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Hosas »iexrposneprermka XXI

I’KAHI'MPOB B.A.,, BAPHHOB B.A.

Ipusedenvt ceederun 0 npoxodusuieil € mae 1995 2.
8 [lapuxce mexcOynapoOHou KoH@epenyuu «Hosas
3Hepzemuxa 21», Ha KOMOpOU 0O6CYy»cOanucy nepc-
nexmuebl hpou3go0cmea u nompeobeHUA INEKMPOIHED-
2uu no peuoHam mupa.

Knw4yeBble CI0BA: 3EKMPUHECKA IHeP2UA,
3HepzOCUCmeMaA, NPOU3BOOCME0, nompebneHue, hep-
cnexmusa

C 22 no 24 mas 1995 r. B Ilapwxe cocrosiyach
BTOpas MEXAyHapoAHas KoHdepeHuus «Hopasd siek-
TposHepreTuka 21». Ha koHdepeHIMM HPUCYTCTBO-
Banu Oonee 700 npeacraBuTesNeil 3meKTpocHabxka-
ouled MHAycTpuu u3 nodtu 70 crpaH mupa. Kol-
¢depeHiima Oblla oOpraHu3oBaHa MeXayHapoIHBIM
sHeprermdeckuM aredtcTsoM (IEA) m MexnyHapon-
HbIM COIO30M HpPOM3BOAMTENIE M paclpefenuTesiei
anekrpudeckoit 3neprun (UNIPEDE).

Ha kondepeHuuM ObUIM MpENCTABIEHBl OLEHKHU
IEA no OynyimiemMy pa3BHTHIO 3JIEKTPO3HEPTETUKH
B mupe. B mepuon 1992—2010 rr. MupoBo# crnpoc
Ha TEIUVIOBYIO M 3JIEKTPUYECKYI0 SHEPIHMIO IpPEATIo-
NOXUTENbHO Oyjier pacTd B cpefHeM oT 2,3 1o
2.9% B rog. B crpaHaX, BXOHALIMX B OpPTaHU3ALUIO
SKOHOMHYECKOTO  COTpPYXHMYECTBA M  pPa3BUTHA
(OECD), mpeamosnaraemblif pocT 6yger or 1,5 no
2%. Cpenu crpan OECD THXOOKEaHCKOTO perMoHa
CAPOC Ha TEIJIOBYIO M JIEKTPUYECKYIO HEPTHIO OymeT
pacTé ObicTpee U cocTaBUT 2—3% B rof. s crpaH
obiBirero Coerckoro Coroza M cTpaH BocrouyHoit
EBponbl, HaxoOdAIIMXCA B IIEPEXOAHOM HepHUOJE,
npeanonaraeMbIi poct — ot 1 g0 1,5%. B -ocTabHBIX
CTpaHaX MHpa CIpPOC Ha TEIUIOBYIO M 3JIEKTPUYECKYHO
JHEPTUI0 MOXET NpPEBBICUTE 5% B Trof.

Ilpeanonaraercs, 4YTO YAEJIBHOE IPOU3BOACTBO
3JIEKTPOIHEPTHUM B pacdeTe Ha OJHOTO YeJI0OBEKA B CTpa-
Hax OECD B permonax Tuxoro okeaHa u EBporne 6yneT
YBEJIMYMBATLCA 3HAYUTENBHO ObIcTpee, yeM B CeBep-
HOW AMepHKe, X0TA oxuaaercd, 4To CeBepHast AMepu-
Ka OCTAaHETCH PErMOHOM C HaMOOJIBLIUM YAEIbHBIM
NpOM3BOACTBOM 3JIEKTPO3HEpPTUHU. B ocTanbHOM Mupe
OXXMIAETCsS, YTO YAEJIbHOE MPOMU3BOLACTBO NEKTPOIHED-
MUY Ha OHOIO 4YeJIOBEKA MOYTH YABOMTCA: OT HBIHENI-
Hero 0,7 npumepHo g0 1,2 MBt-4 k 2010 r. OgHako
3TO BCe ene Oyner MeHee 1/6 yaeasHOTO IPOU3BOICTBA
JIEKTPO3HEPIMHU B pacdeTe Ha OJHOIO 4eJIOBeKa B cTpa-
Hax OECD. Oxupaetcsi, YTO yJelIbHOE MIPOU3BOACTBO
JIEKTPOIHEPTUM B MMpPE Ha OJHOTIO 4eJOBEKa YBEJIM-
yuTcA ¢ 2,3 10 3HaYeHUsA, HaXOAALIErocsa B IpeAesax
or 2,6 10 2,9 MBT-u B 2010 1. -

B HacTosllee BpeMs B MUpe B 1esioM 90% Bcex mo-
TpebiIAeMBIX IEpBUYHBIX 3HEPropecypcoB MOKPbIBAET-
csl 3a CYEeT MCKOMaeMbIX BHUJOB TOIUIMBA — YIUiA, a3a

Information is given concerning the International
Conference «New Electricity 21» held in May 1995
in Paris. Perspectives of production and consumption
of electrical energy in different regions of the world
have been discussed.

Key words: electric energy, electrical system,
production, consumption, perspectives

U Hedtu. Oxkupaercs, 4t1o B crpadax OECD renepupy-
OUMEe UCTOYHUKH, UCIIOIb3YIOIME UCKOIAEMbIE BUJIbI
TOIUIXBA, OYAYT pacTH ObICTpEE APYTrUX reHEPUPYIONTUX
HUCTOYHHMKOB, YTO 00YCJIOBJIEHO OTPAHUYEHHBIM Pa3BU-
TeM AQC M TUJIpO3TEeKTPOCTAHLMH, a TAaKKE UCIIONb-
30BdHUEM JIPYTMX BO300OHOBJIAEMBIX MCTOYHHUKOB
3Hepruu. I1pn 3TOM OXHMAAETCs, YTO JIEKTPOCTAHL UM
Ha rase OynyT pa3suBaThcA B Gosbuieit creneHu. On-
HaKo B SNMOHUM TeHepUpYIOLIME MOIIHOCTH Ha yrje
OynyT pa3BHUBaThCA OBICTpEE, YEM Ha ra3e M3-3a OTHO-
cUTEeNIbHO OoJsiee HU3KMX 1IEH Ha YToJb.

B npyrux paiioHax MHupa BblOOp TOIUIMBa ompene-
JISIETCA YCHOBUSAAMM HAJIMYUS. MECTHBIX €r0 BUJIOB, ITO-
3TOMY reHepupylomue MolHocTH B Kutae, KOxxHoi u
BoctouHo#i A3uM OyAyT pa3BUBATHCSA MPEUMYIIECT-
BEHHO Ha yrie, a B JOxHo#! m LleHTpansHOi AMepHKe
OynyT pa3BuBaThca npeuMyiecTseHHo I'IC. Yo kaca-
ercs pa3zsuTusa ADC, To 0XKUAaeTCs, YTO TEMITBI MX pa3-
BUTHUA OyIyT CHYKaThbcA. [1poM3BOACTBO 37eKTpO3HEP-
rum Ha ADC B ctpaHax OECD seipacTeT 04eHb HE3Ha-
qUTEeNbHO a0 2000 r. OXxupaercss Takxke, 4YTO IMocje
2000 r. npon3BOACTBO 31eKTpo3HEpruu Ha AJC B 3TUX
CTpaHaX HE3HAYUTENBHO CHU3UTCA, HECMOTPA HA TO,
4YTO MMEIOTCA IUIAHBI CTPOMTENILCTBA B pacCMaTpUBae-
MbIi nepuop HeckoMbKUX ADC. 11 ctpad LleHTpans-
Ho¥ ¥ Boctounoit EBponrt u 6s1B1Iero CCCP umerotcs
3HAYMTEJIbHBIE COMHEHHUsI B OTHOIIEHUHM peau3alluu
aMOMIMO3HBIX aTOMHBIX NPOrpaMM, KOTOpble OLUIM
paHee.

B apyrux ctpaHax MMpa BrIaj siICpHOM SHEpTUHU B
NOKPBITHE 3HEpreTU4YecKux rnorpedHocrei mgo 2010 r.
BpsA MU GyJleT 3HAYUTEIBHBIM M3-3a HEJIOCTAaTKa HeoO-
XOIMMBIX JUIA 3TOr0 MHBECTHULMH M NepcoHasa.

YT1o Kacaercd MCHONB30BaHMA TUIPOIHEPTHH,
crpanbl OECD B 1HenoM XapakTepu3ylOTCsA 3aBep-
HIEHHOCTBIO Pa3BUTHUA THMApPO3JIeKTpocTaHuMid. Mmeer
MECTO BO3pacTalolIee CONPOTUBJIEHNE HACENEHUS HO-
BBIM mpoekTaM I'3C, nosTomy Bpsj JIM NPOU3BOACTBO
snekTposHeprun Ha I'DIC B crpanax OECD Moxer
pacT¥ Tak e ObICTpO, KaK M CIIpOC Ha 3JIEKT-
posHepruio. Ilogo6uple ycnoBus ansA pa3sutusa DC
MMEIOT MecTo B cTpaHax LleHTpansHo# M BocTouHo#
EBponst u eBponesickoit 4vacty OniBuiero CCCP. C
JIpYroii CTOpOHBI, OXXMAAETCA CYLIECTBEHHBIA pOCT
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B MCIOIb30BAaHUM THUIPOIHEPTUM B JPYIHMX CTpaHax
mupa (Gonee yeM B 2 pa3a B 2010 r. mo cpaBHEHHIO
¢ 1992 r).

[Mpy UCHIONB30BaHUHU APYTUX BO300HOBIAEMBIX HC-
TOYHMKOB Heprum (reoTepMajbHOM, BETPOBOM, BOJI-
HOBOJ# ¥ COJTHEYHOH ) MPOU3BOACTBO JIEKTPOIHEPTHH B
1992 r. B crpadax OECD cocrasuio 38 TBT 4 u 65110
B OCHOBHOM CKOHIEHTpUpOBaHO B CeBepHOH AMEpHKeE.
IMpeanonaraercs, YTO NPOU3BOACTBO 3JIEKTPOSHEPTHH
OT 3THX MCTOYHHUKOB B paccMaTpHBaeMbli nepuon Oy-
JIET BO3pacTaTh B CPEAHEM Ha 7% B IO, JOCTUTHYB K
2010 r. 130—190 TBT "4, 9TO cocTraBiseT Bcero 1—2%
0011er0 MPOM3BOJCTBA NMEKTPOIHEPTHH.

B gpyrux cTpaHaX MHpa HpEANOJIaraercs, 4To
NpPOM3BOACTBO 3JIEKTPOIHEPTMU OT JpYrMx B03006-
HOBJISIEMBIX HMCTOYHMKOB 3HeprumM OyaeT pacTH B
cpenHeM Ha 8,5% B Tof 3a pacCMaTpUBaeMblIi Iie-
pyox. B 1992 r. npoM3BOACTBO 3MEKTPOSHEpPrdM 3a
c4eT JApPYTHMX BO30OHOBJISIEMBIX HKMCTOYHUKOB COCTa-
BWIO B 3THUX cTpaHax Bcero 8 TBrt-y; kx 2010 r.
TPOM3BOJACTBO JIEKTPOSHEPTMH 33 CYET 3THUX MC-
ToYHMKOB He npeBbicHT 40 TBt-4, T. e. MeHee 1%
ofuiero NnpoOM3BOACTBA VIEKTPOIHEPTHH.

3a cyer yBeIMYEHUsT MCIIONIL30BAHUS MCKOMAEMBbIX
BUIOB ToIuIMBa Mo oueHke IEA smucenms CO, B
2010 r. mpessicuT ypoBeHb 3MHuccuu CO, B 1990 .
Ha 30—40% (B crpanax OECD Ha 10—24%). Ilo-
3TOMY BOKHEHIIMMHU 3afadyaMy SBISIOTCA MOBbILIE-
Hue 3¢(eKTUBHOCTH TEXHOJNOTMA CXKUTaHUA HCKO-
HacMBIX BUJIOB TOIUIMBA, YBCJIMYEHUE WUCIIONb30BAHHUs
BO30OHOBJISIEMBIX HMCTOYHHUKOB 2HEPTUHM, a TaKxke
yAy4dlIeHUEe KOHEYHOTO MCIIONIb30BAHUSA 3HEPrUM.

Ha xondepeniinu «HoBasa snekTposHepreTnka 21»
3acefaHNsl TPOBOJUIMCH B paMKax ISITM CECCHM:

BO3MOXXHOCTh YBEJIM4EHUS MCIOJIb30BAHUS SJIEK-
TPOIHEPTMU Ui YCTOWYMBOTO pPa3BUTHS;

pacIIMpeHME 3SHEPTOCUCTEM M HMHTErpaluM s
YAOBJIETBOPEHUS BO3pacTalouleid KOHKypEHLWH,

npobyieMbl MPOU3BOACTBA JEKTPOIHEPTUHM M TJIO-
OalbHOTO HM3MEHEHMA KIKMMara;

TEXHOJIOTMU JUISI 2JIEKTPOSHEPTeTUKU B CTpaHax
C pa3BUBAOMIEACA U TNEPEXOJHOM 3SKOHOMMUKOM;

CTPYKTYpa 3JIEKTPOHEpreTU4ecKoi oTpaciy, Io-
JIUTHKA PETYJIUPOBAHMS, TEXHOJIOTMUECKUE HOBILIECTBA.

Ha nepeoii ceccuu 6v1o npedcmagneno 16 Oo-
Knados.

1. DnexTposHeprusi — OTBET A JUIMTEJIBHBIX
JHEpPreTUYECKMX norpebHOCTEH (J. Bulcke,
ELECTRABEL, Bensrus).

2. D¢ddexTUBHOE KCNONB30BaHMUE IEKTPOIHEPTUH
(D. Baggs, M. Wedgbury, Electricity Association, Co-
ennHeHHoe KoposescTBo).

3. DNeKTpOHEPTUs B IIPOMBILIJICHHOCTH: HallpaB-
JIEHUsT IS TOBBIINICHUS 3HepreTudeckod 3¢dekTns-
HOCTH U SKOHOMMUecKo# koHKypeHuMH (R. Genier,
P. Gibielle, Electricite de France, ®panums).

4. TlpeumymiecTBa WCIONB30BAHUA 3JIEKTPOIHED-

rum i okpyxamoulei cpensl (L. Muller, G. Sulle,
Electricite de France, ®paHums).

5. IIpoexkr <«ELAB», uccnemoanue 1o 3¢ek-
TMBHOMY HCIIONb30BAHUIO 3JIEKTPOIHEPTUU B HEXH-
oM ucoeitTaresibHoM jiome (J. Wilde, C. Norberg,
Vattenfall AB, Llseuus).

6. DnexkTposHeprust — MNyTh K _JIydIled OKpy-
xarorged  cpege  (B. Strandh,  Sydkraft  AB;
B. Sahlestrom, S. Gothe, Vattenfall AB, IlIseius).

7. 3ddekTUBHDBIE 3TEKTPOTEXHOJNOTUH V1A METaA-
Jyprudeckoin MPOMBIIIJIEHHOCTH (B. Nord,
R. Abrahamsson, A. Solmar, Vattenfall AB, LlIsenus).

8. 3aMeHa 3¢ peKTMBHBIMYU NEKTPOTEXHOIOT UMM
TPagTULIMOHHBIX MPOLECCOB C KOHEYHBIM HCHONb30-
BaHMEM TeEIUIOBOM 3HepruM: 0630p BO3MOXKHOCTEH
1 npumeneHuit (P. Menga, W, Grattieri, G. Agoni,
Mr. Bucciant, ENEL, Wranus).

9. IMepcneKTHBEI UCMONB30BAHUS JEKTPOIHEPTUMN

B 2050 r., Oapeepot u mnpenmenst (H. Larsen,
P. Morthorst, HanuonanbHast naGoparopus Riso,
Hanus).

10. DneKkTpos’HEpPTUsi U OKpyXawoulasd cpeja: yc-
TOHYMBOCTh 4Y€pe3 WCIOIb30BAaHUE TEXHONOTMYECKHUX
Hoswects (K. Yeager, I. Torrens, EPRI, CIIA).

11. UccnepoBanus M pa3paboTku I Hejied yn-
paBIEHUs CHPOCOM HArpy3KM B SINOHCKMX SHEpro-
kommanusx (T. Yamamoto, Tokio Electric Power Co,
Anonus).

12. HcxnrwdeHne PpPEMOHTHBIX HPOCTOEB M CO-
KpalieHue CTOMMOCTM NYTEM COBEpHIEHCTBOBAaHUA
PEMOHTHOTO 06CITy>KMBaHUA (H. Yakabe,
Y. Maruyama, Kynshu Electric Power Co, Stonns).

13. BO3MOXHOCTH AN YBEJIMYEHUS] MCIONB30-
BaHMsSI 3JNEKTpPUYECKOro TpaHcmopta B LlBeitnapuun
(Y. Dijamatovic, Town of Lausanne’s Electrical
Utility, LBeiiuapus).

14. IlpuMeHeHUE 3IEKTPOIHEPTHH 1A 06pabOTKM
orxonoB (M. Drouet, UIE WG3, Kanana; D. Bialog,
DOPEE, ®panums).

15. Ilporpamma «Econo—Confort» B Hydro—
Quebec — YHHKWIBHOE MEPOIPHUATHE IO IHEPro-
c6epexernio (R. Dunn, Hydro—Quebec, Kanana).

16. B nanpasienun 6osnee 3¢ ¢deKTUBHOTO UCIONb-

30BaHMs HEPTHHM 3a CUET NPCUMYUIECTB JeKTpUdu-

kaumm (Joxtag UNIPEDE — C. Barbesino, P. Goricke,
D. Porter, R. Lecoff, M. Roth, N. Haiberg).

Joxianel, HpeAcTaBICHHbIE Ha IEpBOM ceccHy,
MOKa3bIBAlOT Ha NpUMepax pa3HBIX CTpaH, 4TO MC-
MIOJIb30BaHUE 3JIEKTPOIHEPTUM HO3BOJAET CYLUECTBEH~
HO NOBBICUTE 3(¢EKTUBHOCTh MCIOIb30BaHUS IiEp-
BUYHBIX 3HEPropecypcoB M YIYYIHUTh 3KOJIOrUde-
CKYI0 00cTaHOBKY. Bo MHOTHMX cTpaHaxX pacTeT NpH-
MeHeHNe 3¢ GEeKTUBHBIX NEKTPOTEXHONOTMHA B pas-
JIUYHBIX cepax SKOHOMHUKHM, a OTHOCHUTENbHas A0S
KUCHONB3YeMON  3MEKTPOIHEPTMM KaK MCTOYHMKA
SHEpPTUHU yBeJIMuMBaeTcd. Tak, Hanpumep, B bensruun
obuiee komm4ecTBO NOTpebnseMoN 3Heprum ¢ 1973 r.
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OCTAIOCH HEM3MEHHBIM, B TO BpeMsi Kak MCIOJb-
30BaHME 3JEKTPOIHEPTHH YBEJIMYMIOCH Ha 72%.

Bo ®paHIMM TOJIBKO B OJHOM IIPOMBILNIIEHHOM
cekTope 3a nocjeguue 20 JeT 3aMeHa TPaJNIMOHHBIX
TEXHOJIOTMH, MCTIONB3YIONIMX MCKOMaeMBbIe BUILI TOII-
JIUBA, 2JIEKTPOTEXHOJIOTUSIMHU OGECIEYMBAET EXErofl-
HYI0 5KOHOMHIO 3HEpPropecypcoB, OIEHHUBaeMYIO
300000 toe. K 2010 r. Bo PpaHuum HUMEIOTCA IO-
TEHIMAIbHbIE BO3MOXHOCTHU IONYYMTh €XKEeroXHYIO
5KOHOMMIO  3HEpPropecypcoB,  OLEHHMBAacMyld B
850000 toe. MmMeercsa Taxke OONBLIOW IOTEHIMAT
B OTHOLIEHHMM CcOEpEeXeHUs IIEKTPOIHEPTUHU IIyTEM
3aMEHBbl CTaphiX OSJIEKTPOTEXHOJIOTMH M YCTPOMCTB
HOBbIMHM OoJie€ COBpEMEHHBIMHM, HCIIOJIB30BaHWA YII-
paBIcHUsI CIIPOCOM HArpy3KH, a TaKXke HCIOIb30-
BaHUS MHTEIPUILHOTO IUIAHUPOBAHUS PECYPCOB.

TexHMYEeCKH BO3MOXHBIA NOTEHIMaNl CcOepeXeHUs
SHEPrMM 3a c4YeT 3aMeHBl TPAaAMIMOHHBIX TeXHO-
JIOTHMH, MCHOJB3YIOIIUX KCKOMaeMble BMIBI TOIUIMEBA,
37NIEKTPOTEXHOJIOTHSIMM, a TaKXe 3aMeEHBI CTapbIX
SNEKTPOTEXHONOTMIA M YCTpOHCTB Oojiee COBpeMEH-
HBIMM JUisi pPa3JIMYHBIX OTpaciei NPOMBIIUIEHHOCTH
M CEJIbCKOTO X03dMcTBa minsi Utamuu B 1eiioM one-
HuBaerca 2755000 toe, a >KOHOMHYECKH IIEJIECO-
obpazuenii — 1222000 toe.

Ha emopoi ceccuu 6vu10 npedcmaeneno 20 0do-
Knaoos.

1. JKOHOMHYECKME M 9IKOJIOTMYECKUE IPEUMY-
HIECTBA OT OOBEIVMHEHHs] SHEProCUCTEM Ha NpUMeEpe
Hcnanmm (A. Saiz, CHICHARRO, Wcnanus).

2. TexHONMOTHIECKUNA TIPOTpecC B pa3BUTHHU SHEpP-
rocucreM (R. Ballay, Electricite de France, ®paH-
ws).

3. JHeprocHcTeMbl M pa3BUTHE pBIHKA 3JIEKT-
posHepruu (A. Merlin, C. Callaire, H. Chambon,
Electricite de France, ®pannus).

4. IlpepiokeHNst IO HOBOM KOH(MIYpALMH CETH
JUIA  XOpOILETO MCIHOJIB30BAHUS paclpeaeleHHbIX
MEKTPOCTAHIMIA Ha CTONIMYHOA  TEppUTOPHUH
(H. Saitoh, J. Toyoda, University Tohoku, Smonust).

5. CkaHOMHaBCKHME MEXCHCTEMHBIE CBSI3H Kak
CpEACTBO JIA MHTETPHpPOBAHHOM M ycToidymBoii Es-
ponenckoin 3HEProCUCTEMBI (A. Hedenstedt,
B. Hansson, Vattenfall AB, IlBenms).

6. CENTREL u ero poib B TOpPTOBJIE 3JIEKT-
posHeprue# Boctok—3anan (J. Popczyk, CENTREL,
IMonsia).

7. Biusinve BBICOKOTEMIIEPAaTYPHOH CBEpPXIIPOBOA-
HOCTH Ha 3JIeKTpo3HepreTHKy (A. Wolsky, Argonne
National Laboratory, CHIA or umenu IEA).

8. IlpeumyiiiecTBa, TFPYOIHOCTHM M OrpaHHMYEHHSA
B pacuimpeHuM  EBpomneickoif  3HeprocucTeMsl
(G. Carta, H. Persoz, J. Remondeulaz, UNIPEDE).

9. TpanchopMmaropsl Oymyuiero: 3¢h¢eKTUBHBII
BBIOOp IO CTOMMOCTHM AJisi pacHpelNesIUTEIbHBIX CH-
cTeM B pa3puBaplumxca crTpaHax (S. Thigpen,
Environmental Protection Agency, CILIA).

- TEXHOJIOTHUA

10. PacnpepennTenbHble TpaHChOPMATOPHL M3
aMOpdHBIX MeTawoB. D¢deKTUBHAA IO CTOMMOCTH
s YITyJdIIEHUS 3KOJIOTMH
(D. Pendlebury, P. Curran, CIIA).

11. TTosrimieHue HafexkHOocTH EBpomeiickoi sHep-
FOCHCTEMBI. MeEXCHCTEMHasT CBA3h MEXIY IHEPro-
cucteMamMud Hrtanum m I'penMu NOCTOSIHHOTO TOKa,
TepeceKaronas KaHal Otranto (C. Carcano,
P. Oliva, ENEL, MHrammsa;, J. Voyatzakis, Public
Power Corporation, I'penust).

12. Ob1ieHauMOHANIBLHAS ONITHKO~BOJIOKOHHAA CETh
(A. Gonzales, Red Electrica de Espana, Wcnauuns).

13. CpepxnpoBoauMocTs B Ucnanum; mporpamma
MIDAS (F. Yndurain, Red Electrica de Espana, Uc-

NaHuA).
14. BO3MOXHOCTM [UIsI SHEProKOMIIAHHK B Te-
JeuHGpOpMaIMOHHOM cucTeMe INFOCOSM

(T. Baubin, Andersen Consulting, 'epmanus).

15. UccnenoBaTesIbCKUil MPOEKT MaXxOBHUYHOIO Ha-
KOIHUTENA ¢ MCIOJNIL30BaHMEM BBICOKOTEMIIEPATYPHOM
CBEPXIPOBOASALLIEH MarHMTHoM omopsl (J. Shinagawa,
Shihoku Electric Power Co; F. Ishikawa, Hccre-
JoBaTeIbcKUit MHCTUTYT Shihoku, fAmonms).

