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ilmI B036ylKnemrn MarHllTOB rrpoTOHHbIX CllHXPOTpOHOB Tpe-

6y10TCH Cl!CTeMbl nl!TaHl!H O'!eHb 6oJibWOli MOlllHOCTll, 

TaK KaK KOJie_6aHl!H noTpe6JIHeM_oli 3Heprllll B TeqeHl!e ycKo

pl!TeJibHOro Ul!KJia aecbMa BeJil!Kll, To HenocpencTBeHµoe noncoenH

HeHl!e Cl!CTeMbl nl!TaHl!H K 3HeproceTl! Henpl!eMneMo, ITo3TOMY 

l!CnOJib3YIOTCH pa3Jill'IHOro Bl!J:(a HaKonl!TeJil! 3Heprllll, 

3KOHOMl!'!eCKll uenecoo6pa3HhlM AJIH nnTaHl!H 3JieKTpOMarHl!TOB 

npoTOHHhlX Cl!HXpOTpOHOB OKa3aJIOCb npl!MeHeHl!e Cl!CTeM, COCTOH

llll!X !13 3.JieKTpOMaWl!HHhIX arperaTOB c 6oJibWl!Mll MaXOBb!Mll Mac

caMll ( acllHXpoHHbili J:(Bl!raTeJib - MaXOBl!K - Cl!HXPOHHblli reHepa

Top), pa60Ta10mnx B nape c BeHTl!JibHhIM npeo6paaoBaTeJieM, 

ITocKOJibKY 3¢¢eKTl!BHOCTb l!CnOJib30BaHl!H ycKOpl!TeJISI B 3Ha'!ll

TeJibHOli Mepe onpeneJIHeTCH pa6oToli Bceli Cl!CTeMb! nl!TaHl!H ll B 

oco6eHHOCTll ee BeHTl!JlbHOrO npeo6paaoBaTeJIH, TO BonpOCbl yco

BepweHCTBOBaHl!H ll 6eaaaaplli1Holi 3KcnnyaTBUllll noc~~J:(Hero SIBJIH

IOTCH '!pe3BbI'!aliHO BBlKHb!Mll ll nepBOCTeneHHhIMll, 

ITepBbie ro/:lhI 3KcnnyaTaunn nocne aanycKa B 1957 rony 

ny6HeHCKOro CllHXpo¢aaoTpoHa Ha 10 f3B noKaaann Heo6xo/:lllMOCTb 

TWaTeJibHOro llC!=)nenoBBHllH aiapl!liHbIX npoueccoa, npoTeKBIOl!lllX 

B CllCTeMe nnTaHnH, ll paapa6oTKll 3¢¢eKTllBHbIX aamnT, cnoco6Hb!X 

npeJ:lOTBpaTHTb paapywemrn o6opynoBaHHH, Bb!3bIBaeMbie npoTeKa

HlleM 6onbWllX aBapnliHb!X TOKOB no 3JieMeHTaM npeo6pa3oBaTeJIH, 

OnHoBpeMeHHO B nepnon c 1957 rona no 1960 ron Benncb 

pa6oThl no C03/:l8Hll!O Cl!CTeM J:lllCTBHUllOHHOli llH/:lllKaunn BeHTllneli, 

Bb!3b!BalOl!lllX qaCTbie OTKJIIO'!eH!rn npeo6paaoBaTeJIH, ll 6b!CTponeli-
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CTByromell l!MnynbCHOll ! TOK.OBOll 3alllHTbl MOCTOB npeo6pa30BaTem1. 

3TI! pa60TbI, B KOHe'IH.OM C'IeTe, n03BOn11n11 CHll3l!Tb 06m11ll npo

ueHT npocTOSI II noTepb pa6oqero BpeMeHn ycKop11TenS1 113-aa -He

nonanoK B CHCTeMe n11TaHl!SI no 1 - 2%. 

8 CBSl311 C pa3BIITl!eM HOBbIX MeTOlll!K 11ccnenoBaHl!SI B !pH3H

qecKl!X aKcnepnMeHT~x Ha 6a3e pa3nll'IHoll aneKTpOHHoll annapaTy

pbt n HCKpOBb!X KaMep n0S!Blfnacb Heo6xonl!MOCTb B pa3pa6oTKe 

HOBbIX ycTpollCTB <pa3oBoro yrrpaBneHl!SI BeHTl!nbHbIM rrpeo6pa3oBa

TeneM nnR C03ll8HIISI cnOlKHb!X pelKHMOB pa60Tbl Cl!CTeMbl nl!T8HIISI, 

npn KOTOpbIX TOK B036yJKneHHSI; a COOTBeTCTBeHHO II none B 3a3ope 

aneKTpoMarH11Ta ycKopnTenR, nonnepJKl!BaeTcSI np116n11311TenbHo no

cToRHHbIM B Te'IeHl!e HeKOToporo MOM6HTa BpeMeHI!. 

B pe3ynhTaTe aT11x pa3pa60ToK, npoBeneHHhtX B nep11on c 1963 ro

na no 1967 ron, B03HHKnlf HOBbie pelKl!Mbl pa6oTb! Cl!CT6Mbl nnTa

HIISI, KOTOpbte Il03Bon11n11 B OllHOM Ul!Kne ycKopeHIISI COBMeCTIITb 

onHoBpeMeHHOe npoBeneHl!e necKOnbKIIX !pl!31f'IeCKIIX 3Kcnepl!M6HTOB 

C aneKTpOHHb!MII II KaMepHb!Mlf MeTOlll!KaMI! nccnenoBaH11ll, TeM 

caMbIM 3H8'Il!T0nbHO noBbICl!Tb aqi<peKTIIBHOCTb 11cnonh30B8HIISI yc

KOpnTenSI, 

BaJKHbIM Meponpl!S!THeM no nanbHellIIIeMy noBbtIIIen11ro 3<pqi<peK

TIIBHOCTlf ycKopnTeng SIBl!noch C03ll8Hl!e CIICT6Mbl nonaBneHIISI 

nynhcau11ll B BbIIlpS!MneHHOM HanpS!lK6HIIII npeo6pa3oBaTenSI, BBe

neHHOll B 3KCnnyaTaUIIIO B 1969 rony. 

