
;1

A131 

CI •••IIII 
1••B.I.llllr. 

IICIIIJTa 
111....1 

ICCIIII.a.l. 
lJ •• a 

9-87 -281 

B.M.A6a30B, c.A.rYCTOB, B.n.30pMH, C.A.KYTY30B, 
H.B.MMpOXMH, r.B.MH~WH, A.r.MonOKaHOB, 
O.B.CaBQeHKO 

nORYQEHHE H HCCRE~OBAHHE 
~H3HKO-~03HMETPHQECKHX XAPAKTEPHCTHK 
ME~HUHHCKoro npOTOHHoro nYQKA 
CO CPE~EA 3HEPrHEA 100 M3B 
C MO~~HUHPOBAHHOA ~OPMOH 
KPHBOH BP3rrA· 

1987 




.' 
'~Ii.'. ~ t 10,1\1:: 

':f ~Iltl , "tl{ ;'t.'" .' '~, 'I 
~l 

ti >I 
11I\"

'1 lf\ ~ V I." ~ '{.fJl t' ,,\1"" 
~~.. 

•~'~ \.) 'I.\< .~' "',I t\ 1'; •~.ji'~ L,1;'\,~ :l) 'i ~: ~ ~ \! ~ 
J ~" 

'" I ~~ l' :i·~l 

'$.:{~ ~t ~ 1~~1 G\. • 'I, . \ 
1 1 ) \ I

'~~' I_.i 
t ~ ii11. ,; I "i' I,\11> 'I 

t' ,"
t ,;1'r}_~ h 6, I

:~ }' ',,' ".' ,,' . e ~,,~," A\ 
,Xi; 

'Óer 
; -.' t la J.' .:~f ~ .." ". t' 'i0:1 

,,~." 1,1:. Ib
'1.:"

~ ~ fi ? I''';. ~:'>'\' I!~:~' 
~\- .\ II J,.:'I:\ 'I.

l~" 'l~ <"',. 
~'l ~t'\f, "'l; \, n.'~~'1 't1 

...' ~ 
i 

.~ '.~ vi'~ t ~1~ {t,. 

,": "'1 ~,'f ~I ~~ '" I ~~~~ 
":~, ~ 

J!', ~' ~' \ 

t •" '~ t 
,r it~ ~ 

'I}.~ 

'),) 'I I ~ ,{ 1 

-, ,,~ 

'1"",,1 ~ 1... Ir ~i~ '~ ,•.\'! 
~'\ " 

~~:.; 'I;~ 

~( 

';J li l'" r·I·' 1 'I' 
.'1" .' ~ \l t.,l' t\ti' I r'~ ~.It' .~", ~ tI 

" 

\~. 1,~1t '" .1, ~ 
,'I f. I I 

,~ ~.~ 'l ..;:' "'. , , " I '{li 
': ~.~~ ~,\l' ~; • ~. " ," J 

~ 

.. ~. ,I'
M·.~~l'."~ 

J-1'~I'], \ ..': If..f~ ~" t 1 .t~ li '>I; f~\~t •.J ~" '. tI 
i .,.~ ,-,) " 

li! t~ h h:~tJ" I1 .~ 

\,'1. 

t;~ 

",' t "I', \. ~ 

f.-l '~"l 

1,~' "t. r 

• 'I. 
I,q 'P' .~~ ~ 

~ \'1 ~i'.t.:~ t Ui:ltl t''tl 

r11" 
" 

t. 

I 

\'r'~ 1~ 

fi 

" 

, ,\. 

;. L' 

!~ .'
 

,~ ~\~.. l' '--.......-~r-~--r-w~........ ( ..~.fi .... · .........-r
 ~"""'""''''''''''''J 

~' I "V~~ \.; ')' ,fIs. ~.~. \ 1: ". \) t ;\ \, ,,~ ".'1" 

'~ 4;. ~ , ,b 

I,'''' ~ 
\- ~ t. 

I~ 
'~~ I!'il' J:; l \" ~ ~f. "'1',' .. "", ,1' t~, ~~ ~ .\. ~ r) ,,_ 

"~ 06'B~AHReHH,bm HH<j',~YT 4')t,r.(~pU~ix.,. HC~eAO~8HHii Jly'6l~a. :1987 i ,'\, 

~ .,\'" ~ 
'1'1: 'Jl1 '11 

.!I \~~l f.~,t 

I 
1" 

B np04eAYPHOH Ka6~He Wl Kn~H~KO-~~3~4eCKoro KOMnneKca n~n 

OHJtli1 t:\flSl 06IlY4eHHR nOBepXHOCTHblX ~ nOAnOBepXHOCTHb~X M~weHe~ 

pa3MepaMH 1~2 CM npeAnonaraeTCR HcnOIlb30BaTb nY4K~ npOTOHOB 
CO cpeAHe~ 3Hepr~e~ 100 M3B H MOA~~~4~pOBaHHO~ ~OPMO~ Kp~BO~ 

