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BBE,lIEHHE 

HaCTOR~aR pa60Ta RBnReTCR npOAOn*eHHeM 4HKna pa60T, nOCaR
~eHH~X OnHCaHH~ pa~pa6aT~aaeMoro a flRn OH~H KOMnneKca nporpaMM 
"LU.1KJlOTPOH"/1I, npeAHa3Ha4eHHoro AnR MOAemtpOaaHHR YCKopHTel1ei1 
4HKnOTpOHHoro THna. B KOMnneKC aXOART nporpaMM~ no paC4eTY 
MarHHTHoi1 CHCTeM~ (MAGNET), YCKopR~ero B4-nonR (RF), AHHaMH
KH ny4Ka (BEAM), a TaK*e nporpaMM~ ynpaaneHHR pe*HMaMH C4eT~ 
H npeACTaaneHHR AaHH~x a rpa~H4ecKoi1 ~pMe (PERCYC). 

CTpYKTypa H ~YHK4HOHHpoaaHHe nporpaMMHoro 06ecne4eHHR aaTO
MaTH3HpoaaHHoi1 CHCTeM~ PERCYC AnR 3aAa4H CHHTe3a MarHHTHoi1 
CHCTeM~ LlHKnoTpoHa (MAGNET) paccMaTpHaanHcb a 11.21 • ,lIaHHaR pa
60Ta nocaR~eHa onHcaHH~ annapaTH~x H nporpaMMH~X cpeAcTa AnR 
pac4eTa AHHaMHKH nY4Ka 4HKnOTpoHa. 

onHCAHHE KOMnnEKCA 

CXeMa nporpaMM npeAcTaaneHa Ha pHc.l. OCHoay 6noKa BEAM co
CTaanR~T nporpaMM~, npeACTaaneHH~e A.Wa6epoM (rAHHn)/3/, a TaK
*e nporpaM~, nOArOTOBneHH~e a flRn O~H. Hx ~YHK4HoHanbHoe Ha
3Ha4eHHe COCTOHT a cneAy~eM: 
LONMOT - MOAenHpOBaHHe npOAonbHoro ABH*eHHR 4acTH4; 
ISO - onpeAeneHHe cpeAHero no a3HMYTY H30xpOHHoro nonR npH 

3aAaHHoi1 BapHaLlHH MarHHTHoro nonR; 
CYCGA - onpeAeJ1eHHe 4aCTOT 06pa~eHHR H cBo60AH~X Kone6aHHi1 

Ha 3aMKHyT~x paBHoBecH~x op6HTax; 
LIBCYC - o~aR 6H6nHoTeKa nOA"porpaMM AnR ISO H CYCGA; 
ANJO - MOAeJ1HpOBaHHe ABH*eHHR OAHOH 4acTH4~ a MeAHaHHoH 

JOAN 
nnocKocTH; 

- pac4eT ABH*eHHR ny4Ka B MeAHaHHOH nnOCKOCTH C Y4eToM 
npocTpaHcTBeHHoro 3apRAa; 

NAJO - nporpaMMa AnR HccneAoBaHHR ABH*eHHR nY4Ka B weCTHMep
HOM ~a30BOM 06DeMe c Y4eTOM npOCTpaHCTBeHHoro 3apRAa; 

COMMUN - o~aR 6H6nHOTeKa nOAnporpaMM AnR Bcei1 CHCTeM~ BEAM. 
nporpaMM~ NAJO, JOAN, ANJO H COMMUNI npeAocTaBneHH~e(rAHHn~ 

aAanTHpoBaHw Ha CDC-6500. OCTanbHwe nporpaMMW nOArOToaneHW 
cne4HanbHO AnR 6noKa BEAM. 

