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np~H~~n~anbHa~ CTPYKTypa YCKopR~~e~ B~COK04aCTOTHO~ C~CTeM~ 

~~KnOTpOHa Y-400M npeACTaBneHa B pa6oTe/ 1/ . C~CTeMa COCTO~T 
~3 4eT~pex 45-rpaAYCH~X AyaHToB, pacnonomeHH~X B 4eT~pex Aon~

Hax ~~KnOTpOHa C MaKC~ManbHbIM~ HanpRmeH~RM~ Ha AyaHTax
 
AO 200 KB, B A~ana30He 4aCTOT 11 ,5-25 Mr~. PaC4eT ~ onT~M~3a


~~~ KamAO~ ~3 4eT~pex TaK~X HeOAHopOAH~X KoaKc~anbH~X n~H~~ 

npOBOA~n~Cb C ~cnonbi30BaH~eM nporpaMMbl "L i ne"/ 1l , KamAa~ ~3 
TaK~X C~CTeM n~TaeTC~ OT OTAenbHoro B4-reHepaTopa. Bce C~CTe
Mbl B4-n~TaH~R AonmHbl 6bITb C$73/,poBaHbl Me'mAY coõoü AnR o6ecne
4eH~~ CHHXpOHHOCT~ YCKopeHHR 3 . Ha pHc.l npeACTaBneHa CTPYK
Typa pe30HaHCHO~ KoaKc~anbHO~ n~H~~ YCKopR~~e~ C~CTeM~ Y-400M . 

/ AnR B036ymAeH~R YCKopR~~ero pe
./. ~ 30HaTopa paCCMaTp~BanOCb 2 T~na 

// CB~3~ C et>~AepOM: ~HAYKTHBHa~

~-':-;'-'-'-'-'-'-I /neTnR B036Ylf(AeH~R/CBR3bf ..	 ~ eMKOCTHaR CBP.3b. 
I
I '. I::	 I

I 
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I : i : ~ 
PHc.l. CTPYKTypa pe30HaHCHOH 

KoaKCHanhHOH nHHHH YCKopRID~eHi ~-~-
CHCTeMbI ~HKJ10TpOHa Y-400M. 

HHAYKTHBHA~ C8~3b 

nOCKonbKY BCR ~~n~HAP~4eCKaR 4acTb C~CTeM~ ~cnonb3yeTc~ 

AnR nepeCTpO~K~ pe30HaHCHO~ 4aCTOT~ nYTeM nepeMe~eH~~ 3aKopa
4~Ba~~e~ nnaCT~H~, TO 6~no peWeHO pa3MeCT~Tb 'netn~ B036ymAe
HH~ B nepeXOAHOM naTpy6Ke /1 I I 4aCTb, p~C. 1/. 8~6paHHoe ce4e
HHe onpeAen~no ~~ pac4eToB / 1/ 3aB~C~MOCTb 84-TOKa OT 4aCTOT~ 
/p~c.2/, a Ha p~c.3 npeACTaaneHa paC4eTHaR 3aB~C~MOCTb pac
ce~BaeMo~ MO~HOCTH B pe30HaTope. 

nno~aAb neTn~ CB~3~ B~4~cn~eTC~ no et>oPMyne/ 2/: 

~ (ITRHYTP. + ITBHemH)
SCOSa 

8n·cu.I 
~. ~ "'..,-.."',..~-~ ............... '---
OU;.... ~.".;'. ""L~~l !;lÍcn.~Y"f 4
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P.II. 
I.A 

»> 60 

4000 40 ~ 
1000 20 

1410 1. 22 2S f.Nru 10 14 111 21 26 f .Mru 

PHc.2. 3aBHCHMOCTb Bq-ToKa PHc.3. 3aBHCHMOCTb paCCeHBae
B CeqeHHH 111 /pHc.l/ OT pe MoA MOmHOCTH B pe30HaTOpe OT 
30HaHcHoA qacTdTw. pe30HaHCHOA qaCTOTW. 

rAe nBHYTp - nep~MeTp BHYTpeHHerO npOBOAH~Ka KOaKC~anbHO~ n~

H~~ B AaHHOM Ce4eH~~, nBHeillH - nep~MeTp BHeWHero npOBOAH~Ka 

KOaKC~anbHO~ n~H~~ B AaHHOM Ce4eH~~, W~-BOnHOBOe COnpOT~BneH~e 

H~e ~~Aepa, P - MO~HOCTb, paCCe~BaeMa~ B peSOHaTOpe, I - B4-TOK 
B AaHHOM Ce4eH~~, W - yrnoBa~ 4aCTOTa peSOHaTopa, a - yron no
BopOTa neTn~. 

