r{acrH
cefMeHra raacrqHorrl  c.noft  HafpysKy He Hecer. fpaHllqa s Me>KAy
.[,ByMf r{acTfl Mr.{ cefMeHTa onpeAeJrfleTcfl, r43 ycJroBl.{fl

4 5N E
U,J

Pnc. l2-l l .  Bnus:aue HcKpHBJreHHr cefrueHra
Ha TOJIUII{Hy MacJlsHofo cJIofi npu eo: l0 0/o

u  l l b : l
/ - nuuyx.rrtrri TIHIHHAp c ocbro, rrepnegAaKynrp-
uoli nanpaBJreHnro ABrix(ennff; 2 - nrrnyx.rras c$epa;
J - nuny6rrrfi qll.ltr.rn,u,p c ocbro, napanreJrbnofi Ha-
lpaBneHr-trc ABrrxeHlrr; 4 - norHyruft qu.nnHAp HnH

c@epa

0p
Ps. :  ôn s

l uu

: 0



(n-  r {opMaJlb t {  KoHrypy S) ,  qro BHocHr AonoJIHI . tTeJIbHbte rpyA-
uocr t {  r r l ) r r  I . rHTcnptrpoBat{ t . I I {  yp: lBI lcHuf l  Pei tuo"ntAca H ruJI rerc f l
oArro i l  H3 r rpHqr . rH cHH;* ienr . r f l  uecyute i i  c t toco6uocrn aeQopMIrpouaH-
uofo cerr \ , ter r r ' : r .  Oco( ternro npeAlro pacuuper l l . tc  3a3r lpa e6n I { :J t t  RXoA-
r r o l l  r { p o M r i t r , ' r z r r i  r i a K  o n o  3 a r p } I A I I f l e T  o 6 p a 3 o I J a u n c  M a c J I f r l o f o
cJrof l  npH r rycxc.

Harpen MZC, ' ra  r . r  cHHlKeHHe ero Bf l3Kocru B pa6ore [66]  He o i lpe-
Ac, rnnr . rcr , .  3rn :QQcxru H3yqet{br  l l .  3 .  f fonoeutnt ,  xorops l l?  pac-
clvft trprrB:trT rrbin)/K.rrbr i i  cefMelIT c npo4o,r luoi i  xpunHsuofi .  ! , ;1f l
9TO|O CJryqar {  r rM  r roKa3ar {o ,  qTO c  pocToM npo fHoz l  ce fMe l {Ta
HarpeB MacJ Ia  I re  y 'Be rHq t tBz leTCf l ,  a  f l pH  yMepeHr lb tX  npor t t6ax
AalKe yMcFlbirraercf l .

Taxrervr  o6pa30M, no, ' ro iKr . r rerJ lbr . ra l  n l )oAoJrbI {a t I  I tpuBt43ta,  no Be-
J t r I r { r i l r c  i l ( ]  npcBbt [ Ia rou la t i  TOJIU{ r rHy  Mac. r l fHofo  cJ Io f i ,  oJa fonp l l -
r i r l ro  BJ t r { i te r  r {a  Hecyu iy ro  cnoco6uocrb  r {  Har l )eB noAnf lTHI {Ka.  Ta-
Kar {  Sopua HCr{pHBJreHHf l  Bo3Mo)KHa r tpH onnpaHHrr  cerMeHToB I Io
trr t4 lHlHr4,  KaK B HeKOTOpbTX yi lopHbrx noAurHfrHuKax rypooafpefaroB.
I leAocrarKoM onHp aHvn i ro JIHHTtA f ,Bnf l ,ercf l  HeBo3N{o}KHocrt ,  Kaqa-
nHf l  cer r \ {eHTa B oAHoM H3 HanpaereHl t l l .  B  rHAporeF ieparopax
c  rape. , ' Ib r {a rb tMI {  onopaMH,  J Ie }Kau{uMH Ha roqeqHoi r  onope,  BJ IL I f lH I Ie
HcKpHBr' teHHt{ cerMeHToB cJieAyeT ortpeAe.r l f lTb no npnnoir  2 Ha
p H c .  1 2 - l l .

I lpH pacqere Ae$opvrar lHi i  cerMeHru o6uquo paccMarpHBalorc f l
KaK roHKHe ynpyrne nJIacrHHKH. Tax,  B pa6ore I3B]  cerMet{ r  cxe-
Marn3upyercf l  B BHAe roHxoti  xpyroeoft nJIacTHHKH c uarpyaxofi
n  Soprrae KpyroBoro KoHyca.  OAnaKo B rHAporeHeparopax roJIudHHa
cefMeHTa MolKer  AoxoAHTb AO 50 % efo pa3MepoB B n, ' IaHe,  BCneA-
crBHe qefo cxeMa roHKofi  n.rracrr. IHKn npHBoAHr x 6orn[I I , tM norpeu-
Hocrf lM . Ans noBbr[IeHnfl  TorrHocrH pacqeTa Moryr 6sIr l  ptcl loJlb3o-
BaHbt ypaBHeHHff l lzrvl6a ro,rcroft  i l , , ' IacruHKrI,  yt{r{TbtBa}ou{t4e
Ae$opMaurr t r  cABr l ra .  CerneHr 3aN{eHeH xpyroeof i  r . racr t iHxor? pae-
HoBeJrHKofi  n"noula1r4 c Hapy>KHbIM paAHyCoM A, oneprot? no ol(pylK-
Hocru paAHycoM b -<a H Harpy>KeHuot i  AaBJIeHHeM, pac i lpeAe"reH-
H b I M  N O  3 A K O H V

p (r) : po tl - (rla)"|.

MaxcHtr{ a,'IbHoe .{aBJIeHI,Ie
AaBJIeHIIeM pcp Qop uy"r to i i

P o :

H r lp I4  H3MeHeHHH
B I IOAI I f lTHHKAX
(12-27) nporu6u
p aBHbI

Po cBf lsaHo npH

n - L 9

P"p,

n w  
-  i t

( t2-27)
STOM cO CpeAHHIv{

n

n or 0,8 Ao 2 Mo>KHo noryt lHrb peaJII ' I3yeMbIe
orHorueHHfl PolP"p-3,5+-2. l lpu AaBJIeHHH no
rrJracrr{HKH B IreHrpe &r (0) H Ha Kpa}o a (a)

n ^ 2
Y q t

r u
L n o

n n 2
Y u  f

(t2-28)
'  (o):(uo +k;+) a

ii:
,F
€,
ri&::*
i*
: :

, - 1

EIt

aw(a): (u, *k'r+)
E h
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nAe,  noJrHaf l  Hafpy3Ka Q:nn?2pol  (n+2) ,  a  3HaqeHuf l  xossQlruneH-
, ,9y ! .npHBeAeHbr r {a  pnc.  12-12.  l lepnure cr raraeML,re n { ro j rMyrrax
!12-28) orpa)Karor BIIHflHHe u3ru6a, a Bropbre - BJrHflr{rre cAtsHra.
f lpor l l6  KpaeB cerMenra orHocHreJrbHo r {enrpa onpeAeJrr rercr  rbop-
uVnot'i

a (a)-@ (0) :  ( /r-  f  ;  Ql(Eh),
a  3t3qeHnt  i r - fo  Arr f l ,  tL :  I  rpeAcraB.r reHbr  Ha pHc.  12-13.

l lpl l  HarpeBe cerMeHTa ero L{cKpr{BJreHHe Bbr3brBaercf l  Hecr{o,,rb-
Ki rx , l r {  npHqr . iHauu.  Bo-nepBbrx,  Hg-3a pa3HHr{br  B 3HaqeHnf lx  xoessH-
uHer l roB TeMneparypHoro ) /AJrHHeHr{r  craJrH r r  6a66wra cerMer{ r

q
I
i
I

ko'kt

0,20

n  1 4

0,10

0,05

0

-0,05

0,+

k 'o , k ;

0,2

fi-fo

u t l

0

-0,1

-0,2

- n 1

-0,4

-0,5

Puc. 12-12. I( onpe4eJrenr{rc cocraBJrf lrorrrux npora6a cefMeHra

Puc. 12-13. K onpeaerreHuro cyMMapHoro nporu6a cerMeHra

HCr(pHBHJrCf  6U AaXe npH paBHOMepHOM efo  HafpeBaHwH.  Bo-ero-
pbIX, oAHopoAriuf i  craJlbHof i  cerueHT H3orHyJrcf l  6t ' t  ug-ga nepenaAa
TeMliepaTypbI no roJIU{HHe. ! ,a"uee, B nJrocKocrf lx,  r rapaJrreJbHbrx
nJiocKocTH TpeHHq, TeMIIepaTypa raKX<e MeHflercf l ,  qro BbI3bIBaer
AonoJrHHTeJrbHbre nporra6rr .  I r I  HaKoHei{ ,  KaK orMeqa/rocb B S l2-9,
HepaBHouepHrrf i  I Io AJTHHe HafpeB npHBoAHT K O6paSOeaHHro KItu-
HOBpTAHOTO sa3opa v3-3a yBerHqeHHfl  ToJrurHHbr cefMeHTa.

@axrl tqecKH Bce qerblpe npHrIHHbr 4el i rcrnyror coBMecrHo, Ho
oCHoBHbIM I Io BeJIHIILIHe f lBJI f leTcf l  npOrH6, BbI3Basuurr? i lepenaAoM
reM[eparypbr r lo roJrrqHHe cefMeHra. 3ror npor i . r6 MO]KHO Orpe-
AeJIHTb l rcxoAf l  H3 Toro,  qro Harperaf l  uracruHNa l lgr l r6aeTcf l  e cQe-
prrqecKyro noBepxHocrb c paAHycoM KpHBH3Hbr

\ I

\ {

\ ' /

/

vX
Vk6

\4 2 0 ,t '0,i; 0,t

!
')i
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rAe h - ToJrulHHa n. lracrnnrcr;
y/{JII l rrcrrr{f l ;  z -* KoopArrrrara, nepi ler{Ar{r{yJrf lpI{af l  nJrocKocrn rpe-
I I r {q ;  dV -  3JreMeHr o6r ,eua [Jracrr4Hr( r { .

Sror pe3yJbrar cnpaBeAJIHB AJrtr nJracraHr{H nro6oft Qoputt,
ecJIH ee TO/'IUIHHa AOCTaTOqHO MaJIa, UtO6Sl AOBOr'rbCTBOBaTbCfl LIH-
TerpaJIbHbIM BbrnoJrHeHHeM KpaeBbrx yc.noeur i  Ha 6oxoeof i  noBepx-
Hocru,,  Ec,ru )Ke reMfleparypa MeHsercr rro ro",r l rqr]He nranel irro, To
ara SopMyr'ra cnpaBeAilrrBa npH rro6ol i  ro, ' ru-tnr{e [racrHHKlI.

Tax xax Ko" , ' rbueBaf l  onopa cef rueHTa noAnsrr r l {Ka,  He Boc[pHHH-
MaIou1afl  ropH3or{Ta/ 'rr ,Hbrx ycunrt i i ,  ne nperrf lTcrByeT Hsru6y cer-
MeHTa e  c$epr rqecKyro  noBepxHocrb ,  ro  B  onope  He  Bo3HHKaer  Bep-
TrrKa/ ' rbHur  vcr i rHi i  t4  orcqrr raHtru i i  or  Hee nporu6 cefMeHTa paBeH

wot) ' '  6 (rz -b')  m1lh3.

f Ip, "ryaserisou rto roJrulr lHe IJ3N{erreHHr.r reMrieparypbr HafiAevr
nporaS r {paeB orHocr i reJrbHo ueHrpa:

uto@)-Luo(O) : +(ATu*J- A7"'*),
4h

rAe AT"* H Aluu," -  f iepefiaAbr reMfieparypbr rro roJrurr.rHe cefMeHTa
Ha BXoAuofi  u BbrxoAHori xpouxax.

12-9, TEMNEPATYPHOE NONE
CETMEHTA nOAnflTHVIKA

Enq onpeAeJreHHfl renJroBbrx leQopna aryufr cerMeHToB neo6xo-
AHMO 3Harb HX HafpeB H,  r / ' IaBHOe,  TeMneparypHUf i  nepenaA no
roJru{r{He cerMeHTa. Sror nepenaA onpeAeJlrercr noroKoM TeIIJIoTbI
nonepeK MacJrf lHofo cJrof l  H ycJIoBHflMH oxJra)KAeHHfl cerMeHToB.
VpanHenpre oHeprr4H B BHAe (12-3) He rro3BoJraer uafrru rroroK Ten-
JIOTbI H3 MACJIf lHO|O CJIOfl  B CCIMCHT.

Als pacqera cerMeHra H3BecrHbI ABa MeroAa. f lo nepeoMy Me-
roAy ypaBHeHI4e sHeprun 6epercl B BHAe

,
,.

i
I
l

j

,i

a

I
I *(r,+:j-vn+ #v"+):

:rl(+)'+(+)'l *^,

:tr'{i
:Hr
i&.

o" l (12-2e)
da' '

fAC Bf l3KOCTb,  TCMIICPATYPA H CKOPOCTb 3ABHCf lT OT KOOPAHHATbI
tJ ,  r ranpasreHHof t  nonepeK MacrqHoro cJrof l ,  a  ^ ,p-Te[Jronpo-
B O A H O C T b  M A C J I A .

f lpu  HsMeHeHHH Br3KocrH MacJIa  no [epeK cJ Io f l  ypaBHeHHe Pe l i -
HoJrbAca AJrf l  I lpf lMoyrolbHoro 6amMaKa rpHMer BHA

A  /  d p \  A  /  d p \  r r-. I  m+- l-t- -:- [ m 4-l: uH; (12-30)
0 x  \  0 x /  0 z  \  0 z )

trL - Fot @) [d tr,l - Fz@) Fo@];
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p-'f da,

Cocraenqrcu{He cr{opocrn Mac"rra
paBHbr

k - - 0 ,  1 ,  2 .

ro ocrrM KoopAriHar 6yayr

H

s
Fa(0:  J

0

v *: uoU- F; '  (h) F,fu)l  * [F, @)-F;l @) !\(t l  Fo@)1ff,

v " 
: lr, @)- Fo' (h) F, (h) Fo tul $ ;

!/

v , , : - t e + + d v , \ a r .
"  J \  d x  '  a z  ) ' r '

Enr- onpeAerretr4r, r{3 Bbrpa>Nessfi (12-29) v (12-30) AaBrreHHR
H rer\ { reparypbr ueo6xoAHMO HMerb rpaHHqHbre yc,roeut .  B o6uevr
cryqae 3TH ycJIoBHr 6ylyr c/rreAyrou{vMz. Ha BXoAe B lrac.rlsulrri
cnof i  TeMneparypa aa1ara,  T.  e.  Tlx-o :72.  Ha rpaHarre Me>KAy
MacJIf lHbIM cJIoeM H cerMeHToM TeMrreparypa H ren,rogori rroroK
HenpepbrBHbr, T. e.

T l  - ' r  I' l A : h  - - t s l g " : 0 , ^ arn: Ac _:___:__

u:h dAc

AT
?,"$

0s t

a c:o

fAe h:h(x, z) -  roJrurHHa MacJrf lHoro cJrori  ?u" - reuroi lpoBoA-
HocTb MarepHaJIa cefMeHTa 14 I" -  ero TeMnepaTypa, onpeAeJrf le-
Mafl  B ycTaHoBHBUreMCfl pex{HMe r43 ypaBHeHHfl

0rT" , 0rT" 0rT. n
; + a - + ; : 0

Ha 6oxoBbIX KpoMKax H Ha tu.nruori  cropoHe cerMeHTa oTa reM-
rreparypa yAoBJrerBopfler ycJroBr.{flM reu.uoo6MeHa c oKpy)KarourgM
MACJIOM

^"+ -  dc(T.-To):0, (12-3t)

rAe n-  HopMaJrb K KOHrypy cefMeHTa;  dc-  roaQouqpreHr renJro-
orAarrH or cerMeHTa K MacJry c reMrreparypori  Is.

KoeQQuqpIeHr reIIJIoorAaq^v Ha rpaHr{qe MacJrsHofo cJrofl c ALr-
cKoM o6H'Iuo [pLIHHMaercf l  nu6o 6ecxoseqno 6o.ntruurra (saAaua
reMneparypa), nu6o paBHbIM HyJIry (oreo4 rerrJrorbr orcyrcrByer) .
?t, ycrroBufl Hcnorrb3oBaHbr n 

-pa6oiax 
[39, 62]. l lpta orcyrcrBr.rg

6oxoeoro pacreKanufl  H uax.none F:2 1teperpeB MacJra (.p.a"r, i
no ToJru{nue c.nox) yN{eHbrrraercf l  6oeee qeM B ABa pa3a [pH nepe_
xoAe or cJryrrafl, KofAa Nlac.rlqHHfi c"nofi TerrJroH3onr.rpoBaH, K Apy_
foMy npeAeJrbHoMy cJryqaro, KofAa reMneparypa rroBepxHocref i  Tpe_

270



271

i:

. f t t

# lr l
' ' '  1

I

I

Ht4f l ,  paBHa TeMnepaT),pe MaCJIa I la BXoAe B c,rot l .  VXagaHHHfi  Pe:
3yJrbrar noJlyqeH 

^rui -6espa3MepHoro 
rapaMerpa ) ,u l l  f tch2&) :0,1

(2 , .1 ,  _-  TenJIOnpOBOl lHOCTL Mac, la  )  .

M. E. f IoAO,' I tct<nrt TeopeTnqecti t t  nOI{a3aI, qro TeMrlepATypa

AtrcKa Maflo oTflHr{aeTcfl  oT TeM[epa' lypbl IVIac, ' la Ha BXoAe B c.nofi ,
HO SKCnepHMerrTa, ' rbHo 3To norox{eHl le  B f l ' , l , (pofeHepaTopax Henpo-
BepqJrocb.

Conlrecrsoe petr ieHHe Jep]\4orr4ApoIl l i I {aMuqecKoIl  
3aAaqH AJrr

MacJrtHoro cJIoff  H Aera,nefi  noAnflTHHKa BecbMa cJIo)KHo' no3ToMy
paCqeT TeMnepaTyp BbIIIOJIHfleTcS MeToAoM IIOcneAOBaTe,' lbHbIX
np n6,rr uNi esufi . B n aq a Jre onp eAenfl ercfl cp eAHfl fl tlo ToJIUII'IHe reMrle -

parypa renJrou3oJrnpoBaHHoro Mac, ' I fHoro cJlof l .  3areu ?Ta reMne-
paTyp a 3a[aeTcfl  Ha noBepxHocTH TpeIIHf cefMeHTa H onpeAeJlf leTcf l
ero reMneparypHoe no. , ' Ie  np l4  ycr IoBHH (12-31) .  I Io  Haf iAeHHof i
TeMneparype cerMeHTa paccqurblBaercf l  ren,roeoi i  noroK Ha no-

BepxHocrH TpeHHfl

f l t:t +- ,
on

xoropufr BbrrrgTaercfl HB BbrAeJIfleMbIX B MacJIrHoM cJloe Ilorept IIo

B upaeof i  qacTn ypaBHeHHf l  (12-3)  ,  u  cHoBa orpeAe, lserc f  reMre-

parypa cJrof l .  f lo. tyueHHafl  or t rM cnoco6oM reMneparypa MacJl f lHoro

b"tro i -  (a.nq l lb:0,  p:3)  r rpuBeAeHa Ha pnc.  l2-5 ( rurpuxonan i lu-
uun).  CHHx<eHHe lreperpeBa B c. I loe npu i lpHHflTblx I {cXoAHbIX AaH'

HbIX BeCbMa CVU{eCTBeHHO.

12-10. TUAPOCTAThI{ECK4r noAbEM PoroPA

Kax y)Ke orMeqaJrocb, [pr{ BbIcoKHx nycKoBbIX AaBneHHflx Ha

noAnqrHHK npuMeHqercr cncreMa npHHyAHre, ' I lHoi ' I  cMa3KH noAflrr '

HHKa (ncn) ,  pa6oraroulas i lpH nycKax v  ocraHoBKax arperara.

B CCCP ra:6.af l .  cucreMa BrrepBne 6u"na ycraHoBJIeHa Ha arpefarax
Eparcr<ofr f3C, rAe nycKoBoe AaBJreHHe Ha noAnflTHHK AocrLIraJlo
3,7 M[a. B Aa.nsHefi Ir leM Ha reHeparopax npol43BoAcrBa .I ln3o
<S.rrerrpocgJra>> cucreMa ncn ycraHaB Jrvaalracb Lr npu MeHbIIIHX
nycKoBbrx AaBJreHHqx A,4r yMeHbueHl{f l  H3Hoca l loBepxHocref i  Tpe-

Hkrf l . ,  o6,uerqeHltf l  I loBoporoB poropa i lpl{  peMoHTax H peB}I3l{f lx '  AJIf l
o6ecneqeHHf nycKoB cpa3y noc, {e  ocraHoBKH (<<ropxuue>> nycxn)  H

nocJle AJIHTeJIbHoTo ocraHoBa 6es npeABapHTe,r lbHofo noAbeMa po-

ropa Ha ropMo3a-AoMKparbr .  Ha sxcnoprHblx  reHeparopax cHcreMa

ncn qacTo yCTaHaBJII{BaeTcfl  no rpe6onaHulo 3aKa3rIHKa.
l IpuHUrlnHaJIbHafl  cxeMa cI lcreMbI nCn npHBeAeHa Ha pHc.

12-14.  B6nWSu uac lssOf i  BaHHbI  noAnf l rHgKa,  HHX<g ee He MeHee
r{eM Ha 1 u, pacnoJraraercf l  HacocHafl  ycraHoBKa, cocrof lu{ar I ' I3

aKcgaJrbuo-nopruHeBofo pefyJl l ipyeMofo Hacoca 2 I{  acl{Hxpol lHoro
gJIeKTpoAeHraienq. Hacoc nHTaeTcfl  MacJloM r43 rrtacnsHofi  BaHHbI

nOAnflTHHKa 10 H npH nycKe rgApoarperaTa HafHeraeT MacJlo

B KoJrbIIeBoIl  Tpy6onpoBoA 9, saxoAqrlui tcq BHyrpH BaHHbI H coeAH-

neuHtrr? ueRHsirrlu rprr6xarrau B c Ka)KAbIM cerMeHTol\,I noAnflTl{r' lKa 6.



4n" nPeAorspau{el{Hff BbIXoAa MacJr a Hs cJrof l  e o6parHoM HanpaB-
JIeI{HH nocJIC OTKTIOqeHHq Hacoca B Kax{AOM Cef MeHTe ycral{oB-
JIeHbr o6parHure r{Jranauu 7.

cucreua ncn_ coAepxiHr raK,*e Su"rurprr /  Ai l f l  orr 'Crr{H Ma-
ci la, MaHOMerpbr 5 lns KoHTpoJrs AaB,r leHr.rf l  B cr lcreMe, irepenycK-
uot l  N, ryanaH 3-  Ans o( tecreqeHnq r iopMa"rrsof t  pa6oru Hacoca B r {a-qansHltt i  r-epH-oA H o6parHuri  r i .nanas 4, pe3epBHpyroulnri  pa6ory
Knanaqoe 7. .'

Puc. 12-14. l lpHHqnilHarrbHaq cxeMa cucreMbr ncn

BN"ryrcqesae cncreMbl ncn npH nycKe afperara npou3Bo Arlrct l
3a l0 c lo noAar{H KoMaHAbI Ha orKpbrrr.re Ha[paBJrfi Iorr{ero anna-
para ryp6HHlI, H MacJIo noAaercfl Ao MoMeHTa Aocru>KeHr.rf l  afpera-
ToM HoMHHaJIbHofi  qacrorbl Bpau{eHl{f l .  HacocHafl  ycraHoBKa BKJrro-qaercf l  TaK)Ke rtpu TopMo]KeHHr{ arperaTa 14 pa6oraer Ao no,uuori
efo ocTaHoBKH.

B cerMeHTax rIoArIf lTHHKa HMelorcr orBepcruf l ,  Koropbre oKaH-qlrBarorcf l .  Ha pa6ouer:r noBepxHocrn KoHycHOr? xanaepol i  (przc. 12_15).
B pa4naJlbHoM HanpaBJIeHHI- I  KaMepa pacnoJrafaerc r  Ha AHaMeTpe,,rrpHMepHO COBnaAarou{eM c AHaMerpoM pacno,ro>KeHHfl Oi lOp Cer_
MeHTOB, a B OKpyxHoM - Mex{Ay feoMerpuqecrof i  ocbro cefMeHTa
H ocbro onopbr. fny6uua xauepu &n npHHHMaercf i  panHofi  0,2_
0,3 uu,  a  ee Ar . {aMerp D*,  cocragrqrcu{u i i  200 r i , ru  nr ' . .n .paropax
9 7 '



bparcxof i  f3C,  yMerrbueH B nocrreAr{ee BpeMf l  Ao 80-100 MM.
3roro Aocrarornro l \Jrtr  no.( 'bcMa poropa, xorf l  nJroi lraAb KaMepbr
cocTaBJI f leT BCefo o l<o.no 4 0/s  nJro l r l .aAH cefMet lTa,  a  MaKcHMar ' IbHOe
AaBJIet {He r {acoca He r rpcBbt [ Iaer  20 Mf Ia .  l lponsBeAeune ororo
AaBJ IeHHf  r ra  i l r o r r l aAb  KaMepb l  ropa3Ao  MeHbure  r ra fpy3KH Ha  ce f -
MeHT. C.rreAoeareJrbHo, eue Ao roro KaI( porop noAur{N{ercf l  c noA-
nf lTHHKa, . frac"ro no MHKpoyr"ny6,leuHxu rrpoHHr{Her 3a npeAeJrbr
KaMepbr ,  3a cr rcr  qcfo n npoi isof iAer  i loAl ,eM poropa.

B pa6ore I39]  per{oMerrAyercf l ,  . r ro6br  r "uy6nua r iaMepbr  n i l t I
noAarra Mi tc / ra  B ruApoc ' raruqecKoM noAnf l r r - rur {e  B 50-100 pa3 npe-
BbI[IaJIa pa6ouyro ro.nu{HHy cnofl  nJIeHKI' i ,  a " irHHefirruf i  pa3Mep Ka-
Mepbr  cocraBJr f lJ r  or {o , ro  50 7o pa3Mepa cerMeHTa.  3ra per{oMeHAa-
IIr .{ f l  HeltpneMJreMa r. i l r  noAnrrHHKa rr.rAporeHeparopa, pa6orarc-
luefo 11 B rHApOAHHaMHqe-
cKoM pex{HMe,  TaK KaK Ka-
Mepa 6o.nuuux pa3MepoB
cHJIbHo cHH)KaJra 6u Hecy-
uyrc cnoco6Hocrb nollrrflr-
HHKa B  STOM pe)KHMe.

nnn i lpaBnJrbHofo Bbr-
6opa pa3MepoB H Mecra
pacnoJro)KeHlrfl KaN{epbr no-
Aaqu Macra ueo6xo.u,HMo
:aafiru p acnpeAeJreHr{e AaB-

JreHHf l  HaA CefMeHTOM C yqe-
roM pea.nrHofi Qop uu ru a-
cJrflHoro cJrofl. Pacnpe4e-
JICHI{C AABJICHHfl  BHC 3OHbI

[oAarrH [o-[pe)KHeMy onr4-
cblBaercf l  ypaBHeHHeM ( l2-5), a HaJrHr{He [oAaqn ueo6xoAuuo
yqecrb B rpaHr{qHoM ycJroBHH. Ec.uu 6rr r.ny6uHa Kar\{eptr 6u.rla Ha-
MHoro 6o.urure roJruIHHbI MacJrfHofo cJror, To Ha rpaHurre KaMepbr
AaBJIeHHe MoN(Ho 6u.no 6rr c.rurarb rrocroflHHblM I{ paBHbrM AaBJre-
HHIo B noAaloilreM orBepcruu. llp" sroM npeAno"uo)KeHnu coBN{ecT-
Hoe AeficrBr{e noAarru MacJra H ABr{>KeHHfl AHcKa paccMorpeHo B pa-
6ore t5 l ] .  Peuesue ypaBHeHHf l  (12-5)  orbrcKrrBaercf l  B yxasauuoi i
pa6ore B BI{Ae P:Pt*pz,  fAe pt  __ S)rnxr l l { r i ,  xapaKrepu3yro lqar  Ha-
JIHTIHe KaMepbI Lt o6pau1arcuraflcfl B 6ecxoner{Hocrb B HecKoJrbKux
<<IICTOTIHLIKaX>> - TOrIKax, JIexauIuX BHyTpH KoHTypa KaMepbIi Pz -

Qyuxur.rr, He 3aBucrulafl or HaJTuqHr H pa3MepoB KaMepbr. flocroqH-
Hbre B BbIpax(eHlrrx A.nn Synxrrul i  eu6lrparcTcr raK, qro AaBJreHHe
paBHo 3aAaHHOMy SHarIeHnrO Ha KOHT-Ype rIOAylI iKH rr B HecKOJrbKtrx
Tor{Kax KaMepbr, T. e. Ha oKpy)KHocru paAuycoM r. t lHc.rro 3THX To-
I {CK COBNAAACT C I IPHHf lTb IM qHCJIOM <<HCTOI IHHKOB>>.

B pa6ore [51] npHBeAeHbI pe3yJrbrarbr pacqeroB, BbrrroJrHeHHbrx
npH r{eTbrpex <<HcTor{Hr{Kax>>, pacf ioJrox{eHHbrx Ha oKpy>KHocTH, pa-
AI{yc xoropol i  BABoe MeHblrre Hapy>KHoro paAnyca KaMepbr. Ans
o6aerqeHnq pe[reHufl ToJIUTHHa MacJrflHoro cJrofl rrpr{HflTa B Br.rAe
It11gfl*.  l lo.r i r)3\rtrcb p€3,vjrbraraMn erot i  pz60rrr,  r i roxiuo orlpeAeJrrrb

Prlc. 12-15. f loAaqa MacJra Ha noBepxHocrb
TpeHnfl

o ? , )
a t o
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:

b 8zr

t  l 2 N r

3ra Qopuyna Aaer  pacxoA MacJIa t la  oAHy noAytxKy,  a  3Haqc-

HHfl Ko3SQuuueHroB Qz, u N. npHeeAeHbl B pa6ore [63] a.t ts cryqaq,
KOfAa MaCJTO nOAaeTCfl B IIeHTpe nO,U,ylUKH.

flpu Bpalqarcu{eMct porope roJIurI{Ha cJIos oilpeAeJIflercfl
ypaBHeHueM

pacxoA MacJra, o6ecner{HBaroulHl i  cosAaHHe MacJIf lHoro cJlor c HaH-
MeHbrref i  roaulHHo]1l h1 npr{ HeBpau{aoueMcf porope:

n 6 3

Q :  Q ,  
F c P ' u l  

i  Q r  :p,

n,(+)" +q,,+ l"-O:0, (t2-32)

fAe

Heo6xo.quMoe
paBeHcTBoM

AaBJreHHe Ha KoHType KaMepbI Pn ollpeAeJlflercq

P :
Px

P.p

a 3KCTIeHTpHCHTeT OIIOpbI

(12-34)

VuarUeat, r ITO r"rry6uHa KaMepbI CpaBHHMa c rO.nuluuoi. t  Mac-
IqHOfO CJIOfl,  AaBJIeHI,re MO>KHO CTIHTaTb H3BeCTHbIM TOJIbKO Ha KOH-

rype noAalou{ero oTBepcrnfl. tlro6u oIIeHHTb AaBJIeHHe Ha KoHType
KaMepbI, peur.IM 3aAarly B npeAnoJIoxeHHH, t ITo H3MeHeHHeM TOJI-
u{r{Hbl cJrofl BAoJIb KoHrypa KaMepbI Mo)KHo npeue6peul.

Ta6nuua 12-7

3saqesse xoa$ifuqneHra 4 npLI Dof Dx, p aBHoM

h"plh*
0,05 0 , l 0 0 ,20 0,30

I
213
317
t l3
t l 4
3 l17
r ls

0,728
0,481
0,292
0,217
0 ,154
0 ,102
0,060

0,608
0,412
0,256
0,183
0 ,139
0,094
0,056

0,468
0,325
0,209
0 ,160
0 , 1 1 7
0,080
0,048

0,372
0,263
0,172
0 ,133
0,098
0,068
0,042

lIpH ocecHMMeTpHrIHoM reqeHHH pacxoA MacJIa r lepes nrc6yrc
r{HJrHHApHqecKyto r loBepxHocrb paAuycoM r paBeH 2nrG, vItH c y'{e-
ror,a QopMyrIbI (12-2)

dp 6P /\: - - V r
d
d v

Q: Qpl(p"p/3); i: upl(n.'4.

l++6ru,t(+)] N;',

e:o,b - +lrt ,-12S,t (+I]

(12-33)
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nAe Q -  pacxoA Mac. , ' Ia ,  noAaBaeMofo l lacocoM Ha cefMeHT.
t l p ,  t i auepe ,  noKa3a l t so t l  Ha  pnc .  12 -15 ,

h: d, (1- l r) ;  e =-:H D * -  h " p D o
r _ _

2h*
H D K -  h " p D o

,
D * - D o

H, C, ' . reAOBareJIbHO (np" nocTof lHHol i  Bf l3XOCrn),

p.- p (r): # IF (vr) - F lyre)l .

3Aecs p, , -AaBJIeHHe B noAalouleM (uapy>Nuor ta)  orBepcr l {H l l

F (tr) : (1 -!r)-' +2 (l -yr\-z * ln \r - ln (l -yr).

Ec"nH naAeuHe AaBJreHHr }ra yqacrKe or l loAalou{ero orBepcrHfl

Ao Kpaf l  KaMepbl  npeAcra-
BI,ITL, B BHAC

Ta6.nuqa 12-B

3naqeHue AaBJeHHt t  noAaqH
Mac.na pHl pcp trpu

u .106

4 : to-tt e  : 2 . 1 0 - 1 1

x 4 ,
nhf,,p

ro xoe$SuqpleHr q 6YAeT

0
0,5
1 , 0

3,9
2 ,0
1 , 3

4 ,2
2 ,4
1 , 8

. i l

_(  h "p
P u - P w : q l  ,

\ h K #)"

HMCTb 3HATICHHf l ,  T IPUBCACH-

Hbre B ra6i l .  l2-7.
C yuerou Bbrpa)KeHHrr (12-33) saf iAerra Heo6xoAuMoe AaBJIeHHe

noAarlu MacJIa:

t-_ , 6q t( ? \,glP n : o " o L p + ; ( r + B /  h i  J .
3aeHcLII\,Iocrb sroro AaBJIeHHT or cKopocru u npu DolDn:0,1,

e :9  o lo ,  l lb :1  u  r :0 ,1 /  npHeeAeHa s ra6r .  l2 -B-

rnABA TPhHAAUATAT

KPECTOBhHbI, HAnPABJlgloulhE noflu'/.nHuKH.,
MACNf,HbIE BAHHbI
U BCNOMOTATEJIbHbIE YCTPOXCTBA

13-1.  KPECTOBhHbI

HasnaqeHr{e n pa3HoBHAHocrH KpecroBl lH. l lpn BeprI{KaJIbuoM pacnoJlo)KeHHH

BaJIa, xax 6ulo orMerlego B tJr. 7, rHAporeuepaTopbl ocHau{a}orcn cneIIHaJIt,HbIMH

r(oHcTpyKTr.rBHbrMH y3JraMLr, KOTOpbIX HeT B TOpH3OHTaIbHbIX 3JIeKTpHqeCKI' , IX Ma-

rrrgHax. OAgr.rrra LI3 TaKHx y3JIoB sBJIflIoTcfl KpeCTOBI{HL,I.

l lpurrreHxerca MHoro_ p_a3HoBrzAuocrei t  KpecroBHH, noApo6noe onHcal iHe I{x

AaHo 
's 

pa6orax [37, 38]. 
-Heotrorpn 

Ha Muoroq]icJleHuocrb lrcnoaneHllit, pa3JIH-

qarOTCfl ABa OCHOBHbIX THna: fpy3OHeCyUIHe, HJIH OnOpHbIe' KpeCTOBIIHLI I'I Hefpy3o-

?.75



Hecyu{r{e. l lepsue BocnpHHuMaror r{ nepeAator Ha QyH4aueHr rrJru crarop Brra-
t l l lTCJ l l> l lb lc  nO 3 l la r leHHI0  aKCI ' IaJ IbHLIC yCI IJ I I I f l  ( )T  nOAI I t lT l l l lKa  f i  OAI IOBpCMCI I I IO pa-

j ( l l ; 1 , ' l l ) l i l , l C  y C l l J I I l t r  O T  l l a l l p a l l J I f l l O l U C I ' t )  I I O l l l l l t l l l l l l l l ( 4 .

B r l r / lporeHeparopax  noArJecr ro ro  ucr roJ lneunf l  ono l ) r lb rNI r r .KpecroBr {HaMn Hu-
.nf l rorcrr  BcpxHHe (nos. I4 na prrc.  7-1),  B 30r{THqI{bIX i l , raulr i r{ax, KorAa noAnflT-
Hr{K Ire Mo}Ker 6ttrr  ycraHoBJreH rra KpbrurKe rypOHHbI, onopHoi l  c, ' ty}KHT HH}Knqrr
r { p e c r o B H r r a  ( n o s .  I  a a  p u c . 7 - 3 ) .

3
j

Pr.rc. 13- I . Mocronas onopnafl KpecroBuHa
a - c  A B y M q  6 a n x a u u ;  6 - c

1 - c r a r o p ;  2 * a e p x u a a

fHApofeHepaTopa noABecHofo rf irra:
qerbrpbMfl 6arxauu
KpecToBHHa

Kpoue Bocnpusrufi  Harpy3oK or noArrrrHr.rKa H HanpaBJlf l toi lrero noAtuun-
HLIKa, onopHble KpecroBHHbI BbrnoJ'IHflror raK>Ke AorloJllrrrred'IbHble $yHxquu. B nol-
BecHbrx Ma[rr.ruax Ha nepxuer? KpecroBLIHe Mofyr pacnoraraTbcq HeKoropble He-
IIoABHX{Hbre ySJrbr arpefaTa: cTaHHHbr nos6yAurerei i ,  cTaTopbI BcnoMofareJlbHbIX
feHeparopoB, MacJrofipueMHr.rKri Typ6HH ri np. Kporue Tofo, KpecroBHHa [oAAep-
xr{BaeT nepeKpbrTr{e uaxTbr feHepaTopa, o6blqHo paclloJloxeHHoe Ha ypoBHe noJla
Marrr.ruHoro saJra. Ha onopnbrx KpecroBr{Hax 3oHTI{qHbIx reHeparopoB noMellralor
TOpMO3a-AOMKpaTbI r{ Hr{X(Hee nepeKpbrTHe, oTAeJIffroulee npocTpaHcTBo reHepa-
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Topa oT Typ6HHHoro .  3 ru  XpcCTOBHHbI  paccq l lTb lBa loTCf l  I l c  ToJ l l )Ko I la  I Ia rpy3Kl l

O T  I I O A N ' I T I I I . I K A  I I  N O A U I I { N I I I I K A ,  I I O  I I  I I A  Y C I I . I I I I f l ,  } ] O : J I I I I K A I O I I I L I C  I I P I I  T O P M O } K C -

r r r { r1  r r  n0AbcMc poTopa.
I{erpyaoHecyulue KpecToBrrr{br r{e rrecyr 3i laqnTeJlbltblx aKcllaJIbHbIX l larpy3oK'

a nepeAaroT ToJIbKo paAlraJrbHbre ycHJI I I f l  OT noA[I I lnHl lKoB H RblnoJI I t lOT Te

QyUxU,nH, KOTOpbIe A.r1q OnopIJblx  f lB, r l f l loTCf l  BCIIOMofaTCJIbI IbIMI{ .

CyutecrneuHo BJrHtror  i la  Kor lcrpyr{ t {HIo KpecroBI . IH I lx  ra6apHTl , l ,  Koropble

onpeAcrqror  B03Mox(Hocrr ,  TpaHcrroprHpoBaHHf l  UeJrr ' rKoM Kpecrol l l l l {b l  I4J1L1 I ICOo-

xoAHMOCTF) pa3'beMa ee Ha qacTH.
" 

KoHcfpjrxqnn oropHbrx KpecroBHH. B saeucullocrr{ or 3uaqe}tnr AeficrBylo-
lqrrx Ha KpecToBHHy cHr 14 AJrHHbr rrpo, ' IeTa npl iMeHfloTct{ KpecToBl l lJbl  JIB-YX r l i -

noB: , ' ryqeBL,Ie r{  MocTOBbIe. f lpn oTI{OcHTe, ' ibHo I le6oJlbir lHX } lafp}r3Kax H npl i  npo-

, ,rere Ao 6 rr ,r  naoryr npuMeHflTbcr Hepa3'ueMHbIe MocroBblc KpecroBLIHbI (puc. l3-1)

c qerbrpbMfl  orropHbIMIr r ' IaI IaMH. f lpn aHauHT€.[bHbiX I{arpy3Kax I I  6o, lblr l l ix npo-

.r terax, KofAa rpe6yercn yBe"r lHqr{Tb rtL{c/ ' Io roqeK oIIopIJ,  } Ic i lo, \ l )3\ I Ior . : lyt leBblc

Puc. 13-2. Kpecroo6pa3Hafl OnopHag KpecroBI'IHa rI ' IApofeHeparopa noABecHofo
THTIA

KpecToBHHbr. TaKHe KpecToBHHbr r .rMeroT I IeI ITpaJIbHyIO qacTb c ra6apHTaMH' MaI(-

cHMaJrbHo AOIIyCTIIMbIMH IIO TpancnopTHblN{ BO3MO)KHOCTffM, U paAlIai ' ibHo HanpaB-

J ICHHbIC OT 'bCMHbIC , lYTIH-TANbI  ABYTABPOBOfO CEqCHUf '  CAMI ' ]E  KP-YI1HbIC I I3  B t ' I -

noJrHeHHbrX ryrreBblx KpSCT6BI.IH, BocnpI{HI'IMaIOulIre Harpy3Ky 20 MH npu npOJIeTe

I I M, LIMeIor !2 nan.
(u* pa3HoBr.rAHocrb ryqeBofi onopHort KpecroBHHbI AJII He6o"'IbulHX no AHa-

rraerpy, tdsruno 6ucrpoxoAHblx ruAporeHeparopoB HaxoA'T npI'IMeHeHI"Ie raK rla-

3L,rBaeMbIe KpecToo6par"or" Hepa3beMHble KpeCTOBHHbI c qeTblpbMq IyqaMIl' 6oJIee

cHMMeTpr{qHbre no r{ecTKocTr4, qeM MocroBHe (pnc. 13-2).-  
On'op"ot" KpecroBr{Hbl pa3Jrr{qarorcf l  TaKxe no pa3\{eueHil lo noAi l f lT] Ir lKa'

l lpuueurroTcf i  A;a Hc[oJIHeHHf: c noAnqTHHKoM, HaxoAfiuIHMcfl  BHyTpI ' i  I {eHTpa"!b-

nof i  qacrr. i  KpecToBHHbI (Cr, l .  pi lc.  7-3 t t  l3-3),  H'C i lOAIqTHHKON{, BbIIJeCeHHbIN{ t l3

Hee (cM. prrc. 7 -l u 7 -2)
b nepeOrrt BapHaHTe B o6uter? BaHHe e' 'nQAnflTHI{KOM ycTaHaBdrl ' lBaeTcfl t I

uanpan"rrniouru; noAruunnrrx. Bo iropoi\{ - noAnflTHHIi 'Bo'HeceH H3 KpecroBI'IHbI H

HaxoAHTcfl u n"*St^o" Or^.. flpu^ sroM noAuHrHuK noMe-ula:1 
" 

caMoi'I Kpe-

brou""", B OTAeJIbHOft BaHHe, KoTOpag O6;aAaer IIyIKHOI{ lKt'cTKOCTbIo'

a,i
Af,r*
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Hecrraorpn ua To qro B nocJIeAHeM c"rryqae Af l f l  noAuHnHI' IKa rpe6ytorcg caMocrot{-

TSJIbt lbte cucreMbl rpy6onpoBoAoB, Mac, ' tooxJlax(Ael{Hf l  I I  ynJlor l{enHt?, o6ecnequrl

l taACx(HocTb KpecTotslrHbr 3Haqr.rTe.Irbr jo i lpol l le,  TaK KaK ee CBapHble I IBbI,  BoclIpH-

Ht{Ma}ou{I{e 6o"rrr ,ruyxt rrarpy3Ky, nc AO.nx(t tLI  oAIIoBpeMeIIHo 6t ' tT l  Mac,ronJIor-

ntIMIl ,  a Mac, ' Ion,rort{btc utBbI N,tacrRsol i  Rztt t t t ; t  He r loAl lepfalorcf l  cylqecrBeHHbIM

r r a f  p y 3 K a  M .

Anf i ; t yucoo i i  Kpgcront rubr  nMccrc l  I t cc r i (o i lbKO I io_ l l c rpYKTI ' IB I Ib IX  pcure l iH i r

y3jra Kpen,regHn orbeMrrbtx Jrarr K ueHTpaJlbttoi i  . iacrt l .  3Tor y3eJI noABepraercq

Ir03,fei icrBHto I l3rtr6arcr l lero MoMeI{Ta I i  nepepe3blBaloul l lx c l l ' r l  I i  f l ts ' r I f lercf l  I IaHoo-

, , ree  Hanpf l )Ker {HbrM B l {pecroBr {Hax.  I {a  puc .7-2  no t<a3aHa Kpecro l luHa,  n  xoropo i i

HH111Hqfl noJrKa Jra11 flponycKaeTcfl noA ALIcK IIeHTpaJIbHoil qacTH H Kp_enHTcfl

K HeMy npH noMou{H npunaconaHHblx tr l r IHf leK, pa60ra]oulHx Ha cpe3. Beepxy

.[a11a KpengTcff  K qeHTpaJibrror i  qacrr.r  npH noMoulu BBapeHHbIX crbIKoBbIx nJII ' IT

CO CT'X(HbIMH IUTIHJIbKAMH.

B Hacrof lulee BpeMr 6o,1r, tr toc i lprr \ i rcHetlue I IMcer KoIIcrp) 'KII I I f l ,  B Koropou

r'IanbI coeAI,IHqlorcrI c I{eHTpa"''rbHoiI tlzcrtrt() AByMfl trapaMI.I crblKoBblx n,'Il lr -

cBepxy  H cHr r3y  (c rv r .  puc .  7 - '1 ,7 -3  u  l3 -3) .  f IoA nosAe i ic te l {eM Harp} /3KH BepxHHi i

nofc KpecToBHHbI r.IcnbrTbrBaeT c)KaTIle, II Bep.xI{He cTflxHble unI'IJIbKH pa3fpy)Ka-

roTcf oT nepBoHaqaJrbHoro ycl ,utuq 3arf l ra.  Hrtxsl t i i  crblK, Hao6opor '  noABepra-

eTCfl paCTflI(eHI.Irc, U efo [IIIHJIbKH .nOdIyqaIOT AOIIO,'IHI'ITOJIbHbIe Hanpff)KeHHfl'

BepruxanbHbre yc4Jrr4fl. oT rrepepe3blBanu{llx CHJI BocflpHHI'IMalorcfl ropl'I3oHr1l_b.,

HbIMLI rur l lSrauu, pacnoJroxeHHblMu B rId ' I I {Tax Ha crblKe JIan c ueHTpaJbHoH
TIACTbIO.

B pa4Ha"rbgor{ HanpaBJreHHH Jranbr KpecroBI4H yKpenJlr lorcf l .  AoMKpaTalt{H HJIH

ynopHbiMu 6o.nrauu, pacreprblMu B $yHAaIvIeHrHbie TIJIHTsI (cu. no3. lZ Ha
pv tc .  7 -1 ,  pnc .  7 -2 ,  7 -4 ) .'  

Tpe6dBaHHq K xecrKocru lr nporrHocru y3JIoB KpecroBl{Hu. 3saqesun eu6pa-
r{Hfi o[opHbrx KpecToBHH B Beprr{KaJrbHoM H -ropI43oHTaJIbHoM HanpaBJIeHHfix JIH-

Mr{r } ipoBaHbr craHAaproM. f l_o ' |OCT 5616-81 
-Ha 

rHAporeHeparopEl  xore6aHHq
He Ao,rr lKHtr npeeuru'ars 0,18 r,arra LJrn arpefaroB c HoMHHa.nnHoil uacrorofi  npa-

uIeHLI f l  Ao 10O o6/uuH,  0,15 r ra i r l -AJI f l  MaTIHH Ao 187,5 o6/u l lH,  0 ,10 ut r ' t -AJI f l
Maurr.rH Ao 375 o6lvus u 0,07 MM - Ans 6onee 6stcrpoxoAHblx.

fopusouraJrbHbre eu6pauuu, Bbr3bIBaeMble fJIaBHbIM o6paSoM MafHI'trHt' I IvI LI

MexaHr.rqecKr.rM se6anaucair,1u, nepeAalorcr qepe3 HanpaBJIflrourufi noAulHIIHHx. Bep-

TI{KaJrbHbIe nu6paqnu, BocnpHHHMaeMbIe IIoAnflTHItKoM, Bo3HI{Kalor B ocHoBHoM
H3-3a HaJrr.Iq14fl nepeMeHHF,IX cocraBrqroullix oceBofo ycHJII'Ifl., 4eficrnyrcilIefo Ha
pa6oqee KoJreco ryp6HHbr, a raKxe BcJIeAcrBHe HeKoropofi HenepneHAuKyJIflp-
HocTH rrJrocKocTg TpeHr.rrr AHcKa noAIInTHHKa K ocli BaJIa. tlro6u npoTHB-ocToflTb
gTr{M HarpysKaM, orropHbre KpecToBHHbI Ao,{xHbI o6.naAaru Heo6xoAuuofi x(ecr-

Kocg,ro H llpoqHoctoro. !,nn 
^eroro 

Hx BblnorHfFor AocraroqHo BblcoKuvru, o6ec-

neqr{Bar srHM seo6xoAglaufi uovrei{T r.rHepI{HH ceqeHuff I{eHTpalnHoli uactu. Tax,

KpecroBnHbr c oceBbrMu Harpy3KaMH or 10 MH u BbI[Ie LIMenr Bblcory 2-2,3 u.

Kportre Heo6xoAnuofi x<ecrKocru, TaKas Bblcora o6ecneqneaer Bo3Mox{Hocrb pa3-

ueqegss u yAo6Horo o6c,rry>r{HBaHr{r B ueHTpa.nr,uofi qacru KpecroBHHbI HanpaB-

rqroulero noAlI] lrrrHHKa, KoHTaKTrrbIX KOJrel{ co i l IeToqHbIM anIlapaToM, pefy"Ig-

TopHoro reHeparopa, rpy6onpoBoAoB c apr'rarypoii  14 np. l lo 3rI{I{ npl iqnHa}1
fpy3oHecyqfie KpecToBriHbr rroABecHbrx fr{ApofeHepaTopoB BblcryrarcT HaA ypoB-

HeM MaUIHHHO|O 3ai l4 .

HenpyaoHecyqne KpecroBr{Hu. 3ru KpecroBuHbr no4BeprarcTcfi ue6oasuHnt
ycr.Urr.rqM, v nx KoHcTpyKqHs nporqe, qeM onopHblx. Aaxe B noABecHbIX rHApore-
HepaTopax, rA€ HIrxHr.re KpecToBr.rHbr BocrlpHIIITMaIOT AOnOJIHI{Te,'IbHyIO Harpy3Ky
or ropMo3oB-AoMKparoB (nos. I0 ua pv,c. 7-1), ire rpe6yercq 6onuu:oro ux ycl l-

d'reHHrI, TaK KaK TopMo3a pacnoJlaralorcq n6rHstl olop'
tlaue Bcefo Herpy3oHecyu{He KpecroBHHbI (nepxnue n HIlxHHe) BbInoJI-

HfiroTcff JIyqeBbIMH, npuqeM HHX<HHe, KorAa AHaMerp uaxTbl MaJI, MoryT 6u}
rIeJrbHErMH'- 6es pa3beMoB no JranaM. l lpuueHnrorcn raKxe HHIKHHe xpecroo6-
pa3Hbre 4nyx6a.noqHbre KpecroBr{Hbr, Ha Koropblx ropMo3a pacnoJlaralorcr qe-

rbrpbMr cocpeAoroqeHHbrMr.r rpynnaMH (pfic. 13-4).
Bepxnue nyqeBbre Herpy3oHecyrque KpecroBLIHbI qaule Bcefo BblnoJlHflIorcf

se6olliuofi ebrcort{ - oKoJIo 1 r*1, AocraroqHor:t roJIbKo AJIn pa3Meu{ellHfl BaHHbl
l lanpaB.r rRrot r le fo noArrr r lnr {HKa.  Taxas KpecroBHHa pacnoJlaracrcq noi i  ncpcKpl , l -

c ) 7 Q



TLreM, a r{ i i  ee r lcnTpaJlbl{ol .{  qacTu, Bbrue nepeKpbITI.r f l ,  -  ycTarraBJrHBaeTcf l  noA-
cTaBKa c pa3MculerrrrbrMr{ B r{ei i  KoHTaKTrrbrMrr Ko,r lbuaMrr,  TpaBepcoi i  co tr{eT-
I {aMH,  pcryJ l r ropr Ib IM rc r reparopoM I I  Iuac lonpncMHHKoM Typ6HHbr  (c rnr .  pHC.  7 -3 ,
7  - 4  u  l 3 - 5 )  .

b IreKoTopbrx c. [yqaf ix I jcpxHIIc I lcfpy3ol lccyulr{e KpecroBrir{br BbrnoJrrr f l roTCfl
no  Bbrcorc  r rp r rMcpr ro  ra r { rn \ rn  x {c ,  Kar {  onopnbrc  (uo  nrer r r 'u tc i i  x<ecrxocru) .  Ao-
rIO, 'ul I ITCIr,nbt. \  nOACTanor( onH I ie HMet(). l ' ,  e l  I ioH'raKTIIbre r io/rbl la I I  l )cfyJi f l ' ropuui i
I  c r reparop pa3.Mcu larcTCf f  r rc t tocpeACrBer {Ho B r lenrpanuuou r racrn  -  HaA sar r r ro f t

Pac. l3-4. Kpecroo6pa3Har HH)KHffff  KpecroBI-IHa ruAporeHeparopa
noABecHoro THIIa

noAiur4nr{r.rKa. f lpa HaJrHrrHr.r MaclonpueMH14Ka oH craBHTcR HenocpeAcrBeHHo Ha
KpecroBuHy. Ans lAo6crna o6c.nyxuearun srr.rx y3,'roB c nepeKpblTlifl npeAy-
cMaTpLIBarOTCfl JIeCTHLTT{Hbre CIYCKIi.

Sxcn.nyararluoHHbre rpe6oiaHnl K KpecroBHHaM. KoHcrpyxqnn Beprr.rKaJrb-
Hbrx fHApoteHepaTopoB TaKoBa, rrTo ocHoBHbIe ee y3d'Ibl, KoTopble rpe6yror Ha-
6.npAeHran, o6c.nyxuBaHufl r.r pas6opoK i lpH peBr.r3r.{rx u peMoHrHbIX pa6orax, pac-
f ioJro>Ke]rbr B 3oHax nepxueri u suxHefi KpecroBI{H. f locroqHHofo ua6.nrcAeul ' ls
rpe6yror KoHTaKTHbre KoJrbr{a w ux uleroqHble alnaparbl, Koropble qau-(e Bccro
pacfloJroxeHbr B r{eHTpaJrbuoft qacrn nepxHefi KpecroBHHbI HJIH B noAcraBKe, crot{-
ulefi  Ha nefi.  Pery.nnropHrrf i  reueparop, TopMo3Haq cncreMa, rpy6onpoBoAbl BoAbI
u MacJra c apMarypofi or MacJrf lHblx BaHH I.I  cucreMbr Mac,' IooxJIaxAeHLIg, a raKx<e
npH6opsr ynpaBJreHHfi grr iMrr ycrpoi 'rcrnauir r i  Irx r iourpo"rtn ral ixie pa3l\tci l lcl l l ) i
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B 3oHax KpccroBHH.  I loaror 'ay  npn pa3pa6orxc  KONInonoBoK r (pecToBnr r  rJo l rpocaM
/(.ocryl l l locr l r  AJIf l  t ta6.r l rcAeltHq lr  o6c,r tyx<nRarnrR BCcx arr i . \  ycrporicrn, a iaxxc
4. l t l t  -pcHr ts l i t i  I IOAI I f lT I {HKa H r IoAt l l t {nuHI (oB r rp r r / laerc r r  nepnocrcnc l loc  :1 {ar rcuuc .

I{a $oprray }{  I (oHcrpyKI{HIo BepxHl.rx KpecroBr{rr ,  noAcraBor{ noA rvracJronprrcM-
HI{K, orpaxAenufi  I t  J lccrHI. tq BJII I f f ror rpe6onaHrrF. Tcxr{rr ,rccr<oir  3crertrKrr,  npc/ l ' r '
f lBJ I leMbte  K conpf l )Ker in ro  y3JroB reHeparopa l i  ryp6r t t r r , r ,  a  raK iKe K cBf f3 r r  r r rA-

Puc.  13-5.  BepxHrr f l  KpecroBuHa 3or{Tnr{ r rofo rHA-
pofeHeparopa

, /  -  Macrquag BaHrra  HanpaBr ' rq rcqero  f loAr ] runuuxa;2  -
KoHTaKTHbre KoJrbqa; 3 - rpanepca co u{erKaMr.r:  4 -
pery raropHr , r f i  reHeparop;  5  -  l rac ; roupueMHHK ryp-

6unr , r ;  6  -  g .ovxpar  pacnop l r r r f t

poafpefaTa c MaIUUHHbIM saJIoM fOC. Ha pHc. 7-l-7-4 [peAcraBJreHbr pa3rHrr-
Ibre peueH_rlfl grHX 

. y3Jro_B AJrfl arperaroB rHApoa.nexrpoc,raHr{ur? Hypexcxoii,
Eparcrorl, I4pxyrcr<ofr, u 3eficrorl.

