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YK 621.316.717

Apow, B.A.

[TpoekTrpoBaHKE MOJCTAHIIMH: YIeOHOE OCOOHE JIJIsl BBIMOTHEHUS KYPCOBOIr0
IIPOCKTA IO TUCIMILIHHE «DNEKTPUYECKAsA YaCTb 3/IEKTPOCTAHLMIA 1N MOACTAHLUUIA /
B.A. Apow. — Craspomons: CTIAY, 2026.-70 c.

JlaHbl peKOMEHAAIlMd W CHPaBOYHBIM Marepuall, HEOOXOAUMBIE IS
BBITIOJTHEHUSI KypPCOBOTO MPOEKTA MO JAUCIUILINHE «DJIEKTPUUYECKUE CTAHIUU U
noactaniumy. Kaxaeiii  pasgen ydeOHOro mocoOusi HMMEET CChUIKM —Ha

COOTBETCTBYIOIIYIO YYE€OHYIO JIUTEpaTypy JuOO NPHUIOKEHHS, COICpKaIlue
y3KOCTICIIMATM3UPOBAHHBIA MaTepHall.

VYyeOHoe mocoOue PEeKOMEHAOBAHO CTYAECHTaM AJIEKTPOIHEPTreTHUYECKOTO
dakynpTeTa Bcex (opM 00yueHHs, OOyYaIOMUXCA IO HAMPaBICHUIO
«INEKTPOIHEPTETUKA U ITCKTPOTCXHHUKAY.



BBEJIEHHUE

Y4ebHoe mocoOue COAEpKUT OCHOBHBIE PEKOMEHIAINH, HEOOXOIUMbIC
JUIsL  BBIIOJHEHUST  KypCOBOLO  MpOEKTa  CTyAeHTaMu  3-ro  Kypca
AIEKTPOIHEPIETUUECKOTO (aKyJIbTETa M COCTaBJIECHO HAa OCHOBAHHMM pabouei
nporpaMMbl JTUCHUIUIMHBL «DJIEKTpUYecKrue YaCTW CTaHUMU U TMOJCTaHLIUI
HarnpaBieHus: noaroroBku 13.03.02 — DnekTposHepreTuka M 3JIEKTPOTEXHHUKA
npopuns  «CUCTEMbl  3MIEKTPOCHAOXKEHNST  FOPOAOB,  MPOMbILLIIEHHbIX
NPeAnpPUSTANA, CENbCKOro X03AICTBA, U UX 06BLEKTOB.

Kaxnpiii  pazgen  yuyeOHOro  mocoOusi ~ MMEET  CChUIKM — Ha
COOTBETCTBYIOUIYI0 YUYEOHYIO JIUTEPATypy JUOO MPUITIOKEHUS, HAXOAAIIHUECs B
KOHIIE.

KypcoBoii mnpoekT odopmisieTcss B BHAE PaCUETHO-TOSICHUTEIbHOU
3aMCKM, HAlMCAaHHOW OT pPyKH, Ju00 HaOpaHHOM Ha NEPCOHAIBHOM
KoMIbioTepe B TekcTtoBoM pemaktope Word mpudrom TimesNewRoman,
pasmep mpudra 14 kerib, ofMHAPHBIN MEKCTPOUHBIN HHTEPBAI.

XKenatenbHplii 00beM MOACHUTENBbHOW 3amucku 35...40 crpaHul
dopmara A4 (anekTponHas Bepcus:25-30 cTpanun hopmara A4).

[losicautenbHass ~ 3amMCKa  COCTaBJSIETCSl  TOCHEAOBATENbHO B
COOTBETCTBUU C COJEPKAHHEM TMPOEKTa. TEeKCT TMOSCHUTEIBHOW 3allCKH
clleqyeT AeNUTh Ha pa3lenbl, MOApPa3iebl. 3arojlOBOK M TEKCT KaXA0ro
pasziesia Hy»KHO HauYMHATh C HOBOM CTpaHUIIbI, a MOJApa3jesia MpoJ0oKaTh Ha
TOU ke cTpaHuie. Pa3nensl u mojapasnensl cielyeT HyMepoBaTh apaOCKUMHU
udpaMu 1 3aITUCHIBATh ¢ a03aI[HOTO OTCTYIIA C MPOMUCHON OYKBBI 0€3 TOYKU B
KOHIIE, BBIACIISIS JKUPHBIM IIPHQPTOM.

PucyHkn W TaOmuibl JOJKHBI MUMETh HYMEPAIMIO COOTBETCTBYIOIIETO
pasnena, U TMOSICHUTENbHBIC NaHHBIC (Hampumep, PucyHok 1 — biok-cxema
npubopa). IIpu nepeHoce TabauIBl HA APYTOM JTUCT HAJ HEH MOMEIIAIOT CI0BA
«IIpomgomkenre TaOMHITBD) C YKa3aHHEM HOMEpPA B JICBOM BEPXHEM YTIIy.

Bce pacueTsl [OMKHBI HMETh COOTBETCTBYIOIIWE TIOSICHEHUS U
KOMMEHTApUH, a TaKXKE CCBUIKM Ha HCIOJIb30BAaHHBIE HWCTOYHUKH, KOTOPHIC
CJIeTyeT MPUBOJINUTH B KBAAPATHBIX CKOOKaX.

[Tpunoxenus oGopMISIIOTCS KaK MPOJODKEHHUE TaHHOTO JOKYMEHTa Ha
MOCJICYIONIUX €r0 JIUCTax. B TekcTe mpoekTa MOJDKHBI OBITh CCHUIKM Ha BCE
npwioxeHus. Kaxmoe MNpUIOKEHWEe HAYMHASTCS C HOBOW CTPaHUIBI C
yKa3aHUEM HaBepXy IMnocepeAuHe crpaHulbl cinoBa «llpunoxenue», ero
0003HaYEHUs] 1 HAMMEHOBAHUS OTJIeIbHOU cTpokoi. [Ipunokenus o0o3HavyaroT
OyKBaMu pyccKoro ajiaButa HaurHas ¢ A, 3a UCKIIFOUYEHUEM: 3,/1,0,4,b,bLb.

[Ipu BBIMOJHEHUU KYPCOBOTO MPOEKTA MOJIsI TEKCTa COCTABJISIOT: CIeBa —
30 MM, cBepxy u cHU3y — 20mwMm, cripaBa — 15 M.

HyMmepauusi crtpanui] J0JbKHa OBITh CKBO3HOM, TIEPBOM CTpaHUIIEH
CUMATAETCS TUTYJIbHBIA JIMCT, HOMEpP CTpPAaHUIBI HAa HEM HE CTaBUTCHL.



O06o03HaueHUE CTPAHUIl HAUMHAETCS CO BTOPOTO JIUCTA.

['padmueckast 4acTh MpOEKTa BBIMOJIHIECTCS Ha ABYX JucTax ¢opmara Al,
Ha mnepBoMm mmcre wu3o0paxkaercss cxema »JJEKTPUYECKUX COCAMHEHUM
MPOCKTUPYEMOMN TOACTAHIIMKM ¢ 0003HAYEHUEM BCEX DJIEMEHTOB JIAHHOM CXEMBI
B cooTBeTrcTBUM ¢ ['OCT 2.722-68 u I'OCT 2.723-69.

Ha BTOpOM nmcCTE MPUBOAATCS IUIAH-pa3pe3 MOJCTAHIIMU C HAHECEHUEM
BCET0 JJIEKTPOTEXHUYECKOTO OOOpYJAOBaHUS B COOTBETCTBUU ¢ jucTtoM Nel.
31ech K€ YKa3bpIBalOTCS BCE HEOOXOAMMBIE pa3Mepbl (IO TOPU3OHTAINA U
BEPTUKAJIHN), HyMepaIlys 000pyI0BaHUs 1 €ro crernudukausi.

OdopmiieHre TMOACHUTENBHOW 3aMHMCKM W Tpaduyueckoro marepuana
JIOJDKHO oTBevath Tpeboanusm ECK/I.



1 3AJAHUE HA PASPABOTKY ITPOEKTA

I[I/ICI_[I/IHJ'II/IHa- « BHCKTPI/ILIGCKI/IG CTaHIIUN U ITOACTaHIIUU»

CTYJIEHT 3JIEKTpOdHEpreTnyeckoro ¢akyiaprera Pavmuius Hwsa Omyecmso

3 xypca 1 rpynmer HampaBimenus 13.03.02 — DOnexkrposHepretnka u

BJIEKTPOTEXHUKA

IToxcranuus HaINpsHKEHUEM CBsI3aHa C

AHEPTOCUCTEMOM BO3JIYILIHOM JIMHUEW HAIPSKEHUEM
kB, nauHoMU KM.

MOIIHOCTh KOPOTKOTO 3aMbIKAHUS Ha IMMHAX CHCTEMBI(S, ;) MB-A.

XapakTepuCTUKU MOTPEOUTENEH IEKTPUIECKON YHEPTUHU TTOACTAHIINH:

Ne | HaumenoBanue | MakcumanwHas | Pacnonoxenue | kodddunment | Kon-Bo
n\n | moTpeOuTens MOIIIHOCTb, IPOBO/IOB, MOIITHOCTH | JIUHUH,
MBT M COSQp T
1
2
3
4
9)

3aanue BoIIAT

TIO/ITHCh yueHoe 3Banne  O.JM.0.




2 HCXOJAHBIE JAHHBIE K TIPOEKTY

Hcxoanble 1aHHbIC IS pa3paOOTKH MPOEKTa CTYJAEHTOM BBIOMPAIOTCS T10
npujaraeMbIM TaOJHUIIaM B COOTBETCTBUM C TPEX3HAUYHBIM IIUGPOBBIM KOJIOM —
dbopMUpyEMBIM, IO TPEM MOCIEAHUM HU(PPaM 3a4€THON KHUXKKHU.

Ta6auna 2.1 — Bei0op TMIIA M TapaMeTPOB NOACTAHIMHA

. Jnmina
| g IEL e | D1 T
HOACTaHIIUU BJI BH,xB BH, POBOZOB,
KoJia HaIpsHKEHUSI ., M
[Ipoxonnas ["'opusonTanbHOE,
0 110/10 OJHOLECITHAS 110 80 3.5
TynukoBas TpeyronsHoOE,
1 110/10 ABYXIEITHAS 110 60 3y
[TpoxonHas ["opuzoHTanbHOEZ
2 35/10 OJTHOLIEITHAS 35 50 "
3 TynukoBas AByXIUemHas 35 40 TpeyronsHoe2,5M
35/10
[Ipoxonnas ["'opusonTanbHOE,
4 110/10 OJHOILEITHAS 110 90 A
TynukoBas TpeyroapHoe
5 110/10 JBYXIIEITHAS 110 70 4.5 m
[Ipoxonnas TpeyronbHoe
6 35/10 OJTHOIIEITHAS 35 30 I n
TynukoBas ["'opusonTanbHOE,
7 35/10 JIBYX1ICTTHASI 35 25 3.5
[Ipoxonnas ["'opuzonTanbHOE
8 110/10 OJTHOLIEITHAS 110 100 At
TynukoBas TpeyroapHoe
9 110/10 OJTHOLIEITHAS 110 60 3.5




Tadimuna 2.2 — Tun u napaMeTpbl NOTpPedOUTE IS

MaxkcumaneHas | Hanpsbxkenue K-Bo
HaumenoBanue
Ne i/m HOTDEBHTENS MOITHOCT, MUATAOMINX | MUTAOIIUX | COSP
P MBT IuHui, KB JIMHUH,
1 CeHBCKOXOBfH/ICTBeHHBII/I 5 10 2 0,85
paiioH
2 HaceneHHbIl MyHKT 3 10 3 0,87
3 MaHIHH?CTPOHTeHB 4 10 4 0,83
HBI 3aBOJI
4 [Ipeanpusitue no 7 10 4 0,78
n00bIYe YIS
5 [Ipenmpustre uBETHON 10 10 5 0,83
METAJTypTrUn
6 [Ipennpustre yepHon 3 10 3 0,80
METAJLTypTUn
[Ipenmpusitue
7 TEKCTUJILHOU 1 10 2 0,78
IPOMBIIIEHHOCTH
[Ipennpusitue
8 XUMHYECKON 6 10 2 0,79
MPOMBIILJIEHHOCTH
[Ipenmpustue
9 OyMaxHO# 5 10 2 0,83
MPOMBIILJICHHOCTH
10 Oo6oratutenbpHas 9 10 3 0.85
dabpuka

Tabauua 2.3 — Bb10Op MOIIHOCTH KOPOTKOI'0 3aMbIKAHUS HA HIUHAX CUCTEMbI

[lepBbIii
3HaK 0 1 2 3 4 6 7 8 9
KozJa
Sks,
MBA /750 | 800 | 700 | 1000 | 900 | 1100 | 850 580 650 950
Tabimuna 2.4 — Bei0op THIIa M MTapaMeTPOB NOTpeduTe s
Bropoitsuak | o | 4 | 5 | 3 | 4 | 5 | 6 | 7| 8|9
KoJa
No 1’53’ 246|145|256|126|356|236|1,34|5,6,7|2,6,7
norpeduTenei 79 810 79 | 78 |{910| 89 | 7,10 | 6,7 | 89 | 8,10




3 IIPUHATBIE OBO3HAYEHUA

B yyebHOM mocoOuu NpUHSATHI cleaytonue OYKBEeHHbICOOO3HAUCHHS BETUYMH:

P DO
|

TV
T 8 3 E B
g X

|

APrep.—
APHOCT.
APC.H. o
W, -
k3an. o
Tmax. -

fg¢c.s. -
SH-Tp. -

SaKB.l

aKTUBHAsl MOIIHOCTb
peaKkTHBHAsA MOITHOCTb

MIOJIHASI MOILHOCTh

MaKCUMaJbHas MOJIHas MOIIHOCTh

MOJIHASI MOILHOCTh COOCTBEHHBIX HYX/

MaKCUMaJlbHasl aKTUBHAs1 MOLTHOCTb

pacdeTHas akTUBHAsI MOLTHOCTb

CpEelIHsIsl akTUBHAs! MOIIIHOCTD

MOIITHOCTH 1-O1 CTyTeHH rpaduka aKTHBHOW HArpy3KH

MEpEMEHHBIE NOTEPU AKTUBHON MOIIIHOCTHU

— MOCTOSIHBIE MOTEPU AKTUBHOW MOUTHOCTH

NOTEPU aKTUBHON MOIITHOCTH Ha COOCTBEHHBIE HY Kbl

aKTUBHAs SHEPrus, OTIYLIEHHAs MOTPEOUTENSM C ILIUH NOJICTaHIIUU
K03 PUIMEHT 3anoaHeHus rpaduKa Harpy3Ku

IPOJIOJKATEIBHOCTD UCITOJIB30BaHNSI MAaKCUMAJIbHOW HArPy3KU
CPEIHEB3BEIICHHBIA KO3 (PULIHUEHT MOLTHOCTH

HOMUHAJIbHAsI MOITHOCTh TpaHchopmaTopa

AKBUBAJICHTHAsl Harpy3ka TpaHcpopmaropa 3a 10 yacoBoil nepuoa

MPEALIECTBYOUINAN TIEPETPY3Y

Soke2 — HKBUBAJICHTHAs Harpy3Kka TpaHchopmaTopa 3a mepuo;] Neperpy3Ku
lmax,. — MaKCHMAaJTbHBIN paboUunii TOK

| AKOHOMMYECKAsI INIOTHOCTh TOKA

For — AKOHOMHUYECKOE CEYECHHE MPOBOJIHUKA

| o JUTUTEIBHO JOMYCTUMBIN TOK

Emax — MaKCHUMaJIbHasl HANPSKEHHOCTh

E, - KpUTHUYECKAsI HAITPSY)KEHHOCTh

Fo Xo — yAENbHbIE AaKTUBHOE U UHIYKTUBHOE COMPOTUBIICHUS

RX — AKTUBHOE Y MHAYKTHUBHOE CONPOTUBIICHUS

Xe - WHJIYKTUBHOE COMPOTUBIICHUE CUCTEMBbI

Sk, MOITHOCTh KOPOTKOT'O 3aMbIKAHUS

AI;K_& — MOTEPU KOPOTKOTO 3aMbIKaHUs TpaHchopMaTopa

U - HaIPsDKEHUE KOPOTKOTO 3aMbIKaHUs TpaHchopMmaropa

Uen — CpeaHe-HOMUHAIIBHOE HAMPSIKEHNE

U™ . — CpeaHe-HOMUHAIBHOE HaIpsoKeHUE CTyIEHU HUBIIETO
HaIPSKEHUS

U™ n— CpeAHEe-HOMUHAIIBHOE HANIPSIAKEHUE CTYNEHU BBICIIETO HANIPSKEHUS

Zsx —

TOJIHOE COMPOTHUBIICHUE TO TOUKH K3



IZ[OH.HOM._
Vo —
Vi —
VK.,Z[OH. -
Vu —
V/:Lon.

V o mom. —

fK -

toka K3

fH _

toka K3

S, -

HayaJIbHOE 3HAYEHUE NEPUOIUUECKON coCcTaBistoniei Toka K3
yaapssiil Tok K3

yaapHbIA KO3 PUIMeHT

MOCTOSIHHASI BPEMEHU 3aTyXaHUs alleprOJUYECKON COCTaBIISIONIEH

PE3YJIBTUPYIONIEE UHAYKTUBHOE COMPOTUBIICHUS 10 TOUKH K3
PE3YJIBbTUPYIONIEE aKTUBHOE CONMPOTHUBIIEHHE 10 TOukn K3
yIJIOBask 4aCcToOTa

JOIYCTUMBIN HOMMHAIBHBINA TOK mpu +25 °C

NEUCTBUTENbHAS TEMIIEpATypa BO31yXa

pacueTHas Temiieparypa npoBoaHuka npu K3

IOIyCTUMAasl TemMIieparypa npoBoaHuka npu K3

TeMIeparypa npoBogHuka a0 K3

JUTMTENBHO AOMYCTUMAs TEMIEPATypa MPOBOIHUKA
HOMHUHAJIbHAs TeMIleparypa Bo3ayxa +25 °C

cinoxkHasi (yHKIUS TeMIepaTypbl MPOBOJHUKA MPU MPOTEKaAHUU

cioXHas (QYHKIUS TeMIlepaTypbl MPOBOJHUKA O BO3HUKHOBEHUS

CE€YeHMEe IIPOBOIHUKA
MMITYJIbC KBaIpaTUYHOTO ToKa (MHTerpan Jxoyins) npu K3
HauOoJiblIee yaelbHOEe ycrne npu Tpexdaznom K3

U3ru0aronvii MOMEHT

MOMEHT COIPOTUBJIEHUS TPOBOIHUKA

HaIpsHKEHUE B MaTEpUAIe IPOBOJHUKA

HOMMHAJIbHOE HAIIPSKEHUE CETU B MECTE YCTAHOBKM arlapara
HOMMHAJIBHOE HaIPsHKEHUE arapara

PacUETHBIN TOK HOPMAJIBHOI'O PeXUMa

HOMUWHAJIBHBIN TOK armapara

NPEAEIbHO CKBO3HOU TOK

TOK TEPMHUYECKOU CTOMKOCTH armapara

BpEMS IIPOTEKAHUS TOKAa TEPMUYECKON CTOMKOCTHU amniapara
HOMMWHAJIbHBIN TOK OTKJIFOUEHUS BBIKJIFOUATEIS

HOMUHAJIBHBIN TOK MEPBUYHON OOMOTKHU TpaHChOpMaTOopa TOKa

TOK JUHAMUYECKOU cToikocTh TpaHchopmaTtopa Toka (TT)

IIOJIHOE PACYETHOE COMPOTUBIICHUS BTOPUYHOM e TT

JIOITY CTUMOE TIOJIHOE CONPOTUBIIEHUE BTOpUYHOU 1enu TT
pacyeTHasi MoJjHasi MOILIHOCTh BTOPHUYHOM 1lenu TpaHchopmaropa

HanpsokeHus (TH)

SZ HOM. —

JIOITYyCTUMas MOJIHAsi MOIIHOCTh BTOpu4HOM menu TH



4 TIOCTPOEHUE I'PA®UKOB HATPY3KHU INIOACTAHIINAN

DnekTpuyeckas Harpy3ka OTAENIbHBIX MOTPEOUTENEH, a ClIe10BaTeIbHO U
CyMMapHasi WX Harpy3ka, OIpeAessomas pexuM paboThl MOACTAHIIMMA
(37IEKTPOCTAaHUMK B 3HEPrOCUCTEME), HEMPEPBIBHO MEHAETCS. OTOT (PaKT
MPUHSITO OTpaxaTh TrpadUKOM Harpy3ku, TO €CTh JHArpaMMON H3MEHEHUs
MOITHOCTH (TOKA) Ha IIMHAX MOJICTAHIIMU BO BPEMEHHU.

