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B pa6oTe paccMaTpHaaroTCH a03MOMHOCTH HCITOnb30aaHHH THpHCTopoa 

a Ka'IeCTae KnID'Iefi OKOHe'IHb!X KaCKa/lOa reHepaTopoa abICOKOaOnbTHblX HM

rrynhcoa JJ.nH HMrrynbCHOI'O IlHTaHHH 6ecqmnbMOabIX HCKpoab!X KaMep. 3Kcrre

PUMeHTanbHO uccneJJ.yIDTCH oco6eHHOCTH pa60Tbl " cxeMHb!e peIIIeHUH TaKHX 

I'eHepaTopoa U npeJJ.nararoTCH Mepbl J].nH nonytJeHHH MHHUMani>Ho' ao3MOMHOI'O 

apeMeHH 3aJJ.epMKH H apeMeHH HapaCT8HHH cppoHTa' a.a. HMrrynbca. 

MeTO/lUKa 6eccpUnhMOabIX HCKpoabIX KaMep (MK) HaXOJJ.HT ace 6onee 

IIIHpOKOe H pa3HOCTOPOHHee rrpHMeHeHHe a 9KCnepHMeHTanbHOfi HJJ.epHOfi <pH3H

Ke, B 9KCnepHMeHTanbHbIX ycTaHOaKaX a IlOJ].aanmomeM 6onhlllHHCTae cnyqa

ea ucnonbayeTCH 3HatJUTenhHOe 'IUCno ( .. 10 .. 18) 6eccpHnbMOabIX UCKpOab!X 

KaMep. 3 TO ycnoMHHeT CHCTeMy UMnynbCHOI'O a.a. IlHT8HHH. B IlOHCKax rry

Tefi ynpomeHUH " yMeHbIIIeHUH ra6apuToa TaKUX cucTeM Mb! HCCneJ].oaanu 

aoaMOMHOCTH npHMeHeHHH TUPHCTOpoa a Ka'IeCTae Knroqefi JJ.nH reHepaTo

poa a.a. HMnynbcoa (rBM). 

ITonynpoaOJJ.HUKOab!e cxeMbl ace 'Iallle HaXO/lHT npHMeHeHHe B CMelllaH..; 

Hb!X TpaH3UCTOpHo-naMrroabIX cxeMax fBM JJ.nH rrpeJJ.aapHTenbHOI'O yc11neHHH 

cur-Hana, JJ.nH saiiycKa pa3pHJJ.HHKOa H T.JJ.. Tpe6oaaHHHM, npeJJ.'bHanHeMblM 

K ynpaamreMOMY Knro'Iy a OKOHe'IHOM KaCKa/le fBM /lnH HMrrynbCHOI'O IlHTa

HUH 6eccpunbMOabIX MK U3 nonyrrpoaOJJ.HHKOabIX npu6opoa, a H8CT0Hlllee ape

MH MOI'YT yJJ.oaneTaopUTb TUpUCTOpbl (KpeMHHE!abie tJeTblpexcnoHHbie ynpaanHe-
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Mb!e JlHOJlbl). no cpaBHeHHIO C MOIUHblMH nonynpOBOJlHHKOBblMH TpHOJlBMH 

OHH HMeIOT cneJ:tYIOIUHe npeHMyIUeCTBa: 3H8'1HTenbHO 6onee BblCOKHe npHMhle 

H o6paTHble HanpID!<:eHHSI, 6onee Bb!COKHe nonyCTHMbie 3Ha'leHHSl TOKOB, 

cnoco6HOCTb BhJAep)KHB8Tb 6onee 3H8'1HTenhHble neperpy3Kll no TOKY B HM

nynhCHOM pe)KHMe; KpoMe Toro, THPHCTOpbl SIBnSIIOTCSl npH6opaMH c O'leHb 

· 4 6 
6ollblllHM Koaci>¢HUHeHTOM ycHneHHSl no MOIUHOCTH'("' 10 t-10' ,B 38BHCHMOCTH 

OT THna TllpHCTOpa ll ero pe)KHM~) ll Tpe6y10T MeHbllleH MOIUHOCTH ynpaB

neHHSI. 

HenocTaTKOM THpllCTOpOB KBK nepeKnIO'IBIOIUHX aneMeHTOB SIBnSieTCSl 

cpaBHHTenbHO 6onblllOe BpeMSI BKnIO<i:eHHSl! eCJIH ny'llllHe o6pa3Ubl THpHCTO

poB no 38Jlep)KKe (Jlo HaqaJibHOI'O MOMeHTa pa3BHTHSl BKnIO'leHHSI) ll cpaB

HHMbJ· C BOAOPOJlHblMH THpaTpOHaMH, TO B CKOpOCTll HapacTaHHSl TOKa .OHH 

3H8'1HTeJihHO ycTynaIOT nocJieAHHM H HMeIOT OTHOCHTenhHO 60llblllYIO JlJIH-

TeJibHOCTb BpeMeHH BbIKJIIO'leHHSl. 

