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YAK 621.3.064.1:006.354 i Fpynna E09
MEXTOCYIOLAPCTBEHHDBHA CTAHRAPT

KOPOTKHE 3AMBIKAHUS
B 3JTEKTPOYCTAHOBKAX

MeToabl pacuera B 3JeKTPOYCTAHOBKAX
NePEMEHHOr0 TOKAa HanpsxeHnuem Ao 1 kB FOCT 28249—93

Short-circuits in elektrical installations.
Calculation methods in a. c. electrical instalations
with voltage below 1 kV

OKIT 34 0900

Jara seeaennsa 01.01.95

Hacrosmu# craHzgaprt pacnpocTpaHsercss Ha TpexdasHbie 3JeKT-
POYCTAHOBKH HaNpsiKeHHeM 0 | KB NDOMBILJIEHHOH YacTOTHI, MHpH-
coe/lHHEeHHBlEe K 3HEpProcucreMe HJIM K aBTOHOMHBIM  HCTOYHHKAM
3JIGKTPOIHEPTHH, YCTaHaBJAHBaeT OOILYI0 METONHKY pacuera TOKOB
CHMMETPHYHBIX H HECHMMETPHUHBIX KOPOTKHX 3ambikanuéi (K3) B
HayaJbHHH W NPOU3BOJLHBIA MOMEHT BPEMEHH C yYeTOM TNapaMerpoB
CHHXPOHHBIX H ACHHXDOHHBIX MaIllHH, TPaHCGHOPMATOPOB, PEAKTODOB,
KabeJbHBIX H BO3AVIIHBIX JHHHH, LIHHONDOBOJAOB H Y3JI0B KOMIJIEKC-
HOH HarpysKH.

Cranjapt He yCTaHABJAUBAeT METOLHKY DacueTa TOKOB:

— NP CJOXHBIX HECHMMETPHSIX B 3JEKTPOYCTaHOBKax (HampuMep,
oaHoBpeMenHoe K3 u oO6pbiB NpoBoAHMKA (asbi), INpH IMOBTOP-
HuX K3 u mpu K3 B 3/1eKTPOYCTAHOBKAX C HEJIHHEHHBIMH  3JIEMEH-
TaMH;

—7pH 3JeKTPOMeXaHHYeCKUX MEPEeXOAHBIX Mpoueccax C YyyeToM
H3MeHeHHs YaCTOThl BpalleHHs 3JeKTPHYECKHX MAIlHH;

—npu K3 BHYTPH 3/€KTPHYECKHX MAIIHH H TPaHC(HOPMATOPOB.

Mynkrer 1.5, 1.7, 2.4.2, 2.11, 2.12, 3.6 u npujIokKeHUs SBAAIOTCH
PEKOMEHAYEeMbIMH, OCTaJibHble MYHKTHl — 0053aTeIbHBIMU.

Hananue oduHanbHoe
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1. OBILHUE NOJO)XEHHS

1.1. Hacrosmu# cTaHgapT ycraHaBauBaeT OOILYHO METOAHKY pac-
yera TOKOB B 3JIEKTPOYCTAHOBKAX MEPEMEHHOIO TOKAa HANpSIKEHHEM
10 1 kB, Heo6XoAMMBIX JJis1 BbiGOpa H TPOBEPKH 3JeKTpoo6opyaoBa-
aus no ycaosuaMm K3, nasi BHOOpa KOMMYTAUHMOHHBIX — aNNapaTos,
YCTABOK PeJIEHHOM 3allHTH U 3a3eMJSIOUHUX YCTPOHCTB.

1.2. Cranjaprt ycTaHaBJIHBaeT METOAHKY PaCYeTOB MAaKCHMaJbHBIX
H MHHHMAaJbHHX 3HAaYeHHH TOKA NPU CHMMETPHYHBIX H HECHMMeTpHY-
ueix K3, BUAH KOTOpHIX ompepenenbl B coorserctBuu ¢ I'OCT 26522.

1.3. Besuuunbl, nojasiexailHe pacuery, H JoNyckaemas NOrpeir-
HOCTb HX pacyera 3aBHCSAT OT yKas3aHHBIX M. 1.1 unesed.

JlonyckaloTesi YUpOIIEHHBIE MeTO[bi pacueToB TokoB K3, ecan uX
norpemtHocts He npessimaer 10 %.

Pacuery ansa Buibopa u NPOBEPKH 3JeKTPOOOOPYAOBAHHS NO YCJO-
BuaAM K3 nojgJjexar:

1) HayanbHOe 3HAuYeHHWe NMEPHOAMUECKOH cocraBJsiouiedl Toka K3:

2) anepuoanueckasl cocrasJjsiounas Toka K3;

3) yaapusii ok K3;

4) peiicTByOllee 3HAYEHHe NEPHOJHYECKOH COCTABJSIOUEH  TO-
Ka K3 B mpou3BOoJbHHIH MOMEHT BPEMEHH, BIJIOTH JO PacueTHOro
BpPEMEHH PAa3MBIKaHHS NOBPEXKACHHOH LEINH.

HOas apyrux ueJsefl, ykasasHeXx B 0. 1.1, pacuery nojsiexar Mak-
CHMaJbHOE H MHHHMMAaJbHOE 3HAUYEHHsI NMEPHOAHUECKOH COCTaBJsiOnieH
Toka B Mecre K3 B HauajbHbi U NPOU3BOJLHBIE MOMEHT BpEMeHH.
BIJIOTh [0 PACUETHOTO BPEMEHH Pa3MbIKaHHSl [OBPEXKAECHHOH LENH.
Has uesneii BHOOpa 3a3eMJSIIOILAX YCTPOHCTB pacyery IOJAJICHKHT 3HA-
geHHe ToKa oaHodasHoro K3.

1.4. Tlpn pacuerax Tokos K3 B azmektpoycranoskax o 1 xB HeoO-
XOJJHMO YYUTHIBATh: ,

1) MHAYKTHBHBle CONPOTHBJEHHS BCEX IJIEMEHTOB KOPOTKO3aMK-
HYTOH LeNH, BKJAKYAasi CHJAOBHE TPaHCHOPMATOPHI, TPOBOAHUKH, TpaHCc-
¢dopMaTopsl TOKA, PEAKTOPH, TOKOBBIE KATYUIKH aBTOMATHUCCKHX BbIK-
Jouaredef;

2) aKTHUBHbIE COTMPOTHBJIEHHS 3J€MEHTOB KOPOTKO3AMKHYTOH LENH;

3) aKTHBHHE CONDOTHBJIEHHA Pa3JHUYHBIX KOHTAKTOB H KOHTAKT-
HBIX COeJHHeHMI;

4) 3HayeHuss NapaMeTPOB CHHXPOHHBIX H ACHHXDOHHBIX 9JeKTPO-
JBUraTteJiel.

1.5. [Tpu pacuerax TokoB K3 peKoMeHAYeTCsl YIHTBHIBATh:

1) conpoTuBJeHHe 3JeKTpUUecKoit 1yrH B MecTe K3;

2) u3MeHeHHE AKTHBHOTO CONPOTHBJEHHs TPOBOJHHKOB KOPOTKO--
3aMKHYTOH 1[eln BCJeACTBHe HX Harpesa npu K3;
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3) BaMsiHHE KOMIJIEKCHOH HArpyskKd (3JleKTpOABUTaTe]H, Ipeol-
pasoBaTesid, TEPMHUYECKHE YCTAHOBKH, JIaMIIBl HaKaJHBaHHA) Ha
ok K3, eciiv HOMHHAJBHBIE TOK 3JeKTPOABHTAaTe/ed HArpy3KH Ipe-
puiaer 1,0 % HayanbHOTO 3HAUEHHS] MEPHOLHYECKOH COCTAaBJSIOLIEH
toka K3, paccunranHoro 6e3 yuera HarpyskH.

1.6. IIpu pacuerax Tokos K3 ponyckaercs:

1) MakcHMaJibHO YOpOHlaTh U IKBUBAJIEHTHPOBATh BCIO BHELIHIONO
ceTh MO OTHOUIEHHIO K MecTy K3 H HHAHMBHIYaJbHO YYHTHBATb TOJb-
KO AaBTOHOMHBlE HCTOUHHKH 3J€KTPOIHEPTHH H 3JEKTPOJBHraTe/], He-
HOCPEJCTBEHHO NpHMEIKalouine K Mecty K3;

2) He y4YHTHBaTh TOK HaMAarHHYUBaHHUA TPaHC(HOPMATOPOB;

3) He yYUTHIBATb HACHILIEHHE MAaTHHTHBIX CHCTEM 3JEKTPHYECKHX
MauIlH;

4) npuHEMaTh Ko3¢pohuuueHTH TpaHchopmMauHu TpaHchopMaTopoB
paBHBIMH OTHOLIEHHIO CPEIHHX HOMHHAJbHBIX HaNpsXKeHHH TeX CTyle-
Hell HaNpSKEHHS ceTeH, KOTOphHe CBA3HBAIOT TpaHchopMartopH. IIpH
3TOM CJIeIyeT MCHOJNb30BATh CJACGAYIOILYIO LIKaJdy CpPeXHHX HOMHMHAJb-
HHX Hampsxenui: 37; 24; 20; 15,75; 13,8; 10,5; 6,3; 3,15; 0,69; 0,525;
0,4; 0,23 kB; .

5) He yuuTHBaTR BJHSIHHA aCHHXPOHHBIX 3JE€KTPOJABHrartese, ec-
JU HX CYMMapHBIE HOMHHaNbHHIA TOK He npeBwimaer 1,0 % Hayaus-
HOTO 3HAYEHHS] NEPHOIHYECKON cocTaBjsiomieli Toka B Mecre . K3,
paccuutTaHHOro 6e3 yyera 3JeKTpOJBHratesel.

1.7. Toku K3 B snekTpoycraHoBKax HanpsixeHueM jno 1 kB peko-
MeHJyeTrcs PacCUMTHIBATb B MMEHOBAHHbLIX €JHHHIAX.

[Ipu cocTaB/eHHH 3KBHBAJIEHTHBIX CXEM 3aMelLieHHs [iapaMeTpHl
3JIEMEHTOB HCXOJHOH pacueTHON CXeMbl CJeAayeT NPUBOJUTh K CTyIe-
HU HanpsiKEeHHs CeTH,Ha KoTopoHl Haxoautcs touka K3, a aKTuBHBHIe
H WHAYKTHBHEIE CONPOTHBJEHHS BCEX 3JEMEHTOB CXeMbl 3aMelleHHA
BHIP2XAaTh B MUJIJIHOMAX.

1.8. Ilpu pacuete TokoB K3 B 3/eKTpPOyCTaHOBKax, NOJy4alOUUX
NUTAaHHE HEMOCPEJCTBEHHO OT CeTH 3HEPTOCHCTEMBI, JONycKaeTcsl CUH-
TaTh, YTO NOHHXAMOUHE TPaHCHOPMATOPH NOJAKIIOUEHB K HCTOUHHKY
HEH3MEHHOTO MO aMIIUTYJe HaNpSKeHHs depe3 KBHBAJeHTHOE HH-
JNYKTHBHOE CONPOTHBJIEHHE CHCTEMBl. 3HAa4YeHHE 3ITOTO CONDPOTHBJIE-
Hus (xc) B MHJJIHOMAaX, IPHBEJCHHOE K CTYMEHH HH3IIEro HampskKe-
HHS CeTH, PACCUHTHIBAIOT N0 dopMye

2 2
Ucp i Utp . pex 3
Xe=m e = —3 -10—4, . )]
V3 I snUpau K
vie Ugpun— cpelHee HOMHHaJbHOE HAlIPSDKEHHE CETH, MOAKJIOUEH-
p
HOH K OOMOTKE HH3HIEro HalpsKeHHs TpaHchopMa-
Topa, B;
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Ucp.pu — CpPejiHee HOMHHAJbHOE HANpsKEHHE CeTH, K KOTOPOH
nopkJ/aoueHa oOMOTKA  BBICLIEr0 HaNpsXKEeHHS TPaHe-
tdopmaropa, B; '

I su=Inopu — A€HCTBYIOIlEE 3HaueHHe MNePHOLHUYECKOH  COCTABJISIIO-
meil Toka npu TpexdaszHom K3 y BHBOAOB OOMOTKH
BEICHIErO HANPsIKEHHs TpaHchopmaropa, KA;

S« — ycJoBHAsi MOIIHOCTb KOPOTKOFO 34aMbIKaHMS Y BHIBO-
0B OOMOTKH BHICIIErO HANpsXKeHus TpaHchopMaTo-
pa, MB-A.

[1pH oTcyTCTBHH YKa3aHHBIX [JaHHBIX 3KBHBaJEHTHOe HHIYKTHBHOE
CONPOTHBJ/IEHHE CHCTEMBI B MHJIIHOMAaX JONYCKAaercs PpacCUYHTHIBATHL
no ¢opmyJe

Uzp.HH )
= : 2)
V3 OTKJI.HOM Ucp.BH

rie lorxanom — HOMHHAJBHBIA TOK  OTKJIOWEHHS BHIKJKYATeJ s, yC-
TAHOBJIEHHOTO Ha CTOPOHE BHICUIErO HAMPSKEHUA M0-
HHXKaluero TpancdopMaropa LenH.

Xo==

[puMeyanue B ciyuasx, Korka MOHAXKAOUA TpaHoQOPMaATOpP TMOAKIIO-
YeH K CeTH 3HEprOCHCTEMBI 4Yepes PeaKTop, BO3AYIUHYI0 MM KaGEUIBHYIO — JIHHHIO
(nmmoi GoJee 1 kM), HEOOXOHMO YUHTHBATH He TOJBKO WHAYKTHBHBIE, HO M aK-
TUBHBIE COTPOTHBICHUST ITHX SJEMEHTOB.

1.9. ITpu pacuete TokoB K3 B 3/ieKTPOyCTaHOBKAX C aBTOHOMHBIMH
HCTOYHHKAMH 3JI€EKTPOSHEPTHH HQOﬁXOﬂJ/IMO YYHATBIBATL 3Ha4YeHHsd
InmapaMeTpoB BCeX 3JIEMEHTOB aBTOHOMHOH SHEKTqueCKOﬁ CHCTEMHI,
BKJII0Yasl aBTOHOMHBIE HCTOYHHKH (CHHXPOHHHIE TFeHepaTophl), paci-
pelequTeNbHYIO CeTh H NOTPeOHTEeH.

2. PACYET COMPOTUBJIEHHA
PA3JANYHDBIX 3JJEMEHTOB 3JIEKTPOYCTAHOBKH

2.1. AKTHBHOE W MHAYKTHBHOE CONPOTHBJEHHSI CHAOBBIX TpaHCHOp-
MaTOpoB

2.1.1. AKTHBHOE H MHAYKTHBHOE CONPOTHBJEHHS NPAMOMH MOCJeNO-
BATEJbHOCTH NMOHHXAIOLUX TPaHCHOPMATOPOB (rr, Xr) B MHJJIHOMAX,
NpPHBEJEHHBE K CTYHNEHH HH3UIEro HaNpsKeHHsl CeTH, PacCUHTHBANOT
no ¢opmysaam:
PK.HOM U%’I!‘I.HOM 3 .

& 108, (3)

T.HOM

100P : UR
oy l/ui—( < K.HOM > . SHH.HOM .104’ (4)/

T.00M T.HOM
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rae Stuom — HOMHHaJbHAS MOLIHOCTL TpaHcdopMaTopa, KB-A;

Py 0w — IIOTEPH KOPOTKOIO 3aMblKaHust B TpaHcopmaTope, KBT;

Unn.nomw — HOMHHAJIbHOE HanpsiKkeHHe oOOMOTKH HHM3LIEro Hamps-

Kenusl TpaHcdopMaTopa, KB;
Uy — HaNpsXKEeHHe KOPOTKOro 3aMblkaHHsi TpaHcdopmaropa, %.

2.1.2. AxTuBHBIE H HHAYKTHBHbie CONPOTHBJCHHS HYJEBOH Ilocie-
JOBATEJbHOCTY TMOHMXKAIOMUX TPAHCPOPMATOPOB, OOMOTKH KOTOPHX
coegudens mo cxeme A/Y,, npu pacuere K3 B cern Hu3liero Hamps-
KEeHHs1 cieayeT NMPUHHMATb DABHHIMH COOTBETCTBEHHO @ AKTHBHHM H
HHIYKTHBHBIM COINPOTHBJEHHUSM INPAMOH nocjeiosatenbHocTH. Ilpu
APYTHX CcXeMax CoeiHHeHHs OOMOTOK TPaHC(OPMaropOB aKTHBHBIE H
HHAYKTHBHble COMPOTHBJEHHS HYJeBOH MOCJTEN0BaTEJbHOCTH Heo0Xo0-
JAMMO TPHHHMATb B COOTBETCTBHH C YKa3aHHAMH H3TOTOBHTEJIEH.

2.2. AKTHBHOE M MHAYKTHBHOE CONPOTHBJIEHHS PEAKTOPOB

2.2.1. AKTHBHOE CONPOTHBJEHHE TOKOOTDAaHHUHBAIOLIHX PEaKTOPOB
(rip=rop=rop) B MHJJHOMAaX PACCYHTHBAIOT N0 Gopmye

AP HOM
Fap= R 107, (5)

p.HOM
rae APpyow— HNOTEPH aKTHBHOH MOIIHOCTH B (ase peakTopa npu HO-

MHUHAJBHOM TOKe, BT;
Ipnom — HOMHHAJIBHBIE TOK peakropa, A.
2.2.2. UHAYKTHBHOE CONPOTHBJEHHE PEAaKTOPOB (X1p=Xgp=2Xgp) B
MHIJIHOMAX MPUHHMAIOT KaK YKa3aHO H3TOTOBHTEJEM WJH PaceudThi-
BalOT no (popmyae

Xyp=0(L—M)-10°, (6)

rje o — yIJoBas 4acToTa HalpsiKeHHs CeTH, paj/c;

L — MHAYKTHBHOCTb KaTYHIKH Tpexdasnoro peakropa, ['n;

M — B3auMHas MHIYKTHBHOCTb MeX1y da3aMu peakropa, I'n.

2.3. AKTHBHOE M MHAYKTHBHOE CONPOTHBJEHHS WIKHONPOBOAOB

Ilpu onpenesieHMH AKTHBHOTO M MHAYKTHBHOTO  CONDOTHBJICHHH
NpsiMO¥ H HYJIeBOH IOC/eJ0BaTeJbHOCTEH IIMHOINPOBOAOB  CJeAyeT
HCMOJIb30BAaTh JaHHBIE 3aBOJa H3TOTOBHUTEJA, PKCNEPUMEHTa HJU MNpH-
MEHSATh pacueTHbIl MeToA. PekoMeHiyeMbli MeTOJ pacyeTa CONpPO-
THBJICHHH LUMHONPOBOAOB H NapaMeTPhl HEKOTOPHIX KOMIJIEKTHHIX ILIH-
HONPOBOJOB NpPHBEJEHB! B IIpHAOKeHHH 1.

