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Hcxoanble JaHHBIE

Cxema I'CHCPAJILHOI'O IJIaHa KOMOMHATa IMpCacCTaBjICHa HAa PUCYHKC I.
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Pucynok 1 Cxema resepanbHOro mjiaHa KoMOuHaTa

OO6muue cBeeHus yka3aHbl B Ta0biuie 1.

Tabmmma 1 — O6mue cBeaeHua 06 sHeprocucTeMe U 3aBoje

Momuraocts K3 | Paccrosaue
MomHocTb Hampsixenue Mo1uHoCTb
Ha cTopone 115 oT Komnunuectso | CroumMocts
Tpancdopmatop | TpacHOpMATOp | TOACTAHIMM
kB HOACTAHIMH | pabouux | SJIEKTPOIHEP
OB TO/ICTAHIAH OB SHEPTOCHUCTEM
TpancdopMaTop | SHeprocucTeM | CMeH 3aBoja| rum 1 kBru
SHEPTOCHCTEMBI | YHEPTOCHCTEMBI BI
OB BI JI0 3aBOJIA
s MB-A U oms KB Suers MBA| S, MB-A I, kM ONP— TEIC. py6
KBT4
2x40 115/37/6,3 500 MBA 1200 3,5 2 0,002
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N° dokym lodnucs | Jama

I/ICXOI[HBIG JAaHHBIC I10 3aBOAY H HI/ITaIOH_[eﬁ OHCProCUCTCMC YKa3aHbl B
tabmnurie 2.
Tabmuna 2 — CegeHust 00 PICKTPUUECKUX HArpy3Kax [EXOB.
YcraHoBneHHas
Haumenosanme Komraectso MOIITHOCT®, KBT.
ANEKTPOIPUEMHUKOB ORHOTO
SJICKTPONPHUEMHHUKA CyMMapHas

1 JleconuybHEI 3aBOA 80 1-125 2500
2 CymwibHBIHA 1eX 50 10-80 950
3 bupixa CcrIpbs 30 10-40 100
4 1lex OKOHHBIX paM H JBEpei 100 1-40 1100
5 Ilex MONOBBIX JOCOK 50 1-80 900
6 CromspHsrii miex Ne 1 50 1-70 1000
7 Cromspusrif iex Ne 2 60 1-50 1100
8 MeOenbHbIiH 11eX 30 1-30 450
9. llex mpeccoBaHHBIX IJIUT 60 1-40 1700
10. MarepuasibHbIi CKIaz 10 1-20 100
11. KomnpeccopHasi:
a) 0,4 kB, 8 10-30 150
0) CHHXpOHHBI nBUraTeNns 6 KB 4 800 3200
12. MexaHHYECKUE MACTEPCKUE 39 1-34 200,15
13. AAMUHUCTPATHUBHBIN KOpITYyC,

CTOJIOBAs 50 1-40 340
14. KotenpHast 40 1-80 480
15. ABrorapax 30 1-20 150

Aucm
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BBenenue

Cucrema 3IEKTpPOCHAOXKEHHUS HPENNpPUITHsI, COCTOSIAs W3  CeTel
HanpspkenueM 10 1000 B u Beime, TpancopmMaTopHBIX U MpeoOpa3oBaTENbHBIX
MOJICTAHIINM, CITY>KUT Ui oOecrieueHus: TpeOOBaHUI IPOM3BOCTBA MyTEM MOAAYU
AIIEKTPOIHEPTUU OT MUCTOYHHMKA MUTAHUS K MECTy MOTpeOJieHUsT B HEOOXOIUMOM
KOJIMYECTBE M COOTBETCTBYIOIIEro KadecTBa. (CHcTeMa 3IEKTPOCHAOKEHUS
NPOMIPEANPUATUS  SABIAETCS  MOJCHCTEMOM  TEXHOJIOTMYECKOW  CHUCTEMBI
IPOU3BOJCTBA, KOTOpas  NPEIbSABISACT  ONpEIEICHHbIE  TpPeOOBaHHS K
3JIeKTpocHaOkeHnto. (OCHOBHBIE 33/1aud, pellaeMble NpU MPOEKTUPOBAHUU
CUCTEMBI 3JIEKTPOCHAOXKEHUS MPOMIIPEANIPUATHS SIBISIFOTCS M 3aKII0YAlOTCS B
ONTUMHU3ALMA TApPaMETPOB ASTOM CUCTEMBl IIyTeM MPAaBWIBHOTO BBIOOpa
HANpsDKEHUHM, OMNpeAeNieHUs] IJNEKTPUYECKUX Harpy3ok U TpeOoBaHMM K
OecriepeOOMHOCTH  ANEKTPOCHAOKEHUS, PalMOHAIBHOTO BbIOOpa uucaa W
MOIIHOCTH TPaHC(HOPMATOPOB, KOHCTPYKIMM MPOMBILUIEHHBIX CETEH, CPEICTB
KOMIIEHCAllUA PEAKTUBHOW MOIIHOCTHU U T.J.
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1 Pacuér 3j1eKTpu4YeCKUX HATPY30K

1.1 Omnpepesienne PacYEéTHHIX HATPY30K IEXOB IO YCTAHOBJIEHHOM
MOIIHOCTH U KO3 (PUILHMEHTY cIpoca

[lepBpIM 3TaroM MPOEKTUPOBAHUS CUCTEMBI AJIEKTPOCHAOKEHUS SBIISETCS
OIIPEIEIICHUE IIEKTPUUECKUX Harpy3ok. 110 3Ha4eHMIO 2JIEKTPUYECKHUX HArpy30K
BBIOMPAIOT U MPOBEPSIOT 3JEKTPOOOOPYAOBAHUE CHUCTEMBI 3JIEKTPOCHAOKEHUS,
ONPENEISIIOT MOTEPH MOLIHOCTH M 3JIEKTpOo3Hepruu. OT NpaBUIIBHOW OLEHKH
OKMJAEMbIX  HArpy30K 3aBUCAT  KalWUTaJIbHbIE  3aTpaTbl HAa  CHUCTEMY
AIIEKTPOCHAOKEHHsI,  OKCIUTyaTallUOHHBIE  PacxXojbl, HAJIEKHOCTh  pPabOThI
IIEKTPOOOOPYTOBAHUS.

PacueTHas Harpy3ka (aKTMBHAsl U pEaKTHBHAs1) CHJIOBBIX MPUEMHHUKOB II€Xa
ONPENEIAECTCS U3 COOTHOIICHUMN:

P, =K.P, 1)
Qp = B - tgo, (2)
rac PH — CYMMapHaSI YCTaHOBJ'IeHHaﬂ MOHIIHOCTB BCEX HpI/ICMHI/IKOB mexa

MIPUHUMAETCS 110 UCXOIHBIM JIaHHBIM;
K. — cpeanuit koahdUIMEHT cripoca, MPUHUMAEMbIN 10 CIIPABOYHBIM JaHHBIM
[1, c. 28-42];
tg@ — COOTBETCTBYIOIIMM XapaKTEPHOMY [Jii MPUEMHUKOB JTAHHOTO I€Xa
CPEIIHEB3BEIICHHOMY 3HAYCHHIO KOA((DUIIEeHTa MOIITHOCTH.
Pacuetnas Harpy3ka OCBETUTEIBHBIX MPUEMHUKOB Il€Xa OOBIYHO
OTIpEJIeIISIETCSl TI0 YCTAaHOBJICHHOW MOIIHOCTH W KOdhdUIMEHTY crmpoca Jyis
OCBEILLECHHUS:

P

po = Ko * Buo » (3)

rae K., — KoahuIueHT cnpoca s OCBEIICHH, TPUHUMACMBIH 10 CIIPABOYHBIM
naHHbIM [1, c. 43];
P,, — yCTaHOBJICHHAs] MOIITHOCTh MIPUEMHUKOB JIEKTPHYECKOTO OCBEIICHUSI.
Bennuuna B,, MOXET HaXOAUThCS 1O hopmyIie:

PH0=Py,qo'Fr (4)
rae B, — ylenbHas Harpy3Ka, IIomaIu 1oJja 1exa, kBt/M? [1, c. 44];

F - ImIomanab 1moJjia nexa, onpeacisacMasd 1o reurjiany.

/licm
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JUIsL OCBETUTENBHOW YCTAHOBKHM C Ta30pa3psAHbIMHU JIAMIIAMH pPacyeTHas
peaKkTUBHAs Harpy3Ka ornpezaensercs 1no Gopmyre:

on = Ppo g, (5)

rae tg@ — Kod()PUIMEHT MOIMHOCTH HWCTOYHUKOB CBETAa NPUHUMAEMBINA TIO
CIPaBOYHBIM JaHHBIM [ 1, ¢ 45].

[Tonnast pacyeTHasi MOIIHOCTh CHJIOBBIX U OCBETHTENIbHBIX MPUEMHUKOB
niexa 70 1000 B [1, c 12] onpenensieTcst ©3 COOTHOIICHHUS :

%= \/ (Pp + Ppo)” + (Qp + Cpo)’ (6)

[Ipuemnuku HanpsixkeHuem Bbimie 1000 B nexa yduThIBaroTCs OTAEIBHO
[1, ¢ 12]. PacueTHbie akTMBHAs M PEAKTHBHAs MOIIHOCTH TPYII MPUEMHHUKOB
Bbilie 1000 B onpenensitorcst U3 COOTHOIIEHUM:

B, =K.-P, (7)

Qp = B, - tgo (8)

a MOJIHAsl — U3 BBIPAXKCHUS .

S, = /sz +Q,° (9)

CyMMapHble pacyeTHbIE aKTHUBHBIE U PEAKTUBHbBIE HArpy3KH MOTPEOUTENECH:
0,38/0,22 kB u 6—10 kB B 1menoM mo 3aBoAy ONPEIECISIOTCI CYyMMHUPOBaAHUEM
COOTBETCTBYIOILIUX HArpy3o0kK 11€X0B. PacuéThl Harpy30K MpeACTaBICHbI B TAOIULE
3.

/licm
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Tabmuia 3 — Pacuér aekTprudecKux Harpy3o0k

CuioBas Harpyska OcBeTuTelibHas Harpy3Ka CyMmMapHas Harpy3ska
Hawnmenosanune
P,, kBT K. cosp tge Py, kBT Qp, KBAp F, M? Py, 0, KBT P.o, KBT Ko [S0) tgoo Pyo, kBt Qpos, KBAp P,+Ppo, KBT Qp+Qpo, KBAp Sp, KBA
Totpebutenu snepruu 0,4 kB

1 JleconubHbIHA 3aBOJ 2500 0,7 0,8 0,75 1750 1312,5 2258 0,017 38,386 0,95 0.9 0,48 36,467 17,504 1786,5 1330 2227,2
2 CyImunbHbIi 1eX 950 0,8 0,8 0,75 760 570 1597 0,017 27,149 0,95 0.9 0,48 25,792 12,38 785,79 582,38 978,08
3 Bupxa ceipbst 100 0,4 0,7 1,02 40 40,808 1639 0,012 19,668 0,6 0.9 0,48 11,801 5,6644 51,801 46,473 69,592
4 Ilex OKOHHBIX paM H JBepeit 1100 0,6 0,8 0,75 660 495 1620 0,017 27,54 0,95 0.9 0,48 26,163 12,558 686,16 507,56 853,48
5 Iex moyoBbIX JOCOK 900 0,6 0,8 0,75 540 405 1632 0,017 27,744 0,95 0.9 0,48 26,357 12,651 566,36 417,65 703,7
6 Crosstpuslit ex Nel 1000 0,7 0,8 0,75 700 525 1458 0,017 24,786 0,95 0.9 0,48 23,547 11,302 723,55 536,3 900,63
7 CroustpHslit ex Ne2 1100 0,7 0,8 0,75 770 577,5 1399 0,017 23,783 0,95 0.9 0,48 22,594 10,845 792,59 588,35 987,09

8 MebGenbHblit ex 450 0,6 0,8 0,75 270 202,5 1506 0,017 25,602 0,95 0.9 0,48 24,322 11,675 294,32 214,17 364
9 Llex mpeccoBaHHBIX [LIUT 1700 0,6 0,8 0,75 1020 765 2462 0,017 41,854 0,95 0.9 0,48 39,761 19,085 1059,8 784,09 1318,3
10 MarepuanbHblii CKIa 100 0,3 0,7 1,02 30 30,606 1166 0,012 13,992 0,95 0.9 0,48 13,292 6,3804 43,292 36,986 56,941
1la Kommpeccophas 150 0,5 0,7 1,02 75 76,515 389 0,012 4,668 0,85 0.9 0,48 3,9678 1,9045 78,968 78,42 111,29
12 MexaHHYECKHE MaCTePCKUEe 200,15 0,4 0,7 1,02 80,06 81,678 648 0,012 7,776 0,85 0.9 0,48 6,6096 3,1726 86,67 84,85 121,29
13 A”M”"”CTCPTZTH’Z’;':PV‘ xopmye, 340 0.8 08 | 075 | 272 204 1198 0,012 14376 | 09 | 09 | 048 | 12,938 6,2104 284,94 210,21 354,09
14 KorenbHas 480 0,6 0,7 1,02 288 293,82 907 0,012 10,884 0,95 0.9 0,48 10,34 4,9631 298,34 298,78 422,23
15 ABTOrapax 150 0,4 0,7 1,02 60 61,212 518 0,012 6,216 0,85 0.9 0,48 5,2836 2,5361 65,284 63,748 91,246
OcBeleHne TepPUTOPHU 45256 0,0002 7,241 1 0.9 0,48 7,241 3,4757 7,241 3,4757 8,032
HWroro no 0,4 kB 11220,15 7315,1 5641,1 321,66 296,48 142,31 76115 5783,4 9567,2

Iotpebutenu sueprun 6 kB
116 | KoMnpeccopas: CHEXpOHHBIE | 554, 05 1 0o | 1600 0 1600 1600
JABUTATECIIb
Hroro no 10 kB 3200 0,5 1600 0 1600 1600
Bcero 14420 8915,1 5641,1 321,7 296,5 142,3 9212 5783 11167
Lucm
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1.2 Onpenenenue pacyeTHOM HATPY3KH 3aB0/Ia B LI€JIOM

B coOTBETCTBHM C BBIIEU3IIOKEHHBIM, PACYETHAS MOJIHAS. MOIIIHOCTh 3aBOJIa
ONPEAEISACTCS IO PACUCTHBIM AKTHBHBIM M PEAKTUBHBIM Harpy3kam IIEXOB C
YYETOM PAaCUE€THOM HArpy3Ky OCBEUICHHS TEPPUTOPUU 3aBOJIA, MIOTEPH MOLTHOCTH B
TpaHchopmatopax IexoBbix moacTanruii u [TIII, koMmeHcanmwm peaKTUBHOU
MOIIHOCTH.

Tax xkak TpaHcopmaTOopbl TIEXOBBIX MW TJIABHBIX IMOHU3UTEIBHBIX
MOJICTAHIIMKA €I1I¢ HE BBIOpPaHBI, TO NPHUOIMHKEHHO IMOTEPH MOIIMHOCTH B HUX
ONPEAEISAIOTCA U3 COOTHOLICHUM:

AP, = 0,02 S,, (10)

AQ,=0,1-5 (11)

p )

rac Sp — IOJIHad pacdCTHasaA MOIIMHOCTL CHJIOBBIX M OCBCTHUTCJIIBHLIX IIPUCMHUKOB

nexa.
N3 tabnuiet 3 mosiHasg pacu€THas MOIHOCTH Harpy3ku 1o 0,4 kB, kB-A:

Sp = 9567,2.

[ToTepu akTUBHOM MOIIIHOCTH B IIEXOBBIX TpaHchopmaTopax, KBT:
AP,; = 0,02 -9567,2 = 191,344.

[ToTepu peakTUBHOM MOITHOCTH B IIEXOBBIX TpaHCHOpMaTOpax, KBap:
AQur = 0,1-9567,2 = 956,72.

OpHEeHTUPOBOYHO HEOOXOJUMasi MOIIHOCTh KOMIIEHCHUPYIOUIUX YCTPOMCTB
I10 3aBOJlY B LIEJIOM ONPEAEISIETCS U3 BBIPAKEHUS, KBaP:

Qxy = QpZ + AQL[T - Qa ’ (12)
Qxy = 5783 + 956,72 — 3238,43 = 3501,29,

rae (J, — peakTuBHasi MOIIHOCTb, BbIIABAEMAsl IPEANPUITHIO SHEPTOCUCTEMOM;
AQy; — mOTepH PEAKTUBHON MOLIHOCTH B LEXOBBIX TpaHC(HOPMATOpaX.
Q, npuauMaercs paBHou 0,29 OT cyMMapHOW aKTMBHOM Harpy3Kd 3aBOJA,
KBap.
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Q, =029 (P, +P,,), (13)

Q,=0,29-11167 = 3238,43.
He ckoMneHcupoBaHHasi peakTHMBHAsT MOIIHOCTH 3aBOJIa, OTHECEHHAas K

mmaaMm 10 kB I'TIIT ¢ yuetom ko3d¢uimenta pazHOBPEMEHHOCTH MaKCHMyMa
CUJIOBOM HArpy3KH, KBap:

QleO = (QpZOA + QleO) ) KpM + on + AQuT - QKy ’ (14)
Qpy10 = (5641 +0)-0,9 + 142,31 + 956,72 — 3501,29 = 2674,64,

rae Kpy — KOOQQUIHEHT pasHOBPEMEHHOCTH MAaKCHMYMOB CHJIOBOM HArpys3KH,
paBHbIi 0,9.
B kauecTBe KOMIIEHCHUPYIOIIMX YCTPOMCTB MNPUHUMAIOTCS OaTapeu

CTaTHYECKUX KOHJECHCATOPOB. OmnpenensieM MOTepu aKTUBHOW MOIIHOCTH B HHX,
KBT:

APy = P+ Qy (15)
APy =0,002-3501,29 =7,
i€ B, — yaenbHble OTEPH aKTUBHOW MOIIHOCTH, PaBHbIE 0,2% OT Qyy.
AKTHBHas CcyMMapHasi MOIITHOCTb 3aB0Jia, oTHeceHHas K muHaM 10 kB I'TII
C YYETOM Pa3HOBPEMEHHOCTH MAKCUMYMOB CUJIOBOM Harpy3kH M C y4€TOM IOTEPh
B KOMIICHCHUPYIOIIUX YCTPOUCTBaX, KBT:
Pp210 = (PPZOA + PleO) : KpM + Ppo + APU,m + APKy ) (16)
P,y10 = (7315 + 1600) - 0,9 + 296,48 + 191,344 + 7 = 8518,32.

Pacuetnas narpy3ka nHa mmnHax 6—10 kB ITIII ¢ yyeroM kommeHcaiuu
PEAKTUBHOM MOIIHOCTH, KB-A:

Sp1o = \/Pp2102 + Qpy10” (17)

Sp10 = v/8518,32 2 + 2674,642 = 8928,35.
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[Ipenmonaraem, uyto Ha 3aBoge Oyaer mnpenycmorpeHa [TIII. Tlorepu

aKTUBHON MoITHOCTH B TpaHchopmaropax ['TIII, kBT:

AP.rnn = 0,02 -8928,35 = 178,56.
[Totepu peaktuBHOM MoltHOCTH B TpaHchopmartopax ['TIII, kBap:
AQ.rpn = 0,1 -8928,35 = 892,84 .

[lonnas pacdC€THasds MOINHOCTH 3aBOJda HAa CTOPOHC BBICIICIO HAIIPAKCHUA

['TIIT, kB-A:

Sp = \/(szm + APy rin)? + (Qpy10 + AQprmn)? (18)

S, = /(851832 + 178,56)% + (2674,64 + 892,84)% = 9400,14 .
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2 Onpenesenue LEeHTpa 3JIEKTPUYECKUX HAIrpPy30K ) |
MECTOPACIOJIOKECHUS TJIABHOM MNMOHU3MTEJbHOM mnoacTaHuuu. IlocTpoenue
KapTOrpaMMbl HATPY30K

TpanchopmatopHble MOACTAHIIMM MaKCUMAIbHO, HACKOJBKO IO3BOJISIIOT
MPOM3BOJCTBEHHBIC YCJOBHS, MPUOMMKAIOT K IIEHTpaAM Harpy3ok. OTO JaerT
BO3MOXKHOCTb ~ TIOCTPOMTH  3KOHOMHYECKYID M  HAIEKHYI0  CHUCTEMY
AIIEKTPOCHAOKEHHSI, TaK KaK COKpAIIAaeTCs MPOTSHKEHHOCTh CETe BTOPUYHOTO
HaIpsDKEHUS, YMEHBUIAIOTCA TMOTEPU SHEPIMH W OTKIOHEHHE HaIpsHKEHUS;
YMEHBILIAETCS 30HAa aBapUil W YAELIEBISIETCS Pa3BUTHE DIIEKTPOCHAOKEHUS
(MOACTaHLMU CTPOST OYEPEISIMU 10 MEPE PaCIIMPEHMS] IPOU3BOJICTBA).

PIl u npyrue KOMMYTallMOHHBIE Y3JIbl, HA KOTOPBIX HET MpeoOpazoBaHUs
SHEpPrUM, BBITOJHEE pa3MeIlaTh HE B LEHTPE, a Ha TPAHULIE MUTAEMBIX HUMHU
YYacCTKOB CETH TaKHUM 00pa3oM, 4TOObI HE ObLJIO 0OpAaTHBIX IOTOKOB SHEPTUU.

B Hacrosmiee BpeMs pa3paOOTaHbl METOABlI OIpENEICHHUs MecTa
PacoJIOKEHUs! OJACTAHIMM [0 TEPPUTOPUN POMBILIIEHHOTO NPEAIPUITUS, TIPU
KOTOPBIX IOCTUTAIOT HAMMEHBIINX 3aTparT.

[Ipu paBHOMEpPHO pacHpeeNIeHHOW Harpy3Ke PEeKOMEHAYETCS MPUMEHSThH
METO/I, UCTIOJIB3YIOUN TMOJOXKEHNUE TEOPETUYECKOW MEXAHWKH M TO3BOJISIOLIUN
OIPEICIIUTE IIEHTP AIIEKTPHUYECKOW HArpy3ku npennpustus (nexa) [1]. dns sroro
HY’KHO TIPOBECTHU aHAJOTHMIO MEXKJIYy MacCaMH U 3JIEKTPUYECKUMHU Harpy3kamu, a
KOOPJIMHATHI UX LEHTpPa ONPEAEIIUTD 10 hopMyIam:

_Zrll(Ppi pOl) Xi
Xy = n
Zl(Ppi + Ppoi)

_Zrll(Ppi pOl) Vi
Yo = n
Zl(Ppi pOl)

(19)

(20)

TJIe X;, ¥; — KOOPJAMHATHI [ICHTPA JICKTPUUSCKON Harpy3KH I-ro mexa.