0JlH8KO nepcneKTHBbl pa3BHTHSl nonynpOBOAHHKOElhlX npH60p0B AaHHOI'O 

THila, CBSl38HHhle C yBenH'leHHeM 6b!CTpOAeiiCTBHSl 38 C'leT yMeHhllleHHSl 

BpeMeHH BKJIIO'leHHSl H BbIKnIO'leHHSI, B03paCT8HHSl CKOpOCTH H3MeHeHHSl aHOA

HOI'O TOKa, a T8K)Ke C yny'lllleHHeM APYI'HX napaMeTpOB B CBSI3H C npHMe

HHeM HOBOH TeXHOnOI'HH H paspa60TOK 6onee COBepllleHHblX KOHCTpyKUHH 

Il03BOJIHT B 6JIH)K8Hlllee BpeMSI HMeTb nonynpoBOAHHKOBbie KJIIO'IH C napaMeT

paMH, 6JIH3KHMH K napaMeTpaM BOAOPOAHbIX THpaTpOHOB HnH cpaBHHMbIMH 

c HHMH. IloaToMy y)Ke ceii<i:ac, y<i:HTbIBaH' oco6eHHOCTH pa6oTbI THpHCTopo~l I 
• 

B Ka'leCTBe nepeKJIIO'IBIOIUHX aneMeHTOB, Heo6XOAHMO HCK8Tb cxeMHbJe pe-

llleHHSI, KOTOpbie Il03BOJ1SIT. HCilOJlb30B8Tb HX B Ka'leCTBe KJIIO'leii B OKOHe'I-

Hb!X K8CK8Jl8X fBl1 JlJISl HMnyJihCHOI'O IlHTBHHSl 6eCq>HnhMOBblX HCKpOBblX KB-

Mep. 
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0KOJie'IHble K6~K8JibJ fBJ1 Ha THpHCTOpax 

HaMH 6bIJIH 0Tpa60T8Hbl JlBe CXeMbl OKOHe'IHbIX KBCKBAOB fBI1 JlJISI 

HMnynbCHOI'O IlHTBHHSl 6ecqinnhMOBb!X 11K Ha THPHCTopax H CXeMa K8CK8Jll 

ynpaBneHHSl Ha ABYX TpaH3HCTopax. IlepBaSI CXeMa OKOHe'IHOI'O KaCKaJla -

Ha OJlHOM THpHCTOpe ll BTopaSI CXeMa - C JlBYMSl nocneJlOBaTeJlbHO BKJIIO'I, 

Hb!MH THpHCTopaMu. 

IlpHHUHn pa60Tbl ll YCTpOHCTBa MBI'HHTHbIX reHepaTOpOB HMnynbCOB 

3JleCb He npHMeHHM, noCKOJlhKy B HHX npOHCXOJlHT CJIHIIJKOM 60llblllaSI sa

/2 / AepmKa IlpH q>OpMHp0B6HHH ~MnynhCOB 

I1CXOJlSl H3 OCHOBHb!X Tpe60BaHHH 1 npe]l'bSlBJISleMb!X K fBI1 JlJISI HMnym 

CHOI'O nHTaHH SI 6ecqiHnbMOBblX I1K { B03MO)KHO HaHMeHblllee BpeMSI sanepm1 

H HapacTaHHSl q>pOHTa B.B. HMnynbca}, a TaKme oco6eHHOCTeii pa6oTbl TH

PHCTopoB B KB'leCTBe nepeKJII0'18IOIUHX aneMeHTOB,· Mb! paspa6oTanH CXeMb 

OKOHe'IHbIX K8CK8JlOB ra11 Ha TKpllCTopax. Mb! CTapaJIHCb npHnepm1rnaTbCSl 

npOCTbIX CXeMHbIX pellleHHH H CTpeMHJlHCJ:,_ K TOMy' 'IT06bI OCHOBHbie aneM, 

Tb! cxeM YJlOBJieTBOpSIJIH MHOroueneBbIM H83HB'leHHSIM. 

KaK H3BeCTHO, Jl·JISI HMnynhCHOI'O nHTaHHSl 6eCq>HJJbMOBbIX I1K- Heo6xo• 

JlHMaSI aMnJIHTYJla B.B. HMnynhCOB nemHT B npeJ:tenax .. 3 t-10 KB. THpHCTC 

POB, KOTOpbie MOI'yT 6b!Tb npHMeHeHbl B Ka'leCTBe nepeKJI!O'IBIOIUHX aneMeJ 

TOB,· Ha TBKHe HanpSimeHHSl noKa eme HeT, noaToMy Heo6XOAHM HMnyrihCHbl 

IlOBb!lll8IOIUHH Tp8HCq>OpMaTop. 

I1cKpOB8Sl KaMepa KBK HarpysKa OKOHe'IHOI'O KBCKaJla fBI1 npeACTaBJISI 

. /3/ co6010 KOMn1IeKCHoe conpOTHBJieHHe. TToaToMy, KaK OTMe<i:anoCb B pa6oTe • 

AJifI cornacoBBHHfI KOMnneKCHb!X conpOTHBnemr:fi H cpopMHp0B8HHSl B.B. HMrrynb 

B Ka'leCTBe HaKonnTellbHOI'O aneMeHTa B OKOHe'IHOM KBCKa]le fBI1 ueneco~ 

o6pa3Hee IIPIIMeHSITb OJlHOpOAHhie ll HeOJlHOpOJ:IHble JlllHHH. 0J:IH0pOJlHble JlHH 

