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FOCT 26522-85 1.2

HacTosawmn ctaHgapT pacnpocTpaHaeTcs Ha TpexdasHble 3NeKTPOyCTaHOBKM HanpsxeHvem Ao 1 KB npoMbIneHHon
4YacToThl, MPUCOEANHEHHbIE K 9HEPTOCUCTEME UITN K aBTOHOMHBIM  UICTOYHUKaM 3NEKTPO3HEPrun, ycTaHaBnneaeT obLLyto
METOAMKY pacyeTa TOKOB CUMMETPUYHBIX N HECUMMETPUYHbIX KOPOTKMX 3amblkaHui (K3) B HavanbHbIN U NPOU3BOSbHbINA
MOMEHT BPEMEHU C Y4eTOM MapamMeTpPOB CUHXPOHHbIX W ACWHXPOHHBIX MalUWH, TpaHcOpMaTopoB, PEaKTopOB,
KabenbHbIX 1 BO3AYLUHbIX JIMHWUNA, LUIMHONPOBOAOB U Y3I10B KOMMIEKCHOW Harpysku.

CraHpapT He ycTaHaBnNvMBaeT METOAMKY pacyeTa TOKOB:

- NPY CMOXHbIX HECUMMETPUSX B 3NEKTPOYCTaHOBKaxX (Hanpumep, ogHoBpeMeHHoe K3 1 0bpbiB npoBofHMka dasbl),
npu NoBTOopHbIX K3 1 npn K3 B anekTpoycTaHoBKax C HEMMHENHBIMU 3fIEMEHTaMu;

- MpY 3NEKTPOMEXaHNYECKNX MEPEexofHbIX MPOoLeccax C y4eTOM M3MEHEHWS 4acTOThbl BPALLEHWUA SNEeKTPUYECKUX
MaLLWH;

- Npu K3 BHYTpY 3NeKTPUYECKMX MaLUMH U TpaHCopMaTopoB.

Myuktel 1.5, 1.7, 2.4.2, 211, 212, 3.6 M NpUNOXeHUs ABMAKTCA PEKOMEHOYEMbIMW, OCTamnbHble MYHKTbl -
obazaTenbHbIMA.

1. OBLUME NONOXEHUA

1.1. HacTosiwumii cTaHaapT ycTaHaBnvMBaeT 06LLYy0 MeToAMKY pacyeTa TOKOB B /TEKTPOYCTaHOBKAX NepeMeHHOro Toka
HanpsikeHneM Ao 1 KB, HeobxoauMbIX Ans BbIGOpa U NPOBepKM anekTpooGopyaoBaHusa no ycrnosuam K3, ans sbiGopa
KOMMYTaLMOHHbIX annapaToB, YCTaBOK PeneHoNn 3aluThl 1 3a3eMNSAOLLMX YCTPONCTB.

1.2. CraHpapT ycTaHaBnuBaeT MeETOAMKY PacyeTOB MakCMMarbHbIX W MWHAMArnbHbIX 3HAY€HWN TOKa Mpu
CYMMETPUYHBIX U HecumMmeTpuyHbix K3, Buabl KOTopbix onpeaeneHsl B cooteTcTBum ¢ FOCT 26522,

1.3. BenuuuHbl, nognexawiue pacyeTy, 1 Aonyckaemasi NorpeLlHoCTb MX pacyeTa 3aBUCAT OT yKasaHHbIx n.1.1 uenen.
[JonyckatoTcst ynpolleHHble MeToabl pac4eToB TokoB K3, ecnu nx norpeltHocTe He npesbiwaeT 10%.

PacueTty ans Bbibopa 1 npoBepku anekTpoobopynoBaHus no ycnosusim K3 nognexart:

1) HaYanbHOe 3Ha4YeHVe NepPNoaNYEecKon cocTaensoLen Toka K3;

2) anepuoamnyeckas coctasnstowas Toka K3;

3) yoapHbin Tok K3;

4) pencTeylollee 3Ha4YeHWe nepuoamnyeckon coctasnsowent Toka K3 B Npon3BonbHbIA MOMEHT BPEMEHU, BNNOTb A0
pacyeTHOro BpeMeHM pas3MblKaHUS MOBPEXAEHHOW LIenu.

Ona gpyrux uenen, ykasaHHbIX B M.1.1, pacyeTy noanexart MakcumarnbHOe U MUHMMArIbHOE 3HAYEeHUS NepUoanYecKomn
coctaensowen Ttoka B Mecte K3 B HayanbHbI U MPOU3BOSIbHBLIA MOMEHT BPEMEHU, BNMIOTh A0 PACYETHOrO BPEMEHMU
pasMblkaHus NoBpeXAeHHoN Lenu. Ons uenen Boibopa 3a3eMnsioLUX YCTPOWCTB pacyeTy MOAMNEXWUT 3HAYeHue Toka
oaHodasHoro K3.

1.4. Npun pacyeTtax TokoB K3 B anekTpoyctaHoBkax A0 1 kKB Heo6xoamMmo yuntbiBaTth:

1) MHAOYKTUBHbIE COMPOTUBIIEHWUSI BCEX 3MEMEHTOB KOPOTKO3aMKHYTOW LEMW, BKIOYasi CUIOBble TpaHcopmaTopsl,
NMPOBOAHUKW, TPAHCOPMAaTOPbI TOKa, peaKTopbl, TOKOBbIE KaTyLLKN aBTOMaTUYECKUX BbiKnovaTenew;

2) AKTUBHbI€ CONMPOTUBIIEHUA ANTEMEHTOB KOpOTKOBaMKHyTOVI uenwu;

3) AKTUBHblIE CONMPOTMBINEHUNA PA3JTMYHbIX KOHTAKTOB N KOHTAKTHbIX COeaNHEHNI;



4) 3HayeHMs NapamMeTpOB CUHXPOHHbIX U aCUMHXPOHHbIX 3NeKTpoABUraTenen.

1.5. Mpu pacyeTax TokoB K3 pekomeHayeTcst y4nThiBaTh:

1) conpoTuBneHne anekTpuyeckon ayrn B mecte K3;

2) N3MeHeHWe aKkTUBHOIO CONPOTMBIEHUS NPOBOAHNKOB KOPOTKO3aMKHYTOW Lienn BcneacTene nx Harpesa npu K3;

3) BNuMsiHME KOMMIEKCHOW Harpysku (anektpoasuratenu, npeobpasoBaTtenu, TepMUYeckue YCTaHOBKW, Famnbl
HakanvBaHus) Ha Tok K3, ecnu HOMMHanbHBIN TOK arnekTpoaBuratenew Harpysku npesbiwaet 1,0% HayvanbHOro
3HayeHuUsi Nnepuoamyeckorn coctaBnstoulen Toka K3, paccuntanHoro 6e3 yyeTa Harpysku.

1.6. Npw pacyeTtax TokoB K3 ponyckaeTcs:

1) MakcMmarnbHO ynpoLaTbh U 3KBMBaNEHTUPOBaTbL BCHO BHELLHIO CETb MO OTHOLWEHUIO K MecTy K3 1 nHaMemayansHo
YUUTbIBATbL TONbKO aBTOHOMHBLIE UCTOYHWUKU SNEKTPOSHEPTMN U NEKTpoaBMraTeNn, HENOCPEACTBEHHO NpUMbIKalOLLNe K
mecTy K3;

2) He y4nUTbiBaTb TOK HAMarHN4nMBaHnA TpaHchopMaTopoB;
3) He Yy4YUTbIBaTb HaACbIWEeHNEe MAarHUTHbIX CUCTEM JJNTIEKTPUYHECKNX MALLNH;

4) npuHUMaTb KO3 ULMEHTLI TpaHchopMauun TpaHCHOPMaTOPOB PaBHbIMU OTHOLUEHWIO CPedHMX HOMMUHArbHbIX
HanNpsPKEHWA TexX CTYMEHeW HarnpskeHus CeTen, KOoTopble CBA3bIBAOT TpaHcdopmaTopel. [lpy aTom cnepyet
MCNonb30BaTh CNeayroLLyo LWKany cpegHnx HOMUHanbHbIX Hanpsbkenun: 37; 24; 20; 15,75; 13,8; 10,5; 6,3; 3,15; 0,69;
0,525; 0,4; 0,23 kB;

5) He y4nTbIBaTb BNUSIHUSE aCUHXPOHHbIX 3NIEKTPOABUraTenewn, ecrnm nx CyMMapHbIi HOMUHAIbHbBIA TOK HE MPeBbILIAeT
1,0% HavanbHOro 3HayeHust Mepuvoauyveckon cocTaBnswowen Toka B MecTe K3, paccuMtaHHoro 6e3 y4deTa
anekTpoasuraTenen.

1.7. Tokmn K3 B anekTpoycTaHoBkax HanpskeHnem Ao 1 kB pekomeHayeTcst paccuntbiBaTb B UMEHOBAHHbIX €QUHMLAX.

[pn cocTaBneHnn aKBUBANEHTHbLIX CXEM 3aMeELLEHUs NapaMeTpbl ANIEMEHTOB UCXOL4HOM pPacyYeTHOM CXEMb cnepnyet
npMBOONTb K CTYNEHU HanpsaXeHna ceTu, Ha KOTOPOW HaxXOAUTCS TOYKa K3, a akTuBHbIE 1 WHOYKTUBHbIE COMPOTUBNEHUA
BCEX 3/IEMEHTOB CXeMbl 3aMeLleHNA BbipaXaTb B MUIJTIMOMaAX.

1.8. I'IpM pac4yeTe TOKOB K3 B ANEeKTPOyCTaHOBKaXx, nony4yaknwmnx nMTaHne HenocpeacTtBeHHO OT CETU 3HEeProCUCTeMbl,
AonyckaeTcda cYuMTaTb, YTO MNOHMXarline TpaHCCbOpMaTOpr NoAKNt4YeHbl K MCTOYHUKY HEU3MEHHOro no amnnutyne

HanpsaxeHuna 4epes 3KBMBaNEeHTHOe WMHAYKTMBHOE CONpOTUBIEHNE CUCTEMbI. 3HayeHne 3Toro conpoTtmeeHnsa (xc) B
Munnnomax, npuseaeHHoe K CTyrneHn HU3LWero HanpsaxeHua ceTun, pacCyYnTbiBalOT No cbopmyne
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roe cp-HH cpegHee HOMWHanbHOE HanpshkeHue CeTu, MNOAKMYEHHOM K OOMOTKE HU3LIEro HanpshkeHus
TpaHcdopmaTopa, B;

cp-BH _ cpegHee HOMWHANbHOE HarnpsKeHUe CceTu, K KOTOPOW MoAaknveHa oOMOTKa BbICLUEro HanpsixeHus
TpaHcdopmaTopa, B;

l =7
xBH mBH AeNCcTByloLLee 3HaYeHNe Nepuoanyeckon cocTaBnsoLwen Toka npu TpexdgasHom K3 y BbiIBOAOB
06MOTKM BbICLLErO HanpshXXeHns TpaHcdopmaTopa, KA;

SK - ycnoBHad MOLUHOCTb KOPOTKOro 3aMblkaHUA Yy BbIBOOAOB 0OMOTKM BbICLLETO HanpsXXeHus TpaHcdopmaTtopa,
MB-A.

Mpu OTCYTCTBAM YyKa3aHHbIX [OaHHbIX SKBMBANEHTHOE WHOYKTUBHOE COMPOTWBIIEHWE CUCTEMbI B MUIIIMOMAX
[lonyckaeTcsl paccuMTbiBaTh No hopmyne
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roe II:ITKI'I.I-[CI]'.'I: - HOMUWHarnbHbIA TOK  OTKIOYEHUS BbIKNoYaTeNs, yCTAHOBNEHHOMO HA CTOPOHE BbICLLEro HanpsiKeHus
NOHWXatoLLLero TpaHcdopmartopa Lenu.

MpumeyaHne. B cny4dasx, korga NOHWXaKLWMIN TpaHCopMaTop MOAKIHOYEH K CETU SHEProcUCTEMbl Yepes3 peakTop,
BO3AYLUHYIO UNu kabenbHylo nuHUO (onuHon Gonee 1 kM), HeO6XOOAMMO y4MUTbIBATb HE TOMbKO WHAOYKTUBHbIE, HO U
aKTMBHbIE COMPOTUBMNEHNS 3TUX SIEMEHTOB.

1.9. Mpu pacyete ToKOB K3 B anekTpoycTaHOBKax C aBTOHOMHbLIMW WCTOYHUKAMWU 3MEKTPO3Heprun Heobxoammo

yu4nTbiBaTb 3HAYEHUs NapameTpoB BCEX 3/IEMEHTOB aBTOHOMHOW SMEKTPUYECKOW CUCTEMbI, BKIHOYAs aBTOHOMHblEe
WCTOYHMKM (CMHXPOHHBIE reHepaTopsbl), pacnpeaenuTenbHyo ceTb 1 noTpebuTtenu.

2. PACYET COMPOTUBIIEHUN PA3NIUYHbIX NIEMEHTOB 3JIEKTPOYCTAHOBKM

2.1. AKTUBHOE 1 MHAYKTUBHOE COMPOTMBIIEHNS] CUIMOBLIX TpaHcopMaTopoB

2.1.1. AKTMBHOE 1 UHAYKTUBHOE COMPOTUBNEHUS MPSIMON NOCINEA0BaTENBHOCTU NMOHMXKAOLMX TpaHCOPMaTOpPOB ( ¥y,

Xy ) B MUINMOMax, npuBeaeHHble K CTyNeHU HU3LWEero HanpsaXeHna ceTn, pacCYnTbiBaOT No cbopmynaM:
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roe S’r.mm - HOMWHanbHas MOLLHOCTb TpaHcopmaTopa, KB-A;

£

kmon - NOTEPU KOPOTKOro 3aMblkaHus B TpaHcopmaTope, KBT;

iF
HH B0 _ \ompnanbhoe HanpsihxeHne 0BMOTKMN HU3LLErO HaNpsXeHUs TpaHcdopmaTopa, kB;
Lip. - HanNpspKeHWe KOPOTKOro 3aMblkaHusa TpaHcopmaropa, %.

2.1.2. AKTUBHbIE U VHAOYKTUBHbIE COMPOTMBIIEHMS HYNEBOW NOCHeOoBaTENIbHOCTU MOHMKALWMX TpaHCopMaTopoB,
OOMOTKM KOTOPbIX COEAMHEHbI MO CXemMe ﬂfl”n , Npu pacyete K3 B ceTU HM3LWIEro HanpsbkeHUst cnegyeT NpuUHUMaTh

paBHbIMW COOTBETCTBEHHO aKTUBHbIM U WHOYKTUBHbIM COMNPOTUBIIEHUAM I'IpFIMOVI nocrnenoBaTesibHOCTU. |_|pl/| Apyrnx
cxemax coeguHeHusi  0OMOTOK TpchcbopmaTopOB aKTUBHbIE n WHOYKTUBHbIE  COMPOTUBIEHUA HyﬂeBOVI
nocnegoBaTenbHOCTN HEOGX0AMMO NpUHMMaTb B COOTBETCTBUU C YKa3aHNAMN M3roToBUTENEN.

2.2. AKTUBHOE 1 NHOYKTUBHOE CONPOTUBIEHNA PEeaKTopoB

2.2.1. AKTVBHOE COMPOTUBIIEHNE TOKOOrPaHUYMBAaIOLLMX PeaKTOPOB (""lp =rp < .?i]p) B MUJIIMOMaXx pacCyMTbIBaOT

no popmyne
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Mp - P 107, (5)
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roe Mp_mm- noTepu akTUBHOM MOLLHOCTY B hase peakTtopa npu HOMUHanbLHOM Toke, BT;
fp.I-D:lH - HOMVHanbHLIN TOK peakTopa, A.

2.2.2. NHOYKTMBHOE COMpPOTUBMIEHNE pPeaKkTOpoB (xlp = xzp = xl:lp) B MUANMOMaxX MPUHMMAKOT Kak YyKasaHo

N3roToBUTENEM MNUN paccyMTLIBaIOT No hopmyne
= (L - MY 10°
Xp = @ ) , ©)
roe ™ - yrroBasl YacToTa HanpshkeHust ceTu, paa/c;

L - MHOYKTMBHOCTb KaTyLLKM TpexdasHoro peakTopa, [H;

M - B3aumHas uHaYKTMBHOCTL Mexay chasamu peakTopa, MH.
2.3. AKTMBHOE 1 MHAYKTMBHOE CONPOTUBIEHNS LUMHOMPOBOAOB
Mpn onpedeneHuy akTUBHOTO W WMHAYKTMBHOIO COMPOTUBNEHNA NPAMON W HyNeBOW MOCieAoBaTenbHOCTEN
LUIMHOMPOBOAOB CriefdyeT MCMNonb3oBaTb AaHHble 3aBOAa W3rOTOBUTENS, 3KCMEPUMEHTa WM MPUMEHATb pacyHeTHbIN
meTod. PekomeHgyembii mMeTod pacyeTa COMPOTWMBIIEHWIA LUMHOMPOBOAOB WM MapameTpbl HEKOTOPbIX KOMMNEKTHbIX
LUMHOMPOBOAOB MPVBEAEHbI B MPUMNOXeHUN 1.

2.4. AKTMBHOE 1 NHAYKTMBHOE CONPOTMBNEHUA Kabenen

2.4.1. 3HadveHns napameTpoB npsaAMon (obpaTHOM) M HyneBoW nocrefoBaTenbHOCTM kabernen, NpuMeHsieMbiX B
3MeKTpoycTaHoBKax Ao, 1 KB npMHMMalOT Kak  yKa3aHO U3roToBUTENEM WUNN B NPUIIOXEHUN 2.

