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1. OBIME [OJOXEHVA

PacueT TOKOB OZHOPaSHHX KODOTKZEX 3amukemmi (K3) B cerax jo
1 KB EeoSxoImM I OCSCHSUSHMS HANSXHOH DaCOTH SamRTH IIDE MUHE-
MaJbHHX BSHQUEHMAX Toxa K3 B KoHile 3amumasMol JIMHWW®.

B coorBeTcTBEH C TpelSoBammam# "[lpaBmi ycTpodcTBa BJASKTDPOyC—
TaEOBOK" (IIVY) IJd HaJeXHOTO OTKINYEHHd NOBDEXNSHEOTO YyJIacTKa
COTH HANMOHLIME DACUSTHHE TOK KODOTKOI'O SaMHKAHHAA JOJNXEH IPSBH~
maTh HOMHH2JbLHHE TOK INIEBKOE BCTABKE BIM EOMAHAJNLEHE TOK paclelm-—
TeJs AaBTOMATHYSCKOT'O BHKIOYWATESJA ¢ OCPDaTHO32BHECHMOK OT TOKa
XapaxkTepucTIKOL He MeHEee, usM B 3 pasa.

JJif SJSKTPHISCKEX ceTeii BC BIPHBOOIACHHX 3OHAX TPECOBAHMA K
KDATHOCTHE TOK2 KOPOTKOICO saMuKaEwd (TK3) DOBHEAKNTCA: HABRMEHLIEHR
PacYeTEHE TOK KODOTKOTO B3aMHKAHMS JOJNKSeH OPeBHIATE HOMIHAJNBHHMR
‘TOK IJNeBKO# BCTaBKE HEe McHee, YeM B 4 pas3a, & HOMIHAJBEHMA TOK
pacleImTe)]d aBTOMATHYSCKOI'O BHKIOYATEJNS € OCDATHOSABHCEMONR OT.
TOKa XapaKTSDHCTEKOM — He 'MeHee, d4eM B 6 Das.

Fcom apTOMaTRUSCKE! BHKJNYATENh HMEeeT TOJABKO  MIHOBEHHO
IeltcTByomyl pacuem@Tesb (OTCEUYKy), TO HaWMeHbIEY pacueTHHA TOK
KOPOTKOTO SaMHKaHES JOJKSH OPEBHMATE YCTABKY OTCEYKHA HE MEHEE,
yeM B 1,4 pasa.

Wz tpex BumpoB K3 ommofazEue ABIAKRTCA HamSoJee CJIOKHENMEA JIJid
pacdeTa. Eciau mpm pacueTe TpeX— W InyxPasHEux K3 HyxHO YyUUTHBATEL
COIPOTEBASHES TOJBKO B IpaAMO# LEIH KODOTKOIC 3aMHKaHESa (B (ase),
TO Opy pacdeTe olHOPazsBHX K3 HeoOXOmMM YUET COODOTHERJCHEE #® B
nenm saHyJdcHEuA (B oSpaTHOR Lemm). Korgme 1nd 3aHyJSeHES WCIOAbB3YOT—
CcA CTaJbEHS prGH,‘ oOpaMAeERs Ka0SJbHHX KaHa)OB ¥ JPYyTHEe CTpom—
TEJALHHE KOHCTDYKIWN, B pPEHNeHAX BOIpOCa O CONPOTHBJICHMHM NEemn
KOPOTKOI'O BaMHKAEHA DOIBJAETCA MHOTO HeoupsieJeHHOcTe#.

Kpome Toro, opHOfasHHE KODOTKES B&MHKaHES OTHOCHTCA K
HSCHMMESTPHYHEM, YTO BHOCKT B pacyeT NOIONHETEJLHHE YCJIOXHEHW:.

2. METOJH PACYETA

PacueT TOKOB OEEOPasHHX K3 MOXHO BHIOJHATH MOTOIOM
CHEMMETPHYHHX COCTAaBJANMIAX WA IO CONPOTHBJCHEN NETJH (a3a—Hydb.
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06a MeETOZa MEPOKO ONMCaHH B TEXEMYECKOM JmTépaType-

MeTOm CHMMETDHYHHX COCTaBJAAKMAEX IPENNOXSeE JAA YOPONSHHS
PacyeToB HECEMMETDHYENX H3. CymHOCTE STOr'o METOHa COCTOHT B
B3aMcHe HECHMMETPHYHOR CHCTEeMH TOKOB TpexpasuHoil ceTH npm omHOopas—
HOM KODOTKOM 3aMHKaHEW TpPeMsi CHEMMETDHYHHMHA CHCTEeMaME: IIpsiMo#,
O0paTHO# m HyJeBO¥ IockeIOBaTeJBHOCTH. CHMMeTpHYHHS CHCTEMH
ABAANTCA JOCTATOYHO DOPOCTHME JJisi TeOopeTHYecKoro pacuera. Ho
TMOCKOJIBKY HEeDPEeXOo) OT ONHOX EeCHMMETPHYHOA CHCTEMH K TPEM CHEMMET—
PUYHNM BHIIOJHASTCH C IOMOMBN (POPMaJLHEOTO IpPHEeMs, H3 MeTOIAKH
pacyeTa HcUe3aeT HATAANHOCTE, CBAB3AHHESS C [PDEBHYHHM OOpeleJieHHEM
TOKa DO 3aKkoHy OMa. IIpE ODpakTHIeCKOM HNCHOJB30OBAHEH BTOT'C METOXa
YacTO BOSHAKAKT B3aTPYNHSHWAsSS H3—32 OTCYTCTBEA CIPaBOYHHX MaTepma—
JIOB IIO COIPOTHMBJECHAAM HYJeBOH DOCJISNOBATEJBbHOCTH HJsA OPHHATOTO
BAPHAHTA BHIOOJIESHHS LSON SaHyJeHHd.

IIpy pacyeTe TOKa OFEOPazHOTO K3 ©mO COOPOTHBICHEKN IETJH
Pasa—HyJ b HCOOJAB3yeTcss 3aKOoH OMa, HO BCTDEY2WTCA TE€ XS SaTpyLHEe—
HAS C HCXOJNHHME JaHHHMH. Tak 4dYTO BHOOp METOZa pacdeTa MOxeT
OCIOPeXeSaThCA LN NOJB30BaTe s HaJduy@aeM ¥y HeI'O TeX WIW WHHX CcIpa-
BOYHHX MaTepHEaJOB -

OCa mMeTOonma JONXHH JABATh OJWH H TOT ¥e De3yJbTaT W TeOopeTHm—
YSCKH MOTYT OHTL BHBEISHH ON¥EH H3 JIpyroro. ToOYHOCTEL pacdera
onpemeJsaeTcda TOJABKO TOYHOCTHH HCXONHHX NaHHHX. [loOkaxem 5TO, B34B
38 HCXOJHHHE MeTOL CZMMETDHYHEHX COCTAaBRJISINX .

Pacuer omgofassoro K3 wMEeTOZOM CHMMETDEYHHX COCTABASOITIX
TOPOM3BOJAT HO GopMyJie
/30,
I, = s (1)
2 2
Y (2R12 + ROZ <+ (2X12 +X02)

rme I1 — JeldcTBynmee 3HaueHWE NOEPHOMWYECKOA cocTaBaanmell Toka
omgofdasEoro K3, kA3

Uﬁ — CcpejEee HOMUHAaJLHoe (JmHe#Hoe) HampsaxeHwe ceT®, B. [Ipm

pacueTe cJepyeT HCOOJLIOBATEH CASAYHIYHD HNKaJy SHagyeHWH
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Mg

UJI: 690, 525, 400, 230 B;
R12 - CYMMapHOE aKTHBHOS CODpOTHBJEeHme (a3HOM mIemr KODOTKOIC
3aMHKaHEA { COONpOTHBJICHEE IPAMO# HOCJSZOBATSJIALHOCTH), MOM;
ROZ - CYMMADHOE aKTHBHEOE CONDOTEBJeHMe el K3 maa Toka
HyJEeBO# HOCJSIOBATEJILHOCTH (CONPOTHBJICHAS HyJNSBOH HOC—

JeIOBaTEeJbLHOCTH ) » MOM;

X12 — CYMMApHOS HHIYKTUBHOS COINpOTEBJeHWe (asHOR Iema KopoT—
KOT'O 3aMHKAHAA (cOmpoTHBJICHEE OpAMOR IOCHEHOBATENLECC—
TH), MOM;

on - CYMMapHOS RHIYKTHBEOE COHOpoTHBJeHMEe Uemm K3 xmua Toka

HYJIeBO# TOCJENOBATENLHOCTE {CONPOTHRJICHEWE HYJEBOE moc—
JEZOBATSHBLHEOCTH ) s MOM-

CompoTuBJIEHES OOPAaTHOX IOCASHOBATEJILEOCTH PABHH COUPOTHBJIE—
HEAM OpaIMOR HOCJSIOBATENBHOCTE ® B JopMyae (1) YIATHBAWTCHA
Koa{dUImeHTOM 2 Iepel R1Z b X1Z .

CyMMapHEOES AKTEBHOES ¥ CYMMapHOSe WEIYKTUBEOS CONDOTHBJICHEASA
GasEO! LEIW KOPOTKOTO 3aMEKAHWS OIPeNEJAnTCH HO $opMyJiam:

R1Z =ry, tr FT o +FT, HT rx; {(2)
X‘IZ =Xy ¥ Ry T Ky T Xy (3)
TIe T,.» Xy, — COUPOTEBJICHEN UpaMofl IOCHeNOBaTeNbLHOCTE HOHIKAKINS—
o TpascopMaTopa, MOM:
Tyn* Xqyn ~— COUPOTHEBISHEAS OpaMO#  TOCHEJORATSABHOCTH  JIMHWH
{$asHOro mpoBOFHEKA), MOM;
Tpp? Xpp ~— COUPOTHBJSEAA NEPBAYEEX OCMOTOK TDAHCHOPMATOPOB
TOKa, MOM;
Tos X, — COOPOTHBJCHHS aBTOMATHYECKAX BHERINUYATeJe#, MOM;

T, — CYMMApHOE aKTWBHOE COUDPOTHEBJCHHE DASJHYHHX KOHTAKTOB B
Paseoit uem K3, mOMm;

rJI ~ 8KTHBHOE COIPOTHBJICHHE HJSKTPHYECKOE Iyrm B MecTe K3,
MOM.

CyMMapHOS aKTEBHOS ¥ CYMMADHOS WHAYKTWUBHOS CONODOTUBJISHAS
nenw K3 AJd TOKa HYJSBOR HNOCIeIOBATSJIBHOCTH OOPENENAnTCH OO
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dopMmyaamM:
RO2 =Top t Ty t Tpg + Ty + Ty + Tpo (4)
XOZ = Egy + Xy t Xt X (5)
TZe Ty,» Xgp — CONDOTHBJSHES HYJISBO# HOCTEXOBATONHHOCTH —HOHEXAK—

mero TpagcdopmaTopa, MOM;

Ton® Xon ~— COUPOTHBJISHES EYJISBOf  HOCJSJOBATSJLHOCTH JIMEWH
(conpormBieHAS NMAHOIDOBOIOB, POBOIOB, Kaleme#t ¢
yYeToM lelm 3aHyASHEmA), MOM;

Trp® Xpqp> Tpr Fgo Tps Tp — CM. B dopuysax (2) m (3).

CorpoTHBJASHRE vyneBo# IOCJEZOBATSNbHEOCTH JIREIR PaBHO
COIPOTHBJSHM $asHOI'C IIPOBOIHEAKA IWIKC YTPOSHHOE COIPOTHBJICHUS
e BaHEYyJASHAS:

Ton = Tqa * 33 gy = Xy + 3% » (6)
» Xy, — OM. B Qopumyaax (2), (3)3
Ty» X, — SKBEBAJICHTHHE CONPOTHEBJEHMA USTH 3aHYJICHAA (gyaa) or

Togxk® K3 po TpamcdopMaTopa ¢ YyYETOM BCeX 3IaBYJIAHEAX
SJIEMEHETOB (HYJEBOTO IPOBOXA, OOOJNOYKE Kalseds, CTadb—
HHX TPyGC ¥ T- H.), MOM.

BHAUSHWE COOPOTHBJCHHS LEN:W 3aHYJeHWs JAd ToKa HyJaesol
IOCJeOBATEJLHEOCTE HOBpeXIenuof $asH yBeJsmummaeTs B 3 pa3a, Tak
K8K B COOTBSTCTBHEE C TEODSTWUYSCKEMA  OPSIUOCHIKaAMA  MeTOoha
CHMMETDAYHHX COCTAaBJARNAX 4YEepes UeHb BaHyJcHAd 3aMHKanTCHd DaBHHE
IO SHOYEHWN TOKH HYJeBOH IOCJEIOBATEJBHOGTE BCEX TDEX as.

C yuerom dopmya (6) Gopmyss (4) m (5) DpemyT BEA:

ROE =Ty + Ty #30 + T, +T, +T, +_rn, (7

XOZ'S Xop ¥ Xqg ¥ 3%g t Ty Xy (8

Teneps CYMME AKTHBHHX B HHIYKTHBHHEX COHpOTKBJleEEm B OTOJIKO~
PEeHHOM BHpaxeHEmR QopMmyaH (1) MOXHO BHpPa3HTh Uepe3 cJaracMHe B
dopmyaax (2), (3), (7) = (8):
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+ Tt Tyt T b)) 4+

2Ry + Rop = 2(ryy + Ty

It

+(r0-r+r1 +3rH+rTT+ra+rK+r£)

X
= 2r1,r + Toq + 3(1-1JI + Ty oo + T+ Ty ¥+ rx), (9)
2x12 + XOX = 2(!1,1, FXygt Ipp + Ica) +

+ (xo,r + X, 3x, + X + Xa) =

= 2%, + Xy, + 3(::”I L S S xa), {10)

Isa mepBHX cJaTaeMEX B popMydex (9) m (10)  aerawrcs
CONPOTHBISHAAMEA TPaECPOPMaTOpa TOKY ONEOPasHOTO KB:

]

rg” 2r + TN, x,g”

1 or = 2xyp + X

(1) 2 2
Z, V(2 + Top)T * (e, + X5p) " - (11)
CymMH cJaTaeMHX B CROOKaX B fopmynex (9) = (10) geadwrcsa
COOTBETCTBOHHO AKTHEBHHM ¥ WHIYKTHBHHM CONDOTHBJISHEAME  OETJR

Pasa—HyMb. OCOSHAWAB BX I' B X (COHPOTTBICHAA HETJM), IOJYIHEM:

= +
Tp =Tyy + Tg * Tpy + Ty + T + Ty

= + + + X .
g TRy P Eg T e t Xy (12)

Popmyay (1) raa oOpelelerus Toxka opHodasEOro K3 MeTomoM
CEMMETDEYHNY COCTaBJADINX ¢ y4eToM Gopuya (9), (10), (11) m  (12)
MOKHO IPEJCTaBUTE TeOoebh B BHIE:

/3 U

I, = - (13)

|
vl v ar® e (P v oax)?

