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PE®EPAT

Brimycknas kBanudukarnuonHas padora coaepxkut 110 c., 10 pucynkos, 19

TaOJIUIIbI, 2 IPUIIOKEHUHN, 25 UCTOUHUKOB.

XAPAKTEPUCTUKA PAVIOHA, CXEMA SJIEKTPUYECKUX
COEJIMHEHUI, PACYET TOKOB KOPOTKOI'O 3AMBIKAHNS, BhIEOP U
ITPOBEPKA DJIEKTPUYECKOI'O OBOPYJIOBAHNS, PEJIEMHAS 3AIIIUTA 1
ABTOMATHUKA, HAAE)KHOCTD, BE3OITACHOCTDH 1 SKOJIOTUYHOCTD.

B nanHOM BBITyCKHOM KBadM(UKAIMOHHONW paboTe Oblla MPOU3BE/ICHA
PEKOHCTPYKIIUSI CUCTEMBI 3JIEKTPOCHAOKEHU KUIoro paiiona r. CeodonHoro. J[ano
ONMHMCAHWE pailoHa; TMPOM3BEIEH pacyeT HAarpy30K KOMMYHAJIbHO-OBITOBBIX
norpedureneil. beln ocymiecTBieH BEIOOP KOJMYECTBA U TUIIOB TPaHC(HOPMATOPOB Ha
KOMIUJIEKTHBIX TPaHC(HOPMATOPHBIX MOJCTAHUMUAX, KAOENbHBIX JIMHUMU, OIpeieseHa
HaAEKHOCTh paboOThl IeHTpa nuTaHus. [Ipon3BeneHbl pacdyerbl TOKOB KOPOTKOTO
3aMbIKaHUsl JJis BbIOOpa M TMPOBEPKH HUBKOBOJIBTHOIO UM BBICOKOBOJIBTHOTO
AIEKTPOOOOPYIOBaHUS, PACCMOTPEH pacyeT peJIeMHOW 3alllUuThl TUTAIMX U

OTXOJAIINX JIMHUM.

B pasngene «be3omacHOCTb M DKOJIOTMYHOCTB» PAacCMOTPEHBI  BOIIPOCHI
0€30MacCHOCTH U 3KOJIOTUYHOCTH MPOEKTa, BEIOPAHBI MOAXOASIINE MACIONPUEMHUKH.

Tak>ke paccunTaHa miomaab 3emelb, orBoaumas nog Mmoutax KTII 10/0,4 xB.
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ABP — aBTOMaTnyeckoe BKIIOUECHUE PE3EPBA;
AIIB — aBTOMaTH4Y€CKOE MTOBTOPHOE BKIIFOUEHHUE;
BJI - Bo3nymiHas nuHus;

BH — BrIKIIIOUaTENb HATPY3KHU;

JIPJI — nyroracsimas pryTHas Jlamna;

K3 — kopoTkoe 3aMbIKaHHUE;

KJI — xabenbHas IuHUS;

KPYH — KOMIUIEKTHOE pacOpeAeIuTeIbHOE YCTPOMCTBO  HapyKHOM
YCTaHOBKH;

KTTII — xommnexkTHas TpanchopMaTopHasi OICTaHIINS;
KY — komnieHcupyroliee ycTponcTBo;

JIDII — nuHus 37eKTpoIepeadu;

MT3 — makcumaibHasi TOKOBas 3allMUTa;

OIIA - orHeTymmTeNns NOPOIIKOBBIM ABTOMAaTUYECKUM;
OIIH — orpannuuTens NeEpEHANPSKEHUN HEIIMHENHBIN;
OV — orHeTymmTenp yrieKuCIOTHBIN;

[16B — nepekntouenue 0e3 BO30YyKIEHUS;

IIC — noacranuus;

ITYD — npaBuna ycTpoicTBa 3JIEKTPOYCTAaHOBOK;

P3 - peneiinas 3amura;

COC — cuctembl 2IEKTPOCHAOKEHUS;

TH — tpanchopmaTtop HanpsHKEHHUS;

TO — TOKOBast OTCEUKa,

TII — TpanchopmaTopHasi MOACTAHIINS;

TT — Tpancdopmarop Toka;

YC — ype3BbIYaliHbIE CUTYaALUN;

LT — nentp nuranus;

[OH — 1neHTp 2JIEKTPUYECKUX HATPY30K.



BBE/JIEHHE

OcHOBHOM XapakTepHOW 4YepTod dS(PGEKTUBHOCTH TOPOJCKON CHCTEMBI
AIIEKTPOCHAOKEHUS SBIISICTCSA €€ TUHAMUYHOE PA3BUTHE M PACITUPEHHE 3a CUET BBOJIA
B DKCIUTyaTallMi0 HOBBIX OOBEKTOB U PEKOHCTPYKIIMH YK€ CYIIECTBYIOIIMUX Ha Ooiee
coBpeMeHHble. HecMOTpsi Ha CHIKEHHME SKOHOMHKH, KOTOpas BBIPAXKAETCA B
YMEHBIIICHUU  TOTPEOIAEMBbIX  DJCKTPUYCCKUX  MOIIMHOCTEH, €CTh IPOTHO3BI
MIOCTEIIEHHOTO Pa3BUTHUSl TPOMBIIUICHHOCTH, KOTOpPHIE HANPSIMYK CBSI3aHBI C
YBUJIMYCHUEM JIOJIA TIOTPEOJICHUS DJIEKTPOIHEPTUN TIPOU3BOICTBEHHBIMUA OOBEKTAMH
U B 00IIIEM KOJMYECTBE TOPOJICKOTO MIEKTPONOTPEOICHUS.

ens BbITyCKHOM KBadU(UKAIIMOHHONW paboThl - pa3pabdoTaTh METOJUKY
PEKOHCTPYKIIMU U COBEPILICHCTBOBAHUS AJICKTPUUYECKON CETH, MPHU peaau3aluu B
KU3Hb KOTOPOM, YJAI0Ch Obl YBEJIMYUTh YPOBEHb HAJCKHOCTH DJIEKTPOCHAOKEHUS
noTpeduTenel ¢ OJHOBPEMEHHBIM  CHUKEHHEM  OTHOCHUTENbHBIX  YTEYeK
ANEKTPOIHEPTUHN. B cXeme pa3BUTHS TOPOJCKUX DIICKTPUUYECKUX CEeTed TpeOdyercs
MPUHATh WHKCHEPHBIC PEIICHUS, IMO3BOJISIIOIINE HAWTH PEIICHUS C MHUHHMAJIbHO
BO3MOYKHOMW 3aTPaToMu.

OcHOBHOIl ~ mpoOJieMOM  BBIMYCKHOM  KBamu(UKAIMOHHOW  PabOTHhI
AJIEKTPOCHAOKEHUSI TOpOJla SIBISIETCA OMPEJEICHUE BEPOSTHBIX AJIEKTPHUUECKUX
Harpy30K Ha pa3JIMYHBIX CTYNEHSX OdJeKTpuueckod cetu. Harpysku sBisitoTcs
OCHOBOTIOJIAralOIIMMU TEXHUYECKUMH XAPAKTEPUCTUKAMHU YaCTEHl 3IEKTPUUYECKOU
CEeTHU - CEUCHHMS W MApKU MPOBOJHUKOB, MOIIHOCTH W THUIIOB TpaHC(HOPMATOPOB,
ANIEKTPUYECKUX allllapaToB U JIPYrOoro BCIOMOTATEIbHOTO AJIEKTPOTEXHOTEHHOTO
oOopynoBanusi. [IpeBbillieHHEe  O0XHAAEMBIX JJIEKTPUUECKHX  HArpy3oK Tpu
MPOCKTUPOBAHUM HArpy30K IO CPaBHEHUIO C (PAKTUUYECKUMH DICKTPUUECKUMHU
Harpy3Kamu, BO3HUKAIONUMHU TIPH paboTe 00BEKTa, BHI30BET MPUYHHY Tepepacxoaa
MIPOBOJTHUKOB M HEOIIPaBJAaHHOMY TMIEPEPACXOAY CPEICTB, BIOKEHHBIX B U30BITOUHYIO
MOIITHOCTB 3JIEKTPOOOOPYAOBaHUS. 3aHKEHUE - K YPE3MEPHBIM MOTEPSIM MOITHOCTH
B CETH, HArpeBy, TMOBBIIIEHHOMY W3HOCY W CHIDKCHHMIO CpOKa CITyXObl

AIEKTPOOOOPY10BaAHUS.



Pa3Butne snepreruyeckoil cucremsl ropoga CBoOogHOTO pa3pabaThiBaeTCs U
y)K€ HAYMHACT BBIMOJHATHCS B COOTBETCTBMM C  TpeOOBaHMSAMH  BCEX
GYHKIMOHUPYIOIUX HOPMATUBHBIX JOKYMEHTOB. B BBITyCKHON KBamu(UKAIMOHHON
paboOThl YYHUTHIBAIOTCA BCE MOTPEOUTENH BJICKTPOIHEPTHH PACIONOKECHHBIE B
npezesiax YCJIOBHBIX PaMOK KWJIOrO MHKpopaiioHa BoctoyHoro paiioHa ropoja
CBoOoanoro. PacuetHbie HArpy3Ku AJIs KUAJIBIX JJOMOB UMEIOIIEr0Cs MHOTO3TAKHOTO
KWIOTO cekTopa OynyT GopMHpoBaThCsl € y4eTOM  IEHTPAIU30BAHHOTO

QJICKTPOIMHUIICIIPUTOTOBIICHUA.

Ha ocHoBaHuM BbIllIE YIOMSIHYTOI'O, Pa3BUTHE CHCTEMbI AJIEKTPOCHAOKEHUS,
00ecreunT He TOJIBKO NOTPEOHOCTh MPOTHO3UPYEMOTO YPOBHSI 3JIEKTPONOTPEOICHUS,
HO ¥ T[IO3BOJUT HApPACTUTh HAJAEKHOCTb M KayeCTBO AJIEKTPOCHAOKEHUS
norpedurensel ¢  OJHOBPEMEHHBIM  COKpAllleHHEM OTHOCHUTEIbHBIX IOTEPb
IIEKTPO3HEPTUH. Bce 3TO M SABISAETCA LENBI0 TEMBbI BBIOJIHEHHOW BBITYCKHOU
KBIM(PUKALIMOHHON pabOTBHI.

Tak-)xe B BBITYCKHOM KBaJM(UKAIMOHHOW pPadOTe 3aTPOHYTHI BOIPOCHI
OXpaHbl TpyJla U OKpYy»Karolen cpeasl. Hu Ha aTanax peKoOHCTPYKIUMHU, HU B IIpoLiecce
OKCIUTyaTallMM  CIPOEKTUPOBAHHBIX KaOENbHBIX JIMHUM 3JEKTpolepenayud U
TpaHC(HOPMATOPHBIX MOJACTAHIMI HE JOKHO OKa3bIBATHCS MMATOT€HHOE BO3/ACHUCTBUE
Ha OKpyxarwlyro cpeny. OxpaHa OKpyKalolled Cpelpl I0JDKHA O0eCreunBaThCs
KOHCTPYKTUBHBIMU  PELICHUSIMA  THUIOBBIX IMPOEKTOB, B CBSI3H, C YeEM
JOTIOJTHUTENbHBIE ~ TPOLEAYpPbl,  BIEKYIIME K  YJIOPOKAHUIO  CTOMMOCTH

PEKOHCTPYKIIUH, HE TOTPEOYIOTCS.



1 SHEPI'OOKOHOMMUYECKHUE XAPAKTEPUCTUKHU
PEKOHCTPYUPYEMOI'O PAIOHA

3anuTaH PEKOHCTPYUPYEMBbIM paiioHa OT TOPOJCKON TMOHU3UTEIbHOU
noncranuii bazosas 35/10 kB.

CBOOOIHBIN HAXOAUTHCA Ha 0ore AMYpCKO-3€HCKOI paBHUHBL, Y Oepera peku
3es (mputoka pexku Amyp), ot brarosemiencka 120 km ceBepueit. ['opon umeer nmopt
PEYHOI, JIBE JKEJIE3HO JOPOXKHBbIE cTaHIuu: Muxaiino-YecHokoBckass 1 CBOOOIHBIH.
[leperpy3ounyto 6a3y rpy30B BOJAHOTO U 5KEJIE3HOJIOPOKHOTO TpaHcmopTta. B 40 kM.
OT TOPOJa BEIETCA CTPOUTEILCTBO KOcMOApoMa BocTouHEbIl ¢ TeppuTopHeii 225 kM2,
Tak->xe 3aJ05)KEHO CTPOUTENILCTBO Ta3o-mepepadarbiBaroliero 3aBojga B 12 kM. OT
ropoZia, B CBSI3M C YEM BEJAETCSI CTPOUTEINBCTBO HOBOW JKEJIE3HOAOPOKHOM BETKH OT
craniuu Yctb-Ilepa. ImeTscs pasBszka aBTogopor. CBOOOIHBIN — SBISETCS BTOPHIM
B AMypcKO# 001acTH IO BEIMYMHE U 3HAYEHUIO U3 BCEX FOPOJIOB.

PekoHcTpyupyemblii  pailoH pacnojio)keH B OJarompusTHOM MecTe s
NPOKMBAHMS, TAaK-KaK B 30HE €ro HAXOXIEHUS OTCYTCTBYIOT MPOMBILIICHHbIE
NPEANpUATHs. bIaronpusTHBIA 1O 3KOJIOTMH, HE NOJAJIEKY OT LEHTpa, OJHAKO C
XOpOIIO Pa3BUTOM MHGPACTPYKTYpol (aAMUHUCTpALMS, TOJIUKIMHUKA, UIKOJA,
NeTCKUA call, TMapKH, pa3BA3KUA JOpPOr ), paliOH TaK-Ke SBISETCA OJHUM U3
0€e30MacHBIX.

Bocrounas yacTe ropoga B OCHOBHOM HMMEET MHOTOATaXHYIO 3aCTPOMKY-
JIOMa BBICOTA KOTOPBIX IISITh ATaXXEW M YMCIOM KBapTHUP OT JIBEHAALUATH 10 Mapy
coTuH. [ImaHnpoBKa KBapTUp UMEETCS KaK HOBasl, TaK U crapas. ECTb KBapTHUPBI, KaK
C AJICKTPUYECKUMH, TaK U C ra3oBbIMH IUIMTaMH. CHIIOBBIE HArpy3Kd B JKHIIBIX
NOMEIICHUAX OTCYTCTBYIOT. [IpoMbIlZIEeHHAass HAarpy3ka B 3TOM pailOHE OTCYTCTBYET.
bonpmie mectuaecatu % mnorpeduTeneld  SBIAIOTCS MOTPEOUTENIMH  BTOPOU
KAaTerOpUH HaJEKHOCTH, OCTABIIMECS - TPETEN.

Haxomutbest ropony CBOOOIHBIM B I0KHOM YacTH AMypcKod 00JacTH.

KnuMatnueckue xapakTepUCTUKU pailoHa MpUBeAeHbI B Ta0IuIeE 1.
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Tabmuma 1 — Knmmmatnueckass xapakTepucTHKa paiioHa

XapakTepucTuka ITokaszarenn
1 2
Kinumaruueckas 30Ha Il
CpennerosioBas Temiieparypa, °C 4
AOconoTHBIN MUHUMYM, °C -49,2
AOcomoTHBIN MakcuMmyM, °C 31,6
Paiion o BeTpoBOMY J1aBJICHHUIO Il
PaiioH 110 TONIIMHE CTEHKH rOJIoena Il
Umcio Tpo30BbIX YaCOB B TOJ 50
HopmatuBHas rmy0rHa mpoMep3aHusi TpyHTa, M 0,3
100

Y 1e/bHOE CONPOTUBICHHE TPYHTA Py , OM'M
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2 NICXOJHBIE TAHHBIE JIUIAA AHAJIM3A HAT'PY3OK 1 X PACYHETDI

2.1 Pacyer 3JIeKTPUYECKHUX HATPY30K KUJIBIX 31aHUI

[TpousBeny pacuer 3JIEKTPUUYECKUX HATPYy30K KHUJIBIX 3JaHUN IO METO.Y,
M3JI0’)KEHHOMY B [3].

B pacueT xuibIX 311aHUl BXOJAST pacyeThl HArPY30K JKUIIBIX JJOMOB.

AKTHBHYI0O MOITHOCTh BCETO JOMa OMNPEACISII0 IO HIDKE W3JI0KEHHON
bopmyie:

=P

y0

‘N, (1)

rae P,y — Harpyska yJenbHas OIHON KBapTHphI, KBT/KB;
N - YUCII0 KBAPTUP.

OHpGI[CJIHI-O PCAKTHUBHAs MOIITHOCTD I1O (bOpMYJIC:

Qofc.d = Polc.() : tg(ﬂ ! (2)

Onpenensro u3 pacuera KBT/M? yloenbHYr0 HArpy3Ky MarasMHOB WM

3aBeJICHU 1MOJJ00HOE UM, HAXOIAIIKUECS B JOMaX, IO BBIPAKEHUIO:

=P

ecm y0.K8 ) Smope ! (3)

Onpez[enmo PCAKTHBHAs MOITHOCTD IIO BBIPAKCHHUIO!:

Qecm :Pecm tg¢' (4)

rae S

ope ~ IUTOIIA/Ib MarasuHa TOProBast.
Omnpenensar0 aKTUBHYX0 W DPEAKTUBHYIO DACYETHYI0 MOLIHOCTH JOMa IIO

dbopmynam:
12



P

p.oic.0

:Pofc.d—'—ky'P@cm’ (5)

Qp.ofc.d = ch.() + Qcm’ (6)

re K, - kooppuuueHT yqactus B MaKCUMYME HarpysKuy;

Pgcn - pacueTHas Harpy3Kka BCTPOEHHBIX yUpexaeHui, KBT, u3 Tadauuel 54.4, [3].
Onpenensto MOJHYID MOIIHOCTh M HOMHUHAJIBHBIA TOK S>KWJIOrO Joma IIo

dbopmynam:

So;c.() \/ Fp?.oic‘dz + Q.ch‘dz ! (7)

P (8)

HOM UHOM ) \/é !

[IpuBeny B npumep pacuet 80-KBapTUPHOTO KHUIIOTO JIOMA, C PACHOJIOKEHHBIM
MIPOJIOBOJIbCTBEHHBIM Mara3uHoOM C KOHAWIMOHUPOBAaHHWEM BO3AyXxa (Ha miaHe Ne
81), Ha nepBoM sTaxe, HA Iomamu 50 M2

bepy cripaBouHbIE TaHHBIE:

VY nenbHas pacueTHas AJEKTpUYecKas Harpys3ka goma: P, =2,1 KBT;

Y0.xeap

KoaddummeHT MOIHOCTH HArpy3KH JoMa: tgg = 0, 2;
VYnaenpHass pacyeTHas ~ DJIGKTpUYECKas Harpys3ka IpOJ0BOJBLCTBEHHOTO

MarasuHa ¢ KOHIULIMOHMPOBAHUEM BO3yXa: P, =0,25 kBT;

0.npoomaz

[Lnomaae NpoAOBOIBCTBEHHOTO Mara3uHa: n =50M?;

npoo.maz
Kosddumuent yuactus B MakCUMyMe HAarpy3Kd MPOJIOBOJBCTBEHHOTO

MarasuHa: Ky“””e =0,7;

Onpenensio pacyeTHYIO 3JIEKTPUUECKYIO0 Harpy3Ky:
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P.,=P,-n, =271 80= 16¢KBT,

Q... =P,, 1gp=168 0,2= 33,tkBap,

P =S8,.,. P,=50 025 12 KBT,

ecm mope

Q.. =P. tgp=12,5 0,75 9,37 kBap,

P

p.oic.0

=P

.0

+k,-P,, =168+ 0,9 12,5 179,2KkBT,

Qp.a/c.z) = Qv/z,‘.d + IS/ : Qcm = 3316+ 019 91375: 4 KBap)

Spo=\[Procs’ +0, .7 = 179,28+ 43 = 184, kBA,

S 184,1

| = =
HOM UHOM ] \/§ O, 38\/_3

= 280A.

Taxk >xe mpoBexy pacyeThl )KUIIBIX JOMOB CO BCTPOCHHBIMU B HUX MarasuHaMu,
U pe3yJIbTaThl NpuBeay B Tadnuie 1.

2.2 Pacuer 3J1IeKTPHMYECKHUX HATPY30K 00IIeCTBEHHBIX 31aHNH

K 3ganusiM 00111€CTBEHHOTO 3HAYEHHSI OTHOCUM MYHHIIUNATIbHBIE YUPEKACHUS;
(erckue canapl, IIKOJBI, MEIULIUHCKUE YUYPEKICHHs, KHUHOTEaTphbl, XMUMUHUCTKH,
IMYHKTBI OOIIECTBEHHOT'O TUTAHUS, CHOPTUBHBIE COOPYKEHUS, U TOMY IIOJIOOHBIE).

Onpenento MO yAEIbHBIM 3JIEKTPUYECKUM Harpy3kam, OTHECEHHBIM WM K
TUTONIA/IM, I K YUCITy MECT PACUETHBIE JIEKTPUUECKIE Harpy3KH 3TUX 0OBEKTOB.

JUist mpuMepa paccurTard ANEKTPUYECKUE HArpy3KM M HOMHUHAIBHBIA TOK B

nerckom caay (mmo miany Ne 95).
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F)O.c — Py@.z).c ’ nmecm ! (9)

rae N

mecm

-quCJI0 MECT ACTCKOI'O cajaa,
Pyo.a.c - YACIIbHAA HArpy3kKa ACTCKOIO caaa, kBt/™mecTo.

N3 cnpaBounoi Tabmuiel  54.4, [3]. BbIOMpal0 3HAUYCHHE  YACIbHOMN
ANEKTPUYECKON HATPy3KH JUIsl AETCKOTO casa.
Haxoxy crnipaBouyHble JaHHBIE:

YienbHas pacyeTHas O3JIEKTPUYECKas Harpyska JETCKOro cama:P,, . =0,46

0.Kx68ap

kBt/MecToO;

KoadduimenT MOIHOCTH Harpy3Kku JIE€TCKOro caja:tgs =0, 2;

Yuciro MecT IETCKOTO cajia: n

mecm.

= 2001IT.
P,,=P,,. N, =046 200= 9KBT,

mecm

Qo.c = Pa.c I1gp= 92.0,2= 18, ‘KBT,

So.c = \/PO.CZ +Qa.,;2 — \/922+ 18, £ = 93, KBA,

. __S. __938
HOM.O .C UHOMl().C-\/é 0,38\/_3

=142,EA.

Tak xe PaCCUMUTBIBAIO OCTAJIBHBIC HAI'PY3KHU KWUJIBIX U O6H_ICCTB€HHBIX SHaHHﬁ

cBoero paioHa. I[lomyyeHHbIe JaHHBIE pPAcCUETOB OTOOpakard B Tadnuie 2.
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Tabnuma 2 - DKCIUIMKaIuys )XKUJIOro paioHa

Ne

obrexTa HaumenoBanue o0bekTa Kou-Bo 21,;[ eﬂb;? P, kBt K K t P, Q. S. kBA Lo,

Ha JI FII;Y ) ) c y4. B Max go «BT KBap X A
IIJIaHE ya
1 2 3 2 5 6 7 8 9 10 11 12
1 Zgﬂ;gﬁof ?fpﬂ R 36 2,6 93,6 1 - 02| 936 | 187 | 954 | 145
2 Zgﬂ;gﬁof ?fpﬂ " 36 2,6 93,6 1 - 02| 936 | 187 | 954 | 145
3 ZEMIEEE:;(ZB;: 14 45 26 117 1 ; 02| 119 | 254 | 1216 | 185
4 ZEMIEEE:;(ZB;: 16 45 26 117 1 ; 02| 119 | 254 | 1216 | 185
5 Zﬁfﬁﬁﬁfﬁfﬁf 1672 45 26 117 1 ; 02| 119 | 254 | 1216 | 185
6 Zﬁfﬁﬁﬁfﬁfﬁf 16 45 26 117 1 ; 02| 119 | 254 | 1216 | 185
7 Zﬁiﬁ‘ﬁﬁfﬁﬁf 20 45 26 117 1 ; 02| 119 | 254 | 1216 | 185
8 Zgﬁfﬁﬁfﬁfﬁf 1671 45 26 117 1 ; 02| 119 | 254 | 1216 | 185
9 ;gM“ﬁ;fjg“; o 25 36 26 936 | 1 ; 02| 936 | 187 | 954 | 145
10 ;gM“ﬁ;fjg“; o 23 36 26 936 | 1 ; 02| 936 | 187 | 954 | 145
11 ;gM“ﬁ;fjg“; o 21 36 26 936 | 1 ; 02| 936 | 187 | 954 | 145
12 yi. 40 net OxTs16pst 75 200 0.46 92 1 ] 0.43 o2 20 1001 | 1522
TITJI 3 or.

13 yi1. YipasieHdeckas 36 60 21 126 1 ] 02 126 252 1285 | 195

Jlom xumoit 5 oT.
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[Tponomkenne Tabnuip 2

1 2 3 4 5 8 9 10 1 | 12
14 |00 Oxriops 77 1000 0,46 460 0,43| 460 | 198 | s01 | 761
15 ﬁ;’;ﬁiﬁf‘;‘;‘f“" 27 60 2.1 126 02| 126 | 252 | 1285 | 195
16 ﬁ;’;ﬁiﬁf‘;‘;‘f“" 29 60 2.1 126 02| 126 | 252 | 1285 | 195
17 yﬁ()gg’;;ﬁ‘;’;l 60 2,1 126 02| 126 | 252 | 1285 | 195
18 yﬁoggﬁg‘;’; 631 60 2,1 126 02| 126 | 252 | 1285 | 195
19 ﬁj}?{f{iﬁfg“f“” 38 80 2.1 168 02| 168 | 336 | 171,3 | 260,3
20 ﬁj}?{f{iﬁfg“f“” 40 80 2.1 168 02| 168 | 336 | 171,3 | 260,3
2r | Bﬁf;‘;‘;‘:;;‘;foimme 720 0,054 | 3888 0,57 | 3888 | 22,16 | 447 | 70,2
2 |\% Jhmsimoncra 12 80 2,1 168 02| 168 | 336 | 171,3 | 260,3
23 ﬁ;i{ﬁisgﬁp” 7 80 2.1 168 02| 168 | 336 | 171,3 | 260,3
24 ﬁ;&ﬁi;‘sﬂa’fp" 81 80 2,1 168 02| 168 | 336 | 171,3 | 260,3
o5 zghfg(ﬁizgg?fp" 83 80 2,1 168 02| 168 | 336 | 171,3 | 260,3
26 ?1?; ?KZ’;‘;B; 5331 80 2,1 168 02| 168 | 336 | 171,3 | 260,3
27 Ezgaiz’;fp‘fi Zonepam 30 05 15 025| 15 | 3,75 | 155 | 235
og | ¥ Ynpasienueckas 31 36 2,6 93,6 02| 936 | 187 | 954 | 145

Jlom xumoit 2 oT.
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[Tponomkenne TabaUITBI 2

1 2 3 4 5 7 8 | 9 10 1 | 12
29 ﬁ;ﬁiﬁf;ﬁcm 33 36 2,6 93,6 - | 02| 936 | 187 | 954 | 145

0 |3 JI;(;?IP(‘)‘:IOT‘;‘;” 20 1 14,5 14,5 : 02| 145 | 29 | 148 | 225
st |3 JI;(;?IP(‘)‘:IOT‘;‘;” 22 1 14,5 14,5 : 02| 145 | 29 | 148 | 225
2 | Jhimsmoncias 24 1 14,5 14,5 : 02| 145 | 29 | 148 | 225
B | Jhimamoncias 26 1 14,5 14,5 : 02| 145 | 29 | 148 | 225
4| Jhimsmoncia 28 1 14,5 14,5 : 02| 145 | 29 | 148 | 225
s | Isaioscsa 3 1 14,5 14,5 . 02| 145 | 29 | 148 | 225
36 E[eol?vl z{;ﬁ%‘;oyf ;’T. 1 14,5 14,5 - 02| 145 | 29 14,8 | 22,5
37 E[eoliw iﬁﬁl ;‘ 1 14,5 14,5 - 02| 145 | 29 14,8 | 22,5
8 | z{ﬁ)‘;@l‘ ZT' 1 14,5 14,5 - 02| 145 | 29 | 148 | 225
39 E{Zﬁ’w ;/;?1‘;‘3;‘14 ST. 1 14,5 14,5 - 0,2 | 145 2,9 14,8 | 22,5
40 E{Zﬁ’w ;/;?1‘;‘3;‘14 ;Tl 1 14,5 14,5 . 02| 145 | 29 | 148 | 225
a | Jlaiopeias 3071 120 1,5 180 . 02| 180 | 36 | 1894 | 2878

3/1J'I. prqHIEI/ISHa 27 80 2.1 168 - 0,2
OM JKHJIOH D IT.
" Trsosoncmi - — -~ —~ Tom 183,7 | 454 | 189,3 | 2876
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[Tponomxenue TabIUIIBI 2

1 2 3 4 5 7 8 9 10 11 12

43 ﬁfﬁi’fg 32T5 80 21 168 i 02| 168 | 336 | 171.3 | 2603

44 ?ep' YIJ1080i 40 0,5 20 ; 0,25| 20 5 20,6 | 31,2

apa>KHLII/I KOOHepaTI/IB

45 X?Mﬁgff;;ji Le — 480 0,054 25 92 i 057| 2592 | 1477 | 208 | 453

46 | Mep. Yriiosoi 20 0,5 10 ; 0,25| 10 25 10,3 | 31,3
["apa<HbIil KOOIIEPATHB

a7 Z[Jgh:’;f;‘sz;"f‘(a" 35 45 2,6 117 : 02| 119 | 254 | 1216 | 185
yil. YrpasneHueckas 37 80 51 168 i 0.2

48 JloM sxmIto# 5 oT. ’ ’ 196,8 46 202,1 | 307,1
JleTckast MOJUKIMHUKA 100 0,36 36 0,8 0,43

49 Z[J;'h:’;flizf‘;‘;‘fm" 39 80 21 168 i 02| 168 | 336 | 1713 | 2603

50 ﬁ;;f;if‘;‘i"m" 4l 40 26 104 i 02| 104 | 208 | 1061 | 161

51 gi%oiﬂzflzﬂﬂgd . 45 26 117 i 02| 119 | 254 | 1216 | 185

52 E&’w I}f(‘;ifﬁff‘“ > 1 14.5 14.5 - 02 | 145 29 148 | 225

53 E&’w I}f(‘;ifﬁff‘“ 4 1 145 145 i 02| 145 | 29 | 148 | 225

54 E&’w I}f{‘;ifﬁ";"‘“ 7 1 145 145 i 02| 145 | 29 | 148 | 225

55 E& I)f(‘f;fﬁ";““ 6 1 14.5 14.5 i 02| 145 | 29 | 148 | 225

56 | 1ep- KeapranbHbid 9 1 14.5 14.5 i 02| 145 | 29 | 148 | 225

Jom xxumoii 1 oT.