2.4. AKTHBHOE H MHIYKTHBHOE CONPOTHBJEHHE Kabeneit

2.4.1. 3Hauenuss mapamMeTpoB NpsiMoil (oGpaTHOM) W HYJEBOH Moc-
Jef0BaTeJbHOCTH KabeJjieill, MpHMeHsAEMHX B 3JEKTPOYCTaHOBKax .o
1 kB, npudauMaior, K&K  YKa3aHO H3TOTOBUTEJEM HJH B INPHJOXe-
HuH 2. .
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2.4.2. Tlpy ompejge/leHHH MHHHUMAaJbHOrO 3HaueHus toka K3 peko-
MEHJYeTCs] YUHTHBAThL yBeJHYEHHE AKTHBHOIO COINPOTHBJEHHs Kabess
K MOMEHTY OTKJIOYEHHs] LENMH BCJEACTBHE HarpeBaHus kabejas To-
KoM K3. 3HaueHue aKTHBHOI'O CONPOTHBJAEHHS Kabessi B MHJJHOMAax
¢ y4yeToM HarpeBa ero TokoM K3 (rg ) paccuursiBaioT no (popmyJe

rg =Csrs, , (7)

rge ¢y — Ko3(pdHUHEeHT, YYHMTHIBAOLIAA  yBeJHYEHHE  AKTHBHOIO
conpotuBjeHus Kabeas. Ilpu npubimKeHHBIX pacyerax 3Ha-
yeHne Koa(puiuuenTa ¢y JONYCKAeTCst NPHHUMATh Pas-
oM 1.5. TIpu yTouHeHHBIX pacuerax KO3 QHUUHEHT ¢ ¢ CJe-
IyeT onpejesisTe B COOTBETCTBHUH C 4epT. 5—8 npHIOKe-
HHA 2 B 3aBHCHMOCTH OT MaTepHaljia U CeueHHs KuJ Kalbe-
as1, Toka K3 u npogoskurensrocta K3;
ry, -~ @KTHBHOE CONPOTHBJICHHe Kalbeass NpH TeMmIeparype U,
pasuuii mioc 20 °C, MOwm.
2.5. AKTHBHOe M HMHIAYKTHBHOE€ CONpPOTUBJCHHA BO3AYIHbIX JHHHHA
H TPOBOJOB
MeTonuka pacuera napaMeTpoB BO3JAYLIHBLIX JHHUH W IIPOBOJIOB
[IpPHBE/IeHa B NPHJIOXKEHUHU 3.
2.6. AKTHBHbIE CONPOTHBJIEHHS] KOHTAKTOB M KOHTAKTHBIX COEAHM-
HEeHMH
IlepexoaHoe COMPOTHBJIEHHE 3JEKTPUYECKHX KOHTAKTOB  JIOGOro
BHJA CJeAyeT ONpele/isiTh Ha OCHOBAHHH JAHHBIX IKCIIEPHMEHTOB HJIH
C HCMOJb30BAHMEM pPacyeTHBIX METOAMK. JlaHHBIE O KOHTAKTHLIX COe-
JHHEHusiX NpuBeieHbl B npuJjoxenud 4. [lpu mpubauxenHoMm yyere
CONPOTHBJICHHH KOHTAKTOB IPHHUMAIOT: r«=0,1 MOM — nj9 KOH-
TaKTHBIX coelHHeHuH kabenei; ry=0,01 MOM — 151 WHHONPOBOJOB;
re=1,0 MOM — /151 KOMMYTaHHOHHBIX allapaToB.

2.7. AKTHBHblE U MHJAYKTHBHbIE CONPOTUBJIEHHS TPAHCHOPMATOPOB
TOKa

ITpn pacuere TokoB K3 B 3/€KTPOYCTAaHOBKAX HAMNPSIKEHHEM 10
1 kB caeayer yunthiBaTh KaK HHAYKTHBHbIE, TAK U AKTHBHHIE CONpO-
THBJICHHS TEPBHYHBIX OOMOTOK BCeX MHOTOBHUTKOBBEIX H3MEPHTEJNLHBIX
TpaHCHOPMATOPOB TOKA, KOTOpBle HMeioress B nenu K3. 3Hauenust
AKTHBHBIX M HHAYKTHBHBIX CONDOTHUBJEHHH HYJEBOH NOCJAENOBATE/b-
HOCTH TPHHMMAIOT paBHBIMH 3HAYEHUSAM CONPOTHBJEHHI HPAMOI
nocJenoBateJbHOCTH. [lapaMeTpsl HEKOTOPBIX MHOTOBHTKOBHIX TpPaHC-
(opMAaTOPOB TOKA NPHBENEHH B NPHJIOKEHHH 5. AKTHBHBIM M HHIYK-
THBHBIM CONPOTHBJIEHHEM OJZHOBHTKOBHIX TpaHCOpMaToOpoB (Ha TO-
Ku Oosee 500 A) mpu pacuerax TtokoB K3 MoxHO mpeHeGpeub.

2.8. AKTUBHble M WHAYKTHBHBbIE CONPOTUBJIEHHS KATylleK aBTOMa-
THYECKHX BbIKJHOYaTE/ el
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Pacuers 7okoB K3 B ajiekTpoycraHoBKax HanpsixkeHueM jo | kB
cJleflyeT BeCTH C YYeTOM HMHAYKTHBHBIX M AaKTHBHBIX COMNPOTHBJIEHHH
KaTyuek (pacuenuresiell) MaKCHMaJbHOIO TOKA ABTOMATHYECKHX BBIK-
Jioyartesef, NPUHHUMAas 3HAaYeHHS AKTUBHBIX M HHAYKTHBHBIX COHpO-
TUBJIEHHH HYJIEBOH MOC/TEI0BATEJIbHOCTH PAaBHBIMH  COOTBETCTBYIO-
HIM CONPOTHBJIEHHSAM NPSIMOH IOC/AEOBATENbHOCTH. J3HAYeHHs Con-
POTHBJEHHH KaTyllleK paclenuresneli H KOHTAKTOB HEKOTOPHX aBTO-
MaTHYECKHX BHIKJIOYaTes el IPUBEJEHH B MPHJIOXKEHUH 6.

2.9. MNapameTpbl ABTOHOMHBLIX HCTOMHHKOB  3JIEKTPOHEPrHH H
CHHXPOHHBIX 3JEKTPOJABHIaTEAEH '

Ilpu pacuere HavyaJbHOIO 3HAYEHHUs NEPHOAUYECKOH COCTABJSIIO-
neil Toka K3 aBTOHOMHBIE HCTOYHHKH, a TaKke CHHXPOHHBIE 3JieKT-
pOABUraTENH CJAEAYeT YUHTHBAThH CBEPXNEPEXOAHBIM COUPOTHBJECHH-
€M [0 TIPOJAOJbHON OCH poTopa (x,;), 4 NPH ONpeleJeHHH MOCTOSH-
HOH BpEMEHH 3aTyXaHHS anepuojHYecKoii cocraBasiouied toxa K3 —
HHIYKTHBHBIM COINPOTHBJIEHHEM JIJsi TOKOB 06paTHOM IOC/e10BaTeb-
HOCTH X; H AKTHBHBIM CONPOTHBJeHHEM oOMoTkx cratopa r. llpm

OpHOJAMXKEHHKX pacyeTax NPHHHMAKT. Xymomy =0;15; xo=x, ; r=
*
=0,15x, .

2.10. NapameTpbl ACHHXPOHHBIX JEKTPOABHUraTesei

[Tpn pacuerax HayaJbHOIO 3HAUEHHS] NEPHOAHUYECKOH COCTaBJSIO-
meld Toka K3 OT acHHXPOHHBIX 3JEeKTpoABUTraTesefl MOCJAeAHHE cJe-
AyeT BBOIUTb B CXE€My 3aMellleHHs CBepXIepeXOJHBbIM HHAYKTHBHBIM
conporuBienueM. Ilpu Heo6Xx0AMMOCTH  NpOBeNeHHs YTOUHEHHBIX
pacueToB cJaeAyeT TaKXKe YUYUTLIBATL AKTHBHOE COMNPOTHBJIEHHE CTa-
Topa. MX 3nHavyeHHsi DeKOMEHAyeTCs ONpeAensaTb, KaK yYKa3aHO B
npHiaoxenud 7. Ilpu npubanmKeHHEBIX pacyeTaXx INPHHHMAIOT: CBEpX-
NepexoiHoe HHAYKTHBHOE CONPOTHBJ/IEHHE ACHHXPOHHOrO JBHTaTeJs

xAmuw, =0,18; akTHUBHOe CONIPOTHBJIEHHE CTATOPA ACHHXPOHHOIO
JIBHTATEsl rag :0,36xm .
% *

2.11. Pacyernble mapamMerpbl KOMMJIEKCHbIX HAFPY30K

2.11.1. Ilpu pacuere ToKOoB K3 OT KOMIJNEKCHHIX HAarpy30K cJje-
AyeT Y4YuTbIBaTb MX NapaMeTpnl HpsIMOH, oOpatHOH H HyJeBO#H moc-
JefoBartenbHOocTel. PexoMmeHniyeMmple 3HauyeHHS] CONPOTHBJIEHHHA  IIps-
Mo#l (Z;) u obpatHo#i (Z:) mocJefoBaTeNbHOCTEH OTACHLHHX  3Je-
MEHTOB KOMILIEKCHOH HAarpy3ku  npuBeAeHsl B Ttaba. 1. 3HaueHus
MOAYJEH TIOJHLIX CONPOTHBJAeHHH npsamofl (Ziur ), obpaTHo#t
(Zomr ) u mygeBoll (Zoyr ) mMOCAeNOBaTENbHOCTEH HEKOTOPHIX Y3-
JIOB I1arPYy3KH B 3aBHCHUMOCTH OT MX COCTaBa JOMyCKAeTCs ONpeNeNfTh,
KaK YKa3aHo B NpUJOXKeHHU 8.
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Tadauua 1
[apamerpbi 3J€MEHTOB KOMMJEKCHOR HArpy3Ku
3yaueHus CONPOTHBJACHUNA, OTH, €I.
TloTpelSuTeNy KOMNAEKCHOE tOGosaa- '
HArpy3kH lg:::;a?{a COSQPyom gl | 52
AcHHXDOHHBIE  3JIEKTPOABH-
raTesu AL 0,8 0074018 0,07+ j0,18
CHHXpDOHHBlE  3JIeKTPOABHIra-
TeJH Ch 0,9 0,03+j0,16 0.03+-j0,16
JlaMnbsl HakaJHBaHHA JIH 10 1,0 1,33
Tasopaspsianble  HCTOYHHKH
cBeTa Jr 0,80 0,85+ j0,53 0,38+j0,24
TIpeo6pasoBarenu Il 0,9 0.9 0,44 1,664-70,81
DNeKTpOTepMHUECKHe  yCTa-
HOBKH Y 0,9 I +j0,49 0,4 +j0,2

2.11.2. B npubauxeHHBIX pacueTax AJs y3J/0B, COAEPXKAIHX 10
70 % acHHXDOHHHIX ABHraTesefl, JONYCKaeTcsi 3HaueHHs MoJyJjed
HOJHBIX COMPOTHBJAEHWH KOMAJNEKCHOH HATPY3KH INIPHHUMATb PaBHBI-
MH Zigr =Zour =0,4; Zour =3,0.

* * *

2.12. AKkTHBHOe conpotuBJjeHue ayru B mecte K3

IIpu ompenesieHHH MHHHMaJbHOro 3HayeHus Toka K3 caexpyer
YUHTHIBATL BJHstHHEE HAa TOK K3 aKTHBHOrO CONPOTHBJIEHHS 3JIEKTPH-
uyeckoit nyru B mecte K3.

[IpubauxeHHple 3HAUYEHHS AKTHBHOIO CONPOTHBJEHHA AYTH MpH-
BedeHb B Taba. 2.

Has apyrux pacuetHelXx ycaoBuiét K3 3HaueHHst aKTHBHOTO COIIPO-
THBJEHHS AYTH AONYCKAETCS PAaCCUHTHIBATb, MO MPHJIOXKEHHIO 9.

3. PACYET HAYAJIBHOI'O 3HAYEHUS NEPUOAHUYECKORA
COCTABJIAKOHWEN TOKA TPEX®A3HOrO K3

3.1. Meroanka pacyera Ha4aJbHOrO JEHCTBYIOLIEro 3HAYEHUA Me-
puoanueckoil cocraBasiomeil Toka K3 B anekrpoycraHoBkax ao 1 xB
3aBHCHT OT crnocofa 3JeKTPOCHAOGXKEHHS — OT 3JHepProCHCTEeMbl HJIH
OT aBTOHOMHOTO HCTOYHHKA.

3.2. Tlpu snexkTpocHaGKeHHH 3JCKTPOYCTAHOBKH OT 3HeProCHCTe-
MBI yepe3 INOHHKaWOUIUA TpaHcOpMaTOp HavyajbHOEe HAEHCTBYHOLIEE
3HayeHHe NepHOAWUYEcKOH cocraBasiowed rtpexdasnoro ToKa K3
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3HayeHHsi aKTHBHOrO CONMPOTHBACHHS AYIH

Ta6auma 2

PacuetHnle ycnoBus K3

AKTHBHOE COUPOTHBJIEHHE XYTH ('n)' MOM, npu K3 3a
TpaHcdopMaropaMH MOUHOCTbIO, KB-A

250 400 l 630 I 1000

1600 2500

K3 B6ansu BhBOAOB

HH3ILEro HanpsiXXeHus

TpaHcgopmMaropa:
— B pasjetke kabesei

HanpsAkKeHHeM:
0,4 kB 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 HIHHONPOBOJE TH-

na IIMA  wnanpsxenu-

eM:
0,4 kB — — — b 4 3
0,625 xB — — — 5 3,5 2,5
0,69 kB — — — 4 3 2
K3 B koHume wmHO-

poBOAa tuna HIMA

aauHofi 100—150 M
HanpsiXKeHHeM:
0,4 xB — — — 6—8 5—7 46
0,525 xB -— — - 57 4—6 3—H
0,69 xB — — — 4—86 3—5 2—4

(/no) B KmMIOaMnepax Ge3 yuyeTa NOANMTKH OT 3JEKTPOJABHraTesed
paccuuTHBaloT 1o GopmyJie

[rm:

rue Ucp,HH — CpelHee HOMHHaJbHOE

Ucp.HH
V3V ety

NPOH30IIJIO0 KOPOTKOE 3aMHEKaHue, B;

I''s , X1z — COOTBETCTBEHHO CyMMapHOe aKTHBHOE ¥ CYMMapHO€ UH-
JYKTHBHOE CONPOTHBJIEHHS INPAMOH IIOCJeLOBATEIbHOC-
T4 Hend K3, MOM. 3TU CONPOTHBJIEHHS PaBHHL:

(8)

HanpsixKeHue CeTH, B KOTOpOﬁ

rl23r1+rp+rTA+rKB+rﬂl+rK+r1K6+rBJl+rll

H X12=XC+XT+XP+XTA +xxs+xm+x1x6 +Xan

rpe rr U Xp— aKTHBHOE€ N HHAYKTHUBHOE COIIPOTHBJICEHHS Nps-

MOH  NOCJe0BATENbHOCTH
tpancdopmaropa, MmOm;

INoHHKawHiero
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rta H Xtao— AKTHBHOE H HHAYKTHBHOE CONDOTHBJEHHS Hep-
BHYHBIX OOMOTOK TpaHCHOpPMATOPOB TOKA,
MOwm;

Xc—— 3KBHBAJIEHTHOE HHIYKTHBHOE COINPOTHBJICHHE
CHCTEMHBl O NOHMXKAaWIlero TpanchopMaro-
pa, MOM, mpuBeneHHOe K CTyNeHH HHU3LIero
HaNpsi>XKeHHs;

p— AKTHBHOE H HHAYKTHBHOE CONPOTHBJIEHHS pe-
aktopos, MOM;
fes H Xys— AKTHBHOE€ H HMHAYKTHBHOE CONIPOTHBJIEHHS TO-
KOBbIX KaTylleK aBTOMAaTHYECKHX BHIKJIOYaTe-
aei, MOwm;
fu H Xyu— aKTHBHOE H HHIIYKTHBHOE CONPOTUBJEHHUS LIH-
HompoBOAOB, MOM;

rx— CYMMapHOe aKTHBHOE COIIPOTHBJIEHHE Pa3jHd-

HBIX KOHTakKToB, MOM;

rix6, I'sx H X1x6, Xan— AKTUBHBIE H HHAYKTHBHBIE CONDOTHBJICHHS]
HPSIMOH TOC/eA0BATENLHOCTH  KabelbHBEIX H
BO3YIIHBIX JuHHH, MOM;

r,— aKTHBHOE CONpOTHBJeHHEe AYrH B Mecre K3,
MOM, TpUHHMaeMmoe NO LAHHHIM Taba. 2 uIH
pacCuMTBHIBAEMOE KaK  YKa3aHO B NpPHJIONKe-
HUH 9, B 3aBHCHMOCTH oT ycJoBHi K3.

3.3. Ecanu snektpocHaGxeHHe 3JIEKTPOYCTAHOBKH OCYIIECTBJSETCH
OT 3HEPrOCHCTEMBbl uyepe3 MOHHXKAIOUIKHA  TpaHchopMartop U BOJAH3H
Mecra K3 HMeloTCS CHHXDOHHBIE M ACHHXPOHHHE 3JEKTPOIABHMIaTE]H
HJIH KOMIIJIEKCHAs Harpys3ka, TO HayaJjesHOe - JeHCTBYyIOllee 3HayelHe
nepHogMYeckol cocrapjasiiomei Toka K3 ¢ yueroM MOANHTKH OT
3JIeKTPOABHUTaTe el W/IM KOMIJIEKCHONH HarpyskH cjleiyeT ONpenessTh
KaK CYMMY TOKOB OT SHEPrOCHCTEMH (CM. I. 3.2) H OT 3JeKTDOABHTa-
Teseld HJIH KOMIJEKCHOH HarpyskHu.

