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Short-circuits in electrical installations.
Calculation methods in a. c. electrical installations

with voltage below 1 kV

3 BBEJIEH B3AMEH I'OCT P 50270-92

Jarta BBeaenns 01.01.95

Hacrosimuii ~ cranmapt  pacmpocTpaHsieTcss  Ha  TpexdasHble
AJIEKTPOYCTAHOBKM HampspkeHWeM 10 1 KB mpOMBIIIJIEHHONW 4YacTOTHI,
IIPUCOEANHEHHbIE K JHEPrOCUCTEME WJIM K aBTOHOMHBIM HCTOYHHMKAM
AJIEKTPO’HEPIUH, YCTAHABJIMBAaeT OOLIyI0 METOAUKY pacueTa TOKOB
CUMMETPUYHBIX M HECUMMETPUYHBIX KOpOoTKMX 3amblkaHuii (K3) B
HAYaJIbHBIM M IPOU3BOJBHBIA MOMEHT BPEMEHHM C y4YE€TOM IIapaMETpOB
CHHXPOHHBIX W ACHHXPOHHBIX MAIlUH, TPaHC(HOPMATOPOB, PEAKTOPOB,
Ka0eJbHBIX U BO3AYIIHBIX JIMHHUH, IIMHONPOBOAOB U y3J10B KOMIIJIEKCHOM
Harpys3Ku.

CraHgapT He yCTaHaBIMBAEeT METOUKY pacueTa TOKOB:

- NPU CJOXHBIX HECUMMETPUSAX B D3JIEKTPOYCTaHOBKaxX (Hampumep,
onHoBpemMeHHoe K3 u 0OpbiB mpoBogHMKA (a3el), pu MOBTOpHEIX K3 u
npu K3 B 251eKTpoyCcTaHOBKAX ¢ HETMHEWHBIMH 2JIEMEHTAMY;

- IpH DJICKTPOMEXAaHMUYECKHUX TEPEXOIHBIX IpOILEccax C Y4YETOM
WU3MEHEHUS 4aCTOTHI BPAILLEHUS IEKTPUUYECKUX MAIIVH;

- mpu K3 BHYTpH 2JEKTPUIECKUX MAIIMH U TpaHC(HOPMaTOPOB.

[Mynkrer 1.5, 1.7, 2.4.2, 2.11, 2.12, 3.6 U TPUIOKEHUS SBISAIOTCI
PEKOMEHAYEMBIMH, OCTAJIbHbIE MYHKTHI - 00513aTEIIbHBIMHU.

Hazan...

1. OBIIME ITOJIOKEHUA

1.1. Hacrosmuii cTaHAapT yCTaHABJIMBACT OOIIYI0 METOAMKY pacyeTa
TOKOB B 3JIEKTPOYCTAHOBKAaX MEPEMEHHOI0 TOKa HampsbkeHueM a0 1 kB,
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HEOOXOMUMBIX ISl BBIOOpPa W TIPOBEPKU DIIEKTPOOOOPYIOBAaHUS TIO
ycnoBusaM K3, nans BeIOOpa KOMMYTAllMOHHBIX —alIaparoB, YCTAaBOK
PENIEHHON 3alUTHI U 3a3€MIISIOIINX YCTPOMCTB.

1.2. CranmapT yCTaHaBIMBAET METOAMKY PAacyeTOB MAaKCHUMAJbHBIX U
MUHUMAaJbHBIX 3HAYEHUI TOKa MPU CUMMETPUYHBIX U HECHUMMETPHUYHBIX
K3, Bunbl kotopeix onpenenensl B cootBerctBuu ¢ ['OCT 26522.

1.3. BenuuuHbl, MOAJNEXKALIUE pacueTy, U JOMycKaeMasl MOrPELIHOCTh
UX pacyeTa 3aBUCAT OT yKa3aHHbIX II. 1.1 1eneil.

JlomyckaroTcss yNpoIeHHbIE METOAbl pacdyeToB TokoB K3, ecin ux
MOrpeIHOCTh He npesbimaet 10 %.

Pacuery mns BeIOOpa W MPOBEPKH AIIEKTPOOOOPYIOBAHUS 10 YCIOBUSIM
K3 nmomnexar:

1) HayanbHOE 3HaUEHUE EPUOINYECKON cocTaBisitomel Toka K3;

2) anepuoanueckas cocTabisomas Toka K3;

3) ynapusiit Tok K3;

4) nelicTBylolliee 3HaUEHUE MEPUOANYECKON cocTaBistomiel Toka K3 B
MPOM3BOJBHBIA MOMEHT BpPEMEHH, BIUIOTh JO pAacuye€THOrO BpPEMEHU
pa3MbIKaHUs TOBPEKICHHOM LIETH.

Jnsa  nppyrux uenei, ykazaHHbIX B m. 1.1, pacdery mnomexar
MaKCUMaJIbHOE U MUHHMMaJIbHOE 3HA4YeHUs HEePUOINIECKOM
cocrapistoneil Toka B mecte K3 B HauanbHbIA U NPOU3BOJIBHBIIT MOMEHT
BPEMEHH, BIUIOTH IO PacueTHOI'O BPEMEHHU pPa3MbIKaHHs MOBPEXKIECHHOU
uenu. Jns nenedt BbIOOpa 3a3eMIISIOIIUX YCTPOMCTB PAacyeTy MOAJIEKUT
3HaueHue Toka ogHodazHoro K3.

1.4. Tlpu pacuerax TokoB K3 B nanexkrtpoycraHoBkax g0 1 kB
HE00XO0/IMMO yUUTHIBATh:

1) UHIYKTUBHBIE CONPOTHUBIIEHUS BCEX 3JIEMEHTOB KOPOTKO3AMKHYTOMN
LenH, BKJTIOYast CHJIOBBIE TpaHc(hopMaTopsI, MIPOBOJTHUKH,
TpaHc(hOpPMATOPbl TOKA, PEAKTOPBI, TOKOBBIE KATYIIKH aBTOMATHYECKHX
BBIKJIIOUATENeH;

2) akTUBHBIE COIIPOTUBIICHUS 3JIEMEHTOB KOPOTKO3aMKHYTOM LIETIH;

3) aKTHBHbBIC CONMPOTUBIIEHUS DPA3TUYHBIX KOHTAKTOB M KOHTAKTHBIX
COCIUHCHHI,

4)  3HAYCHHSA
BJIEKTPOJIBUTATEINCH.

1.5. IIpu pacuerax TokoB K3 pekoMeHAyeTCS yUUTHIBATh:

napameTpoB CUHXPOHHBIX n ACUHXPOHHBIX

1) conpotuBnenue 3nekTpuueckoi ayru B mecre K3;

2) WU3MEHEHHUE AKTUBHOTO COINPOTHBIICHUS IIPOBOJHUKOB
KOPOTKO3aMKHYTOM Lienu BeiencTBUE ux Harpesa npu K3;
3) BAMAHHME  KOMIUIEKCHOW  Harpy3kud  (9JEKTpOJBHUIATElNH,

npeoOpa3oBaTeiny, TEPMUUECKUE YCTAHOBKH, JaMIIbl HAKAJIMBaHUs) HA TOK
K3, ecnmn HOMUHaNBHBIA TOK 3JIEKTPOABHUIraTesel Harpy3ku MpeBBIIIAET
1,0 % HauanpbHOTO 3HAYCHHS TMEPUOAMYECKOM cocTaBistomel Toka K3,
paccuMTaHHOIO 0€3 yuera Harpys3Ku.

1.6. ITpu pacuetax TokoB K3 momyckaercs:

1) MakcUManbHO yHpOLIATh U SKBUBAJIECHTUPOBATh BCIO BHEIIHIOKO CETh
no orHomieHHto K Mecty K3 W WMHAMBHIYadbHO YYHTBHIBATH TOJIBKO
ABTOHOMHBIE ~ HCTOYHUKH  D3JEKTPOSHEPIrMM U  3JIEKTPOJBUTATEINH,
HENOCPEACTBEHHO MpUMBbIKaroie Kk mecty K3;

2) He y4uThIBaTh TOK HAMarHUYMBAHUS TPaHC(HOPMATOPOB;

3) He YYHWTHIBaTh HACBHIIICHWE MArHUTHBIX CHCTEM DSJIEKTPUYECKUX
MallllH;

4) npuHuMath KOdQPHUIHMEHTH TpaHchopManuu TpaHcHOpMaTOPOB
PaBHBIMM ~ OTHOILEHHUIO CpPEIHUX HOMUHAJIBHBIX HANpPSHKEHUH Tex
CTyIIEHEeH HAaNpsDKEHUS] CeTe, KOTOpBIe CBS3BIBAIOT TPAaHC(HOPMATOPHI.
[Ipu »>TOM clegyeT WHCIONB30BaTh CIEAYIOIIYIO INKAaTy CpEeIHHX
HOMUHAJIBHBIX Hanpspkenuid: 37; 24; 20; 15,75; 13,8; 10,5; 6,3; 3,15; 0,69;
0,525; 0,4; 0,23 xB;

5) He yYHTHIBATh BIUSHHUS aCHHXPOHHBIX SJIEKTPOIBUTATEICH, €CIIH UX
CYMMapHbIii HOMHHaJIBbHBIH TOK He mnpeBbimaer 1,0 % HavambHOrO
3HAUCHMUsI TEPUOJUYECKON  cocTaBisionieli Toka B Mecre K3,
paccuMTaHHOIO 6€3 yueTa 3J1eKTpOoBUTaTeeH.

1.7. Toxm K3 B nsnexkrpoycraHoBKax HampspkeHueM 10 1 kB
PEKOMEHyeTCs PACCUMTHIBATH B UMEHOBAHHBIX €IMHULIAX.

[Ipr cocTaBieHUH SKBUBAJEHTHBIX CXEM 3aMEIICHUS IapameTphl
3JIEMEHTOB MCXOIHOM pacyeTHOM CXeMBbl CleAyeT MPHUBOAUTH K CTYNEHHU
HaNpsDKCHUST CEeTH, Ha KOTOpoil HaxomuTcs Touka K3, a akTHUBHBIE U
UHyKTUBHBIE CONPOTUBJICHUS BCEX 3JEMEHTOB CXEMbl 3aMeEIlEeHUs
BBIPA)KaTh B MUJUTMOMAX.

1.8. Ilpu pacuere ToxkoB K3 B 31€KTpOyCTaHOBKAax, MOJIyYarOIIUX
IIUTAaHUE HEMOCPEICTBEHHO OT CETH DJHEPrOCUCTEMBI, JOIMYCKAeTCs
CUUTaTh, YTO MOHMKAIOIINE TPAHCHOPMATOPHI MOJKIIOUYEHBl K HCTOYHUKY
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HEU3MEHHOTO IO aMIUIMTYAE HalpsDKeHHUs 4epe3 JKBUBAJIEHTHOE
UHIYKTUBHOE COIPOTHUBIICHHE CUCTEMbl. 3HaUEHHE 3TOT0 CONMPOTUBICHUS
(xc) B MUIITMOMAaX, MPUBEIEHHOE K CTYNEHU HU3ILErO HANpPSHKEHUS CETH,
paccUUTHIBAIOT 1O (popmyie

x = Uczp.HH - Uczp.HH . 10_3
: \/glx,BH Ucp.BH SK (])

U o
rae ~ cPHH - cpenHee HOMUHAIIBHOE HAIPSHKEHUE CETH, IOAKIFOYEHHOU K
00OMOTKE HHM3IIETO HaMpshKeHUs Tpancdopmaropa, B;

Ui CpeHee HOMHMHAJIbHOE HANpPsHDKEHUE CETH, K KOTOpOu
MOAKIIOYEHA oOMOTKa BBICILIETO HaNpsHKEHUS
Tpancopmaropa, B;

Lepn = Luomn JICUCTBYIOIIIEE 3HAUCHUE MEPHOJIUYECKON COCTABIISIOLICH

Toka Tpu TpexdazHoM K3 y BBIBOJOB OOMOTKHM BBICIIETO HANPSIKCHUS
TpaHcopmaropa, KA;
Sk - YyCIIOBHas MOUIHOCTh KOPOTKOTO 3aMbIKaHHS Yy BBIBOJIOB
O0OMOTKH BBICHIETO HampsikeHus TpaHcpopmaropa, MB-A.
IIpn oTCyTCTBMM yKa3aHHBIX JaHHBIX SKBUBAJECHTHOE WHIYKTHBHOE
CONIPOTHBIICHUE CUCTEMBI B MHJIJIMOMAax JOITyCKaeTCsl PACCUUTHIBATH II0

bopmye

2
x = Ucp.HH
c ’
ﬁIOTKH.HOMUCp.BH (2)
rac ]OTKH-HOM - HOMHWHAJIbHBI  TOK OTKIJIFOUCHUA BBIKJIFOYATCIIA,

YCTAaHOBJICHHOI'O Ha CTOPOHEC BBICHICTO HAIIPSAXKCHUA
MOHMKAIOLIETO TpaHchopMaTopa LEemH.

IMIpumeganue. B cnyyasx, Korna HOHIKAIOMHANA TpaHCPOPMATOP TOAKIIOYCH K

CETH 3HEPrOCHCTEMBI YEpe3 PEaKkTOp, BO3AYIIHYIO WIH KaOesNbHYIO JHHHUIO, (AITMHOU

6omee | kM), HEOOXOOMMO YUYMTHIBATH HE TOJNBKO HHIYKTHBHBIE, HO W aKTHUBHBIC
COMPOTHUBIICHHS ITUX JIEMEHTOB.

1.9. IIpu pacuere TokoB K3 B 3yekTpoycTaHOBKax C aBTOHOMHBIMH
UCTOYHHKAMHU 3JIEKTPOOHEPIHMM HEOOXOAWMO YYHTHIBATh 3HAUCHHS

MapaMeTpOB BCEX JJEMEHTOB ABTOHOMHOM JJIEKTPUYECKON CHCTEMBI,

BKJIIOYass ~ ABTOHOMHbBIE  HCTOYHMKM  (CHHXPOHHBIE  T'€HEpATOphl),
pacnpeieauTeNbHy 0 CETh U TOTPEOUTENN.

Hazan...

2. PACYET COMMPOTUBJIEHUM PA3JIMYHBIX DJIEMEHTOB

IJIEKTPOYCTAHOBKHA

2.1. AKTMBHOe H WHAYKTHBHOE CONPOTHBJICHUSI CHJIOBBIX
TpancpopmaTopos

2.1.1. AKTMBHO€ M UHAYKTHBHOE  CONpPOTHBIICHHUS  MPAMOKN

MOCNEAOBATENBHOCTH TOHWXKAIOMMX TpaHchopMmaropoB (7, X;) B
MUJUTHOMAX, TPHUBEACHHBIE K CTYNEHM HHU3IIETO HANpPSDKEHHS CETH,
PaCcCUUTHIBAIOT MO (OPMYIIaM:

ro= MFZMHOM -10°;
S
T.HOM (3)
100p. Y\ U2
X, = uf _ K.HOM .~ HH.nom _104’
S S

T.HOM T.HOM (4)

rue Siwow - HOMUHANBHAS MOIITHOCTH TpaHchopMmaTopa, KB-A;

P on - MOTEepU KOPOTKOT'O 3aMbIKaHUs B TpaHc(opmaTope, KBT;

HHxow - HOMHHAJIBHOE HAIPSDKEHHE OOMOTKM HM3ILEro HaIpPsKEHHS
TpaHncopmaropa, kB;

Uy - HATIPSDKEHNE KOPOTKOTO 3aMbIKaHUs TpaHchopmaTopa, %o.

2.1.2. AxTuUBHBIE M MHAYKTHUBHBIE CONPOTUBIEHUS HYJEBOMH
MOCJIEIOBATEIFHOCTA  TIOHWKAIOUNIMX  TpaHchopMaTopoB,  OOMOTKH
KOTOPBIX coequHEHbI 1o cxeme A/Yy mnpu pacuere K3 B cetu HM3IIEro
HAIPSDKEHUS CIIEAyeT IPUHUMATh PaBHBIMU COOTBETCTBEHHO aKTUBHBIM U
VMHIYKTUBHBIM COINPOTHUBJIEHUSM HPAMOM mocienoBaTenbHOCTH. [lpm
JIPYyTUX CXeMaxX COEAMHEHUs OOMOTOK TpaHC(hOpMaTOpOB aKTHUBHBIE U
VH/1yKTUBHbBIE COIIPOTHUBJICHUS HYJIEBOM [0CJIEI0BATEBHOCTH
HE00X0UMO TPUHUMATh B COOTBETCTBUU C YKAa3aHUSIMH U3TOTOBUTEIEH.

Hazan...
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2.2. AKTHBHOE 1 HHAYKTHBHOE CONPOTUBJICHUS PEAKTOPOB
2.2.1. AKTHUBHOE COIPOTHUBIIEHHE TOKOOIPAHMYMBAIOUIUX PEAKTOPOB
(r1p = r2p = Fop) B MMUJZIMOMAX PacCUUTHIBAIOT 110 hopMyIIe
ro= AP](.HOM 103
Ip ™ 12 ’
p.HOM (5)
rae APpuoum MOTEpPH AaKTUBHOW MOIIMHOCTH B ¢aze peakTopa TNpH
HOMMHAJILHOM TOKE, BT;
I, sov - HOMUHAJIBHBIN TOK PEaKTOpa, A.
2.2.2. IHOyKTUBHOE COIPOTHUBIEHUE PEAKTOPOB (X, = Xzp = Xop) B
MUJUIMOMAaX MPUHUMAIOT KaK yKa3aHO M3TOTOBUTEIEM WM PACCUUTHIBAIOT
o ¢hopmyJe

xlp :O)(L_M)'103, (6)

TZie ® - YTII0Basi 4acTOTa HANIPSDKEHUS CETH, Pajl/c;

L - "HIYKTUBHOCTDH KaTYyIIKH Tpex(da3Horo peakropa, ' H;

M - B3auMHast ”HAYKTUBHOCTh MEX1y (azamu peakropa, [ H.

2.3. AKTHBHOE U HHAYKTHBHOE CONPOTUBJIEHNS IIMHOMPOBOI0B

[Ipu omnpeneneHuu axkTUBHOTO M HMHAYKTHBHOTO CONPOTUBICHUMN
NpSAMOM M HYJIEBOW TMOCJIEAOBATEIBHOCTEN IIMHOMPOBOJOB CJIEAYET
WCIONb30BaTh JaHHbIE 3aBOJAa M3TOTOBUTENS, OSKCIHEPUMEHTA WIH
NPUMEHSATh pacueTHbId MeToA. PexkoMeHayemblii MeToj pacuera
COMPOTUBIIEHUN IMHOMPOBOJOB U MapaMeTPbl HEKOTOPBIX KOMIUIEKTHBIX
HIMHOMIPOBOJIOB MPUBEICHBI B MPUIIOKEHNN 1.

Hazan...

2.4. AKTHBHOE M HHJAYKTHUBHOE COMPOTHUBJIeHUE Kadeei

2.4.1. 3nHadeHuss TapamMeTpoB TpsMoi (oOpaTHOW) U HYyJIEBOH
MOCIIEIOBATEILHOCTH Kabenei, MPUMEHSIEMBIX B AJIEKTPOYCTaHOBKaX 10 1
KB, IpUHUMAIOT, KaK YKa3aHO U3TOTOBUTEJIEM I B MPUJIOKEHUHA 2.

