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1.BBe)1.eHHe 
OpHMeHeHHe panHOaKTHBHblX cpapMal{eBTlt'leCKUX npenapaTOB (P<l>n) C BpeMeHeM 

nonypacnana HeCKOnbKO CYTOK, liCnOnb3yeMblx nn51 paHHeH nUarHOCTHKH pa3nU'lHbIX 
3aOOneBaHHH, HMeeT TeHneHl{HIO K HapacTaHHIO [1]. OTMe'laeTC.sI nepCneKTHBHOCTb 

Pa3BUTU5I :HOH o6nacnt Memll{HHbl B CB5I3H C TeM, LfTO U30TonHble MeTOnHKH YBenHLfHBalOT 
~fHcpopMaTuBHocTb nHarHOCTHKH npn YMeHbllleHHH enHHU'lHOH n03bI o6nYLfeHu5I, 
nonYl..jeHHOH nal{UeHTOM [2] 

vb uHKnoTpoHHblX P<l>O Hau60nblllee npu:MeHeHl1e HMelOT (B cKo6Kax npHBeneH 
neplfOn nonypacnana B l..jacax): 

TanmtH-20 1 (73.1) - onpeneneHne )l{H3HeCnoco6HoCTH Cepne'lHOH TKaHU, paHH.sI5I 
nHamOCTllKa HweMuLfecKoif 6one3Hu U HHcpapKTa MHoKapna. rOnOBa5I nOTpe6HocTb 

MOCKBbl-40 KI:l/ron. 
Hon-123 (13.2) nHarHOCTHKa pa3nU'lHbIX 3a6oneBaHuH (H3MepeHue M03roBoro 

KpoBoToKa, onpeneneHue nOl..jeLfHOH CPYHKl{HU, MOHUTopupoBaHue pOCTa onyxoneH H T.n.). 
ranmtH-67 (78.3) - n11amOCTUKa O'larOB BOCnaneHH5I n 3nOKaLfeCTBeHHbiX onyxoneif. 
HHnlfH-ll1 (67.2) - nuarHOCTUKa HOBOo6pa30BaHHH If MOHUTopIfpoBaHne pOCTa 

onyxoneH. 

B Ta6nHl{e 1 npencTaBneHbl HaH60nee pacnpoCTpaHeHHble panlfOHYKnU.llbI nn51 
51nepHoH Menlfl{UHbI, npOH3BO.llCTBO KOTOPblX l{eneC006pa3HO Ha YCKopIfTene C 3HeprueH 

npoToHoB no - 35 M3B [3]. 
B POCCI1lf P<l>I1 npOli3BOn5lT Ha UUKnOTpOHax B <l>3H. (06HHHCK) [4] H B PHI.:( KH. 

(MocKBa) [5]. CTOUMOCTb Hapa60TKIf panHoU30TonoB Ha 3THX l{HKnOTpOHax 51Bn.sIeTC5I 

BblCOKOH 113-3a 6onbllloH nOTpe6mleMoH MOW.HOCTU MarHHTHoH U BblcoKoLfacToTHoH 
CHCTeMaMH YCKopuTeneif. 

a ilu,.a 1. napa.lKempb' pa uonyIVlu 06 npu :JHepzuu npomOH06 30 - 37 MB3 

Pa)lHo-
HylUIHi\ 

5I;:tepHaJl 
pcaKIJWI 

06rryqaeMhIH 
MarepMaJI 

OIITHMaJIbHru! 
1Hcpnm 
Ep,M3B 

BbIXO,1l" 

!'.tKH/!\lKA.'1 

3Kcno3HUIDl, 
'lac 

Hapa6oTKa, 
KIOPH, lIpH 

200 MKA 
~Ol TI (p,3n) ~03 Tl. 30 0,7 10 1,4 
201 TI (p,4n) 204 Pb· 37 3,5 20 14 
19SHg (p,3n) 197 Au 37 8 10 16 

123 I (p,2n} 124Xe* 33 7,5 10 15 
III In (p.2n) 112 Cd. 30 6 20 24 
111 In (p.3n) 113 Cd. 37 11 20 44 
9 Ru (p,3n) 99 Tc 37 6 20 24 
67Ga (p,2n) 68 Zn. 30 7 16 22 

• 060raw.eHHbIH H30Ton >95%. 
.. np0.llOJDKUTenbHoCTb pa60Tbi YCKopHTeJUI B npou3BonCTBeHHoM pe)J(HMe - 200 CMeH B 
ron. 

B JIa6opaTopuu 51nepHblx npo6neM OIUlJil pa3pa6aTbIBaeTC.sI Cnel{HanH3HpoBaHHbIH 
H30XPOHHbIH l{HMO'TpOH Ha 3HepruIO npOToHOB 35 M3B. TInaHHPYeTC5I npOBe.lleHHe pa60T 
no o6nY'leHHIO MHllleHeH KaK Ha BHy'TpeHHeM nY'lKe (-300 MKA), TaK H Ha BHelllHeM (-60 
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MKA). MaKCHMaJlbHblH TOK BHeUlHerO nyl.fKa 06YCJIOBJIeH .IlOnYCHIMOH TenJIOBOH HarpY3KOH 

Ha cenryM (~1,5 KBT) H 3<j><j>eKTHBHOCTbfO CIICTeMbI BbIBO.Ila ( -60%). 