B apanormuHO# $HOopMyJse i pacdeTa TOKa opeodasHEoro K3 mo
CONPOTHBJCHAD HeTJE ($asa—HYJI: B YHCJHTEJE CTORT (PasHOE HAIpAXSHHUS
ceTH. YTOCH mpmBecTH QOPMYJH ABYX METOZOB K CONOCTABEMOMY BHIY.
pasieJ¥M ¥ YUCJATEeJ b, B SHaMeHaTedb gopmysH (13) Ha 3. Torma B
YHCJETSNS OKaxeTcsl (asHOS HaOpaAxeHEe ceT® # fopmysa (13) mpmMmeT

BHI:
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—

Vs
I, = . (14)
/{073 % 4 @3 4 x)?
PasrOEe HAUDSXSHHES CETH
Up = U /Y3 (15)

e U& - cM. B dopmyse (1).

B spavemartese Qopuysm (14) cromT nosEOE COOPOTEBNCHES ISTJIM
daza-HyJab, BHpaXcHHOE YsDe2 aKTHRHHE ¥ WHLYKTUBHHE COCTaBJSOIHE .
OpayeM, B CYMMY COCTABJAKIEX (B oTJmwme OT QOPMYJIH 13) BXOIEAT
TONBKO OfHA TPEeThS YaCTh CONDPOTHBJICHHUS TPaHCHOPMATODA TOKY ONHO—
dazsHOTO K3. OG'ACHAETCH STO TEM, 4YTC COOPOTHBJSHWA TparcdopmaTopa
TOKY onEOPasHOTO K3 nanTcd B TEeXEWYECKOR JwrepaType HAA PpacueTa
METOHOM CHEMMETDWUHHX COCTAJANNAX, THe B QOPMYJEX BCHOIB3YNTCH
eJNe 3HA4YEeHWS STHX COIPOTHBJSHWH.

dopumyaa (14), xoTopas OTHOCHUTCH YXE K METORY OOpEeISHcHEHS
TOKA OmHOYazHOTO K3 HO CONpOTHRJCHAK NeTJHA (Qasa—HyAL, IOJYy4IeHa
6e3 Kakmx—ymGo ynpomeEm# m3 fopmysm (1), =, CJASIOBaTEJBEO, 008
MeTOZa TPHE ONHWX ¥ TEX X€ MCXONHHX JAHHEHX JanT OFWH X TOT Xe
pesyJbTar.

Ho Ha OpakTHKe DPe3yJLTaTH PACYETOB, BHIIOJESHHHX IBYMS MOTO—
JaM®, MOTYT He COBOAIATL, TaK Kak HCXONHHE LaHHHE OeDYyTCcHA H3
DPa3HEHX ACTOUYHWKOB. B MCXOIHHX HAHHEHZ JJs pacdeTa TK3 mo compoTus—
JeBHK NeTJm ($as3a—HyJib COIDOTHBJCHUE oW ISEYJACHAA CBASHBACTCA C
fmsMUeCKEM €€ BHIOOJHeEWeM (YyIJioBasd cTalh, HOAOCa, CTANLHHE TDY-
OH). B MCXONHHX NAHHHZX NS DacYeTa MEeTONOM CHUMMETDHYHHX COCTaBJS~
ONEX CONPOTHBJEHMA HYJSBO# MOCJEIOBATEJLHOCTH OT CHOCO0a BHIIOJHE—
HEsl LelH SaHYJCHWS YacTO HS BaBHCAT. MOTOIWKa OOpefBJIOHHS STHEX
CONPOTHEJCHEA B JHTEpaType HE PacKDHBASTCH.

@opumyda (14) - sro TouHas Qgopuyyia Iiad pacdeta TKB mo compo-
THRJSHWN HETJZ (asa—-HEyab, NDOSBOJANNAS YYATHBATL COIPOTHBISHAA
BCEX DJISMEHTOB lESNW KODPOTKOTO SaMHKaHWfA, KOI'Za USBECTHH aKTHBHHE
¥ WHIYKTHBEHE COCTARJANEAS STAX COUNpPOTERJeHWA. B TexXmEwdecko#t
JmTepaType 4Yame BCeI'O OIMCHBAETCH YIPONSHHHR BapmauT 3ToR Qopmy-—
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Us

I, ==y » (16)
1 (1)
ZT /3 + Zn
e I1 - mefcTRynmee BSHAYSHES NSPUOIMUECKOM cocrapidmed TOoKa
omEofdasmoTo K3, KAj

U, ~ PasEOe HampaxeEme ceTu, B (cM. gopuyxny 15);:

%

Z£1) — MOJNHOS COIPOTHRISHAEe UOHEXABNEro TPaHCHOopMaTopa . POKY
omEofasHEoro K3, mOM (cM. gopmysw 11)3

ZII — NOJHOE CONPOTHRJISEWE NeTyd (asa—HyJdab OT [IOHAEARHEeTO
rparcdopmaTopa Jo Toukm K3, MOM.

= .- 1

Zn Zny1l1 + Zny212 + N (17)
i () Zny1l1, Znyzl2 " T. X. - yESJbHHE CONPOTHUBJICHAA HOTIM
fasa—~HEysnp E EIVHEH KaxXEOrO B3 DOCJSHOBaTeJbHHX Y4YaCcTKOB lelH
KOPOTKOTO BaMHKaHWA .

OcHopHOe oTJmuve Qopmyss (16) or gopMyss (14) cocTomT B TOM,
9r0 B Hell COONpPOTHBJSHHE IEMM KOPOTKOTO BaMHKAHWA OIPEIelIASTCAd Kak
apEdMeTHYSCKAA CyMMa OOJHHX (Z) CONpOTHRJICHWN OTISJNBLHHX YIaCcTROB
Ilen7, TOrAa Kak B QfopMmyse (14) B5TO COOPOTEUBJCHWE OIOpPeRelsIeTCd
uepes AKTEBHHE (r) W MELYKTEBHHE (X) COCTaBJafAKm@E, T, €, IOYTEM
TeOMeTPIUECKOTO CJHOXSHHA .

ConopoTuBJieHNA TpadscHoOpMATOPOB TOKa, ABTOMATHYECKEX BHEINIA—
TeJe#, KOHTAKTHHX COSIMHEHWH H 2JeKTpHIecKo# Jyrm B dopmyse (16)
He YYETHBAWICH, HOOCKOJBKY apafMeTmueckoe (BMECTO TeOMETDPEYECKOTQ)
CJIOXEHVE [OJHHX COOPOTHBJSHUY OTASIHHHX YYaACTKOB JWHEHM, Kak
OpaB@IO, OPABONAT K HEKOTOPOMY YREJMUECHHN OOMETO COIPOTHBJISHES
Hema KOPOTKOI'O SaMHKaHWS K Kak OH KOMISHCEpYyeT Hey4YeT COOpPOTHBJIE—
Haii BHIIEYKa3aHBHX SJSMEHTOB-

8HadeHWs OOJHOrO COMPOTHWBJIEHHA TpaHcopMaTopa TOKY omsodas—
Horo K3, koTopHe OpEBOIATCA B COpaBOYHOE JmMTepaType, YUATHBAKT
TONBKO COMPOTHRJSHEA OpAMOR W HYyJEeBOK DOCHASIOBaTEJLHOCTH TpaHC—
gopmaTopa (cM. ¢opmyay 11). Ho ecim OT pacueTa TPeOSyeTCs HOBHNEH—

10
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Had TOYHOCTL, B TIONHOM CONDOTEBASHEY TPAECHODMATODS EYXKHO yu@-
THBATh ¥ FHAYKTWBHOS GCONDOTHRJSHHE CHCTOMH, K KOTODOR OH IOIKJI—
yeH. JJA STOrC WHIYKTHBHOE CONPOTHBJISHAS CHCTEME (xc) HYKHEO
BRINYATEH JONONHEMTEJLHEM cJaracMEM B Popmyay (3). IIpm sTom HOpPMyJH
(3) = (11) OpEMYyT COOTBETCTBEHHO BHI:

X1Z =Xt Xyp * Eig ¥ Xpp + Xy (18)

(1) _ (1) _
r1 = 21-1T + rOT, x& = 2xc + 2x1T + XOT’
(1) _ 2 2
Zm = /(21-1T + rOT) + (2xc +2x1T + xOT) - (19)
rie X ~ SKBHBAJEHTHOS WHAYKTHBHOE COOPOTHABJISHWES CHCTSMH JO

[}
OOHMXanmero TpaEcfopMaTropa, UPHBSHEESHHOES K CTyoeHA

HABMET'O HaOpasxeHWs, MOM.

g

Ja

T, = 70008, ° (20)
K
Tre Uﬁ -~ cM. B QGopmyne (1)3
S_ — MONHOCTH KODOTKOTO 3aMeKaEud (TpexdasHEOro) ¥y BHBOXOB

X
OOMOTKE BHCHETO HaIpaAXeHWA TparcopmaTopa, MB-A.

Ilpr onpeseJyicEMY MUHWMAJLEHX 3HaYcHW? TK3 AJa OPOBEPKE YYyBCT-
BATSJBHOCTH 3alETH PEeKOMEHLYETCH YYUTHBATL YBEJHUYSHHES AaKTHEBHOTO
COIIPOTHRJIEHWS ITPOBONHWKOB B PElyJLTaATe HAIDSBAHWS HX TOKOM KODOT-
KOO B3aMHKaEMA. JJd S5TOrO COUPOTHEBJIEHMA HOPOBOLHWKOB CeUYSHHESM KO
16 MM2 (BRINYATENBEEC) DOKOMEHEIYeTCs TDWBOIATL K TEMISDATYDE
14500, COOPOTUBJASHUS IPOBOIHEKOB cedeHEmeM 25-95 MM2 - K TeMIepa-—
Type 12000, COIIPOTEBJISHAA IPOBOIHMKOB cedesmeMm 120-240 MM2 - K
TeMIepaType 9500. Taxkme (OPEEHTHPOBOUHHE) SHAUSHHS TEMISDATYDH
TPOBOAHPKOB B KOHIE K3 moJdy4yeHH B pe3yJabTaTe pacyeToB C YYSTOM
PEaJPHNX BPEMA—TOKOBHX XapPaKTEepPHCTEK allapaToBR BalldTH ® IpHA
YCIaOBYH ammaCaTHyeCKOTO IpOolleCCa HarpeBa XA IPOBOJHWKOB. Locy-—
JapcTBEHEHEEM cTagzaproM I'OCT 28249-89 gpooyckaeTcd IDUHEEMATE IJd
BCEX CeuYeHVH 3HAYSHWE TeMiIepaTyVDPHOIO KosfumUHeHTa SJESKTPHYESCKOTO
COUDPOTEBJASHAS PaBEEM 1,5, 4YTO COOTBETCTBYET TeMIepaType 14500. Ho

IPOBOJHUKN KDYyIHHX CEeUeHVII XO Takoffi TemmepaTypH 3a Bpema K3

11
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OPaKTHISCKA HE HaI'PeBAwTCH.
TeMueDaTYPHEE KosddAumeHT HAHA IpUBEIEHRA COIIPOTHBJASHAA
IPOBOIHAK2 IIPHE 20°% x CONpPOTUBJISHEY NIpPE KoHewHOR Tesmueparype
BHUZCJAAESTCH IO HOopMyJas
K, = 1+ 0,004(6, - 20), (21)
rae SKOH — TeMOepaTypa XWIH OPOBOTHEKS B KoHUe K3, °c.

ConpoTwBlIeHMES HPOBOJAWKA DX KOHEUHON TeMusepaType
T = Tpholys o {22)
THhe Tpn ~ COUPOTEBJEHAES NPOBOJHNKA IpH TeMoepaType 207C.

3. CIPABOYHHE JAHHHE

B ratimiax 1-28 OpuBONATCH NAHHHE B3 TeXHUYSCKON JHTEPATYDH,
KOTOPHE MOTYT HCHOJB2OBAaTHCA B KaUeCTBe HRCXONHHX JAEHHX IIpA
pacueTe TOKOB ONHOPASHHY KOPOTKEX 3aMHKAHWIMA.

B radimiax He BCETAa MOXHO Ha#lTé JaEEHe, KOTODHE TOYHO
COOTBETCTBOBaJY OH YCJOBWAM KOHEKPETHOE sajauym. B 8TEX caygaax
IPEXOIETCA HCIOJL30BaTh JaHHHE TaCJaul IJid CXOZHHX YCJgoBmi#, |UTO
CHAXaeT TOYHOCTL pacderTcB. [HosToMy HODMATWBEHE TPeOOBAHHAA IO
KpatEOCTE TK3 ZOM¥HH OO0ECHedYrMBAaTHLCA HNPOSKTEPOBIAKOM C JOCTATOYHHM
3aacoM.

Bo B3PHBOOTACHHX 30HAX HACIOJILIOBAHME MEeTAJIHIEeCKHX KOHCTPYRK—
mat, CTAJNBHEHE TPYO, METAaJJIHAYSCKHEX OCOJNO4YEeX Kadsje# # T. @I. B
Ka4yecTBe HYJEBHX SIalMTHHX IPOBOINHAKOB JOOyCRaeTCd TOJBKO Kak
JOOOJHWTENPHOS MepompuaTEe (cM. H. 7.3.138 [¥9). IlosTomy upwm
pacyeTe TOKOB OFZHOPASHHX K3 IPOBOEAMOCTH BTHX BJISMEHTOB HE YYHTH—
BaeTCd. B KaueCcTBe HYJEBHX I2MATHHX IPOBOIEAKOB B CHJOBHX CeTAX
BO BSPHBOOHACHHX BOHAX JOJIKHH HCOOJILIOBATHCHA TOJBKO CISHHANLHO
UpeiHaBHaYEHHHS AJd 3TOR IeJm OTIeJbHHE ¥WJH Kadedd RIH IPOBOLA
(cMm. mm. 7.3.134, 7.3.135 [¥V3). YKaBaHHEHES OUPAHNYEHAS yOpOMABLT
pacyeT TOKOB OomEodasHHX K3 m TapaHTHDYWT ofecOedYeHHe DpacyeTHOHR
KPaTHOCTH.

