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Bzam. MuB. Ne

Ilonm. u nara

Mus. Ne nomjr.

OBIIME TOJIOKEHUA

OcHoBanueM is pa3paboTku mpoekTa «TexHHueckoe mepeBOOPYyKeHHE
CHCTEMBI 0€30MACHOT0 PO3KHUIra ra3oBbIX TOpeIOK mapoBoro koria I'M-50-
14/250 c1. Ne 3 Trwomenckoii TIOI-2 ¢pummana OAO “D@OPTYM sBusercs
3aJlaHre Ha MTPOCKTUPOBAHUE U 3aJI0)KCHHBIC B HEM JJOKYMCHTHI.

JIaHHBIM TPOEKTOM B DJJIEKTPOTEXHUUYECKOW HYACTH TMPEeIyCMaTPUBACTCS
anekTpocHabxkenune odopynoanusi ACYTII.

HOPMATHUBHAS BA3A

DIIEKTPOTEXHUUYECKHE PEIICHUs pa3pad0TaHbl B COOTBETCTBUHU C TPeOOBaAHUSIMU
CJIEIYIOIIMX OCHOBHBIX HOPMATUBHBIX JIOKYMEHTOB!

- [1IYD

[IpaBuiia ycTpoiicTBa IEKTPOYCTAHOBOK. /-€ U3JJaHUE;

CHull 3.05.06-85

DJIEKTPOTEXHUYECKUE YCTPONCTBA

[upxymsap Ne 11-02-98

O npoBepke kabeleil Ha HEBO3rOpaHUe MPHU BO3ICUCTBUU

(€)) TOKA KOPOTKOT'0 3aMbIKaHHUs
HopMBbI TEXHOTOTHYECKOTO TPOEKTUPOBAHMUSL.
HTII DI111-94 [IpoexTupoBaHue IEKTPOCHAOKEHHS TPOMBIIIIEHHBIX
MPEINPUITUN
[TocTanoBneHue «O cocTaBe pa3genoB MPOECKTHOM JOKYMEHTAlMU U
IIpaBurensctBa PO TpeOOBAHUAX K UX COACPKAHUIO»
Ne87 ot 16.02.2008 .

I'OCT P 52735-2007

KopoTkue 3aMbikaHus B 3JIEKTPOYyCTaHOBKAaX. MeTO bl
pacueTa ToKa HarpsbkeHueMm cBbiie 1 kB

I'OCT 28249-93

KopoTkue 3aMbIkaHus B 3JIEKTPOYCTaHOBKaX. MeTOIbI
pacdera B 3JICKTPOYCTAaHOBKAX MEPEMEHHOTO TOKA
Hanpsbkenrem 1o 1 kB. 1994 r;

Jluct
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Bzam. UnB.

Ilonm. u nara

Mus. Ne nomjr.

1. OCHOBHBIE TEXHOJIOT'HYECKHUE PELHIEHUA

[Mutanune obopynoBanuss ACYTII ocymecTtBisierca ot mkapa ABP, B koTopom
cmorTHpoBaHbl: cxema ABP 380B AC oT nByx He3aBHUCHUMBIX BBOJOB, cxemMa ABP
220B AC or nByx He3aBuUCHMBIX BBOJOB u cxema ABP 220B DC ot nByx
HE3aBHUCHUMBIX BBOJIOB, OJIOKM NHUTaHUS JAaTYUKOB, KOMMYTAIIMOHHAs armaparypa
pactpeaencaus murtanus 220B AC mo MIIVYI, 380B AC m 220B DC nwuranus
koHTpoyuiepHo#t croiiku, mutanus 220B DC PT30 311K, nutanus APM 311K u mkada
razoaHajin3aTopa, CXeMa CUTHaJIU3al[ii HEeUCIPABHOCTH MTUTAHUS.

OCHOBHBIM HCTOYHHUKOM H3yiekTponuTaHus 1mkapa ABP sBusercs BBox
TpexdasHoii cetu mepemenHoro toka HampsbkenueM 380/220 B +£10-15% wuacroToi
(50+1 T'm) m xoaddunreHToM He cuHycouaaabHOoCcTH He Oonee 5%. PesepBHBIM
HMCTOYHUKOM DJICKTPOTHTAHMS SIBISETCA ceTh mocTosHHOro Toka 220 B. Ilpwm
MpOoNaJlaHUU OCHOBHOI'O TIMTAHUS BBHINOJHSIETCS Oe€3ylapHOE TMEepeKIoYeHrue Ha
pe3epBHBIH UCTOYHMK TuTaHus (0e3 mepesarpysku [IpK). JIuauum snmekrpornutaHus
obopynoBanust [ITK 3ammumiarorcss aBTOMATHUYECKMMM BBIKIIOYATENISMH, KOTOpPBIE
OTKJIIOYAIOT UX MPU KOPOTKHUX 3aMBIKAaHUSIX U JJIUTEIbHBIX MEepeTrpy3Kax.

OcCHOBHBIM UCTOYHUKOM 3JiekTponuTanus APM u cereBoro obopynosanus [1TK
SBIIIETCS CETh TepeMeHHoro Toka HampsikeHuem 220 B, wactoroit 50 I'ip depes
UCTOYHUKH Oecriepe0oiiHOrO0 mnuTaHus, MocraBiseMbix B koMmiuiekte IITK, co
BpeMeHEeM paboThl OT COOCTBEHHBIX aKKyMYJISITOpOB He MeHee 30 MUHYT.

Jns  nuranus 1mkadga ABP, pacmonmoxennoro B mnomemenun IITK,
MIPEeIyCMaTPUBACTCS MPOKJIAIKA MATAOINX KaOeIbHBIX TuHUMN 0T manene K-3 u K-8.
Taxxe B manensx K-3 u K-8 BwImonHSETCS ycTaHOBKA OTXOSANIAX aBTOMATHYECKHUX
BBIKJIFOYATENICH /JIs 3alUThI MUTaroIuX kaodeneit mkada ABP.