Il03BOJISIIOT cornacoBbJBaTb KOMnneKCHbie conpOTHBneHJISI TOJlbKO B Y3KOH 

nonoce '16CTOT. Bb16opoM 36KOHa ll3MeHeHJISl BOJIHOBOI'O conpoTHBJieHHSl He

OJ:1HopoJ:1HO:fi JlHHHH MO)KHO ocymeCTBJISlTb cornacoBaHHe TBKHX conpoTHBne-
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OKOHe'IHhie KaCKB.llhI fBI1 Ha THpHCTopax 

HaMH 6hrnll 0Tpa6oTaHhl .z:tBe cxeMbl 0K0He'IHh!X KaCKa.z:t0B fBI1 nm1 

HMnynhCH0I'0 IlHTaHHSI 6ecqmnhMOBh!X I1K Ha THPHCT0pax H CXeMa KaCKana 

ynpaBneHHSI Ha .z:tBYX TpaH31ICT0pax, ITepBaSI cxeMa 0K0He'IH0I'0 KaCKana -

. Ha 0.z:tH0M THPHCTope lf BTopasr cxeMa - C .z:tBYMSI nocnenoBaTenbH0 BKmO'IeH

Hh!Mlf THpHCTopaMH, 

ITpHHUHil pa60Tbl H ycTpoil:CTBa Mal'HlfTHh!X I'eHepaT0p0B HMnynbCOB 

anecb He npHMeHHM, nocKonhKY B HHX np0HCX0.z:tHT cnHIIIK0M 6onblllasr aa

/2/ 
nep)KKa npH cpopMHPOBaHHlf l!MnynhC0B 

I1cxonsr H3 0CH0BHh!X Tpe6oBaHHil:, npe.z:t'bSJBnsreMh!X K fBI1 nnsr HMnynb

CH0I'0 IlHTaHHSI 6eCcpHnbMOBh;X HK ' ( B03M0)KHQ HaHMeHb!IIee BpeMsr aanep)KKH 

H HapacTaHHSI cppOHTa B,B, HMnynhca)' a TaK)K8 oco6eHHOCTeil: pa6oThl TH

PHCT0P0B B Ka'IeCTBe nepeKmo'IaIOIUHX aneMeHT0B, Mb! paapa6oTanH CX8Mbl 

0K0He'IHh!X KacKanoB fBH Ha TllPHCTOpax, Mb! CTapanHCb npunep)KHBaThCSI 

np0CTh!X cxeMHb!X pellleHHH H CTpeMHnHCb K T0MY, 'IT06b! 0CH0BHhl8 aneMeH

Tb! cxeM ynoBneTBopsrnu MH0I'oueneBh!M naanatJeHHSIM, 

KaK H3BeCTH0, nnsr HMnynhCH0I'0 nuTaHHSI 6eC<pHJ7bMOBh!X HK neo6xo

.z:tHMasr aMnnuTyna B,B, HMnynhC0B ne)KHT B npe/lenax "' 3 .. 10 KB, TupucTo

poB, K0T0pbre M0I'yT 6b!Tb npHMeHeHhl B Ka'IeCTBe nepeKnroqaIOIUHX aneMeH

T0B, Ha TaKue nanpsr)KeHHSI noKa eme HeT, Il03T0MY neo6xo.z:tHM HMnynhCHhlH 

IlOBbllllaIOIUHH TpanccpopMa Top. 

HcKpOBaSI KaMepa KaK narpyaKa 0K0He'IH0I'0 KaCKa/la fBI1 npe/lCTaBnsreT 

/3/ 
co5oro KoMn/'IeKcHoe conpoTHBnenue, IT oaToMy, KaK 0TMe'Ianocb B pa6oTe , 

nnsr cornacoBaHHSI K0MnneKCHhIX conpOTHBneHHH H <pOpMHPOBaHHSI B,B. HMilynhca 

B Ka'IeCTBe HaK0ilHTenbH0I'0 aneMeHTa B 0K0H9'IH0M KaCKane fBH ueneco_. 

o6paanee llPHM9HSITb 0.z:tH0p0.z:tHhle H He0.z:tH0P0.z:tHhle nHHHH, O.z:tHOPOllHhie mrn1m 

Il03B0nSIIOT cornacOBbIBaTb K0MnneKCHhl9 conpoTHBneHHSI TonhK0 B Y3K0H 

nonoce 'IaCT0T, Bb16opOM 3aK0Ha H3MeneHHSI .B0nH0B0I'0 conpoTHBneHHSI He-

0/lH0p0.z:tH0il: nunuu M0)KH0 ocymecTBnSITb cornaC0B8HH9 TaKHX conp0THBne-
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HHll B wnpoK0ii 11onoce qaCT0~. KpoMe T0I"0, llpHMeHeHne HeOJlHOpOJlHb!X 

nnHHll JlnSI ueneii qiopMHp0BaHHSI Bb!C0K0B0nb'l'H0I"0 HMllynbca )laeT B03MO)K

H0CTb 11ony"IHTb HMllynbCbl, 6nH3KHe K llpSIM0yronbHblM nnu . aa)laHHOll <pop

Mbl Ha HeK0T0pb!X KOMllneKCHblX C0llp0THBneHHSIX, a TaK)Ke HMl!ynbCbl 6onb

weii aMllnHTYJlbl "leM E/2 IIPH TOH )Ke CK0p0CTH HapacTaHHSI HallpSI)KeHHSI. 