13-2. HAnpABntlo|.llhE noAtUhnHnRVl

KoHcrpyxt{Hq HanpaBJlstoultrx noAlxHnHHKoB. B coBpeMeHrrbrx rHAporeHepa-
Topax npl1MeHflIorcfl cefMeHTHbIe HanpaBJrrroulue noAr.uHnHlrKrr, pa6oranilIge Ha
caMocMa3Ke (6es npHHyAt4TeJIbHoI? I{HpKyrqr{nn rraac.rra). Cerueniu, Kax{Abrfi r{3
KoTopblx npeAcTaBJIfleT co6ofi qact, KoJIbUa, pac[oJroxeHbr e r,racnqHofr BaHHe
FgKp.yr ruefixu BaJIa. Aln cMa3KLI rpyuluxcl noBepxHocrefi oHr{ npuMepHo Ha'la-r lz cBoeft Bblcorbl norpyxeHH s rr.{acro. E.rraro4apq KarurrnpHouy sfo6ex"y
MacJIo noAHliMaercfl ,r pacreKaercfi tro ecefi noBepxHocrH urelixrl Bad'ra H cer-
MeHToB, o6ecnequeaff TaKliM o6paaou cMa3Ky uenorpyx<eusofi qacrr. i  noA[rHnHHKa.

flonepxHocrb rpeHnfl cerMeHToB o6,[Hr{osaHa 6a66Hrou. B paAHaJrbHoM r{a-
npaBJIeHIlH xaxArti i  ceruesr t{Meer onopy, npHqeM B pa3"'uiqnbrx Kor{crpyriqlrr{x
orIHpaHHe npoHcxoAHr ,rt l6o B ToqKe, "tu6o no rrrJHHH. B nepnou, nan6o,ree pac-
npocrpaHeHHoM, cryqae cefMeHTbr oflr ipa_rcTcq r{a cQeplluecxlie noBepxHocru pe-
fyJIHpyeMltx 6o"nron. !,"ux o6.nerqerrun o6paaonaHHr 3a3opa K.'rr{HonrrAuori $opirur
nPeAycuarpuBaeTcfl gKcI{eHTpHCr{Ter - CTUeUIeHHe OcH OnOpbr orHocr.rreJrbHo ce-
peAHHbr cerMeHTa Ha 6-8 Yo B cropoHy BpaureHxq sara. Cpe4Hnn Be!'rr.rquHa
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Pac. I3-6. CerueHrsnfi HanpaBJrarouufi noArlnnHr{K B MacJlsnofi BaHHe eepxueE
KpecToBHHbr SoHTHqHOfO fHApOreHepaTOpa

282



W:
i{
*i:,r
1::il

oAHoc_TopoHHero  3a3opa o6uquo npnHuMaerc f l  0 ,12-0 ,2  MM (ueus iupe 3HaqeHr4R
AJrs 6oJree 6brcrpoxoAHbrx MaurHH).

FIa pHc. 13-6 npeacraBJleHa KoucrpyKrrnq noArxlrnHrrKa H oAHa r{3 Han6oJree
pacnpocrpaHeHHL, IX  KoMnoHoBoK e fo  B  MacJ ' IqHo i i  eaHHe KpecroBr rHt r .  f lo4ruunHgK
cocroHT H3 cefMeHtoe 3, oxBarblBatouIHX uef ix\r  BaJra L onopHblx 6o,rros 4, paz-
Meuler l l {blx B rI Ie3Ae KpecroBHIJrt  5;  xoHTptulrx raex 6 H r. t3or ' rrrqnoHr{F,rx nnaHoK
B,  noAAepxHBarournX cerMel lTbr  noAtuHnHrrKa c r rH3y.  Onopnuf i  dom vnHpaercr r
B c 'L 'eMHbrl i  .cyxapu, xoropuf i  BbtI Io-nHeH e Soprue ceA,ra, H yAeplKuBaer cerMeHT
B TaHfeHI lHa,TbI IoM HanpaBJIeHHH.  Cyxapr ,  I I3o" { r . rpoBaH or  re ra  ce fMeHTa QacoH-ruof i  npeccosaHHoii  xopo6ouxof i ;  noc;reAHfl f i  BMecre c u3o.ryquHoHHbrMH noAAeplKr. i -
BaIOUIHMH r I raHKaMH 3aUIHU{aer  noBepxHOCTb rpeHHf  o r  noArxHnHHKoBbix  roKoB.

V.qo6crso 3KcnJIyaraL\HH TaKHX noAtuHnHnKoB o6yc,ron,rHBaercf l  JrefKocrbro
ycraHoBKl l  3a3opa nyreM peryJrnpoBar r t l  onopHofo  6o . l ra .  C6opxa H pas6opxa
TaKxe He npeAcraBJIf l tor 3arpyAHesul i ,  rax KaK orAeJrbHbrc cef l , reHTr,r  rrMeror or-
HocHTeJrbHo se6onsurue pa3Mepbr rr  Macc), ' .

[ . r ra no4aqu cMa3KI4 Ha rpyu{Hecrr qacrn no ecel i  r . rx Bbrcore qacro s uler?xc
BaJra BbrnorHqror pa[wanbHbre orB_epcrar (puc. l3_6),  Koropbre padorarcr Hano_
Ao6ue ueHtpo6exHblx HacocoB. Mac,ro, npoxoAffu{ee qepe3 3asop, HafpeBaercr
TenJIoBbIMH noreptMu or rpeHHfl  H oxJraxAaercf l  3areM rpy6uarr,ruH oxJ'raAure-
J I f lMH 9 ,  PACNO"UOXCHHbIMH B MACJI f lHOI I  BAHHC NOAUHTIHI4KA.

l lpane4eHuax Ha puc.  l3-6 KoMnoHoBKa no,ryqHrra ruupoKoe pacnpocrpaHe-
HHe B orerlecrBeHHbIx rI{AporeHeparopax. Eo,{sruuHcrso BepxHr.IX noA[rHnHHKoB
3OHTHI I I Ib IX  H HHX(HHX NOATUHNHHKOB NOABECHbIX ] 'HAPO|CI {EPATOPOB BbINO. I IHf lCTCq
TaKHN{ o6pasou.

Vcx.ltiln, 4eficrnynlque Ha HanpaBrsroulne noArxHnHHKH. flpu 3Kcir/rvara[uu
rl{APoreseparopoB BcerAa HMe}orcq $axropu, Koropbre co3Aaror pa4uansubre ycrr-
.nus, AelicrByroque Ha noAurlnHrlKrz. K HHu orHocqrcr uarHurssri i  r .r uexaHllqe-
cxufi se6a.rlaHcbr, a raKx(e HeKoropoe HcKpHBJreHue i lvHLtr4 Baila. KoHeqgo, 3apa-
Hee BecbMa 3arpyAHHTeJIbHo npeAyraAarb BeJrHr{HHbr MexaHr,rqecKoro se6a"taHca
HJIH OTKJIOHEHf i f i  PA3MEPA BO3AYII iHO|O 3A3OPA OT HOMHHAJIbHOTO.

l lpaxrurxofi npoeKrnpoBaHuq nupa6oraH MeroA rrpoBepKu eu6pauunx cer-
MeHToB noAIrIHIIHLIKa Ha pa6orocnoco6uocrs, a raK>Ke onopHbrx 6oaroe u 6a66u-
TOBOI_O noKpblTr.rfi cerMeHToB Ha nporlHocTb.

I4cxol.'s H3 HoMHHaJIbHbIx AaHHbrx H KoHcrpyKTHBHbrx coo6paxeHufi, npeABa-
pHTeJrbHo 3aAaror cJreAyFourue BeJrrlqunw: d-AHaMerp ruerixu BaJra, M: H _oce-
ByIo AJII ' IHy cerMeHToB (nrtcoty), rrr;  B-raHreHunaJrbHyro AJrr.rHy cerMeHTa, M:
m - qvcilo cerMeHToB; n - qacrory Bpaqesun, o6f xtuH. 3areu onpeAeJrrnor Aony-
crHMyIo Harpy3Ky B MeraHbroroHax Ha xaxAufi noA[rHnHHK Arq souuHa.nsuofi
n yrouuofi qacror Bp?u{eHuq no $opruy"rre

' P s o n  : 3 ' 1 0 - 2 n S z h ,

rle S:dH -nJIouIaAb npoeKquu ruerlxLr Barra; k:mBl@d) -xoe$QgUueHr 3a.
norHeHuq noAIrrHrI^HIlK4,- llpu gToM npuHflTo, qro Bs3Kocrb MacJra B 3a3ope co-
craBJlf ier V:43'10-3 l la. c, orHolxeHl{e MpIHHManunoil ToJrurr-rHbl MacJrf lHofo cr 'roq
K 3a3opy noAIiI I tnHHKa HaxoAr.rrcs B npeAeJrax 0,25-0,5, a orHorueHue pa3MepoB
cerMeHra B lH :0 ,75- :1,3.

l lpanH.nrHocts nu6opa pa3MepoB H r{ucra cefMeHToB npoBepffercfl  cpaBHe-
HLIeM ,Uonycruuofi Harpy3KH Pooo c MafHHTHbTM r.r MexaHurrecKr.rM ne6anaucauu,
KOTOpbIe MOX<HO OXHAaTb npH sKCnJrVaTarIHrZ.

HcxoAs H3 BogMoxrHoro orKroHeHuq Bo3AyrxHoro 3a3opa or HoMr.rHaJrbHoro
3HaqeHI'I f l  Ha +10 0/o OAHOcTOpOHHee MafHI' lTHOe Tfl)KeHHe B MeraHbIoTOHax Onpe-
AeJrreTcfl c"leAyrour.rr"r o6pasolr :

Q  = : 0 , 0 3 D ; l y ,
rAe Dt  H l t -  AuaMeTp pacTor{KH H A. IHHa cepleqHHKa cTaTopa,  M.

Atta,norltqso, 3aAaBaflcb MexaHrir iecKr.{N,r ne6a.naucorir a 
'0,1 o7o ruaccbt o6oAa

poropa c noJIrccaMl{, rto.rtyt13191 3Har{eHr{e uerrrpo6ex<troi i  cr{"r lbI r ie6a"rrartc-a B I{e-
ra I tb loToHa x:

C : l lcpR (n/1000)2 1o-6,
r4e Gp - Macca o6o,U,a poTopa c noJrrocaMr.r, Kf; R - paAuyc no rIeHTpy Tff)KecTrt
o6o,qa c [oJIIocaMI{, M; n - qacrora BpaueHus: uol,rttuaJrbnafi fls.ow rrm4 yrog-
HAfr. nv, o6fttru.
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VcH"nuq Q u C pacnpeAeJlf l rorcf l  MexAy BceMH noAtuunHHKaMH afpefara, Ho
AJlf l  OnpeAc.r lcHl locrH_ I IpHHT{MaloT, rrro 

_oHr{ Bocf lpI , IHHMaroTCfl  TOJTbKO AByMq noA-
II I I ' tnt ' t t tKaMu, 6ttv>Kaftwuvtu K poropy. [1oerorr, ty npn I{ar ' rHqHr{ AByx troArr l rnHrlKoB
rerreparopa noArur{nr l lx r1rp6r.{Hr,r  B pacqer l re 6epercn.

IJa  nepxuu i i  noAurunr r r rK  4e i i c reycr  c r r , r ia  (puL.  13-T)

T 
" 

--= T ,q I T oc : (A I C) lzl(lr -l- lr),

a r ra r i l rxur . r i !

T n -= Tnq * T rc : (A - l- C) lr l( lLl- lr).

f lo"rryueuusre 3HaqeHil f l  Tn H T'
MHI{a/ ' I I rHOii t  qaCrOru Bpauet{Hf l ,  TaK

rAe o - KogoSHrIHeHT rroJrrocHofo IIe-
pexpurua; D; u lt - Ar.raMerp pac-
TOr{KII U ,.JTVHa CepAeqHr{Ka cTa-
ropa, M; BO- nHAyKrIHq B sa-

Mex4y roArur{THHKaMH c'rra en. a pac"otfl?"};n B roM '.e coor'orrreH,H,
STO H CI,IJIbI Q W C, U COCTABJInET, HANPI,IMCP, AJIff BCPXHC1O NOAIXHTIHHKA

Tr. *. s : Qx. 3l2l(tL* tr).

Vcunre I*., oAHocropoHHee u [oroMy Bocnpr.rHr.rMaercfl He BceMH cerMeH-
TaMI'I. !,.tx o6ecnerleHuff- npoilHocru noAIxHtrHHKa peKoMeHAyercr, qro6u auunan"a
or erq1o _yeuJrr{g Ha 6a66Hronyro o6.rrurloexy p*"":41(BHm?n*. r) 

". '  
np."ur_

Irlarro l5 MlIa. llpouuocrb orropuoro 6oara nponepnercfi Ha ycnnueTu:qf"."lit
B coBpeMegHbrx MorrlHbrx rnAporeneparopax' BeJrr.rqnHa e*. s Mo)Ker oKa-

3arbcs HacroJlbKo 6onruofi, rqro o6ecnerleu[e npoqHocrr.r noArrru[Hr.rKoB arperara
H efo $yu4arrlenra _rrpeAcraBHT _3_l{qcHJerbHbre tpynuocrra. HanpnMep, B fHApore-
Heparopax Casno-Illyureucx.ofi fOC QK s Mo)Kei Aocrntrb Z,S MH. iio erofi'rrp"_rIHHe cucrenaoir craHrlnoHHoft pe.nefin-orl 3aulr.irbr fOC npeAycMorpeHa ocraHoBKa
arperara y)Ke npH noqereHllu nepnoft ToqKH ga3eMJreHufi c r{eJrbro ee ycrpaHeHr.rfl.

Ten"[oesIe norepli  B noAuranssre (a,.rq nrr6opa napaMerpoB MacJrooxJraAn-
re.ua) B Kr.rJroBarrax Mox(Ho onpeAeJrnTb no $oprr,ry.ne

Dr  n -
BH mltaz

rAe u - oKPY)KH8fl cKopocTb urefirn noAluurrutrKa, r'r/c; 6:0,15 MM -..- oAHocro-
poHuufi 3asop B noArrrunuuKe.

2&4

AOJI>K
H AJIN

Prac. 13-7. K pacr{ery HanpaBJrflroqux noA-
IXI.INHHKOB

su 6urr He 6oaee Poo,, KaK AJrf l  r{o-
yrouHorl. EcrecreeHHo, qro npfl yroHe

cocTaB,1f l l0 i l {a f l  oT Maf I IHTHOTO rre-
6anauca 0 paBHa r{yJrro.

Bosl roxHo,  oAHaKo,  anapHr iHoe
cocTorHr.re fHApofeHepaTopa BcJreA-
crBr.re o6pasonaHur AByx ToqeK
3a3eMd'reHHfi B o6uorxe sos6vx(le-
Hun.  BosHuxarcqee npu 3roM-ruyH-
THpOBaHI.Ie rroJrlocoB, pacnoJroxeH-
HbIX MexAy 3THMH TOr{KaMH, BbI-
3brBaeT oAHOCTOpOHHee MafHHTHOe
TffXeHrre, BecbMa 3Iraqr4TeJIbHOe npH
OTKJIIOqCHUH NOJIOBI,IHbI TIOJIIOCOB.

Ens onpeAeleHuq MaKcHMaJrb-
HO BO3MO)KHO|O yCUnHfl TflXeHHfl
MexAy craropoM H poTopoM B Me-
raHbroroHax noJrb3yrorcfl Qopuy.nofi

Qx.s :  r2Ddp f+ ) ' ,
\ D  /



1 3-3. MACJI 'HbIE BAHHbI

I (ax yKa3brBaJrocb B npeAbrAyrurrx  napar-pa{rax,  Mac. [ l r rbrc  Brr . r r rbr  6nsar<-r r
coBN{eu{enHbre H pa3AeabHbre. B nepBoM cd'ryqae BaHHa rraxoArrrcrr nHyrpu l leH-
rpannttorl qacrrr KpecroBnHul, o6.na4arculel i  seo6xoAr.rMoii x{ecrKocrbr,o B paAIIaJlb-
HOM H aKCHaJ'IbHOM HanpaBJrerrHflX Ar'Iq nepeAarlH ycr.r.rt t i f i  oT noAuL{n}rnr(a Ir noA-
nrrHuKa.  Bo BTopoM -  noAnrr r ruK r roMeulaercf l  B JrefKoM 6aKe,  He cnoco6rrou
nepeAaBarb.,cr{oJrbr{o-uu6yls 3HaqHTc,rbHbre ycr{JrHg. 3ror 6ax ycraHaBJrHBaercrr
tu6o HaBepxy onopuoi i  KpecroBuHbr (c t r .  pvrc .  7- l  r {  7-2) ,  ,uu6o Ha noAcraBKe,
croqu{efi Ha KpbrrlKe ryp6uHi,r (cnr. pric. 7-4). i{anpan"rrnrculr ir l  noAII l tnt l lK
s o6oHx cryqarx ocraercfl  B I{eHTpa,tbnoii  qacrH KpecroBIII{bI.

Mac"rqHaq BaHHa rroAurHnHr.JKa, npcAcraBJleHHoro Ha pl lc. 13-6, cocronT 143
creHKr{ 10, Aua I1 u rax Ha3brBacMori nuropoAKr{ 12, xoropaf c, ' Iyx{HT BHyrpeH-
sefi creuxoii ;  cnepxy BaHHa 3aKpbrnaercfl  KpbIruKaML{ 7 c ynnorseHtiRurt 2.

Asa Bapr{aHTa pacno,'rox{eH[q HanpaBJrroulefo noAIi l I{nHHKa B rteHrpa.nsHoii
qacrH ncpxHefi KpecroBnHbr rroKa3arrbr Ha prlc. 7-l  H 7-2. Br'r6op Mecra Ail t1
Hero onpeAe,'rqercf yAo6crBorra o6cny>xvBaHL,rn noAIIrl.rnHLIKa H Apyrux y3JIoB fHA-
poreHeparopa, KoTopbre Moryr HaxoAr.rrbcfl  B rofi  xe soHe, I lanpnMep KoHTaKT-
Hbrx KoJrer{ poropa co qeToqHbIM afinapaToM.

BuHeceHsas BaHHa noAnflTHHKa noABecHoro ruAporeHepaTopa npeAcraBJlf ler
co6oft r{riJrrzHAp, AHoM Koroporo cJIy}KLIT AHcK I{pecroBI{HbI. Kpumxa raxofi
BaHHbr Moxer 6trrl crelruofi (ctt. puc. 7-2) r{JIH BbInoJIHeHa BMecre co crenxot?
(crr,r.  pnc. 7-1), uro npeAnorrrr iTeJrbHee, TaK KaK yMeHL,uaer Bo3Mo>KHocrb rlpore-
qeK MacJra. BnyrpeHsefi creHxoft eaHHbI flBJIflercfl BblropoAKa.

Vcrancexa noAnrr:atKa HenocpeAcrBeHno Ha KpecroBl{Hy npeAcraBflqer on-
peAer,'reHHbre yAo6crBa B gKcnJryarar\uv, u6o noA'beMolr creHKLI BaHHbI BMecre
c KpbrllrKoft o6ecnequBaercq ceo6oAutu? Aocryn K noAnflTHHKy.

Pasnaepr,l BaHHET ortpe/{eJlrrI,orcq fa6apLITaMH noAnfrHIlKa v MacJIooxJIaAI'I-
TeJrfi, a ee KoMnoHoBKa - seo6xoAr.rMocrbro opraHu3arruu ilpaBl4.nruofi I{HpKyrntIHu
H OXJIaXAeHIifi MaCd'Ia.

Mac.noox"rraAlrreJlb qaule Bcero cocror4T H3 HecKoJIbKr.rx cexqnft, BcraBrqeMblx
B oKHa 6oxosof i  creHKH rr coeAHHffeMbrx MexAy co6oi i  r :py6onpoBoAaMli  BHe
BaHHbL tluc.no cexuHft, a cJreAoBareJlbHo, LI oKoH orrpeAeJlsercq r{HcroM cerMeH-
TOB nOA[flTHHKa: npOTHB KaX{AO|O OKHa pacnoJraraeTcrl oAHH vrltr4 ̂ Ba cerMeHTa,
TaK qTO nOCJre BbreMa ceKr{HH MacJrooxJraAHTeJIfi OTKpbIBaeTCff AOCTyII K nOAIIflT-
Hr.rKy.

Cucreua qr4ToB, pacnoJroxeHHbrx B ropra3onrart,uofi nJIocKocrI-I MexAy_ Kop-
nycoM rroArrrrHnKa, ceKrrr.rflMr4 MacJrooxJlaAI-ITeJIfi u uapyx<nofi cteuKoft, o6ecne-
trHBaeT npoxoA ropqqero MacJra qepe3 MacJrooxJIaAHTeJIb, oTKyAa OHO B OXJIaX-

AeHHOM COCTOqHHH 
-SHOSS 

nOCTyIIaeT B noA[qrFILIK.
Bnyrpu BaHHbr, BoKpyr noAnrrHrrKa, pa3Meulaercf l  Tpy6onpoBoA noAaqI ' I

MacJra BbrcoKofo AaBJIeHr.tfl B cefMeHTbr, a Ailfl npeAoTBpauleHl{s nonaAaHl{q Bo3-

Ayxa B MacJro (aspaqnu) npHMeHqrorcfl pa3JruqHbre ropH3oHTaJIbHbIe I4 BeprI'I-
KAJIbHbIC UII,ITKI,I.

Eo,rtruoe 3rrarleHrre npr{Aaercfi  ynJroTueHnflM BaHH eo I ls6exaHlle npsMblx npo-
TeqeK Macd'ra H BbrxoAa MacJlf lHbrx napoB. Bce uecra crbIKoB orAe"IIbHbIX uacrel"t,
KaK, HanpLrMep, creHoK c AHoM, KpbrueK JrIoKoB co creHKofi, or4ennHblx ceKTopoB
Kopnyca r.r T. A., ynJroTHsroTcfi p€r.iHoBbrMH npoKJraAKaMIr, IIrHypaMLI, 3aJIHBaIOTCfl
snoKcr{AHbrM JraKoM. B sa:opbr Mex(Ay Bpaqarcqnrvrucq noBepxuocTlMu I{ KpbIlIr-
KaMLI BaHH yCTaHaBJILIBaFoTCfi pe3HHOBbIe HJIH KOx(aHbIe MaH)I{eTLI B HecKOJIbKo
psAoB, a raKx(e rra6op JraryHHbrx Koteq, 3aocrpeuHblx no BHyrpeHHefi xpouxe u
o6pasyrourux,la6upHHrHoe ynJlorHeHlie.

["rrr 6opr6sr c yreqKaMr{ MacJra raKxe coe,[r.irflror BHyrpeIlHLIe nor'Iocrli BaEH
c arrvrocQepofi nocpeAcrBor,r rpy6onpoBoAoB. Oco6ne rpyAHocrLI npeAcraBJIrer
6opr6a c 3aMacJrHBaHr-reM 3orrrr iq-Hbrx rr{AporeseparopoB, rAe Bpail{arcIl isecs qa-

crr.r por<ipa co3Aaror pa3pfl>KeHue B HenocpeActeeHHorl 6,rngocrx K ynJIorlIeHI{flM
BaHHbI nOAnf iTHIrKa H BbICaCbIBaIOT I {3 Hee napbl  . . .  -

V soHrucHbrx rr.rAporeHeparopoB c Kpy[HbrMH AByxpflAHbIMH noAnrrl{HKaMI'I
AnaMerpbr BaHH HepeAKo fiDeBbrrrram 6 u (crvt. pnc. 7-4). Taxue-BaHHbI B IreJIoM
BHAe HeJrb3rI nepeBo3uTb rro x(eJre3uofi gopore, H noroMy B Tex cJlyqaffx, KorAa
He npeAcTaBJrseTcfi Bo3Mo)Kr{brM nepeBo3HTb HX no BoAe HJIH no uocceHHblM
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AOpOraM, OHH
H a  p H c .  l 3 - 8 .

BbInoJlHfl IOTCfl pa3a,eMHbrMH.
BaHua H3roroB, ' I r {ercf l  H3

f loAo6rras KoHcrpyKrrHn npeAcraBJreHa
Tpex qacre l i  u  cBapr{Baercf l  B eAHnoc

Puc. l3-8. Pasteltsas N{acrqHas BaHHa KpynHoro noAfif lrHaKa 3oHTHqHoro rLrA-
pofeHeparopa

geJloe Ha MoHTaxe. CpeaHgff qacTb BaHHL,I HMeer uuprrHy, HecKoJIbKo f lpeBbl-
uarcUlyrc AltaMerp noA[srHHxa, uto6u Mecra ee crbrKa c 6oxosorMn qacrqMu He
noABepranHcb HafpysKaM OT rrOAnffTHr4Ka.

i3-4. MACIOOXIAAI4TEI4 nOAnTTHhKOB
h noA[unnqv'tKoB

Ann oxr'IaxAeHuf MacJIa B BaHHax noAntrHLIKa u noA[IHnr{HKa HCIro;-rb-
3ytorcs, - faK IIpaBHJIO, rpy6uarue MacJIooxJIaAHTed'rH, BcrpoeHHbre B Mac.rrqHyro
BaHHy' Macloox.naAHTeJIIt fioAnqtHllxa u noArrrr{nnuKa aHarofur{Hbr no ucnoJrHe-
HHI'O' H BCe CKa3aHHOe Hl lXe O MaCJIOOXJIaAHTeJIf lX noAi lqTHHKa MO)KeT 61trt
OTHCCCHO K OXJIAAI{TCJIf lM, YCTAHABJIHBACMbIM B BAHHAX NOAIIHIIHHKOB.

Koucrpyxrl'IBuo trlac.noox.ttaAaTeJlr{ Moryr liJru rreJrr{KoM pacnoJrafarbcrr BHyTpH
uacngnofi BaHHbI, u.nx xp6nuTr,cr Ha creHKe BaHHbI TaK, qro KpbnrrKa oxJraAH-
TeJrfl oKa3brBaercfi cuapyxil BaHHbr.

.. B nepnoM cJlyqae uac;ioox.naAuTeJlu BbrnorHqrorcff B BIIAe ropo6uarbrx ceK-
IrHfi c KoJIbITeBbIMH rpy6xaua, oKpyxaIourHMH noAnqrHHK, u AByMfl KpbrrxKaMlr
no ropr{au. Tarae ceKuHH coeAr.tHfl}orcfl Me>KAy co6oii nocneloeaTeJrbHo r.r ycra_
HaBJIHBaIOTCff  Ha AHe BaHHbI nO B03MOXHOCTT{ HH)Ke CeTMeHTOB noAnf lTH}IKa,qro6u o6ecne,{}rrb Aocryn K noAtrnrHHKy 6es pas6opKri rr BbreMa l,ac,noox.rrr4,,-
re.nefi.

Mac.noox.naAHTeJIH, Koropble KpenfiTcrr K creHKe BaHHbr, Moryr HMerF, npfi-
MbIe I'IJIH U-o6pasHue rpy6rlt, pasMeureHHble nepneHAuKyJrflpuo creHKe t38]. B ira-
cToffU{ee BpeMfl ceKUHIt MacJrooxJra4ure,rel'r c U-o6pasnurryrrl rpy6xarr,tH'no,'ryur.r.trrt
uau6o.nnuree pacnpocrpaHeHlre. Ona ycraHaBJrHBarorcfl  no Bblcore Ha vpoBHe cef-
MeHToB H rracrf iqHo AHcKa noAnsrguKa, T. e. B goue Hau6o.nee unrencasHoit qup-
KynflIIHH ro_pqqero MacJIa. Hacxolrxo aQQextHBHo raKoe pacrroJroxenue MacJro-
ox.laAHTe.neft, *roxHo cyarftb no Eparcrofi fOC, rAe ycraHoBJreHbr KaK KoJrbrre-
BbIe MacnooxJIaAI{TeJr}I Ha -!,rre uaclqHoft BaHHbr, TaK r,r U-o6pasHbre ox.rraAuTeJrii
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f ia ypoBHe cerMeHTog (cr"r. pnc. 7-2). Ha oAitoM rrlAporeHcparope 6uno npott3-
BeAeIIO OXJla) ' l (AeHHC nOAntITII I IKa CIIaqaJIa TOJ'IbKO KO"I lbl le BblMI{ OXJIaAIITeJIf lMH'
3areM ToJ lb t (o  U-o6pasr rb IMl I  I { ,  naKOI lcu ,  cour \ rcc rno  o6onut r  ox" r raAr ITeJ I t tMI I .  [ Ip r r
?ToM c noMou{bro repMonap, 3aJrox(eHHbrx B HenocpeAcrnensof i  6rusoctu or no-
BepxHocTH TpeHr{rr  cerMeHToB, H3Mepfl , ' Iacb I IX Ter{nepaTypa. Pe:y"rbTaTbl l rcnblTa-
Hr.r f i  npnBeAeHbr B Ta6Jr.  l3-1. Vls ra6tut\ t t  BIrAI io,  qto U-o6pa3Hble Mac, ' IooxJla-
AHTeJrr{ ,  HeCMOTpfl  Ha BTpOe MeHbuyro AJTHHy rpy6ox, o6ecneqH"nH npaKTHqecKH
Tor x<e reMneparypHui i  pexuM B noA[f lTHHKe, qro LI KoJIbI{eBbIe.

Ta6nuua 13-l

Tun
M acnooxJlaAurereft

,{,.nuua rpy6ox
oxJI aAI{TeJIfl,

M

Maxcul tansHag
reMnep arypa

cerMeHTa,
oc

Korntleesre
U-o6pasHlre
Konrqennre H U-o6pas-

HbIC

760
246

r006

76,5
77
73,5

BHcoxaq aQQemunHocrb U-o6pasnbrx .oxJlaAure.nefi o6tqcHqercq He roJIbKo
TeM, qro oHr.{ ycraHaBJrLIBarorcff B 3oue sau6olee LIHTeHcHBHoiI qHpKyJIsIrHH
MacJIa, go tt reM, rrTo y HHx rpy6Ku pacrroJlolKeHbr paAHaJIbHo. flpu srorra oMbI-
BaHHe MaCnOM OKa3brBaeTCfl rroflepeqllblM, a He npoAoJIbHbIM, KaK npH KOrbqeBoM
pac[onoxeHHH, 3a cqeT qero yBerHtrHBaeTcq Ko3ssHqHeHT TenJIoOTAaI{U MaCrO-
oxJraAr{Te.ns. OrcrcAa cJreAyer, rrro ecnu npl,t ycraHoBKe KoJIbIreBbIX Mac.flooxJla-
Ar{Terefi pa6ouar AJrr-rHa rpy6oK rrpuHr.iMaercs 7-9 M Ha I xBr rlorepb B noA-
nrrHHKe, To AJrr U-o6pasnbrx oxJlaAnreJrefi 9To gHaqeune Mox<er 6urt cHI.IxeHo
Ao 3'5-4 r'r/xBr' 

Ta,nutqa IJ-2

HanueHosaHue fOC
Tun naclo-

oxra,q,nrgIefi
noArrflTHIlKa

Pa6o. Iag
AIHHa rpy6ox

oxJIaAsTenq
L , u

florepu
B noAnflT-
snxe 17,

x B r

Lln,
u/xBr

Eparcran Konrqeeste
U-o6pasnue

Botxuscxas
Bonxcxag HMeHr{

B. 14. JIeuuHa
Vcrs-H.nHMcKas
3eficxaq

CaqHo-IIIyurencKas

Konrqesrte
))

U-o6pasHsre
))

U-o6pasHnre
Korrqesne

I  160
2300

1540
3660

3240
2550

160
309

400
950

7,25
7,45

3,84
3,85

5,27

B ra6.u. l3-2 [pr{BeAeHbr AaHHbre MacJroox.naAure.neir HeKoropbrx BLJnoJIHeH-
Hbrx noA[flTHLrKoB.

1 3-5. PETYI'TOPHbIN TEHEPATOP

Cpe.qn BcnoMofareJrbubrx gneKTpuqecKr{x MauruH, pa3MeuraeMbrx Ha BaJIy rttA-
poarpenaroB, oco6oe Mecro rrpHHaAnexI{T pefynffTopubrM reHeparopaM - He-
6oluuuu rBnonoJrrocubrM cHHxpoHHbIM MauHHaM c e0s6yxAeHLIeM or trocrotH-
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Hblx MarHHToB. 3rH reHeparopbl BbIno,' IHflror rfyHxrlHn AarqHKa qacrorl,r AJtrr pe-
ryJlfropa qacrorbl Bpau{cnntr ryp6uHn II I} 3aBIICrn\,rc)crrr or runa nocJrcAlrefo
I lMeroT ABa pa3JI I Iq I IbIX r rcn()Jr I IeHHf l .

Hau6onnruee pac[pocrpaHeHI{e B IrocJleAlrec BpeMq rroJryqrr.]n{ 3JrcrirporuApaB-
JIuqecKHe pefyJrsropr,r qacrorbr Bpar.rreHHq ryp6raH. Pery.rrnropHbre feHeparopbr,
npeAHa3Ha_rleuxblg AJII nHTaHr.rr 3THX pcryJlf lTopoB, Bbtrro, 'rHflrorcq o6uquo c napa-
MerpaMH 5 :0 ,25  KB.A ,  V : l l 0  B ,  cose :0 ,8  u  f : 50  fq  H  x (ec rKo  3aKperJ reHbr
r{a BaJry rr{ApoafperaroB. Pery.nnrop qepe3 nxoAsori noreHqnoMerp noAcoeAur{f i-
ercf l  K TJTaBHHM BbIBoAaM AByx 4las retteparopa, ua $asHoe Harrpfl)KeHHe rperrei i
$assr noAKrroqaercq o.rleKTpliqecKoe pe.re o6opoToB, cJrylKau{ee Arq BbrAaqH cHr-
HaJIOB B CXeMaX nycKa, OCTaI{OBa, TOpMO}Kerrnfl ,  CHHXpOHr.r3arlHr.r rr 3arUHTL,r OT
yfoHa afperaTa.

Bropoe Hc"norHenne peryJrrropHbrx reHeparopoB HcrroJrb3yercfl npn npr.rMeHe-
HI.IH MasrHHKoBbIx perynflropoB qacrorbl BpaqeHlrr ruAporyp6uu. B groN.{ cryr{ae
rrapaMeTpbl pefynffTopHbrx rer{epaTopoB olpeAe,TqloTcfl Tr.rrroM nt' t6paHHoro peaK-
THBHofo ABLIrareJrf l  cepuu P0, npegHa3HaqeHHoro A,{f l  Bpau{eHufl MarrHnr(a per.v-
JrsTopa.

Puc. 13-9. HauarHHr{HBaHHe nor'I locoe o6x4orxofi craropa
/ - pe ry ; r r rop r r t r l i  r euepa rop ;  2 -npeAoxpaHurenb ;  3 -py6ua ruu r ;  4 - renepa rop  roc roqH-

HOTO TOKA

O6qurr,t Aafl Bcex pefyJrsropublx reHeparopoB qBrflercff ux nos6y)KAeHue or
IIOCTOSHHbIX MaTHUTOB, qTO LICKflIOqaeT HaflUqUe CKOJIb3'UILIX KOHTaKTOB U O6eC-

nequBaer 6naro,qapfl gToMy MaKcr.iMaJIbHyIo HaAexHocrb oTI{x MauIHH, BbIrIoJIHflIo-

IIII{X HCKJIFOqHTCTbHO OTBCTCTBCHHYIO POJIb B CHCTCMAX PETYJIHPOBAHHfl H ABTOMA-

TH3 arlHrr f r-rAp oarperaroB.
B orAeJrbHbIX cryqaflx Ha BaJrax rr{ApoarperaroB ycTaHaBJrltBalorcs yrno-

H3Mepr.rreJrbHbre reHeparopbr, KoHcTpyKTHBHo noAo6sue peryJlsropHblM,_ Ho cJIy-
)Karrrue Anfl r{3MepeHr{fi gJreKTprrqecKoro yrJla Mex(Ay BeKTopaMH 3AC reHepa-
TOpa LI Harrpfx(eHvfl JruHHLr SJIeKTpOnepeAarIu.

Hauarsuqr.rBaHue perynsropHbrx feHeparopoB B co6paHuotvt BLIAe npou3Bo-
Ar.ITCg ABaXAbr: Ha r.rcnbrTaTeJrbHoM cTeHAe 3aBoAa nepeA IIpoBeAeHLIeM HCnbITa-
ttuit, MaIIIItHbT Lr Ha Mecre ycraHoBKI{ Ha BaJIy rnApoafperara Ad'Ifi BoccraHoBJIe-
HHg HarIpqx(eHHfi, cHH3r4Brrrerocf B pe3yJIbTaTe qacTI{qHofo pa3MafHHqLIBaHI{f
noJIIocoB npH rpaHcnoprHpoBaHHLr poropa orAeJIbHo or craropa.

B Aa.nruefiureM nprr oKcnJryararlulr snri3oAuqecKri, KorAa Hanps)Kenne peryJlfl-
ropHbrx reueparopoB cnux(aercs Ha 20 olo u 6o.nee, npoH3BoAHTcfl I.Ix [oAMarHI'I-
qHBauEe. flpaxruuecxu raKafl seo6xoAIrMocrF, noqBrflercfl He paHee qeM qepes

10-20 JIeT nOCJIe Toro, xax 6gtlO OCyUIecTBJIeHo noAMafHHqlIBaHHe.
B BaBr{cnMocru or KoucrpyKrluri peryJlflTopHblx reueparopoB npl4MeHnerct

GALrH H3 AByx uan6o.nee pacupocrpaHeHHblx MeroAoB HaMaIHHTILIBaHLIfl flontocoB
e co6paunofi MarrrI{He: c troMourb]o cneqna.nrnofi HaMaf HHqHsalou{efi o6uotKll,
KaryrrrKn Koropofi pa3Meqarorcrr Ha noJllocax poropa, LIJIH_ _c. noMoulblo o6-
MorKr.r craropa, coeALIHfleMofi no cuequaJlbHofi cxeMe (puc. l3-9).

flepeuft H3 srr.rx MeroAoB rrcrroJrb3yerct B peryJlflTopHbIx reueparopax,
poTopbr KoTopbrx )KecTKo cBfsaHbr c BaJIaMH rllApoanperaToB. flpu raxofi xosct-
pyr<qhfi uetoh HaMaruurruBaHHff.noJrloboB NrarHLrrHbIM noJIeM, co3AaBaeMrtrrt o6tr,tot-
rofi cratopa, HeIIpaeMJIeM, TaK KaK o6ecue.rntb coBnaAeHLIe ocu noJlloca c BeKTo-
poM HaMaruutruBduqero noJrfi (o6asate.rrbHoe ycJIoBHe HaMarHHqIaBaHLIfi) npaK-
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THqeCKH l le npeAcTaBrreTcfl BO3MOxHbrrr. l .  PaSMeu{eHHeM xte l la noJrlocax poTopa
KaTyIxcK I IaMaTHHqHBaHUf l  3To yc, loBl{e BblnoJIHf lcTcq aBToMaTrrqeCKLI.  AocfOl i l r -
crBaMI{ MeroAa sBJrf lercrr Bo3Mo)I{Hocrb cro npHMerreHrrf l  nprr nro6oii  KoHcrpyKurr}I
feHepaTopa,  MHHHMaJIbHbTe 3aTpaTbr BpeMeHH Ha npoBeAeHt. re o i lepar{HH HaMaf-
I{Ht{lJBaH}1fl LI, HaKOHeU, BO3MOX(HOCTb OAHOBpeMeHHOfO Hail,{af}rHrrHBaHHfl no BbI-
6opy Bcex I{d'IH rlacrtl noJIIocoB, rITo rlo3BoJlter l{cnoJlb3oBdTrr .,{,Jrf groil L(eJlII
I icToqHHK nocToqHHoro ToKa npaKTHqecKH Jl[o6oro Harrpfl>KeHrrr. I loc.teAsee 06-
crotreJlbcrBo gBJlf lercf i  BecbMa BaxHbIM, TaK KaK lrcKJlroqaer Heo6xoAllMocrb noA-
6opa cnet{HaJIbIIoro o6opyaoe aHHfl AJrf l  rraMafHnrrHBaHHfl Lr no3BoJrter rror 'rb3o-
I larbcfl  pacnorTaraeMbIM o6t t. t t io Ha f3C (oos6y4ure"urr, aKr(yMyJrrToprrbre 6a-
Tapeu.. t t  AP.). I ]p" 3ToM o6uorxa HaMafHHqHBaHHfl, ceKrlrroHupyercrr Ha croJrbKo
uactefi ,  , Iro6br fanpnxeHHe, Heo6xoAxMoe AJIf l  HaMafHHr{HBaHHfl rpyrtf lbr rroJrrocoB
olsori CeKIIHH, IIe npeBocxo AHJto Hanpfl)KeHHq pacnoJraraeMofo HcroqHHKa no-
croflHHofo ToKa. K HeAocraTKaM MeroAa cJleAyer orHecru seo6xoAlzMocrb npH-
MeHeHHr l lcno.nsayeuofi BecbMa peAKo Aono/'IHHTe"nuHofi o6uorrN, rpe6yroufeft
MecTo Arq ee pa3MeuleHHrr.

.[,pyrofi MeroA HaMafHHrrHBaHHtr noJrrocoB c noMorrlbro nepecoeAr.rHeHHofi o6-
MOTKH CTaTOpa npHMeHseTCfl R. TeX CIyqafX, KOrAa pOTOp pefyJrsTopHoro reHepa-
TOpa HMeeT BO3MOX(HOCTb CBO6OAHOfi CaUOyCTaHOBKH AJrfl paC[OJrO>r(eHHff noJIlOCOB
no ocn MafHltrHoro noroKa, co3AaBaeMoro ctatopHofi o6rrlorxoft npll uaMafHlrr{H-
BaHI{H. Taxag Bo3MoxHocrb co3Aaercq, KorAa porop peryJrrropHoro reuepaTopa
Moxer Bpaularbcq e co6ctBeHHbrx noArrrprnHuxax. f, .na 3Toro nepeA HaMafHHqHBa-
HHeM cJleAyer cHqrb BepxHroro KpbrrrrKy reneparopa, orBepHyrb 6ollr,l, coeAn-
HffFolllue MyQTy H Bryd'rKy poropa, noAHflrb MyQry BMecre c BaJroM.

Kax saAHo I ' I3 pl lc. 13-9, o6rrrorKa craropa co6upaercfl  no cxeMe, npn Koro-
pofi 4ne .tro6ue Sasr,r coeAuHflrorcff napaJrJreJrbuo, a Tperbfl Sasa BKrnrraercq
BcrpeqHo. IIpu raKoM coeAHHeHHH o6uorxa craropa c O0-rpaaycuofi Saauoft
soHori co3Aaer cyMMapgyro M!,C, paBHyro yABoeHHoir MAC $asu o6uorxx:

F:  Fc*  (Fo  *  F r )  cos6o"  -  2F6 ,

e c . n u  F a : F B : F c : F o .
Bextop ̂erofi cyMMapHori MAC coBnaAaer c ocbro Sasu o6parHoli noJrrpno-

cru ($asa C ua pnc. l3-9).
flocxo.nrry nepBoHaqaJlbnoe noJroxeHue poropa npou3BoJrbHo rr B o6uteu

cnyqae Ocb noJII,ocoB He coBnaAaeT c BeKTopoM MAC cTaTopa, nepeA nOJrHbrM
HaMarHI{qLIBaHHeM npOLISBOAr. tTCf l  TaK Ha3brBaeMoe yCTaHOBOTIHOe HaMarHHqHBaHHe
He6o.nlruuu roKoM Anfl TorrHofi ycrauoBKr{ poropa orHocnTeJrbuo o6uorxu cra-
Topa. EcrecteeHHo, rITo noBopoT poropa ue6o.nnruuM gJreKTpoMarHr{THbrM MoMeH-
TOM B HyX(HOe nOJIO)KeHr.re, flpH KOTOpOM OCb nOJrrOCa COBnaAaeT C BeKTOpOM
MaruurHofo noJtfl craropa, Bo3MoxeH JrHrrIb B ToM cryqae, ec,Tr{ co6creenHHr?
ltaxoeoft MoMeHT reuepaTopa AocraroqHo Man. ,[,ocrouncrBoM gToro MeroAa flB-
Jlflercff Bo3Mox(Hocrb npon3BoAuTb HaMarHEqr.rBaHHe pa6ouefi o6rrrorxofi, He no/rb-
3]rtcb cnequa.nrHoft BcnoMoraremsofi o6uorxofi. K ue.qocrarKaM MeroAa B nep-
ByIo oqepeAb cJleAyer orHecrn orpaHnqeHHocrb o6racru ero npnMeHenur (rontxo
AJII reHeparopoB c poropaMH B co6creeHHbrx noArrrunuHxax), a rar{}Ke Heo6xo-
AIIMOCTb HarHrII{g HcToqHHKa nocTogHHofo ToKa c AocTaToqHo BbrcoKHM Hanpfl-
x(eHHeM (o6uruHo oKorro 5008).

HesasHcI.II'ro or npnMeHteMoro MeroAa HaMafHLIqLIBaHT{e noJrFocoB npou3Bo-
AHTcff nyreM co3Aannrr noJrff B MarHHTax c HnAyxqnefi, panHor? H.nu 6o"rnrueft un-
AyKI{HH LIx HacbIuIeHHfl. 3to 4ocrHraercfl noAaqefi nocroqHHoro roKa n o6rraorxy
(nauarHuql{Banut u.rrn ctaropa) AJrr{TeJrbuocrbr.o Ao I c, Ho He MeHee 0,2 c.

SlertputlecKal cxeMa AJIfl ItaMarHHqHBaHHfl npeAycMarpuBaeT r.rcroqnuK no-
croflHHoro roKa, py6r.r.nruux H npeAoxpaHr.rreJrb, paccuHrauHufi Ha neperopaHue
3a yrasaunrtft npoMexyroK BpeMeHr.I. flpegoxpaHr.rreJrb cJryx(r{T saquroii or
noBpex(AeHHR caMoii o6uorxu. HanpnxeHrie f icroqHuKa nocroflHHofo roxa AoBo-
AHTcff Ao tpe6yeuoro sHaqeHr{s, 3aTeM 3aMbrKaercfi  py6H.unHux. PagN{HraHlre
qenl,t npoHcxoAnT aBToMaTHtrecKH npri flepefopaHHr.r npeAoxpaHnTeJrfl.

Kax nora3blBaer onblT, o6st,rHo npfixoAHTcfl noBTopflTb sry onepaqxro 2-
3 pasa (c uHrepnaJraMu AJrf l  oxJraxAeHus o6rtaorrr). f lpu eroM Bax(Ho, qro6ur
noJllpHocrb npltKJlaAbrBaeMoro HanprxeHr..rfi ocraBaJracb Hen3Meusor?. ToqHo tax
x(e npH Hcno.nbgoBaHHH Har{atnrlqHearculefi o6lrorru c.rreAyer cJreAr.rrb ga rer,t,
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1{to6u nor'rnpHocrn HanpflxeRHfi, npnKr'raAbtBaeMbtx
coorBercrBoBaJrr {  Apyr  Apyry,  o6ccneqrrBaq BcerAa
M.U,C r IaMart rnqnBaHr{ f l  cMex(Hbrx noJrrocou.

K OT.(€JILI IbIM CeKqi lnU,  Crp6f6
nPoT I {BO[O, rOX i l r b te  no  3HaKV

d, rH np l l4auun c ra6H. I lb l loc r t t  xapaKTepHcrHKaM t ' c r repaTopoB B aKcr rJ r \ /aTaugH
Heo6xo4t ' l t r . to,  . {ro6bt cocrof lHne MaTHHToB coorBercrsoBano 

- 
raxorl  xpunorl  Bo3-

Bpara, Koropaf l  6r,r  HcKJIIoqaJIa Bo3MolKIrocrb cHH)KeHHq HX Mafr{rrrHbrx ceoi icrn
B pe_3yrlbrare KaKHX-nU6O H3MeHeHrrf i  pex<Hl,roe pa6orur feHeparopoB.

Ha npaxruKe np l lMeHf l to r  4ea cnoco6a c ra6r iJ rn3aur i r r  Ma lnHTorJ  - -  KoporKHl r
3aMblKaHI leM craropa H.  BbIeMoM poropa . l r3  c raTopa.  Bonee yAo6r ruM B 3KCnJrya-
Tal{HII  t lBJ' I t lercf l  nepelr i i  cnoco6, xotoptt i r ,  Bo-nepBbrx, I ICK,rrr()r tact rreo6x<rArt t , ,crr
AeMoHTaxa H roBToptioir  ycraHoBKll  poropa tr ,  Bo-BTopbrx, ucKJrrorraer i l3MerreHge
BbIxoAI lb Ix  AaHHblx  reHepaTopa B pe3y ! ' Ib raTe l ro6ux  BHe3ar rub tx  ngueseur r i r  r ra -
rpy3KH H Aax{e  KoporKHX 3aMbrKar rH i i  ua  ss leoAax.

Cra6unusaqHr  Maf  HHToB npoH3BoAHTcf l  nocJre  Hx HaMaf  guqr rBaHHf l .  Ha
npaKT[Ke Heo6xoAlzuo AJrf l  no"r luof i  cra6u.nHgaqnl l  npoH3BoAHTb ABa-TpH Kopor-
KIIX 3aMi, lKaHHfl  c HHTepBa/ ' IaMI{ Ar ' I f l  oxJia}KAeHHf o6rr, torxu. Bo speMq Bbtrroi ' r r Ie-
HHfl  srr .rx onepauui i  HaMafHHqHBarouIas o6uorxa AoJrxHa 6nrs pa3oMKHyra, no
HX 3aBepi leHHH OHa 3aMbIKaeTCq HaKOpOTKO H CJryX{IIT B Kar{eCTBe AonoJrHrrre.rrb-
Horo AeMn$epuoro KoHrypa npH pa6ore.

S,rexrpouarsHrHutl  pacrrer peryJl tropHbrx reHeparopoB cyi l recrBeHHo orJrH-
r{aercf l  or o6ulenpI. IHf lToro MeroAa pacqera cHHxpoHHbIx tBHonor 'rrocHr,rx MaulHH.
3ro or.nuuue o6ycJIoBJIeI{o cneqr.r$Nxoft  vraurug c- eos6yxAeHueM or rrocrorHHbix
MarHHToB, 3JIeKTpoMarHarHaq gHepruf Koropbrx A, ' rq AaHHoro cnJraBa, xoHQrirypa-
I IHH Ma|HHTOB H LI3BeCTHbIX reoMerpuqecKr.rx pa3MepoB rr laruuruof i  qenH Bno"[He
onpeAeJIeHHa H He Moxer 6rtrr  H3MeHeHa. l losrovry ocHoBHbre AaHHbre MarxrrHbr
( l ' touluocrs, Hanpnxeuue) rBrrrorcrr  $yuxquefr MafHHTHofo cocroqHHr no,rrccoB
u H3MeHeHHfi  nocdt leAHero BJIeKyT 3a co6of i  HeHs6exHoe H3MeHeHr.re BbrxoAHbrx
r rapaMerpoB.

Tarnru o6pasou, Becb xoA pacqera cr.rHxpoHHbrx Ma[rHu c eos6y]KAeHHeM or
nocTofHHbIX Ma|HHTOB CTaHOBHTCq npHHI{HnUar' IbHO I. IHbIM: Ha OCHOBe npeABapH-
TeJIbHo nu6pauHux pa3MepoB LI xapaKTepr.rcrHK MarHr.IToB, a raK)Ke o6r"roroqnux
AaHHbIX craropa u pa3MepoB MarHr.msof i  qenn orrpeAeJrrrorcf l  Hanpsx{eHHe feHe-
paropa H efo MouIHocTb. Ec,rr f l  oHH He coorBercrByror rpe6yeuuu, BHocf lTcr
KoppeKTHBbI B nu6pauHrte paHee 3HaqeHHfl  H BHoBb f loBTopsercff  pacrrer.

XRusqecxuf i  cocras (ocHonHue

Mapra cn.rraBa

roHAKrs
IOHTKI8C

roHlsAK24C
roHl3nK24
IOHI4AK24
IOHI5AK24

I,OH t 4AK24T2
IOHI3NK25A
roHl4AK2SA
roHlsAK2sEA
IOH t 4.4K25EA
roH l5AK25EA
roHAKslrs6A

9 ,0 -10 ,0
6,5-7,5
7,5-8,0
7,5-8,5
7,5-8,5
7,5-8,5
8,0-9,0
7,5-8,0
8,0-8,5
7,7-8,1
8,0-8,5
8,3-8,7
6,8-7,2

18 ,0 -19 ,0
14 ,0 -15 ,0
12 ,0 -13 ,0
12,5-13,5
13 ,5 -14 ,5
14 ,5 -15 ,5
14 ,0 -15 ,0
12 ,5 -13 ,5
13 ,5 -14 ,5
12 ,5 -13 ,0
13 ,5 -14 ,0
14 ,5 -15 ,0
13 ,0 -13 ,5

3,0-4,0
1,5-2,0
2,0-2,5
2,5-3,5
2,5-3,5
2,5-3,5
3,0-4,0
3,0-3,5
3,5-4,0
3,0-3,5
3,5-4,0
4,0-4,5
3,0-3,5

18 ,0 -19 ,0
lB,0-20,0
23,5-24,5
23,5-24,5
23,5-24,5
23,5-24,5
23,5-24,5
24,0-26,0
24,0-26,0
24,0-26,0
24,0-26,0
24,0-26,0
30,5-31,5

1 ,5 -2 ,0

0,2-0 3

0,2.-0,3
0,2-0,3
3,0-3,5

I I p " M e q a H p r e .  B  o 6 o g H a q e H u p r  M a p o K  c r r J r a B o B  6 y x n s r  o 3 H a r { a l o r :  I O -
C - rpertrur.rfi, A - cror6qarafl Kpr{crarrurrecKarr crpyr(rypa. (HQpr,r yKa3brBalor
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Sror npouecc noBTopscrcs Ao rex nop, noKa He Aocrr{raercrr treo6xoArlrroe
coRnaAcl t t {c  pac, ter t - tHX napaMcrpoB c 3aAarrHr , run.  Taxoi i  xoA pacqcra -  <<or  po-
Topa K craropy>,  o6yc lonleuur t i t  npaKTr{qecKuM nocrof l r {crBor \ , {  xapaKTcpncrr . rK
Mart t t t roB,  pa3Mepbr Koropbrx no coo6pa>xeHr{r r \ r  yHrr r f iuxauun noqrr r  r r€  BapbH-
pyloTcH, Bbl l l ! )K, I (2CT I l3Mel l l {Tb I I  CaM MCTOA pacr leTa.  f loc"ryeAl t r r f i  , r .O,rXeu,
Bo-ncpBblx,  6ast iponaTbcf l  na pa6ouer l  xprrnoi i  noanpara Mafnr . r roB,  coorBercrRyro-
tt l t t tr l  o6pa:oH,t cra6HJtugrpoBaHllbrx, Bo-BTopbIX, IICK,rIrcqarl t tco6xoAr{Mocrb Mrrofo-
I (paTI IOI .  0  I lb lnorHcr{Hq pacqeToB Ao coBnaAeHHrr  pacqeTlrbtx  napaMeTpoB c Tpe-
6) ,eustut r .

Buno,ryltel lne nepBoro ycJloBUfl Br,r3brBaer ueo6xoAriMocrb npoBeAeHr.rf l  pac-
qera R ABa 3Tana:  onpeAeJIeIJHe pa6ouei i  xpHnoi i  B03Bpara Maf  r rHToB r i  3areM
pacqer reHeparopa no npeABapureJrbHo safiAeHnorl xapaKrepHcrriKe. I\ns co-
Kparl{eHHq 3arpar, B-peMerJrr rra npoBeAer{r{e pacqeroB Hcnor'rb3yercrr rpaQloarra.nn-
rf iqecxuii  MeroA [38], a caMH pacqerbr rrpoH3BoAr{Tcfl B orr{ocnTeJrbHbrx eArJHHuax,
r ITo n03BoJI f ler ,  HanpHMep,  npH H3MeHeHHH o6ruoroqHtrx  AaHHbrx craropa co-
xpaHtrb Bce nocrpoeHut LI H3MeHflTb ,rurrlb uacrura6lr roKoB H Hanpqx{esnir.

f locxo"nsry i locroflrIHbIe MafHr.rrbl oAHofo rr rofo x(e rurropa3Mepa rr rr3ro-
ToB"ueHHbIe H3 MarepHaJIa oAsofi MapKrl Moryr H3-3a Bo3Mox(Hbrx orx"noHeHafi
B npoII3BoAcrBe oTJIHBoK HecKoJrbKo pa3rrrqaTbcr no cBor4M csoiicreaM, Hanpfl>Ke-
I{He reHepaTopa Mox(er orJlHqarbcr or pac--rernoro 3Haqerrufl .  f loarouy peryJrr-
TopHble reHeparopbl, pa6orarcur,r ie c 3JreKTporrJApaB,'rHqecKHMrr pery,{rropaMH
cKopocrH, BbInorHfl lorcq raKHM o6pasorrl ,  qro6u Itx HanpqlKeHrie HaxoAr.r, 'rocb
B Auana3oHe l l0-160 B.  Tax rax s . r reKrpr{qecKoe peJre o6oporon AoJr>KHo R or-
f lr ' rque or peryrqropa nHTarbcrr crporo onpeAeJreuHbrM Hanpffx(eHneM (63B), pe-
KoMeHAyercr nPeAYcuarp14Barb BKJrioqcHrie pe3HcropoB B TperF,ro, cno6o4Hylo,
0asy o6uorxH craropa perydt f l ropHoro fer {eparopa.

feueparopu, npeAHa3Har{eHHbre r.Jrr nr{TaHHfl peaKTHBHbrx gnurarenefi,  Mo-
fyr HMerb gHarILITeflbHbIe orKJroHeHHfl HanpnxeHufl or HoMuHaJlbr{brx sHaueHHfi,
TaK KaK peaKTLIBHbIe ABrlrare.nu o6ecnequBaror HopMa/'rbHyro pa6ory npu cHr.rxe-
HHH HanpffxeHHfl lo 40 olo r.i yBeflfiqeHr.{H ero Ao 200 0lo HoMr.rHaJrbHoro.

