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YcnOBHSI OUTHManbHOI'O COBMeUleHHSI B onHO,M UHKne yCKOpeHHSI QH3H'Iec-. . 
KHX SKCUepuMeHTOB C sneKTpOHHOH H KaMepHOH MeTOnHKOfi HCCnenoBaHHfi HaK

nanbiBa!OT Uenbtfi pHn Tpe60BaHHfi Ha pelKHM pa60Tbl CHCTeMbl sneKTpOUHTa

HHSI Mai'HHTa YCKOpHTenH, llnH CHHXpOUHKnOTpOHa Ha 10 rsa B 1967-1968 I'O

nax paapa6oTaH KoMnneKc ycTpoficTa, KOTopbrii noaaonHeT o6ecne'IHTb aaMe

Heaue TOKa B 06MOTKe H COOTBeTCTBeHHO nonS! B 3830pe M8I'HHTa ycKOpHTe

nH no aanaHHbiM nporpaMMaM, Ha puc, 1 uao6palKeHbi KpHBbte cpenaero Bbl-

npHMneHHOI'O HanpS!lKeHHSI U 8 H TOKa ld HI'HHTpOHHOI'O npeo6pa30BaTe-

nH CHCTeMbl UHTaHHSI npu paanH'IHblX BilpHaHTaX ee pa60Tbl, 

nporpaMMHpOB8HHe TOKa ocymeCTBnHeTCSI H3MeHeHHeM yrna perynupo

BaHHS! npeo6paaoaaTenH, TaK, HanpnMep, B pelKHMe pa60Tbi
0 

noKaaaHHOM aa 

npOTOHbl YCKOpH!OTCSI no Heo6xonHMOfi SHeprua, 

Ha y'laCTKe t 2- I 3 B Te'l_eHHe 400-500 MCeK TOK B 06MOTKe nonneplKHBaeT

CSI npu6nH3HTenbHO UOCTOSIHHbiM, 3necb no 95% YCKOpeHHbiX '18CTHU BbiC8lKH-

BaeTCSI Ha MHWeHb SKCnepuMeHTa, llpOBOnHMOI'O C nOMOWb!O sneKTpOHHOH 

MeTonuKu uccnenoaanufi. npu STOM no ycnoBHHM SKcnepuMeHTa saepruH qac

THU He nonlKHa H3MeHHTbCSI 6onee 'leM Ha :!: 0,25%, 

YCKOpSIIOTCSI no MaKCHManb-

HOfi SHepi'HH H C nOMOWb!O YCTp~fiCTBa 6biCTpOI'O c6poca BbiC8lKHB810TCSI Ha 

MHWeHb SKCnepHMeHTa C KaMepaofi MeTOAHKOfi HCCne):IOB8HHH, B HHTepBane 

saepruH, aanaceHHaH B Mai'HHTHOM none, peKynepupye_TCH , 

npeapawaHCb B SHepi'HIO BpamaroWHXCSI MaCC M8WHHHblX arperaTOB CHCTeMbl 

nHT8HHSI, OTOT pelKHM pa60Tbl ycnOBHO 6bin Hll3B8H "cTyn" B KpHBOH rnaB-

HOI'O TOKa, 
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0AHHM H3 depb83HbiX npenSITCTBHft Ha nyTH ocymeCTBJ18HHSI CJIOlKHbiX 

pelKHMOB ( KpHBhiS puc, 16, 1 B 0 1r) 6biJia HeAOCTaTO'!HaSI MOIIlHOCTb M9JKMOC

TOBbiX peaKTOpOB, np9AHa3Ha'!eHHbiX AJISI o6ecrre'l8HIISI paBHOMepHOI'O A9JI9HHSI 