19




[Tponomxenue TabIUIIBI 2

1 2 3 4 5 7 8 9 10 11 12

57 | nep. Keapramemerii 8 1 145 14,5 . 02| 145 | 29 | 148 | 225
Jowm xxumoit 1 oT.

58 nep. 3enerH/1 13 1 145 14,5 - 0,2 14,5 2,9 14,8 22,5
Jowm xxumoit 1 oT.

59 nep. 3enerH/1 15 1 145 14,5 - 0,2 14,5 2,9 14,8 22,5
Jom xxumoit 1 oT.

60 nep. 3esneHsiit 17 300 0,25 75 - 0,38 75 28,5 80,2 122
Illxona 2 1.

61 yIL prquHHa 25 80 2.1 168 - 0,2 168 33,6 171,3 | 260,3
Jlom xumoi 5 oT.

62 | Y 40 ser Oxrsibps 85 60 2,1 126 - 02| 126 | 252 | 1285 | 195
Jlom xumoi 5 oT.

63 | Mep: dexona 20 0,5 10 - 0,25 10 25 | 103 | 313
["apakHbIi1 KOOIIEpATHB

6a | Y Kpyunnuna 44 80 2,1 168 - 02| 168 | 33,6 | 171,3 | 260,3
Jlom xumoi 5 oT.
yi1. Kpyunnuna

65 [Tpo10BOTBCTBEHHBIN 50 0,25 12,5 0,9 0,75| 12,5 9,4 15,6 23,7
MarasuH

g6 | Y Kpyumimia 46 100 1,5 150 - | o2 150 | 30 | 153 | 232
Jlom >xmoi 5 oT.

67 | Y Kpymnnna 60 0,5 30 - 0,25| 30 7,5 31 47
["apakHbIil KOOTIEpATHB

63 nep. 3€H€Hflfl 7 80 2.1 168 - 0,2 168 33,6 | 171,3 | 260,3
Jlom xuoi 5 3T.

69 nep. 36)‘161;1511/1 20 05 10 - 0,25 10 2,5 10,3 31,3
["apakHbIit KOOTIEpaTUB

70 | Y™ 40 ner Oxiops 1800 0,054 97,2 - 0,57 | 99,2 | 57,4 | 1146 | 174
AMUHUCTPATUBHOE 3/1aHUE
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[Tponomxenue TabIUIIBI 2

1 2 3 4 5 7 8 9 10 11 12
71 ﬁz ;?K ﬁiﬂ I?I;T;Tf)pﬂ 89 40 2,6 104 - 02| 104 | 208 | 106,1 | 161
79 EL ;?K et §§T:T6pﬂ 91 60 2,1 126 - 02| 126 | 252 | 1285 | 195
74 E{iﬂ& i{eﬁgglg §T 60 2,1 126 - 02| 126 | 252 | 1285 | 195
nep. 3eyeHbIN -
S ["apa)KHBIN KOOIIEPATHB 40 0.5 20 025 2 ° 205 o2
76 | Y npamtemcakan 30 300 0,46 138 . |043| 138 | 593 | 1502 | 228,2
77 ﬁgl\fg(flizf?ls(?fpﬂ 7 60 2.1 126 - 0,2 126 25,2 128,5 195
78 ﬁ; MS?K fue; f?lg?fpﬂ 5 60 2,1 126 - 02| 126 25,2 | 128,5 | 195
79 ﬁ; MS(})K J;Iiz f???fpﬂ 3 60 2,1 126 - 02| 126 | 252 | 1285 | 195
yi. 50 net OxTs16ps 1 -
go | oM xmwofi 5 or. * 2 120 i 1322 | 295 | 1355 | 2876
E::;ZI]IS{OHBCTBCHHHH 30 0’23 6,9 0’9 0,7
yi1. YrpaBineHueckas 43 80 21 168 - 02
gy | oM xmofi 5 or. ’ ~ | 1792 | 42 | 1841 | 280
E::;;l;OHBCTBGHHHH 50 0,25 12.5 0,9 0,75
nep. 3enensii 14 i
go | JloM xunoii 5 5. 50 2 108 o 182,4 | 4051 | 187 | 284
HenponoBonscTBeHHBIN 100 0,16 16 0,9 0,48 ’ ’

MarasmuH
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[Tponomxenue TabIUIIBI 2

1 2 3 4 5 7 8 9 10 11 12
nep. 3eaeHbli 16 )
g3 [ HOMIKIIONS OT. % i 1o 02 191,4 | 47 197 | 300
AJIMUHUCTPAaTUBHOE ,
3/laHUE 720 0,054 38,88 0,6 0,57
nep. 3eaeHbli ]
84 ["apaKHbIi KOOIIEPATHB 10 0,5 > 0,25 5 1,25 5,15 | 7,83
85 ﬁ;hf Py 10 80 2,1 168 i 02| 168 | 336 | 171,3 | 260,3
86 ﬁ;hf pyna 12 80 2,1 168 i 02| 168 | 336 | 171,3 | 260,3
yi. 50 ner OxTs16ps 17 ]
Jlom xumoi 5 oT. 80 2,1 168 0,2
87 L{BeTOYHBIH caJIOH 86 0,14 12,04 0,8 0,43 189 46,2 194.5 295
g:roaicl);ls{oanBeHHbm 50 0.25 125 00 075
yi. 50 et OkTs6ps 15 ]
JIoM KHJIO# 5 oT. 60 2,1 126 0,2
88 Arnreka 40 0,16 6,4 0,9 0,43 | 137,3 30,1 141 214
Ih:II;ll:IaI;(I)/III[_IOBOJIBCTBeHHBIH 44 0.14 6.16 0.9 0.43
89 ﬁLMS iﬁi&? 15<T3$IT6PH o 100 15 150 - 0,2 | 150 30 153 | 232
%0 ?;;,Ziﬁifﬁ?ﬁéiiii’;m 50 0.5 25 - 025 25 | 625 | 258 | 39,2
o1 ﬁzhffgkﬁizf??:fpﬂ P 60 2,1 126 - 0,2 126 25,2 1285 | 195
yi. 50 net OxTs16ps 11 ]
92 JIOM KHJII0ii 5 9T. i 80 2,1 168 0,2 1824 | 4051 | 187 -
;I:]l:[g(])/liOBOHBCTBeHHHI/I 100 0.16 16 0.9 0.48
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[Tponomxenue TabIUIIBI 2

1 2 3 4 5 7 8 9 10 11 12
0 O 131 o0 | 2 | - oz

93 . i 182,4 | 40,51 187 284
[ToutoBOE oTHENIEHHE 100 0,16 16 0,9 0,48
yi. 50 ner 9KT$I6p$I 9 80 21 168 i 0.2
Jlom xuioit 5 oT.

94 [Tpo10BOIBCTBEHHBIN 188,2 47 194 295
MarasuH 64 0,25 16 0,9 0,75
Anreka 40 0,16 6,4 0,9 0,43

g5 |y >0 ner Oxradps 4 200 0,46 92 i 02| 92 | 184 | 938 | 1425
Jerckuii caxg 2 oT.
0 O o0 | 2 | N

96 _ : 1914 | 47 197 | 300
AZIMHHHCTPATHBHOC 720 0,054 38,88 06 | 057
3/1aHNE ' ! ' '
yi1. 50 ner 9KT$I6p$I 8 80 21 168 i 0.2
Jlom >xumoit 5 oT.

97 Kade 190 0,9 171 0,7 0,33 4074 113 423 642
Kade 190 0,9 171 0,7 0,33
yn. Kpyunruna 18 80 2,1 168 - 0,2

98 fIOM KUNOH SOT. 1824 | 4051 | 187 | 284

erOI[OBOJ’ILCTBeHHBII/I 100 0,16 16 0’9 0,48

MarasuH

g9 | Y Kpyuununa 20 0,5 10 - 0,25 10 2,5 10,3 | 31,3

["apa)xHbIi1 KOOIIEpaTHB
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[Tponomxenue TabIUIIBI 2

1 2 3 4 5 7 8 9 10 11 12
yi1. Jlenuna 51 )
Jom xuioit 5 oT. 60 2.1 126 0.2
HenponoBonbCTBEHHBIN a4 0.14 6.16 0.9 0.43
100 | Marasus 152,5 | 40,2 | 158 | 240
L{BeTOYHBIH caJIOH 86 0,14 12,04 0,8 0,43
ggf";‘l’;"ﬂ““e’*m’m 50 0,25 12,5 09 |075
yi1. Jlenuna 49 i
Jlom xumoi 5 oT. 60 21 126 0.2
101 5 _ 137,2 | 33,6 | 141,3 | 215
M:roai‘l’;om":TBeHH"m 50 0,25 12,5 09 |075
yi. Jlennna 47/1
102 AIMUHUCTPATUBHOE 480 0,054 25,92 - 0,57 | 25,92 | 14,77 29,8 45,3
3/1aHue
yi1. Jlenuna 47 i
103 [ LIOMIKHIOH 5 OT. % o1 1o o2 1824 | 4051 | 187 | 284
HenponoBonbCTBEHHBIN ' '
araa 100 0,16 16 09 |0,48
yi. Jlenuna 45 i
104 | ZAOMIKHIOH 5 OT. * o1 0 02 1315 | 27,6 | 1344 | 204
HerO,I[OBOJ'IBCTBCHHHI/I 44 0’14 6,16 0’9 0’43
Mara3mH
yi1. JlennHa 43 i
105 | ZLOMKHIOH 5 OT. % 21 1o 02 1824 | 4051 | 187 | 284
I\I‘/II;I:I;(I)/III[{OBOJIBCTBCHHHI/I 100 0.16 16 0.9 0.48
106 | 3 o paeereckan 37 1 14,5 14,5 - | 02| 145 | 29 | 148 | 225
107 fﬁéﬁiﬁiﬁi‘;‘jjﬁ/ ! 480 0,054 | 2502 - |o57| 2592 | 1477 | 208 | 453
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[Tponomxenue TabIUIIBI 2

1 2 3 4 5 7 8 9 10 11 12
yi1. YrpaBieHyeckas 55

108 AJIMUHHCTPAaTHBHOE 480 0,054 25,92 - 0,57 | 25,92 | 14,77 29,8 45,3
34aHUC
e 2 | s | e

109 : u 80 276 | 846 | 1285
HGHPOI[OBOJ'IBCTBCHHI)II/I 44 0’14 6,16 0’9 0’43
Mara3snH

110 {gsefgzggi canon 86 0,14 12,04 ; 043| 12 5.2 132 | 20

111 ﬁ;gﬁfgfi 100 0,25 25 ; 038| 25 95 26,7 | 40,6
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3 BIFOP YPOBHE HOMHHAJIBHOI'O HATIPSDKEHU ST

HomuHanbHble HampsOKEHUS MHUTAONIMX W paclpeAesIUTEIbHBIX JUHUN
JJIEKTPOCHAOKEHUSI ~ SIBISIOTCS  OCHOBHBIM (dakTopom, OTIpEACIIAIOLIUM
TeXHUKOIKOHOMHUeckue nokazarenu (TOII) cucremsl, [5].

Jl1is BIOOpa CHCTEMBI AJIEKTPOCHAOXKEHUST HEOOXOIMMO BHIOpATh HAIPSHKEHUE
nepesayy BCce MOIHOCTH KHUJIOTO palioHa.

Benmuuuny pannoHanbHOTO HAMPSHKEHUS paccyuTaeM 1o Gopmyie:

U6a0=3-\/5_6+0,5|, (10)

rae S - cymmaphas mouHocts TII, MBA;
|- mpOTsKEHHOCTD paclpeIeTUTEIILHON CeTH, KM.
JI1g mepBOro Kosbla:
Cymmapnas momHOCcTh TII cocraBuia 5,4 MBA.

[IpoTsbKeHHOCTh pactpeaeauTeabHoi cetu | = 2,386 kM.

U

pan — 3 * 4 54+ 0,5 * 2,386 = 8,2 kB

J11s1 BTOPOro KOJbLA:
Cymmapnast MoutHocTh TII coctaBuina 6 MBA.

[TpoTskeHHOCTh pacnpeaeTuTenbHON cetn 1=2,142 km.

Upay = 3 *V6+ 0,5 2,142 = 8,4 kB
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4 HU3KOBOJIbTHOE 3JIEKTPOCHABXEHUE

4.1 Bb100p KoJIM4YeCcTBA JJMHUI U TPACC UX NMPOXO0KICHUS

JIns toro 4to OBl paccuuTaTh HArpy3Kd paclnpeAeiUTENbHBIX JIMHUI
Hanpspbkenuem 0,38 kB, mnpousBen NpPOEKTUPOBAHHUE CETH 3JIEKTPOCHAOKEHUS
noTpeduTeneil. B BbIMOIHEHNH PEKOHCTPYKIIMOHHOTO MPOEKTa YUYUTHIBAI KATETOPUU
NOTpeOUTENEe  SJIEKTpUYECKOM dHeprud. JKuiple MHOTO3TaXKHBIE JOMa C
AIIEKTPOIHUIIETPUTOTOBICHUEM OTHECEHBI K 2 U 3 KaTeropuu moTpeduTesei, ucxoas
U3 YCIIOBUI 3KCIUTyaTaluu (MIPUCYTCTBUE KPYIHBIX MPOIOBOJIBCTBEHHBIX Mara3uHoB,
mu@dTOoB, LEHTPAJIM30BAHHOTO KOHJUIIMOHUPOBAHHUS BO3/lyXa, HAacOCOB
BOJIOCHAOKEHUS M ToMy Moji00HOe). OOIIECTBEHHBIX IMOTpeOuTeaeH OTHeC K 2
KaTeropuu Oecrepe0oHOTO 3JIeKTpocHaOKeHUs. B pEeKOHCTPYKIIMOHHOM TPOEKTE
CUCTEMBI 3JIEKTPOCHAOKEHUSI B OCHOBY 3aJOKHMJI TIETJIEBBIE CXEMbI, a TaK K€
npous3Bel TNPUMEHEHHE JIBYXIEMHBIX W OJHOIEMHBIX JIMHUW TnuTaHus. B
rpauUecKoil 4acTu JHUCT 2 300pa3uil cXeMy pacnpenenurenbubix cerei 0,4 kB.

4.2 OnpegesieHne pacuyeTHbIX MOIIHOCTEN HA YYaCTKaX JIMHUH

CornacHo [3] aKTMBHYIO PacUETHYK) MOIIHOCTb PACIHPEACIUTEIIbHBIX JIMHUN

HanpspkerreM 0,4 kB onpenensiio o ciaeayroiiei hbopmyie,

n

Ppact{.nm—l = PS}.‘l.MaKC + Z Ky.iszLi ! (11)

1

rae P - Harpy3Ka 3JaHus HauOOoJbIlas W3 YUCa 3JaHUH, TUTaeMbIX OT OJIHOU

31.MaKc

JUHUH, KBT;

P, , - HATPY3KHU pacyeTHBIE IPYTUX 3AAHUM, TUTAEMBIX OT OJHOM JIUHUU, KBT;

3.1

K, - KO3((UIMEHT ydyacTUs B MAaKCUMyMe€ DJEKTPUYECKHX Harpy3ok,

y.i
Mepe1aBaeMbIX 1O JIMHUMU.
Onpenento peakTUBHYIO PAaCUETHYIO MOIIHOCTh PaCHpeeIUTEIbHbIX JIMHHUM

Harnpspkenuem 0,4 kB mo dhopmyre:
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Qpacq.nHH = Qm.MaKc + Z Ky.i Qmj ! (12)

Onpenensio NOJHYIO paCUETHYIO MOIIIHOCTD JIMHUM 1O hopmyIe:

SpaC‘I.J'II/IH :\/ I3&1(:q.n[xn—12 + Qacq.m/mz 1 (13)

Paccmortpro TIT1-®3 st pacyeTa pacupeaeIuTeIbHON JTUHUM Ha HANPSIAKECHUE
0,4 xB, Bxoasmas B coctas netiu T1113-4-3-2-1414-TTI15.

Harpy3skoii sBisieTses:

Jom xunoit P=126 kBt, Q=25,2 kBap,

Koomnepatus rapaxusiii P=10 kBT, Q=2,5 kBap.

Ornpenensito MOIHOCTD IMHUH PACUETHYIO:

P =126+0,9-10=135 KBT,

pacu.JTuH

Quucwmm = 25,2+ 0,9 2,5 27,4 KBap,

(135 )+ (27,45 )

2 2 .
S = = 99,44. kBA.
pacu.mH [_3 . O, 4

[Tomy4yeHHbIe JaHHBIE OTOOPAXY B MpUiiokeHnu A tabnuima Al.

4.3 Bb10op mjiomaam ce4eHnid 1 KOJIU4eCTBA JTUHUI

4.3.1 Bei0bop ceuenus pacnpeaenurenbHoit cetu 0,4 kB

Ceuenue kaOenpHOM JTMHUU 1TO00aET BEIOPATH MO PACYETHOMY TOKY.

[Ipu cobOmoeHuu CIEAYIONMIEr0 YCIOBUSI CEUYCHHWE CUYHMTAETCS BHIOpAaHHBIM
MIPEIBAPHUTEILHO TIPABWIIBHO:

I <1,35

aB.pacu

(14)

Jur.por 1

(15)

amgon ! amgon OKp. : mpok. !
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rae |/, .. - BEIUYMHA JJIMTENBHO JOMYCTUMOTO TOKa, AJsi BBIOPAHHONM MapKu U

JJ1. 1011

CeUCHMS Kabesi(crpaBoyHas);

K, ~ K0OOQ(HIMEHT, yINTHIBAIOMIMHA YCIOBHS OKPYXKAIOMEH Cpelbl (3aBUCAIINN
OT TeMIEepaTypsl BO3AyXa 1 3emin), (K, =1 npu 15°C);

K, - KO3h(UIMEHT, yYHUTHIBAIOIMMWA KOJMYECTBO paboTaromux Kabenew,

POK.

IPOJIOKEHHBIX PAIOM B TpyOax (IpH HPOKIaake B TpyOe omHoro kabensak, . =1,

aByx - K, =0,9, Tpex - K. =0,85).

TIPOK.

Ornpenensito pacueTHbIA TOK MO popMmysie:

pacy.i

| - =
pacu UHOM Jé ’ (16)

rac Spac”- PaCuCTHAsd MOIDHOCTD JIMHUHU ITIOJIHAA,
U, - HalIpsDKCHHUE HOMHUHAJIbHOEC, kB.

[To npumepy nunuu TI11-¢d 1nponsBeay BoIOOp cedeHUs.

Ornpenento B HOpMAJIBHOM PEKUME paOOThI IIEMU PaCUeTHBIN TOK:

90,677

| =
HOM.pacu \/§ 0’ 4

=130,811 A.

2

BeiOuparo kabenb ceuernneMm 50 mwm“, mapku [IBBI'Hr-IS TpexskumbHBIN €

JUTATENIBHO JAOMYCTUMBIM TOKOM I’ =217 A. [6].

UL JI0T
3aTeM OMNpeeIIsato TOK B MOCICaBAPUITHOM PEKUME:

181,354

o= =274,851 A,
aB.pac \/é 0’ 4
I}.ul./_mu = I }’_lJl.}_lOll . KoKp. ) KupOK. = 2 1 7 ) 1 ) 1 = 2 1 7 A’
I aB.pacy S 1’ 3';{}1.;{01‘1 ]
274,85k 282,.
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I1o pe3yiibTaTaM pacuCTOB BUJHO 4YTO, YCJIIOBUC BBIIIOJIHACTCA, CJIICIO0BATCIIBLHO,

1o JJIMTCJIBbHO JOITYCTUMOMY TOKY BbI6paHHOe CCUCHHUC IMOAXOJUT.

AHaJIOTUYHO IIPOU3BOKY BBI60p CEUYCHUS OCTAIbHBIX JIMHUU.

ITosrydeHHBIE pe3ysIbTaThl 3aHOLLY B TaOIUIy 3.

Ta6nuna 3 - CeyeHnus U MapKy HU3KOBOJIBTHBIX KaOenen

Ceuenue

j— S I P | s paca S P . Mapxka

kBA | A A A A 2 Kabens

1 2 3 4 5 6 7 8
TI1-p1 90,68 |130,88 | 274,85 |217 |2821 50 [IBBIur-Is
TIT1-¢2 115,59 | 166,85 | 350,38 [316 | 410,8 95 [IBBI ur-Is
TIT1-¢3 115,59 | 166,85 | 350,38 [316 | 410,8 95 [IBBI ur-Is
TI1-d4 60,84 |[87,82 |1844 147 191,1 25 [IBBIur-Is
TI2-1 133,63 | 192,88 | 405,04 [316 |410,8 95 [IBBI ur-Is
TI2-$h2 119 171,77 | 360,7 316 |4108 95 [IBBIur-Is
TI2-$3 122,1 |176,2 |370 316 |410,8 95 [IBBI ur-Is
TI3-p1 1221 |176,2 |370 316 |4108 95 [IBBIur-Is
TII3-¢2 90,68 |130,88 | 274,85 |217 |2821 50 [IBBI ur-Is

TI3-$3 73,94 |106,72 | 224,1 195 | 253,5 50 CUII-2
TI3-d4 91,78 |132,48 | 278,2 217 |282,1 50 [IBBIur-Is
TI4-p1 107,77 | 155,56 | 326,67 |268 |348,4 70 [IBBI ur-Is
TI4-(2 65,48 |94,51 |1985 179 | 232,7 35 [IBBI ur-Is
TIT4-¢3 94,6 136,56 | 286,78 | 268 | 348,4 70 [IBBI ur-Is
TI4-d4 101,05 | 145,86 | 306,3 268 |348,4 70 [IBBIur-Is
TII5-h1 121,42 | 175,25 | 368,03 [316 |410,8 95 [IBBIur-Is
TIT5-$2 133,4 |192,5 |404,32 [316 |410,8 95 [IBBIur-Is
TI15-$3 60,84 |87,8 184,4 147 191,1 25 [IBBIur-Is

TI15-h4 53,97 |77,9 163,59 [130 | 169 25 CHUII-2
TII6-h1 100,86 | 145,58 | 305,7 268 |3484 70 [IBBIur-Is
TIT6-2 85,66 | 123,65 | 259,65 |217 |2821 50 [IBBIur-Is
TII6-¢3 85,66 | 123,65 | 259,65 |217 |2821 50 [IBBI ur-Is
TII6-d4 108,88 | 157,15 | 330,02 [268 |3484 70 [IBBIur-Is
TI7-$1 111,05 | 160,28 | 336,6 268 |3484 70 [IBBIur-Is
TI7-$2 1424 |205,56 | 431,67 [363 |471,9 120 [IBBIur-Is
TI7-$3 153,88 | 222,1 |466,44 [363 |471,9 120 [IBBIur-Is
TI8-h1 211,4 |305,12 | 640,74 |529 |687,7 240 [IBBIur-Is
TII8-h2 70,28 |101,44 | 213,03 |179 |2327 35 [IBBI ur-Is
TII8-h3 140,7 |203,1 |426,6 363 | 4719 120 [IBBI ur-Is
TI9-h1 112,97 | 163 342,4 268 |348,4 70 [IBBI ur-Is
TIT9-2 73,48 |[106,05 | 222,72 |179 |2327 35 [IBBI ur-Is
TITI0-p1 | 151,24 | 218,29 | 458,4 363 |471,9 120 [IBBI ur-Is
TITI0-p2 | 162,25 | 234,2 |491,79 [410 [533 150 [IBBIHr-Is
IIponoikenue Ta0IUIEI 3

1 2 3 4 5 6 ] 7 | 8 |



TI110-¢3 96,99 [139,99 | 293,98 | 268 348,4 70 [1BBI'ar-Is
TII11-p1 121,24 | 174,99 | 367,49 | 316 410,8 95 [1BBI'ar-Is
TII11-¢2 131,34 | 189,57 | 398,09 | 316 410,8 95 [1BBI ar-Is
TII11-¢p3 125,54 | 181,2 |380,53 |316 410,8 95 [1BBI'ar-Is
TI112-91 1754 | 254,4 |531,78 |410 533 150 [1BBT ar-Is
TII12-2 132,2 ]190,8 |400,75 |316 410,8 95 [1BBI'ar-Is
TII12-¢3 99,6 143,7 301,79 | 268 348,4 70 I1BBI'Hr-IS
TI113-¢1 160,87 | 232,2 | 487,6 410 533 150 [1BBI 'ar-Is
TII13-¢2 162,76 | 234,92 | 493,34 | 410 533 150 [1BBI'ar-Is
TII13-¢3 82,19 |118,63 | 249,12 | 217 282,1 50 [1BBT 'ar-Is
TI114-p1 50,16 | 72,4 152,04 | 147 191,1 25 I1BBI'Hr-Is
TI114-2 250,4 |361,4 |758,99 |593 770,9 240 [1BBT 'ar-Is
TI114-¢3 85,67 |123,64 | 259,6 217 282,1 50 [1BBT ur-Is
TII15-p1 162,76 | 234,9 |493,3 410 533 150 [1BBI'ar-Is
TII15-92 162,76 | 234,9 | 493,3 410 533 150 [1BBI 'ar-Is
TII15-¢p3 68,8 99,4 208,78 | 179 232,7 35 I1BBI'Hr-Is

4.3.2 IIpoBepka HU3KOBOJIbTHBIX KaOesieil Ha OTKJIOHEHUE HANPSIKEHUS

HeobOxonumo mnpoBeputh ceueHue KabOeneld Ha OTKJIOHEHHE HaIpsiKEHUs,
KOTOpbIe s BeIOpai. [locunTaTh MOTEPIO HANIPSIKEHUSI B CETH S MOTY IO CKOJIBKY MHE
M3BECTHO HANpPsDKCHWE Ha mMHEe uctouyHuka nutanusd. Mcexoma w3 ['OCT 132144-
2013 HOpmanbHOE MOMYCTUMOE 3HAYEHUE OTKJIOHEHHS HAIpPSHKEHUS JIOJKHO
COOTBETCTBOBaTh *5 %, a mOpenenbHO JONMYCTUMOE 3HAYEHUE OTKIOHEHHUS
HaIpspKeHUs (B aBapUMHOM, U MOCTIEaBAPUITHOM PEXHUME) JTOJKHO COOTBETCTBOBATH
+10 %.

Onpenento  MOTEPIO  HANPSDKEHUST B PACOPENCIUTENbHBIX  JIMHUSX

HanpspkenreM 0,4 kB o dopmyie, cornmacHo [3]:

\/§.|p.| _ ;
AU =U—-(r0-c05go+xo sinp ) 1009, (17)

HOM

rae ry, X,- COIPOTUBJIICHUEC YACIBHOC aKTUBHOC U HHAYKTHBHOC,

| -mTMHA TMHAM TUTAIONICH HITH PaCTPEICTUTCILHON, KM.

Ha mpumepe kabens TI11-¢1 onpeaensto norepu HanpsHKEHUS:
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_+/3:151,168 0,2
400

AU

(0,36- 0,98+ 0,063 0,2) 100% 2,5 %.

[lo mnpou3BeneHHBIM pacueTaM BHIHO YTO, IMOJyYEHHOE OTKJIOHEHHE
HANpsDKCHUs HE TPEBBIIIAET JOMYCTUMOE 3HAUY€HHE B HOPMAJIBHOM M aBapUHHOM
pexxumax, cornacHo, Tpedoanus ['OCT 132144-2013.

[Tonmy4yeHHble TaHHBIC MMOTEPH HANpPSHKEHUH BCeX KaOeIbHBIX JTMHHMA CBOXKY B

npuiIoKeHun A Tabmuima A2.

BriOpannbie 1 IpoBepeHHbIE KaOeIbHbIC JTHHUN COOTBETCTBYIOT TPEOOBAHHIO
['OCT 132144-2013uto u moaTBepAuiIa Tabmuma A2.
4.3.3 Onpenenenne NOTEPh MOIIHOCTHU U SHepruu B ceTsx 0,4 kB

Ornpenento noTepro MOIHOCTU B InHUM HanpsikeHuem 0,4 kB o ¢popmyre:

_ 2 3
AP - 3 I pacy.iun ’ r0 : Lm ’ 10 ’ (18)
IJIE - YAEIbHOE aKTUBHOE COIIPOTUBIICHHE yyacTKa JUHUH, OM/KM;
| ocwnn~ PACUICTHBIN TOK y9acTKa M JIMHUH, A;

L, - JUIMHA y4acTKa M JIMHUU, KM.

Omnpenento MOTEPIO PHEPTUU HA yUACTKE JIMHUU M 10 yKa3aHHOU GopMmyiie:
AW =AP- T, (19)

I'ne 7 - Bpems noreps, yac.
[Ipy HeusBeCTHOM BpEMEHU TOTEPb, MO MPUOMMKEHHON  (popmyrie

MIPUBEICHHON HU>KE MOTY ONPEAEIIUTh BPEMS MOTEPH:

2
r= (0,124+ %)j T, (20)
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rae T, . - KOJU4ECTBO YaCOB UCIOJIb30BAHUSA MAKCUMAJIBHOU HArPY3KH, 4ac;
T ,- KOJIMYSCTBO YacoOB B IoAy, Yac.

[loTepy MOIIHOCTM W SHEPIHMH HE JOJDKHBI OBITh OOJbIIE JOIMYCTUMOTO
3Hauenus -10 %.

B munun TII1-¢1 nmokaxy pacyeTsl NOTEPh MOIIHOCTH M SHEPTHH.

B munaun TII1-¢1 onpenensio moTepro MOITHOCTH U SHEPTHH:

AP =7,992kBT,

2

r=|0,124+ @ - 8763 112yac,
10000

AW =7,992 1129 8775, kBT-rox.

OcTranbHbIC PaCUCTHBIC OJAHHBIC IIOTCPpU MOIMHOCTH H OSHCPIrMHM B JPYIHX

JUHUSAX 0TOOpa3uM B IpuiiokeHUH A Tabmuna A3.

4.4 Pacuer Hapy:KHOI0 OCBeLLICHUS

[IpousBeny pacyeT HAPYyHOTO OCBEIUICHHUS IMPHU MOMOIIbIO MPUOIUKEHHOTO
Merona. CorinacHo 3TOro METo/a Harpy3Ky YJAUYHOTO OCBEILICHUS ONPEIEIISII0 UCXOIs
3 3HaueHusi 7-10 kBT Ha oIMH TOTOHHBIA KUJIOMETP MPOE3KEeW 4YacTu (Jopor,
nepeysika, MOpoyyika, OynabBapa, mpoe3na u mnpouee.) [3]. CorjmacHo BbIIIe
W3JI0)KEHHOTO, HAarpy3Ky Hapy>KHOTO OCBEIICHHsS Oyay OmpenenisTh MO Cleayrolen
bopmyie:

Prcers = L - (7 =10), (21)
rie L - AyiMHa ocBenaeMou n1oporu (mpoesaa, mpoyska U mpoyee. ), KM.