HauanbHoe paeficTByollee 3HAaYeHHe MNEPHOAHMYECKOH  COCTaBJIYIO-
weit Toka K3 or cunxpouHwslx 3anekrpojBurarenet (lmocy ) B KH-
JoaMmepax pacCUHTHIBAIOT MO Gopmye

I Ep.cn
noCJh == l/'(x;+xlz)2+(,cﬂ tris)? ,

(9)

riae E;,cn—caepxnepexonnaﬁ DJC CHUHXPOHHOTO 3JEKTPOABHMTa-

” reas (¢asnoe 3HaueHue), B;

X4 M rcy - COOTBETCTBEHHO  CBEpXIEPEXOJHOEe  HHAYKTHBHOE H
AKTHBHOE COIPOTHBJIEHHS 3JeKTpojBurareas, MOM;
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3HayeHHsl 3THX CONPOTHUBJEHHH nonycxaeTCﬂ onpene-
JS9Thb KaK YKa3aHo B m. 2.9;

Xiz H riz — CyMMapHOe HHAYKTHBHOE H CyMMapHOe aKTHBHOe COfl-
pOTHBJEHHS  NpAMOA  MOC/e0BaTeNbHOCTH  ILleNH,
BKJIOYEHHOH  MEXAY 3JeKTpPOIBHrarteJeM H  TOU-
kot K3, MOwm.

Ilnsi CHHXPOHHBIX 3JIEKTPOABHrateJe, KOTOpHe 1O K3 paboraan
c nepeBo3byxuenneM, cBepxnepexoanyrw IIC (Ed, cn ) B BOJb-
Tax PacCUYHTHIBAIOT MO HopmyJe

Ep.cn=V Ugoi+1T 10 xasingio )+ Lo\ Xacospp )%, (10)

rne Ugpo — dasHoe HaNpsKeHHe HA BHIBOJAX 3JEKTPOABHIATess B
MoMeHT, npeaniectByouni K3, B;
Ilpy—TOK cTaTopa B MoMeHT, npeamectBylomuid K3, A;
Qo) — YroJ CABHra (a3 HaNPSKEHHSt H TOKa B MOMEHT, mpej-
mecteyiomui K3, rpaa. an.;
X; — CBEpXNEPEXOJHOE CONPOTHBJCHHE MO NPOOJILHOH OCH
CHHXPOHHOTO 3JIEKTPOABHIATe, MOM.
Jlas cHHXPOHHBIX 3/€KTpOABHratesefi, paborasuinx ao K3 ¢ me-
noBo36yx aenneM, ceepxnepexonuyio IIC (E(p cn ) B BoJbTax pac-
CUHTHIBAIOT 110 GopMyJe

Ey.cn=V Ugpo—I 1o xasingio, )*+ (ljo) xic0si01 )*- (11)
HauanbHoe nedicTBylollee 3HaueHHe NEPHOJHUYECKOH  COCTaBJIAIO-
medl Toka K3 or acHHXPOHHBIX 3JektpoiasHratetedt (Imag ) B
KuJIoaMIlepax PacCYHTHIBAIOT 1o GopmyJe
EQ).A,E[
V (x;\'q“l"xlz )2+(TA11 +r5 )2 !

Ioap = (12)

Te xgn H rpq  -— COOTBETCTBEHHO CBepXIepexoiHoe HHAYKTHBHOE
H aKTHBHOE CONPOTHBJEHHS  3JeKTPOABHrarte-
as;, MOM; 3HaueHWs] 3TUX CONPOTHBJEHHH  JO-
nyckaercs ONpefessTb, Kak ykaszaHo B m. 2.10;

Eyan —cBepxnepexognas IOJIC  aCHHXDOHHOrO  3JEKTPO-
IBUraTesisi, KOTOPYI0O  MOXKHO pacCYHTaTb 10O
¢dopMmyae

Ep.an=V Wamcosppr —lo 7an)?+Uspoisingp —Ipo xa)®.  (13)

[Mpn HeoGXOAMMOCTH yueTa KOMIJIEKCHOM Harpy3kH COOTBETCT-
BylOIlleeé HayaJbHOe JAeHCTByIOlLlee 3HAaYeHHe NEPHOZHYECKOH  COC-
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rapagwoiieli Toka K3 caenyer paccuHTHBaTh, Kak yKa3aHo B NPHUJIO-
xkenun 10.

3.4. B 3/1eKTPOYCTAHOBKAX C aBTOHOMHBIMH HCTOUYHHKAMH 3JIEKTPO-
SHEPTHH HavyajbHOe [eHCTBYIOILiee 3HAYeHHe NMEPHOAHYECKOH COCTaB-
gsiioniedt Toka K3 6e3 yuera noanuTKH ot 3snekrpoasuratesell ([go) B
KHJI0aMIlepaX pPacCYHTBIBAIOT HO (opMyJie

”

Eg

]no==
2 2 ’
V’lz'l'xxz
rgpe ryx H Xix — COOTBETCTBEHHO CYMMapHOC¢ J4dKTHBHOE€ U CyMMap-

HO€ HHAYKTHBHOE€ CONDOTHBJICHUS UEHH KS, MOM.
ST1H COIIPOTHBJICHHUSI PaBHBI:

s =rTA+rKB+rp+rlu+rk+rll(6+rﬂ.n;
X1z =Xg-tFX1a+Xe+Xp+Xu+X 106 Xoas

rae Ey — 3KBUBaneHTHast cBepxmnepexonHas IJC (daszHoe 3Haue-
Hue), B; 3Hauenne stoit DC caenyer pacCUUTHIBATH TakK
’Ke, KaK U JJIst CHHXPOHHBIX 9J€KTpojBuraresnell (cM. 1. 3.3).
3.5. Tlpn HeoO6XxooMMOCTH yueTa  CHHXPOHHBIX H  aCHHXPOHHBIX
3JIeKTPOJABUTaTE/Iedl WK KOMILJIEKCHOH Harpy3KH B aBTOHOMHOH 3JI€KT-
pHYECKOl cHCTeMe HauaJbHOE JeHCTBYIOLee 3HAUeHHE HEePHOAHYe-
cKofi coctaBasoonel Toka K3 cieayer omnpejensiTb KaK CyMMY TOKOB
OT aBTOHOMHBIX HCTOYHHUKOB (CM. I. 3.4) ¥ OT 3JIEKTPOABHraTe el HJIH
KOMIIJIEKCHOH Harpysku (cm. m. 3.3).
3.6. Ilpu HeoOxoauMocTH yuera BJHsIHUA Ha ToK K3 akrtusHOro
COIPOTHBJIEHUS 3JEKTPHUYECKOH JAYFH pPEKOMEHAYeTC HCIOJb30BaTh
yKasauus npusoxenus 9 (m. 4).

(14)

4, PACYET ANEPHOJAUYECKON COCTABJIAAIOILEA TOKA K3

Haub6osbiiee HayasJbHOe 3HAYEHHE alepUOAUYECKOH COCTaB-
asiomelt Toka K3 (ia) B 0oO1eM ciyyae CUHTAIOT PABHBIM aMILIUTYIe
HepHoOAMYECKOA cocTaBsiolleli Toka B HadasbHbli MomeHT K3

lao_-:l/-2 Ino- (15)

4.2. B pajuanbHBHIX ceTsiX aNEPHOAHYECKYIO COCTaBJSIOULYIO TO-
ka K3 B mpousBoibHHI MOMEHT BpeMeHH (i.t) PacCUMTBIBAIOT IO
QopmyJe

—4T
fay=is€ T3, (16)

riae ¢ — BpeMmd, C;
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T.— nocTosiHHasi BPeMeHH 3aTyXaHus ANEPHOAHYECKOH COCTaB-
asiioiiedt Toka K3 ¢, pasHas

= (17)

T @ty

rRe Xy M rs — pe3yJbTHPYIOIIHEe HHAYKTHBHOE W AKTHBHOE CONPO-
TuBJeHus uend K3, mOwMm;
@c — CHHXPDOHHAd YrJjoBas 4acToTa HaNpsXKeHus  ce-
TH, paj/c.

[Tpu onpeneneHuu xx M ry CHHXPOHHbIE F€HEPATOPH, CHHXPOH-
Hble M ACHHXDOHHBIE 3JIEKTPOABHUTAaTENH JAOJKHH ObiTh BBEAEHBH B
CXeMY 3aMelueHHs] B COOTBETCTBUHM ¢ TpebGoBaHusMu nm. 2.9 u 2.10.

KoMn/iekchas Harpyska [OJ2KHAa OBITb BBEAEHA B CXeMy 3amelie-
HHSI B COOTBETCTBUH C TpeOOBaHUAMHU pasia. 2.

4.3. Ecain touka K3 gnenuT pacueTHyio cxeMy Ha pajuaJjibHble, He-
3aBUCUMBIE ADYT OT Jpyra BEeTBH, TO AaMepPUOJUYECKYI0 COCTABJIAIO-
wyio Toka K3 B Npou3BOJLHEII MOMEHT BPEMEHH CJeAyeT Oolpeje-
JATh KaK CYMMY alepHoJHYeCKHX COCTABJSIOUMIHX TOKOB OTAEJbHBIX
BeTBeH Mo opMmyJie

m
= 2 oy e M, . (18)
i=

rae m -— 4YHCJA0 He3aBHCHMBIX BETBEH CXeMBbl;
fapi — HaYaJbHOE 3HAYEHHE alePHOAHYECKOH COCTaBJAOLIEH TO-
ka K3 B i-#i BeTBH, KA.

5. PACYET YOAPHOrO TOKA K3

5.1. Ynapunit Tok Tpex¢gasHoro K3 (iyz) B 3JeKTpoycTaHOBKaXx
C OJHHM HCTOYHHKOM SHEeprHHM (3HEprocHCTEMa HJH ABTOHOMHBIA HC-
TOYHHK) DacCCYHTHIBAOT HO dopmyJe

iy =V 2 Too(1+singe v T =V 2T K,,, (19)

fynlTa ) —yRapHBH  Ko3(h(UUHEHT, KOTOpHLH
MoxeT OBITb oOIpejeseH 10 KPUBHIM
yepT. 1; .
T,—mnocTosiHHasi BpeMEHH 3aTyXaHHUsS aNepHOJUYECKOH COCTaB-
Jasomei Toka K3 (eum. . 4.2);
@x — Yroa ciasura no ¢ase Hanpsokenus wau SJC ucrouHunka H
OepHOAHYECKOH cocTaBasioliell toka K3, KoTophlii paccuu-
THBAIOT 1o (popmyJe

rie Kyx= (1+singge™
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pr=arctgxiz/riz;
tyn — BpeMms oT Hayana K3 10 nosiBJeHHst YAapHOTO TOKa, C, PABHOE

t,,=0,01 24

4

KpHBBIE 3aBHCHMOCTH YAApPHOTO KO3(duuuenTa Kyp
OT OTHOMWEHHH r/x W x[r

ra Il
16 . /1
14— A
12 N
1w

\»\ )
g 02 04 06 08 10r/x 451 2 5 1020 S50/00x/r

X — HMHAYKTHBHOe conpornsiende uenw K3; r — akTHBHOe CONpO-
THBAEHHe nenH K3

YepT. I

5.2. Tlpu pacuere ynapHoro Toka K3 Ha BHBOJLax aBTOHOMHBIX.
HCTOUHHKOB, 2 TaKXKeé CHHXPOHHHIX H ACHHXPOHHBIX 3JIEKTPOABHTaTe-
Jied ZONyCcKaeTcsl CUHTATh, 4TO:

yrapHEH TOX Hactymaer uepe3 0,01 ¢ mocae navana K3;

aAMILIATYAa NEePUOAMYECKOH cocraBisiomedt Toka K3 B MOMEHT
spemenu {=0,01 ¢ paBHa aMIJIHTYyJle STOH COCTABJSIOLIEH B Hayalb:
Heit Mmoment K3.

5.3. YiapHbli TOK OT aCHHXDPOHHOTO 3JeKTpoiBHraTens (iyx.an)

B KHJOaMIlepaX PACCYHTHIBAIOT C YUETOM 3aTyXaHWUs aMIUIMTYIBl @e- -
pHopHYecKoil cocrasisiomedt Toka K3 no gopmyane
_ea 001
iywan =V ZIoan(e "o fe To), (20)
rie Tp— pacueTHasi IOCTOSIHHAsI BPEMEHH 3aTYXaHHSl TEPUOAUYECKOH .
cocTaBJisIOUleH TOKa cTaropa, ¢,
T.— NOCTOSIHHAss BPEMEHH 3aTYXaHHsl alepHOJH4YeCKOH COCTaB-
Jasiolell ToKka craropa, C.
Ipu stom T, u T, HomycKaeTcsi pacCUATHIBATL MO GOPMyJTaM

”
xAIl+-x1K5 .
o b

Wely

Ty=
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-’C‘:A +%1x6
oc(ry+rice)
<rJie @.— CHHXPOHHAs YIJoBas 4acToTa, paj/c;
 H f(; — COOTBETCTBEHHO aKTHBHOC COIIDOTHBJICHHE CTaTopa H akK-

THBHOE CONPOTHUBJIEHHE pPOTOpa, NpPHBEAEHHOE K CTATOpY,
KOTOpble JA0nycCKaercs pacCYuThiBaTh, KaK YKas3aHO B IIpH-

T,=

JIOXKEHHH 7. :
5.4. Ecau toyka K3 aesuT pacyeTHYIO CXeMy Ha PajHaJjbHBIE, HE
SaBHCHMoHe 'H‘p}{(r?) OT( .le)yranBeTlgl’ﬂ;;(; : Hsmenenne nepHOAHIECKOR
YA4pHBEIH TOK tya) ONPEA cocrasason(eii Toka K3

Kax CYMMY YAapHBIX TOKOB OT/J€JIbHBIX
BeTBeH 10 dopmyJe

= 3 VT, (14elwilTa), (21)
i=1

OT CHHXPOHHO% MalUHHLL

lyz

AT & nopor) " Tuor

TJe m — YHCJO HEe3aBHCHMBIX BeTBeH \_4/
CXEMBHI;

The; — HauaabHOE ReHCTByIoLIee 3
3HayYeHHe IEPHOAHYECKOH CO- A
crapasiiouleit Toka K3 B i-#
BeTBH, KA;

lyni— BpeMsi TOSIBJEHHS YHAPHOTO gg

TOKa B {-H BETBH, C; \\ N

T.; — mocTosiHHasi BpeMeHH 3aTryxa-
HHS aNepHOIHYECKOH COCTaB- X\\ L

asaomiei Toxa K3 B i-i Ber-

BH, C. \127 \\\
- N\

6 PACYET NIEPHOIMYECKOR
COCTABJISIIONLER TOKA K3 , \ \
OT ABTOHOMHBIX HCTOYHHKOB .| N
3JIEKTPOOHEPTHH B NIPOM3BOJIbHBIA -

//

MOMEHT BPEMEHH 6
6.1. B cJ0XHEIX aBTOHOMHHIX CHC-
TeMax pacyer NEePHOAHYECKOH coc- 45
TaBasomell Toka K3 oT HCTOuHHKOB 7]
3/IEKTPOIHEPTHH (CHHXPOHH -
P p (CHHXDOHHEIX reHe-

pPaTopoB) B INPOU3BOJILHEIE  MOMEHT
BPEMCHH CJECAYET BHIIOJHATL HyTeM ¥/ 02 q4 585 G& ¢
pelIeRHss  COOTBETCTBYIOWEH CHCTe-

MH nuddepeHIHANLHEX — ypaBHeHHH Hepr. 2
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nepexoiHbIX MPOIECcCoB ¢ HCNoAb30BaHueM DBM.

6.2. B npubanxeHHbIX pacyetax AJs ONpefeleHHsi AeiiCTBYIOLLEro:
3HayeHHs] NEPHOAHYECKOH cocTaBjsiomell Toka K3 B npousBoibHBIA
MOMEHT BpPEMEHH OT aBTOHOMHHIX HCTOYHHKOB NPH PaJHAJbHOH cXxeme
NPHMEHSIIOT KpPHBbIE, NpHBeleHHBle Ha yepT. 2. Pacuerdble KpHuBbie
XapaKTepH3yIOT H3MEHEHHE 9TOW COCTaBJsAIOLleH BO BpeMeHH IIPH pas-
HBIX yaajenHocTsix Toukn K3. 3HayeHnsl nepuoauueckoil cocraBasioned
TOKa K3 B nNpousBosibHBI MOMEHT BPEMEHH OTHECEHH K HauaJbHOMY
3HAYEHHIO ITOH COCTaBJAIOILEH, T. €.

o Int
Y= Tro

Ynanennocts Touku K3 orT cHHXpoHHOH MawuHbl (Inpguowy ) Xa-
*

paKTepHayercsl OTHOLIEHHEM [eHCTBYIOIEr0 3HAYEHHS MEPHOAHYECKOH
COCTaBJSIOIIEd TOKA 3TOA MailMHBl B HavyadbHbli MoMeHT K3 K ee
HOMHHAJbHOMY TOKY, T. e.

I

]no(HOM) = IHOM

HeficTByoilee 3HaueHHe INEPHOHYECKOH cocraBJsomel Toka K3
B TIDOU3BOJIbHBIA MOMEHT BPEMEHH OT CHHXPOHHOH MAIUHHH (HJIH He-
CKOJIbKHX OJHOTHMIIHBIX CHHXDOHHBIX MAlMH, HAXOAAILMXCA B OJAMHA-
KOBBIX YCJIOBHSIX NO OTHoweHH0 K Touke K3) (/4:), caepyer ompe-
Aendatp no dopmyJse
[nt=vtlﬂ0(H0M)1H0M ’ (22)
k3
NIpHYEM MPH HECKOJbKHUX MalIMHAX MOJ HOMHHAaJbHHM TOKOM CJeayer
HNOHAMATh CYMMY HOMHHAJbHHX TOKOB BCEX MalIMH.

7. PACYET NEPHOAHWYECKON COCTABJAIOIIEA TOKA K3
OT CUHXPOHHBIX H ACHHXPOHHBIX 3JIEKTPOIBHTATEJIER
B NPOU3BOJIbHBIN MOMEHT BPEMEHHU

7.1. Tounnli pacyer nepHoAnYecKoH cocraBasiomed Toka K3 ot
CHHXPOHHBIX H ACHHXDOHHBIX 3JEKTPOABHrarejefi B NPOH3BOJbHHIH
MOMEHT BPCMEHM CJIeyeT BHINOJHATh NyTeM peLIeHHsI CHCTeMBl AHG-
(epeBuMaNbHBIX YDaBHEHHH NEPEXOAHBIX MPOLECCOB.