Ha p~c.4 npeACTaBneHa saB~C~MO~Tb 3~~eKT~BHO~ nno~aA~ 
Scosa OT peSOHaHCHO~ 4aCTOTbl An~ HOM~HanbHO~ MO~HOCT~ /cnnow
Ha~ ~~H~~/ ~ MO~HOCT~, YBen~4eHHO~ B 1,5 pasa. B 3TOM cnY4ae 
npeAnaranaCb KOMneHca4~~ eMKoCTb~ ~HAYKT~BHOCT~ caMO~ neTn~ 

CB~S~ /p~c.5/. 
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PHc.5. 3aBHCHMOCTb eMKOCTH
 
KOMrreHca~HH OT pe30HaHCHoA
 ~ o , ,
qaCTOThI. 10 12 14 •16 1a 20 22 24 21 ~ru 

~ PHc.4. 3aBHCHMOCTb 3~~eKTHBHoA
 

" \ 
\ 

, rrnOmaAH rreTnH CBR3H Scosa
 
OT xac TOThI AnR HOMHHanbHoA
 

, MOmHOCTH /crrnOillHaR nHHHR/
 ",, -,, H MOmHOCTH, YBenHqeHHOA B 1,5 

' ....... pa3a /rrYHKTHp/. 
CK.n~.......................
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PHc.6. 3aBHcHMoCTb 3~eKTHB
HOH rrnOmaAH rreTnH CBR3H 
Scosa OT pe30HaHcHoA qaCTOTW,, rrpH KOMrreHca~HH HHAYKTHBHOCTH 

\ 
rreTnH paCCTpOHKOA pe30HaTopa\ , AnR HOMHHanbHoA MOmHOCTH, 
/crrnOillHaR nHHHR/ H MOmHOCTH,"" YBenHqeHHOH B 1,5 pa3a /rrYHK' ........
 
THP/. 

<,_------

PaCCMOTpeH TaK~e cnY4a~ 

KOMneHca4~~ ~HAYKT~BHOCT~ 

neTn~ CB~S~ paccTpo~KO~ pe
sOHaTopa. np~ 3TOM An~ o6ec

, • , , I • 

ne4eH~~ aKT~BHo~ HarpYSK~ ~~
12 14 16 18 20 22 24 26 f,Mru 

Aepa Tpe6yeTc~ HeKOTopoe YBe
n~4eH~e 3~~eKT~BHo~ nno~aA~ 

neTn~, KaK npeAcTaBneHo 
Ha p~c.6. 

EMKOCTHAll CB1l3b 

6~n TaK~e npOBeAeH paC4eT eMKocTHO~ CB~S~ ~~Aepa c Harpys
KO~. np~ 3TOM eMKOCTb pacnonaranaCb Me~AY non~COM MarH~Ta ~ ne
peXOAHblM naTpy6KOM, KaK noxaaaao Ha puc . 1 /4acTb 11/. 3aB~c~
MOCTb Hanp~meH~~ Ha AyaHTe B AaHHOM ce4eH~~ OT pesoHaHcHo~ 

4aCTOT~ npeACTaBneHa Ha p~c.7. 

YBen~4eH~e nOTpe6n~eMo~ MO~HOCT~ ~ YMeHbweH~e Hanp~~eH~~ 

Ha AyaHTe B AaHHOM ce4eH~~ c nOB~weH~eM 4aCTOT~ np~BoA~T K TO
MY, 4TO Ben~4~Ha Heo6xoA~MO~ eMKOCT~ CB~S~ cna60 saB~C~T OT 4a
CTOT~, KaK nOKasaHO Ha p~c.8, TaK 4TO MomHO ~cnonbSOBaTb Hene
peCTpa~BaeMY~ eMKOCTb CB~S~. 3TO YAo6HO B 3KcnnyaTa4~~. 

U'K8 

1110 

160 

140 

120 PHc.7. 3aBHCHMOCTb HarrpR~e
100 HHR Ha AyaHTe B CeqeHHH 11 

/pHc.l/ OT pe30HaHcHoA qaCTOTW. 
10 14 18 12 26 J.Mru 
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CCI,n, . PHC.S. 3aBHCHMOCTb eMKOCTH 

~ CBH3H OT qaCTOTbI nrta HOMH

HanbHOH MO~HOCTH /crrnOlliHaH, ~
 
" ~~ nHHHH/ H MO~HOCTH, YBenHqeH


'", ..........,.
