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1.UENTb U 3A0AYN KYPCOBOIo MNPOEKTUPOBAHUA

[leapt0o KypcOBOTrO MPOEKTUPOBAHUS SIBIACTCS 3aKpeIUIEHWE W yriyOJieHue
3HAHUW, TOJIYYEHHBIX CTYIAEHTAMH IIPU M3YYEHUHU TEOPETHUYECKOrO Kypca
ANEKTPUYECKOM YaCTH CTAaHIIUM U TOJICTAHIIUNA CUCTEM 3JIEKTPOCHAOKEHUS.

B npouecce paboTel Haa NPOEKTOM CTYIAEHT MPUYydYaeTcsd K pPaldOHAIbHOMY
HCIIOJIb30BAaHUIO TEOPETHUYECKUX CBEICHUM U CIIPABOYHBIX MAaTEPHAIIOB IIPU PELICHUN
BOIIPOCOB MPOECKTUPOBAHMS KAaK OTHACIBHBIX Y3JI0B JJIEKTPOYCTAHOBKH, TaK H
NOJACTAaHIMU B LIEJIOM, MOJIy4aeT HABBIKA PEIICHUS pAa 3a]ay, BO3HUKAIOIIMX MPH
IPOEKTUPOBAHUM  3JIEKTPOYCTAaHOBOK:  BbIOOpa  OCHOBHOTO  00OOpYyIOBaHUS
ANEKTPUUECKUX CTAHIIMN W TMOACTAHIMM, pa3pabOTKU CXEeM HX IMEePBUYHBIX IIETEH,
KOMIIOHOBKE 000PY/I0BaHMsI Ha TEPPUTOPUU PACIPEECIUTEILHOTO YCTPOICTBA U T. .

Odopmisist pe3ynbTarsl pabOThl HaJ HPOEKTOM, CTYJIEHT JOJDKEH HAy4dWThCA
YeTKO M B KpaTKoi (opMe O0OOCHOBATh B MOSICHUTEIBHOW 3alMCKE BCE MPUHATHIE
pelieHus, TEXHUYECKH TpaMOTHO 0(OPMIISATh TpaUUECKyIO 4acTh MPOEKTA.

2. TEMATUKA TPOEKTUPOBAHUA WU WUCXOOHbLIE OAHHbIE

OOBEKTOM  TPOSKTHPOBAHUSA  SBISIETCS  paiioHHas  TpaHchopMmaTopHas
MOJICTaHIIUSI, TpUcCOeNUHEHHass K ceTu 35-220 kB u umeromas 1-2 crynenu
MOHUKEHHOTO HAIPSKEHUS. JTa TEMATHKA OCTAETCS HEM3MEHHOM M B T€X CyvasX,
KOrJa CTYACHT BBINOJHIET KOMIUIEKCHBIM KYPCOBOW ITPOEKT, OXBATHIBAKOLIWN
BOIIPOCHI  HECKOJIBKMX  CMEXHBIX JHCHMIUIMH:  IEPEXOAHBIX  MPOLECCOB,
ANEKTPUYECKON YACTU CTAaHUMU U IMOJCTAHIINM, PEIEUHON 3aIUTHI.

WcxoHbIMU JaHHBIMM SIBJISIIOTCS CBEACHHUS O HArpys3kax MOACTAHIMH U 00
HMCTOYHUKAX, K KOTOPBIM MOJICTAHIIMS JOJKHA OBITh
MPUCOEIMHEHA U TUIAH TEPPUTOPHUH C pa3MElIEHUEM OOBEKTOB AJIEKTPOCHAOKEHUS.
Bce wucxonHble [aHHbIE TpUBENECHbI B OJaHKEe 3aJaHusd Ha KypcoBOe
POEKTUPOBAHUE, BHIIABAEMOM KaXIOMY CTYJICHTY.

N3-3a yueOHOro xapakTepa MPOEKTUPOBAHUSI HEKOTOPHIE MCXOJHBbIE  JaHHBIE
MPUBE/ICHBI YNPOIEHHO. Hanpumep, He oTpakeHa NMHAMHUKa pOCTa HAarpy3oK, HE
YYUTHIBACTCSI BO3MOXKHOCTh THUTAaHUSA TMOTpeOUTENnelt OT JPYruX HMCTOYHHKOB.
CnenanHbple yOpOIICHHUS MO3BOJISIIOT BBIJACIUTh HaubOosiee TJIaBHbIE OCOOEHHOCTU
MPOEKTUPOBAHUS AJIIEKTPOYCTAHOBOK M HE MPEISITCTBYIOT PELICHHUIO MOCTABICHHBIX
3a/1ad.



3. PEKOMEHAOALWK NO BbINOJMIHEHUIO PA3AENOB
KYPCOBOI'O NPOEKTA

3.1. BBEAEHUE

Bo BBeneHun HEOOXOAMMO OTPa3UTh OIEHKY COBPEMEHHOTIO COCTOSIHUS
AIEKTPOIHEPTETUKH, 0OOCHOBATh AKTYalbHOCTh pa3padaTbhiBaeMON TEMbl MPOEKTa U
JIaTh KPATKYIO XapaKTePUCTUKY TPOCKTUPYEMOI0 0OBEKTA.

Paznen «BBenenue» B MOSICHUTEIBLHOM 3amucke He HyMmepyercs. OcTalibHbIC
paslienbl U TMOApA3/eNibl BHYTPU pPa3liejoB JODKHBI HYMEpPOBAThCS apaOCKUMU
uuppamu. Homep nozpaszena coCTOUT U3 HOMEPA pasziesia U MOPSAKOBOIO HOMEpa
roJpaszena, pa3IeIeHHbIX TOUYKOMU.

3.2. PACYET 3JIEKTPUHECKUX HATPY30OK U COCTABIJIEHUE CYTOUYHbIX
MPA®UKOB HAMPY30K NOTPEBUTENENA U CYMMAPHOIO TFPA®UKA
HAIPY3O0K NOACTAHLUUU

B uCXOIHBIX JaHHBIX YyKa3aHbl MaKCUMAaJbHbIC AKTUBHBIC HArPy3KU P, max
noTpeduteneil. MakcumanbHble peakTUBHBIE Q, max HArPy3KHM MOXXHO HAUTH TIO
KOd(DPUIIMEHTY MOITHOCTH, YKa3aHHOMY B 3aJaHUM, CUMTAas, YTO OH JaH JJis
MOMEHTAa MAaKCHMaJbHOW aKTUBHOW Harpy3ku. MakcHMasbHbIE TOJHBIE HATPY3KH
S,.max MOXKHO TIPUHUMATh B Ka4€CTBE PACUETHBIX MJIs BHIOOpA KOMMYTAIMOHHOW U
WU3MEPUTETBHOM amnmaparypbl (BbIKIIOUYATENICH, pa3beAUHUTEINCH, TPaHC(HOPMATOPOB
TOKA) B LIETIAX OTPEOUTENCH.

QH TMax = PH Tax ) ttg (P (MBap)ﬂ (3'2'1)
Semax = 22 (MBA), (3.2.2)

[Ipu BBIOOpE kK€ ammapaTtypsl B IEMAX CHIIOBBIX TpaHC(HOPMATOPOB W IS
BBIOOpaA caMUX TPAaHCHOPMATOPOB HAJIO OMPEICTUThH CyMMapHbBIE MOJIHBIC HArPy3KU
Ha KaXJOW CTYNECHH HANpsDKCHHUS (YUCIO CTYNMEHEH TMOHM)KCHHOTO HaIpsHKCHUS
ompenensercs 3amaHueM). Jliug  pacueTta CyMMapHBIX ~ HAarpy3ok  CIeayeT
BOCIIOJIb30BAaThCS  HMMEIONIMMKCS B JMTeparype, Hampumep, [1], TumoBsiMu
CYTOYHBIMH TpaduKaMu, COOTBETCTBYIOIIMMU TOW OTPACId TPOMBIIIICHHOCTH,
KOTOpasi yKa3aHa B 3aJIaHHUH TSI KQKJIOTO KOHKPETHOTO MOTPeOUTeNs, UMesi B BUY,
YTO MAaKCUMYM Harpy3Ku OTAEIbHOTO moTpedutenst coorBercTByeT 100 % Harpysku
TUTIOBOTO rpaduka. CienyeT BEIYUCINTD HArPYy3Ky KaKI0TO MOTPEOUTENS B KaXKIbIH
U3 24 4YacoB CYTOK, a 3aTe€M HaWTH CyMMapHYH Harpy3Ky Ha JaHHOW CTyIEHU
HanpspkeHusi. PacdeTsl 25IeKTpUYECKUX HArpy30K CyTOYHBIX TpaUKOB AJis KaKI0TO
NOTpEOUTENSI W CYMMAapHBIX dJEKTPUYECKUX HArpy30K CYTOUYHBIX TpaduKoB
BBITTONTHSAIOTCS 17151 3UuMHUX (N, =213 cyTok) u netaux (N, =152 cyTOK) U CBOJSATCS B
tabyuiel (cM. Tab. 3.2.1 u Tada. 3.2.2)