7.2. Ilpn npubJMXKEHHBIX pacueTax IJsi ONpeJeseHust AeHCTBYIO-
1ero 3HayeHust MePHOJHYECKOH cocTaBJasmiiell Toka K3 or cuux-
POHHBIX 3JIEKTPOJBHUraTe/ied B NPOHU3BOJLHBI MOMEHT BPEMEHH MpH
panHaJbHOH CXeMe HCHOJb3YIOT THINOBHE KDHBHIE, NPHBEJEHHBIE Ha
yepr. 2.
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7.3. Ilpuy npubJan:KeHHBIX pacueTax AJSl ONpejeseHHA NeHCTBYIO-
Iero 3HaueHusi NepUOAMYECKOH cocraBasiomell toka K3 or acuu-
XPOHHBIX 3516KTpO,H,BI/II‘aTeJIeI';I B IPOU3BOJIbHLII MOMEHT BpeMeHH HpH
panuanbHOH CcXeMe HCMOJBb3YIOT KpUBble, IpPHUBEIEeHHBE Ha 4YepT. J.
3HaueHHs TEPHOAHUECKOH COCTaB-
aawomeil Toka K3 B npou3BosbHBIN
MOMEHT BpPEMEHH OTHeceHH K Ha-
4aJIkHOMY 3HAYEHHIO 3TOH COCTaB-
Jgouel, T. e,

Hsmenenne nepuoaHyecKoi
cocTasasomeii Toka K3
OT aCHHXPOHHBIX ABUraTeJei

/ (i
17
Yian= __1____,&_ . ’ l ]
n0A L g9 7 =7
Vnanennoctb ToukH K3 ot acun- 0.8 \x*7otvom)
XPOHHOTO JEKTPOJBHraTesNst Xa- 3
paKTepH3yeTCsi OTHOLIeHHeM feficT- 4,7
BYIOILETO 3HAUYEHHS NEPHOLHIECKOH z 4
COCTABJSAIOIIEH TOKa 3TOro 3JeKr- X5 5
poABHraTesis B HayaJbilblii MOMEHT [5
K3 k ero HOMHHAJBLHOMY TOKY N
04 .3
I Inoan 73 \\
n0{HoM) = ‘_1_’_ . N
M AJlHoM 4 \'§ \\\
JleiicTayiomee snauenne nepuo- 52 N
nuyeckoii cocrasasiomeli Toka K3 gy NN -
B MPOHM3BOJIbHBIN MOMEHT BpEMEHH
o -
T aCHHXPOHHOTO 3JIEKTDPOJIBHraTe 0 005, o 4 A
asi (Intap) (WJIH HECKOJIBKHX acHH- :
XPOHHBIX 3JIEKTPOJBHTaTe/IeH, Ha- Uept. 3
XONSIIHXCA B OJLMHAKOBBLIX YCJOBH-
X TIO OTHOILIEHHIO K Touke K3) paccunThIBaIOT 1O popmyJie
Loean="tspd noqromyl noman - (23)
*

8. PACUET TOKOB HECUMMETPHYHbLIX K3

8.1. CocraBieHHe CXeM 3aMeLleHus

8.1.1. Pacuer TOKOB HecuMMeTpHUHBEIX K3 BBINOJHSIOT € HCHOJb-
30BaHMEM MeTOd CHMMETPHYHHX cocraBasiomux. [Ipu stom npensa-
PHTEJbHO HEOGXOAMMO COCTaBHTH CXeMbl 3aMElleHHUA npsmo#, obpar-
HOHM H HYJeBOH I0CJIe0BATeJbHOCTEH.

8.1.2. B cxemy 3aMellleHHs] NPAMON 10OCJAeNOBATEJIBHOCTA LOJKHH
6LITh BBEIEHHl BCE 3JEMEHTHl pacueTHOH CXEMBI, NpHUEM IPH pacuere

2 3ak. 1915
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HA4aJbHOTO 3HAauyeHHs TOKa HecuMMeTpuuHoro K3 aBTOHOMHEIE HC-
TOYHHKM, CHHXPOHHEIE M ACHHXPOHHHE 3J/EKTPOABHrATENH, a TaKxKe
KOMILJIEKCHAsA Harpyska MAOJKHBI OBITb BBEJIEHBl  CBEPXIEPEXOMAHBI-
Mu D C u cBepxnepeXOAHBIMH CONPOTHBJICHUIMH.

Cxema 3aMmellleHHss oOpaTHOH IIOCTENOBaTENbHOCTH TaKke AOJXK-
Ha BKJIOUaTb BCe 3JeMeHTH pacuerHoli cxemul. Ilpu stom I3C 06-
paTHOH I10CJIEN0BATEJbHOCTH CHHXPDOHHBIX H ACHHXPOHHBIX  MAaLUHH,
a Takxe KOMIIJIEKCHOH HATPY3KH, CJeAyeT IPHHUMATb DaBHBIMH HY-
ao. ConporuBieHHe 0OpaTHOH INOCJENOBATENBHOCTH  CHHXPOHHBIX
Mall¥H cJelyeT MPHHHUMATh IO AAHHHIM KaTaJ/iora, acHHXPOHHHIX Ma-
IIMH — NPHHHUMATL DABHBIM  CBEPXIEPEXOJAHOMY COINPOTHUBJEHHIO, 2
KOMIIJIEKCHBIX HATPY30K — B COOTBETCTBHH ¢ TabJ. I.

ComnporuBiieHde 00paTHOH MOCJELOBATENbHOCTH TpaHC(HOpMATO-
POB, PEaKTOpPOB, BO3AYLUIHHX H KabeJbHBEIX JIMHHH CJleLyeT NPHHUMATh
PaBHEIM CONPOTHBJIEHHUIO NIPSMOH IOCJeA0BaTENbHOCTH.

8.2. Pacuer TokoB opHodasnoro K3

8.2.1. Ecan sjexkTpocHab)keHUEe 3JEKTDPOYCTAHOBKH HAaNpPsKeHHEM
a0 1 xB ocyuniecrtBisiercss OT HEPTOCHCTEMBl  Yepe3 HNOHHKAIOMHK
TparcdopMarop, TO HauaJbHOE 3HAUYEHHE IIE€PHOJHYECKOH COCTaBJIsIIO-

i
mel Toka oaHodasnoro K3 or cucrembl ([ng ItY ) B Kmaoammepax pac-
YHTRIBAIOT 11O opMyJie

13U
I 4 oA (24)
V (2rystrgs )24 (2x3 oy )

rae riz H X1z ONPENEJSIOT B COOTBETCTBHH C 0. 3.2 HacTosLIero
CTaHAapTa;
oz H Xpy — CYMMapHOe aKTHBHOE M CyMMapHOe HHAYKTHBHOe COII-
POTHBJIEHHS HYJEBOH IOCJEeL0BATEJbHOCTH PacyeTHOR
cxeMBl oTHocHTeJdbHO ToukH K3, MOmM. DtH conmporus-
JIEHHSI PaBHHL:
r02:r01~+rp+rTA+rKB+rK+rom+ro|<6+roml +7,
H x022x0T+xp+xTA+xKB+xom ifxoxé’*'xoam
TA€ fgr U Xor — AKTHBHOE H MHAYKTHBHOE COIPOTHBJIEHUS HYJIEBOH
HOCJIEJ0BATEBHOCTH  MOHUKAIOWIETO TpaHchOpMaro-
pa; .
Fom H Xow— AKTHBHOE U HHAYKTHBHOE COIDOTHBJIEHHS HYJeBOH
NOCJeA0BATEIbHOCTH LIHHOIPOBOJA;
roxe U Xox6 — AKTHBHOE M HHAYKTHBHOE COINPOTHUBJICHHS HYJIEBOH
HOCJIeIOBATENbHOCTH KabeJis;
Tosx H Xpsy — AKTHBHOE M HHAYKTHBHOE CONPOTHBJIEHHS HYJEBOH IO-
CJAEeIOBATENbHOCTH  BO3AYINHOH  JIHHHM  (70sn=T1sa
XQM%3X13”).
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8.2.2. B 3JeKTPOYCTaHOBKAX C aBTOHOMHBLIMH HMCTOYHHKaMH 3Hep-
MM HauaJbHOe 3HAUeHHEe NEePHOLMUYECKOH COCTaBJAIOUIEd TOKa OILHO-

tassoro K3 (I ) B Kujioamnepax DacCuHTHIBAIOT MO hopmyne

- 25
O Y@y 40P+ 2 s Hren)? =)

Tae E; — sKBUBaJeHTHas caepxnepexognas IJIC aBTOHOMHHIX HC-
TOYHUKOB, B, KOTOpPYIO  ONpeleJdloT B COOTBETCTBHH
¢ 3.4

3HaueHust ris H X;y  OMNpeleJsiOT B COOTBETCTBHM c I. 3.4, a
Fox H Xoz —mo 1. 8.2.1.

8.2.3. HauyasibHoe 3HAaueHHE NEPHOIHYECKOH COCTABJANOILEH TOKa
onHodasnoro K3 ¢ yueToM CHHXPOHHBIX M ACHHXPOHHBIX 3JIEKTPOJBH-
ratejell B KHJIO0AMIEpax PacCUMTHIBAIOT, KaK yKasaHo B m. 8.2.2.

8.2.4. Tlpu HeoGXONAMMOCTH ONpeNeseHusi IEepHOLHYECKOH COCTaB-
Jsiioniell Toka oaHodasnoro K3 B IPOH3BOJLHBIA MOMEHT BpEeMeHH
TIpHMEHSIOT MeTOAbl pacuera, NIpUBeJieHHbIe B pasl. 2, 6 u 7.

8.3. Pacuer TokoB AByx(dasnoro K3

8.3.1. Tlpu 3JeKTpOCHAOKEHHH 3JIEKTPOYCTAHOBOK HANPSDKEHHEM
10 1 KB OT 3HeprocucTeMbl uepes INOHHXKAWOUIMH TpaHCHOPMATODP Ha-
YaJbHOE 3HAUEHHMEe NEePHOAMUYECKOl COCTaBJAIOLIed TOKa ABYX(asHo-

ro K3 (I ) B kunoammnepax pacCUuTHIBAIOT IO BopMyJe

o _Ueomm
Y e &
rae
f12=f'r+rp+rTA+rKB+rlu+rK+r1K6+r“m+rn/2;
X1z zxc—i_xT—i_x[)+XTA+XKB--*_xm+x1K6+xIB-'l‘

8.3.2. B 3JeKTpOyCcTaHOBKax ¢ ABTOHOMHBLIMH HCTOYHHKaMM 3SHeEp-
T'MH HauaJbHOEe 3HA4YeHHE NEPUOAMUECKON COCTaBJAKIIEH TOKa ABYX-

¢dasnoro K3 (%) ) B KunOaMmepax pacCUMTHIBAIOT N0 popmyJe
2 V3 £ (27)
Q) o0 —————e .
2 V sty

8.3.3. HauaapHoe 3HAaueHHe NEPHOJHYECKOH COCTABJAWIIEH TOKa
aByxdasHoro K3 ¢ yueroM acHHXPOHHBIX  3JIEKTPOABHrarteseH

(I&an ) B KHJIOaMIEpax PacCYHTHBAIOT MO popmye

2*
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(2 _]/3_@_ (28)
noAL] 2 |, 2 4
2 V rpx Xz
rae Egs — oskBuBajdeHrHas DJC acHHXDOHHBIX 3JIeKTpOABUTATe/eH
H HCTOYHHKA 3JeKTposHepruu, B;
1z H X;y — CyMMapHble aKTHBHOE H HHIYKTHBHOE CONPOTHBJIEHUS

oTHOCHTENbHO TOYKH K3 (¢ yueToM napaMeTpoB ACHHX-
POHHBIX 3JeKTpoaBurareseii), MOM.

8.3.4. HavaJbHoe AeHCTBYIONee 3HAaYeHHe NEPHOJMYECKOH COCTAB-
Jsmomel Toka asyxdasnoro K3. ¢ yueToM CHHXPOHHBIX 3JIEKTPOJBHIA-
Tesefl B KHJOaMIepax Olpelessior, KaK yKasaHo B 1. 8.3.3.

8.3.5. Tlpu Heo6XOAMMOCTH ONpeJeJeHHs] NEPUOAHUECKOH COCTaB-
aswomell Toka aApyxdasuoro K3 B NPOH3BOJbHBIA MOMEHT BpEMEHH
IPUMEHSIIOT METOIBl pacyera, NpuBeJeHHbIe B pasi. 6 u 7.

NIPHJIO)KEHHE
Peromendyemoe

PACYET CONMPOTUBJIEHUN WINHONIPOBOAOB

1. HeobxoamMble Aas pacueroB TokoB K3 mapaMerpsl HIFHONPOBOJOB MOI'YT
GBITb B3TH 43 HOPMATHBHO-TEXHHUECKOH NOKYMEHTAUHH MM IOJY4eHbl DACUETHBHIM
meTofoM. Ilapamerpn mmnonposogos cepud IMMA u IIPA nauw B Taba. 3.

AKTHBHOE CONpPOTHBJEHHe OIHOH (a3bl WHHONDPOBOAA (Fw) B MHJAJHOMAax IpH
Temmepartype 0 PacCUHTHIBAIOT IO (opMmy.ie

! T-+9

— —_ s e K,-1083 .
T p&ﬂopm N 7+%‘;0_>M R 10%, (29)

vae OYuopw — YlenbHO® CONPOTHBJECHHE MaTepHana  HIMHEL TpH HOPMHPOBaHHOH
Temneparype Guopw, OM-MM?/M;
Oyopw — HOPMHDOBaHHAs TeMilepaTypa, J[IpH KOTOPOH 3aaHO YyIedbHOe cofl-
porusaenue, °C;

{— nJjuHa WHHBL OXHOHR (asl, M;

§ — ceueHne UINHBE, MM?;

T — NOCTOSHHAS, 3aBHCHLlas OT MaTepuata mpopoauuka, °C: 1as TBepao-
TaHyTol Mennm T=242°C; Ans oToxkuewHOH menm T=234°C; i
amomunus T=236°C;

K, — ko3thdunuentT n00aBOYHBIX [OTEPb, YYUTHIBAIOUIME  BJIHAHME [OBEpX-
HocTHOTO addexrTa, sdderra 6aH3OCTH, a Takke  J100aBOYHBIX IO-
Tepb OT PACHOJOXKEHHHX BOJH3H METAWIHIECKHX 3JIEMEHTOB.

3HaueHHe Koa(dHuuHeHTa 1062BOUHHIX NOTEPh MOXKHO QUEHHTb, HCXOIS H3 pe-
3yJBTATOB 3KCIEPHMEHTANBHBIX HCCIEJOBaHHH  TOKOMPOBOJOB. aHANOTHYHBIX KOHCT-
PYKIHHA HIH PACCINTATD (npH6IH3HTENBHO) TIO (popmyJe
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KyxKy KoKns,

rae K g — K03pOHUKEHT, VUHTHIBAIOMHA H3MEHEHHe TeMOepaTypH MIMHH (3HaYe-
HHg Ky TpHBeJeHH B TPHJIOXeHHH J);
Ko — Ko3pdunueHt 6ian3ocTy;
Kns — xo3d¢uuuedt nosepxuocTHore sgdexra,

Tabanuna '3
ﬂapamerpu KOMIVICKTHBIX IIHHONPOBOROB
ConpoTHBaenue
ConpoTHBJeHHE HYJIEBOrO NPOBOA-
HomuuaabHoe N dasel, MOM/M HuKa, MOM/m
Tun HalpsiXeHHe, HoMuHabHbIH
LIMHONPOBOAA kB ToX, A

n X1 Tun Xng
IIMA4— 1950 0,38/0,66 1950 0,084 0,016 0,054 0,063
IMA4—1500 0,38/0,56 1600 0,030 0,014 0,037 0,042.
IIMA4—3200 0,38/0,66 3200 0,010 0,006 0,064 0,035
HIMAGSIT 0,38/0,66 2500 0,020 0,020 0,070 0,046
IIMAESII 0,38/0,66 4000 0,013 0,015 0,070 0,045
HIPA73 0,23 250 0,210 0,210 0,120 0,218
HIPA73 0,28 400 0,160 0,170 0,162 0,164
LIPA73 0,28 630 0,1 0,13 0,162 0,164

3xavenus xoypdunuenton K¢ u Ky RaS MeAHHX ¥ aNOMHEHEBHIX UIHH 32~
BHCAT OT pa3MepOB MNOHEPEYHOI'o CEUeHHs, DPacuooXKeHHs W uHcaa wun. das omw-
HOUHBIX LIMH NPSIMOYTOJBHOIO CcEeueHHsl, HMewmHx pasMmeph 25X3 — 10010 un,
NpH pacnojoXKenun WHMH «Ha pebpo» snauenns kospdunuenta K,, cocraBasior
1,02—1,1. 3nauenust kosdhduunenta Ky, [AJdsS NaKeTOB IUHH  JONYCKaercs NpH-
HUMaTh KaK IJA OXMHOYHBIX IIHH. '

Kospduunenr nobasounsix notepb K, A4S aNlOMHHHEBLIX IUIHH  CeYeHHER
100X10 MM? B R4BHCHMOCTH OT 4YHCJIA HIMH 7 AOJXKEH MMeTb CJEAYIOIlHe 3HAYeRHs:
npy n==1 Ky~ 1,18, npu n=2 K;=1,25; npu n=3 K,~1,6; npu n=4 K,~1,72

[Ipn npoksaajke IIHMHONPOBOXA B rajepee HAH TyHHene Koadobuuuent noba
BOUHBIX NOTEPb cjenyer O6parb Ha 0,25 GoJblle, yeM [PH e€ro MPOKAajKe Ha OTKPB:
TOM BO3JYyXE.

2. UHpyKTHBHOe CONMPOTHBJIEHHE HPSMON NOCNENOBAaTeNbHOCTH (a3bl LHOUPO-
Bojga (X1w) B MHAJHOMax Ha METP PACCUHTEIBAIOT IO (opmyJre

d !
*1m=0,1451g 20 (309

rie d — paccTosiHMe MEeXIY WIHHaAMH, M;
go — CpejiHee reOMeTPHYECKOe pPAacCTOSiHHE, M, DacCUUTHBaeMOE no OJHOH HE
npHBefeHHbIX HHXe hopMys:
1) ass WHHBL OPSIMOYTOJBHOIO CEUeHHS
£0=0,22(b+4),
rae b u h — pasmepsl CTOPOH HPSIMOYTOJILHHKA;
2) nas WHMHB KBaJPATHOI'O CEYEHHS:
g0=0,45b,
rae b — pasMep cTOpOHBI KBaApaTa;
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3y nns TpyGuaToil IMHHE KBAAPATHYHOTO CEYEHHS
&o =0,58Cpy1,
tA€ by — pasmep HapyXKHOH (BHENIHel) CTOPOHBLI KBAAPATHOTO CEYEHHS,

C — k03(dpuunenHT, 3HAUYEHHss KOTOPOTO JOJKHB COOTBETCTBOBATH MpHBe-
JeHHHM B TabJu. 4.

