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Pe3oHaTop cncTeMbr KpaTHoro ycKopeHnSI rrpoTOHOB cnHxpo¢a3o

TpoHa OH.SIH 

B pa6oTe orrnc brBaeTCSI Bbr6op KOHCTpyKIIllll pe3oHaTopa cncTeMbi 

KpaTHoro ycKopeHHSI, pacqeT ocHOBHbiX rrapaMeTpoa, MeTOLibi noaaane .. 

HHSI pe30H8HCHOrO BbiCOKO'I8CTOTHOrO p83Ltena B B8KyyMe 

3.10-BMM pT.CT. 6e3 M8rHHTHOrO ITOnSI If ITp!i H8nll'lllH pacceSIHHOrO 

MarHHTHOrO nonS! H z ~ 50 3pCTo 1 a T8K )I{e pe3ynbT8Tbl llCITbiTa-

HHSI pe3oHaTopa Ha ycKopi!Tene cnHxpotjJa3oTpoHa OHSIH. 

npenpHHT 061o&llHHeHHOI'O HHCTHTyTa Slll&pHbiX HCCnellOB8HHA. 

.0y6sa, 1966 • 

Vagin V.A., Volodin V.D., S aenko A.P., 

Semenyushkin I. N., Stepanyuk v. L. 
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Resonator of a Proton Multiple Acceleration 
System in the JINR Synchrophasotron 

A design of the multiple acceleration system resonator 
is chosen. The main parameters are calculated. The methods 
of depres~ign of a resonance high- frequency division in va .. 
cuum 3.10 mm Hg without magnetic field and in the presencE 
of a scattered magnetic field H ;:; 50oe are described. The 
results of testing this resonatm~ in the JINR synchrophasotron 
accelerator are described. 
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OniiCbtBaeMbtli peaoH• 

HOrO YCKopeHI!SI aneKTPC 
11-31 

OMHM • Oa rrpenHaaa 

ycKope HHH rrpOTOHOB H8 ' 

uenbiO coanaHHH Tpe6ye 

8 pa6oTe OITIIC8H8 B 

MeTon nonaBneHHH peaoaa 

HCflb!T8HHfi pe30H8TOpa • 

§ :; 

McnonhayeMbtll B ci 

npencTaBnHeT co6oll qeT 

ronhHbiM ceqeaneM n rrpc 

nnH npoxo~eHHSI rrpoToHc 

MepoB peaoaaTopa onpene 

pacrrono*eHHH peaoaaTop 

MoMeHT ycKopeHHR. Ha p 

CHTeflbHO OCHOBHbiX yano: 

Co6cTBeHHYIO no6 



§1. BBeneaHe 

0ITHCb!B8eMb!li pe30H8TOp l!BITl!eTCll OAHHM H3 OCHOBHblX Y3ITOB CHCTeMbl Kp8T-

HOrO YCKOpeHHll aneKTPOAHH8MH'IeCKOrO cerrapaTopa '18CTHU Bb!COKHX aaeprHlt 

11-3/ 
OHHH • Oa rrpeAHB3HB'!eH AITll KpaTKOBpeMeHHoro ( B Te'laHHe 15 .;. 20 MeeK) 

yCKOpeHHll rrpOTOHOB H8 '18CTOTe f P ;;:. 150 Mrn B CHHxpotjla3oTpoHe OHHH c 

uenb!O C03A8HHll Tpe6yeMOli BbiCOKO'I8CTOTHOlt CTpyKTypb! BTOpH'IHbiX '18CTHU. 

B pa6oTe orrHcaaa KOHCTPYKUHll, rrpHBeAeHbi pac'!eT ocHoBHhiX napaMeTpoB H 

MeTOA ITOABBneHHSI pe30H8HCHOrO Bb!COK0'18CTOTHOrO pa3p51A8 1 8 T8KJKe pe3yiThT8Tbl 

HCIT b!T8HH H pe30H8Topa, 

§ 2. OcaoBHbie rrapaMeTpbi peaoHaTopa 

l1CITOITb3YBMb!li B CHCTBMe Kp8THOrO yCKopeHHll CHHXpotjla30TpOH8 pe30H8TOp 

npeACT8BITl!eT C060lt '!eTBepTbBOITHOBbili 0Tpe30K K08KCH8ITbHOlt ITHHHH C rrpl!MOY-

ronhHbiM CB'IBHHBM H ITpOAOITbHbiM OTBBpCTHBM BHyTpH neHTpanhHOrO rrpOBOAHHK8 

AITll rrpOXOJKABHHll ITpOTOHOB ( pHC, 1), Bb!60p A8HHOli KOHCTpyKUHH H OCHOBHblX p 83-

MepoB pe30H8TOp8 orrpBABITl!ITCll arrepTypolt BBKyyMHOlt K8MBpb! YCKOpHTenl! B M BCTe 

paCITOITO)KBHHll pB30H8TOp8 H rrorrepe'!Hb!M Ce'!BHHBM rry'IK8 rrpOTOHOB B H8'18ITbHbili 

MOMBHT ycKopeHHl!, Ha pHc, 2 rrpeAcTaBneH rrnaH pacrrono)KeHHll peaoaaTopa oTHo

CHTenhHO OCHOBHbiX yanoB CHHXPOtP830TpOH8, 

Co6cTBBHHYIO A06poTHOCTb peaoaaTopa MOJKHO pacc'!HT8Tb no tjlopMyne: 

Q s . e 
0 ~ ------"-=--"-----

p + p l 
8[(-1 --~ lf+S 

2 

3 

(I} 



rae 0 - rny6HH8 CKHH-CnOH, 

S - nnomaah noiiepeqHoro ceqeHHH Me:>Kay Hapy:>KHbiM H ueHTpanbHbiM 

npOBOaHHK8MH, 

arrHH8 pe30H8TOpa = A/4 ), 

p 1 - nepnMeTp nonepeqaoro ceqeHHH Hapy:>KHoro npoaoaHHKa peaoaa-

TOpa, 

p 2 - nepnMeTp nonepe'!Horo ce'!eHHH ueHTpanbHoro npoaoaHHKa peaoHa

Topa. 