B HeKoropblx KoHcrpyKlruflx peryJrf lTopHbrx reHeparopoB npeAycMarpuBaercrr
Bo3Mox<Hocrb H3MeHeHHs Hanpq)KeHng c noMoulbro HcnoJrb3oBaHufi orr iaer s o6-
MOTKe CTaTOTa H pefyJlHpoBaHr.rff BO3AyrrrHOfO 3a3opa C nOMOrrIbrO npOKJTaAOK nOA
noJllocaMH. Bogil,roxHo raKxe yMeHbIxeHr.Ie Hanpflx<eHllq HaMarHI{qHBaHHeM noJrro-

Ta6nuua I3-3

KoMnoHeHTw) ,  %
Ocraro,r- I  ot"o-ur"u

H a q ,  I  B I H  B r o q K e
nHAyK- |  (BH) max,uf; '  

l1o-s r"T([ai" l

Maxcuua.ns-
Haf l

MAIHI{TH Af l
SHep r l i s ,
xIx/r'13

I (oapqu-
TUBHAf l

c H J I a ,
xA/u

HC MEHCE

0,5-0,9
0 ,8 -1 ,0
1 , 0 - 1 , 4
0,9-1,5

0,5-0,8
0,  l5-0,25

0,3-0,6

Ocra"nr-
HOe

Q 7
7 A
t +
l 8
l 8
l 8
l 8
l 5
28
2B
28
28
28
32

55
44
36
40
48
52
60
A A^t't

52
48
58
62
92

,90
, 1 0
,30
,25
,20
, 1 5
, 1 0
,40
,35
,40
,30
,25
, 1 5

0 15,0-20,0
22,A-28,A
30,0-33,0
25,0-27,5
20,0-22,0
15 ,0 -17 ,5
16 ,0 -19 ,0
27,5-30,0
24,0-25,0
26,5-27,5
21,5-24,0
1 6 , 5 - 2 1 , 5
I 1 , 0 - 1 4 , 0

6 -  uHo6af i ,a.nnuugufi, H - HHKeJ,Ir, A
Ha npo[eHTHoe coAepx<aHHe

l0*

- MeAb, I( - xo6a.nrr, T - THTau,
SJre[{eHTa.

Huo6ufi I(peuuuft
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coB He Ao cocrotHHrl  HacbluleHIrf l  MarHHToB. l loc,reAuHe o6uquo BbrnoJrHflrorcq H3
JII . ITbrx N,rarHHTHo-TBepAIJx cnJlaBoB Ha xeJlc3oI{HKeJIbaJ' l roMr{r{ I leBoi i  ocuoge. Mapxn
peKoMeHAyeMbrx cnJIaBoB, r{x xlruuqecxnf i  cocraB, THn KpHcraJrJtuqecror l  crpyK-
Typbr  r r  3Ha ' {eHr . r t  MarHr . r rHbrx  napaMerpoB Ar f l  o6pasuon pasMepoB 40X40X
X l 5 0  M M  n p H B e A e r { b r  e  r a 6 n .  l 3 - 3 .

Cnol icrsa oTJIHBoK B 3HaqHTe.nruoit  Mepe 3aBIicf lT or pex{trMoB TepMr.rqecxof i
o6pa6orxu, BKJrroqarc[tHx s ce6s oxJIa)KAeHHe B onpeAeJreHHbrx HHTepBaJrax reM-
neparyp B ruarHr.rrHoM noJle saAaHuoi i  Hanpf l)KeHHocrr.r  c H3BecrHbrMH cKopocrf lMr.t
ox,rax{AeHHfl .  -

BsHay orxnosegHir B xHMI{qecKoM cocraBe H TexHo,TofHH H3foroBJreHHfl  or-
Jn{BKrr Morvr cvruecrBer{Ho orJIHqarbcf l  no cBoHM MaTHHTIIbIM ceof icrna[4. Ha
npaKTHKe pas6poc napaMerpoB MarHHroB oAHoi i  napruu u  pa3Hbrx  napru i i  AocrH-
raer  I  5-30 90.

MaruHTH, npeBocxoAflu{He no cBoHM pa3MepaM v rvracce o6pasusr, A"'rr r(o-
Topbrx rapaHTnpyrorcfl  MaTHHTHbIe napaMerpbl, Moryr o6naAam xyAruHMH cnofi-
crBaMH. I- loarouy r,Jrn MafHHToB xaxAofi Hoeoii xonSrlrypar\Lw onpeAer'rrrorcff
cpeAHHe KpHBbre  pa3MarHHqHBaHHf l  B  3aMKHyTOM MarHr . rTHOM KOHType,  KOTOpbre ,
KaK v KpLrBbre B03Bpara, f lB/ ' rglorcf l  ueo6xoAl lMbIMLi Arq BbltroJrHeHHfi  pacqeroB
peryJrrrTopHbrx reHeparopoB.

13-6. TOPMO3HA' ChCTEMA

B or, 'rHqHe or ryp6oarperaroB Ten,' IoBbIx 3JreKTpocraur{t i f i  fHApoarperarbl
ocraHaBJrHBarorcfl  qacro, oco6esHo rra craHIrHflx, pa6orarcu{Hx B nnKoBbrx pe-
XI, IMAX.

Ec.tlr ilocJre orKJrroqeHr{r or enexrpHuecxofi cern Lr 3aKpbrrHfl HanpaBaflro-
uero anrapara ryp6r.rnu porop rr.rAporeHeparopa, o6.naAarcutsfi  6o.nrurofi  uaxo-
eofi uaccoir, He 3aropMo3uTb, oH ruox<er BpailIarbcrl npoAoJIxr{TeJIbHoe BpeMfl,
a B HeKoropbrx cryqarrx eoo6x{e He ocranoBnTcs. Taxorray AJIr4Ted'IbHoMy Bpaue-
HHro rflx(eJroro poropa - BpaqeHfiIo <<Ha sbl6ere>> - cnoco6crByror, c oAsofi cro-
poHbr, t lporeqKrl BoAbr qepes saxpurrtf i  HanpaBrqnuufi attnapar ryp6rlHsr,
c 4pyror? - npuMeHqeMaq npu ocraHoBKe noAaqa B noATIf lTHLIK MacJra noA Bbr-
coKLIM AaBJIeHHeM, KOTOpafl B Ter{eHHe Bcero qI.IKna ocTaHoBKLI noAAepxHBaeT Ma-
.nnfi roeQ$vqzenr rpeHHrI MexAy AHcKoM LI cerMeHTaMI{.

t lro Kacaercq rHAporeHeparopoB, He o6opyaoeaHHbrx cucreuofi no.r(aqrr
cMa3Kr.r B noAnffTHHK, To, xorq y HI.rx BpeMfl BpailIeuvfl. <<Ha ebl6ere>> Kopoqe, Arfl
TaKHX MarrrHH STOT npOqeCC HeXeJIaTeJIeH, TaK KaK npH CHHX(eHHH qaCTOTbr Bpa-
ureHufi MacrflHarr [JreHKa craHoBI.ITcrI Bce 6o.nee tonxofi, qro Mo>xer B KoHetrHoM
cqeTe npHBecTH K noJrycyxoMy Lrilv Aa>Ke cyxoMy TpeHuro H KaK cJIeAcTBI{e K no-
Bpex(AeHHro noArrsTHHKa.

r{aue Bcero Afiff TopMox<eHrlq poropoB rHAporeHeparopc'B npHMeHflrorcr
noprxHeBbre nHeBMarlrqecKr.re ropMo3a (prnc. l3-10), ycraHaBJII{BaeMbre noA Top-
Mo3HbrM KoJrbrroM poropa Ha HHxHefi rpectonl{He LIJILI, npu ee orcyrcrBur{, H€rrol
cpeAcrBeHHo Ha Syn4arvreHre. nns KoJIoAoK TopMo3oB npl{MeHrercfl  HarpeBo-
cioi ixHft Marepuaa pernHaKc r ' ,rapxn A (OK-16/I) no |OCT 10851-73 c xoa$-
QuqueuroM TpeHHq no cra, ' I l{  0,3-0,4.

Toprrnosa caylKar raKxe AoMKpaTaMH AJtf l  troAbeMa poropa Bo BpeMfl MoH-
Taxa u penusurl arperara. OHu cna6)Keubl ynopublMr.r noBoporHblMr.I KoJrbI{aMH,
Koropbre Snxcupylor noJroxeHne lroAnflToro poropa, nocJre qero AaBJIeHHe Moxer
6rrrr cHqro. Xo4 nopruHt ropMo3a cocraB"rrqer 60 l\,t[,r.

B oreqecrBeHHbrx rr.rAporeHeparopax AJtfl TopMox{eHIlfl noAaercr cxaruii
Bo3Ayx noA AaBJTeHHeM p.t:0,7*0,8 Mlla or craqr{oHapHoro pecr.{Bepa rrJlr i  pe-
Ayr{upoBaHutrfi Ao Hyxnoro AaBJIeHI.Ifi Bo3Ayx L.I3 KorJIa MacJloHanopuorl ycra-
HoBKu (MHy) ryp6rlHsr. f lpuvreureMHe c srofi  I IeJIbro eanopHuii HJIr{ 3aIIopHo-
peAyKur{ossnii KJranaHhr HMeror coJreHor.rAurtil npueoA H ynpaBJlflrorcff aBToMarH-
rrecKr.rM ycrpoficrnoM TopMoxeHuq.

A.ts noAteMa poropa rpe6yercq 3Haqr.ireJrbHo 6omuree ycHJrHe, rreM npu Top-
Mox(eHHH, nogToMy A.ns eroii r{eJr{ B TopMoga-AoMKparbr Harneraercs MacJIo noA
AaBJreHr.reM l0-12 MIIa or cneqfiamHoft HacocHofi ycraHoBKr.I. Tar KaK oflepa-
qneft noA'beMa noJrb3yrorcrr peAKo, gTor Hacoc MolKer 6ntrn nepeABHx<HbIM H
o6c.nyxunarb HecKoJIbKo arperaroB.
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! ,nn onpeAeaeHr.rff  rrco6xoAllMoto qHcJ'Ia ropl '{o3oB cJleAyer 3aAarbcr BpeMe-
rrcM TopMoir(cr{Hfl I ,  u uacroroi i  npauleHHtt t lr ,  c roropofi HaqHercf ropMo)KeHHe.
Ilpaxrrrxa 3Kcn,ryaTaUli lr  6o"rynuoro qHc"4a pa3l{orl lnHblx _rl lAp_oarperaroB noKa3bl-
Racr, qTo BpeM fl  ux ropMo)KeHtrr JrelKHT B npeAeJlax- 40-80 c, a qacroTa Bpa-
rUcHHs nptr  Haqale ropMo>KeHl lq  cocTaBrqeT 18-25 0/0 uouHua.nruof i .

Kax' 6ur,ro orMeqeHo Bbrrue, saxpurufi HanpaB!'I f l toq1fi an_napar ryp6nHbI
Mox(er  AorrycKarb nporeqr{y  BoAbI .  f lo  arof i  npHqHHe |OCT 5616-81 coAepxur
rpe6onauge,  .11s ropMo3rroe ycrpof icrBo AoJIxHo o6ecne' IHsarb ocraHoBKy arpe-

fara c yqeror\4 nparitarcUero MoMet{Ta, paBHoro I 0/6 HoMHHarbHoro Bpaqaloulero

IuoMer{Ta ryp6l rur , r .
Vcr i , r t ie , '  I ioTopoe Mo)KeT pa3BHTb oAI ' {H TOpMo3 c AHaMeTpOM nopuHn d

R TUeTpaX np r r  AaB , ' r eH I . I I {  BO3AyXa  p r  B  \ {e fanaCKa , ' 1 f lX ,  COCTaB"T I f lCT  R  I \ { e fa l l b lOTO-

I I A X

nd2
Q ' " -  , - P r '

4

3 H a s ,!.uit a ut ll 'recxl't ti Mo-
NrcHT r . i l {ep i iHH poropa a f  pe f  a ra
I ' l  MoMCIIT, cosAanaei\ ' tut f t  nPO-
TCqI {Oi i  I ICPC3 HANPA BJ ' I f l IOUIHi {

annapar ,  onpeAe"TfeM I recbxoAH-
Mo3 qr . tcJ io  ropMo3oB (nPrr  xoa$-

Qrrrr lucirre rpeHHfl I :0,3) Ailn
TOn luo lKe l l l l s :

li
I

I

i '

f f i :
l 0 _ b  (  J  n ,

,r:(a#-
,  6 5 P s 6 y  \- '  

" t *  

) '

:

r4e D, - cpeAHllfi 4uarr.rerp roP- ' -
Mo3Hofo KoJlbtda, M; I - auna'
uuqecxui.r MoMeHr r.rHeprIuH; KrX PHc- 13-10. Toprr ' los-,u,oMKpar r 'AporeHepa-

Xu2; nr - r{acrora BpaqeHI'Ig ToPa

np f i  Ha r {aJ Ie  TOpMOX{eHHf l ,  l -KonoAKa ;  2 -nonopo rgoe  -Konbqo ;  3 -nop -

o6/rur.ur; l ,  -  npeua ropMoxe- tueHb; 4 - uauxera; 5 - ropnyc

HI-{ f l ,  MHH; Poo* -  HOMHHaIbHaq

"our"o"t i  
rypO""ot, rBr; z"errt - HoMHHaJIbHaff qacrora BpaureHut, o6/vtt lH.

Aanee bnpeae.nqeM AaBJreHr-{e MacJra B MeranacKaJIsx, Heo6xoAHMoe AJIfl
noAbeMa Bpaqarcrquxc.f l  qacTeft arperaTa Maccofi G"" B KHJIorpaMMax, trptr BbI-

6pauHonr qucJle ropMo3oB tn:

4. lo-scar
P u :

fimdL

)(e" lare"rsrro, qro6tr no. ' ryqeHltoe 3Har{eHHe Po, He npeBbl l i laJi  o 12 Ml la.

Korla )Ke gro rpe6oeauHe He yAoBJlerBopf lercf f ,  cJleA) 'eT yBe,t t lqHTb ql ic-r lo rop-

MO30B m.
B pn4e cJryqaeB npu nn6paHroM TaKHM cnoco6ou qHcJIe ropMo3oB I{  qacrore

BpauIeHHfl  nr,  paBHorl  npl l rraepwo 25 0/g HoM[Halruoit ,  B npoqecce ropMo)Kerl is Ha-

6.nroaaiorcs r{3Jru[rHee HarpeBaHr.re ropMo3Hbrx cerMeHToB I'I noBbllrlessuft I'I3Hoc

KoJroAoK. floAo6nue flB,rreHgfl qaule Bo3HHKalor B oqeHb MOUIHbIX rl'IAporeHepa-

Topax, r4e pa6ora crrJr rpeHur npu TopMo)KeHHH oKa3blBaercr qpe3Mepl{o ooJlb-

urorl. 3ry pd6ory Mox(Ho oueHHrL) cJleAyrcu{urtl o6paeou.
V6lt ,r l re,  pa3BIiBaeMOe BCeMH TOpl\{O3aMI{,  B MefaHbIOTOHaX

Q : 8 m .

Moruesr SHJI TpeHI{n npu TopMoxeHIiH B MefanblroToHax-I{eTpax

M t : f Q . 0 , ' D r - 0 , 1 5 Q D " .
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MoueHr or nporerrKr.r BoAbr npn 3aKpbrroM rraflpaBrqrurucM annapare R Mc-
l '3 I lr ,roTo Ha x -M eTp a x

t

rAe  Mr ro r r  -

Vr. [osa R

M  n p  . .  0  , 0 1  M  H o M  :  0 , 9 7 5 .

HOM r . { } raJrbHbr i r  MoNle l rT  Typ6Hrrbr .
qacToTa npu qacToTe Bpau lc r r r r f l

l 0 - 4 P H o M  I  n r o * ,

t l r  B rrartaJic Top\, to/ l (c l tHt l

o)1 - - ,  
l r l lT  

- ' ,=  Q ,  |  05 l t r ,
30

H BpeMq TopMo)r{Cri l r rr  B ccKyHAax

L T :
Jto',.

(M ,  - , 44np)  106

rAe "f  -  AvHaMLrqecKHfi  MoMer{T HHepqHH poropa afperara, Kf .M2.
Moueur cr.ur rpeHvf l  ga BpeMfl  TopMox(eHufl  B MefaHbroroHax-Merpax

M r p  : 0 , 5 M r t r a r .

f lpu cpe4HeM AHaMerpe ropMo3Horo l ioJlbua
yAeJrbHbrr? MoMeHT cr.rJr rpeHnfl  B MefaHbrcTorrax H

o :  
M "  

/ ,
fiD.b ./

urrprrue b n Merpax

B Bblnyu{el lHEIx ruAporeHeparopax yAeJIbHbri i  MoMeHT cr.{Jr rpeHr{f l  i lpH Top-
MoIKeHHH HaxoAllrcq B [peAenax 4-12 MHltvt. B rex cJryqaflx, KorAa sro 3Haqe-
HHe npu6"rH>xaercr K MaKcHMaJrbHoMy npeAeay vJrH npeBocxoAHT ero, >KeJra-
TeJIbHo HariuHarb ropMo)KeHae c 6oJree Husxoft qacrorbr BparrleHnfi.  Tax, Ha[pa-
Mep, ropMoxeHHe ruAporeHeparopoB Kpacuonpcxofi f3C HarluHaercq rpu qa-
crore Bpail{eHns, paeuofi 21 0lo uor',ruHa,rsuorl,  a Ha CaqHo-l l lyureucxoii  f3C -
npu 17,5 0lo. Ha rex arperarax, IroAnflTHrlKH Koropblx o6opyAoeauu cucreuorl
noAaqr.I  cMa3KH noA AaBJTeHHeM Ha nJTOCKOCTb TpeHHfl ,  CHHlKeHr.re qaCTOTbI Bpaue-
HHq, npu KoTopoi.r  HaqHHaeTcf l  TopMolKeHHe, He npeAcTaBJrf leT onacHocTH.

13-7. TEnJTOBOIZ KOHTpO.nb T4ApOTEHEPATOPA

. [ , .rrn npe4oxpaHeHurr ruAporeHeparopa or HeAonycruMofo neperpeBa ocyqecr-
BJIfleTCfl KOHTpOJTb 3a ero TeMrrepaTypHbIM peXHMOM C nOMOUIbIO IUTaTHbTX Tep-
MOMeTpOB H TepMOMeTpr.rqeCKHX CH|HaJIH3aTOpOB, nOMeUIeHHbrX B y3Jrax rr.rApofe-
Heparopa .

!,.nn usuepeHaq reMneparypbr craropoB KaK c Bo3AyrxHbrM, TaK n c BHyrpri-
npoBoAHHKOBbIM BOAflHbIM OXJralKAeHseU O6tvtOTKr.I IIpHMeHqTOTCfi TepMOMeTpbI CO-
npoTHBreHr.rq oAHoro Tuna. oAuaxo qHcJIo ux H MecTa ycTaHoBKH cyuIecTBeHHo
orJrHqarorcfi MexAy co6oft. llpu nos4ylxHoM oxJraxAeHuv LJrn onpeAeJreHr.rfl reM-
neparypbr crepx<Heir o6uorxu repMoMerpbr noMeuralorcfl Me>KAy BepxHHM Lr
Hr{x{HHM crep}KHflMu, a qHcJIo LIx 3aBI.{cI.{T or qHcJra napaJrJreJrbHbrx sereefi o6-
MorKH: Ha KalKAyro BerBb Bcex rpex Sas 4o.rrxso 6urr, ycraHoBreHo He MeHee
AByx repMoMerpoB. I(poue rofo, AJrf l  onpeAefleHr.rq HarpeBa cepAeqHriKa r{a AIIo
na3a yKJraAbrBaeTcq eule He MeHee [IecTH rxTyK.

B ruAporeHeparopax c BoAsHbrM oxJrax(AeHHeM qncro repMoruerpoB, Koro-
pbrMH tr3Meprercr reMneparypa o6uorxu, 3HaqHTeJrbHo 6onuue r{ AocrHf aer
HHorAa HecKoJrbKHx coreH. OHu ycraHaBJrr.rBarorcrr no oAnoii nITyKe e xaxAori
napanJreJrssofi no xoAy BoAbr rlenu (o6rruno noA [a3oBbrM KJTHHoM) H LI3MepflIor
TeMneparypy roro creplr(Hst xoropsri'r sBJrffercs B sefi noc.neAHIIM, r. e. cat{blM
f op fqHM.
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A.nn H3MepeHHH reunepaiypr ' t  ccpAeqHrrKa Ha AHe na3a noMerr laercn err - (e

uecTb TepMoMeTpoB.
Tepr'aolterprt npeAcraBJIf lr,or co6oir rrJlacrnHKrr ro.nu-(nnofi 2-2,5 MNt, urHpn-

Hori oKo.[o l0 MM H A,rHsoii  200-250 MM, BHyrpr{ r{oropbrx 3aneqeHa cnnparb
H3 6uQu;lnpno HauoraHuofi ue4uoli  npoBo,'IoKH o6u{urra corporriBJreHneM 53 Ou
npu 0 "C. KoHqbr TepMoMeTpoB r{epe3 IVIHofoToqeqHri l i  i lepeK,' ircqareJrr) npr{coeArr-
HcHbI  K JroroMerpy -  MarHHTo3, ' reKTprrqecKoMy npi r6opy co ruxanof i .  3HaqeHrre
oMHr{ecKofo cqnpoTrIB,' IeHHg qel] l I  oT TepMoMeTpa Ao , ' IofoMeTpa Aod'rxI{o cocTaB-
, '1irrb 5-r0,1 Ou. Bnn4y rofo qro AJrHubr npoBoAoB or pa3Hbrx repr,roMerpoB,
a c,r lcAoRa'IcJrbHo, rrx coI]poTHBJIeHI4tI pa3JrIILrHL,t, B Idenflx npeAycr{oTpet{bI noAfo-
HOtIHbIe KaTy[IKH, nO3BO,' IqrcqHe yCTaI{OBHTb AJIf l  BCeX L(ei lel I  3aAaHI{Oe 3Harrer{t{C
conpoTHBJreHHfl .

B nocJleAHee BpeMq HaqHHaIor I-rzXoAHTb npr.rMeHer{}re cr icreMbr aBToMarr{rre-
cKolo Tend'roBofo KoHTpoJrf l ,  no3Bo"nf l IoulHe npaKTrrqecKH HenpepbrBrro pcfrrcTprrpo-
BaTb TeM[epaTypy Bo MHOTHX TOqKaX,  CHfHa, ' rH3HpOBaTb O AOCTH]KeHr . l r r  OnaCHO|O
ypoBHf l  HarpeBa H,  HaKoHeu,  o rKr roqaTb reHeparop [p i r  i l peBbru ieHr r l  Aon] ' c r l r r ro i r
TeMneparypr r .  3 rH cncreMbr  noc , re  ux  4opa6orxu  HecoMHer{Ho no" r ryqar  pacr rpo-
cTpaHeHHe, a Alr f l .  reHepaTopoB c BHyTpHnpoBo,[ ,HHKoBbIM BoAflHbrM ox,rraxiAcHlr, . 'M
I lx npHMeHeHHe craHer o6ggare"rr ,HblM.

nns noAnflTHHKoB 14 HanpaBJrflrollrnx rroArrrunHr.iKoB npr4MeHflrorcfl TepMo-
Merpbl conpornBJrervfl, 3aKJrroqeHHbre B Tpy6Kax pas.nuuHofi AJrHHbr Lr Hr"{eFoulr{e
ToJIoBKH c pesr6of i  4rra BBI-IHqHBaHHfl  B Tei ' ro cefMeHra. B HanpaBJrf l rour ix noA-
uiHnHl. iKax vx r loMeularcT B AByx lr , rrrr  qeTbrpex cefMeHTax, a B noAnflTHriKax -

B KaxAoM. Anq nocrorHHbrx uerr,repeuHii ,  perncrpHpyeMbrx B >KypHaJIe craHl l i l t I ,
6epytcr noKa3aHHq roJIbKo HecKo,{bI{HX TepMoNrerpoB, a ocra, ' I t  Hble I IcnoJIb3) '-
roTcff  npH nycKe afpefaTa n perynHpoBaHHH pacnpeAereHr.rq Hafpy3Kr.I  Mc)KAy
cefMeHTaMH rroA[f lTHHKa HJrLI nOCJIe efo peBH3HH.

Kportae reMneparypbr cerMeHToB KoHTpoJrupyercf l  TeMileparypa Mac, ' Ia B BaH-
Hax noAnflTHHKa I{  noAruI{nHHKoB, Ar ' I f  qefo s xaxAoft  BaHHe ycraHaBJII IBarcTcf l
ABa TepMOMeTpa - AO BXOAa MaC,'Ia B MaC,'IOOXJIaAHTed'Ib LI IOCJIe HefO.

Ens Ha6.rrcAeuuq 3a reMneparypof i  oxJrax{Aaroi l rero Bo3Ayxa v paBHoMep-
Hocrbro pa6orsr orAeJrbnL,rx cexqufi Bo3AyxooxJraAuTeJrfl TepMoMerpbr conporuB-
JreHHr noMeulaioTcq Ha BbrxoAe Bo3Ayxa u3 HLIX. Kporrre Toro, B AByx Mecrax
fnAporeHepaTopa ycTaHaBJruBar.orcff TepMoMerpbr AJtfl r{3MepeHufi TeMfleparypbl
fopf l r{efo Bo3Ayxa.

Ans cr{rHaJru3a:qwr4 Lr aBToMarr{qecxoir  ocraHoBKH reHeparopa B cryqae Ao-
crux(eHnfl  ero qacrf lMr.r  onacnbrx reMfleparyp reHeparop o6opyaonaH TepMoMer-
pHqecKHMH cHrHaJrH3aropaMu. TepuocnruaJrr.r3aropbl cocroffT r{3 rpy6uarofo reII-
JronpneMHr4Ka, HanoJrHeHuofo f lapaMr.r retyuef i  xnAKocru; ru6xoro uJIaHfa A. i t t tnoi t
lo 2A rvr u npn6opa - r.tuAr{Karopa reMneparypbr c AByMrr KoHTaKTaMLI: AJIfl npe-

AynpeAuTeJrbuofo curnana lr AJrfl orKJlroqeHlrq. OHr.r ycraHaBJluBalorcfi IIo ABe -
qeTbrpe uTyKH B rroA[flTHHKe, noArrJr-rrrHHKax r{ B 3oHe ropsqefo Bo3Ayxa. tr4x no-
Kasatur, TaKlr{e perr{crpnpylorcs B xypHaJlax Ha6"nrcAeHufi fOC.

flepcoua,ry rnApogneKTpocraurluu noJre3Ho Ha npaKTr.rKe ycraHoBLITb, KaKyIo
TeM[epaTypy B 3aBI.rcHMocTH oT BpeMeHr.r  foAa H Hafpy3KH IINleroT noAnfTHli l {  H
rroArxHrrHHKlr.  HeuopruanrHoe noBbrrtreHHe reMneparypbr cBepx o6stqt ior i  tB,Ti t-
ercr rJraBHbrM npH3HaKoM roqBreHr{f l  HeHcnpaBHocrl{ .  B sroM cJlyqae Heo6xo-

AHMO HeMeAJreHrro BbrflBr.rTb tIpUqHHy, BbI3bIBarou-lyrc 3To noBbIlrreHHe TeMrlepa-
Typbr, Lr ycrpaHHTb ee. Vcraexy BTopHr{Hbrx npu6opoe TepMocHfHaJII{3aropoB
o6uqno npr{HnMaror Ha 5-6 "C Bbrue ycrauoBnBuefics <<Ha cLIfHaJI>> lI sa 8-
l0 'C - <<na orKrroqeHue>. Hacrpofiry noJre3Ho r.r3MeHsrb c ytreroM xone6aHnx

$axruuecxn ycraHoBr{gureircs reMneparypbl B pa3noe BpeMfi  roAa.

13-8. NPOThBONO}KAPHOE YCTPONCTBO

HapyrueHr{e Br{TKoBoii Hrlr KopnycHoir nsorsquu o6naorKn craropa lr o6paso-
BaHHe Ayn{ B Mecre noBpex(AeHr.rf i  Moryr noA BeHTu,rnpylotultM nogAeiicrstteNl
poropa npuBecrr.r K noxapy BHyrpr.r rnAporeHeparopa. l ln .noxarH3auull LI ry-
[reHHfi no]Kapa Ha oTer{ecTBeHHbrx frrApofeHepaTopax npliMeHfleTcff noxapoTyue-
HHe BoAoft, npl lno4trl .{oc n geficretle BpyqHyto.
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I (oar ,uenue rpy6or ,  o6uqno c  Hapyx l tb lM At {aMerpoM 76 MM H ro" r tu t t t r ro i i

c r c i l K I {  5 r  M M ,  p a c n o ! ' I a f a r o r c t {  B o r { p y r  B e p x t t H X  u  I I I I X u t t t x . ' t o 6 o t t t , t x , l a c r c i i  o C -
Mor r ( r r  c ra ropa fJ taBHoro  reHeparopa H cBepx l r  HaA o6uor t io f i  uc t toMofare ,qb t to t ' ( )
re l leparopa.  l lo  uce i i  csoe i i  A , 'un le  rpy6r ' r  I tN{e tor  I \ ' t  l l o f  o ln tc , te t t t t t , l ( '  o r l lepcru t { ,
I r  Koropbre  ucrar l , r reHr r  con ,qa  L i ln  pacnbr , , reHut {  uoAbr  (p r rc .  l3 -  l  I  ) .  BoAa i t ( ) .1

AaBJ le f i l tC i l 1  l lXo l l l t T  u  con " ' lO  l I €CK( ) " r l t , l i l lMH CTpy t l l \ { l l :  oA t {a  CTp} ' t l - -  B  l l c l l Tp& . r l b l l t ) ( l

OTBepCTIIe 3O' lOTHt lKa,  Tpl {  Apyr t le  Me}KAy KOpi lyCOM con"r la  I I  3or ' ' loTl l l ' lKol \ '1  :JaKpy-
qHBarcTc r {  B  IauaBKax  rpexxoAoBo i i  , neHroqHo i t  pes l6 t  t  3o r ' l o rH I lK2 ,  Bo lp i , t oanc l ,

H3  COnJ la ,  gT r r  CTpy r r  cMer i lHBaK)Tc r {  r {  co3Aa loT  BoKpy f  o6 l t o t x t l  TyMa t t ,  xo rop l , t i i
gHTeHcr rB r ro  f ac l r r  nJ raMH.  I - l po r t t oono )Kapuoe  yc rpo i i c reo  c t t t i r ac rc l  l i oc ra ro t l l l ( )

eQQerruar ruu ,  ecJr r {  np t r  c ro  Aer ic rBuH I  u2  I loBepxt tocr t t  " !o6oss tx , lac tc f i  o6-

MOTKH OpOUaerCX 0 ,1  . [  soAH B I  c -

/ [as.neuHe BoAbI H, xoropoe ueo6xoArrrvro r .rMelb B TolrKax noABoA& I{  Ko"r lul(c-

n r , r n  r p y 6 a N { ,  n p n n n M a K ) T  B  n p e A e i r a r  0 , 3 - 0 , 5  M f i a .  f l o  s l , l 6 p a t t t t o M y  A a t l , i t c H I I I o

A-A Bu1 I

Puc. l3-11. KonbrleBas rpy6a c pacnbr,Trrci l IuN,rH corr, 'raMr.I
I  -  rpy6a Konbl leBar;  2- xopnyc corrJra; 3- gorornnx

MolKHo onpeAeJIHTb pacxoA BoAbl B JIHTpax B ceKyHAy rlepe3 oAHo conJlo, I.I3o6pa-
x e H H o e  H a  p r { c .  l 3 - l l :

Q : 9 5 ' 1 0 - 3 4 H .
3uas o6utyro noBepxuocrb o6MorKr.I, Koropyr.o Hyxno opocurb BoAorl, u lto-

Tpe6Hoe KoJrHrrecrBo BoAbr, o6ecne.ruearculee eSQexrrreuoe nolKapory[IeHue,
a raK)Ke nu6pan g, HaxoAtrM Hy)KHoe tlucro corIeJI AJIx xaxAoll Kor'IbIIeBoii
rpy6br. O6uquo ua I rra A.nuHbI rpy6bl Hx pa3Meulalor 10-12 ruryx.

B KpynHbrx rr{AporeHeparopax, rAe AuaMerpbr pac[oJIo>KeHI{r KoJIbIreBbIX
Tpy6 Moryr npeBbrcurt 6 M, AJrff 6o.nuuefi paBHoMepnocrr.r pac[bIJIeHHs BoAbI cott-
rraMn rreJrecoo6pa3Ho K Tpy6aM AenaTb no ABa noABoAa BoAbI.

llo Hacroflulee BpeMrr ycrpoftcrBo nox(aporyrreHr.rq BKJrroqaercfi Bpyr{HyIo,
TaK KaK aBToMarnsaqHq gtofi  onepaqnu rpe6yer HarHqI{q HaAe)KHoro reMnepa-
TypHoro HJrH HHofo AarqHKa. OAHaxo rroKa raKoro AarrrHKa Her, KaK uer xarol i-
nH6o ,upyroft cxeMbr aBToMarH3ar{HH flox(apory[reHufi, HcKJlloqarcu{efi .noxHoe ee
cpa6arnnaHHe.

B sapy6exHbrx ruAporeHeparopax, KaK npaBr.rJro, nprlMeHnercs ryueHue no'
xapa yrJreKucJrbrM ragoM. flpH srornr ficKJrr.oqaercr yBira)KHeHLIe H3o,'IqqIiH LI Apy-
rHr qacrel i  MauHHbr rr o6aerqaercs aBToMarn3ar{r.I f i  crtcreMbl. f lpttueHeulie ra'
Koir cucreMbr rpe6yer repMeru3ar{Hr{ Kopflyca u nepeKpbrrnft scero ruAporeHepa-
Topa, qro KpaftHe 3arpyAHr-rrerbHo Arq MoulHbrx rr r(pynHbtx arperaron tr He
yAoBJrerBopner rpe6oBaHI.rf lM TeXHHKH 6egonacnocrn.
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I
rNABA LIETbIPHAAqATA'

chcTEMbr Bo36ylKflEHufl
},1 PETYThPOBAHhfl HANP9}KEHUfl
ThAPoTEHEPATOPOB

14-1. POJrb CVICTEM BO3EvlKAEHht
V1 ABTOMAThL{ECKOTO PE|Y IIVIPOBAHV' HANP'}KEHV1fr
B NOBbI|.UEHVIA CTAThI'{ECKOIZ
v1 AVilH AMh q EC K On y CT OnqhBocT V1

Hanpr>Ker{He reHeparopa U,  B ycraHoBHB[IeMcf l  pe)KHMe Mo-
>Ker [oAAep]K:aBarbcf l  BpyrIHyFo HJr4 aBroMarnqecKH. Ha pHc. l4- l
nocTpoeHbr ynpouleHHbre yfJroBbre xapaKTepHcTHr{H i tKrrr4r4 sxel{rpo-
nepeAaqH npH pa3, ' IHtIHbIX Tol{ax eos6yx4erl l l f l ,  a c,TeLoBare,Tbtlo,
u 3AC xoJrocroro xoAa re-
Heparopa Eq.  Ha ocHoBa-
HHH Ber{ ropHof i  AHarpaMMbI
H aIpfl)K e:nuft reHep arop a
paccqr . r raHa 3aBHcHMocrb
ruournocrn P or yrJra 0 npu
Her.r3MeHHOM HanpfX{eHLIH
Ha BbrBoAax reHeparop a U,
( p u c .  1 4 - l ) .  M a x c H M a r l b -
Hafl MolIIHocTb P-"* r nPu

PYIJHOM PC|YJIHPOBAHHH TO-

Ka eos6yxAeHur coorBer-
crByer 0:90o.

Asrorvraruqecxsft pery-

ffi:ffiffixilTf,''TJi(ffi31
, ^ t t r " ' o '  r r  ^  

-  L t l  L q  v r

8r4fi, pearnpyroulufi Ha or- 
't '1

KJIOHeHHe HanpflX(eHufl Ha Plrc- 14-1. Vr.noBbre xapaKrepxcrl ' IKl ' I  srleKrpo-

BbIBoAaX teHepaTOpa H Bo3-  repeAaqu npr  pa3r lHqHblx ro l {ax aoa6yxi4el tua

4er?cre.vroulriir H a eos 5ytrr;r-
TeJrb, no3BoJIf ler o6ecneqrlBarb B peri tnv{e c AaHI{bttu roKott nos6f i t i -

AeHHfl r iocrof lHcrBo rroroKocqen.neHufi  o6ir lorxH poropa, qro coor-
BercrBye"t En':  cof lSt.  I , Icno,nr3yn BeKropHylo AHarpaMMy Hanplrye-
uuf r  renepaiopa,  Mo>KHo Haf i ru  saeuct i laocrb P: f  (0)  npr l  En ' :
:cof lSt.  Hau6o"rrbtt lee 3HaileHHe Iuou{HocTH P*o.z HsxoAHTcf Ha
xpHno f i  U r : cons t  (p " . .  14 - l ) .  Aan tne f iu ree  yBerHqeHue  MourHocrn
npHBSAHT K HapacrarourqM xo.ne6aHusu poropa u BbInaAeHI{ to  re-
Heparop  a  Hs  cHHXpoHH3N{a .  Tax r tu  o6paeov ,  ruAporeHeparop  c  APB
i lponopul loHa, [bHoro Aer icrs i iq  \ ro ] t ier  pa6ora lo  n cTa ' r t t r tecKoM l )c-
)r ir{Me c r,{oulHocrbto P6:rx2, 6o,rsrueit  no cpaBllett t trc c N{ol l l l locTblo
P^",,  1, rroJrlrraeuoft npu p)" ir{oM pefyJIHpoBaHl{H. Baxiso orNlerl iTb,
rrro yror 0 npr.r pa6ore c APB noryqaercr 6onture 90". f loarorray

{
I

t
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TaKoI : i  pe) f iuM nonyqHr Ha3BaHue pe)+(r rMa (<ucKyccrBeHHoir  ycrof i -
r l l lBocr t t>>.  CacAyer  3aMeTI{Tb,  I ITo raxor i  repMHrr  nocrener{ r ro  Bbrxo-
Ar.{T r.r3 ynorpe6JteHrrr.

! ,a.nrHefiutee noBbrueHHe l lepeAasaeHroir Mour,Hocrr{ Moxier 6urrs
AocrHruyro c noMoulbIo APB cHr'rbrJoro Aericrsr.rs rr  6ucrpoAer-i-
crnyrcuefi  cucreMbI eos6y>N4ettuq. APB cHJrL,r{oro AericreHs pearr{-
pyeT  He  TOJ I IKO L Ia  OTK/TOHeHH€ Ha f lp f lX {eHHf l  re l {epaTopa ,  HO I {  I I a
orKnoHeHHe Af H rrpoH3BOAHyIO f '  UaCroru, qro o^6ecn^eqHBaer Hrr-
reHcHBHoe AeMIQHponaHHe Kore6asuf t  poropa.  B pe3y. , ' rbTare ororo
yAaercf l  noBbrcHTb nepeAaBaeMyio Mou{Hocrb Ao 3rraqeHnrr Pn.,"* , , ,
p  aBHofo

p
r  m e x 3  

-
U,U

x r r  *  x n *  x r z

f [€ X.11 r  Xr2,  Xt-  HHAyxrHBHbIe conpoTHB/ ' le l {Hf l  rpalrcQopMaTopoB
H JIHHVIH.

VTs sroro paBeHcrBa BHAHo, qro APB cnJrbHoro Aer?crBHq co-
BMecrHo c cucreuot? nos6yx<4eHHfl r l03Borqror KoMtteHcv poBarb
BJrr4f[r4e conporHereuHr? reHeparopa H AocrHfarb B ycraHoBHB-
IXeMCf l  pe lKLIMe nOCTOf lHCTBa r ranpf l>KeHHf l  Ha Ur{Hax feHeparopa.
BnonHe ecrecrBeHrro, .  r {To B AaHHoM c, r ryqae MaKcHMarbHaf l  Mour-
Hocrb 6yaer coorBercrBoBart SasHonry yr.rry 90' Me>KAy Hanpflxe-
HHflMr4 feHeparopa u, H cerH u. f lp" Aa"[tHeriueM noBL,rrreHHH
MOUIHOCTH IIpOHCXOAHT anepHOAHqeCKOe BbrrraAeHHe reHepaTopa v3
CHHXpOHH3Ma'  ' r {TO |OBOpHT O IO/ ' IHOM HCI IO/ ' Ib3OBaHI4H BO3MO)KHO-
crefi peryJrr{poBaHHfl.

Hcc, ' IeAoBaHLrf l ,  npoBeAeHHbre Ha 3JreKTpoAHHaMHrrecKHX MoAe-
JIf lx H B gHeprocr4creMax, noKa3aJrH, rrro rrpr{MeHeHHe APB cHJrb-
Horo Aeltcreus H 6ucrpo4eficreyrcu{ero aos6yx<4eHlrfl orKpbrBaer
eu{e 66"uuuHe Bo3Mox(Hocrn B noBbr[reunn ypoBHfl crarlrqecKofi
ycrof iuuBocru reHeparopoB. Oxasa, 'roct Bo3Mo>KHbrM AocrHlKeHHe
nocTof lHcTBa Hanpfx{eHHf l  Ha I ITHHaX BbTCOKO|O Hanpf l )KeHl ' I f l  CTaH-
IrHH, a orcroAa H yr,,'ra 90o no JrrrHHV rrepeAaqH. lloarouy [peAeJrb-
Hoe 3HarIeHHe MoIrIHocrH no VcJIoBHflM craruqecKor:r Vcrofi.{uBocrn
COCTABJIf lCT

Dr  m a x 4 - -
U,U

x n * x r

rAe Ur -  HanpFX(eHI4e B HaqaJIe JIHHHH nepeAariu.
Heo6xolnMocrb correraHuq APB cnJrbHoro Aeficrsuq c 6ucrpo-

4eficrnyrcuIHM eos6yxAel{LIeM Mo>Ker 6nrs npoHJrJrrocrpr.rpoBaHa
3aBHcHMocrqMu Ha pHc.  l4-2.  f lo  oc l . i  a6cqucc orJro lKeHu xoe$$H-
I{HeHTrI pefyJlHpoBaHHfl eos6yx4eHHrr no i lpoH3BoAHofi  r{acrorbr,
nocKoJlbKy oHa oKa3blBaer rJraBHoe BJTHIHHe Ha craf:anu3aquro Ko-
"ue6are,ubHoro ABHx{eHHr poropa. l lpe4eJrbHafl  MoulHocrb rro ocu
opAHHar Bbrpax{eHa B orHocHTeJrbHbrx eAHHHqax. Ha sJreKTpo AHHa-
MHr{ecKofi  MOAeJIH 6u.na co6paua AByxrlenHafl  JTHHHfl sJreKTponepe-
AarIH Harlpflx(eHuer\{ 500 xB H AJrHHor? oxono 550 xrtr 6es nepeKJrr.o-
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qaTeJrbHbrx nyr- rKroB.  Ha pucyHI(e no l {a3aHbI  npeAeJlb l ib le  Moul l lo-

cTH rrp6 pa6Ore xax AIIYX, TaK H oAsoi l  Uenlt  i lpl{  TpeX 3l iaqeg6fl 'x

rrocronrrHoli npe;;;t; 
"orOV*/{eHHn 

(Tr7.0; 0,1; 0,3 
") 

' 11 l\i:}!:?
CJIeAyeT, rITo npeAeJI cTaTl4qecrOfi yCrOliutlBOcTH AJIfl AByXUenHOH

; ; r ; ; ;  np,  T" i0 6o,nrue npeAenoB npl{  T":0 ' l  c  Lr  T":0 '3 c co-

orBercrBerrFro Ha 10 u 30 %.  f lpHMeHeHHe CHJIbHofo pefy , ' IHpoBaHHf l

eoa6yx l€r tHq ;p ;  T")0, i -  c  t i .u t 'ecoo6pa3Ho,  raK I (aK r lpe i { 'eJbI

cTaTuLrecxoi i  ycroi l , i l lBocrH c APB nponopuuol{aJlbl{ofo AefiCreHtl

; ru6wok o6p-aruoft cBtt3bto Ile .HJIbl{o orJtlrqa}orcfl or llpeAeJIoIl

npH LlcttoJlb3 oBarrvt4 APB cl lJ lbl loro Aeft-

CTBI I f l .

Ecnu l tocrof lHHar BpeMeHH In cHcret l , I l t

noa6yxAeHl' I f l  paBlla HJrt4 6o'nuue 0'5 c'  to

cHJIbHOe pefyJI I4pOBaHI ' , Ie  craHoBHTCf l  f ipaK-

TI ' IqCCKI ' I  I {CBO3MO)KHbIM'  TAK I {AK Y)KC NPH

se5o.nsruux xoe$QralrneHrax peryJlHpoBa-

Hr4fl.  no Af v f '  HaqnHaercfl caMopacKatlu-
BaHHe cHcTeMbI  pe fyJ IHpOBaHHf l

Paccuorpee Bonpocbl  crarnqecKon yc-

rofiqusocTu, nepeft4erra K oIreHKe BJIHflHHR

APB \r cucreM noe6yxAeHnq Ha AHHaMI'I-

tr6

114

112

1,0

rrecKyro ycrof iuuBocrb fHAporeHeparopoB' n I
SQSexruBHocrF, cucreMbI eoa6yxAeHnfl uto

nDe)KAe Bcero saBHcHT or ee noctonnuol: t

BpeMeHH T" v or KparHocrl'I A:qtiry"uff\ 0,6B p e M e H H  l e A v L  r l P a r n \ r \ - r n Y / v y v r  0 r 6 i
ebs6yxaeHnr reueparopa k" Ha pnc'  14-

i IpI{BeAeHbI pacqeTHble [peAeJIbHbIe 3Haqe- 
Dr.rl IPvrlt=AsrrDr y'" ^" '- '" ' :^;: : :"-- '  

' rrrrr 'rrL{r-re- Pac' l4-2. 3aeltcHr'Iocrl
HHfl MOUIHOCTH no ycJIOBIIf lM AHHaMHIIC

cKofi ycrofiunBocr' Arrn AByxlrenHofi rtr4'irt4 ;ffi5:#il"t ":HT;flt*:;
eJreKrpoilepeAarrn 500 xB A.nHsoit oKoJIo i':lgl:t:c-rl'I TIIIHITH srIeK-

1000 KM c rleTblpbMfl yqacTKaMH' B Kar{e- ipone.peLauu 500 xB or

;; ; ;  auapHnnoro HapyrreHr,f  pe)KHMa pa- xoarlQuqueura pefyr lupo-

6orrt  paccMarpl{BaJlocl rpexQu'not xopbr- BaHHn noe6yx<4eHHn IIo I '

KOE 3AMbIKAHI'IC B HAqAflC JTT4HAH SJICKTPO-

nepeAa l l f l c i l ocJ leAy lou ryY .ABycTopoHHHMoTKJ I rcqeHI {eMnoBpe)K-
AeHHOfo yuu""^u u"p"t 0,12 c. f lpe4noJlafa, locb' r ITo fHApofeHepa-

TOpbr HMeloT noHr. i)KeHHbIe HHAyKTIIBHble conpOTHBIeHIl f i  (xa:0' ,55;

*i{Jo',zjl '  no."onHHan npeueHu o6uorxH nos6yxAeHuq r H'MH-

H a J . I b H o e B p e M f l y c K o p e H H f l r H A p o a r p e | a T a [ p H H I 4 M a J I H c b p a B H b I M I {
T c. kls puc. 14-3 crleAyer, ;;  i66.nt6eHocfl eoe6yA'renlsofi c'-

creMbr pe3Ko yMeHblXaeTCg .npg Bo3p AcTa1urt ee nOCrOssuofi Bpe-

MeHH. Tar, esQexruBHocTb QopcHpogaHHq noa6yx.u.eHl{f l  npH k:4

cHnx(aercr  i lpH repexoAg. o;  T":0 K T":0 '5 c B 3 pa3a'  OtcrcAa

crre/{yer uo,uJo^ ; ;p;fi;eft eaxHocr, npr{MeHeH'n eos6ylurerrbHbrx

cHcTeM c BbICoKl lu 6l tcrpo4ei tcrBHeM'

I4ccleAOBaHr{e s.nHqHHn HOMHHaJIbHOTO BpeMeHI{ ycKopel iHt l  ^c i

Ha AHHaMHTIeCKyIO yCTOHqHBOCTb rofi )Ke i l1'1-Hl4r4 3IeKTpOnepeAar{H

npoBoAr,rJrocb si AJIeKTpoAI{HaMHqecxOft MOAeJII4' B xorOpoft 6u'ru

r{cilo,,rb3OBaHbr r{aTypllble APB cI'IJIbHOTO Aeftcrelts' f lpu 3TOIVI



MOAeJrbHbre rnAporeHeparopbr HMeJTH HopMaJrbHbre 3HaqeHnf l . lHAyr{-
THBHbtx  conpornBJ lenn f . i  ( xa :1 ,  x ' d .=0 ,3 ) .  Vues tu re r {ue  T1  g  r roJ r -
ropa pa3a (o"  10,9 Ao 7 c)  conpoBox(Aaxocb yMer{brr rer {HeM npe-
/ {e , ' ra  AI { r {aMrt , lec l<of i  ycrof iuHBocrH Ha 5 0/o.  BoccraHoBJreHr{e npe-
Aelrnol i  Mou{r locrH / locrrtra,rrocr> 3a crrcr yBeJr.Irrer{14f l  r{parrrocT'r.r
QopcHpoBaHvr nos6yx4eHrrf l  npu6rusHreJblro rra er.r lHrlu,y.

TaxHvr o6pasorra, trpHMeueHrre 6srcrpo4er?crayrourero eos6yxne-
HHq c r roBbrueHHof i  Kpar l {ocGro $opcHpoBarrHf l  no3BoJrqer  nr r6parr ,
6oaee BbrcoKr.re 3HaqeHHs Hr'TAyKTLTBHbIX conporuereHHr? rr.rAporeHe-
paropoB u 6naro4apx eroMy yMeHbunrb Maccbr  r rocxeAHux.  Kax
H3BeCTHO,  3HaqeHHe nepeXOAHOfO HHAyKTHBHO|O COnpOTHB/ ' i eHHf l  nO
npoAoJrbHorl ocv xl4 3aBHcHr or JrHHefisoft  Hafpy3Ku o6uorxH cra-
TOpa. f loaron,Iy noBbr[reHHe x'4, x(eJrarexbHoe B orHorueHHr] pa3Me-
poB r\ ,raurHHbr, rpe6yer orIeHKH Bo3MolKHofo cHH)KeHHfl ypoBHf Ar4-

Puc. 14-3. 3asHcr.rMocrb rrpeAeJrbHofi r ' louluocrr.r or KparHocrn SopcuponaHuq Bo3-
6yN4euna cLIHxpoHHoro reHeparopa

HaMr.rqecxort ycrofiqusocrH. C srofr rreJrbro 6:s'nu npoBeAeHbr 3Kcre-
pHMeHTaJrbHbIe uccJreAoBaHHfl Ha SJreKTpOAHHaMH.recxofi MoAeJII,I
npr{MeHHTeJrbHo K yrroMfluyrofi Bbrrxe ilprtur4 gJreKTpolepeAaqu. ?tu
r{ccJreAoBaEr4f. noKasaJrH, rrTo rreM Aarb[Ie MecTo KopoTKoro 3aMbI-
KAHHfl, OT HaqaJIa JTHHLILI, TeM MeHbLUe BJIHflHHe X'd. Ha yCrOr?UU-

Bocrb. IIpu LI3MeHeHuvr x/6 B ABa pa3a (or 0,17 lo 0,35) ycrofiuu-
Bocrb npn rpexQasHbrx KoporKLIX 3aMbIKaHHflx B HarIaJIe Jrr4rvru
I IepeAaqH yMeHb[raercf l  Ha B %, a B KoHIre " ' I I {HI{w- lTiHII Ib na 2ofs.

Anq KoMneHcar\Hr| He6.naronpHqrHofo BJrHflnun x',6 B HaqaJre JTLIHHI{
rpe6yercr yBeJrr.rqeHue KparHocru QopcHpoBaHHr Ha 0,7, a B Kol lqe
Jrvrrrvr - Ha 0,1.'  

Taxpru o6pasou, rrpHMeHeHlre 6srcrpo4eficrnyroqefi  cplcreMbI
nos6yx4eHr4fl  c APB cHJrbHoro Aei lcrsHq AeJraer craruqecKylo
ycrortvHBocrb Jtr4HLrr4 gJreKTponepeAaqH rlpaKTHr{ecKH He3aBHcuvoti
or rrapaMerpoB H MexaHuqecxofi  I{HepI{HoHHocrH Ma[II{H. Ec,rH ypo-
BeHb AHHaMraqecroir ycrof iuuBocru npu o6uqHoii  KparHocru Qopcl l-
poBaHr{f i  k:2 HeAocraroqeH, To ueo6xoAlaruo ucnoJlb3oBarb noBbl-
rreHHbre 3HarreHufl  k (k:3--4).  Taxoe pelxeHue, xorf l  rr  rpe6yer
yBerHqeHHfl MouIHocrH nos6yaHrelruofi cl{creMbI, Ho nosBoflqer
B gHar{HTe, ' lssoft  Mepe KoMneHcupoBarb se6"naro[puflTl{oe BJII{ t tHI{e
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conporHBJreHHfi reHeparopoB lr  MexaHHrrecKofi  HHepqHoI{HocrH afpe-
raroB r ra  AHrraMr. rqecr iyrc  ycro i iqHeocrb.  Bce gro Aaer  Bo3MolKI IOc ' tb
orKa3arbcf l  or raKHX AoporHX Mep I loBbtlxet{Hfl  ycroi iuHnocrH, KaK
rrpoAoJlbr{af l  eMKocrrraq KoMnerlcaLryn .nHHHii,  yMeHbureHae I{I iAyK-
TLIBHbTx coi lporr. IsreHr.rf t  u yBerHqeHHe MexaHHrlecxofi  HHeptrHoHHo-
crr {  fHAporeHeparopoB H Ap"  l lOarouy co3AaHHe fHApofeHeparopoB
flBJIf lercrr KoMn,'reKclrof i  npo6revofi ,  Koroi laf l  AoJIIKHa pertrarbcq
BMecre c  nos6y larearnof i  cucrevoi l  v  APB.  To, r tNo rpH raKoM
noAXoAe K npo6"neue Bo3Mox<Ho Aocrnx{er 'rHe onrr. iMaJIbHbIX pe-
rueuuir.

14-2. TPESOBAHVIfl K ChCTEMAM BO3Evll(AEHVI''
V1 ABTOMAThL.IECKVIM PEI-YJI'TOPAM BO3EY}K AEHIAI

tr4HteHcprBHoe pa3BHTHe Hcc,'IeAosaHufl B o6"nacru cncreM Bo3-
6yx4eHufl .  u peryJrHpoBaHHfl rpLIBeJIo x Heo6xoAHMocrH pa3pa6orxu
H BHeApeHHfl craHAaproB, B Koropux cQopMyJIHpoBaHbI rpe6onaHun
K noe6ylureJrbHbrM cucreMaM H ycrpoficrBaM pefyJlnpoBaHufl .  Be-
Ayi l InMH crpaHaMu B yKa3auHoii  o6,racru craHAaprn3alruu nai l f l , -
Iorcf l  CCCP, C[IA, @paHqur, B KoropbIX B nocJ-IeAHee BpeMfl BBe-
AeHbr B Aerlcreue cnerlHaJrbHbre craHAaprbl AJrfl eos6ylHTeJIbHbIX
cl{creM u aBroMarHqecKHX pery/ ' I f ropoB nos6yx4eHHfl (APB).

B coorBercrBun c |OCT 21558-76 <<Cucreusl nos6yx4err4fl.
ryp6oreHeparopoB, fuAporeHeparopoB vr cHHXpoHHbIX KoMIIeHcaro-
poB>> HLIX(e H3JrO>KeHbr oCHOBHbre rpe6oBaHr4fl  K cIzcTeMaM nos6yx<-
AeHr,rfl n pefy,'rl lpoBaHHfl .

Cncreua nos6yxAeHI{f AoJIx(Ha paccr{HrbIBarbcfl Ha pa6ory
c APB. Pa6ora 6es APB AonycKaercf l  roJIbKo Ha BpeMfl,  ueo6xo-

Ar{Moe AJrfl peMoHTa, 3aMeHbr I4JrI{ peBLtstrr4 APB. Cucreua nos6yx-
AeHr{fl B nepl{oA pa6oru 6es APB AoJIxHa I{Met, pyrlHoe AHcraH-
IIr.roHHoe ytrpaBJIeHHe, a raKx{e cPeAcrea, o6ecileql,IBaIouIHe pa3Bo3-
6yx<4eHHe u aBroMarr4lrecKoe farreHue iloflq MaIrII,IHbI. 3rn rpgqo_-
BaHr{f l  pacnpocrpaHfl Iorcf l  TaK>Ke Ha cucreMbl eos6yx<4eHufl  s APB
BcnoMorareJrbHbrx feHeparopoB B cHcreMax He3aBHcHMoro nos6yx-
AeHHfl. OAHaxo B rocJIeAHeM cJlyqae pyqHoe yrpaBJIeHHe Mo)Ker
6umn HeALIcraHIrI4oHHbIM.

