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Hacrosimui cTanpapr pacrnpocrpassiercss Ha TpexdbasHble 3JeKTpo-
YCTaHOBKH HanpsiKeHHeM cBhiille | kB nmpomeimsienno#l yactots u ye-
TaHaBauBaeT OOIIyI0 MeTOAHKY pacueTa TOKOB CHMMETPHUHHIX M He-
CHMMETPHUYHBIX KODOTKHX 3aMblikaHu#i (K3) B HauandbHbili W npous-
BOJIbHBI MOMEHTHI BPEMEHH.

CraHpapt He pacnpocTpaHsieTCss Ha 3J€KTPOYCTAHOBKH Hampsixke-
HueM 750 xB u Bhille.

CranpapT He pernamMeHTHPyeT METOLHKY pacyeTa TOKOB:

TIPH CJOXKHBIX HECHMMETPHSAX B 3J€KTPOYCTAHOBKAX (HalpuUMep Of-
HOBPeMEeHHOe KOPOTKO€ 3aMblKaHHe W OOGDBLIB), IPH IMOBTOPHEIX KOPOT-
KHX 3aMBIKaHHSX H TIPH KOPOTKHX 3aMBIKAHHAX B 3JEKTPOYCTAHOBKAX C
HeJTHHeAHBIMH 3JIEMEHTaMH;

KODOTKOTO 3aMBIKaHHS ¢ Y4eTOM IHHAMHKH 3JIEKTPHUECKHX MaLIHH
TIpH 3JIeKTPOMeXaHHUYeCKHX NMePeXOiHbIX MPoleccax;

NpH KOPOTKHX 3aMbIKaHUSIX BHYTPH 3/IEKTPHUECKHX MaUIHH, TPAHC-
dbopMaTopoB H aBTOTpaHCHOPMAaTOPOB; :

HENPOMBILIJIEHHBIX Y4CTOT, BO3HHKAIOIUUX NPH KOPOTKHX 3aMbIKa-
HHSIX B JIHHMAX 3JIeKTpollepelayd HampskeHueM 220 KB u Bmniule.

1. OBLIME NMONOXEHMS

I.1. HcxoxHbLle MONOXEHHU s

1.1.1. Hactoswmn#t cranaapt ycraHaBiuBaeT o6uIylo MeTOAHKY pac-
ueTa TOKOB KOPOTKOIO 3aMblKaliksi, HeOOXOAHMBIX AJst BHIGODA H 1Ipo-
BEPKH 3JeKTPOOOOPYAOBAHHSA MO YCJOBUAM KOPOTKOLO 3aMBIKAHHS;
A1g BHIGOPA yCTAHOBOK H OLIEHKH BO3MOXHOTO AeHCTBUS pesiefiHell 3a-
UHTHl W aBTOMATHKH; Ui ONPEAeJEHHS BJUSHHUS TOKOB HYJIEBOH I10-
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CJI€L0BATE/bHOCTH JIMHHH 5JEKTpOlepefayd Ha JMHHE CBS3H; AJA BH-
Gopa 3a3eMJIAIOLUX YCTPOHCTB.

1.1.2. Cranaapt paccMaTpHBaeT METOAMKY pacyeTa TOKOB mpu K3,
BHABI KOTOPBIX NIOKA3aHB Ha YepT. 1.

1.1.3. Beanunnsl, noAJsexaline onpeneNeHnIo, A0NyCTHMAs NOTpell-
HOCTb pacuera TokoB K3 u mpuMeHsieMas NpH 3TOM MeTOAHKa pac-
4era 3aBUCAT OT UeJeH, ykazaHHuX B . 1.1.1.

Hast BriGopa u NPOBEPKH 3J1€KTPOOBOPYNOBAHUS AOMYCKAIOTCS YII-
polleHHble MeTOABl pacuera TOKOB K3, ecqH HX NOTpelIHOCTh He mpe-
Beiraet 5—109%. IIpu 3TOM olipedensior:

HayajbHOe 3HaueHHe NePHOAHYecKOH cocTaBJsonlel Toka K3 u
3HaueHHe 3TOH cocTaBjsiiollell B NPOH3BOJBHBIL MOMEHT BpEMeHH,
BILJIOTb AO PACUETHOTO BpEMeHd Pa3MBIKAHHS NOBpPEXKIEHHOH LeMH;

HayaJbHOe 3HaueHHe alepUOAHMYECKOH cocTaBJswollel Toka K3 u
3HAUeHHe 3TOH COCTaB/AKOMel B IPOH3BOJLHEIE MOMEHT BpeMeHH,
BIJIOTb A0 PACYETHOrO BPEMEHH Da3MbIKaHHS TOBPEXKAECHHOH LemnH;

yaapubld Tok K3.

st BBIGOpa MapaMeTpPoOB HACTPOMKH pe/lefiHON 3aIIHTHl H aBTOMa-
THKH OIpele/sIIOT MaKCHMaJ/bHOE U MHHHMaJbHOE pacyeTHbe 3Hade-
HHA ITePHOAHMYECKOH H alepHOAHYecKOl cocTaB/isiomiux Toka K3 B
HauaJbHbLIA W NPOH3BOJBHBIH MOMEHTH BpeMeHH Kak B MecTe K3, Tak
H B OTJAE/bHBIX BETBAX PacueTHOH CXeMHl.

1.1.4. PacyeTbl TOKOB B NMPOH3BOJILHBII MOMEHT BPeMeHH B OTHAE.b-
HBIX BETBSIX PACYETHOH CXeMbl TPeOYIOT yuera 3JeKTPOMeXaHHYeCKHX
HepPeXOAHBX NPOLECCOB H HX CJeAyeT NPOBOAHTh C NPHMeHEHHeM
CPeJACTB BBIUHC/IUTENbHOH TEXHMKH, HCIOJ/b3Ys IPOTPAMMEI PacyeToB
JAHHAMHYECKOH yCTOHUHBOCTH 3J1EKTPOSHEPTeTHUECKHX CHCTEM.

1.1.5. TIpu pacuerax TokoB K3 cieayer B ofluem caydae y4HTHI-
BaTb BCe 3J/EMEHTHI 3JEKTPO3HEPTreTHUecKoH cHcTeMbl. JlomycKaercs
5KBHBAJ/ICHTHPOBAThH yAaJeHHyI0 oT Mecta K3 wyacrb 3/1eKTposHepreTH-
4eCKOH CHCTEMBI. :

1.1.6. Pacuer nepuoauyeckoil cocrasjsiomeli Toka K3 momyckaer-
€l MPOBOAHTH, HE YYHUTHIBAS AaKTHBHHIE CONPOTHBJAEHHS 3/JeMeHTOB
3/IEKTPOSHEPreTHYECKOH CHCTeMBbl, B YAaCTHOCTH, BO3AYLIHHIX M Kabeb-
HBIX JIHHHH 3J€KTPONepenauH, eclH pe3yJbTHPYKLlee KBHBAJEHTHOE
AKTHBHO€ COMNPOTHBJICHHE OTHOCHTeJbHO TOUKH K3 He mpesHimaer
30% pesysabTHpPYIOIIEr0 3KBHBAJEHTHOrO HHAYKTHBHOTO CONPOTHBIIE-
HHS.

1.1.7. Tlpn pacuerax TokoB K3 nomnyckaercsi He yYHTHIBATH:

1) casur no dase S C u u3MeHeHHe YaCTOTH BpAlIEHHS POTOPOB,
CHHXDOHHbIX TeHepaTopOB, KOMIIEHCATOPOB M 3JEKTPOABHraTefe, ec-
JIM nipopoJxuTeabHOoCcTs K3 He mpeBbimaer 0,5 ¢;

2) TOK HaMarHHYHBaHHs TpPaHCHOPMaTOPOB H aBTOTpaHcqopMaTa-
poB; ‘

3) HacbllIeHHe MArHHTHBIX CHCTEM 3JEKTPHYECKHX MAalUUH;
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4) momepeuHyI0 eMKOCTb BO3AYIIHBIX JHHHH 3JEKTpollepelayl Ha-

npskennem 110—220 kB, eciu ux aauHa He npesbimaer 200 xM, u
nanpsikeneMm 330—500 kB, ecnu ux AgauHa He npesbimaer 150 KM.

Buibl KOPOTKHX 3aMblKaHHH
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K3 — K ; s—pmByxdaszsoe K3 Ha 3zemaio —
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c—opHodasdoe K3 mHa 3zemiaio — K

Yepr. 1

1.1.8. Idas pacuera HecuMMeTpHuHbIX K3 peKoMmeHayércs npeéinods
THTE/bHO HCMOJb30BATh METOJ CHMMETPHUHBIX COCTaB/SIOUIMX, NPH-
HHMas TOJHYI0 CHMMETPHIO IO (asaM BceX 3JeMEeHTOB 3JeKTPO3Hep-
TeTHUECKOH CHCTEMBl (3a HCKJIOUeHHeM HecHMMeTpHH B Mecte K3).

1.1.9. Tokn K3 B 3aBHCHMOCTH OT CJ/IOXKHOCTH PacCUeTHOH CXeMBbl H
Lesd pacyera JONMYyCKaeTcs ONpefessiTb NMyTeM aHAJMTHYECKHX pacde-
TOB C HCIOJb30BAaHHEM 3KBHBAJEHTHBIX CXeM 3aMelleHHs, a TaKKe
pacueToB ¢ MpPHMeHEHHEM aHAJOrOBHIX PacyYeTHHIX MoOJe/eH INepeMeH-
HOTO M MOCTOSIHHOTO TOKa HJIM ¢ HCloJb30oBaHHeM DBM,

1.2. CoctraB HeoOGXOAHMMB X JJsI pacyeToB TOKOB
K3 nmapaMeTpoB 3/71eMeHTOB pacUeTHOH cXeMH
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1.2.1. Cocras napaMeTpoB KOHKDETHBIX 3JEMEHTOB pacueTHOM cxe-
MBI, KOTOPHI B 0oflleM ciyyae HeoGXOAMM AJs pacueToB ToKoB K3,
'yKa3aH HHXKE. A v

- 1.2.1.1. CunxpoHHble MalUHHL (FeHEPaTOpHI, KOMIIeHCATOPHI, 3JeKT-
poaBurartedu) :

[oJIHAsT HOMHHAJbHast MOWIHOCTh Suow, MB-A, niM HOMHHAaJbHAs
AKTHBHAS MOILHOCTb Pyow, MBT, n HOMHHA/BHBIA KO3()DHLUEHT MOL-
HOCTH COSQuom,

HOoMHHaJ/bHOE HanpsizeHne Uyey, KB;

CBepXIepexo/lioe CONpOoTHBJEHUE M0 TPOAOJLHOH OCH X”g4;

CBepXIlepexoJHOe COTPOTHBJIEHUE MO nonepeqﬂoﬁ OCH X'gq,
nepexojgHoe CONPOTHBJIEHHE IO HpO[lOJIbHOﬁ ocu {/d;
CHHXPOHHOE COIIPOTHBJIEHHE TIO HpO}.IOJIbHOﬁ OCH Xy,
CHHXPOHHO€ COINPOTHBJEHHE IO nonepeqﬂoﬁ OCH X,
COINIPOTHB/ICHHE oépamoﬁ HocJjaeA0BaTeJNbHOCTH :Vz;
COIIPOTHBJICHHE paccesiHud 06MOTKH craTtopa .X;G N
HHAYKTHBHOE COHPOTHBJIEHHE 0oOMOTKH 8036y}K}IeHI/IH )ff,'

HHAYKTHBHOE CONPOTHBJEHHE NPOJOJNbHOH JeMndepHOH 06MOT-
KH X14,
»

HHAYKTHBHOE CONPOTHB/IEHHE I[IONepedHoR JemndepHoll 06MOTKH
X1q) *
L]

aKTHBHOE CONMpPOTHBJ/IEHHe OOMOTKH BO30OyxAeHHS (nmpH pabouelt
temnepatype) R;, Ou;

AKTHBHBIE CONIPOTHBJ/ICHHS NPOAOJBHOH H INONepeuHOH AeMI(pepHbIX
00MOTOK (1pH pabouell TeMneparype) Rig H Riq, OM; .

NOCTOsIHHblE BPEMEHH 3aTyxaHHs alepHOJHYECKOH COCTaBJAAIIeH
TOKa cTatopa npu TpexdasHoM u ojHodasHoM K3 Ha BHIBOjgAax Maliu-
uet T8u 17V, ¢

npejenbHbl TOK BO30YKAEHAS MawuHbl [iy, A;

TOK BO30Y:K/[eHHs MallHHBEl NPH paGoTe B PeXHME XOJOCTOLO XO-
Ja ¢ HOMHHAJbHEIM HanpsixkeHueM [ig, A;

KO3 QHUUHEHT MOIE3HOTO AeHCTBHS (A1 CHHXPOHHBIX 3JEKTPO-
asurareneii) v, %;

HanpsKeHHe, TOK cTatopa M Ko3(QMOHLHEHT MOIIHOCTH B MOMEHT,
npeawectsytomuid K3: U g, I o u cos q.