2.4.2. Tlpn onpegeneHnn MUHUMAnbHOMO 3HaYEeHWUsI TOKa K3 pekomMeHOyeTCa y4YuTbiBaTb YyBENMMYEeHUe akKTUBHOIo
conpoTnBneHna kabens k MOMEHTY OTKINK4YeHUA uenn Bcnencrteme HarpesaHua kabens Tokom K3. 3HauyeHne akTUBHOroO

conpoTMBIeHns kabensa B MUNNMOMaXx C y4eTOM HarpeBa ero Tokom K3 (7, ) paccumTbiBaloT no dopmyne
Ty =Calay ™

roe ©gp - KO3(PMULMEHT, yUUTLIBAIOWNIA YBENWYEHNe aKTUBHOMO COMpoTVBReHWs kabens. Mpu npuBIKeHHbIX
pacyeTax 3HaveHuWe koadbduUMeHTa &g AONyckaeTcs NpuHUMaTh paBHbIM  1,5. TlpM  YTOYHEHHbIX pacuyeTax

KO3(pMLIMEHT Cyg creadyeT onpeaenaTh B COOTBETCTBUM C 4epT. 5 - 8 NpunoxeHus 2 B 3aBUCUMOCTM OT Matepuana u
ceyeHus xun kabens, Toka K3 n npogomkutensHoctn K3;

?"ETI - aKTMBHOE CONpOTMBNEHME kabens npu TemnepaType "'-?'EI , paBHon nntoc 20 °C, mOMm.

2.5. AKTMBHOE ¥ UHAYKTUBHOE COMPOTUBIIEHNS BO3OYLUHBIX IMHUIA U NPOBOAOB
MeToauka pacyeTa napameTpoB BO3AYLUHbIX MUHUIA U NPOBOAOB NpVBEAEHA B NPUMOXEHUM 3.
2.6. AKTVBHbIE CONPOTUBIEHUSI KOHTAKTOB U KOHTaKTHBIX COEAMHEHNI

[NepexogHoe coOnpoTMBAEHUE 3MEKTPUYECKUX KOHTaKTOB noboro Buaa cnenyet onpenendatb Ha OCHOBaAaHUW OaHHbIX
3KCNEPUMEHTOB UM C UCMOSMb30BaHMEM pacyeTHbIX MeTOAWK. [JaHHble O KOHTaKTHbIX COeAWHEHUSX NpuBedeHbl B

npunoxenun 4. Mpu NpUBAMKEHHOM yyeTe CONPOTUBIIEHUIA KOHTAKTOB MPUHUMAT:  #3 = 0,1 MOM - NS KOHTaKTHbIX

coeiMHeHu kabenen; ;. = 0,01 MOM - Ans wmHonNpoBoaos.; #; = 1,0 MOM - ANd KOMMYTaLMOHHbIX annapaTos.



2.7. AKTVBHbIE U UHOYKTUBHbIE COMPOTMBIIEHNS TPAHCHOPMaTOPOB TOKa

Mpu pacyete TokoB K3 B anekTpoycTaHoBKax HanpsbkeHvem o 1 kB cnepyeT yumTbiBaTb Kak MHOYKTUBHbIE, TaK U
aKTUBHbIE CONPOTUBIIEHUS NEPBUYHBIX OOMOTOK BCEX MHOTOBUTKOBLIX U3MEPUTENbHBLIX TPaHCHOPMaTOPOB TOKa, KOTOpbIe
umetroTcs B uenu K3. 3HayeHns akTMBHbIX U MHOYKTUBHBLIX CONPOTUBIEHWUIA HYNEBOW NOcrneaoBaTenbHOCTU MPUHUMAIOT
paBHLIMW  3HAYEHUAM COMPOTMBIIEHUA NpPAMON nocnegoBaTenbHocTU. [lapameTpbl HEKOTOPbIX MHOMOBUTKOBbIX
TpaHchOpMaTopoB TOKa MPUBEAEHbI B MPUIOXEHUU 5. AKTUBHBIM U WUHAYKTMBHLIM COMPOTUBIIEHUSIMA OLHOBUTKOBbLIX
TpaHcdopmaTopoB (Ha Toku 6onee 500 A) npu pacyeTax TokoB K3 MOXHO npeHebpeyb.

2.8. AKTUBHbIE 1 MHOYKTUBHbIE CONPOTUBNEHNA KaTyLLlEeK aBTOMaTU4ECKNX BbIKMoYaTenemn

PacueTtbl TokoB K3 B anekTpoycTtaHoBKax HanpsbkeHuem o 1 kB crnefyeT BeCT € y4ETOM MHOYKTUBHBIX U aKTUBHbIX
COMpOTMBIIEHWN KaTylek (pacuenutenein) MakCuManbHOro Toka aBTOMaTUYECKUX BbiKMoYaTenemn, NpuHMMas 3HavyeHust
aKTUBHbIX W  WHOYKTUBHbIX  COMPOTWMBIEHUA  HYNeBOW MocnegoBaTenbHOCTU  paBHbIMM  COOTBETCTBYHOLLUM
COMpPOTMBIIEHNSIM MPSAMON MOCReaoBaTeNbHOCTU. 3HayeHus1 COMPOTMBIIEHWM KaTylleK pacuenutenerl U KOHTaKTOB
HEKOTOPbIX aBTOMaTUYECKUX BbIKMOYaTenen npmBeaeHbl B NPUNoXeHun 6.

2.9. NapameTpbl aBTOHOMHbIX MICTOYHUKOB 31IEKTPOIHEPTNN N CUHXPOHHBIX 3NeKTpoaBuratenemn

I'IpV| pac4yeTe HadaribHOro 3HadeHusd nepmo,u,mquKoVI coctaBnsitowenn Toka K3 aBTOHOMHbIE WCTOYHUMKM, a Takke
CUHXPOHHbIE aNeKkTpoaBuraTenn cnenyet ydnuTtblBaTb CcBepxnepexogHblM COnpoTuBIiEHMEM No I'IpO,ElOJ'IbHOIZ ocKu poTopa

N o ~ -
(%4 ), a Npu onpeaeneHnn NOCTOSHHOW BPEMEHN 3aTyXaHWsi anepuoanyeckon coctasnsioLlen Toka K3 - MHOyKTUBHLIM

COMNPOTMBIEHNEM ANA TOKOB OBpaTHOM nocriefoBaTernibHOCTU X5 W akTUBHLIM COMPOTMBIEHWEeM OBMOTKM cTaTtopa » .
Mpun NpubnmkeHHbIX pacyeTax NPUHUMAIOT:
L

X dimom) =0.15; X3=%xg; 7 =015x7.

2.10. NapameTpbl aCUHXPOHHbIX dNeKTpoaBUraTenemn

Mpun pacyeTax HavanbHOro 3Ha4YEHUA NEpUoaMYECcKon cocTaBnsowen Toka K3 oT acMHXPOHHBIX anekTpoasuratenemn
nocnegHve cnegyer BBOOWTb B CXEMY 3aMeELLEHMA CBEPXNEPEXOAHbIM  WMHAYKTMBHBIM  conpoTuBrneHnem. [lpu
Heo6XoAMMOCTW NPOBEAEHNS YTOYHEHHbIX PACHETOB crnefyeT Takke y4YMTbiBaTb akTMBHOE COMpOTMBREHne ctatopa. Ux
3HaYeHUs1 pekoMeHOyeTCs OMpeaensaTb, Kak ykazaHo B MpuroxeHun 7. Mpu npubnvkeHHbIX pacyeTax NpUHUMALOT:
CBepXxnepexogHoe MHAYKTUBHOE CONPOTUBMEHWE aCMHXPOHHOIO ABuUraTens

o

X AJlisom) =0,18; akTMBHOE COMPOTUBIIEHME CTATOPA ACMHXPOHHOTO ABMUraTers .

AT D,36f AT

2.11. PacyeTHble napameTpbl KOMMMEKCHbIX Harpy3okK

2.11.1. Mpwn pacyeTte TOKOB K3 OT KOMMNMEKCHBLIX Harpy3ok criedyeT y4uTbiBaTb WX napamMeTpbl npsamon, obpaTHon m
Hyneson nocnegosaTenbHoCcTen. PekoMeHOyemble 3Ha4YeHWs COMPOTUBMEHUA NPSAMOK (El) n obpaTtHon (Ez)
nocnefoBaTenbHOCTEN OTAEMbHbIX ANIEMEHTOB KOMIMIIEKCHOW Harpy3ku  npusefdeHbl B Tabn. 1. 3HaveHus mogynen
MONMHBIX COMPOTUBIEHNI NPAMON (£ ), 0BPATHOM ( Zapr ) W HYNeBOW (£ gy ) MOCNEeaoBaTeNnbHOCTEN HEKOTOpbIX
Y3MOB Harpy3ku B 3aBUCHMOCTU OT MX COCTaBa [0MyckaeTcs onpeaensiTb, Kak ykazaHo B NpUroXxeHun 8.

Tabnuua 1

MapamMeTpbl 3NeMEeHTOB KOMMNJIEKCHOWN Harpy3ku

MoTtpebutenu O60o3Ha4yeHus cos g 3HayeHunsa conpoTUBNEHUN, OTH. ef.
KOMIMIEKCHOW Harpysku Ha cxemax HAm

2 2y

+ +
ACUHXPOHHbIE Al 0,8 0,07+j0,18 0,07+j0,18
anekTpoasuraTenu
CWHXPOHHbIE ca 0,9 0,03+j0,16 0,03+j0,16
anekTpoaBuraTenu




Jlamnbl HakanMBaHus

[a3opaspsaaHble
WCTOYHMKM CBETa

[MpeobpasosaTenun

SnekTpoTepMumyeckme
YCTaHOBKM

JH

nr

Yy

1,0

0,85

0,9

0,9

1,0

0,85+j0,53

0,9+j0,44

1+j0,49

1,33

0,38+0,24

1,66+j0,81

0,4+j0,2

2.11.2. B npubnumxeHHbIX pacyeTax Ond y3noB, cofepxawmx Ao 70% acuHXpoHHbIX ABUraTtenemn, gornyckaeTcs

3Ha4YeHnss mMogynen MNOJSHbIX COMPOTMBIIEHUN KOMIMMEKCHOMN Harpy3km npuHMMaTb paBHbIMU

Z our=3.0

2.12. AKTuBHOE conpoTuBneHune gyrn B mecte K3

Mpu onpepeneHun MUHMMANbHOMO 3HaYeHWs Toka
CONPOTMBNEHUSA 3MNeKTpuYeckon ayrn B mecte K3.

MpubnuxeHHbIe 3Ha4YeHNs akTUBHOIO CONPOTUBNEHUS Ay NpBeAeHbl B Tabn. 2.

3Ha4yeHus1 akKTUBHOro conpoTtuBneHua ayrun

PacueTHble ycroBus K3

AKTVBHOE COMPOTMBNEHME Oyrn (?"n ), MOM, npu K3 3a
TpaHcgopmaTopamm MOLLHOCTLIO, KB-A

250

400

630

1000

1600

2500

K3 B6nu3n BbiBoOoOB
HU3LLEro HaNpPsKeHNs!
TpaHcdopmaTopa:

- B pasgenke kabenen
HanpsKeHneM:

0,4 kB

0,525 kB

0,69 kB

- B LLMHONPOBOAE TMNa
LLUMA HanpsikeHnem:

0,4 kB

0,525 kB

0,69 kB

K3 B KoHLe
wmnHonpoeoga Tuna LWMA
anvHon 100-150 m
HanpsPKeHUeM:

0,4 kB

0,525 kB

0,69 kB

15

14

12

10

4,5

6-8

5-7

3,5

3,5

5-7

4-6

2,5

2,5

4-6

3-5

Z \Hr= Z Hr= 0,4

K3 cnegyet yuutbiBaTh BnMsHWE Ha Tok K3 akTtuBHOro

Tabnuua 2



Ons gpyrnx pacdeTHbix ycrioBui K3 3HayeHus akTMBHOIO COMPOTUMBIIEHMS OyrM LOMYCKAaeTCs paccuuTbiBaTb MO
npunoxexuto 9.

3. PACYET HAYAJIbHOIO 3HAYEHUA NEPUOAUYECKOW
COCTABNSAIOLEN TOKA TPEX®A3HOIO K3

3.1. MeToguka pacyeTa HayanbHOro [OEWCTBYIOLLEro 3HA4YeHWsi nepuoauyeckon cocTaBnsiowen Toka K3 B
anekTpoyctaHoBkax o 1 kB 3aBucut oT cnocoba anekTpocHabXeHWst - OT 9HeprocUcTeMbl UM OT aBTOHOMHOIO
WMCTOYHMKA.

3.2. MNpu aneKTpocHaGKeHUN NEKTPOYCTAHOBKM OT 3HEPrOCUCTEMbI Yepes MOHWKaILWMIA TpaHcdopMaTop HavanbHoe
[elicTByIOlLEe 3HAYEHMEe MEepUOANYEcKol cocTaBrsiolen TpexdasHoro Toka K3 ([, ) B kunoamnepax 6es yueta
NoANUTKN OT 3NeKTpoABUraTesnei paccunTbIBaloT No hopMyre

_ Ucp.HH
Iy = ——, (8)
B AL 2
W2 E T AR
roe Ul:p.HH - CpefHee HOMMHAaIbHOE HanpshkeHue ceTu, B KOTOPOW NPOU30LLSIO KOPOTKOE 3aMblkaHue, B;
M=, X{m - COOTBETCTBEHHO CYMMapHOE aKTWBHOE W CYMMapHOEe WHAYKTMBHOE COMPOTUBIEHNS npsiMon
nocnegosaTensHocTu Lenu K3, MOM. 3T conpoTBneHnst paBHbI:
M =t trret e Y Y P T Y
Mg =X txp tap P rmy YA YA Y X T X
rae Fp W Xq - aKTMBHOE W WHOYKTUBHOE COMPOTMBIIEHUS MPAMON nocnenoBaTenbHOCTM MOHMXaloLWEero

TpaHcdgopmatopa, MOwMm;

FTa M ATp - aKTUBHOE U MHOYKTUBHOE CONPOTUBMNEHNS NEPBUYHBIX obmoTok TpaHchopMaTopoB TOKa, MOM;

X - SKBMBANEHTHOE MHOYKTMBHOE COMPOTMBIIEHNE CUCTEMbI A0 MOHMXAKLWEro TpaHcgopmaTopa, MOMm,
NpvBEeAEHHOE K CTYMEHM HU3LLEro HanpshkeHus:;

.?"p - aKTUBHOE N UHOYKTUBHOE CONPOTUBIIEHNA peaKTopoB MOM;
'rK.Ei n 'xKB - aKTUBHOE N MHOYKTUBHOE CONPOTUBIIEHNA TOKOBbLIX KaTyLleK aBTOMaTU4eCKnX BbIKIOYaTenen, MOwm;
.?"m n xm - aKTUBHOE N UHOYKTUBHOE CONPOTUBIIEHNA LLIMHONPOBOOOB, MOM;
.P"K - CyMMapHoe akTMBHOe conpoTuBIieHNe pa3ninyHbIX KOHTAKTOB, MOM;

Flef s Pemr W Flgf» Xgg - AKTVBHbIE U UHAYKTUBHLIE COMPOTUBIEHUS MPSIMOM NOCNeaoBaTernbHOCTU KabenbHbIX 1
BO3AYLUHbIX NUHUIA, MOM;

'rI[ - aKTuUBHOE€ conpoTumeBlneHne aOyru B MecTe K3, MOwm, npuHMMaemoe no [OaHHbIM Tabn. 2 wnm

paccynTbiBaeMoe Kak ykKa3aHO B NPUNIoXeHUn 9, B 3aBMCUMOCTM OT yCJ'IOBIAI;I K3.



3.3. Ecnmn 3ﬂeKTpOCHa6)KeHVIe ONEeKTPOYCTaHOBKN OCYLLUECTBNAETCA OT J3Heprocuctembl 4epes NOHWXKAKOLLINI
TpaHchopmaTop u B6nmn3n mecta K3 ummetotcs CUHXPOHHbIE N aCUHXPOHHbIE 3neKkTpoaBuratTenn nunnm KomnriekCHasa
Harpyska, TO HayanbHOe AeNCcTBylLlee 3HaYyeHMe Nepuoanuyeckon COCTaBMSILWEN TOKa K3 ¢ y4yeToMm noannTkn oT
anekTpoaBuraTenen UM KOMMNEKCHOW Harpy3kn cnegyet onpeaendartb Kak CyMMY TOKOB OT 3HEpProcuctembl (CM. I'I.3.2) n
OT aneKTpoasuratenemn nnm KOMMIekCcHoOn Harpysku.

HauanbHoe gencrBylollee 3Ha4YeHUe nepmoanyeckon coctaBnsiowen Toka K3 oT CMHXPOHHLIX anekTpoasuraTenem
(frn:-C,I[ ) B Kunoamnepax paccyuTbIiBaoT No hopmyne

N
;o Eycn
mZl , = 9)
«j(xa‘ txgf o+ (""CI[ +f"12)
roe EE:.C,I[ - cBepxnepexogHasa I C cMHXpOHHOro anekTpoasuratens (pasHoe 3HaveHue), B;
x; W 7CJ - COOTBETCTBEHHO —CBEPXMEepexofHOe  WHAYKTUBHOE W aKTUBHOE COMPOTUBNEHUS aMneKTposBuraTens,

MOM; 3Ha4YEeHUs 3TUX CONPOTMBIEHNI LONYCKAETCs ONpeaensaTb Kak ykasaHo B n.2.9;

X]m W Ay - CyMMapHOe WHAYKTMBHOE M CyMMapHOe akTMBHOE COMPOTUBMEHWS NPAMOI  MOCrefoBaTenbHOCTU
Lienu, BKIIOYEHHOW Mexay anekTpoasuratenemM u Toukoin K3, mOm.

