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AHHOTaUHSI 

B pa6oTe OflHCaHa Bh!COK0'18CTOTH8SI CHCT9Ma npOTO.HHOT'O YCKOpHT91ISI B BHLl9 OLlHHO'I-

HOT'O TOpOHLl81lbHOT'O p930H8TOpa C ypOBHeM Bh!COK0'18CTOTHOT'O HanpSI>K9HHSI M9>KLlY Bh!CTyna

MH B OLlHH MHllllHOH BOllbT. npHB9Ll9Hhl peayllbT8Tb! pacqeTa OCHOBHOit '18CT0Th! H KOHcPHrypa

UHH fl01ISI TOpOHLl81lbHOT'O pe30H8TOpa. ilaH 8H81IH3 pa60Thl 8BTOreHepaTopa, KOHTypOM KOTOpo

ro SIB1ISI9TCSI 06'b9MHbi ii pe30H8TOp. 

A.A.Glasov, V .A.Kochkin, L.M.Onlshchenko, J.SChwabe 

HIGH FREQUENCY SYSTEM OF THE PROTON ACCELERATOR 
IN THE FORM OF A SINGLE RESONANT CAVITY 

Abstract 

The high frequency system of the proton accelerator is described which has a form of a toroidal resonant cavity with high 

frequency voltage 1 MeV across the resonator gap. The results of calculating the dominant mode and the field configuration of 

toroidal cavity resonator are given. The analysis of the oscillator, whose toroidal cavity reaonator is a part of its resonance 

circuit, is presented. 



Paspa6oTKa rrpoToHHOro yCKOpHTenSI B BHLle OLlHHO'!Horo pesoHaTopa 6brna ocywe cTBne

Ha B naoopaTOpHH SILlepHb!X !Ip06JieM 06'beLlHHeHHOrO HHCTHTyTa SILlepHbiX HCCJleLlOB8HHA C 

ue!Ib!O BbiSICHeHHSI B03MO>KHOCTH HCIIO!Ib30B8HHSI ero B Ka'leCTBe HH>KeKTOpa MO Ll e!IH KO!IbUe-

/1/ 
soro ¢ asoTpoHa co crrHpanbHOA CTPYKTypoH MarHHTHoro rronSJ • B CBS13H c 3THM K ycTpoA-

CTBY B uenOM Obi!IH rrpeLl'bSIB!IeHbl Tpe60B8HHSI KOMII8KTHOCTH, o6ycJIOBJleHHOH He06XOLlHMOCTbiO 

pa3MeWeHHSI ero BHyTpH KO!IbU8 YCKOpHTenSJ, IIpOCTOTbi, Ha!le>KHOCTH H YLlOOCTBa B 3KCrrnya

T8UHH. B CBOIO O'lepe!lb, IIp06JleMa H8H6onee a¢¢eKTHBHOrO YCKOpeHHSI '18CTHU o6yc!IOBHII8 

CIIeUH~H'IeCKHe Tpe60B8HHSI K pe30H8TOpy-yCKOpHTe!IIO. 

B Cny'lae IIOCTOSIHCTBa yCKOpSIIOWero BbiCOK0'!8CTOTHOrO H8!IpS!>KeHHSI M8KCHM8!IbH8SI 3Hep-

rHSI '18CTHU H8 Bb!XOLle pe30H8 TOpa-yCKOpHTe!ISI 6y aeT T eM OO!Iblll e, qeM MeHblll e HX yron rrpo

neTa B YCKOpS!IOllleM 3830pe, npH 38Ll8HHOil 3HeprHH '18CTHU, IIOCTYII8IOlllHX H3 HOHHOrO HCTO'I

HHK8 B YCKOpHTeJlb, yMeHbllleHHe yrna !IpOJieTa MO>KeT Ob!Tb LlOCTHrHyTO rryTeM yMeHbllleHHSI 

!IpOH3Be!leHHSI IJ , rae 2J -wHpHHa YCKOpSIIOWero 383opa, I -pa6oqaSJ qacTOTa pe-

30H8T0p8 -yCKOpHTe!ISI, 

CpeaH pasJIH'IHb!X pesoHaTopoB HaHMeHbwee 3Ha'!eHHe ~aKTopa IJ IIpH BbiCOKOi! Ll06-

pOTHOCTH HMeiOT TOpOHLl8IlbHble pe30H8TOpb1, y KOTOpb!X 2J - paCCTOSIHHe Me>KLlY BbiCTyrra-

