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BBEL(EHHE 

Ilpa 06nSlleHHH MHIlleHeH pasxrepavra 5 - 10 MM (THnHlIHbIH pasr-rep 
npa BHYTpHlIepenHbIX BMeIllaTeJlbCTBax) oõsrxno HCnOJlb3YIOTCH zrae MeTO
~HKH - 06nYlIeHHe nHKOM Bpar-ra nporoaaoro nyxxa H 06nYlIeHHe nanpo
ner. 

Ilpa 06nYlIeHHH nHKOM Bparr-a nepaonauansao Y3KHH nYlIOK 3aMeTHo'l 
pacurapaercn B peaynsrare MHorOKpaTHoro xyrroaoacxor-o pacceaaan. I 
TaK, nrrn npOTOHOB, OCTaHaBnHBaKH..QHXCH na rnybane 10 CM, cpenaercaan- : 

v I 
paTHtIHbIH pannyc ny-nca B peayrn.rare MHorOKpaTHoro pacceaaaa COCTaBnH- I 

er 3 MM / 1/. B peayrn.rare pacuiaperraa nyxxa C rnyõaaoã yvreasuraerca 
OTHOIlleHHe nossr B mnce Bparra K BXO~HOH ~03e. 

KpOMe TOrO, nrra COBMemeHHH naxa Bparr-a C 06nYllaeMOH MHIlleHblO 
He06xo~HMO C BblCOKOH TOllHOCTblO 3HaTb pacnpeneneaae nnOTHOCTH rxaaeã, 
rrexcaurnx na nYTH rtyxxa, a npa nO~BH:>KHbIX cnocoõax 06nYlIeHHH - H Tpex
vrepaoe pacnpeneneane nnOTHOCTH. 

Ilpa 06nYlIeHHH MeTO~OM aanponer Hcnonb3YIOTCH nYlIKH npOTOHOB 
õorree BblCOKOH 3HeprHH. OHH 3HallHTenbHO cna6ee pacceaaarorca, npn HX 
Hcnonb30BaHHH ne Tpe6YeTCH TOllHaH HH~OpMaIJ;HH o pacnpenerreaaa nnor
HOCTH TKaHeH, pacnOJIQ:>KeHHblX no 06nYlIaeMoH MHIlleHH. TaKHe nYlIKH 
MorYT 3~~eKTHBHo acnonsaonarsca nrrn xoaaeprearaoro oõrryseaaa rnyõo
KO pacrronoxceanstx wransrx r-unueneà MeTO~OM nanponer. 

Y3KHe nYlIKH C aueprtreâ 1000 M~B.c ycrtexor-r npHMeHHlOTcH na CHHXpO
IJ;HKJlOTpOHe JlH.H<1> AH CCCP nrra 06nYlleHHH TaKHX anyrpauepemn.rx MH
ureneã, KaK HOpMaJIbHblH H orryxorreusrã nm0<p113, anenpaar-n.r cocY~013 ro
rroaaoro M03ra H ~p/ 2- 4/ . 

B HaCTOHmeH paõore onacsraaerca MeTO~ nonyueaaa yaxoro npOTOHHO
ro nysxa C 3HeprHeH 660 M3B B repanearaxecrcoã Ka6HHe N~3 KJlHHHKO-~H

3HlIeCKoro KOMnJIeKCa Jlaôoparopaa arrepasrx npoõrrer-r OHHH H accnenona
HHe ero napasrerpoa. 

KAHAJl zina <1>OPMHPOBAHH.H TIY4KA 

KaHaJI norrscea oõecneaars norryueaae nYlIKoB nporonoa ~HaMeTpoM 

01' 5 ,UO 10 MM C' MOI.IU-IOCTblO noasr 1 - 10 rp/MHH npn HH3KOM ~oHe BTOPHlI
HblX lIaCTHIJ; BHe 06nacTH nyxxa. llnH epOpMHpoBaHHH ny-nca B nauansaoã xac
TH KaHaJIa, 06n~eH C KaHanOM nrrrt nortyueaaa aavrenneaasrx repanearaxecxax 
nporoausrx nYlIKOB, rtorrxcasr acnorrsaoaarsca Te »ce MarHHToonTH,lIeCKHe 
3neMeHTbI. KOnJlHMHpOBaHHe nYlIKa on)I(Ho, OC ~eCTB HTbCH na õonsmor-r 

ib'\tlllitietiH~Ü BHCTmyr t· 
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Puc. 1. CXeMa xanaaa OJlR ÇpOpMUp08a1tUR Y3KUX nYIJK08 npotona. 

