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JIEKIIMS Ne 8

4. ITMHAMUWYECKOE U TEPMUYECKOE JIENCTBUE TOKOB KOPOTKOI'O
3AMBIKAHUA

4.1 ilmnaMuUecKoe JelcTBHE TOKOB K.3.

TokoBenyiiue yacTu JH000N 3IEKTPOYCTAHOBKH WM OTIEIBHBIX allapaToB
B3aMMOJICHCTBYIOT MEXIy coboi. Eciu B HOpManbHBIX pexuMax padoThI
NIEKTPOJMHAMUYECKHE YCHUJIMSA HE3HAYUTENbHBI, TO B PEXHUME KOPOTKOIO
3aMBbIKaHMS, KOI/1a TOKK BO3PACTalOT B JECATKH Pa3, JUHAMUYECKHUE YCUIIUSA MOTYT
BbI3BaTh MEXAHUYECKOE IMOBPEXKICHUE B LIMHHBIX KOHCTPYKLMSX U ammapaTax.

DAeKTpoAMHAMHUYECKAs CWila  B3aUMOJEHCTBUS  MEXIY  JBYyMS
napajuIeIbHBIMU IPOBOJHUKAMU

F:2-10_7-k¢-i1-i2-é,

r1e i,i; - MTHOBEHHbIE 3HAUE€HUS TOKOB B IPOBOJIHUKAX, A;
[ - nyMHa NPOBOJIHUKOB, M
@ - PacCTOSIHUE MEXAY OCSAMH IIPOBOJIHUKOB, (M);
ky - K03dduuueHT hopmsl.

Koadpunuent (opmbl 3aBUCUT OT (POPMBI CEUECHHS MPOBOIHUKOB U HX
B3aMMHOTO PACTOJOKeHUs. [[71s MPOBOJHUKOB KPYIJIOTO W TPyO4aTOro CEeUeHUs
MOXKHO CYHTaTh TOK COCPEHOTOYCHHBIM B MX TCOMETPHICCKOM OCH U ky . Jlnst mmH

NpAMOYTOJIBHOIO CCUYCHUA k(b MOJKET OBITh INPUHAT pPaBHBIM CAWHHUIIC, CCIIHU

CEYeHHE MaJlo, MO CPABHEHHUIO C PACCTOSTHUEM MEXIy MpoBoaHukamu. Ilpu
pacuere DY Mexay npoBogHuUKamH (IIMHAMHM) pa3HbIX (a3 MOXKHO CUUTATh
ky=1. Ecin paccTosiHMe MEXAy MIMHAMU NPSMOYTOJBHOIO WM KOPOOYATOro

ceuyeHUM wMajo (Hampumep, eciu (¢aza COCTOMT HW3 HECKOJBKUX MOJI0C),
KOX(PPUITUEHT POPMBI OTIPECIIACTCS TI0 SIKCIIEPUMEHTATLHBIM KPUBBIM.

b

>

(a-b/(b+h) [ | [ 11%tn




Ecnu paccrostnue B cBeTy Mexay mmHaMu (a—b) Ooublie MepuMeTpa
2:(b+h), 10 kg ~1.

B cersax tpexdasznoro toxa I/IY M3MEHSIOTCS BO BPEMEHH 110 3HAUYCHUIO U
HanpasiyieHuto. [Ipu Toke 2-x ¢azHOro K.3. (BIMSHUEM TPEThEN HETOBPEKICHHON

bazsl
npeHeodperaror)
2) _ 7 2
FO=2107 k| 7 [ =
rae it - yAapHBIA TOK 2-X ()a3HOTO K.3., KA.

y
[Ipu Toke 3x-da3zHoro k.3. B Hamboyiee TSHKENbIX YCIOBHUSIX HaXOAUTCS

cpennsis daza. Ha Hee neiicTByeT cuiia
3
¥ =2.10" -k £ : ,QT
2 y 1.

J{ns mpeaoTBpallleH|sT MEXaHUYECKUX TOBPEXKACHUM OT Bo3naeucTust DY
MIPU K.3. B CETH BCE DJIEMEHTHI 3JIEKTPOYCTAHOBOK JOJDKHBI 00/1a/1aTh JOCTATOUHOM
AIEKTPOIMHAMUYECKON CTOHKOCTBIO.

[Ton »aeKkTpoAMHAMHYECKOH CTOMKOCTBIO TOHUMAIOT CIOCOOHOCTH
arrmapaTtoB WJIM TPOBOJHUKOB BBIJACPKUBATH MEXAHUYECKHE YCWIIUS MpHU
NPOTEKaHUU TOKOB K.3. 0e3 aedopmanuii, MPensTCTBYIOIIUX WX AalbHEHIIeH
AKCIUTyaTallHH.

Jns anmaparoB 3JE€KTPOJAMHAMHUYECKAsE CTOMKOCTH 33Ja€TCSI MTHOBEHHBIM
3HAYEHUEM TOKa 3JIEKTPOJUHAMUYECKOU CTOUKOCTH iy, IJAECKTPOIUHAMHUYECKAS
CTOMKOCTH 00€CIIEUnBAETC, €CIIN

. .(3)
Ly 2y -

I[J'IH KECTKHX IIHH PACCUYHUTBIBACTCA MEXAaHHMYCCKOC HAIIPAKCHHUE B
MaTCpUuaJiC IIUH IIPH K.3. KpI/ITGpI/ICM CTOMKOCTH SIBIISICTCS YCIIOBHUC

O-non > Gpacq .

Ha »snekTpoanHaMMYECKyH0 CTOMKOCTh HE TMPOBEPSIOTCA ammaparbl U
MIPOBOJIHUKH:
- 3aIMIIEHHBIC PEIOXPAHUTEISIMU;
- nuener TH B oTaenbHOM KaMepe;
- TUOKHE IINHEL.



4.2 Tepmuueckoe AeiiCTBHE TOKOB K.3.

JUIs KaXA0ro 3JE€MEHTa 3JIEKTPOYCTAHOBKM HOPMAaMHU yCTAHABIMBAKOTCS
JOIMYCTUMBIE TEMITEPATyphbl HAIPEBA, BBILLIE KOTOPBIX OH HE JOJKEH HAarpeBaThCs B
3aJJaHHBIX YCIOBUAX paboThl. [Ipu 3TOM paznuyaroT Ba pexuma:

- JUTUTEJIbHBIA HarpeB TOKOM HOPMAJIBHOT'O PEXUMA;
- KPaTKOBPEMEHHBII PEKUM HAarpeBa TOKOM K.3.

[TockonbKy pexuM K.3. OrpaHMuYMBAETCs MO BpeMeHH (He Ooiiee 3cekyHn),
JormycKaeTcsi 0oJiee BhICOKasi TeMIeparypa HarpeBa, 4eM B JUVIUTEIILHOM peXUME.

Temmeparypa HarpeBa IPOBOJHUKA CKIAABIBAETCS U3 ABYX COCTABIISIOLINX:

0=0+r7,

rae, - Temmeparypa OKpysKaromeil cpesl;

7 -Tiepenaj TeMIepaTypbl HArpeToro MPOBOJHUKA U OKPYKAIOIIEH CPEIbI.
B mnmutensHOM pekuMe HarpeBa M3MEHEHUE TeMIlepaTypbl MPOUCXOAUT B
COOTBETCTBUH C YPAaBHEHUEM:
—t
=7, - 1—e /TH

ycT ’

T “TH _

_t TyCT — T)Ion
T
|
|
|
|

AR

7€ 7., - YCTAaHOBHBIIICECS 3HAYCHHC MePenaja TEMICPATYPBI ( Ty, = Ty, );

T - IOCTOSIHHASI HArPEBA MMPOBOJHUKA.
JUis  1UTEeNhHOTO peXuMa paboThl  YCIOBUEM HOpPMajbHOW paboThI
SBJISIETCSL:

0<0,, wm <7, .

B pexxume kopoTKoro 3aMblkaHusi TOKU Bo3pactatoT B 10 — 20pa3, npu s3ToM
HarpeB Bo3pactaeT B 100-400pa3, a TemiooTAaya MU3MEHSETCS HE3HAUYUTENIBHO.
[ToaTOMy TIpollecC MOXXHO CUHMTATh ana0aTUYECKUM, KOTJa BCE TEIIO HWJET Ha
HarpeB MPOBOJHMKA 0€3 OTAaYu B OKPY’KAIOIIYIO CPEy.

KonmuuectBo Temia, BBIAEACHHOTO B MPOBOJHHUKE B pPEXKUME K.3.,
MPONOPLHOHAIBHO UMITYJIbCY KBAJPATUYHOTO TOKA K.3. (TEIJIOBOMY UMITYJIBCY)

tOTKJ’I

B.= | I} dt,

K




rae I, - nencTByollee 3HaYeHUE TOKAa B MOMEHT K.3.

B npaktrueckux pacuerax B, ONpenesitoT yIpoOIIEHHO

B.=1I, (tyn + T.)-

OTKJI a

Bpemst neiictBust Toka k.3. (f,.,) CKJIAIbIBACTCS M3 BPEMEHU JEHUCTBHUS

OTKIJI

OCHOBHOW  peileiiHOM 3amuthl (f,,) ¥ TOJHOIO BPEMCHH OTKIIOYCHHUS

BBIKTHOYATEIIA ( Loren, ) :

OTKJI

Lonen = L 1

OTKII *

[Ipy BbBIOOpPE JJIEKTPUYECKHX ANMAPaTOB HCIOJIb3YIOTCA YKa3aHHBIE
3aBOJIOM-U3TOTOBUTEJIEM JAHHBIE O TapaHTHUPOBAHHBIX 3HAYEHUSX BPEMEHU ¢

TepM

U CPEAHEKBAAPATUYHOTO TOKa [

TepM >

KOTOPBIE BBIJIEPKUBAIOTCS arapaToM 0e3

TIOBPEXKICHUN. Y CIIOBUE MPOBEPKUA TEPMUUYECKON CTOMKOCTH:

B<I> .t

TepM  “TepM °

[Ipy BBIOOpE NPOBOAHMKOB YCIOBHEM IPOBEPKM HA TEPMHUYECKYIO
CTOUKOCTD SIBJISIETCA

0

K3 = “K3popn °

Jlnst IpoBepKU HEOOXOAUMO OIpeNeNnuTh TemnepaTtypy(,,) NpoBOJHUKA B

KOHIC pPCKHUMa K.3., YTO JOCTATOYHO CJIOKHO. I[JI}I yYHOpouieHusa pacdcToB II0
ITPOBCPKE TCpMH‘ICCKOﬁ CTOMKOCTH IMPOBOJHUKOB MOXHO HCIIOJIb30BATh ITOHATHUC
MHWHHUMAJIBbHOT'O CCUCHUS ITPOBOJHHUKA

raie C - kodhPuImeHT, KOTOphId MPUBOIUTCS JJIsi MPOBOOB, IIMH W Kabenei B
CIIPaBOYHOM JIUTEPATYPE.
[TpoBOTHUK TEPMHUUECKH CTOEK K TOKY KOPOTKOTO 3aMbIKAHHUS, €CIIN

S5

min *



JIEKIIUSA Ne9
4.3 OrpanuyeHyre TOKOB KOPOTKOI0 3aMbIKAHMS

MakcuMalIbHBIM YPOBEHb TOKOB KOPOTKOT'O 3aMBIKaHUS OTPaHUYHUBACTCS
OTKJIIOYAIONIEH CMOCOOHOCTBIO BBIKJIIOYATENECH WM TEPMHUYECKOHW CTOWKOCTBIO
kabenell. MIckycCcTBEHHOE OrpaHMYEHHE TOKOB KOPOTKOI'O 3aMbIKaHMsI MTO3BOJISIET
IPUMEHATH OOJIee JIETKUE U JICHIEBBIE allapaThl U TOKOBEIYIUE YACTH MEHBILETO
CEYCHMUS.

BONBIIMHCTBO  BBIKIIIOYATENEH MMEKT IPENENbHBI TOK OTKIFOYECHHS

([ ),paBHHﬁ 40 xA. Ecnu TOK KOPOTKOTO 3aMbIKaHUs MPEBBIIACT [

OTKIyoy OTKII oy

HGO6XOI[I/IMO €ro OI'paHUYCHUC. Ecau Tok KOPOTKOI'O 3aMbIKaHHUA MCHBIIIC 1

OTKJyom
1EJIeCO00Pa3HOCTh ~ OTPaHUYEHUS]  ONPENEeNseTCs  TEXHUKO-3KOHOMUYECKUMU
pacyeTamu.

OrpaHvyeHrue TOKa KOPOTKOIO 3aMbIKaHUS JOCTUIaeTCs YBEIHMUYECHHUEM

CONIPOTHUBJIEHUS CETEU IyTEM:

- OCYILIECTBJICHUSI pa3/IeIbHON pabOThl MUTAIOIINX arperaToB, TpaHchopMaTopoB U

JIMHHAW DJIEKTPOIIEpeIayuu;

- BKJIFOYEHHUS B LIETIU JIOMOJHUTENBHBIX COMPOTHBICHUH.

OrpaHuveHre TOKOB K.3. OOBIYHO OCYIIECTBIISECTCS B IBE CTYIICHHU:

- Ha DJJEKTPOCTAHLMSIX C TOMOIIBIO CEKUHOHHbIX peaktopoB (CP) wu
TpaHCcPOPMATOPOB € pacHICTNIEHHBIMU OOMOTKAaMHU TOK K.3. OTPaHHUYMBAETCS /10
HKOHOMHUYECKH 1[EJeCO00Pa3HBIX AJI CTAHLIUNM 3HAUCHHUI;

- B pacopeleNuTeNbHBIX CETSX C TOMOUIBI0 CXEMHBIX pelIeHUuU (pa3aesbHON
pabotel TpaHcopmaropoB u JIDII), nuneitHbix peaktopoB (JIP) wu
TpaHc(hOPMATOPOB C PaCIICINIECHHBIMU OOMOTKAMHM TOKH K.3. OIPaHHYMBAIOTCS
710 3HAYEHUI, S)KOHOMUYECKH L1eTIeCO00Pa3HbIX ISl CETEH.



110 kB

JIP
[ ]
L1

L1 L]

Pucynok 4.1. IIpumep uConb30BaHUs CIOCOO0OB OTPaHHYEHUST TOKOB
KOPOTKOT'O 3aMbIKaHUS

10



JIEKIIUSA Nel0

4.4 PeakTopnl

PeaKTOPBI SBJIIOTCA CIICHUAJIBHBIM CPCICTBOM OI'paHUYICHHA TOKOB K.3. Onn
NpCACTaBIIAIOT u3 cels HHAYKTHUBHOC COIIPOTUBJICHHUC, BKJIIOHa€MOC
IMOCJICA0OBATCIIbHO B KAXKAYIO (1)8,3}7 OcIu, KOHCTpYKTI/IBHO - 9TO KaTyliKa ¢ MaJIbIM

aKTUBHBIM COIIPOTUBIIEHUEM 0€3 CepACUHHKA.
Peaktops! yctanaBnuBaroTcs B ceTsx 6 - 10 kB (unorma 35kB u BhIte).

Tl %T2
A
| @ U @ |
JIMHEHHBIN JIMHENHBIN CEKIIMOHHEBIN
WHIUBHAYyalbHBIM  TPYNIIOBON

T

Pucynok 4.2. Cxembl BKIIFOUEHHUS pEAKTOPOB

OCHOBHBIMH IIapAMETPAMH PEAKTOPOB SBJISIFOTCS:
- HOMUHAJIbHOE Hanpsbkenue U, -, kB;
HOM

- HOMMHAJIBHBIA TOK [, , A;
Puom
- HOMHHaJIbHOE conpoTuBieHne X -, OMm.
HOM

I/IHOFI[a B CIIpABOYHHUKAX IIPUBOAUTCA:

NRYI
m.loo'
U

HOM

o/ __
pr)—

YBEJIMYECHUE CONPOTUBIICHUSA JKEJIATCIBHO IS  YMEHBIIEHHWS  TOKA
KOPOTKOI'O 3aMbIKaHUs, HO OIPAHUYMBACTCS YBEIUYEHUEM IOTEPh HANPSKEHUS U
MOIIHOCTH B HOPMaJIbHOM pekuMe padoThl. [loTepst HanpsKeHus :

N3-Lsing o0

HOM

AUp%:xp

JlonmycTtuMas notepsi Hanps>KeHUs B IMHEHHOM peakTope coctasisieT 1,5 - 2

%. I[JI}I CCKIUMOHHOTO PCAKTOpa TAKHUX OFpaHI/I‘{CHI/II\/’I HCT U €ro COIIPOTHUBJICHUC
11



MOXeT ObITh yBenmdeHo. Korma Bce ke TpeOyeTcsi 3HaunTeIbHOE COMPOTHUBIICHUE
JUIi  OrpaHWYeHUs  Toka  K.3. mpuMeHsior BTY  (6e3uHeprroHHBIC
TOKOOTPaHUYMBAIOIIME YCTPOICTBA).

