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3agaHue HA KOHTPOJIbHYIO padoTy

1. Hcxomubie pannble. IIpoekThpyeMass 3JIEKTPOIHEPreTHYECKass CHCTEMA
MpeJcTaBieHa cyliecTByomiel paiionnon moacraniumen (yzen LII, TIC Ne 4) c
pPacUYeTHON MOIIHOCTBIO Px4 M TISITHIO PA3BUBAIOIIMMHUCS y3JIaMU Harpy3ku (Y3Jsl A,
b, B, I' u JI) ¢ pacueTHbIMU MOIIHOCTAMU Py, Py, P, Pr u Py.

N3 GanaHCcOB aKTUBHOW M PEAKTUBHOW MOLTHOCTH 3JIEKTPOIHEPTETUUECKOW CHCTEMbI
0oJiee BBICOKOTO YPOBHS M3BECTHO, YTO B IEPUOJ MaKCUMaJIbHOW Harpys3ku
MOUIHOCTb, IEpEJaBacMas Yepe3 palOHHYIO MOJACTAHIIMIO K y3JIaM Harpy3ku A, b,
B, I' u J] orpanndeHa BeMUUUHON Pxg + jOx4.

Cucrema HE SIBIICTCSA nepuuuTHOM o aKTUBHOU MOIIHOCTH
(P+4>Pa+Pgt+Pg+Pr+Pj), noatomy B y3ie LI, rae umerorcs MoliHble moTpeduTenu
TEIUIOBOM JHEpPruM, He TmaHupyerca cTtpoutenbctBo TOL.  M36kiTounHas
MouHocTh LTI, TIC Ne 4 yepe3 mMHBI BBICIIEr0 HAMPSKEHUS MOXKET MEPEAABATHCS
B DHEPIOCUCTEMY.

Hcxonuple JaHHble ISl TMPOEKTUPOBAHUSA BBIOMPAIOTCS B COOTBETCTBUM C
pucynkoM | u Tabnaumamu 1-4, B KOTOpPBIX HOMEpa BapUaHTOB OTBEYAIOT
COOTBETCTBEHHO MOCIEAHEN U npeanocieane undpam mudpa cTygaeHra.

1.1. O0beKT NPOEKTHPOBAHUA: DICKTPONUTAIOIIMNE PANOHBI SHEPrEeTUYECKOU
cuctemsl. [IpuMep KapThI-cXeMbl TEPPUTOPHUH OOJACTHON IIEKTPOIHEPreTUUECKOM
CUCTEMBI C DJJIGKTPONMUTAIOIIMMU palioHamu, €€ maciutad, HauboJbIIne
AIEKTPUYECKHE HArpy3Ku NOTpeOUTeNe 3HepropalOHOB B IYHKTaX MUTAHUSA
anekTposHeprueit A, b, B, I', /| npuBenena Ha pucynke 1.1.

P(;MBT

PA MBTt

LJL TIC Ne 4

A Ps MBr

Py MBr

M 1: 1000000 Pr MBr

Pucynok 1.1 — Kapra-cxema TeppuTOpun YHEPreTHUECKON CHCTEMEI C
NOTPEOUTENSIMU SHEPrOpaiOHOB



1.2. UcTouHuk nutanms - nojcranius Ne 4 (pacmojokeHa B IIEHTPE MUTAHUS
IIIT) Ha HOMMHaNBbHOE HampsbkeHue kimaccoB 220/110/35 kB ¢ ycraHoBiIeHHOMU
MOIITHOCTBIO aBTOoTpanchopmaTopoB (60 x 2 x 125 MBA) ¢ aBoiiHol cucteMoi
IITUH W 3JIETa30BbIMU BBIKJIFOYATEISIMUA Ha BhICIICH cTopoHe 220 kB.
1.3. Hanpsi’keHue WMCTOYHUKA NHUTAHUS: HamnpsokeHUe Ha mojctanmuu Ne 4
220/110/35 kB B nentpe nutanus L1 mpu mMakcumMaabHOM peXHUME HArpy3o0kK -
U,.x =11U, , a B MUHUMaJIbHOM pE&XKXHUME Harpy3ok - U,,, =-105U, .

1.4.

3JIeKTPOIHEPTUH:

JIEKTPOIHEPreTHYeCKasA
IIEKTPUYECKHUE

XapaKkTepuCcTHKA

Harpy3ku

Coso

norpeduresiei
norpeduTeneu

AJIEKTPOIHEPruM Ha padoHHBIX moacTaHuusx A, b, B, I', JI 3Heprocucremsl
3agadbl B Tabaume 1.1.

Tabnuya 1.1 - AKTUBHAs MOUNIHOCTH, 3aJJaHHAsl B HEHTPAaX HATPY3KH
paiioHoB nuTtawuei 3Heprocucrtemsl A, b, B, I', /I

3ajaHHbIe 3HAaUCHUS MOITHOCTH, MBT No
Pa/cosg, Pg/cos ¢, Pg/cos ¢, P./cos ¢, P,/cose, BapuaHTa
12,62/0,91 | 47,30/0,92 | 40,63/0,9 | 11,80/0,93 12,30/0,91 1
12,70/0,91 |47,40/0,92| 41,60/0,9 11,40/0,93 11,40/0,91 2
13,15/0,91 |46,50/0,92| 45,70/0,9 | 13,20/0,93 | 44,50/0,91 3
15,20/0,91 |44,80/0,92| 23,00/0,9 | 14,60/0,93 | 42,80/0,91 4
15,60/0,91 |47,80/0,92| 45,60/0,9 | 17,50/0,93 | 46,80/0,91 5
14,20/0,91 | 43,20/0,92 | 46,80/0,9 17,50/0,93 | 45,60/0,91 6
15,80/0,91 |42,40/0,92| 27,50/0,9 12,50/0,93 | 47,50/0,91 7
10,30/0,91 |45,00/0,92| 42,5/0,9 11,50/0,93 | 38,50/0,91 8
12,30/0,91 |47,00/0,92| 43,00/0,9 12,50/0,93 | 39,40/0,91 9
13,40/0,91 |48,00/0,92 | 42,80/0,9 10,50/0,93 | 44,50/0,91 10
15,50/0,91 |47,50/0,92| 44,50/0,9 15,70/0,93 | 45,00/0,91 11
16,70/0,91 |{42,30/0,92| 47,00/0,9 14,50/0,93 | 48,20/0,91 12
14,30/0,91 | 41,50/0,92 | 42,80/0,9 17,20/0,93 | 46,20/0,91 13
13,50/0,91 | 20,00/0,92 | 43,20/0,9 21,20/0,93 | 46,50/0,91 14
17,20/0,91 | 21,00/0,92 | 44,00/0,9 20,00/0,93 45,00/0,91 15
15,50/0,91 |48,00/0,92| 42,70/0,9 | 12,50/0,93 | 43,20/0,91 16
14,70/0,91 |{49,00/0,92| 47,50/0,9 13,50/0,93 | 45,50/0,91 17
18,50/0,91 |{49,50/0,92| 42,70/0,9 | 15,70/0,93 | 42,00/0,91 18
14,20/0,91 | 45,50/0,92 | 41,80/0,9 16,40/0,93 | 47,20/0,91 19
25,40/0,91 |37,40/0,92| 45,70/0,9 | 15,20/0,93 | 48,20/0,91 20
28,30/0,91 |40,00/0,92| 48,00/0,9 | 12,40/0,93 | 47,00/0,91 21
32,30/0,91 | 37,00/0,92 | 49,50/0,9 13,20/0,93 | 21,00/0,91 22
35,00/0,91 {40,00/0,92| 25,70/0,9 14,70/0,93 | 36,00/0,91 23
37,00/0,91 | 35,50/0,92 | 32,20/0,9 | 17,50/0,93 | 28,00/0,91 24




40,00/0,91 |37,00/0,92| 40,00/0,9 | 30,00/0,93 | 38,00/0,91 25
35,00/0,91 145,00/0,92| 27,50/0,9 | 22,00/0,93 | 25,00/0,91 26
22,30/0,91 |27,00/0,92| 40,00/0,9 | 17,50/0,93 | 33,40/0,91 27
11,50/0,91 | 28,00/0,92 | 40,00/0,9 | 15,60/0,93 | 22,90/0,91 28
16,00/0,91 | 20,50/0,92 | 47,50/0,9 12,00/0,93 | 35,60/0,91 29
20,50/0,91 | 16,40/0,92 | 21,00/0,9 | 21,00/0,93 | 34,00/0,91 30

1.5. Ilapamerpsl BO3AYIIHBIX JIMHHI JJeKTpomepenaun. Ilapamerpsl

BO3JIYIIHBIX JIMHUHN JIEKTPOIEpe aun YHEPrOCUCTEMBI (PACCTOSHUE O palOHHBIX
ueHtpoB A, b, B, I', /I oT ueHTpa NUTaHUS U PACCTOSHUS MEXIY PailOHHBIMHU
LEHTPaMH MUTAIONIEH SHEProcucTeMbl ) IpUBEACHBI B Tabnuie 1.2.

Tabnuya 1.2 - PaccTosinue 10 JHEPropaiioHOB OT HEHTPA NUTAHUS U MEKIY

HHUMH, KM

BapHaHT L, Ly Ly L, Lﬂ L, Ly, Ly, L, a
1 25 95 45 80 25 70 90 60 65
2 27 110 35 85 25 60 110 75 60
3 28 90 36 86 26 65 105 61 59
4 30 91 37 87 27 72 102 60 58
5 31 93 38 88 28 63 103 59 57
6 35 94 39 89 29 60 104 58 56
7 32 95 40 90 30 61 105 57 55
8 34 92 41 91 31 58 103 55 54
9 36 100 42 92 32 64 101 54 53
10 32 102 43 93 33 70 102 53 52
11 35 97 33 94 34 62 103 52 51
12 27 95 34 85 35 68 100 50 50
13 28 98 35 84 36 70 102 49 49
14 30 100 36 83 35 70 104 48 48
15 31 102 37 82 34 71 100 47 47
16 32 105 38 81 33 73 95 45 45
17 34 101 39 80 32 68 94 44 44
18 33 95 40 89 30 62 95 43 43
19 30 96 41 90 31 66 94 42 42
20 32 97 42 91 29 65 95 41 41
21 28 98 43 92 27 70 97 40 40
22 29 95 44 93 28 66 98 41 39
23 30 100 45 94 25 70 95 42 42
24 32 11O 44 95 24 78 90 43 43
25 34 107 43 96 23 73 91 44 44
26 35 108 42 97 32 73 92 45 45




27 33 103 41 90 31 70 93 46 46
28 29 104 40 89 32 75 94 47 47
29 25 105 39 88 35 80 95 48 48
30 27 106 40 87 30 79 96 50 50

1.6. CocraB norpeduTesield B MyHKTaX MUTAHUSA U TPeOOBAHUS 1O
HAJIe’KHOCTH 3JIeKTpocHa0keHus. CocTaB IOTpeOUTENEH INEKTPOIHEPTUH B
MyHKTaX MUTAHKS SHEPropalOHOB MUTAIOIIEH IHEPrOCUCTEMbI U TPeOOBaHUS 110

HaAEKHOCTHU CUCTEMBI BHCKTpOCHa6)KCHI/ISI 00BEKTOB MpCaACTaBJICHLI B Ta6JII/II_Ie
1.3.

Tabnuya 1.3 - CocTaB norpeduTesieid B NyHKTaX NUTAHUA M TPeOOBaHUSA 1O
HA/IE2KHOCTH 3JIEKTPOCHAOKEeHU A

ITyHKTBI [loTpeburenu [Hotpebutenu | Ilorpeburenu Il
paliOHOB I xareropumn, % | Il kareropun, % KaTeropuu, %
A 50 20 30
b 30 30 40
B 20 20 60
I 15 45 40
| 40 30 30

1.7. XapakTepucTika rpynn norpeduresieil 3JIeKTPOIHEPrUU U MX YACJbHbIH
BeC B O00béMe mOTPeOeHUS IJJICKTPOIHEPruM. XapakTEPUCTUKA TPyl
NoTpeOuTeNe 3IEKTPOIHEPTrUU U UX YAENbHBIA BeCc B 00BEME MOTpeOICHUS
AIIEKTPOIHEPTUHU B MYHKTAX MUTAaHUs NMpHUBegeHa B Tabnuue 1.4.

Tabauya 1.4. - XapakTepuCTHKA Pyl noTpeduTeieii U MX yeJbHbI Bec
B 00béMe moTped/IeHus 3JTeKTPOIHEPIUH B MIYHKTAX NUTAHHUSA

HaunmenoBanue norpedureneit Enunuia Tapud c %
MU3MEPEHUS 01.03.97r. | notpebuTreneit
Hacenenue ropoackoe 300 35.0
(Bxumrouast HJIC), p./kBT-u 110 15.0
TO K€ CEIbCKOE
[TpOMBIIIIIICHHBIE U
MIPUPABHCHHBIC K HUM
MOTPEOUTEIH C
MPUCOETNHEHHON MOITHOCTHIO
750 kBA u BbIlIE
3a MOIIHOCTb p./xkBT 72000




3a DIIEKTPOIHEPTUIO p./xBT 350 25,0
[Tpouyne TpOMBIILICHHBIC p. /KB 480 15,0
noTpeOuTENH
ITponsBoacTBEHHBIE HyKABL p./kBT-4 175 10,0
CEJIbX03MOTpeOuTeNnei
OrnroBbIe TOTPEOUTETN — p./KkBT-4 200 35
niepenpoaaBbl (ropo)

1.8. CroumocTh moTeppr HMpPH XOJ0CTOM XoAae TpaHchopmaropa. CTOMMOCTH
MOTephb MPHU XOJIOCTOM X0Jie TpaHchopmaTopa B pacuérax ais nojacranuuu 110/10
kB wiu 35/10 xB npunsars B padore C,, =1,3 k./kBm-u.

1.9. CrouMocTh MOTEPH NPH KOPOTKOM 3aMBIKAHUHM. CTOMMOCTBD MOTEPSHHOIO
KBT:uaca npu KOPOTKOM 3aMBIKAHUU ISl TEX K€ MOACTAHIMN NPUHATH B IIPOEKTE
Ci; =2,6 k./kBm -u.
2. Copep:kaHue pacy€éTHO-NIOSICHUTEIBLHOM 3alIUCKH KYPCOBOil padoThl.
B npoexTe noanexar pa3paboTKe CIeyIoue pa3aebl:
1. Ha ocHoBaHMM JaHHBIX O HauOOJBIIMX HArpy3kax M HauOOJbIIEH
MepENaBacMOil MOIIHOCTA Ha OJHY UENb JUHUUA W TPEACIBHBIX PACCTOSHUAX
nepeaayun, BbIOpaTh HOMUHAIBHOE HAIIPSKEHUE IIEKTPUUECKON CETH.
2. BbiOpath MOIIHOCTB, TUI TpaHC(HOPMATOPOB MOJCTAHIMNA M TUI MOJCTAHIUH,
crioco6 npucoenunerus ux k JIDIL.
3. PazpaGorath Hambonee TEXHUYECKH I€JI€CO00pa3Hble BApUAHTHI CXEM
ANEKTPUUECKUX CEeTell M cJenarb BBIOOp ABYX-TPEX BapUaHTOB ISl TEXHUKO-
SKOHOMHUYECKUX PACUETOB.
4. Ha ocHOBe TEXHUKO-3KOHOMUYECKHX pacyeTOB BBIOpaTh Haubosee
HKOHOMMYECKH 1€1eCO00pa3HbI BAPUAHT CXEMbI AIEKTPUUECKUX CETEH.
5. CocraBuTh 0anaHC aKTUBHOM M PEAKTHUBHON MOIIHOCTH IJisi IEHTpa MUTAHUS
(LIIT, TIC Ne 4, oGmacTHOM UEHTP), ONMPENCIUTh MOTEPU HAIPSKEHUS O BCEX
MOACTaHUMK B HOPMAJIBHOM M aBapUIHOM PEXUMAX.
6. BbiOpatb CcOOTBETCTByIOIIME OTBETBJICHHMS Ha TpaHchopmaropax s
peryimpoBaHus HanpspbkeHus ¢ nomouisio PITH mox Harpyskon.
7. OnpeaenuTb KOJUYECTBO 0OCITYKUBAIOILIETO MEPCOHANa, €r0 KBaTu(UKAIIHIO.
8. Omnpenenuth ce0ECTOUMOCTD NIEPEIAUn IIEKTPOIHEPT UH.
9 Pacuér Harpy3ok, BbIOOp TpaHchopMaTopa M CXEMbl NMUTAHHUS COOCTBEHHBIX
HYX]I.
10. Be16op cuctembl onepaTuBHOrO TOKa
11. Pacuér 3a3eMsI01ero ycTpomucTaa.
12. Pacu€r yCcTpOCTB MOJTHUE3AIMUTHI IOCTAHIINH.
Ilepeuyenn rpaguyeckoro marepuaJia.

- I'maBHas cxeMa 3NEKTPUYECKUX COEAMHEHUN MOACTAHUMMN, BKIIOYAS CXEMY

COOCTBEHHBIX HYX]I.
- (CXxema BTOPUYHBIX YCTPOMCTB JAHHOIO Y3JIa.
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1. PACYET HAI'PY3OK, BBIBOP TPAH®OPMATOPA U
CXEMbI IIMTAHUA COBCTBEHHBIX HY XK/

HOTpe6I/IT€JI$IMI/I COOCTBEHHBIX HYXI IMMOACTAHIUNA MOT'YT ABJIATHCA:

1) 3JeKTpoocBelieHne 3n1anui, OPY, HapyXHbBIX IJI0IAI0K;
2)  BEHTWISATOPHI OXJIAXKIEHUS CHJIOBBIX TpaHC()OPMATOPOB;
3)  ycTpoiicTBa MOJOTpeBa Maclia U MPUBOJOB OTKPHITO YCTAHOBIICHHBIX

BBIKJIFOYATENICH, pa3beIUHUTEIICH, OTACIUTENCH U KOPOTKO3aMbIKaTEIICH;

4)  ycTpoOMCTBa OTOIUICHHUS U BEHTHJISIIUU 3aKPBITHIX TOMEIICHUH;
5)  3apsaHbIe U MOJ3aPSAHBIC arperarthl;

6)  MacIsgHOE XO35HCTBO;

7) KOMIIPECCOPHOE XO3AMCTBO U T. II.

MorntHoCTh OTpeOuTENeil COOCTBEHHBIX HYXK[ MOJICTaHIMN HeBeauka (50-
300 kBT), noatomy oHu niutarotcst ot cetu 380/220 B ¢ 3a3eMIIeHHOM HENTpaJIbio.

JIns UX mUTaHWS MpeaycMaTpUBaeTCsl YCTaHOBKA JABYX TpaHCHOPMATOpPOB
cobctBeHHbIX HYXJ (TCH), MOIIHOCTh KOTOPBIX BBIOMpPAETCS] B COOTBETCTBHUH C
Harpy3Koi ¢ y4eToM JOMYCKaeMOM MEPETPy3KH MPU OTKA3axX U PEMOHTE OJHOTO U3
TpancpopMaTopoB. B KypcOBOM MPOEKTUPOBAHUU HArPYy3KY COOCTBEHHBIX HYXK]I
JOIYCTUMO OPUEHTUPOBOYHO MPUHSATH 1o Tadiu. 1.1, 1.2, 1.3.

Tabnuma 1.1
[ToTpebuTtenu cOOCTBEHHBIX HYK]I TOACTAHITUN
Mow- Mo
Bua notpebuTtens e s Bua norpefurens Sl
BIMHH- eaM
iy, kBt 1y, |
[Togorpes Beiknosareneii 4 IPHBOJOB Benomorarensnoe ofopyaoeanue
(Ha TPH MOIHCA): CHHXPOHHBIX KOMIIEHCATOPOE:
MEITI-35 4,4 KCB-37500 <
C-35-630-10 2,8 KCB-50000 1
(C-35-3200-50 4.4 KCB- 100000 2(
METT-110 15,8 OronneHue, OCBEL]. W BEHTHIIALIUA;
V-110-2000-50 11,3 o1y (-
BEB-110 1,8 3PV 6-10 kB 5-
BBE-220 3.6 PV, cosmemensoe ¢ OITY 20-
V-220-2000-40 54,8 Joanue pasbe3 HOro nepeoHana A
Vo220-3200-40 429 Oceemenne OPY 110, 220 kB npu:
BBBE-330 4.6 Nay <=3 2,
[Hogorpes wkados KPVH u KPV-10 1,0 Nay =3 5-
[Togorpes npueogoe paseInHUTENRH, 0,6 KomnpeccopHas (Ha 0OUH arperar):
OTAenUTeNeH, KOpOTKO3aMslKaTenei, MEeKTPOABHIATENH 20-
wxaga 3aKuMoB Oronnenue, ocBelIeHHE 15-
[Nogorpes peneiinoro wkada 1,0 MacnoxoasiicTeo 75~
[Nogsapaano-3apagaei arperar BA3I 2x35




Taomuma 1.2

YcTaHOBIIEHHAs MOIIHOCTh YCTPOMCTB  OXJIAXACHUS TpaHCPOpPMaTOPOB

IIUX?.}'CT
Tun pancdopmaropa Poverver, kBT Tun tpanciopmaropa Poxgver kBT
TO-10000/35 1,5 TEOH-32000/220 3
TO-16000/35 2 TPOH-40000/220 3
TAHC-10000/35 1,5 TPOH-63000/220 2
TAHC-16000/35 2 TPOLIH-63000/220 29.6
TPOHC-25000/10; 35 2,5 TPAOLIH-100000/220 29.6
TEOHC-32000/10; 35 3 TEOLIH-160000/220 44,4
TEOHC-40000/10; 35 4 TPOHC-40000/330 5
TPOHC-63000/20; 35 5 TPOLIH-63/330 22,2
TAOTH-10000/35 1,5 TOTH-25000/220 5
TOATH-16000/35 2.5 TOTH-40000,/220) 4.5
TOH-10000/110 1 ATOHTH-63000/220/110 22,2
TATH-10000/110 1 ATIOUTH-125000/220/110 29,6
TOH-16000/110 1,5 ATIUTH-200000/220/110 44 .4
TOTH-16000/110 2 ATOUTH-250000/220/110 51,8
TOH-25000/110 2.5 ATIOUTH-125000/330/110 37
TROH-25000/110 5 ATIUTH-200000/330/110 44,4
TOTH-25000/110 2,5 ATIUTH-250000/330/150 51,8
TOH-40000/110 3 ATOLH-400000/330/150 59,2
TPOH-40000/110 3 AQOLTH-133000/330/220 7
TOTH-40000/110 3,5 ATIOUTH-250000/500/220 44,4
TOH-63000/110 4 ATOLIH-500000/500/220 124
TPOH-63000/110 4 AQIUTH-167000/500/220 29.6
TOTH-63000/110 4,5 AQOLTH-267000/500/220 44.4
TAOH-80000/110 5 AQOUTH-167000/500/330 29.6
TPOH-80000/110 5 AQOLTH-267000/750/220 92,4
TOTH-80000/110 7.5 AQOLTH-333000/750/330 108
TOLUTH-80000/110 29,6 AQIUTH-417000/750/500 124
TPOLITH-80000/110 29.6
Tabnuma 1.3
KomMrpeccopHble yCTaHOBKH
XapakTepucTUKa MOoOIIHOCTE TJIaBHOT'O MoIIHOCTE
aJIeKTpoBUTaTENs, KBT DIIEKTPOJIBUTATEIIS
BCHTHUJIATOPA, kBT
ABIII-1,5/45 22 0.8
BIII-3/40M 40 2,2
2BV 1-1,5/46 22 1,5
4BVY1-3/46 45 1,5
BILIB-2,3/230 55 ]




[IpuHAB Ayt ABUTATENBHOM Harpy3ku cos @ =0,85, a nma ocTanbHBIX
norpedureneii cos @ =1, MOXHO onpeneiuTb (., U CyMMapHYIO pacueTHYIO
Harpy3Ky notpeouresneil COOCTBEHHbBIX HYXK/:

Spce = ke (TR’ + (2 0yer)” (1.1)

rje k. xoaddumument cmopoca, YYUTHIBAOIIUN  KOIPHUIIMEHTHI
OJTHOBPEMEHHOCTH W 3arpy3Kkd. B OpPHEHTHPOBOYHBIX pacdyeTax MOXKHO
npusATh k.= 0,8.

Jlis  yTOYHEHHOTO pacueTa B KypCOBOM TPOCKTHPOBAHUHM  CIICTyeT
MpPUMEHSATH 3HaUeHus k. u3 tadin.l.4.

Tabnuua 1.4

KoaddummenTs! cripoca mpueMHUKOB COOCTBEHHBIX HYX/T

HaumeHoBaHue nmpueMHUKa Koadpumments

cnpoca

Ocsenienue OPY: 0,5

pu onHoMm OPY

1pu HecKoJbkux OPY 0,35

OcaelieHue oMeneHun 0,6-0,7

Oxunaxienne TpanchopMaTopoB 0,8-0,85

Kommnpeccopsl 0,4

3apsIHO-TIOA3apsAHbIC YCTPONCTBA 0,12

DIIEKTPONOAOTPEB BBIKJIIOUATENCH U 1,0
AIIEKTPOOTOIJICHUE

HomuHanpHas  MOIIHOCTH  TPAaHC(HOPMATOPOB  COOCTBEHHBIX  HYXKII
BbIOMpaeTcs 1o yciuoBusM: 1) 8, >8,,cy (W18 moactaHumii 6e€3 ASKYPHOTO
nepcoHana); 2) 8y > Sp4cqy /1,4 (7151 TOACTAHIIUN C ISKYPHBIM ITIEPCOHATIOM ).