Ha lJ,HKJIOTpOHe .H.l(-35 MOryT Hapa6aTbIBaTbc~ MHome pa.ruiOHYKJ1It.ubl, KOTopble 

MOryT 6bITb nOJIYl.feHbl C nOMOlIlbfO peaKlJ,HH (p,xn), x=2+4, nplI 60M6ap.unpoBKe Pa3J11Il.fHbIX 

MHllieHeH npoToHaMH B .uHana30He 3HeprHH 28+35 M3B. 

l..{HKnOTPOH .H.l(-35 OTKpblBaeT cne.1lYfOlIUle B03MO)l(HOCTII: 

a) Hapa60TKa 60nblliux KonUlleCTB pa.uHoHYKnlI.IlOB B O.uHOH MHUIeHII 3a ceaHC, '-ITO C 

YLfeTOM nocne.uYfOlIIeH pa.ulIoxUM~Il.feCKOH nepepa60TKH CHU)f(aeT ce6ecToHMoCTb 

pa.uHo<j>apMnpenapaToB pq.I1; 
201 III 

6) YBenULfeHHe Bblxo.ua H, Cne.IlOBaTenbHO, CHH)I(eHHe ce6ecToliMoCTU 1'1 H In 3a 
204 20 I 201 20 1 11-1 

CLfeT 06pa30BaHH~ 3THX HYKnU.IlOB B peaKlJ,H~X Ph (p,4n) Bi~ Ph ~ Tl II Cd 
III 

(p,4n) In, LfTO HeB03MO)l(HO Ha yCKopHTeJI~X c Ep < 30 M3B; 

B) nonYLfeHHe B peaKlJ,H.sJX (p,3n) HOBbIX .Iln.sJ HaweH .sJ.IlepHOH Me.IlHlJ,lfHbI U nOKa 

elIle orpaHHLfeHHO ucnonb3YtOlIIHXC.sJ B MUPOBOH npaKTUKe pa.IlUOHYKnU.IlOB, HanpnMep 
97 

Ru, H, Cne.IlOBaTenbHO, pa3pa60TKa Ha HX OCHOBe HOBbIX pq.n 
,Un.sJ pa3MelIleHu.sJ lJ,UKnOTpOHa MOryT 6bITb HCnOJIb30BaHbI npOH3BO.IlCTBeHHblc 

nOMelIleHH.sJ Kopnyca Nt JIJII1 OHJI.l1.. Pa.IluOXHMUllecKuc pa6oTbI, CBSl3aHHbIe C 

06pa60TKoH U pereHepaQUCH 06nYl.fCHHblX MHlIIeHeH, npe.IlnOJJaraeTc~ npoBo.uHTb B 

pa.uUoxHMuLfecKoH (TeXHOJIOrHLfeCKoH) na60paTopuu. ,Un~ C03.uaHU.sJ 3TOH na60paTopuH 

MO)KHO Hcnonb30BaTb LfaCTb nnOlIla.IlH pa.uHoxHMHLfecKoH na6opaTopuH I-ro Knacca J1>111 
OIUU1, 061I1eH nnOlIla.ubtO OKono 200 M2 - .IlBe KOMHaTbI C T~)I(eJIbIMH 3anUtTHbIMJ1 

llIKa<j>aMH, npenapaTopcKYfO, H3MepHTenbHYfO, caHlIInf03. OCHoBHoe lJ,eJIeBOe Ha3Ha4eHue 

na60paTopHH: 

• nO.IlroToBKa MHlIIeHeH H CbeM MaTepHaJla C 06JIYl.feHHOH nOBcpxHOCTH MUlIIeHeH; 

• BbI.IleneHHe, Ol.fHCTKa, KonH4eCTBeHHoe onpc.uenCHHe aKTHBHOCTH lJ,eJIeBbIX 

pa.uHOHYKJIH.uOB 

H HX pa.uuoHYKmI.uHoH LfHCTOTbI; 

• no.urOTOBKa pa.uHOaKTHBHbIX MaTepnaJIOB (MeTaJlJIbI, pacTBopbI) K 

TpaHcnopTHpoBKe Ha 

MOCKOBCKHH 3aBOJJ. Me.upa.uHonpenapaTOB Hm} JJ.pyroMy nOTpe6HTeJItO. 

2.CneL'H3J1H3HPOB3HHbIH UHK'JlOTPOH I1U-35 
CxeMa KOMnOHOBKH H30xpoHHoro lJ,HKJIOTpOHa npHBe.IleHa Ha puc. I MarHHTHoe 

nOJIe YCKopHTen.sJ <j>0PMHPYeTC.sJ B 3a30pe 1lI-06pa3Horo 3neKTpOMarHHTa (0] 500 MM, 8=360 

MM) CHCTeMOH CnUpaJIbHbIX H CeKTOpHbIX llIHMM. CB060.IlHbIH BepnIKaJlbHblli 3a30p Me)l(.IlY 

3neMeHTaMH MarHHTHoH CHCTeMbI (8=100 MM) BbI6paH HCXO.Il~ H3 Tpe60BaHHM pa3MelIleHH~ 

1800 .uyaHTa. AHaJlOrOM TaKoH CHCTeMbl C MaclIITa6HbiM K03<j><j>HlJ,HeHTOM paBHblM 1,3 
flBn.sJeTC.sJ lJ,HKJIOTPOH Y-115T [6], <j>oTorpa<j>H.sJ KOToporo npHBe.IleHa Ha pHC. 2. 

