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npeAMcnOBMe

.lVrn JaI.l.(HTh1 aCHHXpOHHblX 3JIeKT-

pOnBMraTeJIeH (M) Tpan:mUfOHHO npM-
MeIDllOTCH OTHOCMTeJIbHO npOCTble Ja-

IIUITbl (P3), Tame, KaK MaKCMMaJIbHbIe

TOKOBble M .l1M$<PepeHWIaJIbHble Jall\M-

Thl, onHaKO Bbl60p YCTaBOK cpa6aThma-
HMH 3TMX JaIIUIT npMMeHMTeJIbHO K Ail:
MMeeT CBOM oc06eHHOCTll. Ha:3HaqeHMe

3TOH pa60TbI COCTOMT B TOM, qT06bi

HapHD:Y C M3BeCTHbIMll npaBllJIaMll Bbl-

60pa YCTaBOK MaKCMMaJIbHbIX M nM<p-
<l>epeHl.{llaJIbHbIX TOKOBbIX JalI.lllT 06-

paTMTb BHMMaHMe Ha oc06eHHocTM

MX Bbl60pa MH 3JIeKTpOnBMraTeJIeH.
KpoMe TOro, :meCb npMBeneHbl peKO-

MeWl,aWIM no Bbl60PY YCTaBOK cnel.{ll-

<pWlecKMX JalI.lllT 3JIeKTpOnBMraTeJIeH:
OT TenJIOBOM M TOKOBOH neperpy3m, OT

HapyrneHMH pe)l(l1Mfi nYCKa, OT HeCllM-

MeTpMM nonaHHoro M3 CeTll HanpmKe-

HMH. 3TM 3alI.lMTbi qaCTO Ha3bIBalOT

np0<pMJIaKTWleCKMMM, nOCKOJIbKY MX

3an:aqa He JJ,onycKaTh Tame onaCHble

pe)l(llMbl pa60Tbi 3JIeKTpOnBMraTeJIH,
KOTopble npMBOJJ,HT K ero nOBpe)IQJ.e-
HMIO. PeaJIM3aUMH 3TMX 3aIIlMT CTaJIa

B03MO)I(HOM 6JIarOnapH MCnOJIb30Ba-
HlllO nOJIynpoBOJJ,HMKOBbIX aHaJIoroBbIX

YCTPOMCTB M, oc06eHHO, MMKponpo-

ueccopHblX (l.{ll<PpoBbIX) MHOro<PYHK-
UMOHaJIbHbIX YCTpOMCTB (HanpMMep,
5IP32201, SPAM, SPAC802).

OrpaHwleHHbIH om.eM 6pOllllOpbl
He n03BOJIHeT nOCJIenOBaTeJIbHO II B

nOJIHOM 06'beMe paccMOTpeTb Bce BO-

npOCbl Bbl60pa YCTaBOK peJIeMHOH Ja-

ll\MThI: OT pacqeTa TOKOB K3 JJ,0 npo-

BepKM norpelllHOCTeM  HC<PoPMaTO-
pOB TOKa. no 3TMM BonpocaM peKO-

MeHJJ,yeM BOCnOJIb30BaThCH KHMraMM,
fKa3aHHbIMll B CIIHCKe JIMTepaTYPbI.

AnnapaTHoe BbInOJIHeHMe P3 Ail:
BeCbMa pa3H006pa3HO: OT C60PHbIX Ja-

II.lMT Ha 3JIeKTpoMexaHM4ecKMX peJIe
(cepMM PT-40, PT-80, PTH-S6S,
,l],3T-ll, PB-lOO, pn-220, pn-2S1) II

Ha MMKp03JIeKTpOHHbIX peJIe (cepMM
PCT-B, PCT-lS, PT3-S1, PB-Ol,
pn-16, pn-18) JJ,O Cnel.{llaJIbHbIX KOM-

nJIeKCHbIX yClpOMCTB TMna 5IP3 2201 II

MMKponpOQeccopHbIX UM<PPOBbIX
Jall\MT.

Il.M<ppoBbIe YCTpoHcTBa HapMY C

061I.leM3BeCTHbIMM MX JJ,OCTOMHCTBaMM
60JIee nOJIHO npMcnoc06JIeHbi K YCJIO-
BMHM pa60TbI Ail:. B HaCTOHlI.lee BpeMH
Hall60JIee M3BeCTHbI MllKPonpoueccop-
Hble 3all\MTbl <pllpMbI ABB (<DllHJIHH-
nMH) cepMM SPAM lSOC M PYCll<PllUll-
pOBaHHbrn BapllaHT 3TOH JaIIUITbl, Bbl-

nyrneHHbrn cn "AEE PeJIe-IJe60Kca-

pbI", cepMM SPAC 802. 3a1I.lllTa cepllll
SPAM lSOC pa3pa60TaHa J],JIH 3apy-
6e)I(HbIX Ail:, napaMeTpbI KOTOpbIX, B
4aCTHOCTM <pllpMbI Brown Boveri,
6JIM3KM K napaMeTpaM OTe4eCTBeHHbIX

Ail:. n03TOMY JaIIUITbI SPAM lSOC M

HX aHaJIOr SPAC 802 npllMeHMMbl J],JIH
P3 OTe4eCTBeHHbIX Ail:. TaK KaK onblT

3KcnnyaTaUMM MllKponpoueccopHbIX
3alI.lllT elI.le HenOCTaT04eH, npMBonll-
MYIO MeTOnllKY Bbl60pa YCTaBOK CJIeJJ,y-
eT C4llTaTb peKOMeHJJ,aTeJIbHOH II OHa

nOJI)I(Ha 6bn'b YT04HeHa no Mepe Ha-

KOnJIeHMH OnbITa. B CBH3M C TeM, 'lT0

Ha MHOrMX npennpMHTllHX OTCYTCTByeT

llH<PoPMaUllH Ha JaII.lMTY SPAM lSOC,
B npMJIO)l(eHMM npMBeDeHbI OCHOBHbIe
TeXHll4eCKMe DaHHbIe JaIIUITbl, a npll Bbl-

60pe YCTaBOK DaHbI KPaTKMe nOHCHeHllH

npMHl.{llnOB BbInOJIHeHMH JaIIUIT.

.lVrn paC4eTa YCTaBOK JalI.lllT Ail: CY-

lI.leCTBYIOT KOMnblOTepHble nporpaM-
Mbl, B TOM qMCJIe MMeeTCH COOTBeTCT-

BYlOwaH nporpaMMa Ha Ka<l>eDpe P3A

n3l1llK. ODHaKO II TeM Cnel.{llaJIMCTaM,

KOTopbIe MCnOJIb3yIOT KOMnblOTepHbIe
nporpaMMbI, M B oco6eHHOCTM TeM, KTO

npOM3BODMT paC4eTbI BPY4HYIO. 3Ta

6pollllOpa 6e3YCJIOBHO OKa)l(eTCH no-
JIe3HOM M nOMO)l(eT npODJIMTb CpOK
CJIf)I(6bl MHOrMX 3JIeKTpODBMraTeJIeM 3a
CqeT He60JIbIllMX 3aTpaT Ha YCOBepllleH-
CTBOBaHMe MX peJIeMHOM JalI.lllThI.

3aMeqaHMH II nO)l(eJIaHMH no DaH-

HOM 6pollllOpe npocb6a HanpaBJIHTb no

aJJ, p e C y: 109280, MocKBa, YJI. ABTO-

JaBODCKaH, 14/23. PeJJ,aKUllH )l(fpHaJIa
"3HepreTMK" .
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1. BMAbl nOBpe>KAeHMM M HeHopManbHblx
pe>KMMOB pa60Tbi aCMHxpoHHblX
3neKTpoABMraTeneM M Tpe60BaHMSI nY3
K BblnonHeHMIO peneMHoM 3aw,MTbl

OnbIT 3KCIIJIyaTaUMM AD: nOKa-

3bIBaeT MX BbICOKyIO nOBpe)l([lae-

MOCTb, KOTOpIDI e)f(ero.ll.HO .lI.ocrn:ra-
eT 25-30 % o6mero 'urCJIa no-

Bpe eHMM3JIeKTpoo60PY.lI.OBaHMR.
OCHOBHbIMM HeMcnpaBHOCTIIMM AD:
HBJUIIOTCH :meKTpWIeCKMe nOBpe)f(-
.lI.eHMH. HaM60JIee 'mcTO, 80-95 %

CJIyYaeB nOBpe)l([laeTCH o6MoTKa

CTaTopa, npWIeM OKOJIO 70 % npM-
XO.ll.MTCH Ha na30BYIO M JI060BYIO
'1aCTM 06MOTKM, a OCTaJIbHbIe 25-
30 % COCTaBJIHIOT nepeKpbITMH B

Kopo6Kax BbIBO.ll.OB.

1.1. 3AIIJJITAOT
MHOrOOA3HbIXH BIITKOBbIX
K3 B OBMOTKECfATOPA

MHorocpa3HbIe M BMTKOBbIe no-

Bpe)!(!leHMH npOMCXO.ll.HT .lI.OBOJIbHO

pe.ll.KO M, KaK npaBMJIO, HBJUIIOTCH

pe3YJIbTaTOM pa3BMTMH 3aMbIKaHMR
Ha Kopnyc, M3-3a MeCTHbIX nepe-
rpeBoB M30JIHUMM, .lI.ecpeKToB aK-

TMBHOM CTaJIM cTaTOpa. LJ:BoMHbIe
3aMbIKaHMH B03HMKaIOT npM  e

MMeIOmeMCH 3aMbIKaHMM Ha 3eMJIIO

B cent, npM 3TOM BTOpOM npo60M
'lame npOMCXO.ll.MT B Kopo6Ke BbIBO-

.lI.OB MJIM Ha nepBbIX BMTKax 06MOT-
KM. MHorocpa3HbIe KopOTKMe 3a-
MbIKaHMH (K3) MOryr 6bITb Ha BbI-

BO.lI.ax 06MOTKM cTaTopa MJIM BHYT-
pM AD:. OnaCHOCTh BHyrpeHHMX no-

Bpe eHMM3aKJIIO'IaeTCH npe e
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Bcero B TOM, '1TO TOKM, npOTeKaIO-

llU1e B MeCTe nOBpe eHMH,MOryr

MHoroKpaTHo npeBbIIllaTb TOKM B

06MOTKe CTaTopa npM nOBpe)l([le-
HMM Ha JIMHeHHbIX BbIBO.ll.ax. Mom-
Ha51 .lI.yra, B03HMKaIOma51 B MeCTe

K3, npMBO.ll.MT K nO)f(apy B A,LJ"

YHM'ITO)f(aIOmeMY 3Ha'lMTeJIbHYIO
'1aCTb 06MOTKM. MHorocpa3Hble K3,
npOMCXO.ll.HllU1e B6JIM3M JIMHeMHbIX

BbIBO.lI.OB CTaTOpHOH 06MOTKM, BbI-

3bIBaIOT pe3Koe CHM)f(eHMe HanpH-

)f(eHMR Ha 3a)f(MMax ocex AD:, nMTa-

IOll.XMXCH OT TeX )f(e IllMH, M MOryr

BbI3BaTb 3Ha'lMTeJIbHble .lI.MHaMM-

qeCKMe B03.l1.eHCTBMH Ha 06MOTKM

CTaTOpOB HenOBpe eHHbIX3JIeKT-
pM'IeCKMX MaIllMH.

PaC'IeT TOKOB MHorocpa3HbIX
K3 Ha JIMHeMHbIX BbIBO.ll.ax AIl. He

npe.ll.CTaBJUIeT TpY.lI.HOCTM. Onpe.ll.e-
JIeHMe TOKOB BHyrpeHHMX K33Ha-
'1MTeJIbHO CJIO)f(Hee, TaK KaK BHYTPM
MaIllMHbI 06pa3YIOTCH HeCKOJIbKO

KOHTYPOB, 3JIeKTpM'IeCKM M Mar-

HIITHO CBH3aHHbIX .lI.pyr C .lI.pyrOM.

n03TOMY B YCJIOBMHX 3KcnnyaTa-
UMM '1yBcTBMTeJIbHOCTb P3 OT

MHorocpa3HbIX K3 onpe.ll.eJIHeTCH
npM nOBpe eHMHXHa JIMHeMHbIX
BbIBO.ll.aX AD: [2] M K03cpcpMuMem
'1yBcTBIITeJIbHOCTM  OJI)f(eH6bITb,
KaK .lI.JIH OCHOBHOM P3, 60JIbIlle
.lI.BYX npM MMHMMaJIbHO B03MO)f(HOM
TOKe .lI.Byxq,a3HOro K3.



B COOTBeTCTBMM C nY3 [2] JJ)UI
3amHTbI AD. OT MHOro<PaJHbIX K3 B

TeX CJIyqMX, Koma He npMMemllOT-
C npellOXpaHMTeJIM, 1I0JDKHa npell-
YCMaTpMBaTbC TOKOBaSl OTCeqKa
6e3 BbIlIep)KI(H BpeMeHM, OTCTpOeH-
HaSl OT nyCKOBbIX TOKOB npM BbI-

BelleHHbIX nYCKOBbIX YCTpOMCTBax,
C peJIe np MoroMJIH KOCBeHHoro

lIeMCTBM ,BbmOJIHeHHaSl: 1IJI AD.
MOlliHOCTblO MeHee 2000 KBT B BMlIe

TOKOBOM OllHOpeJIeMHOM OTCeqKH,
BKJIlOqeHHOM Ha pa3HOCTb TOKOB

lIBYX <paJ, .li)UI AD. MOlllHOCThIO OT

2000 110 5000 KBT B BMlIe lIByxpe-
JIeMHOM OTCeqKH npM YCJIOBMH,  o

Ha 3TMX AD. YCTaHOBJIeHa 3amHTa

OT 01lHo<Pa3HbIX MJIM lIBOMHbIX 3a-

MbIKaHMM Ha 3eMJIlO C lIeMCTBMeM
Ha OTKJIlOqeHHe.

I1pl1 OTCyrcTBMH 3all{HThI OT 3a-

MbIKaHHM Ha 3eMJIIO I1JIM 3all{HThI OT

lIBOMHbIX 3aMbIKaHHM Ha 3eMJIIO TO-

KOBaSl OTCe 1I0JDKHa BbmOJIHSIThC 

TpexpeJIeMHOM C Tpe TpaHc<pop-
MaTopaMH TOKa (T!).

I1pellycMOTpeHHoe B I1Y3 BbI-

nOJIHeHMe OTCeqKH B BOlle OllHope-

JIeMHOM cxeMbI BPM JIH ueJIecoo6-
pa3HO, TaK KaK 3KOHOM OllHoro

peJIe npMBOlll1T K yBeJIl1l1eHHIO TOKa

cpa6aTbIBaHM ,a CJI OBaTeJIbHO,K

3arpy6JIeHMIO P3 B --J3 paJ no cpaB-

HeHMIO C lIByxpeJIeMHOM cxeMOM,
n03TOMY TOKOByIO OTCeqKY H 1IJI 

AD. MOlllHOCTblO MeHee 2000 KBT

CJIellyeT BblnOJI TbB BMlIe lIByxpe-
JIeMHOM CXeMbI.

,lI,.rnI AD. MOlllHOCTblO 5000 KBT M

6oJIee, a TaIOKe .li)UI AD. MOlllHOCTblO

MeHee 5000 KBT, eCJIM YCTaHOBKa

TOKOBbIX OTCeqeK He 06eCneqHBaeT
BbmOJIHeHH Tpe6yeMoM qyBCTBM-
TeJIbHOCTM M BbIBelleHbI HYJIeBbIe

BbIBOllbI, 1I0JI)I(Ha npellycMaTpM-
BaThC npollOJIbHaSl lIM<p<pepeHUM-
aJIbHaSl 3all.{MTa B lIByx<pa3HOM MC-

nOJIHeHI1M npM HaJIMqMM P3 OT 3a-

MbIKaH Ha 3eMJIlO MJIM B Tpex<pa3-
HOM MCnOJIHeHMM C TpeM IT npl1
HeB03MO)I(HOCTM YCTaHOBKM P3 OT

3aMbIKaHM Ha 3eMJIIO.

LLn 6JIOKOB TpaHc<popMaTOp-
3JIeKTpOllBMraTeJIb 1I0JDKHa npellYC-

MaTpMBaTbC 06maSl P3 OT MHoro-

<pa3HbIX K3: 1IJIH AD. 110 2000 KBT -

TOKOBaH OTCeqKa 6e3 BbIlIep)l(KI1
BpeMeHM, OTCTpoeHHaH OT nYCKO-

BbIX. TOKOB npM BbIBelleHHbIX nyc-

KOBbIX YCTpoMcTBax M C YlIeTOM

YMeHbllleHMH nYCKOBbIX TOKOB 3a

CqeT COnpOTMBJIeHI1 TpaHc<popMa-
TOpa. I1pM cxeMe COelll1HeHI1M 06-
MOTOK CI1JIOBOrO TpaHc<popMaTOpa
3Be311a-TpeyrOJIbHMK OTCeqKa BbI-

nOJIHHeTC M3 Tpex TOKOBbIX peJIe:

lIBYX, BKJIlOqeHHblX Ha <pa3HbIe
TOKH, M OllHoro, BKJIlOqeHHOrO Ha

CYMMY 3T11X TOKOB. B 3TOM CJIyqae

qyBCTBMTeJIbHOCTb P3 CJIellYeT npo-

BepHTb npM Tpex<pa3HoM K3. I1pl1
HeB03MO)I(HOCTM YCTaHOBKM Tpex

peJIe 1I0nYCKaeTCH cxeMa C lIBYMH

peJIe, BKJIlOqeHHbIMM Ha COellI1HeH-

HbIe TpeyrOJIbHMKOM BTOpl1l1HbIe

06MOTKH Tpex IT, B 3TOM CJIyqae

qYBCTBI1TeJIbHOCTb OTCellKI1 onpe-
lIeJI eTCHnpM lIByx<pa3HoM K3 Ha

JIMHeMHbIX BbIBOlIax AD..
ArrH AD. MOlllHOCTblO OT 2000 110

5000 KBT, a TaK)I(e 2000 KBT 11

MeHee, eCJIM TOKOBaSl OTCeqKa He

YlIOBJIeTBOp eTTpe60BaHI1HM qyB-

CTBI1TeJIbHOCTM, YCTaHaBJIMBaeTCSI

lIM<p<pepeHUMaJIbHa OTCeqKa B

lIByxpeJIeMHOM MCnOJIHeHI1I1, OT-

CTpoeHHaSl OT 6POCKOB TOKa HaMar-

HMqMBaHM CMJIOBOrO TpaHC<pOP-
MafOpa.

)),JI A)), MomHOCTblO 60JIee

5000 KBT, a TaK)l(e AD. MeHbweM
MOlllHOCTblO, eCJII1 YCTaHOBKa OTce-

qeK He YlIOBJIeTBOp eTTpe60BaHI1-
HM qyBCTBMTeJIbHOCTI1, npl1MeHSleT-

CH npOllOJIbHaSl lIM<p<pepeHUl1aJIb-
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HaH TOKOBaH 3allJJ1Ta B IJ:ByxpeJIeH-
HOM MCnOJIHeHMM.

K03$$Ml.{MeHTbl qyI!CTBMTeJIb-
HOCTM L{M$$epeHl.{MaJIbHblX 3aIlJ,MT
M L{M$$epeHl.{MaJIbHblX OTCe'IeK on-

peL{eJIHIOTCH npM K3 Ha JIMHeHHblX

BbIBOL{aX AU M L{OJI)!(Hbl 6blTb He

MeHee L{BYX B MMHMMaJIbHblX YCJIO-
BMHX pa60Tbl CeTM M C yqeTOM YBe-

JIM'IeHHoro cOnpOTMBJIeHMH CMJIO-

BOro TpaHc$opMaTopa npM pa60Te
peryJIHTOpa HanpIDKeHMH pnH.

Bbl60p TOKa cpa6aTbIBaHMH
L{M$$epeHl.{MaJIbHOH P3 6JIOKa
TpaHc$opMaTOp-L{BMraTeJIb B Ha-

CTOHIl!eH pa60Te He npMBOL{MTCH,
TaK KaK paC'IeT He OTJIM'IaeTCH OT

BbI60pa YCTaBOK L{M$<pepeHl.{MaJIb-
HOH P3 TpaHc<popMaTopa, npM
3TOM B Ka'IeCTBe paC'IeTHOro TOKa
lLJ1H onpeL{eJIeHMH TOKa He6aJIaHCa

CJIeL{YeT npMHHMaTb nYCKOBOM TOK

AD. C yqeTOM conpOTMBJIeHMH CMJIO-
Boro TpaHc$opMaTOpa lI)UI peaJIbHO
B03MO)l(HOrO nOJIO)l(eHMH pnH,
npH KOTOpOM conpOTHBJIeHMe
TpaHc$opMaTopa 6YL{eT HaMMeHb-

IlIHM. COnpOTHBJIeHHe ALl: B pe)I(H-

Me nycKa B OTHOCMTeJIbHblX eL{HHM-

l.{ax (3a 6a3MCHbIe BeJIM'IHHbI B3HTbI

HOMHHaJIbHbIe napaMeTpbI AU)
CJIeL{yeT onpeLJ:emJTb no $opMYJIe:

I
X..w* = /; , (l.l)

"'TIyCK

rL{e knyCK - KpaTHocTb nycKoBoro
TOKa ALl. npM nOL{a'Ie Ha BbIBOL{bl
AU HanpH)I(eHMH paBHoro HOMM-

HaJIbHOMY (npHBOL{MTCH B KaTaJIO-

rax MJIH B MH$opMal.{HM 3aBOL{a-H3-

roToBHTeJIH).

1.2. 3AIInITApl' O)J,HO«l>A3HbIX
3AMbIKAHlfiI HA3EMJllO
B OEMOTKE CfATOPA

nOBpe)l(L{aeMOCTb AU B 84 %
npOHCXOL{MT H3-3a np060H H30JIH-

l.{HH npH nepeHanpIDKeHHHX, CBH-
3aHHbIX C onepal.{MHMM BKJIIO'Ie-

6

HMH-OTKJIIO'IeHHH AD. MJIM npH 3a-

MbIKaHHHX Ha 3eMJIIO B ceTH. DOJIb-

llIMHCTBO nOBpe)l(L{eHMH H30JIHl.{HH

06MOTKH CTaTopa npHBOL{MT K Ja-

MbIKaHMIO $a3bI Ha Kopnyc H, KaK

npaBHJIO, 'Iepe3 3JIeKTpM'IeCKYlO
LJ:YrY.

3Ha'IeHMe onaCHoro L{JIH AU
TOKa 3aMbIKaHMH Ha KOpnyC onpe-

L{eJIHIOT no omeMY nOBpe)l(L{eHHH
aKTMBHOH CTaJIH CTaTopa H B03-

MO)!(HOCTH YCTpaHeHMH ero npo-
CTbIMM CpeL{CTBaMH. B MMpOBOH
npaKTMKe He cyrueCTByeT eL{HHOro
MHeHMH 0 KOHKpeTHOM 3Ha'IeHMM
onaCHoro TOKa 3aMbIKaHMH. B Poc-
CMH L{O CMX nop npMHHTO C'IMTaTb
onaCHbIM TOK 60JIbllIMH 5 A. 3TOT

KpHTepMH 6bill YCTaHOBJIeH eIl!e B

L{OBoeHHbIe rOL{bI, XOTH npOBeL{eH-

HbIe B nOCJIeL{HHe L{eCHTMJIeTMH MC-

CJIeL{OBaHMH nOKa3aJIH, 'ITO TOKH
JaMbIKaHHH B 1-1,5 A MOryT npH-
BeCTH K 3Ha'IMTeJIbHbIM MeCTHbIM

HarpeBaM C nOCJIeLJ:YlOIlJ,HM nepexo-
L{OM 0L{Ho<pa3Horo 3aMbIKaHHH B

BMTKOBoe. B TO )l(e caMoe BpeMH

6blJIO nOKa3aHO, 'ITO 3aMbIKaHHH

Ha Kopnyc 'Iepe3 L{yry C TOKaMH,

He npeBbIWalOIl!HMH lOA, MorYT
caMoycTpaHHTbcH B Te'IeHMe nep-
BbIX 0,2 c.

npHHMMaH BO BHHMaHHe 60JIb-

woe KOJIM'IeCTBO AU MaJIOH MOIl!-

HOCTH, nY3 [2J npeMaralOT MH
ALl: MOIl{HOCTblO L{O 2000 KBT H npH

OTCYTCTBMM KOMneHCal.{MM YCTaHaB-
JIHBaTb 3aIlJ,HTY OT 0L{Ho$a3HblX Ja-

MbIKaHHH Ha 3eMJIlO TOJIbKO npH
TOKax 3aMbIKaHHH 10 A H 60JIee, a

npH HaJIM'IMH KOMneHCal.{HH
-

eCJIH OCTaTO'IHbIH TOK B HOpMaJIb-

HblX YCJIOBMHX npeBblllIaeT 3TO 3Ha-

'IeHMe.

,n:JIH At!: MOIl!HOCTblO 60JIee
2000 KBT P3 OT 3aMbIKaHHH Ha
3eMJIlO L{OJI)l(Ha npeL{yCMaTpHBaTbcH

npM TOKax 5 A M 60JIee.



nepBWlHbrn. TOK Cpa6aTbIBamrn
P3 OT 3aMbIKaHIDI Ha 3eMJUO JJ,OJI-

)[(eH 6bITb: JJ.)UI ALl. MOIWIOCTbIO JJ,O
2000 KBT - He 60JIee 10 A, JJ.)UI All,
MOI1UfOCTbIO 60JIee 2000 KBT - He

60JIee 5 A. PeKoMeH.IJYlOTC5I MeHb-

llIHe 3HayeHH5I TOKOB cpa6aTbIBa-
HH5I, eCJIH 3TO He YCJIO)[(H5IeT BbI-

rrOJIHeHHe P3.

3aI.IU11Y CJIeJ],yeT BblfIOJIH5ITb 6e3

Bbmep)[(l(l1 BpeMeHH C HCrrOJIb30Ba-

HHeM IT HYJIeBOM rrOCJIeJJ,OBaTeJIb-

Hocm (ITHll) H C JJ,eMCTBHeM Ha

OTKJIlOyeHHe Ail.. B 30HY lIeMCTBH5I

P3 JJ,OJDKeH BXOJJ,HTb H rrHTalOlI.J,I1M

Ail. Ka6eJIb.

qYBCTBHTeJIbHOCTb P3 pa3pellIa-
eTC5I He rrpOBep5lTb. EcJIH rro YCJIO-

BHIO OTCTpOMKH OT rrepexoJJ,Horo

pe)[(l1Ma nOTpe6yeTC5I 3HaYHTeJIb-

Hoe 3arpy6JIeHHe 3alI.J,l1TbI, TO CJIe-

JJ,yeT BBeCTH Bbmep BpeMeHH,
HO JJ.)UI o6eCneyeHH5I 6bICTpOrO OT-

KJIlOyeHH5I JJ,BOMHoro 3aMbIKaHH5I

Ha 3eMJIlO Heo6xOJJ,HMO YCTaHaBJIH-
BaTb B uenH ITHll JJ,onOJIHHTeJIb-
Hoe TOKOBoe peJIe C rrepBHYHbIM
TOKOM Cpa6aTbIBaHH5I 50-100 A.

C ueJIblO YMeHbllleHH5I nOBpe)[(-
JJ,aeMOCTH ALl. co6cTBeHHbIX H)')KlI

(CH) TeITJIOBbIX (T3C) H aTOMHbIX

(A3C) 3JIeKTpOCTaHUHM rrpH OJJ,HO-

<pa3HbIx 3aMbIKaHH5IX Ha 3eMJIlO

AToM3HeprOnpOeKTOM 6bIJIO rrpH-
H5ITO pellIeHHe 3a3eMJIHTb HeMTpaJIb
CeTH 6 KB CH Yepe3 aKTHBHOe co-

rrpOTHBJIeHHe 100 OM. AKTHBHOe

COnpOTHBJIeHHe BKJIlOyaeTC5I B HeM-

TpaJIb 6 KB CneUHaJIbHO YCTaHOB-
JIeHHOrO TpaHc<popMaTopa co cxe-

MOM coeJJ,HHeHH5I 06MOTOK 3Be3JJ,a-

TpeyrOJIbHHK. 3a3eMJIeHHe Hei1:Tpa-
JIH CeTH 6 KB npHBeJIO K CHH)[(e-

HHIO rrepeHanp5l)[(eHHM, a, CJIeJJ,o-

BaTeJIbHO, K CHl1)[(eHHIO Bep05lTHOC-
TH rrp06051 H30JI5IUHH Ha Kopnyc.

YBeJIHyeHHe TOKa 3aMbIKaHH5I Ha

3eMJIlO npHMepHO JJ,O 40 A 3HaYH-

TeJIbHO rrOBbICHJIO YYBCTBHTeJIb-

HOCTb P3 OT 3aMbIKaHH5I Ha 3eMJIIO,

YTO oco6eHHo Ba)[(HO, TaK KaK CY-

meCTBYIOlI.J,I1e 3alI.J,l1TbI Ail. B ceTH C

H30JIHpOBaHHOM HeMTpaJIblO HMeIOT

BeCbMa 60JIbUIYIO MePTBYIO 30HY.
PellleHHe 0 JJ,orrycTHMocTH pa-

60TbI CeTeM CH 6JIOYHbIX 3JIeKTpo-
CTaHUHM (3C) C 3a3eMJIeHHeM HeM-

TpaJIH Yepe3 pe3HcTOp 6bIJIO BHece-

HO B HOBoe H3JJ,aHHe llT3 [3].

1.3. 3AllJ)ITAOT IIEPEIYY3Kl1
3JIEKTPO,lJ,BIITATFJIEII

YBeJIHyeHHe TOKa B 06MoTKax

Ail. BbI3bIBaeT rreperpeB H30JI5IUHH

06MoToK, cepJJ,eYHHKOB cTaTopa H

pOTopa. YBeJIWleHHe TeMrreparypbI
H30JI5IUHH, TOYHee YMeHbllIeHHe

pa3HHUbI Me)J()J,Y ee <paKTHyeCKOM
pa60yeM TeMneparypoM H npeJJ,eJIb-
HO JJ,OrryCTHMOM, BbI3bIBaeT CHH)[(e-

HHe cpoKa CJI 6bIH30JI5IUHH, a

6bICTpbIM JJ,orrOJIHHTeJIbHbIM HarpeB
06MOTOK MO)[(eT rrpHBecTH K onac-

HbIM JJ,e<popMaUH5IM.
neperpY3KH JJ,eJI5ITC5I Ha Kpam-

KOBpeMeHHble, Koma TeMrrepaTypa

06MOTKH He ycrreBaeT JJ,OCTH% YC-

TaHOBHBllIerOC5I 3HaYeHH5I, H OflU-

meJlbHble, KQma TeMITep<nypa 06MOT-

KH JJ,OCTHraeT YCTaHOBHBllIerOC51 3Ha-

YeHH5I, COOTBeTCTBYlOmero 3Haye-

HHIO rreperpy3OYHoro TOKa. Ha OC-

HOBaHHH rocr rrOBbIllIeHHe TeMrre-

p<nypbI 06MOTKH onpeJJ,eJI5IeTC5I OT-

HOCHTeJIbHO npeJJ,eJIbHOM TeMrrepaTY-
pbI OXJIa)J()J,alOmeM Cpe.n.bI, KOTOpa51

rrpHHHMaeTC5I paBHoM 40°C.

llpeBbIllIeHHe TeMrreparypbI t.8

MO)[(HO Bblpa3HTb CJIeJ],yIOlI.J,I1M ypaB-
HeHHeM:

t

t.8 = t.8co (1 - e- T
H), (1.2)

me L\.8co
-

npeBbIllIeHHe TeMrrepa-

TYPbI, COOTBeTCTBYIOmee YCTaHo-
BHBllIeMYC5I TenJIOBOMY pe)[(HMY;
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( - BpeM5I neperpY3KM; T
H
- no-

CT05lHHM BpeMeHM HarpeBa.

