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OElllAff XAPAKTEPHC'IHKA.PAEOT!:l 

AKffiJIJ,HOCTI> T8M!l. B COBp8M8HHOM Hay-qHO-T8XImll8CKOM nporpecce 
Balltnair pOJU, JipRHB,ItJI8UT YCKOpHT8JmM sapmteHH!lX llaCTRD;. OIDI SrumMaJJT 
onpe.u;eJI111I11ee MecTo cpe.u;H KHCTPYM8HTO:s smepHott !PJ!SHKR :a: HaxO,JJ;JlT :i1ce 
6OJI88 IDKpOKO8 npHM8H8Hll8 B Hapo.u;HOM XOSJittcTBe. Cpe.u;H p8.3JIH'lllliX THIIOB. 
ycxop:a:TeJiett HaK60Jiee IDKpoxoe paciipocTpaHeHKe IIOJIY"llIJIK Rsoxpomme n;RK
JIOTpom, OTKPHBalIIIR8 60Jil,llllI8 BOSMOlltHOCTll ,JJ;Jill pememm o6m:e:pHoro KOMII
JI8Kca llPRKJiaJnil:lX sa.u;a-q, flBJrisic1, Ha,Pll.llY·c peaKTOpaMR KpynH8ilIIIRM llOCTaB
lltlIKOM pa.u;HOHYKJIR,ItHOtt npo,IlyKD;lm, Ksoxpomme 'n;RKJIOTpOml OTKpH:BaJlT RC.;. 
KJmllKT8Jil>HH8 BOSMO:!OIOCTR ,ItJIJl npORSBO,JJ;CTBa CIT8J:tl{~Kll8CKRX M8.D;RJ:tl{HCKRX 
RSOTOIIOB C .Bl,ICOKOtt y,u;eJil>HOI aKTRBHOCTbll, o6Jia.naJJlllllX-ymmaJil>mlMR .u;Har
HOCTR'll8CKRMI{ c:eottcTBaMR. 

Hsoxpommtt n;RKJIOTpOH, KaK ycKOPHT8Jib C H8llp8pliBmlM pe!OIMOM pa-
6om, IlO8BOJil18T IlOJIY'laTI, IIYllKR llaCTRD; CMaKCHMaJil>HOI cpe.u;Helt KHT8H
CRBHOCTl>ll (.u;o O,JJ;Horo R 60JI88 MWIJIK8MII8pa).·B TO ze BpeMll KaK ycKo:.. 
pRT8Jib pesoHaHCHoro TRna ItHKJIOTpoH RM88T Bp8M8IIBY:D MRKpocTPYKTYPY 
ycKOpeHHoro IJY'llKS, · H8O6XO,JJ;HMyD ,ItJIJl llp0B8,JJ;8HR.ll H8ROTOpllX _ 3KCll8pHM8H
T8JIJ,HllX nporpaMM. 

B, CBJISR C mRpOKRM RCllOJU,9OBaHK8M Rsoxpommx n;RKJIOTl)OHOB ,ItJIJl pe
meHR.ll npmtJia,IUlllX sa.u;aq B IIOCJI8,JJ;HR8 ro.u;s npoRCXO.u;HT OTHOCRT8Jil>HO8 YB8-
Jmll8HR8 llKCJia 3TRX MalllRH_ Ha 3H8pI'lm (no ~pOTO_HaM) .u;o 30+40 MaB~ 
K 1986 r. TaIWX RSOXpommx n;RKJIOTPOHOB HSC'llK'l'liBaJIOCI> 27. _B 15 CTpaHax 
MRpa, npKll8M ,ItJIJl npoRSBO,JJ;CTBa M8,JJ;HniJHCRRX pa,ll;HOHYKJIH,JJ;OB K IIPRKJiaJnil:lX 
RCCJie.u;oBaHKtt RCilOJlbSOBaJIOCI> OT 50%.u;o IGO% O6111ero Bp8M8HH pa~om. 
B CBJISR C 3THM O,JJ;HRM RS aKTfaJil>mlX HallpaBJI8W paSBRTIDl RSOXp0HH!lX 
D;IIKJIOTPOHOB .llllJill8TCJl IlORCK paSJIR'!HHX BOSMOlltHOCT8!, YB8JIR'llRBall!IKX aip-
4)8KTRBHOCTI> pa6OT!l C ny-qKOM, BOSHRRJia HaCTOJlT8Jil>Hall H8O6XO,ll;HMOCTI> 
paspa6anmaTbR p0aJIRSOBllB8TI, Cil8D;HaJibHH8 peUMH pa6OTli Rsoxpommx 
D;HMOTp0HOB, llOBlilllaDIIRX KX 3KOHOMRtmOCTI> K YB8JIH'llRBalIIIKX KIJ.U ycTa
HOBOK. 

AHaJIOrR'llml8 coo6pa.3t8IDUI npRBO,JJ;JlT K H8O6XO,ll;HMOCTH paspaCSOTKR 
Cil8D;HaJil>HliX p0lltllMOB pa6om TaKll8,JJ;JI/l qiaSOTp0HOB, KOTO,Pli8 JlBJIJUlTCJl 
ymraaJil>HHMR .u;oporocTOJlllll™l! yc"TalioBKaMR; YB8JIH'll8HRe aqxlleKTHBHocrn 
KX RCilOJIJ,SOBaHIDI TB.KX8 SIBJISl8TCJl aKTJ'aJlbHOI sa,na-qel. 



UeJIL pa6orn. .llaccepTaD;ROHHa& pa6om nocBSlllleHa HCCJI9.IJ;OBaIDID cne
ItRaJILHHX P9Eli!MOB ycxopeHlilJl B HSOXpomm:x D;RKJIOTp0H8.X H tplSOTpOHax. 
Ilp8.IJ;JIOE9Hli HOBH8, T80p9TR~9CRK paCC'D{T8HHfl9 H 8KCn9p!iW9HTaJILHO npoB9-
p9HHli8 pelltKMll ycxopemm, a Taiat8 paCCMOTJ)9Hli HSB9CTHa9 npHM8HKT8JIL
HOK KOHKpeTHaM YCKOpl!T8Jil,HllM YCTaHOBR8M - HsoxpoHHlil D;RKJIOTp0H 
Y-120M HHCTHTYTa Ji.IJ;9pHOI ~HSKRK l!CAH (r.PEeE, l!CCP) H tplSOTJ)OH 06'.&e.IJ;K
H9HHOro KHCTHTYTa smepmrx HCCJie.IJ;o:sami:tt (r.,Ify6Ha, CCCP). 

}Iaylmaa HOBl'ISHa 
1. BIIepBae np0B9.IJ;8HO T80p9Tl'I~9CK08 ltCCJI9.IJ;OBaHK8 HOBOro.pelltHMa 

ycxopeHlilJl lt BliBO,Ita O.IJ;HOBp0M8HHO }]JJ1X ny-qKOB npoTHBonOJIOZHO SapD9HllHX 
HOHOB O,IJ;Horo lt Toro E8 3JI9M9HTa B HSOXpoHH.OM D;RKJIOTpOH8. Onp9.IJ;9JI8Hli 
npe.IJ;8JILHa8 aHeprKH ny-qKOB, YCKOJ)Jl9MliX B 8TOM pelltHMa. 

2. Ilpe.IJ;JIOE9H .11 COS,IJ;aH KOM6mmpo:aamndl: HOHHatt KCT01D!lllt, o6acrie'Dl
Ballltd HatraJILHli9 qiaso:aae C.ltBllI'H crycTii:OB o6omc ny-qKOB, KOTOpae R906-
XO,Il;HJ,ti ,ItJI8 ycxopamm npoTOHOB lt Ir-ROHOB B HSOXpOHHOM D;RKJIOTp0H9 TKna 
Y-120M .IJ;o aneprmr 35+40 MaB. 

3. BnepBae paccMOTJ)8Ha BOSMOEHOCTI, ycxopeHIIJl H BliCOK08ipp9KTHBHO
ro BliBO,IJ;a Ra ~0Tp0H9 .OIDm O.IJ;HOBp8M9HHO C ny'llltOM npOTOHOB ny-qKa Ir, 
ltOHOB .IJ;O 8H8pr:e:H 130+150 MaB. 

4. Ha ltSOxpOHHOM D;RKJIOTp0H9 Y-120M BnepBae 6wm O,IJ;HOBP9M8HHO yc
KOpeBli ny-qKH npoTOHOB lt Jr-HOHOB. 

llpaxmecKM µaHHocn 
l. Co3.IJ;aml nporpaMMH .ItJlJI 'DlCJI9HHOro pac'48Ta noTep:r. OTPHill'l'1'8JILHWC 

ltOHOB BCJl9,IJ;CTBH9 8JI9KTPR~ecxol .IJ;HCCOD;Ra.nHH .11· nepesaJ)JI.IJ;RK Ha MOJI9KYJIB.~ 
OCTaTO~oro rasa npl! yoxopemm B HSOXPORHliX D;RKJIOTPOHaX K ~SOTJ)OHaX. 

2. Cos.IJ;amr nporpaMMa .ItJlJI pac~eTa ncxagemrlt.~MHTTaHca ny-qxa npo-
TOHOB npH MHoroxpaTHOM npoxo10temm ~apes nepesapa.IJ;HYJ) Mmll8HL. 

3. Paspa60TaH lt COS,ItaH KOM6mmpOBaHBliff HORHli! ltCTO~ .ItJlJI 0,IJ;HO
Bp8M8HHOro ycxopeIDJJI ny-qKOB npOTOHOB K Ir-HOHOB Ha D;RKJIOTp0H8 Y-12Cif. 

