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nyq1Q{ HeiiTpoHOB xapaKrepH3YlOTCH BhIC01Q{MH 3HaqeHHHMH nHHeitHbIx 

nOTepb 3HeprHH B aemecTBe, H C 3THM CBH3hIaaJOTCH 60nbWHe HMe)l(JlbI 

Me,lJ,HKOB Ha nOBbImeHHe 3<l>q,eKTHBHOCTH neqeHHH 3nOKaqeCTBeHHhIX ony

xoneit C HH3KOit P8Jl:HOqyBCTBHTeJlbHOCTblO. H3BecTHO, 'lT0 mnOKC~eCKHe 
KneT1Q{ H HeKOTOpbIe KneTKH, HaxO,lJ,HmHecH B OC06bIX CTMHHX KneTOqaoro 

QHKna, OTHOCHTeJlbHO pe3HCTeHTHhI K TPMHQHOHflOMY (3neKTpoHHO-q,OTOH

HOMY) o6nyqeHHIO H 3TY pe3HCTeHTHOCTb MO:>KHO npeo,lJ,oneTb HnH YMeHb

WHTb, ecnH npHMeH.fITb qaCTHQbIC BbICOKOit JIn3, TaKHe, KaK, HanpHMep, 

HeiiTpoHhI. JIeqeHHe HeHTPOHaMH K HaCTOHlQeMY apeMeHH nonyllHJlo B,lJ,BOe 

60nbwee KOnHqeCTBO naLtHeHTOB, qeM npoTOHaMH (npHMepHO 10000-HeHT

poHaMH H 5000 - npOTOHaMH), H ecnH npoTOHbI HMelOT 'IeTKO Bblpa>KeHHble 

npeHMymeCTBa reOMeTpH'IecKoro pacnpe,lJ,eJleHH./I nornomeHHoit ,lJ,03hI no 

CpaBHeHHIO C TPa,lJ,HllHOHHbIM 'Y-06nyqeHHeM, TO Hcnonb3yeMhIe B HaCTOHmee 

BpeMH B TepanHH HeiiTpoHHbIe nyqKH TaKHMH npeHMymeCTBaMH He 06nMa

lOT. O,lJ,HaKO nyqKH HeitTpoHOB BbIC01Q{X 3HeprHit, KaK nOKa3anH pe3ym..-

TaTbI H3MepeHHit, BbInOnHeHHhIX B 1978 r., ,lJ,0 peKOHCTPYKl\HH CHHXPO

QHKnOTpoHa JI.Rn OHRH 11 I, HMelOT npaKTH'IecKH TaKoe )l(e reoMeTp~e
CKoe pacnpe,ll,eJleHHe nOrnOmeHHOH ,lJ,03hI, KaK H WHPOKHit npoToHHhIH ny

'10K, npHMeHHeMhW ,lJ,.JUI nelleHHH 60nbwHx onyxoneit, H BMeCTe C TeM coxpa

HIUOT CBoitCTBa, n03BOJPllOIQHe npeo,lJ,oneBaTb PMHOpe3HCTeHTHOCTb ony

XOneBhIX KneTOK. 

B 1985 r. B JIa60paTopHH ./I,lJ,epHhIX np06neM ORRH 6bInH 3aBepwem:.r

pa60TbI no C03,lJ,1lHHJO Ha peKOHCTPYHpoBaHHOM q,a30TpoHe weCTHKa6HH

Horo KnHHHKo-q,H3~eCKOro KOMnneKca, BKnIO'IaJOmero B ce6H TpH npoTOH

HblX KaHana ,lJ,nH 06nylleHHR rny60Ko 3aneraJOIQHX onyxoneit WHpoKHMH 

H Y3KHMH nyqKaMH Pa3nHqaoit 3HeprHH, 1f-Me30HHbIit KaHan,lJ,.JUl Hcnom

30BaHHH B nyqeaOH TepanHH HHTeHCHBHhIX OTPHQaTeJlbHhIX ,1f-Me30HOB, 

KaHan HeHTpoHoa ablCOKHX 3Hepmit ,lJ,nH 06ny'leHHH 60nbwHx pe3HCTeHT

HblX onyxoneH H TepaneBT~eCKyJO 'Y-YCTaHOBKY ,lJ,.JUI HcnOnb30BaHHH ee 

npH npoBe,D,eHHH CO'IeT8HHhIX H CaMOCTOHTeJlbHhIX o6nyqeHHi 12 I. B pa60Te 13 I 

OnHC8HO nonYlleHHe H Hccne,D,OB8HHe WHpoKHX TepaneBTH'lecKHX npoToHHblX 

nyqKOB ,lJ,8HHoro KOMIlJIeXCa; B HaCTOHmeit pa60Te npHBo,lJ,HTCH nepBbIe pe3ym

Tln'hI. KaCIlIOIQHecH nonyqeHHH H q,OPMHPOBaHHH TepaneBT~ecKoro nyqKa 
HeHTPOHOB BblCOKHX 3HepmA H H3MepeHHit ero HeKOTopblX q,H3HKO-,lJ,03H

MeTplf1leCKHX xapaKrepHCTHK. 

npe,lJ,nOCbInXoit ,lJ,nH C03,lJ,aHHH TepaneBTHqecKoro KaHana HeHTpoHoa 

BhICOKHX 3HepmA nocnY:>KHnH Hccne,lJ,OaaHHH ,lJ,030Bb1X pa9I1pe,lJ,eJleHHit ny'l

Ka HeHTPOHOB CO cpe.llHeH 3Hepmeii 350 M3B, BKnJOqaJOIQHe ero pa,ll,BD

6HOnOmqecKYIO oQeHKY, npoBe,lJ,eHHylO B 1978 ro,lJ,y, nepe,lJ, OCT8HOBKOH 

CHHXPOQHKnOTpoHa Ha peKOHCTPYKQHIO. npe,ll,BapHTem.Hhle pe3ynbTaTbl no
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Ka38JlH H8JlH'IIHe WHpoKOrO MaKCHMyMa Ha rJly6HHe 10-20 CM, AOBOJlbHO 

KpyrOH cnaA A03bl no KPaHM nyqKa, cna6ylO ero paCXOJJ;HMOCTb C rJly6HHoH 

npoHHKHOBeHIDI, a TalOKe nOHH)I(eHHOe 3HaqeHHe K03<P<1>HUHeHTa KHcnOPOA

HOro YCH1IeHHH (KKY) no CpaBHeHHlO· C peHTreHOBCKHM, 'Y -H3JlY'lleHHeM, 

3JleKTpoHaMH H npoTOHaMH BO Bcex TO'llKaX rJly6HHHoro A030Boro pacnpe

AeJleHIDI B BOAHOM cpaHTOMe, 'lITO OTKPblBaJIO HeKOTopble HOBbIe B03MO)I(H0

cm nOBblweHIDI acpcpeKTHBHOCm JlYIleBOH TepanHH npH Jle'lleHHH 60JlbHbIX 

C 6o,JIbwHMH rHnOKCH'IIeCKHMH OnyXOJlHMH '1.4 '. 