JIJist 3aIIUTHI OT dJIeKTpoMexanndeckux nomex (IMII) mis o6opymoBanus [1TK
MPEAYCMOTPEH CIENUATbHBIN KOHTYpP 3a3€MJICHUSI C YCTAHOBKOM SIIMKA 3a3€MJICHUS
['3III u 3a3emiieHHEM ATOrO KOHTYpa B OOIIMI CTAaHIIMOHHBINA 3a3€MIISIONIUNA KOHTYD.
3azemnenus mkada ABP BemonauTs poBogom [1yl'B 1x35.

Jluct

72122884.4251005.092-110C1.1

Usm. |Komyua.| JIuct |Nemok.| Iloam. Jlata




2. PACHET TOKOB KOPOTKOIO 3AMbIKAHNA
lk3=13.13 KA
V V V
[\ [\ JAN
51T N"TP 52T
TC30Y-1000/6 @ TC3CY-1000/6 @ @ TC30Y-1000/6
6/0,4kB \— 6/0,4kB  \— — 6/0,4kB
1000 kBA 1000 kBA 1000 kBA
736 % T4k % 7.36 %
(]
1500/5 A $ G $ 1500/5 A & q & 1500/5 A $ G $
L 1
In=1600 A g} g} ﬁ ﬁ In=1600 A
~400B [ O [© N O) 1 THN 2HN I O O U1 ~400B
B1 l A3734 A3734 l B2
In=250 A In=250 A
=160 =160
t1=4,0 ¢ t1=4,0 ¢ R-02
R-01 | |12=3 (xl) 12=2 (xh)
' 4 100 M
70M
0-3
= J7 R-05
rg ABBI" 3x35+1x16
- Q A 35M
S
= ) K-3 ) ~400 B
—
&' iC60N 3P C40 k\ iC60N 3P C40
. B3 In=40 A B4 In=40 A
S
=]
\vJ \vJ
= R-06 R-07
< BBrH2(A)-LS 5x6 BBIrH2(A)-LS 5x6
= 30m 30 M
= ABP IK-3 ~400 B
<
S Sp=11kBA
5 Ip=16.7 A
@
Puc. 1PacyémHas cxeMa
o
=
rg Odo3HaqeHue ycmabok 3awum abmomamuyeckux Beik nldamened:
> h - ycmabka moka 3aulumEl OM Nepezpy3oK;
S t1- ycmabka BpeMeHu 3awumEl oM Nepezpy3okK;
Ig l2 - ycmabka moka cenekmubHol mokobol omceskuy;
t2 - ycmabka BpemeHu cenekmubHol mokabal omceyku;
I3 - ycmabka moka M2HobeHHoU mokoBou omceyku;
=
3
—
= Nucm
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[Modn. u dama

NuB. N dudn.

B3am. udb. N’

Modn. u dama

Nub. N* nadn.

PacyeT TOKOB KOPOTKOro 3amMblKaHusA

OCHOBHbIE HOPMATUBHO-TEXHUYECK ME LOKYMEHThI, MPUME HAEMbIE NP U pacyeTax:

- [1]. NpaBuna yctpoiictea anektpoyctaHosok (MY3J). Bce aenctayowme pasgens NMNY3-6 u Nyd-7, 2010 r;

- [2]. PO 153-34.0-20.527-98. PykoBoasiive ykasaHusa No pacyeTy TOKOB KOPOTKOro 3aMblkaHus U BbiIGopy
anekTpoobopynosanus / Mog pen. 6.H. Heknenaesa, 2004 r;

- [3]. TOCT 28249-93. KopoTkne 3aMblkaHus B anekTpoycTaHoBkax. MeToabl pacyeTa B 3feKTpoycTaHOBKax
nepemeHHoro toka HanpskeHum go 1 kB. 1994 r;

- [4]. PacuéT TokoB kopoTkoro 3ambikaHus B ceTsax 0.4 kB. Yue6Hoe nocobue / N.J1.He6pat. — CM6., 2001r.

Pacuer BbinonHaeTCcs ANSA NpOBEpPKN OTKNI0YalLLen CNocoBHOCTN aBTOMaTUYECKUX BblkntoyaTenen,
npoBepkn KabenbHbIX MMHUA HA TEPMUYECKYIO CTOWKOCTb, a TakXe AN Bblbopa yCTaBOK TOKOBbIX KaTyll ek
aBTOMaTMYECKUX BblKNoYaTenen n NpoBEPKN UX YYBCTBUTENbHOCTH.

C 3TOM Uenbio BLINOMHAKTCSA pacyeTbl MeTannuyecknx n ayroebix K3 - - Tpexd a3Hbix, ABYyxd asHbIX U
OAHOM a3HbIX.

PacuerHas cxema npefcTtaBreHa Ha puc. 1.

Pacuer BbINONHAETCS B UMEHOBAHHbIX €4UHMLaX, COMNP OTUBMEHUA PACYETHON CXeMbl NPUBOAATCS K
Hanpsixxenuio 0,4 kB 1 BbipaxaloTcs B Munnuomax. PacyeTbl BbINOMHSATCS B COOTBETCTBUM C METOLUKONM,
pekoMmeHgoBaHHon TOCT 28249-93 [3] Ha pacuyeThl TokoB K3 B cetax HanpsixeHuem go 1 kB.

KopoTkue 3ambikaHus paccuutoiBaoTcs Ha wuHax 0,4 kB 1HM (touka K1) u Ha BTOpMYHOI cunosom c6opke
K-3 3a ka6enem R-01 (Touka K2).