Tabmnuua 3.2.1

DJIeKTPUYeCKHEe HATPY3KH CYTOYHBIX IPa()MKOB (Ha3BaHUE NPeANPUSTHN)
B 3UMHUM M JICTHUN NEPHOIbI

Yacel 3UMHUI Iepuoj JletHuit nepuon
cyrok | P, P. Qx Su P. P. Qu Su
% MBrt MBgap MBA % MBrt MBgap MBA
0
1
2
23
Tabnuma 3.2.2
CyMMapHbIe 3JIeKTpHYeCKHe HATPY3KHU MOTpeduTe e,
NMOJAKJIOYEHHBIX K MOJACTAHIIUN B 3UMHHUH U JIETHUI MIEPHOAbI
Yacsr 3UMHMI TepuoJ JleTHuit nepuon
CyTOK PH QH SH PH QH SH
MBT MBgap MBA MBT MBgap MBA
0
1
2
23
CyMMmapHble  JJICKTPUYECKHE  HAarpy3Kd  aKTUBHBIE W PEAKTUBHBIC

OMpENeNsoTca M0 YacaMm, IMyTeM CyMMHUPOBAaHMS Harpy3oK BCEX IMOTpeOuTesneH, a

TOJTHAS HArPY3Ka Ompeensercs mo popmyne 3.5, = A/ P2+ Y Q2.

[To pesynpTaTam pacyeToB CTPOST JETHUHW M 3UMHUN CYTOYHbIE TpaduKu
Harpy3ok. CyTouHble rpaUKu HArpy3oK MOTpeOHUTeNned M CyMMapHble Trpauku
Harpy30K MOJCTaHIIMHU BBIMOJHSAIOTCS B OJJHOM MaciiTade.

Ha cyrounoMm rpaduke CyMMAapHBIX 3JIEKTPUUECKHX HArpy30K MHpPOBOIUTCS
JIMHUSL HOMUHAIBHOW MOITHOCTH BBIOPAHHOTO TpaHchopmaTopa.

Ha ocHoBanuu rpaukoB CyMMapHBIX 3JIEKTPUUYECKUX HArpy30K MOJCTaHIIUU
COCTaByIsieTcsl  Ta0iuIa dBJEKTPUYECKUX HArpy30oKk rofoBOro rpaduka 1o

MPOJOKHTEILHOCTH (cM. Taoi. 3.2.3).
Tab6muna 3.2.3

CymMMmapHble JIeKTPHYeCKHe HATPY3KH
roJI0BOro rpaguka no NpoAoJIKUTEIbHOCTH

PH t3 N3 t3N3 PHt3N3 t,’l N.fl tJlNJl PHt,'lNﬂ PHt3N3+ PHtﬂNﬂ
MBt 4 | CyTKH 9 MBT-u 9 CYTKH 9 MBT4 MBrt-4
max
min




Ha ocnoBanum Tabn. 3.2.3 cocraBisieTcss rpaduk CyMMAapHBIX JJIEKTPUUYECKUX
Harpy30K 10 IPOAODKATEIbHOCTH (cM. puc. 3.2.1).

P(MBr)

e B

0 8760 T (u)

Puc. 3.2.1. T'onoBoii rpaduk CyMMapHBIX 3JIEKTPUIECKUX HATPY30K IO MPOAODKUTEILHOCTH

Onpenenstorcs:
T'0JIOBOM Pacxo]1 dJIEKTPOIHEPT U OTPEOUTEISIMU TTOACTAHIIUHN

nJ’ nJ
WZO() :N3Z Pi3ti3 + Niz Pi.'ltiﬂ = Pumameax (MBT.LI)ﬁ (323)
=1 n=1
rac Tmax — I'OI0BO€ YHUCJIO 4aCOB UCIIOJIB30BAHU S MaKCUMAaJILHOU Harpys3kKu

—_ Wzod

Thax = (9), (3.2.4)
CpEIHss Harpy3Ka:
W
P, =—2% (MBT), 2.
» =g (MBr) (3.25)
K02 PUIIMEHT MaKCUMyMa Harpy3Ku:
P
Kimax = —212%, (3.2.6)
Pncp
K03 puIeHT 3anonHenus rpadruka Harpy3Ku:
P
K, =—"_ 2.7
- (32.7)

Hmax



3.3. BbIbOP MECTA PACNONOXEHUA NOACTAHLUUU HATINNAHE
TEPPUTOPUU M ONPEAEJNEHUE OJIUH KABENEW U BO3AYLWIHbIX JINHUA
A0 NOTPEBUTEINEMW.

MecTto pacnosyiokeHus palOHHOM MOJCTAHIIMKA BHIOMPAETCA KaK MOXKHO OJIMKE
K LEHTPY DJJIEKTPUYECKUX HArpy30K TEpPPUTOPHUHA, HA KOTOPOU PACIOJIOKEHBI
noTpeduTenu 3yeKTposHepruu. [lpum BbIOOpE MecTa pachoyioKEeHHs] MOJCTaHLIUU
VYHUTHIBACTCS Pelibe) MECTHOCTH, HAJIMYWE B PACUCTHOM IIEHTPE DIEKTPUUCCKUX
HArpy3okK M BOJHM3U OT HEro 37aHHi, COOpPYKEHUH, MHKCHEPHBIX KOMMYHHKAITHH,
aBTOMOOMJIBHBIX M JKEJE3HBIX JIOpPOr, a TaKXke CBOOOAHOW OT 3aCTPOMKH U
WHXCHEPHBIX KOMMYHHMKAllMil  IUIOIIAJKH, JOCTATOYHOW JJI1  pa3MEILICHHUS
MPOCKTUPYEMOM TOJACTAHIIMU. MecTo pacnoiokeHusi moactaniuu u PY-10 kB
YTOYHSIETCSA TIOCJI€ BBIOOpA CXEMbI, KOHCTPYKTHUBHBIX PEIICHUN MOJCTAHIIUU U €€
rabapuTHBIX Pa3MEpOB.

[Tocne BbIOOpa MecTa pPaCHOJIOKEHHS TMOACTAHIIMM U YTOYHEHUS MecTa
pacnionoxkenust PY-10 kB u PY cpegnero HanpspkeHust onpeaenseTcs: JyMHa JTMHUN
AJIEKTpOIIepeaadn 10 MoTpeduTenei.

3.4. BbIBOP YACNA N MOLWWHOCTU CUNNOBLIX TPAHC®OPMATOPOB

3.4.1. Beibop cunogvix mpaucghopmamopos

B 3amaHuyM Ha KypcoBO€ MPOEKTUPOBAHME MMEIOTCS CBEICHUS O KATErOpUsIX
notpeduteneil. [lpu Hanuuum norpeduteneit 1-2 kareropuu Ha MOACTAHIIMH AOJKHBI
OBITh YCTAaHOBJICHBI JBa CUJIOBBIX TpaHCPOpMaropa, €ciu Ha MOJCTAaHLUUU JOJKHA
OBITh OJIHA CTYINEHb MOHM)XEHHOTO HAIPSKEHUS, TO 3TH TpaHCcPopMaTopbl OyAyT
ABYXOOMOTOYHBIMU, TpPU JABYX CTYHNEHSX — TPEXOOMOTOUHBIMH. TeXHHUYECKHe
JIAaHHBIC CUIIOBBIX TpaHC()OPMATOPOB MPUBEICHBI B [2] .

HomuHanbHasi ~ MOIIHOCTH  KaxJA0ro  TpaHcdopmaropa JODKHA — OBITh
JOCTAaTOYHOW JUIsl TMHTAHHUS OTBETCTBEHHBIX MOTpPEOUTENEd TpH aBapUUHOM
OTKJIIOYEHUH WJIM BBIBOJIE B PEMOHT BTOporo TpaHchopmatopa. st 3TOro
MOIITHOCTh KaXJOTO W3 JBYX TpaHchopMaTopoB BeIOMparoT Onuszkod k 0,7
MaKCUMAaJIbHOW Harpy3ku nojcranmnuu [3].