1.2.1.2. AcuHXDOHHBIE 3J/I€KTPOABHrATEJIU:

HOMHHAAbHAS MOIHOCTD Pyoy, MBT;

HOMHHaibHOE HanpsizkeHue Uyom, KB;

HOMHUHAJbHBIH KO3()(MHLUHEHT MOLIHOCTH COSQuon;

KPaTHOCTb IyCKOBOIO TOK& 0 OTHOLIEHHIO K HOMHHAJbHOMY TOKY

Ky,
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KDATHOCTb MAaKCHMaJbHOTO MOMEHTa N0 OTHOIIGHHIO K HOMHHA/b-
HOMY MOMEHTY buom;

CONPOTHBJIEHHE CTaTopa MOCTOSSHHOMY TOKY (mpu paboueit Temie-
parype) R, Om;

KO3 GHUHEHT NoJe3Horo gedictBus i, %;

HanpsiKeHHe, TOK H KO3(G(QHIHEHT MOIHOCTH B MOMEHT, IpeILIecT-
pyromui K3.

1.2.1.3. CunoBbie TpaHCHOPMATOPHL H aBTOTPAHCHOPMATOPHL:

HOMHHa/bHAasl MOIIHOCTD Syow, MB - A;

HOMHHaJbHbIe HaNpsxKeHHs oOMOTOK, KB, U dbakruueckne koaddu-
UHEHTH TpaHCchopMaIuy;

HanpsXKeHHs KOPOTKOro 3aMBIKaHHS MeXAY OOMOTKaAMH H HX 3aBH-
CHMOCTb OT KO3(p(QHIIHEeHTOB TpaHC(hOpPMAaLHH;

[IUafa3oH peryiHpOBaHHS HaNpPSI/KEHHSs, ONPedeJsioUHil Hanpsaxe-
HHe KOPOTKOI'O 3aMhiKaHHA B ycaoBuAx K3;

NOTePH KOPOTKOTO 3aMBLIKaHHsI B 06MOTKaXx, KBT;

1.2.1.4. ToxoorpaHMYHBAIOLIHE PEAKTOPHI:

HOMHHaJbHOe HanpskeHHe Uyowm, KB;

HOMHHAJbHBIH TOK [nom, A;

HOMHHa/JbHOE HHIYKTHBHOE COLpPOTHBJAeHHe Xp OM, HIM HHIYK-
THBHOCTb L, MI'H;

HOMHHaJbHBIH KO3 ®HUHEHT cBA3K Kca (TOIBKO [ CIBOEHHBIX
peakTopoB);

[OTepH MOUIHOCTH TP HOMHHAJ bHOM ToKe AP, kBT.

1.2.1.5. Bosayuiable u KabeabHble JHHAH 3JEKTPONEpefaun:

HOMHHaJbHOe HalpsikeHHe Uyowm, KB;

HHAYKTHBHOE CONPOTHB/JAEHHE TIIPAMOH MNOCJeLOBAaTEIbHOCTH Xi,
OM/KM;

HHAYKTHBHOE CONPOTHBJIEHHE HYJEBOH TIIOC/I€10BATENBHOCTH Xo,
OMm/xMm;

B3alMHOE HHAYKTHBHOE CONPOTHBJEGHHE HYJEBOH IIOCJeA0BATE/b-
HOCTH Xmo (IIPH HAaJUYHH HECKOJbKHX BO3AYIUHHX JHHHA Ha OAHOH
tpacce), OM/kM;

AKTHBHBEIE CONPOTHBJIEHHSI NPSIMOH U HyJeBOH MOCAeA0BaTEJIbHOCTH
Ri 1 Ro, Om/kM;

JJMHA JHHHH [, KM;

eMkocTb C, ®/kM.

1.2.1.6. IllynTupyromue peakTophl:

HOMHHAibHOE HanpsikeHne Uyom, KB;

HOMHHAJIbHAST MOUIHOCTD Syowm, KB-A.

1.2.2. Ilpu pacuerax ToKOB K3 Bce HCTOUHHMKH 3Je€KTPOIHEDIHH,
ST KOTOPBIX KOPOTKOEe 3aMbIKaHHe ABJseTCS yAaJjeHHBM (cM. m. 5.3),
H COOTBETCTBYIOIIHE 3JeMEHTH 3JeKTPHUeCKOH CeTH MOryT ObiTb OTHO-
cuTeqibHO ToukM K3 HaM HHOro BHIOPAaHHOTO y3Jia CETH' SKBHBAJEHTH-
pPOBaHbl OfHHM HCTOUYHHKOM HEH3MEHHOTrO HampsXeHHS W OJHHM CO-
OPOTHBJEHHEM (/aJiee TAKOH HCTOUHHK HA3bIBA€TCHA «CHCTEMOMH»).
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Ecan s KOHKPETHOro y3ja CeTH M3BECTHO 3HaueHHe TOKa Tpex-
¢asnoro K3 ot cucremn 1 ,kA, uan momuoctn tpexdasnoro K3 or
cucremnl S, MB-A, To 3KBHBaJeHTHO® HHAYKTHBHOE CONPOTHB./EHUHE
CHCTEMBI (X:) B OMax MOKeT OBITh ONPEHE/IEHO 110 BBIPaKEHHIO

U‘.Z

Ucp,HOM _— CP,HOM
Xe= -

T Y3708 @)
V3:Q s®

rae Ucpunom — CPelHee HOMHHAJbHOE HanpsixkeHue cetd (cM. m. 1.3.2),
KB, cooTBercrBylollell CTynmeHH HanNpsiKeHHs, B ysJje

KOTOPOH M3BECTHO 3HauUeHHe 1,‘(3’ i S,

Ipu srom 3JIC cucreMbl cjelyeT NPHHHMATb DAaBHOH cpegHeMy
HOMHHA/bHOMY HANPAXKEHHIO CeTH COOTBETCTBYIOLIEH CTYNEHH Hamps-
KeHHs.

13. Onpenenednne mapaMeTpoB 5JEMEHTOB 53KBH-
BaJEHTHBX CXeM 3aMEUeHHUS

1.3.1. ITapaMeTpsl 3JeMeHTOB SKBHBAJIEHTHBIX CXEM 3aMelleHHs
MOTYT OBITh ONpelesieHbl:

1} B HMEHOBAaHHBIX €IMHHIIAX C IIPHBeJeHHEM 3HAaYeHHH napaMer-
POB pacyeTHBIX cXeM K BbIODaHHOH ocHOBHOH (6a3ucHO#) CTyIeHH Ha-
OpSI2KEHHS! CeTH H ¢ yieToM (haKTHYeCKHX Ko3dduuxeHTOB TpaHcdop-
MaUHH CHJOBBIX TPaHCHOPMaTOPOB H aBTOTpaHCcHOPMATOPOB (CM. MpU-
Joxenue 1);

2) B OTHOCHTe/JbHBIX eIHHHIAX C NPHBEAEHHEM 3HAUEHHH mapaMer-
pPOB pacueTHHIX CXeM K BBIODAHHBIM Oa3MCHBIM YCJOBHSAM H C YYETOM
tdbaxkTuyeckux KoapouiueHTOB TpaHChOPMAlIMH BCEX CHJIOBBIX TPaHC-
dopMaTopoB H aBTOTpaHCcHOPMATOPOB (CM. NMPHJIOXKEHHE 2);

3) B WMeHOBaHHLIX efuHHMLAxX Oe3 NMpHUBEAEHHs 3HaueHHH nmapamer-
POB pacCUeTHBIX CXeM K OZHOH CTyHeHH HaNpsAXEHHS CeTH U C YUEeTOM
(PaKTHYEeCKHX KO3(Q(HUHEHTOB TPaHC(HOPMALHU CUJIOBBIX TpaHchop-
MaTOpPOB H ABTOTPAHCHOPMATOPOB.

1.3.2. Tlpu orcyrcTBHHM HaHHHIX O (akKTHUecKHX Ko3(duuHeHTax
TpaHC(pOPMaL¥H CHJIOBHIX TPaHC(HOPMATOPOB H aBToTpaHchopmaTo-
pOB LoHycKaeTcs HCIO.Jb30BATh NpUOAHIKEHHBIA cnocod ux yuera. OH
COCTOHT B 3aMeHe (PaKTHUECKUX K02(h(PUUHEHTOB TpaHCPOPMAIIHU CHJIO-
BBIX TpPaHCHOPMATOPOB H aBTOTPAHCHOPMATOPOB OTHOUIEHHEM Cpef-
HMX HOMHHAJbHBIX HaIpsKeHHH ceTefl  COOTBETCTBYIOLIHX CTyIeHed
HanpsixkeHud. IIpu 3ToM peKoMeHAYyeTCs UCIOJAb30BATh LIKaAy CpegHHX
HOMMHAJbHBIX HampsiKend# cereit: 3,15; 6,3; 10,5; 13,8; 15,75; 18;
20; 24; 37; 115; 154; 230; 340; 515 kB.

QopMyasl A5l ONPeJeseHHs] NapaMeTpPOB 3JeMEHTOB CXeM 3aMe-
NieHus B MMeHOBAHHBIX M OTHOCHTE/bHBIX eJHHHIAX C IIpHBeJeHHeM
nxX 3Ha4Ye€HHH K OCHOBHOH CTyNleHH HaIIPSI?KEHHS, HCHO./b3ysd MPHOJIH-
JKeHHBIH crocob ydyeTa Ko3apHHUHEHTOB TpaHCcHOpMaAUHH CH.IOBBHIX TPaH-
chopMaTopoB H aBTOTPaHC(POPMATOPOB, NPUBEIAEHBl B HPHIOMEHHH 3.
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14 Baub6op Metronza pacyera TOKOB KOPOTKOTO
3aMBIKaHHUA

1.4.1. Pacuer Tokor K3 B Ma/JOKOHTYPHBIX pacueTHhIX CXeMaX pe-
KOMeHayeTcs MPOBOAUThL aHAaJHTHYECKHM CNOCOO0OM ¢ HCHOJb30BaHH-
€M H3BeCTHBIX CII0COO0B NMpeoOpasoBaHHUK CXeM.

1.4.2. Pacuer Tokos K3 B MHOrOKOHTYPHBIX pacueTHHIX cxeMax
pEKOMeHAyeTCS] NPOBOAHTh METOAOM Y3JIOBBIX HAaNpsiXKeHHH HJIM MeTo-
JOM KOHTYPHBIX TOKOB C HCIIONb30BaHUeM DBM,

Ilpu ucnosb3oBaHHH MeTOAA Y3JOBBHIX HaNps:KeHHH He0OXOAUMO
pelUHTh MaTpHUHOE YpaBHEHHE:

_]ys :.fyys gya;

rae Iy, — croabioBas MaTpUlla y3J0BLIX TOKOB;
_yys—xsaﬂpamaﬁ MaTpHIa COOCTBEHHHX H B3aHMHBIX Y3JIOBHIX
‘_ NPOBOIUMOCTEI;
Uys — cTonbuoBast MaTpHlla y3JOBEX HATPSKEHHH.

IIpu Hcnosb30BaHHM MeTOJA KOHTYDHBIX TOKOB Heo0XOAMMO pe-
IHTh MAaTPUYHOE ypaBHEHHE:

Ex=Zelo S

rae Ex — croabuosas matpuna 3J1C;
Zyx —KBajpaTHasi MaTpPHU@ COOCTBEHHBIX H B3aHMHBIX CONPOTH-

BJIEHHIH HE3aBHCHMBIX KOHTYDOB;
Iy — cTton6uoBas MaTpula KOHTYPHHIX TOKOB.

2. PACYET HAYANBHOTO 3HAYEHHUSA NEPUOQMUYECKOH
COCTABNAIOWIEA TOKA TPEXDA3HOIO KOPOTKOro
3AMbBIKAHUA

2.1. [lpu pacuere HayasJbHOrO 3HAUEHHUS NEPHOJHYECKOH cOCTaBJf-
ioied Toka tpexdasHoro K3 mosKHE ObITb y4T€HH BCe CHHXDOHHEIE
reHepaTophl U KOMMEHCATOPHl, a TaKkKe CHHXPOHHBIE H acCHHXPOHHbIE
3JeKTpoABuratesy MomHocThio 100 XBT u Gosee, ecan 3TH 37eKTpo-
JIBUTATEJH He OTAeJeHbl OT TOoYKH K3 TOKOOrpaHHUHMBAIOHIMMY-peak-
TOpaMH WJH CHJOBBIMH TpaHcpopMaTopaMH. B aBTOHOMHBEIX cucTe-
Max npu pacuetax TokoB K3 ciaeiyer yuUTHIBATb H 3J€KTPOABHIATEJH
moutHoctblo MeHee 100 kBT, ecan ux jgoas B cymmapHom Toke K3 co-
cTaB.aseT He MeHee 5%.