TOKa M9lKAY napaJIJI8JlbHO pa6oTa!OIIlHMH BbiiipSIMIIT8JlbHbiMH MOCTaMII npeo6-

pa30BaTeJISI, 8TH pe>KHMbl pa60Tbl conpOBOJKAaJOTCSI '!aCTbiMII CKa'!K006pa3HhiMH 

nepeXOAaMH npeo6pa30BaTeJISI H3 pelKHMa C OAHHM yrJIOM perynupoBaHHSI B 

pe>KHM c ApyraM yrnoM perynapoaaanSI, BosHHKaromae npn nepexoAe ypaa-

HHTeJibHble TOK~ B MelKMOCTOBbiX peaKTOpax OKa3hiBa!OT BJlHSIHHe Ha IIX pa-

6oTy B llOCJleAy!OIIlHe nepeXOAhi, TaK KaK llOCTOSIHHaSI BpeMeHH KOHTypa ypaB

HIIT8JlbHbiX '!'OKOB 1 ,5 CeK,, a Alll!T8JlbHOCTb JIJIOIIlaAKil TOKa 0,4 - 0,5 CeK, 

MelK~l.OCTOBhie peaKTOpbi HaChiiilaJOTCSI, OAHH MOCTbl c6paChiBaiOT HarpysKy, 

a Apyrlle - ee YABaHBa!OT, 803H11Ka!OT '!aCTbiS aBaplliiHhie OTKJI!O'l8HHSI npe-, 

o6pasoaaTeJISI, 

KapAIIHaJlbHhiM nyTeM pemeaHSI 3Toil npo6JieMhi oKasanocb C03Aafme 

ycTpoiiCTBa ynpaBJISHIISl npeo6pa30BaT8JlSI C nJiaBHbiM II3M8HeHH8M <jla3hi yrrpaB

JlS!!OIIlHX HMllYJibCOB B nepeXOAHhle nepiiOAhi, Oao COCTOIIT H3 ABeHaAUaTH 

( COOTB8TCTB8HHO 'IHCJiy <jla3 npeoGpa30BaTeJISI) HASHTH'IHhiX <jla30CM8IIlarolllHX 

yc'!'poilcTB c uBepTnKaJibHhiM u npaau11noM ynpaaneHHSI H o6max yc'!'poilcTB: 

CX8Mbl <jla30BOI'O peryJIHpOBaHHSl (Y¢>P) II 6JIOKOB ITIITaHHSI, 

¢>a30CMemaromee ycTpoilcTBO BKJIJO'laeT B ce6SI renepa'!'op nanoo6pa3-

noro HanpSilK8HHSI0 AHOAIIO-pereHe~aTHBHY!O CXSMY (pa3HOBIIAIIOCTb 3aTOpMO

lK8HHOI'O f>nOKHIII'-I'SHepaTOpa) II BhiXOAHOil <jlopMHPY!OIIlllll KaCKaA Ha THpHCTO

pe, 'CxeMa YCTpOiiCTBa H306palK81!a Ha pile, 2, 

B cxeMe reaepa'!'opa nanoo6pa3aoro aanpSIJKeHHSI ncrroJlb3yeTCSI Ha'!aJib

Hhlil y'!aCTOK 3KcnoaeauaaJibHoro B03pacTaHHSI aanpSIJKei!HSI KOI!AeHCaTopa C1 

ITOA A8llCTBH8M CTa6HJI11311pOBaHHOI'O HCTO'li!HKa nanpSilKSHIISl U CT' .aaoA-

Hhlil KOMMyTaTOp (AHOAbl .a1 II .a2) CIIHXpOHII3Y8T Ha'laJIO 3apSIAa KOHAeaca

TOpa C nanpSIJK8H118M llHTai!HSI C06CTB8HHbiX HYlKA npeo6pa30BaTeJISI, C U8Jlb!O 

YB8Jlll'l8HHSI BpeMei!H HapacTaHIISl ITIIJI006pa3HOI'O HanpS!lKeHIISl (paCIIlllpSHIISl 