Bpar r a. 
MOAH$HKa4H~ rny6~HHorO A03HOrO paCnpeAeIleH~R npOTOHHOrO 

nY4Ka ocy~ecTBIl~eTCR C nOMO~b~ MarH~THOrO aHaIl~3a nY4K3 npOTO
HOB.3aMeAneHHbIX AO cpeAHe~ 3Hepr~~ 100 M3B, H npoQ)~Jl~pOBaHHO~ 

KOnnHMaTOpHOH CHCTeMbl, HaCTpa~BaeMO~ Ha nponycKaH~e TaKOrO 
cnexrpa npOTOHOB, KOTOPbl~ 06eCne4~BaeT nony-reuue rIly6~HHOr-O 

A03HOrO pecnpeneneuua C nnOCKOH BepWI.1HO~ ~ KPYTblM CnaAOM A03bJ 
aa He~ ITaK Ha3WBaeMaR MOAH~H4HpOBaH~aR Kp~BaR 5p3rraj/l,2/. 

TpaHCnOpTHPOBKa ny4Ka B np04e~ypHOe nOMe~eH~e ~ npe06pa30
BaH~e ero 3HepreTH4eCKoro pacnpeAeIleH~R ocy~ecTBnRIlaCb C no
MO~b~ ~aHHo-onT~4eCKoro TpaKTa M aBTOMaT~4eCKO~ KOIln~MaTopHO~ 

CHCTeM~ /AKC/, nOAPo6HO onHcaHHWX B pa60Tax/ 3, 4/ . AnR ~OpM~pO
aaHHR nonepe4Horo pacnpeAeIleHMR nyllKa B Ka6~He ~cnonb30BanMCb 

ABa KOIlnHMaTopa. Ha 8WXOAe BaKYYMHoro KaHana pacnOIlaranCR Kon
IlHMaTOp pa3'MepaMH 5 CM x 5 'CM, HenocpeAcTBeHHO neperi Q)aHTO
MOM - KOIln~MaTOp AHaMeTpOM 2 CM. 

nnR H3MepeHHA npOCTpaHCTBeHHWX A03HWX pacnpeAeneH~~ ~cnon~

30BancR H30A030rpa$ c MMHL1aTlOpHbIM nonynpo sonuaxoeua AeTeKTO
POM, pa60TalOll.lH~ Ha CBR3~ c 3BM. A6COIllOl'Hble H3MepeHIo1fl A03bl npo
Bog»n~Cb A03~MeTpOM VA-J-18. 

Ha Dwc.la npHBeAeHW Kp~Bwe 6p3rra npOTOHHoro nY4Ka npM non
HOCTb~ OTKPWTWX nnaCTHHax AKC ~ pa3n~4HWX pa3Mepax KOIln~MaTO
pa pacnOIlo~eHHoro cpa3Y 3a yrnepoAH~M 3aMeAn~TeneM2 CM xK1, 
x 6 CM /1/ M AHaMeTpOM 8 CM /2/. B pe3ynbTaTe cpaBHeHHR B~~

HO, 4TO no $OpMe OH~ npaKT~4eCK~ He OTnH4a~TCR APyr OT APyra, 
HO no MOlllHOCTH A03W pa3IlH4He B 2,5 pa3a. ~30Ao3Hoe pacnpeAe
IleHMe, H3MepeHHoe C KonnHMaTopOM A~aMeTpOM 8 CM, np~BOA~TCR 

Ha p~c.2. MO~HOCTb A03M B MaKC~MYMe 3Toro pacnpeAeIleH~R co
CTaBIlReT 120 paA/MHH Ha 1 MKa BWBeAeHHoro ~3 Q)a30TpoHa nY4Ka 
/6,3.10 1 2 npoT./c/. CnaA A03W 3a n~KOM 5p3rra 
MaIlbHoro 3Ha4eH~R AO 10% npo~CXOA~T Ha TOnll.l~He 

.. Ha p~c.3 npHBOA~TCR Ha60p Kp~B~X 5p3rra ~nR~ 

~ rtpor ouuoro nY4Ka, npOXOAR~MX Me>KAY pa3Il~4HbIM~ 

t· AKC. nYTeM nOA6opa BenH4~H anepTYP Ka>KAOrO ~3 

OT ~P% MaKC~
1,5 r/cM2 . 
COCTaBIlR~ll.l~X 

napaM~ nnac r au 
~ene8blX KOIln~

MaTopOB AKC 6blno C~OpMHpoBaHo A03Hoe pacnpeAeneH~e C MOA~$~

' @bitabriNIHll.i~ H.HC'M'1lt ( 

• 13!l'.!"IlMX ser.~~JlOn~lll1l I,
II 6&1Sí1fvj'~'T--l~l ~ ~ 
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T0nmHHa BOp,W, CM 

PHC. 2. Hs ono ano e p ac rtperrene aae HeMop'HlIJH~HpoBaHHoro 

rrpOTOHHoro nY~Ka. 