242. llpu onpeaeneHud MHUHMMAJIbHOIO 3HaueHuss Toka K3
PEKOMEHIIYETCS YYUTHIBATh YBEIWYCHUE AKTHBHOTO COIMPOTHUBIICHHS
ka0ensi K MOMEHTY OTKIIIOUEHUS IIeMH BCJEACTBHE HarpeBaHHUs Kabems
tokoM K3. 3HaueHue akTMBHOTO COTMPOTHUBIICHUS KaOeNsi B MUJUTHOMAX C

yueToM Harpesa ero TokoMm K3 (%) paccuntsiBator mo popmyie

4 9 =C 97” 90 ’ (7)
rie € - Kkodp(QMUMEHT, YYUTHIBAIOIIMI YBEIMYEHHE AKTHUBHOTO
compoTtuBiieHust kabens. Ilpm  mpuOMMKEHHBIX — pacueTax

3HaueHue kod(duuuenta €9 nomyckaeTcs NPUHUMATh PABHBIM

1,5. Tlpu yTouHeHHBIX pacdeTax kod(guuuent s crmemyer
ONpPEACNSITh B COOTBETCTBMM C YEpT. 5-8 NPWIOKEHUS 2 B
3aBHCUMOCTH OT MaTepuajla U ceueHHs kuil kabens, Toka K3 u
npojokurensHoctu K3;

9

"s, - akTuBHOE COIPOTHBIIEHUE KaOemsl Mpu TemrepaType
mwitoc 20 °C, MmOmM.

2.5. AKTHUBHO€ M MHAYKTHBHOE CONPOTHBJICHHS] BO3AYLIHbIX JUHUI
H MPOBO/JIOB

Meroauka pacuera MapaMeTpoB BO3AYIIHBIX JHHUHA MU TPOBOJOB
MpHUBE/ICHA B IPUIIOKEHUU 3.

Hazan...

0, paBHBII

2.6. AKTHBHBIE CONPOTHBJIEHHS] KOHTAKTOB W KOHTAKTHBIX
coeTUHEHHUI

[TepexoiHOE COMPOTUBIICHHUE AIEKTPUUECKUX KOHTAKTOB JIFOOOTO BHIA
CIeayeT ONpEenesiTh Ha OCHOBAaHWW JaHHBIX OKCIICPUMEHTOB WU C
UCIIOJIb30BAHUEM  PAcCUYeTHBIX METOJAUK. JlaHHBIE O  KOHTAKTHBIX
COCTMHCHUSAX TMPHUBENCHBI B mpuiiokeHuH 4. [lpu npulOimkeHHOM ydere
CONPOTUBIICHUN KOHTAKTOB NPUHUMAIOT: 7 = 0,1 MOM - JIJIs1 KOHTaKTHBIX
coenuHeHUH Kabenei; 7 = 0,01 MOM - st muHOTIPOBOIOB; 7 = 1,0 MOM
- 1711 KOMMYTAllMOHHBIX alMapaTosB.

2.7. AKTHBHBIE U
TpaHc(oOpMaToOpoB TOKA

IIpu pacuere TokoB K3 B anekTpoycraHOoBKax HampspkeHueM a0 1 kB
CJlelyeT YYUThIBaTh KaK MHAYKTHBHBIC, TAK U aKTUBHBIE COMPOTUBIICHUS
MePBUYHBIX OOMOTOK  BCeX MHOT'OBHUTKOBBIX U3MEPUTEITBHBIX
Tpanc(opMaTopoB ToOKa, KoTopele umetorcss B nenu K3. 3Hadyenus
AKTHBHBIX n WHTyKTUBHBIX COTIPOTUBIICHUH HYJICBOU
MOCJIEIOBATEIbHOCTH MPUHUMAIOT PABHBIMU 3HAUYEHHSIM COMPOTUBICHUN

HHAYKTHUBHBIC COIMPOTUBJICHUSA
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NpsIMON TOCJIeN0BaTeNbHOCTH. [lapaMeTpsl HEKOTOPBIX MHOTOBHUTKOBBIX
TpaHC(OPMATOPOB TOKA IpPHUBEICHBI B MPUIOKEHUU 5. AKTUBHBIM U
WHAYKTUBHBIM CONPOTUBJIEHHEM OJHOBHUTKOBBIX TpaHc(OpMaTopoB (Ha
Toku 6osee 500 A) npu pacuetax TokoB K3 MoxHO npeHeOpeyb.

2.8. AKTHBHbIe M HHAYKTHBHbIC CONPOTHBJICHUSI KaTyLIEK
aBTOMATH4YeCKHUX BBIKJIIOYaTe el

Hazan...

Pacuersl TOKOB K3 B n3yekrpoycraHoBKax HampspbkeHneM a0 1 kB
ClelyeT BECTH C YYETOM HMHAYKTHBHBIX M AKTHBHBIX COIPOTUBIICHUMN
KaTymek (pacuenureneil) MaKCUMaJbHOIO TOKa  aBTOMAaTHYECKHX
BBIKJIIOYATENICH, IIPUHUMAas 3HAYECHHWs] AaKTUBHBIX M HMHAYKTHUBHBIX
COINIPOTHUBIICHUI HYJIEBOI IIOCJIE0BATENBHOCTH paBHBIMH
COOTBETCTBYIOIIIMM  CONPOTUBIICHUSAM MPSAMOA  IMOCIEAOBATEIBHOCTH.
3HAaueHUs CONPOTHUBIIEHUH KaTylIeK pacLenuTeled U  KOHTaKTOB
HEKOTOPBIX ABTOMATHUYECKUX BBIKJIIOYATENICH NMPUBEIACHBI B NPUIOKECHUH
6.

2.9. ITapameTrpbl aBTOHOMHBIX HMCTOYHHMKOB JJICKTPOIHEPIrUM H
CHHXPOHHBIX JJIEKTPOABUIaTe I

IIpn pacuere HayaJbHOIO 3HAYECHUS NEPUOJUYECKOM COCTABIISAIOLIEH
Toka K3  aBTOHOMHBIE  HCTOYHMKM, a TaKXKE  CHHXPOHHBIE
3JIEKTPOABUTATEIIN cienyer Y4YUTBIBaTh CBEPXIIEPEXOAHBIM

"

COTIPOTHBIEHHEM O MPOAOILHOM ocu potopa (7¢), a Tpu ompeaeneHun
MOCTOSTHHOM BpPEMEHH 3aTyXaHHsl allepHOJUYECKON COCTABIISIONICH TOKa

K3 - WHAYKTUBHBIM  CONPOTUBIEHHWEM JUIsi TOKOB  OOpaTHOM
MOCIIEZIOBATEILHOCTH X, U aKTHUBHBIM COMPOTHUBIIEHHEM OOMOTKH CTAaTOpa
X g (uom) "

Il 0 Do =005 = "Tgr=
r. Ilpu npuOAMKEHHBIX pacdyeTax MPUHUMAIOT: ,15: x 0T
0,15%.

Hazan...

2.10. ITapameTpbl ACHHXPOHHBIX JJIeKTPOABUIaTeIei

IIpn pacuerax HAYaIbHOTO 3HAYEHUS MEPUOJUYECKON COCTABIISAIOLIEH
Toka K3 OT acCHHXpPOHHBIX SJEKTPOJBHUTATENEH TMOCIEAHUE CIEIyET
BBOJUTb B CXEMYy 3aMEUICHHUS CBEPXIIEPEXOJHBIM HHAYKTHBHBIM

conporusiieHueM. Ilpu HeEOOXOAMMOCTH TPOBEACHMSI YTOUYHEHHBIX
pacyeToB CIEAYyeT TaK)KE YYUTHIBATH AKTUBHOE COIPOTUBJICHUE CTATOpA.
WX 3Ha4YeHMsI PEKOMEHYETCSl ONIPENEIATh, KaK YKa3aHO B IPUJIOKEHHUH 7.

[lpy  TpuOMKEHHBIX  pacyeTaX  MPHHUMAIOT:  CBEPXIIEPEXOTHOE
X ATl(som)
MHAYKTUBHOE CONPOTHBICHHE ACUHXPOHHOTO JBHUIaTEls * = 0,18;
r ATl

AKTUBHOC COHpOTI/IBJ'[eHI/Ie CT&TOpa aCI/IHXPOHHOFO OBUTATCIISL *
X ATl

0,36 *
Hazan...

2.11. PacueTHble mapaMeTpPbl KOMILUIEKCHBIX HATPY30K

2.11.1. TIpu pacuere TokoB K3 OT KOMIUIEKCHBIX HAarpy3oK CIJI€IyeT
YUUTBIBaTh ~ HUX  [ApaMeTpbl  NpsMoOil, oOpaTHOW U  HyJEBOU
MOCJE0BATENbHOCTE. PeKOMEeHyeMble 3HAu€HUs  CONPOTUBIICHUI
npsiMmoid  (Z;) u oOpartHOi (Z;) mOCIEAOBATEIBHOCTEH OTAEIBHBIX
AJIEMEHTOB KOMIUICKCHON HAarpy3Kd TpHUBeJeHb B TabOna. 1. 3HaueHus
MOJIyJICH TONHBIX CONPOTUBICHUN TpsMOU (Zigr), oOpaTHOU (Zour) U
HYJEeBOW (Zopyr) TMOCIEAOBATEIILHOCTEH HEKOTOPBIX Y3JIOB HArpy3KH B
3aBUCUMOCTH OT KX COCTaBa JIONMYCKAETCs OMpEeNeNsiTh, KaK YKa3aHO B
MIPUJIOKEHUH 8.
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Taonuma 1

HapaMeprl 3J1EMEHTOB KOMILIEKCHOM Harpy3kKm

3aBHCHT OT CI0oco0a 3H€KTPOCH36)K€HI/I$I - OT JHCProCUCTCMbl WM OT
ABTOHOMHOI'O HICTOYHHKA.

3Ha4YeHHs CONIPOTHBIICHH, OTH.
IMotpeduTenu koMruiekcHOW |O003HAYCHUS Cos ell.

Harpys3ku Ha CXeMax Prom z, z,
ACUHXpOHHBIE Al 0,8 0,07+,0,18 | 0,07+;0,18
AIEKTPOABUTATEIIN
CHHXPOHHBIE Cl 0,9 0,03+, 0,16 0,03 +;0,16
3IEKTPOIABUTATEIIN
JlamMnibl HaKaTUBaHUS JIH 1,0 1,0 1,33
T"azopaspsiaabie HCTOYHHKH JIr 0,85 0,86 +; 0,53 0,38+;0,24
cBeTa
[IpeobpaszoBarenu 11 0,9 0,9+, 0,44 1,66 +; 0,81
DNEKTPOTEPMHUUECKUE ) 0,9 1+;0,49 0,4+;0,2
YCTaHOBKH

2.11.2. B npuOamkeHHbIX pacyerax i y3J0B, coaepxammx a0 70 %
ACUHXPOHHBIX JBUTaTeleH, IOIMyCKAeTCsl 3HAUYEHUs MOJyJIed MOJHBIX

VA
o o IHD
COHpOTI/IBJ'IeHI/II/I KOMIINICKCHOU Hany3KH HpI/IHI/IMaTI) paBHI)IMI/I * =
ZZHF ZOHF
< =04 * =30.

2.12. AkTHBHOe conpoTuBJeHue 1yru B mecte K3
IIpn onpeneneHnn MuUHUMaIbHOTO 3HadeHHs Toka K3 cuepyer

YYUTHIBaTh BiIUSHHE Ha TOK K3  aKkTHBHOTO  CONPOTHBICHHUS
anekTpudeckoi nyru B mecte K3.
[TpubnikeHHbIe  3HAYEHUS]  AKTMBHOTO  CONPOTHBICHHS  JYTH

MIPUBE/ICHBI B Ta0. 2.
Hns  nppyrux pacueTHbix yciaoBuid K3  3HaueHMST aKTUBHOTO
COMPOTUBIIEHUS TyTU JOMYCKAETCSl PACCUUTHIBATD, MO MPUIIOKEHHIO 9.
Hazan...

3. PACYHET HAYAJIbHOT'O 3HAYEHUWA HNEPUOJUYECKOM
COCTABJIAIOINEN TOKA TPEX®A3HOI'O K3

3.1. Meroguka pacuera HayajJbHOrO JIEUCTBYIOIIETO 3HAYCHUS
NepUOANYECKO cocTaBisitomield Toka K3 B anekrpoycraHoBkax no 1 kB

Taonuma 2
3Ha‘leHPlﬂ AKTUBHOI'O CONMPOTUBJICHUSA AYTI'!
AKTHBHOE COIIPOTHBIIEHHE AYTH (7)), MOM,
Pacuerne yorosus K3 npu K3 3a TpaHC(bO}I)(I\];a;opaMH MOILHOCTBIO,
250 400 630 | 1000 | 1600 | 2500
K3 BOMM3HM  BBIBOJOB  HHU3IIETO
HaTpsDKCHUS TpaHcopMaTopa:
- B pa3zenke Kadeneil HalpsHKeHHEM:
0,4 xB 15 10 7 5 4 3
0,525 kB 14 8 6 4.5 3,5 2,5
0,69 xB 12 7 5 4 3 2
- B mmHompoBome Tuma IIIMA
HaIPSHKEHUEM:
0,4 kB - - - 6 4 3
0,525 xB - - - 5 3,5 2,5
0,69 kB - - - 4 3 2
K3 B KoHIE wmUHONpPOBOJA THUMA
IIMA mymmnoi 100 - 150 m
HaTIPSOHKCHUEM:
0,4 xB - - - 6-8 5-7 4-6
0,525 kB - - - 5-7 4-6 3-5
0,69 xB - - - 4-6 3-5 2-4

3.2. Ilpu >1eKTPOCHAOKEHUHU DSJICKTPOYCTAHOBKH OT IHEPTrOCHCTEMBI
yepe3 MOHWKAIIUI TpaHC(HOPMATOp HayaIbHOE JeHCTBYIOIEe 3HaUCHUE
nepuoAnyYeckor cocraBisitomie  tpexdasHoro Toka K3 (f) B
Kujoamnepax 0e3 ydera HOJAMUTKU OT 3JIEKTPOABHUraTeIe pacCunThIBAIOT
o popmyne

U HH
[, =—F2t
\/5\/ riy Xy (])

rae Upun - cpelHee HOMHMHAIBHOE HANPSHKEHUE CETH, B KOTOPOM
MPOU30IILII0O KOPOTKOE 3aMbIKaHue, B;

fix, %X - COOTBETCTBEHHO CyMMapHO€ aKTMBHOC H CYMMapHOC
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WHIyKTUBHOE COTNIPOTHUBIICHUS psIMOit
nocnenoBarenbHOCTH Lenu K3, MOM. OTu conpoTuBieHus
PaBHBI:

s IVT+I’p+l’TA+I’KB+7‘m+I’K+I’iK6 +l’;m+l"£l
HX s :XC+XT+XP+XTA+XKB+Xm+X1K6+XBH,

A€ 7y U X; - AKTUBHO€ W HWHIYKTUBHOE COIPOTHBIICHHUS MPSIMOMN
MOCIIEZI0BATEILHOCTH MOHMKAIOIIET0 TpaHchopMaTopa,
MOM;
FTA U XTA - aKTHBHOE€ M HMHIYKTUBHOE COIMPOTUBICHHS MEPBHYHBIX
00MOTOK TparcopmaTopoB Toka, MOM;
X, - DKBUBAJICHTHOE UHIYKTUBHOE COMPOTUBJICHUE CHCTEMBI
hi (o) MTOHMKAIOIIETO TpanchopmaTopa, MOM,
MIPUBEACHHOE K CTYNIEHU HHU3IIETO HAMPSHKCHUS,
7p - AKTHBHOE W MHIYKTHBHOE COIPOTHBJICHHUS PEaKTOPOB,
MOwM;
Fxg U Xy - AQKTHBHOE€ W WHAYKTUBHOE COINPOTHBICHHUS TOKOBBIX
KaTyIIeK aBTOMaTUYECKHX BBIKITIOUaTesneit, MOM;
Fq W Xy - AKTUBHOE ¥ HMHIYKTHBHOE COINPOTHUBIICHHS
IIMHOIIPOBOAOB, MOM;
r« - CYMMapHO€ AaKTHBHOE COINPOTUBJICHUE PaA3IUYHBIX
KOHTaKTOB, MOM;
F1x6> Van Y X165 Xpy - AKTUBHBIC U MHAYKTHUBHBIC COMPOTUBIICHUS MPSIMOUN
MOCJCAOBATEILHOCTH  KAaOCIbHBIX U
BO3IYIIHBIX JIMHHUHN, MOM;
ry - AKTUBHOE compotuBieHue ayru B mecte K3, mOwm,
NpUHMMAaeMOe [0  JaHHBIM  Tabi. 2 WM
paccuMThIBAEMOE KaK YKa3aHO B TPWIOXKEHUH 9, B
3aBUCUMOCTH OT ycioBuit K3.

3.3. Ecnu »neKTpocHa0X)eHUE ICKTPOYCTAHOBKUA OCYIIECTBISAECTCS OT
9HEPrOCHCTEMBI Yepe3 MOHIKaIuil Tpanchopmarop u Boau3u mecra K3
WMEIOTCSI CUHXPOHHBIE W ACHHXPOHHBIC DJICKTPOABUTATEIM WA
KOMIUIEKCHAasi Harpy3ka, TO HaudalbHOE JCHCTBYIOLIEE 3HAUYECHUE
MEepUOINYECKO cocrapisitomiel Toka K3 ¢ ydyeTomM mMOANWTKA OT
3JEKTPOJIBUTaTeNeH NI KOMIUIEKCHOM Harpy3Ku CIEAYyeT OMpeaeiaTh Kak

CyMMY TOKOB OT 3HEprocucreMsl (cM. I. 3.2) U OT 3JEKTpOJBUTaTeNeH
WA KOMILICKCHON HAarpy3KH.

