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Kone6anr,rft MorrlHocrlr

oT3bIB O@rrIII4AnbHOrO OITIOHEHTA

Ha Ar{ccepralluro CaBeHKo A.nerccan4pa EereHr'eenqa

<<Parpa6orrca u ucc.,'reAoBaHrre MeToAoB U CpeACTB ycTpaHeHuq o6uesulrx

roure6anufi Mo|IIHocTl{ B cyAoBr,rx 3,'IeKTpOTeXHITqecKIIX KOMIL'IeKCaX),

rrpeAcTaBneHHyro Ha corrcKaHue yueuofr cTeneHI4 KaHAI{,4aTa TexHurlecKtlx

HayK 11O cfieql]aJlbHocTra 05.09.03 - 3:rerrporexHllqeCKue KoM[JieKcbI 14 cI{cTeM6I

Arcrya.nruocrl, TeM[,r. 3lerrporexullqecxui KoMnJleKc cyAHa oIIpeAeJIteT

HaAexHocTb $ynr<qzourapoBaHrrr 3Tofo aBToHoMHOTO O66eKTa. Eegonacnocrr u

3KoKa\(K{QaKas. rQQenrnnnOCTb pa60Tbl CYAEa Bo3MoXIIa JIIIIIIb IIpI{ BbIaoKoM

KaqecrBe npolrseo4znrofi na HeM 3JleKTpv r{ecKofi onepruu. I4cnomsoeaHlle

MHoforeHeparopHl,rx cyAoBbIX 3JreKTpocranqufi npli coI{3Mepuvoft uorqnocru

r4croqHrzKoB u no'rpe6urerefi 3JIeKTposHepful4 craBllr 3atra'ty o6ecne'{eults

AoJlxHoro KaqecrBa 3reKTpl4qecKofi enepruu B ptA BecbMa croxHBIX npo6leu.
MHoroQaKTopHyIo IIpooJreMy

B CyAOBbIX MHOfOreHepaTOpHbIx

crzcreMax. 3rofi npo6neMe B ony6nuKoBaHHbIx pa6orax yqeHbIX Ir vHXeHepoB

pa6or6r rBr.flIorc.s onpeAeJreHtle npurlI4 H Bo3Hi4KHoBeHI'It

yAerslocb MHoro BHI4MaHvg,, HO OHa OCTaerCq Maroz3yrreHHol{ KaK B qacrtl

yroqHeH[{ fipurrlrH Bo3HLIKHoBeH[q o6MeHHbIX role6anufi Mo IHocrrr cy.uonofi

3JIeKTpOCTaHIILIL4, TAK II B TIaCTI{ COBepIIIeHCTBOBaHVfl ee CLICTeMbI aBTOMaTI4qeCKOfO

ynpaBJreHrr{.
Hoerguofi

rore6anxft MoIrIHocrIr B cyAoBoM gJreKTporexHliqecKoM KoMUIeKce, TaKrlx KaK

seruseftuocrz B KonTypax pefyJIIrpoBaHI'It MrHoBeHHoft yuoaofi cKopocrlr

Arr3eJrbH6rx [pIrBO,qHbIX ABl]raTenefr v paccofJlacoBaHlle HacrpoeK Ilx peryJrfTopoB;

ycoBeplxeHcTBoBaHHaf MaTeMarl{rlecKat MoAeIb cyAoBoro 3reKTporexHliqecKoro

KoMnJreKca; npeAroxeuHrIfi r<purepzfi oIleHKI4 AonycrlrMoro ypoBHt o6vesulrx

Kore6aHr4fi MorqHocrr4; MeroA yMeH6[reHI]t aMrIJIIlry,4bI o6MeHnux role6anuft

MorrrHocrri npfi napaJlJlerbHofi pa6ore ,ql43eJlb-feHeparopHblx arperaroB cyAoBofi