BbIpIDKemIe (1.2) cOOTBeTcTByeT
HarpeBY AlJ l13 XOJIOJJ.Horo COCT05l-

HM5I, T. e. KOma TeMnepa1}'pa 06-
MOTKM COBnaJJ.aeT C TeMnepa1}'pOM
OKp}')KaIOIlJ.eM CpeJJ.bI. ECJIM TeMne-

pa1}'pa 06MOTIGI B Ha'IaJIbHbrn MO-
MeHT HarpeBa npeBbllllaeT TeMnepa-
1}'py OKp}')KaIOIlJ.eM CpeJJ.bI Ha L180'
TO ypaBHeHMe npeBbIllleHM5I TeMne-

pa1}'pbI npM06peTaeT BMJJ.:
t

L18 = L18 (1- e- T
H)+

,

-7
+ L180 e

H

(1.3)

npouecc OXJIIDI<JJ.eHM5I All: onM-

CbmaeTC5I ypaBHeHMeM:

t

_

-

ToL18 - L18
Ha'J e (1.4)

rJJ.e L18Ha'J
-

npeBbIllleHMe TeMne-

pa1}'pbI B Ha'IaJIe npouecca OXJIIDK-

JJ.eHM5I; TO - nOCT05lHHM BpeMeHM

OXJIIDI<JJ.eHM5I.

3Ha'IeHMe TO = T
H JJ.JI5I pa60-

TaIOIlJ.ero All: M TO = (1,5 + 4,0) TH
JJ.JI5I OTKJIIO'IeHHOrO AlI:, TaK KaK B

3TOM CJIyqae OTKJIIO'IaeTC5I CMCTeMa

OXJIIDI<JJ.eHM5I.

BbIJJ.eJI5IeMoe TenJIO nponopUM-

OHaJIbHO KBaJJ.pary TOKa, n03TOMY

MO)/(J-IO 3anMcaTb:

L18 = L18
110n (l nJ ' (1.5)

rJJ.e L18110n
-

JJ.onYCTMMoe npeBbI-
llleHHe TeMneparypbI 06MOTKM CTa-

Topa npM JJ.onYCTMMOM 3Ha'IeHMM

TOKa.

B Ka'IeCrne JJ.onycTMMoro TOKa

[lion CJIeJJ.yeT npMHMMaTb MaKCM-

MaJIbHbIM JJ.JIMTeJIbHbIM TOK CTaTopa,

cooTBeTcTBYIOIlJ.MM HOMMHaJIbHOM

MOIlJ.HOCTM.

8

C yqeTOM (1.5) BbIpIDKeHMe (1.2)
MO)/(J-IO npMBeCTM K BMJJ.Y:

2 _...!.....

L18 = L18110n (l n) (1 - e TH). (1.6)

PellleHMe (1.6) OTHOCMTeJIbHO (

JJ.aeT BbIpIDKeHMe .lI)UI JJ.onycTMMoro

BpeMeHM pa60TbI All: C neperpy3KOM
k[=/j/HOM

k2

(lion
= T

H In
k2 l

' (1.7)
1

me (lion
-

JJ.OnyCTMMoe BpeM5I pa-
60TbI C neperpy3KOM k[.

To)/(e npM Ha'IaJIbHOM Harpy3Ke
npM ko = /H/ /HOM:

k2
_ k2

(
-

T.ln l 0
lion

-

H
k2

_ 1I

npM KpaTKOBpeMeHHbIX nepe-
rpy3Kax, KOma MO)/(J-IO He yqMTbI-

BaTb OTBOJJ. TenJIa B OKP}')KaIOIIJ.YIO

cpeJJ.Y, JJ.onYCTMMoe BpeM5I nepe-

rpY3KM All: npM pa60Te JJ.O nepe-

rpY3KM C HOMMHaJIbHOM HarpY KOM
MO)/(J-IO BbIpa3MTb:

_
A

(.non
-

k2
- 1

'

I

me A - BeJIM'IMHa, XapaKTepM3yIO-
IlJ.a5I nOCT05lHHyIO HarpeBa AlI:.

BbIpa)/(eHMe (1.9) onpeJJ.eJI5IeT
aJJ.Ma6aTM'IeCKMM xapaKTep HarpeBa
M n03TOMY HeJJ.OCTaTO'IHO TO'IHO

COOTBeTcTByeT JJ.eMcTBMTeJIbHoMY
JJ.onYCTMMOMY BpeMeHM HarpeBa
AlI:, XOT5I 06eCne'IMBaeT 60JIee npo-
CToe BbInOJIHeHMe P3.

1-'13 COBpeMeHHbIX 3aIIJ.HT OT nepe-
rpY3KM HaM60JIee nOJIHO OTpa)!(aIOT
TenJIOByIO xapaKTepMCTMKy 3JIeKTpO-
JJ.BMraTeJI51 MHKponpoueccopHbIe P3.
TaK P3 SPAM 150C, peaJIM3yIOIlJ.a5I
xapaKTepMCTMKY COrJIaCHO (1.3),
06ecne'IMBaeT 3aIlJ.Mry KaK OT KpaT-

KOBpeMeHHbIX, TaK M OT JJ.JIMTeJIb-

HbIX neperpyJOK, yqMTblBaeT npeJJ.-
lllecTByIOIlJ.MM HarpeB M OXJIa)!(JJ.e-

HMe, BbInOJIH5IeT 3anpeT nOBTopHO-

( 1.8)

(1.9)



ro rrycKa, rrOKa TeMrrepaT)'pa AlI. He
CHM3MTCSI J1,0 TaKOM BeJIM'IMHbI, rrpM

KOTOpoM 3a BpeMSI rrOCJIeJJ.YlOmero

rrYCKa TeMrrepaT)'pa He J1,OCTMrHeT

rrpeJ1,eJIbHOM.
TeITJIOBaSI 3aIl{MTa, BXOJ1,SlmaSl B

KOMITJIeKCHOe YC1pOMCTBO P3 rnrra

51P3 2201, 06ecrretiliBaeT peaJIM3a-

UMIO TeITJIOBOM xapaKTepMCTMKM,

orrMCbIBaeMYIO BbIpIDKeHMeM (1.9).
ECJIM rreperpY3Ka YCTpaHSleTCSI J1,0

J1,OCTM)KeHMSI rrpeJ1,eJIbHOrO 3Haqe-

HMSI, TO B P3 MOJ1,eJIMpYeTCSI rrpo-
uecc OXJIIDl<ll:eHMSI AlI. C rrOCTOSlH-
HOM BpeMeHM paBHoM 240 c. npM
rroBTopHOM rreperpY3Ke BpeMSI cpa-
6aTbIBaHMSI P3 COKpamaeTCSI C yqe-
TOM rrpeJ1,bIJJ.ymeM neperpY3KM, a
rrOCJIe J1,eMCTBMSI P3 Ha OTKJIIOqeHMe

rrOBTopHbIH rrYCK MO)KeT 6bITb 3a-

6JIOKMpOBaH Ha BpeMSI OXJIa)KJ1,e-

HMSI. TaK KaK TerrJIOBaSi xapaKTe-
pMcrnKa P3 rrpeJ1,rrOJIaraeT, qTO AlI.
J1,0 rreperpY3KM HaxOJ1,MJICSI 1'1 ropSl-
qeM COCTOHHMM (pa6OTaJI C HOMM-

HaJIbHOM HarpY3KOM), TO B03MO)KH0

OTKJlIOqeHMe AlI. rrpM 3aTSI)KHOM

rrYCKe 1'13 XOJIOJ1,HOrO COCTOSlHMSI,

XOTSI HarpeB AlI. He J1,OCTMr KPMTM-

qeCKoro. ,lJ.rrSi rrpeJ1,OTBpameHMSI 1'13-

JIMIllHero OTKJIIOqeHMSI B P3 rrpeJ1,-

YCMOTpeHa B03MO)KHOCTb 6JIOKM-

pOBKM TerrJIOBOM 3amMTbI rrpl1

rrYCKe 1'13 XOJIOJ1,HOro COCTOSlHMSI.

KOMITJIeKCHbIe YCTpOMCTBa P3
rnrra 51P3 2201 1'1 MMKporrpouec-
copHbIe P3 HaqaJIM MCrrOJIb30BaTbCSI

CpaBHMTeJIbHO HeJ1,aBHO 1'1 rr03TOMY
B 3KCITJIyaTaUMM MX OqeHb MaJIO.
B OCHOBHOM, B KaqeCTBe P3 OT

rreperpY3KM rrpMMeHSIIOTCSI rrpeJ1,-
rrMcaHHbIe IIY3 3aIl{MThI C OJ1,HMM
TOKOBbIM peJIe, OTCTpoeHHbIM OT

HOMMHaJIbHOrO TOKa AlI., 1'1 BbI-

J1,ep)KKOM BpeMeHM 60JIbllIeM rrycKa
MJIM caMo3arrycKa. TaKoe BbIITOJIHe-
HMe P3 rrpaKTMqecKM He yqMThIBaeT

neperpY30qHbIe B03MO)KHOCrn AlI.,
BKJIIOqeHMe )Ke peJIe TOJIbKO B OJ1,HY

.paJY He rr03BOJISIeT BbUIBI1Tb orrac-

HYIO rreperpY3KY All. B HerrOJIHO-

.paJHOM pe)Kl1Me, a CrreUMaJIbHOM
P3 OT HerrOJIHo.pa3Horo pe)Kl1Ma
IIY3 He rrpeJJ,yCMa1pMBaeT. TOJIbKO
B MMKporrpoueccopHbIX P3 TerrJIO-

BaSI 3aIl{MTa peampYeT Ha HaH6oJIb-
llIMM TOK 1pex .paJ, 1'1 J1,OrrOJIHMTeJIb-

HO rrpeJ1,YCMa1pMBaeTCSI P3 OT He-

CMMMe1pM'IHOM pa60Tbi.
B COOTBeTCTBMM C nY3 3aWHTa

OT. rreperpY3KM YCTaHaBJIHBaeTCSI He

Ha BCex AlI., a TOJIbKO Ha Tex, KOTO-

pbIe rrOJ1,Bep)KeHbI rreperpY3Ke no
TeXHOJIOrM'IeCKMM rrpMqMHaM 1'1 Ha

AlI. C TSl)KeJIbIMM YCJIOBHSlMM nYCKa
1'1 caM03arrycKa (JJ.JIMTeJIbHOCTb npSl-
MOro rrYCKa HerrOCpeJ1,CTBeHHO OT
CeTH 20 C 1'1 6oJIee), rreperpyJKa KO-

TOpbIX B03MO)KHa rrpM qpe3MepHOM

YBeJIM'IeHMM JJ.JIMTeJIbHOCrn rrYCKO-
BOro rrepMOJ1,a BCJIeJ1,CTBMe nOHH)Ke-
HMSI HarrpSI)KeHMSI B cern.

Ha AlI., rrOJ1,Bep)KeHHbIX rrepe-

rpY3Ke rro TeXHOJIOrMqeCKMM npH-
qMHaM, P3 J1,OJI)KHa BbIITOJIHSlTbCSI C

J1,eMCTBMeM Ha CMrHaJI 1'1 aBTOMaTH-

qecKYIO paJrpY3KY, rrpH HeB03MO)K-
HOCTH pa3rpyJKM MJIM OTCYTCTBHH
J1,e HororrepCOHaJIa J1,OrrYCKaeTCSI
J1,eMCTBMe P3 Ha OTKJIIOqeHMe.

EcJIM OTKJIIOqeHMe AlI. He npH-
BOJ1,MT K HapYllIeHMIO TeXHOJIOrH-
qeCKOrO rrpouecca MJIM MMeIOT
MeCTO TSl)KeJIbIe YCJIOBMSI rrYCKa 1'1

caM03anYCKa, TO P3 OT neperpY3KM
TaK)Ke J1,eMCTByeT Ha OTKJIIOqeHMe.

PellIeHMeM AToM3HeprorrpOeKTa
[1] P3 OT rreperpY3KM C J1,eMCTBMeM
Ha OTKJIIOqeHMe YCTaHaBJIMBaeTCSI

B SlqeMKaX Bcex All. JJ.JISI npeJ1,OT-

BpaweHMSI B03ropaHMSI rrHTaIOWHX

AlI. Ka6eJIeM B CJIyqae JJ.JIMTeJIbHO-

ro rrpOTeKaHMSI rrYCKOBbIX TOKOB

rrpM 3aKJIMHMBaHMM. npMHMMaSI BO

BHMMaHMe BeCbMa TSI)KeJIble rroc-

JIeJ1,CTBMSI rrO)KapOB Ha 3C, CJIeJ1,YeT
CqMTaTb pellIeHMe AToM3Hepronpo-
eKTa 60JIee rrpaBMJIbHbIM.
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1.4. 3AIIUITA MillIHMA.JIbHorO
HAITPIDKEHIDI

3auuua MHHHMaJIbHOrO Hanpfl-
)l(eHHfI HBJmeTCfI 06w:ei1 .lLTIfi Bcex

3JIeKTporumraTeJIeti ceKWU1 H YCTa-

HaBJIHBaeTCfI B peJIetiHoM OTceKe

KPY TpaHC$OpMaTopa Hanpfl)l(e-
HHfI. 3aWHTa HMeeT TpH cTYIIeHH

no Hanpfl)l(eHHIO H BbI.ll.ep)l(KaM

BpeMeHH.

nepe05l cmyneHb OTKJIIO'laeT He-
OTBeTCTBeHHbIe ALl: .lLTIfI o6ecne'le-

HHfI caMo3anycKa ALl: OTBeTCTBeH-

HbIX MexaHH3MOB. YCTaBKH cpa6a-
ThIBaHHfI 3TOti C'fYIIeHH BbI6HpaIOT-
CH paBHbIMH 70 % HOMHHaJIbHOrO

l-Ianpfl)l(eHHfI H BbI.LJ,ep)I(Koti BpeMe-
HH 0,5-1,0 c.

Bmop05l cmyneHb npe.n:Ha3Ha'le-
Ha JJ.J1f1 OTKJIIO'leHHfI OTBeTCTBeH-
HbIX ALl: npH .lLTIHTeJlbHOM OTCYTCT-
BHH Hanpfl)/(eHHfI .lLTIfi 06eCne'leHHfI

YCJIOBHti 6e3onacHocTH H B cJlyqa-

fIX, Kor.n:a CaM03anYCK MexaHH3MOB
nocJle OCTaHOBa He.n:onYCTHM no YC-

JIOBHflM TeXHOJIOrH'leCKOrO npo-

uecca. KpoMe TOro, BTopaH C'fYIIeHb
MO)l(eT 6bITb HCnOJIb30BaHa .n:JIfi
o6eCne'leHHfI Ha.n:e)l(HOrO nYCKa
ABP AJ], B3aHMope3epBHPyeMbIx

MexaHH3MOB H LJ:J\fI nOCJIe.n:OBaTeJIb-

Horo nYCKa OTBeTCTBeHHbIX Mexa-

HH3MOB, eCJIH o.n:HoBpeMeHHblti
nYCK He MO)l(eT 6bITb ocyweCTBJIeH.
YCTaBKH cpa6aTbIBaHHfI BTOpOti
cTyneHH BbI6HpalOTCH paBHbIMH
50 % HOMHHaJIbHOrO Hanpfl)l(eHHfI
H BbI.LJ,ep)I(Koti BpeMeHH 0,3-0,9 c.

CnHcoK ALI:, OTKJIIO'laeMbIX OT

nepBOti H BTOpOti cTYIIeHeti P3 MH-

HHMaJIbHOrO Hanpfl)/(eHH5I, .n:OJI)l(eH
6bITb YTBep)K)J:eH rJIaBHbIM HH)I(eHe-

pOM npe.n:npH5lTHfi.
TpembH cmyneHb CJIy)l(HT rryCKO-

BbIM opraHOM ABP C Hanpfl)/(eHHeM

cpa6aTbIBaHHfI paBHbIM 25 % HO-
MHHaJIbHOrO Hanpfl)l(eHHfI H BbI-

.n:ep)I(Koti BpeMeHH, paBHoti BpeMe-
HH cpa6aTbIBaHHfI P3 nHTalOwero

ceKUHIO BBo.n:a.

 JIfiKOHTpOJIfi HcnpaBHOCTH

BTOpH'lHblX ueneti TH YCTaHaBJIH-
BaeTCfI $HJIbTp-peJIe o6paTHoti
nOCJIe.n:OBaTeJIbHOCTH, KOTopoe
o.n:HOBpeMeHHO HCnOJIb3yeTcfI .lLTIfi

3anpeTa .n:etiCTBHfI [1, 11] 'lyocTBH-
TeJIbHoti pe3epBHoti P3 OT Tpex$a3-
HbIX K3 Ha CTopOHe 0,4 KB pa6o'le-
ro H pe3epBHoro TpaHC$OpMaTopa
CH 6/0,4 KB.

2. Bbl60p YCTasOK cpa6aTbisaHMSI 3aw.MT

AA OT MHoro<S>a3Hblx K3

2.1. PA0IETYCTABOK
CPAEAThmAHIDITOKOBOH
OTCE1IKH NJ:

2.1 .1. TOKosaR oTcellKa,
SbtnOnHeHHaR c nOMOUCblO pene
cepHH PT-40, PCT-II, PCT-13
H PT-BO

Orce'lKa BbInOJIH5leTCfI B COOT-

BeTCTBHH C rJIaBOti I.

nepBH'lHbIti TOK Cpa6aThIBaHHfI
TOKOBOti OTCe'lKH BbI6HpaeTcfI no

YCJIOBHIO OTCTpOtiKH OT MaKCH-
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MaJIbHOrO .n:eticTByIOWero 3Ha'leHHfI

TOKa, npoTeKalOwero no o6MOTKe

cTaTopaALI: npH ero nycKe (caM03a-
nycKe). EcJlH nepepblB nHTaHHfI ALl:
60Jlee 0,5 c, TO paC'leTHbIM TOKOM

flBJI5IeTCfI rryCKOBOti TOK ALI:, a npH

nepepbIBe nHTaHHfI MeHee 0,5 C 3a

pac'leTHbrn TOK npHHHMaeTCfI 6oJlb-

WHti H3 nYCKOBoro TOKa H TOKa He-

CHHXpOHHoro BKJIIO'leHHfI - non-

KJIIO'leHHH ALl: C HenoraCWHM nOJIeM

K HCTO'lHHKY 3JIeKTpOcHa6)1(eHHfI.



YBeJUl'IeHMe TOKa npM nOJJ:a'Ie

HanpIDKeHID! Ha HeOCTaHOBJIeHHbIH

ALl. 06'b5lCHHeTCH TeM, 'ITO nOCJIe

OTKJIIQqeHMH OT CeTM HaKOnJIeHHaH

B ALl: KMHeTM'IecKaH M 3JIeKTpM'Iec-

KaH :mepfM5I paCXOJJ:yeTcH nOCTe-

neHHO, 6JIarOJJ:apH 'IeMY HanpIDKe-
HHe ALl: CHa'IaJIa pe3KO na.aaeT JJ:O

3Ha'IeHID! 3,lJ.C H JJ:aJIee YMeHbIlla-
eTC5I npOnOpUMOHaJIbHO ':IaCTOTe

BpaIUeHMH BaJIa M nponOpUMOHaJIb-
HO CHIDKeHMIO MarHHTHOrO nOTOKa

no 3aKOHY 3KcnOHeHTbi. TOK He-

CHHXpOHHoro BKJIIO':IeHHH CJIeJJ:YeT

onpeJJ:eJIHTb npH yme CJJ:BHra cPa3
Me)l([{y 3,lJ.C ALl: M HanpIDKeHHeM

ceTM, 6JIM3KMM K 180°, npM TIOM

JJ:JI5I 06eCne':leHHH HeKOToporo 3a-

naca MO)[(HO npMHHTb, ':ITO K MO-

MeHTY nOJJ:a':lH Hanp5l)l(eHM5I OT ceTM

3,lJ.C ALl: He YMeHbIllaeTCH H CO-

CTaBJIHeT 0,85-0,95 OTH. eJJ:. DpM
He06xoJJ:MMOCTH 3Ha':leHHe 3,lJ.C
MO)l(eT 6bITb YTO':lHeHO no CJIeJJ:YIO-

IUeH cPoPMYJIe:

EN] = ...J ( Vo cos <1'HOM)2 +
...--7

--7 ..-

+ (Vo sin <1'HOM -/0 XN] )2, (2.1)

me EN] - 3,lJ.C ALI:, KB; Vo - Ha-

npIDKeHHe Ha BbIBOJJ:ax ALl: JJ:O MO-

MeHTa CH5ITHH HanpH)I(eHHH, KB;
cos <1'HOM

- HOMHHaJIbHbIH K03cP-

cPHUHeHT MOIUHOCTH; /0 - TOK ALl:
JJ:O MOMeHTa CHHTID! HanpIDKeHID!,

KA; XN] - cOnpOTHBJIeHHe NJ.,
OM.

ConpOTHBJIeHHe ALI::

XN] = "I _  OMAll. , (2.2)
.

'1JYCK HOM All.

rJJ:e VHOMNJ.
- HOMHHaJIbHOe Ha-

npIDKeHHe A,lJ., KB; SHOMA,[( - HO-

MHHaJIbHaH nOJIHaH MOIUHOCTb,

MBA

HOMHHaJIbHaH nOJIHa51 MOIU-

HOCTh NJ.:

s, =

P
HOM All. (2 3)HOM All. 't1 cas <n

' .

"
'f'HOM

me PHOMAlI. - HOMHHaJIbHa51 aK-

THBHaH MOIUHOCTb, MBT; 11
- KO-

3cPcPHuHeHT nOJIe3HOrO JJ:el1cTBH5I

(KO,lJ.).
TOK HeCMHxpOHHoro BKJIIO'-Ie-

HID! onpeJJ:eJIHeTC5I no BbIpa)l(eHMIO:

I =

U
c
+ EAll. (2 4

HC.BKJI

XAll. +
'

. )

me V
c
H Xc - Hanp5l)l(eHHe H 3K-

BMBaJIeHTHOeCOnpOTHBJIeHMeCeTH,
K KOTOpOH nOJJ:KJIIO'-IeH ALl.

DpM rpynnoBoM caM03anYCKe
TOK HeCHHxpOHHoro BKJIIO'-IeHH5I

6YJJ:eT MeHbIlle TOKa HeCHHxpOHHO-

ro BKJIIO':IeHH5I OJJ:HHO'-lHOrO All,
n03TOMY B03MO)l(HOCTb HeCMH-

xpOHHoro BKJIIO':IeHH5I B nepBYIO

O'-lepeJJ:b CJIeJJ:yeT Y'-lMTbIBaTb JJ:JI}!

JJ:BYXCKOpoCTHbIX ALl: npH nepexoJJ:e
C OJJ:HOH CKOpOCTH Ha JJ:pyrylO.

TaKHM 06pa30M, nepBH'-IHbIH
TOK cpa6aTbIBaHHH TOKOBOH OTCe'-l-

KM onpeJJ:eJI5leTC5I no YCJIOBMIO:

/C.3 = k
arc /pac'i , (2.5)

me karc
- K03cPcPHUHeHT OTCTPOH-

KH, Y':IHTblBalOIUHH norpelliHOCTb

peJIe H HaJIH':IHe anepHoJJ:H'-IeCKOH
COCTaBJI5IIOIUeH B nYCKOBOM TOKe

ALI:; karc = 1,4-1,5 JJ:JI5I peJIe THna

PT-40, PCT-II, PCT-13; karc=
= 1,8-2,0 JJ:JIH peJIe THna PT-80*

M JJ:JI5I peJIe np5lMOrO JJ:eHcTBH5I

BCJIeJJ:CTBHe MeHbIlleH TO'-lHOCTM

JJ:eHcTBH5I 3THX peJIe; Jpac'i - 60JIb-

. CrIe.nyeT I1MeTb B BI1IJY, 'ITO I1cnOJlbJO-

BaHl1e ,meKTpoMarnl1THoro ,meMeHTa peJle

PI-80 B Ka'ieCTBe TOKOBOH OTCe'iKH orpaHI1-
'ieHO 113-3a B03MOJKHOCTI1110>KHOH pa6arbl B

YCJlOBI1HX B116paUI1I1, YI(apOB 11 B cpeJIe, Ha-

cbIlueHHoH nblJlblO.
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wee 113 3Ha'IeHI1M IHc.BKJI 11 IrrycK;
IHc.BKJI

-

Onpe.lJ,ellSleTCSI corllaCHO

(2.4); IrrycK - .lJ,eMCTBYIDmee 3Ha'Ie-

Hl1e rrycKoBoro TOKa AD: npl1 no.lJ,-
KJIlO'IeHl111 Ha HOMI1HaJIbHOe Ha-

npSl.>KeHl1e CeTI1 11 Onpe.lJ,elleHHoe
6e3 yYeTa COnpOTl1BJIeHI1S1 I1CTO'I-
HI1K3 ::meKTpocHa6.>KeHI1SI .lI)UI M,
pa60TalOli{I1X HenOCpe.lJ,CTBeHHo Ha

lill1HbI C yYeTOM MI1HI1MaJIbHO B03-

MO>KHOro cOnpOTHBJIeHI1SI CHJIOBO-
ro TpaHc<1>opMaTopa .lI)UI AD:, pa6o-
TalOml1X B 6lloKe C TpaHc<1>opMaTo-
pOM.

llYCKOBOM TOK AD: MO.>KHO onpe-

.lJ,eJIl1Tb KaK

InycK
=

knYCK IHoMNJ., (2.6)
me knycK

- KpaTHOCTb nYCKOBO-
ro TOKa; I

HOM NJ.
- HOMI1HaJIbHbIM

TOK AD:.
Ha OCHOBaHl111 (2.6) BbIpa>KeHl1e

(2.5) MO>KHO npe.lJ,CTaBHTb B CJIeD.Y-

IOmeM BH.lJ,e:

IC.3 = karc  CKIHoMNJ.' (2.7)

TOK cpa6aTbIBaHHSI pelle Ic.p
onpe.lJ,eJUleTCSI no Bblpa>KeHHIO:

1 =
kex Ie.3

(2.8)c.p KI

me Kl - K03<1><1>I1Ul1eHT TpaHc<1>op-
MaUl111 IT; kcx - K03<l><l>I1Ul1eHT,
Y411TbIBalOml1M cxeMY COe.lJ,I1He-
HI1S1 IT (kcx = 1,0 npl1 BKJIIO'Ie-

HI1I1 pelle Ha <1>33Hble TOKH; kCJ( =
=..,J3 npl1 BKJIlO'Iemil1 pelle Ha p33-
HOCTb TOKOB .lJ,BYX <1>a3 I1lll1 npl1

BKJIlO'IeHl111 pelle Ha COe.lJ,lmeHHble

TpeyrOJIbHI1KOM BTOpl1'IHble 06MOT-
KI1 Tpex IT).

TOK cpa6aTbIBaHHSI OTCe'IKI1,

onpe.lJ,elleHHbrn no (2.7), 6Y.lJ,eT OT-

CTpoeH 11 OT TOKa OT.lJ,a'Il1 AD: rrpl1
BHeWHeM K3.

QyocTBl1TeJIbHOCTb TOKOBOM OT-

ce'IKl1 npOBepSleTCSI npH .lJ,Byx<1>a3-
HOM K3 Ha BbIBO.lJ,aX AD: B MI1HI1-

MaJIbHOM pe.>Kl1Me nl1TalOmeM CeTI1

12

11 OueHI1BaeTCSI K03<1><1>HuHeHToM
qyBCTBHTellbHOCTI1, onpe.lJ,eJUleMbIM
no BbIpa>KeHI1IO:

J!2) J!2)
kq
=:L = Kmin

(2.9)
Ie.p Ieop KI

'

me Fp2) - TOK B pelle rrpl1 MeTaJI-

llH'IeCKOM .lJ,Byx<1>a3HoM K3 Ha BbI-

BO.lJ,aX ::meKTpO.lJ,Bl1raTeJISI; IilJnin-
MHHI1MaJIbHOe 3Ha'IeHI1e nepBl14-
Horo TOKa MeTaJIJIH'IeCKOrO .lJ,BYX-

<1>33Horo K3 npH nOBpe:>Kll:emUlX Ha

BbffiO.lJ,3X AD:.

K03<1><1>I1UHeHT 'IYBCTBHTellb-
HOCTI1 no (2.9) onpe.lJ,ellSleTCSI .lI)UI

Bcex cxeM BbIIIOllHeHHSI TOKOBbIX

OTCe'IeK (BHe 3aBHCI1MOCTI1 OT kcx ).
K03<1><1>I1UHeHT 'IYBCTBHTellb-

HOCTI1 OTCe'IKH .lJ,OJI.>KeH 6bITb He
MeHee .lJ,BYX.

1-13 (2.8) H (2.9) Clle.lJ,yeT, 'ITO

TOKOBaSi OTCe'IKa, BblIIOllHeHHaSi

BKJIlO'IeHl1eM pelle Ha pa3HOCTb TO-

KOB,.1(BYX <1>33 HMeeT nOHH.>KeHHbIM

B -..J3 p33 K03<1><1>HUHeHT qyBCTBI1-
TellbHOCTH no cpaBHeHl110 co cxe-

MOM BKJIIO'IeHI1S1 pelle Ha <1>33HbIe
TOKH. llpl1MeHeHHe O.lJ,HOrO pelle

.lI..IISi P3 OT Me:>Kll:Y<1>a3HbIX K3 Hal1-

6QJIee MaCCOBbIX AD: 6bUIO npO.lJ,HK-
TOBaHO C006pa.>KeHHSlMI1 3KOHO-

MI1I1. O.lJ,HaKO HH3KaSI 'IYBCTBl1TeJIb-

HOCTb TaKOM P3 npl1BO.lJ,HJIa K 60JIb-

1lI0MY 411CJIy TSl.>KellbIX aBapl1M, CO-

npOBO>K.lJ,alOli{I1XCSI cepbe3HbIM Ha-

PYllIeHHeM TeXHOJIOrI1H, 11 YBelll1-

'IeHHIO 061>eMal1 CTOHMOCTI1 pe-

MOHTHO-BOCCTaHOBHTeJIbHbIX pa6OT.
ll03TOMY npHMeHeHHe OD.HOpeJIeM-
HOM cxeMbI P3 ClleD.YeT C'IHTaTh He-

onpaB.lJ,aHHbIM H OT Hee He06xo.lJ,H-
MO OTKa3aTbCSI.

llpl1 paC4eTe 'lYBCTBHTellbHOCTI1
He ClleD.YeT B TOK K3 .lJ,06aBJISlTb TOK
OT.lJ,a'Il1 OT .lJ,pyrl1X AD:.