16. Bo3speiicTBue 3JIEKTPUMYECKMX M MarHUTHBIX
MoJIEH JIMHMI 37eKTpONEpefad Ha 3J0pOBbE MIONEH
M okpyxaromryio cpeny (B. Gronly, Upnaumms).

17. YnupasiasgeMble MeXCHUCTEMHEIE CBSI3M IIOCTO-
AHHOTO TOKa, 3KCIUTyaTal[MOHHBIE M 3KOJOTHMYECKUE
Beirofisl (M.H. Baker, B.A. Rowe, H.L. Thanawala).

18. TlpobGrmeMBl nepegauM 3JIEKTPOIHEPIMH Ha
JaJIbHHUE PACCTOSHMA C HOMOIIBIO IIOCTOSSHHOTO TOKa
(A. Clerici, G. Valtorta, ABB STE, HUramus).

19. CucreMa ynpaBieHUsT UHTETPAIbHONK CETHIO —
HoBble 1TpoGsieMbl (J.A. Rodriguez, A. Luqueperez,
Compania Sevillana de Electricidad, Mcnanns).

20. Hosble TEXHOJIOTMH YIDABICHUSI CETHIO —
3JIEKTPOHHOE IMCIIETYMpPOBaHHUE (G. Rennie,
Andersen Consulting, CoenuneHnoe KoponescTso).

Joxiaasl BTOPO#H cecCMM OBLIM TMOCBSILEHBI BOII-
pocaM yriyOlleHMs MHTErpallMM HEProcHCTEM, HO-
BBIM TEXHOJIOTMYECKUM pPELICHUSM B 00JIaCTH CHCTEM
nepenavyM 3JIeKTPOIHEPTHH, IPUMEHEHHUs epeaay mo-
CTOSHHOIO TOKAa, MCIONBL30BAaHUS CBEPXIMPOBOXHMKOB -
B 3JIEKTpO3HepreTHke (CBEPXIPOBOJAIIME HAKOIMTE-
JIM SHEPIrMH, Kabenu, Bpallaroluecss MaHIMHEBI, Or-
PaHMYHUTEIM TOKOB KODOTKOTO 3aMBIKaHMs, TpaHC-
tdopmaTopsr; pabGoTel mpoBojATrcss B SAmonum, Ce-
BepHOM AMepuke M B EBpore), coBepllieHCTBOBaHHIO
CPEACTB TeJIEKOMMYHMKAIMM, BIMSHUI0 MAarHUTHBIX
M 3JIEKTPUYECKUX IOJIEM JIMHMUM 3JeKTporiepeNad Ha
Jofiled M >KUBOTHBIX, COBEPIIEHCTBOBAHUIO CHCTEM
OUCIIETYEPCKOTO YIpaBICHHA.

Haubonee obwuei TeMoit Ha Bropoi ceccMH Obuta
npobnemMa yrayOJieHMsT MHTETrpalMM 3HEProo0bhenu-
HeHUH. Martepuanbl KOHbEpeHIMH ITOKA3bIBAlOT, 4TO
pacluupsieTcsl ~ MHTErpaus  3HeprooObeAMHEeHWH
Nordel system, UCPTE M CENTREL. B 1994 r.
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6bTa BBEEHa B OSKCIUIyaTal[MIO HOBasi KabenbHast
JIMHHUS TOCTOSTHHOTO TOKa ¢ HOMHMHAJILHOM MOIIL-
HocThi0 600 MBT, mmmHo# 250 kM Mmexnpy HlIeenuei
u l'epmanueit. B 1995 r. BBOGUTCA B 3KCIUIyaTalHIO
JUHUAA TOCTOAHHOrO TOKa mnuHOM 170 KM, coe-
nuHsitoulasas JaHMIO M BOCTOYHYIO 4YacTh I'epMaHMM
(6biBuryro I'TIP). BbINONHEHO TEXHHUKO-3KOHOMMYE-
ckoe 000CHOBaHME HOBOM JIMHMHU TNOCTOSHHOTIO TOKa
mexny Llsenmert m Ilonbiniei.

KpoMme »3TOro, akTMBHO pacCMaTpHMBAaIOTCA e€Hie
aBa TpoekTa. OOMH IPOEKT HNpEIyCMATpHMBAET CO-
enuHenue Hopeermu u Tonnanpum, apyroit — Hop-
pervM ¥ I'epManuu. [IJIMHA 3TUX JUHUNA COCTABIAET
okono 500 xM M TpeOyeT 3HAYUTEJILHBIX KallMTallb-
HBIX BROXcHMH. B kadecTBe mpoekTa Oynayuiero pac-
CMaTpUBaeTcs cxeMa BalTHCKOro KoJblia, Mpenyc-
MATPHMBAIOIasl COEAMHEHME SHEPrOCUCTEM CTpaH
Bantun ¢ Nordel system u UCPTE.

B 1992 r. 6pU1 COCTaBJIEH KaTajlol MEpOHPHUSATHH,
koropsiii ompepenun Tpeboanuss UCPTE k aHep-
rocucteMaM Yexuu, Cioakuum, ITonemn u BeHnrpum,
obpasyroummM sHeproo6wseguHenme CENTREL, s
ux npucoenuneHnss k UCPTE. Karaior ompenesser
TPM KaTeropuu TpeOOBaHMIA: TEXHUYECKME, TEXHH-
KO-9KOHOMUYeCcKMe M opraHusanuoHHele. K TexHu-
YECKMM TpPeGOBAHUSAM OTHOCATCA BOIPOCHI NOKPBITHA
HAarpy3KH, IIEpBHYHOTO M BTOPUYHOTIO PEryiMpoBaHusA
YaCTOTHI, FeHEpUPYIOUIUX arperaroB, peryJMpOBaHHA
HaNpsDKEHUsI, BBITIOJIHEHMSI KpPUTEpUS HaHEKHOCTH
(n-1), NTUKBMAALMM OCHOBHBLIX aBapMMHEBIX BO3MY-
HIEHUH, pPa3BUTHA 3HEProcucreM. TexHHMKO-3KOHO-
MudecKkue TpeOGOBaHUS KacalOTCs BONPOCOB PECTPYK-
TYPHPOBAaHUS SJIEKTPOSHEPIeTMKM M MONIEPXaHUA
OYyAyHIMMHM IapTHEpaMM NMPAKTHKK WHGOPMHPOBAHUA
ApYr Apyra O CYILIECTBYIOUIMX KOHTpAaKTax, KOTOpbIE
MOTYT IOBIMATH Ha COBMeECTHYIO pabory. OpraHu-
3al[MOHHBIe TpeOOBaHMS KacaloTcs, B IIEPBYIO Od4e-
pelb, OpraHU3alMy LUCHTPAa OTYETHOCTH VI Oyayiux
napriepoB UCPTE, kxoopavHauum pa3BUTHA 3JICK-
TPUUECKMX CETeH, IKCIUTYaTallMOHHBIX INpOLEAYp A
HOPM&IBLHBIX M aBapMHHBIX YCJIOBHIA.

B cenrssbpe 1993 r. ObUIM NpPOBEAEHBI MCHBITAHUA
B M3OJMPOBaHHBIX OT 3HeprocucreMsl MHP 00b-
emmHenun CENTREL m sHeprocumcreMe BOCTOYHOM
qact# ['epMaHuH, B KOTOpBIX ObUTO obecredeHo IMOJ-
nepxanue Jactorsl B 3HeproobbenuHeEMu CENTREL
B npexenax 50+0,02 'l B HOpMaIbHBIX PpeXIMax
u 50x0,08 Ty B IEpPEeXOAHBIX peXKUMax.

B mnocrenyromeM mnpoBoauiaack pabora mo co-
BEPIEHCTBOBAHUIO CHUCTEM MEPBUYHOrO M BTOpHY-
HOTO pETYJIMPOBAHMA 4YacCTOTHI.

AHanu3 pealbHOM paboThl 3HEProoOBLEAUHEHUS
CENTREL B 1995 r. nmokasan, yro CENTREL . ¢yH-
KIIMOHHPYET B COOTBETCTBMM CO CTaHAApTaMH
UCPTE, u B okTsA6pe 1995 r. paHblie HaMe4EHHOTO
cpoka (1996—1997) CENTREL npucoeanHuIOCh Ha
napawienpiylo pabory ¢ UCPTE. '

YTo Kacaercsi pa3BUTMs MEXCHUCTEMHBIX CBA3EH
mexay CENTREL u sHeprocucTeMaMu CTpaH ObIB-
miero CCCP, TOo oguH M3 BapMaHTOB IIpexycMar-
pHMBaeT HNEPEHOC MMEIOIIUXCA BCTABOK HOCTOSHHOTO
TOKa C TpaHHUI[ MeXHy cTpaHaMu 3amnagHoit U Bo-
cto4HoM EBponbl Ha IpaHHIBI MEXAY cTpaHamMu Bo-
crouHo# Esponer m CHI. PaccmarpmBaerca mpoekt
BBHICOKOBOJILTHOM Ilepefjad¥ MNOCTOAHHOTO ToKa Bo-
crok—3amag ¢ y4dactuemM Poccum, benopyccun,
MNonpmmm u TI'epmaHHm.

Ilocse BBOAa HOABOXHOIO Kabesisi IEPEMEHHOIO
ToKa Mexay McnmaHueit 1 MapoKko B 3KCIUTyaTalMIo
B 1996 r. 3HeprocucteMsl Mapokko, Aykupa, TyHuca
n JIusuu npucoepuuATca k UCPTE.

Bonrapckasa ¥ PyMbIHCKasi HEProcUCTEMBI TakxKe
pacCMaTPHUBAIOTCA KaK KaHAMAThl Ha MIPUCOCAUHEHUE
K cunxpoHHo# pabore ¢ UCPTE. IlpoBenmeHbl Hc-
cJe0BaHHUsA, KOTOpbIe ITOKA3aMU TaKyl) BO3MOXHOCTD,
OlHaKo TpebyeTrcss COBEPIICHCTBOBAaHME CHMCTEM pe-
TYJIMPOBaHMS 4YaCTOTBHIL

Typeukass HEPrOCHCTEMA TAKXKe PacCMaTpUBAETCA
KaHgugaroM Ha npucoenumHeHume k UCPTE. Yxe cy-
mecrpyer Bo3gywiHast JuHMA (BJI) HanpsbkeHueM
400 xB mexnay Typuumei m Boirapueit, paboraiomas
Kak oraeabHasa ceTb. [Ipoekr BJI HanpsokeHHEM
400 xB ¢ T'perueit OBUT BBLIIOJIHEH HECKOJNBKO JIET
Ha3ajJl, HO eli¢ HE BBINOJHEHBI MCCIIEHOBAHHA IIO
OLICHKE BO3MOXHOCTEH Typerkoi 3HEprocucTeMsl IO
0o0ECIIEYCHHIO PETYyJIMPOBAaHUA 4YacTOThI B COOTBET-
crBuu ¢ TpebGoBanusaMH UCPTE. BrimomHeHBI HC-
CJIEIOBaHMA 10 Pa3BUTHIO JIMHUM 3JIEKTpoIIepeladu
HanpspkeHueM 400 kB B crpanHax CpenuseMHOMOp-
ckoro GacceiHa ot HMcmawuu po Ipenmu, nuxmi
anekrponepegayu 220 kB ctpan Maghreq ¢ Eruntom
M JIMHMIH D3JIEKTpoIiepellaid, CBA3LIBAIONIUX CTpPaHBI
Mashrea ¢ Typenkoi sHeprocucreMor. Typuust pas-
BHBaeT cBA3M ¢ AsepbaimkaHoMm, I'pysmedn u Ap-
MEHUEH, MO3TOMY pellleHue CHHXPOHM3MpoBaTh Ty-
peukyio sHeprocuctemy ¢ UCPTE 6yayr uMeTh o4eHb
OonbIIoe 3HAaYEHHME JUIA MHTErpallMM 3HEPrOCHCTEM.

Ha mpemveil ceccuu 6vin npedcmagnen 21 Ooxnao.

1. TupgposHepreTrMka M YCTOWYMBOC pa3BUTHE
(D. Dubeau, Hydro-Quebec, Kanama).

2. DJIEKTPO3HEPTHA OT BO300OHOBJIIAEMBIX HCTOY-
HHMKOB 3HEPIMU B ABCTPpMM — TOYKa 3PDCHMA 3HEp-
rokommanui (A. Szeless, Austrian Electricity Board;
T. Muller, Association of Austrifn Electric Ultilities).

3. IIpoM3BOACTBO ICKTPOIHEPTUH, pPAlfMOHAIBHOE
ee ucnonb3oBaHMe M sSMuccusa  CO,. Ilomxon
ELECTRABEL (P. Bulteel, Electrabel, Bembrus).

4. CopeiicTBHe sHepreTHdecKod 3¢ ¢eKTHBHOCTH
M BO300OHOBJIIEMBIX HMCTOYHMKOB 3HEpPruM B COKpa-
menue smuccuu CO, (J. Paredes, 1. Mateo, Union
Electrica Fenosa, HMcnaunmus).

5. Ununuatusa E7 (R. Mollon).

6. BrifOop TOIUIMBHON 3SHEpTeTHMKH, BO30OHOBAA-
€MEIX MCTOYHHMKOB, SACPHOW SHEPreTHMKH C MO3HIMH
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YHOBJIETBOPEHUS NOTPEGHOCTH B 3HEPrMH M IpoGieM
okpyxawouieir cpeasl  (P. Bacher, J. Moncomble,
UNIPEDE—EDF).

7. MogenrHupoBaHHe IIOJIUTHUKA B OrpaHUICHUH
smuccun CO, OT 3MEKTPOIHEPTETUYECKOrO CEKTOpa:
AepcrneKTUBa CoegnHEHHOrO KoponescTsa
(L. Woolhouse, University of Newcastle and Nuclear
Electric, CoeamHeHHoe KoposeBcTBo).

8. INoreHuuanpHasi poib BbIGOpa AAEPHOM 3SHEp-
reTMK¥ B yMeHblieHuM 3muccuu CO B obiact
MIPOM3BOACTBA TEIUVIOBOM M 3JIEKTPUYECKOH 3HEPrHH
(G. Popescu, A. Popescu, D. Popovici u jp.,
RENEL, PyMmbrHus).

9. CokpallleHMe IIOJIHOTO0 3KBMBAJIEHTHOIO IJIO-
O0anpHOr0 MNoTeIieHUs Osarojgapsd MCNOJIB30BaHUIO
3MEKTPUYECKMX TeIUIOBBIX HacocoB B IHlseuyu
(B. Karlsson, G. Broms, Vattenfall AB, HlIsenus).

10. Ponb mepeNoBBIX ATOMHBIX 3JEKTPOCTaHLMMA
B COKpalIEHUM SKOHOMMYECKOTrO M 3KOIOTHYECKOro
Bo3feiicTBuA SMHUCCHMH CO, Ha NMPOM3BOACTBO 3JIEK-
tposHepruu (J. Redding, G. Veitch, GE Nuclear

Energy, CHIA).
11. IGCC: craryc pa3BUTHA BbICOKO3¢GeKTHB-
HOro MpOM3BOACTBa 3nekrposHepruu B CIHIA

(T. Atwood, USA Department of Energy, CILA).

12. IloTeHUMaJbHAasA pOJNb SINEPHOM SHEPrETHUKHA
B CMATMYEHUM pHUCKa IM0GATEHOr0O M3MEHEHMs KIHU-
mara (B. Semenov, L. Bennett, IAEA, Ascrpus).

13. JleconacaxieHUsI KaK 4aCTh CTPAaTErMy U3MeEHe-
HUs KIMMarTa, OCHOBAHHON Ha AOOPOBOJILHBIX COIIa-
menusaAx (P. Vander Kooij, S. Stibbe, SEP, I'oytanaust).

14. buomacca aiad MPOMU3BOACTBA JIEKTPOIHEPTUH
(P. Barbucci, G. Neri, G. Trebbi, ENEL, Uranus:).

15. PEBC — cTaryc YMCTO#M YroJIbHOM TEXHOJIOTMH
¥ onwIT (S. Jansson, ABB Carbon, [IIBenus.

16. YBesIM4eHUe MCIIONB30BAHUS 3NEKTPOIHEPTHM
IjA YMEHBIICHWA MaBIeHWS Ha €CTECTBEHHBIE pe-
CYpCHl M OKpyXamomyi cpexy — mnpuMep Espo-
neiickoro  Coroza  (A. Camplani, S. Labella,
EURELECTRIC).

17. Tlopxox ANOHCKOM 3JIEKTpOCHaGXaIoIlEei oT-
pacn k miobansHomy mortemreHnio (M. Kiyohara,
The Kansai Electric Power Co, SmoHus).

18. BocTOYHO-A3MATCKME MNEPCHEKTHBLI MO IJIO-
6asIbHBIM npoGneMam OKpY>KatoLler cpenbl
(V. Yonehara, CRIEPI, fAnonus).

19. CrpaTerusa moBefieHMA SHEPrOKOMIIAHHIA TIpH
HEOIpeJeNIEHHBIX KIMMaTH4eCKUX YCJIOBUAX
(0. Wilson u gp., UNIPEDE).

20. I'mobGasbHOE COKpallleHUe MOTEMIEHUS 34 CYeT
NOBBINICHUA 3¢ eKTUBHOCTH TeHepaluy (A. Armor,
G. Preston, EPRI, CIIA).

21. OauHHaAUATWIETHUN ONBIT ¢ BBIJEJIEHUEM
TelUla Ha aTOMHOM 3MeKTpocTaHUMM Beznau 1 u
II pna pasionHoro TtemnocHaOxkenua (K. Kuffer,
IIBestuapus).

Ioxyaapl, NpelcTaBAeHHBIE Ha TpeTbed Ceccum,

B OCHOBHOM OBLUIM ITOCBANLIEHBI BOIPOCAaM IIOBBI-
meHust 3¢ ¢eKkTUBHOCTH IIPOM3BOACTBA M MCIONB-
30BaHMsI JIEKTPOIHEPTMHU C LEIbKO YIYYIIEHMsA CO-
CTOSTHMA OKpYXKaIolIed cpeAbl M, B IEPBYIO O4epefb,
ymeHb1ueHHA BpIGpocos CO,. ITpobiaeMa rnobansHOro
NMOTEIUIEHHSA KIMMaTa TpeOyeT MeXIYHapOAHOW Ko-
OpAMHAIMKA JcHCTBUA CTpPaH IO KOHTPOJIO 3a BbI-
6pocamu CO,. B Hacrosmiee BpeMsA MHOTME CTpaHbI
mupa noxmucasim Convention on Climate Change
(KoHBeHIIMIO 10 HM3MEHEHMIO KiMMaTa) OpraHu3a-
uuu O6bequHeHHBIX Haumii, 06A3bIBAKOIIYIO TE€ CTpa-
HbI, KOTOpble nofanucaiu KoHBeHnuio, pa3paboTaTb
MEDPOIPUATHsI, MMEIOUINE UEIBK OrPaHWYUTH BBHI-
OpoCchl Ta30B, OOYCJIOBIMBAIOLIMX INApPHUKOBBIA 3¢-
¢ekr, k 2000 r. Ha ypoBHe 1990 T.

Ota uens ObUIa pUHATA cTpaHaMu EBponeiickoro
CoobuiectBa B jekabpe 1990 r. B OTHOHIEHMM BBI-
6pocop CO,. B anpeme 1992 r. mpencepareiu psfa
KPYIIHBIX 3HEproKOMNaHMH BCcTpeTwynchk B Kanane
C LEJBI0 OmpefelieHuA ofuieid Mo3MUMM IO 3allHTe
OKpyXalollled cpensl B MMoOaIbHOM MaciuTabe M
‘coneiicTBuA Gosee 3¢¢EKTUBHOMY HPOM3BOACTBY H
MCIIOJIb30BAHMIO 3JIEKTpo3Hepruu. OHM chopMMpo-
BaJIMX WHHUIMATUBRY Ipymnnbl KommaHuid E7, wienamu
KOTOpO#M B HacTosAlllee BpeMs sBisiorcs: Electricite
de France (®panumsa), ENEL s.p.a. (Mrammsa), Hydro-
Quebec (Kanama), Kansai Electric Power Company
(Amonusa), Ontario Hydro (Kanama), RWE Energi
(Tepmanus), Southeren California Edison (CHIA),
Tokio Electric Power Company (Anonus).

OTH 3HEPrOKOMIIAHMHU CUUTAIOT, YTO YIS 3allUThI
OKpYXaIoLle cpelbl ¥ IOBBIIIEHUA 3KOHOMMYECKOMH
3¢}EeKTHBHOCTM BaXHOE 3HAYCHME HMMeeT IliepeAada
MX TEXHOJIOTMM, HOy-Xay M OIIbITa JpPYTHMM.

Iinsa poctwkeHus 3Toi uenm E7 ydupemnna rpynmy
E7 Network for Expertise for the Global Environment,
KOTOpas [eHCTBYET KaK KOHCAITHMHIOBas TIpyIa IO
npobieMaM 3/IeKTpU4YeCKOH SHeprud, 3Hepruu B 00-
IIEM M OKpYXaIoLIeil Cpelbl.

B pasni4HBIX CTpaHax MHpa B HAcTOAIIEe BpeMs
SHEPrOKOMIIAHUAMM IIPOBOAMTCA IIOJMTHKA IIOBBI-
weHusa 3¢ eKTUBHOCTH HMCIOIb30BAHUA SHEPTUH H
YMEHBIIEHUS KOJOTHYECKOTo 3arpsa3Henusa. Tak, Ha-
npumep, B KaHaackoir mnpoeuHuuM Quebec pmoiasa
3JIEKTPOHEPIrUM, INody4aeMoM 3a c4eT THApopecyp-
coB, ypenmuymnack ¢ 20% B 1971 r. mo 42% B
1994 r., 4TO 3HAYUTENHHO YIYYIIHIIO 3KOJOTHYECKYIO
CMTyanIuI0 B 3TOH NIpoBMHUMHU. B ABcrpum pons
SHEpPrUH, MOMYyYaeMOM 3a CYET MCIOJIb30BaHUS BO3-
OOHOBJIAEMBIX MCTOYHMKOB SHEpruy (THIPO3HEPTH,
6uoMacca, coJHeYHasdA, BETpOBas M TeoTepManbHasa
3Heprus), yeeamdunack ¢ 17,7% B 1970 r. no 27,4%
B 1993 r. B anexrposHepreTHkKe 3Ta Jiojs elie Oosee
3amMeTHa — 72% B 1993 r. u 41,4% B 1970 T

Besvruiickas komnanusa Electrabel s ymensiie-
HuA BeIOGpocoB CO, NpOBOAUT MOJINTHUKY 3HEprochepe-
>KEHUsI CO CTOPOHBI MOTpebGUTeNel, CO CTOPOHBI reHe-
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pauMM IIMPOKO Ucnons3syer ADC, npuMeHseT 3¢ dek-
THBHBIE TEXHOJIOTMM KOMOMHHMPOBAHHOI'O LIMKJIA, pa3-
BHBaeT ACHECHTPAIN30BaHHBIE CHUCTEMBI COBMECTHOIO
MIPOM3BOJICTBA TEIVIOBOM M JIEKTPUUYECKON IHEPTHUM.

B Ucnannu pa3paboTaH HallMOHAIBHBINA IUIAH Me-
PONpPUATUM, KOTOPBIA NpPEeNyCMAaTpHBAET IS YMEHBb-
meHusA BbIOpocoB CO, yBENHMYECHHME MCIONb30BaHMS
rasa B Ka4eCcTBe TOIUIMBA Ha 3MEKTPOCTAHUMAX, YIy4-
IIeHHe SHepreTudeckor 3¢¢ekTUBHOCTH TIeHEpHUpY-
omero o6opynoBaHMA 3a CYET MUCIOJIB30BAHMA KOM-
OMHMPOBAHHOI'O IMKJIA, pPa3BUTHE CHUCTEM COBMECT-
HOMO MPOM3BOJACTBA TEIJIOBOM WM 3NEKTPHYECKON
SHEpI'UH, “MCIOJb30BaHKE BO30OHOBIAEMBIX MCTOY-
HUKOB SHEpIHH.

Borneiioe BHUMaHHME COKpallleHHIo BhIGpocos CO,
yEeJIsieTcsT SHeproKoMnaHusAMHM B fAnmonun. C 1983 r.
no 1992 r. obmme BuIGpockl CO, 3Heprompen-
puaATii SANoHMM yBeMM4WiIack He Oolee 4eM Ha
20%, B TO BpeMs KaK CIPOC HATPY3KH YBEIWIUIICH
npuMmepHo Ha 50%. TaBHYI0 poiib B 3TOM ChHITpajio
YBETMYCHUE TPOM3BOACTBA JIEKTpo3Hepruu Ha ADC
M TOBbINIEHUE 3¢ GPEeKTUBHOCTH NPOU3BOJCTBA JIECK-
TPOSHEPTMH Ha TEIUIOBBIX 3JIEKTPOCTAHIHSIX.