C lJ,enbtO 3HalfHTenbHOro CHH)I(eHH.sJ MOllJ,HOCTH, nOTpe6n~eMoH MarHUTOM [7], 

npe,llnOnaraeTc.sJ HcnOJIb30BaTb OTHOCHTenbHO HeBblcoKYtO HH.uYKlJ,HtO B 3a30pe (Bo;:::;]2,788 

KI'c) H HH3Koe 3HaLfeHue nJIOTHOCTH TOKa B 06MoTKax (1<0,5 NMM2 ). 
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2.5 

Puc.1. Cxe.llG l{UK;lOmpOHa lfIl,-35. 1- flp.110 .ltaZHuma, 2- llOHHblii UCmOl.lHUK, 

- eUKYYJ'IUJafl Kalfepa, -1- cucmeMa 6b1600a, 5- pe30HaHCHafl Clicme.lWa, 

6-(/blcoKo6aWMllble HaCOCbl, 7-l1po6HU1fU 

Puc. 2.BakYYMHaR Kalfepa llu1V10mpoHa Y-115T 
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2.1.MarHHTHaH CHCTeMa 
TIapaMeTpbl MarHHTHOH CHCTeMbI UUKllOTpOHa l1L(-35 (Ta6mfUa 2) nOllYl.{eHbl nYTCM 

nBYMepHoro pacl.{eTa MarHHTa MeTOnOM CCTOK C HcnOllb30Bal-H1CM 3KCnCpl1MCHTallbHblx 

pC3YllbTaToB $OpMHpOBaHH}I MarHHTHoro nOll}l Y-115T [8]. 

Ha pIfC. 3 npHBencHa cxeMa pa3MCmCHH}I cm1pallbHbIx H CCKTOPHblX UH1MM, a B 

Ta6llHuax 3, 4 naHbI HX napaMeTpbl. )],.1151 nOCTlDKCHml MaKcHMallbHoH TOl.{HOCTIf 

H3rOTOBllCHH}I lIIHMM, IfX 60KOBbIC rpaHHUbl onHCbIBafOTC}I nllOCKHMU H uHllHHnpwlccKHMH 

nOBCpXHOCT}lMH. Ka:>Kna}l lIIHMMa COCTOHT H3 nByx l.{aCTei1 c panuycoM pa3pc3a paBHblM 

r=234 MM. Bbl60p panHyca pa3pC3a H panHYCOB BHyTpCHHHX H BHClIIHlIX 60KOBbiX 

nOBcpXHOCTCH onpcnCll}lCTC}I HCXOn}l H3 Tpc60BaHHH Ha BCllHl.{HHY BapuaUHl1 Marm1THoro 

nOllH, a TaK:>Ke l.{aCTl1l.{HOrO $OpMHpOBaHH}I cpcnHcro MarHUTHoro nOll}l UHKllOTpOHa 

a /luqa'£,6. 2napa.IJ,emp61 .',azuumullu cucme.,t'6l 

ITHn MarHHTa W-06pa3HbIU 

,l1;HaMeTp nOlllOCa (M) 1.5 
. 

3a30p MeJK)lY nOlllOCaMH (M) 0.2 
3a30p MeJK)lY CnHpallbHbIMH WHMMaMH (M) 0.1 
MaKCHMallbHblH yrOll cnupalIbHOCTH (rpa.n:) 55 
qHC1l0 CnHpallbHblX WHMM 4 

QHC1l0 CeKTOpHbIX WHMM 4 
QHC1l0 rapMOHlfl-leCKHX KaTYWeK 4 
KOHe4HblH pa,!J;Hyc yCKopeHHs! (M) 0.65 
Cpe)',lHee MarHHTHoe nOlle (Tll) : 

B ueHTPe 1.28 
Ha KOHel.{HOM pa.n:Hyce 1.33 

MaKCHMallbHblU $naTTep MarHHTHoro nOllS! -0,04 
4acToTa aKCHallbHblX Kone6aHHH Qz 0+0,3 
QacTOTa pa)',lHanbHbIx Kone6aHHH Qr 1+1,035 
ra6apHTHble pa3Mepbl MarHHTa (M3) 4,4x2,9x 1,6 
Tonll.{HHa JlpeM MarHHTa (M) 0.7 
Cpe)',lHHu pa)',lHyc 06MOTKH B036yJK)leHHSI (M) 1.I 
PacCTmlHHe MeJK)lY ueHTPaMH 06MOToK (M) 1.0 
Cel.{eHHe 06MOTKH ilr* Llz (Ml) O.625xO.425 
AMnep-BHTKH 06MOTKH (KA) 170 

