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HNPEJUCJIIOBUE

B Meroanueckux ykazaHHUSX COAEPKUTCS MaTepuai Jjsl BBINOJHEHHS 33JaHUl Ha KypcOBOE
MIPOEKTUPOBAHUE AIICKTPUUECKOW YacTu mojcTaHiuil HampspbkeHueM 110 kB u Gornee, mmeromux
CBSI3b C PHEPrOCHCTEMOI Ha CTOpPOHE BhICUIET0 HampspkeHus. OObeM MpoeKTa yKa3aH B TUIIOBOM
3aJlaHUU Ha IPOEKTHPOBAHKUE, KOTOPOE BHIAAETCS MPENOIaBaTelIeM Ha OTAEILHOM OJlaHKE BMECTE ¢
UCXOJHBIMU JAHHBIMU Ha KYpCOBOM MPOEKT.

[TocnenoBaTenbHOCTh HM3JIOKEHUS MaTepUala METOAUYECKUX YKa3aHUHM COOTBETCTBYET
MTOPSAKY BBIIIOJIHEHHUSI Pa3/iesIOB paCYETHO-IIOSICHUTENBHOM 3aIIUCKU KypcOoBOro npoekra. [Ipu atom
HE CIEeIyeT paccMaTpuBaTh HACTOSAINME YyKa3aHWS B KadyeCTBE EIWHCTBEHHOIO M IIOJHOTO
WCTOYHMKAa HWH(POpMAIMK, HEOOXOIMMOTO JJisi YCIEIIHOW pa3palOTKU KypCOBOTO MPOEKTA.
B pabGote He craBuTCA Li€Nb MOAPOOHO PACCMOTPETH BBINOJIHEHHME BCEX Ppa3JIEiOB KypCOBOIO
npoekra. Takue TeMbl, Kak pacyeT TOKOB KOPOTKOTO 3aMbIKaHHUS, BBIOOp M IpPOBEpKa
AIIEKTPUYECKHUX allapaToB U Ap. MOJPOOHO U3JI0KEHBI B yUeOHOM JIUTEpaType.



1. Bb100p cTpYKTYpPHO# cXeMbl NOACTAHIMHU
Ha cTpykTypHBIX cXeMax IOKa3bIBalOTCS OCHOBHbIE (PYHKIIMOHAJIbHBIE YACTH IOJICTAHIINU
(Tpancdopmaropsl (aBTOTpaHCHOPMATOPHI), PACTIPEACTUTEIBHBIC YCTPOHWCTBA) M CBSI3H MEXIY
Humu (puc. 1). Dnextposneprust ot sHeprocucrteMbl nocrynaet B PY BH wu (uwmm) PY CH
MOJICTAHIIMH, 3aTeM TpaHchopMupyeTcss U pacnpenensercs mexay norpedurensmu CH um HH.
B 3aBucumoctu ot konuuectBa PY ycraHaBiuBaoT ABYX- WM TPEXOOMOTOUYHBIE TPAaHCHOPMATOPHI
WU aBTOTpaHCchopMaTopsl. THUMOBBIE BapHaHTBl CTPYKTYPHBIX CXEM IOJICTAHIIMM TPUBEIEHBI B

[21, 31
V

| PV BH | PY CH | PY BH
8 8 s
PY HH
Pq/ HH 6) I
a)

Puc. 1. [Ipumepsl CTpYKTYpHBIX CXeM MOJACTaHLMMN ¢ ABYMS (a) u Tpems (0)
pacnpeenuTeNbHbIMU YCTPOUCTBAMHU.

2. Bb10op cui1oBbIX TpaHchopMaToOpoB

Ha kpynHbIX NOJACTaHUMSAX CUJIOBBIE TpaHcpopmartopsl U aBToTpaHcopmaropsl (AT)
YCTAHABJIMBAIOTCS JJISl CBSI3U MEXAY pAaclpeAeuTeNIbHbIMU YCTPOUCTBAMU M JJISl NUTAHUS
Harpy3Ku COOCTBEHHBIX HYX]I.

Ha y37m0BBIX NOHIWKAKOIUX MOACTAHUUAX C JBYMSI WM TpeMs HaNpsLKEHUSIMU
YCTaHaBIIMBAIOT, Kak IpaBuiio, aBa Tpexdaszusix TC. Ilpu oTcyTcTBUUM B KaTtajmorax He0OX0IuMOro
[0 MOIIHOCTH Tpexda3zHOTro TpaHcopmaTropa JONYCKAaeTCs YCTaHOBKa Tpex(asHbIX Ipymnm u3
oaHo(dazubIx TpanchopmaTopoB. [Ipu 3TOM MOUTHOCTH OJHOTO TpaHchopMaTropa BeIOMpAETCs Ha
OCHOBAHWHU IIKAJIBl CTaHIAPTHBRIX MomHocTe# 10, 16, 25, 32, 40, 63, 80, 100, 125, 160, 200, 250,
320, 400, 500, 630, 800, 1000, 1250 MBA.

MoIHOCTh Kaxa0ro TpaHcopmaTropa BeIOMpAeTCs 0 CyMMapHOW Harpys3ke mnorpeduteneit
MOJCTaHIMU C yYETOM JIOIYCTUMOM nnuTenbHOl aBapuiiHoil neperpy3ku (40% 1o OTHOUIEHUIO K
HOMHUHAJILHOM MOIIHOCTH TpaHCcPopMaTopa).

B paMkax BBINOJHSEMOrO KypCcOBOTO IpOEKTa BBIOOp CHUJIOBBIX TpaHC(HOpPMATOpOB
OCYILIECTBJISIETCS B CJIEYIOLIEM TOPSIKE:

1. Paccuntars MakcuMalnbpHyt0 cymMMapHyto Harpy3ky norpeoureneit HH nu CH noacranuuun

SHZ‘ HH » SHZ‘ CH, UCIIOJIb3Ys BBIPpAXKCHUSA:
S = P+jP gy, SH2: SHZ.CH+ SHZ.HH;

2. OmnpenenuTh MaKCHMalbHYI0  HArpy3Ky COOCTBEHHBIX HYXKJ MOJACTAHIUU OS¢ Ha
OCHOBaHUM 3Ha4YeHWH Py u xodPduinmenToB ke M coSQy , 3aTaHHBIX B MCXOJHBIX JaHHBIX K
KypCOBOMY MPOEKTY, MPH 3TOM

Po= Py kew;

3. Paccuurarh MOIIHOCTBH, MOTpeOIsieMyr0 ToACTaHIMel co ctopoHsl BH Ha ocHoBanum

BBIPAKEHUI

SBH: SHF+ SCH; Sei = V(P*gu+ Q%gn) ;

4



4. OnpenenuTh pacueTHOE 3HAUYEHHUE MOIITHOCTU TpaHCchopMaTopa

Opuentupysicb Ha codyetanue HanpspkeHuit PY BH,CH u HH, mameTuTh K ycTaHoBke aBa
Tpexdasnpix TpaHchopmaTopa wid aBTOTpaHchopmaropa. Ilocieanuwe ycTaHaBIMBAIOTCS TPHU
coueranusax Hanpspbkenns BH u CH - 220/110 kB u 6o:ee.

JIist naHHOTrO Citydas:

Spacq = SBH/1,4 = 0, 71'SBH-

[lo Tabmuue karanora, cooTBeTCTBYIoIIeW HampsbkeHuto BH moacranuum, BeiOupaercs
Tpanchopmartop (aBToTpaHchopMaTop) ¢ HOMUHAIBLHOW MOIIHOCTBIO, Oivpkaiiiei OobIei 1Mo
OTHOIIIEHUIO K PACYETHOM:

SHOM 2 Spacu .

Ecnu B xatanore Het TpexdazHoro tpanchopmaTopa Mmoaxo el HOMUHATBHON MOIITHOCTH,
MOJKHO BBIOpaTh TPAaHC(OPMATOP MOIIHOCTBIO MEHbIIE Spicy. IIpH 3TOM HagO MpPOBEPHUTH BCE €ro
OOMOTKM Ha JONMYCTUMBIM MEperpy3 B peXUME OTKIIOUEHHUS Harpy3ok TpeTbed kareropuu. Jlousis
Harpy30K IepBOM M BTOPOM KaTEropui 3aJlaHa B UCXOJHBIX JAHHBIX K IIPOEKTY.

IIpu mpoBepke HaAAO  Y4YMTHIBaTh, UTO TPEXOOMOTOUYHBIE TpaHCcHOpPMATOPHI U
aBTOTpaHC(HOPMATOPbl MOTYT OBITH BBIMOJIHEHBI C PA3IUYHBIMH COOTHOIIEHUSMU HOMUHAJIBHBIX

momHocTel 06MoTok Sy / Seyy / Syy -

st tpancopmaropos sto: 100/100/100 %, 100/100/66,7 %, 100/66,7/66,7 %o.

Eciu B cmpaBoyHuke OTCYTCTBYeT HMHGpOpPMAIUS O COOTHOIICHHUH MOIIHOCTEH OOMOTOK,
MIPUHUMAETCS TIEPBBINA BapUAHT COOTHOIICHHUS.

Jns aBTOTpaHChOPMATOPOB OOBIYHO MOIMHOCTH  00OMOoTkM HH Hmke HOMUHAIBHOW H
yKa3bIBaeTCsl B crmpaBoyHUKe.  Eciam 3TO 3HaueHWe HEW3BECTHO, TO PEKOMEHAYETCS MPHUHSTH
OTHOCHUTEIbHYIO MOIITHOCTh 3TOH OOMOTKH

o =Su/ S, = 0,4,
HO HE OOJIBIINM, YEM 3HaU€HHE KOAPPUIIUEHTA BHITOTHOCTH
k6bl2 = (UBH - UCH)/ UBH-

Ecmu mo kartajmory He ymaeTcs momoOparh TpexdasHble TpaHCHOPMATOPhI HEOOXOIUMOM
MOIITHOCTH, TPUHUMAIOTCS K YCTAHOBKE OJIHA Tpymna 0gHO(a3HbIX TpaHCHOPMATOPOB (TPH U3 HUX
MMOCTOSTHHO HAXOJATCsl B paboTe, YeTBEPTHIN, HOPMAIbHO OTKJIFOUCHHBIN, HAXOIUTCS B PE3EPBE).

Jns sToro ciyyas:

Spacu = SBH /3

Ecoun u B 5TOM ciydae B KaTtajiore HET MOJXOJAIIETO TpaHcpopmaropa, MPUHUMAIOTCS K
YCTaHOBKE JBe TpexdaszHble Trpymibl oaHOGa3HbIX TpaHcpopmaTopoB. Tpedyemass MOILIHOCTh
0JIHOTO TpaHchopmaTopa

Spacq = 0, 71 SBH /3

5. Boinmosinuth npoBepky BbiOpaHHbIX TC Ha neperpys

Kax mpaBuno, nmpoBepka HeoOxoauma st TpexdasHeix AT. PacueTHBIM SBISIETCS PEXUM,
korga oquH AT OTKIIIOYEH, a OCTaBIIMIICS B pab0Te HECET MOJHYIO HArPy3Ky MOJICTAHINH, paboTas
¢ nomyctumbiM 40% neperpyzom. Harpy3ku na mmuax HH u CH ne mosmkubl nipeBbimars 140 %
HOMHUHAJILHON MOIIIHOCTH COOTBETCTBYIOIMIEH 0OMOTKH AT.

[Ipu mpoBepke 0OMOTOK Ha MEpPErpy3 MOKHO YIECTh BO3MOXXHOCTh OTPAaHUYCHHS Harpy30K 3
KaTerOpUH Ha IIMHAX TOICTAHIINH.

6. Eciu oomotrka HH wmnm CH nHamedeHHOro k BbIOOpY TpaHcpopMmaTopa OKas3bIBaeTCs
NeperpyKeHHOM, Hal0 BEIOpaTh TpaHcPopMaTop ¢ 00JIbLIEH HOMUHAILHON MOITHOCTBIO.

7. BoiOpath TpanchopMaTopbl COOCTBEHHBIX HYX T
STCH.HOM 2 SCH »
e Sen = VPP + Q% (cM. 11.2,3)
TpancdopmaTop coOOCTBEHHBIX HYXK] MOAKIIOUaeTcss K cOopHbIM mrHaM HH wnu x BeiBogaM
obmotok HH tpancdopmaropa cBsizu.



3. Bb10op cxem pacnpenesuTelbHbIX YCTPOMCTB

IIpu BeIOOpe cxem PY pykoBonctByrorcs pekomenaauusamu [9], [10] u [11]. B PY 6-10 kB
MPUMEHSIOTCS CXEMbl C OJHOM WIM JABYMS CHUCTEMaMu COOpHBIX IIMH B 3aBUCHUMOCTH OT
0COOEHHOCTEH AIEKTPUUYECKOI ceTH (Haluyue pe3epBUPOBAHUS 110 CETH, XapaKTepa norpedurenen
u 1p.). COopHbIE HIMHBI 0OBIYHO CEKIIMOHUPYIOTCS MO 4yuciy TpaHchopmaropos. [Ipu ycraHoBke
IBYX Tpex@a3zHbIX TpaHc()OpPMATOPOB WM JABYX TIpynn oAHO(MA3HBIX TpaHCPOPMATOPOB
IpeycMaTpuBaeTcs UX paszeibHas padoTa.

Jlia ymensiienust Benuuunbl Toka K3 B cetn HH npenycmarpuBaercss ycTaHOBKa peakTopoB,
yalle BCEero - B LIETSIX BBOJOB OT TpaHchopMaTopoB K mmHaM HH, pexe — Ha 0TXOaSMIMX JTUHUSAX
HH. Kpome Toro, pexoMeHmyercs: NpPHUMEHEHHWE TPEXOOMOTOUHBIX TpaHC(HOPMATOPOB C
MaKcUMaJIbHBIM 3HaueHueM UK, a Takke TpaHchopMaTopoB ¢ pacuieryieHHo oomoTkoit HH.