Pacuyet gyroBbix K3 BbiNONHAEM C MCNonb30oBaHWEM CHUxatoLwero koad ¢ munenta Kc, noatomy
nepexoaHble COMPOTUBIMEHUSA KOHTAKTOB, KOHTAKTHbIX COeAUHEHUN kabenen 1 W MHONPOBOAOB B PAacYeTHbIX
BbIpaXXeHUSX AN onpeAeneHns CyMMapHOro akTUBHOrO COMPOTUBIIEHUS HE YYUTbIBAOTCA, 3TU COMPOTUBIEHNSA
y4T€eHbl NPpY NOCTPOEHUN XapaKTEPUCTUK 3aBUCUMOCTM KO3 duumeHTa Kc oT NONHOro cymmapHoro
conpoTtueneHns o mecta K3, nony4yeHHbIX aKCNepmMeHTanbHbeiM nyTem. Xapaktepuctukm Kc npuseneHsl B
npunoxenun 9, vept. 23 [3].

UcxoaHble gaHHbIE:

Ucp_BH =63 «B UCp_HH =04 «B

|K BH = 13.13 KA - pacyeTHbll TOK KOPOTKOrO 3amblikaHus B ceTu 6 kB.

MapameTpbl pac4éTHOW CXeMbl:
Conpotusnexue cuctemsl (n. 1.8 [3]):

2,3
UCp_HH 10 0.42~1O3

X = -
C
V3l awUep gy V/313.13:63

= 1.117 mOm

ConpoTuBneHue TpaHc opmMaTopa:

Unowm.1p_sn = 6:3KB U = 7.36 % P, = 8.8 BT

UHOM.Tp_HH = 0.4kB SHOM.Tp = 1000 «BA

2
PK'UHOM.Tp_HH 6 8.8~O.42 6
Rirp = 10" = ———— 10" = 1.41 mOwm
P 2 2
S 1000

HOM.Tp

2

2
100.P U ) 2 2
2 ( K \ _HOM.Tp_HH A104 _ 7.362 - (100 8.8\ . 04 .104 "OM

X : U
e “ {Swomrp) S \ 1000 ) 1000

HOM.Tp

AKTVBHbIE U WHOYKTUBHbIE COMPOTMBIIEHUS HYMEBOMN NOCMeA0BaTeNbHOCTM AN TPaHCHOPMaTOPOB CO
cxemoli coefuHeHns o6MoTok [1/YH npakTMyecku paBHbl COOTBETCBYIOLMM NapameTpam npsiMon
nocnegosarensHocTi. C yuétom npunoxerus 1 [4] npumewm:

R2Tp = R1Tp ROTp = R1Tp X2Tp = X1Tp XOTp = X1Tp

/lucm
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[Modn. u dama

NuB. N dudn.

B3am. udb. N’

Modn. u dama

Nub. N* nadn.

ConpoTtusnexue o6motok TT1 (1500/5) cornacHo npunoxenuto 5, Tabn.20 [3]):

Mrr 1= 0.05 mOm Xirr 1= 0.07 mOwm
forr_1 = M7 1 Xorr_1 = X117_1

ConpoTusrieHne Katyw Kk asTomatmdeckoro Boikntodatens B (1600A) cornacHo npunoxenuio 6, taén.21 [3]:

Mks_ 1 = 0.14 mOwm X1ks_ 1 = 0.08 mOwm

Toke_1 = Mks_1 Xoke_1 = *1ke_1
ConpoTuBrieHne Karywky aBTomatuyeckoro Boiknovarens B1, B2 (160A):

kg 2 = 1.1 mOwm X1kg 2 = 0.5 wmOwm
Toke_2 = Mks_2 Xoke_2 = X1ks_2

ConpoTuBrEeHNe KaTylw Ky aBToMaTu4yeckoro Buikntoyarens B3 (25A):

Mks 3 = 0.73 mOm Xiks_3 = 0.045 mOm
Toke_ 3 = Mks_3 Xoks_3 = *1ks_3
ConpoTtusnenue kabensa R-01 (ABBIT 3x35+1x16, 70 m) cornacHo npunoxenuto 2, Tabn.11 [3]:

Myn_1 = 1.1 mOwm/m = 0.068 ™MOwm/m IK6_1 -70 ™

X9 ya_1

rOy,q_1 = 2.97MmMOm/m XOyn_1 =1.241 wmOwm/m

Mx6_1~ r1y,£|,_1'|K6_1 =77 MOm fok6_1 = rOy.l:l_1'|K6_1 = 208.0 MOm

X1 K6_1 = X1yﬂ_1 .IK6_1 =476 wmOwm X0K6_1 = XOy,D._'l .IK6_1 = 86.9 mOwm

ConpoTtusnetnue kabens R-02 n R-05 (ABBI" 3x35+1x16, 135 m):

Myn 2 = 1.1 MmOwm/m Xiyn 2 = 0.068 MOM/m g 2 = 135 ™

rOy,u,_2 = 2.97mMOm/m XOyn_Z =1.241 wmOwm/m

Mx6_2 = M y,q_2'||<6_2 = 148.5 mOm 'ok6_2 = rOy/:I._2'|K6_2 = 401.0 MOwm

X1k6_2°= X1y,q_2'||<6_2 = 9.18 wmOwm Xok6_2 = XOy.q_2'|K6_2 = 168.0 mOm

ConpotusneHue kabena R-06 (BBIHr(LS) 5x6, 15 m):

r1yp‘_3 =1.1 mOwm/m X1yn_3 = 0.068 MOM/M IK6_3 - 15 ™
"oya_3 = 2.97MO0Om/m Xoyn 3 = 1.241 mOwmM/m
"k6_3 = Myn_3k6_3 = 16:5 mOm "ok6_3= foyn_3'ke_3 = 445 mOm
X1k6_3'= ¥1yn_3'l_3 = 1.02 mOm Xok6_3 = Xoyn_3'k6_3 = 186 MOm
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UbH=6kB lk3=13.13 KA
Xm X0mp
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K-1 XkB1 X0kB1
HO — 0.08 0.08
BI RkB1 ROKb1
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R-01
$ g Xkb2 X0kb2
Rkb2 ROk62
B3 11 11
Xkd1 X0kd1
4,76 86.87
R-06 Rk@1 Rkd1
77 07.9
K-3
ABP NK-3 K_? K_?
g Puc. 1PacyémHas cxema K83 XOkB3
= 0.045 0.045
Q
- RkB3 ROk63
= 0.7 0.73
'S 03 X0k33
AKO3 K
= 102 186
Rkd3 ROk33
= 16.5 445
2|
= K-3 K-3
)
=
Puc. 2 Cxema 30MeuleHus npsMol Puc. 3 (xeMa 3aMeuweHus HYnebod
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[Modn. u dama

NuB. N dudn.