LlnccepTaUIISI, COCTOSllllaSI 113 'I6Tbtpex rnaB, S!BnS!eTCSI no

nhITKOll o6o6meHl!SI BbIIIIeynOMSIHYTb!X pa6oT, BbIITOnHeHHblX B na-
• 6opaTop1111 BbICOKnx aHeprnll OHfIH c 1957 rona no 1969 ron. 

CT e p Ba SI r n a Ba n11ccepTaunn nocBRllleHa 11ccnenoBaH11ro 

aBapnftHbIX npoueccoB, npOIICXOUS!llllfX B BeHTl!nhHOM npeo6pa3oBaTene 

Cl!CT6Mbl n11TaH1IS1, 11 pa3pa60TKe 381lll!T, 

OnHo<pa3Hoe onpoKHUbIBaHne HHBepTopa RBngeTCR onnoll 113 

rnaBHb!X npH'IIIH, npnBOUS!llllfX K nepepblBY B pa6oTe Cl!CTeMbl n11-

TaH1ISI MarHHTa ycKopnTenR. 
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Ha npnMepe onHo<pa3·Horo onpOKIIUbIB8HIISI IIHB0pTopa 113-38 

_He3aBepIIIeHHOll KOMMyTaUl!lf TOKa B OllHOM 113 MOCTOBb!X npeo6-

pa30B8Tenell CIICT6Mbl -nnTaHIISI noKa3aH xon pa3BIITIISI aBapnllHoro 

npouecca, noKa3aHa H0B03MOlKHOCTb C8MOBOCCT8HOBn0HIISI lfHB0p

TOpHoro pelKHMa na npeo6pa3oBaTene npn o6IIIeM Bb!IlpRMneHHOM 

TOKe 6onee 7 Ka H nnHellHOM HanpS!lK6HlfH Ha CIIHXpOHHbIX reHepa

Topax CIICTeMbl Ill!T8HIISI 7, 2 KB, 

3necb JKe nplIBOUIITCSI aHann3 pa6oTbl npoeKTHOll CIICT6Mbl 

381llHThI. PaccMaTplIBaeTCSI pa6oT_a _ypaBHIITenbHbIX peaKTOpOB 

npeo6pa3oBaTenR. B 38BIICIIMOCTH OT MOM0HTa BKmoqe~nR 3aMbI

KaTenR · no OTHOIIl6HIIIO K <pa3e nnHellnoro HailpS!JKeHIIH CIIHXpOHHoro 

reHepaTopa .onpenenS1eTcS1.TOK Harpy3KII npeo6pa3oBaTenR, nocTn

rarom11ll B HeKOTOpbIX cnyqagx Benlf'IIIHbl 28000 a. l.Jepe3 K8lKllbill 

llrHIITpOH peanbHOll cxeMbl npeo6p'a30BaTeng ClfCTSMbl nnTaHIISI npn 

3TOM npoTeKaeT TOK 6onee 3,5 Ka. IToKa3aHa B03MOlliHOCTb·paapRna 

3anaceHHoll·aHeprn11 MarHnTHoro nonR ycKopnTenR a KOHType: 

aneKTpoMarHnT ~ ·BeHTnnn npeo6pa3oBaTenR·- o6MoTKlf cnHxpoH

Horo reHepaTopa ClfCTeMbl nnTaHl!SI. CTpnBOUSITCSI naHHbte onhITHOll 

3KCnnyaTl3-UIIH Cl!CTeMbl nnTaHl!SI C npoeKTHOll 381lllfTOl! . 38 2800 qa

COB pa6oTbl, 

Ha ocnoBe on11caHHhIX BbtIIIe 11ccnenoBaH11ll nenaeTCSI aaKnroqe

Hl!e ·o Heo6xonl!MOCTII l!CKnro'IeHIISI 113 uen11 38MbIKaTenSI conpOTIIB

neHHSI II OTKa3a OT nepeBona B Bb!IlpS!MlfTenbHblll p0lKIIM pa60Tbl 

l!nSI BblBOlt8 npeo6pa30BaTeng 113 p8lKIIM8 OUHO!p83HOrO onpOKlf

llbIBaHl!SI. / 1/, 

PacCMOTpeHa KOHCTPYKUIIS! naT'Il!Ka OUHO!p83Horo onpOKIIUbl

BaHIISI, COCTOS!lllero 113 TpexcTepJKHeBoro TpaHC<pOpMaTopa C nepMan

noeBbIM cepne'IHIIK0M II yc11nnTenbHOll Tl!paTpOHHOll cxeMbI, 

CTp11BoUSITCS1 ocmmnorpaMMbI aKcnepnMeHTa no onpo60BaH11ro 

HOBOll aamnTbl .c KOpOTK03aMbIKaTeneM Ha 6a3e MaCnSIHOro Bbl

Knro'IaTeng T11na Mrr-10: nonHoe BpeMR pa60Tb1_ naT'Il!Ka II KopoT

KoaaMbtKaTen11· OT MOM6HTa onpOKl!UbIBaHIISI no 38Mb!K8HIISI rnaBHbIX' 

KOHTaKTOB COCTaBnSieT 0,14 o, 15 ceK, BpeMSI KOMMyTaUlfll TOKa 

B036yJKneHIISI aneKTpoMarHl!Ta Ha MOCT, B KOTOpOM np01130IIIno 

onpoKl!UbIBaHne, - 5-6 MCeK II T.n. 
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np11BO.!lSITCll 0ilbiTHbie IWHHbie 3a )leCl!THneTHllll rrepl!0)l 

aKcrrnyaTau1111. 