Jst PY 35-220 kB nipu yucne nmpucoenuHeHuid He 0ojiee 4-X peKOMEHIYIOTCS CIICTYIOIINE
CXEMBbI: CXeMa MOCTHKAa, CXeéMa TpEeyroJibHUKa WIM ueThlpexyroibHuka. g PY ¢ uuciom
MPUCOEUHEHHH 00Jiee 4-X MOTYT MPUMEHSATHCSA CXEMBI: C OJIHOM CEKIIMOHUPOBAHHON U 00OXOIHOM
CUCTEMAaMH ILHUH, C IByMsI OCHOBHBIMU U TpeTheil 00xoaHou cuctemoit muH. [Ipu atom s PY 35
kB o0xonHas cucremMa 1mIMH He mpenycmatpuBaerca. B PY ¢ nByMs OCHOBHBIMM U TpeTbei
OOXOJHOM cHCTEMOM IIMH TMpU YHUCIE MPUCOEIMHEHUH MeHee 12 cucreMbl IIMH HE
cekunonupyrotcs. [lpu umcne npucoenunenuit ot 12 g0 16 CEKIMOHUPYIOT OIHY paboOUyrO
cUCTeMY IIUH (IIPU 3TOM MOJy4aercs Bcero Tpu cekuuu). Ilpu uyucne npucoenunenuit 6osee 16
CEeKLMOHUPYIOT 00€ paboyue CUCTEMBI LIIMH, CO3/1aBasi TEM CaMbIM YEThIpe CEKIIUU COOPHBIX IIHUH.

st PY 330 kB u BbIIIe MOTYyT IPUMEHATHCS CIASAYIOMINE CXeMbl: TTosryTopHas (3/2) ¢ Tpems
BBIKJIIOYATENISIMU Ha Ka)K/Ible JIBa IPUCOEIMHEHUS, CXEMa C YEThIPbMS BBIKJIIOUATEIIIMHU Ha KaXK]Ible
TpH npucoenuHeHus (4/3), cxemMbl MHOTOYIOJIbBHUKOB U CABOCHHBIX MHOTOYTI'OJIbHUKOB.

B kypcoBoM mpoekTe paccMaTpuUBarOT BO3MOXKHbIE BapuaHThl cxeM PY u BbiOupaercs
HauboJjiee palMoHalbHasl cXxeMa. B oTIenbHbIX ciydasx, €Cild 3TO YKa3aHO B 3a/laHuu, cxeMbl PY
BBIOMPAIOTCS B PE3yJIbTaTe TEXHUKO-3KOHOMHYECKOIro cpaBHeHMs. [Ipu mpounx paBHBIX yCIOBUSAX
MPENNOYTEHNE OTJAETCsl CXeMe, TPeOYIoUIell MEHBIIEro Yucia ONepalui BBIKIIOYATEISIMU U
pa3beAMHUTENSIMU TIPU PEKUMHBIX U PEMOHTHBIX MEPEKIIOUEHHUAX, a TAKKE MPHU OTKIIOYEHHUH
MOBPEKJCHHBIX YUaCTKOB B aBapUHHBIX peKUMax.

[locne BbIGOpa cxem PY BbluepunBaeTcst yHpollEeHHAs MNPUHIMUINHMAIBHAS —CXeMma
noacraHiuy. Ha cxeme ykas3pIBaroTCsl BC€ CHIJIOBbIE TpaHC(GOPMATOpbl U KOMMYTAllMOHHBIE
annapatsl. [IpuMep Takoi CXeMbI IPUBEJEH Ha pUC. 2.

4. PacyeT TOKOB KOPOTKOI0 3aMbIKAHUS

3naueHusi TokoB K3 HeoOX0IuMBI Ui MPOBEPKU BBIOMPAEMBIX alIapaToB U TOKOBEIYILIHUX
yacteld Ha croiikocth K Toky K3. Ilepen Hawaiom pacuera HEOOXOJMMO OLIEHUTb pacUETHBIE
ycnoBus K3. [lns aTtoro cocraBisieTcss pacueTHash cXema, HaMEyaroTCsl MECTa pPaclojIOKEHUs
pacuetHbIx Touek K3 u onpenensercs pacuernsiii Bua K3.

Pacuetnas cxema mpeacTaBisieT CcOOOM  OMHOJNMHEHHYIO  JJICKTPUYECKYI0  CXEMY
MIPOEKTUPYEMOM MOJCTAHLIMU, B KOTOPYIO BKJIFOUEHBI BCE UCTOYHUKHU NMUTAHUS U BCE UX B3aUMHBIE
cBa3u. Ha cxeme HameuarorT pacuetHble TOukd K3, cooTBercTBYyromMe HanboJiee TsHKEIbIM
YCIIOBUSM IPOBEPKH HaMEUYEHHBIX K BbIOOpY ammaparoB. OOBIYHO ATH TOUKHM HaxXOJITCs Ha
cOoopHbIx MmMHaxX PVY kaxporo HampspbkeHus mnojactaHuuu. B kauectBe pacuetHoro Buaa K3
npuHUMaeTcs Tpexdaznoe wiu ogHogaznoe K3.

Jis ynoOcTBa Ha CXEMY HAHOCSTCSI OCHOBHbIE IapaMeTpbl ee 3jeMeHTOB. [Ipumep
pacdeTHOU cXeMbI IpuBEAeH Ha puc. 3 [2].

Pacuer ToxoB K3 mpousBoauTcs OAHMM U3 HpPaKTUYECKUX MeToA0B. Ilpu BbImonHeHun
HACTOSIILIET0 KypCOBOIO IPOEKTa PEKOMEHJYEeTCs HNPUMEHHUTb METOJl OTHOCHTEIbHBIX Oa3HMCHBIX
€IMHULl C TNpUONMKEHHBIM mpuBeAeHUEeM. llpu 3TOM pacueT NPOBOIUTCS C HEKOTOPHIMU
JOTYIICHUSIMA, KOTOPBIE CYIIECTBEHHO YIPOIIAIOT BBIUKCICHUsA, HO nalotr Ha 10-15 %
3aBBILIECHHBINA PE3YJIbTAT.
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Puc.2. ITlpumep ynpouieHHON CXeMbl MTOACTAHIINI

4.1. Pacuet ToxoB Tpexdaznoro K3

Cocrapnsiercs cxeMa 3amenieHus npsimoit nocnenosarenbHoctu (C3IIII) aist akTUBHBIX U
MHIYKTUBHBIX comnportuBieHuil. [lepuonnueckas cocrasistonias toka K3 omnpenensercs 6e3
y4eTa aKTUBHBIX COMPOTUBIEHUN CXEMbl 3aMEIEHHSI. AKTUBHBIE COIIPOTUBIICHUSI YUYUTHIBAIOTCSA
Ipu ompenereHuun yaapHoro Toka. C(Cxema 3aMelieHuss u3o0pakaercss B TOM K€
TornorpauyeckoM BHJE, YTO M pacyeTHas CXeMma, C 3aMEHOM YCIOBHBIX H300paxeHuiu
JJIEMEHTOB CXE€Mbl Ha CONPOTUBIEHUA OTHUX 7dyeMeHToB. Ha cxeme yka3bIBarTCA
CONPOTUBJIEHUS aOCOJIOTHO BCEX AJIIEMEHTOB, BIUAIOIINX HA 3HAYEHHS PACCUUTHIBAEMBIX TOKOB!
TpaHCcPOPMATOPOB CBSA3HU, SHEPTOCUCTEMBI U JIMHUU CBSI3U C HEH.

Ucrounukn Toka K3 3amemarorcs 3/IC u comportuBieHuem, a tpexoOmorounsie TC —
3BE3/I0M COTIPOTUBIICHU OOMOTOK.

Ha cxeme 3amenienns moKa3bIBalOTCS CONPOTUBIICHHS BCEX TPAaHCHOPMATOPOB U BCE CEKLIMU
muH PY HH. Ilpu 3TOM CEeKIIMOHHBIN BBIKJIFOYATEIb CYUTAECTCS OTKIFOYEHHBIM.

Y106HO BCe CONPOTHUBIIEHMS] HYMEPOBaTh M YKa3blBaTh MX 3HAYEHUS PSJIOM C HOMEPOM B
BUJIe ApoOu. B yncnuTene yka3pIBaeTCsl MHIYKTUBHOE COIPOTUBJICHUE, B 3HAMEHATEJIe — aKTUBHOE.

Hymepanus pacuetnsix Touek K3 Bepercs, HaunHas ot cOopHbIX muH BH.

[TocnenoBaTenpbHOCTh pacyeTa PEKOMEHIYETCS MPUHATH TakOW, 4TOObI MpPHU BBIUMCICHHUU
TOKOB B KaxJoW cuenyromeid Touke K3 wucnonb3oBaivuchk pe3ynbTaThl MpeoOpa3oBaHui,
[IOJIy4Y€HHBIE JUIsl IPEAbIAYIIEH TOUKH.
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Puc.3. IIpumep pacyeTHOM cXeMBbI

Ilepen wnHavamom pacdera HEOOXOIMMO 3aMaThCA Oa3WCHBIMH BenMYrHAMH. OOBIYHO
npuaumaercs S, = 1000 MBA wmwm 100 MBA. BasucHble HanpspKeHHs NPHHHAMAIOTCS Kak

CpPEelHHE HOMMHAJIbHBIEC HAIPSDKEHUS CTYNEHEH B pacdyeTHOM cxeme M3 cieayromero psazga: 3,15;
6,3; 10,5; 37; 115; 157; 230; 340; 515, 770, 1175 kB. bazucHbie TOKH ONIPEACTAIOTCS AT KX IO

CTyneHu HanpspkeHns u3 hopmyist amst Tpexdasnoii momuoctn Sy =+/3Us1 .
CONpPOTHBIIEHHUS 3IEMEHTOB CXEMBI 3aMELIEHHUS BEIYHCIISIOTCS TI0 CIEAYIOIMM (HOPMYJIaMm:
JInst BHEPrOCUCTEMBIL:
NHIyKTHBHOE CONTPOTHUBIICHHUE:

S5
S b

nC

Xosg = Xesu

rae X, - MHIYKTHBHOE COIPOTHBIICHUE CHCTEMBI B 0a3e €€ CHHXPOHHOM MOIIHOCTH, O.€.,
S,,c — CHHXpOHHAsi MOIITHOCTh dHeprocucteMsl, MBA.

O06e nocnenHue BEIUYUHBI COJIEPIKATCS B COCTABE MCXOHBIX TAHHBIX K KYpCOBOMY IIPOEKTY.
AXTUBHOE CONPOTHUBIIEHUE CUCTEMBI:

Vews = Xewg | (Xo/ T20).
[IpuBenenHas BbllIe popMysa IPUMEHUMA JJIs1 BCEX 3JIEMEHTOB CXeMbI 3amerieHus. Cpeanue

3HAYCHHA OTHOIICHUA JIsI OCHOBHBIX 3JICMCHTOB SJICKTPUUYCCKUX ceTel UMEIOTCS B CIIpaBOYHHKAaX.
MoO>KHO ITOJIF30BaThCS JaHHBIMU Ta6J'II/III, IMPUBCACHHBIX HUXKC.



Tabnuna 1 — 3HaueHust OTHOUICHUM X/7 B XapaKTEPHBIX TOUYKAX IEKTPUUECKON CUCTEMBbI

. OTtHoleHue

Mecto K3 u xapakrepuctuka 3JeKTPUICCKON 1EeTH r
Co6opubie muHbl 6—10 kB cranuuu ¢ reneparopamMu MoiHoCThi0 30—-60

40-80
MBT
3a nuHelHbIM peakTopoMm 10 100 A, npucoeMHEHHBIM K COOPHBIM IIIMHAM 20-60
COopHbIe LIMHBI TOBBIIIEHHOTO HANPSDKEHUS CTAaHLIMU ¢ TpaHchopMaTopaMu 30-60
MorHocThio 100MB-A (B enunuIe) u BoIie
To xe ¢ TpanchopmaTopamu MomrHOCTHIO 30—100 MB-A (B equnmIEe) 20-50
COopHbIe LIMHBI BTOPUYHOTO HAIPSDKEHUS MOJICTAHIUH C
TpaHcpopmaTopamu MouiHocThio 100 MB-A (B equnuMIle) U BBILIE; 20-40
conpoTuBiieHne TpanchopmatopoB coctarisieT 90% u BoIlIe
PEe3yJIbTUPYIOLIEro CONpoTHBIIEHU 10 MecTa K3
To xe ¢ TpanchopmaTopamu MomrHOCTHIO 30—100 MB-A (B equnmIEe) 15-30
Touku cucTeMbl, yJaJIeHHbIE OT T€HEPAaTOPOB (COOPHBIE IIMHBI BTOPUYHOTO
HaIpsLKEHU MoicTaHuu ¢ TpaHcpopmaTtopamu 20 MB-A u Huxe, cOopHbIe <15
IIMHBI OJICTAHIIUHU B PaCIPEICIUTEIbHBIX CEHSX U JIP.)

Tabmuma 2 — Cpennue 3HadeHust oTHOMmEHus x/7 st JIDI
Un, kB 3 6 10 20 35 110 150 | 220 | 330 | 500 | 750

x/r 0,2 | 04 0,6 1 1,4 3 4 6 8 14 19

JIJist OTHOTIETTHOM JIMHUHU AJIEKTPOTIepe Ay ITUHOM [

15
x./? - xnoel 2
U6

T/€ X;0, — IOTOHHOE (YJIETFHOE) CONMPOTHBIICHUE MPOBOA JUHUH, OM/KM.

