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Paccmorpensl ocofeHHOCTH paGoThl CHIABHOTOYHBIX THPHUCTOPHBIX Npeodpaso-
BaTeseil cHcTeM caMoBo30Y;KIeHNsI CHHXPOHHBIX FeHepaTopoB NpH 0TKa3ax mnapas-
JejbHbIX BeHTHIeH. [Tokasanbl Bo3MOXKHbIe GYHKUHOHANLHBIE OTPAHAYCHHSA M He-
AOCTATKH B HX pafoTe B ciIy4yae KOPOTKHX 3aMbIKaHHi B 3Heprocucreme. llpeano-
JKeHbl AJIFOPHTMbI YApaBJIeHNs CHIbHOTOYHBIMH THPHUCTOPHBIMH TNpeoGpa3oBaTe-
JISIMH, pacliupsiiolie (YHKIHOHAIBHbLIE BO3MOMKHOCTH CHCTEM CaMOBO30Y:KaeHMSs
IpH OTKA3aX Napa/uie/IbHbIX BEHTHIeH U ofecneynBalomye pexxuM (opcHPOBKH
IIpH BHEHTHAX KOPOTKHUX 3aMbIKAHHUSIX FeHepaTopa.

Knrouespie cioea: anzopumm, ynpagnenue, mypbosenepamop, cucmema camoso3by-
aHcOenuss, mupucmopnuiil npeobpazosameins, omraz, Kopomroe samuixanue (K3).

The article considers the features of high-current thyristor rectifiers of synchro-
nous generators self-excitation systems at parallel gates faults. Shows the possible
functional limitations and shortcomings in their work at short-circuits in the power
system. The algorithms of high-current thyristor rectifiers control that extend the
functionality of the self-excitation systems at the faults of parallel gates and provid-
ing the forcing mode at synchronous generator external short-circuits are proposed.

Keywords: algorithm, control, synchronous generator, self-excitation system, thyris-
tor rectifier, gate fault, short-circuit.

Ceronusa B cucteMax caMmoBo3Oyxicrns (CCB) HHIO €TO Harpy304HOH crocOOHOCTH H, KakK CHENCT-

MOUIHBIX TypOOTEHEPATOPOB NIPUMEHAIOTCA MOCTOBBIE
CHIILHOTOYHBIC TUPUCTOPHBIE npeobpasosareny (TIT),
HOPMHUPYEMBIE TOKH KOTOPBIX OOECHedMBaloTCs Na-
PALICIIBHBIM COSMHHEHAEM HECKOJIBKUX BeTBeil. DTo
coefvHEHHe CTPYKTYPHO M KOHCTPYKTHBHO Deaiuszy-
eTcs nubo B myevax Tmipeobpazomartens, aubo mapalni-
TIETHHBIMA BEHTWIIBHBIMUM YaCTAMHM, OOBIYHO BHINON-
HEHHBIMH N0 TpexdazHoi MocToBO cxeme [1, 2].

B cooTBeTcTBMH ¢ TpeOOBaHMAMH, NPENbABIIe-
MBIMHM K CHCTEMaM BO30YKAEHUS CHHXPOHHBIX TeHe-
paropos (CI'), cucrtemMa caMOBO3OYXACHHA HOJIKHA
obecrieduBaTh BCE PEXUMBI HX pPaboTkl, BKIIOUas
(OPCHPOBKY HaNpPsXKEHHWsA HA BBIBOAAX MPW KOPOTKHX
3ambikanusx (K3) B aneprocucreme [3]. Otkas napan-
TeNbHBIX BETBEH WIIM BEHTHJIBHBIX HacTell CHIBHO-
TouHoro npeobpazoparenss CCB npuBOAHT K CHHXe-

BHE, OTPAaHMYCHHIO PEKHMOB pabOThl CHHXPOHHOIO
re’eparopa no ToKy Bo3OyxucHWi. B To ke Bpems,
obecneyenue ¢QopcupoBkn CI' mpu oTkazax mapai-
TIENBHBIX TAPHUCTOPOB ABIAETCS HEOOXODMMBIM yCIO-
BHEM AT YCIIEHIHOTO BOCCTaHOBICHUS HANPSDKEHUA H
COXpaHEeHHs YCTOHUMBOKH paboThl TeHepaTopoB TIPH
aBapusax B sHeprocucteme. [1o3ToMy pacdeTHBIM MpH
BBIOOpE THPUCTOPOB B X0J€ NMPOSKTMPOBAHUA CUCTE-
MBI CaMOBO30YXIeHUS SBISETCA PeKUM (POPCHPOBKU
reHepaTopa ¢ OJAHOBPEMEHHBIM OTKA30M BEHTWIbHBIX
BeTBeil. IIpu 3TOM B 3aBHCHMOCTH OT YHCIa OTKa3aB-
mix Berselt B ongom mnede I'OCT ycranaBnusaer
OTpaHMYEHHe 10 TOKY npeoOpasoBaTens M, CIEAOBa-
TEIBHO, PeXHMY paboThl CHHXPOHHOTO TEHEPATOpPa.
Tem He MeHee, B CiTydae 0TKa3a HECKOJBKHX Ia-
pannenbHBIX BETBEH B OHHOM IUIede, BKIIOYAs BCE
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AJ'IBOPUMMbI ynpasJieHusi CUsIbHOMO4YHbLIMU MHIPUCIMOPHBIMU
npeo6pasoeamenﬂmu cucmem camoeos6ym6eHu;l CUHXPOHHLIX 2eHepamopos...