Jl1s mpuMepa paccuuTaro Harpy3Kky ocBeleHus 1o ynauiibl [TapaukoBas.

P =0,2410= 2,<kBT.

oceeuy

Omnpenento Uit Bcex JOPOT NMPUOIMKEHHYIO HArPY3Ky Hapy»KHOI'O OCBEILLEHUS

B MOEM paroHeE:
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P

Xoceewy

=9,04+ 5,72 4,72 4,32 24 9,64 5¥2 542 2,4 4,6 4,2=1,6 E
KBT.
OO6mr1ast IPOTSHKEHHOCTh YIIHI] TIOJIBEPKEHHOTO PEKOHCTPYKITUU paiioHa:
L, =1,808+ 1,716 0,472 0,432 0,24 0,994 0424 G;16 06,42 H,16 IKM.
[TonydeHnHsle TaHHBIC 0TOOpa3UM B TabmUIIEC 4.

Tabnuma 4 - Harpy3ku yIuaHOTO OCBEIICHUS

YV nenpHas MOITHOCTb,
Haspanue ynuiis JnuHa noporu, km CB/kM  coeny » KBT
40 netr OkTsIOps 0,904 10 9,04
JlennHa 0,572 10 5,72
Kpyunnuna 0,472 10 4,72
[Tpoesxkas 0,432 10 4,32
[TapuukoBas 0,240 10 2,4
YrpasiieHdeckas 0,904 10 9,04
50 net OkTAOps 0,572 10 5,72
nep. 3eIeHbIi 0,572 10 572
niep. YexoBa 0,240 10 2,4
nep. YTIIOBOM 0,160 10 1,6
JIuTBUHOBCKAsA 0,420 10 4.2
MenunuHcKas 0,160 10 1,6
Cymma 5,648 - 56,48

[Ipn moHTa)ke ucnonb3yeM namnsl Mapku JIHaT. CymmapHoe yucio iamn npu
yCTaHOBKE (pOHapel pacrooKEHUEM B OJIUH PSIIl U Yepe3 pacCTOSIHUE 28 M COCTABUT
202 mTyKwu.

4.5 Pacuér asexkrpuueckux Harpy3ok TII

Bocnonb3yrock npubnmkeHHOM (GopMyIoi IS mojcueTa Harpy30K Ha HIMHax

0,4 kB TpancdopmMaTOpHBIX MOACTAHIUAX BUI KOTOPOW UMEET MIPEICTABICHUE HUXKE:

Ppacq.)x.u.o6m = PBH.MaKC + zKy.iPuLi ! (22)
1

rame P, - HauOoJbIIas Harpyska 3JaHusa N3 YucClia SﬂaHHﬁ, nmuracmas oOT

371.MaKC
TpaHchopMaTopoB win Tpanchopmaropa, KBT;

P, . - HArpy3KHW pacyeTHbIC IPYTUX 3/IaHUM, MUTaeMble OT TPaHC(HOPMATOPOB UITU

3.1

TpaHchopmaropa, kBT;
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K, - KO3(QOUIMEHT ydacThusi B MaKCUMyMe€ DJIEKTPUUECKHX Harpy30kK

vi
0OI1IeCTBEHHBIX MOMEIICHUHN 1 3IaHUI WM JKHJIBIX JOMOB, [3].

[TokaxkeM pacueT Harpy3ok Ha MpuMepe TpaHCPHOPMATOPHOW MOJICTAHIINU
Nels.

Tpanchopmaropnas mnoxactanis Nel5 Bkirodaer B ceOs  ClieayromIue
Harpy3Ku:

JloMa xxuiible ¢ Homepam 1o miany: 23, 24, 25, 26, 62, 63.

OO6uramaromuii MaKCUMaTBHYIO pacueTHYIO Harpy3Ky siBisetcs JJom Ne23:

P, =168 kBT, Q,,=33,6 KBap.

Koaddunment ygactus B MakKCUMyMe HArpy3Kd >KHJIOTO JOMa OCTaJbHBIX
MOTpPEOHUTENIeH, TO €CTh JOIIKOJBHOTO YUYPEKISHUs, IIKOJBl W JKUIBIX JOMOB
onpenento no tabmuue 2.1.3, [1]:

Eoane=0.4, K. =0,9.

YK
Omnpenensito Ha mmnHaxX TII-15pacyeTHyro Harpys3Ky:
Bpruuciaro akTUBHYIO HarpysKy:

P

pacu.TII-15

= B3+Ky4m.n'(e4+ 85+ F2)6+ I-E)z"' Ez)z

=168+ 0,9 (168 168 168 126 18) 7 kBT.

Bpruunciiio peakTuBHYIO HarpysKy:

Quucarriis = Qs + K, (Qu+ Qs+ Qo+ Q + Q) =

=33,6+ 0,9 (33,6 33,6 336 252 25) 149 KBap.

[Tomnas wmomHoCcTs mnpuBeneHHas k muHam 0,4 kB wa TII-15Haxoxy

CJICAYIOIINM 00pa3oMm:

Spacq.TH—lS = \/Ppacq.Tl'l-IS2 + Qacq.Tl’l—lSZ = '\/74424_ 149’ 25: 758 KBA

JIns Bcex ocraBmmxcst TII mpousBeny BbluMcieHus Kak Bblme. [lomydeHHbie

JlaHHBIE 0TOOpaXy B MPUJIOKEHUU A Tabnuua A4.
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5 BbIBOP UHMCJIA 1 MOIITHOCTU TPAHCO®OPMATOPOB HA TII

5.1 Boi0op yucaa u MomHOCTH Tpanchopmaropos Ha TII

Heobxoammoe 4mciio CUIOBBIX TpaHC(HOPMATOPOB, TUIAHUPYEMBIE K MOHTAXY
Ha pekoHcTpyupyemoil (mpoektupyemoid) TII Oyaut 3aBUCUT OT KaTeropuyHOCTH
NOTpeOuUTENs B 3aBUCUMOCTH OT HAJECKHOCTHU AJeKTpocHaOxkeHus. Korna B cucreme
umMerotcesa norpedurtenu | u |l kateropuu, To KOIUYECTBO CUIIOBBIX TPaHC(HOPMATOPOB
HE0OXO0JIMMO yCTaHABIIMBATh HE MEHEE JIBYX (coryiacHo TpeboBanuio [1YD ).

B pexoncTpynpyemMoM MHOIO paiioHe mpeoOmamaroT moTtpedutenu |l
KaTeTOPUH, U 5 TPUHUMAIO K YCTAHOBKE Ha TPAHC(POPMATOPHBIX TOJCTAHITUAX TI0 JIBA
TpaHchopmaropa corsiacHo Tpebosanus [1Y 3.

I[To cnemyromeit  ¢opmyine Oyay  HaxoOAWTh  MOIIMHOCTh  CHJIOBBIX

TpaHc(hOpMaTOPOB:
Smp = i{)nm 1 (23)
nmp ’ Kaaep

rae S, - Harpy3ka pacu€tHad Ha muHax 0,4 kB TII, kBA;
n,, - KOJIIMYECTBO TPaHC(HOPMATOPOB;

K™ - ONTUMAaNbHBIA KOA(PGUIMEHT 3arpy3ku TpaHchopmaTopa (Ijisi BTOPOH U

3aep

TpeTheil KaTeropuu noTpeOuTeNs 3HaueHue oyaer K2 =0,75).

sazp
N3 psna  craHAgapTHBIX — BBITYCKAaeMbIX  TpaHC()OpPMATOPOB  BHIOEpY
HOMHUHAJIBHYIO MOIIHOCTh TpaHcdopMaTtopa. MOIIHOCTh HOMHUHAJBbHAS JIOJDKHA
MPEBBILLIATH PACUYETHYIO.
3aTteM, Korja BbIOpasl TpaHcopMaTop MPOU3BEAY MPOBEPKY BEPHOTO BBHIOOpA

1o K03 PULHUEHTY 3arpy3KH.

__ S
K3aep - n—n . (24)

.
mp mp .HOM
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CrnenyrouieMy YCJIOBHUIO JOJKEH YAOBIETBOPATH KOA(D(PUIMEHT 3arpy3ku
TpaHnchopmaropa.

0,5<K,,, < 0,7E. (25)

B Tom cnydae ecnau ycnoBue (25) mpeBbIIaeT JONMYyCTUMOE 3HA4Y€HUE, TO B
3TOM ciy4yae HEOOXOAMMO BBIOpATh CHUIIOBOM TpaHc(opmaTtop OonblIei MOIIHOCTH,
€ClId e MEHbBIIE JOMyCTHMOIO 3HAUeHUs , TO CJEIyeT BBIOpAaTh CHUIIOBOM
TpaHChHOPMATOP MEHBIIIEH MOITHOCTH.

[Tpousseay BeIOOp MoIIHOCTH TpaHchopmaTopa Ha TII-1:

Omnpenensao MOIHOCTh CHIIOBOTO TpaHC(hOopMaTopa:

S,. _ 7654
om2-0,75

3azp

p =510,27xBA,
n,, K

st TII-1 BeiOuparo nBa TpancopmaTopa MOUTHOCTH Kaxaoro mo 630 kBA,
Mapka critoBoro tpancdopmaropa TM-630/10, [5].

Janee onpenensro kodpGUIIMEHT 3arpy3Ku TpaHchopmaTopa:

Sua _7654_,
n_-S 2-630

mp mp .Hom

sazp

0,5<0,6< 0, 7%

VYcaosue (25) BBIMOIHSAETCS, CIEI0BATEIHLHO CHIIOBOM TpaHC(HOPMATOpP BRIOpaH
MPaBUIBLHO. AHAJIOTMYHO OMpPEIessieM MOITHOCTh TPAaHC(OPMATOPOB HA BCEX APYTHX
TpaHC(hHOPMATOPHBIX MOICTAHIINSL.

Pe3ynbTaThl pac4eToB OCTAJIBHBIX MOIIHOCTEH U KO3(PHUIIMEHTOB 3aHOCUM B

npuioxkeHuu A tabmuua A 5.

5.2 OnpeaesieHue nNoTepb MOIHOCTH B TPaHCcpoOpMaTOpax

CymiecTByeT ABa BHJa MOTEPh B CHIOBBIX TpaHcpopMaTopax: MOTEPH
XOJIOCTOTO XOJa M Harpy3ounsle mnorepu. Ilorepu B CBOKO ouepenb HOCST
pEaKTUBHbBIC, U AKTUBHBIE XapaKTEPHI.

[Totepu monHBIE aKkTUBHBIE B TpaHchOpMATOpaxX OIMPEACIAI0 IO HHUKE
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u3noxkeHHou opmyre, [3]:

K3
1

_ 2
APmp - APtx + Kj‘azp AP, (26)

T7ie AP, - IOTEPU XOJIOCTOTO X0/1a AKTUBHBIE;
K., -K03(dUIHEHT 3arpy3Ku Tpanchopmaropa;

AP_ - TIOT€pU KOPOTKOTO 3aMbIKAHUSI AKTUBHBIE.

Omnpenento TOMHYIO PEAKTUBHYIO MOTEPI0 B TpaHchopmarope MO HIKE

u3noxkeHHou popmyre, [3]:
AQ,, =AQ, +K%  -AQ,, (27)

rae AQ, - MOTEPH XOJIOCTOI'0 X0Ja pCaKTHUBHBIC,
K..,- Kod(pPHUIIMEHT 3arpy3Ku TpaHchopmaTopa;

AQ,, - TOTEPHU KOPOTKOT'O 3aMbIKAHUSI PEAKTUBHBIE.

[ToTepro KOPOTKOIrO 3aMbIKaHUSI PEAKTUBHYIO Hally MO cleayrolen Gpopmyie:

UK3
AQK3 = Sn’lp.Ho,u ’ 100’ (28)

rae S, ... - MOIIHOCTh TpaHC(OopMaTopa HOMUHAJIbHAS;

mp .HOM

U, - HalIpsKEHUE KOPOTKOTO 3aMbIKAHMS.

ITo caenyromieit hopmylie BBIUUCIIIO PEaKTUBHBIC TIOTEPH XOJIOCTOI0 XOa:

I
A ) = S L , 29
XX mp.HOM 100 ( )

rae S, . - MOIIHOCTh TpaHC(popMaTopa HOMUHAIbHAS;

mp.HOM

|, - TOK XOJIOCTOI'O X0/J4.
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XapaKkTepUCTUKHU YCTaHaBIIMBAEMbIX CUJIOBBIX TpaHchOPMATOPOB,
yctaHaBiauBaeMbix Ha TII, 6epy u3 cpaBOYHHKA, U OTOOPAXY WX B MPUIOKECHUH A
tabnura A6.

[Ipousseny nnsi npumepa Ha TIIl pacuer moOTEpM MOIIHOCTH B
TpaHchopmartope:

Momsocts nonHas TII1: s =630 KBA.

mp .HOM
Ormpeiesio MOJHY0 aKTUBHYIO MOTEPI0 B TpaHcdopmarope:
AP, =2+0,6 - 7,6= 9,9 kBr,

6,5
AQ _ =630-—— = 40,9 KBap,
Qu 100 P

2
AQ =630-—=12,¢KBap,
Qxx 100 p

AQ,,=12,6+ 0,6 - 40,95 53, ¢KBap.
TodyHO TakuMM k€ CrnocoOOM pacCUMUTHIBAIO MOTEPI0 B TpaHchopmartopax B
OCTaBHINXCA TpaHC(I)OpMaTOpHLIX IMOACTAaHIIUAX.

[lomy4yeHHble JaHHBIE OTOOPAXy B MPUIIOKEHUH A Tabnuia A7.

5.3 Pacuér 3jieKkTpu4ecKuX HArpy30K Ha ctopoHe 10 kB

Bo Bpems pacuera Harpy3ku TpaHchOpPMATOPHON MOCTAHIINY, TPUBEIECHHON K
HanpspkeHuto 10 kB, HeoOXoAMMO y4WMTHIBaTH AKTHMBHYI0 M PEAKTUBHYIO MOTEPIO
MOIITHOCTH B TpaHchopMaTtope.

Ompenento  TOJIHYI0O ~ MOIIMHOCTh  TpaHC(oOpMaTOpHON  MOACTAHIIUH,

MPUBEJICHHYIO K BBICOKOUW CTOPOHE, IO BBIPAKEHUIO:

2

SlOKBTHi = \/( Ppacq.Tm +2-A Fer.THi )2 +( Qacw.THi +2:A Qp.THi ) , (30)

rae P, ;- AKTUBHAs pacyeTHas Harpyska Ha muHax 0,4 xB;

Q, ... - PEAKTHBHAs HArpy3Ka pacueTHas Ha muHax 0,4 kB;
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AP - TIOTEpPU MOUTHOCTH B TpaHC(HOpPMATOpPaX aKTUBHBIE;

mp . TITi

AQ,, 7 = TOTEPH MOLIHOCTH B TPAaHC(HOPMATOPAX PEAKTUBHBIE.

Paccunraro na TII1 Harpy3ky TpaHchopMaTOpHOU MOJCTAHIIMK, TPHUBEICHHOM

K BBICOKOI CTOpOHE, B KAUECTBE MPUMeEpPa:

g0 =.[759,998 + 165,066= 777, 7KBA.

TouHO Tak ke MPOM3BEAy pacdeT Harpy3ok TpaHC(HOPMATOPHBIX MOACTAHIIHIMA
Ha ctopoHe 10 kB Bcex ocTaBmIMXcCH.

[TomyuenHble pe3ynbTaThl 0TOOPA3UM B MpUiIokeHHH A Tabmuia AS.

5.4 Pacuér 3j1eKTpMYeCKHUX HArpy30K pacnpeaeauTeabHbIX JuHuii 10 kB

TouHO Takke Kak U Harpy3Ky pacupenenuTenbHon cetn HanpsbkeHnem 0,4 kB,
PACCUUTBIBAKO PACUETHBIE AIEKTPUUYECKUX HArPYy30K MOPOJCKUX CETEl HalpsHKEHHEM
10 xB. A 3HauuT KO3(PPUIMEHT, KOTOPHIA YUUTHIBAET COBMEIIECHHUE MAaKCHUMYMOB

Harpy3okK K, , OpuHAMaeMblii 10 Ttabmuue 2.4.1, [1]0ymMHOXa0 Ha CyMMEI

pacu€THBIX HArpy3ok TpaHc(OpMaTopoB OTAEHbHBIX TII mNpucOeTUHEHHBIX K
JAHHOMY JJIEMEHTY CETH.

Hnst mpumepa Bo3bMy yuactok TII-14-TII-15 wu npousBeny pacuer
pacnpenenuTenbHON TuHUU HanpspkenueM 10 kB paccmorpum Ha mpumepe TIT1S -
TII14, koTopas B cBoto ouepens Haxoauthes B et UIT-TII-13-TI1-4-TTI-3-TTI-2-
TII-1-TTI-14-TTI-15-UIL.

Janbl Harpy3ku Ha TII:

TII-14: P=730,2 xBt, Q=278,7 kBap.

TII-15: P=783,6 kBT, Q=162,2 kBap,

[Tockonbky Mo# paiioH wumeer Oonee 70% Harpy3Ku >KUAJBIX JIOMOB, U HE
oosmee  30%  Harpy3koll  SABISIOTCS ~ OOIIECTBEHHBIC  3/aHUS, TO  MPH
neyxtpHchopmatoproit KTII kosdduiment yuactus B MakCUMyMe Harpy3ok

OpUHUMAEM: K, =0,9.

Onpez[enﬂ}o pacCu4CTHYO MOIIHOCTD JIMHHUU B HOPMAJIbHOM PCIKUMC:!
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P =783,6+0,9-730,2 =1440,7 KBT,

p.J.LHOPM

Q,nopw = 162,2+ 0,9 278,# 41KBap,

S, =+ 1440,7 + 413= 1498 kBA.

P.JLHOpM

OcTtanbHbIC Y4aCTKH JIMHUU PaCCUYUTBIBAIO B TOM JKC IIOPAIKCE. HOJIY“ICHHBIC

3Ha4YeHHs 0TOOpakaro B MpHiIokeHuu A tabmuima A9.

5.5 Be100p cxembl pacnpeaeauTebHOM ceTu Hanpsikenuem 10 kB

[Ipu pexoHCTpyKUMH (IMIPOCKTUPOBAHUM) MUTAIOMIMX W PaCHpeleTUTEIbHBIX
ceTell TIOJDKHBI YUUTHIBATHCS U BBIMOJIHATHCS OCHOBHBIE TpeOoBaHus. K nmuTaromumm
U PACTPEEIUTENbHBIM CETAM OTHOCSTCS TaKue TpeOOBaHUA Kak:

1) B KaXaoM pexume paboThl CeTH (HOPMalbHOM, aBapUMHOM W JAPYTHX.)
Kau€eCTBO AJIEKTPOIHEPTUU 00513aHO COOTBETCTBOBATH HOPMATUBAM;

2) BO BpeMs dKCILTyaTalluu CETH JIOJKHBI ObITh MPAKTUYHBIMU U YAOOHBIMU;

2) Ha KaXIOM »JTale »JKCIUTyaTallud CEeTH JIOJDKHO O0eCHeunBaThes
YCTAaHOBJICHHBIA 3TAJIOH HAJEKHOCTHU 3JIEKTPOCHAOKEHUSI MOTpPeOUTENss sl BCEX
KaTEerOpyi MOJIb30BaHUS;

4) peKOHCTpYUPYEMBIE CETU 00s3aHbl UMETh NPOCTHIE, HATJITHBIE CXEMBbI;

5) npu 06CITyKUBaHUE TIEPCOHATIOM CETH JOJIKHBI ObITh 0€30MaCHBIMHU.

IIpeuMyIlIECTBEHHO HCHOJB3YEM IIE€TIEBYID CXEMy IPU HCIOJIb30BAaHUU
CEeKLIMOHUPYIOIIETO pazbeauHuTenst. Kaxknas monayneTyis MOXKET NUTaTh YeThIpe —
stk TII Tpancdopmaropamu moirHOCTHIO 10 630 KBA, cornacho [7].

Pa3pabotaeM naBa MpoeKTa MO PEKOHCTPYKLUHU PaCHpeeIUTENbHBIX CeTel
HanpspbkeHreM 10 kB. Cxemsbl npencraBieHsl HA pUCyHKax 1 u 2.

B nmepBoM BapmaHTe 3amuThIBAaHHWE TPAHCPOPMATOPHBIX  MOJCTAHIIUN
HanpspbkenueM 10 kB ot UII Oyany ocyiiecTBisATh ¢ TPUMEHEHUEM METIEBBIX CXEM.
[Tpu HOpMaJIbHBIX peXUMaxX pabOThl TPOESKTUPYEMOM CETU METIIU OYIyT HAXOIUTHCA
B Pa30MKHYTOM COCTOSIHUH.

Bo BTOpoM BapuaHTe NOJKIIOUYEHHE TPaHC(HOPMATOPHBIX MOJACTAHIUN

HanpspkenueM 10 kB ot UIl 6yny mpou3BoauTh METIEBBIMU CXEMaMH, a Tak K€ B
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KaXA0W meTyie OyaeT mo OJHOM TymuKoBou ormaiike. Ilpu HOpManbHBIX pexUMax
pabOThI MPOEKTUPYEMOM CETH TIETIN OYAYT HAXOIUTHCS B PA3OMKHYTOM COCTOSTHHH.
IIpousBeaeM TEXHHUKO-3KOHOMUYECKOE CPAaBHEHUE BApUAHTOB.
Bapuant 1: nnmuana KJI=4,528 kM., konudecTBO BbIKItouarenei 30 mT.
Bapuant 2: niinana KJI=4,667 kM., KOTUYECTBO BhIKJIIOYaTese 34 MiT.
Kak BugHO U3 mapameTpoB B BapuaHTe JBa JiauHHa KJI Oombie yeM B mepBoM
BapUaHTE, YTO MPUBEIIET K YIOPOKaHUIO MpoekTa. KoinuecTBO BBIKIIOUATENE TAKKE
OoJibllle BO BTOPOM BapHaHTE, CIEI0BAaTEIbHO - O3TO IMPHUBEACT HE TOJBKO K

YAOPOKaHUIO IIPOCKTA, HO U K CHHKCHUIO HAJIC)KHOCTH 3TOI'O BapHvaHTa.

B

i
.
B ®
3
e s l==
Bl B
. ¢
——
| T

/¢ «Basobas»
35/10 xB8

Pucynok 1 - Bapuanrt 1
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IE

e Mepwmolion

PucyHnok 2 - Bapuant 2

I/ICXOI[H IIPOBCACHHOI'O TCXHHUKO-3KOHOMHUYCCKOI'O CpPaBHCHUA, BBIGI/IpaeM

BAapHaHT 1.

5

Pucynok 3 - Cxema BbICOKOBOJIbTHOM PaclpeeIuTeIbHON CETH
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5.6 Bbi0op 1 npoBepka ceyenus pacnpeneantenabnoii cetu 10 kB

Bri6upats ceuenne kadeneii HanpspkenreM 10 kB Oyny ocymecTBisITh Tak xe,
KakK MpOU3BOIMII B pactpeaenurenbaoi cetu 0,38 kB.

[ToMumo 3TOrO BHIOpAaHHBIE CEUEHUS KaOeNnel AOMKHBI MOJUYUHATHCS YCIOBHUIO

HarpeBa, KOTOpO€E MPUBEAECHO HUXKE [6]:

F..., > 35MM?, (31)

rae F

oy~ CEUCHHUE KAOEIs BLIOPAHHOE /U1l MOHTaXKA.

[TpousBeny BrIOOP Kabenst HeoOxoauMoOro cedeHus Ha yuactke TI1-14-TTI-15.
[Tony4yeHHbI€ pe3ynbTaThl OTOOpaXKy B TaOIHIIE 5.

B HOpManbHOM pexXUME pacueTHBIN TOK Kabels COCTaBUT:

~2077,9

I _c2 e
pacu «/@10

Bribuparo kabenb ceuenueM 50 mm?, mapku AIIBII2IT, TpexsKMJIBHBIA C

=119,9 A.

JUTUTEIBHO JOIMYCTUMBIM TOKOM I =195 A.

JJ1. 01T

[Tocne aBapuiiHoro pexuma, korjga obopBaH rosoBHoW ywdactok WMIT-TII-15
ONPENIEITIO TOK B ITOCIEABAPUINHOM PEKUME:

21818

| =
aB.pacu \/§ . 10

=125,97 A,

| =" K __-K_=195-1-1=195A,

JULJI01T JUL 0TI OKp. MPOK.

I <1,3l

aB.pacu qur.gorn !

125,97< 235,

Ceuenue BbIOpall MPABUIBHO MO JJIMTEIBHO JIOMYCTUMOMY TOKY TakK, Kak
ycioBus (15) u (30) BRIMOTHSIOTCS, B 4Y€M MOKHO YOSIUTHCS TT0 JaHHBIM PACYETOB.
JlaHHBIE BCEX pacyeToB OTOOpaxy B TaOIHIIE 5.

Tabnuua 5 - CeyeHust 1 MApKH BBICOKOBOJIBTHBIX KaOemnen
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.HI/IHI/IH pacy.a ! pacu ! IaB.pacq ' Iun.uon 1 IL{J‘L/I[OH '1’ 3’ F, MM2 MapKa
kBA A A A A xabes
1 2 3 4 5 6 4 8
UII-TII15 2877,2 | 166,1 | 174,42 195 253,5 50 ATIBIT2T
TII15-TI114 2078 119,9 125,9 195 253,5 50 AIIBIT2T
TIT14-TII1 1303 75,2 78,9 195 253,5 50 ATIBII2T
TII1-TII2 525,4 30,3 31,8 195 253,5 50 AIIBIT2T
TII2-TII3 236,8 13,7 14,3 195 253,5 50 ATIBII2T
TII3-TI14 1005 58,1 60,9 195 253,5 50 ATIBII2T
TII4-TII13 1755 101,3 106,4 195 253,5 50 AIIBIT2T
TIT13-UIT 2571 148,5 155,9 195 253,5 50 ATIBIT2T
UII-TI11 3189 184,1 193,3 240 312 70 AIIBIT2T
TIT11-TII10 2422 139,8 146,8 240 312 70 ATIBIT2T
TIT10-TII9 1590 91,8 96,4 240 312 70 AIIBIT2T
TII9-TII8 1206 69,6 73,1 240 312 70 ATIBIT2I
TII8-TII7 350,4 20,2 21,2 240 312 70 ATIBII2T
TII7-TI16 476 27,5 28,8 240 312 70 AIIBIT2T
TII6-TIIS 1249 72,1 75,7 240 312 70 ATIBII2T
TII5-TII12 2001 115,5 121,3 240 312 70 AIIBIT2T
TIT12-UIT 2826 163,1 171,3 240 312 70 ATIBII2T

CornacHa METOIMYECKUMM YKa3aHUSIM BbIOpaHHbIE KaOens HampspkeHueM 10
kB, He00X0IMMO TPOBEPHUTH HAa OTKJIIOHCHUE HanpshKeHus[6)].

A Tak kKe  HeoOXOOUMO  TPOBEPUTh  MOTEPI0  HANPSHKEHHS B
pacripeieIMTeNbHbIX JUHUSIX HanpsbkeHueM 10 kB , tem ke cmocoOoM 4To U B
HHU3KOBOJIBTHBIX, [6].

[Tpousseny pacuer B yuactke UII-TII-15 norepwu.

Onpenensto norepro  HampsbkeHust B aunHum  UII-TII-15 B HOpManbHOM

pexuMe:

\/§.|p.| _ ;
AU =U—-(r0-c0540+xo sinp ) 1009, (32)

HOM

Omnpenensito norepro HanpsokeHus B iuHuu UIT-TTI-15 B aBapuitHoM pexume:
~/3-191,862 0,49
400

13 pacde€ToB BHUJHO, YUTO IMOJYUYCHHLIC JAHHBIC HUKEC JOIIYCTHUMBIX 3HAYCHUM B
45
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HOPMAJIbHOM WM aBapUHHOM PEXHMax, M0 3TOMY, JUHUS YIOBJIECTBOPSET TPEOOBAHUIO
I'OCT 132144-2013.

JlaHHBIE 10 pacyeTaM OCTaJIbHBIX JIMHUK OTOOpaKy B MPHIIOKEHUU A Tabiuia
Al0.

Cyns o manHbeIM B Tabmuie A10 MOXKHO cliefiaTh 3aKJIIOYEHHE O TOM, YTO TI0
MOTEPH HAIPSDHKEHUs] B BBICOKOBOJIBTHOM JIMHUHU BBHIOOp KaOenel W UX IpoBepKa
OCYILIECTBJICHA TMPABWIbHO, TOCKOJIbBKY pPACUYETHbIE OTKJIOHEHUS HaIpPsKEHUS
ynosnetBopstoT TpedboBanuio ['OCT 132144-2013

5.7 Onpenesienne norepb MOUIHOCTH M YHepruM B ceTsix 10 kB

PexonctpynpyeMyto (IpOEKTUPYEMYIO) JIMHUIO TAKXKE HYKHO MPOCUYUTATh HA
MOTEPI0 MOITHOCTH U 3Hepruu. [IpoBepsitoTcsa mnHuKM HoMuHaiIoM B 10 kB Ha moTepro
MOIITHOCTH ¥ SHEPTUM TOYHO TaKOU K€ METOJUKON KaK 1 HU3KOBOJIbTHBIE.

IIpousBeny pacuersl gunuu WMII-TII-15Ha moTepio MOIIHOCTH M HEPIUU B
BBICOKOBOJIbTHOM KaOCIHHOM JIMHUH.

Onpenensto B muaun UII-TII-15 noTepro MOITHOCTH U DHEPTHH:

AP =14,6 kBT,
2
T= 0,124+@ - 8763 129 uac,
10000

AW =14,6 1292= 18863, KBT-r0/1.
OcTtabHble JTUHUM PACCUMTHIBAIOTCS AHAJOTMYHO , a JIAHHBIE PacyETOB BCEX

JUHUN 0TOOpaxy B mpuiiokeHnn A tabnuia All.

46



6 KOMITEHCAILIMS PEAKTUBHOM MOII[HOCTH

KomneHcannss peakTUBHOM MOIIHOCTM NPOWU3BOAUTCA HA IIMHAX HHU3KOTO
HanpspkeHus (10 kB) myTém ycTaHOBKM KOHIEHCATOPHBIX OaTapeil.
rae tgQq, - mpenensHo JomycTUMbIi ko3 duiment momuocTa 1o [Ipukazy Ne380,
tg9p.,=0,4.

PI9%B=11129,9 kBT

Q!%B=2742 426 xBap

o 2742426
8Pp = 111299

KomneHcanus peakTHBHOM MOIITHOCTH HE TpeOyeTCHl.