[ToroHHOE COMPOTHBIICHHE 3aBUCUT OT MapKd NPOBOjAA. B HAcTOSIIEM KypCOBOM IPOEKTE
JOIYCKAETCs TOJB30BAThCSA CICAYIOIUMUA CPEHUMU 3HAYCHUSAMHU WHIYKTHBHOTO TIOTOHHOTO
conpotunenus: mist auaui 110 kB — 0,4 Om/xm; 220 kB — 0,41 Om/km; 330 kB —0,32 Om/km; 500
kB — 0,3 Om/kM.

[Ipu pacuere TokoB K3 mist TpanchopmMatopoB HOMHHAIBHOM MOIITHOCTHIO OoJiee 40 MBA

Fiwg = X | (X0 /Ty ),

3HaYEHUEM aKTHBHOI'O CONPOTHUBJIEHUS OOMOTOK MOXHO MpeHeOpedb U pacueT CONpPOTUBICHUN B

OTHOCHTEIbHBIX 0a3UCHBIX CANMHUIAX BBIIIOJIHATD IO CIACAYIOIIUM HUKC (bopMynaM

*
075 (MKB—H + Upg_c “Uic_n ) * S5

Xpus = ;
B*6 100 m*S,
X = 0’5*(MKB—C T U n _MKB—H)* S6 .
ce 100 m*S,,,
X = 0’5*(MKB—H T Uy _MKB—C)* S6
Hxo 100 m* S

HOM



m*P *S.

7. =0,6% ;
oo 1000*(m*S,, )’
sk sk
’”&620:4* m* F, S6 ~;
1000*(m*S,,,)
sk sk
rH*6:OD * m })K S6

1000*(a*m*S,,.)"

HOM

3neck m = 3 — KOIMUYECTBO OAHO(DA3HBIX TpaHM(POPMATOPOB B Tpex(pazHoii rpymmne. B ciyyae
BBIOOpA Tpex(a3Hbix TpanchopmaTopoB m=1.

a - oTHOCUTENbHAas MotHOCTh 00MoTKH HH (1.4 pazgena 2)

Px = Px3 —notepu K3 s oomotok B-C, mpuBeneHHbIE B CIPABOYHHUKE.

OOBIYHO 3HAYEHUE X(* OYEHb Majo JuOo oTpuuarenbHO. B 00oux ciyyasx ero npuHUMaroT
PaBHBIM HYIIIO.

B BhimenpuBeneHHBIX QopMynax ug BbIpaxkeHO B %, Px—kBt, §—B MBA.

Jlanee HeoOXomuMoO mTpeoOpa3oBaTh CXEMY 3aMEIICHHS CHadala i HMHIYKTHUBHBIX
CONPOTHBIIEHUH, a 3aTEM [yl aKTUBHBIX CONPOTUBJICHHUI, CBEpHYB €€ OTHOCHUTEIbHO TOUKH K3,
Haxojsmelcs Ha cOopHbix muHax BH (touka K1). CBopauumBanHue cXeMbl MPOU3BOJIUTCS IO
dopmynam, usBecTHbIM U3 TOD, u npuBeneHHsiM B [1]. [Ipu mpeoOpazoBaHuM CXEMBbI CIEIyET
YUUTBIBaTh TOJBKO T€ COMPOTHUBIIEHNUS, IO KOTOPHIM MPOTEKAET TOK OT UCTOYHHKA B TOuKy K3.

Cnenyer UMETh B BHJy, YTO OOBIUHO C Li€JbI0 YMeHblIeHHUs TokoB K3 Ha HanpsbkeHuu 6-10
kB mojacranmmii TpancpopMaropsl CBsI3U paboTaroT pasnaenbHO co ctopoHsl HH  (cexkumonHbIN
BBIKJIIOYATENh HOpMaibHO OTKIIIOYeH). [Ipu stom Ha Hanpsbxkenusix BH u CH TtpancdopmaTopsl
Mexay co0oil 00benuHAITCA. DTO OOCTOATENLCTBO CIEAYET YYMTHIBATh IPH MpeoOpa3soBaHUU
CXEMbI 3aMEeIIeHUs JUIsl TOYKH K.3., Haxo imelncs Ha muHax HH (Touka K3).

B pesynmbrare mpeoOpa3oBaHWUN CXEMBI 3aMEUICHUS  IOJYYaloTCS DKBUBAJICHTHBIC
UHIYKTUBHOE X5/ U AKTUBHOE 75/ * COINPOTUBJICHUS MIPSIMON MOCIIEI0BATEIBHOCTH ITOU CXEMBI
OTHOCHUTENBHO TOUKH K1.

Pexomennyercs cneqyrommil NOpsI0K BEIYMCICHUN.

[To 3akony OMa omnpezensercst HauajlbHOE 3HAYCHHE TIEPUOINIECKON cocTaBisitonieit Toka K3
B OTHOCHUTEJIbHBIX 0a3MCHBIX €IMHULIAX

I/ xg E *6/x131<1*6- (D
IIpu sToM mpunuMaercs £ ., =1.

" "

Tok K3 B umenoBanubix eqununax 1 = 1 , s .

[Tocrositunas Bpemenu nuer K3 7, = X o146/ (314 * ¥1ox1%6 )
0,01

ia

VY napHslil k03 ULMEHT paccUUThIBaeTCsA Mo popmyne K yi = I+e . IIpu aTom yno6Ho

UCTIONIb30BATh CIICIMATIBbHYI0 KPUBYIO 3aBUCHMOCTH Kk, OT OTHOWICHHMS X/F WM HOCTOSHHOM
Bpemenu 1, (puc.4)

[Tpu mpoBepke MPaBUIBHOCTH pacdera yAapHOTO KOI(PQPHUIIMEHTa MOKHO OPHEHTHPOBATHCS
Ha JIaHHBIC TAOJIUIIbI, TPUBEICHHON HIDKE.

"
Y napusiit Tok K3 i, = V2 k, .
Pesynbratel pacueToB 3aHocsATcs B TaOnumy. [lpumep 3amonsHeHHOW TaOnMIbl MPUBEAEH
HUXeE.
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Puc.4. Kpuas 3aBUCUMOCTH k;, OT OTHOLLIEHUSI X/F ¥ IIOCTOSTHHOM BpeMeHHU T,

Tabmuma 3 — 3nadeHust ymapHoro ko3dduimenta K3 B xapakTepHBIX TOUYKaX AJIEKTPUUYECKOM

CUCTEMBbI

. VY napHbiit

Mecto K3 u xapakrepuctuka 3JeKTPUISCKON 1IEeTH s1ap
ko3¢ duueHT

Co6opubie muHbl 6—10 kB cranuuu ¢ reneparopamu MouHocTbio 30-60 MBT 1,92-1,96
3a nuHenHbIM peakTopoMm 10 100 A, npucoeMHEHHBIM K COOPHBIM IIIMHAM 1,85-1,95
COopHbIe LIMHBI TOBBIIIEHHOTO HANPSDKEHUS CTAaHLIMU ¢ TpaHchopMaTopaMu 1.89-1.95
momHOCTEI0 100MB-A (B enHuIIC) U BBIIIIE ’ ’
To xe ¢ TpanchopmaTopamu MomrHOCTHIO 30—100 MB-A (B equnmIEe) 1,85-1,94
COopHbIe HIMHBI BTOPUYHOTO HAIIPSDKEHUS MOJICTAaHIIUH C TpaHcGopMaTopamu
MorrHocThio 100 MB-A (B equHuUIIE) U BBIIIE; COMPOTUBIICHHUE 1.85-1.92
TpanchopmaTopoB coctarisgeT 90% u BblIlle pe3yIbTHPYIOIICTO ’ ’
conpoTuBiieHus 10 mecta K3
To xe ¢ TpanchopmaTopamu MorHOCTHIO 30—100 MB-A (B equnmIEe) 1,85-1,89
Touku cucTeMbl, yJaJIeHHbIE OT T€HEPAaTOPOB (COOPHBIE IIMHBI BTOPUYHOTO
HapspKEHUs MoicTaHuu ¢ TpaHcpopmaTtopamu 20 MB-A u Huxe, cOopHbIe <18
IIMHBI NOJICTAHIIMHU B PaCIPEICIUTEIbHBIX CEHSX U JIP.)

Tabnuua 4 — [Ipumep 3anonHeHus TaOIULBI pe3yabTaTOB pacyeTa Toka TpexdasHoro K3

Touka K1, Tpexdasnoe K3, U, =340xB, [, =1,698«4,

I, I 1, i,
S.c, MBA X1>x1% 0 ’ F15k1%6 ‘ k, g
xA c xA

5100 0,501 1,99 3,388 0,041 0,039 1,773 8,496

4.2. Pacuet ToxoB oaHo(daznoro K3

Pacuer Benercst Ha ocHoBaHMNM «[IpaBuiia SKBUBAJIEHTHOCTH IPSIMOM MOCIIEI0BATEIBHOCTH:

TOK TPAMOI TOCITEI0BATENLHOCTH MPH JTI000M Hecummerpianom K3, 1™ ;. moxer GbITh
omnpenenéH kak Tok TpéxdazHoro K3 B Touke, ymanéHHou oT aeicTBuTenbHOM Touku K3 3a
JIOTIONTHATEIIBHOE CONMPOTHBICHHE X/, KOTOPOE HE 3aBHCHT OT IaPaMETPOB CXEMBI 3aMEIICHHUS

pr[MOI\/II IIOCICJOBATCIIBHOCTH.
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3)1601) n 0003Ha4YaeT BHJ KOPOTKOT'O 3aMbIKaHU, 11— MMPAMYIO IIOCJICAOBATCIILHOCTD TOKA.

X
0 ’ K

X

iAl

Kym
Puc.5. «YcnoBHas» cxema it onpeAesieHus: ToKa OpsIMOM MOCIEA0BATEIIbHOCTH
npu HecumMmerpuyHoM K3 B Touke K

Ha pucynke 5 K — pacuernas touka K3, K., — «yciaoBHas» Touka K3.

3HaueHue x(")A 3aBHCHUT OT BUAAa KOPOTKOI'O 3aMbIKaHUSI.

2
st nByxda3Horo K.3. X @y = Xooe »
1
Jlnst omHO(azHOTO K.3. x5 = X236 + Xoors -
VcKoMBIi TOK K.3. I”/ BBIMHCIISICTCS HA OCHOBAHHUH pacCUUTaHHOTO TOKA MPSMOM

MIOCJIEIOBATEIBLHOCTHU IO (hopmyiie:
1 = ™ . g,

Koadpunuent m"™ 3aBuUcUT OT BUAA K.3.

st iByxdazuoro K3 m@ = 3.

Jlnst onHOGasuoro k.3. m™ = 3.

Orcrona ciemyeT Takou MopsAoK pacuera Toka ogHodaznoro K3.

1. CocraBusercst cxema 3amellleHus HyneBoil mnocinenosarenbHocTn (C3HII) s
MHIYKTUBHBIX CONPOTUBIICHUM.

Oco0Ooe BHHMMaHue Hajno oOpatuth Ha BblOOp C3HII TpanchopmaropoB u
aBTOTpaHCHOPMATOPOB, YUUTHIBAsT PEKHM paboThl HehTpaym oc ctopoHsl CH: B cersix 35 kB
HEUTpaIb U30JIMPOBaHA OT 3eMJiH, B ceTsax 110 kB u Boite — 3a3emiiena (puc. 6 ).

B tom cnywae, ecnu Helitpasib oOMoTku CH m3osmpoBana, cxeMa 3aMelieHusl UMeeT BUJ T),
€CJIM HEeHUTpaJb 3a3eMJIEHa, TO CXeMa 3aMEeIIeHUs UMEeeT BUJ 1) UJTU H).

B cxemax n), u) co cropoust CH noGaBnsercs skBuBasieHTHOe conpotuBienne HIT ygactka
cetu CH (mokazaHo WITPUX-IYHKTUPOM), B KoTopoe BXoasT compotusienus HII Bcex nunwmid,
OTXOJAIIUX K MOJCTAaHIMSIM ¢ TpaHcopmaTopamu, pabOTAIOIIMMHU C 3a3€MJICHHBIMU HEUTpaIsIMH,
a taxoke conpotusienus HII tpancopmaropoB aTHX moACTaHIUIA.

B cBsa3um ¢ orcyrctBueM HeoOXxoaummouW wWHGOpMANHMH, B KypCOBOM TIPOEKTE CIEAyeT
npuHUMath, uto oT PY CH oTxonsT Bcero yerbipe (/1B ABYXILIETHbBIX) TAKUX JIUHUU OJMHAKOBOM
JUIMHBI (JUTMHA 3aJjaHa B WMCXOJHBIX NAHHBIX K MPOekTy). CompoTuBiaeHUs TpaHCHOPMATOPOB Ha
MIPUEMHBIX KOHIIAX 3TUX JIMHUH, B CBSI3U C OTCYTCTBHEM HEOOX0IMMOI HH(pOpMAIUH, IPUHUMAETCS
PaBHBIM HYIIIO.

Takum o6pazom, comporuienue HII, ykazaHHoe IITpUX —IIYHKTHPOM Ha CXeMmax Ja) U )
pPaccUMTHIBACTCSI KaK SKBUBAJICHTHOE CONPOTUBIICHHE JBYX MMApaJUICIbHBIX JIBYXLEMHbBIX JTUHUI
OJIMHAKOBOM JJIVHBI.