B TeX cJIyYaSIX, Koma <J:YBCTBI1-

TellbHOCTb TOKOBOM OTCe'IKI1 C peJIe

PT-40 OKa3bIBaeTCSI He.lJ,OCTaTO'I-



HOM, ueJIeC006pa3HO npHMeWITb
OTCe'lKY, BbInOJIHeHHYIO C peJIe

PHT-565, HMelOIJJJIM JIy'-lwyIO OT-

CTPOMKY OT anepHOJJ.H'leCKHX CO-

CTaBJUlIOll{HX BO BTOpH'lHOM TOKe

TT. qYBCTBHTeJIbHOCTb P3 npH
3TOM nOBbIlliaeTCJI 3a C'leT CHIDKe-

HHJl karc JJ.O 1,3.
MCnOJIb30BaHHe )J,JIJl YMeHbllIe-

HHJI k
arc 3aMe)J,JIeHliJI cpa6aTbIBa-

HHJI OTCe'lKH, HanpHMep, nYTeM

YCTaHOBKH BbIXOJJ.HOro peJIe THna

pn-251, HeJJ.onyCTHMO, TaK KaK 3T0

npI1BOJJ.I1T K YBeJIH'leHHIO 06'beMa

nOBpe)lQ:{eHHJI, a)J,JIJl T3C H K YBe-
JIH'leHHIO Bbl)J,ep)I(KH BpeMeHH P3

BBOJJ.OB, nHTalOIJJJIX ceKUHM C06CT-

BeHHbIX Hy)IQ:{, 'lTO npOTHBOpe'lHT

Tpe60BaHHJIM npOTHBOaBapHMHOro
UHpKyMpa OT 11 OKTJI6pJI 1984 r.

N2 11/84 [15].

2.1.2. TOKosaSi oTcellKa,

SXO.QSlU4aSl s COCTas

KOMnneKCHoro YCTpoMcTsa

3aU4IfTbl ceplflf RP3 220 1

MaKCHMaJIbHaJI TOKOBaJI 3all{11-

Ta B YCTpOMCTBaX cepHH 51P3 2201
BbInOJIHeHa Ha HHTerpaJIbHOM ::me-

MeHTHOM 6a3e, 'lTO 06ecne'lHBaeT

BpeMJI cpa6aTbIBaHHJI 3all{HTbI

0,03-0,04 c. BbicoKoe 6bICTpoJJ.eM-
CTBHe P3 npHBOJJ.HT K TOMY, 'lTO TO-

KOBM Oree'lKa 6YJJ.eT pearnpOBaTh B

Ha'laJIbHbIM nepexoJJ.HbIM nepHOJJ.
npH nycKe H caM03anYCKe Ha ane-

pHOJJ.H'leCKYIO COCTaBJIJIIOll{YIO
nepeXOJJ.Horo TOKa. BJIHJIHHe ane-

pHoJJ.I1'leCKOM COCTaBJIJIIOll{eM npH
BbI60pe Cpa6aTbIBaHHJl TOKOBOM OT-

Ce'lKH MO)I(HO yqecTb nyreM yseJIH-

'leHHJl K03<P<PHUHeHTa OTCTpOMKH B

(2.5), T. e. )J,JIJI TOKOBOM OTCe'lKH B

COCTaBe KOMnJIeKTa 51P3 2201 CJIe-

JJ.yeT npHHHMaTb 3Ha'leHHe karc =
= 1,8 + 2,3.

 JIJIYCTaHOBKH nOJIY'leHHOrO
TOKa cpa6aTbIBaHHJI [c.p 13 YCTPOM-

CTBe 51P3 2201 npe)J,JIaraeTCJI CJIe-

JJ.YIOll{M MeTOJJ.HKa [8].
YCTaBKa cpa6aTbIBaHHJI TOKO-

BOM OTCe'lKH onpeJJ.eJIJIeTCJI BbI60-

pOM K03<P<PHUHeHToB K 11 L 8 B

COOTBeTCTBHH co CJIeJJ.YIOIJJJIM BbI-

pIDKeHHeM:

[c.p = K(1 + L 8 ) , (2.10)

L 8 H K nOKa3aHbI Ha JIHueBOM

cTopoHe TOKOBbIX 6JIOKOB THna

TO 100.

no BbI6paHHOMY 3Ha'leHHIO TO-

Ka cpa6aTbIBaHI1J1 [c.p 11 MaKCI1-

MaJIbHOMY 3Ha'leHHIO L8max no

llIKaJIe onpeJJ.eJIJIeTCJI paC'leTHOe
3Ha'leHHe

I

Kpac'!
=

] +  .: (2.11)
max

TIpHHHMaereJI 6mDKaMllIee 60JIb-
llIee oUH<PPOBaHHOe 3Ha'leHHe KYCT
no llIKaJIe, KyCT Kpac'! .

no onpeJJ.eJIeHHOMY KyCT BbI-

'lHCJIJIeTCJI paC'leTHOe 3Ha'leHl1e

L 8pac'! :

I
L 8pac'!

= ;.P - 1. (2.12)
"YCT

npHHHMaeTCJI OUI1<PPOBaHHOe
3Ha'leHHe L 8

yCT
no lliKaJIe B COOT-

BercTBHH co CJIeJJ.yIOIJJJIM BbIpIDKe-

HHeM:

L 8
YCT

L 8pac'! .

TIoCJIe 'lero YTO'lHJIeTCJI TOK

cpa6aTbIBaHHJI OTCe'lKH no (2.10).

2.1.3. TOKosaSi OTcellKa
6noKa 3aU4IfTbl A"Q Tlfna SPAM
150C (SPAC 802/0 1)

ll,H<PPOBM P3 OT MHoro<pa3HbIx
K3 BbInOJIHeHa B BHJJ.e TOKOBOM

3all{HTbI B TpeXpeJIeMHOM HCnOJI-

HeHHI1. npeJJ.YCMOTpeHa B03MO)((-

HOCTb aBTOMaTH'leCKOro YJJ.BaI1Ba-

HHJI YCTaBKH npl1 BKJIIO'leHHH Nt
Pe)((I1M 3anYCKa onpeJJ.eJIJIeTCH 110
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<paKTY B03paCTamrn <pa3HbIX TOKOB

OT TOKa nOKO 1< 0,12 Ie .n:o 1=
= 1,5 Ie 3a BpeMH MeHblllee, 'IeM

60 MC. EJIaro.n:apH 3arpy6JIemno
P3 npl1 nycKe NJ: TOK cpa6aTbma-
HHH Me <pa3HOHOTCe'IKI1 MmKeT

6bITb BbI6paH Hl1)1(e 6pocKa TOKa

npl1 BKJIIO'leHI1I1.

<1>l1pMOH AEE peKOMeHJJ:yeTCH
TOK cpa6aTbIBaHI1H P3 BbI611paTb
paBHbIM 0,75 InycK, T. e. BO BpeMH

nYCKa TOK cpa6aTbIBaHI1H 6y.n:eT
paBeH 1,5 InycK.

BpeMJl cpa6ambl8aHufl 3aw,umbl

Cfleoyem 8bl6upamb MUHUM{]JlbHblM

(lC.3 = 0,04 c).
,1:LJuI YCTaHOBKI1 aBTOMaTl1'IeCKO-

ro y.n:BaI1BaHHH YCTaBKI1 nepeKJIIO-

'IaTeJIb SGF/2 = 1, pe)l(J1M 3anycKa
no 113MeHeHHIO TOKa YCTaHaBJIHBa-

eTCH nepeKJIIO'IaTeJIeM SG4/1 = 0,
BBO.n: P3 B pa60TY nepeKJIIO'IaTeJIeM
SGF/l = 1.

\.{YBCTBHTeJIbHOCTb P3 CJIe.n:yeT

npOBepHTb npH y.n:BoeHHOH YCTaB-

Ke, TaK KaK B03MO)I(HO nOBpe)l(J:{e-
HHe NJ: B MOMeHT nycKa H K03<p-
<pI1I.{I1eHT qyBCTBHTeJIbHOCrn B 3TOM

pe)l(J1Me .n:OJI)l(eH 6bITb paBeH JJ:BYM.
B P3 npe.n:yCMOTpeHa B03MO)l(-

HOCTb 3anOMHHaHHH TOKa 11 BpeMe-

HI1 nYCKa, n03TOMY npH nepBOM

nYCKe NJ: He06xo.n:HMO YTO'IHHTb
3Ha'IeHHe nyCKOOOro TOKa H OTKOp-

peKTl1pOBaTb TOK cpa6aTWBaHHH
OTCe'IKH.

2.2. PA0lETYCfABOK
CPABATbIDAHIDI

,LI;II<I><I>EPEHlJ,IIAJIhHOiI
TOKOBOiI 3AI.IUIThIM

npO.n:oJIbHaH .n:H<p<pepeHUHaJIb-
HM 3aI.Ul1Ta NJ: BblTIOJIHHeTCH [2] C

HCnOJIb30BaHl1eM peJIe C TOpMO)l(e-
Hl1eM rnna .LJ:3T-1] JJ:JIH T3C 11 C

I1CnOJIb30BaHl1eM peJIe C BpeMHHM-

nYJIbCHbIM npHHUHnoM .n:eHcTBHH

rnna PCT-15JJ:AAA3C.
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OMaKO, B 3KcTIJIyaTaUlfH HaxO-

JJ:I1TCH 60JIbllloe 'II1CJIO .n:H<p<pepeH-
UHaJIbHbIX 3aI.Ul1T NJ:, BbITIOJIHeH-

HbIX C HCnOJIb30BaHHeM peJIe Tl1na

PHT. n03TOMY paC'IeT YCTaBoK
.n:H<p<pepeHUHaJIbHOH 3all.(HTbI NJ:

npHBOJJ:l1TCH KaKJJ:AA peJIe PHT, TaK

HJJ:AA,[(3T-ll H per-15.

2.2.1. p'ucpcpepeHI4UanbHaR
3aU4UTa A.Q c ucnonb30saHueM
pene Tuna PHT-565

TOK Cpa6aTbIBaHHH .n:H<p<pepeH-
Ul1aJIbHOH 3aI.Ul1TbI BbI611paeTCH no

YCJIOBHIO OTCTpOHKI1 OT MaKCH-

MaJIbHOro TOKa He6aJIaHCa B pe)l(J1-
Me nYCKa NJ: npH HOMHHaJIbHOM

HanpH)l(eHHH ceTH. PaC'leT TOKa He-

6aJIaHCa npOH3Bo.n:HTCH no TpaJJ:I1-

UHOHHOH <poPMYJIe:

IH6
= ka kOJIJI

E knyCK IHOM AD. ' (2.13)

KOTopaH .n:aeT 3Ha'leHHH TOKa He-

6aJIaHCa, He npeBbIlllalOI.UI1e (0,7 +

0,8)IHOM AD. .

B <popMYJIe (2.13): ka =I,O-
K03<P<PHUl1eHT, Y'IHTbIBalOll.(HH
BJIHHHHe anepHo.n:l1'IeCKOH COCTaB-

JIHIOll.(eH B nepexo.n:HOM pe)l(J1Me;

kOJJ.H = 1,0 - K03<P<PHUHeHT OMO-
rnnHOCTI1 IT; E

= 0,1 - paC'IeTHM
nOJIHM norpelllHOCTb IT; knYCK-
KpaTHOCTb nyCKOBOro TOKa.

O.n:HaKo, OnbIT 3KCTIJIyaTaUI111

.n:H<p<pepeHUHaJIbHbIX 3aI.Ul1T MOll.(-

HbIX NJ: nOKa3aJI, 'ITO Ha caMOM

.n:eJIe 3Ha'IeHHe IH6 HHor.n:a OKa3bI-

BaJIOCb 3Ha'IHTeJIbHO BbIllle, 'ITO

npHBo.n:lUIO K JIO)I(HbIM cpa6aTbIBa-
HHHM .n:H<p<pepeHUHaJIbHbIX P3 npl1

nycKe H caM03anycKe NJ:. npl1'Il1-
HaMH nOHBJIeHHH nOBbIllleHHbIX

TOKOB He6anaHca HBJIHeTCH Cyll.(eCT-

BeHHoe HepaBeHCTBO HarpY30K Ha

IT 113-3a 3Ha'IHTeJIbHOH Pa3HHUbI

B JJ:JIHHaX coe.n:HHHTeJIbHbIX npOBO-

.n:OB OT IT .n:o MeCTa I1X coe.n:HHeHHH

H HaCbIll.(eHl1e IT 3arpy)l(eHHOrO



JUle'Ia PP H3-3a HaJIH'-IIDI arrepHO-

.n:H'IeCKOM COCTaBJUlIOllI.eM B TOKe

rrYCKa H caM03arrYCKa [6, 7]. Cy-
llI.eCTBeHHoM oc06eHHocTbIO TOKa

He6aJIaHCa .n:H<p<pepeHlJ.HaJIbHbIX
3aI.IJ.MT SlBJUleTCSI OTCYTCTBHe arrepH-

o.n:H'IeCKOM COCTaBJISIIOllI.eM, JIH60
ee MaJIoe OTHOCHTeJIbHoe co.n:ep)J((l-
HHe, '-ITO He BbI3bIBaeT 3arpy6JIeHH5I
YCTaBKH peJIe PHT.

DbIJIH rrpOH3Be.n:eHbI TeopeTH-
'IeCKHM aHaJIH3, <pH3H'-1ecKoe H Ma-

TeMaTH'IeCKOe Mo.n:eJIHpOBaHHe

rrpOIJ.eCCOB B cxeMax .n:H<p<pepeHIJ.H-
aJIbHbIX 3alll.HT A,l],. B pe3YJIbTaTe
HCCJIe.n:OBaHHM rrOJIyqeHM 0606-
IIJ.eHHble KpHBble TOKa He6aJIaHCa

.n:H<p<pepeHIJ.HaJIbHbIX 3alll.HT A,l], B

BHLle 3aBHCHMOCTH OTHOCHTeJIbHO-

ro .n:eMcTBYIOllI.ero 3Ha'IeHH5I TOKa

He6aJIaHCa, rrpH KOTOpOM peJIe
PHT He 3arpy6JI5IeTC5I, OT rrpOH3Be-
.n:eHH5I y.n:eJIbHoro rrepBH'-IHOrO TOKa

Iyll. H y.n:eJIbHoro COrrpOTHBJIeHH5I

BTOpH'-lHOM IJ.errH IT MeHee 3arpy-
)l(eHHOrO JUle'Ia 3alll.HTbI Zl> eCJIH

rrOJIHa5I rrorpeWHOCTb IT .n:pyroro
nJIe'Ia rrpH CHHYCOHLlaJIbHOM rryc-
KOBOM TOKe E = 10 %. 0606ll1.eH-
HbIe KpHBbIe 3aBHCHMOCTH IH6* OT

IlyJl Z2 .n:JISI pa3HbIX cxeM coe.n:H-

HeHIDI IT npHBe.n:eHbI Ha pHC. 1.

Ha pHC. 1 rrpHBe.n:eHbI CJIe.n:yIO-

I.IJ.Me 0603Ha'IeHH5I:

_

IH6
IH6* -y-,

nYCK

me IH6
- TOK He6aJIaHca; IrrycK-

rrycKoBOM TOK A,l],;
11y1l.Z2 ,

II wI
r.n:e hYll =-r

- .n:eHcTBYIOllI.ee

3Ha'IeHHe y.n:eJIbHoro rrepBH'IHoro

TOKa; I} - rrepBH'-IHbIM rryCKOBOM
TOK A,l],; w} - 'IHCJIO BHTKOB rrep-

BH'-IHOM 06MOTKH IT; f - Cpe.n:HSI5I
LlJIHHa MarnHTorrpoBO.n:a IT;

I'
Z2
= -Z.2 -

y.n:eJIbHOe corrpo-
sW

2

THBJIeHHe BTOpH'IHOM IJ.errH TT;
s - Ce'IeHHe MarHHTorrpoBo.n:a

IT; w2 - 'IHCJIO BHTKOB BTO-

pH'I HOM 06MOTKH TT; Z2 =

= v(kcx + Rrrep + Rm)2 + AiT -

rrOJIHoecorrpOTHBJIeHHeBTOpH'IHOM
IJ.errH IT;  TH Xm - aKTHBHOe H

HHJJ:YKTHBHoe cOrrpOTHBJIeHHe BTO-

pH'IHOM 06MOTKH IT (B cJIy'-lae OT-

CYTCTBIDI .n:aHHbIX 06 HHLlYKTHBHOM

corrpOTHBJIeHHH BTOpH'IHOM 06-

MOTKH IT MO)I(HO rrpHH5ITb ero paB-

HbIM HYJIIO, 'ITO .n:aCT 3arrac B pac-

'IeTe TOKa He6aJIaHca); RK - aK-

THBHoe COrrpOTHBJIeHHe Ka6eJI5I;

kcx - K03<P<PHIJ.HeHT, Y'-lHTbIBaIO-

I.IJ.MM cxeMY coe.n:HHeHH5I IT (kcx
=

= 1,0 LlJI5I cxeMbI 3Be3)J,a, kcx = :..J3
,[()I5I CXeMbI HerrOJIHa5I 3Be:ma, kcx = 3

LlJI5I cxeMbI TpeyrOJIbHHK); R
ITep
-

rrepexo.n:Hoe corrpOTHBJIeHHe KOH-

TaKTOB rrpHHHMaeTC5I paBHbIM

0,1 OM.
TaKHM 06PaJOM 3Ha'-leHHe rrpo-

H3Be.n:eHH5I:

II wI I'
I} Z2=--Z.2 =Yll. I' sW

2

=  IYCK
-Z.2 --.L =KJ SW2

= knyCK IHoMNJ. q
K[

.

SW2
'

me krrycK - KpaTHOCTb rrYCKOBoro

TOKa; IHoMNJ. - rrepBH'IHbIM HOMH-
HaJIbHbIM TOK A,l],; KJ - K03<p<pH-
IJ.HeHT TpaHc<popMaIJ.HH IT.

J],JISI BbI60pa TOKa Cpa6aTbIBa-
HH5I .n:H<p<pepeHIJ.HaJIbHOM 3alll.HTbI

He06xo.n:HMO )J,JI5I BbI'IHCJIeHHOrO

3Ha'IeHH5I hyll. Z2 rro pHC. I orrpe.n:e-

(2.14)
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JIHTb IH6. H YMHO)I(MTb ero Ha nyc-
KOBOM TOK AlI,:

I
C.3
= IH6.  CK100M AlJ,. (2.15)

B paC'-IeTax YCTaBOK peJIe PHT
He Y'-IHTbIBaeTCH K03<P<PHl{HeHT Ha-

JIe)I(HOCTH, TaK KaK 0606ll{eHHble
KpHBble rr0lIY'-leHbI }1JIH HaHXYJIu.rnx

YCJIOBHM_
nOPAAOK pac'Iern YCTaBOK 3aIQHT

C peJIe pm. MCXOJIHbIMH JIaHHbIMH
)J,JIH paC'-IeTa HBJIHlOTCH CXeMbI CO-

eJIHHeHHH IT co CTOpOHbI HYJIe-
BbIX H <pa3HbIX BbIBOJIOB; KpaTHOCTb

rrYCKOB roTOKa  KH HOMH-

HaJIbHbIH TOK All, I
HOM A.z:J:; corrpo-

THBJIeHHe Ka6eJIH MaJIOHarp)')KeH-
Horo rrJIe'-la R

K ; rrapaMeTpbI IT

MaJIOHarp)')KeHHOro rrJIe'-la: RID' H

XID' - aKTHBHoe H HHJ1YKTHBHoe

COrrpOTHBJIeHHH BTOpH'-lHOM 06MOT-
KH IT; w2 - '-IHCJIO BHTKOB BTOpH'-l-
HOM 06MOTKH; S - Ce'-leHHe MarHH-

TOrrpOBOJIa; KJ - K03<p<pmmeHT
TpaHc<popMa HHIT.

OrrpeJIeJIHeTCH HarpY3Ka BTO-

pH'-IHOM  errHIT:

q = v(kcx + 0,1 + RID')2 + Air
OrrpeJIeJIHeTCH IIpOH3BeJIeHHe:

1 Z =  CKJHOMAIJ.
.

22
ly,[{ 2

Xl SW2.

no COOTBeTCTBYIOll{eM KpHBOM
Ha pHC. 1 orrpeJIeJIHeTCH TOK He6a-
JIaHCa IH6. .

BbI'-IHCJIHeTCH rrepBH'-IHbIM TOK

cpa6aTbIBaHHH P3:

/C.3 = IH6.  CK100M AlJ, .

OrrpeJIeJIHeTCH BTOpH'-lHbrn TOK

cpa6aTbIBaHHH P3:

1 =
Ic.3 kcx

c.p Xl'

me kcx - Ko3<l><PH HeHT,Y'-IHTbI-
BaIOll{HM cxeMY coeJIHHeHHH IT co

CTOpOHbI rrHTaHHH AlI,.

16

OrrpeJIeJIHeTCH '-IHCJIO pa60'-lHX
BHTKOB PHT:

100
w
pa6

=

T
c.p

H rrpHHHMaeTCH 6JIIDKaMllIee MeHb-
llIee  eJIoe- w

ycr
.

YTO'-lHHeTCH rrepBH'-IHbIM TOK

cpa6aTbIBaHHH P3:

_

100 K[
IC3--k

-

.

w
YCT cx

npOBepHeTCH '-J:YBCTBHTeJIbHOCTb
P3:

Jf.2).
Ir = Kmm > 2""I

1
- .

C.3
II

qYBCTBHTeJIbHOCTb P3 npOBepH-
eTCH KaK OTHOlUeHHe JIBYX<Pa3HOrO
TOKa K3 Ha BbIBOJIax All, B pe)I(MMe,
KOma 3TOT TOK 6YJIeT HMeTb Ha-

HMeHbllIee 3Ha'-leHHe, K TOKY cpa6a-
TbIBaHHH P3. K03<P<PH HeHT'-J:YBCT-
BHTeJIbHOCTH JIOJDKeH 6bITb paBeH
HJIH 60JIbllIe JIBYX.

npHMep 1. PaC'-IeT JIH<l><l>epeH-
l{HaJIbHOM 3aI.I..[HTbI All, MOll{HOCTbIO
5000 KBT C HCrrOJIb30BaHHeM peJIe
PHT-565.

MCXOJIHble JIaHHble: IHoMA.z:J: =
= 545 A;  K= 5,6; TT THrra

TBJIM-lO co CTOpOHbI rrHTaHHH

COeJIHHeHbI B HerrOJIHYIO 3Be3JIY;
CepJIe'-lHHK KJIaCCa P; IY= 120;
S = 19,3.10-4 M2; w2

= 11 ;RID' =
= 0,24 OM; )J,JIHHa Ka6eJIH co CTO-

pOHbI rrHTaHHH £K = 4 M; P
=

= 0,0176 OM-MM2
/M; Ce'-leHHe Ka6e-

JIH SK
= 2,5 MM2

; co CTOpOHbI HyJIe-
BbIX BblBOJIOB IT COeJIHHeHbI B Tpe-

yrOJIbHHK (<pa3Hble 06MOTKH 3all{H-
waeMoro ALl, COeJIHHeHbI B Tpe-
yrOJIbHHK H IT YCTaHOBJIeHbI B

 errHJIHHeMHbIX BblBOJIOB H B  errH

<Pa3HbIX 06MOToK).
COrrpOTHBJIeHHe Ka6eJIH:

£K -
0 0 6

4
R =

p
- - 17 - - = 0 028 OMK SK' 2,5'

-

I



HarpY3Ka Ha IT (H HBHbIM
COnpOTHRITeHHeM BTOPHqHOH 06-
MOTKM IT npeHe6peraeM):

R2 =0,24+..J3. 0,028+0,1 =
= 0,388 OM.

nO <poPMYlIe (2.14):
_ 5,6 . 545 0,388

llyn. Z2
-

120 19 3. 10-4 . 119,

= 43 B/M2. BHT.

OrHOCHTelIbHbIH TOK He6aJIaHCa
no pHC. I .lI.lIH cxeMbI HenOlIHaH

3Be3.lI.a-TPeyrolIbHHK IH6,
= 0,38.

TOKcpa6aTblliaHHH P3:
I
C.3
= IH6, kuyCK IHOM AU =

=0,38.5,6.545= 1160A;
1160

Ic.p = 120
= 9,66 A;

-  .p- 100
-

10 3w
lXl6

-

1
-

9 66
-

, BHT.

c.p ,

""

..0,9-
.

..

,

\i:

 o.3
"

....

"

.....0.2
II '

'"

'"

.....

0,6

0,1

o
so 100 150 200 250 300

17yl/ zz,lJ/M 2.8um
350 9-00

npHHHMaeM K YCTaHOBKe 10 BHT,

KOTOpbIM COOTBeTCTByer TOK cpa6a-
ThIBaHHH P3.

_  .p _
100

_l - K/--. 120-1200A.C.3

wpa6 10

TaKHM 06pa30M, TOK cpa6aTbI-
BaHHH .lI.H<p<pepeHlJ:HaJIbHOH P3 CO-

CTaRITHeT 1200/545 = 2,2 IHoMNJ ,

XOTH no TPa.D.HUHOHHOH <popMYlIe:

IC.3= 1,3.1,0.1,0.0,1.5,6 - 545=

= 400 A HlIH 0,73 IHOM AU .

,lJ,H<p<pepeHUHalIbHaH 3aWHTa

pelle PHT-565 no.rryqHJIaCb .lI.OCTa-

TOqHO rpy60H. ,lJ,aJIee B npHMepe 2

6Y.lI.er nOKa3aHO, qTO 60JIee ueJIeCO-

06pa3Ho .lI.JIH .lI.H<p<pepeHUHaJIbHOH
3aWHTbI A,lJ, HcnOlIb30BaTb pelle

,lJ,3T-I1.

Pue. 1. MaKCHM3JlLHO B03MO)IQIbJe 3Ha'letIIDI TOKa He63JIaHca B CXeMe )1,114$epeHlJ,H3JlLHOH
33IIUlTb1 NJ: C IT, Coe)l,llHeHIILIMH no cxeMe:

1 - HerrOJIH<UI 3BeJD.a-Tpeyrom,HMK; 2
- 3Be3,aa-3BeJD.a; 3- HerrOJIHaSl 3Be3,aa-HerrOJIH<UI

3Be3,aa; 4
-

3Be3n.a-TpeyroJIbHHK

17



2.2.2. J],McpcpepeHl."MBnbHBJI
3BU-lMTB A.P. C Mcnonb30SBHMeM
pene TMnB J],3T-ll

npMHMMaeM, 'ITO TopM03Ha5I
06MOTKa BKJUO'IeHa co CTOpOHbI HY-
JIeBblX BbIBOn:OB ALI.. TaKoe BKJIIO-

'IeHMe 06eCne'IMBaeT npM nycKe
MJIM npM K3 BHe 30HbI 3aIl.{l1TbI TOp-
MO)KeHMe TOKOM rrycKa HJIM non:-
nMTKM ALI.. npM K3 B 30He 3aIl.{l1TbI

YKaJaHHoe TOpMO)KeHMe MaJIO R1IM-

SIeT Ha qyBCTBMTeJIbHOCTb 3TOH 3a-

WMTbI.

nOCKOJIbKY npM rrycKe ALl. n:OJDK-
HO 6bITb 06eCne'IeHO Hecpa6aTbma-
HMe peJIe, TO He06xon:HMO BbmOJIHe-

HMe YCJIOBMH:

IH6 Wpa6 ::;; IroPM WTOPM tg a , (2.16)

rn:e Wpa6 M WroPM
- 'IMCJIa BMTKOB

pa60'IeH M TOpM03HOH 06MOTOK
,lJ3T-11; tg a - Ko3<l><PMIJ,MeHT, on-

pen:eJI5IIOI..QMH HaKJIOH TOpM03HOH
XapaKTepMCTMKM.

F
BbIPaJMB W =

pa6 l '

C.p.o

rn:e Fe.p.o M Ie.p.o - MafHMTon:BM-

)KylUa.li CMJIa M TOK cpa6aTbIBaHM5I
npM OTCYTCTBMM TOpMO)KeHM5I COOT-

BeTCTBeHHo,nOJIy'lMM:

1 =

JH6 F'c.p.o = c-Le.p.o l tg w'
TOpM

W
TOPM

a
TopM

rn:e C- K03<P<PMIJ.MeHT nponopIJ.M-
OHaJIbHOCTM.

TaKMM 06pa30M, Ha'IaJIbHbIH
TOK cpa6aTblBaHM5I peJIe 06paTHo
nponOp MOHaJIeH'IMCJIY BMTKOB

TOpM03HOH 06MOTKM, M CJIen:OBa-

TeJIbHO,  eJIeC006pa3HonpMHM-
MaTb MaKCMMaJIbHOe 'IMCJIO BMTKOB

TOpM03HOH 06MOTKM w
roPM

= 24.
TOK He6aJIaHCa onpen:eJI5IeTC5I

110 0606weHHbIM KpMBbIM MaKCM-

MaJIbHO B03MO)KHOrO 3Ha'IeHMH TO-

Ka He6aJIaHCa Ha pMC. 1.,L.{JI5I 3Toro
paCC'IMTMBaeTC5I I1pOM3Ben:eHMe

y.neJIbHOrO nepBM'IHOrO TOKa Ha

18

yn:eJIbHOe COnpOTHBJIeHMe BTOpM'l-
HOH  enMIT I1yJJ. Z2 no <poPMYJIe
(2.14) aHaJIOrM'lHO TOMY, KaK 3TO

BbmOJIH5IJIOCb,lI.JUl peJIe PHT-565.
no paC'IeTHoMY TOKY He6aJIaHCa

onpen:eJIHeM 'IMCJIO BMTKOB pa60'IeH
06MOTKM no <poPMYJIe (2.16), npM-
HMMaSI, 'lTO w

roPM
= 24, tg a = 0,75,

TOK He6aJIaHCa YMHO)KaeM Ha KO-

3<P<PM MeHTOTCTpOHKM k
are

= 1,5,
a TOpM03HOH TOK n:eJIMM Ha k =
= 0,8 - ,lI.JUI yqeTa CHM)KeHM5I TOp-
M03Horo TOKa M3-3a HaCbIlUeHM5I
IT B HYJIeBblX BbIBOn:ax ALI.;

0,8 JroPM
' 24.0,75

(2.17)w
pa6

::;;
1 5 l

MJIM
, H6

9 6 JroPM
wpa6::;;' l

.