12
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Ta6ima 1. CONpOTHBJASHUA ICHHXANIEX TpPaHCHOpMaTOpOB
C BTODHYHEM HanpaxeHEmeMm 0,4 KB, mMOMm

Hovmr— Cxewma 3HaYeHAe COIPOTHBICHER
HaJdbHAS coexa—

MO~ HeHUA opaMolk HyJleBok TOKY Of—
HOCTS, TOCAESKORATEILHOCTY | HOCIETORATEALHEOCTH | a3HOT'O
kB -A - K3

(1)
Typ Xip Tor *or ZT
MacJysague TpaEcHoOpMaTODH
25 Y/?H 154 244 1650 1930 3110
Y/ZH 177 243 73 35,4 06
40 Y’/YH 88 157 a52 1269 1944
Y/ZE 100 159 44 13.4 562
63 Y/YE b2 102 504 873 1237
Y/ZH 59 105 28 12 360
100 Y/YH 31,5 65 254 582 779
Y/ZH 36,3 65,7 15,6 10,6 226
160 Y/XH 16,6 41,7 151 367 486
/Y 16,6 41,7 16,6 41,7 135
250 Y’/YE 9,4 27,2 96,5 235 311
/Y 9,4 27,2 9.4 27,2 86,3
400 Y/YH 5,5 17,1 55,6 149 195
/Y 5,9 17 5,9 17 54
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[Ipoponxenwe Taca. 1

Hovm— Cxema 3HadeHEwe COUPOTHRJISHEA
HaJbHadA coea—

Mon— HeHUSA IIpAMOR HyJeBOR TOKY OX—
HOCTE, IOCHe MORATEIREOCTE | HIOCIE JOBRATEILHOCTH | azEoro
KB-A - K3

(1)
Typ i O o ZT
630 Y/YH 3,1 13,6 30,2 85,8 128
II/YH 3.4 13,5 3,4 13,5 42
1000 Y/Y 1,7 8,6 19,6 60.6 81

.II/YH 1,9 8,6 1,9 8,6 26.4

1600 Y/YE ~1 5.4 16,3 50 63,5

H/YE 1,1 5.4 1,1 5,4 16,5

2500 JI/YE 0,64 3,46 ] 0,64 3,46 10,56

Cyxme TpaECHODPMATODH

160 Y 16,9 52,4 16,9 52,4 165
180 Y/YE 14,8 46,6 134 326 450
250 lI/YE 9,7 33,8 9,7 33,8 105
320 Y/YH .7 26,4 69.4 186 253
400 ll,'/YH 5.4 21.3 5.4 21,3 66
560 Y/YH 3.8 15,3 34 108 145
630 H/YH 2,9 13,7 2,9 13,7 42
750 Y/YH 2,5 11,4 25,4 80,7 108

14
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[Ipopoaxerue Tadxa. 1

Homz— Cxema BgaueHWe COIpOTWBIeEmi
HBadbHEas coega—
MOm— HeHRAA OpsMoRk HyJaeBoit TOKYy OO-.
HOCTE, IOCJE JOBATRILHOCTH | TOCHAS JOBATeJLEOCTH | fasEOTO
KB-4A - K3
(1)
Tie Xim Tor o ZT"
1000 ZI/YH 1,8 8,6 1,8 8.6 26
1000 Y/YH 2,1 8,6 19,1 60,6 81
1600 H/YE 1 5.5 1 5.5 17

DIprmmMme ua HE 7 a: 1. qaa TpaachopmaTopoB CO BTODHYHEM
HampsixemweMm 0,23 KB 3HayeBWsA CONpOTHBJCHEN CJelyeT YyMeHBIHMTE B 3
pasa, a IJs TPaECcHOPMATOPOB CO BTOPUYHHM HampsaxemmeMm 0,69 kB -
yBeJmunTh B 3 Pasa.

2. Tabuamila BHIOJHEHa @mo Tada. .50 m@ms [3]1, Tadx. 10.6-1
w3 [4] 7 Tada. 1 m3 [5]. Ws mnociderpHed TasJuUN BSATH YeTHpPE
SHaYCHUA Zéj) IS MAcJAHHX TpPaEcyopMarTopoB MOmEOCTER 25, 40, 63 =
100 xB-A Opm cXeme COeIWHEHHS Y/ZH- SHaueHWE COOPOTHUBJCHW mpaMo#
¥ HyJeBO# IMOCJeXOoBATSJABHOCTH IJf STHX TpancopMaTopOB B3ATH HS
Tacyx. 2.50. BHaveHEd Z£1) B TatJg. 2-50 mias CcXeMH COeITuHeHUS

Y/ZH HE IOpPHBOAATCH -

15
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Tacimria 2. COHPOTHRJEHUES INOHMKARMEX TPaHCHOPMaTOPOB

¢ HeropoymMm 3amoussEEeM mo I'OCT 16555-75

C IepPBUYHHM HampaxeEmeM 6—-10 KB Opm BTOpmuHOM Hanpaxesym 0,4 B,

MOM
HovmmEaasEaA 250 400 630 1000 1600 2500
MOIHOCTE, KB:A
ComporuBieEre 84 54 42 26,4 18 11.4
TOKY omuEofas—
HOro K3 Zé

DHOpzEzmMme uasnne- Tadimna BuOOJHeHa mo Tadx. 3 ms [6].

Tacimmia 3. COIpOTWBJISHWS KOMIJIEKTHHX HAHOIPOBONOB, MOM/M

Tun mrgo—| Homm— CoupoTHRJISHERE ColpoTERISHES Conporupiye—
OpOBOE2 HaJnbHHHR dHazu HYyJeBOT'O TPOROJHWKA |HEE oeTJm
TOK, A Paza-EyIH
Ty E Tem *an Py
IIMAGSIT 4000 0,013 0,015 0,07 0,045 0,102
2500 0,02 0,02 0,07 0,045 0,111
IMA4 3200 Q0,01 0,005 0,064 0,035 0,084
2500 0,017 0,008 - - 0,082
1600 0,03 0,014 0,037 0,042 0,087
1250 0,034 0,016 0,054 0,053 0,112
HMAT3 1600 0,031 0,022 0,085 0,076 0,16
3M16 1600 0,014 0,006 - - 0,07

16
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[IpononxeEme TadJ. 3
Twno maeo— | Homm— ConpoTmeiaeHAS CompoTuBJeBRe ConpormBae—
OpOBOHA HaJbHEs basu HyJeBOI'O IIPOBOIHWKA | HAS TeTJm
TOK, A daza-gyiIn
T, x, T X Z
HIT HII oy
MPAT73 630 0,1 0,13 0,162 0,164 0,394
400 0,15 0,17 0,162 0,164 0,457
250 0,21 0,21 0,21 0,21 0.6
MPA4 630 0,1 0,13 - - -
400 0,15 0,17 - - -
250 0,21 0,21 - - -
DprEMe 9 a B »e.TaGiaua BEHOOJNHEHa TO Tad6x- 3 m3 [2] =

Tada. 2.52 ms [3].

TaCawia 4. COUPOTEBJSHEA TPOJANEHHHX NEEOIPOBOIOB, MOM/M

T merEO— Homvmaans— ConporuBierue ¢azu
IIPOBOZLA Buit TOK, A
r, x,
mTMYQ 400 0,197 0,12
MTM73 250 0,315 0,18
WTATS 400 0,217 0,15
250 0,474 0,15

IprmMeYa gz e.

no radx. 2.51 m3 [3].

Tatira BHIOJHEHa
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TaGsmia 5. AKTEBEOE COIPOTERJCHEWE (T) INIOCKEX IWH NepPEeMEHEHOMY TORY
IpHE TeMuepaType 2OOG, MOM/M

Pasmep, MM AJmonerEi Mezs PaaMep, MM A mronmrEwit Mene
25x3 0,404 0,254 80x6 0,0746 0,049
30x4 0,26 0,169 80x8 0,0575 0,0381
40x4 0,204 0,133 80x10 | 0,0478 06,0312
40x5 0,167 0,108 100x6 0,0612 0,0397
50x5 0,135 0,088 100x8 0,0472 0,031
50x6 0,115 00,0754 100x10 0,0385 0,0252

X
60x6 0,098 0,065 120x8 0,03397 Q,0262
60x8 0,0746 0,049 12010 0,032 0,0211

IpEMe U a B 7 e. TaGimia BHIOCHHEHa nO Tadx. 18 m3 [6].

Jia ompelneJyeHEMS HHEAYKTHBHOI'O COIPOTHBJESHES Ienw "“(asEas muHA
~ HyJeBad mWHA" OTKDHTHX YeTHPEeXOPOBOLHHX MWHCIPDOBOAOB B padoTe
[6] mpwBommTea dopMyaa

a
X = 0,291 g —mmm——— , (24)
o= 0,2235(b + k)
Txe IQ_E ~ FHAYKTHBHOS COINPOTHBJCHWE el "(PasHad maHa — HyJeBad

maHa", MOM/M;
d -~ paccTrodHme MexHy OWHAMEA, MM3
b m h — pasMepH CTOPOH IOPAMOYI'OJBHOTO CEUSHHWA MHMHH, MM.

18
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TaCumua 6. CompoTEBJISEMA OPOBOIOB R KadeJei
OpA TemMOepaType HAJIH 20%, MOM/u

CeueHuEe, MM2 AKTEBHOS COIPOTHRJISHAS VEEYKTHEREOE COOpOTHRICHWE
wars (r) (x)
AJOMEEYE — MezEol |(Kade’ds ¢ HOgC—|{TpexX NIPOBOIOB
BOlk BOU SyMaxEO#|B TPYyGe, Kalde—
nsoJgAHe Jsi ¢ pPesuHoBOl
WIE TOJMBRHWI—
XNOPRAHEOK Hm3O0—
Jgsiaeii
1 - 18,5 - 0,133
1,5 - 12,3 - 0,126
.5 12,5 7.4 0,104 0,116
4 7,81 4,63 0,095 0,107
6 5,21 3,09 0,09 0,1
10 3,12 1,84 0,073 0,093
16 1,95 1,16 0,0675 0,095
25 1,25 0,74 0,0662 0,091
35 0,894 0,53 0,0637 0,088
50 0,625 0,37 0,0625 0,085
70 0,447 0,265 0,0612 0,082
g5 0,329 0,195 0,0602 0,081
120 0,261 0,154 0,0602 0,08
150 0,208 0,124 0,05396 0,073
185 0,169 0,1 0,0586 0,078
240 0,13 0,077 0,0587 0,077

IprEMe 98 Hu e. Talumna BHIONHEeHa no Tadd. 2.53 ms [3].
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TaGumna 7. CompoTmBJISEAA HNEDBAYHHX OCMOTOK
KaTYyWeYHHX TPaEcPOpMaTOpPOB TOKa, MOM

no raca. 2.49 mz [3].

20

KosddmrmegT Knace TOUHOCTH
TpaEcHopMaER
2
—rTT oo Lo Tpp
20/5 " 42 67 19 17
30/5 20 30 8,2 8
40/5 11 17 4,8 4,2
50/5 T 11 3 2.8
TR/5 3 4.8 1.3 1.2
100/5 1,7 2,7 0,75 0,7
150/5 0,75 1.2 0.33 0.3
200/5 0,42 0,67 0,19 0,17
400/5 0,11 0,17 0,05 0,04
500/5 0,05 G.07 0,02 Q.02
DOparaMe ¥asH”e. TaCJEIla BHIOJHEHA
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TacJmiia 8. COUOpPOTHRJECEHWS ABTOMATHYECKAX BHKIMUIaTeaci, mOu

Hovmaasseslt TOR r, X, HoumsaseEsd ToOR T, x,
Ppacnemarens, A pacuemmTeNs, A
50 7 4.5 600 0,41 0,13
70 3,5 2 1000 0,25 0,1
100 2,15 1,2 1600 0,14 0,08
140 1,3 C.7 2500 0,13 0,07
200 1,1 0.5 4000 0,1 0,05
400 0,65 0,17

OprEme vwasural. COIDOTHBISHAS BRINYAKNT B celd COIpO—
TEBJIEHAA TOKOBHX KATYNEK E [EDEXONHOE COIDPOTHBJACHEHE IIONBHKHHX
KOHTaKTOB -

2. CM. Takxe Tadxa. 9

3. Tadimna BHIONHEHA IO Tada. 2.54 ms [3].

Tadomia 9. COOpOTHMBJIEHES (ra) aBTOMATHISCKHEX BHKJIKIaTede#t AIIS0B
C pacuenmTessMa jo 16 A, MOM

HovmHagcHENR TOK pacuemaTens,|{ 1,6 2.5 4 t 6.3 10 16
A

Temnorof paclemmTes s 450 | 240 92 16,3] 13,3 | 6.5

DIeKXTPOMATHRTHNE pacuenmTess| 210 87 35 15,8} 7.7 | 2.8
10~xpaTEeil

DIeKkTpOMarHEUTHHY pacuenwrent| 540 | 207 86 36 17 6
3, 5—xparerit

Tennopo#f + SASKTpOMaTHUTHEHM | 660 | 327 | 127 32,1{ 21 9,3
pacugemmresas 10~KpaTHERIL

DOpmrMmMe 9o 5 u a: 1. TouwsoeTs +(5-7)% -
2. TaCJmija BHIOONHEHa Ho JammeM [I0 "Kypckmit ssaexrpoalniapar"
(mmcpMO HHCTHETYTE "ATOMSEEDPI'oOpoeKT" or 31.01.92 N 21051-2/2TAI-55).

21



M788-1080

Tacymiia 10. COOpOTHRBJISEWE Das'eMHEEX KOHTAKTOB
PYCHIABPEMKOB H peas'eimEwmTegel, mOM

HommrEa s et 100 | 200 400 600 1000 2000 3000
TOK, A

r a,5 0.4 0,2 G,15 0,08 0,03 0,02

IprMe 9YaH ¥ e Tabumia BHOONESHa OO Tadx. 2.55 wus
[31.