0,25

a7



7 PACHET I1IOH MW  BbIBOP MECTA  PACIIOJIOKEHUA
TPAHCOOPMATOPHLIX ITOACTAHIIM

Jlist  ompeneneHuss MECTOPACIONOKEHUS TPAHCPOPMATOPHBIX TMOJICTAHIIUN
HEOOXOJMMO OTIPEACIUTh IIEHTP JIEKTPUUECKUX HArpy30K

LleHTp 3nEKTpUYECKUX HATPY30K ONpeessieTcs no Gpopmynam:

4 P
i=1 : i=1 , (33)

HOI[CTaBI/IB SHAYCHUA KOOpAWHAT U MOIIHOCTHU 00BEKTOB 3J'ICKTpOCH36)KeHI/I$I B

dbopmyibl, paccunTaeM KoopAauHathl ycsoBHoro [IOH nns TII1.

_ 93,6%48+93,6+75+ 11943 +119%43 +119%68+119%93+119%68 _
X= 93,6 + 93,6 + 119 + 119+ 119 + 119 + 119 =62

93,6 %48+93,6+40+ 119 % 115+ 119 1754 119 % 145 + 119 * 145+ 119 ¥ 90 _
r= 93,6 + 93,6 + 119 + 119 + 119 + 119 + 119 =12

Takum oOpazom, [[DH paccmarpuBaeMoro pailoHa HMEET YCJIOBHBIC
KoopuHaThI (62;112).

Ta6nuna 6 - KoopauHatsl IEHTPOB 3JIEKTPUUECKUX HATPY30K

Homepa sanementoB | PacuerHas akTuBHast Koopaunats! Ha niane
Ha IIaHe MOIITHOCTD X Y
P, kBt
1 2 3 4
1 93,6 48 48
2 93,6 75 40
3 119 43 115
4 119 43 175
5 119 68 145
6 119 93 145
7 119 68 90
KTII1 62 112
8 119 93 90
9 93,6 138 182
10 93,6 138 137
11 93,6 138 92
13 126 183 185
15 126 200 227
16 126 250 227
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[Tponomxenue TabIUIIBI 6

1 | 2 3 4
KTII2 166 166
17 126 220 264
18 126 260 287
28 93,6 293 233
29 93,6 319 225
30 14,5 293 260
31 14,5 293 275
32 14,5 293 230
33 14,5 293 305
34 14,5 293 320
35 14,5 293 335
36 14,5 328 260
37 14,5 328 275
38 14,5 328 230
39 14,5 328 305
40 14,5 328 320
41 180 322 377
KTII3 288 289
42 183,7 372 405
43 168 372 345
44 20 367 315
45 25,92 369 275
46 10 368 243
47 119 368 225
48 196,8 402 266
KTI14 379 314
49 168 447 225
50 104 487 225
51 119 492 261
52 14,5 438 275
53 14,5 463 275
54 14,5 438 295
55 14,5 463 295
56 14,5 438 315
57 14,5 463 315
58 14,5 493 295
59 14,5 493 315
60 75 447 360
61 168 488 425
KTII5 471 288
83 191,4 527 328
84 5 529 383
85 168 523 429
86 168 563 426
87 189 598 429
90 25 578 319
KTII6 553 398
98 182,4 665 445
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[Tponomxenue TabIUIIBI 6

1 2 3 4
99 10 663 418
100 152,2 703 434
101 137,2 703 395
102 25,92 672 350
103 182,4 703 352
104 131,5 703 309

KTII7 693 388

88 137,3 598 385
95 92 654 300
96 191 628 375
97 407,4 628 431

KTII8 625 395
105 182,4 703 268
106 14,5 673 259
107 25,92 269 237
108 25,92 670 220
109 80 703 230
110 12 704 219
111 25 693 157

KTII9 668 244

89 150 562 344
91 126 598 340
92 182,4 598 294
93 182,4 563 257
94 188,2 598 239

KTII10 583 233

69 10 480 55
71 104 532 40
72 126 567 58
73 10 533 62
75 20 558 141
77 126 598 184
78 126 598 144
79 126 598 105
80 132,2 592 58

KTII11 579 99

67 30 490 172
68 168 482 124
74 126 528 95
76 138 531 173
81 179,2 543 225
82 182,4 523 270

KTII12 519 183

19 168 293 182
20 168 325 190
21 38,88 312 148
27 15 359 155
64 168 418 148
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[Tponomkenne TabauibI 6

1 2 3 4
65 12,5 430 192
66 150 448 172
70 99,2 446 65
KTII13 376 158
12 92 138 55
14 460 217 81
22 168 293 93
KTII14 224 80
23 168 293 47
24 168 338 35
25 168 383 48
26 168 383 93
KTII1S 349 55

Bce pacuetst o [I1OH cBeny B Tabmuiry 6.

Y] | L | L

g \]

] = |
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GCGEEERE

1l/c «bazobas»
35/10 k8
Pucynok 4 - PacnionoxeHre HeHTPOB JIEKTPUUECKUX HArPy30K U

MECTOPACHOJIO0KEHUS TPaHC(HOPMATOPHBIX MOJCTAHIINN
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8 PACYET TOKOB K3

Pacuetst TOkOB K3 TpeOyeTcsi BBINOJHUTH HE TOJBKO JJIE TOTO YTO ObI
MIPOU3BECTU BBHIOOP U MPOBEPKY KaOEIHHOM JUHUU , a Takxke Toku K3 HeoOXoaumbl
Ipyu BHIOOPE W MPOBEPKH KOMMYTAIMOHHBIX YCTPOMCTB MO JUHAMUYECKOH U
TepMUYecKoil cToikoctu npu AeiictBuu TokoB K3. K Tomy ke Toku K3 notpedytorcs
py BBIOOpE M MPOBEPKE YCTABOK B pesieiiHOM 3ammre U aBTroMatuke. K tomy xe
pacuetsl TOKOB K3 HeoOX0oAMMO TIpOM3BECTH U B HU3KOBOJBTHBIX, H B
BBICOKOBOJIBTHBIX CETSX MO OTJECIbHOCTH.

8.1 Pacuer TokoB K3 B BHICOKOBOJILTHOM CETH.

[Ipu pacuerax TokoB K3 Ha BHICOKOBOJILTHOM YYacTKE LI MHE HEOOXOIUMO
OMpENIeIUTh Ha NIMHAX KaK BBICOKOTO TaK W HU3KOTO HANpSKEHUs, a TakK JKe
MIPOU3BECTHU pPacUET Ha IIBIHE BBICOKOTO HarpskeHus camoi nanbHen KTIL, [9].

Cxembl 3aMCIICHUA I/I306pa)KeHI>I Ha pPUCYHKC 5.

K7 K2

Xe yr
| I | 1 1
—> 1l I -
35kB  zm 10 7.

T

K2 K3

Xc un
O+ —
| S|

35xB

10xB
Zm Zkn -

Pucynok 5 - CxeMsbl 3aMelieHus
Brimonuars pacuet TokoB K3 cormacHo MeTouke MpUOIMKEHHBIM METOI0M,
eAUHUIICH W3MepeHus OyAeT OTHOCUTENIbHas eauHuiia. Ha cxemax 3amMerneHus
nzoopaxkenbl Toukn K1, K2 u K3, B 3Tux TOoukax s u Oyay NpOU3BOAUTH pacuer
TokoB K3.

s, =100 MBA; s =800 MBA.

K3

ComnpoTHUBIIEHHE CUCTEMBI HAWIy 10 CIeMyIomIei hopmyIie:
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(34)

Compotusiienue Tpanchopmaropa:

UK3,°0 ' S;
X’”:—lo(;-s(’ (35)

rae U, o - Hanmpsbkerne KopoTKoro 3aMbikanus, 7,5%.

~7,5-100
" 100 6.3

Conpotusnenne KJI UIT-TII-15-TI1-14-TI1-1-TTI-2-TT1-3-TII-4-TII-13:

=1.19 O0.€.

K

S
X=X Lol (36)

s,

o (37)

Ra:R)' L.

X o ..=0063 (0,6 0,176 0,284 0,176 0,244 0,2

100
40,128 == 0.11¢0.c.
Y100 0-C.,

Rz = 0,36 (0,6+ 0,176 0,284 0,146 0,244 0,2¢€

+0,128) 299_ 0 68:0.c.
100

Conpotusnenne KJI UIT-TII-11-TT1-10-TII-9-TTI-8-TTI-7-TII-6-TII-5-TTI-12:
XmFHH—THlZ:O’OGl (0147|— 0’116 01284 011_8 0’—72 0’2'68 0;'1‘

+0,184y199_ ¢ 140.e.,
100

R s =0,256 (0,47 0,116 0,284 0,48 0,72 0,268 0.1
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+0,184y199_ 0 61:0..
100

Tok Ga3ucHBIN HalTy 1O BBIPOKEHUIO:

Iﬁ = ) (38)

rze u_- 0epy no cpegHemMy psay HanpsKEHUs.

- 200 5,499 o.c.

|
2 J3-10,5

COHpOTI/IBJ'ICHI/Ie IMOJIHOC 0 TOYKHM KOPOTKOI'O 3aMbIKaHUA OIIPCACIIIO 110

dbopmyie:

Zl = Xm + xCqu ) (39)

Z,=1.19+ 0,125 1.310.C.

Zz = \/ ( Xm + xcucm + 71“17]7—T1713)2 + ( F;%;rnnfrnls)z ’ (40)

Z,=@.19+ 0.125 0.118) (0.683- 150.e.

Z3 = \/( Xm + Xcucm + Q117717—T1712)2 + ( R,'IFHH—THIZ)Z 1 (41)

Z,=4(1.19+ 0.125 0,148} (0,612 L150.e.

B wMecre K3 HawanbHOE€ JAEHCTBYIONIEE 3HAYEHHUE MEPUOTUUECKOUN

COCTaBJISAIOIICH TpeX(a3HOro ToKa Oy/IeT COCTABIIATS:

‘ 3) — Ecucm N 5 (42)

rae g, - IC cucremsl (E e = 1), 0.€.;
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Z - moJHOe COIIPOTHUBIICHUC IO TOYKH KOPOTKOI'O 3aMbIKAHUS, Om.

E
(3) cucm
|K3.l - Zl ’|62, (43)
s = %02 .5,499= 4,22' KA.
E
lKS' 2(3) === '|62, (44)
Z,
1
K3.2(3) = 1,—6.5’ 499= 3,48t KA.
E
|K3 3(3) === 'Iaz, (45)
Zs

@__L 5 499- 3 49(KA.

|
331571

[IpousBeny pacuer HayajabHOrO MACHCTBYIOUIETO 3HAYEHHS] NEPUOIUYECKOMN

cocTaBisitonieit 1ByxgasHoro Toka B mecte K3 mo cieayromnieMy BbIpaKeHUIO:

© (46)

I (2 _
K31

-4,225= 3,65 kA

b

(2 = X~ .3 488= 3,02 KA,

I K33

| (2) _
K34

3,499 = 3,0: kA,

NI RN

[Tpousseny pacuer yaapHoro Toka B Mecte K3 coriacHo BbIpaxeHuUs:

55



ydap = \/_ K Oap HOKB‘ ’ (47)
rae K, - ynapasiii ko3pdunueHr.

Omnpenenenue ynapHoro KodppuiiueHTa npou3Beay Mo BEIPAKEHUIO:

-0,01

=1+e % , (48)

yoap

Ine T,- mocrosiHHas BpeMeHU 3aTyXaHus.

OHpGI[CJIGHI/Ie MOCTOSIHHOM BPCMCHHU 3aTyYXaHH: ITPOU3BCAY I10 BBIPAKCHHIO!

=X
T, = : 49
‘" »IR (49)

rae @ - yriaoBas 4acToTa HanpsbKeHHs ceT (0=314).
Paccuuraro yaapHbiii TOK B KaXJI0M TOYKE:
Hanpsoxenune 10 kB:

,=0,02,K

yoap 2

=1,6,

—J2-16 4,225 9,55 KA.

y()apl

Touka K2:
3 __ 1421 50507,
314 0.683
-0,01
K =1+ eo 007 — 1 221,

yoap3

—J2.1,221 3,488 6,02 KA.

ydap 3

Touka K3:
L4471
“ 3140612 '
-0,01
K =l+e 0,008 =1, 26E,

yoap3

—2-1,265 3,499 6,2¢ KA.

yéap3
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[Tommyuennsie pacuetsl TokOB K3 oToOpaxky B Tabmnuiie 7.

Tabnuia 7- Pe3ynbrarsl pacuera TOKOB KOPOTKOTO 3aMBbIKAHUS

Touka K3 IK?(a) , KA IKB’(Z) , KA iyéap , KA
K1 4,225 3,659 9,559
K2 3,488 3,021 6,024
K3 3,499 3,03 6,261

8.2 Pacuer ToxoB K3 B HU3KO0BOJBLTHOM CceTH

Heobxoaumo npoussectu pacuer TokoB K3 B cetn 0,4 kB kak Ha muHax 0.4

kB Moen pacuetnon TII, Tak 1 Ha KOHIIAX BCEX OTXOIAIINX JTUHUU.

[TpousBeay pacuer B HU3KOBOJIbTHOM 1ienu Ha TT1-8.

I[Ipy »>TUX yCIOBHSIX a TMPOU3BENY pacyeT HAYaJIbHOIO

3Ha4YCHUA
HepI/IO,Z[PI‘IeCKOﬁ COCTaBJ'ISIIOIHeﬁ CIIO HHUZKC HU3JIOKCHHOI'O BBIPAKCHHA!

| ® — U
K \/§Z

(50)
|® = 4,228 kA

rae Z - moyHoe conpoTtusieHue 10 Touku K3, Om.

Onpenento cONpoOTUBIIEHUE CUCTEMBI 1O (hopmysie Huxe, OM:

X, _ UlOKB

i ~aa— (51)
) \/é ) l (3)K31OKB

10
X == =1367.0
J3-4.225 M

(52)
U 10xB
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xs=1,:-367%1 f = 2,18, yOwm

Omnpenento conpoTuBiieHne Kabens mo Gpopmyiie Huke, OM:

X, = Xyol,

X _=0,051 0,088 0,004¢ Om
Rm = Ra ,

R =0,07- 0,08t Om

[IpousBeny  pacuer  peakTUBHOTO M AKTUBHOIO

TpaHchopMaTopa Mo BbIPAKEHUSIM HUXKE MPUBEICHHBIM, OM:

UK&%'Uim
7, = Eut e
1OO.S%MW
z = 5504 . 96€, MOwm
100- 630
__AFLa.Uim

r.T
S;WM ’

r . 7,6:0,4
T 630

rne U, . - Hanpsoxenne K3, %;

= 3’ 064, MOM

AP - Ilotepu K3, %.
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COIIPOTUBJICHUA

(55)
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X, =/13,968 — 3,064 = 13,62 MO

Pacuer YAapHOro TOKa MCTANIMYCCKOIO TpquJaBHOFO K.3. OT CHCTCMBI

npousBey 1mo Gopmyie, KA:
i)’JJ-C(S) = \/E ) kya.c ) IK.3(3)’ (58)

i ? =2-1,3 14,336=26,35, kKA
rne ky,lC - KOO PUIIUEHT yIapHBIiA.

Cornacuao MCTOAUKC pPACUYCTOB A1 K.3. Ha CTOPOHC 1O 1 kB

TpaHchOpMaTOpOB ky&C MPUHAMAK0 B 3aBUCUMOCTHM OT MOIIHOCTH CHJIOBOTO
Tpanchopmaropa: s TpanchopmaropoB 250, 400 kBA 3naueHue ky[[.c =1,2; nna
Tpancdopmarops 630, 1000 kBA snauenne K, =1,3,[9].

[IpousBeny pacuet Toka ogHodazHoro K3 mo BeipaxeHuto, KA:

1,05-U
W= (59)
Y4
z +—
3
| —% =9,815, kA

z
rzae %- COMPOTHUBJICHUE TOJIHOE TPaHCHOpMATOpa TOKY KOPOTKOTO 3aMbIKaHUS Ha

Kopiyc, Om.
z, - COIIPOTHUBJIEHHE TIOJIHOE NETIH (ha3HOTO M HYJIEBOT0 poBoja, OMm.

[IpousBemy pacueT MOJHOTO COMPOTHUBJICHHUS TETIM (PA3HOTO W HYJIEBOTO

IIPOBO/IA IO CIEAYIOLIEMY BhIpakeHUI0, OM:
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, (60)

z, =43,261, MOMm.
rae I, X,- CONpOTUBICHHE ¢da3HOTO MPOBOJIa AKTHBHOE U peakTuBHOE, OM;

r Xy - COIIPOTHUBJICHUEC HYJICBOI'O IPOBOAA aKTUBHOC M PCAKTUBHOC, Om.

N !

[TokazaHust Bcex BbIUUCICHUNA OTOOpaKy B Tabsuiie 8.

Tabnuna 8 — Pacdet TOKOB KOPOTKOTO 3ambikanus B cetu 0,4 kB

Touxka K3

| (3)

I 1)

K3 > KA Iydap » KA K3 > KA
TIII
Kl 14.316 26.32 0.811
K2 3.588 5.078 1.686
K3 4.43 6.29 2.094
K4 1.227 1.735 0.592
TII2
Kl 11.481 19.483 8.343
K2 4.122 5.865 2.019
K3 1.5 2.122 0.725
TI3
Kl 21.052 38.703 11.763
K2 5.99 8.487 2.682
K3 5.291 7.495 2.4
K4 4.579 6.484 2.104
TI4
Kl 14.316 26.32 0.811
K2 3.612 5.122 1.723
K3 4.161 5.906 1.973
K4 4.867 6.889 2.215
TII5
Kl 21.052 38.703 11.763
K2 4.43 6.272 2.041
K3 5.584 7.927 2.55
K4 4.29 6.074 1.982
TII6
Kl 14.316 26.32 0.811
K2 1.126 1.593 0.545
K3 6.509 9.267 2.966
K4 1.795 2.538 0.863
7
Kl 21.052 38.703 11.763
K2 4.91 6.953 2.243
K3 5.506 7.799 2.488
TII8
K1 | 4.225 | 3.659 | 9.559
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K2 3.488 3.021 6.024
K3 3.499 3.03 6.261
TI19

K1 14.316 26.32 9.811
K2 4.161 5.906 1.973
TII10

K1 14.316 26.32 9.811
K2 4.161 5.906 1.973
K3 2.37 3.352 1.121
TII11

K1 14.316 26.32 9.811
K2 3.488 3.021 6.024
K3 6.509 9.267 2.966
TII12

K1 14.316 26.32 9.811
K2 4.122 5.865 2.019
K3 3.499 3.03 6.261
TI113

K1 14.316 26.32 9.811
K2 4.161 5.906 1.973
K3 3.612 5.122 1.723
TI114

K1 14.316 26.32 9.811
K2 4.579 6.484 2.104
K3 6.509 9.267 2.966
TII15

K1 14.316 26.32 9.811
K2 5.99 8.487 2.682
K3 5.584 7.927 2.55

Pacuets nmpoussenensl B mporpamme Mathcad Application u pencTaBieHb B

MIPUJIOKEHNH b.
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9 BBIFOP KOMITJIEKTHBIX TPAHC®OPMATOPHBIX ITOJICTAHIIUN

B Hacrosimiee  Bpemsi  CYIIECTBYET  MHOXKECTBO  IPOU3BOAUTENEH
TpaHC(HOPMATOPHBIX MOACTAHIIMK KOTOPBIE OCYIIECTBISAIOT MPHUEM, MpeoOpa3oBaHMe
U pacnpeereHue deKTpuyeckor sHepruu. 1o kemaHuio 3aKa3urMK MOXKET BbIOpaTh
KaK OTKPBIThIE TaK U 3aKPBIThIC MOJACTAHIIMU. 3aKPBIThIE TTOJICTAHIIUU BBITIOJHSIOTCS B
BUJIC KHOCKOB, MaTepuaj H3TOTOBJICHUS Pa3HOOOpa3HbIN (KeJe3Hble, OCTOHHBIC,
eBpo BaroHuuku). Takue 3akpeiThle NojacTaHiuu HasbiBaloT KTII. Y Hux oueHb
MHOTO TPEUMYIIECTB: OHH MOOWIBHBI, JIETKH W YAOOHBI UJII TPAHCIOPTHUPOBKU;
HMMEIOT BBICOKYIO CTENIEHb 3aBOJICKOM TOTOBHOCTH; MOBBIIIEHHAS] HAJIC)KHOCTH pabOThI
o0opynoBaHusi, Tak kak kopmyca 61okoB PYBH u PYHH temnousonupoBanssie;
MPOU3BOJIUTENIb JIETKO M OBICTPO MO 3alOJHEHUIO OMPOCHOTO JIMCTa HAYUHAET
HeoOxomuMbiM  obopynoBanueMm;BHyTpn  KTII  umerorcss  mpoxoasl s
OOCITY’>KMBAIOIIETO IEpPCOHAJIa  COIVIACHO; CXEMbl TMOJCTAHIIMH  TO3BOJISIOT
MIPOU3BOINTH MPUCOSTNHEHHE K CETH PATUAIbHO, TBYX JTyUEBBIM, KOJIBIIEBBIM H T.1.;

Hust cBoux TII s BeIOMpal0 K YCTAaHOBKE CTaHAAPTHYIO KOMIUIEKTHYIO
3aKpBITYI0  TpaHCHOpPMATOpHYIO  MOJcTaHiuio  Hampsbkenunem  10/0,4xB B
MeTaimndeckoM  KouteiiHepe Tuma 2KTIIHY-M-AT-630/10/0,4Y1  momnoi
3aBojickoii ToToBHOCTH OT TipomsBoautelisi (OOO [IK® «ABromatuka») KOTOPBIU
KOMILUIEKTYET UX COTJIaCHO 3alOJHEHHOMY OMIPOCHOMY JIUCTY.

CornacHo JOKYMCHTAITU! W3JIEINE 2KTITHY-M-AT-630/10/0,4V1
NpeaHa3HaYeHO Il DJICKTPOCHAOXKEHUS  TOPOJIOB,  IPOMBIILJIEHHBIX U
CEIbCKOXO3SIMCTBEHHBIX OOBEKTOB, HACEJIEHHBIX IYHKTOB C KaOCIBHBIM BBOJOM
aunauit 10 xB.

Cocrout KTII u3 ornensHbIx Tpex OyokoB: Oyoka mmta PYHH; 6moka YBH;
0JI0Ka CHUJIOBBIX TPaHC(POPMATOPOB.

Cxema ¢ pacnionosxxenust 61o0koB BeiOpanHoit KTII mpencrasiena Ha aucte 7

Byioku MOJHOCTHEIO CMOHTHUPOBAHBI AJECKTPUUECKUM 00OPYJIOBaHUEM W BCEMH
MEPBUYHBIMA ¥ BTOPUYHBIMHU JJICKTPUUYECKUMHU COCTUHEHUSMHU, 32 HCKIIOUCHHEM

cuioBoro Tpanchopmaropa. CuiaoBoi TpaHCHOPMATOP MOHTUPYETCS IO MECTY.
62



OOmuit BuA NpuBEICH Ha PUCYHKE 6.

Pucynok 6 — O6mmii Bug 2KTITHY-M-AT-630/10/0,4Y'1
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10 BBIBOP U ITPOBEPKA OBOPYIOBAHIMA HA KTII

10.1 Be16op 1 npoBepKa npeaoXpaHuTeIen
[IpenoxpanuTenn BHIOMPAIO MO apaMeTpaM yKa3zaHHbIM HIke, [10]:

1) mo HanpsHKEHUIO:

UHOM = UceTI/I’ (61)

2) MO TOKY MPEIOXPAHUTEIIS:

IHOM =1 HOM.pacy’ (62)

3) M0 HOMMHAJIBHOMY TOKY IJIaBKOW BCTABKHU.

Ha  Tpebyemyro YyBCTBUTEIIBHOCTh 3aIUThI ILIaBKHE BCTaBKH
npeoXpaHuTesiel Oyay MPOBEPATH MO CIASAYIOIIEMY BBIPaKEHUIO:

K _ | K min >3 (6 3)

YyBCTB | =9,
HOM.ILUL.BCT

I'ne 1., - KODOTKOrO 3aMbIKaHWs MUHUMAJIbHBIN TOK, KA.

3aTeM Oyy IpOBEPSATH MPEIOXPAHUTENN HA CTIOCOOHOCTh OTKJIFOUEHUS:

IKmax < I I1.OTKI ! (64)
rae | — MaKCHUMaJIbHBIM 0KHAaeMbIi TOK B MecTe K3, KA

Kmax

I - IPEICJIBHO OTKIIFOYaEMBbIN TOK, KA.

II.0TKJI

[Ipousseny BoiOOp Ha muHUM TII-6-85 npepoxpanurenei
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Bpruuciaro pacdyeTHbIN TOK COTJIACHO BBIPAXKEHUSL:

S

| =T 65
pacu \/§ . UHOM ( )

I =352,4

pacu

[To pesymnbpratam pacueToB BHIOEPY MPEIOXPAHUTEIHHYIO BCTABKY IUTABKYIO C
HOMUHAJIBHBIM TOKOM 400 A.

BriOupy npenoxpanutens mMapku [1H2-400 ¢ HOMUHAIBHBIM TOKOM IaTpoHa
400 A.

[IpousBeny npoBepky Ha TPeOyeMYI0 UyBCTBUTEIBHOCTD 3AIIUTHI:

3458
W 400

8,62 3.

K 8,6.

Pe3ynbTarhl NOJ0XKUTENbHBIE, 3HAYUT YCIOBUE BHIMOIHEHO.

[IpousBeny mpoBEepKy Ha OTKIIOYAIOINIYIO CTIOCOOHOCTD:

7,35 25

Pe3ynbTaThl MOJ0XKUTENbHBIC, 3HAYUT YCIOBUE BHITIOIHEHO.

[Tockonbky ¢umep 1 TII-6 umeer HauOosblliee 3HAYEHHE TOKa, TO IO
OCTaJbHBIM JIMHUSM BbIOMpaeM Takoil >ke npeaoxpanutesb. Bee pacueTsl o BeIOOpY
NpeIoXpaHuTeNel 3aHecy B Tabnuity 9.

Tabnuua 9 - BeiOpanusie npegoxpanutend Ha HanpsbkeHue 0,4 kB

JTuHus ! HOM;ZHBCT | lhomnp A | omer » KA Mapka
1 2 3 4 5

TII1-dp1 400 400 40 ITH2-400
TII1-§2 400 400 40 ITH2-400
TII1-}3 400 400 40 ITH2-400
TII1-p4 400 400 40 ITH2-400
TI12-dp1 400 400 40 ITH2-400
TI12-}2 400 400 40 ITH2-400
TI12-¢3 400 400 40 ITH2-400
TII3-¢p1 400 400 40 ITH2-400
TII3-p2 400 400 40 ITH2-400
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[Tponomxenne TabauIb 9

1 2 3 4 5
TII3-}3 400 400 40 ITH2-400
TI13-p4 400 400 40 ITH2-400
TI14-dp1 400 400 40 ITH2-400
TI14-}2 400 400 40 ITH2-400
TI14-}3 400 400 40 ITH2-400
TI14-p4 400 400 40 ITH2-400
TI15-¢1 400 400 40 ITH2-400
TTI5-$2 400 400 40 ITH2-400
TI15-03 400 400 40 ITH2-400
TII5-p4 400 400 40 ITH2-400
TI16-¢1 400 400 40 ITH2-400
TII6-¢p2 400 400 40 ITH2-400
TI16-d3 400 400 40 ITH2-400
TI16-p4 400 400 40 ITH2-400
TII7-dp1 400 400 40 ITH2-400
TI17-¢p2 400 400 40 ITH2-400
TI17-d3 400 400 40 ITH2-400
TI18-¢1 400 400 40 ITH2-400
TII8-¢p2 400 400 40 ITH2-400
TII8-3 400 400 40 ITH2-400
TII9-¢p1 400 400 40 ITH2-400
TII9-$2 400 400 40 ITH2-400

TII10-¢p1 400 400 40 ITH2-400
TII10-¢p2 400 400 40 ITH2-400
TII110-¢3 400 400 40 ITH2-400
TII11-¢1 400 400 40 ITH2-400
TII11-¢p2 400 400 40 ITH2-400
TII11-93 400 400 40 ITH2-400
TI112-¢p1 400 400 40 ITH2-400
TI112-¢2 400 400 40 ITH2-400
TII12-93 400 400 40 ITH2-400
TI113-¢p1 400 400 40 ITH2-400
TII13-¢p2 400 400 40 ITH2-400
TI113-¢3 400 400 40 ITH2-400
TI114-¢1 400 400 40 ITH2-400
TI114-¢h2 400 400 40 ITH2-400
TI114-93 400 400 40 ITH2-400
TII15-¢p1 400 400 40 ITH2-400
TII15-¢p2 400 400 40 ITH2-400
TII15-93 400 400 40 ITH2-400

TouHo Tak ke BbIOMpalo MpeAoXpaHuTeNn Ha HanpsbkeHue 10 xkB.

[Ipousseny BriOOp Ha TII8 npenoxpanureneit Hanpspkerrem 10 kB.

I paca. TIT-8 =156 ) 2A.
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[1naBKyr0 BCTaBKY MpeJOXPAHUTENS BBIOUPAI0 ¢ HOMHUHAIBHBIM TOKOM 160 A.

Bri6upato mapky npenoxpanutens [IKT 104-10-160-20 V3 na HOMHHAJIbHBIN
ToK 160 A.

[Tockonpky mannbie octanbHbIX KTII HE oTinM4garoTCs, ClieqoBaTEIbHO, BHIOOD
npous3Boxy kKak Ha TII-8, pe3ynbrarsl 3anomry B Tadmnuiry 10.

Tabnuna 10 - BeiOpannsie npegoxpanutenu Ha Hanpsbkenuel 0 kB

Ne TTI |HOM.HH.BCT VA |H0M.Hp A Mapka npegoxpaHurenst
1 2 3 4
1 160 160 ITKT 104-10-16020 V3
2 160 160 ITKT 104-10-16020 Y3
3 160 160 ITKT 104-10-16020 Y3
4 160 160 ITKT 104-10-16020 Y3
5 160 160 ITKT 104-10-16020 Y3
6 160 160 ITKT 104-10-16020 Y3
7 160 160 ITKT 104-10-16020 Y3
8 160 160 ITKT 104-10-16020 Y3
9 160 160 ITKT 104-10-16020 Y3
10 160 160 ITKT 104-10-16020 Y3
11 160 160 ITKT 104-10-16020 Y3
12 160 160 ITKT 104-10-16020 Y3
13 160 160 ITKT 104-10-16020 Y3
14 160 160 ITKT 104-10-16020 Y3
15 160 160 ITKT 104-10-16020 Y3

10.2 Bb10op 1 npoBepKa aBTOMATHYECKHMX BBIKJIIOYATEIeH

[TpousBoauTh mOMOOp aBTOMATHYEeCKUX BhIKIO4aTene 0,4 kB Oymy 1o
nmapamMeTrpaMm: IO  KOHCTPYKTHUBHOMY  MCIOJHEHUIO; 1O  KOMMYTallMOHHOM
CIIOCOOHOCTH; TIO pOAY TOKa M €ro BeJuuuHe (M0 PAacueTHOMY TOKY); IO
Hanpsokenuto,[ 11].