[na cuHXpOHHBIX 3nekTpoasuratenen, kotopele Ao K3 pabotann ¢ nepeo3byxaeHvnem, ceepxnepexogHyio SOC
(E$.CH ) B BONbTax paccyuTbiBaloT no dopmyne

Eyop = J(U¢|EI| +Jjgjxg sin fff’|n|)2 * (f|n|x.§ cos fﬂ'|n|)2 ' (10)
roe UEPM - ha3HOe HanpspkeHVe Ha BbiBOAAX aneKkTpoasuraTens B MOMeHT, npeawectsytowmi K3, B;
flnl - TOK cTaTopa B MOMEHT, npeallectsyowuii K3, A;
({Jpl - yron cagura as HanpsbkeHus 1 Toka B MOMEHT, npegLwectsytowmi K3, rpag. an.;

w o
X4 -cBepxnepexofHoe conpoTusneHne no NpoAonbHOM OCU CUHXPOHHOIO aneKkTpoaBuraTens, MOM.

[nsa cMHXpOHHBIX anekTpoaBuratenemn, pabotaswmux oo K3 ¢ HegoBo3dyxaeHnem, ceepxnepexogHyto 34C (E%_CH)
B BOJIbTax paccunTbiBaloT Mo gopmyrne

L L . L 2
Eycx = |Ugpy o 5o epy '+ Lo cosey a7

HauanbHoe OelicTBylollee 3HAYEHWE MEPUOANYECKON CocTaBnstowen Toka K8 OoT aCMHXPOHHbLIX SMeKkTpoaBuraTenen

(IIIDPLH ) B KMMoamnepax paccuMThIBatoT no hopmyrie
By on

! &1 =
" J(xﬁﬂ + xlz)2 + (""ﬂﬂ + ”12)2 ' 42

"
roe XAH n .?"HH - COOTBETCTBEHHO CcBepXnepexoaHoe NHOYKTUBHOE N aKTUBHOE COMPOTUBIIEHUA aneKkTpoaBuratTensd,

MOM; 3HAYeHUs 3TUX CONPOTMBIEHUIA AoMycKaeTca onpeaenaTb, Kak ykasaHo B n.2.10;



-~
E'ili'- AT - ceepxnepexogHas 3C acuHXPOHHOro 3nekTpoABuraTensi, KOTOpyl MOXHO paccuuTaTb Mo
dopmyne

EI%IPLH = \H(U¢'|':'| Ccos (E:'pl - I|IZI|’"P1.I[)2 + [\U'i'lnl Sl (ﬂ:’pl - flnlx‘aﬂy . (13)

Mpwn HeobxoanmocTn yyeTa KOMMJIEKCHOM Harpysku COOTBETCTBYyKOLLEe Ha4anbHoe OencTeylollee 3Ha4vyeHue
nepnognyecKon CoCTaBnAoLLEN TOKa K3 cnenyet pacCynTbiBaTb, KaK yKa3aHO B MPpUoXeHnmn 10.

3.4. B anekTpoycTaHOBKax C aBTOHOMHBLIMW WCTOYHUKAMW 3EKTPOIHEPrMM HavarnbHOoe AeNcTBylllee 3HavyeHve
nepuogmyeckon coctasndawowen Toka K3 6e3 yyeta noanuTkM OT anekTpoaBuratenen (fm) B Kuroamnepax
paccunTbiBatoT No opmyne

By
m == L2
Gz "8z

rae .?"IE n XIE - COOTBETCTBEHHO CyMMapHOe akKTuBHoOe N CyMMapHOe MHOYKTUBHOE CONpOTUBIIEHUA Lienn K3, MmOMm.

(14)

3n conpoTuneBneHna paBHbI:

e = e Y e P Y Y Yt e

Xp = xg TxTy YA YA T Ay T Xps t Xen

P
n
roe qu - akBuBaneHTHasa ceepxnepexogHasa JOOC (cdpasHoe 3HaueHue), B; 3Havenve aton OOC cnepyet
paccuuTbiBaTh TaK Xe, KaK U Anst CUHXPOHHbIX anekTpoaBuratenen (cm. n.3.3).
3.5. Mpun HeobxoauMOCTM ydeTa  CUHXPOHHbIX M aCMHXPOHHBIX ANEKTPOABUraTenen MUnm KOMMIIEKCHOW Harpysku B
aBTOHOMHOW 3MNEKTPUYECKOW CUCTEME HauvanbHOe AENCTBYOLLEEe 3Ha4YeHUe Nepuopmyeckon cocTaBnsowen Toka K3
cnegyet onpefenaTb Kak CyMMy TOKOB OT aBTOHOMHbIX WUCTOYHMKOB (CM. n.3.4) M OT SnekTpoaBuratenen wnm

KOMMNIEKCHOW Harpy3ku (cMm. n.3.3).

3.6. Mpu Heo6X0aAMMOCTU yyeTa BNUSHUS Ha Tok K3 aKkTMBHOTO COMPOTVBIEHMUS 3NEKTPUYECKO Lyrn pekoMeHayeTcst
Ucrnonb3oBaTh ykasaHus NpunoxeHus 9 (n.4).

4. PACYET ANMEPUOONYECKOW COCTABNAIOWEN TOKA K3

4.1. Havnbonbluee HayarnbHOe 3HaYEHVe anepuoanyeckoi coctasnsiollein Toka K3 (i,p ) B obluem cnyyae cuutatoT
paBHbIM aMnnUTyAe NEPUOANYECKON COCTaBNAILLEN TOKA B Ha4amnbHbIi MOMEHT K3

LaD = zfrn:u : (15)

4.2. B paguvanbHbIX CETSIX anepuvoguyeckyto coctasrnstowyto Toka K3 B NMpoM3BOMbHbLIA MOMEHT  BPEMEHMU (iﬂf)
paccuuTbiBaloT No opmyne
iy =igge T (16)
roe £ - Bpewms, C;

T& - MOCTOSIHHAs BPEMEHU 3aTyxaHus anepnoanyeckomn cocTtaenstowen Toka K3, c, paBHadA



X
T, = Z , (17)
UJC.?"E

roe XE n .?"E - pe3ynbTnpyrowime MHOYKTUBHOE N akKTUBHOE CONPOTUBNEHNA Lienn K3, MOwm;
!> - CUHXPOHHAasA yrrnoBas 4actoTa HanpsiKeHua CeTw, pau/c.

Mpn onpepeneHun Xm U Pz CUHXPOHHbIE TEHEPATOPbl, CUHXPOHHbLIE W 8CHHXPOHHbIE BMEKTPOABUraTENUN LOITKHbI
ObITb BBEOEHbI B CXEMY 3aMELLEHMSA B COOTBETCTBUM C TpeboBaHmnamu nn.2.9 n 2.10.

KomnnekcHas Harpy3ka JormkHa OblTb BBEeHa B CXxeMy 3aMellleHMs B COOTBETCTBUM € TpeboBaHnsimu pasa. 2.

4.3. Ecnn Touka K3 penut pacyeTHylo CxeMy Ha paguanbHble, He 3aBuUCUMble Apyr OT fApyra BeTBu, TO
anepuoan4eckyto CocTaBrnsoLyto Toka K3 B Npou3BOMbHbLIA MOMEHT BpeMeHu cregyeT onpefensTb Kak CymMmy
aneproanM4ecKknx COCTaBNAOLLMX TOKOB OTAEMbHbIX BETBEN MO chopmyne

m
b = Ddaie T (18)
=1

roe ¥ - 4YnCrno He3aBUCUMbIX BETBEN CXEMBI,

I,0; - HauYanbHOE 3HayYeHVe anepuoanNyeckoil cocTanstolet Toka K3 B I -ii BeTBU, KA.

5. PACYHET YOAPHOI'O TOKA K3

5.1. YoapHbii Tok TpexdasHoro K3 (z':m) B 9J1IEKTPOYCTAHOBKAaxX C OOHWM UCTOYHMKOM 3HEprum (sHeprocucrtema wnm

aBTOHOMHbI UICTOYHKK) paccynTbiBaoT No hopmyne
-jru_""lzfrn:u 1+ =1 _fmjn)—ﬁfmﬁf
Perp = St g8 = g 19

. —t T
roe K}.ru = (1 + 8 ppd 'm u) - yOapHbIN KO3PULIMEHT, KOTOPbLIA MOXET ObITb OnpeaeneH no KpuebIM YepT. 1;

T,

a - NOCTOsIHHAsA BpeMeHM 3aTyxaHus anepuoamnyeckon coctasnsiolen Toka K3 (cm. n.4.2);

@ - yron casura no dase HanpsxkeHns unu 3C UCTOYHMKa U NEepUoNYEcKo cocTaBnsioLLen Toka K3, koTopbii
paccunTbiBalOT No hopmyrne

@y = arctzg y fe;
r.:;m - Bpems oT Havana K3 go nosieneHus ygapHoro Toka, C, paBHoe

ol 2+
fo=001—— %
e ™

KpuBble 3aBucumocTu ygapHoro koaccpumumeHTa KFH OT OTHOWEHUN 7/ x N x/r
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YeprT. 1

5.2. MNpwu pacyeTte ygapHoro Toka K3 Ha BbiBogaxX aBTOHOMHbIX MCTOYHMKOB, @ TAKKE€ CUHXPOHHbIX U aCUHXPOHHbIX
anekTpoaBuraTenen OnyckaeTcs cunTaThb, YTO:

yAapHbIn Tok HacTtynaeT Yepes 0,01 ¢ nocne Havana K3;

amnnuTyga nepuoavyeckon cocTtaensolwenn Toka K3 B MOMEHT BpeMeHu I 0,01 ¢ paBHa amnnutyge aTom
COCTaBNsAoLLEN B HAYanNbHbIN MOMEHT K3.

5.3. YOapHbI TOK OT aCMHXPOHHOIO 3neKkTpoasuraTens (I.FH_HH) B Kunoamrnepax paccynTbiBalOT C y4EeTOM 3aTyXaHuA
aMnnuTyabl Nepuoanyeckon coctaenstoLlen Toka K3 no popmyne

+ , (20)

roe TP - pac4yeTHasa NOCTOAHHaA BpeMeHU 3aTyXaHua nepuoaMyeckon CoCcTaBnsoLen Toka cTaTtopa, C;

T

a -~ NOCTOsAHHaA BPEMEHU 3aTyXaHu anepmo,umquKon COCTaBnSAOLLEN TOKA cTaTtopa, C.

Mpun aTom TP n Ta AonyckaeTcst paccuntbiBaTb No opMmynam

oo+
S S
P a ’
We
s
Xal T Mpn
Ty =—
e |[,r1 * s )
rae i, - CMHXPOHHas yrrosasi yactoTa, paf/c;
=
7| U #3 - COOTBETCTBEHHO aKTUBHOE COMPOTUBIEHWE CTATOPa M aKTMBHOE COMPOTMBIIEHME POTOPA, MPUBEAEHHOE K

CTaTopy, KOTOPble A0NYCKaeTCA pacCyYNTbiBaTb, KakK yKa3aHO B NPUITOXXEHUN 7.

5.4. Ecnu Touka K3 genuT pacyeTHylo CXeMy Ha paguarnbHble, He 3aBUCMMbIE ApYr OT Apyra BETBW, TO YAAPHbIA TOK
K3 (E'FH) onpeaensitoT kKak CyMMY yAapHbIX TOKOB OTAENbHbIX BeTBeln no dopmyrne



m
. £ | T
iym = Z'\.Efnﬂ!'(l‘l‘é'm “), (21)
i=1
rae ¥ - 4ncro He3aBUCUMBbIX BeTBen CXeMbl;

frlﬂ!' - HayanbHoe [eNcTByloLIee 3HaYeHne nepmoandeckoi coctasnsaLLen Toka K3 B I -it BeTeu, KA;

fj.rm' - BPeMsi MOsIBIIEHWs yAAPHOro ToKa B I -i BETBM, C;

T - MOCTOsIHHas BPEMEeHM 3aTyxaHus anepuyoAnyeckol cocTasnsiolen Toka K3 B # -1 BeTaM, C.

6. PACYET NEPUOAUYECKOWU COCTABIJIAIOLLEN TOKA K3 OT ABTOHOMHbIX
WCTOYHMKOB 3NEKTPO3HEPIMW B NPOU3BOJIbHbIA MOMEHT BPEMEHU

6.1. B CMNOXHbIX aBTOHOMHbIX CUCTEMax pacyeT nepuoamyeckon coctaensowen Toka K3 oT MCTOYHMKOB
SMNEKTPOIHEPTNMN (CUHXPOHHBIX FrEHepaTOpPOB) B NPOM3BOSIbHBIA MOMEHT BPEMEHM CrneAyeT BbINOMHATL NyTeM peLueHus
COOTBETCTBYIOLLEN cuCTEMbI AnddepeHUmanbHbiX ypaBHEHU NEPEXOAHbIX NPOLECCOB C UCMONb3oBaHem 3BM.

6.2. B npnbnumxeHHbIX pacyeTax AN onpeaeneHns AeNCTBYHOLLErO 3Ha4YeHNst NEPUOAMYECKO cocTaBnstoLLen Toka K3
B MPOU3BOSIbHbLI MOMEHT BPEMEHM OT aBTOHOMHbLIX MCTOYHMKOB MpW paguanbHOW CXeMe MPUMEHSIIOT KpuBble,
NpVBELEHHbIE Ha YepT. 2. PacyeTHble KpUBbIE XapakTepU3yT N3MEHEHNE 3TOW COCTaBIISAIOLLEN BO BPEMEHMN NPU PasHbIX
yaaneHHocTax Todku K3. 3HayeHusa nepuoamdeckon coctasnsowen Toka K3 B MpPov3BOMNbHBIN MOMEHT BpEMEHU
OTHECEHbI K Ha4arnbHOMY 3HA4YEeHUIO 3TOW COCTaBMAOLLEN, T.€.

f1'[f

YT
fr[l:l

U3meHeHne nepuoaunyveckom coctaBnsarowen Toka K3 oT CUHXpOHHOMN MaLUMHBbI
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YpaneHHocTb Touykum K3 OT CMHXPOHHOW MallUMWHBI ({Iﬂ{m?ﬂ:‘) XapaktepusyeTcs OTHOLeHWeM [OeWCTBYHoLLEero

3HaYeHNs1 NEPUOAMNYECKON COCTABMAIOLLEN TOKA 3TON MaLUMHbI B HAa4YanbHbIM MOMEHT K3 k ee HOMUHaNbLHOMY TOKY, T.€.

Im
{rﬂj{mm} = 7

HOM

[encTBylollee 3Ha4YeHne Neprmoanyeckor coctasnstoweln Toka K3 B Npon3BosbHbIN MOMEHT BPEMEHU OT CUHXPOHHOMN
MaLLUUHBI (UM HECKOMNbKUX OHOTUMHBLIX CUHXPOHHBIX MALLWH, HAXOASALWMXCS B OOUHAKOBLIX YCIOBUSIX MO OTHOLUEHUIO K

Touke K3) (frrf ), cnegyeT onpeaensTb no popmyne
Ig =% { i mome) L , (22)

npmnyemMm nNpm HECKONbKMX MallMHaX noa HOMUHallbHbIM TOKOM cnenyet NoHMMaTb CyMMY HOMWHallbHbIX TOKOB BCEX
MaLlUUH.

7. PACYET NEPUOOUYECKOW COCTAB)1$|I-OLI.|,EI7I TOKA K3 OT CUHXPOHHbIX U
ACUHXPOHHbIX NEKTPOOABUIATENEN B NPOU3BOJIbHbIK MOMEHT BPEMEHMU

7.1. TOYHbIA pacdeT nepuoauyveckon coctaensowen Toka K8 oT CMHXPOHHBLIX M aCMHXPOHHBIX SreKTpoABUraTenen B
NPOU3BOSbHLIN MOMEHT BPEMEHU CriefyeT BbINOMHATbL MyTEM peELUEHUs cucTeMbl AnddpepeHumnanbHbIX YypaBHEHWI
nepexoaHbIX NPOLEeCCOB.



7.2. Tpun I'IpVI6J'IVI)KeHHbIX pacyeTax and onpegeneHna ﬂeVICTByI'OLLI,eI'O 3HaYeHNs NepnoanNvecKon CoCTaBnSLLEN TOKa
K3 ot CUHXPOHHBIX 3nekTpoasuraTenen B MNPOU3BOSIbHbIN MOMEHT BpPeMEHU MNpW paauanbHOM CXeMe UCMONb3YT
TUMNOBbLIE KPUBbLIE, MPUBEAEHHbIE HA YepT. 2.

7.3. MNpw npnbnmkeHHbIX pacyeTax aAns onpegeneHns 4encTByOLWEro 3Ha4eHNs nepuoanyeckon CocTaBnsoLLen Toka
K3 oT acuHxpoHHbIX anekTpogBuratenein B NpoOM3BOSIbHbIA MOMEHT BPEMEHW NpU paavanbHOW CXeme WCMonb3ytoT
KpuBble, NpuBedeHHble Ha 4YepT. 3. 3HaveHus nepuoamyeckon coctaensolwen Toka K3 B NpousBOMbHbLIA MOMEHT
BPEMEHMN OTHECEHbI K HaYanbHOMY 3Ha4YEHWNIO 3TOW COCTaBMALLEN, T.€.

