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1. O61ue cBegeHUsI 0 KYpCOBOM NMPOEKTHPOBAHUHT

KypcoBoe mpoekTHpoBaHUE SBISETCS 3aBEPIIAIOIIAM JTAllOM H3yde-
HUsI Kypca «ONEKTPHUYECKHE CTAHIMM W TOACTAHIMM» H CIIOCOOCTBYET
yIIIyONEHNIO U 3aKPETICHHUIO 3HAHHUM, OTyYSHHBIX CTYJEHTaMU MO IHUCIH-
IMHE. B METOAMYECKNX yKa3aHHUAX JAIOTCS PEKOMEHIALMH IO MPOEKTUPO-
BaHUIO IEKTPUUYECKON YaCTU palilOHHOMN MOHMKAIOIIEH 3JIEKTPUYECKOM MO-
CTaHILIVH.

B MeToan4ecKux yKa3aHUsIX U3JIaraloTcs BOIPOCH OCTPOSHHUs rpadu-
KOB Harpy3KH, BEIOOpa KOJIMYECTBa M THUIA MOIIHOCTH CHJIOBBIX TpaHc(hop-
MaTopoB, BEIOOPA TITaBHON CXEMBI, pacueTa IMUTAIOINX JIMHUH dJIeKTporepe-
Jlad, pacyeTra TOKOB KOPOTKOTO 3aMBIKaHHMS, a TaKKe BHIOOpa M IPOBEPKU
IEKTPOOOOPYAOBAHNS TOACTAHINN. B y4eOHOM NMPOEKTHPOBaHUH MPHHU-
MaeTcsl psi IOMYIICHUH U yCIOBHOCTEH, MO3BOIIOIINX M30€XaTh Ype3Mep-
HOTO yBEIHYECHUs 00beMa ITPOEKTa M COCPEIOTOYNTH BHIMAaHKE Ha Hanboee
CYLIECTBEHHBIX BOIIPOCAX.

2. CTpyKTypa KypcoBOIo MpoeKTa
U TpeOoBaHus 10 0OPMICHUIO

KypcoBoii mpoeKT COCTOUT U3 NOSICHUTEIBHON 3aITUCKU U TpaduuecKoi
yacty. [TosicHUTENTBbHAS 3aITHCKa COJIEPIKUT BECh PACUETHBIN MaTepual, 00oc-
HOBaHHE MPUHSTBHIX PEIICHUH, MOSCHEHUS K KaXKAOMY paccMaTpHBacMOMY
Borpocy. [Ipubnm3uTensHbIil 00beM MOSICHUTEIFHOH 3aicKy cocTasisieT 40
CTpaHuIl Ha nHcTax Gopmara A4.

B xaxnom pasjierne nosiCHUTEIFHOH 3aIMCKH HE00X0AMMO:

chopMyITHpPOBaTh 33ady, PEIIAeMyI0 B Pa3/ele;

MIPUBECTH MCXOIHBIE JAHHBIC U IOCTaBICHHBIC TPEOOBAHMS;

MIPUBECTH MOSCHSIOIINE YEPTEKH U CXEMBI;

OMucaTh MOCIEI0BATEIbHOCTh PEIICHUS 3a/Ia4l C MPUBEICHUEM pac-
4YeTHBIX (JOpPMyYJ B 00ILIEM BUJIE;

KOMITAKTHO MPECACTABUTH PE3YJIbTATHI BBIYHCJICHUHN B PpaCYCTHBIX Tao-
JIMLAaX C yKa3aHUEeM Pa3MEepHOCTEH MOJy4YeHHBIX BEJIHYHH;

MIPUBECTU KPATKUH aHAJIM3 MMOJYYEeHHBIX PE3yJIbTaTOB pacdeTa ¢ COOT-
BCTCTBYIOLIMMU BBIBOAAMMU.

B TekcTe 3anucku 1aroTcsl CCHUIKM Ha MCTIONb30BAaHHYIO JINTEpaTypy. B
HayaJie 3arMCKU NPUBOINTCS OTJIABJIICHHE, B KOHLE — CITUCOK JINTEPATYPHI.
OdopmiteHne 3aMCKH HEOOXOIMMO BBIITOIHATH B COOTBETCTBUH C JICHCTBY-
FOIIAM CTAHIApPTOM OpraHuzanu [7].



I'paduyeckas yacTh KypCOBOT'O IIPOCSKTa BKIIIOYAET ABa JICTa hopMara
Al. Ctpykrypa rpadudeckoii yactu u TpeOOBaHUS IO €€ 0POPMIICHHIO OTO-
BapUBAIOTCS C PYKOBOIUTENIEM KYPCOBOTO MPOEKTHPOBAHHSI.

3. 3agaHne HAa KypcOBO€e NPOEKTHPOBAHHE

OCHOBHOI 3a/1a4eil KypcOBOTO MPOEKTUPOBAHUS SBISETCS MMPOESKTHUPO-
BaHUE DJICKTPUUECKON YacCTH COOPYKAaeMOW paliOHHOW IOHMYKAIOUIEH JJIeK-
TPUYECKOW MOACTAHIINH HAIPSDKEHUEM C BBICHINM HarpsbkenueM 35-220 kB,
MOJTyYaroIied MEeKTPOIHEPTUIO OT OJHOTO MM HECKOJIBKUX IIEHTPOB MUTA-
HUsL. 3a1aHKs Ha KyPCOBOM NMPOEKT YHU(UIIMPOBAHbI U WHIUBHUYJIGHBI JUIS
KaXXA0ro cTyAeHTa. Ilpeanonaraercst aBTOMaTU3UpPOBaHHAsI T€HEpaIus Hc-
XOHBIX IAaHHBIX Ha MMPOEKTHpOBaHue. JlomycKaeTcs BblAada pyKOBOAUTEIEM
KypCOBOTO IIPOEKTUPOBAHUS IPYTHX 33aHUH (peasbHbIEe MPOEKTHI M0 3a7a-
HUSIM CETEBBIX MPEIIPHUITHI, TIOApa3AeNIeHNI MHCTUTYTA, 3aAaHMs IO TeMa-
THKE HAay4YHbIX HCCIENOBaHMH Kadeapsl 1 ap.). B aTom cioydae 3amanue co-
TJIACOBBIBAETCS Ha Kaheape U yTBEPKAACTCS 3aBEAYIOINM KadeIpoi.



4. MeToMKa BBINOJHEHUSI KYPCOBOT0 NMPOEKTA
4.1. locTpoenue rpaduKoB HATPY3KHU NMOACTAHIUHA

DnexTpuieckas Harpy3Ka OTAeIbHBIX TIOTpeOnuTeNeH, a CleJ0BaTeIbHO
W CyMMapHas WX Harpy3ka, ONpelNeNsIiomas pexxuM padoThl MOACTAHIHN
(37eKTpOCTaHIIMK B DHEPrOCHCTEME), HEMPEPhIBHO MEHSACTCS. DTOT (akT
NPUHATO OTPaXKaTh TPa()UKOM HArpy3KH, TO €CTh AUArPaMMOI H3MEHEHUsI
MoOIIHOCTH (Toka) Ha muHax noactannuu (I1C) Bo BpemeHwu.

ITo Buny dukcupyemoro napaMerpa pasjinyaroT rpaduku akTHBHOU P
(MBT), peaxtuBHO# Q (MBap), nonnoii (kaxymeiics) S (MBA) momHocTe#H
n toka | (A) na munax I1C.

Kak nmpasuiio, rpadyuku 0TpakaroT H3MEHEHHE HArPy3KH 32 OIpe/IeIIeH-
HEBII Tiepro BpeMeHH. [1o 3ToMy MpHU3HAKY MX TOApa3IelsIioT Ha CyTOUYHBIC
(24 ), ce30HHBIE (3UMa, JIETO) U TOJOBBIE IT0 MPOJOKUTEITEHOCTH.

[To MecTy Ha3HAYEHUS WX AIIEMEHTY YHEPTOCHCTEMEBI, K KOTOPOMY OHH
OTHOCATCS, TpaUKN MOXKHO Pa3feNUTh Ha CIIeTyIOIINe TPYIIIbL:

rpaduky Harpy3ku notpebureneii, onpeaeisembie Ha muHax [1C;

cereBble rpadMKK HArPy3KH — Ha IMHAX PaiOHHBIX U y310BbIX [1C;

rpadMKy Harpy3KH SHEPrOCUCTEMBI, XapaKTEPHU3YIOIIUE PE3yIbTHPYIO-
LIYIO HArpy3Ky 9HEProCHCTEMBI;
rpaduKy Harpy3KH 3JIEKTPOCTAHIIMH.

4.1.1. Cyrounble rpa¢ukH HArpy30K MOTpeduTe el NOACTAHIHA

®daxrnueckuii rpaguk Harpy3ku [1C MoxeT ObIT MOTy4eH C ITOMOIIBIO
PETUCTPUPYIONMX MPUOOPOB, KOTOpBIE (DUKCHPYIOT U3MEHEHHS COOTBET-
CTBYIOILIETO ITapaMeTpa BO BPEMEHH.

Kpome MakcumanbHOH aKTUBHON MOIITHOCTH Pmax TSI TOCTpOEHUS Tpa-
(uka HeoOXOIMMO 3HATH XapakTep U3MEHEHMs] HArpy3Kd IOTpeOUTeNs BO
BpPEMEHH, KOTOPBII MOKHO OTIPEIC/IUTh B COOTBETCTBUH C 33/IaHHUEM Ha Kyp-
COBOE MPOEKTHPOBAHUE U3 TUTIOBBIX TPA(UKOB CHIOBOIO MAaKCUMyMa B IIPO-
LEHTax B TE€YEHHE CYTOK (3MMa, JIETO), KOTOpble NpUBEJeHbI Ha puc. A.l—
A.10 npunoxenust A.

Just  ynobctBa pacueToB TpaduK  BBIIOIHIETCS CTyNEHYAThIM.
HaubGonpmiass Bo3MoXkHast 3a CyTKM Harpy3ka npununmaercst 3a 100 %, a
OCTallbHbIE CTyNEHW Tpaduka I0Ka3bIBAIOT OTHOCHUTEIbHOE 3HAueHHE
Harpy3KH JUIsl JaHHOTO BPEMEHH CYTOK.

IIpu u3BecTHO# Pmax MOXHO TIepeBeCTH THUIIOBOH rpaduk B rpaduk
Harpy3ku 3azaHaoro norpeburens I1C coriacHo 3a1aHus1, HCHONB3Ys COOT-
HOIIICHHE JJIsI KXKAOH CTyHeHH rpaduka



P

r]%(i) max
p =— 1
(M) 100 @)

rue Py — MonHoOCTb i-if cTymenn notpeduresnst (MBT); Noyiy — opauHaTa i-if
CTyneHu TUIoBOro rpaduka notpedutess (%); Pmax — MAKCUMaTbHAS aKTHB-
Hasl MOIIHOCTh OTpeOuTeNs cornacHo 3ananus (MBT).

B KypcoBOM NpoeKTe CyTOYHBIE THIIOBBIE TpaMKN HArpy3KU HOTPeOH-
TeJnel 1Mo ce30HaM (3UMa, JIETO) He0OXOUMO EPEBECTH B COOTBETCTBYIOIINE
rpaduKy Harpy3KHu moTpebuTenei, ucmons3ys Gopmyiy (1).