J1cX0JlSI H3 Bb!WeH3n0)KeHHb!X 11peJlllOCbinOK,, Mb! COCTaBHnH cxeMbl OKO

He"IHblX KaCKaJl0B rBH C OJlHOpOJlHOll nHHHeii (a) H C HeOJlHOpOJlHOll nHHH

eii (6) (cM. puc. 1). B Ka"leCTBe KnlO"leii (K) HCII0nb30BanHCb THpHCTOpbl. 

l1M11ynbCHblll TpaHc<popMaTop B llpHBeJleHHblX cxeMaX OKOHe"IHblX KacKanoB 

" fBH BbJII0nHSieT cnenyioume qiyHK!lHH: II0Bb!WaeT aa11pS1)KeHHe no 3a)laHHOI"O 

ypoBHSI, ocymecTBnSieT cornacoBaHHe c HarpyaKoii, a TaK)Ke paaneneHne 

0KOHe"IHOI"O KaCKana reHepaTopa H Harpy3KH 110 l!OCTOSIHHOMY TOKy. 

llnSI cepJle"IHHKOB HMllynbCHblX TpaHC<popMaTopoB Heo6XOJlHMbl MaTepna

nbl C Manoii K09pllHTHBH0ll cnnoii H 6onbWOll HHllYKllHeii H8CbJJlleHHSI, ·o6na)lal0-

Jl!He MHHHManbHOll Maf"HHTHOll llp0HHUaeMOCTblO HaCb!JlleHH SI H HMelOJl!He 110 

B03M0)KH0CTH npSIMoyronbHYlO lleTnJO I"HCTepe3HCa. QqeHb Ba)KHO TaK)Ke, . "IT0-

6bl llOTepH 9HepI"HH B JlHHaMH"leCK0M pe)KHMe 11epeMaf'HH"IHBaHHSI 6bmH M!I

HHManbHbl. ITepe"IHCneHHblM Tpe6oBaHHSIM Hanny"IWHM o6pa30M YJlOBneTBOpSI-

IOT *eneaoHHKeneBbie- c11nasb1 (nepManoH). CymecTBYJOT H npyrne MaTe-

pnanhI, K0T0pbie BO MHOI"HX OTHOIJleHHSIX He ycTyllalOT HM. Bo3MO)KH0 TaK)Ke 

llpHMeHeHHe nnSI yKa3aHHOll uenH qieppHT0B C llpSIMOyronbHOii 11eTneii I"HCTe

pe3HCa. B 11ocnenHHX BCnencTBHe Bb!COK0I"0 ynenbHOI"O conpOTHBneHHSI snHSI

HHe BHXpeBblX T0KOB HH"IT0)KHO Mano. OJlHaK0 no Maf'HHTHblM CBOllCTBaM 

<peppHTbl 3Ha"lnTenbH0 ycTynaJOT MeTannn"leCKHM qieppoMaf'HHTHblM c11nasaM. 

qT06bI HMllynbCHblll TpaHCq>OpMaTop He BH0CHn 3Ha"IHTenbHOI"O BKnana 

B 3a)lep)KKY Ii B 06my10 )lnHTenbHOCTb <ppOHTa B.B. HMnynbCa, a TaK)Ke 110 

K0HCTpyKTllBHb!M coo6pa)KeHHSIM nHalla30H B03M0)KHblX 3Ha"leHHll K09<pq>HllH-

eHTa TpaHCq>OpMa!lHH KT 
)lOn)KeH 6bITb BeCbMa orpaHH"leHHblM. Ero 

a.11a"leHHS1. Bb16npa10TCS1 B 11peJlenax KT S: 10 +- 14. O6MoTKH ny"lwe Bcero 

llpHMeHSITb OJlHOCnOiiHbJe. 
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EcnH HMllynbCHblll Bb!XOllHOii TpaHCq>OpMaTop HCII0nb30BaTb 0JlH0Bpe

MeHH0 Ii KaK HenHHeiiHylO HHJlyKTllBH0CTb, BKn10"1eHHy10, KaK IIOKa3aHo Ha 

pnc. 1, TO MO)KHO Jl06HTbCSI Y,K0p0"leHHSI <ppOHTa B.B. HMllynbca. B 9TOM cny

"lae 11apaMeTpbl HMllynbCHOI"0 Bb!XOllH0I"0 TpaHCq>OpMaTopa Bbl6HpalOTCSI c y"le

TOM TaK)Ke Ii Tpe6oBaHnii, 11peJl'bS1BnS1eMblX K HenHHeiiHoii HHllYKTHBHOCTH/
4

/ 

Tor)la OH 6yJleT 0JlH0BpeMeHHO Bblll0nHSITb n q>YHKllHIO HenHHeiiHoii KOppeKTH

pyiomefi HHllYKTHBHOCTH. 

feHepaTopbl s,s. HMIIVnbC0B Ha 11onynp0B0ilHllK0Bb!X 

11pn6opax 

Ha pnc. 2 npeJlCTaBneHa llpHH!lHIIHanbHaSI cxeMa 6noKa ratt, C0CTOSl

mero H3 0K0He"IH0I"0 KaCKa)la Ha THPHCTope D1 H ~acKaJla ynpaBneHHSI 

THpHCT0pOM Ha JlBYX COeJlHHeHHblX nocnenoBaTenbH0 TpaH3HCT0pax Tl Ii T2. 