YCcTaHOBKY  aBTOMATHMYECKUX  BBIKIIOYATENCd HAa  HU3KOW  CTOpPOHE
TpaHchopmaTopa mpou3Boxy Ha kaxaoi KTTI.

Ecnu cnepyroiiee yciaoBHUE BBINOJHEHO, TO aBTOMATUYECKUM BBIKIIOYATENh
BBIOpaH BEPHO,

I (66)

> ,
HOM.pacI| paca
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rae |

HOM.pacny

S

| — TII
pacu ’
'\/é ) UHOM

rae Sy - MakcuMallbHas Harpyska Ha mmHax 0,4 TIL

- HOMMHAJIbHBIN TOK pacuCriuTeii aBTOMATHYCCKOI'O BBIKIIFOYATCIIA.

[Ipousseny BeiOOp Ha TII8 aBTOMATHYECKOrO BBIKIOYATEIS.

Bpruuncito pacyeTHsIi TOK:

856, 2

I paca. TII-8 — \jé—oll-

Bribepy  aBTOMAaTH4eCKHiA

=1235,EA.

BBIKJIIOYATCJIb

(67)

C IMOJYIIPOBOAHUKOBBIM

pacuenutenem mapku BAS5S5-43 HomuHanbHBIN TOK 1600 A, 1 HOMUHAIBHBIA TOK

pacuenurens 1600 A.

[TpoBepro 1Mo cOOTIOACHUIO YCIOBHUS

1600> 1235,

HpOBepKa I10 YCJIOBHIO ITOKa3aJla 4YTO aBTOMAT HOIIO6pEUI BCPHO.

[Tockonbky Ha apyrux KTII 3HaueHus Harpy3ak NpPAaKTAYECKH aHAJIOTWYHBI

BBIOMpATh BBIKIIOUaTe I Oymy mo mapamerpam TII-8, Bce 3HaueHuss oTOOpaxKy B

tabmure 11.

Tabnuma 11 - BeiOpanHbie U IPUHSTHIE K YCTAHOBKE BBIKJIFOYATETTN

68

Ne TII IHOM.paCI_I A | o pemcn » A Mapxka BBIKIIIOYATEIS

1 4 5 6

1 1600 1600 BAS55-43
2 1600 1600 BAS55-43
3 1600 1600 BAS55-43
4 1600 1600 BAS55-43
5 1600 1600 BAS55-43
6 1600 1600 BAS55-43
7 1600 1600 BAS55-43
8 1600 1600 BAS55-43
9 1600 1600 BAS55-43
10 1600 1600 BAS55-43
11 1600 1600 BAS55-43




| 12| 1600 1600 BA55-43
[Tponomxenne Tadbmuist 12

1 2 3 4
13 1600 1600 BAS55-43
14 1600 1600 BA55-43
15 1600 1600 BA55-43

[lo cnemyromuM ycinoBusiM Oyay BBIIOJHATh MPOBEPKY ABTOMATHYECKOIO
BBIKJIFOYATEJIS:
1) mpoBepto TOK cpalOaTbiBaHWsA pacUENUTENs] Ha OTKIIOYEHHE TOKa

0/1HO(a3HOTO KOPOTKOTO 3aMBIKaHUS TIPOU3BEAY TTO (GOopMYyIIe:

| ©>3.0_; (68)

cpab !

2) MpOBEPKY OTKIIIOYAIOIIEH CIIOCOOHOCTHU BBIKIIOUATENs M0 (popmyre:

1| @<l (69)

OTKJI !

rae | .. — TOk mpeneabHbBIN, OTKII0YAECMbIA aBTOMATHYCCKUM BBIKJIIOUATEICM, A;

OTKJI

3
IK( ) _tok Tpex(azHOTo KOPOTKOTO 3aMbIKaHUs, A.

3) mpoBepr0 JTMHAMHUYECKYH) CTOMKOCTh K TOKaM Tpex(ha3HOTro KOPOTKOIO

3aMBIKaHUS TI0 (popMyJIe:

| >1. @, (70)

JMH ya

rae |;[HH -TOK AJIEKTPOJAMHAMUYECKON CTOMKOCTH, A;

IYH(S) -yAapHbIi TOK TpeX(})a3HOTro KOPOTKOIO 3aMbIKaHus, A.
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[TokazaHus mpou3BeIEHHBIX MPOBEPOK U BHIOOp BhIKIMIOUarTesnei Ha Bcex KTII

oToOpaxy B Tabsmie 12.

Tabnuna 12 - Pe3ynbrarsl NpoBepKH aBTOMATHUECKUX BBIKIIIOUATENIEH

|(2)
No TTI Inpez[’ A II(<].-1)VIaX ' Icp.pacu ' IE<213H/IH ’ ﬁﬂ, Yenosust
A A A "P'PA“H IIPOBEPKU
1 2 3 4 5 6 7
1 80 24,249 5 8,239 1,64
2 80 24,249 5 8,239 1,64
3 80 24,249 5 8,239 1,64
4 80 24,249 5 8,239 1,64
5 80 24,249 5 8,239 1,64
6 80 24,249 5 8,239 1,64 L s @
7 80 24,249 5 8,239 1,64 npen = | K.Max
8 80 24,249 5 8,239 1,64 | fi)m
9 80 24,249 5 8,239 1,64 T 21,25
10 80 24,249 5 8,239 1,64 cp-pacit
11 80 24,249 5 8,239 1,64
12 80 24,249 5 8,239 1,64
13 80 24,249 5 8,239 1,64
14 80 24,249 5 8,239 1,64
15 80 24,249 5 8,239 1,64

HpO&HEUIPI?;HpOB&B JaHHBIC B Ta6HHHe 12, MOr'y CIACJIaThb

YTO BBIOOP BBIKIIFOUATENEH BEPHBIM.

10.3 Bbi0op 1 npoBepKa BbIKJIKYATEICH HATPY3KHU

PacueTHbIC TOKM BBIYHCIIIO TIO CIEAYIOIIEMY BBIPAKEHUIO:

10

| =
pacu \/§U

HOM

10
rae S, - MakcHMajbHas Harpyska Ha muHax 10 kB TII.

Hns TII8 mpou3sBeay pacyeT Toka:
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mp.TI1-8

| = =
pacu.TIT-8 ‘\/§UH Jé 10

oM

ITo pe3yiibTaraM pacCcdCTOB OCTAHOBJIOCH Ha BbIKIIIOYATCIIC HAIPY3KHW 1101

mapxkoit BHA-10/630 ¢ mapameTpoM TOka HOMUHAJIBHOTO OTKIFoUeHHs 630 A.

[IpousBey MpOBEPKY BBIKIIIOUYATENS HA TEPMUUECKYIO CTOMKOCTh K TokaMm K3,

[6]:

B, s =12, - (t,, +Ta)=5.499%.(0,05+0,02) =2.117 xAZc.

B =12

K.HOM TepM

BK.TH—I <B

K.HOM

t. =202-3=1200 KAZ?c.

TepM

CrnpaBo4HbI€ MapaMeTphl U PE3yJbTAaThl PACUETOB MO BHIOOPY BBIKIIOUYATEICH

Harpy3ku otoopaxy B Tabmuue 13.

Ta6J'II/I]_Ia 13 - KaranoxHbie 1 PaCUCTHBIC NAHHBIC BI:I6paHHOF O BBIKJIIOYATCJIA

PacueTHbie nanHbIE KaranoxxHeie 1anHbie YcnoBus BeIOOpa
BBIKJIFOUATENISl HATPY3KHU BBIKJIFOYATENISl HArPY3KU BBIKJIFOUATENISl HArPY3KU
Upaes =10B U, =10xB U aca < Ugour
Ipva.Max =49,42A IHQM =630 A IHOM 2| pacu.max

iYJI:9’559KA | s =92 KA iCKBZiyﬂ
B, =2,117xA% B, .0, =120CkAZ B, .oy > B,

[Tpoananu3upoBaB Tabnuiy 13 caenaro 3a1l0U€HHE , UTO COTJIACHO YCIIOBUSM S

MPOU3BEI BEPHBIN BHIOOP BHIKITIOUATENS.

Ha gpyrux KTII TouHO Takxe npou3Beay BbIOOP BBIKIHOYATEINS HATPY3KHU.

[TapameTpsl UCTIOIB30BaHNE MPU BHIOOPE BBIKITIOYATENCH 0TOOpaXKy B TaOIUIE

14.
Tabnuua 14 - [TpuHATHIE K YCTAaHOBKE BBIKJIFOYATEN
2.
Ne TII Biows kA% | Liovmn U, KB Mapxka BBIKITFOUATEIIs Harpy3KH
A

1 2 3 4 5

1 1200 630 10 BHA-10/630

2 49,43 630 10 BHA-10/630

3 49,43 630 10 BHA-10/630

4 49,43 630 10 BHA-10/630




| 5 | 4943 | 630 | 10 | BHA-10/630 |
[Tponomxenne Tabmuisl 14

1 2 3 4 5

6 1200 630 10 BHA-10/630
7 1200 630 10 BHA-10/630
8 1200 630 10 BHA-10/630
9 1200 630 10 BHA-10/630
10 1200 630 10 BHA-10/630
11 1200 630 10 BHA-10/630
12 1200 630 10 BHA-10/630
13 1200 630 10 BHA-10/630
14 1200 630 10 BHA-10/630
15 1200 630 10 BHA-10/630

10.4 Bbi0op pyOnJbHUKOB Ha oTxoasiux JuHusax 0,4 kB
Brei6op pyOunbaukoB 0,4 kB Oyny ocymiecTBiATh UCXOAS W3 YCIOBUH: MO
ANEKTPOANHAMHAYECKON CTOMKOCTH; 110 HAIIPSKEHUIO YCTAHOBKH; IO TOKY Harpy3KH.

VYcaoBue BpIOOpa pyOUIIbHUKA MO TOKY HArpy3KH UMEET BUJIL:

I (72)

pacd.Harp <l HOM.pyO ’

rae | - TOK Harpy3Kd pacueTHbIN (JIMHUN), A;

pacu.Harp

I - TOK pyOUJIbHUKA HOMUHAJIBHBIH, A.

HOM.pYyO

[IpousBemy 10 cleAayloIIeMy YCIOBHIO TPOBEPKY pYyOMIbHUKA Ha

AIEKTPOAMHAMHUYECKYIO CTOMKOCTh K TokaMm K3:

iwI Sinp.cm;, (73)

rae i - MUHUMaIbHBIN TOK K3, KA.

IIp.CKB

Ha mpumepe nunuu TI1-8-¢p1 mpousseny noadbop pyoribHUKA.

Tok nuHMK pacyeTHbIN: | =352,4 A.

pacd.Harp

Tox ynapusiii Ha BPY noma Ne97: iyj1 =10,577 KA.
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CornacHo TOKy Harpy3ku BeIOepy pyOmibHUK o Mapkoi Pb-6 ¢ mapamerpom
HOMHUHAJIBHOTO TOKa OTKJItoueHus 630 A.

Hcxona u3 toro yro Ha Bcex KTII Harpy3ku NOYTHM HE OTIMYAIOTCA S
pyOuneHukn npumy i octaibHbix KTII kak B mpumepe. Bcee pesyapTaTel 1O

BBIOOPY PYOUJIBHMKOB OTOOpaXKy B Ta0uIe 15.

Tabnuua 15 - BeiOpanHble U IPUHSTHIE K YCTAHOBKE PyOUIIbHUKH

JInnus |H0M_py6 , A inp.ch , KA Mapka pyOuiabHUKa
1 2 3 4
TIT1-¢p1 630 35 Pb-6
TII1-2 630 35 Pb-6
TII1-03 630 35 Pb-6
TII1-p4 630 35 Pb-6
TII2-¢1 630 35 Pb-6
TII2-p2 630 35 Pb-6
TII2-¢3 630 35 PB-6
TII3-¢1 630 35 Pb-6
TII3-$2 630 35 PB-6
TII3-03 630 35 Pb-6
TII3-p4 630 35 PB-6
TT14-¢1 630 35 Pb-6
TI14-$2 630 35 P5-6
TI14-03 630 35 Pb-6
TII4-p4 630 35 P5-6
TII5-¢1 630 35 Pb-6
TII5-$2 630 35 P5-6
TII5-$3 630 35 P5-6
TITS-p4 630 35 Pb-6
TI16-p1 630 35 P5-6
TII6-02 630 35 Pb-6
TII6-$3 630 35 P5-6
TII6-p4 630 35 Pb-6
TII7-¢p1 630 35 Pb-6
TII7-$2 630 35 P5-6

[Tponomxenue TadbauIer 15
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1 2 3 4
TII7-$3 630 35 PB-6
TI8-p1 630 35 PB-6
TII8-2 630 35 PB-6
TII8-3 630 35 PB-6
TI9-$1 630 35 PB-6
TIT9-$2 630 35 Pb-6
TI110-¢1 630 35 PB-6
TI110-¢2 630 35 PB-6
TIT10-¢3 630 35 PB-6
TII1-¢1 630 35 PB-6
TIT11-¢p2 630 35 PB-6
TII11-¢3 630 35 PB-6
TIT12-p1 630 35 Pb-6
TI112-¢2 630 35 PB-6
TI112-¢3 630 35 PB-6
TIT13-p1 630 35 Pb-6
TI113-¢2 630 35 PB-6
TIT13-¢3 630 35 Pb-6
TII14-¢1 630 35 PB-6
TIT14-¢2 630 35 Pb-6
TIT14-¢3 630 35 Pb-6
TII15-¢1 630 35 Pb-6
TIT15-¢2 630 35 PB-6
TII15-33 630 35 Pb-6

10.5 Bb10op usmMepuTeIbHBIX TPAHC(POPMATOPOB TOKA

UtoObl MOAKIIOYNTH CYETUYMKA aKTUBHOW sHepruu Ha crtopone 0,4 kB TII
yCTaHaBiIMBaw Tpu oAHO(Da3HBIX TpaHchopmaTopa Toka Tuna TIIJI-COI] 0,66.
Bei6op TpaHchopMaTOpOB TOKAa MPOU3BOXKY 10 HOMHMHAJIHLHOMY HamNpsKEHUIO
YCTaHOBKH, U TI0 MaKCUMaJIbHOMY paboueMy TOKy nepBuyHoii oOmMoTku. TT He O6onee

1 kB 1o Tokam KOpOTKOTO 3aMbIKaHUS HE MPOBEPSIOT.
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YcnoBue HeoOxomumoe coOmoAaTh Uil TpaHchopMmaropa TOKa MPUBEIACHO

HMKC:

SHOMZ 2 %ach’ (74)

rae S, ,-Harpy3Ka BTOPHYHON OOMOTKH H3MEPHUTEIBHOrO TpaHchopMmaropa TOKa B
COOTBETCTBYIOILIEM KJIacC€ TOYHOCTHU, BA;

Spacqz - MOIIDHOCTD pacucTHasd BTOpI/IIIHOfI Harpy3kKu HN3MCPUTCIBHOI'O

TpaHcopmaropa Toka, BA.

SpaC‘IZ - SIPI/IG + §p0B + OH ! (75)

rae SHDH6 -MOIIHOCTb HM3MEPUTENbHBIX MNPUOOPOB, MOAKIOYEHHBIX K BTOPHUYHON

oOMOTKe TpaHchopmaropa Toka, BA;

S, "MOIIHOCTh, TOTpeOIsieMas KOHTAKTaMH Bcel 1ienu, BA.

SKOH ZIZHOMZ ) RKOHT J (7 6)

2 . .
rae | “wow2 -HOMUHANEHBIA TOK BTOpUuHON 00MOTKH TT, A;

=0,10wMm;

R....-COMpPOTHBIIEHNE KOHTAKTOB IS Bcei memu. R

KOHT KOHT

S  -MOILHOCTS, noTpedJisiemMasl COeIMHUTENIbHBIMU MpoBoiaMu, BA.

TIpoB

[ToTpebmsieMyl0 COeAMHUTEILHBIMUA TPOBOJIAMH MOIIHOCTh OMNPEIEII0 TIO0

bopmyie:
_ 12
Sl'[pOB = 1%ow2 - RnpOB’ (77)
rae RHpOB -COIMPOTHUBJICHUC BTOPUYHEBIX IIPOBOIOB, Owm.

dopmyna Ui ONPENEIICHHS CONPOTUBIIEHUS] BTOPUYHBIX ITPOBOAOB:
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R,..=——, (78)

rae L -aiauHa COeQUHUTEIBHOIO IpoBoAa, M; L=1M;
K-xoaddurment, yautsiBaromuii cxemy coenuHenuss oomorok TT. s cxem
«royHas 3Be3aa» K=1;

Y-yllelbHasi TPOBOJUMOCTh MaTepuana MpoBOJAHUKA. [IpuHHMMar0 K MPOBOAY C
aTIOMMHMEBOH k10l ¥ =32 m/(OM-MM?);

F-MUHUMAaIILHOE CeueHHe IPpoBoaa, MM2, [IpMHMMAIO K aJTIOMMHHMEBBIM IIPOBOIAM
F=4mm>.
[Tpousseny Bridop TT B TII-8 .
MakcuManbHbiid pabounii Tok Ha BBojie 0,4 kB:

| s=1219,04A.

Beibupy x nanpHeitmemy pacuery uaMmeputenbHbiii TT mapku THIJI-COI]

0,66 ¢ mapaMeTpoM HOMHHAJIBHOrO TOKa mepBuuHoi obmortku |, =1500 A.

HOM1

Kinaccom tounoctu 0,5. HoMuHaspHast BropudHas Harpyska S, , = 20 BA, [12].

H
[IpousBeny pacyer pacueTHOM HArpy3KH BTOPUUYHOU LENU. B BTOPUUYHYIO LIETIh
IIPOM3BOXKY TMOJKIKYEHNE CUEeTYMKa akThuBHOM dHeprum wmapku CKAT, c

HOMHUHAJIBHBIM MOTpeOIeHuEM MOIITHOCTH 8 BA.
P2 :
SKOH _I HOM2 RKOHT ! (79)

S =5.0,k 2,'BA;

KOH

R, ,=——; (80)
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Ripos = 74: 0,007¢ Owm;

Spon = Frowz " Rupon (81)
Sipos = 5.0,0078 0,19 BA;

®dopmyna 1715 paC4eTHON Harpy3Ku BTOPUYHOM LIETIH UMEET BUJL:

Spacqz = Srpms + %pos + $OH , (82)
S =8+ 2,5+ 0,195 10,6BA.

[IpoBepsiro BEIIOJIHEHUE HEPABEHCTBA:

S Z e (83)

20> 10,69t BA.

He paBenctBo coOmtomaercs, a 3T0 3Ha4MT u3MeputTenbHbid TT BbIOpan

npaBwibHO. Paccumrtaro TT nHa gpyrux TII Takxke. Bce pesynprarsl pacueToB

oToOpaxy B Tabnuiie 16.

Ta6nuna 16 - Tpanchopmaropsl Toka Ha BBojax 0,4 kB

Ne TTI I paca, A aca2, BA Tun TT
Licrl)f o e UHOM , kB oA | Suow2, BA
1 2 3 4 5 6 7 8
TII1 0,4 1151.137| 10,69t 0,66 1500 20 THIJI-CBII] 0,66
TI12 0,4 1242,41| 10,69¢ 0,66 1500 20 THIJI-CBII] 0,66
TI13 0,4 1899.137| 10,69t 0,66 2000 20 THIJI-CBII] 0,66
TI14 0,4 1129.828| 10,69t 0,66 1500 20 THIJI-CBII] 0,66
TII5 0,4 1834.91| 10,69t 0,66 2000 20 THIJI-CBII] 0,66
TII6 0,4 1057.71| 10,69¢ 0,66 1500 20 THIJI-CBII] 0,66
TI17 0,4 1912.321] 10,69t 0,66 2000 20 THIJI-CBII 0,66
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| TO8 | 04 | 1219,04| 10,69¢ 0,66 1500 20 | THLJI-CDII 0,66 |

ITponomkenne Tabauie 16
TII9 0,4 | 830.907| 10,69t 0,66 1000 20 | THUI-CDII 0,66
TII0O | 04 953.54 | 10,69¢ 0,66 1000 20 | THUI-CDII 0,66
TII1 | 04 |1374.073] 10,69¢ 0,66 1500 20 | THIJI-CDII 0,66
T2 | 04 |1161.137] 10,69¢ 0,66 1500 20 | THIJI-CDII 0,66
T3 | 04 | 1752,17| 10,69¢ 0,66 2000 20 | THIJI-CDII 0,66
TI14 | 04 | 1148,52| 10,69¢ 0,66 1500 20 | THIJI-CDII 0,66
TI15 | 04 | 1245/46] 10,69t 0,66 1500 20 | THUI-CDII 0,66
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11 PEJIEMHAS 3AILIMTA 1 ABTOMATUKA

11.1 3amuTa JuHNM

OCHOBHBIMH BUJaMU MOBPEKICHUN KaOEIbHBIX JIMHHI, KOTOPbIE TPEOYIOT UX
HE3aMEeIJIMTEIbHOE OTKIIIOUEHHE, OTHOCATCS MeXayda3zHble U oAHOo(a3Hble Ha
3emiito K3. Jlyist Toro 4ro Obl CBOEBPEMEHHO BBISIBUTH MOBPEKIECHUE HCIPABHOCTD
COEIMHUTEIBHBIX ITPOBOJOB KOHTPOJIMUPYETCS CIENUATIBHBIM YCTPONCTBOM.

B cnyuae 3amblkaHusi ogHOM (a3bl HA 3eMIII0 B CHCTEME, IJIe HEUTpaib
VMCTOYHHMKA U30JIMPOBAHA, PEKUM HE CUMTAETCS KOPOTKUM 3aMBIKAHHEM, TAK KaK TOK,
BO3HUKAIOLIUN MPU STOM B IENU MOBPEXKIACHUS «dasza - 3emMIs», 00YCIOBJICH JIMIIIb
€MKOCTBIO CHUCTEMBI II0 OTHOLIEHHUIO K 3€MJIE U HE JOCTUTaeT 3HAYUTEIIbHBIX
BeJMIMUMH. M B JMUHUAX, pabOTalOMMX C W30JUPOBAHHOM HEUTPaAJIbIO, HE SIBISETCS
aBapUIHBIM PEKUMOM, KOTOPBIH TpeOyeT ckopeiliiee OTKII0YEHUE, TT0OITOMY 3aIlUTa
B TAaKOM CJIy4yae CTaBUThCA Ha CUTHaJlI. A BOT B ceTax HampsbkeHuem 0,38 kB u
paboTarolux ¢ TJIyx03a3eMJIEHHON HelTpaibto, oaHodasHbie K3 00s3aHBI OBITH
YCTpPaHEHbl MNpPH IMOMOIIbM ABTOMATHYECKHUX BBIKIIOYATENIEH W IIJIaBKUX BCTAaBOK
IPENOXPAHUTEIICH.

B nunusx nanpsbxenueM 3-10 kB ¢ n30aupoBaHHON HEUTPAIbIO JOJKHBI OBITh
YCTaHOBJICHBI YCTPOMCTBA PEJICHHOM 3allIUTHl OT MHOTO(a3HbIX 3aMBbIKAHUH M TaK Ke
0T 0JHO(A3HBIX 3aMbIKAaHUI Ha 3eMJII0. 3aluTa OT MHOTO(a3HbIX 3aMbIKaHUM, Kak
MpaBuio, JOHKHA MPEAyCMaTpuBaTh B JBYX(a3HOM HUCIOJHEHWHM W BKIIOYATCS B
OMHM W Te e (a3l MO BCEH CEeTU MAHHOTO HAMpPSHKEHUS 4TOObI 00ECreYuThb
OTKJIIOUCHHE B OOJIBIIMHCTBE CJIy4aeB JIBOMHBIX 3aMBbIKAHUN Ha 3EMJII0 TOJBKO
OJIHOTO MECTa MOBPEXKACHUSI.

OnuHOYHAas TUHUS C OTHOCTOPOHHUM MUTAHUEM OT MHOTO(A3HOTO 3aMbIKAHUS
JIOJDKHA 3alMIIAThCS  JIBYXCTYIEHYATOM TOKOBOW 3alIUTOM, NEPBYKO CTYIEHb
KOTOPOM BBIIIOJHAKT B BUJIE TOKOBOM OTCEUYKH, 4 BTOPYIO - B BHJIE MAKCHUMAaJbHOU
TOKOBOM 3al[UThl C HE3aBUCUMOW (MM 3aBUCHMOM) XapaKTEPUCTHUKON BBIICPKKU
BPEMEHH.

Paccuuraem 3ammuty nunun, [ 18]
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Bribepem 3amurty nepsoit netim (MII-TIT-13-TT1-4 TII-3-TII-2-TII-1TII-14-
TII-15
[IpousBeny pacueT MaKCUMaJIbHONW TOKOBOM 3aIIUTHI.
OmnpenenuM 1o ¢popMyIie HIDKE TOK cpabaThIBaHUS 3aIUTHI:
cs % ’ | pab ; (84)

rae k,-k03(pPUIHEHT HaAe)KHOCTH, TPUHUMAaEMbIi 151 «OproH» paBHBIM 1,1;
k., -KOO(QPUIIMEHT 3arycKa ABUTaTesei, MPUHUMAI0 PAaBHBIM €TUHUIIC;
k, - k03(puireHT Bo3BpaTa, npuHUMaeMblit s «Opuon» paBHbM 0,92-0,95;
| .. "MaKCUMaJIbHbIK pabO4nii TOK HArPy3KH 3alMIIAEMON JIMHUH.
B mMoeM ciyyae MakCUMabHBIA TOK Harpy3Ku:

=220,194A.

I pab

HpOI/ISBCI[y PacucT TOKa Cpa6aTI>IBaHI/IH 3allIUThI:

.. =£L-220,194= 257,6 A.
0,94

c.3
’

ITo BBIpakKEHUIO HUKE PACCUUTAIO TOK CpadaThIBAHUS:

Kk
|C. :|C.3‘ — A, 85
e 8

rae k_ -xkoddumuent cxeMsl (Ku=+/3);
n,,-kKoaddurment tpanchopmaruu TT.

[IpousBemy pacueT Toka cpabaThIBaHUS pelie:

Ve

=1, Ko loo57,67-Y3 = 7414
7 300/5

Paccunraro k03ppuiimeHT 9yBCTBUTEIHHOCTHU IO BBIPAKEHUIO:

k =—>15, (86)
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riae | -MMHUMaJIbHBIA TOK KOPOTKOTO 3aMbIKAHUS.

[IpousBeny pacueT K03 UIIUEHTa YYBCTBUTEIHLHOCTH:

_ 3021 _12
* 257,67

12>1,5.
Harnsano BrxKy 4TO yCinoBue BEPHOE.
Cornacyro BblIepkKy BpemeHun MT3 co BpemeHeM

pe3epBUPYEMBIX 3AIUT:

t,=t,+At,

TJ€E t- BBIJIEPIKKA BPEMEHH PACCUUTHIBAEMOM 3aIUTHI;

t, -BBIICP’KKA BPEMEHH 3allUThl, C KOTOPOU BEIETCS COTIIACOBAHUE;

At -CTYIICHb CCIICKTHBHOCTH.

cpabaThIBaHUs

(87)

B cBs3u ¢ Tem uToO 3alllUTa MHUKPOIIPOLCCCOpHAsA TO CTYIICHb CCIICKTUBHOCTU

IIpUHUMACM paBHOﬁ BPCMCHH OTKIIIOUYCHHUA BBIKIIOYATCIIA, TO €CTh!:

At =t

TZ€ t,- BpeMs OTKJIFOYEHHs BBIKIIOYATENs MONHOE (t, = 0,025C).

(88)

[IponsBeny pacdeT BbIAEPKKU BPEMEHU PACCUMTHIBAEMOM 3AILUTHI:

t, =0,025+ 0,5= 0,52 C.

[InTaromas MOM PEKOHCTPYUPYEMBIM palioH mNoAcTaHUMs ba3oBas ocHalleHa

MHKPOIPOLIECCOPHOM 3aIUTON MAPKU «OPHOH».

[IponsBeny pacdyeT TOKOBOM OTCEUYKH.

CocraBiio pacueTHyr cxeMmy. PacueTHas cxema n300pakeHa Ha PUCYHKe 7.
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7;;: o ‘/Acﬂ\- Kzg;j
m T P

1 #4

Pucynok 7- Pacuetnas cxema

Onpez[eJI}o TOK Cpa6aTI>IBaHI/ISI OTCCUYKHU I10 CICAYIOMICMY BBIPAKCHHUTO!

Ic.? =kH ) I;S?r)wax’ (89)
rjae k - ko3 dumueHT HaaeHocT, 11t «Opuon» paseH 1,1;
| ¥ -MaKCUMaJIbHBIN TOK B (pa3e JTUHUU IPU KOPOTKOM 3aMbIKAHHH.
[TpousBeay pacuer Toka cpabaThbIBaHMS PeJie IO CIASAYIOIIEH BhIpaKEHHUIO:
|
I, ===k, (90)
nTA
[TpousBeny pacuer Toka cpabaThIBaHUS 3aAIUTHI:
| =1,1-3488= 3836,, A.
ITpousBeay pacuer Toka cpabaThIBaHHS Peie:
” 300/5 2
B ocTanbHBIX METIISIX pacyeT YCTABOK MPOUCXOAUT TAKUM KE TTOPSIIKOM.
Bce noka3zanus pacueroB oToOpaxy B Tadsmie 17.
Ta6muna 17-Pe3ynbpTaThl pacuera 3aniuThl IMHUN
MT3 TO
Howmep netmu
c3 ’A c.p ’A k4 |c.3 ’A lC-PA
1 2 3 4 5 6
1 257,67 7,419 12 3836,8] 554
2 284,46 8,212 11 3848,9| 555
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Tenepp Korjga y MeHs UMEIOTCS pacyeThl YCTABOK S MOTY CKOPPEKTHUPOBATH
MUKpPOIIPOLECCOPHYIO 3amuTy OpHOH MOJ MapaMeTpbl MOEH PEKOHCTPYUPOBAHHOU
CUCTEMBI Ul HAJEKHOW 3alIUThl JHEPreTHYECKOW CHCTEMBI, TaK JK€ CBOMX

NOTpEOUTENEH.