AHanH3 pe3ynbTaToa H nOArOTOBKa HCXOAH~X AaHHWX npOBOARTCR 
npH nOMOUIH aaToMaTH,'1poP2""of. C',lEi!'iJ 

"VEfi;-';~:~ -,~ 
~ERCYC,pa3pa60TaHHoH Ha 

0'-:"31;1:1 :1 ,;.~j~:';£;::!!lm:.' 
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Pravets-16 

COC-6500 

LaCYCCOIVM..N 

JOAN 
Ni\.JO 

PHc.I. CXeMa npOrpaMM,qnR MO,qenHpOBaHMH AHHaMHKH nyqKa 
IJ,HKnO TpOHa. 

fia3e n3BM InpaBe~-16". n3BM ~MeeT cne,qYlOlql1e TeXHIo14eCK~e XapaK
Tep~CT~KI1 : 

- naMRTb 512 KfiaHT; 
- TBepAblH ,qI1CK nma "WINCHESTER" 20 Mfiai:1T; 
- rlo1fiKIo1i:1 ,qIo1CK 360 KfiaHT; 
- MaTpI14HaR ne4aTb Tl1na PRT-BOGS. no,qKn~4eHHaR 4epe3 napan

nenbH~H nopT K n3BM; 
- nocne,qoBaTenbHwH nopT (CKOpOCTb 4800 fio,q) ,tInR no,qKn~4eHI1R 

K CeTIo1 JINET; 
- ~BeTHOH ,qI1CnneH Tl1na CMM-l-RPSN; 
- Konpo~eccop INTEL-BOB7; 
n3BM IInpaBe~-l 6II 4epe3 nOKanbHyK) ceTb JINET 

141 
no,qKn~4eHa 

K 3BM CDC-6500. 
nporpaMMHoe 06ecne4eHIo1e PERCYC ycnoBHo Mo*eT fiWTb paa,qeneHO 

Ha ,qBe 4aCTIo1: 
- npenpo~eccop - no,qrOTOBKa I1CXO,qHWX ,qaHH~X ,tinA C4eTa Ha 

CDC-6500; 
- nOCTnpo~eccop - ofipafioTKa OUTPUT-¢ai:1noB B ~opMaTe ASCII. 
rpa~4ecKaR CI1CTeMa, KOTopaR I1cnonb3yeTcR KaK ,tInR npenpo

~eccopa. TaK 11 ,qnR nOCTnpo~eccopa, co,qep*I1T, nOMI1MO paHee onl1
caHHblX B/21 finoKoB, BHOBb c03,qaHHyK) nporpaMMY PLOT, a TaK*e 

CTaH,qapTH~i:1 naKeT STATGRAPHICS /6/ 
• nporpaMMa PLOT, Hanlo1caHHaR 

Ha R3WKe TURBO-PASCAL, n03BonReT o,qHoBpeMeHHo ofipafiaTwBaTb 
HeCKonbKO ~ai:1noB, Ka*,q~i:1 113 KOTOp~X co,qep~I1T Io1H~pMa~l1~ B BI1
,qe Tafinl1~. ~HTepnpeTa~I1R Tafinlo1~ oc~eCTBnReTCR B Tpex pe~Io1Max: 

- nOCTpOeHl1e o,qHoro I1nl1 HeCKOnbKI1X rpa~I1KOB. B Ka4eCTBe ap
rYMeHTa I1nlo1 ~YHK~~11 Mo~eT 6~Tb I1CnOnbaOBaH n~oi:1 1013 cTonfi~OB 

Tafinl14b1 ; 
- nOCTpOeHl1e o,qHOMepHWX rl1CTOrpaMM ,qnR n~6oro 1013 cTonfi~OB; 

- pe~I1M "~a30Boro npOCTpaHCTBa", r,qe Koop,qIo1HaTbl (x, y) l1a 
,qBYX n~6wx cTonfi~OB l1ao6pa~a~TCR B BI1,qe T04eK Ha rpa~Io1Ke. 

PaaMepbl CTaH,qapTHoi:1 Ta6n114b1 OrpaHI14eHbi 3Ha4eHI1RMIo1 (20 x 
1000), 4TO onpe,qenReTcR TeXHI14eCKI1MIo1 xapaKTepl1CTIo1KaMIo1 KOMnneK
ca, npl1Be,qeHHblMIo1 BI,MWe. Pa60Ta C nporpaMMoi:1 PLOT ()cy~ecTBnReTcR 
npl1 nOM~101 MHorOOKOHHoro MeH~, 4TO 3Ha411TenbHO ofiner4aeT Baalo1
Mo,qeHCTBl1e nonb30B~TenR C n3BM. 

