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BBE,QEHHE 

B HaCTORQee BpeMR ~30xpOHH~e 4~KnOTpOH~ RBnR~TCR Ha~6onee 

pacnpOCTpaHeHH~M~ 6a30B~M~ YCTaHOBKaM~ B ~~3~4eCK~X na6opaTO
p~RX ~ 4eHTpax no npO~3BOACTBY ~30TonOB. KaK npaB~no, ~30XPOH

H~e 4~KnOTpOHW ~cnonb3Y~TCR ~ AnR npOBeAeH~R 3Kcnep~MeHTanbH~X 

~ccneAOBaH~~ no RAepHO~ ~~3~Ke, ~ AnR w~pOKoro Kpyra np~KnaA
H~X 3aAa4. B CBR3~ C 3T~M npeACTaBnReT onpeAeneHH~~ ~HTepec 

paCCMOTpeTb B03MO~HOCT~ peweH~R np~KnaAHblX 3aAa4 CÓBMeCTHO 
c B~nonHeH~eM RAepHO~~3~4eCK~X ~ccneAOBaH~~. 3Ta npo6neMa 
B np~H4~ne pa3pew~Ma np~ OAHOBpeMeHHOM YCKopeH~~ B ~30XpOHHOM 

4~KnOTpOHe nono~~TenbH~X ~ OTp~4aTenbH~X ~OHOB OAHoro ~ Toro 
~e 3neMeHTa, Hanp~Mep npOTOHOB ~ H--~OHOB, Ae~TpOHOB ~ ,Q--~o

HOB ~ T.A. Ka~A~~ ~3 YCKopeHH~X nY4KOB B~BOA~TCR 3ateM ~3 Ka
Mep~ 4~KnOTpOHa B 3aAaHHOM HanpaBneH~~ ~ ~cnonb3yeTcR no Ha
3Ha4eH~~. TaK~M 06pa30M, CYQeCTBeHHO B03paCTaeT 3~~eKT~BHOCTb 

3KcnnyaTa4~~ 6a30BO~ YCKop~TenbHO~ YCTaHOBK~. 

B AaHHOM coo6QeH~~ np~BeAeH~ pe3ynbTaTw aHan~T~4eCK~X ~ 4~C

neHHblX ~ccneAOBaH~~ A~HaM~4eCK~X np04eCCOB np~ OAHOBpeMeHHOM 
YCKopeH~~ npOTOHOB ~ H--~OHOB B ~30XpOHHOM 4~KnOTpOHe. 4~cneH~ 

H~e paC4eT~ BwnonHeHW AnR ~30xpOHHoro 4~KnOTpOHa Y-120M, pa6o
Ta~Qero B HHCT~TYTe RAepHO~ ~~3~Ke 4CAH /r.P~e~, 4CCp//l/. 

1. ~A30BOE ,QBHmEHHE 

AHan~T~4eCKoe on~caH~e ~3MeHeH~R ~a3~ B~COK04aCTOTHoro Ha
npR~eH~R B MOMeHT npOXO~AeH~R ~OHOM cepeA~Hbl YCKopR~Qero 3a30
pa B 3aB~C~MOCT~ OT K~HeT~4ecKo~ 3Hepr~~ W6a3~PyeTcR Ha Bwpa
~eH~~ /2/ 

d <Il d <I> dW ~T.-=- -- = 277' q. -, /1/ 
dv dW <Iv To 

rne d~/dv - ~3MeHeH~e ~a3bl aa 060POT, q - «paruocr s YCKopeH~R, 
To - nep~oA o6paQeH~R ~OHa B ~30XpOHHOM MarH~THOM none, ~r 
OTKnOHeH~e nep~oAa o6paQeH~R ~OHa OT ~30xpoHHoro 3Ha4eH~R. 

Ecn~ MarH~THoe none 4~KnoTpoHa ~30XpOHHO AnR ~OHa c 3Hep
r~e~ nOKOR Eo ~ nep~oAoM o6paQeH~R To, TO napaMeTp ~30XpOHHO
ro nona r 0Cl = (C/277)' To.B 3TOM criyuae ~ <I> == O ~ ~a3a ~OHa B npo

uecce YCK0peH~R H~HRe.TCR:-:;.~~ «>... r ., b / b1>ti.w.' . .•••w~a ~ln\"l 3" 
I In~pnMl flCC~eIOaIN!&{ I 
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npeAnonom~M, 4TO 0AHOSpeMeHHO s ~~KnOTpOHe YCKOpReTCR ~OH 

c 3Hepr~e~ nOKOR E O + ~EO' nepuon 06patqeH~R KOTOpOrO TO + ~T. 
TorAa OTHOC~TenbHoe ~3MeHeH~e nep~OAa 06patqeH~R 3Toro ~OHa 

Ha 3aAaHHOM paA~yce on~c~saeTCR ~opMyno~ 

1 ~EO~T	 /2/ 
TO ?~ 

E rne Y = E - OTHOC~TenbHaR nonaaa 3Hepr~R ~30xpoHHoro ~oHa. 