B3am. udb. N’

Modn. u dama

Nub. N* nadn.

PacuéT TokoB K3 B Touke K-1
TpéxdasHoe K3
Tok TpéxdpasHoro merannuyeckoro K3 onpeagensiercs no ¢popmyne:

u

CP_HH

| =
k3_K1_m > >
\/3- r12 + X12

My = R1TpJr M 1" Mks_ 1 = 1.6 mOwm

X1y = XC + X1Tp X 1+ X 1 = 13.0 mOwm

ZE = ’ r122 + X122 =13.098 mMOwm

3
Ucp_HH'1O 0.4‘103
= = 17.6 kA

| -
k3_K1_m -
Vo frs? s xqs? /34 162+ 1302

Tok TpéxdpasHoro gyrosoro K3:

CHuxaowmnin KoadduumeHT onpeaenum no opmyne ans yctaHosuswerocs K3 (npunoxenune 9, [3)):

K, = 0.55 - 0.00225; + 0.1 [Z5; - 0.12.3[z5; = 0.603

IK3_K1_,D. = I|<3_K1_M'Kc = 10.6 KA

YnapHbii Tok K3 onpegensem no dopmyne: iyu_K1 = Kyﬂ "/_2'|K3_K1_M
X
YuutbiBas cooTHoweHne —— = 8,125 cornacHo puc.5 [4] onpegenum ygapHbii KOad g nuneHT Ky.ﬂ. = 1.75
"y

g k1 = KygV2:ha k1w = 1752176 = 436 xA

OeyxdasHoe K3

UCp_HH

| =—=0.865"1
k2_K1_m k3_K1_m
‘\/?‘3-222

z 2 ey xge? = 21624 1302 = 151 mOwm
2= =My t Xy = =1 0% = 15.
V3 V3

3
Uep wn 107 04.10°

k2 kK1 m= =
- - VEEZS /3:15.1

- 153 A 08653 (1 y = 1522 KA

Tok aByxdasHoro ayrosoro K3:

3
Keo = 0.35 - 0.002-z95. + 0.1 /222 - 01272y = 0.612
ko k1 p = ko k1_mKe2 = 936 *A

OpgHod asHoe K3

u

CP_HH

| = —
k1_K1_m
\ 3212

1 2 2
212 = 5\/(2“‘2 + rOE) + (2X1E + on)
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'os: = ROTp +Torr 1+ Toke_ 1 = 1.41 + 0.05+ 0.14 = 1.6MmMOm

Xox = XOTp +Xorr_ 1t Xoks_1 = 11.8 mOwm

1 2 2 1 2 2
Zqy = g.\/(z‘rﬁﬁ roz) + (2-x12+ xOE) = g-\/(2-1.6+ 1.6)" + (2.13.0 + 11.8)° = 12.7 MOM

3
Ucp_HH'1O O.4"|03

K1_K1_M = \/5212 = -\/5127

Tok ogHod asHoro gyrosoro K3:

3
Kgq = 0.55 - 0.002-245: + 0.1- [Z4y; - 0.12-7/z 15, = 0.601

b1 k1_m = a_k1_m Ke2 = 111 «A

| = 18.2 kA

PacuéT Tokos K3 B Touke K-2
TpéxdasHoe K3

F]E K2 = T1E+ r1KB 2+r1K6 1% 16+11+77=797 MOM

X1E K2 = X1E+ X1KB 2+ X1K6 1= 13.0+ 05+ 4.76 = 18.3 MOM

. 2 2
Zyy k2= M2 k2 Y X132 K2

3
Ucp_HH'1O O.4~103

| _ _

k3_K2_m
IRVE 2 2 [707% 1 1832
3'\/r12_}<2 sxqy kg V347977 + 183

= 282 KA

3

5 K k2 = 0.55 - 0.002-zy o+ 0.1- /zZ_K2 - 0.12. /Zz_Kz =0.77
=
=]
(pun]
> 3 k2.0 = k3_k2_mKc k2 = 217 KA
c
~
S OByxdasHoe K3

2 2
= 222 K2 = ——=- F]E K22+ X1Z K22 = —- 79.72+ 1832 =944 MOm
S ERE R EE
iy 3
;2:5 | Ucp_HH'1O 0.4-103 245 KA

= = = . K
S KM By o V3944
— 3
2- KC2_K2 = 0.55 - 000222E_K2+ 0.1- 222_K27 0.12. ’222_K2: 0.786
E
= ko k2. = k2 k2 mKeo k2 = 193 KA
m
a
OpgHod asHoe K3
= W _ _
= rOE_KZ =Tox + Toke 2+ Tok6_1 = 1.6+ 1.1+ 208.0 = 210.7 MOM
=]
~
3 XOE_KZ = Xox * Xoke_2 * Xok6_1 = 11.8+ 0.5+ 86.9 = 99.2 MOM
5
1 2 2 1 2 2
= Z1y, k2 = E.J(z.rm_}(f rOE_KZ) + (2.x1E_K2+ XOZ_KZ) = g.\/(2.79.7 +210.7)" + (2-18.3 + 99.2)
=
~
[}
—
= Nucm
= 121272884.4751005.092-1M0C11 5
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[Modn. u dama

NuB. N dudn.