Ta6auua 4
3nauenus Koapdunnenra C

OrromieRHe BHYTPERHEro palanyca TPyObl KDPYrJoro
CeYenHs x BHENIHeMY PaJMyCy WM BHYTPEHReH CTODPOHBI

3nauenue KoddhdHIHeHTA
¢
TPYOH KBaADAaTHOTO CeYeHHs K BHEIIHeH cTOpOHe

0,1 0,78
02 0,79
0,3 081
0.4 0,83
0.5 0.85
0.6 0.88
0.7 0.91
0.8 094
0.9 0,97
1,0 1,00

CpesHee reoMeTpPHUeCKoe paccTOsHHe go AJIs NMaKeTa IIHH MOXKHO PacCUHTaTh
o caejyouiaM dopmynam:
1) pas ABYXMOJIOCHOTO maKera:

g, =V 0,22(b+n)dk ,

rAe b u A — COOTBETCTBEHHO TOMNI(HHA M INHDHHA OJAHON MOJOCH UIAHBL  {CM.
gepT. 4), MM;
d — paccrosnHe MexAy NPOLOJBHBIMH OCAMH (UEHTpaMu Macc) ceueHHH
WHH nakera (cM. €eprT. 4), MM;
k — xosdduIHeHT, 3aBHCAWMA OT OTHOWeHHS diofh, ero ompexeasioT mo
KPUBO!, MPHBEAECHHO! Ha 4epT. 4;
2) pJas TPEXmOJIOCHOTO HaKera

1
Ingy= 5~ [31n0,22(b4-/+21nd; k154210 5gk 5, F-210d15k13) 1

rre dis, dy ¥ di3— PACCTOSIHHS MEXAY UEHTPAMH MAacC CEYEHHH COOTBETCTBYIOLIHX
HIHH THAaKeTa;
ko, ka3 U ki3 — KOSDOHIHEHTH, 3aBucsliAe OT OTHOUeHHs diofh, dasfh, disfh u
onpejenseMse MO KPHBOH, NPHBEJEHHON Ha 4epT. 4.
3HaueHHs CPeIHHX TeOMETDHUECKHX paccTOsHHA (go) HauGosee ynoTpeGiseMbix
NaKeToB INHH ¢ 3230PAMH MeXJ]Y UIHHAMH, PABHHIMHM TOJIUHHE IUHHH, JOJXKHH €O-
OTBETCTBOBATHL NPHUBENCHHEIM B TabJ. 5.
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KoatdduuneHr £ naa onpeaeeHus cpeiHero
FEOMETPHUECKOTO PACCTOSHKA MeXAY NHAMM
NPAMOYrOJibHOrO CedeHHs

k

T 1
. d
R — ]
IENAN 1-
20N =
»\\\ bl N
0 ,T {
0 02 04 4,6 08 d/n

Uepr. 4

Ta6bnuna &
3uHaueHus g, HEKOTOPHLIX MNAKETOB IIUH

Ceuentie maketa, Mm? go, M
2(80X 10) 1,53
2(100¢ 10) 3,0
2(120<10) 3,45
3(80X 10) 2,99
3{100X 10) 3,50
3(120X10) 3,95

3. B kauecTBe JAONyCTHMOH (pacueTHoil) TeMepaTyph Harpesa UHHONPOBOA
B NPOACHKUTENLHOM peXUME clieayer nputuMartsh §=70°C.

4, AKTHBHOE H HHIYKTHBHOE CONPOTHBJEHHs HYJeBOH TNOCAEA0BaTEJIbHOCTE
asp WHHONPOBOAA (fow H Xow) B MHJIHOMax Ha METP HPHHHMaKT (OpHEATE-
POBOYHO)

Fow="r1u+437un;
xOLLl :(7 ’5+9 ,4 )xlm .
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HPHJOXEHHE 2
Cnpasounoe

AKTHUBHDBIE U HHIOYKTUBHBIE CONPOTUBJIEHHS KABEJEN

Tabaunga 6

fMapamerpbl xalen ¢ aJIOMUHHEBRIMH JKHJIAMH B aJIOMHHUEBOH 000/0uKe

ConpoTHBACHHE TPEXIKHJLHOIO Kabessi B aJlOMHHHEBOH

o6osiouke, MOM/M
Ceuenue
xaGesisi, MM2
ri=ra X1=Xg re Xo
3Ix4 9.61 0,092 10,95 0,579
IX6 £,41 0,087 7,69 0,523
3IX10 3,84 0,082 5,04 0,461
IX 16 2,4 0,078 3,62 0,406
IX 25 1,54 0,062 2,63 0,359
IX35 1,1 0,061 2,07 0208
X5 0,769 0,06 1,64 0,267
IXT0 0,549 0,959 1,31 0,211
IX9S5 0,406 0,057 1,06 0,174
X120 0,32 0,067 0, 92 0,157
IX 160 0 266 0056 »0,78 0,135
3X186 0,208 0,056 0,66 0,122
32X 240 9,16 0,055 0, '553 0,107
Ta6auua 7

MMapamerpn xafeds ¢ aJIOMHHHEBHIMH XHJAMH B CBHHLOBOK 060s0uKke

ConpoTHBJIeHHe TPEXIKHIbHOrO KaGesnsi B CBHHUOBOH 060J09Ke, MOM/M

Ceyenne
xabenst, mm? '

r=r X 1=Xz re Xo
X4 9,61 0,002 116 1,24
IX6 6,41 0,087 8,38 1,2
IX10 3,84 0,082 5,78 1,16
3IX16 2,4 0,078 4,32 1,12
IX25 1,54 0,062 3,44 1,07
IX35 1,1 0,061 2,96 1,01
3IX 50 0,769 0,06 2,6 0,963
IX70 0,549 0,059 2,31 0,884
3X95 o 405 0,057 2,1 0,793
IX120 0.32 0,057 1,96 0,742
IX 160 0,256 0,056 1,82 0,671
3X 186 0! 208 0,066 1,69 0,606
IX240 0, 16 0,055 1,56 0,535
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Ta6bnuna 8

ConpoTuBJIeHHE TPEXXKHJIBHOTO Kabensi B HenpoBoAsLieil
o6onouke, MOM/M

Ceuenne
xabensi, MM?

r=rp X=Xy (] Xeo
3IX4 9,61 0,002: 11,7 2,31
3X6 641 0.087 8,51 2.974
3X10 3,84 (0,082 5,94 2,24
3X16 24 0.078 45 29
3X2% 1,54 0,062 3,64 2,17
31X 36 1,1 0.061 3,3 2,14
3X 50 0.769 0,06 2,869 2,08
3X70 0549 0,059 2649 2.07
IX95 0,405 0,057 2,505 2,05
3120 0,32 0,057 2,42 2,03
3IX 160 0,256 0,056 2,36 2,0

Ta6anuwa'e

Ilapamerpnl Kabens ¢ aJIOMHHHEBLIMM KHJIAMH B AJIOMHHHEBON 060J10uKe

ConpoTHB/ieHHe YeTHPEXKHADHOrO KaGeis B aJIOMHHHEBOH
o06osiouke, MOM/M

CeueHne
Kabens, MMm?

ri=rp X1=Xz re Xo
IX4+1X2,5 9,61 0.098 10,87 0,57
3X6+1X4 6,41 0,094 76 0,463
3IX104+1"X6 3,84 (0,088 4,94 0,401
3X164-1X10 2,4 0,084 3,39 0,336
IX25+1X16 1,54 0,072 2,41 0,256
3x354-1X16 1,1 0,068 1,93 0,232
3X5041X25 0,769 0,066 1,44 0,179
3IX704+1X35 0,549 0,065 1,11 0,145
3X 9541 X560 0,405 0,064 0,887 0,124
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Ta6auua 10

Mapamerpnl kaGeas ¢ aNOMUHHEBBIMH XKHJIAMY B CBHHUOBOH 060J04Ke

CONpOTUB/IEHHE YeThipeXXKUIbHOTO Kafelis B CBHHIOBOH
o6osiouke, MOM/M

Ceuenne
Kabens, MmM?

r=rz X1=X3 re Xo
3IX4+1X2,5 9,61 0,098 11,52 L13
3X6+1'X4 6,41 (,004 8,28 1,05
3IX 1041 X6 3,84 0,088 5,63 0,966
3X16+ 17X 10 2.4 0.084 4,09 0,831
3IX2AB+1X16 1,54 0,072 3,08 0,668
X35+ 116 1.1 0,068 2,63 0,647
IX 50125 0,769 0,066 2,1 0,5
IXT0+1X35 0,549 0,065 1,71 0,393
3X 95+ 1 XB0 0,405 0,054 1,39 0317
3X 1204 1750 0,32 3,064 1,27 0,301
IX150+ 1 X70 0,256 0.063 1,05 0,248
IX 181 XT0 0,208 6063 0,989 0,244

Ta6auua 11

Mapamerpu Kabeqs ¢ aMIOMHHHEBBLIMH JKHJIAMH B Henposoasuled oGonouke

ConpoTHBJIEHHE YETBIPeX3KHJIBHOrO Kabend B HeNpOBOASILIEN
oGonouke, MOM/M

CeueHue
KaGeusst, Mm?

ri=rz X=Xy T Xo
3X4+1X25 9,61 0,098 11,71 2,11
3XB+17x4 6,41 0,094 871 1,968
3IX10+1X6 3,84 0,088 59 1811
3IX164+ 110 2,4 0,084 4,39 1,558
3X25+1X16 1,54 0.072 3.49 1,258
3X 36+ 1X16 1,1 0,058 297 1,241
IXE041X25 0,769 0,066 2,449 0,949
IXT70+1X35 (1 549 0,065 2,039 0,741
X954+ 1X50 0,405 0,664 1,663 0,589
IX 1204150 0,32 0,£154 1,54 0,545
IX 150+ 1 X 70 0,256 0,063 1,276 0,43
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Tabauna 12

NapameTpnl KaGeas ¢ MeAHbIMH XHJAAMH B CTaAbHOR 06onouke *

COnpoTHB/EHUE TPEXKHUAbHOIO Kabens, MOM/M, NpH
TeMnepaType XuJan 65 °C

CevyeHue
TOKOIIPOBOAAILE
KUJBI, MM2
n=rs Xi=x, ro d
3X 6 3,54 0,094 4,07 1,60
3X10 2,13 0,088 2,66 165
33X 16 1,33 0,082 1,86 1,61
325 0,85 0,082 1,38 157
3X35 0,51 0,079 1,14 1,54
350 0,43 0,078 0,96 1,51
3XT70 0,3 0,065 0,83 1,48
3X95 0,22 0,064 0,75 1,46
3X 120 0,18 0,062 0,71 1,43
3IX 150 0,14 0,061 0,57 1,41
3X 185 0,115 0,061 0,65 1,39
31X 240 0,089 0,06 0,62 1,36
* 3aseMJyieHMe BHITOJHEHO MEIHBIM NPOBOAOM ceuermeM 120 MMZ,
Tabauna 18
Tlapamerpnl xa6enst ¢ MegHHIME KHJIAMH B CTaJbHON 060aduxe
CONnpOTHBACHHE YETHIDEXKHJILHOrO Kabend, MOM/M,
Ceuene OpH TeMNepaType XHJAH 65 °C
TOKONPOBOASILEH
JKHJIB, MM?
ri=rs X1=X3 re Xe
3IX6+1X4 3,54 0,1 4,19 1,556
IX104+1X6 2,13 0,995 2,82 1,46
3X1641X10 1,33 0,00 2,07 1,31
3X2B41X16 0,85 0,089 1,63 1,11
3IX3I5+1X16 0,61 0,086 1,37 1,09
X E0--1X25 0,43 0,086 1,18 0,88
IXT70+1X25 03 0,073 1,06 0,851
IXT04-1X35 ! 0,074 1,01 0,654
3X9§+ 1X35 0.99 0.072 0,92 0,69
3X 93+ 1 X50 ! ’ 0,84 0,54
X 1204135 0,88 0,68
31204 13X70 0,18 0,07 0.7 0,47
33X 15041X50 0,74 0,54
IXI50+1I'X 70 014 0,07 0,66 0,42
3IX 1854150 ’ > 0,7 0,54
IX 1854+ 1°X 95 0,115 0,069 0,54 0,34
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Ta6anua i4
Mapamerpnl kabeas ¢ MeAHbIMH XKHMJAAMH B CTAJbHOH 06GoJj0uke

CORpoTHBJ/IeARE YeTHPEeXXHJIbHOrO Kabens, MOM/M, mpH
Cevenne TeMIneparype KuJjibl 65 °C
TOKONPOBOASILIE{]
WU, Mm?

ry=ry X=Xy ro Xo
4%6. 3,54 0,1 4,24 1,49
4X10 2,1 0,095 92,88 1,34
4% 16 1,33 0,00 2,121 1,14
425 0,85 0,089 1,63 0,91
4% 35 0,61 0,086 1,33 0,74
x50 0,43 0,086 1,05 0,58
4% 70 0,3 0,073 0,85 0,42
4£X95 0,22 0,072 0,66 0,35
4120 0,18 0,07 0,54 0,31
43150 0,14 0,07 0,45 0,28
4 185. 0,115 0,069 0,37 0,27

YBEJIHYEHUE AKTHBHOTI'O CONMPOTUBJEHHA KABEJEH

3nauendst ko3P@PUUUEEHTA, YUATHLIBAIOUIETO YBEJHUEHHE AKTHBHOIO CONPOTHBJE-
s MeJHOTO Kabessi npu HarpeBe ero Tokom K3, onpepensiior B 3aBHCHMOCTH OT
eeyenuus kabens, Toka K3 u npogosxurensiocty K3 no KpHBBIM, NMpPHBEIEHHBIM Ha
gepT. 5 uwau 6, a anOMHHHeBOro Kabens — o KPWBBIM, NPHBeNeHHBIM Ha uepT. 7
and 8.

JauHble, yKazaHHble HAa 4YepT. 58, MOJaydeHH NpPH CASAYIOIIHX  PACYETHBIX
yenosuax: K3 npoHCXOAMT B pajHanbHOil cxeme, copepxallell BeTsb (TpaHcdop-
Marop, kabejb) c HCTOUHHKOM HEH3MeHHOi mo ammiautyne DJC;

Temnepatypa Kabesst namensaercs oT Buaa=20°C 10 Bron.«=200°C,

npononxuteasHocts K3 (forka) coctasaser 0,2; 0,6; 1,0, 1,5 c.

Temmepatypy HarpeBa KaGessi ONPERENSIOT € MOMOUIbIO ypaBHeHHsS Harpesa
OMHOPONHOTO NPOBOAHMKA npH aaHabaTHUCCKOM mpolecce, npeo6pa3oBaHHOIO K
BHLY : :

49 %, 0y
B
shecy | 14 <o (0o —tn,, )

HOpM
HOPM P

rae I.; — tok K3 x momeHTy BpemeHu f, KA;
@9 H P 9,py — YAEHDHHE CONPOTHBICHHS, OM-M, w™areprasa Kabens NP Temiie-
parype O u HAyanbHOH HOPMEPOBAHHOH TeMmepaType Uuopu;
§ — ceyeHune Kabeas, MM?,
A — TJOTHOCTb MaTe€pHaia MPOBOAHHKA, Kr/m3;
£ — YCKOpDeHHe CHJbL TsiKecTH, M/c?;
| Co— YHeJbHasi TEIVIOGMKOCTb MaTepHada Kabens mpu TeMmmeparype
Bo="Tnau="0uopm, [/ (&kr-K):
B — Temneparypubifi Koahdunuent rensoemroctH, 1/K;
o — TeMnepaTypHbeli KoadHiHeHT yXenpHoro comportusaenns, 1/K.
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MsMeHeHHe YAETILHOrO COMPOTHBJEHHS MarepHajia Kabesis NPH NOBBLILIEHHH
TEMIEPATYPH ONpPENEIOT MO BHPAKEHHIO

Py =99HOPM Cy»

rae
T4+%
€= T4,

HHPHJIOKEHHE 3
Pexomendyemoe

PACYETHBIE COMPOTUBJEHHUSA TTPOBOJOB,
MPOJTO)KEHHDBIX OTKPbHITO HA U30JITOPAX,
H NMPOBOJOB BO3AYUWIHBIX JIUHUHA

[. PacyeTHOe CONPOTHBJICHHE NPOBOJOB

1.1. AKTHBHOe CONDOTHBRJEHHE NPAMOfi NOCJELOBATENABHOCTH ONHOH (baswl mpo-
BOJHHMKa (r) B MH/IJHOMax PacCYMTHIBAIOT Mo (opmyJe

3
r==cy KcKnap{) Y -103, (31)
Hopy
rae ¢ 4 — KO3 HLHEHT ‘{HTbIBalOI.U,HI‘/'I BE/JHUCHHE CONPOTHBJIEHHS ¢ MOBHIIE-
1} ’

upgeM Temmnepatypu (cM. mpHJaoxeHue 2). B kauyectse pacuerHoit TeM-
neparypbl Harpesa AJs HPOBOJOB € PE3HHOBOH M IJIACTMACCOBOH H30-
asguMedi npuHHMaioT ¥=65 °C;

K.=1,02 — xospdunnent, yuuTHBAIONMKA yBEJIHUCHHE CONPOTHBIEHHS MHOFONPO-
BOJIOUHMIX XKHJ TIPOBOJNOB M Kabesefl BCieAcTBHe cKpyTkd., daa oxaHo-
APOBOJOYHLIX NPOBOLOB Ko ==10;

K — xkoapduuunent nosepxHocTHOro s ¢exra npu mnepeMennom Toke. Jlad
MeINBIX H aJIOMHHHEBHIX NPOBOAOB KO3(DGMHIHEHT NPHHMMAIOT PaBHBIM
efMUHLE;

08 — Ya2JbHOe CONPOTHBJeHHe mpoofa npu O=20°C. [l MeQHbIX NPOBOLOB
‘Hopm
0y — 00178 OmMm%*M, Aan AMIOMHHHEBLIX  NPOBOJOB
HOy M
Dy — 0,02994 Om-Mm2/M;
THOPM

§ — ceueHHe NPOBOAHHKA, MMZ;
| — pJaMHA NPOBOLHHKA, M.
1.2, MHAyKTHBHOE CONPOTHBJEHHE MNPAMON MNOCJAEOBATENbHOCTH (X)  OAHOMR
a3l HMpOBOAA KPYIJIOTO CEYEHHA B MMWJIHOMax Ha METP DacCUHThiBaloT mno ¢op-
MyJe

x=0,1451g

a
= (32)
Tle a— paccTOsHHE MEeXAY NPOBOAHHKAMH, M;

R, — paiauyc mpoBOLHHKA, M.
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1.3. Ecan ¢asHelii # HyJIeBOH NPOBOJHHKH BBINOJHEHH H3 KPYIJHX [POBOAOS
OJIHHAKOBOTO CeYeHUs] M NPOJIONKEHH NapajsiesbHO, TO HHAYKTHBHOE CONPOTHBJIEHHe
uenH ¢asa — HYJIb (Xp-x) B MHJJHOMAX Ha MeTP PACCYHTHIBAIOT Mo (OpMyJe

a
x¢_H=0,29 ig R, - (33)

Ilpu npsiMoyrobHofi (OpMe CeueHHs HYJIEBOTO RPOBOAHHKA COINPOTHB/ECHHE
Hen# §aza — HyJb ONpee]AI0OT MO CEYEHHIO $A3HOro NPOBOJHHKA,

1.4, AKTHBHOE H HHAYKTHBHOE CONDOTHBJCHHS HYJEBOH [OCJAELOBATEJNbHOCTH
BOAYIIHLIX JIMHHH, HMEWOIIHX HYJNeBOH IIPOBOX C MNOBTOPHBIM 3a3EMJEHHEM, 3dBH-
CAT OT YHCJa 3a3€MJICHHI H KO3(dHUMEHTA CE30HHOCTH.