ITo pe3ympTaTaM pacueToB HEOOXOAMMO UIS KaXIOTO U3 CE30HOB
(;1etro, 3uMa) MOCTPOUTH TPpaUKK CYTOYHBIX HArpy30K Ka)XIoro MmoTpedu-
TEJIsl COTJIACHO 3aJIaHusI Ha KyPCOBOM MTPOEKT, a TAKXKE X COBMEIIIEHHBIN Ipa-
(UK Harpy3Kku B KOOpAMHATaX: OCh abCIcC — BpeMsl B 4acax, a OCh OpIMHAT
— MoIHOCTh B MBT.

4.1.2. CymMapHbIii CyTOUHBIH rpa@uK NOACTAHIMH

CymmMapHusii cytounstit rpaguk I1IC onpenensercs ¢ ydyeToM MoTepb
moraocty Ha I1C.

[Motepu moutHocTH Ha [1C BKITIO9arOT B ceOsi:

MIOCTOSIHHBIE TIOTEPH, OIpeeNieMble B OCHOBHOM IOTEPSIMH XOJIO-
CTOT0 X0/1a TPaHC(HOPMATOPOB;

MepeMEeHHbIE MOTEePH, 00YCIOBICHHBIE IPOTEKAHNEM TOKA 110 0OMOT-
KaM TpaHC(OPMaTOPOB U 3aBUCSIIMM OT BEIMYMHBI HATPY3KH;

MOTEpH Ha COOCTBEHHBIE HY Kbl OTIpeiessieMble TapaMeTpaMy TpaHc-
(dbopmaropa u tunom T1C.

CyMMHEpysl 3HAUYCHHUSI MOIIHOCTEH i-X CTymeHeil TpadMKOB Harpys3KH
Bcex norpebureneil u nmorepu MomHocT Ha [1C 1 Kax0oi CTyNeHH, 1mo-
Jy4aloT CyMMapHBIH cyTouHbIi rpaduk Harpy3ku IIC s ce30HOB (3uMa,
JIETO) COTIACHO BBIPAXKECHUIO

P"C(i) = Pz(i) +AP +APnep(i) +AP,, 2

rae Pregiy — MomHoCTs i-if crynenu I1IC (MBT); Py — cymmMapHasi MOLIIHOCTB
i-it crymenn Bcex notpeduterneit [IC (MBT); APpocr — TOCTOSIHHBIE TIOTEPH
morHOCTH [IC (MBT); APpepiy — MEpEeMEHHBIE [OTEPH MOLIHOCTH I-H CTY-
mexn 1IC (MBT); AP, — motepu mMomHocTH Ha coOcTBeHHBIE HYXIbI [1C
(MBr7).
ITocrostnubie oTepu MorHOCTH T1C BRIYHCISIFOTCS 110 (hopMyJIe
AP .. =001-P . , (3)

nocr
rae Prmax — MakCMMallbHOE 3HAUCHHE aKTHBHOM MOIIHOCTH COBMEILIEHHOTO
rpa¢uka Harpy3ok nmotpedureneii [IC (MBT).
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[Mepemennsie motepu MomHOCTH [IC BEIUUCIAIOTCS U KaXKIOU CTY-
meHn cytouHoro rpaduka [1C mo hopmymne
P ) 2
Apnep(i) = —10 .ZF()I) . 4)
> max
ITorepu momHocTH Ha coOcTBeHHbIE HYXIbI [IC BBIUMCIAIOTCS IO
dopmyie
AP =0,005-F; .. . (5)
Pacuer cymMMapHBIX CYTOYHBIX TpadUKOB (JI€THETO M 3HUMHETO)
Harpy3k# Ha muHax [1C HeoOX0aMMO CBOAUTH B TaOJIHIIEL.
I[To pe3synpTaTaM KOHEUHOW CyMMBI KaXKIOU CTYTIEHH Py HE00X0aUMO
HOCTPOUTH CYTOUHBIE rpauKy (JIETHUH M 3UMHHUIA) Harpy3ku Ha mmHax [1C.

4.1.3. T'onoBoii rpa¢uk HATPY3KH MOACTAHIHHI
10 MPO/I0JZKUTEILHOCTH HATPY30K

I'onoBoit rpaduk I1C 1o nMpomoIKUTETFHOCTH HATPY30K MTOKA3hIBAET
JuTenbHOCTh padoTel [IC B TedyeHue roga ¢ pasnuMyHbIMU Harpyskamu. I1o
OCH OpJIMHAT OTKJIQ/JIBIBAIOT HArPY3KH B COOTBETCTBYIOLIEM Macmitade, 1o
ocu abermuce —yackl roga ot 0 1o 8760. Harpysku Ha rpaduke pacnosiaraioor
B MOPSAKE WX YOBIBAaHWA OT MaKCUMAaJbHON 10 MUHUManbHOH. ['paduk mo
MIPOIOJDKUTEIBHOCTH HArPY30K NPUMEHSIOT B PACUETaX TEXHUKO-IKOHOMH-
YECKHX IIOKa3aTeNIe YCTaHOBKHM, pacueTax IOTEpb 3JIEKTPOIHEPTHH, UIS
OLICGHKH HCTIOJIb30BaHMS AIEKTPOOOOPYIOBAHUS B TEUEHUE oA U T.1.

[IpuHATO, YTO ATUTETHHOCTH CE30HHBIX BPEMEH T0J1a «3UMa) H «JICTO»
Jutst Hatero peruona cocrasisieT 200 u 165 qHE# cOOTBETCTBEHHO.

IMToctpoenue rogosoro rpaduka I1C 1o npogomKUTEIEHOCTH HATrPY30K
MIPOM3BOAUTCS HAa OCHOBAaHWM CYMMAapHBIX CyTOYHBIX IpaMKOB Harpy3ku
[1C 3umuero u nerHero neprona. Ha puc. 1 mokasan crmocod moctpoeHus
rogoBoro rpaduka Harpy3ku [1C 1o mpoIomKUTENbHOCTH Harpy30K.



| P 42
Ty=+%4- Tus=tyt
Pr =Bz P1=Prmaz 1=t1-200 Ty=t4 165
Juma L&. T Py T2=12:200 Ts= t‘s.;:;;
] Tz=t32-200 Tz=tg*
Ps|  tr AT
ts [ P, 3| py
‘ /ler:ra 5 Ty s P
4. [ T5 )
ts te | ts 76
e a1t I F L t\
0 % 8 12 16 20 24y (O 8760y

Puc. 1. Tloctpoenue romoBoro rpaduka Harpy3ku [1C

3HaueHHE aKTHBHON MOIIMHOCTH K-if CTyTieHH TpadmKa 1mo IpoIoInKy-
TeNLHOCTH Harpy30k Py (MBT) onpeaensiercst mpoeKIueil COOTBETCTBYIOIIUX
OpIMHAT CYMMAapHBIX CyTOYHBIX rpadukoB Harpy3ku [1C 3uMHero u jetTHero
nepro/ia Ha 0Ch OpJMHAT HCKOMOTO Tpaduka, a JJMTEIbHOCTb 3TON CTYNCHU

paccuuThIBaeTcs 1o popmyiie
T =t )" 200+t

3UMal (k) 165 ! (6)
rac Tk — JJIUTCIIBHOCTD CTYIICHU r‘pa(i)I/IKa IO IPOAOZKUTCIBHOCTH HArpy30K
T1C (I{)’ tguMa(k) u tJ'IeTO(k) — JJIUTCIBHOCTD k-i1 CTYIICHHU COOTBCTCTBCHHO 3UM-

HETO U JIETHETO CYMMapHBIX CYTOYHBIX rpadukoB Harpysku [1C (1).

4.1.4. TexHUKO-I)KOHOMHYECKHE MMOKA3aTeJIH
HATPY3KH MOACTAHIHA

Dueprusi, notpedmsiemast IIC 3a paccmarpuBaeMmblii mepuoi (Tox),
paBHa IJIOMIAIN, OTpaHNYEHHOM KPHBOH rofoBoro rpaduka Harpy3ku [1C o
NPOJIOJDKUTENILHOCTH Harpy30K, U olpeelsiercs mo hopmyiie

W, =YRT, . @)

k=1
rae Wy — Benuunna norpedssiemoit [1C anexrposneprun (MBT 1), N — KoJH-
YECTBO CTYIECHEH TOIOBOTO TpaduKa Harpy3Kd 1O MPOJOJIKHTEIBHOCTH
Harpy30k; Px — MomHOCTh K-ii cTynenu rogoBoro rpaduka Harpy3ku [1C no
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MIPOJOJKUTENEHOCTH Harpy3ok (MBT); Tk — IpOIOIKUTENBHOCTE K- cTy-
neHu rojoBoro rpaduka Harpy3kd [1C 1o npoxoDKUTEIBHOCTH HArpy30K
().

Cpennsis momHocTh 1IC 3a paccmaTpuBaeMsblil epros (Tof) ormpene-
nseTcs mo hopmyie

Wnc
Pcp = T 1 (8)

rne P, — cpenusist montaocts [1IC (MBT); T — mymnTensHOCTS paccMaTprBae-
MOTO TIeproa (4).

Jls onieHKH cTeneHn HepaBHOMEpHOCTH Tpaduka padotsr [1C paccuu-
THIBAETCS KOAP(UIIMEHT 3an0NHEHUS

an = h = i , (9)
Pmax 'T Pmax

r1€ Ksan — KOG GupeHT 3amonaenns rpaduka Harpy3ku [1C; Pryax — Makcu-
ManbHas Harpy3ka [1C 3a paccmarpuBaemsrit mepuon (rox) (MBT).

Koaddrmment 3anonmnenus rpaduka Harpysku [IC mokasbpiBaer, BO
CKOJIBKO pa3 ormymieHHoe ¢ muH [1C Konn4ecTBo 3JIeKTpOIHEPTHH 3a pac-
CMaTpUBAEeMbIi IEPHOJI MEHBIIIE TOTO KOJIMYECTBA AIIEKTPOIHEPTHH, KOTOPOE
6b110 ObI oTIYyIIEHO ¢ muH [1C 3a To *Ke BpeMsi, eciiu Obl Harpy3Ka yCTaHOBKH
BCe BpeMsi Obl1a Obl MakcuMasibHOW. OYeBHUIHO, YTO YeM paBHOMEpHeE rpa-
¢buK, TeM OIrKe 3HAUCHUE Kaay K SAMHHIIE.

st xapakrepuctuku rpaduka Harpy3ku [1C monb3yrorcst yclioBHOU
MIPOIOJDKUTEIBHOCTBIO UCTIONB30BaHHS MaKCUMaJIbHOW Harpy3KH

W P.T
T, =—e=-2_—k .T, (10)
Pmax Pmax

rze Tmax — IPOJOIDKUTENLHOCT HCIOIB30BaHUsI MAaKCUMyMa Harpy3KH (4).

Orta BeJIMYMHA TTOKa3bIBAET, CKOJIBKO YacOB 332 pacCMaTpHUBAeMBbIN I1e-
puon T (rom) ycTaHOBKA JHODKHA ObLTa OBI paboTaTh ¢ HEU3MEHHON MaKCH-
MaJIbHOH Harpy3KoH, 4To0s! oTIycTuTh ¢ IuH [1C neficTBUTEN HOE KOJIYe-
cTBO anekTpodHeprun Wy 3a 3TOT epro/T BpeMeHH.

4.1.5. I'paduk MOJTHOH MOIITHOCTH MOACTAHIHHA

ITocrpoenue rpaduka monao# morrHOCTH 1IC HEOOXOAMMO IJIS BBI-
6opa tpanchopmaropos Ha I1C.