)lnH nOJlY'IIeHHe TepaneBTH'IIeCKOrO ny'llKa HempoHOB BblCOKHX 3HeprHli 

Ha peKOHCTPYHpoBaHHOM cp8.30TpoHe HCnOJll>3yeTcH KaHaJI X4, cxeMa KOTO

poro npeACTaBJleHa Ha pHC. 1. BbIBe.ll.eHHbIH: H3 KaMepbl cpa30TpoHa ny'llOK 

npoTOHOB C 3HepmeH 660 M3B OTKJlOHHeTCH MarHHTaMH Cll-35 H OM-1 Ha 

yroJl 4° H 0,5 <> COOTBeTCTBeHHO B HanpaBJIeHHH uefiTpa MamHTa Cll-37 , 

paCn;OJlO)l(eHHOrO B Jla60paTopHH N!4 3a 'IIeTblpexMeTpoBoH CTeHoH. C nOMO

mblO TpeX Ay6JIeTOB KBaApynOJlbHblX JlHH3 MJI-3 (Q1, Q2 H Q3) ny'llOK npo

TOHOB CPOKYCHPYeTCH TaKHM 06P8.30M, 'llT06bl OH npouleJl C MHHHM8JlbHbIMH 

nOTepHMH 'IIepe3 KOJlJlHMaTOpbl B yrJlepoAHOM 3aMeMHTeJIe ll, KOJlJlHMH-
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Puc. 1. lIttaH Pa:J800KU nY'IIC08 8 npol.leOYPHble noMeU4eHUR KIIUHUKO-rJju3UlleCKOZO KOM

NleKCa JIRll OHRH. 

pYlOmeM CHCTeMy K1, KOJlJlHMaTOp B 'IIeTblpeXMeTpoBOH CTeHe, a TalOKe 

'IIepe3 BaKyyMHble KaMepbl TpeX MarHHTOB Cll-37, Cll-10 H Cll-57, nOCJle.ll.o

BaTeJIbHO OTKJlOHHlOIUHX npoToHHbIH nyqOK Ha yrJlbI 31°. 10,5° H 22,7° 

COOTBeTCTBeHHO B HanpaBJleHHH npoueAYpHOH Ka6HHbIN!5. C nOMOll(b1O 

Ay6JleTa KBaApynonbHbIX JlHH3 Q4 npoToHHbIH nyqOK CPOKycHpyeTcH Ha OAHY 

H3 MHWeHeH MHWeHHoH HempoHHoH CTaHUHH. 

.llHCTaHUHOHHO ynpaBnHeMaH HeHTPOHHaH MHWeHHaH CTaHUHH npeA

CTaBJlHeT co60H Bpa.maromHHcH CTaJIhHOH 6apa6aH MHHOH OKono 1 M, OK

pY)l(eHHbIH 3IU.UHTOH H3 )I(ElJle3a H 6eToHa cYMMapHoH TOJlmHHOH 1 M, YMeHb

WalOmeH npHMepHO Ha ABa nOpHAKa nOTOK HeHTPOHOB, BblJleTalOIUHX H3 

MHWeHH nepneHAHKynHpHO npoTOHHOMy nY'llKy, H CHH)I(alOmeH AO AonYCTH

Moro ypOBHH cPoH OT HaBe.ll.eHHOH paJJ;HOaKTHBHOCTH. Bapa6an HMeeT 11 

OTBepcTHH MH YCTaHOBKH Ha nyrH npoToHHoro ny'llKa MHweHeH H3 pa3JlH'II

HblX MaTepHaJIOB (Be, C, AI, Cu, Pb) C Ha60poM TOJlmHH AO 70 r/cM2 MH 

nOJlY'lleHHH ny'llKOB HeHTpoHoB C pa3JlHtIHbIMH cneKTpaJIbHbIMH pacnpeAeJIe

HHHMH. 

MarHHT Cll-56, YCTaHOBJleHHbIH cpa3y )l(e "ocne HempoHHoH MHweHHoH 

CTaHUHH, OTKJlOHReT npoweAwHH 'IIepe3 MHweHb npoToHHbIH nyqOK H APY

rHe 06P8.30BaBWHecH B MHweHH 3apH)l(eHHbIe qaCT~bl Ha yrOJl CBblwe 18° , 
KoropbIe A8JIee nOrJlOIUalOTCH B )l(eJIe3HOH 3IU.UHTe TOJlIUHHOH 1,5 M H OOToH

HOH 3aIUHTHOH CTeHe TOJlIUHHOH 2 M, a TaK)I(e B AOnOJlHHTeJIbHOH MeAHO

CBHHUOBOH 3IU.UHTe MamHTa Cll-56. 

HeHTpoHbI, 06p8.30BaHHble B MHweHH, C HeKoTopoH npHMecblO 'Y
H3JlY'lleHHH npoxoART B HanpaBneHHH nepBH'llHOrO npoToHHoro nyqKa qepw 

oTBepcTHe B CT8JIhHOM MHWeHHOM 6apa6aHe, B KOTOPOM npoHcxoAHT HX 

nepBoe CPOPMHpoBaHHe B ny'lloK. 3aTeM ny'llOK HeHrpoHoB npoxOAHT Me)l(,l];y 

nOJllOCaMH MarHHTa Cll-56 H AaJIee 'IIepw <POPMHPYIOIUHH cTyneH'IIaTbIH 

KOJlJlHMaTOp B 3aIUHTHOH CTeHe BblBOAHTCH B npoueAypuoe nOMemeHHe 

(Ka6HHa N!5).B Ka6HHe HempoHHoro MeA~CKoro nyqKa, CxeMaTH'IIeCKH 

nOK8.3aHHOH Ha pHC. 1 (BBepxy), OTKJIOHHlOmHli MarHHT OM-5 JJ;OnOJlHHTeJIb

HO O'IIHmaeT HempoHHbIH: ny'llOK OT npHMeceH 3apH)I(eHHbIX qaCTHU, 06Pa30

BaHHbIX B CTeHK8X KOJlJlHMaTopa• .ll8Jlee HeHTPOHHbIH nyqOK CPOPMHPYeTCH 

B HY)l(HbIH npoCPHJlh 'llHCTOBbIM KOJlJlHMaTopoM (lIK) H3 )l(ene3a MHHOH 

1 M, npOXOAHT HanpoJleT 06JlaCTb pacnOJlO)l(eHHH 06nyqaeMOrO 06"beKTa 

H raCHTCH B JlOBywKe H3 )l(eJIe3a H TH)l(eJlOrO OOToHa cYMMapHoH TOJlIUH

HOH 3,6 M, pacnOJlO)l(eHHOH B 3aJJ;HeH CTeHe Ka6HHbI N!5. 