11.2 3amura nonmxaomux tpancpopmaropos 10/0,4 kB

CunoBble TpaHCc(OPMATOPHI JAOKHBI OBITh O0S3aTEIbHO 3allMLICHBI TaK K€
KaK Mbl 3alIUTIINA JIMHUH. CHJIOBBIE TpaHC(POPMATOPHI MOJABEPIaOTCS 3aIIUTE OT
aBapUITHBIX CUTYaIHi, BBI3BaHHBIX B pe3ynbTaTe BO3HMKHOBEHUS
NIEpEeHaNpPsHKEHHOCTER , a Tak ke K3, mpoucxoauT 3TO ¢ MOMOIIBIO YCTaHOBKU
YCTPOMCTB PENEHHOMN 3aIUTHI.

Yame Bcero ObIBAIOT  CIEAYIOIIME MOBPEKICHUS  TpaHCc()OpMaTopoB
Hanpsokenuem  10/0,4 kB  u  wmomuocthio 10 2500 kBA  (BKIIOYHTENBHO:
Mexay(]a3zHble KOPOTKME 3aMbIKaHUs HA BBOAAX; OJHO(A3HbIE KOPOTKUE 3aMbIKAHUS
Ha 3€MJII0; BHYTPEHHHE TMOBPEXKIEHUS («IOXKap B CTalle) MarHUTOIPOBOA);
oHO(a3HbIe KOPOTKHE 3aMBbIKAHUA MEXAY BUTKaMU OJHON (a3bl; MexaydazHble
KOPOTKHE 3aMbIKaHUSI B OOMOTKaX.

3amuTa CHWIOBBIX TpaHcpopmaTopoB oT Mexaydasusix K3 ocymectBisercs
yTeM BBIOOpPA, MPOBEPKH, a 3aTEM YCTAHOBKH IUIABKUX BCTABOK.

Hu 17151 KOoro He CeKper , 4TO IJIaBKUE NPEIOXPAaHUTENN NpPEIHAa3HAYECHbI JUIs
ABTOMATUYECKOTO OTKJIIOYEHMS] LENU NpPH TMPEBBIIEHUHM HOMHUHAIBHOTO TOKa
M1aBKOM BCTaBKU. OJHO M3 OCHOBHBIX JOCTOMHCTB IJIABKOW BCTABKU SIBISIETCA TO,
4YTO OHM MNPOM3BOAS ObICTpoe oTkiItoueHue uenu npu K3, a Tak ke  OHHU
OrpaHUYMBAIOT TOK B LIETIH MPU KOPOTKOM 3aMbIKaHUU. M3-3a TOro TOCTOMHCTBA MX
OOLIMPHO MCTOIB3YIOT B 3aIIUTE CHJIOBBIX TpaHchopmaTopoB Hanpspkenuem 10/0,4
kB, a Tak e u3MepuTeNbHBIX TPAaHCPOPMATOPOB HAIIPSHKEHUS U AJIEKTPOIBUTATEIIEH.

K cunoBeiM TpancopmaTopaM KOTOpbIE S MPUMEHSIO B AKCILTyaTalUI0 MPH
pexoHcTpykiun cBoux KTII Oyay mnpuMEHATH 3alluTy € MOMOUIbIO YCTaHOBKHU

mnaBkux npepoxpanutened tuna [IKT-10, koTopeie B CBOIO O4Yepeab BCTPAUBAIOTCS
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B BbIkIouarenu Harpy3ku tuna BHII-10 maxogsmmecs B KTII, a tak xe Oyny
UCIIOJIb30BaTh T'a30BYIO 3aIIUTY, MHBIMU CI0BaMu ra3zoBoro pene tuna KSG.

11.3 ABTOMaTH4eCcKHUii BBO/ pe3epBa

Cornacro I1YD mnotpebutenu snekrpuueckord sHepruu | u |l xareropun
JOJDKHBI OBITh OOecreYeHbl MOAKIIOYEHUEM OT JIBYX, & TO U OT TPEX HCTOYHUKOB
NUTaHusA, [ O00OecleueHus BBICOKOW HAJIEKHOCTH DIIEKTPOCHAOKEHUS ATHUX
noTpeduTeneil. ITo BCe MPHUBOIUT K YBEIWYEHHUIO KOJIWYECTBA OOOPYIOBaHUS, a
3HQUUT W K YBEJIMYCHUIO DJICKTPUYECKHX LEMOYEK, KOTOPHIE CTAHOBATCS BCE
CIIOKHEW U ciokHel. B pesynpraTte uero B kommekranuio KTII qoGasnsem mpubop
aBTOMATHUYECKOT0 BBOJA pe3epBa. JTO YCTPOMCTBO M OynET MEPEeKItoYaTh HAIIEro
NOTpeOuTENs Ha pe3epBHBIA HCTOUHUK MTUTaHUS. Y CTpONCTBO Ha3biBaeThes ABP.

Nmerotcss kputepuu, npeabsBiasiemple k. ABP: ABP HeoOxogumMo umets
ycTpoiicTBa Juis BBoJa B paboTy W BbIBoga u3 Hee; ABP nmomkHO uMeTh
MUHUMAaJbHOE BpeMs JEWUCTBUS;, BKJIIOYEHHE pE3EPBHOIO MCTOYHHMKA OO0s3aH
OCYUIECTBJISITh TOJIBKO TMOCJI€ OTKIIFOUEHHsI pabovero Mmpu HajJu4yuHd HanpsDKEHHs Ha
pesepeHoM MUII; y Hero mgoimxkeH OBITh IYCKOBOW OpraH, KOHTPOJMPYIOIIHIA
OTCYTCTBUE M MPUCYTCTBUE HANPSIKEHUsS; OH HE JOJUKEH cpabaTbiBaTh IpU
NeperopaHuy MpeoXpaHuTenel B oAHOM U3 (a3 TpaHcpopmaTopa HANpsKEHUs; OH
JOJDKEH cpabaTbiBaTh TMPH HCUYE3HOBEHWUM TUTaHusi oT padouero UII B mroObIx
CIIyYasx.

[Ipu pexoHCTpYKIUU (MIPOSKTUPOBAHUM) CUCTEMBI 51 IPUHSJ K YCTAaHOBKE AJIs
MOBBIIICHUS HAJEKHOCTH ycTpoiicTBO ABP (aBTOMarnueckoe ycTpoiiCTBO BBOJA
pe3epBa) Ha NpuHATHIX B 3kciutyaTtanuio KTII, yto obecrneunut MHE Ka4yeCTBEHHOE U
Oecniepe0oitHOE MUTaHUE TTOTPEOUTEIEH.

11.4 ABTOMaTH4YeCKOE MOBTOPHOE BKJIKYEHHE

BbrIBatoT nmpu 3KCIUTyaTalMy yYCTPONCTB 3JIEKTPOCHAOKEHHUS IO IPUUMHE CaMO
YCTPaHSEMOr0 KOPOTKOI'O 3aMbIKaHUsI CpabaThIBAIOT BBIKIIOYATENN M MOTPEOUTEIND
octaercs 0e3 3neKTpocHadxeHust. YacTo MpUYMHONM KOPOTKOTO 3aMbIKAHUS SIBJISIETCS:
BETEP, JOK/b, TYMaH, NTHIIBI, Tpo3a U TOMY nofo0Hoe). Ho mocne camo nukBuaanuu

NOTpeOUTENb HE JTOJDKEH K€ JKIaTh KOrjaa OOCTYXMBAIOMIMI MEpPCOHAN MPOU3BENET
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MOAKTIOYCHUE MX JUHUH. [[7s 3TOro mmkeHepamu ObLIO pa3pabOTaHO YCTPOMCTBO
noja HazBanuem AIIB (aBToMaTHuecKOo€ MOBTOPHOE BKIIOUEHHE). ITO YCTPOMCTBO
CIIOCOOHO CaMO BKJIFOUUTH BBIKIIIOUATEh COTJIACHO CBOMM XapaKTepucTtukam. B Bon
B O3KCIUIyaTalMI0 3TOr0 YCTPOMCTBA 3HAYUTEIBHO COKPATHIOCH YHUCJIO BBIE3/IOB
ONEPATUBHOIO INEPCOHANa, YTO CBSI3aHHO C CaMO BKJIIOYEHHUEM BBIKJIIOYATENS MPH
caMO YyCTpaHSIEMbIX KOpPOTKHMX 3aMeuaHusX. M mnapajuienbHO 3TO TMPUBEIO K
NOBBIIICHUIO YPOBHS HAJEKHOCTH, A 3HAYUT W KadyecTBa OOCIIy>KHUBaHUS
noTpeduTene 3a cueT caMo BKIIFOUEHHUSI BBIKITIOYATEIIS.

CymiectByer psian TpeOOBaHMI NPENBABIEMBIX K aBTOMAaTUYECKOMY BBOIY
pe3epBa: OHO 00S3aTENBHO AOKHO OBITh CHA0XKEHO YCTPONCTBOM aBTOMAaTHYECKOrO
BO3BPAILEHUS; OHO JOJDKHO MCKIIFOUUTHh BO3MOXKHOCTB JIEHCTBHS ITOCIIE OTKIIOYEHUS
BBIKJIFOUATENSl TEPCOHAJIOM; TaKXKe JOJDKHO 0OecreuynBaTh YCTAaHOBJIEHHOE
KOJIMYECTBO cpabaThIBaHUM; OHO 00A3aHO MCKJIKOYAaTh BO3MOXKHOCThH JIEUCTBUS IpHU
aBApUHOM OTKJIFOUEHHM BBIKJIIOYATENSl OT YCTPOMCTB 3alUTHI Cpa3y IOCJIE €ro
BKJIFOUEHUS TIEPCOHATIOM BPYYHYIO, TUCTAHIMOHHO WJI TEIEMEXAHUYECKH.

YCTpoiicTBY aBTOMATHYECKOIO IMOBTOPHOTO BKJIIOYEHHS Kak ISl peXHMa
BKIIIOUEHUS, TaK W Il peXUMa OTKIIOYEHUS HeoOXOJAMMO Bpems i
HOJIFOTOBUTENIBHO 3aKJIIOYUTENbHBIX MEPONpPUITHI B CcBOed pabOTe U 3TO BpeMs
JOJDKHO TIOJTHOCTBIO COTJIACOBAHO C APYTMMH MpudopamMu (0€30MacHOCTH, 3aIIUThl U
aBromaTuku). [Tpu npoextupoBanuu n koMrnoHoBkH KTII He Mano BaKHBIM sIBIIsE€TCA
BBIOOp MCTOYHMKA TUTAHUS, POJ TOKAa M aBTOHOMHOE muTaHue. [1ockoibKy Bcem
npubopam peneiHOW 3alluThl W aBTOMATHKM HEOOXOJMMO MHUTAaHHUE, TO
1€JecCO00pa3HO Ha CTaAUM MPOEKTUPOBAHUS MpPEIyCMaTPUBaTh MOJKIIOYEHHE BCEX
3TUX NOTpeOUTENe K OJHOMY POy TOKA U HAPSKEHUSI.

Ha noacranuuu ba3zoBas He Tak TaBHO ObljIa MPOU3BEACHA PEKOHCTPYKIUS, U
ObUIO YCTaHOBJIEHO HOBOE COBpeMeHHoe o0opyaoBaHue. B uwacTHocTn Ha dunepax
MUATAKOIMX MOW PaliOH YCTAHOBJICHBI YCTPOMCTBA AaBTOMATUYECKOrO MOBTOPHOTO
BKJIFOUEHMSI, UTO 0OecrieuuT 0osiee BBICOKOE KaYECTBO U HAJICKHOCTh MUTAHUS MOETO
paiioHa. Tak »Xe Ha MOJICTAaHUUM HMMEETCS YCTPOMCTBO ABTOMATHYECKOIO0 BBOJA

PE3€PBa, KOTOPOC TAK KE€ HC MAJI0 BJIMACT HAa YBCIMUYCHHUC HAJAC)KHOCTHU U KAaUCCTBO
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SHEPrOCHCTEMBI ~ MOEro  paiioHa. B  kadectBe  3allUThl  YCTAHOBJICHA
MUKpormporieccopabiii komruieke OpuoH. OT HBIHE S YBepeH B 0O€30MAaCHOCTH H

HaJCKHOCTHU CHCTCMBEI.
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12 HAJAEXHOCTD 9JIEKTPOCHABXXEHUA

B cooTtBercTBUU C [15], HHXKEHEPHBIE METOIBI MPUMEHSIOTCSI TOTIa, KOrAa
aHAIM3UPYETCA HAZEKHOCTh 00BEKTa, KOTOPBIA MOKET ObITh MPECTABICH B BUJIE
CUCTEMBI, 00 3JIEMEHTAaX U CBA3SIX KOTOPON UMeeTCs BCsl HH(POpMAILIHSL.

[Ton HameXHOCTh MOAPA3YMEBAECTCA CBOMCTBO COXPAHATh CHUCTEMOM B
TEYCHUU BPEMEHU B 3aJJaHHBIX (YCTAHOBJICHHBIX) MTAPAMETPOB, MPU IKCILTyaTaI|H,
TPaHCIOPTUPOBKHU, XPaHEHUHU, 0OCTYKUBaHUH.

HanexHocThiO  SBISIOTCS  TakUWe MapaMeTpbl  Kak:  O€30TKAa3HOCTb,
PEMOHTONPUTOHOCTb,  JIOJITOBEYHOCTh,  YIPaBISEMOCTb,  O€3BPEAHOCTb,
KUBy4YecTh.Bce 95TM mapameTpbl BIMAIOT Ha HAJAEKHOCTh CHCTEMBI, a
CJIEIOBATEIbHO HA Ka4€CTBO.

OCHOBHBIMHU TIOKA3aTENIIMU HAJEKHOCTH SIBISIETCA: B KAUECTBE OCHOBHBIX
TIOKa3aTelieil HaJIe)KHOCTU UCIIONB3YIOTCS CIIEAYIOIINE: BEPOSTHOCTh 0TKa30B Q(1)
U BEPOSITHOCTH Oe30TKa3HoM padoTel P(1) B 3amanHbIi nmpoMexyTok Bpemenn: Q(t)
+ P() =1, cpemnee Bpems Oec3oTkazHOW pabotel T W cpemHee BpeMms
BOCCTAHOBJICHHS T, 4 WM TOJ; YCIOBHBINA HENOOTITYCK SHEPTUU B TEUCHHH TOJa
AW, cpennuil ymepd or HapymieHus (GYyHKIIMOHUPOBAHUS, BpeMsi O€30TKa3HOMU
pabotel Ti W BpeMs BOCCTAHOBJIEHHUS T, M3MEpPAEMOE B 4YacaX WIM TroAax;
BEPOATHOCTh 3acTaTh OOBEKT B JIIOOOM MOMEHT ONpPENEICHHOTO Iepuoja B
padoTocrocooHOM (K, -K03(h(HUIIMEHT TOTOBHOCTH) WM HepabOTOCIOCOOHOM (( -
KOO(PGUIIMEHT TPOCTOsI) COCTOSIHUM; CpPEIHEEe 3HAUYCHHE IapaMeTpa TMOTOoKa
OTKAa30B ® U CPEIIHSASI MHTEHCUBHOCTh OTKA30B A, U3MEpsieMbI€ B T0JIaX B MUHYC
nepBoii crenenu (rox’t).

B cBoell BbIMyCKHOW KBaTM(PHUKAMOHHOW pabOTE OLEHUBAIO HAJEHKHOCTD
CUCTEMBI KOTOpasi TMOABEPTiach pPeKOHCTPYKIuu. OIlleHKa HAASKHOCTH Oymy
MIPOU3BOJNTh B HOPMAJILHOM PEXKHME CHCTEMBL. TeM caMbIM s TPOBEPIO Ha

CKOJIbKO HAaACKHYIO CUCTEMY s CIIPOCKTHUPOBAJ. Pacuetnl JOJDKHBI ITIOKa3aTh KakK
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JUTUTETIHFHO PEKOHCTPYUPYEMBIN PaiioH CMOKET IpopadoTaTh 0e3 BBIX0Ja U3 CTPOs

KaKuX JU00 DJIEMEHTOB KOHCTPYKIIHUH.

HeoOxonumbie  pacueTHble  MOKa3aTeNM  MCIOJB3YEMBIX  DJIEMEHTOB
npuBeAeHbI B Taduie 18.
Ta6nuna 18 - [TapaMeTpbl 2JIEMEHTOB CXEMBI.

DIIEMEHTHI CXEMBI ® T, u Ty, u Ao A O Py
Brikmouarenu 35 kB 0,02 25 0,14 9 0,006| 0,006 5,7E-05 0,999
Brixmrouarenu 10 kB 0,009 20 0,14 10 0,003 | 0,005| 0,0000R 0,999

Tparcdopmaropsi 35 kB | 0,007 65 0,25 26 - — |0,00005 0,9999
KOM““KTT];‘TH 10041 0,07 2,7 0,2 4 | - — | 0,00002 0,9999
Passenunutenu 35 kB 0,01 6 0,166 55 - — 7E-06 | 0,99999
Bosnymmas amaus 35 kB 0,13 9 2,1 16 — - 0,00164 0,9983
KaGenpnas muuus 10 xB 0,61 5 0,17 - - 0,0011] 0,9989
12.1 Pacuer noxka3areJjieili HAJIeKHOCTH
PaccunTtaro BEposTHOCTh OTKa3a M0 BHIPAKEHUIO:
A=A %, (91)

rae 4 - mapaMmerp IoToKa OTKa30B

ts - cpeiHEe BpEeMsI BOCCTAHOBIICHHUS AJIEMEHTOB JIEKTPUUYECKHUX CETEN

PaccunTaro mapameTp 1oToka oTkasa BRIKIFOUYATENS 110 hopMyJIe:

ﬂ“:ﬂ’CT+aABT 'Z(l_i_A'kAHB)'ﬂ’i )

i=1

A
rac r - mapamMcCTp IMOTOKA OTKa3a BBIKIIIOYATCIIA B CTATUYCCKOM COCTOAHUU,

b= napamMcTp MMOTOKA OTKa3a CMCKHOI'0O 3JICMCHTA,

(92)

qAeT-OTHOCUTEIIBHAYd 4YacToTa OTKasa nmpn aBTOMATHYCCKOM OTKIIOYCHUH

IMOBPCIKACHHOI'O 3JICMCHTA,
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Kims - ko3¢ unment Heycnemsoro aeiicteus AllB;
A -nokazatens Hanmnuus AIIB.
PaccunTaro mapamerp MOTOKa OTKa3a AJISi MOCJIEAOBATEILHO COCAMHEHHBIX

3JIEMEHTOB C YU4E€TOM MPEAHAMEPEHHOTO OTKIIOUYEHHUS 10 PopMyTIe:

A= Z’L + s (93)
i=1

A
rae ~ PHE -ganGosbIias MHTEHCUBHOCTD MTPEIHAMEPEHHOTO OTKITFOYEHUS.

*

K= 0= A, (94)

Paccuurtaro mapaMerp NOTOKa OTKa3a CHCTEMBI, COCTOSALIEH U3 JBYX

mapauiCJIibHO COCAMHCHHDBIX 3JICMCHTOB I10 (bOpMy.TICI
j’C:ﬂ’l'qll-l_ﬂ’ll'ql-l_ﬂ’l'OWPI[-I_ﬂ’][' Oer (95)

Paccuuraro cpeaHee BpPEMsS BOCCTAHOBJICHHA CHCTEMBI 110 CICAYIOHIEMY

BBIPAKEHUIO:

t - d
® A—An6 (96)

Paccuuraro CPCOHIOIO BECPOATHOCTE COCTOAHUNA OTKAa3a CUCTCMBI, COCTO?IHICI\(JI

U3 JIByX MMapajuieIbHO COEIMHEHHBIX 3JIEMEHTOB MO popMyIie:

G=0-q + l57131' Opr - G+ lfIPH' %G - 9, (97)
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rae  Kor - KOA(D(UIMEHT YYWUTHIBAIOUIMK  YMEHBLICHHE BEPOSTHOCTU
IPEIHAMEPEHHOTO OTKJIIOUYEHHS OJHOTO 3JIEMEHTa W aBAPUHHOTO OTKIIIOUYEHUS

APYyroro, n3-3a 3arpcra HAJO0KCHUA PCMOHTA HAa dBAPHUIO.

Ky =16 (98)

1Pl

K, =1 eﬁtmj%“ , (99)

11PII

Paccunrato cpemHee Bpemss O€30TKa3HOM pPabOTHI MO  CIEAYIOIIEMY

BBIPpA’KCHHIO:
1
T =—
T (100)
T, =0,05T,

Paccunraro ycnoBHYH BEPOSTHOCTH OTKa3a cUCTeMBbI ¢ ydetom ABP mo

dhopmyIie MOJTHON BEPOSTHOCTH:

Uupp = Q- P(4) % P(4,)+0,5 P (4,)-q (4,)+ 0,5q @, } P @, }+
10.5P(A4)q(4,)+0.5¢ U }q ;) (101)

Gc

r7e " - BEpOATHOCTh OTKa3a cucteMbl 6e3 ABP;
P(A1), P(A2) - BepOATHOCTh YCIEIIHOTO OTKJIIOYEHHUS TOBPEKICHHOTO
AIIEMEHTA U BEPOSITHOCTD YCIIEIIHOTO BKJIFOUEHHS PE3EPBHOTO JIEMEHTA;
a(A1).a(A2) -BepOSITHOCTH OTKa3a B OTKIIOYCHHUH MOBPEKICHHOTO AJIEMEHTA U
BO BKJIFOUEHHH PE3EPBHOTO DJIEMEHTA,
Pacuer mist BeIKIMIOUaTenedl JBYX BapHMAHTOB IPOU3BOAUTCS C YYETOM
napameTpa MOTOKa OTKa30B CMEXKHBIX C HUMHU pa3dbeIuHHUTENCH. Bee pe3ysbraTsl

oToOpaxy B Tabmuie 19.

CxeMa 3aMelleHns U cXeMa pacueTHas MpeACTaBiIeHbl HA PUCYHKE 8.
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Tabmuna 19 - [lapameTpsl TOTOKA OTKa30B BBIKJIIOUATEICH

Howmep
BBIKITIOYATENSA qerQ qonQ qaBTQ P aQ
B1,2 0,000057 0,0024 3,42E-07 0,000007 0,0024
B3,4,5,6,CB 0,00002 0,0012 0,00000¢02 0,000008 0,0017

BN 35 kB ‘
( P gBm
QP

B1 B2

qBl1 qB2
m T2

qTi qr2
B3 B4 w3 qB4

qB
aB

985 aB6
B5 B6

qKn qKn

K 10 B

PI/ICYHOK 8 - PacueTHas cxema U cxema 3aMCIICHU A

12.2 Pacyer HAJI€’KHOCTH CXEMbI

[IpousBeny OIEHKY MapamMeTpPOB HAAEKHOCTH CXEMbl CUCTEMBI. Paccumraro
BEPOSAATHOCTh OTKa3a JMHEWHOro pazbeauHuTens 35 kB, a Tak ke mpowusBeny
pacueT BEpOSATHOCTH OTKA3a MOJICTAaHIUKU ba3oBOW OTNIEIBHO OT MUTAKOIIEH JTUHUH.

HNuTtencuBHocTh oTkaza BJI-35 kB u JIP-35 xB:

Ay = Agp + Apaz + 446 = 0,13+ 0,01 + 0,13 = 0,27

BepostHocts otkaza BJI-35 kB u JIP-35 kB:

q1 = 4sn + Qpas + CInp.H6» (102)

q: = 0,00164 + 0,00007 + 0,0038 = 0,00548
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Pacuet BeposiTHOCTH 0€30TKa3HOM pabOTHI:

p1 =1-—0,00548 = 0,9945

Paccunraro mokazaTtenb HaJEKHOCTH JUII 00OPYIOBaHUS, PACIIOIOKEHHOTO
Ha [1C:

HNutencuBHOCTH OTKa3a nenouku B1-T1-B3(B2-T2-B4):

Ay = A3 = Ayq + A + A3 + 4,46 = 0,02 + 0,007 + 0,009 + 0,02 = 0,056

BepositHocTh oTKa3a nienouku B1-T1-B3(B2-T2-B4):

Q2 = 43 = ds1 + qr1 T o3 + Gups) (103)
q, = 0,002464 + 0,0005 + 0,001228 + 0,0074 = 0,00448

BepositHocTh Oe30TKa3HOM padoThl nenouku B1-T1-B3(B2-T2-B4):

p, = 1—0,00448 = 0,9955

HNuaTencuBHOCTH 0TKa3a nenodyku BS5-KJI (B6-KJI):

Ay =As =Ays + 5 (L) + 146 = 0,61 +5%0,007+ 0,61 = 1,57
BepostHocts oTka3a nenouku B5-KJT (B6-KJI):

qs = q35 = 0,0011 + 5 % 0,00002 + 0,00009 = 0,00129

BeposiTHoCcTh 6€30TKa3HON PabOTHI:

ps =ps =1-—0,00129 = 0,9987

CxeMa 3aMelleHHs S5KBUBAJICHTUPYETCS U MPEACTABICHA HA PUCYHKE 9.

ijm

|| [ e

qB
[ ]
L

e ] e

Pucynok 9 - Cxema 3amenieHust

OHpe)IC.HHIOTCH IIOKa3aTcJIn HaACKHOCTH

92



ABKBZ = AZ (13) + /14(/15); (104)

/13}(31 = /13}(32 = 0,0056 + 1,57 = 1,626

Goxs1 = Doz = 92(q3) + q4(qs), (105)

oxs1 = Qoxsz = 0,00448 + 0,00129 = 0,00577,
Psxs1l = Poxsz = 1 — 0,00577 = 0,9942.

qlaks q2aKB
q@B

Pucynok 10 — Cxema 3ameleHus

PaccunTato MHTEHCUBHOCTh OTKa3a nojcraniuu 0e3 yuera ABP:

/1nc = /13}(131 * q5kB2 + /1:—)}(32 * q>kB1 + Anpl * qske1) (106)

qnpz = 0,0001856 * 0,00448 + 0,0001856 = 0,00448 + 0,000116 *

* 0,00074 = 0,000001835
Haxomum Knpl n Knp2:

26

A
Knpr=1-€  "* _ 0000037

Kupp =1-€ /65_ 0,000037

BepOHTHOCTI) OTKa3a IMOoACTAHIIUMN .

Gue = 0,00577 + 0,000037 * 0,0018 * 0,0018 + 0,0000037  0,0018
«0,0018 = 0,000035
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Omnpenento THTEHCUBHOCTh OTKa3a U BEPOSATHOCTh OTKa3a BCEH cucTeMbl Oe3
yuera ABP:

Ac = Age + 41 + 1,6 = 0,000063,

qdec = quc + ¢4 = 0,000035 +,000548 = 0,005515.

PaccunTaro BeposaTHOCTh 0€30TKa3HOM paboThl cucTeMbl 0e3 yueta ABP:

p. =1-—0,005515 = 0,99448

Onpenensaro  CpPEeIHIOK  BpPEMSEHHM  BOCCTAHOBJIEHHS  CUCTEMBI  IIO

BBIPpAKCHHAIO:

-9 107
ts A— Anub ( )

0.005515

ty = —11,8 4ac.
(0.000063- 0.0000148)

Omnpenento cpegHee Bpemsi 6€30TKa3HOU pabOThI MO BHIPAKEHUIO:

r-L (108)

T, :; =1587Zy4yac = 1,8 sieT
0.00006326

Omnpenento pacyeTHOE BpeMsi 0€30TKa3HOM pabOThI MO BHIPAKEHUIO:

T,=0,105T,, (109)

r,=0,105 1,8 0,18 per.

BepostHocTh OTKaza mnoacraHnuu ¢ ydyetom ABP  onpenmento no

BBIPAKEHUIO:

qnc(aBp) = q¢ * Poxp1 * Pes T+ 0,5 * Doks1 * Pes T 075 * Qoxp1 * Pes T 0:5 *
Q51 * qcp» (110)
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Ane(asp) == 0,0055 * (1 —0,00577) = (1 — 0,001228) + 0,5
*(1-0,00577) = 0,001228 + 0,5 * 0,00577
*(1—-0,001228) + 0,5 * 0,00577 * 0,001228 = 0,014

Omnpenento BEpOSATHOCTh OTKa3a Bcel cucteMbl ¢ yuetom ABP:

qc=Ync@sp) + 1 = 0,014 + 0,00548 = 0,0189

Omnpenento BEposSATHOCTh 0€30TKa3HOM paboThl cucteMbl ¢ yueTom ABP:

p. =1-0,0189 = 0,981
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13 MOJIHUE3AIIUTA, 3A3EMJIEHUE, Tb 1 YC

13.1 Moanue3amura.

3aBoackas KTII cocTout u3 »kene3Horo Kopinyca BHyTPU KOTOPOTO UMEETCS
IJIABHBIM  3a3eMJIIOIIUN  KOHTYp. Bce 0OJlokM ¢ paclojoKeHHbIM B HHX
00Opy/IOBAaHUEM BBIIOJIHEHBI M3 METajlla HMMEIT MecTa JUId IMPUCOCTUHEHMS
3a3eMJIEHUS KaK U1 OOOpyAOBaHUS TaK W JJIs NPUCOEAUMHEHUS caMHX OJIOKOB K
INIABHOMY  3a3eMsllonieMy  KOHTypy. Hanmuume  BHyTpeHHEro  KOHTypa
cootBercTByeT PJI 34.21.122-87 «MHCTpYKIMs TO YCTPOMCTBY MOJIHUE3AIIUTHI
3MaHuid U coopyxkeHui» MunsHepro. Krtn He TpeOyer crnenuasbHbIX
OCOOCHHOCTEM OT MOJIHUE3aUIUThl IOCKOJBbKY BCE KOpIlyca MNPUCOEIUHEHBI K
3a3eMJISIIOLEMY  KOHTYpPY 4epe3 BHYTPEHHUW KOHTYp -3TO M SIBJISETCA
MOJIHUE3AIIUTOMN.

13.2 3azemieHue.

3aBoxg wmsrotoButens B koMmiuiekte ¢ KTII mpowmsBoaur mocraBky
HEOOXOJMMBIX JI€TaJId JJI CO3/IaHUsl BHEIIHETO 3a3emiisroniero KoHtypa. ITocme
MAaHTaKa BHEIIHErO 3a3€MJDIIOLIErO0 KOHTypa NPOU3BOAUTHCS 3aMep  €ro
XapakTEepUCTUK. B ToM ciydae eciau IIOJy4eHHBIE XAapaKTEPUCTUKU HE
yaoBieTBopstoT TpeboBanus PJI 34.21.122-87 , HeoOXoauMO yCTaHOBUTH
JOTIOJTHUTENbHBIE 3a3eMIIMTENU. Tak ke ObIBaeT HEOOXOJAMMOCTh B YCTaHOBKE
rTyOMHHBIX 3a3€MIIMTENEH, 3TO 3aBUCUT OT pojJia TPYHTAa KOTOPbIM HAXOAWUTCS B
MECTE YCTaHOBKE 3a3€MIISIFOILIETO KOHTYPA.