B CHIA HauMoHaIBbHasA 3HepreTvyeckasd CTpa-
Terus IpeAycMaTpuBaer coKpalienue BeIGpocos CO,
3a CcYeT MNOBBIICHUA 3¢¢eKTUBHOCTH INPOU3BONCTBA
3NIEKTPOSHEPTUM Ha TEIUIOBBIX 3MEKTPOCTAHLUMAX Iy~
TeM HCIONb30BaHUSA HOBLIX Goiree 3¢eKTUBHBIX TEX-
HOJIOTMA C)KMTaHWA YIJIeH M rasa, pacUIMpEeHHUs] Mpo-
HM3BOACTBA OJIEKTPOIHEPTrHH, IONy4aeMOW 3a CYer
BO300HOBJISIEMBIX MCTOYHMKOB 3HEPTHHU.

B pmownamax mpencraBuTenedt Ppanuuu, CHIA,
Anonuu, IlIBefinapuu MoKa3aHa CYIIECTBEHHas pojb
aTOMHOM 3HEpPreTMKM B COKpalleHHH BbIGpocos CO,,
paccMOTpEeH pAXN APYrMX BaKHBIX BOIPOCOB, B TOM
YUCIEe pa3iMdHbBIE CTpaTerMM KOHTpoOJS 3a BbIGpO-
camu CO,, METOBI BBLIACICHUA, CBA3BIBAHMA M yla-
nenus CO,, Bonpock! MofeaupoBaHus BeiOpocos CO,
Ha JAIEKYI0 MEPCHEKTUBY, YUCThIE TEXHONOTMU CXKHM-
TaHusA yrJe.

Ha uemsepmoil ceccuu 6vii0 npedcmasneno 20
0oknados.

1. AcdpukaHckuii KWIOBaTT-4ac [ocie IepeMeH
(A. Calitz, ESKOM, IOxuaa Adpuxa).

2. PacmpeneneHue HeNEHTpalIM30BaHHBIX B0300-
HOBNSIEMBIX HMCTOYHMKOB 3Hepruu (J. Bal-Ademe,
J.P. Benque, EDF, ®panums).

3. MNoreHnmanbHasA poNb ANCPHON 3HEPTeTMKH B
CTpaHax C pa3BUBAIOLICHCA M IEPEXOAHON 3KOHO-
mukoii (D. Ganiage, P. Dierstein, EDF, ®panums).

4. TlepceKTMBBI M CTpaTerusA LIMpOKOMacIITab-
HOTO TIpUMEHEHUs >SHEProKOMIaHMAMH QoToIeK-
tpuueckux cucrem (R. Vigotti um gp., IEA).

5. Crpatermu pnsi yCTOWYMBOIO pPa3sBHUTHUA IIOJb-
ckoit aueprocucremsl (R. Janiczek, ITonbckasa snek-
TpeceTeBas KOMIIaHHUA). .

6. BosneiicrBue ¢pMHAHCOBBIX (aKTOpPOB Ha CTpa-

TETHIO Pa3BUTHSA JIEKTPO- M TEIIOCHaOXaIoleH MH-
aycrpum (V. Vaida u pgp., RENEL, Pymbiaus).

7. CyuniectByiolllad M IIEpCIIeKTMBHad pOJIb BeT-
poBo# sHepruum B anekrpocHaGxenuu (E. Sesto,
D. Ancona, IEA).

8. Pa3BuTHe IpOM3BOJACTBA JIEKTPOIHEPTMHM Ha
rase B IXHBIX cTpaHax Cpeau3eMHOMOpBA: NpUMEp
koonepaitii Ceep—IOr B 3/IeKTpOIHEpreTHKe M Ta-
30Bo# orpaciau (M. Grenon, E. Nogaret, Ppanius).

9. WHocTpaHHBIEe NpsIMble WHBECTUI[MM B 3SHEp-
ro/3MeKTpo2HepreTUYecKMe NPOeKThl B CTpaHax ¢ Ie-
pexonHoit skoHoMMKOH (K. Brendow, WEC).

10. MoaudukalMu TOpeHMA JUISI COKpallleHH:A
NO, (G. Demichele u np., ENEL, Hrammus).

11. Pa3BuTHE 3J€KTpOCTaHIMii B BeHrpum u ac-
MEeKTHl 3allMTHl OKpyXawlled cpeasl (I. Bakacs u
ap., Hungarian Power Companies Ltd, Benrpus).

12. HekoTopble XapaKTepPHUCTHKH JOJTOCPOYHOM

CTpAaTerMM pa3BUTMs  3JHEPrOCHCTEMBI  BeHrpunm
(A. Fazekas, Hungarian Power Companies Ltd, Ben-
rpus).

13. Bo3MOXHOCTH pa3BHTHA B 93Heprocucreme BeH-
rpuM koM6uHMpoBaHHOro nuKia Ha TILI (A. Fazekas,
Hungarian Power Companies Ltd, Bearpus).

14. PazpaboTka TEXHOJOTMM OYMCTKHM ra3a C IO-
Mompio snekrponHoro mydka (T. Tamaka, Chubu
Electric Power Co, SAnouws).

15. JdeMOHCTpallMsl TEXHOJIOTMHM O4YMCTKU CEpbI
ISt YIJIEH ¢ BBICOKMM coAepXaHHeM cepbl B Kurae
(T. Yamano, N. Kimura, Electric Power
Development Co, Anonwus).

16. O630p cywecTByOIMX UM OyqyIIMX YHUCTBIX
YrOJILHBIX TeXHONOTMi. Toduka 3peHUS SHEPTOKOM-
nanuit (A. Darthenay, EDF, ®panums).

17. MupoBo¥# COJHEYHBIH CaMMHTHBIA IIpouecc.
ComnHeYHbIH IYTh NPOM3BOJCTBA JIEKTPOSHEPTHH IS
MHpa 1 oKkpyxatolei cpeas (B. Berkovski, UNESCO).

18. ABcTpanniickue NEepCIEeKTUBLI MO PHIHOYHBIM
MHMIMaTHBaM MUiA asuarckux crpaH (R. Mitchell,
J. Clay, Sydney Electricity, Apcrpamms).

19. TeppuTOpUM C HU3KOH IUIOTHOCTBKO HAarpy3KH
B Pa3sBUBAIOIIMUXCA CTpaHaX; CUCTEMBI Mepefady 3JeK-
TPO3HEPTUM OT KOHUECHTPHUPOBAHHBIX IMEeHEPHUPYIOLIMX
MCTOYHUKOB KaK aJbTEpHATUBA MECTHBIM IU3EIbHBIM
anekrpoctaHuuaM (M. Clerici, ABB SIE; L. Paris,
Pisa University, Wramus).

20. BarapeiiHble 2JIEKTpUYECKHME HAKOIUTEIH
JHEPrOKOMIIAaHWI: TEXHOJOTMM IUIA TOMJIEPXKKM YC-
TOMYHMBOro 3Heprermdeckoro Oyaymero (P. Taylor,
P. Butler, CIIA).

Hoxinajbl, NpeAcTaBIcHHbIE Ha YETBEPTOM CECCHH,
OBUIM MOCBAIIEHBI, B OCHOBHOM, BOIIPOCaM pa3BUTHUSA
JIEKTPOHEPTETUKN U NMPHUMEHEHMA pa3iIMIHBIX TeX-
HOJIOTHH B pPa3BHBAIONIMXCA CTpPaHaX M CTpaHax C
MepexofHO 3KOHOMMKOM.

B npoxnage npeacraButeneit EDF  (®panums)
D. Ganiage u P. Dierstein orMedeHO, 4YTO B AOArOCPOY-



8 Hosasn anexkmposuepzemuxa XXI

«DJIEKTPUYECTBO» Ne 2/96

HO# TIepCUEKTHBE UIs1 Pa3BHUBAIOIIUXCA CTPAaH M CTpaH
¢ mepeXxofiHo# 3KoHOMHMKOH AJC, OCHOBaHHBIE Ha Ha-
JEXHBIX TEXHOJIOTHAX, MOTYT MIOMOYb PEIICHUIO IIPO-
OseMbI 3aMeHblI He3(eKTMBHbIX MCTOYHHMKOB IIpH
KOHKYpEHTHOHM IleHe Ha 3JiekTpo3Hepruio. Ilpu wmc-
moib30BaHMM ADJC 3TH CTpaHBI MOIYT IIOJNYYHTh DS
MPEMMYIIECTB, TAKMX KaK 3HepreTwdeckasd He3aBMCH-
MOCTh, MUHMMAJIFHOE 3arpsA3HEHHME OKpY>XXaloLIeH cpe-
IBI, TIOIIEPKKA MECTHOM HPOMBIIUIEHHOCTH. OHAKO
IV 3TOro TpebGyeTcs nmomaepXxKka pa3BuTua AJC Hauu-
OHAIBHBIMM BIACTSIMHU, B YaCTHOCTH, ofeclieueHHe He-
00XOMMMBIX MHBECTHIMA B cTpoUTebeTBO ADC M co-
3[1aHHE COOTBETCTBYIOILLEH 3aKOHOJATeJIbHOM 6a3bl.
MecTHoe HaceJleHUe JOJDKHO COTMIaCUThCS ¢ HEOOXOMu-
MOCTBIO cTpouTeNbeTBa ADC.

I pa3BHUBAIONIUXCA CTpaH BaXHOE 3HAYCHHE
MMEET MCNONb30BaHME PA3/IMYHbiX BO300HOBIAEMBIX
HMCTOYHUKOB 3HepruM. POTO37IeKTpUIECKHE JIEKTPO-
CTAaHIMM MOTYT HaWTH NPUMEHEHUE HAa TEPPUTOPHUAX
¢ MaIoH NNOTHOCTHIO HaceneHusa. CpefHsAsA LeHa
Ha 3TH 3MeKTpocTaHnuu ynana ¢ $10/Bt B 1980 r.
mo $5,5/Bt B 1994 r. Oxupaercs, 4To B IoCje-
nyromue 10 et meHa Ha OTOINEKTPUYECKHE JIEK-
TpocTaHuMK ymager no $3/Brt, uro ofycioBuT mO-
BHILUICHWE KOHKYPEHTHOCTH HMX HNpUMEHEHH.

IMox arupo#t IEA B 1993 r. 3awio4eHo Cco-
ramieHue cpeiy 18 MHRYCTPMAIBbHO Pa3BUTHIX CTPaH
0 KOoOpnwHauuu pabor B 4acTH pa3paboTku U IpH-
MEHEHMSA (DOTOINEKTPUIECKHUX 3MEKTPOCTAHIIHIA.

BeTpoBrie 3MEKTPOCTAHIMM MCIIOIB3YIOTCA B Ha-
cTOsALIEEe BpEMsl B Pa3IMIHBIX CTpaHaX MHUpa. 3Ha4u-
TEJBLHBIA POCT YHC/Ia BETPOBBIX JEKTPOCTAHIUNA MMe-
er MecTo B cTpaHax OECD. K xonmy 1994 r. B 3THX
CTpaHaX OLUIM YCTaHOBJIEHBI BETPOBBIE 3JIEKTPOCTaH-
1 MolfHOCTEIO 3500 MBT, KOTOphIE NPOU3BEIH B
1994 r. 6 mupa. kBT 4 3/eKTpHYECKOM SHEPTHH.

Asctpusi, Kanapa, Haumsa, Ouwnauausa, Iepma-
Hus, Uramuda, Anonus, Tomnangus, Hopaa 3eman-
aus, Hopserusa, Hcmanmsa,llezenmsa, CoequHeHHOE
Koponescrso, CHIA mopmucany coriaiieHue 0 co-
TPYAHMYECTBY B HMCCIEHOBAaHUAX M pa3paboTKe BeT-
poTypOMHHBIX cucTeM. B GymymieM oxXmupaaercs, 4To
K 3TOMy -COIVIalleHHI0 TpUcoeauHATcs [I'penms,
Ilomema, ABcrpanusa. Ilpennmonaraercss, 4To B IO-
cyIenyIolye rofbl MCIONIb30BaHME BETPOBOM SHEPruM
B MHpE CYIIECTBEHHO BO3pacCTeT.

B nmoxnajiax 4erBepToid CecCMM PacCMOTpPEHBI TaK-
>Ke BOIPOCHI CTPATETMM Pa3BHUTHA 3JICKTPOIHEPTETHKH
ITonemm, PyMoinuM, BeHrpuu; koonepanuu CTpaH
CpennzeMHOMOpbsSI B 00JIACTM 3JIEKTPO3SHEPTETHKHA H
TPaHCMOPTa ra3a; MOAepHU3MpYeMBIX B MTanum Tex-
HOJIOTHM# CXWIaHMs YIJIs M rasa Ha TEIUIOBBIX 3JICK-
TPOCTAHLMAX, MO3BOJLSIIOIIMX YMEHBUIMTh 3MHCCHIO
NO,; COBMECTHEIN SAMOHO-KMTAHCKUM IPOEKT MO Je-
MOHCTpAllMM Ha MX 3JIEKTPOCTAHUUAX, MCHOIB3YIO-
II¥X BHICOKOCEPHUCTHIH YTroijib, ABYX BHMJOB TEXHO-
JIOTHIA OYMCTKM cepbl; JaH 0030p CYIIECTBYIOIIMX

M OYIYIIMX YHUCTBIX TEXHOJIOTMHA CXKMIGHHMA YIJeH,
IIOKa3aHBl MX CpaBHUTCIBHBIC IEPCIEKTUBLL U He-
JOCTAaTKHY; pacCMOTpEHA MporpaMMa MeXITYHapoZHOIo
corpyaHudectBa Opranmzanuu O6benuHeHnbix Ha-
umii «The World Solar Summit Process»; Bompocsl
IIpUMEHEHUs OaTrapeHBIX HAKOIWTEJEH >SHEpruy;
BIIO)KEHUSI MHOCTPAHHBIX MHBECTHLMN B 3HEPreTHKY
CTpaH C IIEpEXOAHOM SKOHOMMKOM.

IIpsiMble MHOCTpaHHbIE MHBECTHIUMA B SHEPTETHUKY
ctpadn Boctoynoit Esponsi u CHI' B Hacrosimiee
BpeMsa cOocTaBaAlT 8,5 mupa. momnapos CIIA. Ora
CyMMa O4Y€Hb HE3HAYUTEIbHa M HE OINpaBAbIBACT
MEepBOHAYANbHBIE OXUAAHUS U MMEIOIINECd BO3MOX-
HOCTU OHM3Heca. PaciiMpeHMe WHOCTpaHHBIX WMHBe-
CTUIUHA B SHEPreTUKY 3THX CTpaH OYAET CyIIeCTBEHHO
3aBMCETh OT COCTOSIHMA 3aKOHOJNATEJIbHOM 06a3bl, mo-
JIMTHYECKO# CTaOMIBHOCTH,03/J0POBICHIS SKOHOMH-
KM, Iporpecca B IIpUBAaTH3alHH.

Ha namoii ceccuu 6vuno npedcmasneno. 20 odo-
Krados.

1. CTUMyJIMpOBaHME TMOABIEHUSA 3¢DHEKTUBHEIX
alleKTpr4ecKuXx Ipucnocobnenuit. HeobxoguMocTs u
BBITOABI OTHECEHUs K KaKO#H-IM00 KaTeropMd, HOpM
u peryaupoBanusi (B. Lebot, ADEME, ®panius).

2. O¢ddekTUBHOE MCIOIB30BAHME IIEKTPOIHEPTHM
(E. Tonsing, Framhofer Institut, Tepmanus).

3. PoiHOYHAas MHTerpauysi TEXHOJOTMH BO300HOB-
JIIEMBIX MCTOYHHMKOB 3Hepruu B CoeamHeHHoM Ko-
ponesctse (C. Naish, K.McAnulty, Coenunennoe Ko-
POJIEBCTEBO).

4. HoBas crpaTerusi Ui YIPaBIEHHUS CIPOCOM
HArpy3Kd M phIHOYHBbIE Npeobpa3oBanusa (H. Nilsson,
NUTEC, Ilsenus).

5. TapudHada MonMTHKAa B PYMBIHMM ~— cTpaTeru-
YeCKHE aclEKTHl JUIsA Pa3BUTHA 3JIEKTPOCHaOXKaIOIMX
TexHosoru# (D. Manea u np., RENEL, Pymsiuus).

6. KoHdurypauma u ecTecTBEHHas MOHOIOJMS:
carygahn reHepauuu (E. Pelegry, Union Electric
Fenosa, Wcnanus).

7. KakoBa koHKypeHIMsi B EBpomeickoi 3Jek-
TpocHabxaroumed uHayctpuu? (J. Bouttes, EDF,
R. Leban, CNAM, &pannus).

8. EDF: copeficTBHe MeCTHOMY Ppa3BUTHIO M 3a-
mura oKpyXaromeh cpepsl (F. Parot, G. Veyret,
EDF, ®panuus).

9. Cospmanve HOBO# BeHrepckoil perynupyromiei
6a3bl, OCHOBAaHHOM Ha 3aKOHe 00 3JIEKTPOIHEPTeTHKE
(I. Szabo, G. Szoremyi, Hungarian Energy Office,
Benrpus).

10. Tapudr Ha TOProOBIIO 3EKTPOIHEPTHEH
(C. Van de Water u jp., KEMA, Tomnangus).

11. OTHOWIEHNA MeEXAY HMOCTABIMUKOM 3JIEKTPO-
SHEPIHH M €€ MoJyyaTelieM BO BpeMs Nnepexona PyMeuI-
HMH OT CBEPXLEHTPAJIM30BAHHOM 3KOHOMMKH K phI-
Ho4HO# (1. Conecini, I. Lungu, RENEL, PyMuiHus).

12. BiusAHMe pBIHKA HA HAHMOHAIBHYIO CTPATETHIO
pasBUTHA  3MekTpo3HepreTkun (J. van Deventer,
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A. Kimpton, Escom, IOxHasa Adpuka).

13. PasBuTHMe COBMECTHOIO IIPOM3BOACTBA Teml-
noBo# M anexrpudeckoi sHeprum B Eppone (T. Does,
Cogen Europe, Totanpms).

14. ITporpeccuBHOE BOAO-XMMMYECKOE YIIpABJIIEHHE
Ha snekrpocraHmmax (V. Regis, F. Sigon, ENEL,
Uranus).

15. KoHKypeHTHbIE SHEpreTHYecKue prIHKM — 3¢-
({eKTHBHBIN MYTh A YIYYIIEeHUS OKpYXKalolieH cpe-
mol (D. Swinden, CoenmHeHHoe KopomeBcTBo).

16. AHanu3 TeHJeHIUH B Jubepanuzamum U pe-
rynupoBaHMu EBponeickoro pplHKa HEpProkOMIIaHUM
(D. Thomlinson, Anderson Consulting, CoenuHenHOe
KoponesctBo).

17. HoBble OCHOBBI 1A HOBOW 3pbl. M3MeHeHMA
3aKOHOJATENIbCTBA B SIIOHCKOM 3JIEKTPOIHEpreTHKe
(H. Myoi, MITI, Anonus).

18. TexHONOTUsA HAKOIUIEHMs HEPTHM: MCTOYHUKH
WA pa3fiesieHHBIX 3HeprokommnaHui (J. Hurwitch,
P. Taylor).

19. Bausnue NpUBaTM3allMM Ha HaANPaBICHUA U
Maciitabbl MCCJIEAOBATEIBLCKMX IPpOrpaMM M Ipo-
rpaMM pa3Butus. Hemasuuii onbiT CoeflMHEHHOTO
Koponescrpa (S. Exell, EA Technjlogy, CoenuHeHnHOe
Koponescrgo).

20. BoznelicTBMe KOHKYPEHTHOIO 3JIEKTpOCHabXe-
uus1 B CoequHeHHOM KoporneBcTBe Ha M3MEPHUTENBHOE
obopynoBanue (A. Dick, Electricity Association, Co-
ennHenHoe KoposescTso).

Hoxampl, MpeicTaBJIeHHbIE Ha IATOM ceccuH, ObI-
A4, B OCHOBHOM, IIOCBAIIEHbI BONPOCAM aHAIM3a
3¢(heKTUBHOCTH pa3iMYHBIX CTPYKTYpPHBIX Ipeobpa-
3J0BAHMI U PEryJIMPOBAHUSA B 3JEKTPOIHEPreTHYECKO#k
orpaciii. PaccMoTpeHsr mpoBogMMble EBponeickoit
KoMmuccueit pabGoTel B 4acTH peryrmpoBaHusa (yc-
TAHOBJICHME HOPM, CTaHAApTOB, KaTeropwii), ume-
IOLME UEJNBI0 MOBBICUTh 3¢eKTUBHOCTL KOHEYHOTO
UCHONB30BAHMSL 3JEKTPOIHEPTHH.

IMokazaHbI HEPCIICKTUBBI HCHOJIB30BAHUA BO300-
HOBIIAEMBIX MCTOYHHUKOB 3Hepruu B CoeIMHEHHOM
KoponesctBe. PaccMotpeHbl Borpochl Tapudoobpa-
30BaHUs1, B TOM 4YhcJie cucTeMa Tapudoobpa3oBaHUS
B PyMmbraun.

B pane crateii npoBoauTCs conocrasieHue ¢ dek-
TUBHOCTA MOHOIIOJIBHOM M KOHKYPEHTHOM CTPYKTYp
CHCTEM 3JIeKTpocHabxeHus. PaccMOTpeHBI CyIecTBY-
folasd B BeHrpuM 3akoHOAATENbHAA M PeTryIUpYIOIas
OCHOBa JUIAA 3JIEKTPO3HEPreTU4eCKOM! OTpaciu U pa3BU-
THE CHUCTEM COBMECTHOrO NPOM3BOACTBA TEMJIOBOH M
3NeKTpU4ecKoit sHepruu B EBpore.

B HEKOTOpBIX CTaThAX PACCMOTPEHO BIUSIHUE IPO-
UCHIEAITUX CYLUECTBEHHBIX M3MEHCHUM B CTPYKTYpe
3leKTpo3Heprerndeckoit orpacim CoenmnenHoro Ko-
POJICBCTBA NIOCJIE €€ NTPUBATU3AUMU Ha 3teKTUBHOCTD
IPOM3BOJICTBA 3MEKTPOIHEPTHH, OKPYKAIOIIYIO Cpeqy,
Ha HalpaBJIeHUs ¥ MacIITabbl MCCIIe0BATENbCKHUX pa-
60T, a TaKke Ha UBMEPUTEIbHOE 000pYyAOBaHME,

Ha saxmounTtensHoit ceccuu koHgepenuuu «Hopast
SHepreTuka 21» ObUIM NOABEAECHBI UTOTH ¢ paboThL
Emie pa3 GbUIM NOAYEpPKHYTHI Hambosiee XapaKTepHbIE
YEPTHI COBPEMEHHOTO M OYAYIIEr0o pa3BUTHsA 3JIEKTPO-
SHEPreTUYECKON OTpaciM, B TOM 4YMcie:

YBEJIMYMBAIOMIASICS POJIb HOBBIX 3JIEKTPUYECKUX
TEXHOJIOTMM JJJ1 NOBBIMIEHUA 3¢¢deKTUBHOCTH WMC-
[I0JIb30BAHMA 3HEPTMHM M 3aILMUTBI OKPYXXAKoIIEeH cpe-
JABL

MOBBIIEHHE KOHKYPEHIIMM B 3JIEKTPO3IHEpreTHYe-
CKOM CeKTope;

pacluMpeH#e WHTErpaiii 3SHEProCHUCTEM;

SKOJIOFMYECKHA YUCTHIE TEXHOJOTHMU CXKMTAHHUS HC-
KONIaeMBbIX BUAOB TOIUIMBA.

TlogyepkMBaIoCh, YTO 3ajadei ToCyJapCTBEHHBIX
OpPTaHOB BJIACTHM SBJSIETCS CO3MaHUE IPAaBOBOM M 3a-
KOHOZaTeJIbHOM 6a3bl, koTopas Obl mo3BoiAna obec-
Me4YMBaTh HajleXkHoe, OesomacHoe M 3KOHOMMYHOE
3JIeKTpocHabxeHue noTpebuTtenei.

s cTpaH, HaXOMSIIMUXCA B NEPEXOTHOM IIepHOfE,
BOKHEHIIIMMH 3aJa4aMU SIBJISIIOTCA CO3JlaHME IpaBo-
BOT'O MEXAaHU3MA M peopraHM3alUs rpoMo3fKoro Oro-
pOKpaTHyeckoro anmnaparta. [ToguepkuBaioch, 4To B Ha-
crosiniee BpeMsi B ctpaHax Boctounoit Esponsl u GbiB-
mero CCCP wuzer GecnpeneneHTHas 10 MacmTabam
cMeHa ofHOM oOuiecTBeHHON (hopMauMH Ha JApYIYIO.
OpnHaKo IYTH Nepexofa B pa3siMYHBIX CTpaHaxX B CHIY
pa3IMYHBIX UCTOPUYECKUX U JPYTUX YCIOBMIA pasimd-
Hol. IlogyepkuBaiack HEOOXOAMMOCTH NOMIEPKKU
MPOBOAMMEBIX ped)OpM B CTpaHaX, HaXOUAIIMXCS B Tie-
PEXOIHOM MEpUOJie, U CO3JaHue HEOOXOTUMOMN KOHKY-
peHTHO# cthepbl. DUHAHCOBbIE MHCTUTYTHI MMpPa I'OTO-
Bbl GMHAHCUPOBATh JIEKTPOIHEPIETHYECKUA CEKTOD B
3THUX CTpaHax, OXHAKO JUIA 3TOro HEoOXOAMMO co3la-
HMe MPAaBOBLIX OCHOB JUIA MPUBJICYEHUS WHBECTULMIA.