Y,ZJ;aneHHH OT ,06JIYtlaeMOrO 061>eKTa-MHllleHH, TaK KaK npa KÓJIJIHMHpOBa

HHH nyuxa TaKoH I;JhICOKOH 3HeprHH KOJIJIHMaTOp CTaHOBHTCH CHJIbHhlM 

HCTOtIHHKOM dioaa BTOpHtIHhlX tIaCTHIJ;. 

Cxexra xaaana ,ZJ;JIH cPOpMHpoBaHHH Y3KHX nysncon B npOIJ;e,ZJ;YPHoM 

nOMemeHHH N~3 npHBo,ZJ;HTCR aa pHC. 1. BhIBe,ZJ;eHHhIH H3 rcar-repsr cPa 3 0TpoHa 
nporoaasrã nYtIOK c nOM0lI.U>lO ,ZJ;BYX OTKJIOHRIOmHX MarHHTOB Cn-35 H 

OM-1 H ,ZJ;BYX ,ZJ;y6JIeTOB KBa,u;PynOJIbHhIX JIHH3 ,U 1 H,U 2 cPOKYCHPyeTcH H 

HanpaBJIReTCH na KOJIJIHMaTOp K 1 ' paCnOJIO)l(eHHhlH BHYTPH 3aI.I..J;HThl yrne

pO,ZJ;HOrO 3aMe,ZJ;JIHTeJIH/ 5 / . TpH MarHHTa, Cn-37, Cn-10 H CIl-57, OTKJIOHH

IOT nYtIOK na yrnsr 32°,9,5° H 2,3° COOTBeTCTBeHHO. ,Uy6JIeT KBa,u;pynOJIb

HhlX JIHH3 ,U 3 cPOKYCHpyeT nYtIOK na KOJIJIHMaTOp K 2 , paasrepsr KOTOpO

ro onpe,ZJ;eJIHIOT paar-repsr nonepennor-o CetIeHHH ny-nca B Ka6HHe. KOJIJIHMa

TOp K 3 sanaer yrJIOBYIO aneprypy nysrca H 06eCnetIHBaeT 3aI.I..J;HTY OT cPOHa 

BTOpHtIHhlX tIaCTHIJ;, 06pa3YIOmHXCH B nOMemeHHH JIa60paTOpHH NQ4 cPa30

TpOHa. KOJIJIHMaTOp K 4 CJIY)l(HT ,ZJ;JIH 06pe3aHHR opeorra nysxa. ,UJIH OtIHCT

KH nyxrca OT cPOHa BTOpHlIHblX tIaCTHIJ; npe,ZJ;YCMOTpeH nOBopOT nYtIKa B xa

6HHY NQ,,3 na yrorr 7° MarHHTOM CIl-IO-2. ,UBa KBMpynOJThHhlX TpHnJIeTa 

T 6 H T 7 cP0KYCHPYIOT nYtIOK B Ka6HHY NQ3 na nerrrp creana .ttJIH nO,ZJ;BH)I(

aoro 06JIYtIeHHH MHllleHeH; 06pa3YH B 3TOM MeCTe H306pa)l(eHHe KOJIJIHMa

TOpa K 2 . ,UBa MarHHTa OM-6 H OMB npenaaanaveasr .u.JIH KOppeKIJ;HH nOJIO

)l(eHHjl nyxrca Ha MHllleHH B ropH30HTaJIbHOH H BepTHKaJIbHOH nJIOCKOCTHX. 