4. 1IOJIY118Ha 8XCn8pl!M8HTaJIJiHHM nyT8M .IJ;HH8WN8CKH8 xapaxTepHCTHXH 
npOTOHHOro K Ir HOHHOro ny-qKOB npl! KX 0,IJ;HOBpeM8HHOM ycxopeRHK H BliBO
.IJ;8 lr-ROHOB Ha KSOxpORHOM D;RKJIOTp0H8 Y-120M B ID!~ 'f!CAH (1lCCP). 

3T.H pesyJI:r.TaTLt _MOryT 6aT:r. HCllOJll,30Brulli npH npaxTH~8CltOA peaJIH
sa.nim HOBHX p0DMOB ycxopemm Ha npoexmpyeM!lX lt .IJ;ettcTBYJ]llHX YCTaHOB
ItaX B KHCTKT]Tax CTpaH-y,mCTHIIIt OHf.!H. 

ABTop mrccap~&JPPf npencmBJmaT 1t srum'l'8: 
l. HCCJl8,IJ;OBaHK8 no'l'8pL ltH'l'8HCHBHOCTll ~ Ir-ROHOB sa C~8T 

3JI8KTPR1i8CKOI ,'ltllCCOD;lmI(ID! ll nepesaJ)JI.IJ;ltll Ha MOJI8xyJiax OCTaTo~oro rasa 
np11 ye1topeRHR Ha 11soxpomou D;RKJioTpoHe Y-120M H 4aso'l'p0Ha ow.rn, BltJill

tm1J11aa: 
a) 'DlCJiemm:I pa~eT no cos,IJ;a.HHl:{M nporpaMMSM, 
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6) a1tcnepHM8HT Ha ltSOXpOHHOM D;i[KJIOT!)OH9 Y-120M. 
2. AliaJIBT~9CK09 H ~CJI9HH09 ltCCJI9,IJ;OBaHH9 HOBOro pei'mMa ycxope-

. HKJI H BllBO,Ita O.IJ;HOBP9M8HHO. }]JJyX ny-qKOB npOTltBOllOJIOZHO sapsmemmx :IIOHOB 
,ItaHHOro 8JI8M9HTa Ha H30Xp0HHHX ~OTpOHax lt ~SOTp0HaX. 

3. 3Kcnepl'!M9HT8JII,H09 ltCCJI9.IJ;OBaHK9 O,IJ;HOBpeM9HHOro YCKopemmnpo
TOHOB H lr-HOHOB, a TaRllt9 BliBO,Ita lr-HOHOB Ha HSOxpOHHOM n,IKJIOTp0H9 
Y-120M. . 

Anpo6amm pa6om. PesyJILTaTLt ,IJ;HCC9pTaitRH .IJ;OKJIB..IJ;liBaJIBCL Ha Mew
HapO.IJ;HOM COB91IlaHKH no D;i[KJIOTpORaM lt lDC npRM9H9HlIIO (r.EeXHHe, l!CCP, 
1985 r.), mil EBpOII9ilCKOil ROHq>epeRD;RH IlO YCROpHT8JIRM H RX npHM9H9-
HH!l (r;PKM, HTamm, 1988 r.), Ha Hay~ ceM1IBapax Jia6opaTopRH smep
mix npo6JieM ow.rn, HHcTRTYTa smepHoil qiHsHKH l!CAH (l!CCP), HHcTHTYTa · 
qiHsm (r.XaHoil, CPB). · 

Ily6JrmtamrH. Ilo pesyJILTaTaM lt.nOJIOE9HllflM ,IJ;HCC9pTanaH o:ay6.lmKOB8llO 
6 netJRTHWC pa6oT, npne~ammx B CIIHCK9 JiltT9PaTYPa. 

CTpyxTYpa pa6oTa • .llaccepTaD;,[Jl COCTOHT HS BB9.IJ;9HH.ll, ~eTHpeX rJiaB 
H SaKJIM9Hllfl. 06IItH! 06'b8M COCTa.BJIH8T 133 CTpamm;ll,. BRJIIO'!aJl 65 pl!CYH
ROB, 6 Ta6.Jnm, CIIHCOR JIHT8paT7pH HaC~'l'llBa9T 59 Hal'IM9HOBaad. 

CO,UEPlll'.AiillE PAFiO'.lH 

B Il9DBOil rJiaB8 .IJ;HCcepTaD;Rl'! ,IJ;aH o6sop·ocHOBHHX pa6oT no HCnOJIL
SOBaHHIO HSOXpciRHWC D;RKJIOTPOHOB B M8.IJ;HitRH9 lt .IJ;PYrHX IIpl!KJia.IJ;HliX o6JIB.c
TJIX. HaPO.IUIOro· xossutcrim. PaccMaTpHBaBJTCJI TpH rpynna sa.zta~, ,ItJia ROTo.:.. 
pHX HCnOJILSOBamI9 Hsoxpomnix D;RKJIOTpOHOB CTaJIO. Tpa.IJ;HD;ROHHllM. Bo-nap-

. . 
BiiX, 8TO npoHSBO.IJ;CTBO pa.IJ;HOaKTltBHliX HSOTOnOB, lIIHpOltO HCIIOJILSY9MllX B 
M9.IJ;HD;RH9, 6HOJIOrHH, npOMliIIIJI8HHOCTH, C9JILCXOM XOSJtliCTB9. Jlo-BTOpax, 
rpynna pa60T no aHaJIHSY 8JI9M9HTHOro COCTaBa B9IIt9CTBa. B Tp9TI,ID rpyn
ny BXO~T pa6oTH, CBJlSamme C HCIIOJILSOBaHH9M WIBJIOTPOHa ItaK HCTO~
Ka 6HCTpax H9ATpOHOB. B.KOHIJ;8 rJiaBH npHB9.IJ;9Hli ,ItaHHae'o H906XO,IJ;HWX 
.ItJlJI 8TRX ~eJie! THIIax ~c~. HX 8Heprwnc H HHT9HCHBHOCTJ1X IJY't!KOB. 

BOBTOpol:l rJiaB9 paCCMaTpHBalOTCJI BOSMOEHOCTH ycxopemm Ir-HOHOB 
B HSOXpOHHOM D;RKJIOTpOH9 Y:--120M ID!~ l!CAH (:c.Pl:eE, l!CCP) lt ~SOTpOH8 
ow.rn. 

YCKOp9RH9 OTp~TeJILRaX HOHOB, .KaK npaBHJIO, Ir lt p• , B HSOXp0H
HiiX D;RKJIO.TpOHaX lt q>aSOTJ)OHaX JlllJl!i9TCJI O.IJ;HlIM HS RaH60JI99 BalltHliX cne
D;RaJILRliX p9lltHMOB pa6om STHX ycxopHT9JI9!, npH HCnOJILSOBaHl'IH KOTOporo 
BOSMOEHO p8aJWSOBaTI, psm HOBWC Ka~9CTB. K HHM OTHOCSlTC.fl,B nepBYJO 
o~epe.IJ;L,BOSMOllHOCTL 100% BliBO,IJ;a ycxopeHHoro ~ C noMOIItLD,npaKTH
'48CXH nOJIHO! nepesapa,intH OTP~TeJILHliX ROHOB B nOJIOlltHT9JILHli9 Ha COOT-
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B0TC~en "06.I(HpOtmott" Mml!BHH, B03MOlltHOCTD .D:OCTaTO'lllO r.ny60KO H 
ItliaBHO pery.mrpOBaTD 3Heprmo BHB0.D:0HHOro ny,ma, B03MOlltHOCT1, nOJIY'l~HWl 
BllCOIWX HHT8HCHBHOCT0tt BHelllliero JlY'IKa (.I(O 500 MKA) , cymecTB0HHO npe
BWl!amtWC HHT0HCHBHOCTR Bl:lB0.I(0HH!lX IJY"lltOB npn aneKTpOCTaTJlll0CKOtt CRC
T0M0 BHBO.D:a B D;RKJIOTp0HaX CO CIIJIOlllHOn Mal'HRTHOtt CHCT0MOfi. 

0.I(HaKO, Hapa,ey- C H0COMH8HHID.m .D:OCTOHHCTBaMH 3TOro pelltHMa, npH 
ycmopemrn OTPHIJ1lT0.lll,HIDC lIOHOB B03HRKa0T Pll.It npo6neM. Hml:60JI80 Hera
TRBHOtt H3 RlDC: HBmmTCJl cne:u;a<pPiqecKHe IlOT8pH OTPHIJ1lT0.lll,Hlil HOHOB B 
npo~ecce ycKopeHIDI. 3TH noTBpH o6y~OM0HH, Bo-nepBHX, anBKTpH'l8CKO! 
.I(HCCO~:u;aett HOHa, BH3HBa0MOit CHJIOI JIOpeHIJ1l B Mal'HHTHOM IlOJI0, BO
BTOpHX, B3B.HMO.D:0lCTBH0M HOHOB C MoneqnaMH OCTaToimoro rasa B KaMepe, 
npH KOTOpoM npOHCXO.I(HT nepesapJmKa OTpHIJ1lT0~DHHX HOHOB, B OCHOBHOM, 
B aToMll, H BH61:lBrurneM ax Hs npo~ecca yCKopemm. 