B3am. udb. N’

Modn. u dama

Nub. N* nadn.

212 K2 = 131.4 mOwm

3
Ugp pn 10 0.4.10°
1 k2 m = - 1.76 KA

- /3 1
V3215 k2 \/E.E.J(mg] +210.7)% + (2.18.3 + 99.2)2

3
KC1_K2 = 0.55 - 0.002-Z1E_K2+ 0.1 ,Z»]Z_Kz— 0.12. [212_}(2: 0.823

k1 k2. 0 = k1 k2 mKe2 = 1.08 KA

[ns oueHKN 4YyBCTBUTENbHOCTU aBToMaTa B2 HailaémM MUHMMAanNbHLIN TOK 0A4HOM a3HOro/ ABYXd asHol
K3 npu nutanum ot cekumn 0.4 kB 2H:

|K1_K2'_D, = 0.574 KA

|K2_K2'_ﬂ =112 KA

Pacuét TokoB K3 B Touke K-3
TpéxdasHoe K3

r12 K3 = r12 K2+ r1KB 3 + r1K6 2—) 79.7 + 0.73 + 148.5 = 228.93 MOM

X1E K3I: X1E K2+ X1KB 3+ X1K6 2 = 18.3 + 0.045 + 9.18 = 27.5 MOm

. 2 2
Zy, k3=4 M2 k3 * X132 K3

3
Ucp_HH'm 0.4-103

| _ _
k3_K3_m
Y 2 2 322808, 2752
3'/ My k3 Xy k3 V3 228.93°+ 275
3
Ke_k3 = 0.55-0.002-zy; 3+ 0.1\ /2y, 3~ 012 /zy; k3= 0871

k3 k3 1 = k3 k3 _mKe k3 = 0871 KA

= 1.0 kA

OByxdasHoe K3
2 2 2_ 2 N 228.93% + 27.5% — 266.0 MO
225 K3 = WME K3 * X2 k3 = : O+ el = U MOM
V3 V3

3

] Ucp w10 0.4.10°

kK2_K3_m ~ =
V325 k3 V32660

3
Koo k3 = 055 - 0.002:z5 3+ 0.1- /205 y3- 0.12: /255 (3= 0877

k2 k3.0 = 2 k3 m-Ke2 k3 = 0.761A

= 0.868 kA

OnHodasHoe K3
rOE_K?):: rOE_K2+ rOKB_3 + r0K6_2 = 210.7 + 0.73 + 401.0 = 612.43 wmOwm

XOE K3 = XOE K2+ XOKB 3+ X0K6 2 = 99.2 + 0.045 + 168.0 = 267.0 mOwm

12122884 .47251005.092-10C11
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1 1
Z1s K3 = 5-\/(2-r12 K3+ 105 k3)° *+ (2%15 K3+ %0z K3)° = 5.\/(2.228.93+ 612.43)% + (2.27.5 + 267
Z»IZ K3 = 372.6 mOwm

3
Uep un10 0.4.10°

k1 k3. m = ~ 0.62 KA

. B 1
V3245 k3 \/_.3.\/(2228.93 + 612.43)% 4+ (2.27.5 + 267.0)°

e — 3
KC1_K3 = 0.55 - 0.002-Z1E_K3+ 01 Z12_K3_ 0.12. [212_K3= 0.872

|K1_K3_ﬂ = lk1_k3_mKe2 = 0379 «A

[na oueHKM YyBCTBUTENbLHOCTM aBTomaTa B3 Hangém MuHUManbHbIN TOK 04HOM a3Horo/ AByxd asHc
K3 npu nutanum ot cekummn 0.4 kB 2HT:

|K1_K3'_,D, = 0.289 KA

IK2_K3'_,D, = 0579 KA

[Modn. u dama

NuB. N dudn.

B3am. udb. N’

Modn. u dama

/lucm

Nub. N* nadn.
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[Modn. u dama

NuB. N dudn.

B3am. udb. N’

Modn. u dama

Nub. N* nadn.

MpoBepka YyBCTBUTENBHOCTHU

MpoBepka YyBCTBUTENBHOCTU OTCEYKU K OAHOG a3HOMY Toky K3:

|K1.MI/IH

Kyg = —— = 11K,
c.0

Kp = 1.3 - ko3 uumMeHT pasbpoca

lMpoBepka YyBCTBUTENbHOCTU OTCEYKMN K ABYXd asHoMYy Toky K3:
_ b2 mum
qu =—-2>11K

| p
c.0

l.c.o - ycTaBka Toka 3awuThl or K3

quCTBI/ITeJ'IbHOCTb aBTOMaTUYECKOro Bblk/toyarens, MMel W ero TonbKo TENNOBOW pacuennrensb:
3

<
Tp = et mun

l.T.p - ycTaBka TOKa 3aL{UTbl OT NEeperpysKku

MapameTpsbl BblknovaTtens B1 (B2):

mapka: A3734C Y3

HOMMWHaNbHbLIN TOK: In =250 A

YcTaBka ToKa 3awuTbl oT neperpysku: lq = 250..200.. 160 A

YctaBka Tennosoro pacuenutens: ty=4..8..16 c¢ npu I= 51,

YcTaska Toka sawutel or K3 (cenektusHas): |y =(2..3..5..7..10) 14

YcTaBKka NnonynpoBOAHMKOBOMO pacuenuTens: t2 =01.025.04 ¢

MpuHuMaeMm crnepylouue ycTaBKu:

lj:= 160 A ty=4 c

lr:= 480 A th:=01¢

MpoBepka YyBcTBUTENbHOCTM B1:

3
1 mun = ||<1_K2_,D,'10 = 1080 A leo=1p=480 A

| l2_k2_p-10° = 1930 A

K2.MUH =
et mun
Kq1:=|—:2.25 Ky1 2 1.1~Kp: 143
c.o
IK2.MI/IH
Ky2 = I— =4.021 Ky2 > 1.1~Kp =143
c.o