H6

TOpM03HOH TOK onpen:eJI5IeM B

pe)KMMe rrycKa:

IToPM
=

 eKIHOM AD. . (2.19)

Onpen:eJI5IeM Ha'IaJIbHbIH TOK

cpa6aTbmaHM5I 3aIl.{l1TbI, npMBen:eH-
HbIH K BTOpM'lHOH 06MoTKe IT:

F:
1 = 
e.p.o wpa6'

(2.18)

rn:e Fe.p.o = 100 A,lI.JUI peJIe ,lJ3T-] 1.
Ha'IaJIbHbIH TOK Cpa6aThIBaHM5I

P3 B n:OJIHX HOMMHaJIbHOrO TOKa A,l],
I
HOM AD. :

l

Ie.p.o' = KJ.
HOM All.

K03<P<PM MeHT'IYBCTBMTeJIb-
HOCTH P3 onpen:eJIHeTCH npM n:BYX-
<proHOM MeTaJIJIM'leCKOM K3 Ha BbI-

BOn:ax ALl. B pe)KMMe, Korn:a TIOT TOK

MMeeT HaMMeHbIIJee 3Ha'IeHMe:

F.

k 2)= --r- ;?: 2
, (2.20)

pa6.c.p

me F
pa6
- pa60'IaSI MarHMTon:BM-

)KylUa.li CMJIa B peJIe I1pM n:BYX<PaJ-
HOM K3; Fpa6.e.p - pa60'IaSI MafHM-



To.n:BluKyma51 CHJIa Cpa6aTbIBaHH5I
peJIe C yqeToM TOpM03HOrO TOKa B

pe.TIe.
Pa60qa51 MarHHTOABIDKyI.IJ:a51 CH-

JIa Fpa6 onpe.n:eMeTC5I no Bblp<UKe-
mllo:

Fpa6
=

lpa6 wpa6
=

IS?)"in kcx
K wpa6, (2.21)
f

me 12)"in - nepBlfqHbIM TOK .n:BYX-

<Pa3HOro K3 Ha Bbffio.n:ax .n:BHraTeJI5I

co CTOpOHbI nHTaHH5I; kcx - K03<P-
<PHUHeHT, yqHTbIBaIOmHM cxeMY
coe.n:HHeHH5I IT co CTOpoHbI nHTa-

HH5I, npHHHMaeTC5I paBHbIM 1,0;
KJ - Ko3<l><PHUHeHT TpaHc<PoPMa-
UHH IT co CTOpOHbI nHTaHH5I.

Pa60Qa51 MarnHTOABIDKyI.IJ:a51 CH-

JIa cpa6aTblBaHH5I peJIe onpe.n:eJI5I-
eTC5I:

F
F. = c.p.o (2.22)pa6.c.p F..

'

1- roPM
096

Fra6
'

r.n:e F;-OPM - TOpM03Ha51 MarHHTO-

.n:BIDKyI.IJ:a5I CHJIa peJIe B paccMaTpH-

BaeMOM pe)/(}fMe npoBepKH IJ:}'BCT-

BHTeJIbHOCTH.

1';-OPM
= I.}. pMWTOPM =

=
--J3

b 1
w
roPM kcx

(2.23)2 "TIYCK lKJM NJ: KfH
'

r.n:e KJH
- Ko3<l><PHUHeHT TpaHC-

<PopMaUHH IT co CTOpOHbI H)'JIe-

BbIX BblBO.n:OB.

flpH paCIJ:eTe IJ:}'BCTBHTeJIbHOCrn
P3 11 Fpa6 He yqHThIBaJIC5I TOK co

CTOpOHbI A,l]" <{TO HAeT B 3aIIac IJ:}'B-

CTBl1TeJIbHOcrn. ,lLrnI yqeTa TOKa OT-

.n:aIJ:l1 ALl, pa60qyIO HaMarnl1IJ:l1BaIO-

CHJ1y Fpa6 CJIe.n:yeT BblIJ:l1CJI5ITb

no <PoPMYJIe:

F.
- I })"in

pa6- 
W
pa6+

+
0,87
 K

1
00M NJ:

wpa6' (2.24)
JH

IIoPAAOK pacqeTa YCTaBOK 3aJ1J,HT
C pe.rle .n:3T-11. HcxonHbIe naHHble

.ilJI5I paCQeTa Te }Ke, <{TO 11 .nJI5I pac-
IJ:eTa C peJIe PHT, a l1MeHHO: cxeMbI

COenl1HeHH5I IT co CTOpOHbI HYJIe-
BbIX H <Pa3Hblx BbIBOnOB; k

nycK ;

IHoMNJ: 11 napaMeTpbI IT MaJIOHa-

rp)'}KeHHoro nneIJ:a: R
K , Rm-, XBT ,

w2 , s, KJ. .n:onOJIHHTeJIbHO Heo6xo-
nl1MO 3HaTh K03<p<pl1Ul1eHT TpaHC-

<PopMaUl1l1 IT co CTOpOHbI H)'JIe-
BblX BbIBOnOB.

OnpeneJI5IeTC5I HarpY3Ka BTO-

pl1IJ:HOM uenl1 IT MaJIOHarp)'}KeH-
HOro nneIJ:a:

q = -.J(kcx RK + 0,1 + R
BT )2 + Xb

OnpeneJI5IeTC5I npo113BeneHl1e:

1 Z
-

k
nycK

I
HOM AJl.

lyn. 2
-

Kf sW2

ITo COOTBeTCTByIOmeH Kpl1BOH
Ha pl1c. I (B JaBl1Cl1MOCrn OT cxeM

COenl1HeHH5I IT) onpeneJI5IeTC5I TOK

He6aJIaHCa IH6* .

OnpeneJI5IeM nepBl1IJ:HbIM TOK

He6aJIaHca:

IH6
= IH6* knyCK IHOM NJ. .

OnpeneJI5IeM TOpM03HOH TOK no

<PoPMYJIe (2.19):
I
TopM

=

krryCK IlKJM NJ.

D.n5I npl1H5ITOrO IJ:l1CJIa Bl1TKOB

TOpM03HOH 06MOTKl1 W
TOPM

=

= 24 Bl1T no <PoPMYJIe (2.18) onpe-
neJI5IeM pa60IJ:ee IJ:l1CJIO BHTKOB:

< 9 6
l
roPM

wpa6 -, 1
.

H6

flpl1Hl1MaeM K YCTaHoBKe 6JIl1-
}KaMll1ee MeHbll1ee w

YCT
.

OnpeneJI5IeM HaIJ:aJIbHbIH TOK

cpa6aThffiaHl151 3aIlU1TbI B nOJI5IX HO-

Ml1HaJIbHOrO TOKa A,l],:

1 *=
100. 

C.p.o w
YCT  1OMAJl.

.
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.lI,n51 onpe.aeJIeHI151 qyBCTBI1TeJIb-
HOCTH P3 He06xoLJ:l1MO onpe.aeJII1Tb

FrXJ.6 , FTOPM 11 Fpa6.e.p .

Pa60'lYIO MarHI1To.aBI1)1(ymylO
CI1JI)' onpe.aeJI5leM no <PoPMYJIe (2.21)
)].1151 paHee Bbl'lHCJIeHHOrO TOKa JI.BYX-

<paJHoro K3 Ha BbIBO.aax AlJ, B pe)i(J1-
Me Hal1MeHbllIero TOKa K3:

F.
- I 2Jnin

pa6
-

K1
W
YCT

'

Onpe.aeJI5IeM TOpM03HyJO Mar-

HI1TO.aBI1 CI1JIY B peJIe FroPM
no <popMYJIe (2.23)

=
0,87 CK

I
HOM AD. wTOPM kcxF

TOPM KIH

no <poPMYJIe (2.22) Bbl'lI1CJI5leM

MarHI1To.aBI1 mylOCI1JIY cpa6a-
ThlBaHI151 peJIe Fpl6.f.P'

Onpe.aeJI5leM K03(wnllUieHT y:yB-
CTBHTeJIbHOcrn k 2).a11<P<PepeHl.U1-
aJIbHOM 3aIl{l1ThI no <poPMYJIe (2.20).
K03<P<Pl1JJl1eHT qyBCTBI1TeJIbHOCTI1
.aOJI)I(eH 6blTh paBeH I1JII1 60JIbllIe

.aBYX.

llpHMep 2. PaC'leT D:11<p<pepeH-
WiaJIbHOM 3aI..I.U1Th1 AlJ, MOIl{HOCThIO
5000 KBT C HCnOJIb30BaHl1eM peJIe

)J,3T- II.
I1cxo.aHble .aaHHble npl1Be.aeHbl

B npHMepe I. K03<P<PI1UHeHT TpaHC-
<popMaUI1I1 IT co CTOpOHbl HYJIe-
BbIX BbIBO.aOB K1H

= 120. TpaHc-
<popMaTOpbl TOKa BKJIIO'leHbl B <paJ-
Hble 06MOTKI1 AlJ, 11 coe.aI1HeHbl B

TpeyrOJIbHI1K, B pe3yJIbTaTe BTOpl1'l-
Hble TOKI1 co CTOpOHbl JII1HeMHbIX I1

HYJIeBbIX BbIBO.aOB 6yLJ:YT paBHbI.
TOK He6aJIaHca onpe.aeJI5leM TaK

)l(e KaK 11.l1.JI51 peJIe PHT-565:

IH6 =0,38. 5,6. 545= 1160A

Onpe.aeJI5IeM TOpM03HOM TOK no

<poPMYJIe (2.19):
l
ropM

= 5,6 . 545 = 3052 A.

20

llpl1HI1MaeM W
TOPM

= 24 BI1T I1

onpe.aeJI5leM pa6o'lee 'lHCJIO BI1TKOB

)J,3T-II no <poPMYJIC (2.18)
3052

- 2w
pa6 9,6

1160
- 25, BI1T.

llpl1HI1MaeM K YCTaHOBKe wYCT
=

= 25 BID.

Onpe.aeJI5IeM Ha'laJIbHblM TOK

cpa6aTblBaHI151 P3 B .aOJI5IX HOMI1-

HaJIbHOro TOKa AlJ,:
_ 100 120_

Ie.p.o' - 25' 545
- 0,88 I

HOM AD. .

llpl1HI1MaeM, 'lTO MI1HI1MaJIb-

HbIM TOK .aBYX<PaJHoro K36bID on-

pe.aeJIeH  2 in= 15000A
Pa6o'la51 11 TOpM03Ha5I MafHI1TO-

.aBIDKyI1.U1e Cl1JIbl onpe.aeJI5lIOTC5I no

<poPMYJIaM (2.21) 11 (2.23):
_15000 _F

pa6
-

IW 25-3125A

F. - 0,87.3052
24 = 531 ATOpM 120

.

Onpe.aeJI5leM pa6o'lyJO MafHI1TO-

.aBIDK.yIl{yIO cMJIY cpa6aThIBaHI151 no

<poPMYJIe (2.22):

Fpa6.e.p
=

5

1

3°1° -

120A
1 -

3125
0,96

Onpe.aemleM K03<P<PI1Ul1eHT
'lYBCTBI1TeJIbHOCTH .a11<p<pepeHUI1-
aJIbHOM 3aIl{l1ThI AlJ, C I1CnOJIb30Ba-

Hl1eM peJIe THna )J,3T-11 no <poPMY-
JIe (2.20):

b =
3125

= 26"'q 120
.

.lI,n51 cpaBHeHI15I onpe.aeJII1M KO-

3<P<PI1Ul1eHT 'lYBCTBI1TeJIbHOCTI1
.a11<p<pepeHUl1aJIbHOM 3aI1.U1ThI TOro

)l(e AlJ,' HO C I1CnOJIb30BaHl1eM peJIe

THna PHT-565 (CM. npl1Mep I):
15000

Ie.,. = 1200
= 12,5.

K03<P<PI1Ul1eHT 'lYBCTBI1TeJIb-
HOCTI1 3aIl{l1ThI C I1CnOJIb30BaHl1eM



peJIe )],3T-11 B 2 paJa 60JIbllIe kq C

peJIe PHT-565, 'ITO rrOKa3bIBaeT

rrpeMMyw:eCTBO .n:MCpcpepeHIJ:MaJIb-
HOH 3aw:MThI AIJ: C peJIe )],3T-11.

2.2.3. p'HcpcpepeHLlHanbHaR
3a1I4HTa A"Q C Hcnonb30saHHeM

pene THna PCT-15

TOK cpa6aThmamrn .n:M<p<pepeH-
IJ:MaJIbHOH 3aIIJ:MThI AIJ: C peJIe TMrra

PCf-15 BbroMpaeTcH paBHbIM TOKY
He6aJIaHCa, KOTOpbIH orrpe.n:eMeTcH
rro rrpoM3Be.n:eHMIO ltyl1. Z2 M pMC. 1
TaK)J(e KaK JJ:]UI peJIe TMrra PHT-565.
31'0 BbI3BaHO TeM, 'ITO HeT OrrbITa

3KCrrJIyaTaIJ:MM .n:M<p<pepeHIJ:MaJIb-
HbIX 3aW:MT C peJIe PCT-15 rrpM
TOKe Cpa6aThIBaHMH MeHbllIe rryc-
KOBoro M B YCJIOBMHX OTCYTCTBMH
B TOKe He6aJIaHCa arrepMo.n:Wlec-
KOH COCTaBJIHIOW:eH. O.n:HaKO peJIe
PCf-15 ceHCMOYCTOH'IMBO, M 3TO

peJIe peKOMeH.D:YeTCH rrpMMemTb B

paHOHax, me B03MO)J(HbI 3eMJIeTpH-
CeHMH M Ha A3C. YCTaHOBKa TOKa

cpa6aTbIBaHMH peJIe Pcf-15 BbI-
rrOJIHHeTCH M3MeHeHMeM 'IMCJIa
BMTKOB BXO.n:HOro TpaHc<PoPMaTopa
H peryJIMpOBKOH rropora cpa6aTbI-
BaHMH peJIe. IIopor cpa6aThmaHMH
peJIe Ie.p

' M3MemeTCH .n:MCKpeTHO M

rpa,Il,YMPYeTCH B .n:OJIHX HOMMHaJIb-

HOro TOKa peJIe rrpM rro.n:a'Ie BXO.n:-
Horo TOKa K 20 BMT M Bxo.n:Horo

TpaHc<popMaTopa. I1MeeTcH B03-

MO)J(HOCTb 3arpy6JIeHMH rropora

cpa6aThmaHMH B 2 pa3a (k). CxeMa
BXO.n:HOro TpaHc<PoPMaTopa C YKa-
3aHMeM 'IMCJIa BMTKOB omaeK rrpM-

Be.n:eHa Ha pMC. 2. TaKMM 06paJoM,
JJ:]UI YCTaHOBKM Ha peJIe TMrra Per-15
paC'IeTHOro TOKa cpa6aTbIBaHMH
Ha,II,O orrpe.n:eJIMTb TOK Cpa6aThIBa-
HMH peJIe B OTHOCMTeJIbHbIX e.n:MHM-

IJ:ax Iep' , K03<P<PMu:MeHT k M l.JMCJIO

BMTKOB TPaHc<popMaTopa.
,l],JIH YCTaHOBKM He06xo.n:MMoro

TOKa cpa6arbIBaHMH Ha peJIe PCf-15
MO)J(HO BOCrrOJIb30BaTbCH .n:aHHbIMl1

Ta6JI. 1, me .n:aHbI TOKM cpa6aTbI-
BaHMH peJIe rrpM rro.n:al.Je TOKa K

TpaHc<popMaToPY, Ha KOTOpoM YC-

TaHOBJIeHO 20 BMT, 11 COOTBeTCT-

ByIOw:Me 3TMM TOKaM MarHMTo.n:BM-

)J(yIIJ:aH CMJIa cpa6aTbIBaHMH (Fey),
YCTaBKM peJIe - (Ie.p') 11 K03<P<I>M-
IJ:MeHT (k).

B 3TOM CJIyqae BbI60p YCTaBOK
cpa6aTblBaHl1H peJIe BbIIIOJIHHeT-
CH CJIe.n:yIOw:HM 06pa30M: MH BbI-

l.Jl1CJIeHHOrO TOKa cpa6aTbIBaHMH
Ie.pyacq rro Ta6JI. 1 Haxo.n:MTCH 6JIM-
)J(al1lllliH 60JIblllliH TOK cpa6aTbIBa-
HMH B aMrrepax (rrepBaH cTPoKa Ta6-

JIMIJ:bI) M cooTBeTcTBYIOW:MH eMy
Ie.p', k M Fe.p ; pa3.n:eJIMB COOTBeT-

CTBYIOW:ylO MarHMTo.n:BM)J(YW:YIO
cMJIy Cpa6aThIBaHMH Ha paCl.JeTHbm

F
TOK cpa6arbmaHMH( ) orrpe-

c.p.pac'!

.n:eJIHeM paCl.JeTHOe l.JMCJIO BMTKOB

IT1 
10G 8 12

Puc. 2. cxeMa BXOJUlOro TpaHccJloPMaTOpa c )'Ka33HHeM 'lHCJIa BIfl"KOB
06MOToK pe!le Per-15
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T a 6 JI Ii U a 1. YCTaBKH cpa63Th1B3HIDl peJJe PCI'-15

TOK cpa6aTbIBamrn (w
= 20 BHT)

Ic.p,A.....................____................. 2,0 2,5 3,25 4,0 4,5 5,0 6,0 6,5 9,0 12

MafHHTOJ1BIDKylWUI cMJla

cpa6aTbIBaHllil Fc.p , A................. 40 50 65 80 90 100 120 130 180 240

OmOCmeJIbHble YCTaBKH
cpa6aTbIBaHllil (w= 20 BHT):

k.............................................. 1 1 1 2 1 2 1 2 2 2

Ic.p' ......................................... 0,4 0,5 0,65 0,4 0,9 0,5 1,2 0,65 0,9 1,2

TpaHcq,opMaTopa M YCTaHaBJIMBaeM

6JIIDKaMWee MeHbwee 'IMCJIO BMT-

KOB, KOTopoe MO)I(HO non06paTb Ha

peJIe (CM. pMC. 2).
TIpuMep 3. PaC'IeT nMq,q,epeH-

UMaJIbHOM 3aIUMThI AIl: MOIl{HOCThIO
5000 KBT C MCnOJIb30BaHMeM peJIe
PCT-15.

I1cxonHbIe naHHbIe npMBeneHbI
B npMMepe I, TaM )J(e orrpeneJIeH
paC'IeTHbIM TOK He6aJIaHCa IH6

=

=0,38.5,6.545 = 1160A

IC.3 = IH6
= 1160 A

OrrpenemleM paC'IeTHbIM BTO-

pM':lHbIM TOK cpa6aTbmaHM5I P3:

1 -

I
C.3 - 1160

-

9 65 A
c.p.pac'l

-

KJ
-

120 -,
.

no Ta6JI. 1 onpeneJI5IeM, 'ITO

6JIIDKaMwMM 60JIbWMM TOK cpa6a-
TbIBaHM5I peJIe (npM w= 20 BID)
paBeH 12 A, eM)' COOTBeTCTByeT yc-
TaBKa Ha peJIe k = 2,0, Ic.p'

= 1,2.
OrrpeneJI5IeM paC'IeTHOe 'IMCJIO

BMTKOB TpaHcq,opMaTopa no orrpe-

neJIeHHOM B Ta6JIMue MarHMTO.ll.BM-

)l()'Il{eM CMJIe cpa6aTbIBaHM5I:

- -240 _ 249w
pac'[

-

1
-

9 65
-

, BMT.

c.p.pac'! ,

npMHMMaeM K YCTaHOBKe 6JIM-
)J(aMwee MeHbwee 'IMCJIO BMTKOB,

T. e. wyCT
= 24 BID, HO rrpaBMJIbHee,

B .lI.aHHOM cJIY':lae, npMH5ITb W
YCT

=

= 25 BMT, TaK KaK YBeJIM':IeHMe lfYB-

CTBMTeJlbHOCTM P3 6Y.lI.eT BeCbMa
He60JIbWMM.

22

OKOH':laTeJIbHO YCTaHaBJIMBaeM
Ha peJIe PCT-15 CJIe.ll.YIOIl{Me
ycraBKH: wYCT

= 25 BMT, Ic.p' = 1,2,
k=2,0.

3TMM YCTaBKaM Ha peJIe PCT-15

COOTBeTCTByeT TOK Cpa6aThIBaHM5I:

L = K[=
240

120 = 1152AC.3

[c.p.pac'! 25

K03q,q,MI.{MeHT 'IYBCTBMTeJIb-
HOCTM P3:

L- _15000 _
13""q

1152
'

TaKOM )J(e KaK M.lI.M peJIe PHT-565.

2.2.4. YnpOl.l.leHHblH
MeTO,£l onpe,£leneHlffl TOKa
He6anaHca [6J

YnpOIl{eHHbIM MeTO.lI. orrpe.ll.eJIe-
HM5I TOKa He6aJIaHCa OCHOBaH Ha

CJIe.ll.YIOIl{MX rrOJIO)J(eHM5IX: peJIe

.lI.Mq,q,epeHI.{MaJIbHOM 3aIl{MTbl AIl:
HaxOMTC5I B 5I':IeMKax KPY M llJIMHa

KOmpOJIbHOrO Ka6eJI5I npaKTM':Iec-
KM HeM3MeHHa (OKOJIO 4 M); rrpMMe-
H5IeTC5I orpaHM':IeHHOe 'IMCJIO TMnOB

IT (TJIM-6, TJIM-1O, TBJIM-IO)
C K[ = 1000/5 M 600/5, a MX rrapa-

MeTpbl s, Rm:, fcp MMelOT 6JIM3KMe

3Ha'IeHM5I; CJIe.ll.OBaTeJIbHO, rrpOM3-
Be.ll.eHMe ltyJJ. Z2 .lI.M IIJIe'Ia co CTO-

poHbl nMTaHM5I (MeHee Harp eH-
Horo nJIe'Ia) 6Y.lI.eT HaXO.ll.MTbC5I

B npe.ll.eJIax 25 + 50 B/M
2

. BMT. B
3TOM cJIY':lae MO)I(HO npMH5ITb:



IH6"
= 0,3 -,/J.JUI CXeMbI 3Be3.n:a-

3Be3.n:a;
IH6

"
= 0,34 - ,/J.JUI CXeMbI 3Be3-

,Qa-HenOJIHa5I 3Be3.n:a;
IH6

"
= 0,32 - ,/J.JUI CXeMbI 3Be3-

,Qa-TpeyrOJIbHI1K;

IH6
"
= 0,45 -,/J.JUI CXeMbI HenOJI-

Ha5I 3Be3.n:a-TpeyrOJIbHI1K.

)].aJIbHeMllIl1M paCqeT np0I13BO-

,QI1TCH comaCHO nn. 2.2.1, 2.2.2 11

2.2.3.

3. Bbl60p YCTaBOK cpa6aTbiBaHLils:I
3autLilTbi OT 3aMbiKaHLils:I Ha 3eMnIO

B 06MOTKe CTaTopa AA

ACI1HXpOHHble 3JIeKTpO,QBl1raTe-
JII1 HanpH)I(eHl1eM 6-10 KB, KaK

npaBl1JIO, pa60TaIOT B ceTHX C Ma-

JIbIMI1 TOKaMI1 3aMbIKaHl1H Ha

3eMJIIO, n03TOMY P3 OT 3aMbIKamrn:
Ha 3eMJIIO B 06MOTKe CTaTOpa BbI-

nOJIHHIOTCH B Bl1.lI:e MaKCI1MaJIbHbIX

TOKOBbIX P3, nO,QKJIIOqeHHbIX K Ka-

6eJIbHbIM TIHn BHe 3aBI1CI1MOC-

rn OT annapaTHoro I1CnOJIHemrn: P3

nepBl1qHbIM TOK cpa6aTbIBaHl1H
paCCqJ1TbffiaeTCH O,QI1HaKOBO.

B Tex c.nyqaHX, KOma ceTb 6-

10 KB pa60TaeT B pe)l(l1Me 3aJeM-
JIeHHOM Qepe3 pe3l1CTOp HeMTpaJIl1
[3], nepBI1QHbIM TOK Cpa6aTbIBaHHH
3eMJIHHbIX 3aI.l.{l1T BbI6l1paeTcH B 3a-

BI1CI1MOCrn OT npl1HHTbIX 3HaQeHl1M

COnpOTI1BJIeHI1H pe3l1CTOpa 11 co-

3,QaBaeMoro TOKa 3aMbIKaHl1H Ha

3eMJIIO nmoc C06cTBeHHbrn eMKOCT-
HOM CeTI1 (reOMeTpI1QecKoe CJIO)l(e-

Hl1e) [12].

3.1. PA0IET IIEPBWlHOrO
TOKACPAEATbmAHIDI

3A1I.(lITbI OT 3AMbIKAHIDI
HA3EMJIIO B OEMOTKE
CfATOPA

nepBI1QHbIM paCQeTHbIM TOK

cpa6aTbffiaHHH 3aI.l.{l1TbI OT 3aMbIKa-

HHH Ha 3eMJIIO B 06MOTKe CTaTOpa

All onpe,QeJIHeTCH no YCJIOBI1IO OT-

CTpOMKI1 OT 6pocKa c06cTBeHHoro

eMKocTHoro TOKa npI1Coe,QI1HeHI1H

npl1 BHeWHeM 3aMbIKaHI1I1 Ha

3eMJIIO:

IC.3
= k

arc 4Jc, (3.1)

me karc - K03<P<PI1l(l1eHT OTCTpOM-
KI1, paBHbrn 1 ,2; - K03<P<PI1l(I1-
eHT, yql1TbffiaIOI.l.{l1M 6POCOK C06CT-
BeHHoro eMKOCTHoro TOKa npl1CO-

e,QI1HeHI1H B HaQaJIbHbIM MOMeHT

BHeWHero 3aMbIKaHHH Ha 3eMJIIO.

)].JIH CeTI1 C 1130JIl1pOBaHHoM
HeMTpaJIbIO:

= 2 + 3 ,QJIH peJIe PT3-51 11

5lP3 2201;  =3+ 4 -.LJ:JIH peJIe
PT3-50 11 PT-40jO,2; = 1,5 + 2-
,/J.JUI peJIe SPAM 150 C (SPAC 802).

)J)ur cem C HeMTpaJIbIO, 3aJeM-

JIeHHOM Qepe3 pe3l1CTOp .LJ:JIH Bcex

peJIe =1,2+ 1,3;
1c
-

YTpoeHHoe 3HaQeHl1e c06-

CTBeHHOro eMKocTHOro TOKa npI1-
coe,QI1HeHHH.

3HaQeHl1e c06cTBeHHoro eM-
KOCTHOro TOKa npl1Coe.n:I1HeHHH on-

pe,QeJIHeTCH CJIe.n:yIOI.l.{l1M 06PaJOM:

Ic= ICNJ. + ICll' (3.2)

me ICNJ. - Co6cTBeHHbIM eMKOCT-

HOM TOK All; 1C11
- C06CTBeHHbIM

eMKOCTHOM TOK Ka6eJIbHOM JII1HI1I1

Bxo,QHw.eM B 30Hy P3.
'
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T a 6 n 11 L{ a 2. Y1pOeIDIOe 3Ha'ielDle cJia3HLIX eMKOC11ILIX TOKOB Ha 1 KM Ka6e.rn.IlbIX .IIIIIIIIH
6 KB upH pa3.JJll1lllbIX ce'lelDlHX Ka6eJm

CeqeIDIe Ka6eJUl, MM2
................. 70 95 120 150 185 240

EMKOCTHOM TOK ICYfl ' A/KM:
npl1 UHOM = 6 KB ..................... 0,8 0,9 1,0 1,18 1,25 1,45
npl1 UHOM = 10 KB ................... 0,92 1,04 1,16 1,3 1,47 1,7

YrpoeHHoe 3HaIleHMe C06CTBeH-
HOro eMKOCTHoro TOKa ALl. onpeD.e-
JUIeTCH no Bblp3.)l(eHJUO:

I
-

21[/ 3 CM  OM
(3.3)CNJ.

-

..J3 '

me / - IlaCTOTa ceTM, fu; C
M
-

eMKOCTb <pa3bI cTaTopa A)J" <1>;
U
HOM

- HOMMHaJIbHOe Me:>i([\)'<pa3-
Hoe HanpIDKeHMe B ceTM, B.

3HaIleHMH eMKOCTM <Pa3bI CTaTO-

pa ALl. OTHOCMTeJIbHO 3eMJIM npM-
HMMaIOTCH no D.aHHbIM 3aBOD.a-M3-
rOTOBMTeAA. OpMeHTMpOBOIlHO eM-

KOCTb AJJ: MO)!(HO paCCIlMTaTb no

<poPMYJIe:

C -

0,0187 MM 1O-{)
NJ.

-

1,2vUHOM (1 + 0,08 UHOM )
,(3.4)

rD.e SHO N\- HOMMHaJIbHM MOIl.(-
HOCTb A,LI" MB-A; UHOM - HOMM-

HaJIbHOe HanpIDKeHMe AJJ:, KB.
OocJIe nOD.CTaHOBKM B <poPMYJIY

(3.4) 3HaIleHMH HOMMHaJIbHOrO Ha-

npIDKeHMH UHOM
= 6 KB nOJIY'lMM:

CNJ. = 0,00525 MA[{ 10--6. (3.5)

OOJIHM MOIIU-lOCTh AJJ: nOD.CIlM-
TbIBaeTCH no <poPMYJIe (3.3)

P
HOM A[{

SHOM A[{
11 cos cp

OOD.CTaBMB B (3 3) 3HaIleHMe eM-
KOCTM <Pa3bI ALI., no <popMYJIe (3.5)
nOJIY'lMM:

ICA[{ = 0,0172 SHOMNJ.. (3.6)
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YTpoeHHoe 3HaIleHHe COOCTBeH-
Horo eMKOCTHoro TOKa Ka6eJIbHoti
JIMHMM, BxoMllieti B 30llY P3, onpe-
D.eJIHeTCH no Bblp3.)l(eHHIO:

ICn = ICYJ1.1m, (3.7)

rD.e ICyJ1. - yrpoeHHoe 3HaIleHMe
co6crneHHoro eMKOCTHOrO TOKa 1 KM
Ka6eJIbHOM JIMHHM 6 KB (Ta6JI. 2);
I - D.JIMHa JIMHMM, KM; m

- IlMCJIO

Ka6eJIeti B JIMHHM.