{am
¥ T m-

N3meHeHMe nepuognyeckon cocrtaBnsowen Toka K3 oT acMHXpoHHbIX gBurateneun
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YepT. 3

YaaneHHoCTb ToukM K3 OT aCMHXPOHHOrO 3nekTpoaBuraTens XxapakTepusyeTcsl OTHOLUeHMEM [OEeNCTBYHLLEro

3HaYeHus1 MEPUOANYECKON COCTaBNALLEN TOKa 3TOrO 3reKTpoaBuraTens B HadanbHbli MOMeHT K3 k ero HoMuHanbHOMY
TOKY

; ~ Imag
5 T0(momg IP-,,I[ .
HOM

JencTBylollee 3HadYeHMe nepuoamdeckon cocTaenstowen Toka K3 B MpoOU3BONbHbII MOMEHT BpPEMEHW OT
ACMHXPOHHOTO 3NeKTpoABuraTens (IIEAH) (MM HEeCKOMNbKUX AaCUHXPOHHBIX JNEKTpPOABWUraTenen, Haxogdwuxca B
OOVHaKOBbIX YCITOBMSAX MO OTHOLWEHMIO K Touke K3) paccumTbiBaloT no dopmyne

Tl = ¥eul £ riom) {roma] 23)

8. PACYHET TOKOB HECUMMETPUYHbIX K3

8.1. CocTaBneHue cxemMm 3aMeLLeHns



8.1.1. PacyeT TOKOB HECMMMETPUYHBIX K3 BbINOMHAKT C UCMNOMb30BaHNEM MeToAa CUMMETPUYHbIX COCTaBNAOLNX.
Mpn aToM npegBapuTeENbHO HeOOXOAMMO COCTaBUTb CXEMbl 3aMELLEHMs npsMon, 06paTHOI7I n HyJ'IeBOl7I
nocnegoBaTenbHOCTEN.

8.1.2. B cxemy 3ameLleHnsa nNpsMon nocneaoBaTenbHOCTU OOMKHbI OGbiTh BBEAEHbI BCE 3NeMEeHTbl pacy4eTHON CXeMb,
npuyem npu pacyeTe HavanbHOro 3HayeHusi Toka HecMMMeTpuyHoro K3 aBTOHOMHbIE WCTOYHUKW, CUHXPOHHbIE U
aCVMHXPOHHbIE AreKTpoaBUraTenu, a Takke KOMMMEKCHasa Harpyska OoSmkHbl ObITb BBeAeHbl cBepxnepexoaHbiMu O4C un
CcBepXnepexogHbIMn COMPOTUBIEHNUSIMMU.

Cxema 3amelLeHus obpaTHOW nocrneaoBaTenbHOCTM Takke AOJPKHA BKITOYaTh BCE ANIEMEHThI pacyeTHow cxembl. [Mpu
atom J[C obpaTtHoi nocnegoBaTENbHOCTA CUMHXPOHHBLIX M @CUMHXPOHHBLIX MallWH, @ TakkKe KOMIMIEKCHOW Harpysku,
cnepyeT NpMHUMaTh paBHbIMU Hymo. ConpoTuBreHve obpaTHOW NocnefoBaTENbHOCTA  CUHXPOHHbBIX MalUuH criegyeT
NpMHMMaTb MO AaHHbIM KaTanora, aCMHXPOHHbBIX MALUUH - NPUHMMATb PaBHbIM CBEPXNEPEXOLHOMY COMPOTUBIEHUIO, a
KOMMMEKCHbIX Harpy3okK - B COOTBETCTBMM C Tabn. 1.

ConpoTtusrneHve obpaTHoW nocrnefoBaTenbHOCTN TPAHCHOPMAaTOPOB, PEaKTOpPOB, BO3AYLUHbIX U KabenbHbIX MUHUA
cnefyeT NPMHUMaTb PaBHbIM COMPOTUBIIEHUIO MPSIMOIA NOCe0BaTENbLHOCTY.

8.2. Pacuet TokoB ogHodasHoro K3

8.2.1. Ecnu anekTpocHabxeHne aneKkTpoyCTaHOBKN HanpskeHnem 4o 1 kKB ocyluecTBnseTcs OT SHEProcucTeMsl Yepes
MOHWXaKLWMN TpaHcdhopmaTop, TO HayYanbHOE 3HayYeHne MNepuoaMyeckon cocTaBnswolen Toka opgHodasHoro K3 ot

1
CUCTEMbI (IED:,:' ) B KUIoamMnepax paccynTbiBaloT Nno oopmMyrne

"‘-EUcp HH

J(E*’iz +mg )+ eng +xg)

! E,,lj:' = , (24)

roe .?"IE n XIE ONpeaensoT B COOTBETCTBUM C N.3.2 HACTOALLEro CTaHAapTa;

?"DE n XDE - CyMMapHoe aKTuBHO€ U CyMMapHOE€ UHAOYKTUBHOE COMNMPOTUBIIEHUA HyJ'IEBOﬁ nocnenoBaTesibHOCTU
pacyeTHOW CXeMbl OTHOCUTESNBHO TOYKM K3, MOm. 3Tn CconpoTuUBIIEHNA paBHbI:

T S Tt rTa e T Y i T e T 0en T
MEoz T e TR TATA YA T A T X0 T Xoen
rae .?"|:|T n XDT - aKTUuBHO€ U WHAOYKTUBHOE COMNPOTUBIIEHUA HyﬂeBOVI nocnepnoBaTesibHOCTU NMOoHMXawLwero
TpaHcdopMaTopa;

PO W A0 - @aKTMBHOE U MHAOYKTUBHOE CONPOTUBNEHNA HyJ'IeBOIZ nocnenoBaTesibHOCTU WWMHONPOBOAA,
Fops W AQggs - @KTMBHOE U MHOYKTUBHOE COMPOTUBIIEHUA HyﬂeBOIZ nocnegoBaTenbHOCTU kabens;

Pogm M XQgm - AKTMBHOE W WHOYKTMBHOE COMPOTWBIIEHWS HYNEBON MOCNEeAOBATENbHOCTW BOBAYLUHON NMHWM
= o
(T0rn = lan Roen ™ S %¥gm)-

8.22. B ONeKTpOoyCTaHOBKax C aBTOHOMHbIMUA WCTOYHMKAMM JSHeprnn HadvanbHOEe 3HadeHue nepmo,qmqecr(oﬁ

. 1
cocTaBnsoLern Toka ogHodasHoro K3 (fll.:mj) B KMnoamnepax paccymTbiBaloT no hopmyne



3E
I I':[L:' = ¢ , (25)

*./(2”13 +mg) +(2ng + 1z )

I
roe E¢ - 9KkBuBaneHTHas cBepxnepexogHas J3LOC aBTOHOMHbLIX WCTOYHMKOB, B, koTopyto onpegensot B
cooTBeTCcTBUN C N.3.4.

3HaveHus Fi= ¥ X|x ONpenensioT B COOTBETCTBUU € N.3.4, @ Fy= W Xgm -non.8.2.1.

8.2.3. HavanbHoe 3HayeHWe nepumoaMyeckon CocTaBnsllen Toka opHodasHoro K3 ¢ y4eToM CUHXPOHHBIX W
AaCMHXPOHHbIX 3MeKTpoaBMraTenei B kunoamnepax paccymTbiBaloT, Kak yka3aHo B 11.8.2.2.

8.2.4. lNpn HeobxoaMMOCTM onpedeneHns Nepuoanyeckon CocTaBnsiiolen Toka ogHodasHoro K3 B nponsBonbHbIv
MOMEHT BpEMEHN NPUMEHSAIOT METOALI pacyeTa, NpuBeaeHHbIe B pasd. 2,6 n 7.

8.3. Pacuet TokoB aByxdasHoro K3

8.3.1. MNpu anekTpocHabXeHUN INEeKTPOYCTaHOBOK HarnpshkeHnem 0 1 KB OT 3Heprocuctembl Yepes3 MOHVKaoLWni

. . 2
TpaHcgopMaTop HayanbHoe 3HayeHWe MepuoANYEcKoil cCocTaBnstole Toka AByxdasHoro K3 (frlimj) B Kuroammnepax
paccunTbIBalOT No oopmMyrne

1@ - Uop HH

2 7
“NE * iy

(26)

roe

Am =r'r+rp+rTA+rKB+rm+rrc+r1rcﬁ+'rlnn+ru’f23

Mp =% Pt xptxppy Y g ¥ an X t X

8.3.2. B oanekTpoycTaHoBKax C aBTOHOMHbIMW WCTOYHUKAMW 3HEPrUM HavarbHOE 3HAYeHWe MepuoanyecKomn

. 2
cocTaensaLLel Toka aByxdasHoro K3 (frlzmj| ) B KUoamnepax paccyuTbiBaloT No dyopmMyrne

f3E}
) Sl B (27)

7, 2
2Nz T Az

8.3.3. HauanbHOe 3HadeHue nepuoauyveckon cocTaBnslolwen Toka AByxdasHoro K3 ¢ y4yeToM acMHXPOHHbLIX

I:f 2)

anektpoasurateneii & AL /B kunoamnepax paccunTbiBaloT No popmyrne

mil TS 5
24/7 +xim

- -
roe E¢E - akBMBaneHTHas JC ACUHXPOHHbBIX 3rekTpoaBUuraTenen n UCTOYHMKa SNeKTPO3Hepruu, B;

3B}
! ) i (28)

Fim U X{x - CyMMapHble akTMBHOE U MHAYKTUBHOE COMPOTMBIIEHUSI OTHOCUTENbLHO ToukM K3 (C yyeToMm napameTpos
aCVHXPOHHbIX anekTpoasuratenen), MOMm.



8.3.4. HavanbHoe [OencTBylollee 3HaYeHVWE MepuoauyvecKkon cocTaBndawlwen Toka aByxdasHoro K3 ¢ yyetom
CMHXPOHHBIX 3NEKTPOABUraTernen B Kunoamnepax onpeaenstoT, kak ykasaHo B n.8.3.3.

8.3.5. MNpn HeoGxoaAMMOCTU onpedeneHns NeprvoanyYecKon COCTaBnALWEN Toka AByxdasHoro K3 B nNpou3BOsbHbIi
MOMEHT BpeMEHN NPUMEHSIIOT MeTOAbl pacyeTa, NpuBeAeHHbIe B pa3a. 6 1 7.

NPUNOXEHWE 1

Pekomengyemoe

PACYET COMNPOTUBNEHWIA LULMHOMPOBOAOB

1. Heobxogumble ans pac4yeToB TOKOB K3 napamMeTpbl LWMHONPOBOAOB MOryT OblTb B3ATbl U3 HOPMAaTUBHO-

TEXHUYECKON AOKYMEHTauuMu Unu nony4deHbl pacyeTHbIM MeTodoM. [MapameTtpbl wwuHonposogos cepumn LWMA n LLUPA
JaHbl B Tabn. 3.

AKTUBHOE COMPOTUBMEHNE OAHON hasbl WMHoNposoda (Fy; ) B MURNIMOMax nNpu Temneparype 1} paccuMTHLIBAIOT MO
dopmyne

POT+® ;
=0 - 107, 29
W By T+ Sy A (29)

. 2
roe &g - yoenbHoe conpoTUBIeHNe MaTepuarna LWWHbI NPY HOPMUPOBAHHO TemnepaType "'-?'m:upm, Om-MM ~ /m;

f“'mpm - HOPMMPOBaHHasi TemnepaTypa, NP KOTOPOK 3a4aHo yAernbHoe conpoTueneHue, °C;
! - pnvHa WuHbI ogHoM dasbl, M;

& - ceYyeHue WnHbl, MM

T - nocTosHHas, 3aBUCALLAs OT mMaTepuana npoBogHuka, °C: Ans TBEPAOTSHYTON mean I =242 °C; ans
OTONOKEHHOM Mean . =234 °C; ansi antoMuHus 4 =236 °C;

K.u' KO3 pMUMEHT [06aBOYHbIX MOTEPb, YYUTbIBAKOLLUIA BNWSIHUE MOBEPXHOCTHOro addekTa, addekTa
6nu3ocTu, a Takke [06ABOYHbLIX NOTEPL OT PACMONOXKEHHbLIX BONN3N METaNNMMYeECKMX 3NIEMEHTOB.

3HayeHne koapduuneHTa [0OABOYHLIX MOTEPL MOXHO OLEHWUTb WUCXOOS W3 pe3ynbTaToB 3KCMEePUMEHTasbHbIX
nccrnenoBaHuii TOKOMPOBOAOB aHANOMMYHbIX KOHCTPYKLMIA UM paccuuTaTb (MprbnunautensHo) no opmyne

K.T.l: = K&KE KIB )

rae KEI'- - KOSCbeMLI,MeHT, y‘-MTbIBa}OLIJMIZ n3MeHeHne TemMmnepaTypbl LWNHbI (3Ha‘-IeHVI$| KE'- npuBeaeHbl B NpUNoXxeHnm
3);

Kﬁ - KO3 PULMEHT BnnsocTy;
Km - KO3 PULMEHT NOBEPXHOCTHOIO achdekTa.

Tabnuua 3

MapameTpbl KOMMEKTHbIX WMHOMNPOBOAOB



Twn wuHonpoBoga HomuHansHoe HomuHanbHbil TOK, | ConpoTuBneHue ConpoTuBnexue
HanpskeHue, KB A dasbl, MOM/M HyneBoro
NPOBOAHNKA,
MOM/m

q | Frm Xem
LLIMA4-1250 0,38/0,66 1250 0,034 0,016 0,054 0,053
LLIMA4-1600 0,38/0,66 1600 0,030 0,014 0,037 0,042
LLIMA4-3200 0,38/0,66 3200 0,010 0,005 0,064 0,035
LLIMAG8I 0,38/0,66 2500 0,020 0,020 0,070 0,045
LLIMAG8I 0,38/0,66 4000 0,013 0,015 0,070 0,045
LLIPA73 0,38 250 0,210 0,210 0,120 0,210
LIPA73 0,38 400 0,150 0,170 0,162 0,164
LIPA73 0,38 630 0,1 0,13 0,162 0,164

3HayeHusa koachbpuumneHToB Kﬁ " Km ONS MeOHbIX U antOMUHUEBLIX LWMH 3aBUCAT OT pa3MepoB MOMNEpPEYHOro
CeYEeHUs, pacroNnOXEHUst U Yyucna WKuH. [Ona oguHOYHBIX LWUWH NPSMOYrONbHOMO CEeYEHUs, UMEIOLMX pasmepbl 25 3-
100*%10 MM, Npu pacnorioXeHun LWKH "Ha pebpo" 3HauyeHus koadpduLneHTa Krla coctaensoT 1,02-1,1. 3HaveHus

KoadhpuumneHTa KIEI ONA NakeToB WWH onyCkaeTcda NpuHMMaTh Kak anda OANHOYHbIX LWNH.

KoadhdpmumeHT gobaBoyHbIX NOTEPb K.u ONa antoMUHMEBbIX WKH ceveHreM 100 10 MM 2 B 3aBMCMMOCTM OT Yucna
WMH # OOMXeH MMEeTb criegylolme 3HadeHus: npy # =1 Kﬂ *1,18; npn # =2 Kﬂ #=1,25; npn # =3 Kﬂ *1,6; npn

2=4 Kﬂ 7172,

[Mpu npoknagke LWMHONPOBOAA B ranepee wnu TyHHene koadpdmumeHT obaBoyHbIX NoTepb cneayeT 6paTe Ha 0,25
6onblue, Yem Mpu ero NPoKNagKke Ha OTKPLITOM BO3AYXe.

2. IHOyKTMBHOE COMPOTUBIEHNE MPAMOW NoCneaoBaTenbHOCTM askl WHoNposoaa ( Xiyy ) B MUNIIMOMax Ha MeTp
paccuuTbiBaloT No opmyne

T = 0,1451g (30)

{1y
roe ¢ - paccTosiHMe Mexay LUMHaMU, M;
E[ - CPeAHee reomeTpuYecKoe paccTosiHNE, M, paccynUTLIBaeMOe Mo OJHO 13 NPUBEAEHHLIX HKe (DOpMYIT:
1) ANS LWKHBI NPSIMOYTONbHOIO CeYeHUs!

roe & n & - pasavepsbl CTOPOH NPSAMOYTOMNLHUKA;

2) Aansa WhHbl KBaApaTHOIo cevYeHna:



g =045k,

rne £ - pasmep CTOpOHbI KBaApaTa;

3) Ana Tpyb4aTon LWNHBLI KBaAPaTUYHOIO CeYeHus

gq =0.58Ck, |

roe E:'Bm - pasmep HapyXHOW (BHELUHEeN) CTOPOHbI KBaApaTHOMO CeYeHus;

' - ko3acbULIMEHT, 3HAYEHMS KOTOPOTO JOMKHLI COOTBETCTBOBATL NPUBEAEHHLIM B Tabn. 4.

3HauveHus koacpcpuuymeHta

OTHoOLEeHNe BHYTPEHHEero paguyca pr6b| Kpyrnoro

3HaudeHune koachpuumeHTa

CEYEHMs K BHELLHEMY paguycy Unv BHYTPEHHEeR CTOPOHbI i
TpyObl KBAOPATHOIO CEYEHUsI K BHELLHEW CTOPOHE
0,1 0,78
0,2 0,79
0,3 0,81
0,4 0,83
0,5 0,85
0,6 0,88
0,7 0,91
0,8 0,94
0,9 0,97
1,0 1,00

Tabnuua 4

CpefHee reomMeTpuyeckoe pacctosiHie g AJs NakeTa WKWH MOXHO paccuuTaTh Mo credylolwmum opMynam:

1) ANs OBYXNOMOCHOrO NakeTa:

g = +[0,22(& + B)dik |

roe £ u & - cOOTBETCTBEHHO TOMLUMHA U LIMPUHA OJHOW MOMOCH! LWKHBI (CM. YepT. 4), MM;

¢f - paccTosiHue Mexay NPOAONbHLIMI OCAMM (LIEHTPAMM MAcC) CEUEHNI LUMH NakeTa (CM. YepT. 4), MM;

¥ - k03(PPULMEHT, 3aBUCSLLMIA OT OTHOLLIEHNS cflg Jr"}'z , €ro onpeaensoT No KPUBOKW, NMPMBEAEHHOW Ha YepT. 4;

2) Ans TpexmnoriocHoro naketa



In gg = %[3111 0,22(b +k + 2In dygkyy + 2ln daghgs + 2hn diskys )],

roe liflj , L’i23 n Eflg - pacCcToAHnA Mexay ueHTpamm Mmacc CEYEeHUN COOTBETCTBYIOLLMX LUMH NakeTa;

k1, k93 v k3 - koacbduumenTsi, 3aBucsiume oT oTHowenns ig fF, @z (k2 dy3 {h v onpenensembie no
KPMBON, NPUBEAEHHON Ha YepT. 4.

