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BeeCJeHue 

B HCCne,D;OBa TenhCKOM KOMnneKCe .H lip- 2 C HH:>KeKTOpOM 

Jl.HY- 30, coopy:>KaeMOM B JIHCI> O.HR.H, 6y,D;eT reuepupo

saThCB MO~HblB UOTOK HeBTpOHOB j,D;O 10 17 Heiimp/CM 
2
cj • 

.Hu:>KeKTOp - nHHeBHbiB HH,D;YKUHOHHbiB ycKOpHTenh - npe,D;

cTaBnBeT C060B COBOKYDHOCTb CnO:>KHbiX 3neKTpo<l!H3H'IeCKHX 

ycTpOBCTB - HH:>KeKTOpHOB, HH,D;YKUHOHHOB H YCKOpi!lOIUeB 

CHCTeM. 3TH ycTpOBCTBa DO po,D;y CBOeB pa60Tbl BBnHWTCH 

HMDynhCHblMH CHCTeMaMH H CO,D;ep:>KaT 60nbiiiOe 'IHCnO MOIU

HblX reuepaTopoB /oT coTeH KBIII ,!1;0 COTeH MBm/. B cocTaB 

HX BXO,Il;i!T HCTO'IHHKH UHTaHHil, HaKOUHTenH, KOMMyTaTOpbl 

/B OCHOBHOM HMDynhCHble THpaTpOHbi/ H T .n. KpoMe Toro, 

,D;nil <l!opMHpOBaHHil MOH03HepreTH'IeCKOrO nyt.tKa 3neKTpOHOB 

B HH:>KeKTOpHyW t.taCTb YCKOpHTenH BXO,Il;HT pH,D; ycTpOHCTB, 

q,opMHpywmux uauoceKyH,D;Hbie nepena,D;hi KHnoaMnepuou aMn

nHTY,D;hl H MHKpOCeKyH,D;HOH ,D;nHTenbHOCTH /uanpHMep, CHCTe

Ma MOHOXpOMaTH3aUHH 3neKTpOHHOrO nyt.tKa/. 

TbiCBt.ta t.teThipecTa ycKopBW~Hx 3neMeHTOB /HH,D;YKTO

poB/ Jl.HY 06'be,D;HHeHbl B 102 CeKUHH, UHTaeMble OT HM

nynhCHblX reuepaTOpOB. lli!Tb,D;eCBT O,Il;HH HMnynhCHbiH reue

paTOp MomuocThW ,D;O 280 MBm Ka:>K,D;hlB ,D;on:>KeH o6ecnet.tu

aaTh ua,D;e:>KHYIO pa6oTy ycKopHTenB uenpephiBHO o Tet.teuue 

120 ~ • 
B pe3ynhTaTe pact.teToB, npoae.iieHHbiX ua 3BM, noKa-

3aHo, 'ITO pa6oTocnoco6uocTh ycKopuTenB nonuocThW ua

pyiiiaeTcH npH BblXO,D;e H3 CTpOil OT O,Il;HOrO ,!1;0 ,D;eCHTH 

reuepaTOpOB B 3aBHCHMOCTH OT MeCTa HX pacnono:>KeHHH B 

ycKopHTenhHOM TpaKTe Jl.HY. 

TaKHM o6pa3oM, TOT <PaKT, 'ITO npu caMhlX ue6naro

npHBTHhlX ycnOBHiiX BblXO,Il; H3 CTpOil O,Il;HOrO reuepaTOpa 
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MO)KeT npHBeCTH K OTKJIIO'IeHHIO YCKOpHTenH, HBHRCH CTH

MYJIOM K fiOH{;KaM nyTeii fiOBbiUieHHH HX Ha,IJ;e)KHOCTH. 

0.IJ;HH H3 TaKHX. nyTeH 3aKJIIO'IaeTCJi B B03M0)KHOCTH 

npHMeHeHHH B JIHY- 30 BeCLMa Ha,IJ;e)KHbJX MarHHTHbiX re

HepaTOpOB HMnynLcoa /MrH/ I 1 1. KpoMe Toro, B uacToH

llleii pa6oTe npHBO.IJ;JITCH pe3yRbTaTbl HCCJie.IJ;OBaHHii no <i>op

MHpOBaHHIO HauoceKyH.IJ;Horo nepena.IJ;a KHnoaMnepHoii aMn

nHTY.IJ;bi MHKpoceKyH.IJ;Hoii .IJ;JIHTeJILHocTu B MrH. 

MarHHTHbiM reHepa TopoM npHHHTo Ha3LIBa Tb <l>opMHPYIO

lllYIO l{efiO'IKy, COCTaBneHHYIO H3 COOTBeTCTBYIOll{HM o6pa30M 

fiO.IJ;06paHHbiX H COe.IJ;HHeHHbiX 3ReKTpH'IeCKH KOH.IJ;eHCaTOpOB 

u .IJ;pocceneii c )KeJie3HbiMH cep.IJ;e'IHHKaMu. cl>opMupoBaHue 

HMfiyJibCOB B MrH npOHCXO.IJ;HT 3a C'leT HCfiOJib30BaHHH 

HeJIHHeHHbiX MarHHTHbiX CBOHCTB <i>eppoMarHHTHbiX cep
.IJ;e'IHHKOB. 

