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.~ © 06'beAHHeHHbIH ~CTHTYT anepasrx HcCÍle,n,OB8Ium Jly6Ha, 1987 
h 

np~MeHeH~e nY4KoB He~TpoHoB B~COKO~ 3Hepr~~ B paA~oTepa


n~~ 111 Tpe6yeT BceCTopOHHero ~ccneAoBaH~~ ~~3~4eCK~x ~ paA~O


6~onor~4eCK~X xapaKTep~CT~K 3T~X nY4KOB. 06CTO~TenbHo ~3Y4eH~
 

M38 / 2- 4 /.xapaKTep~CT~K~ nY4KOB He~TpOHOB c 3Hepr~e~ AO 100 
OAHaKO An~ He~TpOHH~X nY4KOB c 3Hepr~e~ B HeCKonbKO COTeH 
Mera3neKTpOHBonbT AaHH~e Kpa~He orpaH~4eHH~ 15/. 

8 HacTo~~e~ pa60Te np~BeAeH~ HeKOTop~e pe3ynbTaT~ paC4eT
Horo ~ccneAOBaH~~ npOCTpaHCTgeHH~X pacnpeAeneH~~ A030B~X 

cneKTpOB nn3 ~ 3aKoHoMepHocTe~ ~x ~OpM~poBaH~~ B BOAHOM no
rnOT~Tene, oônY4aeMoM nY4KaM~ He~TpoHoB c 3Hepr~e~ OT 1rro 
AO 600 M38 ~ npOTOHOB.C 3Hepr~e~ 600 M38. 8 ~eneBo~'nocTaHoB
Ke AaHHa~ pa60Ta ~Bn~eTC~ npOAon~eH~eM ~ccneAoBaH~~ A030BblX 
xapaKTep~CT~K nY4KOB B~COKo3HepreT~4eCK~X He~TpoHoB/7/, reHe
p~pyeM~x YCKopeHH~M~ npoToHaM~/a!. 

rEOMETP~~ PACYETA 

PaCCMOTpeH ~~n~HAP~4ecK~~ BOAH~~ nornOT~Tenb Ton~~Ho~ 

30 CM ~ paA~YCOM 40 CM. nY40K 4aCT~~ op~eHT~pOBaH HopManbHO 
K nOBepXHOCT~ Top~a nornOT~Ten~. nonepe4Hoe ce4~H~e nY4Ka 
Kpyr c paA~YCOM ro' a OCb nY4Ka COBnaAaeT c OCb~ ~~n~HApa 

/pacnpeAeneH~e 4aCT~~ no nno~aA~ ce4eH~~ nY4Ka - paBHOMepHoe/. 

METOA~KA PAC4ETA 

An~ paC4eTa cneKTpOB nn3 B npO~3BonbHO~ T04Ke nornOT~Ten~ 

~CXOAHO~ ~H~opMa~~e~ ~Bn~~TC~ npOCTpaHCTBeHHO-3HepreT~4eCK~e 

pacnpeAeneH~~ ~n~eHca nepB~4H~X ~ BTOp~4H~X 4aCT~~, KOTop~e 

06pa3Y~TC~ B pe3ynbTaTe pa3B~T~~ Me~b~AepHoro KaCKaAa B Be
~eCTBe nornOT~Ten~. $opMan~3M S~4~cneH~~ npOCTpaHCTBeHHO
3HepreT~4eCK~X pacnpeAeneH~~ ~n~eHca 4aCT~~ ~3no~eH B pa
60Te 171 ~ peertuaoaaa B B~4~cn~TenbHO~ npor p asoae MEDICA. 
3Ta nporpaMMa 6~na MOAepH~3~pOBaHa AnR paC4eTa npOCTpaHCTBeH
H~X pacnpeAeneH~~ cneKTpoB nn3. 