LR

oYY

a

O

[~

L

Peaktop(LR) u emkocTh(C) PpE30HAHCHO HACTPOEHBI (PEe3yIbTHUPYIOIIEE
COTPOTHUBIIEHUE ONHM3KO K HYyNI0). MHAYKTUBHOCTH (L) B HOpPMAalbHOM PEXKHUME
uMeeT OOJbIIOe COMPOTUBIICHNUE U TOK uepe3 Hee mMall. [1pu k.3. TOK yepe3 eMKOCTb
YBEJIMYMBACTCS, YBEIWYMBACTCA TajcHWE HampshkeHuss AU Ha €eMKOCTH W
YBEIIMYMBACTCS HANpPsDKEHUE, TMPWIOKEHHOE K L, yBETUYMBAETCS TOK depes
WHIYKTUBHOCTH, CEPJICYHHK € HACHIIAeTCs M eMKOCTh 3aKopadymnBaeTcs. Tok K.3.
P STOM OTPAaHUYMBAETCS MOJHBIM CONPOTHBIICHNE peakTopa LR.

Jlis  yMEHBICHHsI TaJCHUS HANpsHKEHUS B HOPMAIBHOM pPEXUME H
OTpaHWYEHHUS TOKa K.3. TPUMEHSIOT TakKe CIABOCHHBIE pEaKTOphl (C
JOTIOTHUTEHHBIM BBIBOJIOM OT CpelHENd TOYKH OOMOTKH). CXEeMbl BKIIOUCHUS
CIBOCHHBIX PEAKTOPOB:

\AAl vy

Bb100p peakTOpoOB OCYIIECTBISAECTCS B COOTBETCTBUH C YCIOBHUSIMMU:

U, 2U

HOM, HOM¢ery *

L. =21

HOMy Pabax °

>
xp - xprpe6 )

TpeOyemoe CONMpOTHUBICHHE peaKTOpa (x ) onpeensieTcss , UCXOIs U3

pre6

HCO6XOI[I/IMOFO OI'paHUYCHUA YPOBHA TOKOB K.3. OOBIYHO 3TUM YCIIOBUCM ABJISICTCA

OTKJIFOYAIOIAsk CIIOCOOHOCTD BBIKIIIOYATES (I J— ) .

Ecnu n3BeCTHO HayaabHOE 3HAYEHHE NMEPUOAMYECKON COCTABJISIOIIEH TOKA
k3. [, [ 2> HEO0OXOJIUMO YCTAaHOBHUTBH PEAKTOp, O0OECTICUMBAOIINI

11,0 m,0 = “oTKig °

CHIKEHHE TOKa 10/

OTKIg °

J1o yCTaHOBKH peakTopa
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5. 3JIEKTPOOBOPYIOBAHHE §
PACIIPE/IEJIUTEJIBHBLY CTPOMCTB SJIEKTPOCTAHIIMI U
MOACTAHIIM

5.1PexuMbl padoThI 3JIEKTPOYCTAHOBOK.

[TpoaoMmKUTENbHBINA (JTUTENBHBIN) PEXKUM paOOTHI - PEKUM, IPU KOTOPOM
TOKOBEAYIME YaCTHM YCTAHOBKM WJIM ammapara JAOCTUTAalOT YCTaHOBHMBIIEHCS
TEeMIIEpaTypbl IPA HEU3MEHHOU TEMIIEPAType OKPYKAOLIEH CPEJIbI.

ITpoaOMmKUTENBHBIA pEXUM pabOThl UMEET MECTO B OJHOM M3 CIEAYIOLINX
PEXKUMOB: HOPMAJIBHOM, PEMOHTHOM, IIOCJICABAPUIHHOM.

HopMmaJibHbIi peXUM - PEXHUM, IIPH KOTOPOM BCE IApamMeTpPhl YCTAaHOBKU
WIM €€ 4acTedl HE BBIXOMAT 3a MPENEbl, AOIMYCTUMBIE IPU 3aJaHHBIX YCIOBHSX
sKkcIutyaTauu. [lpu sToM (yHKIMOHMPYIOT BCE JIEMEHTHI 0€3 OTKIIIOUEHUH U
neperpy3ok. Pexxum xapakrepusyercs HauOOoNbIIUM TOKOM HOPMAJIBHOTO PEXUMA
[HOpM.

PeMOHTHBIN peXuM - PEXHUM IUIAHOBBIX PEMOHTOB (MPO(PUIAKTUYECKUX,
KaUTAIbHBIX). [Ipy 3TOM 4acTh 371EMEHTOB yCTAHOBKU OTKJIIOYEHA, @ OCTABIIUECS
B paboTe 3JEMEHTHI MOABEPKEHBI MEPErpy3Ke. DTOT PEXKHUM XapaKTepuUsyercs
TOKOM /ey

IHocaeaBapMHHBIN PEXUM - PEXKUM, ITIPU KOTOPOM YaCTh DJIEMEHTOB BBIIUIA
U3 CTpPOs WJIM BBIBEJEHA B PEMOHT (BHEIUIAHOBBIN) BCIEJICTBUE aBAPUITHOIO
oTkiItoueHus. OCTaBIINECS AIEMEHTBI MOTYT ObITh Harpy KeHbI 110 Ijp.

Takum 00pazoM, HPOJOKUTENBHBIA peXUM pabOThl XapaKTEpU3yeTcs
TOKAMHU:/;0py- HANOOJIBIIAI. TOK HOPMAJILHOTO PEKUMA PAOOTHI;

I1nax- HAMOONBIINI TOK PEMOHTHOTO WJIN IIOCIEaBapUUHOTO pexKuMa.

OTHU TOKU U SBJSIOTCSA PACUETHBIMU JJIs1 BBIOOPA MPOBOJHUKA U AIIApaTOB.
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JIEKIIUSA Nell
5.2 llluHHBbIE KOHCTPYKUUH

[IInHHOM  KOHCTPYKLMEN  HaA3bIBAIOT CHUCTEMY  HEHM30JMPOBAHHBIX
IPOBOJTHUKOB, YKPEIUIEHHBIX C TOMOLIbIO H30JSTOpOB. HewnszommpoBaHHbIE
MIPOBOJTHUKH JIeTIIEBIIE, 00IaAat0T OOBIIEH HATPYy309HON CITIOCOOHOCTHIO, TIPOIIIE B
MOHTaX€ U SKCILTyaTaluu.

B ycTaHoBKax BceX HampsDKEHUI MPUMEHSIOT, KaK MPaBUIIO, aFOMUHHUEBBIE
IIUHBI.

B ycranoBkax A0 35 kB BKIIOYMTENBHO NPHUMEHSIOT KECTKHE IIHWHBI
PSIMOYTOJILHOTO, TPYOUaTOro M KopoOUyaToro ceueHus (cm. puc.5.1).

AJIOMUHUEBBIC IIAHBI TPSIMOYTOJBHOTO CEYCHHS  BBIOJNHSAIOT €
COOTHOIIICHHEM pPa3MepoB morepedHoro ceuenus b/h ot 1/16 go 1/12. Illuab
cedenust Gomee (120x10) MM® He OGECIEUMBAIOT HEOOXOOUMOM MEXaHHIECKOI
MIPOYHOCTH M CJIOKHBI B MOHTaXE.

Ha OoupIle TOKW IMIMHBI BBITIOJHSAIOT MHOTOIOJIOCHBIMHM U3 JIBYX U Oolee
1oJIoc Ha ¢azy ¢ MPOKIATKAMH MEXKTy TI0JI0CaMu (pPaBHBIMU TOJIITAHE IITHHBI).

=

$ h

Pucynok 5.1 — ®opmbl ceueHust KECTKHUX IIMH

Kak mpaBuiio, BBIMOJMHSIOT He O0jiee ABYX Mmosoc B (aze (penko Tpu), T.K. €
BO3pAaCTaHUEM YMCJIa TI0JIOC HAarpy304yHasi CIOCOOHOCTh BO3PACTaeT MEHBIIE YeM
yYBEJIMYECHHE pacxoja MeTaia u3-3a BiugHus s¢ddexra ommzoctu. Kpome Toro,
BO3ZHMKAIOT 3HaUMUTeNbHbIE DY Mexay nojiocaMmu Ipu KOPOTKUX 3aMbIKaHUSIX.

Ha Oosblliie TOKM NPUMEHSIOT TaKXKe IIMHBI KOpOOYaToro u TpyOd4aTtoro
ceyeHUs. C TOYKM 3pEHUS OXJAKICHUA NPEANOYTUTENbHbl JIyYllle IIHHbI
KOpOO4YaToro ce4eHus, T.K. TEIJIO0TAaya OCYIIECTBISETCS W C BHYTPEHHEH
MOBEPXHOCTU. TpyOuaTele IIMHBI CIIO)KHEE B MOHTaXe, IO3TOMY Majo
OPUMEHSIOTCS B ycTaHOBKax 10 35 kB. TpyOuaTbhle IIMHBI NPUMEHSIOTCS B
ANEKTpOyCTaHOBKax HampsbkeHuem 110 kB u  Bblle, Tak Kak IIMHBI
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OPSIMOYTOJIBHOTO M KOpPOOYaTOro CEYeHHs B 3TOM Cly4yae MNPUMEHSTh HEb3s
BCJICJICTBUE UX UHTEHCUBHOTO KOPOHUPOBAHUS.

XKecTkue MHUHBI OKPAITMBAIOTCS IMANEBBIMU KpackaMmu: ¢aza A — KeIThIM
uBetoM, B - 3enenbim, C- kpacHbiM, 0- GeJIbIM MPU U30JIUPOBAHHON HEUTpaAIU WU
(bUOJETOBBIM IIPHU 3a3€MJICHHOW HEUTpaJIH.

I'mOkme MmMHBI TPUMEHSIOTCS B PACHpPEACIUTENBHBIX YCTPOWCTBAX BCEX
HanpsokeHuil.  ['mOkuMe  MMHBI  BBIMNOJHAIOTCS M3 MHOTONPOBOJOYHBIX
antoMUHUEBBIX (A) wiu craneantoMuaneBbix(AC) npoBooB. Ha Oosbiiive TOku 1
B PY 330 xB u Boime kaxpaas ¢aza pacuierisercs Ha 2, 3 win 4 mpoBoja, 4To
YMEHBUIAET NOTEPU KOPOHHOI'O pa3psia.

KecTkue mMMHBI KpemsaTcs Ha OMOPHBIX H30JAATOPax MEXIy ABYMs
IUIAaHKaMH, CTSHYTBIMH CTaJbHbIMM IINWIbKaMH. HWkHSA cTanbHas IUIaHKa C
NOMOILBI0 BHHTA >KECTKO 3aKPEIUIEHA Ha TOJIOBKE M30JsATOpa. BepxHsad maHka
BBITIOJIHAETCS. U3 HEMAarHUTHOTO YyT'YHA WJIM LBETHOTO METAJIJIA U1 YMEHbIICHUS
MOTEPH OT BUXPEBBIX TOKOB.

\wzAallll

| n ]

u U u

Kpemnnenue muH Ha M30J8TOpPaX MOXKET ObITh >KECTKUM WM CBOOOHBIM.
Jlnst cBOOOJHOTO KpEIUIEHUs YCTAaHABIMBAIOTCS PACHOpHbIE TPYOKH, KOTOpHIE
MO3BOJISIOT IIMHE TMEPEMENIaThCsl MPOoI0JIbHO. JKEeCTKOe KpEeIIEHUE BBIMOIHSIOT
yepe3 Kaxple 30 MmeTpoB. Mex 1y TOUKaMH KECTKOr0 KPEIUICHHs yCTAHABIMBAIOT
IIMHHBIE KOMIIEHCATOPbI U3 THOKUX aTFOMUHHUEBBIX MOJIOC.

Jlist kperieHuss TUOKMX IIMMH TPUMEHSIOTCS IIThIpeBble M MOJIBECHbIE

U30JIATOPBI.
JIns mpoxo/ia MH Yepe3 CTEHbI, MEPEKPBITUS U MEPETOPOAKHA MPUMEHSIOT
NMPOXOAHbIE H30JIATOPHI, JIMHeHbIe (MacIOHanOJIHEHHBIE 1580071

ra30HaIOJHEHHBIC) BBOADI.

M301TOPBI BBINOIHIOT U3 3aKaJIEHHOTO cTeKIa uiu dapdopa.

W3onsaTopsl  JOKHBL  00€cleunBaTh JIOCTATOUYHYIO JJIEKTPUUYECKYHD U
MEXaHUYECKYI IPOYHOCTb. DJIEKTPUYECKAS] NPOYHOCTHh 3aBHCUT OT COCTOSIHUSA
noBepxHocTU. [1o3TOMYy M30JIATOpPBI [UIsl BHYTPEHHEN YCTAHOBKM (3aKphIThIX PVY)
UMEIOT IIAJKYI0 IOBEPXHOCTb, JJISi HApyKHOW YCTaHOBKH - peOpucryro. Uem
BBIIIEC HAIIPSDKEHUE, TEM BBIIIE BBICOTA ONOPHBIX H30JATOPOB WA KOJIMYECTBO
IIOJIBECHBIX U30JISITOPOB.

MexaHnueckass IMPOYHOCTh XAPAKTEPU3YETCS BEIMYMHOM pa3pylIarOLIeh
JJIEKTPOMEXAHUYECKON HArpy3ku Flap. Uem  Bbime  Fi,yp, TEM  MacCHBHEE
U30JIATOPHI, OOJIBIIE UX AUAMETD.
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5.2.1 Bp100Op IMHHBIX KOHCTPYKIUH

dopma U ceueHHe IMUH CTaHIapTU3UpOBaHbl. [103TOMY BBIOOp IIMH COCTOUT
B [10J100p€e HanboJee MOAXOAIIUX IITKUH 10 hopMe U cedeHuto (S).

Ceuenne COOpPHBIX IIMHBI M OIMMHOBOK PY Bcex HampspkeHWH BBIOMpaeTcs
M0 HArpeBy MpH MPOTEKAHWU [IMTEILHOTO MaKCHMAaJIBHOTO TOKa Harpy3kd (B
PEMOHTHOM HJTU TIOCTICaBApUMHOM PEKHIME):

[maxSI;[ona

rae ly,, — JOMyCTUMBIN TOK BBIOPAHHOTO CTAHJAPTHOTO CEUECHHS IIUH C yYETOM
MONPaBOK Ha PACMOJIOKEHUE IITUH U TeMIepaTtypy Bo3ayxa (6,), eciu
MOCIICAHSS OTJIMYHA OT HOMHHAIBHOM (6, =25°C)

HOM

Ny —0
Loon =1 ' 2on 20
90myon  \ Gpon—t,,,,, -

rre Loon JOMYCTUMBI TOK TPU HOMHHAJIBHOW TeMIiepaType

HOM

OKPYXAaIOIIEro BO3/1yXa;

0 -I0IyCTUMas TEMIIEpaTypa IPOBOJIHUKA B JUIMTEIILHOM PEXKUME.

don

Jlanee BbIOpaHHBIE IIUHBI IPOBEPSIIOTCS HA TEPMHUUECKYIO U TUHAMUYECKYIO
CTOMKOCTh K TOKY KOPOTKOro 3amblKaHHs, a muHbI PY Hanpspkenuit 110 kB u
BBILIE TONIOJIHUTENBHO ITPOBEPSIOTCS 10 YCIOBUIO KOPOHUPOBaHMA. Tak kak B PY
110 kB, kak mpaBuio, NPUMEHSIOT THOKME MIMHBI (TIPOBOJA), UX IMPOBEpPKA IO
YCJIOBHUIO KOPOHHUPOBAaHMS OCYUIECTBIAETCS 10 MHHHMMAJIbHO JIOIyCTUMOMY
CEUCHHMIO IS 3aJaHHOTO HAIPSHKEHUS (Sminkop):

Sminxop)gs-

Ha repMmn4yecKkyr0 CTOMKOCTb K TOKaM KOPOTKOTO 3aMBIKAHMUS INPOBEPSIOT
KECTKUE M TMOKHE IIHWHBI 3aKPBITHIX PAaCHpPEICIUTEIbHBIX YCTPONCTB. YCIOBHE
TEPMHUYECKON CTOMKOCTH:

Op <G wm S, =S

'don In]nmepm
rac 6[(3 - TEMIICpaTypa Harp€Ba IpoOBOJAHUKA TOKOM KOPOTKOI'O 3aMbIKAHUS;

Oy

.~ AOIIYCTUMasA TEMIICpaTypa HarpeBa TOKOM KOPOTKOI'O 3aMbIKaHMA,

Smjn - MHHUMAJIBHOC CCUHCHHC IIPOBOIHHUKA II0 YCIIOBUIO TCpMH‘-I@CKOfI

mepm

CTOUKOCTH.
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Ha nunamMu4eckyr CTOMKOCTh K TOKAM KOPOTKOTO 3aMbIKAHUS MPOBEPSIOT
JKeCTKMe IIMHBL. Y CIOBHE JUHAMUYECKON CTOMKOCTH:

o <O,

pacu

rac o - paC4CTHOC MCXaHNYCCKOC HAIIPSIKCHHUC B MAaTCPpHUAJIC IINHEI,

pac
o,,, - JOIMyCTUMOE HaNpPsOKEHUE;
M - n3rubaronyi MOMEHT;
W-MOMEHT CONMPOTHBJICHUS INMHHBI OTHOCHUTEIHLHO OCH MEPHEHIUKYISIPHON
JEUCTBUIO U3ruOaroIero ycuwius. (cM. Tabiuiry).

W3rubarommii MOMEHT.
2
M = J !
10

b

rjae [ - JJIrHa npoJieTa MeXAy OIOPHBIMU U30JISITOPAMU;

f — DIEeKpOAMHAMHUYECKOE YCUJIME, PAaBHOMEPHO pAaCIpEACNCHHOE II0
JUTiHE iposieta f=F/I.