llpoUe.ll.ypHoe nOMemeHHe npeACTaBJlHeT co60H 3aKpbITyIO Ka6HHY 

AnHHoH 6,4 M, WHPHHOH 3,9 M H BbICOTOH 3 M, CTeHbl H nepeKpbITHH Ko

TOPOH BbInOJlHeHbl H3 06b1'llHoro 6eToHa TOJlIUHHOH AO 1,8 M H 1 M COOTBeT

CTBeHHO. KpoMe ODHCaHHoro BbIwe 060PYAOBaHHH AJlH CPOPMHPOBaHHH 

HempoHHoro nY'llKa Ka6HHa oCHaIUeua 060PYAOBaHHeM MH npeAny1leBOH 

nOArOTOBKH nSUHeHTa, o6JIyqeHHH H KOHTponH 3a o6JIyqeHHeM, BKJllOqalO

IUHM poTSUHOHIl.bIH CTenA C KpecnoM MH pa3MemeHHH H CPHKC8UHH DSUHeH

Ta B nOJlO)l(eHHH CHAR, a TaK)l(e MH ero pOTaUHH BOKpyr BepTHK8JIbHOH OCHj 

peHTreHOBCKHH UeHTpaTOp, cny)l(lU.UHii AJIH OKOH'IIaTeJIhHOH IOCTHpoBKH 

Ha OCb nYQKa H OCb pOTauHH rJly60KopaCnOJlO)l(eHHOro o61.eKTa nOpa)l(eHHH 

3 2 



H KOHTpon.FI 3a ero nOnO)l(eHHeM BO BpeM.FI 06nY1leHH.FI; TerIeKaMepbI H ne

perOBopHble YCTpoHCTBa AJI.FI Ha6JUOJ1.eHH.FI 3a naI.\HeHTOM BO BpeM.FI 06nY1Ie

HH.FI; npH60pbI AJI.FI npOBepKH PYTHHHblX J1.03HMeTpH1IecKHX H3MepeHHH, a 

TaK)I(e o60pYJ1.oBaHHe H npH60pbl AJI.FI npoBe,I1.eHH.FI «pH3HKo-J1.03HMeTpHqe

CKHX. MHKPOJ1.03HMeTpHqeCKHX H pa.n.H06HOnOrHlleCKHX HCcne,l1.0BaHHH Te

paneBTH1IecKoro HeHTpoHHoro nyqKa. OUeHKH nOKa3blBaIOT /1 
I, 'ITO AJI.FI 

nyqKa npoTOHOB C 3HeprHeH 660 M3B npH TOKe 7 MKA. na.n.aromero Ha 

6epannHeBYlO MHIDeHb TonuumoH 36 CM, O:>KH,l1.aeTC.FI MOlUHOCTb J1.03bI B Me

CTe pacnOnO)l(eHH.FI 06nY1laeMoro 06'beKTa OKono 20 Crp/MHH, 'ITO J1.0CTaT01l

HO ,I1.n.FI npoBe,I1.eHH.FI KnHHH1IeCKHX HccneJ1.0BaHHH. K HaCTO.FImeMY BpeMeHH 

HHTe",CHBHOCTb BblBeJ1.eHHOrO H3 YCKOpmenR npoToHHoro nY1lKa COCTaBn.FI

eT 1.2 MKA. H HaCTpOHKa X-KaHana Ha OIITHManbHYJO rpaCCHpoBKY npoTOH

Horo nyqKa K HeHTpoHHOH MHIDeHH, a TalOKe nony1leHHe. «pOpMHpoBaHHe 

HeHTpOHHOro nY1lKa H H3MepeHHe HeKOTopbIX ero J1.03HMeTpHQecKHX xapaK

TepHCTHK npoBOJ1.H11HCb npH 3TOM TOKe. 

noJ1. OIITHManbHOH TpaCCHpoBKOH npoTOHHoro nYQn nOJ1.pa3YMeBa

nOCb nonYQeHHe MHHHManbHoro ero H306pa:>KeHH.FI Ha HeHTPOHHOH MHIDeHH 

npH MHHHManbHblX nOTep.FIX nYQKa npH ero TpaHCnOpTHpoBKe K MHIDeHH. 

OIITHMH3RUH.FI pe:>KHMOB pa60Tbl Bcex HOHHo-OmH1IecKHX 3neMeHTOB X-Ka

Hana OCYlUeCTBn.FInaCb C nOMOmJ>lO nporpaMM TRANSPORT-360 /S 
1 H 

DECAY TURTLE 16 1 C YQeTOM H3MepeHHH «pa3OBbIX H 3HepreTH1IecKHx 

napaMeTpoB BblBe,I1.eHHOro npoToHHoro nyQn «pa3OTpoHa 17 ,S I. YCTaHaBnH

BaeMble B 3neKTpoMarHHTHbIX 3neMeHTax KaHana paC1IeTHbIe TOKH OKOH'ia

TenbHO KOppeKTHpOBanHCb no H3MepeHH.FIM pacnpeJ1.eneHHH HHTeHCHBHOCTH 

B nonepe'IHOM CeQeHHH npOTOHHoro nyQKa, KOTopbIe BbmOnH.FInHCb B PR3nH1l

HbIX MeCTax KaHana C HCnOnh30BaHHeM cneUHanbHO C03J1.aHHOrO CKaHHpylO

ruero J1.HO}1.HorO P.FI}1.a, pa60TaIOruero Ha CB.FI3H C 3BM 19 I. npH 3TOM a6coJUOT

HU TO'IHOCTh onpeJ1.erIeHH.FI om6aJOrueH npoToHHoro nY1lKa C nOMOtUblO 

H3MepeHHH ero npo«PHneH B Pa3

((,"I " r  1 I 

I8 

nHIIHbIX MeCTax X-KaHana, Bbmon

HeHHbIX J1.aHHbIM npHoopoM, 6btna 

He xy:>Ke 1 MM. Ha pHC. 2 non

3aHO pacnpeJ1.eneHHe npoTOHHoro 

ny1lKa C 3HepmeH 660 M3B, npo

Be,I1.eHHOrO npaKTH1IecKH 6e3 no

Tepb Ha 6epHnnHeBYlO MHweHb, 

KOTopoe H3MepeHO J1.aHHblM npo«PH
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. nOMeTpoM H npe.n.CTasneHo B BH,I1.e 

H30J1.03HOro pacnpe.n.eneHH.FI. WH

pHHa ny1lKa Ha nonYBbICOTe co-

Puc. 2. H30iJo3Hoe pacnpeOe/JeHue npo

. TOHH020 nY~KQ, na}QJOU4e20 HQ HeUT

! I POHHYIO MUllIeHb. - - - - • - - ptDMepbl 

tltJ tiepU/IIIUl!80U MUUleHU (8..Il eM ). 
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Puc. 3. 3Hep2eTU~cKUe CneKTpbl ntlOTHOCTU noTOKQ Heu7pOH08, UcnYCKQeMblX U3 tiepwz

lIue80U MUllIeHU pa3./lU~HOU TOII,UHbl nod YZIIOM 00. aUfPpbl HaO KaxOOU KPU80U 0603

HRQIOT TOllfl4UHY MUllIeHU 8 2/CM . 

CTaBJIReT 1,7 CM B rOpH30HTanbHoM CeQeHHH 1Iepe3 MaKCHMYM pacnpeJ1.erIe

HH.FI H 3,2 CM - B BepYHKanbHoM Ce1leHHH. H3MepeHH.FI a6coJUOTHoro 3HaQe

HH.FI HHTeHcHBHqY{,H, npoTOHHoro nyqn ocyrueCTBnRnHCb KanopHMeTpH1le

CKHM MeTOJ1.0M • B HCnOnb3yeMhIX KanOpHMeTpax B KaQeCTBe paoo

1Iero TerIa 6bIna Bbl6p8Ha Me}1.HU MaCTHHa pa3MepOM 5x20 CM H TonlUH

HOH 1.5 CM, 'ITO n03BOJIReT H3Mep.FlTh a6coJUOTHYlO HHTeHCHBHOCTb npo

TOHHoro ny1lKa B HHTepsane OT 0,03 J1.0 10 MKA C TO'IHOCTblO OKono 10%. 

nOJ1. J1.eiCTBHeM npoToHoB C 3HeprHei 660 M3B B MHWeHH reHepHpy

lOTC.FI HemPOHbI B WHpOKOM 3HepreTHliecKoM H yrnoBoM J1.Hana30He. 

Ha pHC. 3 npeJ1.CTaBneHbI 3HepreTHlieCKHe CneKTpbI lInOTHOCTH nOTon Hem

POHOB, HcnYCKaeMblX H3 6ePHnnHeBOH MHweHH pa3nH'lHOH Tonu.umbI noJ1. 

yrnoM 0 0 , KOTopble paCC'lHTaHbI C nOMOtUblO nporpaMMhI CASC.2 /1 
1 I,MOJ1.e

nHpYlOrueH Me:>K'b.FlJ1.epHbIi KaCKa}1. B MaTepHane MHWeHH B paMKaX MeTOJ1.a 

nocne,l1.0BaTenbHbIX CTOnKHOBeHHH. llnOrua.n.b noJ1. CneKTpllJThHbIM pacnpe

J1.eneHHeM, xapaKTepH3ylOl1Ul.FI BblXOJ1. HeHTPOHOB Bcex 3HeprHH H3 MHWeHH, 

HMeeT MaKCHMYM npH onpeJ1.eneHHOH ee TontUHHe, COOTBeTCTBYJOrueH MaK

CHManbHOMY BblXOJ1.Y HeiTpoHOB. 3Ta Tonu.uma R:BnHeTC.FI OIITHManbHOH 

C TO'IKH 3peHH.FI nonY1leHH.FI MaKCHM.!lJIbHOi J1.03bI OT HeHTpoHHoro nyQKa. 
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Puc. 4. 3HepZeTUileCICUe cneICTpbl 11.IIOTHOCTU naTOICa Heu7pOHo8, 6bIXOOJill4Ux nao YMOM 

(jl U3 P(J3.flUllHbIX MuweHeu onTUMllIlbHOU TOIIU4UHbl. 