CTaH,qapTHblH naKeT STATGRAPHICS Io1cnonb3yeTcR ,qnA MaTeMaTIo1~ 

4ecKoH ofipafioTKI1 ,qaHHblx 11 npe,qcTaBneHI1R peaynbTaToB B BIo1,qe 
TpexMepHwx rpa~1014eCKI1X Ofil>eKToB. nO,qroToBKa I1CXOAHblX ,qaHHbIX 
/npenpo~eccop/ npoBo,qI1TCR Ha OCHOBe ynpaBnReMoi:1 6aaw ,qaHHbIX 
DBASEIllplus /61 C I1CnOnbaOBaHl1eM BoaMo~HocTei:1 rpa~1014ecKoi:1 CI1
CTeMbi. B fia3e ,qaHHblx co,qep~Io1TcR Onl1CaHl1e o,qHoro Io1nl1 HeCKOnbKI1X 
06l>eKToB. no,q Ofil>eKTOM nOHI1MaeTCR cOBoKynHocTb napaMeTpoB yc
KOpl1TenbHOH YCTaHoBKIo1, ,qocTaTo4Ho nonHaR ,tInR npoBe,qeHI1R 4101C
neHHoro Mo,qenl1pOBaHI1R MarHIo1THoi:1 CI1CTeMW, ,qI1HaMI1KIo1 nY4Ka, B4~ 

CI1CTeMbi 11 T.,q. ~cnonbaoBaHlo1e fia3w ,qaHHblX n03BOnReT npoBo,qIo1Tb 
npeofipaaoBaHlo1e napaMeTpoB B ~OPMY INPUT-¢ai:1noB ,qnR COOT BeT
CTB~I1X paC4eTOB Ha CDC-6500. nplo1 3TOM oc~eCTBnR~TCR KOHT
ponb 11 Heofixo,qIo1MaR Mo,qIo1~Ka~I1R I1H~pMa411101. 

OfiMeH INPUT- 11 OUTPUT-~aHnaMIo1 Me~,qy n3BM 101 CDc-6S00 np0lo13
BO,qI1TCR C nOMO~b~ nporpaMMbI PROCOMM / 7/. 

MO~EflHPOBAHHE ~~HAM~KH nY4KA 

PaapafiOTaHHblH KOMnneKC fiwn Io1cnonbaOBaH ,tInR paC4eTa ,qIo1HaMI1KI1 
ny4Ka ,qeHTpoHHoro pa,ql1anbHO-ceKTopHoro ~I1KnoTPoHa'~U-1/81 • 
Mo,qenlo1pOBaHlo1e npoBo,qlo1nocb B HeCKonbKO 3TanOB. Ha nepBOM 3Tane 
~nonHRnCR paC4eT xapaKTeplo1CTI1K 3aMKHyTwx Opfilo1T /cTaTI14ecKI1i:1 
cnY4ai:1/. Ha BTOPOM - paC4eT ~eHTpanbHoH TpaeKTOp1011o1 nY4Ka C 
Y4eToM Ha60pa 3Heprlo1lo1, 101 Ha TpeTbeM - onpeAeneHlo1e xapaKTepl1C
TI1K nY4Ka B ~enOM OT I1H~eK~1111 ,qo KOHe4HWX pa,tll1YCOB. 

Hcxo,qHble AaHHwe ,qnA paC4eTOB no napaMeTpaM nY4Ka, B4-cI1CTe
MbI,MarHI1THOH CI1CTeMbi ~U-l npl1Be,qeHbI B Tafinlo14e. nplo1 3TOM Io1cnonb
30Banlo1Cb pafiOTbI 18.91 ~ nocne,qylOU\lo1e YT04HeHI1R. MarHIo1THoe nonef10l 

aa,qaBanOCb B BIo1,qe KapTbI B nonRpHOH CI1CTeMe Koop,qIo1HaT C warOM 
3 CM no pa,qI1Ycy ~ 0,5 rpa,q. no aaIo1MYTY. 
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TaonH~a 

llapaMeTphl llU-I, HCnOnbsyeMhle AnH MOAenHpOBaHHfl. dl,d2 : 
AenhTa-3 neK TPOAhl; FT : flat-top - pe30HaTOp 

napaMeTpbl 

YCKopfleMafl 4aCTH~a 

4aCTOTa 06pa~eHHfI 4aCTH~ (Mr~) 

aHeprHfI HH*eK~HH (M3B/HYKnOH) 