[Ipr yTOYHEHHBIX pacueTax B KYPCOBOM MPOEKTHUPOBAHUU CIACAYET y4eCTbh,
YTO aKTHBHBIC M PEAKTUBHBIC MOIIHOCTH COOCTBEHHBIX HYXJI OIPEACIISIIOTCS
OTAEJBHO JUIsl 3UMHETO0 (Y, P3, Y, P3) u netHero (), P, Y, Q1) MmakcumymoB. [lonnas
pacyeTHasi MOITHOCTb JIJIS JIETa M 3UMBI OIIPeIeIIsieTCs 1Mo (hopMyiam:

YSn = (EPn?2+(XQm% (1.2)
Y53 =+/(TP3)%+ (X Q3)>

3a pacyeTHYH MOIIHOCTD Spacy M1 BHIOOPA TPaHCHOPMATOPOB COOCTBEH-
HBIX HYXX]] TPUHUMAETCS OOJIbIlas U3 HUX.

[Ipucoenunenue TpaHchopMaTOpOB COOCTBEHHBIX HYXKJ K MUTAIOIIEH CeTH
3aBUCUT OT CUCTEMBI OMNEPATUBHOIO TOKA, MPUMEHIEMOW Ha mojacTaHuuu. s
MOJACTAHIIMA HA MEPEMEHHOM WM  BBIIPSIMJIECHHOM OINEPATUBHOM  TOKE
Tpanc(opMaTopsl COOCTBEHHBIX HYXKJ cO cTopoHbl BH npucoenuustores:
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- Ha nojactanuusx 110 kB u Bbllle yepe3 npeaoxXpaHUTeN K BBOJIam 6 -
10 kB rnaBHbIX TpaHchOpMaTOPOB 0 BHIKIIOYATENEH, a TPU HAIUYUU PEAKTOPOB -
MEXIY PeakTOpaMH U BBIKIIIOUATEISIMU;

- Ha nojcraniusax 35 kB yepe3 npenoxpanurenu kK nuraromeit BJI 35
kB. Jlng moacTaHimii Ha MOCTOSHHOM ONEPATUBHOM TOKE C aKKYMYJISITOPHBIMH Oa-
TapesiMu TpaHCPOpMaTOpbl COOCTBEHHBIX HYXJ MPUCOEAUHSIIOTCS :

- yepe3  NOpeloXpaHUTEIW  WIM  BBIKJIIOYATENIM K LIMHAM
pacnpenenuTenbHoro ycrpoictaa 6 - 35 kB;

- Kk obmotkam 6 - 35 kB aBroTpanchopmMaTopoB 1o OJOYHON CXEeMe.

TCH wne6onbmoit wmomuoctu (o 63-100 kBA) ycraHaBiuBaroTCs
HenocpeactBeHHo B mkadax KPY (KPYH) 6(10) kB, TCH GosnbIieit MoliHOCTH
pasmemiarorcsi  OTKpeiTo  BHe PVY-6(10) xB. [Jlng wuxX MOOAKIIOYEHUS
MpeaycMaTpUBAIOTCS  SYEHKH C  MPEAOXPAHUTENSIMH  (BBIKIIOYATENSIMHU) U
KaOeJTbHBIMH BBIBOJIAMH.

Ha nampsbkennn 380/220 B ot TCH 3anuThiBaeTcsi mIUT COOCTBEHHBIX
HYXJl, BBINIOJIHAEMBIA 10 CXeME€ OJMHOYHOW CHCTeMbl COOpPHBIX IIIHUH,
CEeKLIMOHUPOBAHHOM  aBTOMAaTHYECKUM  BhIKIIO4aTesneMm (aBromatom). lut
YCTAHABIMBAETCS B 3aKPHITOM IOMELIEHUHU OOIENOACTAHIIMOHHOTO IyHKTa
ynpasnenus (OITY).

Pacripenenenne TOpPUEMHUKOB MEXIY UIUTAMU  OCYIIECTBISETCA IO
NPUHIUIY TEPPUTOPUATBHOM OJIM30CTH K HHUM U ynoOCTBa 0OCIyKUBaHUS.
[IpueMHuKkn HEOONBIION MOLIHOCTH, HE JOMYyCKAaIollMe TNEPEephIBOB B
ANEKTPOCHAOKEHU M, HOPMAJIBHO MUTAIOTCS OT OJHOM CEKIMH IMIMH COOCTBEHHBIX
HYXXJT ¥ UMEIOT pPe3epBHOE NHUTaHHE OT APYrod CEKUUU IIUH WU pe3epB IO
000pyAOBaHUIO (HapUMep, JBa MOKAPHBIX HACOCA, MTUTAEMBIX C Pa3HBIX CEKIUN).

B KypcoBOM MpOEKTUPOBAHUH MPU PACUETE IJIEKTPUUECKOTO OCBEIICHHS HA
MOJICTAaHIIMA HEOOXOAMMO PYKOBOJACTBOBATHCS CIECAYIOIIUMU MOJIOKEHUSIMU:

Bce ocBelienne Ha moACTaHIMSX MOApa3AenseTcs Ha pabodyee U aBapuiiHoe.
PaGouee ocBenieHue SBISETCS OCHOBHBIM BHJIOM OCBEIICHMSI M MPEAyCMaTpUBa-
€TCsl BO BCEX MOMEILIEHUAX MOJICTAaHILIUM, a TAK)KE HA OTKPBITHIX Y4aCTKaX TEPPUTO-
puH, I7ie B TEMHOE BpEMsl CYyTOK MOKET IMPOU3BOIUTHCS paboTa MM MPOUCXOIUTh
JIBUKEHUE TpaHcropTa M moaei. Pabodee ocBelieHue BKIOYaeT B cebsi oOiee
CTallMOHAapHOE oOcBelleHue HampsbkeHueMm 220 B, mnepeHocHoe (peMOHTHOE)
OCBEILIEHHE, OCYIIECTBISIEMOE TEPEHOCHBIMU JlaMIlaMU HampsbkeHueM 12 B,
MECTHOE OCBelIeHUE (Ha CTaHKax M BepcTakax) Ha HamnpsbkeHuu 36 B u oxpanHoe
OCBEILICHHE, BBIMOJIHIEMOE MPU HEOOXOIUMOCTH BJIIOJIb OTPaabl TEPPUTOPHUU
nojactanuuu [10].

Cnenyer uMeTh B BHIY, YTO aBapUWHOE OCBEILIECHUE BBITIOJIHAETCS B IMOMeE-
HICHUSX IIUTA yIpPaBICHUS PEJIEUHbIX NaHeIell U CUIIOBBIX NaHesne cOOCTBEHHBIX
HyxJ, 3PY, annapaTHoOl CBA3U M aKKyMYJISITOPHON OaTapeu TOIBKO MPU HAIHYUU
Ha MOJICTaHLIUU aKKyMYJSITOpHBIX Oatapeit 220 B.

[Ipu oTcyTcTBUM akKymyJsiTopHOU Oatapeu 220 B, HO HaMMYMKM aKKyMYyJisi-
TOpHOU Oarapen misg pabOTHl ammapaTypbl CBsi3W Ha Hanpsbkenun 24-60 B
aBapuilHOE OCBEILEHHWE TMpeAyCMaTpUBAECTCS TOJbBKO B TOMEIIECHUAX LIUTa
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yOpaBieHus U CBA3U. [Ipy MOJIHOM OTCYTCTBHH Ha MOACTAHLHUH aKKYMYJISTOPHBIX
Oatapeil ceTb paboyero OCBEIICHUS B TMOMEUICHUHU IIMTa YIPaBICHUS JOJKHA
OBITh pa3JeieHa He MEHee YeM Ha J[B€ IpyIIbl. BHe 3aBUCMMOCTH OT HaJIU4uUs B
MOMEIICHHUSIX TMOJCTAaHIMU aBapUMHOrO OCBEIICHUS MEPCOHAN JIOJDKEH OBbITh
CHA0KEH MEePEHOCHBIMU aKKYMYJISATOPHBIMHU (POHAPSMHU.

[lutanue cetn paboyero OCBEIICHMSI OCYILIECTBISETCS OT OOLIUX C CUJIO-
BBIMU  MOTpeOUTENnsiMU  TpaHC(HOpPMATOPOB COOCTBEHHBIX  HYXI C
INIyX03a3€MJIEHHON HeWTpanbto. Ilpu 3TOM 3amuTHBIE W pa3bEIUHSAIOLIUE
aBTOMAaTUYECKUE BBIKJIIOYATENH YCTAHABIUBAIOTCS TOJIBKO B (ha3HBIX MMpoBojax. B
HYJIEBBIX IMPOBOJAX KOMMYTALIMOHHBIE aIIapaTbl HE YCTAHABIUBAKOTCS.

Hanpsixenue namn oOuiero ocBenieHus: npuHuMaercsa paBubsiM 220 B, cra-
LIOHAPHOTO MECTHOT'O OCBEUIEHNUS - 36 B, mepeHOCHBIX py4HbIX jJamil - 12 B.

[Iutanue ceTu aBapuHOTO OCBEIIEHUS HOPMAIIBHO OCYILIECTBIISIETCSA OT IIUH
coOctBeHHbIX HYXI 380/220 B mepemeHHOro Toka W MHpPU HCUE3HOBEHUH IIO-
CJIEHETO aBTOMATUYECKU MEPEBOJMTCS HAa IIWHBI ONEPATUBHOIO IMOCTOSHHOTO
TOKa. BKIItoueHne aBapuilHOTO OCBEIIEHUS B Ka)KIOM IMOMEIIEHUH MPOU3BOAUTCS
OTJIEJIbHBIM BBIKJTFOYATEJIEM. B MTOMELIEHUH nuTa yIPaBJIECHUS
IpEAyCMaTPUBAIOTCS MTOCTOSIHHO BKJIFOYEHHBIE OJIHa-/1BE JIAMIIBI,
MIPUCOEANHSAEMbIE HEOCPEICTBEHHO K IIMHAM NIOCTOSTHHOTO TOKA Yepe3 3alUTHbIE
anmapatbl  (IpelOXpaHUTENd, aBTOMAaTUYECKHe BbIKIIOYaTenu). B cetu
aBapuUUHOIO  OCBEUIEHWA  3alIUTHBIE W  PA3bEAUHAIONIME  aIIapaThbl
YCTaHABJIMBAIOTCA B 000X MOJIIOCAX TPYIIIHI.

Jlist ocBellleHHs] TOJICTAaHLIMK MCTIONB3YIOTCS OOBIUYHBIE M TaJOreHOBBIE (C
WONHBIM  IMKIOM)  JIaMIIbl ~ HaKajJWMBaHUA, a TakkKe  Tra3opa3psiHble
(JTIOMHHECIIEHTHBIE JTHEBHOT'O CBETAa, HM3KOIO JABJICHUS Pa3IMYHbIX MapoK H
BETHOCTH U pTyTHBIE ([{PJI) BBICOKOTO AaBIEHMS C UCIPABIEHHOMN I[BETHOCTBIO).

Cnenyer yuutbhiBaTh, 4To JIPJI HMMEOT JOOBONBHO JJIMTENBHOE BpEMS
3akuranusi (6-7 MHUHYT) M TOBTOPHOE 3a)KUT'aHHE BO3MOXKHO TOJBKO TIOCTE
IIOJIHOTO OCTBIBaHUS JaMIIbl, KoTopoe anutcs 10-15 MuHyT.

Ocgewmenne OPY, kak npaBuiio, ocyuiecTsisiercs npoxekropamu [1C3-45 ¢
namramu HakanuBanus 1000 Bt u IIC3-35 ¢ mammamum 500 Bt wnim [IKH c
raJJoreHo-BeIMH JiamitaMu moimrHocTho 1000, 1500 u 2000 Br.

2. BBIBOP CUCTEMbI OIIEPATUBHOI'O TOKA U UCTOYHHUKOB
OIIEPATUBHOI'O TOKA

2.1. CUCTEMbI OITEPATUBHOI'O TOKA

COBOKYHHOCTB HCTOYHHUKOB IIMTAHUA, KaOeIbHBIX HHHHﬁ, IIINH ITUTaHUsA
MECPCKIIFOYAOIIUX YCTpOﬁCTB n ApYrux D3JICMCHTOB OIICPATHBHBIX ueneﬁ
COCTaBJIAICT CUCTCMY OIICPATUBHOI'O TOKa I[aHHOﬁ QJICKTPOYCTAHOBKM.
OHCpaTHBHBIﬁ TOK Ha IMOACTAHIHAX CIIYKXHUT HJIA IMUTAHUA BTOPUYIHBIX YCTpOﬁCTB,
K KOTOPBIM OTHOCATCA OIICPATHBHBIC ICIIH 3aI0UThI, aBTOMATUKH U TCICMCXAaHUKH,

ariaaparypa AUCTAHIIMOHHOI'O YIIPABJICHUA, aBapHﬁHaH H IIpecaynpecauTCibHas
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curHanuzanus. [Ipu HapylmeHUs X HOpMaIbHON PaOdOTHI MOJACTAHIIUKA OTIEPATUBHBIN
TOK HCIOJB3YETCS TaKKe I aBapUMHOTO OCBEIICHUS W 3JIEKTPOCHAOKEHUS
aeKTpoaABUTaTENEeH (0C000 OTBETCTBEHHBIX MEXaHU3MOB).

[IpoexTupoBaHNE YCTAaHOBKH ONEPATMBHOIO TOKAa CBOJAT K BBIOOPY poja
TOKa, pacyeTy Harpy3kd, BBIOOPY THIIA HCTOYHHUKOB THUTAaHUS, COCTaBIICHUIO
AIEKTPUUYECKOM CXEMBI CETH ONEPATUBHOTO TOKA U BHIOOPY pekuMa pabOTHI.

K cucremaM omnepaTMBHOTO TOKa TMPEABSIBISAIOT TpeOOBaHUS BBICOKOMN
HaJie)kHOCTH TIpu K3 U 1pyrux HeHOpMaIbHBIX PEKUMOB B IIEIAX IVIABHOTO TOKA.

[TpuMeHsIoTCS CIeNYIONINE CUCTEMBI OTIEPATUBHOI'O TOKA HA MOICTAHITUSAX:

1. TOCTOSHHBIM ONEpPaTUBHBIA TOK - CHUCTEMa IMHUTAHUS OINEPATUBHBIX
Lene, Ipu KOTOPOH B KAayeCTBE MCTOYHUKA MUTAHUS MPUMEHSCTCS
aKKyMYyJsiTOpHas Oartapes;

2. TIEpeMEHHBIN OIEepaTUBHBIM TOK - CHUCTEMa MHUTAHUS OINEPATUBHBIX
1erne, mpu KOTOPOM B KAa4eCTBE OCHOBHBIX MCTOYHHKOB IHUTAHUS
UCIIOJIb3YIOTCSl U3MEPUTEIIbHBIE TpaHC(HOPMATOPHI TOKA 3aIIHUIAEMbIX
MIPUCOCANHEHNUN, W3MEpPUTENbHbIE TpaHCHOPMATOPhl HAIPSKEHUS,
TpancopMaTopsl COOCTBEHHBIX HYXk . B kKauecTBe HOMOTHUTEIBLHBIX
WCTOYHUKOB TUTAHUS UMITYJIBCHOTO JICCTBUSA  HMCIOJIB3YIOTCS
MIpeBAPUTEIBHO 3apSHKECHHBIE KOHEHCATOPHI;

3. BBINPSIMJIICHHBIN OTNIEPATUBHBINA TOK - CHCTEMa MUTAHUS ONEPATUBHBIX
Ierne TMepeMEeHHbIM TOKOM, B KOTOPOH TMEPEMEHHBIH  TOK
npeodpas3yeTcsi B MOCTOSIHHBIN (BBITIPSMIICHHBIN) C TTIOMOIIBIO OJIOKOB
MATAHUSI W BBIIPSIMHUTEIBHBIX CHJIOBBIX YCTPOUCTB. B KkauecTBe
JOTIOJTHUTENIBHBIX HMCTOYHUKOB TIUTAHHUS MMITYJIbCHOTO JICHCTBUS
MOT'YT UCTIOJIb30BATHCS MPEIBAPUTEIHHO 3aPsKEHHBIE KOHICHCATOPHI;

4. cMellaHHas CHUCTeMa ONEPaTUBHOIO TOKa - CHCTEMa MHTaHUs
OTIEPATUBHBIX IIE€TEH, MPU KOTOPOW HMCHOJB3YIOTCS Pa3HbIE€ CUCTEMBI
OTIEPATHUBHOIO TOKA (MIOCTOSSHHBIM M BBIIPSMIICHHBIN, IEPEMECHHBIA U
BBITIPSIMJICHHBIN ).

B cuctemax onepatuBHOIO TOKA pa3iNyaroT:

- 3aBHCHUMOE MHUTaHHWE, KOorja padoTa CUCTEMbI MUTAHUS ONEPATUBHBIX
Hener 3aBUCUT OT pexuma paldoThl JAaHHOW 3IEKTPOYCTAHOBKU
(moacraHuun);

- HE3aBUCMMOE TMTaHWe, Korja paboTa  CHUCTEMbl  IUTAHUS
OTIEPATHBHBIX IIETIE HE 3aBUCUT OT peXuMa paboThl JTaHHOU
ANEKTPOYCTAHOBKH.

K He3zaBuCHMBIM crcTeMaM OTHOCHUTCS IMTOCTOSIHHBIN ONIEPAaTUBHBINA TOK.

O6nacTu TNPUMEHEHUs PA3JIUYHBIX CHUCTEM OMNEPAaTHBHOIO TOKa Ha
MOACTAHIIMSIX B 3aBUCHUMOCTH OT CXEMBI JJIEKTPUUECKUX COCAMHEHUM, THIa
BBIKJIFOYATEJICH U IPUBOJIOB K HUM MpHBeeHbI B Tabuie [Ipunoxenus.

[TocTosiHHBIN OomepaTUBHBINA TOK NMpUMeHsAeTcs Ha nojactanuusx 110-220 kB
co cOOpHBIMHU IIMHAMM 3TUX HaNpsOKeHW, Ha mnoactaHuusx 35-220 kB 6e3
COOpHBIX IIMH Ha OTUX HaNPSHKEHUSX C MAaCIASHBIMU BBIKIIOYATEISIMUA  C
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ANEKTPOMArHUTHBIM TPUBOAOM, JUIsl KOTOPBIX BO3MOKHOCTH BKIIIOUEHHUS OT
BBINIPSIMUTENBHBIX YCTPOUCTB HE MOJATBEPKACHA 3aBOOM-U3TOTOBUTEIIEM.

[lepeMeHHBIN OMIEpaTUBHBIN TOK TpUMEHsEeTCsl Ha noAcTaniuax 35/6(10) kB
C MacJIsIHBIMH BbIKIIOUaTessiMu 35 kB, Ha moxacranmusx 35-220/6(10) u 110-
220/35/6(10) kB 0e3 BbIKIIOYaTENE Ha CTOPOHE BBICIIETO HANPSKEHUS, KOIa
BeikrO4aTesu 6(10)-35 kB ocHateHsl NpyKUHHBIMU TPUBOIAMH.

BrinpsiMiieHHBIN ONepaTUBHBINA TOK JOJIKEH MPUMEHSATHCS: HAa MOJICTaHLIMSIX
35/6(10) kB ¢ macnsubiMu BeiKTIOUaTenaMu 35 kB, Ha moacranmusax 35-220/6(10)
kB u 110-220/35/6(10) kB 0e3 BbIKiIIOYaTENEe HA CTOPOHE BBHICIIETO HAIPSKEHUS,
KOT/IaBBIKJIIOYATENIM  OCHAIIEHbl  JJEKTPOMATHUTHBIMU  TMPUBOAAMH;  Ha
noactannuax 110 kB ¢ ManbIM 4KCIIOM MacisHBIX BbIKIItoUaresael Ha cropone 110
KB.

[lepedyeHb MAcCISHBIX BBIKJIIOYATENEH C 3JIEKTPOMArHUTHBIM MPUBOAOM, IS
KOTOPBIX UCHBITAHUAMH MOJATBEPAKICHA BO3MOKHOCTh 3aBUCHMOI'0 MUTAHUS Lenel
BKJIFOUEHHUSI, IPUBEJIEH B Ta0m.2.1.

Tabnuua 2.1

MacisiHble BBIKJIIOUATEIN C SJICKTPOMArouTHBIM IIPUBOOOM, OJIA KOTOPBIX HC-
NbITAHWAMUA ITOATBCPIKIACHA BO3MOXHOCTH 3aBHCUMOTO IIUTAHHA ueneﬁ BKIIIOYCHUA
OT CHJIOBBIX BBIITPAMUTCIIBHBIX YCTPOﬁCTB

KL]}]}]}'THHHUHHHH L‘]lUL‘UErHUCTh._ K_-‘ﬁL
Brikinouares Mpueog ¢ HHOYKTHBHBIM HAKONH- | 03 HHIVKTHBHOIO HAKO-
TEJeM INHTEIA

BMIT-109-2500-20 612 20 0
BMITD-10-320020Y3 | TI3B.12A 20 0
BMII2-10-320031,5Y1 | M3B-12A 31,5 0
BMII-109-3000-20 [13B-12 20 0
BMII-10-620, 1000, 1500 | T13-11 20 9
BMI-133-100020 X 20 5
BMT-10-630-20 11 30 0
BMI-103-1000-20 3B.11Y - 20
BMI1-359-1000/26 TERTLY T: 10
BT-35-630-10 511 ; 0
BMK-353.0.63/8 11 g 0
C-35-630/10 311V : T
MKII-110M-630120 1111333 - 20
MKTI-110M-1000120 1111333 ) 20

MKII-110M-630/18 .4 TEXE 5 1847
, THERY ; 25+
Y2210 I13-44-1 - 25

* - B 3uMHee BpeMs JOMKHO OBITh O0ECIEUCHO HAIPSIKEHUE Ha 3aKHMax
AJIEKTpOMAarHuTa BKJIo4YeHus He MeHee 220 B.

CwmelranHas cucTeéMa MOCTOSSHHOTO M BBIIPSIMIIEHHOTO ONEPATUBHOIO TOKA
MPUMEHSIETCSL JUISI YMEHBIIEHUS EMKOCTH aKKyMYJISITOpHOW Oaraped 3a cuer
MPUMEHEHHSI CUJIOBBIX BBINPAMUTENIBHBIX YCTPOWCTB JJIsi TNHUTaHUS IEneu
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AJIEKTPOMArHUTOB BKJIIOUEHMsS] MACHSHBIX BbIKIIouareneid. llemecoobpa3zHocThb
MPUMEHEHHUSI 3TOM  CHCTEMBbI  JIOJDKHA  OBITH  TOATBEPXkKICHA  TEXHHUKO-
SKOHOMUYECKHUMU pacyeTamu.

CwmelianHas cuctemMa MEPEMEHHOTO M BBIIPSAMIIEHHOTO OMEPAaTUBHOIO TOKA
MIPUMEHSETCS

JUIsl TIOJICTAHIIUM C MEPEMEHHBIM ONEPATUBHBIM TOKOM IPHU YCTAHOBKE Ha
BBOJAX MUTAHMS BBIKJIIOYATENEH C 3JEKTPOMArHUTHBIM HPUBOJOM, I MUTAHUS
AJIEKTPOMAarHuTOB BKJIIOYCHHUSA KOTOPBIX YCTaHaBIIMBAIOTCS CHJIOBBIC
BBINIPSIMUTEIILHBIE YCTPOICTBA;

s moactaHiuid 35-220 kB 6e3 BwIkiIOYaTeNel Ha CTOPOHE BBICIIETO
HaIpsDKeHMs, KOTjJa He oOecreuuBaeTCsi HaJleKHas paboTa 3amuT OT OJIOKOB
nutanus npu Tpexdaznpix K3 Ha cTOpOHE CpeTHEeTO MIIH BBICIIETO HANPSIKCHHUS.

B »ToM ciydae 3ammrta TpaHchOpPMATOPOB BBHITIOIHSAETCS Ha MEPEMEHHOM
TOKE C HCIOJIb30BAaHUEM TMPEIBAPUTEIBHO 3apSXKEHHBIX KOHJEHCATOpPOB, a
OCTaJIbHBIX AJIEMEHTOB MOJCTAHIIMU - HA BBIIIPSAMIIEHHOM ONEPATUBHOM TOKE.

2.2. CUCTEMA IIOCTOAHHOI'O OIIEPATHUBHOI'O TOKA

B kauyecTBe MCTOYHHMKOB MOCTOSHHOTO ONEPATUBHOIO TOKA HCIIOJIB3YHOTCS
akkymyssitopuble 6arapen tuna CK i CH.

2.2.1. TlorpeOutenu NOCTOSHHOTO TOKa

Bceex norpebuTtenell sHEpruu, MOIy4YalOUX MUTAHUE OT aKKyMYJISTOPHOU
OaTtaper, MOXKHO Pa3eIUTh Ha TPU TPYIIIIbIL:

1) IlocToAHHO BKJIIOUEHHAs HAarpyska - amnmaparbl YCTPOMCTB yNpaBiEHUs,
OJIOKUPOBKHU, CUTHAJIM3ALIUU U PEJIEHHON 3aIlUThI, TOCTOSHHO 00TEKaeMbIe TOKOM,
a TakKe IMOCTOSHHO BKJIIOUEHHAs 4YacTh aBapuilHoro ocpemieHus. [loctosiHHas
Harpy3ka Ha aKKyMyJSITOPHOW OaTaped 3aBUCUT OT MOIIHOCTH TIOCTOSTHHO
BKJIFOYEHHBIX JaMIl CUTHAJIM3allMd U aBapUHHOTO OCBEUICHUS, a TaKXKe OT TUIIOB
pene. Tak kak OCTOSIHHBIE HArPy3KU HEBEJIMKU U HE BIUAIOT Ha BbIOOp Oarapeu, B
pacdyerax MOXHO OPUEHTHUPOBOYHO NPUHUMATh ISl KPYMHbIX nojactanumii 110-
500 kB 3HaueHKe NOCTOSIHHO BKJIFOUEHHOUN HArpy3ku 25 A.

2) BpeMeHnHas Harpy3ka - MOSBISIONIASACS MPU UCYE3HOBEHUU MEPEMEHHOTO
TOKa BO BpeMsl aBapMMHOIO PEKHMMa - TOKW HArpy3Kd aBapUilHOTO OCBEIICHUS U
ANEKTPOABUTATENIE  TOCTOSSHHOTO  TOKa. JIUTENbHOCTH  3TOM  HArpy3Ku
omnpejensieTcs JIMTEIbHOCThIO aBapuy (pacueTHas JyureabHocTh 0,5 daca).