•	 O
 
nOAcTasnRR /2/ B B~pameH~e /1/ ~ ~HTerp~PYR OT Ha4anbHo~
 

(W ) AO KOHe4Ho~ (WJ K~HeT~4ecKo~ 3Hepr~~ ~30xpoHHoro ~OHa
H

~ OT Ha4anbHo~ (<I>H) AO KOHe4Ho~ (ct>K) <t>a3 ~OHa c nepuonoa TO+ ~T, 
MO>KHO Ha~T~ cAs~r <t>a3bl ~OHa c 3Hepr~e~ nOKOR EO + óEO 

2 
~EO E W1< - WH
 

sin <I> - sin ct> = 217 • q . - ---º  /3/

K H E E • E ~WmO H K 

~Wm - MaKC~ManbHbl~ Ha60p 3Hepr~~ ~OHa 3a 060POT, EH , E 1< - Ha
4anbHaR ~ KOHe4HaR nonaue 3Hepr~~ ~30xpoHHoro ~OHa. 

KOHe4HaR 3Hepr~R He~30xpoHHoro HOHa Ha 3TOM paA~yce 6YAeT 
OTn~4aTbCR Ha sen~4~HY ~WI<'/WK = - ~EO:l(EO + WK) · 

np~ oAHoBpeMeHHoM YCKopeH~H oAH03apRAH~x nonom~TenbH~X ~ OT
p~~aTenbH~x ~OHOS B~6paHHoro 3neMeHTa ~30XPOHHW~ pOCT MarH~T
Horo nonR AOn>KeH COOTBeTCTBoaaTb cpeAHeMY 3Ha4eH~~ 3Hepr~~ no
KOR EOo TaK KaK AnR aroro cnyuaa ~EO = ± 0,51 M3B, TO Ha~6oJ1b

w~~ CAB~r <t>a3~ 6YAeT npH OAHOSpeMeHHOM YCKOpeH~~ npOTOHOB 
/EOl ='938,28 M3B/ ~ H--~OHOB = 939,3 M3B/. K03<t><t>~~~eHT/E0 2 
E~:lEH.EK~3MeHReTcR OT eA~H~~bl AO 0,96 np~ WK= 40 M3B. 

~3 BWpa>KeH~R /3/ MO>KHO Ha~T~ MaKC~ManbHO AOCT~>KHM~e 3Hepr~~ 

np~ OAHOBpeMeHHOM YCKopeH~H npOT~BOnOnO}f(HO 3apRmeHHWX ~OHOB 

c pa3HOCTb~ 3Hepr~~ nOKOR ~Eo/EoonpH 3TOM cneAyeT np~HRTb 

.sín <l> K =1 ~ sin ~ H = ':'1, rorAa 

2 EO E H • E K 
W - W = - - . ~ wmo	 /4/ 

K H 17' q ~E E 2 
O O 

~nR npoToHoB ~ H--~OHOB nonY4HM 

WK == WH + 600 • (~W m/q ) /M3B/ • 

AnR Ae~TpOHOB ~ A-~~OHOB, COOTBeTCTBeHHO, 

WI( = WH + 1200· (~Wm/q) /M3B/. 

AnR !I130XpOHHoro L.t~KJlOTpOHa Y-12Q.M np~MeM ~Wm= 0,1 M3B,
 
q = L Torna H3 Bblpa)l{eH~R 1.3/ np~ Eo = 938,79 M3B MO>KHO nOJlY

2 

4~Tb <t>OPMYJlY AnR CAB~ra <t>a3 npOTOHOB ~n~ H--~OHOB np~ OAHOB~e~ 

MeHHOM YCKopeH~~ HX B_~~KnOTpOHe Y-120M: 

sín (» K = 'sin <lJ ±0,334 . li C '	 /5/
H 

rAe lI - 4~CJlO COTeH 060POTOB ~OHa B L.t~KnOTpoHe, "+" - COOTc
 

- WK - WH

seTcTByeT H -HoHaM, 11_" - npoToHaM, li = --~ o 

c 100 . ~Wm 
np~ npaB~nbHo~ uacrpoãxe 4aCTOTbl fo 4>a3a crYCT-Ka H--~OHOB 

6YAeT CAB~raTbCR B nOJlO>KHTeJlbHOM HanpaBneH~~, <t>a3a crycTKa 
npOTOHOB npaKT~4eCK~ C~MMeTp~4HO B OTp~L.taTeJ1bHOM HanpaBJ1eH~H. 