HauaneHoe neicTByrolIee 3HAYEHUE MEPUOJUYECKON COCTABIISIOIIEH
Toka K3 OT cuHXpOoHHBIX 3nekTpoasuratenceii (lycp) B Kuiloammepax
PacCUUTHIBAIOT 11O popMyIIe

"

o.CI1
\/(x; +xlz)2 +(Fen ""’12)2 )

E
1

moCH —

"

rae Epen - ceepxnepexonHas IDJIC CHHXPOHHOTO 3JEKTPOABUIATENS

(paznoe 3Hauenue), B;

"

Xa n rc - COOTBETCTBEHHO CBEPXIIEPEXOJHOE MHAYKTUBHOE U aKTHBHOE
COTPOTHUBIICHUS dJIEKTpoABUTaTess, MOM;
3HAUEHUSI ITUX COIMPOTUBJICHHUM OMYCKAETCS OMpPEAesiTh
Kak yKa3aHo B 1. 2.9;

fis. 'm M - cymMMapHOe MHIYKTHBHOE M CyMMapHOE aKTHBHOE
CONIPOTHBIIEHUS] ~ NIPSAMOW  IOCIEA0BAaTEIbHOCTH  LIEMH,
BKJIIOUEHHOW MEXAy dJIeKTpoaBurareseM M Toukod K3,

MOM.
JUiss CMHXpPOHHBIX 3JIeKTpojaBHraresnei, koropoie 10 K3 paboramm c

"

nepeBo30OykeHueM, cBepxmnepexoaayro DJIC (decll) B BOJbTax
paccCYMTHIBAIOT TIO popMmyie

Eycn = \/(qu\o\ + 1y, sin olop + (4%, cos olo)°, (10)

U
rae ¢ - ¢a3HOE HampsDKEHHE HA BBIBO/IAX DJICKTPOIBUrATEIIsi B MOMEHT,
npenmectytomuit K3, B;

I, N
0/ - TOK cTatopa B MOMEHT, mpeamiectyromuii K3, A;

(p|0| - yron casura (a3 HampsoKeHHss W TOKAa B MOMEHT,
npeamectytomuii K3, rpan, 7m.;

Y4 - cBepXIepexomHOEe COMPOTHBIEHHE ITI0 TPOAONBHOH OCH

CHUHXPOHHOTO 3JIeKTpoBUraresns, MOm.
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Jisi  CHHXPOHHBIX OJJIEKTpoABHTaTenei, padoraBmmx 10 K3 ¢

HeoBO30YyXIeHueM, cBepxmnepexoanyr I/(C (EMH) B BOJIbTax
pacCcYUTHIBAIOT 1O hopmyiie

Eyen = \/(Uq)‘o‘ ~ 1%, singl0)* + (1 3 x, cosgl0])*,

(11)

HauanbHoe aeicTByroIee 3HAYEHUE MEPUOJUYECKON COCTaBIISIIOLICH
Toka K3 OT acuHXpOHHBIX 3iekTpoaBurarenci (Inoaj) B KuaoaMIepax
PacCUYUTHIBAIOT IO (hopMyJie

"

b.AL

\/(x:m +x5)" + (g +7ix) ’ (12)

E

I moAJ] =

"

rae Yan y rAn - COOTBETCTBEHHO CBEPXIICPEXOJHOC HHIYKTHBHOC H
AKTUBHOC COIIPOTHUBJICHUA SJICKTPOABUTATCIIA,
MOM; 3HAYCHHUS ITUX CONPOTUBIICHUH
AOIIYCKACTCA ONpCAC/IATb, KAK YKa3aHO B II.
2.10;

bAL - cBepxnepexomHas  DJIC
AJIEKTPOBUTATEIIS,
paccuuTath 1o hopmyIie

ACUHXPOHHOTO
KOTOPYIO MO>KHO

Eyun = \/(U(b‘o‘ cos g|0| - ]‘O‘rAH)2 + (U, sin ol0] - I‘O‘XAH)Z . (13)

[Tpu HEOOXOAMMOCTH yUYeTa KOMIUIEKCHOM Harpy3Ku COOTBETCTBYIOIIIEE
HayaJIbHOE JEHCTBYIOIIEE 3HAYEHUE TTEPUOJUYECKON COCTABIISIONIEH TOKa
K3 cnenyer paccuuThiBaTh, Kak yKa3aHo B mpuiiokeHuu 10.

34. B oanekTpoyCcTaHOBKaX ¢  AaBTOHOMHBIMU  HCTOYHHUKAMHU
ANEKTPOIHEPTHH HauyaldbHOE JEHCTBYIOIIEEe 3HAUYCHUE MEePHOIUYECKON
cocrasystomeil Toka K3 0e3 yuera noanutku ot snexrpoasurareneit (/o)
B KHJIOAMIIEpaX PacCUUTHIBAIOT MO GhopMyIie

R

R (14)

rme = m MY - COOTBETCTBEHHO CyMMapHOE AaKTHMBHOE M CyMMAapHOE
UHAYKTHBHOE comnportusieHus unenu K3, MOM. Ot
COIIPOTHBIICHUS PaBHBI:

I’iZ:I’TA+VKB+Fp+Vm+I’;< +}"1K6+7" ;

BIIY

Xiy =Xy + Xy + X + X, + X, + X+ X,
riae Ey _ sxeusanentas ceepxnepexoanas DJIC (da3noe 3nauenue), B;
3naueHue 3ot DJIC cnenyer paccuuThIBaTh Tak K€, Kak W s
CHUHXPOHHBIX AJIeKTpoaBUraTeneit (cum. 1. 3.3).

3.5. Ilpu HeoOXOIMMOCTH Yy4YeTa CHHXPOHHBIX M aCHHXPOHHBIX
JJNIEKTPOJBUraTeIe MM KOMIUIEKCHOM HAarpy3kd B aBTOHOMHOU
AIEKTPUYECKOMN CHUCTEME HavaJbHOE JICUCTBYIOIIIEE 3Ha4YcHUE
nepuoanyeckon cocrapisitoieit Toka K3 cnenyer onpeaenars kak cymmy
TOKOB OT aBTOHOMHBIX UCTOYHHUKOB (CM. I. 3.4) U OT 3JIEKTpOJABHUTraTeNIeH
WJIM KOMIUIEKCHOM Harpy3ku (cM. 1. 3.3).

3.6. Ilpu HeoOxommmocTH ydera BiAUsSHUA Ha TOK K3 akTmBHOTO
CONPOTHUBIICHUS JJIEKTPUUYECKON HOyrd PEKOMEHAYETCS HCIOJIb30BaTh
yKazaHus NpuioxeHus 9 (1. 4).

Hazan...

4. PACUET AIIEPHOJIUYECKOM COCTABJIAIOIIEN TOKA K3

4.1. HauGonp1ee HavaJbHOE 3HauYeHUE arepuoInYeCcKomn
cocrapisitorieii Toka K3 (i) B oOmem cioyudae CUMTAIOT pPaBHBIM

aAMIUTATYJI€ TIEPUOJAMYECKON COCTABJISAIONIEH TOKAa B HaYaJlbHbIA MOMEHT
K3

iaO = 2[1'10' (15)

4.2. B paguanbHBIX CETAX allepUOJMYECKYIO COCTaBIAONLYI0 Toka K3 B
IIPOU3BOJIbHBIE MOMEHT BPEMEHH (Iat) PACCUMTHIBAIOT 11O OpMYyJie

. T,

lat = laOe s (1 6)

rae t - Bpems, C;
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T, - IOCTOSIHHAs: BPEMEHU 3aTyXaHHMsI allepUOANYECKON COCTaBIAIOIIEH
toka K3 ¢, paBHas

X
T, =2

®.F > (17)

rme *r wmw 'z - pe3yJIbTUPYIOIIME HWHAYKTUBHOE M aKTUBHOE

conpotusnenus uenu K3, MOwm;
. - CHHXPOHHAs yTJIOBasi 4aCTOTa HATPSHKEHUS CETH, PaJi/C.

IIpu onpenenenun *= u 'S cUHXpOHHBIE reHepaTOPbl, CHHXPOHHBIE U
ACUHXPOHHBIE JJICKTPOJBUTATENN JOJKHBI OBITh BBEACHBI B CXEMY
3aMeIleHUs] B COOTBETCTBHH ¢ TpeOoBaHMsMHU . 2.9 u 2.10.

KomruiekcHas Harpy3ka J0/DKHA OBITH BBEJICHA B CXEMY 3aMCIICHUS B
COOTBETCTBHUH C TPeOOBAaHUSIMU pa3l. 2.

4.3. Ecniu Ttouka K3 nenut pacueTHyro cXeMy Ha paauajbHbIE,
HE3aBHCHMBIE IPYT OT JApPYyra BETBH, TO allepUOJUYECKYIO COCTABIISIONIYIO
Toka K3 B mpoOM3BOJILHBIH MOMEHT BPEMEHM CIIEAYET OIPEACNATh Kak
CyMMY afepHOJUYECKHX COCTABISIIOIMIUX TOKOB OTHEIbHBIX BETBEH IO

dbopmyite
m
. Z . —t/ T,
Ly = L0i€ >
i=1

TJE 7 - YHCJI0 HE3aBUCHMBIX BETBEH CXEMEI;
ia0; - HAYAJIbHOE 3HAUYECHHE allepUOANUECKOM cocTaBisonieil Toka K3
B i-Il BETBH, KA.
Hazan...

(18)

5. PACUET YJIAPHOTI'O TOKA K3

5.1. VY napHslii Tok TpexdazHoro K3 (iy;) B 21€KTpOyCTaHOBKAX C OJHUM
UCTOYHUKOM DSHEPruM (SHEprocMcTeMa WM aBTOHOMHBIM HCTOYHUK)
paccuuTHIBaIOT MO (hopmyIie

i, = V21 (1+singe™'™) = \/Elnol{yu, (19)

_ . 14 /T,
Ky, =(+sinoe ) . yAapHBIA KOA(POUIMEHT, KOTOPBIA MOXKET

OBITh OIpeiesIeH 10 KPUBBIM YepT. 1;
IIOCTOsIHHAas BPCMCHU 3aTyXaHus
arnepuonyYeckoil cocrapistomeit Toka K3

(cm. 1. 4.2);

(x - yrona casura o ¢aze Hanpspkerus uiau DJ1C
HCTOYHHKA u MEePUOANYECKON
cocraBisitomieli  Toka K3,  koTOpbIi
paccUUTHIBAIOT 1O hopMyIie

rac

T, -

¢, =arctgx,y /7y;

tyx - BpeMs oT Hadana K3 1o nosiBiieHys y1apHOro TOKa, ¢, paBHOE

n/2+Q,
t,=001——*.
T
Kpuseie 3aBucumocts yaapuoro kodgdunuenra Ky, 0T OTHOIIEHU I
r/x u x/r
X
N T ] N
L8 = -~ - t 7 .

16 \\\ | y 4
e P .
(2f— \L\-_ . i

L St :
g 82 8% §&6 08 10 g5 1 2 5 W20 50/8Gxir

X - THAYKTHBHOE conpoTuBieHue nenu K3, » - akTuBHOE compoTuBieHue nemu K3
Yepr. 1

5.2. Tlpu pacuere ymapHoro Toka K3 Ha BbIBOJaX aBTOHOMHBIX
HCTOYHHKOB, 4 TAK)XKC CHHXPOHHBIX W ACHMHXPOHHBIX SHCKTpOI[BI/IFaTeHeI\;I
JIOITyCKAETCsl CUUTATh, UTO:

yaapubii Tok HacTynaeT uepes 0,01 ¢ mocne navana K3;

aMIUTUTyAa TepUOAUYECKOr cocraBisionieil Toka K3 B MoMeHT
BpeMenu ¢ = 0,01 ¢ paBHa aMIUIUTYZE 3TON COCTABIISIIONIEH B HAYaJIbHBIN
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momeHnT K3.

5.3. VYiapHblii TOK OT aCHMHXPOHHOTO 3JeKTpoaBurarens (iy;ajg) B
KWJIOAMIIEpaX pPACCUUTHIBAIOT C YYETOM 3aTyXaHUS  aMIUIUTYIBI
neproandecKoi cocrapistomieit Toka K3 mo ¢popmyne

0,01 0,01

. Tp A
lyn.A}l = \/E‘InoA)l(e t+e ! )n (20)

rae 1, - pacueTHas IOCTOSHHAs BPEMEHM 3aTyXaHHUs IEPHOAMYECKON
COCTaBJIAIOLIEH TOKA CTaTOpa, C;
T, - TOCTOSHHas  BPEMEHU
COCTaBJIAIOLIEH TOKA CTaTOpa, C.
ITpu sToM T, u T, 10IyCKAEeTCsl paCCUMTHIBATH 110 (hopMyIaM

3aTyXaHusl  alepHOAUYECKON

"

Xag T X

Xan T Xigs

N
’ (’Oc(rl_i—rlx6)

TJIe O, - CHHXPOHHAsI YTJIOBasi 4acTOTa, Paji/c;

o

71 ¥ 2 - COOTBETCTBEHHO aKTUBHOE CONPOTHUBIIEHUE CTATOpa U aKTHUBHOE
CONPOTHUBIIEHUE POTOPA, IPUBEIEHHOE K CTAaTOpPy, KOTOpBIE
JIOTTYCKAeTCsl paCCUUTHIBATh, KaK YKA3aHO B MPUIIOKEHUH 7.

5.4. Ecim Touka K3 nenut pacdeTHylo cxeMy Ha pajualibHble, HE
3aBUCHMBIE JpPYT OT JApyra BeTBH, TO ynapHblii Tok K3 (iy,) ompenensror

KaK CyMMY YZapHBIX TOKOB OTJEJIbHBIX BETBEH 0 opmyIie

m
;o — LynilTy;
fn= 2 V2L (1™ ™),
i=1 (21)
TJIE M - YUCJIO HE3aBUCUMBIX BETBEH CXEMBI;
Thoi - HayaJdbHOE  JICMCTBYIOIIEE  3HAUYEHUE
cocrapisiomeii Toka K3 B i-i BeTBH, KA
tyni - BpEMs MOSIBJIEHUS YAAPHOIO TOKA B i-i BETBH, C;
T} - IOCTOSIHHAsA BPEMEHU 3aTyXaHUs allepUOJUYECKON COCTaBISAIOIIEH
toka K3 B i-i1 BeTBH, C.

MEPUOINYECKOMN

Hazan... . _
6. PACUET IIEPUO/IMYECKOU COCTABJIAIOIIEA TOKA K3

OT ABTOHOMHBIX NCTOYHHUKOB 2JIEKTPOOHEPI'MHU B
MMPOU3BOJIBHBIFI MOMEHT BPEMEHHU
6.1. B CIOXHBIX aBTOHOMHBIX CHCTEMaxX pacyeT MEepUOJAUYECKON
cocraBisoneil Toka K3 oT HCTOYHMKOB 3JIEKTPOIHEPTUU (CUHXPOHHBIX
TE€HEPAaTOPOB) B IMPOU3BOJBHBI MOMEHT BPEMEHH CIJIEIYET BBIOJIHATH
NyTEeM peleHus COOTBETCTBYIOLIEH cucreMbl auddepeHnnantbHbIX
ypaBHEHUH TIEPEXOHBIX MPOIIECCOB C UCIIOIb30BaHneM DBM.
HN3menenne nepuoanueckoi cocrapiasiomeii Toka K3 or cunxponHoii
MALIMHBI

Iﬂt?{i'ﬂfﬂ} - ﬁ&i‘ 2

e N

N\

A\

06
o5 i
7
]
]
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6.2. B npubanmkKeHHbIX pacueTax Uil OMNpEENICHUsl JIEHCTBYIOIIETO
3HAQUYEHMSI TMEPUOJMYECKOW cocTaBisitonieil Toka K3 B mpou3BONBHBIN
MOMEHT BPEMEHH OT aBTOHOMHBIX MCTOYHHMKOB TPHU PaJAHAIBHONW CXEMe
MPUMEHSAIOT KpHUBBIE, IMPUBEICHHbIE Ha uepT. 2. PacyeTHble KpuBbIE
XapaKTEPU3YIOT U3MEHECHHE ATOM COCTABIISIIONICH BO BPEMEHHU MPH Pa3HbIX
yaalieHHOCTsAX Touku K3. 3HaueHus nepruoanyecKkoi COCTaBIISIIOLIEH TOKa
K3 B mpou3BoibHBII MOMEHT BpPEMEHHM OTHECEHBI K HadaJbHOMY
3HAUEHUIO PTON COCTaBIISIOINICH, T.€.

1

Y=

1o

no(HOM)

VYnanennocts Toukn K3  or cuHXpoHHOW MamuHBL (
XapaKTEPU3yeTCsl OTHOUIEHUEM JIEUCTBYIOMIETO 3HAYCHHS EPUOINYECKON
COCTABJISIIOLIEH TOKa 3TOM MalllMHbl B HauyajdbHbli MomeHT K3 k ee
HOMHHAJIBHOMY TOKY, T.€.

I _ 1 0
no(nom) Ji .

* HOM

JelicTBytolllee 3HAYEHUE TMEPUOAUYECKON cocTaBistomeil Toka K3 B
MPOU3BOJIBHBI MOMEHT BpPEMEHH OT CHHXPOHHOW MalluHBI (WK
HECKOJIbKMX OJHOTHUIHBIX CHHXPOHHBIX MAlllMH, HaXOJAIIUXCSI B
OJIMHAKOBBIX YCJIOBHSX MO oOTHomeHuto kK Ttouke K3) ([y), ciemyer
ompeesaTh o GpopMmyie

]nt = YI I ]

no(HoM) " HOM ?

; (22)
HpI/I‘IeM HpI/I HCECKOJIBKUX MallWnHaX 1104 HOMHWHAJIBbHBIM TOKOM CHGI[yeT
IIOHUMATh CYMMy HOMHWHAJIBHBIX TOKOB BCCX MAIlIUH.

Hazan...

7. PACUET NEPUOIUUYECKOM COCTABJISIONIENA TOKA K3
OT CUHXPOHHBIX 1 ACUHXPOHHbIX
JEKTPOJIBUTATEJIENA B TPOU3BOJIBHBIA MOMEHT
BPEMEHU

7.1. Tounslli pacuer mnepuoauyeckoi cocrapistoniel Toka K3 ot
CUHXPOHHBIX W AaCHHXPOHHBIX DJJIEKTPOJBUTATENE B IPOU3BOJIBHBIN
MOMEHT BPEMEHM CIIEJYET BBIIOJHATh IIyTEM pEIICHUsS CHCTEMBbI
JuddepeHInaIbHbIX YpaBHEHUH EPEXOIHBIX MPOLIECCOB.

7.2. Tlpn npuOIMKEHHBIX pacdyeTax sl ONpeNeNICHUs] JeHCTBYIOIIEro
3HAYCHUs NEPUOAMYECKOM cocTaBistonie Toka K3 OT CHMHXPOHHBIX
AJIEKTPOJBUraTeIe B NMPOU3BOJIBHBII MOMEHT BPEMEHHU IIPU PaAUaIbHON
CXEME€ HCIOJIb3YIOT TUIIOBBIE KPUBBIE, IPUBEICHHBIC HA YEPT. 2.

7.3. Tlpu mpuOIMKEHHBIX pacueTax IS ONPEICIICHUs JTCHCTBYIOIIETO
3HAYEHUs NEPUOAMYECKON cocTaBisomed Toka K3 oT acMHXpOHHBIX
AJIEKTPOJBUraTEIeH B NMPOU3BOJIBHBII MOMEHT BPEMEHHU IIPU PaAUaIbHON
CXEM€ MWCIIONIB3YIOT KpHBBIC, IPUBEACHHBIE Ha YepT. 3. 3HAYCHUS
MepuoIuYecKor coctapistomed Toka K3 B MpOM3BOJIBHBII MOMEHT
BPEMEHM OTHECEHBI K HA4aJIbHOMY 3HAYEHMIO 3TOM COCTABIIAIOILEH, T.€.

_ I mtAJ]
Yian = 7 .
moAJ{

VYnanenHoctp Toukd K3 OT aCMHXpPOHHOTO  3JIEKTPOABUTATENS
XapaKTEPU3yeTCs] OTHOIICHUEM JIEHCTBYIOIIETO 3HAYCHUSI NIEPUOANYECKON
COCTaBJISIFOILIEH TOKA 3TOTO 3JEKTPOJBUTATENs B HaYadbHbI MOMEHT K3 k
€ro HOMMHAJIbHOMY TOKY

] _ IHOA):[
no(Hom) Ji .