Ilpu onpenesenHH aKTHBHOrO W HHAYKTHBHOTO CONPOTHBJIEHHI HeTH (asHBIA
fIpOBOJ{ — HYJIeBO# HPOBOA (p—n, Xp-n) HCIOIL3YIOT COOTBETCTBEHHO  (hOPMY-
abt 31 u 33 unu pacuerHble NaHHbIE, NpHBedeHHble B Taba. 15, AkTHBHOe H HHAYK-
THBHOE CONPOTHBJIEHHS TETJH C TNPOMEXYTOUHBIMH  333€MJEHHSIMH  ONpPEAeNsIOT
YMHOMKEHHEM DACYETHHIX COMPOTHBJEHHH HA COOTBETCTBYIOUlHE MONPABOUHbIE KOIP-
¢nunertst Kp 1 Ky B 3aBHCHMOCTM OT uYHC/I4 NPOMERKYTOUHBIX —3a3eMJEHHA (1),
9epT. 9, u na kosdouumenr cesonsoctH Kz (taba. 16). 3nauenns xosdduuHeH-
ta Kp Ha pHc. 9a manbl NP PasHBIX CeueHHSIX NPOBOROB MeTJH — dasHoro (yka-
3aHbl B UHCJAMTENE) M HyJeBoro (yKasaHel B 3HaMeHarene), a K. na puc. 96 —
TpH DPa3HBIX CEYEHHSX HYJIEBOTO H JIIOOLIX ceueHHsX §)asHOrO NpoBOAa.
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Nonpasounne koapduumentsi (Kx 1 Kx) K akrusHOMY
H HHAYKTHBHOMY COMNPOTHBJEHHAM NETIR
«a3oBbifi NPOBOJ — HYJIEBOA NPOBOJ BO3AYMIHON JHHHHD

Xz
00
S 70/70
L5 N 50/50 (79/50)
35/35
aool- 50/35
90 25/25 (70/35)
35/25
50/25
G851~ 16/16
25//6
0,60 ] ! ] 1 ! ) 1 ] ] &
m
a
Kx
1,00
895
/)
0,901 50
35
0851 25
16
080 ] ] 1 ] ] 1 I 1

1
123456578910177\

IIpuMeuanus:

1. Ha Bepxnem pHCYHKe CnpaBa OT KPHBHIX AAHH CEYeHHS NPOBOAOB NETJH: B
ydcaMTeNe — (ha3oBOro NPOBOAA, B 3HAMEHaTene — HYJEBOro IMPOBOAA.

2. Ha nuxnem pHCyHKe cnpaBa OT KPHBHIX AdHBL CEYEHHS HYJIEBBIX npoBOAOB
MeTaIH. DTH KPHBLIE MOXKHO C JOCTATOYHON TOUHOCTHIO HCHOJB3OBATH NpH  Bcex
BO3MOXHbBIX COUETAHHAX CEUEHHH (ha30BOro H HYJEBOIO NPOBOJOB.

Yepr. 9
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Tab6bauma
3nauenns cONPOTHRJEHHS NMeTaH «dasuHbifl NPOBOA — HyneBod mpoBoa»
6e3 yuera 3a3eMJAIOIHX YCTPOHCTB

15

AKTHBHOe (B HHCJAHTEJe) M MHAYKTHBHOe (B 3HaMeHaTeJie) CONPOTHBJIEHHS

Ceuenne ¢GazHoro

netau, MOM, TIpH CEYEHHH HYJEBOTO MPOBOAA, MM?2

npoBoaa, Mm?
16 25 35 50 70
16 368 — — — —
0,68
2,98 2.28
25 : — — —
‘ 0,67 0,66
1,99 1,70 . o
35 - 0,65 0,64
1,73 1,44 1,18 .
50 - 0.64 : 0,62
1,01 0,84
70 . _ 3 s >
0,62 0,61 0,60
Tabanuuma 16
Tpu3HaxH KIAHMMATHYECKHX 30H M 3HAUCHHS
ce3oNHOro xoadduuuenra K:s
KnumaTHueCKHE 30HBI
Jannsie, XapaKTepH3YIoUlHe
KJAuMaTHUYeCKHe 30Hbl, H THI
NPUMEHSIEMBIX 3JIEKTPOLOB 11 2 3 4
1. KnuMaTnyecKkie TIPH3HAKHM 30H

1. Cpeausa Muorojerdsas | (—l5)-— (—10)— 0— (—10) 0—(--15)
temuneparypa (siaBapn), °C (—20) —(—14)

2. Cpegusass  MuoroJgersss | (+416)— (+18)— (+22)— (--24)—
BHICIIAS teMmiepatypa | —(-18) —(+22) —(+24) —(4-26)
(u0as), °C

3. INpomosxurenapHocts 3a- | 170—190 150 100 0
Mep3aHusf BOJX, CYT.

2. 3uauenue Koapuurenta Kes

4. BepTuxaapHble  3J€KT-

poanl aJuHOA 3 M NOpH ray-
GHHe 3aJIOKeHUss HMX Bep-
mueH 0,7—0,8 M 0,61 0,67 0,77 0,91

5. To xe, Tmnpw  AJauHe

3JIEKTPOJOB 5 M 0,74 0,80 0,87 0,91
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IIpodossenue Taba. 16

KauMaTHYeCKHe 30HH

Jlannwle, xapakTepHaylomue
KJHMaTHYeCKHe 3OHH, H THO
NpEMEHSEMKX S9JIeKTPOAOB 1 2 3 4

6. To xe, jaa rOpPH30H-
TAJbHBIX  3JEKTPONOB  AJH-
HOR 10 M npu rayGuHe 3a-
aowenua 0,7—0,8 M 0,18 0,28 0,4 0,67

* CesonHblfi K03 (HUMEHT oNpelesieT CHHXKEHHe CONPOTHBJEHHS M0 cpaBHe-
HHI0O C MAKCHMAJIbHEIM CONDPOTHBJIEHHEM B C€30H NPOMEP3aHHS WJH BLICHIXAHHS.

IIPHJIO)KEHHE 4
Peromendyemoe

PACYET CONPOTHUBJIEHHST KOHTAKTOB
H KOHTAKTHBIX COEOAHHEHHA

3HaueHHs1 mePeXONHBIX CONPOTUBJEHHA KOHTAKTHHIX COeLHHEHHi Kabenell, pa3b-
eMHBbIX KOHTAKTOB KOMMYTALHOHHBIX anmapaTtoB W LIHHONPOBOJZOB B MHJLIHOMAxX
NPHBEREHLl COOTBETCTBEHHO B Tabiu. 17—I19,
Ta6auuna 17
ConpoTHBJIEHHST KOHTAKTHBIX COCAHHEHHA Kabenei

Ceuenue ajio-

MHHNEBOrO

Kabens, mm? 16 25 35 50 70 95 | 120 | 180 240

Conporusae-

Bue, MOM 0,085 0,064 0,0661 0,043 €,0291 0,027{ 0,0241 0,021 0012
Tat6aunga I8

ConpoTHBJeHHS KOHTAKTHBIX COeJHHEHAN IHHONPOBOAOB

HoMunanbHbid

TOK, A 250 400 630 1600 2500 4000

Cepusi LUHHO-

TIPOBOLOB MPA-73 IIPA-73 |IIPA-73 [ IIIMA-73 | IIIMA-68% | ILIMA-68H

Conporusaenue

KOHTAKTHOI'O

COEIHHEHNS.

MOMm 0,009 0,006 0,004 0,003 0,002 0,001
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Ta6anuuna 19
TIpuGaMxKeHHbIE 3HAMEHUS CONPOTHBICHUA PAIHEMHBX KOHTAKTOB
KOMMYTALHOHHLIX ANNApAaTOB HANpsXxeHwem Ao 1 KB

AxTHBHOE conpoTHBjenHe, MOM, Pa3beMHLIX COSAHHEHHY
HoMHHanbRblA -
Tok amrllapara, aBTOM aTHYECKOTO . :
A BHIKAI0YATENS pyGuabHIKa pasbeAHHHTENS
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 — — -

NNPUJIOKEHHE 5
Cnpasouroe

NAPAMETPbBI UBMEPUTEJIBHBIX TPAHCPOPMATOPOB TOKA

[Tpy OTCYTCTBHH NAHHHIX H3TOTOBHTeJS 00 HHAYKTHMBHBIX (XTa) H  aKTHB-
HHX (rrTa) CONPOTHBJEHHSIX H3MEPHTEJbHHIX TPAHCHOPMATOPOB TOKA  AOMYCKAETCS

HCTIONbL3OBATh 3HAYEHHs, NPHBeAeHHbe B Taba. 20.
Tabauma 20

ConpoTus/enus nepBUYHBIX OGMOTOK MHOTOBHTKOBBIX TpaHCGHOPMAaTOpPOB TOKa

ConpoTHB/ieHHe MHepBHUHOH OGMOTKH MHOTOBHTKOBOrO
Tpauchopmaropa, MOM, Kiacca TOUHOCTH
KosdduuneHT Tpauchopma-
HHK TpaHchopMaTopa TOKa i 3
XA T1A *TA "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
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TIPHJIO)KEHHE 6
Pexomendyemoe

CONMPOTUBJIEHHE KATYUWIEK ABTOMATHYECKUX BbIKJIOYATEJEHN

[lpn orcyTcTBUM ABHHBIX HM3rOTOBHTENEH 06 HHAYKTHBHBIX (Xcs) M  aKTHB-
UblX (7xs) CONMPOTHBJIEHHAX KATYIEK PACUenNHTe/Nell U NepPeXONHHIX CONPOTHBJICHHSAX
TOABHKHBIX KOHTAaKTOB aBTOMATHYECKHX  BLIKJIOUATENEH MONYCKAETCS  HCIOJb30-
BaTb 3HAUEHHs 3THX CONPOTHBJEHHH, NpHBedeHHbie B Taba. 21.

Tabauuwa 21

COHpOTHBJICHHSI KaTyuleKk H KOHTaKTOB aBTOMATHYECKHX BBIKJAIOYATEJER

ConpoTHBNEHUE KaTYWKH H KOHTaKTa, MOM
HoMmunanbHbIg TOK
BLHIKJIIOYaTe/s, A
s Xyp
50 7 4,5
70 3,5 2
1.00 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 01 0.05

IIpumeuanne B rTabiuue ykasaHo CyMMapHHE CONDOTHBJAEHHS KATyIneK
H KOHTAKTOB 2BTOMATHYECKHX BHIKJiouatesnedl (cepuii A 3700 <«3aektpon» um BA),
AN KOTOPBIX 3TH CONMPOTHBJEHHS 3aBHCAT OT HX HOMHHAJBHOTO TOKA M HEe 3aBHCST
OT THNA BHIKJOUATE,

IIPHJ/IO)KEHHE 7
Pexomendyemoe

PACUYET NAPAMETPOB ACHHXPOHHDBIX 3JEKTPOABUTATENEH

IIpn pacyere nepHoamueckoil cocraBasiiowelr Toka K3, 06yc/ioBIeHHOro acui-
XPOHHBIMH  3/IeKTPOABHraTe/sIMH HanpsixenueM 0 | kB, Heo6X0AUMO YUYHTHBATH
HE TOJIbKO HX MHAYKTHBHHIE, HO M aKTHBHLIE CONPOTHBJIEHHS.

CyMMapHOe aKTHBHOE CONDOTHBJCHHE, XapaKTEPH3YIOUlee ACHHXPOHHBIH 3CKT-
poABHraTe s B HauajabHbil MoMmeHT K3 (rAl1 ) B MH/LIHOMAaX pacCYUTHIBAKOT 0O

dopmyte
Tag =1+ 0,967s, (35)
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rjie r{ — akTHBHOE cOMpPOTHBJAeHHE cTatopa, MOM;
o ©
7o — aKTHBHOE COMPOTHBJICHHE DOTOPA, NPHBEJEHHOE K CTATOPy, NPH 3TOM ry B:
MHJINHOMAX PAacCYHTHBAIOT MO (PopmyJe

0»36¥H(PHOM+PMX)
7= 1% Ty (1—swon)  *10% (36

rpe Mn——KpaTHOCTb NyCKOBOTO MOMEHTA 3JIGKTPOABHraressi 1o OTHOIIEHHIO K ero
*

HOMHHA/JbHOMY MOMEHTY;

Proy — HOMHHAJILHAS MOLIHOCTD 3JEKTPOABUTraTess, KBT;

Pux — MeXaHAYeCKHe INOTEPH B SJEKTPOABHrartene (BK/mouas A06aBOYHbie IO-
tepu), KBT;

Iy -— KPaATHOCTb IMYCKOBOrO TOKAa 3JIEKTPOABMraTelisi 10 OTHOMICHHIO K €ro
*

HOMHHAJbHOMY TOKY;
Twow — HOMHHANBHBIH TOK 3J€KTpoABHrarens, A;
Suoy — HOMHHAEJBHOE CKOJIbXEHHe, OTH. ell.
AKTHBHOE CONpPOTHBJIEHHE CTAaTOPa S/IEKTPOJABHraTeNsi (r1) B MHJUIAOMAX, €CJIH
OHO He 32/laHO M3rOTOBHTEJIEM, PACCUHTHIBAIOT IO (GopMyae

2
Ui o COS @rom

Siom
ry= 37
1= 00 BProm » (37)
FAE Swow — BOMHHAJIDHOE CKOJBMEHHE ACHHXPOHHOrO aJektpoasurartens, %.

CBepxnepexoHoe HMHAYKTHBHOE CONPOTHBJEHHE ACHHXPOHHOTO 3JIEKTPOJBHra-
"
TeIA (xAIl ) B MHJIIHOMaX PacCUHTLIBAIOT 1o (popMmy.te

( Ud).HOM 2

” . 3
‘an= inlﬂom 10 —TApn» (38)

rae Uy now — HOMUHANBHOE (asHOe HANPsiKEHHe dJEKTPORBHrarens, B.

IIPHJIO)KEHHE 8
Perxomerdyemoe

NMAPAMETPBl KOMIIJIEKCHOA HATPY3KH

1. B cocTan KOMIUIEKCHO#l HarpysKd MOTYT BXOAHTb ACHHXPOHHBIE W CHHXPOH-
Hble 3/eKTPOLBUTATENH, NpeoOpasoBaTeNH, 9SACKTPOTEPMHUECKME YCTAHOBKH, KOH-
JeHcaTOpHHe 6aTaped, Jamnbl HAKajiHBaHHA W rasopa3psilHBE HCTOYHHKH CBeTa,

2. ITpu omnpegeneHud HAYaJLHOrO 3HAYEHHS MEPHOAHUECKOR  COCTaBJAAWUIER
Toka K3 KOMIJEKCHYIO HArpysKy B CXeMy MpSMOH MOC/AeIOBATENLHOCTH —CJeAYer
BBOLHTb 3KBHBAJeHTHOH csepxnepexogHoi AC Eyr H CONPOTHBJCHHEM NPAMOR
nocaeNoBaTeNbHOCTH Zyyp, @ B cXeMy o0paTHO#i M HYJeBOH NOC/JENOBATEIBHOC-

Tell — CONPOTHBNEHHSIMH 0OpaThOl Zgoyr W HYJEBOA Z gyr NOCNEAOBATENbHOCTEH.
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3aBHCHMOCTb NapaMeTPOB KOMIIEKCHOW HarpysKkn
Ziar + Zour » Zour » Eyr  OT ee cocrasa
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3aBuCUMOCTE MapaMeT{rOB KOMMJIEKCHOH HATPY3KH
Ziar v Zour + Zour » Eyr o1 ee cocrara
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3. 3HaueHus MOAYJedl HOJNHBIX CONPOTHBJeHHA Zyyr, Zoyr ¥ Zeyr » @ TaK-

”
Ke SKBHBajeHTHOH cpepxmepexopnoil DJC koMmiexcHolt marpyskn Eyp B OT-

HOCHTEJbHBIX €IMHHMIAX NOPH OTCYTCTBHH APYTuX, 6onee MNOJHBIX JAaHHBIX, MOIYT
6LITb ONMpeAeNeHBl N0 KPHBHIM, NPHBEJEHHHIM Ha 4epr. 10 m 11 B 3aBucuMOCTH OT

OTHOCHTGAPHOTO COCTaBa INoTpebutesnell yana Harpyskd Pi/Py , rae Py — cym-
MapHas HOMHHajbHasi aKTHBHAsi MOINHOCTb HArpyskd, kBT, P; — ycTaHOBJIeHHAs
MOILIHOCTL [ MOTPeOHTEAss HArpyskd, KBt (PAl1 —— ACHHXPOHHBIE JBHIATEJH,
*
}:CH. — CHHXPOHHHIE ABHTaTENH, I;J]_E — JaMnbl HAKaJHBaHHS, 1:3.3, — B3JIEKTPO-
TEePMHYECKUE YCTAHOBKH, Py -— Ta30HamoJHEHHbIE JaMIIbl, PlfI — mpeoGpasoga-
* *
TEJIH).

ConporuBaenne npsimoli (06paTHOR, Hy/eBOM) NOC/HELOBATENBHOCTH ngraou

(fmmw , goﬁrﬂom ) B OTHOCHTE/BHBIX €/MHHIAX NPH HOMHHAMBHBIX YCJIOBUSIX JO-

nyckaercsl paccyuHTHBAThb nmo Gopmy.se
1
S; ’

n
iél V TaRet

TAC 71; M X1i — aKTHBHAs{ ¥ WHIYKTHBHAS COCTaBAAIOMHe CONPOTHBJEHUS Ips-
Mol (o6paTHOH, HYJeBOi) NOC/AENOBATEJbHOCTH I-r0 TOTpebHTe-
Jisl, BKJIOYAs COCTaBJSIIONIHe CONMPOTHBJEHHS 3JIEMEHTOB, CBA3bI-
palomux moTpebHTeNb ¢ muHaMu yadaa (mo 1 kB); ux 3Hauenus
B OTHOCHTEJbHLIX €IMHHMIAX INPH CYMMapHO# HOMHMHAJIBLHOH MOIL-
Hoctn Sy , KB/A, n cpeasem HOMHH&JIbHOM — HAaNPAXKEHHH  TOH
CTYNEHH HAMpsiKEHUs CeTH, IjJe OHa NPHCOeIHHEHd, NPUBEJEHH
B Taba. 1;
S:— nosHasi YCTAHOBJIEHHAA MOUIHOCTh {-r0 HOTpebHTENss  HArpya-
KkH, KB-A.