PaccunthiBaeTcs cpeaneB3BemicHHbIH Ko3dduiment momuoctu [1C
JUTSL KQXKIOH CTYIEeHH rpaduKa Harpy3Ku
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- Ry -€os @y + Py -C0S @, +...+ B, -Cos @,

CoSQ .. = , (11)
ne(i)

Pl(i) + Pz(i) +.o.+ Pn(i)
rIe COS ¢ne(i) — CPEOHEB3BENIEHHBIN K03 duitreHT mourHocTr T1C i-ii cry-
niend; PGy, Pag), ... Pni) — 3HaYeHMs aKTUBHON MOITHOCTH i-i CTYIICHH TIO-

tpeduteneii [IC (MBT); COS @1, COS @2, ... COS ¢n — 3HaUCHHS KO3 PHIIHeHTa
MotHocTH nmotpeduteneit I1C.

[Monnas momHocTh [IC xaxkmoi crynenu rpaduka omnpenessiercs 1o
dopmyie
_ Pnc(i) , (12)

COSP,i)

rae Spei) — MonHas MOMHOCTH i-it crynenn [1C (MBA); Py — cyMMapHast
akTuBHas MomHOCTH [1IC (MBT).

[To moTyYeHHBIM 3HAYEHHAM Syc(i) CTPOSTCS CYTOYHbIE rpadpuKy Mo
Hoit MomrHOCcTH [1C 32 3UMHMIA ¥ IETHUN TEPHOABI.

Snc(i)

4.2. Bo10Op ri1aBHOI cXeMbl MOACTAHIIUT

BbI100p T1aBHOH CXEMBI SIBISIETCS ONPEASISIONINM PU MPOESKTHPOBa-
Huu 3nexkrpuueckoit yactu [1C, Tak kak OH onpeaessieT NOMIHbIM CocTaB 3Je-
MEHTOB U CBA3el Mex 1y HUMU. CXeMa JIEKTPUYECKUX COESIUHEHUI MpOeK-
tupyemoii [1C nomkHa y1oBIeTBOPSTH CIEAYIONINM TPEOOBAHUSM:

HUMETh JOCTAaTOYHYIO HAJIEKHOCTD;

OBITH IPOCTOM, HATIISAIHOM;

OBITH DKOHOMHUYHOM;

HUMETh BO3MOXKHOCTh PaCIIUPEHHS.

OmHMM U3 BOXHEHIINX NMPHHILUIIOB OCTPOCHUS CETH, 00eCTeuynBaro-
KX TpeOOBaHMS HAZIKHOCTH U MUHUMYMa MPUBE/ICHHBIX 3aTPaT, SIBISETCS
yHUUKaIUs KOHCTPYKTUBHBIX pemennit o [1C. Heo6XoauMbIM yciaoBueM
JUI 3TOTO SIBJIICTCS THUIM3ALUSA TIIaBHBIX CXEM 3JIEKTPUUECKUX COEIUHEHUH,
OTIpeNIeNAIONNX TEXHUUECKUE PEeIIeHUs IPU IMPOEKTHUPOBAHUH U COOPYXKe-
Huu TIC. Tunossle cxemsl yrBepkaeHsl OAO «®CK EDC» 20.12.2007 r.
(CTO 56947007-29.240.30.010-2008) [6].

I'maBHas cxema anextpuueckux coeaunenniit [1IC BeiOMpaercs ¢ wuc-
MTOJTb30BaHMEM THIIOBBIX cxeM PY 35-750 kB, Hamenmux mmpoxoe nmpume-
HEHHE IIPU IPOEKTUpOBaHKH. Ha prc. 2 mpuBeieHbI TUIIOBBIE CXEMBI pacIpe-
JIEeNUTEeNBHBIX YeTpoiicTB 35—750 kB, a B Tab1. 1 — mepeueHs cxeM u ob6IacTu
nx npuMeHeHus. bonee noapoOHbIe pyKOBOJCTBA 110 BEIOOPY IIABHBIX CXEM
I1C npusenensi B [3, 6].
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Tabmuna 1
TunoBsle cxeMbl pacHpenenuTeNbHbIX yeTpoicTB 35—750 kB
Ne | HaumenoBanue Ob1acTh MPUMEHEHUS JlonoaHUTENBHBIC
CXEMBbI U, kB | Cropona | Komn-Bo YCIOBHsA
Inc MIPHUCO-
enuHse-
MBIX JIU-
Hui
1 2 3 4 5 6
1 | Bnok (ymmams — | 35-220 BH 1 1. Tynuxossre I1C, nu-
TpaHchopma- TaeMble JTUHUEH 0e3 oT-
TOp) C pa3beau- BETBJICHHH.
HUTEJIEM 2. Oxsar TpaHchopMa-
Topa JMHEHHOM 3amu-
TOW CO CTOPOHBI IIUTa-
IOILET0 KOHIIA MITH TIe-
penada TeNneoTKIIIoUaro-
IIET0 UMITYJIbCa
3H |bnok (uaus — | 35-500 BH 1 TymuKoBEIE U OTBETBU-
TpaHchopma- tenbHble [1C
TOp) C BBIKIIIO-
qaTenem
4H | [JIBa 61o0Ka ¢ 35-500 BH 1 TyHHUKOBbIE  OTBETBH-
BBIKITIOYATE- tensHbIe [IC
JISIMU ¥ HEaBTO-
MaTHYECKOI
NepeMBbIYKOl co
CTOPOHBI JIH-
HUM
SH |Mocruk ¢ Bol- | 35-220 BH 2 [poxoausie I1C npu
KITFOYaTeIsIMU B HEOOXOIMMOCTH COXpa-
LETISAX JINHUH 1 HEeHUsI B paboTe TpaHC-
PEMOHTHOH T1e- (hopMaTopoB IpH 110-
PpeMBIUKOIL co BpexaeHnu Ha BJI
CTOPOHBI JIH-
Huil
SAH |Mocruk ¢ BeI- | 35-220 BH 2 IMpoxonusie I1C npu

KIFOYaTeIsIMU B
LETISIX TPAHC-
(dopmaropoB u
PEMOHTHOM 11e-
PEMBIUKOIf co
CTOPOHBI

HEOOXOMMOCTH COXpa-
HEHMS TPaH3HTa IPH
HOBPEXIEHUU B TPAHC-
¢opmarope
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TpaHchopMaTo-
poB
6 3axon — Bexox | 110— BH 2 1. IIpoxoansie TIC
220 2. HauanbHsblif 3Tan 60-
JIee CJI0KHOM CXEeMBl
6H | TpeyroibpHHK 110- BH 2 1. {ns omHOTpancdop-
750 maropusix I1IC 110-220
kB
2. Jns I1C 330-750 kB
KaK Ha4albHBII dTamn
OoJiee CIIOKHBIX CXeM
7 | Yersipexyromas- | 110- BH 2 1. AnpTepHaTuBa cXe-
HUK 750 MaM «MOCTHUKa JJIs
I1C 110-220 xB
2. HaganpHslit 5Tamn 60-
JIee CIIOKHBIX CXEM ISt
TIC 330-750 kB
8 | ecrmyromns- 110- BH 4 Juis yznoseix I[1C
HUK 330
9 | Opna cexuno- | 35-220 BH, 3 u 6onee | KonnuectBo pamuanb-
HUPOBAaHHAs CH, HeIX BJI He Gonee ox-
CcUCTEMA IIIHH HH HOM Ha CEKIHIO
9H | OnHa cexumo- 110- BH, 3 u 6onee | To ke, uTo u 1t 9, HO
HUPOBAHHAs 220 CH [IPY MOBBIIIEHHBIX Tpe-
cyucTeMa IIMH © 0OBaHMIX K COXpaHe-
MOKITIOYCHUEM HUIO B paboTe TpaHc-
TpaHchopmaro- ¢dhopmaTopos
POB uepe3 pa3-
BUJIKY U3 BYX
BBIKJIIOYATENIeH
9AH | OxHna cekuuo- 110- BH, 3 u 6onee | To xe, uTo u it 9, HO
HUPOBAHHAs 220 CH [IPY MOBBIIIEHHBIX Tpe-
cHUcTeMa IINH © 0OBaHHSX K COXpaHe-
MOKITIOYCHUEM HHIO B paboTe TpaHc-
OTBETCTBEHHBIX thopmaropoB u 0cobo
MpUCOEIUHE- OoTBeTCTBEHHBIX BJI
HUil yepes «1o-
JIyTOpHYIO» Iie-
MOYKY
12 | Oana paGouas 110- BH, 3 u 6onee | 1. Konuyectro paau-
CEKLIMOHHUPO- 220 CH anpHbIx BJI He Gonee
BaHHasA U 00- OJTHOM Ha CEKLHUIO
XOJIHAs CH- 2. HepomycTuMOCTh OT-
CTEeMBI LIWH KITFOYCHHS TIPHCOETU-

HEHHUI IIpU IJIAHOBOM
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PEMOHTE BBIKITFOYaTe-
nen

3. [Ipu Hanuuuu
YCTPOMCTB ISl TITaBKH
roJiojesaa

12H | Ogna pabouas 110- BH, 3 u 6onee | To e, uto u g 12, HO
CEKIIHOHHUPO- 220 CH [PH MOBBIIICHHBIX TPE-
BaHHasA U 00- OOBaHMAX K COXpaHe-
XOJHAsl CH- HHIO B paboTe TpaHc-
CTEMBI ILIMH C (opmaTopoB
MIOAKITIOYEHUEM
TpaHchopmaro-
poOB uepe3 pas-
BUJIKY U3 IBYX
BBIKJIOYATENIEH
13 | [ABe Hecekuo- 110- BH, 3 u Gonee | [Ipu HEBBIIOTHEHIH
HUpPOBaHHBIE 220 CH YCIIOBHH TS IPUMEHE-
CHUCTEMBI IIUH HUs cXeMbl 12
13H | /Be pabouneu | 110— BH, 3 u6onee | 1. To xe, uro u st 13,
00X01Has CU- 220 CH HO TIPH HEIOIMYCTHMO-
CTEeMBI LIKH CTH OTKJIFOUCHUS TIPH-
COEIMHEHU NP TU1a-
HOBOM PEMOHTE BbI-
KJroyaresnei
2. [Ipu Hanuuuu
YCTPOMCTB JUIs TUTaBKH
royojena
14 | dBe cexkumonn- | 110-— CH Bonee 13 | To xe, uto u g 13H
pOBaHHbBIE CH- 220 MOIIHBIX y3710BbIX [1C
CTEMBI ILIMH €
00X01HOM
15 |Tpancdopma- 330- BH, 330-500 | OTcyTcTBHE IEpCIIEK-
TOpBl — mMUHEI ¢ | 750 CH kB —4; | TuBBI yBenHUYEHHS KO-
MIPUCOEUHE- 750 xB — | muuectBa BJI
HHUEM JINHUH 3
yepes3 1B Bbl-
KJII0YaTeIIst
16 |Tpancdopma- 220— BH, 5-6 -
TOpBl —MUHEI C | 750 CH
IOy TOPHBIM
MIPUCOCIUHE-
HUEM JIMHUH
17 |TlonmyTtopHast 220- BH, 6 u 6onee | —
cxema 750 CH




16

4.3. Be10op TpaHchOpMATOPOB MOACTAHIINA

Cunossle TpaHcdopMaTopsl, ycTaHaBiuBaemble Ha [IC, mpenHasHa-
YeHBI IJIs1 TPeoOpa3oBaHuUs IMEKTPOIHEPTUH C OJHOTO HANPSDKEHMS Ha Jpy-
roe. Haubompiree pacmpocTpaHeHne NOMy4Irin TpexdasHsie TpaHchopMa-
TOPBI, TAK KaK MOTEpH B HUX Ha 12—-15 % HIKe, a pacxXoj] aKTUBHBIX 3JIEMEH-
TOB M ctouMocTh Ha 20-25 % MeHblle, YeM B TpYyIIe TpeX OXHO(pa3HBIX
TpaHc(opMaTopoB TaKOM Ke CyMMapHOW MOIITHOCTH.