MOXHO TpPHUHSTH, YTO Harpy3ka paBHOMEPHO paclpenesieHa MO ILIONIAan
1exa M, CJAeI0BATEIbHO, HEHTP JJICKTPUUYECKON HArpy3KH I-ro I1exa COBIMajaeT C
IEHTPOM TSDKECTH GUTYpBI, H300pakaroliel IeX Ha TEeHEepaIbHOM IUIaHE
MIPOMBILIJIEHHOTO TIpeanpusTus. [IpakTrka nmpoekTupoBaHus MokKas3aja, 4YTo ydera
TpPEThel KOOPJIWHATHI Zy, KaK TpaBmio, He TpelOyercs. Takum oOpa3oMm, MECTO
pacnosioxxenust ['TIII momkHO coBmagaTth C LEHTPOM SJIEKTPUUYECKUX HArpys3oK,
IPU HEOOXOTUMOCTH C HEKOTOPBIM CMEIIIEHUEM B CTOPOHY UCTOYHUKA MMTUTAHMUS.

Bri6op mecta pacnonoxenus ['TIIT nmpoBoasT B cieayromiem mnopsiake. Ha
TEHEPAJIbHBIN TUIAH TMPOMBIIUICHHOTO TPEANPUITUS HAHOCUTCA KapTorpamma
Harpy3o0K, KOTOpasi MPeACTaBIsIeT COOOM pa3MelIeHHbIE Ha TEHEPAIbHOM ILJIaHe

Ve

/lucm

N° dokym

[lodnuce

Llama

AT-16060062 173

/licm

15




OKPYKHOCTH, MNPHYEM IUIOIIAANA, OIPAHUYEHHBIE JTUMU OKDPYKHOCTSMH, B
BbIOpaHHOM MacIITade paBHbI paCYETHBIM HArpy3kam 1exXoB. [ kaxaoro nexa
HAHOCHUTCSI CBOSI OKPY’KHOCTb, LIEHTP KOTOPOM COBHIAJAET C LICHTPOM Harpys3ok
nexa.

I'71aBHYIO ITOHU3HUTENIBHYIO M LIEXOBBIE IMOACTAHIMM CIEAYET pacloiararb
KaK MOXKHO OJMe K IIEHTpY Harpy3oK, TaKk KakK 3TO IO3BOJIIET NPUOJIM3UTH
BBICOKO€ HAIpsDKEHHWE K ILEHTPY MOTPEeOJIeHUs] DJIEKTPUUYECKOW SHEpPruu |
3HAQUYUTENBHO COKPATUTH MPOTSIKEHHOCTb, KaK pPacHpEeleNUTENbHBIX CETEU
BBICOKOT'O HAINPSDKEHUS 3aBOJIA, TaK M LEXOBBIX JJIEKTPUYECKHUX CETEH HU3KOTO
HaIIpsSDKEHMS, YMEHBIIUTD PACcX0 MPOBOJHUKOBOIO MaTepralia U CHU3HUTH IIOTEPU
ANEKTPUYECKOUN SJHEPTUH.

[Inomane xpyra B ONpPENEIEHHOM MaclITade paBHA PACUETHOM HArpysKe
COOTBETCTBYIOILETO 1iexa P;:

(21)

(22)

rae P; — MOIIIHOCTS I-T0 11eXa;
m — macimtal Juisl OnpeaesieHUs IUIOIMaau Kpyra (IOCTOSHHBIN JJI BCEX 11EXO0B
NPEANPUATHS).

CunoBble Harpy3ku 10 W Bbime 1000 B wuzoOpaxkaroTcst OTIEIbHBIMU
KpyraMu WJid CEKTOpaMH B KpyTe.

OcBeTuTenpHas Harpy3ka HAHOCUTCA B  BHJAE  CEKTOpa  Kpyra,
nzoOpaxaromero Harpy3ky ngo 1000 B. Vron cekropa o omnpenensercs u3
COOTHOILEHUS aKTUBHBIX PACYETHBIX Py U OCBETUTENBHBIX HATPY30K Pp, EXOB.

[Ipu moctpoeHnn KapTorpaMmbl HEOOXOIUMO 3HATH PACUETHHIC TMOJIHBIE U
OCBETHUTEJIbHBIC HATPY3KHU I[EXOB (BEJIMUUHBI ' U O IPEACTABICHBI B TAOIHUIIE 4).

Jnsa onpenenenusa mecra ['TII HaxomuTcs LHEHTP SIEKTPUUECKUX HATPY30K
OTHEJIbHO JUJIS AKTUBHOM M PEaKTUBHOW HArpy3oK, TaK Kak UX [HUTaHUE
MPOU3BOAMUTCS OT pa3HbIX YCTAHOBOK (TE€HEpPATOpbl W  KOMIIEHCUPYIOLIUE
ycrporicTsa) [1].

KaptorpamMmMmy peakTUBHBIX HAarpy3oK B JUIIJIOMHOM IPOEKTE MOXHO HE
COCTaBJIAATh.

Ilexoseie TII cimenyer pacnosiaratb BHYTPU IPOU3BOJCTBEHHBIX KOPIIyCOB
WM TIPUCTPAWBATh K HHUM JUIsl MPUOIDKEHUS WX K DJICKTPONPUEMHUKAM, €CITU
ATOMY HE TPEMSITCTBYIOT TPOU3BOJCTBEHHBIE YCIOBUS WM TpPeOOBaHUS
aApPXUTEKTYPHO-CTPOUTEILHOTO 0OPMIICHHUS 3TaHHM.
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Pacyet nieHTpa 31eKTpUYECKUX HArpy30K MpeCTaBiIeH B Tabnule 4.

Tabmuma 4 — OrnpeaenieHde I[EHTpa dJICKTPUUYECKUX HArPy30K aKTUBHOMU
MOIIHOCTH
Ne 1iexa 1o reHIuIany Py+Ppo, kBT Pyo, kBT I, MM o, rpajg X, M y, M (Pp+Ppoy*X (Py+P0)*y
Iotpebutenu sunepruu 0,4 kB
1 1786,47 36,47 23,85 7,35 327,60 280,80 585246,49 501639,85
2 785,79 25,79 15,82 11,82 183,60 284,40 144271,33 223479,12
3 51,80 11,80 4,06 82,01 466,20 275,40 2414953 14265,94
4 686,16 26,16 14,78 13,73 75,60 270,00 51873,92 185264,01
5 566,36 26,36 13,43 16,75 183,60 185,40 103983,11 105002,55
6 723,55 23,55 15,18 11,72 275,40 185,40 199264,76 134145,56
7 792,59 22,59 15,88 10,26 358,20 185,40 283907,12 146946,90
8 294,32 24,32 9,68 29,75 262,80 99,00 77347,80 29137,87
9 1059,76 39,76 18,37 13,51 75,60 156,60 80117,95 165958,62
10 43,29 13,29 3,71 110,5 358,20 100,80 15507,34 4363,87
11a 78,97 3,97 5,01 18,09 151,20 109,80 11939,93 8670,66
12 86,67 6,61 5,25 27,45 468,00 171,00 40561,37 14820,50
13 284,94 12,94 9,52 16,35 297,00 23,40 84626,70 6667,56
14 298,34 10,34 9,74 12,48 77,40 39,60 23091,50 11814,26
15 65,28 5,28 4,56 29,14 151,20 23,40 9870,88 1527,64
Ocsemenne 7,24 7,24 270,00 | 171,00 1955,07 1238,21
TEPPUTOPUH
Hroro no 0,4 xB 7611,54 296,5 1737714,8 1554943,1
Iotpeburenu sHepruu 6 kKB
116 1600 0 151,2 109,8 241920,00 175680,00
HWroro 1o 6 kB 1600 0 241920,00 175680,00
Bcero 9212 296,5 1979635 1730623

LIeHTp DIIEKTPUYECKUX HATPY30K UMEET CIEAYIONIHE KOOPIUHATHL
Xy = 215,
y, = 188.

JUisi yMEHBIIEHHUS] 3aHUMAeMOM TUIOHIAAN 1eXa PEeKOMEHAYETCsl MPUMEHSTh
MajoradapuTHbIE EXOBbIE KOMIUIEKTHbIE TpaHchopmaTopHbie noactaniuuu (KTIT)
C Tak  Ha3bIBa€MbIM  «OOBEMHBIM»  (HEIMHEWHBIM)  PACHOJIO)KEHUEM
ANEKTPOOOOPY/IOBaHUSA,  BBINOJHEHHBIM IO  YNPOIIEHHBIM  CXeMaMm, €O
CTal[MOHAPHBIMU aNMapaTaMy JJi1 YMEHBIICHUS 3aHUMAeMON UMM TUIOLIAAHN LIeXa.
KTII u KPVY ¢ 6Gonee cnoXHBIMH CXeMaMH, Pa3BUTON aBTOMATHKOMW, BBIKATHBIMU
anmapaTaMu CJlelyeT NPHUMEHATb JJs COOTBETCTBEHHBIX OOBEKTOB TEpPBOM
KaTEeropuy ¢ HaJJIexKaluM 000CHOBAaHHUEM.

OtaenbHO crosiume nexoBble TII MCMonb3yrOT penko, KOraa HEBO3MOXKHO
WIN HellenecooOpa3Ho pa3MeniaTb MX B LieXaX, HalpuMep KOMIPECCOPHBIX U
HAaCOCHBIX C CXKWIKEHHBIMM Tra3aMH, B IIOMEUIEHUSX C TOPIOYMMH Ta3aMH C
10THOCTEI0 (0,8 MO OTHOIIEHWIO K BO3AYXY, HPH OTKPBITO YCTaHOBJIEHHBIX
BpallalouMXcs nevax u Jp.

PII pexomeHnayeTcst BCTpauBaTh B MPOU3BOJACTBEHHBIE 3/IaHUS U COBMEIIATh
¢ ommxaimmmu TII ¢ yyeTom OJIOKMPOBKU 31aHMM M KOMIAKTHOCTH TEHILIAHA,
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eclii TpU OSTOM O0OECNeUYHBAIOTCS HOPMAJIbHBIE MOAXOMABI 3JIEKTPHUUECKUX
KOMMYHHUKAILINI K HEMY.

Buyrpunexossie TII (¢ moctymoM o0o0pynoBaHHs HENOCPEICTBEHHO U3
1exa) PEeKOMEHIYETCS pa3MelllaTh MPEUMYIIECTBEHHO Yy KOJIOHHBI WM BO3JIE
KAKUX-JIMOO MOCTOSHHBIX BHYTPHUIEXOBBIX MOMEIIEHUHN C TAKUM PacdyeToM, 4TOObI
HE 3aHUMATh MOJIKPAHOBBIX ILTOMIAACH.

B osHeproeMkux kopmycax MNpPEANpUsTHI, B KOTOPBIX COCPEIOTOYECHBI
Harpy3ku mopsiaka 60—100 MBT Ha OTHOCHUTENHbHO HEOOJBIIUX IUIOMIAASX,
IPUMEHATh CHEHUAIbHBIE 3JIEKTPOTEXHUYECKUE MPOJIETHl MUPHHOH 6—9 M ¢
BEPTHUKAJIBHBIM PACIIOIIOKEHHUEM dJIeKTpooOopynoBanus. Ha BepxHem (ueTBepTOM)
ATaKEe pacIoyiaraloT JBa Tpex(asHbIX MHOTOAMIEPHBIX TOKompoBoma 10 kB, Ha
tperbeM — KPVY, Ha BTopoM — KTII ¥ muTel cTaHIMI yIIpaBIIeHUs, HA HUKHEM —
ka0enu. Takas KOMIIOHOBKA MO3BOJISIET MPUOIU3UTH K LIEHTPY HAarpy30K U yAOOHO
pasMectuth PV, noacranuuu u Apyroe 371eKTpooOOpyJOBaHHE, a TAKKE YIYUIIUTh

YCJIOBHA 3KCILIyaTalluH.
( 1 E
3

LlenTp Harpy3ok

12

EANAE
1 [a, e

PucyHok 2 — ['eHnuian npeanpusITus ¢ KapTorpaMMaMH Harpy30K
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3 IIpoekTHpPOBaHME CUCTEM BHELIHET 0 3JIEKTPOCHAOKEeHUS
3.1 Bb10op cxeMbl 3JIEKTPOCHAOKEHUSI PeANPUATHS

Cucrema BHENIHErO JJIEKTPOCHAOXKEHUS BKIKOYAET B Ce0S  CXeMy
DIIEKTPOCHAOKEHHUS] M  WUCTOYHUKM TNUTaHUS mpeanpuatus. OCHOBHBIMHU
TpeOOBaHUSIMU K MPOCKTUPOBAHHMIO PAIMOHATBHOM CHCTEMBI  BHEIIHETO
AIIEKTPOCHAOKEHHSI  SIBISIOTCA  HAJAEKHOCTh, HKOHOMHUYHOCTH M  KadeCTBO
AIIEKTPOIHEPTUH B CETH.

[Ipu mpOEKTUPOBAHUM CXEMbI SJIEKTPOCHAOKEHUS MPEIIPUITHS HapsSAy C
HAJIKHOCThI0O M HSKOHOMHYHOCTHIO HEOOXOAMMO YUUTHIBATH TAaKXKE XapakTep
pa3MelIeHNs] Harpy30K Ha TEPPUTOPUU MPEINPUITHS, MOTPEOIIEMYI0 MOIIHOCTD,
HaJIMYUe COOCTBEHHOI'O UCTOYHUKA TUTAHUS.

B  3aBucMMOCTH  OT  YCTaHOBJIEHHOM  MOIIHOCTM  IIPUEMHUKOB
AJIEKTPOIHEPTUH pa3TudaroT 00beKThl Ooubioi (75—100 MBT u Gonee), cpennei
(ot 5-7,5 mo 75 MBT) u manoii (10 5 MBT) MommHocTH. [l ipeAnpusaTHiA MaIon
U CpeJHEHd MOUIHOCTH, KaK IMPAaBUIIO, MIPUMEHSIOT CXEMbl 3JIEKTPOCHAOXKEHHS C
OJIHUM MpUEMHBIM yHKTOM 3nekTpo3nepruu (I'TIIL, I'PII, PIT).

Ecin wumerorcs mnorpebutenu [ kareropuu, TO NpEeayCMaTpUBAIOT
CEKLIMOHUPOBAHUE IIMH NPHUEMHOr0 IyHKTa W NUTAaHUE KaXJOW CEKUHUH IO
OTJIEJIbHOM JTMHUH, TaK KaK JUIsl OTPEOUTENE 3MEKTPOIHEPTHH, OTHOCAIIUXCS K |
Kareropuu, B cooTBeTcTBUM ¢ IIYD mnpemycmatpuBaroT He MeEHee [BYX
HE3aBUCUMBIX HMCTOYHUKOB NUTaHUsA. He3aBUCHMMBIM HCTOYHHUKOM IUTaHUSA
Ha3bIBAlOT  WCTOYHUK  MHUTAaHUS  OPUEMHUKA  (Tpynmnbl  MPUEMHHUKOB
AIIEKTPO3HEPTUHN), HA KOTOPOM HampsDKEHHE Ui MOoCIeaBapUiHOTO pexuma He
CHIKaeTcsi 6oyee yeM Ha 5 % 1O CPaBHEHUIO C HOPMAJIbHBIM PEXUMOM pPadOThI
IIPY MCYE3HOBEHHWM €r0 Ha JAPYrOM WIHM Ha JPYTUX HCTOYHMKAX MUTAaHUS ITHX
npueMHUKOB. K 4nciay HE3aBUCUMBIX MCTOYHUKOB IMUTAHUS OTHOCST JBE CEKLUU
WA CUCTEMbl IIMH OJHOW WJM JBYX OJJIEKTPOCTAHUMM M MOACTAHUMMU IIpU
OJIHOBPEMEHHOM COOIOZCHUY CIEIYIOUIUX JIBYX YCIOBHI:

1) kaxxnast ceKuus WM CUCTEMA IMH, B CBOIO OY€pE/b, UMEET MUTAaHUE OT
HE3aBUCUMOT0 UCTOYHUKA MUTAHUS;

2) cekuuu (CUCTEMBI) IIMH HE CBSI3aHbl MEXAYy COOOW MM MUMEIOT CBS3b,
aBTOMATUYECKH OTKJIIOYAIOLIYIOCS MPU HApPYLUIEHWH HOPMAJIbHOM pabOThl OJHOM
CEKIIMU (CUCTEMBI) IIIHH.

3.2 BpiOOp umcaa M MONIHOCTH TpaHcHOPMATOPOB TIJIABHOIM
MOHM3UTEIbHON MOACTAHIMHU

B cucremax 35ekTpocHa0XEHUS MTPOMBIITUICHHBIX TPEANPUATANA MOITHOCTH
CWJIOBBIX TpaHC()OPMATOPOB JOHKHA OOECIEYUTh B HOPMAIBHBIX YCIOBHUSIX
MUTaHWE BCEX NPUEMHUKOB. HaneKHOCTh 3IEKTPOCHAOKEHUS TMPEIPHUSTHUS
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JIOCTUTAETCS 3a CYET YCTAHOBKM Ha TOJCTAHIMM ABYX TpaHchopmartopos. Ilpu
aBapuu OJHOro TpaHcopMaTopa, Ipyroil OyIeT MOKPHIBATh BCIO MOUIHOCTb
noTpebuteneil 1-oi u 2-oif KaTeropuud C y4eTOM NEPEerpy304HOl CrocOOHOCTH
tpancdopmaropa [1 ¢. 59-60]..

Mormnraocts Tpanchopmaropon I'TIIT BeiGupaetcs o popmyie, kB-A:

i (23)

K3.nT,

A

e S, — MOJTHAs pacyeTHAsI MOIHOCTD 3aB0/Ia, KB-A;

K, — ko3 puiment 3arpy3ku TpaHcHOpMaTOPOB;
N, — 9YUCII0 TPAHCPOPMATOPOB.

~9400,14

ST = 0’7—2 = 6714,38 .

[IpuaMaeM cTaHIapTHYIO MOIITHOCTH TpanchopmaTopa S, = 10 MB-A.
Koaddurment 3arpysku TpancgopMaTopoB B HOPMAIBLHOM PEXUME, O. €.:

S
K =—2 = <06+07, (24)
wp 940014 047 < 0.7
3 2.10000 0 T 7T

Tak kak, TIHH-10000/110 ©Oymer HemorpyxeH, TO  BbIOMpaeM
tpanchopmarop TMH-6300/110 u npoBepsiem ero 1no ko3pGULHEHTY 3arpy3Ku:

wp.  9400,14

= 276300 274207

3HaueHne kod(dduimeHTa 3arpy3kd He JekuT B auamazone (0,6-0,7),
TpaHchopmarop meperpyxeH. BwiObupaem Ttpanchopmarop TIH-10000/110, ¢
YUETOM YBEJIMUYCHHUSI MOIIIHOCTEH 3aBOJia B TaJbHEHUIIIEM.

KoaddurmenT 3arpy3ku TpancopMaTopoB B aBapUIHOM PEXHUME, O. €.:

K =2 <14, (25)
Sy
D _ 9400,14 004 <14
3710000 @ T T 7
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I[lo [4, c. 243-244] npunumaem Ttpanchopmarop TJIH—10000, ¢
NPUHYAUTETFHOW IUPKYJIIUEH BO3MyXa M €CTCCTBCHHON NUPKYJALHUEH Macla.
Karanoxusie manneie TpaHncdopmaropa TJH—10000/110 u TJIH—10000/35
MIpeICTaBJICHBI B TAOIHUIIC O.

Ta6nuna 5 — KatanoxxHsle 1aHHbIe TpaHchopMaTopa

Hampsxenue
Tun MS]’;’ A 06METOK, kB Hotepu, kBT U, % | Iy, % Cf;zl'lv[;;g%’
BH HH Py Py,
TJIH-10000/110 10 115 | 10,5 14 60 10,5 0,7 4100
TJIH—-10000/35 10 37 10,5 | 145 65 7,5 0,8 2800

3.3 Bbi0op panMoHAJIbHOI0 HANIPSIKEHUsI BHEIITHET 0 JIEKTPOCHAOKEeHUsI
npeanpusaTHs

Jlist BBIOOpa panMoOHANIBHOTO HAMPSHKEHUS BHEIIHETO 3JIEKTPOCHAOKEHMUS
OpEANpUATAS  NOpPEABApUTEIbHO  CJIEAYET  pacCUMTaTh  HECTAHAAPTHOE
Hanpsbkenue[l, ¢ 60]. OmnpenenriM HeCTaHIAPTHOE HAMPSHKCHUE CHCTEMBI
BHEIITHET0 3JIeKTpocHa0x)eHus o ¢popmyne Ctuia, kB:

U=4734- /l +16P,, (26)

riae [ — paccTosiHue OT MOACTAHIIMH SHEPTOCUCTEMBI 10 3aBOja, paBHOE 3,5 KM;

B, — nepemaBaemasi MOILIHOCTb, pPaBHas PacYETHOW HArpy3Ke MPEANPHUSITHSA,

OTHECEHHOM K mmHaM Bbicokoro Hampsbkenus [T, npencrasiena B tabmuue 1,
MBT.

U=434-,35+16-89151 =52,47.

[lo cranmapTHOW MIKajge BbIOMpaeM JBa OJU3JIEKAIIUMX 3HAYCHUS
HOMMHAJIBHOT'O HanpspoKeHust, KB:

Ur U < Ve, (27)
rae U, U.. — cTaHmapTHBIC 3HAYEHUSI HOMUHAJILHOTO HaNpsLKEHUs, KB.

35 <5247 £110.
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[IpousBeeM TEXHUKO-PKOHOMHYECKOE CPaBHEHHE BAapUAHTOB  CXEM
AIEKTPOCHAOKEHUS C pa3HBIMU HanpspkeHusMu nutanus 35 kB u 110 kB.