*

AllHom

[elicTBytoliee 3Haue€HUE NEPUOJUYECKOM cocTaBismonieil Toka K3 B
MPOU3BOJIbHBIII MOMEHT BPEMEHH OT ACUHXPOHHOTO 3JIEKTPOJBUIATENS

1 .
("wAL) (WM HECKOJBKMX  ACHHXPOHHBIX  D3JIEKTPOJBHUTATEINCH,
HaxXOJAIIMXCS B OJAMHAKOBBIX YCIOBUSAX IO OTHOIICHHIO K Touke K3)
pacCUYMTHIBAIOT TIO popMyIie

[ntA/:[ = YZAI[ [no(HOM) IHOMA,Z[ :
3k

(23)

HN3meHeHnue nepuoanueckoi cocrapiaswomei Toka K3 or
ACMHXPOHHBIX JBHUraTe e
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Hazan...

8. PACYHET TOKOB HECUMMETPHUYHBbLIX K3

8.1 CocraBJiieHHe CXeM 3aMelleHUst

8.1.1. Pacuer TOkOB HecUMMETpU4HbIX K3  BBINONHSIOT C
UCIIOJIb30BAaHUEM METOJa CUMMETPUYHBIX COCTaBILIIOIMX. [Ipm 3TOM
MIPEIBAPUTENIBHO HEOOXOAMMO COCTaBUTh CXEMBbl 3aMEILEHUsl MpPSIMOH,
0o0paTHOM U HyJIEBOW MOCTIEI0BATEIBHOCTEH.

8.1.2. B cxemy 3aMeleHuss MPsSIMON TOCIEIOBATEIHLHOCTH JTOJIKHBI
OBITh BBE/IEHBI BCE JJIEMEHTBl PACUETHOM CXEMbl, IPUYEM IIPH pacyueTe
HAa4yaJIbHOTO 3HAaYeHUs Toka HecuMmMmerpuuHoro K3  aBTOHOMHBIE
VCTOYHUKH, CUHXPOHHBIE M ACHHXPOHHBIE 3JIEKTPOJBUTATENIH, a TAKKE
KOMIUIEKCHAsI Harpy3Ka JOJKHBI ObITh BBE/IEHBI cBepxmnepexoaubiMu 3/1C
U CBEPXIIEPEXOIHBIMH CONPOTUBIICHUSMH.

Cxema 3amerieHuss OOpaTHOM TMOCJIEIOBATEILHOCTH TaKXKe JOJKHA
BKJIIOYATh BCE 3JIEMEHThI pacueTHOi cxembl. [Ipu stom D/IC obpaTHOMH
MOCJIEZIOBATEILHOCTH CHUHXPOHHBIX M ACHUHXPOHHBIX MAIIMH, a TaK¥ke
KOMIUIEKCHOW ~ Harpy3ku, CleLyeT MpUHMMATh pPaBHBIMH  HYIJIIO.

CormnpoTuBieHHE OOPAaTHOW TOCIEIOBATEIHLHOCTH CHHXPOHHBIX MAaIlluH
cllelyeT TPHHUMATh 10 JaHHBIM Karajora, acHHXPOHHBIX MalldH -
[IPUHUMATh paBHBIM CBEPXIIEPEXOTHOMY COIIPOTHUBJIECHHUIO, a
KOMIUIEKCHBIX Harpy30K - B COOTBETCTBUU € TaOI. 1.

ConpoTuBieHre 00paTHOM MOCIEI0BATEILHOCTH TpaHC(HOPMaTOPOB,
PEaKTOPOB, BO3AYIIHBIX U KaOENbHBIX JTHHUH CIIeAyeT MPUHIMATh PaBHBIM
COIIPOTHUBIICHUIO TPSIMON TIOCIIEIOBATEIBHOCTH.

Hazan...

8.2. Pacuert ToxoB ogHo(pa3znoro K3

8.2.1. Ecnu anexTpocHabKeHUe IEKTPOYCTaHOBKM HaIpsLKEHHEM 110 |
kB  ocymecTBisieTcss OT  SHEPrOCHCTEMBI  4Yepe3  IMOHMKAIOMINN
TpaHchopMaTop, TO HaYAIbHOE 3HAUYECHUE TIEPUOTUUECKON COCTABIISIONICH

M
Il'l

Toka omgHodazHoro K3 or cucteMsl (“me ) B KUJIOAMIIEpax PacCUUTHIBAIOT

o popmyne
€8] — \/chpHH
JCrs +705)* + (x5 + Xy (24)

rne iz u MT onpemensioT B COOTBETCTBMM C M. 3.2 HACTOSIIETO
CTaHJapTa;

s m %o - cymMmapHOe aKTMBHOE U CyMMapHOE MHIYKTUBHOE
CONPOTHUBJICHUSI HYJEBOW MOCIIEIOBATEILHOCTH PACUETHOM
cxeMbl OTHOCUTENBbHO TOUKU K3, MOM. DT conpoTuBneHus
PaBHBI:

oy =7y +l”p TVp T Hhe T T o T ok T Toss -|—l"Zl
H xOZ = Xor +xp +xTA +xKB +x0m +x01<6 +x0EB’

TOE For U Xor - AKTHUBHOE M HMHAYKTHBHOE COINPOTHUBIICHUS HYJIEBOU
MOCIIE0BATEIHLHOCTH TOHMKAIOIIETO TpaHCchopMaTopa;
Fomw U Xom - AKTUBHOE€ M WHIYKTHBHOE COINPOTUBIICHUS HYJEBOU
MOCJIEAOBATEIBFHOCTH IIIMHONIPOBOAA;
Toxe U Xoxg - AKTMBHOE W HWHIAYKTHBHOE CONPOTHBIIEHUS HYJIEBOU
IOCJIEOBATEILHOCTH Ka0es;
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Fosn U Xogy - AKTHUBHOE M HWHAYKTUBHOE COMNPOTHUBJIEHUS HYJIEBOU
MOCITIEA0BATEIHLHOCTH BO3AYLITHOW JTUHUH (Fopn = F1pg, X0pn
~ 3x1BJ’I)-

8.2.2. B a1eKTpOoyCTaHOBKAaX ¢ aBTOHOMHBIMH HCTOYHHKAMH SHEPTHH

HavyallbHOE 3HAYCHHE MEPUOTUIYECCKON COCTABISIONICH TOKa OJHO(MA3HOTO

(Y]
K3 (1 no ) B KAJIOAMITEpaxX PacCYUTHIBAIOT MO PopmyJie

IO = 3E€b
mo 2 22
\/(21"12 + 7,5 )"+ (2x5 + Xp5) 25)
£
rae ® - »KBHUBaJeHTHas cBepxnepexogHas OJOJIC aBTOHOMHBIX
UCTOYHUKOB, B, KOTOpyIO OmpeensoT B COOTBETCTBUU C II.

3.4.

3nauenus 1= u YT ompenensor B cootBercTBuM ¢ 1. 3.4, a "0z u Yoz
-momn. 8.2.1.

8.2.3. HauvanbHOe 3HauY€HHE MEPUOJUYECKON COCTABISIONICH TOKa
omHodpazHoro K3 ¢ y4eToM CHHXpPOHHBIX ¥  ACHHXPOHHBIX
AJICKTPOJIBUTATENIEH B KHJIOAMIIEpaX PACCUMTHIBAIOT, KaK yKa3aHO B TI.
8.2.2.

8.2.4. [Ipu HEOOXOINUMOCTHA onpeaeICHUs MePUONYECKOMN
cocrapnstonieil Toka ogHodgazHoro K3 B mpou3BoIbHBII MOMEHT BpEMEHHU
MPUMEHSIIOT METObI pacueTa, MPUBEAEHHBIE B pa3a. 2, 6 u 7.

8.3. Pacuer TokoB aByx¢asznoro K3

8.3.1. IIpu a1meKTpoCcHAOKEHUH JIEKTPOYCTAHOBOK HaMpspKeHHEM 110 1
KB OoT 3HEprocucTemMsl depe3 MOHIKAIOUINN TpaHCPOopMaTOp HadadbHOE

)
(I

3HAa4YCHHE TIEPUOIMUECKON COCTABIISIONIEH Toka aByxdazHoro K3 (fro ) B

KHJI0OaMIIepaxX PacCUMTHIBAIOT 1O hopMyie

Ucp.HH

29n% + Xy (26)

@ _
Ir[o -

rIe

”12:VT+”p+’”TA+rxg+rm+rx+”1x6+’”133+”n/2;

Xiy =X, +)CT +)Cp +xTA +XKB +Xm +x11<6 +xlBB.

8.3.2. B »iekTpoyCcTaHOBKAaX ¢ aBTOHOMHBIMHU HCTOYHHMKAMH YHEPTHHU
HAYaJIbHOE 3HAYCHHE TIEPUOJUYCCKON COCTABISIONICH TOKa ABYX(ha3HOTO

(2)
K3 (1 no ) B KMJIOAMITEPAX PACCUUTHIBAIOT 11O popmMyIie
V3E,
241y + Xy Q27)

8.3.3. HauanpHoe 3HaYeHHE TMEPUOJMYECKON COCTABIISIIONICH TOKa

@)
nByxdasznoro K3 ¢ ydyeToM acHHXpPOHHBIX AJIEKTPOJBUTATEICH (I mAL) B

KHJI0OAMITEpaxX PacCUUTHIBAIOT 1O hopMyIie

2 _ \/gEth

mAl — _ [ 5 5
2yns +xs (28)
E

rae %X - skBuBasieHTHas OJIC acCHMHXpPOHHBIX 3JIEKTpOJABUTATENEH U
HMCTOYHMKA IEKTPOIHEPTHH, B;

@ _
]no -

l

"is m M - cymMmapHble aKTUBHOE M WMHIYKTUBHOE CONPOTHBICHHUS
oTHocutenbHO Toukn K3 (¢ yderom mapameTpoB
ACMHXPOHHBIX IEKTpoaBUraTesneit), MOM
8.3.4. HauanbHOoe  JACHCTBYIOIIEE  3HAYCHHE  MEPUOTUYECKOUN
cocraBisomel Toka aByxgazHoro K3 ¢ yd4eroM CHHXpPOHHBIX
AJIEKTPOJBUIATENICH B KHJIOAMIIEpaxX ONPEETsAIOT, KaK yKa3aHo B 11 8.3.3.
83.5. Ilpu  HeoOXOAMMOCTH  ONpENCNCHHS  NEPUOTUYECKOM
cocTapJstoneld Toka AByxdaznoro K3 B mpon3BOJIbLHBIE MOMEHT BpEMEHU
IIPUMEHSIOT METO/BI pacyeTa, IPUBEIEHHBIE B pa3d. 6 u 7.
Hazan...
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IIPUJIO)KEHHUE 1
Pexomenodyemoe

PACUET CONMPOTUBJIEHU IIIMHOIIPOBOJI0OB

1. HeoOxomumsbie st pacueToB TokoB K3 mapameTpsl HIMHONPOBOIOB
MOTYT OBITh B3AThl W3 HOPMATHBHO-TEXHUYECCKOW JOKYMEHTAIIUH WU
MOJIyYCHBI PACYCTHBIM METOJIOM. [lapaMeTpbl MIMHONPOBOAOB CEPUU
IIIMA u IIIPA nausr B Ta0m1. 3.

AKTUBHOE CONpPOTHBICHHE OMHOW (a3pl MmUHONpoBoma (7y) B
MUJUTIOMAX TIPH TEMIIEPATYpe 3 PaCCUUTHIBAIOT MO PopmyIie

[ T+39 3
rm:pgﬂopm_.ﬁl{ﬂ'lo 5
S L+ 900 (29)
e P Do . yIEIbHOE COMPOTHBICHUE MAaTepHaia INUHBI IPU
. 9 2, .
HOPMHPOBAHHOM Temmeparype = morv , OM-MM /M;
HopM - HOPMHpPOBAHHAs TEMIIEpaTypa, MPH KOTOPOW 3a7aHo

yIenapHoe conpoTusieHue, °C;
[ - nuHA UHBI OHOU (a3bl, M;
S - CCUCHHE IINHbI, MM}

T - mocTosiHHAsA, 3aBHUCHIAs OT MaTepuaia nmpoBoaHuka, °C: s
TBepaOTsIHYTOU Meau T = 242 °C, nyist OTOXKEeHHOU meau T’
=234 °C; nna amomunns 7= 236 °C;

K - xoaddummenT 106aBOYHBIX MOTEPh, YUUTHIBAIONINN BIIUSHHEC
noBepxHOoCcTHOTO 3(dderra, dddexkra Omm3ocTH, a TaKKe
n00aBOYHBIX  TOTEPh  OT  PACIOJOXKCHHBIX  BONH3HU
METAJTUIECKUX AJIIEMEHTOB.

3HadyeHne Kod(dduimenta M00aBOYHBIX IOTEPh MOXKHO OIIEHUTb,
UCXOIS M3  PE3yJIbTaTOB  OKCIEPUMEHTAIBHBIX  HCCIEIOBaHUMN
TOKONIPOBOJOB ~ AQHAJIOTUYHBIX  KOHCTPYKUIMH  WJIM  paccUUTaTh
(mpubnu3uTensHO) 1o hopmyre

K, ~ KKK,

rae Ky - koo puumeHT, yuuThIBalOIIUNA U3MEHEHHE TeMIIepaTypbl HIMHBI

(3HaueHus Ky npuUBeIEHbI B IPUIIOKEHUH 3);
Ks - xoapunment 6m3ocTH;
K, - K03 puiimeHT noBepXHoCcTHOTO AP eKTa.

TaOauma 3
ITapaMeTpbl KOMIJIEKTHBIX IUHOMPOBOI0OB
ConpoTtuBicHne ConpotusicHne
HomunansHoe . ¢assl, MOM/M HYJIIEBOTO
Tun Homunanbnbii
HarpspDKeHUe, MIPOBOHUKA,
LIMHOIIPOBOJA <B TOK, A " X MOM/M
rHl'l le'I
[IIMA4-1250 0,38/0,66 1250 0,034 0,016 0,054 | 0,053
[IIMA4-1650 0,38/0,66 1600 0,030 0,014 0,037 0,042
[IIMA4-3200 0,38/0,66 3200 0,010 0,005 0,064 | 0,035
IIMAG68II 0,38/0,66 2500 0,020 0,020 0,070 | 0,045
IIIMAG68II 0,38/0,66 4000 0,013 0,015 0,070 | 0,045
IIPA73 0,38 250 0,210 0,210 0,120 0,210
IIPA73 0,38 400 0,150 0,170 0,162 0,164
IITPA73 0,38 630 0,1 0,13 0,162 0,164

3nauenust K0dPPuieHToB Ks u Ky, IS METHBIX M aTIOMHUHUEBBIX
IIFH 3aBUCST OT Pa3MePOB MONIEPEYHOTO CCUCHHUS, PACTIONIOKEHUS U YHCIIa
muH. J[7s OJWHOYHBIX IIUH NPSIMOYTOJNBHOTO CEYEHHs, HMEIOIINX
pasmepnl 25x3 - 100x10 MM, mpu pacmosoKEHUH LIMH «Ha pedpo»
3HaueHuss kodddunmenta K, cocraBmsor 1,02 - 1,1, 3HayeHus
kodd¢umenta Ky, Ui TAKETOB IIUH JOMMYCKAETCS MPUHUMATh KaK s
OJIMHOYHBIX IIHH.

Koadduiment nobGaBouHbix moTeph K, Ui ATIOMUHHEBBIX IIUH
ceuenreM 100x10 MM’ B 3aBHCHMOCTH OT YMCJIA IIHH 71 JOKEH MMETh
caenyromue 3HaueHus:: npu n = 1 K; = 1,18; npu n = 2 K, = 1,25; npu n
=3 K,=1,6;nipun=4K,~1,72.

[Tpu mpoxIasKe MUHOMPOBOJA B rajepee Wik TyHHeNle kKodhduiueHt
n00aBOYHBIX MOTEph cieayeT Opate Ha 0,25 Oonblie, 4em MpU €ro
MPOKJIAJKE Ha OTKPBITOM BO3JIyXe.

2. nayKTHUBHOE COMPOTUBIEHUE MPSMOI MOCIenoBaTeNbHOCTH (ha3bl
IIMHOIPOBOAA (X;;) B MIJLTHOMAX Ha METP PACCUUTHIBAIOT 1O (hopmyIie
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. =0,1451g-%

go (30)

T7ie d - pacCTOsIHUE MEXAY IIHHAMH, M;
g) - CpelHee TEeOMETPUYECKOE PACCTOSHUE, M, PAaCCUUTHIBAEMOE IIO
OJTHOW W3 MPUBEACHHBIX HUXKE POPMYIT:
1) 11 WIMHBI TPSIMOYTOJIBHOTO CEUEHUs

g0=022 (b + h),

rae b u h - pasmepbl CTOPOH NPSIMOYTOJIbHUKA;
2) niIst MIMHBI KBAIPaTHOTO CEYCHHUS

g20=0,45b,

rae b - pa3mep CTOPOHBI KBaJpara;
3) n1st TpyOYaTOM IIMHBI KBAPATUYHOTO CEUEHUS

0= 0,58 CBIH,

1€ by - pa3Mep HapyKHOU (BHEIIHEW) CTOPOHBI KBAaJPaTHOTO CEYEHUS;
C - k03(pUIMEHT, 3HaYCHUsI KOTOPOro JOJKHBI COOTBETCTBOBAThH
NIPUBEJICHHBIM B Ta0I1. 4.

TabOnuua 4

3Havenus kodpdununenra C

OTHOLIEHNE BHYTPEHHET O pajauyca TpyOsl KpyTrJioro
CEUYCHUS K BHEITHEMY PAJNyCy WM BHYTPEHHEH T T—
CTOPOHBI TPYOBI KBaJPaTHOTO CEYECHUsI K BHEITHEH
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

CpenHee T€OMETPUYECKOE PACCTOSIHUE g AJIA MaKeTa LIMH MOKHO

paccuuTaTh MO CIEAYIONUM hopMyJiaMm:
1) ansg ABYXIMOJIOCHOTO MaKeTa:

g, =+/0,22(b + h)dk,

rae b u h - COOTBETCTBEHHO TOJIIIMHA W IIUPHUHA OJHOW MOJOCHI IIUHBI
(cm. uepT. 4), MMm;
d - paccTrossHuE MEXIY MPOJOIBHBIMH OCSIMHU (IICHTpPAaMH Macc)
CEUYEeHMH IIMH MakeTa (CM. uepT. 4), MM;
k - xoadduimeHT, 3aBUCAIMMN OT OTHOWICHHS d)/h, €ro
OIIPEAEIAIOT 110 KPUBOH, IPUBEJCHHON Ha uepT. 4;
2) 1Sl TPEXIIOJIOCHOTO TTaKeTa

Ing, :é[3ln0,22(b+h+2lnd,2klz +2Ind,k,, +21Ind k,;)],
rae diz, dx3 W dj3 - PAcCTOSIHUS MEXAY ILIEHTpAaMHU MacC CEUYCHHM
COOTBETCTBYIOIIHUX IIIMH TaKeTa,

ki, k3 m k13 - k03D puMEeHTHI, 3aBUCAIIIME OT OTHOWICHUS d)2/h, dys/h,
di3/h u onpenensieMble IO KPUBOM, MPUBEICHHON Ha
yepr. 4.
3HaYCHUsI CPEJHUX TEOMETPHUUECKUX pPacCTOsHUiM (go) Haumboee
yHOTPeOISIEMBIX TIAKETOB IIWH C 3a30paMH MEXAYy NIMHAMH, PaBHBIMU
TOJIIIMHE IIUHBI, TOJDKHBI COOTBETCTBOBATh MPUBEICHHBIM B TA0II. 5.