OcHOBHLIM 3neMeHToM, o6ll{HM .IJ;nH acex MrH, HBnHeTcH 

3BeHo, co.IJ;ep)Kalllee KOH.IJ;eucaTop u .IJ;poccenb /TpaHc<fJopMa

Top unu aaToTpaHc¢opMaTop/. CxeMa MrH o6LI'IHo co

CTOHT H3 HeCKOJibKHX TaKHX 3BeHbeB, COe.IJ;HHeHHbiX Kac

Ka.IJ;HO. He ocTaHaBJIHBaHcb no.IJ;po6uo ua 4>H3H'IecKHX npo

ueccax B 3BeHe, KOTOpbie paCCMOTpeHbl all/, 3aMeTHM, 'ITO 

B 3aBHCHMOCTH OT BeJIH'IHHbl TOKa fiO.IJ;MarHH'IHBaHHH cep,IJ;e'I

HHKa .IJ;pOCCeJIH B03MO)KeH CHMMeTpH'IHbiH pe)KHM pa6oTbl C 

.!J.BYMH HaCblll{eHHHMH pa3HOH fiOJIHPHOCTH H aCHMMeTpH'IHbiH 

pe)KHM C O,!J.HHM HaCblll{eHHeM. flo CXeMe fiHTaHHH pa3JIH

'IaiOT reuepaTopbi .IJ.BYX BH.IJ.OB. reuepaTopbi nepBoro BH.IJ.a 

fiHTaiOTCJI OT HCTO'IHHKa nepeMeHHOrO HanpH)KeHHJI H He 

co.n.ep)KaT ynpaBnJieMbiX KJIIO'Ieii; reHepaTopbi BToporo BH.IJ.a 

nHTaiOTCH OT HCTO'IHHKa nocTOHHHoro HanpH)KeHHH. TaK 

KaK B CXeMaX, CO,!J.ep)KalllHX TOJibKO peaKTHBHbie 3JieMeHTbl, 

HeB03MO)KHO npeo6pa3oBaTb fiOCTO.HHHbiH TOK B HMfiYJibCHbiH, 

B HHX npHMeH.RIOTC.H ynpaBJI.HeMble KJIIO'IH /TpHO,!J.bl HJIH THpH

CTOpbi/. B03MO)KHO TaK*e npHMeHeHHe THpaTpoHa B KaqecT

Be KJIIO'Ia, uo 3TOT BapuaHT 6onee CJIO)KeH u o6na.n.aeT He

.IJ;OCTaTKaMH THpaTpOHHoro reHepaTopa c <l>opMHPYJOlUeii nu
Hueii. 

KaK oTMe'leHo B I 1 I , Hau6onLUiee pacnpocTpaueHue 

B npaKTHKe fiOJIY'IHJia CXeMa MrH, COCTO.HlllaH H3 'leTblpex 

3BeHbeB, npH'IeM O,!J.HO H3 HHX /Ha3BaHHOe 3BeHOM THna li/ 
CO.IJ;ep)KHT KOH,!J.eHCaTOp H HMfiyJibCHbiH TpaHc<i>opMaTop ,!J.JIH 
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noBbiUieHHJI Hanp.H)KeHHJi, ocTaJILHble 3BeHL.H /Tuna A/ co

CTOJIT H3 ,!J.pOCCeJIJi H KOH,!J.eHCaTopa. 

TunoaaJI cxeMa MrH 6e3 KJIJO'Ia so axo.n.Hoii qacTH 

/1 au.n.a/ npe.n.cTaaneHa Ha puc. 1. 
MrH noJBOJIJIIOT nony'laTL HMnynLCbl caMoii pa3JIH'IHOii 

MOII.{HOCTH /OT COTeH BaTT ,!J.O ,!J.eCHTKOB MeraBa.TT/ H ,!J.JIH

TeJibHOCTH /OT ,!J.eCJiTKOB HaHOCeKyH,!J. ,!J.O ,!J.e{;HTKOB MHKpo

ceKyH,!J. H BbiUie/. qaCTOTa CJie,!J.OBaHHH HMllYJibCOB MO)KeT 

6biTb oT uecKoJibKHX repu .n.o .n.ecaTKOB KHnorepu. KpoMe 

TOrO, B03MO)I(Ha TaK*e pa6oTa B pe)KHMe C BHeUIHeH CHHXpo

ftH3al{HeH /reuepaTopbi 2 au.n.a/. 
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Puc. 1. CxeJ.ca MaZHUIIIHOZO zeHepamopa UMnyAbC08 1 euoa 
U 3a8UCUMOC1/Ib MUHUMaAbHOZO 061>eMa JKeAe3a 'VImin 0111 
tlacmolllbl f Ha 1 MBm uMnyAbCHoil MOJIIHOcmu. 
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)J.eHCTBHe MHOrOJBeHHOrO reuepaTopa MO)f(HO DO.IICHHTL 

CJJe.D;ylOU{HM o6pa30M: BXO.D;HaJI qacTJ. CXeMLI, BKJIIOqaJOU{aJI 

B ce6.11 JapJI.D;uwii KOHTyp H nepaoe JBeuo, onpe.ZJ;enseT 

3HeprHJO HMDYJJLCa H ero $aJy. POJJL OCTaJJLHLIX 3BeHLeB 

COCTOHT B flOCJJe.D;OBaTeJJLHOM C:>KaTHH .D;O Tpe6yeMOH BLIXO,Q

HOH .D;JJHTeJJLHOCTH o6paJoaauuoro B nepaoM JBeue HMnyJJLca, 

a TaK:>Ke B flOBLIWeHHH aMDJIHTY.ZJ;LI HMDYJJLCa C DOMOU{LIO 

JBeua Tuna 1i JJ.O Tpe6yeMoii aenuquuLI. llocne.D;uee JBeH(}, 

KpOMe TOro, fl03BOJJJieT C DOMOU{LIO ~OpMHpYJOU{eii: JIHHHH 

nonyqaTL B uarpyJKe HMnynLc Ja.D;auuoii ~OPMLI. 

