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Hacrosmuii cranaapT pacnpocTpaHsercss Ha 3JIEKTPOYCTAHOBKH IOCTOSIHHOTO TOKa, B KOTOPBIX
HCTOYHMKAMH SHEPTHH TIOCTOSTHHOTO TOKa (Ipeo0pa3oBaTessiMu) SABISIOTCS:

- CBHUHIIOBO-KHCJIOTHBIC aKKyMYIISTOPHEIC OaTtapeu;

- MAIIWHBI TOCTOSIHHOTO TOKA MapalIeIbHOTO BO30YKICHUS,

- Tpexda3Hble BEHTWIBHBIC IOTYIIPOBOIHIKOBEIC BBITIPSIMUTEIH, BBIIOJIHCHHBIC IO CXEME JIBE
0o0paTHBIC 3BE3/IbI C YPABHUTEIHHBIM PEaKTOPOM;

- Tpex(ha3HbIC BEHTIUIHHBIC TIOTYIIPOBOIHUKOBBIC BEIIPSMUTEIH, BBITOTHEHHBIC IO CHMMETPHYHON
MOCTOBOI cxeme.

CraHgapT HE PacHpOCTPAaHACTCS Ha AJIEKTPOYCTAHOBKH TOCTOSHHOTO TOKa HATPSHKCHHUEM BBIIIIC
+750 kB.

CraHaapT He perJaMeHTHPYET:

- METOJIMKY pacyeTa TOKOB MPU BHYTPEHHHUX MOBPEXKACHUSAX B UCTOUHHUKAX YHEPTHU MOCTOSHHOIO
Toka (mpeobpasoBaTensx) (IpM 3aMBIKAHUM IUTACTHH B aKKyMYJATOpaxX, NPH 3aMBIKAHHM BHTKOB H
CeKIMif 0OMOTOK B MaIlIMHaX MOCTOSHHOTO TOKa, TIPH MPo0O0SX BEHTHJIEH B TIPeoOpa3oBaTeisx);

- METOIMKY pacuera TOkoB K3, yunTeiBaromtyto passutre aBapun (K3 B ceT MOCTOSHHOTO TOKA M
BHYTpEHHEE MOBPEKICHNUE);

- METOMUKY pacueTa ToKoB K3 MpH CIIOKHBIX BHIaX MOBPEKICHUM B CETH MOCTOsTHHOTO Toka (K3
TIOJTFOCHBIX TIPOBOJIOB - OTKHT TPOBOJIA - 3aMBIKAHHE TIPOBOJIA HA 3EMITIO);

- METONWKY pacdyera TOKOB K3, YUHTHIBAIONIYIO B3aWIMHOE BIIMSHHE 4Yepe3 OOMIYI0 BETBb TOKa
HCTOYHHUKOB (TIpeoOpa3oBaresieii) MOCTOSHHOTO TOKa Pa3HBIX BHIOB (THIIOB);

- METOmWKy pacuera TOKOB K3, YUHTHIBAIOIIYIO JIIEKTPOMEXaHHUYECKHE IEPEXOTHBIC PEKUMBI
JNEKTPUYECKUX MAILIUH;

- METOIMKY pacueTa TOKOB K3, YUMTHIBAIOIIYIO PacIpeleieHHOCTh MapaMeTPOB ITUHHBIX JTHHUN
MIOCTOSTHHOT'O TOKQ,




- MeTOMUKy pacuera TOKoB K3 B CreruanbHbIX yCTAHOBKAaX (aBTOHOMHBIC CHCTEMbI, YCTAaHOBKU
MOCTOSHHOT'O TOKA TIOJBHKHOTO COCTaBa);

- MeToAuKy pacuera TokoB K3 B kananax MI'JI-yCTaHOBOK;

- METOIUKY pacuera TOKoB K3 ¢ yueToM HEMWHEHHOCTEH JIEKTPHICCKHX XapaKTePUCTHK MaIliH
[IOCTOSIHHOT'O TOKa, TOKOOTPAHUYMBAIOIIUX U CIIIAXKUBAIOLIUX PEAKTOPOB.

Bce TpeboBanus cTaHAapTA SIBISIOTCS 00S3aTEITEHBIMH.

1. OBIIUE ITOJIOKEHUSA

1.1. Mcxoauble MOJI0KeHUS

1.1.1. Hacrosmwuii craHmapT ycTaHaBIMBaeT OONIYI0O METOAMKY pacdera TokoB K3 B
JJIEKTPOYCTAHOBKAX IIOCTOSIHHOTO TOKa B HAYaJbHBIA M IPOM3BOJIBHBIM MOMEHTHI BpEMEHH,
HEOOXOAMMBIX JISi BBIOOpA AJIEKTPOOOOPYAOBAHUS W MPOBEPKH ero mo ycimoBusM K3, mns BeiOopa
YCTaBOK M OIIEHKH JAECHCTBHUS 3AIIUT U aBTOMATHKH, JUIS pacdeTa 3a3eMIITIOIINX YCTPOICTB.

1.1.2. CranmapT yCTaHaBIMBAaE€T METOAWKY pPAaCUYeTOB TOKOB MPH 3aMBIKAaHWH IIOJIOCOB CETH
MOCTOSIHHOT'O TOK&, 8 TAKKe TIPH 3aMbIKaHUH TIOJTFOCA Ha 3eMITI0 (KOPITYC) 3a3eMIICHHOM CETH.

1.1.3. BenuuuHsI, MoJIeXaIIie ONPENSICHNI0, U JOMyCTUMasl ITOTPEIIHOCTh pacyeToB TOKOB K3
ompezensaorest ykazaHebiMA B 1. 1.1.1 memsmm. Jlnst BbIOOpa 35IeKTPOOOOPYAOBAHUSI WM 3alUT
JIOIYCKAIOTCSI MPUOIIDKEHHBIE METOABI pacueTa. OnpeneneHuro moyIexKar.

- 3HaueHne Toka K3 B IersX NOCTOSHHOTO TOKa B IPOM3BOJIGHBII MOMEHT BPEMEHH;

- MakcuManbHoe (IMKOBOE) 3HaueHke Toka K3 B HEMmsX MOCTOSHHOTO TOKA,;

- yaapHbii Tok K3 B Iemsx mepeMeHHOro TOKa BEHTHIBHBIX mpeobpaszoBareneil (MpH Tpex- U
nByx¢as3Heix K3 B BEHTHIBHBIX 0OMOTKAX MpeoOpa3oBaTellbHBIX TPaHC(hOPMATOPOB);

- MakCHMaJlbHOE 3HaueHHE yCTaHOBHBIIErocss Toka K3 B IEMmsIX MOCTOSHHOTO TOKAa BEHTHIIBHBIX
npeoOpa3oBarenei;

- MUHMMaJIbHOE 3HAYEHHWE YCTaHOBHUBIIErocs Toka K3 B IEmsiX MOCTOSHHOIO TOKa BEHTHIIBHBIX
npeoOpa3oBaTenen.

1.2. Mcxoaubie JaHHbBIE

1.2.1. Ina pacdera TokoB K3 B 37IeKTpOYCTaHOBKAX IMMOCTOSHHOTO TOKAa HEOOXOAUMBI TOCTOBEPHBIC
JTAHHEIE O MapaMeTpax UCTIONB3YEMOro 3JEKTPOOOOPYIOBAHHS.

1.2.2. TlpuBenmeHHBIE HIKE pACUYCTHBIC MCTONWKHA YCTAaHABIMBAIOT CBS3b I1ApaMETPOB
ANEKTPOOOOPYIOBAHUS C ITapaMeTPaMH YKBUBAIICHTHBIX CXEM 3aMEIICHHS, MTO3BOJISIONIYI0 YIECTh €ro
OCHOBHBIE XapaKTePUCTUKU.

1.3. CxeMblI 3aMeLlICHUAA

1.3.1. DnexTpoobOpy/IOBaHWE YCTAHOBOK IIOCTOSHHOIO TOKa B CXEMax 3aMelICHHs,
COOTBETCTBYIOIIMX PACYCTHBIM CXEMaM, CIEIyeT YYUTHIBATh DJEMEHTAMH C COCPEIOTOYCHHBIMHU
napaMmeTpamH.

1.3.2. Bce 21eMeHTHI CXeMbl 3aMELICHHUs], KPOME JIEMEHTa, 3aMEIIAIOLIEro dJICKTPUUECKYIO YTy,
JOIyCTHMO CYUTATh OOJNANAIOIMMU JIMHEWHBIMH XapaKTepPUCTHKAMH, T.€. HX CAMOWHIYKTHBHOCTbH H
B3aUMOUHIYKTUBHOCTh, KO3()(GHIHMEHT MArHHTHOTO pPACCesHWs, a TakkKe DJICKTPHYECKOEe
CONPOTHBIICHUE MTOCTOSIHHOMY H NEPEMEHHOMY TOKY HPHHUMATh HEW3MECHHBIMH, HE 3aBHCAIIMMH OT
3HAYCHUS TOKA M HAIPSKCHUSL.

1.4. TlapameTphI cXeM 3aMelIeHUS

1.4.1. TlapameTpbl CXeM 3aMCIICHHS MOTYT OBITh BBIPAKEHBI KaK B WMCHOBAHHBIX, TaK U B
OTHOCHUTENBHBIX eIMHUNAX. [IpeanouTHTENbHO HCIIOb30BAHUE CHCTEMbl HMEHOBAHHBIX €IMHUII.

1.4.2. TlapaMeTpbl JIEMEHTOB CXEMBI 3aMEIICHHS CIICIyeT OTHOCUTh K CTYNECHH HaNpsDKCHHUS CETH
MOCTOSTHHOT'O TOKA.

1.4.3. Tlpu pacuerax TOkOB K3 B 3JEKTpOYyCTaHOBKaxX, B KOTOPBIX HCTOYHHKAMH OSHEPIHU
(mpeobpa3oBaTeisiMU)  SBIIIOTCS  Tpex(has3Hble BEHTHIBHBIC BBIIPSAMUTEIM, COCTABICHHE CXEM
3aMelIeHus Tpex(a3HbIX Lereil MepeMeHHOr0 TOKa, a TaKKe ONpeleieHHe MapaMeTpoB Pas3iIMYHBIX
9NIEMEHTOB ¥ TIPUBENICHUE HX K OJHOW CTYIICHH HAIPSHKSHHUS CIEAYET NPOU3BOAUTH B COOTBETCTBUU C
I'OCT 27514.

[lpy yOpomIEHHBIX pacderax NOIMYCTHMO HCTOYHHMKH dHeprud (mpeobpa3oBaTend) B cxemax
3aMeIleHUs] TPEICTABIATh SKBUBAJICHTHBIMH IApaMeTPaMH, KOCBEHHO YYHTHIBAIOIIMMHU IapaMeTphl
CXEeMBI ¥ P&KUMa ITUTAIONIei ceTH NepeMEHHOro TOKa.



1.5. Ucnoab3oBanue DBM

1.5.1. OBM pexkoMeHayeTCsl HCIONB30BaTh INPH MACCOBBIX pacuerax TOKoB K3 mnst oueHku
aBapUHHBIX PESKUMOB 00OPYIOBaHUS 3JIEKTPOYCTAHOBOK IIOCTOSIHHOTO TOKA, a TaKKe NPH pacyerax
MEPEeXOJHBIX ~ PEKHMOB  PETYIHPYEMBIX  BEHTHIBHBIX  IIpeoOpa3oBaTened, B  YacCTHOCTH,
npeoOpa3oBaTesnell 3JeKTporepeaay Uik BCTAaBOK MTOCTOSTHHOTO TOKaA.

2. PACYET TOKOB K3 B 3JIEKTPOYCTAHOBKAX, IIOJYHAIOIIUX IMTAHUE OT
AKKYMYJISITOPHBIX BATAPEI

2.1. AcxomHble TaHHBIE [JISl pacyeTa U UX YCJIOBHbIE 0003HAYEHUS
2.1.1. T'eomeTpuuecKre TapaMeTpsl INIACTHH CBUHIIOBOTO aKKYMYJISITOpA!
h - BbICOTa BNEKTPOTHBIX IUTACTHH, M;

d - MHA MEKTPONHBIX IUTACTHH, M;

| - paccTostHIE MEX/TY ITEKTPOIHBIMH [IACTHHAMH, M.

2.1.2. Yucno 31meMeHTOB aKKyMYJISITOpHOW OaTapen:

N - YHCIIO MOCIIeIOBATENFHO COEMHEHHBIX JIEMEHTOB,

M - 9UCTIO0 MAPAJIETBHO COSTMHEHHbIX 3JIEMEHTOB.

2.1.3. HavanbHBIE TapaMeTpehl.

o - HaYaJIbHAS OTHOCUTENbHAS TNIOTHOCTH JIEKTPOJIUTA,

R,o - HagambHOE COMPOTHBIIEHHE >NIeKTponnTa, OM;

Rar - Ha4aJIbHOC COIPOTUBJICHUC IMOJI0KUTSIIHLHOM IJIaCTHHBI, OM,

Rco - HaganmbHOE conpoTHBIeHUE cenapaTopa, OM.

2.1.4. DnexTpoXuMHYECKNE KOHCTAHTHI:

D - koadpdunuent quddysuu nonos HSO,, M2t

N - monoxuTenbHas KOHCTAHTA, XapaKTepH3YIOIash MHTCHCUBHOCTb OJIEKTPOJHBIX pEaKLHii,
MOJIL-JI'l-M-A'l;

Y, - YAEIbHAS SMEKTPOMPOBOIHOCT YMEKTpoIuTa, CM'M

O11, Oo1 - TIOJOKUTENBHAsE W OTPHIATENbHAS KOHCTAHTHI, ONpPEAEsIEMbIC ITPH alNpOKCHMAIN
ypasuennit Heprcra, B/(Momb- ™).

2.1.5. Pacuernple 3Ha4deHust napamerpoB akkymymaropa CK-1 u 3HaueHHS 3JIEKTPOXMMUYECKHX
KOHCTAHT CBUHIIOBO-KHCJIOTHBIX aKKyMYJISITOPOB NPUBEICHBI B IPHIIOXKEHNH 1.

2.1.6. Onpenensiemble mapameTpsl (IIPOMEKYTOUHBIE), HCIIOIb3yEMBIC IIPH pacuerax:

B - KoHCTaHTa, XapakTepusylomias yJAedbHOE CONPOTHBICHHE 3JCKTPOIUTA TIPH 3aJaHHON
KOHIICHTpPALMHX U Temriepatype, Om/m;

E, - obparumas D/]C akkymymnsaTopa, B;

E, - O]1C nonspuzanym akKyMmymsTopa, B;

E,, - Bayrpennsass DJIC akkyMymsTopa, HaxXOISIIErocs B PEKUME KPAaTKOBPEMEHHOTO paspsija
GonpiM TOKOM, B; Tpadudeckn onpenensor Kak TOUKy nepecedeHns CIpSIMIIEHHOH BOJIbT-aMIIEpHON
XapaKTEPHUCTUKH C OCBIO Op/INHAT,

R - BHyTpEHHEE CONPOTUBIIEHHE aKKyMynsTopa, OM.

2.1.7. TTapameTpsbl, XapaKTepHU3yIOIIUE CETh IIOCTOSIHHOTO TOKA:

Reu - akTuBHOE conpotuBienne BaemHel cetu (uemu K3), Om;

R, - aKTHBHOE COTIPOTHBIIEHHE OMMHOBKH, OM;

R.s - akTHBHOE compoTuBieHue kabdenei, Om;

R, - aKTUBHOE CONPOTUBIIEHHE MPOBOOB, OM;

R, - aKTHBHOE CONPOTHBIICHNE TOKOBBIX KaTYIIEK OTKIIFOUAIOIINX amapaToB, Owm;

Ry - compoTnBieHre KOHTAKTHBIX coequHEeHNH, OM.

2.2. CxeMa 3aMellieHH S

2.2.1. Tlpu cocTaBIeHMH CXEMBI 3aMCIICHHS s pacdera TOKOB K3 B 3IIEKTPOYCTaHOBKAX,
MONMYYAIOIINX THTaHWE OT AaKKyMYJIATOPHOW Oataped, IOIMMyCTUMO HE YYHTHIBATH WHIYKTHBHEIE
COTIPOTHBIICHHUS DIIEMEHTOB Tierei (M. ueprt. 1).