llnsi ynpasneHHSI 0TKpb!BaHHeM THPHCT0pa Heo6xonnMa MOJl!HOCTb ll0PSIJlKa 

COTbIX-Jl9CSITbIX JlOneii BaTTa H JlnHTenbHOCTH 0TKpbIBaJOJl!HX HMnynbC0B 

.. 0, 1 +- 0,3 MKCeK. IT 09T0MY JlnSI q>OpMHpOBaHHSI HMllynbca He06XOJlHMOH JlnH

TenbHOCTH B uellb TpaH3HCT0pOB T 1' T 2 BKnJO"leHa q>OpMHPYlOJllaSI 0llHOp0Jl

HaSI nHHHSI, a JlnSI o6ecne"leHHSI Heo6XOJlliMOH M0Jl!HOCTH ynpasneHHSI HCII0nb-

30BanHCb' TpaH3HCTOpbl cpeJlHeil: MOJl!H0CTH KT 605 A-E H TpaH3HCT0pbl 6onb-

1Jl0H MOJl!HOCTH. llHOJlbI ll206 c peaHcTopaMH 43K, 1,8 K H eMK0CTbJO 3T01 -

15 MK<p cny*nnn JlnSI 11ona"IH oTpH!laTenbaoro aa11upa10mero Hanpsi*eHHSI aa 

ynpaBnSIJOJl!HH aneKTP0Jl THpHCT0pa lll • .nnsi yMeHblJleHHSI T0Ka yTe'IKH THpH-

CTOpa .nl s aHOJlHYJ? uenb 6hmo BKnJO'leH0 aapS!JlH0e conpOTHBJleHHe 20K. 

B Ka'leCTBe HaKOllHT9JlbHOI"0 aneMeHTa HCII0J1b30Banacb HeOJlH0p0JlHaSI nuHHSI 

C 0JlHHaK0BblMH eMKOCTSIMH H C ManbIM B0JlH0BbIM conp0THBneHHeM. BbIXOJl

H0H HMllYJlbCHblH TpaHCq>OpMaTop Tp2 BKnJO"lancSI TaKHM o6pa30M, "IT06bl OH 

Bblll0JlHSin H . <pyHK!lHJO KOppeKTHpy10meil: HennHeHHOH HHJlYKTHBH0CTH. Ecnn ero 

BKnJO'IHTb B Jlpyry10 COeJlHHHTenbHYJO B9TBb HaK0IIHTenbH0I"0 9/leMeHTa, TO 

7 



He TOllhKO 3Ha'ln:TenhHO yxy,curraeTeSI cppOHT HapaeTaHIISI B.B. IIMllynhea, HO 

II YlllllIHSieTeSI BpeMSI 3a)lep)KKII KaeKa)la. ,Ung yeTpaHeHIISI noene)ly!Om!IX 

Bb!6poeoB noene nepBOI'O B.B. IIMllynhea, xapaKTepHbIX )lllSI THpHeTopoB, nep

BII'!HaSI o6MOTKa BbIXO/lHOI'O HMnynheHOI'O TpaHecpopMaTopa Tp2 IIIYHTHpyeT

eSI /llIO/lOM .U-211 (eM. pile. 2) noene)lOBaTellhHO e pe3HeTopoM ~ 1 OM HmI 

6e3 Her-o. Ha pile. 3 npeaeTaBneHa npHHUHlIHanhHaSI exeMa 6noKa fBI1, eoe

ToSimer-o H3 OKOHe'IHOI'O KaeKa)la Ha llBYX noene)lOBaTenhHO eoe)lHHeHHhlX 

THpHeTopax .nl H .n2 H KaeKa)la ynpaBneHIISI THp!IeTopaMH Ha llBYX TpaH31I

eTopax T 
1 

II T 
2 

• 

KaeKa)l ynpaBneHHSI THpHeTopaMII TaKOH )Ke, KaK n Ha exeMe pne.2. 

,UnSI OKOHe'IHOI'O KaeKa)la fBI1 Ha i::myx noene)lOBaTenhHO eoe)l!IHeHHblX THp!I

eTopax .n
1 

n .n
2 

ao6aBnSieTeSI aennTenh Ha llBYX pe3neTopax no 100K II 

llHOll .n211, naneHHe HallpSI)KeHIISI Ha KOTOpOM eny)KHT llllSI 3annpaHIISI THplI

eTopa .nl. KpoMe STOI'O, Ha ynpaBllSI!OmHe sneKTPOllbl o6onx THpHeTOpOB 

0/lHOBpeMeHHO lIO)laJOTeSI ynpaBllSI!OmHe IIMnynhe:i,,1. 3TO enenaHO )lllSI .Tor-o, 