. flnOTHOCTb TOKa Ha Me)',lH (AiMM1) 0,5 
• MOll.{HOCTb nHTaHH.II 06MOTKH (I<BT) 15 

Macca lKene3a (T) 110 
Macca Me)',lH (T) 20 

'£,6. 3na llUl4a . apQ.lJlemp61 cnupart611bLX lUUM..M 

I rpamlUa 

lIIHMMbl 

.1r= 10-234 MM .1r=234-750MM 

napaMCTp ~.MM Po,MM <Po' rpan Ro' MM Po' MM <po' rpan 

BHYTPCHHRJI 182 166.4 128 468 344.8 183.6 

BHelIIH}I}I 182 166.4 88 520 391.3 147.3 

Ro-panuyc KpHBH3Hbl, Po H <Po-KOOpm1HaTbI UCHTPOB KpHBH3Hbl 60KOBbIX nOBcpxHOCTCH 

lIIHMM. 
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a .1u~a • apa.lIemp61 ceKmopH6lX lUU.lt.lI 

~r, MM 230-540 540-620 620-680 680-750 

hi, MM 92 90 85 70 

h2, MM 100 100 100 100 

hI, h2 - paccToHHHC OT CPCllHCH nJIOCKOCTIt llO nOBcpxHOCTCH CCKTOPHblX Wl1MM. 

I 

I 

Ha PItc. 4 npCllCTaBJICHbI paCLJCTbl KpliBOH HaMarHULJlfBaHHH llJIH 3a30pa MC)I(llY 

nOJIfOCaMlf 0= 15 CM, B npellnOJIO)l(eHUH LJTO K03<pqmuHeHT 3anOJIHCHHH CnHpaJIbHblMU 

WlfMMaMU paBeH 0,5. BUllHO, LJTO nOTepu aMnep-BHTKOB Ha MarHuTonpoBolle npn UHllYKUHH 

B 3a30pe B -13 IOC COCTaBJIHIOT MeHee 10% OT COOTBCTCTBYIOLUHX nOTepb B B03llYWHOM 

3a30pe, a nOTpe6JIHeMaH MOLUHOCTb He npeBblcuT -15 KBT. 

Ha pHC.S nOKa3aHbI pallHaJIbHble paCnpelleJIeHHH xapaKTepHCnfK MarHHTHoro nOJIH 

YCKopHTeflH, nOflYLJeHHbIe nYTeM HCnOflb30BaHHH pe3YflbTaToB <pOpMHpoBamfH nOJ1H 

H30XPOHHOro UHKJIOTpOHa Y-lIST. OrKJIOHeHHC cpcllHcro nOJIH OT moxpoHHoro, MO)l(CT 

6blTb cKoMnCHCHpoBaHo nYTeM H3MeHeHUH np0<pHJIH CeKTOpHblX IlIHMM. liaMn nOJ1H B 

ueHTpc CflY)I(HT llJIH YJIYLJWCHHH aKCHaflbHOH <POKYCHPOBKH B ueHTpaflbHOH o6JIacnt. 

PC3YJIbTaTbi paCLJCTa LJaCTOT cBo6ollHbiX aKCHaJJbHblX (0::::; Qz ::::;0,3) H pallHaJJbHblX 

(I <Qz::::; 1,035) KOJIe6aHHH, npHBelleHHble Ha puc. 6, nOflYLJeHbI llflH 3KcncpHMCHTaJIbHbiX 

3HaLJCHHH BapHauHH H H30xpoHHoro MarHHTHoro nOflH. 

2.3.BbICOKO"laCTOTHaH CHCTeMa H reHepaTop 

PaccMoTpeHHe BapHaHToB HcnOflHeHHH YCKOPHIOLUCH B4-cHcTeMbl C TOLJKH 3peHHH 

npocToTbI KOHCTPYKUHH, MHHHMH3aUHH MOLUHOCTH nOTcpb, Yllo6cTBa peaJJH3aUHH CHCTeMbI 

BaKyyMHOH OTKaLJKH KaMcpbl YCKopHTeflH nOKa3aJJO, LJTO HaH60flee ueJIeC006pa3HbIM 

HBflHCTCH HcnOflb30BaHHe 180-rpanycHoro llyaHTa npH pa60Te Ha ncpBoH KpaTHocTH 

LJaCTOTbI o6paLUcHHH f= 19,5 Miu H nJIOCKOH pe30HaHcHoH flHHHH. CXeMaTHLJeCKU TaKaH 

CHCTCMa npellcTaBflcHa Ha puc. 7. Bce BepTHKaJJbHbIe pa3MCpbl onpelleJIHIOTCH 

KOHCTpYKUUCH MarHuTHOH CHCTeMbI, a wHpHHa pe30HaHcHoH JIHHHU (pc30HaHcHaH llfluHa) 

Yllo6cTBOM nOllKJIIOLJeHHH BaKYYMHblX arpcraToB npH llOCTaTOLJHOH MaJJOCTH nOTcpb. 