B 3aKmoq11TenbH0ll qaCTII 3T0ll rnaBbl paccMaTpl!BaeTCll )laT

q11K llByX¢83HOro orrpoKll)lb!BaHllll IIHBepTopa II IIMilYilbCH8ll MaKCII

ManbHal! 6bICTp01lellcTBY10lll8ll T0K0B&ll 38IUl!Ta M0CT0BbIX rrpe

o6pa30B8Tenell CIICTeMbl rr11TaH11ll. 

BO BT Op O ll r n a Be pacCM0TpeHbl CIICTeMbl llllCT8UIIOHH0ll 

11Hll11K8UIIII BeHTIWell, B K0T0pb!X B03HIIK8IOT o6paTHbie 3ai1mraHllll 

11n11 Ilpl!Mb!e rrpo6011 ( rrpopb!B) rrpll pa6oTe B IIHBepT0pH0M pelKHMe. 

C Il0M0lllblO 3TIIX CIICTeM 6paKyIOTCll BeHTIIIIII, Bbl3b!BalOIUlle 38 

K0p0TKoe BpeMll 5-7 8Bap11iiHbIX 0TKn!OqeHHii Cl!CTeMbl Ill!TaHllll/
2
/. 

npl!BO)ll!TCll CT8TIICTll'IeCKl!e ll8HHbie 0 K0n11qeCTBe 0TKII!Oqe

Hllii CIICTeMbl Ill!TaHl!ll 113--38 o6p8THbIX 3aljmraH11ll II rrpopb!B0B BeH

THnell rrpeo6p830BaTenSI 3a 13-neTHllll rrep1101l aKcrrnyaTau1111 rrpe

o6pa30B8TenSI. 

,;. 

np11 rrpoeKTllp0B8HIIII CIICTeM IIH)lllKau11ll 6b!Il8 yqTeHa CII0lKH0CTb 

aneKTpoMarHIITHbrx, rrpoueccoB B cXeMe rrpeo6pa30B_aTenSI. np11 pa3-

p860TKe ycTpollCTB B KaqeCTBe OCHOBHOll 3a)laq11 CTaBIIIlll 0TblCKaHlle 

~e11crrpaBHoro BeHTllnll, llBilllIOll!erocSI rrepBorrp11q11Holl B03HHKmero 

aBapHllHoro pelKIIMa Ha rrpeo6pa3oBaTene, He 0TMeqaSI BT0p11qHbie 

l!BneHHll. 

B 3aKn10q11TenbH0ii qaCTII .rnaBbl paccM'lTpl!B8eTCll aneKTP0_IIH0-

nyqeBoii IIHllllKaTop C ¢0Torrp11cTaBKOii, C rrqM0UlblO K0Toporo B aBa

pllllHblX pelKIIMaX CHII.M8IOTCll ocu11nnorpaMMbl Bb!Ilpl!MneHHoro Harrpll

lKeHllll rrpeo6pa3DB8Tenll, Heo6xoll11Mbte rrp11 aHan113e pa.60TbI ycT

poiicTB _yrrpaBneHl!ll II 38lll11Tbi ,38 nn11TenbHbie rrpoMelKyTKII BpeMeHII. 

B TpeTbell rnaBe p860Tbl rrpm:~e.!leHbI 06m11e Tpe60BaHm1, 

rrpe)lbl!Bnl!eMbie, K _CIICTeMaM ,¢830BOro yrrpaBneHl!ll Be_HTIIIlbH0ro .. 

rrpeo6p830BaTenll CIICTeMbi IlllTaHllll rrpoT0HH0ro CIIHxpoTp0Ha•,' 

II paCCM0TpeHbl )lBe CIICTeMbi ¢a30Boro yrrpaBneHl!ll )lilll ·C03JlaHllll 

CII0lKHbIX pelKHM0B p860Tbl BeHTIIIlbH0r0 rrpeo6pa30BaTenll. 

nepBaSI _c11cTeM8 pa3pa_6aTbIBanach nnll_ ocymecTBnelmll· cn_olK

HhIX pelKIIM0B CIICTeMbi rr11TaH11ll C 0llHOii rrnOlll8)lKOll- B .TQKe B03-. 

/3 4/ 
6ylKlleHllll aneKTpoMarHHTa YCK0PIITenSI ' • 
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Bo3pocume Tpe60Ba}ll!ll co CTp0Hb! ¢11311qeCKOro 3KCrrepl!MeH- . 

Ta, Bb!p8311BllllleCSI B Il0BbillleHIIII ToqH0CTII 0TceqKI! 11 Il0)l)leplK8Hllll 

HaIIpSilKeHH0CTII M8rHHTHoro rronll B rrpe)lenax :!::.0,05 ➔ 0, 1% B Te

qeHHe 400 .. 500 MCeK Ha yp0BHe 8 - 12,8 K3, C031l8Hlle pelKl!Ma 

C llBYMll rrnomallK8MII B T0Ke B036YlKlleHl!ll aneKTp0MarHHTa YCK0-

p11Tenl! II Heo6XO)ll!MOCTb o6ecrreqeHl!ll ycnOBl!ll llilll HOpManhHOll 

pa60Tbl ypaBHl!TenbHbIX 'pe8KT0p0B rrpeo~pa30BaTenl! B CII0lKHbIX 

pelKl!M8X p860Tbl CIICTeMbl Ill!T8Hllll rrp11Ben11 K pa3p860TKe B 1967 .. 

1968 ro.!lax KaqecTBeHH0 H0B0ll cxeMbl yrrpaBneHl!ll BeHTl!IlbH0ro 

rrpeo6paaoBaTenSI Jly6HeHcKoro CIIHxpo¢a3oTpoHa Ha 10 faB. 

Ha p11c. 1 rrp11Be)leH8 ¢YHKUIIOH8IlbH8ll cxeMa 3T0ro ycTpoll

CTB8. 