KOHe4Hafl 3HeprHfI (M3B/HYKnOH) 

PaAHYC HH*eK~HH (M) 
(IAOnHHa" Me*AY MarHHTaMH) 

PaAHanbHblH ~MHTTaHC 
(nH' MM .MpaA) 

npoAOnbHblH ~MHTTaHC 
(nH·rpaA·npOMHnne) 

BepTHKanbHblH 3MHTTaHC 
(nH.MM·MpaA) 

rapMOHHKa B4 _ dl, d2 
FT 

4aCTOTa (Mr~) _ dl, d2 
FT 

Hanpfl*eHHe (KB)- dl, d2 
FT 

dl, d2
cl>a3a (rpaA.) FT 

A3HMYTanbHoe nono*eHHe 
pe30HaTOpOB (rpaA.) 

dl 
d2 
FT 

npoeKTHbie 
3Ha4eHHfI 

+1
D2 

12,375 

7,5 
45""50 

BseAeHbI B AaHHOH 
pa60Te 

0,42315 

5 MM • 6 MpaA = 30 

13 rpaA 5 npOMHnne = 65 

5 MM • 4,8 MpaA = 24 

6 

74,25 

300 

12 

148,5 

410 
210 

o 
92,2 

90 
270 
180 

YrnOBoe paCCTOflHHe Me*AY dl,d2 20 
cepeAHHaMH YCKOPfl~HX 
3a30pOB pe30HaTopa (rpaA.)?T 

~COTa yCKopfI~ero 

3a30pa (CM) 
dl , d2 
FT 

YrnOBOH pa3Mep YCKOPfl~- dl,d2 
~ero 3a30pa (rpaA.) FT 

10 

4 
2 

4 
2 
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R (m) 

PHc.2. llpo~ecc nonyqeHHfl H30xpOHHOrO nOnfl. 

'T- . I Jmml::: 

1,25 

1,2 
N 

0 


ri 
0 


1,15 


I,ll "cLJ" 

II 1I 1.2I 1.4..I I .8 )
1,05 .• RAVE (m 

PHc.3. l.!ac TOThl CBOOOAHblX KoneoaHHH. 
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-20~1------~------~--------~------+-----~ 
o fO 20 30 40 

we (Mev/A) 

!'He. 4. 3aBHCHMOCTb <l>a3bl IrpaA. I u;eHTpaJIbHOH 
'4:aCTHIJ;b1 OT ::meprHH (M3B/HYKJIOH) no OTHomeHHIO 
K YCKopHIO~eMY nOJIIO. 

~ 

YT04HeHHe cpeAHero no aaHMyTY nOJIR H npHBeAeHHe ero K Haox
POHHOMY npH aaAaHHOM $JIaTTepe B~nOJIHRJIOCb npH nOMO~H nporpaMM~ 
ISO. ~a pHc.2 BHAHO, 4TO aa 4 HTepa~HH YAaeTCR nOJIY4HTb nOCTO
RHHYO 4aCTOTY o6pa~eHHR Ha aaMKHYT~X paBHOBeCH~X op6HTax. 

AnR nOJIY4eHHoro nOJIR Ha pHc.3 npHBeAeH~ AHHaMH4eCKHe xapaK
TepHCTHKH Op6HT. nOBeAeHHe $aabl ~eHTpa nY4Ka nOKaaaHO Ha pHc.4. 

~a pHc.5 BHAHO, 4TO aMnJIHTYAa KorepeTH~X paAHaJIbH~X KOJIe
6aHHH nY4Ka npH HaJIH4HH FT-peaOHaTopa AOCTHraeT 1,5 CM. 3TO 
06cToRTeJIbcTBo nOaBOJIReT B~CKaaaTb npeAnOJIo*eHHe 0 BoaMO*HO
CTH B~BoAa nY4Ka Ha YCKopHTeJIR 6ea HCKa*eHHR paAHaJIbHOrO 3MHT
TaHca, HCnOJIbaYR paaAeJIeHHe coceAHHx Op6HT, BoaHHKa~ee aa 
C4eT KorepeHTH~x paAHaJIbH~X KOJIe6aHHH nY4Ka npH HaJIH4HH FT-pe
aOHaTopa 111< 