2.2. CHHXDOHHbIE U ACHHXDOHHbIE MAaUIMHBl B CXEMY 3aMeljeHH:d
JOJIKHBl OBITh BBEACHBI  CBEPXMEPEXOJHBIMH  CONPOTHBJICHUSAMH H
ceepxnepexoaupiMn IJIC. TlocaegHune caeayer NPHHUMATb HYHCJAEHHO
paBHbIMH 3HaueHusM 3tux DJC B moMenTt, upeauwectsyromuil K3.

JIJ1 CHHXDOHHBIX TEHEPATOPOB M 3.1€KTPOABHTaTE]eH, KOTOpHE RO
K3 pabotaan ¢ nepero3fyxaeHueM, cBepxilepexognyo 31C (pazvoe
3HaYeHHe) B KHJIOBOJLTAX CJAEAYeT ONpeldesdasdTh Io hopMy.ie
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E"¢=V (Ugioy 110 X"asing jg; ) 24 (L1g) x”qcospyg )2 .

rae Ug oy — dasHoe HampsixeHHe Ha BHIBOAAX MALIMHBL B MOMEHT,
npeguwecrsylomuii K3, kB;
Ip) — TOK cTaTopa B MOMEHT, npeauecTByomuil K3, KA;
Pjoj — YroA cABHra (pas HaNpsKeHHS K TOKa B MOMEHT, Npea-
wectByrowni K3, pax.
I CHHXPOHHHIX TeHepaToOpoB H 3JeKTPOABHraTtesed, paboras-
mwux 1o K3 c HexoBo3byxkineHueM, cBepxmepexonnyio DJC caeayer
_ oIpeleaATb M0 (popMmyae

E”cb’—"l/(U@;m ~—1L o x”asing o )2+ (Lo X"acos@g )2 ;

IUIst CHHXPOHHBIX KOMIeHcaTopoB, paboraBmux go K3 ¢ nepeBo3byx-
IeHHEM,

E"y=Ugioj+1 10 *¥"a,
a paboTaBIIHX C HeloBO3OyXKJeHHEeM
E”q,: U(bvm—[ 1ol X”d.

Jas acHHXDOHHBIX 3JIeKTpPOJBHraresnell cmepxnepexoguyio SDIC
CEAYET ONPEAENSITh MO hopmyJe

E"¢=V (U, —1 oy " aasing g ) 24 (11g) x"2ac0s9yg )2,

IpHUeM CBeDXIIEPEXOAHOe HHAYKTHBHOE CONPOTHBJIEHHE (Xas) B
oMax JONyCcKaeTcs oNpefensTh Ho GopMyJe

2
= 1 U Hou C0S_ Puout)
ad Kn PHOM ’

rhe Uyon — HOMHHAJbHOE HANPSKEHHe 3JeKTpPoABHrartess, KB;
Pyoyw — HOMHHAJIBHAS MOLIHOCTb 3JeKTpoABurarest, MBT;
COSQuon — HOMHHAJIBHBIA KO3(DdUIUEHT MOLIHOCTH 3JEKTPOIBHra-
Ted;
n — KI1[ 3nexkrpoxsurarens, %.

2.3. Tlpu pacuere TokoB K3 B OTHOCHTENBHHIX €IMHHLUAX C HpHBe-
JeHreM 3HaueHUH mapaMeTpPoOB PacUeTHHIX cXeM K BHIGpaHHHIM (a3suc-
HEIM YCJOBHSIM AJjisi omnpesaeseHus ceepxnepexonnoii DAC saekrTpuuec-
KUX MAaLIHH CJeAyeT HCHOJb30BaTh (HOPMYJEHL, NPHBEIEHHHE B NPHJIO-
XKeHuu 4.

2.4. Ecoim ana pacuera ToKoB K3 ucHoJb3yeTcs aHaJHTHYECKHH
criocob, TO cxeMy 3aMelieHHs, IOJYyYeHHYI0 B COOTBETCTBHH C yKasa-
HHAMH nn. 2.1—2.3, Heo6xoauMo Ipeo6pas3oBaTh U ONpeIeJHTb 3KBH-
BaseHTHYI0 DI C E”s¢q (M1H E”:5x)) H 3KBHBaJEHTHOE COINPOTHBJIE-

*

HHE Xox (MJH Xsksy) OTHOcHTesbHO Touku K3. HawaabHoe melicTByio-
*
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ljee 3HayeHHe MepHOAHUECcKo# coctaJsiolledl Toka B Mecte K3 (/no)
B KH.10aMIlepax paBHO

7
E”3 » *E 3Kk {6)
K, _ Fé
- 6,
Xsk X3Kk(6) ’
*

1n0=

rie [Is— Ga3uCHBIM TOK TOH CTYIIEHH HaNPS)KEHHUS CETH, TAe HaXo-
autea touka K3, KA.

2.5. Meroanka yueTa KOMIJIEKCHOH Harpy3Ku I[pH pacuere Ha-
YyaJ bHOTO 3HAYEHHST MepHOAHYECKOH cocraBJjsoonielt Toka K3 #3/10xkeHa
B pasj. 9.

2.6. Ilpy npubanxeHHBIX pacueTrax HadaJbHoe JeHCTBYyIOlee 3Ha-
YyeHHe ITepHOAHUECKON cocraBasiomell Toka B Mecre K3 jnomyckaercs
onpeie/siTb 10 METOAY 5SKBHBAJEHTHOro reHeparopa, npunss IAC
BCceX HCTOYHHKOB 3/JeKTPOSHEPTHH paBHOH HYJI0 H HCHOJAL3YSH (HOpPMY-
a1y
U{O? . cUnom

Ino=—"=F—=—=
" Vgxax V3x9K

HJiau

1r10 16;

de(G)

rae U — Hanpsixkene B Mecre K3 B MOMeHT, IpeAlIeCTBYIOMHR
K3, kB;
Ugow— HOMHHAJIbHOE HaNpsKeHHe (JnHeHHoe) ceTH, B KOTOpPOH
IIPOH301ILI0 KOPOTKOe 3aMblKaHue, KB;
¢ — K03 DULHEHT, 3HAUEHHE KOTOPOro peKOMeHAayeTcs TpHU-
HHMaThL paBHbIM: ¢=1,1 — Ipu onpejejeHHH MaKcHMaJb-
Horo 3HaueHnus Toka K3; ¢=1,0—npu omnpeseseHHH MH-
HEMaJbHOrO 3HaueHHs Toka K3;
X,x—— PE3YJAbTHPYIOLlee SKBHBAJEHTHOE CONPOTHBAEHHE PacyeTHOH
cXeMbl OTHOCHTE/bHO TouKH K3, OM;
Xox(6)~— PE3YJbTHpYIOllee SKBHBAJEHTHOE CONPOTHB/CHHE pacyer-
HO#l CXeMbl OTHOCHTEeJIbHO TOUYKM K3, B OTHOCHTE/JbHHX
eAMHHUUAX, IPH BEIOpaHHBIX Ga3HCHBIX YCJIOBHSIX.

3. PACYET ANEPMOQMYECKOW COCTABNSIFOLLEA TOKA
TPEX®A3HOTO KOPOTKOIO 3AMbBIKAHMA

3.1. HauaibHoe 3HaueHWe alepHOAHUYECKOH COCTaBJsAMOUIeH TOKA
Tpex(ha3HOro KOPOTKOro 3aMbIKaHHA C/elyeT ONpelefsTh KaK pas-
HOCTb MTHOBEHHBIX 3HAuY€HM# MOJHOTO TOKa B MOMEHT, IIpeAUIeCTBYIO-
wui K3, 1 nepHOAHYECcKOH COCTaBASIOIEH TOKA B HayaJbHBIH MOMEHT

K3.
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3.2. Hauboabumee Hada/bHOEe 3HaueHHe anepHOAHYECKOH COCTaBJafA-
omelt Toka K3 B obuiem caydyae cjelyeT CUATATb PABHBIM aMILIHTY-
Je MepuoAHYecKOol cocTaB/jsolled TOoKa B HadaabHbll MoMmeHT K3:

iaO = V_Q_[no .

JTo BhIpaXKeHKe CNPAaBEAJHUBO NPU YCJIOBUHAX:

1) ceTb HMeeT BBICOKYIO A0O6DOTHOCTb, BCJeNCTBHE Yero akKTHBHBIM
CONPOTHBJEHHEM MOXHO npeHe6Gpeub (cM. m. 1.1.6);

2) OTCYTCTBYeT TOK B pacueTHoli uenu jgo MomenTta K3;

3) Hanpsi:xkeHHe ceTH K MOMeHTYy K3 IPOXOAHT yepe3 HY/ib.

Ecan ykasaHHble yCJOBHA He BBINOJHSIOTCS, TO HanboJbliee Ha-
yaJbHOE 3HaueHUe amepHOAHUEcKOl cocTapisoouledl Toka K3 craenyer
ONpeae/ATh B COOTBETCTBHM ¢ M. 3.1,

3.3. B nmpocThix panuaJjbHBIX CXeMax aNepHOAHYECKYI0 COCTaBJISAI0-
myio Toka K3 B [POH3BOJBbHLIH MOMEHT BpeMeHH (i,t) CJeAyeT olnpe-
JAeJsATb Mo (opMyJae

R
7,
iat=iaoe s
rie T, — 1OCTOsiHHA5 BpeMEHH 3aTyxXaHus amnepHoAHYEcKOH cocTas-
JSIOLIEH TOKa KOPOTKOro 3aMBbIKaHHS, C, paBHas

X3k
Ta=ZTF0
Tle Xsx H Rsx — pesyabTupyloliie 3KBUBAJEHTHBIE WHAYKTHBHOE H aK-
THBHOE CONpPOTHBJeHHe Uenn K3, Oum;
¢ — CHHXPOHHAs yrJjoBas 4acToTa HaIpPSXKeHUs CeTH,
pan/c.
Ilpu 5TOM CHHXDOHHbIe FeHepaTOpbl U KOMIIEHCATODPHI, CHHXPOHHEIE
H ACHHXDOHHble 3JIEKTPOJBHraTeNH NOJKHbB OBITb BBEIEHB B CXeMY
3aMeUleHU HHAYKTHBHBIM CONPOTHBJEeUHEM OOPAaTHOH MOCJIed0BATENb-
HOCTH (AJS1 aCHHXPOHHBIX 3J€KTpoJBHraTeseil xs=x") H CONPOTUB-
JeHneM OOMOTKH €TaTopa HOCTOSHHOMY TOKy NpPH HOPpMHPOBaHHOH pa-
Goueli TemnepaType 3Tod 06MOTKH.
IIpn OTCYTCTBHH AAHHBIX O COMNPOTHBJAEHUHM NOCTOSHHOMY TOKY
ACHHXPOHHBIX 3J€KTpPOoABHraresell 3To conporusJeHHe (Rap ) B oMax
JomycKaeTcsl ollpeAessaiTh No GopMyJe

Rag —=-Swon_ Ulion €05 non_
AL 100 Drom ’

TJe Syom — HOMHHAJBHOE CKOJIbXKEHHE 37eKTpoaBUrartess, Y%.

Mpumeuanne AnepHoanueckyio cocraBiAlomylo Toka K3 0T CHHXDOHHOTO
reHepaTopa B KHJI0aMIepax B cJyyae HeoGXOJAMMOCTH ydera TOKa reHepatopa B MoO-
MeHT, Opeawectsyowuit K3, caeayer onpenesite no gopmyie

.
Y Ia 2 ) -
=V "2 ! I//(-]L)—2 ——sin Yo Fl-e Ta

1 ri0} ’
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e Irloj"‘ TOK TeHepaTopa B MOMeHT, npeauecrsyomnii K3, kA;
P g — yroa cpura ¢bas ceepxnepexonHoit DI C u ToKa reHepaTopa B MOMEHT,
npeawecrsyomuit K3, pax;
T.— nocTosinHasi BpeMeHM 3aTyXaHHs anepHOAHYECKOH COCTaBJAIIEH TOKa
K3 or reneparopa, c.

3.4. B c/loXKHBIX pa3BeTBJEHHBIX CXeMax alepHOAHYECKYIO COCTaB-
Jgsoniylo toka K3 cieayer paccuuTHBaTh IyTeM pelIeHUS CHCTEMBI
AnddepeHnuatbHbIX YPaBHEHHH KOHTYDHBIX TOKOB HJIH Y3JIOBBIX Ha-
NpsKeHHH, COCTaBJEHHBIX C yYeTOM KaK MHAYKTHBHHIX, TdK W aKTHUB-
HBIX CONPOTHBJEHHH BceX 3JeMeHTOB cxeM. Jlas ompele/eHHs HaH-
60J1bLIETO 3HAUEHHsI allepHOAHYECcKOll cocTaBJsiomeli Toka K3 Havab-
HBle YCJIOBHUA CJaeAyeT IPHHHMATh HYJEBLIMHA.