B 3TOM ycTpollCTBe Ilpl!MeHeH BepTl!KanbHbill Ilpl!HUl!Il yrrpaBneHllll. 

OJlH8KO B OTilllq11e OT 113BeCTHblX cxeM 6noK Bb!Ilpl!Ml!TenbHbIX 

l!MrrynhC0B II 6noK l!MrrynhC0B llilll yrrpaBneHIIH rrpe66pa3oBaTeneM 

B p9lKl!Me 'rrnomallKII ToKa"' 38MeHeH 12-KaHanhHbIM ¢830CMemaID-

IUIIM ycTpollCTBOM ( <t>C).' Bb1pa6aTbIB8eMbie 3TIIM ycTpoltCTBOM 

IIMIIynhCbl B 38B11CIIM0CTII OT Ben11q11Hbl yrrpaBnll!Oll!ero HaIIpl!lKeHllll, 

B;bIJlaBaeMoro ycTpOllCTBOM Y<t>P2 ( CBH3b 1)' 113MeHSIIOT ¢a3y B )lllarra-

30He a = 0 ➔ 160 X'pa.!l. an, 

Pa6oTa rrpeo6pa3oBaTenH' ( Bn) B Bb!Ilpl!MHTenbHOM pelKl!Me 

c p83nl!qHblMH yrnaM11 peryn11poBaH11H, rrepeB0ll rrpeo6p830BaTenSI 

113 Bb!IlpllMl!TenbHOro pe.lKl!Ma B pelKl!M "'rrnoma)lOK TOKa"' II o6paTHO, 

a T8KlKe B. 1rnaepT0pHb!lt pelKl!M ocymecTBIIlleTCll IIMrrynhcaMH ¢a-

30CMell!8Tenelt Ilpll H8,IIMeHbllleM ypoBHe CMemeHl!ll Ha T11paTpo11ax. 

cxeMb; Il0)llKl!r8 BeHTl!nell rrpep6pa3oBaT~Illl (en), Bbl)l8BaeMoro , 

ycTpollcTBOM Y<t>Pl, K0T0poe 381l8eT BpeMeHHbie Il8paMeTpbl p86o

qero Ul!Kna CIICTeMbl Ill!T8Hllll. 

ITporpaMM11pOB8Hl!e ¢opMbl T0_Ka B036YlKlleHl!ll H COOTBeTcTBeH

HO MarHHTHoro rronll B. 383ope aneKTpoMarHl!Ta YCK0PIITenll 3M 

B rrpouecce ycKopeHl!ll qaCTIIU ocymeCTBnl!eTCll C Il0M0lllblO ycTpoll

CTBa Y<t>P2. 
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3To ycTpolicTBO np11 nepexone npeo6paaoBaTenH 11a onHoro 

pelKl!Ma B npyroli 1!3M.eHHeT BbIXOnHoe HanpHJKeHl!e cpaBHeHl!lI 

nnH cxeM ¢aaocMeIIIaTeneli He cKaqKoo6paaHo, a nnaBHo B Teqe

HHe 20 - 30 MCeK, np11 aTOM KOMMyTaUl!lI ToKa BeTl!nHMI! npeo6-

paaoBaTenH B aTo BpeMH He npeKpawaeTcH. 

B npouecce nepeBona npeo6paaoBaTenH c11cTeMbI n11TaH11H 

:!· 

B l!HBepTOpHblll pell\l!M pa6oTbl ¢aaa BbIXOnHbIX l!MnynbCOB ¢aao

CMewaTeneli ( <PC) 1!3MeHHeTCH no TaKoro MoMeHTa, qTO l!MnynbCbl 

ynpaBneHHH, Bb1pa6aTb1BaeMbie 6noKOM l!H'BepTopHblX Ill!K-TpaHc¢op

MaTopoB (EHITT), Haql!Ha!OT nepBbIMI! aaJK11raTb Tl!paTpOHbl cxeMbl 

nonJK11ra (CIT). ITocne aToro no KOMaHne ycTpolicTBa Y<PP2 ( CBliab2) 

ycTpoliCTBO Y<PP I' 1!3MeHHeT HanplIJKeHl!e CMeweHl!lI .B ·CXeMe 

nonJK11ra BeHTl!neli npeo6paaoBaTenlI (CIT) no TaKoli Ben11ql!HbI, 

qTo Tl!paTpOHbI aTOli cxeMbI MoryT B nanbHelirneM noriJKHraTbClI TOnb

KO HMnynbcaMH 6noKa 1rnBepTOpHbIX m1K:..TpaHc¢opMaTopoB ( EH ITT). 

B nep110.tl nayab1, Korna npeo6paaoBaTenb c noMOIIlblO ycTpoli

CTBa Y<PP I aan11paeTClI, ycTpOliCTBO Y<PP2 ( CBlI3b 3) nepeBonHTClI 

B 11cxonHoe COCTOlIHJ!e C IlOMOIIlblO naTql!Ka HynlI TO Ka ( ilHT) • Bb1-

pa6aTb1BaeMoe l!M HanpHlKeHl!e cpaBHeHl!lI COOTBeTCTByeT B aTOM 

pelKl!Me TaKoli Ben11q11He, qTo ¢aaa BbIXOnHbIX l!MnynbCOB ¢aaocMe

waTeneli (<PC) COOTBeTCTByeT HeynpaBnlieMoMy Bb!IlplIMl!TenbHOMY 

peJKHMy pa6oTbI npeo6paaoBaTenlI c11~TSMbI n11TaHHlI (BIT). 