4 TexHUKO-IKOHOMHMYECKOE CPaBHEHHe BAPHAHTOB CXeM BHEIIHEro
3JIEKTPOCHADKeHH e

Haunlosiee BRIrOAHBINA BapUaHT CXEMBI JIEKTPOCHAOKEHUS MPOMBIIIIIEHHOTO
NPEANpUATAS BbIOUPAIOT MO YCJIOBUI0O MHUHUMAIBHBIX MPHUBEJECHHBIX 3aTpart,
paccuuTaHHbIX 10 popmyIie, Thic. pyo.:

3=p, Ky +Hy, (28)

r7ie Py — HOPMaTUBHBINA KOA(DUIMEHT 3PPEKTUBHOCTH KAaUTAIbHBIX BIIOKECHHM,
pasnbIii 0,125 1/rox;
Ky, Uy — COOTBETCTBEHHO KallMTadbHBIC 3aTPAThl M €KCTOIHBIE PACXOJbI B

paccMaTpuMBaeMbIX BapUaHTaX CXEM DJIEKTPOCHAOKEHUS  MPOMBIIIIEHHBIX
MIPEANPUSITUN.

KanuranbHbple 3aTpaThl I paccCMaTPUBACMBIX BAPHAHTOB CXEM BHEITHETO
ANEKTPOCHAOKEHUS ONPEAesAtoTCs o GopmyJie, ThiC. pyo.:

Ky = Knan + Krnn (29)

rne Kjsg — KanuTaloBIOKEHHWS Ha COOPYXKEHHWE BO3IAYIIHOW JIMHUH,
CKJIQJBIBAIOTCS M3 KaIUTAJOBIIOKCHUN B JIUHHIO M BeIKIouarenu Ql, Q2, Tewic.

pyo.;

Krnp — xanuranosnoxkenus B I'TII, ckinagpiBatoOTCsl U3 KalUTAIOBIIOKEHUN B
Tparcopmatopsl U Beikimouatenmu Q3, Q4, Tric. pyo.

KanuranbHble 3aTpaThl B IMHUU 3JIEKTpoIiepeaay, Thic. pyo.:

Kisn = Kei + Ko1,02, (30)
KBﬂ=K0+l' (31)

rae Ky — croumocTts 1 KM BO3AyIIHOM TUHUH, ThIC. PYO/KM, [4, ¢. 333 ];
[ — nnvHa BO3YIITHOM JIMHUU, KM.

Ko1,02 =Kg - ng, (32)

rae Ky — croumocts oiHoro BhIKIOYaTess [4, ¢. 345], Toic. pyo.;
Ny — KOJIMYECTBO BBIKIKOYATETIEH.
Kanurtaneubie 3atpatsl Ha ['TII, ThIC. pyo.:
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Kron = Kt + Kgs,04 (33)
KT = KO + nr, (34)

rie Ko— croumocts ogHoro tpanchopmaropa [4, c. 346], Teic. pyo.;
nr — yucio Tpancopmaropon ['TIIT.

Koz s = Kg " ng, (35)

rae Ky — croumocts oanoro Beikimoyarens [4, ¢. 345], Teic. pyo.;
Ny — KOJIMYECTBO BBIKIHOYATETIEH.

CyMMapHbIe €XKETOJHBIE HW3ICP)KKH B CPAaBHHBAEMBIX BapHUaHTaX CXEM
BHEIITHETO 3JIEKTPOCHAOXKEHUSI, ThIC. PyO/TO;

I/IFHH - I/Ia + H:—) + H:—) ) (36)

rae U,— aMopTu3anroHHble OTYUCIIEHUS, ThIC. pyO/TON;
W, — pacxopl 0 peMOHTY M KCIUTyaTalluu, ThIC. PyO/TOI;
W, — ctouMocCTh OTEPH 3IEKTPOIHEPTUH, ThIC. pyO/TOI.

B 3aBucumocTM  OT  YCTAQHOBJIEHHOW  MOIIHOCTH  NPUEMHHKOB
AIIEKTPOIHEPTUM PA3IUYAOT OOBEKTHhI OOJIBIION, CpeaHEed U Majoll MOIIHOCTH.
PaccmaTtpuBaemoe mpeanpuaTie OTHOCUTCS K 00bEKTaM CpeHeN MOIIHOCTH, AJIS
KOTOPBIX, KaK TPaBHJIO, NPUMEHSIOT CXEMbI JJIEKTPOCHAOKEHHS C OJHUM
NPUEMHBIM IMyHKTOM 351ekTposneprun (I'TIIT).

CornacHO 3aJaHUIO0 MUTAaHUE MOXET OBITh OCYIIECTBJICHO OT MOJCTAHIUH
DPHEProcUcTeMbl ¢ nByMsi TpaHchopmaropamu 115/37/10,5 xB. [dns texnuxo-
HKOHOMUYECKOTO CpaBHEHUS BbIOMpaeM JIBa BapHaHTa IEKTPOCHAOKEHUS: OT IIUH
TpaHchopmaTopa dHeprocucteMsl Bo3aymHoN suHMer 115 kB (1-i BapuaHT) 1
BO3ymHOW JmHMeW 37 kB oT mmH 3HeprocucTembl (2-0if Bapuant). Cxembl
AJIEKTPOCHAOKEHHSI COTJIACHO BapUaHTaM IMpeACTaBIEHbl HA PUCYHKE 3.
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@ 115 kB

W1

W2

—

dh
Q
NP

-

Htorom

4

TCXHHUKO-OKOHOMHNYCCKOI'O
BJ'IGI(TpOCHa6)KeHI/I$I SABJICTCA CPABHCHUC IIPUBCACHHDBIX 3aTPAT JIBYX BAPUAHTOB.

TexXHUKO0-IKOHOMHYECKOEe CPABHCHHUE

BAPpHAHTOB CXE€EM BHECIITHET O 3JICKTpOCHaﬁ)KeHI/Iﬂ
Bapuant Nel

Bapuant Ne2

Q

115 xB

AT 1 %‘\ %‘\ AT 2
37 kB
Q

W1 W2

Q1 ( Q2

@

dh
NP

T1

Q3

T2

T
Q4
NP

10,5 xB é

.

CpaBHEHUS

Pucynok 3 — BapuaHThl cXeM 3J1eKTPOCHAOKEHUS

JIBYX

BAPUAHTOB
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4.1 TexHMKO-IKOHOMHUYECKHII pacyeT MNEPBOr0 BapHAHTa CXeMBbI
yjiekTpocHadkenust. [luranue ot mmu 115 kB

4.1.1 Bbi0op ceyeHus NPOBOJAOB BO3AYIIHOM JTMHUM

OmnpenensieM pacyeTHbIE TOKA B HOPMAJIBHOM M aBapUiHOM (OOpBIB OJTHOM
IETIH) peKUMaX, A:

I, = . (37)
b _n.\/g.UHOM’

rac n — KOJIM4YECTBO ueneﬁ BO3HyIHHOﬁ JIMHHWH, IIT.

L 9400,14 5350
P 2.y3.115
I _ (38)
pa6.makc — \/§ ] UHOM ’

9400,14

Lhagmaxe = m = 47,19.

2.
CooTBeTCTBYIOLIEE ITOMY TOKY pacdeTHOE ceueHue npoBogoB BJI, Mmm”:

Ip
Fi)acq = ]_ ’ (39)
3K

; 2
1€ J,x — DKOHOMHYECKasl MIIOTHOCTh TOKa, paBHas 1,4 A/mMMm".

23,59
Pi)acq = F = 16,85 .

ITo [1, ¢.77] BeiOupaem mpoBoa AC-70/11, tak kak aus quaui 110kB takoe
CEUYCHHUE SIBIISIETCSI MUHUMAIbHBIM.

Iaon = Ipa6.MaKc ’ (40)

265 > 47,19.
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4.1.2 OmnpeneeHre KANMTAJBHBIX BJIOKEHUI HA COOpPYKEHHE CXeMbI
3JIEKTPOCHAOKEHMSI

Kanuranbnsie Bioxxenus B JIDII, Toic. pyo.:

Koy = 4480 + 14000 = 18480.

CroumocTs 3nerazoBoro BeIkItoudaTenst coctaBisier 7000 Twic. py0. [4, c.
345]

Kg = 7000 -2 = 14000.

Croumocth coopyxeHus | kM Bo3aymHoW ymHMH 110 kB Ha cTambHBIX
OIIOpax ¢ TMOJIBECKOW OJTHOM Iienu u mpoBogaoM Mapku AC-70/11 cocrasmsier 1050
ThIC. pyO0. [4, c. 333].

Kgy =2-1050-3,5=7350.

Kanuransusie Binoxxenus B I'TII, Teic. pyoO.:

Croumoctb Tpanchopmaropa TJIH1000/110 cocrasisier 4100 thIC. pyo. [4,
c. 346].

Kr =4100-2 =8200.
CTouMOCTh BaKyyMHOTO BBIKITFOUaTels coctasisier 120 Toic. pyo. [4, c. 345]
KB(FHH) == 120 -2 = 240 .

CyMMapHbIe KalmMTaJIOBJIOKECHUS 10 MEPBOMY BapHUaHTy COCTAaBIISIOT, ThIC.
pyo.:

Ky = 18480 + 8440 = 26920 .

4.1.3 Pacuyer exeroaHbIX M3AepP:KeK HA aMOPTU3ALMIO, 00CTYKUBAHUE U
MOTEPH IJIEKTPOIHEPTUH

Exxeronnbie U3aepKKU Ha aMOPTHU3ALIUIO, ThIC. py0./TOA:
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U, = U3 + U8 + ul + nl® =

_2,8K +6,4K+6,4K+6,4K
~100 BT 7100 BT 100 T ' 100 ~BCTY
W, = 28 7350+6’4 14000 + — - 8200 + — - 240 = 1642
27100 100 100 100 B '

Exxeronnbie u3aepKku Ha 00CITy>)KMBaHUE, ThIC. pyO./TOI:

U, = UBT+ MB + UT + ML =
04 - 3,0 . 3,0 3,0
— 100 BT 100 B

) ) )

3,0
= 100-7350+m-14000+100-8200+100

U,

100 Kr + 100 Kg(rmmy,

-240 =702,6.

(41)

(42)

E}KGI‘OI[HBIC HU3ACPIKKH Ha ITIOKPBITUC ITOTCPL IJICKTPOIHCPIUU, THIC. pY6

U,=p-4A3,

rae A3 — cyMMapHBbI€ TOTEPU JIEKTPOIHEPTUU B JJIIEMEHTaX CUCTEMBI, KBT u;

B — ctoumocts 1 kBT 4 a5ekTposHepruu.

ABB.H:APBH'T'

rie APg; — notepu momHocTy B BJI cuctemsl anekrpocHabxenus, KBT;

T — BpeMs MaKCUMAJIbHBIX ITOTCPb, Y.

TMaKC
= (0,124 )-8760,
t ( *+ 10000

/1€ Tyaxec — YACIIO YaCOB MCIOJIb30BaHKS MaKCUMyMa Harpy3ku, 3770 u.:

4345
T= <0,124 +

10000) - 8760 = 4892,46 .

[Torepu MOITHOCTH B BO3AYIIIHOM JINHUU, KBT:

sz .T'()'l

APpy = —— ,
Uz, n

(43)

(44)

(45)

(46)
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IJie Ty — aKTUBHOE COMPOTUBIIEHUE | KM BO3MyIIHON JTUHUM, OM/KM;
| — nnvHa BO3IYIIHOW JIMHUU, KM;
N — KOJIMYECTBO MapaJlIEIbHO MOAKIIOUCHHBIX 1ETEH, IIIT.

9400,14% 0,428-3,5-1073
APon = —qsz 2 -

FOILOBLIG IMOTCPU SHCPI'H B JIMHUAX, KBT 4
Adg; = 5 - 4892 = 24479 .

["onoBBIe MOTEPH dHEPTHH B TpaHchopmaTopax, KBt u:

1 S \?
A3+ =nr-AP. - T —.AP.. - [=—2 ) ‘T,
T nr XX roJ, + Ny K3 (SHOM.T T (47)
A, =2-14 8760+1 60 9400,14° 489246 = 375000
r= 2 < 10000 ) dh ’

rae AP, — moTepu X0JI0C¢TOro Xoaa Tpanchopmaropa, KBt [4, c. 244];
AP, — moTepu KOPOTKOTO 3aMbIKaHusl TpaHchopMmaTopa, KBt [4, c. 244].
['onoBeie noTepu 3HEeprun, KB 4:
A3 = A3y + A7, (48)
Ad = 24479 + 375000 = 399500 .

CroumocTts noteps 3nekTposnepruu B JIDII cocrasnser 0,002
TBIC.py0./KBT 4.

Exeronnsie uzaepxku Ha notepu B JIDII cocrassr, ThiC. pyo.:

U, =0,002-399500 = 799.

CyMMapHbI€ TOI0BBIE U3JIEPKKH, THIC. PYO./TO:

Uy = U, + U, + U, (49)

Uy = 1642 +702,6 + 799 = 3143,6.
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[IpuBeneHHbIC 3aTpaThI MO IEPBOMY BapHAHTY, ThIC. PYO.:
3=0,125-26920 + 3143,6 = 6508,6 .

4.2 TexXHUKO-IKOHOMUYECKHH pacyeT BTOPOro BAPHAHTA CXEMbI
3JjiekTpocHa0keHust. [lurtanue or mumn 37 kB

4.2.1 Bbi0op ceueHus NIPOBO0OB BO3AYILIHOM JMHUI

OmnpenensieM pacdeTHbIE TOKM B HOPMAJIBHOM M aBapuitHOM (0OpBIB OHOM
nemnu) pexxumax o gopmynam (37), (38), A:

L 9400,14 7334
P 2.43.37 S
9400,14

Ipa6.MaKc = W = 146,68.

CoOTBETCTBYIOIIIEE ITOMY TOKY pacue€THOE ceueHrne npoBoaoB BJI no
dopmye (39), Mm*:

73,34
Pi)acq = 7 = 52,38 .

ITo [1, ¢.77] BeiOMpaem nipoBoa AC-70/11.

I,aon = 1pa6.MaKc ’

265 > 146,68 .

4.2.2 OnpeaejeHue KANMUTAJIbHBIX BJIOKEHHMIl HAa COOpPY:KEHHE CXeMbI
3JIEKTPOCHAOKEHM ST

Kanuranbusie Binoxxenus B JIDII, Tic. pyo.:

CroumocTh 3jerazoBoro BbeikitodaTens cocrabisier 7000 Teic. pyo6. [4, c.
345].
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Kg = 200-2 =400.

Croumocths coopyxenus 1 kM BozaymHod junuu 110 kB Ha craibHbIX

OIopax C MOJBECKOW OJHOH 1enu U npoBogoM Mapku AC-70/11 cocrasisier 1050
ThIC. pyO0. [4, c. 333].

Kgpy=2-870-3,5=6090.
Kanuransusie Bnoxenus B I'TIT, Teic. pyoO.:

Kppn = 5600 + 300 = 5900 .

Croumocts Tpanchopmaropa TJIH— 10000/35 cocraBnsier 2800 ThIC. pyoO.

[4, c. 346].

345].

pyoO.:

Kr =2800-2 =5600.

CTouMOCTh BaKyyMHOTO BBbIKItOuatens cocrasisier 160 Teic. py0. [4, c.

KB(FHH) - 160 : 2 ES 320 .

CyMMapHble KanuTaJIOBJIOKEHHS MO MEPBOMY BapHaHTy COCTAaBJISIIO, ThIC.

Ky = 6490 + 5900 = 12390.

4.2.3 PacueT e:KeroJHbIX M3/Jep:KeK HA aMOPTHU3ALMI0, 00CTY;KMBAHUE U

MOTepH YIeKTPOIHEPT U

Exxeromanbie u3aepKKu Ha aMOPTHU3AIUIO, THIC. py0./TOA:

M, = UB" + 1B + uT + ™ =
28 6,4 6,4 6,4 (50)

—/.K —  Kn+—-Kr+4+—-K )
100 1T 100 "Bt 100 T T 1gg  BeIM

WU, = 28 6090 + 6.4 400 + 64 5600 + 6.4 300 = 573,72
27100 100 100 100 B e

E>xeronnble n3nepKku Ha 00CIyKUBaHUE, ThIC. pyO./TO!
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U, = UBT+ MB + MY + ML =

04 K +3,0 " +3,0 . +3,0 K (51)
100 BT 7100 BT 100 T T 100 RBUTD

W, = 0.4 6090 + 30 400 + 30 5600 + 30 300 = 213,36
°7 100 100 100 100 B S

Exxerognpie U31epKKHU Ha MMOKPBITHE NTOTEPH JIEKTPOIHEPTUH, ThIC. PYO.:
U,=p A3, (52)

rae A3 — cyMMapHBIE IOTEPU MIEKTPOIHEPTUHN B AJIEMEHTAX CUCTEMBI, KBT 4;
B — croumocTh 1 kBT 4 anekTposHeprum.

A3BH=APBH°T, (53)

rae APgj;; — notepu motHocT B BJI cuctemsl anekTpocHabxenus, KBT;
T — BpEMsI MaKCUMaJIbHBIX TTOTEPD, Y.

TMaKC
=(0,124 : 54
T (o, +10000) 8760, (54)

r71€ Tyaxc — YMCIIO YACOB MCTIOJIBb30BaHUS MaKCUMyMa Harpy3ku, 3770 4.:

3770
T= <0,124 +

10000)-8760 = 4389.

[Torepu MOIITHOCTH B BO3AYIIHOW JIMHUU, KBT:

SZ T'()'l
APy = —— ——, (55)
UL, n

i€ Ty — AaKTUBHOE COMPOTHUBJICHUE 1 KM BO3IyIIHOM JIMHUHU, OM/KM;
| — nvHa BO3MYNIHOW JTUHUU, KM;
N — KOJUYECTBO NMapaJUIEIbHO MOJKIOUYCHHBIX LIEMEH, IIT.

9400,142 034-35 1073
Pon = =373 2

= 384.
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I'oztoBbIE TOTEPHU PHEPTUM B IUHUAX, KBT 4:
Adgy = 38,4 -4892,46 = 187892.

["omoBbIe MOTEpU PHEPTUH B TpaHCPopmaTopax, KBT u:

2
1 S,
ABT=nT°APXX-TFOA+—-APK3-( ) e
nr SHOM.T

(56)
Adr =2-14,5-8760 + ! 65 (9400'14>2 4892,46 = 375000
T ’ 2 10000 U ’
riae AP, — moTepu X0JI0¢TOro Xoaa Tpanchopmaropa, KBt [4, c. 244];
AP, — moTepu KOPOTKOTO 3aMbIkaHus TpaHchopmaTopa, KBt [4, c. 244].
['ooBbIE TOTEPH dHEPTUH, KBT U:
AI = ABBJ] + ABT ) (57)
A3 = 187892 + 375000 = 562892
Croumocts noteps dnekTposnepruu B JIDII cocrasnser 0,002
TBIC.py0./KBT 4.
Exeromnbie uznepxku Ha notepu B JIDII cocrassr, Thic. pyo.:
U, =0,002-562892 = 1125.
CyMMapHbi€ TOJ0BBIE U3JIEPAKKH, ThIC. PYO./TO:
Uy = 573,72 + 213,36 + 1125 = 1912.
[IpuBeneHHbIC 3aTPaThHI IO IEPBOMY BapHAHTY, THIC. PYO.:
3=0,125-12390 + 1912 = 3460,75 .
Ta6nuna 6 — CpaBHEHHE BapUAHTOB BHEIIHETO AJIEKTPOCHAOKEHUS
Ne KZ’ TBIC. E>kerofHeIe U3EpKKH, THIC. py0./TO] 3, ThiC.
BapHaHTa py6./rox H,, teic. H,, tic. U,,, tec. I/IZ’ TBIC. py6./Tox
pyo6./rox py0./rox py0./rox py6./rox
1(115kB) 26920 1642 702,6 799 3143,6 6508,6
2 (37xB) 12390 573,72 213,36 1125 1912 3460,75
Aucm
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BeiBoa: mpenmourenue otnaeM 1 BapuanTy, B KoTopoM nurtanue [TIIT

npeanpusaTus  ocymectigercs nmo BJI or mma 115 kB noacranmuun
AHEPIOCUCTEMBI, TaK KaK IJIAaHUPYETCS IalbHENIIee yBEIUYEHUE
IIPOU3BO/ICTBEHHBIX MOIIIHOCTEH.
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5 Bpi0op 4HC/Ia M MOIIHOCTH LEXOBBIX TPaHC(POPMATOPOB € y4eTOM
KOMIICHCALIMM PEAKTHBHOM MOIIHOCTH

[Ipu BbIOOpE uMcIa W  MONIHOCTH  IIEXOBBIX  TpaHCHOPMATOPOB
OJTHOBPEMEHHO JOJDKEH pelaThCs BOMPOC 00 SKOHOMHUYECKH I1eJIeco00pa3Hoi
BEJIMYMHE PEaKTUBHOM MOIIHOCTH, MepeaBaeMoi yepe3 TpaHchopMaTophl B CETh
HanpsbkeHnem 10 1 kB.

CyMMapHyl0 pacyeTHYI0 MOUIHOCTh KOHJAECHCATOPHBIX OaTapeil HU3IIEro
HanpspokeHus: (HBK), ycranaBniBaeMbIX B IIEXOBO CETH, ONPEIEIAIOT B JIBa 3Tarna:

1.Bei6uparot SKOHOMHUYECKHU ONTHUMAJIBHOE YHUCIIO LEXOBBIX
TpaHchOpPMaTOPOB;

2.0npenensoT AONOJHUTENbHYIO MOIHOCT, HBK B 1emsx ontumManbHOTO
CHWKEHUS TOoTepb B TpaHcpopMaropax M B cerd HampsokeHueM 10 kB
NPEANPUATHUA.

Cymmapnas pacuetHas momHocTh HBK, kBap:

Qusx = Qusx1 + Quskz » (58)

rne Qugx1 M Qupxz — cymmapssie momHoctd HBK, ompenenennsie Ha OByX
YKa3aHHBIX 3Tallax pacyera.

5.1 Bb100p ONTHMAJIBHOT0 YHCJIA LIEXOBBIX TPaHCHOPMATOPOB

OpHEeHTHUPOBOUYHBH BBHOOD UYUHCJTA H
MOHONHOCTH Il eXOBBHX TpaHchPoOpMaTODpPORB
NPOUI3IBOAAT IO YyAEeJbHOHW NJOTHOCTH
Harpyas3KH:

o =2 (59)

rJp e Sp—pacqéTHaH Harpys3kKka 1mexa, KBA,;

F-nanomaab mexa, M.

