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ITo cBoeli mpuposie HU3KOYACTOTHBIE KOJICOAHUSI — 3TO HEJMHEWHbIC W HeCTallMOHapHbIe KoJeOaTeIbHbIe
HPOLIECCHI, NPECTABIIAIOINE COO0I HATOKEHHE HECKOIBKHX COCTaBIIAIONIMX ABMKCHHS BPAILAIOIINXCSA Mace B
SHEpropaifoHe MM y3je, OKa3bIBAaOINX B3aMMHOE BiHsHKE. [IpH BOBHUKHOBEHHH 3HAYMTENBHBIX HEOATaHCOB
MOIITHOCTH B SHEPTOCHCTEMaX MOTYT BO3HHKATh LUKINYECKHE HU3KOYACTOTHBIC KOJNEOaHHs YaCTOThI C aMILIH-
tynamu 6osee 0,05 ' B Takux cHTyanusx KpailHe BaKHBIM CTaHOBHTCS MOHHUTOPHHT 3()(OEKTHBHOCTU AEMII-
(epHBIX CBOMCTB Ka)XKI0TO I'eHEpaTopa, KOTOphIe B 3HAYMTEIBHOI CTENEHH ONPEACISIOTCS HACTPOHKAMH HpH-
MEHSIEMBIX CHCTEMHBIX PeryjsaTopoB. {1 OLEHKH CIIOCOOHOCTH CHHXPOHHOTO TeHEpaTopa COXPaHATh CHH-
XPOHHBIA PEKUM IPH OTKIOHEHHH yIjla HAarpy3KHd CHHXPOHHON MAaIlIMHBI O OT HEKOTOPOIO YCTAHOBHBILETOCS
3HaYeHHs1 Oy HA HEKOTOPYIO BeMMUuHY AO HCIONB3YIOT CHHXPOHU3UpPYOIHHA MoMeHT OM/30 u, cooTBeTCT-
BEHHO, YAEIbHYI0 CHHXPOHH3HPYIOLIYI0 MoInHocTs OP/36. B craThe mpencTaBieHbl COCOOBI OMpeIeneHus
yIJla Harpy3KH ¥, COOTBETCTBEHHO, YIEIbHOW CHHXPOHH3MPYIOLIEH MOIIHOCTH CHHXPOHHOI MalIWHBI B 3aBH-
CHMOCTH OT COCTaBa UMEIOIMXCSl U3MEPEHHH apaMeTPOB AIEKTPUIECKOTO PeKHMa CHHXPOHHOTO T'eHepaTopa,

OIICHEHBI OCHOBHBIE X JOCTOUHCTBA U HEOCTATKHU.
Kniouegvle cnoga: cuHXpoHHbll 2eHepamop, yeon HA2py3KU CUHXPOHHOU MAWIUHbL, CUHXPOHUSUPYIOWAS
MOWHOCMb, HUSKOYUACTOMHbLE KOIeOAHUS 8 IHEeP2OCUCHeMe, CURXPOHUSUPOBAHHbLE 6EKIMOPHBLE UIMEPEHUS.

Beenenne

Hacrosimuii 3Tan pa3BUTHS SHEPIETHUKH Xapak-
TepU3yeTcs HAINYUEM COCIMHEHHBIX OTHOCHTEIIHLHO
Ca0bIMH  CBS3IMH KPYIHBIX KOHIIEHTPHPOBAHHBIX
9HEProCUCTEM, B COCTAB KOTOPHIX aKTUBHO BKJIIOYA-
JOTCSI MOIITHOCTH pacIipeielIeHHOl rerepanuu. M3me-
HEHHE COCTaBa T'€HEepalud U CTPYKTYPHI AIICKTPOIIO-
TpeOJIeHHs] MPUBOAUT K YMEHBIIEHUIO ITOCTOSHHBIX
MHEPINH SJIEMEHTOB 3HEPTrOCHUCTEM, IOBBIIIAS YyBCT-
BUTEJIFHOCTh NAapaMETPOB PEeKUMa YHEPTOCHCTEMBI B
[[EJIOM K HEOOJBIINM BO3MYIICHHAM. B Iensax moBwI-
IICHUS YOPABIIEMOCTH DSHEPrOCHUCTEM BHEIPSETCS
HOBOE 000pyIOBaHHE, OCHAIICHHOE COBPEMEHHBIMHU
OBICTPOCHCTBYIOIIMMH YCTPOHCTBAMH PETYJIMPOBa-
HUS: aCHHXPOHM3WPOBAHHBIC W CHHXPOHHBIC T'C€HEpa-
topel, FACTS, nakonutenu sHepruu. B pesynbrare
BBOJIa HOBBIX YCTPONCTB IIOMHMO TTOBBIIICHUS yIIPaB-
JSIEMOCTH PEXMMa B JHEPrOCHUCTEME IOSBISIFOTCS
TaKke HEKOTOpBIC HETaTUBHbBIE CBOWCTBA, IPOSBIISIO-
IIHMecs], B YaCTHOCTH, B BOSHUKHOBEHHH HHU3KOYAaCTOT-
HeIX (0,1-3,0 I'mr) obmiecucTteMHBIX KonebaHHMH ee
PEKUMHBIX TapaMETPOB.