2. Ilyrem mnpeoOpazoBanus C3HII omnpenensiercss skBuBasieHTHOE comnpotuBieHne HII
OTHOCHUTEIILHO pacueTHOM TOUKH K3 Xy

3. OmpenensieTcsi Xz, . OHO TNPUHUMAETCS PaBHBIM 3KBHUBAJCHTHOMY COIPOTUBIECHHUIO
npsimoii nocnenosarensHoctu C3IIIT oTHOCHTENBHO pacueTHOM Touku K3

4. PaccuursBaercss x'” A = X2oks T X0oke -

5. CocraBinsieTcsi «yCJIOBHasD» cXema 3aMelieHust Juist pacueta Tpexdasznoro K3 B «ycioBHOI
TOYKE», YIAICHHOUW OT pacueTHOM Touku K3 Ha 3HaYeHHE COMPOTUBICHUS x?y .

6. «YcioBHasg» cxema peodpa3yeTcsi OTHOCUTEIBHO «ycloBHOM» Touku K3 u onpenensercs

)

Xyer -

12
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Puc.6. Cxembl 3aMeleHus Il TOKOB HYJICBOH MOCIIEIOBATSIIBHOCTH TPaHC(HOPMATOPOB (a-¢)
1 aBTOTpaHCHOPMATOPOB (FK-H)

7. PaccumteiBaetcs TOK Tpexdasznoro K3 [ B «ycioBHOW» Touke mo dopmyne (1). On
SIBJISIETCSI TOKOM TIPSIMOM MocieaoBarebHOCTH ogHO(pa3zHoro K3 B pacueTHOM Touke v 7.
8. Mcxompbrii Tok oHO(a3Horo K3 B pacueTHOM Touke paBeH

=317,
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AHaJIOTUYHAsT ~ TOCJEAOBATEIbHOCTh  pacuyera  OPUMEHSIETCAd Uil HAXOXKICHUS
SKBUBAJIEHTHOI'O AKTUBHOTO COMPOTHUBIICHHUS.
[TapameTpsl 251emeHTOB cxeMbl 3amerenust HII st Bcex a5ieMeHToB, KpOME SHEPTrOCUCTEMBI
u JIDII, paBubl mapametpam I1I1.
JInst 3HEProcUcTEMBI COTPOTUBJIEHUE HYJIEBOM MOCIIEI0BATEILHOCTH TPUHUMAETCS PABHBIM
Xoc=3xc,
TI€ X;¢ - COMPOTHUBJIEHUE CUCTEMBI IPSIMOM MOCIEA0BATEIBHOCTH.
Hns ognonenseix JIDII ¢ 3a3eMIEHHBIM TPOCOM Xx(y, = Rp 4> A aByxuennbix JIOIT ¢

3a3eMJICHHBIM TPOCOM X, = 4,7 X , .

AxtuBHOe conpotusienne HII nunuit
[ S
— o .
7'*0]1 —_ (I”n02 + 0915)_'_2 -
n Ug
TJ€ #po. OMPEACTISCTCS 110 U3BECTHBIM X0, U COOTHOIICHHIO X / 7 (pa3aen 4.1)
Pesynbratsl pacueToB 3aHocsATcs B Ta0auiy. @opma Tabiuiibl IPUBEACHA HUXKE.

Ta6muma 5 — [Ipumep 3anosHeHus TAOIUIBI PE3YIHLTATOB pacueTa Toka oaHoxgasznoro K3

Touka K1, omnodasnoe K3, U, =340xkB, [, =1,698«A4,

1 1 1 1 1 1
Suc, MBA Xows | XPn | Xpenss [TV 156 |15 [TV KA | Fgoers | 1V ™, ¢

’

5. Bbi0op U npoBepKa 3JIeKTPUYECKHUX allIAapaTOB M TOKOBEAYILIUX YacTeil

5.1. O6uue cBeeHUs

[Ipu BeINONIHEHNH pa3/iena peKOMEHIYETCsl MOJb30BaThC METOIMYECKUMH YKa3aHUusAMH [ 8].

B kypcoBoM mnpoexTe NOJKHBI ObITh BBIOpAHBI 3JIEKTPUUECKHUE amnmnapaThl (BBIKIOYATENH,
pa3zbeAMHUTENN, U3MEPUTENbHbIE TPaHCPOPMATOPHI, PEAKTOPbI, PA3PSAHUKU WU OTPaHUUYUTETN
MEpPEeHANPSKEHHI) a TakKe TOKOBEIYIIME YacTH COOPHBIX IIMH M MPUCOEIWHEHUN K HUM it PY
BCEX HaIPSKEHUMU.

Y 106HO MpoBOIUTH BBIOOP cpa3y BCEro KOMIUIEKTa ammapaToB UM TOKOBEIYIIMX 4YacTeil A
OJIHOTO pachpeenuTeNbHOro ycrpoiictBa. Ilpu BbiOOpe cHadana HamedaeTcsi K YCTaHOBKE
KOHKpPETHBI anmapaT WIM TOKOBeAyllas 4dYacTb. [Ipy 3TOM HCNONB3ylOTCAd MHapameTpsl
MIPOJIOJDKUTENIBHOTO peXuMa paboThl (HOpMalbHBIM, PEMOHTHBIM, MOcieaBapuilHbIi). 3aTem
OCYILIECTBJISIETCSl MIPOBEpKa BhIOpaHHOTO 3JeKTpooOopynoBanus no pexumy K3. Ilpu mposepke
HeoOxouMo BbIOpaTh pacueTHyro Touky K3, pacuerHyro mpopospkurenbHocTh K3 u pacueTHslit
Bua K3.

Pacuernas touka K3 — Touka pacuetHoii cxembl, npu K3 B KOTOpo#l uepe3 mpoBepsieMblii
AJIEMEHT IpoTeKaeT HanoboabImil Tok K3.

PacuerHas nponomKuTenbHOCTH U pacueTHbli Bug K3 onpenensiores Bunom nposepku. Eciu
HAaMEYEHHOE K YCTaHOBKE JJIEKTpPOOOOpY/IOBAaHHE HE YIOBJIETBOPSIET YCIOBHUSM IPOBEPKH,
HE00X0IMMO BBIOpATh anmnapatr Wik TOKOBEAYLIYIO YacTh C APYTUMU XapaKTEepPUCTUKAMU.

5.2 Be10op BbIKIIIOUaTEnei

OO6b1yHO B 0;1HOM PV cTpemsaTcs ycTaHOBUTH OJHOTUIIHBIE BbIKIIIOUaTeNu. PekoMenganuu no
BBIOOPY THUIIA BBIKJIFOYATEIIS U3JI0KEHBI B [2].

Boei6op u mpoBepKy OCYHIECTBISIIOT Ui BhIKiItodarene PY, nHaxopnsmuxcs B Haubosee
TSKENbIX YCIOBUSAX:

a) CHayaJla BBIOMPAIOT HOMUHAJILHOE HAIPSDKEHUE BBIKIIFOUATEIS 110 YCIOBHIO

U.p Z2U,py;
0) manee mMpoU3BOAUTCS BEIOOP HOMUHAIBHOTO TOKA BBIKIIFOUATENS TI0 YCIOBHIO:
IH B2 Id)opc .
14



3necb Ipope — HAMOONBIIMKA BO3MOXKHBIM TOK IPOJOJKUTEIBHOIO pekuMma (0OBIYHO
PEMOHTHOTO WJIH NOCIeaBapuiHOro) aas Haulojiee HArpy)XeHHOrO MPHUCOEAMHEHUS K JIaHHOMY
PV.

B BbImonHAEMOM KypCcOBOM IpPOEKTE HanboJiee HArPY)KEHHBIM MOKET ObITh MPUCOEANHEHNE
JVMHUU WK TpaHchopmaropa cBs3u. [Ipumeps! onpenenenus g, NpUBOIATCA B [2].

B) OCYILIECTBJISIETCS MPOBEPKA BBIKIIOYATEIS Ha OTKIIOYAKOUYI0 (KOMMYTallMOHHYIO)
CHOCOOHOCTD.

Cuauana onpenensiercss pacyetHas Touka K3. OObIYHO 3Ta TOYKA HAXOJMUTCS HAa TYIMHKOBON
JUHUAW, OTXOMSIICH K moTpedutento oT ganHoro PY, Tak kak mpu Ttakom Bapuante K3 uepes
BBIKJIIOYATENb JIMHUM MPOTEKAET CyMMAapHBbIH , T.€., MaKCUMaJIbHO BO3MOkHbIH, Tok K3. Ilo mepe
ynanenuss Touku K3 ot mmH B nuHuio TOk K3 cHumxkaerca. Ilostomy pacuernHas touka K3
HaXOJHUTCSI HETIOCPEICTBEHHO 3a BBIKIIIOYATENIEM JINHUU.

[Ipy nmuTaHMKM MOJACTAHIMU TOJBKO CO cTOpOoHBI BH M OoTCyTCTBHM 31€CH TyNHMKOBBIX JIMHUN
cyMMapHbIi Tok K3 npoxoAauT OT 3HEprocucTeMsl Yepe3 BHIKJIIOUATENb JUHUM, W pacyeTHasl TOUKa
K3 naxoaurcs Ha c6opHbIx muHax BH.

PacuernbiM siBasiercst ToT Bui K3, mpu KOTOpOM BO3HHMKAaeT OOJBIIMNA TOK: B B CETSAX C
M30JIMPOBAHHON HEUTpaliblo UM sBIsgeTcs TpexdazHoe K3, B ceTsax ¢ 3a3eMJICHHON HEHTpaIbIO —
Tpex¢azHoe wim oaHodazHoe K3.

Jlis mpoBepku HeoOXOJUMO 3HaTh 3HayeHue MnojHoro Toka K3 B MoMeHT Hayaia
pacxoXKJeHUsT KOHTAaKTOB TMpoBepsieMoro Beikmouarens. [lomasii 1Ok K3  cocrout wu3
MIEPUOANYECKON [, 1 allepUOTUIECKOH i, COCTABISIOMUX (pHUC.7).

Pacuernas nponomkurenbHocTh K3 7 BKiItouaeT MUHUMaIbHOE BpeMst aeicTBus P3 £ p3 min >

00bryHO TpuHUMaemoe paBHBIM 0,01, M coOCTBEeHHOE BpeMs OTKIIOUCHHS BBIKIIOUATEIS [,
SIBJISIFOLLEECS €r0 MACTIOPTHOM XapaKTEPUCTUKOM.

4 :tp3min +tce
i

Ozutawuue Havang pacxoxBenus

Kpusbu moKa Jyzozacumentubly  KOHMAKTEE
/&
| ]
! J—

il

Cpeduss surud
KpuBod mokra

Puc.7. Kpusaas toka K3

3HavYeHNE NEPUOIUYECKON COCTABISIONMIEH /,; B MOMEHT 7 ONIPEACISAETCS C MCIOJIb30BAaHUEM
crenuanbHbIX KpuBbIX (puc. 8). KpuBble NO3BOJAIOT oONpeAeauTh KOIPPHUIMEHT 3aTyXaHus
nepuogudeckon cocramisitonied Toka K3 y, B 000l MOMEHT BpeMeHM [ Ui 3aJaHHOTO
3HAYEHUS! TOKA B OTHOCUTEJIbHBIX HOMHUHAJIBHBIX €IMHUIAX
I::r-': 1/ xpacu 5
TII€ Xpacy =X#,= X5 * Sy /S6 , Sy — HOMHHAJIbHAs! MOILHOCTh UCTOYHUKA Toka K3.
Jlii ciaydast OTHOCTOPOHHETO MUTAHUS MOICTAaHIIUN OT SHEPrOCUCTEMBI S, = Syc.
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JIji HaxO0XAeHUsI 3HAUEHUS IEPUOANYECKOM COCTABIISIIOIIEH B MOMEHT 7 HEOOXOUMO:
- BBIYUCIIHUTD Xpacu;
- OTJIOKUTD 110 OCU BPEMEHU 3HAUEHUE T ;

L
- BEIOPATh KPUBYKO, COOTBETCTBYIONLYEO 3HAYEHUIO Lo p:= 1/ Xpucu;
- OIIPENICIUTD 110 BHIOPAHHOM KPUBOU 3HAUEHUE Yy
- BBIYUCIIUTh 3HAYEHHE Mepuoandeckoil cocrapismomeil Toka K3 B MoMeHT 7 o ¢opmyne

Im:yt'lﬂ;
Cnenyer orMeTuTh, uto 1ipu { .p; < 1 cnemyer npunaTs y=1.
1,0
y = e
t N

.-l-'-"'"-_-‘-
\&___ ]

0.5 \K 2
N
_'_,_,—l—l

,5,__,;\ N

LN

/
Al

0.3
0 0.1 e 05 Le 05

Puc.8. KpuBble 15 onpeneneHus 3HaueHus epuoAnyecKoil cocrapaistomieit Toka K3

Anepuoaunueckas cocrapisionias Toka K3 B MOMEHT 7 ompeaensiercss BbIpaXEHUEM
iae=Ae N2,
-z /T o o
e A.=€ /T — KO3 PUIMEHT 3aTyXaHusl alepuoJuuecKoi cocrasistonieil Toka K3.
Jlanee oCymIeCTBISIETCSl TPOBEpKa BBIKIIOUYATENS 10  TEPHOJUMYECKOMY TOKY (TiepBoe
YCIIOBHE)

-

IOm.HOM i I}’l’[’
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Puc. 8. IIponomxkenue

U IO COJICP KaHMIO B IIOJTHOM TOKE alepuoIM4eCKON COCTaBIIAONIEH (BTOPOE YCIOBHE)
=

. .
lar HOM — lar .