MH. HapS!LlY c 3THM TopoHaallbHbie pesoHaTOpbi nerKo rrepecTpaHBaiOTCSI rryTeM H3MeHeHHSI pac

CTOSIHHSI Me>KLlY Bb!CTYII8MH H YLlOOHO KOMIIOHYIOTCSI C CHCTeMoJ;I B036y>KLleHHSI H HOHHbiM HCTO'f 

HHKOM, KOTOpb!A MO>KeT Ob!Tb p83MeWeH BHyTpH Bb!CTyrra, Bee 3TO o6yc!IOBH!IO Bb!OOp B Ka

qecTBe pe30H8TOpa-yCKOpHTeJISI TOpOHLl8!IbHOrO pe30H8TOpa. ~HHHM8!IbH8SI Be!IH'IHH8 3830pa 

Me>KLlY Bb!CTyiiaMH pe30H8T0p8 OIIpeaenSJeTCSI LlOIIYCTHMbiMH 3H8'1eHHS!MH H8!IpSI>KeHHOCTH 

aneKTpH'IeCKOrO IIOJlSI H yMeHbllleHHe !IpOH3BeLteHHSI fd MO>KeT Ob!Tb LlOCTHrHyTO IIOHH>Ke-

HHeM '18CT0Tbl rryTeM yBe!IH'IeHHSI p83MepOB ycTaHOBKH, Pesy!IbT8TOM KOM!IpOMHCC8 Me>Kay 

>KerraHHeM yMeHblllHTb '18CTOTy, !IOIIY'IHTb BbiCOKyiO LlOopOTHOCTb H COXpaHHTb IIpHeMrreMbie 

pa3Mepb1 SIB!ISieTCSI pe30H8TOp, IIOK838HHbiA Ha pHC, 1. 

121 
noapo6HbiA aneKTPOLlHHaMH'IecKHA pac'leT pesoHaTopa rrpHseaeH B pal5oTe VIs pac-

'leTa cneayeT, 'iTO rrpH Bbr6paHHbiX pasMepax pesoHaTopa MO>KHO rrpeHe6pe'lb sapHauHeA aneK-

TpH'IeCKOrO H MarHH THOrO IIOrreJ;I BLlOIIb % - KOOpLlHH8Tbi B 3830pe Me>KLlY Bb!CTYII8MH H 

Bbrpa>KeHHSI anSI rroneA s o6nacTSJx 1 H II HMeiOT CJleLlyiOWHA BHLl: 
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/8/ 

u -1 
11 = 120 rr oM , C

0
= -z-~B•M ,up - 8MnnHTYA8 H8npSI>KeHHSI Me)!{.ny BbiCTyn8-

- un m iHApH'IecKH e cpyH KUHH, k = 2rr / 'A -BonHoBoe 'lHcno, Tn=v(¥) 2-k~ 

Y p8BHeHHe A nSI onpe.neneHHSI 'l8CT0Tbl OCHOBHOrO KOne68HHS! 38nHCbiB8eTCS! cne.nyiOUlHM 

o6p830M: 

C J ( k r ) = " M ( r ) + k I. ~ M n ( r 1) ~'!___!!__!!_q._ • /9/ 
o 1 I o o I n= 1 T n n rr a 

P8c'leT no sToJ;\ cpopM yne, BbinOnHeHHbiJ;\ H8 sneKTpOHHOA c'leTHOA MamHHe, .nan ans k 

3H8'leH He 

k = 1,3211. 
/10/ 

K"oH ~)Hryp8UHSI M 8rHHTHoro nonSI, p8CC'IHT8HH8H Ha 3CM no cpopMynaM /1/ - /8/, noxa-

38H8 H8 pH C. 2,3. 

P8c'l e TH bie 3H8'l8HH SI .no6poTHOCTH Q H 3KBHB8neHTHOrO WYHTOBOrO COnpOTHBneHHS! 