[lo Buny ¢ukcupyeMoro mnapaMmeTpa pazindaroT TpadUKd aKTUBHOU
P(MBrT), peaktuBHoit Q(MBAp), monuoi (kaxymieiics) S (MBA) momHoctei
u Toka | (A) Ha mMMHAX TTOACTAHIIHH.

Kak mpaBuino, rpaduku oOTpaxkaloT HM3MEHEHHE Harpy3kd 3a
onpeneNeHHbI nepuo BpeMeHu. [1o 3ToMy npu3HaKy MX MNOAPA3IAEISIOT IO
MPOJIOJKUTENIbHOCTU Ha CYyTOUYHBIE (24 4.), CE30HHBIE (3UMa, JIETO) U TOJOBBIE.

[lo MecTy Ha3HaueHUS WU 3JIEMEHTY SHEPrOCHCTEMBI, K KOTOPOMY OHU
OTHOCATCS, Tpa)KU MOKHO Pa3JeIUTh Ha CJIEAYIOIINUE FPYIIIbL:

— rpadvkd  HArpy3Kud TOTpeOuTeNeil, ompeaeiseMble Ha  IIMHAX
MOJICTaHIIUH;

— ceTeBble TpadUKH HArpy3kd — Ha IIMHAX PaHOHHBIX M Y3JIOBBIX
IIOACTaHIIN;
— rpaduku Harpy3Ku AHEPTOCUCTEMBI, XapaKTEPU3YIOIINE

PE3YJIBTUPYIOLIYIO HATPY3KY SJHEPTOCUCTEMBI;
— TpaduKu HArpPy3KH JICKTPOCTAHIINN;

4.1 Cyrounblie rpagMKu HATPY30K NOTpeduTe 1Iei

dakTtuueckuil Tpa@uKk HArpy3kd MOXKET OBbITh IMOJYYEeH C TOMOIIBIO
PETUCTPUPYIOLIUX npuOopoB, KOTOpBIE (GuKcUpyoT U3MEHEHUS
COOTBETCTBYIOLIETO MapaMeTpa BO BPEMEHHU.

Kpome makcumanbHOW akTUBHOM MOIIHOCTH (Pmax), U1l TOCTpOEHUs
rpadguka HEOOXOOUMO 3HATh XapaKTep U3MEHEHHUs Harpy3Kd MOTpeOUTesss BO
BPEMEHHU, KOTOPbIA MOKHO OINpPEAEIUTh B COOTBETCTBHM C 33JaHUEM Ha
pa3paboTKy KypCcOBOTO MPOEKTa U3 TUMOBBIX TpaUKOB CUIIOBOTO MaKCUMyMa B
MPOLIEHTaX B TEYCHUH CYTOK (3MMa, JIETO), KOTOpble puBeneHbIB [Ipuioxenun
Ana pucynkax Al...A8.

Jns  yagoOctBa pacueroB TpaduKk  BBIMIOJHSETCS  CTYNEHYATHIM.
Haubonbias Bo3MOXKHasi 3a CyTKM Harpy3ka mnpuHumaercs 3a 100%, a
OCTaJIbHBIE CTYIIEHU TpariKa MOKa3bIBAIOT OTHOCUTEIBHOE 3HAUCHUE HArPy3Ku
JUTSl TaHHOTO BPEMEHU CYTOK.

IIpu wu3BeCTHONP,,, MOMHO IIEPEBECTH THUIIOBOH TpapuK B Trpaduk
Harpy3kd  3aJaHHOTO  MOTPEOUTeNs, COIJIACHO  3aJlaHus,  HCIOJb3Ys
COOTHOIIICHUE IS KaX10# cTynenu rpaduka [4]:



Pi=n;"*Pyae./ 100 (MBT),
rae N’ — OpAMHATA COOTBETCTBYIOINIECH CTYIIEHH TUIIOBOTO rpaduKa, B

%,P,.ci— pacdeTHas MOIIHOCTb HPEIIPUATHS COIJACHO 3aJaHHs

MBT.

B KypcoBOM TIpOEKT€ CYTOYHbIE THUIIOBbIE TpaduKu HaArpy3Ku
NpEeANpUsATHM 10 ce30HaM (3uMa, JIeTO), HEO0OXOJAMMO IEpEeBECTH B
coOoTBeTCTBYtoUME rpapuku Harpy3kuPi(MBT) npeanpustuii, ucnonab3ys
BBIIIEYKa3aHHYIO (OpMYJy, a pe3yJbTaThl MPEACTaBUTh B TaOJIWYHOM BHJIE
(cMmoTpute npuinoxenre b, Tabnunel b1 u B2).

[To pesynbraram pacueroB B Tabiuiax bl u b2 Heo6xoauMo mocTpouTh
rpauKu CE30HHBIX CYTOUHBIX HArpy30K JJisi MPEANpPUSTUN COTIaCHO BapuaHTa
3aJlaHHs Ha KypCOBOW MPOEKT B KOOPJIMHATAX: OCh a0CIIMCC — BpeMS B yacax, a
OCbh OpJIMHATa — MOILIHOCTH B MBT.

4.2 CymmapHbIi (COBMELIEHHBbI) rpaduK HATPY30K
norpeouresei

OT10T rpaduk onpenenseTcsa ¢ y4eToM MoTeph MOIIHOCTU Ha MOACTaHIUH.

[Torepr MOIITHOCTH 3aBUCHT OT:

— IPOTEKaHUsl TOKa MO0 OOMOTKaM TpaHC()OPMATOPOB,KOTOPHIC SIBISIOTCS
MIEPEMEHHBIMU BEJTMYMHAMH 3aBUCSIIMMU OT Harpy3ku (APyep);

— MOCTOSIHHYIO YacTh IMOTEPH MOIIIHOCTU ONPEAEISIOT B OCHOBHOM MOTEPH
X0JIOCTOTrO X0/a TpaHcHopMaTopoB (APqcr);

— MOTEpU  HA  COOCTBEHHBIE  HYXIbl  3aBUCAT  OTIApPaMETPOB
TpaHchopMaTopa u TUNA MOACTAaHIUU (AP, ;).

CyMMuUpyst 3HaYEHHMsI MOIIHOCTEHI -cTymeneil rpa@ukoB Harpy3kd BCEX
noTpeduTeneil U MOTEPH MOIIHOCTH HA TOACTAHIIUU ISl KaXIOW CTYICHH,
MOJIy4arOT CyMMAapHBIM (COBMEIICHHBIN) rpaduK HArpy3Kd MOJCTAHIIMHU s
CE30HOB (3UMa, JIETO) COTJIACHO BBIPAYKECHUS:

I:)Zr[c(i)zl:)(i) + APHOCT.+ AI:)Hep.—i_ APCH(MBT)I
rac P(i) — CyMMapHas MOIIHOCTBBCEX HpC,Z[HpI/IHTI/ISIMI/Ii'CTYHeHI/I H3 pas3jcia
1.1

AP ocr. — TOCTOSIHHBIE TTIOTEPU, KOTOPBIE COCTABISAIOT 1% 0T P,

A Proer.=0,01Pmax(MBT),
rie  Pnax—  MakCHManbHOE  3HAYCHHUC  AKTUBHOM  MOIIHOCTHI-CTYIICHU
coBMmeleHHoro rpaduka [4,9];
AP_ . — moTepu Ha cOOCTBEHHBIE HYK/IbI, COCTaBIAIOT 0,5% OT Ppmax.



AP, =0,005 Pnx(MBT),
APrep — IEpEMEHHBIE TIOTEPH, 3ABUCSILUE OT 3HAUEHUS MOIIHOCTU KaX 10U
CTYIIEHU U BBIUUCIISAIOTCA 110 popmyie [4,9]:

AP,y = P/ 10 XP s (MBT).
Pacuer cyMMapHbIX rpaduKoB Harpy3ku norpedurenei (3uma, JeTo) Ha
IIMHAX MOACTaHIIuU cBeCcTH B Tabmuisl Bl u B2 npunoxenus B.
ITo pe3ysibTaTaM KOHEYHOU CYMMBI Pznc(i)Ta@mu B1 u B2 npunoxenus B
JUISL CE30HOB rojia (3uMa, JIETO0) CTPOSTCS TpauKu CyMMapHOU (COBMEIIEHHOM )
HArpy3KH IOJICTAHIIMH C YYETOM ITOTEPb.

4.3 T'onoBoM rpapuk Mo MPOIAOJIKUTEIbHOCTH HATPY30K

OT1OT rpaduK MOKA3bIBAET JUIUTEIHLHOCTh PA0OThl YCTAHOBKU B TEUCHHUE
rojia ¢ pa3JIMYHbIMU Harpy3kamu. [lo ocu opAauHAT OTKIaABIBAIOT HArpPy3KHU B
COOTBETCTBYIOIIIEM MaciiTade, mo ocu adcuucc — 4yacel rojga ot 0 mo 8760.
Harpy3ku Ha rpaduke pacnoyiiarator B mopsjike ux yObIBaHUS OT Pmax 10 Ppmin.

[IpuHSATO, YTO IIUTEIBHOCTh CE30HHBIX BpPEMEH TOJa 3WMMa M JIETO
cocTaBiAoT cooTBeTcTBEHHO 200 1 165 nHeit.

[TocTtpoenue romoBoro rpaduka MO MPOJODKUTEIBHOCTH HArpy30K
IPOU3BOAUTCS HAa OCHOBAaHWM HM3BECTHBIX CYMMAapHBIX CYTOYHBIX TpaduKOB
Harpy3KH 3UMHETO U JIETHETO NIEPUOJa, TOJIYYEHHBIX B pasaene 1.2.

['paduk 1O TPOAOTKUTEILHOCTU HArpy30K MPUMEHSIOT B pacuerax
TEXHUKO-DKOHOMUYECKUX  MOKa3zaTejell  yCTaHOBKHM, pacuerax IMOTepb
AIIEKTPOIHEPTUH, TIPH OIICHKE UCIIOIB30BaHUsI 000pPYAOBaHUS B TEUCHHUE TOJIa U
T.J.

3HayeHue AKTUBHOU MOITHOCTH I-CTyTIeHH rpaguka 1O
MPOAOJKUTEIIBHOCTH OMNPEIESETCS NPOCKIHUEN COOTBETCTBYIOIIMX OPAUHAT
CYMMAapHBIX CyTOUHBIX I'pa()MKOB HArPY3KH 3UMHETO U JIETHETO MEePHOJia Ha OCh
OpJIMHAaT HUCKOMOTO rpaduka, a JIUTEIbHOCTh ATOW CTYIEHH Tpadukamno
IPOJOJDKUTEIILHOCTH TjpaccuuThiBaeTes 1o [4]:

T; = 7™ %200 +t;""°x165(u),
roe G wmty"  IIUTEILHOCTH I-CTYIIEHH CYTOYHOI'O 3MMHEIO0 M JIETHETO
CyMMapHoro rpadukoB Harpy3ku (cm.pazgen 1.2).

4.4 TexHUKO-IKOHOMHYECKHE MOKA3ATeJIN,0NpeaeasieMble U3
rpagpukoB HArpy3KHU

[lnomans, orpaHnyeHHas KpUBOM Tpaduka aKTUBHOW Harpys3KH,
YUCJICHHO PaBHA JHEPZUU, OMNYUWLEHHOU ¢ WUH NOOCMAHYUN TIOTPEOUTEISIM



3a paccMmarpuBaeMsblii iepuos (ron) [4]:

W, = Z PixTi(MBTX‘{),
rae  Pj— MomHOCTS i- cTynenu rpaduka
Ti— IpOAOIKUTENBHOCTh CTYTIEHHU.
Cpeonaa mnacpyskano rpaduky 3a paccMmaTpuBaeMblii mniepuona (Tron)
paBHa:

Po= W,/ T (MBT),
rae | — JIUTENhbHOCTh PACCMATPUBAEMOTO TIEpHUO/IA,
W/, — 3JIeKTpOsHEeprHs 32 paccCMaTpUBaeMblid TIEPHUOI.
CreneHnp HEPAaBHOMEPHOCTH rpaduka PaboOTHI
AIIEKTPOYCTAaHOBKHUOLIEHUBAIOT KOIhpuyuenmom 3anonnenus.

k3an - WH/ I:)max - T= Pcp/ I:)max

Kosdduuuent 3anonHenus rpaguka Harpy3Ku MOKa3bIBaeT, BO CKOJIBbKO
pa3 OTIYIIEHHOE C IIMH KOJMYECTBO AJIEKTPOIHEPTHMHU 3a paccMaTpUBAEMBIil
IepUoj,  MEHbIIE TOr0 KOJUYECTBA 3JIEKTPOIHEPTUH, KOTOpPOE ObLIO Obl
OTIIYIICHO C IIMH MOJACTAaHLUHU 33 TO K€ BpeMs, €clid Obl Harpy3Ka yCTaHOBKH
BCe BpeMsi Obl1a ObI MakcuMasIbHOM. O4eBUIHO, UTO YEM paBHOMEpPHEE rpaduk,
TeM OJrKe 3HadYeHue K,,; K eIUHUIIE.

Jis  xapakTepucTUKH Tpaduka HArpy3Kd MOACTAHIIMA  MOXHO
BOCIIOJIB30BAaTbCA ~ BEIUYUHOU  MPOOOAsHCUMENbHOCHb  UCHOJIb308AHUSA
MAKCUMATbHOU HAZPY3KU

Trax = Wy/ Pmax:Pcp' T/ Praxe = kSaHXT(q),
DTa BeJIMYMHA MTOKa3bIBAET, CKOJIBKO YaCOB 3a pacCMaTPHUBAEMbIN MEPUO
T (00ObIYHO TOJ) yCTaHOBKA JOJDKHA Obl1a Obl paboOTaTh C HEW3MEHHOU
MaKCUMaJIbHOM  Harpy3kod, 4YToObl OTIYCTUTh C IIUH TMOJACTaHIUU
NEUCTBUTEIHLHOE KOJIMUECTBO 3JiekTpodHeprun W, 3a 3TOT nepuo]i BpeMeHHU.

4.5 I'paduk MOJTHO MOIIHOCTH MOACTAHIUU

[Toctpoenue rpaduka MoJHON MOUIHOCTH MOJACTAHIUUHEOOXOIUMO st
BbIOOpa M MPOBEPKH Ha MEPErpy304Hyl0 CIOCOOHOCTh TpaHC(HOPMATOPOB
HAITOICTAHIUH.

JInst 3TOro HEOOXOAMMO TPOU3BECTH PACUYET CPEIHEB3BEIICHHOIO
K03 PuImeHTa MOIIHOCTH HArpy3KH JJI KaXA0W CTyleHu rpaduka Harpy3Ku -

120ea(i) 1O [8]:

180esiy= P1g) © tgp1 + Pagy - tgeat..../ Y Ping



Jlaee BBIYMCIISETCS IOJIHAS MOIIHOCTh C YYETOM BBINIE HaNIACHHBIX
CpPEIHEB3BEIICHHBIX KOAX(PGUIIMEHTOB JIsI KaXJA0Tro daca rpaduka IOJHOU
MOIITHOCTH TOCTaHIUH 110 [8]:

=P \ll”ngpcsm (MBA),

rae Pz(i) — CyMMa aKTHBHBIX MOIIHOCTEHI-CTyneHn Tpaduka MOTHOU
MOIIIHOCTH TIOJICTAHIIMY MO pazaeny 1.2.

[To noiay4eHHBIM 3HAUEHMSIM MOILIHOCTEH S(jy CTpOUTCS rpaduK IOIHOM
MOIIIHOCTH ITOJICTAHLIMH.



5 BBIBOP YNCJIA U MOIIHOCTU TPAHC®OPMATOPOB
N PACHET HAITEPEI'PY3O4YHY1O CIIOCOBHOCTD

Uucno tpaHchopMaTopoB, YCTaHABIMBAEMBIX Ha IMOJICTAHIIUAX BCEX
KaTeropuii MpuHUMAETCS, Kak IpaBuio, He OoJee nByx. [lpu ycTaHOBKE ABYX
TpaHCHOPMATOPOB U OTCYTCTBHSI PE3EPBUPOBAHMSA IO CETAM HHUBIICTO
HANPsHKEHUST MOIIHOCTh KaXKJOTO M3 HUX BBIOMPAETCS C YYETOM 3arpy3ku
TpaHchopmaTopa He Oosee /0% OT cymMMapHON MaKCUMalIbHOW Harpy3Ku
HOJICTAHI[MU B HOMHHAJILHOM pexxume [1].

MormtHocTs TpaHchopMaTopa Ha MOACTAHIIMUAOKHA OBITh TaKOM, YTOOBI
P BBIXOJIE U3 Pa0OTHI OJHOTO M3 HUX BTOPOM BOCTIPHUHSII OCHOBHYIO Harpy3Ky
MOJICTAHITUH C YIETOM JIOITyCKAaeMOU MepPEerpy3Ku B MOCICaBAPUHHOM PEXUME U
BO3MOKHOTO BPEMEHHOI'0 OTKJIIOUEHHS] NOTpeOuTenell Tperbeil kareropuu. B
COOTBETCTBHU C CYIIECTBYIOIICH TPAKTUKOW MPOSKTUPOBAHUS MOIIHOCTH
TpaHchOpMaTOpOB Ha TMOACTAHIIMM PEKOMEHAYETCS BBIOMPATh W3 YCIOBHS
JOMYCTUMON TIEPErpy3KH B MocieaBapuiHbX pexumax 10 40% Ha Bpems
MakcuMyMa 1o yciosuro[1,3]:

Sip>Smax | 1,A(MBA),
II€ Smax— MaKCHUMajbHas pacdyeTHas MOIIHOCTh MOJCTAHIIMA II0 pacyueTy
pazgena 1.5

[lo Tabmuue [I'l npunoxenus [ mnpuHuMaercs — Onvkanias
TpaHchopMaTopHas MOIIIHOCTh U TUI TpaHcdopmaropa [9,11].

[Ipu BBIOOpE MOIIHOCTH TpaHc(opMaTopa HENb3 PYKOBOJCTBOBATHCS
TOJIbKO WX HOMHHAJIBHOW MOIIHOCTBhIO, TaK KaK B PEAIbHBIX YCIOBHUAX
TEMIIEpaTypa OKPYKAIOIMIEH Cpebl, YCIOBHUS YCTAaHOBKHM TpaHchopmaropa
MOTYT OBITh OTIIMYHBIMHU OT NPHHATHIX. Harpyska tpancdopmaropa MeHseTCS B
TEYCHUE CYTOK, M €CIIM MOIITHOCTh BHIOpATh M0 MaKCHMaJIBHOW HAarpys3ke, TO B
nepuoAnl cnaga ee  TpaHcpopmatop OyaeT HE  3arpykeH, T.C.
HEJOUCTIONB30BaHa €ro MOIMHOCTh. OMNBIT SKCIUTyaTalldd TOKa3bIBaeT, YTO
TpaHchopMaTop MOXKET padoTaTh YaCTh CYTOK C MEPErpy3KOi, €Ciu B APYTYIO
9acTh CYTOK €r0 Harpy3ka MeHbIIeé HOMHHAJIbHOWU. KpuTepwmem pazmudHbIX
PEXKHUMOB SIBIIICTCS U3HOC U30JISIIAK TpaHchopmaropa [12].

Harpy3ounas cnocoOHOCTh TpaHcopmaropa — 3TO COBOKYIHOCTb
JOMYCTUMBIX Harpy30K U MepPEerpy3oK.
Jlomyctumasi Harpy3ka — O3TO JUIMTENIbHAs Harpys3ka, IpU KOTOPOM

pacueTHbIl M3HOC H30JSIUMU OOMOTOK OT HarpeBa HE MPEBOCXOJUT H3HOC,
COOTBETCTBYIOUIMI HOMUHAIBHOMY PEXUMY paOOTBHI.