3JreKrposHepf err4qecKoil cr4creMbr (c33C).
Ilpanrr.rvecrcaq 3uaquMocrr pa6oru 3aKrlor{arcq B ToM,

crpyKTypa crzcreMbl aBroMarlrqecKoro ynpaBneHllt (CAy)

cyAonofi 3JreKTpocTaHIIZu, IIO3BOr.t]OUIa.t [OBbICI4Tb SQQeKTI4BHOCTb u HaAeXHOCTb

ee pa6oru; pa3pa6oraH aJlropllrM pa6oru CAY, ycrpan-srcuefi Kore6auu.{
MourH ocrr4 ; pa:pa6orana aBTopcKat KoMnrrorepHat nporpaMMa,4JIr I4ccJIeAoB arvs' v

caHTe3a CAV naparuenbHo pa6oraloull{x Av3enb-reHeparopoB rlo,4 ynpaBJIeHI4 eM

npeAJroxeHHoro aJrropllrMa; pe3ynlTarbl uccle.4oganufr l4c[oJrb3ylorct Ha

cI1erI14anrr3r.rpoBaHHbIX rlpeArlp14tTIitX.

ycrpaHeHr.rr o6MeHHbIX
SJreKTpO3HepreTI4rrecKrrx

v:ro paspa6orana
vuoroarperarnoI



pa3pa6oTKa MeTOAa yMeH6IIreHI{t

aMrrJrr.rryAbr o6uennux Kore6aHr4fi MourHocrlr rrpl4 napanneJiuiofi pa6ore cyAoBbIX

cuHxpoHHLIX rcHepaTOpOB.

,,{nr ee AocrIDKeHEq aBTopoM ycnellrHo pelxeHbl cneAy}olqrze 3aAarru:
cyAoBorolpoBeAeHo 3KCnepI4MeHTaILHOe rzccJIe.qoBaH14e pa6orrr
npo6:reu;3JreKTpOTeXHUrreCKOfO KOMnJIeKCa AJI' BbItBJIeHI',Lg CyqeCTByioIlll4x

ocyulecrBJleu anaJrr3 oco6ennocreft SKcnnyaraurloHHr,Ix pexuMoB
gJreKTpO3HepreTIrqecKLIX ycTaHoBoK [epeMeHHoro ToKa, MeTo,4oB 14

y[paBJieHu.s napaJIJren6Hofi pa6o'rofi ,qI{3eJIL-reHeparopHLIX arperaroB (4-A);

paspa6orana ycoBeplueHcTBoBaHHa.s MaTeMaTllqecKat MoAeJil unoroarperatrofr

cyAoaofi 3iIeKTpocraHIII4I4; npeAnoxeH rcpuTepr'rfi oIIeHKII ypoBHt o6MeHHbIx

KoJre6aHr.rfi MoulHocrlz Ha ocHoBe I4HTerpaJrLHoro Merola nnorqa4efi; pa3pa6oraHbl

MeTOA yrIpaBJIeHI,I{ AIr3eJIb-reHepaTopHbIMu arpefaTaMrl, aJIropI',ITM ynpaBneHt4t 14

KoMnLrorepHarr nporpaMMa Ant sepz$rzr<ar1uz [peAJIoxeHHEIx rexHr4qecKl4x

perrreHufr.
llpu nogroroBKe Al,Icceprarrzosuofi pa6oru aBropoM 6ula npoge:rana

6olrua.s gKcnepuMeHT aJrlrnafl pa6ora.

.{raccepraqzr cocrolrr I43 BBeAeHu{, qerblpex fJraBa, 3aKJrroqeHlrt, crII4cKa
nr.rreparypbr u npnloNeu rfr.

Bo sseAeuuu o6ocnoeaHa aKTyaJlbHocrb pa6orll, oflpe,{eJleHbl IreJIb 14 3aAaql4

I4CCJIeAOBaHU.', [peAcraBJleHbl HayqHat HoBI43Ha 14 npaKTHalecKat 3HarII]MOCTb'

clpopvynzponaHbl pe3yJlbrarbl, BbIHocI4MbIe Ha 3aullrry, yKa3aHbI Bo3MoxHocrl4

rrcrroJrb3oBaHr4r floryqeHHbIX pe3ynbraroB.