Huskouactothsie konebanus (HUK) mapamerpon
AIIEKTPUYECKOTO PEKHUMa MPU IEKTPOMEXAHUIECKHUX
MEPEXOHBIX IPOLECCaX B JHEProcucTeMax OOBIYHO
BO3HUKAIOT B pe3yJIbTaTe TAKUX CUTYaLN, KaK:

® [IOHW)XEHHE WJIM MOBBIIIEHHE YacTOTHI JJIEK-
TPUYECKOTO TOKA M3-32 BO3HHKIIETO PE3KOr0 M3MEHe-
HHS MOIIHOCTH TeHEPAIlMH U NOTpeOsIeHus (Harpy3Ku
MOTpeOUTENCH) B SHEPTrOCUCTEME;

® ACHHXPOHHBIH pEeXKHM pabOTHl OTAEIBHBIX
gacTeil SHEProCUCTEM;

e pazgenenue EDC;

e BEJCHHUC peKKMMa BOJH3M Ipejeria Mo CTaTH-
YEeCKOH YCTOHYHNBOCTH B CCUCHUSX;

e HEIpaBWIbHAS HACTPOWKA CHCTEMHBIX DPEry-
nstopoB (APB, APCB).

ITo cBoeit mpupoge HUK — sT0 HenmuHeitHble U
HECTallMOHAPHBIE KoJeOaTeIbHbIe INPOLECCH], Mpea-
CTaBIIAIOIINE COOOI Halo)KeHHE HECKOIBKHX COCTaB-
JISTFOIIMX BUKCHUS (B TOM YHCJIC M HU3KOYACTOTHBIX )
BpAaI[aOIINXCS Macc B HEPropaioHe WIN y3Iie, OKa-
3BIBAIOIINX B3aMMHOC BIIHSHUE.

Pe3onancHeie (COOCTBEHHBIC) YACTOTHI SHEPIo-
CHUCTEMBI W YACTOTHI JJICKTPOCTAHIIWH, BXOJAIINX B
9HEProoObeMHECHUE, CYIY00 HHIUBUIYaJbHBI, HO B
KaXI0M W3 HHUX MPOSBISIOTCS Pa3TUYHBIC HH3KOYAC-
TOTHBIC COCTABJIAIOIINE, COOTBETCTBYIOIIUE B3aMMHO-
My IBH)KCHHUIO Pa3IMYHBIX KOHIICHTPUPOBAHHBIX Yac-
Tell WIM LENbIX SHEPrOCUCTEM JPYr OTHOCHTEIBHO
Jpyra, a Takke COOCTBEHHbBIE YaCTOThI T€HEPaTOPOB
craHnuit [1].

HesHauyurtenpHble KoJeOaHUs CUHXPOHHBIX T€He-
patopoB (CI') craHiuii NPOUCXOIAT MPAKTHUECKH
BCErJia W3-3a HEMPEePHIBHO BO3SHHUKAMOIIUX HEOATAaHCOB
moTpeOIsieMOl W TCHEePHPYEMOW MOIIHOCTEH, YTO
BBIPAYKACTCSI B MAIIBIX M3MEHEHISIX YaCTOTHI CHCTEMEI
B JHEpropaiioHax. DTH KoJeOaHHUS JIETKO IeMI(Upy-
IOTCS U HE BBHI3BIBAIOT omaceHwit. Ho mpu BO3HUKHO-
BEHUH 3HAYHTCIBHBIX HEOAJaHCOB MOITHOCTH B JHEP-
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TOCHCTEMaX MOTYT BO3HHMKATh LMKJIMYECKHE H3MCHE-
HUS 9acTOTHI ¢ aMmIumatyaamu 6onee 0,05 I'm. B Takux
CUTYyalUsIX KpaiHe Ba)KHBIM CTAaHOBHUTCSI MOHHUTOPHHT
(G PEKTUBHOCTH IEMI(EPHBIX CBOWCTB KaXAOTO Te-
Heparopa, KOTOpbIe B 3HAUUTEIbHON CTEIICHNU OIIpese-
JISIFOTCS. HACTPOMKAaMH MPUMEHSIEMBIX CHCTEMHBIX pe-
T'YJISITOPOB.