H max

ST HOM = W (MBA). (3.4.1)

3
T71€ S, max — MAaKCUMaJIbHas MMOJHAS Harpy3Kka MoJACTaHIIMK B 3UMHUM WJIHM JICTHUM

nepuos;

k, — KO3 PHUIMEHT 3KOHOMHYHOW 3arpy3ku TpaHchopmaropa, MPUHHUMAEMBbIH
paBubM 0,65 — 0,7 B 3aBUCHMOCTH OT KOd(hpuItneHTa 3arnoaHeHus rpaduka Harpy3Ku
MOJICTAHIIMK ¥ HKBUBAJCHTHOM TEMIIEPATYPhl OXJIAKIAIOMIETO BO3AyXa, MPUYEM
MEHBIINK KOd()(PUIIMEHT nmpuHHUMaeTcs Npu Kodh(UIMEHTe 3amoJHEHHs rpaduka
Harpy3ku 6mmskom k 0,9 u 6o7ee u Temnepartype oxyaxaaromiero Bozayxa 20° C;

N — 9ucio TpaHchOpMaTOPOB HA MOACTAHIINN



Takoil moaxon K BbIOOPY MOIIHOCTH TpaHCHOPMATOPOB MPUBOAUT K
HEKOTOpOMY €€ 3aBbllIeHUI0. YTOOBI OHO HE OBUIO YPE3MEpPHBIM, CIEIYET
CTPEMHUTHCS K TOMY, UTOOBI B YKa3aHHOM aBapUMHOM pPEXHMME OCTaBIIUICS B paboTe
TpaHchopmaTop paboTai ¢ momycTuMol neperpyskoit mo 'OCT 14209-85 [4].

[Tocne BbIOOpa CHUJIOBBIX TpaHCPOPMATOPOB HUX MACHOPTHBIE JAHHBIE
3aMKCHIBAIOTCS B OSCHUTENBHYIO 3alIUCKY B TAOJUYHOM opMe.

3.4.2. Pacuem 20008bix nomepsb 31eKmposHepull
8 CUOBLIX MPAHCHOPMAMOPAX NOOCMAHYUU

OnpenenstoTcs TOA0BbIE MOTEPU IEKTPUUECKON SHEPTUHU B TpaHCPOPMATOPAX:

AW,y = 24P (N,+N,)n+ -

{N ZSB .+ N ZS” ”J (xB1-4) (3.4.2)
THou

rae P, u P, — motepu MONIIHOCTH XOJOCTOTO XO0JiIa W KOPOTKOTO 3aMBIKaHHS
tpanchopmaropa (kBT1); N — uucio tpanchopmaTopoB Ha MOACTAHIUU; Si; U Sj, —
Harpys3ka I-ii CTyNEeHH CyTOYHOro Tpaduka B 3MMHUH TEpUOI W |-H CTYICHH
cyrouHoro rpaduxka B JnetHud nepuon (MBA); t, u t, — Bpems paboThI
TpaHchopMaTopa Ha KakJOW CTyneHu rpaduka, COOTBETCTBEHHO, B 3WMHUNA H

JETHUM TIepUOJbI (4); I; U I, — KOJIMYECTBO CTYNIEHEN 3UMHETO U JIETHETo rpaduka.

3.3.3. Pacuem emxocmnoco moxa u 66100p
Komnencupyrowux ycmpoticms 6 cemu 10-35 kB
EMKOCTHBIM TOK pacCUMTHIBACTCS [JI1 SJIECKTPUUYECKU CBSI3aHHOW CETH W
3aBUCHUT OT CYMMAapHOM JUTMHBI Ka0ETbHBIX M BO3YIIHBIX JUHUNA 3TON CETH.
Jlns ompedeneHus: KOJIMYECTBA JIMHUM PACCUMTHIBACTCS MAKCUMAJbHBIA TOK
Ka)XJI0T0 OTPEOUTEIISE U ONIPEACIISIETCSl MOTPEOHOE YUCIIO SYeEK Ha MOACTAHIIUU JIJIs
MOJKIIFOUCHUS TTOTPEOUTENECH:

s
IH max = \/)%nLaJXiI (A)J (343)
|
n; = %(HJT). (3.4.4)
rae: S, max i — MakCHUMajabHas MOIIHOCTh motpedutens; U; — HampspkeHue y

norpedurens (KB); 1, ., — HOMUHAJIBHBIA TOK stuciiku (A).

Jlist moAcTaHIMi ¢ TpaHcpopMaTopamMu MOIIHOCTHIO 110 25 MBA mnpunsats B
MPOEKTE HOMHHAIBHBIN TOK siueiiku 400 A, nis mojacTaHiuu ¢ TpaHchopMmaTopamu
momrHocTei0 40 — 80 MBA — 630 A, a mist moacTtaHuuud ¢ Oojiee MOIIHBIMHA
tpanchopmaropamu — 1000 A. [lomydeHHBIE pe3yabTaThl OKPYTISIOTCS 10 IEJI0TO
YETHOTO YHUCJIA.

JlnvHa KaOeNnbHbIX U BOSI[yIHHBIX JTUHUNA MOTpeOUTeNeit:

L = Z' min; (km), (3.4.5)



rre |j — paccrosiare OT MPOEKTHPYEMOU OACTAHIINH JI0 KaXKI0TO MOTpeOuTeNs; M —
YHCII0 Kabenel MPUCOSAMHEHHBIX K KaXI0H sueiike; Nj — YUCII0 sSueeK MOTPeOUuTes;
I — gnciio norpedutenei 10 kB.

B KypcoBOM IIPOEKTE PEKOMEHAYETCS NPETYCMOTPETD MOAKIIOUEHUE K KaKI0N
stueiike ABYX KaGenieil cederneM 1o 150 MM, BO3/IyIIHbIC INHUH TIOAKIIOUAIOTCS MO
OJTHOM K KaXKIIOU sTYCHKeE.

Omnpenensercs eMKOCTHBIN TOK JJIS CETH C U30JIMPOBAHHON HEUTPAIIBIO:

_ Ul Uyl
= =2 (A) (3.4.6)

K 8

riae, koddduimenT 11 kabenbHoU ceth a, = 10, a s BJI — a, = 350.

Meroarka BEIOOpA 3a3eMIISFOIIUX JTYTOTacAIIUX PEAKTOPOB M COOOPaKECHHS T10
croco0y MxX MoAKIIoueHus AaHbl B [4] u [5], a TexHHMUYecKHMe OaHHBIE ATHX
peaktopoB — B [2]. Pexkomenayercss BBIOHMpATh 3a3eMIISIONINC IyrOTacsIIHe
peakTophl ¢ IUIABHBIM H3MEHEHHEeM HUHAYKTHBHOCTH [6]. Ilpm MomHocTH
TpaHcPOpMATOPOB COOCTBEHHBIX HYXKJ TOJICTAHIIMM MEHBIICH HOMHUHAIBHOM
MOIIIHOCTA pPEaKTOpa pPEakTOphl MOAKIIYATh B HEHUTpalb TpaHCPOPMATOPOB
KOMMYHaJIbHO-OBITOBBIX TIOTPEOUTENICH Uepe3 pa3beAMHUTEINb U TPEAOXPAHUTEIT.

lc

3.5. BbIBOP CXEMbl U KOHCTPYKTUBHOE PELUEHUE NOOCTAHLUMA

PexomeHnyeMble CXeMBI IOAKJIFOUEHHSI IIOJCTAaHIMI K SHEPTOCUCTEME:
1. Ornaiikoi OT JIMHUI 3IEKTpoIepeaay;
2. C 3ax0/10M JIMHUH 3JIEKTpONepeiay;
3. VY3no0Bas nojCTaHIUS;
4. KomabpiieBast moICTaHIIHS.

B KypcoBOM NpOeKTe PEKOMEHAYETCA HCIOJIb30BaTh CXEMbl MOAKIIOYEHUS
ornaiikoir ot JIDII (puc. 3.5.1) u ¢ 3axomom JIDII Ha moncranmmio (puc. 3.5.2).
CxeMy € 3ax0A0M JMHUM Ha MOACTAHIMIO B KypPCOBOM ITPOEKTE PEKOMEHIYETCS
MPUMEHSTH MTPU MOIIHOCTH TpaHchopmaTopoB nojactanuu 63 MBA u Beie.