Pac11:eT noTepD HHT8HCRBHOCTH (I) Ir-H D--HOHOB sa C1!0T M0KTPH
'18CKOit JU{CCOD;R~ llp0BO.I(HTCJl HCXO.I(Jl H3 qlOpMYJIH 

t dt 
I(t) = Io exp [-riw] , (I) 

r.D:e ?:(t) - Cp0.I(H~0 Bp0M/l lltll3HH Ir-HOHa, onp0.D:0JI1i0M00 B0pOJITHOCTI,D 
npommHOB0HIDI BHBmHero M0KTp0Ha q9pa3 nOT0HD;RMDmni 6apDSp npH Ha

JIH'lllli MBKTpnqacKoro nOJIJI i!{·{';,8]=3·f3·[-B[TJ, j3=ll/C , 1 -
p0JIJlTHBHCTCKd <pa.KTOp. . 

H3 MHOrn: H3B8CTHHX aHaJmTHqecKHX Bllpruitem .I(Jiff. 't(t) B pa60T8 
BH6paHO HaH60JI88 a.1(8KBaTH00 D;RKJIOTPOHHOMY p0lltHM,Y YCKOpemm. 3HaqaHHJI 
nocTomnmx napaMaTpoB B aToM BHp8lltemm onpa.D:MJIDTCJl H3 conocTaBJiaHHJl . 
C .I(aHHWtm ll3B0CTHHX 8KCn8pID.!:8HTOB B HaR60JI08 Ba:ittHOM .I(H8lla30H8 B8JIII
qRH § (I,8 <-§ <: 2,6 MB/cM}, ll TOr.I(a Bllpa!t0HH8 RM80T BH.D: 

-l'I ) 7:{t) = 1,;•10 exr{ lf~S6 . . (2) 

' !IOCKOJll,KY H8llpllllt8HHOCTI, an8KTPH'l8CKOro noJili 3aBHCHT OT 3H0prHH 
HOHa H MrHOB8HHoro 3HaqaHHJI MarHHTHoro nOJIJI Ha Op6HT8 HOHa, TO .I(Jiff. 

Kopp8KTHOrO onpe.I(M8HHJl nOT8PD 0TpHnaT8JIDHHX HOHOB B npo~acca YCKO
pamm H006XO.I(HMO qHCJI0HH00 llHTerpHpoBaHH8 no Tpa8KTOpHH YCKOp!l0MOro 
HOHa C yqeTOM 3Haqa1rntt MaI'HHTHOro nOJIJI Ha :nott Tpa8KTOpHH. ,ll7IJi Y.D:06-
CTBa q:IICJI8HH!lX pac'l8TOB B ~e ~'18CKOrO YCKOPHT0Jili B KaqacTBe 
nepeM8HH0:11 HHTerpnpoBaHHJI B pa60T8 llCll0JID3Y8TCJi qnCJio o6opOTOB HOHa 
( 1' ) • IIpn a TOM dt = d>J// , r.D:e / - op6KT8.JII,HaJI ~cToTa HOHa, 
KOTOpaJI B H30XpOHHOM D;RKJIOTpOH0 nocTOJIHHa. Tor.I(a C y,J:0TOM (2) noTBpll 
HHT8HCHBHOCTK B H30XpOHHOM ~OTpOH8 onpa.I(0JiliilTCJI Bllpa!t0HH8M 

1(1') = lo exp[-/g;J S
0 
"{-exp(- "J156)dv], <3> 
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t, 

r.D:e YK - nonHoe qnCJio. o6opoTOB 0TpKnaT8JIDHoro noHa. 
,ll7IJi pacqeTa noT8PD llHT8HCHBHOCTll nyqxa ll3-3a nepasaps!.ll;Kll OTpH

IJj:1T8Jll,H!lX HOHOB Ha MOJieKYnax ocTaTotmoro rasa .JiJISI irnoxpoHHoro :u;aKJio

TpOHa B .pa60T0 nOJIY'l8HO CJI8.D:YJDlll88 Bllprult8HH8 : 

!(W) = I;e.xp[- "/·-~:p·II r G(wtf-w,-+-( "-t-3'1_)2_'.Jw], C4> 

r.D:e ev - Cp0.I(m Ha6op :rneprllH 8.I(HHHtmllM sapSI.D:OM ~a 060pOT (MaB), 

/- 11acTOTa o6pameHllJl HOHa er~}, WH , w"' - Ha~HaSl H_ KOH8qHaSI 
KHH8THqecKH8 ~rneprnx llOHa (MaB)' A - aTOMH!lit BBC, 6 - ceqaHHe nepa-
3aPR.D:KK OTPR~T8nDHOro llOHa Ha .MOJI8KYJIY OCTaTOtmoro ra3a ( ~).p-.D:aB

nemre ocmTotmoro rasa (Topp). 
Ilpl'I nepe3apSI.D:K8 OTpKnaT8nDHOrO HOHa (HanpHMep, Ir - H

0
) onpe

.I(8JlllllJl(88 3HB,qeHK8 HM88T·caqeHH8 nepaxo.na OTpHnaT8~DHOrO l'IOHa B H8it

TPaJIDH!li1 €)-r,o• TaK KaK C8'18HK8 6 -I,I B .D:llalla30H8 3Heprd .D:O rdo 
MaB COCTaBnSl.8T M8H88 4% OT 6-r,o· CeqeHH8M 3axBaTa Truat8 MOlltHO npe
H86pe1!D. Tor.na caqemre nepesaps!.ll;Kll onpe.D:aJIJieTcR qJOpMYnott 

r! _ KM·I0-16 r 2] (5) o_, o- wo.11 LCM > I , 

r.D:8 Ky - nocTOSlHHaJl B8m'ql'!Ha, onp8,ll8JIJl8Maa H3 3KcnepHM8HTa, KOTOpaJI 
3aBHCHT OT COCTaBa OCTaTotmoro rasa (Ky= 0,412 .I(Jiff. BO,llOpo,Ita H ~ = 
= 3,533 ,IT,7ISl asoTa>. Hs ipoprqn (4), (5) npH WH= 0 naazteM 

I(W) = I.exp[- c~~~?A r w·11Vw+(q~qj'.Jw], (SJ 

r.D:e CM =,I,625 JtJISl N2 , CM = 0,I89 lI,JIJl f12, CM= I,838 .I(Jiff. Bos,eyxa. 
,ll7IJI H8p0JiliTllBHCTC~Oro ~qaSI l'IHT8r~ B (6) CBO.I(HTCJI K Ta6Jm'qHQMy- ll 

lI,JIJl BHqHCJIBHHR noTapD no.nyqHM 4lOPMYJIY: 
o,IJ I/ 

·- I =1 .expf- A1·DM·W" ·f·fO ·] 
o eV•f , 

(7) 

l',ll8 DM = 2,523 lI,JIJl B03.JlYX.a, DM= 2,23 lI,JIJl N2 , DM= 0,26 .Ji7ISl ¾· 
'JB.CTOTa o6pamemm HOHa / B ~- . · · 

)lJm npoB8.D:8HHJl pacqeTOB llOT8p:& Ir::-llOHOB sacqeT 3~0KTpHqecKOi1 

.D:HCCO~Uil'.H ll napesaPR.D:KK Ha MOJI8KYRax: OCTaTOtmOro rasa 6~ 003,ItaHa 
nporpaMMa HM ID .JiJIR 3BM EC-IOID •. IlpoBe.D:eHo cpa13HeHHe pasynDTaTOB 

paC'18TOB C HMexmm,mcSI 3KcnepHM8HTaJIDHHMH .D:aHHllMH, no~eHH!lMll Ha .D:8:11-
0TB,Y lll(HX ycKopKT8JIJlX ( TR] UM F - KaHa.D:a, UCLA - CillA). Hs 3THX 
cpaBH8HllitMOlltH0,3aKJmlmTD, qTO ~OpllTM!l ll M8TO.I(HKa pacqeTOB no npo
rpaMMe HMID .nam pesynDTaTH, nocTaTotmo 6.JmsKHe K 3KcnepHMeH~-
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Hl:lM .ItaHHID.f. PactteTH, mmoJIHemme no nporpa.MMe HM ID ,ItJill ~o
TJlORa Y-I20M np:e: SHepr:wnc Ir-HOROB .ItO 40 MsB. IIORa.3tmaDT, tITO cwra 
.llopa~ npaKTHtI8CKlI H8 BJIIJJI8T Ha HBT8HClIBHOCT1> nyq:Ra OTpHII,aT8JII,HWC 
HOHOB, T.8. npn: ycKOpamm Ir-:e: n•-:e:oHOB Ha Y-I20d IIOT8pH nytma, IIpO
HCXO.ItSIT TOJIJ,KO aa Ctt8T nepaaapR.ItRl'I'. llOHOB Ha OCTaTOtIHOM raae. Ha pIIc.I 
IIORa.3aHl:l SaBIICIIMOCTll IIHT8HCIIBHOCTH J:IYtma OT pa,ItIIyCa ,ItJill pa3JmlIHl:lX 
.ItaBJ.CeHmt n: cocT~Ba raaa B KaMepe Y-I20M, pacct{l!TaHHl:le no HMID . 

fO 

60 

40 

20 

III,('/.) 

5 
2 

3 

P:e:c.I. IlOT8pII Ir-HOROB Ba OCTaTOtIBOM raae 
.nmr Y-I20M : I - P = ro-7 Topp 

(Boa.ItYX), 2 - P = I-Io-6 Topp 
(Boa.ItYX), 3 - P = 3-Io-6 Topp 
(B03,ItyX), 4 - P = 6•Io-6 Topp 
(Boa,!ij'X), 5 - P = 3•I0-6 Topp CJ½), 
6 - P = 4•I0-5 Topp (J½). 