Takum 06pa30M, BbikntovaTens B 1 npoxoaunT No YyBCTBUTEJNTbHOCTU

12122884 .47251005.092-10C11
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MpoBepka YyyBCcTBUTENBHOCTU B2:

3
bt mun = IK1_K2'_,E1‘10 =574 A oo = lo =480 A
3
2 mun = I|<2_K2'_,£|,'10 = 1120 A
bt .mmn
Kgq= == 1196 K1 < 11K, =143
c.0 leo=320 A

HepaBeHCTBO He BbIMOMHAETCSA, NPMMEM yCTaBKy Toka 3awutbl or K3

K1.MUH
Ky1 = I =1.794 Ky1 2 1.1~Kp: 143
c.o
I|<2.M|/|H
Ky2 = I =35 Ky2 2 1.1~Kp: 143
c.o

Takum oGpasoM, Bblkntovatens B2 npoxoanT No YyBCTBUTEJNTbHOCTU

MpoBepka YyBcTBUTENbHOCTM B3:

MapameTpbl BblIKMoYaTens:
mapka: IC60N 3P C25

HOMUHANbHbIA TOK: In =25 A
YcTaBka Toka 3aluTbl OT Neperpysku: I1 = |

n
YcTtaBka Toka 3awuntbl oT K3: |3 = 5|n

I 3
g W1 .mun = IK1_K3'_)1’10 =289 A loo=13=125 A
1=} 3
3 2 mun = |K2_K3'_JJ,'10 =579 A
c
=
S IK‘I.MMH
Ky1 = I =2.312 Ky1 2 ‘I.1~Kp =1.43
c.0
=
'S |
2 K2.MUH
= Ky2 = : = 4.632 Ky2 2 ‘I.‘I~Kp =1.43
- c.0
<
= Takum o6pasoM, BeiknoyaTenb B3 npoxoguT no YyBCTBUTENLHOCTM
=
Pe]
o g
3
=
=]
m
faa
d
E
o]
=
-
c
=)
O
 —
=
~
[}
—
= Nucm
= 121272884 .4751005.092-1M0C11 =
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PacyeT Toka KOPOTKOro 3ambikaHusa B uenu =220B
UcxoaHble faHHbIE:
U,om = 220B
Ona kabensa BBl 3x10, 60m
g = 1.84mMOm/m X1y = 0.073  mOwm/m lg:= 60 ™
rK6 = I'1K6~|K6= 1104 mMOm XK6 = X1K6'IK6: 438 mMOm
CylvuwapHoe aKTUBHOE U VIH,D,yKTMBHOE:
My = ke ry = 1104 MOM
X1y = Xeg X 3 = 4.38 MOMm
/ 2 2
2121: I’»]Z + X1E =110.487 mMOM
Onpegenum Tok MmeTannuyeckoro K3 B pacyéTtHoit Touke (Touka K-4):
| Drow 1.991 kA
= — 1. K
n0_K4 > >
My X%
WwnT1, n.8 WNT1, n5
=220B I )] ] [ 7 ] =220B
=220B
MH-2 [} NH-2 [J
In=10C A In=100 A N
K
= 438
E 1EE168 Y EE162 Y
fi) BBl 3x10 BBI' 3x10 Rk
5 60M 60M A 0.4
c
K-17
© K-4
= !
BBI 3x10
E; 30mM
rg JAN AN
=
- ) K-8 ) =220 B
T
=
B §\ iC68H-BC 2P C20 B k\ iC60H-BC 2P C20
2_ In=20 A In=20 A
<3
o g
- 7 v
= 1EE168.2 1EE162.2
a BBIH2(A)-LS 3x6 BBIH2(A)-LS 3x6
30M 30M
ZIS
d _
= ABP NK-3
rg Pp=15 kBm
> Ip=6.82 A
c
o
o Puc. 2 PacyémHasa cxema
= cemu =220 B
=
~
[}
—
= Nucm
E 121722884 4751005.092-10C11 m
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3. BbIBOP M NMPOBEPKA KABE/IbHbIX /IMHNI

UcxoaHble AaHHbIe:

Uiom = 0.4 kB - HOMMHanbHOE HanpsXeHue ceTu

SMaKC =1 KBA - MakcumanbHas pacyeTHasi MOWHOCTbL notpebutenen wkadga ABP MK-3

IK3 =22 KA - pacyeTHbIN TOK KOPOTKOro 3aMblKaHMs B TOYKe NOAKMNIoYeHNs nutato L mx kabenen ABP MK-3.
@O = 30 °C - dakTnueckas TemnepaTypa okpyxatuiei cpeabl. NpyuHMMaeM neTHUIA nepuoa aKkcnnyaTtauum

kabenbHbIX NUHUI ¢ TeMnepaTypon okpyxatowen cpeabl 3C °C.
MpuHumaem ansa nutanus wkada ABP MK-3 kabenb BBIHr(A)-LS 5x6.

Pa6o4unit TOK HOPM anbHOrO pexXmma Ha KaxaoMm Kabene COCTaBuT;
| Smakc 11 15.9 A | |
1.pab = = = 19 pa6.makc -~ '1.pab
V3-U,om \/3.04

MpuBeaem nposepky u pacyer kabena BBIHr(A)-LS 5x6 no Harpyso4yHon cnoco6HOCTM, TEPMUYECKON CTONKOCTH
1 HEBO3rOpaHuIo.