KoadbdpmumeHT * Ans onpeaeneHns cpeaHero reoMeTpUYecKoro pacCTosHUA MEXAY
LUMHAMM NPSAMOYrONIbHOrO CeYeHus

k | i
i —
20 “x\ < A 3
\\} Tigyd
1‘"‘!...‘__ (il
10

g 82 g4 go 08 din

Yepr. 4

3HaYeHMs CPeaHUX TeOMETPUYECKMX paccTosHui ( £ ) Hambonee ynotTpebrseMbix NakeToB WMH C 3a30pamMu Mexay
LUMHAMM, paBHbIMY TOMLUHE LUNHBI, 4OIMKHBI COOTBETCTBOBATL NPMBEAEHHBLIM B Tabn. 5.

Tabnuua 5

3HayeHUA g HEKOTOPbIX NAaKeTOB LUWH

CeueHune nakeTta, Mm 2 En.cm
2 (80X10) 153
2 (100X10) 3,0
2 (120X10) 3,45
3 (80X10) 2.99
3(100X10) 3,50
3(120X10) 3,95

3. B kayecTBe 0ONyCTUMON (pacyeTHoi) TeMnepaTyphl Harpesa LUMHOMNPOBOAA B NPOAOMKUTENEHOM peXuMe creayeT
npuHuMaTh # =70 °C.

4. AKTMBHOE U MHOYKTUBHOE COMPOTMBIEHMA HYNEeBOW MOcrenoBaTerlbHOCTU dhasbl WuHonposBoaa (o W X[y ) B
MUNIMOMax Ha MeTp MPUHUMAIOT (OPUEHTUPOBOYHO)



I'Iapameprl Kabens ¢ antoOMMHMEBLIMU XUamu B antOMMHUEBOW 000MouKe

P = Am T e

Ko = (7.5 + 9.4 )2,

CevyeHue

2
kabens, Mm

ConpoTuBneHne TpexXKnnbHoro kabensa B antoMmMHMEBOM

obonoyke, MOM/M

=7 4174 o xn
3X4 9,61 0,092 10,95 0,579
3X6 6,41 0,087 7,69 0,523
3X10 3,84 0,082 5,04 0,461
3X16 2,4 0,078 3,52 0,406
3X25 1,54 0,062 2,63 0,359
3X35 11 0,061 2,07 0,298
3X50 0,769 0,06 1,64 0,257
3X70 0,549 . 0,059 1,31 0,211
3X95 0,405 0,057 1,06 0,174
3X120 0,32 0,057 0,92 0,157
31X150 0,256 0,056 0,78 0,135
3X185 0,208 0,056 0,66 0,122
3X240 0,16 0,055 0,553 0,107

MapameTpbl Kabens ¢ antoOMUHUEBLIMU XUaM1M B CBUHLLOBOM 060nouKe

CeyeHne

ConpoTuBrneHve TpexXKUbLHOro kKabens B CBUHLIOBOWM 000noyke,

kabens, Mm 2 MOM/M

R=n A T A i 0
3X4 9,61 0,092 11,6 1,24
3X6 6,41 0,087 8,38 1,2
3X10 3,84 0,082 5,78 1,16
3X16 2,4 0,078 4,32 1,12
3X25 1,54 0,062 3,44 1,07
3X35 1,1 0,061 2,96 1,01

Tabnuua 6

Tabnuua 7



3X50

3X70

3X95

3X120

3X150

3X185

3X240

0,769
0,549
0,405

0,32
0,256
0,208

0,16

0,06
0,059
0,057
0,057
0,056
0,056

0,055

2,6
2,31
2,1
1,96
1,82
1,69

1,55

0,963
0,884
0,793
0,742
0,671
0,606

0,535

Tabnuua 8

MapameTpbl Kabensa ¢ anNntOMUHUEBbIMM XUITaMU B HENPOBOASsLLEN 00004Ke

CeyeHune

2
kabens, MM

ConpoTuBneHne TPEXKUNBHOro kabensa B HENpPoBOAALLEN

obonoyke, MOM/M

=7 4174 o xn

3X4 9,61 0,092 11,7 2,31
3X6 6,41 0,087 8,51 2,274
3X10 3,84 0,082 5,94 2,24
3X16 2,4 0,078 4,5 2,2
3X25 1,54 0,062 3,64 2,17
3X35 11 0,061 3,3 2,14
3X50 0,769 0,06 2,869 2,08
3X70 0,549 0,059 2,649 2,07
3X95 0,405 0,057 2,505 2,05
3X120 0,32 0,057 2,42 2,03
3X150 0,256 0,056 2,36 2,0

MapameTpbl Kabensa ¢ antoMMHUEBLIMU XXUTaMX B antoMUMHUEBON 06onoyke

CeueHune ConpoTuBneHne YeTbIpeXKUbHOro kabens B antoMUHUMEBOA
obonouke, MOM/M
kabens, MM
n=n ES ! | &7

3X4+1X2,5 9,61 0,098 10,87 0,57

3X6+1X4 6,41 0,094 7,6 0,463

3X10+1X6 3,84 0,088 4,94 0,401
3X16+1X10 2,4 0,084 3,39 0,336
3X25+1X16 1,54 0,072 2,41 0,256

Tabnuua 9



3X35+1X16

3X50+1X25

3X70+1X35

3X95+1X50

11
0,769
0,549

0,405

0,068
0,066
0,065

0,064

1,93
1,44
1,11

0,887

0,232
0,179
0,145

0,124

I'Iapameprl Kabensa ¢ antoMMHMEBLIMU XUNamMmn B CBUHLOBOW 060no4ke

CeyeHune

2
kabens, Mm

COI'IpOTMBJ'IEHVIe YeTbIPpEXKUNBbHOIO kabensi B CBMHLOBOM

obonoyke, MOM/M

177 a7 il n

3X4+1X2,5 9,61 0,098 11,52 1,13

3X6+1X4 6,41 0,094 8,28 1,05
3X10+1X6 3,84 0,088 5,63 0,966
3X16+1X10 2,4 0,084 4,09 0,831
3X25+1X16 1,54 0,072 3,08 0,668
3X35+1X16 11 0,068 2,63 0,647
3X50+1X25 0,769 0,066 2,1 0,5
3X70+1X35 0,549 0,065 1,71 0,393
3X95+1X50 0,405 0,064 1,39 0,317
3X120+1X50 0,32 0,064 1,27 0,301
3X150+1X70 0,256 0,063 1,05 0,248
3X185+1X70 0,208 0,063 0,989 0,244

Tabnuua 10

Tabnuua 11

MapameTpbl Kabensa ¢ anNntOMUHUEBbLIMU XUTaMU B HENPoBoAsiLLEN 06004Ke

CeyeHne

2
kabens, Mm

ConpoTuBreHne YeTbIpexKnrbHOro kabens B HenpoBoasiLLen

obonouke, MOM/M

177 174 0 0

3X4+1X2,5 9,61 0,098 11,71 2,11
3X6+1X4 6,41 0,094 8,71 1,968
3X10+1X6 3,84 0,088 59 1,811
3X16+1X10 2,4 0,084 4,39 1,558
3X25+1X16 1,54 0,072 3,42 1,258




3X35+1X16

3X50+1X25

3X70+1X35

3X95+1X50

3X120+1X50

3X150+1X70

11
0,769
0,549
0,405

0,32

0,256

0,068
0,066
0,065
0,064
0,064

0,063

2,97
2,449
2,039
1,665

1,54

1,276

1,241
0,949
0,741
0,559
0,545

0,43

MapameTpbl Kabensa ¢ MegHbIMU XUnamm B cTaribHOW obonouke*

CeyeHne ConpoTusneHue TpexxkunbHoro kabens, MOm/m, npu
TOKOMPOBOASLLEN Temnepartype xunbl 65 °C
XUnbl, MM 2

n=n AT A o xn

3X6 3,54 0,094 4,07 1,69
3X10 2,13 0,088 2,66 1,65
3X16 1,33 0,082 1,86 1,61
3X25 0,85 0,082 1,38 1,57
3X35 0,61 0,079 1,14 1,54
3X50 0,43 0,078 0,96 1,51
3X70 0,3 0,065 0,83 1,48
3X95 0,22 0,064 0,75 1,45
3X120 0,18 0,062 0,71 1,43
3X150 0,14 0,061 0,67 1,41
3X185 0,115 0,061 0,65 1,39
3X240 0,089 0,06 0,62 1,36

2
* 3aseMrneHue BbIMNOMHEHO MeAHbIM NPOBOAOM ceyeHneM 120 mm

MapameTpbl Kabens ¢ MeAHbIMU XunaMmm B cTallbHOW 060No4Ke

CeuveHne ConpoTuBneHune YeTblipexkunnoHoro kabens, MOm/m, npu
TOKONpOBOASALLEN Temneparype xunbl 65 °C
XUIbl, MM
n=rn & T A o |
3X6+1X4 3,54 0,1 4,19 1,55
3X10+1X6 2,13 0,095 2,82 1,46

Tabnuua 12

Tabnuua 13



3X16+1X10 1,33 0,09 2,07 1,31
3X25+1X16 0,85 0,089 1,63 1,11
3X35+1X16 0,61 0,086 1,37 1,09
3X50+1X25 0,43 0,086 1,18 0,88
3X70+1X25 0,073 1,05 0,851
3X70+1X35 0,3 0,074 1,01 0,654
3X95+1X35 0,92 0,69
3X95+1X50 0,22 0,072 0,84 0,54
3X120+1X35 0,88 0,68
3X120+1X70 0,18 0,07 0,7 0,47
3X150+1X50 0,74 0,54
3X150+1X70 0,66 0,42
3X185+1X50 0,14 0,07 0,7 0,54
3X185+1X95 0,115 0,069 0,54 0,34
MapameTpbl Kabensa ¢ MeAHbIMM XXUNaMmu B CTanbHOW obono4ke
CeueHune ConpoTuBneHune YeTblipexkunnoHoro kabens, MOm/m, npu
TOKONpoOBOASALLEN Temnepartype xunbl 65 °C
XUMbl, MM
=" & T A o &0
4X6 3,54 0,1 4,24 1,49
4X10 2,13 0,095 2,88 1,34
4X16 1,33 0,09 2,12 1,14
4X25 0,85 0,089 1,63 0,91
4X35 0,61 0,086 1,33 0,74
4X50 0,43 0,086 1,05 0,58
4X70 0,3 0,073 0,85 0,42
4X95 0,22 0,072 0,66 0,35
4X120 0,18 0,07 0,54 0,31
4X150 0,14 0,07 0,45 0,28
4X185 0,115 0,069 0,37 0,27

YBEJNIMYEHUE AKTUBHOIO CONMPOTUBNEHUA KABEJEN

Tabnuua 14



3HayeHuns koadbduLmMeHTa, yUUTbIBAKOLLEro YBENNYEHNE akTUBHOIO CONPOTUBNEHNSA MeaHOro kabensa npy Harpeee ero
Tokom K3, onpemensioT B 3aBUCMMOCTM OT cedveHusa kabens, Toka K3 un npopomxkutenbHoctn K3 no kpuBbiM,
npuvBeaeHHbIM Ha YepT. 5 unn 6, a antoMnHMeBoro kabens - No KpMBbIM, NPUBEAEHHLIM Ha YepT. 7 unu 8.

3aBucumocTu KoachdpurumMeHTa yBenm4yeHUss akTMUBHOIO CONpoTUBIEHUA Kabernen pasHbIixX
ceyeHn ¢ MegHbIMM Xunamm ot Toka K3 npu npogomxkutensHoctu K3 0,2 ¢ (cnnowHble
nvHum) n 0,6 ¢ (NYHKTUPHBLIE NUHUN)
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YepT. 5

3aBucumocTtu koachdpuumeHTa yBenmieHMsa akTUBHOro CONpPoTUBIIEHUA Kabenen pasHbIX
ceyeHUn ¢ MeaHbIMM Xunamu ot Toka K3 npu npogomkutenbHoctn K3 1,0 ¢ (cnnowHblie
nvHUn) n 1,5 ¢ (NYHKTUPHbIE NIUHUN)



YepT. 6

3aBucumocTu KoachdpurumMeHTa yBeNM4eHUss akTUBHOIO CONpPOTUBIIEHNA Kabenen pasHbix
Ce4YeHUM ¢ anrMmuHueBbIMU Xxnnamm ot Toka K3 npu npopomxkutensHoct K3 0,2 ¢
(cnnowHble nuHUK) 1 0,6 ¢ (NYHKTUPHbIE NIMHWUK)
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3aBucumocTu koappuLmeHTa yBenIMYeHUs akTUBHOIO CONPOTUBNEHUS Kabenewn ¢
antoMuHueBbIMU Xunamm ot Toka K3 npu npogomkurenoHoctn K3 1,5 ¢ (cnnowHbie nMHum)
1 1,0 ¢ (NYHKTUPHbIE NINHUMN)
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YepT. 8

JaHHble, ykaszaHHble Ha 4epT. 5-8, nony4veHbl Npy creyowmx pacyeTHbIX ycnoBusix: K3 npoucxoaut B pagvanbHoin
cxeme, cogepxallen BeTBb (TpaHcdopmaTop, kabenb) C UCTOYHUKOM HendmeHHon no amnnutyae 3AC;

Temnepatypa kabens nameHseTcs o1 . =20 °C o ﬂmn_K =200 °C,

npogomkutensbHocTb K3 ({,m ) coctasnseT 0,2; 0,6; 1,0; 1,5 ¢.

TemnepaTypy Harpesa kabens onpenendarT C NOMOLWbK YypaBHEHUA Harpesa OOHOPOAHOro npoBOAHMKA NpU
agmabaTnyeckom npotecce, I'Ip606PQSOBaHHOFO K BUay

as _ oy
dt

shgep |1+ ﬁ(ﬂg _.ﬂamw)

oo

roe fmf - TOK K3 K MOMEHTY BpeMeHU £, KA;

fg U Og - yfOenbHble conpoTveneHns, OM-M, maTepuana kabens npu Temnepatype & W HauamnbHoOM

HOpPMUpOBaHHOW TemnepaType "'-?'m:upm?



2
& - cevyeHue kabens, MM~ ;
3
M - MNOTHOCTL MaTepuana NPoOBOAHUKA, KI/M ™ ;
2
E - YyCKOpEeHuWe Cunbl TAXecTu, M/ic ™ ;
£ - yaenbHas TennoeMKocTb Matepuana kabens npu Temneparype "'-?'IZI = ﬁmq = ﬁmpﬂ , I/ (kr-K);

5 - TemnepaTypHbIit koacppuumeHT TennoemkocTu, 1/K;

¥ - TeMmnepaTtypHbI K03 ULMEHT yaenbHoro conpotuenexus, 1/K.

N3meHeHVe yoenbHOro  COMpOTUMBIIEHWS MaTepuana kabens  npy  MOBbLILEHWUN TemnepaTypbl onpeaensioT no
BbIPaXXEHMIO

fg = Ffg o,
roe
T+3
£g = ———.
T"'?.?’D

NPUNOXEHWE 3

PekomeHayemoe

PACYETHbIE CONPOTUBJIEHMA MPOBOAOB, MPOJIOXEHHbLIX OTKPbLITO HA
N30JTATOPAX, U NPOBOAOB BO3AYLWHbIX TUHNA

1. PacyeTHoe conpoTuBreHne npoBoaoB

1.1. AKTMBHOE COMpPOTMBIIEHUE MpPSAMOM NOCNefoBaTENbHOCTU OAHOM asbl MpoBoAHUKA (#) B MUMNMoOMax
paccuuTbIBatoT No opmyne

!

r=cgK, K pg E-m? (31)

roe g, - KO3 DULMEHT, y‘-WITbIBa}OLIJMﬁ yBenunyeHmne conpoTmeieHnsa ¢ NoBbllLEeHNeEM TeMnepaTypbl (CM. npunoXxexHune

2). B kauecTBe pacdeTHOW TeMmnepaTypbl HarpeBa Afsi NPOBOAOB C PE3UHOBOW W NNacTMacCcoBON U3onsumMen NpuHMMaT
=65 °C;

KC =1,02 - K0adhPULMEHT, YUNTLIBAKOLIMNIA YBENMYEHNE CONMPOTUBIEHNS MHOTOMPOBOMOYHbIX XXWIT MPOBOAOB U kabenewn

BCIEACTBME CKPYTKM. [lrsi OAHOMPOBOMOYHbIX NpoBofos K . = 1,0;

Km - KOa(ppULMEHT NOBEPXHOCTHOrO adpdrekta Npu nepeMeHHOM Toke. [1na MeAHbIX 1 antoMUHUEBBLIX MPOBOAOB
KO3 (PULMEHT NPUHUMAIOT PaBHBLIM €QUHULE;

oy - yenbHoe conpoTvBrieHne nposogda npu# = 20 °C. [Ins MegHbIX NPOBOJAOB o - 0,0178 OM'MME/M,



ANS anoMUHUEBbIX MPOBOAOB £ - 0,02994 OMm-MMm 2 m;

2
& - ceyeHune NpoBOJHMKA, MM ™ ;

{- pnuna npoBogHuka, M.

1.2. NHOYKTMBHOE COMPOTMBREHWE NPSIMOWN MocnefoBaTenbHOCTU (X ) oAHOM hasbl NpoBOAA KPYrioro ceyvyeHus B
MUAIMOMax Ha MeTp paccynTbIBaloT No hopmyne

cd
x=01451g —, (32)
°Rr

I

roe @ - pacctosiHue mMexay NpPoBOAHUKaMU, M;
Rn - paguyc NpoBOAHMKa, M.