Konuyectso ycranasnuBaeMbix Ha I1C TpaHc(hOpMaTOpoOB ompeaess-
eTcsl TpeOOBaHUSMH K Ha/Ie)KHOCTH 3JIEKTPOCHAOXKEHUs IOTpeduTeIel, nu-
taromuxcs ot I1C, a Takxe xapaktepoM cBsi3u IIC ¢ sHEprocucremMoit.

B mpaktuke npoekrupoBanus Ha [1IC pekomeHmyercs, Kak HpaBHIIO,
yCTaHOBKa JBYX TpaHC(HOPMATOPOB.

[Tpumenenne ognotpancdopmaropusix [1C momyckaercs:

B Ka4eCTBE IEPBOTO ITaIa COOpYKeHHs AByxTpaHchopmaroproii T1C,
IIPH 3TOM Ha NeproJ pabOTHI OIHOTO TpaHC(hOopMaTopa JODKHO OBITH 0Oec-
MICUYEHO PE3EPBUPOBAHNE IEKTPOCHA0KEHHS NOTPEOUTENEH 10 CETSM BTO-
PUYHOTO HAIPSKEHUS,

JUTS TUTaHUS TOTPEOUTENICH, TOMYCKAIOIINX TIEPEPBIB dJICKTPOCHA0XKe-
HUS Ha BpeMsi, JOCTATOYHOE JJIsl 3aMEHbI TIOBPEXICHHOT0 TpaHcopmMaropa
(HanpuMep, HACOCHBIE CTAHIIMU OPOILIECHUS 3EMEIb).

YcranoBka 6osee n1Byx TpaHcdopmaropos Ha [1C nmpumensiercs:

Ha [IC npoMBIIUIEHHBIX TPENNPUATHH, €Cli HEOOXO0AUMO BBIICIHTH
T10 PEXXNUMY pabOThI TOITYKOBBIC HATPY3KH (HAIPUMED, SJIEKTPOIIEUN);

ecny 1enecoodpazHo ucnonb3oBanue Ha [IC nBYX cpemHHUX HampsKe-
Hui (Hanpumep, 220/110/35/10 kB);

€CITH JJIs1 IOKPBITHS HAarpy3KH HEOCTAaTOYHO MPEAETbHON MOITHOCTH
JBYX TpaHC(OPMATOPOB IO CYIIECTBYIOIIEH IIKaIE;

Ha JeicTByromeil apyxrpanchopmaTtoproit I1C mpu pocte Harpy3ok
CBEpX pacUETHOI'0 YPOBHS IO COTJIACOBAHHUIO C 3aKa3YHKOM;

€CITH ISl TTOBBIILICHNST HAJI@KHOCTH AJIEKTPOCHA0KEHHs TIOTpeOuTenei
10 TpeOOBaHMIO 3aKa34yHKa IeJieco00pa3Ha YCTaHOBKA TpeX TpaHchopmaTo-
PpoB.

Ha neyxtpancdopmaropnoii [1C onpenensroniuM siBisieTcst ociieana-
PUIHBIA PEXUM, MOITOMY MOIIHOCTh KaXIOro TpaHc(opMaTopa BhIOHpa-
eTcs 110 YCIIOBHIO

S
S, >—mx (13)
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rae S, — HOMUHAIIbHAs MOIIHOCTh TpaHchopmaTopa (MBA); S . — Mak-

cuMmanbHas nojiHas moirHocTh [IC (MBA), onpenensiemas o CyTOYHBIM Ipa-
¢dukam (3UMHEMy U JieTHeMy ) ostHOM MomHocTH [1C.

Tpanchopmartopsl, BEIOpaHHBIE 110 yCiaoBHIO (13), 00ecneynBaroT mu-
TaHue Bcex notpedureneii [1C B HOpManbHOM pexuMe IpH ONTHMAITBHOM 3a-
rpy3ke 1o 70 %, a B mocieaBapuilHOM peXMMe OCTaBIIMKCS B paboTe 0JuH
TpaHcdopmarop obecrnieunBaet nutanue norpedurenei [1C ¢ yuerom mormy-
CTHMOI1 aBapuiiHOU Tieperpy3ku 10 40 %.

B ciryuae, ecom 1a I1C HeoOXxoauMa opraHu3anyst KOMIIEHCAUH Peak-
THBHOH MOIIHOCTH, B hopmyJte (13) BMeCTo MaKCHMaIbHOH MOJIHOH MOIIHO-
ctu I1C cnepyer nmoacTaBisTh MAaKCUMAJIbHYO MOIHYT0 MomHOCTh I1C ¢ yue-
TOM KoMneHcupytomux yctpoicTs (KY), paccantannyro mo gpopmyie

Sr;ax = \/Pmax2 + (Qmax _QKy )2 J (14)
rae S'max — MakcuManbHas rmosinas MourHocTs [1C ¢ yuetom KY (MBA); Pmax
— MakcuMaJbHas akTuBHast MOIIHOCTH [1C (MBT); Qmax — MakcuMaibHas pe-
akTuBHas MomHocTh [IC (MBap); Q« — MOLIHOCTH KOMIIEHCHPYIOIINX
ycrpoticts IIC (Maap).

MorurHocTs KoMneHcHpyouux ycrpoiicTs I1C onpenensercs mo Belpa-
KEHHIO

QKy = Qmax _Qac ! (15)

rae Q,c — peakTHBHAsI MOITHOCTB, KOTOpast MOXKET OBITh 9KOHOMHUYHO BIaHA
sHeprocucremoii (MBap).

BennunHy peakTHBHOI MOIIHOCTH, KOTOPasi MOXKET OBbITh IKOHOMHYHO
BbIJIaHA HEPTOCUCTEMOM, MOXKHO PACCUUTATh MO HOpMyJie

Q. =R 199 . (16)
rre tg @5 — 6a30Boe 3HaUCHHE KOI()(PHIHUEHTA PEAKTHUBHONW MOIIHOCTH (IIpH
mutaanu 11C Ha Hanpspkennn 110 kB u Beime npuanMaetcs paBHbM 0,5;
npu MeHbIneM HanpsokeHud — 0,4).

ITo Tabiuiam crpaBOYHHUKA NIPUHUMACTCS ONmkaiiinas TpaHchopma-
TOpHasi MOIITHOCTh ¥ THII TpaHchopmaTopa. [Ipu BeiOOpe THna Tpanchopma-
TOpa CIEAyeT YYUTHIBaTh HEOOXOAUMOCTb €ro 00eCIe4eHns] BO3MOKHOCTH
ABTOMATHYECKOI0 U3MEHEHHS KO3 duIeHTa TpanchopMaluy Mo Harpys-
KOH.

Ecnu MomHOCTS BEIOpaHHOTO Tpanchopmatopa cocrasisier 25 MBA u
Gosiee, TO HEOOXOJMMO NMPUHHUMATh TPAHC(HOPMATOPHI C pacIICIUICHHBIMU
00MOTKaMH 1O HU3IIEH CTOPOHE C 1IEIbI0 OTPAaHNUCHUSI TOKOB KOPOTKOT'O 3a-
MBIKaHHSL.
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4.4. PacueT NMUTAIOIIUX JJUHUM HIeKTponepenay

B BBICOKOBOJIBTHBIX BO3IYIIHBIX JHHUAX (BJI), Kak mpaBHiIo, HCIONb-
3yetcs mposoz Mapku AC (pekoOMEeHIanu 1Mo BEIOOPY MapKH MPOBOJIA ITHTA-
foreit BJI mpusenenst B [3]).

[Ipu mpoextupoBanmu BJI Hanpsoxernem 10 500 kB BKIIOUHTENBEHO
BBIOOD CeUeHHs IPOBOJIOB MPOU3BOIAMTCS IO HOPMHUPOBAHHBIM 0000LICHHBIM
noKazaTessiM. B kauecTBe Takux MOKa3aTesiei MCIoIb3y0TCs HOPMUPOBAH-
HBIE 3HAYEHHST DKOHOMHYECKOM MIOTHOCTH TOKa [3].

CymMMapHoOe ceueHre poBoJoB (a3sl nutaronield BJI paccuntriBaercs
o opmyie

F=2, (17)
JH

rae F — rjie cymmapHOe cedenue poBooB (asel (MM2); |, — pacyeTHBIi TOK

suHuk (A); ju — HOPMUPOBaHHAas IUIOTHOCTH TOKa (A/MM?), onIpesenseMas 1o

Tabm. 2.

Tabnuma 2
HopMupoBanHble 3HaU€HUs MIIOTHOCTH TOKa 11 BJI
ILnoTHOCTH TOKa (A/MM?) U YKCJIE YACOB MCIIOJIB30Ba-
[IpoBogauKH HHS MaKCHMyMa Harpys3ku (1)
1000-3000 3000-5000 6osee 5000

HewusonuposanHele
MpOBOJA Y LINHEIL:

Me€JIHbIE 2,0 1,7 14

AIIOMHAHHEBBIE 1,0 0,9 0,8

3HaYeHHE PACYETHOrO TOKA JINHUM ONPEAETSIETCS IO BBIPAKECHHIO
=1 a, (18)
rae |s — TOK TUHKUN Ha IATHIA ToJ] ee SKCIUTyaTallid B HOPMaJIbHOM PEXIMe
(A); 0i — k03 GHUIMEHT, yYUTHIBAIOIINI U3MEHEHNE HArPy3KH IO TOJ1aM 3KC-
IUTyaTalyy JIMHUH, 0t — KO3((GHUINCHT, yYUTBHIBAIOIINH YUCIIO YAaCOB HUCTIONb-
30BaHMs MaKCUMaJIbHOU Harpy3ku BJL
Tox MuHNM Ha NATHIN TO/1 IKCILTyaTallK OIPEeIeTCs 110 BBIPAXKEHUIO

SBH
Iy = N (19)
Howm
rie Syy — MOJIHAs MOIIHOCTH nuTatotiei BJI B pexumMe HanOombIIUX HArpy-
30K Ha mATBHIA roj Jkciutyaranuu (BA) (Moxer ObITh OllCHEHa MpUOIIH-
xkeHHO); Uyon — HOMUHATBHOE Hanpshkerue BJI (B).
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3HaueHne o MOXKET OBITh IPUHATO paBHEIM 1,05. 3HaueHHe 0 IPUHU-
MaeTcs 10 TabJ. 3 B 3aBHCUMOCTH OT KoaddunuerTa K,,, oTpaxkaromero y4a-
cThe Harpy3kd BJI B MakcuMyMe SHEpProCHCTEME.

Tabnwuma 3

VYcpennenHsie 3HaueHUs KOG PUIEHTA Ot

3HadeHue ot NP YUCJIE YACOB HCIOIb30BaHUS
Usion, KB Ku MakcuMyMma Harpysku BJI (1)

1o 4000 4000-6000 6oxee 6000

1,0 0,8 1,0 13

35-330 0,8 0,9 1,2 1,6

0,6 1,1 15 2,2

1,0 0,7 0,9 11

500-750 0,8 0,8 1,0 14

0,6 09 14 1,9

Ha ocHoBe paccunTanHoro ceueHus npososa ¢asel F o cripaBouHHUKyY
MIPUHUMAETCsl OJrpKaiiliee CTaHNapTHOE CeYeHHE NMPOBOJHNKA BBIOpAaHHON
MapKH.