'IT06bI OTKpbIBaH!Ie THpHeTopoB npo!IeXO)l!IllO B 0/lHO II TO )1{0 Bp0MSI. KaK 

lIOKa3anH SKenepnMeHTbl, llp!I lIO)la'l0 ynpaBllSI!Omer-o HMnynhea TOllhKO Ha 

O)lHH THpHeTop, Hallp!IMep Ha .n
2

, llpO!IeXOllHT OTKpbIBaHH0 THp!IeTOpa e Bpe-

MeH0M . 3a/lep)KKII t 3 1 a 3aT0M OTKpb!BaHII0 THpHeTopa .nl npHMepHO 

e TaKIIM )1{0 Bp0MeHeM 3a)lep)K~II. CyMMapH00 Bp0MSI 3a)lep)KKH nony'!aeTeSI 

paBHbIM YllB00HHOMy BpeMeHH 3a)lep)KKII ( .. 2 t 3 ) • IlpH O/ll!OBpeM0HHOH 

IlO)la'le ynpaBllSI!OmHX IIMnynheOB Ha o6a THp!IeTopa .nl n .n2 STOT He)Kena

Tenh«bIH scpcpeKT yeTpaHSI0TeSI II o6a THp!IeTopa OTKpb!Ba!OTe_SI O/lHOBpeM0HHO 

(e H0KOTOpbIM 0'19Hh Mallb!M BpeMeHeM pa36poea) e Bp0M0H9M 3a)lep)KKII 

"' t 3 

Ha pile. 4 npeaeTaBneHa cpoTooeunnnor-paMMa ynpaBnSiromer-o HMnynhea 

e Bb!XO/la KaeKa)la ynpaBll0HIISI THpHeTopaMH. AMlllllITYlll!Oe 3Ha'l0H!Ie HM

nynhea ""50.- 70 B II )lllHTellhHOeTh Ha nonyBbleOTe IIMllynhea - 0,5 MKeeK. 

8 

Mb! npO!I3B0)lHlllI o6pa60TKY exeMHbrn peIII9HIIH Ha THp!IeTopax T!Illa 

KY20ln. 

Ha pne. 5 npe)leTaBneHa cpoTooeuHnnor-paMMa cpopMbl BbIXOllHOI'O enr-

Hana, xapaKTepHOI'O llllSI THp!ICTopoB, 6e3 IIIYHT!Ipy!Omer-o nepBII'IHYIO o6MOT

KY Tp
2 

llHOJla. 

Ha pile. 6 np01leTaBneHa cpoTooeunnnor-paMMa BblXO)lHOI'O IIMnynheHOI'O 

HallpSI)KeHIISI e IIIYHTHpy!OmHM nepBII'IHYIO o6MOTKY Tp2 llHOllOM. Ilp!I Henonh-

30BaHIIII THpHeTOpOB T!Illa KY201 n 6binH nony'leHbl en0nyrom1Ie )laHHbie: llp!I 

E = 500.-600 B BpeMSI 38/l9p)KKII Beer-o r-eH.epaTopa t3 = 0,3.-0,4 MKeeK, 

BpeMSI HapaeTaHHSI cppOHTa BbieOKOBOllhTHOI'O IIMnynhea r cp = 0,4 MKeeK, 

aMillllITYll8 BbieOKOBOllhTHOI'O IIMnynhea u m = 5 T" 6 KBj )lll!ITenhHOeTh Bbieo-

KOBOllhTHOI'O IIMlIYnBea Ha nonyBbleOTe .. 0,5 MKeeK. 

C THpneTopaMH THna KY202M 6bmH nony'leHbI enenyromHe aaHHbie: 

llp!I E = 600 B 3a)lep)KKa B,B. HMllynhea Beer-o r-eHepaTopa t 3 = 150 HeeK 

3a)lep)KKa BbieOKOBOllhTHOI'O HMllynhea 0/lHOI'O OKOHe'IHOI'O KaeKa)la t 
3 

Ok= 

= 110 HeeK; cppOHT HapaeTaHIIS! B.B. HMnym:,ca r cp = 250 HeeK; aMrinHTYlla 

B,B. IIMllynhea um = 6 KB; llll!ITenhHOeTh B,B. IIMllynhea Ha_ nonyBbieOTe 

"' 0,35 MKeeK. 

.UnSI fBI1 Ha THp1IeTopax THlla KY202M Ha pile, 7 H 8 npHBelleHbI cpo

Tooeu1mnor-paMMbI BbIXOllHbIX IIMllynheHblX nanpSI)K9HIIH e )lellHTenSI 6e3 

IIIyHTHpy!Omer-o nepBH'IHYIO 06MOTKy BblXO)lHOI'O TpaHecpopMaTopa ll!IO)la •II 

e lllyHTIIpyromHM lllIOllOM,. 

Pa6oTa r-eHepaTopoB e THpneTopaMH THna KY202M npoBepSinaeh Ha He

KpoBoii: KaMepe (e cpeppiITOBOH naMSITh!O) pa3MepaMH 200 x200 x8 MM II eo6eT

B9Hl!Oli eMKOeT~IO C uk ""180 ncp. 3cpcpeKTIIBHOeTh per-HeTpaUIIII KOeMH'!eeKHX 

'laeTIIU np!I Henonb30BaHIIII H90HO-I'9ll!I9B0H eMeeH I'a30B nony'lanaeb paB

HOH .. 95.-97 %. 

Ha pile. 9 H 10 Ilp!IBe)leHbl cpoTooeuHnnor-paMMbl TOKa pa3pSI/la 'lepe3 . 