~3 <t>OPMYJlW /5/ B~AHO, 4TO ecn~ ~3 ~OHHoro HCT04HHKa Y-120M ~o
HW BWXOART c HyneB~M~ <t>a3aM~ /<I>H = 0/, TO npH ~K = 30° WK = 
= 15 M3B; npV1 <l>K = 45° WK= 21,2 M3B; ripa ct>K = 60° WK=25 , 9 M3B. 
TaK KaK OTpHL.taTeJlbHWe HOHW B~BOARTCR nepe3ap~AKo~~ a nOJ1O>K~

TeI1bHble - 3JleKTpOCTaT~4eCK~M Ae<t>I)eKTopOM, TO KoHe4Hble <t>a3bl 
crYCTKbB MorYT HeCKonbKO OTn~4aTbCR, ~ KoppeK~~e~ YCKopR~~e~ 

4aCTOTbl B HymHYIO CTOPOHY MO>KHO onT~M~3~pOBaTb <t>a30Bble CA8~r~ 

npOTOHOB ~ H--~OHOB. 

06tq~~ <t>a30BW~ CAB~r H--~OHOB OTHOC~TeJlbHO npOTOHOB MO>KHO 
nOJlY4~Tb ~3 <t>OPMYJl~ /5/: 

sín <1J 2 K - sín <1>1 K = sin (}>2H ~ sin <1>1 H + 0,668 . li c'	 /6/ 

rAe ~HAeKC 2 OTHOC~TCR K H--~oHaM ~ ~HAeKC 1 - K npOTOHaM. 
np~seAeHHwe Bwwe O~~HK~ nOKa3wsalOT, 4TO AJlR nonY4eH~R 

Ha Y-120M MaKC~ManbHWX 3Hepr~~ npOTOHOB ~ H--~OHOB /nopRAKa 
40 M3B/ He06xoA~MO, 4T06w KOHCTpYKL.tHR ~OHH~X ~CT04H~K08 ~ ny
nepa 06ecoe4~BaJl~ nonY4eH~e Ha4anbHWX <t>a3 nopRAKa 30° AJlR npo
TOHOB ~ -30° AnR H--HOHOB. np~ ~H = -30° ~ lI = 4 ~3 /5/~noc 
JlY4~M ~K = 57° /W K = 40 M3B/. TaKHe Ha4anbHwe $a3W MO>KHO, Ha
np~Mep, 06ecne4~Tb c nOMO~b~ nosopOTa 060~x ~OHH~X HCT04H~KOB 

V1 nynepa OKOIlO L.teHTpa MarH~Ta Ha yron 30 0 
OTHOC~TenbHO YCKOPR

~e~ KpOMK~ AyaHTa npOT~B HanpaBIleH~R Bpa~eH~R npOTOHHoro nY4
Ka. 

np~ OAHoapeMeHHOM YCKopeHHH Ae~TpoHoB ~ ~--~OHOB ~Eo/Eo 

BABa pa3a MeHbwe, 4eM AJlR npOTOHOB ~ npH YCKopeHHH Ha Y-120M 
ASYX nY4KoB AO 3Hepr~~ aJ 20 M3B H <l>H = O, CABl-1r 4>a3~ Ha KOHe4
HOM paA~yce Ka>KAOrO 143 nY4KOB COCTaB~T oxono 18 o'. 

2. ~CXO~H~E AflrOPHTM~ ~ npOrPAMMW 

60nbW~HCTBO on~caHHWX HH>Ke 4HcneHHWX paC4eTOB TpaeKTopH~ 

npoToHoB ~ H--~OH08 B Y-120M nposeAeHo Ha ~opTpaHe c HcnOIlb
30BaHHeM B~4~CIl~TeJlbHO~ MaWV1HW EC-l01D H c nOMO~bID MOA~~H~H

pOBaHHoro Bap~aHTa nporpaMMbl PROVKA/3! AJlR paC4eTOB A~HaM~

3, 



4eCK~X XapaKTep~CT~K ~~Kn~4eCK~X YCKOp~Tene~. MOA~<t>~Ka~~~ npo
rpaMM~ KaCanaCb cnoc06a 3aAaH~~ 3neKTp~4eCKOrO ~ MarH~THOrO no
ne~, à~Ao~3MeHeH~~ CTaHAapTHO~ 6~6~~OTe4HO~ BepC~~ DSAM An~ 
pa60T~ B pem~Me nOAnpOrpaMM~ An~ peWeHH~ C~CTeM~ A~<t><t>epeH~~anb

HblX ypaBHeH~~ MeTOAoM "npeA~KTOp - KOppeKTOpl1 c ABO~HO~ T04
HOCTblO ~ npeoõpaaoaaaua npOrpaMMbl PROVKA B C~CTeMY nonnpo
rpaMM DRAHA c ynpo~eHH~M 06pa~eH~eM. MarH~THOe none BBOA~nOCb 