Ins noBbllIeHUA 3¢ EKTUBHOCTH SIEKTPOIHED-
reTU4EeCKOro CEKTOpa B CTpaHaX HEPEXOQHOTO Neproja
BOXHOE 3HAYEHME WMMEET CO3/laHMe DJEeKTPOTEXHO-
sorudeckoro Ilentpa Bocrok—3aman (EWELTEC),
MHHMI[MATHBA CO3MaHMA KOToporo npuHaiexut 1EA
u nomaepkaHa UNIPEDE. Bo3MOXHOCTE CO3JaHHS
Takoro lleHTpa HEOJHOKpAaTHO NOAYEPKMBalaCh Ha
KOH(epeHIUH.

Cnenyomaa koHdepeHuust «HoBas 3Hepreruka
21» Oyger npoBoguthcA B MoHpeasie 110 NpHIVIa-
menuio Kanazickoit DnekTpudeckoit AccolManuy M
sHeprokomieuuu Hydro-Quebec.

Asemopu: docanzupoe Baadumup Andpeesun
OKOHYUN 371ekmposnepzemuyeckull paxyrsmem Kues-
CK020 hoaumexnu4eckozo uncmumyma 6 1957 2. B
1982 2. 3awumun kandudamckyrlo Juccepmayuio no
60NPOCAM NEPCHEKMUE PA3BUMUA INEKMPOIHEPZEMUKU
8 Hncmumyme 3xoHOMuuveckux uccaedosanutt Janv-
negocmounozo Llenmpa AH CCCP (2. Xabaposck).
Ilpedcecamensy Hcnoanumenvhozo Komumema Onex-
mposnepzemuyeckozo Coeema CHI.



IloBbimenne 3hGeKTHBHOCTH ABTOMATHKH JIMKBHIALMH
ACHHXPOHHOI0. Pe2KHMAa B CJIO0KHOM 3HEProcCHCTEME

KOJIOHCKHI T.B.

Paccmompenvt npunyunbt noeviueHus 3ghghexmus-
HOCMU CUCMeMbl A8MOMaMmu4eckol AuUKeuoayuy acuH-
XpoHHO20 pexwcuma (AJIAP) e 3uepzocucmeme, codep-
Hcauell INEKMPOCMANHLUL, MEXHON0UHECKAR A8MOMAa-
muka Komopbix NOAHOCMbIO pazzpyxcaen 3HeP2006a0-
Ku, eniomv 00 nomepu umu 3NEKMPOCHABHCEHUA COO-
CMBEHHBIX HY¥CO NOCAEe OMKAIOYEHUA NUHELUHbIMU YC-
mpoiicmeamu AJIAP ecex auHull c623U 3NEKMPOCMAH-
yuu ¢ 3HepPzoCUCMEMOl.

KnoueBble cioBa: 3Hepzocucmema, acuh-
XDOHHbLL PEXCUM, A8MOMaAmMuKxa; nosviweHue 3¢ghex-
mugHocmu

N CI0XHOW 3SHEProCHUCTEMBI CO CJIabbIMM U
KECTKUMH CBsA3AMH [1] B [2] paccMoOTpeHBI NpHH-
UMbl OPraHM3alMU CUCTEMBI aBTOMATHUYECKOM JIMK-
BHJAUMHM acCHHXpOHHOro pexuMa (AJIAP) reHepa-
TOPOB 3JIEKTPOCTAHIMA, TEXHOJIOIMYECKasd aBTOMa-
TMKa SHEproGJIOKOB KOTOPBIX IpPM IOBBIIIEHHWH Ya-
CTOTBI MOCJIE OTKIIOUEHUS JIMHEHHBIMH YCTpPOMCT-
BamMu AJIAP Bcex JNHMHHMI CBA3HM, OTXOAAINMX OT
3JIEKTPOCTAHUMH, CHMXKAET MOIHOCTH 3HeprobiiokoB
A0 YPOBHA MOIIHOCTH co6CcTBeHHBIX Hyxx (CH).

Hanuume B cII0KHOM CXeMe CeTH JIeKTPOCTAHIHM
(3 TOM uMcie HekoTopeix THIOB AJC), TexHOJIO-
rudeckas aBTOMAaTHMKa 3HEPro0JIOKOB KOTOPHBIX TIpPH
MOBBIIIEHUH YacTOThl ITOCJIE OTKIIOYEHMSA OT JIH-
HEMHBIX yCTpoicTB AJIAP Bcex JMHMH CBSI3M 2JIeK-
TPOCTAHIMM C 3JHEProCMCTEMOHM NOJTHOCTBIO pa3py-
LiaeT SHeproOioku ¢ mociepywueit morepeit CH,
o0yciioBnmBaeT HEOOXOLMMOCTb MOBBIIIEHHS ek~
THUBHOCTH cucTteMbl AJIAP. B crartbe pacCMOTpeHBI
NPHAHUMIBLL NOBBIIIEHUSA 3¢PEKTUBHOCTH CHCTEMBI
AJIAP Takoit cernm.

Ins pelleHUs MOCTaBIEHHOW 3afladyd Keecoob-
pasHO OOpaTHTh BHMMaHME Ha pa3jIMIHBIA XapakTep
CEYEHM INpH  aCMHXpOHHOM  pexume (AP),
NPOXOAAINMX Yepe3 JIMHUM, COEAMHAIOLIME SJIEKT-
pPOCTaHLMIO C SHEProCMCTEMOM, B pa3JIMYHBIX CXEM-
HO-PESXKHMHBIX YCJIOBUAX. B YacCTHOCTH, CHCTEMHOE
HapyHIEHHE YCTOMYMBOCTH (cHcTeMHBIA AP) 1o cia-
O6bIM CBA3AM, HanpuMep INpU OTKIIOYEHUH JIMHUH,
OTXOMAIUENA OT 3NEKTPOCTAHUMHU, BBLIPAKAECTCA B BBI-
XOofle M3 CHHXpOHM3Ma OfHOW (mepBoii) rpynmsl n
JIEKTPOCTAHLMIA, B COCTaBe KOTOpOM reHeparops! (B
TOM 4YMCJIE FeHEpaTophbl, pacCMaTpMBaeMoOW k-i 3Jiek-
TPOCTAaHUMH, T. € kEn) HaxomATcs Mexxay coboi

The paper considers principles of increasing the
effectiveness of automatic asynchronous condition
clearance (AACC) system in an electric power system,
containing power station with a technological auto-
mation, which fully unloads generating’ units up to
a station auxiliaries power loss after switching-off by
AACC linear devices all the transmission lines, which
connect a power station with an electric power system.

Key words: electric power system, asynchronous
condition clearance automatic system, increasing the
effectiveness

B CHUHXpOHHM3M? OTHOCMTEJILHO BTOPOW TpYIIIbI
m 31eKTPOCTAaHIMIA (reHepaTophl 3TOM IPYIIbI TakXe
HaxXOIATCSI B CUHXpOHM3Me). PaccMoOTpeHHBIE HBe
Tpynnbl TeHepaTopoB 3JIEKTPOCTAaHUMHA n M m pac-
MOJIOKEHBI MO 00€ CTOPOHBI CEYEHUA IIPA CUCTEMHOM
AP ¢ o6mMM 4YHMCIOM JIMHHUM CBA3UM r U B Takoe
cedeHMe BXOJAT TONBKO 4YacTb JIMHHN CBA3M d, OT-
XOIALIMX OT PacCMaTpHUBAEMOM k-# 3JIEeKTPOCTAHIUH
¢ 0o0IMM 4YHCIOM ee JHUHHMI cBA3H [

l—-g=der,

rae g — 4acTh JIMHMM CBSI3HM 3TOM 3JIEKTPOCTaHIMH,
BXOJAIlasl B COCTAaB CBA3CH BHYTPH IIEpBOM IPYNIIBI
37EKTPOCTaHUMHA n (CM. DHCYHOK).

B npyrux €xXeMHO-peXHMHBIX YCIOBHAX IPH OT-
KIIOYEHUH JIMHUA OT 3TOM Xe k-# 37eKTpOCTaHIMH
(ocobeHHO B PEMOHTHOM CcXeMe CeTH) HapyHIEHUe
YCTOMYMBOCTH MOXET HMETh JIOKAJIBHBIA XapaKTep
IO >XECTKHUM CBA3SIM. BBIPAKAIOUIMHCS B BHIXOME M3
CHMHXPOHHM3Ma IeHEepaTOpOB 3TOH 3JIEKTPOCTAHIMH OT-
HOCHMTEILHO Bce SHeprocucreMsl. IIpM TakoM Ha-
PYUIEHMH YCTOMYMBOCTM CEYEHHUE IIPM JIOKATHHOM
AP [npoxXoguT MO BCEM CBA3AM [, COENMHAIOLIUM
3JICKTPOCTAaHLIMIO C 3JHEProCHUCTEMOM, M CKOPOCTh
MpOTEKAaHUA TIEPEXOJHOTO  JEKTPOMEXAHUYECKOTrO
nponecca Gomnpie, 4eM npu cucteMHoM AP Ha cia-
O6p1x cBa3ax [1].

ITosTromy npu cucreMHoM AP fomycTHMO Jenenne
sHeprocucreMbl ot ycrpoctB AJIAP 1o ceyenuio
Ha c1abbIX cBA3AX r ( B TOM 4HuciIe d) ¢ COXpaHEHHEM
B pabore g cBsA3eH 3NEKTPOCTAHUUM C 3SHEPrOCH-
cTeMoil. YKa3aHHOe T03BOJIAET JUIA CcedyeHHs Ha CJia-
ObIX CBA3SX, OTXOJAIMX KaK OT 3JIEKTPOCTaHLINM,

bapunoe Banenmun AnexcanOpoeuu OKoHuun 371eKMpo3Hepzemuyeckuil ghaxkyavmem Mocko8ckozo 3Hep-
zemuneckozo uncmumyma 6 1965 2 B 1981 2 3awumun OQokmopckyro Jduccepmayuio no 6onpocam
MAMEMaAmMu4ecKoz0 MOOeIUPOSAHUA, AHANU3A U YNDABAEHUA DENCUMAMU CROMCHBIX 3IHepzocucmem 6 SHUH
um. I'M. Kprucuxcanosckozo. 3asedyrowuii omdeneHuem nepcnekmus paszsumua nexmpodnepzemuxu Poccuu

OHUH um. I'M. Kpcuxicanoeckozo.
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lepor.ue}max cXeMa CJIOXKHOM ceTH

TaK M OT IOACTAHI[MM, B CJIOXHOH 3HEPrOCHUCTEME
HCNONB30BaTh IPUHLMIIBI BBIABICHUSA CEYEHHA U
TUKBHAAIMH AP ¢ moMouplo JMHEHHBIX YCTPOWMCTB
AJIAP, BpmoNHAKOIIMX ¢GYHKIUIO CHCTEMHBIX YC-
tpoiicte AJIAP B coorBerctBHM c [2]

A JMUKBUMAAUMH JIOKaIbHOro AP 1o >xecTkum
CBA3AM [, KOTOpHIE BCE OTXOHAAT OT 3JIEKTPOCTAHLMH,
HeoGXOAMMO, BO-HIEPBBIX, BBIABMTH, 4TO AP JoKalh-
HBIA, M, BO-BTOpHIX, BBINOJHMUTH YIIpDABJSAMIOLIEE BO3-
meicteue (YB) mnsa nmksupauuM JokaabHoro AP.

JlokansHbIi AP Moxer OBITh BBIABIEH HyTEM
¢opMHUpOBaHUA TOCHENOBATEIBHOM LiENM M3 IOBTO-
pUTeNed BBIXOAOB 1-M CTYIIEHM KaKIOI'0 JIMHEWHOIO
yerpoiictBa AJIAP [2] Ha / JMHMAX ¢ LIyHTHpO-
BAHMEM KaXJOr0 H3 BBIXOJAOB YycTpolictBa AJIAP
BBIXOIOM COOTBETCTBYIOIlETro 6soka ¢HKcauuu or-
wiodennsa MM (POJI), B TomM 4MClae M 1pH
BbiBOflc B peMOHT. Ha BrIXone TakoH IlociiefoBa-
TEIBHOM LENMM, BHIMOIHSIONER GYHKIMH JIOKUIBHOrO
ycrposictea AJIAP, ¢dopmupyroTca YB npu Jiokais-
HoM AP (3]

B paccMarpuBaeMBbIX YCJIOBHSAX CO CTOPOHBI 3JIEK-
TPOCTAaHIMKU 1-A CTyneHb JIMHEHAHOTO YCTPOMCTBa
AJIAP Ha Kaxpod w3 ! JUHMHA AODKHA (PHKCHpPOBATh
pacToJIOKeHHE  IEKTPUMYECKOro LEHTpa KadyaHWH
(1K) npn noxansHoM AP 3nekTpocTaHumu. B Giioke
¢ukcauumu nepBoro nukaa AP B cocraBe ykasaHHOHM
1-it ctynenn (c OJIOKMPOBKOH IO CKOPOCTH H3Me-
HEHHA JIEKTPUUECKHUX BEJIMYMH) BHIJIEp)KKa BpDEMEHHM
t, MOJKHA 6bITh MUHMMAJILHOM, NPEBBILIAIOMIEN AE-~
cTBHe OJIOKMpDOBKM HpH IEPEXOJHOM 3JIEKTpOMar-
HMTHOM Iipoliecce, colpoBoxpamomem K3 [2, 4].

JIuneitnsie ycrporictBa AJIAP co CTOpPOHBI 37€K-
TPOCTAaHIUMM M Ha MPOTHBOMOJOXKHBIX OT 3JIEKTPO-

. CTAHIIMM KOHUAX JIMHUM CBA3M HE [OJDKHBI JIEH-

CTBOBaTh Ha OTKIIOYEHME STHMX JIMHUH IIpH JIOKATb-
HOM AP 3/IeKTpOCTaHUMM, HO JOJDKHBI JIeHCTBOBATh
(na nuHuax d) npu cucremHoM AP. Ilostomy B
61oke ¢ukcaumum mepsoro umxiaa AP B cocrase 1-i
CTYNEHM JIMHEAHBIX YcTpoiicTB AJIAP Ha nporu-
BOTIOJIOKHBIX OT 3JIEKTPOCTAHUMM KOHLAX JIMHUU BbI-
JepXKa BpEMEHH f. OJIOKMPOBKM KOJDKHA pa3pelarhb
cpabaTbiBaHue 1-# CTYNEHM TOJILKO NpH NEPEXOJHOM
3JIEKTPOMEXaHWYIECKOM IIpoliecce, COMPOBOXAAIOIIEM
cucteMHpld AP, u 6bITh Gompme, 4eMm ¢; [3], 4ro
YTOUYHsIeTCS KOHKpPETHbIMM pacderaMu AP. C yyerom
YKa3aHHOTO BBIJIEP>KKA BpEMEHU Af [NOIOIHUTEIHHOTO
3JIeMEHTa BpeMeHM 1-H CTyneHM JMHEHHOIo YCT-
poiictBa AJIAP, neicTByiomero mpu cucreMHom AP
CO CTOPOHBI 3JIEKTPOCTAHIMHM, MOXeT ObITh IpPUHATA
M0 BBIP@WKEHHAM

At=t ~t,.

B03MOXXHO MIEHTMYHOE BBINOJIHEHUE 1-H CTyneHH
JIMHEeHHBIX ycTporcTB AJIAP co CTOpOHBI 3JEKT-
POCTaHLMM M Ha IPOTHMBONOJIOXKHBIX KOHIAX JIMHUM
C KCIONBL30BaHMEM JOMOJHHMTEIBLHOIO 3JIEMEHTA Bpe-
MEHM Af nOpU OAMHAKOBOM BBIICPXKKE BpPEMEHH
t, B Onoke d¢ukcanmm mnepporo umxina AP.

IIpu BO3HUKHOBEHMHM cHcTeMHOro AP or 1-i
CTYNEHM JIMHEHHBIX YcTpocTB AJIAP co cTOpoHHI
3JIEKTPOCTAHIMY HMIM C IPOTHBOIOJIOXHOIO KOHIIA
JIMHUM OYAYT BEINOJMHEHH YB Ha OTKIIOYeHHUE JTHHUHA
d B cocTaBe JIMHUM 7, a B cJjlydae OTKasza 1-#
CTYIIECHM — OT 2-H CTyIleHM C 3aJlaHHBIM YMCIIOM
uuios AP [2]. Jlunum r'=r—d Oynyr Takxe OT-
KIIOYEeHbl OT JIMHEHHBIX YycrpoiicTe AJIAP [2].

IIpu cucremMHoM AP BO3MOXHO JAEHCTBHE JHU-
HeMHBIX (CHCTEMHBIX) ycTpoicTB AJIAP co cTOpOHBI
3JIEKTPOCTAaHIMM He TOJIBKO Ha OTKIIOYEHHE JMHHH
d, HO M OHOBpEMEHHO Ha OTKIIOYeHHEe 4dacth (Of-
HOI'O WJIM HECKOJILKMX) FeHeparopoB (C COXpaHEHMEM
nutanud CH 3Hepro0iokoB 3THX Te€HEpPaTopoB OT
LIMH 3NEKTPOCTAHIMM) [UIS MOBHIIIEHUA YCTOMYM-
BOCTM OCTAaBUIMXCA B paboTe TIeHepaToOpoB 3JIEKT-
POCTAaHUMM [0 COXPAHMBIIMMCA g JIMHMAM CBS3HM
B IEpEXoAHOM IHpolecce AP, 4ro JO/LKHO IOATBEp-
>KHaThcsa pacderaMyu AP. B Takux ycioBusaX BBIAEpXKKa
BpEMEHHM f 4, WIN At; JTMHEHHBIX ycTpoHcTB AJIAP
C IIPOTHUBONOJIOXKHOTO OT 3JIEKTPOCTAHI[MM KOHIIa
KaXJ0M JIMHUM [OJDKHA NpEBBIIIATh BBICPKKY Bpe-
MeHM f, WiM Af JMHEAHBIX ycTpoWcTs AJIAP co
CTOPOHBI 3NEKTPOCTAaHIMM Ha Af, WA CO3[aHMA MpH-
opuTeTa B cpabaThIBaHMM JIMHEHHBIX YCTPOACTB
AJIAP cO CTOpOHBI 3JIEKTPOCTAHLMH:

IIp¥ BO3HHUKHOBEHMH JIOKWIbHOro AP anexrpo-



12 Hosvuuenue sgphexmusrocmu asmomamuxu auKeuoayuu

«JIEKTPUYECTBO» Ne 2/96

CTaHIMM Ha KaXjaod u3 !/ nuHuMi cpabatheiBaer 60K
¢pukcaumm nepeoro nukna AP B coctase 1-# cTyneHu
JMHEeAHOrO ycrpoiicTBa AJIAP ¢ BEiIep>XKo# BpeMeHH
t; M Ha BBIXOJc PacCCMOTPEHHOH BBIlIE IIOCHENO-
BaTeJILHOM LIENHM JIOKAJIbHOro ycrpoicTBa AJIAP, Ko-
Topast (PYHKUMOHMPYET M NIPH OTKIIOYEHUHM MM BBI-
BONIC B PEMOHT 4acTH NMHMH !/ Ginarofapss BBIXONaM
®OJ1, noasuTca curHan miA YB [3], BoimonHenue
KOTOPOr0 BO3MOXHO IO OfHOMY M3 CJIEyIOIIMX Ba-
PHMAaHTOB.

IlepBbiit BapuanT. YIpapisiollee BO3AelcTBUE
BBINOJIHACTC Ha OTKIIOYEHHE BCEX TEeHEpaTOpOB C
coxpaHneHueM nutaHuss CH sHeprobiokoB oOT IWIHH
3JIEKTPOCTAHIMY, NMUTAEMBIX OT SHEPrOCHCTEMEI IIO
JMHUAM [, ¢ TIOCIEeQyIOLUMM BKIIOYEHUEM TeHepa-
TOpoB B paboty nocie nuksupgauuu AP. Insa ymeHb-
LICHUA BEPOATHOCTH JIOXKHOIO OTKIIOYEHMs TIeHepa-
TOpOB ILENb OTKIIOYEHUA KaKAOrO TIeHepaTropa oT
yka3aHHOro YB Moxxer nposepATsca cpabaThIBaHUEM
KOHTPOJILHOTO, HAaIpMMEp TOKOBOrO oOpraHa, (pUK-
CHUPYIOIIET0 NIpHU JIOKATEHOM AP ¢ B3auMHBIM yrjioM
0=~=180° npeBBIIEHNE TOKOM 3TOT0 I'eHepaTopa Max-
CHMQIBLHOTO HArpy304HOTO 3HAYeHWS.

PaccmotpenHast Bo3MoxHocTs nmutanusg CH or
JMHUHA CBA3M MOXeT OBITh MCKIIOYEHAa IpH Ma-
JIOBEPOATHOM: HEIIPaBUJIBHOM CpabaThbIBaHUM peJIeii-
HOM 3allUTHl Ha JOTWIIOYCHHE BCEX JIMHUA [ mpu
JIOKAILHOM AP B 3NEKTPOCTAaHIMM C PACIIONOXEHHEM
Ha Bcex yguHMAX OJLIK, duxcupyeMoro ObicTpopneit-
CTBYIOIUMMH JMCTAHUMOHHBIMM 3allMTaMH JIHHHIA,
Y IIycKe QUCTAaHIMOHHBIX 3alMT OT YCTpO¥cCTB GI0-
KHMPOBKHM IIpM Ka4aHUSX, pearupylollMX Ha BO3HHK-
LIYK0 KPaTKOBPEMEHHYI0O HECMMMETPHIO B CETH, Ha-
npumep K3, K KOTOpOMY YYBCTBUTEJILHBI TakMe 6J10-
kupoBku [5]. ITosToMy HecMoOTpsi Ha Malyl0 Be-
POATHOCTh OTKIIOYEHMS BCEX JUHMIA CBA3H M y4Yu-
ThIBasd THAXEJNbIe IOCJCACTBUS TAKOTO0 OTKIIIOYEHMS,
npuBofsIero k norepe CH, Ha paccMaTpuBaeMBbIX
3NEKTPOCTAaHIMAX HeoOXOIMM pe3epBHBIA He3aBHCH-
MBIA McTOYHMK mnuTaHua CH.

3TOT BAapMAHT MOXeT ObITh MCIIONB30BaH, KOIZa
CXeMa 3JIEKTPOCTAHLIMHU M CXeMa INpWIIEralouieii ceTu
HE IO3BOJIAIOT MCIIOIB30BaTh JpPYrue BapHaHTHI JIMK-
BUJAIMM JOKaJIbHOro AP.

OrMevaercst, YTO pacCMaTpMBAEMOE OTKIIOYEHHE
reHeparopoB (OI') or AJIAP moxer npu HeobXxo-
AMMOCTH BBINIONHATHCA IMYTEM MNpeBAPUTEIBHOrO 3a-
KpbiTMst cTOomOpHbIX KianaHoB (DCK) typOuu 3tHx
reHeparopoB. OxHako npH BuinmosHeHUM YB Ha ICK
¢ BpeMeHeM, OonbiiuM OI, BO3ZHMKAIOT 3aTpyIHEHH
B COTJIaCOBAaHMM BpEMEHM JIEHCTBUA JIOKAIBHBIX U
cUCcTEMHBIX ycTpoMctB AJIAP.

Bropoii BapuanT. B ycioBMsax, Korjga 4acth re-
HEpaTOPOB 3MEKTPOCTAHIIMM IIOAHOM MOIHMHOCTHIO B
MCXOMHOM pexume P, MoxeT OBITH BbIfieJicHa IO
L, nuHusaM Ha c6aTaHCHMPOBAaHHYIO HATPY3Ky WM
3HEeprocucreMy ¢ u30bITOYHOM Harpyskod P,, YB

BBITIIOJIHAECTCA Ha JEJICHHUE 3JIEKTPOCTAaHLMH, T. €. Ha
OTK/IIOYECHHE BBIKIIOYATeNIeH, 00eCIeYUBalONIUX BBI-
AENEHHE YACTH TEHEPATOPOB MOLIHOCTBIO P, 6O CBO-
umu CH, ¥ Ha oTKHOYeHHe ApYroM YacTH reHe-
paTopoB 3JIEKTPOCTAHLMUA MOLLHOCTBIO

PrzPH—Pa

¢ coxpaHeHueM mnuraHmst CH 3Hepro6iokoB 3TMX
TEeHEpaTOpoOB OT BCEX WIM 4YacTH JIMHUNA CBA3MU
f 4epes UIMHBI 3IEKTPOCTA4HHMHM (CM. PHCYHOK):

f=1-1,.