3.5. Tlpu npubnKeHHBIX pacyeTax allepHOAHYECKOH cocTaBJsoIel
-Toka K3 momyckaercsi AIpHHAMATDb, 4TO B JI00OH C/OXKHOH cxeme ame-
PHUOAHUECKAs COCTABJ/AKINAS 3aTyXaeT o 3KCIOHEHUHAJbHOMY 3aKO-
Hy ¢ noctosigHo#l BpeMeHH (7. 5x), ¢, onpele/sieMoi o ofHo# u3 dop-
MyJa

ImZ,
2,3k \cheZK
nian
Xax(R==0)
T — 3K (
a,3% (DcRaK(x:O)
rjie ZK — pe3yJabTHpylollee KOMIIJIEKCHOE COIIPOTHUBJ/ICHUE

cxXeMbl OTHOCHTENBHO TOUKH K3;

Xsx(r=0) U Rox(x—0) — P€3yJbTHPYIOIIHE 3IKBHBAJEHTHBHE HHIAYKTHBHOE
¥ aKTHBHO€ COIPOTHBJIEHHS, oONpeJelseMbie B
cXeMax, B KOTOpBI€ BCE€ 3JEMEHTHl BBEIEHHI CO-
OTBETCTBEHHO TOJBKO HHAYKTHBHBIMH U TOJbKO
aKTHBHBIMU CONPOTHBJIEHHSAMH.

3.6. Ecau touka K3 penut cxeMy Ha pajaHajbHble He 3aBHCHMBbIE
ZAPYT OT Apyra BETBH, TO NpH NpuOJHKEHHBIX pacueTa anepuojuiec-
KYI0 COCTaBJ/SIOIyl0 ToKa K3 B NPOH3BOJIbHBII MOMEHT BpeMeHH B
KuJoaMmiepax C/elIyeT ONpeAessATbh KaK CYMMYy alepHOJHYeCKHX coc-
TaBJAIOUHX TOKOB OTAEJIbHBIX BETBEH:

t

g 7
lat = 2 laoi € al
i=1

rie M — YUCJ0 He3aBHCUMBLIX BETBEH CXeMBH;
ia0i — HauaJbHOe 3HayeHHe aNepHOAHYECKOH COCTaBJjsIOLled TO-
ka K3 B i-it BeTBH, KA.

Jlas ob.jgerueHnsi pacyeToB IO ONpPENEJIEHHIO it B NPHJOKEHHH b
JaHa 3aBHCUMOCTb iat/iso==[(f{) npH pa3iuyHbX T, a' B TNpHJIONKE-
HUH 6 — 3HaueHuss x/R u T, A9 XapakTepHHX BeTBeH 3JIEKTPO3HEP-
TeTHUYECKHX CHCTEM.
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4. PACYET YAAPHOIO TOKA TPEX®PA3HOI0® KOPOTKOFO
3AMbBIKAHMUS

4.1. Tlpu pacuere yHAapHOTO TOKa KOPOTKOTO 3aMBIKaHHS AONYCKa-
€TCS CYUTATH:

1) ynapueiit Tok Hacrynaer uepes 0,01 c mocsie nauaaa K3 (uc-
KJIOYeHHus: cM. 1, 4.5);

2) aMnauTyna NepHOAHYECKOH cocTaBaswued Toka K3 B Mmo-
meHT {=0,01 ¢ paBHa aMIIUTyAe 3TOH COCTABJAWIeH B HaYaJbHbI I MO-
ment K3.

B npocThX panHaJbHEIX 9/IEKTPHYECKHX CXeMaX yAapHBIH TOK
tTpexdasHoro K3 (iyz) B KHJ0aMmepax cjaeAyeT olpeje’aTs Io ¢op-
MyJie

0,01

iy-n=V_§1no(l+e ST ):V’EIHOKW"

rie Kyp-— ynapuslfi koaddunuenr;

T, —oCTOsIHHAs BPEMEHH 3aTyXaHHs anepHOAHYECKOK coc-
rasasoliess Toka K3, ¢ (cM. m. 3.3).

4.2. B cJ0XKHBIX Da3BETBJEHHBIX 3JEKTPHUECKUX CXeMaxX yAapHbIH
Tok K3 cieayer paccunThiBaTh NyTeM peLIEHHS CHCTEMbl ypaBHeHHM
KOHTYPHBEIX TOKOB HJIH Y3JIOBHIX HANpAXeHHH (IpPH HyJeBHX Hauajb-
HBIX YCJOBHSIX), COCTABJIEHHBIX C Y4eTOM KaK HHAYKTHBHBIX, TaK M dK-
THUBHBIX CONPOTHBJICHHH BCEX 3J€MEHTOB PacUeTHOH CXEeMHI.

4.3. Ilpu npubJi>KeHHHHX pacyeTax ynapHoro 1oka K3 B Jso6oft
CJOXKHOH cXeMe JONYyCKAaeTcsl HCIOJ/Ib30BaTh (GOpMy.Ty

_ 001

iynzv-—flno(l"‘e Taae )s

rae T, sx— 3KBHBAJIGHTHAs] IOCTOSIHHAsl BDEMEHH 3aTyXaHHs anepuo-
puyeckol cocrasusiomedl Toka K3, ¢ (cm. n. 3.5).

44. Ecau touka K3 geaut cxeMy Ha pajuasibHbie He 3aBHCHMBIE
APYyr OT ApPyra BETBH, TO HpH NpHOJHKEHHBX pacyeTax yJapHHIH TOK
K3 cJaegyer onpenensth Kak CyMMY YIAApHBIX TOKOB OTAeJbHBIX BeT-
Belil:

iyn:_z -V_2'1n0i(1+€ Ta’i ),

i=1

rae Igo; — HavyagabHOe JAeHCTBYyIOLlee 3HAUYeHHe NepHoAUYecKod coc-
taBJasionei Toka K3 B i-it BeTBu, KA.

4.5. B HeKOTOpBIX YaCTHHIX cJydasx, Hanpumep npu K3 B 3/eKT-
PHYECKHX CeTsX, B KOTODBIX OTHOHIEHHE Pe3yJbTHPYIOLIHX IKBHBaJeEH-
THbIX MHAYKTHBHBIX H @KTHBHBIX CONPOTHUBJEHHH OTHOCHUTEJIbHO TOYKH
K3 meHbuwe Tpex, uan npu K3 Ha JHHHAX C YCTaHOBKaMH IIPOAOJb-
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HOM €MKOCTHOH KOMIIEHCAlHd, MOMEHT BO3HHKHOBEHHSI yAapHOTO TO-
ka K3 ue pasen 0,01 ¢ u ero ciepyer onpenessiTb LONOJHHTEABHO.

B nepsoM ciyyae 370T mMomeHT (fy;) B CeKyHIAX H yIapHBI TOK
K3 (iya) B KuI0aMmepax jomycKaercsi ONpelensTh 1o (opMyaam:
FLY

PIEAA

fyAZO,OIT

t)’l

iyn=V2lno(1+singee ),

rae @gx —yroa casura ¢as IJIC HCTOUHHKA 3JEKTPOSHEPTHH U Ie-
puoAnYecKo# cocraBasioulell Toka K3, paa.
Bo BTOpOoM ciydae npu onpeneseHuH yaapHoro Toka K3 H MoMeH-
Ta €ro BO3HHKHOBEHHS HEOOXOJMMO YUHTHIBATb He TOJIbKO alepHOAH-
YEeCKYI0 COCTaBJIAILIYI0 TOKa K3 H NepHoJHYecKyI0 COCTaBJISIOULYIO
TOKA, IMeEIOllHe CHHXPOHHYIO YacTOTy, HO M CBOOOAHYIO NepHOAHYe-
CKYIO COCTaBJIAIOLIYI0, HMEIOLLYIO IIOJACHHXPOHHYIO YacCTOTy.

5. PACYET NEPUOAMYECKON COCTABAAIOLLEA TOKA
TPEXh ABHOIO KOPOTKOTO 3AMBIKAHMS OT CMHXPOHHbIX
FTEHEPATOPOB B NPOM3BONbHLIA MOMEHT BPEMEHM

5.1. B cioxubIX cXeMaXx NmepHOAHUECKYIO cocTaB.jsiollyio Toka K3
OT CHHXDOHHBIX IeHepaTopoB (KOMIIEHCATOPOB) B TPOH3BOJbHHH MO-
MEHT BpeMeHH CJeyeT PACCUHUTHIBATh IyTeM pellleHHT COOTBETCTBYIO-
e cucreMbl AudepeHInabHEX YPaBHEHHH IEePEXOJHEIX Mpolec-
COB ¢ HCNo/Ab30BaHHeM DBM,

5.2. B mpocThix paiuasgbHBIX cXeMax IeHCTByolllee 3HauyeHHe Iie-
pHOAHUECKOH cocTaBJsiiomel Toka K3 oT CHHXDOHHO!H MaUIMHBI B IPO-
H3BOJbHLIH MOMEHT BPeMeHH OIpeAe/soT aHaJHTHYECKHM CIocoboM,
HCIOJIb3YA (POPMYJHL:

t
Tapt=_L a0 T Eqo Eqgq )e T;_]._ Eqo
X4+ Xam xld(ld)+xsm Xd+Xnw xlld'l‘xsm
'
. E . T:;_!_ Exn—E j¢: 1— T'd"Talde T’d_i_
X406 +Xau Xd+Xpum T'¢—T"4
t

T"aTsyq Ty,
s = et :

" — —
E d'ol r”

Tqnt =0
ant x”q+XBLu
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H

Int=V Idznt +I(?1nt )
rae E o — cunxponHas 3JIC MalldHEL 1O TOIEPEYHON OCH K
momenty K3;
Ego u Ejo — nepexoanasi n csepxnepexoinas DJAC mauwmne no
nonepedyHoit ock K MoMeHTy K3;
Eqn— npellenbHoe 3HaueHHe cuHXpoHHO# JJIC MauIuHE
) Ho nomepedHo# ocy;
Ego, — cBepxnepexondas DJC MamuHbl @0  IPOAOJBHOM
ocd X Momenty K3;
T’4 u T”q — nocTosiHHbie BPEMEHH 3aTyXaHHsd TEpexXoJHOH W
cBepXIepexoaHOH cocTapasiolx Toka K3 no mnpo-
JAOJBHOH OCH, C; 3TH IOCTOSIHHble BpeMeHH npH K3
3a BHEIIHHM CONPOTHBJEHHEM Xgpy OIPEAedIoT Mo
dopMmyaaM:

T'g=T'++T"1s

T!.T*
T// — 4 /I 1d ,
4=0 T'+4T"a
rge

.2
X ——ad
T’f — X't . ! Xd+Xam
wR: oR; ’

2
. % ad
Trg= e YT xatXew
©R4 @Ryq

Yol e ra |
%1 (xat-2om) —x id 1 (at-xom) —x gd ]

T4Ths
Tf0+TldO ’

X apay= (Xa+ Xom)

T R OR4 ' -

X
old X1dg—Xad -
T —
cld
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7”4 —rnocTossHHAsi BPeMeHM 3aTyXaHHS CBepXHepeXoJHOH cocTas-
asiioiteft Toka K3 no nomnepeuHoft ocH, ¢; 3Ty NOCTOSHHYIO
BpeMeHH ONpeAeJsIoT o GopMyae

5.3. B npub.aHnKeHHBIX pacueTax AJsl OllpeAeieHHs AeHCTBYIOIIEro
3HaueHUs TepUoANUecKol cocraBasiiomed Toka K3 B NpousBobHBIA
MOMEHT BpEMEHH OT THAPO- U TypOOreHepaTopoB  MOLLHOCTBIO [0
500 MBT BK.II0YHTE/NBHO M OT BCE€X CHHXPOHHBIX KOMIIEHCATODOB IIpH
painaJbHON cXxeMe cJelyeT NPHMEHSITh KpHUBHE, INPUBEJEHHbIE HA
4epT. 2—5H, KOTopble XapaKTepU3YIOT H3MeHeHHe 3TOH COCTaBJsAIO-
1ell BO BpeMeHH IIPpU pasHbIX yAaJeHHOCTAX Toukun K3. 3HaueHus me-
pHoaHuYecKOH cocTaBasgolell Toka K3 B NMpon3BOJbHBI MOMEHT Bpe-
MEHH OTHeCeHbl K HauaJbHOMY 3HauUeHHIO 3TOH cocTaBisioUleH, T. e.