B ceTHX C M30JIMpOBaHHOM HeM-
TpaJIbIO qyBCTBMTeJIbHOCTb 3eMJIH-

HOti 3aUU1TbI He paCCIlMTbIBaeTCH,
OD.HaKO Heo6xoD.MMO 06ecneIlMTb
YCJIOBMe D.JIH ee cpa6aThmaHMH:

ICI:. - IC> I
e.3 ,

rD.e ICI:. - YTpoeHHoe 3HaIleHMe
CYMMapHoro eMKOCTHOro TOKa 3a-

MbIKaHMH Ha 3eMJIIO Bceti ceTM K

KOTOpOti nOD.KJIIOIleH ALI., B H P-
MaJIbHOM pe)J(MMe pa60TbI ceTM;
IC- CM. (3.2); Ie.3

- CM. (3.1).
B ceTHX C HeMTpaJIbIO, 3a3eM-

JIeHHOM Ilepe3 pe3McTOp, qyBCTBM-
TeJIbHOCTb 3eMJIHHOM 3aIIIMTbI on-

peD.eJIHeTCH 3HaIleHMeM 3aUU1l.l(ae-
MOM IlaCTM 06MOTKM cTaTopa Alt
CIlMTaH OT <Pa3HbIX BbmOD.OB:

l

p
= 1 - kq 1.

3

, (3.8)
3

me kq - K03<P<PMUMeHT qyBCTBM-
TeJIbHOCTM, KOTOpblti MO)J(HO npM-
HHTb paBHbIM 1,2; Ie.3

- TOK cpa6a-
ThIBaHMH 3eMAAHoti 3aUU1ThI AJJ: no
(3.1); 13 - nOJIHbrn TOK 3aMbIKaHMH



Ha 3eMJIIO C yqeToM aKTHBHOH CO-

CTaBJUIIOIl.{eH, onpe.n:eJUleMOH CO-

npOTHBReHHeM pe3HCTOpa B HeH-

TpMH.

AKTHBHa51 COCTaBR5lIOIl.{a5I TOKa

3aMbIKaHl15I Ha 3eMRIO, Onpe.n:eAAe-

Ma5I ConpOTHMeHHeM pe3HCTOpa B

HeHTpMH, BbI'-lHCR5IeTC5I no CRe-

.n:ylOIl.{eH q,opM)'Re:

- 1
3.a
-

R ' (3.9)

me R - conpOTHMeHHe pe3HCTopa
B HeHTpMH.

ITORHbIH TOK 3aMbIKaHH5I Ha
3eMRIO paBeH:

13 = ( f+ (/er, - lc)2. (3.10)

B cRyqae 3a3eMReHl15I HeHTpMH
'lepe3 pe3HCTOp C conpOTHMeHHeM

100 OM, eMKOCTHOH COCTaBR5lIOIl.{eH
TOKa 3aMbIKaHl15I Ha 3eMRIO MO)!(HO

npeHe6pe4b (OHa nofu:r.eT B 3anac),
a TOK 3aMbIKaHl15I Ha 3eMRIO 6y.n:eT
onpe.n:eAATbC5I no (3.9).

3Ha'leHHe p .n:OJDKHO 6bITb 6oRb-

me 0,5.

3.2. 3AIIUITAOT 3AMbIKAHIDI
HA3EMJIIO B OEMOTKE

CfATOPA, BbIDOJIHEHHAH
C IIOMOII.J;bIO PEJIE PT-40,
PT3-S0 II PT3-S1

ECRH 3aIl.{l1TbI A,lJ, c06paHbI l13

omeRbHblX peRe, TO 3aJl.(l1Ta OT 3a-

MbIKaHl15I Ha 3eMRIO B 06MOTKe CTa-

Topa BbInORH5IeTC5I C nOMOIl{blO

peRe PT3-51, no.n:KJIIO'laeMOrO K

IT THrra T3JIM. ECRH Ka6eRbHa5I

m1HH5I, CB5I3bmaIOIl{a51 .n:BHraTeRb C

nHTalOIl{eH ceKlmeH, COCTOHT H3

HeCKORbKl1X Ka6eReH, TO IT THna

T3JIM YCTaHaMHBaIOTC5I Ha KIDK-

.n:OM Ka6eRe H I1X BTOpH'lHble 06-

MOTKH, coe.n:HHeHHble no YCROBHIO
corRaCOBaHH5I HarpY30K napaR-

ReRbHO, no.n:KRIO'lalOTC5I K O.n:HOM)'

peRe PT3-51.

BTOpH'-lHbIH TOK ITHIT 3aBHCHT

OT BTOpH'-lHOH HarpY3KH H OT 'lHCRa

IT, no.n:KRIO'-leHHblX K peRe, nO::HO-

M)' K03q,q,JrnHeHT TpaHcq,opMaDHH
TaKl1X IT He 51BR51eTC5I BeRH'-lHHOH

nOCT05IHHOH.

B Ta6R. 3 npHBe.n:eHbI MHHH-

MMbHbIe H MaKCHMMbHbIe 3Ha'le-

Hl15I nepBH'-lHblX TOKOB cpa6aTbma-
Hl15I peRe PT3-51 npH no.n:KJIIO'le-
HHH 3aWHTbI K ITHIT THna T3JIM,

YCTaHOBReHHbIM Ha HeCKORbKHX

Ka6eR5IX H coe.n:HHeHHbIM napM-
ReRbHO. ITpH BbI60pe TOKa cpa6a-
TbIBaHl15I P3 CRe.n:yeT no Ta6R. 3 on-

pe.n:eRHTb B03MO)!(HOCTb YCTaHOBKH

Ha peRe PT3-51 paC'leTHOrO TOKa

cpa6aTblBaHH5I. ECRH paC'leTHbIH
TOK cpa6aTbmaHH5I OKa3MC5I MeHb-

rue MHHHMMbHOro TOKa cpa6aTbl-
BaHl15I, TO 3a YCTaBKY CRe.n:yeT npH-
HHMaTb MHHHMMbHO B03MO)!(HbIH

TOK.

,l],onYCKaeTC5I BbITIORHeHHe 3a-

Il{HTbI C nOMOIl{blO peRe PT3-50
H PT-40/0,2, no.n:KRIO'laeMbIX K

ITHIT. KpoMe Taro, B 3KcMyaTa-
DHH Haxo.n:HTC5I 60Rbruee 'lHCRO
3eMR5IHbIX 3aIl{HT, BbITIORHeHHbIX
Ha peRe PT3-50 H PT-40/0,2H no.n:-

KJIIO'leHHblX K ITHIT THna T3PJI H

T3JI, H npH 3aMeHe CTapblX peRe Ha

PT3-51 B03MO)!(H0 no.n:KJIIO'leHHe

peRe PT3-51 K ITHIT THna T3PJI H

T3JI. IT03TOM)' B Ta6R. 4 .n:aHbI 3Ha-

T a 6 JI H U a 3. 3ua'leHIDI nepBIt'lHLIX
TOKOB cpa6aTbJBaIIIUI pe.Ile PI3-51 upH
nO)l.KJllO'leHHH ero K TIHTI mnaT3JIM

KOJrn'lecrBoT3JlM...n 1 2 3 4

MrnrnMarrbHhrn TOK

Cpa6aTbIBaHllil,A........0,67 0,89 1,08 1,33
MaKCHMarrbHhIM TOK
cpa6aTbIBaHHH, A ...._... 4,12 4,62 5, I 5,65
npHMe'laHHe. Ta6JI11l\a COCTaRJIeHa no IlaHHblM [I].
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T a 6 JI H L{ a 4. MmmMa.m.uwe nepBH'lHble TOKJI cpa6aTLIBaIJHJJ 33J11,Kf or 33Mh1K3HlUl H3

3eMJJJO c TIHIInuIOB 'I3JIM, TIPJI, 'I3JI

THIl pelle THIl TT
KOllH'JeCTBO TT

I 2 3 4

PT-40jO,2 T3JlM 8,6 lJ,5 13,0
-

T3PJI 20 25 -
-

T3Jl 7,0 9,0 -
-

PT3-50 T3JlM 3,4 3,9 4,2 -

T3Jl 3,5 4,0 -
-

PT3-51 T3JlM 0,81 1,0 1,2 1,52

T3Jl 0,68 0,97 1,19 1,43

IIpHllle'J3HIUI: 1. TOIG! yK333HbI B aMIIepax npH YCTaBKaX cpa63TbIB3HID1 peJle PT-4OjO,2

paBHbIX 100 MA (napaJIJleJJbHoe coe.ll.HHeHHe 06MOTOK), PT3-5D-30 MA, PT3-51 - 20 MA.

2. Ta6JIHua COCTaRJIeHa nOLl.3HHb1M (7).

Co6CTBeHHbIM eMKOCTHOM TOK

npMcoe.n:MHeHIDI IC paBeH no cl>op-
M)'Jle (3.2):

Ic= ICM + ICJl'
Co6cTBeHHbIM eMKOCTHOM TOK

AD: (yrpoeHHoe 3Ha'leHMe) no cl>op-
M)'Jle (3.6):

ICM
= 0,0172 SHOMAD.'

S - PKJMA!J. - 5
OOM AD.

-

'11 cas q>

-

0,96 . 0,92
= 5,65 MB . A.

ICAD.
= 0,0172 . 5,65 = 0,0972 A.

Co6cTBeHHbIM eMKocTHOM TOK

Ka6eJlbHOM JlMHMM paBeH no cl>oP-
M)'Jle (3.7):

ICn=ICYJJ.lm=
= 1,45.0,04.2 = 1,16 A.

CYMMapHbIM eMKOCTHOM TOK

paBeH:

Ic= 0,0972 + 1,16 = 1,257 A.

TOK cpa6aTbmaHIDI3al.l{l1TbI:
IC.3 = 1,2 . 1,3. 1,257 = 2,0 A.

Onpe.n:eJlSleM no TaGJI. 3, 'lTO

nepBM'lHbIM TOK cpaGaTbIBaHMSI
Jle)KMT Me)K)J.Y MMHMMaJlbHbIM M

MaKCMMaJIbHbIM TOKOM cpa6aTbma-
HMSI (0,89-4,62), T. e. paC'leTHbIM

I'leHIDI MHHHMaJIbHbIX TOKOB cpa6a-
TblBaHMSI peJle PT3-51, PT3-50,
PT-40/0,2, no.n:KJIIO'leHHbIX K pa3-

HbIM THnaM TTHTI.

npH MCnOJlb30BaHMM.D.JISI 3al.l{l1-

TbI pelle PT-40/0,2 MJlM PT3-50

BTOpM'lHble 06MOTKM TTHn cJle.n:y-
eT Coe.n:MHSlTb napaJIJleJlbHO.

npHMep 4. PaC'leT 3alI..{MTbI OT

3aMbIKaHMSI Ha 3eMJllO 06MOTKM

CTaTopa NI. P= 5000 KBT.
I1cxo.n:Hble .n:aHHble: UHOM

=

= 6 KB, cosq>
= 0,92, 11

= 0,%.
3lleKTponBMraTeJlb nOnKJIIO'leH K

pacnpenycTpoMCTBY nByMSI Ka6e-

JlSlMM 6 KB s= 240 MM2, f.=40M.

CeTb 6 KB pa60TaeT C 3a3eMJIeHMeM

HeMTPaJIM 'lepe3 pe3MCTOp 100 OM.

npMHMMaeM K YCTaHOBKe 3alI..{H-

TY C peJIe PT3-51, nOllKJIlO'leHHYIO
K llBYM TTHn rnna T3JIM, KOTO-

pble BKJlIO'leHbl napaJIJleJIbHO.

nepBM'lHbIM TOK Cpa6aTbIBaHMSI
BbI6MpaeM no YCJIOBMIO OTCTPOMKM
OT GpOCKa co6CTBeHHoro eMKOCT-

Horo TOKa NI. M Ka6eJIbHOM JlMHMM

no cl>opM)'Jle (3.1):
IC.3

= kCJTC Ic= 1,2. 1,3 Ic.
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TOK Cpa6aTbmaHH MO)l(eT 6bITb YC-
TaHORJIeH Ha peJIe PT3-51.

npoBepSleM .nomo 3allUUl.:(aeMOM
'laCTH 06MOTKH CTaTopa A.lI. no

<PoPMYJIe (3.8), ,lI.JUI 3TOro onpe,lJ,e-

JISleM TOK 3aMbIKaHHSl Ha 3eMJIIO no

<PoPMYJIe (3.9):

I - -6300 _ 36 4A
3.a
-

R
-

..J3. 100
-

,
.

.D.OJI 3alllHI.l:(aeMOM 'laCTH 06-
MOTI<lI CTaTopa no <PoPMYJIe (3.9):

p
= 1 - 1,2 i6 =0,93,,

T. e. 60JIbllle 0,5.

3.3. 3EMJUIIWI3AIIJ,IITA,
BXO,WIIIJ,AH B COCfAB
KOMIIJIEKCHorO
YCfPOHCfBA3AII.J,IfJ.DI
CEPIDI JIP3 2201

3eMJISlHM 3alllHTa, BXOMlllM B

COCTaB KOMTIJIeKCa $IP3 2201, Bbl-

nOJIHeHa Ha TOM 3JIeMeHTHOM 6a3e

H C TeMH )l(e napaMe-rpaMH, qTQ H

peJIe PT3-51 H HMeeT nSITb ,lJ,HC-

KPeTHblx YCTaBoK cpa6aTbIBaHHSI:
0,02; 0,0315; 0,05; 0,08 H 0,125 A
npH BbIDope nepBJoNHOrO TOKa cpa-

6aTbIBaHHSI 3alllHTbl, KaK H ,lJ,JISI

peJIe PT3-51, KO HuHeHT,yqH-
TbIBalOlllHM 6POCOK c06CTBeHHoro
eMKOCTHOrO TOKa, CJIeJ],yeT npmrn:-

MaTb ,lI.JUI CeTeM C H30JIHpoBaHHOM
HeH-rpaJIblO = 2 + 3, a,lI.JUl cereM C

HeMTpaJIblO, 3a3eMJIeHHOM 'lepe3
pe3HCTOp, = 1,2 + 1,3.

OpHeHTHpoBO'lHble nepBH'lHble
TOKH cpa6aTblBaHHSI, COOTBeTCT-

ByIOlllHe YCTaBKaM 3alllHThl npH HC-

nOJIb30BaHHH 3alllHTbl C TTHn

THna T3JIM npHBe.neHbI B Ta6JI. 5.

3a nepBH'lHblM TOK Cpa6aTbIBaHIDI
P3 CJIe.nyeT npHHHMaTb 60JIblllHM

TOK H3 }J,Hana30Ha, B KOTOpoM OKa-

3aJICSI paC'leTHbIH TOK.
Bpe cpa6aTbIBaHHSI 3alllHTbI

npHHHMaeTCSlMHHHMaJIbHb .

T a 6 n H L{ a 5. 3Ha'leHHH nepBII'IHhIX

TOKOB cpa6aTblll3llIDl 3eMJUlHoH 3311U1TLJ B

KOMIJJIeJcre JIP3 2201 upH nOJJ;KJJJO'leHHII K

TI1llI 'l11li3 T3JIM

YCTaBKa KOJUI'leCTBO T3.fIM

 P32201, A I 2 3 4

0,02 0,65 0,9 1,1 1,3

0,0315 1,1 1,35 1,5 1,9

0,05 1,75 2,1 2,3 2,8

0,08 2,8 3,3 3,5 4,1

0,125 4,3 4,6 5,1 5,7

3.4. 3EM.ID1JW13AIIJ,IITA
I(If«1>POBOH 3AIIJ;HTbINJ,
TIlIlASPAM IS0C. SPAC802

3eMJI HaSl3alllHTa, BXO,lJ, llla 
B COCTaB MO,lJ,YJISI SPCJ 4D34 3a-

lllHTbI SPAM 150C (SPAC 802),
HMeeT BeCbMa MaJIoe no-rpe6JIeHHe
(20 MOM ,lI.JUI HOMHHaJIbHOrO TOKa

5 A H 100 MOM ,lI.JUI HOMHHaJIbHOrO

TOKa 1 A) H npH He60JIbWOM pac-
CTOSlHHH OT TIHn,lJ,o MecTa YCTa-
HOBKH 3alI.:(HTbI TIHn 6Y,IJ,eT pa60-
TaTb B pe)I(HMe 6JIH3KOM K pe)I(HMY

K3. B 3TOM cnyqae BTOpH'lHbIM TOK
6Y,lJ,eT npaKTH'leCKH BCema ,lJ,OCTa-

TO'leH }J,JISI cpa6aTbIBaHHSI 3eMJISI-

HOM JalllHTbI, TOK cpa6aTbIBaHHSI
KOTOpoM COCTaBJISleT OT 1 ,lJ,O 100 %
HOMHHaJIbHOrO TOKa (OT 0,01 ,lJ,O

5 A). TaKHM 06Pa30M, BbI6paHHbIM
comaCHO  3.1nepBH'lHbIH TOK cpa-

6aTbmaHHSl 3eMJISlHOM 3aJl.{HTbI Bcer-

.na MO)l(eT 6bITb peaJIH30BaH Ha peJIe

TIma SPAM 150C (SPAC 802).

BBO.n 3alllHTbI Ha OTKJIIO'leHHe

npOH3BO}J,HTCSI YCTaHoBKoM nepe-
KJIIO'laTeJISI SGRI/8 = 1. npH 3TOM,
eCJIH 3eMJISlHM 3alllHTa nO,lJ,KJIIO-
'leHa K TIHn, TO He BBO,IJ,HTCSl3a-

npeT ,lJ,eMCTBH JalWffbl npH 60JIb-
lllHX <t>a3HbIx TOKax: SGF/3 = 0,
SGF/4 = O. Bpe cpa6arbIBaHHSI
3aIl.{HTbI npHHHMaeM MHHHMaJIbHbIM

le.3
= 0,05 c.
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4. Bbl60p YCTaBoK cpa6aTbiBaHMSI
3a MTblA/J, OT nepe'-PY3KM

4.1. 3AIIUITAOTIIEPErPY3KM,
BhillOJIHEHHAH
C rrOMOIllJ>1O PEJIE CEPIrn
PI-40, Pcf-11, Pcf-13 If PI-80

nepBI1'IHbIH TOK Cpa6aTbIBaHIDI
P3 Of neperpY3KM BbI611paeTCJI no

YCJIOBI1IO OTCTpOHKM OT HOMI1HaJIb-

Horo TOKa NJ,:

_

k
OTCI

C.3
-

k;
1
M AJJ. ' (4.1)

me karc
- K03<pqmU:l1em OTCTpOH-

KM, paBHbIH 1,05 npl1 .D:eHCTBI1I1 P3
Ha Cl1fHaJI 11 1,1-1,2 npl1.D:eHCTBI1I1
P3 Ha OfKJIIO'IeHl1e; lea - K03<P<PI1-
U:Mem B03BpaTa peJIe, paBHbIH 0,8
)lJl5I peJIe PT-40 M PT-80 11 0,9 )lJl5I

peJIe PCT-ll, PCT- 3;I f!'lJ,-
.D:JII1TeJIbHO .D:OnyCTI1MbIJ1 TOK A,LI,.

B COOTBeTCTBl111 C nY3 [2]
HOMI1HaJIbHaJl MOIu:HOCTb AJ],
.D:OJDKHa COXpaHJITbCJI npM OTKJIOHe-

HMI1 HanpIDKeHMJI .D:O :t 10 %, T. e.

J
[JJI AJJ.

= 1, 1 I
HOM AJJ. .

TaKMM 06Pa30M, MaKCMMaJIbHO

B03MO)I(HOe 3HaqeHMe TOKa cpa6a-
TbIBaHJ1JI P3 OT neperpY3KM npl1l1c-
nOJIb30BaHI1M peJIe PT-40 COCTaBMT

IC. 3
= 1, 1/HOM AJJ.

= 1,5 IHOM A[( .

BbI.D:ep:>KKa BpeMeHM P3 OT

neperpY3KM BbI611paeTCJI 113 YCJIO-

BMJI Ha.n:e:>KHOrO Hecpa6aTbIBaHI1J1
3alIJ.HTbI npl1 nycKe 11 caM03anycKe:

tC. 3 /san tnyCK , (4.2)

r.D:e k3an
- K03<P<PMIJ:I1em 3anaca,

npMHI1MaeMbIH paBHbIM 1,3; t
nycK

-

BpeMJI nYCKa .D:JIJI NJ" He nO.D:JIe-

:>KaIu:l1x caMo3anyCKY, I1JIM BpeMJI
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caM03anycKa)lJl5l AD:, KOTopble yqa-
CTByJOT B caM03anYCKe nOCJIe I1C-

qe3HOBeHIDI, a 3aTeM BOCCTaHOBJIe-

HJ1JI HanpIDKeHJ1JI.
.QnJl P3, BbInOJIHeHHOH C peJIe

cepl1l1 PT-80, BpeMJI CpaOOTbIBaHJ1JI
.D:OJl:>KHO YCTaHaBJIMBaTbCJI B He3a-

BI1CI1MOH QaCTM BpeMJITOKOBOH xa-

paKTepl1CTHKM.
BpeMJI pa3BOpOTa AD: BMeCTe C

MexaHM3MOM Hal160JIee TO'IHO on-

pe.D:eJIJleTCJI nyTeM 3aMepa  peMeHM

nycKa arperaTa npM pa6o'IJ1X YCJIO-
BJ1JIX. .QnJl npe.D:BapMTeJIbHOH ou:eH-
KM BpeMeHM pa3BOpOTa MO:>KHO BOC-

nOJIb30BaTbCJI Bblpa:>KeHl1eM:

_

0,1096 (JA,[{ + JM ) x

t
nycK

-

...

P
OOM

X

{

\

x ( oM/100)2
... (4.3)

x (mmax k; -11Zrp)
,

me tnyCK
-

BpeMJI pa3BOpOTa, c; JAJJ.
M JM

- .D:I1HaMM'IeCKMe MOMeHTbI

I1HepU:1111 AD: 11 MeXaHI13Ma COOT-

BeTCTBeHHO, KT. M2
; nHOM

- HOMM-

HaJIbHoe QI1CJIO 06opoToB B MMHy-

TY, l/MMH; PHOM - HOMMHaJIbHM

MOIu:HOCTb AD:, KBT; mmax - OTHO-

rneHMe MaKCMMaJIbHOrO MOMeHTa K

HOMMHaJIbHOMY; m TP
- OTHorne-

Hl1e CTaTH'IeCKOrO MOMeHTa conpo-

TJ1BJIeHMJI npM TpOraHI1M K HOMM-

HaJIbHOMy; ku= Upa6/ UHOM .

CeTI1, nMTalOIu:I1e AD:, .D:OJDKHbI

6bITb 3anpoeKTI1pOBaHbI TaKMMM,
QT06bI BpeMJI nycKa M caMo3anycKa
6billO MeHbrne .D:onycTI1MOrO BpeMe-

HI1, o6eCne'IMBalOIu:erO YCTOHQM-
BOCTb TemOJIOrmeCKoro pe)l(J1Ma M

MeHbrne .D:onycTI1MOrO BpeMeHM no

YCJIOBI1IO Harpena NJ,. B 3TOM CJIY-

I
.\



'me BbI6paHHoe BpeWi cpa6aThma-
HID!. P3.n:OJDKHO 6bITb MeHbllIe .n:eH-
CTBHTeJIbHOrO .n:OnyCTHMOro BpeMe-
HH t11.0n TeTIJIOBOrO HarpeBa ALI..
ECJIH H3BeCTHO t11.00, TO BpeM5I
cpa6aTbIBaHH5I P3 OT neperpY3KH
MO)!(eT 6bITb 3a.n:aHO t

C.3
= (0,8-

0,9) t11.on .

B KaTaJIOraX He YKa3bIBaeTC5I

MaKCHMaJIbHOe .n:onyCTHMoe BpeWi

nYCKa A.LJ:. TIo Tpe60BaHHlO 3aBO-

.n:bI-I''!3rOTOBHTeJIH MorYT BbI.ll.aTb

3Ha'feHH5I .n:onycTHMOro BpeMeHH

nYCKa no YCJIOBHlO npe.n:eJIbHOrO

HarpeBa CTaTOpa H pOTOpa npH HO-

MHHaJIbHOM Hanp5l)!(eHHH t11.0n.mM .

Ll.onYCTHMoe HaH60JIbllIee BpeM5I
pa3BopOTa ALl. no YCJIOBID!.M Harpe-
Ba MO)I(HO npH6JIJ1)!(eHHO onpe.n:e-
JIHTb, HCnOJIb3Y5I (4.3), BBO.n:51 B

Hero B Ka'feCTBe J
M MaKCHMaJIbHO

.n:onYCTHMoe 3Ha'feHHe MOMeHTa

HHepUHH npHBo.n:HMOro MexaHH3Ma

J
M.11.0n

JLTI5I .LJ:aHHOro ALI.. TIpH OT-

KJIOHeHHH Hanp5l)!(eHH5I OT HOMH-

HaJIbHOro .n:onyCTHMOe BpeWi nycKa

YBeJIH'fHBaeTC5I 06paTHO nponop-
UHOHaJIbHO KBMpary Hanp5l)!(eHH5I
H onpe.n:eAAeTC5I no <popMyJIe:

t11.0n.HOM
=

t11.on.HoMIkJ ' (4.4)

r.n:e t11.00.HOM - .n:onyCTHMoe BpeWi

nYCKa no YCJIOBHIO HarpeBa npH

HOMHHaJIbHOM Hanp5l)!(eHHH; kJ =
=

UrrycKI UHOM ; UnyCK - Hanp5l)!(e-
HHe Ha BbIBO.n:ax ALl. npH caM03a-

nycKe.

B <popMyJIe (4.4) npHHHMaeTC5I,
'fTO B Te'feHHe Bcero npouecca
caM03anycKa Han{JIDKeHHe Ha BbI-

BO.n:ax 06MOTKH cTaTopa OCTaeTC5I
HeH3MeHHbIM. Ho BO BpeWi caMO-

3anycKa rpynnbI ALl. Han{JIDKeHHe C
Te'feHHeM BpeMeHH YBeJlH':l.HBaeTC5I.

TI03TOMy npH oueHKe .n:OnyCTHMOC-

TH caM03anYCKa no YCJIOBHlO Ha-

rpeBa 06MOTKH cTaTOpa A.LJ: B <pop-
MyJIe (4.4) He06xo.n:HMO npHHHMaTb
ycpelIHeHHoe Hanp5l)!(eHHe 3a BeCb

npouecc caM03anycKa.

Ll.onycTHMoe BpeWi neperpeBa

Harp eHHoroALl: npH He60JIbIIrnX

neperpY3Kax MO)I(HO onpeneJIHTb
no npH6JIJ1)!(eHHOMy BbIpa)!(eHHlO,

OpHeHTHpyeMOMy Ha TO'fKy, 3MaH-

HyIO rocr 183-74:

150
t11.00

=

k2 _ 1
' (4.5)

I

r.n:e k/= IIIHOM - TOK neperpY3-

KH, OTHeceHHbrn K HOMHHaJIbHOMY
TOKy ALI..

4.2. 3AIIUITAorIIEPErPY3KlI,
BXO.lWII.Il\H B COCfAB
KOMIlJIEKCHOroYCfPOfiCfBA
P3 TIrnAJlP3 2201

B P3 yC'rpoHcTBO 3aUU1TbI THna

HP3 2201 MO)!(eT BXO.n:HTh P3 OT

neperpY3KH C 3aBHCHMOH OT TOKa

BbIllep)!(KOH BpeMeHH. OCHOBHbIMH
6JIOKaMH P3 5IBAAIOTC5I 6JIOK npe-
06pa30BaTeJIeH TOKa, Ha KOTOpOM

BbICTaBJI5IIOTC5I YCTaBKH nyCKOBOro

opraHa, H H3MepHTeJIbHbIH 6JIOK,
Ha KOTOpOM BbICTaBAAIOTC5I YCTaBKH

BbIllep)!(eK BpeMeHH. Ha 6JIOKe npe-
06pa3oBaTeJIeH TOKa npellYCMOTpe-
HbI.n:Be llIKaJIbI I

B
H K C .n:HCKpeT-

HbIMH YCTaBKaMH: I
B OT 1,5 .n:o

5,0 A 'fepe3 0,5 H K C .n:BYM5I 3Ha'fe-

HH5IMH 1 H 3. TIpH YCTaHOBKe K= 3
YCTaBKa nYCKOBoro opraHa YBeJIH-
'fHBaeTC5I B 3 pa3a.

TOK Cpa6aThIBaHH5I nYCKOBoro
OpTaHa P3 COOTBeTcTByeT BbIpa)!(e-
HHIO:

I
cpno

= 1,15 (lB K) YCT' (4.6)
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TaKHM 06Pa30M, TOK Cpa6aTbI-
BaHM>I P3 MO)!(eT 6bITb YCTaHOBJIeH
OT 1,15.1,5 = 1,725 ALl:o 1,15.15 =
= 17,25 A (mopWIHbIX).

BbILI:ep)!(Ka BpeMeHM, KOTOpa>l

peaJlll3YeTC>I P3, COOTBeTCTByeT BbI-

pa)!(eHMIO:

A-
t
cp
=

d ' (4.7)
.

rLl:e Ai - BeJIM'lMHa, xapaKTepM3yK>-

ma>l nOCTO>lHHyK> HarpeBa Ll:BMra-

TeJI>I, Ai = 100 + 1000 C C Ll:MCKpeT-

HOCTbIO YCTaBKH <iepe3 100 c; I. =

lk
=

K

CX

K
- OTHOCMTeJIbHbrH TOK

(lB ) [

neperpY3KH.

Ha M3MepMTeJIbHOM MOKe npeLl:-

YCMOTpeHa lIIKaJIa BpeMeHHoH xa-

paKTepMCTMKH T;/ TM C Ll:MCKpeT-

HOH YCTaBKOH OT 0,1 Ll:O 1,0 <iepe3
0,1.

Me)!Qly T;/ TM M Ai cymecTBY-
eT CJIeLJ:yK>lIIa>l 3aBMCMMOCTb:

1j
= =

100 + 1000
(4 8)

TM A",ax; 1000'.

MJIM

T..

Ai = T.' 1000. (4.9)
M

llOLl:CTaBMB B cPoPMYlIY (4.7) BbI-

pa)!(eHMe (4.9), rrOJIyl{aeM:

T:
---.!. 1000
T.

t=
M

. (4.10)

(
lkcx

)
2

Kf(lB K) ycr

QTo6bI nOJIy<iMTb BbIpa)!(eHMe
.lUUI HenOCpeLl:CTBeHHoro onpeLl:eJIe-
HM>I YCTaBKH MOKa npeo6pa3oBare-
JIeH TOKa, npM KOTOpoH npMXOLl:MT B

30

Ll:eHCTBMe nyCKOBOH opraH, BbIIIOJI-

HMM npOcreH1IIMe rrpeo6pa30BaHM>I.
AmI B03BpaTa P3 nOCJIe KpaTKOBpe-

MeHHOH neperpY3KH, HanpHMep,

npH HOpMaJIbHOM nycKe NJ:, Heo6-
XOLl:HMO, '1To6bI TOK B03BpaTa nyc-

KOBOro opraHa 6bID 60JIblIIe MaKCM-

MaJIbHOro mOKa NJ::

l
I
JJ)I NJ. kcx

Dno K[
MJIH

l Ir IJJ)lNJ. kcx
CpnO"B Kf

'

rLl:e lea - K03<P<PHlI.Hem B03BpaTa

nycKoBoro opraHa,

1,15 (/B K) ycr lea

1,IIHoM NJ. kcx
K (4.11)
[

Y'lHTblBa}! pa36poc B TOKe cpaoo-
TbIBaHM>l nyCKOBOro opraHa Icp no

=

= (1,04 + 1,26)(/B K) ycr
H npHHH-

Ma>l 3a paC'IeTHOe YCJIOBHe Ha-

HMeHblIIHH TOK CpaOOTbIBaHM>I:

1,04 (/B K) ycr ko
=

kcx
= 1,1 IHoMNJ: K[

. (4.12)

B 3TOM BbIpa)!(eHHH OTCYTCTBYeT

K03<P<PHlI.HeHT HaLJ:e)!(HOCTH, TaK

KaK 06bNHO HOMHHaJIbHbrn TOK NJ:
60JIblIIe ,WIHTeJIbHOro TOKa HarpY3-
KH npHBOLl:HOrO MexaHH3Ma, '1TO

06eCneQHBaeT Heo6xoLI:HMbrn 3anac.