¢opMyna (1) cnpaBearrHBa npH ycnoBHH, 'ITO Pt-p2«pt Pacc'!HTaHHoe 

no aTo~ ¢opMyne 3Ha'leHHe Q paBHO 8000, 

PacqeT BOnHoaoro conpoTHBneHHH peaoHaTopa nponaaoanncH no ~opMyne 

z0 = 138 fg 
a e + be 
a I + b I 

( 2) 

rae ae be - 6onbwaH H ManaH nonyocn annnnca , anncaHHoro a nonepe'lHOe 

ceqeHHe Hapy:>KHOrO npOBOaHHK8j 

a I b1 - COOTBeTCTByiOmHe p83Mepb! UeHTpanbHOrO npOBOaHHK8. 

PacqeTHoe a Ha'!eHHe Z0 pe30H8TOp8 - 8 OM, 

Pe30H8TOp B036y:>KaaeT BHyTpH B8KYYMHO~ K8Mepb! CHHXpO!jJ830TpOH8 BOnHy 

THna E 11 • anH KOTopo~ KaMepa HBnReTcH aanpeaenbHbiM aonHoaoaoM, OaHaKo 

npH aapyweHHH cHMMeTpHH peaoaaTopa ( nnn KaMepbr a pa~oae pacnono:>KeHHR pe

aoHaTopa) OTHOCHTerrbHO nnOCKOCTH XQY ( CM, pHC, 1) nonepe'!Hbte COCT8BIIHIOillHe 

aneKTpnqecKoro nonH E' z H E" z He 6yayT nonHOCTbiO KOMneHCHpOB8TbCH 

H B K8Mepe OaHOBpeMeHHO C BOIIHO~ E II B036yaHTCH T8K:>Ke BOnH8 H01 · 3Ta 

BOIIH8 MO:>KeT CB060aHO pacnpocTp8HHTbCH no BCe~ K8Mepe, TaK K8K KpHTH'leCK8B 

rriiHH8 BOIIHbl K8Mepbl arrH BOnHbl 

2 
Mepbl 2000 X 500 MM ) • 

L\nH noaaaneHHH BonHbi Ho 1 

Hot COCT8BnHeT A k P :: 4 M ( ceqeane Ka-

peaoHaTop noaaeprancR cnenHanbHO~ Mexaan-

'!eCKO~ IOCTHpOBKe, B peaynbT8Te KOTOpO~ COCT8Bnli!OillHe E' z H E" z IIOIIHOCTbiO 

KOMneHCHpOB8nHC b C 3TO~ :>Ke uerrb!O B KOHCTpyKUHIO pe30H8TOp8 6binO BBeaeHO 

OB8 npHMO:VrOrrbHblX 9K08H8 ( 3) ( PHC. 1). KOTOOb!e noe!IOTB08W8nH IIOOHHKIIOBeHHQ 

BOIIHbl Ell B B8KyyMHyiO K8Mepy CHHXpocpa30TpOH8 0 rae HMeeTCB MHOrO rrpaK-

TH'leCKH HeycTp8HHMb!X HeOaHOpO.IlHOCTeA, MoryWHX Bbi3B8Tb Tpaac!jlopM8UHIO BOn-

Hbl E II B H 01 · Heo6XO.IlHMOe ocna6neHHe K8:>K.IlOrO H3 060HX 3Kp8HOB Ha BOnHe 

4 

onpeaenHrrOCb no np: 

pu 
3rrecb ka-- - K09< 

Po 
pu - MO 

OA! 

P 0 - MOl 

3aaaaaHCh k < 0,5%, no 

aon:>KHO 6biTh N ~ 60 a6 

§ 

BecbMa BBlKHO npn Kt 

HHKHOBeHHH pe30H8HCHOrC 

6btnH paCCMOTp6Hbl H8H6C 

a) 06nacTb peaoHaT 

H ueHTpanbHbiM npOBOaHHI 

(aayxaneKTporrHbi~ ) PBP 

lKe i·IH~, npH KOTOpb!X B031 

rrnH cnyqaR aayx nnocKH' 

rae 

un 

m.-Macca aneKTP 

e - aapHrr aneKTJ 

d 

(&) 

cp 

p8CCTOHHH6 

yrnOB8H 'l8C' 

H8'l8nbH8H cp 

n = 1,3,5 ... - 'II 

'!eBHe KOTOpbi> 



Hapy~Hb!M H ueHTpanbHb!M 

mHoro rrpoaoaHHKa peao Ha -

lnbHOro ITpOBOaHHKa pe30Ha -

Pacc'IHTaHHoe 

rrpOH3BOaHnCH ITO ~OpMyne 

( 2) 

t, BITHC8HHOrO B rrorrepeqnoe 

bHOrO ITpOBOaHHKa. 