JOTIOJTHUTEIIbHbIE, BBOJAAT 3alpeT Ha (OpPCHPOBKY
nanpspxkedus Ha BeiBoznax CI” [4, 5]. Takoe pemenue
00yCIOBNEHO TEM, YTO IIPH CHIDKEHHH HArpy309HOM
CTIOCOOHOCTU BEHTHIILHOTO TIpeobpasoBatesisi HacTy-
TIAeT HeperpeB THPHUCTOPOB TOKOM (DOPCUPOBKHM TIPH
HopMupyeMmbIx 'OCToM UIMTENTBHOCTH U KPAaTHOCTH
¢opcupoBkE 10 TOKy [6, 7]. OaHako B 3TOM Cityqae
UCKITIOYAaeTcd W HE paccMaTpUBaeTCs BO3MOMKHOCTH
(dopcupoBaHMsl TPU KPaTHOCTAX IO TOKY MEHBIIUX
HOpMupyemoit. OYeBUIIHO, YTO B CIy4ae NOIyCTHMO-
CTH TakuX PeXHUMOB paboThl TIO YCIOBHIO Harpesa
npeobpazoBatens (GpOpCUPOBKa HATIPSXKEHNA Ha BHIBO-
nax CI' crama OB OCYIIECTBHMOM, a e¢ TOJNHLIH 3a-
TIPET M3JTUNTHEM.

B cuctemax caMoBo30yxmeHus TypOoreHeparo-
poB Harpyska TIl mMmeer npakTHieCKd WHIYKTUBHBIH
xapakrep (mns Typborenepatopos 200-500 MBT B
pexuMe xosocroro xoaa 1,, =4,5...7,5 ¢), B CBA3H

C 3THM TIpM OTKa3axX MapasjielIbHbIX BETBEH g pas-
Tpy3kH Haubosee HarpyKeHHOTO ILleya npeodpa3oa-
Tens OObIYHO pasrpyxkatoT Bce ero mnedu. OaHako
upu $a3oBOM YTIpaBleHNH NpeobpazoBaTeneM pexu-
MBI pa0OTEHI €ro Nied 3aJaroTcsd YITIaMy BKITIOUEHHs
THPHCTOPOB, YIPaBiCHUE KOTOPBIMH MOMKET OCyIe-
cTBiATECH mo-pazHoMy [8]. Ilpm cmmmerpudnOoM
YIPaBIeHAM BEHTHAMHM Ui NPEJOTBpAlICHUS Iepe-
rpeBa mpeoOpazoBatensi MOXKHO CHU3HTH KPaTHOCTH
(hOpCUPOBKH N0 HANPDKEHUIO U B pe3yJabTaTe Orpa-
HHYWUTh TOK BO30yxneHus. Ilpu HecHMMeTpHYHOM
MOXHO TIepepaclipeielIiTh Harpy3Ky Mexay Iiedamu
B 3aBUCHMOCTH OT HarpeBa WX THPHCTOPOB M TeM ca-
MBIM CHM3HWTH pa3bpoc TeMIiepaTtyp HArpeBa BEHTH-
TeH, ocTaBIImXc B paboTe MpU OTKasax mapajsicib-
HBIX BETBEH, YTO NPHUBEET K YaCTHYHOMY BOCCTAHOB-
JIEHVIO Harpy304HO# crocoOHOCTH BEHTHIHHOTO IIpe-
obpasoBarens. B ¢BA3W ¢ 3THM HIpHMeHEHME Pa3HBIX
coco00OB yNpaBieHUus TUPHUCTOPAMM TO3BOJMIIO OBl
paciupyuts (GyHKIMOHANbHbIE BO3MOMHOCTH THpPU-
CTOPHOTO Tpeobpa3oBaTeNs U CHCTEMBl CaMOBO30YXK-
IEHHS IPH 0TKa3aX Hapajule/IbHbIX BEHTHIICH.
Paccmotpum paboTy THpucTOpHOTO mpeobpazo-
Bareiis CCB CI' ¢ N OCHOBHBIMH Hapallie/bHbIMU
BeTBAMH B InevyaX. B coorserctsuu ¢ 'OCT 215-
58.2000 npu paboTe C MOJHBIM YHCIOM BEHTHIEH
(obbuHO N +1), @ Taxke IPU BBIXOAE W3 CTPOA JIO-
60ro 9ucia NOTOTHUTENLHBIX BEHTHICH, npeobpazo-
BaTeNb AOKEH 00ecredMBaTh BCE pexHMBI paboTh
CCB [3]. B ciryqae BbIxona U3 CTpOs JIByX BEHTHIICH B
OJHOM M TOM e Iede npeobpasoparens (N-1)