Ha pHC. 4 npe,D,CTaBneHhI pe3ynbTaThi pac"IIeTa 3HepreTH"IIeCKHX CneKTpoB 

nnOTHOCTH nOTOKa HeiiTpoHoB, BhIXO,D,.RllJ;HX H3 Pa3JIH"IIHhIX mw60nee npocThlx 

B KOHCTpYKTHBHOM HCnOnHeHHH MHWeHeH no,D, yrnoM 0° 11 1 I. 3Ha"lleHHH 

onTHManbHhlX TOnl.ll;HH MHUleHeH, Hcnonb3yeMhlX B HeHTpoHHOH MHUleHHoH 

CTaHUHH, npHBe,D,eHbl B HmKecne.u.yIOIUeH TaooHUe. 

Tati!luija 

MaTepHan MHUleHH Be-9 C-12 Al-27 Fe-50 Cu-64 Pb-207 

OnmManhHaR 

TOnl.ll;HHa, r/cM2 : 
PaCqeT 64 62 75 92 98 113 

9 KcnepHMeHT 64±11 61±11 80±14 88±23 98±19 109±37 

9KcnepHMeHTMhHhle ,D,aHHhle, npHBe,D,eHHhle B nocne,D,HeH CTpoKe Ta6

nHUhl, nonY"lleHhI npH H3MepeHHH rny6HHHhlx ,D,030BhIX noneil: B BO,D,HOM 

Q>aHTOMe ,D,nfl Pa3JIH"llHhIX TOnl.ll;HH Hccne.u.yeMbIx MHUleHeH. 

6 

PRC. 4 nOK83hlBaeT, "lITO H3 Bcex paccMoTpeHHbIx MHUleHeH OnTHMaJIb

HOH Tonl.ll;HHbl HaH60nbUlHH BhrXO,D, HeiiTpoHoB o6ecnellHBaeT 6epHnnHeBaR 

MHUleHb TOnl.ll;HHOH 64 r/cM2 . Ha OCHOBe ,D,aHHhlX 06 3HepreTH"IIeCKOM cneKT

pe HeHTPOHOB, HcnyCKaeMbIX H3 6epHnnHeBOH MHUleHH OnTHManhHOH TonlUH

Hhl, 6bInH pacc"llHTaHhI npoCTpaHCTBeHHhIe pacnpe,D,eneHHH nOnHOH nornOIUeH

HOH ,D,03bI H COCTaBnfllOIUHX ee KOMnOHeHT B BO,D,HOM Q>aHTOMe 
/11 

I. B "IIaCT

HOCTH, nOK83aHO, "lITO Ha rny6HHe BO,D,HOrO Q>aHTOMa 9,5 CM B 30He ny"llKa 

npHMepHo 44% OT nOnHOH nornomeHHoH ,D,03hl COCTaBnfleT BKJIa,D, OT BhICO

K03HepreTH"IIeCKHX npoTOHOB, 27% - OT TfI:lKenhlX 3apfl:lKeHHhlX "IIaCTHU 

H fl,D,ep OT,D,a"IIH, 16% - OT HH3K03HepreTH"lleCK:\iX BTOpH"llHhlX HYKJIOHOB, 

10%  OT 'Y-KBaHTOB H 3% OT 1f-Me30HOB. 

CneKTp HeHTpoHoB MeHseTCfI B 3aBHCHMOCTH OT MaTepHaJla H TonlUH

HbI MHUleHH. OnTHMMbHbIH CneKTpMhHhIH COCTaB HeiiTpoHHoro TepaneB

TH"IIecKoro nyqKa onpe,D,enfleTCfI MHOrHMH napaMeTpaMH, KOTopbIe CBfl3aHhI, 

B 'IlaCmOCTH, C Q>oPMHpoBaHHeM HaH60nee 6narOnpHflTHOrO ,D,030Boro nonfl 

B o6nyqaeMoM 06l>eKTe, BenH1.JHfI0H ,D,03bI HeHTpoHHoro ny"ll:Ka, a TaK:lKe 

C OTHOCHTenbHOH 6HOnOrH"IIecKoH 3Q>Q>eKTHBHOCThlO (059) H K03Q>Q>HUH

eHTOM KHcnopo,D,HOrO YCHneHHH (KKY) , BnHfIlOlUHMH, B KOHe"IIHOM C"IIeTe, 

Ha TepaneBTH"IIeCKHe cBoHCTBa ,D,aHHoro 

nY"llKa. 
IIpHBe,D,eHHhle Ha pHC. 5 3aBHCH

MOCTH 059 H KKY OT nHHeHHoH nepe

,D,a"IIH 3HeprHH (JIII9) 113 I nOK83bmaIOT, 

"lITO HaH60nee TepaneBTH"IIecKH BhIHrphIUl

4:1 •i" " • i "iii • I' "'I 

2 

HblM flBnfleTCfI TaKoe CneKTpanhHOe pac 1 ~ 
npe,D,eneflHe Heil:TPOHHOro nyqKa, KOTo 01, '1111111 ",!, "I " I li,""1 
poe C03,D,aeT B o6nY"llaeMoM 06l>eKTe ~ 
HaH60nbUlYIO ,D,OnlO CHnhHOHOHH3HPyIO ~ 5 
lUHX qaCTHU, HMelOIUHX JIII9 B paHOHe -4 
200 K3B/MKM. IIpH 3TOM 3Ha"lleHHH 

JIII9 059 rHnOKCHqeCKRX KJIeTOK HMeeT 

MaKCHMaJIhHoe 3HaqeHHe '" 5 ,2 , a KKY 
BhlXO,D,HT Ha MHHHMyM, COCTaBnflfl npH-

MepHo 1,2. (,llnfl cna60HOHH3HPYIOIUHX 

'IlaCTHU 3TH 3Ha"lleHHH COCTaBnSIOT npH-

MepHo 1 H 3 COOTBeTCTBeHHO) • 

Ha pHC. 6 npHBe,D,eHhl ,D,030BbIe 

cneKTphl JIII9 Ha rny6HHe 12 CM BO,D,

Horn Q>aHTOMa, o6nY'llaeMoro MOH03Hep

reTHqeCKHMH HeHTpoHaMH C 3HeprHeH 

100, 350 H 600 M3B, paCC"llHTaHHhle C 

3 

2 

t 

0 

rHIlOf(C~SI 

~ 3 faf--------
:x:
:x: 

2 

Puc. 5. 3tl6UCUMOCTb OB3 U KKY OT cpeOHeu 

lHT3 OIlJi nallellHblX IClleTOIC lletl06eICa T-l, 

oti!lYllaeMblx UOHIlMU YZllepooa (-,.) U 

HeoHa (Iil, fol). 
I1J3 

7 
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Puc. 6. I1wjXjjepeHI4Ul1/IbHble nap

I4Ul1/IbHble (- - - - - ) U CYMMapHble 

( ) cneKTpbl Jll13 Ha <MY

6uHe 12 CM 600HOZO nO<MOTUT~ 

/til, o6/tY'laeMOW HeuTpoHaMU C 

3Hepzueii 100, 350 U 660 M3B. 