Rw : 

Q = 29000 • Rw. 2,78 MoM /11/ 

H8 ocHOB8HHH npHBe.neHHbiX Bbiwe coo6p8:>KeHHil: 6b!J18 p83p860T8Ha KOHCTPYKUHSI peao

HaTOp8-yCKOpHTen g . P8apea pe30H8TOp8 nOK838H H8 pHc, 4. O.nHH H3 BbiCTynoB peaoHaTopa 

c.nen8H nOL\BH?K HbiM. npHBOL\ OcymecTBnSieTCS! CH8py:>K H qepe3 CKOnb3HUlee ynnOTHeHHe H pe

L\ yKTOp. DnSI Ha61!to.neHH SI 38 p83pS!L\8MH B cTeHKe peaoH8TOp8 HM eeTCSI OKHO, aaKpbiTOe nneK

cHrn8C O B Oii K pbi W KOJ;\ . CBSI3b c r e Hep8TopoM ocymecTBnSi e TcSI qepea OTBepcTHe .nHaMeTpoM 

170 MM, CH86?KeHH08 n8Tpy6KOM C cpn8HU8M. CT8nbHOH B8KYYM HblA KO>KyX pe30H8TOpa H CT8nb

Hb!8 L\H I!ill8 noKpbiTbi o6wHBKoA , B binOnH e HHOil: H3 0,5 MM nHcTosoA Me.nH, BbiCTynbi c.nen8Hbi 

H3 M e.nHOH Tpy6b! H C TOpUOB XpOMHpOB8Hbl. 

T oKOBblH nepeXOL\ OT BbiCTynoB K L\HHillY ocymeCTBneH n8AKOJ;\ CBHHUOBOOnOBS!HHblM npH

noe M H3 - 38 T eX HOnora 'l8CKHX Tp y L\HOCT eil:, B03 HHK8!0ll(HX npH naAKe cepe6pOM, Pe30H8TOp 

2 2 
CH86 ?K e H TpeM SI H3MepaTenbHbiM H n e TnH M H: LlBYMH H8 Ll HHill8 S 1 • 8 CM , 52= 25 CM H 

H OL\HOH !-18 60KOBOH CTeHKe S 3= 2 CM
2 
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0TKa'!Ka pe.3oHaTopa ocy LUeCTBnHeTcH c noM OLUb!O BaKyyMHoro arperaTa BA-5-4 '!epe3 

Cl!CTeMy OTBepCTl!HI npocsepneHHbiX B 06LUHBKe. Bee y n nOTHeHl!H B pe30HaTOpe II Hacoce Bbi

llO!IHeHbl 113 saKyyMHOi! peal!Hbi, Pa6o'IHH saKyyM - 10-6 
MM pT,cT, 

Jllocne li3!'0TOB!leH!!H pe30HaTOpa 6bi!IO npOBeD.eHO T LUaTe!lbHOe H3MepeHHe ero OCHOB

HOH 'laCTOTbll D.06pOTHOCTH H pacnpeD.eneHl!H Ma!'Hl!THO!'O IIO!IH BD.Ollb paD.Hyca B UeHTpan&-

HOH llllOCKOCTH I z = 0 I. 

Boa6y>KD.eHHe pe3oHaTopa ocyLUecTBnHnoc& c Topuesow neTnH s = 8 2 
CM reHepaTo-

pOM CTaHD.apTHhlX CHrHa!IOBI CH!'H8ll KOTOporo YCH!ll!Ba!ICH pacnpeD.eneHHWM YCli!IHTeneM, 

lfacTOTa H3MepH!I8Cb nepec'!eTHbiM 'laCTOMepOM 43-1. 

3KCIIepHMeHTa!lbHOe 3Ha'!eHHe k npH 2d = 40 MM 

k = 1,3279 :!: 0,083 I f = 63 136 Mrul 1121 

0LUH6Ka COOTBeTCTByeT B03MO>KHOH HeTO'IHOCTll ycTaHOBKH 3830pa Me>KD.y Bb!CTynaMH, 

.Qo6pOTHOCTb pe3oHaTopa H3Mepnnac& no MeTOD.Y aaMeLUeHHH RC 
13141 

uen&JO I a TaKA<e no 

apeMeHH ycTaHoaneHHH Kone6aHHH npH HMnyn&CHOM soa6y>KD.eHHH, Do non11poBK:I nHCTOB MeD.

HOro ll0KphlTI1H D.06pOTHOCTb pe30HaTOpa OKa38!laCb paBHOH 9000 1 liOCne DO!I11p0BKH -14000, 

Eon&LUoe pacxo>KD.eHHe c Teop eTH'!eCKHM 3Ha'!eHHeM o6ycnoaneHo, rnaBHbiM o6pa30M, HtinH

'!HeM HecoaepLUeHHblX KOHTaKTHbiX TOKOBb!X nepeXOD.OB Me>KD.Y D.HHLUaMH H UH!l11HD.pH'!eCKOH 

'!aCTb!O pe30HaTopa. 