JOTKHO BBINONHATECHA OTPaHMYEHHIE TOKa POTOpa 10
3HAYEHHUA, COOTBETCTBYIOINETO HOMHHANBHOMY PEXKM-
My paboThl CHHXpOHHOTO TeHeparopa ¢ ko3gduunen-
TOM MOLIHOCTH paBHBIM equnmue (P, cosp=1)c¢

BBCACHYWEM 3ampeTa Ha (OpCHPOBaHME HANPIKCHUS
Ha BeBofiax CI” mpu aBapmsx B pHeprocucreme. [Ipu
paboTe CHHXPOHHOTO TEHEparopa € HOMMHAJIBHOR
aKTHBHOW MOHIHOCTBIO M KO3(HULHEHTOM MOHIHOCTH
paBHBIM €AMHMIE TOK poropa obbluHO Ha 30+5%
MEHbIIE HOMHHAJIbHOTO. B TO e Bpems B AnuTenNb-

HOM pEXuMe paboThl MAaKCHMAIBHO JOIYCTHMBIA TOK
npeobpazoBarensd AOJDKEH ObITh He Hike 110 % HO-
MUHANBHOTO TOKa Bo30yxaeHus [3]. CienoBarensHo,
pa3rpy3ka THPHCTOPHOro mpeodpasoBaresst O TOKY
MPY TEPEBOJIE CUHXPOHHOTO TEHepaTopa B DEXAM
paboTsl, cooTBETCTRYIOMMH P, U cos@ =1, MOXKET

coctaeuth 30—40 % OT HOMUHAJIBHOTO TOKa rpeobpa-
3oBarensa. ONpeAeisM PeaibHYIO BEJIMYMHY Pasrpys-
K1 TnpeoOpa3oBatelis MO TOKY, KOoTopas HeoOXoauma
a74 ero paGoTHl TI0 YCTIOBHIO HATPEBa B CIy4ae 0TKasa
m 13 N OCHOBHBIX I1apaJlleNbHbIX BETBEH B TIIeYe.

Pasrpyska tupncropaoro mnpeoOpasoBaTesis
NPy CHMMETPHYHOM YNPaBJ€HHH BEHTHISMH.
CpenHee 3Ha4€HHE TOKA B OTKPHITOM COCTOAHHU AN
Haubonee HarpyKeHHOTO THPHCTOpa TpeXx(azHoi
MOCTOBOH CXEMbl C HECKONLKMMH Napaie]bHbLIMK
BETBAMHM B OHOM Mjieue [9]:

I
EM
I =——K )
T(AV) H>
N-K,
rae I, — aMmnmTyna orubaromell KpuBoli Toka me-
ga, K, - xoapduument ammaurymsl toka, K, -
Ko3(QdULMEHT HEPaBHOMEPHOCTH JEeHHS TOKa B
nieue.

Ipeanonaras, 9To NpH HEKOTOPOM 3HAYEHHH TO-
ka Bo3Oyxaenma 1, <Ig.. =11-1; = Harpyska rie-
4a ¢ OTKa3aBIIUMH BEHTIIAMHU HE TIPEBHINACT MAKCH-
ManbHO A0MyCTEMYIO, T.€. lpoayy(N—m) < Ipavyma »

3aluIieM COOTHOIICHUE A1 TOKOB THPHUCTOPOB!

151'IfH0M Ko = If ’
H H>
N K, (N-m) K,
OTKy/a
1 K
L =g 2K (1—5“—). @)
IfHOM KH N

B gansoMm BeipaxkeHmH K[ > Ky, Tak kak c
YMEHBIIIEHHEM 4HCNA TIapaljielibHBIX BETBEH Hepas-
HOMEpHOCTh [leJIeHHs TOKa B Iedye BospacTaeT [9].
Opnako npu N-m > N/2 pazauna mexuy kodp¢u-
[IMCHTAaMH HE 3HAYHTEJIbHA, a B CiIydYae NPUMCHEHHA
YCTPOHCTB IWHAMHYECKOTO pacllpeliefieHHs Harpy3ox
B IleYax TIpakTHueckw orcyTcTByer [10]. B cBasu ¢
1uM nmpy m < N/2 Beipaxkenue (2) MOXHO fipelcra-

BUTH B BUJIE:
m

I,=L11——1, 3

£ ( N) 3

rae I, =1 /gy -

Ha puc. 1 npuseneHs! 3aBUCHMOCTH NPEAEIHHO
JIOIyCTUMOTO TOKa B030yxmenus CI' or mratHOTO
YHC/a NapalIesibHbIX BETBell B ciydae OTKa3a OJHO-
T0, IByX H TpeX OCHOBHBbIX BeHTWeli B mtede. Kpome
TOro NoKa3aHa BENWYMHA TOka Bo3Oyxkaenws I, no-
JywqaeMmas NpH pasrpyske npeobpazoBarens MO TOKY
cornacHo tpeGoBanmam ['OCT. 3nauenne I, = 0,69
COOTBETCTBYET pEXHUMY paboThl Typboreneparopa
TI'B-200-2M  Yenabdbuuckoit TOL-3 mpm P, #n