MuHuMaapHOE YHCIO I1EeXOBbIX TpaHchopMaTopoB N, OIWHAKOBOM
MOIIIHOCTH, NPEJHA3HAYCHHBbIX JUISI TIMTAHUSA TEXHOJIOTMYECKH CBSI3aHHBIX

Harpy3oK:
P
Ny, = —————+ AN, (60)
KB : SHOM.T
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rae P, — cpeiHsis akTUBHASL MOIIHOCTh TEXHOJIOTUYECKH CBA3AHHBIX HArPY30K 32
HanOoJiee HArPyKEHHYIO CMEHY, TPUHUMAEM paBHO P,;

K3 — pexomenayemblit KoahPUIIMEHT 3arpy3ku Tpancopmaropa, o. €.;
AN — noGaBka 10 OIMKANIIETo 1EJI0ro YKca.
DKOHOMHYECKH ONTUMAIbHOE YHCIIO TpaHchopMaTopoB N, ompenensercs
YACIbHBIMU 3aTpaTaMu Ha Iepefady PEaKTUBHOW MOIIHOCTA U OTJIMYAETCA OT
Ny, Ha BEIIMYUHY M.

NonT = Nmin +m ’ (61)

rJie M — JIOMOJHUTEILHO YCTaHOBICHHBIC TpaHchopmartopsl [2, ¢. 14].
PaccunTaeM 4uciI0 ¥ MOIIHOCTh CHJIOBBIX TpaHC(HOPMATOPOB 11eX0B 4, 9:
1.OpueHTHUPOBOYHBIN BBIOOP MOIIHOCTH II€XOBBIX TpaHCHOPMATOPOB
MIPOU3BOJIAT MO yACITBHOMN TUIOTHOCTH HATPY3KH.

_anzms_
o= 2082

[To [2, c. 11], mpuHMMaeM K yCTaHOBKE TpaHC(HOpPMATOPBl ¢ HOMHUHAIBHOMN
MotHocThi0 1600 kB-A u ¢ koaddunmentom 3arpysku 0,7.
2. OnpenensieM MUHUMAIBHOE YUCIIO 1IEXOBBIX TPAHC(POPMATOPOB:

Npin = 1689 +0,6 =2

™ T,7-1600 0
3. OnTumanbHOE YHCII0 TpaHC(HOPMATOPOB:
Nyyr =2+ 0=2.

PCBYJ'H::TaTBI pacucTa g OCTAJIbHBIX HEXOB IMIPCACTABJICHLI B Ta6J'H/II_[€ 7,

Tabnuma 7 — Beibop 1exoBsIX TpanchopMaTopon

Mecto
HanmenoBanue
TMotpeGureny | PACIOIOKEHUS Pp Qe, | SuomT | Ky | Nyin | Nopr
MyHKTa
MyHKTa kBT KBap kB-A
MUTAHUS
MUTaHUSI
TII-1 Lex Nell, 14,15 Lex Nel4 423 440,95 400 |0,7| 2 2
TII-2 Lex Ne4, 9 Lex Ne9 1680 1746 1600 | 0,7 2 2
TII-3 Hex Nel, 3 Lex Nel 1790 | 1376,47| 1600 | 0,7| 2 2
TII-4 Ilex Ne6, 8, Iex Ne6 970 112465| 1000 |0,7| 2 2
TII-5 Llex Ne 7, 12 Iex Ne7 850 673,2 1000 (0,7 2 2
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TII-6 Llex Ne10, 13 Tlex Nel3 302 | 247,19 [ 400 [07
TII-7 Tlex Ne 5 Llex Ne5 540 | 417,65 | 400 |0,7
TII-8 Tlex Ne2 Tlex Ne2 760 | 582,38 | 1000 | 0,8

Ve

/lucm

N° dokym

[lodnuce | Jama
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5.2 Bb100Op MOIIHOCTH KOHAEHCATOPHBIX 0aTapei 1Jisl CHUKEHHA NOTephb
MOIIIHOCTH B TPpaHchopmMaTopax

PaccunTaeM KOMIIEHCAIlMIO PEAKTUBHOW MOITHOCTH g IiexoB 4, 9
UCIIOJIb3Ys JJAaHHBIC TaOIUIIbI 7.

Haubonpimas  peakTWBHasT  MOIIMHOCTh, KOTOPYHO  II€JIECOOOpa3HO
nepeiaBaTh yepe3 TpaHchopMaTopsl B CETh HaIpshDKeHueM 1o 1 kB, kBap:

QuakeT = \/(NOHT K3 - SHOM.T)Z - sz ’ (62)

Quaxet = (3+0,75 - 1000)2 — 16802 = 1496,7 .

CymMapHasi MOIIHOCTh KOHJEHCATOPHBIX Oarapedl Ha HampsbkeHue A0 1
kB, kBap:

Qupk1 = Qp — OwmaxeT » (63)
Qupk1 = 1746 — 1496,7 = 249,3.

HomonnurensHasgs MOMHOCTh Qugxz HBK  mng  manHOM  rpynmsl
TpaHchOpPMaTOPOB orpeaenseTcs mno Gopmyse, KBap:

Quskz = Up — Qubk1 — Y * Nour * Suom.T » (64)

rie Y — pacueTHbld KOI(P(QUIIMEHT, 3aBUCSIIMN OT PACUETHBIX MapaMeTPOB
Kp; = 15 (Cubups, konmdecTBo pabounx cMeH — 2) U Kp, = 2 (IiuHa ydacTka 70
nepBoro Tpancopmaropa Menee 0,5 KM) W MarucTpajqbHON CXEMbl MUTAHUS
nexosoit TII, pasusrii 0,68 [3, c. 15].

Qupxz = 1746 — 249,3 — 0,68 -3 - 1000 = —543,3.
Tak xak Quggy < 0, TO A7 MaHHOW TPYMIBI TPaHCHOPMATOPOB peaKTUBHAS

MOTIHOCTh Qypiy TPUHUMAETCS PABHOU HYITIO.
Cymmapnas momnHocth HBK 11iexa mo gpopmysie (56) cocraBut, KBap:

QHBKZ - 249,3 + 0= 249,3 .

Pacuernyro momuocte HBK Qypi OKpyrisieM 10 ctaHmapTHOW OnvbKaniieit
MOIIIHOCTA  KOMILJICKTHBIX ~ KOHJCHCATOPHBIX  ycTaHoBOK [2, c¢. 103].
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Ecmm B pacuerax okaxkercs, 49to Qugx; < 0, TO ycraHoBka Oarapeit
KOH/ICHCATOPOB TMPH BHIOOpPE ONTHUMAJIBHOTO HYHCIA TpaHCPOpMATOpPOB HE
Tpedyercs (cocTtaBisitomas Qugyxy OyACT paBHA HYIIIO).

PesynpTaThl pacueTa KOMIIEHCAIIUA PEAKTUBHOM MOITHOCTH JIJISI OCTAJIBHBIX
IIEXOB TPEICTABIICHBI B TAOIHUIIE 8.

Tabmuua 8 — BpIOOp MOIIHOCTH KOMIUIEKTHBIX KOHAEHCATOPHBIX YCTAaHOBOK
HanpspkeHueM 0,4 kB ¢ aBToMaTuyeckum peryanpoBaHuEM

HaI/IMeTHlE)IBaHI/Ie Kg;p IS:': iﬁi IE;)TJI Tun HEK
kBap kBap

TII-1 440,95 0 0 -

TII-2 1746 249,3036 268 1 YKM 58-0,4-268-67Y3
TII-3 1376,47 578,034 600 2 VKM 58-0,4-300-33,3V3
TII-4 1124,65 | 418,1799 450 2 YKM 58-0,4-225-37,5Y3
TII-5 673,2 377,396 400 2 YKM 58-0,4-200-33,3Y3
TII-6 247,19 141,3788 150 1 YKM 58-0,4-150-30¥3
TII-7 417,65 156,1161 167 1 VKM 58-0,4-167-33,3Y3
TII-8 582,38 332,5801 335 YKM 58-0,4-335-67Y3

5.3 Komnencamnusi peakTUHBHOI MOIIHOCTH B CETSIX 001Iero Ha3HAYeHMsI
HanpsikenneMm 6-10 kB

[Ipu BeIOOpe KVY mnpu pomymieHMM O HE3HAYUTENIBHOW JUIMHE JIMHUNA Ha
NPEANPUATAA MOXHO MNPEICTABUTH BCE MNpeanpuatrhe kak yszea cetn 10 kB, k
KOTOPOMY TMOJKJIIOYEHBl pEaKTUBHAS HAarpy3ka W TpPU THUIA HMCTOYHHKOB
PEaKTUBHOM MOIIHOCTH: CHUHXpOHHbIe aABuratenu 10 kB, sHeprocucrema u
BBICOKOBOJIBTHBIE KOHAEHCATOPHBIE OaTapeu.

bananc peaktrBHOM MOIIHOCTH B y3ie 10 kB nmpeanpusitrs umMeeT BUL:

Qpy10 — Oesk — Qcpz — @5 + AQyr — Qupk = 0, (65)

rae Qcyz — CyMMapHas peakTUBHAs MOIIHOCTD BbIpaOaThiBaeMas CHHXPOHHBIMH
JIBUTATEJISIMH, KBap;

Qg —  CyMMmapHas  pEakTHMBHAs  MOIIHOCTh  BBICKOBOJIbTHBIX
KOHJICHCATOPHBIX OaTapeil, KBap;

(Q, — peakTUBHAasl MOIIIHOCTb, BblAaBaeMasi MPeANPUITUIO SHEPTOCUCTEMON 1
paBHas 3639,21 , kBap;

AQy; — OTEPU PEAKTUBHOM MOIIHOCTH B IIEXOBBIX TpaHC(HOpMaTOpax, KBap;
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Qupk — cymmapnas momHocth HBK, kBap.

Takum o6pazom, Tpedyemas momHocTh BBK ompenensercs uz dhopmyisi,

KBap:
Qpsk = Qpy10 — Qcaz — @5 + AQyr — Qusk
Qpgx = 2674,64 — 0 — 3238,43 + 956,72 — 2253 = —1860.

VYcranoBka BBK He Tpebyercs Tak kak Qggi < O.

(66)
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6 Bb100op kabe1bHbIX JMHMIT

[lepen pacuerom TokoB K3, HeoOXxoammo BbIOpaTh Kabenw, KOTOpPHIS
coemquastor [TII ¢ wmexoBeiMu TpaHchopmaropamMu ©  TpaHCPOPMATOPHI,
COCITMHEHHBIE TI0 MAarUCTPAIBHON CXeMe.

B kauecTBe mpumepa mpou3BeeM pacueT caMOro HarpyKeHHOTO ydacTKa —
KJI-5(T'TIIT - TII-5).

st GecriepeOOMHOTO THUTaHUS CHPOEKTHPOBAHBI JIBE IMapajuIeIbHO
IIPOJIOKCHHBIE B TpaHIlIee KaOeaIbHbIC JIMHUN C PACCTOSTHHEM Mex 1y HUMH 100 Mwm.

PacueTHsIil pabounii TOK B HOpMaJIBHOM pexkume 1o popmyne (37), A:

3800

[, =——  =109,69.
P 2.V3-10

PacueTHblil pabounii TOK B aBapuiiHOM pexxkume 1o ¢popmyie (38), A:

I = 5500 = 219,38
pab.makc (2 — 1) ] \/§ .10 ’ .

[Io cnpaBouHblM MatepuasiaM BblOMpaeM kabenbp wMapku AlIBIl u3
BYJKAHH3MPOBAHHOTO TMOJHMATHICHA C alllOMUHHMEBOW kwioi [1, c. 79].
OmnpenensieM cedeHHE KWI KaOENbHBIX JIMHUM, YUYUTHIBas JIOMYCTUMYIO
IIEperpy3Ky B aBapUMHOM PEXMME U CHU)KEHHUE JTOITYCTUMOIO TOKAa B HOPMAJIbHOM
peKMMe MPHU MPOKITAJIKE Kabesei B OJJHOM TpaHIIIee.

ITo [1, c. 74] naxoaum, 4TO HomycTuMmas neperpy3ka Kz cocrasmser 1,25.
Koaddumment K, cHUkeHHsI TOKOBOW Harpy3ku npuHumaeM 1o [1, c. 73] paBHbIM
0,9. Koapduument K; npuHumaem paBHbIM 1, cuuTas, 4TO TEMIlEpaTypa
COOTBETCTBYET PACYETHOM TEMIIEPATYpPE CpEnbl, I KOTOPOM COCTAaBJICHBI
TaOIUIBI TIO ONIPEAETICHUIO | 0.

JlommyCTUMBI TOK KaOEJIbHOW JTMHUU ONPEAEIISIETCS U3 COOTHOIICHHUS, A:

a6
I — pab.makc 67
AO0Il.pacyd Kl . KZ . K3 ) ( )
I __ 21938 194,004
Jom.pacy — 1 . 0,9 . 1,25 - ) .

ITo [1, c. 79] 1 HA OCHOBE MPOBENIEHHBIX pacueToB BbIOMpaeM kadenp AIIBIT
¢ cedenneM Kbl 50 Mm ¢ | non = 195 A.
CrnenoBaTenbHO, BBITIOJHACTCS YCIIOBHE!
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Iaon.pac‘{ = IAOH ’ (68)

194,004 < 195.

Pesynbratel pacuetroB kaberneii Ha 10 kB npeacraBum B Tabnuie 9 .
Tabnuua 9 — Beibop kabeneii Ha 10 kB

Vuyacrok Hmna, M | Sp, kB-A | Uy, KB | lhas, A | lpasvaxes A | lnompacws A | bioms A | Fery MM? Mapka xabenst

KJI-1(TTI-TII-1) | 180,296 | 800 10 | 2309 | 46,19 41,06 | 195 50 ATIsIl
KJI-2(TTIT-TII-2) | 261518 | 3200 10 | 9238 | 18475 | 16422 | 195 50 ATIeIl
KJI-3(TTI-TI-L) | 138,248 | 3200 10 | 9238 | 18475 | 16422 | 195 50 ATIsIl
KJI-4(TTII-TII-4) | 116,826 | 2000 10 | 5774 | 11547 | 10264 | 195 50 ATIeIl
KJI-5(TTIT-TII-5) | 70,147 | 3800 10 | 109,70 | 21939 | 19502 | 195 50 ATIBIT
KJI-6(TTITI-TIT-6) | 43,195 400 10 1155 | 23,09 2053 | 195 50 ATIeIl
KJI-7(TI5-TI-7) | 135,32 | 1800 10 | 5196 | 10392 | 9238 | 195 50 ATIeIl
KJI-8(TM7-TI-8) | 24507 | 1000 10 | 2887 | 57,74 51,32 | 195 50 ATIBIT
KJI-O(TTII-PY-1) | 165392 | 1600 10 | 4619 | 9238 8211 | 195 50 ATIeIl

Bri6op kabGeneit na 0,4 kB nmpousBoautcs ananoruuHo. [lo crnpaBoyHbIM
Marepuaniam TmpuHuMaeM kabenr ABBI, a pacuer mnpoBomuMm yduThIBas

AKOHOMHUYECKYIO IUIOTHOCTH TOKa, 1o [1,c. 71] paBuyto 1,7 A/mm®,

o 2,
PacuetHoe ceuenne xabess 1o SKOHOMHYECKOH IIOTHOCTH TOKa, MM .

Ip
Fi)acq =T - (69)
.]3K
PesynbraTel pacueToB npeacraBum B Tabmuie 10
Tabmuma 10 — Beibop xa6eneit va 0,4 kB
JlnuH Sy Usons KO-BO | |26 vaxcs F, F.. I Mapxka
YaCTOK I A . pad.makc cT Jo1.pacy I A
Yuaacto a,M | kB'A kB pad> nenei A MM MM , A Aot Kabest
KJT_';OH(_Tll)T'l 3,12 | 11129 | 04 | 80,32 2 16063 | 47,25 | 50 14279 | 166 | ABBL
Knll,llT(Tzl)“ 1523 | 803 | 04 5,80 2 1159 | 341 | 25 1031 32 | ABBr
Knll,zn(gl;3 500 | 85348 | 04 | 24638 5 sorgr | M99 | 150 | 27376 | 305 | ABBr
Kﬂ_'llf’n(_z?"‘ 1165 | 6959 | 04 | 5022 2 10045 | 2954 | 25 8929 | 113 | ABBL
KJT_']l,‘I‘T(_TS])T'E’ 1460 | 36400 | 04 | 17513 3 26260 | 20| o5 | 2351 | 237 | ABBr
Knllfn(gl)” 1849 | 12129 | 04 | 8753 2 17507 | 5149 | 50 | 15561 | 166 | ABBI
KH;GH(TYI)“ 2327 | 5694 | 04 41,09 2 8219 | 2417 | 16 73,05 83 ABBT
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7 Pacuer Tpex(a3HbIX TOKOB KOPOTKOI'0 3aMbIKAHUSA

[lepexoanble MpoLECChl BO3HUKAIOT B 3JIEKTPOIHEPIETUYECKUX CHUCTEMAX
(O2C) kak mnpu HOPMAIBHOM JKCIUTyaTaluu (BKJIIOYEHHE WIM OTKJIIOYCHHE
HArpy3KH, JIMHUA, UCTOYHUKOB MUTAHUS U JIp.), TaK U MPU aBAPUIHBIX PEKUMAX:
KOPOTKHE 3aMbIKaHUs, OOpBIB HArpy>KEHHOW 1enu JuHUU wWin e€ ¢asbl,
BBITAJICHUE BPAIAIOIINXCS MAIIMH U3 CUHXPOHU3Ma U T.4. [Ipu 3TOM nepexoHbli
IIPOLIECC XAPAKTEPUIYETCA COBOKYITHOCTBIO JIEKTPOMATHUTHBIX M MEXAHUYECKUX
n3MeHeHuil B 99C, KOTOpbIE B3aUMOCBSI3aHbI.

OCHOBHOW MPUYUHON HAPYUIEHUS HOPMAIBHOTO PEXUMa pabOThl CUCTEMBI
ANEKTPOCHAOKEHUST SBJIAETCS BO3HMKHOBeHHME K3 B ceTM WM B 3JIEMEHTax
ANEKTPOOOOPYI0BAHUS BCIEJICTBHE MOBPEXKACHUS U30JSIUU WIM HENPaBUIbHBIX
JNEUCTBUN 00CITY>KMBAIOLIETO MEPCOHAIA.

Jlnst pacdera TokoB K3 COCTaBiAIOT cXeMy 3aMEIIECHHs, B KOTOPOM BCe
MAarHUTHBIE CBSI3W 3aMEHEHbl DJJIEKTPUYECKHMMU M BCE DIIEMEHTHI CHCTEMBI
ANIEKTPOCHAOKEHUSI TIPEACTABICHBl  compoTuBieHussMu. [lpu  ompeneneHun
napaMeTpoB cxeMbl 3aMmenieHuss OC IPUHATHI AOMYIECHHUS.

Pacuer npoBo UM B OTHOCHUTEIBHBIX E€IUHUIIAX, UCTIOIB3YS MPUOIMKEHHOE
NPUBUICHHUE K OJTHOW CTYIICHH HAMPsKCHHUS [6|npu 0a3MCHBIX YCIOBHUSIX.

Jist  BbIOOpa W TPOBEPKU  DIEKTPOOOOPYIOBAHUS  JIOMYCKAIOTCS
YIPOILIEHHBIE METOABI pacuera TOKOB K3, eciin X morpenHoCcTs He NPEBBIIIAET S-
10%. ITpu 3TOM OIpEeAECHSIOT:

HAYAJIbHOE 3HAYEHUE MEPUOJANYECKON cocTaBiistomeit Toka K3 u 3HaueHue
ATOM COCTaBJISIFOIICH B MPOU3BOJIbHBI MOMEHT BPEMEHH, BIUIOTH JI0 PACUETHOIO
BPEMEHU pa3MbIKaHUs TIOBPEKICHHOM 1IETIH;

HAYaJIbHOE 3HAYEHHE aleprOINYECKON cocTapistoniel Toka K3 u 3nauenue
ATOM COCTaBJISIFOIIEH B MPOU3BOJIBHBIA MOMEHT BPEMEHHM, BIUIOTH /10 PACYETHOIO
BPEMEHU pa3MbIKaHUsI MOBPEKICHHOMN LIETIH;

ynapsbiid Tok K3.

Hcxonnas cxeMa 3aMelleHnst 11 pacuera TokoB K3 ¢ ykazaHHBIMH TOUKaMU
K3 npencrasnena Ha pucyHke 4.

Pacuetr TokoB K3 B ykazaHHBIX TOYKAaX MPOBEAEH C MOMOIIBIO MPOTPAMMBbI
MathCAD2000 Professional u mpeacraBnen B [lpumoxkenun A. Pesyabrars
pacueToB MpuBeaeHbI B Tabauie 11.

Tabnnuya 11 — Pe3ynbtaThl pacyeTta Tokos K3

Touka K3 Us, kB 15, 1A I,,=1,,kA L, kA
K1 115 2,51 5,316 12,779
K2 10,5 27,493 5,645 14,371
K3 10,5 27,493 5 12,727
K4 0,4 13,582 19,4
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Pucynok 4 — Mcxonnas cxema u cxema
3aMelleHud I pacyeTa TokoB K3
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8 Bo10op o6opynoBanus

8.1 BriOop BhIK/IIOUATEIEH U pa3beAMHUTE el

Brikatouarens — 3TO KOMMYTAllMOHHBIN anmapar, MpeaHa3HAYeHHBIN IS
BKJIFOUECHUS ¥ OTKJIFOUEHHS DJIEKTPUUECKHX LIETIel B JIIOOBIX peKUMax: AJIUTeIbHas
Harpy3ka, IMeperpy3ka, KOPOTKOE 3aMbIKaHHE, XOJOCTOM XOJ, HECHHXPOHHAas
paborTa.

YcaoBus BeibOpa:

Hanpspkerne ycranoBku U, < U,y,;

YcnoBue UMTENbHOTO HATPEBa 1,45 ace < Lyous

Toxk orkinrouenus Boikirodarens L,; < 1,,.c..om

Hunamuaeckoe nerctue Toka K3 iy, < [,

Temnosoit ummynse Toka K3 By < I# - tr.

8.1.1 BriGop BhIKJIIOUaTEICH U pa3beauHnTeNei Ha ctopoHe 110 kB B
nenu BH Tpancdopmaropa T/ITH-10000/110

Toku HOpMaTBEHOTO U aBAPUITHOTO PEeKUMOB pabOThI TpaHChopmaTopa, A:

SHOMT
LyompH = = (70)
° \/§ ‘ UHOMBH
_toooo _ .
HOMBH \/§ . 110 - ) )
Ipa6.MaKc =14 LiompH » (71)

Ipa6.MaKc =1,4-52,48=73,47.