OueHka yyacTusi CHHXPOHHOT'O reHepaTopa

B Aemn¢puposanun HUK

B xagectBe Mepbl AeMIi(epHBIX CBOMCTB reHepa-
TOopa I1e1eco00pa3HO MPHHATH BENWYMHY 3SHEPTHUH,
3aTpaueHHOW TeHepaTopoM Ha IPOTUBOJICHCTBHE
CKOJIBKEHUIO POTOpa OTHOCUTENBHO YaCTOTHI CHCTE-
MBI — CHHXPOHHM3HPYIOIIEH S»HEPrHMHM Ha HHTEpPBaJIC
BPEMEHHU IIEPEXOJHOTO 3JIEKTPOMEXaHUYECKOTO IPO-
ecca.

Jnsa ouenku cnocobHoctd CI' cOXpaHATH CHH-
XPOHHBIA PEXHUM MPH OTKIOHEHHH Yrjla Harpy3kd
CHUHXPOHHOH MallluHbl © OT HEKOTOPOro yCTaHOBHB-
mierocss 3HaueHus 0, Ha HekoTopyio BennuuHy AO
HCIIONB3YIOT CHHXPOHM3UPYIOMUi MoMeHT OM /00 u,
COOTBETCTBEHHO, YICIBHYI0 CHHXPOHH3UPYIOLIYIO
MouHocTs AP /06 [2].

BennunHa akTUBHOM CHHXPOHHU3HPYIOIIEH HEP-
ruu CT' B Tevenue mukna HUK (mpu | INOES ful <
Afonorkn.) ONPENEIIAETCS BEIPAXKECHAEM

Woy = [ Py (D)d, (1)

HI
rae Wy, — CMHXPOHM3MPYIOINAS JHEPIUS B TEUCHHE
mukiaa HUK;

«HID», «KID» — HA4aJI0 ¥ KOHEI] I[HKJIA, COOTBETCT-
BEHHO;

P.,(t) — cUHXpOHHM3MpYIOIIasi MOIIHOCTH B MO-
MCHT BPEMCHH .

Torma CHUHXpPOHU3UPYIOIIAS SHEPrHs Ha HHTEP-
BaJI¢ BPEMEHH IEPEXOJHOTO 3JIEKTPOMEXaHUIECKOTO
npouecca onpeneanTcs kak cymma W, Bcex LUKIOB
KOJICOaHUH.

B rugporeneparopax u  TypOoreHeparopax
6onpimoit momrHocT KIIJ[ MokeT mocturath 3Haue-
Huit 0,97-0,99 [2].

Ecmun mpeneOpeus MarHUTHBIMH MOTEPAMU U
ANEKTPUYECKUMH TIOTEpSAMH B OOMOTKE SAKOpPS, TO
3EKTPOMArHUTHYIO MOITHOCTh MOXHO IPHUHATH PaB-
HOHM aKTHBHOM MOIIHOCTH reHepatopa P, = P. [2] u
IIPY HAJIMYWH MIPSIMBIX NU3MEPCHNI aKTHBHOHW MOIIIHO-
CTH M yIJla Harpy3Kd TeHepaTopa MOXHO OIPEIEINTh
YACNBHYIO CHHXPOHHM3HMPYIOIIYI0O MoIIHOCTh P\ (t)
JUTsl JII0O0TO MOMEHTa BPEMEHH:

Pou(8) = 0P, (2)/06(2). @

IIpu nmpaBuiIbHOM HACTPOMKE CHCTEMHBIX pEry-
naTOpoB P, Bcerna mpensTcTByeT U3MEHEHHUIO 4acTo-
ThI CUCTEMBI, IPUKJIAIbIBas] CHHXPOHU3UPYIOMUI MO-
MEHT, ACHCTBYs HA YMCHBIUCHUE CKOJbXKCHIS Af .

BrusHne aBTOMATHYECKHX PETYISATOPOB CKOPO-
CTH BparieHus: Typounsl Ha P.,(t) ompemensercs oT-
KIoHeHHeM  f,(t) OT HOMMHAIBLHOTO 3HAYEHHS

(fo(®) = fi)- Eema [£,(6) = ful < Afson omen HE BBI-

XOAUT 32 TPAHHILBI 30HBl HEUYBCTBUTEIBHOCTH, MEXa-
HI4Yecknit MoMmeHT Ha Baxy CI' M,.(t) MoXHO cunTarth
TIOCTOSIHHBIM U He BimsitomuM Ha P, (t). B mporus-
HOM ClIyyae ero BIIMSIHHE MOXET OKa3aThCs CYIIECT-
BEHHBIM.

Brusane APB CI' mposiBisieTcst uepe3 H3MeHe-
uue P, (t) 1 MOXeT OBbITh OIMPECIICHO 10 H3MEPCHHU-
AM ToKa BO30yxmenus I(t), a Takke BEKTOPOB Ha-
npsoxenus U,(t) u Toka I.(t) cratopa:

I (&) = Up(t) - I.(2) = Py (D). 3)

Jnsa onpeneneHus 3Ha4eHUH yACTHHOTO CHHXPO-
HU3UPYIOIIETO MOMEHTa M YAEIbHON CHHXPOHH3H-
pyIoIIe MOIIHOCTH, COOTBETCTBYIOIIUX PEXHUMY pa-
0OTbl CHHXPOHHOW MalllMHbI B MOMEHT BPEMEHH f,
HEOOXOMMO 3HA4YCHHE YIJla HAarpy3KH CHHXPOHHOH
MaIIHBI.