:Jbl CHHXp0~830TpOH8 BOnHy 

bHbiM aonaoaoaoM, Oanaxo 

1 pa AoHe pacrronomeHHH pe-

ITOrrepe'IHb19 COCTaBnHJOmHe 

IHOCTb!O KOMITeHCHpOB8TbCH 

n TaKme BOITH8 H01 · 3Ta 

1epe, TaK KBK KpHTH'I9CK8H 

A k P,:: 4 M (ceqeuHe xa-

ancH crrenaanbHoA Mexaau-

E' 
z H E" z ITOnHOCTbJO 

peaoaaTopa 6brno aaeaelio 

IOTBOamanH ITPOaHKHOB9HH9 

rae HMeeTcH MBoro rrpax-

3BBTb Tpaac¢opM8UHJO BOrr

i3 o6oux sxpaaoa Ha Bonae 

3aecb 

orrpenenHnocb no rrpa6nH~eaaoA ¢opMyne 

pu 
k:---

Po 

Oo 
k: ( 3) 

- KO~HUH9HT H3ny'IeHHH CHCTeMbl pe30H8TOp - OAHa SKpaa; 

p MomaocTb, HanyqaeMaH B KaMepy aa Bonae E 11 qepea 

oaHH SKp8Hj 

p o - MomHOCTb, UOABOaHMaH K peaoaaTopy. 

3aaaaaHCb k: < 0,5%, nony'IHM, 'ITO aeo6xoaaMoe aaTyxaHHe xa~oro sxpaaa 

non~Ho 6biTb N :::- 60 a6. 

§ 3, PeaoaaHCHhiii BhiCOKO'!acTOTHhiii paapstn 

BechMB BamHO rrpu KOHCTpyHpoBaaHH peao~aTopa ycTpaaHTb B03MOmaoCTb B03- . 

HHKHoaeaHH peaoaaucaoro BbiCOKo'laCToTaoro paapHaa ( PBP). 

6binH paccMoTpeabr aaa6onee .orracHbi; yqacTKH peaoaaTopa: 

C STOA U91IbJO 

a) 06naCTb peaonaTopa, pacrronomenaaH Me may aapymHhiM rrpoaoaHHKOM ( 2) 

H rreHTpanbHbiM rrpoaoaHHKOM ( 1) ( pHC, 1), B STOA o6nacTH B03MO~eH o6bi'IHb!A 

( nayxsneKTpoaHb!A ) PBP Me~y rrpoaoaHHKaMH peaoaaTopa. nmt pacqeTa HarrpH

mermfi, rrpH xoTopbiX aoaMo~ea PBP, aocrronbayeMcS! ypaBHeHHeM, Bbn~eaeRHbiM 

nnH cny'IaH aayx nnocxax rrapannenbHbiX sneKTpoaoa 141 : 

rae 

~ ~ 
U • ......:m::...::.d --=w.,.... __ :-:-_ 0 e( 2Sincp + ;,17 Coscp) (4) 

m--Macca aneKTpoaa, 

e - aapHa snexTpoaa, 

d paccTOHHHe Me~y sneKTponaMH, 

yrnOBaSI '18CTOTa 0 

Ha'IarrbliaH ~aaa BbineTa sneKTpo!ia, 

n = 1,3,5 ,., - 'IHCnO rronyrrepuoaOB Bb!COKO'I8CTOTHOrO aarrpHlK9HHH, B Te

'l9HHe KOTOpb!X SIT9KTpOH IIponeTaeT paCCTOHHHe Memay sneKTpoaaMH, 

5 



Y'!HTbiBIHI, 'ITO Koa<jlcjJHuHeHT BTopH'!Holi aMHCCHH MeAH o 6onbiUe enHHHilbi 

B ):IHanaa oHe 3HeprHlf aneKTpOHOB E : 50 ~ 3000 9B, MO)I{HO IIOK838Tb0 'ITO 

P BP B o6nacTH a B03M0)1{9H llpH H8IlpH)I{9HHHX Ha menH pe30HaTopa 

U1 ~ 7,5T-9,1KB 0 Ua:i: 3KB 0 U 6 : 1,8 KBo U 7 :;: 1,3 KB 0 Ug: 1KB. 

B oaMO)I(HOCTh c y rnecTBOBaHHH PBP aa KpaTHOCTHX HH3Koro rropHnKa (na)l(e aa nep

Boli ) H 6 orrbiUaH noBepXHOCTb npOBOAHHKOB pe30H8TOpa - BCe aTO II03BOITHnO llpen

norrO)I(HTb, 'ITO HaBecTHbii1 cnoco6 nonaBneHHH PBP nyTeM 6hiCTporo non'beMa Bbi

coKo'!aCTOTHoro HanpH)I(9HHH oKa)l(eTCH HeacjJcjJeKTHBHbiM. Henh3H 6bmo TaK)I(e npHMe

HHTh noKpbiTHe noBepxaocTe li peaoaaTopa MaTepHanaMH, HMeromHMH Ko9<jlcjJHnHeRT 

BTOpH'IHOii 9MHCCHH 0 < 1 ( HanpHMep, Ca)l(elf) 1 TBK KaK C T9'19HH9M BpeM&HH aTll 

noKpbiTHSI HeHa6e )I(HO aarpSI3HSirrHCh 6bi napaMH Macna BaKyyMIIbiX arperaToB. IToa

ToMy 6bm Bbi6paa aaH6 onee 9<jlcjleKTHBIIbi i1 cnoco6 nonaBneHHH PBP nyTeM nona'IH 

Ha OllHH H3 npOBOJ:IHHKOB pe30H8TOpa ITOCToHHHOPO H81IpH)I(9HliH 1 KOTOpoe Ha pymano 

6bi cjlaaoByro y cTofi '!HBOCTb nponecca paapHna. C aTofi nenbiD neaTpanbRbifi npoBOn

HnK pe30H8TOpa 6biiT H30ITHpOBRH B TOpUOBOfi 'IBCTH OT Hapy)I(HOPO IIpOBOilHHKa. Be

ITH'IHH8 nocToHHHoro aanpH)I(9HHH, nocTaToqaoro nnH nonaBneRHH PBP, orrpenenH-

/4 / 
nach no cjlopM y ne 

U > 0 11 ~ w 2 
d

2 

eM- ' e 

llnH naHHoro peaoHaTopa U eM 2 300 B. 