1.3. Ecnn asHbin 1 HyJ'IeBOI;I NPOBOOHUKN BbINOJIHEHbI U3 KPYMMbIX NPOBOAOB OA4WMHAKOBOIo Ce4YeHna U NpPonoXeHbl
napannenbHO, TO MHOYKTUBHOE CONpPOTUBIIEHUE Lenun dasa - HyInb (X¢_H) B MUIIMOMax Ha MeTp pacCyUTbIBaAlOT Mo

dopmyne

Xy-g = 1L2%0g (33)

it
j‘j‘r:
Mpu npsmoyronbHOW hopme CedYeHus HyneBOro NPOBOAHWKA COMpPOTMBIEHWE uenu dasa-Hynb onpeaenstoT no
ceyvyeHnto asHoro NPOBOAHUKA.

1.4. AKTBHOE 1 NHOYKTUBHOE COMPOTUBMEHUS HYNIEBOW NOCNe0BaTENbHOCTU BO3AYLUHBIX NIMHUIA, UMEIOLLMX HYNEeBOW
NpoBOJ C NMOBTOPHbLIM 3a3€MMEHNEM, 3aBUCAT OT YMcra 3a3eMneHuin n koadurLmeHTa Ce30HHOCTHU.

Mpn onpegeneHnyn akTMBHOTO W WMHOYKTUBHOMO COMPOTMBIEHUMIA NeTnu pasHbii NpoBO4 - HYNEeBOW MNpoBOS
(”"43—1-[ ,x¢_H) UCMNOMb3YOT COOTBETCTBEHHO hopmynbl 31 1 33 nnu pacyeTHble OaHHble, NpuBeAeHHble B Tabn. 15.
AKTVBHOE W WHAOYKTUBHOE COMPOTMBIIEHUSI NETMM C MPOMEXYTOYHLIMU 33a3EMIIEHUSIMU ONPEeaensioT YMHOXEHUEM
pacyeTHbIX CONPOTMBIIEHNIA HA COOTBETCTBYOLLME MOMNPABOYHbIE KOI(PULNEHTDI KR " Kx B 3aBWCUMOCTM OT 4ymucrna

NPOMEXYTOYHbIX 3a3eMIEeHNN (## ), 4epT. 9, n Ha KO PULMEHT CE30HHOCTU Kcs (tabn. 16). 3HayeHunsa koapduumeHTa
KR Ha puc. 9a AaHbl NPU pasHblX Ce4YEeHNSX NPOBOAOB NeTnu - asHoro (ykasaHbl B YNCNIUTENE) U HYNEeBOro (ykasaHbl B

3HameHaTene), a Kx Ha puc. 96 - Npu pasHbIX CEYEHUSIX HYNEBOIO U NIOOLIX CeYEHMAX ha3HOro NPoBOAaA.

MonpaBoyHbie ko3dpcbuumeHTbl (£p U X, ) K aKTMBHOMY M MHAYKTUBHOMY
CONpPOTUBIEHUAM neTnu "d¢a3oBbi NPOBOA - HYNIeBOM NPOBOA BO3AYLHOW FINHUN"
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MpumeyaHmns:

1. Ha BepxHem PUCYHKE cnpaBa OT KPpUBbIX AaHbl CE€4EeHUA NMpoBOAOB MeTnn: B Yncnmtene - ¢a3oBoro npoeoga, B

3HamMeHaTene

- Hynesoro nposoaa.

2. Ha HwxHeM pucyHKe crnpaBa OT KPMBbIX AaHbl CEYEHWsI HYMNeBbIX MPOBOAOB METNU. AT KPMBbLIE MOXHO C
[OCTaTOYHOW TOYHOCTBIO UCMONb30BaTh NPY BCEX BO3MOXHBIX COHETaHUSX CeYEHMI (ha3oBOro U HyneBoro NPOBOOB.

YepT. 9

3HayeHusa conpoTUBNEeHus neTnu "c¢asHbIM NpoBoA - Hynesoun nposoa”

6e3 yyeTa 3a3eMNAIOLWMUX YCTPOUCTB

CeueHne AKTUBHOE (B YMcnuTene) n MHAYKTMBHOE (B 3HaMeHaTene)
asHoro conpoTueneHns netnu, MOM, Npu ceveHnn HyrneBoro NPoBOAaA,
npoBoaa, Mm 2 MM
16 25 35 50 70
368
16 — - - - -
0,68
2,98 2,28
25 — —_— - - -
0,67 0,66
1,59 1,70
35 - e e - -
0,65 0,64
173 1,44 1,18
50 - —_— -
0,64 0,63 0,62

Tabnuua 15



70 -

1,27

1,01

0,84

0,62

0,61

0,60

B
Mpu3Hakn KNMMaTM4eCKNUX 30H U 3HaYEeHUA Ce30HHOro KoaddpuumenTa £,

[aHHble, xapakTepusytoLme
KnnMaTtunyeckme 30Hbl, U TUN
NnpUuMeHAeMbIX 311eKTPOA0B

Knumatnyeckune 30HbI

1 \ 2 \ 3 | 4
1. KnumaTtunyeckue npmsHaku 3oH
1. CpefHsigs MHOroneTHAS (-15)-(-20) (-10)-(-14) 0-(-10) 0-(+15)

Temneparypa (siHeapb), °C

2. CpegHsast MHOroneTHsas
BbICLLIASA TemnepaTypa
(nionb), °C

(+16)-(+18)

(+18)-(+22)

(+22)-(+24)

(+24)-(+26)

3. MNpoJomKNTENbHOCTb 170 - 190 150 100 0
3amep3aHus BoA, CyT.
2. 3navetme koabduumenta K

4. BepTukanbHble aNeKkTpoabl 0,61 0,67 0,77 0,91
AnvHow 3 M npw rnybuHe
3anoXxeHnst ux BepLnHbl 0,7-
0,8m
5. To xe, npu anuHe 0,74 0,80 0,87 0,91
ANEeKTPOaoB 5 M
6. To xe, onsa 0,18 0,28 0,4 0,67
rOPU30HTarbHbIX ANEKTPOAOB
anvHon 10 m npu rny6buHe
3anoxenus 0,7-0,8 m

* Ce30HHbIN  KO3(PULMEHT OnNpeaensieT CHWXEHWE COMPOTUBIIEHUSA MO

conpoTtuBrieHnemM B CE30H NpomMep3aHna U BblCbIXaHUA.

Tabnuua 16

CpaBHEHNIO C MaKCcMMalbHbIM

NPUNOXEHVE 4

Pekomengyemoe

PACYET COMNPOTUBNEHNA KOHTAKTOB U KOHTAKTHbIX COEAUHEHUA

3HayeHns1 NepexoaHbIX COMPOTUBIEHWUIA KOHTAKTHbIX COEAMHEHUI kabenen, pasbeMHbIX KOHTAaKTOB KOMMYTaLMOHHBLIX
annapaToB W LUMHOMPOBOAOB B MUIMMOMaX NPUBEAEHbI COOTBETCTBEHHO B Tabn. 17-19.

ConpoTuBNEeHNA KOHTAKTHbIX COeauHEeHNn Kabenen

CevyeHue 16 25 35 50 70 95 120 150 240
anoMUHMEBOro

kabens, MM2

ConpoTusneHue, 0,085 | 0,064 | 0,056 | 0,043 | 0,029 | 0,027 | 0,024 | 0,021 | 0,012
MOm

Tabnuua 17



COHpOTVIB.ﬂeHVIﬂ KOHTAKTHbIX COeAUHEHUN wmHonpoBoAoB

HomuHanbHbIn TOK, A 250 400 630 1600 2500 4000
Cepus WwmHONpoOBOAOB WPA-73 | WPA-73 | WWPA-73 | WUMA-73 | LULMA-68H | LLUMA-68H
ConpoTuBneHue 0,009 0,006 0,004 0,003 0,002 0,001
KOHTaKTHOrO coeaMHeHus,

MOm

Tabnuua 18

Tabnuua 19

MpubnuxxeHHble 3HAYEeHMUA CONPOTUBIIEHUN Pa3beMHbIX KOHTAKTOB KOMMYTaLMOHHbIX
annapatoB HanpsikeHuem ao 1 kB

HomuHanbHbIN TOK

AKTMBHOE COMpOTUBIEHNE, MOM, pasbeMHbIX COeANHEHUI

annapaTa, A
aBTOMaTUYeCcKoro pybunbHuka pasbeguHUTEns
BbIKNOYaTens

50 1,30 - -

70 1,00 - -
100 0,75 0,50 -
150 0,65 - -
200 0,60 0,40 -
400 0,40 0,20 0,20
600 0,25 0,15 0,15
1000 0,12 0,08 0,08
3000 - - -

NAPAMETPbI U3MEPUTEJIbHbIX TPAHC®OPMATOPOB TOKA

NPUNOXEHWE 5

CnpaBouHoe

Mpwn OTCYTCTBUM OAHHbIX N3roTOBUTENA 06 MHOYKTUBHbIX ( KT h ) N aKTUBHbIX (-?"I‘_‘r.-!L ) ConpoTuBIEHNAX N3MepUuUTerbHbIX
TpaHcopmaTopoB TOKa [onyckaeTcd ncnonb3oBaTtb 3Ha4eHUA, NnpuBeaeHHbIe B Tabn. 20.

Tabnuua 20

ConpoTMBeHusi NnepBUYHbIX 06GMOTOK MHOFOBUTKOBbLIX TPAaHC(hOpMaTOpPORB TOKa

KoadppmumeHT
TpaHcopmauum
TpaHcdopmaTopa Toka

ConpoTuBrneHve NepBUYHON 0GMOTKM

MHOFOBWTKOBOTO TpaHcgopmMaTtopa, MOM, krnacca
TOYHOCTH

1

3




1 fra Fra ra
20/5 67 42 17 19
30/5 30 20 8 8,2
40/5 17 11 4,2 4.8
50/5 11 7 2,8 3
75/5 4,8 3 1,2 1,3
100/5 2,7 1,7 0,7 0,75
150/5 1,2 0,75 0,3 0,33
200/5 0,67 0,42 0,17 0,19
300/5 0,3 0,2 0,08 0,088
400/5 0,17 0,11 0,04 0,05
500/5 0,07 0,05 0,02 0,02

NPUNOXEHWE 6

PekomeHayemoe

COMNPOTUBNEHUE KATYLLEK ABTOMATUYECKWX BbIKIMIOYATEJEN

Mpy OTCYTCTBUM AaHHBIX U3roToBUTENER 06 WHAOYKTUBHBIX (&g ) W aKTUBHbIX (P3g ) COMPOTUBMEHMSIX KaTyLlek

pacuenuTenen U nepexofHbIX CONPOTUBIIEHUSX MOABWMXHbBIX KOHTaKTOB aBTOMAaTUYECKMX BbiKMovaTenen gonyckaercs
MCMOMnb30BaTb 3HAYEHMS 3TUX CONMPOTMBMNEHWUA, MPpUBEAEHHbIE B Tabn. 21.

Tabnuua 21

COI'IpOTVIB.HeHVIﬂ KaTylweK N KOHTAaKTOB aBTOMaTU4YeCKUX BbIKNnoYartenemn

HomwuHanbHbIN TOK ConpoTuBrneHne KaTyLwKn 1 koHTakTa, MOm
BblKMovaTens, A

h: 3
50 7 4,5
70 3,5 2
100 2,15 1,2
140 1,3 0,7
200 11 0,5
400 0,65 0,17
600 0,41 0,13
1000 0,25 0,1
1600 0,14 0,08
2500 0,13 0,07




4000 01 0,05

Mpumevanne. B Tabnuue ykasaHbl CyMMapHble COMPOTUBMEHWS KaTylleK W KOHTaKTOB aBTOMAaTMYECKUX

BblkntovaTenen (cepun A 3700 "SnekTpoH" 1 BA), ANs KOTOPbIX 3T CONPOTUBIIEHNS 3aBUCAT OT MX HOMWHAMbLHOMO TOKa Y
He 3aBUCAT OT TUMa BbIKNoYaTeNs.

MNPUNOXEHWUE 7

PekomeHgyemoe

PACYET NAPAMETPOB ACUHXPOHHbIX 3NEKTPOOBUIATENEN

lMpn pacyete nepuoamdeckon cocTtasndwwen Toka K3, obycnoBneHHOro acuHXpPOHHbIMU 3neKTpoaBUraTensamm
HanpsxeHunem 0o 1 KB, H606X0,D,I/IMO Y4NUTbIBaTb HE TOJTIbKO X NHOYKTUBHbIE, HO U aKTUBHbIE COMPOTUBIIEHUA.

CymmapHOe aKkTVBHOE COMPOTUBIIEHUE, XapaKTepu3yloLLlee acUHXPOHHbLIA 3NeKTpoABuUraTernb B HayarnbHbIA MOMEHT

K3 (rgﬂ ) B MUAMIMOMAaXx paccymTbiBaloT no hopmyne
Fam =0 +0,9672, (35)

rae 4 - aKTMBHOE compoTuBIieHMe cTaTopa, MOM;

=1 =1

2 - aKTMBHOE conpoTuBreHne poTopa, NpusegeHHoe K cTaTtopy, Npyu 3ToM 72 B MUNNUMOMAX paccyUTbIBAKOT MO
dopmyne
036 M (Fow ¥ ) )
e
F1 = 77 107, (36)
I Lo (1~ Syom )
+

- KPaTHOCTb MYCKOBOIro MOMeHTa aJfiekTpoasuratena no OTHOLWEHUIO K ero HOMMHarbHOMY MOMEHTY;

- HOMUHarnbHas MOLLHOCTb 3neKkTpoasurartens, kBT;
Pm - MexaHu4eckue noTepu B aneKkTpoasuraTtene (Bkrovas 4ob6aBoyHble notepw), KBT;

AFH - KPaTHOCTb MYCKOBOIo TOKa anekTpoaBuratTend rno OTHOLWWEHUIO K ero HOMUHaribHOMY TOKY;

*

me - HOMUHanbHBI TOK anekTpoasuratens, A;

Exoy - HOMUHArNbHOE CKOJTbXXeHue, OTH.el.

AKTMBHOE COMpOTMBIIEHME CcTaTopa anekTpoasuraTens (-?1) B MuUnnnomax, ecnim OHO He 3adaHO U3roToBUTENEM,

paccunTbIBaOT No hopMyrne



UE

_ Smom ., “rom ©9F Penm 37)
100 P

rAe &yqp - HOMUHaNbHOE CKONbXeHNEe aCMHXPOHHOIO aneKTpoaBuraTens, %.

o
CBepxnepexon,Hoe WHOYKTUBHOE COMpoTuBII€eHME aCUHXPOHHOroO J3reKkTpoasuraTend (x‘ﬁiﬂ) B Munnmomax

paccunTbiBatoT No opmyne

)
.x;hﬂ — ¢I.HEIH '103

2
TAD (38)
f*n Ly

roe U@II{DH - HOMMHarnbHOe ha3Hoe HanpshKeHne anekTpoasuratens, B.

NPUNOXEHWE 8

PekomeHaoyemoe
NAPAMETPbI KOMMNEKCHOW HAIFPY3KU

1. B coctaB KOMMMEKCHOW HarpyskM MOryT BXOOWUTb aCWMHXPOHHbIE W CUHXPOHHblE 3SMeKTpoaBUraTeny,
npeobpa3oBaTenu, aNeKTPOTEPMUYECKME YCTAHOBKM, KOHAEHCATOPHble BaTapeu, Namnbl HakanMeaHws 1 rasopaspsigHbie
WCTOYHMKM cBeTa.

2. lNpv onpegeneHMn HavanbHOro 3Ha4YeHNs NepruoanYecKon cocTaBnsioLien Toka K3 KOMNeKCHyo Harpysky B CXemy

o o o I
npsIMON MocnefoBaTeflbHOCTU credyeT BBOAWTHL 3KBMBANEHTHOW cBepxnepexogHon JC EHI" N COMpPOTUBIIEHNEM
npsiMoO MocnegoBaTenbHOCTH ElHl"' a B cxemy OOpaTHOM M HyneBOW MOCHefoBaTeNbHOCTEN - COMPOTMBIEHUSMU

06paTHON Lol 1 HYNeBol gy NOCnefoBaTenbHOCTEIR.

3. 3HaueHns Mopyneil MONHbIX CONPOTUBNEHUA i, SaHT W Z(HT, @ Takke SKBUBANEHTHO! CBEPXMEPEXOAHOI

o “
O[1C KOMMMEKCHON Harpysku EHI" B OTHOCWUTENbHBIX €AUHMLAX NPy OTCYTCTBUWN OPYrvX, 6onee nomnHbiX AaHHbIX, MOTyT
ObITb onpegeneHbl MO KpuBbIM, NpuBeAeHHbIM Ha 4epT.10 M 11 B 3aBMCMMOCTM OT OTHOCUTENBLHOTO COCTaBa
noTpebuTenen yana Harpysku P; J’PE, roe PE - CyMMapHasi HOMMHanbHasi akTMUBHas MOLLYHOCTb Harpysku, KBT; E; -

yCTaHOBJ1IEHHasA MOLWHOCTb I I'IOTpe6MTeJ'I$| Harpysku, KBT (i*D HH - ACUHXPOHHbIE ABUraTenu, lf CH - CUHXPOHHbIE
Fnu Puay Far
asuratenu, * . - JaMnbl HaKannBaHWA, * - SﬂeKTpOTepMI/ILIeCKI/Ie yCTaHOBKVI, Bl - rasoHanosiHeHHble

+
namnel, i*D I npeobpasoBaTenu).