A030B~~ cne KTp nn3 D i (r: L i (E)) 3ap~~eHHbIX 4acT~~ r-ma 
B To4Ke r oAHo3Ha4Ho CB~3aH c cooTBeTcTBY~~~M Ae~cTBY~~~M 

3HepreT~4ecK~M cnexrpo» ónoeuca ~ 1(r: E) : 

Ob1-C~ii rit"li i-nllüi lUICTI"!"j I . \ .1 
Qil":'f,mtd:K BCCJJ?J\OVag~ '. ' 

~~.J,~ fU•.I."',,-rr::U: A 



... 
L 1(E) '<I> i (~ E) (dL_ 1(E) )-1D 1(r, L i (E)) /1/ 

rne Li (E) - nn3 SapR>KeHHbIX ~acnll.~ runa i c 3Heprl-1e~ E. 
Ae~cTBYIO~l-1e cnexrpu '<1>1 (r, E) Bbl41-1CnRnl-1 Cb I-1CXOAR I-1S cnexrp a 

I-1CT04HI-1Ka B npl-16nl-1>KeHI-1I-1 HenpepblBHoro saMeAneHI-1R /9/: 

1E max -+ -+ E'k.(E")
-+ 1 -+ 

'<Il 1(r , E) == - f dO J qi (r' ,O ,E ') exp (- J 1 dE") dE .., /2/ 
L i(E) E E L i(E") 

• 
rAe E~a% - MaKCI-1ManbHaR 3Heprl-1R 4aCTI-1~ i-ro Tl-1na B cneKTpe 
I-1CT04HI-1Ka; k 1(E 0) - MaKpOCKOnl-14eCKI-1e Ce4eHI-1R Heynpyroro 

'" 
4aCTI-1~ runa i; q i (r'-+ ,O , E ')BSal-1MOAel-1CTBI-1R -+ - cnexrpans so

yr.noaas nnOTHOCTb I-1CT04HI-1KOB SapR>l<eHHblx 4aCTI-1~ r-ma i ;
,; -;'1 == R.(E') - Ri{E), r ne R 1(E)- cpeAHI-1~ 1-10H~Sa~1-10HHbll:1 

1 '" • npo6er SapR>KeHH01-1 4aCTI-1~bl runa 1 . 
Ael:1cTBYIO~l-1e cneKTpbl BblCOK03HepreTI-14eCKI-1X BTOPl-14HblX npOTO

HOB (p k)' SapR>KeHHbIX TT -j-teSOHOB (11+, 11 -), 3neKTpOHOB 1-1 nosl-1
TpOHOB (e±) onpeAenRnl-1Cb HenocpeAcTBeHHO I-1S pesynbTaTQB paC4e
Ta Me>KbRAepHoro KaCKaAa /CM. /7// c I-1CnOnbSOBaHl-1eM COOTHowe
HI-1R /2/. B I-1cnonbsyeMoM ~OpManl-1SMe He onpeAenRnl-1Cb 3HepreTI-1
4eCKI-1e cneKTpbl 3neKTpOHOB 1-1 nOSI-1TpOHOB; AOSOBbll:1 cneKTp nn3 
3TI-1X 4aCTI-1~ aanaaanca B BI-1Ae rl-1CTOrpaMMbl I-1CXOAR I-1S oruoeuca 
f e ± (r) : ... 

... f + (r)- e-O + (r, L +) L + /3/e- e- e ôL + e
rAe L e± - cpeAHee SHa4eHI-1e nn3 3neKTpOHOB (Le± = 0,2 K3B/MKM, 
ÔL ±= 0,02 K3B/MKM).e 

C4I-1TanOCb, 4TO HI-1SK03HepreTI-14eCKI-1e SapR>KeHHble 4aCTI-1~b1, 

OCTaT04H~e RApa OTAa41-1 1-1 RApa OTAa41-1 KI-1CnOpOAa norno~alOTCR 

nOKanbHO, B T04Ke HX 06paSOBaHI-1R. B 3TOM cnY4ae Bblpa>KeHl-1e /2/ 
TpaHc<t>opMl-1pyeTcR B /4/: 

i
E max 

-+ 

'<I> i (r, E) 
1 r q 1(r, E') dE ... /4/
 

Li (E) E
 

Ael:1cTBYIO~l-1e cneKTpbl HI-13K03HepreTI-14eCKI-1X npOTOHOB (p*) 1-1 
TR>KenblX SapR>KeHHblX 4aCTI-1~ / d , t , 3 He , a /., o6pasYIO~I-1XCR npl-1 
Heynp~roM BSal-1MOAel:1cTBl-11-1 aAPoHOB c RApaMI-1 KI-1CnOpOAa, onpeAe
nRnl-1Cb cornacao Bblpa>KeHI-1IO /4/. Cnexrpu I-1CT04HI-1Ka qi (r: E') 
paCC41-1TblBanl-1Cb cneAYIO~I-1M oõpasoa: 

2 

... 