Bribpannoe ceuenne nposona BJI 10mKHO yHOBIETBOPSATH YCIOBHIO
Harpesa B MOCJICaBapHIHOM PEXUME

1. =1

Jior HO ! (20)
e lyon — ATUTETBHO IOMYCTUMBINA TOK TpoBoAa (A); |, — MakcHManbHBIN
TOK MOCTICaBAPHIHOTO MIIM PEMOHTHOTO pexknMa (A), COOTBETCTBYIOIINIA OT-

KIIOYEHHUIO OJTHOM 13 muTaromux BJI.
4.5. PacueT TOKOB KOPOTKOI'0 3aMbIKAHHUS

Jlnst BEIOOpA M IPOBEPKU IEKTPUUECKHUX aAIIapaToB U MPOBOJAHUKOB,
ncnons3yembix Ha [1C, HeoOXoauMO POU3BECTH pacyeT TOKOB KOPOTKOTO
3ambikanus (K3). [Ipu 3ToM 00BIYHO TOCTATOYHO OIMPENEITUTh TOK Tpexdas-
Horo K3 B MecTe moBpekKIeHHS.

Jst GONBIIMHCTBA NPAKTHYECKHUX 3a1a4 pacueT TokoB K3 BenyT ¢ ps-
JIOM JOIYIIEHHH, KOTOPBIE 3HAYUTEIBHO YIPOIIAIOT PACYETHI, HE BHOCS IPH
9TOM CYILECTBEHHBIX IIOIPELIHOCTEH, a JIUIIb IPUBOIAT K HEKOTOPOMY yBe-
nmueHnio TokoB K3 (morpenHocTh pacueToB Npy 3TOM HE MPEBbIIIAET J0Iy-
ctumbix 5-10 %).

Pacuer TokoB Tpex¢aznoro K3 BbinonHseTCs B CISIYIOMIEM MTOPSIIIKE.

1. CocraBusiercst pacueTHas CXeMa pacCMaTpHUBAEMOW 3JIEKTpOycCTa-
HOBKH M HAMEYaloTCs pacueTHble Touku K3.
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2. Ha ocHOBaHMHM pacdyeTHOM CXEMBI COCTaBISETCS SKBHUBAJICHTHAS
cXeMa 3aMEelICHUs.

3. OnpenensioTcs BEIMIHHBI COITPOTHUBIICHUH BCEX HJIEMEHTOB CXEMBbI
3aMEICHUS B OTHOCUTEIBHBIX WIIM IMCHOBAHHBIX CIUHUIIAX.

4. IlyreM mOCTENEHHOTO MpeoOpa30BaHUs OTHOCHTENBHO PACUETHOW
touku K3 npuBomsaT cxemy 3aMerneHus K Hanboiee mpocToMy BUAY, YTOOBI
KaXJbIil ICTOUYHHK MUTAHUS WM TPYIIIa UCTOYHUKOB, XapaKTePU3YIOLIAsICS
omnpeneIeHHBIMHU 3HaueHUIMU 3KBUBaICHTHOH DJIC E" s 1 yiapHOTO K03(h-
¢urmenta Ky, 65UTH CBsI3aHbI ¢ TOUKO# K3 0JHUM pe3yIbTUPYIOIIAM COMPO-
TUBJICHHEM Xpes.

5. OnpenensioT HavyanbHOE AEHCTBYIONIEE 3HAUCHHE TEPHOIUIECKOM
cocrasisironreit Toka K3 o, yaapHslit TOK iy, 1 IPH HEOOXOIMMOCTH — TIEPH-
OJMUYECKYIO U allepHOANIECKYI0 cocTaBisttomue Toka K3 s 3ananHoro mo-
meHTa BpemeHH t (Int 1 ar).

B kypcoBoM mpoexTHpoBaHHH pacdeTHble TOYKH K3 1OIKHBI OBITH
HaMEYeHBI Ha IIMHAX PaCHpeNeNuTeNbHbIX yeTpoiicTB I1C BrICOKOrO 1M HU3-
KOTO HalpsDKEHHUS.

Pacuer ToxkoB K3 MOXeT OBITh OCYIIECTBIICH B CHCTEME OTHOCHTEIIb-
HBIX WJIM UMEHOBAHHBIX €IMHHIAX. B dJIeKTpHYECKUX CeTsX HanpsHKeHHEM
Boilie 1 kB pacuer yoOHee BeCTH B CHCTEME OTHOCHTENBHBIX €MHUII, HIKE
1 kB — IMeHOBaHHBIX.

Mertoauka pacuyera TokoB K3 moapo6Ho paccmotpena B [2].

4.6. Bp100p 1 MpoBepKa JIEKTPOOGOPYA0BAHMUS MOACTAHIINA

Bce anexrpudeckue anmapartsl 1 TokoBeayimue yacty Ha [1C 1omKkHbI
OBITH BHIOpAHBI IO YCIOBUSAM JIJIHTEIBHON pabOTHI M MPOBEPEHBI MO yCIIO-
BusMm K3.

ITpu BBIOOpE ammapaToB M MPOBOIHWKOB YUHWTBHIBAIOTCS CIEIYIOIINC
(baxTopsI:

POJl YCTaHOBOK (B TIOMEILIEHHH HJIK OTKPBITOM BO3JIyXe);

TEeMIIepaTypa OKpYy>Karoleil cpeapl;

BJIAXKHOCTb U SanH?:HéHHOCTb aTMOC(bepr WJIA TIOMCIICHUS

rabapuThl, Bec anmapara 4 yAo0CTBO €ro pa3MeLeHus B paclpeneiy-
TEJIbHOM yCTPOUCTBE;

CTOMMOCTb armapara.

W3omsiunst aeKTpUYEeCcKUX alllapaToB M Kadesel JoKHa COOTBETCTBO-
BaTh HOMHUHAJIBHOM HAINPSHKCHUIO YCTAHOBKH, ISl YETO JOJDKHO OBITH BBI-
TIOJTHEHO YCIIOBHE:

U_<u (1)

yer — HOM
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rie Uyer — HOMHHAIBbHOE HanpshkeHne ycTaHoBKH (KB); Uyon — HOMUHAIB-
HOE HaNpsDKEHUE alapaTa Wik IpoBogHuKa (KB).

C y4eToM nepednciIeHHbIX (paKTOPOB TOJDKHBI OBITH OIPENIeNICHbI pac-
YETHBIC YCJIOBHS [UIS AINapaToB U MPOBOAHUKOB IIPOEKTUPYEMON JIEKTPO-
YCTaHOBKH, @ IMEHHO: PacUeTHbIE Pab0oune TOKH NPUCOETMHEHUH 1 pacdeT-
Heie Toku K3 (paccunTaHbl B IPEeIBIAYIIEM pa3iene).

3HaveHHs paboYUX TOKOB IPHCOCIMHEHNI HEOOXOAMMBI LI BHIOOpA
annapaToB M IIPOBOJHHUKOB 10 paboueMy pexumy. Pabounii pexum nenurcs
Ha HOPMAJIBHBII U yTSHKEICHHBIN.

[Mon HopmanvubiM pedrcumom yCTAaHOBKH TMOHMMAIOT PEXHM, Tpery-
CMOTPEHHBIN IUIAHOM JKCILUTyaTalnd. B HopMankHOM pexnme (yHKIMOHHU-
PYIOT BCE DJIEMEHTHI JaHHOM 3JIEKTPOYCTaHOBKU 0€3 BBIHYKJICHHBIX OTKJIIO-
YEeHUH 1 0e3 Ieperpy3ox.

Ymsascenennvim pesxcumom Ha3pIBaeTCS PEKUM IPH BEIHYKICHHOM OT-
KITIOUEHHUH YaCTH NIPUCOCANHEHNH BCIIEICTBHE UX ITOBPEKACHHS HIIN B CBA3H
¢ mpoduiIakTuuecKkuM peMoHToM. IIpu 3TOoM paboune TOKM APYTHX MPUCO-
€IMHEHUH MOTYT 3aMETHO YBEJIMIUTHCS.

HpOBO]lHI/IKI/I " anmnapaTtsbl, YAOBJICTBOPAIONIUE YCIOBUAM HHHTGHBHOﬁ
paboThI, JOJKHBI OBITH IPOBEPEHBI 10 yeiaoBusaM K3. Diekrpuueckue armma-
paThl U IIMHHBIE KOHCTPYKLMHU PACIPECIIUTENBHBIX YCTPOUCTB IPOBEPSIOT
Ha 3JIEKTPOANHAMUYECKYIO U TEPMHUYECKYIO YCTOHYMBOCTh. OTKIIOYArONIHe
anmnapaThl (BBIKJIIOYATENN U T.J.) AOTIOJIHUTEILHO MPOBEPSIOT MO OTKIIIOYa-
touiei ciocodbHocTH. B Tab:1. 4 npuBeneHs! (haKTOPbI, yUUTHIBAEMBIE IIPH BbI-
6ope anexTpuueckux anmnapaTos [1C, ycinoBus BBIOOpa 1 IPOBEPKH dIIEKTPH-
YEeCKHX alllapaToB U3JI0KEHBI Jajee.

Tab6muua 4

®DaKTopsl, yIUTHIBaEMbIe IPU BHIOOPE IEKTPUUECKUX aNapaToB
(«+» — yauTbiBaeMble (paKTOPBL; «—» — HEYIHTHIBAEMBIC;
«(+)» — yUUTBIBaeMBIC B YACTHBIX CIIyJasiX)

Homu- HHa-
Homu- A Tepmu- | Kommyra-
HaJlb- MHUe- Harpyska
Tun snexrpuye- HaJlb- yeckas | LUOHHAs
HOE . CcKast N BTOPHYHBIX
CKOI0 armmnapara HBII o CTOH- | croco0- .
Harnpsi- CTOH- nenen
TOK KOCTb HOCTb
JKCHHE KOCTb
Brikiouarens + + + + + -
Pa3peanHuTeND + + + + (1) —
Koporko3ambika-
OpOTKO3a. a + B + + B B
TeJb
OtaenuTensb + + + + (+) —
[Ipenoxpanurens + + — - + -
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OrpaHnuuTENH + B B B + B
HIepeHANPSDKECHUS

Tpancdopmarop + + + + _ +
TOKa

Tpauchopmarop + 3 B 3 3 +
HaIpsUKSHUs

4.6.1. PacueTHble yCJIOBMSI IJIsl MPOBEPKH aNnapaToB
U NPOBO/IHUKOB 110 padoueMy pe:kuMy

Pacuer pabounx TOKOB HOPMAIFHOTO U YTSHKEIEHHOTO PEKUMOB HEOO-
XOJMIMO TIPOM3BECTH Ha BceX ydacTkax cxeMsl [1C, Te ocyImecTBIsieTcst BbI-
00p anmapaToB WM IPOBOJHHUKOB. PacdueTHrIe pabodne TOKH MPHUCOETUHE-
HHUM onpeessioTes no-pasHoMy Aisl pa3nudsbix dmeMeHToB [IC. C nensio
YIPOIICHHS PACYETHI MOTYT OBITH OCYIIECTBICHBI IPUOIMIKEHHO.

J171st OMMHOYHBIX TIPUCOEAMHEHHI paO0Unii TOK YTSHKEIICHHOTO PEKUMa
COOTBETCTBYET TOKY HOPMAJIbHOTO PEXKHUMA, T.€.