B naM~Tb 3BM B B~Ae 3Kcnep~MeHTanbH~X 3Ha4eH~~ non~, ~3MepeH

H~X B cpeAHe~ nnoCKOCT~ YCKop~Ten~ B y3nax KooPA~HaTH~X n~H~~ 
non~pHO~ ceTK~ c 43 T04KaM~ Ha 060poTe, c warOM 2 CM BAonb 
paA~yca. 3Ha4eHH~ non~ B npoMemYT04~~X T04Kax B~4~cn~n~Cb c no
MO~blO ABYMepHo~ Ky6~4ecKo~ ~HTepnon~~~~. YCKop~lO~ee none BbI4~C

n~nOCb B AeKapToBo~. c~cTeMe KooPA~HaT B B~Ae npo~3BeAeH~~ HOP

U rh au	 • ()M~pOBaHHo~ 't-'YHK~~~ s: Ha BpeMeHHYIO cocTaBn~IO~YIO cos» t + t , Y o 
~ Ha aMnn~~YAY AyaHTHoro Hanp~meH~~ V: 
au au __ = V . -- . cos cu (t + t ). /71
 
ay ay o
 
Ae~cTB~e <t>YHK~~~ 

au [ TTY 1 -- = 1 + cos (- ) 1 . 
ay ~ 2~
 
npennonaranoc e OrpaHl-14eHHb1M B ~HTepBane - ~ .~ y -s;. ts , KOHCTaHTa
 
to xapaKTep~3yeT <t>a3Y AyaHTHoro Hanp~meHl-1~ B MOM~HT t = 0, KaK 
npaBl-1nO, B MOMeHT Ha4ana AB~meHl-1~ ~OHa. . 

BbIT~rl-1BalO~ee none AyaHTa B aaaooe 11l-10HHbl~ l-1CT04Hl-1K - nynepll 
C4l-1TanOCb npoCTpaHCTBeHHO OAHOPOAH~M, Ae~CTBYIO~l-1M TonbKO npl-1 
nepSOM BXOAe l-10Ha B AyaHT. reOMeTpl-14eCKOe pacnonomeHl-1e.OAHopOA
HO~ 06naCT~ 3aAaBanOCb KOOPAl-1HaTaMl-1 ~enl-1 ~oHHoro l-1CT04Hl-1Ka, 
Benl-14l-1HO~ 3a30pa ~ yrnoM nOBopoTa no OTHOWeHl-11O K KpOMKe AyaHTa. 

4l-1CneHHOe ~HTerpl-1pOBaHl-1e TpaeKTOpl-1l-1 l-10Ha npOBOAl-1nOCb BAonb 
a3l-1MYTanbHO~ KooPA~HaTbl l-10Ha G 3aAaHHblM uraroa ~ ch . 

,lln~ BbI4~CneHl-1~ TpaeKTOp~~ l-10HOB c nOMO~blO Cl-1CTeMbl nonnpo
rpaMM DRAHA He06xOAl-1MO cocTaB~Tb OCHOBHYIO nporpaMMY. B He~ 
HaAO OpraHl-130BaTb HymH~~ c4eT TpaeKTOp~~ l-1 06pa60TKY nonY4ae
M~X AaHH~X, B~~~Ba~ cOOTBeTC~BYIO~l-1e nOAnporpaMM~ l-13 c~cTeM~ 

DRAHA. nOAnporpaMM~ He cOAepmaT, KaK npaB~no, Hl-1KaKl-1X napaMeT
pOSo MarHl-1HOe none 3aAaeTC~ B B~Ae Ta6nl-1~ c MarH~THO~ neHT~. 
3neKTpl-14eCKOe none onpeAen~eTC~ aMnnl-1TYAO~ AyaHTHoro Hanp~me
Hl-1~, 4aCTOTO~, Ha4anbHO~ <t>a30~ ~ npOT~~eHHOCTblO~. CpeAl-1 nOA
nporpaMM Cl-1CTeM~ DRAHA OCHOBH~M~ ~Bn~IOTc~ TRTH2 l-1 TRTHE2, B~
4~cn~IO~l-1e KOOPAl-1HaT~ l-1 3Hepr~1O ~OHa nocne npOXOmAeHl-1~ OAHoro 
wara l-1HT~rpl-1pOBaH~~ 6e3 Y4eTa l-1 c Y4eTOM 3neKTpl-14eCKOro non~ 

coOTBeTCTBeHHO. no~nporpaMMa PRIN ne4aTaeT Bce BamH~e napaMeT
p~ l-10Ha, nOAnporpaMMa NEW ~H~~~an~3~pyeT He06xOAl-1M~e nepeMeH
H~e np~ nepeonpeAeneHl-1l-1 Ha4anbH~X napaMeTpOB l-10Ha B pa3H~X 

Bap~aHTax paC4eTa. BHA ypaBHeH~~ ABl-1meHH~ 3aAaH B OTAenbHO~ 

nOAnporpaMMe FCT, B~4l-1CneHl-1e 3Ha4eHH~ none~ npOBOAl-1TC~ B nOA
nporpMMax-<t>YHK~H~X HPOLE IMarHl-1THoe none/, DUDX, DUDY InpoeK
~l-1~ Hanp~meHHOCTH 3neKTpl-14eCKOro non~/. HenOCPAeCTBeHH~~ B~30B 

nOAnporpaMM DSAM, FeT, HPOLE, DUDX, DUDY B AaHHO~ nOCTaHOBKe 
3aAa4l-1 He Tpe6yeTC~. 