W1
35-220 xB
'[ W2
0S1 0S2
0S3 0s4
X N
o1 02
T1 T2

Puc. 3.5.1. CxemMa noak/Ir04eHUs MOACTAHIIUY OTIIAMKOMN
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w1

35-220 kB
o "
Qs1 \ QS7 QS8 \054

! !

QS2 \ QS9 03 osio |\ QS5
—

Qs3 d QS6
Q2

Puc. 3.5.2. CxeMa nogx/Ir0UEHUS NOACTAHIMHA ¢ 3axonomM JIDTT

B cxeMme HOAKJIIOYCHUS OTIIAaMKOU BMECTO OTHEIUTEIICH C
KOPOTKO3aMbIKATEISIMU BO3MOHA YCTAHOBKA BBIKJIFOYATENIEW MpPU MOIIHOCTHU
tpancopmaropoB 40 MBA wu Bblle MU NpU HAIWYUM TNOTpeOUTENEH NepBOU
KaTETOpHHU.

B KOHCTpYKTUBHOM pEIIEHUU CTYACHTHI JOJDKHBI BBIOpATh THUI MOJCTAHIINU:
KOMIUIEKTHasT WM  CcOOpHasi, UCIOJHEHUE  pacipeayCTpoMCTBa  HU3IIETO
HANPSKEHUS: 3aKPBITOE KOMIUIEKTHOE, KOMIUIEKTHOE HAPYXKHOW YCTAHOBKHU M CEPUIO
KPY wnmu KPYH.

3.6. PACHET TOKOB KOPOTKOI'O 3AMbIKAHUA

Pacyer TOKOB K.3. B MPOEKTE PEKOMEHIYETCS BBIMOJIHATH B OTHOCHTEIBHBIX
€MHULIAX U1 TOYEK K.3. Ha BCE HANPSKEHMsI, a TAKXKE B KOHIIE MUTAIOMINX JTUHUH Yy
HauOosee ylnajleHHbIX NoTpeduTeneil Ha kaxaom HampspkeHuu. [lopsnok pacdera
TOKOB K.3. U3J10eH B Kypce «llepexoaHble mporecchl B 3J€KTPUUIECKUX CUCTEMAX).

Pacuer Bemercs 0e3 yueTa akTHUBHOTO CONPOTHUBJICHHUS, 33 MCKIIOYCHHUEM
OTIpe/ieNieHUs] TOKa KOPOTKOTO 3aMBbIKaHWs B KOHIIE KaOeIbHOW JMHHUM, TMUTAIOMICH
norpeburens. B 3TomM ciydae axkTHBHOE CONPOTUBJICHHWE KaOenbHOM JHMHUN
YUUTBIBACTCS TIPU ONPEAETICHUN PE3yIbTHPYIOLIETO MOJHOTO COMPOTUBIICHUS, €CIH
OHO Oonblle OJHOW TPETH pe3yNbTHUPYIOIIEr0 WHAYKTUBHOTO CONPOTHUBICHHSL.
VY aenbHOe HHAYKTUBHOE COMPOTHUBIIEHUE BO3AYIIHBIX TUHUH Xy = 0,38 — 0,42 Om/kMm.
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Ynapueiii kodpdunuenT K, KOTOpBI oOmpenensercs pacyeTOM M 3aBUCHT OT
COOTHOIIECHHS PE3YyJbTUPYIOMIMX AKTUBHOTO W HWHAYKTUBHOTO CONPOTUBIECHUN B
KypCOBOM TIIPOEKTEe pekomeHnuayercsa mpuHumare K, = 1,75 mma 110 m 220 xB,
K,o=1,7 g 35 kB u K,y = 1,67 nna 10 xB.

3.7. BbIBOP U NMPOBEPKA 3JIEKTPUYECKUX AMNIMAPATOB

3.7.1. Bvibop u nposepka KOMMYMAaAYUOHHLIX ANNAPANOB
K kKOMMyTallMOHHBIM ammapaTaM OTHOCSTCS BBIKIIOUATENN, pa3beAMHHUTEIH,
OTIICTTUTENIN U KOPOTKO3aMbIKaTeIH. ATTapaThl BEIOMPAIOTCS] U TIPOBEPSIOTCS HA BCE
HaIPSKCHUS.
Briktouatenu BEIOUparOTCS:
— TI0 HAMPSDKECHUTO:

UHO,W an Z UHO,W cemu (KB)1 (3'7'1)
— TI0 MAKCUMAJILHOMY TOKY Harpy3Ku
IHOM an Z IH max (A), (372)
JUTSI anmapaToB B LMK CUJIOBOTO TpaHc(hopMaTopa U CEKIIMOHHOTO BBIKIIIOUATEISA
14S,..
| max = \/_SU—TM (A), (3.7,3)
— [10 OTKJIFOYAIOIIEN CIIOCOOHOCTH
lomcan = 15) (KA), (3.7.4)

rae lpy — nelcTByroliee 3HaAYeHUE TMEPUOAUMYECKONM COCTaBISIONIEH TOKa K.3. B
HAYAJIbHBIN TTEPUO/T.
Briktouarenu nmpoBepstOTCS:
— Ha DJIEKTPOJUHAMHYECKYIO CTOUKOCTH:
— [0 MAaKCUMAJIbHOMY TOKY K.3.

Lownan = 1570 (KA), (3.7.5)
— IO YJIapHOMY TOKY K.3.
Iaun max an = iS) (KA), (376)
— Ha TEPMHUYECKYIO0 CTOMKOCTD:
1 b = By (KA CeK?), (3.7.7)
T1€ lyep an ¥ tep an OEPYTCS M3 KATAIOTOB; By — TEIIOBOM HMITYIIBC
Bi=12-(t, +t,+T,) (KA-cex?), (3.7.8)
rae t,, — BBIIEpKKA BPEMEHHU pEJICHHOM 3alUThl, NPUHUMAETCA W3 KapThl

CCJICKTUBHOCTU PEJICHHON 3aIliuThl; t, — BpeMs OTKIIOYCHHUS BBIKIIIOYATENS; 1, —
BpeMs 3aTyXaHus anepuoguveckoi cocrabismome Toka k.3., 1,=0,05-0,06 c, B
KYPCOBOM TIPOCKTE €€ MOXXHO HE YYUTHIBATb.

PazbeMHUTENN, OTIICIUTENN U BHIKIIOYATEIN HArPY3KH BRIOMPAIOTCS;
— o HarnpspkeHuto (popmyna (3.7.1));
— 110 MAaKCUMaJIbHOMY TOKY Harpy3k# (dpopmyna (3.7.2)).

PazbeIMHUTENN OTACIUTEH U BBIKIIIOYATEIIN HATPY3KU TPOBEPSIOTCS:
— Ha AJIEKTPOJMHAMUYECKYIO CTOHKOCTH (Popmyna (3.7.6));
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— Ha TEPMUYECKYIO CTOHKOCTH (popmymna (3.7.7)).

KopoTtko3ambikaTenn BwIOMparoTcs 1o HampsbkeHuto (dopmyna (3.7.1)) u
NPOBEPSIOTCA Ha DJICKTPOAMHAMHUYECKYIO CTOHWKOCTh (popmyrna (3.7.6)) u Ha
TEPMUYECKYIO CTOHKOCTH ((opmymna (3.7.7)).

3.7.2. Bvibop npedoxpanumeneti

[Ipenoxpanutenu HanpsbkeHueM Boiiie 1000 B BeiOuparoTcs:

— 10 HAMPSHKEHUIO
UH()M an — UH()M cemu (KB)’ (379)1

— 10 MaKCHUMaJIbHOMY TOKY Harpy3ku (popmyina (3.7.2)),
— 10 OTKJIIovaroIeii ciocoonoctu (hopmyna (3.7.4)).

[IpenoxpanuTenn Ha SIEKTPOAMHAMHUYECKYI0 U TEPMHUYECKYIO CTOMKOCTH HE
TIPOBEPSFOTCA.