IInA yMeHBIIEHUA BEPOATHOCTH JIOXKHOIO OTKIIIO-
YeHHsl TeHepaTOpOB MOLIHOCTBIO P, LENb OTKIIO-
YeHHUsA KaKAOTO M3 3THX TeHEPaTOpPOB MOXET INpo-
BEpATHCA CpabaThIBAHUEM KOHTPOIBHBIX OpPraHOB IO
AHAJIOTMM C TepBBIM BapuaHTOM. OOWH HIH He-
CKOJIKO TaKUX KOHTPOJBHBIX OpPraHOB MOIYT HcC-
MOJIB30BAThCSA B LENMHM OTKJIIOYEHMSA BBIKIIOUATETIEH,
obecrieynBalOIIMX BBIieJIeHME 4YacTH TIeHEpaTopoB
MOUIHOCTBIO P,

Haubomnee nmpocTto 3TOT BapMaHT peIaeTCsA, eciIu
Harpyska MOLIHOCTbIO P, murtaercss mo JWHMAM L,
TOJIBKO OT 3/eKTpocTaHuuM. [lpu TakoM mnHUTaHMM
Harpy3ku ycrpoiictBa AJIAP ycraHaBnauBaloTcA Ha
JIMHUAX CBA3HM 3JIEKTPOCTAHUMHU C 3HEPrOCHCTEMOM
C PpPacCMOTpEHHBIM B IIEPBOM BapHaHTE (bYHKIHU-
oHupoBaHueM AJIAP B BHAEe NOKAILHBIX M CHUC-
TEMHBIX (JIMHEHHBIX) YCTPOWCTB.

[lpM muTaHMM HArpysku P, ellie II0 APYTMM JIH-
HHMAM CBA3M h (HanpuMmep, ATUHUA h MeXIy y3JaMH
m—2 un P, Ha pHMCYHKe), HE OTXOASUAM OT pac-
CMaTpUBaeMOMN 3JIEKTPOCTAHI[MM, Ha 3THX JIMHHUIX
JIOJDKHBI OBITH NIPEAYCMOTPEHBI ycTpoiicTBa JIAP mc-
XOA M3 TOro, 4YTO JIOKAJIbHBIA AP BO3MOXeEH IIo
ymausaM h u f  (h+f=l]), oTXOmAIIMM OT 3ieK-
TPOCTAHLIMM U padiOHa Harpy3ku P, x sHeprocucreMe.

OcobenHocTH cucteMsl AJIAP 32Kmo4aorcsa B
TOM, 4TO JIOKAIbHOE YCTpocTBO AJIAP Ha 3iek-
TPOCTAHIUM OPTaHM3YeTCA MO AHAIOTMM C IEPBHIM
BapMAaHTOM Ha OCHOBE 1-H CTyHmeHHM C BBIIEPXXKO#
BpeMeHM {; (B Oloke (HMKCAlMM IEPBOr0 HMUKIA
AP) Ha nuumax L, u f ¢ YB mo BTopoMy BapuaHTy.
Ha nuuMax h ¢ KaxJoM M3 CTOpPOH HCIONB3YETCH
ycrpoiicTBo AJIAP ¢ BBIZEpXKOH BpeMeHH {;, U C
JOIIOJIHUTEIBHOMN BBIICPXKKOM BpeMeHn  At=
=t.—t, 1-i cTynenu, GyHKIMOHHMpYIOLEH NpH Jio-
KaIbHOM WiIM cucTeMHOM AP ¢ YB Ha oTkiouyeHHe
JvHUM h. B paccMaTpuBaeMBIX YCJIOBUAX BBIIEpXKKa
BpeMeHM At ycTpoiictBa AJIAP Ha nuHMM h He-
obxomma s Toro, 4ToOBI JIOKalIbHOE YCTPOMCTBO
AJIAP co CTOpPOHBI 3JIEKTPOCTAaHIMH, B TIOCJIENO-
BaTCJILHYIO Lelib NOBTOPHUTENIEH KOTOPOro BXOTUT TMO-
BTOPUTENIb BBIXOAAa ycTpoicTBa AJIAP ¢ BHIIEpPXKKO#A
BpEMEHHU [, Ha NuHMM L, ycnemo cpaborate Npu
moxanbHOM AP fio cpabarbiBaHus ycTpoiicte AJIAP
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Ha Jmauax h. (Ilpm orcyrcTBum Af M IepBOHa-
YajpHOM cpabaTtsiBaHUM ycTpoiicTB AJIAP Ha nuMHMAX
h muHMM L, npeBparATCA B Harpy304HbIE, YCTPOMCTBA
AJIAP Ha iuHMAX L, B pAeWcrBMe He INPHUAYT M
nokanbHoe ycrpoitctBo AJIAP He Oyger paborars.)

IMpn nokanbHoM AP, ¢HKcHUpyeMOM Ha 3JI€K-
TPOCTAaHUHMH JIOKAIbHBIM ycTpoiicTBoM AJIAP c Bpe-
MeHeM (¢, 1-# CcTyneHd, ¥ BHIIOJIHEHMM YB 10
BTOPOMY BapHaHTy (OTKIIOYEHHME TreHeparopoB P. U
BBIfIETICHHUE FeHepaTopoB P, Ha Harpysky P, Io JTMHUM
L,) oTkmoYeHNe JUHUHA A JONONHsAET yKazaHHoe YB
MO CO3MaHMI0 AaBTOHOMHOM CHCTEMBI BBIJEICHHBIX
reHEpaToOpoB M HArpy3KM MONIHOCTBIO P,

IMpn cucremuom AP ot ycrpoiicte AJIAP Ha
JMHUAX h OYAYT OTKIIOYAThCA BCE WIIM 4acTh JIMHMH
h, BXOOAIIMX B cedyeHue AP; Ha NUMHHUAX f C KXo
M3 CTOPOH JIMHHMM JIMHEHHbIe ycTpoiicTBa AJIAP uc-
MOJB3YIOTCA MO aHAJIOTMM C IIEPBLIM BapMAHTOM.

OnHako BbIjieJiEHME MNpH JIOKaIbHOM AP 4Jacru
TeHepaTopOB 3JIEKTPOCTAHIMM Ha cOanaHCHpPOBAaHHYIO
Harpy3Ky MOIIHOCTBIO P, T. €. CO3AaHMe aBTOHOM-~
HOW cucTeMbl P,, CHIDKaeT Hafie)kHOCTh M3-3a OT-
CYTCTBHSI TapaUIeNIbHOW paboThl ¢ OoNbLIOH 3Hep-
rocucTeMoil. B yacTHocTH, NpM HEAOCTATOYHOM c6a-
JaHCMPOBAHHOCTH MOIIHOCTH BBHIICJIEHHBIX TeHepa-
TOPOB M Harpy3KM He MCKIIOYaeTcd I0TepA MOII-
HOCTH BCEH ABTOHOMHOW 3HEPTOCHCTEMEI BMECTE C
. CH renepatopoB P, M3-3a paboTbl TEXHOJIOTMYECKOA
aBTOMATUKU 3Heprobimokos. B Takux yciioBusix je-
(GUUAT aKTMBHOM MOIIHOCTHM IpH JNUKBUAAUmMU AP
cocTaBUT cyMMy P, u P, u Oyaer paBeH AehHIUTY
P, mo mepBoMy BapHMaHTy, HO C JAONOJHUTENbHOH
noteped CH BrIfleSIeHHBIX TeHEpPaTOpPOB.

C y4yeToM H3JIOXKEHHOr0 M IIpM MAJIOBEPOATHOM
BO3MOKHOCTHM OTKJIIOUEHUSI BCEX JIMHMH CBSI3M OT
OBICTPONEACTBYIOITUX NMCTAHIMOHHBIX 3alllUT, pac-
CMOTpEHHOM B HepBOM BapHaHTE, Ha JEKTPOCTAHIUU
Takke HEOOXOAMM pe3epBHBIN HE3aBUCHMBIA MCTOY-
Huk nuranus CH.

Npu P,=0 (P,=P,) BTOpOil BapUaHT BBIPOXAETCA

B mepBblf, a npu P.=0 (P,=P,) BTOpo#i BapMaHT
pemaeTcsi TOABKO 3a CYET BBIACJIEHUS BCEX, IeHe-
PATOPOB 3NEKTPOCTAHIMU Ha cOalaHCMpOBaHHYIO Ha-
rpy3ky P,. Hago oTMeTHTB, YTO NpH HAINYMU B
IHEPrOCHUCTEME BO3MOXKHOCTH BBINIOJIHEHUA YCIOBUSA
P.=0 ympomiaercsa cucreMa AJIAP 3a cyer ucmonb-
30BaHuA ycTpoicTB AJIAP ¢ BbiiepXkoH BpeMEHH
t, 1-# crynenn Ha nuuusax h u f. Ilpu BO3HHMK-
HOBEHMM JIOKANTbHOrO AP OT yka3aHHBIX YCTpDOWMCTB
AJIAP otkmodaroTcsi JUHMUM h U f, co3jgaBas aB-
TOHOMHYI0 3JHEPrOCUCTEMY M3 BCEX TIE€HEpPaTopoB
JMEKTPOCTAHIMU U cOalaHCMPOBaHHOM Harpy3ku
MomHocTeio P,. Ilpn BO3HMKHOBEHMH CHCTEMHOIO
AP Oymer umerp MecTo YB Ha OTIIOYEHHME JIMHMHA
oT ycrpoictB AJIAP Ha 4YacTHM YKa3aHHBIX JIMHHHA
u oT ycTpoictB AJIAP Ha ApyrMx JMHMAX cIaboro
CCYEHMA.

Tpernit Bapuant. B ycmoBusix, korga B cxeMme
3NIEKTPOCTAHIIMM MMEIOTCA BBIKIIOYATENN U1 BbI-
MEJICHUS MOIHOCTH YacTH reHeparopos P,; Ha Conb-
IIYI0 3HEPTOCHUCTEMY IO OAHONW HMIM HECKOJILKMM
JIMHUAM CBA3HM L, ;, pacCMOTpeHHbIH koMIieke AJIAP
MOXeT OBITh JOMOJMHEH Ha TaKuX JIMHHMAX CIelM-
AILHBIM YCTPOACTBOM jfeiieHus (Y]I) (CM. pHCYHOK).
YcrpoiicTBo BhINOQIHAET GYHKIUU 2-W CTYIEHM Ipo-
THBOoaBapuiiHoro ynpasnenwms (I1Y), mnpenorBpalua-
I0ILET0 HapylIeHHe YCTOWYMBOCTH NyTeM JIeleHus,
U ofHoBpeMeHHo ¢yHkuuu AJIAP, Tak Kak pedcTByer
B cly4Yae oTkasa 1-ii crymeHu (ocHoBHoro) IV,
NpeJOTBPAIllAlOIIETO HapyllleHHe YCTOWYMBOCTM IIy-
TEM BBINONHEHMsA YB Ha OrpaHM4YeHNe MOILHOCTH
reHepaTopoe (OI') m Harpysku (OH).

IIpn oTkaze ocHoBHoro ITY B ciyyae, Hampumep,
aBapMHHOI0 OTKIIOYEHMsI JTUHUHU OT OBbICTPOAEHCT-
Bywolleid peneiiHod 3amuTel npu K3 M BO3HUK-
HoBeHMH AP c pacnonoxenuem OLK Ha auHMAX
L,; Ha HaYaIbHOM CTaJM¥M HAapYUIEHUA YCTOMYMBOCTH
Y1 peficTByeT Ha fAeneHue (OTKIIOYEHHE YKa3aHHBIX
BBIKJIIOYATEsIe) ¢ BHIACICHUEM IO JIMHUAM L,; 4acTu
reHepaTopoB co csommu CH Ha OGonbluyio 3Hep-
rocucremy [6, 7]. OyHKIHUIO HavaJIbHON CTajUM Ha-
PYLICHHUS YCTOMYMBOCTM B JeieHMe Y]l BBINONHSET
1(0)%

NPEBHINIEHWH B3aMMHBIM YIJIOM O, 3HaYeHUs
KpUTHYecKoro O, (IpM KOTOpOM [0 JeieHHus Yc-
TOWYMBOCThL 3HEPrOCHCTEMBI HAXOAWTCA Ha TIpaHHu
HapyllleHUs1), HO NpH 3HaYeHWH, PaBHOM WM MeHb-
1IeM 3Ha4eHus O, - <180°, (O,on — MAKCHMMaJILHO
JNONMYCTUMBIN YTOJI, leJIEHWe TPU KOTOpOM emle obec-
MEYMBAET COXpPaHEHUE YCTOMYMBOCTH BBIIEJIEHHBIX Te-
HEpPaToOpOB MOUIHOCTHIO P,; OTHOCHTENBHO GOMbILON
3HeprocucreMs! [8]); , ‘

NPOXOXIEHNH a30BOH TpaekTopUeR  «yroi—
CKONILXKeHMe» O0=f(S) B YCJIOBMAX HapylleHWs Yyc-
TOWYMBOCTU BbIIlle KPUTHYECKOH (rpaHM4YHOH) da-
30Bo# Tpaekropuu 0,=f(s,) [9] (7. e. Y1 dukcupyer
KPUTHUYECKYIO TPaeKTOpHUIO BMECTO KPHMTHYECKOTO Yr-
na).

IMo3TOMY Ha IUIOCKOCTM KOOpHMHAT 6 M § Xa-
pakTepucTuka Y] uMMeeT BMJ BepTUKaIbHOK (ma-
PAUIJIBHOH OCH s) NpM (HMKCAlMM YIVIa [JelicHUS
0,>0, WIM HaKIOHHOW NpsAMOMN NpH (DHKCAlHK YIJia
0, u ckonbxenus s; [9].

Ucnonp3oBaHne HAKIOHHON XapaKTEPUCTHKH C-
¢ukcaumeit yrna J, (pasHOCTH ¢a3) M CKOIbKEHHA
s; B M3BECTHOM ycTpoiictee [10], kotopoe MoXxeT
BBIIOJNHATH GyHKIMM Y], MMeeT npeuMyIIEecTBO Iie-
pell BEPTMKAJILHOW XapaKTepUCTMKO#A ¢ HUKcanuer
TONBKO yria Op, TaK Kak MO3BOJsieT oOecneduTh
¢ momonipio Y]l BbIIeIEHME TEHEPAaTOpOB 3Ha4YM-
TEJIBHOM MOIJHOCTM HE3aBMCHMMO OT MHTEHCHBHOCTH
MEPEXOTHOTO 3JIEKTPOMEXaHUYECKOTO Ipolecca, Co-
HPOBOXAAIONIET0 HapylIeHHe YCTOHYMBOCTH [9]. Yka-
3aHHOe OOBsACHAETCA TeM, YTO HAKIOHHAA Xapak-
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TEPUCTHKA B OTIMYME BEPTUKANBHON COBMAgacT IO
HalpaBNeHNIO (HO OTCTpoeHa IO cpabaThIBaHUIO) C
KPHUTHYeCKOM (rpaHU4YHOM) ¢pa30BOH TpaekTopHeH co-
XpaHeHUs YCTOWYMBOCTH NpU HauOoabpmied mpak-
THYECKN BO3MOXHOM# WMHTEHCUBHOCTH [9]. B wac-
THOCTH, TIDH BBICOKOM MHTEHCHMBHOCTHM IIEPEXOIHOTO
nporecca ¢ 6oMBEIMM s (JIOKaTbHBIA AP 1o XecTkMM
CBA3AM) JEJIEHUE BBINMONHAETCA NMPU HeOGONBIIMX YyT-
nax O;, a NpM HU3KOM MHTEHCHBHOCTH C HeGOMNB-
M s (cucreMHblii AP 1o cinabpIM CBSI3AM) [he-
NIEHWE BBINOJHsIETCsA NpU Goee BBICOKMX YIhax O,
C COXpaHCHUEM YCTOMYMBOCTHU BBHIIEJIEHHBIX TICcHE-
patopoB [9]. B paccMaTpuBaeMBbIX YCIOBMAX IOJ-
HOCTBIO MCIIOJIB3YETCS MPOIMYCKHAsA CIOCOOHOCTH CBSI-
3¢ L,; 10 YCTOAYMBOCTH AO BBLINOJIHEHMA [eJICHUS
M JieyieHue OT Y ]I BBINIOJIHAETCS TOABKO B TOM CJIydae,
KOTia ¢ TOMOIIBI0 HAKIOHHOM XapaKTEpUCTHKHA (PHK-
CHUpYETCAd HEYCTOMYMBOCTH IIEPEXOMHOIO 3JIEKTpOME-
XaHW4ecKoro Inpornecca [9].

BhiesicHHEe IIpM CUCTEMHOM AP 4YacTu reHepa-
TOpPOB JIEKTPOCTAHIIMU HA IPUEMHYIO SHEPrOCUCTEMY
HE SABNAETCA HEAOCTaTKOM paccMaTpUBaeMoOro Ba-
pUaHTa, TaK KaK YMECHBIIaeT HEeWIAT aKTHMBHOM
MOIIHOCTM B MNpPHUEMHOM 3HEPrOCUCTEME II0 CpaB-
HEHWIO ¢ OOBIYHBIM JIEJIEHUEM 3SHEPTOCHCTEMBI OT
JMHEAHBIX ycTpoMcTB AJIAP npu cucremMHoM AP.

ITpu orwirodyeHUH oT Y] BBIKIIOUATENICH JeJIeHUA:

B TOCTEAOBaTEbHOM MENM JIOKAJIBHOTO YCTPOM-
ctBa AJIAP INyHTMDYIOTCA BBIXO[BI ITOBTOPHUTENIEH
JIMHEHHBIX YcTpOMCTB AJIAP, BKIHOYEHHBIX Ha JIMHUH
JI,{, 4TO HeoOXomuMo A (YHKIUOHHUPOBAHUA JIO-
KanbHOro ycrpoicrea AJIAP mnocie pnedctBua Y]
Ha BBIIEJICHHE TeHepaTopoB P,; M IpM pa3BUTHH
JOKaTbHOTO AP oOCTaBIIMXCA TE€HEpPaTOpOB 3JIEKTPO-
CTAHIIUY;

IeicTBUE JMHEWHBIX ycTpodcTB AJIAP Ha or-
KIIOYEHUE NUHMIA JI,; GIOKMpYeTCA M IepeBOTUTCS
Ha OTKIIOYEHHE TIeHeparopoB P_; ¢ coxpaHeHMeM
nuraHus ux CH d4epe3 IIMHBI 3JEKTPOCTAHIUM OT
MMHUA cBA3M JI,;, 4YTO HeobOXomMMo JuUId pe3ep-
BHPOBAHMA CJIy4asdt HEINPaBWIBHOTO «IO3HEr0» Cpa-
OareiBaHMA Y] (mpMm  yrie, INpeBBIMIAIOIIEM
6;1011.)1)’ HE NpeJoTBpAIAIOIIEro BO3HUKIIUK AP, ko-
TOpBIA OyJieT JIMKBUAMPOBAH IYTEM OTKIIOYEHHS Te-
HepaTopoB P,; OT yka3aHHBIX JMHEHHBIX YCTPOMCTB
AJIAP c coxpanenueM nuraHma mx CH or aunuit
J,;.

Ecmu mocne npaBuibHOro JAeicTBUsA Y ¢ BHI-
JeJIEHNEM TeHepaTopoB P,; mnpopoikaerca AP oc-
TaBIIMXCSI B paboTe TIeHepaTOPpOB M HMEET MeCTO
CUCTEMHBIA WJIM JOKWIbHBIK AP, TO IMKBHpanua
takoroc AP npu yrmax 6=180° mnpoussoauTca M-
HEHHBLIMM (CHUCTEMHBIMM) WM JIOKAIBHBIMH YCT-
polictBaMu AJIAP B COOTBETCTBMM € M3JIOKEHHBIM.
B yacTHOCTH, NIpY JOKaIBHOM AP 4YacTh reHepaTOpOB
MoiuHocTelo P, (mpu P =P, —P,) oTkmioyaerca ¢
coxpanenueM nuraHusa ux CH yepes mIMHBEI 37ek-

TPOCTAaHI[UM OT JIMHMH CBA3M MO aHAJIOTHM C MEpPBHIM
BapMAaHTOM. AHAJIOTHUA CO BTOPHIM BapMaHTOM MOXET
MMETh MECTO M[pH cXeMe 3MEKTPOCTAHIMM M IpH-
JIETAIOLIEHA CETH, NO3BOJAIOIEH HE TONBKO BBILEIATH
YaCcTh TEHEPATOPOB MOIMHOCTBIO P,; Ha OGoiblyio
sHeprocucreMy ot Y]I, HO ¥ BBIAEIATH APYTYIO YacTh
reHepaTopoB MOIIHOCTBI0 P, Ha cbajlaHCMpOBaHHYIO
Harpy3Ky ¢ OTKJIIQYEHHEM oOcTaloleca 4YacCTH. re-
HEPATOPOB MOIMHOCTEIO P MpH COXpaHEHMH NHUTaHUA
ux CH or JWHUIA CBA3M dYepe3 IIMHBI 3JIEKTPO-
CTaHLMH. -

IIpu orkaze B peicTBuU Y] BO3HUKIIMA CH-
CTEMHBIH WU JOKaATbHBIA AP ynukBuaupyerca B co-
OTBETCTBHM C HU3JIOKEHHBIM II0 NEPBOMY MJIM BTO-
poOMY BapMaHTY. :

Ha YB tina OI', OH, BbINIOJIHAEMEBIE OCHOBHBIM
ITY, npemoTBpalualOIiMM HapyIIeHHE YCTORYMBOCTH,
HaKIaJbIBalOTCA TpeGoBaHMA 1o obecmeyeHUIO da-
30BBIX TpaekTopuit 6=f(s) wm ymra 6 mnpu co-
XpaHEHUHM YCTOMYMBOCTHM, HE IOCTMTAIOIIMX COOT-
BETCTBEHHO HAKJIOHHOM WJIM BEPTHUKAIBHOM XapakK-
TEPUCTHK JiejieHusa. MM ke HaWIOHHAast WIM BHYT-
PEHHAS XapaKTEPUCTHUKHU [eJICHUA BBIOMpAIOTCSI MO
YCJIIOBMIO OTCTPOMKM OT ha3HbIX TPacKTOpHMil WIH
yriaoB 0 mp¥ YB ¢ MaKCMMaIbHBIMM 3HAaYEHHSIMM
0 M 5, 4TO MCKIIOYaeT HEIpaBWIbHOE AcicTBHE YT
NpU COXPAaHEHUM YCTOWYHMBOCTH Oinaromapsa YB oc-
HoBHoro IIY [8, 9].

B paccMaTpuBaeMoM BapMaHTE BBIIEJICHHA OT Y]]
reHepatopos co csoumMu CH Ha napauiensHyio pa-
60Ty ¢ 6onbIION 3HEPrOCUCTEMOM NpH YIJIE AeICHHUS
180°>9,>d, yMEHbIIAETCsA BEPOATHOCTh OTKIIOYECHHUA
BCEX JIMHMHA CBA3M SMEKTPOCTAHLMK OT GBICTPOHEH-
CTBYIOILEH NVMCTAHIMOHHOM 3aIMTHI NIPH JOKATLHOM
AP. OpHako TaKyl0 BEpPOSATHOCTH IIOJNIHOCTBI) MC-
KIIOYHUTh He YHACTCS U MO3TOMY Ha JIEKTPOCTaHIIUK
TaKKe HeoOXOMMM pe3epBHBIM HMCTOYHHK IHTaHMS
CH.

PaccMOTpeHHbIe BapUaHTHI OPraHU3AIHHA CUCTEMBI
AJIAP mpenHa3zHayeHbI A TUKBUAAuuuU AP Ha 1-M
IMKIE B YCJIOBHUAX, KOrjla KpaTKOBpEMEHHBIA M Tem
Goiee WIMTENBHBIA AP reHepaTOpOB 3JeKTPOCTAHIIMIA
HEJONYCTHM  M3-3a omacHoctv [1]:

MEpUOMYECKMX CHUMKCHUIM HaTpsDKEHUM Ha 1IM-
Hax CH; :

MOBpEXJIeHNsA O0OpYAOBaHUS 3HEProGIIOKOB;

«BTATMBAaHUSI» B ACMHXPOHHBIH pPEXHM COCETHHX
3NEKTPOCTAHIMM; MEPHOANYECKUX CHHXEHUHM Hamps-
KEHHMA Ha IMWHAX COCEAHUX TIOACTAHIMA U 3JIeK-
TPOCTAHIUH,

IIpn orcyrcTBMM Takmx TpeOOBaHHIA BO3MOXHa
JIMKBMJlalluA JIOKAIBHONO WIM cHUcTeMHoro AP 3a
CYeT CEYCHHMA JHHEHHBIX M OiodHbIX [2] ycTpoWcTB
B cocraBe cucteMbl AJIAP ciuenyromum o6pasoM.
BrnoyHsle ycTpolicTBa TeHepaTOpPOB 3JIEKTPOCTAHIUU
JIOJDKHBI OTCTPAaMBaThCcsl OT CHUCTeMHoro AP m Ha-
CTpaMBaThCsl Ha ¢uKkcaluio JoKatbHOro AP u ero
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JMKBHAAIMIO HMcmonb3oBaHmeM OI' cBomx reHepa-
TOpoB (IIEpBHIA BapMaHT) MO MCTEYECHMH YHCIA IUK-
noB AP, MeHsbIlIEro, 4eM Yy 2-¥M CTYIIEHM JIMHEAHBIX
YCTPOWMCTB Ha JIMHWAX, OTXONAILHMX OT 3JIEKTPOCTaH-
uy. YHCI0 IHUKIOB, PUKCUPYEMBIX GJIOYHBIMH yC-
TPOMCTBaMH, MOXeT OBITH paBHBIM OJHOMY — TDEM;
JHHEHHBIMM YCTPOMCTBAMHM — [BYM — YETHIpEM;
1-s CTyIeHb JMHECHHBIX YCTPOMCTB JQJDKHA BBIBO-
JIMThCA M3 JedCTBUS WIM Xe, €CJIM MMeEEeTcA BO3-
MOXHOCTh, OTCTPaMBaTBCA OT JoKaibHoro AP. Cu-
cTeMHBIH AP JIMKBUAMpYeTCst JMHEMHBIMH YCTpOH-
ctBamu AJIAP Ha 4YacTHM JIMHMH, OTXONAIMX OT
3NEKTPOCTAHIMMA, M Ha APYrAX JHMHUAX, BXOMAIIMX
B cedenne AP ¢ BO3MOXHOCTHIO AeHcTBMA 1-# cTy-
nean Ha 1-M nuxie AP.