......~-_ .. HOH B 1,5 pa3a /rrYHKTHp/ •
 

~ 
A f/f

j 
-2 

1.10 (
f=25 MrU 

r I' I 
24Mru 

23M rU ::..' 
22t-tru 

o , , 
21 Mru10 12 14 18 " 20 22 24 28 frNru 
20Mru 

,gMr U 
PHc.9. 3aBHCHMOCTb H3MeHeHHH ~ 

18H r U
 
pe30HaHCHOH qaCTOTW YCKOPHW- ,
 17HrU 

~eH CTpYKTYpW Y-400M OT H3 UHfLl
 

MeHeHHH TpHMMepOM BonHOBoro
 

conpOTHBneHHH YtIaCTKa 11
 
27,7 25.1 23.7 21,7/pHc.I/. '''7 lo.OM 

noaeTPO~KA PE30HAHCHO~ 4ACtOTW 

HeCTa6~nbHOCTb pe30HaHCHO~ 4aCTOT~ YCKop~~~e~ C~CTeM~ ~ no
BTop~eMOCTb HaCTpO~t<~ on peAen~IOTC~: 

ai TeMnepaTYPHO~ HeCTa6~nbHOCTb~ KOHCTPYK~~~ pe30HaHCHO~ 

C~CTeM~ BcneACTB~e ~3MeHeH~~ TeMnepaTYP~ oxna*AalO~e~ BOA~ 

100e.H~ HeCTa6~nbHOCTb 4aCTOT~ no 3TO~ np~4~He Mo~eT COCTaB
-l+

n~Tb Ben~4~HY OKono 5·10 ; 
I

61 HenOBTop~eMOCTblO YCTaHOBK~ BHYTpeHHero 3neKTpOAa IAyaH
Tal, KOTopa~ Mo*eT B~3~BaTb HenOBTop~eMOCTb YCTaHOBK~ 4aCTOT~ t
TaK*e Ha YPOBHe 5·1à-~;
 

BI HenOBTop~eMOCTblO YCTaHOBK~ ~ Ae$OpMa~~e~ OCHoBHoro 3ne
i;l 
MeHTa HaCTpO~K~ - 3aKopa4~BalO~e~ nnaCT~Hbl, np~BOA~~e~ K He

~.nOBTop~eMOCT~ YCTaHOBK~ 4aCTOT~ Ha YPoBHe 2.10- 3 
•
 

TaK~M o6pa30M, HeTo4HOCTb YCTaHoBK~ pe30HaHcHo~ 4aCTOT~
 
-3 

np~ ee HaCTpO~Ke HaxoA~TC~ Ha ypOBHe 3·10 ,4TO Aon*HO 6~Tb
 

Ct<OMneHc~poaaHO 3neMeHTaM~ nOAcTpo~K~ - Tp~MMepaM~. ~cnonb30


BaH~~ An~ 3T~X ~ene~ ~3MeHeH~~ BonHOBoro conpOT~BneH~~ Tp~M


MepOM B nepexoAHo~ 4aCT~ I I n~H~~. Me*AY AyaHToM ~ ~~n~HAP~


4ecKo~ 4aCTblO He3~~eKT~BHo, TaK KaK np~ ~3MeHeH~~ nono*eH~~
 

3aKopa4~BalO~e~ nnaCT~H~, T.e. np~ ~3MeHeH~~ 4aCTOT~, xapaK . 

4 

.2 
.1.10 

Tep Ae~cTB~~ Tp~MMepa MeH~etc~ c eMKOCTHoro Ha ~HAYKT~BH~~,
 

TaK 4TO np~ 4aCTOTe OKono 22 Mr~ Tp~MMep He Ae~cTByeT, KaK no

Ka3aHO Ha p~c.9. 3TO nOATaep*AaeTC~ paC4eTaM~ no nporpaMMe
 
"L i ne!' ~ onblTaM~ Ha MOAen~ peaouaucuoã C~CTeMbl Y-400M.