CHcrelrtr  eos6yxgeHus Aonx(HbI o6ec[eqnBarb B npoAoJI>KI,I-
TeJrbHoM pelKHMe pa6oru ToK H Hatrpfx{eHHe, npeBbttr larculue Ho-
MHHAJIbHbIC 3HAIICHI{f l  TOKA H HATIPflX(CHHfl NOS6Y>X4CHHfl 'TCHCPATO-

poB He MeHee rreM Ha 10 Vo. Kparnocru SopcupoBaHHf HaIIpflxeHHf
Lr roKa nos6yx4eHnfl no orHoIueHI.IFo K I,IX HoMI,IHaJIbHbIM 3HaqeHHflM
AoJrx(Hbr 6um He MeHee AByx, a cKopocrb Hapacrarvfl. Hanpfl>KeHuq
nos6yx4eHufl  npLr 3aAaHHoM cHHx{eHVr4 Hanpfl)KeHHfl.  Ha BXoAe APB
r.r .npH BHe3arrHbIX KOpoTKI-IX 3aMbIKaHHflX B CeTH - He MeHee AByX
OTHOCIITCJIbHbIX CAHHHU B CCKYHAY. A,TIf l  IHAPOTCHCPATOPOB C sJICK-

TpoMa[rHHHbrMH aos6ylureJrf lMH I iocrof lHHofo roKa AonycKaercr
r{Merb Kparnocrb $opcupoBaHufl  nos6yx4eHuf I Io Harpr>KeHHFo 14
roKy He MeHee 1,8. Anq rl{AporeHeparopoB MolttHocrblo Ao
4000 xB . A c gJreKTpoMari lHHHbIMH nos6yarzreJlrMH, cBfl3aHHbIMH
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c BaJIoM, AonycKaerct t  ycraHaBJrHI lar r ,  l roMl{ r ra" tbr ryrc  cKopocTr ,  I ra-
l )ac ra l lH t l  I l a l l p rx {eu r { r f  no :6yx<4er ru r r  r r c  MCr rcc  1 ,3  o r r r .  c j l . / c ,
a  Mou luocTbro  cBbrue  4000  l<B .  A  -  He  Mer {ee  1 ,5  Or r r .  c l t . / c .

B coorBercrBHH c fOCT lB3-74 I {oMHrraJrr , r ra f l  c r iopocrr )  Hapa-
craHHfl Hanpq)KeHHf noe6yxrleHHrr B orHocHTe,'rbHbrx eAr1HHuax
B ceKyl rAy onpeAeJnercs creAyrorqHM o6pasonr  (p"c .  l4-4) :

- b c l
7 lv l { o M  - -

Oa tL

3ro paBer{crBo c f lpaBeAr ' rHBo r rpn
n.noulaAr AS 100
nlroual.b aoc

Prlc. l4-4. Onpe4e,renue HouuHa.nlHoli  cKopocrr.r HapacraHHfl
6yx4euHn

Uu. , rp 
-  npeAeJlbHoc HaI Iptx(eHt. Ie sog6yAurerq;  Uu.  np.
Ha[pf lxerrHe eos6y4urela;  Uu.  no,  

-  HoMrdHa.nbHoe

OTI IOUlCI I  H i I

< 20%.

y - npeAeJrbHoe ycraHoBr,rBueecs
Hanprx(eHHe eoa6y4xrelx

Anq rerreparopoB MourHocrrrc 100 MBr H 6o;ree peKoMeHjlyerct
npHMeHflrb 6ucrpo4etlcrnytoulue cHcreMbr nos6y)KAenHr{, o6ecne-

Ua.np

o t 1 1 a
L t b

H a n p f l ) K e H H f  B 0 3 -

s'

N

€
ct.

l c
I
I
I
I
I
r €

qHBaloil{He HapacraHHe Hanpflx<eHHfl or L'o. oo* Ao 95 % npeAeJrb,-
Horo 3HarreHnr [ /s. np 3a BpeMq He 6o.nee 0,08 c. A"ns f  HAporeHepa-
TOpOB, _pa6orarourHx Ha ArHHHbre Jrvr l \k r  sxeKTponepeAaqH, r {par-
Hocrb QopcHpoBaHHfi Bo36y)KAeHHfl yBerHr{HBaercf l  Ao 4. f lpeAe,ro-
HOe Ha[pf l1Kgl {He AOJI>KHO AOCTHfaTbCf l  r rpH CHH}KeHHH Harpf lx(eHHf l
Ha BxoAe APB Ha 5 olo npu KparHocru Qopcrapo Baluf,  Ao 3 H Ha
7,5 % npu 6oJrbrrreri  KparHocru SopcHpoBaHHf .

A;rs cLIcreM napaJIJIeJrbHoro calaoeos6yx<4enun 6es nocJreAoBa-
TeJrbHbrx BoJrbroAo6aeoquorx rpaHc$opMaropoB npHHqro, qro rpe-
6oeaHHn IIo KparHocrn SopcHpoBaHufl  H 6ucrpoael icreuro AoJr)KHbr
BbrnoJrHflTbcff i lpH cJreAyroulHx yc,'roBHflx: a) Hanpfl)KeHHe npflMorl
nocJreAoBare./TrbHocrrr Ha 3ax{HMax feHeparopa tIpH arc6ou BHAe
KoporKofo saMbrKaHHfl (x. 3.) 6olrrue 0,8 HoMprHa/rbHoro; 6) 3ro
Hanptx(eHHe MeHbIue 0,8 uouHHaJlbHoro npH AJrHreJrbHocrn K. s. He
6o"nee 0, lB c AJrf l  ceru HanpflxeHueM 110 xB a Bbrrre r.r  He 6oree
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0,3 c .(Jrfl ceru 35 xB H HHX(e, nptrqeM nocJre orKJrlo(rertlrfl K. 3. r{a-
nprr lKeHHe AoJrx(Ho npeBI>l l I IsTb 0,8 Houl. IHa"{brrofo.

B cryqae ecJru AJruTerbHocrb K.  3 .  6onrure 0, lB H 0,3 c ,  qro
Mo)Ker 6r, tr t  npH orl{a3e ocHoBHbtx 3aIr lHT, UJII, I  I ranpf>xeHHe nocJle
orKrloqel{Hfl  K. 3. MeHbrue 0,8 uonar{r laJIbHoro, To AonycKaercr cHH-
)KeHHe Kparr {ocru QopcHpoBaI IHf l  Ao 3HaqeHHr,  paBHoro [poLI3Be-
AeHHI.o HanpqlKeHHfl npanaofi  noc"IIeAoBaTeJIbHocrh B orHocHTeJrbHbIX
eAur{Hrrax Ha xoa$cpul ruet { r  2 ,5 ;  rpe6onauux K cKopocrn Hapacra-
I{LIfr IJanprTx{eirrrrl noa6y>xyteHI4n B aroM c,Ilyt129 He IIpeA'bflBJIsForcfl.

D,ns yAoBJrerBopeHHfl yKa3aHHbIM rpe6onaHHflM cucreM a f iapa"t l-
JreJrbHoro caMoBo36yx4eHHn 6es nocleAoBareJrbHbix BoJIbToAo6a'
BoqHbrx rpaHcQopMaropoB AoJrlKHa BbInoJrHsrbcr c KparHocrblo

QopcupoBaHnf  2 ,5 BMeCro 2 npn HoMHHzr lbHoM Hanpf l>KeHHH I IH-
TAHI4fl,.

f lo"rrynpoBoAHHKoBafl  cprcreMa eos6y)KAeHLIq AoJI>KHa o6.naAart
BHyTpeHHHM pe3epBHpoBaHHeM. Ecnu rrHc.r lo napaJIJIeJIbHbIX nersefi
r.rJrn r{Hc"rro Sas se 6o.nee rpex, To npu BbIXoAe H3 crpoq oAHofi na-
pa,nne.nrHofi  BerBH HJrH Qastr AoJrxHbr o6ecnequBarbcf l  pe)KI4MbI:
a) Ai lr_ ryp6oreHeparopoB - pa6ora c HoMHHaJluofi  axrueHoli
MoulHocrblo npu CoS g: l ;  6) p.Jl f l  rnAporeHeparopoB - pa6ora
c HoMHHaJrtHofi  Harpysxofi  npH HoMHHaJIbHoM I{ai lpf l)KeHHH vr 3a-
nace no crarurrecxorl  ycrorlquBocru 20010 (6es yr{era APB), r lpn
groM ToK nos6yx4elufl. He AoJr>KeH 6urr MeHee roKa xonocroro
xo4a; n) Ai ln cHHxpoHHbIx KoMreHcaropoB - pa6ora c roKoM Bo3-
6yx4eHr4fl ,  paBHbIM 65 0/0 HoMHHa,' lbHoro.

Ec.ul.r rrucJro napaJrJreJrbHbrx eereeft unH Qas paBHo r{erblpeM vr
6o.nee, To BbIXo I Lrz cTpofl olsoii BeTBII unu Sasbi He Ao/IxeH npu-
BOAI,ITb HH K KaKHM orpaHHrIeHHflM, BK,' lFoqafl  QopctlpoBaHHe Bo3-
6yx<4eHun. llpH BbrxoAe r{3 crpor AByx napaJIJIeJIbHbIx eereeft vJrrl

AByx Sas ocyqecrBJrflercr aBToMarl4r{ecKoe ofpaHHrIeHHe uilvr 3a-
npei l IeHue QopcHpoBaHHq H o6ecnerruBarcrcf l  paccMorpeHHble BbIII IO
peX(HMbI npu qHcJIe napaJIJIe,IIbHbIX eereefi Lrilv Sas He 6o.nee
rpex.^ 

CucreNaH eos6y)KAeHgfl Ao,'IX(HbI BblAepxI'IBa6 AB,Y_KparHufi Ho-

uuHa.nsutni ToK eos6yxAeHufi B TeqeHHe He MeHee 50 c AJIn cHH-

xpoHHbrx MaurHH c xoceenHofi cucren,toft oxJIa>KAeHHfl, He MeHee

20 c 1.nn reHeparopoB c HenocpeAcrBeuHblM BoATHbIM oxJIa)KAe-

Hr.reM H trnn rnAporeHeparopoB c Qopcu.poBaHIIbIM Bo3AylrIHbiM ox-

Jra>KAeHueu o6uorKu poropa.
Maxcur"raJrbHble MrHoBeHHbie Hanpflx{eHufl ,  Ha BbIBoAax o6uorxu

poropa B npoAonxHreJrbHoM pex{HMe npII  ̂ ToIe eos6yxg,eHHfl Ao
i,1 nouuHanbHoro He AoJIx(Hu 6urt BEIue 30 Yo aMnJII ' ITyAHoro Hc-

nbrrareJrbHoro HanpnlKeHHfl o6ruorxH nos6yx4eHI'Ifl orI{ocI'ITeJIbHo
Kopnyca.'Cucreu1r 

nos6yx<AeHufl  AoJrx(Hbr 6rtrs BbInoJIHeHbI TaK, qro6st

HH B OAHOM H3 BO3MO)Kr{brX B sKcn",tyaTalI Ir I{  pe}KHMOB T\ ' ,{ fr loBeHHoe

Hanpfl)KeHr{e, Bo3HnKaroulee Ha BbIBoAax o6rraorxu eoa6yx<AeHHfl

cr.rniponHoii ua[IHHbI, He npeBocxoAur'Io 70 olo aN{riJlHTyArroro Hcnbl-

TareJrbHoro Harrpfl)KeHHfl erofi o6uorNu orHocI{TeJIbHo Kopilyca.
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Cornacno oreqecrBeHHbrM craHAapraM ( |OCT 183_74) u pe-
KoMerrAaunflM M3K, uanlonuuee ucrrbrrareJrbHoe Harprrx(esHe o6-
MorKH nos6yx4eHnfl I{a 3aBoAe I{e AoJIx(Ho npeBbrri larb l0-xpar-
HO|O HOMHHaJTbHO|O Hanpf l )Ker{Hg nOs6yx4eHHfl  Urnou, HO He 6srrs
6o,rrure 3,5 xB (aeficrnyrou{ufi nepeMeHHsrrl roK npoMbrri laesHoli
uacrortr). i l ln ruAporeHeparopoB 6o.usruofi MourHocru c HoMH-
HaJrbHbrM HanpalKeHHeM nos6yx4eHHf 6olee 350 B Mox(er npHMe-
HflTIrCfl  t I  6O,tee BbtcoKoe HcnbITaTe, ' ibHoe HanpqlKeHHe, qeM 3,5XB.
Taxoe IroBbrIrIeHHoe Hcrrbrrare,Ir t ,Hoe Hairpf l)KeHne cofJlacoBbIBaercf l
Me>KAy H3roroBHTe", 'reM H rrorpe6ure"ueu.

Vcrporlcrnai HctloJrb3yeMble Anq saulr4rbr o6uorxH nos6yx4eHHq
or nepeHanpnxeHufi ,  AoJr>Kr{br 6trr l  MHoroKparHoro AeficreHrr.

Vponertr HcnblrareJrbHbrx Hanpff)KenHft ycrpoficre cucreMbr Bo3-
6yx4euHfl,  s, I IeKTpHqecKH cBfl3aHHbrx c irenbro o6uorxu porop a krJrt
cTaTopa, AOJI>KeH COOTBeTCTBOBaTb HCrrbITaTeJrbHbIM HanprX{eHI4qM
poropa H craropa.

f auresae noJrfl Mox{er ocyulecrBJflTbcfl BKrForreHHeM o6naorxu
nos6yx4eHufl  Ha pa3pflAHoe ycrportcrno (conporuB/' ieHHe, Ayrora-
cHTeJIbHafl  peuerKa H Ap.).  Kponae roro, Bo3Mo)KHo raueHlre noJrf l
r I4AporeHeparopa i locpeAcrBoM rarueHHfl noJrr nos6ylHreJrf l  HJIH
coqeraHueira o6onx cnoco6oe. Cnoco6 H BpeMfl ra[reHnfl  noJrf l  sH6H-
palorcf l  no corJlacoBaHHCI MexAy H3roroBHTeJreM H uorpe6ureJreM.

Cucrerraa nos6yx4eHnfl  npn pa6ore 6es APB AoJr>KHa noAAep-
x(HBarb saAasuufi roK nos6yx<AeHnfl B ilpe,[,eJrax !.20 0lo npn r43-
MeHeHHH r{acrorbr HcrorrHuKa rrHTaHHfl or *2 lo -3 fu.

Paccnaorpes rpe6on arr4tr K cHcreMaM nos6yx4eHr4s, nepefi4elr
K I{3Jro}KeHHro rpe6oeasuft x APB.

Cucrenau aBroMarnqecKoro peryJrupoBaHr.rf l  nos6yx4eHufl  ryp-
6o-, fr{AporeHeparopoB Lr cHHXpoHHblx KoMfleHcaropoB AoJr)KHbr
o6ecne.ruBarb: AlrcraHrruoHHoe rn3MeHeHHe ycranxu APB; KoMnayH-
AHpoBaHHe ycrporlcrBa, H3Meprrorqero Hanpfl)KeHne no [oJrHoMy
ToKy craropa vi lH efo cocraBJrf lroulnM; HgMeHeHHe xoaSSurIHeHToB
ycureHHq pex(uMHbrx napaMerpoB APB npu ero uacrpor?xe;  orpa-
HHqeHHe roKa poropa Ao Aeoriuoro HoMHHaJrbHoro 6es BbrAep)KKr{
BpeMeHH; OfpaHr. I r reHHe neperpy3KH poTopa;  orpar{Hr{eHHe MHHH-
MaJrbHoro roKa nos6yx<4eHufl  c ycraBxofi ,  3aBncflureft  or 3HarreHnfl
aKTr.rBHori uoutnocrlr, r,Jrfl reFreparopoB MourH.ocrbro Bbrrue 150 MBr
(npu MeHbrreft  uoulsocru - no BaKa3y norpe6nre,rrn).

APB AoJr)KHbr 6utro paccquraHL,r Ha pa6ory B o6urecraHuuou-
Hofi  cucreMe rpyrnoBofo peryJrHpoBaHHfl HarprxeHufl .  Kpol, te roro,
APB ilo 3aKa3y norpe6ureJrfl AoJrx(Hbr I,IMerb cJreAyrouue ycrpofi-
crBa: noAroHKr.r ycraBKH Harrpf lx<eHHfl npH aBroMarnqecKofi  cunxpo-
HH3aqr{}r;  aBToMarHrrecKoro c, ' re>KeHufl  ycraBKH ycrpoficrBa pyqHoro
ynpaBJreHufl  3a ycranxofi  APB; cra6utn3alruu pacrpeAeJreHufl  pe-
axrueHofi  Harpy3Kr4 Me)KAy napaJLreJrbHo pa6orarcuruMH Ma-
lUHHA MI , I .

TaNHu o6pasorra, HB APB Bo3JrafarcTcfl  He roJrbKo 3a1aqu pe-
ryJrupoB alvfl, Ho H 3aurHTHbIe SyuxqHu, qro noBr,Ituaer HaAe)K-
I IOCTb SKCnJryaTar IHH SJIeKTpI{qeCKHX MaIUHH.
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OreqecreeHHnfi cranAapr Ha cucreMbr eos6yx4eHufl npeAycrraar-
pnBaer 6o,rrrurofi o6teu HcnnrraHufi roJroBHbrx o6pasuon: onpeAe-
, ' IeHHe OCHOBIIbIX napaMeTpOB; OnpeAeJIeHHe 3ana3AbrBaHKfl ,  H HOMI.{-
Hanr,Hofi cKopocrn HapacraHufl HanprlKeHr.rf l  nos6yxaeHur; onpe-
AeJIeHLIe MaKcHMaJrbHoro Us.np 14 ycraHoBuBuerocf l  npeAeJlbHoro
[ /s .up.y  Hanpf l>Kesui , r  (p"c .  1 ,4-a) ;  npoBepKy ycrof tqnBocru pery"ru-
poBaHHfl pos6yxAeHvs, B I{opMarbrJbrx pe>Kr.rMax, a raK>Ke B pex{H-
Max ofpaHnqervr f l ,  MaKcnMarbHoro H MHHHManbHoro roKa eos6yx-
AeHHrr; npoBepKy raruerrHs no";rf l  npH HoMHHa,' IbHoN,l ToKe Bo3oyx(-
AeHr.rf l  H B pelKHMe $opcrlpoBaHrf l ;  npoBepKy pa6oru ycrpoficra
3ai l rurbr  or  I iepeHanprxeHHf i  14 neperpy3oK;  npoBepKy pa6oru cH-
creMbr eos6yx4eHufl  npH BbrxoAe H3 crpoq orAeJrbrrbrx g, ' IeMeHroB;
rrpoBepKy cncreMbr eos6y>x4errf l .  npn orK/roHer{Hflx Harpf lx{eHnfl  H
I IACTOTbI  NI {TAIOqC|O HANPg}KCI {Hf l  T ICPCMCHHO|O TOKA OT I ]OMI4HAJIb-

H b r x  3 H a q e H H f i .

rnABA nTTHAAUATA'

ChCTEMbI HE3ABJ'IC)'1MO[ O BO3SylKiqEHhg
u cAMoBo36ylKflEHh9

15-1. OCHOBHbTE CnOCOsbl BO3EvlKAEHht

Ha Irporf lx(eHVLr pf lAa AecflruJleruI l  nos6y>x4eHue fnAporeHepa-
TOpOB OCyUeCTBJIf lJIOCb [paKTHrIeCKH TOJTF,KO OT KO,'IJreKTOpl{bIX fe-

HeparopoB - eos6ylure,nefi [ocroflI{Horo roKa. Bos6yaure'IlH
o6nr.rHo corureHflrcTcr c BaJroM ruAporeHeparop a. Ans. THXoxoAI{bIX
ruAporeHeparopoB 6o"rrnruor? MourHocrn B AonoJrHeHHe K nos6yAu-
TeJrro HHorAa npr{MeHflJIcr noAeos6yAHTeJIb nocroflHHoro roKa.
B orAeJrbHbrx cJryqaflx I{cnoJIb3oBarcq 6ucrpoxoAHuft eos6yAu-
re.urHtrr i  arpefar c nHTaHHeM or BcnoMorareJlbHoro cuHxpoHHoro
reHeparopa, HaxoAsulerocf l  Ha o6uleu BaJIy c r ldAPoreHeparopoM.

B Hacrofluree BpeMf nos6y,aHTeJru nocrosHHoro roKa BbITecHfl-
rorcfl noJrynpoBoAHI,rKoBbrMH noe6yAureJlbHblMu cI,IcreMaMH. Tena He
MeHee AJrr rriAporeHeparopoB He6o"rrnuux u cpeAHHX rraoulHocreii
3JreKTpoMatrrHHHbre nos6ylr.rreJrH eilIe npoAoJrN(aIor BL'InycKarbcfl.
Bos6yAureJrb rtocroqHHoro roKa HMeer naHeJIb aBToMarl lqecKoro
peryJrupoBaHus nos6yxaeHnfl .  3ra I IaHeJrb cocrour H3 ycrpottcrea
KoMnayHAHpoBaHufr .  H 3JIeKrpoMarHurHoro KoppeKropa (pnc.  l5-1) .

Vcrpor?crno KoMrrayHALIpoBaHufl  yK co3Aaer AononHHreJIbHoe
nos6yx4eHlre nos6y lureJ l r  B,3aBncnuree or  roKa craropa fuApo-
reHeparopa f .  OHo cocrol. Ir  H3 npoMex<yroqHoro rpexQasHo_rg
rpancSopMaropa TnK u rpex$a3l{oro AHoAHoro Bblnpflwuretn BI,
noAKnloqaeMoro r{enocpeAcrBeHno K ocHoeHori o6uorxe eos6yx4e-
HHfl nos6ylrareJrs OBBI. yctaexa roKa ycrpoficrna Kol{nayr{Al{po-
BaHHfl peryJrupyercn rpexQasHbll \ ,{  ycraHoBoqHblM peocraroM Cy 1.
Vcrporicrno KoMnayHAHpoBaHHfl nl l raercn or o4uo$a3HbIX H3MepII-

"a'0 )



rerbr{brx rpar{c$opMaropoB ror(a TT. B c;ryuae noBburer luf l  Hanpr-
xerrHrr  r t rApoferrepaTopa Br,rue onpeAcJIcHIIofo 3 l raI IeHI l f l  r I  cpa6a-
TbIBauHf l  3aUIHTbr OT I rOBbtUreHHf l  I Ianpf l )KeHI. r t I  3aMbrKaroTCf l  I {aKO-
porKo BTopHrrHbre o6MorKH rpa l lcoopMaropoB ToKa.

SnexrpoMarrrHTHr,rf i  Kopper{Top 3r( cocroHr r43 H3MepHTer' Iblroro
ycrpoficrna H AByx rpex$a3HbIX MaTHLITHbIX 1lch,rHr€J€i i  MyC vl
Myn co cBoI{MH BbtnpqMHre, ' I f lMH 82 I{ 83. f loc"ner' tnl te eosAeli-
crByror Ha cor, ' racHo BK,'rFoqeHHyro (OB82) H nporHBoBIi iTIoqeHHyIo
(O B BJ) Aoi loJrHHreJrbHbre o6nrorxu eos6yx4eHLIf l  nos6ylHre.rq. Pe-
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Pr.rc. 15-1. Bos6ylrzre.rrn i locrosHHoro roKa c naHeJlbio'aBToMaruqecKofo peryJIH-
poBaHHs eos6yx4enun

syrrbrHpyrou{af l  MAC AByx AononHHreJIbHbI; o6naorox 3aBHcHr or
ypoBHf l  Hanpf)KeHHf rHApofeHeparopa.

tr4suepureJrbHoe ycrpoficrBo BKJllor{aer B ce6r ABa JIHHeI?HbIX 14
9AHH He,rusefiHuti  gJIeMeHTbI, ApocceJIH, noAcoeAHHeHHbIe K TpaHc-

Soprraaropy Hanpfl)KenHfl.  BrrnprrvureHHble roKH,nuHefisux eJIeMeH-
ros JISC u JISII HenocpeAcrBeHHo IIHralor o6tuorxu noAMarHHrIH-
BaHHq MarHI,IrHblx yculure.nei l t  My C vr My n ,  a Bbl[pf lM"neuHufi
ToK se"rluHefiHoro sJreMeHTa H3, BKJIIoT{eHHoro Ha ITIHHbI reHepa-
ropa qepe3 npoMelKyrouuufi rp_aHc$opMarop TIf , noz4eficrnyer Iq
csbt ruaruratiufi ycu.uHreJIb My, Noropslii qepe3 BblnpflM urets 84
rroAKJrroqaercfl K o6MorKaM noAMarHHrIHBaI{H n ycvltr4re,tet? My C v
Myn. Pesy.ntrupyloqatt noAMarHHqHBaloulaf l  MAC ycu'nure.nefi
MyC u MVI I  3aBr . rcr r r  or  r {a i lp f lx (eHl{s  ruAporeHeparopa.
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Vclof iqt. tRocrb Irpouecca pet 'y.r l l . tpoBanrut l (ocrl i raercl :Jzr c,ret '
I Ip t lMcr ICr I I { l  ru6xor i  orpr . {ua l 'c . i t t - , t lo i i  o6parr ror r  c tsr r3u r repe3 r l )auc-
Soprr rarop T C no r rar rpr rx{er rnro nt l36yAr . r renf l .

E;n o6ecneqerrHn patsr {oMept{oro pacnpeAereHr. r r {  peaKrHBHbrx
I {arpy3or{  Me}KAy napaJrneJrbuo pa6orarcurr . {MH ruAporeHeparopaMH
R narre. r rH HMeercq ycrpof ic reo BBeAeHHf B sreKTpoMafHHrut r i r  r {op-
peKTop CTar iagua.  ts  r iaqecrBe BXoAIrbrx  BeJr lqHH B 3ToM ycrpor?-
crBe HcnoJrb3yrorcr r  I {anps}KeuHe I i  ror i  rHAl lo leHeparopa.  Cra lusnr
peryrHpyercf l  peocraroM CY2.

fIane"ul aBToMarurrecKoro pery,r l  vpoBaHtf l  eos6yx4eHHrr pa3Me-
ulaercf l  B cra,rrbHoM rrrKaSy c pa3Mepawn 2400X 1200X 1000 iuivr.

KaN y)Ke 6Ltno orMerleHo Bbr[ue, B- Hacroqrqee BpeMfl naH6oree
rxI4poKoe pacnpocrpaHeHHe n.J t f l  BosoyxAer{Hf l  fHApofeHeparopoB
f ionyqH,rrH cHcTeMbr B03oyx(-
AeHHfl  C noJrynpoBoAr{HKo-
BbIMH BeHTHJTf lMH.  f lpu  aroM
HcnoJrb3yroTcf l  cxeMbr KaK He-
3aBHcHMoro nos6yxAeHr.r f l ,
TaK 14 caMoBo36y>xteuan.

B  c H c r e M a x  H e 3 a B n c H -
Moro nos6y>x4eHnf l  vr  caMo-
no:6yx4eHnfl c rro,/.tyrtpoBo.n'-
HHKOBbIMT.T BeHTHJTf lMH npH-
MeHflrorcf l  rpexQasr{bre Moc-
TOBbre cxeMbr Bbrrrpf  MJreHHf .
3ro o6uncnnercfl TeM, qro
B TAI{HX CXEMAX MO>KHO HMCTb
HAHMCHbIXCC IIHCJIO NOCJICAO-

BATCJIbHO COCAHHCHHbIX TH-
pucropoe. Cxevru npeo6pa3o-
BaHHfl Mofyr 6srrt  oAHorpyrnoBbrMLr t4 AByxfpyni loBbrMH. B nepnotr
cJIyrIae npr{MeHfleTcfl  OAHH BbrnpflMHTeJrb, a BO BTOpOM - ABa Bbr-
t IpfMHTeJIf.  B nocf ieAHeM cJryqae oAHH Bbr[pqMHTeJrb BK,'rrcqaercf
Ha [oJrHoe Harrpfx(eHl{e HcrorrHnKa fir4Tarrfl,, a nropofi - Ha or-
natiNu ero o6uorKu. Ha cropoHe nocrof lHHoro roKa o6a eltnpf lMr. i-
TeJrg coeAHHflrorcfi napaJ'rJreJrbHo. crema c oAHofi rpynnor? tseHTr.r-
"nef i  npHMeHrrercrr rpu o6uqnoi i  r(parrrocrr.r  QopcupoBarrrrf l  k;=
:2U" no*, fAe U"  ̂ o* - HoMLrHaJIbHoe Hanpfl)KeHue eos6yx4eHLIf l ,
a cxeMa c AByMs rpyn[aMz BeHTHJref i  -  npn rroBbrttrenHorl Kparuo-
cra $opcupoBaH us,  k :  (3  -+ 4)  U 

"  "o* .B cryqae He3aBHcHMoro eos6yx4eHufl  B r(aqecrBe HcroqHr.rKa
nHTaHHfl HcrloJlb3yercf l  BcnoMofarertHnft cHHXpoHHrrr i  reHeparop.
Ou pa3Meu{aercf l  B npocrpaHcrBe Mex(Ay nepxHefi  KpecroBlznofi  14
poropoM rJraBHoro reHeparopa (cna.  r , r r .  7) .  l Ip l lHqnnl raJrbHaf l  cxeMa
He3aBHcHtnroi i  cHcreMbr nos6yx{AeHHfl c o4nori  rpynnofi  neurulef i
noKasaHa Ha Puc.  l5-2.  VIe grofo pHcyHKa BHAHo,  r i ro  o6uorxa
nos6yx4eHr{ff  ruApofeHeparopa f nof lyrraer nHraHHe or rupucrop-
Horo BbInprMHTeJrf i  B I  .  Bos6yxAeHLIe BcroMof areJrbHoro cHHxpoH-
I{oro reHeparopa BCf ocyu{ecrBJlf lercf l  THpHcropHbrM BbrnpsN.{r{re-

D L I

Puc. 15-2. l lpuHquruaJrbHafi cxerua He-
3aBHcHMoro rr{pHcropHoro eos6yx<4e-
HHI ruAporeHeparopa c oAnoii rpynnofi

seHrurei i
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JreM 82, f loryr{arcu{HM nHTarrue oT BblBoAoB BcrloMoraTetr]rrofo fe-
Heparopa qepe3 rpa l lcoopMarop Tp.  Taxuv o6pasoivr ,  AJI f l  BCi IoMo-
raTeJrbHofo fer rcpaTopa r rpnMeHf leTcf l  cHcTeMa TI Ip l . rcrop l {o fo car \ {o-
Bo36ylKAeHHr. Tar<oi i  crroco6 Bo36yixAeinrf l  f lBJ' I f lercf l  o6stqHsru
B CHCTeMaX l l e3aB I {CHMOTO nOS6y)KAeHHt { .

B 4eyxrpyni loBofi  cxenre Bbrrrpf lMHreJru pa6oralor c pa3, ' IHqHbtMH
yf,'raMu ynpan"rr6Htrfl.. B HopMaJrbl{brx pe)KtrMax roK eos6yxAel{Hfl
npoxoAur  rJraBHbIM o6paeou qepe3 pa6ouylo rpynny eeurunef i .
B pexunaax QopcnpoBaHnfl  ror( nos6yx4el las, npoxoAur r lepe3 Qop-
cHpoBorrHyro rpynny eeHrHreft .

B 3aKJrroqeHue cJreAler KparKo paccMorpelb Bo3MolKHocrb npH-
MeHeHHrr 6eculeroqHbIX noe6ylHreneti  AJrr_ rHAporeHeparopoB.
B cBfl3H co 3HarIr.rreJrbrro MeHblr lef i  oxpyx<Hor? cKopocrt,Fo KoHTaKT-
Hbrx r {oneq ruAporeHeparopoB no cpaBHeHHIo c  ryp6oreHeparopaMH,
I{ Aa>Ke npn 3r{arruTe,qbHo 6o,rrurux pa3Mepax uleroqHo-KoHTaKT-
HO|O annapaTa f HApofeHepaTopoB, nepeAaqa ToKa r lepe3 cKo/Ib-
squ{Hr\ KoHTaKT He Bbr3brBaer 6o,'rt,urux TpyAHocreIi. Terr,r He MeHee
LrMeercfl psa cJryqaeB npuMeHeHr.rfl 6ecurerorlHblx eos6yAure"ueft Lt

AJrfl rLIApOfeHep aropoB.
@Hprr,Iu <<MuUy6HcH>> u <<Xutaqu>> (f nOHun) nlrno ilHr4JIu He-

cKoJrbKo raAporeHeparopoB c 6eculeroqHblMl4 AHoAHbIMH nos6ylu-
reJrrMH. @upua <<Alrcrou>> (@pauqraa) npl{MeHrer 6eculeroqHble
nos6ylureJln AJtf l  fuAporeHeparopoB KancyJlbHofo runa B cBfl3u
c 6o.uturerl TpyAHocrbro o6cryxnBaHnr. uleroqHo-KoHraKrHoro ail-
napara B TaKHX MatlrnHaX, a raK)Ke B cBfsu c npocToroft  pa3Meule-
H14fl, AIIOAOB HeIOCp€ACTBOHHO Ha CIHIIaX CpaBHI4T€JIL,HO MeA,' ieHHO

Bpaularculefocfl poropa.- 
OHpMa <<Axenepa.n S.rreKrpHK>> (CIIIA) BBe,'Ia B l97l r. B oKc-

uryararluro rpl{ r l{ApofeHeparopa MoqHocrblo no 142 xB'A Ka>K-
Asrir c qacroiort BpauIeHHfl 90 o6lwuw. 3ru reHeparopbl HMercr
6eculeror{Hyro rl{pncropHylo cncreMy nos6yx4eH?Ifl. TpexSasnHfi
nos6y.u,llreJrb c BpaqarculuMcfl flKopeM pa6oraer c nocroflHHblM Ha-
npflx(eHueM. Os lrMeer cr{creMy crarl,IqecKoro rupHcropl]oro caMo-
nos6yxaeHuq. Haqa.ntuoe nos6yx4eHue o6ecneql,IBaercq 3a cr{er
ocrarorlHoro HaMarHI,IrrvBalvfl, nos6ylurerq vrrr4 or craHlrnoHuofi
aKKyMyJrnropHofi 6arapeH. Vcrpoficreo ynpa.BJIeHHfl BpailIaercf
BMecre c rupucropHbrM 6roxolt. HanpxxeHue rKopfl nos6yAureJlf l
HCnOJrb3yeTCfl KaK onopHoe Hanpfl)Keqge u KaK HaIIpfl)KeHHe nl,lTa-
HHfl Arfl ycrpoficrna ynpaBJre*vrfl,. Vnpan"rreHl{e ocyilrecTBJlflercfl
c noMorrlbro Hanpflx(eHHf nocroflHHoro ToKa Ha BbIxoAe APB. Ann
caMoBos6yx4eHun rr AJIfl cBfl3LI APB c ycrpoficrBoM ynp aB,'IeHHfl
HcnoJrb3yrorcr KoHTaKTHbIe KoJIbIIa co uIerKaMH He6o"niluux pa3-
MepoB. Eecutero.rHHfi Tr.rpr{cropuuii eos6ylnreJlb LIMeer MoulHocrb
500 xBr, Hanpfix{eHlle 375 B vI qacrory BpauIeHHfl 90 o6lvuu.
B xaxAou nJrer{e rpex$asuofi uocrosofi cxeMbl coAep>Kllrcfl IIo qe-

rbrpe rupI{cropa. flontoparcu{eecfl Hanpfl)KeHI{e rl{pHcropoB
s 2,5 pasa npeBbrrxaer AeficrByloulee Harlpflx{eHl,Ie nKopr nos6yAtl-
reJrff. AJrq 3aulI{TbI TI{pI{cTopoB npl'IMeHflIorcff n"rlaBKue rlpeAoxpa-
HHreJrr{. OAnaxo B AaHHoru cflyr{ae orcyrcrByer BH3yaJIbI{afl IIJIH
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AHcTarrr1HoHr{af l  cHrHann3al l r . t f l  o croparrHr. t  npeAoxpanure"nef i .  Pc-
>Kr{M cpopcHpoBal{Hf l  o6ecne, l t4Baercf l  Aax{e I IpH Bbtxo/ te H3 crpof l
25 olo THpr.{cTOpoB. Bce crarrltrecKHe S.rrcMellrr,r nos6yrtu're"'rr,t toi i  cH-
creMbr  pa3Meu{arorc f l  B  u rNa$y pa3MepoM 2:100X915X9i5  nnv .

15-2.  OAHOrpynnOBAt CXEMA nPEOBPA3OBAHVI '
/

PacqerHaq cxeMa oAHorpynnoeoi : r  rpex$aerrof t  uocronoi i  cxeMl) l
npeo6pa3oBaHuq npHBeAeHa Ha pHc.  15-3.  3 lecn Bcf ioMorate l r ,ur t f i
cuHxpoHHlr r?  feHeparop npex,craBJleH 3AC €1-€s1 v  L IHAyKTHB-
HbrMr.r conporHBJreHVfl,MH X. ErO QaSHUe Harrpf l>KeHHfl O6OSHaqeIIbI
U1-Uut .  t r  lu4yxruBHocrb r r  oMrrqec l {oe conporLIBJIeHLie o6morxu

nos6yx4eHns ruAporeHeparop a -  L f  v  ry  Coor l tercrBeHHo.  Kax
BHAHo r.r3 przc. 15-3, oAHa I ioJIoBHHa THpHcTopoB HMeeT o6ur,ee 9, ' IeK-
TpuqecKoe coeAHHeHHe Ka-
TOAOB, a BTOpaf l , -  aHOAOB.
THpucropbl KaroRnofi  fp)tn-
NbI  I ]MCFOT HCqCTHbIE HOMC-

pa,  a  rupncropbi  asoAHoi t
rpyrrnbr - qerHble. Toxpt
eeHrirrei i  kr Hanpfl)KeHHr
Mex(Ay HX aHOAaMH V Ka-
'r 'oAaMH o60sHa.{eHH in rt
Un COOTBeTCTBeHHO, IAe
k : I
Bbrnpf lMJreHHoe Hanpf  )Ke-
HHe n cpeAHee 3HaqeHI, Ie
ToKa-Ua Lr Ia coorBer-
CTBCHHO.

Boruoeax AHarpaMMa
3AC Bc[oMofareJrbHoro re-
Heparopa a oqepeAHocrb
pa6oru rr lpucropoB noKa-
3aHbr H a pr4c. l5-4. Bxlrcqeuue BeHru.rrefi [poHcxoAI{T B MoMeHr
rtoAar{H HMrryJrbcoB Hanpflx(eHufl Ha ynpaBJlfltolqufi elexrPoA THpH-
cropa. Vro"n MelKAy roqxopl nepeceqeHuf KpHBL'Ix 3AC H MoMeHroM
nOAaqH ynpaBJIf IOUlefO Hanpf lXieHl l f l  Ha3blBaeTcf l  ) ' | , ' ION{ }r lp8B"le-
HHfl. o. C"rreAyer saMerrirb, riro roJrbKo nocJle AocrHX{eHIif l paBeH-

crBa 3AC craHoBrrrcf  Bo3MolKHbrM BK,rrrcr{eHue oqepeAHoro BeHTLIJI f l
w nepexoA roKa Ha Apyfyrc Qasy, c 66"ururuM Hanpfl>KeHHeM (no-
Jrox<HTeJrbHblrvr B xaroAHOfi Lr OTpHIIaTeJIbHbIM B aHOAsOfi rpynne).

Bo BpeMr repexoAa roKa c oAHoro BeurHJIf l  Ha Apyror?, HanpH-
Mep c BeHTHJTfl  1 Ha BeHTHJIb 3, npoucxoAur oAHoBpeMet{Hafl  pa6ora

AByX BeHTHJIef i ,  a cJIeAoBaTeJIbHo, BHeSa[HOe AByXSa3Hoe Kopor-
KOe 3aMbrr (aHHe BcrroMofaTeJrbHoro cHHXpoHHofo fe l {epaTopa.  Kar<
LT3BeCTHO, B STOM C,Tyqae CBepxnepexoAti l t f i  ToI{ paBeH

L sU6T7I6

Puc. l5-3. Pac,rernaq cxeMa rpexQasHoro
MOCTOBOTO Bblnpfl  MHTeJlf l

1{n 4 lel T n
r n  n o  E

l - t

x 4 *  x z n * 'L*xz
z -

2

,,

, t /
t  I P

,  \ v, \
r -

, l
U f

\ T

\ -  
' \

Li'G
l*., li' ..i

,'/ |

D i"q
U f r I

i  \  ' l'lto 
"'.r.1

T

t .

ir
ul-u ,o\r:
t \ +

\1 
i3 io l  u6

-Tf=- 
<- l\r

us -is 
i2 U2

UJIU I " :
2x
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I C I I H C

c oA-

I {a . r tb-

Tarcsu o6pasolut ,  sKBHBaJreHTHoe HI l / ty11114BIrOe COnpOTI. tB. r
BCnOMofareJrbr{ofo c14HXpoui loro reHepaTopa cocraBJl f ler

* : (r'u _y xr)lz.

Vro,r l ,  coorBercTByloqnfi  r ,nureJlbHocrn KoMMyrauHH ToKa
rroro Berr ruJr f l  r ra  Apyrof t ,  Ha3btBaercf l  y r loM KoMMyrauHH y.

Ve puc. 15-3 w l5-4 rrei locpcltcrtseHl{o crreAy}or TlnQQepenq
Hbre ypaBHeHHr.  rJ t t r  paccMarpuBaeuof i  cxeul t ,  a  t tMeHHo:

4r- Q :  xPis- xPir ;  
I

€1 -  €n r :  xPh*  2LU *  U  a i  I
i r *  i r :  I  d ,  )

P i s :
er t  -  e l

( r5-r)

( r5-2)

Prlc. l5-4. f locrpoenue xpnnofi QaeHoro roKa BcrroMorareJrbHofo cuHxpoHHoro
reHeparopa

rAe AU - rraAeHr{e Harrpfl)KeHnr Ha rupl{crope B rIpflMoM HanpaB-
J I C H H H .

Hs ypaBHeHHn (15-1)  Haxo luu

2x
r I er + eu - tt_!l_ 

_2L,U;U d :  
2

Ec.ul l  3a HarlaJro orcqera BpeMeHH npuHqrb MoMeHT, coorBer-
cTByroquft iraorraeHTy BKJIIOTIeHI,Ifl BeHTHJIfl 3, tO

€rr:8,, sin (r, * " + f) ;

€ r : E . s i n ( . t * " +  S ) ;
err r : E- cos (olf f a) .

(15-3)

3 1 0



'li*'ifff,
t.i:g:''.:t1:

f loc.ne noAcraHoBKH (15-3) B (15-2) no,ryuurr,l

IJ a - * U *cos (rol ]- a) ._ 2L(J;

i ? - :  -  4 3  E ^  
c o s ( c o l *  a ) * c .| ' - -  2x

f l p r -  a t : 0  r o x  i s : Q ,  n o 3 r o M y

ir:= f Te ̂  
[cos a- cos (ro/ -i- a)].

2x
I- lp, at:y ToK i t , :1d,,_3 cJIeAoBaTe,' lbHo,

,  4 3 E ^r  d :  [cos a -cos (06 + ?) ] .' 2 x

r t  3 a / 3  DL/ ,7 : -------:- r. [cos a f cos(a * T) ] - 2LU .* 2 n

(  I  5-4)

(  15-s)

(  15-6)

( r 5-8)

Cpeluee 3HaqeHHe Bbrnpf lMJleHHoro Hanpf lxeHuf l  Ao/ r )KHo onpe-
AeJrfrbcf l  3a OAHH noBTopfroulHftcq TIHKJT pa6orbr cxeMbr. B rpex-

Qasuori  N,Iocroeofi  cxeMe r,rMnyJrbcbr y[paBJreHr4fl  r ioAarorcr qepe3
xaxlue n/3 (pHc. l5-4) .  I loaroMy AJrHre, 'rbHocrb oAHoro IrHK,' ia co-
orBercrByer yr"try f i13. 3ror I{HKJr Ae, 'r l t rcf l  Ha ABe qacru: nepBar
qacrL,  coorBercrByer  HHrepBaJy BpeMeHH pa6oru seHrHaef i  I  H 2,
a  B ropa f l  qac rb -HHrepBa / ry  BpeMeHI l  pa6or t t  eeu rHne l i  l ,  2  v  3 .
Bo npeun pa6orbr  BeHru"r rer l  I  u2 s  coorBercrBr lu  c  puc.  l5-3 Hrv{eeM

(J 6.- et_ €tt- 2ll l  : lTn- sin ( d + d+ +)-znu . 05-7)f  " L  
\  3 )

3ro Harpf l>KeHue rrpuKraAblBaercq K o6uorxe nos6yx4eHnfl
B HHrepBaJre BpeMeHH, coorBercrByloueM yrny nl3-y.

MrHoeeHHoe BbrnpflMJreHHoe Hanpfl)KeHr.re Bo BpeMr KoMMyrar\Hr4
BbrqHcJrf lercf l  rro Qopuy"rre (15-4). l losroNly cpeAHee sHaqeHHe BbI-
npf MJreHr{ofo Ha np f x(eHHq

IJ a: 
t 

I t .lT E^sin (r,rl f a * -+) dt +x r l  , 1 ,  , " " l r n u r ^ r \ w ,  
'  

3  ) * "
L - l T - n , )

? 1
( ' 3 n

+ \  + E- cos(ar l*  a)dt  l -2LU,
d z  I

11iil4

LIs  paBeHcrB (15-6)  u  (15-B)  HaxoAHM ypaBHeHHe sHeurHer l  xa-
paKTepHcrHKH nos6ylure"nrsofi cucreMbI

f t  3 V 3  t r .  3
u  d :  r - .  C O S  q -  "  X I  a - 2 L U  .

J t ,  J L

( 1 5-e)

3lecr E* - aMnJ'rHTyAa 3AC, He HcKa>KeHHafl  KoN{r\,ryrauHoHHL,IM
npoqeccoM. 3ra 3AC qacro Ha3L,IBaercf l  pacuerHoft.  Oi ia B orJrH-
rrne or Hanpfl>KeHufl  feHeparopa f lBJrf iercf l  cHHycoHAaarnofi .  Vpae-
r {eHHn (  l5-6)  ,  (  15-B)  v  (  l5-9)  c i lpaBeArHBbr npr{  BHaqeHHsx yr ra
r{oMMyraqul i  Bnnorb Ao 1' :  n/3.

i 1 r



Cpe,r l r rec 3r raqeHHe Bbrnpf lMJrennoro Hanpt txet tHr  cTat toBHTcf l
rraH6o,rrr, trrHM B pe)r<HMe Sopcl lpoBarrr4f l .  i lpH yr. le ynpal lJIeHHlt
o=0. I- lpra yr, ' re ynpaBJreHVfl,  6o,trrueu f i12, cpeAHee 3t iaqeHHe Ua
noryqaercf l  orpuqare, ' rb l ibr r { .  t r4neer  Mecro raK Ha3btBaeuut i i  HHBep-
rOputr i i  pex<uu.  B 3TOM C,ry t tae 3JeKTpoMaTHLITI {af l  3 l IeprHf l ,  3ana-
CeHIIaf l  B Marnr{TI IoM no, ' Ie  o6uorx l {  poropa fnAporeHeparopa '  i lpe-
o6paayercn BcnoMorareJrbr- rbrM cHHXpoHrIbIM reHeparopoM B Mexa-
r rHrrecKyro Srrepr l r ro  Ha BaJy rHApoarperara.  f lpor lcxo l l ' IT  ra [ leHI{e
Mafr iHTHofo no, ' lg  fHApofeHeparopa.

Kpunan  QasAoro  roKa  Mo>Ker  6s t r r  noc rpoe t la  Ha .  oc t l oBe  ypaB-
neHar r  (15 -5 t .  Cnoco6  noc rpoeHHn oqeBHAeH H3  puc .  l 5 -4  H  He  rpe -
6yer AonoJIIrHTerr, t{bIX noqcHerlHfi  .

Kpunaa QasHoro roKa Mox{er  6st t r ,  pa3J lo}Ket ta  B ra .pMolJH(Ie-
cxuft  ps.q. Cl iaqana ylo6Ho ttpl4Hqrs ia: l  u naftrv '  xoarfQul lneHrbl
pa3Jrox{eHnfl ,  a BareM 4eitcreyroulue 3l{aqeHufl  rapMoHHrIecKHX co-
cTaBJrflrou{Hx ToKa.

nns ocHoBHorl rapMoHuqecxofi  cocraB", ' t f l Iouei i  B coorBercrBuu
c puc. l5-4 MolKHo onpeAe;Hrb c/rIeAyFouIHe xoaQSuUHeHrbI pa3"' Io-

>KCH Hfl:

1{ I2y -t- sin 2a- sin 2 (a f 1') l;Q L :
2n [cos or. - cos (a * V) ]

t ;
t  \ / , 5
b t :

JI

(15-10)

-  t -

c t : V  
" ? + b ? ;

tgqr :  
t

Qp

Kpranan $asuoro roKa rpexQasHofi raocroeoft cxeMbl qBrsercfl

KococprMuerpuvuofi. f loarouy roK 6yaer coAep>Karb ToJIbKo Heqer-
Hbre rapMoHr{qecKne. @oprray"rlrr lr.Jrr xoaSSuIrI4eHToB pa3nox{eHI4fl
Bbrc[Iux rapMoHHrIecKI4x rlopfAKa ft no"rryuaFoTcfl cneAyIoUHMH:

2  s in

[ft sin cr cos ka-

(a -l- y) cos (a * ?) -

( r5 - l  l )
bk

xk (k2 - l)  [cos ct - cos (a * l) ]
[ f t s i n ( " * y ) s i n k x

x (a  *V)- f t  s in  a  s in  ka*cos (a*  V)  cos& (a  *T)-

- cos a cos ftaJ;

tgqu : 
t

JI JI
k  

s  
s i n k V

xl T,
2 s i n  k -  s i n f t -

3 2

nk (k2- 1) [cos cr _- cos (a * V) ]

-ft sin (a * 1) cos k (a *?) -f sin ft

-s inf ta cos al ;

c u : V

3 1 2

a2r* b2ui



3uaHue ocnoeHoi i  rapMoHHqecxof i  ToKa I t  14 SasHoro yr ra  cpr
no3BoJr f le t  r rocrpourb BeKTOpHylo AnafpaMMy CHHXpoHHoro reHepa-
ropa,  pa6orarcurero Ha BbI [p f lMHreJ lbHyro Hafpy3Ky.  Peaxql l f l  t {Kopl
o[peAeJif lercf l  ocHoBHbIMH rapMOI{HqeCI(HMH CJqTOIHbIX TOKOB. Tax
r{aK Mex<Ay Hel{cKaxeHHofi ,  unH pacqerHol?, 3AC E u sanpfl)KeHneM
feHeparopa HMeeTcfl  naAeHHe rranpfl)KeHl4f l  B corIporHBJIeHHH X, TO
peaKrIHfl  f lKopfl  Mox(er 6nt,  yqreHa IIaAeHHSMH Hanps)KeHuq B co-

f lerlcrnyrcuue roKH paBHbr

I  1 , : .  
]U-  

t  o ,  rKe k : ' '  1 ,  5 ,  7 ,  I  l ,  13 .

npOTHBJIeHHflX Xa-X LI  Xq-X nO i lPO-

AoJIbHofi u i lorteper{Hofi ocflM Ma-
uIHHbr.  Vs BeKropHof i  AI{arpaMMbI
Mo)Ker 6nrr onpeAeJleHa 3AC E.
3uaHue eroft 3AC Heo6xoAI,IMo AJrfl
pacrrera KoMMyraqHoHHbIx npoqeccoB
14 XapaKTepHCTHK cHcreM He3aBI4CH-
MO|O BO36y)KAeHHfl.

Kpueaa MTHoBeHHbIX gHaqeHHf i

BblnpflMJIeHHO|O Harlpfl>KeHHq MOIKeT

6uri nocrpoeHa no QopnayrlaM ( 15-4)
H  (15 -7 ) .  Ha  puc .  15 -5  r aKoe  ro -
cTpoeHl{e BbITIOJIHeHO AIIfr o:60o 14

T:20". Kpuean rocrpoeHa B Ar4afia-
3oHe nl\. B LIHrepBarIe or 1y-n/3)
Ao 0 rIpHMeHeHa $opnayna ( 15-7) ,

Pr.rc. l5-5. f locrpoenue rpunofi
Bbr[pflMneHHoro Hanpff)KeHus, U a

r  115-12)

a B HHrepBaJIe or  0 Ao ?-SoPuY.na
(15-4). B cBr3H c rroBropfeMocrbro xpueofi QasHoro BbIrprMJIeH-
Hofo Hanpfl)KeHI,If qepe3 nl3 pe3yJlbrl'Ipyrcu1afl KpI{Baff BblnpflM.-
.rreHHoro Hanpflx(eHl{t 6yaer o6p asoe aHa 4s- yqacrKoB xpqn-og
B AganagoHe n/3,  noxasaHuof i  ua puc.  15-5.  Ha rou )Ke pl {c.  15-5
Irrrpgxoeofi nuHuefi o6o3HarreHo cpeAHee 3HarIeHHe BbIrIpflMJIeHHoro
Hanpfl)KeHufl {Ja, BbreI,IcJIeHHOe ilO QOpn'ry.rre (15-B).

MrHoseHHafl  aKTHBHaff  MoulHocrb BcnoMorareJlbHoro cI{HXpoH-

HOI .O feHepaTopa

P : U a i a ,

rAe ia-MrHoBeHsufi BbrnpflM.nessttf i  ToK. B cBfl3u c 6onturoft un-

AyKrHBHocrbIo o6uorxu noa6yx4eHl'Ifl fuAporeHeparop a i6=la. flo-
aiouy P:Uala, r. e. KpHBafl narHoeeHHoll MouIHocrH nponopquo-
HaJrbHa KpHBort  MrHoBeHHbrx suaqenlr f i  BbI[prMJIeHHofo Hal lpf lx<e-

HHfl (puc.^ 15-5). B pe3yJrbrare sroro sJleKrpouarsursltf i  MoMeHr
BcnoMorareJrbHofo reHeparopa noJlyqaercfl nyJlbcl{pytoull lM. Taxor?
MoMeHr Bbr3brBaer Br.r6parruro I{ illyMbl c qacrorofi 300 fq u Kpar-
HbrMr{ efi qacToraMr{. Bu6p ar\uv 14 oco6eHHo IIlyMbI noryr{_alorcfi
uau6o.nr[rrrMg B cr{cTeMax HesaBHcHMoro rupHcropHofo Bo36yx.u,e-

{l*"

o t o



HAA C noBbi r r reHr{brMH r (parHocTf lMH $opcHpoBaHHrr  nosdyx leHHr i .
3ro o6rscHqercrr pa6orori  l lblrrpf lMHTe,Tr B HopMaJrbr{oM pe}KHMe
c 6onruHM yrJror\{ ynpaBJrer.rHfl ,  t ITo npr.rBoAHT K rroBbrureirrrof i  nyJrb-
cauHH Bbrnpf lMJreHHOr-o Hanpf lKeHHf H 9neKTpoMafHr i rHofo Mo-
uenra. B oTHX ycJroBHflx MolKer oKa3arbcf l  Ue/ 'recoo6pasHr,rrvr npH-
MeHeHHe AByxrpynnosor? cxeMbl  npeo6pa3oBaHuf l ,  nueroulef i  cyu,e-
CTBeHHO Mer{b l r rHe [yJbcaI IHI I  SJIeKTpOMafr iHTHOfO MON,{eHTa r ]  IJOp-
r \4a.rrbrrbrx pelxr.rruax pa6orlr  cr lcrer\ i rbI l te:IaBIICI ' tMoro nos6yx<1eHVfl.

15-3. AByXf PynnOBAt CXEMA nPEOBPA3OBAH4[

flpnuqunrrailbHafl cxeMa AByxrpynnosofi rpexQasHori N,rocroeor?
cxeMbr noKa3aHa Ha pHc.  15-6.  PacnoloN<esnst i l  Ha Baxy ruApore-
Heparopa f BcrroMorare"r lHufi  cnHxpoHsuti  reHeparop BCf c" ' Iy-

8Cr
x(HT AJIf l  rrHTaHHfl AByx npeo6paso-
earere i r -pa6overo  P v  QopcHpo-
eoquoro @. Ans pacqera grori cxeMbl
I.rcnoJIb3oBaHbI c,'reAylouIHe o6osHa-
qeHLIfl | E*p, Eme, E* - aM[JILITyAbI
3AC pa6ouerl ,  QopcHponaHuoii  Lr
no.ugoft o6uorxu HcrorrHr4Ka ilHTaHVfl
(npu sroM rrpeA[oJrafaercf l ,  rrro Bce
3AC coBnaAaror  no Qase;  i t ,  .  .  . ,
io- roKH eeHrHnefi  pa6oueir rpyrnbl;
i r ' ,  .  .  . ,  ia '  -  ToKI{ eeurH,' Iel ' i  Sopcu-
poeo.lHoi i  rpyn[bl;  ur,  u6 - 06-
parHbre Harrpf l)KeHufl  BeHrHJreft  pa6o-
.refi fpyrtrlbr; Ltr" . . ., u6t - o6parHtre
Hanprx{eHufl  eeHrurer? $opcupoBoq-
nori fpyrrrrbr; Lt, r7- r4HAyKrHBHocrb

H conpornBJreHne o6uorxu eoe6ylKAeHnq cHHXpoHHoro reHeparopa.
llpex4e Bcero cJreAyer orMernrb, r{ro yfoJr yrrpaBJreuur Sopcu-

ponouuori rpynrrbr eeHrr.urefi He AoJrx(eH npeBbrrrrarb npeAeJrbHoro
3Har{eHHr og. np (pHc. l5-7), TaK KaK HHarre npH MaJroM yrJre ynpaB-
JreHHfl seurr-urefi pa6ouefi rpynnbr BeHrHJrr4 Qopcl.rpoeoquori rpynrbl
ue 6yayr BKJrloqarbcs.

l locxo.nlxy o6uorxa craropa BclroMorareJrbHoro cHHXpoHHoro
feHeparopa I4Meer ornai'rxr.r, x KoropblM noAKJrroqalorcfl BeHTH"TIH
pa6ouefi rpynrrbr, To yAo6Ho r{cnoJrb3oBarb AIrfl r{HAyKTHBHbIX co-
rrpornBJresnrl cJreAyrourue o6osHaqeHHfl'. xp - HHAyxrHBHoe conpo-
Tr.rBJreHHe pa6ouefi  qacrH o6uorxu, xQ - To x(e SopcupoeoqHoll
qacru, x- r{HAyKTHBHoe coi lporuBJreHue nonHoft o6uorxu (x}xp*
* x o ) .