OCHOBHa~ nporpaMMa OpraHl-13yeT B~4l-1CneHHe ~Hnl-1HAPH4eCKHX KO
o' 0PAWHar TpaeKTOpl-1H (r,~) 3aAaHHO~ 4aCTH~~ B MeA~aHHO~ nnOCKO

~ 
CT~, BpeMeHH t l-1 Kl-1HeTl-14eCKO~ 3Heprl-1l-1 W c nOMO~blO peweHH~ cne
AYIO~e~ CHCTeM~ Al-1<t><t>epeH~HanbH~X ypaBHeHH~:Il~ -~~ = r' 
d~ 

r' 2 e r' 2 1/2dr' 
2 - + r - -- (1 + -- ) (r 2+r'2) B +zdcf> r {3yEo r 2 

e r' 2 2· 
+ - (1 + - ) . (r & - r' . r&~) ,

E r 2 r(3 2
Y O
 

ds dW dW ds
{3 . C' ~~ = (r 2 + r' 2 ) 1/ 2 ,	 181
dch	 d~ = ds d~ , 

dW e (aU ~+-ªJJ.~Y..),ds = ax ds ay ds 

W 1 1/2 
rne Y == 1 + r-' f3 == (1 - 2 

y 
) ,& r' &ch 

, 
- npOe K4Hl-1 aexropa Ha-

o 
npflmeHHOCTH 3neKTpl-14eCKOro non~ B 4HJlHHAPH4eCKl-1X KOOPAHHa~ax, 

Bz - Hanp~meHHOCTb MarHHTHoro nOJl~ B cpeAHe~ nnOCKOCTH YCKOP~-
TenH /rtoennonar-eer ca B r = B~ = OI, EO - 3HeprHH nOKO~ 'HOHa, 

.au ,qU _ npOH3BOAHble noreauaana anexrpa-recxoro nona 110 AeKapTO
ax dY d d 
BblM KooPAHHaTaM X, Y , --!-, ~ - COS H sín yrrla, oõpaaoaaaaor-o

ds ds 
MemAY BeKTopOM CKOpOCT~ HOHa ~ O~blO X, e - 3ap~A HOHa, C - CKO
pOCTb cseTa, S - Kpl-1BOnHHe~Ha~ KooPAHHaTa, H3Mep~eMaR BAonb 
TpaeKTopH~ ~OHa. 

3.	 4~cnEHHOE MOAEn~pOBAH~E PAA~AnbHOrO
 

ABH}I{EHHR nY4KOB
 

Bo Bcex np~BeAeHH~X H~~e paC4~Tax MaTeMaTH4eCKH MOAen~pOBa
JlaCb cneAYIO~a~ KapTl-1Ha. B ~eHTpe YCKopHTenbHo~ KaMepbl pacnOJlO

5 
4 
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meHa rOnOBKa ABOAHOrO ~OHHOro ~eT04H~Ka e ABYM~ He3aB~e~M~M~
 

pa3p~AHbIM~ KaMepaM~. Bb/XOAHble uien« 060~x ~eT04H~KOB pa3MeUleHbl
 
B nnoeKO~ TaHTanOBO~ nnaeT~He, KOTopa~ nOBepHYTa K KpOMKe
 
Ha yron 30°. napannenbHO 3TOA nnaeT~He pa3MeUleHà nnaeT~Ha ny

nepa e ABYM~ BepT~KanbH~M~ Ulen~M~ An~ npoxomAeH~~ ABYX nY4KOB,
 
np~KpenneHHa~ Ha KpOMKe AyaHTa Ha paeeTORH~~ 0,6 eM OT nnaeT~


H~ ~eT04H~KOB. MemAY nnaeT~HaM~ 06pa3yeTe~ nepeMeHHoe BO Bpe

MeH~ OAHopOAMoe 3neKTp~4eeKoe none, KOTopoe no o4epeA~ B~T~r~
 'tBaeT ~3 npaBO~ ~ neBO~ pa3p~AH~X KaMep nonom~TenbHO ~ OTp~~a

r eneuo 3ap~)l{eHHble ~OHbl. 4aeTb ~OHOB nocne Ha4anbHoro ycxope lf: 
HI-f~ npoXOA~T 4epe3 eOOTBeTCTBYIOUlYIO Ulenb nynepa, nOBopa4~BaeT (~IJ
 