Cxema 3aMeleHUs CeTH, MUTAEMOIl 0T aKKyMYJIITOPHOI1 OaTapen

Etm Rem Row Rxs Rnp Rmx Rec AUa

Yepr. 1

2.2.2. TIpu pacdere TokoB K3 ciienyer yuuTsiBaTh CONPOTHBIICHHE TIOCTOSIHHOMY TOKY OIIMHOBKH,
KaOesell, MPOBO/OB, TOKOBBIX KATYHIEK OTKIIOYAIONIMX allllapaToB M MEPEXOJHOE CONPOTHBIICHHE
KOHTaKTHBIX COEIMHCHHH, M03TOMY BHemHee conporusienne nemu K3 (R,,) B omax B obuiem ciydae
paBHO

Rsm = Rom + Rkﬁ + Rnp + RmK + ch- (1)

2.3. Pacuer Toka K3 ¢ yueTom ajiekTpuyeckoii 1yru B mecte K3

2.3.1. Tlpu ompeneneHUr MUHIUMAIHHOTO 3HaueHHS Toka K3 HEOOXO0QMMO YYHTHIBATH BIMSHUC HA
ToK K3 akTHBHOTO COMPOTHBIICHUS AJICKTPHUCCKON TyTH, BO3HHKamomed B Mecte K3. DTo 3HaucHme
PEKOMEHIYeTCs ONPEeTATh o GpopMyme

Lo = Ko Ly

rue K, - monpaBodHbIil K03 OUIIEHT;

l,,, - Tok MeTammrueckoro K3.

3raueHns kodddunmenTa K, s 31MeKTPOYCTaHOBOK C aKKYMYJISTOPHBIMU OaTapesiMH SBIISFOTCS
(GbyHKIHEH pe3yabTUPYIOMIETO compoTuBIeHus enw K3

R =R, + R

U UX CIIEAYeT OnpenensiTh no kpusoi 1 Ha wepr. 11.

2.3.2. Tlpu ompeneneHNM MHWHUMAIBHOTO 3HadeHUs Toka K3 pexoMeHayeTrcs YYHUTHIBATH
YBEITMYCHHE AKTUBHOTO CONPOTHBIICHUS KaOelnss K MOMeHTy oTkmodeHus K3 Bcrenctsue ero
HarpeBanus TokamMu K3. AktHBHOE comporuBieHue kabens (rg) B oMax Ipu Harpese ero Tokom K3
PACCUUTHIBAIOT I10 (hopMyIIe

rg = Cg I,

rne Cy - KO3(hUIMEHT, YIUTHIBAIOMINN YBEIMYCHUEC aKTUBHOTO COMPOTHUBIICHUS MEITHOTO WA
amroMuHAEBOTO Kabems. [Ipm mpuOMMKeHHBIX pacdeTax 3HaueHWe kKoddduumenta Cgy momyckaeTcs
npuanMathk paBHbeIM 1,5. Tlpm yrouneHHBIX pacuerax koddpdurmment Cgy ciemyer ompenensits B
coorBeTcTBUH ¢ 4epT. 13-15 B 3aBHCUMOCTH OT cedeHms Kabemsi, TOKa U MPOMOKUTENEHOCTH K3;

Iy - aKTHBHOE COMPOTUBIICHHE METHOTO WII aIIFOMHHUEBOTO Kabemns mpu temneparype 9 = +20 °C,
Owm.

2.3.3. Ilpu pacdere MakCHMaJIEHOr'0 3Ha4eHHS Toka K3 majeHue HanpspKeHWs Ha DIIEKTPUYSCKON
Jyre JOIMyCTUMO HE YYHUTHIBaTh, Korga Tok K3 B ycraHOBKe He mpeBbImaer 25 KA, a Takke B
yCTaHOBKax ¢ OoipmmMu Tokamu K3, ecny He IPUHATEI MephI, HCKITFOYAOIIIE BKIIFOYCHUE UCTOYHIKA
MMUTAaHNS KOMMYTAIIMOHHBIM allapaToM Ha MPeIBapUTEIFHO YCTAaHOBICHHYIO 3aKOPOTKY WIIH HA IENb,
MpeABapUTEIHHO 3aKOPOUCHHYIO ITyTEM HEPaBIIILHOT'O BKIFOUCHHSI KOMMYTAIIMOHHBIX aIlliapaToB.

2.4. Pacuet TokoB K3 B ceTH, muTaemMoii 0T CBHHIIOBO-KUCJIOTHOT0 AKKYMYJISITOPA
2.4.1. Pacuer Toka K3 B Ipon3BOJIBHBIIT MOMEHT BPEMEHU
24.1.1. Tox K3 (rox paspsga ly) B amiepax CBHUHIIOBO-KUCIOTHOTO aKKyMyJsTOpa ¢
IUIOCKOTIAPAJICIbHBIMK  HJIEKTPOAHBIMU ITUIACTUHAMH Ha IIOCTOSHHOE AKTHBHOE COMNPOTHBIICHUE B
MPON3BOJILHBIM MOMEHT BPEMEHH CIIEIyET ONPEEISTh 1o Gopmyrte
(4D 712)xt

@)

4E e
|, = 0 ,
"= 2(R,, +R,,)+BI/sin’x,

rae t - BpeMst ¢ Havasa paspsja, c;



R,o=Ro+R;+Ry;

em0

R =R /|1+—— " | 1n=0,002;
2,5n+R

Eo = 0,32 + 1,430,
B = (911 — 921) N/ (hd);
Z(Rsmo + Rem) . X
Bl
I[JI?[ OIpeacCICHUA KOpHeﬁ YpaBHCHUSA THUIIA Ctg X =ax MMPUMCHAIOT MCTO YHCIICHHON HUTCpalvu.

IMpumeuanue. B kadectBe mpumepa Ha 4yepr. 16 mpuBemeHa 3aBHCHMOCTH Pa3psIHOIO TOKA AKKyMYJISTOpa
tuna CK-1 or gmurensnoctr K3 mpu K3 Ha ero 3axnmax.

X - KOpPHU ypaBHeHUs Ctg X =

2.4.2. Pacuer Toka K3 B HauabHBII MOMEHT BPEMEHHU
2.4.2.1. Havaneusiii Tok K3 (ToK paspsia) CBUHIIOBO-KHCIOTHOrO akkymynsTopa (lyo) B ammepax
CJIE/TyET ONpEAesITh 1o popMyIe

= 4E
|, = 0 . 3
o ;2(R6n1+Rm)+BI/sin2xk ®)

[Mpumewanme. B kauectBe mpumepa Ha depr. 17 mpuBeneHa 3aBUCHMOCTh HANPSDKCHUS HA 3KHUMaxX
3apspkeHHOro akkymynaropa Tuna CK-1 ot critel Toka B HawaneHbIH MoMeHT K3.

24.2.2. Tlpm YOpOIICHHBIX pacyeTaX HAYaIbHBIH TOK pas3psaa CBUHIIOBO-KHCIOTHOTO
aKKyMYJISITOpa AOIYCTHMO OIPEACIATE 0 (opMyIIe
— E — En()
po - R6m + Rem
u npuanMarts Eq = 2,05 - 2,15 B; E,, = 0,10 - 0,15 B u R,,, =0,004 - 0,007 Om.

4)

2.5. Pacuer TokoB K3 B ceTn, muTaemMoii 0T CBUHIIOBO-KHCJIOTHOI aKKYMYJISITOPHOI 0aTapen
2.5.1. Pacuer Toka K3 oT akkyMynsTOpHOH OaTtaped B MPOU3BOJIBHBI MOMEHT BPEMEHH CICIyET

paccunTbiBath 10 Qopmyne (2), 3amenusB B Heil E, va Ey=nE , Ry, Ha R = (n/ m)R u E,, Ha

E =nE, .

2.5.2. Tok K3 ot akkymynaTopHoii 6aTaper B HauaJIbHBI MOMEHT BPEMEHH CJIEyeT PacCUnThIBATh
no ¢opmyie (3) ¢ yaerom m.2.5.1.

2.5.3. Tlpu ympomieHHBIX pacyerax HadaidbHBIH TOK K3 OT akkymynsiTopHOW Oarapen ciiemyer
OTIPEJIEIIATH 110 METO/IMKE, N3JI0KCHHON B IIPHIIOKEHHH O,

em

3. PACUET TOKOB K3 B 3JIEKTPOYCTAHOBKAX, IIOJYYAIOIIUX IUTAHUE OT
MAIIHH ITIOCTOSAHHOI'O TOKA

3.1. Mcxomuble TaHHBIE IJIS PAcYeTa, HX YCIOBHBIE 0003HAYEHHS U 0A3HCHBIE YCIOBHUS
3.1.1. Vcxonuble taHHBIC HOMIHAJIBHOTO PEKUMa MAIITIHEI

P, - AKTHBHAS MOIITHOCTH (MOIIHOCTE Ha Baly), KBT;

U,.on - HaTIpsDKEHUE SKOPS, B;

Loy - TOK SIKODS, A,

I ion - TOK OOMOTKH BO30YKI€HUS, A;

Ny, - 9ACTOTA BPAIICHUS SKOPS, 00/MUH;

3.1.2. HavanpHbIe 3HAYEHHS TApaMETPOB PeXUMa!

Ey - 5/1C mammHbI ipu X0I0CTOM X07¢, B;

It - TOK OOMOTKH BO30OYKICHUSI TIPH XOJIOCTOM XOfIE, A,;

Np - YacToTa BpalleHUs siIKopsi B MOMeHT K3, 00/MuH.

3.1.3. lomonHUTENBHBIE TAPAMETPHI PEXXNMa.

A-S - muHeHas HAaTpy3Ka KOS MPYU HOMHUHAIIEHOM PEXXIMe paOOThl MAIIuHEI, A/cM,;

AW,q - aMIep-BUTKH NONEPEYHOH pEAKIIUK KOPS NPU HOMUHAJILHOM PEXUME PabOThI MAIIMHEI;
AW, - aMTIep-BUTKH TIOCIICAOBATEIFHON OOMOTKH IIPY HOMHHAJIHHOM PEKUME pabOTHl MAIIIHHEI;
AWy - aMITep-BUTKH BO3OYKIICHUSI IIPHA XOJIOCTOM XOJIC MAIITHHEI.

3.1.4. Onpenensiemble U APYTUe MapaMeTpPhl, UCIIONb3YeMBbIE TIPH pacueTax TokoB K3:

N, - 9HCITO IPOBOTHUKOB OOMOTKH SIKOPS;

Wf - 9HCITO BUTKOB OOMOTKH BO30YKICHUS;

W, - YHCJIO BUTKOB ITOCJIET0BATEBHON OOMOTKH;



a - 9KCIIo Map HapauielIbHbIX BETBEH SKOPHOW OOMOTKH,

ar - YMCJIO apalIETIbHBIX BETBEH 0OMOTKH BO30YXKIICHNS,

a, - 9ACII0 TIapaJUICIbHBIX BETBEH MOCIE10BATEILHON OOMOTKH;

G - K03(p(HUIMEHT MarHUTHOTO PacCesHUS TIIaBHBIX ITOJIFOCOB;

P - 9UCIIO TIap TOTIOCOB MAIIUHBI;

by - koaddunment (mmprHa) KOMMYTAIIMOHHOM 30HBI;

er - peaktuBHas D/1C KOPOTKO3aMKHYTOH CEKI[MH OOMOTKH SIKOps, B;

[k - UMCII0 TEPEKPHITHIX MIETKON KOJUICKTOPHBIX IIACTHH,

AU, - nepexo/iHOe NaJIcHUue HAalPsDKEHUs [IEeTOYHOro KOHTakTa, B;

R, - akTHBHOE COMPOTHUBIICHUE IKOPHOH 00MOTKH, OM;

Rw - aKTHBHOE CONPOTHBIIEHHE OOMOTKH JOOABOYHBIX ITOJIOCOB W KOMIICHCAIMOHHON OOMOTKH,
Owm;

R, - aKTHBHOE CONPOTHUBIICHNE TTOCIIEN0BATENbHON 00MOTKH, OM;

R,, - mepexoHOe COMpPOTUBIEHHUE ETOYHOrO KOHTAKTa, OM;

Ra1 - cyMMapHOE aKTHBHOE COTIPOTHBIIEHHE BCEX 0OMOTOK SIKOpHOM 11emH, Owm;

Ra2 - cyMMapHOE aKTHBHOE CONpPOTHBJIEHHE BCEX OOMOTOK SIKOPHOM IENU C Y4ETOM IEepPEXOIHOTO
COIPOTHUBJICHHUS METOYHOTO KOHTaKTa, OM;

R, - cyMMapHOe akTHBHOE CONPOTHBIICHUE LETH SKOpst, OM;

Ry - aKTHBHOE cOMpoTHBIIeHHE BHermHel cetr (merm K3), OM, KOTopoe clieyer OmnpeaessTsh 1o
m2.2.2.

3.1.5. basucHble ycIOBUS IUIst ONPEIeNICHNS BEMYHH B CHCTEME OTHOCHTEIBHBIX €MHUIL

Us = Uons 16 = Liows R = Uﬁ/ ls.

3.2. CxeMa 3aMelIeHHsT

3.2.1. Tlpu cocTaBIEHHM CXEMBI 3aMCIICHHS CETH, IMHUTAEeMON OT MAIIMHBI MOCTOSHHOTO TOKa,
ClIeflyeT YYHWTHIBATh WHIYKTHBHEIC CONPOTHBICHUS OOMOTOK MAIIMHBI M AKTUBHBIC COIPOTHBIICHHS
9JIEMEHTOB IIeIIe MAIIMHbLI U BHEIIHEH CETH.

Cxema 3aMeIieHus UId pacdera TOKOB mpu K3 TONFOCOB CETH MOCTOSHHOTO TOKa IMPUBEICHA Ha
qepT. 2.

3JIeKTpl/I‘leCKaﬂ cxeMa M cXxeMa 3aMellleHHs CeTH, IUTAaeMOoii 0T MallIMHbI MOCTOSIHHOI0 TOKA

Yepr. 2

3.3. Pacuer ToxoB K3 B ceTn, nuTraemMoii 0T MalIMHbI MOCTOSTHHOI' O TOKA
3.3.1. Toku K3 B uenu sikops (igt) ¥ B 11enu 0OMOTKU BO30YxkaeHus (i) MAIIHHBI IOCTOSIHHOTO TOKa

B MIPOM3BOJIBHBI MOMEHT BPEMEHH CIIEAYET ONPEACIATH 110 (hopMylam:

FE oAt Ty Hj H -t
i =l i+ (g )eT ()
R H s —t/ T4 - . ~t/Tt
Ift_lfso+(|f0_|f0)e +(If0_|fw)e (8)
e ig, - ycraHoBuBIIHIiCS TOK K3 B 1enu sikops;
it,, - ycraHoBuBIIHICs TOK K3 B 11eri 0OMOTKY BO30YX ICHHUS;



iéo - nepexoaubii Tok K3 B 1enu sikopsi B HaYaJlbHbIA MOMEHT;

Hi

IfO
Td' - IICpEXOaHAs MOCTOSHHAsA BPEMECHHU LCIIH SIKOPs, C,

- mepexoaHbiid Tok K3 B 1161 0OMOTKH BO30YK/ICHHS B HAYAIbHBI MOMCHT;

T; - mepexo/Hasi MOCTOSIHHAS! BPEMEHH Liel 0OMOTKH BO30 YK ICHHS, C;

t - Bpems ot Hauyana K3, c.

IMpumeuanme. B ofmem ciydae MamImHBI IOCTOSHHOTO TOKAa HMEIOT JBE OOMOTKM BO30YXICHUS
(caMOBO30OYK/ICHUS. ¥ HE3aBUCUMOTO BO30YxkeHus). [IpH MaTeMAaTHYECKOM OIMCAHWH MEPEXOIHBIX MPOIECCOB
9TH OOMOTKH TOITYCTHMO 3aMEHSThH OJHON 3KBHBAJICHTHOH 0OMOTKOH BO30YKICHUS .