MowmeHT cornpotuBieHus (W)monepeuHoro CeYeH s UHbI ONpeaesieTcs ee
reOMETPUUECKUMHU pa3MepaMu Mo Gpopmysiam, IPpUBEACHHBIM B .

[Ipunuuner onpexnenenus Y Mexay napaielbHbIMH IPOBOJHUKAMU
(F)06BUTH paccMOTpEHBI B pazjaene 4.

MexaHu4ecKUi pacyeT MPOU3BOJIUTCS 0€3 yueTa MEeXaHUYECKUX KoJeOaHui
muH 1pu pe3oHaHce. [IIWHBI OOBIYHO BBIMOJHSAIOTCS TaKUM OOpa3oM, YTOOBI
4acToTa MX COOCTBEHHBbIX KosieOaHuil fynpeBblmana 2000'm, yTo rapaHTUpyeT
OTCYTCTBHE pe3oHaHca. M3 3TOro yciaoBusi BHIOMPAIOT JJIMHY MPOJIETa, UCHIOJIb3YS
opmyuy

_173.2 J

fo_l—z 5

rje /- n1nvuHa nponieTa, M;
S-cedenue, cM;
J-MOMEHT HMHEpPIHMH TONEPEYHOrO CEUYEHHUS IIMHBI OTHOCHUTENIBHO OCH,
TepreHIMKYISPHOM HAMPABJICHHIO H3IHOAIOIICH YCHITHS, CM .

['mOkue mUHBI TPOBEPSAIOT HA DJIEKTPOJUHAMHUYECKOE JICWCTBHE TOKOB
KOPOTKOTO  3aMbIKAHUS, ecnn[n,o(”,ZZOKA I/IJ'II/Iiy(3 ) >50KA. JImHaMu4yeckoe
B3aUMOJICUCTBME THOKMX IIMH TpPU TaKUX TOKAX MOXKET TPHUBECTH K
“CXJIECTBIBAHUIO MPOBOJIOB. Y CIOBUEM MPOBEPKHU SIBIISIETCS

a

pacu> adon )
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TIOE Qpgey - PACCYUTAHHOE 3HAYCHUE PACCTOSAHUA MEXTy (hazaMH IIpU CONMKEHUU
IIPOBOJIOB B MOMEHT KOPOTKOI'O 3aMbIKAHUS;
Q9on - JOMYCTUMOE PACCTOSIHUE MEXKTY (PazaMu MO yCIOBUIO MPOOOs
U30JISILUU.
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JIEKIIUSA Nel2

5.3 Bb100p TOKONPOBOIOB ¥ NMPOBOA0B BO3AYIIHBIX JJUHU I

['mOkue TOKOMPOBOABI B BHJE IIyuyKa IMPOBOJAOB, 3AKPEIUICHHBIX IIO
OKPY>KHOCTH B KOJIbIIaX-000MMax, MPUMEHSIOT JJI MOJKIIIOUEHUs] TEHEPaTOPOB U
TpaHcopMaTOpOB K pacnpeneauTesbHpiM ycTpoiictBam 6-10 xkB. Ha »Ttux
ydacTKaXx TOKM MOTYT ObITh 3HauuTeIbHBIMH. [loaTOMy kaxmas (aza 0OBIYHO
BBITIOJIHSETCSI M3 HECKOJbKHX aJIOMMHHMEBBIX IPOBOJIOB OOJBLIOTO CEYEHHS U
HECYIIUX CTaJCAIIOMUHUEBBIX WJIM CTalbHBIX MpoBOAOB. IIpu BbIOOpEe cedeHus
YUUTBHIBAIOT, YTO HECYIIUE MPOBOJIA TAKKE HECYT TOKOBYIO HAPY3KY.

Bo3ayuiHpie TMHUM BBITIOJIHSIOTCS CTAJICAIIOMUHEBBIMU MPOBOAAMM MapKu
AC.

Ceuenne THOKMX  TOKOINPOBOJOBH  MPOBOJOB  BO3AYIIHBIX  JIMHUU
BBIOHUPAIOTCS 110 IKOHOMUYECKOW TIIOTHOCTHU TOKA.

S _ ] HOpM
9 j , 5

1€ yopy- TOK HOPMATIBHOIO pa00YEro pesKuma;

J»— HOPMUPOBAHHOE 3HAYEHNE SIKOHOMHUYECKOU MIOTHOCTH TOKA.

BenuurnHa 3KOHOMHMYECKOW IUIOTHOCTH TOKAa HOPMHUPYETCS ISl MPOBOJOB,
IIHH U Kabejel B 3aBHCHMMOCTH OT YHKCJA YacOB HCIIOJIL30BAHHMS MAaKCHMaJbHOU
HArpy3KH 1 inax

COopHblE IIMHBI W OIIMHOBKH pPacCIHpeACIUTENbHBIX YCTPONCTB 110
PKOHOMMYECKOH TIIOTHOCTH TOKa HE BHIOMPAIOTCS.

[IpoBepka BEIOPAaHHOTO CEUCHMS HA HATPEB JIJTUTEIbHBIM TOKOM ITPOBOJIUTCS
10 YCJIOBHUIO

I <1

max don -

[IpoBepKky ceueHusl Ha TEPMUYECKOE JIHCTBUE TOKOB KOPOTKOTO 3aMbIKAHMS
JUIsL TIPOBOJIOB BO3IYIIHBIX JIMHUA JIOMYCTUMO HE BBIMONHATE. i1 THOKHX
TOKOIIPOBOJIOB B 3aKPBITHIX  PACIPEICIUTENIbHBIX  YCTPOMCTBAX IMPOBEpKa
MIPOU3BOAMUTCS TAK K€, KaK JUIsl )KECTKUX LIUH.

[IpoBepka MpoBOAOB U TOKOIPOBOJOB Ha ‘‘CXJIECTbIBAHHME MPOUIBOIUTCS
TaK ke, KaK JJis THOKUX IIKH.

5.3.1 Bbi0op kabeeit

Kabenu Be1OMparoT:
- 10 HANPSDKEHUIO YCTAHOBKU  Uyon2 Uyer(cernys
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- M0 KOHCTPYKIIUUA B 3aBUCHUMOCTH OT CITIOCO0a MPOKJIAJKU, CBOMCTB CPEpbl,
MEXaHUYECKUX HArpy30K U T.II.;

- 10 DKOHOMUYECKOW TUNIOTHOCTH TOKA  Sy=Iopu/];

- 10 HArPEBY JUIUTEIBHBIM TOKOM/ 0y <1 0.

st ka6esieu Ion ONIpeaessieTcs no popmylie: € y4eToOM KOJInYeCcTBa
KabeJiedl B OJHOM TpaHLIee U Ha TeMIlepaTypy OKpy»kawlieu cpeabl Kz.

Iz)on = kl .kZ .Idonmm >

raek;- Ko3QUIMEHT, YYUTHIBAIOITUN KOJMUYECTBO KaOesei B OJJHOM TpaHIlee;
ky — K03(pPUIMEHT, YYUTHIBAIONMIUN TEMIIEpaTypy OKpYXKalomeld Cpebl, eCin
OHA OTJIMYAETCSI OT HOMHUHAJILHOIA;

]a HOM

OKPYXaroUEenl Cpeabl.
Kaleun nmoaJsieskat 00s13aTe/1bHOM MPOBEPKe HA TEPMHUYECKYI0 CTOHKOCTh

V B K
§=8 =
MUH g, C .
HpI/I 9TOM OAMHOYHLIC Kabenun IMPOBEPAIOT IO TOKY KOPOTKOI'O 3aMbIKAHHU B
Havase muaui. KabGenu JII/IHI/Iﬁ, BBIIIOJIHCHHBIX M3 HECKOJIBKHX IMapaJlJICIbHBIX

HHUTOK Ka0eJs — 1o TOKY KOPOTKOI'O 3aMbIKaHH B KOHIIC JIMHUU C YUCTOM
pacnpeaciaCcHusd TOKA IO HUTKaM.

on - ,Z[OHYCTI/IMI)Iﬁ TOK AJIsI OJMHOYHOI'O KaOeJis B HOMMHAJIbHBIX YCIIOBHAX

5.4.1 BbICOKOBOJIbTHBIC BBIKJIIOYATEIH

Brikirrouarenu npeaHasHaueHBI TSl BKITFOUEHUS U OTKITIOYEHUST TOKOB:
- HOPMAJIHLHOTO, PEMOHTHOTO | MOCTIEaBAPUITHOTO PEKUMOB;
- KOPOTKOTO 3aMbIKAHHSI;
- TOKOB XO0JIOCTOT'O X0/1a TpaHC(HOPMATOPOB;
- 3apsIIHBIX TOKOB JIMHUM.
Kpome o00mux TtpeboBaHMH, NPEIbABIAEMbIX KO BCEM JJIEKTPUUYECKUM
anmnaparam, BHIKJIIFOHUATENU JOJKHbI UMETh:
- BBICOKYIO OTKJIFOUAIOIIYIO CIIOCOOHOCTB;
- BBICOKOE ObICTpOcicTBHE. (
Brikirouarenu  BBICOKOTO HANPSDKCHHS  XapaKTEPHU3YIOT — CICTYIOITIMU
napameTpamu:
- HOMUHAIBHBIN TOK oy, A; 1, > 1

max 2

- HOMUHAJIbHOE Hanpspkenue Uy, ,KkB; U, >U

HOM cemu
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(3) o
I omer 2 I no - HOMUHAIBHBIA TOK

HOM

- HOMHHAJBHBIM TOK OTKJIIOUCHUS.; I omKn

nom ?
OTKJIFOUCHHSI XapaKTepU3yeT OTKIIOYAIOIIYI0 CIIOCOOHOCTh BBIKJIIOUATENICH M
ompeaessieT HauOoJbIee 3HAYEHUE MEPHOJUYECKOM COCTaBIAIONIEH TOKa
Tpex(ha3HOTO TOKa KOPOTKOT'O 3aMbIKAHHUS B MOMEHT PACXOXJIEHUS KOHTAKTOB,
KOTOPO€  BBIKJIIOUATEIh CHOCOOCH OTKIIOYHWTh TMPHU  3aJaHHBIX  YCJIOBHSX
AKCILTyaTaIuu.

- JIOMyCTUMOE OTHOCHUTEJIBHOE COJICpKAaHUE allepUOIUYECKON COCTaBJISAIONICH B
TOKE OTKJIIOUECHHUS

0 .
ﬂ HOM A) - \/_ ] 100
b
omKia,,,,,
Cs
laHOM - la’t 2
rone !, - 3HaUCHHE aNepHOAMYECKOM COCTaBIIONIIEH TOKa Tpex(azHOro

KOPOTKOI'O 3aMbIKaHUA B MOMCHT Pa3MbIKaAHWA KOHTAKTOB

rae 4 p3 - MUHUMaJIbHOE BpeMs JICUCTBUS OCHOBHOMW pEIEHHOM 3aIUThI; (
min

t.¢- COOCTBEHHOE BpeMs OTKJIFOUEHUS BBIKIIFOUATEIIS.

Ecau t>0.09 ¢, npuaumarot f£,=0

Ecnu t<0.09 c, 3nauenue S, onpenensoT no kpusoi B,%=f (t) [ ].
- LIMKJI ONepaluil - BBIMIOJIHsIEMAasl BBIKIIOYATEJIEM MOCIIEI0BATENbHOCTh ONepalui
BKJIFOYEHUS ¥ OTKJIFOUEHHUSI PU HEOJHOKPATHOM BKIJIFOUEHHMH BBIKJIIOYATENIS Ha K.3.
Brixmouarenu, 1is kotopbix npeaycmarpuBaercs AlIB, MOMKHBI BBIAEPKUBATH
ITAKJTBL:

0O-180c —BO — 180c — BO;

O-t;. — BO — 180¢c — BO;

O- ts; — BO — 20c — BO.

Jlns BeIkirogaTeneit 6e3 AIIB:

0O-180c —BO — 180c — BO
B npuBeneHHbIX IUKIaX ONEpaINil HCIOIB3YIOTCS 0003HAYEHUS:

O — oTKJIIOUCHHUE;

BO - BKkiIIOUEHHE W HEMEJUICHHOE OTKJIIOYEHHE II0CJIEe BKJIIOYEHUS Ha

KOPOTKO€ 3aMbIKaHUE)

180c, 20c, f#5 - may3sl MEXAy oONepauusiMu. ts; — MHUHUMaJbHAs IS
BKJIIOUaTesisi 6ectokoBas naysa npu AlIB.
- TOK ([repw) W AIUTENBHOCTD (f1epy ) TEPMUYECKON CTOMKOCTH IIPU CKBO3HBIX K.3.
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L, .. >B

mepm ~mepm
rae B, - TemnoBOll MMIYJbC TOKa KOPOTKOTO 3aMblKaHUs. TeruioBOM HMITYJbC
onpenensercs no Gopmyiie

B =1 wa+T)).

I[JII/ITCJIBHOCTB HeﬁCTBHH TOKa KOPOTKOI'O 3aMbIKaHHU A tomm

rIe to@ - TIOJTHOE BpeMSs OTKJIFOUEHHUS BBIKIIOUATEIS.
- TOK JUHAMUYECKOU CTOUKOCTH 1y

. (3)
Ly, = L7

- HOMHUHAQJIBHBIM TOK BKIIFOUCHUS- ]gm -TOK, KOTOpBIﬁ BBIKJIIOYATCJIb MOKCT

HOM

BKJIIOYHUTH O€3 CBapHMBaHHA KOHTAKTOB,
- COOCTBEHHOE BpEM:A OTKIITOUYCHUA tep- HHTCPBAJI BpECMCHH OT IMOJa4YM KOMAaH/bI Ha
OTKJIIOYCHHUEC O HaYaJla paCXOKACHHUA KOHTAKTOB;
- IIOJIHOC BPEMs OTKIIIOUCHMUSA o BpEMs OT IMOJA4YM KOMaHJbl HA OTKJIIOYCHHUEC 1O
noracaHus Oyru

los™ tc13+ [

et ,-JIIINTENIBHOCTh TAICHUA AYyTH,

- BPpEMsA BKIIIOUYCHHS BBIKIIIOYATCIIA tgg -BpEMiA OT MOMCHTA II0JIJa4Y1 KOMAH/Ibl Ha
BK/IIFOUYCHHEC 10 ITOABJIICHHSA TOKA B IICIIH.

5.4.2 MacasgHble BBIKJIIOYATEJIH

B MacinsHBIX  BBIKIIOYATENSX  MAacjaO  HUCIHOJB3YeTCs Kak  Ccpena,
oOycllaBIuBaroIas ralleHue Ayr, a Takke Kak U30y1us 00Ja1aeT CBOMCTBaMH,
KOTOPBIE XapaKTepU3YIOT KaK JJOCTOMHCTBA, TaK U HexpocTaTku MB:

[Ipouecc oTKIIOYEHHUS B Macie NPOUCXOAUT CIAEAYILUM o0pa3oM: Ipu
PACXO0KI€HUM KOHTAKTOB BO3HMKAET Jyra BBICOKOM TEMIIEPATypbl, IIPU KOTOPOU
MacJI0O MCTapseTcss W pas3iaraercsi, 00pa3ysi BOKpYT AYTH Ta3oBblil My3bIpb. Yike
IIPU OTOM Jyra OXJIAXIAETCsA, OTHaBas TEILUIOTY Ha HCIIAPEHUE W PA3JIOKEHHE
Mmaciaa. Kpome Toro, ycuinmBaercs HUPKYJIALUSA Macila U YBEIIMYUBACTCA NaBIICHUE,
YTO TaKXkKe CHOCOOCTBYET OXJaxAeHWIO Ayrd. W HampaBuB Tas3bpl My3bIpsS C
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OOJBIION CKOPOCTBIO BJOJb WIHM MEPHEHAUKYISIPHO CTBOJIY JYT'HM, MOYXHO €IlIE
HOBBICUTB 3PPEKTUBHOCTH TallIeHUs JyTH.

JlaBiieHre, BO3HUKAIOLIEE B BBIKIIOYATEIE MPU OTKIIOUYEHUHU, UTPAeT U
OTPULIATENIBHYIO POJIb U MOXET MPUBECTH K BbIOPOCY Maciia 4epe3 BBIXJIOMHYIO
TpyOy, B3pbIBaM U pa3pyLICHUSIM B [IOMELICHUAX PaClpeleIUTEIbHbIX YCTPONUCTB.

MoryT BO3HUKHYTh U TaK Ha3blBa€Mbl€ ‘‘BTOPUYHBIE B3PBIBbI” BCJIEICTBUE
B3pPBIBOONIACHOCTU Ta30B (BOJOpPO/JAa M alETWIEHA) B MPOAYKTaX pasoKEHUs
macna. [[nst mpenoTBpaiieHus B3phIBOB U BHIOPOCOB Macia CO3/AI0T BO3AYIIHYIO
NOAYUIKY HaJ YPOBHEM Macila MOJ KPBIIIKOW BBIKIIOYATENs, & YPOBEHb Macia
JIOJKeH OBITh HACTOJIBKO BBIIIE pa3pbiBa KOHTAKTOB, YTOOBI BOAOPO/ M allETUIICH
HE BBIOPACHIBAIKCH B BO3AYIIHYIO OIYIIKY, 00pa3ys rOpIOYyI0 CMECh.