[leperpy3ka TpancdopmaTopa — pekuM, P KOTOPOM PACUETHBIA M3HOC
U30JISIIUM OOMOTOK MPEBOCXOAUT U3HOC, COOTBETCTBYIOIIMNA HOMHHAJIBHOMY
pexumy padoTel. Takol peXuM BO3HUKAET, €CIIM HArpy3Ka OKa)eTcs: 0oJibliie



HOMHUHAJIBHOM MOIIHOCTH TpaHchopmaTopa WM TeMmIeparypa OKpYKarolleu
cpeabl 00IbIIE TPUHATONW PACUETHOM.

JlonycTUMBIE CHCTEMAaTHUYECKUE NEPErpy3Ku TpaHchopmaropa OOoJblie
€ro HOMHMHAJIbHOM MOLIHOCTH BO3MOXHBI 32 CUET HEPAaBHOMEPHOCTU HArpy3KH
TE€YEHUU CYTOK.

Ha rpaduke mnonHoi MomHOcTH mnoactaHuuu (cMm. pasgen 1.5)
OTKJIa/IbIBAETCS MpsAMAsl JIMHUSA, COOTBETCTBYIOUIAS HOMHHAIBHOW MOLIHOCTH
npuHATOro Tpanchopmaropa. BepxHsas dacte rpaduka, orcekaeMas JTaHHOU
IpSIMOM, SIBJISIETCS] 30HOU MEpErpy3Ku TpaHcpopMmaTopa.

5.1 IlocTpoeHue 3IKBUBAJIEHTHOTO IBYXCTYIIEHYATOro rpadguka
HATPY3KH MOACTAHIIUN

s IoJicyeTa JIOITYCTUMOM CUCTEMAaTUYECKON [IEpErpy3Ku
TpaHchopmaTopa ACHCTBUTENBHBIN Tpaduk mpeoOpazyeTcs B SKBUBAJICHTHBIN
AByxcTyneH4atsii[4,9].

[Tpu nmpeoOpa3zoBaHUU MCXOAHOTO TpaduKa Harpy3KH B SKBUBAJICHTHBIN
rpaduk Harpy3Ku pacCMaTpUBAIOTCS TPU CIIydast:
1-ucxonHbll rpauK UMEET OJJUH MAKCUMYM (Mennoeoit umnyivc —naouiadsb
0ZPDAHUYEHHAA JUHUEl HOMUHAIbHOU MOWHOCMU mpaHchopmamopa u
OpPOUHAMOU MOWHOCIU 2PADUKA).

B 3TOM ciydae JUTATEIBbHOCTD IPEILIECTBYIOIIETO
JEeCSITUHYacOBOTONEPUOAA0TKIIABIBACTCS IO HaYala Mepruo/ia NeperpysKu.
2-UCXOAHBIN TpauK UMEET IBa MAKCUMYyMa, IpUYeM OOJIBIINN MO TEIJIOBOMY
UMIIYJIbCY CIEAYET 32 MEHBLIUM.

B »ToM citydyae BenmuUHMHA U ATUTEIBHOCTDH MEPErPy3KH OMPEEsIeTCs 10
napaMerpam OOJIBIIIET0 MaKCUMyMa, a MEHBIIUH MaKCUMyM YYHUTBHIBAC€TCS B
HKBHBAJICHTHON HauyalbHOW HArpy3ke TMPEeAIIeCTBYIONIETO AeCSITHYACOBOTO
nepuoja, T.e. JJIATEIbHOCTh JECSITUYACOBOrO IMEPUOAA OTKJIAAbIBACTCS B
CTOPOHY MEHBIIETO MAKCUMYyMa I10 TEMJIOBOMY UMITYJIbCY.

3- UCXOJHBIN rpauK UMEET JBa MaKCUMyMa, IPUYEM MEHbBIIUN [0 TEMIOBOMY
UMITYJIBCY CIEAYET 3a OOJBIITNM.

B 3ToM citydyae BenTMUMHA U AJTUTENBHOCTH MEPErpy3KH OMpeesieTcs 1Mo
napaMerpam OOJIBIIET0 MaKCMMyMa, a MEHBIINHA MaKCUMyM YUYWUTBHIBAaeTCS B
DKBUBAJICHTHOM  HAYaJbHOW  HArpyske, KOTOopas  omnpenensercs  Io
JECSITUYACOBOMY TEpPUOJY, CIEAYyIoIleMy 3a OOJIbIIUM MaKCHUMYMOM, T.€.
JUIUTEIBHOCTh JECATUYACOBOTO MEpHOJa TaKXKe OTKIAAbIBAETCS B CTOPOHY
MEHBIIET0 MaKCUMyMa M0 TEIUIOBOMY UMITYJIbCY.

OKBUBaJEHTHAasE Harpy3ka TpaHcdopmaropa Ha paccMaTpuBaeMOM
UHTEpBaJic BPEMEHHU OIIPE/IeIIAeTCs 1o ypaBHeHuU!o [9]:



S,°t, + S,%t, +...+ S,,°t,
L, +t, +...+1t,

rne  S,s— OKBHUBAJCHTHAs Harpys3ka TpaHchopmaTopa 3a IeCATHYaCOBOMN
TICPHO/I.
S;...S10 — Harpy3ka TpaHchopmMarTopa 3a JeCITUIACOBOU ITEPHOI.
t;...1o—UTMTETLHOCTD CTYNCHEH HAarpy3Ku JeCATHYacOBOIO IIepHOJIa
rpaduka MoTHOM Harpy3KH MOJCTAHIIUH.

S —

2KB. 1

, (MBA),

S.°t +...+ S °t_

S —
2 ,(MBA),
o t+...+t (MBA)
rie  S,so— DKBUBAJICHTHAS Harpyska TpaHchopmaTopa 3a MepruoAneperpy3KH.
Si...Sy — wMomHOCTH Tpaduka Harpy3Kd TMOJCTAHIIMA B TIEPHOT

Heperpy3Ku.

tj - t— IIMTENIBHOCTD CTYNIEHEW NIEPErPY3KHU.

Jlia mosyyeHusi SKBUBAJEHTHOIO JBYXCTYIEHYATOro rpaduka 3Hau€HUs
MOIIIHOCTEH AJisl JECATUYAacOBOTO MEpHOJa MPEALIECTBYIOMIET0 Meperpy3ke u
MEepPUOJy TMEperpy3kd OTKIAIBIBAIOTCS Ha Tpaduke TMOJHONH MOIIHOCTH
MOJICTAHITUH.

Jlanee ompenensiroTcst kKod(pPUIMEHTHI HavYambHOW Harpy3kud Kiuk,—
MPEBBILICHUS HArpy3ku 1o [9]:

kl: SaKB.ll SH.Tp.!
k2 = S3KB.2/ SHTp

5.2 Bei0op TpanchopmMaTopa COOCTBEHHBIX HYK/I

[ToacTaHmu cpegHel MOIIHOCTH (€AMHWYHAs MOIIHOCTH 0 63 MBA)
MPOCKTUPYIOTCA C MUTAHUEM IIEINEN 3alHUThI, YIPABICHUS, CUTHAIW3AIMA Ha
TIEPEMEHHOM OIEPATUBHOM TOKE.

[IppueMHUKaAMHU SHEPTUM CHUCTEMBI COOCTBEHHBIX HYXKJ IOJCTAHITUN
SBIISIOTCS:  DJEKTPOJBHUTATCIM CHUCTEMBl OXJIAKJICHHUS TpaHCPOpMaTOpOB;
yCTPOMCTBa 000TpeBa MACISIHBIX BBIKJIFOUaTEIel U MKadoB C YCTAaHOBJICHHBIMU


vik
Подсвеченный


B HUX DJICKTPUYCCKUMH armapaTaMy ¥ MPUOOpaMH; IJICKTPUICCKOE OTOTUICHHE
M OCBEIIIEHUE, CHCTEMBI TIOYKaPOTYIIICHHUS.

VY cTaHOBIEHHYIO MOIITHOCTh TpaHcpopmaTopa codctBeHHBIX HYX 1 (TCH)
HOJICTAHI[UU MOKHO HalTH 1o Gopmyiie[8]:

Scn. =0,058max. (MBA),

e Syax — cM.pazgen 1.5

[1o mpunoxenuto I nnu [7,9] npuanmaerca tunosas MomHocTs TCH.

JUig TIOBBIIIEHHS] HAIEKHOCTHU 3JIEKTPOCHAOKEHUS Leneil COOCTBEHHBIX
HYKJ TpaHC(popMaTop MNPUCOENUHSETCA K BBIBOJY HHU3KOTO HaIpsHKEHUS
CWJIOBOTO TpaHCOpMaropa Ha YydaCcTKe MEXIy TpaHCHOpMaTopoM U
BBIKJIFOYATEIIEM BBO/JIA. HaaByxTpancpopmMaTopHbIX MOJICTAHLMAX
PEKOMEHJIyeTCsl  YCTaHaBJIMBAaTh JBa TpaHchopmaTopa COOCTBEHHBIX HYX I
HanpsokenueMm 10/0,4 xB.



6 BBIFOP 1 OGOCHOBAHME DJIEKTPUYECKONCXEMBI
MOJACTAHLIUU

Bbi00op T71aBHOM cXeMbl SIBISIETCS ONPEACIISIONIMM TIPU TPOSKTUPOBAHUU
AIIEKTPUYECKOW YacTW TMOJICTAHIMM, TaK KAaK OH ONpeNeNiseT MOJHBIM COCTaB
AIIEMEHTOB M  CBA3ed Mexay HuMH.CXema DSJIeKTPUYECKHX — COCTUHEHUIA
MPOEKTUPYEMOM TOACTAHIIMK JIOJHKHA YIOBIETBOPATH CIEIYIOINIMM TPEOOBAHUSIM:

a)UMETh JIOCTAaTOYHYIO HA/ICKHOCTD;

0)OBITH MPOCTOM, HATJISITHOM;

B)OBITH SKOHOMUYHOM;

I)UMETh BO3MOYKHOCTD PACIITUPEHUSI.

Ha nmnoacranimy —ycraHaBIMBAaIlOT, Kak IpaBWiIo, He Oojee JBYX
TpaHCPOPMATOPOB C ABTOMATUYECKUM YCTPOMCTBOM HM3MEHEHHE KOd(PQPUIIMEHTa
TpaHcopMaluu ~ Toj  Harpy3kod  (cm.3amganue). (Cxema  OTKPBITOrO
pacIpeeITeNbHOrO yeTpoiicTBa Bhicokoro HanpsbkeHnus: (OPY BH) nomkna ObITh
0e3 cOopHpIX ImMH. Ha cTOpoHE HHU3KOTO HANPSDKEHUS CXEeMa 3aKphITOTO
pacnpenemmrenbHoro ycrporcta (3PY HH) npunumaercs ¢ ogHOM CUCTEMOM
coopHbix 1mH. [lpy HaMUMKM ~ OTBETCTBEHHBIX  MOTPEOUTENEH  IIMHBI
CEKLIMOHUPYIOTCSl ~ BBIKJIIOYATENIEM. 37€Ch K€ TNPUHUMAETCd TUIl  S4YEeK
pacnpeieNIMTeNbHOro ycTporcTsa 1o [6,7,9,11].

Pexxum paboThl TpaHCchOpMATOPOB ABYXTPAaHC(HOPMATOPHBIX MMOJICTAHIIMNA
JOJDKeH ObITh OOOocHOBaH. JIjisi CHIDKEHHST TOKOB aBapHHOTO —pEeXHMa
PEKOMEH/TyeTCs UCIOJIb30BaTh Pa3ieibHy0 padoTy TpaHC(POPMATOPOB.

Cxema OPY BH mnoacraniuu moiydarolield MUTAaHUE MO ABYM JIMHUSM
(cM.33J1aHUE) NOJDKHA TPENyCMaTpUBATh CXEMY «MOCTHKA» C aBTOMAaTUYECKOU
WJIU HEABTOMATUYECKOU IEPEMBIYKOM.

Cxema 3JIEKTpUUECKUX COETMHEHUI TOJCTAaHIIMU KOMIUIEKTYETCS C y4ETOM
0JIOYHO-MO/TYJILHOTO IMPHHIIMIIA C YIETOM COBPEMEHHBIX CXEMHBIX perieHui [17].

[TpyMepsl BBITIOJTHEHNS TAKUX CXEM PUBENCHBI B ITpUiIoKeHnax M uH.

B mosicHuTenpHON 3amMcke TPUBOAMTCS OIMUCAHUE W BHIOOP CXEMHOTO
pemeHusi, a Ha juctax Nel,2 (dbopmar Al) mpuHsTas cxema 3JIEKTPHUUECKUX
COEAMHEHMM NOICTAaHIMK — JIUCT Nel v raH-pa3pes moicTaHuu— JIUCT No2.



7BBIBOP MAPKH U CEUEHMUSI ITIPOBOJIOB JIMHUM
BBICOKOI'O U HU3KOI'OHAINIPAKEHUA

B muauax snexrponepenaun HanpspkeHuem 10-110 kB kxak mpasuio
ucnoiibzyercs nmposoa mapku AC [1].

CeueHnss TIPOBOAOB JIMHUM BBICOKOTO M HU3KOIO HANPSIKEHUSB
HOPMAJIBHOM PEXHUME OIPEHEISIIOTCA 1O IKOHOMHUYECKOM IUIOTHOCTH TOKa
[1,10].

DKOHOMHUUYECKOE CEYEHHE MPOBOJHMKA JIMHUM BBIUUCISIETCS MO QopMmyie

[10].

Fo == (mvd),

J3K.

1€ |max— MaKCHMaJbHBIM TOK HOPMaJIbHOTO pabOYEro pexuma.

Jox— OKOHOMHYECKAsh IUIOTHOCTh TOKAa, 3aBHCSIIAs OT MaTepuaia
MPOBOTHUKA U Tmax[1,9].

MaxkcumalibHblii TOK HOPMAJIBHOTO pabOyvero pekuma ONpenessieTcs Mo

BBIPAKECHHUIO!

I max — ?\71%( U n (A)’
BH
A€  Smax— MaKCUMaJIbHAs pacyeTHas MOIIHOCTh mojcTanimu, MBA.
Upn —HamnpspkeHue nuraroiieit aiuauu, KB (1o 3aganuro).
N —KOJMYECTBO IENe MUTaroIeH JIMHUHU (110 3aJIaHHIO).
[To 3Ha4YeHWI0O SKOHOMHUYECKOTO CEUEHHS TMPUHHUMACTCS OJrKainiiee
CTaHJIapTHOE CEYCHHE NMPOBOIHKKA, IpriiokenneE wmm [7,9,11].
BriOpanHOe cedeHue JOMKHO YAOBISTBOPSATH YCIOBUIO Harpena [1]:

Imaxflaon )

rae  |,o— JIUTENTBbHO TOMYyCTUMBIA TOK TIpoBoaa mo [7,9,11], mpunoxenue E.

7.1 IIpoBepka ceyeHHs] MIPOBOJAHUKA 110 YCJI0OBHI0O KOPOHbI

[IpoBepka 1O  yCJIOBHSIM  KOPOHBI ~ HeoOxoauMa IS  THOKHX
POBOAHMKOBHANpsbKeHueM 35 kB u Boime [1,4,7].

[IpaBunbHBI BBIOOP CEUCHHS MPOBOAHHKA OOECICUYMBACT YMCHBIICHUE
JIEUCTBUS KOPOHBI 10 JOMYCTHUMBIX 3HaueHwil. I[lpoBoma He OyayT
KOPOHHUPOBATh €CIIM MaKCHMaJlbHas HaIPsOKCHHOCTh MOJSA y IOBEPXHOCTH
100010 nmpoBojia OyaeT He 6oinee 0, 9E,[4,7]T.¢.

IIPH PACIIOI0KEHUH ITPOBOOB B TPEYTOJIbHUK

Enax < 0,9 Eo(xB/cm)



IIpU TOPU3O0HTAJIBHOM PACIIOJIOKCHUU ITPOBOIHUKOB

1,07 Enmax<0,9 E,(xkB/cm)
MakcumaibHasi HapsLKEHHOCTD OIS Y TOBEPXHOCTH HEPACIICIUIEHHOTO
IPOBOJA:

~0,354U
max D (xB/cm)
r,lg—=>
r

o

E

rne U-smHeliHoe HanpspkeHue, KB.
I', — paanyc IPOBOJIA,CM.
D.p. — cpenHee reoMeTpUYECKOE PACCTOSHHAE MEXKTy IPOBOAaMU (a3, CM.

Dcp. = \]3 D.,D,,D 13

rae Dy, , Das, Dis—paccrosmue mexxmy cocemanmvu dazamu|1,4,7].
HauanbHoe 3HaYeHHE KPUTHIECKON HAPSHKCHHOCTH 3JIEKTPUIECKOTO MOJIS:

0,299
E, =30,3m| 1+ (xB/cm),
i
rae M — ko3 PUIKEHT, yYUTHIBAIOIIMI I1IEPOXOBATOCTH MOBEPXHOCTH MPOBOJIA, B
pacuere npuHsaTe M=0,82 .



8 PACYET TOKOB ABAPUMHBIX PEXKUMOB

OCHOBHOW MNpPHUYMHOW ABAPUWHBIX PEKHMOB B 3IEKTPOYCTAHOBKAX
ABIAIOTCS Tpex(daszubie, AByx(a3Hble, NByX(a3Hble Ha 3eMJII0 U OJAHO(DA3HBIC
KOPOTKHUE 3aMbIKaHHS.

PacdeTsl aBapuiHBIX PEXKUMOB MPHU MPOCKTUPOBAHUU IJIEKTPUUYECKOUN
YCTAaHOBKM HEOOXOIMUMBI Jisi BbHIOOpA MOJICTAHIIMOHHOW anmaparypel U
MMPOBEPKU TOKOBEAYIIHUX YacCTE€d HAUX TEPMHUYECKYIO M AJIEKTPOJWHAMUYECKYIO
CTOMKOCTb, & TAKXKE VISl pacueTa PEICHHOM 3alUThI U 3a3€MJIIOIIUX YCTPOUCTB.

B kypcoBoM npoekTe pa3paboTYNKy HEOOXOAMMO MPOU3BECTH PACUET TOKOB
Tpex(ha3zHOro KOPOTKOTO 3aMbIKaHMSI Ha CTOPOHE BBICOKOTO (Touka Kj) n HM3KOTO
HanpspkeHus (Touka Ky) TpanchopmMaTopHOii OACTaHITHH.

JU1A pacyeTaHyKHO COCTABHUTH CXEMY 3aMELICHHS Y4acTKa CETH: CHUCTEMA —
BO3JYIIHASI JIMHUSI BBICOKOTO HAMPSDKEHUST — TpaHC(opMaTOpHasi MOJICTAHIUS B
OJHOJIMHEHOM HCIOJTHEHUU.

Bce sneMeHTBI 3Toi CeTH TOMHKHBI OBITh MPENICTABICHBI CBOMMU CXEMaMU
3amerieHys. Ha 3Thx cxemax NOpUBOJATCS AKTUBHBIE W HWHIYKTUBHBIE
COIIPOTUBIICHHUS 3JIEMEHTOB, IO KOTOPBIM BO3MOKHO ITPOTEKAHUE TOKOB KOPOTKOTO
3aMBIKAHUS.

[Ipumep Takol CXeMbl 3aMEIICHUS IPUBEACH HA PUCYHKE 5.1

X. R,/n X,/n R./n X./n
—  1— [— | K [— | =
1 2

Pucynok 5.1 — Cxema 3amemenus s pacuera TokoB K3

Ha pucynke 5.1 npussrtel cruenyronme oOo3HaueHus X, X, Xi—
WHIAYKTUBHBIC COINPOTUBIICHUS CHUCTEMbI, JIMHUM BBICOKOTO HAampsHKEHUS,
tpancopmatopoB; R,R;, — akTuBHBIE CONpPOTHUBIEHUS JHMHUM BBICOKOTO
HaNpsDKEHUs, TpaHcopMaTopoB; N — KOJMYECTBO IIENEH JIMHUM BBICOKOTO
HaNPsDKEHUs, TpaHC(HOPMATOPOB Ha MOJCTAHIINH.