PaccMoTpuM crocoObl ompeneneHust yria Ha-
TPY3KH CHHXPOHHOW MaIIMHBI JUIS TPEX CIy4aeB CO-
CTaBa HEIIOCPEACTBEHHO M3MEPSEMbIX (KOHTPOJIUpYe-
MBIX) MapaMeTpOB PErUCTPATOPaMU CHCTEMBI MOHH-
TOpHHTa TepexoaHslx pexumoB (CMIIP) Ha
reHepaTope.

Cnoco6 1

JIst cuHXpOHHON MaIuHbI, padoTaromel mapai-
JIETIBHO C CUCTEMOM, MMEIOTCSl U3MEPEHHUS U TIOJTyUYeH-
HbIC TOJIBKO U3 HUX CICAYIOLINE NapaMeTphl:

e mHampsbkeHHe ~— da3  OOMOTKH
Ug, Up, Uc;

e TOK (a3 0OMOTKH cTaTopa Iy, ip, i.;

e (ha3oBBIl CABUI MEXAY HAIPSDKCHHEM U TO-
KOM (pa3bl OOMOTKH CTaTopa g4, @p, Oc;

®  HampsKeHHE OOMOTKH BO30YKICHHUS U ;

cTraTropa

® TOK OOMOTKH BO30YKICHHS If;

®  YIIIOBOE TOJOXKEHUE POTOPA;

®  YACTOTa HANPSDKEHUSI CUCTEMBI f;

® CHHXPOHHAs JJICKTPHYCCKas YIJIOBas CKO-
POCTB BpAIICHUS TOJIA CTaTOpa W, = 2Tf,;

e DIIEKTPUYECKas yIIoBas CKOPOCTh BPAIICHUS
poTtopa w;

®  YIrOJ HArpy3KH CHHXPOHHOU MAIITNHEI 0.

3HayeHHe yrila Harpy3Kd CHHXPOHHOHN MaIlIWHBI
0 MoxeT OBITH OIpENeNeHO IIyTeM HEIOCpPEeACTBEH-
HBIX H3MEpeHHH, MO0 HCHOJB3Ys] MHTETPHPOBAHUE
Pa3HOCTM MIHOBEHHBIX 3HAUEHUN JJIEKTPUYECKOU
YTJIOBO¥M CKOPOCTH BpAIEHHUST POTOpa ) M CHHXPOH-
HOM 3JIEKTPUYECKOM YIIOBOH CKOPOCTH BpalllEHUs
MOJISL cTaTopa (YacToTa CUCTEMEI) [2]:

0= [ (- w)dt. @)

Jna storo ciydas yzaenbHas CHHXPOHU3HUPYIO-
11ast MOIHOCTE P, (t) s 1100010 MOMEHTa BPEMEHH
ompenensercs mo Gopmyne (2).

Kpome Toro, mpu TakoM cocTaBe HPSMBIX H3Me-
peHMI BO3MOXKHO:

®  OIpPENCNIUTh 3HAYCHUE ITOJTHOTO MHIYKTUBHO-
TO COIpPOTHBICHHUS SKOPS CHHXPOHHOM MAIIWHBI
X; = (X, + X5), COOTBETCTBYOLIEE PEXUMY PabOTHI
B TEKYIIM MOMEHT BPEMEHH M €T0 COCTaBIIAIOLIHE:
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TJIaBHOE WHIYKTUBHOE CONPOTHBIICHHE (ha3bl OOMOTKH
aKkopsi X,, WHIYKTHBHOE COINPOTHUBIICHHE paCcCEsHUs
(ha3el OOMOTKH SKOPS X5, @ TAKXKE IOJTHOE MHIYKTHB-
HOE€ COIPOTHBIICHHE IO MPOJOJbHOM OCH X4 U MOJIHOE
MHIyKTHBHOE COTPOTUBIIEHHE TIO TIOTIEPEIHON OCH X4 ;

® OICHHUTH BIMSHHUE aBTOMAaTHYECKOTO PEryJu-
poBaHMs BO30YX/IE€HHUS KOHKPETHOH CHHXPOHHOW Ma-
IIMHBI Ha ee paboTy MapauieNIbHO C CEThIO B TEKYIINH
MOMEHT BpEMEHH.