S
., === 22
HOPM \/5 . U . ( )
Iyr;m( = IHopM ' (23)

i€ luopw — TOK HOpMATEHOTO peXkuMa (A); lyrmx — TOK YTSHKEIEHHOTO peKUMa
(A); Smax — MakcuMalIbHas IOJTHAS! MOIIHOCTB, IIepeiaBacMasi 4epes3 MpHco-
eMHeHue Wi rpymmy npucoeauHeHni (A); Uyow — HOMUHAIBHOE HAIPsKe-
HHUE PACCMaTPUBAEMOT0 Y4acTKa 3JIeKTpOycTaHoBKH (B).

ITpn HeCKONBKNX MAPAJUICTBHBIX MPUCOSANHEHUSX YTSKEICHHBIN pe-
MM BO3HHKACET B CITy4ac OTKIIOUCHHE OJHOTO U3 HUX, T.C.

S
= 24
n-«/3-U (24)

HOM

HOpM

o= (25)

yIDK n_l HopM !
rze N — KOJIWYECTBO MapalIeNIbHbIX IPHUCOEIUHEHNH.
4.6.2. Bp10op M npoBepKa MINH
B otkpoiThiX PY 35 KB ¥ BbllIe TPUMEHSAIOTCSI THOKUE LIMHBI, BBITIOJI-

HEHHBIC MTpoBoIaMu Mapku AC, 001agaroIne MajabiM YICIbHBIM COIPOTHB-
JICHHEM WM XOpOIIeH MEXaHHYeCKOH MPOYHOCTHI0. CeueHre TMOKOM IIMHEL
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OPY BH nmpurnMaetcs, Kak IpaBUIIO, pAaBHBIM CEUCHHUIO MTPOBOJIA IPUCOCIH-
renHoi#t BJI. Cornmacuao ITYD rudkue muHBI TPOBEPSIOTCS HA TEPMHAIECKYIO
CTOMKOCTB M HE IIPOBEPSIFOTCS HA IIEKTPOIUHAMHYECKYIO CTOHKOCTD.

B 3akpeiteix PY 6-10 kB ommHOBKa 1 COOpHBIE IIMHBI BHITOTHIIOTCS
KECTKUMH AJFOMHHUECBBIMY IIMHAMU. MeIHbIE IMHBI H3-32 BEICOKOH MX CTO-
HMMOCTH HE MPUMEHSIOTCS 1aKe TP OOJIBIINX TOKOBBIX Harpyskax. Ilpu to-
kax 10 3000 A mpuMEHSI0TCS OHO- U ABYXIOJIOCHBIE IHHBIL. [Tpn Oonbimmx
TOKaX PEKOMEHYIOTCS HIMHBI KOPOOYATOTO CEUeHUs], TaK KaKk OHH odecre-
YUBAIOT MEHbIIME MOTepH OT 3ddekra OIU30CTH U MOBEPXHOCTHOTO 3(h-
(exTa, a TaKKe JydlIne ycaoBus oxyaxkaeHus. COOpHbIE IIMHBI U OTBETBIIE-
HUSI OT HUX K DJIEKTPHYECKHM armapaTaM (omunHoBka) 6—10 kB u3 npoBoa-
HUKOB NPSMOYTOJIBLHOTO WM KOpoO4aToro Npouiist KpersTcs Ha OMOPHBIX
(apdopossix uzomsTopax. Cornacao [1YD cOopHBIe MIKMHBI 37€KTPOYCTaHO-
BOK ¥ OIIMHOBKA B TIpeJiesiaXx OTKPBITHIX M 3aKPBITHIX PY Bcex HampspkeHHi
10 YKOHOMHYECKOH IUIOTHOCTH TOKa HE MpoBepsroTcs. Beibop cedenms
KECTKUX MPOBOJHUKOB IIPOU3BOANTCA 10 HATPEBY (II0 TOITyCTHMOMY TOKY),
UCTIONB3Ys B KAUECTBE PACUETHBIX TOKH YTSKEIEHHOTO PEXIMA, T.C.

I <l (26)

YISDK nom !
1€ |yon — IOMTYCTUMBIN TOK IUHBI BEIOPAHHOTO ceucHus (A).
IIpoBepka Ha TepMHUYeCKYI0 CTOHKOCTB. [IpoBepka BEIOpaHHOTO ce-
YeHUS MIMH Ha TEPMHYECKYI0 CTOMKOCTH mpu mpoTekanuu Toka K3 ocy-
LIECTBIISIETCA MO YCIOBHUIO

9.<9

K.jom (27)
rie $« — pacueTHas Temreparypa Harpesa mmHbl TOKOM K3 (°C); g on — 11O~
mycTHMas Temreparypa Harpesa muHbl pu K3 (°C) (a5 anroMHHHEBBIX
rHOKHX ¥ )KECTKUX MIMH MpuHUMaeTcs pasHoit 200 °C).

Jlist ompeneneHnst pacdeTHOI TeMriepaTrypbl MPOBOJHUKA MPEIBAPH-
TCJIbHO HAaXOJAUTCA TEMIIEpATypa NPOBOJHHUKA 1O MOMCHTAa BOSHUKHOBCHUA
K3 no popmyne

| 2
) T (28)

Jomn

l91-! = '90 + ('9;(011 - '90HOM
rae 9y — Temiiepatypa npoBoAHUKA 10 MOoMeHTa Bo3HukHOBeHHst K3 (°C); 9o
— Temmeparypa okpyxatomei cpensl (°C); $uon — MITUTEIBHO NOMYCTHMAS
teMneparypa nposoauka (°C) (s aqrOMHUHHEBBIX THOKHX U )KECTKUX LINH
npuanMaetcsi paBHoit 70 °C); Jouon — HOMHHANBHAS TEMITEPATYPa BO3IyXa
(°C) (8 pacuere npuHATH paBHOH 25 °C); Imax — MAKCHMAITBHBIN pabOUHii TOK
VTSDKEIEHHOTO peskuMa MUHBI (A); |yon — ITHTEBHO TOTYCTUMBINA TOK ITHHBI

(A).
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[To xpuBoOIA, IpeACTaBICHHON Ha pHC. 3, UCHONB3Ys HalIEHHOE 3HaUe-
HEE Jy, OTIPENENSETCS CIOXKHas QYHKIUS TeMieparypsl posoanuka fy (°C)
J10 MOMeHTa BO3HHKHOBeHMs K3.

#°C
250

200
6,———1-*+—/
150 '

100 /
L -
50 =

M

0 50 700 750;%C

Puc. 3. KpuBast onpenieneHus TeMIepaTypsl HarpeBa IIpOBOJHHKA IIPU
KOPOTKOM 3aMbIKaHUH

CrnoxHast GyHKIHS TeMIIepaTypbl NPOBOJIHMKA MPH IPOTEKAHUH TOKA
K3 ompenensercs mo BeIpakeHUIO

fo=f ¢ (29)

K H 2

rae f — caoxHas GyHKIMsS TeMrepaTypbl IPOBOAHKUKA [TPH MPOTEKAHUH TOKA
K3 (A); k — ko3¢ duipeHT, yUUTHIBAOLINI yISTbHOE COMPOTUBICHUE U (-
(PEeKTHBHYIO TETIIOEMKOCTh IPOBOJIHHUKA (JJIs A JFOMUHHMEBBIX IIIMH ¥ TIPOBO-
JIOB TIPUHSTH paBHbIM 1,054); B, — ummyJbe kBagpatnuroro toka K3 (kA2-c);
g — ceYeHHe MPOBOAHIKA (MM?).

Nmmynsc kBagpatnaHoro Toka K3 onpenemnsiercst mo BeIpaXeHHIO

B =1,° -(tmﬂ +Ta) , (30)

rae |, — Ha"JanpHOE 3HaYeHHE TEPHUOAMYECKON COCTABILIIONICH TOKA TPEX-
¢aznoro K3 B paccmaTprBaemoii Touke cxeMbl (KA); tonn — BpEMs OTKIIIOYE-
HUS 3JIEKTPOYCTAHOBKH, PABHOE CyMME BPEMEHU JEUCTBUSI OCHOBHOM pelleii-
HOM 3allUTHl ¥ BPEMEHH OTKIIIOUEHMS BBIKJIFOYATENS (MOXKHO NPHUHSTH PaB-
HeM 0,16...0,20 ¢); T, — HOCTOSHHASI BpEMEHH 3aTyXaHHUs arepHOIMYSCKON
cocrasistroniei Toka K3 (c).

ITo xpuBO#, IpeAcTaBIEHHON Ha pHUC. 3, UCHONb3Ys HallIEHHOE 3Haue-
Hue f, ompepensercs KOHEUHOE 3HAYCHHE TEMITEPaTypbl IPoBOAHUKA 3y (°C)
B pexxume K3.
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IIpoBepka Ha 3JIEKTPOAMHAMHYECKYH) CTOMKOCTb. JKECTKHE 1LIMHBI,
3aKperIeHHbIE Ha M30JIATOPAX, MPEACTABISIOT COO0H TMHAMUYECKYIO KOJIe-
0aTenbHYIO CHCTEMY, HaXOISIIYIOCs IO BO3/ICHCTBHEM DIIEKTPOANHAMUYE-
ckux cuit. Hambombiree yaenpHOe YCHIINE B 0OHONOIOCHOU TITUHE TIPHA TPEX-

¢daznom K3 onpexnensercs mo BEIpaskeHHIO
2

i
f=43 mﬂ% : (31)

rae f — Hanbonbinee yaensHOE yCHre B OJHOIOIOCHOI IHHE pH Tpexdas-
Hom K3 (H/m); iy, — ymapusriit Tok tpexdasuoro K3 (A); a — paccrostie
Mexay hazamu IUHEL (M).

PaBHOMepHO pacmpeneneHHas cuna f cozmaer m3rubaroniii MOMEHT
(mMHA paccMaTpHuBaeTCs Kak MHOTOIpOJIETHAs Oalika, CBOOOTHO Jiearnas
Ha 0II0pax), onpeaeIseMbli 1o popmyie

f.l?
M = , (32)
10
rae M — usrubaromuit MoMeHT, co3aaBaemMbiil muHoi (H-m); | — mnHa mpo-
JIeTa MEX/y ONOPHBIMH M30JISITOPAMH ITUHHOW KOHCTPYKIIHH (M).

Hanpspkenne B MaTepuase IIMHBI, BO3HUKATOIIEE IIPH BO3JCHCTBHH U3~

rHOAIOIIeT0 MOMEHTA, PACCUUTHIBACTCS 0 hopMyIie

M
Tpaox = (33)
TJIE Opacy — HANIpsDKeHUE B MaTepuaine muHsl (MIla); W — MoMeHT conpoTHB-
JIGHUSI IIUHBI OTHOCUTEIHLHO OCH, TEPIEHANKYJIIPHOW NEHCTBUIO YCUIHS
3
(em?) [2].
[IuHBI MEXaHUYECKH MPOYHBI, €CJTH BBITIOIHSETCS YCIOBHE

O-pac'i S O.uou ' (34)

TIE Opon — JOMYCTHMOEC MEXaHHUYECKOE HAMPSDKCHHE B MaTepualie IIHH
(MITa).

IMpu BBIOOPE APYTOTO THIA KECTKUX IIIMH METOIMKA WX MPOBEPKU Ha
SIIEKTPOTMHAMUYECKYIO CTOWKOCTD TIPOM3BOIUTCSI COTIIacHO [2].