B pe)KHMe SopcHpoBaHnfl  14 B HHBepropHoM pe)KI{Me pa6oraer
To,/ ' rbKo oAHa Qopcr.rpoBoqHafl  fpynna eeururei i .  f loarouy AatI arHX
pex{I{MoB ocraorcf l  c[paBeAJIHBbIMH Qopnny"r lrr ,  noryr{eHHble Bblure
AJrf l  oAr{orpynnonofi  rpexQasHofi  MocroBofi  cxeuu. B cessH c 3rHN{
seo6xoAl{Mo paccMorperb JIHIIb HopMa.nrurtf i  pex(HM, B KoropoM
oAr{oBpeMer{Ho pa6orarcr o6e rpynnbl eeHrHreft .

Q I A
u  l ' t

Puc. l5-6. f lpHHr{Hnr{aJrbHaff cxe-
Ma cucrerubr eos6yx<4euun
c AByMTI rpyfinaMH seHru"'reft



I - lpu cpaBHHTeJrbHo 6onrruou yr/ Ie ynpaBxer{Hfl  o,(rr  MeHbrreM,
OAIIaKo,  odr .np (pHc.  l5-7) ,  r {oMlvtyrau l l f l  ToKa c oAl {oro BeI{THJr f l  Ha
apyrori  ror i  )Ke Sasr,r 6yaer npoucxoAl{rb noA AeficrBHeM ue6o,rr-
utoi i  3AC ett t ,  rroKa3aHuorlr  IJa plrc. 15-7 3arlrpI{xoB?IlHbIM Y,la-
crr{oM. l loaron,ty ArHTeJrbrrocTb Kor\,rN,{yraIrHH l ioryqaercq 6orruroi i ,
H r{oMMyTaqr{f l  Mox(eT rre 3ariol{ t i l . rTbcrr r{  MoMel{Ty AocTI{ iKel lHfl
3AC e6 3HaqeHr{f l ,  paBrloro I Iy,r Iro. f loerovy B AaJIbl let lureu Mo}Ker
HsrrsTbcr{ o6parHr'r f i  nepexoA ToKa c BeHTr4, 'rr  4lopcupoeoqtrot i
rpynnbr  Ha BeHrr{ rb  pa6u, ,c i i  I 'pyr t i rbr .

AeficreHTer'rbuo, H3 pr4c. l5-7 BHAHo, qro rrocJre AocTH)KetIHfl
3AC Sasrr HyrreBoro 3Haqer{Hfl  orpHr{areJrbHafl  3AC pa6ouel i
rpyi lrrbr 6yaer MeHbrre orpHr{are"r lHor? 3AC SopcrzposoqHol?

Pric. l5-7. OnpeAe.neuue npeAeflbHoro yr*a oo.r, $opcuponoqsofi rpynrrbr tseH-
THJICH

rpyrrrrbr.  f lpe4noJraraercf l ,  tJTo o6parHufi  i lepexoA 3aBepnnTcq Ao
HarraJra oqepeAHofi  KoMMyrawrr4 BeHrHJrerl  pa6ouel i  rpynnu. B aroM
cryqae B Ter{eHHe AByx paccMorpeHHblx KoMMyTaIIHoHHbIX HHrep-
BaJroB $opcrnpoBorrHafl r{acrb o6tuorxu HcrorIHLIKa [HTaHLIfl 6yaer
uryHTHpoBaHa ctsoHM BeHTHJIeM. f lp" ycJIoBHH cra6u, ' l tHocrn 3AC
HCTOTIHHKA NHTAHlP-f l ,  VI AOCTATO'IHOfi  I {HAYI{THBHOCTI{ /qr BbINPflMJICH-

Hoe i{anps)KeHue AByxfpynnosotl  cxeMbI 6yler ral i i {N'I  xe, I iaK v
npH pa6ore roJrbKo oAsofi  pa6ouefi  rpynrbl.  f loarottay B AauHot\,{
cJryqae cnpaBeAJIHBbI Qoprraynu, noIyrIeHHbIe BbIIUe Ailfl rpexQas-
nofi MocroBofi cxeuu. VInlynrLIBHoe conporHBJIeHI{e npl4 oroM Ao"{-
xHo 6urt rrpuHflTo paBHbIM xp, 3 g. A. c. Ep.

B coorBercrBr{H c pHc. 15-6 Lr 15-7 nns paccN{arpr{Baer\{oro pe-
)K I IMA HMCCIU

x 6 7 i ' t : E n 6 s i n o l f ,

i ' r :  -.  E*P -cos ol l  f  c' x 6

orr{yAa
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H npn  0 ) l : f i 16*aq ,  l oK  i1 t :0 .  f l os roMy

id, : t', : 
#l*' ( @o -F 

+) 
-- cos ('t * do *

i r :  I  a - i ; .

B cooreercfsHl l  c  cncreMof i  ypasHeHHI l  (15-13)  Moryr  6 l t r I ,  no-

crpoetlbl  KpHBbIe roKoB h u i t '  sbHru"trei i  Sopcl{poBotIHoit '  u pa6ouen

.pynn (p"^..  l5-p) .  Vrol KoMMyTaIIHH rlpu nepexoAe roKa c Qopc-t i-
poeouHoir rpyrr lbl  Ha Pa6o-
qyrc  o6oguaqeu Yo.p,  2  y fon
KoMMyraIrHH rlpu o6ParHovt
nepexoAe  Yp .o .  B  AaHHoM
Cr' lyqae 3TH yrJIbI OAI'IHaI{OBbI'

Ve puc.  l5-6 cJIeAYer,qro
roK n 

-pa6ouef i  
qacru o6-

M O T K H

+)l  
]  

( ,b,3)

1 -

p i t +  i ' t ,

T. e. TOK Lp fBJIf leTCfl CyM-

MapHbIM ToKoM seuruneft
o6oux npeo6pasosarerel?
(p"c .  l5 -B)  .  Kpunan Sas '
HOfO TOKa KOCOCI ' IMMerpHrI -
Hafl. l loarouy rJrfl noJIYqe-
HHfl, noJIHbIX KPHBbIX $asnrtx
roKoB B $opcupoeo'IHofi  vr
pa6ouefi  qacrf lx o6uorox ue-
o6xoAuuo nocri loHrr 3eP-
KaJrbHbIe uso6paxeHlaf i  KPH-
BbIx roKoe f6 u i, u cMecruTb
Lrx Ha 180". llo.nyueHHlte
KpHBbIe 6yayr KpHBbIMH Sas-
Hbrx ToKoB Bo BTOpOM IIOJIy-
nepHoAe.

Kpunan U'a Mo>Ker 6url
r rocrpoeHa I Ia  ocHoBe 3a-

uIrpHxoBaHHbIx TIJIoII{aAoK BoJIHoeofi  AnarpaMMbI 3AC (pHc. 15-8).
Ha.raro noJrHoro nepexoAa roKa c BeHTHJIS pa6o.Ieli fpyrnbl H_a

BeHrHJrb SopcupoeoqHol? H o6parHo 6yAer rorAa, KorAa i*-- Io
npu n l6*ao*yp.0: r r .  I4s nnpaxeHuf t  (15-13)  HaxoAI ' IM ycr loBue
cyqecTBoBaHHfl npeAeJrbHofo pexnMa, a I{MerlHo

_  (  - * \ _ x 6 t a  _ 1 .cos ( \ c r * . r - f  
6  ) : i ;

rAe OS.r -  tpaHH.IHlrf t  yrO,' I  y[paBJIeHHfl eeHrH,' Ief i  QOpCupOeQ'lHOli
fpynnbr.

J l t l

Puc. l5-8. PexuM c HenorIHbIM nepexoAoM
TOKOB

L m -  L i



f lpnHuruax Bo BHHMaHHe ypaBHeHHq (15-  l3)  ,  Mox{eM uai t rvr
cpeAHee 3HarIeHHe Br,rnpf lMJreHHoro roKa QopcHpoeo.rHol? rpynnbr:

l aq, f '" '(oo*+)-
Et - n t @

.)r0

? p .  6. P ,

\
J
0

= = 2  3
Jl"

+) l-cos (r t  * .t -l-* o i do t .

Tax xar  0$:  5  n l6-yp.  dr ,  To

J a6 + -I:y(sin yo. o - Tp. s cos yp o).JI x6

B cooreercrBHH c (15-13)  aMn.r r l { ryAa roKa BeHrHr ' re l ' r  Qopcupo-
BOrrHOtr rpynrrbl

I , n6 : i + ( l - cos fp .6 ) .
x6

OcHoeuas rapMoHlr r recKaf l  ToKa pa-
6oqeft qacrn o6uorxu paccr{HTbrBaercf l
no Qoprvrynau ( l5- l0) .

! ,a.rree onpeAeJrf leM ocHoBHyro rap-
MoHHtrecKyro ToKa $opcuposo.{Horl  qa-
crl{  o6uolxu. l IpHHHuan HoBoe Har{af io
orcqera BpeMeHlI fr-yp. 6 { co/{n *
* yp. s, HB BbIp axesHfi  (  15- l3) HaxoAr{M

i i : i ' : -  
I m 6  

XI  Q  l - c o s Y p . o

X (cos Tp. s f cos orl).

TorAa

kITE tay

A -  2  Imf i
a a r  E'  t r  l _ c o s ? p . 6

0
(cos yo. o * cos cof) cos at dat

0

t la

Puc. l5-9.  Bexropuar Ava-
rpaMMa Hanpffx{eHnfi scnoruo-
faTeJrbHoro cHHxpoHHofo re-
Heparopa c AByMrr napaJr-
JreJrbHo BKJrroqeHHbrMH fpyII-

IIAMI,I SEUTHTCfi
a * ? p .

rz

\
J

3r_Tp.

14J7T4

A , :

Tar  KaK Br :0 ,  ro  / rO:  A l {  Z ;  q , * :n12.
BeNropuan LnarpaMMa Hanpqx(eHnft BcrroMorareJrbHoro reHepa-

ropa c AByMfl rpynnaMu seHrr.urefi noKa3aHa Ha pHc. 15-9. B sroft
AHafpaMMe AeficrBue Qopcuponouuofi qacru o6uorxr{ yrrHrbrBaercq
peaKr{Hefi flKopfl. Ecru o6osuaquu orHorlreHne r{HceJr BHTKoB IIoJI-
Hoft o6naorxu K rrucny BHTKoB pa6ovefi qacru o6ir,torxu qepe3 k,
ro MAC SopcHpoBorrHofi qacrn co3Aaer n pa6over:r qacrH o6Morri l{
3,[ ,C, paBHyIo k l16xsq, fAe xaQ- HHAYXTHBHOe COnpOTHBJIeI tHe pe-
aKTIHH f lKOpf i  nO nonepeurror l  ocH AJrf l  pa6oueft  qacrH o6uorr<u.

" i*m(v' 
--+sinYo 6)

lp(cq- tp)
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f lpu yrJrax yttpaBfletIHn orfr(orfr .  r  6ynyr pe]KHMbr pa6orr,r
c  r ro , r r rbrM r repexo4oM ToKa c ncr ITH,n l l  pa6o.re i r  r l )ynnl ) r  I ra  BenrH.nb

Sopcuponoqrro i i  rpyr r r rbr .  Taxse pelKHMbt  paccMorpeHlJ B pa6ore
[14] .  OAHar io  npH TaKr. {x  pe)KrrMax HMetor  Mecro I IoBbuI leHI Ibre r ro-
TepH Bo BcrroMorarcr rbr roM re l leparope I {3- :Ja 6onstunx ror {oB B Oop-
cr . rpoeourror l  r racrH o6nrornu.  I IoaroMy pc i ' I {HM pa6orst  6es no, rHoro
nepeXOAa TOI{OB tB, ' IqeTCq I Ipe! ,nOrlTHTer ' Ib l {b lM ^i ln CI{CTeM TI ' IpH-
cropr ro fo  HC3aBHCT{Mofo  no :6yxae l r I {s .  A" t iq  raKofo  pe)KL{Ma c l ipa-
BeA"r rHBL, r  Qopvry r r , l ,  r roJryqer r r {b re  Bbt [ te  npH paccMorpeHHH oAI lo -
rpyf lnoeoi i  cxeMbr.  Oanar(o Br, tecro Em,,  x,  a H y cneAyer Llcnorb3o-
BaTb Emp,  fp ,  Op H Yp COOTB€TCTBeI {HO.

D,nn pacqera I ra l tpf l ]KeHHu H ToKoB B AByxrpynnoeot: i  cxeMe
B HopMa"r rbHoM pex{HMe,  a  ra r i )Ke B pe}hr lMax QopcupoBaHut l  L r  L IH-
BeprHpoBarrf l .  r {eo6xoAr.rMo 3Harb HHAyKTIIBHbIe conporHB,teI{ul
BcrroMorareJrbHoro reHeparopa. B pa6ore [4]  noxasaHo, qro

xp :  x l k r ;

k 2 1 - k

2

11pz 1_ l lk
(15 -14)

k , :

3Aect x - rrHLyKTHBHoe coi lporHBJreHHe nonuoi i  o6naorxu, paBHoe
x: (xd" + x2) 12.

Bo BpeMfl oAHoBperraessort pa6oru BeHrur' Ief i  QopcupoBoqHoft v,
pa6oueri  rpynn SopclzpoBoqHafl  qacrb o6uorxH 3aML,IKaercf l  HaKo-
porKo. B pesyJrr,rare noryr{aercf l  oAHoSa3Hoe KoporKoe 3aMbIKa-
HHe. llogrolav

-  * ;+  x2*  xs

3ku

rAe ft" ' onpeAeJrflercfl rro Soprvry"rre (15-14), Ho BMecro ft noAcraB-
rrnercn kl (k-l).

Pacqer roKoB H r{a[pr>xeHnfi  Arf l  pex{HMa c rIoJrHbIM i lepexoAoM
roKoB c BeHrn, 'reft  pa6ouefi  rpynrbl Ha BeHTLIJIH QopcuposoqHoft
rpynrrbr H3, 'ro>KeH B pa6ore t l4].  Onpe4eneHlle rapMoHHrIecKLIX co-
craBJrf lFoulr{x QasHux roKoB u nocrpoeHue nerropHofi  AI4arpaMMbI
BCnOMOf areJrbHofo cLIHXpOHHO|O feHeparopa BbI[o./ ' lHel{bI B pa-
6ore t201.

Ans coBMecruoft pa6orur APB H npeo6pa3oBareJrf l  Bax{Hoe 3Ha-
I ICHHC HMCCT PCTYJI I {POBOqHAf l  XAPAKTCPI ICTI , {KA,  NPEACTABJI f l IOUIA '

co6ofi  3aBucr4Mocrb cpeAHero 3HaqeHufl  BbrrrpffMJreHHoro Hafipf lx{e-
Hr4fl. ua OT HanpflX(eHHfl yrpaBJreHHfl uro, (eltxo4Hoe Hanpsx{e-
n H e  A P B ) .

nls o6ecneqeHHfl.ycroriuunofi  pa6oru cplcreMbI aBroMarl lqe-
cKofo pefyJrHpoBaHHfl 3aBr.rcHMocTb BblnpflMJreHHofo Hanpfl)KeHHfl

3 1 8
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,3
{ oT Hanpsxet tHt  BxoAa ApB AoJI )KI Ia  6ut ru  6. ' tHsxa x  'nuHef iuo i r  npH

OTKJ1roqent4H o6paruux cBt l3ef t .  f lonyuel {He raxoi t  XapaKrepr ICr I r l (H

AJIf l  AByxrpynnonoi i  CxeMbI npeo6pa:onaHHfl cBfl3aHO co 3HarIHTe"' ' Ib-

I{bIMH TpyA'oc;o*".  l loarorury lrn o6.nerteHllq HaxaAoqHblx pa60r

UeJIecOo6;a3Ho 3apaHee BbIno, r I l IHrb pact ler  yKa3at t t to t l  XapaKrep ' -

cThKt { .
B  rHpHcTOpHbrx  cHcreMax  sos6y )KAeHHt t  fH^po feHeparopoB I I JH-

pOKO I {C I IOJ Ib3ye rcn  BepTHKa, l r , t t t , t t i  np l lHUHn y I IpaB ' re l lH t {  C  ap l i l { o -

c l lHycHox  3aB t l cHN{OCTb}O I I i l , { l I y ' I bcoB  ) ;npaBne} I t I n  oT  y f " ' l  a  . v i I paB-

J reHHf l  THpHCTOpOB.
vrnu ynpasrenHs pa6ouefi  vr QopcHpoBorIHol i  fpyi ln BeHrrlr ' leH

/loJIx(HbI Ootio esr6paHbj TaKLIM o6pasorr 'r ,  qro6bi K MoMellry non-

HOfo OTI(pbITIIf l BeHTHJIeI{ pa6O'Iefi rpynnH BbInptIl\ '{JIeHHbIIi ToK rIoJI-

Hocrblo rpoxoAHJI r{epe3 BeHrH,r lH QopcHpoBoqt- lo i l  rpyt l r lb l '  B sroM

c, lyqae pefyJrHpoBoqHaf l  xapaKrepHcrI IK. .? npeo6pa3oBaTeJIf l  ua:

:i(Uy"e) 6y4er cocroflrb I43 AByx JIHHefIHbIX yqacrKoB c pa3HbIMH

HaKJroHaMH. 3a cqer I , l3MeHeHI4f l  xoaQQuI{HeHTa ycHJIeHI{ f l  peryJl f l -

ropa ilo KaHarly. Bo3AeficrBI4s Ha sopcupoBor{Hyro tpy11y-..Y3T.1"

I{3MeHHTb HaKJIOH COOTBeTCTByIouIeTo yqacTKa p-efyJIHpOBOtIHOH Xa-

paKTepH.THKH I,I ,  cJIeAoBaTeJIbHo' no,"Iyt{HTb npI{6'trHsureJIbHo JII{HeiI-

Hylo xapaKrepHcrHKy.
B ocHoBy Pacr{era

3OBareJIfl Moryr 6url
CXCMbI .

pefvJrHpoBorlHol i  xapaKrepHcrHKH i lpeo6pa-

[or'o*6"ot Sopnay.rltr Arq AByxrpynnoeoft

I 5-4. nEPEXOAHbIE nPouEccbl
TVilPV|CTOPHON BO36y AVlTEnbHon chcTEMbl

f . rasHHe rpyAHocrH B pacqere nepexoAHblx I lpoqeccoB rI ' IApo-

reHepaTopa c He3aBHcHMoft cucTeMofi  eos6yxAeHl{f l  cocToflT'  Bo-[ep-

Bbrx, B TOM, qTO B CXeMe HMeeTCf CUHxpOuHbIf i  reHepaTop' pa6o-

Taroglr4ir Ha BbInpflMI{TeJIbHyIO Harpysr{f, vr, BO-BTOpbIX, B TOM' qTO

n p u x o A H T c q p a c c I I H T b I B a T b K a c K a A H y I o c H c T e M y ' c o c T o f l U l y 0 I r 1 3
A B y X c H H X p o H H b I X M a u I I , I F I c I { X p e f y J l f l T o p a M H I . I T H p H c T o p H b I M H B b I -
npflMHTeJIflMI',t.

HaH6onbll lHfi I{HTepec npeAcTaBJIfl}or f lepeXoAHbIe 11poqeccbl'

npoHcxoAfulHe Bo BpeMfl  sopcl lpoBaHnf l  BO36.V)KAeHI ' I f l  LI  BO BpeMf

raf i reHHfl  MarHHTHoro noJff  fgAporeHeparopa. B nepBoN' l  cryqae

APB nepeBoAl l r  THpI4cropHbI i I  nnnplrranreJlb ruApofeHeparopa Ha

pa6cry c yrJrorvr ynpaBJreHHfl o=0. Qepe3 0,01-0,02 c Ha o6uorxe

ios6yxaeHux rgAporeHeparopa rloflBJlflercfi npeAeJlbHoe HaIIpfl>Ke-

HHe, nOA BO3AefiCreHeM KOTOporo TOK BO36y)KAeHHfl yBeJII4tIHBaeTCfl

odi iuno"ao I)=2lano*. Ec.nu cHcreMa Bo36V)KAeHHrr r4Meer noBbl-

rrreHHyCI *puln*io^- $opcHpoBaH14fl eos6yx.u'eHHf (k:3 -=- 4) ' ro

nocr ' Ie Aocrux;Hug roxa Ia=2 Iason HacrynHT pe)Kj{M ofpaHHqeHI{t{

"o*, 
uoaOyxe;; i ; ; .  3ro- AocrHfaercn c noMoru'blo 6rloKa orpal l l lqe-

HHrr  roKa p" ; ;p ;  (BOP),  HMerculeroct l  B APB.  Or- I  yBenr iq 'Baer

yfoJr ynpaBJIeHHf (I  AO TaKofo 3Harlel l l { f i '  npH I{OTOpOM cpeAHee

3HarreHHe BbInpflMJIeHHOTO Ha[pg)KeHHfl i lolyqaeTcfl  paBHbIM',[By-

1 r Q



KparHoft BeJrnqr.rHe. Boa6yaHre,tbHbte cucreMbt AonlKHbl BbtAepx{H-
Barr r  4nyxparr rnr r i  r roMHlrar rssr i i  ToK nos6yx4et l i f l  B reqeHHe r re
Merree 50 c AJrrr Ma[ru]r c KocBerIHor"I cncreuoi i  o.xaa]KAeHufl  H He
MeHee 20 c  Lns fuAporet {eparopoB c QopcHpoBat tHbIM Bo3Ayl l lHL, IM
oxxalKAer{HeM o6naorxH poropa.

faruelrue MarHHTHoro rro/Tf l  ruAporeHeparopa Aocrl{raercf l  3a
cqer rrepeBoAa BbInpsMLIreJIf l  B HHBepropusl lZ pex{l lM. nnn saa6olee
ur{Ter{cuBr{oro ratrel lnf l  I Io, ' I f l  yroJ yrtpaBJIeHHtt t t  Aon)KeH 6urt
MaKcHMa/ ' rbHbIM.  OAHaxo npn yr / ' Ie  y i lpaBJieHHq u) f i -Y LIHBepTOp-
uslf i  pe)KHM l{apynaercf l .  B sroM cnyqae rol{ o6uorrH eos6yxAe-
HI4f l  3aMbrKaeTcfl  qepeS THpHcTopbI naocroeofi  cxeMbI, MHHyfl  Bcrlo-
MorareJrtHtrf i  cHHXpoHuufi  reHeparop. f loeronay raueHHe nor' l f l
6yaer npoucxoAr4Tb MeAreHHo, c rocrosHHoii  BpeMeHH o6lraorxH Bo3-
6yx4euHx. B cBfl3u c srtrM Heo6xoAuirao HMerb ueroroprtfi yroJl
3ar laca 6.  Tor la  omax: t [ -y-6.

Hapngy c i lepexoAHblMn npoqeccaMl4 npH 6o.nrurux orKJIoHe-
HI{ f lX  BA>KHOC 3HAI ICHHC HMCIOT NPOqCCCbI  NPH MAJIb IX OTKJIOHCHHf lX

or ycraHoBr4Brxerocs pe>Kr-rMa. Taxue npoqeccbl paccrluTblBalorcfl,
B I{ACTHOCTH, NPH I,ICC,'ICAOBAHHW YCTOfiUUBOCTH CHCTCMbI PCIYJIHPO'
BaHHfl eos6yx4eHr{f l .  Huxe paccMorpeHbl oco6euHocru [epexoAHblx
npoUeccoB B cHcTeMaX eos6yxgeHufl  Lr peryJlI , IpoBaHHt KaK npH
6b.rrrruHx, TaK v npu MaJrbrx orKJroHeHnflx Ha[pflxeuuit, ToKoB Ll
yfJroB or HX sHa.IeHHI? B ycTaHoBHBIrIHxcf l  pexnMax pa6oru. Tax
KaK B pe)Kr.rMax QopcrapoBaHr{fl r{ raIUeHLIfl IIoJIfl B AByxfpynfioBofi
cxeMe pa6oraer roJIbKo oAHa QopcupoBoqHafl rpynila BeHrI'IJIefi, to
B OCHOBy paCCMOrpeHHq rrepexoAHblx llpoqeccoB IIOJIOX(eHa OAHO-
rpyrrroBafl  cxeMa npeo6pasoB arvr- .

Ec.nu HcKJrror{HTb BJrI,rflHHe 4err,rnQepuofi cHcreMbI BctIoMora-
TeJrbHofo cHHxpoHHofo reHepaTopa Ha IIpoTeKaHHe nepexoAHblx npo-

ueccoB B HeM ,r, KpoMe Toro, He yqHTbIBaTb aIIepHOAHqeCKHe TOKI'I
B craropHofi o6vrorKe, fiorBJrflrouluecfl npfl BHe3anHblx I{3MeHeHI'Iflx
pex(HMa, To B ocHoBy pacqeTa f iepexoAHblx npoqeccoB BcnoMofa-
TeJrbHofo feHeparopa Mo)KHo IIOJIOX{HTb BeKropHyIO AHarpaMMy.
L.ns ilonepequoft ocH MaIrII,tHbI HMeeM

E sin 0 : (rc- x) I t cos (0 * gr),

AJrfl npoAolruofi ocu HaxoAI{M

vp a ou eH,^ ?,;113 ; I'f- ;l'#li J: ;."J3 
-,{;:!"i,;".0 

on o,-l' H:l
nuUax. B KaqecrBe 6agHcHHX ToKa io Lr Hanpflx(eHHfl Ua o6naorru
craropa npr.rHflTbr aMrrJrr{TyAHbIe 3HaqeHl{fl HoMHHaJIbHbIX SasHux
ToKa v Hanpfl>KeHufl ,  a B Kar{ecrBe 6agucHoro roKa o6iraorxu Bo3-
6yx4eHun fru - raxofi ToK, xoroprtr? co3AaeT uarHurHstfi noToK'
r{HAyr<rupyrouruft B xaxAort $ase reHeparopa ilpH xo,'IocroM xoAe
3AC c aM[JIHTyAHbIM 3HarIeHI'IeM xq6i6. floerorrny

i i  :  i / i ru,

rAe i .y -  rox o6uorKn noe6yx4eHuq BcnoMorareJ lbHoro re l leparopa
B aMnepax .
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Arq o6uorxH noa6yx4eHHfl  6es yuera HacblureHHr H.I IH c HeH3-
MeHHbrr,r  Hacbrr .ueHHeM MarHurHof i  l {enH cnpaBeAjtHBo c, ' IeAyCIuee
p a B e H c T B o :

d i r  ,  , *  : o A r / *  d / , s i n ( 0 : q r )  r r "xf : f f i  + r /1 r2LIJ too-07-Ui.  (15- l7t

B coornercrBHr4 c  npuHnro l i  cHcrenro i i  orHocHTe"r lb l tb tx  e j ln l {uu

.  u  ,  :  I lI I O  -  ^  R r L o ,  U f  o' z ^ t

3kir2

fAe

h
Itp - -

ka4tatk q1 IJa
i  l ' o :

, -e o2pa,

f loarorvty npHBeAeHI{e BeTH.IHH o6l lorxu Bo36y)KAeHHfl K cTa-
roprroir o6uorxe BbrnoJrHflercq cJIeAyIou{HM o6pa3oM:

I l ; '  : IJ i l lJ i o; L[J. : L,U lu t o; xf : alslrl oi r: tsslr1 o,

f le U1- CpeAHee 3HarIeHHe BbInpsM./ ' IeHHOTO Hanpsx(eHl ' I t ,  npH.no-
)KeHHoro K o6uorxe Bo36yxAeHuff  BcnoMorareJrbHoro reHeparopa;
I t ,  r i j  -  r {HAyKTHBHOCTb H OMHqeCKOe COnpOTHBJTeHHe O6VOrr iU BO3-
6) 'xAeHHfl  BcnoMorareJlbHoro reHeparopa.

VpaeHeuun (15-12)-(15-14) no3Bolnlor  paccqurarb nepexor,-
Htri i  npoqecc BcnoMoraTe,'tbHoro cHHXpoHHoro reHeparopa. C"rre.ayet
HMCTb B BHAY, I ITO TAKOfI PACqCT AOJI}KCH BbITIOJIHSTbCfl  COBMCCTHO

c pacqeToM [IepexoAHofo npoqecca fHApofeHepaTopa, a TaKlKe
c yqeroM AeftcrBHff APB r/raBHoro H BcnoMorareJlbHoro reHeparo-
poB. APB rnaBHoro reHeparopa r{3Mer{f ler yroJr ynpaBneHLIq o Bbt-
npqMHreJrff  B l leru BO36yx(AeHHfl rHAporeHepaTopa, a cJIeAoBa-
Te,qbHo, yrJloBorl  cABHf er craropHblX ToKoB I I  no orHoureHnlo
x 3AC E. APB BcrroMorare,rrbHoro reHeparopa H3MeHfler 3HaqeHne
Hanpqx{eHHfl Bo36yx(AeHHf U1 BcnoMofareJlbHoro reHeparopa.

B cBfl3u co cJIoX(HocTbIo pacrleroB [epeXoAHbIX npoqeccoB pac-
cMarpr{BaeMori KacKaAHofi  sJreKTpoMafHHTHofi  cucreMbl LIx }Ao6uo
BbIno.rrHgrb r{HcJreHHbIM MeroAoM. If,e"rrecoo6pa3Ho LIcno,'Ib3oBarb
Ar'1fl 3rHX UeJrefi 3BM.

C"ro>xsocrn H3yr{eHHfl nepexoAHblx npoqeccoB BcnoN{orare"rtb-
HO|O reHepaTopa Bbr3BaHa f, ' raBHbrM o6pasovt BJIHflHLIeM peaKqHH
sKopq. OAnaxo Bo BpeMff rrepexoAHbrx npoqeccoB ee BJII{ f lHHe no
npoAo"rrbHofi ocu B 3Haqr{TeJrbHofi Mepe KoMlleHcl{pyercfl cBo6oA-
Hbrr\,rr{ ToKaMH B o6laotxe nos6yxAeHHfl H 4eficrnneu peryJlflTopa
nos6y>x4eHtrr BcnoMorareJrbHoro reHeparopa. f loeroHly npH6,-rH-
x{eHHo MoxHo crrHTarb, r{To nepexoAHas 3AC E n' ocraercf l  Bo
Bpervrf l  nepexoAHoro npoqecca HeH3MeHHofi.  Aa"nt i lefturee Aonyqe-
HHe Mo>Ker cocrof lTb B npHHflTHH E:conSt'  Torla Bcnol ' IorareJlb-
Htrr i  reHeparop 6y.U,er Hcror{HHKoM c HeH3MeHHoft 3AC E 14 BHyr-
peHHtr\{ conporHBJIeHI,IeM x. l lpu srHX ycnoBuflX pacrler nepexoA-
Hbrx npoqeccoB He3aBHcHMOfo AOS6yXleHHf l  CTaHOBHTCf l  OqeHb
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npocrbrM. , I I ,nq Heycrat{oBHBlr lerocf l  pex{HMa HMeeM B cHcrel\ ' {e eAH-
H Hq CI4

t  d t  a  l 3  ,  - \  |  - 3 4 3 - ru y  3 - f  l  
- -  

x * r r l t a : - - - - - - : - - i n ' c o s a  2 L U ,  ( 1 5 - 1 8 )
d t  \ n  *  

n

f . I .e  L t  -  HHAyKrr . rBr {ocrb  o6vorxH Bo36yx{Ae l lH f l  fH : lPoreHeparopa.

I4s  nocreAHero  paBeHcrBa BHAHo,  t ITo  I Ioc ro f lHHaf  BpeMel { l ' i  Ue i lH
eoa6yx leHl l r

'r
r  d o -

Ha,rHr{He HHAyKTHBHbTx cottporHBret i t4 l l  r t  nporeKaHne no HHNI

TOKOB ITpHBOAHT K CHH)KeHHIO CpeAHefo  3Har IeHHs Bb l i IpqMJeHI Io fo

Harpf l )KeHHrr.  f loarovy UHAyKTLIBHoe cof iporHBr ' leHHe BcttoMora-

TeJrbHoro  reHepaTopa cyMMupyeTcf l  He reoMeTpnqecKH,  a  apuQue-

THqecKH c oMHqecKHM conpoTHBJIeHI ' IeM o6MorKH Bo36yX(AeHIl f l .

Ec"nu  cTe[eHb HacbIUIeHHn uarnurso f i  UenH rHAporeHeparopa

B npouecce nepexoAHofo I IpOqeCCa H3MeHfleTCfl '  TO B KaqeCTBe HH-

J,yKTHBHocrH Ly cne[yer npHHHMarb MrHoBeHHoe 3HaqeHxe 3KBI ' iBa-

.reHrnof i  HHAyKTHBHocTH o6uorxu Bo36yx{AeHHq. B 3roM cryqae

seo6xoluuo HMerb 3aBl4cuMocrb MrHoBeHHoro 3Har{eHHfl  HHAyI{THB-

Hocru  or  roKa.  TorAa ypaBHeHHe (15-18)  Mo>Ker  6 l t r l  rPeAcras-

JCHO B BI4,ITC

L S

, J
r t  4_ -  y

IT

dla ^ l;-
J l J

E-  cos  d -
dt it

Lrn \l o)

*) , r--2^(J , (15-1e)

rAe Lrn - MrHoBeHHoe 3HatreHne aKBI{BaleHruofi  HHAyKTHBHOCTH.
Vpaeueurae (15-19) lAo6Ho p€rnf l16 TIHcJIeHHbIM Mero.r.oM. B sx-

eHeareHrHofi HHAyKTHBHocTH B o6ueru cryqae yqnTblBaercq BJtr4fl,-

HIle o6uoTKH cTaropa LI AeMnQepuOft o6uorxu. SxeusaJleHrHafl  HH-

AyKTHBHocrb 6yaer^ trpH gTona 
-naur"reHrurefi 

IIpH KoporKo3altxHyroit
o6uorxe craropa.

f lpH 6onee roqnbrx pacqerax ycraHoBHBll IHXcfl  v nepexoAHblx

p.*"tou pa6ortr cXeM c BblnpqMHTeJIf lMH I lenecoo6pasuo yqn-rbl-

Barb aKrHBHbIe corpoTl{BJleHufl  I lenefi  nepeMeHHoro roKa fPeo.6pa-
3oBareJrefi, a raKx(e coflporuBreHnq coeAI,IHI'ITeJIbHbIX xa6erefr Ha

CTopOHe nepeMeHHoro H nOgTOnHHOTO TOKa. .COnpOTHBJIeHHfl xa6e-

n.f i  
"u 

cropoHe nocrof lHHofo rbxa MoryT 6url  Ao6aBIeHbI K co-

nporHBJreHHro o6uorxu Bo36yx(AeHHn, a conporgB,, ' IeHHn Na6elefr

Ha cTOpOHe nepeMeHHoro TOKa __ x Qa3HbIM cOIIpoTHB:rlgHHqM Bcno-

MorarenbHoro ie"eparopa. B coorBercrBul l  c pa6orori  [20] Ars yc-

TaHOBHBIUHXCf l  pex( I {MoB HMeeM

ua
n l F -
. J a y ' J

t\

l 3
lrr -t -
\ ] I

o-[" ++ 31
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rAe r  -  aKTHBHOe COnpOTHB,, l€ l lHe 0a3bl  BMeCTe C cOeAHHI ' lTeJrbHL, lM

Ka6eJ reM;  r t -  co r rpo r r . rB reH l . re  o6Mor t i t t  BO36y )KAe l l l l r  BN ' l ec re  c  co -

npOTI . IB i ' t e t - IHeM xa6ene f i  Ha  CTOpOHe noCTOf l l lHo ro  TOKa ''  
A rq  r tepexoAHoro  npoUecca  R lv lec ro  ypaB l le l l l ' 1 f i  ( 15  1B)  I t

(  l 5 -19 )  6y rev r  HMerb  coorBerc rBe l l l l o

L, l+ + 1,'i - :- x (2 lt: ' , 1r,,
,  a l  |  : I  

'  
2 T  ' l

n l i
J ,1y'.)

fi
E* cos a -2L^U ',

t, l

(15-20)

i  l 5  2 l )T do- -

d t a  3 4 { E*

, J
r t  1  -  X  -

I '

x[
( z -  3 t '  

\ ,
\  2 n /

c o s , ,  - i r , l - a  x +
L ' ,  

T 1I-rn ( o) dt

. (r- +),) r,-2^'r (15-22'l

VpaeHeHun (15-17)- (15-22)  Nloryr  6s l rs  npHMeHeHL' l  Arn pac-

qeTa IIepeXOAHbIX npOUeCCOB KaK npH MaJIblx, TaK A 6O;t lur l tx KO'[e-

6asusx.
PaccMoTpHM B KaqecrBe npnMepa repexoAHoro J ipoqecca pe-

xHM Qopcl lpoBaHVfl.  eos6yxAeHHfl rnAporel-Ieparopa' FcrH B ucxoA-

HOM pe)KHMe BbrnpqMHTe, r lb  pa6Orar r  c  HoMHHanuHl tM TOI {OM BO3-

6yxa^eHus Iasou r,r yfJro-M ynpaBJreHLIfl cy, ro npH IIepeBoAe Bblnpfl-

Mr { reJr f l  B  pex(HM C o . :0  Hs  ypaBHeHHf l  (15-18)  nor ' l yqHM

J l y ' . 1  E '  t l
r - m  \ .  

-  C O S  C f " )

JT
I d-- I a ro*-l

EC.ryIl cHCTeMa eOsSyXleHuq HMeeT noBbl[IeHHyrO -KpaTHocTb

QopcupoBalr4n, ro 
"on "ot6yxae111 -1:!ucraer 

Ao t"=2t"non" no-

cJe qero Bcryf iaer B Aei icrsue ycrpoficrno OrpaHHqeHI'{ t I  roI(a Bo3-

6yxaeHuq  B  APB rJaBHoro  reHeparopa '
B O6Uena Clyrrae BMecro I4HAyKTHBH9gTH XoJlocroro XoIa L7

cxeAyeT l lcnoJlb3oBaTb gKBHBa.[eHTHyIo HHAyKTHBHocTb Lf ' ,  ytIuTbI-

Barouyrc BJrHflHr.re 3aMKHyrbrx KOHrypoB cTaropa. f lp" seo6xoAlt-

MOCTH yr{eTa HaCbI IUeHHf l  AO;1)KHO 6urs HCnO, ' lb3OBaHO ypaBHeHI4e

( 1 5 - l e ) .'  
Arq H,, ITIOCTpaIIHH O[peAeJIHM IOCTOflHHyIO BpeMeHH Tao ' [ ' l r f l

f r {Apofer{epaTopa cpeAHef i  MouIHocrH 6ea yqeTa u c yqeTOI{ I larr I l -

qn f  BbI I Ip " * t te " t rn .  l lpu  sTOM npeAnoJ laraeTct l ,  q ro  r l i ;1pore l teparop '

pa6oraei  B pex(HN,te Xo, ' IocToro XoAa, a B.nI4f fHI4e Aertnndepl lo l l  cH-

creMbI  He yqHTbIBaercq '  f lpn-  L ! :0 'B  fH '  ' l :0 '2 '22  Ot ' ' l '  x :0 '05  Ov"

r :0 .005 Or ra  u  T :40o sa f iAeu:

( ' - ;  
'1 ; )

, 3
r t f - x

fi

1 l *



n p u . f : 0 ,  f : 0

i lpH r :0 ,  x*0

T  . . - -' d o -

, ,  ++,*(r-#) '
0 . 8

3  /  3 . 4 0 r
0 ,222  + -0 ,05+12 -  - - : : : -  10 ,005

n  \  3 6 0 /

3 4 {
ft

T d o,: JJ-
r f

: 3 , 7 7  c ;
0,222

0 , 8

o 9r) 0 . 0 5

( ,  - ,

0 ,9

J

JI

L I  - -
3

rf - - - x
3T

:  2 ,96 c ;

npu rt'}, x*0
L i

: 2 , 8 8  c .

f lo.nyueHHore 3HaqeHHfl Tao noKa3brBaCIT 6o.nturoe BJTHSHHe HH-
AyKTHBHbTx cof ipornereFruf i  qenefi  nocroffHHoro roKa Bbl[pqMHTe.ir f i
Ha nocrorHHyro BpeMeHH uenu nos6y>x4eHnfl  ruAporeHeparopa.

PaccuorpHru Aaxee nepexoAHF,re npoueccbr rrpH ra[IeHHH no"r l f l
rHApofeHeparopa.

Ec.nu He yqlrrbrBarb BJrvflHr4fl 4eunQepuoft cHcreMbl vr Hacbl-
ureHufl  MarHHrHofi  rrenu r l lAporeHeparopa, ro H3 ypaBHeHHfl (15-20)
AJrfl pelKHMa xoJrocroro xoAa HaftAelt

I a : l 6 s o  
r d o

rAe /ao - TOK B

, ,++,n(r-+),

3 4 t
lr?1 cos cco

JI

, ,++,*(r-#) '

J_
I

_i^) 
, (r 5-23)

HaqaJre npoqecca faIr IeHHfl nOJ-Ifl, panHUfi

I -r d o -

oo -  yfo"{  ynpaBJIeHHfl  nepeA Haqalorrn QopcHpoBaHHfl .
I4s ypaBHeHHfl  (  l5-23) Mo)KHo onpeAeJlHrb BpeN{f l  rarueHl ln

norr f l  / " ,  npHHqB B $opruyre (15-23) Ia:0.  TorAa

tr :  I  aoln
cos cro * cos (l * 0)

cos (y *i- d)
t

o

CBOHCTB.rle 0 - yroJl BoccraHoBreHuq BeHTHJIbHbIx
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farueHue noJr f l  B pe)KrrMe rpexQa3Horo r (oporKoro 3aMbrKaHHf l
i lpoHcxoALrT 3HaqtrTe,,TIbHo 6rrtcrpec, qeM B pex{r. IMe xoJlocTofo XO,II ,a,
r rocKonbKy r iocTof lHHaf l  BpeMeHr{  uenH so36vx(AeHHf l  paBHa

T ; -  T o u

Ec,rn inn paccMarpnBaeMoro r r ; ; lporeHeparopz ' l  c l te lHet i  Moul , -
I I oCTt I  xa '  I  xd :0 ,25 ,  ro  T4 '  :  2 ,BB '  0 ,25  :0 ,72  c .

15-5. nP|hHUl/,n PACt{ETA
ECNOMOTATEJIbHOTO ChHXPOHHOTO IEHEPATOPA

BcnoHaorareJrbHbr i r  cnHxpoHHbl f t  reHeparop pa6oraer  Ha Bb lnp f f -
r \ rHTeJbHyro Hafpy3Ky. l loaror, , {y efo QaaHue roKH f lBJrf l toTcf l  HecH-
H! 'COHAaJTbHbIMH. oa3Hrre rOKH Moryr 6r,rr r  pa3, ' ro)KeHbl Ha ocHoB-
Hyro v Bbrc[ IHe fapMor{r{qecKHe. HanHque BbIcrIrHx fapMoHHrIecKHX
NPHBOAHT K I IOf lB, I ICHHIO MAC, BPAqATUIHXCS C PA3TI,TqHbIMH I{A-

croraMH BpauIeHHf no orHo[IeHLIro K poropy. B pe3yJlbTaTe srofo
B KOHrype poropa,  npe)K le  Bcefo  B e fo  AeMnQepuo l i  cHcreMe,  Bo3-
Hr4KaroT nepeMeHHbIe TOKH BbIctr IHX rapMoHHK H AOIOJIHHTeJIbHbIe
TIOTCPH. HAPNAY C STHM BbICII IHC |APMOHHqCCKHC CTATOPHbIX TOKOB
co3Aaror Aono/rHHTeJrbHbre norepH B cavof i  craropHoft  o6uorxe v
Bbr3brBaroT naAeHr.r f l  Hanpf l )KeHHf B LTHAyKTHBHbTX cotrpoTHBJIeHHsx
o6uorxu craropa. I - Ioc.neAHee npHBoAHT K trcKa)KeHr{ro xpHeori  Mar-
HHTHO|O nOTOKa B CepAeqHHKe CTaTOpa V K nOqBJIeHHFO AOIOIHH-
TeJrbHbrx [orepb B craJIH craropa.

Pea"nrHnf i  reHeparop, pa6oraroqnf i  Ha Bblnpf lMItreJIbHyIo Ha-
rpy3Ky c HencKaxeHsorl 3AC H BbIIIpfl MHTeJIbHbIM roKoM I d to*,
HMeer npu6nwznTeJrbHo raKne >Ke norepu B crarope (o6rr,rorra v
cepAeqH"*) ,  KaK v reHeparop c  cHHycoHAaJIbHbrMH Hanprx{eHueM
U u T oxoM craropa I.  l loarouy MourHocrb BcrroMorareJrbHoro cHH-
xpoHHoro reHeparopa Mo)Ker 6urr npu6.nusureJrbHo onpeAeJleHa no

Sopuy.ne
Sno"  :3U I  ,

r4e S,ronr-HoMHHailbHafl  rroJlHafl  MourHocrb; U v /-aeftcrBylo-
ruue QasHsre Hanpf l )KeHl ie  l I  roK.

!,ei tcreyrcuree QasHoe Hanpfl>KeHHe AoJIIKHo 6urr npnHtlro paB-
HbrM Her{cKa)KeuHoft 3AC. floc.neAHflfl,. npu6nusHTe./'IbHo paBHa
3AC, co3AaBaeuofi  MaTHHTHbTM noroKoM B Bo3AyrrrHoM 3a3ope.

CuHycou4anruurl  roK I cJleAyer npl lHffrb paBHbIM 4eficrnyrc-
qeMy SaaHonry roKy. EclH QasHtrf i  roK yrpoureHHo npeAcraBllrb
rrpf lMoyroJrbHHKoM c ocHoBaHHeM 2nl3 Ha yqacrKe Jr,  To

,:{+126dlu,t I s t lout

x 'd

xd

9 n 1

f
.t
0

t1e I"Hor\{ -  HoMHHaJrlHlrf i  ToK nos6yx<4eHus rr{AporeHeparopa.



! ,ei icrnyou,ee Harrpf l)KeHr{e IJ B coorBercrBl{rr c sneuHer. i  xa-
paKrepnc ruxo l i  npeo6pa3oBareJ r r  (  l 5 -9 )  n  pe lKHMc Qopcr rpoBaHl rh
Moir \er  6urs  onpeAeneHo H3 Qoptr lynul

1
(

kU, uo,
n / F
J 1y 'o

n -

?
U -  "  x l a r r r o r r - 2 \ U .

. ' L

I

I

I

B pea,rrbHbrx ycr ' totsHrix pa6orbr Aef icrelrrculee Hanpf l i I {eI{He Ha
BL,TBOAaX feHepaTopa u,  6yrter HecKoJIbKo MeHbir le Haf ipf l )KeHl lg
U:E B cBr3H c  naAeHr . reM Hanpf l iKeHLI f l  B  conpor l I l l reHHLl  x -
:  ( x ' a * x z ) 1 2 .  O A s a N o  n o r e p r 4  B  o 6 M o r K e  n  B  c e p A e q H H K e  c r a r o p a
reHeparopa,  pa6ora iou{ero  Ha Bbrnpf lMHTeJIbHyIo  Harp} '3K) r  r i  HMeIo-
i l Iero HeLIcKax(eHHyro ?DrC E, 6yeyr npH6, ' IH3HTeJbHo raKI{MH Xe,
KaK r .{  ) '  reHepaTopa c cHHycor{AaJIbHbI iv{H i {anpf l )KeHI ' leM u 14 To-

KOIvI 1.
@opr 'ay la  (15-24)  o rHocnrc f l  K  oAHorpynnoBoi l  cxeMe.  OAHaxo

3ra QopMyJra ocraercf l  crpaBeAJrHBori  v t r \ I t r ,  AByxrpyr inoBoi i  cxeMbI,
ecJ IH ceqeHue MeAH npHHHMaeTCf  oAHHaKoBbIM Anq pa6oqe i t  H  Qop-
cr.rpoBoqHoft  qacrel i  cTaTopHol l  o6uorxH. C,ne4yer 3aMerl ITb, qro

o6ttqno raKoe pe[IeHHe HcnoJrb3yercf l  LJrf l  BcnoMorareJIbHbIX cl ' {H-

xpoHHbrx feHepaTopoB cHcTeM He3aBHCHMO|O BO36y)KAel{Hf l .  EC.nH

ceqeHne MeAH QA QOpcl lpOBoqHof i  qacr l , I  MeHb[Ie cer{eHuq MeAH 4p
pa6oueli qacru o6uorxu, ro MolrlHocrb reHeparopa 6yeer

1 , @ 6 q b

S n o n , : ]  
u ' P  4 P  Y 1 , (15-25)

1+  
& ' s
wp

fAe 1, 6 vr @p- rrHcro BHTKOB $Opcr,rpoeo.rFlof i  14 pa6oueft qacreft

craropHor? o6rr/{orKH.
f l ycm,  HarpuMep,  aq lap :2  u  Qa lQp : r l z ,  T ' .  e .  Macca  MeAH pa-

6oqeft I t  SopcupoeoqHoft r{acTei l  o6uorox oAHHaKoBa. TorAa B co-
orBercrB r4r4 c $opuy"irol? ( l5-25)

S n o "  : 2 U  I  '

T. e. MolIHocTb BcnoMorareJlbHoro. reHepaTopa B ABvxrpyni loBofi
gxet\ , le npeo6pa3oBaHHs cocraBHr 2ls MoUIHocrH B oAHorpynroBofr
cxeMe.

Heo6xoAHMo orMergrb,  qro B coorBercrBgg c  |OCT t8L42-72
H |OCT lB3-74 fuAporeHeparop AorI)KeH 6ltr l  paccqaraH Ha
lt , ' rnre.rrbHyto pa6ory c neperpy3Kofi  10 %. B 3roM cIyl{ae Motq-
HOCTT, BCnOMOfaTeJrbHOfO reHepaTopa Aonx{Ha 6r,tr l  cooTBeTcTBeHHO
noBblu leHa npHMepHo ua 20 0 lo .

Pac.tet norepb Bo BctIoMofare,r lbHoM reHeparope I ' t3JIo)KeH
B r J r . 5 u 6 .
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15-6. nPhHuhnbl PACt{ETA
chcTEM TVI?VICTOPHOTO cAMoBo3svxt AEHVfl

f lp l lHqa i lva i lb+af l  cxeMa cnc leMbt  caMoBo36yxAer rHq r roKa3aHa
Ha pr ic .  l5  10 .  B  o6u leu  c ryqae B cxeMe HMelorc f l  I IocJ IeAoBZr€ ; tb -
r {b te  Bor t roAo6aBoqHbre  rpa l rcQopMaropbt  5 .  7u t  rpaucQopMaropb l
BbrnoJHf f ro rc f l  c  pa3oMxnvro f i  varsurHo i i  qenb lo .  f loarouv  3AC

rrx  BTopr r r {HbIX o6uorox
npOnOpql iOHa"r l I )HbI ToKV
t s  n e p B H q H b r x  o 6 l t o r x a x .
3ro  r ro3BoJI f le r .  Kar i  vKa-
3aHO Bbrtl le, cra6wJrr43HpO-
B a T b  H a n p f l K e H n e  L r a  3 a -
x (HMax Bbrnpf lMHreJ ] f l  npH

'  Pnc. 15-10. Cucrelra caMoeos6yx(AeHus rr{AporeHeparopa
1- rpaHc@op.Marop  Hanpq iKeHus , : - . 2  u  2 ' - r paac$opMaropb r ;  J - ruAporeHeparop ;  4 -sa r -
npruurellutlf i  rpaucQopuarop; 5 - noc.neAosarerlHlrrl soruroAo6ano.rHlrft rpauc$opuarop;
6-r€f lJ loo6MeHHux;  7-rupncropHui i  npeo6paaonareJrb;  8-rpaHcSopMarop co6ciseHHuix
H]')KA: 9 -,pazpzauvrc; .I^0 - crlcreMa ynpaBneHHs rupucropaMu; tt - aerori{art,tqecxuir pery-
ntrop no:6yx<AeHun; .12 - orpauuqxreJrb nepeuanpaxceHni; ,13'- asroMar rarueHgfl rronr;

14 - ycrpoficrBo HaqaJrbuoro ros6yxAenHn

Puc.  l5- l l .  PacqerHar cxeMa cucreMbr caMoeos6yxiAeHuq c i locJreAoBare"rrbHbr l {H
sor t roAo6aBoqr{brMu rpaucQopN{aropaMH

*qr ,  *q ,  -  I IHAyKTI IB I {b Ie  conporuBJ lenr . r r  nepnuuuo i l  H  BTopr . rqHo i l  o6uorox . [ocJreAoBareJrbubrx
eoJrrroAo6aBoqHbt.\  rpauc$oprr,raropoB; xT - HHAyKTHBHoe conporEBJreHrie KoporKoro 3aMbt-
KaHun BbrrprMlrrenbHoro 

,:01";fJ,llf:J";iirfl;f8JtJ"ff3ff",1""*fi" 
6ecxoHeqHoft uoudnocrr;

KOpOTKHX 3aMbrKaHHqX B r lensx  nepBHr{Hof i  KOMMyTaTIHH reHepa-
ropa.

TupncropHbrft  rpeo6pa3oBareJrb 7 MolKer BbrnoJrHfirbcf l  KaK no
oAHorpynnoBof i ,  raK v  r ro  AByxfpynroBoi t  cxeMe.  f lp"  KparHocrH
SopcupoBaHufl  Bo36ylKAer{Hq Ao 2,5 nprrMeHfl}orcf l  oAHofp)/nnoBbre
vt{u4, AByxfpynrroBbre cxeMbr npeo6pa3oBaHr{f ,  a npH 6o.nnrueft
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K p a T r { o c T H
cxetvl bt.

QopcH poBaHHq -  AByxrpynnoBbre T4JI I4  KACKAAHbIC

f  a urenue noJ'rq B IJopMaJIbHbIX
ocyuIecTBJI f  eTc f  r i l iBepTHpoBaHHeM,
aBToMaroM ra t r reHr . r f f  nonn 13 .

Tox  nos6yx<4eFr r { f l  rcHeparopa B ycraHoBHBl r reMCf l  pe ]Kr r \ , re  on-
peAe, ' r f lercf l ,  c.  oAHr- i l i  cropoHbr,  Ha ocHoBe eexropuof i  AHarpzl \ r \ ' tbr
Hanpf lx ieHr . r r i ,  c  Apyro f i  -  Ha ocHoBe BHeusef i  xapaKrepvcr r r r i r i  npc-
o6pasoearedr lq .

PacqerHaf l  cxeMa cHCTeMbr  caMoBos6yx4eHHf l  c  r rocreAoBareJb-
HbrMr . r  BoJrbroAo6aeoqHbIMH rpaHcQopMaropaMH r roKa3aHa Ha
p H C .  l 5 - 1 1 .  H e n o c p e A c r B e H H o  H 3  a r o r ?  c x e M b r  H M e e M

3KCf iJryaTar IHOHHbrx pe]hH Ma.x
a B aBapur in t rx  pe lKr l l rax -

.  I I

E : : -  * i n , , x 4 i ,
f l e .  r

(15 -26)

rAe nB. ,  -  xoeQQuuueHr rpaHcQopMauHH Bbrr rp f lMr{ re ; ' rbHoro rpaHC-
Qopuaropa;  /Ln.  r  -  xoaQ$uuneHr rpaucQopMar lnu noc, . ' reAoBareJb-
Hbrx  rpaucQopMaropoB.

f l pHHIauaa  Bo  BHHMaHHe Sopr ' , r y , r y  (15 -9 ) ,  npHBoArJM vpaBHe-
Hr. re  (15-26)  K BHAy

I arf  t  (x, -  xnz) I  a:

l 7 u  ,  .  \ 2  , r
x 1 I  (  - :-  ,  Inn.1rn1 Sin p ) - t-  Unn.lxqr CoS g)2 cos a, (15-27)

V  \  / ? s . r  /

fAe J t r  -  HHAyKTHBHOe COnpOTHBJTeHHe KOpOTKO|O 3aMbrKaHHf l  BbI-
nprMr4reJrbHoro rpaHcQopMaropa;  xq2 -HHAyKrHBHoe conporr rBJre-
HHe BTopHuHor l  o6vorxH r rocJreAoBareJ lbHbrx rpaHcQopMaropoB.

Ec.nH He yquTbrBarb cHH)KeHHe Hanpf lx<eHus,  Bbr3brBaeMoe r ioM-
MyraIIHoHHbrMH npoueccaMH, a raKlKe rraAeHufl  Hanpfl)xeHuli  B TI{-
pHCropax, ro AIrf l  pe)KHMa QopcHpoBaHlrf l  paBeHcrBo (15-27) Mo-
)Ker 6rrrr npeAcraBJreHo B BHAe

+:,*4(  U r o *  U  I

\ ""-%. %*, 
-

* " " ' ) ' * (

nn.rxqJ no*nn. ,xqr l  
"o*

a /7-
J 1y'O \./- a \

JI

I

I
i
t

i l

uro

8)
)

. 2

fD

5-( 1

U,,,

I_c o-i
/ " o n

rAe Us: I  arf  -  3aAaHHoe Hanpr>KeHHe Ha o6uorxe noa6yxi, leHll f l
rrpn $opcupoBaHnu (cl :0) LtJrH npeAeJlbHoe Hanpflx{eHHe eos6y>r-
AeHHfl;  u"o- Ha[pf l)KeHHe Ha O6naOrXe eos6y]KAeHHfl npH roKe po-
TOpa, cooTBeTcTByroqeM HoMHHaJIbHoMy Hanpflx<eHHro craTopa i lpl l
xoJlocroM xoAe H pa6ouerl  reuneparype poropa.