MarHHTHLie reuepaTopLI 1 BH.D;a, JIBJJJIJICL npe.D;noqTu

TeJJLHLIMH C TOqKH 3peHHJI Ha,ZJ;e:>KHOCTH B CBJ13H C OTCYTCT

BHeM B HX CXeMe KOMMYTHPYIOU{HX 3JieMeHTOB, HCCJie.D;OBa

JIHCh KaK C TOqKH JpeHHJI B03MO:>KHOCTH CHHXpOHHJaUHH C 

Hli PoM H BOJMO:>Kuoii cuuxpoHHJaUHH B TpaKTe JIHY, TaK 

H C TOqKH 3peHHJI HX OCyll{eCTBHMOCTH npHMeHHTeJihHO K 
JIHY-30. 

B03MO:>KHOCTh CHHXpOHH3aUHH M rH 1 BH.D;a c Hli PoM 

He BLI3hiBaeT COMHeHHJI, T .K. JIJ06oe CMei..QeHHe HMnyJJLCa 

HH:>KeKUHH OTHOCHTeJihHO Ja,ZJ;aHHOrO MOMeHTa Ha ±5 3JJeKT

pH'leCKHX rpa.D;yCOB Bbl3hiBaeT JIHWh n.RTHnpoueHTHOe H3Me

HeHHe nHKOBOH MOU{HOCTH peaKT(}pa, B TO BpeM.R KaK MrH 

yKa3auuyro TO'IHOCTL o6ecnequoaeT. 3a,ZJ;aqa :>Ke cuuxpouuJa

uuu MrH 1 BH.IJ.a .D;pyr OTHOCHTeJihHO .D;pyra B COOTBeTCTBHH 

c nporpaMMoii ycKopeHHJI nytiKa Morna 6LI BLI3BaTL Ja

TPY.D;Heuu.s HJ- Ja ManocTu ueo6xo.D;HMLix HHTepaanoB Ja

.D;ep:>KKH no OTHOWeHHIO K nepHO.D;y nHTaroweii CeTH. 0.D;HaKO 

MLI He 3aHHMaJJHCh ee peweHHeM, T .K. MrH 1 BH.D;a He

npHeMJJeMLI no .D;pyroii npH'lHHe. 

llpaKTH'leCKH HenpeO.D;OJIHMhlM 6aphepOM OKaJaJJC.R 06beM 

BLICOKOKaqecTaeuuoro :>KeneJa, ueo6xo.D;HMLiii .D;JIJI peaJIHJa

UHH MrH uy:>Kuoii MomuocTu. B nopR.ZJ;Ke HJJJIIOCTpauuu oue

HHM o6beM cep.D;e'IHHKOB ua 1 MBm MOU{HOCTH. PaccMaTpu

aaeTcR reuepaTop 1 BH.D;a, cocTaaneuHLiii HJ JBeHLeB Tuna 

A. CxeMa nuTaeTcR OT HCTO'IHHKa nepeMeuuoro uanpR:>KeHHH 

'laCTOTLI f 0 • MHHHMaJJLHLiii o6ll{Hii o6"LeM :>KeJieJa cep.D;eq

HHKOB 'leTLipexJaeuuoro MrH onpe.ZJ;eJJ.HeTcJI Bhipa:>Keuu
eM /I/ : 
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r.D;e P
11 

- HMnynLcuaR MOU{HOCTL, Bm, r 11 - .D;JIHTeJILHOCTh 

HMnyJILCa, C, k - HOMep JBeHa reuepaTopa, f - K034J4Ju

r 
UHeHT JanonueHHJI HMnynLcoB I ( = ~ ~ r f ; T (l, f -

To o o 

nepHO.D;, qacTOTa CJie.D;OBaHHJI HMnyJILca/, fLo~ 477 • 10-
7
FH/M, 

u. = rq/ r 
11 

/ r c\l - .D;JIHTeJILHOCTh liJpouTa HMnynLca/, 

fL = 11 - 1 + S 1 A - Ko34JliJuuueuT, JaBHCJIU{HH OT aenu-
"k sk k k 

qUHhl MarHHTHOH npOHHUaeMOCTH cep.D;e'IHHKa B HaChill{eHHH 

(fl s) H OT OTHOWeHHJI nJIOll{a.D;eH Ce'leHHJI o6MOTOK ( S) H 

ce'leHHJI cep.D;e'IHHKa /A/; A.k+l=Ck/{\+J I C - eMKOCTh 

JBeHa/, ~Bk - pa60'IHH nepena.D; HH.D;YKUHH B cep.D;e'IHHKe 

.D;pocceJIJI, TA, (~ k - Ko34JliJuuueHT nepe.D;a'lu 3Hepruu OT 

"k"Jaeua .D;O uarpy3KH 

c kui 
({1 1 ---- = P T ) 

~ 2 11 11 ' 

ak - K03~HUHeHT, paBHhiH BeJIH'IHHe OTHOIIJeHHJI CYMMapHOH 

HH.D;YKTHBHOCTH K HH.D;YKTHBHOCTH HaChill{eHHOrO .D;pOCCeJIJI 

I L k-l c ak_1 L H(k-JJ 1/uu.D;eKc "11 "yKaJLIBaeT ua uachill.leHuoe 

cocTOHHHe cep.D;e'IHHKa/. )J.n.11 nocne.D;uero Joeua an =1, 
Yk - K03~HUHeHT, 3aBHCJill{HH OT liJopMhl npHJIO:>KeHHOrO 

K .D;poccemo uanpH:>KeHHJI /eM. /3.30/ B 11 I I /J.D;eCL ·~ ; /. 