Tacmma 11. [lepexXorHoe COOPOTHBIASHUE
HENONBEXENX KOHTAKTHHX cosimHeHm#, MOM

Bun coemmmenma r
KatGexar (aimoMrEm@eBHt) cedYeEHeM, MM2 :
16 0,085
25 0,064
35 0,056
50 0,043
70 0,029
a5 0,027
120 0,024
150 0,021
240 0,012
ImEonpoBOomH THOa [MPA-73, IMPA-4 =Ha
HOMAHAJLHEH® TOK, A
250 0,009
400 0,006
630 00,0037
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Tlpomoaxerwme Taca. 11
Bugn coemmHeHEMS r
Memonporony Tuna IMA-73, IMA-4 =Ha
HOMEHAJBHEEIX TOK, A:
1600 0,0034
2500 0,0024
3200 0,0012
4000 0,0012
IprmMmedgdgasnsme. Tatmma BHIIOJHEH2 IO

Tadag. 2.56 us [3].

Tatimna 12. AKTEBHOS COUPOTHBJICHAE (T') aJOMAHEASBOR OCOJOUKHA
3~-xuAbHHX KaleJei#t, MOM/M

Ceusmme xaleJs MaTepuwan XWIE

Ceuerme xaGeJs

MaTepmas ¥wiH

aJIMAEAAL Mens A JTOMITEIL Menb
3x6 1,045 0,985 3x70 0,41 0,405
3x10 1,038 0,876 3x35 0,321 0,320
3x16 0,775 0,748 3x120 0,286 0,280
3x25 0,691 0,679 3x150 0,268 0,264
3x35 0.616 0,61 3x185 0,241 0,239
3x50 0,498 0,492 3x240 0,215 0,212
IpEMe Yasxne. TaGima BHIOJHEHa po Tadxa. 12 ms [&].
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TaGywia 13. AKTHBHOE COODOTEBASHEEE (T') aNmOMIEHMeBOR OGOJIOYKE

4-¥AIHbHHX Kadeael, MOM/Mm

Cegerme kaleJds MaTepmalsy XAJIE Ceuepme KaleJd MaTep@all X2IH
aJmovmEEEE | Mens aJmoMEERR| Mexne
3x6+1x4 0,953 0,878 3x70+1x25 0,345 0,338
3x10+1x6 0,833 0,805 3x395+1x35 0,328 0,324
3x16+1x10 0,66 0,623 3x120+1x35 0,301 0,292
3x25+1x16 0,594 0,577 3x150+1x35 0,234 0,268
3x35+1x16 0,486 0,475 3x185+1x50 0.234 0,234
3x50+1x25 0,403 0,393

HprMe dam gz e. Tabimia BROIOJHEHA OO Tadk. 13 m3 [6].

Ho mamEemMm m= Tada. 12 ¥ 13 BHBeIeHH SMIMpWUYSCKRe QODPMYJIH IS

OIpeLeJdieHss COIPOTHBJCHAA AJOMAHASBON COOJOYKA KaleJdsa
cedcHHWN B JAAOa30HEe OT 6 Jo 240 MM2 E XOpHE JIOOHX

ceuyeHWd (PasHON W HyJeBO# ¥WiH. OTH QOPMYJH HMeT BRI

K
Ty = = — &ua 3—¥uIbHEHEX Kalexeit,
Ve
rae S - ceuyemme ¢asEOl XWIH, MM2;
‘K
Tog = — - Bas 4-¥uNLHEHX KaleJaelt,
Y s

TIe }S - cymma cevemmit Tpex QasHMX XWX X EyJenol, MMa.

Ana xadesss 3x10+1x6 cyumma ceveHmit })S = 36 e

24
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BHayeEWd KosdpmmerTos K HaHH B Taluaane:

KosdfummeRT | 3-¥AIbHHe XKateyd CedYeBHeM|4—XAJbHHE KateJd CedYeEdeM

2 2 2 2

o 16

cBHIE 16 MM

no 16 M

cBHIe 16 MM

2,95

3,36

4,8

5’5

IIpm

onpeIeJeHTR
wcrnone3oBamweM gopmyxn (23), (24)

COUPOTHBJICHUSA

ENs  ompeneJieHAs

e

aJmOMAHEHSBOY OCOJIOUKE KabeJd OmHOKa, IO CPaBHESHWN
TaGIAIEHEM JNOHHHM, He OpeBmmaeT 3% -

FopmysH (23) m (24) BHBOZEJMCL JJA Kalejelt ¢ aJBOMABABHMA
¥#iaMi. HO HOCKOALKY COHDOTHBJCHHS OOOJOYeK Kaleje# C MeNHHME
XKAJIAME H Kadede#l ¢ a/moMIHHEBHME XWJlaME OTJHYANTCH HeSHAYATENBHO,
QOpPMyJIaME MOXHO HOJLZOBaATHCA B OCOHX CJyYasdx.

VHEIYKTABEOS COIPOTHEBJSHVE OCOJCUKE KaleJysd HEBeJUKO ¥ IOpH
pacueTax TH3 Mo¥eT He YYUTHBATBCH.

"Paza-Eyas" c
COUDOTHBRJICSHAL
C pacyeToM IO

TaGawiia 14. \COUPOTHRJGHNS BOZOTA3ONPOBOFEHEX TPYOS mo TOCT 3262-75,

MO/ M

Yeaopemit | [lnomazs [LIOTHOCTEL TOK2, A/MM2

IpOXOxX, CeusHMs ,
o, i 0,5 1 1,5

r x r x r X

IM15 160 3,41 2,05 | 2,55 1,53 | 2,06 1,24
20 207 2,67 1,6 2,02 1,21 1,59 0,385
es 309 2,02 1,21 1,45 0,87 1,14 0,68
32 399 1,58 | 0,95 | 1,12 | 0,67 - -
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[Ipoposnxerme Taba. 14
Ycaopmeit [Inomans [InorHEOCTE TOKa, A/MM
TPOXOXN, CeUYeHHd ,
M e 0,5 1 1,5
r x r x r x
40 489 1,32 0,78 0,93 0,56 - -
M50 625 1,07 0,64 0,76 0,45 - -
70 845 0.84 0,5 0,59 0.35 - -
IM¥80 1120 0,67 0.4 0,48 | 0,29 - -

OpmMme vuasrzsia:1. B ra6imue JagH 3HAYSHES BHYTpPeHHEET'O

VEIYKTABHOI'O

COOIPOTHRJICHAA

TPy0.

Bremnee

HHEIYKTUBHOE

COIPOTHBJEHAE TPYS IPE NPOKJIALKE B EAX NPOBORHWKOB HEBEJWKO K IIPH
pacdeTax THE3 ero MoxHO HE YUATHBATE.
2. Tafumila BHUOJHEHA OO Tasx. 25 ms [6].

TaGmmua 15. CODPOTHBJAGHMS CTAJLHHX BJEKTDOCBADHHX TPY6
no TOCT 10704-76, mMOM/M

Pazmep, |lnocmaas [lnoTEOCTE TOKA2, A/MM2
M cedenus,
e 1,5 2 3

r b4 r x r b 4 r x
20x1,6 92,5 3,381 2,03] 2.84| 1,71| 2,42] 1,45 2,14} 1,29
26x1,8 136,8 2,47{ 1,481 2,05] 1,23{ 1,73} 1,04| 1,64| 0,98
32x2 188, 4 1,99 1,19 1,65| 0,39 1.4 0.84 - -
472 282,6 1,3 0.78{ 1,05} 0,63} 0,95} 0.,57| - -
59x2 358 1,021 0,62§ 0,83} 0,5 0,75 0,45 - -

IIpmvedarma: 1. CM. mpaMedamEwe 1 K TaGa. 14.

2. Tafywiia BHOOJHEHa mO Tabx. 26 m3 [6].
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Tacimna 16. CONpOTEBJISHAS CTANBHHX IOIOC, MOM/M

Pazmep, |[Inomans [IIOTHOCTE TOKa, A/mm2
MM ceyeHms ,
e 0.5 1 1,5 2
T X T X b od x T x
20x4 80 5,241 3,141 4.2 2,52} 3,48} 2,09 2,97| 1,78
30x4 120 3,66] 2,2 2,91) 1,751 2,381 1,43] 2,04] 1,22
30x5 150 3,38! 2,03{ 2,56} 1,54} 2,08{ 1,25 - -
40x3 120 3,051 1,83] 2,54} 1,52} 2,12} 1,27} 1,81 1,08
40x4 160 2,8 1,68} 2,24} 1,34} 1,81} 1,09 1,54} 0,92
50x4 200 2.,28{ 1,37} 1,79] 1,07} 1,45] 0,87} 1,24} 0,74
50x5 250 2,1 1,26} 1,6 0,96] 1,28] 0,77 - -
60x4 240 1,91 1,15{ 1,5 0,9 1,22] 0,73] 1,04] 0,62
60x5 300 1,77 1,06} 1,34} 0.8 1,08] 0,65 - -
80x5 400 1,34} 0,81 1,04} 0,62] 0,82] 0,49 - -
80x6 480 1,26} 0,76} 0,911 0,55| 0,75] 0,45 - -
R
100x6 600 1,02] 0,61} 0,73} 0,44} 0,6 0,36 - -
100x8 800 0,9 0,54{ 0,62 0,37 - - - -

Ipmmevarms: 1. CMm. TeKcT OocJye TadJtd. 18.
2. TaGimia BHIOJHEeHa Ho Tabx. 28 mz [6].
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Tagimia 17-. COODPOTEBJSHEA KDYIVIHX CTAJBHHX OPOBOIHEUKOB, MOM/M

Jma~ [lnomans [IIOTHOCTE TOKSE . A/MM2

MEeTD, CEeYSHRA ,

- e 0.5 1 1,5 2

T x Tr X T X r X

5 20 17 10,2 114.,4 8,65112,4 T7,45110,7 6,4
6 28 13,7 8,2 11,2 6,7 g,4 5,651 8 ) 4.8
8 50 9,6 5,751 7,5 4,5 6,4 3.84¢ 5,3 3,2
10 79 7,2 4332 594 3924 492 2:52 - -
12 113 5,6 3,361 4 2.4 - - - -
16 201 3,721 2,231 2,7 | 1,6 - - - -
18 255 3,181 1,91 - — - - - -
20 314 2,681 1,61 - - - - - -

[Ipemedyanusa: 1. Cum. TexcT mocae Taba. 18.
2. TaGamila BHIOOJHEHA IO Tadl. 29 w3 [6].
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Tadimua 18. CompoTmBJISHES NPOSUILHOR crasm, MOM/M

Pazmep, SEaueHAEe TOKa, A
MM
100 200 400 600 800
T X r x r x r b:d T x
YraoBasa

40x40x4| 1,6 | 1,04 1,5 | 0,92] 1,12] 0,7 | 0,92] 0,59 - -
45x45x4| 1,461 0,86| 1,32] 0,78] 1 0,56 0,86 o,47§ - -

50x50x5| 1,42| 0,68| 1,27} 0,68{ 0,98} 0,54| 0,78} 0,44 - ~
63x63x5| 0,68} 0,38] 0,92 0,56| 0,8 | 0,46} 0,66} 0,36{0,58}0,32

IRyTaBpOBaa

N 12 | 0,34} 0,16} 0,57} 0,32] 0,53] 0,28| 0,44] 0,24}0,37]0,22
N 18 | 0,21] 0,09] 0,35| 0,18] 0,45] 0,29] 0,33} 0,24}0,31]0,2

Ipmmevanwe. 1. TaCimia BHOOJHEEHa IO Tadx. 30 ms [6].

B Tada. 16, 17, 18 paEH 3EaYeHEWS BHYTDEHHEI'C HHIYKTEBHOTO
COIIPOTHBJEHAS CTaJBLHOTO IIPOKaTa. Hjasd ydeTa BEEDHET'O WHIYKTHEBHOTO
CONpPOTEBJCHEA neTJH “Paza-Eyas", ROTIS BaRY SIS CTAaJLHHE
OTPOBONHAKY TPOJCOXSHH NapaJleJbHO @asHOMY, eIr'c SHadYeHWe MOXHO
OUpEeAeATs TO TaGJk. 19 miam mo fopMyse N8 OapPadiledbHO IPOJOXSHHHX
KDYTJIHX IPOBOJHAKOB OIWHAKOBOI'O CEYSHHS:

d
X = 0,291g-;‘, (25)

I'Ee X — BHEElHee WHIYKTUBEOE COIPOTERBJEHHE uetTym "“daza—Hydasp",
MOM/ M3
4 - paccTodgHEE MeXIy ODOBOIHWKAME, MM3
I — pagayC IPOBONHEKOB, MM.
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Eci¥ IpOBONERKE MMENT DA3HHe ceuemmsd, To B fopmyay (25)
craeryeT OOLCTABJAATL PAIWyC IPOBOJHWKA MEHBIErO CEeYeHHd.

IIpg DJIOCKOM HYJEBOM IPOBOXHWKE COIPOTHBJICEHME ONpegeJsdeTcd OO
pazmycy $asEoro HpOBOLHAKS.