Cepus «3HepreTvKa», Bbinyck 14
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cos@=1. V3 cpaBHEHUs] KPHUBBIX ClIE[yeT, YTO IIpH

BBIXOZIE M3 CTPOSi OIHOTO OCHOBHOIO THPHCTOpa B
npeobpazopatenie ¢ N =3 CHIDKEHHE TOKa BO30yxe-
Hud Ha 27 % OT HOMHMHAIBHOIO MNO3BOJIAET MOJHO-
CTHIO CKOMIIEHCHPOBATh POCT HArPy3KH Ha OCTABIIMX-
cs Tupuctopax. B ciyuae npeobpasosatend ¢ N=4
IJiA 3TOr0 MOCTAaTOMHO CHU3MTh TOK BO30YXICHUA
Bcero Ha 18 %. B Toxe Bpems nomnHas pasrpysxa CI0
1O PEakTUBHON MOHIHOCTH JAeT CHIDKCHHE TOKa BO3-
6yxnenns Ha 31 % ¥, CNeNOBaTENBHO, NPHUBOONT K
3HaYMTENbHBIM 3anacaMm 110 HarpeBy tupucropos TI1
Ja)ke B ciydyae OTKa3a HEeKOTOPhIX U3 HuX. B pe3yis-
Tate must mowHeX CCB ¢ cuiibHOTOYHBIMU Dpeodpa-
3oBaresismMu ¢ N = 6 Bo3moxsa pabora CI' npu otka-
3¢ JIBYX OCHOBHBIX BEHTHIIEH, a ind N =9 mpum oTka-
3¢ TpeX BEHTUJIEH.

B ycranopusmemMcs pexume GopcupoBku pabora
CI' u CCB HOpMHpPYIOTCS NPEAeNbHON KpaTHOCTBHIO
IO TOKY BO3OYXIEHHUS H AOIyCTHMOM NNINTENLHOCTRIO
tdopcuposku. [{ng Typboreseparopos KpaTHOCTE $op-
CHPOBKH II0 TOKy cocrasiser K; =2,0. Coorsercr-

BYIOI{ast eif HOIyCTHMas UTUTEeIbHOCTh (POPCUPOBKH
33BUCHT OT KOHCTPYKIMM H criocoba OXnaxIeHus
o0MOTOK TeHepatopa M BapbHpyeIci B Hpenernax
10...50 C. OcHoBsIBajICh Ha KpHBBIX puc. 1 ompene-
MM JOTYCTHMYIO KpPaTHOCTHh (JOPCHPOBKM 1O TOKY
MPH  COXpaHEeHWH HOPMHPOBAaHHON IUIUTENbHOCTH
thopcupoBaHus.

JorycTuMas KpaTHOCTH (OPCHPOBKM IO TOKY
TIp¥ YCIIOBWH, YTO TOK Haubojee HAarpy:KeHHOTO BEH-
THIIS TipeoOpa3oBartens He NPEBhIacT MaKCHMaJTbHO-
ro AOIYCTHMOTO 3HAYECHUS ATMTENBHOIO peKiMa pa-
60TbI, MOKET OBITH Hali/ieHa CIeXyIoAM obpa3om:

KI=2——£f*—=2(l——E~j. @)

fmax*

Kpuspie npuBeneHsl Ha puc. 2. M3 cpaBHeHus

KpPHBBIX CJIEAYET, YTO IPH BBIXOJE H3 CTPOsS BCEX HO-
I,.

1 a/a/é m=1

0.95

0.8% }/ /3/

0.75 "

0.7 rd Z I

Ayl A1

2 3 4 5 6 7 8 9 I0ON

0.65

Puc. 1. flonycTuMbiit Tok Bo36yxaeHus CI
RO YCINOBUWIO Harpeea TUPUCTOPHOTO
npeobpazosartenst CCB npu oTkaze m napannerbHbix
BeHTUren 3 N OCHOBHLIX B rineye

HONHUTEBHBIX B OTHOTO OCHOBHOrO BEHTIIIA B ILIEHE
HOIyCTMMAast KpaTHOCTh (POPCHPOBKM B 3aBHCHMOCTH
OT MOIIHOCTH IpeoOpa3oBaTenst JNEKUT B Npenesiax
1,33...1,8. B ¢Bs131 ¢ 3THM, MOXXHO CHENATh BBIBOJI,
YTO BBEJIEHUE 3ampeTa Ha GOPCUPOBKY B pAle Ciyda-
€B IPUBOINUT K 3HAYUTEIBHOMY HEIOMCIIONb30BaHHIO
Heperpy3049HOif CHOCOOHOCTH THPHUCTOPHOrO Ipeod-
pasoBaTens.