B pa60T8 IIPOB8;D;8H 8KCII8pHM8HT IIO on-
0 z 

3 
50 R pe,It8J!8mtJ) IIOTepr, Ir -l!OHOB IIPH ycKOpamm 

10 0 0 40 (CM) 
Ha ItHRJIOTpoH8 Y-I20M ,Ito 8H8prmt 33 MaB. 

Ha pl!c.2 8KCII8pHM8HTaJII,Hl:l8 ,ItaHHl:l8 l!306pallt8Hl:l CilJIOmHol .mnmel, T80pe
Tlltt8CKH8 - JIYHKT!!PHOft J!HHH8ff. 3KCII8pHM8HT npOB8,It8H Ilpl! .ItaBJI8mm B Ka
M8pe P = 3,7•Io-5 Topp. 

I ,,..,:.Al 
0,8 

PHo.2. IloTepl! Ir-:e:OHOB Ha OCTaTOtIBOM raae 
,ItJill Y-I20M : ---- - T80p0TH'18C

KH8 .i:tamme, - - 8KCII8pm48H
Ta.JII,HH8 .i:tamme. 

PesyJII,Ta'm 1llICJ!8HHl:IX paott9TOB H SKC
II8pHM8HTa IIOKaaHBall'l', tITO ,ItJilI Yl(8HI,m8HWI 
IIOTepr, nytIKa ,ItO IIpH8MJI8MOI B8J!H1lltmt H806-

0I ~ zo ~O 40 50 R.(o.J XO,ItHMO IIO Kpalliett M8p8 Ha IIOPHJtOK Yl(8Hl,- · 
llllIT!, .ItaBJ.[8Hll'.8 rasa B ycKOpH'l'8JIJ,HOI Ra.Mapa. 
4\aaoTpoH 06'I,8,ItRH8HHOro KHCTHTYTa HJl;epma: 

l!CCJ!8,ItOBaHll'.I (ycTaHOBKa "41") YOKOpli8'1' npOTOHH ,Ito 8H8prmt 680 MaB llpl!. 
TOR8 BJlY'l'p8HBero ny,ma 5+IO MKA • .ltJiil·PHJta 8ltCII8pHM8HTOB, BI:mOJIHJl8MHX 
H8. ~0Tp0H8, H806XO,Itm,tll IIYtIItK C aHepr:e:ett OT IOO .ItO 200 M3B. 06wmo 
8Tlil 8H8pr:e:H ,ItOCTHraDTCR JIYT8M TOpMOlt8HlUl BHB8,It8HHOrO nytIKa C 8H8pr:e:eft 
680 MaB B rpawl!TOBHX 88M8.It,Jm'l'8JIJDC. Y Clt0p8Hll'.8 Ir -l!OHOB Ha ~0Tp0H8 
CIIOC06CTBOBaJ!O 6s IIOJIYtI8H:e:D BHB8,It8HHOro nytIKa C onepaTHBHO l!SM8HJDJ-
11telca 8Hepr:e:ett B SBJtaHBOM ,ItR8IW.SOH8. 

B CMSl! c aTHM cos.i:taHa uporpaMMa HMIDF ,ItJill '<llICJieHHoro pac
tteTa IIOT8p!, Ir-BOHOB B YCTaHOBR8 n~n BCJ!8,ItCTBK8 8J!8ltTpl!tI8CKOI ,ItRCCO-

6 

ti 

·• 

ItHaitHH npII pa3JIH'G:HIDC ypoBHSDC Ma.I'RIITHOro IIOJI.ll, a T8.Kllt8 IIOT8p:& n:a-aa 
napeaapa;u;RII Ha MOJI8KYJiaX OCTaTotIHoro raaa B 3aBHClIMOCTII OT B8JllitIHlill 
BaicyyMa :e: cocTaBa ocTaToimoro raaa. 

!' 
.to~ W'.M:>t'~ 

2 --r·1 
-.r~' 

•\w,1;c.,,.,.,~ 
100 w, 160 110 /IC 

fk,.TEPVI H-V!OHOB '13.3A C.VHlbl }JO!?EHY.A 

-- HAnPAll(tnt,li )'1.-1 u,.)A'1~to ;._,. i'.1" 

----- 1-1.:.,1i-.o,En~E , .. .;_y,.r,r:. :.:: l(e 

r', a 

:;~.,, l. ;,_._:."' '.' 
1:.·c1.1·4. T 

Pllc~3 

Ha pn:c.3 npHBa,IteHl:l paay,rr,Tarn pac-
tt8TOB itoTep:& Ir -HOHOB aa Ctt8T CMS JiopaH
na. IIp:e:'aHatt9HHll MaI'RIITHoro IIOJ!Ji B D;8HT
pa B0 = I,I9~ TJI 11 cpa,IUiaM Hanp.fll!teHHn 
Ha ,nyaHT8 Uj = 20 KB (B STOM p8lltl!M8 
npoTOHl:l YCKOPJIIOTCJi ,Ito MaKCHMaJI:&HOft SH8p
re) HHT8HCHBHOCT!, Ir-HOHOB COCTaBJIJieT 
23% OT I 0 np:e: sHapre W = I30 MsB, a . 
np:e: W = I53 MsB,I = ?•I0-4Io. IIpn: STIIX 
sHepr:wnc ttaCTOTa o6pamaHHSi YM9H:&ma9TCJi 
He 60J!88 tt8M Ha 5%. 

Ha p:e:c.4 cWiomHHMII JillHllJiMll noxaaa
Hl:l pe3yJII,TaTH pactteTOB IIOT8p!, Ir-IIOHOB 
:e:a-aa napaaapa;u;Itll Ha ocTaTotIHOM raaa npn: 

pa3J!HtIHHX B8J!H'<llIHaX ,ItaBJI8HWl B RaMepe 
(B03,ItyX). l.JymtTIIpim8 J!llHllll IIOKa3llB8.XlT 
COOTB8TCTBY!)lltl!8 II3M8H8HHJi HBT8HCHBHOC
TH llpll nepeaapSi,ItK8 Ha MOJ!9KYJiaX BO.ItO
po,Ita. SamTpHXOBaHHaJI rpaHH~ o6oaHatta
eT M9CTO IIOJIHOro HC~83HOB8HH.ll nytIKa 
:e:a-aa CHJ!li. Jiopaima. C ytt8TOM IIOJ!Hl:lX 
IIOT8p!, np:e: YCKOpamm .ItO aHepr:e:II I30 
MsB (Bo= I,I902 TJI)ll BalcyyM8 P = ro-6 
Topp (B03,ItyX) HHT8HCHBHOCT:& nytma Ir
HOHOB COOTaBIIT ~ 3% OT I 0 • IlpII TOM llt8 
pelltllM8, HO .ItJill BO,Itopo,Ita (P = 5•Io-6 

Topp),HHT8HCIIBHOCT!, paBHa II% OT Io. 

't ' ··~=-- • '1 

,~~ "-""') 

. C"£,.: :: i, ~~-~r :•,; ~•,:-,:.,-;-, ,n_:,: 

h~.L·> -,.;,.,<A.;..,,.E "•" ...,,,:.,,-;'i :.-:..ce'',··"• 

s.,:~'.~; ... { H~) 

'·'• ldO"f (HL) 

PHc.4 

L •·< . .,.:,. 

~-= ,.,. ,, 
'2.0 K6 
2.0 K8 

B TpeTr,e:li r,raBe :e:aJIOlltaHo T0opaT:e:ttac1toa :e:cCJie.ItOBaIDia HOBoro cno
co6a CYlll8CTB8HHOro YB8J!Ht{8HllJi Sqxp8KTHBHOCTH pa6om :e:aoxpoHHoro WIBJIO
TpOHa, IIOBlim9HllSi Kil,Jl ycTaHOBKll. H,IteJI cnoco6a 3aRJIIO'la8TCR B TOM, tITO 
B II30Xp0HHOM ~oTpOH8 O,ItHOBp8M8HHO ycKOPJIIOTCSi ,ItBa nytIKa npoTHBOIIO
J!OlltHO 3apllllt8HHWC HOHOB o,ItHoro :e: Toro llt8 a~8M8HTa (HaIIpHMep, npoTOHl:l 
II Ir-:e:oHH, .i:ta:!iTpoim :e: D--:e:oim). IIp:e: aToM Ka.llt,Itlilt :e:a ycKopeHHSx nytIKOB 
BliBO,ItRTCJi OT,It8JIJ,HOft CllCT8MO:li BllllO,Ita - nyttOK OTpIInaTeJIJ,HllX HOHOBC no
MOJlt!,D nepesapa,ItHO:!i Mlllll8HH, nytIOK IIOJIOlltHT8J!!,ffilX HOHOB B npou;ecce ycKO
peHH.ll riapecaxaeT STY Mllm8H!, II BllllO,ItRTCJi B ~yrOM HaIIpaBJI8HllH C IIOMOil1l>D 
aJ!8KTJ)OCTaTIItt8CKOro ,It9/p.n:8KTOpa. TaltllM o6paaoM, B03MOlltHO O~HOBp8M8HHO 
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npOBO,nHT1, ,ItBa SKCnepHM8HT8.JI1,HllX HC_CJI8.I(OBamm:, mmpmep, Ha O.ItHOM" 
IJYlIK8 B8CTH R,I1;8pHO-<pH3HqecK.He pa6om, Ha .npyroM - npOH3BO.I(CTBO HSO
TOilOB. B Tp0T1>8ll rJia.Be npoB8.I(8HO aHaJmT.H'IE!CK08 .H 'Il!CJI8HH08 pacCMOT
peH.He nponecca YCKOp8HllJl .I(Byx IJYqROB B nmtJIOTPOH8. TaK Kalt MaCCH no
JI01lWT8JI!,HllX H OTpHIJaT8JI!,HllX HOHOB pa.SJIH'llm, TO Ilp0l!Ut8 Boero paccMa.T
pHBa8TCJl qiasoBoe .I(Bmt8HH8 crycTKOB HOHOB npH IDC 0.I(H0Bp8M8HHOM YCKO
peH.HH B ll30XpOHHOM nmtJIOTpOH8. 