nOMOl.U&JO MO,D,epHHSHpoSaH

HOH nporpaMMhI MEDICA, BbI

lIHCJ1.flIOlUeH B npoHSBonbHoH 

TOqKe nornOTHTeJ1R npoCT

paHcTBeHHo-3HepreTHqecKoe 

pacnpe,D,eJ1eHHe «pnJOeHca nep

BHIIHbIX H BTOPHIIHblX qaCTlm, 

06Pa3YJOm;HXCR B pe3ynbTaTe 

Pa3BHTHR Me>K'b.R.D.epHOrO Kac

Ka,D,a B BelUeCTBe nornOTH

TeJ1R, HHHn;HHpoBaHHOrO Bbl

cOK03HepreTHQecKHMH HYK

nOHaMH /14 I. B KaqeCTBe HC

xO,D,Hoii HH«PoPM~HH no HH

TerpMbHblM H ,D,H«p«pepeHUH

MbHblM CeQeHHRM HeynpyrHx 

H ynpyrHx B3aHMO,D,eHCTBHH 

Hcnonb30BMHCb pe3ynbTaTbl 
pa60T/15-11 I. PRc. 6 nOKa3b1

BaeT, lITO Ha ,D,aHHoii rny

6HHe cneKTp nll3 H OTHO
CHTeJ1bHbdi BKna,D, B ,D,03Y 

Pa3J1HIIHbIX QaCTHn; MeHReTCR 

B ~3asHCHMOCTH OT 3HeprHH 
HeHTpoHoB, ~aIOIUHX Ha
'" T'l"aHTOM. aK,,D,O 3HaqeHHRn Bll3 npHMepHo 2 K3 /MKM 
CneKTpbl onpe.1lenRJOTcR 

if 3J1eKTpoHaMH H n03HTpoHaMH, 
KOTopble 06Pa3YIOTCR B pe
3ynbTaTe P83BHTHR 3neKT

POHHCHPoToHHoro nHBHR,HHH

UHHpOBaHHOrO 'Y-KBaHTaMH OT pacn8.D.a 1I'°-Me30HOB,06p83YlOUUlXCR npH 

3HeprHRX HeiiTpoHoB H BTOpHIIHblX HYKnOHOB Bblwe 300 M3B (Ha pHCYHKe 

0603HaQeHbI e+-). KpoMe e+- B.D.aHHYJO qacTb cneKTpa JII13 ,D,aIOT BKn8.D. 

3apR)I(eHHbIe 1l'-Me30HbI (HoHH~oHHoe TOpMOIKeHHe), 06pa3YlOm;HecR 

npH 3HepmRX HeHTpoHoB H BTOPHllHbIX HYKnOHOB Bblwe 300 M3B (0603

HaqeHHble 1l'+, 1l'-) J a TalOKe BblCOK03HepreTH'leCKHe KaCK8JU{ble npoTOHbl, 

06p83YJOlUHecR B CTonKHOBeHHRX HeHTPOHOB C .R.D.paMH (Pk). 
8 

B ,D,Hana30He Jll13 npHMepHO OT 2 ,D,O 95 K3B/MKM cneKTp 06ycnoBneH 

KaCK8,D,HbIMH. npoTOHaMH 60nee HHSKHX 3HeprHH (Pk ), a TaKIKe ,D,eiiTpoHaMH 

(d) H a-QaCTHD;aMH H B MeHbweH CTeneHH TPHTOHaMH (t) H .R.D.PaMH 3 He, 06

Pa3YJOm;HMHCR B HeynpyrHx B3aHMO,D,eHCTBHRX nepBHIIHbIX HeHTPOHOB 

H BTOPHIIHbIX 8.D.POHOB (n, p, 1l'+-) C .R.D.paMH KHCnOpO,D,a. 

I 
B 06naCTH Jll13 OT 95 ,D,O 220 K3B/MKM onpe,D,eJ1JDOIUHii BKn8.D. ,D,atOT 

a-qacTHn;bl, 06pa3YJOIUHecR rnaBHblM 06pa30M B HeynpyrHx B3aHMO,D,eHCT

BHRX nepBH'lHbIX HeHTPOHOB C .R.D.PaM" KHcnop0,D,a• 

.l(Jm JIll3 60nee 220 K3B/MKM CneKTpbI OnpeneJ1JDOTCR OCTaTO'lHbIMH 

.R.D.paMH OT,D,a'lH, 06Pa3YJOm;HMHCR B Heynpyrux B3aHMO,D,eHCTBHRX nepBHq

HbIX HeifrpoHoB H BTOPH'lHbIX 8.D.POHOB C .R.D.paMH KHcnopo,D,a, a TalOl<e .R.D.

PaMH or,D,a'lH KHcnopo,D,a B ynpyroM HyKnOH-.R.D.ePHOM B3aHMO,D,eHCTBHH. 

C YBeJ1HqeHHeM 3HepmH HeHTPOHOB YMeHbWaeTCR BKna,D, .R.D.ep OT,D,a

'lH KHcnopo,D,a ( 
16 0) H YBeJ1H'lHBaeTCR BKn8.D. OCTaTOIIHblX .R.D.ep OT,D,aqH 

(fl H f2 ), KpoMe Toro, npOHCXO,D,HT paCWHpeHHe CneKTpoB nll3 KaK B CTO

POHY BbJCOKHX, TaK H B CTOpoHY HHSKHX 3HaqeHHH nll3. llPH 3TOM yCpe,D,

HeHHaR no cneKTpy BeJ1HQHHa Jll13 HMeeT HaH60nbWee 3HaqeHHe ,D,nR MOHO

nHHHH 350 M3B (36 K3B/MKM). Bonpocbl OnTHMHSaUHH CneKTpaJIbHOrO 

COCTaBa TepaneBmqeCKOrO HeiiTpoHHoro nyqKa 6Y.D.YT paCCMOTpeHbl BOT

,D,eJ1~HOH pa60Te. 3,D,ecb npe,D,BapHTeJ1bHO MO)I(HO OTMeTHTb, 'ITO OIrrHManb

HaR Cpe,D,H.RR 3HeprHR, nO-BH,D,HMOMY, ne)I(HT B panOHe nopora Me30Ho06pa

30BaHHR, nOCKonbKy, C O,D,Hoii CTOPOHbI, CBO,D,HTCR K MHHHMYMY BKna,D, 

OT cna60HoHHSHpYJOlUeii KOMnOHeHThI (e+-, 1l'+-), a C npyroH - COXpaHReT

CR BKn8.D. OT CHnbHOHOHH3HPYJOlUeH KOMnOHeHTbl, 06ycnoBneHHoii KOPOTKo

npo6e)I(HbIMH .R.D.epHblMH «pparMeHTaMH (a, fl H f 2 ) , Ifeii BKna,D, MO)l(eT Henpo

nOpUHOHaJIhHO CHnbHO CHH)I(8Tb K03Ql«PHUHeHT KHcnoponHoro YCHneHHR 11 9 I. 

llpe,D,CTaBneHHble Ha pHC. 7 H 8a ,D,030Bble pacnpe,D,eJ1eHHR HeiiTpoHHo

ro nylfKa co cpe,D,Heii 3HeprHeA 350 M3B, nonYQaeMOro HS 6epHJ1J1HeBOii 

MHWeHH TonlUHHoH 36 CM (66,2 r/cM2 ), 60M6apnHpyeMoii DpoTOHaMH C 

3HeprHeH 660 M3B, XapaKTepH3YJOTCR P.R.D.OM 6narOnpHRTHblX .D.JlR TepanHH 

«paKT°POB: 

HaJIHlIHeM WHpoKoro MaKcHMYMa Ha rny6HHe 10-18 CM, nornOlUeHHaR 

,D,03a B KOTOPOM BTpoe Bblwe BXO,D,Hoii, 'ITO 03HaQaeT CYlUeCTBeHHOe CHH

~HHe HarpY3KH Ha nOBepXHOCTHble TKaHH; 

cna60H paCXO,D,HMOCTbJO nyqKa C rny6HHoH npoHHKHOBeHHR; 

- ,D,OCTaTOIIHO pasHoMepHbIM pacnpeneJ1eHHeM ,D,03hl no ceqeHHIO nyQKa 

H KpyTbIM Cna,D,OM ee no KpaRM. 