30€Ch T4z nom = \/2'10,,,,%,,” “ B uon /100 - HOMUHATEHOE 3HAYCHUE AllePUOAMUYECKON COCTABIISIFOIICH
TOKa OTKJIFOUCHHS;

HomMunaneHOoe cojaepkaHue anepuoANYeCKOM COCTaBISIIONICH B TOJTHOM TOKE [
(HOMUHaAIBHAS AaCUMMETPHS1) 3aBUCHT OT BpeMeHHU T (puc. 9) 1 BeIpakaeTcsi B MPOIICHTAX:

ﬁ HOM 7 D/ o
100 J
87

60 P

44
]
24 —]

T

g 10 20 30 40 50 60 70 T,MC

Puc. 9. Kpusas 3aBucumoctu £, (7)

Ecnu BTOpo€ yciioBUE TNpOBEPKH HE BBIMOJHSETCS, CIEAYET BBINOJHUTH IPOBEPKY IO
nosHoMmy Toky K3, a umenHo:

V20 1+ B, 1100)= 21, (1+ £/100),
e B =i, /(\/51,77),

I) TIPOBEPKA BBIKIIOYATENS HA 3JEKTPOAMHAMUYECKYIO CTOMKOCTh. PacueTHbIM sBIseTCA
tpexdaznoe K3. PacuetHoe Bpemss He umeer 3HaudeHus. lIpoBepka ocymecTBisgeTcs MO
CJICAYIOIIUM YCIOBHSAM:

Tne = 1
=

l}’lC Yo
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rae I, ¥ i, — JICUCTBYIOIIEE 3HAYCHUE M aMIUIUTYAA MPEISIbHOTO CKBO3HOTO TOoka K3,
KOTOpHI\/’I BBIKJIFOYATCIIb BI)II[ep)KI/IBaeT 110 yCJ'IOBI/IIO MexaHI/I‘ICCKOfI HpO‘IHOCTI/I (HaCHOpTHBIC
mapamMeTpbl BBIKJITIOYATEINS), a I' wu i, — pacCUMTaHHBIE paHee [JCHCTBYIOIIEE 3HAYCHUE
CBEPXIIEPEXO0IHOTO TOKa U yIapHbIi Tok K3.

1) IpOBEpPKa BBIKIIIOYATEIN HA TEPMUYECKYIO CTOMKOCTh. PacueTHbIM siBisieTcst TpexdazHoe
K3. Pacuernoe Bpems K3 - ot Havana K3 1o moracanust 1yrv B BBIKITFOUATEIIE Loy

[IpoBepsieTcs BBINOJHEHUE YCIOBUS

B

3nech By oon = Im.c2 “ tme - JOIMYCTUMBIA TEIJIOBOM UMIYJbC, ONPEACIISIEMBIN MO NACIOPTHBIM
MapaMeTpam BBIKJIKOYATENS: TOKY U BDEMEHH TEPMUUYECKON CTOUKOCTH [y Y Ly -
TemnoBoit umnynsc K3 By pucy  pacCUUTHIBACTCSA KaK CyMMa JBYX MMIIYJIbCOB, CO3/1aBa€MbIX
MIEPUOANIECKON By, M arlepuoanIecKoit By, cocTaBistomumu Toka K3:
Blcpacu = BKn + Blca .
TennoBoi UMITyIbC IEPUOAMYECKON COCTABIIAIONIEH paBEH

2 2
U I > +1
o= [ P |
2 2

Koon 2 kaacq .

rae [ , Ly;, I omx — TOKH B MOMEHT Haudana K3, B MOMEHT T ¥ B MOMEHT IOTacaHusi IyT'd B
BBIKJIIOUATENE fypmy. [IpH 3TOM
Iomx = [P3 max + IGO
[p3 max = 0,1 ¢—BpeMs neiicTBUS pe3ePBHBIX PEICHHBIX 3ALIUT JUIS [0ICTAHIIHH,

tgo — MTOJTHOE BpEMs OTKIIIOYCHUS BBIKIIIOYATCIIA COIJIACHO €T0 MAaCIOPTHBIM JaHHBIM.
TemnnoBoi UMIYITBC aNePHOINYECKON cocTaBistomel Toka K3 .
Bw=1""T,.
Kpome Toro, BbIKJIOUaTENIb MPOBEPSAETCS HA BKIIIOYAIOUIYIO CIIOCOOHOCTh U MO CKOPOCTHU
BOCCTaHaB/MBarolierocs: HanpsbkeHust [8]. Jlns ymoOcTBa pe3ynbTaThl BbIOOpa M MPOBEPKH
BBIKJIIOYATENs 3aHocsTcs B Tabnuiy. [Ipumep 3anonHeHHON Ta0nIuIIbl IPUBEIEH HIDKE.

HapaMeTpH BBIKJLIOUATCITA THIIA COOTHOIHGHI/IC PacueTHble BEMTUYUHEBI
BBJ1-2205-40/2000 XJI1
U, =220 kB = U,py = 220 kB
I, = 2000 4 > Lot pope = 584 4
Lo =40 x4 > Le = 24,42 kA
faznon = 12 kA < ige = 14 kA
V21, (1+ B,)=69,58 kA > N2% Ly + iy = 56, 98 kA
Bioon =4800 kd’c > B paca= 181,18 kA *c
Le = 40 kA > I'=21,33 x4
ine = 102 kA4 > i,=5729 kA
Ls = 40 x4 > I' =21,42 kA
ive = 102 kA > i,=5729 kA
CBH,,, = I kB/mkc > CBH,4cy = 0,596 kB/mxc

Puc. 10. TIpumep 3anmomHeHHOM TaOIUIBI BEIOOPA U MPOBEPKH BBHIKIIFOYATEIIS

[Ipu BbIOOpE BBIKIIOUATENEH JAMHUM, oTXoadamux oT PY HH, cnenyer yuuthiBath, 4yTO TUI
BBHIOMpPAEMOro BBIKJIIOYATENS 33/aH B MCXOJHBIX JaHHBIX K IpOeKTy. B cBs3u ¢ atum, eciau
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BBIKJIIOYATENb 3a/IaHHOTO THUIAa HE HIPOXOAUT IO OTKIIOYAoUIell CrnocOOHOCTH, HEOOXO0IUMO
BBIOpaTh cmoco0 orpanuueHus Toka K3 g0 Tpebyemoro ypoBHs. Yamie Bcero mis 3TOTO
UCIO0JIb3YIOTCS TOKOOTPAHUYUBAIOIINE PEAKTOPHI.

5.3.Bb100p TOKOOTpaHUYMBAIOIINX PEAKTOPOB.

Ha noacraHuusx TOKOOrpaHMYMBAIOIIME PEAKTOPHI YCTAHABIIMBAIOTCS Yalle BCEro jJubo B
npucoeAnHEHUAX Tpancopmaropa cBs3u k muHaMm HH, mu6o B nmemsix orxomsmux auauit HH:

a) CHavaJjia BRIOMPAIOT TUI PEaKTOpa: CABOCHHBIN WM oauHapHbid. Hanbosee nenecoodpazno
yCTaHaBIIMBATh CABOEHHbIE peakTopbl B 1ensx HH Tpancdopmaropa cesizu (puc.11). Ecim stoT
BAPUAHT HE IPOXOJHUT, TO PEAKTOPBl YCTAaHABIMBAIOT B Lemax orxoauux juauil HH. IlIpu stom
6osee 3¢ (EeKTUBHBIM SBIISIETCS TPYIIIOBOE PEAKTUPOBAHUE, KOT/Ia YCTAaHABIMBAETCS OJUH PEAKTOP
JUIS HECKOJIbKUX JTUHUM (puc.12);

0) manee BRIOMPAIOT HOMUHAJIBHOE HANTPSHKEHHUE PEeaKTOpa MO YCIOBHIO

Uip=U,py
B) IIPOM3BOIUTCS BIOOP HOMHUHAIBHOIO TOKA PEAKTOPa MO YCIOBUIO:
IH P> Id)opc .
c ;
T1 T2
LR1 LR2
Bl I, B2
| -
B3 ] B4

Puc.11. BxitoueHrne TOKOOTpaHUYMBAIOIINX PEAKTOPOB B IETh TPAHCPOPMATOPOB CBSI3U

N

]
L

Y Y Y Y Y YT Yy

Puc. 12. CxeMbl BKIIIOYEHHS] TOKOOTPAHMUYMBAIOLINX PEAKTOPOB B LIETIN JIUHUN

Jlj1s CIBOGHHBIX PEAaKTOPOB 3/I€Ch UMEETCS B BUly HOMHUHAJIbHBII TOK OJIHOI BETBH peakTopa.

I') UHIYKTUBHOE CONPOTHUBIICHUE PEAKTOpa OIPENENSIOT, UCXO0J U3 YCIOBHUS OTpaHUYEHUs
toka K3 3a peakropoM 110 3HaueHUs, TpeOyeMOro YCIOBHUSIMH HpPOEKTa. OTUMHU YCIOBUSIMU B
OCHOBHOM SIBJISIFOTCSI MUHUMAJTBHBIC 3aTpaThl Ha coopyxenue 3PY HH.

Yame Bcero y4MTHIBAETCS, 4YTO 3HAUUTENBHYIO JIOJIO KalUTAIbHBIX 3arpaT Ha
YCTaHABJIMBAEMOE 3JIEKTPOOOOPYIOBAHUE COCTABJISIOT 3aTPaThl HAa BBIKIIOYATENN OTXOASIINUX
JUHUM, TaKk Kak OObIYHO KOJIMYECTBO STHX JIMHUW SBIIETCS BeCchbMa 3HauUTENbHbIM. [loaTOMy
craparotcsi ycranoButh B 3PY HH Henoporue BbIKIIOUaTEIN, TO €CTh BBIKIIFOYATENN C HEOOJIBIION
OTKJIIOUarolel crnocoOHocThio. Takoe ycimoBue TpeOyer orpaHuueHus Toka K3 1o 3HaueHus
HOMHMHAJIBHOTO TOKa OTKJIFOUEHHUS BBIKIIOYATEIEH OTXOAIIMNX JIMHUH.
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Kpome »srtoro, ycioBuem orpanuuenHusi tToka K3 moker ObITh CHIKEHHME 3aTpaT Ha
coopyxkenue JIDII HH. B srom cnygae Tox K3 orpanuumBaeTrcsi TEpMHUYECKOW CTOWKOCTHIO
ka0emnel WM IPOBOJIOB, CEUCHHE KOTOPBIX BEIOPAHO TIO0 SKOHOMHUYECKOW IJIOTHOCTH TOKA.

NHIyKTHBHOE COTMPOTHBIICHHE PEAKTOpPA OMPEICISIIOT, KaK Pa3HOCTh MEXAY TpeOyeMbIM
3HAa4eHUEM CONPOTHBIIEHU Lenu K3 3a peakTopoM X, U conpotusienueM uenu K3 no peakropa
xx;. Ilocneanee 3HaueHHe OOBIYHO M3BECTHO M3 pacyera Toka K3 ma mmuax HH, Ommwxaitmmx k
MECTY YCTAaHOBKH PEaKTopa.

%' 4 U xB

KWI1 KW2 KW3

—

Srax

Puc.13. K BbIOOpY peakTUBHOCTH peakTopa

Jst Touexk K3, 3HauMTENbHO yAANEHHBIX OT MCTOYHHMKA, TpeOyemMoe 3HAYCHHE

COTIPOTHUBIICHUS] MOKHO OIPEACIUTD 10 (hopMyIie
Xmpes = U /N3 /1 yype

rzie I mpes — TpeOyeMoe 3HaueHue Toka K3 1o ycinoBusM npoekra.

Ecoun ycrnoBuem mpoekTa SBISETCS YCTAaHOBKA HA OTXOMAIIMAX JIMHUSAX HEJOPOTUX
MaJIOMOIIHBIX BBIKIIOYATENECH, TO I ypes = Lom noms TAE Lom oy — HOMUHAIBHBIA TOK OTKIFOYCHHS
YCTaHABIMBAEMbBIX BBIKIIIOUATEIICH.

[lo cnpaBoyHMKY BBIOMpaeTcssi peakTop C OmmKalmyuM — OOJBIIMM — MHJYKTUBHBIM
COINPOTUBIICHUEM Xp.

Crnenyer y4uThIBaTh, YTO B CIIPABOYHHMKAX COMPOTHBIICHUS PEAKTOPOB MpUBOIATCS B OMax,
MOATOMY JIJIi  BBIOOpA PEAKTUBHOCTH PEAKTOpPA CIEAYET MEPEUTH OT OTHOCHUTENBHBIX €IUHHUIl K
MMEHOBAHHBIM.

1) BBIUMCTsieTCA 3HadueHWe Toka K3 3a BBIOpaHHBIM pPEAKTOPOM, COOTBETCTBYIOIIEE €T0
COINPOTHBIICHUIO.

€) TIPOBOIUTCS TPOBEPKA PEAKTOPA IO IEKTPOAMHAMUIECKON CTOUKOCTH

iOuH = iy;

311€Ch I guy - TOK DJIEKTPOJMHAMMUYECKOW CTOMKOCTH peakTopa, i , — ynapHbli Tok K3 3a
peaKkTopoMm.

) TIPOBOJUTCS ITPOBEPKA PEAKTOPa MO IEKTPOTEPMHUUECKON CTOWKOCTH

Bic.oon = B K pacu:

B cnyuae ycranoBku peaktopoB Ha nuHusx HH Tpebyercs mpoBepka peakropa 1o BeIMYUHE
OCTaTOYHOTro HamnpspkeHus Ha cOopHbix mmHax HH npu K3 3a peakropowm [2].