"AHaJmT.Hq8CK08 ormcaH.He H3M8H8HWI 489H BHCOKO'iaCTOTHOro mmpJ'Illte
HHH B MOM8HT npOXOl!Ut8HIDl HOHOM cepe,nHHH YCKOpHD!l8ro sasopa B SaBHCH
MOCTH OT KHH8Tllq8CKOll 3H8prHH 6aaHpy8TCJl Ha BHpallt8HHH 

d¢ = .!!J... dw == 2.7[.a. AT , (9) 
dv dw. dv , To 

r.ne 1$ -HSM8H8HH8 483H aa o6opoT, q. - Kpa.THOCTI, ycKopeHllJl, To - . 
nep:ao.n o6pamemm: HOHa B H30Xp0HHOM MaI'HHTHOM nOJie, /l T ;.;.; OTKJIOH8HH8 
nepHo,na o6pa!IteHHH HOHa OT :aaoxpoHHoro s_HaqeHllJl. ECJIH MarHHTHoe nOJie 
HSOXPOHHO WIJI HOHa c SHeprHell IlOKOSI Eo :a nepHO.I(OM o6pameHHH To• TO B 
STOM CJiy'ia8 ll'/1 = 0 H ipasa HOHa B nponecce YCROpeHHH H8 HSM8HH8TCH. 
ECJIH 0.I(HOBpeM8HHO C HHM YCKOPfi8TCJl .npyron HOH C SHeprnen ~OKOH Ea+ 
+ .1E0 , nepHo.noM o6pameHHH T0+ .1 T .no o,nHoro H Toro lite pa,nHYca, TO Hs
MeHeHHe nep:ao.na o6pam8HHH SToro HOHa OIIHCHBa8TCJl BHP8llt8HH8M 

AT_ t. Eo (IO) 
- 2E To r · o 

Tor~ HS (9), {IO) MOllrnO HallTH ®BHr 48SH HOHa C SHeprnen IlOKOH 
E

0
+ ,fE~ . 

2 
• ,1.. s· /4 _ 2·'11'. 0 tJEo Eo WK-WH -Sm 'f/K - ln 'f/H - 'J<," I. E.o. EH-EK. t. Wm , (II) 

r.ne AWm- MaRCHMa.JI1>HHll Ha6op aHeprHH HOHa sa o6opoT, ~. ~ - Ha

'tlaJIJ,HaH H KOH8qHM IlOJIHH8 3H8prHH HSOXpoHHoro HOHa. C.I(BHr 48SH npH 
0,l{H0Bp8M8HHOM YCKOpeHHll IlOJIOl!UIT8JI!,HllX H OTPHIJaT8JI!,HllX HOHOB, Kor~ 
HSOXpOHHHll pocT MaI'HlITHOro nOJIH' COOTB8TCTBY8T Cp0.I(H8MY sHaqeHHD 3H8p-
rHH noKOH E0 , onpe,neJIHeTCJI ~OPMYJIOll _

2 
A-. s. A.. + m' '1.Eo Eo wK-wH 

Sln'f/1' = ,1,n'f/H - :;, ·q· Eo EH· El(. Li Wm ' (I2) 

r.ne A Eo - CYJ,!MapH08 paSJIHq.ll:8 MaCC IlOKOSI. 3HaK "+" COOTB8TCTBY8T OT
PHDa T8JII,Hl,IM __ HOHaM, " - tL - IlOJIOlltHT8JII,HHM. MaRCHMa.JII,Hlitt npHpOCT 3H8 prHH 
( W,c -"1,) npH 0.I(H0Bp0M8HHOM ycKopemm 0.I(HOSapH.nmnc IlOJIO!CHT8JI!,HllX ll 
OTPHIJaT8JII,HHX HOHOB 0.I(HOro H Toro llt8 SJI8M8HTa HaXO,nHTCH HS (I2) Hon
pe,neJIH8TCJl ipopMYJIOtt 

8 

, , 

tj· 
'ii 

l 

W"' -W,., = 300·.lt ·J Sin</>,:-Sin</)H/· L1Wm/q,. (I3) 

Hanpm.,:ep, 8CJIH npHHHTI, ~ IlOJIOlltllT8JI1,HHX HOHOB ¢ff= 60° H cpl( = -60° t 
To WK- WH ~ 520-ACA\Vmlcp. · .• . 

.Il)rSI nsoxpoHHoro nmtJIOTpoHa Y-I20M npHMeM WH = 0, LlWn= O,I 
MaB, q= I. IIpn E0 = 938, 79 MsB Ha (I2) noJiy'ia8TCJl ~opr.,yJia. ~ C.I(BH
ra ipaa npOTOHOB H Ir-HOHOB npH d.I(HOBp0M8HHOM YCROP8HHH HX B Y-I20M: 

Sln ¢" = Sin <PH + 0,.33/t·Vc , (I4) 

Ve - MaKCHMaJI1>Hoe q:acJio coTeH o6opoToB :aoHa B nmtJIOTpoHe. Hs -@PMY
JIH ( 14) CJI8.I(y8T, qro 8CJIH llS HOHHoro llCTOqH.HKB. HOHH BHXO,ItllT c <PH= 0, 
TO npn ¢"' = 30° \¼ = I5 MaB ( Ve = I, 5) , np:a c/>1e = 45° 1'¼= 2I ,2 
MaB, npH 'c/>r.= 60° W,c = 25,9 MaB. IIpHBe.neHHHe Blllile peayJILTam pac
qeroB IIOKB.3HBallT, qTo ~ no~eHHH Ha Y-I20M MaitCHMaJILHHX aHeprd 
npOTOHOB n Ir-HOHOB (nopSI.I(Ka 35+40 MsB) H806XO.nnMO, qTo6g KOHCTpj'K
~H HOHHHX HCTOqJiHKOB H nyJiepa o6ecne~ no~HH8 Ha'iaJI!,HHX 483 
OKOJio 30° ~ npoTOHOB :a -30° ~ Ir-HOHOB. IIpH aTOM MOlltHO nOJiyq.HTL 

w~ 40 MsB IIPH cpl(= 57°. TaKHe Ha'tlaJIJ,Hll8 ipa3H MOlltHO, mmpm.mp, 
o6ecneq.HTI, c IIOMomm IlOBOpOTa o6oruc HOHHHX HCTOqH.HKOB :a nyJiepa OKO~O 
neHTpa MarHHTHOtt. CllCT8Mll Ha yrOJI 30° OTHOCHT8JII,HO YCitOpmlll8ll ItpoMKH 
ltYaHTa npoT.HB mmpaBJI8HHH Bp~81illli npoTOHHoro IJYqKa,, a Ta.IOl[8 COSM
RHH $ -o6pasuon ~pMH RpOMKH .nyaHTa B neHTpa.JII,Hott o6Jia.cTH. 

IIp:a O.nHOBpeMeHHOM ycitopeHHH .nettTpOHOB n D--HQHOll ,4 E
0
/E0 B 

;ttBapasa M8H:r:.me, qeM ~ npoTOHOB, H npn YCK0p8HHH Ha Y-I20M .I(Byx 
IJY"IKOB .no MaKCHMBJILHoll aHeprHH 20 MaB :a q>H = O c.I(Bnr qias Ha ItOHeq-
HOM pa.nHyC8 COCTaBllT OKOJIO ±18°. . 

,UJm q.HCJI8HHOro MO.I(8Jillp0BaHWI .I(Blillt8HHH HOHOB np:a 0.I(H0Bp0M8HHOM 
ycKopeHHH .I(Byx ny,moB 003,naHa nporpaMMa DRllHll c pasBeTBJieH-
HOll CllCT8MOtt no,nnporpa.MM ll BOSMOlKHOCTI,D pa6om B ,nHaJIOrOBOM pelltHMe 
np:a ncnoJII,SOBaHHH 3BM EC-IOIO. C noMomI,D aTOll nporpaMMH WIJI nmuroTpo
Ha Y-I20M_BH'.IlOJIH8HO .I(8TaJI1,H08 HCCJI8,l{OBaHH8 pa,zura.Jil,HO-ipaSOBOro .I(Bmlt8-
HW{ npOTOHOB H Ir-HOHOB npn IIP8MOa8HHOll B pa60T8 HOBOtt KOHJi>nrypanira· 
neHTpaJII,HOll o6JiaCT.H, Hall.neHH 0IlTllMSJI!,Hll8 IlOJIOllt8HWl HOHH!lX llCTQqJiHKOB 
ll nyJiepa, a Taltlt8 .npyr:ae napaMeTpH, H806X0,1UIMH8 ~ IIp~T.ll:q8CKOtt 
p0aJIH3anHH O,Il;HOBp0M8HHOro ycROpeHHH .I(Byx ny,mo~ Ha nmtJIOTPOH8 Y-I20M. 