Pacuer TOKOB KOpPOTKOTO 3aMbIKaHMSI  BBIMOJHAECTCI B  CHCTEME
MMCHOBaHHBIXeAUHUI] [2,5].

8.1 Pacuer conpoTuBJIeHni1 cXeM 3aMelleHUSICHCTEMbI, JINHUN
BbICOKOI'0 HaNpPsIZKeHUs1, TpaHcGOpMATOPOB

[Ipy KOpPOTKOM 3aMbIKaHMM Ha [IHHAX BBICOKOTO HAMPSHKEHUS
tpanchopmaTopHoit moacTaHmuu (Touka Ki).MHIYKTHBHOE CONPOTUBIICHHUE
CHCTEMBI ONpEACIISIeTCs 0 BeIpaxeHuio [2,3,4,5]:



(V..)

Xe= S— ,(Om)
K3.

rae U., — CpeIHCHOMHHAIBPHOE HANPsDKEHUE CTYNEHU KOPOTKOTO 3aMBIKAHUS
(37,0xB, 115kB — mpuHHMaeTCss B COOTBETCTBHH C HAMPSHKCHUEM IIPOEKTa 10
3aJIaHuIO);
Sk, — MOIITHOCTh KOPOTKOTO 3aMBIKaHHUsI 110 3a1aHuio, MBA.

AKTHBHOE COTIPOTHBJICHUE JTAHAH AJIEKTpOTIEpEIaUuH
BbICOKOTOHanpspkeHus[2,3,4,5]:

R, = roL(OM)
PeakTHBHOE COMPOTHBIICHHE JUHUHU BBICOKOT'O Hampsbkenus[2,3,4,5]:

Xy = Xo'L,(Om)
rae  L— uimHa TUHUMAIEKTpONepeIadn 1Mo 3aJaHUI0, KM,
o ,Xo—y/A€TbHbIC aKTUBHBIE W WHIYKTUBHBIC COIPOTHBIICHHS IPOBOJA,
Owm/xm 110[9,11], mu6o Tabmuue E2, npunoxenus E.
AxTHBHOE conpoTuBiieHne TpanchopmaropaRyt [2,3,4,5]:

AIDK.:;. ) U EH. ) 103
2

H

rie AP, — mnoTrepu KOpOTKOro 3aMblkaHus TpaHcopmaropa, kBT
(MpUHUMAIOTCS 110 pasneiy 2 u npuinoxeHuto I);

U.—CpEeTHCHOMUHAILHOE HAIPsDKEHUE OOMOTKH BBICOKOTO HAIPSDKEHUS
TpaHcopmaropa, kB;

S;—HOMMHAJIbHAsI MOIITHOCTH TpaHchopmartopa, MBA.

WMuaykTuBHOE cOnpoTHBieHue Tpanchopmaropa [2,3,4,5]:

U %K.3. ) UCZH i 10
S

H
roe  U”,—HampskeHHe KOPOTKOrO 3aMblkaHusi TpaHcdopmaropa, %
(mpunoxenue I).
[Ipy KOpOTKOM 3aMBIKAHWM Ha [IWHAX HHU3KOTO  HANPSHKCHHS
TpaHcpopmaTopHO# moacTaHnuKu (Touka Kj), MHIYKTHBHOE CONPOTUBIICHHUEC
CHUCTEMBI OTIPEICIISETCS TI0 BRIPAYKESHHUIO:

(UL

Xe=—= ,(OM),
SK.3.

rie U, — CpEIHCHOMHMHAJbHOE HANpsSHKEHHE CTYNEHH KOPOTKOIO

RT:

,(Om)

XT= , (OM)



3ambikaHusipaBHass10,5kB.
AKTHBHOE€ ¥ WHJYKTUBHOE CONPOTUBIICHUS JIMHUU >JEKTpolepeaadu
BBICOKOT'O HalpspKEHUsIonpeensercs no popmyae [2,5]:

N U H.H.
R ; — R C.H. ’ (OM)

I B.H.
U C.H.

2

H.H.

x* = X C.H.
J | U B.H.C.H. ’(OM)

roeU™ ., u U™ ,— cpelHeHOMUHAJBHLIE HANPSHKEHUS HAa CTOPOHE OOMOTOK
HM3KOT'0 ¥ BEICOKOTO HalpsHKEHHs TpaHc(hopMaTopa.
AKTHBHOE COIIPOTHBIIEHHE TpaHchopmaTopa Rrompenensercs mo Gopmyiie:

APK.S. ’ UCZH ) 103
S,
NuaykTrBHOE COMpOTHUBIICHHWE TpaHchopmaropa Xt ompenensercs o
bopmyie:

R = ,(OM)

U %K.3. ) UCZH i 10
S

H

X*T: ,(OM)
raeU.,— CpeIHEHOMUHAbHOCHAIIPSKEHNEe OOMOTKM HHU3KOTO HampshKeHUs
TpaHchopmaTopa.

B cinywae npuMeHeHUs Ha TOJCTAaHIMKM  TpaHcpopmaTopa ¢
pPacCHICTNICHHOMOOMOTKOM ~ HU3IIET0  HANpPSKEHUSI  KOPPEKTUPOBKY  €ro
conpoTuBieHus mpu onpenesneHnn Toka K3 B Touke K2 mpousBomdT mo

dbopmynam [3]:

rae  Xpgnp = X*T;
Kp — xoadumnment pacmieruienus, ais TpexdasHbIX TpaHCHOPMATOPOB
paBeH 3,5.
CymMapHoe compoTuBiieHre Iiern TpaHchopmaropa npu K3 Ha mmaax
HU3ILET0 HANPSIKEHUS: X = Xyr + X iy aira) -

PesynbTupyromiee COmpoTUBICHUE 10 TOYKH KOPOTKOTO 3aMbikaHus K1:



_ 2 2
zZKl = \/(XC +X,) +R} (Owm).
PesynbTHpyroliee COnpoTUBIECHUE 10 TOUKH KOPOTKOTO 3aMblkaHus K2:

, :\/(X*C + X7+ X*T)2 +(R+ R*T)2 . (Om).

ZZK

8.2 PacueT TOKOB Tpex(ha3HOIr0 KOPOTKOI0 3aMbIKAHMS

HauvanpHOe 3HaYeHHE MEPUOAMYECKON COCTABIISIIOUIEH TOKa Tpex(azHOro
KOpOTKOT0 3aMbIkanus B ToukaxK1 u K2 onpenensercs mo Beipaxkenuto [2,5]:

@ Y e Y ey

(K1) \/gzzm n(K2) ‘/gzsz

8.3 Pacuer ynapHoro toka tpex¢azHoOro KOpoTrkoro 3aMbIKaHHU S

MakcumanbHOE 3HAYEHUE MOJHOTO TOKAa —YIApHbIM TOK BO3HHMKAECT B
cerunpumepHo depe3 0,01 ¢ mocne Havana nporecca KOPOTKOro 3aMmbikaHust. [1pu
OTOM CYHUTAETCA, YTO IEPUOAMYECKAs COCTABIIAIOIIAS TOKA HE IPETEPIIEBACT
CYILLIECTBEHHBIX U3MEHEHU U OCTAETCs PABHOM, KaK U B HaYaJIbHBIM MOMEHT. [Ipu
OTOM YUYWTBHIBACTCA JIMIIb 3aTyXaHHUE AalepUOJUYECKON COCTABJIAIOLICH TOKa
KOpPOTKOT'0 3aMblkaHusi.Ha OCHOBaHMHM 3TOr0 yIapHbIid TOK onpeaenurces [2,4,5]:

i, =219k, )

y

rae K, - yaapHbIid ko3 dunuent, onpenensemMslii o Belpaxkenuio[ 2,5 |
001
—_— Ta
k,=1+e |
rael, — OCTOSTHHAS BPEMEHHU 3aTyXaHUsl allepUOUIEeCKON COCTABILSFOIICH TOKa
KOPOTKOTO 3aMBIKaHUS, KOTOPast MOKET OBITh OIpeIesieHa 1Mo (hopMyJie:

X
T — pes. ’
' wR

pes.
TI€ Xpes, Rpes, — COOTBETCTBEHHO PE3yJIBTUPYIOIIUE (CYMMApHBIE) HHIYKTUBHBIE U
aKTUBHBIE conpoTuBiieHus 10 Touek K3 (Touek K1 u K2).

= 2nf— yrinoBas 4actoTa, (=50 I'm).



9 BLIBOP TOKOBEJYIIUX YACTEM U
IEKTPUYECKOI'O OBOPYJIOBAHMS MOJACTAHLIUU

Bre100pHEOOX0MMOrO  000pYAOBaHUSI MPOU3BOAUTCS HAa OCHOBAaHUU
MPUHATOH  CXEMBbI ANEKTPUYECKUX  coenuHenuit  (paszmen 3.1). B
pacnpeaeuTeNbHBIXYCTPOMCTBAX HaIpshKeHUEM 35 KB 1 BbIle NpUMEHSIOTCA
ruOKMe IIMHBI, BHINOJIHEHHBIE MpoBogaMu Mapku AC.

9.1 Boi00op 1 mpoBepKa OIIMHOBKHU PacnpeaeuTe/IbHOI0 YCTPOiiCTBA
BbICOKOI'0 HANIPHAKCHUS

B cnydae BbINOJIHEHMS OIIMHOBKM THMOKMMHU MPOBOJHUKAMHU UX CEUYCHUE
NpUHUMAETCs , KakK [paBWwio, PaBHBIM CEUYEHUIO MPOBOJIA  JIMHUU
BBICOKOTOHAIPSKEHHUS.

Cornacao I1YD, cOopHble HIMHBI 3JIEKTPOYCTAHOBOK W OIIMHOBKH B
MPEAEIaXOTKPBITBIX U 3aKpbITBIX PY BCeX HaNpsKeHWM MO SKOHOMHUYECKOU
TUTIOTHOCTH TOKa He mpoBepsitoTes [1].

B3aBuCcHUMOCTH OT TIPUHATOM CXEMBI PACIPEAECITUTEIBHOTO YCTPOUCTBA
CEYCHUETHOKON  ONIMHOBKMA  TPOBEPSIETCSI MO  JIOMYCTUMOMY  TOKY
HarpeBa(cMm.pazgen 4).Beibop cedeHuss MIKMH MOPOU3BOJUTCS MO YCIOBUIO
Harpena.

Imaxflaon

B nmanHoM BwipaxeHUU |, JIOMKEH OBITH OMpENeneH C TOMpPaBKOW Ha
TeMIIepaTypy BO3[Iyxa, OTIWYHOW OT mpuHATOW B Tabmumax (+25°C) mo
BBIPAKECHHUIO:

| 0-v,
IO TIOIL. .HOM. 45 ’( )

rae V,— nelcTBUTENbHAS TEMIIEpaTypa Bo3ayxa (CM.3aiaHue).

BriOpanHoe cedeHue MpoOBEpsAETCS Ha TEPMHUYECKYI0 CTOWKOCTH MPHU
nporekannu Toka K3 mo [1,4]:

VK S VK.I[OH.’
Trac VK— pacCuCTHad TCMIICpaTypa HarpeéBa IMIHMHBI TOKOM KOPOTKOI'O
3aMbIKaHUI,
VK.):[OI'I. — JOIIyCTHUMasA TEMIICpATypa HArpeBa MIHMHBI IIPH KOPOTKOM

3aMbIKAHUM (Ui alFOMUHUEBBIX THMOKHMX U kecTkux mmH + 200°C, MegHbIX

+300°C) [4,7].



Hns ONpEACIICHUS pacyeTHOu TEMIEPaTypPbl MIPOBOJAHUKA
IIPEABAPUTEIIBHO  HAXOAUTCA  TeMIeparypa IPOBOJHMKA JO MOMEHTa

BO3HMKHOBeHus K3- V,, no[4]:
2

|
— max
Vi =V + (Vuon. - VO.HOM.) I ,(OC)

JOII.
rae  Vin — JIUTEIBHO JOIMyCTHMAas TeMiepaTypa mpoBogauka +70°C;
Voo, — HOMHHAIIbHASE TEMIIEpaTypa Bo3ayxa +25°C.

[To kpuBoii (Ilpunoxenue M), ucrnonp3ys V., omnpeaeiseM CI0XKHYIO
(byHKIMIO TeMIIEpaTyphl MPOBOIHUKA O MOMEHTA BO3HUKHOBEeHUS K3 — f; .

Crnosxxnasi GyHKIHMS TeMIlepaTypbl IPOBOJIHKKA, NPU NMpOTeKaHuu Toka K3
onpeeuTcs o popmyJie:

kB,
= fat gz

rae  By— uMiynbsc KBagpatudHOro Toka K3,onpenenseMslid Kak:

Bk = l (3)21'[ (tOTKJ'I. + Ta) l(KAZ C)
rae HAa4aJbHOE 3HAYEHHUE IEPUOJUYECKOM  COCTABJISIIOIIEN  TOKa
TpexdazHoro KOpoTkoro 3ambikanus B Toukax K1 u K2 (cm.paznmen 5.2).
tOTKJ'I.: tp.3. +t0TKJ'LB :(0,16 . -012); (C)
rae  t,, — Bpems IeHCTBUS OCHOBHOM PEJIEMHON 3allUTHI,
torcn s — TOJTHOE BPEMST OTKIIFOUCHUS BBIKITFOYATETIS,
k-koa(puIMeHT  yYUTHIBAIOIIMK  YACIBHOE  CONPOTHUBJICHHE U
3(QPEeKTUBHYIO  TEIUIOEMKOCTh  MPOBOJHMKA  (QIIOMHHHEBBIC  IIIMHBI,
npoBofa,kadenu — 1,054; Toxe ¢ MegubiMu kunamu — 0,4570);
g — ceYEHHE MPOBOHUKA, MM
[To rpaduky (Ilpunoxenue W), ucnonb3ys 3Ha4YeHUE f, ompenemnsercs
KOHEUHOE 3HAY€HHUE TeMIIepaTyphl MPOBOJHUKA B PEXKUME KOPOTKOTO

3
|( )H_

3ambIkaHuA Y, Ecam okaxercs, 4to Vi <V on TO MIPOBOJHHUK TEPMHUYECKH

CTOCK.

Cormacao I1YD, rubkue TNPOBOJHUKH Ha DSICKTPOIUHAMHUYECKYIO
cToiikocTh He nmposepstoTes [1,3,4]. Onnaxo, ecnu iy> 20 KA Takue MPOBOJHUKU
JIOJDKHBI OBITH TIPOBEPEHBI Ha CXJiecThIBaHuE [4].



9.2 Bb100p ¥ nNpoBepKa OIIMHOBKH pacnpeaeJuTeIbHOTO0
YCTPOMCTBA HU3KOI0 HANIPSAKEHUS

B ciyuae  BBINOJHEHHS  CXEMBI  PACHpPEICIUTEIBLHOIO  YCTPOMCTBA
’KECTKOMOIIMHOBKOM €€ CeueHHE ONPeAesseTCs COIIACHO BBIIICHIPUBEICHHOM
METOJMKH. B OoTiIMYMe OT TMOKOW OIIMHOBKM OHA JOMOJHHUTEIBHO MPOBEPSETCS Ha
AJIEKTPOAMHAMUYCCKYIO cTOMKOCTB[1,3,4]. JKecTkue mWHBL, 3aKpeIUICHHBIC Ha
W30JISITOPax, TPEACTABIAIOT COOOH JHMHAMHUYECKYIO KOJICOATCIbHYIO CHCTEMY,
HAXOJAIIYIOCS TIOJT BO3JCHCTBHEM JJICKTPOJAMHAMUYCCKUX Ccwil.  Haubosbimee
yaenbHoe ycuiue pu Tpexdasznom K3 onpenensiercs o [4,7]:

-2

|
f=3—210"7 , (H/m)
a

rae iy~ ynapusiil Tok Tpexdasnoro K3, A (onpezeneH Bbiie);
@ — PACCTOSIHUE MEXKIY COCEAHUMU (pazaMHu, M.
PaBHOMepHO pacnipeseneHHas cuia f cozmaeT u3rudaronui MoMeHT M.

M= fI*/10 ,(H-m)
rae  |-mmHa nponera MeXx Iy OOPHBIMU H30JIITOPAMH ITHHHOW KOHCTPYKIIHH, M.
HampsokeHue B Marepuane IIWHBI, BO3HUKAIOIIEE TP  BO3ICHCTBHUH
M3ru0aroImero MOMEHTA .

M
Gpacq. a7 (Mna)

W

3
rae W — MOMEHT COnpoTUBIICHHUS KHBI Ha n3ruo, cMm” (IIpunoxenue K).
[ITuHBI 31EKTPOIUHAMHUYECKH YCTOMYUBBI €CIIN:

<
Gpacq. - G,E[OH. J
Trac (o) gqon. —  AOIMYCTHUMOC MCXAHUYCCKOC HAIIPSHKCHUC B MATCPHAJIC IHHHBI

(ITpunoxenue K).

9.3 B100p 1 NpoBepKa IEKTPUYECKHUX ANMAPATOB

B cooTBercTBHUM € TPHUHATOM CXEMOW DJJIEKTPUYECKUX COEAUHCHHUMN
MOJICTAHIIMK B KypPCOBOM MPOEKTE HEOOXOIMMO MPOU3BECTH BHIOOP U MPOBEPKY
CIEAYIOLIMX aIllapaToB:

Ha cTopoHe BBICOKOrO HampsHKEHUsS MOACTAHUMU —Pa3bEeINMHUTENH,
BBIKJIFOYATEIM, OTPAHUYMUTEIN MNEPEHAINPSIKEHUSI, KOHTPOJIbHO-U3MEPUTEIBHYIO
anmapatypy (TpaHcpopMaTopbl TOKA U HAMPSHKEHUSI, U3MEPUTEIbHBIE PUOOPHI).

Ha cTtopoHe HU3KOro HanpsKeHUs MOACTAaHIUUA — OMPEACTUTh THUI SYEEK
3PV, B KOTOpPBIX YCTAHOBJIEHBI: PA3bEAUHUTEIM, BBIKIIOYATEIN, OTPAHUYUTEIN
MepeHANPsHDKEHUs, KOHTPOJIbHO-U3MEPUTETIbHAS ammnaparypa (Tpanchopmaropsl



TOKa W HAMPSOKEHUS, U3MEPUTEIIbHBIE PUOOPHI).

[Ipu BbBIOOpE ammapaToB cieAyeT y4ecTb BO3MOKHOCTH TMOSIBJICHHS B
CXEME€ IJIEKTPOCHAOKEHHUSI TOJCTAHIINK YTSKEICHHOTO PEKUMA.

Pabouuii TOK yTsHDKEIEHHOTO PeKUMa HaXOUTCS TIPHU OTKIIFOUEHUU OJHOTO
Y3 TapauyieJbHO padOTaAMIMX TPaHCPOPMATOPOB C YUYETOM aBapUITHO
JOIYCTUMOM MEPErpy3Ku OCTaBUIErOCs B paboTe, TMO0 MpU OTKIIOYEHUU OJHOU
u3 nurapmmx JuHui. [Ipy BEIOOpE KOMMYTAIMOHHOM amnmaparypbl CIEAYeT
YUYUTBHIBATh COBPEMEHHOE pa3BUTHE KOMMYTAIIMOHHOW TexHUKH. HaOPVY
BBICOKOTO HAMNpPSKEHUS HUCIOJIb30BaTh BO3AYIIHBIE (3JIETA30BbHIE), BAKYYMHBIE
BbIKJIFOUaTenu. B 3PY HHU3KOro HamnpsbkeHHs BAKYyMHYIO TEXHHKY, OCHOBHBIE
TEXHUYECKHE TTapaMeTpbl KOMMYTAIIMOHHBIX aIlliapaToB npuseaceHsbI [9,11] mubo
B [Ipunoxenun JI.

[lepen BEIOOPOM KOMMYTalMOHHBIX allapaTroB HEOOXOAMMO YYECTh pPOJ
YCTAHOBKU — HAPYXHBIM WM BHYTPEHHUN. ATMapaTbl BHYTPEHHEH yCTaHOBKHU
npeIHa3HauYeHbl 11 pabOThl B 3aKPBITHIX PACIPECIUTENbHBIX YCTPOUCTBAX,a
TaKK€ B 3aKkpbhIThIX suerikax 3PY. Amnmaparsl HapyKHOW yCTaHOBKH
peIHa3HAYCHBI JJIs1 pA0OTHI B OTKPBITHIX PaCHpeICTUTENbHBIX YCTPOMCTBAX.