[IpumepHBIE COCTaB TOYEK YCTAHOBKU CBETUJIBHUKOB aBapUUHOIO
OCBEILICHHMSI, BBIMOJIHIEMOTO C MCIIOJIb30BAaHUEM JaMIl HAaKaJMBaHUS, U OLEHKA MX
MOIITHOCTH TIPUBEJICHBI B Ta0J.2.2.

15



Tabnuua 2.2

MecTo YCTAHOBKH CBETWIBHUKOE Konsnuecreo | MommocTs Odw an Tox, A,
CBETH/IBHM- | EIHHHLEL MOL- pH

KOB Br HocTe, BT | U=220 B
3PV 6(10) kB npu apvx BeIxOgax 2 fil 120 0.6
OITY nogeranumnu 11022006010} B z al 120 0,6
OIY nogeraduuun 2200110/6(10) kB f fal 120 2,0
Jlectunua | wr., 2 mapwa 3 40 120 0,6
[Momemenue akkymyaaropdoil Hatapeu 2 a0 120 0.6

3) KpaTkoBpemeHHasi Harpy3ka (IJIMTEIBHOCTBIO He Oojiee 5 ¢) cozmaercs
TOKAaMHU BKJIFOUYEHHS W OTKIIIOUEHHUsS TPUBOJOB BBIKIIOUATENCH M aBTOMATOB,
MyCKOBBIMH TOKaMH D3JEKTPOABUTATENCH M TOKAMHU Harpy3kd armaparoB
yIpaBieHus, OJOKHPOBKH, CUTHAU3AIMN U PEIICHHON 3aIIHUThI, KPATKOBPEMEHHO
NOTPEONAEMBIX  IIEKTPOMArHUTaAMH
BKJTFOUEHUS ¥ OTKJTIOYCHHS BBIKITIOYaTeNel, MPUHUMAIOTCS 0 Tabi.2.3.

00TEKAEMBIX TOKOM.

Taobmuna 2.3

3HaYeHUs TOKOB,

TexHuyeckue XAPAKTCPUCTHUKHU IJICKTPOMATI'HUTHBIX IIPHUBOJOB BBIKJIIOYaTEIeH

Tun Tun npusona [ToTpebasiemblil TOK npuBoaa, A
BBIKJIFOYATEIS IIPU BKJIIFOYEHUH  |[IPU OTKIIFOUECHHH
BMI'-10 I19-11 58 1,25
BMII-10 I19-11 58 1,25
BMII-10K I19-11 58 1,25
BMII-10Y I19-11Y 58 1,25
BMII-109 119-22 250 2,5
BOM-6 119-22 250 2,5
MI'-10 I1C-31 155 2,5
C-35-50 [T13-38 244 5
MKII-35 IT13-31 124 5
V¥-35 HITI3-36 232 2,5
BMK-35 119-31H 166 5
MKII-110M T13-33 244 5
VY-110-40 IT13-44 480 2,5
V-110-50 [ITID-46 (Ha momroc) 450 10
V-220-40 | IIITD-44I1 (ma mosroc) 240 5
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2.2.2. XapaKTepuCTUKU U PEKUMBI pad0Thl aKKYMYJISITOPOB

B snexTpoycTaHOBKax MPUMEHSIOTCS CBUHIIOBO-KHUCIOTHBIE aKKyMYJISTOPBI
tuna CK u CH, oTinnyaroniuecs 3JeKTPUUECKUMHU XapaKTepUCTUKAMU, pa3MepaMHu
MJIACTUH, YCTPOMCTBOM COCYAOB U APYTUMHU 3JIEMEHTAMU KOHCTPYKIIUH.

s akkymynstopoB CK yctaHoBieHo 45 TunopasMepoB, OTIMYAOIIMXCS
gucioM u pasmepamu (1,2,3, 6, 8, 10, 20, 24, 28, 148), a 17151 aKKyMyJISITOPOB THIIA
CH - 14 tunopasmepo (0,5; 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 20).
XapaKkTepUCTUKH aKKyMYJSTOPOB TMEPBOrO HOMEpa OOOUX THUIOB TMPHUBEICHBI B
Tabmn.2.4.

Tabnuua 2.4
XapaKkTepuCTHKHU ITepBoro Homepa akkymyssitopos tarma CK u CH

Tun akkymynsTopa CK CH |CK CH |CK |CH
ITpoaoKUTENBHOCTH pa3paaa, 4 10,0 10,0 |1,0 1,0 0,5 0,5
Pas3psanbiii TOk, A 3.6 4 18,5 20 25 30
HomunansHasg eMKOCTh, A-4 36 40 18,5 20 12,5 |15

EmMkocTH W paspsaHble TOKH aKKyMYJISTOPOB MOTYT OBITh ONpEICICHBI
YMHO)KEHHEM COOTBETCTBYIONIUX 3HAYCHHUH IS aKKyMyJISITOpa MEPBOTrO HOMEpa
Ha TUIIOBOM HOMED.

Axkymynsaropel tuna CH uMeroT 0ojiee COBEPIICHHYIO KOHCTPYKIMIO H
Jy4IIUe pa3psIHbIC XapaKTEPUCTHKHA, OHH PEKOMEHIOBAHBI JJIS NMPUMEHEHUS Ha
MOJCTAaHIMUAX (JUI1 OOCCICUYCHHS] aBapUHHOW HArpy3KH OJJICKTPOCTAHIIMHA WX
€MKOCTb HEJOCTATOYHA).

Pa3psin akkymyssTopa MpOUCXOIUT NP 3aMBIKAHWH BHEIIHEH IIETH Ha Ha-
IPy3Ky, NP OTOM TIOJOKHUTCIBHONW W OTPUIATCIBHON IUIACTHHE TMPOUCXOIUT
XHUMHYECKash PCaKIIns:

PbO, + 2H,50, + Pb © 2PbSO, + 2H,0 2.1)

IIpn paspsoe peakuuss 4MTAETCS ClE€Ba HampaBo. MOJEKYNbl CEpHOMN
KHUCIIOTHl BCTYMAIOT B PEAKIMIO C aKTUBHOM Maccod IUIacTUH, 00pa3ysd Ha HHUX
cynbdar cBunua PbSO4 KonneHTpauus 371eKTpoauTa B Mopax akTUBHOW MacChl B
MPOLIECCE pa3psAla CHUXKAETCA. ODTO NPUBOAUT K CHWKEHUIO HAIpPSDIKEHUS Ha
3aKMMax akkymyssitopa. HampsokeHue cHuxkaeTcss TeM 0oiblie, 4yeM OoJblile TOK
paspsiga. OTo OOBICHSAETCS TEM, UYTO MpU paspsaax OOJILIIUM TOKOM B TEUEHUU
Majoro BpeMeHU Iud@y3uss cCepHONW KHUCIOTHI B MOpPHl AKTUBHOM Macchl HeE
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ycreBaeT 3a IpoueccoM obOpa3oBaHusi cyibpara cBuHua. CynbdpaT CcBUHIA
3aKphIBa€T JOCTYIl K aKTUBHOM Macce. B pesynprare 3TOro mporecca €MKOCTb
OJIHOTO U TOTO € aKKyMYJsTOpa pa3jiiyHa W 3aBUCUT OT Pa3psAIHOTO TOKa (WM
JUTUTENTLHOCTH pa3psia).

3apsa akKymyJsaTOpa MPOU3BOAMUTCS OT HMCTOYHHMKA ITOCTOSSHHOIO TOKa
(nBuratens-reHepaTopa WM  BBIIPSAMUTENBHOM ycTaHoBku). Ilpu »3TOM K
aKKyMYJISITOPY MOABOJUTCS HamNpskeHUe OoJbIliee, YeM €ro 3.7.C., U HallpaBJeHHe
IBWKECHHUSI HMOHOB BHYTPH aKKyMYJSITOpa MEHSAETCS Ha MPOTUBOIOIOKHOE.
Peaknus (2.1) uuraetcs cnpaBa HayeBo. B mporiecce peakuuu cynbdar CBUHIIA Ha
00erX TUIaCTMHAX BOCCTAHABIIMBAETCS: HA MOJIOKUTEIBHON IJIACTUHE - B MIEPEKHUCH
CBUHIIA, @ Ha OTPUIATEIbHON - B METAJUIMYECKUN CBUHEL U oOpasyeTcsi cepHas
kucinora. KoHIEeHTpanus >JEeKTpojuTa B IIPOLECCE 3apsiia pPacTeT, MOITOMY
HalpsDKEHHE Ha aKKyMyJsiTope yBenuuuBaercs. Ilo Mepe 3apsaa peakuus
nepeHocuTcs BriayOb akTUBHOM Macchl. K KOHIy 3apsiga, Koraa Oosibliasi 4acTh
cynab(dara CBUHIIA BOCCTAaHOBIIEHA, MPOMCXOAMUT PEaKIUsl 3IEKTPOIU3a BOJbI, B
pe3yapTare KOTOPOM y OTPHULATEIbHOW IUIACTUHBI BBIICISIIOTCA MY3BIPbKH
BOJOPOJA, Y NOJIOKUTEIBHOW - KHCIOpOX. ['a30BblAECNEHUE HAYMHAETCA MpU
HanpspkeHuu 2,3 B. UToObl He gonmyckaTh OYpHOTO Ta30BBICICHUS, 3aPSIAHBINA TOK
CHIKAIOT M IOOJOJDKAIOT 3apAn Npu  HanpspkeHun 2,3 B, YBenuueHue
HalpsDKEHHWsT B KOHLE 3apsaa no 2,5-2,7 B Ha aKKymyJsITOp NPUBOJIHUT K
HEOOXOIUMOCTH YCTPOMCTB peryjiupoBaHusi uucia OaHOK B Oarapee, 4YTO
YCIIOKHSAET CXEMY, [TOATOMY LIUPOKO BHEIPAETCS METOJ 3apsAla aKKyMyJIITOPHOU
Oatapeu npu HanpsbkeHud 2,3 B Ha oguH akKyMymsTop.

PexxnM nocTosHHOr0 noA3apsaa Jjsl CTAlMOHAPHBIX AKKYMYJIATOPHBIX yCTa-
HOBOK IIPUHST KaK OCHOBHON HOPMAJIbHBIN PEXKUM.

AkkyMmynsTopHas OaTtapess JOJDKHA OBITh BbIOpaHa Tak, 4YTOOBI OHa
COBMECTHO C KaOesiMHU, MUTAIOIIMMHU 1IN BKIIIOUEHUS TPUBOJIOB BBIKIIIOUATENEH,
U 3apAIHO-NIOJ3APSAIHBIMU  yCTpOMCTBaMM  oOecreunBaia  HaAEXKHOE U
HSKOHOMHYHOE MUTaHUE TOTPEOUTENel MOCTOSIHHOTO TOKAa BO BCEX BO3MOXKHBIX
pexxumax padboThl.

B HOpmanbHOM pexume OCHOBHBIE 3JIEMEHTHI 7y O0aTapeu MOJKIIOYEHBI K
MoA-3apsiTHOMY YCTpOUCTBY: ng = 230B/2,15B = 108 snementos, rue 230B -
Hanpspbkenue Ha mmHax (1,05 U,,,,); 2,15B - HanpsbkeHue Ha DJIEMEHTE B PEKUME
3apsaa.

OT0 K€ TMOoJA3apsAHOE YCTPOMCTBO MHUTAET IMOCTOSHHO BKJIIOUYECHHYIO
Harpy3Ky MoCTOSIHHOTO TOKa [, 3apsan 6aTaper NpOoU3BOJUTCS MOCIE JIUKBUIALUN
aBapuy, a TaKK€ OJIHMH pa3 B TPU Mecsla OCYIIECTBISETCS YpPaBHUTEIbHBIN
703apsill OT 3apsIAHOTO YCTPOMCTBA. Y UUTHIBAsA, UTO B PEKUME 3apsA/ia HANIPSIKEHUE
Ha 3JIEMEHTE MOoJHUMaeTcs A0 2,7 B, Kk muHaM pucoeauHseTcs: n,,,= 230B/2,7B
= 85 3JIEMEHTOB.

B cxemax 0e3 aeMeHTHOro KOMMyTaTopa 0arapen UMeroT oTHaiku ot 85 u
108 »neMeHTOB M TakuM 00pa3oM K IIMHAM MOCTOSIHHOI'O TOKA MOJIKIII0YaroTcs 85,
108 u 125 sneMeHTOB B pexnMax 3apsiia, MOCTOSTHHOTO MOA3apsA/ia U aBApUUHOIO
paspsna COOTBETCTBEHHO.
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Bo Bcex ciaywasx  HMCXOAHBIM  SIBJSIETCS ~ HAaWMEHBIIMHA  HOMEP
aKKyMyJsTOpHOW Oatapen N, omnpenenseMbli MO YCIOBUIO OOecCHedeHUs
MUHUMAJIBHO JOMYCTUMOrO HANpsDKEHHsI Ha yCTPOMCTBAX peleiHOM 3aluThl pU
TOJIYKOBBIX TOKaxX OT HamOoJiee MOIIHOIO MPUBOJA B KOHIIE aBapUIHOIrO pas3psiia
OaTapeu.

AKKYMYIATOpHYIO OaTapero U kabenu BEIOMPAIOT B IEPBYIO ouepeab ajsi PY
C BBIKJIIOYATENISIMU, UMEIOUUMHU HAWOOJIbIIINE TOJYKOBBIE TOKH 3JIEKTPOMArHUTOB
BKJIIOUEHHMSI, 3aT€M MPOBEPSIOT BHIOPAHHBIM HOMEpP aKKyMYJATOPOB JJI APYTHUX
PY u, ecniu He BO3HHMKAeT HEOOXOAUMOCTH B YBEJIMYEHUH HOMEpPA, OMPEACNSIOT
ceuenue kabenen g kaxaoro PY.

2.2.3. BriOOp akKyMyJSTOpPHBIX OaTapei

[Ipu ucnosib30BaHUU aKKyMYJSATOPHOU Oarapen 3ajaudell pacueTa sBIsSETCA
BBIOOp HOMEpa M KOJMYECTBA 3JIEMEHTOB Oarapeu. McXoaHbIMM JaHHBIMH K
pacuery sBISAIOTCA:

1) Tumnel BeIKIIOYATENEH U TPUBOJIOB K HUM;

2) HOMUHAJBHBIM TOK 3J1€KTPOMATHUTOB BKIFOUEHUS] IPUBOJOB I/7p;

3) Tok aBapUItHOM MOJIy4acoBOM HArpy3KH aBapuMHOIO OCBeUIeHUs Iy s,

4) TOK MOCTOSTHHOUM HArpy3Ku Iy,

Tunosoit Homep O6aTapeu N BrIOUpaeTcs Mo Gpopmyie:

N = (1,05 I4g)/] (2.2)
IAB == IAJI + 10,5 (23)

rae

I4p — TOK aBapUMHOIO MOJIy4aCOBOI'0 PEKHUMA;

J — nomycTtrMasi Harpy3ka aBapuiHOTO MOIY94acoBOTO paspsaa, A, IpuUBeaeHHAS K
NEPBOMY HOMEPY aKKyMYJIATOpa, KOTOPYIO MOXKHO onpenenuts (st 6atapeinr CH)
B 3aBHCHMOCTH OT TeMIIepaTypsl AIeKTponuTa £, °C, 1o BBIPaKEHUIO:

j=188 +0,2. ¢ (2.4)

rne ¢ = +10"’C - MurnManBsHO JOIyCTUMAsl TEMIIEPATYpa.

[Tony4ennstii o (2.2) Homep N okpyriasieTcs 10 OJuxKanero 00JabIIero TH-
noBoro. Ilpu BeIOOpe akKyMynSaTOpHOW OaTapeu, Kak MpPaBUIIO, ONPEACISIONINM
(bakTopoM SBIISETCS BKIIOUYEHHUE OJHOr0 HauboJiee MOIIHOTO BBIKIIIOUATENS WM
OJIHOBPEMEHHOE OTKJIIOUEHHUE TPYIIIbI BBIKIIOYATENEH, YTO MOXKET UMETh MECTO
KaK B HOPMaJbHOM, TaK U B aBapUHOM pexxuMmax paboThl Oatapeu. BoiOpaHHbIN
AKKyMYJISITOp TIPOBEpPSIETCSl MO HAUOOJBIIEMY MHUKOBOMY TOKY I, .4y, BEJIMYMHA
KOTOPOTO:

In.Max = IAB + Inp: (25)
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rae Iy, - TOK, MOTPEONAEMbIN 3JIEKTPOMATHUTOM BKJIKOYEHHUs CaMOro
MOIITHOTO TIPUBOJIa BBIKJIIOYATENS WJIM TOK, MOTPEOJISEMBIN 3JIeKTpOMarHUTaMu
OTKJI-UCHHS TPYIIIBI BHIKJIIOYATENIeH Ha MOACTaHIMK (MakCUMallbHOE 3HA4YCHUE).
VYcioBue IpoOBEpKHU:

(46 — 50) - N = I}, jyax» (2.6)

rae (46- 50) - kodpdUIMEHT, YUYUTHIBAIOUIUNA JOMYCKAEMYIO TEPErpy3Ky
akkym-JisiTopoB Tuna CK (46) unu CH (50) B pexxumMe KpaTKOBPEMEHHOTO pa3psija.
[Ipu HeBbIMONHEHUU YycloBUs (2.6) mpuHUMAaeTcs OONbIIUKA HOMEp Oarapewu.
Omnpenensiercs HaUOOJBIIMK MUKOBBIM TOK, MPHUBEICHBIN K OaTapee ¢ THUIOBBIM
HoMepoM N=]:

Iy = Inmax/N. (2.7)

OTkJOHEHUE HanpsKeHUs, %, MPU MUHUMAIIBHO JOMYCTUMOM TEMIIEpaType
0
t=+10"C:

AU/U = 100 — 0,3445 - I;;. (2.8)

C yyeToMm majeHusi HaANPSHKEHUS B COCIMHUTEIBLHOM KOHTPOJBHOM Kabele
(ycnoBHO 5%), Hanps>KeHUE HA MTPUBO/IaX BHICOKOBOJIBTHBIX BBIKIIIOYaTeNne,%:

U, =AU/U-5 (2.9)

ITpu 5TOM JOIMYCTUMBIN THANa30H OTKIOHEHUH HANPSKEHUS Uy p 5o COCTAB-
nsiet (80-110)%. JlomxHO OBITH 00€CTIEYEHO BHITIOJIHEHUE YCIIOBHSL:

Ul'I.B < UH.B,AOH‘ (210)

Yucio areMeHToB B 6arapee Mpu HanpspDKeHUHM Ha IMIMHAX MOCTOSIHHOTO TOKa
220 B: n=220/1,75=125, rne 1,75 - HanpsbkeHUE Ha aKKyMyJsTOpe (dJIEMEHTE) B
pexuMe  KpaTKOBpeMeHHoro pazpsga. Ha mopgcranmmsx  110-330 kB
yCTaHABJIMBAETCS OJIHA aKKyMyJsiTopHast 6atapes 220 B, na noacranmusx 500-750
kB - nBe 6atapeu 220 B.

AKKYyMYJISTOpHBIE OaTapeu Ha MOJCTAaHIUAX, KaK MPaBUIIO, BHIMIOJIHSIOT 1O
CXEMe€ C MOCTOSIHHBIM MOA3apsA0M 0€3 3JIEMEHTHOTO KOMMYyTaTopa.

Jng  moxzapsana MW NOCIEaBapUHMHOIO  3apsa  yCTaHaBIIMBAKOTCS
BeIpsiMuTenbHble arperatsl BA3I1-380/260-40/80 na nanpsixenue 380 B u 260 B
u Tok 40 u 80 A. [Torpebnsiemass momHOCTh (1ipu cos @ = 0,86) coctaBnsier 20,8
kBT 1 15, 2 kBT COOTBETCTBEHHO.

B kauecTBe  3apANHBIX  YCTPOHCTB  NPUMEHSIOTCA  CTaTUYECKUE
npeoOpa3oBaTeIN UK arperarbl Au3eib-renepaTtop. s BeiOopa moazapsaHoro u
3apsATHOTO YCTPOWMCTB OMPENENAIOT BEIMUYMHY TOKa Mojazapsaa I u HampsikeHue
U, , Tok 3apsiga I3 m HanpsbkeHue B KoHIle 3apsiga Us , M0 KOTOPBIM ONpEesioT
HEO0OXOIUMYIO MOILITHOCTh MPeoOpa3oBaTes.
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In=0,15-N + I, 2.11)
Up=22-n, (2.12)
I,=5-N+1p, (2.13)
U, = 2,75 - n, (2.14)

[Ipumep BbIOOpa akKymynsiTopHOM OaTapeu Tuna CH

Ha noxacraniusix ¢ nensMu ynpaBji€HUs HA TOCTOSHHOM ONEPATUBHOM TOKE
MPEANOYTUTENIbHO HCIOJNIB30BAaHUE aKKyMYJATOPHBIX OaTapeid ¢ HaMa3HbIMU
mnactuHamu tuna CH co ctangapTHeM psigoM tunopasmepos: 0,5; 1; 2; 3; 4; 5; 6;
8;10; 12; 14; 16; 18; 20.

1) [HocTosAHHYIO TOKOBYIO Harpy3Ky IpUHUMAaeM paBHOM [, = 25 A.

2) Harpysky aBapuifHOro OCBELIEHUSI MOKHO ONpeneNnuTh o 1abm.2.2. [ns

paccMaTpUBaEMOI0 YUCJIEHHOTO MpUMEpa MPUHUMAEM HUTOTOBYHO TOKOBYIO
Harpy3Ky

aBapuiiHOrO ocBemeHus Iy s= 5 A.

4) KpatkoBpeMeHHYIO Harpy3Ky onpenesnsieM, UCX0id U3 KOJIUYeCTBa, TUIIOB
BBIKJTIIOUATENEe M IPUBOJOB K HUM, MO Tab1.2.3. Pe3ynbrarsl cBOAMM B Tabi.2.5.
Toxk Inp =720 A.

Tabnuua 2.5
Omnpenenenne Toka KPaTKOBPEMEHHOMN HArpy3Ku

Konuuge- [Notpebnaemstii Tok npusoja A
Tun awi- CymmapHsiii Tok
Tun mpuso- | ereo Bbi- =
KIIH4ATE- OTKJTHI4EHHA Bhl-
i aa wiosare- | [pu skmosendd | [py oTknoMeHun RN
Wk il KIHMaTenei
BMII-10 In3-11 15 58 1,25 18,75
Y-110-40 LIT3-44 10 480 2.8 25
Y-220-40 | UIT13-4411 8 240x 3 =720 3 40
5)  Toxk aBapHIfHOIO MOJYy4aCOBOIO PEIKUMA:
IAB = I[[H+IO,5 - 25+ 5 == 30A
6) Jlomyctumass Harpyska aBapUHHOTO  IOJy4acOBOIO  paspsia,
IMPpUBCACHHAA K

MEpBOMY HOMEPY akKymyJssiTopa, ompeaenseMmas 1o (2.4) nmpu MUHUMAIBHO

JOMYCTHMOI TeMmepatype anekrponuta ¢ = +10 °C:
j=188+0,2xt=188+0,2+10 = 20,8 A.

[IpeaBapuTenbHO BBHIOMpaeM THUIIOBOM HOMEp OaTapeu MO YCIOBUIO

7)
(2.2):

N = (1,05 -145)/] = 1,05 % 30/20,8 = 1,51.
8) IlpeasapurenbHo BeIOUpaeMm Gatapero CH-2.
9) HaubGonpmuit nuKoBbId TOK 10 (2.5):
Iymax = Iap + Ipp = 30 + 720 = 750 A.
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10) [IpoBepka mpaBUILHOCTH BBIOOpa OaTapeu IO HaUOOJBIIEMY
MUKOBOMY TOKY COTJIacHO (2.6):

N = I y.x/50 = 15. YcinoBue npoBepKH HE BITOIHACTCS.

11) BeiOupaem 6aTapero ¢ TUIIOBBIM HOMEpOM N = /6.

12) HaubGonpmuii NUKOBBIA TOK, MPHUBEACHBIM K OaHKEe C THUIIOBBIM
HOMepoMm N=1:

Ini = Iy wax/N = 750/16 = 46,88 A.

13) OrtkioHeHue HampspkeHus, %, NOpU  MUHUMAJIBHO JONMYCTUMOM
temmepatype ¢ = +10 °C o (2.8):

(AU /U ) =100 - 0,3445* Ir;; = 100 - 0,3445 * 46,88 = 83,85 %.

14) HampsixeHue Ha IpUBOJIaX BEICOKOBOJBTHBIX BbIKIIOUarTesei, %, Mo

(4.9):

Ups =AU/ U)-5=283,85-5=78,85 %.

15) VYcnosue (2.10)

Uns = 78,85 % < Uy g non = (80.. .110) %

HE BBITIOJTHSAETCS.

16) BeiOupaem 6aTtapero ¢ TUIIOBBIM HOMEpoM N = /8.

17) Haubonpmuii NUKOBBIA TOK, NPHUBEACHBIM K OaHKe C TUIOBBIM
HOMepoMm N=1:

Ini = Iy wax/N = 750/18 = 41,67 A.

18) OrtkioHeHue HampspkeHus, %, NOpU  MUHUMAJIBHO JOMYCTUMOM
temmepatype ¢ = +10 °C o (2.8):

(AU /U )=100 - 0,3445* I;; = 100 - 0,3445 * 41,67 = 85,64 %.

19) HampsixeHue Ha TpUBOJIaX BEICOKOBOJBTHBIX BbIKIIOUarTeseH, %o, Mo

(2.9):

Ups =AU/ U) - 5=285,64 - 5=280,64 %.

20) Vcnosue (2.10)

Ups= 80,64 %< Uy s ron= (80...110) %
BBITIOJTHSIETCS.

OxoHnuatenbHO BeIOMpaeM Oatapero CH-18.

Br160op BcrioMorarenbHbIX YCTPONCTB:

[TonzapsagHoe yCTpOUCTBO:

Ip> 0% 1SN +1,, =0,15*18 +25 =277 A;

Up=22ny=22%*108 =237,6 B.