E J (O) 
mas dN (E' E") 

qi(r,E')== I. ± J F
j 

(;,EO)77(O) k~O) (E.O) 1 " dE", /5/ 
j == n, p .17 E 1 dE 

... 
rne F j (r, E" ) - npOCTpaHCTBeHHO-3HepreTI-14eCKOe pacnpeneneuae 
onoeaca aAPOHOB runa j /CM. /7/ /; 71(0) - MaCCOBoe conepxa-rae 

KI-1 cnopona ; I ~O) (E 0) MaKpOCKOnl-14eCKOe Ce4eHI-1e Heynpyroro 

dN (O)(E' E")
BSal-1MOAel:1cTBI-1R aAPOHOB Tl-1na j c RApaMI-1 Kl-1cnopOAa; __i __' _ 

dE' 
3HepreTl-14eCKI-1~ cneKTp HI-1SKo3HepreTI-14eCKI-1X 4aCTI-1~ Tl-1na i , 
o6pasYIO~l-1xCR npl-1 BSal-1MOAel:1cTBl-11-1 aAPoHoB c 3Heprl-1el:1 E" c RA
POM KI-1CnOpOAa; E 1 1-1 E ~ax - .oMl-1HI-1ManbHaR 1-1 MaKCI-1ManbHaR 3Heprl-1R 
B cneKTpax aAPOHOB Tl-1na j. . 

B paõor e /8/ He Y41-1TblBancR BKnaA B nonHYIO nornouteuuyo no ay 
OCTaT04HblX RAep OTAa41-1 1-1 RAep OTAa41-1 KI-1CnOpOAa, KOTopble o6pa
SYIOTCR B peaynbTaTe Heynpyrl-1x 1-1 ynpyrl-1x BSaI-1MOAel:1cTBI-1~ aAPo
HOB c RApaMI-1 KI-1CnopOAa cooTBeTcTBeHHo, nOCKonbKY 3TOt ~KnaA 

B paCCMaTpl-1BaeMOM Al-1anaSOHe 3Heprl-11:1 He npeBblwaeT 5%. Cl-1nbHO
1-10HI-1Sl-1pYIO~l-1e 4atTI-1~b1 B SHa4I-1TenbHO~ CTeneHI-1 onpeAenRIOT TaKl-1e 
paAI-1061-1onOrl-14eCKI-1e xapaKTepl-1CTI-1KI-1, KaK OTHOCI-1TenbHaR 6l-1onorl-1
4eCKaR 1-1 Kl-1cnOpOAHaR. 3<t><t>eKTI-1BHOCTb /063 1-1 OK3 cooTBeTcTBeHHo/, 
n03TOMY npl-1 paC4eTe CYMMapHblX AOSOBblX cneKTpOB nn3 Heo6xOAI-1MO ./ 

Y41-1TblBaTb 1-1 3TI-1 KOMnOHeHTbI nonR I-1snY4eHI-1I:1 • 
B HacToR~e~ pa60Te Bbl41-1CnRnl-1Cb AOSOBble cneKTpbl nn3 RAep 

oTAa4~ KI-1CnOpOAa B ynpyroM HYKnOH-RAepHGM paCCeRHl-11-1 1-1 OCTa
T04HblX RAep, o6pasYIO~l-1xCR B Heynpyrl-1x BSal-1MOAel:1cTBI-1RX nepBl-14
HblX HYKnOHOB (t 1) 1-1 BTOPl-14HblX aAPOHOB (f 2) c RApaMI-1 Kl-1cnOpoAa. 
Ae~cTBYIO~l-1e cneKTpbl paCC41-1TblBanl-1Cb cornaCHO Bblpa>KeHI-1~ /4/, 
B KOTOpOM cneKTpbl I-1CT04HI-1Ka onpeAenRnl-1Cb I-1CXOAR I-1S COOTHowe
HI-1R /5/. Macca 1-1 sapRA oõp aayounxca OCTaT04HblX snep OTAa41-1 
paCC4~TblBanl-1Cb c Y4ETOM Tl-1na BsaI-1MoAe~cTBYIO~e~ 4aCTI-1~b1 1-1 cpeA
HI-1X MHO>KeCTBeHHOCTe~ 4aCTI-1~, I-1cnYCKaeMblX npl-1 HeynpyroM Bsa
I-1MOAeHCTBl-11-1 aAPOHOB c RApaMI-1 KI-1CnOpOAa /13/. 