Cnoco6 2

JIst cuHXpOHHON MaIuHbI, padoTaromen mapai-
JIETBHO C CEThIO, BBIMOJHIIOTCS U3MEPEHHs CIEIyIo-
KX apaMeTpOB:

e  HampsbKeHHE OOMOTKH CTaTopa Uy, Up, Ucs

® TOK OOMOTKH cTaTopa i, iy, i.;

e (azoBblil CIBUT MEXIY HANpPSDKEHUEM U TO-
KOM OOMOTKH CTaTOpa @y, ©p, Pc;

®  HampsHKeHHEe OOMOTKH BO3OYKIECHUS Us;

® TOK OOMOTKH BO3OYKIEHUS if;

®  YaCcTOTa HaNpPSDKCHUS CUCTEMHI f.

[Tpu MampIx KoJeOaHMSIX POTOpa OTKIOHEHHS yT-
Jla HAarpy3KM CHHXPOHHOW MAIIMHBI OTHOCHUTEIHHO
HAyYaJbHOTO 3HAYEHHUS Majbl, TOTAa MOXXHO CUHUTATh,
gro sin(40) = 46 = 6 — 0,. B sToM ciyuae jmormyc-
THUMO TIPH OIPE/ICIICHUN yTJIa Harpy3KH HCIOJIb30BATh
9KCIIEPUMEHTANIbHbIE WJIM TIPOCKTHBIC ITapaMeTphl
(HOMMHaNbHBIE 3HAYCHMS HANpsDKEHUS M TOKA, WH-
IyKTUBHOE conpotusieHue Ilotbe X,,, MHIYKTUBHOE
COTIPOTHUBIICHHE paccestHUs (Ga3bl OOMOTKH AKOpA X
MJIp.) ¥  XapaKTepPUCTHKH  (XOJOCTOTO  XOJa,
-(pa3HOr0 KOPOTKOTO 3aMBIKAHMS U JP.).

Torma 3HaueHWe yria Harpy3KH CHHXPOHHOH
MAaIIMHBl MOXXHO OIIPEAEIHUTh C NMPUMEHEHHEM YpaB-
HEHUH, COOTBETCTBYIOIIMX BEKTOPHOW JHarpaMme
CUHXPOHHOM MallIWHHI [2]:

Usin(8) = X1, — Rlg, 6)

Ucos(8) = Ef — Xqlq — Rlg, (6)
rne U — ¢da3Hoe HampspkeHHWe Ha BBIBOJAX OOMOTKH
AKOPS;

© — yron mexay Bektopom IJIC E '+ ¥ BEKTOPOM U;

Ef — DJIC Bo3Oyxnenus, HHAYIMpyeMas B (ase
00OMOTKH siKOpsl moileM B3amMOMHAYKmmuu ot MJIC
BO30YKIICHIS,

Xg, Xgq — TIOJHOE MHIYKTUBHOE CONPOTHBIIEHUE
[0 TIONEPEYHOIl OCH U TOJIHOE MHIYKTHBHOE COIPO-
TUBJICHHUE TI0 TIPOJOIBHOM OCH, COOTBETCTBEHHO;

I = Icos(B), I = Isin(B) — monepeunas u mpo-
JIOJIbHAsT COCTABIIIOIINE BEKTOpa (hasHOTO TOKa 00-
MOTKH SIKOpHi =1y +j1q;

B =0+ @ — yron Mexmay BEKTOpOM Ef U BEKTO-
pom I;

@ — yron Mexy BektopoM U 1 BekTOpoM I;

R — aKkTuBHOE CONPOTHBICHUE (a3bl OOMOTKH

VYder HACHIIICHUST MarHUTHOHM e MOXKET OCY-
IICCTBIATHCS U1 U3BECTHBIX 3HAYCHUH TOKa HArpys-
KM U TOKa BO30YXKICHHUS B TEKYIIIUA MOMEHT BPEMEHHU.

HeonpeneneHHocTh 3Ha4YeHHs] yria Harpy3Ku
CHHXPOHHON MaIlIUHbI OyAeT 3aBUCETH OT:

e UHTEpBaJlla WHTETPUPOBAHHUS MTHOBEHHBIX
3HaUEHUN HampsHKEHUsT OOMOTKH cTaTropa, ToKa 00-
MOTKH CTaTOpa, TOKa 0OMOTKH BO30YKIICHUS,

e THCTepe3nca (HCOTHO3HAYHOCTH) 3aBHCHMO-
ctu DJIC xonocToro xoja W, Kak CIEACTBUE, HAIps-
KCHHUS W TOKa CTaTopa OT 3HAYCHUS TOKa OOMOTKH
BO30YXKIICHUS.

Cnoco0 3

JI1st CHHXpOHHON MaIluHBI, paboTaroIel mapa-
JIEIBHO C CEeTHIO, BBIMOJIHAIOTCS M3MEPEHHUsS CIEayIo-
IIUX TapaMeTpoB:

e  HamnpsDKEHHE OOMOTKH cTaTtopa Ug, Up, Uc;

® TOK OOMOTKH CTaTOpa iy, ip, ic;

e (Ha30BbIl CABUI MEXIy HaNpsDKEHHEM U TO-
KOM OOMOTKH CTaTopa @g, Pp, @c;

®  YacTOTa HAINPSDKEHUS CUCTEMHI f.