( 5) 

6 ) BayTpeHHHn o6nacTb aKpaaoB (3) (pHc. 1), B aToll: o6nacTH o6bi'IHhilf 

AByxan eKTpOAHbi ii PBP ( aanpHMep, Me)l{ny Bepxaelf H HH)I{Hett cTeRKBMH aKpaaa) 

B03 HHKHYTb He MO)I{eT, TBK KaK IIOJl nefiCTBH9M llpOJlOITbHOii COCT6BITHIOmett E 

aneKTpH'19CKOPO IIOITH BOIIHbl Eu aneKTpOHbl OTKnOHHTCH B H8IIpaBneRHH OCH 

X H y ttnyT H3 o6nacTH paapHna, OaaaKo c nonaqeJ1 aanpSI)I(eHHH cMemeHHH Ha neH

TpanhHhifi rrpOBOilHHK pe30HaTOpa B aToll o6nacTH C03DaroTCH ycnOBHH !liTH B03HHK-

/4 5/ 
HoBeHHSI TaK aaabiBaeMoro onaoaneKTponaoro PBP ' • OnaoaneKTponHhilf PBP 

npenc TaBnHeT Co6ott Bb!COKO'IBCTOTHYID OCilHniTHilHID BTOpH"'HbiX aneKTpOHOB B6ITH3H 

rrpoBOAHHKa c nono)I{HTenbHbiM noTeannanoM. ITpn nonaqe aa neaTpanbHbilf npoBon

HHK peaoHaTopa nono)I(HTerrbHoro aanpH)I(eans onaoaneKTpOilHbiil PBP 6yneT B03HH-

KaTb BHYTPH ueHTpanhHoro npoBoAHHKa, npn nonaqe oTpnnaTenbRoro aanpH)I(eHHn

BHyTpH aKpaaa, aaxonHmerocH crrpaBa oT menH peaoaaTopa. BTopH'IHbie anex-

6 

i 

J 

TpOH bl 6ynyT OCUHITITHpOBa 

3IT9KTpH'!eCKOrO nonH BOITHbl 

BITHHHHH H8 p83pHJl0 H60 B 

HM e eT Marry ro BenH'IHHy. O l 

Topyro paccTpoi1Ky, H6o era 

n pH 6orrhlliOlf J:IITHT9ITbHOCTH 

HC XOJlHT HOHH38UHH OCT8T0' 

npo6 ol1 peaoHaTopa, 

llnH nonaBrr9liHH OJ:IHO 

HHSI B palioHe ero B03HHKHO 

Hb!M noTeHUHBITOM) • C 3TOI1 

Hhifi noTeHuHan nonaBancH f 

pHilH bifi aKpaH, npencTaBnH~ 

pa BHo fi nnHHe ueaTpanhHoro 

c KopnycoM peaoHaTopa n 

Ba)I(HbiM <PaKTopoM, B 

MarHHTHoe none cnaxpocjlaaoT' 

)l(aHHH peaoaaTopa nocTHrae1 

Hbl MoryT CB060AHO llBHraT 

ocH z , pnc. 1). IT on n• 

aneKTpOHOB B H81Ip8BII9HHH 

=50 apcTeA M8KCHMarrbH6H C 

'19M CKOpOCTb ABH)I(9HHH an 

TOMy C03A6IDTCSI ycnOBHSI ):lj 

He fi H HH)I(Hefi rOpH30HTanbH 

y xony aneKTpoHoB H3 o6n. 

llnH nonaBneanH aTorc 

HO OCH z 6binH IIOM9IUe l 

KOTOpblX ( HarrpaBIT9HHOe BllO 



•AH 0 6onhwe e,nHHHIIbi 

B, MO)!{HO nOKB38Tb1 'ITO 

Ha menH peaoaaTopa 

7 :;: 1,3 KB; Uo: lKB. 

Bee STo noaaonHno npe.n-

'-'! 6biCTporo IlOA'beMa Bbl -

!nb3SI 6binO TBK>Ke IlpHMe-

HMeiOrnHMH K09<jxpHIIH9HT 

: Te'leHHeM BpeM9HH 9TH 

t yyMIIbi X a rperaToa. ITo a 

e HHSI P BP nyTeM no.na'lH 

:eaHSI, KOTopoe a a pym ano 

IhiO neaTpanhHhiA npoBO.n

py>Kaoro npoBOAHHKa. Be

a ane!IHSI PBP, onpe.nemr-

( 5) 

I STOll o6naCTH 06bi 'IHbill 

J)!{flelf CTeiiKBMH 3Kpaaa) 