B cnyqae B03Hl!KHOBeHl!H aBap!!liHbIX pelKl!MOB aaIIIl!Thl npe

o6paaoBaTenH, B0aneliCTBYlI Ha ycTpoliCTBO Y<PPI, nepeBonlIT npe

o6paaoBaTenb B HHiiepTopHbili peJKH_M 6ea nnaBHOro nepexona 11n11 

\, 

aan11pa10T ero B aaB11c11MocT11 oT xapaKTepa aBap11li1roro npouecca. 

ilnlI nepeBona npeo6paaoBaTenlI B peJKnM "nnowanKn TOKa" 

6bm ncnonb30BaH l!HT.erpaTOpHblli naTql!K ypoBHlI MarHHTHoro nonlI 

aanaJOweli annapaTypbl B4 YCKOplIIOIIIeli Cl!CTeMbI ycKopnTenlI; co

CTOHIIIl!li na ~HTerpa-r'opa (HI) 11 aMnnnTyn1roro cenell'TOpa (AC). 

BbIXOnHoli l!Mnynbc, B03Hl!Ka!OIIIl!li Ha onpeneneHHOM YPOBHe 
0

MarHl!T

Horo IlO/llI ( ToqHOCTb 0, 1%)' IlOCTynaeT B 6noK KOMaHllHblX l!M

nynbCOB ( EKH), rne ycnnnBaeTclI n, BoanelicTBYlI Ha Y<PP2, nepe

B0/lllT npeo6paaoBaTenb B pelKl!M 'nnOIIIallKI! TOKa' (CBlI3b 7). 

OnHoBpeMeHHO aTOT l!MnynbC BKnJOqaeT aneKTpOHHbili Kn!Oq (3K) 

l!HTerpaTopa ( H2). 
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OTBeTHbIM. l!MnynbCOM Hanp:IIJKeHl!lI ( CBlI3b 9) Ha BpeMlI 

nnl!'renbH0CTI! peJKnM:a- "nnowanKn ToKa' BKnJOqaeTClI peneliHbili 
-- s ""-~ --

KnJOq (PK)' C IlOMOIIlblO KOToporo BbIXOllHOe HanplilKeHne C l!H-

TerpaTopa- H2 (CBlI3b 10) nonKnJOqaeTClI Ha BXOll perynlITOpa 

ypoBHlI nonlI ( P). BbIXOllHOe HanplilKeHl!e _perynHT0pa nonaeTClI 

Ha conpoTl!BneHl!e R (cBlI3b 12) I! CO0TBeTCTBeHH0 B cxeMy 

cpaBHeHl!:II ¢aaucMewaTeneli·nnK-reHepaTopa, o6paaylI aaMKHYTYIO 

B K0nbUO Cl!CTeMy perynnpoBaHl!lI. 

Ha pnc. 2 npnBeneHbI ocunnnorpaMMbI HanplIJKeHH0CTI! MarHHT

Horo nonlI B aaaope MarHnTa ycKopl!TenlI H ( Hl!lKHlilI ocunnno

rpaMMa) n ee nponaBOllHOli· ii ( BepxHlilI ocunnnorpaMMa) BO BpeMlI 

pa6oTbI npeo6paaoBaTenlI cncTeMbI nnTaHl!lI B peJKl!Me "nnowanKn 

TOKa' Ha ypOBHe 12,8 Ka COB~feCTH0 co cxeMoli perynlITopa. 

Ha ocunnnorpaMMbI. Bl!!UIO,' qTo OTKnOHeHl!lI H C0CTaBnlIIOT 

aen11qnHy He 6onee ,tl,0 a. 

Bee ycTpolicTBa n11K-reHepaTopa Bbmon;HeHbI Ha nonynpo

BonHl!KOBbIX npn6opax. Han6onee OTBeTCTBeHHbIM yanoM Ill!K-reHe

paTopa lIB/llieTClI ¢aaocMewaTenb (<PC), KoTopbili BKIIJOqaeT B -ce6SI 

reHepaTop nnnoo6paaHoro HanpSIJKeHl!lI ( fITH), nnonHo;,,,pereHepa

Tl!BHYIO cxeMy cpaBHeHl!lI (cc) I! BbIXOllHOli ¢opMl!py10II11!li KaCKan 

Ha TnpncTope ( BTK) - cM. pnc. I, 

MHoroKpaTHbie l!CilbITaHl!lI a· cTaTnqecKoM peJKl!Me noKaaann, 

qTo B03Hl!Ka!OIIIl!e aa 6-8 qacoB HenpepbIBHOli pa6oTbl 1!3MeH€iHl!lI 

O_THOCl!TenbHO npyr npyra ¢aa ynpaB/llI!OIIll!X l!MnynbCOB He npeBbI

IIIalOT :t_0,1 rpan.an, Bo BCeM nnanaaoHe yrnoB perynnpoBaHl!lI oT 

0 no 160 rpan. an. npn naMeHeHl!I! TeMnepaTypbI oKpyJKaJOwero 

aoanyxa OT +15°C no +4o0c, 

YcTpoliCTBO Y<PP2 C0CT0l!T 1!3 Tpexnoal!Ul!0HHOro Tpnrrepa 
· /5,6/ 

Ha Tl!pl!CTopax I! l!CToqHl!Ka onopHoro H~IlplIJKeHl!lI • 

ITpnMeHeHne paccMoTpeHHoro hnK-reHepaTopa B cxeMe ynpaB

neHl!lI npeo6paaoBaTenlI ny6HeHCKoro cnHxpo¢aaoTpoHa·cywecTBeHHO 

ynyqrn11no nocnenHJOIO, 6naronaplI qeMy: • 

I. OcywecTBneHbI cnOlKHbie pelKl!MbI pa6oTbI Cl!CTeMbI Ill!

TaHl!lI. C 0/lHOli I! nayMlI nnowanKaMI! Ii TOKe Boa6yJKneHl!H aneKTpo-

9 



MarHIITa ycKopnTemr, KaK, Harrp11Mep, peJKllM, xapaKTepnayeMhIH 

ocunnnorpaMMaMn BhmpsrMneHHoro HarrpsrJKeHnsr ( BepxHsrsr octmn

norpaMMa) ll TOKa rrpeo6pa30BaTensr (HlllKHSISI ocu11nnorpaMMa) 