COCTaBJ’IS{IOHII/Ie TOKOB SIKOpA U 00MOTKH B036y)K,HeHI/I$I apu K3 B CCTH, MMUTaeMOM OT MAaIIHUHEI
MOCTOAHHOI'O TOKA, IMOKa3aHbl HA YCPT. 3.

PacueTHble cocTaBIsI0IIME TOKOB AKOPS U 00MOTKH B030y:xaeHust npu K3 mammnbl
TOCTOSIHHOT 0 TOKA

igr A
*igo
id”"lx \\\
|V Ny
/’ —
r
~ido T4 ,
Tr
\
iy
7oA
o \
’.Fmax
fo ——-1— Trax T T
a o
f
8
"(i;a’/'fo)v +
Yepr. 3

3.3.2. Pacuer HavyanpHOTO nepexoqHoro Toka npu K3 B nienu sikopst
3.3.2.1. HavanbHoe nepexoHoe conpoTusieHne uemnu sikops (R}, ) B omax ciemyer onpenensTs no

¢dopmyne
Ro =R +pER,, ©)

rae B - KOB(I)(l)I/IHI/IeHT, y‘lI/ITBIBaIOIIII/Iﬁ pCaKkiuro sKOps IMpH 3aHaSIILIBaIOHIGI71 KOMMYTaluu,
KOTOpLIﬁ A0IYCTUMO ONPECACIATh IO (l)OpMYJ'Ie
B (Awg+bAS)/ Aw,; (10)

G - K03((OUIHMEHT, YIUTHIBAOIINA MarHUTHOE PACCESHUE TIaBHBIX ITOJOCOB, 3HAYCHUE KOTOPOTO
HaxonuTcs B mpenenax 1,15 <6 <1,18.

CymmapHOe akTHBHOe compoTuBicHne menn skops (R,) B oMax ¢ y4eToM aKTHBHOTO
COIIPOTHBIICHHS BHEIIHEH ceTH 10 TOUKU K3 ciienyeT onpenensTs, UCTIONb3Ys BIPaKCHHE

R,=R,+(AU,+eB,)/1,,+R,,, (11)

HOM 6L

OpHYEM CyMMapHOE aKTHBHOE COMPOTHBICHHE OOMOTOK SKOpHOM nermu Mmammubl (Ra) B omax



PEKOMEHAYETCs IPUHUMATh PABHBIM
Ra1=1,24(Ra+RW+ Rn). (12)
3.3.2.2. HavasbHbIi nepexoaHbIi TOK wenu sikops (i, ) B ammepax npu K3 B 3T0il 1enn ciexyer
OIPEENATH 10 hopMyIe
o =8/ R (13)
rae €y - HayanbHag JJ1C, pasHas DJ]C xomocToro xona MaluuHel, B.
3.3.3. Pacuer ycranoBusmerocs Toka npu K3 B enu sikopst
3.3.3.1. YcranoBuBmmiicst Tox nenu sikops (ig.) B ammepax mpu K3 B 3T0ii IIeNU U HE3aBUCHMOM
BO30YXKIICHHN MaIIMHBI CIEAYET ONPEACIATH 10 GopMyle
i,..=e /R,, (14)
rae €, - J1C sikopst B ycranoBuBiuemcs pexume K3, pasnas 3J1C xonocroro xoaa mMamuisl, B;

Rd - COIIPOTHBJICHUC ILCIHN SAKOPsSA B YCTAHOBHUBUICMCS PCKHUME K3, OM, KOTOpPOC HOO0IIyCTUMO
OIPCALCIIATh KaK

Ry=R,+(B-7)R;, (15)

rae Y - KO3(pQUUUEHT KOMIayHIUPOBAHWS MAIIWHBI, KOTOPBIH Ui MAllMH IOCTOSHHOTO TOKa

HOPMAJIBHOTO HCIOJHCHUS IPH yJeTe PEeaKIUH KOMMYTAIMOHHBIX TOKOB MEHBIIE 3 U ONpenemseTcs
1o opmyie

y=Aw,/ Aw,, . (16)

3.3.3.2. VYcranoBuBmmiics TOk uenu skops (ig,) B ammepax mpu K3 B 310l memm u
CaMOBO30Y)KICHUH MAIIMHBI JOIYCTUMO OTIPEENTh, UCIOIb3Ys NPUOIIKEHHOE COOTHOILICHUE

idx = KeO / (RaZ + Relu) 1 (17)
rae K = 0,05-0,15, nmprdyeM cyMMapHOE aKTUBHOE CONPOTHBIICHHUE OOMOTOK SIKOPHOMU 1IN U IIETOK

(6e3 yuera uzmeHeHus maneHust HanpspkeHus mon merkamu npu K3) (Ryp) B OMax ompeensrior mo
BBIPA)KCHUIO

R., =1,24(Ra +R, + Rn)+ R
3.3.4. PacyeT NOCTOSHHBIX BPEeMEHHU

3.3.4.1. Tocrosauyro Bpemenu wneru skopst (Tg) B CeKyHIax NpH HEy4eTe B3aUMOUHIYKIHH C
00MOTKOI BO30YXK/IEHHS CIIELyeT ONpPEeeNsaTh 10 GpopMyIie

(18)

u "

Td = T}l = Lﬂ/ Rm (19)
rae Lﬂ - CyMMapHast THIYKTUBHOCTb 00MOTOK LieIH AKOpA, T'n, KOTOpas paBHa
L, =La+L,+ Ly (20)

rre L, - ”HIYKTHBHOCTD SIKOPHOH 00MOTKH, 'H;
L, - ”HTYKTHBHOCTb ITOCIIEAOBAaTENbHON 00MOTKH, ['H;
Ly - ”HIYKTHBHOCTH KOMITEHCAIIIOHHON OOMOTKH ¥ OOMOTKH JJOOABOYHBIX MTOJIFOCOB, [ H.
3.3.4.2. Tlocrosuuyto BpeMeHH oOMOTKM BO30ykmeHust (Tf) B CeKyHmax TIpH HeydeTe
B3aMMOMHIYKIIMH C SKOPHOH U ITOCIIE0BATENbHON OOMOTKAaMH CIIEAYET OTPEIeITh 10 Gopmyre
Ti=Li/Ry, (21)
rae L - "HAyKTHBHOCTE 0OMOTKHM BO30OYXKaeHus, ['H;
R¢ - akTMBHOE compoTuBIeHHE 0OMOTKH BO30YXaeHus1, OM, KOTOpPOE JOIYCTUMO OTPENENIATh KaK
Rf = Eo/ |f0. (22)
3.3.4.3. TlepexoxHyt0 MOCTOSIHHYKO BpeMeHH 00MoTkH Bo3OyxaeHns (T{) B ceKkyHIaxX cieayer
OIIPEENATh 10 hopMyIe
T =T, (Réo/ Rd)‘ (23)
3.3.4.4. TlepexonHy0 MOCTOSIHHYIO BpeMeHH uenu sikopst ( Ty, ) B CeKyHIax B MPE/IIONOKEHNH, YTO
00MOTKa BO3OYXICHHS SIBIISIETCS CBEPXIIPOBOAIICH, CIEIYET ONPEAENATh 1Mo hopMyiie
To=T, (Rﬂ / R;O) . (24)
3.3.4.5. TlepexoHyt0 IOCTOSIHHYIO BpeMeHH wuemu sikopst (T,) B CeKyHIaX ¢ y4eTOM aKTHBHOIO
CONPOTHUBJICHNS] OOMOTKHU BO30Y)KICHUSI CIIEAYET OIPEICIATH 110 (hopMyIe
_Ti
0 —/ ot
Tf _TdO
3.3.5. Pacuer Ha4anbHOTO NMEPEXOJHOTO TOKA B IIEH OOMOTKH BO30YXKJICHNS
3.3.5.1. HauanbHsblil epexoaHbIil TOK B 1eni 00MOTKH Bo30yxaenus (i, ) B ammepax npu K3 Bo

T =T, (25)

BHEIITHEH CETH CIIeyeT ONMpeAeIsaTh Mo Gopmye



i'fozifO(Rd/R:i)’ (26)
rae
Ry =Ry (1-2T,, / T7). (27)

3.3.6. Pacuer ycraHOBHBIIETOCS TOKA B LIETIA OOMOTKH BO30YKICHUS

3.3.6.1. Ecniu mammmHa TIOCTOSSHHOTO TOKAa MMEET HE3aBHUCHMOE BO3OYXKICHHE, TO NMPH KOPOTKOM
3aMBIKAHNHM BO BHEIIHEH CETH ClleAyeT TPHHUMATh I, = g €CIM >K€ MalldHAa HMEET
€aMOBO30YKIIEHHE, TO i, OTM30K K HYITIO.

3.3.7. OmpeneneHre MOMEHTa BPEMEHH, KOTZIa TOKH B IICIIX SKOPSI M TMapaJbIeTbHONH OOMOTKH
BO30YKIICHHUS MaKCHMAaJBHBI, 1 TOKa B Mecte K3

3.3.7.1. Bpems ot MoMeHTa BO3HHKHOBEHUSA K3 10 MOMEHTa, KOT]a TOK B IEIH SKOPSI OKA3hIBACTCS
MaKCHMAJIBHBIM, (tnax) B CEKYHIAX CIIEAYET OMPEIENATh MO BHIPasKEHHIO

3 Ty i
tmax - 2’3Td0 Td, Ig Ié _id30 ’ (28)
rie
i,=¢,/R]. (29)
3.3.7.2. Tok MAaIIMHEI, 3aMBIKAIOMIMIACA Yepe3 BHEIIHIOI KOPOTKO3aMKHYTYIO CeTh (CM. cXeMy
3aMeEIIeHHs Ha 9epT. 2), CIIEAYET ONPENENATh KaK

Ikt = lat = gt (30)
B 06HaCTI/I MAaKCUMAJIbHBIX TOKOB JOMIYCTUMO CHUTATh
lkmax = ldmax- (31)

3.3.8. Ynpomennsie pacuerst TokoB K3
3.38.1. Ilpy HEmONHBIX WCXOIHBIX JAHHBIX MakcuMainbHOoe 3HaucHHe TOKa K3 (imax) B
OTHOCHTEJIFHBIX €IMHHUIAX JIOMYCTHMO ONPEACISITh 110 OJHOH 13 (opMyI:

€
i =70 32
S R +(0-1)/ 0 2
[S]
i = *0 , (33)
k max R +A7Pﬂ+ 2+(O’3P~o‘w/ Dﬂ)+M
*ow P U

HOM HOM
rre AR, - motepu akTUBHOM MOIIHOCTH B €M SIKOPSI MAIIMHEI, KBT;
D, - nmametp sikopsi, cM;
M - xo3hpUIMEHT, YYNTHIBAIONMK BIWSHHUE PEAKIMU SKOPS W TOTOKOB pAaCCeSIHUS. IS
HEKOMIIEHCHPOBaHHBIX MammH npuanmatot M = 0,05 u s komnencupoBanusix Mammd M = 0,025;

*R :R}l(l /Uno‘u);

HOM

R =R, (l,./U,.).

HoM
* e

3.3.8.2. Ilpu orcyrctBuM mONHOHW HHGpOpMAIMK 00 HMCXOAHBIX MapaMmerpax, MaKCHMaJbHOE
3HayeHne Toka K3 OT MalMHBI MOCTOSHHOTO TOKAa MOXKHO OLEHHTBH, MCXOMS M3 ONBITHBIX JaHHBIX,
MIPUBEJICHHBIX B MPHIJIOKECHUH 6.

3.3.9. Yuer anexkrpuueckoit xyru B mecte K3

3.3.9.1. TIpu ompenereHUN MHHUMAJIBHOTO 3HAa4eHHMs TOoka K3 OT MammHBI MMOCTOSHHOTO TOKa
CJIEyeT YUHUTHIBATh 3JIEKTPUIECKYIO AYTy. MeToinKa yueTa aHaJIorn4Ha H3JI0KeHHOH B 1.2.3.1.

3navenns xkodpduiuenta K aist 3MeKTpoycTaHOBOK ¢ MammHamMu MoinHocTeio 1o 100-150 kBt
JIOITYCTHAMO OTIPEAENATH 0 KpUBOH 2 Ha 4epT. 11, a mist 31eKTpoycTaHOBOK ¢ TeHepaTopaMu OOJbIION
morroctH (Tok K3 10 140 kA) - o kpuBbIM 4yepr. 12.

3.3.9.2. Ilpm ompeneneHNM MUHHMAaJIbHOTO 3HadeHWs Toka K3 pexkoMmeHmyercss ydYUTHIBAThH
YBEIMYCHNE aKTUBHOTO COIIPOTUBIICHUS KaOems BCIeACTBHE ero Harpesa Tokamu K3. Metonuka ydera
aHAJIOTWYHA M3JI0KEHHOM B 11.2.3.2.

3.4. Onpenenenne napaMeTpPoB CXeM 3aMellleHHs] MAIIMH MOCTOSTHHOI O TOKA
WHayKTHBHOCTH 0OMOTOK MAIIMHBI IOCTOSTHHOT'O TOKa W aKTHBHOE COIIPOTHBIIEHHE OOMOTKH SIKOPSI
PEKOMEHAYETCSI paCCUUTHIBATH 110 (hOPMYJIaM, IIPUBEICHHBIM B IIPHUIIOKCHUH 7.



4. PACYET TOKOB K3 B QJIEKTPOYCTAHOBKAX, IOJYYAIOIIUX IUTAHUE OT
TPEX®A3HBIX BEHTUJILHBIX TIPEOBPA3OBATEJIEN

4.1. McxoaHble TaHHBIE 115 pacyeTa H UX YCJIOBHbIe 0003HAYEHHSI

4.1.1. VicxonHble JaHHBIE HOMHHAJIBHOTO PEKMMa BEHTHIILHOTO IPe0Opa3oBaTes:
U gon - BBIIIPSIMIICHHOE HaIpsDKEHHE, B;

| 4110, - BBITIPSIMIICHHBIH TOK, A,

Olyon = YTOJT BKITFOUSHHS BEHTWIICH, 3JI. Tpaj.

4.1.2. TTacnopTHBIE JaHHBIE TTOJIYTIPOBOAHUKOBBIX IPUOOPOB!

i, - yIapHbBII HEOBTOPSIOIIMIICS TOK IpUbopa, A;

Ilzdt - MAaKCUMAJIbHO AOIYCTHUMOC 3HAYCHHUC HHTCrpaia ,H)KOYJ'ISI B HMHTCpPBAJIC BPECMCHU 10 Mmc

(3amMTHEIN MTOKa3aTeNb), Az-c;

R, - muddepennmansHoe conpoTuBieHue npuoopa, Om;

N U M - 9UCla COOTBETCTBEHHO IOCIEAOBATEIBPHO WM IAPAJUICIBHO BKIFOYCHHBIX B TPYITIIOBOH
BEHTHJIH TTOJTYIIPOBOTHUKOBBIX ITPHOOPOB.

4.1.3. HomuHanbsHbIe JaHHBIE TIPeoOpa3oBaTeIbHBIX TPaHC(HOPMATOPOB:

S,ion - TIOJIHAS. MOIITHOCTE, KB-A;

U,on1 - THHENRHOE HATIPSDKEHHE TIEPBHYHOM (CceTeBoi) 00MOTKH, B;

U,on2 - TMHENRHOE HATIPSDKEHHE BTOPUYHOMN (BEHTHIILHOM) 06MOTKH, B;

APy - moTepu KOPOTKOT'0 3aMbIKaHHA B TpaHCPopmarope, KBT;

Uy - HampsDKEHUE KOPOTKOTO 3aMbIkaHus, %0.

4.1.4. TTapameTpsl peaKTOPOB:

L4 - MHIYKTUBHOCTP CTIIQXKHUBAFOIIETO peakTopa, [ H;

Ry - akTHBHOE COTPOTHUBIICHHUE CTIAXKUBAOIIETO peakTopa, OM;

Lyp - ”HAYKTHBHOCTb YPaBHHUTEIBHOIO PeakTopa, I'H.