3.7.3. Bvibop u nposeprxa mpancgopmamopos moka u HanpsiceHus
TpancpopMaTopsl TOKa BEIOMPAIOTCS:
— o HanpspkeHuto (popmyna (3.7.1));
— 10 MaKCUMaJIbHOMY TOKY Harpy3k#u (¢opmyina (3.7.2)),
— 10 MOILIHOCTH Harpy3ku BTOPUYHOM OOMOTKHU B TpeOyeMOM KJlacCe TOUHOCTH:
SZHOM TA Z SZpacv (BA), (3 7 10)
F'2 1om 74 = P pacy (OM), o
[IpoBepka TpaHChHOPMATOPOB TOKAa HA JAUHAMHYECKYI0O U TEPMHUUYECKYIO
CTOMKOCTh BBIMIOJIHSETCA AHAJOTUYHO MPOBEPKE BCEX DJIEKTPUUECKHUX AarmnapaTosB.
BcTpoeHnbie B BBIKIIIOUATEN U B CHIJIOBBIE TPaHC(POPMATOPHI TpaHC(HOPMATOPHI TOKA
Ha JUHAMUYECKYIO U TEPMUYECKYIO CTOUKOCTh HE MPOBEPSIIOTCA.
OnpeneneHue pacueTHOrO COMPOTUBIIEHUS! HATPY3KH BTOPUYHON OOMOTKHU:

[ pew = Cupus + Tnpos + T (OM), (3.7.11)
rjae I, — CONPOTUBIIEHNE KOHTAKTOB, B IPOeKTe NMpuHUMaeTcs I, = 0,05 Om; I, —
CONPOTHUBJIEHUE TOKOBBIX OOMOTOK ITPUOOPOB; I, — COIPOTHBIIEHUE ITPOBOJIOB.

Jlns  ompeneneHuss COMPOTUBJIEHUS MPUOOPOB COCTABISETCS Tabnuma ¢
yKa3aHUEM HaWMEHOBAHUS, MapKu NpuOopa, MOTPeOIIEMOl MOITHOCTH TOKOBOM
KaTyniku npudopa. B Tabnuiie yka3piBaeTCsi HTOTOBasi MOIIHOCTh BCEX MPUOOPOB.

Fpus = 212 w1 (Om), (3.7.12)
I 2HoMTA

rne |, .o, 74 — HOMHUHAIBHBI TOK BTOPUYHON OOMOTKHM TpaHc(]opmaTopa TOKa,
|2 HOM TAZSA-

CompoTuBiieHHEe BTOPUYHONW OOMOTKHM TpaHchopmaTopa TOKa Oepercs U3
KaTaJIOKHBIX TaHHBIX VI OTPEICNIICTCS:

(2 o 7= 221 (O), (3.7.13)

2H{)MTA
T71€ ) 4ion 74 — HOMUHAJIbHAS MOIIIHOCTh BTOPUYHON OOMOTKHU TpaHchopMaTopa ToKa.
ConpoTHBIICHHE IIPOBOIOB ONpeeisieTcs u3 BhipaxkeHuit (3.7.10) u (3.7.11):
rnpoe F2nomTa — rnpu6 — I (OM) (3714)
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IoTpedJisieMasi MOIITHOCTD JIEKTPHUYECKUX MPUOOPOB,

Ta6muna 3.7.1

NMOJAKJIKYECHHBIX K TPaHCGOpMAaTOpPy TOKA
No HaunmenoBanue Tun [Torpebnsemas | KomuyectBo | [loTpebnsemas
npubdopa pubdopa MOIIIHOCTb pudoOpoB B MOIIHOCTb
OJTHOT'O daze
pudopa
(BA) (1) (BA)
1 Ammepmerp
2 Bapmertp
3 Barrmerp
4 CdeTyuk aKTUBHOM
SHEPTUU
5) CueTunk peakTUBHOM
SHEPTUU
Htoro 2Su6
CedeHune npoBOJAOB BTOPUYHON TOKOBOU ILIETIHU:
FoLd anid), (3.7.15)

npos
TAE p, — YACIBHOE CONMPOTUBIICHUE MTPOBOJA, ISl AltoMUHUA p, = 0,0285 Om MM?/M,
| — nMHA MpoBOAa BTOPHUYHON KOMMYTAITUH, IPUHUMAETCS Ui siaeek 3PY 15-20 M,
st OPY 35-220 kB 40-70 M. Eciu cedeHue mpoBOAa MOMyYHIOCh MEHBIIE 4 MM,
TO TIPUHUMAETCSl aJTFOMUHHUEBBIM MPOBOJ ceueHuem 4 MM° 10 €r0 MEXaHHYECKOil
IIPOYHOCTH.
TpanchopMatopsl HAPSHKEHUS BEIOUPAIOTCS:

— IO HaIPSKEHUIO

UHOM vV = UHOM cemu (KB)’ (3716)
— 0 BTOPUYHOW Harpy3ke B TpeOyeMOM Kjacce TOYHOCTH IMOAKIIOUYEHHBIX K HEMY
puoOOpPOB:

Suonv = XS5 (BA). (3.7.17)

TpancpopMaTropbl HANpPSKEHUS YCTAHABIMBAIOTCA Ha KAXKIOM CEKIUU WU
CUCTEME COOpHBIX IIMH HHU3IIET0O M CPEAHEr0 HANpsHKEHUS W BCE KaTYIIKH
HaIpsHKEeHUs: MPUOOPOB ATOM CEKIMH WU CUCTEMbI COOPHBIX IIMH MOAKIIOYAIOTCS K
3TOMY TpaHc(opmaTopy HampsbkeHus. s ompeaenieHus CyMMapHOM MOUTHOCTH
BCEX NpHUOOPOB, MOAKIIOYEHHBIX K TpaHCHOpMATOpy HAMNPSIKEHUS COCTABIISIETCS
tabmuna (3.7.2)

Ha mnanpsokenune 35 kB u Beime  TpaHchOpMaTophbl
BBIOMPAIOTCS .

Jlnst 3ammThl OT aTMOCQEPHBIX M KOMMYTAIMOHHBIX TIEPEHANPSHKEHUN B
MPOEKTE CIEAYET MPEAYCMOTPETh PA3PSIAHUKA WM OTPAHUYUTENM MEPEHAITPSIKEHUS
(OITH). Beibop orpanuuuTesneil mepeHanpspKeHus MpeArnoyTuTeNnbaee. PazpsaHuku
i OITH BeIOMparoT Ha Bce HaNPSHKEHUS.

HaIIPpSAKCHUA HC
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Tabmuna 3.7.2
IoTpedJsieMasi MOLITHOCTH IPUOOPOB,
NOAKJKYECHHBIX K TPaHCGOpMATOpPy HANPSIZKEHUS

No | Haumeno- Tun [ToTpebns- | Ymcmo | Yucno | cose | IloTped- IToTpe0-
BaHUE npubdopa emast KaTyImek | mpubo- nsiemMast nsiemMast
npubopa MOIIIHOCTb B poB aKTHUB- peak-

OJHOM npudope Has TUBHAsI

KaTyIIKH MOIIIHOCTh | MOIIIHOCTb
(P) Q)

(BA) (o) | (u) (Br) (BAp)

1 | BoasT™meTp

2 | Bartmerp

3 Bapmetp

4 Cueruuk
AKTUBHOU
SHEPTUU

5 Cuetunk

PEaKTUBHOMN
SHEPTUU
Hroro Zp,wug 2anu6
ZSu6 = | D PRt Y Qs (BA). (3.7.18)

3.7.4. Boibop u nposepxa wuH u WUHHbIX KOHCMPYKYULL

Ha moacTaHuusix B OTKPBITBIX paclpeeIuTeIbHbIX YCTPOMUCTBAX B KaueCTBE
TOKOBEAYIIUX YacTed, COCAMHSIONIMX MEXKIYy COOON JJICKTpUYECKHE amnmapaThl, U
COOpHBIX IIWH YacTO MCIOJIB3YIOT CTajealtOMUHUEBBIM TTpoBoa Mapku AC (rudkas
OIIMHOBKA); HAa KOMIUIEKTHBIX TPaHC(HOPMATOPHBIX MOACTAHUUAX JJIs DTOU IEIHU
MCIIOJIb3YETCsl JKEeCTKasi OIMHOBKA B BHUJE IIMH TpyoOuaroro ceueHus. CoenuHEeHUE
tpanchopmaropa ¢ 3akpeiTeiM PY-10 kB unmu ¢ KPYH-10 «B ocymectisiercs
3aKPBITHIM KOMILJIEKTHBIM TOKOIIPOBOJOM WM kecTkumu mmHamu. B PY-10 kB
TaKXe€ MPUMEHSIETCS KECTKasi OIIMHOBKA.