1. Harpy3o4yHasi cnoco6GHOCTb

TemnepaTypa npoBogHuKa B paboyeM pexume He AOMKHA MpeBbll aTb NpeaenbHOo AoNYyCTUMY0 TeMnepaTypy ¢
Yy4eTOM He TOfbKO HOpMarbHbIX, HO U MocieaBap UAHbLIX PEXUMOB:

V < Vnpoa.aon

npO,D,OJ'I)KMTeﬂbHO ,uonycmmoﬁ TemnepaType NpoBOAHMKA COOTBETCTBYET NPOAOSIXUTENBHO AOMYCTMUMbINA TOK.
Ona kabens HEepaBeHCTBO TemMmnepaTyp BbINONTHAETCSA, €CNN BbIMOJTHAETCA yCloBUe:

o Ipa6.maKc = KG'I,qon
E | =40 A -pgnutenbHo gonycTumbin Tok kabens 0.4 kB ¢ MmegHbIMY Xunamm cevyeHnem 5x6 ¢ GymaxkHoii
(=] aon
f} usonsaumeit ns NBX nnacTtukata (tabn. 4, FOCT 31996-2012)
-
= K6 = 0.94 -nonpaBOYHbIN KO3M PULNEHT, y4UTbLIBAIOLW NN pacyeTHOe 3Ha4YeHne Temneparypbl OKpyxatLen
rD o
= cpeasl 30°C
 —
Monyyaem:
E; K(&)'Inon = 0.94.40 = 37.6 A
j—
Z Ipa6.maKc =159A < Ke'l,qon =376 A
‘S::ci Takum o6pasom, HepaBeHcTBO cobniogaeTtcs. Kabenb BBIHI(A)-LS 5x6 npoxoauT no Harpy3ouHom
cnocobHoCTHU.
=
P}
I
3
=
=
m
faa)
ws}
=
e}
=]
-
c
=)
o
 —
=
©~
o
—
= Nucm
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2. TepMunyeckass CTOMKOCTb

Ona kabens 0.4 kB ¢ nnacTmMaccoBoi U3onsaumeil MakcMmanbHO AONycTUMas TeMmnepaTtypbl HarpeBa Xunbl npu
KOPOTKOM 3aMblKaHun JonxHa cocTtaenste He 6onee 160 °C (tabn. 11.2,Uupkynsip Ne L}-2-98 (3)). Harpes,
BO3HMKAaO WA BO BPEMS KOPOTKOro 3amMblkaHWs, onpefensioT No BeNuYnHe N ANUTENBHOCTU KOPOTKOrO 3aMblKaHus.

lMpoBepka 3aknto4aeTcsd B CpaBHEHUN PACYETHOMO TOKa B Hayane kabenbHOMW NUHMK U ToKa ogHOCekyHAHoro K3
cunoBoro kabens. Kabenb yanosnersopsieT TpeboBaHUAM MO TEPMUYECKON CTONKOCTU, €CNU BbINOSTHAETCSA YCNOBUue:

| <
K3.pacu K3.aon

|K3 non = 0.81 KA - gonycTuMmblin Tok ogHocekyHaHoro K3 kabena 0.4 kB ¢ MeaHbIMU Xunamu cevyeHmem 5S5x6
' c nnacTmaccosoi nsonauuen (tabn. 23, FOCT 31996-2012)

|K3.pacq = |K3 =22 KA -Tok K3 B Hauyane kabenbHon nuHumn 0.4 kB

CornacHo n. 1.4.8 MY3 7 u3a., npu pacyete TEPMUYECKON CTOWKOCTU B Ka4eCTBE PacyYeTHOro BpeMeHMu
npMHUMaeTcsa cCymMMa BpeMeH, nony4yaemas oT CMOXeHUs BpeMeHU JeNCTBUA OCHOBHOW peneriHon 3awWunThbl, B 30HY
KOTOPOMN BXOAAT NpOBepseMble Kabenu, NONTHOro BPEMEHU OTKMIOYEHUS COOTBETCTBYIOLL Ero BblKMNoYaTensa u
NOCTOSAHHOW BPEMEHU 3aTyxaHWUs anepuognyeckon coctasnswouwen toka K3:

tps =0 c -npuHuUMaeM ycTaeky cpabaTbiBaHus BolikntoyaTens B3 no Toky K3
t. = 0.01 c¢ -nomnHoe BpeMs OTKNOYeHUs Bbikntovarena B3

B
T, = 0.02 c -nocTosHHasi BpEMEHN 3aTyxaHns ANs pacyeTHoi Touku K3 (cornacHo Uupkynsipy Ne LI-2-98 (3)

torn = tpa + g+ T = 0+ 0.01+0.02 = 0.03 ¢

Tak Kak pacyeTHoe BpeMs NpoaomkuTenbHocTu K3 HepaBHo 1 ¢, To sHayeHue npepenbHO JonycTumoro Toka K3
kabens BBIHr(A)LS 5X6 Heo6xoaMMO YMHOXUTL Ha MOMPAaBOYHbLIN KOS DULMEHT AnuTenbHocTn K3,
paccyuTbIBaK WNNCA MO bopmyne:

1 1
Ky = = = 577
/tOTKn 4/ 0.03
g Takum obpasom, 4ONYCTUMbIA TOK OfHOCEKYHAHOro K3 ¢ y4eTrom nonpaBoyHbIX KO3 P MUNEHTOB paBEH:
J
rg K1’|K3.qon = 577.0.81 = 467 KA
= MpoBepka ycrnosus TepMudeckoi ctonkocTn kabena BBIHr(A)-LS 5x6:
=
S I|<3.pacq =22 kA < K1'|K3./:lon = 4.67 xA
= Tepmuueckasi ctonkocTb kabensi BBIHr(A)-LS 5x6 npm geiicTBMM OCHOBHbLIX 3awnT o6ecnevynBaeTcs.
e
=
=]
I
=
=
=
I
-
=
=]
m
jaa)
ws}
(=
e}
o
-5
c
o
o
 —
=
©~
o
—
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[Modn. u dama

NuB. N dudn.

B3am. udb. N’

Modn. u dama

Nub. N* nadn.