4.1.5. VicxonHBIC JaHHBIC, XaPAKTEPHU3YIOIINE CETh IEPEMEHHOTO TOKA!

I - YAEIbHOE aKTHBHOE CONPOTHUBIICHUE JIMHUU NIEPEMEHHOr0 ToKa, OM/KM;

Xyo - YACNTBHOE HHAYKTUBHOE COMPOTHBIIEHHE JIMHUK TIEPEMEHHOTO TOKa, OM/KM;

| - ITUHA TUHUH, KM.

4.1.6. VicxonHBIC TaHHBIC, XaPAKTEPH3YIOMIAE CETh TIOCTOSHHOTO TOKA!

s - YIEIbHOE AaKTHBHOE COIPOTHBIICHHWE TMONMIOCHBIX Kabenaedl (BBIBOAHBIX, IHTAIOIIETO,
orcacpiBarorero), OM/kum;

. - VOCTHbHOE aKTHBHOE COIPOTHBICHHE TPOBOAOB KOHTAKTHON CETH HAa3eMHOTO TPaHCIIOPTa,
OM/kM;

I'p - YAENBbHOE aKTHBHOE CONPOTHUBIIEHNE PENIbCOB PsA/a NapalIeIbHO COEMHEHHBIX yTel, OM/KM;

I, - YICIbHOE aKTUBHOE COMPOTUBIICHHE JIMHUH MOCTOSHHOTO TOKAa B CHCTEME ''TIPOBOI-TIPOBO',
OM/kM;

I,; - YICTbHOE aKTUBHOE CONPOTHBIICHWE JIMHUH MOCTOSHHOTO TOKa B CHCTEME 'TIPOBOI-3EMII
OM/KM.

4.1.7. OrmpenensemMple TapaMeTpsl, XapakTEpPHU3YIOIIME BEHTWIBHBIM IpeoOpa3oBatens H
MIPUMBIKAIOIIYIO CETh MIEPEMEHHOTO TOKA!

R¢, X¢ - DKBHBaJCHTHBIC aKTHBHOE M MHIYKTHBHOE COMPOTHUBIICHUS CHCTEMBI IIEPEMEHHOTO TOKa,
Owm;

Ry, X». - aKTHBHOE W WHAYKTHBHOE CONPOTHBICHHUS IPEOOpPa3OBATEIBHOTO TpaHCchopMaropa,
OTHECEHHBIE K OJHON BEHTHJIHLHOI 00MOTKE, OM;

RL, XL - aKTHBHOE ¥ MHAYKTUBHOE CONPOTUBIICHUS JIMHAN TIEPEMEHHOTO ToKa, OM;

Ra - aKTHBHOE COTIPOTHBIICHIE aHOAHBIX MPOBOJHUKOB, OM;

Rg - aKkTHBHOE COMpPOTHBJIEHHE BEHTWIA (C y4eroM N IOCIEMOBATENBHO W M TapajuieibHO
COCIMHEHHBIX MOIYIPOBOJHUKOBBIX IpudopoB), Owm;

4.1.8. OnpezensieMble apaMeTphl, XapaKTePH3YIOIIUE CETh MOCTOSHHOIO TOKA!

R« - aKTHBHOE CONPOTHBIICHNE BHIBOAHBIX TONFOCHBIX Kabeneit, Om;

R, - akTHBHOE CONMPOTHUBJIEHHE MUTaromero (+) kadems, Owm;

R, - aKTHBHOE CONPOTHUBIIEHIE OTcackBaromiero (-) kabems, Om;

R, - compoTHBNIeHIE 3eMIIM PAaCTEKaHHIO ITOCTOSTHHOTO TOKa, OM;

R« - COIPOTHBIICHHUE 3a3eMIIIIOIIECTO KOHTYpa (3a3emintens), Ou;

Ry - akTHBHOE COTIPOTHBIICHHE JIMHUHU TIOCTOSHHOTO TOKa, OM.



4.2. Pacyer TOKOB TMpPH KOPOTKOM 3aMBIKAHHH TMOJIOCOB  BBINPSAMHUTEIHLHOTO
npeodpazoBareJisi

4.2.1. PacuerHble CXEMBI U CXEMBI 3aMEIIECHUS

4.2.1.1. Tlpu cocTaBJIeHNN CXeMBI 3amenteHus (depT. 4) mapameTpsl SJIIEMEHTOB PACUYETHOM CXEMBI
ClleyeT MPUBECTH K CTYTIEHHM HaNpsOKEHUST BTOPHIHON (BEHTHIILHOM) 0OMOTKH MPe0Opa3oBaTeibHOrO
TparchopMaTopa B CHCTEME WMCHOBAHHBIX CIWHHUIl. PekoMmMeHayemble (OpMYIBl IS pacdera
apaMeTPOB CXEM 3aMeIICHUs TPUBEICHEI B MPIUTOKCHAN 8.

PacuerHast 21eKTpHUecKas cxema (a) u cxema 3amennenust (0) 3JT1eKTPOYCTAHOBKH €
BBINPSAMHUTEIBHBIM arperaTomM

LR

Yepr. 4

4.2.1.2. CxemslI 3amenieHus Tpex($a3HbIX BEHTWIFHBIX TpeoOpa3oBaTeriell, BHIIOMTHEHHBIX 110 CXeMe
JIBE OOpaTHBIC 3BE3/bI C YPaBHUTEIBHBIM PEaKTOPOM M IO Tpex(a3HOH MOCTOBOI cxeMe, NPUBEICHBI
Ha 4epT. 5.

4.2.1.3. Karomuelii peaktop c mapamerpamu Xy, Ry mpm omenke yciosuii K3 cmemyer
paccMaTpuBaTh Kak TOKOOIPAHWYMBAIONIMH, a TIPH OLICHKE YCIIOBHH HOPMaJIbHON pabOThl HArPY3KH Ha
TIOCTOSTHHOM TOKE - KaK CIVIa)KUBAIOIHH.

4.2.1.4. Pacuersi TokoB K3 B ycTaHOBKAax, BBINONHEHHBIX II0 CXEME JIBCHAIIATH(a3HOTO
npeoOpa3oBaHus, CIEAYET BBIIONHATH C NpuMeHeHneM OBM, ucnonb3ys, HanmpuMep, MaTpHYHO-
TOIOJIOTUYECKUE METO/IBI pacyeTa pa3BeTBICHHBIX IIEHeH.

4.2.2. PacueTHBIC YCIIOBUS

4.2.2.1. Toxn K3 mnst BeIOOpa 1 MpOBEPKH arperatHoro odopymosanus no yciaosuwsiM K3, a Takxe
JUTS BBIOOpA 3alUTHBIX YCTPOMCTB CIEAyeT PacCUUTHIBATH TP HANOOJIEE TSHKEIIBIX YCIOBUSX:

- K3 monrocoB BBEIIPSIMUTENS HE CONPOBOXKIACTCS AYTOBBIMH SIBICHUSIMHA B MECTE ITOBPEKACHHS
(uckmrouast 3exTpoycTaHoBky ¢ Tokamu K3 Boimre 100 kA);

- MOMEHT BO3HUKHOBEHUs K3 coBmasaer ¢ MOMEHTOM OTKPBITHS KAKOTO-TNOO BEHTHIIS.

4.2.2.2. Pacyery mo/yiexxaT aMIUINTy/a IEPUOINIECKON COCTaBIIIONIEH (hPa3HOro TOKa BTOPUYHON
00MOTKH TIpeoOpa3zoBaTeNbHOrO TpaHchopMaTopa, MaKCHMalbHOe 3HadeHMe Toka K3 B memnm
MIepEeMEHHOT0 TOKa W BEHTWJIEH, yJapHBIH TOK, NPOTEKAIOMMI B MOIYIPOBOJHUKOBOM MPHOOpE,
MaKCHMAaJIbHOE U CpeiHee 3HaYEeHHS BHIIPSIMIIEHHOTO TOKa B MECTE TIOBPEXKICHUS.

Kpome Toro, npoBepstoT TemioBoe aeiictBre Toka K3 Ha momynpoBOIHIKOBBIN MPHOOP.

4.2.3. Pacuer TokOB B cimydae K3 moirocoB HeympaBisieMOro BBINIPSIMHUTENBHOTO arperara npu
orcyrcrBuu (6e3 ydera) KaTOOHOTO peakTopa

4.2.3.1. Ilpu pacueTe TOKOB B CiIydae, KOT/ia HEYNPABIIEMBbI BBITPIMHUTENb HE HMEET KaTOIHOTO
peakTopa, CleayeT yYHThIBaTh, YTO K3 MOIIOCOB TaKOTO BBHINPSIMHUTENS SKBHBAIECHTHO TPEeX(PasHOMY
K3 BropuuHsix (BEHTHIBHBIX) 0OMOTOK IPe0Opa30BaTEeIbHOTO TPAaHCHOPMATOpA.

4.2.3.2. AMIUIUTY1y NEPHOANYCCKON COCTaBISIOMECH (A3HOrO TOKA BTOPUYHOW (BEHTHIIBHOIA)
0bMoTKH mpeobpasoBaTenbHOro Tparcdopmaropa (Iy) B ammepax ciaemayer OnpeaessTh 10 BEIPAKCHHIO

=
" JRE4XE]

rne E - nefictByromee 3Hauenue ¢paznoit 3/1C TpexdazHoii cucTeMbl IepeMeHHOro ToKa, B;
Ry - cyMmmMapHOe akTHBHOE CONIPOTHUBIICHHUE 3JIEMEHTOB OHOH (pa3bl mepeMeHHoro Toka, Owm;

| (34)



Xy - CyMMapHO€ HHAYKTHBHOE CONPOTHBIICHHE 3JIEMEHTOB OJIHOH (ha3bl mepeMeHHOro Toka, Om.
YkazaHHBIE TAPAMETPHI CIIEAYET ONPEACIIATh M0 hopMysIam:
E=U,.,/V3;
Rs=Rc+R, + R, + Ry
Rz=Ry/ (n/m);
Xz =Xe + X
4.2.3.3. MakcumanbHoe 3Hauenue Toka K3 B 1emnu mepeMeHHOro Toka u BeHTIw el (Imay) B ammepax
CJIE/TYET ONpeNeNsTh 0 COOTHOIECHUIO
Imax = (Imax / 1m) Im, (35)
e lnax / I - ymapuseii koopduiment nemu K3, ompenensemsiii mo kpusoit 1 Ha wept. 6, B
3aBHCHMOCTH OT OTHOMIECHHs R/X KOpOTKO3aMKHYTO# ern.

Cxembl 3aMeneHus mpeodpasoBarteeii (mpu ux pagore rpynnamu mo 2-3 BeHTHIISA)

a - I1BC O6paTHBIe 3BE3bI C YPABHUTCIIBHBIM PEAKTOPOM, o - TpCX(I)aBHaH MOCTOBas

Yepr. 5



3aBUCHMMOCTb OTHOIIEHUSI MAKCUMAJIbHOM aMIINTYABI TOKa K3 k amnanTyae
NEePUONYIECKOIl COCTABJIMIONIEH ITOr0 TOKA 0T OTHOIIeHusI R/X KOPOTKO3aMKHYTOIi Henu

Imax
i
1,6
\\
N~ LT

1,2 = ——

— a L oc=p°
0,8 ~——| S e (=0

o¢=30°

0’4 ﬁ-fw'—\_,r\/*\z—\\/w

a gz 04 06 08 R/x
1 - HeympaBiIsIeMBIi BBIIPSIMUTEND; 2 - YIIPABISIEMBIH BBIIPSIMUTENb C 3JICKTPOHHOH 3aIl[UTON
Yepr. 6

4.2.3.4. Y apHblil TOK, IPOTEKAIOMUIl B OIYIPOBOTHUKOBOM Ipuoope, (i) B ammepax cuexyer
OIIPEIENIATH C yIETOM M MapaJijIebHBIX BETBEH B LIENN IPYNIIOBOTO BEHTHII, T. €.
1,0 = lmax / M. (36)
4.2.3.5. TennoBoe neiictBue Toka K3 Ha mOTynpOBOIHUKOBBIA MpHOOpP CIENyeT NpPOBEPSTH,
UCTIONB3Ysl COOTHOIIICHNE

t
12t < [i%dt, 37)
0

rae ty - IpoIo/DKUTENIbHOCTh KOPOTKOI'O 3aMbIKaHUA, C;

l,, - >bdexTHBHOE 3HayeHME TOKA, NPOTEKAIOLIEro uYepe3 BeHTWIb BO Bpemsa K3, xoropoe
JIOTyCTUMO TIpUHUMAaTh pasuem 1, =1,/ V2 npn t< 20 Mc 1 Ly =1n/ V2 npu t > 20 mc.

4.2.3.6. MakcumanbHOE 3HAUCHUE BBIPSIMIICHHOTO TOKA B MecTe MOBPeXICHUS (lgmax) B amIiepax
clieqyer onpenenars no Gopmynam:

IpyA  BBINIOJHCHUN npeo6pa3OBaTeneI71 II0 CXEMC nBC 06paTHI>Ie 3BE3bl C YPAaBHUTCIIbHBIM
PpCaKkTOpOM

lamax = 2lmax: (38)
TP BBITIOJIHEHUH NIpeoOpa3oBaTereii 1o Tpexga3Hoi MOCTOBOH cxeMe
ldmax = lmax- (39)

IIpumeuanue. 1lpy HaIMYMYU B LEMSIX IPYNIOBBIX BEHTUIICH MOCTa aHOJHBIX PEAKTOPOB CIELYET UCIIOIb30BaTh
(opmyny
lgmax = 2,61 I,
rae |, =~2E /(X +X,,),

Xap - MHIYKTUBHOE COIPOTHUBIIEHME aHOJHOTO peakropa, OM.

4.2.3.7. Cpennee 3HaUYEHHE BBIIPSMIICHHOTO TOKa B MECTE IIOBPEXKICHHS NPH YCTAaHOBHBILEMCS
pexxume K3 cnemyer onpenensts o hopmynam:

IIpY  BBIIOJIHEHWH TIpeoOpa3oBatesieil Mo cxeMme JBe OOpaTHbIC 3BE3Abl C ypPaBHUTEIBHBIM
pEaKTopoM

loy = (6/7) In; (40)
I BBITIOJTHEHUH NpeoOpa3oBaTereii 1Mo Tpexga3Hoi MOCTOBOH cxeMe
loy = B/ 7) I (41)

4.2.4. Pacuer TokoB B ciydac K3 MONIOCOB HEYIPABISIEMOTO BBIIPSIMUTENS [PH Hanuduuu (IIpu
y4ere) KaTOAHOTO PeaKTopa

4.2.4.1. Ecnn HeynmpaBiseMblil BBIIPSIMHUTEIb WMEET KaTOAHBIH PEakTop, TO MPU pacyeTe TOKOB
JIOIYCTAMO CUHMTATh, YTO BBIIPSIMIICHHBIN TOK WICATHFHO CTIIAXKEH.

4.2.4.2. PacueTHBIM pPEXHUMOM B PacCMaTpUBAEMOM CJIydae CIEAYeT CYHTATh YCTAaHOBHBIIMIACS
pexxum K3 (Tak kak HauanpHbIe TOKH K3 CylIecTBEHHO OrpaHuYeHbl KaTOMHBIM peaktopom). [Ipu stom



ClIeyeT YYHUTHIBATh, YTO B YCTAHOBUBIIEMCS pexkuMe K3 MomocoB HEYIpaBIsIeMOro BBIIPSIMHUTENS C
KaTOOHBIM DPEaKTOPOM MPHUBOAMT K TpexgpasHomy K3 BTOpHYHBIX (BEHTHIBHBIX) OOMOTOK
mpeoOpa3oBaTeIEHOT0 TpaHCHOpMATOpA.