Ha pHc.6 nOKa3aHO AeHCTBHe "npOAOJIbHOro" npOCTpaHCTBeHHOrO 
3apRAa Ha 3HepreTH4eCKHH paa6poc B nY4Ke. OCHOBHOH 3$$eKT 
"npOAOJIbHOro" npOCTpaHCTBeHHoro aapRAa npORBJIReT ce6R B AHana
30He 7.5-20 M3B/HYKJIOH /12/ • B AaJIbHeHWeM Ha6JIOAaeTCR HeKOTopoe 
YMeHbWeHHe 3HepreTH4eCKoro paa6poca B nY4Ke /131 • 
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we (Mev/A) 
6/ 

PRe.5. PaccToHHHe (M) Me~y eOeeJ1,HHMH op6HTaMH 

B 3aBHCHMOCTH OT 3HeprHH (M3B/HYKITOH) al 6e3 

FT-pe30HaTopa, 61 e FT-pe30HaTopoM. 
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0~1------~------4-------+-------~----~ 
o 10 20 30 40 50 

we (Mev/A) 

PHc.6. 3aBHCHMOCTb 9HepreTHQeCKOrO pa90pOCa 
B nyqKe (npOMHnne) B npOUecce YCKOpeHHR OT 
HaQanbHOH AO KOHeQHOH 9HeprHH (M3B/HYKnOH) 
AnR 1=0 MA H 1=8 MA. 

150 

Q? 
:: 100 I 
E 
<II 

•Q.. 

E 
E•:e 
:i 50 1 
UJ 

1=8MA 

I til II 1 

0~1--~--~------+-------~-----4------~ 
o 10 20 30 40 50 

we (Mev/A) 

PHc.7. ITpOAOnhHbru 9MHTTaHC nyqKa (nH.MM' 
npOMHnne) B 3aBHCHMOCTH OT 9HeprHH 
(M9B/HYKnOH) AflR 1=0 MA H 1=8 MA. 
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E 
E• 
~ 

~ 30 1 "II' w 

0+1--------~------·~------~~------~------~ 
o 10 20 30 40 

we (Mev/A) 

PHC.S. 3~eKTHBHhlH paAHanhHhlH 9MHTTaHC 
nyqKa (nH·MM·MpaA) B 9aBHCHMOCTH or 9HeprHH 
(M9B/HYKnOH) AnR 1=0 MA H 1=8 MA. 

50 

Ha p~c.7 ~ 8 OTMe4eHO BnHRHHe npOCTpaHCTBeHHoro aapRAa Ha 
npoAonbH~H 3MHTTaHC 101 Ha 3~eKTHBH~H pa~anbH~H 3MHTTaHC 
(06"beAHHeHHe 3MHTTaHCOB AnR Bcex 3HeprHi1B nY4Ke). 

Ha pHc.9a AaH~ nono~eHHR Op6HT Ha $a30Boi1 nnOCKOCTH npo
AonbHoro ABH~eHHR. 

nOCKonbKY perHCTpa14HR 4aCTH14 npOBoAHnaCb C nOMO~blO II np03 
pa4Horo" np06HHKa, YCTaHOBneHHoro Ha onpeAeneHHOM paAHyce, 
OKa3anaCb npony~eHHoi1 OAHa 1013 Op6HT C 3HeprHei1 npHMepHO 
46,2 M3B/HYKnoH. Ha pHC. 96 BHAH~ xapaKTepH~e 113aBIo1xpeHIo1RII nOA 
B03Ael1cTBHeM npOCTpaHCTBeHHoro 3apRAa 112.131 • 

KaK BHAHO H3 plo1c.10, no Mepe YBenH4eHHR HHTeHCHBHOCTH nY4Ka 
Ha4HHaeTCR nepeMeWHBaHHe no 3Heprlo1101 H B npOCTpaHCTBe coceAHlo1x 
Op6Io1T. 

TaKHM 06pa30M, C03AaHH~i1 KOMnneKC n03BonReT onepaTIo1BHO H 
C B~COKOi1 3~eKTHBHOCTblO npOBO~Tb aHanlo13 AHHaMHKH nY4Ka ~HK
nOTpOHa. 