Tabiruia 19. BHEemHee EEIYKTEBHOE COINPOTMBJISEHE (X)
OapauiefbEO IPONOXEHEHX TPOBOLHEKOB, MOM/M

Paccrosigume CeueHEe KPYyTJOTrO TPOBOIHMKS, MM2
MeXny TpOoBOI— e
HEOKAMIZ, M 4 -6 10 16 | 25 35 50 70 g5 120
0,2 0,65 10,63 |0,58]0,55]0,52|0,48]0,47]0,4510,43{0,41
0.4 0,77 {0.72 |0,66{0,63}0,6 |0,58{0,55]0,53}0,51}0,5
0,6 0,81 |0,77 |0,7 {0,68]0.,65{0,63{0,6 |0,58]|0,56!0,55
0,8 0.85 0,8 0,75]0,72{0,69|0,67{0,64{0,62{0,6 (0,59
1 0,87 |0,83 [0,7810,75{0,72{0,68{0,67{0,65]0,63{0,62
1,2 0.89 {0.85 |0,8 |0,77{0,75{0,72}0,69}0,67{0,65{0,64
1,4 0,92 (0,87 {0,82]0,79]0,77{0.74}0.71]0.69}0,6710,66
1,6 0,93 {0.839 {0.83(0.81}0,79{0,75]0,73}]0,71{0,69{0,68
1,8 0.95 |0,91 {0,85]0,82{0,8 {0,77]|0,75]|0.73|0,71{0,69
0.97 {0,92 |0,86{0,83{0,81}0,78]0,76{0,74|0,7210,7
2,2 0,98 {0,393 {0,88{0,84{0,82{0,79{0,77{0,750,74}0,71
2,4 0,98 10,95 10,89{0,85/0,83{0,8 |0,78{0,76]0,7510,72
2,6 0,99 0,95 {0,89}10,86]0,84(0,81]0,79]0,77]0,7610,73
2,8 0,99 |0.96 {0,9 |0,87}(0,85{0,82{0,8 [0,78[{0.76|0,74
3 1 0,37 {0,9110,87}0.85]0,83]0.,8110,739(0,77/0.75
10 1,16 11,12 11,0611,03}11,05]0,98}0,9510,94 0,9210,9
20 1,24 1,21 {1,15]1,12]1,1 |1,06{1,05{1,02{1,04 |1
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[Ipomonxerme Tadx. 19

DOpmMmewasxmusa: 1. Ecom xpyTuHe OPOBONHEKE EMEHT DAaBHOS
CeYeHVEe, BHEMHeEe THEIAYKTUBHOES COIPOTEBJSHHE onpeneadaeTcs oo

MEHBLIIEMY CEYCHWH -
2. HPK OJOCKOM HYJeBOM IIDOBOJHYKE COIIDOTHABJEHWE OOpeleJseTcd

IO ceveHEHr® ¢$as’poro IPOBOIHAKE.
3. TaGiuua BHOOJHEHa mO pEc. 1 m Tada. 9 ms [6].
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Ta6nmua 20. MonHOE CONPOTMBMEHWE LBNM GasHas Xuna Kabens ¢ afoMAHWeBLMM XMAAMU ~ CTaNbHas nonoca
npM paccTosHuM Mexay kabenem v nonocon 0,8 M, MOM/M
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Kalenen,

Ang ceveHun 16 ~ 185 Mm¥*2 npodspkamu B Tabnuue OTMedeHb COYETAHWS CTaAbHLIX NONOC #"

1.

NPU KOTOPLIX NPOBOAUMOCTE CTa/IbHOW NOMOCH cocTaBnseT MeHee 50% NPOBOAMMOCTN GASHON XM

MpuMevanud:

2, Ta6nuua BbIMonHexHa no tabn. 17 wa [56].
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Ans cevenum 50 - 240 MMx%2 npoyepkaMu B Tabnnue OTMBMEHbI COYETaHWUS YraoBom cTa/im W KaBenen,

1.
NP KOTOPLIX MPOBOAMMOCTbL YI"AOBOW CTANN COCTABASIBY MeHee 50% NpoBROAMMOCTU GasHOWM Xunbi.

NpnMevanua:

16 na [5].

2. Tabnuua BbINONHeHa no Tabn.
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Tabimiia 22. AKTEBHOE CONDOTHBJeHEE (r') HeM3OJEPOBAaHHHX
AQJIOMRHVIEBHX, MEIHHX W CTAaJICAJOMEHMEBHX IPOBOIOB IIDH 2000, MOM/M

Cede— |AJmoMEA— Mexgue |Craxe-— Cewe— | Amonm— Menmme Cragxe—
BHe, HZEeBHE (M) ampoME— | |HEE, HAEBHE (M) SIOMA—
e (A) HUEeBHE e () HESEBHEe
(AC) (AC)
4 - 4,52 - 50 0,576 0,361 0,583
6 - 3,03 - 70 0,412 0,267 0,42
10 - 1,79 2,69 a5 0,308 0,191 0,314
16 1,8 1,13 1,77 120 0,246 0,154 0,249
25 1,14 0,72 1,15 150 0,194 0,122 0,195
35 0,83 0,515 0,773 185 0,157 0,099 0,159

IpzMmeYarn ® e. TaGumia BHIOJAHEHa o Tada. 5 m3 [T].
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TaComiia 23. [IoJHOE COIPOTHRJESHHS eI
PasEEY ITpOBON — HYJAEBOHM IDOBOX BO3ILYNHOW JAHAR

CO CTaJbHHME OJHOIPOBOJOYHHMHA IPOBOXAME, MOM/M
PasHEEt TPOBOX IICO-4 [1co-5
HyJnepo#t mporox IICO—-4 [co-5 nco-5
Paccrosawe Mexny
$azERM W EyJIeBHM 0,4 1 0.4 1 0,4 1
OPOBOLAME, M
Tox ommodaszHOTO Z
K3, A
30 40,86 40,98 | 38,13 38,25 35,42 } 35,54
40 38,17 38,29 35,71 35,83 33,26 33,38
50 37,03 37.15 | 34,18 | 34,3 31,34 31,46
100 36,3 36,42 32,24 32,36 28,02 | 28,14
150 36,06 36,18 | 31,61 31,73 27,64 | 27,76
200 35,94 36,06 31,26 31,38 | 26,56 26,68
300 - - 30,78 | 30,9 25,61 25,73

IpEMe 9Ia HEA e. TaGauia BHIOJAHEHa IO Taca. 5 m3 [5].
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Monxoe conpoTuB/ieHne Lenn ¢asHLil NPOBOA - HYNeBOV NPOBOA BO3AYWHON AWHWM
CO CTaflbHbIMM MHOTrOMPOBOAOYHLIMIA NpoBoaaMU, MOM/M

TaGanua 24.

{nc-50

Nc-35

- o o o e o

- . o 10 e o v o

M788-1080
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RONXHb ObITb YBE NAYGHD!

o . . S . o - >

ykasaHHble B Tabnuue,

o
,

1. 3HayeHua conpoTUBASHWM AaHBl ANS PACCTOSHWNS Mexay $asHbM N HynesbiM NPOBOAHWU-

e e o

o o o e S S A B S O o

Mpy paccTosHn 1 M 3HAYEHWS COMNPOTUBAEHN

60

90
2. Ta6nvua sbirionHeHa no tabn. 6 wa [5].

MpurMmeyaHNa:

120
150
200
300
400
600

PagHbLitt NpoBoj
HyneBon nposoa

Tok opHOdasHOro

K3, A
kaMu 0,4 M.

0,03.
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Tacummia 25. COIpOTHRJEHES HEYJEBOZX DOCJEIOBATENHLHOCTH
KOMIJISKTHHX WRHOIDOBOJAOB, MOM/M

Tun mrEo— | Hovmea— Tearr mrEo— | Hova—
IPOBOLA HaJbHEER Tg X, OpOBOLa |HAJBLHEER Tq X4
TOK, A TOK, 4
IMMAGSIT 4000 0,23 0,15 IMMAT3 1600 0,29 0.25
2500 0,23 0,16
PAT3 630 0,59 0,62
A4 3200 0,2 0,12 400 0,64 0,67
1600 0,14 0,13 250 0,84 0,84
1250 0,19 0,18
Iprwme ua R e.Talima BHOOHEeHa 1o Tada. 10.6-2 m3

[41.

TaGiamia 26. COIPOTHBISHUS HYyJeBO# HOCJIEFOBATEJIbHOCTH

GAOMUHUCEsI1X

TpeX¥AJNLHEXVKaoeJe, MOM/M

CeueHme, HM2 B Eemporogame# oSoajouxe B amovmEmeBO# ofonouxe

o o To o
3x4 11,7 2,31 10,95 0,579
3x6 8,51 2,27 7,69 i 0,523
3x10 5,94 2,24 5.04 0,461
3x16 4,5 2,2 3,52 0,406
3x25 3,64 2,17 2,63 0,359
3x35 3.3 2,14 2,07 0,298
3350 2,87 2,08 1,64 0,257
3x70 2,65 2,07 1,31 0,211
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Opomosxerme Tada. 26

Ceuesme, MM2

B Berporomsme# oloJouke

B ayovmEmeBO#f O0OJIOYKE

To o) To 0
3x95 2,5 2,05 1,06 0,174
3x120 2,42 2,03 0,92 0,157
3x150 2,36 2 0,78 0,135
3x185 - - 0,66 0,122
3x240 - - 0,553 0,107

IprMe T aHEA: 1. BHaYGHAA COIDOTHBJECHAN COOTBETCTBYHT

TEeMIepATYpPe NAJH 75°%C.
2. TaGJyma BHIOOJHEeHa OO TalGJ.

10.6-5 m 10.6-3 m3 [4].

Tadomua 27. COOpoTHBJEHWA HYJEBOK MOCJASIOBATEILHOCTH
aAlgMupU e bbix
quupexxanHuxVKaEeneﬂ, MOM/M

2
Ceyemme, MM

B menpopomsamel oGoJoure

B ammvmEmeBo#ft oforouxe

To %o To 0
3x4+1x2,5 14,71 2,11 10,87 0,57
3x6+1x4 8,71 1,97 T.6 0,468
3x10+1x6 5,9 1,81 4,96 0,401
3x16+1x10 4,39 1,56 3,39 0,336
3x25+1x16 3,42 1,26 2.41 0,256
3x35+1x16 2,97 1,24 1,83 0,232
3x50+1x25 2,45 0,949 1,44 0,179
3X70+1x35 2,04 0,741 1,11 0,145
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[Iponosnxerwie Tatia. 27

Ceyuegne, MM2 B menmpoBonsme#t cloroure B ammumEmeBOit ofonouxe
To %0 To )
3x95+1x60 1,66 0,559 0,887 0,124
3x120+1x50 1,54 0.545 -
3x150+1x70 1,28 Q.43 -

OpEmMedaHERa:
TEeMIOEPATYDPE XULAH 75°%¢.
2. Tabimila BHIOJHSEA IO TalJ.

1. 3EaueEns COOPOTHBJICHAX COOTBRETCTBYRT

10.6-8 m 10.6-6 m3 [4].

Tabympaia 28. AKTWBHOE CONDOTHBJCHAE SJASKTPHUSCKON Iyr:
opu K3 sa TpascfopMarTopam: pasEHOE MONMHOCTH, MOM

MomeOoCTE
TpaEcopMaTOopa,
kKB-A

250

400

€30 1000

1600

2500

PacueTEHe ycJo—
BES K3

¥ BEBOXOR
TpagchopMmaTopa:
— B pazjeJKe
xatexnel

— B NWHOIPOROXE
TEos IIMA

- T0 %e, MPA

15

10

18

15 10
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[lpopoaxerwe Tadd. 28

MomEoCcT:
TpaEcHopMaTopa,
KB-A

250

400

630

1000

1600

2500

PacueTHHE YyCJIO~

BES K3

B xomie maHO-
IpPORONa IIAHOR
100-150 m:

- Tana [MA

- raoa [IPA

B xaGeuax:
-~ IJmEOK OGoXee
100 M ceuyes®eM
25-240 Mu°

IIpEMe 9Ya g A 4:

30-45

45-16

25-45

45-15

6-8
20-40

45-12

1. CompoTuRJeHEE IYyTH

5-7
15-30

45-11

4-6
20-40

40-10

¥YBearymBaeTCd C

yBeJWUYEHZeM IJAHH JUHAW ¥ YMEeHBLIEHVSM ceYeHHdA KalbeJdd.

2. Talimia BHIOJHEHa TIO TatJ.

40

2 m3 [2].
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4. [MPYIMEPH PACYETA
4.1. PacHeT no MeTOANYy CHEMMETDHYHHX COCTaBJIANIAX.

Ina ompepeJeEms Toka omgodasHorTe K3 MEeTOmOM CAMMETPIYHHX
COCTaBJIANIEX HYXHO BHATHE 3HAUSHHAS COIPOTUBJCHAN IpAMOE H HyJeBOlt
TOCNEJOBTENHLHOCTE LEIE KODOTKOTO 3aMHKAHES (cM. dopMmyay 1)-

B COIIDOTHBJIE HAH IIpaMoit IOCAEIOBATSALHOCTH BXOLAT
COIPOTHBJIEHAS mpaMoR ocJe JOBATSNbHOCTR TpagcdopMaTopa,
COIPOTHERJEHNS IpAMOZ [OCJISIHOBATEJNLECCTH JHEAK ( conmporuBIcHAA
$asHOTO IPOBORHEKA) ¥ JONOJHUTEJLHHE COIpPOTHBJISHEs B ($asHOM uemw,
K  KOTODHM OTHOCATCH COIMpoTYBJIeHErd  TparcopMaTopos TOKa,
aBTOMATHYECKEX BHEKJKNYATEJNEYH, HESUOIBAXENX KOHTAKTHHX COSIWHESHWR X
COIPOTHRJSHNE SJeKTprYecKof myra (cm. gopmyss 2 @ 3). Kpome Toro,
B COODOTHBJSEEAX IpaAMO# DOCJISHOBATEOJIBHOCTH MOXST YyUWTHBaTLCH
COIPOTHBJCHAE CHCTeMH (cM. fopmyss 18 m 20).

B comporTEBIeHHESA ByJneBO# IOoCASIOBATEIBLHEOCTH BXOJAT
COIDOTHBJISHAA HyJaeso#t OoCHe KOBATeJbHOCTH TpagcopMmaropa,
COUNPOTHBJEHAA HYJEBOX IIOCASHOBATSJABHOCTH JHHER (COIPOTHBJISHEA
$PasHOrO [POBOIHEWKA  IJNC SKBHEBAJISETHOS COIIPOTHBASHES e
S8HYJEHAs TOKY HYyJeBo# IOCJHeZOBATEJBLHOCTH) ¥ T€ %X JONOJHATEJbLHHE
COOPOTHBJASHENSA B (a3HO# Uemm, KOTOPHE BXOAAT B COODPOTHBJCHHE
OpaMo#l HOCJEXOBATEJBHOCTH (CM. QODMYJH 4 # B).

PaccMmoTpaM cXeMy SJAEKTPHYECKOR ceTm, H30CpaxXeHHYN Ha pECc. 1,
¥ OOpeleJmM TOKH OIHOPA3IHOTO KOPOTKOTO R2aMHKAHESA B TOuykax K1 =
K2. McxoyHHE HaHHHE H HPOMEXYTOUYHHE Pe3yJbTaTH pacueTa OyHeM
CBOIHETL B DPaCodYym TaGJHILY .

[laspaMeTpH cHECTEeMH 3alaHk SHAYEHWEeM  MOMHOCTE  KODOTKOI'O
BaMHKaHEA Ha cTopoHEe 10 KB: SR = 250 MB-A.