B nepnoft r.,raBe AocraroqHo rorHo paccMorpeull 3KcnJlyaraqlroHHble

pexr4Mr,r naparireJlbuofi pa6o$r !fA, rrae'rogr'I 14 cpeAcrBa ynpaBneHl{t paoorofi

cy,4oB6rx cr{HxpoHHLIX rcHeparopoB. lloxasano, qro Il3BecrHble MeroALI 14 CpeACTBa

o6ecne.reH[q rrapaJlJlerlHofi pa6orr,t ,,{fA ue BblnorHqror Qynrcqufi ofpaHllqeHfis

ypoBur o6rr,rennrrx xore6anufi MolrlHocrrl. llpz erolr Aaxe He perJIaMeHTI'IpoBaHEI

rrpeAerrbr AorIycrI,IMbIx o6lrennrtx Kone6aHafi MolqHocrt4. Ha ocHoBaHIlI4

npoBeAeHHoro a*aJrr43a yroqHeHbI sa1\a'r.v Al4ccepralll4oHnoft pa6oru'

Bo nropoi rJIaBe rIpLiBeAeHbI olzcaHl4e I,I pe3yJlbrarbl HarypHbIX
gKcnepr.rMeHroB c rpexreHeparopuofi C33C naporraa <Efict<>. llora:ano HaJrlltrl4e B

HaIIptXeHlIIt Cy,UOeOfi CeTII TIOBIIIIIeHHrIX fapMOHI4qeCKI4X UCXaXentlfr or

TuprrcropHbrx npeo6pa3oBarerefi fpe6Hblx gJreKrpoABarareJlefi, B:lrLrflF'ue vx a

nycKoBbrx roKoB Hafpy3Klr Ha Kore6aHl4q MoqHocrl4, norpe6lxelrofi

feHeparopoB. .{orasano cynrecrBoBaHlle o6MeHHbIX xone6aur'tft Morlnocrlr

rrapairJrerrbHo pa6orarouux,{lA.
Tperuo rraBy aBTop ruccepla\nu [ocBtrIrJI o[I4caH[]o rl pa3paoorKe

MaTeMaTr{r{ecKofi rr,ro4elu AByxarperaTHofi cyAoeofi 3IIeKTpOcTaHIIIan. 3ra MoAeJIb

NO3BOJIIIJIA NOJI}N{ITb I]HQOPMAqITN O POUCCCAX I43MCHCHI-I' BO BPCMCHII MOMEHTOB'

ToKoB, MfHoBeHHbIX yrJloBrtx cxopocrefr poropoB I{ yfJIoB Harpy3KI'I napa.,'rJlerbuo
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Anropol,r 6rua [ocraBJleHa rlerb:

cyAoBbIx
cpeAcTB

pa6oraroqux reHeparopoB. Mo4elt onllcblBaer 3JIeKTpoMafHI4THbIe llpoqeccll B
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cuHxpoHHbrx r-eHepaTopax r4 r4x Bo36yAuTeJr.{x, TerrJroMexaHlrqecKlre npoqeccbl B

Ar.r3eJrbHblx ABllrarertx Ir 3JIeKTpoMexaHItqecKLIe [porieccbl ,.[A n IIeroM.
Qoplra"rrno orII{caHbI AIrHaMLIqecKrre npoqeccbl peryJltropoB rr,rrnogeuuoft yuonoi
cKopocrn .[A c yqeroM nerusefinocrefi, runa <ruoSr>. llptlne4eno cpaBHeHI4e
pe3yJIbTaToB HaTypHLIX I'I BEIqV C,TI4TeJIbHbIX 3KCnepI4MeHTOB HA ocHoBe

pa-:pa6orannoft uareuaruqecroft naoAeru, Korpble rIoATBepAzJrrr KoppeKTHocrb
rrocJre,{Her.