B H3MepeHHRX ,D,030BhIX pacnpe,D,eJ1eHHH HeiiTpoHHoro nyqKa B «pau

TOMe, npe,D,CTasneHHbIx Ha pHC. 7 H 8, HcnOnb30BaJICR KnHHH'lecKHii ,D,03H

MeTp TRna VA-J-18 (npoHSBO,D,CTBO r)lP) C wapoBoii KaMepoH TRna K-253 

,D,HaMeTpoM 16 MM, HanOnHeHHOH B03,D,YXOM H HMeIOlUeH B03,D,yX03KBHBa

neHTHbIe CTeHKH TOJIIUHHOH 1 MM, a TaK)l(e TepMOJIJOMHHecUeHTHble ,D,03H

MeTpbl, npe,D,CTaBnJDOlUHe co60H nonHKpHCTaJ1J1bl LiF ,D,HaMeTpoM 3 MM 

H BblCOTOH 2 MM. llpoBe,D,eHHble paHee HCCne,D,OBaHHR nOKa3aJIH noJIHYIO 

npHrO,D,HOCTb 3THX ,D,03HMeTPOB ,D,J1f1 OTHOCHTeJ1bHbIX H3MepeHHH npoCTpau

CTBeHHOrO pacnpe,D,eJ1eHHR nornolUeHHoH ,D,03b1 B nYlfKaX HeiiTPOHOB BbICO
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Puc. 7. Pacnpeoen.eHUJI noz.fIOzqeHHou 003b' 6 600e 01111 HeUTpoHHOZO nY'fKa CO CpeOHeU 
3Hepzueu 350 M3B. I - c..'1y6uHHoe pacnpeiJe.'1eHUe no ocu nYliKa OUllMeTpoM 10 CM; 2
paOUQllbHOe pacnpeiJen.eHue Ha zlIy6uHe 12 CM rjiaHToMa; 3 - noilHaR. poTal.lUJI O/IJ' nYliKa 
OUllMeTpoM 5 CM. 

KOH 3Hepnrn /20 I. Ha pHC. 7 B!fAHO ,lJ.OBOnbHO xopomee cornaCHe B pe3ynb

TaTax H3MepeHHH ,IJ.na OTHOCHTeJIbHbIX rny6HHHbIX (KPHBaR. 1) H pa,IJ.Hanb

HbIX (KpHBaR. 2) pacnpe,IJ.eneHHH, HOpMHPOBaHHblX Ha MaKCHMYM pacnpe

,lJ.eJIeHHR B q,aHTOMe, nonY'IleHHbIX ,lJ.aHHbIMH ,lJ.03HMeTpaMH. nepeMelQeHHe 

mapoBoH HOHH3au.HOHHOH KaMepbI B BO,IJ.HOM q,aHTOMe OCYlQeCTBnanocb 

C HcnOnb30BaHHeM TpeXKOOp,IJ.HHaTHOrO CKaHHpYWlQerO H30,IJ.030rpaq,a, 

ynpaBnReMOrO 3BM, C nOMOll.l;blO KOTOPOH 06pa6aTbIBanacb HH<POPManHJl 

C ,lJ.03HMeTpa VA-J- 18 H no 3aBepmeHHH H3MepeHHH pe3ynbTaTbI npeA

CTaBnanHCb B BH,lJ.e H30,IJ.03HbIX Kap'fHH Ha nnoTTepe HnH ,lJ.HCIlTlee. TepMo

nlOMHHecu:eHTHble ,lJ.03HMeTpbl pa3MelQanHCb B q,aHTOMe B ropH30HTanb

HOH IlTlOCKOCTH Ha TOHKOH (1 MM) IlTleKCHrnacoBoH nO,IJ.nO)l(Ke; ,lJ.03a, 

HaKOIlTleHHaR. 3a BpeMR HX 06nY'lleHHR, onpe,IJ.enR.naCb no aMnnHTY,IJ.e nHKa 

BbICBe'llHBaHHR. rpa.n:YHpoBKa ,lJ.eTeKTopoB npOBO,IJ.HnaCb B none 'Y-H3nY'IleHHR. 

6OCO. 

Onpe,IJ.eneHHe a6COnIDTHOrO 3Ha'lleHHR nOrnOlQeHHOH ,lJ.03bI npoBo,IJ.H

nOCb nyTeM H3MepeHHR a6conIDmoro 3Ha'lleHHR 3ap.It,IJ.a, c06paHHoro Ha 

:meKTpo,IJ.ax HOHH3au.HOHHOH KaMepbI C H3BecTHbiM o61.eMoM. CooTHome

HHe Me)I(,IJ.Y 3ap.It,IJ.OM H ,lJ.030H, nornolQeHHOH B MaTepHaJIe q,aHTOMa, npHHH

ManOCb cornaCHO TeopHH nonoCTH /21 
I, MO,IJ.Hq,Hu:HPOBaHHOH HaMH nyTeM 
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Puc. 8. H30003Hbie pacnpeiJetleHUJI HeuTpoHHoZO nYliKa co cpeiJHeu :mepzueu 350 M')B 
6 600HOM rjiaHToMe 01111 : a) oOHOnollbHOZO ofillY'IeHUJI (00); 6) poTaijUOHHOZO 0611Y
'leHU1l; 6) MHOZOnollbHOZO olirtY'IeHUJI (45°+135°+225°+315°); z) poTaijUOHHOe 0611Y
'1eHUe npoToHHblM nYliKOM c 3Hepzueu 185 M')B. 

BBe,IJ.eHHa nonpaBo'llHoro K03q,<pHu;HeHTa ,lJ.eTeKTopa, Y'IlHTbIBaIDlQero BnHR

HHe OTnH'IlHR aTOMHoro COCTaBa MaTepHana KaMepbl OT aTOMHOrO COCTaBa 

MaTepHaJIa q,aHTOMa. 3TOT K03q,q,Hu;HeHT onpe,IJ.eJIRnCR 3KcnepHMeHTanbHO 

B HCCne,IJ.yeMoM nY'IlKe HeHTpoHoB C nOMOll.l;blO IlTlOCKOH HOHH3au;HOHHOH 

TOHKOCTeHHOH KaMepbl, nepe,IJ. KOTOPOH nOMelQanHCb pa.n:HaTopbI H3 Pa3

nH'IlHbIX MaTepHanoB, B 'IlaCTHOCTH, H3 MaTepaana, H3 KOToporo H3rOTOBneHa 

CTeHKa pa60'lleH KaMepbI, Hcnonb3YeMOH ,lJ.na onpe,IJ.eJIeHHR ,lJ.03bl, a TaK)I(e 

H3 HeKoTOpbIX ,lJ.pyrHX KOHCTPYKu;HOHHbIX MaTepaanoB, BO,IJ.bI H TKaHH. 