IIpn paccMOTpEHHOM OpraHM3allid CHCTEMBI
AJIAP GnodHble yCTpOHCTBa MOFYT JEHCTBOBaThH Ha
OTKIIOYEHHE OJHOrO0 TIeHepaTopa TEXHOJIOTMYECKOTo
0JI0Ka 4Yepe3 OMUH—TPH LUKIa AP M Ha OTKIIOYCHHE
BTOPOI'0 TeHEpAaTOpa C IOIOJIHHTENBHOM BBIIECPXKKOM
BpeMEHU 4epe3 HECKONbKo IMKIOB AP. ¥YkazaHHoe
JOHMYCTMMO, €CIM pacyeTaMM OyAeT IOATBEPXIEHO,
YTO HpH JIOKAIBHOM AP mocjie OTKIIOYEHHMA IO Of-
HOMY T€HepaTropy TeXHoJormdeckoro 61oka oT 6104-
HEIX ycrpoiictB AJIAP JLIK cMecTUTCA M3 30HBI
AeicTBUS JIMHEWHBIX ycTpowcTB AJIAP B 30HY re-
Hepatop—TpaHcopMarop. Ilpn 3TOoM coxpassierca
BEPOSITHOCTh PECHHXPOHU3AIMM OCTAaBIIMXCA B pa-
fOoTe «BTOPBIX» TEHEPATOPOB 3JNEKTPOCTAHIMM (ION
JEACTBHEM PErYISATOPOB CKOPOCTM TypOMH) A0 MX
OTKTIOYEHWsT OT OJOYHBIX ycTpocTB AJIAP. AHa-
JIOTMYHBIA ITOPUTM JAEHCTBHM BO3MOXEH OT YC-
TpoiicTBa, omMCcaHHOro B [3].

BeiBoasi. 1. PaccMOTpeHHBIE TpHM BapHUaHTa Op-
TAHM3ALNMH CHCTEMBI aBTOMAaTH4YECKOM JIMKBUAALMH
ACMHXPOHHOTO peXMMa B 1-M InuKie, peain3anus
K&KIOro M3 KOTOPHIX 3aBHCHT OT IVIaBHOM CXEMBI
AMEKTPOCTAHIIMM M TIPWIETAIONIEH K HHUM CETH, Xa-
PaKTEPU3YIOTCA HeOOXOXMMOCTBIO BBHITIOMHEHUA YII-
PABJIAOINMX BO3NEHACTBHA Ha OTKIIOYEHHE Beex (Imep-
Bl BapMaHT) WIM 4YacTH TeHepaTOpoB 3JIEKTPO-
CTaHIMM C COXpPAaHCHMEM NHUTaHMs MX COOCTBEHHBIX
HYXJ OT JIJMHHUHA CBA3M 4Yepe3 HIMHBI 3JICKTPOCTAHIMH
B COYECTAaHMM B MOCJICNHEM CIIy4ae C AEIEHHMEM 3JIeK-
TPOCTAHUMM M BBIJIEJIEHMEM JpYroM 4YacTH TeHepa-
TOPOB Ha COAIaHCMPOBAaHHYIO Harpys3ky (BTOpo# Ba-

puant) win (M) Ha NapaUlenbHylo pabory c 3Hep-
rocucteMol (Tpermii BapuaHT). Beigenenue Bcex re-
HEpaTOpOB 23JIEKTPOCTAaHIMM Ha cOamaHCHMPOBaHHYIO
Harpy3Ky ¢ INOMOIUBIO CPaBHMTEJIBLHO IPOCTOM CH-
creMbl AJIAP BO3MOXHO TOJIBKO IpM COOTBETCT-
BYIOLIIEH CXEME CETH.

2. PaccMOTpeHHBIH BapMaHT OpraHM3aOUH CH-
creMbl AJIAP ¢ 4YMCIOM IMKIIOB, GOJNBIIMM, 4YeM
OfIMH, MOXeT WCIONbL30BaThCA B YCJIOBHAX, KOraa
Takod AP sABmdercd RONMYCTHMBIM JUI 3JIEKTPOCTaH-
IMM H SHEPTOCHUCTEMBL
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Aemop: Konouckuii Teodop Benuamurnosuu
OKOHUUL 3NeKmpo3Hepzemudeckull cpaxyavmem Ho-
B04EPKGCCKOZ0 NOAUMEXHUHECKOZ0 UHCMumyma 6
1958 2. B 1994 2 3awumun OokmopcKylo Ouc-
cepmayuio no meme «CoBeEPUIEHCMBOBAHUE NPOMU-
6046aAPUIHOZ0 YNPABNEHUA CAONCHOU IHEPZOCUCIEMbLY
8 Hucmumyme anexkmpoounamuxu (2. Kues). I'nagnui
UHICEHEP NO NPOEKMUPOSAHUI0 NPOMUBOABAPUIHO20
ynpaenenus 3nepzocucmem Kueeckozo @uauara um-
cmumyma «YKp3Hepzocembnpoexmy.




ConocTaBUTEILHBIH aHAIH3 YCJIOBHH pPadOTHI
ACHHXPOHHBIX H CHHXPOHHBIX BeETPOIIEKTPHYECKHX

I'CHEPATOPOB B
PATO3HUH AA.,

Paccuumpigaromea wacmomHvie U CREKMPAnbHble
PeNCUMMbLE XapAKMEPUCMUKY, HA OCHOBE KOMOPbLX ONn-
DECENAIOMCA 6bI36AHHbLE NYALCAUUAMU CKOpOCMU 8em-
pa cpeOHek8aopamu4Hble OMKAOHEHUR OCHOBHbIX pe-
HCUMHBIX hAPAMEMPO8 ACUHXPOHHO20 8eMPO3NEKMPU-
Yeckozo zeHepamopa npu €zo napasienyHou pabome
C cemwvio; UCCAEOYIOMCA B03MYUEHHbIE BPEMEHHbLE De-
AKYULL DEXCUMHBIX NADAMEMPOE 2eHEPAMOPA HaA KOH-
KpemHbie peanusayuu ckopocmu eempa. Ocoboe mecmo
yOensemca 80npocy 6AUAHUA HA NOGeOeHUE ACUHXPOH-
HO20 8eMPO3NIEKMPUHECKOZ0 2€HEPAMOPA Pezyauposa-
Hus Momenma sempokoaeca. Jaemcsa conocmasuments-
Hbill QHANU3 DE3YAbMAMOE PACHEMHbIX U HAMYPHbLX
UCCNeO08AHUI NAPAANEALHOU pabombL C Cembl0 ACUH-
XDOHHOZO U CUHXPOHHOZO 6€MPOINEKMPUHECKOZ0 2Ze-
Hepamopa 6 YCAOSBUAX hOpbEUCMO20 6empa.

KniogeBbie CHOBA: CUHXPOHHBIL U QCUH-
XPOHHbLI 6EMPOINEKMPUHECKUIL 2EHEPAMOD, PEXCUM Pa-
b60mbi, peXCUMHbBLE napamempbl, pacem

B psane oTe4eCTBEHHBLIX M 3apyOeXHBIX NyGmu-
Kauu#, KacaloUIMXcA BOHPOCOB BRIGOpa TOTO WU
MHOTO TWIIa TeHepaTropa CHCTEMHBIX BeTpOHEpre-
TUYECKMX ycTaHOBOK (BJY), mpenHasHadyeHHbIX Jyis
HapaeJIbHOH paboThl ¢ HEProcUCTeMoOM, Mpennoy-
TEHHE B OCHOBHOM OTAAaeTcsl acCHHXPOHHBIM TeHe-
paropoM. OTMe4YaeTc HMX MEHBIIAasd CTOMMOCTH IO
CPaBHEHUIO C CHMHXPOHHBIMH, GOJIbIllast HAaIEXKHOCTH,
POCTOTa BBOJa Ha IAapaJUIEJIbHYIO paboTy M T. 1.

B [1] ¢ moMoOIIbIO YHCIEHHOTO MOJETHPOBaHHMS
Ha TI9BM BrImonHsuioch pacyerHoe HMCCIENOBaHME
PEXMMOB paboThl CMHXPOHHBIX BETPOIIEKTPHYECKHMX
FEHEepAaToOpOB INapaVIENIbHO C CETHIO NPH Pa3IUYHBIX
KOHKPETHBIX DEANW3aUMAX ITOPHIBUCTOrO BETpa, 3a-
PErMCTpUpOBaHHEIX Ha Mobepexxbe BapeHieBa Mops
(setpononuror Komeckoro Haydnoro uenrtpa PAH).
BEUIO YCTaHOBJIEHO, YTO NpPH HYNBCAUAX CKOPOCTH
BeTpa MOTYT MMETh MECTO 3Ha4MTeJIbHbIE KoneGaHus
PEXMMHBIX IIapaMETPOB IE€HEPaTOPOB, HECMOTpA Ha
MCIIOJIb30BaHME pANAa MEPOHPHMSTUA II0 HMX CHIKe-
HHUIO. PesynbTaThl pacyeTHBIX HCCENOBaHMMA MO~
TBEPX/EHB! MaHHBIMM HaTypHBIX HMCHBITaHW [1].

B crathe mpHBeleHBl pe3yNbTaTHl MCCIIEAOBAaHHH
PEXXMMOB paboThI aCHHXPOHHOI'O BETPO3JIEKTPHYECKO-
ro reHepaTopa IIPH pa3jIMYHbIX BETPOBHIX YCIOBMAX:
CIEKTpa/ibHbIE XapAaKTEPUCTUKMA PEXKMMHBIX HapaMeT-
pOB, pacdeT BpeMEHHBIX peaKUMi NMOCJIeHUX Ha KOH-
KpETHbIE peaIM3allMid CKOPOCTH BeTpa M CpaBHEHHME
C aHWIOrMYHBIMH JAHHBIMH, NOIYYCHHBIMH JUIA CHH-
XPOHHBIX BETPOJIEKTPHYECKUX TIeHEepaTOpOB; aHAIN3
3¢ PEKTUBHOCTH MEpONPUATHH, HaNpaBICHHBIX Ha

SHEProCUCTEME -

IMMHETHH AJL

~

The paper presents results of calculating the spectrum
and frequency response modes of a wind power
asynchronous generator operating in parallel with a
network. Based on these data the standard deviations
of the main regime parameters due to the wind speed
pulsations are evaluated. The time responses of wind
power generator main regime parameters because of
wind speed time dependences are investigated. A
particular attention is given to the question of the
influence of the wind wheel moment control on the
behavior of asynchronous wind power generator. A
comparative analysis of calculation results and results
of field tests of asynchronous and synchronous wind
power generators operating in parallel with a network
under gusty wind are presented.

Key words: wind power asynchronous and
syncronous generator, operating conditions, regime
parameters, calculation

CHIDKEHHME IyIbCAallU¥ PEeXMMHBIX IapaMETPOB. 0CO-
60c BHMMaHHE YIEJICHO aHAIN3Y BJIMSAHUA PETYIH-
pOBaHMA MOMCHTa BeTpokoJieca Ha moBefeHue B3IY.
Pe3ynbTaThl pacdeTHBIX HMCCIIENOBAHMIA CONOCTABISI-
I0TCA C JaHHBIMM HAaTypHBIX HCIBITaHHUM.

PacyeTHasa cxeMa cofiepXXala aCHHXPOHHBIA BeT-
PO3JICKTPUYECKMH TreHepaTop, paboraroumid dYepes
BHEINHIOIO CETh C CONPOTHMBICHHEM X, Ha MOLIHYIO
sHeprocucreMy. IIpM MaTemMaTH4YeCKOM MOHEIHMpPO-
BaHMM aCHHXpPOHHOIO TeHepaTopa M BHELIHEH CeTH
HE YYMTBIBAIMCH IICpEXOAHBIE NPOIECCH! B CTATOPHOM
LEnY, POTOp IPENCTaBIsACA ONHMM B KaXKJIOM OCH
KOHTYPOM € 3KBHMBaJIEHTHBIMM IapaMeTpamMH. Yuc-
JICHHOE MOJEJINDOBaHME MOMEHTAa BETPOKOJeca Mpo-
HM3BOAMJIOCH B COOTBETCTBHM C a3pOAMHAMHYECKAMH
XapaKTEepUCTHKaMH Ui npodund  Jomacreit
NACA 230 [1]. MopesimpoBaHHe KOHKPETHBIX pe-
ATH3alMA CKOPOCTH BETpa OCYIIECTBISIIOCH IO Me-
TOAMKE, M3T0XEHHOA B [1, 2]. [Ipn pacyerax crek-
TPaJbHLIX XapaKTEPHCTUK DEXKUMHBIX I1apaMeETPOB
CHEKTp CKOpPOCTH BeTpa S (w) 3amaBajicd B COOT-
BETCTBMM ¢ BbIpakeHMeM [1, 3]:

2 2

S@ = a3 (22, M

rae @ — MNOCTOsAHHas, paBHasd 1,5 Uisi mpoaONABHOM
(u) cocraBnsAomei ckopocTu Berpa; u (T) — cpenHsA
CKOpOCTh BETpa; £ — MOUCCHMIANMA TypOYJIEHTHOH
SHEPIrHM; W, — YIJIOBag 4YacToTa NynbCcallMi CKoO-
pOCTH BETpa.

B uncxomHOM pexuMe cpenHsAs CKOPOCTbh Berpa
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foJlarajlacb paBHOM pacyeTHOM u(T)=up=1O M/c;
yronm pa3BOpOTa JOIACTeM ¢g=2°, aKTHBHasd MOII-
HocTh P=P,,. [lapaMeTphl CXEMBI 3aMEIEHUS aCHMH-
XpPOHHOIO TEHEpaTopa COOTBETCTBOBAIM TaKOBLIMH
Vi1 THIIOBOTO AaCMHXPOHHOTO ABMraTeJid M COCTaB-
NAAM:  CONPOTHMBJIEHME HAMarHWYMBAIOHIEH BETBM
x,=5,5, NHAYKTUBHOE CONPOTHUBIICHHE 0OMOTOK CTa-
Topa x=5,59 # poTopa X,;=X.,=5,64; NOCTOAHHbLIC
pemeHH oOMoTKM potopa T,4,=T,,=0,8 ¢; KpaTHOCTh
nyckosoro Momenra M, /M, . =1,2; KpaTHOCTh MaK-
cMMalibHOTO MomeHTa M, /M, . = 1,8; KpuTHYeckoe
CKOJILXEHHE skp=0,1; WHEPUMOHHAs MOCTOsIHHAdA ar-
perata ¢ yderomM Berpokoneca T;,=20 ¢ [1]. Co-
npoTHBJieHue Xxp,=0,12, T. e. pacCCMATPUBWINCH pe-
aTbHBIE, KaK MPaBWIO, AOCTATOYHO >KECTKHE YCJIOBHA
npucoeHennss BDY k MoiiHOM ceTH.

To MeTomMKe, M3JIOKEHHOH B [1], KOJIMYECTBEHHO
OLEHMM BHa4YaJle BEPOATHOCTHbIE XapaKTEPHCTHKH
(cneKTpabHYIO IUIOTHOCTh M CPEJRHEKBaJpaTHYECKOE
OTKIOHEHUE) PEXUMHBIX TTAPAMETPOB ACHMHXPOHHOTO
BETPO3JIEKTPUYECKOT0 TeHepaTopa, II03BONAIOHIME B
Haubonee o6oOuIeHHOM ¢opMe OTpa3HUTh TIOBEJCHHE
TeHEepaTopa B PpPEIbHBIX BETPOBBIX YCJIOBHAX.

Ha puc. 1 npuBOAATCA peXHUMHbIE YaCTOTHBIE
XapaKTEPUCTHUKMA ACHHXPOHHOTO M CHMHXPOHHOIO Te-

Heparopa TIIpM TapMOHMYECKOM C  aMIUIMTYAOH
up=0,1u, (u, — pacyeTHass CKOpPOCTb BeTpa) M3-
MEHEHMM CKOpPOCTHM BETpa; Ha pHUC. 2 — COOTBET-

CTBYIOLME MM CIEKTpaJIbHbIE XapaKTEPUCTMKU. AHa-
M3 KpMBBIX puC. 1 mOKasbiBaeT, 4YTO ISl 4CHH-
XPOHHOIO BETPO3EKTPUYECKOTO T'eHepaTopa aMIUIU-
TY/Ibl YaCTOTHBIX XapaKTepUCTHK |AM,| (xpuBbie I—
3) pacnonoXeHbI CYIIECTBEHHO F'HDKe, Y€M JUI CHH-

1,0

|

fw,paift

Puc. 1. YacToTHble XapaKTEpUCTHKH OTKIOHGHHA OT MCXOQHOTO
3HaYeHUs! 3IEKTPOMArHUTHOTO MOMeHTa |AM,| acMHXpoHHOro
(I, 2, 3, 6) u cuuxpoHHoro (4, 5) reHeparopa: I, 2, 3 —
st=0,05; 0,1, 0,2 COOTBETCTBEHHO, PpEryIMpoBaHUE MOMEHTa
BETPOKOJIECA OTCYTCTBYeT (p=const); 4 — HaNpsXXeHHe BO3-
6yXaeHUsi CHHXPOHHOrO TreHeparopa M yron (p) pasBopoTa Jo-
nacTeil BeTpPOKoJieca HEU3MEHHBl; 5 — PeryJiMpoBaHMe BO3-
6yXneHMs CHHXPOHHOrO T€HEpaTopa MO CTAGMIMSHPYIOLIMM Ma-
paMeTpaM; ¢ =const; 6 — peryIMpoBaHHe MOMEHTa BeTpoKojeca
N0  OTKJOHEHHIO 3JIEKTPUYECKOH MOUIHOCTH (kAP=20

rpaj./oTH. en.)

pabomsi 2eHepamopos 17
0,46]
a1
g
~0,32
n % §
E‘ 0,81\~
£ § . 4 -
« 7 =—— /—fﬂa_
g 2 4 6 Sw,padfc

Puc. 2. CnexkrpalbHble XapaKTEPUCTMKM OTKIOHEHHMA OT HMC-
XOIHOTO 3HA4YEHMs 9JIEKTPOMAarHUTHOIO MOMEHTAa ACHHXPOHHOIO
W CHHXPOHHOro TreHepatopa

XPOHHOTO TeHepaTopa (KpuBast 4) C ONTMMAJIbHbIMH
napaMerpaMu jAeMiidepHbIX 0GMOTOK, OTBEYaIOUIMMHU
MaKCMMYMY €CTECTBEHHOTO JAeMIiepHOro MOMEHTa
Ha 4YaCTOTE €ro COOCTBEHHBIX 3JIEKTPOMEXAHHMYECKUX
KosicOaHMi (MOApOOHBIA aHAIM3 PEXUMOB pPaboThI
CHHXPOHHOTO BETPO2JIEKTPUYECKOTC TIeHeparopa C
CeThi0 IIPM MOPBIBUCTOM BeTpe Han B [1]). AHa-
JIOTMYHLIA BHJL MMEJM M TOKOBBIE YaCTOTHBIE Xa-
pakrepuctuku | Alf.

11 acMHXpPOHHOIO FeHepaTopa aMIUIMTYJHO-4a-
CTOTHBIE XapaKTEPUCTUKU PEXHMHBIX IapaMeTpoB
MOHOTOHHO YOBIBaIOT C POCTOM YaCTOTHI M HE UMEIOT
B OTJIMYHE OT aHAIOTMYHBLIX XapaKTEPUCTHUK JUIA CHH-
XPOHHOTO BETPO3JICKTPUYECKOI0 TeHeparopa 3Kcrpe-
MyMa. CKopocTh yOBIBaHMS KPMBBIX 3aBHCHUT OT KpH-
TUYECKOTO CKOJIBXEHUSA Sxp M C POCTOM IOCIIENHETO
Bo3pacTtaer. Hanmpumep, miA 4acTOTel BO3MYyIaioUIei
cuiIbl 4 pan/c aMIDIMTYAbI |AM, | Ui aCMHXPOHHOTO
reHepaTopa ¢ KpUTHMYECKMMHM cKoiabxeHHsaMu 0,05;
0,1; 0,2 cocraswiu 0,13; 0,07, 0,04 coOoTBETCTBEHHO
(xpusbie I, 2, 3, puc. 1). 310 BHOJHE comIacyeTcs
c naHHbIMM Tabn. 1, B Koropoi mnpHBopATcA cOO-
CTBEHHBbIE 3Ha4YeHMA (C.3.) MaTpuupl K03 GUIUEHTOB
YpaBHEHUH MaJIBIX BO3MYILEHUH aCMHXPOHHOIO BeT-
pPO3JEKTPUYECKOTO TeHeparopa IIpH  pa3iM4YHBIX
Sxyp M T; (BewiecrBeHHad d4acTh c3. [1/c] xXapak-
TEpHU3yeT 3aTyxaHHWe, a MHHMass 4YacTh — 4YacTOTy
[pam/c] cBoGopgHOM cOCTaBAAIOHIEH [BYDKEHHH).

Tabnuya 1
Huep- Co6GcTBEeHHbIE 3HAaYeHUs
LIMOH- MaTpMIbl KO3(hPUIIMEHTOB dusnyeckas
Has MHTEpIIpeTanus
nocTo- TpU Syp, OTH. €fI. COGCTBEHHBIX
sIHHas 3Ha4YCHHI
Ty ¢ 0,05 0,10 0,20
-12,6+j6,21-30,2+j9,0{-62,2+j19,0 | nekTrpoMaruur-
Hasf COCTaRJAIO-
’ uiag (AMOC)

10 -6,1 -2,4 -1,1 3nekTpoMexaHu-
Yeckas coCTaBjA-
o111as  BUXKe-
Hus (OMxCI)

20 -14,4+55,41-31,3+j9,81-62,5+j18,8 3MC

-2,6 -1,16 -0,57 IMxCII

40 -15,1+55,0|-31,1+j9,5|-62,6+j18,7 IMC

-1,2 -0,57 -0,28 IMxCIL
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Ecin npeHebpeds BIMSHMEM MEPEXOAHBIX IIpO-
LHECCOB B IEMSAX POTOpa ACMHXPOHHOI'O TIeHepaTopa
(B Tabn. 1 3T mpomecchl oOToOpaXaeT KOMIUIEK-
CHO-COMpsDXEHHAdA Mapa KOpHe#, MMewlliasd 3Ha4M-
TeJIBHYIO 110 MOMYJIIO BEellleCTBEHHYIO YacTh), TO ypaB-
HEHME JIBIKEHMS pOTOpa MOXHO IIPMBECTH K clle-
AYIOIEMY YIPOIIEHHOMY BH[IY:

TypAs = AM, — kAs, (2)

— KpYTM3Ha aCMHXPDOHHOM Xapak-
§=5, .
TepUCTMKH M,=f(s) TeHepaTopa B TOYKe s=5; MC-
XOIHOTO peXUMa.

O4eBUAHO, YTO MPHU CASIAHHOM JONYIIEHUM Be-
LIECTBEHHBIA KOpeHb Tabl. 1 HaxomMTCA M3 Xapak-
TEPUCTUYECKOTO YpaBHEHHUA

T]p+k=0

M.
rae s

3)
U paBeH p= —%.
J

IMepexona B BBIpaXeHMH (2) B YacCTOTHYH 00-
JacTh, MOXHO 3alncaTh

. ) AM,

AMe =kAs = W (4)

M3 ananusa mnociieflHETO ACHO, 4YTO YeM BBIIIE

Sxp (MEHbILIE KPYyTH3HA aCHMHXPOHHOW XapaKTepUCTH-
KH), TeM OoJnblie CKOpOCTh YOBIBaHMsSI |AM,|.

B cmexrpanbHBIX XapaKTepUCTHKaX SME (puc. 2)

HaubOIbIINHA YAENHHBIA BeC MMEIOT Maible YaCTOTHI,
BEI3BaHHBIEC IIpeob/IafiaHMEM WX B CIEKTpE CKOPOCTH
BeTpa [1, 2]. IIpy 3TOM, Kak M CIIEIOBAIO OXHJIATh,
CNEKTPAbHBIE XapaKTEPUCTMKH ACHMHXPOHHOTO BET-
PO3JIEKTPUYECKOTO reHeparopa (KpuBble 1, 2, 3) 3a-
TYXalOT, He HMes 3KCTpEMyMa, B OTJIMYME OT Xa-
PaKTEPUCTHK A CMHXPOHHOrO reHepartopa (KpHMBEIE
4, ).