KoadpuumenT k 11 onpeaesieHusi CpeIHEro reoMeTpu4ecKoro
PACCTOSTHHUSA MeKAYy IIMHAMH NPSIMOYT0JILHOTO CeYeHHs

iy 1 }
o _
\\ = il
|— L ] -
20 1\ <! ]
- . / -
F— \i\ 1 ! |:.I B
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TabOnuma 5

3HaueHns £o HEKOTOPLIX INNAKETOB IIUH

NPUJIOKEHHUE 2 CnpaBo4Hoe

AKTUBHBIE 1 THIYKTUBHBIE CONTPOTUBJIEHUS KABEJIEN
TaoOonuma 6
IMapameTpsl KaleJisi ¢ ATIOMHHHEBBIMHU JKMJIAMH B AJIIOMUHUEBOM 000J10UKe

CeueHune nakera, MM o, CM
2(80x10) 1,53
2(100x10) 3,0
2(120x10) 3,45
3(80x10) 2,99
3(100x10) 3,50
3(120x10) 3,95

3. B xadectBe nmomycTuMOW (pacueTHOM) TeMIepaTypbl Harpena
IIMHOTIPOBO/AA B TPOJIOJKUTEIIBHOM PEXUME cielyeT npuHuMath 3 = 70
°C.

4. AKTMBHOC W  HHIYKTUBHOE  CONPOTHBICHUS  HYJEBOU
MOCIIEIOBATEILHOCTH (ha3bl MIMHONPOBOAA (Foy M Xoy) B MHJUTHOMAaX Ha
METp MPUHUMAIOT (OPUEHTHUPOBOYHO)

rom:r1m+3run;

Xom = (0,75+9,4) x11.

CornpoTHBIIEHHE TPEXKUIBHOTO Kabessi B aIFOMHHUEBOI 000J104Ke,
Ceuenne xabeis,
ol MOM/M
ry=1rnr X1 = X2 ¥y X0

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 1,1 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
3x150 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

TaOonuma 7
I[apameTpsl KadeJisi ¢ AJTIOMUHHEBBIMH KHJIAMH B CBUHIIOBOI 000J109Ke

ComnpoTHBIEHNE TPEXKUIBHOTO Ka0elss B CBUHIIOBOM 000109Ke,
Ceuenue xabens,
v MOM/M
ry=rnr X1 =X re X0

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
3x50 0,769 0,06 2,6 0,963
3x70 0,549 0,059 2,31 0,884
3x95 0,405 0,057 2,1 0,793
3x120 0,32 0,057 1,96 0,742
3x150 0,256 0,056 1,82 0,671
3x185 0,208 0,056 1,69 0,606
3x240 0,16 0,055 1,55 0,535
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Tabonxuma 8

IMapameTpsl KaleJisi ¢ ATIOMUHUEBBIMHU KMJIAMM B HENPOBOAsiIeH 000J104Ke

Ceucnue kabes,

COnpOTHBICHHE T

EXXKIIJIBHOTO KabeJIsi B HempoBoasIei 00om0uke, MOM/M

Tabnuma 11

HapaMeTpM Ka0ejs ¢ aTIOMUHHEBBLIMH JKIWJIaMH B Hel'lpOBO)]ﬂHleﬁ

000J10UKe

Ceuenne xabes,

ConpoTHBICHUE YETHIPEXKUIBHOTO Kabeisi B HEMPOBOIAIIEH
obonouke, MOM/M

MM’ VN =r X| =Xy 1o Xo

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
3%x25 1,54 0,062 3,64 2,17
3%x35 1,1 0,061 33 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

Tabmnuma 9

IapameTpsl kabeJisi ¢ AJIOMUHHEBBIMH KHJIAMHU B AJJIOMHHHEBOI 000J109Ke

Ceucnue kabers,

COHpOTI/IBHeHHe YCTBIPEXIKUIIBHOT'O Kabelist B aJIFOMHUHUAEBOM 060H0‘IK€,

MM’
ry=r X1 =X o X0
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 5,9 1,811
3x16 + 1x10 24 0,084 4,39 1,558
3x25 + 1x16 1,54 0,072 3,42 1,258
3x35 + 1x16 1,1 0,068 2,97 1,241
3x50 + 1x25 0,769 0,066 2,449 0,949
3x70 + 1x35 0,549 0,065 2,039 0,741
3%x95 + 1x50 0,405 0,064 1,665 0,559
3x120 + 1x50 0,32 0,064 1,54 0,545
3x150 + 1x70 0,256 0,063 1,276 0,43
TadOonauma 12

ITapaMeTpbl Kaldeyst ¢ MeIHBIMHM KUJIAMHU B CTAJIbHOH 000J10UKe *

2 MOM/M
MM
r=nr X1 =X Ve X0
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
3x35+ 1x16 1,1 0,068 1,94 0,232
3x50 + 1x25 0,769 0,066 1,44 0,179
3x70 + 1x35 0,549 0,065 1,11 0,145
3x95 + 1x50 0,405 0,064 0,887 0,124
Tabnuma 10

ITapameTpsbl KaleJisi ¢ ATIOMHHUEBBIMHU KMJIAMM B CBHHIIOBOM 000J104Ke

Ceuenue kabes,
MM

ConpoTHBIICHHE YETHIPEXKUIBHOTO KabeJsi B CBUHIOBOH 0007104ke, MOM/M

r=r X=X 7o Xo
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 1,1 0,068 2,63 0,647

3x50 + 1x25 0,769 0,066 2,1 0,5
3%x70 + 1x35 0,549 0,065 1,71 0,393
3%x95 + 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

Ceuenne CompoTuBieHHe TPEXXKUIbHOro Kabesst, MOM/M, IpH TeMIIepaType
TOKOIIPOBOAALIECH KITEI 65 °C
XKUITBI, MM r =1 X| =X Fo Xo

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

* 3a3eMJIeHHE BBITIOJTHEHO MEIHBIM MPOBOIOM ceueHueM 120 MM,
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TaoOoauma 13

I[MapameTpsl kabeJisi ¢ MEAHBIMH KUJIAMH B CTAJILHOI 000J104Ke

Ceuenue ConpoTUBJICHHE YETHIPEXKUIBHOTO Kadenss, MOM/M, ipu
TOKOIIPOBOASLICH TemnepaType il 65 °C

SKUJIBL, MM r=r X1 =X, "o X0
3x6 + 1x4 3,54 0,1 4,19 1,55
3x10 + 1x6 2,13 0,095 2,82 1,46
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 03 0,073 1,05 0,851
3x70 + 1x35 ’ 0,074 1,01 0,654
3x95 + 1x35 0,92 0,69
3%05 + 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 0,14 0,07 0,66 0,42
3x185 + 1x50 0,7 0,54
3x185 + 1x95 0,115 0,069 0,54 0,34

Tabnuma 14

I[MapameTpbl kabeJisi ¢ MEAHBIMH KUJIAMH B CTAJIBbHOI 000J104Ke

Ceuenne ComnpoTHBIICHUE YETHIPEXKUIBHOTO Kabess, MOM/M, npu
TOKOIIPOBOASLICH Temneparype xmwisl 65 °C
KUJIbI, MM2 ri=nr X1 =X 140 X0

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 0,86 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

YBEJIMYEHUE AKTUBHOI'O CONTPOTUBJIEHUA KABEJIEH

3HavyeHuss Ko3((UIMEHTa, YUYUTHIBAIOIIETO YBEIWYEHHE AaKTHBHOTO
COINPOTHUBIICHUSI MEAHOTO Kabes npu Harpese ero TokoM K3, onpenenstor
B 3aBUCHUMOCTU OT ceuyeHus kabens, Toka K3 u mpomomxkutensHoctu K3
[0 KPUBBIM, IPUBEIECHHBIM Ha 4YepT. 5 WM O, a aJIOMUHUEBOTO Kadens -
10 KPUBBIM, IPUBEJCHHBIM Ha 4epT. 7 Uiu 8.

JlaHHbIe, yKa3aHHbIE Ha 4YepT. 5-8, MOJIY4YEHBl MPHU CIEAYIOLIUX
pacueTHbIX ycnoBusax: K3 mponcxoaur B paguaibHO cxeMme, cofepkalien
BeTBb (TpaHcopmarop, Kabeib) C MCTOYHUKOM HEU3MEHHOM 1o
amruty e 9/1C;

TeMIieparypa Kademst u3MEHSIETCS OT Jyay = 20 °C 10 I onx = 200 °C,

poIoIBKUTENEHOCTE K3 (Zo1ks) cocTaBisieT 0,2; 0,6; 1,0; 1,5 c.

Temmneparypy HarpeBa KaOeys ONpENeNsiOT C TOMOIIbIO YpPaBHEHUS
HarpeBa OJHOPOJHOTO INPOBOJHMKA IpU aAMa0aTUYECKOM IIpOIEcce,
peoOpa3oBaHHOTO K BUAY

@_ Iﬁzps
dt B ’
shgey| 1+ (ps_psmw)
APy

HOPM

rae Iy, - Tok K3 Kk MOMEHTY BpeMeHH £, KA;
P9 U Pguopw - YHAEIbHBIE compoTuBieHus, OM-M, MaTepuana Kabens mpu
TeMriepatype 9 WU HAYaJIbHOH  HOPMHUPOBAHHOU
TEMIEPATYPe Suopu;
s - CeyeHue Kabest, MM,
A\ - IIOTHOCTH MaTepHaa IPOBOJHUKA, KI/M’;
& - YCKOPEHHE CHIIBI TSIKECTH, M/C’;
Co - VyAeNbHAs TEIUIOEMKOCTh MaTepuayia Kabems mpu
temiepaType 3o = Fuau = Fuopw, K/ (Kr-K);
B - TemMnepatypHblit K03 durment temnoeMkoct, 1/K,
o - TEMIIEPATy PHBIN KO3 HUTTUEHT YACITHHOTO
conpotusnenus, 1/K.
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3aBucuMocTH KO3Y(PGUIUEHTA YBeTUYCHUS] AKTHBHOIO
CONPOTHBJICHUS Kadeell pa3HbIX CeYeHUI ¢ MeTHbIMHU KMJIAMH OT
Toka K3 npu npopomxurensrocrax K3 0,2 ¢ (cnyiomnbie JUHAN) U
0,6 ¢ (MyHKTUPHBbIE JIMHUH)
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3aBucuMocTH KOY(PGUIUEHTA YBeTHYCHUS] AKTHBHOIO
CONPOTHBJICHUS Kadeell pa3HbIX CeYeHUI ¢ MeITHbIMHU KMJIAMH OT
Toka K3 npu npopoxurensnocrax K3 1,0 ¢ (cnyiomnbie TuHNN) U

1,5 ¢ (MmyHKTHPHBIE JTMHUH)
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3aBucumoctu ko3¢ PunueHTa yBeaudeHnsi AKTUBHOT O
CONPOTHUBJICHHUS Kaldesell pa3HbIX CeYeHHU i ¢ AJTIOMMHUEBbIMHA
skuiiamMu ot Toka K3 npu npoposkurensrocrax K3 0,2 ¢ (cnyiomnbie
JuHum) 1 0,6 ¢ (MyHKTUPHbIE JIMHUM)
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3aBucumMocTh K03 puuneHTa yBeJNUeHHsS] AKTHBHOTO
CONPOTHBJICHUS Ka0eJel ¢ aJJIOMMHHEBBIMH KHWJIaMu oT Toka K3 npn
npoaoskuTeabHocTax K3 1,5 ¢ (crutomnsbie unnu) u 1,0 ¢
(MyHKTHPHBIE JIMHHUH)
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IIPUJIO)KEHUE 3
Pexomenodyemoe

PACYETHBIE COITPOTUBJIEHUS ITPOBO/10OB,
IMPOJIO)KEHHBIX OTKPBITO HA U30JISATOPAX, U
MPOBOJI0OB BO3AYIIHBIX JIMHUM

1. PacyeTHOE cONpOTHBJICHHE IPOBO/IOB
1.1. AKTHBHOE COIIPOTUBJICHHE MpPSIMOW MOCIENOBATEIBHOCTH OJHOMN
(ha3bl NPOBOJIHUKA () B MIUIJTHOMAaX PACCUUTHIBAIOT MO (hopmyIie

1-103,

r=c,K K, p —
) SHOPM s (31)

rae cyg - Kod(pPUIMEHT, YYUTHIBAIOMINN YBEIMYCHHUE CONMPOTHBICHHS C
MOBBIIIEHUEM TeMIIEpaTyphl (CM. IpuiioxkeHue 2). B kauectse
pacueTHOU TeMIIepaTypbl HarpeBa sl MPOBOJOB C PE3UHOBOU
Y TJIACTMACCOBOM M30JISIMEH mpuHUMaroT 3 = 65 °C;

K. = 1,02 - x03Qpuuent, yunThBAIOMINUNA yBEIUYECHHE COMPOTUBICHUS
MHOTOITPOBOJIOYHBIX JKHMJI TPOBOJOB M KaOeliell BCIEICTBHE
CKpyTKHU. JIJ1s1 0oqHOIPOBONIOYHBIX MTPoBOJIOB K = 1,0;

Ky, - xod¢p¢ummentT nmoBepxHocTHOTO 3¢ dekra mpu mnepeMeHHOM
Toke. [lJi1 MEeHBIX U aJFOMUHHUEBBIX MTPOBOIOB KO3 ULneHT
MIPUHUMAIOT PABHBIM €IUHUIIE;

PO - yaenpHOe comnpoTuBieHue npoBoma mpu 3 = 20 °C. s
MEJIHbIX IPOBOJIOB Poum - 0,0178 OM'MMZ/M, s
AJTIOMUHHUEBBIX IPOBOJIOB PO - 0,02994 OM'MMz/M;

S - CeYeHME MPOBOIHAKA, MM ;
[ - nIMHA TPOBOIHUKA, M
1.2. UHAyKTUBHOE COMPOTHUBIICHHE TPSIMOM IOCIIEI0BATEILHOCTH (X)
OIHOW (pa3pl MPOBOJA KPYIJIOTO CEYCHHS B MIUIMOMax Ha METp
PacCUYUTHIBAIOT IO (hopMyJie

x=0,1451g- %
R, (32)

rac a - paCCTOAHUE MEXKAY ITPOBOAHUKAMU, M,

Ry, - paguyc npoBOAHUKA, M.

1.3. Ecnu ¢a3Hblif 1 HyneBOW MPOBOAHHUKH BBIMOJHEHBI U3 KPYTJIBIX
MPOBOJIOB OJAMHAKOBOTO CEUEHHUS ¢ TIPOJIOKEHBI TMapajuiebHO, TO
UHIYKTUBHOE COIPOTUBJIEHHE LeNH (a3a - Hylb (X¢-») B MUJUIMOMAX Ha
METp PacCUUTHIBAIOT 1O (hopmyJie

Xy =0,291g .
R, (33)

IIpu nOpsiMoyronbHOM (QopMe Cce4YeHHMs HyJEBOTO IPOBOJHHUKA
COMpOoTHUBIIEHUE Ienu (paza - HyNb OMPEAENAIOT MO ceyeHHIo (a3HOTO
IPOBOTHHKA.

1.4. AxTUBHOE W  HHIYKTUBHOE  COINPOTUBICHUS  HYJIEBOH
MOCJIEIOBATEIFHOCTH BO3AYIIHBIX JIMHHMA, UMEIONINX HYJIEBOH MPOBOJ C
MOBTOPHBIM ~ 3a3€MJICHMEM, 3aBUCAT OT 4HCIa 3a3eMIIEHUH U
KOA(pUITUEHTA CE30HHOCTH.

[Tpu ompeneneHnu aKTUBHOTO U MHIYKTUBHOTO COMPOTHUBICHUN METIU
(dasHpli TpPOBOX - HyJNEBOW MPOBOL  (Fgu, Xgw) HCHONB3YIOT
cooTBeTcTBeHHO Qopmynsl 31 wu 33 wiIM pacueTHble JlaHHBIE,
NpuBeJCHHbIE B Taba. 15. AKTMBHOE M WHIYKTHBHOE COINPOTHUBIICHUS
NeTJIK C TPOMEKYTOUHBIMHU 3a3€MJICHUSMU OTMPEICNAIOT YMHOKEHUEM
pacueTHBIX CONPOTHBICHHA Ha COOTBETCTBYIOUIME IIONMPAaBOYHBIC
kodp¢uimentsl Kz u K, B 3aBUCHMOCTH OT 4YHCIA MPOMEXKYTOUYHBIX
3a3emiieHul (m), uept. 9, u Ha KodpdunmeHT cesoHHocTn K3 (Tabdm. 16).
3nauenus kodddunuenta Kp Ha puc. 9a AaHBI MPU Pa3HBIX CEUCHUIX
MIPOBOJIOB METIIU - (ha3HOTO (YKa3aHbl B YUCIUTENE) U HYJIEBOTO (YKa3aHbI
B 3HaMmeHarene), a K, Ha puc. 90 - mpu pa3HBIX CEYCHUSX HYIJIEBOTO U
JFOOBIX CeUeHHsSIX (pazHOrO MPOBOIA.
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Honpapounsie ko3puunentsl (K 1 K,) K aKTUBHOMY H HHAYKTHBHOMY
CONPOTHBJICHUSIM NETJIM «(a30Bblil IPOBOJ - HYJICBOIl IPOBO/ BO3AYIHOH JHHUW»

\r
00—
S 78/70
W N 2050 (70150
75/3%8
- 56/35
5,90 25425 (70/35)
35/25
. - 5U/25
5351 18/16
25706
1

L | I 1 i | ) l
J 4 L) 4 7 8 ) 7 ”7

480 1
2

IIpumeuanus:

1. Ha BepxHem pHCYHKe cIpaBa OT KpPHUBBIX JaHBl CEUYEHHS IPOBOJOB IETIH: B
yycautene - (pa3oBoro IpoBoja, B 3HaMEHAaTelIe - HyJIEBOTO IIPOBOAA.

2. Ha HrXKHEM pHUCYHKE cIpaBa OT KPHUBBIX JaHbI CEUEHHs HYJIEBBIX IPOBOJOB METIH.
OTU KpHUBBIE MOXHO C JOCTaTOYHOH TOYHOCTBIO HCIOIB30BATh IPU BCEX BO3MOXKHBIX
COYETaHMAX CeUeHUH (Ha30BOTO M HYJIEBOTO MIPOBOJIOB.