)J.nH pactieTa J.D;eCh u .D;aJJee npuMeM: 

3,0; fLu = 7,0; 11 11 = 6,0 (k I= 
n k 

1· n )· 7 = 0 5 10-6 ' H , • ; 1111] 

{11 0,4; {12 + 0,5; {)3 = 0,63; (14= 0,8; T cp = 0,1• lQ- 6; 

~Dk= 1,5Bc = 2,3 T. 7 (B = 1, 5 T.7l ; a 
c 

~ 0,2; 
Til 

y k = 1 , 57 ; A. k + I = 1 , 0 ; a k 1,0. 
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lJO)J.CTaBmUJ: l.fHCJIOBhle 3Hal.feHHJI B /1/, noJiyl.fHM: 

V . = 23 04 · 10 - 3 r:r-M 3 
Imm ' '/ 1 o 

-3 23,04· 10 3 
-----M. 

V fo 

3aBHCHMOCTh o6'beMa )KeJie3a VI min OT qacTOThi cne

)J.OBaHHJI HMnyJihCOB f O /T.e. 'iaCTOThl nHTaiO~eH CeTH/ 

Ha 1 MBm MO~HOCTH npe)J.cTaaneHa Ha puc. 1. 
Ilpu paCCMOTpeHHH reHepaTopoB 2 BH)J.a HMeJICJI B BH)J.y 

BapHaHT C npHMeHeHHeM B Ka'ieCTBe KOMMyTaTopoa ynpaa

JIJieMLIX ;:J;HO)J.OB /THpHCTOpOB/, CpOK CJiy)K6hl KOTOphiX CO-
4 

cTaBJIJieT 10 '1, T.e. a 10-20 pa3 6onLUie cpoKa cny)K6LI 

THpaTpOHOB /5 • 10 2 -103 '1/. B03MO)KHOCTh BHelliHeH CHHX

pOHH3aD;HH H 3aMeTHO MeHhlliHH 06'beM )KeJie3a BhlrO)J.HO 

OTJIH'iaiOT 3TOT THn reHepaTopoB. 

0CHOBHhie He;:J;OCTaTKH THpHCTOpOB - KOHe'iHOe H BeCLMa 

npo)J.OJI)KHTeJILHoe apeMH BKmoqeHHJI /nopH;:J;Ka 10-7 c/, 
a TaK)Ke pa6oqee HanpH)KeHue I Upa6 ::; 10 3 B/. Ecnu 

nepBhiH He)J.OCTaTOK B CJiyqae Jli1Y npHBO)J.HT K onpe)J.eJieH

HOMy yBeJIH'ieHHIO 06'beMa )KeJie3a Mrlf, TO BTOpOH OKa3LI

BaeTCJI Tpy)J.HO npeO)J.OJIHMhiM, nOCKOJihKY CBJ13aH C BBe)J.e

HHeM a cxeMy Mr.H noBLIUiaro~ero HMnynLcHoro TpaHccilop

MaTopa C K03cilcilu:u;HeHTOM TpaHccilopMaD;HH nopJI)J.Ka 50-dOO. 

B pe3yJILTaTe MaKeTupoaaHHJI noKa3aHo, 'iTO pacqeTHOe 

nOBhlllleHHe HanpJI)KeHHJI B )J.eHCTBHTeJihHOCTH npaKTH'ieCKH 

ao acex cnyqa.sJ:x oKa3LIBaeTc.SI HaMHoro MeHLUIHM, npuqeM 

pa3HHD;a Me)K)J.y pacqeTOM H 3KCnepHMeHTOM B03pacTaeT 

C yaeJIH'ieHHeM K03cilcilHD;HeHTa TpaHCcilOpMaD;HH. IlOBhlllleHHe 

)Ke Hanp.SI)KeHHJI Ha BXO)J.e Mrlf C O)J.HOBpeMeHHhiM nOCJie)J.O

Ba TeJihHhiM BKJllO'ieHHeM HeCKOJihKHX THpHCTOpOB .SIBJI.SieTCJI, 

Ha HaUI B3rJI.SI)J., HeonpaB)J.aHHhiM, T .K. CB.SI3aHo C HeH36e)K

HOCThiO TID;aTeJihHOrO no)J.60pa THpHCTOpOB H CHH)KeHHeM 
Ha)J.e)KHOCTH CXeMhJ. 

MeTO)J.HKa pa3pa6oTKH BXO)J.Hou qacTH reHepaTopoa 2 

BH)J.a HeCKOJihKO CJIO)KHee, 'ieM y reHepaTopoB 1 BH)J.a; 

OCTaJihHhie 3BeHhJI pa6oTaiOT B TeX )Ke pe)KHMaX. ECJIH 

8 

B Kal.feCTBe KJllOl.fa BO BXO)J.HOM KOHType npHMeHeH THpH

CTOp, TO" o6'beM )KeJie3a Bhll.fHCJIJieTCJI no cilopMyne: 

VI min 

811opw rl1 4 ~11Hk ak ya -----v ri ___!_ ______ ------

110a<2 k=l (1 + ,\k + 1 ),~Btf3 k 

23,04· 10-
3 IT M 

3 ' /3/ 

r)J.e T - BpeMJI, Ha KOTOpoe OTKphiBaeTCJI THpHCTOp npH 

no)J.aqe 3anycKaiO~ero HMIIYJILca. 0Ho onpe)J.eJIHeTCJI ae

JIH'iHHaMH L 0 H C 0 /puc. 2/ H B03MO)KHOCTJIMH THPHCTopa 

no KPYTH3He HapacTaHHJI TOKa. 