3aBUCUMOCTb NapaMeTpPoOB KOMMNMEKCHOW Harpy3ku
Z\ur, Z9ur, ZgHr, Sur oT ee cocTaBa
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3aBucummocTb napameTpoB KOMMNeKcHOWn Harpy3ku
ElHl"! EEHI"! EI:IHI_" EHI" OT ee coCTaBa
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ConpoTtuBrnieHne npsimoii (oGpaTHoW, HyneBoR) nocriegoBaTenbHOCTU ‘*ZIHFI-IDH(E IHT oM, %DHTH:.H) B
+

OTHOCUTENbHbIX eAnHNLaX NpU HOMUHalbHbLIX YCNOBUAX OOMNYCKAEeTCA pacCyYnUTbiBaTb No q)opmyne



n
> : (39)
— 2 2
=1 Ay +
rae M; W X); - aKkTMBHas W WHOYKTVWBHas COCTaBMAloLIME COMPOTUBMEHUS npsmon (oBpaTHOW, Hyneson)

nocregoBartenbHOCTU I -ro noTtpebuTens, BKMOYasi COCTABMSIOWME COMPOTMBIEHUS] SNIEMEHTOB, CBA3bIBAOLLMX
notpebutens ¢ wuHamn y3na (Ao 1 kB); MX 3HayeHuss B OTHOCUTEMbHBLIX eauHUuax npu CymMMapHOW HOMWHanNbHOW

MOLLHOCTH SE’ KB/A, 1 cpegHeM HOMMHANBHOM HaMpsXKEHUM TOW CTYNEHW HaMnpPsPKEHUs CeTu, rae OHa NpucoeauHeHa,
npveefeHsl B Tabn. 1;

5 - nonwas YCTAHOBMEHHast MOLLHOCTb i -f0 MOTPeBuTens Harpysku, KB-A.

MNPUNOXEHWME 9

PekomeHgyemoe

YYET BIIMAHUA AKTUBHOI'O CONPOTUBIIEHUA AYTU HA TOK K3

1. Yuet anektpuyeckon ayrm B mecte K3 pekomeHOyeTcsi NpoM3BOAWNTL BBEAEHWEM B PACYETHYI CXEeMY aKTUBHOIO
COMPOTUBNEHUS Byrvt Fy; .

2. MNMepexogHoe aKTMBHOE COMPOTMBREHWE ayrn B mecte K3 (r‘u) B MWUNIIMOMax 3aBUCUT B OCHOBHOM OT Toka K3 un

ONWHbI Yy N paccynTbiBaeTcAa no cbopmyne

L =16£

. (40)
0,85
Inpe

roe fmu- HavanbHOe [AEWCTBYKLLEE 3HA4YeHWe MepuoauYecKkon cocTaBnsiowen Toka B mMecte K3, KA,

onpegendemMmoe C y4eToM COonpoTUBIIEHUA OYTU;

fu - ANVIHA Ay, CM, KOTOPast MOXeT ObITb NPUHATa PaBHOMN:

fp=4% npn a <5 mwm;
1; =20 4l %e‘wrz 72 non @ = (5+50) wm;

{

oo npu ¢ » 50 mm,

rae = 1 Xx - COOTBETCTBEHHO CyMMapHOE aKTUBHOE U CyMMapHOE MHAYKTUBHOE conpoTueneHus uenm K3, MOwm;

¢ - paccTosiHue mexay asaMmm NPOBOAHUKOB, MM.

[Ons anektpoyctaHoBok 0,4 kKB akTMBHOE CONPOTUBIEHME ANEKTPUYECKON AYrM MOXET ObITb ONpeaerneHo no KpyBbIM,
npuvBeaeHHbIM Ha YepT. 12-22.

Ha 4epT. 12-21 npencTtaBneHbl pacdeTHble KpMBble 3aBUCUMOCTU aKTUBHOIO CONpOTUBIIEHUA OYrn .?"'11 OT nnowaaun



ceveHus (&) 1 ANVHBI anloMUHUEBOro Kabens (.-!’Kﬁ ), onpeaensieMoi PacCcTosiHUEM OT BbIBOAOB HU3LLErO HanpspKeHws
(0,4 kB) TpaHcdopmaTopoB pasnuyHon MoHocTn Ao MecTa K3. KprBble nocTpoeHbl ¢ ucnons3oBaHvem dopmynbl (40)
npu TpexdgasHom n ogHodasHom K3 1 npu *?.u =3

3aBucuMocTb ;= fis. g )

npu TpexdasHom K3 3a TpaHchopmaTopom
MoLlyHocTbIo 630 KB-A

o MO
!' lfj""f
)
250 - i‘-‘*‘?
m a1
7
7
L%
',f’ =~
& ffj/ j:"/ [1)
i P
[ /A 15
ff! L7 A
X 77
I/ 7 -
o | FATFR VA e
"y r 2 s
w4 A
7477
Nz
UL A
b
gsf

g 50 100 150 200 L, pa

YepT. 12

3aBucnMMoOCTb 7y = fi8, s )

npu TpexdasHom K3 3a TpaHchopmaTopom
MoLHOCTbLIO 750 KB-A
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3aBucuMocCTb ;= fis. g )

npu TpexdasHom K3 3a TpaHchopmaTopom
MowHocTbio 1000 kB-A
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3aBucnMMoCTb 7y = fi8, s )

npu TpexdasHom K3 3a TpaHchopmaTopom
MoLyHocTbIo 1600 kB-A
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3aBucuMocCTb 7y = fis. g )

npu TpexdasHom K3 3a TpaHcchopmaTopom
MowHocTbio 2500 kB-A
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3aBucuMocTb ;= fis. g )

npu ogHocasHom K3 3a TpaHccopmaTopom
MowHocTbio 400 kB-A npu cxeme coeguHeHUn

ALY (cnnowHble nuunn) u Y7/ ¥ (NyHKTUPHbIE NUHUK)
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3aBucuMocTb ;= fis. g )

npu ogHocasHom K3 3a TpaHcchopmaTopom
MoLHocTbio 630 KB-A npu cxeme coeguHeHUn

&/"" (cnnowHble NMHUK) KN Y/\r‘ (NYHKTUPHbIE NUHUN)
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3aBucnMMoCTb 7y = fi8, s )

npv ogHodasHom K3 3a TpaHchopmaTopom
MoLHocTbio 1000 kB-A npu cxeme coeguHeHUM

A/¥ (cnnowHble NMHUM) 1 Y/ ¥ (MYHKTUPHbIE NUHUK)
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3aBucnMMoCTb 7y = fi8, s )

npv ogHodasHom K3 3a TpaHchopmaTopom
MolHocTbio 1600 KB-A npu cxeme coeguHeHUN

*&/"" (cnnoLwHble NMHUK) K Y/Y (NYHKTUPHbIE NINHUN)
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3aBUCUMOCTL 7y = fi(=,ipg )

npu ogHocasHom K3 3a TpaHcchopmaTopom
MoLyHocTbIo 2500 kB-A

(AS¥)
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Ha 4epT. 22 npeacrtaBneHbl pacyeTHble KpYBbIE 3aBUCUMOCTW aKTUBHOIO COMPOTUBMEHUSA OyrvM OT Tuna U ONWHbI
LUIMHOMpPOBOAA, MOAKMYEHHOro K BbiBogaMm 0,4 kB TpaHcdhopmaTopoB pasnuYHOM MOLLHOCTW, onpenensieMomn
pacctosiHmem ao mocta K3. KpuBble cnpaeseanuebl ans wmHonpoeodoB cepun LLUMA 1 nocTpoeHbl ¢ MCrnonb3oBaHNEM

dopmynbl (40) npy ycnosum, 4To *?.u =Za .

3aBucumocTb ry = fiTam, iy )

npu TpexdasHom K3 3a TpaHchopmaTopom
mowHocTbio 1000, 1600 1 2500 kB-A

Twnbl LLMHONPOBOAOB:

1 - WMA-68-1000
2 - IUMA-73-1600
3 - LUMA-68-2500
4 - LIMA-68-4000
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Mpu onpepeneHnn akTMBHOrO conpoTvBneHnss ayrm B cnyyvae K3 B kabene pnuHon frcﬁ’ NOAKMIOYEHHOM K

TpaHcchopmaTopy 4Yepes LUMHONPOBOL AMWHOWN fm unn Yepes kabenb Opyroro cCeyeHusi, pesynbTUPYIOLLYI0 ANVHY
NPOBOAHMKA LUMHOMPOBOS - Kabenb (kabenb - kabenb) BolpaxatoT Yepes ANNHY NOBPEXAEHHOro kabens:

fEKﬁ =£Kﬁ +Zlmfm.'ll21xﬁ, (41)

rae Zigg W Tlgr - NONHbIE CONPOTUBNEHUS NPAMON NOCNeaoBaTeNbHOCTU LWHONPoBoada 1 kabens, MOM.
3. BnusiHne akTMBHOrO COMpPOTMBMEHNS Ayrn Ha TOoK K3 MOXHO Takke y4mTbiBaTb MYyTEM YMHOXEHWUSI pacYETHOro Toka
K3, HanpeHHoro 6e3 yyeTa conpoTuBneHns ayrn B Mmecte K3, Ha 3aBucsawmiz ot conpotuBneHus Lenu K3 nonpaBoyHbIv

KO3 bULMEHT Kc. 3HaueHune koadpduumeHTa ., Nony4YeHHOro akcnepumeHTanbHo npu K3 3a TpaHcdopmaTtopamum
MoLHocTbo 630-1000 kB-A, MOXHO onpeaennTb NO KPUBbLIM 4epT. 23.

3aBucumocTb kKoadppuumeHTa £, HANAEHHOrO 3KCNEepPUMEHTanbHO, ANA Ha4yanbHOro
MomeHTa K3 (kpuBas 1) u ycraHoBusLuerocs K3 (kpuBas 2) ot conpotuBneHus uenu K3
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YeprT. 23

Conpotusnenue uenu K3 (23 ) onpeaensioT B 3aBUCUMOCTH OT Buaa K3:

npu TpexdgasHom ZE} = «,fqzz + xlzz :
npu AByxdasHoM ZE} =2/ m@«fqzz + J:IEE :

npu ofHoasHoOM 25{” =1 31]':2”12 +’DE)2 t{2xm t xnz)z :

MpuBeaeHHsIM Ha yepT. 23 kpuebiM K. 7z, ) cooTBeTCTBYIOT BbIpaXeHus
K, =06-00025, +0,114, [z, -0]133/z, ; (42)

K, =0,55-0,002z +01,fz, -0,123/z .

4. MNpw onpegeneHnn MUHUManNbLHOTO 3HAYEHMS Toka K3 B aBTOHOMHOW ANeKTpU4ecKon cucteme I'IpM6J'II/I)K9HHbIl7I yyert
BIIMSIHNS aKTUBHOMO CONPOTUBIEHUS SNEKTPUYECKON AOyrm Ha TOK K3 nonyckaeTcda npon3BoanTb YMHOXEHMEM pacyHeTHOro

Toka K3, HanmgeHHoro 6e3 ydyeTa COMPOTMBMNEHWUS AYyrK, Ha MOMNPaBOYHbIA KO3PDULMEHT K,:. 3HayeHne aTOro
KoapduumeHTa gonyckaeTcs NpuHATbL pasHbim 0,7-0,8.

MPUNOXXEHWE 10
PekomeHgyemoe

YYET BJIMSAAHUA KOMMIIEKCHOW HATPY3KW HA TOK K3

MeTon yyeTa KOMMMEKCHOW Harpy3ku npu pacdeTe Toka K3 3aBuCWT OT xapakTtepa WCXOLHOW CXeMbl 3aMeLleHust
KOMMNIEKCHOW Harpysku (4epT. 24) n nonoxeHus Toukm K3 (4eprt. 25).

CocTaB y3na KOMMNeKCHOW Harpy3ku
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Al - acvHxpoHHble aBuratenu; Cll - CMHXPOHHbIE ABUraTenu;
JIH - namnbl Hakanueanus; I - namnbl rasopaspsagHsble; - npeobpasosartenu;
QY - anekTpoTepmunyeckmne yctaHoBku; K - koHOoeHcaTopHble GaTapeu;
KN - kabenbHas nuHUa; Al - aBTOHOMHbIA UCTOYHUK 3NIEKTPO3HEPruu;
K1, K2, K8 - Touka K3; T - TpaHcdopmaTop

YepT. 24

NMpeob6pasoBaHMe cxeMbl 3aMeLLeHUA KOMMJIEKCHOW Harpys3ku

Nz
X1 Zxs
;M Zenr Ear
Eip e
2 7 s
Yepr. 25
B pagmnanbHoi cxeme (4epT. 25a) ponyckaeTca He YyuuTbiBaTb BIIMSIHUE CTaTUYECKUX notpebutenen

(npeobpas3oBaTenu, 3MNeKTPOTEPMUYECKME  YCTAHOBKW,  3MEKTPUYECKOe  OCBelleHue). HavanbHoe  3HauveHue
nepuogmyeckon coctaenswowen Toka K3, yoapHbIi TOK, a Tawkke Nepuoaudeckyld cocTaenswowy Toka K3 B
I'IpOI/I3BOJ'IbeII7I MOMEHT OT aCUHXPOHHbLIX N CUHXPOHHbIX sneKTpo,qamraTenePl cnegyeT paccyutbiBaTb B COOTBETCTBUN C
TpeboBaHuaMK pasg. 3, 5, 7.

Mpun K3 3a obwwym gns ysana Harpysks conpoTuBrneHnem (4epT. 256) HavanbHOe 3HavyeHve nepuoanyeckomn
cocTaBnsoLLEeN Toka TpexdasHoro K3 (fm:qu") B Knrnoamnepax crnegyet onpefenstb ¢ y4eTOM BrUSHUA ABUraTeribHON
W CTaTUYECKOW Harpy3okK, Ucnonb3yst hopmyny

EEFE%pHH
£ = , 43
mHI S 5 ; 5 (43)
ﬁ Ucp.HH + + Ul:p.HH . +
ZIHr S—COS FHrC "= ZIHI"S—SmL L I
* = * =



N -
roe EHI" W ZIYr - oxsuBaneHtHas 3[C u conpoTMBMNEHWe NPsSMON MOCNEAoBaTeNbHOCTU y3na Harpysku; ux
+ +

3Ha4YeHUs B OTHOCUTEIbHbIX eQuHMLAXx ONpeaensioT Mo KpvBbIM, NpuBedeHHbIM Ha 4vepT. 10 u 11 npunoxeHus 8 B
3aBMCUMOCTY OT OTHOCUTENBHOrO COoCcTaBa noTpebutenen;

Hm= W Xm - COOTBETCTBEHHO CyMMapHOe aKTUBHOE W CYMMapHOe WHAYKTUBHOE COMPOTWBMEHUS Lenw
KOpOTKOro 3ambikaHus, MOM (cMm. n.3.4);

SE - CyMMapHasa HOMUHallbHasA MOLLHOCTb Harpy3ku, KB-A;

Ucp.HH - cpefHee HOMWHaNbHOE HanpsXXeHne CeTn, COOTBETCTBYHOLLEE OOMOTKE HU3LLErO HaNpsKeHUs
TpaHcgopmaTopos, B.

3HayeHns ygapHOro Toka W nepuogudeckon cocTtaenswowen Toka K3 B MpousBOMbHbIA MOMEHT BpEMEHU OT
anekTpoABuratenemn cnegyet onpeaensatb B COOTBETCTBUM € TpeboBaHuaMY pasg. Su 7.

[Mpn KOPOTKOM 3aMblkaHWMM 3a OBLWMM ONA Harpys3kum M CUCTEMbI COMPOTUBMEHNEM (4epT.258) N BnM3KMX 3HaYEeHUsIX
OTHolleHNA X # BeTBeil pacueTHOI CxeMbl HauarbHOE 3HauYeHMe NepuoaMuYeckoin cocTaensiollen Toka K3 (fm:,K)
AonyckaeTcs paccuntbiBaTh Mo hopmyne

1 p
Uep HH — Zigr + EI;II" UepHHZ,
Dok = d : (44)
Zolygr Y Zo 2y + 2\ HrLy

rae Efr - 9AC yana Harpysku;
+
¥y - KoaduUMeHT TpaHcopMaLmn TpaHcdopmaTopa,;
ElHl"' Zc , ZK - MOAYIN COMPOTUBIIEHWIN BETBEW NCXOOHON CXEMbl 3aMeLLeHns (YepT. 25B), npuyem

2
Ucp.HH .
Sp

2 2
Zy = WAE TR

Zigr = Z1ur
E

paccunTbiBaeTCs Kak ykasaHo B n.3.2;

R 2
EK_ Aret ¥ex

.?'IE gV XIE g -~ COOTBETCTBEHHO CyMMapHO€ akTMBHOE 1 CyMMapHO€E NHAYKTUBHOE CONPOTMUBNEHUA LiENn K3.

YaapHbIi Tok cnepnyet onpenendaTtb B COOTBETCTBUU C Tpe6OBaHVIF|MM pasg. 5.

MNPUNOXEHWE 11

PekomeHgyemoe



NMPUMEPbI PACHETA TOKOB K3

Mpumep 1. Ansa cxembl, NpuBeaeHHON Ha YepT. 26, onpeaenvTb TOKN Npu Tpex-, AByX-, n ogHodasHoM K3 B Touke K1.
[ns TpexdasHoro K3 onpeaenvts MakcMManbHble 1 MUHUMarbHbIe 3HavYeHns Toka K3.

PacueTHas cxema K npumepy 1 n ee npeobpaszoBaHue
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YeprT. 26

1.1. VicxoaHble aaHHble

Cucrtema C
5y = 200 MB-A; L/, ppy = 6,0 ¢B.
TpaHcdopmatop T: TC = 1000/6

S gope = 1000 kB-A; L'ppy=6,3 «B;



UHg =04 «B; F yop = 11,2 kBT
t, =55%.
ABTOMaTUYECKMIA BbIKNOYaTeNb "OnekTpoH"
{(F © 13 = 0,14 MOM; Xy = 0,08 MOwm.
LUnHonposog LUMA-4-1600LL:
Fir = 0,030 MOm/Mm; Xy = 0,014 MOm/wm;
e = 0,037 MOM/M; Xy = 0,042 MOM/M; £ = 10 M.