Takum o6pazom, Gosnee >bdekTuBHbIM OyneT a-
TOPDHUTM YIIpaBjIeHHs THPHCTOPHBIM IpeobpasoBate-
TeM, YYUTHIBAIOMMH YUCHO BBIMICHAINNX W3 CTPOS H
ocraBmmxcs B paborte BenTwiel. Ilpn Takom ympas-
JEHWW AaBTOMATHUECKUil perynsTop Bo30yKAeHUA
(APB) moimxeH caMOCTOSITENBHO PAacCUHTHIBATh BeNy-
YUHY OrpaHu4eHus pexumoB paborel CI' mo ToKy
B030YKIEHHA cornacHo (3) B AOIMYCTUMYIO KPaTHOCTb
(hOopCcHpOBKH N0 TOKY B cOOTBETCTBUH € (4). M TomBKO
B ciyuae Ip, <I;, CI' cienmyer mepeBOOHTh Ha HCTOY-

HUK PE3epPBHOTO BO30YKAEHUS WIN BBIBOJHTH M3 pa-
6OTBL

Pasrpyska TupuctopHoro mnpeoGpa3oBaTteisi
[pH HECHMMETPHYHOM YNPAaBJIEHHN BEHTHJIAIMH.
Temmnieparypa Harpesa Haubojiee HarpyKeHHOTO THU-
pHUCTOpPA 3aBUCHUT OT UHTCHCHBHOCTU €r0 OXJIAXKIEHHA
U O0yCJOBJIEHA TEIUIOBHIMH IIOTEPAMH Ha HpPOBOIS-
mieM WHTepBayie PT(AV), a TakXke TIOTEpAMH IpH

BKIIFOYCHUH Prr(,y) U BBHIKIIOYCHUH Ppoyayy. Temio-
Bble NOTEPH [PM KOMMYTAUMU BEHTUNA Prrayy H
Proav) HE 3aBHCAT OT BEJHIHHBL CPEIHEr0 TOKa B

OTKPBITOM COCTOSHWH. B CBA3H C 3TWM H3MEHECHHEM
KOMMYTaIIMOHHEIX NIOTEPh, BO3HUKAIOWMM [IPH Hepe-
pacrpeleneHu Harpy3kM Mexdy IuiedaMu npeodpa-
30BaTelIs, MOXKHO peHeOpeub. B 3ToMm ciiydae 3amada
pacnpelleleBHs Harpy3ku IpeoOpasoBaress MO IUIe-
YaM CBOJHUTCH K OIPEACIICHUIO AJIUTeAbHOCTEH pabo-
Tol ey At; u At], NpH KOTOPBIX pa3HMIia TEIio-

K,

y4

1.9

W\
; \\\\\\ \<N=10
L6 N=5><\\
JETLCINNN
AN

14

1.3
0 1 2 Im

Puc. 2. Jonyctumas kpaTHOCTL (POPCUPOBKMN 1O TOKY
C y4eTOM pasrpy3ku npeobpasoBarens
B NpelecTBYICIIEM PeXuMe
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Anzopumms! ynpaesieHus CUuIIHOMOYHLIMU MUPUCMOPHLIMU
npeo6pasoeamensMu cucmeM caMo8036YKOeHUs1 CUHXPOHHBLIX 2eHepamopos...

BBIX TOTEPb B THPUCTOpAX B OTKPHITOM COCTOSHUM
Munumansha (puc. 3). Tak B npeobpasoBatensx, Bbi-
HONHEHHBIX TO Tpexda3Hoil MOCTOBOH cxeme, [Uid-
TENFHOCTH padOTH IUIEY B3aUMOCBSI3aHBL, TO KpHTE-
pYeM ONTHMAJBHOTO paclpeneNeHus OyneT paBeHCT-
BO MeX1y co0ol TeIUiOBBIX TOTEph B Hamboiee Ha-
IpyXeHHBIX THpHCTOpax pasHbix iuied. Ilosyuaemoit
[IPY 9TOM BEJMMHUHE Prisyy MOXKHO CONOCTaBUTH TeIl-

JIOBLIE TOTEPH B BEHTHIAX NMpeoOpasoBartens NpH He-
KOTOPOM JKBHBAJICHTHOM CHMMETPHYHOM DEXHEME
paboTel ero mie4 Pry,. B oTom pexume cpennuii

Tox HauboNee HArPy)KEHHOTO BEHTWNIA paBeH Ipayy,
a Tok Bo3Oyxnenua lf, . Bemuuuna 7,y onpenens-

€TCd BO3MOXKHBIM JHana30HOM COOTHOLIGHMIl IUin-
TeNBHOM paboThl IUIeY, KOTOPDIH 3aBUCUT OT BPEMEHH
KOMMYyTaIltuu THpHUCTOpoB. Haubonsiiee Bpems nepe-
KAIOUeHUs] TUPUCTOPOB HabmonaeTcs B pexume Hop-
CHPOBKM TIPH 3TOM B OJHOTPYIIIOBBIX CUCTEMax ca-
MOBO30YKAeHHA TypOOTreHepaTopoB YTiAbl KOMMYTa-
OWd BeHTWIEH Kak MpaBWIIO He NpeBBaioT 60 31
rpan, 1. €. v, <0,5. B cBA3M ¢ 3THM BO3MOXKHBIE IJIH-