B MHOro00neMHBIX(0aKOBBIX) BBIKITIOUYATENSIX KOHTAKTHI IIOMEIIEHBI B OaK,
3aJUTHIA MacjioM (Bce TpH MOJIOca B OJHOM Oake - mpu HanpspkeHuu 6-10 kB u
KaXJIpIHA TMOJII0C B OTNeNIbHOM Oake - 35 kB u Boimie). Ha nanpsbkenue 6 — 10 kB
0aKoBbI€ BBIKJIKOYATEIN UMEIOT CBOOOJHOE ralieHue Jyru B Macie. [amenue qyru
oOjeryaeTcst CO3JaHUEM JIByX pa3pbhlBOB Ha mnoiroc. Kpome Toro nns Oonee
HaJIC)KHOTO TaCIIEHUs] AYrM O0ecnedyMBarOT JAOCTATOYHO OOJIBILIOE PaCXOXKACHHE
KoHTakTOB. Ilox neiictBuem DJIY nyra nBMXeTcs, 4eM oOecreuuBaeTcs Ooliee
UHTEHCUBHOE OXJIaKJECHUE TyTH.

B MHOr000eMHOM BBIKJIIOUATENIE MACIIO SBJISETCS HE TOJIBKO Ayroracsiuen
Cpeloil, HO W M3OJSAIUEN OT 3a3eMJICHHBIX CTEHOK Oaka Mexnay ¢dazamu mpu
pa3MeNIeHnH TPeX MOJICOB BOJHOM Oake.

[Ipu paspeiBe ayru B OonbiioM oObeMe Macia (IpH OTKPBITOM ayre)
CKOpPOCTh  JBWKEHHMS Ta30BbIX YacTUll HejocrtarouHa. Jlig  co3pmaHus
3¢ (HEKTUBHOTO Ta30BOT0 AYThs HEOOXOIUMO:

- YCWJINTH Ta3000pa30BaHuE;
- IPUIaTh YaCcTHULIaM Ta3a OOJIBIIYI0 CKOPOCTb ABM)KEHUS OTHOCUTENBHO TYTH.

JUis  3TOro  KOHTAaKTbl pa3MeIlaloT B  JyroracuTeNbHOHM  Kamepe,
HOTpyXEHHOH B oOmMi 00beM Macia B Oake BbIKIOYATEs (YKpPEIUISIIOTCS B
HIKHEHW 4aCTH MPOXOIHBIX U30JIATOPOB-BBOIOB).

Kpome Oosiee 3¢ (eKTHUBHOrO ramieHuss AYrd IyTOracUTEIbHbIE KaMephl
YMEHBILIAOT JABJICHNUE HA CTEHKH Oaka.

KoHCTpyKLIMK IyroracuTeNbHbIX KaMep MOTYT cO3[aBaTh IPOAOJIbHOE U
NONEPEYHOE Ty ThE.

bonbmioit o0bemM Mmacna B OaKOBBIX BBIKJIIOUATENSIX OOYCIOBIMBAET HX
BBICOKYIO I10KapOONacHOCTb, YCJOXKHSET 3KcIuTyarauuio. Iloatomy mmupokoe
pacnpocTpaHEHUE MOJYyYHIIA MaJIOMACIISIHBIE BBIKJIFOYATENH.

MaJsiomaciisinble BBIKJIIOUATENH MPEJICTABISIIOT COOOM TyroracuTeIbHYIO
KaMepy 0aKoBOTO BBIKIIOUATEIS, TOMEIIEHHYIO BHE 0aKa Ha TBEPbIX HU30JATOPaX.

ManooObeMHbIE€ BBIKJIIOUATENN BBIIOJIHAOTCS HAa Bce HampspkeHus 10 500
kB BxmountenbHo. OHM MMEIOT HEOOJbIIME TadapuUTbl U MaccCy, HHU3KYIO
cTouMocTb. CIIeICTBUE HEBBICOKOM B3PbIBO- U I0KapOONACHOCTH MOTYT
YCTaHABIIMBAThHCS HE TOJIBKO B OTKPBITHIX, HO U B 3aKpBIThIX PY.
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5.4.3 Bo3ayuinblie BbIKJIHOYATEIN

Bo3znyuiHpie BBIKIIFOYATENIU OTHOCSITCS K TPYIIE Ta30BbIX BBIKIIOYATEIICH.
Jns ramieHuss Ayrd B HHUX HMCHOJIB3YETCS CXKAThIM BO3AYyX, O0ECIEeUMBAIOIIUM
MIPOJOJIHOE WJIA MONEPEYHOE AYyThe HA CTBOJ Iyru. [Ipu 3TOM Ayra MUHTEHCUBHO
OXJIaXKJaeTcsl W yMeHbluaercs ee cedeHue. OAHOBPEMEHHO NpPU 3TOM U3
MEXKOHTAKTHOTO IIPOMEKYTKA BBIHOCSTCS 3apsSIKCHHBIC YaCTHUIIHI.
NoHu3npoBaHHas cpela 3aMEHSETCA CBEKHUM JIEMOHU3UPOBAHHBIM BO3LyXOM,
00J1a1a01ITUM BBICOKOU 3JIEKTPUIECKON IPOYHOCTHIO.

lNamenne ayru OCYIIECTBISIETCS B JOyTOTacUTEIbHOW Kamepe, BaXKHbIM
AJIEMEHTOM KOTOPOM  SIBIISIETCA  COIUIO, CXKAaTbId  BO3IyX W3  KOTOPOIO
BBIOpachIBaeTCs C OOJBIION CKOPOCTHIO, U B MEXKKOHTAKTHOM IPOMEKYTKE
MO/ICP>)KUBAETCS HEOOXOAMMOE JIaBJICHUE.

B Beikmrouarensix g0 35 kB H30MSUMOHHBINA MPOMEXKYTOK CO3HAETCS B
JIyTOTacUTENIbHOM KaMepe MyTeEM pPa3BEICHUSI KOHTAKTOB Ha JOCTATOYHOE
pacCTOSIHME, U KOHTAKThl OCTAIOTCA PA30MKHYTBIMH 3a CYET JABJICHUS CHKATOTO
BO3/yXa.

Pucynok 5. 2 — KoHCTpyKIIUs TyroracUTEIbHOW KaMephl BO3YIIHOTO
BBIKJTIOUATEIS

B nyroracurenbHyro Kamepy MOAAETCS CXKAThIi BO3yX Y€pe3 OTBEPCTHUS B
neperopojke 5. IToTok Bo3gyxa MOJHHMMAET MOPIIEHb 2, HA KOTOPOM YKPEIUIEH
NOJBW)XHBIA KOHTAaKT 3. IIpoMcXOAMT pa3MblKaHUE MOJBHIKHOIO KOHTaKTa 3 ¢
HEMOJBWXKHBIM KOHTakToM 4. Ilpu »sToM cxumaercs npyxuna 1. Ilocne
IpEKpaIIeHMs T0Aa4Yy BO3/yXa MOPIIEHb OIyCKAETCs MOJI IaBICHUEM IPYKUHBI U
IIPOUCXOINUT BKIIOYEHHE. Bce BpeMs BKIFOUEHHOI'O IOJIOKEHMS BBIKIIFOUATEIS
KaMmepa JOJDKHA HaXOAUThCS MO AaBieHUEM Bo3ayxa. CyllecTByeT KOHCTPYKIUS
BBIKJIFOUATEJIEH C IONOJHUTEIbHBIM OTJIEIUTEIIEM.
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— Ornennrens

/ITI/H/ITI/ o

Pucynox 5.3 - Bo3ayliHbIi BBIKIIOYATENb C OTACIUTEIEM

[Tocne oTKIIIOYEHUS U MOTracaHus IyTu B AYTrOracUTENbHON KaMepe CxKaThIi
BO3JIyX MOJAETCs B IPUBOJI OTACIMUTENS U CO3AaeTcsi BTOpoi pasphiB. [locie aToro
IpeKpalaercs nojaya BO3AyXa B JOYTrOTaCHTENIbHYIO Kamepy, KOHTaKThbl B HEW
3aMBIKAIOTCA, @ U30JISILMOHHBIN MPOMEXYTOK 00ECIIEUNBAETCS OTCITUTEIIEM.

Otpenurens MOXKET OBbITh YCTaHOBJIEH, OTKpPbITO (puc.5.3) win B
BO3/yXOHAIOJIHEHHOM Kamepe (puc. 5.4 a).

Yem Oomblle HampspKeHWE W OTKIIIOYaeMas MOIIHOCTh, TEM  OOJIbIe
pa3ppIBOB HEOOXOJMMO HMETh, Kak B JYroracHTEJIbHON Kamepe, Tak H B
OTJIETIUTENE.

25



JyroracutenpHasi.
Kamepa Otnenurens

5% |
5 e

Pucynok 5.4 — KOHCTpYKIMH BO3AYIIHBIX BBIKJIFOYATEIICH

bakoBble BO3aylIHbIE BbIKIIOUATENN (puc. 5.4 0) HE UMEIOT OTIEIIUTENEH.
OHUM MMEIOT J1Ba MOCIEA0BATENbHBIX pa3pbiBa LENU B 0ake cxatoro Bo3ayxa. Ilpu
OTKJIOYEHUU OTKPBIBAIOTCA JYyThEBbIE KIIAMAHbBI, CXKAThI BO3AyX C OOJIBLION
CKOPOCTBIO BBIPBIBAETCS B aTMOC(Epy U cO3JaeT AyThe, racsiiee ayry.
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Ha nanpspxenue Boiie 750 kB pa3zpaGoTtanbl BBIKIIOYATEIN B MOABECHOM
UCHoJHEHUM (puc 5.4 B), COCTOAILME U3 HECKOJIBKUX IOCIEI0BATEIbHBIX MOAYJIEH
(6axoB).

Bo3znyiHble BBIKIHOYATENN B3PHIBO U M0KApOOE30M1aCHbl, UMEIOT BBICOKOE
OBICTpOACHCTBHE, BBICOKYI OTKIIIOYAIOUIYIO CIIOCOOHOCTh, HAJEKHO OTKIIIOYAIOT
€MKOCTHble TOKM. HemocrtaTkamMu BO3AYIIHBIX BBIKJIIOYATENEH  SBIISIOTCS:
HEOOXOJUMOCTh  COOpPYKEHHUSI ~ KOMIIDECCOPHOM  YCTaHOBKM,  CJIOYKHOCTb
KOHCTPYKLMH; BBICOKAas CTOMMOCTb, TPYJHOCTb YCTAHOBKM BCTPOEHHBIX
TpaHcHOpPMATOPOB TOKA.
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JIEKIIUSA Nel3

5.4.4 DaerazoBpie BBIKJIIOYATEIN

OTHOCATCS K TPYMIEe Ta30BBIX BBIKJIIOUATENe. B HUX MCHonb3yeTcs 3ieras
(mectudTopuctast cepa SFg), KOTOPBI OTHOCHUTCS K JIIEKTPOOTPHUIIATEIHHBIM
razam (QppeoH, smerasz), o0JaNAIOIMIUM CBOMCTBOM 3aXBaThIBaTh SJEKTPOHBI H
NPUCOCTUHITh WX K CBOMM HEUTpaJdbHBIM uacThiaM. OTpHIaTelbHBIC WOHBI,
oOpa3yromuecs Ipu 3TOM, JETKO PEKOMOMHHUPYIOT C MOJOXKUTEIbHBIMH MOHAMHU.
[Tpu 3TOM OBICTPO CHMXKAETCS MPOBOJUMOCTb MEXKKOHTAKTHOTO NMPOMEXKYTKa U
MOBBIIIAETCS CKOPOCTh HAapacTaHWs 3JeKTpuueckoid mnpouHoctu. [Ipum paBHOM
abdexTe I rameHus Tyru TpedyeTcs MEHBINN o0BbeM djera3a W MEHbIIEe
JIaBJICHHE, Y€M B BO3IYLIHBIX BBIKIIOYATENSAX. DJIEra3Heropioy, HE TOKCUYEH, HE
UMEET 3araxa, MHepTeH K APYTUM BEIIeCTBaM.

DJera3oBbie BHIKIIIOUATEIN UMEIOT HEJAOCTATKU:

- 3JIETa3CIoCO0EH paszjaraTh BJIArocoIepiKallne HW3OJSIMOHHBIC MaTepuallbl,
MIO9TOMY B DJIETa30BBIX BBIKIIOUATENAX MPUMEHSIOT CTOWKHE HW30JSIIIHOHHBIC
Matepuabl (TedoH);

- 9JIeTa3 UMEET BBICOKYIO TEMITEpaTypy CXKIKECHHUS, TOITOMY HE0OX0IMM TOIOTPEB
yaxe nipu 6°C;

- TIOJI BIMSIHUEM JYTH 3JIera3 pasjaraeTcsi Ha SJOBUTHIE COCTABISIIONINE, KOTOPbIE
YCTPAHSIOTCA TpPU T[OMEIIEHWH B JAYyrOTacUTEIbHYI0 KaMepy HeOOJIbIIOro
KOJINYECTBA aKTHBHPOBAHHOTO AJTFOMHHHS.

B s1erazoBbIX BBIKIIOUATENSX IPUMEHSIOTCS JyTOracUTeIbHbIE yCTPOUCTRA:
- C TalleHHEeM JyTd B OTKPBHITOM o0beMe. DPPEKTUBHOCTh TAKOTO Crocoda
raiieHus Ayrd HEBBICOKA, IIOATOMY MPUMEHSIETCS PEIKO;

- ¢ TepeMenieHWeM Jyrd B dJerase IMoja JCHCTBHEM MAarHUTHOTO TOJIs
(97IEKTpOMarHuTHOE ramieHue). Takod crmoco0 ramieHusi AYyrd NPUMEHSIOT B
BhIKTIOUaTensix 6-10 kB. Jlns mepememnieHust yrd MOTYT HCIIOIB30BATHCS TOJIBIC
KOHTAaKThl (puc. 5.5), BHYTPHM KOTOPBIX ITOMEIIEHBI IOCTOSHHBIE KOJBIICBBIC
MarHUThl, KOTOPBIE 3aCTaBJISIOT AYTY BpalIaThCsl MO MOBEPXHOCTH KOHTAKTOB C
OO0JBIIIOI CKOPOCTHIO;

- C MPOAOJIBHBIM AYTHEM 3Jiera3a, KOTOpOE CO3JaeTCi NMpPH MEpPEeTOKe dJierasa u3
pe3epByapa ¢ BHICOKUM JIaBIIEHUEM B pe3epByap ¢ HU3KUM JIaBJICHHEM;

- C aBTONHEBMAaTHMYEeCKMM AyTheM. JlyTbe co3/maeTcss KOHTAaKTaMH OCO00M
KOHCTpYKLuH (puc 5.5).
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2

Pucynok 5.6 — KoHCTpyKIIMS KOHTAKTOB 3JIETa30BOI0 BBIKIIOUATEIS C
ABTOITHEBMATUYECKUM JTyTheM
1 -HETOABM)KHBIN KOHTAKT
2-TIOABV)KHBIN KOHTAKT

[Ipy OTKIIOYEHUH TOJBHKHBIA KOHTAKT (2) MAET BIPABO BMECTE C COILIOM
(3),k0TOpOE COENMHEHO C KOHTakToM (2) mocpeAcTBaM MEPEropojiKH ¢
orBepctusimu 4. Ilopuiens (5) mpu 3TOM ocTaeTcsi Ha MecTe. Diera3 B oobeMe
Mexay (4) u (5) cKUMaEeTCs U Yepe3 OTBEPCTUS B MEPErOPOAKE MOJAETCA HA YTy
BJI0JIb Hee. Bce ycTpolicTBO pasmelleHo B pe3epByape ¢ aierasoM. Ilpu takom
crocobe rameHus Ayru He TpeOyeTcsl co3daBaTh BBICOKOE JABJIEHME JJiera3a B
pe3epByape U He TpeOyeTcsl OA0rpeB. ABTOITHEBMATUYECKOE TyThe MPUMEHSETCS
B BBIKJIFOUATEIAX HanpsixeHnueM 10 220 kB.

5.4.5 DJjIeKTPOMArHUTHHIE BBIKJII0YATE N

B snexkTpoMarHUTHBIX BBIKJIIOUATENSX JUIsl TallleHUs AYTH He Tpelyercs
CHeIHalbHOM ayroracsmieil cpeasl. Jyra racurcs B BO3AyXe Mpu aTMochepHOM
JABJIEHUU. 3a CYeT OJJEKTPOMArHUTHOIO JyThsl Jyra IEpeMeIlaeTcs H
OXJIAKJACTCSL.

Pucynok 5.7 — KoHCTpyKIIHS 37IEKTPOMArHUTHOTO BBIKJIIOUATENS

[Ipu oTKIIOYEHUM CHaYajla pa3MbIKAIOTCS OCHOBHBbIE KOHTAKTHI (1), 3aTem
nayroracutenbHbie(2). Mexy HUMU 3aropaercs Ayra M MnepeMelaercs BBEpX 3a
CYET ANEKTPOJAMHAMUYECKUX YCHIINN, TIepedpachIBasCh Ha yroracuTelIbHBIE pora
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(3). Torma 3ambIkaercss Lenb KaTymikd (5) U CO3[Ma€TCS MAarHUTHOE MOJIe,
BTSTHBAIOIICE AYry B JAyroracuTelbHylo Kamepy (4) (TaOMpUHTHYHO WU C
NEPErOPOJIKAMHU U3 KEPAMUKH ).