B sToM cmywyae 3HaueHHe yrila Harpys3Ke CHH-
XPOHHOM MaIIMHBl NPHOIMKEHHO OIpEeNeNIeTcs] 10
dopmyste (7), cuntas 3HAYCHUS MTApPaMETPOB MOCTOSH-
HBIMH U HE 3aBUCSIIUMH OT HArPYy3KH U TOKa BO30YX-
JICHUSL.

HeonpeneneHHOCTs 3HAa4YeHWS yria Harpy3ku
CHUHXPOHHOI MaIlIMHBI 3aBUCHT OT:

e UHTEpBaJa HHTCTPUPOBAHUS MTHOBEHHBIX
3HAQUCHWH HANpPSDKEHHsS OOMOTKM cTaTtopa, TOKa 00-
MOTKH CTaTopa, Toka 0OMOTKH BO30YK/ICHHS;

e BCJIMYMHBI OTKJIOHCHHS IapaMeTpOB CHH-
XPOHHOM MAaIIMHBI I 3HAYCHUH HaNpPSIKCHUS M TOKa
Harpy3Kd M TOKa BO30YXKIEHHUS, COOTBETCTBYIOLIHX
pexuMy paboThl CHHXPOHHOW MAaIIMHBI B TEKYIIHI
MOMEHT BPEMEHH, OT 3HAYCHUH, NPUHATHIX HEU3MEH-
HBIMH.

Taxum 00pazoM, ONpenenyB yrojl Harpy3Kd CHH-
XPOHHOW MAIIUHEI, 10 Gopmyne (2) MOXKHO ompeze-
JUTh CHHXPOHHU3HMPYIOIIYI0O MOIIHOCTH Ui JIO00TO
MoMmeHTa BpeMeHHd. [lo 3aBucumoctu Py (t) MOXHO
OIIGHUTH Ka4eCTBO pabOTHI CHCTEMHBIX PEryJISATOPOB.

B kagecTBe mpakTHYECKOro MpUMepa OIeHHBa-
JOCh  ydacTHe TypOoreHeparopa HOMHMHAIBHOU
MmotuiHocThio 800 MBT B neMndupoBannu HU3KOYAC-
TOTHBIX KOJIOAHUH, TPOU3OIIEAIINX BO BpeMs TEXHO-
JIOTHYECKOTO HMHIUACHTa. Tak Kak perucrparopom
CMIIP u3Mepsnch TOJNBKO TOKM M HANPSDKEHHS 00-
MOTOK CTaTOpPa, pacyeThl BHIIOJIHSIIICH CTIIOCOO0M 3.

I'padux akTHBHOM MoOITHOCTH TeHeparopa P B
JIaHHOM WHUUJAEHTE NpuBelneH Ha puc. 1. Ha puc. 2
NIPUBE/ICHbl IIOJlyYeHHBIC 3aBHCUMOCTH aKTHBHOMN
MOIITHOCTH TeHepaTopa OT yria ero Harpy3kud 0 mo
onnomy nukiy HUK a7 yka3aHHBIX HHTEPBAJIOB.

Ha unrepranax mo 10 cexkynn (8 nukior HUK),

AKOpA,; 0003HaYEHHBIX Ha pUC. 1, OMPEEISIUCH CIIECTYIOIINe
Toraa BEITUYHHEIL:
0 = arctg (M)_ (7 PP cpennee 3HAaueHHE MOIIHOCTH TEHEPATOPA;
Ef—XdId—RIq
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Puc. 1. Kone6aHus akTUBHOW MOLHOCTMY reHepaTopa
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Puc. 2. 3aBMCUMOCTb aKTUBHOW M

PM™ — MUHUMAaJNBbHOE 3HaYECHUE MOIIHOCTH Te-

HepaTopa;

PM¥€— MakcHMaJIbHOE 3HAYCHHE MOIIHOCTH T'e-
HepaTopa;

0°P— cpenHee 3HaUEHHE yriia HArPy3KH reHepa-
TOpA;

0™""— MUHMMaJbHOE 3HAUCHHE YIJia HArpy3Kd
reHeparopa;

M — MakcUMaNbHOE 3HAYEHHE YIila HATPY3KU
reHeparopa;

C

P o
Peyuxyn— CPEHEE 3HAYCHHUE YJCNBHOH CHHXPO-

Ci
HU3UPYIOIIEH MOIIIHOCTH;

Plitxyn — MUHHMAIbHOE 3HAYEHHE YJENbHOM
CHHXPOHH3HUPYIOIIEH MOIIHOCTH;

Pliyn — MAKCHMAIIbHOE 3HAYEHHUE YIEIbHOM
CHHXPOHH3HUPYIOIIEH MOIIHOCTH;

Pe3ynbTaThl pacyeToB MpUBEICHBI B TA0I. 1.