BriOpanHbie 3JIEKTpUYECKHE alllapaThl MPOBEPSIOT HA YCTOMYMBOCTH B
peXUME KOPOTKOIO 3aMbIKaHUS 110 METOAUKE ITPUBEICHHOMN HIXKE.

[Ipu BBIOOpE KOMMYTAIMOHHBIX aMMapaToB CIEIYyET OPUEHTHUPOBATHCS Ha
YCTAaHOBKY B OJTHOM PACIPEAECIUTEILHOM YCTPOMCTBE OJHOTUITHBIX anmnaparos,
YTO YIPOIIAET UX IKCIUTyaTalUIo.

B KypcoBOoM mpoeKkTe JOCTAaTOYHO IPOMU3BECTH PaCUYEThl IO BBHIOOPY
OJIHOTO ammapaTa KaXXJIO0ro HauMEHOBaHHUS, palOOTaIolIer0o B HAUXYIIIUX
ycinoBusix. Pe3ynbrarel BhIOOpa MOJCTAHIMOHHBIX almapaToB BHOCATCS B
pacueTHble TaOIUIBI (CM. HUXE).

9.3.1 Bb10op pazbeauHuTeNNei

Taoauua 9.1 — [lapameTpsl BbIOOpPa pa3beIMHUTES

Tun PacuerHblie Karajgo:xHble

IHapameTpbiBBIOOpA
pa3beIMHUTEJIA JAHHbIE JaHHbIE

UCETI/I.HOM. S UH ) KB

IHOpM.paC‘I.S IH ) A

IySIHp.CKB.: KA

2 2
BKS I Tep.t Tep >KA C

* — B mpaBod yactTu (GOpMYJ TPHUBEIAEHBI pAaCUETHBIE JAHHBIE B MECTE
yCTaHOBKMammapara. B JeBod  4yacTu  JaHHbIE 1O  KaTajory
JUISIBBIOMpaeMoroanmnapara.

Bpems nporexkanus Toka TEPMUYECKOUCTONKOCTH Lrep IPUHUMAETCS:




t1ep. =4 c ipu U, <35 kB,
t.ep=3 ¢ mpulU,> 110 B.

9.3.2 Bb100p BBIKJIIOYATEIEH

Ta6auna 9.2 — [NapameTpbl BIOOPA BHIKJIIOYATEIA

IMapameTpsl Tun Pacuernbie | KaTanoxubie
BbIOOpa BBIKJIIOYATE/IA JAHHbIE JAAHHbIE

UCCTI/I.HOM. S UH b KB

IHopM.pacq. < IH) A

Iy SIHD.CKB. ) KA

2 2
BKS I Tep.t’Te]C)) KA™-C

Il'[ SIOTKJ’I.HOM. 2 KA

9.3.3 Bbi0op orpanununTe’ieil mepeHanpsizKeHust

Ta6auua 9.3 — [lapameTphl BHIOOPa OrPAHHYMTEIS NepeHANPSIKEHUS

Tun
Hanpsikenue Cmnoco0d
OIrPAHMYHUTEJIH Ha3znauenmue
YCTAaHOBKH YCTAaHOBKU
nepeHanpsaKeHus

9.4 KoHTpoJIbHO-U3MePUTEIbHAA annaparypa

KosruecTBO 37EKTpOU3MEPUTENIBHON anmapaTypbl, yCTaHABIMBAEMOWHA
NOJICTAHIIMM, JOJKHO OBITh MHUHHMMAJIBHO BO3MOXHBIM ISl OOJIETYEHUs
o0CITy’)KMBaHUsA, YIPOILIEHUA U YACHIEBICHUS yCTAHOBKHU, HO M JOCTATOYHBIM
JUIsl TIPaBWIBHOTO BEICHMS DJKCIUTyaTauuu. lM3mepeHue nepeMeHHOro ToKa
TpeOyeTcsl B LEMsIX CUIOBBIX TPAHC(OPMATOPOB U B LEMAX OTXOMALIUX JTUHUN
anekTponepenayu. [ns wu3mMepeHuid Toka B Tpexda3zHOM IeNu CleayeT
IIPUMEHATh OAUH amriepMeTp. M3Mepenne HanpspKeHus MPOU3BOAUTCA HA BCEX
CEeKLMSIX COOpPHBIX IIMH Ha CTOPOHE BBICOKOTO M HHU3KOTO HaIpPsSKEHUN
cuioBoro TpaHchopmartopa. HampsbkeHne B KaXIoM ciydae HU3MepseTcs
OJIHUM BOJIBTMETPOM C IEPEKITIOYATEIIEM.

B oanektpoycraHoBkax, paOOTalIMMX B PEXKUME C H30JIMPOBAHHOU
HEUTpPaNblo, HEOOXOIUMO MPEILyCMOTPETh YCTPONCTBO KOHTPOJS H3OJSILUU.
Jns  TPUCOENMHEHUsS BOJBTMETPOB KOHTPOJIA H3O0JMALUU  NPUMEHSIOTCA
TpeX(Pa3HBIUMIATUCTEPKHEBOW WM TpU OAHO(DA3HBIX  TpaHchopmaropa
HAMNPSKCHUS.




W3mepenre »sHepruM MpPOU3BOJIUTCA B ILEnsAx TpaHchopmaropa Ha
CTOPOHE BBICOKOT'O HHU3KOT'O HAIPSIKEHUU.

CueTyrKy ydera akTUBHOW SHEPIUU YCTAHABIMBAOTCS ISl ONPEICIICHUS
KOJIMYECTBA AJIEKTPOIHEPTUH, NEPEAAHHON UYepe3 CUIIOBOM TpaHchopmaTtop u
M3pacXOJ0BAaHHOM Ha COOCTBEHHBIE HYXJbI, a TakKe OTIyCKaeMOW 4epes
OTXOJSIIIME JINHUU.

CdeTunMku pPEaKTHUBHOW HSHEPrMHM YCTAHABIMBAKOTCA, KAK MPABUIO, CO
CTOPOHBI HM3IIEr0 HAaNpsLKEHHs TpaHCPOPMATOPHON MOACTAHIIMM 4Yepe3
U3MEpUTENbHBIE TPaHC(HOPMATOPHI TOKA U HANPsKEHUs Kiacca TouHocTH 0,5.

9.4.1 Bb10op TpancpopMaTopoB TOKA

B cuny TOro, 4ro WHAYKTUBHOE COINPOTUBICHHE TOKOBBIX IlENEn
HEBEJIMKO, TpUHUMaeTcs Z; = I;.

OO611ee conpoTUBIICHUE BTOPUYHOM 1IeNH TpaHchopmaTopa TOKa COCTOUT
W3 COINPOTUBIICHUN NPUOOPOB, COETUHUTEIIBHBIX MPOBOJAOB U MEPEXOHOIO
COIIPOTHBJIEHUS] KOHTAKTOB:

M= rnpn6. +rnp. + Ik

Ta6auna 9.4 — Iapamerpsl BbIOOpa TpaHchopMaTopa TOKa

Tun
IMapameTpsl Pacuernnie | KarajoxHbie
TpaHcpopmaropa
BbIOOpa ToKa AAHHbIE AaHHbIE

UCCTI/I.HOM. S UH ) KB

IHopM.pacq. S IlH s A

o koHCTPpYKIIUHU U
KJIACCY TOYHOCTH

Iy <Ly , KA

2 2
BK < I Tep.tTep9 KA"-C

ZZ S ZZ HOM. OM

CornpoTuBiieHHE TPUOOPOB ONPEEIAETCS MO BBIPAKEHUIO:

ran6=San6./ |22H1
Ie  Sppus — MOIIHOCTb MOTpeOssgeMas MpuOopamu (IPUMEPHBIM IEpEdYEHb
npubopoB naH B [Ipmioxkennu M).
|,,— BTOpHYHBI HOMUHAIBHBIN TOK TpaHCcPopMaToOpa TOKa, paBHBINA S A.
ComporuBnenuss koHTakToB mnpuHuUMaercs 0,05 Om mpu aByx-Tpex
n3MmepurenbHbix npudopax u 0,1 Om npu GosbiiieM KOJIUYECTBE MPHUOOPOB.
ConpoTHUBIIEHHE COEIMHUTENBHBIX MTPOBOJIOB 3aBHUCUT OT WX JJIUHBI U




CCUCHMUI. HpI/I BBITIOJTHCHHWH BBIIICYKA3aHHOT'O YCIIOBUA H€O6XOJII/IMO, YTOOBI

rnp:rZHOM. _rnpn6- —Ix

3Hast 'y, MOKHO OTPEACIIUTh CEUCHUE COSTMHUTEIBLHBIX TTPOBOIOB:
q :plpacq./ rnp,(MMz)

re p — yIeJIbHOE COMpOTUBIeHNne MaTtepuraia mposoaa (Menb —0,01750m-mm;
amomuuni — 0,0283 OM-Mm)

lpaci— pacueTHas IJIMHA HPOBOAOB, 3aBUCHINAS OT CXEMbl COEIUHEHHS
TpaHc(hOpMaTOpoB TOKa (cxeMa HONHOW 3Be3abl |y,=l, cxema HemomHoM
3Be37bI |paes=+/3:1, Tiel — paxTudeckas HMHA COCTUHUTENBHBIX MIPOBOJOB OT
TpaHc(hOPMAaTOPOB TOKA JIO IPUOOPOB IS PA3HBIX CHCTEM HAINPSKCHUN:

I=(3...5)m mpu U, =10xB,
I=(50...60)m mpu U,, =35kB,
1=(80...120)m ipu U,, =110kB.

B kadecTBe COEIWHUTENBHBIX IPOBOJOB NPHUMEHITh MHOTOXUJIHHBIC
KOHTpoJNbHBIe Kabenn. [1o ycnoBHiO MeXaHU4EeCKON MPOYHOCTH MUHHMAIbHOE
ceueHne MeHOM KuIbl 2,5 MM, antoMuanesoii 4 mv°[1,4].

9.4.2 Bb100p TpaHCc(pHOPMATOPOB HANIPSIZKEHUSA

Tabauna 9.5 — [lapameTpsl BbIOGOpa TpaHchopMaTopa HANIPSKEHUSI

Tun
ITapameTpbl Pacuernsie | Karasnoxubie
Tpancopmaropa
BbIOOpa JaHHbIE JaHHbIE
HANPSIZKEHU S
UCCTI/I.HOM. < UH ’ kB

M0 KOHCTPYKUMH U
cxeMe coeTMHEeHHUs
00MOTOK
MO KJIACCY TOYHOCTH

SZ S SZHOM.

PacuerHast Harpy3ka BTOPHUYHOW IeMu TpaHchopMaTopa HANpPSHKEHHS S
ompezienseTcss CyMMOM akTuBHOM XP,,sm  peaktmBHONW  XQppu6 MOIIHOCTEH
HPUCOCIMHEHHBIX H3MEPHUTEIBHBIX TPUOOPOB U pee(B-A).

S, = \/ (Z SHpH6. COS @5 )2 + (Z Snpnﬁ. sin Dripus. )2 =

= \/Pznpnﬁ u anpI/IG -(B'A)-

Ecnu Tpebyemoe yciioBHe HE BBINOJIHAETCS B BBIOPAHHOM KJ1aCCE€ TOYHOCTH, TO




YCTaHABJIMBAIOT BTOPOM  TpaHCHOPMATOpP  HAMNPSHKEHUS  WYacTh  MPUOOpPOB

NPUCOCIUHAIOT K HeMy. [lo ycClIOBHIO MEXaHMYECKOW MPOYHOCTH MHHUMAIBHOE
. 2 o 2

cedeHre MeIHOM uibl 1,5 MMm* , amomuamreBoi 2,5 mm” [1,4].
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Hpunoxenue A. Tunosbie rpapukn HATPY30K 00HEKTOB
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Pucynok A5 — CyrouHblie rpaduKH HArPy3Ku Pucynox A6 — Cyrounbie rpaguku
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3uMa, ----- JIeTO MeTAJLUIypPruu
3uMma, ----- JIETO
P P
100 -
© 1
% 80 | - £ &
s . I I = |
g i i i g |
g Ll o | Ll 8 | |
2 60 o q |
o 5 60 [ 1
S @ |
: : |
g o I |
= =11 i
§ 40 § 40 —
2 <)
= =
20 20
0 0
2 46 8101214 16 18 20 22 24 t u. ; 2 4 6 8101214 16 18 20 22 24 t,u.
Pucynok A7 — CyrouHnslie rpadpuxu Pucynok A8 — CyTrouHnblie rpagpuku
HATPY3KH NPeINpUSITUS XUMHYECKOH HATPY3KH NPeINPHUITUS M0 100bIYe U
NPOMBIILJIEHHOCTH 000raleHuIo pya



100

80

o= —

60

(R 5E5

40

[op——
-

MpOLEHT CUNOBOro Makcumyma
T
|
1
R

e p—

20

6]

Pucynok A9 — CytouHslii rpa¢uK HAIPY3KH HACEJIEHHOT0 IYHKTA
3uMma, ------ JIeTO

100

80
|

60

40

MpOLieHT CUNoBoro MakcuMyma

=

20

I
]
1
|
|
|
r-—
I
|
|

2 4 6 B8 10 4214 16 1820 2224 tu.
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Ipuaoxenue bTadauubl pacyera ce30HHBIX rPa@UKOB HATPY3KH
npeanpusaTHA

(o0s3aTenpHOE)

Ta6auua b1- Pacuer 3umMHero rpagpuka HaAarpy3Ku npeanpusiTus

0-1 1-2 2-3 34 4-5 5-6 6-7 7-8 8-9 9-10 | 10-11 | 11-12 | Yac
Nigs

P

12-13 | 13-14 | 14-15 | 15-16 | 16-17 | 17-18 | 18-19 | 19-20 | 20-21 | 21-22 | 22-23 | 23-24 | Yac
Nige

Pi

Taoauna b2 - Pacuer JieTHero rpadguka Harpy3ku npeaAnpusTud . . ..

0-1 1-2 2-3 34 4-5 5-6 6-7 7-8 8-9 9-10 | 10-11 | 11-12 | Yac
Nioe

Pi

12-13 | 13-14 | 14-15 | 15-16 | 16-17 | 17-18 | 18-19 | 19-20 | 20-21 | 21-22 | 22-23 | 23-24 | Yac
Nioe

P




Hpuaoxenue B. Tadimubl pacyera cyMMapHOTro (COBMELIEHHOT0)
rpauka Harpy3Ku nOACTAHIIMHU

(o0s3aTenpHOE)

Ta6auua B1- CymMmapHblii 1eTHHI rpaMK HATPY3KH MOACTAHIIUMA

0-1

1-2

2-3

34

45

5-6

6-7

7-8

8-9

9-10

10-11

11-12

12-13

13-14

14-15

15-16

16-17

17-18

18-19

19-20

20-21

21-22

22-23

23-24

Tadoimmna B2— CymmapHbIi 3MMHHM rpa@ UK HArPY3KH MOACTAHIMHU

0-1

1-2

2-3

3-4

45

5-6

6-7

7-8

8-9

9-10

10-11

11-12

3uma,

12-13

13-14

14-15

15-16

16-17

17-18

18-9

19-20

20-21

21-22

22-23

23-24




Hpunoxenue I'. Tpanchopmaropsl kinacca HanpsizkeHus 35-110 kB
(cipaBO4HOE)

Taoauua I'l-Tpancdpopmaropsl kiaacca Hanpsikenuss 35-110 kB

U.onkB norepu, kBt pa3Mepsbl, M
Tun Srow, Uy, %0 iy, %

«B-A | BH HH Py P t b H
TMH - 6300/35 6300 20; 35 3,15-11 9,4 46,5 7,5 0,9 41 3,57 411
TMH - 6300/35 6300 20; 35 6,3; 11 9,4 46,5 7,5 0,9 4,15 3,65 4.4
TJIHC - 10000/35 10000 35 6,3 14,5 65 8 0,8 5,42 3,92 5,06

TJJHC - 10000/35 10000 35 6,3 13,5 65 8 0,8 5,97 54 5
TJHC - 16000/35 16000 35 6,3; 10,5 21 100 10 0,6 6,1 3,07 5,25
TPHC - 25000/35 25000 35 6,3; 10,5 25 115 9,5 0,5 5 4,27 6,56
TPIHC - 32000/35 32000 35 6,3; 10,5 30 145 115 0,45 6,6 4,3 5,53
TPHC - 40000/35 40000 35 6,3; 10,5 36 170 11,5 0,4 6,8 45 55
TPIHC - 63000/35 63000 35 6,3; 10,5 50 250 115 0,35 7 4,55 6,06
TMH - 2500/110 2500 110 6,6; 11 6,5 22 10,5 15 4,63 3,54 4,09
TMH - 2500/110 2500 110 6,6; 11 6,5 22 10,5 15 4.4 4,3 4,38
TMH - 6300/110 6300 115 6,6; 11 13 50 10,5 1 6,09 6,26 5,26
TMH - 6300/110 6300 115 6,6; 11 17,5 50 10,5 1 6,08 4,2 5,09
TJIH - 10000/110 10000 115 6,6; 11 18 60 10,5 0,9 6,33 3,7 5,55
TJIH - 16000/110 16000 115 6,6; 11 21 90 10,5 0,85 6,6 44 577
TPJIH - 25000/110 25000 115 6,3-6,3 31,5 121 10,5 0,75 6,58 4,65 5,82
TPJIH - 32000/110 32000 115 6,3; 10,5 44 145 10,5 0,75 7,55 4,72 5,75
TPLIH - 40000/110 40000 115 6,3; 10,5 52 175 10,5 0,7 7,28 5,02 6,25
TPJIIH - 40000/110 40000 115 6,3; 10,5 50 160 10,5 0,7 7,02 4,85 6,3
TPLIH - 63000/110 63000 115 6,3; 10,5 69 245 10,5 0,65 8,31 4,24 6,47
TPIIIH - 63000/110 63000 115 6,3; 10,5 70 245 10,5 0,65 7,2 5,15 6,5

TP/LIH - 80000/110 80000 115 6,3; 10,5 85 310 10,5 0,6 8,7 5,25 7




IIpuaoxkenue 1. 'paduku neperpy3ouHoii crnocooOHOCTH

TpancopmarTopa
(cipaBOYHOE)
K2
2,00 t=054
_ ~
1,90 t—\l‘l\ \
1,80 AN \

/
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Pucynok /11— I'pauk neperpy304Hoii cnoco0HocTH TpancGopmMaTopa cCucTeMbl
oxuaxaenus /I, MouHocTnIo 6,3...32 MBA, v,,,= 0 °C
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Pucynok /I2 — KpuBble neperpy304Hoii cnocoOHOCTH TpaHchopMaTopa CUCTEMBI
oxyaxaenus JI, MOIHOCTHIO 32...63 MBA, v,,,= 0 °C



Ipunoxkenue E. [Tapamerpsl cTajiealloOMMHUEBbIX IPOBOA0OB

Taoauna E2 — [TapameTpsl cTajieaJJlOMUHHEBBIX IPOBO/I0OB

(cupaBo4HOE)

Yucno u quamerp

PacuetHoe CCUCHHC,

2

PacueTHrIi

IPOBOJIOK, MM MM IUaMeTp, MM
Mapka E y g % - m ConpoTHBIICHHE JlomycTumast
poBojIa 0 E E < = é E = HOCTO}II%HOMy TOKY TOKOBas
= % = g =3 5 é( 2 npu 20 ~ C, Om/km Harpyska, A
2 2 =| " | & | Eg | E
= 2 2
[IpoBona HopmanbHOM KOHCTpYKLMH (AC)
AC 10/1,8 6x1,5 1x1,5 10,6 | 1,77 | 12,37 1,5 4,5 2,766 80
AC 16/2,7 6x1,85 1x1,85 16,1 | 2,69 | 18,79 1,9 5,6 1,800 105
AC 25/4,2 6x2,3 1x2,3 249 | 415 | 29,05 2,3 6,9 1,176 130
AC 35/6,2 6x2,8 1x2,8 36,9 | 6,15 | 43,05 2,8 8,4 0,790 175
AC 50/8,0 6x3,2 1x3,2 48,2 | 8,04 | 56,24 3,2 9,6 0,603 210
AC 70/11 6x3,8 1x3,8 68,0 | 11,3 | 79,30 3,8 11,4 0,429 265
AC 70/72 6x2,2 19x2,2 68,4 | 72,2 | 140,60 11,0 15,4 0,428 265
AC95/16 6x4,5 1x4,5 954 | 159 | 1113 4,5 13,5 0,306 330
AC95/141 24x2,2 37x2,2 91,2 | 141,0 | 232,2 15,4 19,8 0,321 330