TEIHLHOCTH PaboThl MIeY ClelyeT OrpaHHIUBaTh 3HA-
qeHuaMu Atp, =0,5...1 1 Aty, =1,25...1. Ecau npu

stoM I, >1g ..., TO HeOOX0oAMMO BBENEHME AONON-

HUTEJIBHOTO OrpaHm4eHMa pexuma pabotsr CI' mo
TOKY BO30YXIEHHs, TaK Kak, He CMOTpA Ha nepepac-
MpejieNeHie JUIATeNbHOCTEl pabotwt nnew, Oyxper
BO3MOKEH eperper npeobpasoBarens B yCTAHOBUB-
memcs pexxiMe paboTel U B pexuMe GOPCUPOBKH.
Haiinem onrtuManbHble COOTHOHICHMSA [UIMTEIBHOCTER
paboThl Tied W ONpelesdM OrpaHMYeHHA MO TOKY
BO30YK/IEHHA B Clyuae 0TKaza m u3 N OCHOBHBEIX Tia-
pasLieNbHbIX BeTBEl B IUIeYe.

TAV)

TIAV)

N\ 1
0 w3 2@/3 w 43 5%w3 27

At] At At}

Puc. 3. K 3agayde noucka onTumMarnbHOro pacnpegereHms
anutenbHocTe paboTkl NneY TUPUCTOPHOrC npeobpa-
3oBarens (0TKka3 BeTBY B nneye T3)

Tennossie TIOTEpH B BEHTWIEC B OTKPHITOM CO-

roe UT(TO) -~ HOpOTrOBOC€ HaNPAMKEHNE B OTKPLITOM

COCTOSIHHH, T — [MHAMHYECKOE CONPOTHBICHHE B
OTKpbITOM cocTosHHH, Kg — xoadduuuent dopmbi
TOKa.

g Toka mieya NpAMOYIOJbHOH (opMbl, ecin
Atp, =1, 1o K, =K% =3 [9]. CrenoarenbHo, mo-
TEpH 3a MEePHOI OCHOBHOM YacTOTHI MpPHU IPOU3BOIB-
HOM ANHUTENBHOCTHU TIPOBOIIETO HHTEpBana:

Preavy (m,N,At, ) = Proayy (mN)At, . (6)

B coOTBETCTBUM € KpUTEpHEM paclpee/ieHus

HOTEPL HpU HECUMMETPUYHOM YTPAaBICHUH ONTH-
MaJIbHBIM 6yneT COOTHOIIICHUE!

Proavy MN)ALT, = Priayy (O,N)ALT. = Prayy (ON).
Tonaras, 9T0 IPH 3TOM JEHCTBUTENBLHBIA TOK
BO30YKIeHHUs paBeH I, a ero BeMYMHA B IKBHBA-

JEHTHOM CHUMMETPUYIHOM DPEXHUME HE TMPEBBIUIACT
3Ha4YCHUA MAKCUMAIBbHO HONMYCTHUMOTIO MO YCJIOBHUIO

HaTpeBa THPUCTOPHOTO npeoGpazoBaTess
Ity <lgpus > BBIPA3EM Atp, H At{, OTHOCHTEIBHO
If*'
1,1 Lo Ky IRE
_3};?4 (UT(TO) +Ip w;m
Aty = 1K LK ’
Ky R
—— U +71
3(N—m)( T(To) TN—nJ
OTKy A
L. mV(Ky Y L1+A
AT 9 SRS
£ N Ky L, +A
U N u -
e A= T(TO) A= T(toy N m' .
Iy IfHOM KH Fr IfHOM I<H
1,11, Ky 1,115, Ky
——3;;! (UT(TO) +rr “—‘—;;M
At = I.K I.K ’
iy 8y
N (UT(TO)+YT _N—)
OTKY 2
1,1 L1+A
Ay, =2 ®)
I, Ip, +A

HezaBucumo ot crocoba ynpaBiIeHNs U BO3MOXK-
HOTO TIPW 3TOM COOTHOILEHHS JIUTEIbHOCTEN paboTh
Iled ¥MX cyMMa BCcerAa paBHa 27n. Bocmoms3yemcs

JaHHbIM CBOHMCTBOM IJ1 OTIPpEACTICHMSA BEJINYHUHBI If* :
At}, +2Ath, =3,

2 2
2 1V
_}i(l"rg) Ky 1,1+AI+2£1_],1+A:
NJ Ky ) L+A L, I +A
JanHoe BoIpakeHHE AETKO TIPeoOpa3oBBIBAETCA K

JIMHEHHOMY YPaBHEHHIO TPETLErO MOPAIKA, 3alMCcaH-
HOMY B BUJE:

I,

CTOAHMHM IPH JUIMTCJIPHOCTY MPOBOAANIETO HHTCPBAIA 3 2 _
pasHO} Aty =2n/3 [9]: X7 +ox”+Px+y =0, ®)
9 2 roe a=A"+A,
PT(AV) = UT(TO)IT(AV) +r Ky IT(AV) > 5
Cepus «JHepreTukar», Bbinyck 14 13



aﬂeKTpOSHGPTETMKa

2 2
2 iV
B=AA-2(1144) (1—EJ L
3 NJ LK}

2 2
K
y=-2l14n) (1—2) 2H A4
3 NJ | K}

B pamkax paccMarpuBaeMol 3agadll ypaBHEHHE
(9) npu 3apaHee M3BECTHBIX 3HAUECHUAX Ko3dduiuen-
TOB MOKET MMETE TOJBKO OJTHO JOIYCTHMOE PEUICHYe
B 00nacTy NeHCTBUTENbHBIX NEPEMEHHBIX. DTO pemnie-
HYIE B aHAIUTHIECKOH opMe UMEET BHA:

3 2%
w-|(2) () -2 -
1
AT = o
3 3 2 2 3

(a'+a)
3

2 2
—1;—1(1,1+A) (1—%) (Eﬂ) +2],
2

Ky

_ AHA (A'm)z ol
q 3 3 P

2 2
K
L sa) ( —2) H | A+2A
3 NJ (K]

H

rae p=A"-A-

Tlonyyennoe BhIpaXeHUE IIO3BOISACT HAWTH TIpe-
JIeNIbHYIO BeMIUHY TOKa BO30YXKIEHHA B Ciydae OT-
Kaza m HapajUleNbHBIX BeHTHNEH u3 N OCHOBHBIX B
mede. CrienoBarenbHO, JOMYCTHMAd HpPH TakoM Ha-
YaJbHOM TOKE KPAaTHOCTh (OPCHPOBKH MOXET OBITH
ompesieNicHa Kak:

fx

1.08

1.06 & -
1.04 ’/E/E

1.02 //E " m=2
T e
0.98—# /’J

0.96 o a

0.94 / /

0.92 & i

0'92 3 4 5 6 7 8 9 1N

Puc. 4. flonycTumeii TOK BO3Oyxaenus CI no ycnosuio
HarpeBa TMPUCTOpPHOro npeobpasoBarena CCB npwu
HECUMMETPUYHOM YNPaBeHUK BeHTUNAMN

K,;=2 le (1)
1,1

Takum o0pazom, Jjisl NPENOTBpalIieHus neperpe-

Ba TipeoOpazoBarens Npu OTKase NapaiesibHOH BeTBU
aBTOMATHYECKUH peryasTop Bo3OYXAeHMA HOIDKEH
CaMOCTOSTENLHO PACCUMTATh OTPAHWYEHHE PEXHMA
pabotet CI' o ToKy BO30OYKIEHHA B COOTBETCTBHH C
peipaskeHueM (10) ¥ DOMyCTHMYIO KpaTHOCTh (PopcH-
POBKHM coTtacHO BeIpakeHmto (11), onpenesnTs HOBbIE
JIMTEeNpHOCTH paboTHl ey 1o BeipaxenusM (7) u (8)
u obecneunth (POPMUPOBAHUE COOTBETCTBYIOIIUX
YFJIOB BKJIIOYEHHMs THpUCTOpOB. Ecnm B pesynbraTe
pacuera okaxercs, uro Atp, <0,5 u Aty, >1,25, 1o

MIPY JaHHBIX yclnoBusAX obecrmeunts pabory TII Ges
neperpeBa Henb3sd. B aroM coyuae CI' ciieyeT BBIBO-
nuTh U3 paboThl WM TEPEBOJUTH Ha UCTOTHHK pe-
3epBHOTO BO30YXKACHHUA.

I'paduxu 3aBucumoctedt I, (m,N), K;(m,N),
At7,(mN) u At7,(m,N) mnpueenens! Ha puc. 4-6.
KpuBble moiiyueHbl B COOTBETCTBHM C MapaMeTpamu

THpUCTOpHOTO  TipeoOpaszomarenst CCB  Gnoka

220 MBt Yensbmucxoit TOH-3 (g, =2015 A,

T353-800-32: Upepoy = 1,15 B, 1 =05

Ky =1,1) npu ycnoBue paseHcTBa K03(GUUIMEHTOB
’

KH — KH -

W3 cpapBeHuUs KpHBBIX Ha puc. 1, 2 u puc. 4, 5,
TIONTYYEHHBIX [IPU Pa3HbIX CHOCO0aM YIpaBlIEHUS BEH-
THISIMH, CIIEAYeT, YTO B Cilydae HECUMMETPHYHOTO
yIpaBAeHHA MOXKHO 00ecriednTh PEXHM (OPCUPOBKU
TIPH 3HAYWTEIIbHO MEHBIIMX OIPaHUYECHMSX, YeM IpH
CUMMETpPVUHOM ynpapieHnd. OnHako g 3T0T0 HeoO-
xoayM Goree CIOXKHBIH alIropUT™ (HOPMUPOBAHNA yT-
JIOB BKJHOYEHUSA TUPHCTOPOB. Tak Kak B COBPEMEHHBIX
cHCTeMaX CaMOBO30YXICHUA NPHMEHATCS MHKDPOIPO-
LIECCOPHBIC CHCTEMBI YIIPABIICHUS, BO3MOKHOCTH KOTO-
PBIX NPAKTWYECKHE HE OTPAHMYCHBI, TO peanu3alisi