1nt

’Yt: 1n0 ’

M3mMeHeHue nepuoaHyecKo# cocTasasiouei Toka K3
OT CHHXPOHHBIX MALIHH ¢ THPHCTOPHOH MAH
BHICOKOYACTOTHON cHCTEMON BO3GYKAEHUA

L

A
\

07 \

a{ nofnon) i

[

Y7448
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H3meHeHHe nepHOAHYECKOH cocTaBagwued Toka K3 ot
CHHXPOHHBIX MallHH ¢ THPHCTOPHOM CHCTEMOMH caMOBO36yXKAeHHUs
H C NOCJie0BATeNbHbIMH TPaHCHOpMaTOPAMHU

L
10
£ﬂu(~n/ﬂ)l=2;
~L—-—
09 \\Y 30 7‘
40
08
S~ 5.0
\
a7
AN |
=65 \\
0.6 alum(fw'ﬁ)-é P—
0 21 6z 03 0% fe

Yepr. 3

Vaanennocts ToukH K3 0T CHHXDOHHOH MAIIMHBL XapaKTepHU3yeTcs
OTHOILEHHEM AEHCTBYIOLIETO 3HAYeHHS MePHOAHYeCKOH cocTaBJsIoIeH
TOKa 3TOH MAIUHHB B HauaJbHHH MoMeHT K3 K HOMHHa/JbLHOMY TOKY
MAaIIHHbBI

Ino

IHO(HOM)= 7 .
¥ HOM

5.3.1. KpuBbie uepT. 2 cjeiyeT HCHOJb30BaTh AJsd pacueTa AeHcrT-
BYIOLEro 3HAUeHHs] NMepHOAMYecKOoH cocraBasionlelt Toka K3 oT cum-
XPOHHBIX reHepaTOPOB, HMEIOIIHX THPHCTOPHYIO HE3aBHCHMYIO HJH Bbl-
COKOYACTOTHYIO CHCTeMY BO30YKIEHHS, a TaKkKe OT CHHXPDOHHBIX KOM-
HeHcaTopoB, KpHBHIe YepT. 3 MU 4 — OT CHHXPOHHBIX TeHepPaTopoOB,
HMEIOIHX THPHCTOPHYIO CHCTEMY CaMOBO36YXKAEHHS COOTBETCTBEHHO
¢ mHocJefoBaTe/IbHBIMH TpaHchopMatopaMu u 6e3 nocJjeloBaTe/bHHIX
TpaHcOpMaTOpPOB, KPHUBHIE YePT. 5 — OT CHHXPOHHBIX TeHeDATOPOB C
IHOAHON OeclieTouHOH cHCTeMOH BO3OyIKAEHHUS.
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WaMeHeHne nepuoaugeckoi cocTasiaswmei roka K3 ot
CHHXPOHHBIX MAIIMH C THPHCTOPHOM CHCTeMOH camMOBO3GYXAeHNus
6€e3 nocJe0BaTeabHbIX TPpanchopMaTopos

%

10 ]

;Inn (nam) =20 /

09
X
08 \‘

07—

% nofnom)

0,6

01 02 a3 o4 tc
Yepr. 4

Bce KpHBble NOCTPOEHH! JJIs1 CHHXPOHHBIX TeHepaTopoB (KOMIIeHCa-
TOPOB), Y KOTOPBIX KPaTHOCTb NpelAeJbHOro HalpsikKeHHS Bo36yxKie-
HHS 70 OTHOLIEHHID K HOMHHAJbHOMY HaNpPs2KeHHIO BO30yXIeHHS He
npespimaer AByX. st THAPOreHEpaTOPOB, HMEIIHX NOBHIUICHHBIE
KPaTHOCTH IIPeAe]bHOrO HaNpsKeHuss Bo36YKAeHHsI HO OTHOIIEHHIO K
HOMHHAJIbHOMY HanpsKeHHI0 Bo30Oy:aeHust (Oosbile ABYX), KDHBbHIE
gepr. 2 AomycKaeTcss HCHOJb30BaTb TOJIbKO HpH He$OJbIUOH yhafeH-
HocTH ToukH K3, Korjaa Iyowmomy=>3. Ilpu OoJbllell ynaJeHHOCTH TOYKH

*

K3 nepuozuueckyio cocramJsiomyio Toka K3 caeayeTr npHHHMAaTh He-
H3MEeHHOH MO aMILIHTYIe.

5.3.2. Ecau oTHolueHue peficTByIolllero 3HaYeHHS IePHOLHUECKOH
cocTaBJjsiioliefi TOKa CHHXPOHHOW MAIMUHEI B HayaabHbBH MoMeHT K3
K HOMHHAJbHOMY TOKy MeHee ABYX, TO KOPOTKO€ 3aMhbIKaHHE CJeLyeT
CYHTATh YIAAJEHHBIM M NEPHOAHYECKYIO COCTaBJAAIOUIYI0 Toka K3 npu-
HUMAaTb HEM3MEHHOH Mo aMIJHTYyAeE.

5.3.3. Pacuer geiicTByIOllero 3HaueHHs] NEPHOJHYECKOH COCTaBJS-
fomie#l Toka K3 or cHHXpoHHOrO reHeparopa (KoMIleHcatopa) HJH Hec-
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U3MeHeHHe MEPHOAHYECKOH cocTaBasioed Toka K3
OT CHHXPOHHBIX MALIMH C AHOAHO Gecmerounoi
CHCTEMO# BO30YK/ieHus

&

|
7
{no{»«an)i:"

i

: |
06— ho

- e

L’ff’L*ft:L T _‘ “
[ T i

a,1 0,2 0.3 04 trc
Yeprt. 5

g

KOJIbKHX OJHOTHIHBIX CHIXPOHHBIX TeHepaTopoB (KOMIEHCATOPOB),
HAXOAAUIMXCSL B OAHHAKOBHIX YCJOBHSIX IO OTHOLIEHHIO K Touke K3,
cJeyeT BECTH B CjeAylolleM MopsijiKe:

1) cocTaBuTb CxeMy 3aMellleHHs AJsl ONpeLeJeHHs HayaJbHOTO
3HaueHHsl NepHOAHYEcKol cocTaBasiollell Toka K3 oT cHHXpOHHOH Ma-
WHHL (MK TPYINbl MallMH) M HafiTH OTHOCHTEJbHbI TOK [noiom);

*

2) no kpuBoH yi=f(f), cooTBeTCTBYyWOUlE!l HalJeHHOMY 3HAYEHHIO
Ino(womy, A/ 3aAaHHOrO MOMEHTa BpeMeHH HaHTH OTHOIeHHe TOKOB

.
Int/]n():'yt;

3) ompemenuTh AeHCTBYyMOllee 3HAUEHHE NEPHOAHYECKOH COCTaBA-
ronieit Toka K3 OT CHHXPOHHOH MaWMHBL (MJH TPYNNB MailuH) B KH-
JoaMmiepax B MOMEHT BpeMeHnH f: .

Lot =yt noomy wom =ytIno(syl s
* *
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TAe luew —HOMHHA/BHBIH TOK CHHXPOHHOH MAaIUMHB (FPynmbH Ma-

IIKH), NPUBEACHHBI K TOH CTYNMeHH HANDPSIKEHHS CeTH,
rae saxoaurcs touka K3, KA:

° PHOM
]HOM: V‘

3 Ucp xCOSPuon

Pyow — HOMHHA/IbHasi MOHIIHOCTb CHHXDOHHOH MAIIHHB (HJH
CyMMapHasl MOLIHOCTb IpYINEl MaliuH), MBT;
CO5@nom — HOMHHAJBHBIH KO3 )HUIHEHT MOUHOCTH;
Ucpx —cpellHee HOMHHAJbHOE HANps)KEHHe CeTH TOH CTyNeHH
HanpsikeHus, rie Haxoautcs Touka K3, kB.

6. PACYET NEPUOAMUYECKON COCTABNAIOLLLEA TOKA
TPEX®DA3HOTO KOPOTKOIO 3AMBIKAHMA OT ACUHXPOHHbIX
SNEKTPOABMUI ATEJIEM B NPOU3BOSIbHLIK MOMEHT BPEMEHYU

6.1. Ilepuoanyeckyio cocraBasionlylo Toka K3 0T acHHXPOHHBIX
3JIeKTPOJBUTATE/eH B NPOU3BOJbHBIA MOMEHT BPeMEHHH CJeRyeT pac-
CYMTHIBATH IIyTEM pELICHHS COOTBETCTBYIOLIEH cucTeMbl auddepeHH-
aJbHBIX ypaBHEHHH MepexoJHbIX NMPOLeCCOB € HCNOJb30BaHHeM JBM.

6.2. B npubaueHnHbIX pacueTax AJs ONpeleseHHsi HeACTBYIONIEro
3HaYeHHs MEPHOAHYECKOH cocTaBaswlled ToKa K3 oT acHHXPOHHBIX
9J/IeKTPOABHTATe/€H B MPOM3BOJLHBIH MOMEHT BPeMeHH IIPH pajuaJb-
HOH cXeMe cJ/eldyeT HCIO/b30BaTb THIIOBble KPHUBbIE, NIPUBEAEHHbIE Ha
yepT. 6, KOTOphle XapaKTepPH3YIOT U3MEHEHHe 3TON COCTaBJALIIed BO
BpeMeHH [PH pPasHBLIX yjAajeHHoCTAX Touyku K3. 3HaueHHs mepuonHue-

CKo#l cocraBagwoled Toka K3 B Npou3BOJBHBIA MOMEHT OTHECEeHH K
Haya JbHOMY 3Ha4YeHHIO 3TOH COCTAaBJISIOLIEH:

1
. ntAll

Yiag = 7
nOA L

YaaeHHocTh ToUKH K3 OT acHHXPOHHOTO 3JIEKTPOABHraTe s Xa-
pakrepusyercsi OTHOLIEHHeM [AeHCTBYIOLIEr0 3HAYEHHS MepHOAHuecKoi

COCTAB.ISAIOIEH TOKA 3TOr0 3/EKTPOABUraTesdsl B HAYaJbHBIH MOMEHT
K3 k ero HoMHHa/IbHOMY TOKY

I
0A
[n0(HoM)=*1—ng“
* HOM,AJI
[Topsiiok pacueTa JelCTBYIOILIEr0 3HAauUeHHs MNEPHOAHYECKOH coc-
Tapasioled Toka K3 oT acHHXPOHHOrO 3/1€KTPOABMTATe]s B NPOH3-
BOJIbHBIA MOMEHT BPeMeHH aHaJIorHYeH H3J0XKeHHOMY B m. 5.3.3. 3Ha-

ueHHe MEePHOAHYECKOH cocTaBJAKLIed TOKAa B KHJ0AMIIEPaX B MOMEHT
BPeMeHH [ paBHO
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IntAll =YiAn IHO(HOM)IHOM,A,H =YtA] {n0(6)]6-
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H3MeneHHe NepHOAHUECKOR COCTABASION e/
toka K3 OT acHMHXPOHHBIX 9JeKTPOJABHraTeeR
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7. PACYET NEPMOAUHYECKOW COCTABNSIOLLEA TOKA
TPEX®A3HOIO KOPOTKOrO 3AMbIKAHMSA OT CHHXPOHHbBIX
SNEKTPOABMIATENEMN B NMPOU3BOJIbHbIA MOMEHT BPEMEHMU

7.1. Tlepuoanueckyo cocraBaswumyio Toka K3 0T CHHXPOHHBIX
3/1eKTPOJBHraTesiedl B IPOH3BOJIbHBI MOMEHT BDEMCHH CJelyer pac-
CYHTHIBATbL B COOTBETCTBHH C yKasaHHAMH M. 5.1. B npocThXx panu-
aJbHBIX CXxeMax jJelicTBylolllee 3HayeHHe NePHOAMYECKOH COCTaBJAI0-
mei Toka K3 B IPOH3BOJLHEII MOMEHT BpeMeHH ONpPele/sioT B COOT-
BETCTBHUH C II. 5.2.