1f3 (4.12) C yqeTOM TOro, <{TO B

YCTpoHcTBe JlP3 2201 lea = 0,95,
onpeLl:eJISleM BbIpa)i(eHHe ,WI>I on-

peLl:eJIeHH>I YCTaBKH nyCKOBOro op-

raHa:

l K)
-

I,ll kcx IHoMAJJ. _
( B pac'!

-

1,04. 0,95 K[
-

_ kcx
- I,ll

K[ IHoMNl.. (4.13)



ECJIM nOJIyqeHHOe 3HaqeHMe

(/B K) pac'! HaXOAMTCH B AMana-

30He:

1,5 A (/B K) pac'! 5,0 A, TO

CJIe.n;yeT npMHMMaTb K= 1, a

(IB ) pac'!
= (IB K) pac'!

.

ECJIM nOJIyqeHHOe 3HaqeHMe

(IB K) pac'! HaXOAMTCH B AMana-

3OHe:

5,0 A (/BK) piC'l
15 A, TO CJIe-

.n;yeT npMHMMaTb K
= 3, a

(L ) =
(/B K) paC'!

B pac'! 3

3a YCTaBKY (IB) pac'! npMHM-

MaeM 6JI1ucaHwee OUMcPPOBaHHOe
3HaqeHMe no WKaJIe I

B
. lIpM Ha-

JIa,D;Ke YCTpOHCTBa KOppeKTMpYeT-
CH 3HaqeHMe I

B TaKMM 06pa30M,
qT06bI OHO COOTBeTCTBOBaJIO (4.13).

)].JIH nOJIyqeHMH YCTaBKM BbI-

Aep:>KKM BpeMeHM He06xo.n;MMo on-
T

peAeJIMTb T.' M3 (4.10), rAe BMecTO
M

1 nOACTaBJIHeTCH nycKoBoH TOK

InycK' a BMeCTO t
cp
-

BpeMH rrycKa

C yqeToM 3anaca (lsan tnyCK):

2

k t (
 K100M kcx

)3an nyCK K (1 KT; _ J B )ycr

TM
-

1000 ' (4.14)

rne kJan
= 1,37- 1,5, ecJIM B KaqeCT-

Be tnyCK npMHMMaeTCH BpeMH rrycKa

A,l], C npMBOAHbIM MexaHM3MOM'

kJan
= 0,8, eCJIM B KaqecTBe tnyC 

npMHMMaeTCH MaKCMMaJIbHOe Ao-

rryCTMMoe BpeMH pa3BOpOTa All. no

YCJIOBMIO HarpeBa.

3a ( )ycr npMHMMaeTCH 6JIM-

)KaHWee 60JIbWee OUMcPpoBaHHoe
3HaqeHMe npM YCJIOBMM, '-ITO 3a tnyCK
npMHMMaeTCH BpeMH nYCKa A,l], C

npMBOnHbIM MexaHM3MOM, I1JIM 3a

( )ycr npMHMMaeTCH 6JIM)KaHWee

MeHbwee oUHcPpoBaHHoe 3HaqeHMe

rrpM YCJIOBMM, '-ITO 3a fnyCK npMHM-
MaeTCH MaKCMMaJIbHoe AorrycTMMoe

BpeMH pa3BOpOTa All. no YCJIOBMIO

HarpeBa.

lIpllMep 5. PaCqeT YCTaBOK cpa-
6aTbIBaHIDI 3aI.l{MTbI OT neperpY3KM,
BXOMllI,eH B COCTaB KOMIIJIeKCHOro

YCTpOHcTBa P3 TMna .SIP3 2201.

McxonHbIe AaHHble: A)].
MeJIbHMqHOro BeHTMJIHTOpa
TMna A3-12-52-4, P= 630 KBT;
UHOMNJ. = 6 KB; IHoMNJ. = 76 A;
KpaTHOCTb nYCKOBoro TOKa lr =

"nyCK
= 5,7; MMTeJIbHOCTb rrycKa C Me-

xaHM3MOM tnyCK
= 9,5 c; K[= 150/5;

kcx = 1.

B COOTBeTCTBMM C (4.13) onpe-
AeJIHeM YCTaBKY 6JIOKa npe06pa30-
mrreJIeH TOKa:

(L K)
- I,ll. 1,0 76 8B pac'!- 150/5

= 2, 1 A.

ITOCKOJIbKY (/B K) pac'!
< 5 A,

npMHMMaeM K= 1.

En wee3HaqeHMe I
B
= 3,0 A.

TOK cpaOOTblBaHMH nYCKoBOro

opraHa npM npMHHTOH YCTaBKe

(/8 K) pac'!
6e3 KOppeKTMpOBKM, no

(4.6):

Icpno
= 1,15.3,0 1 0= 103,5 A,

MJIM 1,36 IHoMNJ.'

3]



YCTaBKY Bbl,[(ep)!(KM BpeMeHM

BbIDMpaeM comaCHO (4.14):

2

1 3. 9 5 (
5,7 . 76. 1,0

), ,

150/5.3,0

( lac 1000

= 0,286.

npMHMMaeM 6JIJf)!(aHlllee 6oJIb-
lllee 3Ha<IeHMe

( ) =0,3.
YCT

BpeMH cpa6aTbIBaHMH P3 npM

nycKe 6y,n:eTpaBHO no (4.10):

t =
0,3. 1000

= 12 9c.p

(
5,7.76 _ 1,0

)
2 ' c,

150/5.3,0

T. e. 60JIbllle, <IeM trryCK
= 9,5 c.

TaKMM 06pa3QM, BbICTaBJIHIOT-

CH YCTaBKM: no TOKY I
B
= 3 A (BTO-

PW-IHbIX) npM K
= 1, no BpeMeHI1

( ) =0,3.
YCT

4.3. 3AII.l,IfThI OT IIEPErPY3Kl1

B IUICl>POBOM PEJIE TIffiA

SPAM 150C (SPAC 802)

3alWfTa OT TenJIOBOH neperpY3-

KM, BXO,n:HmaH B MO,n:YJIb SPCJ

4D34 l.{M<ppoBoro peJIe SPAM

150C, SPAC 802, BKJIIO<IaeT B Ce6H

HecKOJIbKO YCTpOHCTB: P3 OT Ten-

JIOBOM neperpY3KM BO BpeMH pa6o-

TbI, a TaK)!(e npM nycKe A,II" P3 OT

TenJIOBOH neperpY3KM, BbI3BaHHOH

nyCKOBbIM TOKOM (3alWfTa nyCKO-

Boro pe)!(MMa), CMrHaJIM3al.{MIO

neperpY3KM, 3anpeT nOBTopHOro

nYCKa nOCJIe OTKJIIO'leHMH OT Ten-

32

JIOBOM 3alWfThI M C<IeT'lMK CYMMap-

HOro BpeMeHM 3anycKoB A,II,.
3alWfTa OT TenJIOBOM neperpY3-

KM ocyrneCTBJIHeTCH no 3KcnOHe-

Hl.{MaJIbHOM KpMBOM, YCTaHOBMB-
llleeCH 3Ha<IeHMe KOTOpOM onpe.n:e-
MeTCH KBa.lI:paTOM TOKa HarpY3KM.

3Ta KpMB1H onpe,n:eJIHeTCH ,n:BYMH

YCTaBKaMM: 10KOM nOJIHOH HarpY3-

KM Ie M npe,n:eJIbHbIM BpeMeHeM
HaxO>I<D.eHMH A,II, B 3aTOpMO)!(eHHOM
COCTOHHI1M t6x (.n:onycTMMoe BpeMH
3aKJIMHI1BaHMH pOTopa).

TOK nOJIHOH HarpY3KM Ie - 3TO

OTHOllleHMe HaM6oJIblllerO ,n:JIM-
TeJIbHO ,n:OnyCTMMOro TOKa ALl. npM
oKp aIOmeHTeMnepaTYPe B03,n:y-
xa 40°C, npMBe,n:eHHoro K BTOPM<I-
HOH CTopOHe IT, K HOMMHaJIbHOMY

TOKY peJIe. Cl>MpMa ABB peKoMeH-

,n:yeT YMeHblllMTb Ie B 1,05 + 1,1,
eCJIM oKpy)!(aIOmaH TeMnepaTypa
nOCTOHHHO HJf)!(e 40°C, HO B YCJIO-

BMHX 3KCnJIyaTal.{MM ALl. B PCl> He

CJIe,n:yeT KoppeKTMpOBaTh .D.JIMTeJIb-
HbIM ,n:onYCTMMbIH TOK B 3aBMCH-

MOCTM OT TeMnepaTYPbI. YCTaBKa t6x

paBHa BpeMeHM cpa6aTbIBaHMH P3

npM BXO,n:HOM TOKe, B 6 pa3 npeBbI-
lllaIOmeM TOK nOJIHOM HarpY3KM

npM 3arrycKe M3 XOJIO,n:Horo COCTOH-

HMH (.n:onycTMMoe BpeMH 3aKJIMHI1-

BaHMH pOTopa).
TOK Cpa6aThIBaHMH P3 YCTaHOB-

JIeH paBHblM TOKY nOJIHOM HarpY3-
KM Ie, YMHO)!(eHHOMY Ha K03<l><PM-
l.{l1eHT 1,05.

BpeMH cpaGaThIBaHMH P3 onpe-
,n:eJIHeTCH He TOJIbKO TOKOM nepe-

rpY3KM, HO M npe,n:llleCTBYIOlllMM

BXO,n:HbIM TOKOM, Mo,n:eJIMpYlOmI1M

HarpeB ALl. nepe,n: Ha<IaJIOM nepe-

rpY3KM, M YCJIOBMHMM nYCKa. B

npMJIO)!(eHMM npMBe,n:eHN KpMBNe

cpa6aTbIBaHMH TenJIOBOH 3amMTbi

ALl. 6e3 npe,n:Bapl1TeJIbHOH HarpY3KM



(M3 XOJIO,lUioro COCTO$lHIDl) M C Ha-

rpY3KOM.
npe,lJ,YCMOTpeHa B03MO>KHOCTb

M3MeHeHIDI KPYTM3HbI KpMBOM cpa-
6aTblBaHIDI TeIUIOBOM 3allUiThI B 3a-

BMCMMOCTM OT K03cPcPMU:MeHTa p.
MeXaHM3MOB C oco60 TIDKeJIbI-

MM YCJIOBMMM nycKa K03cPcPMU:M-
eHT p BbI6MpaeTC$I MMHMMaJIbHbIM

(p = 20 %). npM 3anycKe AD. Ilp$l-
MbIM BKJIIOqeHMeM B CeTb K03cPcPM-

U:MeHT p 06blqHO npMHMMaeTC$I

paBHbIM 50 %. P3 Ka6eJIeM M

AD. C JIerKMMM YCJIOBMMM nYCKa

K03cPcPMU:MeHTp paBHfleTC$I 100 %.

CJIe,lJ,yeT 06paTMTb BHMMaHMe,
qm IlpM P

= 50 % TeIUIOBafl 3allUiTa
n03BOAAeT OCyrn:ecTBMTb ,lJ,Ba nOCJIe-

,lJ,OBaTeJIbHbIX nycKa M3 XOJIO,lJ,HOro

COCTO$lHIDI ALl. M OJ],MH nyCK M3 ro-

pflqero.

nOCTO$lHHaH BpeMeHM HarpeBa
th AD. npMHMMaeTC$I paBHoM 32 t6x .

MeHbllIaH CKOpOCTb OXJIa)l(/.{eHM$I
AD. B pe)J(J1Me nOKO$l yqMTbmaeTC$I
TeM,  onOCTO$lHHaH BpeMeHM ox-
JIa)I(/.{eHIDI t

c 6epeTC$I 60JIbllIe no-

CTO$lHHOM BpeMeHM HarpeBa B kc
pa3. Pe)J(J1M nOKO$l onpe,lJ,eAAeTC$I,
KOr,lJ,a TOK ,lJ,BMraTeJI$I CHM)J(aeTC$I
,lJ,0 0,12 Ie. IIocTo$lHHaH OXJIa)I(/.{e-
HM$I tc perYJIMpyeTC$I B npe,lJ,eJIax
(1764) th M ee CJIe,lJ,yeT BbI6MpaTh
paBHOM kc = (274) th .

3aI.IJ:MTOM npe,lJ,ycMaTpMBaeTC$I
CMrHaJIM3aU:M neperpY3KM 8a , 3Ha-

qeHMe KOTOpOM MO)J(eT 6bITh paB-
HbIM 50-100 % TeIUIOBOro ypoBHfl,

npM KOTOpOM P3 ,lJ,eMCTByeT Ha OT-

KJIIOqeHMe (8t ).
npe,lJ,ycMaTpMBaeTC$I 3anpeT

nOCJIe,lJ,YIOI.IJ:ero nYCKa nOCJIe OT-
KJIIOqeHM$I 3aI.IJ:MTOM TenJIOBOM

neperpY3KM 8t, KOTOpbIM YCTaHaB-
JIMBaeTC$I B npou:eHTax OT TeIUIOBO-
ro ypoBHfl OTKJIIOqeHIDl. BeJIJ1qMHa

8j onpe,lJ,eJI$leTC$I COOTHOllIeHMeM

,lJ,OnYCTMMoro BpeMeHM nYCKa M3

XOJIO,lJ,HOrO M ropflqero COCTO$lHMM.

HanpMMep, ecJIM ,lJ,onycTMMoe Bpe-
M$! nycKa M3 XOJIO,lJ,HOro COCTO$lHM
COCTaBJI$leT 25 c, a M3 ropflqero 11 c,
TO ypOBeHb, npM KOTOpoM pa3pe-
llIaeTC$I nOCJIe.n.yIOI.IJ:MM nyCK 6Y,lJ,eT
paBeH (25 - 11) /25 = 0,55, T. e. 8j
,lJ,OJI)J(eH 6bITh MeHbllIe 55 % 8t .

IIocJIe npepbIBaHM$I M BOCCTa-

HOBJIeHM$I nMTaHM$I U:McPpoBoro
peJIe onepaTMBHbIM TOKOM P3 OT
TeIUIOBOM neperpY3KM YCTaHaBJIM-
BaeTC$I B COCTO$lHMe, cooTBeTCTBY-
IOI.IJ:eM HarpeBY ,lJ,BMraTeAA ,lJ,0 70 %
TenJIOBOrO YPOBH$I OTKJIIOqeHM$I.
3TO ,lJ,eJIaeTC$I ,lJ,JI$I Toro, qT06bI

npM TIDKeJIbIX YCJIOBMflX HarpY3KM
AD. OTKJIIOqeHMe npOMCXO,lJ,MJIO 3a

60JIee KOpOTKOe BpeM$!. npM HOp-
MaJIbHOM HarpY3Ke 3KBMBaJIeHTHbIM

ypoBeHb HarpeBa AD. 6bICTpO CHM-

)J(aeTC$I ,lJ,0 YCTaHOBMBllIerOC$I 3Ha-

qeHM$I, onpe,lJ,eAAeMOro TOKOM Ha-

rpyJKM.

POJIb TeIUIOBOM 3allUiTbI BbITIOJI-

HfleT M 3allUiTa nyCKOBOro pe)J(J1Ma.
3ra P3 MMeeT ,lJ,Ba HCnOJIHeHIDl: B

BM,lJ,e npocToM MaKCMMaJIbHOM TO-

KOBOM 3allUiThI MT3 C He3aBMCM-

MOM BbI,lJ,ep)J(J(OM BpeMeHM (nepe-
KJIIOqaTeJIb SGF17

= 0) M B BM,lJ,e

P3, OCHOBaHHOM Ha BbflMCJIeHMM
TeIUIOBOrO MMnyJIbCa, T. e. npOM3-
Be,lJ,eHM KBa,n,paTa nyCKOBOro TOKa
M BpeMeHM nycKa (nepeKJIIOqaTeJIb
SGF/7 = 1).

AD. rpe,lJ,nOqrnTeJIbHeM MC-

nOJIb30BaHMe 3allIHTbI Ha IlpMHU:M-
ne BblqMCJIeHM$I TenJIOBOrO MM-

nYJIbCa, TaK KaK npM 3TOM B03-

MO)J(HO YBeJIMqeHMe ,lJ,OnycTMMoro

BpeMeHM 3anycKa npM HM3KOM Ha-

npIDKeHMM nMTaIOllieM CeTH. YCTaB-
KM 3allUiThI 3a,n,aIOTC$I TOKOM Is B

,lJ,0JI$IX HOMMHaJIbHOrO TOKa peJIe M

BpeMeHM tS. npM MCnOJIb30BaHMM
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npMHUMna MT3 C He3aBMCMMOH

Bbw:ep)I(KOH BpeMeHM YCTaBKM IS M

is - 3TO TOK M BpeM51 Cpa6aTbma-
HID! 3al.lUITbI. OpM MCnOJIb30BaHMM

npMHUMna TenJIOOOro MMnyJIbCa no

TOKy Is COOTBeTCTBYeT nyCKOBOMY

TOKY, a YCTaBKa no BpeMeHM is
cooTBeTcTByeT BpeMeHM 3anycKa
A,LJ,. BpeM51 3anYCKa BbI'IMCJI eTC 

OT MOMeHTa B03pacTaHM TOKa OT

0,12 Ie .ao 1,5 Ie 3a BpeM51, MeHb-

we qeM 60 MC, .ao MOMeHTa CHmKe-

HID! TOKa.ao 1,25 Ie Ha BpeM51 60-
JIee 100 MC. OO.aCqMTbIBaeTC npo-
M3Be.aeHMe 11 is, KOTopoe paBHo
npe.aeJIbHoMY TenJIOOOMY OO3.QeHcT-
BMIO npM 3anycKe AD,. B TeqeHMe

3anycKa nOCTO HHOM3Mep eTC 

BXO.aHOH TOK, KOTOpbIH .aarree 003-

oo.aMTC B KBa.QpaT M YMHO}l(3eTC 

Ha TeKYIllee BpeM51 3anyCKa. ECJIM

nOJIyqeHHOe 3HaqeHMe B KaKOH-

JIM60 MOMem npeBbIwaeT npoM3Be-
.aeHMe 11 is, P3 cpa6aTbmaeT M BbI-

.aaeT CMrHarr Ha OTKJIlOqeHMe.

B 6JIOKe 3aru:MTbI A,1], TMna

SPAM 150C npe.aycMOTpeH CqeT-

qMK cYMMapHoro BpeMeHM 3anycKa.

OpM KIDK.U:OM 3anycKe A,LJ, BpeM 
DJIMTeJIbHOCTM 3anycKa npM6aBJI -
eTC K co.aep)/(MMoMY CqeTqMKa
L isi. ECJIM co.aep)!(MMoe perncTPa
npeBblllIaeT YCTaBKy L isi, TO peJIe
3anpewaeT nepe3anYCK A,LJ,. YMeHb-
weHMe 3HaqeHID! CqeT'lMKa onpe.ae-
JI eTC CKOpOCTblO B03BpaTa (CM.
n.4.3.3).

CJIe.ayeT 06paTMTb BHMMaHMe,
qTO YCTPOHCTBOM SPAM 150C
(SPAC 802) pernCTPMpyIOTC 3Ha-
qeHID! TOKa M BpeMeHM npM 3anyc-

Ke, n03TOMY npM nepBOM nYCKe

CJIe.ayeT YTOqHMTb npM Iepac-

qeTHbIe 3HaqeHM nyCKOBOro TOKa

M BpeMeHM nycKa M npM He06xo.QM-
MOCTM OTKOppeKTMpoBaTb YCTaBKM
cpa6aTbmaHM P3 OT neperpY3KM.
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4.3.1. 3aUlMTa OT TennoBoiii

neperpY3KM

BbI60p YCTaBoK P3 OT TenJIOBOH

neperpY3KM 3aKJIlOqaeTC B onpe.ae-
JIeHMM cJIe.ayIOIIJ:MX BeJIM'lMH: K03<p-
<pMl.{Mema p, TOKa nOJIHOH HarpyJ-
KM A,LJ, Ie, .aonycTMMoro BpeMeHM
3aKJIMHMB<.HID! pOTOpa i6x, nOCTO-

 HHOHBpeMeHM OXJIIDK.U:eHM kc,
ypOBH npe.aynpe.aMTeJIbHOH Ten-
JIOBOH CMrHaJIM3aUMM e

a , ypOBH 

3anpeTa nOBTopHOro nycKa Ail: ei .

BbIDOp K03<p<pMUMeHTa KPYTM3-
HbI TenJIOBOH xapaKTepMCTMKM p
onpe.a eTC YCJIOBID!MM HarpeBa
AD, B npo.aOJI)!(MTeJIbHOM M KPaTKO-

BpeMeHHOM (nycKe, caM03anycKe)
pe)!(MMax pa6OTbI. ):LTuI Ail: C np -

MbIM nyCKOM, KOTOpbIX .aonyc-
KaeTC .aBanycKa no.apM M3 XOJIO.a-
HOro COCTO HID!M He 60JIee o.aHoro
M3 rop eroCOCTO HM ,K03<P<PM-
UMeHT npMHMMaeTC paBHbIM 50 %.

K03<P<PMUMeHT p = 100 % npaK-
TM'leCKM He MCnOJIb3YeTC DJI Ten-

JIOBOH 3aru:MTbI A,LJ" TaK KaK npM

3TOM He yqMTbIBaIOTC TenJIOBbIe

OO3MO)!(HOCTM A,LJ, - BpeWI nycKa
M3 rop eroCOCTO HID!COCTaBJI eT

TOJIbKO npMMepHO 10 % BpeMeHM

nYCKa M3 XOJIo.aHoro COCTO HM .

KaK  eYKa3blBaJIOCb, p
= 100 %

MCnOJIb3yeTC P3 OT neperpY3-

KM Ka6eJIeH M A,LJ, C BeCbMa JIefKMMM
nycKaMM.

3HaqeHMe p Me 50 M 100 %

CJIe.ayeT BbI6MpaTb TOJIbKO B TOM

CJIyqae, eCJIM XopOWO M3BeCTHbI

TenJIOBbIe cnoc06HOCTM A,LJ,.
OpM T eJIbIXM npo.aOJI)!(MTeJIb-

HbIX YCJIOBM XnYCKa K03<P<PMUM-
eHT p MO)/(eT npMHMMaThC MeHb-

we 50 %, o.aHaKO MCnOJIb30BaTb

p < 50 % CJIe.ayeT OCTOpo)!(HO, TaK

KaK B 3TOM cJIy'lae YCTPOHCTBO Ten-

JIOOOH 3aIIJ:MTbI MO)/(eT pa3pelllMTb



HeCKOJIbKO nyCKOB 11.3 rOpH'ferO CO-

CTOHHIDI. TaK, rrpl1. p
= 20 % BpeM5I

cpa6aTbmaHIDI P3 11.3 rOpH'ferO CO-

CTOHHI1.H OTJII1.qaeTCH OT BpeMeHI1.

Cpa6aTblBaHI1.51 11.3 XOJIOnHOrO CO-

CTOHHIDI BCerO Ha 15 %.

BbI60p YCTaBKI1. Ie rrpOI1.3BO-
,n:I1.TCH aHaJIOrJ1.qHO BbI60py YCTaBKIf
nycKoBoro opraHa P3 OT rreperpY3-
KI1. 3aIl(I1.TbI JlP3 2201 C yqeToM
CJIenyIOIl(ero:

TOK Cpa6aTbIBaHIDI P3 OT TeITJIO-

BOM rreperpY3K1f comaCHO 3aBOn-
CKOM I1.HqmpMaUl1.11. COCTaB.IDl.eT

Ic.p = 1,05 Ie; (4.15)

TOK B03BpaTa P3 OT TeITJIOBOM

rreperpY3K1f nOJDKeH 6mb 60JIblUe
MaKCI1.MaJIbHOrO ,n:JII1.TeJIbHOrO TO-

Ka ALI.;
3a MaKCI1.MaJIbHbrn .D:JII1.TeJIbHbrn

TOK ALl. rrpl1.HI1.MaeTC5I TOK

I
l1lI AJl.

= 1,1 IHOMAJl. [3];

K03«p«pl1.lI.l1.eHT OTCTpOMKI1. OT

,n:JII1.TeJIbHoro TOKa ALl. npl1.HI1.Ma-
eTCH k

arc
= 1,0, TaK KaK B 60JIb-

IUI1.HCTBe CJIyqaeB K03«p«pl1.lI.l1.eHT
3arpyJKIf ALl. MeHblUe 1,0 11. I

l1lI AJl.
<

< 1,11HoM AJl.;
K03«p«pl1.lJ,I1.eHT B03BpaTa P3 =

=0,95;
rrorpeIIIHOCTb 11.3MepeHI1.5I TOKa B

P3 OT TerrJIOBOM rreperpY3KI1. co-
CTaB.IDl.eT 2 %, rr03TOMY BBeneH KO-

3«p«pl1.lJ,I1.eHT kM = 0,98 B TOK 003-

BpaTa P3;

K03«p«pl1.lJ,I1.eHT cxeMbI IT kcx =
= 1, TaK KaK IT COenl1.HeHbI B rrOJI-

HYIO 3Be3ll)' (rrpl1. COenl1.HeH11.11. IT B

HerrOJIHYIO 3Be3ny rrpl1. CI1.MMeTpJ1.q-
HOM rreperpY3Ke TOK B 06paTHoM
rrpOBone paBeH TOKY OTCYTCTBYIO-
Il(eM «pa3bI 11. B 3TOM c aekcx = 1)
11. KpOMe TOro P3 BbI611.paeT Hal1.-

60JIbUlliM 11.3 BXOllHbIX TOKOB, T. e.

I1.CrrOJIb3yeT rrpl1.Hl.{l1.rr "MaKCI1.Ce-

JIeKTOpa" .

C yqeToM BbIlUerrepeQI1.CJIeHHbIX
YCJIOBI1.M 6e3 nOrrOJIHM.TeJIbHbIX rro-

HCHeHI1.M rrpOl1.3BOlll1.M CJIenyIOIUHe

rrpOCTeMUllie rrpeo6paJOBaHI1.5I llJIH

rro eHIDIYCJIOBI1.5I BbI60pa YCTaB-
KIf rro TOKY P3 OT TeITJIOBOM rrepe-

rpY3K1f Ie :

k 1 =

k
arc IJJJlNJ. 0

M B K1
'

lr k 1 =
karc. 1,1 ImMAL\ .

"'B M Cop K1
'

105 lr k 1. -
karc. 1,1 IHoMNJ. .

, "'B I'd e
K1

'

It
karc. 1,1 IHoMNJ.

e
1,05kM KlIHOMP
1,0 1,1 IHoMAL\

1,05 0 0,98.0,95 K1IHOMP
,

1

Ie = 1,12 KH MAL\, (4.16)
I HOM.p

rne IHOMop - HOMI1.HaJIbHbIM TOK

peJIe.

BbI60p YCTaBKIf t6x MO)[(HO rrpo-
11.3Becru nBYWI crroc06aMI1.: aHaJIl1.-

TJ1.qeCKIf M rpa«pI1.QeCKIf rro Kpl1.BbIM
cpa6aTbmaHI1.5I TeITJIOOOM P3.

):(JIH aHaJIl1.TI1.QeCKoro BbI60pa
YCTaBKM t6x BOCrrOJIb3yeMcH qmp-
MYJIOM llJIH orrpeneJIeHI1.5I BpeMeHM

neMCTBI1.5I P3, rrpl1.BeneHHOM B [14]:

t= 32t6x x

(II 19)2 - (PI 100) (IpI 19)2
x In

(1119)2 _ (Ic.pII9)2
, (4.17)

rne Ie , p, t6x
-

YCTaBKIf P3 OT Terr-

JIOOOM rreperpyJKIf; Ip - ,n:JII1.TeJIb-

Ha5I npenlUeCTByIOIl(a5I HarpY3Ka
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ALI.; 1- TOK neperpyJIG1; Ic.p - TOK

cpa6aTbIBaHlUI P3; 32 t6x - nocTO-

$IHHa51 HarpeBa ALI..
Bblpa)l(eHHe (4.17) MO.>KHO no-

.1I)"-IHTb H3 (1.3) perueHHeM OTHOCH-
TeJIbHO BpeMeHH C yqeToM, 'ITO npe-
BbnueHHe TeMnepaTYPbl npOnOpl{H-
OHaJIbHO KBa.apary TOKa.

EcJIH B Ka'leCTBe TOKa neperpyJ-
IG1 npHH$ITb nyCKOBOH TOK ALl. H 3a-

.n:aTbC$I paC'IeTHblM .n:onYCTHMbIM

BpeMeHeM .n:eHCTBl1$I npH nyCKOBOM
TOKe, TO MO.>KHO H3 (4.17) nOJIY'lHTb
.n:onyCTHMoe BpeM$l 3aKJIHHHBaHl1$I

POTopa 16x :

t6x=

t

Il n.pae" 2. (4.18)
32 1

(lrryeJle) - (p/ 100) (lp/le)
n

2 2
(IrryeK/le) -

(le.p/le)

B Ka'leCTBe paC'IeTHOro .n:OnyCTH-

MOro BpeMeHH .n:eHCTBl1$I P3 MO.>KHO

npHHHMaTb:

npH H3BeCTHOM .n:onYCTHMOM

BpeMeHH npOTeKaHH$I nYCKOBoro

TOKa ALl. fpac'J
= 0,9 tJJ.on ;

npH H3BeCTHOM BpeMeHH nycKa
ALl. BMeCTe C npHBO.n:HbIM MexaHH3-

MOM fpacq
= (1,3 -;- 1,5) tnyCK.

Bblpa3HM OTHorueHHe nYCKOBO-

ro TOKa, TOKa npe.n:ruecTBYIOl.L{eH
HarpY3IG1 H TOKa cpa6aTbIBaHl1$I P3
K TOKY nOJIHOH HarpyJIG1, HCnOJIb-

3y$l (4.16):

InycK = knyCK IHoMA.n: KI _
Ie KI

. 1,12 IHoMA.n:

= . (4. 19)1,12
'

!J? = 1,1 IHoMA.n: KI =

Ie Kr 1,12 IHoMA.n:
-lJ... 1 0

.