Ha pnc.5 ll306pallt8Hll Hatra.JII>Hll8 Tpa8ItTOpHH npOTOHOB.(CIIJIOillHH8 JIH
HHH) ll Ir -HOHOB ( TOqK.H) .Il,/IJl paSJlll'OOUC SHaqeHHll 483 BHJI8Ta H3 HCToq-

. mraa. Ha p:ac.6 np:aBe,neHa cepHH n~eHmrx 3aBHCHMOcTell sHaqeHHllSin~. 
ycKOpeHHHX HOHOB OT K.HH8T.HqecKoll 3H8prllH. 

npyrott BalltHOll npo6.n:eMoll npH 0.I(H0Bp0M8HHOM YCKOp8HHH ,neyx ny,IKOB 
SIBJISl8TC.ll BsaHMO.I(8llCTBH8 tmCTHn C nepe3apHJU{Ott MllII18H!,D. IIpoB8.I(8HHH8 
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Pllc.5 

., 
::I_c'' 

' 3' 

B pa60T8 pactJ:STH IIOK~SEmalOT, 'ITO 
B ,ztaHHOM ,ItHanaSOH8 :rnaprml ( 35+ 
40 MaB) IJY'l!OK Ir~HOHOB sa O'AHO 
IIpOXOllt,I{8HH8 npaKTHqacKH IIOJl
HOCTDD nepasal)HlltaSTCH B IJY'l!OK 
npoTOHOB npn MmmMaJIDHott TOJIIItll:HS 
yrJlepo,mrott Mllll!SHR 50 MKr/cJ!- · 
(0,25 MKML 

I,O •• !J 

"3- 0,8 

-= . 
o.•~x I I ~·J:r1C I 

o., I \. ! A'!.' 

o.21- I Ai-." I 

01 A'I \"k 

-0,2 i,-::~; I I - \"~ I I 

-0,8 -·---+--- -·-+------f 

-I,O O . IO 
20 W(M'1ifo 40 

Pnc.6 

· .Il,Jm Toro, qTo6& Bea qacTHn& nyima. Ir -ROHOB napa_caKJm napasaPH,It
HYlD MRm8HD, ea mRpRHa B.ltMD pa.ItHYca 'AOJllKHa H8CKOnKo npeBl:lman pa
,ItliaJIDH08 paccTOHHH8 MSJUY COC8.Itlll™R TpaaKTOpIDIMR 'tffiCTHn IJYl!Ka. Pa
,ItliaJIDH&tt mar M8llt,Dy COCS'AHRMR Tpa8KTOPIDIMR MOJKHO SanRCaTD B Bll.n8 

S-i z ~'t + 2·a•Sl.n(27f·G-z·Y+8o)·Sin(1C·Qi), (15) 

r'A8 A 'Z- Ha6op sa. o6opoT, a ' 80 - aMWWTY,U;a H _Ha-qaJ!l,HaH qe.sa 
CB060'ABHX ~aJIDHHX KM86aHml • .Il,Jm nl!MOTpOHa Y-120M B pal!UIM8 YCKO
peHHH npOTOHOB 'AO 3H8prRH 35+38 MaB, Halll)Hllt8BRH Ha ~HTS 50 KB npR 
aMIWITY,U;8 CB060'A~KOJl86aBRit a= 0,35 CM, 4'&= 0,06 CM, Q,t= ,, 
= 1,04 B8Jm1ll!Ha (} 'lmax COCTaBHT 0,15 CM. TaKRM o6pasoM, mRpRHa 
napesap,i,IU!Oit Mnm8HH 'AOJllltHa 6&TD H8 M8H88 0,15 CM. 

B nponacce ycKopeHRH B O~CTH KOH8qJlllX ~l!YCOB IJYl!OK npoTOHOB 
wroroKpaTHo npoxo.ItHT qapes napasaPH,ItHY1D MHm8HD. Ilpn STOM ns-sa MHoro
KpaTHoro ynpyroro pacca.llHWI, a T8.l0lt8 noT8pD 3H8prHH npoTOHOB.B MHill8-
BR SMHTTaHCH nyinta. (OC068HHOaKC~H&it) MOryT yB8JmqHTDCH. )vIJl OII
p0'A8Jl8HRH B8Jm~ BJIHJmIDI nepasap,i,IU!Oit Mm!18HR Ha nyqoK nMOlltHT8n
ma: ROHOB 6WIO npOB8'A8HO C RCIIOJlDSOBaHRSM M8TO,zta MOHT8-KapJlO "lll'.0Jl8H
H08 MO'A8JmpOBaHR8 nponacca YCKOp8HRH %CTHn C yqaTOM rayccOBCKoro 
pacnpe'A8Jl8HRH yrJlOB MHOrOKpaTHoro paCC8HHHH R Cp0'AHHX IIOT8PD sHaprHR 
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• 
B Mllll18HR. PasynTarn MO'A8JlRpOBaHHH noKasaJlR, 'ITO HCKallt8HHH aKC~-
HOro SMHTTaHca Ha Y-120M H8 IIPHBOMT K SHaqHTenHHM noT8pHM nytJ:Ka 
npn BHBO'A8, 8CJlH TOJIIItll:Ha YI'Jl8PO'AHOit Mlllll8BR M8H88 O'AHOro MirapOHa 
(~200 MKr/cJ!-). 

Ilo TaKOtt llt8 CX8M8,KaK B HSOxpOHHOM naMOTp0H8,BOSMOZHO O'AH0Bpa
M8HH08 yCKopeHHa npOTOHOB H Ir-HOHO~ B _q>aSOTpOH8. Tax KaK B_q>aSOTpO
H8 npo'AOnHHa KOJl86aHHH qacTnn B cryCTK8 YCTOttqHBH, TO pasHH~ B_Mac
cax npoTOHOB H Ir-HOHOB HB ORaSHBa8T (B OTJm'lHB OT HSOXpOHHoro ~
JlOTpOHa) npaKTH'lBCKH HHKaKoro BJIHHHHH Ha nponacc YCKOp8HHH o6onx 
HOHOB. 0IITHMaJlDBH8 pasMap& nepesaPH,ItHOtt yrJlapO'AHOtt Mml18HR ,nJISl ycTa
HOBKl! "~" COCTa.BJISlDT 0,5 MKM no TOJIIItll:H8 n 3+5 MM no mHPHHB. 

.Il,Jm onpB'A8Jl8HHSl BHXO'ABHX xapaKT8pHCTHK BToporo, BliB8'A8HROro noc
Jl8 nepesaPH,ItKH, DYtJ:Ka npoTOHOB cos.ztaHa cnenaan:DHM nporpaMMa DRUNH 
Ha IISS-2 .ItJIH 3BM EC-IOIO, B KOTopott Haqa;io KOOP.ItliHaT SaMBTCH Ha 
npOHSBOJlDHHX paCCTOJIBRH H asHM;yTB OTHOCHT8JlDH0 neHTpa qe.soTpOHa • 

\, 
\\ 
,1 

r~.1: : .. (~·-·-.---:·«.~'~\ 
~-.-~. '. ! )' ; ·ii_ : ;_ \ i ) " \ ··---: .-J}), /i / : 

~t//:' ii .. , 
~/~:> ,r _;.--1,... .. ,...,/ ,11:. 
;/I,.rlA / \ / 

/ 

Pll:c.7 

Ha pnc.7 IIpHB8'A8BH Tpa8KTOPHH Ir
HOHOB C 3Haprnett 130 MaB, COO_TB8TCTBYD
~e! mTaT~OMY ypoBHD Mal'RHTRoro nMH 
(B0 = 1,1902 TJl), R TpaBKTOpHH Ir-ROHOB 
c W= 165 MaB npn cRBeRHoM Ha 0,2 T.lr 
YPOBH8 MarIDITHOro noJlH. BIJ.D;Ro, qTo 
BOSMOUO HailpaBHTD o6a BHB8'A8HBHX nytJ:
Ra npOTOHOB c SHeprnatt 130 MaB R.670 
MaB' B C~8CTBYllltHB KaHaJIH IJYl!KOB. IlpH 
3TOM Pa.ztliMDHlitt SMHTTaHC BTOporo·nytJ:Ka 
npaKTH'48CKH Ha HCKallta8TCH. 

1IBTB8DTM rJlaBa nOCBSill!8Ha'OnHca
RRD naMa SKcnepHM8HTanHHX RCCJl8'AOB8.-
m no O'AH0Bp0M8RHOMY YCKOp8HlilD npoTO

HOB H lr-HOHOB, BlillOJIH8HRipC Ra HSOXpOHHOM naMOTpoRa Y-120M IDI~ 1IGAH. 
IlpHB8'A8BH oco6eRHOCTH KORCTPYKnRH KOM6HHHpOBaHHOro HOHROro HCTOqRRRa 
H nyJlapa. 

Ha pnc.8 nOKaSaH 06~tt BR'A KOM6HHHpOB8.!iHOrO HORHOrO_RCTOtJ:IDIKa, 
B KOTOpoM RM8DTCH 'AM HaRaJIHBa8MHX KaTO'Aa {3,8}, 'ABa aHTHKaTO'Aa (4,6) 
H na OT'A8llBH8 pasPH,JJ;HH8 KaM8pH. 