CpenHsisi yaeibHasi CHHXPOHU3UPYIOIMIAS MOIII-
HOCTh XapaKTepU3yeT KOJUYECTBO HEPIHH, MPHIIa-
raeMoe TreHepaTopoM Ha nemrnHupoBaHHe Koeda-
TeJIbHOTO Tponecca. M3 Ttabm. 1 BuaHO, 4TO Hau-
MeHbIIIas BeIMuMHA Pob =26,15 MBT1/rpan uMena

CUHX.YJ,
MECTO IIpU HanOOJIBIIEH AMIUTUTYy1€ HU3KOYAaCTOTHBIX

- — = Hurepsan 2

T T T
50 52 54
-+ = Hurepsan 3 Hureppan 4

56

OLLHOCTM OT yrna Harpy3Kku reHepartopa

koneOanuii. ITocne pasrpy3ku reHepaTopa ee BeIHdIH-
Ha yBenmumiack a0 34,82 MBt/rpan u mepen 3aTyxa-
HHUEM JNOCTHUIIa BenmanHE 41,06 MBT/rpan.

OnueHKa BIMSHUS JONMYIIEHUH, IPUHSATHIX B CHO-
cobe 3, BemmonHeHa B cpene MATLAB Ha momemun
JIByXpaOHHOW CHCTEMBI, IIPEICTaBICHHOH B riase 12
«Power System Stability and Control» [3]. B kauectse
npumepa u3 paboTel OblIM BhiBeneHbl PSS reneparo-
poB 1, 2, 4, B pe3ynpTare 4ero HaOMIOJAIOTCS 3aTy-
xatomue HYK akTUBHOW MOIIHOCTH TEHEPaTOpOB
ammmutygod g0 50 MBt u wacrortoir 0,55 I'm. Ha
puc. 3 mpusenen rpapuk HUK akTuBHOW MOUIHOCTH
P, 3adpuxcupoBanusie Ha reHeparope 3. Ha puc. 4
IIpUBE/ICHA 3aBUCHMOCTh aKTHBHON MoIIHOCTH P, re-
Heparopa 3 OT 3HAU€HHH yIJia Harpy3ku reHeparopa
0, MONyYeHHBIX B pe3yibTaTe n3Mepenns' (crmocob 1)
u pacuerta (crocob 3).

PesynbTaThl pacyeToB MpUBEICHBI B Ta0M. 2.

! B kauecTBe HEMOCPEICTBEHHBIX H3MEPEHMIT Yriia Ha-
rpy3ku CI' npuHsTHI pe3ynbTatsl Moaenuposanust HUK.
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Ta6bnuua 1
PesynbTtaTbhl aHanu3a HYK aktTuBHOM MolHOCTH Typ6oreHepaTopa
WuTeppan 1, (65¢c-75¢) U, (242¢-252¢) N3 (292¢-302c¢) N4 (522¢-532¢)
PFC", MBT 804,53 835,08 798,59 670,76
P MBT 664,16 610,13 674,95 654,57
pMax¢ MBT 913,47 970,99 890,66 684,73
0P, rpaj 52,37 50,13 52,65 52,66
0" rpap 48,57 43,63 49,39 52,17
0™ rpag 55,90 55,50 55,57 53,21
op MBT
CHEX YA rpag 36,60 26,15 34,82 41,06
ph MBT
CHIX YR rpap -5,33 —22,40 —0,95 —12,69
PMaKC MBT
CHIX YR rpap 94,92 49,12 94,89 131,78
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Puc. 3. Kone6aHnsa akTMBHOM MOLWHOCTU reHepaTopa 3
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Puc. 4. 3aBUCMMOCTb aKTMBHO MOLUHOCTM reHepaTopa 3 oT yrna Harpy3ku reHepaTtopa

W3 Tabn. 2 BUAHO, YTO JNOMYLICHUS, IPUHATHIC B
criocoGe 3, A7t MOJIENIN TIPUBOJSAT K YBEIHICHUIO aM-
IUINTYBl KoJeOaHWH yriia Harpy3kd TeHeparopa u
CHIDKEHHUIO YAEIbHOH CHHXPOHHU3HPYIOIMIEH MOIIHO-
cTH. B TO *Xe BpeMs XapakrTep Ipolecca IpH 3TOM

COXpAaHsIETCS, YTO MO3BOJISET BBIMOJHUTH TOJIBKO OIe-
HOYHBIN aHAJIN3.

Heo6xoauMo OTMETHTB, YTO 0€3 JIeTalbHBIX AKC-
TIEPUMEHTATBHBIX UCCICIOBAHUN Ha PEalbHBIX I'eHe-
paTopax M aJieKBaTHOU (pH3MYECKON MOJIEIIH KOPPEKT-
HO OLICHHUTH IOTPEITHOCTH, BHOCUMBIC 33 CUCT IPUHSI-
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Bepdun A.C., lepacumoe A.C.,
3axapoe 10.11. u dp.