(4 20)-

112"" , ,
.

,
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1 I05L

Y=T=I,05. (4.21)
e e

nO.n:CTaBHB B (4.18) nOJIyqeH-
Hble 3Ha'leHl1$I H3 (4.19), (4.20) H

(4.21), rrOJIyqHM OKOH'IaTeJIbHYIO

<poPMYJIY .lJ.JUI onpe.n:eJIeHl1$I .n:orryc-

THMoro  JeMeHH3aKJIHHHBaHH$I

pOTOpa:

t6x=

32 In ( cK; : '   (P/IOO)'12.(4.22)

( eJI,12)2-1,1025

)J..mI onpe.n:eJIeHl1$I BpeMeHH cpa-
6aTbIBaHl1$I TeI1JIOBOH 3aIl{l1TbI npH

nYCKe H3 XOJIo.n:Horo COCTO$lHH$I

no Bbl6paHHOMY t6x BOCnOJIb3yeM-
C$I Bblpa)l(eHHeM (4.17), r.n:e TOK Ha-

rpyJIG1 npe.n:rueCTByIOl.L{ero pe)l(l1Ma

paBeH HYJIIO Ip
= 0:

t
XOJl

= 32 t6x x

1
( cK/I,12)2

x n
2

. (4.23)
( cK/I,12)-1,1025

,[(JI$I rpa<pH'IeCKOrO onpe.n:eJIe-
Hl1$I .n:OnyCTHMOro BpeMeHH 3aKJIH-

HHBaHH$I pOTopa t6x cJIe.n:YeT BOC-

nOJIb30BaTbC$I KpHBbIMH cpa6aTbl-
BaHl1$I TeI1JIOBOH 3all{l1Tbl C npe.n:-

BapHTeJIbHOH HarpyJKoH (CM. npH-
JIO)l(eHHe) M$I cOOTBeTcTByIOI.L{ero

K03<p<pl1l{HeHTa p. no HaH.n:eHHbIM

3Ha'leHH$lM OTHorueHH$I nycKoBO-
ro TOKa K TOKY nOJIHOH HarpyJIG1

InyCK/ Ie (4.19) H paC'IeTHOMY .n:o-

nYCTHMOMY .n:eHcTBHIO P3 Haxo-

.n:HM COOTBeTCTByIOl.L{yIO KpHByIO t6x
HJIH npOMe>KyfO'lHOe 3Ha'leHHe t6x
nyreM 3KCTpanOAAl{HH Me)K):{Y co-

ce.n:HHMH 0603Ha'leHHblMH KPH-
BbIMH.



llo KpI1BbIM Cpa6aThIBaHIDI ren-

JIOBOM 3aJ.lUi1TbI 6e3 npe.n:BapI1TeJ]b-
HOM Harp)'3KH.lI)UI IrryCK/ Ie comac-

HO (4.19) H BbI6paHHOMY 3Ha'IeHHIO

t6x onpe.n:ellileM BpeMSI cpa6aTbma-
HIDI 3all..{lITbI npl1 nycKe H3 XOJ]O.n:-

Horo COCTOHHIDI torKJI.XOlI .

BbI60p nOCTOHHHOM BpeMeHI1
OXJ]IDI([{eHIDI rrpH OCTaHOMeHHOM

AD. orrpe.n:ellileTCH KaK OTHOllleHHe
rrOCTOHHHOM BpeMeHM OXJ]IDI([{eHIDI
K nOCTOHHHOM BpeMeHM HarpeBa

k
L
.. llpl1 OTCyrCTBHI1 .n:aHHbJX 0 rro-

CTOHHHbJX HarpeBa H OXJ]IDI([{eHIDI

CJIe.n:yeT kc npl1HI1MaTb paBHbIM
2+4.

YpoBeHb 3anpeTa nOBTopHoro
nYCKa nOCJIe .n:eMCTBI1H TerrJ]OBOM

3alllHThI ej onpe.n:eJ]HeTCH no cJ]e-

.n:yJOllleM cpoPMYJIe:

ej
t6x  CK

. 100. (4.24)
6x

llepeKflIO'IareJ]b SG4/2 = 0 BbI-

.n:aeT CHrHM 3anpeTa nepe3arrYCKa

AD..
YpoBeHb npe.n:ynpe.n:I1TeJIbHOM

TerrJ]oBoM Cl1rHMM3al.{1111 BbI6l1pa-
eTCH paBHbIM ea

= 80 + 90 % TerrJ]O-

BOro ypOBHH, rrpH KOTOpOM 3allll1Ta
.n:eMcTByeT Ha OTKJ]IO'IeHl1e, rrpl1

3TOM .n:OJDKHO BbInOJIHHTbCH CJIe-

.n:yJOlllee YCJ]OBl1e ea
> ej .

nepeKJ]]O'Iare]]b SGRl/l = 1 -

npe.n:yrrpe.n:l1TeJ]bHaH rerrJ]OBaH cl1r-

HaJ]I13al.{I1H cpopMl1pyeT Cl1rHaJI

neperp)'3KH.

4.3.2. 3aU4HTa OT

nycKoBoro peJKHMa

llpl1 I1cnOJ]b30BaHI1I1 3TOM P3 B

BM.n:e MT3 C He3aBI1CI1MOM BbI-

.n:ep)l(](OM BpeMeHH TOK cpa6aThma-
HHH Is BbI6HpaeTcH no YCJIOBI1IO

06ecne'IeHIDI K03CPCPI1l.{l1eHTa qyB-

CTBI1TeJIbHOCTI1 kq = 2

nycKa AD.:

I - /rryCK
s-

K[ IHoM.p

= krryCK IHOM NI.
2 K[ IHOM.p

.

B pe)l(MMe

(4.25)

YBeJII1'IeHHbIM K03CPCPI1l.{HeHT
'IYBcTBI1TeJIbHOCTI1 Y'II1TbIBaeT

YMeHbllleHHe nycKoBOro TOKa npl1
CHl1)I(eHI1H HanpH)l(eHIDI rrpl1 caMO-

3anycKe. llpl1 He06xo.n:I1MOCTI1
MO)l(HO BMeCTO nycKoBoro TOKa

npl1HMMaTh MHHI1MMbHO B03MO)l(-

HbIM TOK no AD. B pe)l(l1Me rpyrrno-

BOro CaM03anycKa.

BpeMH cpa6aTbIBaHI1H P3 ts B

pe)l(l1Me MT3 .n:0JI)I(H0 npeBbIlllaTb
BpeMSI nycKa AD..

llpI1I1CnoJ]b30BaHMI1 npMHl.{Mna
BbI'II1CJ]eHIDI TerrJ]OBOro HMnyJIbCa

YCTaBKa no TOKY Is .n:oJI)I(Ha BbI611-

paThCH paBHoM nyCKOBOMY TOKY AD.
npl1 BKJ]]O'IeHMI1 Ha nOJ]Hoe HanpH-

)l(eHl1e rrMTalOllleM CeTl1:

I
- krryCK IHOMNI. (4.26)s

K[ IHOMP
.

B Ka'IeCTBe YCTaBKM no BpeMeHI1

ts B P3 nYCKoBoro pe)l(MMa Ha

npl1Hl{l1ne BbI'IHc]]eHIDI TelIJ]OBOro

I1MnyJ]bCa npl1HHMaeM:

npl1 113BeCTHOM .n:onYCTHMOM

BpeMeHI1 rrpoTeKaHI1H nYCKOBoro
TOKa AD. ts

= 0,6 tJJ.on ;

npH 113BeCTHOM BpeMeHI1 nycKa
AD. BMeCTe C rrpI1BO.n:HbIM MexaHM3-

MOM tS= (1,5 + 1,7) trryCK'
Pa3J]I1'Il1e B K03cpcpMl.{MeHTaX

rrpl1 onpe.n:eJ]eHI1H ts rro cpaBHe-
HI1IO C n. 4.3.1 oUbHcHSIeTcH yqe-
TOM norpeWHOCTH cpa6aTbIBaHMSI
:t 10 % YCTaBKH [2t (MHcpopMal.{MH
CPl1pMbI ABB).
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Crie.lXYeT 06parnTb BHHMaHl1e Ha

TO, 'ITO nOrpellIHOCTb IT YJIY'IllIaeT

OTCTpOHKY 3a C'IeT YMeHbllleHI1H

BTOpl1lJ:HOrO TOKa.

4.3.3. C"leT"lHK cYMMapHoro

BpeMeHH 3anycKoB

BbI60p YCTaBOK cpa6aTblBaHI1H
C'IeT'-!I1Ka cYMMapHOro BpeMeHI1 3a-

nycKoB 3aKJIIO'IaeTCH B onpeJJ:eJIe-

HI1I1 JJ:onycTI1MOrO cYMMapHoro

BpeMeHI1 3anycKOB E tS i 11 CKOpOC-

rn CHl1)1(eHJUI cYMMapHOro BpeMe-

HI1 3anycKoB MsiM.
ECJII1 3aBOJJ:-113rOTOBI1TeJIb A)],

perJIaMeHTl1pyeT MaKCI1MaJIbHOe

'II1CJIO nycKOB n 3a onpeJJ:eJIeHHoe

BpeMH m, TO npl1 BpeMeHI1 eJJ:I1HI1'1-

HOro nYCKa tS YCTaBKa E tS i onpe-

JJ:eJIHeTCH, C

EtSi=(n-l)tS+ 1,0. (4.27)

CKOpOCTb CHl1)1(eHI1H cYMMap-

HOro BpeMeHI1 C'IeTlJ:I1Ka onpeJJ:eJIH-

eTCH no CJIeJJ:YlOIlleH <poPMYJIe:

MsIM=tslm, (4.28)

rJJ:e m - pemaMeHTl1pyeMbIH nepl1-
OJJ: BpeMeHI1, B Te'leHl1e KOToporo

JJ:onycKaeTCH n nyCKOB.

npHMep 6. PaC'IeT YCTaBOK cpa-
6aTbIBaHI1H P3 OT neperpy3K11 A)],

rnna SPAM 150C (SPAC 802).
I1CxoJJ:Hble JJ:aHHble: A)], JJ:bIMO-

coca Tl1na .[I,A30-1910-12,
P = 1700 KBT, UHOMA[{=6 KB;
IHoMA[{ = 216 A;  CK= 4,9; JJ:JI11-

TeJIbHOCTb nYCKa C JJ:bIMOCOCOM

.[1,0-31,5 tnyCK
= 10 c; K[= 300/5;

cxeMa coeJJ:I1HeHI1H IT - nOJIHaH

3Be3JJ:a.
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a) Bbl60p ycmaeoK cpa6amblea-

.

HUfl P3om mef/JI060U nepe2pY3KU.
TaK KaK AD. I1MeeT npHMOH nyCK,

AD. HOpMaJIbHOrO I1CnOJIHeHJUI, TO

npl1HI1MaeM K03<P<PI1l.{l1eHT KPYTI13-
HbI xapaJaepl1CTI1Kp

= 50 %.
TOK nOJIHOH HarpY3KI-! Ie BbI-

611paeM comaCHO (4.16):
I

Ie = 1 12 HOMA,L!
,

KJ lHOM.p

216.5
= 1,12

300.5 =0,8,

T. e. Ie = 0,8 IHoM.p 11 YCTaBKa BXO-

JJ:I1T B JJ:l1anaJOH TOKa Ie TeXHl1lJ:eC-

KI1X JJ:aHHbIX P3.

LLrrH BbI60pa YCTaBKH t6x onpe-
JJ:eJIHeM KpaTHOCTb nycKoBoro TOKa

comaCHO (4.19)

lr = InyCK = ,,"YCK =
"nycK.paC'l Ie 1,12

= 4,9 = 4 4
1,12

,.

B Ka'leCTBe paC'IeTHOrO BpeMe-

HI-! tpaC'! npI1HI1MaeTCH:

!paC'l
= 1,3 tnyCK

= 1,3 . 10 = 13 c.

OnpeJJ:eJIHeM JJ:onycrnMoe BpeMH
3aKJII1HI1BaHI1H pOTopa COmaCHO

(4.22)

t6x= 4 2_ 351/1052 =12,6c.
321n

,4 , ( ,)

4,42_1,1025

BpeMH cpa6aTbIBaHI1H P3 npl1

nycKe A)], 113 XOJIOJJ:Horo COCTOHHI1R

comaCHO (4.23)

442

lxOJl
= 32 . 12,6 In

4,42 _' 1,1025
= 23,6 c.



Te )l(e BeJUI'lliHbI onpe.n:emleM

rpa<pJ1'IeCKM no pMC. ll4 .n:ml

IrrycKI Ie = 4,4 M tpac'!
= 13 c: no.rry-

1.J:aeM t6x = 13 c.

llo pMC. ll2.lUU1 AnycK.paCq = 4,4
M t6x

= 13 C onpe.n:eMleM BpeWl'

cpa6aTbIBaHID! P3 npM nycKe M
M3 XOJlo.n:Horo COCTOHHIDI 100000.xOJI

=

=23c.

llOcToHHHaH BpeMeHM oXJIIDlQJ;e-
HID!M HeM3BeCTHa, nOTIOM)' npM-
HMMaeM kc = 4.

YpoBeHb 3anpeTa nOBTopHoro

nycKa onpe.n:eJlHeM comaCHO (4.18)

23 - 10

8;::;; .IOO=56%.

llpMHMMaeM 8; = 60 %.

YpoBeHb npe.n:yrrpe.n:MTeJlbHOM
TermOBOM CMrHaJIM3awrn: BbI6Mpa-
eM paBHblM 8a = 80 % ypOBHH, npM

KOTOpoM P3 .n:eMCTByeT Ha OTKJIIO-

1.J:eHMe.

TaKMM 06pa30M, .n:OJI)I(HbI 6bITb

3a.n:aHbI cJle.n:)'IOll.{Me YCTaBKM 3a-

ll.{MThI OT TenJlOBOM neperpY3KM:

p
= 50 %; Ie = 0,8 IHoM.p ; 16x

= 23 c;

8;=60 %8/; 8a= 55 %8/; k
c =4,0.

llepeKJIJO'IaTeJlb SGRI/I = 1 -

npe.n:ynpe.n:MTeJlbHaH TenJlOBaH CMr-

HaJIM3al(MH <popMMpyeT CMrHaJl

neperpy3KM.

llepeKJIJO'IaTeJlb SG4/2 = 0 -

BBO.n:JITCH 3anpeT nepe3anyCKa.

6) Bbl60p ycma60K cpa6amb16a-
IlWl P3 nyCK08020peJICUMa.

,lI.TuI 3all(MThI nycKoBoro pe:>KMMa

MCnOJlb3yeM npMHl(Mn BbI1.J:MCJleHIDI

TermoBoro MMnyJlbca.

YCTaBKY nycKoBoro TOKa Is on-

pe.n:eMleM comaCHO (4.26)

_ 4,9 . 216
_

Is- 60.5
3,53IHoM.p

'

YCTaBKY BpeMeHM nycKa npM-
HMMaeM

IS= 1,5 .10= 15c.

llepeKJIJO'IaTeJlb SGF/7 = 1

MCnOJlb3yeTCH npMHl(Mn, OCHOBaH-

HbIM Ha BbI1.J:MCJleHMM TermOBoro

MMnyJlbca.

llepeKJIJO'IaTeJlb SG4/1 = 0 -

P3 3anycKaeTCH npM B03paCTaHMM
TOKaOTO,12 Ie .n:o 1,5 Ie.

B) Bbl60p ycma60K cpa6ambl6a-
IlWl Olem'"lUKa cyMMap1l020 6peMe1lU

3anYCK08.
B COOTBeTCTBMM C faCT A,lJ,

pa3pernaeTCH nycKaTb 2 pa3a M3 xo-

Jlo.n:Horo COCTOHHMH, nocJle 1.J:ero

CJle.n:yJOIl(HM nyCK .n:onYCKaeTCH no

MCTe1.J:eHMM 30 MMH, no3TOM)' YC-
TaBKY LIS; BbI6MpaeM COrJlaCHO

(4.27):

Lts;=(2-1) 10+ 1 = 11 c.

CKOpoCTb CHJ1)I(eHMH c)'MMap-

HOro BpeMeHM C1.J:eT1.J:MKa onpe.n:eMl-

eM comaCHO (4.28):

MsIM= ci. =20c/1.J:.
O.n:HaKO 3Ta <PYHKl(ID! 3all.{MTbI

He CMO)l(eT npe.n:OTBpanlTh BTOpoM
nyCK M3 ropH1.J:erO COCTOHHID!, eCJlM

.n:BMraTeJlb npopaWaJI 60Jlee 1'1. B
3TOM CJI)'1.J:ae 3anpeT nycKa 6y.n:eT
ocyrnecTBJlHThCH 3all(MTOM Termo-
BOM neperpY3KM.
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5. Bbl60p YCTaBoK cpa6aTbiBaHMSI P3

OT HecMMMeTpwoIHblX pe>KMMOB pa60Tbi
B ....M4>POBOM pene TMna SPAM 150C

(SPAC 802)

HeCMOTpH Ha TO, 'ITO HeCHM-

MeTpH'IHhIe pe:>KMMhI pa60ThI AD.
BeChMa OnaCHhI, flpaBHJIaMH He

pemaMeHTHpOBaHa Heo6xo.n:HMOCTh

YCTaHOBKH P3 OT TaKOro pe:>KMMa.

TOJIhKO B MlIKponpol.{eCCOpHOH P3
M rnna SPAM 150C (SPAC 802)
npe.n:YCMOTpeHa P3 OT HeCHMMeT-

PH'IHOH pa60ThI. HecHMMeTpwI-
HOCTh pe:>KMMa pa60ThI onpe.n:emleT-
CH pa3HOCThIO HaH60JIhlllero H Ha-
HMeHhwero <!>aJHhIX TOKOB, OTHe-
ceHHOH K HaH60JIhllleMY <!>aJHOMY
TOKY. BpeWl Cpa6aThIBaHHH 3aBH-

CHT OT CTeneHH He6aJIaHca H YCTaB-

KH 6aJOBOro BpeMeHH cpa6aThma-
HHH I/). . 3aBHCHMOCTh BpeMeHH cpa-
6aThIBaHHH OT TOKa He6aJIaHCa no-

KaJaHa Ha pHC. fl6. flPH MHHH-

MaJIhHO pa3JIIflIHMOM 3Ha'IeHHH He-

6aJIaHCa 11/= 10 % BpeWl Cpa6aThI-
BaHHH paBHO YCTaBKe 1/).. B cnyqae
o6phIBa O.n:HOH H3 <!>aJ BpeWl cpa6a-
ThIBaHHH MHHHMaJIhHO H paBHO I c.

flPH TOKax HarpY3KH, MeHhl.Ill1X

HOMHHaJIhHhIX, .n:mI npe.n:OTBpml.{e-

HHH Heo60cHoBaHHhIx OTKJII01.JeHHH
P3 3arpy6AAeTcH.

flepeKJIlO'IaTeJIeM SGF/5
= I

P3 BBO.ll:HTCH Ha OTKJIIO'IeHHe.

flepeKJIlO'IaTeJIeM SGRI/5 = 1
P3 BBO.ll:HTCH Ha CHrHaJI.

TOK Cpa6aThIBaHHH 3al..WiThI BhI-

6HpaeM no YCJIOBHIO OTCTpOHKH OT

.n:onYCTHMoro npo.n:OJI:>KMTeJIhHOrO

HeCHMMeTpIfllHoro pe:>KMMa:

11/= 11/n.on. (5.1)

ComacHo [7) ALl. .n:onYCKalOT
npHMepHO TaKYIO }l(e HeCHMMeT-

pHIO, KaK H CHHXpOHHhIe HeHBH0-
nOJIJOCHhIe reHepaTophI, T. e. .n:o-
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nYCKalOT paJHOCTh TOKOB B <!>aJax
12 % npH VCJIOBHH, 'ITO HH B OMOH
H3 <l>a3 TOK He .n:OJI}l(eH npeBhIlliaTh

HOMHHaJIhHoro.

flpHHHMaH = I ,2; = 0,95,
nonyqaeM:

11/= &9 12 % = 15 %. (5.2)

C .n:pyrOH CTOpOHhI npH pema-
MeHTHpyeMoM fOCT Ha Ka1.JeCTBO

3JIeKTp03HeprnH .n:onYCTHMOM 3Ha-

'IeHHH HanpH}l(eHHH 06paTHOH noc-

JIe.n:OBaTeJIhHOCTH, paBHOM 2 %, TOK

06paTHOH nOCJIe.n:OBaTeJIhHOCTH no

M MO}l(eT .n:OCTHraTh 11-13 %, a

HepaBeHCTBO TOKOB B <!>aJax MO}l(eT

npeBhIlliaTh 20 % HOMHHaJIhHOrO

3Ha1.JeHHH [7). flo 3TOMY YCJIOBHIO
TOK cpa6aThIBaHHH P3:

11/= d, 520 % = 25 %. (5.3)

BhI6HpaeM TOK cpa6aThIBaHHH
P3 OT HeCHMMeTplfllHhIX pe:>KMMOB
no 60JIhllleMY 3Ha'IeHHIO:

11/= 25 %.

BpeMH cpa6aThIBaHHH
onpe.n:eAAeM:

no YCJl06U10 Hecpa6ambl6aHWl P3
npH MaKCHMaJIhHO B03MO}I(HOH He-

CHMMeTpHH npH 6JIH3KHX .n:BYX<!>aJ-
HhIX K3 B ceTH, KOTophIe OTKJIIO'Ia-

IOTCH C Bhmep}l(KOH BpeMeHH. B
3TOM CJIyqae HaH60JIhllIaH HeCHM-

MeTpHH TOKOB no M, Kor.n:a CKOJIh-

}l(eHHe npeBhIlliaeT KpHTH1.JeCKOe,
.n:OCTHraeT 50 %. BpeWl cpa6aThIBa-
HHH P3 .n:OJI}l(HO 6hITh 60JIhllle IfJIH

paBHO:

lc.p lOI'KJI K3 + 111, (5.5)

me lOI'KJI K3 - MaKCHMaJIhHOe Bpe-

WI OTKJII01.JeHHH .lI:BYX<!>aJHOro K3,

(5.4)
P3 I/).



npH KOTOpOM O,n:HO H3 JIHHeMHbIX

HanpIDKeHMM Ha BbIOO,n:ax NJ, paBHO
H)'JIIO; M

-

CTYIIeHb CeJIeKTIlBHOC-

TH, M
= 0,4-0,5 c.

TIo pHC. TI6 M Hati:.n:eHHoro
3HaqeHH fc.p H M = 50 % onpe-
,n:eJI eM np MYIOIt:,. HJIH nYTeM

3KCl'panOAAwm Me)(QJy coce.ll:Hl1MJ1

0603HaqeHHbIMH np MbIMH,TY
np MyIOIt:,., KOTOpM onpe,n:eJI eT
HaHMeHbl.LI}'IO ,n:onyCTHMYIO YCTaBKY
cpaooTbma P3 It:,. min ;

no YCJl06U1O oonycmUMo20 6peMe-
HU npomeKaHWl MaKCUMaJlbHO 603-

MOJlOlbfX moK06 o6pamHou nOCJleoo-
6ame.JlbHOcmu. TaK KaK HarpeB on-

pe,n:eAAeTC B nepByIO Oqepe,n:b TO-

KaMH 06paTHOM nOCJIe,n:OBaTeJIb-

HOCTH, TO npo,n:OJDKM aHaJIOrHIO C

CHHXpOHHbIMH HemmOnOJIIOCHbIMH

reHepaTopaMH, npHHHMaeM, 'ITO

,n:onYCTHMoe BpeM npOTeKaHH 
TOKOB 06paTHOM nOCJIe,n:OBaTeJIb-
HOCTH BbIpa)l(aeTC CJIe,n:YIOIl(eM
<POpM)'JIOM:

_A2
IJ{on

-

r2
' (5.6)

2*

me A2
- TenJIOBOM napaMel'p, xa-

paKTepH3yIOI.IUiM HarpeB NJ, TOKa-
MH 06paTHOM nOCJIe,n:oBaTeJIbHOCTH;
12*
- OTHOllIeHHe HaH60JIbllIerO

3Haqe TOKa 06parHOM nocJIe,n:o-

BaTeJIbHOCTH, npOTeKalOIl(erO no

06MOTKe cTaTopa NJ" K HOMHHaJIb-

HOMY TOKY.
B CB 3HC OTCYTcTBHeM ,n:aHHbIX

no 3Ha'IeHHIO A2 NJ" npHHH-
MaeM A2 TaKHM )l(e, KaK H re-

HepaTopOB C KOCBeHHbIM oXJIIDI<D,e-

HHeM: A2
= 40.

MaKCHMaJIbHoe 3HaqeHHe TOKa

06paTHoM nOCJIe,n:oBaTeJIbHOCTH,
npOTeKaloIl(erO no 06MOTKe CTaTO-

pa NJ" CJIe.n:yeT O)l(J1.ll:afb B pe)l(J1Me

,n:BYX<Pa3HOro K3 B6JIH3H llIJ1H, OT

KOTOpbIX nHTaeTC NJ" a TaK)l(e B

pe)l(J1Me pa3pbIBa <Pa3bI Ha cTopoHe

BbIcwero HanpIDKeHH nHTaIOIl(ero

CMJIOooro l'paHc<PoPMaTopa co cxe-

MOM coe,n:HHeHH 06MOTOK 3Be3-

,n:a
-

1peyrOJIbHMK C H30JIHpOBaH-
HOM HeMl'paJIbIO (npH 06pbIBe <pa-
3bI Henocpe,n:cTBeHHo Ha BbIBO,n:ax

3JIeKTpo,n:BHraTeJI P3 pa60TaeT C

HaHMeHbweM BbI.ll:ep)I(KOM BpeMeHM
1 c).

EcJIH npH Tb,'ITO conpOTHB-
JIeHHe NJ, o,n:HHaKOBO M TOKOB

np MoMH 06paTHOM nOCJIe,n:OBa-

TeJIbHOCTH (NJ, OCTaHOBMJICR) H co-

npOTHBJIeHHe TpaHc<popMaTopa
3HaqHTeJIbHO MeHbllIe conpornBJIe-

HH A.LJ:, Tor,n:a COOTHOllIeHH 

Me)(QJy TOKaMH H HanpIDKeH MHH

J1X 3Haqe 6y.n:yr O.ll:l1HaKOBbI KaK

,n:BYX<Pa3HOrO K3, TaK H 06-

pbIBa <pa3bI Ha CTOpOHe 3Be3LlbI CH-

JIOBOrO l'paHc<PoPMaTopa.
B 3TOM cnyqae OpHeHTHpOBO'I-

HO MaKCHMaJIbHOe 3HaqeHHe TOKa

06paTHoM nOCJIe,n:OBaTeJIbHOCTH

MO)I(HO onpe,n:eJIHTb TaK:

1
-

U2 - 0,5 UHOM*

(5.7)2* max- X2

-

l/ cK
.

3rOMY TOKY 06paTHOM nOCJIeLlo-

BaTeJIbHOCTH 6y,n:eT COOTBeTCTBO-

BaTb pa3HHl..{a B <pa3HbIX TOKax, paB-
HM 50 %, T. e. !:J..I= 50 %.

TaKHM 06pa30M, MR nOJIyqe-
MaKCHMaJIbHOrO 3Ha'Ie YC-

TaBKH no BpeMeHH cpa6aTbmaH 
P3 He06xo,n:HMO no (5.6) onpeLle-
JIHTb ,n:onyCTHMOe BpeMR npOTeKa-
H TOKOB 06paTHOM nOCJIe,n:OBa-

TeJIbHOCTH H no pHC. TI6 no HaH-

,n:eHHOMY IJ{on H  I= 50 % onpeLle-
JIHTb np MyIO111 MJIH nyTeM 3KCT-

panOAAI..{J1H Me)(QJy coce,n:HHMH 060-
3HaqeHHbIMH npRMbIMH TY npRMyIO
It:,., KOTOpM onpeLleAAeT HaH60JIb-

l.LI}'IO ,n:onyCTHMyIO YCTaBKY cpa6a-
TbIBaH P3 111 max .

OKOmaTeJIbHOe 3HaqeHHe YC-
TaBKH CpaOOTbIBaHHR BbI6HpaeTC 
Me)(QJy It:,. HIt:,. min.

41



ITpl1 JJ:eHCTBI1I1 P3 Ha OTKJIIO'Ie-

HMe - rrepeKJIIO'IaTeJIb SGF/5 = 1.

ITpl1lIepeBoJJ:e JJ:eHcTBIDI P3 Ha cl1r-

HaJJ (rrepeKJIIO'IaTeJIb SGF/5 = 0, a

rrepeKJIIO'IaTeJIb SGFl/5 = 1) BbI-

JJ:ep:>KKY BpeMeHI1 P3 MO)l(I-\O rrpl1-

HI1MaTb TaKoH, '1T06bI rrpl1 /)..1=
= 50 % BpeNrn cpa6aTWBaHI1H P3

tc.p 6bIJIO 6bI paBHbIM COrJIaCHO

(5.5), T. e. t6, min.

llpHMep 7. PaC'IeT ycraBOK cpa-
6aTbIBaHI1H P3 OT HeCI1MMeTpl1'1-

HbIX pe:>KI1MOB A)J, Tl1rra SPAM

150C (SPAC 802). I1CXOJJ:HbIe JJ:aH-

HbIe AD. TaKl1e :>Ke, KaK B rrpl1Me-

pe 6. TOK cpa6aTbIBaHIDI P3 OT He-

CI1MMeTpl1'1HbIX pe:>Kl1MOB rrpl1HI1-
MaeM comaCHO (5.4):

/)..1= 25 %.

npeJJ:rrOJIO:>KI1M, '1TO MaKCI1-

MaJJbHoe BpeNrn JJ:eHCTBIDI P3 OTXO-

JJ:H1ll11X rrpl1COeMHeHI1H Ha unmax,

OT KOTOpbIX nl1TaeTCH 3allll1111ae-

MbIH AD. JJ:bIMococa, paBHO 2,0 c,

Toma no pl1C. IT6 rrpl1 /)..1 = 50 % 11

rro (5.5) tc.p
= 2,0 + 0,5 = 2,5 C on-

peAeAAeM 16, min
= 60 c.

)J.mI ol1peAeJIeHIDI 16, max rro (5.7)
HaxOMM h. HOM

1
- 0,5 -

2 452. HOM
-

1/4,9
-

,
.

ComacHo (5.6) onpeJJ:eAAeM JJ:O-

rryCTI1MOe BpeNrn rrpOTeKaHI1H TOKa

06parnoH nOCJIeJJ:OBaTeJIbHOCTI1:

IlIOIl
=

2 52= 6,7 c.