Ha3aA, 06xOA~T ronOBKY ~OHHoro ~eT04H~Ka ~ 3aXBaT~BaeTe~ B ye

KopeH~e, o6pa3Y~ ABa nY4Ka 4aeT~~ e $a30BOA npOT~meHHoeTblO
 

B HeeKonbKo Aee~TKOB tpaAyeoB KamA~~. AMnn~TYAa B4-Hanp~meH~~
 

Ha AyaHTe np~ Beex np~BeAeHH~x H~)l{e pae4eTax paBHa 50 KB, npo

T~meHHoeTb 3neKTp~4eeKoro nona AyaHTa ~ = 2 eM. 4aeTOTa fo =
 
= 25,758 Mr~ nOA06paHa B eOOTBeeTB~~ e Ta6n~~eA peanbHoro
 
~30xpóHHoro MarH~THoro non~, e03AaBaeMoro np~ TOKe B036ymAe

H~~ B oeHOBHO~ 06MOTKe 500 A. PaenonomeH~eM 06e~x nnaeT~H ~ eo

OTBeTeTBYIOUl~X UleneA no OTHoweH~1O K ~eHTpy yeKop~Ten~ ~ KpOMKe
 
AyaHTa onpeAen~IOTe~ TaK~e napaMeTp~ paA~anbHoro AB~meH~~ nY4

KOB, KaK aMnn~TYAa eB060AH~X Kone6aH~~ ~ A~ana30H Ha4anbH~X
 

$a3 nponeTa.
 
Ha p~e.l nOKa3aH~ pe3ynbTaT~ pae4eTa, B~nonHeHHoro e ~enblO 

onpeAeneH~~ onT~ManbHoro nonomeH~~ ~OHHbIX ~eT04H~KOB ~ nnaeT~

H~ nynepa. np~ 3aAaHH~X 3Ha4eH~~X $a3~, 4aeTOT~ ~ aMnn~TYA~ 

AyaHTHoro HanpRmeH~~, a raxxe AeKapTOBblX KOOPA~HaT xi' Yi uie
ne~ ~OHH~X ~eT04H~KOB nonHoeTblO onpeAen~IOTe~ $op~a TpaeKTOp~~ 

~ $a30~~e xapaKTep~eT~K~ ~OHOB Ha noeneAYIOUl~X 060pOTax. 
Ha p~e. 1 B AeKapTOBblX KOOPA~HaTax x i' Yi ~306pameHbl n~H~.~ 

OA~HaKOBO~ aMnn~TYA~ paA~anbH~X Kone6aH~~ Ha 3-M 060pOTe yeKo
peH~~ ~OHOB, B~neTaIOUl~X ~3 ~eT04H~

KOB npa $a3e cu to = O. B neBOI1 4a
c ru p~eYHKa noxaaaau ll~H~~,' eOOT
BeTeTBYIOUl~e pa3H~M nonomeH~~M ~e

T04H~Ka ~OHOB H-, enpaBa - 06naeTb 
B03MomHblX n01l0meH~~ Ulem1 npOTOHHO
ro ~eT04H~Ka. B6n~3~ ~306pameHH~X 

M~H~MYMOB, nOA yrnOM 30° K KpOMKe 
AyaHTa, npOBeAeHa n~H~~ nnoeKoeT~ 

.~ 

rj~!~OHH~X ~eT04H~KOB, KOTopa~ no KOH
eTpYKT~BHbIM eoo6pameH~~M AonmHa 
6~Tb 06UleA An~ 06e~x Ulene~. Ma HeA J;
onpeAeneH~ OKOH4aTellbH~e 3Ha4eH~~ 

xi' Yi BblXOAHblX UleneA' ~eT04H~Ka 

PHc.l npOTOHOB ~ ~eT04H~Ka H--~OHOB. 

HeelleAOBaH~~ nOBeAeH~~ aMnn~TYA~ paA~anbH~X Kone6aH~A np~ 

601lbW~X 060p01ax nOKa3an~, 4TO nonomeH~~ UleneA ~eT04H~KOB, np~ 

KOTOP~X aMnn~TYA~ paeeMaTp~BaeM~X KOlle6aH~A M~H~ManbH~ B KOH
~e yeKopeH~~, 3aMeTHO OTfi~4aIOTe~ OT onpeAeneHHblX B paeeMOTpeH
HOM pae4eTe. np~ 3TOM nonY4eHH~e nonoméH~~ UleneA npOTOHHoro 
M H--~OHHoro ~eT04H~KOB HaCTonbKO eMeUleH~ B pa3H~e eTopOHW, 
4TO oxeaueaerca HeB03MomHblM pacnonoxar s 06UlYlO nnacruay ~OHHbIX 

~eTo4H~KOB e HaKnOHOM K n~H~~ AyaHTa nOA yr1l0M 30°. 
Ha p~e.2 ~306pameH~ Ha4anbH~e TpaeKTOp~~ npOTOHOB /enllo~

H~M~ n~H~~M~/ ~ H--~OH9B /T04KaM~/ An~ pa31l~4H~X 3Ha4eH~A cuto. 
KooPA~HaTbJ asme r a ~O.HOB ~3 ~eT04H~KOB paauu OnT~MallbHblM nonoae
H~~M x to- x iO' onpeneneaaaa Ha oeHOBaH~~ peayne r aroe puc , 1. no
MaHoA nYHK~~pHOA ll~H~eA 0603Ha4eH KpaA AyaHTa e B~eTynoM nYlle
pa. Ha TpaeKTop~~X rpynnaM~ T04eK 0603Ha4eH~ MeeTa, B KOTOp~X 