B Tabn. 2, 3 npuUBOAATCA pacCYMTaHHBIE IO KpH-
BBIM pMC. 2 C Y4eTOM CIeKTpa CKOpPOCTH BETpa,
3aaBaeMoro ¢ ¢opme (1), cpefiHEKBaipaTUIHbIE OT-
KIOHEHHs 3JIEKTPOMArHUTHOTO MOMENTA Oy M TOKa
CTaTopa O; ACMHXPOHHOTO ¥ CHHXPDOHHOTO BETPO-
3JIEKTPUYEKOT0 reHepaTopa (OTH. ef.; 3a 0a3uCHbie
BEJIMYMHBl TPUHATHI HOMMHAJBHBIC 3HAYEHHS CO-
OTBETCTBYIOLUMX IepPEMEHHBIX).

Tabnuya 2
CpenneksagpaTuy-
Hble OTKJIOHEHUs
Kpuruiec- | pexumupix napa-
BML[ perympoBaHus KO€ CKOJIb- METPOB aCHHXPOH-
BETPOKOJIECA XKEHHME Syn, | HOro reHeparopa
OTH. efi.
oM o' or,
OTH. €ll. | OTH. el
0,05 0,32 0,33
OTcyTCTBME PEryJIMpOBaHUs 0.1 0.27 03
MOMEHTa BeTpOKoJieca 02 0.23 025
PerynupoBaHue MOMeHTa
BETpPoOKoJleca 10 CHUrHajay 0,1 0,11 0,12
AP (kpap=20 rpapn./oTH. en).
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Tabnuya 3
CpenHexsapaTH4HbIe
OTKJIOHCHUA PEXUM-
HBIX NapaMeTpoB
"Cnioco6 peryanpoBaHusa B3Y a(l:j;g)égg;{::;o
OM s Jar.
oTH. €n. | ortu. en.
Hanpsaxenne posbyxnenus Ur ree-
paTopa M Yroj ¢ pasBOpOTa JIONAacTeil 0.56 0.48
BETPOKoOJIeca IOCTOSTHHbIE ’ ’
(AUp=0; Ap=0)
PerynmupoBaHue BO3OYXIEHHUsI reHepa-
Topa mo CTabWIM3MPYIOILUMM fapameT- 0,51 0,47
pam, Ap=0
Perynuposanmne Bo3GyXAcHUA reHepa-
TOpa Mo CTaGHWIM3MPYIOLLUM IlapamMeT-
paM; peryJMpoBaHME€ MOMEHTa BETPO- 0,42 0.24
KoJleca MO CHrHAY
AP (kpop=20 rpaj./oTH. efi.)

B3auMoCBA3E MEX[Y TapMOHHMYECKMM HW3MeHe-
HUEM CKOPOCTH BETpa M M3MEHEHHMEM MOMEHTa BET-
pOKoJIECa TIPM PaCYETHOM CKOPOCTH BETPA U;, COIVIACHO
[1] umeer BUR

AM, = A&z, ¢)3uluy, (%)

R2
rneA=%B, R — panuyc BeTpokojeca; p — MaccoBas

INIOTHOCTh BO3JlyXa; €2 — KpyroBas 4YacToTa Bpa-
IIeHNA BeTpokoiieca; & (Z,¢) — KoahPUIMEHT HC-
IONb30BAHUA JHEPTMM BETpa, Z — YHUCIO MOJYJieit
OBICTPOXOTHOCTM BETPOKOJIECA; @ — YIroJ pa3BopoTa
jionacred; u, — aMIUIMTyJa OYIbCAUMA CKOpPOCTH
BETpA.

Ilpn 3TOM cpeiHEKBaApaTUYHOE OTKJIOHEHHE MO-
MEHTa BETPOKOJIECA OIPEAENISIETCA BBIpOKEHUEM

(6)

TIe 0, — CpeAHEeKBaJpaTMYHOE OTKIIOHEHHE CKOPOCTH
BeTpa.

IMpun 3aganum cnexrpa BeTpa B ¢opme (1)
u=up,=10 ™M/c 0, cocramsger 2,2 M/c M cooT-
BETCTBEHHO 0O), =0,53 oTH. en.

Taxnm 06p§30M, M3 aHain3a MNaHHBIX Tabm. 2
M 3 BHUHO, YTO CPENHEKBA[PaTHYHOE OTKJIOHEHHE
3JIEKTPOMAarHUTHOT0O MOMEHTA 4CHHXPOHHOIO TeHe-
paTopa HOYTH B Z pa3a HUXe CPEIHEKBAAPATHIHOLO
OTKIOHEHMs] MOMEHTa BeTpokoneca. JIJI1 CHHXpOH-
HOrO TeHepaTopa, KakK cJeAyeT M3 JaHHBIX Tabn. 3,
BEJIMMHA Oy UPAKTHYECKU PaBHa oM, Cpennexsaj-
paTMYHOE OTKIOHEHME TOKa O; AJI1 acCHHXPOHHOIO
reHeparopa Takke 3aMeTHO MEHbBINE MO CPAaBHEHUK)
C CHHXPOHHBIM.

Kak yxe orMe4asioch paHee, B CIIEKTPE PEXKMMHBIX
[MapaMeTPOB aCMHXPOHHOrO BETPO3JIEKTPUYECKOTO Tre-
HepaTopa OOJBINON YAEJNBHBIA BeC MMEIOT HU3KHE
YacTOTHL. B 3TOM CBS3M OLEHMM BO3MOXKHOCThH CHH-

GMB = £(z, <p)3upou,
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XeHUsI CpeJHEKBalpaTUYHEBIX OTKIOHEHUH PEeKMMHBIX
[IApAMETPOB T'eHEpaTOpa 3a CYeT PETYIUPOBAHUS MO-
MeHTa M, .BeTpokojieca. YIpaBlieHME MOMEHTOM
M, BeTpokoJieca OCYLIECTBJIAJIOCH IIO 3aKOHY:

Tspu=n;

(I+pT)y n=kppg AIT + koo b, —1<u<l; ™

=4,

M, = Az, ¢,
rie 4 — IepeMelicHMe IITOKA CEpPBOMOTOpA; 7 —
nepeMenieHre JyBCTBUTENBHOIO OpraHa; kagy — KO-
abdumuedt ycwieHus; Ty, — BpeMs CepBOMOTODA;
T — nocrosiHHasi BPEMEHM peryyaropa; kK,.,. — Ko-
sbdunueHT xectkod oOpaTHoM cBsA3M; Al — na-

paMeTp peryJauMpoBaHMsl [B KadecTBe KOTOPOTO 3a-
JAaBUTUCH CHUTH&IBL: AP (OTKJIOHEHHE OT HMCXOTHOTO
3HAYEHUs] 3JIEKTPUUECKOH MOITHOCTH TeHepaTtopa B
OTH. ef.) NMbBO OTKIOHEHME CKOJILXKEeHHS As reHe-
paTopa; CKOPOCTh pPa3BOPOTa JIONACTM NPUHUMAJIACDH
pasHoii 5 rpan/c (I,=0,2 c)].

INpenBapuTeNbHO MPOAHATM3MPYEM BIMSAHHME pe-
TYIMpPOBAHMs MOMeHTa M, Ha CTelleHb YCTOMYMBOCTH
aCMHXPOHHOTO BETPOVIEKTPUYECKOrO0 TreHeparopa, B
TECHOM CBSI3M C KOTOpPO¥ HAaXOmsATCS 3HaueHUs JHucC-
IEPCHM U CPEIHEKBAJPATUIHOIO OTKIOHEHUS PEXUM-
HBIX MapaMeTpoB. Pe3yibTaThl pacueToB COGCTBEHHBIX
3Ha4eHUA MaTpUIbl KO3DGPUIIMEHTOB YpaBHEHUH Ma-
JBIX BO3MYHICHMHM IIOKa3ajiM, 4YTO MNpH HMCHONb30-
BAHUM B KadecTBe mapamerpa All curHaima AP u
HOCTaTOYHO IIMPOKOM BaphbUPOBAaHUM K03¢hHUIMEHTa
yeuneHust kppp(kpp) ONHa M3 Hap KOMIUIEKCHO-CO-
NPMKEHHBIX KOpHEH COXpaHsgeTcs NPaKTHYECKH He-
W3MEHHOR (pq,=—31,3%/9,8) U paBHOW nape KoOp-
HE#, MOJYYEHHBIX NPH OTCYTCTBUM PEryIMpOBaHUS
M, n Tex xe 3HadeHMAX s ¥ T; (1abn. 1). Co-
CTaBIAAIONIAsl ABMDKEHMS, OTBEYAOliasi STOM mape Kop-
HEH, MMeeT  BBICOKYIO  CTeleHb  3aTyXaHHs
(Ja]=31,3 1/c), m cBsA3aHHBIE C HEH OTKIOHECHHS
PEeXMMHBIX NTAPaMeTPOB, KaK Y)Ke CIef0Bajlo U3 Ipef-
LIECTBYIOLIETO aHamM3a (IpU OTCYTCTBMU DEryiu-
pOBaHMA BeTpoKoJleca), BeChMa HE3HAYMUTENbHBI. Xa-
pakTep M3MeHeHUs MABYX APYTMX KopHe#d (p;3, p4)
OTPaXal0T 3aBUCHMOCTH PHC. 3 M JONOJHAIOHIME
MX B 00MaCTM MaibIX 3HAYEHWH k,p CIeAylOUIue
JaHHEbIE:

kap, Tpapi./ oTH. el 3 P4
0 -1,16 —
0,001 -1,05 -0,11
0,003 -0,58+;0,12 -0,58-j0,12
0,030 -0,58+j0,19 -0,58-j0,19
0,300 -0,58+j0,31 -0,58-j0,31

W3 aHamM3a 3THX pesylbTaTOB BMAHO, YTO IIpU
PEryJIMPOBAHMM MOMEHTa BETpOKoJieca IO CHMTHAITy
AP Momyns |a| BemlecTBEHHOM YacTH  maphbl

S STe=:
o5k 4 =l
@ ed 'a,'

2N
0,25 2 4
/4
ol l
7 / 20 30 40 K pp,rpadfors.ed.
{ [ 1 ] 1 1 ]
g 400 800 Kys,rpadforn.ed.

Puc. 3. 3aBMcUMOCTH MOQyNd BEUIECTBCHHON U MHUMOU 4YacTeit
KOMIUIEKCHO-CONPSDKEHHOH Mapbl KOpHed p3 4 OT Koadduuu-
€HTOB pPEryiupoBaHus kKap ( ) U kag ’?—~——) MOMEHTa
BETPOKOJIeca

P3,4 KOMIUIEKCHO-CONPSDKEHHBIX KOPHEH yXe IIpH Ma-
abix  koadduumentax (0,003<kpp<0,5) B 2 pasa
MEHBIIE MOAYJA BeHIeCTBEHHOro kopHa ([a|=
=1,16 %) NIpHA OTCYTCTBHH PpETYIMPOBAHUSA BETPO-
Kosieca. C yBEIMYEHUEM Kkpp, TUKTYEMBIM >KEJIaHUEM
OTPAaHUYMTh IEPErpy3KM arperatra NMpU IOphIBaX BeT-
pa, |a| y™MeHbIIaeTcsi, OMHOBPEMEHHO pacTeT MHH-
Masi 4acThb KOPHEH pj3 4, XapaKTEPHU3YIOIIasl YacTOTy
Koy1e6aTeIbHOIO IpOIiecca, CBA3GHHOTO C HANUIHUEM
perynupoBaHus, Tak, HampuMep, NpH KoadpHIM-
eHTax kap=10+50 3Hayenume |a| Haxomuresa co-

OTBETCTBEHHO B pauanasone (,5+0,25 '15’

2,5+5,5 pap/c (puc. 3).

- IlepeitieM HeENOCpeNCTBEHHO K OIIGHKE BEpOAT-
HOCTHBIX XapaKTEPUCTHUK OTKIOHEHHH PEXXUMHBIX Ia-
paMeTpoB acCMHXPOHHOTO BETPOJIEKTPUYECKOro re-
HepaTopa HpH peryJMpoBaHUM MOMEHTAa BETPOKOJIECA
no orkioHeHMio AP. Ha puc. 1 (kpuBaa 6) mpo-
WTIOCTPMPOBaHA PeXUMHAsA aMIUIMTYIHO-YaCTOTHAA
XapakTepUCTUKa OTKIOHEHMSI 3JEeKTPOMAarHuTHOrO
MOMEHTa TeHepaTopa. JTa XapaKTepUMCTHMKa MMeeT
SABHO BBIPAXEHHBIH  MakCHMMyM  Ha  4aCToTe
w=4 pag/c, 6au3koit K wHacTroTe KoNeOGaHMI CBO-
OOmMHOM CHCTEMBI, OTBeYAIONIEH KOMIUIEKCHO-COMNpsi-
XKEHHOM mape p34 (puc. 3). MakcuMaibHasd am-
wiArypa |AM,| cocraBuia 0,19. 910 3HaYeHHUE MHO-
ro  O6ombire COOTBETCTBYIOLIETO 3HaYeHHs
|AM,|=0,07 (xpuBaz 2 puc. 1) ausA Heperyiu-
pyeMoro BeTpokoiieca. M1 HaoBGoport, B 0071aCcTH MajibIx
4acToT, Npeoblafalolvx B CIEKTpE CKOPOCTH BETpa,
aMIDUIMTYHO-4aCTOTHbBIE XapaKTePUCTUKHU IeHepaTopa
IPH PerYJIMPOBAHMHU BETPOKOJIECA PACMOJIATalOTCs 3a-
METHO HMXKEe TaKOBBIX [ HepelyJIMpyeMOro BeT-
poKoJieca. ITO HAIIVIO OTPaXXeHWe M B CHEKTPATbHBIX
XAPAKTEPUCTUKAX ACMHXPOHHOTO BETPOJIEKTPUIECKO-
ro reHeparopa (puc. 4). B yacTHocTH, M3 MX aHaIM3a
BHJIHO, 4YTO YIEIbHBIH BeC MaJIbIX 4acTOT 3a CYeT
peryjaupoBaHMst MOMEHTa BeTpokoleca, Kak M clle-
HNOBANO OXHUAATh, B 3HAYMTEIBHOM Mepe CHIKEH,;
B TO >Ke BpeMs YAJIbHBIA BeC 4YacTOT, COOTBET-
CTBYIOIIMX MAaKCUMYMY aMIUIMTYJHO-4aCTOTHBIX Xa-

a w —



20 Ananuz ycnosuii pabombi

2eHepamopos «BJIEKTPHYECTBO» Ne 2/96

Sy Snm‘ [
e
0,004 0,008

S1

0,002 4,004 / "L\
=z

[ 2 4

6 w,padfc

Puc. 4. CnexkTpalbHble XapaKTEPUCTHKH OTKJIOHEHHH 3JIeKTpoO-
MarHMTHOTO MOMEHTa Sjps M Toka S; ACHHXPOHHOIO BETpPO-
3JIEKTPMYECKOro TeHepar OpH peryMpoBaHHM MOMEHTa BeT-
pokoneca no curHany AP (kpap=20 rpan./oTH. ef.)

PaKTEePUCTHK, 3aMeTHO Oonbine, 4eM Il Hepery-
JNUpyeMOH MalIMHBL. 3Ha4eHUs CpeHEKBaJ[paTHYHO-
O OTKIOHEHHMA INpU Kkpp=20 rpag/oTH. en. Ipu-
BeflecHpl B Tabnm. 2.

AHaNMM3 MaHHBIX Tabi. 2 1NOKa3bIBaeT, 4TO CpeA-
HEKBaipaTUYIHLIE OTKIOHEHHA Uy H 07 ang BIY
C peryilupyeMbIM BETPOKOJIECOM 6omee ueM B 2 pasa
CHIDKEHBI II0 CPAaBHEHMIO C HEperylIMpyeMbIM.

K TakMM >xe BBIBOAAM MOXHO IIpMATH M IpH
MCIIONB30BAHMM B KadecTBe IlapaMeTpa peryampo-
BaHMA All OTKIOHEHHs CKOJBXEHHMA AS TeHeparopa
OT ero MCXOJHOTo 3HayeHUs (IUTPUXOBbIE KPHUBbIE
puc. 3). CpaBHMTENbHBIH aHATWA3 KPHUBHIX pHC. 3
MOKa3biBaeT, 94TO XOTA M B cJIydyae perynuMpoBaHMA
MOMEHTa BeTpoKoneca mo curHay As |a| yxe B
MEHBIIEA CTENeHHM 3aBUCUT OT KoddgHIUeHTa yCH-
JIeHpsdA, OQHAKO ee 3HAa4YeHMe He npesbimiaer 0,5+ 0,6.
EcTecTBEHHO IIpH 3TOM OXMAATh M MAEHTHYHOCTH
KOHEYHBIX PE3YNbTATOB, XaPAKTEPU3YEMBIX HaHHLIMU

1abn. 2. B To >Xe BpeMsi HATypHbiC MCIBITAHHA W
ONBIT 3KCIUTyTaMuM arperara John Brown (BJY
B Kocra—Xonx, BenmmkoOpuTanus) MOUIHOCTHIO
100 kBt mokaszan, 4ro NpHA TNpPUMEHEHWH LEHTPO-
OexxHOro peryiaaropa CKOpOCTH, BO3JEHCTBYIOLUETO Ha
CHUCTEMY TMApPONPHUBOJA JIONACTeH, HaOMIOQATHUCE CY-
INECTBEHHBIE KAaYaHWUsA PpErylaATOpa, OCIOXHSIONINE
nmapauiebHyo pabory BJAY ¢ cerbro. IlostoMy He-
CMOTps Ha Jy4YIIMA NOKa3aTeslb KadecTBa (MeHbIIMeE
3HAYEHUsS] CPeHEKBAIpaTHYHBIX OTKIOHEHHMI pPeXUM-
HbIX NapaMeTpoB BJY) mpu ydyere peryJMpoBaHHUsA
MOMEHTA BETPOKOJNIECA 3a CYET CHWXKEHUS YAeIbHOTO
BECad HM3KHMX 4YaCTOT cJe[yeT Bce Xe JoOHMBaThCA
MOBLIIIEHUSA CTElleHH JeMIIPUPOBAaHUA KonebaTelrb-
HOM COCTaBIAIOIIEH ABMXKEHUSA, O0YCIIOBIIEHHOM KOH-
TYPOM peryJIUpOBaHMA.

OueHka OTKIOHEHMH pDEXMMHBIX NapaMeTpoB Ha
OCHOBE TEOpPHMM CTAllMOHAPHBIX CJIY4alHBIX IIpolEec-
COB, ONEPHUPYIOLIEH BEPOATHOCTHBIMM XapaKTEpPUCTHU-
KaMH, He IIO3BOJIAET B IOJMHOM Mepe OTpa3uTh TO-
BeieHue BOY B pealbHBIX BeTPOBBIX YcioBMsAX. Bolee
TOro, HMCIIONIb3yeMasi HpHM ITOM JIMHEeapHU30BaHHaA
MOJlesIb MEpPEXOAHBIX IPOLIECCOB CHMXKAET OCTOBEp-
HOCTh KOHEYHBIX Ppe3yJbTaToB.

Uccnenopanust [1] mokasbIBaeT, YTO HOPH OLEHKE
OTKIOHEHMI DPEXHMMHBIX IIapaMETpPOB BETPO3JIEKTPH-
YeCKOro reHeparopa HeoOXOOMMO CYMTATBCH C Xa-
PaKkTEPHBIMH JIeETEpPMHUHHMPOBAaHHBIMHU BO3MYIIAIOLIH-
MM BO3JEHCTBUAMM BeTpPa, KAKOBHIMM SBASIOTCS, Ha-
npuMep, NOpBIBHI BeTpa. Pacdyersl OTKIOHEHMIA pe-
KMMHBIX I1apaMEeTPOB aCHMHXPOHHOI'O BETPO3JIEKTPH-
YECKOTO I'eHEpaTopa B YCJIOBHsIX IOPHIBMUCTOIO BETpa
IMPOBOJMIIMCE METOAOM HHCIEHHOTO MHTErpHpOBaHMsA

u’) MJ ME 1

m/c} oTned]oTh.ed - %)
u
14 [1,6 - 1,6 \\/NIA'A\-\/‘ A V‘/\'AV M\ ;w\,,v 17 M' VA%
12 1,4 1,4
10 1,2-1,2 Me
8t 7,0 = 1’0 [ n Fa \ 7 F..N ~
WUy /]‘\ u v7 Lj WV L
4 -0,4 '-0,4 I J U
2+~ O0F 0
oL L Y
g 5 0 75 t,c
1,2
0’ g 1\’”6 A A oA DA \mi wdALS, g)
O 25 i e A M i
0,4 Me
/) 5 0 75 tc

Puc. 5. XapakTepHCTHKM pekHMa paboThl NMPH MNOPHLIBHCTOM BETPE CHHXPOHHOrO (2) M acHHXPOHHOro (6) BETPO3NEKTPHYECKOro
reHeparopa: u (T)=14 M/c; ¢ =const; Uf= const; 4 — CKOpPOCThL BeTpa; My, M, — MOMEHT BETPOKOJECAa M IACKTPOMArHMTHLIH

MOMCHT TI'€HepaTopa
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ypaBHEHMH IHepeXOoAHbIX TpoueccoB [2, 4]. Kpusnie
HEPeXOAHBIX MpPOIECCOB ACMHXPOHHOTO M CHHXPOH-
HOTO BETPO3JIEKTPHYECKMX TeHepaTopoB NpU OTCYT-
CTBMM  DETYJIMpOBaHMA  MOMEHTa  BETpOKOJeca
(p=const) wu30bpaxeHsl Ha puc. 5.

AHann3 BpeMeHHBIX BO3MYILEHHBIX peaKuM# IIo-
Ka3blBaeT, 4YTO JUId aCHHXPOHHOTO TeHeparopa
(puc. 5,6) c HeperynMpyeMbIM BETPOKOJIECOM B OT-
KIOHEHMAX PEXMMHBIX MapaMeTpOB OT MX MCXORHBIX
3Ha4eHUH MOMMHHUPYIOT KosieGaHMA, CBA3aHHBIE, B
OCHOBHOM, C MeMJIEHHBIMH M3MEHEHUAMH CKOPOCTH

BeTpa. Tak, MakCMMalbHOE OTKIOHEHHMe AM, npu

3alaHHOM BETPOBOM BO3MYIIAIOIIEM BO3AEHCTBUH
cocrasuno 0,2 oTH. ell.; MaKCMMaJdbHOE OTKJIOHEHHE
MOMeHTa BeTpokoneca AM_ =0,3. Takum oOpazom,
B CJIydae CONpPsDKEHMS BETPOKOJIECA ¢ ACHMHXPOHHBIM
TeHepaTOpOM IyJibCalMM AM, 371eKTpOMarHMTHOTO
MOMEHTa 3aMeTHO Huxe AM,. B To Xe BpeMa B
OTKIOHEHHMAX 9JIEKTPOMArHUTHOI'O MOMEHTa CHHX-
POHHOTO BETPO3JIEKTPUYECKOTO TeHepaTropa JOMHHU-
pyioT KoxeOaHMsA cOOCTBEHHOM 4YacTOTHI reHepaTopa
(puc. 5,a). Jaxe NpM HAIUYUM YCIOKOMTEIBHBIX
0o0MOTOK ¢ IapaMeTpaMH, OTBEYAIOIIMMHM MaKCHMY-
MY ecTeCTBEHHOT0 AeMIipepHOro MOMEHTA Ha YacToTe
JMEKTPOMEXaHWIECKUX KoseGaHM#M reHepaTopa, OU-
HaMH4YeCKME OTKJIOHEHMA SJIEKTPOMArHUTHOIO MO-
MEHTa B 3TOM ciy4ae JgocTHralr AM,=09, T1. e.
npubnusutesibHo B 3 pasa 6oJblie MaKCMMaJIbHOTO
OTKIOHEHMSA MOMEHTa BETPOKOJIECA MU IPHUMEPHO B
4,5 paza Oosbiile, YeM OTKIOHEHME >JIEKTPOMAarHUT-
HOF0 MOMEHT2 ACHMHXPOHHOTO BETPO3JIEKTPUYECKOTrO
reHeparopa.