<l>opMHpoBaHHe H rpancnoprapoaxa rryxxa ocymeOTBJIHeTCH B BaKYYM

HOM KaHaJIe, TaI( KaK MHorOKpaTHoe KYJIOHOBCKoe pacceaaae B B03,ZJ;yxe 

B ,ZJ;eCHTKH pas YB,eJIHtIHBaeT nonepexm.re paar-repsr nyurca, tITO ,ZJ;eJIaeT He~03

MO)l(HhlM ero HCnOJIb30B3HHe. ,,UJIH ÕhlCTpOH CMeHhl KOJIJIHMaTOpa K 2 6hIJI 

OCTaBJIeH B03,ZJ;YlllHhIH npOMe)l(YTO;K ,ZJ;JIHHOH OKOJIO onnoro MeTpa. 1 

HCCJIenOBanOCb BJIHHHHe KOJIHtleCTBa B03,ZJ;yxa B KaHaJIe Ha, pa3Mep~1 
nyxxa. ECJIH B KOHetIHOH tIaCTH KaHaJIa nOCJIe K 2 cO,ZJ;ep)l(HTCH 5% B03,ZJ;yxa" 

TO nyxorc ,ZJ;HaMeTpOM 5 MM paClllHpHeTCH,ZJ;O 1,5 - 2 CM, npa 10% -,ZJ;O 3 CM. 

,I1,JIH H3MepeHHH npOcPHJIeH nyxxa npa TpaHcnopTHpOBKe ero no xaaany 
HCnOJIb30BanCR ,ZJ;HO,ZJ;HhIH pH,ZJ; /6/ - CHCTeMa H3 30 nOJIyrrpOBO,ZJ;HHKOBhIX 

,ZJ;HO,ZJ;oB-,ZJ;eTeKTOpOB, pacnonoaceansrx B,ZJ;OJIb IlpHMOH JIHH"H c HHTepBaJIOM 

6 MM. ,UaHHhIe O npOcPHJIe nyxxa npe,ZJ;CTaBJIHIOTCH B nane rHCTorp'aMMhl na 

axpane ,ZJ;HCnJIeH HJIH paCnetIaThIBaIOTCH. 

113MepeHHH rronepesnoro CetIeHHH rryxxa npOBO,ZJ;HJIHCb MHHHaTIOpHhlMH 

nOJIynpOBO,ZJ;HHKOBhIMH ,ZJ;eTeKTopaMH, nepexreutaevn.ncra nOA ynpaarreaaesr 
3BM. Pe3YJIbTaThl 3THX H3MepeHHH npe.n:CTaBJIHIOTCH B BMe H30ypOBHeH 

nJIOTHOCTH nOTOKa npOTOHOB B nonepesaor-r CetIeHHH nysrca, pacnorrozcen

HhlX xepea K3)I(,ZJ;hle 10% OT MaKCHMaJIbHOrO 3HalJeHHH. 

,UJIH onpenerrenan cPOpMbl nonepeaaoro CelJeHHH nysxa npOBO,ZJ;HJIaCb 

3KCn03HIJ;HH 'cPoT06YMarH, nOCJIe npOHBJIeHHH KOTOpOH na HeH OCTaBaJICH 

panaoaarorparp nyxxa. O,ZJ;HaKo 3TOT MeTO.n: MO)l(eT CJIY)l(HTb 'TOJIbKO ,ZJ;JIH 

xasecraeansrx Ha6JIIO,ZJ;eHHH, TaK KaK ne oõecnesaaaer JIHHeHHOH 3aBHCH

MOCTH OT nJIOTHOCTH nOTOKa npOTOMOB B ny-nce. 

HCCJ1E,UOBAHHE DAPAMETPOB Y3KHX TIPOTOHHhIX TIyqKOB 

Pasraepsr rryxrca na MHllleHH onpe,ZJ;eJIHIOTCH B OCHOBHOM paar-repar-ia KOJI

JIHMaTOpa K 2 H TOKaMH B TpHnJIeTaX T 6 H T 7 . 

Ha pHC. 2 npe,ZJ;cTaBJIeHbI pe3YJIbTaTbI H3MepeHIDI yponneà nJIOTHOCTH 

nOTOKa npOTOHOB B nonepe-raovr CelJeHHH nyxxa B uenrpe nonarosnoro CTeH

na, Illnpaaa rry-nca no H30ypOB

HIO 50% COCTaBJIlIeT OKOJIO 

5 MM. Cnpaaa lia pHCYHKe npen 

CTa~)JIe~ Pa.D.HOaBTOrpacP aroro ,!t.eM 

nyxxa, nOJIytIeHHblH na cPOTO

ôyxrare, B aarypansayro ne-

llIJC,u.-

JIHtIHHY· 

12 
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Puc. 2. Jf30YP08HU nOnepeIJH020
 