4.2.4.3. CpenHee 3HAuYCHHE BBIIPSIMIICHHOIO TOKAa B MECTE IOBPEXKICHHS B YCTAaHOBHBIICMCS
pexxume K3 (lg,) B amnepax ciefyer onpeaesTs no Gpopmynam:

- 0e3 ydera aKTHUBHBIX CONPOTUBIICHWH TIIeTIed MOCTOSHHOIO TOKAa W BBHITOJHCHUU
mpeoOpa3oBaTelneii mo cxeMe B¢ 00paTHBIE 3BE3/Ibl C YPAaBHUTEIBHBIM PEaKTOPOM

lay = 2 In; (42)
- C YUCTOM aKTHBHBIX COHpOTI/IBJ'IeHI/Iﬁ ueneﬁ MOCTOSIHHOT'O TOKAa M TOM K€ CXeMEe BBIIPAMIICHUSA
1,01E _
Idy = (43)

J(3/8R +R,, ) +(3/8X, )

- ©0e3 yuera aKTHUBHBIX CONPOTHUBJICHHH I[EMEH TMOCTOSHHOrO TOKA W  BBIIOJHCHUU
mpeobOpa3zoBateleii mo Tpexda3zHoil MOCTOBOM cXeMe

lay = I (44)
- C Y4ETOM aKTUBHBIX COIPOTHBIEHHUI LIETIEH MOCTOSHHOIO TOKA H TOM %K€ CXEME BBIIPAMIICHHS
2,02E
- ’ ; (45)

JBI2R 4R,V +(3/2X, )

rae Rys - cyMMapHOe akTHBHOE CONPOTHBIICHHE KOPOTKO3AaMKHYTBHIX IIENEH ITOCTOSHHOTO TOKa

BBINPSIMUTENBHOTO arperata, OM, KOTopoe B 00IIIeM cirydae paBHO
RdZ = Rd + Rom + RK6 + RnK + lea (46)
rre Ry - conporuBiieHne KaToaHoro peakropa, Ow;

R,.. - conpoTuBiieHre OmUHOBKA, OM;

R.«s - compoTHBIIEHUE BRIBOJHBIX Kabemnei, OwM;

R,.x - Iepexo1HOe CONPOTHUBIIEHNE KOHTAKTHBIX COeMHEHUH, OM;

R, - CONPOTHBIIEHHE TOKOBBIX KaTymiek, OM.

4.2.5. Pacyer ToxoB npu K3 1omocoB ynpasisieMoro BBIIPSIMUATENS

4.25.1. Ecmum ynpaBisieMblii BBIIPSIMHUTEIb HE HMEET OICKTPOHHOM 3allUThl BEHTHICH
(THpUCTOPOB) ¥ OGBICTPONEHCTBYIOIIEH CHCTEMBI PEryIHPOBAHUs YIJIOB, TO pacdeT TOKOB mpu K3
TIOJTIOCOB BBINIPSIMUTENSI CIETyeT NMPOU3BOINTH, Kak ykazaHo B mil. 4.2.3 u 4.2.4. Ilpu sTtom pacuery
MOTIEKAT aMIUTUTYA IEPHOANIECKON COCTABILIIONIEH TOKa KOPOTKO3aMKHYTOH IIENH, MaKCUMaJIbHOE
3HAYEHHWE TOKA JTOM LENH M YIapHBIH TOK, MPOTEKAIONMK B IOJYMPOBOAHHKOBOM mpubdope. Kpome
TOTO, IPOBEPSIIOT TEIUIOBOE ACHCTBHE HA ITOTYIPOBOIHUKOBBIN MPHOOP.

4.2.5.2. Ecnu yrpaBisieMblil BBIIPSIMUTENb UMEET SIICKTPOHHYIO 3aIl[UTy BEHTUICH (THPUCTOPOB),
TO CIIEfyeT YYWTHIBaTh, YTO NPH BOSHMKHOBEHMH K3 IMOIIOCOB BBHIIPSMUTENS M YCIIEIIHON pabore
9JIEKTPOHHOH 3aIIUTH IMEIOT MECTO:

1) mpu BbIMONHEHMH mpeoOpa3zoBareneil o TpexdasHoil MocToBoit cxeme (cMm. uepr. 50) -
onHOKpaTHOe AByX(aszHoe K3 BeHTHIbHOM 0OMOTKHM ITpeoOpa3oBaTenbHOro TpanchopmMaropa;

2) mpu BBHINOMHEHHH OpeoOpa3oBaTenell Mo cxeme [Be OOpaTHBIE 3BE3[bl C YPaBHUTEIBHBIM
peakropom (cM. uepr. 5a) - omHokparHoe omHoGhasHoe K3 Kax[IOW BEHTHIBHOW OOMOTKH
peoOpa3oBaTeNHLHOr0 TpaHchOpMaTopa.

4.2.5.3. AMIUTUTYy TIEPHOAMYECKON COCTAaBISIONICH TOKA KOPOTKO3aMKHYTOH menu (0GMOTOK
Tpancdopmaropa, BeHTWIeH u KatogHOro peakropa) (ln) B ammepax ciemyerT ONpENENSATH 110
BBIPaKCHUSIM .

- TIpHM BBIIOJIHEHWH IpeoOpa3oBaTeNiedl MO cXeMe JABE OOpaTHBIC 3BE3AbI C yPaBHHUTEIHHBIM

peaKTop oM
J2E

I, = - = 47
JRo+ R,y ) +(Xg +oLy)
- IIpY BBINIOJIHEHUH IIpeoOpa3oBaTeneil o tpexga3zHoi MOCTOBOI cxeMe

|- J3J2E | @)

J(2R +R,, ) +(2X, +oL, )

]I ® - yIII0Bas 9acToTa MepeMEeHHOro Toka, 1/c.

4.2.5.4. MakcumanbHOE 3HAYCHHE TOKA KOPOTKO3aMKHYTOM Ieru (0OMOTOK TpaHc(opMaTopa,
BeHTWIIed W KaromHoro peakropa) (Imax) B ammepax ciemyer ompenenste mo (opmyne (36), a
BXOsiIwi B Hee yuapubiid koaddumuent nermu K3 Iy / Iy - 10 xpuBoii 2 Ha yeprt. 6, B 3aBUCHMOCTH
ot orHotrenus R / X KOpOTKO3aMKHYTOM ST U yIila BKIIOYCHHs O BEHTIICH IpeoOpa3oBaTelsL.




4.2.5.5. Y apHbIi TOK, IPOTEKAIOMINI B IOIYIPOBOIHHKOBOM Ipubope, (i,,) B ammepax ciegyer
OIPEZICIATh C YU4EeTOM M TapajulesbHbIX BETBEH B IENM TPYIIIOBOTO BEHTWIIS, MCIONIB3YS (HOPMYIY
(36).

4.2.5.6. TemnoBoe neiictBue Toka K3 Ha mOTynpOBOIHUKOBBIA NPHOOpP CIENyeT MNpPOBEPSTH,
UCTIONB3Ysl COOTHOILICHNE

(i, /¥2) t, < ]kizdt , (49)

rze ty - MpOJODKUTENFHOCTh KOPOTKOTO 3aMBIKaHuUs, C, KOTOpasi, B 3aBUCHMOCTH OT OTHOILICHUS
R/X xoporkozamkHyTO# 1ernu, cocrasisier 12-15 mc.

4.2.5.7. Ilpn yuere BEpOATHOCTH OTKa3a WM HEYCIICIIHON pabOThI 3JIEKTPOHHOM 3aIlUTHI BEHTIIICH
(TrpucTopoB) Toku mpu K3 MOIMOCOB BBIIPSIMUTEINS CIIENYET PACCUNTHIBATH, KaK yKa3aHo B miL. 4.2.3 u
4.2.4.

4.2.5.8. Ecnu yripaBisieMblil BBITPSIMUATEND MMEET OBICTPOJCHCTBYIONIYIO CUCTEMY PETYINpPOBAHUS
yriaoB BKiIoueHus (6e3 GIOKMPOBKH MMITYJIBbCOB YIIPaBJeHHs ), TO TOKH K3 B MPOU3BONBHBIA MOMEHT
BPEMEHH CIIEyeT pacCUUTHIBATH METOJJOM MAaTEMAaTHYECKOT0 MOAEINPOBAHHS IIEPEXOAHBIX MTPOIECCOB
¢ npumeneHueM DBM.

JlomyckaeTcst IpUMEHEHHE OTPACIIEBBIX IIPOTPAMM.

4.3. Pacuet ToxoB npu K3 B KOHTAKTHO# ceTH MOCTOSIHHOI0 TOKA TATOBBIX MOACTAHIUI

4.3.1. PacuerHast cxeMa M CXEMBI 3aMeIEeHUS

4.3.1.1. Tlpu pacuere TokOB K3 B KOHTaKTHOW CETH TIOCTOSHHOTO TOKA TATOBBIX IOICTaHIIUN
CIIeAyeT UCIIONB30BaTh TUIIOBYIO CXEMY ITONKIIOUYCHHNS KOHTAKTHOH CETH IMTOCTOSHHOTO TOKA K TATOBOM
mpeoOpa3oBaTebHON TOACTAHINM, KOTopas TmpuBeneHa Ha depT. 7. COOTBETCTBYIOMIAS 3TOM
pacueTHO cxeMe cxema 3amMemieHus nerneid K3 mpu MOBPEXICHHSX B KOHTAKTHOW CETH TATOBOM
(TposneibycHOM) MOACTAHIMM TIpUBENEHA Ha uepT. 8, Tae yKasaHel Iend mpu K3 1momocoB B
kouTakTHOM cetn (K3) M 3aMbIKaHMM TIOMOXKATENBHOTO Tomoca Ha 3emimo (K4). Cxema 3amMerenus
nerieit K3 mpu MOBpEKIEHUAX B KOHTAKTHOM CETH TATOBBIX (FKEIE3HOMOPOKHBIX) MOACTAHIINNA TIPH
OTHOCTOPOHHEM MUTAHWU KOHTAKTHOH CETH TpUBEACcHA Ha 4epT. 9a, a Mpu JBYCTOPOHHEM IHUTAHUH -
Ha 4yepT. 96.

DJIeKTPpHYECKAs cXeMa THIOBOI MOJACTAHIMY M KOHTAKTHOI ceTH

C
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Cxema 3amemenns nenu K3 npu noBpeskieHnsX B KOHTAKTHOH CeTH TATOBOMH
(TposteiiGycHOil) moaCTAHIUH

183 R4

+ — —1

Ix e s Tdﬂq AU‘Z

Yepr. 8

Cxembl 3amenenus nenu K3 npu noBpeskaeHny B KOHTAKTHOM CE€TH TATOBBIX
(3KeJIe3HOOP 03KHBIX) MOACTAHIUI

Prc [K 1
L
pn IK
Ug
Al
T[Ha*lrc
IHZ pO p [K [K
a
L L.
B la Lg
Fen | Rc P52
— I T
[A’A IKC [
A B
} UpA ['f d)Up&
[nAo T
T #pa !@l Ixgo
LK [‘l,(
J

a - OJHOCTOPOHHEC MUTAHUC KOHTaKTHOI CETH, o - JABYCTOPOHHCC NUTAHUC KOHTaKTHOI CEeTH Ha
JABYXITYTHOM YYAaCTKE C ITOCTOM CCKLIMOHUPOBAHUA

Yepr. 9

4.3.2. PacueTHbIC YCIIOBUS, OMYIICHAS

4.3.2.1. PacueTHBIMH pEXHMaMH CJIEIyeT CuMTaTh ycraHoBuBmmecs pexnmbl K3. Ilpu stom
pacyery HoJie)KaT MaKCUMalbHble ¥ MUHMMAaJIbHBIE 3HAYCHHs YCTaHOBHMBLIMXCS TOKOB K3 B 30HE
00CITy’KNBaHHS TATOBON IOICTAHIINH.

MaxkcumanbHble 3HAUYCHHSI TOKOB CIIEyeT pPacCUMTHIBAaTh, NpeHeOperas AYrOBHIMHU SIBICHUSIMH B
MecTe MOBPEXKICHUS W NPUHHMAsh MHHAMAJIBHYIO yJaJdeHHOCTh Toukn K3 oT mcTouHmMKa 3HEprun
(mpeobGpasoaterst) mocrostaroro Toka (mpu AU, = 0, Iy = 0), a MUHMMAaNbHbBIC 3HAYEHHS TOKOB - C
YYETOM IYTrOBBIX SIBJICHUI W MpU MakcuManbHo yranenHoctr Toukd K3 (mpu AU, # 0, Iy = linax)-

4.3.2.2. Tlpm pacuere TOKOB K3 B KOHTAKTHOM CETH TIIOCTOSHHOTO TOKa BEHTWIBHBIN
npeoOpa3oBaTeNb JOMYCTUMO XapaKTepU30BaTh CPETHUMH HHTETPAIbHBIMU ITapaMeTPaMH.

4.3.3. Pacuer TokoB mpu K3 B KOHTakTHOW CETH IOCTOSHHOTO TOKa TSTOBOW ITOJCTAHINHU



TOPOJCKOT0 TPaHCIIopTa
4.3.3.1. Tlpu orcyrcTBuM (HEy4eTe) KaTOMHBIX PEAKTOPOB B BBINPSIMUTEIBHBIX arperarax TSArOBOMN
noncrannun Tok K3 (ly) B ammepax ciemyer onpemensth B COOTBETCTBHH CO CXEMOM 3aMELICHHS,
NIPUBENICHHON Ha 4epT. 8, 1Mo dopMymnam:
- TIpY 3aMBIKaHUH TTOJIOCHBIX 1poBoIoB (K3)

E,—AU
Ik — do o) : (50)
Ru+R,+R,+2rl,
- [P 3aMbIKaHWUU TMOJIOXKUTCIIBHOI'O IPOBO/JId HA 3E€MJIIO (K4)
E,—AU
Ik do 0 (51)

Ry+R +R, +R +rl,

rrae Eqo - 3/1C xomocToro Xxoaa BEIIPSIMUTEIHHON YCTaHOBKH, B;

AU, - manieHre HaTIpsHKEHUS Ha 3JICKTPHYECKOn ayre, B,

ly - yaanennocts K3 (muHa mpoBoIOB), KM;

Rk - conporusnenne K3 BeimpsimutensHO# yeTaHOBKH, OM.

O/1C xomocToro xoza ciaeayeT BEIYUCIATH 10 (hopMysaMm:

- IIpY BBIIIOJIHEHUH IIpeoOpa3oBaTeneii o Tpexga3zHoi MOCTOBOH cxeMe

Eqw =234 E;

- TIpM BBIIOJHEHWH IpeoOpa3oBaTeNiedl MO cXeMe ABE OOpaTHBIC 3BE3Ibl C yPaBHUTEIBHBIM

peakTopoM
Ew=117E.

Conporusienne K3 BoimpsiMurenbHO# ycranoBku nogactaniun (Rg) B OMax cienyer ompenessTh

1o opmyie
Rak = Ego / (Mg lga), (52)

T7Ie M, - YHCIIO MapauiebHO PA00TAIOMINX BHIIPSIMHUTEIBHBIX arperaTtoB TATOBOH MOCTaHIINHY;

lga - Tok K3 Ha mmHax BEIMPSMUTEIBHOM MMOJCTAHIINK OT OJHOTO arperara, A.

Ilpn sTOM cneayeT NpuHUMATh lga = lgy M ONpenensATs 3TOT TOK, B 3aBUCUMOCTH OT CXEMBI, IO
KOTOPOIi BBIIIONHEHBI TipeobpasoBaren, no Gopmyie (40) wiu (41), a Bxoasuuii B 3TH HOPMYIbI TOK
Iy - o dhopmyne (34), umes B BULY, YTO:

Ry =mR.+R, +R,+Rg;
Xy =mX +X,.

4.3.3.2. Tlpu namuuuu (ydere) KaTOAHBIX PEAKTOPOB B BBINPSMUTEIBHBIX arperarax TArOBOMN
noncranuun Toku K3 (l) B amnepax ciefyer onpenensts o Gpopmyaam:

- IIpY BBIIIOJIHEHUH IIpeoOpa3oBaTeneii 1o Tpexga3zHoi MOCTOBOH cxeMe

= 2,02E - AU, _ (52

2 2’
JBI 2R, +R,, ) +(3/2%,)
- IPU BbIIOJHCHHUA HpeoGpa30BaTeJ‘IeI71 II0 CXEMEC€ IBC 06paTHLIe 3BE31bl C YPaBHUTCIIbHBIM
PCaKkTOpOM

(53)

- 1,01E - AU, _ 55)

J(3I8R +R,, ) +(3/8X, )

rame Rx=R.+ R,/ my;

Rgs = Rg/ my + R, + Rg + 2ry¢ I - mpu pacuere 3aMbIKaHuUsI OJTIOCHBIX [IPOBOJIOB;

Ris =Rg/ my + R, + Ry + R, + 1y I - mpu pacuere 3amMpIKaHus TOJIOKHUTEILHOTO MPOBOJA HA
3EMITIO;

Xs=Xc+ X, [ ma.