~~·"t 
to-,V~ 

I!~ 
9 

~'l ~ ~ 
----------e~ 

(' 
I /0 l(p tO ~lo 

Puc. 2. CxeMa MQ2HUmH020 zeHepamopa UMnyAbC08 2 euoa 
u 3aeucuMocmb MUHUMaAbH020 o6oeMa xeAe3a VI min om 
'lacmombl f Ha 1 MBm uMnyAbcHoil MOJI#HOcmu. 
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Ilpu npuMeueuuu THpHcTopoo Tuna HT JI MO)I(l{O KOMMy
THpooa Th cpe~HHe TOKH ~0 200 A, Ba:>KHO TOJILKO, 'IT06hl 
KpyTH3Ha HapaCTaHHH TOKa 3a nepBLie 5 A-fKC He npeBLIWaJia 
3 A/MKc, B ~aJILHeiiweM pa3pewaeTCH KPYTH3Ha 10 A/MKc, 
no uanpH:>Keuuro - 50 B/MKc. )l;nH :noro L 0 ~enaeTCH 
HaCLU~aiOII.{eHCJI HH~YKTHBHOCTLIO C BpeMeHeM HaCLIII.{eHHJI 
5 MKC. lfcxo~JI H3 cpe~ueii KOMMYTHpyeMOH THpHCTOpOM 
MOII.{HOCTH B 200 KB111 /BLIITOJIHeH Ha MeTaJIJIH'IeCKOM pa
~HaTope C BO~JIHhlM OXJia:>K~eHHeM/, npH 50 Ft~ H BpeMeH~ 
pa6oTLI ero 600 MKc /c:>KaTue ocex 3BeHLeo x J4 =6 
~0 BhiXO~HOrO HMnyJILCa C ~JIHTeJILHOCThiO r VI = 0,5' MKC/, 

6 KA, T .e. noJiy'laTL MOI.QHOCTL MO:>KHO KOMMYTHpOBaTL TOK 
B HMnynLce 6 MBm I U 

rna x flhiX 
3oeua Tuna li/. 

= 1 KB 6e3 npHMeueuuJI 

EcJIH qacTOTa nHTaJOII.{ero uanpJI:>KeHiiJI f 0 rt~ /nepuo~ 
cne~ooaHHH HMnynLcoo T0 MKc/, KPYTH3Ha uapacTaHHJI 
TOKa THpHcTopa S A/MKC /10 A/MKc/, cpe~uuii TOK qepe3 
THpHcTop Ic , A /200 A/, a opeMJI pa6oTLI THpHcTopa 
T MKC, TO &ce 3TH BeJIH'IHHhl CBJI3aHLI COOTHOWeHHeM: 

ST2 f = I¢ , oTKy~a 

T _ 5- = j 200A · ..!:._0
6 

MK_£?_ = 10 3 • 4,48 -~ M'KC 

- s . f 0 10 AI M'KC. f 0 ;-r; 
10 

3
• 4,48h. M'KC • 

Tor~a H3 /3/: 

-3 4 r.::- -3 4 r;;-
v'(' . = 23,04· 10 . o,067 v TA = 1,385· 10 v T At 

..:.mm 0 0 

-3 
1,385·10 3 
-------At 

rr; /4/ 
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Mo:>KHO nocTpOHTh 3aBHCHMOCTh o6"beMa :>KeJie3a v~ min 

~JIH reuepaTOpa 2 BH~a /4/ OT 'laCTOThl CJie~OBaHHJI HMnyJIL
COB / f 0 /puc. 2/. )l;nH reuepaTopa MOI.QHOCTLJO B HMnynLce 
6 MBm ua o~HOM THPHCTope npu qacToTe cne~ooauuJI HM
nynLcoo 50 Ft~ H ~JIHTeJILHOCTLJO HMnynLcoo 0,5 MKC 
V~ min noJiy'laeTCJI paBHhlM 3,3 M.- 3 

HaMH 6LIJIH H3rOTOBJieHLI ~Ba onLITHLix MaKeTa MaruuT
uoro reuepaTopa HMnyJILCOB 2 BH~a C THpHCTOpaMH 
HTJI1-59 u KY-201JI oo oxo~HOM KOHType. Ilpu qacToTe 
CJie~oBaHHJI HMnyJILCOB OT HeCKOJihKHX rep~ ~0 e~HHH~ KHJIO
rep~ · nepBLiii reuepaTop HMeJI HMnynLcuyw MOI.QHOCTL Pw 

1 
= 

= 18 KBm /o6"LeM :>KeJie3a 16 CM 3 /, ~JIHTeJILHOCTL HMnynLca 
ua ypooue 0,5 6LIJia paoua •w = 0,6 MKC. CxeMa ero u 
OC~HJIJIOrpaMMhl HMnyJILCOB no 3BeHLHM H306pa:>KeHLI Ha 
puc. 3. )l;aHHLie cxeMLI: 

lJBX. = 100 B, J BX. = 0,5 A, L () = 170 MKFH, c 1 = 100 MKcl>, 
C2, c .1• c 4 =O,o5 MKcJ>; u 1 - KY- 201n, L 111 = 5,1 MKFH, 
L11 2= 400 MKFH, L11.1 = 18 MKFH, L11 1= 0, 7 MKFH; r H = 

0,6 MKc; lJBhlx = 900 B, J IlhiK = 60 A, Ko3$$uuueuT 
Tpauc$opMa~uu HT k = 35. 