CelJeHUJl nYIJKa àUaMeTpOM 5 MM U
 
11- ....' --------__---1paàuoaeroepofi 3T020 nYIJKa. 
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Ilaar-rerp KOJIJII1MaTOpa K 2 ppl1 <pOpMl1pOBaHI1I1 'I'aKOrO nyxxa COCTaB

JIRJI 5· MM. KOJIJII1MaTOpbI K 3 (rcpyrnsrâ, ,lJ;l1aMeTpOM·.20 MM) 11:K 4 (naa

MeTpoM 50 MM) 06pe3alOT opeorr nysnca. TOKI1 B Tpl1nJIeTaX T 6 11 T 7 no

,lJ;06paHbI TaKI1M 06pa30M, lJT06bI cexeane nysrca nOJIYlJaJIOCb KpyrJIbIM. 

B 3aBI1CI1MOCTI1 OT cf>0PMbI 06JIYlJaeMOH: MI1UleHI1 nYlJOK MOIKeT 6bITb nOJIY

lJeH 11 B <pOpMe 3JIJlUnca. 

10 rr 12 13 
~.CA\ Y.CA\ 

11 

12 

13' 

PUC. 3. Jf30YP0B1lU nonepesuoeo ceaenun 

I 
nyutca àUaMeTpOM 10 MM. 11 ' 

: 

Ha pnc. 3 npe,lJ;CTaBJIeHbI pe3YJIbTaTbI 113MepeHI1R nonepesaoro CelJeHI1R 

f~ QOJIee Illl1pOKOrO nysrca, naasrerp xoroporo no 50-np0I:(eHTHoMY 1130ypOB

HIO cOCT,aBJIReT OKOJIO 1 CM. nl1aMeTp KOJIJII1MaTOpa K 2 npa <POp M l1p OB a 

HI1I1 raxoro ny-nca COCTaBJIRJI 20 MM 11, TaKI1M oôpaaor-r, KOJIJII1Ml1pOBaRl1e 

nysrca OCYI..IJ;eCTBJIRJIOCb KOJIJII1MaTOpaMI1 K 2 11 K 3 (naasrerpor-r 20 MM) • 

Opeon rrysnca 06pe3aJICR KOJIJII1MaTOpOM K 4 (naar-rerpoxr 50 MM). 

MOI..IJ;HOCTI1 ,lJ;03, rronysaerasre B TaKI1X rryuxax, COCTaBJIRIOT no nopan

KY BeJIl1lJl1HbI 100 _ rF/MI1H npa TOKe asraeneaaoro 113 YCKOpl1TeJIR 

nysrca 1 MKA (6,3 '10 G npoToHOB/C), lJTO n03BOJIReT paôorars npn CY

meCTBeHHO CHl1JKeHHOH: I1HTeHCI1BHOCTI1 asraeneanoro nysxa YCKOpI1TeJIH. 

O,lJ;HO 113 OCHOBHbIX npeI1MYI..IJ;eCTB npa HCnOJIb30BaHI111 nYlJKOB npo

TOHOB TaKI1X BbICOKHX 3HeprHH: ,lJ;JIR 06JIYlJeHI1R rnyõorco paCrrOJIOIKeHHbIX 

MI1IlleHeH: - MaJIOe pacceaane nysrca npn npOXOJK,lJ;eHI1I1 11M BeI..IJ;eCTBa. 

HaCKOJIbKO MaJIbI 3TI1' 113MeHeHI1fI npa npOXOJK,lJ;eHI1I1 Y3KI1M nYlJKOM 

TOJII..IJ;I1H, COOTBeTCTBYIOUJ:I1X 06JIYlJeHI1lO BHYTpHlJepenHbIX r-nnueneã, MOIK

HO onpenernrrs , CpaBHI1BaR 11306paIKeHHbIe na pac. 4 1130,lJ;03Hblê pacnpe,lJ;eJIe

HI1R nYlJ{<a B rOpI130HTaJIbHOH: nJIOCKOCTI1, 113MepeHHbIe B aosnyxe 11 BO,lJ;e. 