KOHe4HblM pesynbTaToM paC4eTOB RBnRIOTCR CYMMapHble AOSOBble 
cneKTpbl nn3: 

OI (r~ L) I. O 1 (r~ L 1(E)) • /6/ 
i 

C I-1CnOnbSOBaHl-1eM CYMMapHblX AI-1<t><t>epeH~l-1anbHblx cnexrpo s nn3 AIlR 
pRAa cnY4aeB 6b1nl-1 TaK>Ke paCC41-1TaHbI cpeAHl-1e SHa4eHI-1R nn3- ...
(L (r)) 1-1 I-1HTerpanbHble HOpMl-1pOBaHHble AOSOBble cnexrpa nn3: 

3 



L 

Di nt (~ L) 1 r DL (r, 
-+

L') dL' , 171 
O!, (r) L mi n 

-+ 
rAe DL(r) - nonaaa nornoureuuaa noaa B T04Ke r; L min - MI-1HI-1
ManbHoe SHa4eHI-1e nn3 B cneKTpe nn3. 

KOHCTAHTHOE 06ECnEYEHME 

• B Ka4eCTBe I-1CXOAHO~ I-1H~OpMa~1-11-1 no Ce4eHI-1RM Heynpyroro 1-1 
ynpyroro BSaI-1MOAe~cTBI-1~ I-1CnOnb SOBanl-1 Cb AaHHble /11,12/. ,llBa>t<Abl 
AI-1~~epeH~l-1anbHWe pacnpeAeneHI-1R BWCOK03HepreTI-14eCK~X BTOpl-14HWX 
4aCTI-1~ paCC41-1TWBanl-1Cb cornaCHO 110/. 3HepreTI-14eCKI-1e cneKTpw 
HI-1SK03HepreTI-14eCKI-1X HYKnOHOB 1-1 TR>t<enwx sapR>t<eHHWX 4aCTI-1~ 

Bbl41-1CnRnl-1Cb no anr-opa r ay /13/. 3HepreTl-14eCKI-1~ cnek rp OCTaT04
HWX RAep OTAa41-1 paCC41-1TWBanCR Ha OCHOBaHl-11-1 pesynbTaToB MOAe
nl-1pOBaHI-1R BHYTpl-1RAepHoro KaCKaAa MeTOAOM MOHTe-Kapno, npl-1Be
AeHHWX B pa60Te/ 14 Z3HepreTI-14eCKI-1e pacnpeAeneHI-1R RAep OTAa41-1 
KI-1CnOpOAa onpeAenRnl-1Cb I-1CXOAR I-1S aHanl-1TI-14eCKOro npeACTaBne
HI-1R AI-1~~epeH~l-1anbHWX Ce4eHI-1~ paCCeRHI-1R HYKnOHOB Ha aTOMHWX 
RApax/12/.3Ha4eHI-1R nn3 ~apRmeHHWX 4aCTI-1~ 1-1 RAep OTAa41-1 B sa
BI-1CI-1MOCTI-1 OT I-1X 3Heprl-1l-1, a TaK>t<e npOI-1SBOAHO~ dLi(E)/dE paCC41-1
ruaanacs no noorpaaae DEDXR /15/ 

PE3ynb TATbl PACYETOB 

Ha t pl-1 c . 1- 8 npl-1BeAeHW cYMMapHwe 1-1 nap~l-1anbHWe AosoBwe cneKT
pw nn3 B BOAHOM nOrnOTI-1Tene, 06nY4aeMoM MOHo3HepreTI-14eCKI-1MI-1 
He~TpOHaMI-1 c 3Hepr~e~ 100, 350, 600 M3B 1-1 npOTOHaMI-1 c 3He~
rl-1e~ 600 M3B. ,llaHHwe npeACTaBneHW B ~l-1nI-1HAPI-14eCKO~ CI-1~TeMe 
KOOPAI-1HaT r 1-1 Z AnR paSnl-14HWX TOn~I-1H nornOT~TenR KaK B SOHe 
Ir o = 5 cM/, TaK 1-1 BHe SOHW nY4Ka. Ha npl-1BeAeHHWX rpa~I-1KaX 

no OCI-1 OPAI-1Ha~ oTno>t<éHa Benl-141-1Ha LD(L) , npeACTaBnR~~aR no
rno~eHHY~ AOSY Ha I-1HTepBane lnL. 