PacnpeD.eneHHe HanpH )KeHHOCTH MarHHTHoro nonn BD.O!lb paD.Hyca 1 H3MepeHHoe c no-

2 
Mvll.lb!O Kpyrnoi!: neT!IH DllOLUaD.b!O 0,36 CM 1 OKa38!IOCb O'!eHb u!li13KI1M K TeopeTH'!eCKOMY. 

BaHD.Y xopoLUero cosnaD.eHHR TeopeTH'!eCK11X 11 aKcnepHMeHTan&Hwx peayn&TaToa np11 onpeD.e-

neH11H k H pe.cnpeD.eneHl!H HanpSI>KeHHOCTll Ma!'HI1THO!'O DO!IH OKa38ll0Cb B03M0 )1{ Hb!M HC-

!IO!lb30BaTb 60KOBY!O neT!l!O D.!IH H3MepeHHH a6CO!l!OTHbiX 3Ha'!eHHi!: HaDpH)KeHl!H Me)I{D.y BbiCTy-

naMH pe30HaTOpa 

H.t.l =; 3 -.3 
'+' z = O, r=r 127 • 10 

2 

-i uP a-M 

I 13 I 

/14/ 

YcKOpR!OLUee BbiCOK0'!8CTOTHOe none MO)I{eT 6biTb soa6y)I{D.eHo a peaoHaTope paanH'!Hbi-

15-101 
MH cnoco6aMH • .Qnn coaD.aHI1H ycKopRJOLUero BbiCOKO'IacTOTHoro nonn a pe30HaTope-yc-

KOpHTene HCDOllb3yeTCH aBTOreHepaTOp, eD.I1HCTBeHHbiM KOHTypOM KOTOpOI'O Ha pa6o'!ei!: 'lac

TOTe HB!IHeTCH pe30H8TOp. 3TO o6yC!IOBI1ll0 KOMnaKTHOCTb H npOCTOTy CXeMbl no cpaBHeHI1!0 

C MHO!'OKacKaD.HbiM reHe paTOpOM 1 OTCYTCTBI1 e CO!' nacy !OLU11X ycTpOi!:CTB, KOTOpbie 1 KaK npasH

!l01 D0Tpe6!IH!OT MOLUHOCTb 1 npOCTOTy li3!'0TOB!leHl!H II 9KCD!lyaTaUI'!ll, Tpe6oBaHI1e nOIIY'IeHHH 

MaKCl!Ma!lbHOH MOLUHOCTH npH DpOCTOTe KOHCTpyKUlll1 RB!IH!IOCb D.OMHH!!py!OLUHM Dpll Bbi6ope 

B 4 nHTaHHH peaoHaTopa 1 TaK KaK npH B03MO>KHOM ysenH'!eHHH 3Ha'leHHH MarHHTHoro nonR 

MOD.enH Kon&ueaoro ¢aaoTpoHa Ha pan11yce l!H)I{eKUHH noTpe6oaanoc& 6w 3Ha'II1Ten&Hoe yse 

!IH'!eHHe HanpSI>KeHl!H pe30HaTopa-yCKOp11TenR, 8 CBR3ll C 3THM B KOHCTpyKUllll reHepaTopa 

6bi!Ia npeD.yCMOTpeHa B03MO)I{HOCTb 6biCTpCrO ysenH'!eHl!H MOLUHOCTI1 nyTeM nepexo.aa Ha 

nayxnaMnoayJO cxeMy. nocnenHee o6cTORTen&cTBO o6ycnos11no pa3MeLUeHHe neTanel! reHepa

Topa B LUKa¢y 11 OTKa3 OT KOaKC11allbHOH KOHCTpyKU1111 KOHTypOB, 

5 



.QJIK DOny'I9HHSI MOWHOCTR nopHlllta 1 M BT DpH .llJlHT91lbHOCTH HMDYJlbCa OKOJIO 

150 MltC9Jt B reHepaTope HCDOJlb3yeTCH TpHO.ll rVf-4A B CXeMe C 3a3eMneHHOA C9TKOA. 

Peay nb1'8Tbl paC'IeTa reHepaTOpa HA HOMHHaJlbHYIO MOWHOCTb BOJIH3ll ltpHTH'IeCKOrO pe-

>KliMA DpH89.ll9Hbl 8 Ta6JIHU9 1. 