7.2. Tipu npuGauKeHHBIX pacueTax AEMCTBYIOLICTO 3HAUGHHS MEpH-
ofuuecKoil coctasJasolledl Toka K3 OT CHHXDOHHBIX 3JEKTPOABHrare-



rocCT 27514—87 C. 2%

Jelf B NpOH3BOJILHBIA MOMEHT BpeMeHH B pajHaJsbHOH cxeMe ROMycKa-
eTCcsl HCII0Jb30BaTh THIIOBBlE KPHUBHIE, NPUBEAEHHbIE Ha uepT. 7, KOTO-
pble XapakKTepH3ylT HU3MeHeHHe 3TOH COCTaBJsAKINeHd BO BPeMEHH IpPH
pasHbIX yaaseHHocTaX ToukH K3. 3HaueHus nepHoauvecKOH COCTABJIA-
e Toka K3 B NpoH3BOJABHBIL MOMEHT BpeMeHU OTHECeHH K Ha-
Ya/JhHOMY 3HAaU€HHIO 3TOH COCTaBJSIOILEH:

1 atCl

Yien = IHOCII

H3mMeHeHMe NepHOARUECKOH cocTaBasomei Toka K3
OT CHHXPOHHBIX 3JIEKTPOABHUraTeei

3’?(/}
10 -

N
\

\Q\ i na(uaﬁ)::/
\\

68 \\
SN

A

/

L

N
AN

x
3
o
3
S
3
N
W
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YpaneHHOCTb Touku K3 OT CHHXPOHHOTO 3JIEKTPOJABHTaTe s Xapak-
TepH3YeTCs OTHOLIEHHeM IePHOAHYECKOR COCTaBJAWIIEl TOKa 3TOrO
IBHratTe s B HayaJbHBE MOMeHT K3 X €ro HOMHHAJbHOMY TOKY

1 nQCH

]l‘IO(HOM) = 7 .
. Hom,C
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Ilopsimok pacueta jJeficTBYIOUIEro 3HAYeHHS TePHOAHUYECKOH cocC-
TaB.soled Toka K3 oT cHHXPOHHOTrO 3/1€KTPOABHraTe I B IPOU3BOIb-
Hbllf MOMEHT BPEMEHH aHAa./IOTHYEH H3JI0XKeHHOMY B I. 5.3.3. 3HaueHHe

NIePHOJNYECKOH COCTAB/sIOWEH TOKAa B KHJI0OAMIePax B MOMEHT BpeMe-
HH { paBHO

IntC,EL =Ytca IHO(HOM)IHOM,C,H =Ytcn 1n0(6)16-

* *

8. PACYET TOKOB HECUMMETPHUUYHbBIX KOPOTKMX 3AMbIKAHMMH

8.1. Pacuer TOKOB HeCHMMETPHUHBIX KOPOTKHX 3aMbIKaHHM peKo-
MEHAYeTCsl BeCTH C HCMOJb30BAHHEM MeTOJa CHMMETPHUYHBIX COCTaB-
Jsiiouinx. IIpy sToM mpelBapHTe bHO HEOGXOAHMO COCTABJSATb CXEMb
3aMelleHHst NPSAMOH, oOpaTHOH H HyJeBol IOC/JeA0BATENbHOCTEH.

8.1.1. Cxema 3aMelueHus NpsAMOH  NOCJEA0BATENBHOCTH JOJIKHA
BK.1I0YaTb BCE 3.€MEHThbl PACYETHOH CXeMbl 3J€KTPOycTaHOBKH. CHH-
XpOHHbIC TeHepaTophl, CHHXPOHHLIE KOMIEHCATOPH H HOAJeKalIHe
YHETY CHHXDOHHble M ACHHXPOHHBIE 3JIEKTPOABHIaTeJ]H INPH pacueTe
Ha41aJbHOrO 3HAYeHHS TOKa HecuMMerpuuHoro K3 BBoasTr B cxemy 3a-
MelieHHsl INPAMOfl MOC/eA0BaTe 1bHOCTH cBepxnepexondbiMmd JC u
CBEPXIIePEeXOJHbBIMU COTNPOTHBJEHHUIMH.

TpexobmoTouHble TpancopMAaTOpbl, aBTOTPAHCHOPMATOPHI, TpaHc-
¢$opMaTophl ¢ pacuienjeHHoll 06MOTKOH HH3WIEr0 HANpSKEHHs, a TaK-
e CABOEHHbie PeakKTopbl AOJMKHB ObITb HpefCTaBJeHL CBOUMH CXe-
MaMH 3aMelleHHs. DTH CXeMbl, a TakKxkKe PacUeTHble BBIPAXKEHHS A
onpele/eHns: HX HAPaMeTPOB NPHBEAEHE B NPHJIOKHHHE 7.

8.1.2 Cxema 3aMellleHHss 06paTHOH IOCJEIOBATEJbHOCTH TaKIKe
J01ZKHA BKJHOYATh BCe 3JeMEHTH pacyeTHo# cxembl. [Ipu stom DJIC
06paTHOH M0CJe10BATEIbHOCTH CHHXPOHHBIX M ACHHXPOHHBIX MallHH,
a TaKXKe KOMILIeKCHBIX Harpy3ok cJ/eAyeT NPHHHMATh DABHBIMH HYJIIO.
ConpoTus,lenue 06paTHOR NMOCAEAOBATENBHOCTH ACHHXPOHHBIX MAIlIHH
CJIe1yeT NPHHHMATh DPABHBIM CBePXMEePexOJHOMY COIPOTHBJEHHIO, a
KOMILJIEKCHBIX HArpy30K — B COOTBETCTBHH ¢ NaHHBIMH TabJ. 2.

ConpoTHBieHHsI 06paTHOH Mocjel0BaTe bHOCTH TpaHchopMaTopos,
PEaKTOpOB, BO3AYWHbLIX W Kabe/bHBIX JHHHH CjIeiyeT NPHHUMATh
PaBHBIMH CONPOTHBJEHHAM NPSMOH IOCAeL0BaTENbHOCTH.

8.1.3. L cocTaB/jieHHsi CXEMBl 3aMeIleHHsI HyJeBOH IoC/ef0Ba-
TEIbHOCTH MPeNBAPHUTE/IbHO C/Ie/lyeT BBIABUTb BO3MOJKHble MyTH IHp-
KyJIsUHH TOKOB HYyJ/eBOH IOCJ€AOBATENbHOCTH Ha KaxkKIOH CTyIeHH
HanpsxeHusi ceTH, HaunHas oT Touku K3. Ilpm 3toM HeoGxomumo py-
KOBOACTBOBATHLCS CJAEAYIOIUIHM:

1) ecan o6bmotka Kakoro-nu6o Tpanchopmartopa co CTOPOHBI TOUKH
K3 coeaunena B Tpeyro/bHHK HJH B 3Be3dy C He3a3eMJEHHOH HeHT-
paibio, TO Kak caM TpaHchopMaTop, TaK H C/leAyloluHe 3a HHM (IO
HaMpPAaBJeHHI0 OT TOYKH K3) 3/71eMeHTH He NOJIKHB BBOAHUTHCS B CXeMy
3aMelleHHs HyJ1eBOH MOCJ/JeA0BaTe IbHOCTH;
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2) ecau oOMOTKH Kakoro-iubo TpaHchopMmaropa COeIHHEHBl I10
cxeme Up/D, mpuueM o6MOTKa, COellMHEHHasl B 3Be3Ly C 3a3eMJEHHOH
HeHATpanblo, o6pallleHa B CcTOpoHY Toukn K3, To B cxeMy saMelleHHS
HYJ€BOH NOCJAeA0BaTeNbHOCTH CJEAYeT BBOJAUTb TOJbKO 3J/IeMEHTH,
BKJIOUEHHBle MexIy Toukod K3 u TpaHchopmaTopom, H caM TpaHc-
dbopmaTop;

3) ecad HeCKOJbKO BO3AYLIHBIX JMHHH 3.JeKTpoliepeladd OHHOTO
WJH pa3HbBIX HalpsXKeHWH NPOJIOXKeHH IO OLHOH Tpacce, TO B CXeMme
3aMelleHHsT HyJ/J1eBol Moc/aeA0BaTeIbHOCTH He0OX0AHMO YYHTHIBATh B3a-
UMOMHAYKIIHIO MEXKAY 3THMH JHHHAMH, HCIOJb3yfA € 5TOH Le/bi0 CcXe-
Mbl 3aMeILeHHsT, IPUBEJEeHHbIE B NPUJIOKEHHH 8.

8.2. Tok mpsiMO#l MOCJEL0BATENBHOCTH 0Co00i (asel B MecTe K3
npu a11060M HeCHMMETPHYHOM KODOTKOM 3aMbIKaHHH cJjaelyeT olpeje-
J1Tb O (hopMyJie

1m Es
KA1 X s +Axm

rae Ey — pesyaprupyoumas DJHAC Bcex HCTOUHHKOB — 3JEKTPO3HEp-

THH;

Xz — pe3yJbTHpylollee HHAYKTHBHCE CONPOTHBJEHHE CXE€MbI
NpAMO# MOC/IeA0BaTeIbHOCTH OTHOCHTeIbHO ToukH K3;

Ax(™ — [oMOJHATE bHOE HHAYKTHBHOE COIpPOTHBJ/IEHHE, KOTOpOE
onpepeasierca BuaoM K3 (n) u mapaMerpaMH cXeM 3ame-
HieHus1 oOpaTHOH M HyJeBON I[ocJeAoBaTe]bHOCTeH; 3Ha-
yeHust Ax™ gJs pa3juuHbIX BHJAOB KOPOTKHX 3aMblKaHHH
npHBejleHbl B TabJ. 1.

Tabaunuma 1
3unayenus Ax(™ B m™ paa pasanynsix K3

JlonoJHHTENbHOE CONPOTHB- 3Hauenne kos3bdHNHEHTA
Bux K3 (n) (n)
JeHHe AX m
JByxdasnoe Xoxn V73
OauodasHnoe Xy Fys 3
Jsyxdasuce Xoy ¥on . Xow X 0x
Ha 3eMJIt0 T V73 —
2z t¥os (Foptagz)

8.3. Ilpu pacyerax TOKa MNpsIMOH MOCJENOBATEJbHOCTH B Hauasb-
Hbiil MoMeHT K3 pesyastupywouiyio 3C Es 1 pe3yabTHpyOllee HH-
JYKTHBHOE COMPOTHBJEHHE Xy CJAEAYET ONPeae]siTh H3 CXEMBI, aHaJo-
THUHOH CXxeMe AJs Olpejie/ieHus Haua J bHOro 3HaueHHd NepHoAHYecKol
coctapasolleil Toka Tpexdasnoro K3 (cum. m. 8.1.1 u pasa. 2).
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8.4. Tok npsAMON IIOCJAEA0BaTEJbHOCTH OT CHHXPOHHBIX reHeparo-
POB HJIM KOMIIEHCATOPOB B IPOU3BOJIbHBIH MOMEHT BpPEMCHH IpH IpH-
6THXKEHHBIX pacdeTax cJjaefyeT ONpeAe/sATb C HCMNOJb30BaHHEM KpH-
BBHIX, IPHBeJeHHbIX Ha 4epT. 2—b5. TIpH 3TOM HOA yAa/seHHOCThIO TOUKH
KODOTKOTO 3aMBIKaHHS CjelyeT NMOHAMATb OTHOLIEHHe TOKa TpPSMOH
NOC/IEeX0BATERBHOCTH CHHXPOHHOW MallHBl B HadaJbHEIA MoMeHT K3
K HOMHHAJ/bHOMY TOKY MAaLIHHHL.

8.5. B mnpocTelx paaHaJbHHIX CXeMax TOK NpPsSIMOH mocJaeAoBaTe/lb-
HOCTH B NPOH3BOJIbHHE MOMEHT BPeMEHH ONpefefsioT, KaK yKasaHo B
n. 5.2. Ilpu 3TOM BHelllHee CONPOTHBJEHHE AOJJXKHO OBITH yBeJIHYEHO
Ha JOTOJHUTENbHOE cONpoTuBJIeHHe Ax(™ (cM. Taba. 1).

8.6. ITosnnt#i Tox nospexjeHHol ¢assl B Mecte K3 pasen

(n)
11((‘0) :m(n) ]KRI ’

rae m™ — ko3pdyunenT, NOKa3BIBAKILKHA, BO CKOALKO pa3 TOK
nospexeHHoH ¢asel B Mecte K3 O6osablie Toka nps-
MO TNOCJAeIOBATEJHHOCTH. J3HAueHHS KO3(pUIHeHTa
m{™ s KOPOTKHX 3aMbiKaHW#l pPa3JMUHBIX BUAOB TPU-
BeleHH B Tala. 1.

8.7. Uto6hl omnpenenuTbh TOK B KaKoi-nuGO BETBH PAaCUeTHOH cxe-
MBI TIpH HecuMMetrpuuHoM K3, ciexyer npeaBapuTe]bHO, HCHOJIb3YS
cxeMbl 3aMelieHUsl NMPsMoH, o6paTHOA W HYJIeBOH IoCJel0BaTesNbHOC-
Te#, HaUTH TOKH COOTBETCTBYIOLIMX IOCJEL0BATENbHOCTEH B MecTe
K3, nposectn ToKopacnpegesneHue 10 BETBAM CXeM OTAE/bHBIX IOC/e-
JOBaTeNBHOCTEH, HAWTM TOKH COOTBETCTBYIOHIMX NOCAEAOBATEIbHOC-
Tedl B JaHHOI BETBH H CJOXKHUTb HX reoMerpuueckd. I[Ipu s3ToM HeoO-
XOJHMO HMeTb B BHAY, UTO TOKM 0OpaTHOH M HyJeBOH MocC/en0oBaTeNb-
HocTe#l 0co6oil pa3bl B MecTe HecuMMeTpHuHOro K3 cBsizaHBl ¢ TOKOM
npsAMOii MOC/e10BaTEJbHOCTH COOTHOIIEHHSIMH:

npy asyxdasnom K3

_{KAQ =—lya1;
npu opHodazHom K3
Jxaz=Ino=1Ixay,

npu apyxdassoM K3 Ha 3eMJmo

>

Ixno=—Ixa1 —————
- — Xoz+ %4z

*ox

¥ oz +%ox

8.8. Urobpl ompeneauTh HaIpsiKeHHe B HPOH3BOJLHOM Yy3J/e pac-
YyeTHOH cXeMbl NpH HecuMMeTpHYHOM K3, HeoOXOAMMO NpelBapHTe/ib-

IKAO = '—‘IKAl
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HO HafTH HanpskeHus NpsaMoH, o6paTHOH U HyJeBOH NOC/JeJ0BaTeNb-
HocTeilt ocoGoil (passl B MecTe K3

Usar = jlxa1Ax™;

Ukas= —ﬂxAzx 23
Uxao=—jlxa0X o3

H NajeHus HaNnpsiKeHusl IpsAMoH, o6paTHOH M HyJeBOH IocJjenoBa-
TeJbHOCTEH B 3JeMeHTaX, PaclosioXKeHHBIX Mexay Toukoit K3 u pac-
CMaTpUBAEeMbIM Vy3J0M. 3aTeM cJ/elyeT IeOMeTPHYECKH CJOXKHTb Ha-
Opsi>keHHS W NaJeHHS HaNpsKeHHH COOTBETCTBYIOLIHX HOC/IeAOBATE/ b~
HocTell.