BeeAeNa cJreAyroque o6osuarleHl{fl :

k * : 2,34.U sou k " : 2,34nn.  rxqr l  uo, , , (15-2e)
tts. r(J eo 

t
Ueo

KoaQSHIrHeHr k* paBeH Bbrtrpf lMJIeHHoMy Harpf l )KeHHIo B Ao-
Jrfx uuo, Koropoe o6ecneqHBaer Bbrrrpf lMHre.nlstui  rpaucQopN{arop
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npu nolHocTblo oTKpbtTbtx BeHTHJI f lX H HOMI{HaJIbHOM Hanpf l }KeHl lK

o6uorxH craropa reHeparopa.
KoeQQuqI {eHr  kc  paBeH Bb lnp f  MJIeHHoMy I {a rp f l }KeHHI .o  B  orHo-

cHTeJrbHbtx eAHHr4qax, KoTOpoe nolyqaeTcq i lp l4 I IoJIHocTbIo oTKI)bl-
Tb tx  BeHTH, ' I f l x  I . I  HoMHHaJbHoM ToKe o6uorxH craropa ga  c r {e r  Ha-
JIHqHfl  B CXeMe rrOCJIeAOBaTe,TbHblx Bor ' IbToAo6aeoqHltx rpaHc( lo1l-
MaropoB.

C ' y u e r o r , , r  B B e J e H H b t x  o 6 o s s a q e s H i i  ( 1 5 - 2 9 )  p a B e H c r B o  ( 1 5 - 2 8 )

n p H M e T  B H A

kur: -k"a sin f * I (+)"_ (n" a.o, e)', (15-30)

fAe (Ju, U H I BbIpa)^I{eHbI B orHocHreJIbHbIX eALIHHIIax. l lprr_ 19.-
c rpoeHun 3aBI IcHMocrH km: f  (k " )  ucno lb3yerc f l  Qopuy, ' ra  (  l5 -30)

AJIn pacqera peiKI. IMoB, HMeIoUIHX Hau6o"nluee 3HaqeHHe A, i t f l  CI ' I -

c reMbr  caNaoeo-36yx4eHuq.  K  raKHM pe)KHMaM orHocarc l :  a )  HoNIH-

Ha.n tHur?  pex{HM;  6)  BHe3anHoe rpexQasuoe KoporKoe 3aMbl i ia -
nue;  e )  ) /c raHoBuBrreec f l  rpexQasHoe KoporKoe 3aMbIKaHHe;  r )  o r *

KJr lor{eHHe KoporKoro 3aMblwauun; g) acHHXpoHHbIe npoBoporbi .

Ans  HoMHHza ' IbHofo  pex{HMa B Qopuy,ue  (15-30)  I IpHHHMaerc f l
I  :  l ,  (J :  l ,  cos g:  CoS (pHorr I I  cTpol{Tcf l  3aBHcHMocTb km: i  &" ' l  ,
noKa3aHHaf l  Ha p l4c .  15-12  xpHnof i  1 .

l lpe4no, ' raraercf l ,  r r ro rpexQasHoe KoporKoe 3aMbIKaHHe r lpot{c-

xoAHT Ha cropoHe Bbrcrrero Hai lpf f>KeHnr I IoBbIIr Iarou{ero rpanc$op-

Maropa. l lpro BHe3anHor{ KoporKoM 3aMbIKaHVLr BbrsvcJl f iercf l  nepe-

xoAHaf l  nepHoIHqecKaf l  cocraBJls loulaf l  ToKa

I  
E 'n

'  K .  3  
-

x 6 { x ,

r . I  Ha[ps>KeHHe Ha BbIBoAax reHeparopa Un. " : l ' n .gxr ,  rA€ t , -  I iH-

, I ,yKTHBHOe COnpOTr{BJreHHe KOpOTKO|O 3aMbIKaHHq nOBbI l l larculefo
rpaHcQopMaropa. l lo lcraBJlrr  I : l 'x .s v U:Un."  n Qopnn'- ' ty
(15-30),  crpouM no HeI i  KpHByIo 2 (pvrc.  15-12).' 

VcraHoer.rerrtnr?cq roK rpexQasHoro KoporKoro 3aMbIKaHtIfl 1,r. t
onpeAeJrflercfl  rpaSnuecKu rro xapaKTepHcrHKaM xoJlocroro xoAa w
KoporKoro  3aMbIKaHHs npI {  ToKe sos6yNAeHr I f l  i r :2 [ "n6* ,  ( l "no . , , - -

TOK pOTOpa npH HOMHHa,TbHOM pe>Xlrr tae) .  Taxor? cnoco6 no3Bo.I I f ler

) /qecrb HacbIUIeHHe MarHHTHofi  I IeIH MaITIHHbI.  Hanpn>KeHne fJ:
:  I  . .ax r .  PaccuarpuBaeMorvry  pe lKHMy coorBercrByer  3aBucnMocrb
3  ( p u c .  l 5 - 1 2 ) .

VAoenerBopeHne paBeHcrBa (15-30)  I rpH BHe3anHoM H ) /c raso-
BHBIITeMcff  rpexQa3Hbrx KoporKnx 3aMbIKaHHflx o6ecne.IaBaer I Io-

J l rqeHHe npeAeJrbHofo Hanpf l )KeHHfl  Bo36y)KAeHrf l ,  B 3THX pe)Kl{Max-

l loerouy  cucre l {a  caMoBo36yxAeHuf_B arHX pe>KI {Max 6y le r  3KBH-

Ba,TeHTHa CHCTeMe He3aBl{cI{Moro Bo3oyx{AeHIi f l  .
B npouecce KoporKoro 3aMbIKaHHff  o6lr . IHo yt \4eubtr laercf l  h ' lar-

Hr.rrHbrr i  r roroK rnAporeHeparopa. f loeroMy nppr orKJItoqeHI ' tH Kopor-
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Koro  3aMbrKaHHq Hanps lKeHne rnAporeHepaTopa Mo)Ker  6s t ru  noHH-
)KeHuutu .  B  cBq3r4  c  3THM no3HHKacr  seo6xoAl {Mocrb  BKJI IoT{eHuf l
/ {aHHoro  pexr . rMa B qucJro  ocHoBHbIX pacqerHb lx  pex{uMoB.  O6u. {Fro
npeAno" r ra faerc f l ,  q ro  oTKJr roqeHHe B l {e3an l {o fo  KoporKofo  3aMbIKa-
nve npoH3Ro rz t rc f l  ocHoeHoi I  penef ino i i  sau{Hror t  qepe3 0 ,12-
0 , 1 5  c .  P a c q e r  n e p e x o , q H o r o  n p o u e c c a  r e H e p a r o p a  c  y q e r o M  u 3 M e -
r {eHt l f l  } r r , la  0  Bo BpeMf l  KoporKoro  3aMbtKaHHf l  H  onpeAeJIeHHe r {a -
[ rp9) r {eHr . r f l  r {  ToKa cTaTopa,  a  TaKX{e  Y |J Ia  Q B MOMeHT OTKJI IOqeHHf l
KOpOTKO|O 3aMbrKaHHfl  MOfyT BbInOJIHfTbCfl  f ro MeTOAy, npl ' IMeI{ f le-
\ i I0\ry B pacr ierax LHHart , lHqecxol i  ycroi iuHBocrH [27].  3Ha. leHrrq

yrJoB 0 H (p, a raKx{e Hanpflx{elrur
U v  roKa I  rnAporeHeparopa 3aBI t -
cf lT or  HHAyKTHBHO|O COnpOTLIBT' leHHq
xs  Me)KAy  ITTHHaMH BbTCOKO|O Hanp f -
x {eHHf l  3J IeKTpOCTaHqr {H  V  3KBHBa-
JICHTHbIMH I I IHHAMH 6CCXOUC'{UOiT
MouIHocrH npueuHoli  sHeprocl lcreMbt.
I-loaro*ry pacr{erbr npoBoAflrcfl AIrn
HeCKO/ I IbKHX THf IOBbIX SHat {eHIa f i  Xc .

H a  p u c .  1 5 - 1 2  B  K a q e c r B e  n p n M e p a
[oKa3aHa 3aBHcHMocrb  k ro : f  (k " )

ni l f l  oAHoro H3 3HarIeHLIf t  xs ( t<pl l -
n a n  4 ) .

Ec" [H e  pex(HMe KoporKoro  3aMbI -
KaHHf l  IOCJIeAOBaTeJIbHbIe  BO/ IbTOAO-

6aeoqHue rpaHcQopMaropbi  yBe/ tH-
q14Baror HaIIpf l ]KeHHe i lepeMeHHofo
TOKa Bblrlpf lMHTeJIf l ,  TO B peX(HMe

acHHXpoHHbIX I IpOBOpOTOB r IpH yr , ' Ie

0=180",  KorAa roK B o6uorxe cra-
TOpa HMeer nporHBorIoJIo)KHoe Ha-
i lpaBJIeHHe, IocJIeAoBaTeJIbHbIe
rpaHcQopMaropbr,  Hao6opor,  yMeHb-
rrraror Hanpfl>KeHue. floeronay Aauurtfi
pex{r.rM TaKX(e ITpHHaAJIe>KHT K t{Hcry

ocHoBHbrx pacr{erHbrx pexuMoB. Anq ynpoureHufl  pacrrer o6uqso
npor.r3BoAHTcr npH orcyrcrBnH aKrHBHoii  Harp1r36s. Bno"nHe ecrecr-
BeHHo, rrro BeJruqr.rHtr U u I  6ynyr gaBncerL, or corrporr{Bi le-Htg xg.
i logrol{y pacqerbl BbrnoJlHflroTcfl  Arq HecKo,'rbKHX 3HaqeHHft x".  Ha
puc. 15-12 B KaqecrBe npuMepa rocrpoeHa KpLrBafl  5 AJrf l  oAHoro
H3 3Haqeuufi x".

Cleayer  3aMerHrb,  qro B Qopmy.r re  (15-30)  3HaK nepeA
nepBblM qJreHoM npanol i  qacra r ,Jr t r  paccMarpHBaeMoro pe)KHMa
Jo.nxeH 6um H3MeHeH Ha o6parssr f t .

A.trs roro qro6u c?rcreMa caMoBo36yxAe""q yAoBJIerBopflJIa
npeAtf le, ' r f leMbrM x Hefi  rpe6oeaHuflM, Heo6xoAuuo ert6part xoaQ-
Qrrqrreurur  k*  H k"  TaKHM o6pasorra,  uro6u oHH coorBercrBoBaJlu
'rorrKe nepeceqeHHfl A xpafiueir npaeor? v nepxHefi  KpHBbtx I{a
puc.  15-12 (xpHnsre 2 u l  coorBercreenHo).

J J T J

0,5 1,0 1,5.

Pr rc .  15 -12 .  3anHcuuoc r l  Me-
>KA.v xoe$$r.ruueHraMu k* n k.



Btr6pan 3HaqeHnf l  xoa$$uuneHroB k*  w k" ,  Mo>KHo neper . i ru
K  OnpeAeJreHHro  $asHux  Hanpsxer r r . r f i  B ropaqHof i  o6uorxu  Bbrnp f'Ml l re lbHoro (uzr .  r )  H nocJre! ,oBare, rbHoro (Urn.  r )  rpaucQopMaro-
poB npl l  HoMHHa"nbHbrx Hanpf lx{eHHr. r  t r  ror {e  craropa.  @agurre na-
npf lx ic . r rHr  paBHbr [40] :

1

U ,  " . ,  ==  ku ,k rk " (J  s .  x .  x .2 , 3 4

IJrn., -  ^+ k,k,k,,k,(J
2  , 3 4  

' " ( ' '  
" \ "  

r ] "  r v  B '  x '  x '

B paneucrBax (  l5-31 )  H (  15-32)  HCrrorrb3oBaHbr HoBr, re
uLIeHTbr k*, k" H kr.

( 1 5  3 l )

( 1 5 - 3 2 )

xoeQQn-

0.e

0,6

.11 I

.1  7

1r2

.,t .l

1,0;
20 40 60" 0 20 40 60"

l5-13. 3asucll l .rocrs xoaQ$HrIHeHra k, or yrJra KoMM)/rauHr{ 1
15-14. 3asHcr.rrvrocrb HHAyKTHBHofo conporuBJr€HHfl, xp or \,

Puc.

Puc.

Koes$ur{HeHr k* yuwrbrBaer KoMMyraqHoHHbre rraAeHr.rf  Hanpfl-
x ieHHf l  H paBeH

xqr .214
k * :  |  * t l

U g

Ha puc .  l 5 -  l 3  np r rBeAeHa 3aBHCr iMocrb  xoa$$uur {eHra  k ,  o r
)^ua KoMMyraqHH ? npn 4nof iHou roKe poropa ( l  a :21a no*)  .
9:ot:19 yroJl KoMMYTauHH npr4 raKoM roKe rpurrr lMaercq paBHbrru
30-50'.

KoeQSHr{rreHr k" yqHrbrBaer rraAeHHe HanpflxeHHfl B rrrpr.rcro-
pax Bbrr rprMnTeJr f l  r r  paBerr

ku ='.. I + 2LU lU a no*.
KoaQQuqrreHT k, , \ 'uurvrBaer naAeHHfl Hafrpf lx{eHHf B ar{rHBHbrx

conpoTuB"rreHr j f lx  r r  paBeH
L U r : | - L U r ^

JI

3 3 1

kE

T

t'+
]l

,l
*
I

.f

*

k r : l *
Ud 

"on



NOCTOf fHHOIO TOKA BbINPf l IV IHTCJI ' I .  A

rAe LUr : :  I  r l f  :  -  naAeHHe IJanpt l )KeHI lg  B  Ka6e, ' Inx
o

A I I  U  IJ U y - : : - I a f -
J-t

naAeHHe Hanp f f )Ke r rHq  B  aKTHBHbTX COnpOTr . lBJe rJ r . r f l . \
MeHr {o ro  ToKa .

c ) tn , IMa l ) l I b le  HHAyKTL IBHbTC COi l l lOTr rB , r reHr . r f l  x t ,  B  oT l i oc r {TC, ] r ; r Jb r_ \
eAHHUUax,  Ol l l leJ.er ' l f l IOU{He I {OMMVTaUI. IFO BeHTI. iJ Ie t i .  MOryT 6t t rU
Haf iAeHbI  v t3  p t ' t c .  l5 -14  [40 ]  Sror  rpa0HK nocrpoeH i lp r {  pa3. i rL rq-
HbIX KparHocr f l x  QopcupoBar { t l f l  Bo36,vx<4eHust  k  s  npe: ino , r ro iKe i l t { r r ,
I ITO Tpe6ymu{eecf l  npeAeJlbHoe Hai lpf lx{eHHe noJrvqaercf  npr i  AlJ,v-
KparHoM roKe eos6yN4eHuf l .  B  cucreMe eAHHr4r \  CL4

xn lo*1: xu @. e)tf i  xn (o*): x, (o^nl i  xq2 
1otr1 , 'Y'h,

t ! , e  X 'n -  ITHAyKTHBI {Oe  COi lpOTHBJ IeHHe COeAHHHTe, IbHb IX  Xa6e .ne i i -
3a1asasCb xp:0,05 .  0 ,08,  HZXog.vM Xq2.

Tox [epBrrqHor? o6naorxH [oc. , ' reAoBare, r rbHbrx rpaHCQopMaropoB
paBeH ToKV reHeparopa.  B oAHorpynnoBor l  cxeMe BbrnpqM.rreHHf l
ToK BTopHqHblx o6uorox BblnpffMHTeJIbHoro rt  i locJeAoBare.:rbHbrx
rpaHcsopMaropoB paBeH 1r l5  I  a .  lTpu Bbr6ope ceqeHur? o6 iuoron
rpaHcQopMaropoB cJreAyer  HMerb B BHAy,  qro ruAporeHeparopbr
AoJrx{Hbr 6url  paccqnraHbr Ha pa6ory c nepefpy3Kor? l0 % B A, 'rH-
Te", ' tbHoM pe)KHMe.

B AByxrpyrrrroBol i  cxeMe BbrnpflM,rreHHq Bo,, ' rbroAo6aeoqHue
rpaHcoopN,{aropbr BKrroqanrcf l  noc., ' reAoBareJrbHo c QopcupoBorr-
HbrMrz qacrf lMH eropnuHoft o6naorxu BbrrrpfMHTeJrbHofo rpaHcsop-
Maropa.  I . .ns yMeHbrxeHuf l  Maccbr  Lr  ra6apuroe rpaHcQopMaropon
crpeMflTcr K ToMy, rITo6bI BTopHqHbIe o6uorxH rroc,rreAoBareJrbHbrx
rpancQopMaropoB H QopcHpoBorrHbre r {acra o6 laorru BbrnprMr. r*
TeJIbHofo rpaHcQopMaTopa 6amu paccrruTaHbr Ha MHHHMa,lrbubrft
ToK. Taxofi  ToK coorBercrByer MHHHMaJTbHoMy roKy Bo36ylKAeHHfl
IHAPoreHeparopa no ycJIoBHflM crarHrrecKori  ycrorlrrHBocrr{ npH
HoMHHaJrbHor? aKTHBHofi  uoulsocru.

OnpeAelus Hanpq>KeHtf l . ,  ToKH Lr cof lpornB,,reHufl  rpaHcQoprv{a-
TopoB, MolKHo nu6o noAo6pam rpaHcQopMaropbr r{3 rrMeriorquxcf l
HJrH paccr{HTaTb HoBbre.

Ans nrr6opa .urcJra nocneAoBared'rbHo coeAuHeHHbrx eeurrrner?
Heo6xoAuuo 3Harb MaKcHMaJrbHoe 3HaqeHue QaaHoro HanpnlKeHutr
Ha cropoHe nepeMeHHoro roKa Bbrr rprMnTeJr f l .  Ono paBHo

U * ^r* :  k*kuk,
2 , 3 4

Kax u B cr. IcreMe He3aBHcHMoro eos6yx4eHufl ,  rrr{cJo i locJreAo-
BATC,TIbHO COCN.HHCHHbIX BCHTHJI Cf i

t -
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3 lecu  U^n-  Aonyc rnMoe  o6parHoe  Hanprx (eHue  BeHTHJI f l  (Hanpn-
- lNeHrre KJracca ) ;  k"  -  xoaQQHuHeHr KoMMyrar \HH,  yqnrbtBarcu{Hf i  uc-
KaiKeHHe xpunol i  Hai lpq lKeHt f l .  npn KoMMyraI {HH;  kr , -  xoaQQHut l -
€HT pacnpeAeJreHHf l  ,  yqnrb lBarcuaf t  xapaKTep AeJIeHHq Haf ip f )Ker{Hf l
MC}KAY I IOCJIEAOBATEJIbHO COCAHHCHHbIMH BCHTHJI f lMH B COOTBCTCT-
I ] H H  C  H X  X a p a K T e p H C T H K a M I { .

B  c B t 3 H  c  H c n o J r b 3 o B a H H e M  B  c H c r e M a x  c a M o B o 3 6 1 ' N r e H r t r  a B -
roMaroB rar reHHr r io , r r  (Afn)  o6uuuo ycraHaBrHBarcrc f l  i rBa
pa3pr  1HHKa:  oArrH -  n i l f l  3aI r {HTbI  Bblnpf lMuTer ' i f l ,  a  nropof i  -  A i ln
3aulHrbr o6uorxn eos6y>x4eHHfl .  f lepeur l  BKrtor{aercr qepe3 co-
i lpornB, ' reHue Ha BbrBoAbr BbrnptrMHTeJl f l ,  BTopof i  -  raxx{e qepe3 co-
npor l rBneHr{e  Ha BbrBoAbr  o6norxH poropa.  Mex41,  HHMH nocJ leAo-
BaTer- lbHo BK,, ' I rcqaeTCfl  Af  n.

Vcraexa pa3prAHHKa i lo  Ha i Ip f l )KeHHIo  Up nnn sauraTbr  Bbr r Ip f l -
Mr . r re"q f l  n r r6npaerc f l  aHa. / Io rHqHo vcraBKe B c r . rc reMax He3aBHcH-
Moro eos6y>x.ueHHr, a HMeHHo

up:v  6  ( t  *  
j t t ; )kpu$ko, .ouo 

*u* ,

rAe kpaz6 -  xoaQQul lHeHr pas6poca B cpa6aruBaHnH pa3pf lAHal {a
i lpHHflroro rnna i  korcp - xoeQSHIrHeHr orcrpol ixH.

VcraeKa pa3pqAHHKa rro Hanpqx{eHnro AJrf l  3a[ruTbr o6tuorxH
poropa

U r : ( 1 46 uo *"*) kpas6.I l  Iv Arn -f
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C.vtrMHpoBaHHe HanpqlKemvti t  Afn H BbrnpflMHredTfl  o61'c" iroe-
JIeHo HX rIocJIeAoBareJIbHbIM coeAHHeHHeM. HanpnlKeHue Uapp BbI-
,6upaercr B coorBercrBtr c rpe6oBaHueM, [peA'bf lBJIf leMbIM K AJII{-
'TeJrbHocTH farrreHHfl floJrfl fHApofeHepaTopa.

f lpu eu6ope ycraBKH pa3psAHLIKa no Harpf l>KeHnro AJrf l  3a-
lr{HTbr o6uorxu poropa seo6xoAHMo HMerb B BraAy, qro Bo3MoxHoe
3HaseHHe Harrpf l)KeHHfl Ha o6uorxe He AoJI)KHo npeBbrrr larb 70 0lo

saBoAcKoro rrcnbrrareJlbHoro Hanpq>KeHLIfl. Ilocxo"ttst<1' pas6poc
.e Harrpsx{er{Hflx cpa6arlrBaHVr.,  pa3pflAHHKa Mox<er 6urn KaK
B MeHb[ryrc, TaK H B 66"rrsuryro cropoHy, To nu6op ]. 'craBKH pa3-
pf iAHLrKa AOJIX{eH yAOBJrerBOpflrb HepaBeHCrnlr

kPu{ P < o,T (J n"n,.\/2

rAe Urr"n - AeficrByrouee 3aBoAcKoe Hcfibrrare", ' rbHoe Ha[ps]KeHHe.
. Paccprorpr{M AaJIee oco6eHsocrr{ paerrera cucreMbr caNroBo3-

,6yx4ennn 6es nocJreAoBareJlbHbrx rpaHcQoprraaropoB. B 3roM cJI] ' -
x{ae cpasnoe Hanprx{eHae nropuuuofi  o6uorxu BbrrrprMHTerbHoro
rpaHcSopMaropa

I Iv 2 n . t -
rrn. rU d nou k,*kuk,.
0 ,  B  . 2 , 3 4

VIs ororo paBeHcrBa Br.IAHo, trro cHcreMa eos6yxAeHrrf l  61'Aer
o6ecneql lBarb r rpeAeJrbHoe Hanpf l>KeHue npn Hanpf l )heup{r r  r r rApore-
I ieparopa, paBHorra B0 0/o HoMHHaJIbHoro.

*
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p a T o p a  B  o T H o c H T e J I b l l b l x  c A H H H q a x .

Paspn l l J I { r iH  B  Aa} { t Jo t \ {  c , ' I y t rae  Bb tOHpz lK )Tcn  r :u i  ) t i ( ' ,  I i aK  n
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T O p O B .

TJTABA LUECTHAAI-lATAt

C},ICTEMA YN PA BN E H},1f,
T }'IPV|CT O P HbI MYI N P E O6PA 3 O BATEII g M'"1

15-1 . nPhHuhnbl vnPABJlEHufr

B cr. tcreMax Bo36)/x{LeHHq r{cro.r ' Ib3yercf l  ' rat{  i Ia3bIBaeN,ibrt l  BCI)-

Tr {KaJrbHbrH npr {HuHn ynpaB, r reHHf l .  ou  Mo}KeT 6s t rs  o6rncHel {  c  no-

Mou{bro  pHc.  l6 -1 .  Ec , rH Ha BXoAe cHCTeMbt  vnpzB; ' teHVt l  L rv tee \ {  c t iH-

XpoHH3Hpy lou lee  o f lopHoe cuHycouAa, ' lbHoe Hanpt I )KeHHe U i I  Ha-

npf l )KeHHe nocro f lHHofo  roKa U: ,  To  B MoMeHT,  coorBercrBVlour l l i l
H l r l€so l \4 ) /  gsaqeHHFo cyMMapHoro  Hanpf l , )Ke_HI ' I f l  u  2 ,  wa BbIXoAe c l l -

cTeMbr nof lB, [ f leTcf HMrryJrbc y[paBreHHq IJynp, oTKpbIBaIOIUHi i  Ti l -

pgcrop .  f ]pH H3MeHeHHH Ha[p f lx {eHuf l  I J :  i l poncxoAur  c l {eu{eHl le

Qast r  ynpaBJr f l rou le ro  HMnyJrbca no  orHoueHI { to  K  o I Iop l loMV Ha-

rrpf l )KeHr.{rc U -  .  B pe3y, ' IbraTe sToro H3MeHf ercf  yfo,T Vr lpaB, le-
HHf l ,  a  CJ IeAOBaTeJIbHO,  L l  CpeAHee 3HaqeHHe Bb lnp f lMJIeHHO|O Ha-

npf l )KeHHf  .
Cucreutr  y i lpaBJreHHfl  THpHcropHbIMH Bblnpf lMHTe/ ' I f lMH o6ec[e-

qgBaror  QopuupoBaHHe HMnyJrbcoB,  o rnnPa lou l t l x  r l lpncropb l ,  H  H3-

MeHeHpre HX Qastr  B 3aBucr.rMocru or Ha[pq]KeHLrf l ,  ynpaB,I IeHHtl .

f iocry11aroulero Ha BXoA cucreMbl H npe^craBJl f l Io lqefo co6oir  uanpn-

)KeHHe l loc ro f lHHoro  roKa Ha BbIxoAe APB.  K  napaMerpaM oTI I I I -

parci l IHx HMrryJrbcoB -  AJTHTeJTbHOCTH, aMflJIHTyAe W KpyTl l3He_ne-
peAHero QpoHra -  i lpeA'bf lBJrf l torcf l  crequaJIbHbIe rpe6oBaHHr. Tax,

MHHHMaJTbH6 Heo6xoArMaf l .  AJIHTenbHocrb lynp min ornHpaloUIIX I{ \ '1-

rryJrbcoB AoJrx{Ha 6ur l  TaKoft ,  r rTo6bi  3a BpeMfl  cylqecTBoBaHuf l  I I \ { -

nyxL,ca ror{  B aHoAHoi i  qerru Tl{pncropa vBerHqt l , ' Ic f l  Ao 3HaqeHII f r

ToKa BK,, ' I roqeHHf.  Kporue aroto,  B rpexSasHol i ,  I lor ' l l locrbio ) 'npaB-
r f leMof t  MocroBof i  cxeMe Heo6xoAuMo t iMerb  or l lHparou{ l le  H l l -

n) / j rbcbr oAHOBpeMeHHO Ha AByX THpHCTOpax, CJIeAyFOil{ I {X nCI

rropf lAKy r tx BKJrr .oqeHHr. 3ro o6ecneqHBaer i lporeKaHHe rol(a I la-

rpy3 l {H npH 3ar tycKe npeo6pa30BaTe l r t {  l l r ' l u  np I {  pa6ore  ero  IJa

r tpepbtB l4croM ToKe.  B  cBf l3u  c  3TI ' IM Ha xaxAnt t l  T I ipHcTop no la -

Iorcf l  Jnr6o cABoeHHble y[paB"{f l toulHe I ]Mnyi lbcbl  A/ ' IHTerTbHocrbxl '
6Oree /ynp min ,  CMeU{eHHbIe  OTI {OC} ITeIbHO Ap} r r  Apyra  Ha 60o,  "uu6o

)r I IpaBr ' r f l tou{He HMlt l r ;6q51, AJTHTeXbHOCTb KOTOpbIX OnpcAe.r l f leTcf i

C O O T H O i T E I i H C M

.).f . i

o lynp >  60"  *  0 /ynp . in .
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O6r tq r ro  {D tynp  npHr r r rMaerc f l  paBr rb rM 70-120" .
K npeHMyulecrnaM cHCT'cM YI Ipao, [cnHR c \ '3r i r . iMrr  nMr] ] ' r ' rbczrNl r r

O T I t O C f T C f l :  a )  M € l l b t U s f  M O U I I i O C T b  B X O A I { b l X  I i a C K a A O I I  L I  O T I { O C I I -
T c J I b H a n  n p o c r o r a  B b r r l o r t t e u H r  I l M n y J r b c r r b r x  r p z i l l c 0 o p M Z l l o l ) o r i ;
6 )  cHHi r {eHHe nor ( : l )b  B  THpHCTOI)ax  B pe}KH1\ {ax ,  r io r / la  K  r r . rp r rc lo l ) \ '
np t ' t I {J IaAbt I laerc f l  <s( tparHoe uan l ) r )Ker rHe r ip r j  } r i l i r r i r t r . r r . r  } r t r l )aB. i r i rg -
u l l l x  HMf iyJbcoB;  I l )  o rcyrc l 'B I {e  I i co6xoAr . rMocr r r  B  i lono ,Tr i l r re . tb r rb rx
M e p a x  n J r n  o 6 e c t t e q c t l H f l  p a B I i o M e p H o r o  A e J r e r r n f l  o 6 p a ' r r r o r o  i i : l -
np f l iKeHr{ f  Me} I iAy  I Ioc , leAoBaTCJIbHO cOeAr iHcHi rb i t \ l } r  B  i r , teqe l l i ) r -
o6paaoeare , / ' I f l  THpt rc ropaMH i lp t ' {  3a I IHpaHr in  Bbrnpr iMHTeJr {  Har rpr r -
)KeHneM o6uorxx  poropa r4Jr r4  Me)KAy r r . rpucropaMh Qopcr ipoeoquor i
rpyn f ib r  B  HopMar ' rbHbrx  pe ]KHMax AByxrpynnoBor?  cxeMbr .

OAHaxo cucreMe yr rpaBJreHHf l  c  y3KHMH HMn1rn6g2x4,  npr lc \ ,L r {u
v  H e A o c r a r K H .  B o - n e p B b I X ,  B o 3 M o x { H o  B o 3 H H K H o B e H H e  3 H a q 1 1 1 e " i r r r -
Hbrx  nepeHanpex(eHHf r  Ha  rHpHcropax
npH cHH j * ieHHH TOKa B Uen l r  O6UOTXU
Bo36y lKAeHuf i  cuHxpoHuor2  MauuHbr ,  06-
J IaAarou le f t  3HaqHTenbHor?  HHA) 'KTHBHO-
crbro ,  Ao Be, ' r t IqHHbt ,  ueHsrue l i  ToKa
yAepx(aHht l .  E  ns  HcK, , l loqer jHf  nepeHa-
npR)KeHHf i ,  BO3HHKaIOU{HX B pe}Kr4MaX
fauIeHHfl  noi ' r f l  u pa3Bo36y)KAeHHrr,  npu
Hai lHqvv y3KHx HMrr\ /JrbcoB ynpaBJeHr.r f l
r rapaJrJreJrbHo npeo6pa30BaTe., l Io BKJIr{J-
qar.oTcq RC-uenn vi l r4 3auIHTHoe coi lpo-
THB.TICHH-C C AHOAOT,I,  KOTOPbIC B MOIII-

Hbrx vcraHoBKax Moryr HMerb 6o.ni luue
p  a3Mepb I .

Bropol:r  HeAocraroK cncreMbl c )rs-
KHMH yf ipaBJr f l rOUIHMpr HMiIyJIbCaMH npo-
f lBJrf leTCfl  B CJryqae ynpaBJIeHHfl  rpynnof i  [2p2.r : r re"rrbHo coeAIIHeH-
HbIX THpHcTOpOB: eCJIH OAHH Hr ' IH HecKO",I IbKO THpHCTOpoB rp\ I i lnbI  I {e
BK.r I roqaIOTCfl  B f repHOA rrpHJIO)KeHHf HMnyJIbCa hi l r4 OTKJTIOqaTOTCf
B HHTepBa, ' re  npoBoAHMocrH,  To  B Aa.usuef i [ reM npH Bo3pacrar {HLI
o6u{ero roKa raKue rHpucropbr ocraHyrcf l  orK,rrcqeHHbrMz, qro Nro-
)KeT npHBecrH K nepefpy3Ke BKJIIoqeHHbrx Tr.rpHcropoB.

Tperur i  HeAocraroK c r ic reMbr  c  y3KHMH HMn.vnbcaMrJ  Mox{eT r r i )o -
f l B H T b C f l  B  C I ] C T E M A X  B 0 3 6 \ I i I i A C H I l f l  C  A B Y l \ { f f  N P C O 6 P A 3 O i ] A T E " ' I f l \ { I I .

B Koropbrx  H3-3a uaro l i  AJrHTer ' rbHocru  HMny,Tbca B pa6oqer i  rp \ - r ine
THpr {cTopoB He 6y le r  i lpoHCXoAHrb o6parHaf l  KoMMyrauHf l  c  r r i l )u -
cropa SopcupoBorrHor i  rpyrnbr  Ha rupucrop pa6ouef i  rp l ,nnbr  ror i
xe Sasu, qro Mo)Ker [pHBecrH K He)KeJrareJrbHofi  Aono.ryHHre"rrsFroi i
Harpy3r{e rnpHcropoB QopcupoeoqHof i  rpyf lnb l  B HoMirHar ' r r , r {o \ {  l )e-
>KHMe 14 K ycJrolKHeHr.r lo uacrpoi ixrz peryrl ipoeoqHoii  xaparirepu-
crr.{KH cucreMbr eos6yxAeHrrf l  .

LUrrpoxue HMnyrbcbr  ynpaBrr reHHf l  Moryr  6r r r t  AByx BrrJ ,oB -

C Heynpae, ' Iqe lv IOI i  14 ) /nPael lqeUOt l  AJIHTe, ' Ib l {OCTbIO.  [ l t l re , rbHOCTb
aMnynbcoB nepBoro rHI Ia  ) /craHaB,r tuBaercf f  B npoqecce Hacrpot ixu
cncreMbr ) 'npaBJIeHHf l  H B Aa"ryrHel iureM npaKTHqecr{H He H3MeHf l -

Puc .  l 6 -  l .  HanpR>xer r r t c  cH-
cTeMbI vnDaB" ' IeHl{ f l

, )  , " :  t



{ r ' t -cr .  I {e6o"r rb[ roe orKJror{eHHe Mo}Ker  6urr  JHtr lb  3a cqer  HeKoro-

1 )o i -O  H3MeHeI I t l t I  napaMeTpoB 3J IeMe l {ToB cHCTcMb l  } I t l p3B , r ' I €H l { f l
B  i r p o u e c c e  p a 6 o r u .

I  I  vnya lcbr  c  ynpannf leMoi i  / l J rHTerbuocrb Io  I l r i . r toqa lo rc f l  cHrHa-
. i lo l i  ( ta :ocuet t laFou lero  ycrpor ic rea  (Ay)  ceoe i i  Qasu l ,  a  Bb lKJ to-
r rz r ruTCr{  cHrnaJroM Oy c" r reAvtoure i i  Qas t t ,  coBna j ta lou{HM c)  o t ioH-
qa l l r reM uurep 'sa ,na  i lpoBoAHMOCTH AaI {HOfO TI Ip t iCrOpa.  TaXl t r , t
o6pa i3c l \ { ,  c r {c reMbt  y i lpanr ' renHr  c  I . IMn} ' rbcaMH \ : t rpaease l to i i  . l . r l l t -
Te" tbHocrn  o6ecneqHBator  HarHqHe cL i fHa, ' Ia  vnpaB/ ' IeHHt r  Ha r t IpH-
cro i re  B  TeqeHHe Bcero  HHTepBar ' Ia  e fo  pa6orn t .

f lpuMeHeHHe ur . rpoKnx ynpaBr f l IoUIHX r rMnvrbcoB no3Bor f le r  L ic -
K"rrrcqr iTb HeAocTaTKV, i lpHCyulHe CHCTeMaM ) ' f lP2Sf leHHs C y3KIrMI ' l
u t r {n \ : , tbcaMH.  OAHaxo rpH 3ToM rpe6yercx  I IoBbt t r leHLIe  Mou{Hocr t l
BbrxoAI{brx KacKaAoB H 3aTpyAHf eTcf l  co3AaHl. le BbIXOATIbIX I{MnYJbC-
Hbrx  TpaucQopMaropoB,  t IocKoJIbKy r lepeAaqa HMrvJ lbcoB Haf ip f l iKe-
Hne Sonsuror i  AJIHTe./ ' tbHocrt4,  C 6oaluroI l  xpyru:uof i  HX f iepeIHero

Qponra f lBdrtqercf l  BecbMa c,r to lKHot l  saAauet l .  f ipyroi i  HeAocTaroK -

vBeJr rqeHHe norepb B Tupncropax  or  o6parHoro  roKa.  ! ,ono, ru t lTeJ Ib-
nrr i i  noAorpeB Tupncropa reu 6o"ryb[ Ie,  qeM 6o,t lute orHoct lTeJbHoe
Bpe\ts npHJrox{eHHs noJro}KHTeJrbHoro Ha[pf ]KeHHfl  Ha yI IpaBIf Io-
ule\r  3", ' reKTpoAe npH oTpI{ I IaTeJIbHOM aHOAHOM Hanpg}KeHHH H qeM

6o"lsrue 3HaqeHLIe nocneAHero. Oco6yrc onacHocrr ,  3To qBiIeHHe

npeAcTaBJrf  eT npH nocJreAoBaTeJrbHoM coeAHHeHHH TI{pHCrOpOB,
r(or la BcJreAcrBHe 3HaqHTeJrbHofo pa3i lvqvf l  n o6parHblx BoJIbr-aM-
repHbrx xapaKrepHcrHKax rHpHcTopoB cyu{ecrBeHHo } 'xyAlxaeTCf
pacnpeAeJreHr.re o6paruofo Ha[pq)KeHLIs Mex{A}I  snuH. AJrf l  HcK, ' I rc-
,qeHrI f l  STOfO f lB/ IeHHfl  npHXOAHTCf , rH60 TUIarei ' lbHo no46l lpar l
I r rp l . rcTopb l  nO o6paTHbIM XapaKTepHcTHKaM,  r {To  yBeJIHqHBaeT Tp} - -

Ioe\  t {ocrb LI3roroB,, ' IeHHf npeo6pa3oBareJl f  ,  nn6o npnMeHfrb crre-

una,:rbHoe ycrpof icrBo, cHnMaroulee yi lpaBJl f l Ioune HMnyJIbcbI c rH-
prrcropoB npH nof lBJIeHI/ lv HA HHX OTpHUaTeJIbHbIX aHOAHbIX Hanpf l -

>xesuft [35].
C;retr ler  orMernTb, qro B AHHaMHTIecKHX pex{HMax HMIIvJIE,cbI

c  He\ InpaBnqCN, IOf i  AJ I I {TCJIbHOCTbIO MEHCC I IPCAIOqTHTEJIbHbI ,  qEM

l .rN,rirvJ'rbcbl c yfipaBrqeMoft A.nureJlbHocrbto. [e,ro B ToM, tITo rloJlo-

x { r rTeJbHbIe  Hanpq)KeHHf  Ha ynpaB/ Iq Iou IHX SJIeKTpOAaX MOrVT

B reqeHne HeKoroporo  BpeMeHu 6r t rb  B  3oHe orpHuare" , ' IbHbIX aHoJ-

nL, i - \  Hal lpf lx{eHriu,  qTo npHBoAHT K yXyAII IeHHIO paCfipeAe, leHlts o6-

p a rHbrx Ha r lpf l  )Kesul i .
B  CCCP npaKrHt IecKH Bo Bcex  npeo6pa3oBareJ l f lX ,  pa6orarc -

11111-\  B cucreMax sos6yx(AeHuf l  Mou{HbIX cHHXpoHHbIX reHeparopoB'

B TOM I I } tCJ ' IC  I I  IHAPOTCHCPATOPOB,  T IPHMCHf l IOTCf l  I I IHPOKHC H\ i I '

rr\ ' . i l  h]cbl AnI,ITeJIL,Hocrb]o 7 0-l 20".'  
3apy6exHt re  $Hput t ,  HaI IpHMep <<Xt t raq t i>  ( f lnoHr . ln ) ,  <<PaJ.e

I (ou , rap> ( lOroc , ' raeun) ,  << f lapcoHc>> (AHmI la ) ,  r IpHNleHf lFor  ] ' r lpaB-
-qs1sU{I . I€ I . {Mnynbcbl  AJIHre,r lbHocTblo 120' .  Onpua <6poyn Eonepl l>>

(LLIeer?Uaprrf l )  npe4noqnTaer Hcr loJlb3oBarb \ :3KI ' le HMn\IJIbcbI,  ra l i

XAK 3TO NO3BO/ I f lCT  3HAI IHTCJ IbHO COKPATI {Tb  PA3 \ ' {CPb I  CHCTEv tb I  VN-
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B .

i>>

t l i

n -

I - la l r6o, ' tcc  cot lcp lJ lc tnro i i  c r icT 'eMoi i  ) ,n l )aBJl ( \ r r r { r r ,  nprrMcrrHcMoi i
B CCCI), trBJtt tct 'ct t  ct{rrrcMil  c } 'u[)arr, /rrc\roi i  i (Jnn'cJrr, l ,oarn,o s]\{-
nyrrr . ,coB rHna cyT-ts4 y4.

B BbI I lpsMHTeJI f l x  cHCTeM I ro36y>1 i ; le r r r r l  Mou l r rb rx  cur rxpoHgbrx
MaII IHH, KaK npaBHJIO, HCIIO,I Ib3yeTct l  r iapa"r IJIeJ' ]bI IOe V rrOC,rreAOBa-
Te,r lbHoe coeAHI{eHHe r l . ipHcTopoB. B art tx yc, ' IoBr. i rx oco6clr i ro )KecT-
KHe Tpe6oBaHHs npeA 'baBr l to rc f l  K  r (pyr t r3 r {c  r . rMnyJrbcoB c  ueJrbro
noryqc l l  u t  qcTKof  o  BKJI  Ioqe l l  r r f l  T r rp  r i c ropoB : l  a  N{  r r r r  r r  \ . r  a . r rb r roe
B p e M f l .

Onr l ' lMaJIbI{btM yi lpaB,rr f l ron(r iN,r  LrMIryJIr)coN,r  no yci loBrrro } ,Metrr-
ueHI { f l  BpeMCIJH I IKJ I IOt IeHI I t {  THpUCTOpOR r {  o tpar { r iL rc r rHf l  norepr )
B THpHCTope or  roKa y i lpauJ Ie t rHr {  f lnJ r r Ie rc f l  t iMr r \ r r ' r r>c .  t r3o6 l )a )Kcr r -
I rbui  Ha pHC. l6-2.  C..ue41'roulur i
3 a  I I H K O M ,  T A K  I l a 3 b t B a c M b t H

IroAAep)KHBa Forr{H li H l,I nyJrbc Ao,'r -
)KeH O6eCnequr r  Haxo iKAeHt re
pa6ouel i  ToqKrz BXoAHori  BOJrbr-
aMI IepHoi l  xapaKrepHcrHKH r l r -
pncropa B o6nacr l l  f  ap  ar r r r rpo-
BaHHOfO ynpaB/ reHHf l  THpHCTO-
polv l ,  H npH 3TOM 3anac I IO TOI{y
r lo oTHo[reHHro K fpaHHr{e 06-
J IACTH MO)KCT 6SI r I  MHI { I . IMAJb-
HbIM. Ans yBer ' In.ueH:af l  ycrol iqr iBocr l r  ruprrcropoB K cKopocrrr  r {apa-
cTal{Hf al{oAHofo Ha|Ipq>KeHHrr )Ke, ' raTerbHo npu 3ar{pbiToM THpH-
cTope HMerb Ha ynpaBJrf l lou{eM 3JeKTpOAe OTpar{areJrbHoe cMeqe-
HHe 0 ,5-1 ,5  B . l . {o . rgHAyeyaq cKopocrb  Hapacrar rnq  roKa ynpaB-
JIeHHfl  paBHa 0,2-2 A/rraxc.  B cncreMax y i lpaBJreHar rupt icropHbrMu
BbItIptMHTeJIf lMH, npIIMeHfleMbrMr.r B cncreMax Bo36yx{AeHlrrr,  cKo-
pocrb HapacraHHq roKa BbtxoAHoro rrMrry", ' rr)ca o6srqrio cocraBJrrer
He MeHee I  A i ruxc.

16-2. NOTYNPOBOAH|"IROBAN ChCTEMA YNPABJ]EHUfl

PaccnaorpnM 6o"nee noApo6Ho npuHrrHnbr nocrpoeHrif l  H pa6orbr
noJrynpoBoAHHKoBOri  cHcreMbr yrpaBJreHHf rHna cyT-84-y4.  oua
npeALIa3Hai leHa AJrn -v i lpaBJrerrnr r  r r . rpprc lopaNtr i  npeo6pa3onareJref i ,
Hcrlo/Ib3yeMbIX B cl{creMax Bo36yx{AeI{t i rr  CHilxpoirHbrx rerrepaTopoB.
Moir{Hocrt BbIXoAHbIX KacI{aAoB crrcreMbr yi lpaBJreHHfl AocraroqHa
AJI f l  y lpaBJIeHHf l  THpHCTOpHbTMH Bbrnpf lMr. rTeJr f lMr{ ,  HMerorr IHMH AO
12 rr, tounbrx rupHcropoB B nreqe.

B cHcreMy ynpaBJrerrHfl  BXoAflT c, ' reAyrou{He ocHoBr-rbre 6loxn
(p j9 ,  t9-g)  :  6nox ynpaBrresws EU,  6rox npeo6pa3oBaHHn qacrorbr
Enq, 6,nox rrnraHHfl E[1, pesepnuul i  HHBepropurui 6.nox i lHraHlf l .
6lrH, naHeJrb nr{TaHr{fl nlr, 6,'rox 3au{r{Tbr r.i cnfHa nusa\wu BC.

VnpaBJr f l ror r lue HMnyxbcbr  noAarorc f l  r {a  rHpHCTopbr  T qepe3
cneqHaJrbHbre 6.noxu Br,rxoAHbrx \rcrporlrcrs Ey B, 

-xoropure 
pacnoJra-

raroTcq B cHJIoBoM rura(ly, oAI{aKo qBJflroTcrr cocranHofi  qacrbro
cHcTeM br ynp aBJreHHrr.
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paBJrf lroi l{efo HMrryJrbca THpHcTopa
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Crrcreu a ynpa BJl  cr l . ta  o6ecne,utBa cr  Qoptr t t tpoBa l l l l c  l l  M l lyJ t l )con,
or f lHpatourrx  ' r r . rpr . ic ropbr ,  H r r3Mer]cr l t lc  Sasr , t  3TI tx  L IMi lyJ Ibcou t t  co-
oTBeTCTBr.rH C HaIIpf l )KerrHeM yI IpaBJICII I4q,  i lOCTynarci l I I {M [ la BXOII

cHcTeMbr  ynpaBJrer r r r f l  oT  aBTOMar l lqec l io fo  pc fyx f l ropa eos6yx< l tc -

sss  APB nw6o or  yc rpo i i c rsa  pyq l lo ro  LHcraHqHoHI Io fo  y r lpaB, le -
g.Lrf l , .  Kpoue roro,  r {a BXoAbr crrcreMbl y i lpaBJIel l l l t l  r loAalorcr ynpaB-

nf l roulrre Hanpf l )Ker{Hf l  or  6,roxa orpattHqe}t t t t t  Aeot1troro roKa po-

!24  B
! 1 2  I
+ 1 2  I
- 7 8

220 B

LI I
* n s

t12 B

t |2 I

=llJllt
t l l  B xlq

60P-21

l-4

W @-1
Pnc. l6-3. crpyxrypnar cxeMa cHcreMbr ynpaBr'IeHIlf l  cyT-84-y4

ropa EOP-21 14 or 6"nora ETP, roK Koropofo nporopUnoHad'Ielt
roKy poropa.

i{anpxkeHue or 6noxa BOP-21 no_crynaer roJIbKo B roM crly-
qae, SCJIH TOK poTopa npeBbII I IaeT A3OI?HOe 3Har{eHHe. Hanpq>KeHl le

OT 6,nOna ETP noAaetCs HeIIpepbIBHO H B 3aBHCHMoCTH oT sHaqe-

HHf TOKa O6iraOrKH pOTOpa MeHfleT IOJIO>KeHHe MaKCHMa, ' IbHOrO yr la

ynpaBJIeHI4fl,. B pesy.trlrare sToro eosAeficrBLl'f l , yroJl HHBeprHpoBa-

HHf l  H3MeHf leTCf l  C  H3MeHeHHeM TOKa,  I ' , lCKJ l IOqaf  Bo3MOIKFIOCTb

cpbIBa HHBepTopl lofo pex{ l ' iMa H3-3a HeAOCTaTOTIHOTO 3aIaca I Io

yrJly ynpaBJIeHKfl .  TaxOe ynpaBJIeHHe [O3BO,' l f leT yBe, ' IHqI iBaTb yroJl

cr ,  npH yMeHbuIeHLIH TOI{a eos6yxLeHHfl  B I IpOUeCCe fa[ IeHHfl  Maf-

HHTHOfO I IoJI f l .  3ro npHBOAIIT K I IeI{oTOpoMy t loBbI[ IeHHIo oTpHI{a-

a a Q



TCJIbITOfO r la  npf l  i r {c i l  tJ  r r  i l  a  O6vclTt ic  I ro : r6yx( / teH I i  f l  ,  : l  c . r l  cAoRZlTCJI  b l lo ,

I I  K  C I I I { ) K C I I I I I O  I U I I , I ' T C J I b I I O C - f l t  f i I U ] C I I I I ' I  I I O J I ' I .

I l o v r I M O  y K a 3 a n n r ) r . \  a n a J l o f o r l b t x  c t t t ' t t a J I o t ] ,  l t z t  c t t c ' r c M y  y l l p a l r -

JIel{1.{ f l  I lo3Ael ' icrRlrg ' t '  pf l1\  I {oMzl l l / ( :  <<Mctt t ' t t tc  I ]Ay' ,  <<Eo'nlule

f lAyr ,  <<Ctcu  u ln ly i tbcon ynpaBJICI l l l t l>> ,  << fauc t t t t c  r lo , r l f l  I 'C I Iepa-
Topa>>,  <<PagBo35) ' rxAe l r r i c>> r r  / ip .  3 i l c ' c t ,  f lAy  o : l t laqac) ' r  I l l l l l c " r l l )  A I i -
c T a  I I q H O H  r r o f o  V I I  p  a  B J I C I I  l l t l .

B r {opMa, r ru i r , r . l  p ( r iKr . rMC l l z r6o l r , t  I -cHe l )z lT 'o l )a  c r t tc reMa ynpauJIC-

l r r4 . t r  qepe3 6roN nr {Tanr i f l  b l ' l  r io , r r } ' r r : i c r  Iu r ran i i c  o l '  ' t ' l t l t t rc i } io i ) } ,111-

Topa co6crBeHHbrX rryx{A cr.rcrcMbl I ro3f iy i i \Act t t l t { .  f I l t i r  ct t t t )Ket l I { l ' t

Hanps lKeHHrr  rpa l l c { lopMaropa co6crBeuHblx  I r ) / ) t {A  6o . r tec  qcM I {a

20 o lo  npoucxoAnT aBToMarHrrecKoe BK, t toqenHe I IHBe l t ropHoro  6J IoKa
pe3epBHoro l t laHtf l ,  En H, r toAKJl loqeHHoro I{  aKKyMynf lTopHol i
6arapee craHuHH. Sror 6.noN BL,rno, ' IFIeH I Io cxeMe I IocJIeAoBareJIb-

Horo  HHBepropa v  npeo6pa3yer  rocrosHst t i i  ' ro r  oAHoro  l {anpr }Ke-

HHfl. B nocrogHlrr,lt i  rox Apyrofo uanpfl)KeHufl, a ral{}Ke pICKJIFotIaer

fa, ' lbBaHHqecKylo cBf l3b Me>KAy I IepBHqHbIM H BTOpHtIHbIM l Ianpf l -

)KeHI, I f lMH nocTof lHIIoro ToKa. 6,r l t tx En14 B r locreAl l l {c roAbl HaUleJI

I i lHpOKOe npt rMeHcr rHe B c r . ICTeMax ynpaRJIe l { t { f l  T I IpHC' rOpHbIMI ' , I  RO3-

6yLure .uxnaH v  o6ecne. {HBaer  pa6orocnoco6uocr t ,  c t l c rL 'Mb l  YnpaR-
JIeHHfl  i lpH 3HarIHTe", ' tbI{bIX cHH}KeHHfX r Iat ipf lx{el l l l t {  Ha BbIBOAaX

reHepaTopa.  HaAexnoe SopuHpoBaHl le  HI \ {nyJ IbcoB npor rcxoAl i r

y)Ke rrpv 2 0lo HoMHHaJrbHoro Hai lpr)KeHnf l ,  t ITo no3BoJl f ler  cyulecr-

BeHHo yMeHbrxHTb Maccy ycrpof icrB HaqaJlbHoro Bo36y)KAeHI4f l  re-

HeparopoB H ynpocrHrb  L Ix .
@yHrUHoHaJrbHo cucreMa ynpaBJIeHLIf l  cocrot i r  H3 uecrn HA€H-

THITHbIX KaHaJIoB ynpaBJIeHr4fl., o6leAuseHHbIX Me>KLy co6oir o6-

IIHMH Hcror{HHKaMH rrvraHufl Lr o6irIHM HcroqHHI{oM cHHXpoHH3v-
pyFoulero Hattpf lx(eHur.  KaxAsrf t  vs KaHaJIoB ynpaBf leHnq cocroHr

r4s ycrpof icrB Sasocuei l IeHplf l ,  $opnaupoBaHHfl ,  ycI ' IJIeHHfl  v pa3-

MHO>KeHHfl BbIXOAHbIX HMnyJIbcOB.
Vcrpof icrno QasocueuleHHs BbrrroJlHeHo no BeprHKaJIbHoMy

npHHr{r{ny,  ocHoBaHHOMy Ha CpaBHeHHH-nepeMeHHoro cHHxpoH']Sr4'

pyrcUlero Hanpf lxeHnq cnHycouAa,rrnof i  Sopul t  c Hanpq>KeHHeM
ynpaBJreHus rrocrof lHHoro roKa. l locreAuee f fBrrercq a.rrre6paur{e-

cKofi cyMMofi Hanprx<e:nufi. yrrpaBJIeHVr.i coorBercrByloEero BbI-

6op) '  pa6ouel i  rorrKrr ,  aBToNrarrrqecr{oro peryJl f lTopa Bo36yx{AeHHr

H ycrfof icrea orpaHHqer{Hf l  Tor{ .a_ nos6y>NAeHI. i f l  ret{eparopa. B c, . '1\ ' / -
qae orKrroqeHuq peryJl f lTopa APB cHfHaJI ynpaBreHHtl  nocrynaer

oT ycrpoficrea pyr{Horo AHcraHUHoHHoro ynpaBJIeHI1f,. f laH_e,rrr4 Sa-
3ocMeureHgfl n@1 A n@2 no3BoJlfiIor I{3tvIenrrb yrJloBofi cABHr

cHHxpoHH3Hpyroi l {HX orrOpHbIX Hanpnxeuuf i  ro orHoueHl4lo K BXOA-

HoMy HanpqxeHHlo  or  6 .noNa rpauc$opr ' la ropoe 6 I .

AJrq orpaHur{eHuf l  Anana3oHa H3MeHeHHfl  $aslr  BbIXoAHbIX I ' IM-

nyJIL 'COB H npeAoTBpaUIeHII f l  cpblBa reHepaUi ' IH HMnyJIbCOB npH C)t t t ' t -

MapHOM IIanpt lKeHHI ' I  ynpaBJIel{ l { f l ,  npeBLII I IarcUIeN{ aMITJITITVAy

onoprrofo rranpf lx{eHHrr cur{)rcor4Aa"nr,uoi i  soput i ,  B cxeMe i laI{eJIef t
ynpaBJIeHHfl  ny l -ny6 np_eAycMorpeHo Qoptr , t l lpoBal iue AByx _ or-

DaHHqHBaro[tHx cHrHaJroB. O.q,uH Hg cHrHaJIoB o6ecnequBaer o6pa-

{ . . } o
! & 33S



s

3c)saHrrc  HMnyJbcon y i lpaBJIe l t l t f l  R  MoMel IT  paT] .c l lCTBa ( lae t ts tx  I Ia -

r rDq) r {c r r r r i i  xor i luy r r i l ) y rcu tnxc l  Bc t t r t t J lc i i  (o :0 )  B  pc iK l l r l le  ( ropc l l -

l )oBar r r r r r  no :6y i r {Aer r r r r .  Movc t t r  ( topr r l r tpoBa l l l r t l  Rroporo  orpa l l l l -
r r n B a r o u t c l o  a , i r , r o n ,  ( u a x c n u r t . n r , t t t  t i t  Y I ' o J I  y n p a B . / l e H I I f  )  - : a e u c u r
o r  r o r i a  p o r o J ) a .  3 r o r '  c r r r r r a . [  o 6 e c t ] c t t t t B a e r  I { a A e x < H o c  o 6 p a a o n a -

I I I iC  I IN i I I I } J IbCOB B  I I I I I ]CPTOPI IO IU  PC iK I IMC C  MTTITHMAJIb } Ib IM 3ANACOM

IIO \ /  f , r ly  ynp aB, ter l I '1 t '

Vc ipo i icrno Qopr \ r r rpoRalr r r f l  r IN{ t1! " rbcol l  i lar le . r l  c i t  I IY BbI I IOJI I {e l lo

no cxcMe ) t i / \yU{ero N, lyJ lsr t tn l l6pqlg!a,  I {oropbl i i  y l lpaBl t fer  Bblxo, r l -

r rbrMH r iaHei l f lMt t  K, ' I Ioqer t  nKI-nK6,  BbInoJi l Ie l lHblMH I lo  cxeMe co-

craBHoro rpaH3HCTopa.  f lHre, rsr tocrb BK, ' I rcqel iHofo cocrof lHI t f l

K,,Inq a Oilp eAeJIt l  eTcf Alr HTeJIbHOCTbIo H M IIy,TIbca, cQOp IvlHpOB aHHOrO

MyJIbTI iBu6parOpOtv l ,  14 I \ , {OMeHTOM BCTynf leHHq B paOoTy. .CJIeAyl 'O-

ulefo rro u.p.4o"aI{nrcl  sa3 r{auaJIa yi lpaB,' IeHv,f l . ,  KoTopblf i  BbIAaer

3anper Ha pa6ory npeAbrAyulefo. Taxas B3aI{MOCBfl3b o6ecnequ-

BaeT i loAAepxaHHe AJrHTe,, ' rbHocTH riMnyJlbca yi lpaBJIeHHfl 120'.

f IaHe,uu Krloqei: t  nK 6.noNa Enq noAKJIFoqalor 6toxu BbIXoA-

HbrX ycrpoficre Ey B K HcToqrIHI{V npflMoyfol lb.Horo HaIIpf >Kel{Hf

nouo, t . r r r ro i i  qacrorb l  nTl  I1  nT2 (8-10 x fq) ,  Koropbl t?  i lpery

craB,'r fl er co 60 ft AB\rxra xrs tui ycn x t{ TeJIb M oxIHocrI'I, yrlp a BJIseM bI I' l

or naHe,rIH rel leparbpa nf .  B 
-xax<Aou 

KaI{arte yttpaBneHHfl 6"ryoxu

EyB BKJrroqaroTcfl  napanJreJrbHO B KOJIHqeCTBS, paBHoM r{I ' {C_Iy yn-

paBJIfeMbIX THpHcTopoB B nJleqe BblnpflMl]Te./ t f .  B 6"roNax EYB :Ha-

i lpq>KeHue nonotut.Hiroir  qacrorbl npqMoyro;IbHofi  Qopult  rpaHc-

QoplalrpyeTcf ,  BbIIIpfMJIf leTcf u no,4aeTcfl  Ha ynpaBJIfFOU{He 3JIeK-

TpoAbI  TI ' IpHCTOpOB fnaBHOrO Bblnpf l  MHTe.JI ' ''  
b .nyuu. otnJrroqeH'fl pery[flJopa.APB noAKJl]orlaercfl IIaHeJIb

AHcraHqHoHHoro yi lpaBJleHI4f.  nn,y (xovraH4a <<Br'nrcqeHue nn,y

c noMou{bro peJre 
" 
Plr). E.naro4apn HaJII'I.TIHFO 6'nOXa CJIeX(eHI4fl yC-

craBKH peryJlf l ropa nepexoA Ha i IaHeJIb nX,y npaKTHrIecKH npoHc-

xoAHT 6eS rorqKoB roKa poTopa.
B,rox nHraHHf EII colep>Kur rpaHc$opMarop Ir MocroBble rpex--

$asHue BbrnpqMVTeilrl C $H.rrrrparran AJrr- IIOJIyqeHHfl Hanpflx{eHul{

I IOCTOf lHHOIO TOKA.