3KCII8PHMBRT 6WI npoB8'A8H B nyx BapHaHTax. IlapBlitt paUM COOTB8T
CTBOBaJI peBepcy TOKa B OCHOBHOtt HBO BC8X KOppaKTHpyn!tHX o6MOTRaX 
8Jl8KTPOMarHllTa_nintJIOTpOHa (o6paTH08 noJle). B STOM peUMa npOTOHli, BU
XOM HS Jl8BOtt ~8Jm HCTO'IHHRa, Bpalltal)TCH no '!JaCOBOtt CTP8JlK8, a Ir-HOBH, 
RHllt8ltTHpyawe HS npaBoit ~8Jm,- npoTHB '!JaCOBOit CTp0JlKH. BHJla noJIYtJ:BHa 
RHTBBCHBHOCTD 060:ax nyqKOB npn ,mcTOTa ycKopammaro Hanp1nteRHH / = 
= 21,2 MI'I(, 'ITO COOTB8TCTBY8T SBapnrn npOTOHOB 24 MaB npR 't,c= 50 CM. 

ll 
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Pao.8. 06matt B~ KOM6RHHpOBaHHOro HOHHO

ro HOTO'iHJ.IKa: I - Kopnyo; 2,9 -

3KpaHH; 3,8 - KaTO~; 4,6-: allTH
KaTO~;? - H30JI.llTOp. 

Bo BTOPOM pextm.Ke H8Ilpa.BJI9Hli9 Ma:r
HHTHOro llOJI.ll OOOTB9TOTBOB8JIO P9lltliMY 06H'I
HOtt 3KOIJJIYaTaIJ;IIH (npllM09 no~e). B 3TOM 
pexHMe ny~ npoTOHOB H n~ROHOB M9H.ll
~HOL M9CTaMH H 6H~a ~OoTHreyTa HHT9HCHB

HOCTD ny~OB npli ~CTOT9 . / = 20, 31 ~- IlpH 3TOM Ha ~ca t,c= 
= 50 CM 3H9Pl'IDl npoTOHOB paBHa 22 MaB. 

1,0 

~5 

_/ • .../ -~ -~ B(TJ 
0 + ' • • . ~ --~ -
1,~t5 l,~t6 1.4(7 t,418 1,419 1,420 1.421 

PHc.9 

P930HaHCHH9 KpRB!,19 6~ R3M9p9HH 
,nJill npOTOHOB H n-ROHOB B p0l!UIMaX ydKO

peHIDI Ka~oro ny~ H O~HOBp9M9HHO 060-
RX IJY'IKOB. Ha pRo.9 npRBe~eHo opaBHeHHe 
3KcnepHM9HT8JILHHX ~aHHHX O T90p0TH'I9C
KHMR paC'iSTaMH. IlpR 3TOM MaKOHMaJILHH9 

TO~ IJY'IKOB,paMH'!aJ!lllH90R.I{JIH npOTOHOB 
H n-HOHOB B 3THX H3M9p0IDIJUC npKM9pHO 
B 50-60 paa, npRB9~9HH K O~HB.KOBOtt 

BeJIHtraHe. P~o KpoMKH H3M9PHT9~LHott 
MRIII9RH - 45 OM. CMomHott JIHHHett H3o6pa-

X9HB. paotteTHM KPHBM, OCHOBaHHM Ha 3aBHOHMOOTH TOKa H3 HOTO~ OT 
~ettoTBYK>!ll9rO H8IlpRX9HHR Ha ,eyaHT9 B ~e I: .It·( u,-coscp)J/a ·, 
PactteTHM HHT9HOHBHOCTL onpe~eMSTCR nyTeM ~0~9HHOro RHTSrpHpOBaHHR 

no B03MOxHHM HattaJILHHM cpaaai.i :e npe~e~x q>HI• ¢_H2 • IlpH aroM B aa
BHCHMOOTR OT aHaKa paccTpottrur MarHHTHoro noM 8 - Bpe3. o~Ha Ha Kpa!
HHX Ha~mix qiaa a~aBaJiacL BemrtJRHott q>H, = 45°. ,npyrag KpattH.IIR 

Ha~LHM ipaaa <PH2 Haxo~~aCL H3 pactteTa qJ8.30BOrO ~B~9HHR ,nJill 

paaJIH'IHHX B9JIHtraH MarHHTHoro IlOM npH yCJIOBHH, 'ITO 3Ha'i9HH9 OOOTB9T-
CTeyDit9tt KOH9'iHOtt ql8.3H ¢K2~45°. IlymtTHpHoft mrHHett 0603Ha'i9Ha 
~yraR pao'!STHM 3aBHOHMOCTL npH npe~o~oxewm, 'ITO 1 = .lt·(~·cos¢l 

PaoCTMHH9 M9!t,lzy 3KCll9pRM9HT8JILHHMH MaKCHJ\!YM8.MH peaoHaHCHHX KPH
BliX ,nJill npOTOHOB R n-HOHOB C TO'iHOCTiD 2% COOTB9TCTBY9T Maoce ~BYX 
3~9KTPOHOB. 

Ewro npOB9~9HO R3M9p0HH9 3aBHCHMOCTH cpaa YCKOpll9MllX cryoTKOB OT 
qiopMll MarRHTHoro riOJIH B U9HT~LHOtt o6~CTK. C llOMOmLD ~CJieHHHX pac
'i9TOB R 3KOil9pHM9HTOB Ha IJY'IK9 npoTOHOB 6~o H~9HO, 'ITO H3M9H9Hli9M 
TOKa B Il;9HTP8JI:E.HOft KOppeKTRPYDmett o6MOTK9 MO!:HO B ~OOTaTO'IHO m:apciKHX 
npe~e~x pery~~pOBaTL Ha~LHYD cpaay YOKOPR9MliX oryOTKOB. STa 06MOT
Ka ooa~aeT B Il;9HTpaJILHOtt oMacTH "6aMn" MarHHTHOro llOJI.ll B9JIHtraHott 
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3( re np:a TORS B HSI AI2 = IOO A, ROTOpwl HM98T npoTR!:9HHOCTL ~o 
'Z = !8.;.20 OM. <.PaaoBwt C,ItBRI' cryoTRa ~o 3TRX P~COB ll8M9~CR Ha 

±I0.;.!2° npH R3M9H9HHH TOKa B 06MOTR9 Ha +IOO A. B npRMOM MarHHTHOM 

no~e 6~a ~eHa H8Jl:JIY'illlru 3aBHCHMOCTL RHT9HCHBHOOTR ny~ npoTOHOB 
B,JtOJIJ, ~ca npx B9JIH'IRH9 TORa B 06MOTR9 I2 = -300 A. IlpH o6paTHOM 
no~e OllTRMaJILH09 3Ha'i9HH9 TOKa Il;9HTP8JILHOtt KOppeKTHPYDI!Stt o6MOTKH 

ooCTaBJilieT r2 = -48 A Mil npoToHHoro ny'!Ka. Ha pHc.IO noKasaaa R3Me
peHHM O llOMOmLn nnKall-3~9KTpo~oB SaBHOHMOOTL ql8.3H n;eHTpa crycTKa 
npOTOHOB OT ~ca B npRMOM llo.JI9 (RpHBM I). Cpe~Hee MarHHTH09 no~e 

Mil aTOtt aaBRCHMOCTK ql8.3H, COOTB9TOTBYDJl99 
T86JIH'IHHM 3Ha'i9mmM TOKOB KOPP9KUIDI, R306-
pai,;aeTCR KpHBOtt 2. KpHBM 3 llORa3HBa9T 

4lOPMY cpe.ItHero MarHHTHOro llOJI.ll B U9HT~
HOtt O~CTR, COOfB9TCTBYlJUIYl) on~HOMy

P9ERMy O~HOBp9M9HHOro YCKOp9HWI ~:syx ny'I-
__ .._. ______ i~,CM KOB. 

JI! ~o 

Oi 10 20 JO __ >.,:•:·· 

.lvIJl OCYJI19CTBJI9HWI p0JmMa O.ItHOBpeM9H
HOrO YCKOpeHHR ,ItByx IJY'IKOB BHa~e R3M9pll
nKCL Ha TOKOBHX npo6IDIKaX p830HaHCHl:l9 aa
BRCl!MOCTH HHT9HOHBHOCTH ny'IKOB llpOTOHOB,H 
n-ROHOB npR H3M8H9HHH TOKa B OCHOBHOtt 06-
MOTK9 MarHHTa IJ;IIKJIOTpOHa. IIo~ aroro BBO
~CR npo6runc c nepeaapsmHott MKIIJSHLn Ha 

-3 

-6 

'J(M, 

s 

z.s 

0 

-Z,S 

-s 

Tue.IO 

00 r 

>t,= 47 CM, BeJIH'IRHa TOKa MarHHTa BH6Hpa-
~CL M9!:,Izy peaoHaHoHHMII 3Ha'!9HWIMH TO

ROB Mil llpoTOHOB R n-ROHOB (Bop= 
= !,4!8 TA) H Bil9pBHe Ha6.1IIWUIOCL O.ItHO

BpeM9HH09 YCKOpemre ,ItByx ~OB npOTK
BOno~OgHO 38pllllt9HHHX HOHOB. Per:aCTpKpo

~CL O.ItHOBp9M9HHO TOK ycKopeHHoro 
npOTOHHOro ny'!Ka Ha 'l.3 = 49 CM R 'i9p03 
T9~8CHCT9MY CB9T.fUil99CR IISlTHO Ha (p1.[y0p0C
IJ;llpy11119M 3RpaHe, C03~9M09 O~OH9H-

-,S -10 -s O S 10 H zo X(>1M) HllM B MaI'HHTHOM no~e npoTOHHHM ~OM 

noCJie nepeaapimKn Ha t 2 = 4? CM ycKo
peHHHX n-KOHOB. Ha pRc.II np:aBe~eHO 

PHc.II H306pa,r;emre CB9T.fUil9rOcst IIl!THa OT ny'!Ka 

n -HOHOB Ha Jill,fiIH9Cll;9HTHOM 3KpaHe. AHa
AOrH'iHO 6~0 38q>RKCRpOBaHO O.JU!0Bp0M9HH09 YCK0p9RH9 lI:£YX ny~OB B Ilpll-
MOM no~e. 
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OcHOBHHS pe':'3YJlI,TaTH wiccepTaIJ,ROHHOil: .pa6om: 
l. Cos,na1m nporpaMMH HMID K HMZD F ~ 'lll'.CJlSHHoro pac-

'iSTa IIOTSpI, OTPKIJ,aTSJII,HHX HOHOB BC.118.I(CTBHS 3Jl9KTpK'i9CKOil:W{CCOIJ,Rail,RR 
H nepesaJ).lmIUI Ha·M0.11ezy.11ax·ocTaToT!Roro rasa IIpK ycitopeHHH B KsoxpoH
HHX D;IIRJIOTpOHaX H qJa30TpOHai. IIpoB0.!(9HO cpaBHSHHS pe3yJll:,TaTOB 'pactt8-
TOB c·.HSBSCTHW,m; 3KCII9PKM9HT8JII,:imM.H ,naHHmm, KOTOpoe IIOita38Jl0 ,I(OCTa
TO"IflYI) TOT!ROCTI, OIIP9.!(8Jl8H!Ui IIOTSpI, IIO 3TKM IIpOI'paMMaM. 