KaK BI-1AHO I-1S npeACTaBneHHWX AaHHWX, c pOCToM 3Heprl-11-1 
He~TpoHoB npOI-1CXOAI-1T paCWl-1peHl-1e cneKTpOB nn3 KaK B CTOPOHY 
HI-1SKI-1X, TaK 1-1 8 C~OPOHY BWCOKI-1X SHa4eHI-1~ nn3. CneKTpw nn3 
MomHo ycnoBHo paSAenl-1Tb Ha 4 '4aCTI-1: npl-1 SHa4eHI-1RX nn3 AO 
2 K3B/MKM cneKTpw onpeAenR~TCR B~COK03HepreTI-14eCKI-1MI-1 npOTO
HaMI-1, "-MeSOHaM~ 1-1 3neKTpÓHaMI-1; B Al-1anaSOHe nn3 OT 2 AO 
95 K3ê/MKM OCHOBHO~ BKnaA Aa~T HI-1SK03HepreTI-14eCK~e nporOHW, Xi 

Ae~TpOHW,TPI-1TOHW; B Al-1anaaOHe OT 95 AO 220 K3B/MKM onpeAenR~
~1-1~ BKnaA RAep SHe 1-1 4He; npl-1 nn3 60nee 220 K3B/MKM cneKTpw 
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PHc.6. To )Ke, ~TO Ha pHC. I, AnH HeHTpoHoB.C 3Hep100 M3B / r = 1 CM, Z = 12 CM/. 
rHeli 600 M3B /r = 1 CM, Z = 12 CM/. 
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PHc.7. To ~e, ~TO Ha pHc.l,ArtH npOTOHOB c 3HeprHeH 
600 M3B Ir = 1 CM, Z = 12 cM/. 

onpeAenR~TCR OcTaT04H~M~ RApaM~ ~ RApaM~ K~cnopOAa, C YBen~
4eH~eM 3Hepr~~ He~TpoHoB YMeHbwaeTCR BKnaA RAep OTAa4~ K~cno-. 

pOAa ~ YBen~4~BaeTcR BKnaA OCTaT04H~X RAep OTAa4~. 

CneKTp~ nns Ha BXOAe B nornOT~Tenb /z = 0/ cy~ecTBeHHO 

OTn~4a~TCR OT cneKTpOB B MaKC~MYMe A03Horo pacnpeAeneH~R 

/z = 12 CM/ /7/, STO OTn~4~e o6ycnoBneHO TeM, 4TO $OpM~pOBa
H~e cneKTpOB nns Ha BXOAe onpeAenReTCR c~nbHO~OH~3~PY~~~M~ 

4aCT~4aM~ B cy~ecTBeHHO 60nbwe~ CTeneH~, 4eM Ha rny6~He 

12 CM. B TO ~e BpeMR no Mepe YAaneH~R OT BXOAa B03paCTaeT 
BKnaA B cneKTp~ B~COK03HepreT~4eCK~X npOTOHOB. 3T~M 06bRCHR
eTCR TOT $aKT~ 4TO cpeAHee 3Ha4eH~e nns (L) Ha BXOAe c~eCT
BeHHO 60nbwe L Ha rny6~He 12 CM. TaK,AnR E n = 350 M3B 
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L( r = 1 CM, Z = O CM) = 68 K3B/MKM, a L(r = 1 CM, z = 12 CM)= 
f 

= 36 ~3B/MKM. t. 
B Ta6n~4e np~BeAeH~ ~HTerpanbHwe HOpM~pOBaHHwe A030Bwe 

cneKTp~ nns /cM.B~pa*eH~e /7// ~ cpeAH~e 3Ha4eH~R nns. 

.8 

Ta6JlHIJ,a 

HHTerpaJlhHWe HOpMHpOBaHHwe g030Bwe cneKTpw TITI3 
I CM ..nup axenae 17 I I 11 cpernure 3Ha~eHHH TIII3 

L, IEn = 100- ri;Bj -ln~35oM;B--l En= 600 MaB1El600M8B 
K8~1- · · .. .. 

r I I I I üMI I ! 
rZ=o cM!1=12cM!Z=0 cMrZ=I2cMIZ=I2cMIZ=() CM Z=12cM!Z=I2cM

I _ L_ 
• i --------;-- ---~-._-'----... 