HapY)I(HbIH palluyc llyaHTa - 700 MM, ancprypa - 30 MM. CTc6Cflb pC30HaHCHOH JIMHMH 

IlIHPHHOH 500 MM H TOflLUHHOH 100 MM BbInOJIHCH H3 aJJlOMHHHCBoro npoKaTa H nOKpbIT 

MCllHOH nJIaKHpoBKOH. liOKOBOH H BCPTMKaJJbHbIH 3a30Pbl COCTaBJl}IIOT 150 MM. B KaLJCCTBC 

npOTonma pC30HaHCHOH JIMHHM MO)l(CT CJIY)l(MTb pC30HaHCHaJI flHHHH UHKflOTpOHa Y
liST (pa3pa60TKa KG Mil). 

BXOllHbIC xapaKTCpHCTMKH llyaHTa paCCLJHTblBaJIHCb B llBYMepHoM npH6JIH)I(eHHM H 

onUCbIBaIOTC5I KOM6uHaUHeM <PYHKUHM licccefl5l. Pe30HaHCHa51 flHHH5I, BBHny MaJIOH 

IlIHpHHbl, paCCLJUTbIBaJJacb B ollHoMepHoM npH6JlJi)l(eHHH. PaCLJCTHble xapaKTepHCTHKH 

CUCTeMbI npellCTaBJ1eHbI B Ta6flHue 5. 

,LLrIH B036Y:>KlleHH5I YCKopHIOLUeH CHCTeMbI ueJIcC006Pa3HO HCnOflb30BaTb 

cTaHllapTHbIH B4-rcHcpaTop Ha nOllXO.ll5lLUYIO MOLUHOCTb H LJaCTory, pa6oTalOLUHH Ha 

COfJIaCOBaHHblH <pHllep. HaCTPOHKa CHCTeMbI Ha pa6oLJYIO LJaCTory 6YllCT oCYLUecTBflHTbCH 

cHcTeMoH <pa30BoH aBTonollcTpoHKU. 
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Puc.5.PaOIlG.1bHble pacnpeOe.1ellllR xapaKmep"cmUK Ma2HunlH020 nOllR YC1<0pllmellR 


fJ - Y?O/1 cnupa7bHocmll, B4 - aMll.mlmyda OCH06Hofl2apMOHUk7J, Bmp - U30Xp01IHOe nOlle, 

B3 1«'n - cpeOHee nO/Ie lIU1G1Ompolla Y-J J 5T 
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Puc. 6.Pe3YIlbmambl pacllema llacmom c60600lIblX aKCUaJlbllblX U paiJUaJlbllblX KOlle6alluii 
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Puc. 7.CXe.llCl (3blCOIWyaCmomuofl ClICme.'Hbl YCKUp"l11e:1JI 

T.6.a ,1uu.a snaQlMlempbl -cucme.lIbl 

Pa604aSl 4aCTOTa Mru 19.5 
YCKOPSIfOlUCC HanpSI)KCHHC KB 50 
MOLUHOCTb nOTcpb B )lyaHTe KBT 1.5 
MOLUHOCTb nOTepb B mlHHI1 KBT 10 
PC30HaHcHaSi )lJUlHa JlHHHH M 1. J5 

B036Y)K)leHHC ocymeCTBJUleTC5I nOBopoTHOH neTneH C MaKCHManbHOH nnOmaJlbfO 

~120 CM
2
, pacnOJlO)KCHHOH B 3a)lHCH CTCHKe (3aKOpOTKC pC30HaHcHoH Jlumm). AnSI rpy60H 

nO)lCTpOHKU 4aCTOTbi ucnoJlb3yfOTcSI TpuMMepHble KOHJlCHCaTOpbl, pacnOJlO)KCHHble B6nu3u 

Pa30MKHYTOro KOHua J1HHHH, )lJlSl TOHKOH - nOBopoTHaSi neTJlSI. 

2.4. CucTeMa BblBO)la nylJKa 
AJ1S1 BblBOJla npoToHHoro ny4Ka H3 KaMcpbl yCKOPUTCJlSI Hco6xOJlHMO OCYlUCCTBHTb 

)lBa OCHOBHblX npouccca: B036Y)K)lCHUe pa)luanbHblx Konc6aHHH, B pC3ynbTaTC KOTOPblX 

C03)laeTCSI Tpc6yCMbIH 3a6poc 4aCTHU B )lc<jlncKTop, H OTKnOHCHHC ny4Ka 4cpe3 pacccSlHHoe 

MarHUTHoe nOJlc B 3a)laHHyfO T04KY Ha4aJ1a TpaKTa TpaHcnopTHpOBKll nY'IKa npl1 

C06nfO)lCHHH YCJlOBHH cro BcpTHKanbHoH H ropH30HTaJ1bHOH CPOKYCHPOBKI1. AnSI :nOM ucm1 

B KaMcpc YCKOPHTCJ1S1 )lOJ1)KHbI pacnOJ1araTbCSI 3nCMCHTbl 3a6poca H OTKJ10HCHHSI ny4Ka C 

B01MO)KHOCTbfO )lUCTaHUuoHHOH HC3aBHcHMoH peryJ1UpOBKU HX nOJlO)KCHUSI U napaMeTpoB. 

npu pa60Tc Ha BHYTPCHHfOfO MumcHb, )KCnaTCnbHO HMeTb B03MO)KHOCTb HCn0J1b30BamlS1 

TCX )KC 3nCMCHTOB CHCTCMbl 3a6poca, 4TO Ii npu BbIBO)lC ny4Ka H3 KaMepbI YCKopHTenSi. 