9. YYET KOMIJIEKCHOW HATPY3KU NPU PACUHETAX
TOKOB KOPOTKOTO 3AMBIKAHMA

9.1. Tlpu pacuerax TokoB K3 cienyer yunTHBaTh BJMSHHE KaXKAOH
KOMILIEKCHOH HArpy3KH, ecau TOK B Mecre K3 0T 3ToH Harpysku coc-
TaBJsieT He MeHee 5% Toka B Mecre K3, ompenesensHoro 6e3 ydera
Harpy3kH.

9.2. B obmem cayuae Tok K3 KOMIJIeKCHOH HAarpy3KH cleAyeT OM-
pelesisiTb KaK TeOMETPHYECKYI0 CyMMYy TOKOB OT/E/bHHIX €€ 3JeMeH-
TOB.

9.3. B npubauKeHHBIX pacuyeTax JAONyCcKaeTcss SKBHBAJEHTHPOBA-
HHe KOMILJEKCHOM Harpys3Ku c NMpeAcTaBJeHHEM ee B BUJE 3KBUBAJECHT-
Ho# DJ1C u 3KBHBAJIEHTHOTO COIPOTHBJICHHUS,

9.4. Ilpu pacuere HecuMMeTpHUHLIX K3 cieqyeT yYMTHIBaTb COOT-
BETCTBYIOIINE apaMeTpbl MPAMON, 0OpATHOM M HyJeBOH mocJjeroBa-
TeJbHOCTeH KOMILJIEKCHBIX Harpy3ok. PeKoMeHAyeMble 3HAYeHHs cO-
UPOTHBJEHHHA TPsIMOH U OOpaTHOH HOC/AELOBATEJNbHOCTEH 3JE€MEHTOB
KOMILIEKCHBIX HATPY30K NpHBeAeHbl B TalJ. 2.

9.5. MakcumasbHyio aMOJauTyay Toka K3 oT KoHZeHcaTOpHHIX 0a-
Tapeil nomepeyHoil KoMmeHcauuH ([/max) B KHJOaMIlepax ciaeayeT oOIl-
peaesaTh no Gopmy.e

UcIOI
V 3 wo(LstLow)’

rae U o — HanpsiKeHHe HA KoHAeHcaTopHo# Gatapee a0 K3, xB;
Lq ¥ Lyyy — MHIYKTHBHOCTH COOTBETCTBEHHO KOHAeHCATOpHOH O6ara-
ped u 1enu Mexay Gatapeeit u Toukoit K3, I's;
®p — yrJjoBas dactoTa coOCTBEHHBIX KoJe0aHHMH  KODOTKO-
3aMKHyTOTO KOHTypa ¢ KOHJAeHcaTopHo#l  OGarapeef,
pan/c.

Imax=
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Ta6anuma 2

ConpoTHBJI€HHE, OTH. ell.
TToTpeGHTeNH KOMILJIKCHOH
HarpysKH cos @ npaMo#t mocaeno- |o6paTHoil nocaeno-
BaTeNbHOCTH é BaTeJbHOCTH é
CHHXDOHHBIE 3JIEKTPOABHIATENU
BBICOKOBOJIbTHEIE 0,9 0,044-j0,22 0,044-j0,22
ACHHXpOHHHE 3JIeKTPOABUTATENN
BBICOKOBOJIbTHLIE 0,9 0,06+0,18 0,06+4j0,18
AcHHXDOHHEIE 3/IEKTPOJABHTATENH
HH3KOBOJBTHBIE 0,8 0,09-+-j0,154 0,094-70,154
JlaMnsl HakaJJHBaHHA 1,0 1,0 1,33
T'asopaspsiiHBie HCTOUHMKYA CBeTa 0,85 0,854-j0,53 0,3824-j0,24
ITpeo6pasoBaresan 0,9 0,9-+j0,44 1,664-j0,814
DNeKTpoTepMHIECKHEe YCTAHOBKH 0,9 140,49 0,440,196

CsoGonnyio cocrasisiomyio Toka K3 o1 kKoHgeHcaTopHOH Garapen
(ics) cenyer onpedensTb no hopmy.e

ics =1maxe—btsin (U)Ot+ﬂ),

rae b=R/2L=[R x(wy+Rsul/2L — xo3ddHUKeHT 3aTyxaHuus, OM/[H;
R «(») — AKTHBHOe COMPOTHBJEHHE KOHAeHcaTopHoH Gatapeu IpH

qyacTore mo, OM;
R — akTHBHOe CONPOTHBJIEHHE BHelIHefl N0 OTHOIIEHHIO K
6atapee uactu KoHTypa, OM.

9.6. Tlpu HaIMYHHK B 3JEKTPHUECKHX CETAX CTATHUECKHX YIpaBJsie-
MBIX HJIM HeYIpaBJsieMBIX KOMIIEHCATOPOB B 3aBHCHMOCTH OT CXEMBI
HCIIOJIHEHHsI HX CJelyeT BBOJHTh B PAaCUETHYIO CXeMy 3aMelleHHs CO-
OTBETCTBYIOIIMMY €MKOCTHBIMH H HHAYKTHBHBIMH COIIPOTHBJIEHHSIMH,
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NPHJIO)KEHHE 1
Cnpasounoe

OnpepeneHne napaMeTpoB 3JEMEHTOR IKBHBAJEHTHBIX CXEM 3aMEIIEHHS
B MMEHOBAHHbLIX €AWHHIAX C MPHBEXEHHEM 3HAUEHHH NapaMeTPOB PACUETHBIX
cXxeM K BbIOPaHHOM OCHOBHOH CTYNMEHH HANPSIKEHHs CETH, C YYETOM
dakTHueckux xoaddruueHToB TpanchopManMK CHIOBLIX TpaHcopmaTopos
H aBTOTPaHchOpPMATOPOB

Ilpu onpenesdeHHH NapaMeTPOB 3JeMEHTOB SKBUBAJEHTHOIl cXeMbl 3aMelleHHs B
VWMEHOBAHHBIX €IMHHIAX C NPHBEJieHHeM 3HAaueHHH NapaMeTPOB pPACYETHON CXeMbl K
BHIOpDAHHON OCHOBHOH CTYMEHH HAmpfXXeHUA CeTH M C yueToM (aKTHYeCKHX KO3PdH-
LHeHTOB TpaHcHOpMAaUUH CHJIOBHIX TPaHCHOPMATOPOB H ABTOTPaHCcHOPMATOPOB He-
06xoaumMo IJIC HCTOYHHKOB 3JE€KTPOIHEPTHH U CONPOTHBJEHHS BCEX 3JEMEHTOB pPH-
BECTH K OCHOBHON CTYNEHH HANPSXKEHHS, HCHOJAb3YS COOTHOLIEHHS:

o
E=Emn,...nnmy,

B
—7n2 2 2
E—Z’H ny ...ng,
rie En Z}— JefcTBHTe/bHEe 3HaueHusi 3 C HCTOUHHKA 3JeKTPO3HeprmH, KB,
u conporusiennsa, KOM, Kakoro-au6o 3jeMeHTa;
7y, No, ... NM;— X03Q@HUHEHTH TpaHchopMauuy TpaucHopMaTOpOB MM  ABTO-

TpaHchopMaTOpPOB, BKIIOUEHHBIX KACKaJHO MEK]y CTymeHbio Ha-
NpsiXKEeHHs CeTH, TAe 3afaHbl £ W Z, U OCHOBHOH CTYNeHbIO Ha-

TPS2KEHHUsI CETH.

Ecau 3JC u conpoTHB/EHHS BHIPA)KeHH B OTHOCHTENbHBIX eJMHHIAX NPH HOMH-
HaJIbHBIX YCAOBHAX (T. €. HOMHHAJbHOM HanpsikeHHH Uyow M HOMHHAJBHON MOLIHO-
cTH Syou), TO 3HaUeHHs cooTBeTCTBYIOWHX JIC u cONpoTHBAEHHHA B HMeHOBAHHHIX
eJMHHIAX, NPHBeJeHHble K OCHOBHOH CTYNeHH HANDSKeHUs CeTH, ClejyeT ONpelelATh
no dopmynau:

°

E=E(Hom)Uﬂomﬂ|ﬂ2 oo lm,
*®

s 9

HOM n2‘ n

(S %)
3

Z == Z(HOM) m
s HOM

riae Emony U Z(uow) — 3HaueHns DJC u CONPOTUBIEHHUS B OTHOCHUTE/bHBIX eJMHHIAX
» *

NP HOMHHAJBLHLIX YCJA0BUAX.

Npumeuanne. KosdoumnueHt tpaHcopMaun Kaxjoro TtpaHcdopmaropa
(aBroTpascopmMaropa) JoJ/uKeH GHITb ONpefeldeH B HANPABJIEHHH OT OCHOBHOH CTYy-
TeHH HaNpsKeHHs CeTH, T. €. KaK OTHOUIeHHe HANpsKeHHs X0JOCToro Xoxa of6MoT-
KM, 0OpameHHON B CTOPOHY OCHOBHOH CTyNMeHH HanpsiKeHHs CeTH, K HampsAKeHHIO
X0JI0CTOr0 X0Ja ApYroii oGMOTKH.
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IIPHIO)KEHHE 2
Cnpasounoe

Onpejenenne NapamMeTpPoOB NEMEHTOB IKBHBAJEHTHBIX CXEM
3aMelleHHs! B OTHOCHTEJbHBIX €MHHIAX ¢ MPUBEAECHHEM
3HAYeHMH NapPaMeTPOB PACUETHLIX CXeM K BbIGPAHHBIM
6a3UCHBIM YCJOBHAM H ¢ yueToM (bakTHYeCKHX Koo dHUMEeHTOB
TPaHCHOPMALKH CHAOBHIX TPaHCHOPMATOPOB K aBTOTPaHCGHOPMATOPOB

Ipu onmpefeneHnH MapaMeTPOB 3JEMEHTOB 3KBHBAJEHTHOH CXeMBI 3aMelleHHS B
OTHOCHTeJbHBIX e/MHHLAX C NPHBEJeHHeM NapaMeTPoOB DACUeTHOH CXeMH K BHIGpaH-
HbIM Oa3HCHBIM YCJOBHAM H C YYeTOM (aKTHYeCKHX KO3(GOHUHEHTOB TpaHchopMa-
1ME TpaHcHOPMATOPOB H ABTOTPAHCGHOPMATOPOB HEOGXOAUMO:

) sapatbea 6aswcHOM MOIUHOCTBIO B MeEraBOJbTAX M JJIA OJHOH M3 CTyIeHell
HanpsixXeHHs] CeTH, NPUHMMaeMofl 3a OCHOBHYWO, BbiOpaTbh G6a3ucHOe HanpsXKeHHe
UG,ocx-h KB;

2) HafiTh GasucCHule HANPAXKEHH B KHJIOBOAbTAX APYTHX CTyNeHe#l HANPAXKEHHs
CeTH, HCHOB3YS A5 3T0H UeH POopMyay:

1
U6N= mng...im Ué,ocm (1)
rae ny, fe, ..., Am— Ko3thduuueHTs TpanchopManuu TpaHcHOPMATOPOB M aBTO-

TpanchOpMATOPOB, BKIOUEHHEIX KAacKaJHO MeXJY OCHOBHOH K

N-ii cryneHaMH HanpsXKeHH,;
3) onpenenurb OTHOCHTe/bHble 3HayeHHA DJC HCTOYHHKOB 3JEKTPOIHEPTHH M
CONPOTHBJACHHA BCeX 3JeMeHTOB NDH BBIGDAHHHIX OGa3HCHBIX YCJIOBHAX, HCIONb3YS

dbopmyass:

E
Eo=7- @
UHOM
s.E-<5)=.E(H°M) Us ' (3)
S
_g(ﬁ)=_Z_——U62 ; (4)
* 5
16 UHcM .
Zoy=Zwom) T T )
U2
= §_ . HoM
_:Z(G)_,%(HOM)'—SH—O—M— U% » (6)

rae Us u [ — COOTBeTCTBeHHO Ga3uCHOE HalpaXKeHHe, KB, U 6asucHbIR TOK, KA,
TOH CTyNeHH HAaNpAKEHHs CeTH, Ha KOTOPOH HAXOAHUTCA 3JeMeHT,
noaJaeXaluil npHBeleHH Io;
Suom, Usoms Tow — COOTBETCTBEHHO HOMHHAJAbHAS MOIIHOCTH, MB-A, HOMHHAJbHOE
HanpsiKeHHe, KB, 1 HOMHHaJAbHMIH TOK, KA, 3TOro 3/JeMeHTa;
E, Ewowy — 2JC HcrOUHWKA 3JEKTPOIHEPIHM COOTRETCTBEHHO B uMeHOBaH-
* HBIX eAuHHLIaX (KB) H OTHOCHTeJbHbIX €XUHHIAX NPH HOMHHAJb-
HBEIX YCJOBHSAX.
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@opmyny (4) clefyeT HCNONB30BATb B TeX CJAYYasX, KOTAa CONPOTHBJIEHHe Ka-
KOro-Ju00o 3JeMeHTa 3alaH0 B HMEHOBAHHBIX €JHHHLAX (BO3JAYlIHble H KaGesbHble
JHMHHH, peakTopbl) ¢opMmMyJy (5) — Koraa CONMpOTHBJIEHHE 3a1aHO B OTHOCHTEJbHBIX
eJHHMLAX NpH HOMHHA/JbHOM HANpfAKEHHH H HOMHHAJLHOM TOKe (HEKOTOpble peak-
TOpPHl, HaxoAsilIMeCs B IKCIAyaTalHH), dopmysay (6) — Koria conpoTHBJAeHHe 3aAaHO
B OTHOCHTEJbHBIX €IMHHLUAX HPH HOMHHAJbHOH MOIIHOCTH H HOMHHAJLHOM Hamps-
JKEHHH.

IIPHJIO)KEHHE 3
Cnpasoynoe

Onpenenenne napamMeTpoB 2€MEHTOB SKBHBAJEHTHLIX CXEM
3aMeuleHHst PH NPHOAHKEHHOM yueTe KO3 PHIHeHTOB
TpaHCOPMAUMH CHIOBBIX TPAHCHOPMATOPOB H ABTOTPAaHCHOPMATOPOB

Ilpu onpefeneHAH napaMeTPOB 3/eMEHTOB SKBHBAJEHTHOH CXeMBb 3aMellleHHS B
HMEHOBAHHBIX eJMHHLAX C IpHBeJeHHeM 3HAauEHHH NapaMeTPOB pacyeTHOH cXeMH K
BHIOPAHKOH OCHOBHON CTYNeHH HANPSXKEHHA CETH M NPHOJHXKEHHOM YyueTe Koaddu-
LHEHTOB TpaHcGOpPManHK CHJIOBBIX TPAaHCHOPMATOPOB H aBTOTPAHCHOPMATOPOB CJe-
JAyeT NPUMEHATb GOPMYJbL:

B
Ucp ocH
E=E - ;
Uepn
> 2
Z—7_" cpocy
- - 772 ’
~ ¢pN

riae Ucpocn — CpelHee HOMHHAJbHOE HANpPsKeHHe CETH TON CTYNEHH HanpsixKeHHs,

KoTopasi IPHHATA 32 OCHOBHYIO, KB;
Ucpn — cpenHee HOMMHAJBHOE HampsMeHHe CeTH TOH CTYNeHH HanpsikKeHHsd,
Ha KOTODOH HaXONHTCH 3JEMEHT, MapaMeTPbl KOTOPOTO NOJeXKaT

npHuBeleHuo, KB.

Ecnn DI C HCTOYHMKOB 3JIEKTPOZHEPTHH HJM CONPOTHBJIEHHS KAaKHX-THGO 3Jie-
MEHTOB 3a[aHBl B OTHOCHTEJbHBIX €JMHHLUAX TNPH HOMHHAJBHBIX YCAOBUSX, TO HX
IIPHBE/IeHHBIe 3HAUEHHS B KHJOBOJMbTAX M OMax CJelyeT HaXoAHTb No ¢GopMmyaam:

-]
E=E(H0M) Ucp,ocu;
.

o 2

CpP,OCH
7 =7 (nomy ——L:0CH_
— s HOM

ITpu ompejedernn mapaMeTpPoB 3JEMEHTOB CXeMbl 3aMelleHHS B OTHOCHTEALHBIX
€JHHHIAX C NpHBeJeHHEM 3HAUEHHH NapaMeTPOB CXeM K BbIOpaHHbIM GasucHbBIM Yye-
JIOBUAIM, HCNOJb3YS! NPH 3TOM HOPHOJMKEHHBIH crocob6 yuera k03¢ (HIHEHTOB TpaHC-
¢opmauuy CHIOBHIX TpaHCcHOPMATOPOB H aBTOTPaHCHOPMATOPOB, GasHcHOe Hampd-
keHHe M0G0 CTyNeHH HANpPsXKeHWs CeTH CJlelyeT NPUHWMATH DPABHHIM CpPeiHeMy HO-
MHHAJbHOMY HANpPSKEHHIO 3TOH CcTymeHH. B 3ToM cJiyuae OTHOCHTEJbHble 3HAYEHHS
DIC u conpoTHBsieHHit NpH BHOPaHHBIX Ga3UCHBIX YCJOBHAX CJAeAyeT OMNpefelsiTh
no dopmynam: '
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E
Esy=
£s) Term

i

E(6)=E(uom);
¥ »

S
Zo=2— 5 ;
* cpN
Is

: L Zo=ZwowT] —;
. - HOM

Ss

Zwy=Zwow g5 -
'—" 7 HOM

IIPHJIOJKEHHE 4
Cnpasounoe

Onpenenenne caepxnepexonnoii I C sACKTPHIECKHX MAHH
B OTHOCHTEJbHMX e€XHHHLAX

JLasl CMHXDOHHBIX reHepaTOpDOB M 3JIeKTpPoJBHrateseil, KoTopble o K3 paboramu
¢ nepeBo30yxaeHHeM,

E0r= U jom) +L i0iaow) Fdguom S0 @ 1o )+

UHOM

Us °

rpe UIO](HOM)“ I;OI(HOM)——COOTBQTCTBEEHHO HanpsdKeHHe Ha BBIBOJAAX K TOK CTaTopa
* *

" 2
+(f101(aom) ¥ 4(uow) €08 @ 1) y e

B NpeAlleCTBYIOLIEM peXHMe, BBEIpaAXXKEHHbie B OTHOCHTEJb-
HBbIX €JHHUHAX NPpH HOMHHAJBHLIX YCJAOBHAX;
”

¥ q(now) ~ CBEPXNEDEX0OJHOE CONPOTHBIEHHE MAIIHHLL B OTHOCHTENb-
*
HHIX eJHHHIAX NPH HOMHHAJbHBIX VCJIOBHSIX.
Tlpu ux paGote ¢ HenOBO36YXKAeHHEM

f(d) = [(l{ 10! (soM) —*I\O[(HOM) *xd(HOM)Sin @ g )+

UHOM

“ 12
+ 0 (wom) * ¢uom) €08 @ 1o )’ 2, 77
* * 6

Jaist cHHXDOHHBIX KOMIIEHCAaTOPOB, paforasuiux g0 K3 ¢ mepeBo3GyxaeHHeM,

" 7” U
E(G) =U i0] (HoM) +*1 10] (HoM) fd(HOM) ) UP::M ,

* *

a pa6oTaBIlux C HeA0BO3OYXKAeHHEM
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E//

H oM

£ = WU 1010w~ jol(som xd(aom) ).

Ias ACHHXPOHHBIX SHeKTpollBHI‘aTeJIeH

If(s) = [(f/|01(uom) ._‘110[(H0M) fdAﬂ(Hom) sin ¢ )2+

112 Uson

+ joy(non) ¥ dAL(sow) €08 @ 1o )7l T
- * 6

HHPHJIOKEHHE 5
Cnpasounoe

OTHoweHHne anepHOAMYECKOli cocTaBasiomedi Toka K3
B NPOH3BOJbHBIA MOMEHT BPEMEHH K €¢ HAYAJbHOMY 3HAYEHHIO

ot

fap

10

N
AN 7
\\\ -i :

\
il
~ ]

Z
"/
/

7

0.2
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IIPHJIO)KEHHE 6
Cnpasounoe

CpeHHe 3HaueHHs1 OTHOLIEHHst x/R, , ynapHoro xosduinenTa
Kyzn nocrosnHoit spemenn T, AJs XapakrepHHX BeTBel,
npUMBIKalomux K rouke K3

TaGaunma 3

HauMeHoBaHHe BETBH HAH MecTO K3 X/R Kyn T, ¢
BeTBb reHepaTtop-TpaHchopMaTop 30—50 1,9—195 0,1—0,2
BeTBb aCHHXPOHHOTO JABHraTe/st 6,3 1,6 0,02
K3 3a auneifiHbIM peakTOpPOM Ha: J€KT- 30 1,9 0,1
pOCTaHLHK

K3 3a JauHeflEHIM peaKTOpoM Ha NOJ- 18—20 1,85 0,06
CTaHIUH _

K3 3a ka6enbHo# auHuelr 6—10 kB -3 1,4 0,01

K3 3a TtpaHcdopMaTopoM MOIIHOCTBIO 6,3 1,6 0,02
1000 xB-A

K3 ma npucoeaunenun PY noBHIUeHHO- 15 1,8 0,05
r0 HaNpsiKeHHs] TMOACTAHIMH

K3 Ha npHcoeiHHeHHWH BTOPHYHOTO Ha- 20 1,85 0,06
NpsiKEeHUs N0/JCTaHLHH
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[IPHJIOXEHHE 7
Cnpasounoe

Cxemnl 3amenieHds TpaHcopmaTopos,
aBTOTPAHC(HOPMATOPOB H CABOECHHHIX PeaKTOPOB

Ta6numa 4

Hcxoanas cxema {Cxema 3aMClEeHHA PacyeTHbI® BHIDAXKEHUS

B
x5=0,5(xp—c+XB—n—Xc—n)
X,
5 Xe . xc=0,5(xp—ctXc—wr—Xp-n)
xu=0,8(xp—n+%c-n—%a-c)
Xu
H
B K
Xg XHp=XH2=XB-H ™ o
x K
” X"’Z XB=XB—H(1———p)
4
H, H,

x5=0,5(Xp~c+¥s—H—Xc—H)
xc=0,5(¥s—ct+¥c—n—Xa—n)

8
E [
H
8
é-g
H
gﬁ )
H, H,
B
d ;
Hy H,
2 3

Xg—uXc—H Ky
xﬁx—tz—_xB_H+' Yon 2
x'5=0,5(%s—n+¥c-H—XB-C)—
XB—HXC—H Kp
T Xp_u+Xc—H 4
1
x1=—Kpxp
X1
Xe=1x3= (14-Kp)*p
X2 X3
2 3
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MHOOPMALIMOHHLIE [ AHHbLIE

1. PABPABOTAH M BHECEH MMHMCTEPCTBOM JHEPreTMKM M dneKTt-
. pnutbukaummu CCCP

MCNONHMUTENM

M. . MamukonsHy, a-p TexH. Hayk; b. H. Heknenaes, a-p TtexH. Hayk (pykoeoau-
Tenu Tembl); B. M. MOPO3KMH, a-p TexH. Hayk; M. M. KpiouKoB, kaup. TexH, Hayk;

1O. H. JlbBOB, KaHg. TexH. Hayk; B. B. XXykoB, kang. texH. nayk; 0. M. Ky3xeuos,
Kang. TexH. Hayk; HO. A. MOpO30Ba, kaHg. TexH. Hayk

2. YTBEPXKAEH M BBEHAEH B JIEMCIBME NMocTaHOBREeHMEM Tocyaapcr-
BeHHoro komurera CCCP no craHpapram or 14.12.87 Ne 4495

3. BBEZAEH BMEPBbIE
4. NEPEM3AAHME. Slneapb 1989 r.

Peickrop B. C. Fabruna
Texnuvecknit penakrop 3. B. Mursg
Koppexrop JI. B. Cruyapuyx

Cpano B uHag. 30.065.¢9 Ioan. B ney. 23.08.89 2.5 yea. n. A. 2,625 yea. xp.-ort. 2,10 yu.-m3x. a.
Tup. 6000 Ilena 10 k.

Opaena «3nax [Moyeta» WzaparenbcTBO cTaHpaproB, 123557, Mockea, I'CII,
HoBonpecHeHcku# nep., a. 3.
BuavhioccKag tHnorpagus WsjareabcTBa cTapAaptoB, yia. Japsyc u [uperq, 39. 3ak. 1368.