[bHO A COCTBBIISIIOillelf E 

SI TCH B H8npaBn9HHH OCH 

I >K eHHH CMemeHHSI HB II9H-

TCH ycnOBHH AnSI B03HHK-

• O.naoaneKTpo,nHbiA PBP 

'IHbiX aneKTpOHOB B6nH3H 

HB rreHTpanbHbilf IlpOBOA

>AHbill PBP 6y.neT B03HH-

rnaTenhJroro JranpSI>KeHHSI

raTopa. BTopH'IRhie anex-

T p OH bl 6y,nyT OCUHnnHpOBBTh no,n ,nelfcTBH9M nonepe'IHOlf COCTBBnsnomelf Ez 

aneKTpH'IeCKOrO nang BOnHbl E II . CocTaanSIIOWBSI E He OK8)!(9T 3BM9THOrO 

BnHHHHSI HB pa3pS!A1 H6o B6nH3H CT9HOK 9KpaHa (r,ne npOHCXO.r:IHT paapg,n) OHB 

HMeeT ManyiO aenH'IHHy. O.naoaneKTpo.nHhiA PBP BHOCHT B peaoaaTop nHWb aeKo

T opyiO paccTpol!Ky, H6o ero conpoTHBneaHe HMeeT peaKTHBHbiA xapa KTep. O.nHaKo 

npH 6 onhwol! AnHTenbHOCTH HMnynbCB IIOA BnHSIHH9M OAROaneKTpo,naoro PBP npo

HC XOAHT H OHH3BUHH OCTBTO'IHOrO raaa H 1 KBK cne):(CTBH9 1 B03 M O)!{eH nna3M9HH bllf 

npo6 oA peaoaaTop a. 

llnH n o .naaneHHH OAaoaneKTpo.naoro PBP aeo6xouHMO ycHnHTh none C Mem e

HHSI B palfoae ero B03HHKHOB9HHH (aayTpH 9KpaHB1 HBXOAH m erOCH noA nono >KH T9nb

Hb! M noTeHuHanoM). C aToll uenhiO aayTph neHTpanbaoro n p oao.nHHKa ( nono)!(HTenb-

Hbi A llOTeHUHBn no,naaanCH HB U9HTpB nbHbi A npOBO):(HHK) el,m n o M e m ea npoTHBOp83-

pHAHbl lf a KpB H 1 npeACTa BnHIOWHI!: co6ol!: Tpy6y npS!MoyrOnbHOrO C 9'I9HHH C AnHHOI!: 1 

pB BHOlf AnHHe U9HTpanhHOrO npOBOAHHKB. flpoTHBOpa3pHAHbilf 3KpBH 6bin C 09.r:IHHeH 

C KOpnycoM pe3 0HBTopa H HBXOAHncg no,n ayneBbiM nOT9HUHBnOM. 

Ba >K HbiM <j.laKTopoM, BnHRIOillHM aa paaBHTHe PBP B pea o aa To p e, SIBnReTCH 

MarHHTHoe none CHHxpo¢aaoTpoua, MBKCHManhHoe aaa'leHHe KOToporo a pal!oae pacnono

>K9 HHH p e30HBTOpa AOCTHraeT H •· ::50 3 p CT9A. flpH HBnH'IHH MBrHHTHOrO nonH aneKTp O

Hbl M Ory T CB060AHO ABHrBTbCH TOnhKO B):(Onh MBrHHTHbi X CHnOBbiX nHHHtl ( BAOnb 

OCH Z 1 p H C. 1) • flo,n ,nelfCTBH9M COCTB BnSIJOillelf E npOHCXOAHT ,npel!:~ 

s neKTpOHOB B H81lpBBn9HBH OCH Y O.naaKo, KBK noKB3biBaeT pac'!eT, npH H 

:: 5Q a pCT9A MBKCHMBnbHBSI CKOpOCTb 3TOrO ,npelfc!Ja HB H9CKOnbK O n opS!AKO B M 9HbW e, 

'19 M CKOp OCTb ABH>KeHHH sneKTpOHOB no,n ,nelfCTBHeM COCT BBn SIJOille A E no s -

TOM Y c o a .naiOTCH ycnoBHSI ,nng B03HHKHOB9HHSI .nayxsneKTp o.naoro PBP M e >KA y aepx

He lf H HH>KHe tl ropH30HTanhHbiMH cTeHKBMH aKpaHoB. MarHHTHoe none npenSITCTayeT 

y xony aneKTpOHOB H3 o6naCTH paapg,na no,n ,nelfCTBH9M COCTB BnSI JOIIIe lf E x 

llnS! no,naaneHHSI 3TOrO BHAB pB3pS!AB BHyTpb KB>KAOrO 3K p8HB nep neH):(HKyngp -

HO OCH z 6 binH noMemeHbl nnOCKH9 aneKTpOAbi 1 noCTOSIHHOe aneKTpH 'leCKOe none 

KOTOpblX (HanpaBn9HHOe BAOnb OCH z ) HapywanO cPB30BY IO y CTOlf'!HBOCTb pa3p51):(B. 
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§ 4, KoacTpyxnHH pe3oaaTopa 

06mHA aHA p630H8Topa rrpeacTaaneH H8 PHC, 3. UeHTP8llbHhiA rrpoaoaHHK oe-

30H8TOp8 (I) H30IIHpOB8H OT HapylKHOf'O ( 2) C IIOMOIUb!O <!JTOpOIIII8CTOabiX H30IIHTO

poa( 11) .Cnpaaa H cneBa oT mena peaoaaTopa ycTaaoaneHbi 3KpaHhi anH rroaaaneHH!I 