[Tpunumaem k yctaHoBke Boikitodareab BOb — 110 — 40/2500 — YXJI1 [3] u
pa3beIMHHUTE b BEICOKOBOJIbTHBIN THa PIIJ] — 2 — 110/1000 — YXJI1 [5] nanubIe
KOTOPBIX MPEJCTaBICHBI B Ta0uIe 12.
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Tabnuua 12 — [IpoBepka yciaoBuil BbIOOpa BHIKJIIOYATENS U Pa3beIUHUTEINS

VoS Karanoxusle gaHHbIe
BBIGOpa PacueTHbIe fanHbIe BrIkimodaress PazbeuHuUTEND
BOb — 110 — 40/2500 — YXJI1 PIIO— 110 — VXJI1
Upen < U Uyen = 110 kB U, =110 kB U, = 110 xB
Ipaziwzkc = I/za.u 1pu6~waf<c = 73474 IHo,u = 25004 IH()M =12504
IHT S IOmKﬂ.H(LH InT = 5’316 KA [Omel.H(LM = 40 KA -
by < Ly oxe I, = 12,779 x4 L. = 102 kA Lyp.cs = 64 kA
By = 5,316 - (0,1 + 0,2) I#-tp =25%.3=
By <I% -ty =K8471<A2-c 12ty = 40% -3 = 4800 k4* - ¢ =T18T75;<A2-c

Brikmouarens BOb — 110 — 40/2500 — VXJI1 [3] — amera3oBblii 0aKoBbIi
BBIKJTIOYATEh HAPY>KHOHM YCTAaHOBKM Ha HOMUHANIBHBIN TOK 2500 A, HOMUHATBHBIN
Tok oTkimtoueHus 40 kA, HomuHanbHoe HampspkeHne 110 kB. Kaxkmas daza
BBIKJIIOUATENIs UMEEeT 4 BCTPOCHHBIX TpaHchopMaropa Toka - 3 3alUTHBIX U 1
U3MEPUTENbHBIX.

PaswenuuuTens BbicOKOBOAbTHBIC THma PITI — 2 — 110/1000 — YXJI1 [5]
MpeIHA3HAYCHBI /I BKJIFOUCHUS U OTKIIFOUCHUS HAXOJSAIIUXCS MO HAMPSHKEHUEM
00ECTOUYEHHBIX YYaCTKOB 3JIEKTPUUYECKUX 1ieneil Beicokoro Hampspkenus 110 kB, a
TaK)Ke 3a36MJICHUS OTKJIIOUYEHHBIX YYaCTKOB TP MOMOILU 3a3€MIIUTENEH.

8.1.2 Bpi0op BbIKiIOuareseir cropone 10 kB B menm HH
Tpancdopmaropa TIH-10000/110

Toku HOpMaTBEHOTO U aBAPUITHOTO PEKUMOB pabOThI TpaHChopMaTopa, A:

SHOMT
Loy = ——bomt 72
o \/§ * UyomtH ( )
10000
IHOMHH = m = 577,35 ’
Ipa6.MaKc =14 Liounn » (73)
Ioagmaxe = 14 - 577,35 = 808,3.

B memn HH tpancdopmaTopa u CEKIIMOHHON MEPEMBIYKHM MPUHUMAEM K
YCTAaHOBKE KOMILICKTHBIC pacIpeaeuTeNibible ycTpoiictBa cepun D-12P [6].
[TpousBeneM mpoBepKy BaKyyMHBIX BbIKIItO4aTeneil Beikitouareneit BB—TEL-10-
20/1000 —VY2 [7], ycranoBineHHbIXx B KPY maHHBIC KOTOPBIX MpEJCTABICHBI B
tabmurte 13 u 14.
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Tab6muma 13 — [IpoBepka yciaoBuil BEIOOpA BHIKIIIOUATEIS U PA3beAMHUTEIIS

V CITOBHS KaTaJ'IO)KHI)Ie JaHHBbIC
B1>160pa Pacuernrie JAHHBIC BEIKIIIOUaTENs
BB - TEL —-10-20/1000 —Y2
Uy < Uy, Uyew = 10 kB U, = 10xB
Ipa&wakc < Ino,w [paﬁ_\m;cc = 808,3 A IHOM =10004
L. < L rnon I, = 5,645 x4 Lrnon = 20 kA
iy < Lpexe I, = 14,371 x4 Lipees =514
— 2 —
Bk < If - tr Bic= 5’:6[;556' glzlt 0.2) = 12-t; =20%-3=1200x4%- ¢

CornacHo TpeOoBaHusIM BbIOMpaeM i ycraHoBku B 3PY 10 xB
Pa3beIMHUTENN ITETCENbHOTO (BTRIUHOIO) TUIA, BXOSIINE B COCTaB MIKada
D-12P.

B pazpbenuHuUTENSX  JAHHOTO TUIMA BHAUMBIA  pa3pblB  CO3MaETCS

KoHcTpykiuen mkadga KPY, T.e. ¢ momomibio BeIABUKHOTO 3nemMeHTa. [IpoBepka
pPa3beIMHUTENS BBIOJIHIETCA aHAJIOTUYHO ITPOBEpKe BhIKItoUarens Ha PY 10 kB,
Tonbko W3 pacdy€ra UCKIIOYAEM YCIOBHE IMPOBEPKHM HA OTKIFOYAIOLIYIO
criocoOHOCTh. Pe3ynbpTathl pacuéTa npeacTaBieHbl B Tabnuie 14.

Tabnuna 14 — Texuuueckue napamerpsl sueriku KPY cepuun D-12P

HowmunansHOE o Tox TepMu4ecKon Tox .
HoMuHAIBHEBIHA TOK " ANEKTPOMHAMUICCKON
HarnpsHKeHHUE, . CTOMKOCTH (BpeMs o
IJIaBHBIX LIEMEH, A CTOMKOCTH IIABHBIX
kB MpoTeKaHus-3 c.),KA .
Leren, KA
Ha cTopone HH B
LHenu 10 1000 20 51
tpaHchopmaropa
B orxomuunx 10 630 20 51
sUerKax
Takum oOpa3zom, pa3beAUMHHUTENH, BCTpoeHHble B MmKaper D-12P,

YAOBJIETBOPSIOT BCEM TPEOOBAHUSIM.

8.1.3 Bbioop BbIkiWuaresed B KPY Ha cropone 10 kB B mnenm

Ka0eJbHBIX JUHUM

Br16op 060pymoBanus Mpon3BOIuM 0 HaMOO0JIee HArpy>KEHHOM JIMHUH
KJI-5(I'TIITII-5).
Toku HOpMaTBLHOTO U aBAPUITHOTO PEKUMOB PAOOTHI KAOEIbHON JTMHUH, A

I % (74)
i _n'\/g'UHOM’
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3800
P 5 V310

Iyagmaxe = 2 * Ipks » (75)

= 109,69,

Iasmaxe = 2+ 109,69 = 219,39.

B memmn KJI mpuHMMaeMm K yCTaHOBKE KOMIUIEKTHBIE PACHPENCIIUTEIILHBIC

ycrpoiictBa cepun D-12P [6]. TIpou3sBeaem npoBepKy BaKyyMHBIX BBIKJTIOYATEICH
BB-TEL-10-20/1000 —¥Y2 [7], ycranoBneHubix B KPY. /laHHbIC TIpe/ICTaBICHBI B
tabmnurte 15.

Ta6muma 15 — IIpoBepka yciaoBuii BIOOpa BHIKIIOYATENS U Pa3beIUHUTENS IEIH
KaOebHBIX JIMHUI

Karanoxxusie JaHHBbIC
YcnoBus p
BLI60pa ACYCTHBIC JaHHBIC BbBIKIIIOYATEND
BB - TEL —10-20/1000 -Y2
Upern < Uy, Uyerw = 10 kB U,on =10 kB
Ipaﬁmakc < IHOM Ipaﬁvwakc = 219’39‘4 IH(m =10004
IHT S IO”H\Z'I.HO.M IHT = 5 KA IOmK.H(LW = 20 KA
b < e I, = 12,727 «A Lpers =514
Be=5%-(0,1+0,2)
Bk < If - tr K=7,51<A2-c 2 -t; = 20%-3=1200x4% - ¢

st komriektoBanusi octanbHbIXx KPY D-12P umcnons3yeM paccunTaHHble
BoIle Boikarouarenn BB-TEL-10-20/1000-Y2

CornacHo TpeOoBaHusIM BbIOMpaeM uisi ycraHoBku B 3PY 10 kB
Pa3beAMHUTENM IITENICEIBLHOTO (BTHIYHOTO) TUIIA, BXOSIIME B COCTaB mKada
D-12P.

B paspenuHuUTENSX  JAHHOTO THUIMA BUAUMBIA  pa3pblB  CO3MaETCS
KoHcTpykiueln mkadga KPY, T.e. ¢ momMombio BBIABUKHOTO 31emMeHTa. [IpoBepka
Pa3bEeIMHUTENS BBIIOJIHIETCA aHAJIOTUYHO MPOBEpKe BbIKItouarens Ha PY 10 kB,
Tonbko W3 pacu€Ta UCKIIOYAEM YCIOBHE TMPOBEPKHM HA OTKIIHOYAIOIIYIO
criocoOHOCTh. Pe3ynbrarsl pacuéra mpeacraBieHbl B Tabnuie 15.

Takum oOpa3oMm, pa3beIUHUTENH, BCTpoeHHble B mkapel D-12P,
YIOBIIETBOPSIIOT BCEM TPEOOBAHUSIM.
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8.2 BbiOop n3mepuTeIbHBIX TPAHC(POPMATOPOB TOKA

BH - 110 kB

@D
®

)

TA

EI
=
<
®
E

? I®

TA _

@&

HH -10 kB

Pucynok 5 — 3meputenbHbie TpUOOPHI B LIETH MOICTAHIINT

Ha BH wu HH

TpaHchopMaTOpbl  TOKA
TpaHC(HOPMATOPBI.

BCTPOCHbBI B  CHJIOBBIC

Tabnuna 16 — Pacder narpysku TpancdopmaropoB Toka Ha BH B nenu cunoBoro

TpaHnchopmaropa
TIputop Harpyska no ¢azam Tun
A B C
Amnepmerp 0,5 0,5 0,5 IIIMK96
Barrtmerp 0,5 0,5 111B96
Bapmetp 0,5 0,5 11IB96
CyeTunK aKTHBHOM 0,05 0,05 IIIMKC120
MOIIHOCTH
CuyeTurK peakTHBHOMN 0,05 0,05 IMKC120
MOIIIHOCTH
Hroro: 1,6 1,6
cm
Wam. | /lucm NP dokym [Todnuce | Aama A-16040062 113 48




Ta6nuna 17 — Pacuer Harpy3ku TpaHnchopmaropoB Toka Ha HH B 1mienu cumoBoro

TpaHchopmaropa
Iputop Harpyska no ¢azam Tur
A B C
AmnepmMeTp 0,5 0,5 0,5 3335
Bartmerp 0,5 0,5 J335
Bapmertp 0,5 0,5 J1304
Uroro: 1,5 1,5
[Tonnas momHOCTH NpUOOPOB, B-A:
Z SanG 16, (76)
Z SanG 15. (77)
ConpoTtusnenue npudbopos, OM:
Y Sone 1,6
Tupus = 22 = —— = 0,064, (78)
12 52
Spowe 1,5
2Swus _ L5 _ ¢ (79)

T =
npu6 12 5

rae [, — BTOpUYHbIA HOMUHAJIbHBIN TOK.

8.2.1 Bui6op TpanchopmaTopoB Toka Ha ctopoHe BH

B BBOnax BbIkiItoUarenel Ha BbiIcOkoM (110 kB) HanpsbkeHUH yCTaHOBIIEHBI
BCTPOCHHBIC TpaHCPOpMaTopsl Toka. B BeIOpanHOM B myHKTe 8.1.1 BBIKITIOUATEINEe
BOb — 110 — 40/2500 Y1 3aB0/10OM-U3rOTOBUTENIEM YCTAaHABIMBAIOTCS BCTPOCHHbBIE
tparcdopmaropsl Toka TBI'-110-0,5/10P-150/5 YXJI1 [3]. BeiOupaecM KOMILIEKT
Ne602-490(300-200-150-100/5), koTopbIii BKIHO4AET B ceds 1o 4 TpaHchopMaTopa
ToKa Ha (azy: 3 i MOAKIIOUEHUS pelIeHHON 3amuThl U | AN MOAKIIOYEHHUs

WU3MEPUTETHLHBIX TPUOOPOB.
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Tab6muia 18 — [TapameTpbl BCTpOCHHBIX TpaHC(HOPMATOPOB TOKA

HomunansHoe [TepBUYHBII TOK [MapameTpsbl, ONpeEnsIoye Kommaectso
Tun HaMpsKEHHUE, (BKIIOUAs TEPMHYECKYIO CTOMKOCTh TpaHCOpMaTopoB
kB OTBeTBNIEHNS), A TOKa Ha OJ{HOM
KpatHocth Bpewmsi,c BBOJIE
TBI'-110-0,5/10P-
150/5 YXJI1 110 150 25 3 2

[IpoBepka TpaHncpopmMaTopa TOKa MO HAMPSKEHUIO YCTAHOBKH, KB,

Uyer < Uom » (80)
110 = 110.

[IpoBepka TpancpopmaTopa TOKa Mo TOKY, A,

Imax = Tyom » (81)
73,47 < 150.

HpOBepKa Ha TMHAMHW4YCCKYIO U TCPMUYCCKYIO CTOMKOCTh HE IIPOU3BOAUTCA,
TaK KaK BBI6paHHBII>'I BBIKJIIOYATCIIb ITPOMICII 9THU IIPOBCPKHU.

Janublii TpaHchopMaTop NOIXOIUT IO BCEM MapaMeTpaM.

B BBOgax cuiioBbiX TpaHchopmaTopoB Ha BbicokoM (110 xB) nanpsxenun
YCTaHOBJICHBl ~ BCTPOEHHBIE TpaHcpopmaTopbl Toka. Ha caiite 3aBona-
U3rOTOBHTENS BBIOpAaHHOTO CHIIOBOro TpaHchopmaropa TJIH-10000/110 [9]
yKa3zaHbl BCTpoeHHbIe TpaHchopmaropsl Toka TBT110-1-150/5 na cropone BH u
TBT10-1-5000/5 na cropone HH.

Tabnuna 19 — [MapameTpbl BCTpOEHHBIX TpaHC(HOPMATOPOB TOKA

ITapameTpsl,
. KomnuectBo
Homunansnoe [TepBuuHsIil TOK ONIPEACIIAIONINC HomunanbHnas
TparchopmMaTopoB
Tum HanpspKeHue, (BKITIOUAsS TEPMHUUYECKYIO npenenpHast
. TOKa Ha OJHOM
kB OTBETBIIEHUS), A CTOMKOCTH BBOIE KpaTHOCTh
Kparnocts | Bpewms,c A
TBT110-I-
150/5 110 150 25 3 2 12
TBT10-I-
5000/5 10 5000 28 3 2 10

ITpoBepka TpanchopmaTopa TOKa MO HAMPSHKEHUIO YCTAaHOBKHU, KB,

TBT110-1-150/5:

Ve
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UyCT < UHOM'
110 = 110.

TBT10-1-5000/5:

UyCT < UHOM,
10 =10.

[IpoBepka TpancpopmaTopa TOKa Mo TOKY, A,

TBT110-1-150/5:

Iax =1

HOM
73,47 < 150.
TBT10-1-5000/5:

<I

Imax — "HOM

808,3 < 5000.

[IpoBepka HA TMHAMUYECKYIO U TEPMUUYECKYIO CTOMKOCTh HE MPOU3BOAUTCS,

TaK Kak BbIOpaHHBINA TpaHC(HOPMATOP PACCUUTAH HA 3TO MPOIIEN ITH MPOBEPKH.

8.2.2 Bei0op TpancdopmaTopoB Toka Ha ctopone HH

B BeiOpannyro sueiiky KPY D-12P ycranaBnmBatoTcsi TpanchopmaTtopbl

Toka TOJI-10-1/5-1000/5 Y2 [6].

Tab6nuia 20 — [TapameTpbl BCTPOCHHBIX TpaHC(HOPMATOPOB TOKA
[TapameTpsl,
Homunanenoe IlepBuuHBIil TOK ONpeNIEIISOIINE Tox
Tun HaIIpsDKEHHUE, (BrITFOUAs TEPMHYIECKYTO 3JEKTPOAMHAMHYECKOM
kB OTBETBIICHUS), A CTOHKOCTB CTOUKOCTH, KA
Tok, KA Bpewms,c
TOTA01/5-100075 10 1000 40 1 102

[TpoBepka TpancopmaTopa TOKa MO HAMPSHKEHUIO YCTAaHOBKH, KB,
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Uyer < Usiom » (82)
10 = 10.

[TpoBepka TpanchopmaTopa TOKa MO TOKY, A,

TOJI-10-1/5-1000/5 Y 2:

<I (83)

Imax — “HOM

808,3 < 1000.

[IpoBepka Ha TMHAMHUYECKYIO U TEPMUUYECKYIO CTOMKOCTh HE MPOU3BOINTCH,
TakK Kak BblOpaHHas stueiika KPY npomwia atu nmpoBepku.

8.2.3 Bbi6op TpancdopMaTOpPOB TOKA B 1€l Ka0eJbHOW JUHUHU

Ha orxomsmmx KJI Tpancopmartopsl TOKa, Tak K€ Kak U JApyrue
U3MepUTENbHbIE MpuOOpbl, ycTaHaBnuBaioTrcss B KPY. Jlng  HaumOonee
Harpy>k€HHOW JIMHUU KJI-4(T'TITITII-4), paccuuTaHHO# BBIIIE BBEIOMpaeM

tparcdopmarop Toka TOJI-10-1/5-75/5 V2 [6].

Tabnuua 21 — [TapameTpbl BCTPOCHHBIX TpaHC(HOPMATOPOB TOKA

[TapameTpsl,
OTIpeIeTISTIONIHe
TEPMHUUYECKYIO CTOHKOCTD

Tok
3JEKTPOAMHAMHYECKOM
CTOMKOCTH, KA

IIepBuuHBIi TOK
Homunansnoe
Tun (BKITIO9AS
HanpsbkeHue, kB
OTBETBJICHUS), A

Tok, KA Bpewms,c

TOJI-10-1/5-75/5

v 10 75 40 1 102

ITpoBepka TpanchopmaTopa TOKa MO HAMPSHKEHUIO YCTAaHOBKU, KB,

Uyer < Uyon (84)
10 = 10.

ITpoBepka TpanchopmaTopa TOKa MO TOKY, A,

TOJI-10-1/5-75/5 Y 2:

(85)

<1

Imax HOM
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65,186 < 75.

IIpoBepka Ha IMHAMUYECKYIO U TEPMUYECKYIO CTOMKOCTh HE IIPOU3BOIUTCH,
TakK Kak BeIOpaHHas siueiika KPY mporia atu mpoBepku.

8.3 Br100op u3mMepuTeJbHBIX TPAHCHOPMATOPOB HANIPHKECHUA

Tpanchopmarop HampspKeHUs NpeAHa3HAUYEH MJii TOHMKEHHUS BBICOKOTO

HanpspKEHUsT 10 cTaHaapTHOro 3HadeHus 100 wim 100/\/ 3 U A OTHACIICHUSA

HCHCP'I N3MCPCHUA U peﬂeﬁHOﬁ 3allIUThI OT HCHCI?I BBICOKOI'O HAIIPSI>KCHU .

TpancpopMaTopbl BBHICOKOTO HAMpsKEHUS MOAOUPAIOTCA MO CIEAYIOIIUM
napaMeTpam:
Hanpspkerne ycTaHOBKU Uyer < Uyous;

V4T KOHCTPYKIIMHU U CXEMbI COCTUHEHUSI 0OMOTOK;
VYuér knacca TOUHOCTH Sy < S5 yom-

Tabnuna 22 — M3mepurensHbie mpubopsl Ha nojcTanimu BH

Kon-Bo IToTpebisieMasi MOIIHOCTh
Tpudop Tun pubOpoOB - S,BA
Bartmerp 1IB96 1 8
Bapwmerp 1IB96 1 8
BH CyeT4ynK aKTHUBHOM YHEPrUu IIMKC120 2 10
CYeTUnK peaKTHBHOHN SHEPTHH HIMKC120 2 10
AmnepmeTp 1IIMK96 1 4

Tabnuna 23 — M3mepurensubie nmpubopsl Ha noacTanimu HH

Kon-Bo IToTpebsieMasi MOIIHOCTh
Tpubop Tun pubOpoB . S,BA
Bartmerp 111B96 1 8
Bapwmerp 111B96 1 8
HH CYeTYnK aKTHBHOW YHEPTHU HIMKC120 6 30
CYeTUNK peaKTHBHOHN YHEPTHH HIIMKC120 6 30
Amnepmerp IIIMK96 1 4

[TonHas MoutHOCTB TTPUOOPOB, B-A:

ZSE;‘H6=51+SZ+53+54=8+8+10+10+4=40,

zgﬂpf;6=sl+sz+53+s4=8+8+30+30+4=80.

Brioupaem HAMM-110-Y XJI1, knacc Tounoctu 0,5.

Siomw =120-3=360B"A.

(86)

(87)
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Brioupaem HAMM-10-Y XJI2, knacc Tounoctu 0,5.
Spom =753 =225B- A

Tadonura 24 — PacueTHble 1 KaTaJI0KHbBIE TAHHBIE

YcnoBus BeIOOpa Pacuérnble BeTU4YUHEI Karanoxxnabele 1anunie
BH Uyer < Uyon Uye: = 110 kB Uion = 110 kB
S5 <S5 om S, =40 B-A Souon =360 B-A
HH Uyer < Uyon Uy.r = 10xB U.on = 10 kB
S2 <S5 hom S, =80 B-A Sowon =225 B-A

Cedenue mpoBoJIOB (IO YCIOBHIO MEXaHMUYECKON MPOYHOCTH) MPUHHUMAIOT
1,5 MM? JUIST MEIHBIX JKHJT 1 2,5 MM’ [IS IFOMHHHUEBbIX KL
Jlns BH u HH Bo3sMem kabGens AKPBI 2,5 MM’

8.4 BbIOOp cOOPHBIX HIMH M OLIMHOBOK

8.4.1 Bb160p cOOpPHBIX LIMH M OLIMHOBOK Ha cTopoHe BH

[IpaBunamu yctpoiictBa 3nekTpoyctaHoBok (IIYD) orosapuBatoTcs
MUHUMAJIbHBIE CEYEHUS MO ycioBUsAM KOpoHbI (Ha 110 kB ceuenne mia JIOII ne
Huxke 70 MMZ). Tak kak paccrossHue Mexnay (azamu Ha OPY menble, yeM Ha
JMHUHM 3JIEKTponepeayd, TO He0OOXOJUMO BBITIOJTHUTH IPOBEPKY.