2.-HcC.118.I(OBaHIDl, 'npOB9.!(8R!Ill9 ~ K30Xp0HHOro D;IIRJlOTpoHa·Y-l20M, 
IIOKa3IraalDT, 'iTO B 3TOM D;IIKJlOTpOHS B03M0lltHO YCROJ)JlTI, Jr- K D- -.HOim C 

H93Ha'lll'.T0JlI,HHMli IIOTSJ)JlMR IIPH'YJIY'IDISRRR·BaicyyMa .no 3•I0-6 Topp~ 
M0.110:KY'Jl B03,ItYXa. 

3. Cor.11aCHO pac-..eTaM IIO 003.I(aHRHM nporpaMMaM B qiasoTpOH8 OIDlli 
BOSMOlltHO YCKOPHTI, Ir-HOim .no 3H0prRK 130+150 MaB, KOTOpaH onpe,ne.imeT
CH IIOTepru.m BC.110.I(CTBHS 3Jl9KTpH'i0CKOI W{CCOD)i!aD;llli. ,Il;na 06ecIIS'i8HlUi 
npH9M719MOil: HHT0HCHBHOCTll 1IY'iK8 H006XOW{Mafi B0JlHtil'!Ha :8aKYYMB, paBHa. 
~2•10-6 Topp~ M0.119:KY'Jl BOS,ItY'Xa. 

4. IlpOB0.!(9HO .!(9TaJlJ,H00 T00p0TH'i9CK09 HCCJl0.I(OBaHli0 HOBOro CIIOC0-
6a CYIIl0CTB0HHOro YB0Jlli'i9HRH 8qiql0KTHBHOCTH HCIIOJlI,SOBaHllJI ll30Xp0HHOro 
IJ,RRJIOTpoHa H 1pa.30TpoHa nyTeM O.nH0BpeM0HHoro ycttopeHHa H :mrno,na . .nBYX 
IIY'iROB IIp0TKBOIIOJlOlltH0•3apmitemmx HOHOB O,nHoro K Toro llt0 8JI0M9HT8. 
(RaIIpKMep, IIpOTOHOB H Jr-KOHOB, ,neil:TpOHOB H D- -KOHOB). ,Il;na HSOxpOH
HHX D;IIRJIOTp0HOB OIIP9.!(8Jl8HH IIP9.!(8Jl!,HH8 3H0prKK IIY'iROB, YCKOPJl0MllX B 
8 TOM p011tKM8. ' ' 

5 •. BIIepBl:le IIOKaSaHO, 'iTO IIpH HCIIOJl!,30BaHHH KOM6KHRpOBaHHOro KOH
Horo HCTO.'iRRKa H CII9D;II8Jll>HOil: qJOpM!l ,TzyaHTa B D;SHTpa.lll>HOil: 06.llaCTH B 
KSOXpOHHl:lX D;IIKJlOTpOHax TRIIa Y-l20M BOSMOlltHO O.I(H0Bp0M0HH00 ycKopeHHe 
IIpOTOHOB H Ir-HOHOB .no MaKCRMaJl!,HOtt 3H0PNH 35+40 MaB. 

6. IlOKaSaHo, no B qiasoTpOH0 OIDlli BTOpott IIY'iOK Ir-HOHOB IIOC.119 
nepesaps.t,nKR B IIpOTOHH BOSMOlltHO Bl:lBSCTll B HaIIpaBJI0HRK OCHOBHOro lIY'iK8 
IIpOTOHOB, IIpK'iSM HCKallt0Hli0 paW{a.llI,HOro 3MRTTaHca H93Ha'!IITSJ1I,HO. 

7. Ha K30XpOHHOM IJ,RRJIOTp0H9 Y-l20M BIISpBl:10 Bl:lIIOJIH0H 3KCII9pKM0HT 
IIO.O,nHOBP9M8HHOMY ycKopeHKID IIPOTOHOB K Ir-HOHOB. HsMepeHHHe ,ItllHaMR- , 

'i9CKH0 xapaKT0pKCTmt:e: o6oRX IIY'iROB, a Ta.IO!t0 Bl:lBO.I( lIY'iK8 Ir-HOHOB II0.1(
TBSp,ItllJlli Bl:llIOJlH9HHH0 B pa60T0 aH8JIKTK'i0CKR0 H til'ICJl0HHH0 pac'i0TH 3TO
ro CII0IJ,RaJll,HOro peUMa pa6om YCKOPHTSJI.li. 

0CHOBHH9 pesym,w.'m: nnccepTamm ll3Jl0llt0HH B C.110.llVIOIIIIIX II.V6Jnmammx: 
l. lT.MHTplI0BCRR:tt B.II., KMI,ra B.B., Jie KlieH TxaRl>, EeimloBeD; B., Kpim

BaHSK M., Tpe:tt68.11 3., 1IHraK M. 'HcC.110,noBaHRe BOSMOUOCTR ycKopeHM 
Ir K D- KOHOB B Il)i!RJIOTpoHe Y-l20M. - Tpy.D;H Melll'.JtYHapo,nHoro coBenia
IDIJI IIO Il)i!RJIOTpORaM H xx npKM0H0HHIO (r.EeDIBe, "ICCP). OIDlli, P9-85-
707, l[y6aa, 1985, c.251-257. 
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2 • .l(wrTp:ra:eBcKHtt B.II., KoJII,ra B.B., Jie KlieH TxaHI,, J!OMaKIIHa O.B., 

Tpefi68Jl 3. JuIHru.m:'i9CKR8 IIp0D;8CCli np.H O,nli0Bp8M8HHOM YCKOP9HH.H IIpO
TOHOB K Ir-KOHOB B D;IIKJlOTpOHe. - l[y6Ha, 1987. - 9 c. (IIpeIIp.HHT/ 
06~e.n • .HH-T a,nepH.KCC.119.I(~: P9-87-703). 

3. lT.MHTPKSBcrurll B.II., KoJII,ra B.B., Jie KE:eH TxaH1>, JioMaruraa O.B., 
Tpett68Jl 3. Bsa:ra:Mo,nettcTB.He IIPOTOHHOI'O IIY'ilta c MHIIl8HI,!D np.11 O.I(HOBpe
M9HHOM ycKopeHHK npoToHOB H Ir HOHOB B D;IIRJlOTpoHe. - l[y6Ha, 1988. 
- 12 c. (IIpenpHHT/06~e.n. IIB-T a,nepH.HCC.119.1(.: P9-88-243). 

4. EettmOBSD; B., BaC.ltlI9HKO A.T., r.11asoB A.A., .l(wrTpR9BCRRil: B.II., 
Ko.111,ra B.B., Kpu:ooHeK M., Jie KlieH TxaH1,, TpeMaJI 3., 'fy-qett tt. 
1IHrrut M. 3KCII9pRM8HT8Jll>H08 KCCJl8.I(OBaHK8 0,nHOBp8M0HHOI'O YCKOP9HHH 
IIp0TOHOB .II Jr KOHOB Ha K30Xp0HHOM D;IIRJ10TPOH9 Y-l20M. - l[y6Ha, 1988. 
- 9 o. (IIpenpHHT/~e.n. HH-T a,nepH.HCC.119.1(.: P9-88-249). 

5. Bejsovec v., Cihak M., Dmitrievaky V.P., Glazov A.A., Kolga v.v., 
Krivanek M., Thanh L.K., Treibal z., Tu~ek J., Vaailenko A.T. 
Experimental study of simultaneous acceleration of protons and 
H- ions in the cyclotron. - D~bna, 1988. - 6 p. (Preprint/JINR: 
E9-88-310). . 

6. KOJII,ra B.B., Jie KlieH TxaHh, OmmteHKo JI.M. TeopeTH-..ecttoe pacCMoTpe
HKe BOSMOlltHOCTll YOKOpemm K BliBO,I(a Jr HOHOB Ha qJa30TpOHe OIDlli. -
l[y6Ha, I988. - 13 c. {IIpenpHHT/06M,n. HH_;T a,nepH.HCC.118.1(.: pg..;88-
637). 

Py!tOilKCI, IIOCTyn:ra:Jla B .HS,naT8JII,CW OT.!(8JI. 
l Hoa6p.s: 1988 ro,na. 
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