Ia6l]Hga 1 

~CJ ue lm Ia t Ia le lc Roe Ro p 
• 0 l 011 

Ka Ka a a a a a OM OM MaT 

so 4,2 178 89 56,9 54,2 33,9 304 528 1, 7 

npHHUHDHanbHaR cxeMa reaepaTopa noKa3aHa Ha pHc. 5. AHO.llHbiA KOHTYP reHepaTopa, 

Blt1li0'1810WHil eMJtOCTb Jl8MD, HH.llYKTHBHOCTb, o6yCJI08Jl9HHYIO 9Jl9M9"HT8MH, p8CDOJIO>K9HHbiMH 

BHYTPH WK8cp8 D9HepaTOpa, Y'IACTOJt cpR.llepa M9>K.lly WK8cpOM H pe30H8TOpOM H C06CT89HHO 

pe30H8TOp, npe.llCT88JlH9T COOOA CJIO>KHYIO KOne6aTeJlbHYIO CHCTeMy, KOTOpaH llOJl>KHa peao-

HHpOBaTb HA '18CTOTe napannenbHOrO p930H8HC8 fa , 5nH3KOA K '18CTOT9 pe30H8T0p8 fp 

DpH'19M p930H8T0p .ll0Jl>K9H RBJISITbCSI OCHOBHblM 91l9MeHTOM, onpe.ll91lSIIOWHM X8p8KTepHCTHKH 

JtOHTypa. 

J1MD9ll8HC, BHOCHMbiA H3 pe30H8TOpa B cpH a ep, 

zl r X 
,:~-+ X 2 np 

ll 
cs- i 

X np ll 
l( CB 1 

/15/ 

r:;:-p np , 

r.lle Xnp= w L - 1 I w C L II ( -SKBHB8Jl9HTH ble 9MKOCTb H HH.llYKTHBHOCTb peao-

HaTopa Ha OCHOBHOA '18CTOTe, f -CODpOTHBJ19HH9 DOT9pb pe30H8TOpa, OTH9C9HHOe K DY'IHOC

TH TOK8. EcnH C'IHT8Tb, 'ITO HMDe.llaHC l 1 Tp8HCcp0pMHpyeTCSI K Jl8Mne '1epe3 cpHaep 5e3 

DOT9pb C .llJlHHOA f H BOJlHOBbiM conpOTHBJ19H H9M Z 
0 

, TO 

1 + ; Zo 2 z = z -r. tg " f I I --A 
1 + j l I -:2- - ---

--z--'9 ~ 
o A 

/16/ 

A 
npll f = ( 2 n + 1 ) -- ' 

4 
n = 1' 2, 3 ••.• 

/16 / Be.lleT C90SI 8H8JIOrH'IHO DOCJ19.ll088T9JlbHO-p930H8HCHOMY KOHTypy, H8 COOCTB9HHOA 'lac

A 
TOTe KOTOpOrO He MO>K9T pa60T8Tb 8BTOreaepaTOp. 8 CJiyqae f = 2n --r, Z = Z I , IlpH-

'19M HMDe.llaHC Z 1 ae.ll eT ce6SI no.llo5Ho HMne.llaHcy napannenbaoro KOHTypa H, cneaosa-

T91lbHO, B03MO>K H8 yCTOil'IHBllSI pa50T8 8BTOreHepaTOp8 H8 '18CTOTe, OJ1H3KOA It '18CTOTe peao-

HaTopa. HanH'IHe c H L r /eMKOCTb ca., H HH.ll yKTHBHOCTb B WKacpy reaepaTopa/ 

IlpHBO.llHT K TOM y, 'ITO MHHHMYM H8DpSI>K9HHSI B JlHHHH HMeeT M9CTO BHyTpH WK8cp8 B61lR3H 

aHOLtOB Jl8Mll, H H8CTpOAKa H8 IIOJlyBOJlHOBYIO MOllY Kone6aHHA /aa '18CTOTe pe30H8TOpa/ ocy

weCTBJIHeTCH npH reoMeTpH'IecKoA .llJlHHe cpH.llepa, 3H8'1HTenbHO M9HbweA A/2 • .QnH Toro, 

'IT06bl ewe yMeHbWHTb .llJlHHY cpH.ll9p8, B reHepaTope npHMeHeH8 KOH.llYKTHBH8SI C8H3b C 

8 



pe30H8TOpOM. npH 9TOM HSCTpOltKS HS A/2 MOLlY KOne6aHHlt lqJHAep He ITOACOeAHHeH K 

BbiCTyny, pe30H8TOp OTKpbiTI HMeeT MeCTO npH AnHHe cPHAepa 30 CM I Z 0 = 88 OMI • 

.QnR TOrO, "'T06b! H36eX<STb AODOnHHTenbHOrO Bl.f BBOAS B BSKYYMHbllt 06'beM H rpo