OmmuHoBKa BbIMIONHsIETCS TpoBogoM Mapku AC. BriOupaem cedenue 1o

YCJIOBHUS JOIYCTUMOTO MTPOAOJLKUTENBHOIO TOKA [y, < 1,,,, IPUHUMAEM
nposog AC 70/11 [10, ¢.428].

Heo6xoauMo BBITOHUTH MPOBEPKY 3TOTO MPOBOJIA IO BCEM YCIOBUSAM:

ITpoBepka mo momyctumomy Toky [11, c.187], A,

Lnax < Iyon » (88)
73,47 < 265.

[TpoBepka 1o yciioBuio koponsl [11, ¢.191-192]:

MakcumanbHOE€ 3HAUYCHHWE Ha4YalbHOW KPUTHYECKOW HANpPsSHKCHHOCTH
AIEKTpUYESCKOTOo ToJIst, KB/cM,

0,299
E, =303 -m (1 + ) (89)

7
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rae m — Ko3(QQPUIMEHT, yYUTHIBAIOIINN [IIEPOXOBATOCTh NOBEPXHOCTHU MPOBOJIA;

)

9
Ey =30,3-0,82 (1 + ) = 35,25.

40,51

HamnpskeHHOCTh  3JICKTPUYCCKOTO TIOJIST OKOJIO TIOBEPXHOCTH IPOBOJIA,
kB/cMm,

. 0,354-U;
= D’ (90)
T - lgr—cop

rie De,—CpeaHee reoMeTpHIECKOE PaCCTOSHUE MEKTY TIPOBOAaMu (a3, CM,

D, = \/D12 *Dy3 - Dy, (91)
rae Dy,, Dy3, Dy3 paccrosinue Mexay dha3zaMu, CM.
D, =v3-3-6=378.

HanpsokeHHOCTh  3JIEKTPUYECKOrO TOJIs OKOJO TOBEPXHOCTH TPOBOJIA,
kB/cwMm,

L 0354115
C051.1g378 T
P t9051

YcnoBue oTCyTCTBHSI KOPOHBI, KB/cM,

1,07E < 0,9E,, (92)
1,07 - 26,27 < 0,9 - 35,25,

28,1 < 31,725.

IIpoBepka Ha »neKkTpoaMHAMHUYECKoe JelicTBue Toka K3 HeoOxommma B

cyuae xorna I > 20 kA [11, c. 188 .10 B nanHOM cyuae 1) = 5,316 < 20
KA. CnenoBaresibHO, B POBEPKE Ha dJIEKTpOJMHAMUYecKoe aericTBue Toka K3 Her
HEOOXOIUMOCTH.
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[IpoBepky Ha Tepmuueckoe nerictBre Toka K3 He nmpoBouM,

TaK KaK IIWHBI

BBITIOJTHEHBI TOJIBIMU ITPOBOIAMH Ha OTKPBITOM Bo3ayxe [11, c. 306].

I{aHHLIﬁ IMPOBO ITPOXOAUT I10 BCECM YCIIOBUAM.

8.4.2 Bb160p ’eCTKUX IIUH ¥ OIIMHOBOK Ha ctopone HH

B pacnpenenurensHbix ycrpoiicTBax 6-10 kB ommHOBKa U cOOpHBIE IUHBI

BBIITOJIHAOTCA MXECTKHMMH aAJIOMHWHHCBBIMH IIHMHAMM. HpI/I TOKa

x go 3000 A

MPUMEHSIIOTCSL OJTHO M JABYXMOJIoCHble muHBI [1, ¢. 175]. BriOupaem ceuenue
IITUHBI U3 YCIOBHUS HAMOOJBIIIETO JIMTEIBHO JOMYCTUMOTO ToKa, I, = 808,3 A.
BriOupaem antoMUHUEBBIE, OJHOIOJIOCHBIE MIMHBI MPSAMOYTOibHOrO ceyeHus [10,

c. 395].
Tabnuua 25 — [TapameTpbl IKUHBI
JmuTenbHO TONYyCTUMBIN TOK, A Pa3mepbl muHbIL, MM CeucHuE IIYHEI, MM
870 60x6 360

Heo6xoaumo npoBepuTh BEIOPAHHBIC IIWHBI:
[IpoBepka o IIUTENBHO AOIMYCTUMOMY TOKY, A,
I;m.,aon > IMaKC.pa6'

870 > 808,3.

[IpoBepka KMH Ha TEPMUYECKYIO CTOMKOCT:

1-9k < 19k.;{0r1 UIH Qpmin < q,

2
TA€ iy ~"MUHUMAIBHOE CEUYCHUE MTPOBOIHUKA, MM ",

e

Qmin = C_T,

rae Cr— gynknus [11,c. 141], A-c’hv?
By = 51,24- TennoBoi UMITYJIbC TOKA I(AZ‘C,

51,24

Imin =55 192 ~ /0

(93)

(94)

(95)
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79,54 < 1200.
Mexannueckuii pacuet muH. 1InHbl pacnonaraem miamms. Y ciaosue, Mlla,
Omax = Onon- (96)
Haubonbiee ynensHoe ycunue npu Tpexdaznom K3, H/wm,
i®
f® =+3.1077. 9 (97)
a )

rae iya = 14,371-103 yaapHbiii Tok K3, A;
a = 0,3 paccrosiHre MeX1y dazamu, M.

(14,371-10%)?

B)=+/3.10"7.
f V3 0,3

119.

3
MOMEHT CONPOTUBIICHUS IPHU PACHOJIOKEHUHU KH mammMs [11, ¢.179], cm”,

W= : (98)

rae b = 0,6, cMm;
h = 6,0, cm.

0,6 - 6,0
W=——=

3,6.
6

Hanpsokenune B MaTepuwane IIMHBI, BO3HUKAIOIIEE MPHU BO3JCHCTBUU
m3rudaromero momenta, Mlla,

JaSRE

_Se (99)
Imax = 70 W

rae | = 0,75, nnmuna nponera, paBHas mupuHa stueiku KPY, m;

119 . 0,752
Omax = 9.3~ 8O0
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JlommycTMOe HamnpspDKeHHe He JO0/DKHO mpeBblmath (41 48) MIla [11,
c.181],

1,86 <41,0.

8.5 Br16op n3ossTopoB
8.5.1 BbI0Op ONOPHBIX U30JISITOPOB

Beioupaem wm3onsatoper MIIIOC-10-20-2 YXJI2 [15].M3005TOp IIMHHBIH,
OTIOPHBINA, M3 3aKAIEHHOTO CTekaa. [[puMeHeHne 3aKaleHHOTO CTEKJa MO3BOJISET
WCKITIOUYUTHh BOSHUKHOBEHHUE MUKPOTPEITUH CBOMCTBEHHBIX AJICKTPOTEXHUIECKOMY
dbapdopy. Ilpu pazpymeHun Hu30IITOpa B  pe3ydbTaTe MEXaHHYECKOTO
BO3JICUCTBHSI WJIM  DJIEKTPUYECKOTO TPOUCXOMUT Ppa3pylieHHE 3aKaJICHHON
CTeKISIHHOM aeTtanu. CTEKISTHHAS AJICKTPOU3OJIAIIMOHHAS JeTalbh pa3pyIiacTcs Ha
OOJBIIIOE KOJMYECTBO MAJIBIX OCKOJIKOB TEM CaMbIM UACHTU(MUIUPYS BBIIICIIHIMA
u3 crpos wm3oistop. Karamoxxkuele mannble uzosstopa MIIOC-10-20-2 YXJI2
IpeCTaBIeHbl B Ta0uIe 26.

Br160p 1 mpoBepka OMOPHBIX U30JISITOPOB OCYIIECTBIISIETCS TI0:

Hampsokenue ycranoBku Uy, = 10kB < U,y = 10kB;

Mexanudeckasi Harpy3ka Ha uzossitop, H

FJ':LOH =06 Fi)asp ’
(100)
Fion = 0,6 - 20000 = 12000,
rne Fpsp — paspymatromas Harpy3ka Ha u3ru6 pasHas 20, kH.
Pacuetnas cuna, nercrByromas Ha uzousarop, H
iZ
FPAC‘{ = \/§ ¢ Ey ° l ° 10_7, (101)
143712
Fopcy = V3 - —53 075 1077 = 89,42,
I7ie @ paccTosiHue Mexay dazamu, M,
[ - nuHa nponera, M.
Fron = Fracu (102)

12000 = 89,42.
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Tabnuna 26 — Katanoxussle nannsie nzosstopa MIIIOC-10-20-2 VYXJI2

Hanpsioxenue, kB
Tun Haubonbmiee HcnbiTaTenbHoe HANPsKEHHUE
UHOM7 KB
U on, KB IIOJIHOT'O IPO30BOT0 UMITYJIbCA
NII10C-10-20-2 YXJI2 10 12 75

N3035TOp yAOBIETBOPSIET BCEM YCIOBUSAM.

8.5.2 Bb100p NMpPOXO0HBIX U30JIITOPOB

Beioupaem  wm3omstoper  MIIITY-10/1250-8 VYXJI2 [16]. HU3ossarop
MOJIUMEPHBIN, MPOXOAHOW. lIpenHa3HadyeHBl IS HW30SLUKA W COCIUHEHHS
TOKOBEIYIIUX YaCTEH 3aKPBITHIX PACHpEeASTUTEIIbHBIX YCTPOUCTB, COCIUHEHUS C
OTKPBITHIMU pacmpeneuTeIbHBIMU yCTpOHCTBAMH TN JTUHASIMHA
anekrponepenaun. UITITY-10/1250-8 VXJI2 npeacrapiiensl B Tadmie 27.

Bri0op 1 npoBepka mpoXOHBIX U30JISITOPOB OCYIIECTBISETCS MO:

Hamnpsokenue ycranosku U, = 10kB < U,,,,, = 10xB;

Mexanuueckas Harpy3ka Ha uzossatop, H;

JInuTenabHbIl TOK, A

F,'qon =06 Fi)asp )

(103)

F

" on = 0,6 - 8000 = 4800,

rae Fpsp — paspymaromas Harpy3ka Ha u3ru0 pasHas 8, kH.
PacueTrnas cuna, nerictByromas Ha u30asAtop, H,

2
l
FPAC‘{ = \/§ ¢ Ey ° l ° 10_7, (104)

143717
Foacy = V3 - —53 075 1077 = 89,42,

T7Ie @ paccTosiHuE MeXay dazamu, M,
[ nnuna nmponera, M.

Fyon = Fpacys (105)

4800 = 89,42.

[To pnutensHOMY TOKY, A
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Imax < I,qoru (106)
808,3 < 1250.

Tabmuna 27 — Katanoxssie ganubie n3oastopa UITITY-10/1250-8 VYXJI2

Hanpsioxenue, kB
Tun U <B Haubonpmee HcnbiTaTenbHoe HaNPsKEHUE
HoM> U on, KB MIOJTHOTO IPO30BOT0 MMITYJIbCA
HIIITY-10/1250-8 YXJI2 10 12 75

I/ISOJI}ITOp YAOBJICTBOPACT BCCM YCIIOBHAM.

8.6 3amuTa oT NEepeHaANpPKEHU I

Ha nuHusAX »siekTponepenadyd BO3HHUKAIOT BOJIHBI MEPEHANPSKEHUS, B
pe3yibTaTe MpSIMBIX YJApOB MOJIHUW B MPOBOJAA JMOO MEPEKPHITHUI BO3TYIIHBIX
MPOMEKYTKOB IPU YAAPE MOJHUU B ONOPY. ITU BOJHBI NTEPEHANPSIKEHUN JOXOAAT
0 TOJACTAHIIMM W  BBI3BIBAIOT KPAaTKOBPEMEHHOE IMEpEHANpsDKEHHE  Ha
oOopynoBanuu. OHM MOTYyT BbI3BIBaTh MOBpEXAEHUE u3oIsIuuu. Jlus
NPEIOTBPAIEHUS] 3TOT0 M 3alIUThl 00OPY/IOBAaHUS HCIOJIb3YIOTCS HEJIWHEWHbIE
OTrpaHUYMTENN NIEPEHATPSKEHHM.

JUIst 3alUThl OT aTMOC(EpPHBIX MEPEHANPSHKEHU W KpPaTKOBPEMEHHBIX
BHYTPEHHUX HanpspkeHud uzossinuu BJI u TpancdopmaropoB Ha cropoHax BH,
HH ycranaBiuBaeM OrpaHUYUTENM NIEPECHANPSKECHUMN TUIIA:

OITH-PK-110/88-10/680 VXJI1 [13] — mnpemHa3HauyeHbI IS 3al[UTHI
AIEKTPOOOOPYIOBAHUS B CETH C 3a3eMJICHHOMN HeWTpasbto, HanpsbkeHueM 110 kB.

OITH-KP/TEL-10/11.5 VYXJI2 [14] — npeaHa3HadeHbl IS HaJC)KHOM
3allMTHl  DJIEKTPOOOOpYAOBaHUS B CeTAX Kkiacca Hampsbkenus 10 kB ¢
V30JIMPOBAHHOW WJIM KOMIIEHCUPOBAaHHOW HEUTpanplo. PekoMeHayroTcs i
WCIIOJIb30BAHUSI B PACTIPEJCIUTENBHBIX CETSIX IS 3alIUThl TpaHCHOPMATOPOB U
nsurateneil. U3roraBnmBaroTcs AJid Hapy>KHOM U BHyTpeHHel yctaHoBkH (Y XJI1 u
2 mo 'OCT15150). Berpausatorcs 8 KPY D-12P.
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Tabnuma 28 — OcHoBHble TexHuueckue xapakrepuctuku OITH-PK-110/88-10/680

YXJI1
TexHHYeCKHE XapaKTepUCTUKU Hopmupyewmslii mapamerp

1. Knacc Hanpspkenus cetd, kKB 110
2. Haubospliee [uMTenbHO J0MycTHMOE pabodyee HanpspkeHue , KB, 88
JISWCTBYIOIIIeE 3HAUCHHE
3. HoMuHanbeHbIH pa3psiHbIi TOK, KA 10
4. Hampspkenne nHa OIIH mnpu wumnynbce Toka 8/20 Mkc ¢
aMIUTATYAOMU:
5000 A, kB, ue 6oiee 255,4
10000 A, kB, ue 6oiee 274,0
20000 A, kB, ne 6oiee 306,8
5. Hampsxkemme nHa OIIH mpm wmmmymsce Toka 30/60 MKC ¢
aMIUIUTY0M:
500 A, kB, ue 6onee 210,6
1000 A, B, He 6011ee 219,4
2000 A, xB, ne 6onee 230,3
6. Ocraromeecs Ha OITH HampspkeHue npu uMiryisce Toka 1/10 mMxc

. 289,0
c ammmtynoi 10 kA, kB, He Oonee
7. Ammmntyna umirynbca 6onbiroro Toka 4/10 Mxc, KA 100
8. Tok yreukn, MA, He OoJiee, IEHCTBYIONICE 3HAUCHUEC 1
9. Tox K3, npu koTopoM obecnieynBaeTcsi B3pbIBOOE30MACHOCTh, KA 40
10. Macca orpanuuuTens, Kr, He 6osee 15
11. JInuHa myTH yTEYKH BHEIIHEH M30I41IMH, CM, HE MEHEe 315

Tabmuua 29 — OcHoBHBIE 3neKkTpoTexHnueckre xapakrepuctukun OITH-KP/TEL-

10/11.5 YXJI2

TexHn4ecKne XapaKTepUCTHKH Hopmupyemslii mapamerp
1. Kimacc HanpspkeHus cetr, KB 10,0
2. Haunbombiiee NIHTENEHO JOIMyCTUMOE pabodee HanpsbkeHue, kKB 11,5
3. HoMuHANBHBIN pa3psIHBINA TOK, KA 10
4. Ocraromeecs HanpspkeHue Ha OIMH npm mmmynece Tokxa 30/60
MKC C aMIUTUTY/IOM:
125 A, xB, ne 6oiee 26,2
250 A, xB, ne 6osee 26,9
500 A xB, ne 6onee 27,8
5. Ocraromeecs HanpspkeHnne Ha OITH mpu mmimynsce Toka 8/20 Mkc
C aMIUIUTY10M:
5000 A, kB, ue 6oiee 33,7
10000 A, kB, He Gonee 36,3
20000 A, xB, rHe 6omee 41,1
6. Ocratomieecs Ha OITH HanpspxeHne Tpu
umyibee Toka 1/10 Mxc ¢ ammmurynoi 10 kA, 37,8
kB, He Oosiee
7. AMiuiutyia umnybca oosnbiioro Toka 4/10 Mkc, KA 100
8. Tok yreuku, MA, He OoJiee, TEHCTBYIOIIEe 3HAUYCHUE 1
9. Tok K3, mpu xoTopom obecriednBaeTcsi B3pbIBOOE30MAaCHOCTh, KA 20
10. Macca orpaHuuuTes, Kr, He 0oJiee 0,8
11. JlnvHa nyTH yTe4KH BHEUIHEH W30JSILIMK, CM, HE MEHEe 250
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8.7 Bbi0op TpaHchopMaTOPOB COOCTBEHHBIX HYHK/

B cucreme CcOOCTBEHHBIX HYXKJ YyCTaHABIMBAIOT, KaK INpaBWiIo, 2
tpanchopmaropa cooctBeHHBIX HYX A (TCH). Momuocts TCH BbiOMpaercs mo
Harpy3kam COOCTBEHHBIX HYK]I MOACTAHIIMHU C y4eTOM KOA(h(UIIMEHTOB 3arpy3Ku
U OJTHOBPEMEHHOCTH.

MomHocTh ToTpeOuTeNneid COOCTBEHHBIX HYXJ HEBEJIHMKA, MOATOMY OHHU
npucoeauHsroTcs K cetu 380/220 B, koTopast mosydaeT NUTaHUE OT MOHMKAIOIINX
TpaHcpOpMaTopoB.

CoctaB notpeOuTenell cOOCTBEHHBIX HYK] MOJCTAaHIMHM 3aBUCHUT OT THIIA
MOJICTAHIMH, MOIIHOCTH TPaHC(POPMATOPOB, TUIIA IIEKTPOOOOPYAOBAHUS.

Pacuetnas narpyska onpenensiercs [11, c. 386], kB-A,

Sp = ke \/PS%CT + (Qky — Qycr)?, (107)

S, =108 \/1302 + 80,562 = 122,35,

rae Pycr = 130 kBt — pacuetnas aktuBHas Harpy3ka CH u cos ¢ = 0,85 [11, c.
369, ¢.386].

Ha noacranmuu 110 kB Momnocts ogqHoro TCH He MoskeT nipeBbimaTh 630
KBA.

CnenoBarenbHo, MomiHOCTh TCH onpenensiercs kak, kB-A,

S
Sp =% 108
T2 (108)
5y = 2250 _g739
R

bmxkaiiiee HOMHWHAJILHOE 3HAYEHUE MOIIHOCTHU COOTBETCTBYET
tpanchopmaropy TM — 100/10 [11].

Tabmuna 30 — ITapamerpsl Tpanchopmaropa TM — 100/10
Siom, KB-A Ugn, kKB Unn xB Uk ,% AP, xBt APy kBt Ixo
100 10,5 0,4 4,5 0,28 0,97 1,6

Kosdpdumment  3arpy3ku B~ HOPMAIBbHOM  PEKHUME  KaXJIOTO
TpaHchopmaropa,
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12235

k3 = 2—100 = 0,61
Pexomenayemsiit koaddunuent 3arpysku (0,6 0,7).

[IpoBepka nmo ko3 HUIMEHTY aBapUHHON TIeperpy3KH,

. 122,35
BT (2-1)-100

=1,22.

Koadduiment neperpys3ku He T0JKEH NpeBbImath 1,4,

1,22 < 1,4.

JlanHbli TpaHc(hOpMaTOp yIOBIETBOPSIET BCEM TPEOOBAHUSM.
8.8 Bbi0op annmapartypsl 3al0MThHI B ycTaHoBKax Huxke 1000 B

K 3ammuTHBIM ycTpoiicTBaMm B yctaHOBKax Huke 1000 B oTHOCATCS mmaBkue
MPEIOXPAHUTENIM W aBTOMATHUYECKUE BO3JYIIHbIC BBIKIIOYaTean. [lmaBkue
MPEIOXPAHUTENIM — MPOCTEHIINE 3AIUTHBIC amnmaparbl. ABTOMAaTHYECKHUE
BBIKJTIOUATEIM — MCIOJB3YIOTCS ISl 3alUTBl CETH OT MEPErpy30K, KOPOTKUX
3aMBIKaHUW WM CHW)KEHHUM HANPSHKEHUS, @ TAKXKE JJISI HEYACTBhIX ONEPATUBHBIX
BKJIFOUEHUN U OTKJIFOUEHUN JICKTPOABUTATEIICH.

Croco6 coeMHEHHS 1IEXOBBIX TPAHCHOPMATOPOB CO COOPHBIMHU IIIMHAMH
PY HH Oyner npou3BoAUTHLCS ¢ MPUMEHEHHUEM aBTOMATHYECKUX BBIKTIOUATEIICH.

8.8.1 BriOop aBTOMaTH4YeCKUX BO3AYIIHBIX BhIKJIOYATE/ 1€
Bri0op aBTOMaTUYECKUX BBIKIIIOUATENICH MOXKHO Pa3/IeNIuTh HA CIEIYIONINUE ITAIbI:

VYcnoBust BeIOOpa:

Hanpspkerne yctaHoBKU Uyer < Uyous;
YcnoBue UTENBHOTO HATPEBA g uane < Liow
Toxk orkmrouenus aBroMata l,; < I, ,conoms
Hunamuueckoe nerctue Toka K3 iy, < [y,
Temmnosoit ummynsce Toka K3 By < I - ty.

[TpumeM K yCTaHOBKE aBTOMATHUYECKUI BhIKITIOUYaTeNb cepru BA-99C/100
10 630A PROxima [8]
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Ta6nuna 31 — [IpoBepka ycnoBuii BBIOOpa aBTOMAaTUUECKUX BBIKITIOUATEIICH

Karanoxxusle faHHBIE
VYcmoBus BeIOOpa PacuerHble JaHHBIE
ABTOMaTHUECKMI BEIKIIO9aTens BA-99C/100

l]yCWl S UIIOM Uycm = 0’4 KB UHO,M = 0‘4 KB
Ipa&makc < I/za.u 1pa6makc = 378'93 A IHo,u = 6304
In‘r S Iomm.uaw I}'IT = 13’582 KA IOW[KJT.HO,M = 25 KA

iy S I)lp.(?KS Iy = 19’4 KA [n‘ﬁ.CKR = 75’6 KA

By = 13,582% - (0,1 + 0,04) =
< 2. K y y ) 2, — 2, — 2,
By < If -ty = 25,82k4% - ¢ If -ty =50°-1=625x4"-¢c

I{aHHLIﬁ ABTOMATUYECKUU BBIKIHOUYATEIIb IMPpOXOOUT IIPOBCPKY I10 BCEM
YCJIIOBHAM.