HaxoA~Te~ ~OH B MOMeHT AoeT~meH~R Ha AyaHTe MaKe~MallbHOrO ye
Kop~IOUlero Hanp~meH~~. ronoBKoA orpaH~4~BaeTeR A~ana30H $a3cut 
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3AKnI04EH~E 
1.0

1 npOTOHOB III 1-1- -~OHOB co c r opouu
 
nOnO>K~TeJ1bH~X aHa4eHIIl~ AO Ben~4H
 1. B on~eaHHo~ reOMeTp~~ ~eT04H~KOB p,H- ~ nynepa MO>KHO OAeo,al-- HM HeeKonbK~X	 Aec~TKoB rpaAyeoB. HOBpeMeHHO yeKop~Tb 06a T~na ~OHOB AO 3Hepr~~ nop~AKa 35 M3B. 

s:: <Paa~ ~OH08 H-, KpOMe Toro, orpa 2. C nOMO~blO 4~eneHH~X pae4eTOB onpeAeneHO onTHManbHoe no'rE 0,6 ~\. I	 I./M: H~4eHbl nynepox co c r opoau or pnua
nO>KeH~e ~OHHbIX ~eT04H~KOB, 06eene4~BalOll\ee OTHoe~TenbHO He60nb

TenbH~x aHa4eHH~. Cne~yeT OTMeT~Tb, 
w~e aMnn~TYA~	 paA~anbHWX Kone6aH~~. 

I'0,4 f-- ~,I A U
' - -----4 4TO HeCMOTp~ Ha OTHoe~TenbHO Tll\a I 

l,l 
3. Ha ~eT04H~KOB, pa3Me~eHH~X B OAHO~ ronOBKe, B~T~r~BaIOTe~

TenbHoe MaTeMaT~4eCKoe on~caHHe ABa nY4Ka ~OHOB e <paaOBO~ npOT~>KeHHOeTblO 30+40° Ka>KA~~.
4eHTpa 4HKnOTpOHa,	 "I 

peaJ1bHa~ KapT~0,2 1-- I ~ \' I 4. ~aaOBoe AB~>KeH~e, Bbl4~eneHHoe e nOMOll\blO 4~eneHHoro ~HTer
Ha 6YAeT HeCKonbKO OTnH4aTbC~ OT F p~pOBaH~R ypaBHeH~~ AB~>KeH~~, xopowo eornaeyeTeR e AaHH~M~, 
paCC4~TaHHO~ 4aCT~4HO ~a-aa Bn~R -\o	 nonY4eHH~M~ e nOMO~blO aHan~T~4eeKO~ <popMyn~. 
H~~ KOC~X KpaeB nynepa,B~cTyna 

5. CAB~r ~OHHoro ~eT04H~Ka Ha 1 eM BAonb KpOMK~ AyaHTa Be
KOTopwe np~ pae4eTe He Y4HT~Ba AeT K YBen~4eH~1O aMnn~TYA <paaOB~X ~ paA~anbH~X Kone6aH~~,-0.2	 nHCb, 1Il3-aa OTCYTeTB~~4aCT~4Ho HO yeTo~4~BoeTb AB~>KeH~~ np~ 3TOM eoxpaHReTe~. 
np~ pae4eTe BepT~KanbHO~ eoeTaa

-0,4 n~lO~e~ AB~>KeHIIl~. 

nHTEPATYPA 
Ha p~c.3 np~BeAeHa cep~~ B~4~C

neHH~X T~n~4H~X aaB~C~MOCTe~ aHa 1. AneH~4K~~ ID.f. ~ Ap. - B e6.: TpYA~ V BeeeolO3Horo eOBe~a
4eH~~ -~n~ YCKOp~eMOrO ~OHa OT HH~ no yeKop~Ten~M 3ap~>KeHH~X 4aeT~4. Ay6Ha: OHHH~ 1977, 
ero K~HeT~4eCKO~ 3Hepr~~ W. Cnnow T. 2, e. 154. 
HbIM~ n~H~~M~ ~a06pa>KeHO eaaoaoe 

20	 2. AHoeoB B.H. ~ Ap. OHHH, 9-8496, Ay6Ha, 1974. 
AB~>KeH~e npOTOHa ~ ~OHa H- np~ 3. AM~Tp~eBeK~~ B. n. ~ AP. - B e6.: Harepaanu .1 I I COBe~aH~~ 
wt o = O, auner eeurax lIla T04eK 'x iO no ~30XPOHHOMY 4~KnoTpoHY Y-120M ~ ero ~enonb30BaH~1O An~ 
Yw' KoopA~HaT~ KOTOPWX onpeAene peweH~~ <p~aH4eeK~x np06neM. P9-7339. Ay6Ha: OHHH, 1973, 
H~ no npeA~AY~IIlM peaynbTaTaM. e. 102. 
nYHKTlIlpH~e OC4~nnHpy~~~e n~H~~ 