0,4 o o 0,01 0,04 0,04 0,04 0,20 0,65 

0,7 o o 0,02 0,23 0,14 0,05 0,30 0,67 

I 0,01 0,15 0,05 p,30 0~24 0,06 0,36 0,70 

2 0,05 0,38 0,08 0,49 0,44 0,10 0,49 0,72 

4 0,14 0,60 0,15 0,55 0,63 0,19 0,58 0,75 

7 0,24 0,71 0,26 0,65 0,75 0,30 0,64 0,79 

10 0,32 0,78 0,33 0,69 0,84 0,40 0,69" 0,82 

20 0,50 0,82 0,50 0,77 0,90 0,56 0,78 0,87 

40 0,61 0,84 0,67 0,84 0,93 0,65 0,83 0,92 

70 0,72 0,88 0,78 0,89 0,96 0,78 0,89 O,9? 

100 0,78 0,94 0,88 0,92 0,98 0,86 0,92 0,99 

200 0,96 0,98 0,98 0,97 0,99 0,91 0,96 0,99 

400 0,97 0,98 0,98 0,98 1,00 0,96 0,98 1,00 

700 0,99 0,99 0,99 0,99 1,00 0,99 0,99 1,00 

1000 I I I I I I I I 

L 
KaB/

(MKM 68 22 68 36 11 54 33 7 

KaK cn~AyeT ~3 npeACTaBneHHWX AaHH~X, Ha~6onee H~3K~e 

3Ha4eH~R L AnR nepB~4HWX npOTOHOB, a Ha~6onee B~COK~e 
AnR He~TpoHoB c 3Hepr~e~ 350 M3B. 

npOBeAeHHOe HccneAOBaH~e n03Bon~no BWRB~Tb OCHOBHwe 3a
KOHOMepHOCT~ $OpM~pOBaH~R A030B~X cneKTpOB nns B BOAHO~ 

nornOT~Tene, o6nY4aeMoM He~TpoHaM~ ~ npOTOHaM~ c 3Hepr~e~ 

OT 100 M3B AO 600 M3B . 
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PHc.8. To ~e, 4TO Ha pHc.l, gITR HeHTpoHoB c 3Hep

rHeH 350 M3B / r = 8,5 CM, Z = 12 CM/.
 

m1TEPATYPA 

1.	 A~enenoB B.n. ~ AP. - MeA~~~HcKaR paA~onor~R, 1980, 3 
c.56. 

2.	 Amols H.I. et alo - Medical Physics, 1977, v.4, N 6, 
p.486. 

3.	 Harrison G.H. et al. - Radiation Resea rch , 1978, v.74, 
p. 1 •	 . 

4.	 Bhatia D.P. and Nagarajan P.S. - Phys.Med.Biol., 1979,
 
v.24, N 5, p.940.
 

5.	 Morstin K. et al. EIR-Bericht, 1986, N 594. 
6.	 CepoB A.~., C~4eB o.C., 4epeBaTeHKo E.n. O~~~,18-80-540, 

Ay6Ha, 1980. 
7.	 CepoB A.~. ~ AP. O~~~, 18-83-53, Ay6Ha, 1983. 
8.	 Ce~oB A.~. H AP. - AToMHaR 3Hepr~R, 1984, T.56, c.36. 
9.	 C~4eB E.C. O~H~,P9-3269, ny6Ha, 1967. 

10.	 Cepos A.H., C~4eB ~.C. - TpYA~ PT~ AH CCCP, M., 1973, 
N° 14, c. 183 . 

10 

I	
-~ 

., 
I 

11. CW4eB o.C., KanM~KOB A.P., OTpo~eHKo E.A. npenp~HT PT~ 

AH CCCP, M., 1983 t W 18. 
12.	 CW4es O.C. M3BeCT~R AH ECCP, cep~R ~H3.-3Hepr.HaYK, 

! 1986 t N° 4, c.13. 
13.	 CW4es 6.C. CepoB A.H., MaHbKo ~.B. npenpHHT PT~ AH CCCP,t 

M.,	 1979 t W 799. 
14. 6apaweHKoB B.C., TOHeeB B.A. B3aHMoAe~cTBHe B~COKOI 

3HepreTH4eCKHX 4acTH~ H aToMH~X RAep c aAPOHaMH. M.: 
ATOMH 3AaT, 1972 .. 