M03AKOlt CHCTeMbl cPHAepOB, B reHepaTOpe p930H8TOpa-yCKOpHTenR npHM9H9H8 BHyTpeHHSISI 06-

p8TH8SI CBSI3b C nOMOWbiO eMKOCTH Cak , KOTopaR KOHCTpyKTHBHO caenaHa nerKo cMeHsre-

MOlt AnSI YA05CTB8 OOA60p8 OOTHMSnbHOrO 3HS"'eHHSI npH HSCTpOilKe H perynHpOBKe reHepa

TOpa. TOHKSSI perynHpOBKS 06p8THOlt CBS13H OCyweCTBnsreTCSI C fiOMOWbiO KSTOAHOrO wneltcpa, 

npHBOA KOTOporo BbiBeAeH HapyX<y. 1-f CnOnb30B8HHe BHyTpeHHelt 06paTHOlt CBSI3H npH pa6oTe 

C 06'beMHbiM pe30H8TOpOM BbiCOKOlt A06pOTHOCTH RBnReTCSI OAHOlt H3 OC06eHHOCTelt reHepaTo-

pa. BenH"'HHS eMKOCTH 06p8THOlt CBSI3H onpeaensreTCSI H3 COOTHOWeHHSI: 

c - c -0 ak 

rae I k -"'SCTOTS KSTOAHOrO KOHTypa, 

2 2 
I 2"" II +Ill 

2 
+ 

[ l-(~)2] 
Cok I ' 

I - pa6oqaR qacToTa. 

-1 • ~ 

ln=(2") [ LkCk(l+coc.Jck(Co+Ca))J 

2 
K 

(C+C)(C+C) 
0 k 0 a 

rAe AnSI Xp8TKOCTH Cok H Coa 0603HS"'eHbl KSK C k H C a , COOTBeTCTBeHHO. 

117 I 

1181 

1191 

1201 

1211 

B paccMaTpHBaeMoM cnyqae ltc < 40 Mru, K09cPcPHUHeHT o6paTHOlt casraH KpHTH"'ecxoro 

peX<HMS lc 6 = 0,14, 
0 p. 

Ia ... 60 Mru. npz 9TOM 

co 1 ck .. o.' , 
2 2 2 

411 Ill K 
« l 1221 

1231 

Tax xax C k "' C .pa 12S I cneayeT, "'TO reaepHpyeM asr "'SCTOTa o"'eHb 6nH3Ka K "'acToTe 

SHOAHOrO KOHTypa. 
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Heo6xoaHMbiA pe>KHM pa6oTbi reaepaTopa I I= I p Roe Roe orrT. I o6ecrre'IH~ 

B89TCH Bbi60pOM BOnHOBOrO COflpOTHBneHHH tPH.llepa CBH3H H MeCTOM fiO.llKniO'IeHHH U9HTp8nb

HOA >KHnbi tPH.llepa K BbiCTyrry p830H8TOpa. npH aTOM COBMeCTHO HMeiOT MeCTO: 

1 I rronysonHOBbiA pesoaaac pasoMKHyToro <i:>Haepa aa 'ISCTOTe pesoaaTopaJI 

21 He06XO.llHMOe COOTHOWeHHe Me >Kay U a H Up 

Ua R 1 ( O ) -- =v~=-- o=9oo. 
uP R so 

1241 

K oa¢¢HUH8HT rrone3HOrO aei!CTBHH CHCT9M bl CBH3H reaepaTOpa C pe30H8TOpOM MO>KHO OU8HHTb, 

rrpearronaraH, 'ITO I .. I max .. Canst H rroTepH B cHcTeMe paBHbi rroTepsrM & KOaKcHanbaoA nH-

HHH, H.ll8HTH'IHOA C 8HO.l1Hb!M tPH.llepOM, HO C .llnHHOA, paBHOA paCCTOHHHIO OT 8HO.ll8 .!10 BbJC-

Tyrra pesoaaTopa. B aTOM rrpearrono>KeHHII r f!OT /'pes<0,0J,r.lle COITpOTHBneHHH OTHeceHbl K 

rry'IHOCTH TOK8, H, cne.llOBSTenbHO, KnLl CHCTeMbl CBH3H 6nH30K K 100%. 

npH pa6oTe reaepaTOpOB C aBaKyHpOBSHHblMH 06beMHblMH KOHTypaMH BCTp8'18!0TCH crre-

16 7 I 
UHtPH'19CKH8 Tpy .llHOCTH, o6ycnosneHH bl8 B03HHKHOB8HH9M pa3pH.llHb!X HBneHHA B 06beMaX ' 