BBeAeHHe H 3KCnepHMeHTanbHOe Onpe,IJ.eJIeHHe K03q,q,Hu;Hema ,lJ.eTeKTOpa 

n03BOnHnO H36e)K8.Tb HCDOnb30BaHHR ,lJ.pyrHx, MeHee TO'llHO onpe,IJ.enR.eMbIX 

q,aKTOpOB, TaKHX KaK KepMa H K03<PQ>Hu:HeHTbl BKna,IJ.a/2 0 I, y'llHThIBaIDlQHX 

BnHRHHe .It,lJ.epHblX peaKu;HH B MaTepaanax KaMepbl Ha ee qyBCTBHTenbHOCTb. 

nOKa3aHO, 'lITO 3Ha'lleHHR nonpaBO'llHoro Ko34>q,Hu:BeHTa ,lJ.eTeKTOpa OTnH'lla

IOTCR OT eAHHHu;bI He 60nee, 'IleM Ha 1% B 06nacTH MaKcHMYMa ,lJ.030BOro nonR 

B BO,IJ.e Hccne,IJ.yeMoro HeHTp<)HHoro nyqKa H He 60nee 'IleM Ha 2% Ha rny6H

Hax, npeBbllQaIDlQHX 1 rjcM2 ,lJ.na MHorHX opraHH'IlecKHx MaTepHanoB, B 

'IlaCTHOCTH ,IJ.nR IlTleKCHrnaca, TKaHe3KBHBaneHTHOH H B03,IJ.yX03KBHBaneHT

HOH IlTlaCTMaCCbl TOnlQHHOH ,lJ.0 10 MM 12 2 I. Ebmo TaK*e nOKa3aHO npaKTH

'IlecKoe OTcyTCTBHe BnH.ltHH.lt COCTaBa H ,lJ.aBneHHR ra3a B KaMepe Ha onpe

,lJ.eJIaeMOe 3Ha'lleHHe nOrnOlQeHHOH ,lJ.03bl B <paHTOMe, o6nY'llaeMOM ,lJ.aHHblM 
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HeHTPOHHhIM nYlIKOM, npH YlIeTe DJIOTHOCTH ra.3a H OTHOWeHHR TOPM03HblX 

CnOC06HOCTeH HOHH3HPYKH1.tHX lIaCTIm B MaTepHaIIe q,aHTOMa H B ra.3e. 

3T0 06cTORTeJ1bCTBO n03BonHno HCnOnb30BaTb AJIR H3MepeHHR nornOmeHHOH 

A03bl B nYlIKe HempOHOB BblCOKHX 3HepruH CTaHAapTHyJO B03AYX03KBHBa

neHTHYJO HOHH3QUHOHHYJO KaMepy K-253 (npoH3BOACTBO r J1.P), 3aI10JIHeH

HYJO aTMocq,epHblM B03AYXOM. A6cOnJOTHoe 3HalleHHe pa60llero omeMa 

3TOH KaMepbl 6bInO onpeAeJ1eHO B none 'Y-H3nylleHHR H30TOna 60 Co nyTeM 

CPQHeHHR co cneuHaIIbHO CKOHCTpYHPOBaHHOH B I1HCTHTyTe aTOMHOH 3Hep

rHH B CBepKe (llHP) 3TaIIOHHOH KaMepoH /13 
I, 06'beM KOTOPOH YCTauOBneH 

B pe3ynbTaTe reOMeTpHlIeCKHX H3MepeHuH C TOllHOCTbJO 0,3%. OrHoweHHe 

3q,q,eKTHBHbIX TOPM03HblX cnoc06HoCTeH MaTepHa,IIa q,aHTOMa (BoAa) 

H BQ3Ayxa npHHHMaIIOCb no Ta6nHllHbIM AaHHblM ,I],JlR cpeAHeH 3HeprHH BTO

pHlI~IX npOTOHOB. llonYlIeHHoe 3HalleHHe MO)f(eT 6blTb yTOllHetlO nyTeM 

YlIe1'a cneKTpa 3apR)f(eHHb1X lIaCTHU Ha pa3HblX rny6HHax q,aHTOMa. SHeprHR 

HOH006pa.30BaHHR onpeAenRnaCb C Hcnonb30BauHeM IPyHKllHOHaIIbHOH CBR

3H 3TOH BeJ1HlIHHbl C 3q,q,eKTHBHOH JIllS H3nYlIeHHR 11 4 I, 3HalleHHe KOTOPOH 

onpeAeJ1RJIOCb 3KcnepHMeHTaIIbHO no KonOHHOH peKOM6HHIlUHH HOHOB B 

DJIOCKOnapaIIneJ1bHOH TKaHe3KBHBaIIeuTHOH HOHH3IlqHOHHOH KaMepe, Ha

nonHeHHOH nponauoM nOA AaBneHHeM 400 Klla /l5 
I. B CBR3H C nHlllb He3Ha

'lHTeJ1bHblM H3MeHeHHeM 3HalleHHR 3HeprlDl HOHo06p830BaHHR C rny6HHoH 

npHHHMaIIOCb nOCTORHHoe 3HalleHHe 3HepmH HOHOO6p830BaHHR, paBHOe 

34,6 3B. llOnpaBOllHbIH K03<p<pHUHeuT neTeKTopa H OTHOWeHHe TOPM03HblX 

cnoc06HoCTeH AJIR KaMepbl K-263 B nepBoM npH6nIDICeHHH TaJOKe npHHHMa

nHCb He3aBHCHMbIMH OT rny6HHbl. TaKoe ynpoIUetlHe n03BOnReT TpaKTOBaTb 

rny6HHHoe pacnpeAeJ1eHHe 3 apR,na, c06pauuoro KaMepoH, KaK pacnpeAeJ1e

HHe nOrnOIUetlHOH A03bl. OWH6Ka 3a ClIeT TaKoA TPaKTOBKH He npeBblWaeT 

2% Ha rny6HHax, 60nbwHx 1 CM BO.IU>I. llPH onpeneJ1et1HH a6conlOTHoro 3a

pR,na, C06paHHOrO KaMepoH, HCnOnb30BaIIHCb BblcOKOCTa6HJIbHble BblCOKo

OMHble conpoTHBneHHR, a6cOnlOTHble 3HalleHHR KOTOPblX onpeneJJRJIHCb 

nyTeM H3MepeHHR BpeMeHH 3apR,na 3TaIIOHHOA eMKOCTH. YlIHTblBaIIHCb 

nOnpaBOllHble K03q,q,HUHeHTbl, KaCaJOIUHecR HaCblIUeHHR, nOnRpHOCTH Ha

npR)f(eHHR, TeMnepaTypbl, AaBneHHR H BnIlJKHOCTH B03nyxa. llOnylleHbl 

a6conJOTHble 3HalleHHR A03bl B MaKcHMYMe n03Horo pacnpeAeJ1et1HR, COCTaB

nRJOIUHe OT 1,6 AO 2,6 Crp/MHH B 3aBHCHMOCTH OT ycnOBHH KonnHM8J..tHH 

HempoHHoro nyqKa, paCC'lHTaHHble Ha 1 MKA TOKa npoTOHOB, naAaJOlI..UIX 

Ha 6ePHnJlHeBYJO MHllIeHb TonmuuoH 36 CM. Ha pHC. 7 npHBe.Aetlbl HeKOTO

pble TOllKH, nonyqeHHble DyTeM H3MepeHHR a6comoTHoro 3 apR.lla, c06pau

Horo Ha 3neICTpoAax KaMepbl K-263, HOPMHpoBaHHOrO Ha MaKCHManbHOe 

3HalleHHe B rny6HHHo-A030BOM pacnpeAeJ1et1lD1 B BOAHOM q,aHTOMe. Xopo

wee cornaCHe C AauHbIMH OTHOCHTeJ1bHOrO pacnpeAeJ1et1HR, nonyqeHHblMH 

A03HMeTPOM VA- J- 18 H TJUl, CBHAeTeJ1bCTBYeT eIUe p83 0 npHI'OAHOCTH 

"THX A03HMeTPOB AJIR OTHOCHTeJ1bHblX H3MepeHHH Ha HeHTPOHHOM nyqKe, 

a C ApyroH CTOPOHbl - 0 B03MO)l(J{OCTH a6cOJIJOTHOH KaIIH6poBKH 3THX Ao

3HMeTpoB AJIR nonYlleHHR npoCTpaHCTBeHHOrO pacnpeAeJ1et1HR nornOIUetI

HOH A03bl B a6conlOTHblX eAHHlIUIlX, 3HaHHe KOToporo Heo6xollHMO. npH 

nnaHHpoBauHH H npoBeAeHHH q,paKUHOHHpoBaHHOrO MHOrOnOnbHoro HJ1H 

POTaL\HOHHoro o6nYlleHHR 60nbwHx runOKCHlIeCKHX onyxoneH Ha nyllKe 
HeHTpoHoB BblCOKHX 3HepruH. 