DNEeKTpOMarHUTHBIE  BBIKJIIOYATENId  YCTAHABIMBAIOTCA B siUEMKax
KOMIUIEKTHBIX  pacnpenenutenbubix — ycrpoiicts  (KPY, KCO). Ilpuojs
BBIKJIFOUaTeel - Mpy>KMHHbIE. OCHOBHBIM MPEUMYIIECTBOM 3JIEKTPOMArHUTHBIX
BBIKJIFOUATENICH SIBISIETCS B3pBIBO- M MOKapoOe3omacHOCTh. OHU TakKe HUMEIOT
MaJiblii M3HOC KOHTAaKTOB WU NPUMEHSIIOTCA JUIsl 4acThlX KommyTanuid. OjgHako
OombIe TabapUTHl OTPAHWYUBAIOT MX MPUMEHEHHE HA BBICOKUX HAMPSKCHHSIX.
OCHOBHOE TPUMEHEHUE AJIEKTPOMATHUTHBIE BBIKJIFOYATEIN HAXO/ST B YCTAHOBKAX
6 (10) kB coOCTBEHHBIX HYX 3JEKTPOCTAHIIHIA.

5.4.6 BakyymHbIe BbIKIOYATEIH

KoHTakTHas cuctemMa BaKyyMHBIX BBIKJIIOYATENIEed MOMeElIeHa B TIyOOKHit
BAKYYM, 3JIEKTPUYECKAasi MPOYHOCTh KOTOPOTO BO MHOI'O pa3 BBIIIE, YEM BO3QyXa
npu aTMocepHOM JaBlieHWHU. ['alieHWe Oyrd MPOUCXOAUT 3a cueT Auddy3uu
3apsSUKEHHBIX YaCTHUI U3 00JIACTH JYTH B OKpYKaroLIee MPOCTPAHCTBO. 3aropaercs
K€ Ayra BCIEICTBUE MOHM3ALMH [MAPOB METAIJIA, UCHAPSIOIIETOCA C TOBEPXHOCTH
KOHTakTOB. Ilpm  pa3MbplkaHMM  KOHTAakTOB  YBEJIMYHMBAETCA  IEPEXOIHOE
CONPOTUBIIEHUE KOHTAKTOB, MOBBIIIAETCS UX TEMIIEpATypa, METaJl pacIlIaBiseTCs
u ucnapsiercs. [103ToMy KOHTaKThI BBITOIHSIOTCS U3 TYTOILUIABKUX METAILIOB.

Bpems ramieHuss Iyrd B BaKyyMHBIX BBIKJIIOYATENSIX YpPE3BbIYAHO MAJIo.
[Ipy 3TOM OTKJIIOYEHHE MOXKET CONPOBOXKIATHCSA IOSBICHUEM 3HAYUTEIbHBIX
NEpPEeHANpPsHKEHUM, IMO3TOMY NPHUMEHEHUE BAaKyyMHBIX BBIKIIOUATENEH, Kak
PaBUIIO, TPEOYET MOMOTHUTEIbHONW YCTAHOBKY OTPAaHUYUTENICH MTepeHANPSKCHHUSL.

KoOHTaKkThl BaKyyMHBIX BBIKIIOYATEIECH BBIMOIHSIIOT O0COOOM KOHCTPYKIUH,
o0ecreurBaroieil MUHUMAaIbHOE KOJMYECTBO UCIAPSAIOIIETOCs MaTepHaia.

Pucynok 5.8 — KoHCTpyKILMsI BAKYYMHOTO BBIKJTFOYATEIIS

[TogBuxHbd KOHTAKT (2) ykpermeH B cuinbone (1). Cunbdon
OpeJCTaBIsieT CcoO0OM IWIMHAP W3 TO(PPUPOBAHHOM CTall, MO3BOJISIFOIINNA
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NOJBM)KHOMY KOHTAaKTy COBEpIIATh MOCTYNATEIbHOE JIBH)KEHHE BBEPX M BHU3.
Buaytpennuit o6bem cunbdona cooOmiaercss ¢ armocdepoir u aTMochepHoe
JaBlieHHe OOecneuyrBaeT KOHTAKTHOE Hakatue. HemonBwkHblii KOHTakT (3)
TepMETHYHO YKPEIUIEH B HIKHEH 4aCTU BaKyyMHOW KaMepBl.

BakyyMHBI€ BBIKIIOYATEIM MOTYT UMETh IIPYKUHHBIEC U JJIEKTPOMATrHUTHBIC
IIPUBOJIBI.

BakyymHbIe BBIKIIIOYATENIM UMEIOT Majble Ta0apuThl, MOITOMY IIHPOKO
IIPUMEHSIOTCS B KOMIUIEKTHBIX YCTPOUCTBaxX. Masblii M3HOC KOHTAKTOB IMO3BOJISAET
MCITOJIB30BATh BBIKJIIOYATENH JIJISl YACTBIX KOMMYTALIHA.

5.4.7 BpIkJII04aTe b HATPY3KH

Brikitouaresnb Harpy3ku UMEET MPOCTEUIITYIO TyTOracuTelbHy0 kamepy (3).
CTeHKH KaMmepbl BBITIONHSIOTCS W3 Ta3oreHepupyromero wmarepuana. llpu
pacxoxaeHun KoHTakToB (1) u(2) BHyTpu Kamepbl mnosiBiasercs ayra. lloa
JICCTBHEM BBICOKOW TEMITEpaTyphl IyTd CTEHKH KaMephl BBIJCISAIOT Ta3, KOTOPBIN
CTPEMHUTCSI BBIPBAThCA W3 KaMephl, CO3AaBasl MPOJOJBHON OO0MyB CTBOJIA IYTH.
Jlyra racuTcs eie 10 BbIX0/1a MOJIBIYKHOTO KOHTAKTa (2) U3 KaMephl.

1 p—

Briktouarenu Harpy3ku MPUMEHSIIOTCS B TE€X CIydasiX, KOT/1a MPUMEHEHHE
JOPOTUX BBIKJIIFOYATENEN OKA3bIBAETCSI HEIKOHOMHYHBIM. lIpuMmeHstorcs miis
KOMMYTallMM KOHACHCATOPHBIX OaTapeil 00JIbIION MOUTHOCTH, KOMMYTAIIUU TOKOB
HOPMAJILHOTO peXXHMa reHepaTopoB, TpaHncpopmaropos 6-10kB.

Kommytupyror tok Harpy3ku a0 200-400A. ns 3amuThl OT KOPOTKHX
3aMbIKaHM B  LEMAX C  BBIKJIIOYATEISIMH  HAarpy3kd  JOMNOJHUTEIBHO
YCTaHAaBJIMBAIOTCSA KBapuesble penoxpannrenu [1K.
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Ha wnanpspkenune 35 kB BbIKITIOYAaTeNM HArpy3Kd BBITIOJNHAIOTCA Ha 0ase
IIPENOXPAHUTEIICH BBIXJIOITHOTO TUIIA.

JlJiss OTKJTFOYEHUs TPYKUHHBIA TMPUBOJ] MEPEMEIIAIOT U30JSTOP TOJIKATENb
BHU3. Hok mepemaer ycuiue TOIBIKHOW cucTteMe(aisi pa3pbiBa TpeOyercs
HeOoubIoe yeunue).Jlyra racuet B BuHwiIoBoi Tpyoke I1C.

5.5 Pa3peauHuTEe I

PazbpenuuuTens sBAsSETCS caMbIM paCIIPOCTPAHEHHBIM, IPOCTHIM U JE€HIEBBIM
anrapaToM paclpeieIUTENbHbBIX YCTPOMCTB, K KOTOPOMY, OJHAKO, MTPEABSABIIAIOTCS
OY€Hb BBICOKHE TPEOOBAaHMS B OTHOIICHUH SKCILUTyaTallMOHHOW HajexHocTH. OHU
JOJKHBI 00J1a/1aTh CBOMCTBAMMU:

- TEPMHUYECKON U JUHAMUYECKONM CTOMKOCTH IIPU MPOTEKAHWH YE€PE3 UX KOHTAKTHI
TOKOB CKBO3HBIX KOPOTKUX 3aMbIKaHU;

- HAJEXHOTO (UKCHUPOBAHHUA KAaK BO BKIIOUEHHOM, TaK U B OTKIIOYCHHOM
MOJIOXKEHUY;

- HEJIOYCTUPOBAHUS OTKJIIOUEHUS 110 HArpy3KOH.

Tak kak pa3beAUHUTENN HE HUMEIOT JIyTOracUTENbHBIX YCTPOWCTB, OHU
NpEAHA3HAYEHbl JUIS BKIIOYEHUS MW OTKJIIOYEHHS DJIEKTPUYECKHUX LENerd B
pexnmMax, Korja:

- TOK B KOMMYTHPYEMOW LIEMU MHOTO MEHBIIE TOKA HOPMAJIBHOTO PEXKUMA;
- HampsDKeHHE Ha pa3zbeuHuTeNe (pa3HOCTh MOTEHIMAJIOB Ha IMOJIK0CAaX) MHOTO
MEHbIIIE padovero HanpsHKEHUS.

B mnepBom cnyudae pazpenunutenu(QS1, QS2) cayxar s co3mgaHus
BUJUMOTO pa3pbiBa B OOECTOYCHHOM IIeMH, TO €CTb B LEMHU, pPa30pBaHHOU
BEIKITFOUYaTeeM (Q)/

QSIQ  QS2

_¥E

Bo BTOopom ciyudae 6e3 paspeiBa nenu (0e3 OTKIIOYEHUS BHIKITIOYATENsS Q)
MIPOU3BOAMUTCS MIEPEKITFOYCHHUE C OHOW CHCTEMBI IIIMH HA IPYTYIO

bs?

YroObl OmMOOYHO HE JOMYCKAIUCh OTKIIOYEHHS TI0JI Harpy3Kou
peayCcMaTpUBaIOTCS paziuyHbIe OJIOKUPOBKHU (MexaHUYecKHe u

AIIEKTPOMArHUTHBIE).
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[Ipocreline MexaHWYecKHe OJIOKUPOBKU 3aJI0KEHbl B KOHCTPYKIUU
pa3beAUHUTEIICH

[IpuBoasl  pazbenuHuTENe! (B OCHOBHOM  PYYHBIE,  pBIYa)KHBIE)
o0OecreunBalOT (PUKCUpPOBAaHHOE TOJIOKEHHE MexaHudecku. [lpum mnpoTexanuu
yepe3 HOXKHU (KOHTAKThl) TOKa KOPOTKOTO 3aMbIKAHHS BO3HUKAIOT 3HAYUTEIbHBIC
ANEKTPOJUHAMUYECKUE YCUIIUSA, CTPEMSIIHecs OTOPOCUTh KOHTAKThl. UTOOBI
IPENOTBPATUTH pa3MbIKaHHE KOHTAKTOB, UCIIOJIB3YIOT IPUHLHAII
“3NEeKTpOMAarHUTHOrO 3aMka”. JlJg 3TOro OJAWMH ¢3 HOXEH  BBINOJHSIOT
JBYXIOJIOCHBIM. BTOpoil HOX BpyOaeTcss Mexay mosocaMu. Tak Kak B MOJ0Cax
TOK MMEET OJIMHAKOBOE HAMNpPABJICHUE, OHU MPUTITUBAIOTCS U 3KUMAIOT HOX
BTOPOr'0 KOHTAKTA.

PazbenuuuTenu no3BOSIIOT BKIIOYATh U OTKJIHOYATh:
- HeHTpanu TpaHchopMaTopOB;
- HAMarHWYMBAIOIIMKA TOK TpaHCHOPMATOPOB OrPAHMUEHHON MOIIHOCTH;
- 3apSIHBIN TOK JIMHUM OTPAaHUYECHHOM JJIMHBI;
- Harpy304HbId TOK 10 15A npu Hanpsbkenun 10kB.

[To KOHCTPYKIMH pa3InyaroT pa3beauHuTeNu (puc. 5.9):
- a) MOBOPOTHBIE (TOPU3OHTAIILHO-TTIOBOPOTHBIC);
- 0) pyOsiiie (BEpTHKAIBLHO-TIOBOPOTHBIC);
- B) Katsmuecs (B ssuerikax KPVY);
- T') IOJIBECHBIE;
- 1) ma"Torpapuieckue (Co CKIAIbIBAIOIIMMUCS HOKAMHU ).

a) 0)

-\ N,

B r) H)

Pucynok 5.9 — KoHncTpykuuu pa3beInHuTene
PazpenuHuTEeIn  BBINOJHAKOT  OJHONOJIOCHBIMUC PYYHBIM  IPUBOJOM

(IHTaHFOI\/'I) N TPCXIIOJIIOCHBIC C PYYHBIM, ABHUIAaTCIIBHBIM HWJINW IMHCBMATHYCCKHUM
IMPpUBOAOM.
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3azemuisomme pazbeanuuten(QSG)npeacTaBisitoT coboit
TPEXIOIOCHBIN pa3beAMHUTENh, KOTOPHI 3aMBbIKAeT HAKOPOTKO BCE TPHU (a3bl
YCTaHOBKH M OJTHOBPEMEHHO COCIMHSET MX C KOHTYPOM 3aIl[UTHOTO 3a3EMJICHHSI.
3a3eMIISIIOIMN  pa3beIUHUTENIh MOHTHUPYETCSl Ha o0Omeld pamMe ¢ OCHOBHBIM
pazbeaunuTeneM (QS)u OJIOKUpyeTCS ¢ HUM MEXaHUYECKH.

QS

QSG

biokupoBka pazpemaer BkIO4YeHHE 3P  TOIBKO TpPU  OTKIOYEHHOM
pa3beIMHUTEIIE.

PaspennHuUTENN XapaKTEPU3YIOTCS TapaAMEPAMM:

- HOMHUHaJIbHOC HanpspkenuelU,, ; U, 2U,

HOM 2 H cemu

- HOMUHQJIBHBIN TOK/! 1 >1

Hom > T HOM max 2

- IOMYCTUMBIN TOK U JJIUTEIbHOCTh TOKAa TEPMUUECKON CTOMKOCTH [

mepm 2 tmepM 9
I, o .  >B;

mepm " mepm

- TOK IUHAMHYECKON CTOMKOCTH,; i, 21" .
5.6 OTaequTe I M KOPOTKO3AMbIKATEIH

Ecnu pa3zpenuuHuTeld OCHACTUTh ABTOMATHYECKUM NIPUBOJOM, TO €ro
MOHO MCIOJIb30BaTh JJI TAKUX aBTOMAaTHUUYECKUX OMEpaIiu, KaK:

- CO3[IJaHUE UCKYCCTBEHHOTO KOPOTKOT'O 3aMbIKaHUSI;
- aBTOMATHYECKOE OTKIIFOUEHHUE IIeTH B OECTOKOBYIO May3y.

B nepBom cnyuae ammapar Ha3bIBalOT KopoTko3ambikarenem (QOK), Bo
BTOpOM ciiydyae — oraenuresneM (QOR). DTy anmapatbl OOBIYHO HMCHOJIB3YIOTCS B
COYETaHUU JIPYT C IPYTOM Ha CTOPOHE BBICOKOI'O HANPSIKEHHS HEOTBETCTBEHHBIX
ornaeynbix (puc 5.10 a) um TynukoBbix (puc 5.10 0) mnoacTaHuuUi ¢
TpaHcopMaTopaMu MOIIHOCTHIO 1025SMBA BMecCTO BBIKITIOUATEIIEH.
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Pucynoxk 510 — Cxembl NOACTAHLIMHI C OTACIUTEISIMU U
KOPOTKO3aMbIKATEJISIMU

[Ipu moBpexaeHuAx TpaHcPopmaTopa pemeifHas 3amuTa ACHCTBYeT Ha
BKJIFOUEHHE KOPOTKO3aMbIKaTENIeH, CO3/1aBasi KOPOTKUE 3aMbIKaHUs Ha 3eminto. [Ipu
TOM OTKJIFOYAIOTCS TOJIOBHBIE BBIKIIOYATENIN JUHUM, a B OECTOKOBYIO May3y
OTKJIIOYArOTCA oTAenuTenu. Torma yxe ot neuicrBus AIIB cHOBa BKIto4aroTcs
BBIKJIFOYATEH, BOCCTaHAaBJIMBA 3NIEKTPOCHAOKEHHE HEIOBPEXKICHHBIX
MOJCTAHIUH.

Otaenurenu KOPOTKO3aMbIKAaTEIN YCTaHABIUBAIOTCA TOJIBKO B ceTsix 110 kB
¢ OOJIBILIMMU TOKaMU 3aMbIKaHUs Ha 3eminto. [Ipu 3ToM He 00s13aTeIbHO cOo3/1aBaTh
UCKYCCTBEHHO TpexdaszHble K.3. B ceTsix ¢ OonbIIMMHU TOKaMHU K.3. Ha 3e€MJIIO C
3a3€MJICHHOM HEWTpalbl0 JOCTAaTOYHO co37aTh oAHOo(daszHoe K.3. IlosTomy
KOPOTKO3aMbIKaTEIM YCTaHABIIMBAETCS B OJIHOM dase.