BonToBble KOHTaKTHblE coeanHeHus: ¥ =0,003 MOm; # =4.
1.2. PacyeT napameTpoB CXxeMbl 3aMeLLeHNS

1.2.1. MapameTpbl CXeMbl 3aMeLLEeHMS MPAMON NocneaoBaTenbHOCTU

ConpoTuBreHe cucTeMbl (% ), paccumMTaHHoe no dopmyne 1, CocTaBuT:

__ (a00)”

. 1073 = 0,8 wom.
200

AKTVBHOE W WHOYKTUBHOE COMPOTUBMEHWSI TPaHCOpMaTopoB (#p) U (Xp), paccuuTaHHble no dopmynam 3 u 4,
COCTaBAT:

11,204
rp =————10° =1,79 wowm;
(1000)
119Y2 42
xp = 5,52 - [ 12 1R2 04T Gt g 6o om
1000 1000

AKTMBHOE 1 MHOYKTUBHOE COMPOTUBIIEHNS LUMHOMPOBOAA:
ryr = 0,030°10 =030 mom; xy; = 0,01410 =014 mowm.
AKTVBHOE COMpPOTMBIEHNE BONTOBBIX KOHTAKTHBIX COEAUHEHUIA:
e = 0,002 4 = 0012 mowm.
AKTUBHOE COMPOTUBMEHNE AYrN ONPeAensitoT, Kak ykasaHo B NpunoxeHun 9, uyepT.22: i =5,6 mOMm.
1.2.2. MapameTpbl CXeMbl 3aMeLLEeHNS HYNeBOI NocreaoBaTeNbHOCTH.
e =19,1 MOM; Xpjp =60,6 MOwm;
f = 0,037 10 =037 mOm; Xy = 0,042 10 = 0,42 mowm.

1.3. Pac4et TokoB TpexdasHoro K3



g =7p+ gt 1 =1,79+0,30 40,14 +0,013=2,24 wom;

Xp =X, taptag tag =080+862+014+0058=964  youm

Aw =nytrg = 224456 =784 vowm;

400
by = = 2333
34f2,24% + 5,64
400
I - 18,6

SN PYEryYe
e = V2 o Ky = /2 23,33 145 = 4784
b ymmin = V2 o min Ky = 22 18,6°1,08 = 28,32 wa,
rne ij onpeaensioT No KPUBOIA YepT. 2.
fdma =N 2 ey = 329 KA;

i = W2 i = 26,23 KA.
1.4. Pac4yeT TokoB ogHodasHoro K3

e = Yom e T S 191+03+>5037+014+ 0012 =20 66 mOwm;
P = Am T e

Xom = Zop * Fom *+ Koxp = 60,6+ 0,14+ 30,42 + 0,08 = 62,08 mowm;

e =My trg = 20,66 +8.6 = 25 26 MOwm;

10 - /3400 ~213
J(2:2,24+20,66)% + (29,64 + 62,08)°
Tok ogHodasHoro K3 ¢ y4eTom akTMBHOIO COMPOTUBREHNS Ayrn
1) - /3400 =746 A

J(2:7.34 +29.267 + (2-9,64 + 62,08)

1.5. Pac4et TokoB AByxdasHoro K3



el 400

- =2021
2./2,24% + 9 642
Tok ,D,Bqu)a3H0r0 K3 c Y4€TOM aKTUBHOIO CONpPOTUBIIEHNA OYTA:
12l 400 =18,39 A

2.J(2,24 +2,8)% +9,64°

PesynbTtaThl pacyeTta TokoB K3 cBeaeHbl B Tabn. 22.

PesynbTaThbl pacyeTta TokoB K3 Kk npumepy 1

Touka K3 | Bug K3 MakcnmanbHoe 3HadYeHne MwuHuMmanbHoe 3Ha4vyeHne
ToKa K3, KA ToKa K3, KA
fl'lﬂ ia]:l EIFH frlﬂ ian i}m
K1 K(g) 23,33 32,9 47,84 18,6 26,23 28,32
K1 Km 8,13 - - 7,46 - -
K1 K(gj 20,21 - - 18,39 - -

Tabnuua 22

Mpumep. 2. na cxembl, NPUBEAEHHON Ha 4epT. 27, onpesenuTb MakcMmarbHble U MUHMMAIbHbIE 3HAYeHUSI TOKOB
npu TpexdgasHom K3 B Toukax K1 n K2.

PacueTHasi cxema K npumepy 2



-
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AcuHxpoHHble asuratenu A1 n AO2.
A03-315M-6Y3: F = 132 kBT, frr_f,,rcrc,-"rfrn:um =7,0;
Uisr = 380B, Jyp =2380A, M, .. /M =b 0 =26
M ryer /M o =160 My M oy = 0.8; 005 @30y =0,9;
#. = 1000 06/MuH; 1 =93,5%; Sy = 1,7%.
2.1. NcxoaHble aaHHble
Cuctema C Loyl = 10,5 kB; Jopgzom = 11 KA.

TpaHcdopmatop T. TC = 1600/10,0

Ao = 1600 kB-A, Lipyy = 10,5 «B;

'y =04 kB, F oy = 16 kBT, Ly =5,5%

LLnHonpoBoab!



LW1: LWWMA4-3200: Lnpr =3200 A, 77, =0,01 MOM/M;
Xiyg =0,005 MOM/M, §| =10 wm.

W2, W3: WMA4-1600: Lo =1600 A, 77 =0,03 MOM/M;

Xygy =0,014 MOM/M, {5 =20 m, {3=30 m.
W4, W5: WPA-73Y3: Lnpr =600 A, # 1y = 0,1 MOM/M;

Xygr =0,13 MOM/M, {4 =50 m, {5=40 m.
KabenbHble nuHun
KI1, K2, KN3: AAWb=3X185: 75 =0,208 MOM/M; X 55 =0,055 MOM/Mm;.

{1=150m, {7 =i3 =20m,
N3meputenbHble TpaHcchopMaTopbl Toka
TA1, TA2: I ynm =500 A, Prgq=rrs7=0,05MOM,
XTi1=%Ta2= 0,07 MOwm;
TA3, TA4, TA5: {0 =200 A, Prp3=PTa4="T45=0,42 MOM;
ITp3=XTra=%T4 50,67 MOm.
AKTUBHOE COMpPOTMBIEHNE GONTOBBIX KOHTAKTHBIX COEANHEHWIA:
7% =0,03 MOm, # =4,
ABTOMaTMYeECKME BblkNoYaTeny Tuna "OnekTpoH"
QF1, QF4. fype =1000 A, #ypi =F3p4 =0,25 MOM;
X1 = X3z =0,1 MOwm;

QF2, QF3, QF5, QF6:
=400 A, Fp0 =Fp3 =75 = Figs =0,65 MOwm,
Npp2 = Xp3 = Fgp5 = %ggn = 0,17 MOwm,

QF7, QF8, QF9, QF10: [ pp =200 A;

58T =788 = Mred = rp10 =11 MOM;

Txx7 = Xxpe = Xxph =Tge10 = 0,5 MOM.



CuHXpOHHbIN aBuratens CL.

CO-12-24-12A: P =125 kBT; Ll =380 B;

Lyom =234 A, 08 @yny =0811, Iy [Ty =35

Cxema 3amelleHuUs K npumepy 2
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KomnnekcHas Harpyska KH.

CyMMapHas akTMBHasi MOLLHOCTb COCTaBMsieT fz =350 kBT, C25 i = 0,8. B cocTtaB Harpyskun BXOOAT aCUHXPOHHbIE

asuratenu (AL), namnbl HakanusaHusi (JTH), npeobpasosaTtenu (1) B crnegyowem COOTHOLLEHWUM: PE,[[ =175 kBT,



Py =35kBt, f7 =140 «Br.

2.2. Pac4yeT napamMeTpoB CXeMbl 3aMeLleHust (4epT. 23)

2.2.1 NapameTpbl CXeMbl 3aMeLLEHMS NPAMON NOCneaoBaTENbLHOCTH

ConpotuBneHune cuctemsl ( X ), paccumMTaHHoe no dopmyre (2) HacTosLlero ctaHgapTa, COCTaBuT:

(400)¢ 107
3.11°10,5

=08 mOwm.

g

AkTnBHOE (¥ ) M MHOYKTMBHOE ( Xy ) COMPOTMBNEHWUS  TpaHCOPMaTOpPOB, paccynTaHHble no dopmynam (3), (4)
HacToALero cTaHgapTa, COCTaBsT:

16- 0,47
Py = ———10° =1,0 vom
(1600)
162 042
xp = f5,57 -[2220 ) 04 g4 _s 4 wom
1600 | 1600

AKTUBHOE 1 MHAYKTUBHOE COMPOTUBIEHMS! LUIMHOMPOBOAOB.
WA: 7y =0,01-10=0,1 mOw; xyy =0,005-10 = 0,05 mOm;
W2: 75 =0,03-20 = 0,6 mOw; Xy = 0,014 20 = 0,28 mOwm;
W3: 7z = 0,03:30= 0,9 mOwm; x5 = 0,014 30 = 0,42 wom;
W4: 7y = 0,150 =5,0 mOm; Xy = 0,13 50 = 6,5 mOm;
W5: 7y = 0,140 = 4,0 wom; x5 = 0,13 40 =52 mOwm;
AKTUBHOE 1 MHAYKTUBHOE COMPOTUBIEHNS KaBENbHBIX JINHMIA:
K1: st = 0208150 =312 o Zigst = 0,055 150 =8,25 you:
Kn2ns: Mxsz = Nxgz = 0,208°20= 416 o

Xepa = XNz = 0,055 20 =11 mOm.

Pacuyet napameTtpos A1 n Al2:

Mpunnmas  Fg =0,02- 5y i 71 7 Srom % & TTeom [lm?f:* & JTEom
nomnyyaem:

g 0,36-1,6 (132 1,02)
2723 7
7.04-2005°(1-0,017)

10% = 40 vom:



Sy U 17 038%.09-10°

= Zrom . ~'som “O% Prom. =16,74 wowm;
100 B 100 132
U 380-10°
Zip = WM . =132 vom:
A P31 el 3072385 Mo
rag = 16,74 +0,96 40 = 55,14 mow;
v _ 2 _ 2 _ )
xhg = 1322 -55142 =119,9 vom:
+ 119,9+73,09
- 19.943,09 101 T, - 9+3, 002 o
314 40 3141674 +6,76)

~ 2 2
Eyam = J{zzm ‘0,9-238,6°0,055)° +(220-0,44 - 238,6-0,145)° =195B.
Pacuyet napameTpos C[:

x don 015, 7o = 0.15% 4,

_0,382-10°

2o = = 536,99 mOwm;

xE = 14053 mOwm; o = 21 mowm:

Egcq = J{zzm ~234-0,14-0,585) +(234-0,021-0,811)* =239,2 B,

Pacuyet napameTpoB komnnekcHown Harpy3ku HI®

MapamMeTpbl KOMMNIIEKCHOWM Harpy3ku onpeaensioT Nno KpMBbIM YepT. 11a NnpunoxeHus 8, npu aTom

175 35 140
Pag=— =05 === =0l1. =" _n4
W 350 TP T o5 TR T o5y

nnn B UMEHOBaHHbLIX ednHULaXx;

Zmr=03, Zaun= 033, E"ar=0.75

220107

3630

2.3. Pacuet TokoB TpexdasHoro K3

ElHl" =0, =104 mOwm; EEHI" =121 mOwm; Eﬁr =285 B.

2.3.1. Tok TpexdpasHoro K3 B pacyeTHom Touke K1 6e3 yuyeTa BNnsHUA anekTpoasuratenei u KOMNIEKCHOM Harpysku

Ag =7+ + 7 =10+ 0,140,012 =111 vowm



g = % +Zp +xgy = 0799 +54+05=625 00

400
A -3
31117 + 6,25
100
lrr|J:uK1m.i:r1 = =286 kA

J3af5,11% + 6,25
nimax = V2 36.38'155= 7975 A
omimin = 2 28,6110 =449

ey = 9445 KA g g = 4045 KA

2.3.2. Heo6xoanmocTb yyeTa BNUsIHUA 3NeKTpoaBuraTenein u KOMMIeKCHOM Harpy3ku Ha Tok npu metannmyeckoM K3 B
Touke K1, onpegeneHHas B cCOOTBETCTBMM C N.1.4 HACToOsILLEro cTaHa4apTa, NoKa3biBaeT, YTO

Ipnm =24 gy =2 238 = 476 A Gonbuwe, vem
0,01 pt iy = 0136380 = 3635 A, nosTomy acuHXpoHHble ABUraTeNM CrieayeT yuuTbiBaTh.
IC,I[HI:IH =234 A MeHbLue, Yem 0,01-36380=363,8 A, NOSTOMY CUHXPOHHbIN ABUraTenb He criedyeT YYnTblBaThb.

103
Iy = BEELE L. &30 A Gonblue, yem 0,01-36380=363,8 A,
3040008

NOSTOMY BRUSIHAE KOMMNIIEKCHOW Harpy3ku cnegyeT yuuTbiBaTh.

Takum 06p330M, npn pacdete CyMMapHOro TOKa K3 B Touke K1 cnegyet ydmMTbiBaTb BIIMAHUE ACUMHXPOHHbIX
apuratenen n KOMMeKCHOM Harpy3ku. Takow e BbIBO4, cnegyet U npu ycnosun ydeta ANeKTpU4ECKomn nyrn.

Pacuet coctaBnsowen Toka K3 B Touke K1 0T KOMNNEKCHON HarpysKku.

Flg = Fenl + PTa1 * P * Tend 7 = 0,25+ 0,05+5,0+ 0,25 +0,0126 = 5,56 mOw;
Ar = Xpsl s O Rl T el SO 01+007+65+01=6"77 mOwm;
As = Ayt =5,56+4 =556 vowm

285
310408 +556) +(104:0,6+ 6,77

=146 kA

I H M max =

o M max = V2 146 = 2,06 KA ypir py = /210146 = 2,06 wa;



285
Irlﬂ Ml tmin = = 1,42 KA;

3104 08 +9.56) +(104-0,6 +6,77)

o0 Hl i = V2 142 = 2,0 KA, Eympirpmin = ~/2°142°10 =2,00 ¢

PacueT coctaBnstowen Toka K3 B Touke K1 OT aCMHXPOHHbIX ABUraTtenein:

1
Az~ E(fﬂm + Pe0 T ke +f‘rg4+fm?)+fm5 trus TP Y e i TR,

Ax = %[55,14 +1,1+416+0,67+11)+0,65+4,0+0,05+0,65+0,6+0,12=3716 mOwm;

N 1 N
oy = E(XA;[ t ot Xy T XTaqt xrcs?)+ Xpps tAps T ATan Y X T A0,

Xg = %[145,9 +0,5+11+0,67+0,5)+0,17+ 52 +0,07 +0,17+ 0,28 = 80,23 moOm;

1585
fm]g'[[m = =221 A

{37.16° +80,23°

iaﬂl’-‘a,[[ma:-: = ’\E'E,'ﬂr = 3,12 KA;

bl = @,3’12(2—0,01;0,01 +E—n,n1m,nz)= 384 (A

frd:lﬂ,[[rm'n = 15 =2,16 KA;

J(37.16 +4Y +80,232

0 Allmin = V22,16 = 3,05 kA

EWAH win 3,05 kA
2.3.3. Tok TpexdasHoro K3 B pacueTHol Touke K2 6e3 yueTa BNUSIHUSA SNeKTpoABUraTenen n KOMNIIeKCHOM Harpysku

Az =7 trm Yttt rras Aes s L0 01+ 06403+
+ 0,012+ 042+ 312 +0,65 =34 88 mowm;
Iz =X tr. bR taAn T A TATAY T Mest T R T OE+54+005+

+07+067+8,25+ 017 =16,04 vmow;

400
10 e . = =£,02 kA

f3+{34,88° +16,04

e = 26,0210 =850



j&DKQmﬂx =850 KA.

[Mpn onpegeneHnn MUHUMAaNbLHOIO 3HaYeHWs Toka criegyeT y4ecCTb BInAHUE ANeKTPU4eCcKon Ayrm m yBenunyeHmne
aKTUBHOIo ConpoTuBIieHNA kabensa BcneacTeme HarpeBaHuA ero TOKom K3:

A% =Az * A Ce — 1),

rae Fy - COMpOTMBIIEHME Ayrv, ONpeaernsemMoe B COOTBETCTBUM C YepT. 15 NpuroxeHus 9, npu 3ToM B COOTBETCTBUN C

(42) EKﬁIE = 158 M;
C& - KoadbpnumeHT, onpeaensembii AN o = 0,6 C B COOTBETCTBUM C YEPT. 7 NPUIOXKEHUS 2.
Ay =34.88 +16,3+31,2(L05-1)= 52,74 mom;

400
frd:lﬂrrdn = =4,19 KA;

J3452,74% +16,04°

i = M2 4.19°1,0 =593 A

iaﬂﬂm =593 kA

Tabnuua 23
PesynbTaTbl pacyeta TokoB K3 K npumepy 2

Touka K3 Bug K3 CocTasnstowme MakcumanbHoe MuHuManbHoe 3HavYeHne
Toka K3 no 3Ha4yeHue, Toka K3, kA Toka K3, KA
BETBAM
Ijp | G | b | I | R | i
K1 K(3j| T 36,38 | 54,45 | 79,75 28,6 40,45 | 44,9
K1 K(g) HIr 1,46 2,06 2,06 1,42 2,0 2,0
K1 K(g) AL 2,21 3,12 3,84 2,16 3,05 3,05
K1 K(g} K1 40,24 59,9 | 85,65 | 32,37 | 45,76 | 50,68
K2 K(g) T 6,02 8,5 8,5 4,19 5,93 5,93

TeKCT AOKYMeHTa CBEPEH MO:
odmumansHoe usgaHue
M.: UspaTenbcTBO cTaHgaptos, 1994