Zy5r wow=Sx (39)

IIPHJIO)KEHHE 9
Pexomendyemoe

YYET BJIHAHHSA AKTUBHOTO COTIPOTHBJEHHUS JAYTH HA TOK K3

1. Yuer snekrpuueckoii ayra B Mecre K3 pexkomenayercs npousBOJAHTb BBeJe-
HHEM B PACUETHYIO CXEMY AKTHBHOTO COIDOTHBJIEHHS XYTH 7n.

2. TlepexoaHoe akTHBHOE cONMpoTHBJeHHe Ayrd B Mecre K3 (r;) B MuaaHoMax
3aBHCHT B OCHOBHOM OT ToKa K3 ¥ AMMHH AYTH H PacCUHTHBaeTcs no ¢opMyae

=16 Yo, (40)
Inon

rie ooz — HauaNbHOe JEACTBYIOLlee 3HAYEHHE IIePHOAMYECKOH COCTaBJAIOUEH  TO-
ka B Mecre K3, KA, onpefensieMoe ¢ yueTOM COMNPOTHBICHHS AYTH;
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I, — JJIHHA LYTH, CM, KOTOPas MOXKeT ObiTb NPHHATA PaBHOK:
Iy=4a npu a<<5 MMm;

ln:20>,41n% 01575 /x5, npu a==(5=-50) MmM;

ly==a npn a>>50 MM.
TA€ 7, M Xy — COCTBETCTBEHHO CYMMapHOe AaKTHBHO® H CYMMapHOE HHAYKTHBHO®:
conporusienus uend K3, mOnm;
@ — paccTosiHue MeXAy (a3saMH NPOBOJAHHKOB, MM.

st snektpoycraHoBOK 0,4 KB aKTHBHOE CONPOTHBJEHHE 3IMCKTPHUECKOH IyrH
MOXET GHIThb OIpEeleH0 N0 KPUBbIM, NPHBEJEHRHIM Ha 4epT. 12—22.

Ha uepr. 12—21 mnpefcraBieHbl pacueTHhE KPHBBIC 3aBHCHMOCTH aKTHBHOro:
CONpPOTHBJEHHS IYTM 7, OT IVIOWAAX CeueHus (s} ¥ AMMHB 2JIOMUHHEBOIO Kabe-
a1 (Ixs), OmpefessieMOfi DAcCTOSHHEM OT BLIBOJZOB HHIWIErO HAMpSKEHUSA (0,4 kB)
TpaHcOPMATOPOR pasiuuHoll MommocT o Mecta K3. KpusHe NDOCTPOEHH C HC-
nods3obanneM GopMyJas (40) mpn TpexdasHoM H OAHO(a3HOM K3 u mpu {,=
—3a

Ha uepr. 22 npeicTaBjeHbi PacueTHhe KPHBBIE 3aBHCHMOCTH aKTHBHOTO COIN-
POTHBJCHUS AYiH OT THHA W AJHHB UIMHONPOBOAA, MOAKJNIOUEHHOTO K BHEOAAM
0,4 KB TtpaHcopMaTOPOB PA3IMYHOH MOLIHOCTH, ONpPEAENAEMOli PacCTOsHHEM O
mecra K3. Kpusble cnpapenusbi Aas  wnHomposonos cepun IIIMA n moctpoenst
¢ HCTOJIB30BatHEM GOPMYJsl (40) IIPH YCIOBHH, 4TO Ix=24.

IIpu onpejenedun aKTHBHOTO CONPOTHBJCHHH JAYyrd B Chaydae K3 B kabeae
JTHHON lxs, MOLKJIOUEHHOM X TPaHCGOPMATOPY Uepes UIHHONPOBOA AJHHOA Iw
HIH uepe3 Kafejb APYrOro cedeHHdA, PE3YJAbTHPYIOILYIO JJIHHY NPOBOJAHMKA IIHHO-

nmposog — kaBeab (Kabenb — Kabeab) BHIPAXKalOT uYepes JJHHY MOBDPEXACHHOTO
kabens:
~~
lzKa":ll\'éJrznulm/leGs (41)
Ille Zixs M Ziu — TOJHEIE COMPOTHBJGHHS TNPAMOH [OC/ENOBATE/IbHOCTH LWIHHONPO-

BoZa H KaGenas, MOM.

3. Bausinne aKTHBHOTO CONPOTHUBJEHHs AYrH Ha TOK K3 MOXHO TakKe yuu-
THBATL NYTeM YyMHOXeHHs pacueTHoro Toka K3, Hadiennoro Ges yuera compo-
THBAennsi Ayr# B MecTe K3, na 3asucsmuil 0T compotupienus menn K3 mompa-
Bounsifi xoadduuuent K. 3uasenne xodpdunnenta K, NoJydeHHOro 3Kemep -
MentagbHo npu K3 sa tpancdopmaropamu Moiroctbio 630—1000 KB-A,

MOXHO ONpPeAeNNTh MO KPHBHIM yeps. 23. Y/Y

Conporupjenye uemd K3 (2x) onpereisioT B 3aBHCHMOCTH OT BHAA K3:

npHu Tpexdhasnom zl(f):}/ ris+x4fy

npu apyxdaskom  2D=2/)'3 ]/ P

npu ogHO(azHOM 241)21/3]/-(2”2 +rgs P4+ (2v 5 x5 )2

ITpusefeHHLIM Ha uepT. 23 xpuBbIM Kcf(2x) COOTBETCTBYIOT BHIDAXKEHHS

v 3 .
K.=0,6—0,00252,4-0,114) 2,—0,13) 2, ; (42)

- 3,—
Ko=0,56—0,0022,+0,1¥ 7,— 0,12 z .
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4. Tlpr ompenefeHHH MHHMMAaJbHOrO 3HaueHua Toka K3 B aBTOHOMHOH 3JeKT-
pHUECKOji cHCTeMe NpPHOMMXEHHBIE Y4er BJNSHHS aKTHBHOIO CONPOTHBJEHHs 3JEKT-
pHueckoji Ayrm Ha TOK K3 jomyckaercs TIPOM3BOAHTb YMHOXKEHHEM DACUETHOro
toka K3, HafifeHHOro 6e3 yduera CONPOTHBJEHHsA IYTH, Ha MONpaBouHbl K03ddH-
uuenT K. 3HaueHue sToro Kosdguuuenra Aomyckaercs NpuHATh papHbiM 0,7—0,8.

3aBucHMOCTb 7 =[(S, Ixs) 3asucHmMocTb 1, =[(8, lx6)
npu Tpexdasznom K3 npu tpexdaszHom K3
3a rpaHchopmaTropom 3a TpaHcPopMaTopoMm
momHocThio 630 KB-A MOImHOCThI0 750 KB-A
g MOm rg’MD/q
M . W
250 5»9"\ g L0
. P A 48
200 — — 200 // /g/
/ // // //
P Vanvam.w
VA oLl ' ‘
o A A D/ // ,/ A ;/ z
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1 7 A s % » -
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w o ﬁ
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& 0 50 m0 150 200 L 4m

Uepr. 12 Yepr. 13
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3aBucHMOCTb 1, =[(S, Ixs)
npu tpexdasznom K3
3a TpaHcopmaTopom
momHocTeio 1000 xB-A

g, MOM
T M’L 7
200 ,u.“'f |
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3asucHMOCTb 7,={(S, Ix6)
npu Tpexdassom K3
3a TpanchopmaTopom
momuocTbio 1600 kKB-A
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3asucumocts ry=[(s, Ixs) 3aBHCHUMOCTD 73 =(S, [xs) NpH
opu Tpexdasnom K3 oanodasuom K3 3a tpanchopmaropom
3a TpaHcdopmaropom momHocTbi0 400 KB A npH cxeme

MOWHOCTLIO 2500 KB-A
) coeauntennit A/Y (cnaowmuie
I

g,MﬂM
| ‘)‘A&/ annun) H Y/\‘ . (NYHKTHpHHE
c,’ ‘/ ‘ JuHnn)
300 / ”
250 / “p_ !,MUM
/ 200 S=17muZ ]
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3aBHCHMOCTD 7y=(S, Ixs) npR
oanodasHom K3 3a tpanchopmatopom
momuecThio 630 KB-A npu cxeme

3aBHCUMOCTD r,=(s, [xs) NDH
oanodasnom K3 3a tpaHchopmaropom
momuocToio 1000 xB-A opu cxeme

COEJMHEHHIT A/\F (cnaomnbie COeAHHEHNH A/\‘ (cnaoutubie
AMHER) H Y/\;‘ (NYHKTHPHBIE AMRuH) W \//Y (nyHKTHPHBIE
JHHHUH) JEHUK)
Tg, MM 1y, MOM
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3aBHCHMOCTb 7;=[(S, Ixs) TpPH 3aBucuMocTb rp=[(S, Ixs) TpH
oanodasvom K3 3a tpanchpopmaropom oanodasnom K3 3a tpanchopmaropom
molHocThio 1600 KB-A npHn cxeme momHocTbio 2500 KB-A
coepunennit A/¥ (cnaouIHBIE ( .. A/Y )
AMHHH) H Y/Y (NYHKTHPHbIE r'g,HOM
JHHMH) 3 35! 2[
= /“"fM
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3asucumoctb r,—f (Tun, [y) npu Tpexdashom K3
3a Tpancopmaropamu moumuocteio 1000, 1600 u 2500 xB-A

rg,MOM Tunp MHHONPOBOAOB:
a0 i — HIMA-68-1000
,,_._;i 7 ¢ — LIMA-73-1600
P T weksA S A G000
4 = 1000
= 11|
7 23|
X/
T ]
4V \
AT rrv
V74
/4
200
1600
2500

o sp gy 50 200 2500,,M

Yepr. 22
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3asucumocts Koathdunuenta K¢, HafiaeHHOr o
SKCNEPHMEHTAJNBHO, IJS HA4aJALHOTO MomeHTa K3
(xpuBas 1) u ycranosusuteroca K3 (xpusas 2)

oT conporuBjennsa uenu K3

A,L'
!
79
r /,
/ ’L
48 ]
// '
g7 = 4
7 z
Ve A ’
767 ;
’ L{._,- L e I N

620 W a1 Zegmlm

Yepr. 23
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HIPHAOXEHHE 16
Peromendyenoce

YYET BJAHAHHA KOMIVIEKCHOR HATPY3KH HA TOK K3

Merox yuera KOMNAEKCHO§ HaPpy3KH nIpu pacdere toka K3 3aBucur or xa-
paKkTepa HCXOAHOH CXeMbl 3aMellleHWsi KOMIJIGKCHOH HAarpyske (uepT. 24) u modJc-
xenns Touku K3 (wepr. 25).

B pamuanbHOi cxeMe (yepr. 25a) jomycKaeTcss He YUYHMTHBATh BJHSHHE CT4-
THYeCKHX  noTpeGuredelfl  (mpeoGpasoBaTenH,  3JEKTPOTEPMHUYSCKHE VCTAHOBKH,
3JIeKTpHYecKOe ocBenieHHe), Hawaapnoe 3naueHne INeDHONHYECKOH  COCTABJSIOLIRH
Toka K3, yaapubil TOK, a TakXe NEPHOAMYECKYI0 coOCTaBAsiomylo ToKa K3 B
TIPOMSBOJMBLHEI MOMEHT OT ACHHXDOHHBIX H CHHXPOHHHIX 3JEKTPOJBHraTelell ciery-
eT PacCYHTHIBATL B COOTBETCTBHH C TpeGOBaHHAMH pasi. 3, 5, 7.

CocTaR y3aa KOMNJEKCHOH HArpy3KH

BH
7 Al
K2 .

a7 |

y LA, S S
IT(ILI13A

AL 4 A Ar 13

Al — acHEXpOHHEe  ABHraTead; CJ] — CHHXPOHHElIe IBHraTesH;

JH — namunst #agaausauus; JII — jgaMoel rasopaspsinste; JT —

npeoGpasoBaTenH; 3¥Y — 3JeKTPOTEPMHYECKHE  YCTAHOBKH, K —

KOHNeHcaTOopHHe Gataped; KJI — KaGenbHass JHBEHA; Al — aBTO-

HOMHBI HCTOUYHHK 3J71eKTpodHepruu; KI, K2, K3 —rTouxa K3; 7 —
TpaHcdopMarop

Uepr. 24
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INMpeo6pazoBaHue cXxeMbl 3aMeILEHHS
KOMINIEKCHOR HarpyskH

Y,
7 7
Ia “~C
X! Zx.
—— — Zowr >

3
£, <
Zag Zur g /
” ”
San Eur  #r K3
a 3 g
Yepr. 25

Tipu K3 3a ofuiuM An% y3Ada Harpysku CONpOTHBJeHHeM (ueprt. 256) rpauaas-
HOe 3HAYeHHe MEPHOIHYECKOR cocTapasomeli Toka Tpexdasnoro K3 (,opr ) B
KH10aMnepax cCJefyer OIpeieNsiTb ¢ YYeTOM BJIHSHMA ABHTaTeJbHOH M CTATHYECKON
HAIPYy30K, HCTIOMb3Ys (GopMyay

fHI‘ Ucp.H.H
Tvour = : - X
U?p HHE :
V3 Zigr 75, OSPurtniz | +
X TR 2 (43)
cp. A
+ ({mr S. S’“‘Pnr+x12) ’
rae EI’.’"- W Z yr — 3ksuBatentHas 3JIC n conpoTHBJaeHHe NPAMOA NOCJeLOBa-
* %

TEJbHOCTH y3J1a Harpy3kH; UX 3HAY€HU B OTHOCHTENbHBIX elM-
HHLUAX OlPeAe]dIoT o KPHBHM, NpHBEAeHHHM Ha uepr. 10
# 1l npusoxerust § B 3aBUCHMOCTH OT OTHOCHTEJHLHOrO COC-
TaBa NorpebuTesed;

Fiz H Xjy -— COOTBETCTBEHHO CYMMapHOe aKTHBHOE H CyMMapHOe HHAYK-
THBHOE CONMPOTHBJIEHHA LEllH KOPOTKOro 3aMeikaHus, MOM (cM.
n. 3.4);
Sy — cyMMapHas HOMHHaJIbHas MOUIHOCTh Harpysky, KB-A;

Ucpny — CpelHee HOMMHAJBHOe HANPSKEeHHe CeTH, COOTBETCTBYIOIIEe
06MOTKe HH3IIEro HanpsXKeHudst TpaHcopMaTopos, B.
3HayeHHss YAADHOTO TOKa ¥ NEPHOAMYECKOR cocTamisiomiesi Toka K3 B mpous-
BONbHHA MOMEHT BPEMEHH OT 3JEKTPOJABHUrartenell CJIefyeT ONPexe]aTh B COOTBETCT-
BHH C TPeGOBaHHAMH Pa3fi. b 7.
Tipu KopoTkOM 3aMHIKaHWM 3a OGMIUM A/ HAarPDY3KH M CHCTEMBl CONpPOTHBJE-
HEeM (4epT. 258) W GNHM3KHMX 3HAUCHHAX OTHOILICHHS X/r BeTBeH DACUETHOR CXEMH
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HayaJbHOe 3HAYeHUe NepHOJHYecKOol cocrapiaswomel Toka K3 ([yo«) Honyckaercs

PacCCUHTHBATEL MO GopMyne

1 "
Uep.uwr ;” “mrt Enr Ucp pnZe

1 -
nok ZZygr+ ZeZe Y2 gric !
rae Eér -— 31C y3na Harpysku;
= -
n; — Ko3(ouuHedT TpancdopMauuu TpaHchOpPMaTOpa;
Zlm-, Ze, Zyx — MOLYJH CONPOTHBJIEHH{{ BETBEH HCXOAHOH CXeMbl
(4epT. 25 B), mpuuem
2
7z =7 UCD.HH
Hr={1Hr S ;

_ 2
ZC‘"V ’fz‘i‘xxz
PACCUHTHBAGTCS KaK YKasaHo B 1. 3.2;

ZK:V r%ZK +X?ZK ,

sk H ¥zx
conporyBJeHus enu K3.

(44)

3aMeHleH A

— COOTBETCTBCHHO CYMMapHOe aKTHBHO€ H CYMMapHoOe HHAYKTHBHOE

YaapHHil TOK c/lefiyeT ONPefeNsiTh B COOTBETCTBHH ¢ TPeGOBaHMAMM pash. .

HPHJIO)XEHHE 11
Pexomendyemoe

TIPHMEPBI PACYETA TOKOB K3

Npumep 1. a5t cxembi, npuBeleHHON Ha uepT. 26 OUpENEJHTb TOKH NPH TpeX-,
&ByX-, U opHodpasHoM K3 B touke Ki. [lna rpexdasuoro K3 onpepeants Makcu-

MaJibHble ¥ MUHHMaJbHble 3HayeHHs Toka K3.
Iil. HcxoaHue gavHHe

Cucrema C
Sx=200 MB-A; Ucp_BH=6,0 KB.

TpancdopmaropT: TC==1000/6
S now =1000 xB-A; Upy=6,3 xB;
Ugg=0,4 XB; P, you=11,2 xBT;
ue,=5,5 %.
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Pacuetvas cxema Kk npumepy 1
# ee npeoGpasoBaHue

'a
UB/?' =4x8
7
I
&F IK
) }
a1
K7 l

Yepr. 26
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ABTOMaTHYecKull BHKIIOUATENb «IIEKTPOH»

QF ¢ r¢3=0,14 MOnm;

X5=0,08 MOm.
Hinnonpopop HIMA-4-1600111:

rn=0,030 MOm/m; x,,=0,014 MOM/M;
ran=0,037 MOM/M  x4yp=0,042 MOM/M; 7,=10 M.
BoatoBrie ROHTaKTHHE CoefHHEHuS: ry==0,008 MOM; n=4.
2. Pacyer mapaMeTpOB cXeMH 3aMeEIleHHUSN
1.2.1. Ilapamerpel cxemol 3aMEWEHUS NPAMOL NOCACO08ATENBHOCTU
ConpoTHB/IEHHe CHCTEMB (X¢), PACCIHTAHHOE MO dopmyse 1, cocraBxr:
400)2
Xe== (—265)— 1073 =0,8 MOm.
AKTHBHO® M MHAYKTHBHOE COUDOTHBAEHHS TpPaHC(HOPMATOPOB
CYNTaHH To GpopMyaaM 3 u 4, COCTaBAT:
11,2.0,42
—_— (= .
{1000)2 100=1,79 mMOwm;

" 100.11,2 2 0,43
= Yoo (L2 2 oo -108=8,62 MOM.