3. NMpoBepKka No HEBO3ropaHuio

Mpy McnbITaHMM Ha BO3ropaHue cuUnoBbix kabenen Tokamu K3 4nuTenbHOCTLIO A0 4 C YCTaHOBMEHO, HYTO
paspblB 060M04€eK, paspyll eHne KOHUEBbIX 3aeMoK U Bo3ropaHue kabeneit He NPOUCXOAUT, eCnu Temnepartypa
TOKOMPOBOAALWMX XUN Ana kabens ¢ nnactMaccoson nsonsauven He npesbiwnaet 350 °C.

®,uon = 350 °C

MpoBepka Mo yCrioBMI0 HEBO3ropaHusa NPOBOAMTCA NPU AENCTBUN PE3ePB HOM 3al U Tl U, KaK NpaBuio, NCXo4s
n3 K3 B Havyane kabenbHon nuHumn. [lonyckaetcsa npuHumark pacyeTHbin Tok K3 Ha pacctoanun 50 m oT Havana
kabenbHoi nuuun HanpskeHnem 10 kB (Uupkynsip Ne L}-2-98 (3)).

tpa pea = 0.1 ¢ -ycTaBka cpabaTbiBaHWA BblllecTosALUEro Bblkntovatens B1

| 2.2 KA -Tok K3 B Hauyane kabenbHon nuHum 0.4 kB.

K3.pacy
Onpenenum koad ¢ nuneHT K, xapakTepnayloUimili B3aMMOCBA3b MEXAY TEMNMOBbIM UMMYNbCOM, CEYEHUEM XU ITbl
U Tennodn3n4ecKMMmn xapakTepucTukaMmy Matepumana Xunbl.

S =6 MM2 -HOMUHaNbHOE ceyeHune Xunel kabens BBIHr(A)-LS 5x6

MM
b = 19.58 —— - nocTosHHanA, xapakTepusyLlias Tennodnandeckme xapakTepucTukm matepuana xunol (4ns
2
kA“c mean)

TennoBoW UMNYyNbC paBeH:

2
By = |K3.pacq '(t

2

2
papes* o+ Ta) = 227:(0.1+0.01+002) = 06292 Ac

Koad punument K paseH:

b-By  19.58.0.6292
K=—-x = > - 0.34
s 6

Onpegenum HadyanbHylo Temnepartypy xunbl kabenss BBMHr(A)-LS 5x6 no K3 B HopMmanbHOM pexume paboThbi:

@lm =70 °C - anutenbHO gonycTumas Temneparypa TOKONpoBOAAWMX Xun kabensa ¢ nnacTtmaccoBou
nsonsaunen

@0Kp = 25 °C - TemnepaTypa oKpyxatuiein cpeabl npu npoknaake kabens B semne 1£°C, Ha Bosgyxe 25°C
@0 =30 °C - dakTuyeckasa TemnepaTypa okpyxawwen cpeabl Bo Bpema K3. MNpuHumaem neTtHuii nepunog
aKkcnnyatauuy kabenbHbIX MUHWUIA C Temneparypoit okpyxatouen cpeabl 30 °C.

2
| 2
O, = O+ (O, - %@‘(%J - 30+ (70 - 25).(%} - 374 °C

Onpegenum KoOHeuYHy Temnepatypy xunbl kabens BBIHr(A)-LS 5x6 B koHue BpemeHu geiicTeust Toka K3:

o = 228 °C - BenuyuHa, obpatHasa TemMnepaTypHOMY KO3t dULMEHTY anekTpuyeckoro conpotusnenus npu 0
°C

0.34 034 )

K K
0, - 0,e + a(ef 1) = 371673, 228.(e - 1445
©,=1445°C < O, =350 °C °C

TemnepaTypa xunbl kabens BBIHr(A)-LS 5X6 B KoHUe BpemMeHM NpoTeKkaHns Toka KOPOTKOro 3aMblKaHUs
mMeHbwe gonyctumoro sHadenns B 350 °C. CnepoBsaTenbHo, kabenb BBIHI(A)-LS 5X6 yaoBneTBopsieT ycnosuio
HeBoO3ropaHus.

MpoBepka kabensa No HEBO3ropaHWo U Tepmuyeckon ctonkoctn B Lenn 220 B NnocToAHHOro Toka
BbIMOJSTHSAETCA aHanoruyHo, npuHuM aem kabenbs BBIHr(A)-LS 3x6.

/lucm
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4

18

CoenacobBaHo

B3am. udb. N’

[Modn. u dama

Wub. N nadn.

6KkB I @) w/ ] [ @) ] 6kB 6KB I ]
Ik3_Makc=13.13 KA
V
/\ /\ /\
51T TP 5T
TC3CY-1000/6 a TC3C4-1000/6 a a TC30Y-1000/6
6/0,4kB N\ — 6/0,4kB  \— — 6/0,4kB
1000 kBA 1000 kBA 1000 kBA
736 % 144 % 736 %
q
1500/5 A g G g 1500/5 A g ( g 1500/5 A g G g
1 1
In=1600 A In=1600 A
4 WT1, n.8 WAT1, n.5
~400B I |/ (@] OO 1 1HN ZHN I (@) (@) O _1-~400B =220B | | | ] =220B
lk3_makc=17.6 KA l A3734 A3734 l NH-2 D MH-2 D
1 In=250 A In=250 A In=100 A In=10C A
R-01 R-02 1EE168 Y EE162 Y
ABBI 3x35+1x16 %%BF 3x35+7x16 BBI" 3x10 BBI 32010
70M M 60M MoA
K-7
0-3 J7
J7 R-05
ABBI 3x35+1x16 gg; 310
A A M A A
lk3_Makc=2.82 kA > K-3 > ~400 B > K-8 > =2208B
~ iC60N 3P ~ iC60N 3P QF2.1y" iC60H-DC 2P QF2.2 \~ iC60H-DC 2P
ar E\ C40 a2 k\ C40 E\ 20 k\ C20
In=40 A In=40 A In=20 A In=20 A
7 \v4 7 7
H20CwQ01-03 H20CWQ01-04 H20CWQG1-01 H20CWQ01-02
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