C:>KaTHe 3BeHLeB: x, = 6,3; x2= 3; X:J = 7; X 1= 5. 
CyMMapuoe c:>KaTue reuepaTopa x 1 · x 2 • x :1 • x ~ = 400. 

llepBLie 2 Cep~e'IHHKa H3rOTOBJieHhl H3 nepMaJIJIOJI 
50 HU, TOJIII.{HHa neHThl o = 20 MKM, pa3MepLI 50x35x5 cM ·1 

/o6"LeMLI no 5,3 CM .1/, TpeTuii H 'leToepTLIH - H3 nepMeu
~wpa 49Kcl>- BM o = 10 MK 49x40x10 MM 1 I o6beMLI no 
2,7 CM:Jj. 

BTopoii MrH 6LIJI co6pau no TpexJoeuuoii cxeMe Tuna 
AliA c KJIJO'IOM oo oxo~HOM KOHType TBna HT JI1 -59. Pa6oTa 
ero npe~nonaraJiaCL Ha 'laCTOTe 100 Ft~ H nOTOMY ~JIH 

noBLIWeHBH KU)l; oo oxo~HOM KOHType 6Lm npuMeHeH pe-
30HaHCHLIH pe:>KBM 3apH~a KOH~eucaTopa C 1 I puc. 4/. Kou
TYP L0C 0 pacc'IBTaH ua pe3ouaucuyJO qacToTy 100 Ft~ 
H KaTyWKa BH~YKTBBHOCTH L O BMeeT B Ka'leCTBe cep~e'IHHKa 
cTaJib 342 c 3a3opoM, 'IT06LI H36e:>KaTL uacLII.QeHBH. Oc
uunnorpaMMLI HMnyn&coo no 3BeHLHM npuoe~eHLI ua puc. 4. 
)].aHHLie cxeMLI: 

ui3X = 100 B, J BX • cp = 0,5 A, L () = 16,6 MFH, c 1 = 

= 6 MKcJ>, C 2 = 0,3 MKcJ>, C 1 = 0,16 MKcJ>, D 1 - HT JI1-59, 
Lll= 0,284 MFH, Lll2 = 0,91 MFH, Lll3 = 0,036 MFH, 'HII= 
= 0,6~1,0 MKC; URbiX = 1200 B; JBblX= 20 A, pll = 24 KB111. 
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Puc. 3. IlpUH!JUnua/lb1W.R cxeMa zeHepamopa 2 euoa Ha 
18 KBm u OClJUAAozpaMMbl uMnyAbcoe no 3B€Hb.RM. 

u 

CD ® @) ® ® 

t 

Puc. 4. IlpUHtJUnuaAbHa.R cxeMa zeHepamopa 2 euoa Ha 
24 KBm u OClJUA/IOZpaMMbl UMnYAbcoe no 3BeHb.RM. 

12 

t 

• 

• I 

~ 
'i 

Ko3«'WlHn;HeHT TpaHc!IJopMan;HH HT k = 10. 

C)f(aTHe 3BeHLeB x 1 = x2 = x 3 =10. 

CyMMapHoe C)f(aTHe kyl Xk = 1000. 

Bee cep,LJ;eqHHKH H3 nepMaJIJIOJI 50 HIT o = 20 MKM 
7lx50x20 MM V2min = 120 CM3. 

,lJ;JIJI YMeHLWeHHJI KPYTH3HLI HaqaJILHOrO TOKa qepe3 

THpHCTOp B .nepBLie 5 MKC ITpH ITOCT.YITJieHHH Ha ero ynpaB

JIJIIOll.{HH 3JieKTpO,LJ; 3anycKaiOll.{ero HMITYJILCa OT BHeWHero 

reHepa TOpa ITOCJie,LJ;OBa TeJILHO C THpHCTOpOM BKJIIOqaJiaCb 

,HaCLill.{awmaJJ:cJI KaTyWKa L I puc. 41 c qucnoM BHTKOB 

W =72 Ha nepMaJIJIOeBOM TOpe ¢52x30x10 MM. 

reHepaTOpLI npOCTLI B HaJia)f(HBaHHH H OTJIHqaJOTCJI xo

poweii: CTa6HJILHOCTLIO HMITYJILCOB BO BpeMeHH. IToJio)f(eHue 

BbiXO,LJ;HOrO HMITYJILCa Ha OCH BpeMeHH peryJIHpyeTCJI H3-

MeHeHHeM TOKa ITO,LJ;MarHHqHBaHHJI nepBOrO ,D;pOCCeJIJI. 

PaccMoTpHM TenepL npo6JieMy nonyqeHHJI HaHoceKyH,LJ;

Horo nepena,LJ;a TOKa B MrH. ITo Mepe yMeHLWeHHB ,LJ;JIHTeJIL

HOCTH !IJpoHTa HMITYJILCa C O,LJ;HOBpeMeHHLIM yMeHLWeHHeM 

,LJ;JIHTeJILHOCTH HMITYJILCa ,LJ;O 0,5 "1 ,0 MKC 3HaqHTeJILHO B03-

pacTaiOT ITOTepH 3HeprHH Cep,LJ;eqHHKOB nepeKJIIOqaJOIIJ;HX ,LJ;poc

CeJieH, oco6eHHO B cep,LJ;eqHHKax nocne,LJ;Hero ,LJ;pocceJIJI u BLI

XO,LJ;Horo HMITYJILCHOro TpaHC$OpMaTopa IBHTI, COrJiaCYJO

mero BLIXO,LJ; MrH c HarpyJKoii: loHa o6paTHO nponopn;HoHaJIL

Ha BpeMeHH nepeMarHuquBaHHB H npBMo nponopn;uoHaJILHa 

06'beMy Cep,LJ;eqHHKal. ITpH oqeHL MaJIOH ,LJ;JIHTeJILHOCTH nepe

ITa,LJ;a TOK HaMarHHqHBaHHJI ,D;pOCCeJIJI CTaHOBHTCJI COH3Mepu

MLIM C BeJIHqHHOH cpe,LJ;Hero TOKa HMITYJILCa. 3TO ITpHBO,LI;HT 

K HCKa)f(eHHIO !IJopMLI !IJpOHTa HMITYJILCa - ITOJIBJIJJ:eTCJI ITLe

,LJ;eCTaJI I~ MHTeJILHOCTLIO r rr I puc. 51. 
TaK KaK B HaCLill.{eHHOM COCTOJIHHH ,D;pOCCeJib 06Jia,LJ;aeT 