B pe3ynbTaTe npOBeAeHHoro MOAenHpOBaHHR AnR AU-l nonY4eHa 
HH¢QPMa14HR 0 nOBeAeHHH 3apR~eHH~x 4aCTH14 C Y4eTOM npOCTpaH
CTBeHHoro 3apRAa nY4Ka. 
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PHc.9. rrono~eHHe Op5HT B5nH9H KOHeQHOH 3Hep
 PHc.IO. rrono~eHHe Op5HT Ha ~a90BOH nnOCKOCTH: 
rHH Ha ~a90BOH nnOCKOCTH(~(rpag.), W(M3B/HyKnoH) al npogonbHoro gBHXeHHR gnR 1=8 MA; 51 none
al 1=0 MA, 51 1=1,6 MA. peQHOrO gBH~eHHR 1=8 MA. 
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AeTop~ 6naroAapH~ npo~eccopy B.n.AMHTpHeecKoMY 3a nOCToAH
HOe 	 eHHMaH~e K pa60Te, nnoAoTeopHoe 06C~AeHHe H HeH3MeHHYD 
nOAAep~KY· 
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sapo.~o. C.S., KanMHKMHa M.6., CaeHKo B.A. P9-88-ifI6 
I KoMnneKc annapaTHbIX H nporpaMMHblX cpe,Ac"!a 
lAnR aHanH3a AHHaMHKH nY~Ka ~HKnOTbOHa 
I 

B OCHOBY C03AaHHoro KOHnneKca AnA ilHanH3a AHHaMHKM n~Ka ~HKnOTpOHa nono
*eH~ CM~TeMa nporpaMM IrAHMnl '2 , a Ta~e APyrHx nporpaMM, nOAroToaneHHbIX 
8 mn OMflM. KOHnneKC nOCTpoeH Ha 6a3e n3BH "npaae~- I 6", nO,AKIllO'4eHHoM ~epea 
JIOKaJ1lloH)'II ceTb J I NET K COC-6500. YnpaaneHHe c~eTOM H oopa60TKa pe3ynbTaToa 
OCYllecTBMIOTCJl C n3S,.. npH nOMOII\H 6aabl ,AaH_X. npMMeHeHHe C03,AaHHOM cHcTe...... 
noall!O:III'IeT onepaTHBHo BWnonHRTb pac~eT 3aNKH)'T1oIX Op6HT. ~aCTOT c1lO6o,A_x KO

ne5aHHM, ~HcneHHOe onpeAeneHHe HsoxpoHHOro nonR npH aa,AaHHOM $naTTepe. pac~eT 
l4eHT~ Tpae.J<TopHH ny~Ka, HOAeJ'IHp08aTb npo8QAKY ny~Ka OT Ha~anb_X PP KO
He~x paAHycoB C Y4eTOM H 6es y~eTa 3~KTa npocTpaHCTBeHHOrO sapRAa. 

Pa60Ta BbillOIllieHa B fla6opaToPMH RAepHblX np06ne.o OMflM. 

Coo6ntt!lllHe O61.eJ1llH_oro IIlIcnnyra JI,IIepilJla, HCCJJeAoBIIIIIA. Jly&Ia 1988 

nepeaoA O.C.8HHOrpappBoM 

Vorozhtsov S.B., Kalinkina H.B., Saenko V.A. P9-88-"16 
Ha,rdware and Software Compl ex for Cyclotron Beam 
Oynamlcs Simulation 

The main part of the considered complex for cyclotron beam dynamics simu
lation Is the system of programs provIded by courtesy of A.Chebert IGANILI!I~ 
and also the programs written at the Laboratory of Nuclear Problems, JINR. 
for the beam dynamics slmulat Ion the "Pravets-16" personal cOlllputer connected 
to CDC-6500 host computer through JINET local net Is used. Implementation of 
this system allowed one to carry out the calculatIons of eQuilibrium orbit, 
betatron frequencies, Isochronous field under the given flutter. central beam 
orbit, the beam transition from injection to extraction radiI with space 
charge effects included. 

The invest 'gat ion has been performed at the Laboratory of Nuclear 
Problems. JINR. 
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