8.9 Boi0op annapaTypbl 3alIUTHI II€XOBbIX TPAHC(HOPMATOPOB

Beon BH B TpancopmMaTOpHYIO0 NMOACTAHIMIO MOKET OCYILIECTBISETCA OT
paIdIbHOM WM MarucTpanbHOM JMHUK. Ecniu nurtanue TII BeIomHSETCS OT
paauaibHOM JIMHUM, TO B KOHIIE JMHUM HE TpeOyeTcsi KOMMYTAIIMOHHBIX
armapaToB W JIMHUS MOXET HArIyX0 CO€AUHAThCA ¢ 3axumMamu BH
Tpancopmaropa, HO eciu nutanue TII ocyiecTBisieTCs OT MarucCTpaibHOM
nuHuU, To Ha BBoAe BH Tpanchopmaropa He0OX0UMO MPEAYyCMOTPETh 3aIIUTHBIC
Y KOMMYTAaIlMOHHBIE alaparsl.

8.9.1 BriGop npenoxpanureJiei

B snekTpruueckux ceTsix BHICOKOBOJIBTHBIE MPEAOXPAHUTENIN TPUMEHSIO JJIS
3alllUTHl CWJIOBBIX TpaHC(OPMATOPOB U H3MEPUTENBHBIX TpaHCHOpPMaTOPOB
Hampsokeansi. Ha HanpsaxeHuu 10 kB moHHWNKAWIIU X
NOoOJACTaHIUIH YyCTAaHAaAaBJAHUBAIOT
npenoxpaunurteaun tuma I[IK.

YcaoBus BeiOOpa:

Hanpspkerne ycranoBku U, < U,,;

[To HOMUHATBHOMY TOKY 1,45 axe < Lyou:

[To otkmrouaromieit ciocooHoctv 1, < I .0 0m

ITo HOMHHAIIBHOMY TOKY TTABKOW BCTABKH 5 e <= lgyom-

[Ipumem k ycraHoBke s TpaHchopmaTopoB wmomrHOCcThI0O 400 kBA
npenoxpanutean Mapku [1K-10/50 [2], mns 1000 kBA mapku T1K-10/100 [2], a
s 1600 kBA mapku [TK-10/200 [2].
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Ta6nuna 32 — [IpoBepka yciaoBuid BEIOOpa MpeoXpaHuTenei

Pacuernsle Pacuernsle Pacuernsle KaranoxHble 1aHHBIE

JTaHHBIE Ha JTaHHBIE Ha JTaHHbIE Ha
VYcaous aHcopma aHcopMma aHcopMar

Tpascop Tpancop Tpancop IIpenoxpanure | IIpenoxpanutr | Ilpenoxpanure
BBIOOpA TOp TOp op

16 I1K-10/50 enplIK-10/100 | ns ITK-10/200
MOILHOCTBIO | MOILHOCTBIO | MOIIHOCTBIO

400 xBA 1000 kBA 1600 kBA

U S U | 20 | 29 | Uy =108 | Uy = 1068 | U, =10 | U, =10xB
I A I , I ,
é?” 2231 y 2278 ) igzs ) Low =504 Ly =1004 | I, =2004
L; Ly, L L; Lomiennom  p——— Lomuennom
< Lowom | =5085k4 | =5085k4 | =5,085«kA4 =200 x4 =200 x4 =200 x4
t, <t t, = 0,35 t, = 0,35 t, = 0,35 t.= 0,36 t.= 0,36 t.= 0,36

[lmaBKHe BCTaBKHU I pegoXpaHUTEJTeEH
BHHOMUpPAaWT C Yyde€TOM OTCTPOHUKHU HUX OT
O pOCKOTB HaMaTrHWUUYHUBAIWIET O T OK a
TpaHcdopMaTODa B COOTBETCTBHUHMU C
[TV, MakcumMaadabHasgda MOUIHOCTSH II€XO0OBOTO
TpaHcdopMaToOpa Ha 3aBOJgeEe He OouJ e e
1600 K BA, 3 HAa4YUT, HOMMUHAJDb HB U T O K
mJaBKOH BCTaBEKIH nNpegoxpaHHUTE®EJS
paBemn 200 A.

[TpoBepkKa BCTaBEKHMU H a

CeJeKTHUBHOCTHD C anmnmaparTaMHu 3 AQUlU T B
BBojaxa 0,4 xkB.
OcymecTtTBJASTSeTCS IO YyCJOBHUHIO:

t,<t. <5, (109)

rjae t, — Bpems IUIaBJICHUS TUIaBKOM BCTaBKM Ipenoxpanutens npu K3 Ha ctopoHe
0,4 kB, c:

tes + At
= 11
tB Kn ) ( 0)

rae t., — IMOJHOe BpeMs cpabaThiBaHMs 3antuThl co cTtopoHsl 0,4 kKB, ¢ koTopoi
OCYIIECTBIISIETCS COTJIACOBAHUE MIPEIOXPAHUTEIIS,

t. =0,02+0,01 ¢ — nna >MEKTPOMArHUTHBIX PACLEMUATENICH aBTOMATOB C
ydeToM pa3dpoca cpabaTbiBaHuUA,
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t.s I TpeJoXpaHUTENed  OmpeAessieTcs [0  aMIep-CeKyHIHOM
XapaKTEPUCTHKE;

At — MUHUMAaJIbHASL CTYIIEHb CEJIEKTUBHOCTH, IPUHUMAETCS ISl aBTOMATOB —
0,3 ¢, ayst npenoxpanuteneit — 0,6 c;

K, — ko3 durmeHT npuBeneHns KaTaaoKHOTO BPEMEHU IIIABJICHUS TUIABKOM
BCTaBKHU U BPEMEHU €€ pa3orpesna,

K, npunumaetcs paBubiM 0,9.

_0,02+0,3

ty =—5g— = 035.

Jlonmyctumoe Bpems mporekanus Toka K3 B Tpancopmarope:

900

t}( = ?, (111)
900

t}c = W = 0,36 )

rjie K — oTHOIIIEHHE YCTaHOBUBIIIETOCS 3HaUCHUsS Toka K3 K HOMUHAIBHOMY TOKY
TpaHchopmaropa.
JlaHHBII peOXpaHUTENb MPOXOIUT MPOBEPKY MO BCEM YCIOBUSIM
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9 Pacuer MOJHHE3AIMTHI H 32a3€eMJICHHSA TIJABHOW MNOHN3UTEJILHOM
NOJACTAHIMH

9.1 Pacuer MOJTHHE3AIINTHI IJIABHOH MOHU3UTEIHLHON MOJACTAHINHI

[Ipy IpOEKTUPOBAHKUM 3JIAHUM U COOPYKEHHUM CHCTEMBI AJICKTPOCHAOKEHUS
HEO0OXOJIMMO YYUTHIBATh U MPEIOTBPAIIaTh BO3MOKHOCTh UX TOPAKECHUS yaapaMu
MoTHIHA. OCOOCHHO 3TO OTHOCHUTCS K OTKPBITHIM JJIEKTPOYCTAHOBKAM.

MonHun  XapakTepu3yroTcs  OOJBIIMM  pa3pylIAONIUM  JEHCTBUEM,
OOBSCHSIEMBIM OOJIBITUMU aMIUTUTYION, KPYTH3HOW HApacTaHWUS W HHTETPATIOM
TOKa.

B cooTBeTcTBUM ¢ PykoBOASIIIMMY yKa3aHUSIMH 1O 3aIIUTE SJICKTPOCTAHIUN
u noactanuil 3-500 kB ot npsiMbeix ynapoB MonHuM (ITYM) u rpo3oBbIX BOJIH,
Ha0eralwmux C JIMHAK SJeKTpolepeiaud, 3alluTe IOJIeKAT CISAYIOINe
00BEKTHI, PACIIONIOKEHHBIC HA UX TEPPUTOPHUHU:

OTKPBITBIC pacrpeeauTeabubie yerpoiicta (OPY), B ToM yucie MMHHBIC
MOCTHI ¥ THOKHE CBSI3H, B TOM YHCJIC IITMHHEIC MOCTHI M THOKHE CBSI3H,

37IaHUSI MAIIMHHOTO 3aJ1a U 3aKPBITHIC PACIIPEICIUTEIIBHBIC YCTPOMCTBA;

3JIaHMS MaCJIOXO035MCTBA.

3amura OPY ocCylecTBIsA€eTCS YCTAaHOBKOM CTEPYKHEBBIX MOJTHUEOTBOJIOB Ha
roprajax MNOACTAHLIMN WIM YCTPOMCTBOM OTAEIBHO CTOSIIIUX CTEPHKHEBBIX
MOJIHHEOTBOJIOB CO CBOMMH 000COOJICHHBIMH 3a3E€MINTEISIMH.

CraHgapTHOW 30HOM 3alIUTHl OJMHOYHOTO CTEPKHEBOTO MOJIHHUEOTBOAA
BBICOTOM h = 22 METpOB SBISIETCS KPYrOBOW KOHYC, BEpIIMHA KOTOPOTO
COBIAJIACT C BEPTUKAIBHOU OChIO MOJIHUEOTBO/IA.

9.1.1 3oHa 3aIIUTHI MeKAY MNEPBHIM M BTOPbBIM MOJIHHEOTBOAMHM

[ToctpouM 30HY 3amuThl MeXAy 1 W 2 MoOJHMEOTBOAaMHU. BeicoTy
MOJTHHEOTBOa N, MprMeM paBHO# 22 M.

Bricota konyca, M, onpeneisercs o [16, tadi. 1.2] u paBHa:

ho =0,8-h, (112)

ho =08-22 =17,6.

Pannyc xoHyca Ha ypoBHE 3eMiiM, M, ompenensercs mo [16, tabn. 1.2] u
paBeH:

1 =08"h, (113)

r = 0,8-22 = 17,6.
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Pamgmyc 30HBI  3amMTBl 7, HA  BBICOTE  3aIlMIIAeMOro  OOBEKTa
h, ompenensiercs mo popmyne, m:

1o (ho — hy) (114)
Ty = )
ho

_17,6-(17,6 —11) _
B 17,6 B

Ty 6,6,

rje 7, paauyc KoHyca, onpesaenseMsli mo dopmyne (107), m,

hy BBICOTa KOHYCa, onpeaensemas o Gopmyie (106), M,

h, BbIcOTa HanboJIee BHICOKOTO 3aIIUIIAeMOro 00beKTa, KoTopbiMu Ha OPY -
110xB sBasitoTCSl rTMOKKE MIMHBI, M, TPUMEM paBHOM 11.

JIBa 1 Oosiee MOJHUEOTBOJIa MOXHO PACIOJIOXKUTh TaK, 4TO OHH OYyIyT
co3JaBaTh OOIIYI0 30HY 3allUThl 3HAYUTENBHO OOJBIIUX pa3MEpOB, YEM Y
OJIMHOYHBIX MOJIHUEOTBOJIOB.

MonHueoTBOZ, CcuMTaeTcs JBOWHBIM, €CIM paccrosHue L mMexmy
CTEP>)KHEBHIMA MOJIHHEOTBOJAMHU HE TMPEBBIIIACT MPEACITbHON BEIMYUHBI Lyaxy 1
L., onipenensieMbIx 110 GopMyJiaM:

Lyax =475 h, (115)

Lyax = 4,75-22 =104,5,

Lc=225-h, (116)

Lc =2,25:22 =49,5.

Ilpu Ly > Lpyyx, MONTHHEOTBOALI HE CO3MAIOT OOIIYI0 30HY 3alIUTHl H
CUUTAIOTCS OJMHOYHBIMU. [Ipu paccTrosHuu L, MEHbIIE ONPEAETIECHHOTO 3HAYEHUS
L TpaHuIa 30HBI 3aIIUTH HE UMEET MpoBeca, T.e. ho = hy.

L, = 20.

Tak kak L; < L¢, T0 he = hy = 24.

[[lupuHa TOPU30HTAIBHOIO CEUYECHUS B LICHTPE MEXKAY MOJIHUEOTBOJAAMHU HA
BBICOTE, M:
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_ 1o (he —hy) (117)
Ty = A )
Cc

17,6 - (17,6 — 11)
Tex = 17.6 -

6,6.

Ha PHUCYHKC 6 IMpCaACTABJICHA 30HA 3alIIUTBI MCKOY lu? MOJTHHCOTBOJaMM C
PaCUCTHBIMH JaHHBIMU.

A-A
1, 2
* 6600
o o
S 3 8
Q =5 o
N
o
o
o
—
—
17600 20000 6600
_A

PucyHok 6 — 30Ha 3anuThl MeXay 1 1 2 MOJIHHEOTBOIaMHU
9.1.2 3oHa 3a1IMTHI MEK1Y BTOPLIM U TPETHUM MOJIHHEOTBOAAMH

ITocTpouM 30HY 3aIIMTHI MEXKAY 2 U 3 MOJTHUEOTBOJAMHU. BricoTy
MOJTHHEOTBOa N, MprMeM paBHO# 22 M.

hy=08-22=176,
r =08-22=176,

176-(17,6-11)
= 17.6 =

6,6.

JIBa 1 Oosiee MOJHUEOTBOJIa MOXHO PACIOJIOXKUTh TaK, 4TO OHH OyIyT
co3faBaTh OOIIYI0 30HY 3al[UThl 3HAYUTENBHO OOJBIIUX pa3MepoB, YEM Yy
OJIMHOYHBIX MOJIHUEOTBOJIOB.

MonHueoTBOZ cuuTaeTcs JBOMHBIM, €ClIu paccrosiHue L Mexay
CTEp>KHEBBIMA MOJIHUEOTBOJAMH HE MPEBBIIAET MPEASIbHOW BEIMUYMHBI LMaxX u
Lc, onpenensiemMbix o popMyIiam:

LMAX = 4,75 <22 = 104‘,5 )
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Lc =2,25-22 =49,5.

IIpu Ly > Lpyax, MOJTHUEOTBOJBI HE CO3AAOT OOIIYI0 30HY 3allUThl U
CUMTAIOTCSI OJUHOYHBIMU. [Ipu paccrossHuu L, MEHbIIE ONPEeIEHHOTO 3HAYEHUs
L¢ rpaHuna 30HBI 3alIMTHI HE UMEET MpoBeca, T.e. he = hy.

L, = 44.

Tak kak L, < L¢, T0 he = hy = 24.

[[IlupuHa TOPU30HTAIBHOTO CEUYEHUS B LICHTPE MEXKAY MOJIHUEOTBOJAAMHU HA
BBICOTE, M:

17,6- (17,6 —11)

Tex = 17.6 6,6.

Ha pucyHnke 7 npeacrapiieHa 30Ha 3alIUTHI MEXAY 2 U 3 MOJTHUEOTBOAAMU C
pacyeTHBIMU JAHHBIMH.

A-A
1, 2
* 6600
o o
S 3 8
Q 5 o
N
o
o
o
—
—
17600 44000 6600
A

Pucynox 7 — 30Ha 3amuTh MEXIy 2 U 3 MOJTHUEOTBOIAMH

Ha pucynke 8 mpeactaBieHbl CEUeHHS 30H 3allUThl Ha BBICOTE h, IS
paccMaTpUBaE€MbIX MOJIHUEOTBOAOB. EciM ceueHue 30HBI 3alIUTHl YEThIPEX
MOJIHUEOTBOJOB MMEET MPOBaJIbl Ha BHICOTE h, (3alITpUXOBaHHBIE 00JIACTH), TO
CJIeyeT YBEJIUYUTh h U MOBTOPUTH PACUEThl U TOCTPOCHHUE 30HBI 3aIUTHI.

CedeHue 30HBI 3alMTHI 3aIIUIIAET BCIO IO Ib.
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44000
20000

44000
68000

4

A
A

PrucyHok 8 30Ha 3aIIUTHI YETHIPEX CTEPHKHEBBIX MOJTHUEOTBOAOB
9.2 3azeMuIeHHMe TOACTAHIIUH

Cornacuo I1YD 3azemisitolmye yCcTpOMCTBa 3JIEKTPOYCTAaHOBOK Bhilie 1 kB
ceTd C D(PGEeKTUBHO 3a36MJICHHOW HEWUTPaIbi0 BBIMOJIHAIOTCS C  y4eTOM
conpotuBieHus R, < 0,5 OM uinm 1onycTUMoro HanpsoKeHUs IPUKOCHOBEHMS.

Pacuer mo momyctumomy compotuBieHuto R, < 0,5 OM npuBoguT K
HEOIpaBJIaHHOMY TE€pepacxo/ly MPOBOJHMKOBOIO MaTepHalla U TPYyH03aTpar Mpu
COOPY)KCHUHU 3a3eMIISIONINX YCTPOMCTB JJIs MOJCTAHIIUN HEOOIBIION IIIOMIA b,
HE  HMEIOIIMUX  €CTECTBEHHbIX  3azemiutresied.  OneIT  3KCIUTyaTaluu
pacnipenenuTenbHbix ycTpodctB 110 kB u  Bble A03BOJNSET MEPEUTH K
HOPMUPOBAHUIO HANIPSIKEHUS IPUKOCHOBEHHUSI, 4 HE BEJIUYUHBI R,.

OOGocHOBaHHMEM JTOTO CIyXXaT CleAylIme cooOpaxkeHus. B  momeHT
MPUKOCHOBEHUSI YEJIOBEKAa K 3a3eMJICHHOMY OO0OpPYIOBAaHHIO, HaXOASIIEMYCS MO/
MOTEHIIHAJIOM, 4acTh CONPOTHUBJICHUS 3a3€MJIATEIIS HIYHTUPYETCS
CONPOTHUBJICHUEM Te€Ja 4YeJOBeKa Ry, W CONPOTUBIECHUEM PACTEKAHHUIO TOKa OT
CTyIIEHEH B 3eMJII0 R..

Ha teno venoBeka paktuuecku OyneT NeCTBOBATh HAMPsHKEHUE:

Uy = Uy — U, (118)

rae U. = I, - R, — najeHue HanpsHKEHHUS B CONPOTHBJIICHUH PACTEKAaHHUIO C JIBYX
CTYIIHEU YeJIOBEKa B 3€MIIIO.
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Ecnu npuHATE CTYmHIO 3a JUCK PagnycoM 8 CM, TO COINPOTHBIICHHE
pacTeKaHUIO TOKa OT CTymHel, OM:

PB,c
RC = > 4r = 1,5 . pB,C , (119)

R, =1,5-150 = 225,

rae pgpc = 150 OM — ynenbHOE CONPOTHUBIEHHE BEpXHEro cios, mo [17, Tabm.
8.1.], 3a BepXHUI CIIO¥ MPUMEM CYTIIHHOK.
Tok, MpOTEKAIOLINNA Yepe3 YeIoBeKa, A:

o= Y Ue (120)

= R

OnacHOCTh MOPAKEHUS 3aBHCUT OT TOKA M €ro JUINTEIBHOCTH IPOTEKaHUS
4yepes TEJo YeJIOBEKA.
3a pacyeTHYIO IJTUTENBHOCTh BO3/ICUCTBUS IPUMEM, C:

Ty = Tps T Torkns » (121)
7, = 0,1+ 0,065 =0,165,

TJI€ T3 — BPEMsI ICUCTBUSI PEIICHHON 3aIlUTHI;

Torinp — MOJTHOE BPEMSI OTKIIFOUEHUSI BBIKJIFOUATEII.
ITo [17, c. 399] npuanmaem: I, = 200 MA; R, = 1000 Owm.
JlonmycTumoe HalnpspKeHHe NPUKOCHOBEHMUS, B!

Upp =L - Ry + I+ Re, (122)

Upp = 0,2-1000 + 0,2 - 225 = 2540.

HauOosnbiiee [1omycTUMOE HANpsHKEHUWE TMPUKOCHOBEHHUS — ONPEACIINM
HalpspKEHHUE Ha 3a3emuurene, B

y. = Um (123)
3 Kn )

U, = 225 _ 1520
70,148 ’
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rae K, — koadduiueHT HanpsKeHUs IPUKOCHOBEHUS.

M-p

(lB'_LF)oAs

a-s

rie lp — inHa BEpTUKAIBHOTO 3a3€MIIUTENS, paBHas S5 M;
Lr — nivHa ropu30HTANIBHBIX 3a3eMIIUTeNel, paBHas 960 m;
a — PacCcTOSIHUE MEKy BEPTUKAIbHBIMU 3a3€MJIUTENSIMH, PABHOE 5 M;

. 2.
S — myomanb 3a3eMIISIOIIETO YCTPOKCTBA, paBHas 2400 M,
o P1 150,
M — nmapameTtp, 3aBUCSIIUN OT — = =
p2
B — xo3(puuueHT, omnpeAenseMblii MO CONPOTHBICHUIO TEjla 4YEJIOBEKa U
CONPOTHUBJICHUIO PACTEKAHUS TOKA OT CTYIIECHEN:

Ky = (124)

R,

= m ) (125)

p
1000

= 1000 + 225 ~ 8%

o 069082
! (ﬂ)o,%
542400

Tak kak U, = I, * R;, TO CONPOTHUBJIEHUE 3a3€MIIIOLIETO YCTpOoiicTBa, OM:

= 0,148.

U,
R, <—, (126)
L,
R. < 1520 _ 0,67
3=2277 7
rac 13 — TOK CTeKaIOIHI/Iﬁ C 3a3EMJINTCIIA HpOGKTI/IpyeMOFO 3a3CEMIIAIOIICTO

ycTpoiicTBa ripu oaHodazHom K3.
JleHcTBUTENBHBIN IUIaH 3a3eMIISIONIEr0 yCTPOWCTBA mpeodpazyeM B
pacUeTHYIO KBaJAPATHYIO MOJEIb CO CTOPOHOM, M:

VS =40 - 60 = 49.

Uuco siueex 1o CTOpoHe KBajparTa:
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_960
M=54a9 "= 7-

JInvuHa noJiIoc B paCYETHOW MOJIENH, M:
Lr=2-VS-(m+1),
Lr =2-42400- (9 + 1) = 980.

JInHaA CTOPOH SAYEUKHU:

= 5,45.

Uucino BEpTUKAIBHBIX 3a3€MIIUTEIIEH 110 IEPUMETPY KOHTYpa!