E,ror cHrHaJII, t  3aI] :r417 EC pearl lpyeT Ha IIeperopaHHe npeAoxpa-

Hr.rTeJIeI-'I 14 IIOBbIilJeI{I ' ie TeMnepaTypbI TI'IpHCTOpHOTO BbIilpqMHTeJIf

B 03 6yAHTeJIbIIo Ii cl l creN{ bI.

B cHcreMe ynpaBJreHHf cyT-84-y4 IXHpoKo Hcno"r lb3oBaHbl HI{-

TerpaJIbHbIe cXeMbI H neqaTHbl i l  uosraX. f IOsrOMy AaHHaf CHcTel\ ' {a

flBJrfercfi BecbMa KoMIIaKrHoil H yAo6Hofi Als sKcnJIyaraiII{H'

B gaKJIIOrIeHI4e CJIeAyeT OTMeTI{Tb'  qTO COBpeMeHHbIe TeXHHqe-

cKHe perreHr4fl B o6.rraciu yrpaB.rteHI{q rl lpHcropg::Y* npeo6pa3o-

BaTeJrf lMH UaU6O.nee noJrHo r43JIOX(eHbI B paooTe LJDI.
B CBfl3I4 C HHTeHCHBHbIM pa3BHTIleM MI ' IKpO3JIeKTpOHHKH H cI Io-

cO6oe BbInOJIHeHLIf f  ner laTHorO MoHTa)Ka I{OHcTpyKTHBHoe HCnoJIHe-

HHe CHCTeM lrnpaBJreHHfl  r recoN{HeHHO 6yaer i lpeTepneBaTb H3MeHe-

Hr4fl,. f lptl STOI\{ Bo3MOX{HO He ToJIbKO AanbHefi[ iee nOBbI[IeHI'Ie i?Y;
naI(THOCTH, HO t4 pac1gI{peHHe $yHxUUOHa, ' IbHbIX BO3MO}KI{OCTel i

cHcTeM ynpaBJIeHHq.

340
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rrABA CEMHAAqATAT

A BTOMAThI{E CK?IE PE TYfl 9TOPbI
BO3EylKflEHj,19

17-1 .  CTpyKTypHAr CXEMA nOnynPOBOAi-" l t4KOBOrO APB
cnnbHoro AEncrBnn

AI)B cr r .nr r roro Aci icrBnr{  cocrorr r  r i3  cJIeAyrou{r lx  6 , ' IoxoB (prrc .  l7- l ) :  oncpa-
rlrronrroro 6,roKa OE, 6.lroxa rranpfl)Kennn EH, 6.noxa ycraBKr{ Iro IIanpflx(eHuK)
o6uorxrr craropa Ey H , npoMex{yrorrr lbrx rpaHcQopMaropoB ror{a nTT , 6"rloxa
r(oMrrayrrAi.rpoBarrHq no roKy EKT, 6,rora rroAfoHKH ycraBKH no Hanpfl)KertHIo
nyH,6roxa orpaHHqeHlr r  roKa poropa EOP,6.noxa qacrorb l  I {  3auI ,HTbI  or  no-

Uc 0n QtlV 0n perc cavo-
cuHxp0Hrca4uu

0n UPH

ut,It

0n .npaucQopHanopq
coficn1emux Hgx<d
6oaEg0unean t12,6 I

An axxgngannitpuoi
6tnopeu cmdHquu t25,2 B

Psc.  17-1.  Crpyxrypr{af l  cxeMa peryrr r ropa APB currbuofo Aei icrerg

BbrueHr.tf qacToTbl ErI3, 6.noxa o6parHol'r cBq3H EOC, Ae.nIITeJIfl nEOC x 6.noxy
EOC, 6aoxa roKa poropa ETP, 6.nora orpaHr.rqeHufl MI{HHMa,rlbl lofo nos6yx4e-
g7r. OMB, 6.rroxa rpyrnoBoro peryJrupoBaHufl 6f PH, 6"noxa roAfoItKH y,cJaB_{lI
no Hanpfl)KeHuru npri caMocl{HxpourasaquH i lyC, HcroqHliKa [t iraHHs HII __I3].

B KarrecrBe 6asoelrx g, 'reMeHToB cxeMbr ucnorb3yrorcq MHKpocxeMbI. Kos-
crpyKTHBHo pery, 'rarop Bblno"rrHerr B nu4e Ha6opa oAHHaKoBbIX Kaccer, ycraHoB-
,'renubrx s o6qelr urxaSy. Kax<,u,rrrri 6,rox ltueeT MoAy,{bHylo KoHcTp)/KUHio, KoTo-
pat l  BCTaBJ'IqeTCt B KaCCeTy.- 

BxolHbrMH cnfHaJraMn pery, ' rqropa rBJlf l rorcf l  rox 1 r{  Ha[pff)KeHne U cra-
Topa, a raKlKe rox /"  rr  Hanpr)Keune U" eos6yrx4eHnfl  reHeparopa.

I4suepureJrbHbre r{enr{ Hanprx{eHr{r nrrrarorcfl  or rpancQopMaropa Hanpnx{e-
rrr4rr reHeparopa qepe3 6.nox KoMrayHAHpoBaHHfl no roKy EKf L541. Srot 6"ttox
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cocToHT r{3 AByx pe3r{cropoB, Koropbrc BKJi lOtIaloTCfl  nocJIeAoBaTeJIbHo B ABe q)a3r, l

Rropr . rq r ro i i  o6nrorx l r  rpa t rc ( )opMaropa I la i lpnxcut l t t .  _Kax{ALI i i  I I3  pe3t {c ropoB o6-
TeKaercH roKaMH rpar rc r fopMaropoB ToKa.  5 .nox  6KT KoMl lc t tc t tpyer  I {HAyKTHB-
r roc  conpor r . rB , i l c r iHc  noBi , r r r ra rorucro  rpaHcOopMaropa.  Crcnc t t t ,  KoMr le t {caqI { t {  on-
pe/ lc, ' r rrcrcrr  KosO{b}rr l rrcrrro\{  crarr{3N,rzt  no peaKTI ' tBIIol \ { \ -  ToKy rel leparopa Ha i l lH-
i rax  Br , rcoKoro  r {anpr }Kcr r r r r r  c ra r ru .HI I  (o6sruuo 2-3  0 lo ) ,  r t ro  t t co6xoAt luo  A, ' I t l
o6ecnc , tc rn rs  paBr ro \ tcpr r (J ro  pacnpeAe. rc I I I4q  peaKTr tB I Io i i  l tou l l toc ' r l t  Mex(Ay na-
p t , r rJ rc r - r r r r {o  pa6oraro t r l r \ i  r r  rc } rcparopaMI . t .  B  cBt l3 l l  c  t tp l iMe l le l IHeM 6 , loxa  KoN{-
navr rAuponaHr . r r r  no 'ToKy . \PB no/ IACplKI IBacr  Hanpq iKCI I I Ie  l la  u I I lHax  RIncoKoro

I Ianpf l )Kc t {Hf l  3 " , tcKTpoc ' faHI l t r r1 ,  a  Ta I {x (c  pearHpyeT I Ia  oTK, ' Io l {eHt le  y lJ IoBofo  no-
, lOX{e I I I { t l  BeKTOpa I {anpgr l {e l i l i t l  B  i la t la , Ie  r ' I t l l { t l l . I  3J lCKTpOI lCpCAaql I .

) /c ranna I to  nanps ;+ ic r rH lo  n3Mer{ f le rc f l  c  I IoMOUIbIo  6 , loxa  ycraBI ( l I  no

rJanps)Kerrn1g 6yH, rra t ioropr,rr i  Bo3Aei icrBytor 6, lor noArol l l ( l t  ycraBKI{ no
Har rp f l x {e r l l r c  17UH,  6 , rox  r roAror r r iH  ycraBr { r r  no  I {a l lp lx {eHI ln  npH caMocHHXpoH} l -

3aur rH nyc  i r , ' lH  cu f r ra i r  ynpaB"r rcnr r r r  c  ucnrpaJ lbnoro  I l y " ' tb ra  ynpaBreHHq

3!rrer(Tpocrarr l r . t rr  Uny. E"qox I lyH o6ecnc,tusaer pa60ry APB r lpH roqHoi i  c i t t t -

xpoHH3ar IHI { .
Enor HanpalKeHnfl  6l I  Rr,rqB,rf ier pa3Hlruy AU Mex{Ay BxoAIIbIM Hanpfl}Ke-

Hr{cM H araJroHHbrM rranpf l)KeHrreM Lr Bblno, ' IHf ler auc}$epeHuHpoBaHHe Hanpfl)Ke-
HHff.  B ero cocraB Bxoi ' l r rr  pe"[e $opcupoeatutr ,  Koropoe pa6oraer npl i  3HaqH-
TeirbFIoM cHHx{eHHi{ Hanpq)KeHHq reHeparopa l I  HMeeT Heo6xoAHMyJo_ BbIAep]KKy
BpeMeHti .  OHo no, laeT Hanprxer{rre U,1t I {a onepaUlioHsstt? 6"ryox OE H I ICKJII0-
qaer .rrox<r{br i i  cr{rHaJr no KaHa, 'ry r tpor.r3BoAttol i  uanpf l ]KeHHr U' reHeparopa B Mo-

MeHT orK, ' rroqeuHfl  KoporKofo 3aMbrKaHrl f l .  HanpnxeHtle cpa6arblBaII I I f l  pe, ' Ie pe-

r)rJrrrpyercr B npcxenax or 0,8 Ao 0,93 no ort- totueHl i io K ycraBKe pery, ' I f lTopa

no Hanpf>KeHil lo.
E"nox lracrorbr H 3au{r i rbr or noBbrueHrrf l  r racrrorbl  Eq3 pearupver Ha I I3Me-

HeHHe $aauoro yf" ' ra I{anptx{eHHfl ,  Bbrf lBrqf l  orK, ' IoHeIIHe qacrorbl  Ai ,  I {  Bblno, ' I -
Hqer ar issepeHrrHpoBar{He qacrornr.  B Hero BXoAItr  6, ' Iox 3au{HTbI,  Koropbl i i  or-
K, ' r loqaer KaHaJrbr Lf v f '  npr{ c6poce aKTHBHofi  uarpy3Kn B aHeprocucreMe. npe-

AOTBpau,ag noBbI[JeHIie Hanpf l>KeHHq Ha i l I ]HaX 3, ' IeKTpOCTaHqHH.
Enox ofpaHr.rqeHHa rvrHHHMaJrbHoro Bo36ylKneHr{n OMB npeAHa3Haqen A"Ir

onpeAe, 'reHHq Mur{ur{a, ' rbHofo 3r{aqeHHff ToKa Bo36yxAeH}If l ,  AorIycrHMoro no ycJlo-

Br.r f lM ycrof iuueocru B pe>KI{Me HeAoBo36yx(AeHnfi .
B- xaqecree AarqHKa roKa poropa o6uqHo HcnoJlb3yrorcr rpaHc$opuaropu

TOKa B Uenfix nl ' lTaHHq THpHCTOpHOTO RbInpf lMI ' ITe,I f l .  E,rOX OfpaHHqeHHfl  TOKa pO-

Topa BOP cocrouT H3 Tpex SyHxul lonaJrbHbrx y3JIoB: I{3MepHreJIf l  neperpy3KH
o6MorKLi poropa, orpaHI{qHTeJIf i  neperpy3Kl{ poTopa t to roKy I"^^t  H orpaHl{qu-
TeJIt  AByKpaTHOTO TOKa poTOPA 2leaou.

E"nor o6parnoft cBq3r.l EOC ilcKJrroqaer 3JIeKTpLiqecKyIo cBfl3b MexAy ue-
nflMr.r o6trorxll Bo36yxAeHHs reHeparopa H APB. .{;rx arofi ITeJIH ocyulecrBJlt-
eTcfi MoAyJrfrtHfl rrocToflHHoro HanpflxeHHfl c noMolrlblo_ TpaH3I{CTOpHbIX KJIIOqefi.
f lepeueHnoe Ha[pf l>KeHHe nocrynaer Ha nepBHrIHyFo o6r 'rorry rpaHc$opMaropa.
HanprxeHae BropHqHofi  o6MorKH rpaHc$opuaropa AeMoAyrnpyercl  rpaH3r' lcrop-
HbrMIl  K, ' r loqaMri B nocrof iHHoe HanpflxeHue. noAaBaetuoe Ha onepaquoHHblf i  6JIOK
OE .[elure, ls 6loxa o6parHor? cBs3H i lEOC c)cyurecrBJlf fer cofJlacoBaHHe Ha'

npx>xeHHri poropa r.r  6;roxa EOC. APB o6ecneqt isaer vnpaBJIeHHe pa6o' lef i  v

(ropcuponoqHofi  rp)/nnaMu seHrurer i  (cucteust CUP u Cy@).
B APB npeAycMorpeuo Bo3AeficrBr. ie Ha 6.nox uesrpaJlbHoro qeryJlrropa Ha-

npfl>xeHuff UPH e.rreKrpocrauur{H. OAsaxo gerun$r.rpoBaHHe xo.ne6asnfi_ poropoB

6yaat H B groM cnyqae ocyurecrBJlflTbcfl 3a cqer IIHAIIBHAyaJIbHbIX APB.

17.2. coyHK.VVI ApB ChJrbHOrO AEnCTBtAfl
v1 poJlb CTAET4JIU3VPyrO_UIhX ChTHAJIOB

Ovrrxr(uqNlu APB cIIJrbIIofo 4eitcrnlrR f lB"rl f l Iorcq:
ycrori.rrrnoc peryJrrrpoRaHHe r{anpfl)KeHI.If l  reHeparopa Bo

qr{olrr{brx pex(HMax c 3aAaHHoir toqnoctr 'n;
noBbrrueHr{e crarHqecxoft v 4HHauHuecxoit ycrofiuHnocru

pa6ore B gHeprocr{creMe;
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E
AeMnq)HpoBa t r r te  nocJrcaBap i l r i l l l , l x  Ka, ra  r r r r r i  r ranpf lx ie t i l t f l  l l  r tAcToTbt  r ]  c t l -

C T C M C :

.  o fpar rHqeHHe ncpefpy3oK 3JrCI {Tp l lqccKHx l \ l  au l l l l l  ro  roKaM poropa r {  cTaTopa
(no 4.nlrreJlblrocrn r .rx nporeKaulrH) ;

r rpeAoTBpau ler rHe Haf  peBa fe r repaTopa B ropucno i i  3o l re  npr r  pa6ore  B pc-
r {HMax r reAoBt l36y)KAeHHrr  (nyrena o fpa} rHqer i r . in  y f , ' Ia  B I Iy rpcHI lc fo  cABUra re l le -
paropa .nu6o norpe6;rner, , toi i  reueparopoM peaKTuul loi i  l totr t t t t lcrH c yr{croM 3ua-
qel{Hf l  axrusrrcr? Harpy3Kr.{  uau-ruHl l) ,

o6ecneqeuue pelKHMoB nycKa u BKJ'Iroqer{Hq B cerr)  MeroAaMH to. l l lo i l  ct . tFI-
xpouH3attr iu r{  ca\ iocnrrxporlu3ar{r .ru u eQr}exrrrBrroro rarrreHr.rr  uo.rrr  i lp}I  4el icrt l 'nt
pe , rc i iHmx 3auHT;

o6ecnc.reHHe pa6orur reHeparopa
npfl)Kelrfir{ afpef aToB cTaHIIIIu.

APB cuJlbHoro AefrcrBl l t i
peafHpyloT I{e ToJlbKo Ha oTKJIO-
HeHHe pex l {MHbIX napaMerpoR,
HO r.r  Ha r{x npoH3BoAHbIe. [ Iep-
Baf,  H BTOpafi  [pol i3BoAHble
ToI(a o6uorxu craropa nPH6.ntt-
SIITeJTbHO rlpOIIOpqUOI{aJIbHt'l or-
KJroHeHHn qacrorbl  Af rz ec neP-
sof i  npoIr3BoAHotI  f l .  Onur Ha-
IAAKH APB IIOKA3AJI, TITO CTA-
Tr,rqecKyro ycToftqHBocTb ]Ao6uo
orIeHHBaTb c noMolrlblo o6,{acrrt
ycTofiqHBocru, nocrpoeHHor? B
nJrocKocrll KoaQQHrrHeHToB pe-
rynupoBaur.rr (puc. 17 -2). fpa-
HHrrbI etofi o6.nactn He fl,BJrfl-
torcfl nocTotHHblMH, a LI3MeHfl-
IOTCf l  B 3aBHCHMOCTH OT pe)KI{Ma
pa6ornt reHeparopa, a raK)Ke
cxeMbI KoMMyTar{I.rH SJIeKTpO-
craHrrun u .nuuuft 3rreKTponepe-
Aar{u.,[ , .na eosuoxHocrn pa6orr,r
c oAsofi Hacrpofixoir pery.nnroPa
BaxHo r.rMerb uau6o.nee IIIHpo-
Kyro o6racrn ycrofiuunocru.
B cesett c srHM Heo6xoll lMo l lc-
TIOJIb3OBATb AOnOJTHHTeJIbHbIe
cra6rungupvtor[He cr{rnaJrbr I '  u- Puc. 17-2. MarelrarHqecKoe ol lucarlne APB

t  
t t  '

I  d,  KoTopbre paguuprrroT O6- cHJIbHoro AeI ' ICTBHfl

Jracrb ycroftuHoocru. B npoqec-
ce HaJraArH APB flpoBepflercfl ero geficrnue B pa3JrrqHbrx ycJloBtrtrx n nut6upa-
lorcfi  TaKIie ycraBKH cra6uil t tsupynurrx crrfrra, 'roB, npu rioropux o6ecnequBarcTcfl
1'croftuHnoe peryJrupoBaHne u rroBbrri leHiie crarriqecxori ycrotiuunocrlt .

Hacrpofixa peryJrf lTopa, nu6paHHafl H3 yc.rroBr{n 4errrnrpupoBaHufl IvlaJibIX Ko-
le6aguii ,  qacro He coBnaAaer c onrulra.nr,sofi  uacrpofixoir no ycJloBlito noAaB-
JreHHff 6onnurux ro.ne6auurl. Bnu4y erofo AHa[a3oH H3MeHeHuq xoaQ$uuneHroB
ycr{Jrenufl no uenrlM U' ^ f ' , ,qonycrlr irrrr i i  no ycrol iuueocru B MaJIoM, B pflAe
cJryqaeB ofpaHxrrnBaeTcfl ycJroBriflMH 4errluQupoBaHHrr 6oasruzx xore6asnfi.

! ,nn pacueroB craruqecxofi ycroi iuusocrtr ruAporerreparopoB qe"recoo6paauo
rrMerb MareMarnrrecKoe otrucaHLre APB. A,'rs APB cH,'IbHofo AeficrsHq raKoe
onucaHr.re cneAyer H3 cxeMbr pHc. 17-2. 3Aecs 3BeHo c nepeAaroqHoit QyHxqrreri

, -  o  'o2P

1  +  0 , 0 2 1 p
fpynnbr gJreMer{ToB, BxoAr{u1ux e octtouHofi
Qrr;lnrp, cucreMa ynpaBJreHr4r{, Tvtprcropur'tir

Hanprx(eHrrro o6rr rorxu nos6yx4errun) .
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Ha puc.  17-2 vcnorr ,3oBal t r , r  cJtcAyrot i l . i lc  ( )603na,r ( \n l r r r :  hU n LIa -  r f3Mci lc-
I I l t t {  I {anpf l )Kcnnf l  craropa r r  ror ia  no: ;6y;xTlcr ruur  lc r rcparo l ta ,  0  -  -  yroJr  ur ryrpcrr -
H e f O  C A B I I f a  I I a  l U l l l I a X  I I I ) I C O K O f O  I l a n p t l I { e l l l l t l  3 J ' I C K T p O C T Z I I { l l r l t l ,  l t o u ,  k t u ,  k o t ,
kt l ,  k t r  d-  KogQQri t ( rJcurbr  pcryJ l r iposaunr  r ro  orK,r ror {er{Hro r r  r repnor i  npoHsr ;o7i -
Hoi i  I IanpglKenHf l ,  I ro  orKJror lcnHro r i  nepBor l  npol rsno4rro l i  r racrorbr  Lr  no npor13-
so4Hor i  ToKa poropa cooruercrncr iHo;  p -  oneparop au{ lcpcpcl iur {poBaHHq.

Vron 0 Bblpaxaercq I r  paAHanax.  f loarony xoaQQur l r rcr r rbr  pcry, ' r r . rpoBaHr i t
kot  u  k tJ  lAo6uo rpH pacqerax ycro i i , rHnocrr i  Bbrpax{arb B eArr r r r r r iax ros6y,x-
AeHLI f l  Ha paAI Iarr  B CeKyHAy I r  r ra  paAr la l r  B cer iy i lAy B r {Ra/ lpaTe coorBeTCTBcrr r ro.
Cne4yer 3aMerHTF,, rrro

e A .  8 O 3 6 . I  c l .  l ;c l :16.
l i  

- -
c/1.  no36. I e,q. soe6.

Pailc
{) ̂ -
z ) L f u/c

I I

A paL/cz 2n

B cBrr3rr  c  6o.n i ,uro i r  nocrogruro i r  BpcMerrr {  (0 ,9 c)  n3
I \HH KATIA i lA

PRof

I *l-- 0, gp

cJleAyer, qro AaHr{ufi  xasan Bbrr{8, 'rrrer orKJror{eHHe qacrorsr Af.
Koa$SuuHeHTbl pery, 'rnpoBaHurr no orKJIoHeHuio Hanprrx{eHuq HMeror $rrxclr-

poBaHHbre 3Har{er{Hf l :  15,  25 u 50 ea.  sos6. /ea.  Hanp.  (e4uHuq H3MeHeHHf l  Bo3-
6yx4euun Ha eAHHHT{y H3Mer{eHHfl Hanprrx{eHrrrr craropa). Octa,rrssre xoaQSi.r-
u,I. IeHTbr Moryr 6rrr l  H3MeHeHbr He cryneHrraro, a nJraBHo. l lpn 3ToM HX san6orr,-
UIHC 3HAqCHHf l  COCTABJI f l IOT

k r ,  : 7  ' 2
eg .  nos6 . e1.  nos6.

e A .  u a n p . / c
t  1 /

f t ^ c  -  l t JuI fu
eA.  sos6 . cA.  eos6.

k u :
f u / c ' e A . ' r ' o K a  p o r o p a / c

f u/c2

ncpeTlaro, r r ro i i  $yux-

k r , u "  1 5

Ha .[Hqeeof i  cropoHe irxa$a APB ct ' IJ ' IbHofo Aef icrBlts HMeiorcr

AJIf l  H3MeHeHr{f f  Ko3QQHIrHeHToB ycu/reHnr no I(aHaJIam U, U',  Lf ,  [ 'u
noMorl lbro npou3BoAlIrcf i  HacrpoftKa APB.

17.3. ABTOMAThqECRhN PETYI'TOP BO36Y}K AEHVLl
BCNOMOTATENbHOTO TEHEPATOPA

APB cu,rnsoro Aef icrBrrr  nprrMeHffrorcn AJIn MoulHblx rnAporel{epaTopoe. [ , rn
BCnOMOf aT€.4bHLIX Ci iHXpOItHbrX feHepaTopoB, a TaK>Ke f  I4ApofeHepaTopoB He-
6o,rsruilx Mou{Hocreli ucno.nugyrorcfl 6o"tree npocrble peryJlflTopbl ilponopllHol{aJlb-
rroro AeircrBrrf l ,  pearr-{pyrcUlre Ha orKJrorIeI{He l lanpf l>KeHll f i  feHeparopa.

Cncteuu aBToMarl .rqecKofo pery/rHpoBaHHfl  u eo:6yx4eutta Bc[oMorare"r lb-
Hofo feHeparopa AoJIxHbI l {Merb noBbr[reHHyro HaAe)KHocrb, . l ro6tt  npaKTHqecKI{
HCK"IITOqHTb B03MOX<HOCTb BbrH)rX{AeHHO|O OTKJIIOTIeHHfl f LIApOfeHepaTopa v3-34
Her{cnpaBHocrH ycrpoficre peryJrupoB aHLrfl u nos6yx4euun. lloerovly cucreMa
nos6yx4euHn Bbrno,Tnf lercf l  c AByMfl  THpl{cropHF,IMH Bblnpf lMHTeJITMH I ' I  AByMt
APB- i lponoprlHoHaJrbHoro Aef icrnus. Ec.r i r  B oAHoM l i3 KaHa, ' IoB APB cl{creMbl
ynpaBJreHHfl  TtrpprcropHoro Bbrrrpf lMl ireJl f l  Hapyi l raercs pa6ora, qro nplIBoAI{T

K IroBbI[ IeHHro Hanpf l>xeHl{f i  BbrrrpfMrITeJIt ,  To cpa6arl tnaer oAHo H3_ _peJle
(perc. l7-3).  B pe3yJrbrare srofo orK, ' r loqaercf l  BbIXoAHoe I tanpf lx{eI{He APB I i

npoH3BoAHTcq c,beM yrrpaB,{f l rourrx LrMnyJIbcoB. Taxurrt  o6pasou oAl l i l  I13 KaHa-

,ron nos6yxAeIIHf l  BbIBoAHTcR t is pa6oru.

.[,.nr 
-o6ecfieqeHufi 

slrcoroft HaAe)KHocrrr ri]iraHlrfl APB u ct{creM yIIpaBr'IeHlifl

npHMeHtrcTcff  ABa I{croqHHKa [HTar{Hr:  cra6H,{H3ltponaulrst i l  Hcror lHHK CH, 6nox

pe3epBHoro nr{Tarir . rr{  BnP, npeo6paal,rculrr i r  Hanpf l)KeI l l ie crasqnossof i  aKKyIdy-
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.ru
f lnroprroi i  6arapevt n rry; f iHoe nanpf l , 'KcrIr jc nocroHln{oro roKa 6c: ra" ' IbBaHuqe-
cxo i i  cssar r  MexAy ncpnHur ro i i  u  u ropr r ,n lo l i  o6r t ro rxau l r .

I IpuHr l r rn l laJ rbHaf l  cxcMa aBroMarr r r rccKoro  pcryJr f l ropa no :6yxAeHHn Bcno-
Mor?rc , r lb r {o ro  reHeparopa noKa3ana i ia  puc .  l7 -3 .  APB r rMeer  ABa KaHaJ ' Ia :  Ka-
I IaJI OTKr' lOI{eHHfl  I lanpt l>Kel l l r t  BCIIOMOraTC"r lbl lOrO rel{CpaTopA H KaHaJI KOHTpOJIf l '

I (aHa"rr orKirolrerru f  Hanpf l>Ker{r i r  \U f lBrf lercrr  ocrroBr{brNi Kar{a" ' roM II  npeA-
I {a3r {a r reH Ar ' I f l  nponopr lno i ta , ' r r , r r r ) fo  per " -J I I r l )oRat iHq nog6y} l {Ae l { r i t {  npH OTKJIoHeI {HH
H a n p t l i K e l { l . l t l  O T  3 a A a H I I O f O  y p O B l { q  ( n O r ' l O X ( € l { l i e  n o , r l . B I I X ( H ( ) l ' o  K o H T a K T a  p e 3 H -

cropa .Q/ ,_  nx .n lc - r r re i r r ro ro  qcpc3 t ] l l r , r r , rp  @) .  Vcu, r t { rc , !b  J ' -AoyxKacKaAHbr f i  ycu-
, T I H T C , I I I )  N O C T O ' I I I } I O f O  T O K A  C  I - A . ' I I , B A I I I I I I C C K O i i  C B ' I : ] I , I O ,  I ] b I N O J I I C I I I I I N I i  I I A  T P A H 3 I I .

cropax .  I (ax<at r r i  KacKaA nMecr  o lp l luareJbHyro  o6parH-v to  cBr3b.  l lpH orx" t t tove '
HI i l I  BCnOMOtaTe, 'n,HO|O feHepaTopa noAaeTcrl  cuf l ia,r l  f  t ia lal t ]eHHe no" ' I f l .  3ror
cHf i laJ ' I  nocTynaeT R ycH" l I l rcJb I / ,

H r i jpHCTOpHbIr l  BbInpqrv l l ITe" I Ib I Ic l )c-
BOAnrcs  B  l l l rBep rop r i l ) l i i  pc /K l lN t .

B  yc rpo i j c rBc  caMoKor i rpo " ' r f l  / (
cpaRI rHBa toTCf l  r r anp f l )KcHuc  BCI Io -
MOfaTeJ rb r ro fo  f e l l cpaTopa  14  I I a -
r Ipf l )KeHrre Ha BblxoAe I ref  y"r lsropa
B. Ec.r r r  BbrxoAHoe Hanpf l )Ket l l {e
APB 6yr ter  ra I {HM, npr l  I {oropoM
I I a n D q i K e l l H e  B C I I O M O f a T C J I I ) l l O r O  f e -

Heparopa 6yaer 6o,rsruc ycraBli l ' l
o f  par IHqeHHrr  Hanpqx{e l {Hq (  pc3I I -
crop R2), ro cpa6oraer pe.I lc P I ' l
TriprrcropHbri i  BbrnpqMfiTe"rb 6)' / tct
BbrBeAerr rr3 pa6orbr. ycrpoficrBo K
npeAcraB,'rrer co6oii  TpexKacKa/I l-
Hbli l  yclrJrHTeJIb Ha rpaH3Hcropax.
floc.rrelsuft KacKaA nor,K"rlrcqcH
x pene P.

C"'relyer 3aMeTItTb, qro B .qa"rtF,-
Hcfturerra APB BCIloMoraTclbttbIX fe-
HeparopoB 6y4yr Bbrno.rlHflrbcq ua lrrrrr 'rpaJlbubtx cxeMax BMecro I{acKaAHbIX TI{-
pHcToprrbrx cxeM.

B sal{nrc.{eHr{e Heo6.xoAHI\{o cKa3arb, rrro roqHocrb noAAep>KaI{Hfl ycraBKH pe-
rynupyeMoro Hanpfl)KeHur r{axoAHTCq B npeAe,rlax =L 50/0, I Ipe/[eJIbHoe Hanpq-
xeHile Bo36y>KAeHHr noJryqaercq npu orK,'ror{eHriu Hanpqx{eHl{f l  l0 % Ha rpaHc-

Qoprtaarope co6crBeHHbIX Hyx.u, TCIl.

rnABA BOCEMHAAUATAT

NPhMEPbI KOHCTPYhPOB A}IH*
ThgPoTEHEPATOPOB

1 8-1. O6|4HE nOrOlt(EHV1fr

Paccuorl lr l ,r  Korrcrpyr{poBarrnc ocnoBr{brx y3r'roB BeprHr{aJrbrrbrx rHAporeHepa-
TOpOB Ha AB)/X nprrMepax:  .u , . r r f l  f r r lporeHeparopa N{orr tHocrbw 282,5 MB.A H qa-
crorofi  BpatueHrrf l  125 o6lutrH B 3oHrnqnoN{ rrcno.{r{eHrIr{ I l  A"Irq rr{Aporel leparopa
c reMH x(e napaN{eTpaMIt, Ho B noABecIIOM I{CnO,'rHerrHL{. 3rl t  f l{AporeHepaTopbI
HMeroT I-re3aBrrcr.rMyro TripHcTopr{yrc cucTeN,ry no:6yN,teIIHfl,  oAIII laKoRble 3, ' leKTpo-
Maf t { t {THr, Ie napaMeTpbl  I {  pa3l , r .eprn ar{TrJBI l r ) rx  gacTei t ,  I Io  oT"r l i lqaroTcf l  oAHH oT

Apy ro fo  TOJ IbKO KOI {CTpyKT I Ia l {O I {  l : o l ! { no l {oB I i o l l .
3 rH  np i rN repb r  n03BoJ r l r  npo r r . : r "q roc rpnpoRar r ,  \ ' r i r 3zHr r r r r c  B  t . r l . 7  oco6es l l o -

CT I I  11  pa3 . I1 I i q l i f l  r l l . { pO fC l l epaTopo l r  3O I I r l l r l l l o fO  l l  I IO ;18€C i {OrO I tCnO, lHeu l t i i ,

a  TaK)I {e AaTb cpaBr i l ITc, ' Ibr iy Io o l le l l l iv  o6ol t r t  KoN' l  nol loBorrr {b i l \ {  Bapl ia l ITaNl  .  oul t

Pr. rc .  17-3.  f lpnrrqnnuarbrraq cxeMa APB
BCrroMof  areJrbr{of  o  cHHxpoHHoro f  eHepa-

ropa
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HHTCpCCIIbI,  KpOMC TO|O, TCM, rJ19 IrO,{O6nble tHApOfetICpaTOpr,r  noABccHOfO HCnoJI-
l lc l I I l f l  ycrat lour ' Iel l l l  I Ia Eparcxoi i  f3C, a 3oHrHri l roro -  l ra Vcrr,- I4JrrrMcKorl  f3C.

B npr {Mcpax Koncrp} /nponaur r r r  fnApofcucparopoB r rcno. r rb3oBar rbr  rnnoBr ) re
cxcMbI,  Kol{cTpyKTHBIIbIC peule}rHrr 14 TeXI{OJTOTHTTCCKIIC npor(eccbl,  a TaK}Ke KOH_
r f t t rypa l l l tn ,  pa3Mept , r  I {  MareprJa , , t r ) r  pnAa y3 , ron  r r  Acra , rc i i ,  xoropure  npHHf f rb r
B npar{Tl{r{e f  rrAporelrcparopocrpocnrrrr  n I I  n3O <<3. ' rcxrpocn, ' ra>> rrMeHrr
C .  M .  K H o o s a .

I loao^6 l roc  KoucrpyHpoBan i lc  I l c i l c rc r l  i l p r I  pa3pa6orxc  scr ( r13r {b rx  r rpoeKToB r r
npc;f .uoiKeri l r i r  rra rLoBrre rrr /(porcrrcparopr,r .

1B-2.  KOHCTpyhpOBAHVIE ThAPOTEHEpATOpA
3oHThLtHOrO hcnon HEHt4fl

Houruta, r r ' rn) re Aal rHbre f r . r t rporer{eparopa:

M o q g o c r b  n o r u a q  S " o " ,  x B . A
H a n p q > K e H H e  I I o M H H a J I ! , H o e  U  H o r r ,  B
t{acrora f, fu .
I(oa$QnuueHr Mou{Hocru cos e
9acrota BpauIeHHq, o6/vuH:

HOMI{HaJIbHaq t l } roM .  .

y foHHar l  nv
[uHauHuecrnr i  r r , touesr  HHepur . rH GDz,  Kr .u2

Aono,rrrurc.rrbHbr€ AarrHble rI{Aporerlcparopa, seo6xoAHtr,t l te A"rrH r{oHcrpyHpo-
R A H I I f l :

Harpysxa Ha noAnsrHr{K or  Beca Bpau,a}ouuxcf l  qacre i i  Typ6HHbr r . r  or
oceBoro fnApaBJrr . rqecKofo ycnaux Pr ,  MI{  9 ,5

Teuneparypa oxJralr{Aarcqeii  eoAsr fn, oC . 16
fiuar' , terp uaxrbl Typ6HHbr D,,,.  

",  
M . 8.45

)  QJraHrra BaJra ryp6r . rHbr  D6,  M .  2 ,16
BHcotgaq orMerKa.  M:

S.naHua BaJra  ryp6uHu vO .
Typ6HHHOTO nOArr rHnHHKa Vr .  n
noAcTaBKtI noA noAnTITHHK 17 r

f I  p  
"  

M e  q  a  H H e  .  Br rcorHbre  orMerKH xapaKTepI {3yror  noJroxeHue rHApo-
a fpe faTa oTHocHTeJrbHo ypoBHg MHpoBoro  oKea l la .

Ha nepnof i  craArir{  npoeKTHpoBaHHfl  BbItro, ' lHf lercf l  ar ' IeKTpoMarHutsut i i  pac-
r{er fHApofeHepaTopa, B pe3yJrbTare Koropofo onpeAerqloTcf l  pa3Mepbl aKTHBHblx
qacrei l .  Mero,quxa v npr{Mep 3"rreKTpHqecKofo pacrrera rHAporeHeparopa npLrBe-
AeHbr  n  pa6ore  [38 ,  u .  l ] .

282 500
l5  750
50

0 , 8 5

t25
222

5 5 .  1 0 6

200
1 9 4 ,  I
l 9 g  , 3

HHxe yKa3arrbr Jrurrrb re .qaHHbIe a, ' IeKTptlqecKoro pacqera,
rJcno.rrbsoBaHbr B npoqecce KoHCTpyupoBaHHf :

CepAeunuK craropa:
Ar.rauerp Hapyx(Hbl i i  Do, t ' t t r l  .  .

Ar laruerp pacror lKt l  D;,  l , t t ' l
AJTI. IHa aKTHBHoii  cra. lH c KaHa, ' Iauu /y,  urr l
I IHCJIO BO3AYI I IHbIX KAHAJIOB TI r  .

Bbrcora  KaHaJIa  br ,  I r rM
TIHCJIO f iA3OB Z

Paalrepr,r  na3a, I \ f i \ { :
I  J r - y U r l n a r  , { n  .  .

uru ipuua bn
O6uorxa craropa:

rnrc, ' ro crepxuei i  B na3)I
I I A I  O O M O T K H

AJI l l  Ha BHTKa, I \ ' lNrl

Bosnymnsui :asop 6,  un
QHc.no norrccos 2p

Koropbre 6yayr

1 1 9 0 0
1 1 0 0 0
2 150
40
l 0

D / O

213
zi)

2
t - t 5 - 2 5

7 652
26
4B

J . l b

. )++



Y
CepAeuHu( nonrcca:

ruHpur ra  6auruaxa b  r ,  uM
r u H p u H a  c e p A e q H H K a  0 m ,  M M
B b r c o r a ' 6 a u u a x a  l ' t p ,  M M  .  .
Bbrcora cepAeql lHK a h^, t t tu
AJTHHa cep.4eqHHKa^ 16 ,  MM
ToJ l r r ruHa J rHcra  cepAeqr rHKa A,  una

O6ruorxa noJruoca:
qHcJro zHTKos w,
A, ' IHI{a oAl lo fo BHTKa I r ,  xnt
CeqeI IHe N leAH,  N{ I I I

HsAyxquf l  B  Bo3, (y ru l {oM 3a3ope .86 ,  T .n

^oMI IO I IOBKa  f l . lApOfe l l cpaTopa  3o l lT l i r r r r o Io  t r cno . l i l c r { r r r l  Bb rnoJ rHr r0 l ' c r r  c . re -
AyrotqHM o6pasora (c ' ra .  pr rc .  7-4) .

Bcc ys, r r , I  rHAporeHcparopa,  3a I IcKJI Ioqer IueM Kor i raKrr rbrx  Koi rer I  r r  pcry. [ f l -
TOpl{ofo feHcpaTopa, pacno./IaraloTc'] I IH)Kc orx,{eTKr.I no.[a ]\ ,rai lrHHrrofo 3a"'ra, noA
nepeKpbrr r ieNl  Bcpxrref i  xpecroBI IHLI .  Crarop ycrar iaBJrr rBaercr  s  6crorruoN{ r (o) .Kyxc
Ha 6erossrtx rfyu4aueHTHbrx rylt6ax, r lex{Ay Koropbrr\,rH r\rrpr(yJrrrp)/er oxira}K-
Aalourui i  Bo3Ayx. Porop - 6esna,' Ibl loro rrcnoJrHel{Hfl c qernpa,rluoi i  qacrbro
ocroBa, HenocpeAcrBer{Ho coe4Hurcuor? c Qranqeu BaJra ruaboryp6r.rur,r. l lo.u,
poropoM Ha cneurra"rnHoir  xoHycuof i  noAcraBKe,  onHparoutct ic f f  Ha KpbrruKy ryp-
6uubt ,  ycraHaB, ' IHBaercf l  Macl rnaf l  BaHHa c r roAnrrHr . rKoM. Ha Kopnyc craTopa
f rdAPoreuepaTopa onlrpaeTcfl cBoHMH JranaN{rr Bepxi{f l f l  KpecroBr{Ha, B ueHTpairb-
Holi qacru xoropori pacnoJlaraercfl  Mac/' I f lHas BarrHa c noAtur.rnHHKoru. Bry,rxa
troAll l l rrrHHKa Haca>KeHa Ha HaAcTaBKy Baila, 3aKpenJIeI{Hyro Ha ocToBe poTopa.

Ha HaAcraBKe BaJIa ycraHaB,rriBarorcfl  TaKlKe KoHTaKTHbre KoJrbrla rr porop
peryJlf lTopHofo reHeparopa. Crarop perydrf lTopHofo feHepaTopa u rpaBepca KoH-
TaKTHbIx KoJreu paciloJrararorcq B cnerlHa.nrHoir noAcraBKe, ycraHoB,reHHoii ua
nepxHerl KpecroBHHe.

B npocrpaucrBe MexAy eepxuefi KpecroBllHoft u poropoM rHAporeHeparopa
pacnoJrafaeTcff BcnoMofaTeJ'rbHnfi reHeparop. Efo poTop yKpen"reH Ha ocHoBe po-
Topa fd{aBHoro feHeparopa,  a crarop Kpei l r i rcr  K JanaM ucpxuer i  KpecroBrJHbr.

KoncrpyupoBaHr.re o6sr.rHo HaqrrHaercfl  c Bbrqepqr. iBaHrrr ar(Tr.rBnbrx .{acrei i
f  HApofeHeparopa: cepAeqri lrKa cTaropa a noJrroca poropa, pa3Mepbr Koroprix
3aAaHbr 3JreKTpHqecKHM pacqeToM.

Koucrpynponanne ciaropa. Pasnrepur craropa o[peAe,'rf leM, HcxoAfl H3 3a-
AaHHbrx pa3MepoB cepAeqHnKa u o6uorxu. Hapyxsr,r i l  AHaMerp Kopnyca craropa
Dx nepBoHaqa, ' rbHo npHHr4MaeM r . r3  coorHo[ Ienus D*: (1,12+1,15)Du [38,  q .  2 ] .

B paccuarppiBaeMoM rrpnMepe npriMeM
D *  :  l , I ! D a :  1 , 1 5 . 1 1 , 9  :  1 3 , 7  M .

l lo ycJroBHrM TpaHcnoprHpoBaHr.if l  xeJlesHoAopoiKHbrM TpaHcnopToM crarop
TaKHx pa3MepoB AeJrHTcfl Ha 6 qacrel i  (cexropoe) u HMeer 12 Syu4aueurHbrx
nJrHT. Bsrcora Kopnyca craropa Hx npunnMaercfl  na 50-100 urr,r 6o,rsue A,'r lrHbr
o6uorKl.r, qro6rr nocreAHqq He BbIcryIIaJIa 3a crarop.

Onpe4e,'rnlt no, ' iHyro oceByro A.rIrrHy o6uorxlr no r\ lcroAr{Ke, npeAJro)Keusoir
n pa6ore [38,  v .  2 ] .  [aHHue Ai ' ] t r  pacqcra:
Pasrraep na3a noA KJIHH ft*rr, MM
Bucora crep)KHq 6es xopnycHofi Heorf l I{I lu 11, tr lu
[InpnHa crep)KHs 6es xopnycuoii  t lgoJlff trHH B, tnlt ' , t
f iaycroponnfff l  ToJIulHHa H3oJIfftrHI4 e ro6oeot? qacru
PacctosuHe Mexrv no6oert luH qacrqMg tn, MM
f lepnrrir qacruqHbtir :ruar 91 . 14
Bropof i  qacrr rqr rb l f t  : :oar  gr .  l0
Bsrcora crepx(Hfi s no6osori qacrH F1rr, l t{M 100
[ , runa npqluoyroJ lbHoro yqacrKa crep) l (Ht l '  IUM:

505
390
60

3 1 0
2 100
1 , 5

29
5 570

8 , 5  x  1 0 0
0 ,7550

A .  r r l to l t  l r l l v r  .  .

1 3
90
l 5
9

t 2

na Bbrxore  l t s  nasa K .
y  roJ IoBKI r  Ar  .

P a A p t Y c  3 a K p y f J r e H r . { t  n p r r  n e p e x o . I e  o r  I I p q l t o r o  } ' t t t c r x i l  K  f o . [ o n x e  R 5 ,
M M .

Crrrelqesue qeHTpa l,yrH 3aKpyrreHuR d, Ir l tr t

I  l 0
1 2 0

1 0 0
20

. t+  I



Pa4uycur pacnoro)Kelri ln rlnxuero n

R 1  '  0 , 5 D i  - l  h 6 n  - - '  0 , 5 '  I

R2-.' Rt -f '  1/ ,- 5513
Vro,r orrn6a ,ro6onofi rri lcru crcpiKr{a

B - l - L t l n t

Bcp x t {ero CTCpx{ Hert :
I 000 -l- 13 : 5513 r'rr,,r;

I 90 =- 5603 mr'r.

1 5 + g + 1 2
Q 2 :  a r c s i l - l -  Z  - :  a f C S l l l 576 . -  0 ,6 ;

2nRt 2 n . 5 5 1 3

C o S  7 - r  . -  0 , 8 .

3aH i l r { a€ t r l tO i i  no6oBOi ' r , l ac l t , r c t  cTcD) t i  | I r r  :

fr (Rl - l  R2),  I  Rz)  (5513 I
5 t  -  -

5603) | ̂_ -  I T :  848 una;

.(.nlrrra Ayrrr,

G t :
576

Gz: n (Rr l-  Rz) 
uz :n (5511J- 5603) l0 :  60g rrrna.

z  D ( o

flpoexqun ororHyToio yqacrKa .lo6osori qacru Ha ocb Maurrr{br
I

C t :  ^ -  [ 0 , 5  s i n  e z G t *  ( R u  *  0 , 5 8 )  ( 1  -  s i n  d , )  ] -  d :
cos @2

I r 0 , 5 . 0 , 6 . 8 4 8  J -  ( 1 0 0  _ l _  0 , 5 . 1 5 )  ( 1  -  0 , 6 )  I  - _  2 0 :  3 9 0  M N r ;
0 . 8  

t

I
C z :  - t  -  [ 0 , 5 - s i n  @ z G z *  ( R u  *  0 , 5 8 )  ( l  -  s i n  @ 2 )  l -  d :- 

cos @,

I
1 0 , 5 . 0 , 6 . 6 0 8  +  ( 1 0 0  +  0 , 5  1 5 )  ( t  - 0 , 6 )  l - 2 0 : 3 0 0  N r r u .

0 , 8  
I

nofiHaq oceBag r, ' i r .rHa o6nrorxn

L -  t t ) ,  2K1-  Cr  *  Cz*  2At4-  2H" :  2150 +  2 .n0  - l -  330 +  330 +
+ 2.120 -+- 2.100 : 3500 l,t'r.

f lpuuunaeM Bblcory Kopnyca craropa Hn:3,6 r,I .
Or uuxuefr noJrKr{ Kopnyca craropa Ao nepeKpblTufl [raxrr,r 3aAaeMcrr Bbr-

coroi i  Ht: l  M, r iTo6bl o6ecnequTb ,(ocraroqHrlt:r KaHaJI AJrf l  npoxoxAellxq BeH-
TlrJrr{pyoltefo Bo3Ayxa B poTop r{ Aocryrr K HHx(}rr{M "no6onrru qacrqM o6uorxlr
f ipu npoQr{JraKTHqecKllx ocMorpax u peMoHTax.

flplrHr-rrrran, qro BbrcorHbre orMerKr-I nepeKpblTt{fl ulaxrbr ryp6}rHbr u QyH4a-
MeHTa IIOA ferreparop coBnaAator c oruerxofi Vn : 198,3 M, onpeAeJrseN{ or-
MerKy uarsuruoi l  ocu rHAporeHeparopa Vr :  V" :  Vo *  H r*  0 ,5 Hn :  198,3 + I  +
+ 0 , 5 . 3 , 6 : 2 0 1 , 1  l t .

Taxuu o6pa3oM, MF,r noJryqH,'rr{ ra6aprlTbr craropa H cof"IracoBaJrr{ efo pac-
noJloxeHue Ha Qyn4arraeure oTHocHTe,'rbHo Q.uauqa BaJra Typ6HIIbr H rroAcTaBKH
TIOA TIOANflTHHK.

LUupuuy KpariHHX noJroK Kopryca craropa npriHliMaen 350-400 rrrrra.
r{Hcno cpeAHLIx noJIoK, 3aAaBaffcb paccrorHlleM Mex(Ay HHMH 0,5 M, noJly-

I IACM PABHbIM 5.
f lpuuxrl te pagMepbr craropa 3arervl  yroqrlnrorcq r \{exaHlIr{ecKHrt pacr leroM

cro arreMeuron [50].
BuyrpeHHuli  AHaMerp uraxrbr noA rcl leparop orIpeAeJ'IuN{, r lcxoAfl  I I3 cJIe-

Aylournx coo6paxerrur?. B npocrpaHcrBe MclKAlr KopnycoM craTopa 14 utaxroi t
pacnoJiararoTO{ Bo3AyxooxJraAr.{Te,rH c narpl '6Ka\ l l l ,  u] l lpI{ i la I(oropblx cooTBer-
cTBeHHo paBr{a 0,35 H 0,3 na. Kporvre rofo, neo6xoAl l l , to o6ecneql lTb npoxoA ruu-

pt iHof i  0,5-0,6 M A,t f l  o6c"ryxl taarou{efo ncpcol la"I Ia.
B  pe3yJrbrare  npr {  Auar {erpe  Kopnyca c raropa D, , :13 ,7  u  A I {aMerp  t r lax rb l

noA reHeparop noJ lyqaeTcf  Dz :16 ,2  u .

3 1 8



$
l lcnH Bblcory Jranbl nepxnei i  KpecroBHltbr t lpHIIrrb paBHol i  I  M, To 01'1\ ' lcTKa

I roJra  MauI I I I IHoro  sana I -3C I I rH,  t t ro  o , r ( t to  I t  ro  i * rc ,  o r l \ {e rKa nepcKp lnr l l t t  Rcpx-

t rc i i  xDccroBt t l lb l  cocraBr l r  Vn  .  "  
- '204  r t r .

KbHcrpynpoBar rHe nor rcca  poropa.  Onpe4c, ru rue  pa3 i \ repoB (H r r : r r - r ( rpar ic -
r l rc  lo .n roca)  4" ' rn  c6opoqHoro  r rcprc iKa I tc  I IPCl lc rau , ' t t t c r  sarpyAt tc t t t t i i .

Pasn, tepu ccpAeqnnKa I ro , ' I rcca  ) 'Ka3a l lL l  l l  AOI Io" ' l l l l l ' f e . ' l l , l l b IX  / la l { l tb lx  I Ia

c. 347, a Ai lnHa io6parrrrofo I to! ' r roca ln cwla; lbl I laerct l  l t3 A, ' l l l l l l r l  ccPl lcr l l l l l t {a I ,n,

,O" ' rU l , i r rO,  U- ( " *  bu , , ,  TO, , IU IHI Ib I  I J3O, , l t lq t l l l  -CCpj lCq l iHKa 
A i ,  TCXl lO, '1Ol ' t t . {CCKOTO ga-

3opa Mc)KAy-  ccpAeqr r r r r (oN{  r r  Karyu lKo i i  0 "  I I  t l lHp t t t tb t  I } l l rKa  l (a ryu l l i l l  b " ,  T .  c .

l n  - '  Im i -  2  (b^  l -  t \ ;  - f -  d ,  - l  b r ) '

B paccrv rarpr rgac i \ {o i l r  npr r i \ t cpc :  In r :2101J  iu fv i ;  t l , r= '6  Nt i l l ;  1 l , ,1 " -  7 ( )  l \1 } l ;  l ' , '

:100  n , lu ;  A , - -4  MM.  
' fo rAa 

AJr ru ta  I Io . r l loca  ln :2460 N l t \ { .

l {e 6y4ena 3;I ,€cb rrpr.rBoArrrrr  i )acr ierbr Nlaccbt I I  AI{aN' lc ' l 'pa f io I(c l l rpy Tt l i l iccr l i

noJl11;coi t ,  ogH o6u{errsgeclur)t .  } ' r taNeiur l )e3} ' , ' ILTarH pact lera: Ntacca oAHofo I lo-

, r rcca  (6es  xeocron)  G 'n :4166 x r .  C1 ' r t t rapHal t_N{acca noJ I IocoB Gr :200 '103 x r .

[ua laerp  r to  qeHTpy r f l x<ecrH no, ' I locoB Dn: I0 ,56  Hr .

-  
! ,uHaunqecxl i t i  t \ IoMeHT LII Iepql lH noJIocoB

G D 2 n : 2 0 0 '  1 0 3 '  1 0 , 5 6 2  :  2 2 , 3 '  1 0 6  I ( r ' M 2 .

C,'reAoeareJbr{o, ArrI{aMnqecKHii  Mot\{eI l r  LIHepuIILI o6oAa Ao"IX{eH 6l , t ru paBeII

GD2oo :  GD2 -  GD' r :  (55  -  22 ,3)  106 :  27 ,7  '  106  Kr '  M2.

Kpen.neuHe f loJtIgca Ha o6oAe ocyu1ecrB"r l f lerc_r T-o6pasri t rNf l i  xBocraMIJ.

MeroAlrxa pacqera KpenJreHLIf l  no! ' rrocoB, Bbl6opa pa3MepoB xBocra l I  qI IcJIa

xBocroB rra noJl loc npl ' lBeAeHa B pa6ore [38].
Onpe4e.nuv qernpo6exHyro cnJry, AeircrBylouyro Ha I  cu A,ruHbI cepAeql{ l lKa:

C 'n :  r '  +0 ,5Dn  : 23 , r '  n : : :  0 , 5 ' 10 ,55 '  10 -3  :  56 ,8  KH ,
lm 

'  rt  2lo

rAe o :rr,nvl30:23,2 c-r - yraoBaf; qacrora BpaxIeHHfl npH yjg_He.
IIo ra6.nurle AonycKaeMbrx Harpy3oK IIa xBocrbl noJllocoB [50] a,rs JlucroBofi

craJrr{ ro.nutnsori 1,5 
-urr,r 

nu6upaeu i{& no,'rtoc ABa xBocra i\ !  3 c npoBapKot? no

AJTHHe XBOCTOB.
KoHcrpynpoBaHHe o6oAa poropa. O6oa co6ilpaercr H3 cerMel' IroB, ural\ ' lno-

BaTIHbIX I1g "rgrcrosorl craJIH ToJrrrIHIIofi 4 ltM, I{ rto Bblcore pa36HBaercfl IIa na-
KeTbI, Me)KAy KoTopbrMri HMeroTcq Bet{TH,'IflIlLioHHbIe KaHa,rbI. BeHrH.nqq}lo}IHble Ka-

r{aJrbr rro roprrarrr b6oAa, Bbuue v III{)Ke noJIIocoB, npHrIHMaeM Bblcoroii 80 N{M'

a B cpeAHei l  qacru o6oAa, noA noJrlocaMI4,- sHcorof i  40 rr ' l l t .
tlncao KaHaJIoB B cpeAHefi gsCTI{ &o OIIpeAeJIfleM I{3 yc,'IoBI'Ifl, qTO BbIcoTa

OAHOTO [aKeTa c I(aIIaJIOIV! COCTaB,'IfleT IIpIiNIepHO 200 i\IM, T. e.

k n :  
l '  - l- 200

_  2 4 6 0 - 1 = l l

200

t r , leN4y TOpiv {03 tJb IN{  Ko i tbUo iv ' l  } l  I I I JX{H l l I I  BOI ITHJI f l I I I IOI I I Ib I \ {  Ka} Ia , . ION{  PACI ]OJa-

raercf l  naKcr er, tcorof i  80 l t l ' r ,  a IraA Bepxutt l ! {  Kal{a"[o\1 ] 'KJaALIBalorcH ARa c. lot l

CCINlCHTOB.