Yept. 9

Taomuma 15

3HaueHMs CONPOTHUBJICHNUS NETIN «(a3HbIH NPOBOJ - HYJIeBOM
NpoBoA» 0e3 yuera 3a3eMJISIIOIIUX YCTPOMCTB

Ceuenne AKTHBHOE (B YHCIIUTENE) U MHAYKTHBHOE (B 3HAMEHaTele)
(azHoro CONPOTHBIICHHS HeTyH, MOM, TIPH CEYEHHH HYJICBOTO IPOBOJIA, MM
npoBona, Mm” 16 25 35 50 70
16 3.68 - - - -
0,68
25 2.98 2.28 - - -
0,67 0,66
35 - 1.99 1.70 - -
0,65 0,64
50 - 1.73 1.44 1.18 -
0,64 0,63 0,62
70 - - 127 1,01 0.84
0,62 0,61 0,60
Tabnuma 16
HpI/I3HaKI/I KIMMATHYECCKHUX 30H U 3HAYCHHUHA CE30HHOI'0
k03¢ Ppunuenta Ko
JlaHHbBIE, XapaKTepHU3yIOIIne Kimmarnueckue 30HbI
KJIMMaTU4eCKUE 30HbI, ¥ THII | ) 3 4
TIPUMEHSIEMBIX JJIEKTPOJIOB
1. KinumaTtudeckue mpu3Haku 30H
1. Cpennss mHoronetHsist| (-15)-(-20) | (-10)-(-14) |  0-(-10) 0-(+15)
Temnepatypa (ssHBaps), °C
2. Cpenusis MHoroneTHss Bblcmiasi| (+16)- (+18)- (+22)- (+24)-
TeMmmeparypa (uroib), °C (+18) (+22) (+24) (+26)
3. [IpopomxurensHOCT 3aMep3anus| 170-190 150 100 0
BOJI, CYT.
2. 3nauenne kodddummenta K,
4. BepTuKaibHBIEC SJCKTPOIBI IITHHOHN 3 0,61 0,67 0,77 0,91
M 0OpuU  TOyOMHE 3aJIOKECHUS UX
BepiuHsbl 0,7-0,8 M
5. To xe, IpU IJIMHE IEKTPOAOB 5 M 0,74 0,80 0,87 091
6. To xe, aId TOPHU3OHTAIBHBIX 0,18 0,28 0,4 0,67
aneKTponoB anuHOM 10 M npu rirybrne
3anoxxenus 0,7-0,8 m

* Ce30HHBIH KO3(DHUIIUEHT OMpeeNseT CHUKEHHE CONPOTHBIICHHSI [0 CPABHEHHIO C
MaKCUMAaJIbHBIM COIPOTHUBJICHUEM B CE30H ITPOMEP3aHUS HITH BBICHIXaHUS.
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IIPUJIO)KEHHUE 4
Pexomenodyemoe

PACYET CONMPOTUBJIEHUA KOHTAKTOB 1 KOHTAKTHBIX
COEJMHEHUM

3Ha4YCHUS] TEPEXOJHBIX COMPOTUBICHUN KOHTAKTHBIX COEIUHEHUMN
ka0eneil, pa3beMHBIX KOHTAKTOB KOMMYTAIIMOHHBIX ammapaToB U
ITMHOIIPOBOIOB B MAJUTHOMAaX MPHUBEICHBI COOTBETCTBEHHO B Tabm. 17-19.

Taonuma 17

ConpoTuBJjieHNs] KOHTAKTHBIX COeAMHEHNH Kalesei

CeueHne
ATFOMHUHHEBOIO 16 25 35 50 70 95 120 150 | 240
Kabest, MM”

ConpoTusieHue, 0,085 | 0,064 | 0,056 | 0,043 | 0,029 | 0,027 | 0,024 | 0,021 | 0,012
MOM

Taoaxuma 18

COIIpOTI/IBJIeHI(Iﬂ KOHTAKTHBIX COeIMHEHHU HIHHOIIPOBOAOB

N AKTHBHOE conpoTHBiieHHe, MOM, pa3beMHBIX COCIMHEHIH
Homunanpnsiit
TOK amnmapara, A ABTOMATHHICCKOTO pyOnIbHUKA pasbeIMHUTENS
BBIKJIIOUATEIIS
600 0,25 0,15 0,15
1000 0,12 0,08 0,08
3000 - - -
IIPUJIO’KEHUE 5
Cnpasounoe
IHAPAMETPBI UBMEPUTEJBbHBIX TPAHC®OPMATOPOB
TOKA

[Ipy OTCYTCTBHMM JAHHBIX H3TOTOBUTENS] OO0 HMHIYKTUBHBIX (XTA) U
aKTUBHBIX (77A) CONPOTUBJICHUSAX HU3MEPUTENBHBIX TpaHC(HOPMATOPOB
TOKa JIOIYyCKAaeTCsl UCII0JIb30BATh 3HAUEHUS, PUBECHHbBIE B Ta0. 20.

Tadonuma 20

ConpoTnBjeHNs EPBUYHBIX 00MOTOK MHOTOBHTKOBBIX
TpancghopMaTopoB ToKa

HOM“H”XHH“ TOK 1 250 400 630 1600 2500 4000
Cepust IIIPA-73 | IIPA-73 | IPA-73 |IIIMA-73| LIIMA- | IIIMA-
LIMHOIPOBOJIOB 68H 68H
ConpoTuBieHue 0,009 0,006 0,004 0,003 0,002 0,001
KOHTAaKTHOT'O
coennHenus, MOM

Tabnuma 19

IpubanxkeHHbIE 3HAYEHHUS CONMPOTUBJIEHU PAa3beMHBIX KOHTAKTOB
KOMMYTAIIMOHHBIX aANNIapaToOB HANpsxeHueMm 10 1 kB

ComnpoTuBIeHNE IEPBUIHONH OOMOTKH MHOTOBHUTKOBOTO
Koaddumuenr
tpanchopmaropa, MOM, KJ1acca TOUHOCTH
TpaHchopmanuu 1 3
TpaHcdopmaropa Toka
XTA 'TA XTA 1A

20/5 67 42 17 19
30/5 30 20 8 8,2
40/5 17 11 42 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

. AxTHBHOE conpoTuiieHne, MOM, pa3beMHBIX COSIMHEHUN
HomMunansHBIH
aBTOMAaTHYECKOIO
TOK ammapata, A pyOMIBHUKA pa3zbeIUHUTENS
BBIKJTIOYATEJIS

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
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IIPUJIO)KEHUE 6
Pexomenodyemoe

COIIPOTUBJIEHUE KATYIIEK ABTOMATHYECKHX
BBIKJIIOUATEJIEN

[Ipn oTCyTCTBHMM AAHHBIX WM3TOTOBUTENEM 00 MHIYKTUBHBIX (Xkp) U
aKTUBHBIX (7kB) CONPOTHUBICHUAX KAaTyIIEK pacLenuTesIed U mepexoaHbIX

COINPOTHUBJICHUAX OJIBUXKHBIX KOHTaKTOB aBTOMAaTHYCCKUX
BBIKJIIOUATEIEH JOIyCKAETCS HUCIOJIL30BaTh 3HAUYCHUS 3THUX
COTIPOTUBIICHUH, TPUBEACHHBIC B Ta0m. 21.
Taonuma 21
ConpoTuBiieHNs KATYIIEK U KOHTAKTOB ABTOMAaTHYECKHX
BBIKJIIOYAaTEJIel
HOMI/IH&J’[I;HI:IfI TOK COHpOTI/IBHQHI/Ie KaTyHIKI/I M KOHTAKTa, MOM
BBIKJTIOUATENs, A b Xih
50 7 45
70 3,5 2
100 2,15 1,2
140 1,3 0,7
200 1,1 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 0,1 0,05

[Ipumeuanne. B Tabnuie yka3aHsl CyMMapHbBIE CONPOTHBICHHS KaTyIIeK M
KOHTAaKTOB aBTOMATHUYSCKUX BEIKIfouatenei (cepuit A 3700 «Dnextpor» u BA), misa
KOTOPBIX 3TU CONPOTHUBICHUS 3aBUCAT OT UX HOMUHAJIBHOTO TOKA M HE 3aBUCST OT THUIIA
BBIKJTIOUATEIS.

1IPHJIO’KEHUE 7

Pexomenoyemoe
PACYET HAPAMETPOB ACHUHXPOHHBIX
IJIEKTPOABUT'ATEJIEN
IIpu  pacuere  mepuonumyeckol  cocrasisomed  Toka K3,

00yCIIOBJICHHOTO aCHHXPOHHBIMH 3JIEKTPOJBUTATEISIMU HAMPSHKEHUEM 10
1 kB, HE0oOXOAMMO YYHMTHIBATH HE TOJIBKO HMX HWHIYKTUBHBIE, HO U
AKTUBHBIE COMTPOTUBJICHHUS.

CymmapHoe aKTHBHOE COTNPOTHUBIICHUE, XapaKTepHU3yIolee
ACHUHXPOHHBIM 3JIEKTpOoJBUraTesb B HadalbHbIH MOMeHT K3 (rag) B
MUJUTHOMAaX PacCUYUTHIBAIOT MO (popmyiie

VAﬂzl’i+O,96rz, (35)

rAC 1 - aKTUBHOC COITPOTUBJICHUE CTATOPA, MOM;

o

¥, - akTHMBHOE COIIPOTUBJICHUEC POTOpA, NPUBEACHHOC K CTATOPY, IIPU

o

9TOM /2 B MIJIITHOMaX pacCUYUTHIBAIOT 1O hopMyJie

o _0.36M, (P, + Py
L (I-s,0.)

-10°,

(36)

M
n
rge * - KparTHOCTb IIyCKOBOI'O MOMEHTa JJIEKTPOABUIATels II0

OTHOIICHUIO K €T0 HOMUHAJILHOMY MOMEHTY;
Pyov - HOMHHAJIBHAS. MOLITHOCTD AJIEKTPOBUTATENIS, KBT;
Pyx - MeXaHWYeCKHWE IMOTepU B JJICKTpOABHUTATENE (BKIIOYAs
n00aBOYHBIE TOTEPH), KBT;
Il'l
* - KPaTHOCTh IMTyCKOBOT'O TOKA DJICKTPOABHUTATENs 10 OTHOIICHHUIO K
€ro HOMHUHAJIHbHOMY TOKY;
Lyyon - HOMHHAJIBHBIH TOK 3JICKTPOJIBUTATENS, A;
Stiom - HOMHHAJIBHOE CKOJIbYKEHUE, OTH. €.
AKTUBHOE CONPOTHBIICHHUE CTaropa JJeKTpoaBurareis (r;) B
MUJUTAOMAX, €CITM OHO HE 3aJaHO0 H3TOTOBHUTENEM, PACCUUTHIBAIOT I10
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dbopmyite

2
S UHOM Cos (pHOM

HOM

b

r=
100 P, 37)

TJI€ Syom - HOMUHAIBHOE CKOJIbKEHHE aCHMHXPOHHOTO 3JIEKTPOJBUTATENs,
%.
CBepxnepexoiHoe

"

aMeKTpoBHUraTens (A1) B MHIIIHOMAX PACCUHTHIBAIOT MO (hOPMYIIe

HHAYKTHUBHOC  COIIPOTHUBJICHUC  ACHMHXPOHHOI'O

2

U
" _ }.HOM 3 2
Tan = 1.1, 10 e
' (38)
rae Uypuow - HOMHHANBHOE (ha3HOE HAIIPSHKEHHE IEKTPOJABUraTess, B.
IIPUJIOJKEHUE 8
Pexomenoyemoe

IMAPAMETPHI KOMILJIEKCHOM HAT'PY3KH

1. B coctaB KOMITJIEKCHON Harpy3kud MOTYT BXOJAWUTh aCUHXPOHHBIE U
CHHXPOHHBIE 3JICKTPOJBUTAaTENN, IPEe0oOpa30BaTENH, JIEKTPOTEPMUUECCKIE

YCTAaHOBKH, KOHJIEHCATOpHbIe OaTapeu, JaMIlbl HaKaJIWBaHUS U
razopaspsHble HICTOYHUKHU CBETA.
2. Ilpm ompenencHMM HA4YaJbHOTO 3HAYEHHUS IEPUOJUYECKON

cocrapistonieil Toka K3 KOMIJIEKCHYI0 Harpy3ky B cXeMy MHpsSMOil
MI0CTIeI0BATEIbHOCTH CJIEIyeT BBOAUTH SKBUBAIIEHTHON CBEpXIEPEXOTHON

S1C Eyr u CONPOTUBIIEHUEM MPSAMON MOCIEAOBATENbHOCTH Ziur, 4 B
cXeMy OOpaTHO M HYJIEBOH MOCIEIOBATEIILHOCTEH - CONMPOTHUBICHUSIMHU
00paTHOM Zoyr U HYJIEBOW Zoyr MOCIEI0BATEILHOCTEH.

3aBUCHMOCTH IAPAMETPOB KOMILJIEKCHOW HATPY3KM Z1ur, Z2urs Zonur,
ee cocTaBa.
£ our S
_ 14
| my fw
S -1
Zoef 90)- 45
e | AL AN & £
o - I‘__.- ):_g' &
Zogr 41
— T = R
i ooar
— 4 4o}~ 86
frsz Zour
'\%1 U G4
J 1
3 3 — ?;1.-' q. 1
~ ([ |ae Li A (| Jam
Z b3 35 48 10 uz F. 82 8% &4 38 0Ly
AG 03 g Ge G2 O Spy 1288 55 8% 852 ¢ -,
i &
Z gure L0
L1 5;} :
g5 58
8l 47
4584
in-05
01 84t
30 as
= 2at-02
ol
05 RSN L
C-r=z T—C 3%
U B2 7 B8 48 10Pag 7 ¢p

W@ 63 50 35 92 3Py

[

W0 68 85 G% 93 IFg,
<
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. TaK)Ke DKBUBAJIEHTHON CBEPXIIEPEXOIHOU KOMIUIEKCHOM Harpys3ku
3aBUCHMMOCTDb apaMeTPOB KOMILIEKCHONH HArPY3KH Ziur, Z2urs Zours Eyr or a" €9 ane ot ceepxnepexonnoit IJIC KOMMIEKCHO arpys

€e cocraBa. Eyr B oTHOCHTEIBHBIX €IMHULAX IPU OTCYTCTBUU APYTUX, 00Jiee MOJHBIX
JAHHBIX, MOT'YT OBbITh OIIPEEICHBI 110 KPUBBIM, IIPUBEACHHBIM Ha 4epT. 10

B "‘__| Fewr AT l u 11 B 3aBHCHMOCTH OT OTHOCHUTEIBHOIO COCTaBa IOTpeduTeNneil ysna
/ L. £ =Ga-47
& aar §a—] @5 [%] § zwrf— C05Fur = A o Harpysku P;/Ps, tae Py - cyMMapHas HOMUHAJIbHAs aKTHBHAsh MOLIHOCTh
o .
-Eyr AL oA 'I Zowr[ ® é @ Harpy3ku, KBT; P; - yCTaHOBIEHHAs] MOLTHOCTD i MOTPEOUTENsT HATPY3KHU,
} '- hat—py =0 3¢ P, q Py
50 7. | KBT ( * - acMHXpOHHBIE JIBUraTeIW, * - CHHXPOHHBIC JBUTATEIH,
r
Z,
e
50 10 | Py Py Pyr
| /(/ Z pur * - JJaMIIbl HAKQJIMBaHUSA, * - 3JEKTPOTEPMHUUYECKUE YCTAHOBKH, *
0 \ 88 =y ¥
onr P
[N R 1
30 ] % g6 A - TA30HATIOJHEHHBIE JIAMITBI, * - IPEOOPA30BATEIIH).
4 o o 19
20 b1 84 5 97 0% 43 07 Wi ComnpotuBieHre npsiMoil (0OpaTHOM, HYJIEBOM) IOCIIEIOBATEILHOCTH
-3 L L 1 H i
Lo- A/A g2 0 6s7 gus oo tﬁ:'fﬂw ZIHFHQM ZZHFHOM ZOHFHOM
(L e ———— * * , * ) B OTHOCUTENbHBIX €IWHUIAX [pPHU
Z 0% 06 88 107 08 064 548 83200 LL,,
Lty T sl 5 HOMUHAJIBHBIX YCJIOBUSX JOIYCKAETCsl paCCYUTHIBATH MO (hopMyie
(4 G4 G4d 432 G4 02 g p
L i 5 L% 1
gid 312 0% &0 8 Fuuy Z =8 —mF—
1H'hom — YT S ’
Zonr i=1\ 12 + X
¥ 1i 1i (39)

&0F
10

&8

50
4l
30
70k

I/1€ 71; U X|; - aKTUBHAsl M UHAYKTUBHAsl COCTAaBJISIOLINE CONMPOTHUBIICHUS
npsiMoii  (0OpaTHOM, HYJEBOW) IOCIIEOBATEIFHOCTH i-TO
noTpedUTeNs, BKIIOYAs COCTABISAIONINE COMPOTHBIICHUS
3JIEMEHTOB, CBS3BIBAIOLIMX NOTPEOUTENh C IIMHAMH Yy37a
(mo 1 kB); ux 3HaueHUs] B OTHOCUTEIBHBIX €IUHHUIAX MpPU
CyMMapHOW HOMHMHaJbHOU MolHOCTH Sy, KB/A, u cpennem
HOMMHAJIBbHOM HAIIPSDKEHUHM TOW CTYNEHM HaIpsDKEHUs
CETH, TJIe OHa IPUCOEIMHEHA, IPUBE/IEHBI B Ta0M. 1;

S; - momHas yCTaHOBJIEHHAass MOIIHOCTb i-I'O TOTpPEOUTEINs

Harpy3ku, kB-A.

IAH
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i e M s e A3
g2 G4 G5 56 102
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.wgqsz 01 0 Ry,
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3. 3HayeHusi MOJyJIed MOJHBIX CONPOTUBICHUN Ziur, Zour, Zomr, a
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IIPUJIO)KEHHUE 9
Pexomenodyemoe

YYET BJIMAHUA AKTUBHOI'O COITPOTUBJIEHUA AYI'H HA
TOK K3

1. Yaer snextpudeckoii nyru B Mecte K3 pexoMeHayeTcst MPON3BOANTH
BBEJICHHEM B PAaCUETHYIO CXEMY aKTHBHOT'O CONPOTUBIICHUS AYTH 7y

2. IlepexogHoe aKkTHBHOE compoTuBieHue ayru B mecre K3 (r;) B
MWIJIMOMaxX 3aBUCUT B OCHOBHOM OT Toka K3 u umHB nyru u
paccumThIBaeTcs o popmyIie

1oz (40)

rae  lnoy - HaydaJIbHOE JACUCTBYIOLIEE 3HAYCHHUE IEPUOJUYECKOU
cocTaBiisitonel Toka B Mecte K3, kKA, onpenensemoe ¢ yuyeToMm
COINPOTHUBIICHUS AYTIH;
[, - nMMHA AyTH, CM, KOTOPas MOXKET OBITh IPUHSTA PABHOM:
[y, =4anpua <5 mm;

lnﬁe—o,wrz/xz

[,=204 2

[y =amnpua> 50 mm.
II€ s U Xy - COOTBETCTBEHHO CyMMapHOE€ aKTHBHOE U CyMMapHOe

WHIYKTUBHOE conpoTuBiieHus uenu K3, mOwm;
@ - paccTosiHME MKy (ha3aMu MPOBOJAHUKOB, MM.