OueHka y4acmusi CUHXPOHHO20 2eHepamopa
8 demrnghupoeaHuu HU3KOYacMoOMHbIX KoslebaHud. ..

Ta6bnuua 2
PesynbTtaTbl aHanusa HYK akTmBHOM MoLwHOCTM reHepaTopa 3
PFC]O’ R‘MMH& PrMaKC: ecp’ eM"H: eMaKC: PCCI/IIOHX. ya° Pcl\ll‘/lll/-ll}}i ya» [gggfym
MBT MBr MBr rpag | rpam | rpaxm | MBt/rpan | MBt/rpan | MBt/rpan
Crioco0 1 49,38 | 48,73 | 49,97 8,06 -30,13 38,90
Crnioco6 3 S74,07 | 568,82 | 578,88 49,39 | 48,29 | 50,43 5,42 -25,87 38,07

TBIX B MOACIIAX }Z[OHyL[IGHPIﬁ, HC MPEACTABIIACTCSA BO3-
MOKHBIM. TeM He MCHEE, XapaKTep U TCHACHIIUU ITPO-
HUCXOAAIUX MPOUCCCOB MPCACTABIAOTCA AOCTATOYHO
HarJiAHbIMU.

3aki04yeHue

e B nanHOi craThe NpUBENCHBI CHOCOOBI Ompe-
JIETICHUs] YIJIa Harpy3Kd CHHXPOHHOHM MalllWHBI B 3aBHU-
CHUMOCTHU OT COCTaBa MMEIOIIUXCS U3MEPEHUM Napamer-
POB 2JIEKTPUYECKOTO pEKMMa CUHXPOHHOI'O FeHepaTopa.

e [lpuHumass 3JIEKTPOMAarHUTHYH MOIIHOCTb
PaBHOM aKTMBHOM MOILHOCTHM I'€HEpaTopa U IpU Ha-
JIMYUM TNPSAMBIX WU3MEPEHUM AKTUBHOW MOIIHOCTH U
yIjla Harpy3Ku I'€HepaTopa MO>KHO OIIPEIEIUTh BEU-
YMHY yJIEJIbHOW CHUHXPOHU3UPYIOIIEH MOIIHOCTH IS
M000T0 MOMEHTa BPEMEHHU.

e JIns KOPPEKTHON OLIEHKH MOTPENIHOCTH, BHO-
CUMOH 3a CYeT MPHUHATHIX JOMYLIEHUH IpPU OTCYTCT-
BUHU M3MEPEHUs yrila Harpy3Kd reHeparopa, Heo0Xo-

JIMMO BBITIOJTHATH SKCTIEPUMEHTAIBHBIE UCCIIEOBAHUS
Ha peaybHBIX TeHepaTopax M aJeKBaTHOW UM (usude-
CKO# MOJEIIH.

e [lo BenWuyWHE TPACKTOPUHU YICIHHOW CHH-
XpoHuzupymolieid MomHoctd Ha nukiaax HYK moxuHo
BBHINIOJTHATh OIICHKY KadecTBa pPadOTBl CHCTEMHBIX
PeryIsATOPOB.
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ESTIMATION OF SYNCHRONOUS GENERATOR PARTICIPATION
IN LOW-FREQUENCY OSCILLATIONS DAMPING
BASED ON SYNCHRONIZED PHASOR MEASUREMENTS

A.S. Berdin, Ural Federal University, Ekaterinburg, Russian Federation,
asberdin@gmail.com

A.S. Gerasimov, JSC «STC UPS», Saint Petersburg, Russian Federation,
Gerasimov_a@ntcees.ru
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A.N. Moiseichenkov, Ural Federal University, Ekaterinburg, Russian Federation,
a.n.moiseichenkov@ustu.ru

Low-frequency oscillations in power systems are inherently non-linear and non-stationary processes
representing a superposition of numerous rotating masses movement components having mutual influence in a
power region or power center. In the case of significant power imbalance periodic low-frequency oscillations of
frequency with a magnitude exceeding 0,05 Hz may arise in the power systems. These situations imply the cru-
cial role of monitoring each generator damping capability which is determined by the adjustment of the system
regulators in use. To estimate the synchronous generator capability to maintain synchronous operation under
deviating load angle 0 by the value of A conditions synchronizing torque dM/d6 and corresponding synchro-
nizing power dP/0d0 are used. The article presents techniques for defining synchronous machine load angle and
corresponding synchronizing power depending on the structure of available generator performance parameters
measurements as well as outlines their essential advantages and shortcomings.

Keywords: synchronous generator, synchronous machine load angle, synchronizing power, low-frequency
oscillations in power system, synchronized phasor measurements.
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