Ha p11c. 3; 
,, 

2. CTano B03MOlKHbIM 3H8'1llTenbHOe yMeHbWeHlle MOWHOCTll 

MelKMOCTOBbIX ypaBHllTenbHh!X peaKTOpoB; 

3. TTpoll3BOnllTCSI n11HaMl1'1eCKaSI paarpy3Ka BanoB aneKTpo

MaWllHHhIX arperaTOB rr11TaH11sr· rrpeo6pa3oBaTensr; 

4. nosrBimacb B03MOlKHDCTb CTa6nnll38Ullll BbIIIPSIMneHHoro 

Harrpsr JKeHnsr rrpeo6paaoBaTensr JlnSI ocywecTBneHnsr nnnTenhHhIX 

paCTSIJKeK Bb1Benemroro IIY'!Ka MDHD9HepreTll'!eCKllX qaCTIIU, 

B aaKnlO'IIITenbHOH '!aCTll 9TDH rnaBbl aHannanpyeTCSI pa6oTa 

ypaBHllTenhHoro peaKTopa rrpn yrrpaBneHllll rrpeo6paaoBaTeneM oT 

IlllK-reHepaTopa C rrnaBHh!M ll3MeHeHneM <pa3b! yrrpaBnSIIOWllX IIM

rrynhCOB B rrepexonHhie rrepnonhI. 

B 'I e TB e p To ii r n a Be rrpoBeneHo KpaTKoe cpaBHeHne paa

nll'!Hh!X crroco6oB rronaBneHnsr rrynhcaunii MarHllTHoro rronsr_ycKo

pnTensr, Ha ocHoBe qero cnenaH Bb16op c11cTeMhI rroLraBneHnsr rrepe

MeHHDH COCTaBnsrroweii B BbIIlpSIMneHHDM HaIIpsrJKeHllll rrpeo6pa3oBa

Tensr c IIOMOWblO rronKn10'la10werocsr LC -<pllnbTpa BO BpeMSI .pa6oTbl 

rrpeo6paaoBaTensr B peJKIIMe "rrnowanKn To Ka.. ( CM. pnc. 4), 

PaccMaTpllBaeTCSI- rrpennoJKeHHaSI MeTonnKa paC'!eTa DCHDBHbIX 

aneMeHTDB <pllnbTpa: 

1 •. OrrpeneneHlle norrycTIIMOH cpenHeH BenH'IIIHbl BbIIlpsrMneH

HOrO HallpSIJK_eHIISI rrpeo6pa3oBaTensr II aMrrn11Tynh1 rrepe-MeHHOH co

CTaBnsrrow_eii nnsr .ocywecTBneirnsr MenneHHbIX pacTsrJKeK. BTDpll'IHbIX 

rry'IKOB no 400-500 MCeK Ilpll HepaBHOMepHOCTII BbicanKII IIY'!Ka 

±.10%; 

2, TTpoBeneHne rapMOHll'leqKoro aHannaa rrepeM~HHOH cocTaB

nsrroweii BhmpsrMneHHoro HarrpsrlKE!HIISI rrpeo6paaoBaTensr ; 

3, Bb16op IIHnyKTIIBHOCTeii, <pllnbTpa ll pac'!eT _eMKOCTII KOH

neHCaTOpHOH 6aTape11; 

4, Pac'!eT TOKOB II HanpsrJKeHIIH B cxe.Me .LC -<pllnbTpa IIpll 

rrepexonHOM rrpouecce, B03HIIKalOWeM _Ilpll BKnlO'!eHllll <pllnbTpa B pa-

6oTy, 

10 

TTpoBeneHHbie !IO 9TOli MeTon11Ke pac'!eTbl IIOKaaan11, '!TO 

CIICTeMa rronaBneHIISI rrynbcaUIIH nonJKHa IIMeTb KOa<p<pllUlleHT rro

naBneHIISI 11.nsr cocTaBnsrroweii 500 ru rropsrnKa 100, nnsr cocTaBnsrro

weii 1000 ru - 200 11 1500 ru - 520. 

TaKOe rronaBneHne rrony'!aeTCSI rrp11 IICIIOJ!b3DBaHllll B Ka'!eCT

Be IIHnyKTIIBHDCTeH LC -<pllnbTpa MarHIITa M6-A B onH~M rronroce 

11 '!eTb1pex MarHHTOB Tnrra P0-2 B npyroM nonroce rrpeo6paaoBaTensr 

c KDHneHCaTopHOH 6aTapeeii eMKOCTblO 2000 MK<p
171

• 

8 peaynhTaTe 9KCIIep11MeHTanbHbIX rrpoBepoK 6b!n0 ycTaHOB

neHo, '!TD B peanbHOH cxeMe noCTllrHyTb! pac'!eTHbie K09<p!pllUlleH

Tbl rronaBneimsr c_ocTaBnsr10w11x 500, 1000 11 1500 ru. 