TaKI1M o6pa30M, npa TOJIlIJ;I1Hax BeI..IJ;eCTBa, cooTBeTcTBYIOI..IJ;I1X 06JIYlJeHI1lO 

'BHYTpl1lJepenHblx MI1IlleHeH:, urapaaa nysrca B pe3YJIbTaTe MHoroKpaTHoro 

KYJIOHOBCKoro paCCeRHI1R B TKaHRX, JIeIKaI..IJ;I1X na nYTI1 nymca, npaxraxec

1'11 ne..YBeJIl11mBaeTcR. 
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PUC. 4. Hsoàosnsie pacnpeõeaeuun nyutcaBZOPU30HTaJlbHQU nJlOCKOCTU Beosõyxe Ueoõe. 

BhIBOnhI 

B nponenypaoà Ka6HHe NQ 3 KJIHHHKO-<p113I1lJeCKOrO KOMnJIeKCa JIHIl 

OHHH C<pOpMHpoBaHbI Y3KI1e nYlJKH nporoaoa c saepraeã 660 M3B c I1H- , 

T.eHCI1BHOCTblO, ,lJ;OCTaTOlJHOH: ,lJ;JIR npOBe,lJ;eHHR na HeM Me,lJ;I1KO-6110JIOrHlJeC- .". 

KHX 11 KJII1Hl1lJeCKHX I1CCJIe,lJ;OBaHI1H:. HCCJIe,lJ;OBaHbI OCHOBHbIe napaxrerpsr 
3TI1X nYlJKOB B 3aBHCI1MOCTH OT pasr-repoa KOJIJII1MaTOpOB, pacceanae B B03

nyxe 11 BO,lJ;e. IlOKa3aRa npaauanaansnaa B03MOIKHOCTb I1CnOJIb30BaHI1R 

TaKHX nYlJKOB ,lJ;JIR 06JIYlJeHI1R MaJIbIX BHYTpl1lJepenHbIX MHIlleHeH: MeTO,lJ;OM 

HanpOJIeT. 
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no npo6neMaM ~H3RXH BHCOKHX 3BeprHH. 
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Jl9-87-105 Tpynu X Bcecom3HOro coaemaHHH DO YCKOpH
TenRM sapKZeuuux qacTuu. Jly6aa, 1986. 
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3aKa3H H3 ynOMHHYTHe KHHrH MOrYT 6HTh H3DpasneHH DO a~pecy: 
101000 MocKBa, fnasnoqTaMT, n/B 79. HsnaTenhCKHH oTnen 06be~uueaaoro 
HHCTHTYTa Bnepaux uccne~osaauA. 

3opHH B.ll. H .D.P-
llonyl.leHHe u uccne.ZJ,oamme yJKHX nyt~KOB npoTOHOB 
c 3Heprueii 660 M3B .ZJ.JUI nyt~eaoii Tepanuu 

9-87-840 

OnucbiBaerc.R KaHan .ZJ.JUI <J.>opMnpoaaHH.R H TpaHcnopTH· 
pOBKH yJKHX nyt~KOB npoToHoB .ZJ.HaMeTpoM 5-10 MM a Ka6H· 
Hy ~3 KJIHHHKo-Q>nJHl.lecKoro KoMnneKca JUin OHJU1. H:c
cne.ZJ.OBaHhi OCHOBHbie napaMeTpbi 3THX TIYl.IKOB, HX pacce.R· 
HHe B B03.ZJ,yxe H BO.ZJ,e. 0oKa3aHa npHHQHTIHaJibHa.R B03MO:>K· 
HOCTb HCTIOJ1b30BaHH.R TaKHX nyl.IKOB .ZJ.JI.R 06Jiyl.leHH.R BHyTpH· 
qepeiiHbiX MHilleHeH MeTO.ZJ,OM HanpoJieT. 

Pa6oTa BbinO;IHeHa B na6opaTOpHH .R.ZJ,epHbiX npo6neM 
OHHH. 
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at 660 MeV for Radiation Therapy 
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A channel for forming and transport of narrow proton beams 
5-10 mm in diameter in a box No.3 of clinical-physical complex 
of LNP, JINR is described. Main parameters of these beams, 
beam scattering in air and water are studied. A principal possibi
lity of using these beams for radiation therapy of targets inside 
skull by "piercing" irradiation method is shown. 

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