AHana30Ha H3M8fl8HHSI yrna peryJIHpOBaHIISI) II llOAperyJIIIpOBKH MOMSHTa na

'!aJia HapaCTaHHSI ITIIJI006pa3HOI'O HanpS!lKSIIHSI B U8llb BbillpSIMJISHHOI'O TOKa 

AHOAOB 6eCKOHTaKTflOI'O KJIJO'la BKJI!O'ISHO 3B8HO 113 peryJIHpy9MOI'O p8311CTO-

pa R 1 , 3amyHTIIpOBaHHOI'O KOHASHCaTOpOM 60JibiUOil SMKOCTH C2, nano-

4 



o6pa3Hoe. HanpHmeHHe ~epea nHon n3 nonaeTCH B nHonao-pereHepaTHBHy!O 

. CXeMy CpaBHeHHH, KaK TOIIbKO STO HanpHmeHHe nOCTHrHeT BenH~HHbl Hanpg

)KeHHH, BhinaBaeMoro ycTpoll:cTBOM cpa30BOro perynHpOBaHHH (YIPP), nHon n4 
3anHpaeTCH H CXeMa Ha~HHaeT pa6oTaTb KaK 06b!~Hbil! 6nOKHHr-reHepaTop, 

aanycKaH nepBbiM HMnynbCOM THpHcTop Bhixonaoro tjlopMHpoBaTenH, KoHnea

caTop cs,· pa3pHmaHCb ~epea o6MOTKY BbiXOnHoro TpaHcljlopMaTopa TB H 

THpHCTOp, HHnyUHpyeT BO BTOpH~HOfi 06MOTKe HMnynbC (onHH 3a nepHon), 

3THM HMnyllbCOM H ynpaBnHeTCH CXeMa non)I{Hra BeHTHnH npeo6pa30BaTenH, 

MaoroKaHanbHOe cpaaocMemaromee ycTpollcTso, nocTpoeaaoe Ha ljlaaocMema

Tengx onHcaaaoro THna, noasonHeT nony~HTb peallbHbill nHanaaoa yrnos pery

nHposaHHH no 210 rpan,:;~n, H XOpOIUyiO CHMMeTpHIO BbiXOnHhiX HMnynbCOB BO 

seeM nHanaaoae perynHpoBaHHH - 0,05 t- 0,1 rpan. ::~n, CHMMeTpHH nocTHra

eTcH nsollaoll perynHpOBKoll: H3MeHeHHeM ljlaabi Ha~ana aapgna KoHneHcaTo-

pa Cl C nOMOIUbiO pe3HCTOpa Rl H H3MeHeHHeM CKOpOCTH HapaCTaHHH Han

pH)KeHHH Ha HeM C nOMOIUbiO pe3HCTOpa R2. 

Bee ljlaaoc;MeiUaTenH ynpaBnHIOTCH onHHM o6mnM ycTpollcTBOM - _YIPP, 

Ero CXeMa H306pa)KeHa Ha PHC, 3, 3To YCTpollcTBO COCTOHT 1!3 TpexnoaH

UHOHHoro TpHrrepa Ha THpHCTopax H CTa6HnH3HpOBaHHoro HCTO~HHKa onop-

Horo. aanpHmeHHH Eon •• 

Pa6oTa ycTpollcTsa noHCHHeTcH KPHBhiMH BbiXonaoro HanpH*eHHH u BhiX. 

H KPHBhiMH cpenHeBbinpHMiieaaoro HanpH)KeHHH H TOKa npeo6paaosaTeng, B 
MOMeHT I I 

OTKpbiBaeTCH THpHCTOp Ynl H B HHTepsane BpeMeHH 1
1
-1

2 
Bb!XOnHoe HanpH)KeHHe MeHHeTCH OT BenH~HHbi Eon, + U u no BenH~HHbl 

E" on, - u· B , TaK KaK pe3HCTOpbi R 1 H R 6 3aiiiyHTHpOBaHbl KOHneHCaTopa

MH C1 H C3. llpH TaKoll senH~IIHe UBhiX, ljlaaocMeiUaTenH nepeson= npe

o6paaosaTenb B HeynpasnHeMbill pe*HM pa6oTbi ( a = - 10 t- 15 rpa.q,::~n,), 
3TO o6ecne~HBaeT MaKCHMallbHO B03MO)KHYIO CKOpOCTb HapacTaHHH TOKa B . 