OnpelesuM FEAIYKTWBEOS COIDOTURJISHWE CHCTEMH, OPWBEISHHOS K
HampaxeEmo 0,4 B (cM. ¢opwmyay 20), ¥ BHECEM STOT HpPOMEXYTOUHHMK
PesyJasTaT B patouym TabJumily B CTPOKY VHIYKTUBHHX COIPOTHBJASHWHR
IPAMOR ITOCJSNOBATEJdPEOCTH X12 -
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Czcrema
SK = 250 MB-A

¥ TpascdopmaTop
1000 xB-A, 10/0.4 kB,

p cxeMma cosIrHEeHWU: BRBRe3lla~3Be3Ja C HyJeMm
ArTOMATIUECKE! BEHKIOUYATEAB

\ 1600 A

MreonpoBon

IMA4, 1600 A, 11 = 30 M

ABTOMATHYSCKEY BHKJIJGOUIATEAb

\ 160 A
E"O TparcopmaTdp TOKE
= 150/%, kIacc TOYHOCTE — 2

KaGeabEas JmEms

ABBT' 1(3x70), 12 = 120 m

Al

Prc. 1. Cxema sJeKTDUYSCKOM ceTm K mpmmepy 4.1.
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PaGowaa Tadimia K OpaMepy 4.1

il
Yuac—|Ilocae- CorpormBIeHERAA, MOM CyvmMa con—
TOK ToBa~ POTHARJIEHARA
- Lap Tia Top Ta Tx rﬂ
TeJb— 7 jmo yuacTxaMm
HOCTE - Tom oy T T, T rﬁ
X, Xym X4n X z, - - oT— BCEM
— IeJab—
- Zor | *on | Frr | %a - T e
i
R‘Z - 1.7 0,9 0,14{0,014 6 8,751 8,75
1 0%
on - 6096 399 0908 - - 64,6 64,6
R1Z - 75,1 0,33 1,3 {0,116} 20 96,85199,6
2
400°
Xc = ——— = 0,64 MOM.
1000 - 250

BHEecem B pacouym TadoyHly B 2 JAPYyTrEe JaFHHe, HCHOALIYS Jad
STOrO TaCJHEIH pasjedia 3 ® JeJasd HeoCXOIAMEHE IPpOME XY TOYEHE
pacdyYeTH.
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COIIpOTEBJISHAA upamoit " HyJeBO# HOCASIOBaTEJIBHOCTH
TpaEcdopMaTopa (cM. TaGa. 1):

Typ = 1,7 MOM, Xip = 8,6 MOM,

oy = 19,6 MOM, Xqn = 60,6 MOM.

COMpOTHBJIEHEAA aBTOMATHYESCKOTO  BHEKJINIATEJS 1600 A ( cm.
Tacya. 8 ):
r, = 0,14 mOwm, X, = 0,08 MOM.
OTH COUPOTHRJASEMXS BHOCHATCA B pDafodyl TASHAly B CTPOKH IPAMOi
¥ HYyJeBO# IOCJEIOBATEJLHOCTH.-
ConpoTHBJISHEAA opgMoR b HyJeBO® TOCAEeROBaTEJIbLHOCTI
KOMILIEKTHOTO ImEODpoBOZa HIMA4, 1600 A (cMm. Tadda. 3 m 25):
r, = 0,03 MOM/M, X, = 0,014 MOM/wm,
ry = 0,14 MOM/ M, Xy = 0,13 MOM/ M .

COUpOTHBJICHAS JIMHAW JAEHECHE 30 M, BHIOJNHEHHEOR STAM IHHOIDPOBO—

JOM:
Typ = 0,03-30 = 0,9 MOM, Xy4p = 0,014.30 = 0,42 mOm,
Ton = 0,14:30 = 4,2 MOm, Xon = 0,13-30 = 3,9 mOm.
Yarem IePeXOnHEoe COHpPOTHUBJICHAS YEeTHPEeX HETIOABAXHNX

KOHTaKTHNX COSIVHSHMN Ha NUHOIPOBOJES IO TOYKE K1 (cM. mada. 11):
r.= 0,0034-4 = 0,014 MOM.

CONpPOTHEBJSHEES SJESKTPAYECKOA  Iyr®m §HO Tasd. 28 IpEHAMAeM
paBHEEM 6 MOM®

r_ = 6 MOM.

A

COHpOTHBJSHAA KOHTAKTHENX COSIZAHSHW! ¥ SJISKTDHYECKod Inyr:
BHOCHEM B palouyw TaCJally B CTDOKE COHNPOTHBJSHHY OpaAMOil W HyJAeBOH
HOCHAS HOBATEIbHOCTH -

Tenepb, HDOABBYHACH pasodel Tabymuei, JSTKO ONDeleJMTh CyMMap—
HHE CONDOTEBJACHHSA IpaAMOR ¥ HyJeBOf HoCJAemOBATEJdBLHOCTHE JIasd Uell
KOPOTKOTO 3aMHKaHda B Touke K1 (oM. fopmyas 2, 18, 4, 5).
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= 1,7 + 0,9 + 0,14 + 0,014 + 6 = 8,75 MOM,
ROZ = 19,6 + 4,2 + 0,14 + 0,014 + 6 = 29,9 MOM,
Xyy = 0,64 + 8,6 + 0,42 + 0,08 = 9,74 uOm,

on = 60,6 + 3,9 + 0,08 = 64,6 MOM.

o
-
[ae}
!

Ilo dopuyne (1) ompezesidieM TOK KODOTKOT'O SaMHKAHAS B TOYKe
K1:
30
I1 . =
2 2
/(2R1Z + Rgp)© + (2%5 + XDE)

Y3400
= = 7,178 KA.

/(2.8,75 + 29,9)2 + ( 2.9.74 + 64,6)°

KpaTHOCTE TOK2 KOPOTKOI'C 3aMHKAHWA B Touke K1 K HOMHHAJBHOMY
TOKY DeCUENATEJd ABTOMATHUYECKOrO BHKJKYATEJHS ¢ OOCPaATHO3aBHCHMOR
OT TOK2 XapaKTepUCTHKOl “yZOBJASTBODSET TpeCoBaHmaM IWa:

7178

= —— = 4,5.
1600

K,

AFaJioTHYEEM OSpasOM HalieM 3HAUEHWs COOpPOTHBJSHWN mpamo#t =
HyJieBO# IOCJEeAOBATESJBHOCTH Ha Y4YacTKe 2 UelH KOPOTKOI'C SaMHKaHUS
7 ompermeswM TOK K3 B Touxke K2.

CONpOTHEBJSHAS aBTOMATHYSCKOro BHK/m4YaTeas 160 A (cm. Tada 8):

T, = 1,3 MOM, x, = 0,7 MOMm.

T. X. B Tada. 8 HeT pacluemmTend 160 A, 3HaUSHHS COIPOTEBJIE—
P OpEEATH Jasa pacuenwreas 140 A, T. e. niug Cojee XSCTKEX Ppac—
YEeTHHX YCJOBWH.

Conpormsiaesrd TpaBcopMaTopa TOKa BTOPOTO KJAacca TOYHOCTH C
xo3@dmimerToM TparchopMauma 150/5 (cMm. Tada. T):

Tom = 0,33 MmOm, Xpp = 0,3 MOMm.

ConpoTHBJICERA NpaAMO#{ HOCJIEHOBATEJBHOCTE Kafesd CedYsHEEeM

70 MMQ opa 20 ¢ (cm. wagn. 6):
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Tpg = 0,447 MOM/M, x = 0,082 MOM/M.

IpmBejeM COOPOTHBRJASHWE Kabend (B COOTBETCTBEM C DeKOMEHIAa—
LIEAMEZ B pasfiese 2) K TeMIepaType 12000, Ooas3ysacek Gopmyaanm (21),
(22).

Tyo0 = 0,447[1 + 0,004(120 - 20)1 = 0,447-1,4 = 0,626 MOM/ M.

CompoTEBIeHrd IpaAMoi TOCJIeZOBATENLHOCTH JWHNE IJimHoX 120 M,

BHIIOIHSHHOR STHM KaGeJeM:
r1m = 0,626-120 = 75,1 mOm,
Xy = 0,082-120 = 9,84 mOM.

BHaYSHWA COUDOTHBJSHHA HYJEeBo# nocseIoBaTeJbHOCTH JIFHVA
ompezneJsdeM UO Tadx. 263
a1 = 2,65-120 = 318 MOwM,
= 2,07-120 = 248,4 MOm.

To
Xoa

YuTeM COIPOTHBJASHAE YSTHPEeX HENOABUXHHX KOHTAKTHHX COSHVEHE-
HEt misa xatedast 70 MMQ(TSGH- 11):
T, = 0,029:4 = 0,116 MOM.

CompoTyBJeEre DJeKTpmueckol Iyrm mo Tadx. 28 npuEmMasM paB—
BEM 20 MOM:
r_ = 20 MOM.
X

Temeps mO padoue# Tacsmmie (cum. fopmysH 2, 3, 4, 5) wmoxeMm
ONpEeFeJmTh COUPOTHBRJCHAA NpAMO# X HyJeBo¥ DOCJEIOBTEJNHHOCTH LelH
KODOTKOTO BaMHKaHAA HA YYACTKE 23

R12 = 75,1 + 0,33 + 1,3 + 0,116 + 20 = 96,85 MOM;
Rop = 318 + 0,33 + 1,3 + 0,116 + 20 = 339.7 mOm;
X1Z =38,84 + 0,3 + 0,7 = 10,84 mOm;
Xy = 248,4 + 0,3 + 0,7 = 249,4 wOu.

Haitzem cywmmMmy compoTuBJeEpd IBYX y4acTKOB lemm K3 (7o ToukEe
K2). [Ipmuem B CyMME COIPOTHEBJEHEY MIBYX YYaCTKOB COODPOTHBJICHEE
SJEeKTPHYEeCKO! TYTH IDOJNXHO YYATHBATHCA TOJBKO OJMH Pa3: B KOHIE

46



M788-1080

OOCJSIHESTO y4YacTka. [[09TOMY IDHE CAOXSHWY S CYMMH COpOTHERJIEHAH
OepBOrc y4aCTKa COUPOTEBJEHWE SJSKTPEYeCKOR ayrm (6 MOM) HYXEO
HCKINTATE -

R1E = 8,75 - 6 + 96,85 = 99,6 mMOum;

ROZ = 29,9 - 6 + 339,7 = 363,6 MOm;

X1E = 9,74 + 10,84 = 20,58 wOwm;

on = 64,6 + 249,4 = 314 mOuM.

i
]

TOK KOPOTKOI'O SaMHKAEES B TOuKe K2 (oM. gopmyay 1):
/3400
I1 = = 1,041 xA.
/(2-99,6 + 363.6)% + (2:20,58 + 314)2

KpaTEOCTE TOKa K3 B TOuKe K2 yxoBieTBOpfAeT TpeCoBaBWaM IWVO:
K.2 = 1041/160 = 6,5.

4.2. PacyeT OO CONPOTEBJEHWAM I'y X HeTJH (asa-HyJb

Ansi ompeneseEMs TOKOB OmEOPasHOrO K3 mo aKTEBHEM W HHAYKTHER~
HHM CONPOTEBJSHWAM Oerim Pasa—Eysk (cMm. dopmyny 14) HyxEO BHaATH
SHAYEHHS COIPOTHEBJACEME mpamolt ¥ HyJeBo#ft  nocyezoBaTeabHOCTEH
rparcopmaTopa {cM. fopmysH 11), 2 Taxxe B3HaUeHWAA CONPOTHBJICHMR
$asHEOrO TPOBOXHEKA (r1 X1 .n)’ SHAYEHNA SKBEBAJEHTHHX CONPOTHBJIE—
HER Nenr SaHyJeHUd (rg, X H) B 3HEAYSHAS JONONHWTEJHEHX COIMPOTHBJIE—
i B dasHOU nemm (rTT, b S ra, Xyr Tps rn), KOTODHE BXOHAT B
dopmyas (12).
- [pA HEEOOXOJAMOCTH  YUYRTHBATL  HMELYKTABHOE  COODOTEBJSHEE
cECTeMH BMecTQ ¢opuyn (11) caemyeT momp3oBarhca gopmysamm (19).

PaccMmoTpaMm cxemy BJISKTpEUeCKO# cerm, m30CpaxeHEYyD Ha DHC. 2 ,
¥ ompeleJEM TokKZ onEodasHHX K3 B Toukax K1 - K6. WUcxomawe XHaEHHE
A OPOMEXYTOYHHE DPE3YyJIbTATH pPacdeToB OyZeM CBOJETE B pPadodyn
TalJmILy -

VEAYKTABHOE CONpPOTHBJEHWE cUCTeMH (cM. gopumyay 20):
4002

X, =~~~ = 0,8 MOM.
1000200
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Cucrema

SK = 200 MB-A

TpamcgopmaTOp
1600 ¥B-4A, 10/0,4 xB,
cXeMa cOeImEeEBr#: TpeyTOJBHEEK-3IBE3Ia C HYJeM

ApToMaTEueCcKEE BHKIOYATEJIbL
1600 A

EOTPOBOXK,
A4, 1600 A, 11 =20 M

Ka6e 5HAF~ JIAHAS
ABBT 2(3x50+1x25), 1, = 30 m

ABTOMATEYECKEYE BHIINUATSID

250 &
125 A etz 3aByJISHHA:
B 3(1x35)+1x16, 13 = 60 M é K3 I —
TpyGa 59x2
80 A
- ABBL 1(3116“-116)’14 =50 u é K4 cTaJbHass Ioxoca
40x4
6 4 =
! B 3(1x1.5). 1y = 10w é K5 BOZOT'a30IpPOBOI-
Has TpySa [IM20
20 &
ABBT 1(312,5), lg = 25 u l{?’z{e oSpawoms Ko
~ HaJa 40x40x4

Puc-

2. Cxema BJEKTDHYSCKON ceTH XK IpEMeDpy 4.2.
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CompoTEBJASHERA TpaEcpopmaTopa (cM. TaGa. 1):

r1T = 1,1 MmOuM, rOT = 1,1 MOM, i
Xy = 5:4 MOu, X, = 5,4 MpM.