B paccMaTpHBaeMoM cny'lae HaH6anhwyiO orracaocTb rrpeacTaBnHeT pesoaaacabl~ BbiCOKO'Iac-

111 I 
TOTHblll p83pH.ll Me>K.llY Bb!CTYIT8MH pe30H8TOpa • npH cywecTBY!OI.UHX 3H8'1eHHSIX IJ ypo-

B8Hb B03HHKHOBeHHSI pa3pS!.ll8 ne>KHT IlpH H8flpS!>KeHHSIX I10pS!.llK8 COTHH BOnbT, 3arpy>KSS! rrpoc

Tp8HCTBO Me>K.llY Bb!CTYITSMH, pa3pSI .ll pe3!' ') ITOpTHT XapaKTepHCTHKH pe30HaTOpa H rrpeiTSITCTBy

~T .llaRJ;,He$tweMy rrOBbWJeHHIO aarrpg>KeHHSI. PaspS!.ll rrpa:>aonesaeTCSI TOnbKO rrpH HMrrynbCHO~ 

po6cTe reaepaTQpa. B aToM cnyq~~ ero snHHHHe cKasblsaeTcH aa saaep>KKe sosaHKHoseHHH Bbl

eoxHX ypOISH&II reHep8UHH ItO OTHO W6H HIO K HS'Iany 8HO.llHOro MO.llynHpyiOwero HMrrynhC8 H B 

w rrponycxax .. reHepaUHH, Kor.aa BbiCOKHe ypoBHK B4 nonR B pesoaaTope soo6we ae B03HHKSIOT, 

Pa3pSI.ll, ol5ycnosneHHbiA E, H Ez KOMrroaeaTaMH rronst B o6nacTH 1, orpaHH'IHBaeT pa6oqee 

aarrpSI>K9HHe a pesoaaTope aa ypoBHe rropR.llKa 10 Ks. Ero ae~cTBHe HaH6onee CHnhHO CK83bi

saeTcH rrpH OrrTHManbaoA aacTpO~Ke reaepaTopa. Tpy a aocTH, cBH3aHHbie c ycTaaosneaHeM Bbi

COKHX ypoBHe~ Harrpst>KeHHSI B 9BaKyHpOB8HHOM pe30H8TOpe Bb!COKO~ .ll06pOTHOCTH, f!HT89 M OM 

8BTOreHepaTOpOM, MOryT 6b1Tb B 3H8'1HTenbHO~ Mepe yMeHbW8Hbl, ecnH C f!OM Olllb!O BCfiO M Ora

TenbHOrO YCTpO~CTB8 rrepe.ll H8'I8nOM pa60T bl OCHOBHOrO reHepaTOpa YCT8HOBHTb B p930H8TOpe 

KOne68HHSI pa60'Ie~ 'I8CT0Tbl C ypOBH8M H8IIpS!>KeHHSI 0 rrpeBb!W8!01.UHM ypOB9Hb pe30H8HCHOrO 

Bb!COK0'18CTOTHOrO p83pS!.ll8 M8>K.llY Bb!CTyrraMH, C uenb!O C03.ll8HHSI T8KOrO "'rrpe.llB035y>K.ll9HHH" 

6bln H3rOTOBneH '19Tb!p9XK8CK8.l1Hbl~ Bb!COK0'18CTOTHbl~ reHepaTOp C B b!XO.llHOII MOLUHOCTbiO rro

pSI.llK8 500 BT. CxeMa reaepaTopa rroKasaaa aa pHc. 6,7. 3aaaiOwHA reaepaTop co6paa rro 

.llBYXT8KTHOII CXeMe H8 naMrre rY-32 C KOHTypaMH B BH.ll9 .llBYXITpOBO.llHOII nHHHI'I , reaepaTOp 

o¢opMnea B BHLle aT aenbHoro 6noKa H HMeeT 8BTOHOMH09 f!HT8HI'I9 OT CT86HnH3HpOB8HHOrO Bbi-

/H -5 
rrpSIMHTenSI. nocne 'lacosoro rrporpesa aecTa6HnhHOCTh 'ISCTOTbi reaepaTopa -,= 2.10 s qac. 