[Ipu Tokax nmo 1600 A mnpuUMEHSIIOTCS OJHO- W JIBYXIIOJIOCHBIE IIWHBI
MPSMOYTOJIBHOTO CEYEHHSI, a TpH OOJBIIUX TOKAX PEKOMEHAYIOTCS IIUHBI
KopoOuatoro ceuenusi. COOpHbIE MHMHBI AIEKTPOYCTAHOBOK M OIIMHOBKA B Mpejeiax
OTKPBITBIX M 3aKPBITEIX PY Bcex HanpsokeHUH B COOTBETCTBHHM C [6] BRIOMpPAIOTCS 110
HarpeBy (MO JJIMTENBHO JIOMYCTUMOMY TOKY) M TPOBEPSAIOTCS Ha CTOHKOCTH
NEeUCTBUSIM TOKOB K.3. [ MOKasi OIIMHOBKA Ha JICKTPOJAMHAMUYECKYH0 CTOMKOCTH HE
npoBepsieTcs. BeiOop ceueHus MUH TPOU3BOJIUTCS MO HArpy3KaM IMOCIeaBapUMHOTO
pexuma:

Idon 2 IH max (A), (3719)
1’4STHO,\1
IHmaX:\/—3U—”0M (A), (3.7.20)
[IpoBepka IMH HA TEPMUYECKYIO CTOMKOCTBD IIPH K.3.:
. 3
Frmin= @ (Mm®), (3.7.21)
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riae C — ko puureHT, XapakTepu3yIOLUil T0MyCTUMBIM HarpeB MaTepHuasa MuH, s
ATIOMHUHHEBOTO CIUIaBa MOXHO IPUHATH ¢ = 91.

[IpoBepka mMH Ha JIWHAMUYECKYIO CTOMKOCTb IIPAU TOPU3OHTAIBHOM
PACIIOJIOKEHUH IIMH Ha OMOPHBIX U30JATOPAX MPHU KECTKOW OLIMHOBKE:

Pacuer paccTossHUs MeXy U30/IATOPAMU KPEIUICHHUS 1LWH:

|- [48-10°h 10 N (), (3.7.22)
rae h — mupuHa muHe (M).
Haubonpiiee ynenpbHOE ycuWe, NEHCTBYIOIIEE Ha CPEAHIO IIHHY TIpU
Tpexda3HoOM K.3.

3)2
f = ‘F' B 107 (), (3.7.23)

r7e. 8 — pacCTOSAHUE MEXIY IIMHAMU (1)213 (M), moxHO npuHATE @ = 0,3-0,5 M; K —
Kod(pdunment Gpopmer muH, Ky, = 1; i) — ynapHsrit Tok k.3. Ha muHAX (A).
OrnpeneneHue CUIbL, JSUCTBYIONICH HA IIUHY:

\/_|(3)2I

T a
W3rubaromiuit MOMEHT, OT BO3JICHCTBHUS Ha IIIMHY pacrpeaeacHHO# cuibl .

(H). (3.7.24)

(3.7.25)
MOMCHT COHpOTI/IBHeHI/IH IITNUHBI HpHMOYFOHBHOFO CCUCHMU.
2
W= % ), (3.7.26)

rae b — BeicoTa muHbI (M).
MaxkcuMaabHOE MEXaHMYCCKOE HAIPSHKEHHE B MaTepHajie IIHHBI OT JEHCTBHUS
M3rU0AIOIIEr0o MOMEHTA!

(o)

mex. = % (I1a), (3.7.27)

Goon = Omax (I1a), (3.%.28)
TJI€ Gy,,— JOMYCTUMOE HANPSIKEHUE ISl ATFOMUHUEBOTO CILIABA LIWH, Gy,,=137-10" I1a.

Bo160op onopHbix n3omistopos 10 kB.
N3onsTopsl BEIOUpaOTCS:
— 10 HANPSKEHUIO:

UHO/W us Z UHOM cemu (KB), (3-7-29)
— I10 IOITYCTUMOM Harpy3Ke Ha roJI0OBKY U30JIATOpPA — 10 TUHAMAYECKONW CTOMKOCTH:
Fdon Tpcq (H) (3 730)

rae: Fy, — HomycTuMmas Harpy3ka Ha TOJNOBKY wu3ossitopa, Fy, = 0,6 Fppp (13
KaTajora);

Tpey — PpacueTHas Ccuia, JAEHCTBYIOIIAs Ha TOJOBKY H30JATOpPa, C Y4eTOM
PaCIIOJIOKCHUS IIIMHBI Ha U30JISITOPE
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Hw+b+E

T = FH—2 (H), (3.7.31)

rae H,, — BeicoTa u3oiaTopa, b — ToymuHa mIacTHHBI MIUHOAEPKATENS, N — BRICOTA
IIMHEI.

3.8. BbIBOP MICTOYHUKOB ONEPATUBHOI'O TOKA
N TPAHCO®OPMATOPOB COBCTBEHHbIX HYX

B kauecTBe onepaTuBHOTO TOKA HA MOJICTAHIIUAX UCIIOJIb3YIOTCS:

® [IOCTOSIHHBIA TOK OT aKKyMyJATOpHOW ©Oaraped, peKOMEHAyeTcs Ha
noactannusax 35-220 kB rae ycraHoBieHO TpW W 0oJiee BBIKITIOYATEIICH Ha
CTOPOHE BBICIIIETO U CPEIHETO HANPSKECHMUS;

® BBIIPAMIICHHBIA IIOCTOSIHHBIM TOK € npuMeHeHueMm ycrpouctsB: BIIH wmm
BITHC (Onox muTaHusi ¢ MOAKIIOYEHHUEM K TpaHChOpMaTOpy HaNpsHKEHUs),
BIIT (610x muTaHus ¢ MOAKIIOYEHUEM K TpaHcopmaTopaM TOKa) U JAPYyTUE
BBINIPSIMUTENBHBIE YCTPONCTBA;

® T[IEPEMEHHBIN TOK C MOJKIIOYEHUEM K TpaHchopMaTopaM COOCTBEHHBIX HYX],
pPEKOMEHIyeTCsl TpeaycMaTpuBaTh Ha  moxacranimusax 35-220 kB ¢
OT/ACJIUTEIISIMU U KOPOTKO3aMBIKATEIISIMHU.

3.8.1. Bvibop mparcgopmamopos cobCmEeHHbIX HYHCO
Jns ompeneneHuss oOIIEH MOIMHOCTH TOTpeOUTENIe COOCTBEHHBIX HYXKT
MOJICTAHITUHM COCTAaBJISICTCS TaONUIAa AJIEKTPUICCKUX HArpy30K COOCTBEHHBIX HYXKIT
noactanuuu (tabds. 3.8.1). Harpysky onpeaenstor mo gaHHabsM B [4].
MormHoCTs TpaHcOpMaTOPOB COOCTBEHHBIX HYKIl BbIOMpaeTcs 1o oOImiei
QJIGKTPUYCCKOW  Harpy3ke IMOTpeOuTeNeli COOCTBEHHBIX HYXI C  Y4ETOM

ko3 durmenTa crpoca Ke.
S,en =Key/ 2 P?+> Q% (xBa), (3.8.1)

riae npuaumMaercs K, = 0,8.