AHamf3upySl H3BCCTHbiC MeTO)lbl pacKa4Ku pa)lIlanbHblx KOJle6amiH )lnSi )laHHoro 

)lHana30Ha 3HeprHH U uHTeHcHBHocTeH YCKOPSlCMblX 4aCTUU H Y4HTbIBaSi npoCTpaHcTBeHHble 
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OrpaHIJLleHIIH no pacnOJlOJKeHlltO 3JleMeHTOB BblBonHoif ClfCTeMbl B YCKopHTeJlbHOif KaMepe, 

MOJKHO npHilTIl K CJlenytOlll\IM 3aKJltOLfeHHHM' 

• YBeJllILleHUe panUaJlbHOrO wara OpOHT llJlH 3allaHHoro nuana30Ha lI3MeHeHIIH 3Hepnlll nplI 

paOOTe Ha BHyrpeHHtOtO MlfweHb MOJKHO OCYLUeCTBlfTb C nOMOLUbtO napaMeTpJlLfeCKOro 

lleilCTBHH OJl.Hoil IIJlII Jl.ByX JlOKaJlbHblX HeonHoponHOCTeif nOJlH, peaJIlt3yeMblx B 

::H1eKTpOCTaTIILfeCKOM JfJllI MarHlITHOM BapllaHTax (9]: 

• Jl.JlH nOJlYLfeHlIH pallllaJlbHOrO 3aopoca 1+2 CM HeooxonllMble 3HaLfeHIIH rpanIleHTOB 

MarHHTHoro nom! HaXOJl.HTCH B nllana30He 200..;-300 rC/CM. 

• 113MeHeHlle :mepnm YCKopeHHoro nYYKa Ha BHyrpeHHeif MllweHH B03MOJKHO nyreM 

nepeMeLUeHIHI CHCTeMbl OTKJlOHeHlUf COBMeCTHO C oOJlyyaeMoif MllweHbtO BnOJlb panl1yca 

YCKOpIITeml. Il,JlSl naHHoro )lIlana30Ha II3MeHeHIISl 3Heprllll pallllaJlbHbl1l CnBllr COCTaBl1T -8 
CM: 

• nJlH 3aopoca nyllKa Ha BXOJl. 3JleKTpOCTaTII ' lecKoro KaHaJla, paccMaTpUBaeTCSl nplIMeHeHlle 

cneUllaJlbHblX OOMOTOK TO'IHOif peryJlllpOBKII aMnJlllTynbl II ¢a3bl I-if rapMoHIIKII 

MarHiITHOrO nom". 

OTKnoHHtOLUlfH KaHan, COCTOllT 113 4-x ceKUIlIi. I1epBaH 113 HIIX 

:H1eKTpOCTanI4ecKaH C TOJlLUHHOil cenTYMa 0,6 MI\1 II nOTeHUllanOM 70 KR BTopaH 

JneKTpOMarHllTHaH C nOTpe6JlHeMOH MOLUHOCTbtO -6 KBT, TpeTbH II lleTBepTaH - naCCIIBHble 

¢eppoMarHllTHble 3KpaHbl. I1plf BblBone H !lOHOB oynyr IfcnOJlb30BaHbl ¢eppOMarHlITHble 

ceKUIHl OTKJlOHHtOLUero KaHaJla. Bce 3JleMeHTbl ClICTeMbl BblBona pa3MeLUalOTcH B nOJlOBIIHe 

YCKoplITeJlbHOif KaMepbl, He 3aHHTOH nyaHToM 

2.5. BateyYMHaSl CHCTeMa llHKJIOTpOHa 

BaKYYMHaH ClfCTeMa UHKJlOTpOHa, ooecneLfIlBatOLUaSl HeooxoWIMble YCJlOBIISl nml 

YCKopeHIIH, TpaHcnopTllpOBKlt nyLfKa II YCToil'IJlBOil pa60Tbl Beem KOl\lnJleKca .. 

paccLfHTblBaeTcSl Ha nOJlYLfeHl1e npeneJlbHOrO BaKYYMa B KaMepe UIIKJlOTpOHa B npenenax 
6 5

(2-;.-5).10.. Top (6e3 nyLfKa) If _2.10.. Top np" MaKCIIMaJlbHOil ra3oBoil HarpY3Ke [IOJ, 
c03naBaeMoH HanycKaeMblM B nOHHblH I1CTOLfHltK UIIKJlOTpOHa paoo'IllM ra30M, npll pacxoJ.le 

2+3 CM'/MHH. 