B uereeproft rJraBe paspa6o'raur,r HoBat crpyKrypa cyAoBofo
3JreKTporexHl4qecKoro KoMrIJIeKca c ycrpofi crnoM o6MeHHbIX Kone6anl4fi MoIqHocrI'I

(yOKM), MeroA yrrpaBrreHr4f napaJrremsoi pa6orofi cyAoBbIX ,,[A, a.,rropurv
pa6oru yOKM. llocre4uufi flocrpoeH Ha 14 cIIoJr63oBaHI4I] npe,4JroxeHHoro aBTopoM
Kpnrepur AorrycrlrMoro ypoBHt o6ltennux rore6auuft MouIHocrI4 B crallploHapnblx
Dexr4Max oa6oru C33C.

Cnzcor< nuTeparypbr coAepxrrr 1 3 9 uaulaeuosa:nufr. u oxBarblBaer Bce
ocuoBHbre pa6 orr'r rro HarrpaBJleHurc Aaunofi Evcc epr aluur4.

llpra:roNeuux cBr.r4ererbcrByror o pe3yJrbrarax 3KcrIepIrMeHTaJrLHBIX
uccre4onanufi, coAepxar pacr{erbr rrapaMerpoB {fA, pesylrrarbl MareMarlrqecKofo
MOAeJrr4pOBaHVt Lr AKTbI BHeApeH[q pe3ynbTaToB 4Ijcceprarlvr4.

lloroxurertrnuvn cropoHaMIi, orpaxalo[]LIMI4 KoMrIereHTHocrb aBTopa

Ar,rcceprarlrroHuoft pa6orur rrBJltlorct :
l) npHBeAeHHe MareMal.tqecKI.l x vonelefi K ynpoueHHbIM $oprraarra,

HanprrMep, na c. 116. OHrz nogsoJrsror JraKoHur{Ho oro6pa:url ocHoBHLIe flpI4qI4HHo-
cJreAcrBeHHbre cB{3u flpoqeccoB B acc,re.qyeuoft cl4creMe rl nocraeIz'rs 6oree
coAepxaTeJrbH6le 3KcrIepIlMeHTbI;

2) o6cyN4eHr4e u yr{er MHoxecrBa Qaxropon, olpeAerqlo II4x [peAMer
v ccJreAoBaHI{,s;

3) uupoxoe HcnoJIb3oBaHI4e LI pa3Blirl{e pe3yJlbraroB paHee [poBoArrBrrll4xct

rlcc:re.qonanufr cyAoBIIX gJieKTp03HeprerllqecKI,IX clrcreM;

4) ltrorovucJreHHbre lr 3Harrr4MLIe BIIBoArI I43 pe3ynbraroB naccl{BHblx

HaTypHbIX I,I Bbrrr14CII4TeIbHbIX 3KCrlepIMeHTOB;

5 ) ru6 xax cxeMa rrccJreA oeauuit, Ircno.rrb3yrouat nacczsHr,ti 3Kcrlepl4MeHT,4JIt

rro;rfreHr,rr unSopvaqzu o npur{r4Hax Bo3HIrKHoBeH}rs o6tr4eHHrrx rone6anv fi

MorrrHocrz rr Bblrll4cJllrremnr,ri 3Kcrrepl4 MeHT ,qrq orraAK[ u eepz$zrcaqzu
rrpeAJro)(eHHbrx rexHvqecKI4x peureuttfr ;

6) pa:pa6ou<a KoMrrbrorepuoii uporpanvu RESTRICTION Ha ocHoBe
coBeprrreHcrBoBaHutr r{MeBIIrefi cr nporparrarllrr SG-SG-RG.