HaGop 3a3zemsieHus 3aBOJ M3rFOTOBUTENh KOMIUIEKTYET CIEAYIOIIUMHU
MaTepualamu:

1) 3azemiuTenn B KOJMYECTBE &8 IITYK HW3TOTOBJIEHHBbIE W3 YIJIOBOU
paBHomnoouHoM ctamu CT-3, 50x50 MM, 1uHOM - 2,5 M

2) CranbpHas noJsioca 4x40 MM, 11uHOM - 60 M.

TumoBast cxema 3a3eMJICHHS 3aBOJ| MPUJIATaeTCA K U3JEINI0 MPU MOCTaBKE
o0opya0BaHUS.

13.3 be3onacHocTh
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XoTh ¥ KaOeNbHbIE JUHUU OOXOMATCS JOPOKE YeM BO3MYIIHBIX JTHHHM,
BOCTPEOOBAHHOCTh KaOENbHBIX JIMHUN PACTET C KaXIbIM TOJ0M. DTO CBS3aHO C
po0JIEeMaTUYHOCTBIO BO3BENICHUS BO3AYUIHBIX JMHUN B KWIBIX pailoHAX, B
OTJIMYUU OT KaOEeIbHBIX, 32 UCKIIOUYECHUEM OCOOEHHOCTBIO MPOKIAIKUA KaOeIbHBIX
TUHUNA. B pekoHCTpynpyeMoM MHOW paliOHE OTCYTCTBYIOT CIIOKHBIE MOJ3EMHBIC
KOMMYHHUKAIIUM TaKUE KakK: METpPO, TOHHEJEH, MOA3EMHBIX IMEPEXOJA0B U TOMY
nonobHoe. OTCYTCTBHE TMOA3EMHBIX KOMMYHHUKAIMM TIO3BOJIsIET 0€3 0coObIX
npo0JeM OCYIIECTBIATh MPOKIAAKY KaOenbHbIX JTuHUM. CaMu ke KaOelbHbIe
JUHUM TOpa3ao Oe3omacHeil YeM BO3IYyIIHbIE JTUHUU, TTOCKOIbKY KaOemst yXoaaT B
3emiito yke y KTII m BBIXOZAT Ha MOBEPXHOCTh HEMOCPEACTBEHHO B OJU3U
OpPUCOEINHEHUs K moTpeduTento. CrenoBareiabHO OTCYTCTBYET BO3MOKHOCTb
NONAacTh O] HAMPSYKEHWE NOCTOPOHHMX JIMI, HET JIOCTYyIa BaHJajaM, a TaK ke
MCYe3aeT BO3MOXKHOCTh MOBPEXKICHUSI JIMHUK OT BHEIIHUX (PaKTOpOB (BETEP, Ipa,
o0ye/leHeHNe, TPAHCHOPT, EPEBb U MPOUYUE MOCTOpOHHHE (akTophl). Bee 310
MPUBOJUT K MOBBIIICHUIO OE30MMACHOCTH MPU BO3BEICHU KaOEIbHbBIX JIMHUIA.

[Ipy peKOHCTPpYKIMU BO3AYLIHBIX JIMHUM M 3aMEHE UX Ha COBPEMECHHBIC
KaOeJIbHbIC JIMHUU C BBICOKOM HKOJOTMUECKON O€30MacHOCThIO CIOCOOCTBYET
BBICBOOOKJICHUIO 3€MENbHOTO (POHIIa W TIO3BOJISIET MPUMEHSTh €ro B JAPYTHUX
chepax.

KabGenbHble  JTMHUM €  BBICOKOM  JKOJOTMYECKOM  O€30MaCHOCTHIO
BBITIOJIHSIIOTCI KaK C MEIHOW JKWJIOM Tak W C amroMuHueBoil. O01acTh HX
NPUMEHEHUSI OYeHb UpPOKa. [[puMeHeHre 3K0Iornuecku 0e30nacHbIX Kadenen u3
CIIMTOIO MOJMATUJIEHA MO3BOJIMIIA YBEIUYUTh CPOK CIYX OBl KaOENbHBIX JTUHUM,
YTO HE MAJIOBAXXHO TPH YCTPOMCTBE CUCTEMBI JJIEKTPOCHAOXKEHHUS HA OCHOBE
KaOENbHBIX JIMHUWA. OTH (aKTOpbl TO3BOJAIOT 0Oe€3 Bpeda AJid 4eloBeKa U
OKpY’KarOUIEN CPeIbl IECSITKU JIET IKCIUTYaTUPOBATh 3TH KOMMYHUKAIUU.

B nocnennue ronpl mupokoe pacpocTpaHeHne IPUOOPEIo CTPOUTEIHCTBO
KJI ¢ ncnonp3oBanuem kalesel ¢ U30JISIUel U3 CIIMTOTO MOJUITUICHA ¢ METHOU
WIM QIFOMUHUEBON JKUIION, KOTOpBIE 00ECTEUMBAIOT CPOK CIYKOBI KaOETbHBIX

JIMHUH, U3MEPSAEMBIN JECATKAMMU JIET.
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B cBoeit BhIMyCKHON  KBalIM(UKAIIMOHHOW  paboTe s IPOU3BEN
pexoHcTpykiuio uHud 10 kB Ha ocHOBe KaOenbHBIX JUHHUN C MPUMEHEHHEM
KOJIBLIEBBIX CXEM, JJaHHOE PELICHHE ObUIO MPUHATO HA OCHOBE TEMBI BBIITYCKHOM
KBaJIM()UKAIIMOHHOW paboThl, a TaK K€ Ha OCHOBAHMM TMPABUI M HOPMATHUBHBIX
JOKYMEHTOB II0 CTPOUTENBCTBY M dKcIulyatauuu juHui 10 xB. IIpm npoxmanke
Ka0eNbHbI, IMHUI HEOOX0AUMO COOJIIOIAaTh CIEAYIOIINE TPABUI OE30IMaCHOCTH:

u B gaHHOM JUIUIOMHOM MpOEKTE pactpeaenurensHas auHus 10 kB Obuia
BBINIOJIHEHA B KaOEIbHOM HCIIOJIHEHUHM, a TaKK€ BBEJEHA B JKCIUTyaTalUIO
neTyeBas CXeMa ATUX JUHUM, JaHHOE PEIICHHE ObUIO MPUHATO MCXOMAS U3 TEMBI
JUIIOMHOTO TPOEKTa, a Takke U3 TpeOoBaHUi [18], B KOTOPBIX TOBOPUTCS, YTO
JUHUM 3ekTponepenay 1o 20 kB Ha cenuTeOHON TeppUTOPUM TOPOJIOB, B palloHaX
3aCTPOMKM 3JaHUSIMU BBICOTOM 4 3Ta)ka W BBIIIE JOJDKHBI BBITOJHITHCS, Kak
npaBuiio, KaOenbHbIMH. Cle0BaTENbHO, PAacCCMOTPUM CIEAYIOUIME IpaBHiIa
0€3011acHOCTH IIPH MPOKJIaJKE Kabenel B TpaHIIesX: IPU PyYHOM MOHTaXe KaOeJs
YHUCJIO PAaOOTHUKOB JOJHKHO OBITh TAKUM, YTOOBI HA KaXKJIOT0 MPUXOAWICS YYACTOK
kabest Mmaccoit He 6osiee 35 Kr ju1s My>KuMH U 15 Kr 11s sxkeHuH. Paboty cinemyer
BBINIOJIHATh C MPUMEHEHUEM CPEJCTB HMHIMBHAYalIbHOW 3alUThl (Ope3eHTOBbBIE
pykaBuiibl); [Ipu Bpienun OapabaHa ¢ kaOeneM HEOOXOAUMO TMPUHATH MEpPhI
OPOTUB IO MCKIYEHHMIO 3axBaTa €ro BbICTyHaMH 4YacTeil OOMYHAMpPOBAHMUS;
nepemMeniarh Kadeiab U MEePEeHOCUTh MY(PThI TOJBKO IMOCJIE OTKJIIOYEHHUS KaOes.
[lepememiath Kabenb, TMOJA  HANpsHDKEHUEM, JOMYCKAeTCS NpPU  YCIOBHUSAX:
nepeKsaablBaeMblid Kabenb JOJKEH UMETh TeMiepaTypy He Huke 5 °C; MydThl Ha
NEePEeKIIaAbIBAEMOM y4acTKe KaOemsl JOJIKHBI 3aKpPEIJIeHbl KPereKaMyu Ha JOCKAX;
nepe HavajaoM rnepekaTke 6apabaHa cieayeT 3aKpenuTh KOHIIbI KaOems U yIaauTh
Topuane u3 6apabdaHa npeaMeThl; padoThl JOJKHBI BBIITOJIHATHCS paOOTHUKAMU,
UMEIOIIUMH JOIMYCK IPOKIAIKH, NOJ HaA30pOM OTBETCTBEHHOIO PYKOBOJIWTENS
paboT, umeroiero rpynmny V, B 3JEeKTpOyCTaHOBKaxX HampspkeHueM Boite 1000 B
U TOpou3BoauTeNs paboT, uMeromero rpymnmny IV, B 3leKTpoycTaHOBKax
HanpspkenueM 10 1000 B; katymky ¢ kabenem A0MycKaeTcs epeMeIarh TOJIbKO

[0 TOPU3OHTAJIIBHOW IOBEPXHOCTH II0 TBEPAOMY TPYHTY WM HACTHIy; IIpU
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HarpeBe Kales He pa3pelaeTcs UCIoib30BaTh TpancGopmaTopsl Beiie 380 B; He
paspeimiaercsi IpU MPOKIaAKe Kabens CTOSITh BHYTPH YIJIOB IOBOpPOTa, U
NOJAJIeP)KUBaTh Kalelnb pyKaMH Ha MOBOpoTax Tpacchl. s srtoro TpeOyetcs
YCTaHOBKA YTJIOBBIE POJIMKHU.

13.4 DK0J10rHYHOCTH

YyuTthiBass TO YTO B  BBIMYCKHOW  KBaJIM(UKAIMOHHOW  paboTe
PEKOHCTPYHUPYETCS CHUCTEMa JKHIIOTO pailoHa, TO HEOOXOAUMO 0C000€ BHHMAaHUE
VACIUTh W SKOJIOTMYHOCTH TMpoekTa. [loJg HSKOJOTMYHOCTBIO IOHHMAETCS
BO3JICMCTBHE DJHOPrO CHCTEMBI palOHAa HA OKPYXKAIOLIyl0 €€ cpeny, U B
OCOOEHHOCTH Ha HACEJIEHUE. BO3JEHCTBUE SJIEKTPOMArHUTHOIO IIOJS MOYKHO
OLLYTUTh NP OYEHb BBICOKOM HANPSUKEHHH. B MoeM citydae Takoro HampsKEeHHs
HET, a CJIeJ0BaTEeIbHO MOW MPOEKT HE OKA3bIBAET BPEIHOE BO3/ICUCTBUE HA JKUBbBIE
opranu3Mbl. Ha yenoBeka Takke MOKET BO3JEHCTBOBATH AaKyCTUYECKHHM IIyM
IIOCKOJIBKY OPTaHU3M YEJIOBEKa CABIIUT 4acToT OoT 16 't 1o 20 xI'1. Takue nrymsl
MOTYT BO3HHMKATh INPU WHTEHCHBHOW KOpPOHE, B MOEH CHUCTEME OTCYTCTBYIOT
MOTEPHU Ha KOPOHY MOCKOJIbKY Yy MeHs iuHuu 0,4 u 10 xB.

Jlanee ynenn BHUMAaHUE Ha 3€MJICNONB30BAaHME mpu B3BeaeHun TII
[Imomangn orBoaumeie 1ox crpoeHue KTII 3aBUCHT OT HOMHHAIBHOIO
Hanpspkenuss 1 MougHoctu KTII. TTo mopmam gist KTII ¢ Homuuanom 10 xB
wiowaas Oyaer coctaBusaTh: Juist KTII ¢ ogaum cuitoBbiM Tpancdopmaropom 100
~250 kBA — 50 m%; s KTII ¢ aByms cunosbiMu Tpancdopmaropamu 250 — 400,
630 u 1000 kBA — 100 M?% mwis Ma4TOBBIX TPaHCHOPMATOPHBIX MOACTAHLIUN C

cuIIOBBIMHE TpaHchopmaropamu 250 kBA — 50 m2.

Teneps paccMOTpUM BOMPOC OTBOAA 3eMenb noj ctpoutenbctBo TII. Jlis
nojactanimii Hanpspkennem 10/0,4 kB mutomanb 3eMenbHBIX Y4aCTKOB OTBOIUTCS
cleayromas:

1) U1 KOMIUIEKTHBIX TOJACTAHIIMKA C OJHUM TPaHC(HOPMATOPOM MOIIHOCTBIO

100 —250 kBA — 50 m?;
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2) 1Sl KOMILIEKTHBIX TIOACTAHIUH ¢ JBYMsI TpaHC(POPMATOPaMU MOITHOCTBIO
250 — 400, 630 u 1000 kBA — 100 m?;

3) A MaYTOBBIX TpaHC(HOPMATOPHBIX MOJACTAHIUN C TpaHCHOpMATOPaAMHU
250 kBA — 50 M?.

[Ipu pEeKOHCTPYKLIMU SHEPrO CHUCTEMBI sI MPOU3BOXKY YCTAHOBKY JIBYX
tpanchopmaropusie KTII B konmuectBe 15 mr. 3Has >TH mapaMeTpsl U
BOCITOJIB30BABIIMCH BBIIIE HU3JI0KEHHOIO MaTepuaa s MOIYy BBICUMTATh CKOJIBKO
3eMJIK MHE TTOJIOKEHO:

S=15-100= 1500 m2;

Jlanee paccMOTpUM 3allUTYy OKpYXKAloWEd Cpelnbl MpU HKCILTyaTalHH
cwioBblX TpaHchopmaTopoB. Ilpu ucnonszoBanuu B KTII MaciasHbIX CHIOBBIX
TpaHCc(HOPMATOPOB HEOOXOAMMO COOJIIOaTh W BBINOJIHATH CIEAyOUIee: s
NpPEAOTBPAIICHUSI PACTEKAHHUS MAaclia U PacClpOCTPaHEHUs MOXKapa MOJ KaKIIbIM
MacJsHbIM TpaHcOpPMAaTOPOM U ammaparoM ¢ Maccoil Macna 60 kr u Oosee
JIOJDKEH OBITh YCTPOSH MACIIONPUEMHHUK B COOTBETCTBHH ¢ TpeOoBaHusimMu [18].
Uit TpaHcOpMaTOpOB U ammaparoB ¢ Maccol wmacina Oonee 600 kr, c
COOJIIOICHUEM CIEAYIONIMX TPEeOOBAaHUM: MACJIONPUEMHUKH, BMEIIAIOUIUE HE
menee 20 % mosHoro 00bEeMa Maciia TpaHchopMaTropa WIM ammapara, ¢ OTBOJIOM
Macla B IPEHaXKHYIO0 CUCTEMY; MACJIO OTBOJIHbIE TPYObl OT MacJIONPUEMHUKOB IO]T
TpaHchopmaropamMu C aAuamMeTpoM He MeHee 10 cM; €O  CTOpPOHBI
MacJIONPUEMHUKOB Macjo OTBOJHBIE TPYOb! JOJKHBI ObITh 3aIIMIIEHBI CETKaMHU BO
n30exaHue MOIaJaHus Mycopa; B BHJIE€ MaciOlpUeMHUKa 0e3 OTBOJa macia B
JPEHAXKHYIO CHCTEMY; MACIONPUEMHHUK [OJDKEH OBITh MEPEKPHIT PEMIETKON CO
CJIOEM TpaBHs TOJIIMHOM 25 CM M pacCcuuTaH Ha TMOJIHBIA 00BEM Maciia; YpOBEHb
Macja J0DKeH ObITh Ha 5 CM HWXKE pEIIeTKH; BEPXHUU YpOBEHb TIpaBUs B
MacCJIOTPUEMHHUKE TIOJI TPaHCHOPMATOPOM JOJDKEH OBITh Ha 7,5 CM HUXKE
OTBEPCTUS BO3YXOMOIBOSIIET0 BEHTHIALIMOHHOTO KaHa; THO MAaCIONPUEMHHUKA
JOJDKHO HMMETh YKJIOH 2 % B CTOPOHY MNpUSIMKA; IUIOLIAAb MAaclIONpPUEMHHKA
JOJDKHA OBITH OOJBINE IUIONIAIM OCHOBAHHMS TpaHc(opmaTopa WM armapara;

Macjio ¥ BojJa M3 MacjOolpHUEMHHKAa O3 OTBOJIa Macjia JIOJDKHBI YIAISThCS MpU
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MOMOIIM TEPEBUKHBIX CPEICTB; YCTPOWCTBA ISl MPOBEPKU OTCYTCTBHS Macia
(BOABI) B MACIOIIPUEMHUKE.

B Moux KTII ucnons3yrorcs Tpancpopmatopsl ¢ o0beMoM Macia meHee 600
K[, a 93TO 3HAUYUT MHE HEOoOXOJUMO COIJIACHO HOpPMaMm YCTaHOBHUTH
MacJIONPUEMHUKHU 0€3 MPUMEHEHHs OTBOJIa MacJa.

13.4 YUpe3BbluaiiHble CHTyallMH

UpesBbuaiinas cutyanus (UC) - curyanus, BO3HUKAIONIAs B PeE3yJbTare
cTuxuiiHbIX OenctBuii (mpupoausie UC), aBapuu v kKaTacTpo(d B MPOMBIIIIIEHHOCTH
u Ha TpaHcnopre (TexHoreHHbie YC), 3Ko0JIOrMYecKux KaTacTpod, BOCHHBIX
JEUCTBUN, COLMAIIBHOTO M MOJUTUYECKOIO XapaKTepa, KOTOPbIE 3aKII0YAIOTCA B
OBICTPOM HM3MEHEHHH OT HOPMBI TPOUCXOSAIINX SBICHUN U oOmIepanuil u
OKa3bIBAIOT OOJIbLIOE BO3JECHUCTBHE HA KU3Hb JIOJEH, SKOHOMHUKY, COLUAIBHYIO
CTPYKTYpPY WJIM Ha OKpy:katouryto ¢iopy u payHy.

UC, BO3HHUKAIOIIKNE B MUPHOE BPEMS KaK MPABUJIO B PE3YJIbTATE: CTUXUUHBIX
OenctBuii, KaracTpod, aBapusi Ha TMPOU3BOJACTBE, aBapuil MpPU YYACTHH
TPAHCIIOPTHBIX CpelAcTB. Bce 3TO compoBOXKIaeTcs pa3pylICHHEM 3JIaHHi,
COOPYKEHUM, TPAHCHOPTHBIX CPEJICTB, MHKCHEPHBIX KOMMYHUKAIUW, TUOEIbIO
JH0JIeH, YHUUTOXKEHHEM UMYIIECTBA KaK (PU3UYECKUX, TaK U IOPUANUYECKUX JIUII.

B mupnoe Bpemss UC MOryT BOZHUKHYTh B PE3YJbTaTe MPOU3BOIACTBEHHBIX
aBapuii, katacTpod, CTUXUUHBIX O€JACTBUH, TUBEPCUN WIH B PE3YJIbTaT€ BOECHHO
MOJIMTUYECKUX JIEUCTBUM.

[Ipy BBINOMHEHUH BBIMTYCKHOM KBaTM(DUKAMOHHOW pabOThl OepeTbes
noAacTaHuua ba3zoBas I TUATaHUA PEKOHCTpyHpyemoro paioHa. Ilostomy
pacCMOTpUM Kakue Mepbl IpuMmeHsitorcs Ha noiactaHnusax u KTII  mis we
BO3HUKHOBEHHUS YPE3BBIUAMHBIX CUTyallUd M MCKJIIOUYCHHUS BO3HUKHOBEHUS
M0’KaPOOTTACHBIX OOCTAaHOBOK.

JInst 3TOro JOJIKHBI BBIMOJHATBHCS Cleayrollee (COrjiacHO NpeanvcaHuid,
WHCTPYKIMHI, MPaBWJI U TOMY NOJOOHOTO.): 3arpa’kJe€HUE MPOEe3A0B U JOPOr Ha
PEMOHT WJIM MO JAPYTMM NPUYMHAM JOIMYCKAeTCsl TOJbKO MOCIE COINIACOBAHUA C

OOBEKTOBOM TMOXKAPHOM OXpaHOM M COOPYXKEHUS BPEMEHHBIX OO0BE30B WIH
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Nepee3ioB 4epe3 PEeMOHTHPYEMbIE YYacTKH; HAa BeCh MEpHOA OOCITY>KMBaHUS B
HEOOXOMMBIX MECTAaX JOJIKHBI ObITh YCTAHOBJICHBI JOPOKHBIE 3HAKU U YKa3aTelu
MapuipyTa CcJeJOBaHUs; aBTOMOOWIM ONepaTuBHO-Bhie3AHONW Opuraasl (OBB)
KOMIUIEKTYIOTCSI HE MEHEE YEThIPbMS YIJIEKHCIOTHBIMU WM MOPOUIKOBBIMHU
OTHETYLIUTENSIMU Maccoll He MeHee 5 kr Kaxzawlid; teppuropus I[IC momxHa
HaXOJUThCS B UACTOTE, CBOEBPEMEHHO OUYMIIATHCS OT TOPIOYUX OTXOAOB; KypEeHUE
JOMMYCKAaeTCsl B CHEIUAJIBHO OTBEIEHHBIX M OOOpYJOBaHHBIX MECTaX, C
BBIBEIICHHBIMU 3HAKaMU O€30MaCHOCTU MO JCHCTBYIOUIEMY TOCYAapCTBEHHOMY
CTaHAApTy; BCE MPOE3JIHBIE JOPOTH JOJKHBI 3KCIUTyaTHPOBATHCS B HCIPABHOM
COCTOSIHUM; TPOU3BOAUTH YOOpKYy cyxod TpaBel Ha Teppuropun I[IC u Ha
npuieraromei 1ionaake (Ha paccrosauu Ommwke 100 m); moacrtaHiuu 0e3
0OCITY’KMBAIOIIEr0 NEPCOHAja JOKHBI OBITh OOECIEUEHBI SIIMKOM C IECKOM
oobemoM 0,5 ky0. M y TpaHCPOpPMATOpPOB; MECTO PEMOHTA JOPOr WU IIyTH
o0be3ga  00s3aTeNbHO  yCTAHABIMBAETCS  JOIOJHUTEIBHOE  OCBELICHHUE;
3aMpeniaeTcsl pa3BeAeHUE OTKPBITOrO OTHA JJIA CXKUTAHHE Mycopa M OTXOJOB Ha
tepputopun IIC; TeppuTOopur JOJKHBI MMETh KalUTAJIbHBIE OTPaXICHUS, U
HAPYKHOE OCBEILIEHUE B COOTBETCTBUHU C JECUCTBYIOIIMMH HOpMaMH [15]; Ha myTsax
IBaKyallud JODKHO OBITh YCTAHOBJIICHO U (DYHIIKIMPOBATH pabouee U aBapuiiHOE
OCBEILIEHUE, a TaK)K€ HAXOOUTCS  YyKazaTeld JUIsl BBIXOJA OOCITYKHBAIOLIETO
NEepPCOHANA; MPOE3bl BOKPYT 3JaHUMN JOJIKHBI ObITh CBOOOHBIMU; HE IOMYCKAETCS
pacrmoyio)keHUs1 ObITOBBIX BaroHYMKOB HA TEPPUTOPUU TP PEMOHTE U
PEKOHCTPYKIIMM CTaHIMHU; HE JOMyCKaeTcsi 0e3 pa3pelieHHs TOCMOXHaaA30pa
BO3BOJIUTh BPEMEHHbBIE TOPIOUHUE COOPYNKEHUS U 3AaHUS; MOABE3Abl K MOKAPHBIM
EMKOCTSIMH M yCTPOWCTBAM MOXApOTYLIECHHUs JOJDKHBI OBITh BCErJa CBOOOIHBI, a
3MMOM HE JTOMYCKAEeTCsl HAJIEJIb U CHET; HE JOIMYCKAETCSI OCTaBJISATh TPAHCIIOPTHHIE
CPEIICTBA B Y3KMX MPOE3/]1ax, 0] apKaMu U B MECTaX MPOE3/1a MOKAPHOU TEXHUKH.

[Toactanmust ba3oBas MOJDKHBI OBITh  YKOMIUIEKTOBAHBI — CIEAYIOIIUM
MOKapHbIM MHBEHTApEM: OTHETYIIMTENb NMOPOIIKOBBIM aBTOMarnueckuid OITA —
100 [30]; mepBUYHBIMU CpPEACTBAMH MOKAPOTYIIEHUs( MOXKAPHBIE pyKaBa, CTBOJIBI,

NCHHBIC W YIJICKHCIOTHBIC OrHCTYIIMTCIIM, SAIIUKHA C HGCKOM); MNEPEABNIKHEBIC
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yraekuciiotHele orHerymmrenn OY — 80 u OV — 25, nepenBrukHOMl BO3AYyLIHO-
neHHbiit ornetymuTens OBIT — 100

[Ipy BO3HMKHOBEHMM I0OXKapa B  AJIEKTPOYCTAHOBKaX HEOOXOIHUMO
IPUMEHATh COOTBETCTBYIOIIME MEphl MO yCTpaHeHUIo Bo3ropanus. I[lopsmok
TYLIEHUS T0XKapa B AJIEKTPOYCTAHOBKAX: HaYaJIbHUK CMEHBI PYKOBOJMU TYIICHHE
noxkapa 0 HOpHUOBITHS MOXAPHOTO MEPCOHANA; IO HPHUOBITHUIO MOKapHOIO
NEpPCOHANIa  PYKOBOJAUTENEM  SBISIETCS  CTApIIMH;  BOCIUIAMEHEHHUS  MOJ
HaOpsDKEHUEM  TYLWIUTCS  IEPCOHAJIOM  PYYHBIMH M MEPEIBHUKHBIMU
OTHETYIIUTENSIMU; CHATUE HANPSHKEHUS Ha MPUCOETUHEHUH B KOTOPOM BO3HHUKIIO
BO3rOpaHUe JAOIyCKAeTCsl IPOU3BECTH JEKYpPHBIM IepcoHan 0e3 IOJIydeHHus
paspelieHus: pyKoBOJCTBA, U C MOCJIEAYIOIKUM €ro UHPOPMUPOBAHUEM.

Bo Bpems BBIMONHEHHS MEPONPHUSATHS MO TYIMICHUIO BO3TOpaHUS B
3JIEKTOPYCTAHOBKaX HEOOXOJUMO COONIOAATH ClENyIoIIue TpeOOBaHMsS: TYIIUTH
0o0Opy/l0BaHUE TIOJ HANpPSDKEHUEM 3alpellaeTcs IEHHBIM OTHETYIIMTEISIMU U
PYYHBIMU CpEACTBAMH;, HCIOJIB30BaTh CPEACTBA WHAMBHIYAIbHON 3allUTHI
OpPraHOB [IbIXaHUs; MPU MCIOIb30BAHUM CPEJICTB MOXKAPOTYUICHUS MPUMEHSThH
JTUAJIEKTPUYECKUE TIEpYaTKH, KOBPHKH, OOTHHKHM; COOJIOJaTh OE€30MacHyIo
JUCTAHIIMIO 10 JIEKTPOYCTaHOBKH.

OcoOeHHOCTAMHU TYIIECHHUS MOKAPOB Ha 3JIEKTPOOOOPYTOBAHUM SIBISIFOTCS:
npu  moxape TpaHCHOpPMAaTOpOB  JODKHBI  OBITh  TMPUHATHI  MEPHI  TIO
IPEeIOTBPALICHUIO pACTeKaHUsI TPAaHC(POPMATOPHOTO Macja; TakK e MPH TYIIEHUU
TparcopmaTopa OH JOKEH ObITh BBIKIIOYEH M C HU3KOW U C BBICOKOI CTOPOHBI;
TpaHcGopMaTOpsl CEIyeT TYIIUTh MEHHBIMH OTHETYIIUTEISIMH WM TMPUMEHSATH
pacnbUICHHYIO BOJly U MOPOILIOK OTHETyIIallel; Ipyu BO3ropaHuu KalOesel CBbIIe
1000 B TymeHue ux MpoW3BOAUTH HE 3aX0[s B MOMEUIEHUE (Yepe3 OKHO, JIOK,
JIBEpb); TOCTE YCTPAHEHUS BO3TOpaHUsl MpPUKACATbCA K KaOemsiM J0omycKaeTcs

IMOCJIC ITOJTHOI'O CHATHSA HAIIPAKCHUSA C CUJIIOBBIX U KOHTPOJIBHBIX IITHWH.
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14 JUCIIETYEPCKOE  VIIPABJIEHUE, TEJEMEXAHUKA U
CPEJCTBA CBA3HU, YUET DJIEKTPOOHEPI' M

JlucrieTuepckoe ynpaBJeHUE - LEHTPAIN30BAHHBIA KOHTPOJIb U YIIPABICHUE
MPOU3BOJICTBEHHBIMU W TEXHOJIOTMYECKHMMHU  TPOIIECCaMU  MOCPEICTBOM
MPOTPAMMHO-TEXHUUECKUX KOMILUIEKCOB C UCIIOJIB30BAaHUEM CPEJICTB CBSI3H.

3ajaun ONepaTUBHO-AUCIETYEPCKOTO YIIPABIECHUS SHEPTOCUCTEMOM:

1) mnonnepxxkanue OamaHca MEXAYy KOJMYECTBOM MIPOU3BOJUMON U
noTpeOIsIEMOI MOIITHOCTH B YHEPTOCUCTEME;

2) HAASKHOCTb DJIEKTPOCHAOKEHHUS CHAOXKAIOIIUX MPEANPUITHI  OT
MarucTpaibHbix cereit 220-750 kB;

3) CHHXPOHHOCTB Pa0OTHI AIEKTPOCTAHIIUM B MpeJeaax YHEPrOCUCTEMBI;

4) CHUHXPOHHOCTH PabOThl PHEPTrOCUCTEMBI CTPAaHBl C IHEPrOCUCTEMaMU
CMEXKHBIX CTpaH, C KOTOPBIMH €CThb CBSI3b MEKIOCYJAPCTBEHHBIMU JIMHUU
AJIEKTpOIIEpeaay.

Hcxonss W3 BBINICTIEPEUUCIEHHOIO, CIIEAYyET, YTO CHUCTEMa OIEpaTUBHO-
JUCTIETYEPCKOTO YIPABICHUS YHEPTrOCUCTEMOM 00ECIIeYMBaET KIIIOUEBBIC 3a/1a4H B
HSHEPrOCUCTEME, OT BBHITIOJIHEHUSI KOTOPHIX 3aBUCUT dHEpreTuyeckas 60€30macHOCTh
CTpaHbl.