3apsiHOEe YCTPOMCTBO:

I,=5N+1,;, =5*18+25=115A;

U,=2,75ny=2,75* 108 =297 B.

2.2.4. CxeMbl BKIIIOUECHHS aKKYMYJISITOPHBIX OaTapei
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Ha moacTaHuusix ¢ NMOCTOSHHBIM OIEPAaTHUBHBIM TOKOM YCTaHABIIMBAETCH,
KaKk MpaBWiO, OJHA aKKymyisaropHas Oartapes 220 B. barapes HopmaibHO
paboTaer B pexuMe MOCTOSHHOTO ToJ3apsaaa 0e3 2IeMEHTHOI0 KOMMYyTaTopa npu
ctabuibHOM  Hampsbkenun 2,15 B Ha osnmemeHnt, 0e3 NepUOAMYECKHX
YPaBHUTEIBHBIX NIEPE3APSAI0B U TPEHUPOBOUYHBIX Pa3psiIOB.

luT mocTtostHHOrO TOKa MMeeT TiiaBHble (cuioBble) muHB I U muHbI
ynpasienus LY. [{nsa akkymynstopHoi 6atapeu u3 1°8 anementoB I cocTosT
u3 muH "+" ¥ pu OOJIBIIIEM YHUCIIE PJIEMEHTOB J00aBIsIETCS IMUHKA "-" MOBBIIIEH-
Horo HampspbkeHus. [lluaka "+" mnpucoenuHsAeTCs K IUIIOCY aKKyMYJISITOPHOU
Oarapeu, mmHa "-" - k Mmunycy 108-ro snementa, mwuna "-" - k munycy 120, 128
nmu 140-ro snemeHra.

K mmuaam HIT nmoxgkirodaeTcss ceTb aBapUHHOIO OCBEILIEHHS, PE3ECPBHBIN
arperarT CBSI3M W LENH THUTaHUSA BJIEKTPOMAarHUTOB BKJIOUYEHUS IPUBOJOB
MacJIIHBIX BBIKIIIOUatesei 6-35 kB, maromux tomukoBble TOKH 0 200 A. IInnka
MOBBIIIEHHOTO HAIpPSKEHHUs] MCHOJIB3YETCS ISl TMOJKIIOYEHUS JIMHUN MHUTaHUS
AIEKTPOMArHUTOB BKIIIOYEHUS NPUBOAOB MacisHbIX BbIkItoudareneit 110 kB u
BBIIIIE.

[MIuaku HIY B pexxnme MOCTOSAHHOTO Moja3apsiaa npucoenrHeHsl k 108 sme-
MeHTaM Oatapeu. IIpu nosapsiake Oartapeu npu Hanpspbkenuu 2,3 B Ha syeMeHT
muHkn 1Y nomxsel nepexmiouatbes Ha 100 smeMeHTOB BO  u30exaHue
MOBBILLIEHUSI HANpsbKeHUsT Ha HuxX Beime 1,05 munumansHoro. lunka (+) IIM
NpeAHa3HaueHa JUId MOJKIIOYEHUS LENeW CHUTHAIBHBIX JIaMI  MOJIOXKEHUS
BBIKJIIOUYATEIICH.

Jist 1yOnupoBaHuUsl MUTAHUS OTBETCTBEHHBIX MOTpeOUTENEH MOCTOSHHOIO
TOKA W YJIY4YLICHHsS YCJIOBUM OKCIUIyaTalMW Ka)Kaas CUCTEMa IIWMH IIHATa
MOCTOSIHHOTO TOKa pas/ieJieHa Ha JBE CEKIUH, CBSI3aHHbIE MEXIy co0oi
pyOmnbHUKaMu. B kadecTBe 3apsAHO-NON3ApPSIHBIX AarperartoB MNPUMEHEHbBI
CTaOWJIM3UPOBAHHBIE BhIIPAMUTENbHBIE arperatel V1,V2 (onuH pabouuit, apyroit
PE3epBHBIIN).

JUiss TOBBILIEHUS HAAECKHOCTH TMHUTAHUS MOTPEOUTENH ONEPATUBHOIO
MOCTOSIHHOTO TOKa pa3AeNifloT Ha TPYMIbl (CeTh MUTAHUS AIIEKTPOMArHUTOB
BKJIFOUYEHMSI; CETh YNPaBIEHUs, 3alIUThl U1 ABTOMATHKH; C€Th CUTHAIU3AIUH U T.I1.),
KaXIasi W3 KOTOPBIX TMOJAKJIIOYAETCS HE MEHEEe YeM JByMs B3aUMHO
pE3EPBUPYEMBIMU JINHUSIMU K Pa3HBIM CEKLMSAM IIHMH IIUTA TOCTOSHHOTO TOKA.

2.3. CUCTEMA IIEPEMEHHOTI'O OITEPATHBHOI'O TOKA

[Ipy nepeMeHHOM OIEpaTUBHOM TOKE HauOoyiee MPOCTHIM CIOCOOOM
MIATaHUS AIEKTPOMAarHuTOB OTKJIFOUECHUS BBIKJTFOYATENEN ABJISIETCSA
HEIMOCPE/ICTBEHHOE BKIIIOYEHHE MX BO BTOPHUYHBIE LIENMH TpaHC(HOPMATOPOB TOKA
(cxeMbl C¢ pene MPAMOro JAEUCTBHS WIM C JACHIYHTUPOBAHHEM 3JIEKTPOMArHUTOB
OTKJIIOYEHMSI TpU cpabaTbiBaHUM 3amuThl). llpu 3TOM mpenenbHble 3HAUYCHUS
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TOKOB M HaNpsDKEHUM B TOKOBBIX IEMSIX 3alUThl HE JOJDKHBI IPEBBIIATH
JOMYCTUMBIX 3HAYEHHM, a TOKOBBIC JJICKTPOMArHUTHI OTKJIIOUCHHs (pejie TUIIOB
PTM, PTB unu TOO) nomkHbl o0ecrieurBaTh HEOOXOIUMYIO YYBCTBUTEIBLHOCTh
3aIMUTHl B COOTBETCTBUU ¢ TpeboBanusimu [1YD. Ecnu atu pene He obGecneunBaroT
HEOOXOJUMOW YYBCTBUTEIIBHOCTH 3alllUThI, THWTAHUE LIEMEeH OTKIIOYCHUS
MPOU3BOJUTCS OT MPEABAPUTEIIBHO 3aPSKEHHBIX KOHJIEHCATOPOB.

Ha noacranumsax ¢ nepeMeHHbIM ONEPATUBHBIM TOKOM IMUTAHUE LETIEH aBTO-
MAaTHKH, YIPABJICHUS U CUTHAIM3AIMUA TTPOU3BOIUTCS OT IIUH COOCTBEHHBIX HYXK]I
4yepe3 CTa0uIn3aTophbl HAITPSIAKEHUS.

HUcTounukamu MIEPEMEHHOTO OIIEPATUBHOTO TOKa SIBIIAIOTCS
Tpanc(opMaTopsl COOCTBEHHBIX HYXK]l U U3MEPUTEIIbHBIC TPaHCHOPMATOPHI TOKA U
HANPSKEHUS, OCYLIECTBIISIOIINE MUTAaHUE BTOPUYHBIX YCTPOWCTB
HETOCPEJCTBCHHO WJIM 4Yepe3 MPOMEKYTOUHBIC 3BEHBbS - OJIOKM THUTaHUS,
KOHJCHCATOPHbIE YCTpOMCTBA. [lepeMEHHBIN ONEpPaTUBHBIA TOK PACIPEAEISAETCS
LHEHTPAJIIM30BaHHO M, CJIEIOBATENIbHO, IMPU €ro HCIOJIb30BAHMM HE TpeOyeTcs
CJIO)KHOM M JOpOroil pacmpenenuresbHOW ceTu. OJHAKO 3aBUCUMOCTH MUTAHUSA
BTOPUYHOTO OOOPYIOBaHMS OT HAJIUYMS HANpsDKEHUST B OCHOBHOM  CeTH,
HEJIOCTATOYHAsI MOITHOCTh CAMUX MCTOYHUKOB (M3MEPUTENBHBIE TpaHCHOPMATOPHI
TOKa W HaNpsOKEHUs) OrpaHWYMBaeT oO0JIacTh TPUMEHEHHUS OIEPAaTHUBHOIO
IIEPEMEHHOI0 TOKA.

TpanchopmaTopsl TOKa CIyKaT HAJACKHBIMUA UCTOYHUKAMU JIJIsI TUTAHUS 3a-
IIUT OT KOPOTKUX 3aMbIKaHUH; TpaHCPOPMATOPHI HAMIPSHKEHUS U TpaHC(HOPMATOPHI
COOCTBEHHBIX HYXJ] MOTYT CIIY)KUTh UCTOYHUKAMU JISl 3alIUT OT MOBPEKICHUN U
HEHOPMAaJILHBIX PEKUMOB, HE COMPOBOXKIAIONINUXCS TITYOOKUMU TTOHUKEHUSIMU Ha-
MpsDKEHUs, Korja He TpeOyeTcss BBICOKOW CTAaOMIBHOCTH HANpPsKEHUS U
JOMYCTHUMBI IEPEPHIBBI B MUTAHUH.

Crabunu3aTopbl HANPSDKEHUS TTPeaHA3SHAYCHBI JIJIS:

1) mognepxkaHuss HEOOXOJAMMOTO HAMPSIKCHHUS OIMEPAaTUBHBIX LIETIeH TpHu
pa6ore AYP, korma BO3MOXXHO OJHOBPEMEHHOE CHHUXXEHHUE YacTOThl U
HaNpsHKEHUS;

2) pa3aeneHusi ONEpPATUBHBIX IENEH M OCTAIBHBIX IIEeMeHl COOCTBEHHBIX
HYJ TIOJCTaHIMU (OCBEIIEHWE, BEHTWJISIMS, CBapka W T.J.), YTO CYIIECTBEHHO
MOBBIIIAET HAJIC)KHOCTh ONIEPATUBHBIX LETEH.

2.4. CUCTEMA BBIITPAMIIEHHOI'O OIIEPATUBHOI'O TOKA

JI71s1 BBIIPSIMIICHHS TIEPEMEHHOTO TOKA UCIIOIb3YOTCS:

broku nutanus ctabunuzupoBannbie Thna bITHC-2 coBMECTHO ¢ TOKOBBIMU
tuna BIIT-1002 - nys nuTaHud 1eneu 3ainTbl, aBTOMAaTUKH, YIIPABICHHUS.

broku murtanus HecrabunuzupoBaHHbie Thna BITH-1002 - nns nutanus
Ierne CUrHaiu3aluv M OJIOKMPOBKU, YTO YMEHBIIAET Pa3BETBICHHOCTH IleTeil
OTEPAaTUBHOTO TOKAa M OOECIEYMBACT BO3MOXHOCTH BBIJIaud BCEM MOIIHOCTH
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CTaOMJIM3UPOBAHHBIX OJIOKOB JUIsi cpalaThiBaHUS 3alIUThl W OTKIIIOUECHHS
BBIKJIIOUYATEIICH.

bnokn BIIH-1002 Bmecto BIIHC-2 - nnag nuTtaHus 1nene 3alliuThl,
aBTOMATHKH, YIPABJIEHHUS, KOT/1a BO3MOKHOCTh UX UCIOJIb30BaHUS MOITBEPKICHA
pacdyeToM U He TpeOyeTcs: cTabuiu3alus ONepaTUuBHOIO HAINpPsKEHUs (Hampumep,
npu orcyrcTBuu AYUP).

Cuinosble BeinpssmutenbHble yeTporictBa TU Ha YKII n YKIIK ¢ uHAYKTHB-
HBIM HAKOMUTEJIEM - Ui MUTAHUS BKJIIOYAIOIIUX 3JIEKTPOMATHUTOB MPUBOJIOB
MAacCIISTHBIX BBIKTIOUaTeneid. MHIyKTUBHBIN HAKOMHUTENh 00ECIICUNBAET BKIFOUCHUE
BBIKJIIOUATENISI HAa KOPOTKOE 3aMbIKAaHWE TIPU 3aBUCUMOM IIUTAHUU IIETEH
BKJIIOUEHHS.

Kak BuaHo wu3 Tabm.2.1 [ HEKOTOPBIX THUIOB  BBIKJIIOYATENEH
WHIYKTUBHBIM HakomuTedb He TpeOyercs. B 3ToM ciyyae MoxkeT OBITh
HCIIOJIb30BAHO BBIIPSIMUTENIBHOE YCTPOMCTBO, BXOJIIEE B KOMIUIEKT YCTPOMCTBA
VYKII, 6e3 unnykruBHoro Hakonutens (suuk YKII-1).

broku nutanus Hecrabunuzupoanubie bI13-4°1 npumeHstoTes 115 3apsa
KOHJICHCATOPOB, KOTOPBIE MCHOJIB3YIOTCS Uil  OTKJIIOYEHHUS  OTIEIUTENEH,
BKJIIOYEHHSI KOPOTKO3aMbIKaTeslei, oOTkiIoYeHus Bbikitouarenedn 10(6) xB
3alIUTON MUHHUMAJIbLHOTO HANPSKEHMS, a TAKXKE OTKJIIOUECHUS BBIKIOUateneil 35-
110 xB npu HEeg0CTaTOUHONW MOIIHOCTH OJIOKA MUTAHMSL.

2.4.1. Texunueckue JaHHBIE OJIOKOB MUTAHUS

brnoku nutanus (bII) - BeIMpsIMUTENbHBIE YCTPOMCTBA KOTOPHIE HA BBIXO/JIC
JIAI0T MOCTOSIHHOE (BBITIPSMIICHHOE) HAIpPSDKCHUE ISl MTUTAHUS LETeil pelleiHon
3alUThl, ABTOMATUKU, YIIPABICHUSI U CUTHAIU3AMK. J[esITCs HAa TOKOBBIE OJIOKHU
1 OJIOKU HaIPsKEHUS.

TokoBbIlT  OJOK  COCTOMT W3  MPOMEKYTOUYHOT'O  HACHIIIAIOMIETOCs
TpancopMaTopa TOKa C BBIIPSIMUTEILHBIM MOCTOM Ha BbIxoje. IlapasmienbHo
BTOPUYHON OOMOTKE TpaHchopMaropa BKIIOUAETCS €MKOCTb, OOecredMBaronias
BMECTE C BETBbIO HaMarHuyuMBaHUs (EppPOPE30HAHCHYIO  CTAOMIM3AIMIO
BBIXOJIHOT'O HaIpspKeHUs. TOKOBBIE OJIOKHM BKIIFOYAIOTCS B IIEMU TpaHCHOPMATOPOB
TOKa U ABJISIOTCA UCTOUHUKAMU MUTAHUSA TOIBKO B pexume K3, xorga Tok B 1enu
OKa3bIBACTCS JOCTATOYHBIM JUIsi OOECIEeUeHHs HEOOXOAUMON it paboThI
OTIEPAaTUBHBIX IIETIEH MOIITHOCTH Ha BBIXOJI€ OJIOKA.

briok HampspkeHus mpeacTaBiseT coO00M MPOMEKYTOUHBIM TpaHc(opMaTop
HANPSDKEHUST C  BBIIPSIMUTEIBHBIM MOCTOM Ha BBIXOAE. DIJIOKM HampsKeHUs
MOAKIIIOUAIOTCS K TpaHcpopMaTopaM HANPSHKEHUS WIM COOCTBEHHBIX HYXI U
SBJISIIOTCSI MCTOYHUKAMHU IMHUTAHUS B PEXUMax, Korjga OOecCIeueH J0CTaTOYHO
BBICOKMHM YPOBEHb HANPSIKECHUS.

bnokn  HampskeHMs M TOKOBBIE  MOTYT  HCIIOJB30BAaTbCS  Kak
CaMOCTOSITEIbHbIE UCTOYHUKU MUTAHUS WU B KOMOWHALIUM JIPYT C IPYTOM.
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broku nurtanus u 3apsaga tunos bI13-401 u BII3-402 npenHa3zHaueHsl 1S
3apsi/ila KOHJIEHCATOPHBIX OaTapei, MCIONb3yeMBbIX [JIsi MPUBEIACHUS B JeCTBUE
anmnapaTroB M yCTPOMCTB pejieiiHON 3aluThl (PEeKUM 3apsiAHOTO YCTPOMCTBA) WM

IMUTAHUA BBIIPAMIJICHHBIM TOKOM  allllapaTypPhbl

ABTOMAaTHKH,

YIOPABJIEHUS U

peneiHoi 3ammThl (pexuM OJioka TUTaHWsA). TeXHUUYecKue JaHHble OJIOKOB

npuBeACHBI B Ta01.2.6.

Tabnuua 2.6
TexHuueckue nanHble OJIOKOB MUTaHuUs U 3apsana cepuu bI13
[TapameTpsrl bI13-401-Y4 bI13-402-Y4

YcTaBku 110 TOKY HACTYIUICHUS 4,65 68,59,3 12
deppopesonanca, A* ) 17
HomuHaspHOE nepBUYHOE HanpskeHue, B 100, 110, 127, 220 -
HomunanwsHas yactoTa, ' 50 50
HoMuHanpHOE BBIIPSAMIIEHHOE HanpsikeHue, B 110, 220 110, 220
HomunaneHOe HanpsbkeHue 3apsija, B 400 5% 400 5%
JUTUTETbHO 10yCTUMOE CONIPOTUBIIEHUE
Harpy3ku, Om, 111 HOMUHAJIBHOTO
BBINIPSIMJIICHHOT'O HAIPSKEHUS :

110B 150 130

220 B 600 520
MuHUMaIBHO TIOYCTUMOE COMTPOTUBIICHUE
Harpy3ku, Om, 111 HOMUHAJIBHOTO
BBINIPSIMIICHHOT'O HAIPSKEHUS :

110B 50 50

220 B 200 200
IIaTnCeKyHAHBIN TIEPBUYHBIA TOK
TEPMUYECKON CTOMKOCTH MPU MUHUMAIBHO
JOTTYCTUMOM COTIPOTUBJICHUH HArpy3ku, A - 75
[loTpebasiemas MoniHocTh, B *A, He Goee:
IIPU OTCYTCTBUU HArpy3Ku 5% 550
IPYU MUHUMAJIBHO JOMYCTUMOM 400 550
CONPOTHUBJICHUH HATPY3KH
IIPU JUIUTENIBHO TOITYCTUMOM CONPOTUBJIEHUH 200 550
Harpy3ku
B YCTAaHOBUBIIEMCS PEXKUME (C 3apsyKEHHON 20%k* 550
€MKOCTBIO)
MakcumalibHast eMKOCTb 3apsiKaeMbIX 2000 2000

KOHJIEHCATOPOB, MKD

["aGapuTsl (yIMHA, IIUPUHA, BBICOTA), MM

222 x 240x 147

Macca, kr

8,8

9,6
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* - @eppope3oHaHC B CXEME€ HACTylmaeT IpU HaMarHW4uBaloUled cuiie B
MEePBUYHON 0OMOTKE MPOMEKYTOUHOTO TpaHcopmaTopa 6s0ka, paBaoit 1020 100
A.
** - Ha ycraBke BblnpsimieHHoro Hanpsbkenust 110 B.
*#* - Ha ycraBke BbIIpsIMIICHHOTO Hamnpsixenus 220 B.
broku Tuna bII3- 401 pomkHBI BKIKOYATBCA HA HW3MEPUTEIbHBIE
TpaHcHOPMATOPHI HAIPSKEHUS WIH HA TpaHCHOPMATOPBI COOCTBEHHBIX HYX]I.
bnok tuna BI13-402 na ycTtaBkax mo Toky ¢eppope3onanca 9; 3; 12; 17 A
MOXXET BKJIOUaTbCAd Ha Bce TpaHChOpMaTOphl TOKa, OTJAaBaeMas MOIIHOCTh
KOTOPBIX IPH JBYKPATHOM HOMHUHAJIBHOM TOKe cocTaBisieT He MeHee S00B *A; Ha
yctaBkax 4,65; 6,0 u 8,5 A Onok BKIIOUaeTcsd Ha TpaHC(HOpMaTOpbl TOKA TUIIOB

TB-35, TB/JA-35 wu  gpyrue C  QHaJOTMYHBIMH  BOJIbT-AMIIEPHBIMU
XapaKTepUCTUKaMU B COOTBETCTBUU C Tabm.2.7.
Tabnuua 2.7.
Br16op uncna BUTKOB nepBUUHON 0OMOTKH Onoka bI13-402
Koadumment TpaHchopMaLuu Yucno BUTKOB MIEPBUYHOU
TpaHchopmaropa 0oOMOTKHU 6110Ka
TOKa
150/5 120
200/5 170
300/5 200

Hcnonb3oBanue TpaHcHOpMaTOpoB TOKA, HAa KOTOPHIE BKIIOYEHBI OJIOKH
MATaHUs, AJIs1 IPYTUX LEJIeN He JOMyCKaeTCsl.

brnokn mnwutanus cepuum bBII-1002 (tumoB BIIH-1002 wu BIIT-1002)
MPEIHA3HAYAIOTCS ISl TTUTAHUS BBIIPSIMIICHHBIM TOKOM alapaTypbl peIeHHOU
3aIIMTHI, CUTHAIM3allMM W YIOPABICHUSA, BBIIOJIHEHHON HAa HOMHHAJIBHOE
Hanpspkenue 110 u 220 B u umeronieii HoMuHanbHY0 MomHOCTH 10 1500 BT B
KpaTKoBpeMeHHOM pexxuMme. Tokoble 6s10ku nutanust bIIT-1002 Bkitovarorcs Ha
KOMIUJIEKTHI TpaHC()OPMATOPOB TOKA, UCIOJIB30BAHUE KOTOPBIX JJIA APYTUX LieJei
He jomyckaercs. TexHudyeckue JaHHble OyiokoB mnutaHus cepuu bII-1002
npuBeAeHBI B Ta0MI. 2.8.

[lepBuunast 06MOTKa TpoMexxyTouHoro tpaunchopmaropa 6moka BIIT-1002
BBIITOJIHEHA U3 OTJEJIbHBIX DJIEKTPUUECKU U30JIUPOBAHHBIX CEKIUH, MO3BOISIOIIAX
WU3MEHATh YKCJIO BUTKOB MEPBUUHONU OOMOTKHM OT 25 mo 200 yepe3 kaxisie 25
BUTKOB B 3aBUCHMOCTH OT TUIa TpaHcpopmaropa Toka. Kaxnas ¢aza nepsuunoi
OOMOTKH MpoMexyToyHoro Tpancpopmaropa Osoka BIIH-1002 BeimonHeHa u3
IBYX CEKLHW, KOTOPhIE MOTYT BKJIIOYATHCS IMOCJIENOBATENBHO WM NApalIENbHO.
[Ipu mapayiieTbHOM BKJIIOYEHHHM CEKLIMA U COCJUHEHUU OOMOTOK B TPEYTOJIbHHUK
HOMUHaJIbHOE HanpspkeHue 6sioka 110-127 B; npu nociienoBateIbHOM BKIFOYCHUN
cexkuuid oHo paBHO 220 B npu coenrHeHU 0OMOTOK B TpeyrojabHuk u 380-400 B

27



IpU  COEAVMHEHWH B  3BE3Ay. DBBIXOOHOE  HANpPSIKEHUE  PEryJIUpyeTCs
NEePEeKITI0YEeHUEM OTBETBICHUI Ha BTOPUYHBIX OOMOTKAX.

brox nurtanusa tuna BITHC-2 npenHazHadeH Mg OUTaHUS BBIIPSIMIEHHBIM
CTaOWJIM3UPOBAHHBIM  HANpSOKEHWEM  almapaTypbl  peledHOM  3allMThl,
CUTHAJIM3aLMK U YIIPABJIEHHUS, BHIITOJIHEHHON Ha HOMUHAJIbHOE HanpshkeHue 220 B
1 UMEIOIEeH HOMUHAJIbBHYIO MOIITHOCTH 110 2500 BT kpaTkoBpemMeHHO (B TeueHue 1
¢). brnox nogkmoyaeTcs k TpaHchoOpMaTOPy HANPSHKEHUS UM COOCTBEHHBIX HYX
u oOecrneuyrMBaeT HAJEKHOE NUTaHUE ammaparypsl MNpU  BCEX  BHJIAX
HecumMeTpuuHbIX K3, a Taxxke mpu Tpexdasznsix K3, korga HanpspkeHue Ha BXOJIe
6s10ka He MeHble 0,5 HOMUHAIBLHOTO. B 0CHOBY paboThI 6JI0KA MOJI0KEH MPUHIUI
nercTBUs Tpex()azHOro MarHUTHOTO YCHUJIUTEIS C CAMOHACHIIIICHUEM.

Tabnuua 2.8.
Texanueckue nanuble 010k0B rmuTanua cepuu bIT-1002
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[Mapamerpsi EIIT-1002 EITH-1002

Homunansnoe Hanpssenne, B

BXOOHOE - - 100 220 | 380
BRIXOJHOE 110 220 110 220
Cpeasdee maueHMe BXOJHOIO Ha-
npaxedun, B, we Gonee, 8 pemiine IMTanameTner
XOMOCTOrO X0Ja:
IPH HATPY3Ke 136 260 140 280
He MeHee o0 180 R0 R 160 | 172
Conpomsnenne Harpyaku, Ou 10 40 5 10 20 40
JnuTensHo J0n0VCeTHMEIR  TOK Ha- . 3.5 6.4 312
IpYyaKH, A
Jdonyverumerii Toxk B nepeuyHoil 00-
MOTKE Hackllawouerocs padcop- 50

MATOpA B TedeHue 5 ¢ npM ykasa-
HOM CONPOTHBICHUHU HATPYIKH, A
Hamaruuuusawomas cuina nepeuy-
HOH  ODMOTKM  HACHILAKIIErOCH
TpaHcopmaTopa Gnoka, npH KOTO- 540-1000
poii Hactynaer deppopesoHaHc npu
OTCYTCTBMM HArpyiku, A

JdnuTensHo JonycTHMblil TOk B nep-
BUYHOI 00OMOTKE HACBILIAKILErocs
TpaHcilopMaTOpa NMPH  OTCYTCTBHH
HAPY3KH, A:

10 HacTyienus dieppopeso- | He npeesiwaer Toka
HaHca deppopesonanca
nocie HcTynnesns geppope- 9.5

JOHAHCE (MPH OJTHOM HYHCae

BUTKOB NEPBUHHOI 00MOTEH)
JIHTeNsHO JONYCTHMOE  HANPAKE- 110
HHe, % HOMHHAIBHOTO BXOZHOIO
[orpednenne Ha dasy, B-A:

PH X0J0CTOM Xode, He Gonee 25

IIPH HATPY3Ke 750 750 | 1500 | 750 | 1500 750
[aBapuTel (anuuHa, WHPHHA, BEICOTA) 340 x 354 x 302
Macca, kr 30

* - Tlon ogHO(a3HBIM MUTAaHUEM CJEAYyeT MOHUMAaTh BO3MOXKHBIE Clydan O0OpbIBa
¢a3bl wn HecummerpuuHoro K3 tpexdasznoii cetu, nuraromien 610K.