IIpyn oueHke 3¢¢eKTUBHOCTH pPETYIIMPOBAHUA MO-

MEHTA BETpOKOJeca ¢ NMO3MUUNA CHWKEHMA IIPU BeT-
POBBIX BO3MYIIAIOIIMX BO3XEUCTBUAX OTKIOHEHUH
PSXMMHBIX MapaMeTpOB acMHXPOHHOTO TeHepaTopa
B KayecTBe Ilapamerpa All B ypasHeHuHu (7) pac-
CMaTpPMBAINCh CUTHAJIBI HO OTKIOHEHHMIO AP ak-
TMBROM MOINHOCTM MO0 OTKIOHEHMI0O MOMEHTa
AM, BETpOKOJIECA OT MX MCXOAHBIX 3Ha4dcHUH. Y4uu-
TBIBast CJIOKHOCTh TNIPAKTMYECKON peaNn3aly He-
NOCPENCTBEHHO CHMTHalna AMg, ero ¢opMHpoBaHHe
MOXHO OCYILECTBUTb C IIOMOHIBIO 3SKBHUBAJIEHTHOM
€My CYMMBI JBYX CHTHAJIOB:

AM, =T;ps + AM,, ®

M3MEpEHHE COCTABIAIOIIMX KOTOpPOH MHOro INpOHIE.
N3 cpaBHeHMA KpHMBBIX puc. 6, U 5,6 BUAHO,
YTO pEryJIMpOBaHME MOMEHTa BETPOKOJIECA IIO CHI-
Halty AP NpPUBOAMT K PEe3KOMY CHWDKEHMIO aMIUIUTY
KoneGaHMH peXMMHBIX MapaMETpOB HU3KOM YacTOTHL
OpHako NMpHU 5TOM 3HAYUTENIBHO pacTeT aMIUIMTYHa
COCTABJISAIONIEH; M3MEHAILIEHCA C 4acToTOH, OnM3-
KO K 4acrore w =37 pan/c (mpu kpp=20
rpag./oTH. ed., T,=9,2 c) konebaTeJbHOM COCTaB-
JISIOIIEH JBHXKCHH, CBA3AaHHOM ¢ HaAIMYMEM KOHTYpa
peryJaMpoBaHuA. 3T0 OOYCJIOBIEHO OTHOCHTENBHO
HU3KMM JeMIpHpOBaHHMEM 3TOi cocTapisAowwei (co-
IacHO maHHBIM pHc. 3 |a|=0,48) u, Kak CIeACTBHE,
3HAYUTEIBHBIMH JWHAMHYECKHAMM OTKIOHEHHAMH
PEeKMMHBIX IapaMETPOB MPHU BO3MYIIAIOIMX BO3-
JeHCcTBUAX IONOOHO TOMY. KaK 3T0 HMMEN0 MECTO
U [ CUHXPOHHOTO BETPO3JIEKTPHYECKOTO TeHepa-
TOpa B CJIydae HEIOCTATOYHOCTH CTENMEHM 3aTyXaHHA
€ro 3JIeKTpPOMEXaHWMYecKHX KojeGaHuit [1].
MaxkcuManbHEIE OTKIOHEHMA AM,, AM, (BbIpa-
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Puc. 6. XapakTepUCTHKH PEXHMMa pPaGOThi AaCHHXPOHHOIO BETPOINIEKTPUYECKOro reHeparopa NPH PEryIMpoBaHMM MOMEHTa BeET-,
pokofieca mo curHantaM AP (a) m AMg(6): u(1)=21 M/c;, ¢g=113



22 Ananuz ycnosuit pabomet

2eHepamopos «QNEKTPUYECTBO» Ne 2/96

XKEHHbIE B OTH. €4.) TP BBIOpPAHHBIX Ko3dduum-
eHTax YCHUIEHMS M BpEMEHHM CEpBOMOTOpPA COCTABMIH
0,25 u 0,70 coorBercTtBeHHO. ITockonbKy 35TH OT-
KJIOHEHMSI CBA3aHbI B OCHOBHOM C HaJIW4YMEeM Trap-
MOHHYECKOM COCTABIAIONIEN JBIWKEHMS YacCTOTHI
@ g, TO BBIDAKEHHUE JUIA CPEAHEKBAJApPaTHMYHOTO OT-
KJIOHEHUSI JIEKTPOMAarHMUTHOTO MOMEHTa Ha IpoMe-
xytke T (T — nmepuop KonebaHU#, COOTBETCTBYIOIIUMA
@) MOXHO IIPENCTaBUTL B BHUJE

T
. AMC
o, =\/ 7/ @M, sinwgH2dt = 75, (9)
0

Ipu AM,=0,25 3Hadenue 0p pasHo 0,18. Ha-

INOMHHMM, YTO pAcCIMTAHHOE paHee IpH 3aJaHuy
BO3MYILIAIOILIETO BO3JECHCTBUA B BUIE CIIEKTpa 3Ha-
YeHUe Oy TIpH u(T)=up=10 M/c paeHsnocs 0,11
(Tadbn. 2). IlepecuuraB mociiegHee K CpeHEN CKO-

poctu Berpa u (1)=1,5 up=21 % [c yaeToM dopmyier

(1) jmna cmekTpa CKOpOCTH BeTpaj, KOTOpO# COOT-

BCTCTBYET IIPUMBEACHHAA BBIIIEC KOJUICCTBEHHAs OLIEH-
Ka OMe IIpAMEHUTENBHO K BETPOBBIM YCIIOBUAM

3
21 -
10 =0,14. Ta-

KuM 00pa3oM, NpHBefieHHbIE K ONHOM cpenHeil cko-
poct#t u (T)=21 M/c 3HA4eHUS CpeTHEKBAIpPAaTHIHELIX
OTKIIOHEHMH 3JIEKTPOMarHMUTHOTO MOMEHTA, paccdu-
TaHHBIE NIPM KOHKDPETHOH peaJM3alUM CWIBHO IIO-
PBIBHCTOTO BETpa M NpH 3aJJaHUHM BO3MYINAIOLIEFO
BO3AEHCTBHA B (hopMe CIEKTPa, OKA3aJIUCh IPUMEPHO
paBHEIMM. M1 B TOM M B ApyroM ciiydae 3HadeHHe
Oy, ONpefeNsercs, B OCHOBHOM,HAIM4MeM ciaGo-

puc. 6,a, IONYIUM Opm,= 0,11

3aTyXalolled COCTaBIAIONIEN NBUKEHUsI, 00yCIOBIeH-
HOHM BIUSAHMEM KaHajda peryIupoBaHUsI MOMEHTa BeT-
pokoneca Mo cUTHaay AP.

IIpn BeTpax, XapaKTepu3yOIHUXcHd GHICTPHIMHM M3-
MeHEHMSIMU CKOPOCTH, BIMSIHUE 3TOU COCTABITIONIEH
IOBVOKEHUSI HeOMaronpUATHO BIMAET Ha K4a4ecTBO pe-
SKUMHBIX TapameTpoB (puc. 6,a4), U B STOH CBA3M
BO3HMKaeT IOTpeOHOCTH B 6oJiee paliMOHATLHOM YII-
paBiiecHUM MOMEHTOM BETpPOKOJIEeCa.

IIpn perynMpoBaHMM MOMEHTA BETPOKOJIECA IIO
curHany AM,, JErko pealu3yeMOMY C IIOMOIIBIO
BbIpaKeHHMA (8), KavyecTBO PEXUMHBLIX IapaMeTPOB
BETPO3JIEKTPUYIECKOT0 AaCMHXPOHHOI'O TeHepaTropa MpHu
ero napauienpHOM paboTe C CHUCTEMOH B 3HaYM-
TeJIbHOM Mepe yny4uiaerca. O06 3TOM MOXHO CYIMTh
II0 BO3MYIIECHHBIM BpEMEHHBIM DEaKLHUsM, MpUBe-
JEHHBIM Ha pHc. 6,6. B aToM ciiydae Bce peXKMMHEBIE
IMApaMeTpel ACMHXPOHHOTO TeHepaTopa faxke B He-
OarompMATHBIX BETPOBBIX YCJIOBUSIX COXPAHSUIUCDH
NMpaKTHIeCKA HEM3MeHHBIMH. CTONb 3aMETHOE YIIyd-
[IEHWE Kda4ecTBa IIpoliecca MOXHO OGBSCHHUTH TEM,
4TO, BO-IIEPBBIX, CTENEHb 3aTyXaHUSI MAJIOBO3MYIIEH-
HOTO JBVDKEHMSI arperara JOCTaToO4HO BbicoKas (Ipu
peryJMpoBaHMM MOMEHTa BETPOKOJECa II0 OTKIOHE-
HHUIO AM, coGCTBEHHbIE 3HAYEHUS] CHUCTEMBI DPaBHEI
TAKOBBIM IIDM OTCYTCTBMM PETYJIHMPOBaHMS MOMEHTa
BETpOKOJeca, CM. Tabn. 1), BO-BTOpPHIX, IpH YKa-
3aHHOM pETYJMPOBAHMM 3a CYET KOMIIEHCAlMM B
3HAaYMTEJIFHOM Mepe YMEHBIIAeTCs BO3MYILANOIIEe
BO3IEUCTBUE.

Ha puc. 7 npepfcraBieHsl perucTpOrpaMMBbl PEXKH-
Ma paboThl aCHHXPOHHOI0 ¥ CHHXPOHHOT'O BETPO3JEK-
Tpuieckoro reHeparopa ABJY-6-4 mapannensHo ¢
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Puc. 7. PerucTporpamMbl pexMMa NapauleNbHOM paboThl ¢ ceTbro ABIV-6-4 NP TOPLIBUCTOM BETPE C ACHHXPOHHBIM H

CHHXpOHHBIM T€HEpaTOpaMHu
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MOLIIHOM ceTh10. PerncrporpaMMel oJIy4eHbI aBTOpa-
MH BO BpeMsl HaTYpHBIX MCIIBITaHMI Ha BETPOIQJIMIO-
He Konbkoro HayuHoro Llentpa PAH. JIna nposenenns
3THX MCCIIEA0OBaHU# ObUT IPOM3BE/ICH ICMOHTAX IITAT-
HOro CMHXpoHHOI0 reHeparopa CI'B—4, BMecTo KOTO-
poro ObUI YCTaHOBJIEH aCMHXPOHHBIA JBUTATENb € KO-
POTKO3aMKHYTHIM POTOPOM HOMMHAIBHOM MOIIHO-
cTbiO Py =4,5 KBT; Mo/ My 00 =2,0; M/ My 0= 1,3,
WcnpiTagus IpoBOAWIIMCH MPH Pa3IMYHBIX BETPOBBIX
yenousx. [Ipy 3TOM perucTpMpoBaluUCh JEKTpUYE-
CKasi MOLIHOCTH TEHEPAaTOPOB M CKOPOCTH BETpa . AHa-
JIU3 PETUCTPOrpaMM MOKa3bIBaeT, YTO XapaKTep U3Me-
HEHMS 3NEKTPUYECKOH MOIIHOCTH P, aCMHXPOHHOTO
reHepaTopa B YCJIOBMSIX IOPBIBUCTOrO BeTpa 6onee 6i1a-
rONpHUATHBINA, YeM MOIIHOCTH P, CHHXPOHHOTO BeTpo-
MEKTPUUIECKOTO T'eHepaTopa.

JnekTpMyecKass MOILIHOCTE P,, Kak cllydaiiHas
(hYHKIMSA BPEMEHM, COAEPKMT JIMIIIbL HU3KO4YaCTOTHBIE
COCTABJIAIOUIME, CBA3ZAHHBIE C MEUICHHBIMH H3Me-
HCHUAMM CKOpPOCTM BETpa, M HE MMeeT B CBOEM
494CTOTHOM cOCTaBe KoJiebaTenbHOM COCTaBIIAIOMIEH,
CBOMCTBEHHOM 3/MEKTPHUYECKOW MoINHOCTH P, cHH-
XpOHHOro TeHepaTopa. MakcMMalbHblE OTKIOHEHHA
MEKTPUIECKOH MOILIHOCTH P, B CYIIECTBEHHOH Mepe
3aBUCENTU OT BETPOBBIX YCJIOBMH M HMMEIH MecTO
JHIIb TPU JUIMTEIIBHBIX MPEBBIICHUAX CKOPOCTH BET-
pa cpemgHero 3HadeHMA u (T), MOCTATOYHOIO JUIs 3a-
METHOI'0 M3MEHEHMs B IEPEXOAHOM ITpOHEecce CKOJb-
XeHUs TeHepaTopa.

Beonm ABJY-6-4 ¢ acMHXpOHHBIM TI€HEPATOPOM
Ha MapajulesibHyl0 pafoTy ¢ ceTblo ObLI BO3MOXKEH
IPaKTUYECKN TIpH JII0OBIX BETPOBBIX YCJIOBHAX, TOTHAA
KaK CHMHXPOHM3aLMs CUHXPOHHOrO BETPOIEKTpHUe-
CKOTO reHepaTopa IIpH TNOpPBIBMCTOM BeTpe Oblla 3a-
Tpy/IHEHa.

B sakmroyeHHe ciefyeT OTMETHTh, YTO OCHOBHBLIM
¢hakKTOpOM, MOTYLIMM CHAEPXHBATh HCIOJIb30BaHUE
aCMHXpPOHHBIX BETPO3JIEKTPHMYECKMX TIeHepaTopoB Ha
kpynueix BIC, ABIAIOTCA peXMMHBIE OrpaHMYEHHs,
HAKTajlbIBaeMble Ha YPOBHM HAIDsDKEHHsS B CETH.
Pe3ynmbTaThl pacuyeTOB M aHAIU3 Y3JIOBBIX Halps-
XeHWA B CeTH, BBINONHEHHBIH aBTOpaMM IO 3aKa3ly
NPOEKTHBIX ¥ 3KCIUTYaTallMOHHBIX OpraHM3allMil Npu-
MenuTenbHO K Ipumopckoit BOC (JansHeBocTOYHAA
3neprocucreMa), Maragancko BIC, JIXyHrapckow
BIC (xyurapckue Bopora, KazaxcraH), nokasaiu
JIONYCTUMOCTH MCIONb30BaHUA Ha BCEX IEpEeYHCIICH-
HoIX B3C acHMHXpOHHBIX TeHepaTopoB 06e3 IpHMe-
HEHMsA Ha HUX KOMIICHCHPYIOUIMX YCTPOWCTB BCJIEN-
CTBME MX JOCTAaTOYHO >XECTKHUX CBA3eM C 3Hepro-
CUCTEMOM.

OjHako HaMETHMBIIAsCA B IOCJIeJHME TOABl TEH-
JEHUMA K YKPYDHEHMIO eAMHWYHOM MOIIHOCTH CM-
creMHbIX BJY, a y Hac B cTpaHe cO3JjaHMA KPYIIHbBIX
B3C, obycnoBmmBaeT HeOOXOAMMOCTS HE TOIBKO CHH-

KEeHUA aMIUTMTYA KoJIeGaHMi OCHOBHBIX PEKMMHBIX
[apaMeTpPOB TeHEPAaTOPOB B YCIOBMAX NOPBIBUCTOIO
BETpPa, HO M MAaKCHMAaJIbHOM BBIPAOOTKM 3JIEKTPO-
3HEPruy 3 IUMPOKOM JIMalla30HE M3MEHEHMs CpelHMX
CKOpOCTeH BeTpa. AHWIM3 a’pOAMHAMMYECKHMX Xa-
PaKTEepPUCTMK BETPOKOJEC MOKA3bIBAET, YTO HMCIHOMNb-
3oBaHMe BJY ¢ mnepeMeHHOH 4acTOTO#t BpalleHHs,
3aBMCALIE OT CKOPOCTH BeTpa, MO3BOJIAET B 3Ha-
YUTEJILHOM Mepe MNOBBICUTH KO(PHIMEHT HCIONb-
30BaHMsI SHEPTMHM Beipa. B sTof cBA3M opuH M3
caMbIX MoHIHBIX BJY (MeraBarTHOro kmacca), Takue
kak TWIND (Mauusa) c¢ Pg,,=2 MBr, MOD-§
(CIIA) P,,,=3,2 MBt, GROWIAN-1 (Tepma-
Hua) — P, =3 MBrt, Pagyra-1 (Poccusa) —
Pyou=1 MBT u Hekorophle HApyrue, HMEIOT Iie-
PEMEHHYI0 YacTOTY BPAlleHUA M BO MHOTHX CIydasx
I 3THMX LieJled MCIOB3YIOTCSI aCHHXPOHM3UPOBAH-
Hble CHMHXDOHHBIE TI'E€HEepaTopbl.
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Asmopue: Pazosun Anexcanop Agpanacvesuy
OKOHuUn 3Hepzemuueckull axyromem Ilorumexwnu-
yeck020 uncmumyma 8 Jywanbe ¢ 1961 2. B 1967 2.
3awumun kanoudamckylo oduccepmayuio ho cheyu-
anbHoCcmu «Jnekmpuieckue CMaHyuu (INEKMPUHecKan
yacme), cemu, IMEKMPUHECKUE CUCMEMbL U YNPAGAEHUE
umu» 8 Jlenumzpadckom noaumexHu4ecKOM UHCMU-
myme (nbine Cankm-Tlemepbypzckuii 20cydapcmeen-
Hbui mexnuueckuli ynugepcumem — CII6I'TY). Be-
Oywuii HayuHvil compyOHuK Kagedpwvt «Inekmpute-
ckue cucmemvt u cemu» CIOITY.

Hunezun Audpeii JIv606uy OKOHUUN INEKMPO-
mexHuueckuli ¢pakyrvmem Kupoéckozo nonumexnuue-
ckozo uncmumyma ¢ 1982 2. B 1988 2 ¢ CII6I'TY
3awumun  Kanoudamckyio ouccepmayuio ho cheyl-
anbHocmu «Iaekmpuueckue cmanyuu (INEKMPUHECKAR
yacmoy), cemu, 3AEKMPUYECKUE CUCMeMbl U YNpABIeHUe
umu». Cmapwuil npenodasamenb Kageopbt 3neKm-
pocHabucenua Cesepo-3anadHozo 3a04HO20 NOAUMEX-
HUuueckozo uHcmumyma.




Cnoco0b1 mpenoTBpalieHAsA KPYTHIbHBIX
KoJIeOaHHH BaJIONPOBOJAOB TYpPOOr€HEpPaTOPOB,
padoTaIIUX Ha NpPeodpa3oBaTeJbHYI0 HArpy3Ky

XYI4KOB B.B.

Hccenedosanue kpymunvbhbix Koaebanuii 6aaonpo-
60006 mypbozenepamopos nposedeHo OAA 3FHEP2OCU-
cmembl, codepucaweli Inekmponepedaiu NOCMOAHHO20
U hepemeHHO0 MOKA, pabomaiowue NAPAIAESLHO.

Hccenedosanue nposoounoct Ha mamemamuvecKou
Mmodenu 6 popme ypasnenuil cocrmoanus. IIpeonoxcervt
CHOCObbL NpedomepawjeHus KpymuabHblx Konebaruil,
8 MOM HUCNE HOBbIL CROCO6 PezyAUPOBAHUL DENCUMA
pabomyp: nepedauu NOCMOAHHO20 MOKA.

KnodeBble cIOBa: mypbozenepamop, kpy-
mubHble KOE6AHUA, npeobpa306amenbHaA HAzpy3Ka

Banonposoj kpynHoro TypGoreneparopa (TA) co-
CTOMT M3 HECKOJBKMX 4acTel, COeqMHEHHBIX TMOKHUM
BJIOM, M IpeCTaBiIseT co00M MeXaHHIECKYI0 CH-
cTeEMY, CITOCOOHYIO K KOJIeOaHUAM OTHOCHTEIIBHO JPYT
Apyra COCTABJISIIOIMX €ro MHEPIMOHHBIX Macc.

Ha Banonposoae typboreHeparopa TBB-1000 pa3-
MelleHbl TOABO30YMUTENH, BO30YAMTENh, I'€HEPATOp
U TypOMHa, COCTOAIIAasE M3 HECKOJIBKMX IHMJIMHJPOB
HHU3KOTO, CpPEMHEro M BBICOKOro mapiaeHUs. OO0maa
JmvHa Bajonpoofa TBB-1000 mocturaer 80 m. Ba-
JIOIIPOBOX BpAILAETCsI B HECKOJIBKMX IONIIMITHUKAX,
coOcTBeHHbIE YaCTOTHI BaJONpoBoAa KpymHoro TA
00BI4HO JIeXaT B Auama3oHe 8 — 30 I'm u 3aBHCAT
OT KEeCTKOCTM BaJIoB TA M MHepHHMH COCTABJISIONIAX
Macc.

Mexanndeckoe BO3/IeHCTBME BHEIIHMX CHUJI Ha po-
Top TA npossisgercd, Bo-IEpPBbIX, B M3MEHEHUH dYa-
CTOTHI BpalllEHWS pOTOpa M, BO-BTOpBIX, B 3aKpy-
YUBaHMM CEYECHUH BaJlONpPOBOJa B pa3HBIX MeECTax
mo mmHe. Ecoim 651 Ban OBl abCOMIOTHO KECTKHMM,
TO BO3JECHCTBHE BHEIIHEIO MOMEHTAa IPHBEIO OFBI
TOJBKO K HM3MEHEHHMIO 4YacTOThl BpallleHHUS pOTOpa.
B necTBHUTENBFHOCTH, HM3-3a NOAATIMBOCTH Bajla M
MHEPIMM 3aKpeIUICHHBIX Ha HEM MACC 4acTOTa Bpa-
IHEHMA Bajla HM3MEHAETCS HEOAMHAKOBO IO [UIMHE,
a CONpOBOXJAeTcA 3aKpy4YMBaHMEM OTAEIBHBIX €ro
YacTed OTHOCHMTENBHO ApYr Apyra. Takue KoJjeGaHHA
Ha3bIBAIOTCA KPYTWIBHBIMH WIH TOPCHOHHBIMH.

Ilpu coBmaficHUM YacCTOTH! BHEUIHEH CWIBI C Ofi-
HOH M3 CODCTBEHHBIX YaCTOT KPYTHIBHBIX KOJeOaHMi
BJIONPOBOla MOFYT BO3HHUKHYTh HE3ATYXAIOIIHE KaK
3NEeKTPpUYECKUE, TaK M MeXaHWdecKHe KoleCaHUsI Ha
JaHHOM pE30HAHCHOM YacToTe.

Y4uThIBad OTPHMIATENbHLINA 3HaK HMENCTBUTENbHOM
YaCTH IIepeflaTOYHOM (PYHKIMHM IJIEKTpoIlepead |
pcTaBok mocrosHHoro toka (ITIIIT m BHT) c cu-
CTEMOH pEryJIMpOBAHUA, IOJACPXHMBAIOUICH MOCTO-
SHHBIA TOK IIepeflayM, [UIA JacTOTHOH ofmactu 7—

I'YCEIHOB H.M.

Shaft torsional oscillations have been investigated
Jfor a power system, containing DC and AC transmission
lines, operating in parallel. The investigation has been
carried out, using a mathematical model in a form
of state equations. Some means for eliminating shaft
torsional oscillations as well as a new method for
a DC transmission line operating conditions control
are proposed.

Key words: turbogenerator, shaft torsional
oscillations, convertor load

14 Tu [1] HeTpylHO NpeNMONIOKHUTH BO3MOXHOCTB
BO30YKIIECHMSI HU3KOYACTOTHBIX KPYTWIBHBIX KOJe-
6aumit co croponsl IIIIT wm BIIT, paGoraroumx
OT TEIUIO3IEKTPOCTAHIIMMY.

Metonuka wuccaenoBanuia. JnA  McciIemoBaHUA
KPYTHJBHBIX KoJiebaHMIl MCHoJb30BaHa METOAMKA,
OCHOBAHHAsl Ha BBIYMCIIEHWHM COOCTBEHHBIX 3HAYCHUH
XAPAKTEPUCTHYECKOM MAaTpPUIBI CHUCTEMBI H ONpe-
JeJIEHMM WHTEpecyIOmIero crekrpa CBOOOMHBIX KO-
nebaHuit B sHeprocucteMe (IC). TpemmyinecTBoM
HAHHOTO IOJXO/la K aHANN3Y YCTOWYMBOCTH SBJIACTCS
BO3MOXHOCTh ONpEAeNiCcHUsT XapaKTepa HapylleHUs
YCTOHYHUBOCTH M IIapaMeETpoB CBOOOMHBIX KOJIeGaHMIL

s ompeAeNeHHsA NapaMeTpOB CBOGOMHBIX KO-
nebaHMit MCIIOIB30BaHA CTaHAApPTHAsA HOANpPOrpamMMa,
peanusyioniasa Metof anwmnesckoro. MccnegosaHue
nposeAcHo mwig IC, cxeMa KOTOpoi INpHBegeHa Ha
puc. 1, rie SKBUBAICHTHLIA CHMHXPOHHEIA reHepaTop

A3
or . U=gonst
©-CD- 78 ™
A1 T N2
‘ B 8nr s\
Puc. 1. Cxema mucciegyemoit cucremb: CIT — CHHXPOHHbIA
reHepatop, BIIT - BcTaBKa mNOCTOAHHoOro Toka, IB, TH —

TpaHC(OPMATOPhl BBHINPAMHUTEILHOH M WHBEPTOPHOH MNOACTaH-
wmun; JI1, 72, JI3 JIMHUM 3JIeKTpolepeXayn

CI' paboraer Ha MOILHYIO CHUCTEMY 4Yepe3 3JIEKT-
poIlepeiadd IOCTOAHHOTO M IEPEMEHHOIO TOKa.
llesecoobpasHOCTh pacCMOTPEHMUST TAKOM CUCTEMBI
C TOYKH 3peHUs BO3OYXIAEHUA KPYTHIBHEIX KOJE-
Ganmit o0bsACHsAEeTCA TeM, 4YTO, KaK M B CJIydae HC-
CIEAOBaHMA NPOLECCOB CaMOBO3OYXAEHHs, B CHOX-
HOM SJIEKTpU4YECKOM cHcTeMe C GOJBIIAM YHCIOM
3aMKHYTHIX KOHTYDPOB M IHApaUIeJbHBIX JHHUMA TOKH
TIOJICHHXPOHHBIX JacTOT AeMNGUPYIOTCA KaK 3a C4eT











































































































































