11K llp!I per-HeTpaUIIII 3apSI)KeHHOH '18.eTHUbl. KaK MO)KHO BH)leTh II3 pHe.8, 

9 



no BpeMeHH aaaep:IKKH B.B. HMnynhca reHepaTOpbl Ha THPHCTOpax THna 

KY202M cpaBHHMbl c reHepaTOpaM!f Ha BOllOPOllHblX THpaTpOHax, HO no CKO

pOCTH aaMeHeHHSI aHoaHoro TOKa (di/ dt} ycTyna10T nocneaHHM xi 

B HaCTOSilllee BpeMSI paapa6oTaHhl TlfPHCTOpbl C TaK Ha3bIBaeMblM pe

reHepaTHBHblM ynpaBnSI!OlllHM sneKTPOllOM, B KOTOpblX npH aanycl{e OTKpbIBa

eTCSI cpaay MHOI'O y'l{aCTKOB CTPYKTypbl H HCKnlO"laeTCSI B03MO)KH0CTb ee 

paapyrneHHSI npH 6onblliHX 3Ha"leHHSIX CKOpOCTefi H3MeHeHHSI aHOllHOI'O TOKa. 

OaHoBpeMeHHO, c STHM yMeHbruaeTCSI BenH'l:HHa CHI'Hana aanycKa H Heo6xo

llHMaSI MOlllHOCTb ynpaBneHHSI. ITO TaKOMY npHHUHny C031laHhl KYB C H3Me

HeHH0M di / d t Ha TOK 55 a - 400 alMKCeK H Ha TOK 110 a - 600 alMKCeK
I5I

• 

feHepaTOpbl B.B. HMnynhCOB Ha TaKHX THpHCTOpax H no CKOpOCTH H3MeHe

HHSI aHOllHOI'O TOKa 6yayT 6nH3KH K reHepaTopaM Ha BOllOPOllHblX THpaTpo

Hax. 

B bl B o ll bl 

1. Paapa6oTaHHbie cxeMbl OKOHe'l:HblX KaCKallOB rBH Ha THpHCTOpax 

o6ecne'l:HBalOT MHHHManhHYJO aaaep)KKY KaCKaaa, KOTOpyJO MO)KHO nony'l:HTh 

OT npHMeHSieMOI'O THpHCTOpa. 

2. I1cnonh30BaHHe Bb!XOllHOI'O HMnynhCHOI'O TpaHCcpOpMaTopa ansi uenefi 

KoppeKUHH 3Ha'l:HTenhHO ynyqruaeT cppOHT HapacTaHHSI B.B. HMnynbCa 6e3 

cymecTBeHHOI'O yaenH'l:0HHSI BpeMeHH aaaep)KKH. 

3. ITpu nocneaoBaTenhHOM BKnlO'l:eHHH THpHCTOpOB OllHOBpeMeHHaSI no

.lla'l:a ynpaBnSI!OlllHX HMnynbCOB Ha ynpaBnSIIOllliie sneKTpOllbl o6ecne'l:HBaeT HX 

OllHOBpeMeHHoe OTKpbIBaHHe H TaKoe )Ke BpeMSI aaaep)KKIJ KaCKaaa, KaK Ha 

OllHOM THpHCTOpe. 

xi CKopoCTh H3MeHeHHSI aHOllHOro TOKa di /d t THpHcTopoa T11na KY20 l ll 
He npeBOCXOllHT 30.., 40 alMKCeK, a THpHCTOpOB THna KY202M - 50.., 60alMKCeK. 
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4. EnaroaapSI HMnynhCHOMy nOBbllliaIOllleMy Bb!XOllHOMY TpaHCcpopMaTo

py 1 3Ha'l:eHHe HanpSI)K0HHSI Ha nepeKn10'l:al01llHX sneMeHTaX MO)KeT 6b1Tb B n 

paa MeHbrue nonrrneMOI'O aMnnHTYllHOI'O 3Ha'l:eHHSI B.B. HMnynhca, Bcnea-

CTBHe 'l:ero 3Ha'l:HTenhHO ynpomaeTCSI CHCTeMa nHTaHHSI TaKHX reHepaTopOB 

H HMeeTCSI nonHaSI B03MO)KHOCTb HCnonh30BaTb B STHX uensix npeo6pa30Ba

TenH nocTOSIHHOI'O ToKa OT 6aTapefi aKKyMynsiTOpOB H 6opTOBOH CeTH a 6; 

12 u 24 BOnhTa. 

5. ra6apHTbl H Bee fBI1 Ha THpHCTopax. :ManbI, HCKn10qaeTCSI Heo6xo

llHMOCTb B rpOM031lKHX Bb!COKOBOnhTHbIX Bb!IlpSIMHTensix. 

6. ITpu Hcnonb30BaHHH THpHCTOpOB THna KY202M 6bmH nony'l:eHhl cne

llYIOlllHe aaHHhle: npH E = 600 B aaaep)KKa B.B. HMnynhCa OKOHe'l:HOI'O KaC

Kaaa t 3 Ok = 110 .EtceK; aaaep)KKa B.B. HMnynhca Bcero reHepaTopa ta = 
= 150 HCeK ; cppOHT HapacTaHHSI B.B, HMnynhca r cp = 250 HCeK; aMnnHTy

aa B.B. HMnynhca Um = 6 KB; anuTenbHOCTb B.B. HMnynbca Ha nonyBhlCO-
~ 

Te ., 0,35 MKCeK. 

7. ITpHM0H0HHe B reHepaTopax B.B. HMnynhCOB B Ka'l:eCTBe nepeKnlO

'l:a!OlllHX sneMeHTOB THPHCTOpOB 6onee COBeprneHHOH KOHCTJJYKUHH c di/ dt "' 

.. 600 alMKCeK H 6onbrue 'no3BOnHT TaKHM THpHCTOpaM ycnernHo KOHKypHpo

BaTb C BOllOpOllHbIMH THpaTpoHaMH, KOTOphre B HaCTOSilllee BpeMH lliHpOKO 

HCnonh3YJOTCSI. 