4.+/S
lg
4 -~/2400

n:—s =

n =

)

OO6m1ast ITMHA BEPTUKAIBHBIX 3a3€MIIUTEINCH, M:
Lp=n-lg,

Lg =40-5=200.

OTtHOcuTeNnbHAA [ITyOUHA:

lp +t

)

B

ol
N

+ 0,
V2400

=0,122=0,1.

(127)

(128)

(129)

(130)

(131)

(132)

AT-16060062 173
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Ol'[peI[eJI}ICM COIIPOTHUBJICHUC CIIOKHOI'O 3a3CMJINTCIIA, OM,

Ps Ps
Ri=A-124 , 133
T Lt Ly (133)
R-. = 0,355 o1 + o1 = 0,49
37T V2400 9804200 7

rJ€ P, — SKBUBAJICHTHOE yJIeJIbHOE CONMPOTUBIEHUE 3eMii, OM kM (8, Tab11.7.6);
Lp — o01mias 1jimHa BEPTUKAIBHBIX 3a3EMJIUTCIICH, M.

lp +t
A=0385-025- , (134)
VS

A =0,385—10,25 5+0’7—0355
’ ’ 2400

[omy4ennoe 3HavueHne MeHbIne Rg jop = 0,67 OM .
Hanpsxkenue npukocHoBeHus, B!

Unp = Ky - 13 : R3 ’ (135)
Upp = 0,148 -759- 0,49 = 55.

PacuetHO€ Hanpsi>KeHUE MPUKOCHOBEHUS MEHBIIE JOIMYyCTUMOTo 245 B.
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MM .

40000

5000

60000

A4

Pucynok 9 — 3azemistromuii koutyp ['TII

B kadecTBe UCKYCCTBEHHBIX
KpyIiiylo ctajib  guaMerpoM 10 MM HEOIMHKOBAaHHYIO [IJIi BEPTUKAIbHBIX
3a3€MJIATEIIEH, JJISI TOPU30HTAJIBHON YKIAJAKA — CTAJIBHBIE ITOJOCHI ceYeHUuEM 48

3a3€MJINTENIEH TPUMEHSIEM TPYTKOBYIO

JIniHy BEPTUKAIBHBIX CTEPKHEBBIX BJIEKTPOJOB IPUHUMAEM PABHOU 5 M,
BEPXHUI KOHEIl BEpPTUKAJIBHOTO 3a3emiuTess 3arayomsem Ha 0,7 M OT
ITOBEPXHOCTH 3EMJIU.
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10 Pesteiinas 3ammTa cuiioBoro Tpancgopmaropa TJIH-10000/110

[ToBpexxneHust 1 HEeHOpMaJIbHbIE PEXKUMBI PAOOTHI.

OCHOBHBIE IOBPEXKACHHUS:

— Mmexnay wiu MHorodasHeie K3 B oOMOTKax TpaHcpopMaTropoB W Ha
BBIBOJIAX;

— onHodasnsie K3 Ha BEIBOMAX;

— T0Kap B CTAJIM CEPACHHHKA.

Mexnaydazubie uam mMHOro(dasHeie K3 MOTyT BBI3BIBaTH 3HAYUTEIHHBIC
MOBPEXJIEHU 00O0pYyIOBaHUS, TaK Kak, MPOXOAs Mo obopyaoBaHuio, Tok K3
HarpeBaeT UX BBIIIE JIOMYCTUMOTO TpeJiesa, YTO MOXET BbI3bIBATH MOBPEKICHUS
U30JISIIIUU TOKOBEAYIIUX YaCTEH.

ButkoBbie 3aMblkaHHs B OOMOTKax M MOXap CTald, CEpJCYHUKA MOTYT
MPUBECTU K BBIXOJY M3 cTposi TpaHchopmaropa. OT BceX BHUAOB MOBPEKICHUMN
peneitHas  3amuTa JOJDKHA  CcpalbaThlBaTh MTHOBEHHO HAa  OTKIIIOUECHHE
BBIKJIFOUATEIIEH.

JIns  3amuThl  OT TakKuX BHUAOB TMOBPEXKICHHN Ha TpaHcpopmaTope
YCTAHABJIMBAETCSI TOKOBas OTCEYKAa MIHOBEHHOI'O JIEMCTBUS, ra3oBas 3alllUTa U
3amuTa ot ogHodazHeiXx K3 (Ha cropone BH tpancdopmaTopa).

HenopmanbHbIe peskUMBI PaOOTHI:

— BHemHue K3;

— TEXHOJIOTHYECKas EPErpy3Ka;

— CHW)KCHHS HANpsDKeHUs pu BHEeHUX K3;

— PEKUM HEJOMYCTUMOT'O YPOBHSI Maciia B 0ake.

[Tpu BHemux K3, n Kak cieACTBUE - CHUKCHUE HAMPSIKEHUS, BO3HUKACT
pPEXHUM CBEPXTOKOB, UTO MOXKET BBI3BATh IMEPErPEeB WM MOBPEKIACHHE OOMOTOK
TpaHchopmaTopa npu OnpeIeTICHHON MPOAOHKUTEIILHOCTH BO3ICHCTBHUS.

JIJist 3a1UThl OT TAaKOTO pekuMa Ha TpaHchOpMaTope YCTaHABIMBACTCS —
MT3 ot cBepxTOoKOB BHelIHUX K3.

MrHoBeHHOE cpabaTbIBaHHE OT TAKOM 3alllUTHl HE TPEOYyeTCs, MOITOMY OHA
cpabaThIBaET C HEKOTOPOU BBIIEPKKON BpemMeHu — t,., = t&5"" + At.

[leperpy3ka o0opymoBaHMs, BbI3BaHHAs YBEJIMYEHHEM TOKa CBEpX
HOMHUHAJIBHOTO  3HAYCHUS, TPHUBOAUT K  JIOMOJHUTEILHOMY  TE€PETPEBY
0o0OpyZI0BaHUsI, U COOTBETCTBEHHO, K YCKOPEHHOMY W3HOCY W3OJSIUU, U €€
MOBPEKICHUIO.

Tak kak meperpy3ka d5TO CHMMETPUYHBI pEXUM, TO JOCTATOYHO
YCTaHOBUTh pelie B OnHY a3y, KoTopoe OyaeT IeHCcTBOBaTh Ha CHUTHA,
MPEAYNPEKAAONIMNA 00CTYyKMBAIOIUNA TEPCOHAT O HEOOXOIUMOCTH Pa3rpy3Ku
00opy10BaHUS.
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10.1 Be16op TpanchopMaTOPOB TOKA U TPAHC(HPOPMATOPOB HANIPSAKEHUS
1Jis moakJIvenusi P3

1. TA1, TA2 (BH)
HomuHanbHbI TOK BBICOKOW CTOPOHBI, A

/B O (136)
H \/§ . UE ’
B 10000
I; =—=5248,
V3-110
riae S, — MOITHOCTh TpaHchopmaTopa, KB-A;

UB — manpstxenne BH, xB.
Pacuetnsiit Tok Tpanchopmatopa, A:
153 =18 - ko = 52,483 =90,9, (13@1)

rae k., — KO3POUIIUEHT CXeMBbI, TaK KaK cXeMa COCTMHCHHS TMEPBUYHON OOMOTKH
«TPEYTONBHUKY, ko = V3.

Bridbupaem tpanchopmarop Toka TBT-110-1-150/5:

— HomuHanbHbIN TOK I, = 150 A;

— Koaddumment tpanchopmaruu nyyq = 150/5.

2. Beibupaem tpanchopmaTopsl Hanpsbkenus TV1 — va ctopone BH n TV2 —
Ha cropone HH:

Ug
Rrvi = o5 (138)

110000
nry1 = W =1100.

Bri6upaem tpanchopmartopsl Hanpsbkenus TV1 — HAMUP-110 VXII1.

Us 139
Nryz = 100" (139)
10000
Nry; = 100 =
cm
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Bri6upaem tpancdopmaTtopsl Hanpspkenus 1V2 — HAMU-10 YXJI2.

10.2 3amuTa 0T MHOT0(a3HBIX KOPOTKHX 3AMbIKAHUH

Hust 3amutel  oT MHorodasueix K3 mpumeHsieM TOKOBYIO OTCEUKY
MraoBeHHoro aeiictBus (TOMJI). Kommiekt 3anuter: 610k SEPAM 80.

Pacuer ycraBok.
Tok cpabatbiBaHuUS 3aIIUTHI, A:

I,=4-18, (140)
I, =4-52,48 = 209,92.

Tok cpabateiBanus peine, A:

Kex
Icp =le3 m; (141)
I, = 209,92 > = 12,12
cp — ) ° @ - ) )
5
raie ko — K09pPUIUEHT CXEMBI, [T CXEMbI «TPEYTONBHUKY IPHHUMAIOT /3 ;
Nyg1 — kK03 duimeHt Tpanchopmanuu Tpanchopmaropa Toka TAL.

[IpoBepka 3aiuThl M0 YyBCTBUTEIIBLHOCTH:

@
k, =12 >2, (142)

IC3
o8> _ 2,78 = 2
7209,92 o

YTO yAOBIIeTBOpsieT TpeOoBanusam 1Y 3.
10.3 3ammura ot cBepxToKOB BHeInHuX K3
J{ns 3auThl OT CBEPXTOKOB BHEMIHMX K3 TMPUMEHAIOT MaKCUMaJIbHYIO

TokoBY10 3amuty (MT3). Kommext 3aumuthi: 610k SEPAM 80.
Toxk cpabaThIBaHMsI 3aIUTHI, A
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. ky ke
I; = k : Ipa6.M3Kc ’
B

L= Y22 g 20744
c3 — 0,85 ) - ) )

riae k,, — koaddurnment Hagexxnoctu, pased 1,1 — 1,3;
k., — ko3 punmeHT camozamnycka, MpUHUMAIOT OT 1 110 3;
k., — ko3¢ durenT Bo3BpaTa npuHUMAaIOT paBHbIM (,85;
Ia6 maxc — MAKCUMAIIbHBIN pabo4nii TOK cToporbl BH.

Ipa6.Ma1<c =14- 11]{3 )

I

pa6.Makc — 1,4-52,48 = 73,47 .

Tok cpabateiBaHus peine, A:

(U

I, = 207,44 - =6,91.

150
5
[IpoBepka 3a1uThI 10 YYBCTBUTEIBHOCTH

lo

ky =11 > 15,
IC3

585
207,44

=2822>1,5,

YTO yAOBIETBOPsET TpeboBaHusM [1Y .
Bpewmst cpabaThiBaHus 3alIUTHI, C:

te, =t + AL,

t,=1+05=15.

(143)

(144)

(145)

(146)

(147)
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10.4 3ammTa OT TeXHOJIOTHYeCKHX Neperpy3oK

JIns  3ammThl  OT TEXHOJIOTMYECKHX TMEperpy3ok  TpaHchopmaTopa

npumeHsioT MT3 ot neperpyszok. Kommnekt 3amutsr: 610k SEPAM 80.
Tok cpabatpiBanus 3ammra, A:

ky
I; = k_ ) Ipa6.MaKc ’ (148)
B
Il =222 73,47 = 90,75
c3 0,85 ) - ) )

rae k, — koddurmeHT Hage)kHOCTH, paBHBIN 1,05;
k., — xoaddunment Bo3Bpara, paBubiii 0,85.
Tok cpabateiBaHus peine, A:

k
Ip = Ies nl; (149)
TA2
1
Iy = 90,75 150 = 3,025
5

Cornacno ITYD MT3 oT neperpy3ok Ha 4yBCTBUTEIBHOCTh HE TPOBEPSAETCS.

Bpewmst cpabaTeiBaHus pelie ASIUTCS Ha 1B OUEpeIu:
I.;; = 9 — 10 ¢ — curHan u aBTOMaTU4ECKast pa3rpy3Ka;
I35 = 40 MUH — OTKIIIOYEHUE.

10.5 3amura oT NOHMIKEHUS HANIPSIKEHUS
VYcraHaBIMBaeTCs Ha CTOPOHE BBICOKOTO HAIPSKEHMS.

Kowmmnekr 3ammre: 610k SEPAM 80.
Hanpsixenue cpabaTbiBaHus 3aIUTHI, KB:

Uc3 =07 UHOM . (150)
U, =07-110 = 77,

Hamnpsixenue cpabateiBanus pene, B:
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UC 3

Uy, = )
- (151)
U - 77000 70
® 1100
Us-k
kU =——2>1,25, (152)
oCT
rae U,.; — ocTtaTouHoe HanpspkeHue npu K3 B cMeXHOM aremeHTe, KB;
k., — xoadpunmeHT Bo3Bpara pene, paBeH 1,25.
U_77-1,25_556
! 173 T
YTO yIOBIETBOPsET TpeboBanusiM [1YD.
Aucm
! [T-14060062 113 "
M.
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3AK/IIOYEHUE

Pa3paboTurkoM JaHHOTO MUIJIOMHOTO MPOEKTa ObLI MPOU3BENEH pacyer
AIEKTPUYECKUX HArpy30K MPEANPUATHS W ONPEIECIEH LEHTP SJIEKTPUYECKUX
Harpy3ok. [[s peleHus Bompoca O CXEME BHEIIHEro 3JIEKTPOCHAOKEHUs ObLIO
MIPOU3BEAECHO TEXHUKO-D’KOHOMHUYECKOE CPABHEHHE BAapUAHTOB CXEM BHEIIHETO
ANEKTPOCHa0KeHUs npeAanpustus. [IpousseaeH BEIOOP IEKTPOOOOPYI0BAHUS IS
BHEIIHETO U BHYTPEHHETO JJIEKTPOCHAOXKEHHS, pacyeT | BBIOOp CPEACTB
KOMIICHCAIlUH PEAKTUBHOW MOIIHOCTH npeanpudaTtus. [IpoBeaeH pacuer penenHomn
3amuThl cuioBoro Tpanchopmaropa [TIII. IlpousBeneH pacder 3alUTHOTO
3azemuieHust U1 MoaHue3amuTel OPY T'TIIL

B pesynbrare mnpoBeneHHBIX pacdyeToB Oblia pa3zpaboTaHa cUCTEMa
ANEKTPOCHAOKEHUSI ~ TpaHC(POpMATOPHOrO  3aBojAa,  OTBEUalOIIasi  BCEM
HEOOXOJAMMBIM  TpeOoBaHUSIM MO  OecnepeOOMHOCTH M HAACKHOCTH
AIEKTPOCHAOKEHUS.
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[TPMJIOXKEHUME A

Peamm3anus pacuéra toko K3 B MatchCAD
Pacyér tokoe K3 8 MathCAD

Pacui&r ToKOE KOpOTHOro 3aMbIKGHWA B OTHOCWTENLHLIX &4WHULAX B 3NekTpoycTaHoekax exiwe 1000 B

Jagaém Havano oT4éTa QORIGIY =1
Pttt

Bribop bazuckslx yenosud

Pacuér NpoWU3BoOOMM B OTHOCHTENBHBEX e0WHWLEX, WCNOoNL3YA I'IpHE.I'IHH(EHHDE NpUBXULEHHWE K III,EI,HI:II:1
CTYNEeHW HanpAxeHWA, Npy GasncHBIX YCNOBWAX

S =500 MBA S == 1200

OnpegenAenm BaszncHele TOKK:

Ss Ss {2517
I =——— b =—— = f
1 ﬁ . 1;_;51 2 ﬁ i 1;_;51 L 27493 )

OnpedeneHue napaMempos 3mexkmpudeckol cxeMel saMmelyeHus G330

CocTaBneHAEmM CHeMy 3aMelleHnA W onpegendiem CoOnpoTUBNEHWA B Ga3nCHBIX EOWMHULEX

JHeprocHcTema

g
= — = 0417

ES

Tpauncdropmatop T2
Smom, = 10 Uk, = 103
UKJ - 5'5
R =————  =35325

1 1040 - Bxom,

NEGET

KonvyecTeo NUHKWIA i=1.

laa

W1 - BoagywHele nuHak 110 kB

1
"]
in
B

xy = 0420 Om/km rp = 0204 Omlrm
1 1
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W2, W3 - kabensHeie nuHan 10 kB Us. = Us

= 0.620 Omafim ., = 0.08 Omalkm 1, =0513 =®m
xy_ = 0.620 Om/km =008 Omkm 13 =003 M
}.'.:.i S'ﬁ - 11 r.:._lSE . 11
Tw = o tw =T
U ™ Us |”
|Vs,) |V,
(0.056Y (0.0277)
K= | 1.448 £, = | 0.187
\.0.084 ) \ 0011

CHHXPDHHbIﬁ LBWratene, r4e Nas - KOMMYECTBO OBWraTenei,

fig, =4 g =102 s

MonHoe CONpoOTHENEHWE pPACCYWUTEIBAEM WCXO4A W3 YCNOBWUA eChK re=%z3, To YYATEIEEM B
pﬂE'—IéTEK dKTWEHOE CONpPOTUENEHWE.

T2, X
Ze(R.X) = [JRE+X £ R>Z

a

X otherwise
ZV.- = Zlev _.Xv :| Z‘.‘ = [I'-I-'-'E
Leiids | -7 —1,

Onpepennem Tok K3 B Touke K1.

LK, = — K = 5316
Zy. 1
1
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Onpegenfem cyMMapHoe CONPOTMBMNEHWE CO CTOPOHBI CUCTEMBI W CO CTOPOHE! CUHXPOHHOMD ABMraTennA
A0 Todkn K2

Xp, =Xp +x Kep, = 5722

Ry, =Ry Ry = 0.027
Xap, = 5 + &, Kogr = 32.698
Rz, =tw, Regx, = 0.187

MNonHoe conpoTWBNEHWE pAcCYWTEIBAEM WCKOAA W3 YCAOBWA BCNKW L=XE/3, TO YYMTEIBEAEM B
pac4éTtax aKkTMBHOE COMNpPOTMEMEHKE.

- 3 X
B +X f R=>» -

]

Zx(R.X) =

X otherwise

Is, Is,

Deck, = — DhepFl, = ——
I Z'I1

TkeK, = 4.803 Thenkl, = 0.841

CymMmapHelid Tok B Touke K2 pased

K, = 5643

Fr

K, = Thekly + Dhcpk,
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OnpegenAem pe3ynsTWPYHILWWE CONPOTMENEHNA A0 Toukk K3

CObedMHATE CCTEMY DECKOHEYHO MOLLHOCTA W CHHXPOHHBIA JBAraTeNs HEML3A, NOITOMY
ONpegenAem TOKH C NOMOWbH KO3 DHWUMEHTOE pacnpegeneHnA. Haxo4uM IKBUBANEHTHOE
CONPOTHENEHWE OT MCTOYHUKOE NUTAHWA, KOIQHUUMEHTEl pacnpedeneHna u peayneTHRY W Me
CONPOTHENEHWA 40 ToYkK K3,

Xew, - Kenw,

1 Ky + Xgr, 2

oxs, Hage, (0831
K = . K, = X, = \.0.149
Tpan3 =:"'355.|+:“-".=.| Tpax3 = 6.318
| . (74247
i=1.2 i3m. = :{3:::_]_')_]_'31 |
l I\. Ry Pt
Ky - /

OHpE,ﬂ,EJ’IHEM TOKW B TOWKe K3 0TOENBHO OT CACTEMEI M OT CHHXPOHHOID JEWrarens

I, Is
IKEK3 = - h{C,EI;K; =
Hpaz3 4x,
IxcE; = 4351 IxcpE; = 0.648

CymmapHelid ToK B Touke K3 paeeH

IRK ; = IicK; + IcK LK ; = 3

InA onpegensHnA yoapHoro Toka B Todke K1 Haxogwm yaapHelil KosdduuneHT B 3aBUCHMOCTI OT
OTHOLLEHWA XE/TE

X T J
TR.X) = = Ta, = To(Re %z T, = 17404
(o, = 17
Kom,
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YoapHele koaduumenTsl B Toukax K2, K3

K =18 Ko, = 18

-

OnpepenfAen yoapHele Tokk B Toukax K1, K2, K3

i:-nl:=\'@']]"'K1'Hﬁ-n1 i:-nz:=\'{j']]"'K]'Hﬁ-nJ i}n31=\'{j']1‘K3'Brﬁ-n3

Peaynerarel pacuérta Tokoe K3

(53167 (1.7 (12.7793
K = | 5.643 K= 18 b= | 14371
s \18) \12.7127)

Pacyér ToKkoB KOpOTKOrD 3amMblKaHWA B MMEHOBAHHLR, B4MHILAX B 3NeKTpoycTaHoBkax Huxe 1000 B

U; =04 xB Suomr = 1600 APy =18 uk =33

MpueraeHHoe K BaancHomy HanpAxednn U=04 B conpotwenadne, OM, 3NeMEHTOB CXEMEI 4O LEXOBOMD
TapHCopMaropa CocTasuT

R,
[04) ;

e 4 = Fomed - | | Coen g = 9162 10
Hpez3i0 4 = Hpazs 105 Hpaz30 4

OnpegenAem conpoTEneHne, MOM, uexoBoro TpaHchopmatopa

APy Us 6 .
T = - - 10 rp = 1123
SHOMT  SHOMT

1 2 2
(ukY" [ AP\ U 6
Ep = [l —1 - - 10 Hp =

;\.‘_].I}D_,Il- ;thHm-frr_,.'- . SHomMT

Ln
aa
(=]
=

PaccuuTeiBaem CyYMMapHOE peakTMEHOR CONpoOTHEMNeHWe, MOM, 0o Toukn K4

EE4 = Hpa3ps T A Hppg = 3393
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CymMmapHoe akTWEHOE conpoThenedne, MOM, KpOME CONPOTMENEHWA LUEX0BOro TpaHcpopmaropa,
OOM#HO YUNTEIBATE NEPEXOAHEIE CONPOTUENEHUA KOHTAKTOE. [INA 3Toro BEOAWM B pacuqér
pobaBoYyHoE CONPOOTMENEHWE, KOTOPOE HA LUMHAX NOACTAHUMW cocTasnAeT 15 mOm:

foog = 13
oy = Iy + Ipes vy = 16.125
Onpegenaem oK, kKA, K3 B Touke K4

U; - 1000
Ligs = = =
NER | Ing4 + Tmps

Paccuutaem yaoapHelil Tok, KA, B Todke K4, Haxogum yoapHeii KosdduyrenTt no kpueaoi

JABMCUMOCTH 0T OTHOLEHWA XETE

Tat = o8 Tad = 033
oy
g = 101
igps = 2 - Ly - Kopg bops = 194
cm
T | e | o | Todee | Zome HT-14040062 13 o1