K coNareHuro, pa6ora ne cso6oAHa or HeAocrarKoB:
1 ) arropov ncnoJrb3oBaHbr HeKoppeKTHLIe noH-srlzt lr Bblpa)(eHzs. He cle.4yer

foBopi.tTb o6 [gN4eHeHzr4 ((qacToTbl Bpal{eHus> ,ql{3eJlbHoro ABuraTeJIt (poropa

cuuxponHoro reneparopa) nplr HeI4sMeHHofi qacrore HaflpsxeHu{ n cygonofr ceru,
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MoxHo roBopr.rrb Jrr4rrr6 o perynr4poBaHrar4 MrHoBeHHofi cropocru poropa c rleJrbro
(f a:onofi nogcrpofirra yfna Harpy3Kn reHeparopa. flpyrulaz rpr.rMepaMr4
HeAocrarxoB TaKoro poAa rBJrrrorcr o6cyx4eHue 3Kcnepr,rMeHToB c (yBeJrr.iqeuHoi

4enn$epuofi rlerr<oft>> ua c.49 u [ocJreAcrBzft <pa:6poca KoHcrpyKTr,rBHbrx
rlapaMerpoB ,4u3eJrb-reHeparopHbrx arperaroB> ua c.123, HeorrpeAeJreHHbrx aBTopoM;

2) ua c. 124 - 126 aBTop onncbiBaer npoBeAeHue <(HanBHbrx)) 3Kcnepr4MeHroB,
pe3yrbTaTbr KoTopbrx r43BecTHbr arrpr4oprl;

3 ) e pa6ore irpe3MepHo BeJrr4Ka.qorq olr4 carem,noft uuQoprraaquz no
B bIB oAoB. llp eA craerxro't c s r43 JrLrrrfHr4MLl
3 4 - 4 0 , 6 1  - 66 ra norepxHocrHbrMrr

crpyKrype VOKM ira
crpaHr,ruax 133 -1391,

4) Ha crpaHrzrle 138 (pucynox
caMoHacrpavBarorqeftca CAy, Koropat
lapaJrJreJrbHo pa6orarorqvrx reHeparopoB, qepe3 Koropbre r.rMeHHo pr ocy lecrBJrrerct
o6ueH uorqHocrbro MexAy rexeparopaMr4. 3Aecr Ne o6cyx4aercx neo6xo4rzvocrr
rloAAepxanrzr (3KcrpeMaJrbuofo 3HalreHr{r $yuxrlrzoua:ra J>, cyrs Koroporo lr
3aBI4CI4MOCTL OT (<CUrH€LIIOB) aBTOpOM He OnpeAeJIeHa;

5) ne rnrxerc{ or{eBr,rAHbrM rrpr4MeHeHrre (r4nTerpa.JrbHoro Kpr4Tepr4-s nJro[IaAr4
pa3nocrr.r oru6arorqzx roKoB, HopMr4ponaHHofi no BpeMeHrz> (c. 1a8) r.t Bbrpaxeurrr B

qerecoo6pa:uofi

cpaBHeHI,Irc C OOBeMOM aHaII4Tr4r{eCKIZX

6omurue qacrrz reKcroB Ha crpaHr4llax
TIoAXOAbI K CO3AaHI]IO rUEOTe3bI O

4.5) nprzBe,{eHa crpyKrypHatr cxeMa
HC VI{IZTbIBACT 3JIEKTDIIqECKI,IC CB'3I4

6) rrMeror Mecro HeAocrarorrHo o6ocroeaHHr,re
HanprzMep, o6 (3KcleprHoM Mero.4e) oflpeAereHr.rt
rcHeparopubrx afperaroB (c.142). Przcynrrz 4.7 - 4.9
clruQasnrrx xole6anufi, oHrz orpaxarcT Jrr4 rrrb $a:oatre
npoqeccoB reHepaunlr no:ruoi oreKTplrrrecxofi uorqnocru,

yTBepxleHr4r aBTopa,
lapaMeTpoB Au3enb-

He oTpaxaloT HaIIzqI4e

CABII|II [epLiOALIqeCK]4X
o qeM cBr,rAeTeJrbcTBylo

HOC'T npr.iHrlprfluaJr6Hofo xapaKTepa v He
pe3yrbraroB n noloxeHufi ,  BbrHocnMsrx Ha

KoHrIe flaparp a}a 4.6. Menrtryro florperrrHocrL ct4creMbr peryJrrrpoBaHrrq [o3Borur
loryqurb r't crroJrb3oBaHr4e B KaqecrBe Kprireplrr cyuvapHoil lr4cnepculr roKoB
paooTaroulrx feHepaTopoB;

ocilr4 rurorpaMMrr npoqeccoB Te(t) u Mg(t).