OTn~4a~T~R OT cnnOWHWX CAB~rOM T04eK B~neTa COOTBeTCTBY~~~X 

~OHOB Ha 10 MM BAOJ1b KpOM.<1I1 AyaHTa 8 CTOPOHY x > O npa coõrno
AeH~~ 6 MM paCCTO~H~~ Me>KAY pa604~MIIl nnOCKoeT~M~ II~CT04H~K~ 
nynep'". MOHOTOHHO pacryuiaa ~ cnanaouraa nYHKTlIlpHble n~H~~ pac
C4HTaH~ no aHan~TII14eCKO~ ~opMyne /3/. OHIIl nOKa3~BaIOT xopowee 
COBr1aAeH~e peayns r aros aHaJl~T~4eCKoro 1-1 tmCneHHoro pacuere , 
npm.{a~ H--, ~306pa>KeHHa~ T04KaM~, COOTBeTcTByeT TO~ >Ke <t>opMyne 
/3/, 6ea Y4eTa KBaApaT~4Horo 4neHa. Bo Bcex npHBeAeHH~X paC4e
Tax 4aCTOTa ~ nOA06paHa 8 coOTBeTCTB~~ c Ta6nH4e~ peanbHoro 
HaoxpOHHoro MarH~THoro non~, coaAasaeMoro nplll TOKe Boa6Y>KAe
H~R OCHOBHO~ 06MOTK~ 500 A. /B K ~ 1,75 Tn/. ~CXOA~ ~a p~c.3 

MO>KHO npeAnOnO>KIIlTb, 4TO OAHospeMeHHoe YCKopeH~e npOTOHOB 
H H--HOHOB C T04K~ 3peH~R paAlIlanbHO~ cTa6~nbHOCTH ~ <t>aaOBoro 
A~IIl)l{eH~~ OCYll\eCTB~MO ~ XOPOWO onIllC~BaeTC~ aHanHTH4eCK~M~ <pop (

MynaM~. $aaOB~e Kone6aHH~, KOTop~e HaKnaA~BaIOTC~ Ha MOHOTOHH~~ 

t , PYKon~eb noeTyn~na B ~3AaTenbcK~~ OTAen~XOA <paa~, onpeAeneHH~~ aHanHTH~eCKO~ <popMyno~, CB~aaH~ c pa
22 eeHT~6pR 1987 rOAa.A~anbHWMH npe4eCCHOHH~MIIl /cB06oAH~M~/ Kone6aHH~M~, ~ ~X aMnn~

PHc.3 

. 
TYAa paCTeT c pOCTOM paAHaJ1bH~X Kone6aHH~.	 
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AMHTpHeBCKHH B.IT. H ~p. 
AHHaMH~eCKHe rrpoQeccw rrpH o~HoBpeMeHHoM 
YCKopeHHH ITPOTOHOB H H--HOHOB B QHKflOTpoHe 

P9-87-703 

ITpHBe~eHbi pe3ynbTaThi aHanHTH~ecKHX H ~HcneHHbiX Hccne~o
BaHHH ~HHaMH~eCKHX rrpoqeCCOB ITPH O~HOBpeMeHHOM YCKOpeHHH 
ITPOTOHOB H H--HOHOB B H30XpOHHOM QHKflOTpOHe. YHCneHHWe pac 
~eTbi BbiiTOnHeHbi MH H30XPOHHoro IJ;HKnOTpoHa Y-120M HHCTHTyTa 
H~epHOH ~H3HKH YCAH /P~e~, YCCP/. IToKa3aHo, ~To B 3TOM 
IJ;HKflOTpOHe B03MO~HO O~HOBpeMeHHOe yCKOpeHHe ITPOTOHOB H H -
HOHOB ~0 3HeprHH - 35 M3B. 

P a6oTa BhmonHeHa B J1a6opaTopHH H~epHbiX npo6neM OH5IH. 

Coo61UeHHe 06'be.JJ;HHeHHOrO HHCTHTyTa R,nepHbiX HCCJie,JJ;OBaHHH. )ly6Ha 1987 

ITepeBo~ O.C.BHHorpa~oBOH 

Dmitrievskiy V.P. et al. 
Dynamic Processes at Simultaneous 
Acceleration of Protons and H--Ions 
in a Cyclotron 

P9-87-703 

The results of analytical and numerical investigations 
of the dynamic processes at the simultaneous acceleration 
of protons and H--ions by an isochronous cyclotron are pre· 
sented. The numerical calculations have been performed for 
the U-120M isochronous cyclotron installed in the Institu
te of Nuclear Physics (~e~, CSSR). It has been shown that 
in this cyclotron the simultaneous acceleration of protons 
and H--ions is feasible up to the energy of about 35 MeV. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1987 
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