He Bcerna xopoTKO3aMmbIKaTelld W OTIEIUTENIM YCTAHABIUBAIOTCS BMECTE.
MoryT ObITh YCTaHOBJIEHBI TOJIBKO OTACIUTEINHN, €CIIU TOK KOPOTKOTO 3aMbIKaHUS B
TpaHcpopMaTope AOCTaTOUYEH MJisi cpadaThIBaHMUS PEIEHHON 3alUThl TOJOBHOTO
BBIKJTIOYATeNsi. MOryT OBITh YCTAHOBJIEHBI M TOJIBKO KOPOTKO3aMbIKATENH, €CIIU HE
TpeOyercs AIIB Ha roJOBHBIX BBIKIIIOUATENAX (151 TYMUKOBBIX MOJCTAHIIHIA).

OTaeauTesiM 1O  KOHCTPYKIIMM  TPEACTABISIOT  COOOW  OOBIUHBIC
pazpeauHUTENN. BKIIOYEHHME HMX NPOM3BOJUTCS BPYYHYIO, a JUIsl OTKIIFOUEHHUS
UMeeTCs NPYKUHHBIA TPUBOJA. Bpemsi OTKIIIOUEHMS] OTAENUTENe JOCTaTOYHO
Benuko (0,4-0,5¢),4To ABISETCS UX HETOCTATKOM.

KopoTko3ambikaTean J0JKHBI UMETh Majloe BpeMs BKJIIOYEHHs (He Oosee
0,3-0,5¢). Mnaye nyra B KOHIIE X0/1a HOXa (IIpU COJMMIKEHUH KOHTAKTOB) YCIIEBAET
BBITSIHYThCS 3a cueT DY M roputr IOCTATOYHO AOJTO, YTO MOXKET MPHUBECTH K
noBpexieHN0. OTKII0YEHUE MPOU3BOIUTCS BPYUHYIO.

KopoTko3aMbikatenu UMEIOT MNPYKUHHBIM MpuBOJ. B  OTKIIOUYEHHOM
MOJIO)KEHWU TIPYKMHA 3aBeJeHa M OCBOOOXHAETCA SJICKTPOMArHUTOM st
BKJIFOUEHUS
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Pucynoxk 5.11 — KoHCTpyKIIHsSI KOPOTKO3aMBIKATEIIS
1 — mOABMIKHBINA KOHTAKT; 2 — THOKas CBsI3b; 3 — BCTPOEHHBIN
TpaHcopmatop Toka; 4 - IPUBOJ

Beibop oTaenuTeneit NpOM3BOAMTCA IO TEM JKE€ YCIOBUSM, UYTO U
pazbenunuternei. KopoTko3ambikatenun He BbIOMPAIOTCS MO TOKY JUIMTEIHHOTO
peXMMa M TPOBEPSIIOTCS HA CTOMKOCTh K TOKY OAHO(A3HOTO KOPOTKOIO
3aMBIKaHHUS.

5.7 IlinaBkue nperoXpaHUuTe !

B nsnexrpoycranoBkax Bbiie 1000B mpuMeHsitoTCsi 1Ba OCHOBHBIX THIIA

IIPENOXPAHUTEIICH:
- IPEIOXPAHUTENM C HATIOJIHUTENIEM;
- IPEIOXPAHUTEU C aBTOra30BbIM FAIICHUEM TYTH.

IIpenoxpanntenn  cepun IIK ¢ MenKo3epHHCTBIM  KBapLEBBIM
HANoOJIHMTeJIeM BbIoONHAIOTCS Ha 3,6,10,35kB.IIpenoxpanurens COCTOMT U3
dapdopoBoit  TpyOKH, apMHUPOBAHHON MO KOHLAM JIATYHHBIMH KOJIAYKaAMHU.
[InaBkre BCTaBKM BHYTpU marpoHa (OOJBIIOW JIMHBI M MaJlOTO CEYCHHS)
BBITIOJIHSIOT U3 Meu uin cepedpa. s ymeHnbiieHus: rabapuToB OHU CBUBAIOTCS B
cnupasid (OJHY WIM HECKOJIbKO MapajieNbHbIX, HAMOTaHHbIE Ha KapKac WU
OecKapKacHBIE).

Jlyra mipu meperopaHuM IUIaBKUX BCTABOK TACUTCS B y3KUX IIENAX MEXKITY
3epHaMU KBapiia.

Ha 10xkB wu BbllE NPUMEHSAIOT TaKKe aBTOra3oBoe TrallleHHE AYrd B
npegoxpanurenisix BoixiomnHoro tumna (I1BT).
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2 1 3

B raszorenepupyromeil TpyOke pacmnoiokeH HENOJBHKHBIM KOHTAKT (3) u
TUOKUN TIPOBOHUK (2), COEIMHEHHBIN C TIIaBKOW BCTaBKOH (1) U HAKOHEUHUKOM
(4). Ha HakOHEYHHMK ITOCTOSIHHO JEWCTBYET YCWJIHME, CTPEMSLIEECS BBITSIHYTh
ruOKyt0 cBsi3b. CBS3b YAEpPKUBAETCS IUIABKOW BCTABKOM, KOTOpas COCTOUT U3
[IapajuIeNIbHBIX MEAHOU M CTAJIBHOM INIACTHH. [IpyM KOPOTKOM 3aMBIKAHMM CHA4aJIa
neperopaeT MeAHas, 3aTeM CTallbHas IJIACTHHA U THOKas CBSI3b BHIOPACHIBACTCS U3
TpyOku. Jlyra roputr ¢ oOpa3oBaHHEM Ta30B, BBIICISEMBIX MATEPUATIOM TPYOKH.
["a3 ¢ OoJBIION CKOPOCTBIO BBIPBIBAETCSl B aTMOc(epy, odecnieunBasi MpOJOIbHbIN
0o0qyB cTBONAa ayru. BpiOpoc ra3oB CONpPOBOXKIAETCS 3BYKOBBIM 3(dexTom,
110JIOOHBIM BBICTpPEITY.

Taxue IpeIOXPaHUTETN yCTaHaBIUBAIOTCSA B OTKPBITBIX
3JIEKTPOYCTaHOBKAX.
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JIEKIIUSA Nel4

6. U3MepuTe/ibHbIE TPaHCPOPMATOPSI

W3meputenbHbie  TpaHchopMaTopel  TOKa  (T.T.)U  TpaHCPOpMaTOPHI
HampspKeHus: (T.H.) CIyKaT A MOJKIIOYEHHsS] W3MEPHUTENbHBIX NpUOOpOB U
YCTPOMCTB PENEHHOI 3alIUThl U aBTOMATHKHU. M3MepurtenbHble TpaHCHOPMATOPHI,
BO-TIEPBBIX, U30JIUPYIOT MPUOOPHI OT LIETIEH BBHICOKOTO HAMPSHKEHUS, BO-BTOPBIX -
peoOpasyIoT TOK U HAMpPsDKEHHUE O HOMUHAIBHBIX 3HAUEHUN TOKA U HANPSKEHUs
CTaHJIaPTHBIX U3MEPUTEIBHBIX TPHUOOPOB (5 A unu 1 A nst 1.1. 1 100 B wmm 100/
V3 s T.H.).

[lepBuunyto OOMOTKY T.T. BKJIIOYAIOT MOCIEAOBATEIbHO B  LIEMb
u3Mepsiemoro Toka (puc 5.14), a TpancopmMaropa HANPSDKEHHS - TAPAIIETHHO
nenu (puc. 5.15). K BrOopu4yHBIM 0OMOTKaM MOJKIIOYECHBI H3MEPUTEIHHBIC
npuOOpHI U pelie 3alUThI.

ARRRNY -

| ‘ l K LICISIM 3aIUThI
K n3Mep.npudopam 0 0

NNV

=

i

Pucynok 5.14 — [lonkimtouenue TpaHcopMaTOpPOB TOKA U HAPSKEHUS

Bropuunbie 0OMOTKH T.T. ¥ T.H. 3a3€MJISIFOTCS, YTOOBI MPU TIPOOOE U3OIISIIUN
MEXTy TMePBUYHON M BTOPHUYHON OOMOTKOHN MPEAOTBPATUTH MOSBICHHE BHICOKOTO
MOTEHIIMAajIa BO BTOPUYHBIX IIETISX.

OnHOM W3 OCHOBHBIX XapaKTEPUCTUK H3MEPUTEIBHBIX TpPaHC(HOPMATOPOB
SBJISIETCS HOMUHAIBHBIN KO3 PUIIMEeHT TpaHcpopMaIiuu:

kwom = 11 HOM/]ZHOM >
TI€ 11 nom» 12 noy - HOMHHAIIBHBIC 3HAUCHUS IEPBUYHOTO U BTOPHIHOTO TOKOB;
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kuom =U1 HOM/U2H0M >
1€ Uliponms» U2non- HOMHUHAJIBHBIE 3HAYECHHWS IIEPBHYHOIO W BTOPHYHOIO

HaNpPsKCHUM.

[IIkaia U3MEPUTEIBHBIX MPUOOPOB TPATYUPYETCS B IEPBUUHBIX BETUIMHAX.

Jlns uneanbHOro TpaHchopmaropa Toka KoOd(h@UIMEeHT TpaHchopMmaluu
IIPOMOPIIMOHAJICH OTHOIIIEHHUIO YK CIIa BUTKOB BTOPUYHOHN M MIEPBUIHONH OOMOTOK

I/I2=w2/o1-

YroObl MOTpemHoCTh peajbHOro T.T. ObUIa MHHMMAJIBHOM, HEOOXO0IMMO,
4TOOBI OBIJIO MAJIO COMPOTHRIICHUE €T0 BTOPUYHOM 11eTH (T.€. OH JI0JDKEH paboTaTh
B pexuMe, OMM3KOM K PEXUMY KOPOTKOTO 3aMbikaHus.). llepBuunas oOMOTKa
TaK)Ke JOJKHA MMETh MaJlo€ COIMPOTUBIICHHWE (MaJO€ YHCIO BHUTKOB OOJBIIOTO
cedeHus). B pesynbTate COMPOTUBICHUE T.T. HUYTOXKHO MaJI0 TIO CPAaBHEHUIO C
JIpPYTMMH DJJIEMEHTaMH CHJIOBOM IeMM W HE BIHMSICT HA BEIMYMHY TOKa B
U3MEPSIEMOM TIeTTH.

Jl7is ueaapbHOTrOo T.H. PU YCIIOBUH, YTO TOKHA B €M0 OOMOTKaX OTCYTCTBYIOT
(T.€. MPU XOJIOCTOM XOJI€):

U/Uz=w1/o2,

UtoOBl peasibHBI T.H. paboTall B TaKOM PEKUME, JODKHBI OBITh BEJIHUKHU
COTIPOTUBIICHUSI €T0 BTOPUYHOW IEMU W TMEPBUYHOM OOMOTKM (MHOTO BUTKOB
mayoro cedeHus ). [loaToMy TOK B €ro mepBUYHONW OOMOTKE Mall U HE BIMSET Ha
BEJIMYMHY TEPBUYHOTO HATIPSIKCHUS.

B peanpHBIX T.T. KO3PGUIMEHT TpaHCHOpPMAUA MOXKET OTIUYATHCS OT
HOMHMHAJILHOTO 3HAYCHHS BCJICJICTBUE MOTPEIIHOCTH, OOYCIOBICHHOW HaTUYHEM
TOKa HAaMarHUIMBaHWUSI.

TokoBast MOTPemnHOCTh

]0/ :kHOM.[Z_[l.IOO.

1

XapaKTepu3yeT KjIacc TOYHOCTH TpaHchopmaropoB Toka: 0,2 -0,5-1-3-10- ]I -
3-P.
TpanchopmaTopsl TOKa yKa3aHHBIX KJIACCOB TOYHOCTH MPUMEHSFOTCSI:
- 0,2 - 11t TOYHBIX J1A0OPATOPHBIX U3MEPEHUNM U 0COO0 TOYHOTO KOMMEPUYECKOTO
ydeTa 3JIEKTPUYECKOU SHEPTUH;
- 0,5 - 17 KOMMEPUYECKOI0 YUETa;
- 1 - 1 TEXHUYECKUX U3MEPEHUI;
- 3,10 - o151 pesieiHOM 3alUThI;
- I - nns quddepeHmaibHOM peleitHON 3aIIHuThI;
3 - ISt 3aIUTHL OT OJHO(A3HBIX 3aMBIKAaHUN Ha 3eMITIO (''3eMJIISTHOM 3aIuThI");
P - nis mpounx penerHbIX 3amuT.
JIns T.H. paznuyaroT kiacckl ToyHocty 0,2 - 0,5 - 1 - 3 B 3aBUCUMOCTH OT
MOTPEIIHOCTH

U%: kHOM.UZ_Ul 100

1
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N3mepuTenbHbie TpaHC(HOPMATOPHI TOKA XapaKTEPU3YIOTCS TTapaMeTpaMH:
- HOMUHAJIbHOE HAIPsHKEHUE Uiy U o U >

- HOMUHAJIBHBIM TOK NEPBUYHON OOMOTKH [ 1noms I 11onm > I max 5

- Kl1aCC TOYHOCTH,

- KPAaTHOCTh TOKa TEPMUYECKON CTOMKOCTH Kiepy; (K epsi*Lrion )t ieps = B3
- KPaTHOCTb TOKA IUHAMMYECKON CTOMKOCTH Kyyp; K, o1, =i
- HOMMHAJIbHOE CONPOTHUBIICHUE BTOPUYHOU HATPY3KU Z 5 ; Z,,.. = Z, pacu »

I1€ Zopacy — PACUETHOE CONPOTHBIIEHHE BTOPUYHOM HAIPy3KH, BKIIOYAroNiee B ce0s
COTIPOTHUBIICHUE TIOIKIIOYCHHBIX PUOOPOB, COCTMHUTEIBHBIX MPOBOIOB U
MEePEX0THOE COMPOTUBIIEHUE KOHTAKTOB, MPUCOCIUHEHHAS K BTOPUYHOU OOMOTKE
T.H.:

TpanchopMaTopsl HAMPSHKEHUS XapaKTePU3YIOTCS IMapaMeTpaMu:
- HOMMHAJIBLHOE HaIpsDKeHUE MepBUYHON 0OMOTKU Uyyors U, 22U

1Hom cemu >

>S

TI€ Spaey - PACUETHAS MOIIHOCTD MTOJKIFOUYEHHBIX IIPHOOPOB.

- HOMUHaJIbHAs MOITHOCTh BTOPUYHOM HATPY3KHU Soyon; S

2HOM 2 pacu

40



JIEKIIU S Nel$S

W3meputenbHble TpaHcQOpMATOpbl AENAT Ma TpaHC(OPMATopbl TOKa H
TpaHcopmaTopsl — HampspkeHus. VX  mpuMeHeHue  J1aeT  BO3MOYKHOCTH
II0JIb30BAThCS JUISl M3MEPEHUS CaMbIX Pa3JIUYHbIX HANPSIKEHUN U TOKOB OJIHUMHU U
TEMHU K€ MPUOOPAMH CO CTAHJIAPTHBIMU MpeJiesiaMu u3MepeHus. TpaHcpopmaTopsl
TOKa MpeoOpa3yroT H3MepsieMblii TOK OOJIBIIOW CHJIBI € TOK MajoW CHIbl, a
TpaHcHOpMATOPHI HANPSIKEHUST — HU3MEPSIEeMOE BBICOKOE HANpsHKEHUE B HU3KOE

[lepBuunyto 0OMOTKY TpaHcopmaTopa TOKa, HMEIOIIYI0 Majloe YHCIIO
BUTKOB, BKJIIOYAIOT IIOCJIEIOBATEIbHO B JIMHUIO, B KOTOPOW HU3MEPSAIOT WU
KOHTpONMpYyIOT TOK Hawamo u kownery 3Toil oOMoTku o0003HayatoT OykBo# JI
(TuHUSA) ¢ M@paMu COOTBETCTBEHHO | M 2, Ha4ajao M KOHEIl BTOPUYHON 0OMOTKHU
— OykBoit U (u3mepenue) ¢ nudpamvu 1 u 2.

B nens BropuyHOi 0OMOTKHM TpaHC(hopMaropa TOKa BKJIOYAIOT MPUOOp C
MaJIbIM CONPOTUBJIEHUEM. TakuM MpUOOPOM MOXKET OBITH amIepMeTp, TOKOBas
KaTyllKa BaTTMETpa, CUYETYMKA, KAaKOro-1M0O0 HHOI0 HM3MEPUTENBHOIO IMpudopa
wnu pene. [Ipubopsl BO BTOPUUHYIO LIETIh BKJIIOYAIOT TaK, YTOObI MOJIOKUTEIBHOE
HaIpaBJICHUE TOKa B MPUOOpPE COBNAAAJIO TO HAIMPABICHUIO C IOJIOXKHUTEIbHBIM
HaIpaBJIEHUEM TOKA B KOHTPOJIUPYEMOU LIEMHU. ITO OUYE€Hb BAXKHO JJIS1 BKIFOUYEHHUS
BaTTMETPOB U CUETYUKOB IPU U3MEPEHUN MOIIHOCTH U SHEPTHH.

[lepBuuHbIE HOMUHAIBHBIE TOKUA TPaHC(HOPMATOPOB TOKA CTAHAAPTHU3OBAHBI
B npenenax 5—15000 a. Jns BTOPUYHBIX HOMHHAJIBHBIX TOKOB YCTaHOBJICHBI
CTaHJApTHBIE 3HAYEHUS 5 a U B CIIELMAIIBHBIX cllydasx | a.