CnenyeT OTMeTHTh, 'l:TO MeTOllHKa 6ecqmnhMOBbIX ·HcKpOBb!X KaMep c 

HMnynbCHblM n11TaHHeM Ha THpHCTopax ( THna KY202M) y)Ke cefi'l:ac MO)KeT 

6b!Tb npHMeHeHa anH H3y'l:eHHSI KOCMH'l:eCKHX nyqefi B TpytiHo llOCTynHh!X 

pafioHaX 11 a KOCMOCe Ha cnyTHHKax, op6HTanhHblX CTaHUHSIX 11 apyrHX o6~eK-

Tax. 

B 3aKnJO'l:eHHe aBTOp C'l:HTaeT CBOHM npHSITHblM aonroM Bb!pa3HTb 6na

roaapHOCTb 3.H. llh1raH0By aa BHHMaHue. K pa6oTe H H.B. ITe'l:eHoay aa 

onepaTHBHOe Bb!IlOnHeHHe cpoTorpacpH"leCKHX pa6oT. 
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19 aerycTa 1969 roaa. 
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PHc. l. CxeMbl OKOHe'IHh!X KaCKaaoe fBH Ha THpHCTopax c HarpyaKoil:. 
E - aHOJ:tHOe Harrpsrn<eHHe, R - aapsmHoe orpaHH'IHea10mee corrpo

THeneHHe, K - KOMMYTHPYIOIIIHil: KnIO'I, R I - eHyTpeHHee COIIpOTHe
neHHe KnIO'la, 3fl - 38pS!JlH8SI mrnnsi, D - lllYHTHPYIOIIIHil: rrepeH'IHYIO 
o6MOTKY eb!XO.QHOI'O TpaHCQJOpMaTopa JlHOJ:t, Tp - eb!XO.QHOil: HMIIynbc
Hbiil: TpaHcqiopMaTop, C H - cTaTH'leCKasi eMKOCTb HK, RH - corr-
poTHeneHne lllYHTa a) - c OJ:tHOpOJ:tHOil: nHHHeil:, 6) - c HeOJ:tHOpOJ:t-
. HOil: nHHHeil:. 
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P11c,2, I1pHHUHIIHanbHaSI cxeMa fBI1 Ha THpHCTOpe nl. 
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P11c,3. I1pHHUHilHanbHaSI cxeMa fBI1 Ha llBYX nocne/lOBaTenbHO COe/lHHeHHbIX 

THpHCTOpax n1 Ii n
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PHc.4. <fJOTOOCUHnnorpaMMa ynpaBmuomero HMnynbca C BbIX0Jla xacxaJla 
ynpaaneHHSI, .PaaaepTKa 1 MKCeK Ha 1 CM. 

Pnc.5, <PoToocunnnorpaMMa HanpmKeHHSI c JlennTen51 BhIX0JlHoro cnrHana 

fBl1 6ea llIYHTHpyromero nepBH'IHyro o6MOTKy BbIX0JlH0I'0 TpaHcqiop
MaTopa JlHO/la, P aaaepTKa 1 MKCeK Ha l CM, TnpHCTOpbI THila 
KY20tn, 
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• I. 

PHc.6. 

PHc.7. 

<floTOOCUHnnorpaMMa HanpSimeHHSI c: .nenHTenSI BbIX0JlH0I'O CHI'Hana 

fBI1 C WyHTHPYIOIIlHM D~PBH'IHYIO 06t.1,.0TKY BbIX0JlH0I'0 TpaHc<l>opMa 
Topa JlH0Jl0M

0

, PaaaepTKa ·l ,MKCeK Ha 1 CM. THpHCTOpbI THna 
KY20tn. . 

cfloTOOCUHnnorpaMMa HanpSl)K8HHSI C /l8J'IHTenSI BbIX0JlH0I'O CHt'Hana 

fBI1 6ea WYHTHpy10mero nepBH'IHylO 06MOTKY BbIX0JlH0I'0 TPaHC<jiop
MaTopa 'JlHO.tia •. · P ai3aepTKa 1 MKCeK Ha 1 CM. THpHCTOpbI THna 
KY202M. . 
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PHc.8. <PoTOOCUHnnorpaMMa HanpsuKeHHSI c aenHTenSI BblX0.!tH0I'0 CHI'Hana 
fBH c lllYHTHpyIOIUHM nepBH'IHYIO o6MOTKY Bb!X0.!tH0I'0 TpaaccpopMa
Topa .!tH0/:t0M. Pa3BepTKa 1 MKCeK Ha 1 CM. lHpHc°TOpbl THna 
KY202M. 

PHc.9. cf>oToocu11nnorpaMMa ToKa qepea HK npH per11cTpau11ii aapsuKeaaoii 
'laCTHUbl. p a3BepTKa 1 MKCeK Ha BeCb SKpaH, MeTKH -50 HCeK. 
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PHc,10. <PoToocu11nnorpaMMa T0Ka 'lepea HK npH perucTpauuu aapmKeHHoA 
qaCTHUbl. PaaBepTKa 1 MKCeK Ha Beeb 3KpaH, MeTKH - 10 HCeK. 
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