OcunnnorpaMMbl BbIIlpsrMneHHOro HanpsrJKeHIISI u d Ha .. BbIXone 

LC -<pllnhTpa II TOKa rronKn10'!a10w11x TllpaTpOHOB, IIpllBeneHHbie 

Ha pnc, 5, xapaKTep11ay10T pa6oTy aToro ycTpoiicTBa, 

Ha116011ee orracHbI nnsr 06opynoBaH11sr c:i.eMbI LC -qi11nbTpa 

KacKanHbJe rrpo6011 B IIpSIMOM HanpaBneHIIII .11 o6paTHbie 3aJK11raHl1SI 

rronKnlO'!alOWIIX TllpaTpOHOB rrpll pa6oTe rrpeo6pa3oBaTeJISI CIICT8Mbl 

IIIITaHIISI CDOTBeTCTB8HHO B Bb!IIpSIMIITeJ!bHOM ( a = 0) II 'iiHBep

TDpHOM pelKIIMax. Bo3HIIKa!OWIIH IIpll 9TOM TOK B TllpaTpoHax MOJK8T 

IIM8_Tb aMIInllTyny no 3400 a, a _HarrpsrJKeHne Ha KDHneHcaTOpHOH 

6aTapee II Ha aneKTPDMarHIIT8 ycKop11Tensr MOJK8T llDCTllrHYTb Be

nH'IIIHbl rropsrnKa 20 KB, 

Y'IIITb!BaSI TOT <paKT, '!TO co6cTBeHHa~ '!aCTOTa KDHTypa 

LC -<pllnbTpa 3Ha'!IITenbHO M8Hh~e '!aCTOTbi IIIITarowero HaIIpSilK8HIISI 

rrpeo6pa3oBaTensr, aBapllllHbIH TOK II_ HaIIpsrJKeHne Ha KOHneHCaTop

HOH 6aTapee IIpll _rrpsr_MOM rrpo6oe rronKn10'!a10w11x TllpaTpOHOB MOJKHO 

yMeHbWIITh no IIplleMneMOH B8nll'IIIHbl1 nepeBonsr rrpeol5pa30BaTenb 

B MOM8HT rrpopb!Ba B IIHBepTOpHblH pelKIIM, 

D.nsr ~TOH ueii11 cxeMa LC -<pllnhTpa 6bma o6opynoBaHa 6b1CTpo

neiicTBy10weii TOKOBOH 3aWIITOH Ha TpaHC<pOpM~Topax IlOCTOHHHoro 

TOKa, ycTaHoBneHHblX B uerr11 rronKn10'1a10w11x TllpaTpOHOB, TTp11 

nocTlllK8HIIII TOKa ycTaBKII 300 a 9T_a aaw11Ta rrepeBon11T rrpeo6pa-

30BaTenh B IIHB8pTopHbIH pelKllM, 
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PacqeT T0KOB I! HanplilKeHl!il: B cxeMe npl! aBap!!il:HOM npo-

uecce II nocne11y10malI aKcnep11MeHTanbHalI npoBepKa n0Kaaan11, 

'ITO npl! pa6oTe· aam11TbI TOK T!!paTpoHOB cHnJKaeTClI 110 2,2Ka, 
!-

a M8KCl!ManbHOe HanplilKeHl!e Ha KOHlleHcaTOpHOll 6aTapee He npe-

BOCXO/ll!T 5 KB. 

3am11Ta OT o6paTHbIX 3alKl!I'8Hllll Tl!paTpOHOB ( 9, 13) Bb!IlOnHeHa 

c IlOMOmblO llBYX KOMrrneKTOB KpeMHl!eBblX lll!Oll0B ( 8, 14) - CM. pile. 4, 

BKnlO'IeHHbIX nocnelloBaTenbHO C TllpaTpoHaMI! LC-cjmnbTpa. 

OcHOBHbie peaynbTaTbl pa6oT, Ha OCHOBe KOTOpblX H8Ill!CaHa 

1ll!CcepTaum1, COCTOlIT B cne11y10meM:_ 

1. Hccne110BaHbl aBapl!llHbie pelKl!MbI, B03Hl!Ka10m11e Ilpl! 

Ul!Knl!'IeCKOll pa6oTe npeo6paaoBaTenlI Cl!CTeMbl Ill!T8HlllI, Ha oc

HOBe qero paapa6oTaH np11Hu11n aaml!TbI npeo6paaoBaTenlI OT peJKl!

Ma OllHOipa3lIOI'O onpoKl!llbIB8HlllI l!HBepTopa C KopoTK038MbIKaTeneM. 

Paapa6oT8Hbl llaT'Il!KI! OllHOipa3HOI'O I! llByxipaaHoro CpbIBa l!HBep

Topa, a TaKJKe l!MnynbCH8lI MaKCl!ManbH8lI TOKOB8lI aam11Ta MOCTOB 

BeHTl!nbHOI'O npeo6paaoBaTenlI Cl!CTeMbi Ill!T8HlllI. 

2. HayqeH xapa_KTep npoTeKaHl!lI aneKTpoMarHl!THbIX npouec

coB, B03Hl!K810mllx npl! o6paTHbIX aalKl!I'aHl!lIX I! npopb!Bax BeH-
. . 

Tl!nefi npeo6paaoBaTenlI, Ha OCHOBe qero C031l8Hbl lll!CTaHUl!0HHbie 

Cl!CTeMbl l!H/ll!K8Ul!il: BeHTl!nefi, B KOTOpbIX npO!!CXOlllIT o6paTHbie 

3alKl!I'aHl!lI I! npo6011 B nplIMOM HanpaBneHl!ll. 

3. CKOHCTpy11poBaHa Cl!CTeMa ynpaBneHl!lI BeHTl!nbHbIM npe

o6paaoBaTeneM c11cTeMbI Ill!TBHl!lI llnlI 1popM11poBaHl!lI UHKnoB· Tpey

ronbH0fi, TpeyronbHol!: c npoMeJKyTD'IHOl!: rrnoma11Kol!: 11 Tparreue11-

11anbHol!: ipopMol!: T0Ka B036yJKlleHl!lI aneKTpoMarHl!Ta YCKOpl!TenlI. 

4. Paapa6oTaH HOBbll!: np11Hu11n ynpaBneHl!lI npeo6paaoBaTeneM 

Cl!CTeMbl Ill!T8HlllI Ilpl! n.epexo11ax 113 OllHOI'O pelKl!Ma B 11pyrol!:, 

B cnyqae 11cnonb30BaHl!lI KoToporo 1paab1 ynpaBnlI10m11x 11Mnynt,·coB 

11aMeHSI10TClI ae cK.a'IKoo6paaH_o, a rrnaBH0 aa onpe11eneHHbie npo-

MeJKYTKI! BpeMeHI!, 'ITO Il03BOnl!no ocymecTBl!Tb lll!H8Ml!'IeCKylO 

paarpyaKy BanoB aneKTpoMaIIll!HHblX arperaToB Cl!CTeMbl Ill!TaHl!lI 

I! CKOMileHCl!pOBaTb HellOCTaTO'IHYIO MomHO0Tb Me)KMOCTOBbIX ypaB

Hl!TenbHbIX peaKTopoB. 
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Cneu11anbHO coa11aHHbil!: Ill!K-reHepaTop noaBo_n11n ocymecTBl!Tb 

cnO)KHbie pelKl!Mbl C llBYMlI rrnoma11KaMI! T0Ka I! CTa611n11aau11el!: 

nonlI B 9Tl!X pelKl!Max C TO'IHOCTblO :!:.1,0 9 OTHOCl!TenbHO aa11aHH0I'O 

ypoBHlI l!HTerpaTOpHbIMll 11aT'Il!KaMll rronlI. 