BaKYYMHaH CllCTeMa BKJltOLJaeT B ceoH: B3KYyMHytO K3Mepy IUIKJlOTPOH3 .. KOI\HIJIC'KC 

OTKa4Horo BaKYYMHoro 060pynoBaHlIH, YCTpoilCTBa HanycKa II n0311poBaHliH paoo'lero ra3a 

B HOHHblH HCTOYHlfK UHKJlOTpOHa, a TaKJKe clICTeMY 113MepeHlfSl BaKy)'Ma. annapaTypy 

ynpaBJleHHH, 6JlOKHPOBKH II CUrHaJlH3aUIHI BaKYYMHblM o60PYJl.OBaHlleM UIIKJlOTpoHa. 

060pynoBaHl1e BaKYYMHOIt CliCTeMbl mITaeTCSl HanpSlJKeHUeM 220-380 B.. C 'lacToTofi 

50 ru, MaKCIiMaJlbHaH nOTpe6JlHeMaH MOLUHOCTb 30 KBT, HOMIIH3JlbH3Sl nOTpet)JISleMaSl 

MOLUHOCTb -13,5 KBT. 
c 

06LUHH pacxon oXJlaJKnatOLUeif Bonbl nplI naBJleHlHl Ha BXone B arperaTbl p=5 Kr/cM 

COCTaBHT 20 Jl/MHH. 

2.6.npo6HHKH 
Jl,JUf BceCTopoHHeH LUiarHOCTUKIl napaMeTpOB YCKopeHHoro nyLfKa. a TaKJKe 

Hapa60TKu panuoHYKJlIlnoB Ha UIlKJlOTpOHe I1U-35 YCTaHOBJleHO Tpll npooHIfKa (CM. cxeMY 

pllc.1 ). 

9 

http:pacxoJ.le
http:2-;.-5).10


np06Hl1K N21, a:mMyT 270°, ecmt 3a HyJlh a3HMYTa npUmlTh mtHHlO, npoxomlll.tYfO 

lfepe3 ueHTp YCKopHTeml, napaJlJleJlhHO KpoMKe )lyaHTa, a OTCl{eT a3Ufvfyra BeCTIt npOTlIB 
lfacoBoH CTpeJlKH, nepeMemaeTCjl BHyTpH )lyaHTa co CTOPOHhl pe30HaTopa UHKJlOTpOHa Ii 

HMeeT pa60l{UH xO)l690 MM, R=20-710 MM. 

np06HHK N22, a3uMyT 27°30', )ll1ana30H nepeMemeHHSI OT 20 )lO 1075 MM Ii 

np06Hl1K N24, a3HMyT 169(J, )lUana30H nepeMemeHHjl 734-1008 MM - 6e3JlacpeTHhle H 
paCClfl1TaHhl Ha HCnOJlh30BaHlfe MHorocpYHKU\tOHaJlhHhIX CJlaOOT04HhlX rOJlOBOK, npOOHHK 
N24 I1cnOJlh3YeTCSI B OCHOBHOM )lJljl Ha6JlfO)leHltSi 3a xapaKTepUCTUKaMu BhIBe)leHHOrO nylfKa 

H3-3a MaJlorO )lHana30Ha nepeMemeHHjl no pa)luycy. 

np06HHK N23, a3HMyT 120°, HMeeT pa60l{HH XO)l B )lHana30He pa)lllycoB 140+750 MM, 

OH OCHaLUeH roJlOBKaMH, cnoc06HhlMlt BocnpHHHMaTh CliJlhHOTOlfHYfO HarpY3KY C 

MOLUHOCThlO )l0 10 KBT, OXJla)!(,[\aeTCSI )lliCTItJlJlUpOBaHHoH BO)lOH It npe)lHa3Ha4aeTcSI llJlSl 

Hapa60TKlt pa)lHoHYKJllt)lOB. 

2.7. HCTOqHHK' HOHOB 

,lVtjl reHepaUHH nYl{Ka C ueJlhlO ynporu:eHHjl 3KCnJlyaTauuH HCnOJlh3yeTcSI 

BHyTpeHHHH HOHHhlH HCTOl{HHK npoToHoB Tlina neHHliHra C HaKaJleHHhlM KaTO)lOM H 
li30JlHpOBaHHhiM aHTHKaTO)lOM. 10JloBKa HCTOl{HHKa YKpenJleHa Ha )lByx lllTOKax C 

nOMOLUhlO 6hlCTPO Pa360PHOro KpenJleHHSI. npe)lycMoTpeH lllu6ep )lJljl OTCOe)lHHeHltjl 

HCTOlfHHKa li CMeHbI rOJlOBKli 6JlOKa. ,lVtjl IOCTliPOBKH nOJlO)KeHlijl rOJlOBKH 6JlOKa 

liCnOJlb3YeTCjl lllapoBoH lllapHlfp. Kopnyc rOJlOBKH HOHHOro HCTOl{HHKa BbInOJlHeH H3 Me)lH 
M-1. OH HMeeT KaHaJlbl )lJlSl OXJla)K)leHHSI BO)lOH, BXO)l H BbIXO)l KOTOPblX HaXO)llfTCSI B 
BepxHeH l{aCTH Kopnyca. nO)lBO)l BO)lbI ocyru:eCTBJljleTCjl no Tpy6KaM, pacnOJlO)KeHHbIM B 

BepxHeM WTOKe. Qepe3 HH)KHHH WTOK K rOJlOBKe nO)lBO)lltTCjl ra3 Ii HanpSl)Kemfe, KaTO)l 