5.4. Be106op pa3zbequHuTENCH.

[Topsimox BBIOOpA CIIETYFOIITHIA:

a) BEIOOp HOMHHAJIBHOTO HAMPSHKEHUS Pa3beIUHUTENS TI0 YCIOBHUIO
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Uip = Uypy .
0) BBIOOpP HOMUHAJIBHOTO TOKA Pa3bEAUHUTENS IO YCIOBHUIO
IH P = Id)opc .
B) IIPOBEPKA PAa3bEIUHUTEINS HA IEKTPOINHAMUYECKYIO CTOMKOCTD O YCIOBHUIO
incP 2 iy-
I') IPOBEPKA pa3beAMHUTENS HA TEPMUUECKYIO0 CTOUKOCTD IO YCJIOBHUIO

Bkdon 2B

Bce pacuernble BenuuuHbl OepyTcsi M3 TaONMLBI MPOBEPKH  COOTBETCTBYIOLIEIO
BBIKJIFOYATEIIS.

Pesynbrarel BbIOOpa W TNPOBEPKH pa3beAMHUTENS 3aHocsATcsl B Tabnumy. Ilpumep
3aroJHEHHOMN TaOIHIIbl IPUBEJIEH HUXKE.

K pacu -

[TapameTpsl pazbeauHUATENS CooTHoleHne PacueTHble BeMUMHBI
U, = 220 kB = U,py = 220 kB
I, =1000 4 > Loatipope = 584 A
ine = 100 kA > i,=57,29 kA
Bicoon = 650 KA”*c > By paca =181,18 kA4 ¢

Puc.14. Ilpumep 3an0JHEHHON TaOIUIBI BEIOOPA U IPOBEPKU Pa3beIMHUTEIS
5.5. Bribop Tpanchopmaropos Toka (TT).
[Topsimox BEIOOpA CIIETYFOIITHI:
a) BIOOp HOMHUHAIBHOTO HanpspkeHus TT 1mo BelpakeHUIo
U.rr == U,py .
0) BbI00p HOMUHANBHOTO ToKa TT 1o ycioBuio
IH T = Id)opc .
B) poBepka TT Ha 351eKTpoIMHAMUYECKYIO CTOMKOCTb 110 YCIOBHIO
[ ounIT =i )
TA€ lguurr — AMIUIUTYZIA TPENIENbHOTO CKBO3HOIO TOKa (TOKAa AMHAMHYECKON CTOHMKOCTH),
KoTopblid TT BBIAEPKUBAET MO YCIOBUIO MEXAaHUYECKOU IIPOYHOCTH.
r) nposepka TT Ha TepMHUECKYIO CTOMKOCTb IO YCIOBHUIO

Bkdon > B

e Bioon = Im.c2 * tme — JOMYCTHUMBIM TETUIOBOM MMITYJIBC, OTIPEICISIEMBIN MO MAaCIOPTHBIM
napameTrpam TT : TOKy U BpeMEHU TEPMUYECKON CTOUKOCTH Iy U Ly

n) npoepka TT 1o pabote B cBoeM Ki1acce TOUHOCTH [8].

Pesynbrarer Be16Opa u npoBepku TT 3aHocsaTcst B Tabnuiy. [Ipumep 3amonHEHHON TaOIHIIBI
TIPUBEJEH HUKE.

K pacu -

[Tapamerpsr TT Tina CooTHotreHne PacueTHble BenTMUMHBI
U,=220«kB = U.py = 220 kB
L, = 1200 A4 > Lya6.gope = 384 A
Ipun = 100 kA > i,=5729
Byoon = 4609,9 xA” *c > By paey = 18118 k4 -c
Zy = 1,2 Om > Z2 pacu = 1,125 Om

Puc.15. Ilpumep 3anosnHeHHON TabauIbl BbIOOpa U mipoBepku TT
5.6. Bribop TpanchopmaropoB Hanpskenus (TH)
[Topsimox BBIOOpA CIIETYFOIITHI:
a) BBIOOp HOMHUHAIBHOTO HANIPSDKEHUS IO BHIPAYKEHUIO
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Uitn == Uypy .
0) BBIOOD MO KOHCTPYKIIMH M CXEME COCTUHEHUSI OOMOTOK [2].
B) mpoBepka TH 1o pabote B cBoeM ki1acce TOUYHOCTH [8].
5.7. Bb160op TOKOBEIYIIUX YaCTEeH U U30JISTOPOB.
[TapameTpsl 1 yCI0BUs BRIOOpa TOKOBEIYIINX YacTel IPUBEICHHI B TabiHIIe 6.
Tabmmma 6 — [lapameTpsl 1 yCIOBUSI BEIOOPA TOKOBEAYIIUX YacTen

[lapamerpsl muH, kabesei, U U30ISTOPOB Ycnosue BbI6Opa
Homunansnoe nHanpspkenue (s kabeneit) Uyer < Un
JlinTenbHbIA JOyCKaeMbIi TOK Lpas.gope < Luin
HomuHanbHbIM TOK (17151 TPOXOTHBIX Tpas.gope < Luns

M30JIATOPOB)

Qpacu. o = Ipa6/i01<
DKOHOMHYECKOE CEYECHUE

Opaca. < Oon
Jlonmyckaemoe HarnpsbkeHue B MaTepuane (i

IIMH) IPU KOPOTKUX 3aMbIKaHUAX 9y < 8zlon.xcp

MaxkcumanbHas JIoTyCKaeMas TEMIEPATYPa MPA | Fyey < Fon
KpaTKOBPEMEHHON Harpyske

Jlonmyckaemasi Harpy3ka Ha M30JIT0p

5.7.1 Be16op THna npoBOJHUKOB.

Tun BbpIOMpaeMOro NpOBOJHMKA 3aBUCUT OT MeCTa €ro ycraHoBkM. Ha mojacranuusx B
npeaenax OPY wame Bcero mNpUMEHSIOTCS TUOKHE HEW30JIMPOBAHHBIC CTaJICATFOMUHUEBHIC
MPOBOJIA, PEKE TMPUMEHSIOTCA kecTkue TpyOnl. Coenunenue tpanchopmatopoB ¢ 3PY HH3KOTO
HaAIpPSDKEHUS Yallle BCEro BBIMOJHSIETCS KECTKUM TOKOIPOBOJOM B BHJE€ HIMHHOIO MOCTA, PeXe -
MOIBECHBIM T'MOKUM WM KOMIUIEKTHBIM ToKkompoBooM. Buyrpu 3PY 6—10 kB Bce coequnenus,
BKJItOUasi COOpPHBIE UIMHBI, BBIMOIHSIOTCS KECTKUMU HEU30IMPOBAHHBIMU ATFOMUHUEBBIMU IMHAMHU
MPSIMOYTOJIbHOTO Wi KopobuaToro ceuenus. [Ipu Tokax 1o 3000 A npuMeHSIOTCS OJIHOTIOJIOCHBIE
U JIBYXIIOJIOCHbIE QJIOMUHHUEBBIE IIHMHBI, MpU O0J€e BBICOKMX 3HAUYEHUSAX TOKOB - IIUHBI
KOpOOYaTOro ceyeHusl, Tak Kak OHHU Jiydlle oxJaxkaarorcs. i BO3OYIIHBIX JIMHUA IPUMEHSIOTCS
ruOKre HEU30JIMPOBaHHbIE CTaJeaFOMUHUEBBIE IMPOBOJA, Ui KaOENbHBIX JMHUN — Kabemu ¢
ATIOMUHHEBBIMU SkujaMu. Mapka kalens 3aBUCUT OT MeCTa INPOKJIAJKH, CBOMCTB Cpelbl,
MEXaHUYECKUX YCHIIUM, BO3JCUCTBYIOMMX HA Kalenb (Tabi.7) u HaNpsKEHUS AIEKTPOYCTAHOBKH.

Tabnuna 7 — Kabenu, pekomeHayemble 1)1 MPOKJIAIKU B 3eMJIE U BO3/IyXe

O6nacTh mprMeHeHNUs C OymaxHoii  mpomuTtanHoW | C MiacTMaccoBOW W PEe3NHOBOH
H30JIIIUeEn H30JIIUEn

B 3emme (B Tpammesx) co

cpennei KOpPPO3MOHHOM

AKTUBHOCTBIO;
0e3 Oy’)KIAIONIMX TOKOB AAlllB, AAIlIn, AAIIn APsbOIlIB, AIIBI", ABB6I1IB
C Hajgu4ueM OJIy)KIAIOIIHX AAIlIn, AAB2n, AAII2n, AITAIIB, AITAILIn, ABAIIIB

TOKOB AAlllncY

IIpoknaaka B TyHHENSIX, KaHaJaXx,

KaOeTbHBIX MoJTy3Taxax,

MIPOU3BOJICTBCHHBIX

TTOMEIICHUSIX
CyXUX AAT, AAllIB, AAbal' ABBI', ABPI', AIIBI'
CBIPBIX AAlIlls, AAbal', AAbB ABBBI', ABPBI
CBIPBIX c BBICOKOM AAB2nlllB, HAAIlIncY ABBOIlIB, AITAIlLIB

KOPPO3UMHON aKTUBHOCTBIO

IIpoknagka B MOXapOOMaCHBIX AAT, AAllls, AABBI' ABBI', ABPI", AllcBI,

ITOMEIICHUSIX ABBBI', ABBB6I', ABB6I1B,

IIsbBar
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5.7.2 Bp160op ceueHusi TOKOIIPOBOIOB.

5.7.2.1 Ceuenne ¢ TtokonpoBojgoB BJI, KJI u mnpoTspkeHHbIX mnpucoenuHeHudt k PY
BBIOMPAETCS 10 SKOHOMUYECKON TUIOTHOCTH TOKA j,. [lOCHEnHssI 3aBUCUT OT THITAa TOKOIIPOBOIA U
4aCOB UCIOJIb30BAHUSA B TOJI €T0 MAKCUMAJIBHON HATPY3KH Tpqy. (CM. TAOM. 4.4 [2])

a) CHavaJjia paCCUUTHIBACTCS SKOHOMHUUECKOE CEUEeHUE TOKOTIPOBOIa o (hopmyre

qox = IHOpM /jBK )

rne  lupu — TOK TPOAOJDKUTENBHOIO HOPMAlIbHOIO pEXHMMa pPaccMaTpUBAEMOTIO
IIPUCOEIUHEHUS (HE ITyTaTh C TOKOM gopc.)

0) manee Mo KaTtajJory HaXOJUTCSl CTaHIAPTHOE ceueHue g, Hanbosee Onu3koe (OoJbinee uin
MEHBIIIEE) K 3HAYCHUIO (.

B) BBIOPAaHHOE CEUEHHE MTPOBEPSIETCS TI0 HATPEBY B MPOJAOIKUTEIHFHOM PEXUME IO YCIIOBHIO

! don = Id)opCa

rne I gon — JUVINTENBHO JONyCTUMBIA TOK [UI1 BBIOPAHHOTO ceueHUs ¢, I gop. — 3HAUCHHE
HauOOJIBIIIETO TOKA MPOAOHKUTEIIBHOTO PEKHUMA, MCIOJIb30BAaHHOE paHee MPH BHIOOPE aImmapaToB
JTAHHOTO TTPUCOCINHECHHSL.

Taonuia 8 — 3HaYeHU YKOHOMHAYECKOM IIJIOTHOCTH TOKA

[TpoBoaHMK ITpu Thax, 9
1000-3000 3000-5000 6omee 5000
HewuzommpoBanHbie TpoBOJa U IIUHBI:
MeEHBIC 2,5 2,1 1,8
AITFOMUHUEBBIC 1,3 1,1 1

KaGenu ¢ 6ymaxkHoit u mpoBoja ¢
PE3MHOBOM M MOJWBUHUIXJIOPUTHON
H30JISLUEH C KUIaMU:
MeIHEIE 3 2,5 2
AITFOMUHUEBBIC 1,6 1,4 1,2
Kabenu ¢ pe3anHOBOM U TJIaCTMAacCCOBOM
H30JISIUEH C KHUIaMU:
MeEIHbIE 3,5 3,1 2,7
aJIOMHHUEBEIC 1,9 1,7 1,6

Cnenyer yuyuThIBaTb, 4YTO 3HAYEHHE JJIUTEIBHO JOMYCTUMOIO TOKAa, IPHUBOJUMOE B
Katanorax, loon nom, COOTBETCTBYET OIPENEICHHBIM YCIOBHUSAM MPOKJIAJKU TOKOIPOBOJA, B TOM
yuciae, TEMIEpaType OKpyxkaromed cpeapl. llpu 3HAUYUTENBHBIX OTIMYMUAX JAEUCTBUTEIBHOMU
TEMIIEPaTypbl OT HOMHUHAJIbHOMN (250) CJIelyeT BBINOJHUTH IPHUBEACHUE KATAJIOKHBIX 3HAYECHUU
TOKa K JICHCTBUTEIbHBIM

Jlj1s Bcex TOKOIIPOBOJOB, KpoMe Kabereid,

1 von = ki Loon wom -

3nech k; — mompaBka Ha Temmeparypy [2].

JImMTeNnbHO JOMYCTUMBIM TOK i KaOened ompenenseTcss C y4eToM JAOMOJHUTEIHHOM
MONPaBKH &, HAa KOJIMYECTBO PSAOM IPOJIOKEHHBIX B 3eMiie Kabenei

1 on kas = k1" k2 1 son nom *

Ecnu BpiOpaHHOE ceueHHe HE MPOXOJAUT MO JUIMTEIbHO JOMYCTUMOMY TOKY, HaJ0 BbIOpaTh
CJIeIyIOLIEe IO IIKaJIe CTAHIAPTHOE CEYEHHE TOKOIIPOBO1a.