5. no npe11noJKeHHol!: MeT0llRKe pacqeTa onpe11eneHb1 napaMeT

pbI 0CHOBHbIX aneMeHTOB .Cl!CTeMbl IlOllaBneHRlI rrynbcaunl!:, Paapa-

6oTaH npoeKT II coa11aHa c11cTeMa nohaBneHRlI rrynbcaun.l!: B BbI

nplIMneHHoM HailplI)KeHRR npeo6pa30B8TenlI Cl!CTeMbl Ill!TaHRlI aneKT

poMaI'HRTa ycKOpl!TenlI, ITony'IeH pacqeTHbil!: K09ipipl!Ul!eH~ IlOllaBne

HlllI OCHOBHOJ!: 11 6onee BbICOKl!X rapM0Hl!'IeCKRX COCTaBnlIIDmnx Bbl

IlplIMneHHOI'O HanplilKeHl!lI npeo6paaoBaTenSI (11nlI nepaol!: rapMoHRKR 

c qacTOTOJ!: 500 ru OH paBeH 100). 

6, Paapa6oTaH np11aunn aam11TbI no11Kn10'Ia10mero LC-cjJ11nbTpa 

Cl!CTeMbl IlOllaBneHRlI rrynbcaunl!: , ll C031laHa acpcj>eKTl!BHalI CHCTeMa 

aam11T, 

n I! Tep a Ty p~a 

1. A.A, CMnpHoB, n.H, EenlieB, H,H, ITaBnoB, B.r. fnymeHKo, 

H,A, KypcKoB, ABTopcKoe can11eTenbCTBo N9 261581 oT 4 aBry

cTa 1966' ·ro11a, 

2, A.A. CMnpHoB, ITpenpRHT OHHH, 9-4308, ily6Ha, 1969,' 

3, A.A. CMRpHOB, n.n. KanMbIKOB, A,3. ilopomeHKO, n.H. EenlieB, 

Coo6meHne OHHH, ily6aa, 1 969, 

4, A.A. CMHpHoB; n.n. KanMbIKDB, n.H. EenlieB, Tpyllbl Bcecol03-

HOI'O COBemamrn no YCKOp!!TenlIM a_aplI)KeHHbIX 'I8CTRU, MoCKBa, 

9-16 OKTlI6plI 1968.ro11a, TOM, 1, CTp, 245-247, 

5, A.A. CMRpHOB, A.3. ilopomeHKO, n.n. KanMbIKOB, n.H. EenSieB, 
. . , ' . ' - ~ .. 

Coo6meane OHHH, 13-4242, ily6Ha, 1969, :·· 

6, A.A. CMRpH0°B, A,3. ilopoIIleHKO, n.n. KanMblKOB, n.H. EenlieB, 

ITT8. N°l, 165-167 ( 1970), 

7, A.A. CM11pHoB, H,H; ITaBnoB, n.H. EenlieB, Coo6meHne OHHH 

9-4358, ily6Ha, 1969, 

PyKOill!Cb IlOCTyrr11na B 1!3/laTenbCKRl!: 0Tllen 

10 HIOnlI 1970 I'0lla, 
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Pnc. 1. C!>yHKitHOHanr;,Hal! CXeMa IlHK-reHepaTopa C nnaBHbIM H3MeHeHHeM q>a3bi 
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Pnc. 2. Oc1mnnorpaMM1,1 aanpmKeHaocTH MarHHTHoro 
nonll Hee npoH3B0.ctH0fi B 3a3ope MarHHTa ycK0pHTenll 
npn pa6oTe ycTpt>fiCTBa cTa6nnn3aunir... '' 

PHC, 3, OcrtHnnorpaMMa Bb!Ilpl!Mneaaoro Hanpl!lKeHHll n T0Ka 
aarpy3KH np~o6p~30BaTenll B pelKHMe C ,,.ctBYMll nnoma.ctKaMH ,, 
n nocne.ctyIOIJ.IHM aapa_pTaHHeM T0Ka, 
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Puc. 4. CxeMa LC-4ninhTpa CHcTeMbl not:taaneaHSI nynhcanuA: 
. MSraH,THoro nong Jly6aeHCKOI"O npoT0HHoro CHHXP0Tpoaa. 
1 - cxeMa yrrpaaneHH,i. IIJ?B0_6pa3oaaTen,i, 2 .. 6noK ijiopMH
poBaHHH nMnynhCOB IlO.ll*HI'BHHR, 3 - 6naHKHpyromee YCTpoA:
cTao, 4 - t5noK CTa6Hnuaanun no.uaapsurnoro a1,mpSIMHTenH, 
5 - nouaapSillHbIA BbIIIpHMHTenh,. 6 - COIIpOTHMeaue, 

7,9, 13 - THpaTpoHbl, 8, 14 - IIHOllhI, 10, 11, 12 - K0H11eHca
TopliaH 6aTapeH,· 15,16 - ¢HnhTpoaaH HHUYKTHBHOCTb, 

t 

17 - CHCTeMa llHTBHHSI aneKTpoMarHRTa YCKOpHTenst, 
18 - aneK.TpoMaraHT ycKopHTenH. - . t 
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