npaKTHqeCKH ITOCTOJIHHOH HH,LJ;YKTHBHOCTLIO, TO ITpH $OpMHpo

BaHHH KOpOTKHX nepena,LJ;OB CyiiJ;eCTBeHHOe BJIHJIHHe OKaJLI

BaiOT napa3HTHLie HH,LJ;YKTHBHOCTH H eMKOCTH BLIXO,LJ;HOrO 

3BeHa, HX BeJIHqHHLI. OKa3LIBaiOTCJI CpaBHHMLIMH C napa

MeTpaMH 3BeHa H TOr,LJ;a ,LJ;JIHTeJILHOCTL $pOHTa MO)f(HO on;e

HHTb no cne,LJ;yiOmeH: !IJopMe: 

t<PP t ~ + tT + t 0 , 151 
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r.D.e 

. 
Lu 

n 

tA= R'tT 

2 
L + R CT 
------, t = R o 

2 
Lex+ R <Ccx+ Cu) 

R 

t ll o6yCJIOBJieHO HH.D.YKTHBHOCTbiO llOCJie)J.Hero )J.pOCCeJIH, t T 

onpe.D.eJIHeTCH napaMeTpaMH BHT, t 0 onpe.D.eJIHeTCH L 0 H 

C 
0 

pacceHHHH cxeMbi H uarpy3KH. R - conpoTHBneuue ua

rpy3KH. L 11 - HH.D.YKTHBHOCTb .IJ.poccenH nocne)J.uero 3Bena 
n 

B HacwmeHHOM COCTOHHHH, Lp - HH.D.YKTHBHOCTb pacceHHHH 

BHT, Lex- napa3HTHaH HH.D.YKTHBHOCTb cxeMbi H uarpy3KH, 

C' T - eMKOCTb 3KBHaaneuTnoii cxeMbi BHT, C 11 - eMKOCTb 

uarpy3KH, Ccx- napa3HTHaH eMKOCTb cxeMbJ. 

Benuquua t 0 , onpe.D.enneMaH caoiicTaaMH caMoii ua

rpy3KH, 3aBHCHT H OT K03$$HU,HeHTa Tpauc!lJopMaU,HH BbJXO)J.

HOrO HT <Km
1
T ), npuqeM 3Ta 3aBHCHMOCTb uocuT TaKoii 

xapaKTep: ecnu L<'x u C n cocpe.D.oToqeubi nonuocTbiO B 

nepauquoii u.enu, TO c pocToM K 1111T L('X ao3pacTaeT, a 

C<.X na)J,aeT H t () MCHHCTCH OT 5 )J.O 50 HC. 

I 

JH 

t 

Puc. 5. HMnyAbC moKa e MTH npu fPOpMupoeaHuu HaHo
ceKyHoHozo nepenaoa KUAoaMnepHoii aMnAumyobl. 

14 

Benu.quua t T onpe.IJ.eJIHeTcH napaMeTpaMu BbiXO.IJ.Horo 

HT, H MHHB-MaJibHO .D.OCTIDKHMaJI aenuquua ero - 4 -·-8 He. 
Ecnu a cxeMe MrH neT BbiXO.D.Horo HT, To t T =0 . 

Benuquua t A, onpe)J.eJIJieMaH B OCHOBHOM TOJIII.UfHOH JieH

TW MaTepuana cep.IJ.equuKa nocne.D.nero .IJ.poccenH, CBJI3aua 

C TIOCTOJIHHOH BpeMeHB BBXpeBbiX TOKOB tll qepe3 npu

pameHBe BH.D.YKIJ;BB L'lB. H3MeHeHBe HH.IJ.YKIJ;BH B cep)J.eqHHKe 

nponopU,HOHaJibHO CYMMe J II H J B /TOK HMllYJibCa H BHX
peBble TOKH/ /2/: 

r.D.e 

wl 
~B = tL L'lH = tlfl 0,4rr -f--(Jm + J B) 

lK 

X c· 

-k 2
x w1 U 2 • t 2 "" 

= 0,4rrp!\-- --- (1 + - ~ 
· flK L

1 
xk=l 

_L_~---) 

~~-<I 
S"' I 

til 

t II 

k2 

2 
2 oo 1 -k X IJ 

+ - ~ __ + ~-----). 10 X , 
k =I k 2 

/6/ 

Uz H u; - )J,eHCTBHTeJibHOe H npHBe)J,eHHoe 3HaqeHHH ua

np.st)l(eHH11 ua BTopuquoi o6MoTKe HT, t 11 - nocTOHHHaH ape
.., 

(Jill fl .-\ d-
Menu auxpeBbiX TOKOB (t 11 c_, --17---) , am- npoBO.D.HMo-

CTb, I' \ - HMllYJibCHa.st MarHHTHa.st llpOHHU,aeMOCTb, d -
Tonmuua neHTbi. 