4.6.3. BbI0Op M MpOBepPKa YJIEeKTPUYECKHX aNNapaToB

B cooTBeTcTBUU C MPUHATON cXeMOM aneKkTpudeckux coeaunerui [1C
B KYpPCOBOM IIPOEKTE Ha CTOpPOHE BhICOKOro HampsbkeHus [IC mocratouHo
MIPOM3BECTH BBIOOP M IPOBEPKY pazbeIUHUTEIICH, BBIKIIOUATEICH, OrpaHu-
yuTened NEePEeHANpPsDKEHU M KOHTPOJIBHO-U3MEPUTENIBHON  anmaparypsl
(TpaHcdopMaTopsl TOKa 1 HAIIPSDKEHUsI, ©3MEpUTEbHbIE Tpudops!). Ha cro-
pore Huzkoro HanpspkeHus [IC mocratouno ompexenuth Tun siueek 3PY, B
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KOTOPBIX YCTAQHOBJICHBI Pa3beANHHUTEINH, BBIKIIOYATEIH, OTPAaHUYNTEIH TIe-
peHaNpsDKEHUH M KOHTPOJIBHO-M3MEpUTENbHAs anmnaparypa (Tpancdopma-
TOPHI TOKA ¥ HANIPSDKCHNS, N3MEPUTEINbHBIE ITPUOOPHI).

BrIOpaHHBIE 21€KTPUUECKHUE aNapaThl IPOBEPSIOT HA yCTOHYUBOCTD B
pexxume K3. Ilpu BEIOOpEe KOMMYTAIIMOHHBIX AlapaToB CIEAYET OPUEHTH-
poOBaThCA HA YCTAHOBKY B OTHOM pacIpeeInTeIbHOM YCTPOICTBE OJHOTHII-
HBIX allllapaToB, YTO YIPOIIAET UX 3KCIUIyaTalnuio. B kypcoBoM npoekre 110-
CTaTOYHO IIPOU3BECTH pacueThl 10 BHIOOPY OJHOTO armapara KakIoro
HalMEHOBAHUs, paboTAaIOLIETO B HAUXY/IINX YCIOBHAX.

Bri6op pasbenunuresieii. Beioop pazbequHuTENEH OCYIIECTBISETCS
10 HA3HAYEHUIO U POAY YCTAHOBKHU, KOHCTPYKTUBHOMY MCIOJIHEHUIO, HOMHU-
HaJIbHOMY HaNpsDKEHUIO U JUINTENILHOMY TOKY. VX MpOBEpSIOT MO 3IEKTPo-
JUHAMUYECKON U TEPMUUECKON CTOMKOCTH.

PesynbraTtel BeIOOpa paspeauuureneii I[IC 3aHOCATCS B pacdeTHYyIO
tabi. 5 (rae Uyer — HalpsDKEHHE ceTh B MecTe yCcTaHOBKH (KB); Uy — HOMH-
HaJlbHOE HampspkeHue anmaparta (kB); lpacs — pacdeTHBI TOK Ha JaHHOM
y4acTke cXeMsl (A); lyon — HOMHHAIBHBIN TOK anmapara (A); iy, — pacH4eTHbIN
yIapHbIil TOK Tpexdasnoro K3 Ha qaHHOM y4acTke cXeMblI (KA); iym — HOMH-
HaJIBHBIN TOK DJIEKTPOAMHAMHUYECKOHN cToiKkocTH ammapara (kKA); Bx — pac-
YETHBIH TETIOBOI MMITYJIbC TOKa K3 Ha 1aHHOM ydacTke cxeMbl (KAZC); lupc
— TpEACTBbHBIN TOK TEPMHUYCCKON CTOMKOCTH ammapara (kA); t; — JuTens-
HOCTh NPOTEKaHMsI TOKAa TEPMHUYECKON CTOMKOCTH (¢) (IpU HampsHKEeHUU
35 kB n HMKe NPUHATH PaBHBIM 4 ¢, IpH HanpshkeHuu Beiie 35 kB — 3 ¢)).

Tabnwuma 5
Pacuernas Tabnuma BEIOOpa pa3beJUHUTENCH
VcnoBus Tun PacuerHrlie Karamoxuabie
BBIOOpa Ppa3beIUHUTETS JTaHHBIC JTaHHbBIE
UyCT < UHOM
Ipac‘l S IHOM
iy}'[ < | JIMH
BK < |np12't1:

Bri6op BhIkiIOUaTes1eii. BoiOOp BBIKITIOUATENEH OCYIIECTBISIETCS 110
HA3HAUYEHUIO0 U POAY YCTAaHOBKU, KOHCTPYKTHBHOMY HCIOJIHEHUIO, HOMH-
HaJIbHOMY HalpsDKEHHUIO, JUIMTENILHOMY TOKY M OTKIIOYarolel CrocoOHo-
cTd. BrikitouaTenyu npoBepsIOT MO 3JIEKTPOIMHAMUYECKON U TEPMUUYECKON
CTOMKOCTH.

PesynbraTter BeIOOpa BeIKIMIOWaTenel 1IC 3aHOCSATCS B pacdyeTHYIO
tabi. 6 (rae |y, — HayaapHOE 3HAYCHHE TEPUOINIECKOM COCTABIISIONICH TOKA
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tpexazHoro K3 Ha naHHOM y4acTke cXeMbl (KA); lyp.c — IPEeAETbHBIN CKBO3-
HOM TOK ammapata (KA)).

Tabmuna 6

PacdeTHas Tabnuiia BEIOOpa BRIKITFOUATECH

YcnoBus Tun PacuerHrle Karamoxxusie
BbIOOpa BBIKJTFOUATEIS JTaHHBIC JTaHHBIC
UyCT < UHOM

|pac-i < liiom

InO < Inp.c

iy}:( S i;U/IH
BK < |np12't1:

Bsi6op orpanuunTeseii nepeHanpsukeHnii. BeiObop orpanmumnTeneit
nepenanpsbkennid (OITH) ocymiecTBisieTcss Mo Ha3HAUYCHHWIO M HOMHHAJb-
HOMY HaIpsDKEHHIO.

PesynbraTel BeIOOpa orpannuuTeneit nepenanpsokernii [1C 3aHocsaTCS
B pacyeTHyIo Taom. 7.

Tabmuna 7
PacueTHas Tabnmuiia BEIOOpa OrpaHUIUTENCH epeHATIPSKCHUI
YcnoBus Tun PacuetHrle Karamoxuabie
BBIOOpA OITH JaHHbIE JaHHbIC
Uycr = Usiou

4.6.4. Bb10Op KOHTPOJIbHO-U3MEPUTEILHOI annapaTypsbl

KoHTponb Haji peXUMOM PabOThl OCHOBHOTO M BCIIOMOIATEILHOTO
o6opynoBanust Ha [1C OCyIIECTBISETCSI C MOMOIIBIO KOHTPOJIBHO-U3MEPH-
TENbHBIX MpuOOpoB. KoNM4ecTBO 3IEKTPOU3MEPHUTENLHON ammapaTypsl,
ycranasinBaemoii Ha [1C, 70MKHO ObITh MUHUMAIIBHO BO3MOXHBIM IJIs1 00-
Jier4eHus 00CIyKUBaHMs, YIIPOLICHHS U yIEIIEBIEHNs] YCTAHOBKH, HO U JI0-
CTAaTOYHBIM JUIS TIPaBHJIBHOTO BEICHHS KCILTyaTalluH.

Br16op TpanchopmartopoB Toka. Tpancdopmarop Toka npenHa3Ha-
YeH JUIsl YMEHBIICHHS TIEPBUYHOIO TOKA JI0 3HAYCHUI, Hanbosee yJo0HbIX
JUISl I3BMEPUTENBHBIX IPHOOPOB U pelie, a TAKXKE JUIsl OTIENISHUS LieTed n3Me-
PEHUS U 3aIIUTHI OT IIEPBUYHBIX LIENel BHICOKOTO HANPSKEHHS.

TpanchopmaTopbl TOKa XapaKTepH3yIOTCS HOMHHAIBHBIM [TEPBUYHBIM
TOKOM l14ow (CTAHOAPTHAS MIKaJa HOMHUHAIBHBIX TEPBHYHBIX TOKOB COIEP-
®uT 3Ha9eHus oT 1 10 40000 A) ¥ HOMHHATBHBIM BTOPHYHBIM TOKOM l2yoy (1
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win 5 A). B 3aBUCUMOCTH OT TOKOBO# OTPEIIHOCTH H3MEPHUTEIBHEIE TPAHC-
(hopmaTopsl ToKa pa3aeneHsl Ha kinaccsl Tounoct: 0,2; 0,5; 1; 3 u 10.

Bri6op TpaHChOpPMATOpOB TOKA OCYLIECTBIISICTCS 1T0 HOMHHAJIBLHOMY
HaNpsDKECHNIO, HOMUHAIBHOMY TOKY (HOMHHAJIBHBIH IIEPBUYHBIN TOK JJOIKEH
OBITH KaK MOKHO OrKe K pabodeMy TOKY yCTaHOBKH, T.K. HEAOTPY3Ka Iep-
BUYHOH OOMOTKH NPUBOIMT K YBEJINUEHHIO TTOTPEIIHOCTEN ), KOHCTPYKIMU U
KJIacCy TOYHOCTH, 3JIEKTPOJUHAMUYECKOU CTOMKOCTH, TEPMUUECKOM CTONKO-
CTH M COIPOTHUBIICHUIO BTOPUYHOHN Harpy3ku Zp. YCIIOBHs BBIOOpa TpaHC-
¢dopmatopos Toka [1C npuBeneHs! B Ta011. 8 (rae luopv — paCUETHBIN TOK HOP-
MaJIFHOTO peXXHMa Ha JaHHOM y4acTKe cXeMbl (A); Z» — COPOTHBIIEHUE BTO-
pUuHOH Harpy3ku TpaHcdopmaropa Toka (OM); Zauom — COMPOTHBIICHNE HO-
MHUHAJIBHOW JIOIMYCTUMOM Harpy3Ku TpaHc(opMmaropa TOKa B BBIOpaHHOM
kiacce TogHocTH (OMm)).

Tabmuna 8

PacueTnas Tabmuma BeIOOpa TpaHC(HOPMATOPOB TOKA

VYcnosus Tum Tpanchop- Pacuernsle Karanoxusie
BEIOOpA MarTopa TOKa JIaHHbIC JTaHHBIE
UyCT < Usiom

| HOpM < linom

iyzl < iLmH
BK < Inp.tz't‘r
Z2 < Zouom

Paccmotpum nopsiiok pacyeTa CONPOTHMBIICHUST BTOPUUHON Harpys3Ku
Tpanchopmaropa Toka Z;. MHAYKTHBHOE CONPOTHUBICHHE TOKOBBIX ICTICH
HEBEJIUKO, IOATOMY Z; = I. BropudHas Harpy3ka COCTOUT U3 COIPOTUBIIC-
HUS PUOOPOB, COCAMHUTEILHBIX MTPOBOJIOB U MEPEXOTHOTO COMPOTUBIICHUS
KOHTaKTOB:

I,

> =1

npH6 + rn'pos + (35)

KOHT !

rze p, — aKTHBHOE COMPOTHBIICHHE BTOPUYHON HArpy3ku TpanchopmaTopa
(OM); I'ipus — aKTHBHOE COMPOTHBIIEHUE TPHOOPOB (OM); Inpos — AKTHBHOE CO-
npoTuBiieHue MPoBOJOB (OM); Fkonr — AKTHBHOE COMPOTUBIICHHE KOHTAKTOB

(Owm).
CormnpoTuBieHre MPUOOPOB OMPEALISIETCS MO BHIPAKEHUIO
S
_ “npub
rnpu6 - I 2 (36)

2HOM
r1e Sppus — MOLIHOCTB, HOTpebsieMas npudopamu (BA); lauom — HOMUHANB-
HBII BTOPUYHBIN TOK (A).
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Pacuer MOIIHOCTH HEOOXOIMMBIX HM3MEPHUTENBHBIX HPHOOPOB Sppus,
MOAKIIFOYaEMBIX K TpaHC(HOPMAaTOpaM TOKA, OCYIIECTBIISICTCS B COOTBETCTBY-
IO TabJHIe COTIIACHO PEKOMEHIAIUAM, U3JI0KESHHBIM B [2].