B pesynrrare [oJIHar Bblcora o6oAa cocraBllr

L o 6 : 2 4 6 0  +  2 . 8 0  +  8 0  +  2 ' 4 : 2 7 0 8  r n r ,

a Bbrcora o6o,na 6es xaHaflon

L ' o 6 :  2 7 0 8  - 2 ' 8 0  -  1 l ' 4 0  :  2 1 0 8  u n '

f lpunnroe qt{cJIo I{  pa3r{epbr BeHTil .Tf lUIIot{Hbtx KaHaJIoB 3arcM yTot l l t f f lorcu

I lel{TI '1, ' I  f l  I l l ' iO II  HbIlvl  p aCqeTO\1.

I {apyx<r t r , r i t , i ' l l taucrp o6oAa
p a c q e T a :

D o a L . -  D t -  2  ( 0  *  h o )  h * ) :  l l , 0  - - 2  ( 0 , 0 2 6 - l -  0 , 0 6  +  0 , 3 1 ) :  1 0 , 2 0 8  r ' r '

/ )o6 r  OnpeAe. [ t {Ci \ {  l lo  Aal l l lL IN{  3,1e1{Tpl ] t lCCKOfO

3 4 9



BHyrpeHl rHf i  AHaMerp  o6oAa Do6 z  u  rx r . lpnHy o6o.qa
onpeAeaf leM,  r rcxoAf l  n :  rpe6ycMoro  MaxoBofo  MoMcl r ra ,  a
r rc l 'oM npor i l roc r t l  060 l rc .

f {n l lav r r , rccx l r i i  r r lo lv re r r r  } tucpurur  o6oAa Bbt r l t rcJ r f feM no

GD2oa :  Go6
D'ru, * DZu,

r^e Macca o6ona

Go6 : y 
+ 

(D2oor - of;ur) Lou;

y:7,85.  103 xr /n ' r r  - -  nJ ' ror r rocrbcrar'rrr o6oAa. Tor,qa

cDZu: ? + (Dlo, - Dtar) Loa.

I tne  ncpBoHaqaf lb l to
3aTeru  y roqHrrcM pac-

Qopuy,rc AJrf l  KoJrbrta

r+T
+ l
, 9q r

+L
+
+

[+1
\"9#

A1 +

+7
I

t

+t
+
+

Puc.  l8-1.  Cer l leur  o6oAa poropa

OrcrcAa onpeAe,'rf lelr nHyrpeHirui i aMerp  o6oAa :AIJ

8 . 2 7 , 7 . 1 0 6 - 9  u .
7 , 8 5 .  1 0 3 . 3  , 1 4 . 2 , 1 0 8

LUupnna o6ola

h o 6 : 0 , 5  ( D 6 6 1  -  D o 6 r )  :  0 , 6  M .

Ha ocHoBaHI{ i t  I Ior ' IyqeIIHbIx AaHHbIX BbrnoJrHrrM noeepouusri t  pacqeT o6oga
poropa.

Ha pnc. 18- l  l l :o6paxen cef l , IeHT o6oAa. f lpuHulraeM: ql lcJ 'ro no"rrocHbrx Ae-
,reHufi  B cefN{eHTe zn:4, cABHf cefMeHToB (n no, ' I locHblx Aer ' IeHHqx) v:  1,5;
qtIcJIo cJIoeB B gleMeHTapHoM o6ole m:8; qr. Ic, [o tunHJIeK B nor ' I rccHoM AeJ'reHHt{
fr lmu:9i  AHaMerp ornepcutf t  noA utnu, ' I t ,Ku B cefMeHTe d-rr :56 MM; r ly6HHy
na3oB Arf l  xBocroB r lo.{rcca h*:92 rvrM; MHHuMaJIbHyFo paAnaJrbHyio txHpHHy
c e f M e H T a  o 6 o l a  ( a a  u a  p u c .  l B -  1 )  h o ' , , , :  h o a - h r - 2 d ^ n : 4 0 8  u u .

Macca o6oAa (c  xnocraMr l  r ro . { rccos)

D o 6 2 : n4 8 GD36
uo6 l 

- ---1- -

ln  Lo6

: 1 r /  * t o t r  -

Go6 -- 
i  trzr, -  D'.ur) Loa\: 3oo. lo3 Kr,

4

V

xoaQ$nqrrerrr
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d o 6 :  D s 6 2 l D s 6 r : 0 , 8 8 .



.?

Palnyc HHepuut{ o6ola

, 2 .
f  o6 -  - : -  0 '5 Do6t

3

IJcrrrpo6elKHafl  cu"na nor ' I rccoR

C n  :  0 ) 2  G n  0 , 5  D n  : 5 4 3 ' 2 0 0 '  1 0 3 ' 0 , 5 ' 1 0 , 5 6 ' 1 0 - 6  : 5 7 2  M H '

I-[crrrpo6e>KHafl cu"' ' Ia o6oAa

C  o 6 :  , r t ' G o o r o u  = =  5 4 3 ' 3 0 0 ' 1 0 3 ' 4 , 8 ' 1 0 - 6 :  7 8 0  M F I '

I -1- aoo -1 ol2oa

l * c r o o
: 4 , 8  M .

o t5 /00
204 n

- { ' -

Qtla00

20f  n
.

Pnc.  lB-2 . fu4poreHeparop 3'ran npoeKrl ipoBaHnfl  aK-

HanpnxeHue pacrf l)KeHfif l  B ccf rr leure o6oLa IrpH yrottuol ' t  qacrore Bpa-
u{eHi{fl

0 o 6 :
(Cn * Cs6) nt (572 -1- 780) 8 :'287 tr{fla.

2 nL 'o6h* i , . ,  ( rz  - -  1 )  2 '3 '14 '2 ' l0B '0 '408 '7

t r4cxoAs H3 ycJioBnfl ,  qro 3ro Franpr)KeFiue l ie AorlKrIO npeBbl lxars 90 9b
npeAeJra reKyr{ecr ir  Marepr.{a,ra -  -cerMeHToB, i lpt lHl lMaeM LJrn cefMeHToB o6oaa

cia.rrr  35 c npeac"toN{ rel iyqecrl{  320 i \ ' l f la '
Taxg l r  o6pasou,  r IpHHfTaf l  rxup l i i l a  o6o la  ho6:0 ,6  u  yAoB, r leT l lop f leT  yc" I lo -

Br i ro  npoqHocTH.
Cnusy noA o6oAorur pacnoJ'raraer{ TopN{03Hoe Ko.I I I ; t - to ruttpunoft  330 MI{ I I

ro. ' tut t iuoi i  60 l r l r .
Pea.v . l s ra r t r  r ioHcrpynpoBar r r r f l  a r i r r rBHbIX . lac rc i i  r I lAporeHcparopa nPe l -

c raBJ ' re I Ib r  Ha p t rc .  lB-2 .
KoHcrpynpoBaHue ocroBa poropa.  Ta l<  KaK r raA po ' ropor r  fJ laB l io ro  re i iepa-

Topa pacIoraraercq BcnoruorareJrbt{bI i r  fet{eparop, cJicAyer onpeAcJi l {Tb BbIcor-

a K l
v v  I

a 1J 700
202,9 n

s 8450

42160



I tb lr i  pa3Mcp Mcxi, ly l l . r lKlrci i  I ro, ' IKoi i  JIart  Bcpxnci i  KpccroBHlrbr tr  cnr{u,aMr.r  po-
Topa,  t t co6xor ' t t t v t , t i i  A . i r t  c fo  pa3 l , tc t t l cnn f l .  /1 , " ' rH  3Tofo  Br , r r roJr r r reM r {o r rc rpyKTHB-
I Iy ro  pa3pa6orxy  c ra lopa I i c i lo l \ lo | i l r c " i t  t , i l o ro  |c r r ( 'paropa ra r {  } I i c ,  Ka t (  a r i l -  6 l r " r ro
cAc" [a l to  Ann cTaTopa r ' " [a r ] i lo r 'o  r -c r rcpaTOpa.

B Aa lu to l t  I r l )nMcpc uL I  uc  61 ' , ' l c r t  I lp r i i l ( ) / ' l r l r i ,  r ' cx t t r l r rcc r {nc  Aanr rbrc  l l c r roNro fa-
T C . , l l ) l l O I ' O  r ( ' l l C p a T o p a ,  l i  I i ( ) C I I ( ) " ' l  L . l ! C N l C t l  I i O I I C  f l ) y l { T I I I l l l b l N I  l l  p a : } N I e  p a N { n  y X ( C  B I n -
n o J I I C I I I I b t X  t r O , r t O 6 t r b t X  I c I I C l ) A t  ( ) l ) ( ) l l .

f l p i i t t l t i l t a l t  I l ( )  I J t t l i t \ i a  I t t l t ' ,  , l L  r - r  I ) : t c c r o t l t t t t c  o T '  9 6 r ' t o ' r x l r  c r a T ' o [ ) a  B C l o N r o r a T c " . r b -
I I O I ' O  f e l l C p a T O p a  , l 0  C I I l l l l . b l  1 ) ( ) 1 ' ( ) l l a  / l ( ) . : l i K I I O  6 l , l  f  i ,  l l C  N , i C I t C C  5 0  V \ { ,  r 1 1 O 6 U t  I l p t J
noAbeN{c  poT( )pa  l ia  ro } ) } t t - l3a  I Ic  aa ; lc r t ,  o6ntorNy,  no , ' ry r {acM B } ra rucM r rp r rN{cpe
paccro f l l { l l c  o r  I l cp .xa  c l l f i l l tn  pOropa I ( )  I I I I iK I {C i i  IToJKH Janbr  Bcpxr rc r i  KpccrO-
RIJHbI ,  paBI loc  900 vv .  B  c ror  pa3Mcp I l xoArT:  A , r i l iHa  r i l rN( r l r t x  , to6oBbrx  qacTeH
KaT\ r t I ]KH CTaTopa,  A . r l l l l l a  cep lc t l l l i lKa  CTaTOpa,  Bb lCOTS l la6( )pa  CoeAI tH l tTc , r tb I Ib t -X
r r r r r r r  c r a T o p r r o i i  o 6 l r o r  x l r .

Tax  xax  ,na I I r , r  Rcpxnc i i  I {pccroRlur r , t  . I IC)K3T r r?  Rcpxr rc i i  no . r rKc  r iopr ryca  c ra-
Topa, Ha oTN,rcTI ic 202,9 r{ ,  r 'o orr \ , rcTKa Bcpxa cI l rrr(bt  poTopa cocTaBrrT 202,9--
-0 ,9 :202 N{ ,  z I  R l rcorz i  cnur {br ,  cc , l r  c t rHTsTL ec  c r rMNrcrpHqr ro i i  oT ' r rocure ,qbHo
Maf  n r i r i ro i t  oc t { ,  6y le r  paBI Ia  (202 000-201 100)2 :  I800 nrnr .  f lpu  3ro \ {  o6o: t
O K a 3 a , ' ' I C f l  3 H & 9 I I T C , I b l l O  A " r l l i l l l l 0 e  n p l l l l t l T O f O  p a 3 M C p a  C n H I l ,  V  j \ J I f l  C B q 3 I l  B b t C T y -
narcu I I IX  KOI I I lOB KJIHI {CBbrX r rO" ' IOC CO CnHI laN, lH CBepXy l r  cHI . t3y  cn t { l l ,  o r {oJo  K, r r r r -
H O B b I  X  I I O . ' l O C ,  y C T a l l a  B .  l l l  B A C \ 1  . 1 ( ) l l O " ' l H I l T C " r - l l , l I L i C  p C 6 p a .

Cnuqr t  I l r ru lO. ru f l c r , i  xopo6, ra to ro  cer {e r t r j r i :  onr icaHl {c  Kor {c rp \ /Kr t t i l  r roAo6r rb tx
cr r r r r {  Aar ro  rJ  f , r .  10 .

Par : ( l la " t l t ' u t t i i  pa3rv rc l )  uc r r r l )aJ Ibuo i i  qacr r r  ocT 'oRa no c ' rb r r ioBo i i  i l .q t { re  npr r -
I I I ' rMaC'M pSts r rb lM 2200 h4M i l s  \ / c , r roBI I f l  T l )a l rcno l l ' f r r l )oBanuq cc  no  xc . r tc3r ro i r
AOpofe .

Oct iogttoi i  AcraJILlo r leurpant, t tc.r i ' t  qacru ocrona f lnrrrcrcrr  . rr t raf l  BT!; ' rK3,
Koropaf l  o6ecneqttBacT coc, l i lHerIr . ic poropa c cpraHrleu Ba.rra Typ6l lur,r ,  co sry"r-
Korl  noAnfrrr i {Ka r i  uaAcTaBKofi  Ba, ' ra.  Paslrep;r rp; iaHqa l , rrr  coeAr.rHeHr{f i  c I laJroM
Typ6 i . {Hr , r  Mox(Ho onpeAe, ' ru rb ,  noJb3yrcb  pa6oro f i  [45 ] .  B  gauuou npuMepe npr r -
HI iMaer ro,{ i l luHy $;rartUa 300 vrr I {  efo BHyrpeHrrnr i  AuaHaerp 1540 MM. l lpH Bbr-
6opc ocra,; IbtrbIX pa3r\{epoB BTy,rrKH ocroBa poropa, a rar{}Kc HaACTaBKH Balta,
) /cTalIaB"4lIBaeMOii  CBepXy I Ia BTyJTKV, BOCnO,'rb3\reMCrr i laHriLIMH Bbtno, ' t I {eHHLIX
paHee f t iAporeHcparopoB, .r IHTbIc I i  I ioRtr{ble A€T3r ' I r{  Koropbtx 6gnu ccr"r iacoBaHbr
c nocTaBU,(HKaMLI. TaX, rO.lUIrrH\/  UHJTIHHApHqeCKOfO Te/ ' ra BTyJrKI i ,  a TaKX{e snaU-
ueB noA Ha[c raBK]  Ba i la  v  tsTyJrKy  noAnf lTHr . rKa i rpur rHMaeM paBHof i  150 MM.
BHyrpeHuHil  Ar. iaMerp urJ.rrrrHApriqecKori  qacrr i  BTy.rrKr{ 6epev Ha 140 uu 6o,r lue
AHaMerpa o . [aHr {a  Ba/ ' ra ,  r .  e .  2300 uu .

O6uraq Bbrcora RTyJ'rKrr poropa or rpnaurta Ba,ra ryp6rrHbr Ao HaAcraBKH
noJlyr laeTcf l  paBIIof i  2000 rrnv.

CuHsy K BTyJIKe poropa 6yaer Kpernrrbcx BTyrKa noArrrrHuKa. OrMerKy HX
conpf l) i {eHri f l  i lpurrrrMaeM Ha 50 MM Br)r lue oTrv,IeTKr{ Q,rat iqa Ra.rra Typ6riHF,I ,
r .  e. 200,05 n.

KoHcrpynpoBaHHe MacrqHofi  BaHHbr c noAnflrHHKoM. Br,rrrre [{br yxie nprr-
I lq, ' r r I ,  qTo BepxHrIt{  n, ' IocKocTb I IoAcTaBKIT noA noAnflTHiIK I taxoAIrTcff  Ha oAHoM
]rpoBlre c S)tsAart , le i t rot \ , r  rer ieparopa (nepcxpbrrne\{ ruaxru) .  r .  e.  Vn :  198,3 rvr.
TorAa Bbrcor r rb r i i  pa3Nrcp A. i r r  pa3N{eu{cur r r r  nac .nr i r ro r l r  Bar rHbr  c  noxnRTHrr r ioM
i lo r1rq2s ' rg f l  paBHbrNt  I { " :200 050-198 300- - -  1750 N{M.  B  3ror  pa3 i \ rcp  Ao, ' rx iHbr
eoi i r l i :  To.[ul ] rrra AHa MscrrrHori  r ]srI I ibr l t1,  Bbrcora l (opnyca i loAnqrHHKA 11.2, 3a-
3Op MeX{Ay l(OpnyCON{ H CefMCIITOM no, lnt{T} l l ' l t<3 f ts,  TO, ' IUII I Ia CCfMeHTa h+ Y ! . ILCKA
nOAnTHI IKA h .5 ,  Bb lCOTa BTy.nKI I  nOAnfTI I I {xa  h6 .

Pasltepaui. t  ht-hs l \ l tbr 3aAaeMCfl ,  I {cxoAfl  I13 AaHt{t} tx paHce Bbnlo.rrHeHHbrx

f l iApOfe l leparopoB,  a  pa3Mep f t6  noJyr laeN1 I {aK pa3r locTb H n  - B AaHsol.r

5

l n
I

npl rMepe npr . rHHruaeM: ht
o

:200 nonr; | ft:920 r,,ru
I

l ]nn onpeAe,'rcnrrrr
rroAnf l  THHr{a Heo6xoAHM o

352

:50 I \ {N{ ;  hz:450 MM; ht :20 r \ , rM;  / t , , :200 N,nu;  hs:

,  l t6 :  I  750-920:830 r r r r , r .

pa3MepoB r i  BrJno, [Herr r r f l  r r iApoi l t r f ia \ ' l t r r tcc l io fo pacr tcTa
3i rarb Hafpy3r{y  Ha r I0Anf l rHtrK.



Tax KaK Macca Bpat t la tout {xcn , racref i  ryp6HHur 14 oceBoe rnApaBJrHqecKoe
! 'cr rJr I ' tc  r {aM 3a,r lar rbr  (cu.  c .  346) ,  ocraercf l  orpeAe.r rnTb Maccy Bpau{anuHxcn, lacre l . f  rcr rcparopa.

Macca poTopa c ,tocraro,JHo6 Toqtlocrr,ro Mox(er 6urrs rroAcr{r.rraH a Ha oc-
I IoBe YIK-O no"t tyqcl l l l l ) lx  B xoAc npOeKTHpOBa I l l l t {  Aa} i l Ib IX.  Orta cOcTaBJ' rqeT npr l -
M e p H o  6 2 0 . 1 0 3  x r .

f lp l r6 . r rnsr t rcJtb l to  ouer{ } lBaf l  Maccy Bry, r rKrr  r i  AncKa noAnrrHHKa,  poropoB
BCnOMOf aTea ' lb l IOf  O I I  pc ry / ' l f fTOplJoro  feHepaTopOB 3Haqer {HeM 80.  103 Kr ,  MO111HO
npt lHf l rb  ycHJrne oT Maccr , r  Bpau{aro tUr rxcs  qacre i r  reHepaTopa paBHbrM p" :7  MH.
TorAa noJrHan I Ia fpy3Ka r ia  noAnqr r r r rK  cocraBnr

P  = .  P r J  P ,  - 7  1 - g , 5 :  1 6 , 5  M H .

C{.aytoure i ' i  onepar l r rc i i  qB, ' I rercr  onpeAeJrer{ r {e pa3MepoB noAnqrHHKa.  BHyr-
peunnr i  AHaMerp norr ,nRrnrrKa nprr r r r rMaeM npHMepHo Ha 100 MM 6o"rysrue n ia_
Merpa ( t " r iauqa Ba, ' ra  ryp6Huul .  I iepcu Do n:225 cr t .

3aAasaqcb ) ' r fcJ ' rbHof i  Harpysxol i  Ha cefMeHTbr no. (nqr t {HKa p:4- ; -4 ,5 Mf Ia,
BLtr{t{c"tf leu Hco6xoAr.rMyrc pa6ovyro nr'rouaAb cefMeHTOB:

p  1 6 , 5  r  , ^Sl  -  '  : - - - - - - : - - - - - : - - : - :e , tJ- : -3 ,67 r tz .
p  4 , 0  + -  4 , 5

V,{ t t rHgal t ,  r r ro  ccI 'N{curbr  pacno, ' rara lorcq } {e Bn,qor I Iyrc  Apyr  K Apyry,  a  npo-
Mc;KyTKI{ Mcx{Ay HIIMII  cOCTaBJIf l loT 20-25 0lo nJIol I laAH CerMetlroB. nor ' IVqHM
n.riou{aAb ArrcKa

.S '  -  I ,2  S  == 4 ,95  - - -  4 ,4  u2 .

I4e $oplrynsr s ' :  n(D2r,-Dz"")  14 onpeAer ' r f leM HapylKsuir  Auauerp noAnsr-
H I I K A :

D  r : l [ D'or* 4 S'  I  n :337 :-  g2T cM.

f ipuuur ,aaeM A, ' r r  aa, rsuef iurero npoeKTupoBaHHr Drr :330 cM. TorAa pa6oqar
nJ ' IouIaAb cef  MeHToB cocraBHT S:3,75 M2,  a yAeJIbHaq Harpy3Ka p ' :  PIS:
:4 ,4 Ml la .

l lepeli4eu ri  onpeAeJ'reHHro pa3MepoB
Pa4Hanruaf l  uHpHHa cerMer{Ta

b  : 0 , 5  ( D n  -  D u " )  : 0 , b

Cpe4nufi AHaMerp noAnqrHHKa

Dcp :  0 ,5  (DH *  Du" )  :0 ,5  (330 l -  225 ' )  :277,5  cu .

3aAasaf lcb  orHoureHr{eM / /b :0 ,8  .  0 ,9  ( rac  l -  A lu : r .a  cerMeHTa)  H yqHrbr -
Baf l ,  q ro  cso6oAt toe  paccroqHLle  Mex{Ay cerMeHTaMr. r  Mbr  npr iHqrn  panuur r t l  0 ,2 l ,
OnpeACJ ' I I lN f  qHC, IO CCIN{CI ITOB:

n  D c p

I  ,  2  ( 0 , 8  + -  0 , 9 )  b

H qt{c. [a cerMeHToB noAII f lTHHKA.

(330 - 225) :52,5 cru.

- l r r u :
t{ D".

t , ,  _  - t .

l  g t
L  r P  L

1 5 , 5 .

qHcJra 14 npHHr{MaeM

I \ ' leTOl1IIKe. I I3" ' lO-

Oxpyr.nnerra no,ryqeHHoc 3Haqerlre Ao rreJroro qerr{ofo
qHcJro cerMeHToB m:16.

)rroquseu 3HaqeHr.{f l  I  s l lb:

u b : : 0 , 8 6 .
52,5

f  lr lpoAlrrralrHqecxrri i  pacuer noAnsrHr{Ka BbrnoJrr{f lelvr no
xiessori B r.[ .  12.

l .  l ' l cxo l r rbre Aanr{ r ) rc .
Harpyena  Ha  r toAn f lT r ] r iK  P :10 ,5  MH,

37 500 /?:  + :  4 5  c l t ;
l 6  . 5 2 ,  5

45

,1D.)



I {ouul ta" ' r r , r la f l  r rzcrora BpaulenrH n :125 o6/r ' lur r .
I r r a ^ " ^ - t r , - r  -/ \ r , q , , , v ,  r . . , .  , . o  c c f  M c l l T a M :  B l l l r T p c l l l l l l i i  D  t , n : 2 2 r s  c l \ 1 ,  I l a p y x i l l l , I i i  D r r

c p e A H I I i i  D c p : 2 7 7 , 5  c r q .
Paaucpt , t  cerMc l l ra :  u  I rp r { t {a  b  - l>2 ,5  cN ' t ,  cpeAl { f l f l  , l . J I I ' { l l a  l :45

I i t a n b  S , ' : b L : 2 3 6 0  c r r r 2 .
t { H c " l o  c c l M c r r r o B  m : 1 6 .
VAe, rsHar  I ia rpy3 l (a  I ia  cc rMct r r  p  -  4 ,4  Mf la .
Teuncparypa o-x" ' Ia i l {Aarou leH l loAr t  tn :  16  "C.
. r ' l l u tc r . i t ta f i  cKOpOCrb AHCI{a  no  CpC. l l l cMy AI laMerpy  cc fN lc l l r ( )R

r y D  f l

acD -  r y :  lB ,2  r t l / c .
6000

2. Terrneparypa I i  Bf l3Kocrb t \ {acJIa B n" ' ICIIKe.
l lepenag reMneparypb l  no  n" , ' Ie t tKe

L , t  :  0 , 6  k f l  :  0 , 6  . 9  , 2 . 4  , 4  :  2 4 , 2  o C ,

f,Ic Ko3q)(pl lulrcrir lzt - no pHc. l2-6.
Terncparypa Mac"Ia,  BxoAqiuero B nJ ic l lKy (sa4aeucn)  l t :45 "C.
Teuneparypa luac/ ' Ia, BblxoAqiucro H3 II; I€HKI{,

t z : t r +  A l : 6 9 , 2 o C '

Cpeni rnn reMrreparypa Mac.na
l c p  :  l r  - 1 -  0 , 5  A  I  : 5 7 ,  I  o C .

Bqgxoct t ,  IuacJ la npH TeMneparype lcp (no ra6, r .  l2-5)

P : 0 ' 0 1 9  f I a ' c '

3. To"rutHrla Mac,' I f luoi i  naeHxu.
Mu ril. iuanbr{afl To,1l[I.]Ha IL'ieHKI.l

hmin: rozk1, 
1+- 

o, 2Ts rc'z 
\l

0 , 0 1 9 . 1 8 , 2 . 4 5
:  5 l  I ! {KM,

:330 cnr,

cM,  nJ Io -

TOf

OT
rro/,
HHII

rpa

lqH

c (
I IO. '

4 , 4

rAe I{o3OqrIrULreHr kn - no ta6n. 12-2.
Cpe4unn ro, ' I i l l l rHa nJIeHKH (npu B:3)

h c p  : 2  h n i n :  1 0 2  M K M .

4. l lorepu rpeHur.
Ilorepu Ha oAr.rH cefr{eHT

n -- to-'kn!+ -- 1,24
hcp

Pr

rAe Ko3$Si luuer l r  kn  -  no  ra6"q .  l2 -2 .
I loasrte norepn B no.qnrrHl iKc

Pac, lc t  no i {a3btgaer ,  q ro  noAt rRTHHK I IMeer  napaMerpb l ,  ] 'AoBarerBopf l tou t le
rpe6oearrnf iM, I{3, ' Io ir icr i t {bui l  B fr .  12.

LIz $oprvry"nur A" 'r f l  pacqera reMfleparypbr I \ {ac,ra, BXoAgulero B I IJCl lKy
(cn l .  u .  12) ,

t t : ,  t s +  A I M  *  A f " x

oI lpCT:1€.1fCIv{ nepenarr(  TeN{nepaT}/pbI 1\{e} l iAy I , IaCJIOM B Bal{ I le r i  BOAOIl  Alnt,  npe4-
BapriTe"rr ,Ho 3aAaBUlHCb nepcnaAorl I  TeNInCpaTypl, I  I \ {e>l{Ay MaC,' IoN' l  B I la l lHc I I  I Ia

B X o A e  B  n J I e H K y  A l n * :  1 0  " C  T o r A a

7 0 >  n
LM

A I0 t l , { - t 1  - 1 " - A l s x : 4 5 -  l 6 - 1 0 :  1 9 ' C .

0 , 0 1 g  . 1 8 , 2 2 . 2 3 6 0 - 1 0 - 1

t02

IU a C,{O O X"Ta A IITe.Ite I I

70.285

:  1 7 , 8  x B t ,

a
JTT4

T O

O C

M (

M (

T N

rl
' c ]

LII
Orcror la Ireo6xoAlrN{af l  rJ l iua rpy6oK

-  70>,  n
L M -

A f .O ' M

D i ) {

l 9
: 1050 r'1,
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+,
QHcno cexuul i  MacJIooxJIaAI t rer ' In  npnnrr r \ raeM paBnbrM rurc"qy ccr .N,rcnToB lG,

TorAa AnHHa rpy6ox oAlrori ceKrr, lrrr 6yacr oKoJ'ro 66 u.LI ro6u pa3MecrHTr,  I l  Ma( t , r t t t t tu i i  tJ ; l t t i tc  ccrc lun Nrac. r ro( )x . r raAIr rc . i r r ,  I IpoBO/t r iy
or  npu6opol l  ren, ' IoBoro Kot t rpo"r t t l  cc t 'N{ct l ro tJ  noAnnr t rurKa H apNrarypy c t rcreybr
n O A a q H  C I l I a 3 K I . I  I I O A  / l a B J ' r C I t l l C M  n p r l  I l y C K C ,  n p I J I I I I N { a c l u  A l i a N , l c l ' p  B a t t t t L I  I t O A I I t { T -
I {HKa I Ia  1200 r ' , t r r , r  6o"ry lue r rapy)rcroro AuaNrcrpa r roArr r r r r rnKa,  T.  c .4500 r r r l l .

B erou cryqae BariHa BL,rrroJ'rHriercx I l  BIrAc qe;rr,tror. i  cnapiroi i  r{orrcrl)yKr-tnrr,
rpaHcnoprHpyeuof i  no )Ke"- re3rro i i  Aoporc.- 

t lep'exp'-urrne uraxrbr, cHcreMa ropMolKeHns, Hlrxuufi Bo3AyxopaeAenqmuHii
u{HT. f lepeKpblrHe lr laxrbr pacno,'raraeN,r rra orrucrric 198,3 r\r,  rra orxrro}r ypoBlre
c r |1 'H4aueI{ToM noA rcr {eparop.  I  Icpexpr , r r l rc  Br) rnoJrr r r rcrcr r  r r3  paAnar ' rbHo pac-
nO,'Io>KeIIIIbIX / l l lyTaBpoll l , lx 6anot<, yKpenirenilbrx oAHrrN,t r(otrr loNt n dtyH;lanreHTc,

22 00
a6'/
. .  r / .  . '

;/'p.2
202 n ::i/r'

+-' .Q1540

Puc. l8-3. lu4poreneparop 3oHrl lqHoro HcnoJrHeHHs. Sran npoeKrHpoBaHLrr, oc-
ToBa poropa H Apyrux y3JIoB, pacroJloxeHHbrx rIoA Bepxnerl xpecronaHofi

a ApyrHM - Ha noAcraBKe noA noAnqrHHK. Cnepxy Ha 6anxn yKJraAbrBarorcff
JrHcrbr ua pu$.neuofi cra;ru.

Toptrlosuax cl4creMa BKJIIoqaer e ce6q ropMo3a v rpy6onpoBoAbr. r{uc;ro
TOpM03OB OnpeAeJIfeM I i3 cJ' IeAyIOqefo )rc"r lOBII f l :  no{ 'beM pOTOpa I Ia TOpN,t03a
ocyulecrB, ' r f lercf l  MacJroM noA AaB, 'rerrneM oKono 10 .Nlf ]a.  Vsn$riurrpoBaHr{brc roD-
M03a, npf iMeHfle-Mue ,r I l i3O <<3,rexrpoCllJ la>> HI\ .{eHLI C. M. I l r ipond, n*etor Al i i -
Merp noptt i t ts,220 MM, H rpy3onoA'beMHocrb oAHoro ropMo3a cocraBJrf ler 380 xFI.

t{yg1g r.opM03oB- no,ryrrut l ,  p.a3Aerl t IB Maccy Bpaularcu{r ixcr qacref i  reHepa-
ropa (700 r )  H  ryp6I {HbI  (150 t )  Ha rpy3onoAbeMHocrb  oAHoro  ropMo3a,  r .  e .

t r l r :  (700 + 150) /38 :22,4.

B AaHI loM I IpHMepe _npHHHMaeM r{Hcr lo  ropMo3oB paBHbrM 24 r {  ycrar{aBJ ' r } r -
P_aeM Hx nonapllo Ha 12 6etoHHI'tx rylt6ax noA TopM03r{r)rM KoJrbtloNr poropa.
t{Hc.no ryy6 noA TopM03a ntr6patto paBnbIM rlnc,rry dtyrrgalrerirHr,rx ryr 'r6 noA
crarop.  MexAy ry l t6aul_t  -  nor l  Topr , t03e I I  KopnycoN,{  craropa,  r r r r iKe craropHoi i
o6uorxr t  npHMepHo Ha 200 NIN{,  pz lcno.nafacM uuixr r r r i i  Bo3AyxopasAenqrou{r r i i
ruHT.

Taxl r tn l  o6pasou,  Kor{ i lo t toBKy poropa } I  y3JroB,  I lacno,rox{cr r r {brx  no. {  rnr } { ,
MoxHo cr{uraTb gaxottqeurtofi .

J D D



Pe3y,' lbraTH npocKTr{poBafinf l  l{a groi 'r  cTa/(l l l l  npclcral l , leHbI l la prrc. 18-3.
Kogcrpynpoaaune aei lxHef i  KpecroBnHbt  c  no/ tunnt tnKoM. Bcpxnnr  Kpecro-

Bl t ta  cocroy ' t  l t3  l {c l t rpa" r l t , i l o i i  r tac ' t ' l  l t  o l l , c lV l l lu lx  J Ia l l  A l l y raBpo l ro fo  cc I Icg lg .

B  Uer r rpa ,4r , t r ( ) i i  r racT i l  pac i loJ raraerc t l  N lacJ l t l l l au  l la l l l l a  c  noAI I I l ln l l l lKoNl  I {  MacJ ' ro -

oxnaAgieJr r {Mt r .  f loA lu l in r r r {K  -  cerMcr l r t t ( ) ro  r t l l l a  c  ca l \ {ocMa: . r t<o i i  (cu .  f " r t .  l3 ) .

f locxoauxy  I l113O <<3, lexrpocr rJa>)  y t i l t ( l l t l l t tpoBa, \a  Ar t {  3oHr l l t { l l b lx  r t lApo-

reHepaTopoB Mac, lq l ry rc  BaHI {y  c  noAl i l l l n l l l ' iKoM,  B  paccMaTpHBacMoM np l lMepe

Hcno,,rb3yeM 3TOr yHrftpHrruposaHnLti i  y3e,rt .  I ' luecv: AHaN'lerp I IaAcTaRKH Ba"' Ia noA

BTy, ' rKof i  nol*un*ixa'  l20b MM, Ar.raMerp I l ry, ' tKII  I lo; l lL l l i l l l l t l l (? 1590 MM, qttcJo

cefMeHToB 12.
Ocs onopr rc l r .o  6c l , r ra  noAurHnnHKa pac I Io . [a t 'ac rc t l  I Ia  o r \ {c rxe  20 i ] ,05  u ,  T .  c .

H a  3 5 0  u n l '  r i r r x e  n e p e K p b r r t r f l  R e p X r t c i i  x p e c r { ) B U I I L t .

f Io  eHCOre yHnQr iuHpoBaHrrar r  BaHHa c  l loA lu l l I ] l I l lKoM I ] l l l l cb lBaeTct l  B  I lp l l l l t l -

to r .  i i u " "  ra6apur r , r 'nepxHei i  KpecroBl i r r : . l  204  000-202 900:1100 t ' r t ' 1 .
t luc. l to d,tat t  npHr{HMaeM paBHbrN{ qtJcJIy celMel]ToB r loAiI I I ln l lHKa, T. e.  12.

. I Ianu coeAHHflrorcf l  c ueHTpaJrbHoi ' i  qacrbro crbIKoBblN{l I  nr l l raMH. Pa:rrrep I le l l -

rpa.nuHoi i  qacTH no cTbtKoBbIM IrJl I lTarv{ npl i } I I ' IMaCM, Tai i  x{c KaK A"rf l  l le l lTparb-

Hbft  . {acr l t  ocroBa poropa, 4400 urta.
f lponepneM noAul{nHHK no AonycrnMol l  Harpy3Ke'

AiuH;e a, ' rq pacqera: AuaMerp-gryj l l  t IoArIHnHHKa (u'reirxu nogurrtnHltxa)

d: l ' ,59 M, OCeBaq AJrr.rHa cerMeHTa H:0,38 M, TaHfeHuuaJIbI{af l  I 'JrV'Ha CefMelITa

B:0 ,38  M,  . {HCJTO CefMeHroB m:12,  uac to ta  BpaueHr l f l  n f  n r :1251222-  o6 / tu lHr l '

paccTosHHe oT ocl{  poTopa Ao ocH reHepaTopHoro noAuI{nHI ' lKa Lt:255 cl t{ '  Ao

bcu ryp6uHHofo  noAlxHI IHHwa lz :698 cu '

fl.nou{aAr npoeKIrHI'I rueilxH noAurInHHKa

s  :  d H :  I , 5 9 . 0 , 3 8 :  0 , 6 0 4  u z .

KoaQQuuHeHT 3anoJIHeHHfi  I IoAII I I InHHKa

_  1 2  . 0 , 3 8  
:  o ,  g l 2 .

3 , 1 4 . 1 , 5 9
m B

por

i 'Ae

k , -

,I I ,onycrHttan HarPY3Ka
Tax BpailIeHHfl

t l,d

rra noAur{nHHK nplr  rroMrrHs; ' rbl IOI l  t4 yrol l l to ir  qacTo-

p s o n  :  3 .  l 0 - 2  n s z  k  :  3 .  l 0 - 2  . n 5 . 0 , 6 0 4 2 . 0 , 9 1 2  :  1 , 2 4 5 1 2 , 2 1  M H .

OgnocropoHrrue Harpy3Klr, geircrnyrclqHe Ha porop rcl{epaTopa:

a) or oAuocropoHHero MarHHTHofo rrx{eHllf l

Q  :  0 , 0 3  D d 1 :  0 , 0 3 ' l l ' 2 , 1 5  :  0 , 7 1  M H ;

6) or r leHTpo6exnoir  cHJrbr NrexaHrrqecKofo se6a.r lal tca npII  HoMHHa.r lbHofi  t ' l

yroHHoft  qacrorax BPauIeHHn

C  :  ( D 2 C R  : 1 7 2 ' 5 0 0 ' 5 , 0 ' 1 0 - 6 :  0 , 4 3 8 / l  , 3 8  ' N l H '

rAe G:0,001 G', :500 Kf;  G' , :500. 103 Kr -  Macca o6oAa H nor l locoB; R:
:'5,00 M paAnyc IIo qeHTpy Tflx(ecTH o6oAa H no,IrccoB.

Cyuuapuax Harpy3Ka Ha noAIUUnHHK:
a)  npu HoMHua,r lso i t  qacrore BpaueHl{n

rno* :  uk(a+
c"o") : 

A#* 
(0,71 + 0,438) :

I {T(

6o
Hbl

: 0 ,84  MH <  Pnon  lno ru ; ;

6) npII yroHHoit qactore BpauleHlln

[ 2 c - . -  
6 9 8  1 , 3 8 :  l , o l

' 255 -l- 698

356

7-r y - '
I r - l  l z

I{H < PRon (y).



PaArrannr toe ycHJnre oAl locropor l r lc fo  Ma
poTr(oM 3aMbrKarr r . rH

/  I ) . .  \ 2

Q r .  c :  1 2  D i t t a ( : : : -  )  :  1 2 . 1 1 . 2 , 1 5
\ 5 )

fAe cr:0,702 -  or i roucrrrrc rroJlrrrct to i i  Ayru :
VcH"trrrc rra ccr lrcrrr  rroArrr i inuul(a npr.{  / I

P*.  .  : -  4  e*  ,a4-  -  *+,
t t t  / r  I  1 2  1 2

,  T f lXEH

0,7750
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Puc.  l8-4.  fH4porerreparop 3or{THqrrofo HcnoJrr re i r } r r .

/ lan.neHue Ha 6a66uronyro i loB€pxrrocrr r  ccf  NreHToB
3AMbIKAHHI , I

l , l l : 7  , 7  M f l a ,D  -  P * ' t  . -' m a x  
B H 0 , 3 8 .  0 ,  3 8

qro MeHbure Aonycrr {N{ofo AaB, ' IeHHrr  ua 6a66ur ,  paBHofo 15 Mf la .
Taxl ru o6paeoM, nu6paHtts te pa3rvrepbr  noArur . rnHrrKa o6ecnequsaIoT efo pa-

6ory no Bcex pex(riN{ax sKCnJIyaraI-(rnl rn/ lpoferrcparopa r{ i lpolrHocrb n anaprui-
r rbrx  pex{HMax.

Ten,rosr,re i loreprr B noAtunnHlit(c onpeAcJIIIN,r no cpopHry.ne

B H m w u2  _  0 ,38 .0 ,38  .  12 .  4 ,3 .  l 0 : '  - _ !0 ,4 '  _\ -
\  l l  ==

6 .  1 0 3 I  , 5  .  l 0 - 4 .  1 0 3
54 xBr,



rAe  [ r : 4 ,3 .10 -2  f l a  . c -  BR3KocTL  Macr la  npn  TcMnepqryqe -  4 .0^ '9 ;  u :ndn l60 :
:10 ,4  u / c -  r rac r ( J ra  r l pa r r l cn r ru  t l c i i x t t  t oA t i l t t n t l l r na ;  6 :1 ,5 '10 -a  r r r  - -  paAHa. r r , -
r rsr i i  sa:op.

Korr l lx rsue KoJtbqa,  perynnropuuf i  re l teparop,  noAcraBKa,  I lc t toMoraTeJtb-
I rs l i . i  reuepa' rop.  [Juurc l racnnr to i i  Bauubt  I loAu]HI I I I t IKa I Ia  600 -  700 I \ {NI ,  qro6ur

I . t M C T l  I I O 3 M O ) t { u O C T u  B b I C M a  C C T M C I I T O I I  n O A I X I l n l l l l K a '  p a C f l O J ' I a l ' a e M  I I a  I I a A C T a B K e

Bar ra  KOi lTaKTHbTC KOJIbUa rJ Ia l lHo l 'O H I lCnOMoraTC' lb I {Of  O i ' c l {CpaTOpOB.  ] l l i tHSt

I O K O n O A B O A a  4  K O H T a K T T T T J M  K O J T b U a N ' r  p a 3 M e i l { a l o T c t l  B  3 a K p b l T b l x  n a 3 a x  H a A -

C T A I J K H  B A J I A .

l 1 a 4  x o r i r a K T I i r , r \ , r H  K o i r b r l a M n _  I I a  K o l i q e  B a , ' I a - H a A c T a B K H  y c T a l I a B , ' I l l B a c N {  p o -

Top peryJrs ropr roro  re r reparopa.  Urarop  peryJ l t {TopHoro  re l leparopa Kpen l r rcq  l ia

cnett l ta.rr t , rroi i  
^ 
xorrycsoi i  

-  
rrol lcraBKc, ycraHaBnfieaeN{oit  I Ia qenrpa, l luoi i  r lacrt{

nepxrrcir  KpecroBHnbr. B alc-r i i  ; , t te noAcraBKe pa3-Meu{acM Tpal lepcy KoHraKT}lbtx

noirerr.  Btrcora rroACraBKr.r  nor, ty, laeTcH paBl loi i  1700 ntru.

I Io,rnc poTopa BcnoMof arc.rrbrrof o f  el lepaTopa KoHcT_pylrpyeN' l  no Aal lHblM

3, , reKTpnqccKofo  pacr lcTa,  r {aK I I  no . r l rcc  r l l [porCHepaTopa.  Ocron poTopa Bc I Io r to -

fa reJrbr ro fo  fe r re l )aTOpa BbtnoJr r r f l cM cBapHblM H3 RepTI ' IKa IbHofo  KOJIbqa-o6o la  I I

ropr{3osrarbr.rofo l l l ixa. f {r icx KpenHTcrr 6o,rrantt  K I{et{Tpa'nuuori  qacrH ocroBa

poropa.
onr.lcauue raxoil KoHcrpyKr{Hir npIIBeAeHO B pa6ore [38, q. 2].
Taxlrrr l  o6paaorn, B ocr{oB}ioM 3aBepueHa KOHCTpyKTI ' iBHafl  KoMIiotIoBKa rIJA-

pofeHeparopa B o6'beMe, Aocraror lHorr{  A, ' I t  3cKH3Hofo npoeKTa Hru npeA"' Iox{eHnfl .

hpo4o"r lsusir i  pa3pe3 crtpoeKTHpoBaHHofo I I IAporeHepaTopa npeAcTaB"IeH Ha

pr ic .  lB-4 .' 
B AaflUsefiruelr, B XOAe TexHHrrecKofo npoeKTLIpoBaHAfl BbIIIO.i'IIIfleTCfl ooJlee

AeralrbHar Kor{crpyKTopcKafl  pa3pa6orKa l l  pacrrer ocHoBHbIX y3J' IoB rHAporeHe-

paropa.

1 8-3. KOHCTPyhPOBAHVIE ThAPOTEHEPATOPA
noABECHOTO hcnorqEHvl9.

! , , r rn ru4poreHeparopa noABecHoro HcnoJIHeHt{f l  KoHcrp_yKTI ' iBHafl  paspa6orxa

craropa r{  poropa, Bbrrro, ' rHeHHafl  n $ l8-2 ( .* .  pl{c.  l8-2) ,  I IOJIHOCTbI 'o COXpa-

I{ f  eTcg.
9ro6sr Mo)KHO 6rtno 6olee Ha|JTRAHO CpaBHHTb KOMnOHOBOT{HbIe UCno, ' IHeHtl f l '

coxpaHHM H ArIrI noABecHoro Hcnor'IHeHuq 6eseaJlbHylo KoHcrpyKll'ti-l:l^"j-a:.,l]:

cMorpfl Ha To, t{To AO cl{x nop TaKafl KoHcTpyKqHq p9lo9-1 
^-"" 

orerlecrBeHHol'l

npaxiHxe He npI iMeHfld ' Iacb, oHa npeAcraBJlrercr l tg: l_t*11"t i""1 
u uMeer prA

npeurulyUecrB nepeA KoHcTpyKII I{ef i 'poropa c BaJIoM (cM' r . l l '  lU) '
'  

B'aroM rn4i loreHeparope ocroB poropa 6yaer orJlnr larbct or paccMorpel{-

uoro e $ 18-2 tbnoKo TeN'I ,  qTo Bo BTy, ' IKe poTopa BMecTo MacCHBHoro I{HX{Hero

$nasqa noA BTy,.IKy noAnflTHtrKa 6yaer 6o,ree roHxt'tit AI'ICK.- 
Tunr* o6pisorur,  KoHcrpyr{poBaHue B AaHHoM npgMepe Mo111Ho Haqarb c pac-

TIETA NOANf fTHI , IKA.
KoHirpyupoBaHHe noAnqrrruKa. Buyrpeuurtr l  AHaMerp noArlf lrHHKa oi lpeAc-

i lHM II3 C,'IeAyIou{Iix npeAnocblr'IoK.
Corp a'fl"tr patrLiair,utrri [oArI]IInHI.'K TaKIiM x<e, KaK B npeAblAylrleM npllMepe'

npHMeM AHaMeTp Ha,u ,cTaBKH BaJIa  noA nrynxof i  I IoAnfTHI {Ka paBHbIM 1190 MM'

Ha l0 ruu MeHbrrre Ar.{aMeTpa HaAcTaBKIi  noA BTyJIXOfi  nOArUUnsltxa. BHyrpetrul t i r

Ar{aMeTp I IOAII fTHIIKa I IpI{HuMael ' l  1500 MM, T. e '  Ha 310 rt lu 6o"nutue AIIaI{eTpa

BaJra-rraAcTaBKI{,  qTo AocTaToql lo A,rf l  pa3N{el l leHHfl  BbIfopoAKI' I '-  
O"p;Ae,renl ie pa3MepoB cerMeHT.B, HX ql ' ic-na I I  r I {ApoAIlHal ' tHqeCxtl f i  pacqeT

rroAnfTHHKa Bb1tO. ' IHf leM aHa"Tofr lqHo S 18 2 -B^peey"nsTaT^e^ 
no"IyqaeM CJeAylo-

U l r i e  3 r r a q e g H q  n a p a M e T p o B  n O A n I I T H f i x a " :  D o r , : 1 5 0 ' C r l l ;  D , , : 2 8 0  C M '  D "  o : 2 1 5  c v ;

a .p :14 ,1  r r / c ;  ; : 6 ;  i ; ; , +e  . * t ;  t 1n :g , r y ;  ! 1= i? i  P :4 ' 4  Mr l a i  t t : 45 ' c ;
t r lOz ,+ '  tC ;  ' l r , ' ' r , ' :50  

uxn t ;  I I :15 ,2  xBr ;  2 lT :  l83  I<Br '
f Io srra.renlrqrr 

-yAelrrroi ' r  
Harpy3r{r{  t r  napaMerpaM CJIOf Mac, ' Ia noAnflTHI '{KI{

s o6oHx npHMepax r 'Aporer{eparOlbe aHaIOfHt{ l {bI '  OAHaKo noTep, B noAnflTHIi I {e

y BToporo r t iAporeHepaiopa Cyi l IecTBeHHO HII>Ke, qTo o6'bqcHfleTcq MeHbuII{r l  AI ' la '

MerpoM noAnflTHII I(a npr{ noARqpHo}'{  HCloJIHel{ I ' lH'
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i

KoHcrpynpoBaHtle aepxrrefi  rpyaoHecyrqefi KpecroBHgH. 3lrarr rrarpy3Ky rra
noAnflTI l I ' lK I I  onpcAcJtHi l  cpe4tt l t l i  ALIalv, Icrp npnlrro)Ket{un Halpy3t l l ,  MO}Krro I tpH-
cTynHTb K pacqeTy fpy3oHecyutc l i  xpecroBHrrbr .

-  Bs tu- lc  foBopHJIocb,  r ITo  paccMarpr . tsac iu r ,u i  BapHaHT r roABecr roro  I rcno , , l r rL .gHq
orH3o l (  rHAPore t teparopy  Eparcxo i i  f  3C,  no3ToMy A" r r t r  r {auc f  o  npr iMcpa Boc-
noJl.b3yeMcfl  pacr{eroM_ nep-xrrci i  _ KpecroBrrrrr ,r  rr jApor.er icparopa gror i  i -3C, Koro_
gur?  n^pr lBcAe_t l  n  pa6ore  [50 ] .  Kor tc rpyxutu t  raxo i i  xpbcronr i r r r , r  onr icar ra  B  pa-
6ore [38, 'r. 2J.

Puc.  I  B-5.  f  t iA l torc t tcparop noABecnoi 'o  r rcro.urcr r i rs .  C6opourr r r r i  . reDTe) i i

9_npeae.nuM noJrHyro Harpy3r(y rra KpecroBrrHy.
Harpysxa Ha noAnflrsuf lO,S l, l l l .
Harpysxa or Beca:

a) ueHTpaJrbrrofi  qacrx Kpccrosrrur,r 0,4 tr11{;
6) 12 nan xpecroBr.irrnr 0,7 NIH;
nJ nepeKpbrrnff KpecroBHHbr 0,2 MI{;
r) BaHHbr c rroA[f lTHr{KoM 0,5 MH;

_ A)  craropa BcnoMorareJrbHofo rer{eparopa 0,2 MH.
P_acnpe4eJreHHarr Harpy3Ka rra nepcKpbrrrie- 0,b MH.
Hroro noJrHaf l  Harpy3Ka cocraBJr f ler  Pn:19 } l l { .
Pa4uyc npH"rro>Kerr l i f l  r rarpy3Krr  noAnf lTHrrKa l0B cu.

.  ̂ -  PaAIyc no I{eHTpy rff)Kecrl{ ceqeHrrf l  ueurpaasHoii qacrr{ KpecroBlrr{br
135 qu. Pagayc no qeHrpy rf lxecru Jran c nepexprriHevr 430 crra.

s
l'-)
N
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f IpuHl luan I tblcory
r leTa CyMMapHl ) l t l  i l po l '
)KeCTKOCTb KP€CTOBI ' l l l b l

Kpccro l l l l t fb l  I I , , :239  r * ,  no , lYqacM
n 6  K l ) c c r o u r t t t t r t  l ' , : 4 , 5 5  M M .  f l p l r

. :  19  .4 ,18  MH/ r r l r , , , , ,
4 , 5 5

B pe3y, ' lbTaTe paC-
3TOM I lepTHKaJIb l taq

P K
CK

f, K

T.  e .  HaxoAHrc f l  B  ! , on1 rg1v l \ { I nx  I I pc / l c ' r ax  [ 50 ] '
B  qe t iTpa ,T r ) i l o t i  r r ac rL r  R r .p . xHc i i  i i pcc roB l l t l l ) l  pacno , r l a facM N ' l acJ I  t l l l y r c  Ra r r I { y

c  noA l l IUnHHKOM I {  Tpa l l epcy  Ko l l r a l ( r l l l ' l x  I { ( ) - l e l l '

KOgrAXrgb IE  KO, I I I ; I (A  VCTAI IAB ; ' I I iBSCM I IA  I IAACTAI ]KC BAJ ' IA  I IOA  i IOJUUHI I I I I IKO\ { .

l l i ac rsHaq  BaHHa noAnqrHnKa .  Coxpa r r l c \ ' t  B tnco r l l b l c  pa3N{epb l  Ae ra " I I eH  no . I -

n fTHHKa  TaKHMH }Ke ,  KaK  B  np I , iMcpc  f  l , ]Apo fC i l epaTopa  3o } ITHq I Io |o  I . IC t Io . r . l i { €HHf  .

paeHHIIa 6yAer 3aK, ' r loqarbct l  ro, r i l rKo B Kot iq) l l fypaul lu  BTy.nKI{  r loAnt l rHI lKa'  I (o-

T o p a g B A a H H o M n p I J M e p e H a c a ) K l I B a c T C ' l ] { a l l a A C T a B K } I I ] a J l a .^  
A , {q  oxJ Ia }KAeHHf l  noAr r f lT I r f iKa  YCTa l l a l r i l l lRac l ! {  Te  )Ke  MaCJ IOOX" r IaA I iTC . r t l l '  qTo

l r  B r rpeAbrAyueM I ]p] r r ! {cpc,  ro"r r r ,Ko i2 ccx l t l . t i i  s l . tccro 16.

! , ua r ' r e rp  BaHr rb r  r roAn ,qTHt {Ka  np l l l {HMae \ {  paB I { l nM 4000  N4M ( r ra  1200  N{ \ {

6o , rn rue  Hapy lKHoro  A l l aMerpa  noAn f lTH l lKa ) '
t lpouu6 y3JIbI  r l tAporeHeparopa.  IJa BepxHeft  qacTl{  Ba"Ia-HaAcraBKH pa3N' le-

i l IaeM poTop peryJr f lTopHofo feHeparopa.  crarop pefy, ' I f lTopl lo fo reHeparopa Kpe-

nHM Ha noAcraBKe, ycraHoB, ' rer l ro i r  Ha KpbnuKe Mac, ' I f lHoi : l  Bal lHbI  I IoAnf lTI I I IKa '

q ro  xacae rcq  cHc reMbr  TOpr \ roN(e r r i l f i ,  Be l IT I I " l t l u I { l {  I ' l  Apy f l IX  y3 i l oB  r l iAPo fc -

HepaTopa ,  To  r . l x  KoHcrpyK l t l r f l  coxpa l l uc rc t l  TaKo i i  )KC ,  KaK  R  npeAb lAyu l cM

f  r rApo fcHeparopa  noABCCHOf  0  l l cno . [He l l l i f l
npI. IMepe.

Pesy.nrrarrt  KOHcrp_y l lpoFla I l  I I  t l

npeAcraBJIeHbI I Ia pl ic.  l8-5.

18.4. CPABHEHViE KOMNOHOBOL{HbIX BAPhAHTOB

hc n oJl HEHv1fl rhAP O rE H E PATO PA

f lpueeAeHuan B s  18-2  L I  1B-3  xoncrpyKr r lB l {a f l  pa3pa6orKa 3o l l r l l t {Hofo  I {

rroABecHoro ucnoJIHeHLII i  r l iAporeHeparopa MoulHocrbp'282,5 MB 4 H qacroroi i

; ; ;^; ; ; ; -D{ o6lugH rro3Borrret c-paenirrb srr{  BapxaHrbI (ra6,r .  1B-l)  I r ,  raKlrr ' l

o6pasOu, npoHd,rJrrocTpHpoBaTb coo6pa)KeHIi t t  o BLI6ope KOI\{TIOHOBKII r l lJ.poreHe-

paTopa, LI3JIO)KeHHL'Ie B fJI. t. 
Tu6.nuua 1g_l

Hcno lse t t l te

f lapal terp fuAPoret leP aroPa
3 O } I T H I { H O E noABecHoe

Bucora reHeparopa HaA ypoBHeM noJla MalrIHHHofo

3aJIa, MM
l{acca, r:

BepxHei i  KpecroBHHbI C noAUTHIIHHKOM

MacrqHofi BaHHbI c noAnflTHHKOIU

HA,ICTABKH BAJIA

rHAporeHeparopa n c9-ope
lloreprr B noAnsrHuKe' KBr

1700

63
53
I 7

1200
285

3500

123
45
25

1260
183

Vs CpaBHeHHt  paccN{oTpeHHbIx  Bap} IaHToB KoMnoHoBKI {  IHApore I IepaTopoB

OqesLrAHO' 6eCCnOpUOe SKOI{OI\{HqeCKoe i lpeHMyUeCTBO 3OHTIIsHOfO l iCi lO't I IeHHfl '

xapaKTepH3yeMoe pe3KHM COKpa-I{eHI{eM BbICOTbI afpefaTa LI CSq:aHHOii  C Hef i

crogMocrbro vaurrr i rsoro 3ai la.  f l64rnepAI{d' iocb raKx<e BbIcKa3aHHoe paHee co-

o6paxesl le O HeKoT6potu yNIeHbrxeHHu Maccbl rHAporegepaTopa npII  3oHTuqHoN{

;; ; ; ; ; ; ; ; .  
-H.snuu"rerrbHoe 

urrrx(eurre I(nA arperara B cBtI3rI  c yBenrIqeHIIeI{

noTepb B [oA[f lTHI, IKe AJIf i  3oHTHqHo|o BapHaHTa B npI{BeAeHI{o\, I  nptINlepe nepe-

KpbIBaeTcff  yKa3aII} IbIMu Bblue gI{oIIoMI.qecKHt\I I i  npeHMyU{ecTBaMH'
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