*¥% - 1500 Bt npu nHampsbxkeHun Ha Bbixoae He menee 0,85 m 2500 Bt mpum
HaIpsHKEeHUH Ha BbIxoJie He MeHee 0,7.

Texuuueckue nanubie 6;10k0B nutanus BITHC-2 npusenens! B Ta611.2.9.

Tokosbiii Omox BIIT-1002 HeoOxoauM sl HaAEKHOTO ACHCTBHUS ammapaTyphbl
peNeHOMN 3alIUThl U 3JIEKTPOMArHUTOB OTKJIIOYEHUS BBIKIIIOUaTeNel Mpu OIU3KUX
tpexdazubix K3, conmpoBoxaatoninxcs CHUKEHUEM HanpsbkeHus: Huke 0,5 Homu-
HaJIbHOTO.

Tabnuua 2.9.
Texuuueckue nannpie 6J10k0B utanus cepuu bITHC-2
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[TapameTpsl 3HavYeHNE

HomunuaneHOE HanpsokeHue, B:

BXOJIHOE 400, 230, 100
BBIXOJHOE 220
Jlnamna3oH JOIMyCTUMOTO U3MEHEHHS BXOJHOTO HAIIPSDKEHUS TPH Tpexdas-

HOM MUTaHUU B pexkume XX U pu HoOMUHainbHOU Harpyske 40 Owm, % Ho- 50-110

MHWHAJIBHOT'O HAITPSHKCHU S

To »xe npu oaHOGa3HOM NUTAHUU™, % HOMUHAJIBHOIO HAIpPSDKEHUS, IpU
COEJJMHEHUU Pa3JIeIUTEIbHOIO TpaHC(POPMATOpa 110 CXEME:

Y/Y 70-110
AlY 75-110
Jlnamna3oH U3MEHEHMsI CPETHEr0 3HAUEHUS BBIXOIHOTO HANPSHKEHUS PU
Tpex(da3zHoM U 0J1HO(A3HOM MUTAHUU B pexkuMe XX U P HOMUHATBHON 85-110

Harpyske 40 Om, % HOMHHAJIBHOTO HANPSHKEHUS

Brixoanas MouiHocTs 0Jj10ka, BT:

JUINTEINIbHAS U HanpsbkeHun 220 B 650

B TeueHue 30 MuH 1200
KpaTKOBpeMeHHasl B TeueHue 1 ¢ 1500, 2500%**
[Torpebnenue Ha dazy, B-A, npu xomoctom xoze 140
["abaputsl (BbICOTA, HIMPUHA, TTTYOHHA), MM 1100 x 600 x 350
Macca, kr 150

bioku xonaencaropoB cepun bK-400 npeaHa3zHayeHbl 1J1 CO3/1aHuUA 3amaca
SHEPI'UH, UCIIOJIB3YEMOM ISl IPUBEICHUS B IEUCTBUE OTKIIOUAIOIINX dJIEKTpOMar-
HUTOB TIPUBOJIOB BBLIKIIIOYATENICH, peyie 3alllUThl U T.NM. BJIOKW BBIMOJHAIOTCA W3
koHaeHcaropoB tuna MBI'TI na 400 B, 20 Mx®, coequHsAEMBbIX NMApATIEIBHO NI
MOJTy4YeHUs HEOOXOAMMON €eMKOCTH, M KpEeMHHEBBIX AuoaoB tuna J[-226b.
Texnudeckue nanHbie 0JI0Ka KOHICHCATOPOB MpUBEAeHBI B Ta61.2.10.

Tabnuia 2.10

Texaudeckue naHHbie 0J0KOB KoHAeHCaTOpoB cepun bK-400

Tun EMkocTh ["aGapuTel, MM Macca, Kr
KOHJIEHCATOopa,
MKD
bK-401 40 185 x 145 x 180 2,5
bK-402 80 185 x 145 x 180 3,5
bK-403 200 185 x 143 x 180 8

VYerpoiictBa nutanusi koMiuiekTHele Tuna YKII mpennasHauensl ajist
MUTAHUSA BBIIPAMJIEHHBIM TOKOM 3JEKTPOMAarHMTOB BKJIIOUYEHUS IPUBOJIOB
BBIKJIIOUATENIEH ¢ TOKOM Harpy3ku g0 320 A.

YerpoiictBo coctout u3 coopounbix eauHull: YKII1 (smuk 1) - cumoBoi
BBIIPSIMUTENIb C PACHPEACTUTEIbHBIM YCTPOWCTBOM BBINPSIMJIEHHOTO TOKa H
annaparypoii curnanuzanuu; YKII2 (sumk 2) - “HIyKIMOHHBIA HAKOTIUTEb.
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Bo3MorxHa 1mocTaBka yCTpOHCTB Kak B cOOpe, Tak U pa3/ieiabHasl.

Tabmuua 2.11

Texunueckue nanueie ycrpoiictpa YKII

ITapameTpsbl YKII-220 [YKII-380 YKIIK-380
Hanpsbokenne nuraromend  cetu 380, 400, 415, | 380, 400, 415,
Tpexdasznoe, B 220 440 ¢ ., 440 ¢ .
3a3€MJICHHOW | 3a3€MJICHHOM
HEUTPAJIbIO HEUTPAJIbIO
Yacrora nutaromient cetu, ' 50; 60 50; 60 50; 60
BeinpsiMiieHHOE  HampsiKEHHE B 297 257,270, 280, | 257, 270, 280,
pEeXKHUME XOJIOCTOrO X0J1a 297 297
HomunanbHoe BBITIPSIMJICHHOE
HaIpsbKeHWE Harpysku, B i 230 230 230
JlonmycTrMBbI€ OTKJIOHEHUS
BBITPSIMIICHHOT'O HANIPSIKEHUS U 10 % 10 % 10 %
HaIPsHKCHUS TUTAOIIECH CEeTH
MaxkcumanbHbId  BBIIPSMIICHHBIN
TOK Harpy3ku, A, ¢ BBIXOJIOM:
4epe3 HaKOMUTENb 150 150 150
0e3 HaKOTUTEs 320 320 -
Jlnana3oH peryJiupoBaHUs TOKa
Ha BBIXOJIax, A:
150 55-150 55-150 55-150
320 150-320 55-150 -
XapakTep Harpy3Ku UMITYJIbC- | MMITYJIbCHBIM -
HBII
JImATenbHOCTh UMITYJIbCA 1 1 1
Harpy3KH, ¢
MuHMMaIBHO TOMYCTUMOE BpEeMs 0,5 0,5 0,5
MEXKIy UMITYJIBCAMH, C
KonnuecTBO UMIyIbCOB B ITUKIIC
(me Ooyree) mpu TOke, A
320 4 4 5
150 5 5 10
100 10 10 -
Bpewms mexny nukinaMu, MUH 10 10 10

["aGapuTsl (upuHa, r1youHa,

BBICOTA), MM

800 x 400 x 1600

Bxoagmuii B KOMIUIEKT YCTPONCTBA WHAYKTUBHBIA HAKOMMUTEIb SHEPTUU
oOecreynBaeT MOJIHOE BKIIOUEHUE OJTHOTO MACJSHOTO BBIKJIIOYATENS ¢ TOKOM I10-
TpeOJICHUsT DJIGKTpOMarHuTa BKIOUeHHs 10 150 A B pexuMe 3aBUCHMOIO
MUTAHUA, KOrJa MpU BKIIOYEHUH BbIKIIOUaTenss Ha K3 umcuesaer nepemMeHHOe

HanpsH>KEHUE Ha BXOJE YCTPOMCTRA.
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VYerporictBa nutanus komiiekTHbie Thuna Y KIIK npenHasHaueHs! 1715 nuTa-
HUSIL  BBIIPSAMIICHHBIM ~ TOKOM  JJIEKTPOMAarHMTOB  BKJIIOYEHHS  IPUBOJIOB
BBIKJIFOUaTeseil ¢ TokoM morpebnenus no 150 A. Texuuueckue nannsie YKIIK
npuBeAeHbl B Ta01.2.11.

VKIIK sBnsercs moaepuuzauueit YKII, no cpaBuenuto ¢ YKII B YKIIK
BHECEHBI CJIICAYIONINE U3MEHEHUS:

YCTPOUCTBO BBITIOJIHEHO B BUJIE OJHOTO IKada HAMOJbHOTO HCIOJHECHUS,
OJTHOCTOPOHHETO 00CITY)KUBAHUS;

YMEHBIIEHO YMCIIO OTXOASAIINUX JIUHUN BRITPSIMIIEHHOTO ToKa 220 B ¢ mectu
710 IBYX C YCTaHOBKOM aBTOMartndeckux Bbikitouareneil tuna AIl-502 MT c pac-
uenuteneM 50 A, KpaTHOCTh OTCEUKH 3,5;

HCKJIIOUYE€HBl TOKOOTPAHUYHUBAIOIINE PE3UCTOPHI B LIENU NEPEMEHHOIO TOKA
(10  BBIIpSIMUTENS), YTO JOMYCTUMO TIPM  MOIIHOCTH TpaHcopmaTopa
cobcTBeHHBIX HYXT 10 100 kBA;
YIPOILIECHA CXE€Ma CUTHAJIN3aLUU.

2.4.2. BiOop 0:10K0B nMUTaHUS U KOHJIEHCATOPOB 2.4.2.1. BriOop 0710KOB MUTAHUS

briok muTaHus BHIOMPAIOT MO MaKCUMadbHOW MOIIHOCTH (MHUHHUMAaJIbHOMY
COMPOTHUBIICHUIO) HArpy3ku, HEOOXOAUMOW Il HaJEKHOW paboThl pene u
AJEKTPOMArHUTOB  OTKJIIOUECHWs. HOMHMHanmbHOE  BBIXOJHOE  HAMNPSIKEHUE
pekomenayercs 220B, Tak Kak Ha 3TO HANpSXKEHUE B OCHOBHOM PAaCCUWUTAHBI
MIPUMEHSAEMBbIE TUIIOBBIE CXEMBI YIIPABIICHUS, 3aIUThHl U CUTHAJIU3AIAH.

MuHnManbHOE HANpsKEHHUE Ha BBIXOJE OJIOKAa MpU HArpy3Ke JTOHKHO OBITh
He HIKe 8°% HOMMHAJIBHOTO, W JIUIb B PEAKUX ClIydasx (Hampumep, npu padore
AYP) MoxeT ObITh TOMYIIEHO CHIKEHUE HaNpspKeHus 10 7°-75%.

Ha moxacranmusax, oOopynoBaHHbIX ycTpoiicTBamu AUP,  moipKHBI
MIPUMEHSITHCS CTAOWJIM3UPOBAHHBIE OJIOKM HAIPSKEHUS B CBA3U C BO3MOXKHOCTHIO
OTKa3a B OTKJIIOUEHUHU MPU OJJHOBPEMEHHOM MOHMKEHUH YaCTOThI M HAMPSHKEHUS.

JlanpHedmuidi  BBIOOP CBOAMTCS K OIPEIEICHUI0 BTOPUYHBIX TOKa U
HaNpsDKCHWS HAJEeKHOW paboThl M MPOBEPKE OOECNEYEHHOCTH MMHUTAHUS
OTIEPATHBHBIX IIeNel B JIOOBIX BO3MOMXKHBIX peXUMax pPabOThl MOJACTAHIIUU U
MUATAIOLIEN YHEPTOCUCTEMBI.

Tox HangexHOM pabOTHI - ITO TOK, MOIaBa€MbIi Ha TOKOBBINM OJIOK, PU KOTO-
pPOM  BBIXOAHOE HANpsSHXKEHUWE TMpPU JAaHHOM Harpy3ke paBHO MHUHHUMAIbHO
JTOMTyCTUMOMY.

Hanpsixkenue HajgexHo paOoThl - 3TO HampsbKEHHE, Moj1aBaeMoe Ha OJIOK,
MpY KOTOPOM BBIXOJIHOE HAIpSHKEHUE MPU JaHHOW HArpy3ke paBHO MUHUMAJIbHO
JTOMTYCTUMOMY.

Br16op uncna BUTKOB TmepBUUHONW 0OMOTKM Osioka tuma bI13-4°2 mpousBoauTcs
CIeAYIOMKUM 00pa3oM: BOJbT-aMIIEpHAsl XapaKTepHUCTHKa TpaHcdopMaropa Toka
(cHSITass AKCIEPUMEHTANbHO, B3siTash U3 MAaCHOPTHBIX JAHHBIX WA TMOCTPOCHHAS
pPacUYEeTHBIM IyTEM) CPAaBHUBAETCSI C CEMEMCTBOM BOJIBT-aMIIEPHBIX XapaKTEPUCTHK
HE-Harpy>KeHHOro 0OJIOKa, CHSTBIX C TIEPBUYHONM CTOPOHBL. YHCIO BHUTKOB
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NepBUYHON 0OMOTKHU TpaHcdopmaTopa OJ0Ka BEIOUpAETCs TaKUM 00pa3oM, YTOObI
BOJIbT-aMII€pHas XapaKTepUCTHKA TpaHCc(hopmaTopa TOKa MPOXOAMIIA BBIIIE BOJIbT-
aMIIEpHOM XapaKTEePUCTUKHU OJI0Ka MpHU ToKax bojee 5 A.

OmpenenieHue TMEPBUYHOrO TOKa HaJEeKHOW paboTel OsokoB BIIT-1°°2
MIPOU3BOIUTCS B CIIEIYIOIIEM TOPSIKE:

1. BonpT-aMriepHasi XapakTepuCTHKa TpaHC(opMaTopa TOKa CPAaBHUBAETCS C
CEMEHCTBOM BOJIbT-aMIIEPHBIX XapaKTEPUCTUK OJIOKOB NPHU XOJOCTOM XOJeE.
BreiOupaercst 4uMcino BUTKOB 0OJIoOKa TakuM 00pa3oM, 4TOOBI BOJIbT-aMIEpHas
XapaKTepucTuka TpaHchopMmaTopa TOKa MPOXOAMWJIA BBIINIE BOJbT-AMIEPHON
XapaKTEePUCTUKHU OJIOKa TIpH ToKax 6ojee 5 A.

PekoMmeHnyemoe 4nciio BUTKOB JIJIsi HEKOTOPBIX TUIIOB Haubosee 4acTo uc-
MOJIb3yEeMbIX TpaHC(OpPMATOPOB TOKA MPUBEIAEHO B Ta0.2.12

Tabnuna 2.12
Pexomenmyembie YuClia BHUTKOB TEPBHYHON OOMOTKH HACHIIIAIOLIETOCS
Tpancdopmaropa 6moka BITT-1002

Tun TpanchopmaTopa Toka Koadumment Yucno
TpaHchopMaliu BUTKOB
TBT-35M 150/5; 200/5 50
300/5 100
400/5 125
OcranbpHble 200
TBT-35/10 600/5 50
750/5 75
1000/5 100
1500/5 150
TBT-110 (BapuaHThl HMCHOJHEHUS 100/5 50
300 1 600 A) 150/5 75
200/5 100
300/5 175
400/5; 600/5 200
TBT-110 (BapuaHThl HMCHOJHEHUS 400/5 150
1000 u 2000 A) OcTajbHbIe 200
TBT-220 200/5 125
OcranbHble 200
TBAM-35-1 200/5 50
300/5 75
400/5 100
600/5 125
TB-35/10, TB-35/25 200/5; 300/5 50
400/5 75
600/5 125
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TBC-35/6,3 150/5; 200/5 50
300/5 75
400/5 100
TB-110/20, TB-110/50 (BapuaHTbI 100/5 50
ucnostaenus 200, 300, 600, 1000 A) 150/5; 200/5 100
300/5 175
OcTtanbpHbIC 200
TB-220/25 (BapuaHTBhl UCTIOJHEHUS 200/5 100
600, 1000, 2000 A) 300/5 150
OcTtanbpHbIC 200
TBC-220/40 OcTtanbpHbIC 200
TIIOJI-10 (o6moTKa Kiacca P) 600/5; 1000/5 50
800/5; 1500/5 75
TIIJI-10 (oOmoTKa Ki1acca P) 400/5 75
OcTtanbpHbIC 50
TBJIM-10 (o6MoTKa Ki1acca P) 600/5; 1000/5 75
800/5 100
1500/5 125
TIUIM-10, TIIJIMY-10 (o6MmoTka 300/5 50
Kiacca P) 400/5 75
300/5 75
TJIM-10 (oOmoTKa Ki1acca P) 800/5; 1000/5 100
1500/5 125
TOHJI-35M, oOMoOTKa KJ1acca:
P 15-600/5 200
0,5 100
P OcTtanbpHbIC 200
0,5 100
TOHJI-110M, o6MoTKa Ki1acca:
P 50-600/5 200
0,5 50
P 400-800/5 200
0,5 75
TIIIIJI-10 (o6MoTKa Kiacca P) 2000/5-5000/5 200

BriOpanHOe 4uCiI0 BUTKOB MPOBEPSAETCS MO YPOBHIO MEpPEHANPSHKEHUN Tpu
MaKCUMaJIbHOW KpPaTHOCTH IMEPBUYHOTO ToKa TakuM oOpazoM, utoosl MJIC He

npesbimana 24750 aMnep-BUTKOB:

Fy

Mpax = IMAX/11H0M9

rae

acy = OMyay * Kex6aWign < 24750;

(2.15)

(2.16)
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My ax —MaKCUMaJlbHas pacueTHasi KpaTHOCTh IEPBUYHOIO TOKA;
Iy ax — MaKkCUMaJIbHBIN pacyeTHBI TOK, A, NMpU KOTOPOM TOK B OJIOKE MaKCH-
MaJIbHO BO3MO>KHBIN;
14,0 — HOMHUHAJIbHBIN MIEPBUYHBIN TOK TpaHcPopMaTopa Toka, A;
kcx 61 — KOOPGULHEHT CXeMbl, paBHbIN | WK NMpU BKIIOYEHUH OJI0Ka Ha (pa3HBbIi
TOK WJIM Ha PAa3HOCTb (Pa3HBIX TOKOB COOTBETCTBEHHO.

Ecnu ycnoue (2.15) He BBITIOIHAETCS, HEOOXOIUMO YMEHBIITUTH YUCIIO BUT-
KOB TaKMM 00pa3oM, 4TOOBI 3TO YCIOBHE ObLIO BHIMOJIHEHO.

2. o xpuBeiM onpenensiercs MJIC HanexHoit paboTel (amnep-BUTKH). BTo-
PUYHBIN TOK HaJCKHON pabOThI ONIPEENsAeTCs MO BhIPAKEHUIO:

Whp

i = A 2.17)

W16JI‘
3. OHpeI[eJIHCTCH HepBHqHBIﬁ TOK HaHCX(HOﬁ pa6OTBI, A, YMHOXCHHUCM BTO-

PUYHOTO TOKa HaJIe:)KHOU paboThl Ha K03 duIeHT Tpanchopmaruu Tpancpopma-
TOpa TOKA ny:

Lip = i * 11 (2.18)

Ecnu 6510k BKIIIO4aeTcst Ha TpaHCc(hoOpMaTOpPhl TOKA, COETUHEHHBIE 110 CXEMe
pa3HOCTH (a3HBIX TOKOB, TO BOJIbT-aMIIEpHAsl XapaKTepUCTUKa TpaHC(HOpMaTOpOB
TOKa IPU TEX K€ 3HAYCHUSIX HAMpspKeHUs OyleT UMeTh BJBOE OOJbIINE 3HAYEHUS
TOKOB, a TEpBUYHBbIN (a3HbIi TOK, A, HaJeKHOW pabOTHl ompenensercs IO
BBIPAKEHHUIO:

, 1
Lip = iyp * N7 NeS (2.19)

[Tony4yeHHBIN pacyeTHbI TOK HaJEKHON pabOThl TOJDKEH OBITH C 3amacoM
MEHbIIE MUHUMAJILHOTO TOKa Ipu Tpexdaznom K3 B Toil Touke ceTu, mpu MOBpexk-
J€HUU B KOTOPOM OCTATOYHOE HANpSIKEHHE B MECTe MOAKIIOYeHUs OJioka
HaIpsHKEHUS] PABHO HAIPSIKEHUIO HAJIEAKHON paboThI.

Crnenyer uMeTh B BUAY, YTO IIPU HEOOXOIUMOCTH CHUKEHUE TOKA HAJECKHOU
paboThl MOXKET OBITh JOCTUTHYTO 3a CYET MOCJIEOBATEIBHOIO COCIMHEHUS IBYX
BTOPUYHBIX 0OMOTOK TpaHC(HOPMATOPOB TOKA.

Hanpsixkenue HagexHoi paboThl 0JIOKOB HANPSKEHUS ONPEeIsIeTCs B 3aBH-
CUMOCTU OT CONPOTHUBIICHUS HAarpy3KH M JIOIMYCTUMOI'O BBIXOJHOTO HAIpPSKEHUS
[0 KpUBBIM. BBIXOIHOE HamNpsHKEHUE MpPU JUIMTEIBHOM HAarpy3ske He JOJIKHO
MIPEBBIIATH MAKCUMAJIBHO TOITYCTUMOTO HANPSHKEHUS HA PEJIE U anmaparax.

[Ipy nmuTaHMK ONEepaTUBHBIX Lened OT KOMOMHUPOBAHHOTO OJI0Ka (TOKOBBIM
omoxk BIIT-1002 u O6noxk wHampstkenuss BITHC-2) muHumansHO gomycTtumast
KpPaTHOCTh NEPBUYHOIO TOKA HAJIEAKHOU pabOTHI M1,y MOXKET OBITH ONpEesIeHa 110
KPUBBIM B 3aBHUCHUMOCTU OT KOA(DPUIMEHTa CXEMbl BKIIOUEHHUS TOKOBOTO OJIOKa,
BBIOPAHHOTO YKCJIa BUTKOB M HArpy3KH.
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HanexxHocTth nuTaHus OIICPATUBHBIX neneu O6CCHC"II/IBaCTCH, CCJIN
CO6JIIOIICHO YCIIOBHUC:

Mppcy, MIN = MMINS (2.20)
Xpacumin = Imin/Iins (2.21)

rae

Mpacy. MIN - PacueTHas KpatHocTh TpexdazHoro K3 B pacueTHoll Touke B
pexuMe paboThl CUCTEMBI, KOTJIa TOK Ip;;y B TOKOBOM OJIOKE MaKCHMaJlbHO BO3-
MOXHBIM. PacueTHON SBISETCS TOYKA CETH, B KOTOPOW YCTAHOBJIEH OJIOK Ha-
MPSHKEHUS.

Ha moncranmusix 6e3 BBIKJIIOYATEICH HAa CTOPOHE BBICIIETO HANPSKEHUS U
MpU HAIMYUM HA ITOM CTOPOHE TpaHCPOPMATOPOB HAMPSKEHUS, a MUTAHUE
OTIEPATHBHBIX IIETIEH MOXET OCYIIECTBISITHCA TOJBKO OT OJIOKOB HAIPSIKCHUS
BITHC-2, ecnu cobtofeHO yCaoBuUe:

Xemin = 0,9 - X7y (2.22)

rae
Xc.miN — CONPOTHUBIICHHE MPSMOM MOCIEAOBATEIILHOCTH TMHUTAIOMIEH CHUCTEMBI B
MUHUMAJILHOM peXuMe ee paboTHI ;

XT.miN —COINPOTUBIIEHUE paccesHusa TpaHchopmaTopa MpU KpaltHEM MHUHYCOBOM
MOJIOKEHUH PEryJIITOpa HAMPSKEHUS.

B03MOXHOCTh TaKOTO MUTAHUS OMPEAEIAECTCS BHICOKMMH OCTATOYHBIMU Ha-
NPsDKEHUSIMU Ha CTOPOHE BBICIIEro HampsbKeHus: TpaHncpopmaropoB npu K3 Ha
CTOPOHE  CpEIHEro WM HHU3LIEr0  HANpsXKEHUs, BKJIIOYEHHEM  3alluT
TpaHcdopMaTropa Ha BCTPOCHHBbIE TpPAaHCPOPMATOPHl TOKA U BO3MOMXKHOCTBIO
Heyuera TpexdasHpix K3 Ha cTOpoHE BbICHIErO HampsbDKeHHs B Oake
Tpancdopmaropa (B Maciie), 4To MOATBEPIKIACHO OMBITOM KCIUTyaTaluu.

Pacuer B 3TOM ciydae CBOAMTCS K ONpPEACNICHHUIO HArpy3kd Ha OJIOK
HaMpsDKeHUs,, KOTopass He JOJDKHA MpEeBbIIATh 3HAYEHUM, NpPHUBEACHHBIX B
Tabn.2.11, Kak B HOpPMaJIbHOM pEXKHUME, TaK U B aBapUUHBIX pEeXHUMax MpU
neicTBuu 3amuT 1 aBTomatuku (AYP u 1.11.).