ConpoTHBICHUSI KOHTAKTOB Ionr IpUHUMaeTCs paBHbiM 0,05 OM npu
IBYX-TpeX M3MEpHUTEIbHBIX npubopax u 0,1 OM npu OonbireM BX Koimye-
CTBe.

COHpOTI/IBHeHI/Ie COCIMHUTECJILHBIX TIPOBOJI0OB rnpOB 3aBUCUT OT HX
JUIMHBI ¥ cedeHus. UtoObl TpaHcdopmarop Toka paboTan B BBIOPAaHHOM
KJ1acce TOYHOCTH, HE0OXOUMO BBIIEPKaTh yCIOBHE

e+l o+l <Z

npu6 TIPOB KOHT 2HOM ! (37)
OTKYZa MOXKHO HaWTH NOIyCTHMOE CONPOTUBIIEHUE COEIUHHUTENBHBIX IPO-
BOJIOB 110 YCJIOBHIO
Topos <Z (38)
Vcnonp3ys AaHHOE 3HAUYEHUE I'ypos, MOXKHO OIPEIETUTH HEOOXO0IUMYIO
IUIOIAb CEYCHHUS COCTUHUTEIBHBIX MPOBOIOB 10 (GOpMYyJIe

2nom ranG - rxom‘ '

q= & , (39)
TIpoB
e ( — HeoOXOMMMast TIONIAb CEYEHHs COEMHUTENBHBIX POBOJIOB (MM?);
p — YIENBHOE conpoTuBiIeHne MpoBoaa (OM-MMZ/M); lpacy — pacdeTHas mmHa
MPOBOOB (M).

IIpoBoaa ¢ MEIHBIMH KUIaMu, A1 KoTopsix p = 0,0175 Om-MM%/M,
NPUMEHSIOTCS BO BTOPHYHBIX LEMIX OCHOBHOTO U BCIIOMOTAaTENILHOTO 000-
pynoBanus Ha [1C c BeiciinM HampspkenueM 220 kB u Boitie. B octanbHbIX
Clly4asiXx BO BTOPHYHBIX LEISIX MPUMEHSIOTCS MMPOBOAA C aJFOMUHHEBBIMHU
xwuiamu ¢ p = 0,0283 OM-MM?/M.

PacuerHas fMHa TPOBOIOB 3aBUCHT OT CXEMBI COSTMHEHUSI TPaHC(Op-
MaTOpOB TOKA: MIPH BKIFOUCHUH B TIOJTHYIO 3Be31Y lpacy = |, IpH BKITFOUCHUH B
HETIONTHYO 3BE31Y lpacy = 3 1, npu BrIIOUeHNN B 01HY (azy lpaca = 2-1 (e
| — nIMHA COEMHMUTENBHBIX TPOBOIOB OT TPAHC(HOPMATOPOB TOKA JI0 MPHUOO-
poB (B oxuH KoHel) (M)). Bemuunny | MOXKHO NIPUHSITE 1S pa3iUYHbIX MPU-

coenuHeHnH 1o Tabn. 9 (i moACTaHIMI yKa3aHHBIC UTHHBI CHIDKAIOT Ha
15...20 %).

Tabmnwuma 9

JlnnHa COeAMHNTENBHBIX IPOBOAOB OT TPAHC(HOPMATOPOB TOKA

HaumeHnoBanue u HanpsKeHHE YCTaHOBKU Jnuna, M

Jluamn 610 kB x morpedurensim 4...6

Bce nenu PY 35 kB 60...75
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Bce nenu PY 110 kB 75...100

Bce nenn PY 220 xB 100...150

Ecnu HeoOxoanMast muioniagb CeUeHUsl COSTMHUTEIBHBIX MTPOBOIOB (
MojryunjiaCb MEHbBIIEC MUHHUMAJIBHO AOIMYCTUMOI'O 3HAYCHUA IO MECXaHHUYC-
ckoit mpouHocTy (2,5 MM? — I MEIHBIX, 4 MM? — JJIS &TIOMMHHEBBIX), TO
MIPUHUMAIOT MUHUMAIIBHO JIOMYCTHMOE 3HAYCHUE 10 MEXaHWYEeCKOW Mpod-
Hoct. Ecii HeoOXouMas IIoIajh ce4eH s IPEBBINIAET 6 MM2, TO HEOD-
XOIUMO MPOM3BECTH IIepepacyeT ¢ OPYIUM KOJHMYECTBOM H3MEPHTEIBHBIX
pUOOPOB MITH CXEMBI COSIMHEHHS TPaHC(HOPMATOPOB TOKA.

Hcnonb3ys BEIOpaHHOE CEUCHUE COSTUHUTENBHBIX TIPOBOIOB (, HEOO-
XOIUMO PacCUUTaTh CONPOTHUBIICHUE COSTUHUTEIBHBIX IPOBOJIOB [pos M BTO-
PHUYHYIO Harpy3Ky TpaHC(HOPMATOPOB TOKa Zo.

Br16op TpanchopmaTopoB Hanpsi:kenusi. TpaHchopmaTop HanpsKe-
HUA NPCAHasHAYCH JIA MMOHMKCHUA BBICOKOI'O HANPsKECHUSA OO0 CTaHIapT-

noro 3uayenns 100 wim 100/ ﬁ B, a takke /14 oTAETIEHUS LIeTiel u3Mepe-

HUSI M PENICHHOMN 3alUThI OT MEPBUYHBIX LIETEH BHICOKOTO HAMPSKEHHSL.
TpanchopMaTopbl HAMPsSKEHUsT XapaKTEPH3YIOTCS HOMHHAJIBHBIMHU

3HAYCHUSAMHU MEPBUYHOrO HANPSDKEHHUS Uinoyw, BTOPUYHOTO HATPSDKEHUS

Usznon (100 1 100/+/3 B), koodpuumenta tpancdopmatiiu K = Urow/Uziow.
B 3aBHCHMOCTH OT MOTPEIIHOCTH PA3IMYAOT KIACChl TOYHOCTH TPaHC(Op-
MatopoB Hanpspkerus: 0,2; 0,5; 1; 3.

Bribop TpancopMaTOpoB HAIPSDKEHHST OCYIIECTBISCTCS MO HOMHU-
HAIBHOMY HAIpPSKCHUIO, KOHCTPYKIIMM M CXEME COCIWHCHHS OOMOTOK,
KJIACCy TOYHOCTH M BTOPUYHOW Harpyske Sy. YcinoBus BeIOOpa TpaHcdopma-
topos Hanpsprenus [1C nmpusenenst B Tabi. 10 (rae Sz — MOIHOCTD BHEIITHEH
BropuuHoit nenu (BA), Souow — HOMUHATIBHAS MOIIHOCTH TpaHchopmaropa
Hanpsokenus (BA)).

Ta6muma 10
Pacuernas Tabiuma BeIOOpa TpaHC(HOPMATOPOB HATIPSKESHUS
VYenoBus Tun tpancdopmaropa Pacuernbie Karanoxusie
BbIOOpA HaIpPSHKEHUS JTAaHHbBIE JIAaHHbBIE
UyCT < Usion
S < Sonom

Jlist oripesiesieHust MOIIHOCTH BHEITHE! BTOPUYHOM LienH TpaHcdopma-
TOpa HaNpsDKeHUS S, HE0OXO0ANMO paccYUTaTh MOIIHOCTh M3MEPHUTENIBHBIX



31

IpUOOPOB  Sppus, MOJKIIOYAEMBIX K TpaHchopmaTopy. Pacder Sppus ocy-
LICCTBIISICTCS. B COOTBETCTBYIOIICH TAaOIUIIE COrTIACHO PEKOMEHAAIMAM, U3-
JIO)KEHHBIM B [2].

Ecnn BTOpMYHAs Harpys3ka TpaHc(opMaTopa HANPsDKEHHS Sp NPEBHI-
[IaeT HOMHHAJIBHYIO MOIIIHOCTb B BRIOPAaHHOM KJIacCe TOYHOCTH, TO YCTaHaB-
JIMBAIOT BTOPOH TpaHc(OpMaTOp HANPSDKEHUS M YacTh M3MEPUTEIBHBIX TIPH-
0OpOB NPUCOETUHAIOT K HeMY JIH00 MepecMaTpUBAaIOT IepeYeHb MOKII0Ya-
€MBIX U3MEPHUTENIBHBIX TIPHOOPOB.

4.6.5. Bbioop TpaHc(OpMATOPOB COOCTBEHHBIX HYK/I

Jist ompeneneHust oOuield MOIIHOCTH TOTpeOHTeNiell coOCTBEHHBIX
Hyxn1 I1C cocraBisieTcss COOTBETCTBYIOIIAS TAOIHIA 3JIEKTPUIESCKUX HArpy-
30K coOcTBeHHBIX HyX A [1C cormacHo peKOMEHAAIUAM, H3I0KSHHBIM B [2].

MomTHOCTh TpaHC(POPMATOPOB COOCTBEHHBIX HY K] BRIOHpAETCS IO 00-
e IIeKTPUYECKON Harpy3Ke MoTpeduTenelt COOCTBEHHBIX HYXKI:

Sa =k XR+2Q (40)

rie Seu — MOJTHAS MOITHOCTH MOoTpeduTeneit coocTBeHHBIX HYk 1 [1C (kBA);
Pi — akTuBHas1 MOIIHOCTH I-ro moTpedbuTens codcTBenHbix Hyxa [1C (kBT);
Qi — peakTHBHAsh MOIIHOCTH I-ro moTpedutenst coOCTBeHHbIX HY)a T[1C
(xBap); ke — koa(purment crpoca (MOKHO TPUHATH paBHEM (,8).

MorHOCTh TpaHcopMaTopa COOCTBEHHBIX HYMK OMPEACISIeTCS 10

ycmoBuro (ams nByxTpancopmaropHoit [1C)
S
S > 41
TCH.HOM 2 . O, 7 ( )
1€ Sicnnom — HOMUHAJIBHASI MOIITHOCTD TpaHC(HOpMATOpa COOCTBEHHBIX HYX/T
I1C (xBA).

ITo Tabnuiam crpaBOYHUKA MIPUHUMACTCS ONMkaiinas Tpanchopma-
TOpHAsI MOIITHOCTh U THII TPaHC(POpMAaTopa COOCTBEHHBIX HYXk . [loakmoye-
HHUE KQXKJI0T0 TpaHChopMaTopa COOCTBCHHBIX HYXK/] OCYIIECTBIISICTCS OTAki-
KOH K ITMHAaM BBOJIa CHJIOBOTO TpaHc(opMaTopa (10 BEIKIFOUYATEIST BBOJA)
4yepe3 pa3beIUHHUTENN U MPEIOXPAHUTEIH, YTOOBI TIPU MOaue HATIPSKCHUS
Ha CHWJIOBOW TpaHC(OPMATOP IMOSIBIIOCH M MUTAHUE LENEH ONMEpPaTUBHOIO
TOKA.
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MNpeanpuATUE UBETHOW MeTannyprum
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MpeanpusaTMe TEKCTUIILHOW NPOMBIWNEHHOCTH
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Puc. A7. Ilpeanpusitue TEKCTUILHON MPOMBIIIIEHHOCTH
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