YiMrrynhcHaSI pa6oTa reaepaTopa ocywecTBnHeTcH c rroMOwbiO MoaynHUHH rro ceTKe naMrrbi 

6n9, B K8'19CTBe MO.llynHTOpa HCfiOnhsyeTCSI reaepaTOp HMrrynhCOB rl-1C-2M, KOTOpb!~ cny>KHT 

oaaospeMeHHO cHHXpOHH3aTopoM sceA ycTaHOBKH, CsHab c pesoaaTopoM ocywecTBnHeTCSI c rro-

2 
MOI.llb!O TOpUeBOII rreTnH, rrnowS .ll b!O 8 CM , l]nSI 381.UHT b! OT rrepeaarrpS!>KeHHA, B03HHK8!0LUHX 

rrpH pa60Te OCHOBHOrO reaepaTopa, B uerrb CBSI3H C pe30H8TOpO M BKniO'IeH HCK pO BO~ pa3pS!.llHHK, 
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V!MnynbcHoe nHTaHHe BY reHepaTopa ocymecTBnHeTcH c noMOLUbiO MOLlynHTopa, co6-

paHHoro no CX9M9 C HCKyCCTB9HHOit TIHHHelt, HMnynbCHhlM Tp8HC¢0pM8TOpOM H pa3pHLlHHKOM 

Ha MHrKHX naMnax. B Ka'lecTse pa3pHLlHHKa HcnonbayiOTCH asa THpaTpOHa TP1-40/15,sKniO

'IeHHbie napannenbHO. noa>KHr THpaTpOHOB ocymecTBnHeTCH c noMOLUbiO cxeMbi aanycKa, Bbi

pa6aTbiBaiOmeA TIOLl >K Hr8IOLUHlt npSIMOyronbH bllt HM ny TibC Ll1lHT91lbHOCTbiO 5MKC9K H 8M nnHTy

LlOit 300 B H8 conpOTHBneHHH 150 OM, 

KoHTpOnb aa HMnynbcHoA pa6oTolt reHepaTopa ocymecTBnSieTcH c noMOLUbiO asyxnyqe

soro OCUHnnorpa¢a, H8 KOTOpOM H80TIIOLl8IOTCH 8HOLlHbllt HMnynbC H HMnynbC TOK8 BO BTOpHq

HOit o6MOTKe aHOLlHOro HMnynhcHoro TpaHc¢opMaTopa. BbiCOK0'18CTOTHOe HanpH>KeHHe noaaeT

CH C H3M9pHT9TibHOit neTnH p930H8T0p8 no 150-0MHOMY K809TIIO, Harpy>KeHHOMy H8 conpOTHB

neHH9, p8BH09 BOTIHOBOMy, H9nOCp9fl CTB9HHO H8 n118CTHHbl Cn9UH8TibHO p83p800T8HHOrO OCUHn-

1lOrpa¢a, V!3MepeHH9 HanpH>K9HHH OCYLU9CTB1IH9TCH nyTeM Cp8BH9HiiH ero C nOCTOHHHbiM Ha

npH>K9HH9M, npH HanpH>K9HHH Ha 8H0Ll9 naMnbi B 22 Ks, aMnnHTyaa BbiCOK0'18CTOTHOro Ha-

npH>KeHHH M9>KLlY BbiCTynaMH p930H8TOpa LlOCTHraeT MH111IHOH8 BOTibT, 06mHlt BHLl YCT8HOBKH 

CO CTOpOHhl p930H8TOpa nOK838H H8 ¢oTOrpa¢HH pHC, 8, Ha nep9LlH9M nnaHe BHLl9H reHepa

TOp npeasoa6y>KaeHHH, 
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Ea= Ic UH IK 
p H C. 5. 

Rr - conpoTHBrreHHe aaToc ~1 emeHHR, Cp- 8 KOH.D.eHcaTopoa KBKr 470 pF 116 KB, 

BKli!O'IeHHbie ABYM R rrocrrea oaaTerrbHbiMH rpyrrrraMH, Co- 2 BaKyyMHhiX KOHa·eHcaTopa 

KB-25/25, BKliiO'IeHHbie rrocrreaoaaTerrbHO, Co - 7 KOHAeHcaTopoa KBK E 56 pF /16 KB, 

L H C -HHAYKTHBHOCTb H eMKOCTb KaTo a Horo wrrelicpa, HT - HMrryrrbCHhili TpaHc-
cpopMaTop , Ea - nocTOHHHoe HanpH*eHHe Ha HcKyccTBeHHOH rrHHHH MoayrrnTopa I Mo*eT 

rrrraBHO peryrrHpoBaTbCH OT 0 ao 10 KB I , Z - Harpy3Ka, o6ycrroarreHHaR pe30HaTopoM, 
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