CompoTZBJASHEEA TpasEcfopMaTopa TOKY OEEOPa3EOTO K3 (cM.

dopMyJH 19):

r(1) = 2'1,1 + 1,1 = 3,3 MOM’

(1) _
T I‘T /3—1,1 MOu,

1(1) =2.0,8 + 2-5,4 + 5,4 = 17,8 MOum, I£1)/3 = 5,93 mOwm.

T

Tenepr TOOUYEDEIHO OUDEAENEM COOPOTHRJICHEWA neTyam $aza-—HEy b Ha
Ka¥IOM H3 YUYaCTKOB BJEKTPHUYSCKO#l ceTm W Toxd K3 B KOHIUE XKaXzoro

y9acTKa.
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Tox
ConporesaerEs, MOM
K3,
Tpamc— (1) XA
- Ty Top T /3
dopmaTop L o - 3
(1
Xc 1 XOT x& /3
- 1,1 1 1,1
0,8 5.4 5,4 5,93
VaeacTim | r, | Tr_ Tor | Th r. T r. Zrn I,
ceT® — — — — -_— — —
Xix | *m rr | Xa - - X an
0,28 10,84 - 0,08 - - 1,2 1,2
2 3,89
1.28 1,36 — 0.5 - - 3,14 14,34
44,52133,32 - 2,150,338 20 100,31142,4
3 - 1,57
5:28 13,3 - 192 - - 19978 24912
4 0,763
4,75 {56,59 - 2 - - 63,34{67,68
5 0.854
1326 9:5 - - - - 10976 1531
468,8} 23 - 9,3 - 25 526,11568,2
6 . 0,403
468,8} 37,5 - 3.3 - 25 540,6{582,7
6 0,383
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Y¥yacTok 1.

COIpPOTHRJIEHAS aBTOMATHYSCKOIO BHKJIMEATENSA (cM. Tadx. 8):
r, = 0,14 mOwm, X, = 0,08 mCum.

COIpOTHERJICHEA mAHOLpOBOH2 (cM. Tati. 3):
r, = 0,03 MOm/M, T = 0,037 MOM/M,
X, = 0,014 mOm/m, X = 0,042 mMOM/M.
ConporuBJiecHas JmEEA JRECK 20 M, BHOOJHEECH STHM NHHOIDOBO—
JOM:

it

b of 0,03-20 = 0,6 MOM, T, = 0,037-20 = 0,74 MOum,

0,014.20 = 0,28 MOuM, x = 0,042-20 = 0,84 MOMm.

13
X

i

1x

[lepeXCAEOCE CONPOTEBJECHAE UYUSTHDEX HEOOIBIKHHX  KOHTaKTEHX
COoeMHEeHMY Ha WHHOIpOBOZS (cM. Tada. 11):
T, = 0,0034-4 = 0,014 mOm.

COOpOTHBIICHAS SJASKTPHYSCKOM XyrE [0 Tata. 28 IpaEAMacM
paBEEM 5 MOM:

r,zz = 5 MOM.

CompoTuBicHEAs TeTiH asa—HyJ b Ha NSPBOM ygactke (cM. padouyn
TaCJMELy T QopMyJsE 12):

T 0,6 + 0,74 + 0,14 + 0,014 + 5 = 6,494 mOM,

o
b4 0,28 + 0,84 + 0,08 = 1,2 MOM.

18

Tox ommodasHOro K3 B KROELS HSDBOIO ydacTka B Touxe K1 (oM.
dopmyay 14):
U

&
I, =

v’(ré“/B + rﬁ)2 + (xéﬂ/B + xn)2

230
= = 22,1 KA.
/(1.1 + 6,494)° + (5,93 + 1,2)2
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EpaTEccTs Toka K3 B Touxke K1 yroBaeTBopsAeT TpeCopammsM IIVD:

22 100
K,} = —— = 13,8.
1600

¥gacTok 2.

Compormpaerus (azzoll ¥xmwmE kxadedsa cedeHweMm 50 MM OopHa 20°C
(cM. Tadx. 6):
Tpy = 0,625 MOM/M, x = 0,085 MOM/M.

ARTERHOE COIPOTHBJCERS (asHOE IWIH Kaleldsd, IPEBEISHHOS K
TeMIepaType 120°C (oM. gopuyms 21, 22):

Tion = 0,625[1 + 0,004(120 - 20)] = 0,625-1,4 = 0,875 MOM/M.

COIpPOTHBISHRS @asac_az Henn JIWETR JJwEHCR 30 M ¢ y4YeToM BHION-
HEHWA JUHEK IBYMS [NaDaeJbHHME KaCeJisand:

0,875 0,085

r‘lJI = 2 30 = 13,2 MOm, Xy = 2 30 = 1,28 MOM.

COODOTERISHES HYJSBOY XWIN caueHweM 25 MM2:

Tyq = 1,25 MOM/M, x = 0,091 MOM/M,
r 20 = 1,25-1,4 = 1,75 MOM/ M-

COTpPOTHRIACHAA HyJeBOW pmemmr € YYeTOM JIWHH JHHAE B IBYX
mapaaJjieJibHHX KaseJel:
1:75 0,091

r_ = 30 = 26,25 MOM, =
2 = 2

30 = 1,36 MOM.

[lepeXORHOS CONPOTHBJICHAS JFBYX HOUNOINBHXHNX KOHTAKTHHE COSIE—
Hemwil B Qase m B Hyde (cM. Tadia- 11) © yueToM JBYX NeDasleJbHHX
L 0,043 0,064
= 2 + 2 = 0,107 MOMm.

2 2

o
K
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ConpoTEBJIeHRA 8BTOMaTUISCKOIC BHKJNYaresds (cM. TaGad. 8):
T, = 1,1 wOm, X, = 0,5 mOm-

COIpOTHBICHAE SJASKTDHYSCKOA JYTH HO Talj. 28 IpDHEEMAEM DPaB—
B 15 MOm:

r_ = 15 MOM.

X 5

CompormBieHds TeTJM $asa—Hydb Ha y4acTke 2 (cMm. padodyn

TaCIHEIY )
r, = 13,12 + 26.25 + 1,1 + 0,107 + 15 = 55, 58 MOM,
x, = 1,28 + 1,36 + 0,5 = 3,14 MOM.

CyMma COOPOTHBJCHHM Ha JIBYX Yy9acTKaxX (Ges y49eTa CONDOTEBIS—
HEsE OYrHE 5 MOM Ha HJeDPBOM Y4YaCcTKe ):

Yr_=6,494 - 5 + 55,58 = 57,1 uMOuM,

an 1,2 +3,14 = 4,34 MOm.

—~

]

Tok opEodasHOro K3 B KOHIE BTOPOTG YyYacTKa B Todke Ke:

230
I,= = 3,83 xA.

1 3 5
Y{1.1 + 57,1)° + (5,93 + 4,34)

KpatgocTs Tora K3 B rouxe K2 ynosieTBOpsier TpeGoBaEHaM IVD:

3890
= —— = 15,6.
K2 250

yaacTok 3.

Basee pacueT AaeTcH (e3 CCHJICK HS y¥6 INpPEMCHABMEECH QOPMYJIH
B TaGJHIH MCXOIHHX IAHEHX.
COIpOTHRISHENS aBRTOMATHUYSCKOTO BHEJNYATESJIA:
r, = 2.15 mOm, X, = 1,2 mOu.
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x 2
CompormBJaesnsi $a3ECIO UPCBOAa cedermeMm 35 MM :

Tpg = 0,53 MOM/M, x = 0,088 MOM/M,

Tyog = 0,53-1,4 = 0,742 nOM/M-

1

Conpormrierus (asECH Neln JHWE JJmEOR 60 M:
Tyg = 0,742-60 = 44,52 mOwm, Xip= 0,088-60 = 5,28 MOu.

llepexorEoe CcONpPOTHRJCHAS TPEZXZ HEOCIBAXHHX KOHTAKTHHX COeld—
EeEWH B $ase ®m HABYX B HYJE:

T, = 0,056-3 + 0,085-2 = 0,338 MOM.

CompoTTRIeHAs EYJSBOI'O IIPOBOZA CeuYeHmeM 16 MM2 Jommsol 60 M:

r,~ = 1,16 MOM/M, x = 0,095 MOm/M,

20
Ti4s = 1,16-1,5 = 1,74 vMOW/'M,
Top = 1,74-60 = 104,4 mOm, Xom = 0,095-60 = 5,7 mOum,
2 2 2 2 2 _ 2
ZHn = an + xﬁn = 104,4° + 5,7 = 10 932 nOm".

COIIpOTHRJSEAA CTaJBEOR OSJSKIPOCBapHOE TPYOH JJHEOE 60 M,
ECHONB3YEMOR JJid BAHYJeHHES DAPaJiedbHC C HYJSBHM IPOBOIOM (CM.
Tadyi. 15):

r = 0,75 MOM/M, x = 0,45 MOM/um,

T

p = 0,75-60 = 45 mMOwm, XTP = 0,45-60 = 27 MOMm,
2 4 x2 =452 4 272 = 2754 wOMP.

Z =r +

2
TP~ TTp TP

[IDOBOXAMOCTS Pal3BeTBISHEOTC YYacTKa: HyJNeBo# IPOBOZ- CTadb—

HadA Tpyda.

ARTEBHAS TPOBOHEMOCTD:
T rTP 104 ,4 45

g = —— + ——2— = + = 0,02589 xCmMm.
ZEn er 10932 2754

VEIYKTEBEAS TPOBOAMMOCTE :
oo pr 5,7 27

b= — 4 = 1 = 0,01033 kCu-

T2 T2 T
Zen  Zgp 10932 2754
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TosEas mpoBOZEMOCTE (B KBazparte):

¥ =g +1° = 0,02589° + 0,01033% = 0,0007769 xCu2

DKBUBAJSHETHOS COOPOTHBJICHWE DAa3BETBJISHHOI'C YYacTKa

IaHyJvIeH¥Ed 2

g 0,02589
r =—5=——— = 33,32 uou,
E 5  0,0007769

b

0,01033

COompoTHBJICHERe BASKTDHYSCKOR IYTH:
rx = 20 MOm.

CoumporTwBJaerue netTy dasa—Hyar Ha

TaGJHAILY ) =
Tn

En

it

{t

CyMMa COIDOTHBJASEME Ha TpPeX ydacTkax (CGes yuera

HES NYTE HA OPERUOCIeHEeM Yy4acTKe):

yaactke 3

rr, = 57.1 - 15 + 100,3 = 142,4 mOM,

4,34 + 19,78 = 24,12 MOMm.

#

S

(oM.

44,52 + 33,327% 2,15 + 0,338 + 20 = 100,3 MOum,
5,28 + 13,3 + 1,2 = 19,78 MOMm.

M788-1080

B e —

nemx

pacouyn

COOPOTHBJIG—

Tok ommodasHOro K3 B KOHIE TPETHETO y4yacTKa B TouKe K3:

230

I, =

1

KparEOCTE TOKA K3 B Touxe K3 yIomJeTBopser rpeSoBammaM [IVD:

KB = —— = 12,6.

55
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¥9acTor 4

ConpOTHBRJASHAS aBTOMATHYECKOI'O BHKJINIATEJA:

T, = 3,5 MOwm, x, = 2 MOM.

CompoTwBIeERA $az=HOM FWIN Kadens cedemmeM 16 MM2 Ipm 20°¢:

oo = 1,95 MOM/M, x = 0,095 MOM/M.
AKTHBHOE COOpDOTHBJICEHS (QasHOR XWJiH KaleJd, OPEBEISHHEHOE K
TeMIepaType 14500:

r = 1,95-1,5 = 2,925 MOM/M.

145
CompoTuBJeHEe $as3HOY Lelm JWEER ImmHOX 50 M:
T = 2,925-50 = 146,2 mMOM,

Xin = 0,095-50 = 4,75 MOM.-

[lepexonEOs CONpOTHRIECHEAS  TDeX  HONONBWKHEHX  KOHTA&KTHHX
coepmeeEm?t B $ase (cM. Tadxa. 11):
T, = 0,085-3 = 0,255 MOM.

B Taty. 11 sHauyeHws [EPEXOXHOTO COIPOTHBJISHHS ESHOIBIXHEX
KOHTAKTHHX COejmEcHWM I8 KaGeJjell cevemmeMm MeEee 16 MM2 HE yKaza—
BEH. [IOSTOMYy COODOTHRJISHEEE STEX COeIWHeEW#R B HyJeBOol XAJEe CedYeHUeM

2 FUATHBATE He OyIeMm, IpUHEEMad Takxe BO BHEMEHuZEe, aTo 3TO

6 MM
IPaKTHYSCKY HE IOBJHAAET Ha DeRVJIBTATH pPACUYSTOB H3—-38 MaJoro

SHAYCHHA 3TOIrC COIDOTHBJSHMAA.

CONDOTHRISHERE HyJeBOM ¥WIH ceusEmeMm 6 MM2 gmEeoll B0 mM:

Tog = 5,21 MOM/M, x = 0,1 mOm/m,

Tya5 = 5,21-1,5 = 7,82 MOM/M,

Tom = 7,82-50 = 391 mOm, —_— 0,1-50 = 5 MOM,

22 = 3912 + 5% = 152906 won®.

COOpOTHEBJICHAS CTaJbHOR TICHOCH 40x4, HCOonb3ysmolt A

BaHyJIeHWA DADaJJedbHO C HBYJeBHM OposBojoMm (cM. Tadxn. 16):
r = 1,54 MOM/M, x = 0,92 MOM/M-
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BEemEse WHIYKTUBEOS COINPOTHBJICEWMS ‘IPH PacCCTOSHAXA MeXIy

dasEol EWIOR m craapEOR mosmoco#t 1 M ompersimM
OTHECEM STO COODOTHBJISHMES K CTaJbHOY IOJCCE.
x’' = 0,75 mMOM/M-

CoUpOTHRJASHEA CTaJbHOHK HOJOCH IMmHOW 50 M:

o Tatx. 19 '

r_ ;= 1-54:50 = 77 wOM, x___ = (0,92 + 0,75)-50 = 83,5 uOu,
Zion = 77° + 83,5 = 12901 mOM°.

[IPOBOIMMOCTE Pa3SBETBJEHHOTO YUYACTKa: HyJdeBad ¥@na Xadejsd —

CcTaJbEAd IOJOCA -
ARTHBEAS TPOBONEMOCTE:

S 391 7

8- 2 * 3
ZHII ZIIOJI

152906 12801

VEAYKTHBHEAA IDOBOIMMOCTE:

+ = 0,008526 xCM.

b= + 5 = + = 0,006505 XCM.
ZBH ZHOJ 152906 12901

Kparxpar moumol#t IIPOBOZEMOCTH:

72 = g2 + b2

= 0,008526° + 0,006505° = 0,0001149 xCume.