H3IIy'IeHHH ( 3) 1 abinOIIHeHHbie a aaae OTpe3KOa Tpy6bi IIpHMOyrOIIbHOf'O IIOIIepe'IHOf'O 

ceqeHHH. BayTpH neaTpanbHoro rrpoaOAHHKa aaxoAHTCH rrpoTHaopaapHAHwA s Kpaa 

(4), npeaaaaaaqeHHbrA am1 noaaaneHHSI OAHosneKTpOA Horo PBP. Oa T BK lKe abmon

aea a aHne Tpy6bi IIpHMOyrOIIbHOf'O Ce'!eHHS!, Y HHlKHHX ropH30HT8llbHbiX CTeHOK 

npOTH aOp83pHilHOf'O 9Kp8H8 (4) H 9Kp8HOa (3) YCT8HOBneH8 CHCT9M8 IInOCKHX 

aneKTponoa ( 5), npenaaaaa'!eHHhi X nnH noaaBneaag PBP a MarHHTHOM none. llnH 

TO'IHOfi H8 CTpOAKH pe30H8TOp8 H8 pa6oqyro '!aCTOTy Cl!ylKHT IIOilBHlKHaH paMKa (8), 

KOTOpag MOlKeT rrepeMeiUaTbCH B He6onbiUHX npenenax B HanpaBneHHH OCH X · 

KoaTaKTHhre rrnacTHHhi ( 6) rrpenaaaHa'!eHbi nnH ycTaHOBKll: peaoaaTopa B KaMepe 

cnaxpo¢aaoTpoaa. 

Ha pac. 4 H306palKeH yaen BBKYYMHOI'O BBoaa MOII(HOCTH B pe30H8TOp. Oc

HOBHOA oco6eHHOCTb!O ero HBnHeTCH H8nH'IH9 UHnHaapH'l9CKOf'O sneKTpOA8 (6), 

ycTaHOBneRHOf'O HB H30nHTOp8X (9) BHyTpH HapylKHOf'O IIpOBOilHHKa BBOil8 (5) H 

npeaaaaaaqeaaoro anH uoaaBneaaH PBP B BaKyyMaoA 'IBCTH aBona. Ha nannanpH

qecKHA srreKTpon rronaeTcH aarrpHlKeaae cMem eHHH. CBH3b BBoaa c peaoaaTopoM 

ocymecTanHeTCH C IIOMOII(biD neTrrH ( 12) • ileHTpanbHhiA IIpOBOilHHK BBOA8 (3) a Mec

Te paCIIOIIOlKeHHH BaKyyMHOf'O H30nHTOpa ( 7) HMeeT YM9HbmaHHbiA anaMeTp, 'IT06bi 

KOMIIeHCHpOBaTb HeOAHOpOAHOCTb, BHOCHMYJO a IIHHHIO H30nHTOpOM, 

Ha pnc. 5 rrpeacTaBneaa <PoTorpa<jJHH peaoHaTopa ,ycTaaoBneaaoro aayTpH 

KaMepbi caaxpo¢aaoTpoaa. 

§ 5, 3KcnepHMaHTarr&Hhla pe3yrr&T8Thl 

Pe30HaTop rrepen ycTBHOBKOA aHyTpb BaKyyMHOA KaMepbl CHHXpo<jJa3oTpOH8 HC -
-8 

flb!Tb!B8nCH H8 crreunanbHOM BaKyyMHOM CTeHne IIpH A8BneHHH 5,10 MM pT,CT, 

VfMHTaUHH M8f'HHTHOI'O IIOnH ocymecTBnHII8Cb C IIOMO!Ub!O ABYX ropH30HTanbHO pac

IIOIIOlKeHHblX paMO'IHhiX o6MoToK. CoanaaaeMoe HMH MarHHTaoe none 6hrno aanpaa

neao rro oca Z H oxBaTbraano '!8CTb peaoaaTopa B paAoae m enH. TiocnenyJOIUHe 

8 

HCllbiT8HHSI pe30H8TOpa II] 

Tope aa6nroaancH KaK aa2 

TaTaM H3MepeHHH H81IpHlK 

YlciibiTaHHH pe30HaTc 

a) Tipn aerrH'IHHe 

aHTHH PBP npoHcxoaaT c 1 

nna3MeHHhlA rrpo6oA. Tic 

noaaanHTh ace aHahl PBP 

UlYHTHpyJOIUero aefiCTBH 

6) MarHHTHoe rrorre 

r ae BbiCOKO'JaCTOTHOe 3lll 

9Kp aaoa, rne sneKTpnqec 

MHHHMaiibHOe 3Ha'!eHHe M, 

paHoa, COCTaanno 10 9pC 

a) TipnMeHeane rroc· 

¢ eKTHaHbJM MeTonoM noaa 

CMemeHHSI Ha OeHTpaiibHON 

aneKTpoaax u > CM2- E 

U > 3 Ka. OnaaKo E 
CM8-

f'O P BP aHyTpH 3Kpaaa pe 

OnnoaneKTPOAHhiA PBP IIJ 

MeTHOe anHHHHe Ha 9IIeK1 

UHH OCT8TO'IHOI'O r aaa, TI. 

H8CTyii8II IIpH 20 7 30 Ka 

aneKTponaoro P BP rryTeM 

lKHaan 120 Ka, 

ABTOpb! BbrpalKaJOT 

Vf .n. foneM6eacKoA, M.A 

HCIIhlTBHHI pe30H8TOpa, I 

rroneaahle coBeTw H o6cy 
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(eaTpanbHbll! ITPOBOaHHK pe-