B uenp BTOpruuyHOW OOMOTKM TpaHC(hOpMAaToOpa TOKAa MOYHO BKJIIOUHUTH
HECKOJIbKO TMPUOOPOB, COEAMHHMB UX IOCJIEI0BAaTENIbHO, YTOOBI dYepe3 HHX
IPOXOJWI OJMH U TOT k€ TOK. OJHAaKO BKIIOYaTh B LIETIb BTOPUYHON OOMOTKHU
OONBIIOE YHUCIO HW3MEPUTENBHBIX IPUOOPOB HEXKENATENbHO, TaK KaK 3TO
YBEJIIMYUBAET COIPOTUBJIEHUE HArpy3KH TPaHCPOPMATOPOB U CHUKAET TOUHOCTb
u3MepeHus. CONpOTUBIEHUE HArpy3KH, MOAKIIOYAaeMONl B LENb BTOPUYHOU
0oOMOTKHM TpaHc(opMaTopa TOKa MPU HOMUHAJIBHOM TOKE 5 a, JOJDKHO OBITh HE
0oxaee 0,2—2 oM.

VYcnoBus paboTsl TpaHcpopmaTopa TOKa ONM3KH K KOPOTKOMY 3aMbIKaHUIO
BTOPUYHOW OOMOTKHM CHJIOBOTO TpaHcpopmaTtopa. Tak Kak CONpPOTUBIIEHHE
Harpy3kd O4Y€Hb MaJjlo, HaNpsHKeHHWE Ha 3aXUMaxX BTOPUYHOW OOMOTKHU
TpaHncopmaTopa Toka Takke mano. CienoBaTeNbHO, Malbl 3, A. C. BTOPUYHOM
OOMOTKM ¥ MAarHUTHBIA TIOTOK B MarHUTONPOBOJAE  TpaHcdopmaropa,
HEOOXOMMMBINA I WHIYIUPOBAHUS ITOU 3. A. ¢. [loaTOMy HaMarHWYMBarOIMUNA
TOK OTHOCHUTEJIbBHO Majl W HaMarHW4YMBAIOIIWE CHJIbI MEPBUYHOM W BTOPUYHOMU
00MOTOK MTPaKTUYECKHA B3aUMHO ypaBHOBEIIEHHI, T.¢ [;w =I,w,

3Has  kodddunueHt TpaHchopManuu TpaHchopmaropa TOKa T. €.
OTHOIIIEHUE YHUCEJl BUTKOB BTOPMYHOM M NEPBUYHONW OOMOTOK, MO IOKA3aHHUIO
amMIepMerpa BO BTOPMYHOM ILEeNM JIETKO ONpPENEIUTh TOK B IEPBUYHOU
KOHTPOJINPYEMOH LIETIH.

IIpy yBenMYEHUM CONPOTHUBIICHUS BHEIIHEW HArpy3Kd HampsyKeHUE Ha

3aKMMaxX BTOPUYHOM OOMOTKU TpaHCHOpMAaTOpa TOKA TAKXKE YBEJIMUMUBAETCS. DTO
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YBEJIUYUT 3. JI. C. BO BTOPUYHOM OOMOTKE ¥ MarHUTHBIN OTOK B MarHUTOIIPOBOJIE.
Jns  co3maHuss  OOJBIIOTO  MAarHUTHOTO  TOTOKAa  TpeOyercs  OOJbIIUA
HAMAarHMYMBAIOUIMIA TOK, YTO TPUBOAUT K OOJBIIUM MOTPELIHOCTSIM IpH
U3MEPEHNH, TaK KaK HapyIIaeTcsl paBHOBECHE HAaMarHWYMBAIOIIUX CUJI IIEPBUYHOM
¥ BTOPUYHOH, 0OMOTOK

CoOTBeTCTBYIOIIAasE HETOUYHOCTh B TepeAaye 3HAYCHUS HU3MEPSeMOro TOKa
Ha3bpIBaeTCs TOKOBOM morpemHocteio (fi) JlomycTumoe 3HadeHHE TOKOBOM
NOTPEIIHOCTU AJiA TpaHc(hopMaTopoB Toka kiaccoB tounoctu 0,2; 0,5; 1; 3; 10
cocrasisieT coorBeTrcTBeHHO 0,2; 0,5; 1; 3; 10% npu HOMHHAIBLHOM NEPBUYHOM
TOKE.
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JIEKIIUSA Nel6

Kpome Toro, BO3HHKaeT HETOYHOCTh B MOKA3aHUAX BATTMETPA U CUETUHUKOB
U3-3a YIJII0BOU MOrPENIHOCTH 0,-, KOTOPAas ONPEIEISIETCS YIIIOM MEXIYy BEKTOpaMu
HaMmaranumBaommx cuia [1W1 u — 12W2 B munytax). Eciou Bektop —I12W2
onepeskaer BekTop [1W1 yrinoBasi morpenrHocTb cUuTaeTCsl MOJIOKUTENbHOU. J1Jis
TpaHchopMaTopoB Toka kjtaccoB TouHocTu 0,2; 0,5 u 1 yrinoBast morpenrtHocTs Npu
HOMHUHAJIBHOM TOKE HE JOJDKHA mpeBbllIaTh cooTBeTcTBEHHO 10; 40 m 80°. Jlnsa
TpaHC(hHOPMATOPOB TOKa KJIACCOB TOYHOCTH 3 u 10 yrioBas MOTPENIHOCTH HE
HOopMmupoBaHa. C yBeIWYEHWEM HAMArHUYMBAIOIIETO TOKA YBEIMYMBAIOTCA Kak
TOKOBas, TaK U YTIIOBas MOTPEITHOCTH

Y TOYHBIX TpaHCPOPMATOPOB TOKA HAMArHUYHMBAIONIAS CHUJIA TEPBUYHOU
0OMOTKHM TIpY HOMHHAQJIBHOM TOKE J0JKHA ObITh He MeHee 500 a. Uuciao BUTKOB
NEPBUYHON OOMOTKM BBIOMPAIOT B 3aBUCHUMOCTH OT HOMHUHAJIBHOTO MEPBUYHOIO
TOKa 1 TpedyemMoit TounocTu TpancdopmaTopsl TOKa MOTYT OBITh OJITHOBUTKOBBIMU
(mepBuyHass OOMOTKa WMEET OJIMH BUTOK), IIUHHBIMH (TIEPBUYHON OOMOTKOM
CIIYUT IIMHA PACHPEICTUTEIIBHOTO YCTPOUCTBA) U MHOTOBUTKOBBIMM (II€pBUYHAS
00MOTKa UMEET JIBa U 00Jiee BUTKOB).

Tpancpopmaropsl TOKa M3rOTOBISIOT CYXMMH C  H30JsILUEH U3
Oakenu3upoOBaHHOM Oymarv, C KepaMHYEeCKOHW H3OJAIHUEeH, C 3MOKCHIHOU
m3omsiiuedd.  [Ipm BecbMa BBICOKMX —HAMPSOKEHUSX TMPUMEHSIOT  MAacCisTHbIC
TpaHcHOpMaTOPHI TOKA.

Pa3HOBUMAHOCTBIO  MIMHHBIX  TPAaHCHOPMATOPOB  TOKA  SIBISIOTCS
W3MEPUTEIbHBIC KJICIIH, KOTOPBIE CIyXaT IS OPHCHTHPOBOYHBIX H3MEpPEHUN
TokoB oT 20 g0 1000 a mpu pabouem HampspkeHun 10 10 kB. MarmutonpoBon
KJICIIEH, U3TOTOBJICHHBIM W3 JIMCTOBOM AJEKTPOTEXHUUYECKOM CTalu, COCTOUT U3
JBYX TIOJIOBUH, CTATHMBAEMbIX CUJIbHON mpykuHOM. Kilemu packpbiBaloT aiis
BBEJICHUS MPOBOJA, B KOTOPOM HY>KHO H3MEpPUTh TOK. DTOT MPOBOJ SBIAETCA
nepBUYHOM 00MOTKOM TpaHchopmaTopa Toka. Bropuunas oOMOTKa pacnoiokeHa
HAa MarHuUTONPOBOAE M 3aMKHyTa Ha aMIIepMETpP, YCTAHOBJIEHHBIM Ha Kiemnax.
PyKosiITKM OT/AENEeHbl OT BBICOKOTO HampsbkeHus (aphOopoBBIMU H30JIATOPaAMU U
JUTst 0€30MaCHOCTH 00CTYKUBaHUS 3a3€MJICHBI.

B cnydae npo0ost M3051MKu MEXIy 0OMOTKaMu TpaHcpopMaropa TOKa €ro
BTOpPHYHAsT OOMOTKA OKAaXXETCS TOJ BBICOKMM HAIpsHKEHUEM; B Cllydae MpoOos
OOMOTKHM BBICOKOTO HAIPSKEHUST HA KOPITYC MAarHUTOINPOBOJ OKAXKETCS TIOJ
BBICOKMM HampspkeHueM. [[nst 6e3omacHOCTH OOCITYyKHMBaHHS TPaHCPOPMATOPOB
TOKa WX BTOPUYHBIE OOMOTKH U MAarHATOIIPOBOIBI 3a3€MJISTFOT.

Ocob6eHHOCThIO TpaHC(POPMATOPOB TOKA SBISIETCS TO, YTO MPHU WX paboOTe
HEJb3S Pa3MbIKaTh BTOPUYHYIO 11e1b. [Ipy pa3MbIkaHuu 1eny BTOPUIHON OOMOTKH
TOK B HEM CTAaHOBUTCS pPaBHBIM HYJIO, TOTrJa KaKk B IMEPBUYHON OOMOTKE TOK
octaercss Heu3MeHHbIM. HamarHuuuparomas cujia MOEpPBUYHOM  OOMOTKHU
TpaHcdopmaTopa TOKa, HE BCTpeyas MPOTUBOIIOJIOXKHO  HaIpaBJICHHOU
HaMarHU4YMBaIOIIEH CUITbI BTOPUYHON OOMOTKH, CO3/Ja€T B MATHUTOIPOBOJIC OUYEHb
OOJIBIION MAarHUTHBIM IOTOK, KOTOPBIM HHIYKTUPYET BO BTOPUYHOM OOMOTKE

O4YCHb 60J'IBHIYIO 9. IO. C. (I[O HCCKOJIbKHX KI/IJ'IOBOJ'IBT). Takas . d. C. oImaCHa HJIdA
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KU3HU UYENIOBEKAa M MOXET BbI3BaTh MPOOOIl M30JSAIUU BTOPUYHONM OOMOTKH.
Kpome Toro, OospLION MarHMTHBI IMOTOK B MAarHUTONPOBOJE 3HAYMTEIBHO
YBEIMYMBAECT NIOTEPHU B CTAJIM, YTO BBI3BIBAET HATPEB MATHUTOIPOBOJA, OMACHBIN
JUISL LIEJIOCTH U30JISILUH.

Tpanchopmaropbl HanpsKeHUsT IO yCTPOWCTBY IMOJOOHBI  CHUJIIOBBIM
TpaHcpopmaTopam HEOOJIBIION MOIIIHOCTH. [lepBuunyro O0OMOTKY
TpaHcopmaTopa HaIpsDKEHHS € OONBIIMM 4YMCIOM BHUTKOB BKJIIOYAlOT B CETh,
HaIpsSKEHUE B KOTOPOU U3MEPSIOT UM KOHTPOIUPYIOT

Havano u xoHen mnepBuyHOW OOMOTKM o00O03HauaroT OykBamu A u X.
Bropuunas oOMOTKa C MEHBIIUM YHCIOM BUTKOB 3aMbIKaeTCs Ha MpUOOp C
OONBIIMM  COMpOTHUBIIEHHEM. TakuM NpUOOPOM MOXKET OBITh BOJBTMETP,
napajuienibHasi OOMOTKa BaTTMETpa, CUETYMKAa WIM KaKoro-iudo HHOTO
U3MEpPUTENbHOr0 npubopa wiu pene. Hauano um KoHen BTOPUYHONW OOMOTKHU
o0o3HayatoT OykBamMu a M X. [lo OTHONIIEHHIO K H3MEPUTEIBHOMY MpPUOOPY
BTOPUYHOE HAIpPsDKEHHWE JOJDKHO COBHAAaTh IO ¢a3e ¢ NEPBUYHBIM, YTO
JOCTUTAETCSI COOTBETCTBYIOIIMM COEIMHEHUEM BTOPUYHON OOMOTKH € IPUOOPOM.
OT0 HEOOXOAMMO HpPU M3MEPEHHH MOIMHOCTH M 3Heprun ConpoTUBIEHHE
BOJITMETPOB, MapajUlebHBIX OOMOTOK BaTTMETPOB, CYETUYUKOB U JIPYIHX
U3MEPUTENIbHBIX PUOOPOB U pEJI€ CPABHUTENBHO BEIUKO (ThIcsiuu oM). IToatomy
TOK B IIEMM BTOPUYHOM OOMOTKH TpaHCpopMmMaTopa HANpsHKEHUS BECbMa Mall U
pexxuM  paboTel  ero OJM30K K PEXHUMY XOJOCTOTO XOAa  CHJIOBOTO
TpaHchopmaTopa.

Tak kak mpum Malblx TOKax B OOMOTKax TpaHcopMaTopa MaaeHUs
HANpsDKEHUST B CONPOTHUBJICHUSX ATHX OOMOTOK TaKXKe Mallbl, HaIlpsHKeHHUS Ha
3a)KUMax TEPBUYHOW W BTOPUYHOW OOMOTOK MPAaKTHUECKH paBHA 3. 1. C, a
OTHOIICHHE ATHX HANPsHKEHUI paBHO K03 PUIMEHTY TpaHChopMauu

Jis  TpaHcopMaTopoB HANpPsDKEHUS PA3NIMUYHBIX KJIACCOB  TOYHOCTHU
YCTaHOBJICHA CJIEAYIOLAsl JOIyCTHMasl MOIPEIIHOCTh HampspkeHus: kiace 0,5—
+0,5%; ximacc 1 — £1%; xmacc 3— £3%.

Kpome Toro, 3a cyer majeHus HANpSKEHUS B CONPOTUBIEHUSIX OOMOTOK
TpaHcopmaTopa BO3HUKAET HETOYHOCTb B Iepedaue (aspl HanpsKEHUs,
Ha3blBaeMas yriIOBOM INOIpEIIHOCThIO. [laneHne HampsoKeHus B CONPOTHUBIICHUSIX
oOMoTOK TpaHchopmaropa AU mNpuUBOAUT K TOMY, YTO BEKTOPBI HaIPSKEHUN
nepBuuHoil 0OMoTKM Ul M mpuBeneHHOro HampsyKEHUS BTOPHUYHOM OOMOTKH C
oOpaTHBIM 3HAKOM HE COBMAJAIOT. YTOJ MEXIY 3THUMH BEKTOPAMHU OMPEIEIIseT
YIJIOBYIO IOTPEIIHOCTh, KOTOpas MU3MEPSETCS B YIVIOBBIX MUHYTAX M BJIUSAET HA
MOKa3aHUsl BATTMETPOB, CYETUYMKOB M (Pa30METPOB. YTJOBas MOTPELIHOCTh
CUUTAETCS MOJOKUTENBHOM, eciin BekTop —U?2 onepexaet Bekrop Ul.

Hns  tpanchopMaTopoB HampspDkeHHs KiaccoB TouHoctd 0,5 u 1
JIOIYCKAeTCsl  yrjioBas MOTPEIIHOCTh CcooTBeTCTBEHHO 20 wm  +40. nsa
TpaHC(HOPMATOPOB HAIMPSIKEHUSI Kijacca TOYHOCTH 3 YIJIOBas HOTPEIIHOCTb HE
HOPMHPOBAHA.

B nenu BropruyHON OOMOTKM TpaHchopmaropa HampsyKEHUS MOTYT ObITh
BKJIFOUEHBI TIOMUMO BOJIBTMETpA NapajulebHble OOMOTKHM BaTTMETpa, CYETUHKA U
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T. 1. Bece 3T mpubophl COeTUHSIIOT MapasuiebHO, YTOOBI HA HUX BO3JICHCTBOBAIIO
OJTHO U TO K€ HAIpPSDKEHUE.

BxitoueHune OOJIBIIOrO YHCIa TPUOOPOB B IEMb BTOPUYHOH OOMOTKH
TpaHchopMaTOpa HANPSHKCHUS YBEIMYUBACT TOKM B OOMOTKaxX M IMOTPEUIHOCTh
npu u3MepeHuu. IlodToMy o0O0Ias MoJHAasE MOIIHOCTh TNPHUCOSAMHEHHBIX KO
BTOPUYHOW OOMOTKE TPUOOPOB HE JO/DKHA TMPEBBINIATE H3MEPUTEIBHYIO
MOIITHOCTh TpaHCOpMaTopa HANPSHKCHUS, HA I[IUTKE KOTOPOTrO YyKa3aHa
HanOO0JIbINAs JOIMyCTHMAsi MOIITHOCTh HArPY3KH B BOJIbT-aMIIepax.