Hns snektpoycranoBok 0,4 kB  akTuBHOE  CONpPOTHUBIIEHUE
NIEKTPUUYECKON AYTH MOXKET OBITH OIPEEIICHO M0 KPUBBIM, IIPUBEACHHBIM
Ha ueptT. 12-22.

Ha wepr. 12-21 mnpexncraBieHbl pacyeTHbIE KpHUBBIE 3aBUCUMOCTHU
AKTUBHOTO COMPOTHBIIEHUSI IyTU 7y OT IUIOLIAJAM CEeYeHUs (S) U JUIMHBI
IIOMUHUEBOTO Kabens (lgs), ONpenessieMoil pacCTOSHUEM OT BBIBOJIOB
Husmiero Hanpsokenus (0,4 kB) TpancopmMaTopoB pazaudHON MOITHOCTH
no mecta K3. KpuBble nmoctpoeHs! ¢ ucnonb3oBanueM ¢popmyssl (40) npu
TpexdaznoMm u onaodaznom K3 u npu /; = 3a.

Ha w4ept. 22 mpencraBieHbl pacueTHbIE KPHUBBIE 3aBHCHUMOCTHU
AKTUBHOTO COMPOTHUBIIEHUS Iyrd OT THUMA M JJIMHBI IIHHOMNPOBOJA,

npu a = (5+50) mm;

noJKiIroueHHoro K BeiBogam 0,4 kB TpaHcopmaTropoB pa3nmmyHOR
MOILHOCTH, ompenensseMoil paccrosaueM 1o Mocta K3. Kpussle
crpaBeUIMBBl 1 mmMHONpoBoAoB cepun IIIMA u moctpoensl ¢
ucnonp3oBanueM ¢popmysl (40) npu ycrnoBuu, uto /; = 2a.

IIpu ompeneneHnn akTUBHOTO COMPOTHBIEHUS Ayrd B ciaydae K3 B
Kabene JMUMHON [, TOAKIIOYEHHOM K TpaHcdopmaropy depes
IIMHONIPOBOA JUIMHOM [/, wuioum yepe3 KaOenb Jpyroro CedyeHus,
PE3yIbTUPYIOLIYIO JAJIUHY NMPOBOAHUKA IIMHOIMPOBOX - Kabenb (Kabenp -
Ka0eJlb) BhIpaXaloT Yepe3 JJIMHY MOBPEKICHHOro KaOes:

IZKG = lK6 + Zlmlm /erc6 (41)

TA€ Zixg U Ziy - HOJHBIE COMPOTUBJICHHS MPSIMON IOCIEN0BATENLHOCTH
IIMHONIPOBO/IA U Kabeist, MOM.

3. BiusiHue akKTUBHOrO CONMPOTHUBIICHUSA AyTH Ha TOK K3 MOXHO Takxe
YUUTBHIBaTh IYyTEM YMHOXXEHHs pacueTHoro toka K3, HaiinenHoro 0e3
ydyeTa CcompoTuBieHuss ayru B Mecte K3, Ha 3aBucammii oT
comporuBienust 1enu K3 monpaBounslii kodgdunuent K. 3HaueHue
kodddurmmenta K., TMOIYYEHHOTO OKcmepuMeHTalibHO Tipu K3 3a
Tpanchopmaropamu MoIHOCTEI0 630-1000 kB-A, MOXHO OnpeAeTUTh MO
KpPUBBIM 4epT. 23.

Conporusnenue uenu K3 (zi) onpenensior B 3aBucuMocTH oT Buaa K3:

2 = \rk + x
pu TpexdazHom “x — Viz Tz g
@ _ [ 2
npu AByx(pazHoMm “x 2034 +xi; ;

pu 0JHO(pAa3HOM 2 = 1/3\/(2”12 + )"+ (25 + Xgp)”

IIpuBeneHHbIM Ha uepT. 23 KpuBbIM K f(z) COOTBETCTBYIOT BBIPAKEHHS
K, =0,6—0,0025z, +0,114,/z, —0,133/z,; W)

K, =0555-0,002z, +0,1\/z, 0,123z,

4. Ilpu onpenenieHNM MUHUMAIIBHOTO 3HaYeHUs Toka K3 B aBTOHOMHOI
AIIEKTPUYECKONH CUCTEME TMPHOMMKEHHBIH YYeT BIUSHHUS aKTHBHOTO
CONPOTHUBIICHUS]  JJIEKTpUYecKor ayru Ha Tok K3  pomyckaercs
IPOM3BOJIUTH YMHOXKEHHEM pacueTHOro toka K3, Hailinennoro 6e3 yuera
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COIIPOTHBIICHUS JIyTH, HA TMOMpPaBOYHBIA Kodpduument K. 3HaueHue 3aBucumocts r, = f{s, ls) npu Tpexdasznom K3 3a tpancopmaropom

aTOro ko3 dulMeHTa nonyckaercsa NpuHsITh paBHbIM 0,7-0,8. MOIIHOCTBHIO 750 KB-A
3aBucuMocTsb 1, = f{s, ls) npu Tpexdaznom K3 3a tpancdopmaropom Ty MO
MOIIHOCTBIO 630 KB-A 6 I
Ty MOM o]
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3aBucumocts r, = f{s, ls) npu Tpexgasnom K3 3a tpancpopmaropom 3aBucumocts r, = f{s, ls) npu Tpexdaznom K3 3a rpancpopmaropom

moirHocThI0 1000 KB-A MoIinHocThI0 1600 KB-A
g? MO o _ g MOM L ‘
JF!";L = T_ H‘ﬂ“{l'
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5, by~ 250
i 200 A
yd ! .
prd = *ﬂ; /,/'
i, A ’_7//
o [/ s b .
a0 T oo e fgg A
Z A - 5 20
50 /Sl A 12
oLz
4“0 e 50
VA V4N -~
A0 40
30 Z /’ﬂﬂ?ﬂl’ 2]
VAVP > "
//;m"? ol
20 O A
2
%’f | _ 20
{,/
10
- i/
/4
/ .
50 o

v 30 10 158 200 LM
i g 5U 700 150 200 250 gm

Yepr. 14
Yepr. 15



N1 03|90 MMM / BMSLONLIQNQ BEMIShUHXL0d1MaUE

aBUCHMOCTD Iy = f{5, lys) npu ognodaznom K3 3a Tpancpopmaropom
3aBucumocts r, = f{s, ls) npu Tpexgasnom K3 3a tpancpopmaropom 3 1 =f18, Iis) npm om0 3 pancdop p

AN
N

3&‘!

MOIIHOCTBIO 2500 KB-A MomHocThI0 400 KB-A npu cxeme coeqnHenuii VAVS (cIuTOIIHBIE
Iy MO0M " JIUHHH) U Y/¥ (MyHKTHPHbIE JIMHIH)
Im"fr/ T, MOM

300 /4 200 S =10 mZ

250 // e u-_.7/"‘5f - i

209 — EE/ A - __:52{

v 1 A .r/ o £

/ |- = Pl ~“ S ail

] Eu = /‘_/r.* -’:‘_;.'ri)T;__ -

/f ol /——f‘f VAV 720 )

100 A/ 1L 8A — g o

| T, bW

o A Y~ A 50 / T A AT TGS

74N AT e g e
T =2, -

50 v /.z/ // — - __;/ 5/% n(\,;-&

L+ o '—¢ -

37 E/!/ /4/

i 20
M7 s i
éf/?//‘j’/‘" : e
M1y 17224
f&&yz;/ ; _
4 Fii] ¥ W !
i 'Jéél / /
[z'.-’.-’{)’f/[ /
/7

50 ]

ey
N
N
NON
N
&N N
AeRiEE 8

0 S0 N0 B0 200 L s, M

g 50 100 150 200 250150 Yepr. 17
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3aBucumocts 7, = f{s, ls) npu oqnogasnom K3 3a tpancpopmaropom 3aBucumocts 1, = (s, lis) npu oxnopaznom K3 3a rpancpopmaropom
MourHocThI0 630 KB-A npu cxeme coexnHeHUi V\k (cruIoNIHbIE MomHOcTHI0 1000 kB-A npu cxeme coennHeHuit V\k (cIUIoIIHBIE
JINHUH) U Y/Y (MyHKTHPHBIE JIMHHUH) JIMHUH) U Y/¥ (MyHKTHPHBIE JTHHUH)
o, MOpM
Py, AtOM &
a %7
%0 ' J 1T
S=354mZ 5y
<&
L 7
v

700

v
50 / -/7_?5

L0 / . /Z_ ) s F"J;;;i’__, g’
!/ 7|
wl i/ |5

A8
7

30

40

37 28 ]f /;fj;/
7
| ; }‘44
20 fi
4’ | V/4 L
0 /
1y
» 1/
] | "
2 50 1m0 150 200 L, gm
5
o 50 00 IS0 200 I,g M Yepr. 19
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3aBucumocts 7, = f{s, ls) npu oqnogasnom K3 3a tpancpopmaropom 3aBucumocts r, = (s, lis) npu oqnopaznom K3 3a rpancpopmaropom
MomHocThio 1600 KB-A npu cxeme coemunennii ¥ \X (crnuiommbie MomHoCTHIO 2500 KB-A ( V\Xx )
JINHUH) U Y/¥ (MyHKTHPHBbIE JIUHUH) o MOM
P
7, MM §=35am 2
1uh J : { l b 11/ | 5171
§=35m, -
00 ”\* 7 | A
_ _72{__53 P A . .lz’ i
| 1271 2] 5 o
A YL Nz S
/ /Z _f/ afi yd / z“'f 5 -
5!? A T 7 A O 4 —’,4-5 .?5 ‘ﬁg ,{8
, W7 4 ;;,J — /_)/" / /'i“ﬂ
Ve T » 74
y l /{/y /f;l:'//‘% i // /
K174 % v 20
7 e . - =]
o
: 19

it

g Sn wp t50 200 I, pm

¥ .

1 Yepr. 21
g 50 100 150 200 L M
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3aBucumocts r, = f(tum, /,;) npu Tpexdasnom K3 3a 3aBucumocTs K03pPpuuuenta K., HaAHICHHOI 0 YIKCIIEPUMEHTAIbHO,
TpancpopmaTopamu momHocThI0 1000, 1600 1 2500 kB-A s HadaabHoro MomenTa K3 (kpuBas 1) n ycranosusumerocsi K3
o MO (kpuBas 2) ot conporuBJjenns nenu K3
67
-_! [ ] ; K, o
S P S S B = V072 )
: 1 ,,//;/;,Q\ (LI
277 | |2 24| _— T -
? iy "]
A 7 <
) 7 Y7 ﬂ"
t‘r )4 4
/4 s
A ]
0 - AR 'ﬁ 12700 > l
e e 1600 -
- N J/‘,-‘% 2500 ] 28 40 & & W 20 ZemO0M
g o L
st o AT S Uepr. 23
4 Ple” ;ng M
e TIPUJIOKEHHUE 10
i Pexomenoyemoe
YUYET BJIUSAHUSA KOMILUIEKCHOM HATPY3KH HA TOK K3

ﬂ _,j .-..70 PA TV Y i) 25¢?Zw, N o
MCTOI[ yqua KOMIIJICKCHOU Harpy3KH HpI/I paC“ICTe TOKa K3 3aBUCUT OT

THIIBI IIXHOTIPOBOOB: XapakTepa MCXOJHON CXEMbl 3aMEICHHS KOMIUICKCHOW Harpysku (4epr.
1 - LIMA-68-1000 24) u nonoxenus Touku K3 (aept. 25).
2 - lIMA-73-1600 B paaguanbHOil cxeme (dept. 25a) JOMYCKAETCs HE YYUTHIBATh BIMSHUE

3 - IMA-68-2500

4 - ITMA-68-4000 CTaTHYECKUX ToTpebuTeneit (mpeoOpazoBarenu, 3JIEKTPOTEPMUUECKUE

YCTaHOBKH,  OJIEKTpUUYECKOe  ocBelleHue). HavanbHoe — 3HaveHue

Yepr. 22 MEepUOIUYECKON cocTaBisonieii Toka K3, ymapHblii TOK, a Takxke
MEPUOJUYECKYI0 COCTABIAIONIYI0 ToKa K3 B MpPOM3BOIBHBIA MOMEHT OT
ACUHXPOHHBIX U CUMHXPOHHBIX BHCKTpOI[BI/IFaTGHeﬁ CJICAYCT paCCUUTHIBATH
B COOTBETCTBUU C TpeOOBaHUSIMH pa3. 3, 5, 7.
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Cocras y3/1a KOMILIEKCHOH HAarpy3Ku

BH
7 Al
{mo]
w2 -

1yl

iij;m_

AJ[ - acuaxponnsble npuratenu; C/[ - CHHXpOHHbIE IBUTATENu; JIH - TaMIIbI
HakanuBaHus; JII" - namIiel razopa3psianele; /1 - mpeodpasoparenu; IV -
ANIEKTPOTEPMUUCCKUE YCTaHOBKY; K - KoHIeHCcaTOpHEBIe OaTtapen; KJI - kaOeibHas JINHUS;
AT - aBTOHOMHBIH HCTOYHHK 3ekTposHeprun; K1, K2, K3 - Touka K3; 7T -
TpanchopmaTop.

UYeprt. 24

IIpeoOpa3oBaHme cxeMbl 3aMelleHUsI KOMIUIEKCHOM HATPY3KH

U
X2 2.0

ritd Zfr_?

Zan Zinr

" n
£ EHI'

a o g
Yepr. 25

IMpu K3 3a oOmmmM Juist y371a HArpy3Kd CONMPOTHBICHUEM (4epT. 250)
HayvaJbHOE 3HAYCHUE MEPHOJAMYCCKON COCTaBJISIONICH TOKa Tpex(a3zHOro

K3 (wnr) B Kwioammepax CcleAyeT OINpeAesiTh C YYETOM BIUSHUS
JIBUTATEIbHON M CTATUYECKON HArpy30K, HCIONB3Ys GopMyTy

EHF Ucp.HH
]HOHF = 2 2 ’
U
cp.HH 2 cp.HH - 2
\/g (Zyur COSPyr +7i5)” + (Zyyr SIN@y + X5 )
* S *
z z
Eyr Ziur
rne * " - okBuBajeHTHas OJIC W cONpOTHBIEHHE TNPSAMOM

IIOCJIEZI0OBATENBHOCTH y3JIa HArpy3kW; MX 3HA4YCHHS B
OTHOCHUTENIbHBIX €IMHULAX OMNPENENSIOT IO KpPUBBIM,
npuBeJeHHbIM Ha 4vepT. 10 m 11 mnpunoxenus 8 B
3aBHCHUMOCTH oT OTHOCHUTEJILHOTO cocraBa
norpedurenei;

Fiz U X|z - COOTBETCTBEHHO CyMMapHOE€ AaKTHUBHOE M CyMMapHOeE

WHAYKTHBHOE  CONPOTHUBIEHUS  LENH  KOPOTKOIO
3ambIkaHusi, MOM (cMm. 11. 3.4);
Ss - cyMMapHasi HOMUHAQJIbHAsI MOIITHOCTh HArpy3ku, KB-A;
Upnn - cpenHee  HOMHMHAIBHOE — HANPSDKEHUE — CETH,
COOTBETCTBYIOIIEE OOMOTKE HHU3ILIEr0 HAINPSHKEHUS
TpaHchopmaTopos, B.

3HaueHus yAapHOro TOKa U Mepuoandeckoi cocraistouieil Toka K3 B
IIPOU3BOJIBHBII  MOMEHT BpPEMEHHM OT DJIEKTPOABUIATEICH ClIeqyeT
OTIpeNieNATh B COOTBETCTBUH C TPEOOBAHUSIMHU pa3l. S u 7.

[Ipy KOpPOTKOM 3aMbIKaHMM 3a OOIIMM Uil Harpy3kd M CHCTEMbI
compoTuBiieHueM (4epT. 25B) U ONM3KUX 3HAUCHUSX OTHOIICHUS X/F
BETBEM pACUETHOM CXEMbl HayajJbHOE 3HAYEHHUE MEPHUOIUYECKOMN
cocrasistoneit Toka K3 (/;ox) HOMyCKaeTcs pacCYUTHIBATD MO (hopMyie

1
Ucp.HH niler + E rU, cp.HHZ¢

Inox = : *
ZZigr T 2.2 t Ziyr i (44)

EHF
rae * - OJIC y3na Harpy3ku;
- KO3 puueHT TpanchopMaIu Tpanchopmaropa;

(43)
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Z1HTs Zes Zx -~ MOZYJIH COMPOTUBJIEHUN BETBEM UCXOIHOW CXEMBbI 3aMEIICHUS
(uept. 25 B), mpuveM

Ziur = Ziur ;
*

[ 2
Z,=4/ly T Xy

paccUHUTHIBAETCA KaK yKa3aHo B 1. 3.2;

— |2 2,
ZK_ l/iZK+x12K’

Fisk M Xizx - COOTBETCTBEHHO CyMMAapHO€ aKTUBHOE U CyMMapHOe
MHAYKTHBHOE conpoTtusieHus nenu K3.
VY aapHblil TOK cleIyeT ONpelensiTh B COOTBETCTBUHM C TPEOOBaHUAMU
pas3a. 5.

IIPUJIO’KEHUE 11
Pexomenoyemoe

ITPUMEPBI PACYETA TOKOB K3

IIpumep 1. Jlns cxembl, IpUBENAEHHON Ha 4epT. 20 ONPEAETUTh TOKU
npu Tpex-, AByx- u ogHopaznom K3 B touke Kl1. Jlns tpexdasznoro K3
OTIpEeJIeNIUTh MAKCUMalIbHbIE U MUHUMANbHbIE 3HaueHus Toka K3.

1.1.UcxongHble HAaHHBIE

Cucrema C

S« =200 MB-A; Ugppn = 6,0 kB.

Tpanrcdopmarop T: TC = 1000/6

Strom = 1000 kB-A; Upy = 6,3 kB;
UHH = 0,4 KB; PK HOM — 11,2 KB;
ug=15,5 %.

PacyerHas cxema Kk npumMepy 1 u ee npeodpasoBaHue

(~) ¢

Ugy=6x8

ar r
!
&/ }
A7 |
a

] “xd
019

|
|
|
|
I
|
|
|
Y0 (;) q‘ﬁf‘;

]

Yepr. 26
ABTOMaTHYECKUN BBIKIIOYATENb « DJIEKTPOH»
OF : rg = 0,14 MOM; Xy = 0,08 MOM.
[Inaonposoa HIMA-4-160011I:
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7w = 0,030 MOM/M; x = 0,014 MOM/M;
7un = 0,037 MOM/M; X = 0,042 MOM/M; [ = 10 M.

BoaToBrle KoHTakTHBIE coeauHenus: r, = 0,003 MOwm; n = 4.