5.7.2.2 Jlns BeiOOpa cedeHHsi COOPHBIX IIMH SKOHOMHUYECKAss IUIOTHOCTh TOKA HE SIBJISICTCS
OTpeeNsAoNel, YTo OObACHAETCS HEOOJBIION MPOTSKEHHOCThIO 3TUX wuH. Eme onaHoi
OCOOEHHOCTBIO YCIIOBUM BBIOOpa SBIISIETCA pa3jiMyMe€ TOKOB, MPOTEKAIOIIUX IO OTAEIbHBIM
ydacTKaM IIHMH, IPUBOJAIIEE K HEOJUHAKOBOCTU CEYEHHUI y4acTKOB MPHU UX BHIOOpPE, OCHOBAHHOM
Ha IJIOTHOCTH TOKa.
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Ot 006cTOATENICTBA OOYCIOBUIM BBIOOp CeueHUsi COOPHBIX HIMH OJUHAKOBBIM IO BCEH
JUIMHE W  paBHBIM CEYEHHMIO Haubosiee HarpyKeHHOro ydvactka. CedyeHHe TaKoro ydacTka
BBIOMpAETCS, UCXOJS U3 €ro HarpeBa TOKOM, 10 YCIOBHIO

1 oon = IMaKC’

1€ [ yaxe OTPENENseTcs Kak MaKCUMallbHO€ UX BCEX 3HAYEHHUH TOKOB, MPOTEKAIOIIMX I10
OTJIeIIbHBIM y4acTKaM IIMH BO BCEX BO3MOKHBIX MPOJOJIKUTENBHBIX peKUMaxX UX pabOThI.

[Topsimox BeIOOpa ceueHusi COOPHBIX IIHH:

a) omnpenenserci TOK [ . IS 3TOro paccMaTpuUBarOTCs pacHpeiesieHuss IOTOKOB
MOIIIHOCTEH MO y4acTKaM IIMH BO BCEX BO3MOXHBIX MPOJOJKUTEIBHBIX peXHMax UX padoTsl. B
CBSI3M C HEOJIMHAKOBOCTBIO COS (¢ MPUCOEIMHEHUH K IIIMHAM, paclpeieieHue OTOKOB BBIIOIHSIETCS
OTJENbHO JUIsl aKTHBHBIX M PEAKTUBHBIX MOUIHOCTEH C MOCIEAYIOIIMM IMEPeXO0JO0M K IOJHBIM
MOIIIHOCTSIM.

JUia moJCTaHIMM, NHTAKLUXCAd OT SHeprocucremMbl Tojbko co cropoHsl BH wmu CH c
HEOOJBIIMM KOJIMYECTBOM HPUCOEAUHEHUHN, 3HAYeHUE [ 4 MOXKHO OIPEAEIUTh IMPOCTHIM
aHaJiu30M 0Oe3 MpeIBapUTENIbHOTO paclpeesieHHs] MOLIHOCTEH M0 BCeM ydacTkam HinH. Yaiue
BCEr0 Y4acTOK IIIHMH, 10 KOTOPOMY IPOTEKAET TOK [ 4k , IPHIIETAET JINOO K TpaHCPOPMATOPHOMY,
100 K JMHEHHOMY MPUCOEINHEHHUIO, a 3HaYCHHE MPOTEKAIOLIEro 10 3TUM MPUCOECIUHEHUSIM TOKa
1 pope ONIPENICIIEHO PAaHEE NIPH IIPOBEPKE AIIAPATOB.

0) MO CHpaBOYHMKY HAXOJMUTCS HAUMEHbIIEE CTaHJAPTHOE CEYEHHE TOKONpoBOJAa (¢,

YAOBJIETBOPSIONIEE YCIOBUIO 1 pop = 1 yygnc -

5.7.3 TlpoBepka rubkux mpoBoioB OPY.

5.7.3.1 TIpoBepka 1o ycJI0BUIO BO3HUKHOBEHHSI KODOHHOTO pa3psja.

KopoHHbI pa3psii MOKET BO3HUKATh MPU HaNpsHKEHUSX TMOKUX NpoBoAoB 35 kB u Bblle.
[Ipu 3TOM 117151 KaXKIOro HalpsKEHUs] U3BECTHO MUHUMAJIBHO JIOMYCTHUMOE CEYEHHE MPOBOJIOB IO
YCIIOBUIO KOPOHUPOBAHMS.

Ecnu ceuenue BbIOpaHHOrO paHee IPOBO/Ia MEHbIIIE MUHUMAIbHO JOIYCTUMOTIO MO YCIOBUSAM
KOPOHBI, HEOOXO0/IMMO MPUHSAThH €r0 CEYEHHE PAaBHBIM MUHUMAIbHOMY 3HAuU€HHUIO.

B cnyyae HeEoOXOAMMOCTH TaKyl0 HIPOBEPKY MOXKHO IPOBECTH, HCHOJB3YSI METOIUKY,
npuBeieHHYIO B [2] 1 [8].

Tabnuna 9 — MunuManbeHbll AuaMeTp npoBo1oB BJI no ycioBHUsIM KOPOHbI

Hanpsixenne BJI, kB daz3a ¢ npoBoAAMHU
OJIMHOYHBIMU IBe 1 0ostee
100 11,4 (AC 70/11) -
150 15,2 (AC 120/19) -
220 21,6 (AC 240/32) -
24,0 (AC 300/39)
330 33,2 (AC 600/72) 2x21,6 (2x AC 240/32)

3x 15,2 (3 x AC 120/19)
3x 17,1 3 x AC 150/24)
500 - 2x 36,2 (2 x AC 700/36)
3 x 24,0 (3 x AC 120/19)
4x 18,8 (4 x AC 185/29)
750 - 4x29,1 (4 x AC 400/93)
5x 21,6 (5 x 240/32)

[Ipumeuanus:

1. s BJI 220 kB MunuManbHblil JuameTp nposojaa 21,6 MM OTHOCUTCSI K TOPU30HTAIbHOMY
pacnoJiokeHuto (a3, a B OCTaJIbHBIX CIIy4asix JJOMYCTUM C POBEPKON MO paAHONoOMeXaM.

2. Ina BJI 330 kB mMunumaneHbplii nuamerp mpoBoga 15,2 mm (Tpu mpoBoaa B ¢ase)
OTHOCHTCSI K OJTHOLIETIHBIM OTIOpaM.

5.7.3.2 IIpoBepka Ha TEPMUYECKYIO CTOMKOCTH B pexkume K3
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PacuernbiM B 3TOM ciydae saBisercs Tpexgasznoe K3. IlpoBepka 3akirouaercss B CpaBHEHUU

o o o
TeMIepaTypbl IpoBoJa QK B MOMEHT oTkItoueHust K3 7, ¢ 10MmycTUMOM TeMnepaTrypoid Harpesa

o
BBIOPAHHOTO MPOBOJIA ann .

IIpy mnpoBepke HCHOJB3YETCS MOHATHE YAEIBHOIO TEIJIOBOIO HUMIylbca A, PpPaBHOIO
TEMIOBOMY HMITY/IbCy, NPHXOMSIIEMYCSs HA CIMHAIY IUIOMA[H CEYeHHs (MM’) HArPeToro
MIPOBOJIHUKA. YJIEAbHBIM TEIJIOBOM HWMITYJIC  SBJSETCS (PYHKIMEH YIEIbHOM TEIIOEMKOCTH
MaTepuaia MpPOBOJHUKA, €0 YIEIbHOIO CONPOTUBIICHUS U TEMIIepaTypbl HarpeBa. Jta (yHKUHUS
BBIPA)KAETCSl B BHUJIE COOTBETCTBYIOLIEH rpapuueckoil 3aBUCUMOCTH (puc.l16), MOCTpOEHHON IS
KOHKPETHOTO MAaTepujia IPOBOJHUKA.

[Topsnok npoBepku:

a) ompeesieTcs TeMIepaTypa npoBojia nepea Hadainom K3
2

I
0 _ o 0 0 HEauo
6?1' - ecp +(‘96_7.c30n _QCP.H ) I
oon
N 0
e Qcop — TeMIeparypa OKpYXaromieid Cpepl, Qcp'H — HOPMHpOBaHHAs TeMIleparypa
OKpYXaIOIlled Cpeapl, NPUBOAMMAS B CHPABOYHUKAX (I CTaJICATIOMHHUEBBIX  MPOBOJOB

0 _~co o
Qcp‘H =25°), Qaﬂ'aon — JIOIlyCTHMas TeMIIepaTypa BbHIOPAaHHOTO NPOBOJA B JUIUTEIBHOM PEXKHUME

(17151 cTaneaTrOMUHUEBBIX MPOBOJIOB Qgﬂ.()on =70°),
IHauﬁ = Id)opc 5
6) Ha puc.l6 BBIOMpAETCST KpWBas, COOTBETCTBYIOIIAS MaTepuagy IIPOBEPSIEMOTO
MIPOBOHHKA;
B) IO BBHIOPAaHHOM KPHUBOM oOIpeneisieTcss 3Hau€Hue BEIUYUHBI A,, COOTBETCTBYIOLIEE

o
temneparype @, nposona nepen nauanom K3.

I') OIpeJeNseTcs 3Ha4Y€HUE YAEIbHOIO TEIUIOBOIO HMMITYJIbCa, COOTBETCTBYIOLIEIO HArpeBy
IIPOBOJIHMKA K MOMEHTY OTKJItoueHHs Toka K3 myrem no6asieHus yaeiabHoro ummysibca Toka K3 k
Ha4yaJbHOMY yJIE€JIbHOMY UMITYJIbCY,

BK
pacy
‘41\' - AH + 2
q
ﬁ,ac v g 9.°C
200 é/ /| 200 / /74 /%
A 3
| 3 200 8 i / i /%;/ |
100 / 200 / ﬁ/{ ‘
/e 1 =
100 3 J’/
e
0 5‘]04 ] 0'10414 A2 o/MM ¢ 1-10% 20 31 4104 5104,
¥ * ]
a) 0)

Puc.16. Kpussle /i onpeiesieHns: TeMIepaTypbl HarpeBa NpoBOJHUKOB IIPU KOPOTKHUX
3aMBIKaHUAX:
a) 1 — crutaBer AJK u AXKKII, 2 — cimaBel AH u AHKII, 3- amromunnii mapok A, AKII,
AnKII u craneamomunuit Mmapox AC, ACKII, ACKC, ACK, AnC, AuCKC, AnCK;
6) 1 - MM, 2-MT, 3 - AM, 4 - AT, 5- A10, ACT, 6 - AA31T1, 7—-AA31T, 8 — Crl3
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3nech By paev — PACUETHBIN TEIIOBOH UMITYJIBC, COOTBETCTBYIOIIMH TEIULY, BBIICIUBILIEMYCS
IIpY MPOTEKAHHUH 110 IPOBOAY MOJHOTO ToKa Tpexdaznoro K3 (6epetcst U3 mpoBepKU BHIKIHOYATENS,
YCTaHOBJIEHHOTO B JAHHOM IPUCOEIUHEHHH);

1) 1O 3HaueHur0 A, IO TOH Ke KPHUBOW OIpeensercs Temieparypa nposognuka O, x
MOMEHTY okoHuaHus K3 ;
€) MPOBEPSETCS YCIOBUE TEPMUUECKON CTOMKOCTH MPOBOJIA

Hdon E HK .
3)1601) H()O” — MIpEacibHasA TEMIICpaTypa Harpe€Ba MpOBOAHHKA B KPATKOBPECMCHHOM PCKHUME

K3, onpenensiemas mo cripaBOYHHUKY Il KOHKPETHOTO MaTepuaia mpoBogHuka (tadu. 10).
Tabnuna 10 — JlomycTuMble TeMIiepaTypbl HarpeBa IpoBoAHUKOB rpu K3

By 1 MaTepuai poBOIHUKA t °C
IvHBl MEeqHBIE 300
IuHb! aTFOMHUHUEBEIE 200

Kabenu ¢ 6ymaxHOM NPONUTaHHON M30JISIHEH C
MEIHBIMH U QIFOMUHHEBBIMH KUJIAMH HaMPSHKEHHIEM

o kB:
1 250
6-10 200
20-35 130
110-220 125

Kabenu u n3onupoBaHHbIE MPOBOAA C METHBIMU WIIH
ATTOMHHHEBBIMH KHIIAMH U U30JISAIINEH H3:

ITOJMBUHUJIXJIOPUIHOTO IJIACTUKA U PE3UHBI 160
oy THIIeHa (Kabenu HanpsbkeHueM 110 35 kB) 130
BYJIKAHU3UPOBAHHOTO MOJUATUIIEHA (Kabenu 250

HanpsbkeHueM 10 35 kB)
MenHble N301MPOBaHHbIE IPOBOJIA IPU TAKEHUSIX,

H/mm?:
me”ee 20 250
20 u 6osee 200

AJIOMUHHEBBIE HEU30JIMPOBAHHBIE TTPOBO/IA TIPH
TSDKCHHSX, H/mm?:

menee 10 200
10 u Goiee 160
AJOMUHHEBAS YaCTh CTAJICATIOMUHHUEBBIX ITPOBOJIOB 200

Ecnu ykazaHHOe BbILIE YCIOBHE HE COOJIOAAETCS, HAAO BBIOpATh ClEQyHOLIee IO IIKale
CTaH/IapTHOE CEUYEHUE.