OKBUBAJEHTHOE COIDOTHRJASHEE PasBeTBJASHHOTC Yy4Y9acTRKa ermsd

BaEyJEHHAA:
g 0,008526

r, = 5= = 74,2 MOwMm,
v 0,0001149
b 0,006502

Xy = 5= = 56,53 MOM.

y 0,0001149

CompoTRBNSHEE SJASKTDHUYSCKOR IYyIm:

rﬂ = 25 mMOM.
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CoppormBaer®e neryz $azsa—gFynpr HEa YyIacTRe 4:
T, = 146,2 + 74,2 + 3,5 + 0,255 + 25 = 249,2 mOwm,
X = 4,75 + 56,59 + 2 = 63,34 MOM.

CyvMa CORpOTHEBIEEWR Ha HOCHASICBATSJLEHX YYaCTKaX SJSKTPEUISC—
kot memz (1, 2, 4) Ges yuera compoTWBISEWS AyTzm 15 MOM Ha Open-
IOCJHSKESM YIacTKe:

):rn = 57,1 = 15 + 249,2 = 2g91,3 wOwm,

th = 4,34 + 63,34 = 67,68 MOM-

Toxk oysoPasHOorc K3 B KOHIE YeTBEDPTOTO YyYacTKa B Todke K4:

230
I, = = 0,763 xA.

/(1,1 + 291,3)% + (5,93 + 67.68)°

KpaTHOCTEL TOKa K3 B Touxe K4 ymoBJeTBODIST TpeSoBammaM IIVD:

¥=acrox 5.

Conporusiyeras $asHOro HNpoOBoxs cedeEmeM 1,5 uM2 Amaaoi 10 M:
Tpq = 12,3 MOM/ M, X = 0,126 MOW/m,

Tyas = 12,3-1,5 = 18,45 mOm/M,

r, = 18,45-10 = 184,5 MOm, x

. g = 0:126-10 = 1,26 MOM.

1
COTpPOTEBJISHAAMYE KOHT AKTHEHX coexﬂnenmﬁ.rk, TIOCKOJAbKY EX HET B
TacH. 11 ¥ WX SHAYCHWS HEBEJWKH, OpeHeCperacM.

COmpOTEBIECHRA BOXOra30IIPOBOIHOR TpyGH IM20 pomEc¥ 10 M,
MCDOJB3YyeMoR g BaHyJeHwd (cM. TaGar. 14):
r = 1!59 MOlW/M’ X = 0:95 MOM/M,

Ty = 1,59-10 = 15,9 MOwm, X, = 0,95-10 = 9,5 mOm.
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ConpoTHEIIEHES SJASKTPHYeCKO# IyrH:
r_ = 25 MOM.
x 5

CompoTunJjesEZe HeTIR fasa—HYyJ s Ha YyIacTKe 5:
T, = 184,5 + 15,9 + 25 = 225,4 MOuM,
x, = 1,26 + 9,5 = 10,76 MOM.

Cymma COUDPOTHBJICHEE Ha IOCJESIOBATENBLEHX YyYACTKaX SJSKTDEISC—
kot nemx (1, 2, 5) Ce3 y4era COUDPOTHBICHES AYTH Ha IDEIIOCJSIHEM
yIacTKe:

Ern = 57,1 - 15 + 225,4 = 267,5 MOM,

Zxﬁ = 4,34 + 10,76 = 15,1 mOm.
Tox opHOfazsEoro KB B KOHNE HATOTO y4acTka :
230
I, = = 0,854 xA.

1 3 3
Yi1,1 + 267,575 + (5,93 + 15,1)

KparEOCTE TOKa K3 :

854
= — = 53.
I

Yuacror 6.

CONpOTHBISHNE aBTOMATHISCKOT'O BHKJIKNYATENS C pacHelWTeJeM Ha
20 A TprEEMaeM OO TacH. 9 A¥A pacuermmTedd 16 A, TOCKOMLKY pacue-—
marens Ha 20 A B Tvalg. 8 m 9 EeT.

T, = 9,3 MOMm-

ConporEBiacHEae (a3HOH HAJH KateJsd:
20 = 1255 MOM/ M, x = 0,116 mOM/M,
Tis5 = 12,5-1,5 = 18,75 mOm/M,
Ty, = 18,75-25 = 468,8 MOM, X, = 0,116-25 = 2,9 MOM.

I
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CompoTusJaeEas OODAMISEMS KaCeJabHOTO KaHada B3 Ipoduibrof
craym 40x40x4 (oM. Tadx. 18) mpuEWMaeM A TOKa KOPOTKOIO
saMEKaHEES 600 A:

r = 0,92 MOM/M, x = 0,59 MOM/M.

BHemEee WHEYKTHBECS COIPOTHRJSHEE IPE PACCTOAHAR — MEXIy
fazHOR wmno#t W oSpaMicHEEEeM KaleJbAoro kKasajga 0,4 M ompeligddeM Io
Tatix. 19. Cedemmda 2,5 MM2 B Tatkmie HeT, IO2TOMYy IpEHEMach BHage—
HAS COIDOTHBJEERAA JJifi CEYSHWS KDYIJIOTo ODOBOJEYMKA ((asHOR wmim)
4 ma:

x’ = 0,77 mMOM/M.

COOpoOTHBJACHAS OCPaMIeHEA KaCeJbHOTO KagaJjia OpHE JJHHe JIAHWA
25 Mm:
r, = 0,92.25 = 23 wOm, X, = (0,59 + 0,77) 25 = 34 mOm.-

COMPOTHBIEHAE SJISKTDEUIECKOR Iyrm:

Px = 26 MOM.

ConpoTuBJeHAS NeTIR Pasa-Eyias Ha y49acTke 6:

r, = 468,8 + 23 + 9,3 + 25 = B26,1 MOM,
X = 2,9 + 34 = 36,9 MOuM.

CyMMa COOPOTHBJICHWHA OOCJSIOBATEJLHHE YYaCTKOB:

rrp = 57,1 - 15 + 526,1 = 568,2 MOM,
an = 4,34 + 36,9 = 41,24 mOwm.
Tox ormodasgoro H3:
230
I, = = 0,403 ®A.

/(1,1 + 568,2)% + (5,93 + 41,24)°

TOK KOPOTKOI'C BaMHKaHWA HOJdyumics MeEbme 600 A. CuenoBaTedab—
HO, OPEHATHE HaMy TO TasJj. 18 sHauemus COUPOTHBJASHAR Ipodmabprolt
CTaJIE OKasaJWch HES COOTBETCTBYLIEME 3HauyeHmp toka K3. [Dostomy
HYyXHO ODHHSATHL 3HaYeHUd COUPOTHBJCHAA OpPOGUIBbHECN CTaJd I8 MeHbIe—
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'O TOKS ¥ HOBTOPHETH pacueT. BosbMeM BEAYEHWA STHX COOPOTHBJISHAR
I3 Toka 200 A:

r = 1,5 MOM/M, X = 0,92 MOM/M,

rp = 1,5-25 = 37,5 mOum, X, = (0,92 + 0,77)25 = 42,25 mOm.

PesyspTaTH PacyseTa C HOBHMYE SHAUEHWAME CONPOTHEBJSHEA IDO-—
¢masHEOR CcTa M OPMBOZATCH B padoduelt Tadimie BO BTOpod CTDOKe HJd
y4JacTra 6.

HoBHe sHaueHWS TOKa ONEOPasEOoro H3:

230
11 = = 0,392 xA.

/(1.1 + 582,7)2 + (5,93 + 49,49)°

TOK KOPOTKOTO BAMHKAHWSA moJaygmics Sosbme 200 A, ® HOBOIO
oepecyeTa MOXHC HE JHeJjaThk, T. K. KParTHEOCTH PaCYeTHOTO TOKa
YEOBNSTBOPAET TpeCoBaEmaM IWD, a HOBHA mepecyeT NIpuBeJl OH TOJIBKO
X HEKOTODOMY €€ YBEJAYCHWD.

392

K, = — = 19,6.
5 2

4.3. Pac¥eT HO DOJHOMY CONPOTHBJSHMO HeTim fasa—Hyub 2

JInsa ompejeJyerZda TOKa omzodasHoro K3 sTmm METOZOM HYXHO SEATH
3HaYeHVe HOJHOI'C CONDOTWBACHES NOHEXARNETO TpaHCcPopMaropa TOKY
oxuodassEOrO K3 (2;1)) ¥ 2HaUYeHms NOJHEOIO CONDOTHBJSHUS IeTJas
dbaza—HYIH (Zn) HA BCEX NOCJAENOBATEJLHHX y4YaCTKaX HEIH KODPOTKOIO
saMuKaEusS (cM. dopMmyay 16).

B HacTofAme# padoTe LIpWBOIZATCH UYETHPe TAOMMNH C YISJLEHMA
COOpPOTHBJSHEAAMEA TeTJR (asa—HYJIb (Zny) IS HEKOTODHX BAapHaHTOB
BHIOJHSHUA UM B3aHYyJeHEs. Dosee DOJHHE HaCOD TakdX TadJami
mMeeTcd B JETeparype [5].

PaccMmoTpmM cXeMy SJAEKTDHUYSCKO# CETH HEa PEC. 3 E  OIOpeJeJmM
TOK opHOdazEoro K3 B Tourax K1 m K2.
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TpagcHopMaTop
100 xB-4, 10/0.4 kB,
% cXeMa COeI@HeHW: 3Be3ja—3Belja C HyJeM

ABTOMATHYEeCKER BHKJIOUATEID

\N 150 A

KaGearEadg JUHAS

ABBT 1(3x70), 11 = 20 ™
[enr =2aByJeHWd:
/ oGpaMierne KabeJbHOI'O KaHaJa 50x50x%b

_ | /K1

AproMaTmUecKul BERKIDYIATEIE

% 50 A

KaGearaas J@HAS

po) ABBT 1(3x10), 1. = 100 M

2

Jeor RaHyJeHEAA:

cTaabHasd ODoxaoca 40x4
é K2

Puc. 3. Cewa sIewThadeckal cetw & upadepy 4.3.
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ConpoTHBJISHAS TpaEcopMaTopa TOKY ofFEofasHOro K3 (oM.
TasbJa. 1):
2V = 779 wou.

ConporuBieEre HeTy dasa—HyNL HA y4aCcTKe 1 IpA TOKE KODOTKO—
ro zaMmpxkaEma 700 A (cMm. Tadu. 21):

Zuy1 = 1373 MONI/M,

Zn1 = Zny111 = 1,73:20 = 34,6 mOuM-

Tox OZHOPaSEOI'O KOPOTKOIO 3aMHKaEWsS B TOuke HK1i:

Ué 230

Z, /3 + 2,4 TT9/3 + 34,6

I = 0,782 xA.

9ro GoJblle TOrO BHEAYEHHd, MNIS KOTOPOTO MEH IPHEHIMAIA
COIPOTHBJIEHAE TEeTIR (Pasa-HyNAb IO Tabl. 21, IOSTOMY HOBOTO pacueTa
JeJaTk He HYKHO.
KpaTEocTs ToKa K3 yjoBJeTBOpsSeT TpedoBapmam IIVo:
782

K1 = — = 5,2,
150

ConporEBlieEWe T $asa—HYyAb HA YYaCTKE 2 OpDE TOKE KODOTKO-
ro samuxaEma 200 A (cM. Tadu. 20):

Znye = 6,29 MOM/M,

an = Zny2l2 = 6,29-100 = 629 MOM.

Tor ozmEOPaAzsHOTC KOPOTKOIQ 3aMHKaHAS B Touxke HK2:

U@ 230

1 = (1) = = 0,249 kKA.
Z, /3 + Zgq + Zpp T779/3 + 34,6 + 629

I

KparEOoCcTs TOka K3 B Touxe K2 yAOBJIETRBROpPSET TpeSOBaEmAM IIVI:
249

K2 = — = 4,98.
50
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5. SBAKJIOYEOVE

[lomMemeHEBERE B HacTosme# padoTe COpaBOUYEHN MaTepywaa CoCDaH
KOMITAKTEO K3 HECKOJLKEX HCTOYHAKOB H DTORBOJNEET IPORBBOLHATH
pacyYeTH TOKOB OXHOPa3HHZX K3 B SJAEKTDHUYECKEX ceTdx IO 1 KB 1aa
COJBIMEECTBA BCTPEYaARIMXCH B IPpaKTEKe CJy49aeB Oe3 oOpameHwda XK
JDyTrodl TeXEwdecKOd JmTepaType. Ecav xe IDoMemeHHHU 3Zech MaTrepaat
OKAXSTCH AN OOJNB30BATEJNs HEIOCTATOYHHM, CCHIKA Ha JATESDaTypy
JapT eMy BOBMOXHOCTHh OCDaTHTBCS K OSDBOHNCTOYHEKY -

B mpmvepax pacdeTa OJada HamOoJee XapakTepHHX CJUy4aeB
IOKal3aHO, KaKk IOJb30BAaTLCHA CIPABOYHHM MarepmadoM. Korza He
yZeeTcs HalTE COpaBOYHHE JLaHHHE, TOYHO OTDAXAKIEE BCS OCOCSHHOCTH
KOHKPETHOX CXeMH, OPEXOIUTCH HCIONb3OBaTh JAaBE@HEe M[Ad ycaopwmit,
HamfoJsiee OiE3KHX K PacyeTHEM. TOYHOCTE PaCUYeTOB opu STOM
CEAXaeTCHd, HO3TOMY TpeOOBaHUA HODMATHBHHX JOKYMEHTOB K RHAYCHAD
TOKOB OmHEOPasEHZ K3 IOJNXHH BHIOOJHATLCS C HOCTATOYHHM 3ATACOM.

Omucagge HECKOJbKEX METOIK JaeT BOBMOXHOCTH HCHOAB30BATH
AJs pacyYeTa TOT CIpPaBCOYHHEIL MaTepwad, KOTODHE WMeeTCE B HAJWIAA
BEJ¥ TOT, KOTOPOMY IICQJILB30BATEJb OTIAeT IPeIUOYTCHHE -
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