llOCTO.stHHaH BpeMeHH t 11 Henocpe)J.CTBCHHO CBH3aHa C 

COCTaBJI11IOIU,eH K03~HU,HeHTa nepeKJIIOqeHHH S wO/BHXpe

Bble TOI<H/, I<pOMe 3TOH COCTaBJIHIOmeii B S" BXO)J.HT eme 

aenuquua K03~HuueuTa nepeKJIIOqeuuH S "..,, onpe)J.eJIHeMa.st 

BH3KOCTbiO (S" ~ S" Ol :;i" ,J. YMCHbWeHHe TOJimHHbl JieHTbl 

yMeHbWaeT S" 0 ,uo npu 3TOM yMeHbwaeTcJI K03~uuueuT 3a

nonueuu.st cep.IJ._equuKa !lJeppoMarHHTHWM MaTepuanoM,qTo 

llpHBO)J.HT K B03paCTaHHIO p II, T .e. K yMeHbWeHHIO OTHOWeHHJI 

L0/LH" 3To oTuoweuue onpe.IJ.eJI.steT C)l(aTue 3aeua.Hu)l(e 3Ha

qeuu.st 5 MKM S npaKTHqeCKH He 3aBHCHT OT d,T .K. llpH yMeHb-w 
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WeHHH IIOTepb Ha BHXpeBble TOKH B03paCTaiOT IIOTepH Ha 
B113KOCTb. Ko3<W!HnHeHT :>Ke 3arronaeHH11 MaTepuana cepJJ.e'I
HHKa pe3KO y6MBaeT. TaKHM o6pa3oM, ueu~necoo6pa3HO 
IIPHMeHeHHe neHTbl TOHbWe 10 MKM, T.K. IIPH 3TOM 3Ha'leHHH 

d HaCTyrraeT MHHHMYM t A= 4 HC. /2/. 

CneJJ.OBaTenbHO, cytnecTByroUUie B uawe BpeMJI MarHHT

Hble MaTepuanbl II03BOn1110T nony'laTb B pa3nH'IHbiX cxeMax 

MrH IIpH xopowo BbiiiOnHeHHOB MOHTa:>KHOB cxeMe HMIIYnbCbl 

c JJ.llHTenbHOCTbiO 4JpoaTa tcpp = t ;t tT + t o = I 4 77 I + I 4 781 + 
+ 157501 = 1137651 HC. 3KcrrepHMeHTbl 110 4JopMHpOBaHHIO 
HaaoceKyHJJ.Horo neperra.IJ.a B reuepaTopax puc. 3 H 4rroKa3a

nu, 'ITO IIPH IlpHMeHeHHH B Ka'leCTBe MaTepuana cep)J.e'IHHKOB 

JJ.poccenei BbiCOKoKa'leCTBeHHoro rrepManno11 H rrepMeHJJ.ropa 

B03MO:>KHO 4JopMHpOBaHHe HMIIYllbCa C 4JpOHTOM 50-60 HC 

npu aMnnuTyJJ.e JJ.O 100 A. 

Heo6xo.IJ.HMO TaK:>Ke nOJJ.'IepKHYTb, 'ITO 6onbwoe 3Ha'leHHe 

HMeeT HHJJ.YKTHBHOCTb KOH)J.eHCaTOpOB npe)J.IIOCne)J.Hero H 

nocne.IJ.Hero 3BeHa, ue Y'IHTbiBaeMa11 4JopMynaMH /51. )l,n11 
nony'leHH11 nepena.IJ.OB MeHbWe 10-

8 c Heo6xoJJ.HMbl Mano

HHJJ.YKTHBHble KOH)J.eHCaTOpbl, C06CTBeHHa11 HHJJ.YK~HBHOCTb 

KOTOpbiX He 6onee e)J.HHHU HT IKBH, K75-35l. H3 MarHHT· 

HbiX MaTepHallOB, HaH6onee OTBe'laiOJUHX 3TIIM Tpe6oBaHH11M, 

- nepMannoB: 79HM, rrpH'IeM TontnHHa neHTbl JJ.On:>K.Ha 6b1Tb 

10715 MKM. 

HccneJJ.OBaHHe MarHHTHbiX reuepaTopoB HMnynbCOB no

Ka3ano, 'ITO OHH pa60TaiOT yCTOB'IHBO Ha Harpy3KY R H = 
= 500 4000 OM lnpH 3TOM 3Ha'leHHH RHnepenaJJ. TOKa 

HMeeT JJ.llHTenbHOCTb =10- 8 15761 cl. YMeHbWeHHe co

npoTHBneHH11 R H H CB113aHHOe c 3THM yMeHbWeHHe BonHoBo

ro conpoTHBneHH11 BbiXOJJ.Horo KacKaJJ.a JJ.O 100 OM BeJJ.eT 
K HCKa:>KeHHIO 4JopMbl HMIIYllbCa - II011Bll11eTC11 o6paTHbiB 

Bb16poc, IIO aMIIllHTYJJ.e cpaBHHMbiB C OCHOBHbiM HMIIYnbCOM. 
KpoMe TOrO, 6onbWa11 IIOTep11 MOUUIOCTH, KaK y:>Ke 

OTMe'lallOCb BbiWe, IlpOHCXOJJ.HT B 3BeHe, CO)J.ep:>KatneM HM· 

nynbCHbiB TpaHc4JopMaTOp I3BeHO THIIa Iii, B KOTOpOM 

yBenH'IHBaeTC11 aMnnuTyJJ.a HMnynbca JJ.O Heo6xo.IJ.HMoro 3Ha
'leHH11. 3)J.eCb He y)J.aeTC11 nony'IHTb K03<W!HUHeHT nepe)J.a'IH 

6onbme 0,670,65. 
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B 3aKnro'leaue aBTOpbl 6naro.IJ.ap11T IO.A.MeTenKHHa 3a 
MOHTa:>K H Hana)J.Ky MarHHTHbiX reHepaTOpOB HMIIYnbCOB. 
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