1.2.Pacuer mapaMeTpOB CXEMBbl 3aMECU[CHUS

1.2.1. Ilapamempul cxemwl 3ameuyeHUs nPAMOU NOCIE008AMENLHOCIU

ConpoTuBieHue CUCTeMbl (X.), paccuuTaHHoe 1o Qopmyne 1,
COCTaBHT:

2
FECLUSS
200

AKTUBHOE W MHIYKTHBHOE COIPOTHBIICHUS TpaHCHOpPMATOpOB (rr) U
(xr), paccuuTansl o popmynam 3 u 4, COCTaBAT:

07 =0,8 MOMm.

_112-04°

v, = > 10° = 1,79 MOM;
(1000)
2 2
X, = 5,5 — 100-11,2 . 04 -10* = 8,62 MOMm.
1000 1000

AKTUBHOE ¥ MHIYKTHBHOE CONPOTHUBIIEHUS IIMHOIIPOBOJA!
7w = 0,030-10 = 0,30 MOMm; x,;, = 0,014-10 = 0,14 MOm.
AKTUBHOE COIIPOTHUBIIEHHE OOJITOBBIX KOHTAKTHBIX COEJMHEHUI:
r«=0,003-4 =0,012 MOm.

AKTHUBHOE CONpOTHUBIIEHUE JAYI'M ONpPENESIOT, Kak yKa3aHo B
MpUIOKEHUu 9, uept. 22: r; = 5,6 MOM.
1.2.2. ITapaMeTpbl CXEMbI 3aMEIIECHUS HYJIEBOM MOCIE10BATEILHOCTH.

Tor = 19,1 MOM; x4 = 60,6 MOM;
Fan = 0,037-10 = 0,37 MOM; x4y = 0,042-10 = 0,42 MOwm.
1.3.Pacuetr TokoB Tpexdpasznoro K3
he =0 +1, +r, +r.=179+0,30+0,14 + 0,013 = 2,24 mOwm;
hy =X, +x, +x,+x_,=080+8,62+0,14 + 0,08 = 9,64 MOm;

he =hs +1,=2,24+5,6=7,84 MOM;

400

I, = =2333KA;
V342,24> +9,64°
= 400 = 18,6 KA.
37,847 +9,64>

=21, K, =+2-2333-145=4784 kA;

lyn, max

iy = V2L K, =2 -18,6-1,08 = 28,32 KA,
rae Ky, onpenensror no KpuBou 4epr. 2.

iaoAmax = \/EIHOIHHX = 32’9 KA;

i =~21_ . =2623KA.

a0. min

l4.Pacuer ToxkoB ogHodaszunoro K3
Tos =¥y + 0y, + 7, +7.=19,1+0,3+3-0,37+ 0,14+ 0,012 = 20,66 MOmMm;

rOm :rlLu +3an;

Xog = Xop + Xg, — X = 60,6 +0,14+3-0,42 + 0,08 = 62,08 MOwm;
Tos = Fys + 1, = 20,66 + 8,6 = 29,26 MOwm;

o /3400

o = 8,13 KA
J(2-2,24+20,66) + (29,64 + 62,08)°

Tok onHodaznoro K3 ¢ ydeTom akTHBHOTO CONPOTUBIICHUS TyTH

o \/3-400

mo = 7,46 KA.
J(2-7.84+29,26) +(2-9,64 + 62,08)*

1.5.Pacuer TokoB aAByxdazHoro K3
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-0 _yoo1kA.
24/2,24* +9,64°

Tox aByxdaznoro K3 ¢ yuerom akTUBHOTO CONPOTHBIICHUS AyTH:

= 18,39 KA.
2\/(2,24+2.8) +9,64°

Pesynbrats! pacuera TokoB K3 cBenensl B Tadu. 22.
TaOnuna 22

PesyabTaTsl pacuera TokoB K3 k npumepy 1

Touxa MakcumanbHOe 3HaueHHe TOKa MunuManbHOE 3HaYEHHE TOKA
K3 Bun K3 K3, kA K3, kA
[r[o iao iv;[ Ino iao iVJJ
K1 K® 23,33 32,9 47,84 18,6 26,23 28,32
K1 KD 8,13 - - 7,46 - -
K1 K? 20,21 - - 18,39 -

Ipumep. 2. Jlnsg cxembl, NPUBEJCHHOW Ha 4YepT. 27, ONPEIENINTh

MaKcUMaJbHble U MUHUMAaJbHBIE 3HAYEHUS TOKOB mpu Tpexdaznom K3 B
toukax K1 u K2.

2.1.UcxogHple DAaHHBIE
Cucrema C Uepa = 10,5 KB; Lornnon = 11 KA.
Tpancdopmarop T. TC = 1600/10,0
STHOM = 1600 kB- A UBH = 10 5 KB;
Unn = 0,4 kB, Piuow = 16 kBT, 1, = 5,5 %

[[TnHOTIPOBOIABI
11 : [IIMA4-3200 : Lion = 3200 A, 71 = 0,01 MOM/M;

xlm 0,005 MOm/Mm, [ = 10 m.
112, HI3 : IIMA4-1600 : Ion = 1600 A, 71 = 0,03 MOM/M;

xlm 0,014 MOMm/M, [, =20 M, 5 =30 M.
1114, 15 : IPA-73V3 : Lion =600 A, 71 = 0,1 MOM/M;

=0,13 MOm/M, I4 =50 M, [5 =40 m.

KabenbHbIe THHUA
KJI1, KJI2, KJI3 : AAIIIb = 3x185 : riw = 0,208 MOM/M; X1 = 0,055

MOM/M;

11:150M,12:l3:20M.

W3mepurenbHbie TpaHCHOPMATOPHI TOKA
TAI, TA2 : IHOM =500 A, I'TAl = I'TA2 — 0,05 MOM;
XTA1 = XTA2 = 0,07 MOM;
TA3, TA4, TAS : IHOM =200 A, V'TA3 = I'TA4 = F'TA5 = 0,42 MOM;
XTA3 = XTA4 — XTAS — 0,67 MOM.
AKTHBHOE COITPOTUBJICHUE 0OITOBBIX KOHTAKTHBIX COCJIMHECHMI:

7 = 0,03 MOMm, n = 4.

ABTOMaTHYECKHE BBIKJIFOUYATEIIH THIIA ((SHeKTPOH»
QF1, QF4. Loy = 1000 A, 751 = 7 s = 0,25 MOM;
Xkl — X k4 — 0,1 MOM,
QF2, QF3, QF5, QF6 :
IHOM 400 A kg2 = V3 = Vx5 = Vke6 = 0965 MOM,
Xxp2 = X kB3 = XxBS — X k86 — 0917 MOMa
QF7, QF8, QF9, QF10 : [y = 200 A;
Tew? = w8 = o = Faglo = 1,1 MOM;
Xx7 = X k8 = Xk89 — TkB10 = O 5 MOm.
Cunxponnsiii asurarens CJI.

CJI-12-24-12A : P = 125 kBT; Uyow = 380 B;
I =2344, cosg, =0811, I /I =35

MyCcK
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PacyeTrnas cxema Kk npumepy 2

i||—<
- | Ywe w3
— pu——— —_—— [
IBSNR i
QF1 N 71 N gr2 D grs
5
TA7 TAZ E-“ TAS
L L]
4 s K7 T
;
9F4 GF5 ™ l
- AJ? f.fi
\, “"‘I[‘
zr«'-'& GF6
L_ Tils TA.‘I
fm
XA2 :‘f.f?_? s
a?m?
AR A42
Yeprt. 27

Acunxponssle apuratenu AJl1 u AJ12.

A03-315M-6Y3 : P =132 kBT, luye/Lwon = 7,0;
Uson = 380 B, Lo = 238,6 A, Mmax/Muom = brow = 2,6;
MHyCK/MHOM 1,6; Mpin/Myon = 0,8; cos Puom = 0,9;
ne = 1000 06/mun; | = 93,5 %; Syom = 1,7 %0.
Cxema 3aMeleHNs] K IPUMepPY 2
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Kommiekcnas Harpyska KH

CymMmapHas akTUBHAasi MOLIHOCTH cocTaBisier Py = 350 kBT, cos ¢ =
0,8. B coctaB Harpy3ku BXOAAT acUHXpOHHBIe aAuratenu (AJl), mammbl
nakaymBanus (JIH), mpeobpaszoBarenu (I1) B criemyronieM COOTHOIICHUH:
PAI[ =175 KBT, PJIH =35 KBT, PH = 140 xBT.

22.PacueT mapaMeTpoOB CXeMBbl 3aMenieHus (deprt. 23)

2.2.1 Ilapamempuol cxemsvl 3ameujerus npsamot nocied08amenbHOCmu

ComnpoTHBI€HHE CHUCTEMBI (X.), paccuuTaHHoe 10 dopmyine (2)
HACTOSIIEr0 CTaHAapTa, COCTaBUT:

2 -3
y, = BOO107 g om,
3-11-10,5

AKTUBHOE (7;) U UHIYKTUBHOE (XT) COIPOTUBIIEHUS TPaHC(HOPMATOPOB,
paccunutanHoe 1o Gopmynam (3), (4) HACTOAIIETO CTaHAPTA, COCTABAT:

16-0,4°

v, = > -10° =1,0 MOwm;
(1600)
2 2
x, =,[5,57 —(IOO 16) 0.4 -10* =5,4 MOm.
1600 1600

AKTHBHOE ¥ HHTyKTUBHOE CONPOTHUBIICHUS ITMHOIIPOBOIOB.
1 : 7y =0,01-10 = 0,1 MOM; x;1 = 0,005-10 = 0,05 MOwm;
2 : 7y = 0,03-20 = 0,6 MOM; x;p = 0,014-20 = 0,28 MOwm;
I3 : 73 = 0,03-30 = 0,9 MOwMm; x5 = 0,014-30 = 0,42 MOwm;
4 : 74 =0,1-50 = 5,0 MOM; x4 = 0,13-50 = 6,5 MOm;

HI5 : 7ws = 0,1-40 = 4,0 MOM; x5 = 0,13-40 = 5,2 MOwM;
AKTUBHOE ¥ HHIYKTUBHOE CONPOTUBIICHUS KaOCIbHBIX JIMHUM:

KJI1 : 7161 = 0,208-150 = 31,2 MOM; X161 = 0,055-150 = 8,25 MOwm;
KJI2, KJI3 : rixs2 = 7'1xe3 = 0,208:20 = 4,16 MOwm;
X1x62 = X1k62 — 0,055-20 = 1,1 MOM.

Pacuet nmapamerpoB AJ[1 u AJI2.

Z HOM
-0,017 '+

ZA}JHOM

[Mpuaumas Pyx = 0,02:Pyor; 71 = Stom , IOJTy4aeM:

L 0236-1,6'2(132'192) 10° = 40 MOwm;
7,0°-200,5% - (1-0,017)

2
S UHOM Cos (pHOM

HOM

2 6
I _ L7 038 -09-10° ¢4 vowm:
100 P 100 132

HOM

U 380-10°

HOM

7' = =
MBI, 372385

=132 MOwm;

Far =16,74+0,96-40 = 55,14 MOM;

Xy =/132% —55,147 =119,9 MOw;

119,9+3,09 O 1199+3,09
P 31440 * " 314(16,74+6,76)

=0,01¢; 0,02 c;

E(;Aﬂ = \/(220 -0,9-238,6-0,055) +(220-0,44 —238,6-0,145)> =195 B.
Pacuer napamerpos CJI:
Xgow = 0,155 7y =0,15x,;

~0,382-10°
CJ/1.Hom 125

x:, =140,53 MOm; 1 =21 MOwm;

Z =936,9 MOwm;

EC;_CH = \/(220 —234.0,14-0,585)% +(234-0,021-0,811)* =239,2 B.

PacueT mapamMeTpoB KOMINIEKCHOW Harpys3ku HI
[TapameTppl KOMIUIEKCHOW HArpy3KH ONPEIENAIOT 10 KPUBBIM 4YeEpT.
11la npunoxenus 8, mpu 3TOM

175 35 140

- = a; - a; ___0349
M350 M350 d350
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Zy =03, Z, =035 E, =075

* * *

WK B UMCHOBAHHBIX CAWHUIIAX:

380-10°
V3630

23.PacueTr TokoB Tpexdaznoro K3
2.3.1. Tok tpexdasznoro K3 B pacuernoit Touke K1 6e3 yuera BaustHUS
AJIEKTPOJIBUTATENIEN M KOMIUIEKCHOW HAarpy3Ku

Zyw =03 =104 MOM;  Z,,p =121MOm;  E,, =285 B.

he =7 +7, +r.=1,0+0,1+0,012 =111 MOm;
hy =X, +x, +x,, =0,799+5,4+0,05 = 6,25 MOwm;
hy =y +r, =111+ 4=511MO0M;

400

Lot max = \Em =33,38 KA;
L icimin = 100 =28,6 KA;
V35117 +6,25°
i me = V2 -36,38-1,55 = 79,75 kA;
i = V2 28,6110 = 44,9 KA;
foomax = SHASKA; i =40,45 KA.

2.3.2. HeoOXOomuMOCTh Yy4eTa BIUSHHS DJCKTPOJBUTATENCH U
KOMIUIEKCHOM Harpy3ku Ha TOK npu Metaimmdeckom K3 B Touke K1,
OnpezeyieHHass B COOTBETCTBMM C M. 1.4 HacTosALIEro CTaHJapra,
MOKa3bIBAET, YTO

Topn =21 oy =2-238=476 A Goubime, gem

0,01 51 max =0,01-36380=363.8 A O9TOMY ACHHXPOHHBIC
JIBUTATEIIN CIICAYET YUUTHIBATD.
Tepuon =233 A \enpme, uem 0,01.36380 = 363,8 A, mostomy

CHHXpOHHLIﬁ ABUTATCJIb HC CIICAYCT YYHUTHIBATE.

3
Ly :M:&OA

3-400-0,8 Gonbne, uem 0,01-36380=363,8 A,

[I03TOMY BIIUSIHUE KOMILUIEKCHOIN HArpy3KH CJIEAYeT YUYUTHIBATb.

Takum oOpa3oM, mpu pacuere cymmapHoro toka K3 B Touke Kl
CJIelyeT YYUTHIBAaTh BIIMSHUE ACUHXPOHHBIX JABUraTeled M KOMIUIEKCHON
Harpy3ku. Takoi ke BBIBOJ CleAyeT U TIpH YCIOBUM YydYeTa
AIEKTPUYECKOM TyTH.

Pacuer cocraBmsaronieii Toka K3 B Touke K1 oT KOMILIEKCHOH
Harpys3Ku.

Ny =V T rar Tl T 1

kB4

+r =0,25+0,05+5,0+0,25+0,0126 = 5,56 MOwm;

Xy = Xy +Xgp + Xps + X0 = 0,140,074+ 6,5+ 0,1 =6,77 MOwm;
Fy =l +7, =556 +4=9,56 MOwm;

285
\/5\/(104~O,8+5,56)2 +(104-0,6+6,77)°

=1,46 KA;

nmoHI'max

iaoHFmax = \/5 ’ 1’46 = 2a06 KA; iyuHI‘max = '\/E : 1,0 : 1,46 = 2,06 KA,

285
V3,/(104-0,8+9,56)* +(104-0,6+6,77)°

=1,42 kA;

noHI'min

i =2 1,42=20kA; i =/2:1,42-1,0 = 2,00 KA.

aoHI'min yaHI min

Pacuer cocraBmstomeit Toka K3 B Touke Kl 0T acuHXpOHHBIX
JIBUTATEIICH:

+¥, TEA,

KB9 KB2

ns :E(rAz[l F o gy T Trag tiy) F s s HFrpn 7,

iy = %(55,14 +11+4,16+0,67+1,1)+0,65+4,0+0,05+0,65+0,6 + 0,12 =37,16 MOwm;



N1 03|90 MMM / BMSLONLIQNQ BEMIShUHXL0d1MaUE

R [Ipy ompeneNecHMy MHHHMAIBHOTO 3HAYEHUS TOKA CJIEAYET YYeCTh
Yz = E(XAH  Xgg + Xop + Xpag F Xgr) F X+ Xys + Xppy + Xy X, BIIMSHUE DJIEKTPUYECKON IyTH U yBEIMYECHUE aKTHBHOTO CONPOTHUBIIECHHUS
KaleJIs BCIIEICTBUE HATPEBaHus ero Tokom K3:
1
K = (14594 05+ L1+0.67+0.5)+0.17+5.2:+ 0,07+ 017 +0,28=80.23 MOw; K Zr b b (Co 1),

IZI€ 7y - CONPOTUBJIEHUE OYTH, ONPENEISIEMOE B COOTBETCTBUU C uepT. 15
195 MPWIOKEHUS 9, PU ATOM B COOTBETCTBHH C (42) L1z = 158 M;

L vorsimax = > > 2,21 kA; Cy - k03¢ UIMEHT, onpeaensieMblil 11 fony = 0,6 ¢ B COOTBETCTBUM €
J37.16> +80,23
4yepT. 7 NPUIOKEHNUS 2.
fyoastmes =2+ 2,4 =312 KA; ry =34,88+16,3+31,2(1,05—1) = 52,74 MOwm;
1=
e = V2 -3,12( 000 4+ 0000 =384 kA; _ 400 =419 KA;
e 352747 41604
195
moA/Imin = P > = 2’16 KA’
J(37.16+4)> +80,23 i cmn = V2 -4,19-1,0 =593 KA;
ioasmn = V22,16 =3,05kA; i, =593KA.
Taomuma 23
i iamin = 305 KA.

PesyabTaTsl pacuyera TokoB K3 k npumepy 2

2.3.3. Tok tpexdaznoro K3 B pacuerHoli Touke K2 6e3 ydera BIUSIHUS
Cocrasisronue |MakcuManbHOE 3HaUeHUE | MUHUMAIbHOE 3HAYCHHUE

aneKTponBHraTeneﬁ U KOMIUIEKCHON Harpysku T<I><‘13Ka Bun K3 toka K3 1o Toka K3, KA Toka K3, KA
BeTBHM IHO iao l IHO iao l
Fig =P F + T+ By H 1+ Ty i + 1y =10+ 0,140,640.9+ K1 KO T 36,38 | 54,45 | 79,75 | 28,6 | 4045 | 449
_ . K1 K® HI 1,46 | 2,06 | 2,06 | 142 2,0 2,0

+0,012+0,42+31,2+0,65=34,88 MOM; K1 KO ATl 221 | 302 | 384 | 216 | 3.05 | 3.0
K1 K® K1 40,24 | 59,9 | 85,65 | 32,37 | 45,76 | 50,68
Xy = X X+ Xy Xy + Xy + Xy Xy F Xy = 0.8+5,4+0,05+ K2 K® T 602 | 85 | 85 | 419 | 593 | 593

+0,7+0,67+8,25+0,17=16,04 MOwm; NH®OPMAIIMOHHBIE TAHHBIE

400 6.02 KA CCBIJIOYHBIE HOPMATUBHO-TEXHUYECKHE
Mmok2max = =0, ’
o S A R8 +16.04° NTOKYMEHTBI
O6o3nauenne HT/], Ha kOoTOpHIA qaHa Homeb IvHKTa
i ome =V/2-6,02-1,0 = 8,50 kA, cobinka P
T'OCT 26522-85 1.2

iaOKZmax = 8’50 KA COI[EP)KAHI/IE