KaK BHAHO H3 pHC. 7, B TO BpeMR KaK 3HalleHHe nornOmeHHOH A03bl 

B MaKCHMYMe rny6HHHoro pacnpeAeJ1eHHR BTpoe Bblwe BxoAHoro, BbIXOA

HaR A03a COCTaBnReT npHMepHO 90% OT MaKCHMaIIbHOH, H OnnHM H3 cnoco

60B ee CHH)f(eHHR MO)f(eT cnY)f(HTb npHMeHeHHe POTauHoHHoro HnH MUoro

nonbHoro o6nYlleHHR rny60Kopacnono)f(eHHoro 06'beKTa nopQ)f(eHHR, npH 

KOTOPOM cymeCTBeHHo CHH)f(aeTCR nYlleBaR HarpY3Ka Ha nOBepXHOCTb TeJ1a 

H KpHTHlIeCKHe OpraHbl, K KOTOPblM, B lIaCTHOCTlf, OTHOCHTCR cnHHHOH M03r. 

3T0 HnnJOcTpHpYeT 3KcnepHMeHTaIIbHaR KpHBaR 3 Ha pHC. 7, npeACTaBnRJO

maR OTHOCHTeJ1bHOe pacnpeAeneHHe nornomeHHo~ A03bl npH POTauHH 3M""

THlIeCKoro q,aHTOMa (c OCRMH 31 H 26 CM), H3l111epeHHOe TJIJ1. BAonb 6onb
WOH OCH 3Toro q,aHTOMa, a WTpHXUyHKTHPHaFI nHHHR - pacnpeAeJ1eHHe, 

paCC'lHTaHHOe no nporpaMMe ROTAT /16 
, 17 I, oepymeH 3a HCXOAHoe none 

H30A03Hoe pacnpeAeneHHe, H3MepeHHoe A03HMeTp<>M VA-J-18 AJIR HeHTpoH

Horo nyllKa AHaMeTpoM 5 CM H npeACTaBneHHOe Ha pHC. 8a. PaclIeT npoBO

AHnCR MeTOAOM CYMMHpoBaHHR A030BblX noneH co Bcex HanpaBneHHH 06

nYlleHHR. KaK BHADO, npH npHMeHeHHH POTauHH (pHc.86) nYlleBaR HarpY3

Ka Ha nOBepXHOCTb TeJ1a CHH)f(QeTCR npHMepHO AO 7% H npHMepHO B 2,5 pa

3a OHa CHH)f(QeTCR B panOHe pacnOnO)f(eHHR cnHHHoro M03ra, RBnRJOmerOCR 

KpHTHlIeCKHM oprauOM. llPH npHMeHeHHH MHorononbHoro 06nYlleHHR 

(pHC. 8B) MO)f(HO A06HTbCR, 'lT06bl HarpY3Ka B 06naCTH Cl1HHHOrO M03ra 

onpeAeJ1RJIaCb H30ypoBHRMH OT 35 AO 0%, TO eCTb no'ITH TaK )f(e, KaK H AnR 

WHpoKoro npoTOHHoro nyllKa (pHC. 8r), npHMeHRBwerOCR B TelleHHe pRna 

neT AJIR nelleHHR paKa nHIUeBOAa, KorAa lIepe3 cnHHHOH M03r npoXOAHnH 
H30ypoBHH OT 35 AO 15%/lI I. 

TaKHM 0~P830M, B TO BpeMR, KaK Hcnonb3yeMble B HaCTORmee BpeMR\ 

B Tepanuu HeHTpoHHble nyllKH He HMeJOT npeHMymeCTB B A03HOM pacnpe- \ 

AeneHHH no CPaBHeHHJO C TPaAHUHOHHblM 'Y-H3nYlleHHeM, nyllOK RempoHOB \ 

BblCOKHX 3HeprHH H~eeT npaKTHlIeCKH TaKO~ )f(e reOMe~pHlIecKoe pacnpe l 
AeJ1eHHe nornOmeHHOH A03bl, KaK H WHPOKHH npoTOHHblH nYllOK, H BMeCTe 


C TeM o6emaeT AaTb B pR,ne cny'l8eB TepaneBTHlIeCKuH BblHrpblW 3a ClIeT ' 


npeoAoneHHR PaAHOpe3HCTeHTHOCTH rHnOKCHlIeCKHX onyxOneBblX KneTOK, 


BCTpe1l8JOlI..UIXCR, B lIaCTHOCTH, npH paKe nHIUeBOAa, nelleHHe KOToporo npo


BOAHnOCb OTHOCHTeJ1bHO ycnewHo Ha npoTOHHOM nyllKe JIRll OI1RI1. ~ 
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A6a3oB B.M. H .ap. 
nony'lt!HHe H uccne.aosaHHe repanearuqecxoro ny'lxa neurponoa 
BhiCOKHX :JHepriiH Ha «PII3oTpoHe nHn OHHH 

18-88-392 

flpe.aCTasneH&I nepa&Ie p1!3yn~orarhl no «PopTvJHpoBaHliiO repaneBTH'Iecxoro nyqxa 
HeiiTpoHoB co cpe.aHeii 3Heprueii necxon~oxo coren M3B, nonyqaeMoro Ha pexoHCTpy
HpoBaHHOM «P1130TpoHe na6oparopHH R.!lepHbiX npo6neM OHHH c noMOillblO TOJICTbiX 
MHIIIeHeii, 6oM6aPJU1pyeM&IX nporoHaMH c :JHeprueii 660 M3B. B&16paHa OrrrHMan&HaR MH· 
weHI.. PaccMoTpeH&I aonpoc&I H3MepeHHR a6coniOrnoro 3naqeHHR norJiollleHHoii .11.03&1 
H OTHOCHTeJibHhiX npocrpaHCTBeHHbiX ee pacnpe.aeneHHH B B0.11HOM !jlaHTOMe. fiOK1138HO, 
'ITO nyqox HeiiTpoHOB BhiCOKHX 3HeprlfA ofina.aaeT npaKTHqecKH TaKHM lKI! reoMerpuqe
CKHM pacnpeJJ.eneHHeM norJIOilleHHOH .!103&1, KaK H WHpoKHH npoTOHHhiH ny'IOK, H BMeCTe 
c TeM, o6elll8eT .11.an B pfl.ll.e cnyqaea repanearuqecxHii BbiHrp&IW 3a C'leT npeo,11,oneHHR 
paJJ.HOpe3HCTeHTHOCTH fHnOKCH'IecKHX onyxoneBbiX KJieTOK. 

Pa6oTa BhlnonHeHa B na6oparopHH fi)J.epHbiX npo6neM OHHH. 

Coo6ul•• 06M.Ilmi-oro HHcnrryr& fl.ll.epHhiX HCCJJ!!AOBaHJII. Jly6aa 1988 

nepeaO,II, O.C.BHHorpaJJ.OBOH 

Abuov V .M. et al. 
Forming and Study of a High Eneli!Y Neutron Beam 
from JINR Phasotron 

18-88-392 

First results are prelll!nted on forming the therapy beam of neutron with mean energy 
of a few hunidred MeV. The beam is obtained from thick target bombarded by 660 MeV 
protons extracted- from the conversed phasotron at the Laboratory of Nuclear Problems, 
JINR. The optimum target is ~~elected. Determination of absolute value of absorbed dolll! 
and spatial dolll! distribution in a water phantom are considered. It is shown that the geo
metrical distribution of dolll! absorbed in phantom for the high energy neutron beam is 
practically the same as for a broad therapeutic beam of protons, but using of the neutron 
beam promilll!s in some C&III!S a therapy gain due to overcoming of radioresistency of hypo

xic cancer cells . 

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

CommUDication of the Joint Institute for Nuclear Reeearch. Dubna 1988 