[IpoBepka TepMUYECKON CTOMKOCTH MPOBOJAHHMKA BHIOPAHHOTO CEUEHUS (., MOXKET OBITh
TaK)K€ BBINOJHEHA 110 YCIIOBUIO

Gem = Goun-

31€Ch ¢yuy — MUHUMAJBHOE JOMYCTUMOE 0 TEPMUYECKON CTOMKOCTH CEYEHHE MPOBOJIHUKA,

BBIYHUCIIsIEMOE TI0 (hopmyIie
quun = \/kaacu/ CT,
rae Cr— napameTp, onpeaesIseMbli o cupaBoyHuKam (tadm.11).
5.7.3.3 TlpoBepka Ha JMHAMHYECKYIO CTOMKOCTH B pexume K3
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Tabnuna 11.1 — 3nauenue napamerpa Cr U1 IPOBOJOB

Marepuain Mapka npoBoaa 3uauenne Cy, A-c'*/mMm, MPU TOITYCTUMBIX
MpoOBO/JIa TeMIieparypax Harpesa nposoaos npu K3, °C
160 200 250
Menn M - 142 162
AJroMuH#I A, AKII, An, 76 90 -
AnKII
AmoMHuHEBEIN AH, AHKILAX, 69 81 -
CIUTaB
AXKII 66 77 -
AJTIOMUHHI- ACK, AnC, 76 90 -
cTallb ACKC, AnCKC,
AnCK, AC,
ACKII

OcHoBHas MIPOBEpKa 3aKIIOYAETCs B ONPEACICHUH BO3MOXKHOCTU HEIOMYCTUMOTIO
cOMMKEeHMsI TIPOBOJIOB OTIENbHBIX (a3 rnpu K3, KoTopoe MOKET NPUBECTU K UX CXJIECThIBAHUIO WU
Mexaydaznomy mpoOoto (IpoBepka Ha cxjecThiBaHue) . PacueTHbM siBiisieTcs nByxdasznoe K3, npu
KOTOPOM CO3JIal0TCsl HauOoJiee TsDKENble YCIOBUS JJISl CXJIECThIBAHUA: JBa (pa3HbIX MPOBOAA, IO
KOTOPBIM TOKH ITPOTCKAIOT B IIPOTHUBOIIOJJIOKHBIX HAIIPABJICHUAX, CHa4YaJIa OTTAJIKMBAKOTCA OPYr OT
apyra, a 3areM nocie oTkioueHus K3, mputsaruBaroTcsi ¢ MNOBBILIEHHBIM ycuiueM (3¢p¢ekt
MasTHUKA). YeMm MeHbllIe paccTOsHuE MEXIy NMpoBoJamu (a3, yem OoJibliie cTpesia UX MpoBeca U
yeM OoJibllIe JIUTENIbHOCTh U 3HaueHue Toka K3, TeM GoJibliie BEposITHOCTh CXJI€CThIBAHUS.

Ta6muma 11.2 — 3nadenne napamerpa Cr uist Kabenei

XapakTepucTuka kabenei

172 2
3unauenue C,, A-c /MM

Kabenu mo 10 xB:

¢ MEIHBIMH KHIIAMH 140

C ATIOMHHHAEBBIMH JKHAJIAMHA 90
Kab6enu 20-30 kB:

C MEIHBIMU JKAJIaMU 105

C ATIOMUHHUEBBIMH >KHJIaMHU 70
Kabenu u n3onupoBaHHbIC MPOBOA C
MTOJIMBUHUIIXJIOPUIHON WIIM PE3UHOBOU
H30JISINCH:

C MEJIHBIMU KUJIaMH 120

C ATIOMUHHUEBBIMH >KHJIaMHU 75
Kabenu u nzonupoBaHHbIe MPOBOA C
HOJIMATHJICHOBOY H30JIAIIUCH:

C MEIHBIMH XKUJIAMU 103

C AIIOMHHHUEBBIMH JKHAJIAMHA 65

Tabnuna 11.3 — 3nauenue napamerpa Cr 111 )KECTKUX IIUH

Cucrema Marepuan npooaauka | 3HaueHue C, A-c e, MPY HAYAJIBHOM
JIETUPOBAHUS WJIM MapKa CIijiaBa temneparype, °C
70 90 120

- Menb 170 ... ...

Al A0 90 81 68
AJI1H 91 82 69
AJIOM, AIIM 92 83 70

Al - Mg - Si AII31T1 85 77 64
AII31T 82 74 62
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AJ133T1 77 71 59

AJ133T 74 67 57
ABT1 73 66 55
ABT 71 63 53
Al-Zn - Mg 1911 71 63 53
1915, 1915T 66 60 51
Al - Mg - Mn AMr5 63 57 48

- Cranb mipu 0,,,=400°C | 70
Cranb mipu 0,0, = 300°C | 60

B cBs3u co cka3aHHBIM BbIIIE, TIPOBEPKA HA CXJIECTHIBAHUS MPOBOJUTCS TOJBKO MPU TOKE
tpexdasznoro K3, npesimaromem 20 KA.

B Tex cnmyuasx, koraa npoBojaa (a3 pacilerieHbl, MOKET MPOBOJUTHCS JIOMOJHUTENIbHAS
IIPOBEpPKa M0 3JIEKTPOJMHAMUYECKOMY B3aMMOJIEHCTBUIO IPOBOJOB OJHOUN ¢a3pl. Kpurepuem
HEOOXOJIMMOCTH NPOBEICHHUS TaKOM TMPOBEPKH SBISETCS 3HA4YeHHE yhapHoro Ttoka K3,
npessimaroniee 50 KA.

JUis  BBINIOJHEHUS TPOBEPKM Ha  IJIEKTPOAMHAMMUYECKYID  CTOMKOCTH MO>KHO
PYKOBOJCTBOBAThCA MaTepuanamu [2] u [8].

5.7.4 TlpoBepka XeCTKUX TOKOMPoBo10B 3PVY.

XKecTkue TOKOIPOBO/IbI MPOBEPSIIOTCS HA AIEKTPOTEPMHUUECKYIO U HA 3JEKTPOIMHAMUYECKYIO
cToikocTh. [lepBast mpoBepka OCyIIECTBIISETCS TaK XKe, KaK U JUIsl THOKUX ITPOBOJIOB.

[IpoBepka Ha AIEKTPOIMHAMUYECKYIO CTOMKOCTh — KOMIUIEKCHasA. OHa BKJIIOYAET:

® IPOBEPKY Ha PE30OHAHC;
® POBEPKY Ha MEXaHUYECKYIO POYHOCTh METAJJIa LIUH;
® [POBEPKY Ha MEXaHUYECKYIO POYHOCThH U30JIATOPOB.

IIpoBepka Ha pe3oHaHC

Kectkas mmHHAS KOHCTPYKIUS MPEACTABISET CO00M KOJIeOaTEIbHYIO CUCTEMY, Ha KOTOPYIO
BO3JICUCTBYIOT JJICKTPOJMHAMHYECKHUE CHJIbI, CO3/1aBacMble MpOTEKAalomuMu Tokamu. [lpum
COBITJICHUU COOCTBEHHOW YaCTOTHI KOJICOAHUM CHUCTEMBI C YACTOTOW M3MEHEHHS TOKa BO3HHUKACT
MEXaHUYECKUN pe30HAHC. YCIOBUHU JJI1 BO3HUKHOBEHHUSI pe30HaHca He Oyner, eciu coOCTBEHHas
4acToTa KOJEOaHW KOHCTPYKIIMM  HaxoJWuTCs 3a mpeaenamu amamazoHa 30 — 200 I'm. B
OOJIBITMHCTBE THUIMOBBIX KOHCTPYKIIMH IIMH 3TH yCIOBUS COOJIFOIAIOTCS, W MMPOBEPKA HA PE30HAHC
He TpebyeTcsl.

B oTaenbHBIX CiydasX TpPOU3BOIAUTCS CIEIHAIBHBIA pacdeT C ONPENCICHUEM YaCTOTHI
COOCTBEHHBIX KOJICOAHWW KOHCTPYKIIMHU IIWH, 3aBUCSIIECH OT CEUCHUSI IINH, JJTMHBI MTPOJIETa MEXKITY
M30JIATOPAaMH, MOMEHTAa HWHEPIUH TIONEPEYHOr0  CEYEHHUS IIMMHBI OTHOCHUTEIBHO  OCH,
MEePIEHIUKYIISIPHOW HAMpPaBJICHUIO W3rHOaromend cuibl. MI3MEHsst 3TH mapaMmeTphl, JOOMBAIOTCS
HCKITFOUYCHHSI MEXaHMYECKOTO pe3oHaHca. MeTonuka pacueTa npuBeaeHa B [2].

IIpoBepka LIMH HA MEXaHUYECKYI0 IPOYHOCTH

[Ton BO3AEHCTBMEM MPOTEKAIOLIETO TOKA JKECTKas IIWHHASA KOHCTPYKIUS HCIBITHIBAET
ycwtus ot marubatomero MomeHta. [lpu K3 »Tm ycmnmst mMoryt BhI3BaTh HMOBPEKIEHUE, Kak
CaMUX IIIWH, TaK ¥ KPEIAIUX UX U30JATOpoB. Hanbomnpime ycuinvs BO3HUKAIOT IPH Tpex(ha3HbIX
K3.

JUisi mHUH [OpSAMOYroJbHOTO, NPOMUIBHOTO, KPYIJIOTO WJIH TPyO4aToro CeYeHHS,
pAaCIOJIOKEHHBIX B OJHOW IUIOCKOCTH, MOPSIOK MPOBEPKHM HA MEXAHUYECKYH) MPOYHOCTH
CHEAYIOIIUI:

a) OmpeneNsieTcsi MaKCUMaJIbHOE YCWJIME, BO3HHKAIOIIEe MpU Tpex(asHOM KOPOTKOM
3aMbIKaHun, H,

28




Fouey =N3:1077 402

pacH

Q |~

TJIe @ — pacCTosTHUE MEXIy cocemqHuMu ¢azamu, m, omnpenensemoe [1YD (tabn.12); [/ —
paccTosiHUE MEXJy COCEIHHMH H30JSTOpamMu OAHOW (a3bl (IpoJIeT IIMHBI), M, TPUHUMAEMBIH
s 3PV 6-10 xB B npenenax ot 2 10 2,5 M, i - yAapHbIil TOK, 4.

Tabnuua 12 — Haumensiune paccTosiHUS B CBETY OT TOKOBEAYILMX YACTEH 10 Pa3IMYHBIX
aneMeHToB 3PV (moacranuuit) 3-330 kB, 3amumenHsix paspsaaukamu, u 3PY 110-330 kB,
3alUMIICHHBIX OTPAHUYUTEISIMU NepeHanpsKeHU (B 3HaMeHaTese)

HaumenoBanue N30ns110HHOE paccTOsIHUE, MM, JUIsl HOMUHAJIBHOTO
paccTosHUs HanpspkeHus, KB

3 6 10 20 35 110 150 | 220 330
Ot TokoBenymux yacreir | 65 | 90 | 120 | 180 |290 | 700 | 1100 | 1700 | 2400
IO 3a3€MJIEHHBIX 600 800 | 1200 | 2000
KOHCTPYKIIMH U 4acTei
3IaHUI
Mesx 1y IpoBOTHUKAMHU 70 | 100 | 130 | 200 |320 | 800 | 1200 | 1800 | 2600
pa3HbIX a3 750 | 1050 | 1600 | 2200

0) BBIYHCIIACTCS MaKCUMaJIbHBIM M3ru0aronuii MOMEHT M, NeicTBYyIONMN Ha MUHY, H-M.
[Ipu konMYecTBE MPOJETOB CBBILIE JBYX

F .l

pacy

10

B) ONpEIENIeTCS HANpsHKCHHE B MaTepuale IMWHBI, BO3HHKAIONICe TPU BO3JICHCTBUU
n3rudaromero momenra M, Mlla

M =

o _E_M_ﬁ.m‘s.ﬂ
pact gy 10-W ) W-a

rac W — MOMCHT COHpOTI/IBJ'ICHI/ISI HIIMHBI OTHOCUTCIIBHO OCH, HGpHGHI[PIKy.TIHpHOfI neﬁcmmo
ycwius, co3aaBaeMoro MmoMeHToM M, cm3. 3HadeHue W 3aBUCUT OT KOH(MUTypaluu ceYeHUs: 1
pacrnosiokeHus muH (Tabdmn. 13).

I') IPOBEPSETCS YCIOBHE

G-pacu 5 UOO?‘!

rae @O pop - AOIYCTHMOC MCXAaHMYECCKOC HANPsDKCHHE B MaTCpUajie IIHMH, ONPEACIACMOE II0

cupaBouHuKy. Hanpumep, s amomunus mapku AO u Al @ »op = 82,3 MIla.

Ecnu ycnoBue He BBINIOJIHSAETCS, TO CJIEAYET Moa00paTh MPOJIET U CEYCHHE IMHOIPOBO/IA.
MertoMka MEXaHUYECKOTO pacu€ra Uil APYrdX BapUAHTOB MCIHOJHEHHUS IIWH MPUBOJMUTCS B
COOTBETCTBYIOLIEH JINTEPATYPE.

IIpoBepka M30aITOPOB HA MEXaHUYECKYIO NPOYHOCTH
[IpeaBapuTebHO TOJDKHBI OBITH BBHIOPAHBI U30JISTOPHI IMIMHHOW KOHCTPYKITHH.
OrnopHbI€ U30ATOPHI BEIOMPAIOTCS TOJIBKO M0 HOMHUHAITBHOMY HAIPSIKEHUTO

UH us = UH Py -

BriOpanHbie H30ISTOPHI MPOBEPSAIOTCS IO MEXAHUYECKOM HArpy3ke Ha TOJIOBKY U30JIATOpa 10

BBIPAKECHUIO
F pacu = F don

rae [Fpacys — CHIIA, ACUCTBYIOINAS HA H30JATOD, Foon =0,6 Flus — nomycTUMas Harpyska Ha

TOJIOBKY MU30JITOPA, [)43, — HATPY3Ka, Pa3pyLIAIOIIas U30JATOP, OIPECIIAeMas 110 CIIPABOYHHUKY.
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HpOXO)IHI)Ie H30JIATOPbI BI)I6I/IpaIOTCSI TAKXC U [10 HOMHUHAJIIbHOMY TOKY

IH us - Itﬁopc .
Tabnuna 13 — MoMEHThI MHEPLMH U COIPOTUBIICHUS KECTKUX LIUH
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