06MOTKe MarHHTa YCKOpHTeng, KaK TOIIbKO TOK .qOCTHrHeT Heo6xonHMOl! Be

nH~HHbi ( MOMeHT I 3 ) , OTKpbiBaeTCH THPHCTOp Y n2, a Y n1 raCHTCH TpHr

repHofi eMKOCTbiO, 8 HHTepsane t 3- t 4 OCHOBHyiO ~aCTb BpeMeHH TOK B Mar-

HHTe noanep)KHBaeTCH nOCTOHl!HbiM, a yron perynHpOBaHHH HaxonHTCH B npe

nenax 80 t- 85 rpan. ::~n, BhiXonaoe nanpH*eHHe B ::!TOM Hl!Tepsane speMe

HH nporpa MMHpyeTCH C nOMOIUbiO 9MHTTepHoro nOBTOpHTenH, BbinOnHeHHoro 

na TpHone T1. 
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nporpaMMa H~MSHSHHH U BhiX, oanaeTCH C fi0MOI¥b10 p93HCTOpOB R ·2, 

R 3 , R.4 , noCTOHHHaH COCT8BIIHIOlll8H 
U f!OCT, oana.eTCH fiOTSIIUHOMSTpOM 

R2 , SKCfiOHSHUHal!bHaH 
U c. - peoncTopaMn R3 ll R 4 , TaKoe perynn-

ponanne (nporpaMMnponaune) BhiOBauo TeM, 'ITO npn nepexone npeo6paoona

Teng H3 BbinpHMHTEJI!bHOI'O B OaperynnpOB8HHhlil BbinpHMHTSI!hHhlll pe>KI!M Me

I!HSTCH XapaKTep pa60Thi CHHXpOHHhiX. I'el!epaTOpOB CHCTSMbi fiHT8HI!H, B pe-

oynhTaTe HOMeHHSTCH yron cnnnra 0 Me>Kay noneM CTaTopa 11 poTopa re-

HepaTopa, CoOTBeTCTBSIIHO H3MSHHSTCH c!Jaoa ynpaBIIHIOlllHX HMfiYIIhCOB OTHo

CI!TSI!hi!O auonaoro nanpH>KeHnH nenTnnell npeo6paoonaTenSI, TaK KaK poTop 

I'S!!epaTOpa Cb6CTBSI!HhiX HY>Kil npeo6paooBaT·enSI, HaitpSI>KSI!HSM KOTOporo CI!H