AC 120/19 26%2,4 7x1,85 118 | 18,8 | 136,8 5,6 15,2 0,249 380
AC 120/27 30x2,22 7x2,20 114 | 26,6 | 140,6 6,6 15,4 0,253 380
AC 150/19 24x2,80 7x1,85 148 | 18,8 | 166,8 9,5 16,8 0,199 445
AC 150/24 26x2,70 7%x2,10 149 | 242 | 1732 6,3 17,1 0,198 445
AC 150/34 30x2,50 7%x2,50 147 | 343 | 1813 7,5 17,5 0,201 445
AC 185/24 24x3,15 7%x2,10 187 | 24,2 | 2112 6,3 18,9 0,157 510
AC 185/29 26x2,98 7x2,30 181 | 29,0 | 210,0 6,9 18,8 0,162 510
AC 185/43 30x2,80 7x2,80 185 | 431 | 228,1 8,4 19,6 0,158 510
AC 185/128 | 54x2,10 | 37x2,10 | 187 |128,0 | 3150 14,7 23,1 0,158 510
AC 240/32 24x3,60 7x2,40 244 | 31,7 | 2757 7,2 21,6 0,121 610
AC 240/39 26x3,40 7X2,65 236 | 38,6 | 2746 8,0 21,6 0,124 610
AC 240/56 30x3,20 7x3,20 241 | 56,3 | 297,3 9,6 22,4 0,122 610
AC 300/39 24x4,00 7X2,65 301 | 386 | 3396 8,0 24,0 0,098 690
AC 300/48 26x3,80 7x2,95 295 | 47,8 | 3428 8,9 24,1 0,100 690
AC 300/66 30x3,50 | 19x2,10 | 289 | 65,8 | 353,8 10,5 24,5 0,102 690
AC 300/67 30x3,50 7x3,50 289 | 67,3 | 356,3 10,5 24,5 0,103 690
AC300/204 | 54x2,65 | 37x2,65 | 298 | 204,0 | 502,0 18,6 29,2 0,099 690
AC 400/18 42x3,40 7x1,85 381 | 18,8 | 399,8 5,6 26,0 0,078 835
AC 400/22 76x2,57 7x2,0 394 | 22,0 | 416,0 6,0 26,6 0,075 835
AC 400/51 54x3,05 7%3,05 394 | 51,1 | 4451 9,2 27,5 0,075 835
AC 400/64 26x4,37 7x3,4 390 | 63,5 | 453,5 10,2 21,7 0,075 835
AC 400/93 30x4,15 | 19x2,50 | 406 | 93,5 | 499,2 12,5 29,1 0,072 835




Tadoauna E2 — UHAyKTHBHBIE CONPOTUBJICHHUS CTAJIeAJIOMIUHUEBBIX POBO/I0B

CpenHereoMeTpHIecKoe pacCTOsTHUE

WNHaykTuBHOE conpoTuBiaeHne, OM/Kkm

MEX1y POBOJIAMHU, M AC-35 | AC-50 | AC-70 | AC-95 | AC-120 | AC-150 | AC-185 | AC-240
2,0 0,403 0,392 0,382 0,371 0,365 0,358 --- ---
2,5 0,417 0,406 0,396 0,385 0,379 0,372 --- ---
3,0 0,429 0,418 0,408 0,397 0,391 0,384 0,377 0,369
3,5 0,438 0,427 0,417 0,406 0,400 0,396 0,386 0,378
4,0 0,446 0,435 0,425 0,414 0,408 0,401 0,394 0,386
4,5 --- --- 0,433 0,422 0,416 0,409 0,402 0,394




IMpunoxenue U.Pacuer rTemneparypsl HarpeBa npoBOJIHUKA

(cpaBouHOE)
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Pucynok U1 — Pacyer Temneparypsbl HarpeBa nNpoBOJAHHKA




Hpunoxenue K. Mexannvyeckune XapakKTepuCTUKH HIUH

(cnpaBo4YHOE)

Taoauna K1 — Mexannyeckue XapakTepuCTHKU MaTepHajIa IIMH

Paspymarommiee | Jonmyctumoe Mopyib
Martepuain Mapka HaIpsHKECHUE HapsOKECHUE YIPYTOCTH
Opazp, MI1a Onon, MIla E, Ila
ANfOMAHMH AJIO 60...70 40 7-10%°
AJTFOMHHUEBBII AJI31T 130 75 —
CILJIaB AJI31T1 200 90 —
Mep MI'T 250...300 140 10-10"
Craim Cr3 370...500 160 20-10"°

Tadanma K2 — MoMeHT conpoTHBJICeHHS] M HHEPIMH NTHHbI
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Pacnonoxenne muH MoMeHT nHepuuu
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HMpunoxenue JI. [TapameTpsl 371€eKTPO00OPYIOBAHMS MOACTAHIIMH

Taoumua JI1 — [Tapamerpsl BO3AyHIHBIX BhIKJIOYaTe el Hanpsizkennem 110 kB

(cipaBO4HOE)

HpeﬂeﬂbHi’m Bpewmst (monHOE), ©

lomicns CKBO3HOH Tok TepMHuUECKON Macca EmMKocTh

Tun lions KA TOK . lyr, cM 3

KA (ammmTy ) CTOMKOCTH, KA IOJII0Cca, T 0aKkoB, M

’ OTKIIFOUCHUS | BKIIIOYEHUS
KA
BrikimrouaTenu ¢ Hapy>KHBIM OTAEITUTEIEM
BHCT-15 12,0 31,5 485 190 0,08 0,12 2,5 - 1,8
BBI'-20 12,5;20 160 410 160 0,12 0,14 9,6 - 2,4
BB-20 (V) 12,0 115 300 118 0,19 0,10 3,1 - 2,4
BBII-35 1,25 16 41 16 0,08 0,28 1,2 - 0,6
BB-35 1,25 20 52 20 0,08 0,28 1,2 - 0,5
Brixirouarenu ¢ oTIeIuTeNneM B KOXKYyXe
BBH-35-2 2,0 31,5 84 \ 33 | 008 | 028 3,5 105 2,0
Brikirouarenu ¢ oTenuTeneM B KOXKyXe M0/ JaBJICHUEM

BBH-110-6* 2,0 31,5 80 31,5 0,07 0,25 3,2 263 3,9
BBILI-110 () 20 25 64 25 0,08 0,20 3,1-3,2 éég) 39
BBIII-150b 2,0 25 74 32 0,08 0,20 4,3 408 6,2
BBH-154-8* 2,0 30,8 78 30,8 0,08 0,25 4,3 408 6,2
BBH-220-10* 2,0 26,2 67 26,2 0,08 0,25 4,8 526 6,2
BBH-220-15* 2,0 39,4 80 39,4 0,08 0,25 50 526 7,2
BBIII-220 (b) 2,0 25 94 40 0,08 0,25 5,2-5,5 (ggg) 6,2
BB-330b 2,0 20; 31,5 65 26 0,08 0,23 13,0 800 15,0
BBH-330-15* 2,0 26,2 67 26,2 0,08 0,30 11,2 840 144




[IpenenbHblii
CKBO3HOMH

Bpewms (monHoe), ¢

 J— Tok TepMHUECKON Macca EmKocThb
Tun lion, KA TOK N Iy, oM 3
KA CTOMKOCTH, KA IOJIIoCca, T Y 0akoB, M
(ammntyna), OTKJIIOUCHHUS | BKIIIOUCHUS
KA
BB-500 (b) )
BBM-500 (B) 2,0 20; 31,5 73 29 0,08 0,26 16,0 1080 22,4
Brikiirouarenu ¢ METaJUIMYECKUMU TaCUTEIbHBIMU KaMepaMu
BBY-35 2,0; 3,2 40 100 40 0,07 0,13 2,5 90 15
BBVY-110 2,0 40 102 40 0,08 0,20 5,2 245 3,0
BBII-110b 0,63; 1,25 16 67 26 0,08 0,15 2,5 300 15
BBb-110b 2,0 315 80 315 0,07 0,15 2,8 290 15
BBEM-110b 2,0 315 90 35 0,07 0,15 2,5 290 15
BHB-110 (b) 3,2 40; 63 102; 162 40; 63 0,04 0,10 3,0 éég) 1,7
BBBK-150b 3,2;4,0 50; 63 125; 162 50; 63 0,04 0,10 2,5 290 15
BBB-150b 2,0; 3,2 315 90 315 0,07 0,20 3,2 408 15
BBB-220 (A)-12 2,0; 3,2 315 80 315 0,08 0,20 5,2 575 3,0




BeikirouaTe/in BAKyyMHbIe HanpsizkeHueM 35 kB

Barxyymuwiii evixniouamens BBC-35-11-20/630.
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BLIKNMHAMENL BbICOKOBDNLMALIE
cepul BBC-356

Bakyymusiii  Beikmouatens BBC-35-11-20/630
OpeJHa3HAayeH s KOMMYTalUU 3JIEKTPUYECKUX
Lenel B HOPMAJIbHBIX U aBapUUHBIX peXUMax padOThI
B CeTAX Tpex(a3zHOro mepeMeHHOro TOKa 4acToTsl S0
(60) I'm  nmng  OTKPBITBIX M 3aKPbITHIX
pacnpeienuTeNbHbBIX  YCTPOMCTB.  BhIKIIOUaTesns
KOMIUIEKTYETCSI BCTPOCHHBIMU TpaHCPOopMaTOpamu
toka TB- 35, BBoga MoryT ObITh Kak (apdopoBbiMU
Tak W noiauMmepHbIMU. [lo JKenmaHuIO 3aKa3uuka
BaKyyMHas AyroracutesnbHas Kamepa
YCTAaHABJIMBAETCS OTEYECTBEHHOI'O WJIM HMMIIOPTHOIO

MIPOU3BOJICTBA
HomunanbHOe HanpsbkeHue, KB: 35
HoMuHanbHbIN TOK, A 630
HoMuHanbHBIN TOK OTKIIIOUCHUS, KA 20
[uknos BO, npy HOMUHAJIBHOM TOKE: 25000
[{uxnos BO, mpu Toke K3: 200
DJIEKTPOIMHAMUYECKAs] CTOMKOCTD (KA): 52
Tok TepMHYECKOU CTOHKOCTH, KA (C): 20
CoOcTBeHHOE BpeMsl OTKIIFOUCHUS, MC: 40
[TonHOE BpeMsi OTKIIIOYEHUS, MC: 80
CoOcTBeHHOE BpeMs BKITIOUCHHS, MC: 150
Macca, kr: 750
["abGapuThl BRIKITFOYATEIIS: 1910 x 1200 x 1950 mMm.
Baxkyymmnwiii evixnrouamens BBC-35- 11-20/1600.
Bakyymupiii  Beixmouarens  BBC-35  11-20/1600 mpemnasznadeH — yis

KOMMYTAIIUU JIEKTPUUECKHUX LENe B HOPMaJIbHBIX U aBApUIHBIX peKUMax paboThI B
ceTsix TpexdazHoro mnepeMeHHOro Toka 4actoTel 50 (60) 't isi OTKPBITHIX H
3aKpBITHIX PaCIPEACIUTEIBHBIX YCTpoicTB. Brikmouarens BBC-35 11-20/1600
KOMILJIEKTYETCsl BCTPOCHHBIMU TpaHchopmaTtopamu Toka TB-35, BBoga MoryT ObITH
kKak ¢GapopoBEIMH TaKk W TOJWMEpHBIMHU. [lo JKemaHWIO 3aKa3unMka BaKyyMHas
JAyroracuTelibHasi KaMepa YCTAaHABJIMBAETCS OTEUYECTBEHHOIO WM HMIIOPTHOTO

TIPOM3BO/ICTBA.
HomunanwsHOe Hanpsikenue, KB: 35
HoMmuHanbHBIA TOK, A: 1600
HomuHanbHBIN TOK OTKIIFOYEHHS, KA 20
[Muknos BO, npu HOMUHAIBHOM TOKE: 25000
[Muxnos BO, npu toke K3: 200

DNEeKTpOIMHAMUYECKAsi CTOMKOCTD (KA): 52



Tok TepMHYECKOU CTOHKOCTH, KA (C): 20

CoOcTBEHHOE BpEeMsI OTKIIFOUEHHUS, MC: 40

[ToHOE BpeMs OTKIIIOUCHUS, MC: 80

CobOcTBEeHHOE BpeMsl BKIIFOUEHHUS, MC: 150

Macca, Kr: 830

["abapuThl BHIKITFOYATES: 1910 x 1200 x 1950 Mm.

[Tponomxenue Tadauiibl JI2

Buiknrouamenwv eaxyymnwiit BEC-35111-25/630-1600 YXJ11
BBE(C-35111-31,5/630 2000V XJ11

BrikimrouaTenu BaKyyMHBIE € 3JICKTPOMAarHUTHBIM U MIPY>KUHHBIM IIPUBOJIAMHU C
YCUJICHHOM W30JIsIIIMed, Hapy»XKHOW YCTAHOBKM MpEIHA3HAYEHbI JJIs pabOThl B
AIEKTPUUYECKUX CeTAX Tpexda3zHoro IMepeMeHHoro Toka dvactoton 50 I'm ¢
HanpspkeHrneM 35 kKB Ha OTKpBITBIX 4YacTSAX CTaHIMN, MOACTaHLMM, Ha TITOBBIX
MOACTAHIIUAX dJIEKTPU(PHUIIUPOBAHHBIX KEJIC3HBIX JOPOT, B PaCHpeACIUTEIIbHBIX

YCTPOMCTBAX.
OCHOBHBIC TEXHUYECKHE JaHHBIC
HomunanbHOe HanpspkeHue, kKB 35
HauGomnbiee pabodee Hanpspkenue, kKB 40,5
HomunaneHbIi TOK, A 630; 1250; 1600
(630;1250; 1600; 2000)
HoMuHaabHBIN TOK OTKIIOUYCHUS, KA 25 (31,5)
CKBO3HO#M TOK KOPOTKOTO 3aMBIKAHHSI:
TOK JIEKTPOIUHAMHUYECKON CTOMKOCTH, KA 64; (80,3)
TOK TEPMUYECKOM CTOMKOCTH, KA 25; (31,5)

BpeMs MTPOTEKAHUS TOKA TEPMHUUECKOM CTOMKOCTH, C 3
CoOcTBeHHOE BpeMsi BKITIOUEHUS BBIKITIOUATENCH

He OoJee, ¢ 0,13
CoOcTBEeHHOE BpeMs OTKITFOUEHUSI BHIKITFOUATENIeH

He 0oJee, ¢ 0,04
[TorHOE BpeMms OTKIIIOYEHHUE HE OoJtee, ¢ 0,06
Tpauchopmarop Toka, TOJI-35-1L-I1-1 YXII1:

HOMUHAJIbHBIA EPBUYHBIN/BTOPUYHBIA TOK,A 1500*/5

HomunanbHbIN Ki1aCC TOYHOCTH:
BTOPUYHOM OOMOTKH JIJIsI U3MEP CHUIM

(0OOMOTKM AJ14 3aIMTHI) 0,5**(10P/10P) ITpy»uHHBI
MPUBO/I:

HomunaneHOE HanpsiKeHue LEeneu muTaius npuBoja, B

IMOCTOSIHHOTO TOKA; 110;220

MIEPEMEHHOTO TOKa 220

DNEeKTPOMArHUTHBIA MMPUBO/I;

HomunanbeHO€E HamnpsbkeHue Hener NUTaHus

MPUBO/Ia TOCTOSTHHOTO TOKa, B 110;220
Tox moTpedieHHs JNEKTPOMarHuTa



npu Hanpspbkennu 110;220 B, A

IIPY BKJIFOYCHUH BBIKIIFOYATEIIS; 74: 37
IIPU OTKJIFOUYEHUH BBIKITIOUYATEIS 51:2,6
Tox moTpebIeHus IEKTpOMarHuTa

npu Hanpsbkenun 110;220/220 B, A

BKJIFOUEHUS, 3:1,5/1,.5
OTKJIFOYEHHS; 3;:15/1,5
3aBOJa MPYKUHbBI BKIIOUCHHUS 9:45/45

Tok notpediieHns pacuenuTeNsioT HE3aBUCUMOTO
MCTOYHUKA NpH HanpspkeHuu 2208

IIOCTOSIHHOTO TOKa, A, He Ooee 0,45
Tok cpabaTeiBaHUs pacleNUTENE MAKCUMAIbHOTO

TOKa, IPEeIHa3HAYEHHOI 0 JJIs1 pabOTHI B CXEME C

JNEUTyHTUPOBaHUEM, A 3w 5
Macca, xr, HEe OoJce:

C DJIEKTPOMArHUTHBIM ITPUBOJIOM 550

C IPYKUHHBIM PUBOIOM 600

* - mo TpeboBanuio 3akazumka 15, 20, 30, 40, 50, 75, 100, 150, 200, 300, 400, 600,
800, 1000, 1500, 2000.
** - o Tpebopanuto 3aka3zunka 0,5S mmum 0,2S.

Bakyymuble BbIK/IIOUYaTe U HaHANPsi:keHueM 10kB
Buikmouamens saxyymuwiti B6P-10-20/630...1250 V2

BakyymHbIll BBIKJTIOYATENh C OTACIBHBIM TPUBOJOM U BBICOKOBOJBTHOM
4acThl0, BHYTPEHHEW YCTAaHOBKH C HOMUHAJIbHBIM HanpsbkeHueM 10 kB, wacroToit 50
I'm ¢ HOpMaIBHOM M30JALMEN, NMPEAHA3HAYEH Uil KOMMYTAlMOHHBIX ONEpaluil B
sueiikax KCO wu KPH, ycranaBamBaeMbIx B ceTAX Tpex(azHOTO TOKa C
M30JJUPOBAHHONW WJIM KOMIICHCHPOBAHHOW HEWTpanplo, a Takxke B Imkadax
yIpaBi€HUs] IPUEMHUKOB 3JIEKTPUUYECKON SHEPTUU TPOMBIIIIEHHBIX MPEINTPUSTHIA.

OcnoeéHble mexHuueckue OaHHble

HomuHuansHoe HanpsokeHue, kB 10
Haubonsiree pabouee HanpspkeHue, KB 12
HoMuHAIBHEBINA TOK, A 630...1250
HoMMHAJIBEHBINA TOK OTKIIOYEHHS, KA 20

Cxe03H01 MOK KOPOMKO20 3aAMbIKAHUSA.!

- TOK JIEKTPOIUHAMUYECKOI CTOMKOCTH, KA 51
- TOK TEPMHUUYECKON CTOMKOCTH, KA 20
- BpeMsI MPOTEKaHHs TOKa TEPMUUYECKOIl CTOMKOCTH, C 3
CoOcTBeHHOE BpeMsl BKITFOUCHUS, MPYXK. (3MEKTPOMArH.) ¢, He bojee 0,06 (0,07)

CoOCTBeHHOE BpeMsI OTKITIOYCHUS, C, HEe Oojiee 0,04




Pacyenumens MUNUMANbHO20 HANPANHCEHUL:

- HOMUHAIIFHOE HaIpsDKEHUE MEPEMEHHOTO TOKa, B; 100

- JMaria3oH HaNpsDKCHUS cpabaTeiBaHus, B; 35...50
- HaTpsDKCHHE BO3BpaTa, B; He Ooiee 85

- BEIIEpP)KKAa BPEMEHHU CpadaThIBaHHA IIPH HOJTHOM CHITHH HampspkeHus (B| 0,8 mwm 1,6 wm 2,4 v 3,2
3aBHCHMOCTH OT BEIWYHMHBI TOIKITIOUCHHON eMKOCTHOW OaTapew, BXOISIICH B unu 4
COCTaB BBIKJIFOYATEIs),C;

- OTKJIOHEHUE BpPEMEHHM cpadaThIBaHHs OTHOCUTEIBHO CPEJHEro 3HauyeHHs +0,3
IIPY TTOJTHOM CHSITHUH HAIpsDKeHus, ¢, He Oosee

- MOIIHOCTh TOTPEOJIEHHsT NPH TMOJTIHYTOM SKOpEe W NP HOMHHAIBHOM 30
HanpsbkeHuu, BA, He 6onee

Pacyenumens c numanuem om nHe3a8uCUMO20 UCHIOYHUKA:

- HOMWHAJIFHOE HaTIPsDKEHUE MUTaHusA, B moct./mepem. 220

- TOK TMOTPEOIICHNS TIPX OTKIIOUEHHUH, A, He OoJiee mocT,/mepem, 0,45/2,0
Pacyenumens maxcumanvrnozo moka:

- TOK cpabaTeIBaHUs, A 3umm 5
- noTpedsIeHNe MOIIHOCTH NIPU HEMOATIHYTOM sikope, BA, He Ooinee 30
HomunaneHOe HanpspkeHHe 1eTiel MUTaHus IPUBOJIA U yIpaBieHus, B, He Oornee

MOCT./TIepeM. 110;220/220
Tpysrcunnviii npugoo.