0 QJTOponnaCTOBb!X H30nl!TO-

lHbl 3Kp8Hbl anSI nOaaBneHH!I 

pS!MoyronLaoro rrorrepeqaoro 

I 1IpOTHBOpa3pllaHb!tl 3Kpaa 

)ro PBP. Oa TaKme Bbmon-

ax ropH30HTanbHb!X CTeHOK 

HOBneaa CHCTeMa rrnOCKRX 

IP B MarHHTHOM none • .ilnH 

'lKHT ITOilBH*HBSI paMKa ( 8), 

X B HanpaBneHHH OCR X 

OBKH pe30HaTOpa B KaMepe 

AomaocTR B pe3oaaTop. Oc

puqecKoro sneKTpoaa (6), 

' 0 llpOBOAHHKa BBOila (5) H 

qacTH BBona. Ha nunaanpa-

BSI3b BBOila C pe30HaTOpOM 

llpOBOaHHK BBOaa (3) B Mec

AeHbllieHHb!l! aHaMeTp1 'IT06bl 

130nHTOpOM, 

pa,ycTaaoBneaaoro sayT pR 

:aMepbi caaxpo<)JaaoTpoaa nc -
-e 

aasneHHR 5, 10 MM pT, CT, 

b!O aByX ropH30HTanhHO pac

arHRTHOe rrone 6bliiO aarrpaB-

patloae menu. nocnenyromae 

·-

HCIIbiTaHHll peaoaaTopa rrponasoaanHcb B KaMepe caaxpoljlaaoTpoaa. PBP 'II peaoaa

Tope aa6n~aancH KaK BHayanhao, no cBeqeaa~ ocTaToqaoro raaa, TaK a rro peaynh

TaTaM HaMepeHRH aarrpll*eHHll aa mena peaoaaTopa. 

11crrbrTaHHll peaoaaTopa rroxaaana cneay~mee: 

a) npn BenH'IHHe anRTenbHOCTH HMIIynbC8 CBbiWe 1 MCeK 13 IIponecce paa

BHTHSI PBP rrponcxoaHT cHnbaaH noauaanaH ocTaToqaoro raaa a , KaK cneacTBHe ee,

rrnaaMeaabrl! rrpo6ol!. nosToMy rrpn 6onhwnx annTenLHOCTl!X HMnynhca aeo6xoaaMo 

rroaaBnl!Tb Bee BHahr PBP, aa*e TaKne, KOTOpbre ae OKa3biBa~T aerrocpeacTBeaaoro 

w yaTHpyromero aetlcTBHH aa pe3oaaTop ( aarrpHMep, oaaosneKTpoaHhrtl PBP). 

6) MaraHTHoe none MO*eT Bbi3BaTb PBP aa*e B Tex MecTax pe3oHaTc.pa, 

r a e Bb!COKO'!aCTOTHOe 3IJeKTpH'IeCKOe IIOne CHIJbHO HCKpHBneHo, HaiipHMep, BHyTpH 

sKpaaoB, rae sneKTpH'IecKoe rrone cymecTsyeT B snae sonHhi E 11 . l13Mepeaaoe 

MHHHManbaoe aaaqeaae MaraaTaoro rronll, rrpn KOTopoM aaqaaancH PBP BHyTpH sK

paaoB, cocTasnno 10 spcTea, C ysenH'IeHHeM MarHHTHoro nonH PBP ycnnusancH. 

B) npHMeHeHHe IIOCTOSIHHOrO HanpH*eHHSI CMeiUeHHSI OKa3anOCb HaH6onee sQJ

<)J eKTHBHb!M MeToa oM rroaaBneHHSI Be ex BHaOB PBP. npa 3TOM BenH'IHH8 aarrpH*eHHS! 

CMeWeHHSI H8 UeHTp81IbHOM llpOBOilHHKe OK838IJaCb paBHOl! 
U CM f 3 KB 1 H8 llnOCKHX 

sneKTpoaax u > 
CM2- 6 KB 1 a a UHliHHapH'IeCKOM sneKTpoae eeoaa 

U CMa~ 3 KB, 0aH8KO HBnH'!He CMerueHHSI rrpHBOaHIIO K rroHBneaa~ oaaosneKTpoaao-

r o PBP BHyTpH 3Kpaaa peaoaaTopa, aaxoaHmerocH rroa llOIIO*HTeiJbHb!M IIOTeHUH8IJOM, 

OaaosneKTpoaHhitl PBP rrpH nnaTenhHOCTH HMrrynhca 6onee 1 MCeK oKa3biBan 3a-

MeTaoe BnHSIHHe Ha sneKTpH'IeCKyJO llpO'IHOCTb peaoHaTOpa H3-3a CHnbHOtl HOHH38-

UHH OCTaTO'IHOro ra3a, nnaaMeHHbill rrpo6ol! rroa BnHSIHHeM oaaosneKTpoaaoro PBP 

aacTyrran rrpH 20 30 KB aa mena pe3oaaTopa, Toraa KaK rrocne rroaaBneHHll onao-

sneKTpoaaoro PBP rryTeM ycTaHOBKH rrpoTHBopaapllaaoro sKpaaa pe3oHaTop Bhraep

*11 Ban 120 KB, 

ABTOpbl Bbipa)l{aJOT 6naroaapHOCTh H.H. nnSIUIKeB~;qy, C.H. nnl!WKeBH'Iy, 

11. n. foneM6eBCKOtl, M . A. fonoBol!, B. B . WycTpOBy 3a IIOMOUih rrpn rrposeaeaau 

HCilb1T3HHtl pe30HaTopa , a B . A . noriOBy, B.H. 3y6apeBy H n . l1. <I>HnHrrrroBy - 3a 

rrone3Hb!e COBeTbi H 06Cy)l{aeaug, 

9 



1. B.H. 3y6apeB, B.C. KnanHHilKHA, A.E. KysHenoB, c.B. Myxu.ll, n.c. OxpuMe.IIKO, 
H.E. Py6HH, l1.H. CeMe.IIJOWKH.II. npenpH.IIT Ol1RH, P-371, ny6aa, 1959. 