JIis HanpspkeHuid 10 6 KB TpaHc(hOpMaTopbl HANpPSDKEHUS W3TOTOBIISIOT
CYXUMH, T. €. C €CTeCTBCHHBIM BO3AYIIHBIM OXJaxaeHueM. s HampspkeHui
BhIIIE 6 KB TPUMEHSIOT MaclsgHble  TpaHC(HOPMATOPHI  HAIPSDKCHUS.
TpanchopmaTropbl HampsDKEHUS MOTYT OBITh TpeX(a3HbIMH. 3aXKHUMBI TaKHX
TpaHChHOPMATOPOB O0003HAYAIOT TaK >K€, KaK W 3aXUMbl OOBIYHBIX CHJIOBBIX
tpanchopmaTopoB. s 6e30mMacHOCTH OOCITY)KMBaHUS W OOJIbIIEH HAJACHKHOCTH
paboThl ammapaTypbl MarHHUTONPOBOJ TpaHc(hoOpMaTopa HANPSHKCHUS WM OJUH
32)KUM BTOPUYHON OOMOTKH 3a3EMIISIOT.
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JIEKIIU S Nel7

7.TJIABHBIE CXEMbI PACITPEE/TUTE/IBHBIX }‘”CTPOP'ICTB
3JIEKTPOCTAHIMU U IIOACTAHLIUU

CxeMoM 3JIEKTPUUECKUX COCAMHEHUH 3JIEKTPOYCTAHOBKU HA3bIBAIOT YEPTEXK,
Ha KOTOPOM B YCIOBHBIX OOO3HAUEHHUSX TIOKa3aHbl OCHOBHBIE 3JIEMEHTHI
(reHepaTopbl, TpaHCPOPMATOPHI, a TaKXKe JIBUraTelld, OTKIIOYAIOLIUE alrapaThl,
U3MEpUTENIbHbIE TPAaHCPOPMATOPHI), COSAMHEHHBIE B TON XKe IMOCIEI0BATEIbHOCTH,
KaK 1 B IEHCTBUTEIbHOCTH.

Cxembl BBINONHSIOTCS B OJHOJIMHEHHOM U TPEXJIUHEHHOM H300pakKeHUU.
Jlyis ynmpoIeHus: ¥ HATJSIAHOCTH Yallle MCHOJB3YIOT OJHOJMHEHHBIE CXEMBbI, Te
MOKa3bIBAIOT COCTUHEHHUS ISl OJHOU (ha3bl.

CxeMbl MEpBUYHBIX IIeMeil (IJ1aBHbIE CXEMbI) TMOKAa3bIBAIOT IIEMHU, IO
KOTOPBIM AJIEKTPOIHEPTUSI IEPEJAETCS OT UCTOYHUKOB K MOTPEOUTEIISM.

Kpome snektpooOopyoBaHusi NEPBUYHBIX LIETMEH Ha AJIEKTPOCTAHIUAX U
MOJICTAHLIMAX MPUMEHSIOT BCIOMOraTelibHOe O000OpyJoBaHUE (M3MEPUTEIbHbIC
npuOOpHI, YCTPOWCTBA PEJICMHON 3allMThl U aBTOMATHKM), IPEIHA3HAYEHHOE /IS
yOpPaBJICHUS] U KOHTPOJIA 3a paboTol mnepBUYHOro oOopynoBaHusa. Cxemamu
BTOPUYHBIX  LIeTIed HA3bIBAIOT  CXEMbl  COCAMHEHHUS  BTOPUYHOTO
(BcmomoraTteiapbHOTr0 0o0OopyAoBaHUs). Bce coennHEHHWs BO BTOPUYHBIX IETIAX
BBITIOJHSIOT U30JIMPOBAHHBIMH NMPOBOJAMHU M KOHTPOJIBHBIMU KaOEIsIMH.

[Ipu BbIOOpPE TTABHBIX CXEM PACHpPECIUTEIbHBIX YCTPOUCTB CTAHIIMHA WU
MOJICTAHIIUUI YUUTHIBAIOTCS CIIEIyIOMNE (DaKTOPbI:

- 3HAYEHHE M POJb OJJIEKTPOCTAHIIMM WIW TMOACTAHLUUA B HHEProcUCTEME
(omexTpocTaHIMK -  Oa3uCHbIE WM MHKOBBIE, MNPUOIIKEHHBIE K
OPOMBIIUIEHHBIM  y3JlaM  WJIM  YJaJ€HHbIe, CBSI3aHHbIE C  JAPYTUMH
ANEKTPOCTAHLUAMHM 4Yepe3 IIUHBI BBICHIETO HAMPSHKEHUS WIM CPEIHETro
HaNpsOKEHUs; TMOJACTAHLIMM - TYNHKOBbIE, OTHAE4YHbIe, MPOXOJHbIE WIH
pacrpeieuTeIbHbIC,

- KaTeropusi NoTpeOuTENeH M0 CTENEHU HAIEKHOCTHU DIIEKTPOCHAOKEHUS;

- IEPCIIEKTUBBI PACHIUPEHHUS;

- YPOBEHBb TOKOB KOPOTKOI'O 3aMbIKaHHUS

['maBHBIE CXeMBbl 3JEKTPOCTAHIUN JIOJDKHBI YIOBJIETBOPSATH OCHOBHBIM
TpeOOBaHUSIM:

- HaJeXKHOCTh, T.€. CIOCOOHOCTh CXEMBI OOecmeunTh OecrepeOoitHoe
AIIEKTPOCHAOKEHHE TOTpeOUTeNei, Bblady DSJIEKTPOSHEPTUU WU TPaH3UT
MOIIHOCTH TIPH MOBPEKIECHUSIX 000PYIOBaHMS;

- TIPUCTIOCOOJIEHHOCTh K MPOBEJCHUI0 PEMOHTOB OCHOBHOI'O O0OpynOBaHUS 0e3
OTrpaHUYEHUS JIEKTPOCHAOXKEHUS TOTPEOUTEIIEH;

- OlepaTuBHAs] TUOKOCTb, T.€. MPUCTIOCOOIEHHOCTD ISl IPOBEACHUS ONEPATUBHBIX
NEPEKITIOYEHUH MUHUMAJIBHBIM YUCJIOM ONEpalii 32 MUHUMAaJIbHOE BPEMSI U C
MUHHUMAJIbHBIM PUCKOM;
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- 5KOHOMUYHOCTb.

CtpykTypHble CcXeMbl (OJOK-CXeMbl) BJIEKTPOCTAHIMI U MOACTAHIIUMA
OTPaXKaloT CBSI3U TEHEPATOPOB M TpaHCHOPMATOPOB C pacHpeneaIUuTeIbHbIMU
yctpoiictBamu (PY) pasHoro HampsbkeHus. PacrnipenenuTenbHOe yCTPOUCTBO
NPEACTABISIET COOOW COBOKYMHOCTh OOOpYIOBaHUSI OIHOTO  HAMPSIKEHUS,
COEMHEHHOI0 MO ONMPEAEICHHON CXEME U BOIUIOLIAKOUIEE B HATYPE ITY CXEMY.

7.1 Buabl riiaBHBIX CXeM

7.2 Onna padoyasi cucTeMa IIHMH, CEKIIMOHMPOBAHHAS BBIK/JIIYaTeJIeM

Takas cxema mnpumensiercsa g PY - 6,10, 35 kB snekrpocraniuii u
nojcTannuii. B HOpManbkHOM pexkuMe paboThl CEKIIMOHHBIN BhIKIIouaTenh (CB)
oTkitoueH. [Ipu ncue3HoBeHNH HanpsbKeHHs Ha oqHoM cexkuuu CB aBromaTndecku
BKJIFOYAeTCsl JeicTBueM ycrpoiictBa ABP (aBTOMarnueckwii BBOJ pe3epsa).
CeKMOHHBIN BBIKJIFOYATEb MOXKET ObITh BKJIIOYEH OIEPATOPOM, €CIIHM MO KaKOM-
A100 IpUYUHE BBIBOJUTCS U3 pabOThI OJIMH BBOJI OT UCTOYHMUKA. CXeMa MO3BOJISIET
OpU 3TOM COXPAHUTh COXPAHUTh NUTAHUE BCEX MOJKIIOYEHHBIX JIMHUKA K
notpedburensaM. Tak Kak NOTPEeOUTENM NOIKIIOYAIOTCS MNApHBIMU JIMHUAMH K
pPa3HBIM CEKLUMSM, BBIBOJ B PEMOHT OJHOM CEKLMH TaKXE HE IPUBOAMUT K
HapYyLICHUIO JIEKTPOCHA0KEHUS IOTPEOUTENEH.
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7.3 BJ104YHBIE CXeMBbI

[] [] N .
RN

9 6 S

brounsie cxeMmsbl (1Ba 0s10Ka THHUSA-TPAHC(HOPMATOP C BHIKITIOUYATEISIMU WU
OTJICTUTEIISIMU B TETSIX TPaHCHOPMATOPOB M PEMOHTHOM MIEPEMBIUKON CO CTOPOHBI
JIUHUMN )

NPUMEHSIIOTCS. I8 PACOPEACNIMUTENbHBIX  YCTPOWCTB  BBICIIETO
HanpsDKEHUST TYNMUKOBBIX M OTHaeyHbIX noxactaHuuit 35 — 220 kB. Cxemsbl ¢
otaenuTensiMu npuMenstotcs s PY 110 kB, ecniu momnocTs TpancopmaTtopon
HE
npesbiaer 25 MBA. Tok Xoj0cToro xoja Takux TpaHc(popMaTopoB HEBEIUK U
IpU HEOOXOIMMOCTH OTKJIIOYaeTcs oTaenuTeneM. [lpu GoapIIoM TOKE XOJIOCTOTO
XoJa Ui OTKIIIOYEHHUs TpaHcpopmaTopa MNpHUILIOCH Obl oOpamarscs Ha
MATAOLIYIO AJIEKTPOCTAHLIUIO WU TOACTAHIUIO.

PemoHTHas nmepeMbIuKa UCIOJIb3YETCsl MPU BBHIBOJIE B PEMOHT OJTHOM U3
NUATAIONMX JIMHUKM. B pEeMOHTHOM mepeMblUKE  yCTAaHABIMBAKOTCS  JBa
pazwenuuuTenss. Ecimu Obl B mepeMbluke ObUI  YCTAHOBJICH TOJBKO OJIMH
pPa3beIMHUTEND, €T0 PEMOHT BbI3BaJl ObI MOJTHOE MOTAIICHUE MTOACTAHIINH.

7.4 MOCTHKOBBIE CXeMbI

MocTukoBble cXeMbl MpUMEHAIOTCS s PY BbIcuiero HampsbkeHHs
MPOXOJHBIX (TpaH3UTHBIX) nmojacTanuil 35 - 220 kB. CyliecTByIOT 1Ba BapuaHTa
MOCTHUKOBOM CXEMBbI C BBIKJIIOYATSISIMU B Iensx TpaHchopmaTtopoB (a,0) u
MOCTHKOBAas CXeMa C OTACIHUTEISIMH B IEMsX TpaHchopmMaTopoB (B), KOTOpas
npuMeHsieTcss Uil mpoxoaHbix moacTanmuii 110 kB ¢ tpanchopmaTopamu
MOITHOCTEIO 110 25 MBA.
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B MOCTHMKOBBIX cXeMaxX TpPaH3UT MOIIHOCTH OCYIIECTBISACTCS depe3
pabouyr0 TEPEeMBIYKY C BBIKITIOUaTeIeM. PEeMOHTHas mepeMbluKa CIYKUT IS
COXpaHEHUs TPaH3UTa MIPHU BHIBOJIC B PEMOHT BBIKJIFOUATEIS pab0Ueii IEPEMBIYKH.

B cxeme a) TpaH3UT MOIIHOCTH TMPEPHIBACTCS, €CIH TPOUCXOAMT
noBpexacHue B Tpancpopmartope. MHOrma 370 HEOOXOAMMO W HCIIOJIB30BAHHE
cxeMbl 00ocHOBaHHO. B cxeme ©0) mnpu TOBpeXxACHUU TpaHchopmaTopa
OTKJIFOYAETCSl TOJBKO ONMKAWIINKA K HEMYy BBIKJIIOYATENb. |pPaH3UT MOIIHOCTU
yepe3 pabodyro mepeMbruky coxpassercs. [loaTomy cxema 0) mpuMeHseTCs B
CIIyYasix, KOT/Ia Tiepefiadya TpaH3UuTa 4yepe3 MOJICTAHIIUI0 UMeeT OOJIbIIOe 3HAUCHHE
JUTSI SHEPTOCUCTEMBI.

B)

7.5 Cxema kBajapara

/ d
4

Cxema mpuMmensiercs nna  PY  BpICIIEro  HampspKEHUS  MPOXOAHBIX
noAactanuuii 220 kBkB. B HopMambHOM pexume pa0boThl BKIIOYEHBI BCE
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BBIKJTIOYATEH. PEMOHT mI000T0 BBIKIIOUATENS] MOXKET OBITh OCYILIECTBICH 0e€3
HapyIlIEHUsT TPaH3UTa MOLIHOCTH 4epe3 TMOACTAHIMI0O W  OTKIIOYEHUS
TpaHchopmatopoB. [loBpexienns TpaHchopMaTOpOB U BBHIKJIIOYATENEH TaKKe HE
OpUBEAYT K HapylleHWIo TpaH3uta. [loaToMy cXxema HCHONB3yeTCs Mpu
MOBBIIICHHBIX TPEOOBAHUSAX K HA/IKHOCTH TPAH3UTA.

7.6 Onna pabouasi cucremMa HIMH ¢ 00XOHOM

Cxema sBIISETCS YCOBEPIIECHCTBOBAHMEM CXEMBI C OJHOW CUCTEMOM IIWH
nobasienueM kK padoueit cucreme muH (PCI) cnenmanbHoi 06xoauoi (OCILL).

I A
\ 4 \ 4 OCIII
\\ \‘ \\ \‘ \ \\
\ \ \ \
N N N \ \
] :| OB CB
\ \
*\ A \ \\ N 1 e
2¢c

Cxema npuMensietrcs g PY BbICIIEro HanpsbKEHUs pacipeaeIuTEIbHBIX
noactaniui 110 — 220 xB. O6xoHast cucTeMa IMIMH UCIOJIB3YETCS MPU BHIBOJC B
PEMOHT OJIHOTO M3 BBIKJIIOYATENICH MPUCOSTUHECHUM O€3 OTKIIOYEHHUS JIUHUN K
noTpeoutensimM. [l aToro BkIOYaeTcss 00xojnHoM BeIKItouaresnb (OB), koTopbrit
3aMEHSIET PEMOHTUPYEMBIN BBIKJIIOUYATENIb. B Cilydyae peMOHTa OJHOM M3 CEKLMi
paboueii cuUCTeMbl INMWH HEW30€KHO OTKIIOYCHHE TOJKIIOUYCHHBIX K HEH
IIPUCOETUHEHNM.

7.7 IBe padoune cUCTeMbI IINH C 00X0IHOM

Cxema mnpumensercs i PY  Bbicmiero HampsykeHUs  y3JIOBBIX
noAcTaHMii  u anekrpocraHuuid 110 — 220 xB. Ilpu pemoHTEe OIHON CHCTEMBI
COOPHBIX IIUH MPUCOETUHEHUS IEPEBOAITCS Ha APYTYIO.
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[IuHocoenuuuTenbHbi  BoikIoyaTedb (LLICB) B HopmanbHOM pexume
paboThl MOKET ObITh M BKIIIOUEH W OTKJIOUEH. [Ipu mepeBoje MpUCOSAMHEHUH C
OIHOM cucTeMbl mMH Ha apyryo LICB noimpkeH HaXOOuThCs BO BKIFOUEHHOM
noJjiokeHnu. OTAeNbHbIE MPUCOECTUHEHUSI B HOPMAIBHOM PEXHUME pabOThl MOTYT
ObITh TOAKIIOYEHBI K OJHOM MM 00euM cucreMaM padodell CUCTEMBbl IIHH.
OOxonHas cucTeMa LIMH HCIOJB3YEeTCd — Kak B MpeAbLAylIed cxeme — s
PEMOHTA BBIKJIKOYATENS OAHOIO U3 NPUCOECINHEHUMN.

Jns PY renepaTtopHoro HampsbkeHus snekTtpoctannuit (6, 10, 20 kB)
MPUMEHSETCS CXeMa C JIByMs pabOuyrMMU CUCTeMaMH COOPHBIX IIMH 0€3 00XOIHOM.
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IICB

7.8 Cxembl 3/2 u 4/3

[TomyTopHast cxema (a) wim cxema 3/2 npumensiercs s PY 330 — 500 kB
ANEKTPOCTAHIMM W MOJACTaHIMM. B 1OaHHOM cXemMe HCHOJIB3YyeTCS TpH
BBIKJIFOUATENS Ha J[Ba IpUCcCOeAUHEHUs. [Ipr 3TOM peMOHT J1F000T0 BBIKIIIOYATENS U
100011 cUCTEMBI IIMH MPOU3BOAUTCS 0€3 OTKIIIOUEeHHs MpucoenHeHnii. Cxema He
TpebyeTt ycranoBku [1ICB.

A

1 .

1 1

— LS
e

.

P

a) 0)

Cxema 4/3 taxxke npumensercs 1 PY 330 — 500 kB asnexkrpoctanumii u
nojACTaHIMNA. B Hell 4yeThIpe BBIKIIOYATENS UCIIOIB3YIOTCS IJIs TOAKIIOUESHUS TPEX
npucoeanHeHui (0).
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