 

Ha~6onee onT~ManbH~M ~Bn~nOCb 6~ ~cnonb30BaH~e ~3MeHeH~~ 

060eMa ~HAYKT~BHO~ 4aCT~ n~H~~, T.e. ~cnonb30BaH~e B Ka4eCTBe
 
Tp~MMepa 4aCT~ 3aKopa4~BalO~e~ nnaCT~H~. TaK~M o6pa30M, ecn~
 

nno~aAb Tp~MMepa COCTaBn~neT 1/10 OT nno~aA~ 3aKopa4~BalO~e~ 

nnaCT~H~, TO ero XOA Aon*eH COCTaBn~Tb 10-15 CM An~ nepet<p~

T~~ o~e~ HecTa6~nb HOCT~ ~ HenoBTop~eMócT~ 4aCTOTbl peaouaropa. 
nOCKonbKY Ao6pOTHOCTb pe30HaHcHo~ n~H~~ ~~KnOTpOHa Y-400M AO
CT~raeT Ben~4~H~ 10000, a w~p~Ha pe30HaHcHo~ nonoc~ 10-Q 

, 

TO T04'HOCT b YCTaHOBK~ Tp~MMepa 0,3 MM o õecne-urr HacTpo~KY c ~a
30B~M CAB~rOM He xy*e 100 

, 4TO AOCTaT04HO An~ pe*~Ma rpy6o~ 
onepa r aaaoji HacTpo~K~. 3TO oõe cne-u-aaer T04HOCTb 4acToTHo~ 

HacTpo~K~ ~a ypoBHe 10-5. C~cTeMa ~OHKO~ HaCTpO~K~ 4aCTOT~ pe
30HaTopa Aon*Ha o6ecne4~BaTb ~a30BYIO T04HOCTb He xy*e 1o , 4TO 
Tpe6yeTc~ An~ onT~ManbHoro pe~~Ma YCKopeH~~, np~ nonHOM ~a30
BOM yrne He MeHee 10° An~ o6ecne4eH~~ nepeXBaTa A~ana~oHa rpy
6oro Tp~MMepa. 3TO 03Ha4aeT o6ecne4eH~e 4acToTHo~ T04HOCT~ 

Ha YPOBHe 10- 6 
• C 3TO~ uens o 6bln~ npoaeneuu pacveru TaKO~ 4a

CTOTHO~ ~ ~a30BO~ TOHKO~ HaCTpO~K~ c nOMO~blO nOBopOTHO~ KO
pOTK03aMKHYTO~ neTn~~ Ha p~c.l0 np~BeAeHa 3aB~C~MOCTb OTHOC~

TenbHO~ 4aCTOTHO~ paCCipO~K~ TaKO~ np~MoyronbHo~ neTne~ nno
~aAblO 200x250 MM2

H A~aMeTpOM npOBOAH~Ka 20 MM, CMOHT~pOBaH

HO~ Ha 3aKopa4~BalO~e~ nnaCT~He. B ~CXOAHOM nono*eH~~ neTnR' 
pacnonaraeTC~ nOA yrnoM 45 0 K n~H~~M MarH~THoro non~ An~ o6ec

ne4eH~~ C~MMeTp~~ HacTpo~K~ 

~ B A~ana30He 4aCTOT 11,5
25 Mr~ oua oõecne-uraaer!:J.f/f 

.4 A~ana30H nOAcTpo~K~ 14-12/x
-4 'o6.10 

x 1O np~ nOBopOTe Ha 90 • 
Ha pac , '11 npencraaneaa $a30aa~_ 4 

4.10 
xapaKTep~cT~Ka HacTpo~K~ c no
MO~blO TaKo~ neTn~, ~3 KOToporo

.4 
2.10 

B~AHO, 4TO' 'An ~ oõecneveuaa 
~a30Bo~ HacTpo~t<~ c T04HOCTblO 

.0 "[,,,...,c 
.4 

.1.10 

-4 
.4.10. PHc.IO. 3aBHCHMOCTb aTHocH~ 

TenbHOH qaCTOTHOH paccTpoHKH 
_4 

_'.10 KOpOTK03aMKHYToH neTITH OT ee 
yrna nOBopOTa. 

5 ! 



li 
;1 
• I\ I: 3. Bieth C. et alo GANlL, BP 5027-14021, Caen, France.~ PHc.ll. ~a30BaR XapaKTepHCTH

4. oeno~epKoBcK~~ f. o. OCHOBbl paA~oTexH~K~, M., IICoBeTcKoe 
lIO' ~ 26W-U ~ xa HaCTpOHKH CHC'I'eMbI c no


paA~d', 1968.

MO~hID KOpOTK03aMKHYTOH rreTnH. 

PHc.12.3KcnepHMeHTaIThHaH
&0 

/rrYHKTHp/ H paCqeTHaR /crrnom

HaR nHHHR/ 3aBHCHMOCTH pac

CTPOHKH OT qaCTOTW MogenhHo
30 

ro pe30HaTOpa C rrOMO~hID KO

pOTK03aMKHYTOH rrOBOpOTHOH il' 
rreTnH. 