~Hp08aHHO~ $OpMO~ KpH80~ 6p3rra /pHc.16/. ApOT~meHHOCTb nnoc
KO~ 8epWHH~ Ha YP08He 95% OT MaKCHManbHO~ A03~ 1,7 r/CM 2 . CnaA 
A03~ OT 90 AO 10% npÓ~€XOAHT Ha Ton~HHe 1,2 r/CM2 . MO~HOCTb 

2 

PHc.3. CeMe~CTBO KpHBWX Bp3rra 
rrpOTOHHhIX nYLIKOB, rrporryc x ae nux 
Me)Kp,y pa3nliLIHblMH rrap ana IUIa
CTHH AKC: ~11 OTKPWTW napw 
nn ac'ruu N~10 li N~ll; 21 N~8 li N~9; 

31 ~6 li ~7; 41 ~4 li ~5; 51 ~1, 
g3.N~2 li N

'~r 

f A03~ Ha nnOCKO~ 8epWHHe A03HO
ro pacnpeAeneHH~ COCTa8Hna 
30 paA/MHH Ha 1 MKa 8~8eAeH
Horo H3 YCKopHTen~ nep8H4Horo 
nY4Ka. H30A03Hoe pacnpeAeneHHe 
TaKoro nY4Ka npH80AHTC~ Ha 
pHc.4. 

TaKHM 06pa30M, 8 COOT8eTCT
8HH C KnHHH4eCKHMH Tpe608aHH~
MH, 8 npO~eAYPHO~ Ka6HHe ~1 

;} 

~j.
 

C$OpMHp08~H npOTOHH~~ nY40K ÇO CpeAHe~ 3HeprHe~ 100 M3B AHa
MeTpOM 2 CM. MO~HOCTb A03bl 8 nHKe 6p3rra cdCTa8n~eT 120 paA/MHH 
Ha 1 MKa 8~8eAeHHoro H3 $a30TpoHa nY4Ka. 

An~ MOAH$H~HpoBaHHo~ KPH80~ 6p3rra"nonY4eHo A03Hoe pacnpe
AeneHHe C npoT~*eHHocTb~ nnocKo~ 8epWHH~ 1,7 r/cM2 H KPYT~M 
cnanox A03bl 3a He~. MO~HOCTb A03bl 8 MaKCHMYMe MO;QV!$Víl..lHp08aHHoro 
pacnpeAeneHHH COCTa8nHeT 30 paA/MHH Ha i MKa nepBH4Horo nY4Kd. 
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PHc.4. H30p,03Hoe pacrrpep,eneHHe 
npOTOHHoro rrYLIKa. 
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A6a3oB B.M. H AP· 9-87-281 
ITonyqeHHe H HccneAoBaHHe ~H3HKO-A03HMeTpHqecKHX 
XapaKTepHCTHK MeAHQHHCKOPO ITPOTOHHOPO rryqKa 
co cpeAHeH 3HeprHeH I 00 M3B c MOAH~HQHPOBaHIIOH 

~opMOH KpHBOH Bp3rra 
llpeACTaBneHw ~H3HKO-A03HMeTpHqeCKHe xapaKTepHCTHKH Me

AHqHHCKOPO rrpoToHHoro rryqKa co cpeAHeH 3HeprHe:H 100 M3B, 
C~OpMHpoBaHHOPO Ha peKOHCTpyHpoBaHHOM ~a30TpOHe JlaoopaTo
PHH HAePHMX rrpo6neM OMHH. UrrH rronyqeHHH rny6HHHoro A03Ho
ro pacrrpeAeneHHH C ITnOCKOH BepUIHHOH H KPYTbiM CITa,Il;OM ITPHMe
HHeTCH MeTOA fl>opMHpOBaHHH nyqKa C HeOOXOAHMbiM crreKTpOM H3 
HeMOH03HepreTHqe~Koro rryqKa. ITonyqeHo rny6HHHoe A03Hoe 
pacrrpeAeneHHe C ITPOTHXeHHOCTbiD ITnOCKOH BepmHHW 1,7 r/cM2 

C MO~HOCTbiD A03W, AOCTaToqHOH AnH rrpoBeAeHHH Ha HeM MeAHKO 
OHOnOrHqec.KHX HCcneAOBaHHH. 

Pa6oTa BhmonHeHa B Jia6opaTopHH HAepHhiX rrpo6neM OIUUf. 

Coo6J:QeHHe 06"Le,nHHeHHoro HHC'l"HT)'T8. R,U.epHhiX HCCJie,!lOBaHHH • .Uy6Ha 1987 

llepeBoA O.C.BHHorpaAOBOH 

Abazov V.M. et al. 9-87-281 
Forming and Study of Physical-Dosimetric 
Parameters of 100 MeV Mean Energy Medical 
Proton Beam with a Modified Bragg Curve 

The physical-dosimetric parameters of 100 MeV mean 
energy medical proton beam of the designed JINR phasotron 
are presented. To provide the flat-topped depth-dose dis
tributions with a steep back slope the method for extrac
ting the beam with a necessary energy spectrum from a 
monoenergetic beam is used. Extension of the flat-top of 
the depth-dose distribution is 1,7 g/cm2 . Dose rate is 
sufficient for carrying out medical and biological inves
tigations. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1987 