OnpeneneHre MOIIHOCTH TpaHCHOpMATOpa COOCTBEHHBIX HYXI:

o % (xBa). (3.8.2)

Breibuparorcss aBa TpancopmaTopa COOCTBEHHBIX HYXJ C MOAKIIOYCHHUEM
KaXKJI0TO (Ha MOJACTAHIIUSAX C OTMEPATUBHBIM NMEPEMEHHBIM U BBITIPSIMIICHHBIM TOKOM)
OTIMAMKOW K IIMHAM BBOJA CHUJIOBOTO TpaHchopmaTopa (10 BBIKIIOYATENIS BBOJA)
yepe3 pa3beIMHHUTEN W TPEIOXPAHUTETH, YTOOBI TPH IOJavye HAMPsHKCHUS Ha
CUJIOBOH TpaHC(HOPMATOpP MOSIBUIIOCH M MIUTAHKE TICTICH OMepaTUBHOIO TOKA (BapHUaHT
1 puc. 3.8.1). Ilpu omnepaTUBHOM MOCTOSIHHOM TOKE OT aKKyMYJISITOpHOH OaTapeu
TpaHchOpMaTOPbl COOCTBEHHBIX HYK]I MOAKIIOYAIOTCS K CEKIMSIM COOPHBIX IIMH PY -
10 xB (Bapuanrt 2 puc. 3.8.1).
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Tabmnuua 3.8.1
SHCKTPH‘{CCKHC Hany3KI/I CO6CTBCHHBIX HY)KI[ IIOACTAaHII NN

No HaunmenoBanue motpeduTens KomunuectBo/ cos¢ | Ilorpebnsemas
YCTaHOBJICHHAS oOrmmas
MOIIHOCTb MOIIIHOCTb

norpeduTens P Q

(urr/xBr) (xBt) | (kBAp)

Oxuaxaenue TpanchopmMaTopon

ITogorpes macia B BBIKIIOUYATEIAX

HonorpeB IIPUBOJIOB BBIKJIIOYaTEIIeH

Ocsgeutenue OPY 35-220 kB

Ocgeuenue PY-10 kB

Bentnnanus PY-10 kB

[Tomorper cuerunkor PY-10 kB

O NOOOT A WIN|F-

Oromtenne u ocserenne OITY unu xumnoro
IOMa IIOACTAHIINH

9 CBapOYHBI IMOCT

10 3apsHbIA U 03P AHBIN arperarsl

Uroro >P 2Q

% QSl Fvi T.CH,

é 01 Bapuanr 1
Y

A
gTCH

Bapuanr 2

Puc. 3.8.1 IogxmroueHue TpaHCHOPMATOPOB COOCTBEHHBIX HYK]T

[Ipenoxpanuteny B nenu TpaHCPOPMATOPOB COOCTBEHHBIX HYKJ BHIOMPAIOTCS

B COOTBETCTBHH C 1. 3.7.2, TJIe TOK
1,4S

| max = # (A). (3.8.3)
Pacuer u BIOOD MJIaBKOW BCTaBKH MPEIOXPAHUTEIS:
Lisgem = (1,21, D)1, max (A). (3.8.4)

3.8.2. Bvibop axxymynamopuou bamapeu
AKKYMYJIATOpHYIO OaTapero BBHIOMPAIOT MO HEOOXOJIMMON €MKOCTH, YPOBHIM
HalpsDKEHHWST B ABApUMHOM pEXHMME M CXEME €€ NPUCOCAMHEHUS K I[IWHAM
NOCTOSIHHOTO TOoKa. Ha moACTaHUMAX HCHOJBb3YIOTCA CBUHIIOBBIE KHCIOTHBIE
akkymyssitopabie Oatapen tumoB CK u CH. B kypcoBom mpoekTe mpemycMoTpeTh
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CXeMy MOJKIIIOUEHHUSI aKKyMYJISITOPHOM OaTtapen Mo METOAY MOCTOSIHHOTO MoA3apsiia
C DJJIEMEHTHBIM KOMMYTaTopoM. Meronnka BbIOOpa aKKyMyIsTOpPHOM OaTapeu
10JI3aPSTHOTO W 3apSTHOTO YCTPOKCTBA U3JI0XkKeHa B [5].

Jlis ompeneneHusl aBapUMHOTO U TOJYKOBOTO TOKA COCTaBJsIETCS TaOJMIIA
pacueTHBIX HArpy3oK, MOJKIIOUEHHBIX K aKKYMYJIATOpHOM Oatapee (Tadi. 3.8.2).

[TocTosiHHYIO Harpy3Ky Ha IIMUTE MOACTAHIIMN MOKHO PUHATH paBHOU 10 A;
Harpy3Ky aBapuiHOIO OCBEUICHUS TAKXKe MOKHO MPUHATH paBHOU 10 A;

Harpy3ka npeoopaszoBatelis ONepaTUBHOM CBsI3U B paboueM pexkume coctaBut 30 A, a
nyckoBoi Tok — 100 A.

HaunGomnpimuii TOMTYKOBBIM TOK B Hauaje pekrma OOYCIIOBJIEH IOCTOSHHOMN
Harpy3Kou, Harpy3Koi aBapuitHOTO OCBEIICHHS, YCKOBBIM  TOKOM
npeoOpa3oBaTeNbHOTO arperara CBS3W W TOKOM BKJIIOYEHHMsS] Hambosee MOITHOTO
MPUBOJA  BBIKIIOYATENSI WM OJHOBPEMEHHBIM  BKJIFOYCHHEM  CEKIIMOHHBIX
BBIKJTIOYATENICl Ha CTOPOHE CPENHEro M HU3IIETO HANpsDKEHWH MOACTAHIUU C
TPEXOOMOTOYHBIMH TpaHC(OpMaTOpaMu aBTOMATHUKON BBOJAA pe3epBa (4To OOJIbIIE).
Tok moTpeOIIsieMbIi MPUBOAAMHE BBIKITIOYATEIICH IPY BKIIIOUSHUH PUBOAUTCSA B [7].

3.8. QKCIMNYATALMOHHOE N PEMOHTHOE
OBCIYXXUBAHUE NOAOCTAHLIUN

DKCIUTyaTallMOHHOE O0CITyKMBaHUE MOACTAHIMU OCYILIECTBISAECTCA MO OJIHON
U3 ClIeayomuX Gopm:

1. C [OCTOSHHBIM  JEXKYpPCTBOM HAa  MOACTAHIMU. OTO  JIEKYPCTBO
OCYILIECTBIISIETCS TaMm, TJ€ NPEAYCMOTPEH OOIIENOACTAHIIUOHHBIA IMYHKT
ynpasienus (OITY).

2. C TOCTOSHHBIM JCKYPCTBOM OJHUM JSKYPHBIM, MPOKHBAIOIIAM B KUAJIOM
JIOME TIpU MOACTAaHLUUHM — JIEKYPCTBO HA JOMY, MPU 3TOM BCE ONEPATUBHBIC
IIEPEKITIOUECHUS Ha MOACTAHIUAX C MPOCTOW HAIISIAHOM CXEMOW M MOJIHOCTBHIO
000OpyZOBaHHOM  OJIOKMpOBKAaMH  OT  HEMpaBWJIBHBIX  Olepamui ¢
pa3bEAMHUTENSIMU W BBIKATHbIMU Tenexkamu siueek KPY mpousBoasTes
nexypHeiM ¢ Tpynmo IV egmHOmMuyHO. DJta  (opma 0OOCITYyKUBaHUS
OCYILIECTBIISIETCA HA MOJICTAHIIUAX MAJION U CPEIHEN MOIIIHOCTH.

3. OmnepatuBHO-BbIe3IHOM Opuranoil. Takas gpopma oOCiIyKMBaHUA TPUMEHSIETCS
B Clly4ae, €CJId B HEOOJIBIIOM PaJNyce HaXOIATCS HECKOJIbKO MOACTAHIUHN ¢
XOPOIIUMHU TOABE3THBIMA MYTAMH, OOOPYIOBAHHBIX TEIEMEXaHUKOU ¢
BBIBOJIOM CHUTHAJIOB Ha JUCIETYEPCKUM IIUT CETEBOTO MPEATPHUATHS.
PemonTHOE 00CIyXHMBaHUE TMOJICTAHIIMM OPTaHU3YETCS  CIEeHHATbHBIMHU

CIy>KOaMH DJIEKTPOCETEBOIO0 MPEANPUATHS: CIIYKOOM TMOACTAHIIUM, CITyX)O0i

peneHOM 3aIuThl, CIY>KO00H CBSI3U, CITY>)KOOW aBTOTpaHCHIOpTA U T. 1.
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Tabnuua 3.8.2
DJieKTpUYeCKHEe HATPY3KH MOIKJIKYEHHbIE K aKKYMYJISITOPHOIi faTapee

Haumeno- | Konmu- | Homu- | Homu- | Pacuer- | Ilycko- Tok Tomuko- | Haubo-
BaHUE YeCTBO | Hajb- Hajb- | HBIM TOK BOU aBapui- BBII JBIIUN
noTpedu- | DIEeKT- Hasi HBI | JUITENb- | TOK HOTO TOK B | TOJYKO-
TEeJIst porpu- | MOII- TOK HOU peXxuma | Hadaje | BbIA TOK
E€MHH HOCTb Harpy3ku 10 30 | pexuma B
KOB MUHYT Hayaje
pexuma

(wr) | (Br) (A) (A) (A) (A) (A) (A)

IlocrostH-
Has Ha-
rpy3Ka Ha
HIATE

ABapuiiHoe
OCBEILIEHUE

[TpuBoaBI
BBIKJIIOYA-
Telnen

[IpeobGpa-
30BaTENb-
HBIE arpe-
raThl Ore-
paTUBHOM
CBSI3U

Hroro - - - - -

KOMMNOHOBKA U YCTPOUCTBO NOACTAHLMA

— llopramel ayigs  KperuieHUsT  HM30JATOPOB M IPOBOAOB  BBIMOIHSIOTCS
KeJIe300€TOHHBIMU WM METaJUINYECKUMU.