Tox moTpediaeHus 3MeKTpoMarauTa npu Hanpspkernu 110;220/220 B, A

- BKJIIOYEHUS, 3;1,5/1,5
- OTKJIIOYEHHS, 3;1,5/1,5
- 3aBOJA PYKUHBI BKIFOUCHUS 12:6,0/6,0
- BpeMsI 3aBOJIKH BKJIFOUAIOIICH MPYKUHBL, C, HE Oojiee 20
DnexmpomacHumHulil RPU0O

Tok noTpebnenus snekTpomarauTa npu Hanpspkennu 110;220/220 B, A

- TP BKJTFOYEHUU BBIKITIOYATEIIS; 85; 42 /42
- TIPU OTKJTFOYEHUH BBIKITIOYATEIS 3;1,5/1,5
Macca 6noka BeicokoBodsTHOTO (BB), HE Oonee, kr 42
Macca 6noka npusona (BIT), ve Oomnee, kr 37

Buiknrouamens eaxyymuwii BEOM-10-20(12,5)/1000(800) YXJI2

BeIkirouarenu npeaHa3HAdeHbl NI 4acThIX KOMMYTAlMOHHBIX ONEpaluid B
suerikax KPY, ycTranaBnuBaeMbIX B dHeprocucreMax Tpex(a3zHOTo TOKa 4acTOTOU
S50T'n ¢ HomuHanbHbIM HampspkeHuemM 10 (6) kB , ¢ wu3onmpoBaHHOW WM
KOMIICHCUPOBAaHHOW HEWTpasplo, a TakXke B IIKadax YIpaBlieHUs NpPUEMHUKAMU
AJIEKTPUYECKOU IHEPT UM ITPOMBILLITIEHHBIX TPEANPUATUHN.

Jlonyckaercss NpUMEHEHWE BBIKJIIOYATENEH I MyCKa M OTKIIOYEHUS
ACUHXPOHHBIX JBUTaTeled ¢ KOPOTKO3AMKHYTHIM WM (a3HbIM POTOPOM, & TaKKe
TOPMOYKEHUsI YKA3aHHBIX JBUIaTeledl IPOTUBOTOKOM M OTKJIIOYEHUS MEUICHHO
BpalllalOIUXCs  DJIEKTpoABUrarenel. B ciydyae HEOOXOAMMOCTH HKCIUTyaTalluu
BBIKJIIOUATENIEW B YCIOBUAX HENPELyCMOTPEHHBIX B TY, 3aBOJ MMEET BO3MOXKHOCTb
MOJICpPHU3ALMH BBIKJIIOYATENIA 10 3a5BKE 3aKa34MKa.

Beikmrouarenun nocrasisitoress Ha Bce KPY — crpoutenpHble nmpennpuaTus
Poccun, benopyccum , Ilom mm, a Takke MMPOKO HCIOIB3YIOTCSA ISl 3aMEHBI
MacisHbIX W MAaJOMACIIAHBIX BBIKJIOYATENEl, OTpadOTAaBIIMX CBOM pecypc, IO
nporpamme Perpodut Bo Bcex KPY u KCO npexxHux et BbITycKa.



OcnoeHble mexHuyeckue OanHbvle

HomunanpHOe HanpspkeHue, kKB 10
HauGonbiee paboyee Hanpsokenue, kB 12
HomunaneHbli TOK, A 1000(800)
HoMmuHanbHBIH TOK OTKIIOYCHHS, KA 20(12,5)
CKBO3HOU TOK KOPOTKOTO 3aMBIKAHUS:

TOK DJIEKTPOJIMHAMUAYECKOU CTOMKOCTH, KA o1

TOK TEPMUYECKON CTOMKOCTH, KA 20

BpEMs MTPOTEKAHUS TOKA TEPMHUIECKOM CTOMKOCTH, C 3

[TotHOE BpeMs BKITFOUEHHS, C, HE OoJiee 0,1
CoOcTBEeHHOE BpeMs OTKIIFOUCHHUS, ¢, He OoJee 0,04

DIEeKTPOMArHUTHBIN TIPHBO/I;

HomunaneHOE HanpsikeHue 1enerd nuTanus npuBoja, B,
He Ooiee

MMOCTOSIHHOT'O TOKA; 110;220
MEPEMEHHOT0 TOKA. 220
Toxu notpebdIieHnst JEKTPOMArHuTa BKIFOUCHHUS:

py HOMUHANIbHOM Hanpspkenun -220 B, A,.1ne 6onee 40
py HOMUHAJILHOM Hanpspokenun -110 B, A, ve 6onee 80
Ipy HOMUHAJIEHOM Hampsbkennu ~220 B, A, ne 6omnee 40
Toku moTpeOIeHNs 3JICKTPOMArHuTa OTKITIOYCHUS:

Mpy HOMUHAJILHOM Hanpsbkenun -220 B, A, ve 6onee 1.5
pu HOMUHAJIEHOM Hampsbkenuu -110 B, A, e 6omee 3.0
py HOMUHAJIbHOM Hanpsbkenun ~220 B, A, ne 6onee 2,0
DIEKTPUIECKOE COMMPOTHBIICHHUE TOCTOSIHHOMY TOKY
TJIaBHOM 1ienu noiroca, MKOM, He Ooliee 100
X0 MOABMKHOTO KOHTAKTa MOJII0Ca, MM 6
Macca BBIKTIOUATEJIEH , KT, HE OoJiee 60



Ta6auna JI2 — [lapameTrpsl pa3beaunnteseii Hanps:xenuem 10-110 kB

Tun Ammutyna Toxk Macca, Tun npuBoga Iyr, CM
CKBO3HOI'O TEPMUYECKOU KT
TOKa, KA CTOHKOCTH,
KA

PJIHIA-10/220 20 8 48 I[TIPH-10M 22,5
PJIHIA-1-10/220 20 8 55 ITPH3-10 22,5
PJIHJIA-10/400 25 10 48 I[TIPH-10M 22,5
PJIHIA-1-10/400 25 10 55 ITPH3-10 22,5
PJIH/I-10/400 25 10 50 I[TIPH-10M 20
PJIH/I-1-10/400 25 10 58,3 ITPH3-10 20
PJIH/IA-10/630 35,5 12,5 48 ITPH-10 22,5
PJIHIA-1-10/630 35,5 12,5 55 ITPH3-10 22,5
PJIH/I-10/630 35,5 12,5 50 ITPH-10 20
PJIH/I-1-10/630 35,5 12,5 58,3 ITPH3-10 20
POH-10K/4000 250 90 105 ITYH 20
POH-10K/5000 180 71 105 ITYH 20
3PH-20/200 23 5 141 [IPHY 40
3PH-20/200 23 5 141 I[IPHY 40
PHJ1(3)-35/1000 64 25 85 I1P-90 75
PHJI(3)-35b/1000 64 25 88 I[IBH-20 (ITPH-110B) 70
PHJ1(3)-35/2000 84 315 211 I1P- V1 90
PHJI(3)-355/2000 84 315 218 I[IBH-20 (ITPH-110B) 90
PHJ1(3)-35/3200 128 50 262 I1P-90 90
PHJI(3)-35Y/1000 64 25 164 I1P-90 110
PHJI(3)-35Y/2000 80 315 209 I1P-90 105
PH/1(3)-110/1000 80 31,5 225 I1P-90 (ITJJH-1) 190
PHJI(3)-1106/1000 80 315 231 ITPH-110B, ITBH-20 190
PHJI(3)-110Y/1000 80 315 501 ITP-90, IT/ITH-1 280
PHJ1(3)-110/2000 100 40 374 ITP-90, IT/ITH-1 223
PHJI(3)-110Y/2000 100 40 530 ITP-90, IT/ITH-1 313
PHJ1(3)-110/3200 128 50 460 ITP-180, IT/JTH-1 223
PHJ1(3)-150/1000 100 40 510 ITP-180, IT/ITH-1 285
PH/1(3)-150/2000 100 40 525 I1P-180, IT/JTH-1 285
PHJ1(3)-150/3200 115 45 505 ITP-180, IT/ITH-1 285
PH/1(3)-220/1000 100 40 700 ITP-180, IT/JTH-1 413
PH/1(3)-2201V/2000 100 40 1148 I1P-180, IT/JH-1 446
PHJ1(3)-220/2000 100 40 744 ITP-180, IT/ITH-1 418
PHJI(3)-220¥/2000 100 40 1550 I1JIH-1 641
PHJ1(3)-220/3200 128 50 900 ITP-180, IT/ITH-1 395
PH/1(3)-330/3200 160 63 3340 ITJIH-1 (ITPH-1) 618
PHJI(3)-330¥/3200 160 63 4048 ITJH-1 (TTPH-1) 808
PHB(3)-500T/2000 45 16 5030 I1JIH-220 1115
PH/1(3)-500/3200 160 63 4160 ITJIH-1 (ITPH-1) 808
PITH(3)-500/3200 160 63 2000 I1J1-2 (ITPH-1) 808
PHB(3)-750I1/4000 160 63 8800 ITIH-1 (ITPH-1) 1338
PT3-1150/4000 100 40 13370 ITJIH-1 1800

IIpumeuanue:

1. O6Go3HaueHUs TUTIA Pa3bEAUHUTENS — OyKBEHHASI YaCTh:




P — pazsenunHUTEIND.

B — BHyTpeHHEH yCTaHOBKH WM BEepTHKAIbHBIN (THTa PHB).

H — napy»xHOI1 yCTaHOBKH.

JI—- nuHeHbIN.

O — 0/IHOIIOJIIOCHBIH.

J| — IByXKOJIOHKOBBIH.

3 — ¢ 3a3eMJISIFOIIIMM HOKOM (B CKOOKaxX — BO3MOKHOCTh BapHaHTa 0€3 3a3eMIISIFOIIETO HOXKA).
K- kopo6uaroro mpoduis.

@ — ¢urypHoe UCIOIHEHHE.

M — MOaepHU3UPOBAHHBIH.

[I— Hanuuue ppIYaKHOM Mepenayu JUisl YMEHbIIEHUS MOMEHTAa Ha Bally IIPUBOJIA WJIM I10BECHOE
UCIIOJTHEHHE.

JI — antoMHUHUEBBIN HOK.

VY — ycunenHslii BapuaHT ucnonnenus uzonsiauu no 'OCT 0920-76.

b— ucnonHeHue ¢ yBeTMYEHHBIM PACCTOSIHUEM MEXAY MOJI0CAMU.

T — Tponmueckoe UCTIOTHEHHE.

IV — paboTtocrocoOHOCTE B yeioBusix [V KIIMMaTH4ecKOro paiioHa 1Mo roJioyiey.

nudposas yactb: Uyoy, KB 1 mocie kocoit uepTsl lyoy,A.

KonmdaecTBo 3azeMistoninx Hoxkeld oOo3Havaercs nudpamu 1 u 2 (B TabiuIe OMyIIEHO, KpoMme
pasbequnureneir PJIH/I-1-10).

2. B ckoOKkax MpuBeICHBI JaHHBIC (THIT IPOBOJIA, CTOMKOCTH), OTHOCSIIIMECS K 3a3eMIISIOLHM
HOXKaM.

3. JlaHHBIE O Macce COOTBETCTBYIOT BAPUAHTYUCIIOIHEHUH C ABYMS 3a3€MIISIFOIIIMMU HOKaMH (eciiu
OHHU MMEI0TCs) U 6€3 MPUBOJA: I OJTHOIIOIFOCHOTO Pa3beMHUTENS YKa3aHa Macca MoJroca,
JUIATPEX MOJIFOCHOTO — BCETO KOMILJIEKTA.

4. ITapameTpbl CTOMKOCTH 3a3eMIISIFOILIMX UTJIABHBIX HOXKEH YMCICHHO paBHBI (MCKIIOYEHUE —
pasbeaunutens PBI13-20/12500): minuTenbHOCTh MPUACITBHOTO TOKA TEPMUUECKON CTOWKOCTH
cocraBisieT4, 3 U 2 ¢ COOTBETCTBEHHO I pazbeanHuTeNnen 1035 BimountensHo 110...220 n
330...750 kB u 1 caunst 3a3eMutstroiux Hoxkel u st pazbenuautesiPHB-500T/2000 (o
TpeOOBAHUIO 3aKa3UMKa /IS 3a3eMIIIOLINX HOXel 10 35 kB M0oXHO npuHUMaTh 2 C.

5. B ycranoBkax 6xB ncnons3yrores pazseauautenu 10 kB.



Taoauuna JI3 — [lapameTpsl TpanchopmaTopoB Toka Ha HanpskeHue 10...110 kB

) = 5 HomunaspHas DIEKTPOIUHAMUYCCKAS
= 8 HomMunanbsHbIH TOK, A = ¥ = 2 Harpyska, Om, B TORKOCTE TepMmuueckast CTOUKOCTb
% é s g5 = Z KJIacce TOYHOCTH CTOMKOC
E 2 v s é 5 & S =
g ) E 5 © é 2 = < é
(0] 5 5 ~ O O O
Tun 32 | 2% SE | 282 ; < | BES | =g3
= g & E E = NS S > g E & 45
o) S B I < S-) =) - Iz B = B e
= Y] = = < = IS 0,5 1 3 = 21 = o O [SEES I
g = g 2 3 Z 5 i g & SES 5E3
: | F 2 = | 25 | 2¢ = G8f | 2ed
= M o o @]
o m q
s
05 0.4 -
TKJTH-10 10 ; 10...200 5 0,5/P: P/P P : 06 100 ; 50/1 ;
33: 35 100...400 5 05 12 | 24 100 40/4
TOHA-33T 33: 35 - 600: 1200 5 P/P/0,5 p 12 | 24| - 100 - 40/4 -
35 15...800 5 05 2 | 4 150 65/1
TOH-35M 35 - 1000 5 0,5/ P 08 | 4 | - 100 - 65/1 -
35 15...600 5 05 o | 24 150 45/4
TOHI-35M 35 ; 800: 1000 5 0.5/P/P f> REAEE 100 ; 32.5/4
35 1000: 2000 | 5 : : 50 32.5/4
35 500: 1000 5 0SPp 05 12 125 49/4
S 35 ] 2000: 3200 | 5 ; P 2 | | ] 145 ] 57/4
35 1000 1 . 05 30 125 49/4
35 2000:3200 | 1 ’ p 50 145 57/4
05 12
T®OH-66CT 66 725 | 200...400 5 P/P/0.5 P ol 120 ; 50/3 ;
110 50...600 5 05 12 150 43,313
TOHJ-110M 110 - 400...800 5 0,5/P/P p 12 | | 110 - 34.6/3 -
110 50...600 5 05 12 150 43,313
TOH-110M-XT 110 - 400...800 5 0.5/P/P p 12 | | 110 - 34 6/3 -
110 750...1500 | 5 05 0.8 75 60/1
110 1000..2000 | 5 p 0.8 75 60/1
TOHA-110M-11 110 - 750...1500 | 1 0.5/P/P 05 20 | T | - 75 - 60/1 -
110 1000..2000 | 1 p 20 75 60/1




Homunanenas

) =

= 8 HomunaneHelil Tok, A S = ’g Harpy3ka, Om, B SHGKTPOH?HaMHI{eCKM Tepmudeckasi CTOMKOCTb

o > £ o E = CTOHKOCTb

& S 8 o B =5 KJIACCEe TOYHOCTH

E &g S & ESx 5 =

£ ot = S - g 5 E - o = oo

Tim s | E& E E = 2E2 3 < 229 | =22

: £ : 5 C E =8¢ 2 : $EE | ZE®

E S 5 = g, s 2 S 3 0,5 1 3 = £ £ 2 ° =28

: s 5 : =2 | ¢ g = | 2% | 2§¢

S T = a g = M08 = M OE B Bg R

- ° g | S

110 750...1500 5 05 08 75 34,613

110 1000...2000 | 5 P 08 75 34,613 )
TOH-TI0M-11-XT 110 - 750...1500 | 1 0,5/P/P 05 20 75 - 34.6/3

110 1000...2000 1 P 20 75 34,613

10 12 5...200 5 250 45/4
TILI-10 10 12 300 5 | P;0,5P;P/P OI’,5 8’2 1’8 1; 175 - 45/4 .