MOM,

KI
ps

AN

SRR
SN
N:4/\

1.84
\\_‘ \\
AN
1.8 N=3 \\
1.76
1.72
0 1 2 3 m

Puc. 5. [lonycTuMast KpaTHOCTb (POPCUPOBKU MO TOKY C
yyerom pasrpysku npeobpasoBarenst B npeniecTBylo-
WeM peXume Nnpy HECUMMETPUYHOM YMpPaBneHnu BeH-
TUNAMK
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FNonsdwmelin M.E.,

Anaopumel yripasneHusi CUnbHOMOYHBIMU MUPUCMOPHLIMU

lopwxkos K.E. npeobpaszosamensiMu cuUCMeM camMo8036yKOCHUS CUHXPOHHBIX 2eHepamopos...
At ALY, U A. I'neboe // Hzeecmua PAH. Dnepeemuxa. — 1996.
1 ] 1.25 —-MNe 4. —C. 47-63.
Aty 2. Jlozunos, A.I. Cucmemsl 6030ysicoenus mypoo-
\ ;:,A:E}”{ u eudpozenepamopos OAO «nexmpocuna» / AT Jlo-
0. 3/53‘" 12 euno // Inexmpomexnuxa. — 2003. —Ne 5. — C. 43—48.
}< . ;(e 3. T'OCT 21558-2000. Cucmemvr go36yorcoenus
0 5 / / 115 mypbozenepamopos, UOPOSEHEPAMOPOE U CUHXPOH-
' 7 /’fk\\ ’ Hbix Komnencamopos. Obwjue mexHudeckue ycioeus.
m=|l m=2> \n1:3\ /\71 — M.: H30-80 cmandapmos, 2000.
0.7 i ;\\ f‘?\ 11 4. CO 34.45.629-2002. Memoouyeckue yKraza-
§< HUS NO MEXHUYECKOMY 0BCIYICUBANUIO MUKPONpOYeC-
NK WL coprvix APB u cucmem ynpasienus cuiogulx npeob-
0.9 / B %1-05 pazosameneti cucmem 6036YHCOEHUS 2eHEPAMOpPos. —
/ At M.: CIIO OPT'P3C, 2003.
0 { T , 5. Jloeunos, A.I. Muxponpoyeccopusiii asmo-
3 4 5 6 7 & 9 10N mamuyeckui pecyramop muna APB-M ons cucmem

Puc. 6. PacnpegeneHune anvrtensHocTed paboTwl nney
npeoGpasoBaTtenii NpyM HECUMMETPUYHOM YhHpaBreHnu
BEHTUNAMU

TAKOTO AIrOpUTMa YNPABIEHUA W aHATOTMYHBIX €My
CTAHOBUTCH JOCTYHHOM.

BriBogsn!

1. BeisgBieHo, u4TO 0OIeNpUHATAT METOAHKa
TPEeROTBpAIleHAsS INeperpeBa CHIBHOTOUHBIX THPH-
cTopHBIX npeobpazosateneit CCB TypboreHeparopos
TIpY OTKA3aX IapajliesbHbIX BEHTWIEH B pAfie ClIydacs
TIPUBOAUT K HeoOOCHOBAaHHOMY IIOJHOMY 3allpeTry
thopcuposkm HanpspkeHHs Ha BeiBogax CI'.

2. TlyreM olieHKM NEHCTBHTENBHOTO CHWKEHUA
Harpy3ouHoii crniocobHoctu TII mpu oTkaszax mapai-
NIENBHAEIX BeTBell MOJy4eHbl BBIPAKEHHA UL ONpeie-
neHus TpedyeMBbIX OTpaHMueHHH 110 TOKY BO30yKHe-
uia CI' B ycTaHOBMBLIEMCA PEXUME U B pexume (op-
CHPOBKHY B CITyYae NPUMEHEHWS CUMMETPHYHOIO U HE
CHMMETPHUYHOIO cioco00B YTIpaBIeHNA BEHTHISIMHA.

3. Ha oCHOBe NOIIy4EHHBIX BBIpAXECHHH, IpepIo-
JKeHbl aJrOPUTMbl YIPaBICHUA CHIBHOTOYHBIM IIpeol-
pazopatenem CCB, pacumpsromue (yHKIHOHAJILHBIE
BO3MO)KHOCTH CHCTEM CaMOBO30OY:KIEHMA IPU OTKa3ax
MapaUieNbHBIX BEHTWIEH M 00ecriedHBalolmiFe PEXuM
(hOPCHPOBKH HPH aBApUAX B SHEPTOCHUCTEME.
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