4.3.3.3. Tlpu HEMONHBIX WCXOIHBIX MAaHHBIX TOKM K3 B CETHM MOCTOSIHHOTO TOKa TSATOBOW
MTOJICTAHITIH TOPOJICKOTO TPAHCIIOPTA JIOITYCTUMO PACCUUTHIBATH O€3 aKTUBHBIX CONMPOTHBIICHUN IIeTIei
MIEPEMEHHOTO TOKA M HUCIIOJIb30BaTh MPHUOIMKEHHBIC COOTHOIICHUS

- Tok K3 Ha mmHax BeImpsmutenapHoi noacrannun (lg) B ammepax

— 1’1 I diom . (56)
X+X Im,’

m

dk

- Hanpspkerue (DJ]C) xomocroro xoxa BeimpsmutensHoi noacranimu (Ugg) B BombTax
udozudm[lJrA()*( + X )}+AUB, (57)

rae A - KOB(I)(i)I/IHI/IeHT, y‘H/ITLIBaIOHII/Iﬁ HAKJIOH BHCIIHEH XapaKTCPUCTUKHU BCHTHUJIBHOT'O



npeobpasoBatens (B cpeaneM A = 0,5);

AUg - nanenue HanpsbkeHust Ha BeHTwX, B (B cpeanem AUg = 0,75 B Ha momyrpoBOIHUKOBBIN
prbop);

- COTIPOTHBIICHHE KOPOTKOTO 3aMBIKAHUS BBIPAMUTENBHON TTofcTanImu (Ry) B oMax

R, = 1,05U, ; (58)
L
- Tok K3 B KOHTaKTHO# CETH IMOCTOSHHOrO TOKa TsroBoit mozacranimu (l) B ammepax
_ 1,05U,—-AU, (59)

I 1
“ RytQR

rae R - cyMMapHOE aKTHBHOE COTIPOTHBIICHUE KOPOTKO3aMKHYTOH IIENH MTOCTOSTHHOTO TOKa, OM.

4.3.4. Pacuer TokoB mpm K3 B KOHTaKTHOH CETH MOCTOSHHOTO TOKAa TSATOBOW ITOJCTAHIIUU
KEJIE3HOAOPOKHOTO TPAHCIOPTA

4.3.4.1. Tlpu OOHOCTOPOHHEM MHTAHWH KOHTaKkTHOW cern Tok K3 B mecre moBpexienus (li) B
amIiepax cienyeT onpenessth (cM. gept. 9a), HCHoab3yst (HOPMYITBL:

1) pu OPUEHTHPOBOYHBIX JAHHBIX O TATOBOM MOJACTAHIIAH

_Uy(1+p/100)—1,(p+Ry)—AU,
- p+R,+Ry+(r+1, ),

l, , (60)
rae Up - HanpspKeHre XOJI0CTOr0 X0/1a TOICTaHINH, B,

l,. - TOK HaTPy3KH ITOJICTAHIIUY OT ITOC3/I0B HAa HETMIOBPEKICHHBIX CEKITUSAX 30HHI, A;

P - HOpPMATHBHEIH KO3()(QUIIIEHT BO3MOKXHOTO U3MCHEHHS HATIPSDKCHUS HCTOYHHKA dHeprud, %0;

ly - paccrostaue ot mozcranImu 10 Mecta K3, ku;

P - CONPOTHBIICHHE MOACTAHINH (C YIETOM IHUTAIOIIEH CHCTEMBI TEPEMEHHOTO TOKa), OM:

p UO A uKm_ + Sm).wm . (61)
I dnom 100ma Sk
U
U 0= drom , (62)
1_ A uxm + maSmLum
100 S,

Sk - MomHOCTE Tpex(azHoro K3 Ha mmHAX BRICIIETO HAIPSKEHUS TATOBOM MOJCTAHITNH, KB-A;
2) NIpY OPHEHTHPOBOYHBIX JAHHBIX O TATOBOM MOACTAHIINK U e¢ Harpyske, (monaras |, = My |y

_ Udm)‘w (1+ p / 100) B maROIdH(Lw B AU

2, 63
p+R,+Ry+(r +1, ), (63)

I

[Ipumeuanus:

1. Ilpu onpeneneHMH MaKCHMAaJIbHOTO Toka K3 momycTMMO HE yYMTHIBATH NPEIBAPHUTEIBHYIO HArpy3Ky
HOACTAHIHY Y [AICHHS HAIPSDKCHUS B Iyr'e U HA BEHTHILIX, a TAKoKe MPUHUMATD (i + Ip) [ = 0.

2. Tlpu ompezaeneHMM MHHHUMalIbHOTO Toka K3 mpeaBapHTENbHO CIEAYeT CONPOTHUBICHHS TOKOBEMYIIHX
JacTel NPUBECTH K HOPMUPOBAHHOH MPEAEIHHO JOIyCTHMOH TeMIlepaType MpOJOIKUTEIBHOTO PeXUMA.

Ipy HETIOIHBIX UCXOMHBIX JAHHBIX JOMYCTUMO TOK HArpysk (l,.) OIpUHHUMATH PaBHBIM TOKY CPEXHETOMOBOM
Harpysku (Icpzod)'

3. IIpu KOCTATOYHO MONHBIX JAHHBIX O TArOBO# Tmozctanimu Tok K3 B mecte moBpexaenus (i) B ammepax
CIIe/TyeT ONPEHEISTh:

- TIPY BRITIOTHEHUH TIpeoOpa3oBaterneii no Tpex¢a3Hoi MOCTOBOH cxeMe

_ 2,02E(1+ p/100)-mRyl,,, —2AU, —AU, .
k — ’
JB1 2R, +R, ) +(31 2%, )
- TIPU BBHITIONTHEHUH TIPE0OPA30BATENIEH TI0 CXEME JIBE OOPATHBIE 3BE3/BI C YPABHUTEIBHEIM PEAKTOPOM
1,01 (1+ p/100)-mRl,,, AU, AU,
‘ — HOM (65)

J(3/8R +R,, ) +(3/8X, )

rae Rgs = Ry / m,+R,+Ry+ (rkc +rp) Ik;

Rr=Rc+ R, /my

Xz=Xe+ X, I My;

E=U_./3.

4.3.4.2. Ilpu onpenenenuu Toka K3 B KOHTAaKTHOH CETU C IByXCTOPOHHUM NUTaHUEM HEOOXOIUMO

NPUMEHSTH CXEMY 3aMelleHHs, TNoKa3aHHyl0 Ha depT. 90. Ha 3Toif cxeme NpHUHSATHI Cleayromme
0003HAYEHHS:



A, B - TaTOBBIC TIPEOOpa3OBATEIHHEIC ITOICTAHITUH;
C - mocT CeKMOHNPOBaHUS;
Upa, Ups - pacueTHbIe HaNPsKEHUs! TATOBBIX NPeoOpa3oBaTebHbIX nojacTaHuuii A u B, B;
Ia, |g - ipoTsixennocTs cexumit AC u CB, km;
| - paccrostame Mexmy moacTanimuamu A u B, ku;
Iy - paccrostane ot Toukn K3 o mojacranimm A, KM.
PacuerHoe HanpspkeHUeE TArOBOM IpeobpasoBaTensHol moncranuuu (U,) B BONbTAaxX JOIYCTHMO
OTIPENIeNATE IO POpPMYIIe
Up = (1 + p/100) Ugyy, - AUg, (66)
a aKTHBHEIC COITPOTHUBIICHHUS CXEMEI 3aMEIICHHUS B OMaX - 10 (hopMyiIaMm:
Ra1 = Rua1 + Tict Ia;
Re1 = Ru1 *+ Tict Is;
Re2 = Rus2 + ez Is;
Ria = Ruaz + M2 g
Ric = ez (Ia - 1);
Roa = Ip lc + Roa + pa;
Reg = Ip (I = I) +Ros + ps,
rae R,a1, Rig1, Ruaz, Rug2 - compoTuBieHns nurarommx kabemnei, OTXOMImuX oT moacTtanuii A u B
K KOHTaKTHOM cetu 1 u 2-To myrel, OM;
Roa, Ros - compoTuBIeHNs 0TCACHIBAIOIINX TPOBOIOB COOTBETCTBEHHO noacTanIwmii A u B, Owm;
Pa, P - COTIPOTHUBIICHUS TIPEeOOPa30BaTENBHBIX YCTPOHCTB COOTBETCTBEHHO moacTanmuii A u B, Owm;
lke1, Mkez - YICIBHBIC COMPOTHUBIICHHS MIPOBOJIOB KOHTAKTHBIX ceTer 1 m 2-ro myTert, OM/kwMm;
I'o - YAENBHOE CONPOTUBIIEHHUE PENTBCOBBIX MyTeH, OM/KM.
UroOBl MOMYyIUTh HCKOMOE 3HaueHWe Toka B MecTe K3, ciemyer mpeaBapUTEIBHO CXEMY
3amerendss (qeprt. 90) TPHBECTH K MPOCTEHIIEMY BHIY, MCIONB3Ys OOBIYHBIE CITOCOOBI
peoOpa3oBaHUSI CXEM.

4.4. Pacyer TokoB npu K3 B THHHSIX OCTOSIHHOI'0 TOKA BHICOKOI0 HANPSKEHMSI

4.4.1. PacuerHas cxeMa U cxeMa 3aMEILECHM

4.41.1. Tlpu pacuere TOokoB K3 B JHMHHUM TOCTOSHHOTO TOKa CHCTEMBI C OJHOMOCTOBOH
anekTpornepenadeit nocrossHaoro toka (DIIIIT) chnemyer MCIONB30BaTh PACUCTHYIO CXEMY H CXEMY
3aMeleHus, NpuBeaeHHbIe Ha depT. 10.

dnexkTpuueckasi cxema (a) u cxema 3amenteHust (6) CHCTeMbI, COTePKAIIEH OTHONENHYIO
OIHOMOCTOBYIO0 YJIEKTpPOIepeaqy MOCTOSIHHOI0 TOKA

LRT w3 LR?

Q.51 Ug x, Erz

L
U T l{dc Uy
j» - d

1]
Yepr. 10

4.4.1.2. TlapameTpbl CXEMBI 3aMEIICHUS M MapaMeTpbl PeKUMOB CHCTEMBI ¢ oxHoMocToBoi TIIIT
CJIElyeT ONpENeNsATh C y4eTOM YHCIa MOCTOB, BXOJUIIMX B COCTaB pEaJbHBIX KaCKaJHO-MOCTOBBIX
npeobpa3oBatenell. Bce mapaMmerpsl cieayeT omnpeneisTh B CHCTEME WMEHOBAaHHBIX CAMHHIl U
OPHBOAWTH K CTYNEHH HANpPSUKCHHS BTOPUYHBIX (BEHTHIBHBIX) OOMOTOK IpeoGpa3oBaTelbHBIX
tpancopmaropoB. Ilpm 5ToM HEOOXOOMMO  YUUTHIBaTH KOI(DOHUIUEHTH  TpaHChOpMaIMU



peoOpa3oBaTeIbHBIX TPaHC(HOPMATOPOB, OOECIICUNBAIONIMX HOMUHAJIBHBIA PEXKUM ITPeoOpa3oBaHMs.
4.4.1.3. Inst TMHMIA TOCTOSIHHOTO TOKA C KOHIIEBBIMHU PEaKTOPAMH CIIeyeT IPUMEHSTh T-00pa3Hyio
CXeMY 3aMElICHHs C N3MEHSIOMINMICS TTapaMeTpaMu Jydeil, B 3aBUCHMOCTH OT MecTa 1 Buna K3.

@opMyItbl UT pacyera napaMeTpoB CXEM 3aMEIIEHHs CUCTEMBI C JJIEKTpoIiepeiauei IOCTOSTHHOTO
TOKa IPUBEJCHBI B IPHIIOKEHUN 9.

4.4.2. OcHOBHBIE JOMYIICHHS, IIPHHIMAaEMbIe IIPU pacyeTax IMepexoaHbIX PeKUMOB 1 TOKoB K3

4.4.2.1. Tlpu pacuerax NepexonHbIX PESKUMOB U TOKOB K3 B JIMHHSX MOCTOSHHOTO TOKa BBICOKOT'O
HaINpPsDKEHNS JOITyCKaeTCs:

- HE yYWTHIBATH BBICIINE TAPMOHUKH TOKOB M HANpPsDKCHUH B IEISX MEPEMEHHOTO U ITOCTOSHHOTO
TOKOB, 2 (PMIIBTPHI BBICIINX TAPMOHUK MPUHIMATh WACAILHBIMH;

- HEe YYUTHIBaTh KOMMYTAIIIOHHOE B3aUMOBIIMSIHIE MOCTOB KacKaJHOMOCTOBOTO Ipeodpa3oBaTers,
T.e. CUMTATh, 4YTO KaKIABIH MOCT Kackaja paboTaeT HE3aBHCHMO, B IIeCTH()A3ZHOM peXnMe
npeoOpa3oBaHMS,

- HE YYWTHIBaTh JIUCKPETHOCTH YIPABJIEHHUS BEHTHJICH, T.€. NMPUHUMAThH, YTO YIJIBI BKIIOUCHUS
BEHTWJICH B MEPEXOAHOM PEKUME N3MEHSIOTCSI HEPEPHIBHO.

4.4.3. Pacuer TokoB K3 B JIMHNH MTOCTOSTHHOTO TOKA MPU HEMOIHBIX NCXOHBIX JTaHHBIX

4.4.3.1. Tok B TMHUM TIOCTOSTHHOT'O TOKA B PeXXnMe paboTsl mpeodpazosarens "2-3" B KOHIE Ng-TO
neproja ropropseMoctr (B MoMeHT O = Ng 60°) ciremyer onpenessTs mo Gopmyiie
J6E JRE Xot+ Xye )

i,= coso — cosa— I, || ———2=| , 67
Xy Xy P 2Xs+ Xy ©7)

rne E - ngefictByromee 3Hauenue ¢aznoit 3/1C TpexdazHoii cucTeMsl IepeMeHHOro ToKa, B;
Xz - CyMMapHOE CONPOTHUBIICHUE IIETIeH IIEPEMEHHOT0 ToKa (Ha oaHy da3zy), Om;

Xdz - CyMMapHOE CONPOTHUBIICHUE LIETIEH ITOCTOSTHHOTO TOKA JI0 TOUKH 3aMbIkaHusi, OM;

0L - YrOJ BKJIFOUEHHUS] BEHTUIIEH, JIL. Ipaf;

lo - HagaIPHOE 3HAYEHKE TOKA B JITHUM ITOCTOSTHHOTO TOKA, A.

IMpumeuanne. Gopmyna (67) crnpaBeqMBa MpH pPeajbHBIX 3HAYCHHUSAX TapamerpoB W Bpemend K3, paBrom
0,06-0,10 ¢, mm ng = 18-30.

4.4.3.2. TlpenenpHoe 3HaYeHWE TOKa B amIepax, MPH KOTOPOM CoOXpaHsercs pexum '2-3",
OTIPENIEIISAIOT IO hopMyIIe
J6E

T[cosa—cos(a+60)]. (68)

1 =
npeo2—-3
2X

ITpumeyanue. opmyna (68) cipaBemnBa, €Clu ine < inpeoz-a.

4.4.4. Pacuer nepexoqHoro npouecca npu K3 B IMHIM TOCTOSIHHOTO TOKA € romoinsio 9BM

4441, Tlpm pacuere mnepexomHoro mporecca mnpu K3 B IMHHSX TIOCTOSHHOTO TOKa C
ucrionb3oBaHueM OBM  pekoMeHayeTcs HCIIONb30BaTh MAaTEeMaTHYECKYI0 MOJENb, COAEpIKallylo
cucreMbl UddepeHIMaNbHBIX YpaBHEHHH J3THX JIMHUM M WMHTErPalbHBIX ypPaBHEHWH MOCTOBBIX
mpeoOpa3oBaTeeii.