KpemfTCSI K TOKOnO)lBO)laM, pacnOJlO)KeHHbiM B HU)KHeM lllTOKe. LJepe3 KaTO)l npOTeKaeT TOK 

)l0 300 A )J,yra B Pa3Pjl)lHOH KaMepe ropliT Me)K)lY KaTO)lOM If aHTIfKaTO)lOM, 3aKpenJleHHbIM 
Ha H30JlSlTOpe H3 HlfTpH)la 60pa. nJla3Ma In Pa3PSl)lHOH KaMepbl BbITSlrHBaeTCSI YCKOPSIfOWHM 
3JleKTpIflfeCKlfM nOJleM )lyaHTa lfepe3 )lIfacpparMY. OTCOC H CPOpMHpOBaHHe nylfKa 

ocyru:eCTBJljleTCjl C nOMOLUblO nyJlepa, YCTaHOBJleHHOro Ha KpOMKe )lyaHTa. npe)lYCMOTpeHa 
B03MO)KHOCTb lfMnYJlbCHOH pa60TbI lfOHHoro HCT04HHKa . 

. JIHTepaTypa 
1 Bruce F.Milton, Commercial compact cyclotrons in the '90s, Proceeding of the 15th Int. 
Conf on Cyclotrons and Their Application, Cape Town, 1995, p. 99. 

2. np06JleMbi H.llepHOH Me.llHUHHbJ. TpY.llbl I-ro Cbe3.lla Me)KperIfOHaJlbHOrO 06ru:ecTBa 

jl)lepHOH Me)lHUHHhl, OH>IH, )],-97-169, )J,y6Ha, 1997. 
3. S.N. Dmitrievet ai, Possibility of producing some radionuclides for medicine using JINR 
accelerators, Proceedings of the 13th Int.(;onf on Cyclotrons and Their Applicatios, 
Vancouver, 1992, p.213, 
4. AAOgnev et ai, Thirty years application of the cyclotron for radionuclide production, 

Proceedings of the 15th Int Conf on Cyclotrons and Their Application, Cape Town, 1995, p. 
563. 


5. AASebiakin, Isotope production at the Kurchatov institute cyclotron, Proceeding of the 


15th Int. Conf on Cyclotrons and Their Application, Cape Town, 1995, p.579. 

6, AGlazov et ai, 20MeV cyclotron for isotope production, Proceedings of the 13th lnt. 


Conf on Cyclotrons and Their Application, Vancouver, 1992, P 123. 
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ArIeHHUKHH lO.r. H .D,p. P9-99-250 

1130TonHblH UHKJIOTPOH I1U-35 

TIPHBO,ngTC.SI OCHOBHble napaMeTpbl H30XpOHHOrO UHKJIOTpOHa I1U-35, cnpo
eKTHpOBaHHOrO ;::J.JI.SI YCKOpeHH.SI nyqKa npOTOHOB .D,O 3HeprnH 35 M3B, HMelOlllero 
HHTeHCHBHOCTb .D,O 500 MKA. UHKJIOTPOH npe.D,Ha3HaQeH ;::J.JI.SI Hapa60TKH Me.D,HUHH
CKHX H30TonOB B npOMbIIllJleHHblX MacIllTa6ax. B npoeKTe npe.D,ycMoTpeHa MHHH
MaJlbHa.SI MOlllHOCTb nHTaHH.SI CHCTeM UHKJIOTpOHa. AHaJlOrOM MarnHTHOH H BbICO
KOQaCTOTHoH CHCTeM YCKopHTeJl.Sl .SIBJl.SleTC.SI UHKJIOTPOH Y-115T, KOTOPblH H3roTO
BJleH H pa60TaeT B HaCTO.Sllllee BpeM.SI. TIPH C03.D,aHHH UHKJIOTpOHa npe.D,nOJlaraeTC.SI 
I1CnOJlb30BaTb TeXHHQeCKl1e peWeHI1.S1 H KOHCTPYKTHBHble npopa60TKH, BbIllOJlHeH
Hble paHee 11 onp060BaHHble B 3KCnJlyaTaUHH Ha .D,pyrHX YCTaHoBKax. 

Pa60Ta BblllOJlHeHa B JIa60paTopHH .SI.D,epHblX np06JleM Ol1}ll1. 

Coo6weHHe 06"be.l1.HHeHHoro HHCTJ.nyra 5111epHbIX HCCJlellOBaHHH. )ly6Ha, 1999 

TIepeBO.D, aBTopOB 

Alenitsky Yu.G. et al. P9-99-250 
Cyclotron IC-35 for Isotope Production 

The main parameters of the isochronous cyclotron IC-35 systems for the ener
gy of protons 35 MeV and the intensity of beam - 500 IJ.A are presented. This cy
clotron is intended for production of the medicine isotope of industrially volume. 
The minimal power consumption of the cyclotron systems in this project was pro
posed. Analog of the IC-35 is the Y -115T cyclotron, which was manufactured and 
is now in use. The technical and construction decisions, which are used for another 
working cyclotrons are proposed to be used for this cyclotron creation. 

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