2.4.2.2. BeiOOp KOHJIEHCATOPOB

Heob6xoaumas a1t OTKIIFOUEHUS MPUBOJIa SHEPTHUS 3apsia KOHIeHcaTopa, Br-c:

1,25U 002t
E = %, (2.23)
rae
Uyoum — HOMHUHQJIBHOE HAIPSHKEHUE OTKIKYAIOLIETO AJIEKTpOMarHura, B;

R - COIMPOTHUBJICHHUC KATYIIKH OTKIIIOYAKOHIICTO JJICKTPOMAruuTa, OM,
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¢ - BpeMs OTKIIFOUEHUS MIPUBOJA, C.
HeoOxonumas eMmkocTh KoHAeHcaTopa, MKD:

C =2E-10°/U, (2.24)

rjae
U - nampsokeHue Ha KoujeHcatope, B (mpu 3apsne ot 6noka BI13-401 npunu-
Maetcs paBHbIM 320 B).

PexomeHyeMblE €MKOCTH KOHAEHCATOPOB JJIsI NMPUBOJOB Pa3HbIX THUIIOB
npuBeeHBI B Ta01.2.13.

Tabnuua 2.13
EMKOCTH KOHACHCATOPOB IS LIETICH OTKIIOUCHUS MTPUBOJIOB

Tun npusona XapakTepucTuka Emxkocts, |PexoMenayemblii
OTKJIFOYAIOILIETO MKD THUII 0J10Ka
AJIEKTPOMAarHuTa KOHJICHCATOPOB
I1-67, MII-70, IIIKM, — 220B,1-1,25 A 80 BK-402

ITIOM, BCTpOEHHBIH B
BeIKIIOUaTens BIIMM-10,

I19-11

I15-3, IIC-31, MIIID-33, 220B,2,5-5A 200 BbK-403
[II12-44-1, 119B-12, 112-

21

[pyxunHBIT pUBOJI 220B, 6 A 200 BbK-403

Beikiroyaresst BMT-110b

2.4.3. CxeMbl IUTaHUA BBITPSIMIICHHBIM ONEPATUBHBIM TOKOM

JIns muTaHusl UENeil ynpaBiieHUs], 3alUThl U aBTOMATUKHU MPEAYyCMOTPEHBI
6s0ku crabunuzupoBanHoro HamnpsikeHus: BITHC-2 u tokoBbie 6moku BIIT-1002 ¢
BBITPSAMIICHHBIM HanpsikeHueM 220 B o 1 mT. Ha Kakayro CEeKUHUIO.

brok BITHC-2 obecnieunBaeT HaJeKHOE MUTAHUE MPU YAAICHHBIX Tpexdas-
HbIX U Mo0bIx HecumMmeTpuuHbix K3. Ilpu Ommskux tpexdasupix K3 nuranue
obecnieunBaeTcss OT OJHOro TokoBoro Oimoka bBIIT-1002, BkiIroueHHOro Ha
TpaHchopMaTOp TOKa cpeaHel ¢aszbl BBOJA. BhIXOAbI MOCTOSSHHOTO TOKa OJIOKOB
NUTaHusl 00€UX CEKLMH COeAMHSIOTCS MapajulelibHO Ha IMHKaX ynpasieHus Y
MaHenu BeIIpsAMIIEHHOTO Toka. IIutanme mmuHok 1Y B PY ocymectBisercs
Ka0ensiMu, MoJIKIIIoYaeMbIMU K MHKaM 1Y naHenu BBIIPSAMIIEHHOTO TOKA 4Yepe3
aproMartnueckue BoikimoyaTenu. [uaku 1ITY ceKuMOHUPYIOTCS MO YUCITY CEKIUI
muH PY. [lutanue neneit curnanuzamnuu (muuku 1C Ha maHenu BBIIPSIMICHHOTO
toka u 1 IHIC B PY) u GnokupoBku (mmHku b1, IIB2) ocymectBiuseTcss ot
otaenbHbIX OokoB HampspkeHus BITH-1002. Takas cxema MO3BOJIIET OTACIUTH
LENH 3alUThl, YIIPABICHUS W aBTOMATHUKHU OT JPYTHX LEIMEH, 4TO CYIIECTBEHHO
MOBBIIIAET UX HAIE)KHOCTb.

37



JInsa muTaHusA Uereun 3JIEKTPOMAarHUTOB BKIIFOUEHHMS BBIKIIFOYATENICH Ipeny-
CMOTpeHbl KOMIUIEKTHbIE ycTporictBa Tuna YKII. Ywucno ycrporicte YKII
MIPUHUMAETCS PaBHBIM uyucay cekuuid muH PY. IIutanne na mmuku LIIT B PY 6-
10-35 kB ¢ BbIKIIIOUaTENSAMHU, 3JIEKTPOMArHUTHI BKIIOUEHHUS KOTOPBIX NOTPEOIISIOT
Tok 0 150 A, momaercs yepe3 mHAyKUHOHHbIe HakonutTenu YKII2. Ilutanue B
MarucTpaib AJIEKTPOMAarHUTOB BKJIIOUEHUS MacisHbIX BhIKItouareneid 110 kB u
BbIlIE nojaercsi ¢ BoixoAoB "320 A" cunoBoro Beimpsmutens YKIIL. YerpoiicTBa
VKII coequHsAOTCS nmapajjieIbHO HAa CTOPOHE BBIIPSIMIIEHHOTO HANPSHKEHUS, YEM
oOecrieynBaeTcs TMPAKTUUYECKHM HE3aBUCHUMOE MHTAaHWE TMpU BKJIOYEHUU Ha
KOPOTKO€ 3aMbIKaHUE.

IIpu nmpoextupoBannu PY u moactaHiuii Ha BBIIPSIMIIEHHOM OIEPATUBHOM
TOKE HEOOXOIMMO YUYUTHIBATh CIEAYIOIIEE:

TokoBble 070KM OOECNEeYMBAIOT HAJEKHYI0 PaboOTy MpU OMpeeICHHBIX
MUHUMAJIBHBIX 3HAYEHMSIX TMEPBUYHBIX TOKOB TpaHcpopmaTopoB Toka. [loaTomy
00s3aTeNbHO JIOJKHA TMPOBOJIUTHCA MPOBEpPKAa OOECreYeHUs] HaJekKHOW paboThl
0JIOKOB B 3aIlIUIIIAEMOM CETH.

OtkiroueHue aviekTpoasurateneit 10(6) kB npu aelicTBUM 3aluThl MUHU-
MAJIBHOTO HaIIPSKEHUsL JOJKHO BBIMOJIHATHCS C IOMOILBIO IIPEIABAPUTEIBHO 3apsi-
KEHHBIX KOHJIEHCATOPOB, TaK KaK MPU UCUE3HOBEHUH HANPsHKEHUS OJIOK HAMpsKe-
HUS HEe 00€CTIeUnT MUTAHUS Lenei 3alUThI.

[lynbcaniiy BBIIPSIMIICHHOTO HANpsOKEHHMS] Ha BBIXOJIE OJIOKOB MUTaHUS
npeBbIaT 5%, B CBSA3M C YEM JIOJKHBI IPUHUMATBHCS CIIELUAIbHBIE MEPBI IS
oOecrieueHus: HaJIe)KHOM pabOThl YCTPOUCTB, YYBCTBUTENIbHBIX K MyJbcanusam. Jlis
CIUIQ)KUBAHUS IIyJIbCalui HCIIOJIb3YIOTCS CIUIQXKUBAIOILHAE buIbTPHI,
MOCTaBJIsieMble B KOMIUIEKTe 0J10koB nutanus BITHC-2.

3. PACUET 3A3EMJISIIOIIEIO YCTPOMCTBA

K pa3paboTke maHHOTO pasjena MpUCTYIAIOT IOCIIE BBINOIHEHUS MJIaHa pas3-
MEIICHUS Ha  TEPPUTOPUU  TMOACTAHIMUA  OOOpPYIOBaHUS,  KOHCTPYKIIHU
pactlpeayCTpONCTB, 3AaHUA W COOPYXKCHHH C yKa3aHHEM BCEX HEOOXOIUMBIX
rabapuTOB U PacCTOSTHUM.

3.1.  OCHOBHBIE  TPEBOBAHHMS K  3A3EMIISIOLINM
YCTPOMCTBAM TIOJICTAHLIMI

Ha PIIII 3azemusitotiee yetpoiictBo (3Y) cayxut: 1) miis 3amuThl 00CITyKu-
BAIOILIETO MEPCOHAA OT OMACHBIX HANPSKEHUN MPUKOCHOBEHUS K METAIIIMYECKUM
4acTaM, KOTOpbI€ HOPMAJIbHO HE HAXOJATCS TMOJ HANpsSXKEHUEM, HO MOTYT
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0Ka3aTbCs TOJI HAMPSKEHUEM M3-3a MOBPEKICHUS U30JIALMH, a TAKXKE OT OMacHBIX
HaMpsDKeHW 11ara (3alluTHOE 3a3eMJIeHHuE); 2) I MPUCOEIUHEHUsS HeHTpamnei
TpancopMatopoB U aBTOTpaHcPopmaTopoB (pabouee 3azemicHue); 3) s
MPUCOEIUHEHHUS Pa3PsAIHUKOB U MOJTHUEOTBOOB (TPO303aLIUTHOE 3a3€MJICHUE).

J1J1s1 BBITIOJIHEHMSI 3a3€MJICHUS HCTIOB3YIOT €CTECTBEHHBIE U NCKYCCTBEHHbIE
3azemimTenu. B kadecTBe ectecTBeHHbIX 3azemuurteneit Ha PIIIT moryt ObITh uc-
M0JIb30BaHkbl 3a3emuiutenu onop BJI, coenunennsie ¢ 3Y rpo303alluTHBIM TPOCOM,
U CBUHIOBbIE 000JI04KM KabOeneil. B kauecTBe HCKYCCTBEHHBIX 3a3eMIIATENEH
MPUMEHSIOT TOPU30HTAIbHBIE U BEPTUKAJIbHBIE CTAJIbHBIE CTEPKHU WJIM TOJIOCHI,
HaMMEHbIIIE pa3Mepbl KOTOPHIX MPUBEICHBI HUXKE:

JuameTp Kpyribix (IPYTKOBBIX) 3a3€MIIUTENEH, MM:
HEOLIMHKOBAHHDBIX -.....ctttteeeeeeauiiitttteeeaeteeesaaaauatteteeeeeeeeaaaanteesettateeeeeesaannnnbeaeeeeeeseans 10
OLTHKOBAHHBIX ..t euettteeeeuitteeesasutteteeeesanteeeessannseeeesanseeeaeessannsseeessansseeesssnsneeeeesans
CeueHHE TIPSIMOYTOMBHBIX 3A3EMITHTEICH, MM ..........cvoveeeeeeeeseeeesseseseesesesesneneseenan 48

TonmuHa NPSAMOYTONBHBIX 3a3EMITHTEIICH, MM .....eeeeeriurrreeerniiieeesaininereeesnineeeeennns
TONMMHA TOTOK YTTIOBOM CTATM, MM ..ctuuevrteeeesunreeeeesineeeeeessanneeeessnnnneeeessnnseeeesasans

PazmenieHne TOpPU3OHTANBHBIX  3a3€MIIMTEIEH  MPOU3ZBOAUTCS  TaKUM
oOpa3oMm, dYTOOBI JOCTUYb PABHOMEPHOTO pPAaCHpPEACICHUS AJIEKTPUUECKOTO
MOTEHIIMAIa Ha TUIOIIAU, 3aHATON AJeKTpooOopynoBanueM. s AToi 1enu Ha
teppuTopun PY mpokianapBalOT 3a3zeMISONIME Toyiockl Ha riyoune 0,5-0,7 M
BJIOJIb PSIZIOB 00OPYIOBaHUSI CO CTOPOHBI OOCTYy>KHUBaHUs Ha paccTostHuu 0,8-1 M.
JlommyckaeTcss yBEJIMUYEHHE PACCTOSHUN OT (yHIaMEHTOB WJIM OCHOBaHUU
obopynoBanus 10 1,5 M ¢ TpOKIaAKON OJHOTO 3a3eMJIUTENS sl JABYX DPSAIOB
o0OpyI0BaHMS, €CIIU CTOPOHBI OOCIY)XHMBaHUs OOpalieHbl OJHa K APYrou, a
paccrosiHue Mexay GyHIaMEHTaMU WJIM OCHOBAaHUSMH JIBYX PsJIOB HE MPEBBIIIACT
3,0 m.

[Tonepeynsie 3a3eMIIMTENIM CIEAyeT MPOKIAAbIBaTh B YIOOHBIX MeCTax
MeX Iy o0opynoBanueM Ha riyoune 0,5-0,7 M oT moBepxHOCTH 3eMiid. PaccTostHus
MEXy HUMHU PEKOMEHJYETCs MPUHUMATh YBEIMYUBAIOIIUMUCS OT nepudepuu K
LHEHTPY 3a3emisitonied ceTku. [Ipu 3ToM mepBoe M MOCIENYIOUIUE PacCTOSIHUS,
HauuHasg OT nepudepun, He NOHKHBI MpeBbIIaTh cooTBeTcTBeHHO 4,0; 5,0; 6,0;
7,5; 9,0; 11,0; 13,5; 16,0 u 20,0 m. Pa3Mepnl siueek 3a3eMIISIIOIICH CETKH,
MIPUMBIKAIOIIMX K MECTaM MPUCOSTUHECHUS HEUTpasiell CUIIOBBIX TpaHC(HOpMaTOpPOB
U KOPOTKO3aMbIKaTeIeH K 3a3eMISIONIEMY YCTPOMCTBY, HE JOJDKHBI MPEBBIIATH
6X6 M.

BeprukanbHble 3a3eMIMTENN JJIMHOW 3-5 M OOBIYHO pacrojararoT B y3Jax
CETKHU M3 TOPU3OHTAIBHBIX 3a3€MJIMTENICH HA PACCTOSIHUU APYT OT Jpyra HE MEHee
COOCTBEHHOM JIJTMHBI.

TpebGoBanus k mapamerpaM 3Y CYIIECTBEHHO Pa3IMYAOTCS JJISI YCTAHOBOK
B 3aBUCHMOCTH OT peKHUMa pabOThl HEUTPAIIH.

B anextpoycraHoBkax Beime 1 kB cetw ¢ M30JMpOBaHHOW HEUTpaIbiO
CONPOTHUBIICHUE 3a3eMJISIONIero ycrporctBa R3zy, OwM, nOpu NOpOXOXKAECHUU
pacyeTHOTO TOKa 3aMbIKAaHHWS Ha 3€MJII0 B JII000€ BpeMs Tojla C Yy4yeToM
COTPOTHUBIICHUS €CTECTBEHHBIX 3a3€MIIMTENIEH JOJKHO OBITh HE OoJee [1]:
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IIPU  HCHOJB30BAaHUU 3a3€MJIIOIIETO YCTPOMCTBA OAHOBPEMEHHO IS
ANEKTPOYCTAHOBOK HampsikeHueM 10 1 kB:
Ry, < 125/1,, (3.1)

rae I, - pacdeTHbIl TOK 3aMbIKaHUs Ha 3eMIt0, A; (IIpU 3TOM JOJKHBI TAKXKe
BBITIOJIHATHCS TPEOOBaHUS, MPEABSIBISIEMbIE K 3a3€MJICHUIO 3JIEKTPOYCTAHOBOK 0
1 kB, T.e. Ryy < 2 Om, 4 Om win 8 OM COOTBETCTBEHHO MpPH JIMHEHHBIX

HanpspkeHusx 660, 380 u 220 B [1]);
IIPU  UCIIOJIB30BAHMM  3a3€MJIIOIIETO  yYCTPOMCTBA  TOJNBKO A
3JIEKTPOYCTAHOBOK BhIIE 1 kB:

Ry, < 250/1,, (3.2)

HO He 6osee 10 Om.

3a3eMIISIONIME YCTPOWCTBA 3JIGKTPOYCTAaHOBOK Bhimie 1 kKB cetn ¢
3G ()EKTUBHO 3a3€MIICHHOW HEWTpabi0 CJIEAYET BBINOJHATH C COOJIIOJICHUEM
TpeOOBaHMIA MO0 K UX COMPOTUBIICHUIO, JTUOO0 K HANPSHKCHHUIO MPUKOCHOBEHHMS, a
TaKKe C COOJFOJCHHMEM TPEOOBAaHMK K KOHCTPYKTHBHOMY BBITIOJIHCHHIO H K
OTPaHUYCHUIO HAIPSDKEHUS Ha 3a3eMJISIONIEM YCTPOMCTBE 0 ypOBHS He Oosee 10
kB [1].

3azeMystoNIee  YCTPOWCTBO, KOTOPOE BBIMOJHSAETCS C  COOJIFOJICHHEM
TpeOOBaHMI K €ro CONPOTHBICHHIO, JOJDKHO HMMETh B J1000€ BpeMs Troja
conpotuBicHre He Oonee 0,5 Owm, BKIIOYas CONMPOTHUBICHHE €CTECTBEHHBIX
3azemuurenei [1].

3azeMystONIee  YCTPOWCTBO, KOTOPOE BBIMOJHSAETCS C  COOJIFOJICHHEM
TpecOOBaHMM, MPEABABIAEMBIX K HANPSDKCHHIO TPUKOCHOBEHUS, JOJIKHO
oOecrieynBaTh B JIF000OE BpEeMs Toja MPH CTCKAaHWW C HETO TOKAa 3aMbIKaHUS Ha
36MJIF0  3HAYCHUS  HANPsHKEHUH  NMPUKOCHOBEHHWS, HE  IPEBBIMIAIONINE
HOpPMUPOBaHHBIX [4](Tabi.3.1).

3a pacyeTHYIO JJTUTSIIBHOCTD BO3JCHCTBUS T IPHUHSTO:

g = lps + Los, (3.3)
rae

tps
tO_B —IIOJIHOC BPCM: OTKIIFOYCHHA BBIKJIHOYATCIIA.

— BpeMs ICUCTBUS PEICHHON 3aILUTHI;

Tabnwuua 3.1
HauGomnpiue monycTuMble HAPSOKCHHUS MPUKOCHOBEHHUS B 3aBHCHMOCTH OT
JUTMTEIILHOCTH MPOTEKAHUS TOKA Yepe3 TEJIO YeIoBeKa

JnmurenbHoCTh Bo3aeucTBus, ¢ (1o 0,1 0,2 0,5 0,7 1,0 1,0-3,0

HauOonbimee nonyctumoe|S500 400 200 130 100 65

40



HaIIPSAKCHUC ITPUKOCHOBCHUA, B | | | | | |

Pacuer o 10mycTUMOMY CONPOTHBIICHUIO Ry, < (0,5 OM MPUBOIUT K HEOTI-
paBIaHHOMY II€peEpPAcXoqy MPOBOJHUKOBOTO MaTepuajga M Tpyno3aTpar IMpHu
coopyxeHud 3Y TOACTaHIMKA C HEOOJBIION IUIONMIaAbl0, HE HMEIOIIUX
€CTECTBEHHBIX 3a3€MIIMTENIEH, a TAKXXE NPHU BBICOKUX COINPOTUBIICHHUSIX TPYHTA.
Pacuer 3V ycranoBok 110 kB wu Bpile 1o Jg0mycTHMOMY HaIpsKEHUIO
MIPUKOCHOBEHUS 3apeKOMeH10Bal ce0s kak 6oiiee 3(h(PEeKTUBHBIN 1 IKOHOMUYHBIH.

Ha PIIII 3a3zemidroniee ycTpOMCTBO, KaK IMPABUIIO, BBIMIOJHSAETCS €IUHBIM
i PY Bcex Hanpsbkenuid. Llenbro pacdera sSBIsIeTCS ONPENEIEHUE KOJIUYECTBA U
JUIMHBl ~MCKYCCTBEHHBIX 3a3€MJIMTENEH, IPUMEHEHUE KOTOPBIX TIO3BOJISET
obecrieunTh TpeOyeMoe CONpOTHBICHUE Ry, < R, ;. Bemuunna conpoTusieHus
R, o BBIOMpAETCS CaMOM MaJIoi U3 CIIEMYIOIUX BEJTHYHH :

1) Ry = 125 /I3, Om, eciu Ha PIIII umerorca PY 6-35 kB; B To e Bpems
BCErJa UMEIOTCA YCTAaHOBKH C TJIyX03a3€MJICHHOW HEUTpaJIbl0 CETU COOCTBEHHBIX
HYXI;

2) Ryop = 2 OM 1m60 Ry o = 4 Om, mubo Ry, = 8 OM nmpu Hanmuuuu ycTa-
HOBOK CETH C I'TyX03a3€MJIEHHON HEUTPAJIbIO C JINHEWHBIM HamnpsikeHuem 660, 380
n 220 B cOOTBETCTBEHHO;

3) Rjon = 0,5 Om, ecin Ha PIIII umerorcs PY 110 xB u Bble ¥ IpUHATO
pelieHre o BhIMONHEHUH 3Y ¢ co0ItoIeHneM TpeOOBaHU K €ro CONMPOTUBICHHUIO,
w Ry, = Us / I3, Om (rme U; - O0OIMyCcTHMOE HANpsDKEHHE Ha 3a3€MIIMTEIIE,
onpenensemoe pacuerom), eciu Ha PIIIT umerorcst PY 110 kB u BbItie u ipuHATO
pelIeHre O BbINOJHEHUH 3Y ¢ coOJoJleHneM TpeOOBaHUM, NPEIbABIIEMbIX K
HaMpPsHKEHUIO TPUKOCHOBEHUSI.

Jlo navasa pacuera 3Y MOACTaHIMM ONPENENAIOTCS KOHDUrypanus U napa-
METpPBI CETKH U3 TOPU30HTAIbHBIX 3a3€MJIMTEIEH B COOTBETCTBUH C TUIAHOM PACIIO-
JIO’KEHUS HAa TEPPUTOPHUU MOACTAHIIMKM 000pYAOBaHUS, KOHCTpYKIUM PY, 3nanuii u
COOPYKEHUH U ¢ y4eTOM TpeOOBaHMI K KOHCTPYKTUBHOMY HCIIOJIHEHHIO CETKH U3
TFOPU3OHTAIBHBIX ~ 3a3€MIIMTENICH,  M3JIOKEHHBIX  BhlIe. B pesynprare
BBIYEPUMBAETCA IUIAH CJIOKHOTO TOPHU30HTAJIBHOIO 3a3€MIIMTENS C YyKa3aHUEM
HEOOXOUMBIX pa3MepOB.

Jlanee HampaBlIEHUE pacyeTa ONPEAEISAETCS BBICIIMM HANPSXKEHUEM Ha MOJ-
CTaHLHUU.

3.2 PACUET 3A3EMJISIIOLLIETO YCTPOUCTBA HA MOJACTAHIIUSIX
C BBICILIUM HAIIPSI)KEHUEM 6-35 kB

1
Jmnst PIIIT B momaBisitolneM OONBIIMHCTBE ClydaeB 0ojiee JKECTKHE TPeOOBaHUSA K COMPOTHUBJICHHUIO
€IMHOr0 3a3eMJISIONIEr0 YCTpOicTBa MpeabsBistoTcst co cropoHel PY 110 kB wu Bbme cetn ¢ 3ddekTHBHO
3a3eMJICHHON HelTpablo.
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s noactanuuii 6-35 kB 3V BbINONHAIOT, Kak MpPaBUIIO, B BHUJE
NPSMOYTOJbHUKA U3 TIOJIOCOBOM CTalyd C pACHOJIOKEHHBIMH IO KOHTYpPY
BEPTUKAIBHBIMUA  3a3€M-JIUTEJISIMA, MHOTJAA B BHUJE OJHOTO-IBYX PSJIOB
TOPU30HTAJIBHBIX M BEPTUKAJIBHBIX 3a-3eMiIMTENed. PacdyeT ¢ JocTaTtouyHOU [Jis
MPAaKTUYECKUX IIeJIe TOYHOCTBIO MOXHO BECTH METOAOM KO3(P(UIIMEHTOB
WCIIOJb30BaHUsl, TPUHUMAs TPYHT OJHOPOAHBIM 10 TiyOune. [lpm sTOM B
KYpCOBOM TIPOEKTE JJIsi TaKUX MOJCTAHIMA HE YUYHUTHIBAIOTCA €CTECTBECHHBIC
3a3eMJIUTENH, TaK KaK Ha IPAKTUKE OHU B OOJIBIIMHCTBE CIy4aeB OTCYTCTBYIOT.

B sToMm cinydae pacuet 3V NpoUCXOIUT B CIAEAYIOIIEM MOPSIKE:

1.Onpenensdior pacueTHOE yI€JIbHOE CONPOTUBIICHUE TPYHTA:

Ppaca = ke p, (3.5)

rae
p - YAEIbHOE CONMPOTHBICHUE TPYHTA, U3MEPEHHOE NMPU HOPMAJIbHON BIAXKHOCTH,
Om-M;
k. - KO3(DPUIMEHT CE30HHOCTH, YUHUTHIBAIOIIMI MpOMEp3aHHe U MPOCHIXaHUE
IpyHTAa.

B cpenHux knMMaTHYecKUMX 30HAX (BTOpasi, TPEThbs) IJISI BEPTUKAIbHBIX
ANEKTPOAOB JMHOU 3-5 M k. = 1,45-5-1,15, nns ropu3OHTaNBHBIX AIEKTPOJIOB
nimHon 10-15 m k. = 3,5-5-2,0.

2.0npenensitor conporuBieHne, OM, OJHOTO BEPTHKAIBHOTO 3a3€MIIMTENs
(cTepxHs):

_ 0v366ppacq.3

B — L

(1922 +21g5222), (3.5)

4t,—1,

rae [l — JIJMHA CTepXKHS, M;

t, — TriayOuMHa 3aJOKEHHS  BEPTUKAJIBHBIX  3a3eMJIMTeNiel, paBHas
PACCTOSHUIO OT MOBEPXHOCTH 3EMJIU O CEPENNHBI 3a3€MIIUTEIIS, M;
Ppacas — PAacuYeTHOC  COMPOTUBICHHE  3€MIIM UL BEPTUKAIBHBIX

3azemuinrenieid. CTEPKHHU pa3MENIAIOTCS M0 MEPUMETPY CETKU U3 FOPU3OHTAIBHBIX
3a3eMJINTENICH, TPUYEM PACCTOSHUE MEXAY HUMU NPUHUMAETCS HE MEHEE HX
JUTVHBI.