— XKenezobetonnbie ¢yHAAMEHTH TOA TpaHCHOPMATOPHI U BBIKJIIOYATENU
BBITIOJHSIOTCS ~ COOpPHBIMM WM MOHOJMTHBIMH.  CTOWKHM  BBINOJIHSAIOTCA
KeJIe300€TOHHBIMH.

— ITox TpanchopmMaTopamu BEIOJHSAETCA MPUIMOK (MACIONPUEMHUK), 3a0JTHEHHBIH
rpaBUeM, ISl aBapUHOIO CIMBa Macia ¢ 00bEMOM, PaBHBIM KOJIMYECTBY Macia B
TpaHcopmaTope, ¢ OTBOJAOM MacJja B MOA3EMHBIM MaciI0COOPHUK.

— Jns kpemieHus TMOKOW OIIMHOBKHM HMCIOJIB3YIOT MOABECHBIE W30JSTOPHI, a s
KpPEIJICHUS! JKECTKOW OIIMHOBKM HAa KOMIUIEKTHBIX TMOJACTAHIMSAX — OIOpHBIE
M30JISTOPHI.

— Jlna ommHoBkU cOopHoro OPY mampsikenuem 35-220 kB mpumeHsitoT mnpoBon
Mapku AC ¢ ero KpemieHueM Ha MOJABECHbIX u3oiisiTopax. Ha xommiektHsix OPY
OLIMHOBKA BBITIOJHACTCS JKECTKOM W3 alIOMUHHUEBBIX TpPyO C KpeIUICHHEM Ha
ONOPHBIX U30JIATOPAX.

— JInst 3a00UThl OT NEPEHANPSKEHNS HA MOJACTAHUMU YCTAHABIMBAIOTCS Pa3psIHUKU
WM OTPAaHUYUTENH TIepEHANPSKEHUS.

— Iloagcranuust orpaxpaaercss orpaxiaeHueMm BbicoTod 1,8 — 2.5 M, ceryaroe ¢
&KeJe300€TOHHBIMU CTOMKaMU, KOTOPOE UCKIIIOYAeT HAKOIJIEHUE CHera BI0JIb 3a00pa.
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3AKINKOYEHUE

[IpoekTupyeMass TOICTAHIIUA TIOJHOCTHIO COOTBETCTBYET TpeOoBaHusM [IpaBwt
YCTPOMCTBA D3JIEKTPOYCTAaHOBOK, I[IpaBmn moskapHoit Oe3omacHocTH, CaHUTApHBIX
HOPM U IIPaBUJI U APYTUX HOPMATUBHBIX JIOKYMEHTOB. B 3aK/II0U€HUN HYKHO YKa3aTh
TaK)Xe KaKko€ HOBOE COBPEMEHHOE 00OPYAOBAHKUE HCIOJIB30BAHO B IPOEKTE.
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HEKOTOPLIX 3JIEMECHTOB 3JICKTPUYECCKHUX CXEM

NPUNOXEHWNE 1

YcaoBHble rpaduyeckue u OyKBeHHbIE 0003HAYEHUS

HanmMeHnoBanue O06o3HaueHne HaunmenoBanue O6o3HayeHue
Tpancdopmarop
KabGenb > CHJIOBOH Tpex(a3HbIii
JTBYXOOMOTOYHBIN C »
Coenunenue peryjaupoBaHueM ) .’4 T
KOHTaKTHOE —>— HaANPSDKEHUS 0T
pa3beMHOE Harpy3Koi; v
coeIMHEHNE 0OMOTOK
Ilepempruka > 3Be3/1a-TPEYTOIbHUK
KOMMYTaIlMOHHAs
L Tpancdopmarop T
Karymxa CUJIOBOH Tpex(a3HbIii ,/‘
MHAYKTUBHOCTH — Y'Y\ TPEXOOMOTOUHBII; ..
obmotka BH nmeer v
PeaxTop LR BBIBOJI HEUTpaIN
TOKOOTPaHUYMBAIOIIHIA
PeaxTop LR
CIIBOCHHBIN »
ABtoTtpanchopmaTop 4
TPeX0OMOTOYHBII - T
barapes
KOHJICHCATOpHAsI CB A, v
CUJIOBast 2"3
IIpenoxpanureins FU Tpancopmatop d}
TUIABKU A - TOKa TA
Pazpsanank FV
BEHTHUJIbHBIN S dT7- TparcdopmaTop
TOKa HYJIEBOU TA
FeHepaTop @ IIOCICAOBATCIIHPHOCTH
Komnencarop @ Tpancdopmarop
CUHXPOHHBIT HaIPSHKCHUS
0/1HO(a3HBII ™V
@ JBYXOOMOTOYHBIN
DNEeKTpOoBUTATETh
Tpancdopmarop
J_ HaTPsDKEHUS @
3a3zemiieHue 1 Tpexbasmbiii TV
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HaumenoBanue O06o3HaueHne
Brikimrouarens J(

BBICOKOBOJIBTHBII \ Q
Brixiarouarens %

Ha BBIKATHOU B} Q
TEJIEKKE Y
Brikirouarens QW

Harpy3Kku
Pazbequnurenns \ QS
3a3eMIIAIOIIHIA QSG
HOX
KopoTtko3ambikarens —N QN
Otnenurens J.
OJIHOCTOPOHHETO QR
JNIEUCTBUS
Otnenurens J-
JIBYXCTOPOHHETO o \ QR
JNIEUCTBUS
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Oxonuanue npuit. 1

HaumenoBanue O603HaueHne
AwmniepMmerp @ PA
BoabrmeTp @ PV
Bart™metp @ PW

Bapmetp PVA

Bartmetp ¢ Hynem B
CepeIMHE IIKAJIbI

G pw

Bapmerp ¢ Hynem B
CepeUHE IIKAJIbI

CyeT4ymK aKTUBHOM
SHEPruu

CueTunk peakTUBHOMI

K
SHEPTHHU

CUeTynKy aKTHUBHOU =~ =
SHEPTrUHU CO I I
CTONIOpaMHU

-

CueTynku

PEaKTHBHOM SHEPTUU K K

CO CTOIIOpaMHu




NPUNOXEHWNE 2

anomeHHble n306pameHnﬂ HEKOTOPLIX 3JICMCHTOB
MOACTAHIIMH HA YepTEkRaX

Tun Bup cepxy Bua cOoky
| [
T8
V-110 | = 2000 b = 2000; h= 4600 ]
y-220 | = 3000 b = 3000; h = 7000
(o 5 o) BMT-110 BMT-220
BMT-110 1400 | 1400_ I T
o o
BMT-220 S 3
Lo
2500 K2 2500 v
J09, 700
MBS D D @ 2
BBK-35b 2000 ™
|
A - t
| i
=
0J1-220, 1 !
PH/I-220, Y I“
0]1-110,
PHI-110, || Pasmep | a | H h Y
OJ-35, 220 kB | 3000 | 2800 | 2800 | 3500
PH/I-35. 110 kB | 2000 | 1800 | 2600 | 1800
35xB | 1000 | 1200 | 2500 | 1000
A
| =Y H = 3500
K3-220, — e 220 kB
K3-110. h = 2500
Y 110 xB
h = 1400
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OkoHyaHue npui. 2

Tun Bun csepxy Bun cooky
220 kB | = 4500
PBMI-220 A 110 kB | = 3000
OITH-220 @ 91250
— T
PBMI-110
OITH-110 Y
[}
PBMI '-35 -© 9585 o
OITH-35 S
v
220 kB | = 3000
110 kB 1 = 1600
HKD-220 _>O__®750
HK®-110 -
f o
3HOM-35 o) >
i
220 B | = 3000
110 kB 1 = 1600

-
Td3M-220 @750 , ‘ -
TH3M-110 —0O- ,

l/\ “

KPYH
K-59

(e]e]e;
3300

3200
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