Opranu3aiius npoiiecca onepaTuBHO-auceT4epckoro ynpasiaenus (O1Y) B
HHEPIreTUKE OCYIIECTBISACTCS TaKUM O00pa3oM, YTOOBI 0OECIIEUUTh paclpe/ecHue
pa3sNUYHBIX (PYHKIUH MO HECKOJBKMM YpPOBHAM. [Ipu 3TOM Kakablii YpOBEHB
MOAYHUHSETCS BBIIIECTOAIIEMY.

Hanpumep, camblii HayalnbHBIM YPOBEHb - OINEPATHUBHO-TEXHUYECKHUU
MEepCOHAa],  KOTOPBIM  OCYIIECTBISIET  HEMNOCPEACTBEHHO  ONEpalvu ¢
o0Opy/loBaHMEM B  Pa3JIUYHBIX  TOYKAX  OSHEPrOCUCTEMBI,  MOJYUHSICTCS
BBIIIECTOSIIEMY ~ ONEPATUBHOMY  TIEPCOHATY - JACKYPHOMY  JUCHETYEPY
MoJIpa3/ieNieHus YHEProcHAOKaIOIMIEeTO MPEANPUATHS, 32 KOTOPBIM 3aKperieHa

ANEKTPOYCTaHOBKA. JleXypHBIA JUCHET4YEep NOApa3/ETCHUsl, B CBOI OuYepelb
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NOTUYUHIETCS  JUCIETYEPCKOW ciy:k0e mpeanpuatus W T.JA. BIUIOTH  JIO
LIEHTPAJIbHON JUCIIETYEPCKOU CHCTEMBI CTPAHBI.

OrnepaTuBHO-IUCIIETYEPCKOE YIIPABICHUE SHEPTOCUCTEMOM

[Ipoecc ympaBieHHs SHEPrOCHUCTEMON OpraHH30BaH TaKUM 0O0pa3oM,
yTOOBl ~ 00ECIEeUUTh  HENPEepPhIBHBI  KOHTPOJb W  YIpaBJICHUE  BCEMU
COCTABJISIIOIIMMHU O0BEAMHEHHOM SHEPTOCUCTEMBI.

Jnisa oGecriedeHrss HOPMaJIbHBIX YCIOBUM pabOThI KaK OTACIbHBIX YYaCTKOB
HPHEPrOCUCTEMBI, TaK M DSHEPrOCUCTEMBbI B I1EJOM, I KaXKIOro OO0beKTa
pa3palaThIBAIOTCSl  CIEUMAJIbHBIE  PEXKUMBI  (CXEMbI), KOTOpBIE  CIIEIYyeT
o0OecreynBaTh B 3aBUCHMOCTM OT pe&XHMa pabOThl TOTO WM HHOTO Yy4yacTKa
AIEKTPUUECKON ceTH (HOPMaJIbHBIN, PEMOHTHBIM, aBApUHHBIN PEKUMBI).

Jlist obecrnieueHusi BbINIOJNIHEHMsT TMaBHBIX 3amady OJ[Y B sHeprocucreme
IIOMUMO OIIEPAaTUBHOIO YIIPABJICHUS CYILIECTBYET TAKOE IIOHATHE KaK OIIEPAaTUBHOE
BeJeHue. Bce omepauuum ¢ o00OpylOBaHMEM Ha TOM WM HHOM YYacTKe
DHEPrOCUCTEMBI OCYIIECTBISAIOTCA MO KOMAHJE BBIIIECTOSIIETO OIEPATUBHOIO
[IepCOHasa - 3TO IIPOLIECC ONIEPATUBHOIO YIIPABJICHUS.

Brinonnenue onepauuii ¢ 000pyA0BaHUEM B TOM UM MHOM MEpe OKa3bIBAET
BIIUSIHUE HA pabOTy JIPYyruX 00BEKTOB IHEPTOCUCTEMbBI (MU3MEHEHUE MOTPEOIsIeMOoit
WIN BbIpaOaThIBAEMON MOIIHOCTH, CHU)KEHHME HAJEKHOCTH 3JIEKTPOCHAOKEHUS,
U3MEHEHUE 3HaueHUid HampspkeHus). CrenoBaTesibHO, TAaKUE OINepaluy JTOJKHBI
IIPEBAPUTEIIBHO COIVIACOBBIBATHCS, TO €CTh BBIINOJIHATHCS C Pa3pELICHUs] TOTO
JUCTIeTYepa, KOTOPBIM OCYIIECTBISCT OMNEpPaTUBHOE OOCIyXKHMBaHUE JaHHBIX
o0bekToB. TO ecTh, B ONEpaTUBHOM BEIACHUU JHCIETYEpPA HAXOAUTCS BCE
00Opy1I0BaHUE, YYACTKU 3JIEKTPUUECKOH CETH, pPeKUM pabOThl KOTOPBIX MOKET
U3MEHUTHCS B PE3YJIbTATE ONEPALMil HA 000PYIOBAHUH CMEKHBIX OOBEKTOB.

Hampumep, nuHHMs coenuHsieT aBe moacTaHmmu A u b, npu 3ToM
noacranuus b nonyyaer nurtanue ot A. OTKIIOYEHHE JIMHUA CO CTOPOHBI
MOACTAHUMA A OCYIIECTBJISETCS OINEPATUBHBIM MEPCOHAIIOM 110 KOMAaHJIE

nucneryepa nanHoi [1C. Ho oTkimoyeHrne JaHHOW JTUHUM JTOKHO MPOU3BOIUTHCSA
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TOJIBKO MO COIJIACOBAHUIO C JUCIETYEPOM MOACTAHIMHU b, Tak Kak JaHHas JTUHUSA
HaXOJUTCS B €r0 ONEPAaTUBHOM BEJECHUHU.

Takum 00pa3oM, pH MOMOIIM JBYX OCHOBHBIX KAaTErOpUH - OMEpaTHUBHOE
YIPABJICHUE U ONEPATUBHOE BEACHHUE, OCYIIECTBIISIETCS OpPraHU3alis ONepaTUBHO-
JUCIIETYEPCKOrO YIPABJIECHUS SHEPITOCUCTEMOM U €€ OTAEIIbHBIMHA YYaCTKaMU.

st opranuszanuu mnpouecca OJlY paszpabaThiBaloTCs U COTJIACOBBIBAIOTCS
MeXay cOOO0M MHCTPYKLHHU, YKa3aHHS W pa3iudHas JOKyMEHTAIMS ISl KaXKIOTo
OTZEJIBHOTO MOAPA3JEIEHUS B COOTBETCTBUHM C YPOBHEM, K KOTOPOMY OTHOCHUTCS
Ta WIA UHas onepaTuBHasA ciyxo0a. s kaxaoro ypoHs cucrembl OJlY umeercs
CBOU MHAMBUAYAJIbHBIN MepeyeHb HEOOXO0IUMON JOKYMEHTALUH.

Tenemexanuka- 310 HaOOp 000pyAOBaHHSA, KOTOpOE€ OOECIeunBaeT
BO3MOYKHOCTh IIpHUEMa U Mepeaayr HH(OpMaIi, CATHAJIOB OT Pa3HbIX YCTPOICTB,
U TO3BOJISIOT PYKOBOJIUTH NMPUOOpaMH JAaHHOTO ycTpoicTBa. [lanee m3ydynM 4o
XKe M3 cebs MpEeACTaBiIseT, U C 4YeM €€ €IAT 3Ty CHUCTEMYy TeJIeMEXaHUKU
SHEPrOCUCTEM-TIOACTAHIIMNA, CTAHIIAM, JICKTPOCTAHIUMN.

ACY TII - 5TO0 yCTpPOWCTBO COCTOSINEE W3 MHOXECTBa MNPUOOPOB H
IPOrPaMMHOr0 OOECIIEUEHHs CO3/IaHHOE Il aBTOMATU3MPOBAHHOTO YIIPABJICHUS
sHeprocuctemamu. PacmudpoBsiBacTcss kak ABToMatu3upoBaHHas Cucrema
Vupasnenus: Texnonoruyeckum IIponeccom. ACY TII cOCTOUT U3 TaKUX CUCTEM
KaK: cucTteMbl aBTomaTuueckoro ympasieHus (CAY); TOyabThl yHpaBieHUS,
MaHeld C TMEePEeKIOYAOIIMMU  YCTPOMUCTBAMH, KOHTPOJIbHO-U3MEPUTEIbHBIMU
npubopaMu; CpeicTBa AMcCHETYepcKoro u TexHudeckoro ympasieHus (CHATY);
nporpaMMHoOe obOecrnedueHue, ciyxaiiee it cOopa, 00paOOTKH, XpaHEHUS,
aHaMM3a Pa3TMYHON HMHGOPMAIMK OTHOCHUTEIBHO PAOOThI  AIEKTPUUYECKOTO
obopynoBanusi (SCADA); aBTOMaTU3UpOBaHHAsI CHUCTEMa KOMMEPUYECKOIo ydeTa
anexktpodHeprun (ACKYD). Bee 3t cucTteMbl CBs3aHbl BOSIMHO M 00CCIICYHNBAIOT
paboTy npyr apyra.

B kayecTBe WMH(MOPMAIMOHHOrO KaHajda MEXIy CUCTEMaMU MPUMEHSIOT
pasnudHbie BUABI cBs3u: o BJI; mpoBogHbIE cpencTBa cBsizu; OecpoBoaHbie; BY-

CBSI3b.
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K cucremam TeneMexaHUKU TMPEIBABISIOTCS Takue TpeOOBaHUS Kak:
TOYHOCTb, ONEPATHUBHOCTH, HAJEKHOCTh, YCTOMUYMBOCTh K cpede. OHU 00s13aHBI
TOYHO M CBOEBPEMEHHO YNPAaBIATH 000PYI0BaHUEM, MIEpPEIaBaTh ObICTPO U TOYHO
uHGOPMAIIMIO U CUTHAJBI, PUKCHPOBATH U3MEHEHUS MapaMeTpoB B cucteme. ACY
TII mo3BomsieT ciaeauTh 3a paboTON M COCTOSHUEM YIAJICHHOTO0 O0OpyAOBaHUS, a
TaK >X€ TO3BOJISIET YIPaBJIATh MPOILECCAaMU B YyNAJEHHBIX MecCTax. JTO BCe
CTAaHOBUTHCA BO3MOXHBIM TpPU YBEJIMYEHUH aBTOMaTH3aluu mporeccoB. C
NPUMEHEHUEM O3TUX CHUCTEM  YBEIWYMIIOCh KayeCTBO W HAJIEKHOCTh
sHeprocHabkaromux cucteM, mockoibky ACY TII moxker paboTath gake Tam Te
YeJIOBEK HE MOXKET HAXOJUTHCSA UTUTEIHHOE BPEMS.

ABTOMaTHUYECKas CHUCTEMa YIPaBJICHUsS MMEET CIEIYIOIIME TOCTOMHCTBA!
KOHTPOJIb U YyIpaBlieHHE OOOpYyIOBAaHUEM HE CMOTPS HAa PACCTOSHUE MEXIY
OOBEKTOM M LIEHTPOM YIIPABJICHUS; CIIOCOOHOCTh KOHTPOJIUPOBATH NEPCOHAI MPH
TEXHUYECKOM OOCIYKMBaHUU M dKCIuTyaTanuu; ¢ nomoimbio SCADA nucneryep
MOJKET HE TOJBKO OT/AaTh KOMaHAy Ha BBIOJHEHHE KaKoro-aubo mporiecca, HO U
MOKET TMPOKOHTPOJIUPOBATH BBIMOJIHEHHUS 3TOrO IIpollecca M MPABUIBHOCTh
BBITIOJTHEHHMSI, BCE ATO MIPOUCXOINT B PEAIbHOM BPEMEHHU.

Bo Bpems »skcmnyartanuu  enu  OyaeT JOMyIIeHa OmuOKa cucTema
mpoUH(POPMUPYET, a AUCHETYEP MPUMET MEPbl K YCTPAHEHHIO CTO ITO3BOJIUT
NPEAyNpekaaTh W HE JOMYCKAaTh BO3HUKHOBCHHS HETATHBHBIX ITOCICACTBUN M
YpE3BbIYANHBIX CUTYALUH.

Tak xe y cHCTEMBI aBTOMATHUYECKOTO YIMPABICHHUS TEXHUYCCKHUMHU
mporeccaMil UMEIOTCs W HeAocTaTKu. OCHOBHBIM HEIOCTAaTKOM SIBIISIETCS €€
ySI3BUMOCTh  3TO  BBI3BAHO  CJIOKHBIM ~ DJICKTPOHHBIM  O0OOpYy/IOBaHHEM B
MHOTOUYHCJICHHBIX 3JIEMEHTaX KOTOPOTO B JIFO00 MOMEHT MOKET YTO TO OTKAa3aTh.
Uto mpuBeneT K MOJHOMY WJIM YaCTUYHOMY BBIXOAY W3 CTPOSI KaKOW TO YaCTH,
MOBJICUET 3a cO00M uepeny ommOOK U cO0eB B paboTe Apyrux ammapaToB. Takue
HEUCTIPABHOCTH OBIBAIOT, OT HUX HE Ky/a HE JIEThCS, HO CIYy4YarOTCsl OHH JIOBOJIHO

pelKo.
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[Ipoananu3upoBaB BbIIIE CKA3aHHOE C/ENAl0 BBHIBOJA UTO O€3 mepcoHaia Ha
cranuusx ¢ yctaHoBiaeHHbIM ACY TII He B0O3MOXHO co37aTh Oe€30MacHyl U
HaJIeKHYI0 pabory. A BOT OOJEryuTh TPy, IOBBICUTH OIEPATUBHOCTD,
HAJEKHOCTh M KAauyeCTBO MOXXHO C IPUMEHEHUEM AaBTOMATHYECKON CHCTEMBI
yIpaBICHUS TEXHUYECKUMM mpoueccaMu. K Tomy ke deMm Oosbiie Mbl Oynem
BHEJPATH, U IKCIUTyaTUPOBATh 3TU CUCTEMBI TEM OOJbIlIe OYAYyT BBISBIATHCA MX
HEJOCTaTKHU U ciadble MecTa. A yXe MPOU3BOIUTENb OyIeT UCKATh IMyTH PEIICHUS
TUX NpPOOJIEM TEM CaMbIM YCOBEPIIEHCTBOBAaThH CUCTEMY M NpUOIMKATh €€ K
MaKCUMaJIbHOW HaJI€KHOCTH U COBPEMEHHOCTH.

ABTOMAaTHU3MPOBAHHAS CUCTEMAa KOMMEPUYECKOIO Y4YeTa 3JIEKTPOIHEPIHH
(ACKYD). Cucrema npenocTaBisieT MOJIb30BaTeNsIM JOCTOBEPHYIO MH(OpMALIHIO
0 (haKTUYECKOM TMOTPEOJEHUN DIEKTPOIHEPTUU M MOXKET OBITh peann3oBaHa
c nmpuMeHeHueM pasznuuHbix kaHanoB cBs3u (PLC, GPRS, RS u T.1.) 1 Ha 11060M
00BEKTE, OT MOABE3/Aa JO MUKpOpaloHa.

Bce kaHanbl CBsA3M 00€CHEYMBAIOT CBOEBPEMEHHYIO M JIOCTOBEPHYIO
nepegady MHGOpManuu O NOTPEOJEHUH, O BHEIUTATHBIX CUTYalMSX, MO3BOJSIOT
BBISIBUTh (DAKThl XMILEHUWA DJIEKTPOIHEPTMM M JAUCTAHIMOHHO OTKJIHOYAIOT
HeriaTeNbIruKoB. Bes HeoOxonumas nuagopmanus otpaxkaercs uepes [1K.

[Toctpoenne 1nomOOHON cHUCTEMBI MO3BOJIMUT HE TOJBKO OpPraHU30BaTh
OMEpPaTUBHBIA M JOCTOBEpPHBIM cOOp HHpOpMalLMH, HO U TMEpeUTH Ha
MHOTOTapU(HYIO CUCTEMY OILIaThl 32 MOTPEOJIEHHYIO 3JIEKTPOIHEPTUIO, COKPATUTH
3aTpaThl HAa  KOHTPOJMPYIOUIMH  TMEpCOHAl, MHUHUMHU3HPOBAaTH  MOTEPHU
AIIEKTPOIHEPTUM 3a CYET KOHTPOJIS, aHAIM3a M HMCKIIOYEHHUS HEPalUOHAIBHOTO
UCIIOJIb30BAaHUSl ~ DJJIEKTPOIHEPrMM B MecTaXx  OOIIero  MOJIb30BaHUA,

ABTOMATU3UPOBATH BBIIIMCKU CHCTOB a0OHEHTOB.
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3AKJIFOYEHUE

B nanHON BBIMYyCKHOM KBaJM(UKAIMOHHON paboTe ObLTa ompeaesieHa
porpaMMa peKOHCTPYKIUU CHCTEMBI 3JIEKTPOCHA0KEHUS KUJIOT0 palioHa ropoja
CBoOogHOrO AMypcKOM o0jacTd, peanu3anusi KOTOPOW IO3BOJIUT TOBBICUTH
YPOBEHb HAJIEKHOCTH JJIEKTPOCHAOKEHHUS MOTpeOuTeae ¢ OAHOBPEMEHHBIM
CHM)KEHUEM OTHOCHUTEIBHBIX MOTEPh AIEKTPOIHEPTHH. B cxeme peKoHCTpyKUuU
ANEKTPUYECKUX CETEW MPUHITHI TEXHUYECKUE PEIICHHS, MO3BOJSIOIINE PELIUTh
MOCTABJICHHYIO 337a4y C MUHUMAJIbHO BO3MOKHBIMHU 3aTPaTaMHU.

B BbITyCKHON KBaNM(PHUKAIMOHHOW paboOTe YUYTEHbl BCE MOTpPeOUTENU
NIEKTPOSHEPTUHM  PACIIOJNOKEHHbIE B Mpelenax  YCJIOBHBIX  TpaHUI
paccMaTpuBaEMOro panoHa.

B BbilyckHOM  KBaJdM(pPUKAMOHHONH  paboTe  ObUIM  pacCcCUMTaHbI
AIIEKTPUYECKUE HATPY3KHU KUJIOTO CEKTOPA, OOIIECTBEHHBIX YUPEXKIEHUH, JETCKUX
CaJioB, WIKOJ W JPYTUX MOTPEOUTENENH HIIEKTPUUECKOW HHEPrUU C YUYETOM
NIEKTPOIUIIEIPUTOTOBICHUSI 10 yAEJIbHbIM Harpy3kaM. Ilo nosydeHHBIM
Harpy3kam IMpOU3BEJIEH BHIOOP CEUYECHUI KaOEIbHBIX JUHUN BBICOKOIO M HU3KOTO
HalpspDKeHUs. Dbbul  NpoM3BENEH pacyeT TOKOB KOPOTKOTO 3aMBIKAaHHS B
MaKCHMaJbHOM U MUHUMAJIBHOM PEXHUME pabOThl CUCTEMBI AJIEKTpOCHAOKeHMs. B
COOTBETCTBHUM C TMOJYYEHHBIMHU 3HauY€HHUSIMU TOKOB K3 ObLIO BHIOpaHO OCHOBHOE
3JIEKTPOOOOPYI0OBAaHUE C YUETOM KIMMATUYECKOTO HCIONHEHHUA. J1Ji1 BBIOpAaHHBIX
tpancopmaropoB KTII 10/0,4 kB wu kaOenpHbIX JHHHMIA 3JeKTporiepeaad

HanpspkeHueM 0,4 u 10 kB Obu1 mpon3BeieH pacyeT U BEIOOP 3JIEMEHTOB 3allUTHI.
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[TPMJIOXKEHUME A

Ta6numa Al - Harpy3ku HU3KOBOJIBTHBIX KaOeei

Jlnust pacauns » KBT Qpacuun » KBP Spucomm » KBA
1 2 3 4
TPl 177,84 35,53 130,881
TI11-}p2 226,1 48,26 166,489
TII1-p3 226,1 48,26 166,849
TII1-p4 119 25,4 87,815
TI2-p1 262,08 52,36 192,878
TI12-}p2 233,1 48,08 171,676
TI12-h3 239,4 47,88 176,194
TII3-¢1 239,4 47,88 176,194
TI3-42 177,84 35,53 130,881
TII3-¢3 145 29 106,717
TI13-p4 180 36 132,476
TI4-}1 209,328 51,393 155,556
TI14-}2 128 27,65 94,507
TI14-h3 183,7 45,4 136,563
TI14-p4 196,8 46 145,856
TIIS-db1 235,5 59,25 175,254
TII5-d2 261,6 52,32 192,532
TII5-h3 119 25,4 87,815
TI15-p4 105,85 21,17 77,903
TII6-db1 195,9 48,125 145,582
TI16-¢h2 168 33,6 123,645
TII6-h3 168 33,6 123,645
TI16-p4 2115 51,825 157,153
TII7-¢1 214,908 56,053 160,285
TII7-h2 285,98 70,44 205,557
TII17-$3 300,75 65,35 222,112
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TII8-p1 407,4 113 305,116
[Tponomkenue Tabauipl Al
1 2 3 4

TII8-}p2 137,3 30,1 101,441
TII8-h3 274,2 63,56 203,134
TII9-p1 218,778 56,413 163,054
TI19-h2 136,628 54,123 106,057
TIT10-p1 295,8 63,19 218,292
TII10-dp2 317,4 67,51 234,188
TIT10-h3 188,2 47 139,993
TII11-dp1 237,6 48,42 174,997
TITI1-2 257,4 52,38 183,57

TII11-d3 254,6 52,18 181,203
TIT12-p1 343,68 78,459 254,411
TII12-d2 2514 81,98 190,835
TIT12-h3 195 40,35 143,71

TII13-dp1 314,25 69,06 232,202
TIT13-h2 319,2 63,84 2234,925
TII13-b3 143,192 80,719 118,628
TI114-dp1 92 40 72,399

TII14-h2 460 198 361,424
TI114-d3 168 33,6 123,645
TII15-p1 319,2 63,84 234,925
TII15-d2 319,2 63,84 234,925
TII15-b3 135 27,45 99,422

Tabnuua A2 — Ilotepu HanpsKeHUs B KaOEJIbHBIX JIMHUAX Hall

soxkenreM 0,4 kB

JInHus lp, A L, km AU, %
1 2 3 4
TII1-p1 151,168 0,108 2,5
TII1-$p2 192,7 0,104 1,7
TII1-3 192,7 0,104 1,7
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TI1-h4 101,4 0,088 2,7
[Tponomxkenue Tabauipr A2
1 2 3 4
TI2-¢1 222,7 0,128 2,4
TI12-$2 198,4 0,2 3,4
TH2-03 203,5 0,184 3,2
TII3-h1 203,5 0,04 0,7
TII3-$2 151,2 0,108 2,6
TI3-03 123,26 0,348 4,2
TI3-p4 153,01 0,18 4,3
TII4-p1 179,67 0,1 2,05
TH4-¢p2 109,1 0,164 3,9
TI14-$3 157,7 0,096 1,7
TH4-p4 168,5 0,016 0,3
TI5-¢1 202,4 0,26 4,5
TII5-$p2 222,4 0,068 1,3
TI5-03 101,4 0,044 1,4
TII5-d4 89,9 0,284 4,5
TI6-¢1 168,1 0,08 1,5
TII6-$2 142,8 0,016 0,4
TI16-p3 142.,8 0,044 0,9
TI6-p4 181,5 0,108 2,2
TH7-1 185,1 0,12 2,5
TH7-¢2 237,4 0,064 1,05
TI7-$3 256,5 0,128 2,2
TI8-¢1 352,4 0,088 1,07
TII8-¢2 117,2 0,092 2,4
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TII8-h3 234,6 0,072 1,2
[Iponomxkenue Tabaupr A2
1 2 3 4
TI9-¢p1 188,3 0,12 2,6
TI9-$2 122,5 0,104 2,8
TI110-p1 252,1 0,104 1,8
TIT110-2 270,5 0,096 1,5
TI110-¢3 161,7 0,012 0,2
TII11-p1 202,1 0,172 2,9
TII11-¢2 218,9 0,188 3,5
TII11-03 209,3 0,014 0,25
TIT12-p1 293,8 0,08 1,3
TIT12-¢2 220,4 0,132 2,5
TI112-03 165,9 0,128 2,4
TI13-¢p1 268,2 0,092 1,4
TIT13-02 271,4 0,1 1,5
TI13-$3 137,02 0,22 4,8
TI114-p1 83,6 0,14 3,6
TI114-$2 417.,4 0,24 3,5
TI14-¢3 142,8 0,072 1,6
TII15-p1 271,4 0,084 1,3
TII15-02 271,4 0,06 0,9
TI15-¢3 144.,8 0,108 2,7

Tabnmuma A3 — Ilorepu MOITHOCTH M SHEPTUU B HU3KOBOJBTHBIX KaOEIbHBIX

JIMHUAX

JIuaus

lp, A

AP, kBt

AW, kB4

1

3

4
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TII1-01 151,168 7,992 8775,3
[Tponomxenue Tadbmuubr A3
1 2 3 4

TII1-p2 192,7 6,601 7248

TII1-03 192,7 6,601 7248

TII1-p4 101,4 5,863 6437,8
TI12-¢1 222,7 10,856 11920,9
TI2-h2 198,4 13,453 14722,2
TI12-03 203,5 13,023 14299,9
TII3-dp1 203,5 2,831 3108,7
TII3-¢p2 151,2 7,992 8775,4
TII3-03 123,26 10,177 11174,9
TII3-p4 153,01 13,646 14984,3
TI14-01 179,67 7,433 8161,9
TI14-$2 109,1 8,964 9842,9
TI14-03 157,7 5,499 6038,9
TI14-p4 168,5 1,045 1148,1
TII5-01 202,4 18,207 199915
TII5-$2 2224 5,747 6310,3
TII5-03 101,4 2,931 3218,9
TII5-p4 89,9 8,273 9083,9
TII6-01 168,1 5,208 5719,1
TII6-h2 142,8 1,056 1160,3
TIT6-¢3 142,8 2,905 3190,7
TII6-p4 181,5 8,193 8996,8
TI7-1 185,1 9,47 10399

TII7-$2 237,4 4,867 5344,6

117




TII7-03 256,5 11,366 12480,5
[Tponomxenue Tadbmuubr A3
1 2 3 4

TII8-¢1 352,4 6,881 7556,03
TII8-h2 117,2 5,793 6361,6
TII8-3 234,6 5,347 5871,8
TII9-¢1 188,3 9,8 10761,4
TII9-h2 122,5 7,159 7860,8
TII10-p1 252,1 8,92 9794,5
TII10-$2 270,5 7,581 8324,6
TII10-¢3 161,7 0,722 793,2

TII11-¢p1 202,1 12,009 13186,5
TII11-$2 218,9 15,403 16913,4
TII11-¢d3 209,3 1,048 1150,8
TII12-¢p1 293,8 7,387 8111,1
TI12-h2 220,4 10,960 12034,5
TII12-$3 165,9 8,12 8916,8
TII13-p1 268,2 7,143 7843,06
TII13-h2 2714 7,947 8726,1
TII13-33 137,02 13,374 14685,4
TI14-¢1 83,6 6,34 6961,7
TI114-}2 417.,4 26,334 28915,2
TI114-p3 142,8 4,755 5221,2
TII15-¢p1 2714 6,675 7329,9
TII15-¢2 2714 4,768 5235,7
TII15-93 144.8 6,533 7173,62
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Ta6numa A4 — PacueTHble Harpy3ku npuBeaeHHbIe K muHaM 0,4 kB TT1

Tpancpopmaroprast /c | Pheqrmi» KBT Qpucu i » KBAP Syucatmi» KBA
1 2 3 4
TII-1 715,88 150,5 731,529
TII-2 712,62 143,93 727,01
TII-3 718,83 143,73 733,059
TII-4 670,758 160,003 689,578
TII-5 691,8 151,95 708,291
TII-6 690,9 155,81 708,251
TII-7 639,618 158,932 659,068
TII-8 786,03 198,95 810,817
TII-9 347,406 107,776 363,74
TII-10 317,4 67,51 783,496
TII-11 715,4 147,94 730,536
TII-12 759,48 193,229 783,676
TII-13 754,422 206,899 782,279
TII-14 694 264,24 742,603
TII-15 744 149,25 758,822
Tabnumna AS — Pacy€r a5ieKTpudYecKuX Harpy3ok TpancGhopmMaTopoB
TpanchopmaTopHas S s S, X Mapxa
MOJICTaHIIUI kBA. kBA “ TpanchopmaTopa
1 2 3 4 5
TII-1 765,4 510,273 0,6 2xTM 630/10
TII-2 749,4 499,6 0,6 2xTM 630/10
TII-3 756,9 504,6 0,6 2xTM 630/10
TII-4 737,8 491,8 0,58 2xTM 630/10
TII-5 739,9 493,3 0,59 2xTM 630/10
TII-6 761,9 507,9 0,6 2« TM 630/10
TII-7 814,5 543 0,64 2%« TM 630/10
TII-8 844,6 563 0,67 2% TM. 630/10
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TII-9 372,2 496,3 0,59 T™ 630/10
[Tponomxenue TadauIbr AS
1 2 3 4 5

TII-10 820,8 547,2 0,65 2%« TM 630/10
TII-11 756,2 504,1 0,6 2%« TM 630/10
TII-12 813,6 542,4 0,64 2% TM 630/10
TII-13 805,5 536,9 0,64 2% TM 630/10
TII-14 769,5 513 0,61 2xTM 630/10
TII-15 788,8 525,9 0,63 2%« TM 630/10

Ta6numa A6 - TlapameTpsl BBIOpaHHBIX TpaHCHOPMATOPOB

TpancdopmaropHas % U, % AP_, AP, Mapka
IIoACTaHIIUA kBT kBT TpaHC(bopMaTopa
1 2 3 4 5 6
TII-1 2 6,5 2 7,6 T™M 630/10
TII-2 2 6,5 2 7,6 TM 630/10
TII-3 2 6,5 2 7,6 TM 630/10
TII-4 2 6,5 2 7,6 T™M 630/10
TII-5 2 6,5 2 7,6 TM 630/10
TII-6 2 6,5 2 7,6 ™™ 630/10
TII-7 2 6,5 2 7,6 T™M 630/10
TII-8 2 6,5 2 7,6 T™ 630/10
TII-9 2 6,5 2 7,6 ™™ 630/10
TII-10 2 6,5 2 7,6 T™M 630/10
TII-11 2 6,5 2 7,6 T™M 630/10
TII-12 2 6,5 2 7,6 ™™ 630/10
TI1-13 2 6,5 2 7,6 T™M 630/10
TII-14 2 6,5 2 7,6 T™M 630/10
TII-15 2 6,5 2 7,6 ™ 630/10
Ta6nuna A7 — Ilorepu MOIITHOCTH B TpaHchopmaTopax
TpancdopmaropHas AP, kBr AQ,, ksap
HOACTAHIIMUS
1 2 3
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