3. OnpenenstoT KOJIUYECTBO BEPTUKAIBHBIX 3236 MIIUTEIICH:

s

n, = (3.6)

Ryon'Ms

rae 7y — KO3(POUIMEHT HCIOIb30BAaHUS BEPTUKAIBHBIX 3a3eMIIUTENEH,
3aBUCAIIUN OT PACCTOSIHUS MEXIy HUMU (a), UX JUIMHBI M KojudecTBa (Tab0n.3.2) u
YUHUTBAIOIINI UX B3aMMHOE YKPaHUPOBAHHUE.
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Tabmuma 3.2

KoaddunmenTs HCTOJIb30BaHUS BEPTUKAIBHBIX 3a3eMIIUTENEH,
pa3MeNIeHHBIX 110 KOHTYPY 0€3 ydeTa BIUSHUS TOJIOCHI CBS3U
OTtHoLIEHNE Yucno |JIB OtHouenue paccros-|Yucno |JIB
pacCTOSIHUSL ~ MEXIY|dJIeK- HUS MEXTY [3JIeK-
BEPTUKAIbHBIMU TPOAOB BEPTUKAIbHBIMU TPOAOB
3azemuutensiMu Kk ux|IIB 3azemuutensamu K ux|IIB
e (a/ 1B) e (a/ 1B)
1 4 0,66-0,72 2 20 0,61-0,66
0,58-0,65 40 0,55-0,61
10 0,52-0,58 60 0,52-0,58
20 0,44-0,50 3 4 0,84-0,86
40 0,38-0,44 6 0,78-0,82
60 0,36-0,42 10 0,74-0,78
2 4 0,76-0,80 20 0,68-0,73
0,71-0,75 40 0,64-0,69
10 0,66-0,71 60 0,62-0,67

4. OnpenensitoT CONMPOTUBICHUE TOPU3OHTAIBHBIX 3a3eMIIUTENEH, (COeTMHU-

TEJLHOM MOJI0CHl KOHTYpa), OM:

N 0,366pacar ;  2L%
r Ly bt ’
rae
L.— cymMmapHas  JJuHa

TOPHU30HTAJIBHBIX

NpCABAPUTCIIBHO IO BHIYCPUYCHHOMY INJIAHY 3y, M,
b - IUPHUHA ITIOJIOCBI TOPU3O0OHTAJIBHOTO 3a3CMIIMTCIIA, M, - I‘JIY6I/IHa 3aJIOKCHU A
TOPHU30OHTAJIBHBIX SaSCMHHTCHCﬁ, M,
ppacq.r — PpacudCTHOC COIIPOTUBICHUC 3CMJIN IJISI TOPU3OHTAJIBHBIX 3a3eMJINTEICH.

3a3€MJIMTEIICH,

(3.7)

HalieHHas

C yuerom ko3(duureHTa HCHOIb30BaHUS COMPOTHUBICHHUE CJIOKHOTO

TOPHU3OHTAJIBHOI'O 3a3CMJINTCIIA:

T

R, =

b

Nr

r7ie
(Ta61.3.3).

(3.8)

N, — KO3(P(ULUHUEHT HCHOIb30BaHUS TOPU3OHTAIBHBIX 3a3eMIIUTENEH
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5. Ompenensitor HEOOXOIUMOE 00IIee CONMPOTHUBICHUE BEPTUKAIBHBIX
3a3eMJIMTEIICH C yYETOM MCIOJIb30BaHMS COCTMHUTEIBLHOM MOJIOCHI:

Rr'Rgon
RI‘_RLLOH-

IA

R, (3.9)

Tabnuia 3.3
KoaddurueHT 7, ucnonb30BaHus COCAMHHUTEIBHON IOJIOCHI B KOHTYpE W3
BEPTUKAIBHBIX JICKTPOJIOB

OTtHoleHue pPacCTOSHHUS Yuciio BepTUKAIBHBIX 3a3€MIIUTENCH
MEKIY BEPTUKAIBHBIMU |4 6 8 10 20 30 50
3a3eMJIMTENIIMH K WX JJIMHE
(a/lB)
1 0.45 (040 ]0.36 |0.34 [0.27 (0.24 ]0.21
0.55 (0.48 10.43 10.40 (0.32 |0.30 ]0.28
3 0.70 10.64 ]0.60 |0.56 (0.45 0.41 ]0.37

6. OnpeaensitoT YTOYHEHHOE KOJIMYECTBO BEPTUKAJIBHBIX 3a3€MJIUTENCH:

Ny = —2 (3.10)

RB'T]B.H’

II€ 7yy — YTOUYHEHHOE 3HayeHUEe KOIP(UIMEHTa HCIOJIb30BaAHUSA
(MCcTIOB3YyeTCSt HEKOTOPBIN UTEPALIMOHHBIN PAaCUeT, T.K. 1), ; 3aBUCHUT OT My ).

B pesynbTaTe HalileHbl KOHEYHBIE MapaMETPhl 3a3EMIISIOIIETO YCTPOMCTBA.
B cnydae ecnu TpebyeMoe KOIMYECTBO BEPTUKAIBHBIX 3a3€MIIMTENEH HEBO3MOKHO
pa3MecTuThb 1o KOoHTYpy 3V ¢ cobutogeHnem ycinoBus a /[ > 1, ucronb3yeTcsi OJIuH
U3 CrocoOOB CHIKEHHUA cornpoTuBiieHus 3Y. Hampumep, yBenuueHue IIIOMIAIH,
3aHruMaemMoi 3V, yBelarueHne AJMHbBI BEPTUKAJIbHBIX cTep)kHEH (HO He Oosee 5 M),
YBEJIMUEHUE CEUCHUS 3a3eMIIUTeNel (IPUMEHATh HE PEKOMEHYETCs ), YBETUnUeHNE
rIIyOMHBl 3alloKeHus: 3azemiuutenel (Ho He Trayoxke 0,7 M), H3MEHEHUe
COOTHOIIIEHUS MEXIY KOJIUYECTBOM BEPTUKAIBHBIX CTEPKHEH M PaACCTOSAHUSA
MEX1y HUMU.

3.3. PACUET 3A3EMJISIOIIETO YCTPOVCTBA HA TTOJCTAHIIMAX
C BbBICHINM HAIIPA)KEHUEM 110 kB 1 BBIIIE

B peanbHON MNpakTUKE MNPOEKTUPOBAHUSA  3a3€MIIIOLNIUX  YCTPOWCTB
MOACTAHUMK pacyeT CONPOTHUBIIEHUS CIIOKHOTO 3a3€MIIMTENI MPOU3BOAAT C
MIOMOIIBI0 CHELHAIBHBIX MPOrpaMM Ha OCHOBE pe3yJbTaTOB CIELHAIBHBIX
3aMEPOB XAPAKTEPUCTUK I'PYHTA B MECTE PACIIOIOKEHUS MOACTAaHIMU. B KypcoBoM
npoekte pacyeT 3Y noacranuuil 110 kB u Bbie IpoU3BOAUTCS MO YyNPOLUIEHHON
Metoauke [4].
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CocraBisiercsi  yClOBHas, TaKk  Ha3blBaeMas  pacyeTHas  MOJelb
3azemisioniero  yctpowcrsa  (puc  3.1), KoTopas mpeAcTaBisieT  coOoi
TOPU30HTAIBHYIO KBQJPATHYIO CETKY U3 B3aHUMHO IEPEeCceKaroluxcs MOoJIOC ¢
BEPTUKAIBLHBIMU 3JIEKTPOJIAMH.

PacueTHas Mozmenb uMeeT OJIMHAKOBBIE C MPUHATOM CXEMOM 3a3eMIIMTENS:
IOWAAb S, CyMMapHYIO IJUHY TOPU30HTANBHBIX L, KOJWYECTBO U JIMHBI BEPTHU-
KaJIbHBIX L, 3JIEKTPOJIOB; IIIyOMHY 3all0’KeHHs B 3eMJIt0 £. OHa MorpykeHa B 0JHO-
POJIHBII TPYHT C pacyeTHbIM HKBHBAJICHTHBIM CONPOTUBIEHUEM P, OM-M, Tpu
KOTOPOM CONPOTHUBJICHUE MCKYCCTBEHHOTO 3a3€MJIMTEINII UMEET TO K€ 3HAuYCHUE,
YTO U B MIPUHATON CXEMe 3a3€MJIUTENS B IBYXCIIOWHOM TPYHTE.

e i
t
T T T 11,
P
| ||
a) a)

Puc.3.1. K pacuery cl0XHBIX 3a3€MJIUTEIICH:
a - 3a3eMJISIOIIEee YCTPOMCTBO MOACTAHIIUY; 6 - pacyeTHAsI MOJIEIh

B peasibHBIX YCIOBHSX CONPOTUBIEHUE TPyHTa HEOAMHAKOBO IO TIIyOHHE.
Bepxnue ciou, Kak NpaBujio, MUMEIOT OoJiblliee yAENbHOE CONPOTUBIIEHHUE, a
HIWOKHUE (yBIAQXXHEHHBIE) CJIOM - MEHbIIEe COMpoTuBieHHe. B pacuerax
MHOTOCJIOWHBIN TPYHT MPEICTaBISETCA JIBYXCIOWHBIM: BEPXHHUU TONIIHUHON h; ¢
yIEIbHBIM CONPOTUBIECHUEM p ;, HUKHUU - C YIEIbHBIM COINPOTUBIECHUEM P 2
Benuuunsl p ;, p,, h; IpUHUMAIOTCS HAa OCHOBE 3aMEPOB C YYETOM CE30HHOIO
Koa(puireHTa K¢ (CM. BbIIIE).

PacueT mpousBoauTcs B cineayromeM nopsaake [4]:

1. Onpenenstor 10MyCTUMOE CONMPOTUBIIEHUE 3a3EMIISIOIIETO yCTporcTBa. B
Cllyyae BBIIOIHEHHS 3V € y4eTOM TpeOOBaHHs K €r0 CONPOTHBIECHHIO R, = 0,5
Owm. Ilpu BeimonHenuu 3Y ¢ yyeToMm TpeOOBaHUS K HANPSHKEHHUIO MPUKOCHOBEHMS
R o PACCYMTHIBAIOT B CIICAYIOIIEM MOPSIKE:

3Has HauOOJIbIIEE JOMYCTUMOE HANPSIKEHUE NPUKOCHOBEHHS Upp qon (CM.
Tab:.3.1), onpenensieM HaNpsHDKEHUE HA 3a3eMITUTENE:

U, = o (3.12)
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rae kg — kodphUIMEHT HANIPSHYKEHUS] TPUKOCHOBEHHUS.
JI71s1 CIOKHBIX 3a3eMIIuTeNel kp onpeaensercs no Gopmyie:

ey = —=8 _ (3.12)

(ZB'LF)0'45’
avs

rae [z - AJIMHA BEPTUKAJIBHOTO 3a3€MIIMTENS, M;
L, - JUTMHA TOPHU30HTANBHBIX 3a3eMIIHTENICH , M;
a - PacCTOSIHUE MEXK]y BEPTUKAIbHBIMU 3a3€MIIUTEISIMU, M;
S - IJIOMIA b 3a3¢MIIIONIEr0 YCTPOHCTBA, M*;
M - mapamertp, 3aBUCAILUN OT p/p; CIEAYIOIHUM 00pa3oMm:
Pi/P2 e 05 1 2 3 4 5 6 7 8 10
M. 0,36 0,50 0,62 0,69 0,72 0,75 0,77 0,79 0,80 0,82
p - xoadduirent, onpeaeasieMblil 0 COMPOTUBIICHUIO TeJla YeloBeka R, u
COIIPOTUBIICHUIO PACTEKAHUS TOKA OT CTYIIHEH R, :

Ry

B =— (3.13)

T (Ry+RY)’

B pacuerax npunumaior R, =1000 Owm, R.=1,5p pc (p pc - YyIeIabHOE
COIIPOTUBJICHUE BEPXHETO CII0S 3€MIJIN).

JlomycTrMO€ COMPOTUBICHUE 3a3€MIISIIONIETO0 YCTPOMCTBA JOJKHO OBITH,
Owm:

Raon = (3.14)

rae I3 - pacueTHbI TOK 0AHO(A3HOTO K.3. B pACCMaTPUBAEMOIl yCTaHOBKE.
2. Onpenenstor o0l1ee CONPOTUBICHUE €CTECTBEHHBIX 3a3eMinTenei, OM:

R, = —+ " (3.20)

Tka6 TcT.0

rje Txag - COIPOTHBIICHHWE pPACTEKaHUIO TOKA CBUHIIOBBIX O0OO0JIOUYEK
ka0enel; 7., - CONPOTHBICHHE PACTEKAHHUIO TOKA CHUCTEMBI TPOC-OMOPBHI.
3Ha4YeHUs UX MPUOIU3UTEITEHO MOT'YT OBITh:

CHUCTEMA TPOC = OTIOPBL, OM ...ttt ittt et eeaeeeeens 2,5-3

.3
CBUHIIOBBIE 000JIOUKH Kabemel” MpH yJIeIbHOM ConpoTuBieHuu rpyHTa 100

2 o
Onpez[enﬂeTc;l I10 BBIYCPUCHHOMY IIJIaHY CE€TKU U3 TOPU3OHTAJIbHBIX 3a3C€MJIMTCIICH.

3 BBI/II[y TOro, 4To Kabenu co CBHHIIOBBIMU 000/10YKaMH B T€YEHHE TMOCJICAHCTO BPpEMCHU NPUMCHAIOTCA
PEAKO, B KYpCOBOM IPOCKTUPOBAHUHU IIPHU paCUCTEC 3y MOACTAHIIMU OHU HE YYUTBIBAIOTCA.
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OM-M

| 210150 € TR )Y 2
2 KADCTICH, OM ...ttt 1,5
R 1150 ()7 P O )Y S 1,2

ConpoTuBiieHHe  3a3eMieHUs  000J04YeK  Kabeinell 1Mpu  YAEIBHOM
COMPOTHUBJIECHUU TpyHTa OTIUYHOM OT 100 OM-M MOXET OBITh ONpENeNeHO IO

bopmyie:

R =Ry -+/p/pos (3.16)

riae Ry - conmpoTuBieHUE 3a3eMiIeHUsT 000J104eK kabeneit npu py=100 Om-m.

Ecmu Rg < Rypny TO COOpYKAETCSI TOJIBKO CETKA M3 TOPU3OHTAIBHBIX TOJIOC.
EctecTBeHHBIC 3a3eMIIMTENIM HE MEHEE YeM B JBYX TOYKaX CBSI3BIBAIOTCSA C
TOPU3OHTANBHBIM 3a3emiureneM. Ecnu Rgp > Ry, TO HEOOXOIUMO COOPYKEHHUE
HMCKYCCTBEHHOT'O 3a3€MJIMTEIS], COMPOTUBIICHUE KOTOPOTO:

Re'Raon
Re_Raon-

(3.17)

Ry =

3. OnpenensioT obIIee COMPOTHBICHUE CI0KHOTO 3a3eMIIUTES, IPeodpazo-
BaHHOT'O B PacUeTHYIO0 MOJIeNb (cM. puc 3.1), Om:

R P
R,=A Nl Y (3.18)
rae
L+t L+t
4=(0444-084- f) npu 0 < 2 < 0,1; (3.19)
L+t L+t
4=(0385-0,25- - )npu 0 < <0, (3.20)
rae
P> — DKBUBAJICHTHOE YACIbHOE COMPOTUBIICHUE TpyHTa, OM-M (Tadm. 3.4);
L, — o01ast JjIMHa BEepTHKAIBHbBIX 3a3¢MIIUTENICH;
Ly, =n, -1, (3.21)

[ony4yennoe 3HaueHue R,y JOHKHO ObITH MEHBIIE Ry

Ecnu conpoTuBieHre 3a3eMIIUTeNs MPEBBIIIAeT TpeOyeMble BEIUYHMHBI, TO
HE0OX0IUMO JMOO0 YBENWYeHHE IUIomaan S, JuO0 JIMHBI TOPU30HTAIBHBIX
3azeminTe-nen L, 1ubo 4uciia BepTUKAIbHBIX 3a3eMIIUTENEN 11, U (WIH) UX JJTUHBI
[, Bce 3TO mNPUBOAUT K JONOJHUTEIBHBIM pacxojJaM W Ha MOJCTaHIUAX
TpyaHoocymiecTBUMO.  Oh(eKkTUBHOH  Mepoll  yMEHBLIEHUS  OMACHOCTH
MIPUKOCHOBEHUS SIBJISIETCS MOJCHINKA rpaBusi win medHs cinoem 0,15-0,2 M Ha
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IUIOIIAJIKAX, C KOTOPBIX OCYIIECTBISAETCS 00CIyKUBaHUE 00OpYyI0OBaHUs, 1O BCel
tepputopun OPY. YnenbHOe CONPOTHUBIEHUE BEPXHETO CJIOS IPU ITOM CUIBHO
Bo3pactaeT (5000-10000 Om M), 4TO CHMIKAET TOK, MPOXOASIINIA Yepe3 ueoBeKa,
TaK KaK BO3pacTaeT COIPOTUBIIEHHE PACTEKaHUIO TOKa co cTynHeill R, B pacuere
COOTBETCTBEHHO YMEHbIIaeTcsd KOG UIMEHT [ U yBEJIUYUBACTCA JOIYCTUMOE
COIIPOTUBJIEHUE 3a3E€MJISIIOIIETO YCTPOICTBA.

Tabnuua 3.4
OTHOCHTENIbHOE AKBUBAJICHTHOC YACIBHOE CONPOTHUBICHUE TPYHTa IS
CETOK C BEPTUKAIBHBIMH 3a3EMIIUTEIISIMU P/ 2

Kool a/l OrHocuTensHas Tomumaa cinod (hy-t)/l,

L Bk 0.023 0.05 0.1 0.2 0.4 0.8 0.95
| 1-4 | 1 1 | | | |

1 1.02 1.03 1.05 1.1 1.13 1.3 1.4
2 2 1.03 1.07 1.1 1.13 1.15 1.32 1.5
4 1.05 1.17 1.13 1.15 1.2 1.38 1.6
1 1.05 1.1 1.15 1.22 1.35 1.86 2.4
5 2 1.22 1.26 1.35 1.43 1.54 2.12 2.7
4 1.33 1.41 1.5 1.65 1.83 2.6 3.5
1 1.1 1.2 1.28 1.38 1.62 2.5 3.7
10 i 1.3 1.4 1.5 1.6 1.8 2.75 5.5
4 1.52 1.7 .88 2.08 2.33 3.52 .0
0.125 0.5-4 0.95 0. 0.8 0.7 0.62 0.54 0.52
0.25 0.5-4 0.97 0.93 (.85 0.78 0.71 0.65 0.64
0.5 0.5-4 0.99 0.96 0.92 0.8% 0.83 0.79 0.77

ITo pe3ynapTaTam pa3pabOTKM JAHHOIO pasjiena B pas3jieie MPHIOKEHUN
MOSIC-HUTENIbHOM 3alMCKU JOJDKHA OBITh MpeJCTaBieHa IUIaH-CXeMa CEeTKU
TOPU3OHTAIBHBIX 3a3€MIIUTENIEN MOJYYEHHOIO
HayepyeHHas B MaciluTade ¢ MPUBS3KON K KOHTYpY BHeuHero orpaxaenus PIIII u
TOYEK MPUCOETUHEHUS

C YKa3aHUEM OCHOBHBIX pa3MEpOB U PACCTOSHUU,

BCPTUKAJIBHBIX 3a3eMJINTEIICH.

4. PACUET YCTPOUCTB MOJIHUE3AIIIUTHI IOACTAHIIUA

4.1. OBIIME TPEBOBAHUA

ciaoxkHoro 3Y MIOJCTaHIUH,
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OpHUM 13 BaXXHBIX YCIOBUH OecriepeOoiHON paboThl MOICTAaHIIMM SBISETCS
oOecrieueHue HaJIe)KHOU IPO303aLLHTEI 31aHUH, COOPYKECHUHN 51
ANEKTPOOOOPYIOBAHUS.

3ammTa NOoACTAHIUMI OT IPSIMBIX YaPOB MOJHUU OCYILIECTBIISIETCS CTEPIKHE-
BBIMH U TPOCOBBIMU MOJIHUEOTBOJAMHU.

[Ipu pa3paboTke CHUCTEMbl MOJHHE3AUIUTHI ISl KOHKPETHBIX MOJCTaHLIUN
CJeAyeT MOIb30BATHCS CIEAYIOMUMH pekomeHaauusamu [1Y9:

OtkpsiThie noacTanuu 1 OPY nanpsokenuem 20-500 kB nomkHbI OBITH 3a-
LIMIIEHBI OT MPSAMBIX y/apOB MOJIHUH. BBINIONMHEHUE 3aIUMTHI OT MPSMBIX yIapOB
MOJIHUM He Tpebdyerca: misd mnoxactanuuit Hampspbkenuem 20 u 35 kB c
TpancopmMaropamu eAuHUYHON MOITHOCTHIO 1600 KBA u MeHee - He3aBUCUMO OT
yycia rpo30BbIX 4acoB B roay; s Bcex OPY u moacranuumii HanpsbxkerueMm 20 u
35 kB B paifoHax ¢ 4uCJIOM TPO30BBIX 4acoB B roay He Oonee 20; mias OPY u
noAcTaHuuid HanpsbkeHueM 220 kB u HmKe Ha IUTOMIaAKax C  yJEJIbHBIM
COMPOTHUBJIIEHHUEM TpyHTa B rpo3oBoii ce3oH Oonee 2000 Om M mnpu uwucne
I'PO30BBIX YaCOB B rofly He Oosiee 20,

3nanus 3PY W 3aKkphITBIX NOJACTAHIMN CIEAYET 3alluilaTh OT MPSMbBIX
yIapoOB MOJIHMM B pailOHax C YUCJIOM TPO30BBIX 4acoB B rony Ooisee 20. 3ammuTy
3nanuil 3PY ¥ 3aKpbITBIX MOJACTAHIMN, UMEIOIIMX METAJUINYECKUE MOKPBITHUS
KPOBJIM WU JKEJIE300€TOHHBIE HECYUIME KOHCTPYKIIMH KpOBJIH, CJIEAYET
BBITIOJIHATD 3a3€MJICHUEM 3TUX MOKPBITUN (KOHCTPYKIMH). Jls 3amiuThl 31aHUN
3PY W 3aKkphITBIX MNOJACTAHIMM, KpbIlla KOTOPBIX HE HMMEET METAUIMYECKHUX
MOKPBITUNA JTUOO >KEJI€300€TOHHBIX HECYIIUX KOHCTPYKLMHA WU HE MOXET ObITh
3a3€MJICHA, CJIEAYeT YCTAHAaBIMBATh  CTEPKHEBBIE  MOJHUEOTBOIABI  WJIHU
MOJIHUEIIPUEMHBIE CETKU HETIOCPEACTBEHHO HA KPBILIE 3JaHUN.

3ammTa OT npsAMbIX yaapoB moiHuu OPY nampsikenuem 220 kB u Bbie
J0JIKHA OBITh BBIMIOJHEHA CTEPKHEBHIMU MOJIHUEOTBOJAMHU, YCTAaHABIMBAEMbIMU,
Kak MpaBuio, Ha KOHCTpykuusx OPY (mopranax). Cienyer UCHOIb30BATh TaKkKe
3aIUTHOE NENCTBUE BBICOKHX 00BEKTOB, KOTOPBIE ABJISIOTCS
MoJsIHHeTIpueMHuKamMu (omopsl BJI, mposkekTopHble MauThl, paaMOMayThl U JIp.).
Ha koncTpykuusix OPY nanpsixkennem 35-150 kB crepkHeBbIE MOJTHHUEOTBOBI
MOT'YT YCTaHABIMBATHCS NIPU SKBUBAJIEHTHOM YIEIbHOM COIPOTUBICHUU IPYHTA B
rpo3oBoit ce30u’: 10 500 OM M (35 kB) u g0 1000 Om M (110 u 150 kB) -
HE3aBUCHMO OT IUIOLIAJH 3a3€MJIAIONIEro KOHTypa noacrtanuuu; ot 500 no 750 Om
M (35 kB) u ot 1000 10 2000 OM M (110 u 150 xB) - npu mmomnaau 3a3eMIIsrOIIero
KOHTypa mozacTaniuu 10000 m” 1 Goee.

Ot ctoek koHCTpYKIMU OPY ¢ MOTHUEOTBOIaMU JTOJKHO OBITH 0OECTIeYeHO
pacTekaHue TOKa MOJHUU MO MarucTpaisiM 3a3€MJICHUS HE MEHEE 4YeM B TpeEX-
yeThlpex HanpasiaeHusax st OPY 35 kB u He MeHee ueM B ABYyX-Tpex - 1t OPY
110 u 150 xB. Kpome TOro, A10mKHO OBITH YCTAHOBIEHO COOTBETCTBEHHO JIBA-TPHU

4 o
CpeHero10By0 NpoI0JKUTENBHOCTh TPO3 B Yacax MOXKHO HailTh B [9].
° JlaHHas BeNMYMHA CONMPOTHBIICHHS ONpEAC/SETCA 10 JaHHBIM 3aMepoB 0Oe3 yuera KkoddduimeHnta
CE30HHOCTH K. (CM. pazaen 3.2).
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WM OJWH-IBA BEPTUKAIBHBIX JJIEKTpOAA JUIMHOW 3-5 M Ha pacCTOSHUM HE
MEHBILIEM JJIMHBI 3JIEKTPOAA OT CTOMKHU C MOJTHUEOTBOJAOM.

I'mpraaasl moasecHo u3onsunud Ha nopranmax OPY 35 kB ¢ tpocoBeiMu
WM CTEP>KHEBBIMU MOJHUEOTBOJIaMHM, a TakXe Ha KoHIeBbIX omopax BJI 35 kB B
TOM CclIy4ae, €Clid TPOC HE 3aBOJUTCS Ha MOJCTAHIMIO, JTOJKHBI UMETh Ha JIBA
u3ossiTopa Oosblie, 4eM 00bIYHO. PaccTosiHue mo Bo3ayxy oT KoHCTpykuuid OPY,
Ha KOTOPBIX YCTAaHOBJIEHBI MOJTHUEOTBO/IbI, 10 TOKOBEAYUIUX YaCTEH JOJIKHO OBITh
HE MEHee JUTMHbBI TUPIISH/IBI.