4.44.2. Cucrema muddepeHINAIbHBIX YpPaBHEHWH JIMHUHM IIOCTOSHHOTO TOKa MJOJDKHAa OBITh
COCTaBJICHAa C y4ETOM IapaMeTpPOB KOHIIEBBIX PEakTOpOB. [ MOCTOBBIX mpeoOpa3oBaternield ciemyer
HCIIONBb30BaTh MX MHTETPAIbHBIC XaPAKTEPUCTUKH (MHTErPajbHbIC YPABHEHUS), JOIMYCKAIOIINE ydeT
pEeryIMpOBaHUsl yTJIOB BKJIIOYECHHUsSI BEHTHWICH. B cucreme ypaBHeHWH Tpex(as3HbIi MOCTOBOH
mpeoOpa3oBaTeNb CIeIyeT YYHWTHIBAaTh KakK YHpPaBIAEMbI HCTOYHHMK Tpex(asHOro Toka MepBOH
TapMOHHKH, y KOTOPOI'O aMIUTUTYIBI TOKOB B OCHOBHOM HM3MEHSIOTCSI B COOTBETCTBHH C 3aKOHOM
N3MEHEHHS BBIIPSMIICHHOTO TOKa, a (ha3bl ITUX TOKOB - B COOTBETCTBHH C 3aKOHOM PETYIMPOBaHMS
YIJIOB BKJIFOYCHHWS BeHTWICH. [ cucreM M JIMHWE IepeMEHHOTO TOKa HEOOXOIMMO COCTaBUTH
YpaBHEHHS COCTOSHUS JUTS NEPHOIUUECKUX COCTABILIFOIINX TOKOB M HAIIPSDKEHHI OCHOBHOM 9acCTOTHI.

4.4.4.3. Tlepexomuslii pexxum Ha OBM nomyckaercs pacCUMTHIBATH METOAOM AHAIUTHYECKOTO
MIPOTHO3MPOBAHMS PeXXHUMa NMpeoOpa30oBaHys Ha TEKYIIMI MOMEHT BPEMEHH, KOTOPBIH YTOUHSIOT NpH
OYepeTHOM CMEIIEHUH IIara YUCICHHOTO HHTETPUPOBAHMS CHCTEMBI A epeHIaIbHbIX YPaBHEHHH.

4.4.5. YpaBHEHHS 3JIEKTPOIEPEAaIH TIOCTOSTHHOTO TOKa

4.45.1. TnddepennmansHple ypaBHEHHS JIMHUH MTOCTOSHHOTO TOKA CIIEYET 3aluchiBaTh B (hopMe
Komm. B cooTBeTcTBUYM C MPUHATON CXEMOU 3aMEILEHNs] OHU UMEIOT BUJ!

dlds/dt =(Ude_Udc_Rd1|ds)/ Lo
dldu/dt =(Udc_Udu_Rd2|du)/ Lo (69)
dUdC/dt=(|d6—|du—UdC/ R)/C,



rae g n g, - cpeane 3HaYeHNs BRITPSMIIEHHOTO ¥ HHBEPTHPYEMOT'O TOKOB, KA;

Uy 11 Uy, - cpennue 3HaueHNs! BBIIPSIMICHHOTO U HHBEPTHPYEMOTO HANPSDKEHHH, KB;

Ugc - cpenHee 3HaueHue BRITPSIMIIEHHOr0 HarpspkeHust B Mecte K3, kB;

t - Tekywiee Bpems, C;

Lyy m Rgi - COOTBETCTBEHHO WHIYKTHBHOCTH, ['H, M aKkTUBHOe compoTtuBieHue, O, Lenu
MIOCTOSTHHOT'O TOKA BBINPSIMUATEIS;

Ly 1 R4 - COOTBETCTBEHHO HHIYKTHBHOCTH, I'H, M aKkTHUBHOe compoTtuBieHue, Owm, Lenu
TIOCTOSIHHOT'O TOKa HHBEPTOPA;

R, C - cooTBETCTBEHHO aKTHBHOE cONpOTHBIEHHE, OM, 1 eMKOCTh, ®P, YIUTHIBAIOUIYIO AKTUBHYIO U
E€MKOCTHYIO IPOBOJIMMOCTH JIMHUH ITOCTOSTHHOT'O TOKA.

4.45.2. [lns onpeneneHus: HanpspkeHui Beipsmutens U uusepropa (Ug) B KIoBombTax cieayer
HCIIONI30BATh MHTETPATHHOE YpaBHEHNE MOCTOBOI'O IPpeoOpa3oBaTess

X
U, =(£1) %\/guscosa—g?’ld N, (70)

rae +1 - I BEmpsaMuTens;

-1 - s mHBEpTOPA;

N - grcI0 MoCIeToBaTEIPHO COSIMHEHHBIX MOCTOB B KaCKaJHO-MOCTOBOM IIPEOOpa3oBaTerce;

U; - ngelictByromee 3HaueHHEe (Da3HOTO HANPSHKCHHS HA I[IMHAX [EPEMEHHOTO TOKa
peoOpa3oBaTeNbHOM MOACTAHINK  (BBIIPSIMUTENIS WM WHBEPTOpA), INPHUBEICHHOE K CTYIECHH
HATIPSDKCHUS BTOPUIHON 0OMOTKH ITpeoOpa3oBaTeIbHOTO TpaHChopmarTopa, KB,

Ol - YIOJT BKITFOUEHHUS BEHTHIIEH Tpeobpa3zoBaTets (BBITPAMUTENS WA HHBEPTOPA), 3J1. TPa.;

X, - COIpOTUBJICHHE KOMMYTALUK BeHTHICH peoOpa3oBaTells (BBIIPSIMUTEN MM UHBEPTOpPA) Ha
aBe dassl, OM, (X, = 2X,,).

[Ipumeuanus:

1. Ypasuenue (70) crpaBeiBO P PEXXAME TOPSHHS €r0 BEHTWIEH TPYIIaMu 10 2-3 BEHTHIIS U TIPH yIiiax
KOMMYTaIMH ¥, He mpeBblnatomux 60 a5 rpan.

2. Ilpn pacdere mpeIIecTBYyOMEro (HOMUHAIBHOTO) PeXHMa paboThl MHBEPTOpAa CIEAyeT HCIONB30BATh
YPaBHEHUE OTPAHUYUTEIBHON XapaKTEPUCTUKU

X
u, = E\/guszcoséS—E—"’zldu N, (71)
b n 2

rzie O - yroxu moracaHusl BEHTIIICH HHBEpPTOpa, 3. Tpaj., HOPMUPOBAHHOE 3HAUCHHE KOTOPOTO cocTaBisieT 15
1. Tpaj.

4.4.5.3. Vbl BKIIOYCHUS BEHTUIICH (0U) B QIICKTPHYECKUX TPaLycax CIeLyeT OMPEAessaTh C YUeTOM
pErylMpoBaHusl BEHTWICH 10 YpaBHEHUSIM, 3alMCAaHHBIM B INPHUPALICHHUSX, COOTBETCTBYIOMINX IIAry
YHCIIEHHOTO MHTETPUPOBaHus. B obmiemM cirydae OHM MIMEIOT BU:

o= o, + K, Aa(t—exp(-At/T)), (72)
Ao= D K IT(1-exp(-At/T,))+> K, AIT(1-exp(-At/T, ),

rze At - mar YucJIeHHOTO HHTEIPUPOBAHMS, C;
0Olp - HAYaJIBHOE 3HAYEHHE YIIIa BKIIOUCHUS, JII. TPaj.;
Ao - TpupalieHHe YIia BKJIIOYEHHs Ha IIare YMCICHHOI'O WHTErPHPOBaHMS, OOYCIOBICHHOE
JIEWCTBHUEM PETYIATOPA, dJI. Tpal.;
II, AIl - cumBONBl mapamerpa W OTKIOHEHHS Iapamerpa, MO KOTOPBIM OCYHIECTBISIOT
perynmpoBaHue;
Kaas Kiy Kay - K03 (humeHTs! peryaupoBaHus CyMMaTopa M KaHAJIOB PEryisaTopa;
T, T,y Tan - DIEKTPOMAarHUTHBIE TIOCTOSIHHBIC BPEMEHH CyMMAaTopa U KaHAJIOB PETYJsITOpa, C.
[Tpu 3TOM Cceayer yunThIBaTh Mpeiesbl PA00UNX TMAa30HOB U3MEHEHHS YIJIOB BKJIIOUCHHMS .
0<a,<27/3;
w2 <a,<m
IMpumeganue. OOBIYHO BBEIIPSIMHUTEINs HMEET PerynupoBaHue 1o Al 4, a naBepTop - 1o Aly, Us 1 AS.

4.45.4. Vron koMMyTali BEHTIICH (y) B JJIEKTPUYECKHX TpaLycax CICAyeT ONPEACISTH MO
¢dopmyne

X
Y= arccos COSOL—\/E—LVJId -a. (73)

S

4.4.5.5. Yroi noracanusi BeHTWICH nHBEpTOpa (8) B DJIEKTPHUYECKHUX Ipajgycax ClenyeT ONnpeaessaTh



1o opmyie

& =180°— arccos{cos o,— (74)

s2
[Monmyuennoe 3Ha4deHHWE yriia O MO YCJIOBUIO YCTOWYHMBOCTH HHBEPTOPA B HEPEXOJHOM PEKHME
JIOJDKHO TIPEBBILIATE 2-5 3I1. Tpaj.
4.4.5.6. AMmuturyny kommytupyomero Toka (l,) B Kuioamiepax clielyeT OnpeaesisTh no Gopmyie
l, =~/6U /X . (75)
4.45.7. ]leiicTByromee 3Ha4YeHHE IEPBOM TapMOHMKH (ha3HOTO TOKa MPeoOpa3oBaTEIHLHOTIO
tpancdopmaropa (ls) B Kmmoamiiepax, MPUBEACHHOE K CTYNCHH HAIPSIKECHUsI BTOPHYHOM OOMOTKH,

CIeIyeT OnpeAcysITh o hopMmyre
g:h%+@m, (76)

rae Is(l) u Is(ll) - OpPTOrOHAaJIbHBIC COCTABJIAIOLINC TOKa, KA, KOTOpBIC CIICAYCT BBIYUCIATH 110
BbIPpAKCHUAM
Ve[ v - 1) o Y :
|s(|)=? ImsmE 2cosasin ot —S|n(20c+y)cosE +1 c08(a+y)r;
i .(77)
IS(”)=—6 1, sint| 2cosacos| o+ —COS(2a+y)COSZ—_YL —lgsin(o+7y)¢;
s 2 2 2 siny/?2

Ipumeuanve. YTIbI oL 1Y B BRIpaXKeHHsX (77) CleyeT BeIpaXkarh B paJdaHax.

4.4.5.8. Cocrapisiroiiue Tpex(pa3HOi MOLIHOCTH KAaCKaJIHOTrO IpeobpasoBatens: akTuBHywoo (Ps) B
MeraBarTax u peaktuBHyo (Q;) B MeraBoibTaMiepax, KOTOpbIE ACHCTBYIOT Ha IIMHAX MEPEMEHHOrO
TOKa MOJACTAHIINH, CIEAYeT ONPEACIISTE 10 (GopMyliam:

P =+3U (NI, };

Q. =-3U,(NI,).

4.45.9. [leiictByroniee 3nauenue ¢asnoid DJIC skBuBaneHtHO#l cuctembl (Ec) B KmioBombTax
CJIElyeT OMpEJENsATh C YYETOM I1OTeph HANpPSDKEHWS B JIMHUM TIEPEMEHHOTO TOKa OT aKTUBHOW M
PEaKTUBHOM MOIIHOCTEH, pacX0OAyeMbIX Ha NPeoOpa3oBaHKe SHEPTUH

c ﬁ%+XdQl®T+[XAR/®T’ 79)

¢ U U

S

rne Us - ¢da3Hoe HampspkeHHE Ha MIMHAX IEPEeMEHHOro TOKa IPeoOpa3oBaTeNIbHON ITOJICTAaHIMU
(BBIIPSIMUTENFHON UITH HHBEPTOPHOI), pABHOS HOMUHAILHOMY HANPSUKCHHIO, KB;

XL - MHAYKTUBHOE CONPOTHBJICHUE JIMHUU IEPEMEHHOTO TOKAa Ha CTOPOHE BBINPSIMHUTEIBHOW WIN
WHBEPTOPHOH nojcranuy, OM.

4.45.10. [eiictBytomee 3Ha4deHHE (Aa3HOTO HANPSHKEHUsT Ha [IMHAX IEPEMEHHOTO TOKa
npeoOpasoBarenbhoii mojicranmui (Us) B kmmoBonbrax mpu m3BectHoir DJIC cucremsl criemyer
OIPEENATH 10 hopMyIe

(78)

S

M=Jﬁ—@Umf+th, (80)
rie AuLm==xL(NgU); Auu”,=xL(NgUUy

4.4.6. VI3MeHeHNe mapaMeTpoOB peXHMa JJICKTPONEpesaud MPH KOPOTKOM 3aMbIKaHWU B JIMHHUA
MOCTOSIHHOT'O TOKa

4.4.6.1. Pe3ynbraThl pacdera MEpexXOAHOTO IMPOIECca B BBINPSIMHUTENE, ITONyICHHBIE C MTOMOIIBIO
OBM, npusenensl B npuinoxkenun 10. DT KpuBbIE OTpa)KaroT THUIOBOM XapakTep HpOTEKaHMS
MIPOLIECCOB.



IMMPUJIOXKXEHUE 1
Crpaso4Hoe

Tab6mmna 1

PacuerHble 1anHbIe 151 akkymyasitopa CK-1

ITapametp Enununa n3mMepeHus 3HaueHue napamerpa
h M 0,170
d M 0,170
I M 0,003
Eo B 2,05-2,15
B Omm™ 9,35
Rano Om 6,3-10°

Tab6mmna 2

DJIEKTPOXMMHUYEeCKHE KOHCTAHTBI, HCIO0JIb3yeMble IIPH pacdyere TOKOB K3 oT cBMHIOBO-

KHCJIOTHBIX aKKYMYJISITOPOB

DIeKTPOXUMHUIECKas
Ennnnna n3mepenns [penensr n3meneHus
KOHCTaHTa
do o.e. 1,20-1,34
D m2ct (1,0-1,1)-10°
Y (Omm)*t 10-25
N MoMb-T M- A 45-55
Ou1 B/(momb™Y) +0,0278
Oz B/(momb 1) -0,0242




MMPUJIOXEHUE 2
Crpaso4Hoe

YUYET BJIASAHAA SJTEKTPUYECKOM JIYTH HA TOK K3 B YCTAHOBKAX
IHOCTOAHHOI'O TOKA

3aBucumocts kK03 pumuenta K, nias akkymyasiropHoii 6arapen tuna CK (kpusas 1) u
MALIMH NOCTOSTHHOI0 TOKa MOIHOCTHI0 10 100-150 kBt u Hanpsikenuem 220 B (kpusas 2) ot
conpotubjenus nenu K3

Ka
09 : -

]
A

S

—_— e

g 00 200 300 480 500 600 RmOm
Yepr. 11

3aBucumocTs K03 Ppunuenta K, 1151 reHepaTopoB MOCTOSTHHOIO TOKA
Hanpsokenuem 220 B (kpusast 1) u 440 B (kpuBasn 2) ot conporuBienus nenu K3
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IMMPUJIOXEHUE 3
CrpaBouHoe

YUET YBEJINMYEHUA AKTUBHOI'O COITPOTUBJIEHUS KABEJIA OT TOKA K3 B
YCTAHOBKAX IIOCTOSAHHOI'O TOKA

3aBucumocTs k03¢ punmeHTa yBeau4eHnss AKTHBHOIO CONIPOTHBJICHUS Kaldeneil pa3HbIX
cedeHmii ¢ MexHbIMH kmwiamu 0T Toka K3 npu npoxomkurensrocrsx K3 0,2 ¢ (cnutomnbie

Jqurun) u 0,6 ¢ (MyHKTHPHbIE JIHHUH)

o 5725 mMm2
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3aBucumocTs k03¢ punmenTa yBean4eHnss AKTHBHOIO CONIPOTHBJICHUS Kaldeneil pa3HbIX
CevYeHHii ¢ ATIOMHHHEBBIMY Kuitamu 0T Toka K3 npu npogomkurensnocrax K3 0,2 ¢ (ciuroumbie
qunun) u 0,6 ¢ (MyHKTHPHbIE JIHHAH)

S=16Mm2
Cys 507095 20 150 185 240

o7 L\B| Espa 70| 95 J120 | 150 ses
" H‘li I”/l, ////// / 770
b :II III I,// //// / //
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}///// /

[

1,2

1,1

10
g 0 20 30 47 50 I, KA

Yepr.14
3aBucumocTs K03 punmenTa yBean4eHnss AKTHBHOI0 CONIPOTHBJICHUS Kaldenell pa3HbIX
CevYeHHIi ¢ MeIHBIMH JKIIaMH (CIUIONIHBIE JUHUH) U ¢ ATIOMHHHEBbIMY KUIaMu (IyHKTHPHbIE

JquHun) ot Toka K3 npu nponokurensnocru K3, pasnoii 1 ¢

Cg | S=350012
v 507095 120 150 185 240
95120/ 150 185] S=240mm? |
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MMPUJIOXEHUE 4
Crpaso4Hoe

3aBHCHMOCTB pa3psIHOro Toka akkymyastopa tuna CK-1 or npogoxurensnoctu K3 mpu
K3 na ero 3axumax u go = 1,21; D = 1,08-10° m%c; y, = 16,5 (Om-m)™;
N = 5,18 (moaw/mn)-m/A; g1; = +0,0278; g, =-0,0242

Ipt.A

420 PN

400 S

380 .