10 12 400 5 ’ ’ ’ 165 35/4

. . 0,5 04 | 10| 12 ] ]

TILIY-10 10 12 10...100 5 | P;0,5/P;P/P b o5 | 10| 12 250 60/4

10 12 50...200 5 250 45/4
TILI-10T3 10 12 300 5 | P;0,5/P;P/P o},)s 8'2 1'8 15 175 - 45/4 -

10 12 400 5 ' ' ' 165 35/4

. 0.5/P: 05 | 04 |10 12 _ _

TILIY-10T3 10 12 50...100 5 | P;0,5/P;P/P b o5 | 10| 12 250 60/4

10 115 |10:15,30;60| 5 175 45/4

10 ’ 100...400 5 . 0,5 0,4 74,5 14.5/4
THJ-T0K 10 ﬂg 600: 800 5 0,5/P; P/P P o6 | ~ | - - 745 - 10/4

10 ’ 1000; 1500 5 74,5 2714

11 12 |10:15:30;60| 5 175 45/4

11 12 100...400 5 , 0,5 04 | ) ] 74,5 ] 14.5/4
TIJ-T0KT 11 12 600: 800 5 0,5/P; P/P P 0.6 745 10/4

11 12 1000; 1500 5 74,5 2714
TIIM-10 10 - 5 5 | P;0,5P;P/P 05 04 | - - - 18 - 0,17/4




Homunanenas

[}

E 8 HomwunanpHbIN TOK, A 2w = ,§ Harpyska, Om, B SHGKTPOH?HaMHI{eCKM Tepmuueckas CTOMKOCTb

S 2 T o B B CTOMKOCTH

& S 8 g g =5 KJ1acce TOYHOCTH

£ ) g & E &< =

5 g = 5 S = E Les | Eao

Tun 22| 22| 3 T OZE | s : < | BB | =&%

Z s & 5 5 cE Sg° 2 < g EE 25

5 S g z £ g5 = 05 1 11 3 5 : S22 | ERE

g Sz & S S S5 g = S B § o E o

s T 2 5 g & 28 2 Ze3 22 E

T = =
10 P 0,6 3,5 0,32/4
15 53 0,52/4
20 7,0 0,66/4
30 10,6 1,05/4
40 14,0 1,33/4
50 17,6 2,45/4
75 26,4 3,45/4
100 35,2 4,85/4
150 52,0 6,25/4
200 70,0 8,75/4

300; 400 70,0 12,5/4
10 3,5 0,52/4
15 53 0,66/4
20 7,0 1,05/4
30 10,6 1,33/4
40 05 04 14,0 1,8/4
TIIJIMVY-10 10 - 50 5 P; 0,5/P; P/P P 0’6 - - - 17,6 3,45/4

75 ' 26,4 4,85/4
100 35,2 6,25/4
150 52,0 8,75/4
200 70,0 12,5/4
300 70,0 17,5/4




Tab6auna JI4 — Tpanchopmaropsl TOKa

BapuanT HoMUHATbHBLH TOK, A Bropuunas narpyska npu cose=0,8 B Tox § Homunanshas
Tun KJIacCe€ TOYHOCTH TEPMUYECKOH npeaenbHas
UCTIOTHEHUS " = .
TIEPBUYHBIN | BTOPUYHBIN 0,5 1 3 10 CTOMKOCTH, KA KpaTHOCTh

100 - - - 20 -
150 - - - 20 - 5
300/5 200 5 - - 20 - 10 9

300 - 10 - - 25
200 - - 20 - 9

300 - 10 - - 25

600/5 400 5 : 20 : - 10 16

600 10 - - - 16*

TB35-1Y2 600 10 - - - 16
750 30 - - - 13

1500/5 1000 5 30 - - - 10 10

1500 30 - - - 6,5
50 - - - 10 -
75 - - - 20 -
150/5 100 5 . - - 20 10 -
150 - - - 30 2
100 - - - 20 -
150 - - - 30 2
300/5 500 5 - - - 20 10 -
TB35-11Y2; 300 - - 30 - 7
XJ12 200 - - - 40 2
300 - - 30 - 7
600/5 200 5 - - 20 : 10 3

600 - 30 - - 14
75 - - - 20 -
TB35-111Y2; 200/5 100 5 - - : 20 25 -
T 150 - - 20 - 5
200 - - - - 9
300/5 100 5 - - - 20 25 -




Bapuanr HoMUHABHbIH TOK, A Bropuunas narpyska npu cose=0,8 B Tok § HomunanbsHast
Tun KJIACCE TOYHOCTH TEPMUYECKON npeneabHas
UCTIOJTHEHUS v " .
TIEPBUYHBIN | BTOPUYHBIN 0,5 1 3 10 CTOMKOCTH, KA KpaTHOCTh

150 - - 20 - 5

200 - - 20 - 9

300 - 10 - - 16

200 - - 20 - 9

300 - 10 - - 16

600/5 200 ) . 20 . . 25 %
600 10 - - - 30

600 10 - - - 30

750 30 - - - 20

1500/5 1000 5 30 . . 5 25 59
1500 30 - - - 16*

75 - - - 10 -

200/5 100 5 - - - 20 20 -
150 - - - 20 22

200 - - 10 30 -

100 - - - 20 -

300/5 150 5 - - - 20 20 -
200 - - 10 30 22

300 - - 15 40 20

TB110-1Y2; XJ12 200 - - 10 30 22
300 - - 15 40 20

600/5 200 5 . . 30 : 20 15
600 10 20 50 - 25

400 - 10 30 - 15

600 10 20 50 - 25

1000/5 750 5 20 25 75 - 20 15
1000 30 50 : 20%

75 - - - 15 -

TB110-11Y2; XJ12 | 200/5 100 5 - - - 20 50 5




Bapuant HoMUHABHbIH TOK, A Bropuunas narpyska npu cose=0,8 B Tok § HomunanbsHast
Tun KJIacCe TOYHOCTH TEPMHUYECKOMN npeaenpHas
HCTOTHCHHA MIEPBUYHBIN | BTOPUYHBIN 0,5 1 3 10 CTOMKOCTH, KA KpaTHOCTh
250 - - - 20 10
200 - 10 20 - 20
100 - - - 20 3)
150 - - - 20 10
30075 200 > - 10 20 - >0 20
300 - 15 30 - 20
200 - - 15 - 34
300 - 15 - - 50
600/5 200 5 - o5 - . 50 0
600 25 - - - 60
500 10 15 - - 80
600 25 - - - 60
1000/5 850 5 50 . . 5 50 37
1000 50 - - - 50*
1000 50 - - - 50*
1200 50 - - - 42
2000\5 1500 5 50 . . - 50 33+
2000 50 - - - 25*
500 25 60 - - 50
1000/1 600 1 30 60 - - 50 50
750 50 60 - - 37
6000 20 - - - 3
6000/5 75 : . . 20 85,5 .
TB10-1Y2 100 5 - - - 20 -
200/5 150 - - 20 - 10 5)
200 - - 20 - 9




Taouuua JIS — [Tapamerpsl TpancdopmaTopoB Hanpsizkenus Ha 10-110 kB

Uyom OOMOTOK

SH0M> B-A

Tun BIL kB HH, B Knacc Tounoctu Sé".a;’ Pasuepsi, M Macca, kr
’ OCH JIOTI 0,5 1 3 I b H MOJIHAS Macnia
HOCJI-10 10 100 - 75 150 300 640 335 208 313 33 -
HOM-6 66,3 100 - 50 75 200 400 267 242 350 22 6
HOM-10 10: 10,5 100 - 75 150 300 640 308 282 472 35 7
HOM-15 13,8: 15,75 100 - 75 150 300 640 590 220 620 81 23
HOM-35-66 35 100 - 150 | 250 600 1200 620 472 850 86 10
3HOCJIT-3 3:v3 100: V3 100:3 30 50 150 240 275 170 277 25 -
3HOCJIT-6 :3\/\% 100: V3 100:3 50 75 200 400 296 178 295 30 -
3HOCJIT-10 10: V3 100: V3 100:3 75 150 300 640 319 185 317 40 -
3HOCIJIT-35 35:v3 100: V3 100:3 | 150 | 250 600 1200 400 300 343 80 -
3:v3; _ _ 30 50 240 240
3HOCJI. 06-6 6 V3 100: V3 100:3 50 75 500 400 335 190 296 28 -
3HOCJI. 06-10 10: V3 100: V3 100:3 75 150 300 640 335 190 309 30 -
13,8:V3;
3HOCJI. 06-15 ’ ’ : 100:3 75 150 300 640 335 195 319 36 -
15,75: V3 100: V3
18: /3; _
3HOCJI. 06-20 20: 3 100: V3 100:3 75 150 300 640 335 205 345 39 -
3HOCJL. 06-24 24: /3 100: V3 100:3 75 150 300 640 345 240 353 47 -
3HOCJI. 07-6 6:3 100: V3 100:3 50 75 200 400 295 176 285 29 -
3HOCJI. 07-10 10: /3 100: V3 100:3 75 150 300 640 295 176 285 33 -
3:v3;
33 V3 30 50 150 240 335 190 308 30 -
3HOCIJL. 09-6 N 100:v3 | 100:3
6: V3, 50 75 200 400 335 190 308 30 -
6,3: V3
10: V3 .
3HOCJI. 09-10 13 100: V3 100:3 75 150 300 640 335 190 308 33 -




Uyom OOMOTOK Suoms B'A
Smax s Pasmepsl, MM Macca, xr
Tun BIH. B HH, B Knacc Tounoctu BA
’ OCH JIOTI 0,5 1 3 I ‘ b H MOJIHAS Macnia
3HOM-15-63 138V3 | 00.v3 | 1003 | 75 | 150 | 300 | 640 9600 620 63 14
15,75: V3 '
18:/3 .

3HOM-20-63 20: V3 100: V3 100:3 75 150 300 640 0600 890 77 18
3HOM-24-69 24:+/3 100: /3 100:3 150 | 250 600 980 @705 905 108 18
HTC-0,5 0,38 100 - 50 75 200 400 294 111 234 8,5 -
HTMK-6 3 100 - 50 75 200 400 324 305 640 47 15
HTMK-6 6 100 - 75 150 300 640 324 305 640 47 15
HTMK-10 10 100 - 120 | 200 500 960 »380 858 92 27
HTMI-6-66 3 100 100:3 50 75 200 400 453 445 387 60 12
HTMM-10-66 6 100 100:3 75 150 300 640 453 445 387 60 12
HTMMU-18 10 100 100:3 120 | 200 500 960 453 445 507 80 19
HK®-110-57 13,8; 15,75 100 100:3 120 | 200 500 960 1044 480 730 290 94
HK®-110-58 110: V3 100: V3 100 400 | 600 1200 2000 0710 1630 620 155
HK®-220-58 110: /3 100: V3 100:3 | 400 | 600 1200 2000 @710 1630 620 155
HK®-330 220: 3 100: v/3 100 400 | 600 1200 2000 1044 1044 3360 1390 320
HK®-500 330: /3 100: v/3 100 - 500 1000 2000 1200 1200 5300 2210 480
HJIE-500 500: v/3 100: v/3 100 - 500 1000 2000 1850 1850 6950 4850 1160
HJIE-750 750: /3 100: v/3 100 300 | 500 1000 1200 750 750 5035 3262* -
HJE-1150 1150: /3 100: /3 100 300 | 500 1000 1200 750 750 6410 3600* -
ONEeKTpOMarHuTHOE
YCTpOfFI)CTBO x HJIE 11,44-12,7 100: v/3 100 - 300 600 1200 750 750 10510 6650* -

*Macca u pa3Mepsl JaHbl 7151 KOJIOHHBI KOHIEHCATOPOB.

[Ipumeuanus: 1. 3HaueHue OykB M 1U(pP B YCIOBHBIX 00O3HAaYeHHSIX THUIOB TpaHchopmaTopoB: H — HampspkeHus; BHUI
tpancopmaropa: O — ogHodazueid, T — Tpexdasznsbiii, 3 — 3a3eMisgembiit (3azemiisercs koHel oomotku BH), JIE — eMkocTHOM,
K — xackaausiid, 1 — Tpex0OMOTOUYHBIN (C 0OMOTKOM JJ1s1 KOHTPOJISI U3OJISILIMK CETH);

BuJ oxnaxaeHus: C — eCTECTBEHHOE BO3AYIIHOE MPH OTKPBITOM HCHOIHEHHH, cyxoi, CJI — ecTecTBeHHOE BO3AYIIHOE TPH
UCHOJTHEHUH ¢ JuTod u3omsiumen, CK — ecTecTBEHHOE BO3AYLIHOE MpPH 3aJIUTOM OUTYMHOH Maccol WM KOMIIayH/IOM



UCIIOJHEHUHU, M — €CTeCTBEHHAs [IUPKYJISIUS BO3/yXa U Macia; MepBOE YUCIIO 3a 3HAKOM THUPE — KJIAcC HANpsHKEHUs, BTOPOE —
roJl pa3paboTKu;

B TpaHCcPOopMaTOpax HAMPSHKEHHS C JIMTOW M30JIALMENH YUCIO, CTOsIIee Mocie OYyKBEHHON 4acTH, 03HAYAET CEPUI0 pa3pabOTKU:
0,6 — ¢ pa3zpesnbiMMarauTonpoBoaoM; 08,09 — cepust AJig IPUMEHEHHUS B YCIOBHSIX BBITIAZICHUS! POCHI.

2. B xoMmiekT TpaHcdopmaTopos Hanpskerns Tuna HJE Bxoxsar konmeHcaTopsl: i S00kB — CMPU-166/4/3-0,014 — 3 mit.,

wis 750 kB — CMPU-188/+/3-0,012 — 4 mrT., 7119 1150 xB — CMPU-166/+/3-0,014 -7 wT. u mo OJIHOMY KOHJIEHcaTopy oTtbopa
motHoctd OMPH-15-0,107. KonoHHa KOHIEHCATOPOB YCTaHABIMBAETCS HA M30JUPYIOIIYIO MOJCTaBKYy U3 ¢dapdopa tuma [11-3
BBICOTOU 455 MM.

3. Tpancdopmarops! Hanpsxkenus Tuna HK® coctost uz 610koB: 110 kB — 1 610k, 220 kB — 2 650ka, 330 kB — 3 650ka, 400 u
500 kB — 4 6n10ka.

4. Tpexdas3Hble ABYXOOMOTOYHBIE M TPEXOOMOTOUHBIE TpaHC(HOPMATOPHI MMEIOT cXeMy coeauHeHus Y/VY ., ogHodazHbIe
COCIMHSIOTCS B Tpex(aszHylo IpyImimy 1no cxeme ¥Yy/Yyo, AOMOJHUTEIbHBIE BTOPUYHBIE OOMOTKU COCIMUHSIIOTCS B OTKPBITHIN
TPEYTOJIbHUK.

5. 1o cornacoBaHHIiO C MPEANPUATUEM-U3TOTOBUTENIEM MACISIHbIE TPaHC(HOPMATOPHI TOKHBI M3TOTABIUBATHCS C BBOJAAMH HIIU
bapdopoBbrIMU TIOKpBITITKaMu ycuieHHoro ucrnoiaHeHust mo 'OCT 9920-75.

6. dakTUyecKas JJIMHA MyTH YTEYKU BHeIHe# u3osiuu, cm: HJIE-750 — 1120, HIE-500 — 810, HK®-500 — 898, HK®-330 —
594, HK®-220 — 396, HK®-110 — 198, 3HOM-35 — 79, HOM-35 — 63.

7. PacueTHble 3HAYCHUS Uk MO JaHHBIM MOcKoBckoro I1O «3nekrpo3apoa»: HOM-10 — 0,586, HOM-15 — 0,554, HOM-35 —
0,482, 3HOM-20 — 0, 586, 3HOM-24 — 0,675, 3HOM-35 — 0,706, HK®-110 — 0,8, HK®-220 — 0,81, HK®-330 — 0,86,
HK®-500 — 1,06.



Taoauna JI6- IlapameTpsbl orpaHnvuTe el NIEPEeHANPAKEHUH HeJIMHEHHbIe

Ocraromeecs
HauGomnsmree HapPsOKEHUE
JUTUTENbHO- HpH UMITyIThCE Ocratoleecs HanpsHKEHNUE IPU UMITYJIbCE
Krace nomyctumoe | Macca He | Buemmnwmii 30/60 Toxa 8-10 MKc, KA
Tunet OIIH | Hanpsbxenus, Bricora, m | 10Ka MK¢,
<B pabouee Oonee, KT | auaMeTp KA
HApDREHHCE, 1000 | 5000 | 10000 | 20000
kB 250 A | 500A | 500 A A A A A
OITH nns 3amuThl KaOEJIbHBIX U MPOMBIIUIEHHBIX 3JIEKTPUYECKHUX ceTel HanpsbkeHueM 3-10 kB
5 6,0 0,7 65 95 - 15 - 15,6 17,7 19 21,2
OITH-KP/TEL 6,9 0,7 65 95 - 17 - 17,6 20,0 21,5 24,0
VX2 10 10,5 0,9 65 125 - 26,1 - 27,0 30,7 33,0 36,7
12,0 0,9 65 125 - 31,3 - 32,4 36,9 39,6 44,1
3 3,0 1,1 75 95 7,0 7,2 - - 8,5 9,3 10,4
4,0 11 75 95 9,4 9,6 - - 11,5 12,5 14,0
OITH-PT/TEL 5 6,0 1,1 75 100 14,0 14,4 - - 17,2 18,7 21,0
VX2 6,9 1,1 75 100 16,1 16,6 - - 19,7 21,5 24,1
10 10,5 1,5 75 135 24,5 25,2 - - 30.0 32,7 36,6
11,5 1,5 75 135 26,9 27,6 - - 32,8 35,8 40,1
OITH s 3amuThl BO3AYUIHBIX 2JEKTPUUECKUX ceTel HanpsbkeHueM 6-10 kB
OIIH-PC 6 7,6 1,8 100 130 18,9 - 19,0 - 23,9 25,7 -
YXII'1 10 12,7 2,5 100 190 31,5 - 31,7 - 40,0 42,8 -
6,0 2,3 115 130 14,0 14,6 14,7 - 17,2 18,5 -
6 6,9 2,3 115 130 16,2 16,9 17,0 - 19,9 21,5 -
OIIH-T 7,6 2,3 115 130 17,7 18,5 18,6 - 21,8 23,6 -
YXII'1 10,5 3,0 115 185 24,9 26,0 26,2 - 30,6 33,0 -
10 11,5 3,0 115 185 27,1 28,2 28,4 - 33,2 35,8 -
12,7 3,0 115 185 30,0 31,2 31,4 - 36,8 39,6 -
OITH nss 3anuThl BO3AYIIHBIX 3JEKTPUUECKHUX CETEH BHICOKOI0 HanpspkeHus 27-220 kB
97 30 18 225 580 72 75 76 - 90 97 105
OIIH-Y 33 18 225 580 80 83 84 - 99 107 117
YXII'1 35 38,5 20 225 735 91?5 95 96 - 113 122 132
40,5 20 225 735 96 100 101 - 119 128 138




Ocraromeecs
HawnbGomnpmree HAIPSKEHHE
JUTUTENbHO- DI UMITVILL e Ocratolieecs HanpsKEHUE IPU UMITYJIbCE
Kiace - P Y Toka 8-10 MKc, KA
Tunet OITH | HanpskeHus, nomycrumoe | Macca e | Bremmuii Beicora, M | TOKa 3 0/60 mxc, ’
<B pabouee Oonee, KT | auaMeTp KA
HANp?DRCHHIE, 1000 | 5000 | 10000 | 20000
kB 250 A | 500A | 500 A A A A A
42 20 225 735 100 104 105 - 123 133 144
73 30 225 1200 178 183 185 - 218 233 251
110 77 30 225 1200 186 193 195 - 230 246 264
84 30 225 1200 203 211 213 - 251 269 289
146 70 225 2500 356 366 370 - 436 466 502
220 154 70 225 2500 372 386 390 - 460 492 528
168 70 225 2500 406 422 426 - 502 538 580
OITH nuist 3amMThl H30JIALMU HEWTpaiu TpaHchopmaropoB HanpsbkeHreM 110-220 kB
OITH-Y 110 56 30 225 1200 136 141 142 - 168 179 192
YXII'1 220 120 70 225 2500 293 301 304 - 358 383 413




Ta6auua JI7- IlapaMeTpsbl 3JIeKTPOU3MEPUTEIbLHBIX IPUOOPOB

[ToTpebnsemas
Kiace MOIIHOCTb
HaunmenoBanue npubopa Tun Pazmepsl, MM
TOYHOCTH HaTPsHKCHU
TOKa o
[TpuGopsI CTpennoyHbIe, MOKA3hIBAIOIINE

3-335 1,0 0,5 - 120x120%85

Awmepmerp 3-350 1,5 0,5 - 96x96x63
3-365 1,5 0,5 - 120x120%85
2379 1,5 0,5 - 120x120x55
2-335 1,0 - 2 120x120x85

BomsTyerp 3-350 1,5 - 2 96x96x63
3-365 1,5 - 2 120x120%68
2379 1,5 - 2 120x120%55
Barrmerp s J1-335 1,5 0,5 1,5 120x120%96
TpexdasHBIX J1-304 1,5 0,5 2 120x120x80
s — J1-345 1,5 0,5 2 120x120x78

J1-350 1,5 0,5 2 96x96x90
J1-304 1,5 0,5 2 120x120x80
Bapmetp s tpexdazHbix J1-335 1,5 0,5 1,5 120%x120%x96
TPEXITPOBOHBIX IIETICH J1-345 1,5 0,5 2 120x120x78

J1-345 1,5 0,5 2 96x96x90

2-362 2,5 - 1 120x120

YacroTomep 2-352 2,5 - 1 96x96x80
2353 2,5 - 1 144x144x89
2-373 2,5 - 1 120x120x97
CHHXpOHOCKOM 2-327 +3° - 10 120x120x121

[Tpubops! peructpupyronme
Awmepverp H-394 2,5 10 - 160x160x%270
H-393 1,5 10 - 160x172x260
Bommbverp H-394 2,5 - 10 160x160x270
H-393 1,5 - 10 160x172x260
BarTmerp, BapMeTp H-395 1,5 10 10 160x160x%360
Yacroromep H-397 0,5 - 7 160x160x370
(DI/IKcaTOva/IMl'Iy.]'II)CHOFO DUT i 3 i
JIeNCTBUS
[TpuGopsl HHTErpUPYIOIINE
CueTuHK BaTT-4acoOB CA3-1670 2,0 2,5 1,5 Bt 282x165x128
TpexdazHbIi A7 CA3-1674 1,0 2,5 3,0 Br 340x183x126
TPEXITPOBOIHBIX IIETICH CA3-1681 1,0 2,5 2,0 Bt 282x173x127
To ke g
YETBIPEXITPOBOTHBIX CA3-1675 1,0 2,5 3,0 Br 340x188x128
neneun

CueTyuk BOJBT-aMIIEp- CP4-1676 1,5 2,5 3,0 Bt 340x183x126
4acOB PEaKTUBHBII CP4-11689 1,5 2,5 3,0BT 282x165x121
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IMpunoxenue H. Ilpumep BhINoIHEeHH IVIAHA-pPa3pe3a NOACTAHIUU
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