Bonbiryto omacHOCTh AJi U30ISIUU TpaHC(HOPMATOPOB MPEACTABISIET yCTa-
HOBKa MOJIHUEOTBOJOB Ha TPAaHCPOPMATOPHBIX MOpTaJax, T.K. IPHU MOPAKEHUU
MOJIHME€H MOJIHMEOTBOAA, HaxoJdlerocs BOMU3M TpaHcPopMaropa, KOXKYX
TpaHcdopmaTopa MNpUOOpPETaeT NOTEHIMAT MOJIHUEOTBOAA, KOTOPBIM MOXKET
NpUBECTH K OOpaTHOMY TMEPEKPHITHIO M30JAIuu  TpaHchopmaTopa [8].
Jlomyckaetcst yCTaHAaBIMBATh MOJHUEOTBOAbI HAa TPAHC(OPMATOPHBIX MOpTaiIax U
koHCTpykiusax OPY, yaaneHHbIX OT MOpPTaioB TpaHC(HOpPMATOPOB HAa PaCCTOSTHUE
MeHee 15 MeTpoB, €ClM YIEIbHOE CONPOTUBICHHE TPyHTAa Ha IUIOIIAJKE
MOJACTAaHIIMA B TPO30BOM ce30H He mpeBbimaeT 350 OMm-Mm, mpu coOOACHUU
YCJIOBUM:

- HEeTMOCPEeJCTBEHHO Ha BhIBOJAaX 00MOTOK 3-35 kB unu Ha paccrositHun
He Oosiee 5 M MO OUIMHOBKE OT BBIBOJOB YCTAaHOBJICHBI BEHTUJIbHbBIC
pa3psIHUKY;

- NPHUCOEIUHEHHUE CTOEK MOPTAJIOB C MOJHHUEOTBOAAMHU K MarucTpaisiM
3a3eMJICHUS] BBIMOJHSAETCS TakUM 00pa3oM, yToObl oOecnedyrBaiach
BO3MOXHOCTh ~ PAacTeKaHUsi TOKAa MOJHUM B  TpeX-4eTbIpex
HaIpaBJICHUIX;

- Ha MarucTpajisix 3a3€MJICHHs, Ha pPacCTOSHUU 3-5 M OT CTOMKH C
MOJIHUE€OTBOAOM, JAOJKHO OBITh YCTAHOBJIEHO J[BAa-TPHU BEPTUKAIbHBIX
3JIEKTPOAA JUIMHOM 5 M;

- Ha TOACTaHUMAX C BbeICIIMM HampsokeHueM 20 um 35 kB
CONPOTHUBIICHUE 3a3€MIISIIOLLETO YCTPOMUCTBA HE JTOJKHO MPEBBIIIATH 4
OM ©0e3 yuera 3a3emiMTeNIed, pACMONIOKEHHBIX BHE KOHTYypa
3azemiieHust OPY.

3amury ot npsMbIX yaapoB MoidHud OPY, Ha KOHCTPYKIMSIX KOTOPBIX yCTa-
HOBKa  MOJHHEOTBOJOB HE  JOMyCKaeTcs WM  HelenecooOpa3Ha 1O
KOHCTPYKTHUBHBIM COOOpa)XeHUsIM, CJIEIyeT BBINOJHATh OTAEIbHO CTOSUIUMU
MOJIHUE€OTBOAAMH, UMEIOIHUMH 000COOJEHHBIE 3a3€MJIMTENN C COMPOTHUBICHHUEM
He 6onee 80 Om.

MoJIHHEOTBOABI COCTOSAT U3 YETHIPEX KOHCTPYKTUBHBIX 3JIEMEHTOB [9] (puc
4.1): MonHuenpueMHHKa 1, Hecylled KOHCTPYKIHMH 2, TOKOoOTBoAa 3 U
3azemsidrens 4.  MOJHHENPUEMHUK  JIOJDKEH  HAAEKHO  MPOTUBOCTOSITH
MEXaHMYECKUM M TEIJIOBBIM BO3JEHCTBUSIM TOKa MOJIHUU. Hecyias KOHCTpYKIUS
J0JI’KHA MMETh BBICOKYIO MEXaHMYECKYIO IMPOYHOCTh, KOTOpas HCKIIOYWIA Obl
clly4yad  MaJeHHsT  MOJHUEOTBOJA  Ha  OOOpyJOBaHHME  IOJCTaHIUU.
TokonpoBOASIIMIT  CIYCK MOJHHEOTBOAA COEAMHSETCA C  3a3€MJIIOLIUM
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ycTpoiictBoM OPY. DiiekTpruueckue COeIMHEHUsI OTJEJbHBIX YacTel TOKOOTBOJA
MEXIy CO0O0M, ¢ MOJHHEOTBOJAOM W 3Y BBHIMIOJHSAIOTCS MPU TTOMOIIM CBApKHU.
Heo6xoauMo nperycMoTpeTh aHTUKOPPO3UOHHBIE TTOKPHITUS TOKOOTBOIOB.

L~

Puc. 4.1. CrepkHEBOM OTAEIBHO CTOAIIMN MOJTHUEOTBO!:
| — MOTHUENpUEMHHUK; 2 — HECYILIAasi KOHCTPYKLHUS; 3- TOKONIPOBOA; 4 —
3a3€MJIUTEIIb.

4.2. PACUET 30H 3AIIXTHI MOJIHUEOTBOJIOB

K pa3paboTke mgaHHOro pasjesia MPUCTYMNAOT TOCIE BBIMOJHEHUS IUIaHA
pasMenieHus Ha TEPPUTOPUM TOACTAHIMM OOOPYAOBaHUS, KOHCTPYKIIUM,
pacnpenycTpoMCTB, 3l1aHMM U COOPY)KEHUH C YyKa3aHHEM BCEeX HEOOXOAMMBIX
rabapuToOB U pacCTOSTHUM.

Ilo pe3ynpraTam Ha MOJENAX JOKa3aHO, YTO BOKPYI CTEP’KHEBOTO
MOJIHUEOTBOJA CYIIECTBYET 3AILMILECHHAs 30HA, KOTOpas HE MOPaKaeTcsl MPSMbIM
ynapom mosHuH [9] (puc.4.2). CorimacHo METOAy pacdeTa W IMOCTPOSHUS 30H
3aIlMThI OHA MPEJCTABISETCS B BEPTUKAIHLHOM CEUEHHH KOHYCOM € 00pa3yrolieit B
BUje rurnep6onsl. Eciiu BeicoTa 3amuiaemMoro oobekra (Haudoiee BhICTYMAIOMNUX
yacTei 00OpynoBaHUsI WU KOHCTpykuuil PY) paBHa /., TO mJis 3TON BBICOTHI
paauyc 30HBI 3aIUTH MOJIHUEOTBOIA, M:
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1,6h,
= "me D (4.1)

1+

rae
h - BBICOTa MOJIHUCOTBO/A, M;

h,=h -h, - akTUBHAasI BBICOTA MOJTHHEOTBOJIA, M;

p - K0o3bdUIMEHT I pa3HbIX BBICOT MOJHHMEOTBOAOB (p=I TMpHU BBHICOTE MOJ-
HueotBoa 110 30 m; p=3, JUIsl MOJTHUEOTBOJI0B TpH BbicoTe Oosee 30 m). Jlis
Oosee oOuiero ciaydvas ABYX CTEP>KHEBBIX MOJHUEOTBOJOB Pa3HOM BBICOTHI 30HA
3alIUThI TpeACTaBieHa Ha puc.4.3.

L + r =

Puc. 4.2. 30Ha 3a11UThl OJUHOYHOTO CTEPKHEBOT'O MOJHHUEOTBOIa BHICOTOM /10
60M:
h- BeIcOTa MOJIHMEOTBO/A; /1, - AKTUBHAs BBICOTA MOJIHUEOTBOIA; /1, —BBICOTA
TOYKU Ha TPAHULIC 3aITUIIIAEMOMN 30HHI.
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Puc.4.3. 30Ha 3a1IUThI IBYX MOJIHUEOTBOJOB Pa3HOMN BBHICOTHI HA YPOBHE /1,
a - B BEPTUKAJIILHOM CEYCHUU; O - B TOPU3OHTAIILHOM cedeHuu; 1, 2 -
MOJIHUEOTBO/BI;, 3 -BepIIMHA (PUKTUBHOTO MOJHHUEOTBO/T

30Ha 3alIUThl B 3TOM CJIy4yae CTPOMTCS HauMHAsl C MOJHUEOTBOJA OOJBIIEH
BBICOTHI CJEAYIOIUM o0pa3zoMm. JlJis KaxJA0ro MOJHUEOTBOAA B OTAEIbHOCTH
OTIPEJIENISIIOTCS. TPAHUIBI BHEIIHEW 30HBI C pajlycaMu ry; U Iy (cM. puc.4.3) mo
dbopmyne (4.1). 3ateM u3 BEpUIMHBI MOJHHEOTBOJA 2 C MEHBIIEH BBICOTOMN
MPOBOJUTCS TOPU3OHTAIbHAS JIMHUA [0 IepecedeHus B Touke 3 ¢ TpaHUleH
3alIMTHOM 30HBI MOJHUEOTBOIa |1 (Kak mokaszaHo Ha puc.4.3,a). Paccrosnue r, ot
ToukHu 1 10 TOukM 3 slerko HaiTu no Gopmyie (4.1), npuHsAB AJi1 MOJHUEOTBOAA |
h,=h,. OueBUIHO:

ap =a—r, (4.2)

rae
a4 - PACCTOSHHE MEXIY MOJHHEOTBOJOM 2 MEHBIICH BBICOTHI H (UKTUBHBIM
MOJHHEOTBOJIOM 3 TaKOM K€ BBICOTEI, M;
a - PpacCTOSHUE MEXAY MOJHUEOTBOAaMU 1 u 2, M.

Benmuuuna /) paccTtosiHUsI OT 3e€MJIM JI0 HW)KHEH TOYKM 3al[UTHON 30HBI
onpenenseTcs no hopmyre:

a
ho = h, — % (4.3)
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Bennuuna xoagpunuenta p ta xe, yto u B popmyne (4.1).

HauMmenblniasgs mmpuHa 30HBI  3allMTBl b, B  CEpEeIUHE  MEXIY
MOJIHMEOTBOJAAMHU pPEabHBIM 2 U (UKTHUBHBIM 3 B TOPU30HTAIBHOM CEUEHUU Ha
BBICOTE /1, ompezensercss No KpuBbIM (puc.4.4). s MOJTHUEOTBOJOB BHICOTOM
6onee 30 M 3HAYEHUS MO OCU OPAMHAT U MO OCH aOCIIMCC YMEHBIIAIOTCA MyTEM

yMHOKeHHUs Ha Ko duuuent p=5, 5Vh.

by« by
2hj Zh;
o Sy 07 ::
L e 06 NI
0 ] H\“%\\\\\\
el E b bl Bl 04 ::x,\:‘:-.h <
H:““:%:‘*:%%\ 03 = x%\“:\%%
06
y "--.“‘--..,_L""'-,_ 02 “\%ﬁ%&\
s
U,E 01 \“\\
0 0 i

0 05 10 15 25 25 30 35 40 45 a’'h, 50 52 54 56 58 60 62 64 66 a'hg

Puc.4.4. 3naueHne HauMEHbILIEH ITUPUHBI 30HBI 3aLIUTHI X IBYX
CTEP>KHEBBIX MOJIHUEOTBOJIOB C BHICOTOM /1 MeHee 30 M:
a- st ah, =0+ 5;0 - nug a’h, =5+7

JIBa MOJTHMEOTBOJIa B3aUMOJIEUCTBYIOT MEXAY COOOM TOIBKO B TOM Cllydae,
KOTJla PacCTOSIHUE MEXIy HUMU @ He mpeBblnaer 7h, Ilpu paccrosiHum a Gosee
7h, Mmexty 30oHamMu 100%-HOro mopakeHusi 000X MOJHHUEOTBOJIOB 00pa3yeTcs
HE3aIUIIIEHHOE TPOCTPAHCTBO, B KOTOPOM pACMOJOKEHHBIE OOBEKTHI MOTYT
MOPaXKAThCS TPO3OBBIMU Pa3PsIaMH.

30Ha 3alUTHI TPEX U 00JIee MOJHUEOTBOIOB (MHOTOKPATHBI MOJTHUEOTBO/T)
3HAYMUTEJILHO TIPEBBIINIAET CYMMY 30H 3alllUThl OJMHOYHBIX MOJHHEOTBOJIOB.
[TocTpoeHue moOCIEAOBATEIBLHBIM MMOCTPOSHUEM BHEIIHEH KPOMKHU IS KaXKIOu
CMEKHOH Tapbl MOJIHUEOTBOJIOB (CM. puc.4.5).
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Puc.4.5. 30Ha 3a1IUThI YETHIPEX CTEPHKHEBBIX TPOU3BOJBHO PACIIOIOKEHHBIX
MOJIHMEOTBOJOB Pa3HON BBICOTHI B TOPU30HTAJILHOM CEUEHUH Ha YpOBHE hy:
1, 2, 3, 4 - MOTHUCOTBObI
Obopynosanue, PacIIONI0KEHHOE BHYTPH 3aIIUTHOU 30HBI
(ueTpipexyronbHUK 1-2-3-4), 3alMIIEHO TPU BBITIOJHEHUH YCIOBHUS:

D < 8h,p, 4.4)
rae
D - III/IaMCTp OKpY)KHOCTI/I, HpOXOIISIH.ICfI ‘ICPCS TOYKU YCTaHOBKI/I MOJHHCOTBOAOB,
M.

4.3. PACUET YCTPOMCTB MOJIHUE3AIIIUTHI ITOJICTAHIIHA

PacyeTr yCcTpOMCTB MOJHUE3ALUTHI TOACTAHIUNA POBOJAAT, IPUIECPKUBASACH
IIPUMEPHO CJIEAYIOLIETO MOPsaKa:

1. B 3aBucumoctu ot crioco0a BeinoiaHeHus: PY nmojcranium (3aKpbiThie
W
OTKpBIThIE) BBIOMpAIOT CMOCOO 3alIUTBl  OT MPSIMBIX yJIapOB  MOJHHHU.
MonHue3ammra
3PV, kak mpaBuio, He TpeOyeT crneuuanbHoro pacuera. Jlamee Oynem
paccmarpuBaTh
noAcTaHuuu ¢ oTKpbITeiMU PY u KPYH.

He6Gonpmme moacTtaHuuu ¢ BBICIIMM HampsikeHueM 35 kB moryT ObITh
3alIUMIIEHBl OJHUM CTEpP)KHEBBIM MOJHUEOTBOJOM, YCTAHABIMBAEMbIM Ha
KkoHLeBo# onope BJI 35 kB win Ha MayTe Hapy»KHOTO OCBELIEHUS NOACTaHIMU. B
KauecTBE 3alllMIIAeMOT0 OOBEKTa HauWOOJIbLIEH BBICOTHI BBIOMPAIOT JIMHEWHBIN
noprajl. 3agayeil pacyeTa siBISETCS ONPEAEIEHNUE BBICOTHI TAKOIO MOJHUEOTBO/IA.

2. OnpenensitorT  BO3MOXHOCTh ~ BBINOJIHEHUST MoJiHMe3amuTel  PIIIT
MOJHHUEOTBOAAMH, pa3MeniaeMbIMi Ha noprainax OPY, 4yTo 3HaUUTENBHO JELIEBIIE.
Ecnu ne Bwimonssitorcs TpeboBanusa [1YD, ynmoMsHyThie BbIlIE€, MOJIHUE3AIIUTY
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BBITIOJIHSAIOT ~ OTJAENBbHO  CTOSIUIUMH  MOJHHEOTBOJAMU C  000COOJIEHHBIMU
3a3eMJIAIOIIUMH YCTPOUCTBAMM.

3. MonnueoTBoabl,  pasMemaemMble  Ha  KOHCTpykuusx — OPY,
YCTAHABIMBAIOTCA Ha CTOMKAaX JMHEHHBIX (SUEUKOBBIX) MOpTaoB. OTAEIbHO
CTOSAIME MOJHMEOTBOABI paszMemaior BHe OPY 1o KOHTypy BHEIIHEro
OTpaKJIeHUs MOJCTAaHIMU. B 3aBUCHMOCTH OT pacroioKeHus oO0OpyJOBaHMS Ha
TEPPUTOPHH MOJCTAHIIMK HAMEYalOT K YCTAHOBKE CHayaiaa HeOOIbIIOe KOJTUYECTBO
MOJHHUEOTBOAOB, KOTOPOE 3aBUCUT OT Pa3MEPOB MOJCTAHIINH.

4. B kauectBe 3anuniaeMoro o0beKkTa HauOOJNbIIEH BHICOTHI BHIOMPAIOT
mrHHBIM noptann OPY nanHoro HampsikeHus. COrjacHO IJIaHa MOJCTaHIUU
HaxomsaT mia kaxnaoro OPY paccrosHue OT TOYEK YCTAaHOBKM OirbKalimmx
MOJIHMEOTBOJOB J0 IIMHHBIX nopTanoB 3Toro OPY (Haubosee ynaneHHBIX TOYEK
nopraioB). [lo uzsectusim hy, ry, u a, ucnonb3ys hopmynsl (4.1), (4.2) u KpuBbIe
puc.4.4, nonbuparoT HEOOXOJIMMYIO BBICOTY MOJHHEOTBOJIOB TaKUM 00OpazoM,
YTOOBI IIMHHBIE MOPTAJIBl OKA3AJIUCh B MPEeNax 3allUTHON 30HbI ISl BBICOTHI AX.

OOHOBpPEMEHHO TMPOBEPSIETCS 3alMIIEHHOCTh JPYTUX KOHCTPYKIUN U
000pyZ0OBaHUSI MEHbILIEH BBICOTHI, HAXOJSIIUXCS Ha OOJBIIEM PACCTOSIHUM OT
MOJIHMEOTBOJOB, 4YeM HauOojiee yAaJleHHbIN IIMHHBINA MOPTa, a TaKKe IIMHHBIX
MOPTAJIOB, HAXOASIIUXCS BHYTPH 3alIUTHOU 30HBI IO Gopmyiie (4.4).

JlJIss MOJTHUEOTBOJOB, BBIMOJIHSAEMBIX Ha IMOpTajax, oOIas BBICOTA HE
J0JI’KHA TPEBBIIATE CYMMBbI BBICOT COOTBETCTBYIOUIEIO JMHEHHOro moprajia u
METaJUIMYECKON CTOMKH C MOJIHMETPUEMHHKOM (BbICOTa MOCIEAHEH HE TOJKHA
MpeBBILIATH 7,84 M).

5. Ecniu MakcumanbHO BO3MOKHOM BBICOTHI MOJHHUEOTBOJIOB Ha
nopraiax HE
JOCTaTOYHO ISl 3alIUThl Kakoro-muoo OPY, nns Hero mpuHuUMaloT peuieHue oo
YCTaHOBKE OOJIBIIET0 KOJIMYECTBA MOJIHUEOTBOOB. PacyeT moBTOPSIIOT 3aHOBO.

Ecniu m B 3TOM ciiyyae He yjaaercss 0OecneUHTh 3alllUTy TEPPUTOPUU OT
ylapoB MOJIHUHM, TpeOyeTcs YCTaHOBKA JOMOJHHUTENbHO OTAEIBHO CTOSIIHUX
MOJIHMEOTBOZOB WJIM BBINOJTHEHUE MoOsHHE3auuTsl OPY NOJHOCTBIO OTAEIBHO
CTOSAIIMMHU MOJIHMEOTBOAaMHU. KOHCTPYKIIMM TakMX MOJIHHEOTBOJOB OIKCAaHbI B
[9].

[lo pesynbraTam pa3pabOTKH JTaHHOTO paszfena B paszfese MPHIOKEHHM
MOSICHUTENILHOW 3alMCKU JIOJDKHA OBITh MPEACTABICHA IUIaH-CXEMa YCTAaHOBKHU
MOJIHUEOTBOJOB Ha TEPPUTOPUM TMOJACTAHIIMM, HayepueHHas B MaciuTabe c
NpUBS3KON K KOHTYpY BHemrHero orpaxkiaenus PIIII m ¢ ykazaHueMm OCHOBHBIX
pa3MepoB U PACCTOSHUMN, BBICOT MOJIHUEOTBOIOB, BBICOT 3aIIUIIAEMbIX 0ObEKTOB.
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TaOmuna

HNPUJIOXKEHUE

Oo6macth MPUMCHCHHS PA3JIMYIHBIX CUCTEM OINCPATHBHOI'O0 TOKA HAa MOJACTAHIUAX

CTUFIUHFJ. BRICIIEN O HANPHAE-

Cropoua cpeaHero Hanps-

CTUFUHB. HHIMErD HAPAWE-

HUA AEHHSA Hus 10(6) kB
Hanpamenue, Hanpsuxce- i Bug one-
kB u cxema Hue, kKB u i PATHBHOIO [Ipumeyanune
Brixmouare- Beixnmwouare- | anextpuye- | Beiknwdarenu u i
AEKTPUYE- CXEMA JIeK- TOKA
1M W HPHBOIEL JM M IPUBOJEL | CKHX CO- NPUBOILL
CKHMX coedMHe- TPHHECKUX "
i i BOMHEHWH
HH COSOMHEHHH
1 2 3 4 5 f 7 B
110-220, Macnausie 35-110, Macnausie Macnausie ¢ 1
" £ . OCTOSH-
cOOpHBIE WH- | WM BO3ZYVLI- chopuste | wau Bo3gyw- | JTwobas IEKTPOMArHUT- S -
HEl HELE LWIHHEL Hble HBIM NPHBOIOM
35-220, mobas 35-110, aro-
Bosaywxere 2 To we To xe
cxema 2 fas cxema
VOTAHOBNEHEL BRIK/THYATENH, 118 KO-
hHCTIE TOPBIX HCMBITAHUAMY HE [OITBERM® IS
35-220, moGasn 35-110, nro- | 3nexkTpOMAr- pR : P
Macnasere Z HA BOIMOMHOCTS 3ABHCHMOIO IIMTAHHS
cxema Das cxeMa | HHTHBIM [IPH-
R WIEKTPOMATHHTORE BRIHOHEHHS OT Bbl-
: HPAMUTENEHBIX YCTPOHCTE
110-220, ¢ ma-
Macnsusie ¢ CMemanHas CHCTeMA 118 BEIKIHYATE-
TIBIM YHCIOM ) [Mocrosu- B
. | modainsiv £ 3 neit Ha cropoxe BH u CH, gonyekaw-
BrIKIH0HaTenei 110, chop- HbLT WIH >
IMEKTPOMAr- Macnsunie LMY [MTAHHE BEIKHARLINXY JEKTPO-
(MOCTHE, 4e- HBIE LIMHKL CMeLaH-
HUTHBIM IPH- L, MATHUTOB OT BhINPAMMTENBHEIX VCT-
THIPEXYTOb- HEli &
2 BOOOM poiicTs
HME M T.IL.)
110, ¢ manwm | Macnsuste ¢ | 35, cbopusie | Macnsubie ¢ Boinpam- | Bbelknwuarenu ¢ 3EKTPOMATrHUTHBIM
HYHCIOM Bhl- | Tpexdaissim LI HEL FEKTPOMAr- JEHHBLH

Krouarenei

an CETPOMA-

HHTHBIM HIIH

NPYAHHHBIM
IINHBOOOM

HHTHEIM IIPH-
BOIOM

IMMHBOIOM JOMTYCKAHKT BEIHMEHHE OT
BRIITPAMHTENEHBIX }-‘CTPUfIUTE 1pH 3a8-
BHCHMOM INHTAHHH
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[pogomxenne Tabauue

1 2 3 4 f 7 2
35, modan Macnauue ¢ Macnadeie ¢
[lepemen-
CXEMA C BhI- HPYHKHHHEIM = & HPYAHHHBIM ol =
KIH0YaTenaMH HPHEOIOM HPHBOI0M
Macnaueie ©
NEKTPOMATHHT-
i = Macnsassie ¢ Brikn4aTenn ¢ MeKTPOMAr HUTHBIM
35, modas HEIM [IPHEBOIOM
AIEKTPOMAr- Cmewan- NPHBOIOM JONYCKAKT BRIHHEHHE 0T
CXEMA C BhI- = = Hi BBOJAX H C % 7 7
HUTHEIM PH- HELH BEITPAMHTENLHEIX VCTPOHCTE NIPH JaBH-
KITHYaTenaMH NPYVHHHHBIM Ha -
BOAOM s CHMOM [THTAHHH
OCTANBHEIX TPH-
COEOHHEHHAX
35, modan Macnansie ¢
Brinpam-
CXEMA ¢ BhI- To we - - 3MEKTPOMATHUT- i To me
JIEHHI
KIHYaTeaaMH HBIM [PHBOIOM
Macnauwie ¢ Macnadsie ¢
35-220, Ges 35, chopusle [lepemen-
i - [P VACHHHBIM PYHKHHHBIM 5 -
BRIKIHYaTeNned LM HEL ' * HbIH
HPHEOIOM IPHBOAOM
Macnauwie ¢
AMEKTPOMAT- Maciaadeie ¢
HHTHEIM [TPH- ANEKTPOMATHHT-
BOAOM HA HEIM [IPHEBOIOM Brixno4aTenn ¢ AMeKTPOMAr HUTHBIM
BBOJAX [IHTA- Ha seogax nurta- | Cmewan- HPHBOIOM JONYCKAKT BKIHHEHHE 0T
HHA M C Ipy- HHA M C IPYHHH- HbIH BEUIPAMUTENLHEIX YCTPOACTE IPH 2aBH-
AMHHBIM HA HLIM HA OCTANb- CHMOM [HTAHHK
OCTAIBHEIX HEIX PHCOSIN-
HNpHCOEIHHE- HEHHAX
HHUAX
Macnanmie ¢
Macnaueie ¢
AEKTPOMAr- Buinpan-
NEKTPOMATHHT- 7 To ke
HHTHBIM [TPH- TMeHHBIA
HEIM MPHBOIOM
BOJOM
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