XpOIIII3YIOTCSI cP830CMeutaTenn, CI!JlHT Ha OllHOM Bany C pOTOpOM .CHHXpOHHOI'O 

I'SHepaTopa CI!CTSMhi fiHT8HHSI, 

B MOMeHT I 4 CHOBa OTKpbiB89TCSI THpi!CTOp Y n1, a Y n2 I'aCI!TCH, l13-

MSHSHH9 Bh!XOAHOI'O HanpSI>KSHHSI Y<llP H COOTBSTCTBSHHO BhlnpSIMIISHHOI'O 

nanpl!>KSHHSI npeo6paoonaTeng u. B nHTepnane npeMenn 14-16 Bh!OBaHO 

neo6xonnMoCThiO noracnTh TnpaTpOHhi ycTpollcTna nonanneHnll nynhcauHI1, 

nocne TOI'O KaK TOK B M8I'lli!Te AOCTHI'HST CBoell MaKCHM8/Ibl!OH BSIIH'!Hllhl, 

B MOMSHT 16 , OTKphlB89TCSI Tllpi!CTOp Y n3, Y nt I'8CHTCSI, npeo6pa30Ba-

Tenb nepenonnTcSI n nnnepTopnhili pe>KnM, ToK B MarHnTe cnanaeT no nyng, 

UnKn pa6oThi ycTpolicTna na STOM oaKan•mnaeTcg, 

3aKI!IO'!enne 

CneayeT OTMSTHTh llSKOTopyiO CIIO>KHOCTb Bt.rweyKaoannoro YCTpOHCTBa 

no cpasHenn10 c cywecTBYIDuteli cxeMoli ynpannennH, OnnaKo Bhmonnenne 

cxeMhi Ha KpeMnnenhiX nonynpononnnKOBhiX npn6opax o6ecne'!nnaeT xopowy10 

H81l9>KHOCTb B pa60Te. npnMeHenne YCTpOHCTBa B CXSMaX ynpaBI!SllllH npeo6-

pa30BaTSIIHMII CI!CTSM fii!T8HHH 06MOTOK M8I'HHTOB yCKOpRTel!eli npnnaeT 

fiOC/ISJlHI!M HOBbiS K8'19CTB9llllb19 OTIIH'IHH: 

1) OCYWSCTBIIHSTCH Allll8MH'ISCK8H pa3rpy3K8 B8/IOB arperaTOB fiHTa

HUH npeo?paoonaTeneli; 

2) fiOHBIIHSTCH B03MO>KHOCTb 3H8'1llTSI!hHOI'O YMSllbWSHHSI MOWHOCTll 

MS>KMOCTOBblX ypaBHHTS/IhllhlX peaKTOpon; 
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3) nOsiBnSieTC.II B03MOlKHOCTb CTa6HnH3aUHH Bbmp.IIMneHHOI"O Hanp.II>Ke

HH.II npeo6paaoaaTen.H J:W.II ocymecTaneHH.II tWHTenbHbiX pacT.H>KeK BbiBeAenno

I"o nyqxa Monoanepi"eTaqecxnx qacTau; 

4) yMeHbwaeTc.II BnH.IIHHe nepeXOAHbiX npoueccoa B none Mai"HHTa yc

KopaTen.H Ha ycxopeHHbill nyqox qacTnu; 

5) fiO.IIBn.IIeTC.II BQ3MOlKHOCTb npnMeHeHH.II naCCHBHOI"O ~HnbTpa B CHCTe

Me nHTaHn.II Mai"HHTa ycxopnTen.H c uenbro yMeHbWeHH.II nynbcaunll: Bbmp.HM-

n H T.e paT y p a 

1,· B. n. II1annnno, CncTeMbl CeTO'iHOI"O ynpaeneHH.II PTYTHblMH Bbmp.IIMHTen.II

MH An.II 8BTOM8TH'ieCKHX aneKTponpnBOAOB, r3H, 1961, 

2. B. n. illnnnnno, o. r. EynaTOB, Pac'leT nonynpOBOAHHKOBbiX CI!CTeM yn

paaneHH.II BeHTHnbl!biMI! npeo6paaoaaTen.HMU, HaA-Bo "3nepi"H.II" 1966 I", 

3. H.n. CTenaneuxo, Ocnoebi Teopnn TpanancTopoa 11 TpanancTopHbiX cxeM , 

l13A-BO '3Hepi"H.II", 1967, 

4, A.M. Tnweuxo I E. M: ne6eAeB, M. Ll. li1Tepx, E. fl. KnnMywee, A. A. <t>e

AOPHHHH, B.l1. EI"opbi'iee, Pac'leT n npoeKTnpoeanne HMnynbCHbiX ycTpoilcTB 

na TpauancTopax, l13A-Bo "CoaeTcxoe paAno", 1964, 

Pyxonacb nocTynana a 113AaTenbcKnll OTA~n 
3 .IIHBap.II 1969 I"OAa, 
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