~ 
45 110 .i.,,~ 

bof ~ 
Krll I 

/' I 
", 

i-30 
", 

",30 I 

","" 
", 

'"'" 
... ",'"
 

", "" '"
 
20_ 60 

~ 

10 

_91J 

12 14 11 18 20' 22 24 26 t,Mrll 

1° Tpe6yeMa~ T04HOCTb YCTaHOB
K~ yrnoBoro nono~eH~~ neTn~ 

COCTaBn~eT 0,1°, 4TO BnonHe 
pean~3yeMo c np~MeHeH~eM np~BOAa Ha OCHOBe warOBoro AB~raTen~. 

np~ yrne YCTaHOBK~ neTn~ 30° ~n~ 60° Heo6xoA~Ma~ yrnoBa~ T04
HOCTb COCTaBn~eT y~e OKono 1°. 

YBen~4eH~e A~aMeTpa npOBOAH~Ka neTn~ c 20 AO 40 MM B 1,5 pa
sa YBen~4~BaeT 4aCTOTH~~ A~anaSOH nOAcTpo~K~. 

npoBepKa nOAcTpo~K~ 4aCTOT~ peSOHaTopa c nOMO~b~ nOBopoTHO~ 

KOpoTKo3aMKHYTo~ neTn~ 6~na npOBeAeHa 3Kcnep~MeHTanbHO Ha MO
AenbHOM nepeCTpa~BaeMOM eMKOCTb~ 4eTBepTbBonHOBOM KoaKc~anbHOM 

peSOHaTope. 3Kcnep~MeHTanbHa~ ~ paC4eTHa~ saB~C~MOCT~ OT 4aCTO
T~ paccTpo~K~ TaKoro pe30HaTopa B A~anaSOHe ,4aCTOT 12-26 Mf~ 

KOpoTKo3aMKHYTo~ neTne~ npeACTaBneH~ Ha p~c.12, ~S KOToporo 
MO~HO CAenaTb B~BOA O AOCTOBepHOCT~ np6BoA~M~X paC4eTOB. 

m-1l'EPATYPA 

1. fynb6eK~H f.f., ~BaHoB 3.n. O~R~, 9-87-495, Ay6Ha, 1987. 
2. npoeKTpoBaH~e paA~onepeAa~~~x YCTPO~CTB CB~ nOA peAaK~~e~ 

PYKon~Cb nocTyn~na 

11 aBrYCTa 
B ~sAaTenbcK~~ 

1987 rOAa. 
OTAen 

f: M. YTK~Ha. M. "Coaer cjcoe panuo'", 1979. 
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TEMATHqECKHE KATErOPHH llYBRHKAQHA 

OB~E~HHEHHOrO HHCTHTYTA ~EPHYX 

HCCRE~OBAHHA 

HH.QeKc TeMaTHKa 

1. 3KcnepHMeHTanbHaA ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaA ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaA HeHTPOHHaA ~H3HKa 

4. TeopeTH4ecKaA ~H3HKa HH3KHx 3HeprHH 

5. MaTeMaTHKa 

6. RAepHaA cneKTpocKOnHA H paAHOXHMHA 

]. $H3HKa TA*enwx HOHOB 

8. KpHoreHHKa 
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H no~CTpOHKa pesoHaHCHOH tiaCTOTbl 
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B nepBo:H t~acTH pa6oTbi npHBO~HTCH pesyJibTaTbi pact~~THoro 
HCCrre~oBaHHH H~YKTHBHOH H eMKOCTHOH CBH3H YCKOpHIO~eH CH
CTeMbl I..I;HKrroTpoHa Y-400M c BblCoKot~aCTOTHbiM reHepaTopoM. 
Bo BTopo:H t~aCTH npHBO~HTCH pesyrrbTaTbi 3KcnepHMeHTa.ribHoro 
H pactieTHOro HCCrre~oBaHHH llO~CTpOHKH pesoHaHCHOH tiaCTOTbl 
YCKOPHIO~e:H CHCTeMbl ~JIOTpoHa Y-400M C llOMO~biO nosopoTHOH 
KOPOTK03aMKHYTOH neTrrH. 

Pa6oTa BblnonHeHa B fla6opaTopHH ~epHblX peaKqHH ORHH. 
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Link with High Frequency Generator 
and Tuning of Resonance Frequency of U-400M 
Cyclotron Accelerating System 

The first part of the present paper contains the re
sults of calculations of inductive and capacity link of 
the U-400M cyclotron accelerating system with a high fre
quency generator. The second part contains the results 
of both experimental and theoretical investigations of 
the frequency turning of the U-400M cyclotron accelerating 
system using the tuning short coupling loop. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 
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