,

ITo pl1C. IT6 AJIH /)..1 = 50 % 11

I.QOIl
= 6,7 C HaxOJJ:I1M, '1TO cHOH TO'l-

Ke COOTBeTCTByeT npHMM C YCTaB-
KOH 16, > 120 c.

TaKl1M 06pa30M, He06xoJJ:I1MaH

ycraBKa no BpeMeHI1 cpa6aTbIBamrn
P3 MO:>KeT 6bITb npl1HHTa Me:>KJJ:Y

16,
= 120 C M 16,

= 60 c.

npl1HI1MaeM 16,
= 80 c.

TaKl1M 06pa3oM, rrpl1HI1MaeM K

YCTaHOBKe CJIeJJ:YlOllll1e YCTaBKI1:
/)..1 = 50 % 11 16,

= 80 c. ITepeKJIIO'Ia-
TeJIb SGRI/5 = 1 - P3 OT HeCI1M-

MeTpJ1'IHbIX pe:>Kl1MOB pa60TbI JJ:eH-

CTByeT Ha OTKJIIO'IeHl1e.

6. 3alq 1TaOT nOTepM Ha,-pY3KM
B ....M4>POBOM pene TMna SPAM 150C

(SPAC 802)

B Mo.uyJIe SPCJ4D34 UI1<PPOBOH
P3 TI1na SPAM 150C (SPAC 802)
npe.uycMOTPeHa 3allll1Ta OT rrOTepl1

HarpY3KI1, KOTopaH I1crrOJIb3yeTcH

.lJ)U! P3 rrpI1BOJJ:OB 11 AD. rrpM BHe-

3anHoH rrOTepe Harpy3K11. 3Ta P3

06W'IHO I1CrrOJIb3yeTCH .lJ)U! 3alJ..{l1TbI

npl1BoJJ:oB KOHBeHepoB 11 norpy-

:>KeHHbIX rrOMrr, OXJIa)l(.ZJ:eHl1e KOTO-

pbIX np0I13BoJJ:I1TCH rrepeKa'lI1Bae-
MOH )I(J1.lJ:KOCTblO. 3Ta :>Ke P3 MO:>KeT

6bITb I1CnOJIb30BaHa.lJ)U! rrycKa 6JIo-

KI1poBKI1 npl1 nOTepe Harpy3K11 B
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uerrO'lKe TeXHOJIOrl1'1eCKOH cxeMbl

np0I13BoJJ:CTBa.
3axmna rrpl1XoJJ:I1T B JJ:eHCTBl1e

rrpl1 CHl1:>KeHl111 TOKa Harpy3K11 JJ:O

30-80 % TOKa rrOJIHOH Harpy3K11 Ie
11 I1MeeT BpeNrn cpa6aTbIBaHIDI 2-
600c.

YcraBKI1 cpa6aTbIBaHI1H cHOH P3

B OCHOBHOM OrrpeAeJIHIOTCH Tpe6o-
BaHI1HMI1 TeXHOJIOrl1'1eCKOrO rrpo-

uecca.

)J.rrH BbIBOJJ:a 113 pa60TbI cHOH P3

CJIY:>KI1T nepeKJIIO'I<ITeJIb SGF/8 = O.



flpWlOJICeHue

OCHOBHblE XAPAKTEPMCTMKM 5nOKA P3

3nEKTPOABMrATEnEM TMnA SPAM 150C

YHHBepCaJlbHOe, MHOrO<PYHKl(HO-
HaJlbHoe peJIe)J)UI KOIITpOJUI H 3aJJ..UITbI

TpeXcPa3HbIX 3JIeKTPOnpHBO,ll.OB, KOTO-

pbIe ynpaBIDllOTC5I KOmaKTOpaMH HJIH

BbIKJIlO'IaTeJI5lMH.

COqeTaHHe pMa <P}'HKl(HH B O,ll.HOM

peJIe: 3aJJ..UITa OT TelUlOBOH neperpY3KH,

qeTbIpe pa3JIHqHbIX YCTPOHCTBa KOH-

TPOJI51 nycKa, P3 OT K3, P3 OT 3aMbIKa-

HHH Ha 3eMJIIO; P3 OT 06pbIBa cPa3 11 P3

OT nOTepH HarpY3KH.
Pa3BHTa51 P3 OT TenJIOBOH nepe-

rpY3KH, KOTOPa51 yqHTbIBaeT KaK CHJIb-

HbIe KpaTKOBpeMeHHbIe TepMWleCKHe

neperpY3KH 3aIl.(HIl.(aeMOrO 06'beKTa,
TaK 11 npOQecc .lUIHTeJIbHOH TepMWleC-
KOH neperpY3KH MallIHHbI.

ABapHHHbIe BeJIHqHHbI, BbI3BaB-

llIMe )J.Ba nOCJIe)J.HHe cpa6aTbIBaHH5I,
xpaH51TC5I B naM5lTH )J)UI ,lI.aJIbHeHllIero
aHaJIH3a.

BXO)J.bI 1 H 5 A Y BCex M3MepHTeJIb-
HbIX QeneH.

Op5IMoe QM<ppoBOe nOKa3aHHe: yc-

TaBoK, H3MepeHHbIX TeKYllIHx 3Haqe-

HMH, HaxODJII.l[ID{CH B naM51TI1 BeJIWlHH

aBapHHHbIX CHTYall.MH, ,lI.aHHbIX 0 cpa-

6aTbIBaHHHX H 0 COCT05lHHH 06DeKTOB.

EbIcTpoe H3MeHeHHe KOH<pHrypa-
QMH peJIe B COOTBeTCTBHH C TPe6yeMbI-
MH <pyHKl(M5IMH KOHKPeTHOrO 06'beKTa.

BbICOKa51 TOqHOCTb M cTa6HJIbHOCTb

3a CqeT nporpaMMHOrO 06eCneqeHM5I.

BbICOKa51 YCTOlfqHBOCTh K B03,l1.eH-

CTBHIO ::JJIeKTpOMarHHTHbJX nOMex H

npOqHbIH aJlIOMHHHeBbIH KO)!(}'X peJIe
co CTeneHbIO 3aIl.(HTbI IP54.

BbICOKa51 Ha.n.e)!(HOCTb B 3KcTIJIYaTa-

lI.MH, B TOM qHCJIe 6JIaro)J.apH BCTPoeH-
HOH CHCTeMe caMOKOHTPOJIH M aBTO-

)J.HarHOCTMKH.

nOpT nOCJIe,ll.OBaTeJIbHOH nepe,ll.aqM

)J)UI conpIDKeHM5I peJIe 3aIIJ.MTbI All. C

onTWlecKoH HJIH 3JIeKTPWleCKOH llIH-

HOH nepe)J.aqH ,lI.aHHbIX H qepe3 Hee C

BbIllIeCTOHIl.(HM ypOBHeM CHCTeMbI.

npHMeHelBle

PeJIe 3aIl.(MTbI 3JIeKTPo)J.BHraTeJIeH
(3D.) THna SPAM 150C (pMC. nl)

npe)J.CTaBJI5IeT C060H KOMnJIeKTHOe

MHoro<pyHKIJ.MOHaJlbHOe peJIe B OCHOB-

HOM )J)UI 3aIl.(HTbI cpe,ll.HMX 11 60JIbllIMX

TPex<Pa3HbIX aCMHXpOHHbIX H CI1HXPOH-

HbIX 3JIeKTPO,ll.BHraTeJIeH. PeJIe ycnellI-
HO npHMeH51eTC5I .lUI5I 3JIeKTPonpHBO-

)J.OB, KOTopbIe ynpaBJIHIOTC5I KaK KOH-

TaKTOpaMH, TaK H BbIKJIlO'IaTeJI5lMM.

PeJIe 3aIl.(MTbI 3JIeKTP0)J.BMraTeJIeH
BXO,ll.HT B ceMeHCTBO SPACOM, n03TO-

MY peJIe HMeeT nopT nepe,ll.aqM )J.aHHbIX,

C nOMOlllbIO KOToporo peJIe MO)!(HO co-

np5lraTb C TaK Ha3bIBaeMOH llIHHOH

nepe)J.aqH )J.aHHbIX SPA. Qepe3 llIHHY
MO:JKHO nepe)J.aBaTb OCHOBHble napa-

MeTPbI npHBO,lI.a Ha BbIllIeCTOHIl.(MH ypo-
BeHb CHCTeMbI, Ha KOTOPOM I1H<PoPMa-
QM5I HCnOJIb3yeTc5I .lUI5I npOeKTHp0Ba-

HM5I H KOIITpOJI51 o6'beKTa, a TalOKe )J)UI

aHaJlH3a )J.e<PeKTa nOCJIe aBapHH. Ta )/(e

HH<PoPMall.l15l peJIe MO)/(eT 6bITb BbIBe-

)J.eHa Ha ero )J.HClUleH C nOMOlllblO KHO-

nOK.

PeJIe THna SPACOM HMeeT CI1CTe-

MY caMOKOHTPOJI5l, KOTOPa51 KOHTPOJIH-

PYeT pa6OTocnoc06HocTh KaK 3JIeKTPO-

HHKH, TaK H nporpaMM peJIe. 3TO pe-

llIalOI.IIHM 06pa30M nOBbIllIaeT Ha.n.e)/(-

HOCTb peJIe B 3KCTIJIyaTaUl1M 11 3ao)J.-

HO - 6e30naCHoCTb caMoH nO,ll.CTaH-

QI1H.
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TeXUH'leCKHe Mllllble peJIe 3a111.1fTh13J1eKJ1lO,lJ,BHraTeJIen 'I1IIIa SPAM 150C

3AIInITA OTTEllJIOBOfi nEPEfPY3KH J],HanaJOH YCTaBOK no

YCTaBKa no TOK)' nOJnlOH H3fPyJKII
BpeMeHH cpa6aTbIBaHllil, c.. 0,04-30

lIBHraTeJIH
BpeMH B03BpaTii. MC ............

< 80

Ko3<!><Plli.{HeHT B03BpaTa ..... 0.96
J],HanaJoH YCTaBOK............... (O,SD-I.SO)IHJM nOrpelllliOCTb no TOI<)'

J],HCKpeTHOCTb 3auaHIDI cpa6aTblBaHllil. %................ 3
YCTIlBOK.... ............................ O.OI/HJM nOrpelllliOCTb no BpeMeHH
nOrpeWHOCTb nOTOI<)', % ...2 Cpa6aTbIBaHHH..................... 2 % YCTIlBK11
YCTaBKa no .nonyC11tMOMy BpeMeHH

I1J1H 2S MC

3aKJ1H11HBa11H11 poropa 16x , p3BHaJI 3AIInITA OT3AMbIKAHMll HA3EMJlIO

BpeMelUt OTK.JIIO'IelUtH 3J1eKTpOlIBHraTeJlll
J],HanaJoH YCTIlBOK no TOI<)'

upH 3311YcKe H3 XOJIOJJ:Horo COCTOJIHIIH H
6 ( 1 100 %)[,

BxoJJ:HoMTOKe6Ie
cpa aTbIBaHllil.....................

-

0 HOM

BpeMH 3anyCKa. MC.............. < 70

J],HanaJoH YCTIlBOK. c........... 2,0-120 J],HanaJoH YCTIlBOK no
J],HCKpeTHOCTb 33llaHHH BpeMeHH cpa6aTbIBaHHH, C .. O.OS-30

YCTaBOK. c............................ O,S-IOO BpeMH B03BpaTIl, MC ............
< 80

CryneHb YBeJIWIeHHH Ko3<!><PHUHeHT B03BpaTa ..... 0.96
C'IeT'lliKa BpeMeHH. c........... O,S nOrpeUIHOCTb no TOI<)'

nOrpeWHOCTb cpa6aTbIBaHllil..................... 3 %+D,OOOSIHoM
no BpeMeHH ......................... 2 % I1J1H 25 MC nOrpelllliOCTb no BpeMeHH

npH6J1IDKeHHoe 3Ha'leHHe cpa6aTbIBaHHH..................... 2 % YCTaBKH

nOCTOHHHOH BpeMeHH
I1J1H 2S MC

HarpeBa Ih ............................ 32 16x

K03<!><PHUHeHT oxna)l(!leHllil

3J1eKTPQtlBImlTeJlH
B COCTOIDrnH nOKOH kc .

JUiana30H YCTaBOK ............... (1-64) Ih
J],HanaJoH YCTaBOK no
ypoBHIO npe.nynpeIlHTeJlbHOH
TelUloBOH CHrHaJJH3aUHH 90 .

% ypoBHH OTKJIIO'IeHillI ....... (SO-IOO %) 9,
J],HanaJOH YCTaBOK no
ypoBHIO 3anpeTI\ nOBTOpHoro

JanyCKa neperpeToro
tlBHraTeJlH 9;. % ypoBHR
OTKJllO'IeHillI........................ (20-80 %) 8,
I<.rot<ywHHCH ypoBeHb
HarpeBa IlBHraTeJJH npH
nOlla'le I1J1H BOCCTaHOBlleHHH

nHTIlHHH. % ......................... 70

3AIInITA llYCKOBOro pEJKHMA

(npHHIllffi TeI1!lOBOI'O HMII)'JlbCa)

YCTIlBKa nOTOI<)'
Cpa6aTblBaHHH Is.. ............... (I ,0-1O,0)IHoM
J],HanaJOH YCTIlBOK no

BpeMeHH cpa6aTbIBaHllil
Is. C..................................... 0.3-80
BpeMH B03BpaTa. MC ............

< 400

TO'lHOCTbonpelleJJeHHH 2
TeIUlOBOro B03IleHCTBHH ......:t 10 % Is Is
MHHHMaJlbHoe BpeMH
cpa6aTbIBaHllil. MC............... OKOJlO 400

3AIInITA or MIDK,lJ,Y<I>AJHblX K3

J],HanaJOH YCTaBOK no

TOKY cpa6aTbIBaHIDI ............. (0.S-20,0)IHoM
BpeMH TporaHillI. MC............ SO

46

3AIInITA OT nOTEPM HAfPY3KH

J],HanaJoH YCTaBOK no TOI<)'

g>a6aTbIBaHillI..................... (2-200 %)/HoM
)J.Hana30H YCTaBOK no

BpeMeHH cpa6aTb1BaHHH. c.. 2-60

BpeMH B03BpaTa, MC ............
< SOO

Ko3<!><PHUHeHTB03BpaTIl..... < 1,1

C'IEf'IMKCYMMAPHOrO BPEMEHM

3AllYCKOB

J],HanaJoH YCTaBoK no
JJ.OnyCTHMOMY CYMMapHOMY

BpeMeHH 3anYCKa LIs;. c..... S-Soo

J],HanaJoH YCTIlBOK no

CKOpoCTH CHIDKeHHH
C'IeT'IHKa cYMMapHoro
BpeMeHH JanyCKOB
llis/lli. c/'1 ......................... 2-2S0

3AIInITA OTHECMMMEfPWIHOfi PABOTbl

TOKTporaHHH AI................. (10--40 %) Imax

BpeMH Cpa6aTbIBaHllil 16

npH HaHMeHbweH B03MO)I(HOH

YCTaBKe (10 %) C

06paTHo3aBHCHMOH
Bbl.ll.ep}«I(OH BpeMeHH. c....... 20-120

BpeMH B03BpaTii. MC ............
< 2S0

nOrpeWHOCTb BpeMeHH

%        . .:.    :..:t 10

BpeMH cpa6aThIBaHllil npH
06pbIBe <paThl, c................... I

BpeMH Cpa6aThIBaHHH npH
HapyweHHH '1epellOBaHHH
<l>aJ. MC................................ 600



XapaJITepHC11IKH Cpa6aThlBaHHH 3auorIbl OTTOKOBOH neperpY3KH
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nporpaMMHpyeMble nepeKJllO'laTeJIH SPAM 150C

,[(ononHMTenbHble <PYHKIUUI, Onpe.ll,emleMble KOHKpeTHblMH CJ1Y'IIDIMH npHMe-

HeHIDI, 33Jl.aIOTCH rpynnaMH nepeKJ1IO'laTeneH. Ha 3KpaHe OT06pIDKalOTCH HOMepa

nepeKJ1IO'laTeneH OT 1 .lI,O 8 H nonO)J(eHIDI nepeKJ1IO'lareneH 0 rum 1 B pe)l(lilMe

BbICTaBJ1eHIDI YCTaBOK. B HOpMMbHOM pe)l(lilMe npH npocMOTpe Ha 3KpaHe nOKa-

3blBalOTCH TonbKO KOHTPOnbHble CYMMbl.

Fpynnbl nepeK.lllO'«Utlleii SGF

nporpaMMHpyeMble nepeKJ1IO'laTenH rpynnbl SGF Hcnonb3YIOTcH.lI.IDI 33Jl.aHIDI

TPe6yeMblX <PYHKlIHH.

TIepeKJIIO'!a- <1>yHKl!IDI
3aBO.l\CKasI KOH"IpOJlbHall

TCJlI1 YCTaBKa C}'MMa

SGFjl TOKOBaR OTCe'll<3 I» BBe.aeHa HJlH Bhme.aeHa: 1 1

o - Bhme.aeHa

1 - HCnOJIb3yercSi

SGFj2 YCTaBKa nOTOKY cpa6aTblBaHHJI TOKOBOH 1 2

arce'fKH I» aBfOMaTHqeCKH yJlBaMBaercSi

npH BKJTIO'lemrn 3JJ.:

o - Her YJlBaMBaHMSI

1 - YCTaBKa aBTOMaTHqeCKH YJlBaMBaercSi

SGFj3 3anpeT .aeHCTBHSI P3 ar 3aMbIKaHHH Ha 3eMIfIO 0 4

SGFj4 npH Q>a3HbIX TOKaX, 60JIbIilllX TOKa nOJIHOH 0 8

HarpyJKH !(BIffilTeJlSl Ie B onpe.aeJleHHoe

'lHCJJO pa3

SGFj3 = 0 H SGFj4 = 0 Her 3anpeTa

SGFj5 BBO.a HJJH Bbmo.a P3 ar He6aJJaHca Q>a3: 1 16

o - P3 He HcnOJIb3YercSi

1 - P3 HcnOJIb3YercSi

SGFj6 BBO.a HJlH BbmQLI. P3 ar HenpaBMJIbHOH 1 32

nOCJJe.aOBaTeJIbHOCTH Q>a3:

o - He HCnOJIb3YercSi

1 - P3 HcnOJIb3YercSi

SGFj7 BbI60p P3 npH 3aIIYCKe: 1 64

0-TOKOBaR P3 Is

1 - P3 ar TefIJlOBOro B03!(eHCTBHSlIl IS

SGFj8 BBO.a HJlH Bbmo.a P3 1< : 0 128

o - P3 He HCn0JIb3yercSi

1 - P3 HcnoJIb3yercSi

KOHTpoJlhHaJI c)'MMa 3aBQllcKOH ycraBKH 115
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IlpoZPaMMUJJYeMbte nepeKJIlOlfante.llU Zpynnbl SGB

npOrpaMMHpyeMble nepeKJIIOqan:JIM rpynnbI SGB MCnOJIb3}'1OTCH )J)UI onpe e-
JIeHMH cl>YHKIUfH BHeuIHero CMrHaJIa ynpaBJIeHMH peJIe

nepeKJIIO'Ia- <1>yHKIU1H
3aBO.l\CKaJI KOHTpOIIbHa>!

reJIH YCTaBKa cyMMa

SGBII TIOC1)'IIJIeIDIe IDfiPoPMauIDf 0 JaKJIIDlliBaHIDI OT 0 1

nepeKJIlO'laTeJUI CKopocTIi 3JJ: ( .3Tor CMfHaJI HcnOllb3YeTCH,lJ)UI 3
n HJanycKeHH,!:\YKIIHOHHbIX .lUUrraTeJIell nma E* .

(0 - IDfiPoPMaI!lliI 0 JaKJIIDlliBaHID JIBIffilTeJUI

He nOCIyJIaer Ha BXO.lI)
SGB/2 3anper nepe3anyCKa 3JJ: BHellIHJiM yrrparounolUl1M 0 2

CMfHaJIOM (1). MOJKer Hcn0JIb30BaTbCH,lJ)UI yrrpaB-
JIeHHH nepeJanycKoM 3JJ: OT BHellIlillX YCTpOllCTB
aBTOMaTJfiGI

SGB/3 Kor.u.a SGB/3 = 1, nO.l\a'la BHellIHero paBJUllO- 0 4
II1ero CMfHaJIa 6J10KHpyer .l\ellCTBHe P OT He6aJIaH-
ca cPa3. TIpH OTCyrCTBHH CMfHa.JIa P3 pa60Taer
HOpMaJIbHO.
MOJKer HCn0JIb30BaTbCH,lJ)UI 6J10KHpoBKH P3 npH
nJIaBHOM 3anYCKe

SGB/4 Kor.u.a SGB/4
= 1, nO.lIa'la BHellIHero yrrpaBJUllO- 0 8

II1ero CMfHaJIa 6J10KHPyer .l\ellCTBHe P3 OT 3aMbIKa-

HHll Ha 3eMJllO, npH OTCYTCTBHH CMfHaJIa P3

M60Taer HOpMaJIbHO.
OJKer HCn0JIb30BaTbCH,lJ)UI npe.lIOTBpaIIleHHH

HenpaBHIlbHoro cpa6aTbiBaIDIH P3 H3-Ja HaCbIIIle-
HHH IT npH nJIaBHOM 3anYCKe 3JJ:

SGB/5 BHelllHIDl KOMaH.l\a OTKJIIO'leHHH BbUI,aeTCH Ha Bbl- 0 16

XO.l\Hoe pene A (1). DJlaro.l\apH 3TOMY .l\11r"e
P3

MOryr .l\ellCTBOBaTb Ha BblKJIIO'laTeJlb :3
iJaJlcHo!BHeIIIllllli CMfHaJI OTKlIIO'leHHH He no.ll.lIep-

JlCHBaeTCH MO.lIYJIeM H .l\OJIJKeH 06pa30BblBaTbCH
KOHTaKTaMH BHellIHero pene

SGB/6 C6poc pene BHellIHJiM yrrpaBJUllOlWfM CMfHaJIOM.

C6poc MOJKer OCYIIleCTBJUlTbCH oneparopoM Ha

CTaHl.{IDI H1IH OT YCTpOllCTB aBTOMaTJfiGI

SGB/7 3aIIleJIKa BbIXO.l\HOro pene OTKlIIO'leHHH

?f.H 0 64
cpa6aTbIBaHIDI TOKOBOll OTCe'lKH I», P OT
JaMbIKaHHll Ha 3eMJllO H OT He6aJIaHca cPa3.
Kor.u.a SGB/7

= 0, BbIXO.l\Hoe
 e

OTKJIIO'leHHH

B03BpaIIlaeTCH npH B03BpaTe 3.

Kor.u.a SGB/7 = 1, BbIXO.l\Hoe pene OCTaerCH cpa60-
TaHHblM

np:H
HC'le3HOBeHIDI BXO.l\HOro CMfHaJIa H

B03BpaTe 3. C6poc JaIIlemrn OCYIIleCTBJ1HerCH
HaJKaTHeM KHonOK PROGRAM H STEP, KOMaH-

.l\Oll no nOCJle.lIOBaTeJlbHOll CBH3H H1IH BHellIHJiM

yrrpaBJUllOlUI1M CMfHaJIOM

SGB/8 3aIIleJIKa BbIXO.l\HOro pene OTKJIlO'leHHH npH cpa6a- 0 128
TblBaHIDI P3.

Kor.u.a SGB/8 = 0, BbIXO.l\Hoe
 e

OTKJIIO'leHIDI

B03BpalllaerCH npH B03BpaTe 3.

Kor.u.a SGB/8 = 1, BbIXO.l\Hoe pene OCTaeTCH cpa60-
TaHHblM

 H
HC'le3HOBeHIDI BXO.l\Horo CMfHaJIa H

B03BpaTe 3. C6poc 3aII1eJlK11 OCYIIleCTBJ1HeTCH
HaJKaTHeM KHonOK PROGRAM H STEP, KOMaH-

.l\Oll no nOCJle.zIOBaTeJlbHOll CBH3H H1IH BHellIHJiM

yrrpaBJIJlJOlUI1M CMfHaJIOM.

KOHTpoJIbHaH cYMMa JaBO.l\CKOll YCTaBKH 0
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rpynIIbl nepeKJIl()qaTeJIeH SGRI H SGR2

nepeKJIlOqaTeJIH rpynn SGRI H SGR2 HCnOJIb3YI<>TC5I .lI)UI 3a,1J.aHH5I KOH«pmy-

pawm BbIXO.LlHblX peJIe.

IIepeK./lJOltameAU Zpynnbl SGRI

nepeKJUO'la- <1>yHKlUiJi
3aBO.D:CKaH KOH1pOllbHaH

Telll" YCTaBKa cyMMa

SGRIjI Koma SGRIjI = I, npe.u:aapJITeJIbHbli1 TenJIQBd;j 1 1
CHrHaJ! .nei1crnYeT Ha SS2

SGRlj2 Koma SGRI/2 = 1, CHrHaJ! cpa6aTbIBaHHSI 0 2
TenJIOooi1 Jall.ll1Thl.nei1crnYeT Ha SS2

SGRlj3 Koma SGRlj3 = I, CHrHaJ! Cpa6aTblBaHHSl P3 0 4

npH JanycKe .nei1crnYeT Ha SS2

SGRlj4 Koma SGRlj4
= I, CHrHaJ! cpa6aTbIBaHHSl 0 8

TOKOOOi1 0TCe'IKH I» .nei1crnYeT Ha SS2

SGRI/5 Koma SGRlj5 = I, CHrHaJ! cpa6aTbIBaHHSl P3 0 16
OT He6aJ!aHca 4>a3 .nei1crnYeT Ha SS2

SGRlj6 Koma SGRlj6 = I, CHrHaJ! cpa6aTblBaHHSl P3 0 32
OT JaMbJKaHJ1il: Ha 3eMJIlO .nei1crnYeT Ha SS2

SGRlj7 Koma SGRI/7 = I, CHrHaJ! cpa6aTbIBaHHSl P3 0 64
OT nOHIDKeHHSl TOKa .nei1crnYeT Ha SS2

SGRlj8 Koma SGRI/8 = I, CHrHaJ! cpa6aTbIBaHHSl P3 1 128
OT JaMbIKaHHH Ha 3eMJIlO .nei1crnYeT Ha TS2

KOHTpOJlbHaSl CYMMa JaBO.nCKOi1 YCTaBKH 129

llpoZpllMMUpyeMbte nepeK./lJOltameAu SGR2

nepeKJ1IO'Ia- <1>yHKlUiJi
3aBO.D:CKaH KOH1pOlllMaJI

Tell" YCTaBKa C}'MMa

SGR2/1 Kor.na SGR2/1 = I, npe.u:aaPJITeJIbHbli1TenJIOBoi1 0 I

CHfHaJ! .nei1CTBYeT Ha SSI

SGR2/2 Kor.na SGR2/2 = 1, CHfHaJI HH4>oPMawrn 0 1 2

JanycKe 3D:.nei1crnYeT Ha SSI

SGR2/3 Kor.na SGR2/3 = I, CHfHaJ! JanyCKa TOKOOOi1 0 4

OTCe'lKH I» .nei1crnYeT Ha SSI

SGR2/4 Kor.na SGR2/4 = I, CHrHaJ! OTKJIIO'IeHHJI 1 8

TenJIOooi1 Jall.ll1Thl.nei1crnYeT Ha SS3

SGR2/5 Kor.na SGR2/5 = I, CHrHaJ! OTKJIIO'IeHHSl Jall.ll1Thl 1 16

npH JanycKe .nei1crnYeT Ha SS3

SGR2/6 Kor.na SGR2/6 = I, CHrHaJ! P3 OT He6aJ!aHca 4>a3 1 32

.nei1crnYeT Ha SS3

SGR2/8 Kor.na SGR2/7 = I, CHrHaJ! P3 OT JaMbIKaHHH Ha 1 64

3eMJUO .nei1crnYeT Ha SS3
Kor.na SGR2/8 = I, CHrHaJ! P3 OT nOHIDKeHHSI 1 128

TOKa .nei1CTBYeT Ha SS3

KOHTpOJlbHaSI cYMMa JaBO.nCKOi1 YCTaBKH 250
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fpynlILl nepeKJl101laTeJleii SG4

fpynna nepeKJIlOqaTeJIeH nporpaMMbI CO.ll:ep:>KHT l'pH nepeKJIlOqaTeJUl. KOH-

l'pOJIbHM cYMMa CO.ll:ep:>KHTCH B cy6MeHIO SG4.

nepeKJllO'ia- c1>yHK\Ulli
3aBO.aCIGU! KOHI)X>JlbHM

TeJlH YCTaBKa C}'MMa

SG4/1 nepeKJDO'laTeJIb SG4 HCnOJ\b3YeTCR WUI BbI60pa 0 1

IIplfHIDll1a BbI'rnCJIeHllil. BeJlW!HHbI IJ tS llpH

3aII)'CKe (npH SGF/7=1).
Koma SG4/1 = 0, BeJIWlID{a Bbl'rnCIDIeTCR npl1

3aII)'CKe.

Koma SG4/1 = I, BeJIWIID{a Ha'illHaeT

Bbl'rnCJIjjThCg npH npeBbIIlleHl1l1 ycraBlGl: Is

SG4/2 Koma SG4/2 = I, ClffilaJI pa3pellIeHl1R 0 2

nepeJanycKa ,IUUlrareIDI TSI He BbInaeTCR

SG4/3 Koma SG4/3 = I, ClffilaJI JanyCKa P3 npH 0 4

3aII)'CKe BbuxaeTCR Ha SSI

KOHlpOllbHag cyMMa JaBO.IJ:CKOH ycraBlGl 0
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AneKcaHApM xa nOB  

AneKcaHAPOB - onb/THb/U

cnelJ,/I1an/l1CT no peneuHoiit 3aUJ./I1Te,

pa60TaeT B LlCP3A "fleH3HeplO"
CBb/we 30 neT, 3aMeCT/I1Tenb

HallanbH/I1Ka cnY>K6b1.
CjOf
 -

A.M. AneKcaHAPoB - Aou,eHT neTep-
6yprcKoro 3HepreT YeCKOrO HCT TY-
Ta nOBblweH 51KBaJ1 cp Kau,  PYKO-
BOA5IW. X pa6oTH KOB cneu, aJl C-

TOB M HTon3HeproPet:> (nSlI1nK) no

KacpeApe peJle HO 3aw. Tbl aBTO-

MaT K 3JleKTp YeCK XcTaHu,  ,ce-

Te 3Heproc CTeM.ABTOp MHor x

MeTOA YeCK XYKa3aH  no peJle -
HO 3aw. Te, npeAHa3HayeHHbiX AJl51

CJlywaTeJle nSlI1nK.

COBpeMeHHa51 Ll,1II<PPOBa51

3aUJ,IIITa MO>KeT npOAnlllTb

>K1II3Hb SneKTpOABlllraTeneVl,
ecnlll peneVlUJ,IIIKIII 6YAYT

npaBlllnbHO HaCTpalllBaTb 3aUJ,IIITbi