OrrraeqeHHrIe HeAocrarKlr He
CHI4XA}OT 3HAqITMOCTI4 NOIYI{CHHbIX

3aqrrry.
Peaylrrarrr r4ccre.4oBaHzs .{ocrarorrHo no!.rHo orpaxeusr n ny6luKarlurx !r

rrpeAcraBJreH;r Ha HayqHbrx r<ouQepenqrzxx. llo relre 4ucceprauuu cot4cKareJreM
ony6rnroeano 20 nayvnrrx pa6or, n roM qrrc.rre 8 n NypHanax rz3 nepeqHr BeAyrqux
perleH3rrpyeMbrx HayqHbrx )(ypHanax u u3 4alnLrflx, peKoMeHAoBannux BAK.

3arcrroqeulre. {lrccepraqrax CaseHxo AlercaH4pa EereHtesz.ra flB Aercs.
gaxonqeuuofi HayqHo-KBanu$lrKaquoHHofi pa6orofi, eHnorneHHofi caMocrof,TeJrbHo
Ha BbIcoKoM HayqHoM ypoBHe. llo,ryvennr,re aBTopoM pe3yJrbrarbr AocroBepHrr,
BbIBoAbr 11 3aKJrroqeHr,rs o6ocuogaHu. Aurope$epar coorBercrByer ocHoBHoMy
coAepxaHuro AvccepTaur.ir4, oTpaxaeT ee EoJlo){(eHI4_s r.r BbrBo,4br.



[uccepraquonnax pa6ora <Paepa6orr<a 11 IzccJIeAoBaHue Mero.{oB v cpeAcrB

ycrpaHeHur o6veunrrx xole6ariuft MorrlHocra B cyAoBbIX' 3JIeKTporexHIlr{ecKI4x

KOMTIJTeKCaX)) COOTBeTCTByeT rpe6oeaulrxM K KaHAITAaTCKAM A[CCepraIII4{M nyHKTa

9 lloroNenuq BAK P(D o npncyxAeHlrlz yqeHbIX creneneft. Pa6ora coAepxl4T
peIIIeHI{e nOSOfi AlaHaNa1tqeCrOft 3a16qI4 nO OrpaHUqeHIlIO OnaCHbIx fOle6annfi

o6uennofi MorlHocrlt rlapanJIeJr6Ho pa6orarorqinx cyaoB6lx 3JleKTporeHeparopoB,

no:eo;urorqefi nOBbIcI4T6 eS$exrr,rnuocru pa6oru cyAoBblx 3JleKTpo3HepfeTllqecrl4x

CI4CTCM I,I ZMCET BAXHOC 3HAIIEHI4C TT', PA3B'ITI{' MCTOAOB MATCMATIiqCCKOTO

MOAetIUpOBaHr4r V HaTypHOrO IICCJIeAOBaHLI\ CTAr\VOHapHbIx pexlrMoB crlcreM

::rerrpocua6NeHvq aBToHoMnsx o6rexroe.
CaeeHKo Aner<can,4p EereHreel4q 3acJryxl,IBaer npl4cyxAeHl4-s eMy y-reHofr

crerreHlr KaHAL.qara rexHl{qecKllx HayK rro c[eqva.]rbHocru 05 '09.03

3lerroorexnuqecKue KoMrIJIeKcbI u crl creMbl

llpo$eccop KaQeApbI
<3rer<rpoo6opyAoBaHIre,
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TCXHI{IICCKOIO VHfi BEPCI'ITCTA
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