AKTH!BHOE H HHOIYKTHBHOE COTPOTHUBJEHHA IIHHONIPOBOAA:
7w=0,030.10=0,30 MOwx;

(r:) ® (%), pac-

7=

xn=0,014.10=0,14 MmOmM,
AxTHBHOE CONpOTHBJAEHNE GONTOBHIX KOHTAKTHHX COEAHHEHHME:

re=0,003.4=0,012 MOm.

AKTHBHOE CONDOTHBJIEHWe AYTH ONPERENSTIOT, KaK YKA3aHO B ApHAOKeHHH 9,
uept. 22: ry=>5,6 MOm.
© L22. IlapaMerpH cxXeMH 3aMEWEHHSI HYJEBOH TOC/JEAOBATENbHOCTH,

rgr=19,1 MOM; x4;=60,6 MOm;
run=0,037-10=0,37 mOn; Xun=0,042-10=0,42 MOwm.

13. Pacuer TOKOB Tpexdasnoro K3
Iy =frtru+rep+rne=1,794-0,304+0,144-0,013=2,24 mOu ;
Iy =Xc+%pXu+¥5=0,80-48,62+0,14+0,08=9,64 MOwm;
Ne=ry +r5=2,244+5,6=7,84 MOwm;

I 400
o max™= V3 V2,202 10 688 =23,33 kA;
400
I

nomin™ /3" y/7 84310 642 =18,6 kA,
iypmax =V'2 Ino maxKya=)/2 -23,33.1,45=47,84 kA,
by min=V 2 Tno minKy,=}/2 -18,6-1,08=28,32 A,
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irne Ky, onpepessiiorT 10 KpHBOH uepT. 2.
a0 max= Vilno max=32,9 KA;
t20 min=V2 Ingmin=26,23 KA.
14. Pacyer TOKOB ofnHodpasunoro K3
Iy =ryr+romtrestre=19,14+0,343.0,3740,144-0,012=20,66 MOwMm;
Pow=T1ur+ 3 un;
Xox =Xor+¥ou—*s=60,6+-0, 14-+3.0,42+0,08=62,08 MOwm;
oz =Toy +:—20,66-48,6=29,26 MOM;

1 V'3 -400
Mo ¥(2-2,24 +20,66)% (2.9 ,64+62,08)2
Tox oaunodasuoro K3 ¢ yuetoM aKTHBHOIO CONPOTHBJEHHA LYrH
V'3 -400
¥V (2:7,84429,26)2+(2-9,64+62,08)2
1.5. Pacuer T0KOB n,Bqu)asHoro K3
400
2 V220249 68
Tok aByxdassoro K3 ¢ yueroM akTHBHOTO CONPOTHBJEHHS AYTH:

400
1@ =18,39 kA .

W9 V(2,2442,8)2+9,682
Pesyabtate pacuera Toxkos K3 cBenensl B Ta6a. 22.

=8,13 KA

1N =7,46 KA.

) ,
19)= =20,21 kA .

Ta6anuumwa 22
PesyabTaThl pacyera TokoB K3 k mpumepy 1

MakcuManbHOe 3HaUYeHHe MHHUMAaNbHOE 3HAYeHHE
Toka K3, XA Toka [K3, kA
Touka Bun
K3 K3
InO ':ao ‘ iy)x Ino ‘ao ivl
K1 K@) 23,33 32,9 47,84 18,6 26,23 28,32
K1 K 8,13 — — 7,46 — —
K1 K@ 20,21 — — 18,39 — —

Tpumep. 2. i cxemH, NPHBENAEHHOH Ha uepT. 27, oNpelefdTb MaKCHMaJbHHE
H MHHHMaJbHBle 3HAa4eHHs TOKOB np Tpexcdasnom K3 B toukax Kl u K2.
21. UcxoaHble JaHHBE

Cuctema C Ucp.BH=10,5 kKB I i mon=11 KA .
Tpancpopmarop T. TC=.1600/10,0
S wow=1600 kB-A, Upy=10,5 xB;
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Upgp=0.4 xB, P, ..., =16 kBr, u,=5,5 %
Hlunonposoam
Hit: 1IMA4-3200: Tyow==3200 A, r;,u=0,01 MOm/um;
*pu=0,005 MOm/m, [{=10 M.
12, 13:1IMA4-1600:  uon=1600 A, r.;=0,03 MOm/u;
X3, =0,014 MOM/M, 1,==20 M, [,~30 u.
14, M5 MIPA-73Y3: Tyomn=0600 A, ryu=0,1 MOM/M;
*3m=0,13 MOm/M, [,=50 M, [,=40 M.
Ka6eapnue guHRM
K/, KJ12, K/3 : AALLIb==3<185 : ry;6==0,208 MOM/M; x15=0,055 MOm]m;
;=150 M, [,=1,=20 m,
WamepurensHele TPaHCHOPMATOPH TOKA
TAl, TAZ2: L4ou==500 A, rppi=rps,=0,05 MOmM,

Xpa1=%729=0,07 MOum;

TA3, TA4, TA5:  [,45==200 A, I as=rrps=T1as=0,42 MOM;
*1as=*1a¢=*1a5=0,67 MOm.
AXTHBHOE CONPOTHBJEHHE GONTOBHX KOHTAKTHHIX COENHHEHHIl:
r.=0,03 MOm, n=4.
ABTOMaTHYeCKHE BHIK/IIOUATENM THNA «DJEKTPOH»
QF1, QF4. [4ou=1000 A, ryp=7ps=0,25 MOM;
Xyepy=Ykus=0,1 MOM;
QF2, QF3, QF5, QF6:

Tuo=400 A, rypa=ryns=7"xps="xps==0,65 MOM,
Xygpo==Xyp3™ Xyp;=Xxpg=0,17 MOM,
QF7, QF8, QF9, QF10:/,,,=200 A;
Tkpy=Ting™=Type=Tyxp10=1,1 MOwm;

Xpr =X pg=Xgmy==xp10>=0,5 MOM.
Cusxpornbit asurarejip CJI
Cl1-12-24-12A ¢ P=125 xBr; Uyu=380 B;
Luow=224 A, cOs@u0m=0,811, Iyyer/Tuon=3,5;
Mpyex Mimax

-~ =1,2 = =1,8.
Moy T Muoy buon=1,




rOCT 28249—93 C. 57 -~

Pacuyernasn cxema K npumepy 2

.
-
: ' .

U4 s

§F4 ‘0F5 bl
[

GFI JFI9
Adl Al2
Yepr. 27

Acunxposnsie nsuratenn ALl u AJL2.
A03—315M—6Y¥3 :P=132 kBT, Inyex/Inom=7,0;
Uuow=380 B, I4ou=238,8 A, Munax/ Muow=8s0m=2,6;
Muyex/Muou=1,6; Mumin/ Muoy=0,8; cos@uon=0,9;
ne=1000 06/mun; 71=93,5 %; Suow=1,7 %.
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CxeMa 3aMelleRHA K nNpHmepy 2

™ £
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KomnnexcHas narpyska KH.
CyMMapras aKTHBHAR MOUHOCTh coctasiser Py =350 xBt, cos ¢=08. B
*COCT@B HAarPY3KH BXOJAAT acHHXPOHHMe jgBuratensn (AJl), JaMibel HakanupaHud
(JIH), npeobpasosatesn (I1) B caeayiomem cootHowenun: P,n =175 xBr,
Py =35 xBr, Pj; =140 xB1.
22 Pacyer mapaMeTpPOB CXeMH 3aMemeHus (gepr. 23)
2.2.1. IlapameTpol cxemol 3AMEUWECHUS NPAMOL HOCAEA0BATEABHOCTU

ConpoTHBJIEHHEe CHCTEMBl (Xc), paccuHTaHHoe IO ¢QopMyae (2) HacTosuEro
lTanpapra, COCTaBHUT!

(400)2.10—%
Xe= —m—"g——‘ :_—_0,8 MOm.,

AxTtusHoe  (r{) ¥ HHAYKTHBHO® (X,;) CONDOTHBJEHHT  TPaHCHOPMATOPOB,
paccunTanHoe no dopMmyaam (3), (4) HacTOAMlero CTAHAAPTA, COCTABAT:

160,82 o
rp= *‘——'_“(1600)2 <108==1 ,0 MOM |

Xy Vs,sh(“l)g(')és J ?ég; 10=5,4 wOm.
AXTHBHOE ¥ HHAYKTHBHOE CONPOTHBJEHHS LIHHONPOBOLOB.
LI £ ryy=0,01-10=0,1 MOnm; xyy=0,005-10=0,05 MOu;
2z r5=0,03.20=0,6 MOM; xy4,=0,014.20=0,28 MOwm;
3 : ryy=0,03.30=0,9 MmOuM; x4;=0,014.30=0,42 MOwm;
114 : 7y,=0,1-50=5,0 MOM x;;,=0,13-50==6,5 MOnm;
U152 7, =0,1-40=-4,0 MOm; x,,;,=0,13-40=5,2 MOm;
AKTHBHOE 1 HHAYKTHBHOE COMPOTHBJEHHS KaOe/bHbX JHHHIA:
KJIL ¢ r451=0,208-150==31,2 MOM; xy;5,=0,055-150=8,25 mOwm;
KJ12,K13 1 rykoe=rqx63=0,208.20=4,16 MOum;
leM:le(,z::O ,055‘2021 ,1 MOM.
Pacuer napamerpos A1 u AIL2.
IIpnaamas Pyx=0,02-Pyou; rl:s”‘N.ZAAHOM:o'017§AAH0M ,
HOJIyYaeM:
o 26.1.6- .
ro= 7(,)65§2(;o’?52(.1?12~-16?§1)7) +105=40 MOw;

Suom U?{OMCOS(PHOM 1,7 0,382.0 ,9 108

ry= 05 - PH(_)M — m . '—‘—1—32——‘— =16 ,74 mMOM )
UHOM
Zap= —F————— = 380.103 =132 MOm;
AR V3 !Hch[HOM ]/3—-7-238,5

ra=16,74+0,96-40=>55,14 mOwm;
Xapn—V/ 132555,14% =119,9 MOu;
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119,94-3,09 119,9-+3,09
= 310 00 & Ta= g 7aqe 76y —0.02¢

E;AH=V(220~O,9—238,6-0,055)2+(220-U,44-—238,6-0,145)2 =195 B,
Pacyer napamerpor CJ0:

”

Xanon=0,15;  1cp=0.15 x; ;

0,382.108
ZCJLHOM: 135 =936,9 MOwm;

x;=140,53 MOM; rc;=-21 MOu;

Ey.cn=) (220—234-0,14.0,585)3 - (234-0,021 .0,811)2=239,2 B.

Pacuer nmapaMeTpoB KOMNJEKCHOI Harpysxku HI

ITapamerpsl KOMIIEKCHOH HArpysKu onpeiesIFIOT 10 KPHBHM d4epT. lla npuio-
Xenns 8, npu 3TOM

175 35 140
an=350 =05 Bnm= 350 =01 P =35 =04

*

P

*
s
%1}11“70’3; Z*QHraO,BS; E*HF =0,75 MM B UMEHOBAHHBIX €THHHIAX:

280103 "
Ziar=0,3 75——650_ =104 MOm; Zoyr=121 MOwm; Eyr=285 B.

23.Pacuer TOKOB TpexdaszHoro K3

2.3.1. Tox tpexdastoro K3 B pacuetnoji touke Kl Ges yuera BJAHAHHS 5JeKT-
poaBAraTeselil ¥ KOMILIEKCHOH HarpyskH

iy =t re=<1,040,14-0,012=1,11 mOw;
iy =XcH ot xy =0,79945 ,44-0,05==6 ,25 MOm:
Ns=ny+ri=1,114+4=5,11 MOwm;

400

Figx1 max = V3 Vit e =33,38 kA;
100

Tngx1 min == =28,6 KA;

V3 V5,1146,25
iyn w1 max= ¥ 2 -36,38-1,55=:79,75 kA
iynxymin=V2 -28,6-1,10==44 9 kA :
iap max=54,45 KA; iz min=40,45 KA.
2.3.2. Heo6X0AHMOCTb yueTa BAMSHHSI 9NEKTPOLBHCATENCH U KOMMJAEKCHOH Ha-
TPYskd Ha TOK 1py MerajiaudeckoM K3 B touke K1, onpeseneuHas B cooTBETCT-

BHH ¢ 1. 1.4 HacTOSILEro CTaHgapTa, NOKa3bIBAET, YTO
Isam =2ppuom  —2238=476 A Goublute, yem

000 nokimax=10,01-36380=363,8 A, nosToMy aCHHXPOHHblE ABUraTCid CJAEAYeT
YYHTHIBATD.
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Ic,u,uom —934 A wmenbilie, ueM 0,01:36380=2363,8 A, noITOMY CHHXPOHHBIH NBH-

raresib He CJIeAYeT YYHTHIBATD.
350-103

KH™ 1/37.400.0,8

N03TOMY BJMAHHE KOMILJIEKCHOA HArpy3KH C/IeAYeT YUYHTHIBATh.

Takum oGpa3zoM, mpH pacueTe cymmapHoro Toka K3 B Touke K1 caenyer yuu-
THBATb BJHsiiHe ACHHXPOHHBIX JBHraTeslel M KOMIJIGKCHOH Harpyskn. Tako#i xe
BLIBOJ, CJlelyeT M NpH YCJOBHH yueTa 3JIEKTPHUECKOH AYIH.

Pacuer cocraBasomei Toka K3 B ‘Touke Kl 0T KOMNJIEKCHOH HarpyskH.

7ys =reoarpartrus eoatr=0,25+0,0545,0+40,254-0,0126 =5, 56 MOwm;
Xy =Xxertpa +xlll4+xm;4":0,1+0 ,0746,540,1=6,77 mMOm;
rs=ryy +72="5,5644=9,56 MOM;
_ 285
noHmax /37 )/ (104.0,815,56)2+ (164-0,64-6,77)2
fa0mr max =V 2 +1,46=2,06 KA iyppr max =}21,0-1,46=2,06 K A;
285
mOHI min = 75 1/ (104.0,819,56)%+ (104.0,6+6,77)
fa0 B min :V?-1,42=2,0 KA, iyxHr min =V2_'1,42'1,0=2,00 KA.
Pacuer cocrasasiomeii Toka K3 B Touke K1 OT aCHHXPOHHHIX IBHTaTeseh:

1
n== " (rAJl\+r“B-”_]LrK62+rTA4+fKB'7)+rxr5+fms+rTA2+rK52+,'”2+rKn;

=630 A 6oabme, uem, 0,01.-26380==363,8A,

I =1,46 xA:

I =1,42 xA ;

1
Ny = = (55,1441,144,164-0,67+1,1)40,6544,0+0,05+0,65 +
40,640,12-237 16 MOM;

" 1 M
0 D (xA.U.+x"B*‘+x“(’2+XTA4+xKB7)+xkns+xlu5+KTA2+xkez+x;u2,
1 N
xyp = 5 (145,940,541,140,6740,5)+0,17+5,240,07 40,17+
4-0,28--80,23 MOM;
195
]n()AIImax: VW =2,21 kA;
ig0 Amax = V2 -2,4=3,12 kA;
i /g —0,0100,01 _,—0,01/0,02 y__ .
lyn A,Ilmalef2 -3,12(e 4 +-e )=3,84 kA;

195

I o=

0 AZLmin 1/ (37 16-+4)%+ 80,23
:VT.2,16-=3,05 KA

=2,16 kA;

iaO A min



-C. 62 TOCT 2824993

iyn Al min ==3,05 KA.

2.3.3. Tok tpexdasunoro K3 B pacuerHoli Towke K2 Ge3 yuera BaustHHS 3J€KT-
poaBuraresell # KOMIIGKCHON Harpysku

Iy :r.r+r,u1+ru[2+r'm3+rk+rTA3+r1K(,1+rK.83::1 +040,14-0,64-0,94
+0,0124-0,424-31 ,24-0,65=234,88 MOwm;
X1 5 =XcirXmy + Xms +Xwsb 4 371061+ $cp3 =0,8 +5 ,4 40,054
+0,740,67+8,25--3,17=16 ,04 mMOm;
400
ng k2 max }/3~ VW
iynxgmax =V 2 +6,02-1,0=8 50 kA;
=8,50 kA.

I

=6,02 xA;

iaO K2 max
[Ipu ompenesneHuy MHHMMAJLHOIO 3HAYEHHS TOKA CJeAYyeT YuecTh BJHsHHE
3JIeKTPHYECKOH AYrH M YBEJHYEHHe aKTHBHOTO CONPOTHBJEHHs KabesH BC/ACACTBHE
HarpepaHus ero TokoM K3:
,
re=rny F+ratre(Cs —1),
TJA€e ry — CONPOTHBJAEHHE JYFH, ONpeliefieMOe B COOTBETCTBHH ¢ uepT. 15 mpuio-
XKeHust 9, IPH 3TOM B COOTBETCTBHH ¢ (42) [ 4z =158 M;
C4 — xoaddunuent, onpenensieMblli AAf forxx=0,6 ¢ B cooTBercTBHH C 4epT. 7
NpUIOKeHus 2.
r ‘ -
ri5=>34,884-16,3+31,2(1,05—1)=52,74 ™mOw;
400

1 5 . = —— (e — T —————
moxzmin ™ y/3" 155 74416 ,042

=4,19 kA;

| iygk2min:‘/2_'4»19'1,0:5,93 KA ;
=5,93 kKA.

La0 k2 min

Tabawuwa 23

PesyabTathl pacuera Tokos K3 k npumepy 2

MakcHMasibHOE 3Ha- MHHUMAaJIbHOE 3Ha-
i geHHe ToKa K3, kA yenue toka K3, kA
Touka Bux Cocrasnsio-
K3 K3 wue 7oKa K3
0O BETBAM . X )
Ino ”30 Lyn InO lao lyn
K1 K@) T 36,38 (54,45 79,75 |28,6 |40,45 (44,9
K1 K®) HI 1,46 { 2,06 | 206 | 1,42 | 20 2,0
K1 K® AL 221 ] 3,12 | 3,84 | 2,16 | 305 | 3,05
K1 K Kl 40,24 |59,9 85,65 |32,37 | 45,76 |50,68
K2 K@ . T 6,02 | 85 8,5 4,19 { 593 | 593
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