2. B.A. BarHH,!'B.l1. BeKcnepj, B.H. 3y6apes, A.E. KyaHenoa, C. B. Myxu.11, B.A.ne
Tyxos, B.A. noriOB, H.E. p'y6HH, H.l-1'. CeMe.IIJOWKH.II, B.n. CTenaRJOK, 
K.B. YexnoB. TpyAbl Me>K!lyRaponaol!: KoH<f!epeHUHH no YCKOPHTeliSIM, ny6Ha, 
1963. 

3. H.r. EopHCOB, B.A. BarHH, B.n. BoliOilHR, B.H. 3aAneB, H.n. nmrwKeBuq, 
A.n. CaeRKO, l1.H. CeMeHIOWKH.II, B.n. CTenaHIOK. npenpHHT OHRH, P-2375, 
lly6aa, 1965. 

4. E.A. 3arep, B.r. THIDHH. npenpHHT OHHH, 1406, ny6.11a, 1962. 

5,F.Vance F.dward . l.Appl. Pbys .• 34, N 11,3237-3242 (1963). 

PyxonHCb nocTynana B asnaTenhcKHA oTnen 
26 neKa6pSI 1966 r, 

10 

Puc. I. CxeMaTH'leCKI 
Hb!l! RpOBOARI 
pa, 5-ny'lOK 

/ 

PHc, 2. nnaH pacnonoJK• 

2-BBOAHOl! npsn 
Tpoaa, 3-HH<!me: 
5-M8I'HHT1 6-BB 
JKeKTHpyeMoro J 

E- cunoBbte nHJ 



MyXHH, n.c. OxpHMeHKO, 
-371, .UyoHa, 1959. 

tos, c.B. Myxxli, B.A.ne
• B.n. CTenaH!oK, 
lO ycKOpHTensrM, ,UyoHa, 

I, H.n. nnsrmKeBH'I, 
ITpenpHHT OHHH, P-2375, 

ra, 1962. 

tHll: oTnen 

Puc. I. CxeMaTuqecKull qepTeJK peaoaaTopa. 1-ueHTpanbHbiii nposonHHK, 2-napylK
Hbiii npoBOAHUK 1 3-3Kp8H An<! TIOABBneHUS! H3ny'I9HHS! 0 4-BaKyyMHBS! K8M9-
pa1 5-ny'IOK YCKOpS!9MbiX npOTOHOB, 

2 3 

/f 
/ 

4 

\ \Q_ 
5 

Puc. 2. nnaH pacnonoJKeHUS! peaonaTopa B KaMepe CHHxpo¢aaoTpOna. 1-peaoHaTop, 

2-BBOAHOI! npsrMonuaeiiHbiii npoMelKyTOK BBKYYMHOII KBMepb! CHHXpo¢aao
TpOH81 3-aa¢neKTOpHbie nnacTHHbi, 4-aononposon nanelluoro ycKopaTensr , 
5-MarnHT, 6-BBOAHOII ¢auep peaonaTopa, 7-aanpasnenae ABHlK9HHsr HH
JKeKTHpyeMoro ny'IKa, 8-aanpasnenae ABHJKeausr ycKopsreMoro ny'IKB, 
E- CHnOBbie nHHHH BbiCOKO'I8CTOTHoro aneKTpHqecKoro nons. 
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Pnc. 3, 06mn il BRA peao aaTopa. 1-ueHTpanhHbl ll npoBOAHHK, ~-aapylK Hblll npoaon
HHK , 3-aK p BH bl ATIS! TIOAB BTieHHS! H3nyqeHHS! 1 4-npOTHBOp83 pS!AH bll\ 3Kp8 H1 

5 - CHCTeMB TITIOCKHX aneKTpOAOB 1 6 - KO HTBKTHble flTI8CTHH bl 1 7-y ronKH 1 

8 - noABHlKHB H p aMKa, 9- n a onSITOpbi nnocKHX aneKTpOAOB, IO-pe6pa lKeCT

KOCTH
1 

11-H30 TIHT0pbi ueHTpBnbHOrO TipOBOAHHK8 1 12-neTnH CBH3H, 

.§. 

.1... 

', 

A..._, 4 IJ 
~ -

J!... L .1.__ 

' 

J /~· .L- - > ~ ~~ , ---<t 12JII 
JQ__ 

L L .!]_ ..§._ 'J._ 

8ud no lUI 

4 

~ 

....L 

Pnc. 4 , B a K y yM Hblil aaon . 1-ueHT panh Hbli! npoBOilHHK p e a oaa T o pa, 2 -aa p ylKHbl il 

npOBO!lHl1l< pe30HBTOpa , 3-UeHT p BTibHblil Ti p OBO!lHHK BBOAB, 4-npOTHBOp a3pHA

Hbl il 3Kp8H pe30H8 T Opa , 5-aapy M< Hblil npOBO!lHHK BBOAB , 6 -Ull n HH!lpH't8CKH ll 

aneKT pOA, 7 -BBKyyMHblil H30nHT Op , 8 - Ka6enh TI O!lBOilKH HBTipHlKeHHH CMe me

HHH , 9 - H30n<lTOpbi aneKTpOilB , 10 ,1 6 ,17-BBKYYMHOe ynnOTH8 HHe, 11-<Pnaae!l 

pe30HBT Op8 , 12 - neTnH CBH3 H, 13-BBKYYM HBH KBM e pa CHHXpO<\JB30T pOHB , 

14-<jJnaaeu KaMepbi , 15-n p HlKHMI!Oe KOnhuo . 

1 2 

Pnc. 5, Peao a a Top BHYTPH KaMep bi cnaxpo<\la s oTpoaa. 
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