360 i L L -

01234567897‘,5

Yepr. 16

3aBHCHMOCTB HATIPSI’KEHNs HA 32:KMMAaX 3apsukeHHOro akkymy asarTopa tuna CK-1 ot cuast
TOKa B HaYaJbHbIIH MoMeHT K3 nmpu tex ke ycsoBmsax u t = 25 °C

Up,8

16 N
N
12 AN

08 \\\
N
0,4 \\
g N
50 100 150 200 250 300 350 400 [pg.A
Yepr. 17
IMMPUJIOXEHUE 5
Crnpaso4Hoe

YIPOINEHHASA METOJIUKA PACUETA HAYAJIBHOI'O TOKA K3 B IIEITN
AKKYMYJISITOPHOW BATAPEH

Hauanssiii Tok K3 B 1ienu akkymyisitoproit 6atapen (ly) B aMepax BIMUCISIOT 10 GopMyIie
nE

I - 8Mo
“ (n/m)R,, +R

6mo 6L

re N - YHUCIIO TTOCIEA0BATEIBHO COSqMHEHHBIX DJIEMEHTOB (PAaBHO YHCITY DJIEMEHTOB, HAXOISIIAXCS
B MO/3apsiIE);

M - Y9KCITO MapauIeIbHO COSTMHEHHBIX DIIEMEHTOB (PaBHO HOMEPY aKKyMYJISTOPHOW OGaTaped ThIa
CK).

Bxopsiime B 9Ty GOpMYITy BETHYNHBI ONPEICISIOT WITH IPUHAMAIOT PaBHBIMU:

1) Breminee comporusienne 10 Toukn K3 (R! ) B oMax ¢ y4eToM HepexOoqHOro COMpPOTHBIICHHS

6L

IIETOYHBIX KOHTAKTOB 3JIEMEHTHOr0 KoMMmyTaropa (R,,)
R.,=R,+R,.

6L 6L

npuaumast R, = 0,005 Ow;



2) rpaHm4HOe conpoTuBieHue (R,,) B omax
R., = (W/m) 7,5:10°%
3) mpu R

6L

>R,
E,o=193BuR,,, =5,410% Om;
mpu R/

6L

<R,
Eono =170 BuR,,, =4,010° Owm.
Hanpspkenne na 3axumax akkymyistopaoi Oartapen (Up) B BoibTax B HavanbHbli MOMeHT K3
OIIPENIEISAIOT IO hopMYyIIe
D
UO - ReutlkO .

IMMPUJIOXXEHUE 6

Crnpaso4Hoe

Tab6mmna 3

OpHEHTHPOBOYHBIE KPATHOCTH MAKCHMAIBHBIX (MMKOBBIX) 3HAYeHui TokoB K3 s Mmammu

MOCTOSTHHOT 0 TOKa HamnpsikeHueM 110-750 B B 3aBHCHMOCTH 0T MPOU3BeIeHUST MOIIHOCTH
MaumH, KBT, Ha yacToTy BpauieHust sikopsi, 00/MUH

. KpatHocTr MakcUMabHBIX (IIMKOBBIX) TOKOB JJISI MAIIHH
Pacuernslit mapamerp
P Nyonsy KBT(06/MUH) Hanpsxenieym, B
110 \ 230 \ 600-750
KomrieHcupoBaHHbBIE MaIIMHBI
100000 - 12-8 -
250000 - 13-9 15-12
300000 - 15-10 15-12
1200000 - - 16-15
HexomneHcrpoBaHHBIE MALTHHBI
5000 5-4 6,5-4 -
10000 6,5-5,5 6,5-4 -
100000 7,5-6,5 7-6 -
150000 7,5-6,5 7-6 -
800000 - 14-8 -
MMPUIJIOXEHUE 7
Pexomennyemoe

®OPMYVYJIbI IJISI PACUHETA TAPAMETPOB CXEMbI 3BAMEIIEHUSI MAIITVUH
IHOCTOSAHHOI'O TOKA

NHayKTHBHOCTD OOMOTKH BO30Y)KICHHUS MAIIUHBI TOCTOSIHHOTO ToKa (Lf) B renpu
1200,06,E
L, = a0 1)
NanOaf I 0
WupykTtuBHOCTD ceprecHOi (kommayHaaoi) oomotku (L) B rerpu
2
. a
L=t 2], @
(’Of ac

VHIyKTUBHOCTD SIKOPHON 00OMOTKH (L,) B TEHPH ISl HEKOMITCHCUPOBAHHBIX MAIIHH

La = A%;Kﬂ =5 1 UH(LH ) (3)
I HOM 27‘c % 2pn0 I HOM
60

rae K,L - KO:—)(b(l)I/IIII/IeHT HaChIIICHUA MAarHUTHON CHCTEMEI IJIaBHBIX IIOJIIOCOB MallllHbI,
JJI1 KOMIICHCUPOBAHHBIX MAIlIUH



L = A2 U HoM 1 _n 1U HOM
: I Hom 27‘c % } 2pn0 I HoM
60

VHIyKTHBHOCTD SKOPHOH LIEIH KOMIIEHCUPOBaHHBIX ManivH (L) B reHpu

LﬂzLa+LK+L0i
rrae L, - MHOyKTHBHOCTE OOMOTKH SKOPS;
L, - THAYKTHBHOCTH KOMIICHCAIIHOHHOW OOMOTKH;
L, - MHOYKTHUBHOCTh OOMOTKH JOOABOYHBIX TIOIIOCOB.
WHIyKTHBHOCTH KOPHOM 1eru renepatopos (L,) B renpu

L, =015 1
I HoM p(DO

TAC W - OCHOBHAA YIJIOBasl CKOPOCTH BpPAIICHUA AKOPA, 1/C,
P - 1UCJI0 Map IIaBHBIX MTOJIIOCOB.

WHIyKTHBHOCTD SIKOPHO# [EIU HEPEBEPCUBHBIX ObICTpOoXoMHbIX MamuH (L,) B reHpn

L, =191 e G

Ime pnO ,
rae Cy, = 0,1 - st qBUraTeien;
Cx = 0,2 - ns1 reHEepaToOpOB.

(4)

()

(6)

(7)

WHIyKTHBHOCTD SIKOPHOM HEMHU Pa3indHbIX TPYIII MAIIKH HOCTOSIHHOTrO ToKa (L,) B reHpu

U 1

HOM

L =% ,
Ino‘w p(DO

(8)

rme A - Oe3pa3MepHBI KO3(D(UIIMEHT, YUUTHIBAIOMMN OCOOCHHOCTh KOHCTPYKIIMU MAIITHHBI
MTOCTOSTHHOT'O TOKa. ET0 pacCUMTHIBAIOT IO TAHHBIM 3aBOJCKOrO Gopmyrsipa. [Ipu opueHTHPOBOYHBIX
pacdueTrax JOMYCTHMO HCIIONIE30BaTh CPETHUC 3HAUCHHS YKAa3aHHOTO KOX(QUIMEHTa, MPUBEICHHBIC B

Tabum. 4.
AXTHBHOE CONPOTHBIICHHE 00MOTKH siKopst (R,) B oMax

J

U
R, = (0,361, +0,457)—rec —“a__1
2 2 Uc(alp)

HOM

-3

rae |a - JJIMHA MaruuTorpoBoJa 0e3 BCHTWILIMOHHBIX KaHAJIOB, CM,

T - IIOJIFOCHOE JICIICHHUE, CM;
Ja - TUTOTHOCTH TOKa B OOMOTKE KO, A/MMZ;

©)

Uk - MCKCCIMCHTHOC HAIIPSPKCHUC HA KOJIJICKTOPEC, B, KOTOPOC CIICAYCT ONPCACIATH 11O (I)OpMyHC

HOM _HOM

A - TuHelHas Harpy3Kka sikopst A/cM;
I - paanyc SKops, cM.

(10)

CyMMapHOG COIPOTUBJICHUC ﬂKOpHOﬁ u KOMHCHC&HI/IOHHOﬁ 00OMOTOK ¥ OOMOTKH Z[O6aBO‘IHI>IX

HOJIFOCOB C YYETOM IIa/ICHUs HANPsDKeHHs Ha 1ietkax (R,) B omax
R. = 2R..

Pacuernsbie nmapamMeTpbl JUisd MAIIUH MMOCTOAHHOI'0 TOKA

11

Tab6muna 4

prr[r[a MalIuH IIOCTOAHHOI'O TOKa

3HaueHHe pacueTHOI0 MapameTpa

}\. }Mcp T}ll C
TuxoxoaHbIE PEBEPCUBHBIE IIPOKATHBIE IBUTATENN 0,075-0,125| 0,100 |0,025-0,070
To xe, ¢ IBYXXOIOBOH OOMOTKOU STKOPS 0,065-0,100 | 0,085 | 0,040-0,060
BricTpoxoansie HEpEBEPCHUBHBIE npokateele  asuratenu| 0,060-0,070 | 0,065 | 0,012-0,020
CIIEIUaJIbHBIE
I'enepaTopBhI TOCTOSHHOTO TOKA C OTHOXO0BOM 0OMoTKOi sikops | 0,140-0,175 | 0,157 | 0,018-0,030
BricTpoxoaHbie HEpEeBEPCUBHBIE MTPOKATHBIE IBUTATENN 0,080-0,115| 0,097 |0,020-0,030
lenepaTopsl MOCTOSHHOTO TOKa ¢ IBYX- u TpexxomoBweimu| 0,115-0,145| 0,130 | 0,020-0,035
00MOTKaMu
[ITaxTHEIE HOIBEMHBIC JBUTATEIIN IIOCTOSTHHOI'O TOKA J100,25 | 100,25 J00,1




MMPUJIOXEHUE 8
Pexomennyemoe

OOPMYJIbI IJIAA PACYETA ITAPAMETPOB CXEM 3AMEIEHUSA CETH
HNEPEMEHHOI'O TOKA U IPEOBPA3OBATEJ/IbHBIX TPAHC®OPMATOPOB
IPOMBIIIJIEHHBIX U TATOBBIX IOJACTAHIINA

WHayKTHBHOE M aKTHBHOE COIPOTHBIICHHs ceTH IepemenHoro toka (X, u R;) B omax ciemyer
paccuuTHIBaTh MO (hopMyIam:

U fm 2
X ¢ = S_ ,
k
R.=X./(X/R)
I/IHHYKTI/IBHOC U aKTUBHOC CONPOTHUBJICHUA r[p606pa30BaTeanor0 TpaHC(bopMaTopa (Xm u Rm) B
OMax CJIeAyeT OIpPCACIIATh 110 (I)OpMyHaM:

2 2
X — Ufo‘wZ [ij _ API( .
" S»m.um 100 Sno.um '

R — Ufmzz( API( J

¢

m
S HoMm HoMm

MMPUIJIOXEHMUE 9
Pexomenayemoe

OOPMYJIBI I PACUETA ITAPAMETPOB CXEM 3AMEIIEHUA CUCTEMBI C
SJEKTPONEPEJAYEN MOCTOSHHOI' O TOKA

WHayKkTHBHOE CONPOTUBICHHE Mpeobpa3oBaTensHOro tpanchopmaropa (X,) B oMax JOMycTHMO
orpeeNiTh 0e3 ydera ero akTHBHOT'O COIPOTHBIICHUS

u, U

HoM2

"~100S

HoMm

2

WHAyKTHBHOE COIPOTUBICHUE JIMHHU MEPEMEHHOro Toka (X.) B OMax CIEIyeT OIpenelsiTth C
yueToM ko3¢ unrenTa TpanchopManny npeoopa3zoBaTeIbHOT0 TpaHchopMaTopa

2
X|_ — Xy{)l [UH()MZJ .
U pabl J .,

Hanpspkenue pa6ouero orserBienus (U,,;1) B KHIOBOIbTaX IHEPBUYHOM (ceTeBolf) oOMOTKH
peoOpa30BaTENBHOIO TpaHCHOpMATOpa CIEAYET ONPEIENIATh, HCXOS U3 CIEIYIOIIEro COOTHOLICHHS

UH{),HZ — \/§LJS
U Upor

padl swon

rae Uy, - HOMHHAJIbHOE JIMHEHHOE HAMPSHKEHUE Ha [IMHAX MPeo0pa3oBaTe/ibHOM MoACTaHIuH, KB,
MPUIOKEHHOE K MEPBUYHON 0OMOTKE TpaHChopMaTopa;

Us - pacuetHoe (ha3HOe HANpsDKEHHWE HA IIMHAX MPeoOpa3oBaTeIbHON MOJACTAHIMH, KB,
obecrieunBaoIee HOMUHABHBINA PEXUM MPE0Opa30BaAHUS.

IMapamerpsr T-00pa3HON CXEMbI 3aMEINEHUS JIMHUU TTOCTOSIHHOTO TOKa CIIEAYET OMPEAesiTh IO
bopmynam:

JUTSL IBYXIIETIHOM JTMHUH (CrcTeMa "MpOBO-TIPOBOA'")

Ly, =2L + (Xnnldl,Z)/ OF

Rd1,2 =2R, + rrmldl,Z ;
VTSl OJIHOLICTTHOM JInHUU (cHcTeMa "'TpoBoI-3eMIIs")
L, =Ly +(Xn3|dl,2)/ ®;

Rd1,2 =Ry + rnzldl,z :



MMPUJIOXKEHME 10
Crnpaso4Hoe

PE3YJIbTATBI PACUHETOB HA 3BM ITEPEXO/JHBIX ITPOLIECCOB ITPH K3

B xauectBe npumepa Ha uepT. 18 npuBeneHs! pe3ynbTaThl pacuera Ha 9BM nepexomaHoro nporuecca
B Bbmpsamurene npu K3 B NMHUM TMOCTOSHHOTO TOKa. JIIsi HAIJISIAHOCTH PEXHUMHBIC IapaMeTphl

BBIP@KCHBI B KPATHOCTSIX COOTBETCTBYIOIIMX HOMUHAIBHBIX IapaMerpoB (YIbl O M Y BBIPAJKCHBI B
paauaHax).

ITepexoaHblii mpouecc Ha cTOpoHe BhINPsiMUTe s Npu K3 B IMHMH MOCTOSIHHOT 0 TOKA

Yepr. 18