15.	 Steward P.G. Cal ifornia University, UCRL - 18127, 1968. 

) 

r 
L 

/
i 

PYKon~cb nocTyn~na B H3AaTenbcKH~ 

4 ceHTR6pR 1987 rOAa. 
OTAen 

11 



HET ITH OPOEEllOB B BAIDEA EHRmiOTEKE? 
B~ MOXeTe nonyquTb no noqTe nepequcneuaue uuxe Kuuru, 

ecnu ouu ue 6unu saKasau~ pauee. 

!17-83-644 

!12,13-83-689 

!113-84-63 

!12-84-366 

!11,2-84-599 

!110, 11-84-818 

!117-84-850 

!111-85-791 

!113-85-793 

!14-85-851 

!13,4,17-86-747 

!I1 '2-86-668 

!19-87-105 

Tpyn~ Mexnyuaponuou mxo~-ceMHuapa no 
~H3HKe THXenux HOHOB. AnYMTa, 1983. 

Tpynu pa6oqero couemauuu no npo6neMaM 
H3rryqeHHH H AeTeKTHpOB3HHH rpaBHT3UHOHHUX 
aonu. !IY6ua, 1983. 

TpyAU ~·xi Meinyuaponuoro CHMIIosuyMa 
no unepuon sneKTpouoxe. EpaTucnaua, 
4exocnoBaKHH, 1983. 

Tpyn~ 7 Meanyuaponuoro coaecauuu no 
npo6neM3M KB3HTOBOH TeOpHH nonu. 
AnYI!ITa, 198 4. 

Tpy~ VII Mexnyuaponuoro ceMuuapa no npo6-
neuN !IK1KKH llbi:OJ(}{)( suepnm. !IY6ua, 1984. 

Tpyn~ V Meanyuaponuoro couemauuu no npo6-
neMaM MaTeMaTuqecKoro Monenupoaauuq,npo
rpaMMHpouauun u MaTeMaTuqecK~ MeTOAaM 
pefleHHH 6H3H4eCKHX 33A34. Jly6ua, 1983. 

TPYJ]bl III ~lelii:AYHaponuoro CHMII03HYMa no 
H36pauu~ npo6neMaM CT3THCTHqeCKOH 

6 p.SS K. 

2 p.OO K. 

4 p.50 K. 

4 p.30 K. 

5 p.50 K. 

3 p.50 K. 

MeXaHHKH. Jly6ua,1984./2 TOMa/ 7 p.75 K. 

Tpyn~ ~lex.uyuaponuoro couemauuu no auanuTu-
qecKHM auqucneuuRM ua 3B~ u KX npuMeueu~ 
B TeopeTuqecKofi ¢R3HKe. !IY6ua, 1985. 4 p.OO K. 

Tpyn~ XII Me~yuaponuoro CHMn03HYMa no 
RAepuo~ 3fleKTPOHHKe. !IY6ua, 1985. 4 p.80 K. 

Tpyn~ Hexnyuaponuou mxonu no CTPYKType 
unpa. AnYMTa, 1985. 

Tpy~ V Mexnyuaponuou mxonu no ueuTpouuou 
~H3HKe. AnymTa, 1986. 

Tpyn~ IX Bceco~3uoro couemauuu no YCKopw
TenuM 3apHieuu~ qaCTHU. !IY6ua, 1984. · 
/2 TOMa/ 

TpyAU VI I I 1'1exnyuaponuoro ceMRuapa 
no npo6neMaM ~H3HKH B~COKKX 3Hepr8H. 
!IY6ua,1986. /2 TOMa/ 

3 p.75 K. 

4 p.50 K. 

13 p.SO K. 

7 p.3S K. 

Tpy~ X Bcecomsuoro couemauuu no YCKopu
TenRM 3apHieuuux qacTuu. !IY6ua, 1986. 

/2 TOMa/ 13 p.45 K. 

!17-87-68 

!12-87-123 

TPYAU MeinyuaponuoA mxo~-ceMRuapa 
no ~H3HKe THXenux HOHOB.Jly6ua, 1986 

TPYAU CoueQaHHH "PeuopMrpynna-86". 
!IY6ua, 1986 

7p.10K. 

4 p.4S K. 

3aKas~ ua ynoMHRYTHe Kuuru MOrYT 6~b uanpauneu~ no anpecy: 
101000 MocKua, rnaunoqTaMT, n/u 79. HsnaTenhcKuA oTnen 06benuueuuoro 
HHCTHTYTa unepu~ uccnenouauuu. 

I 
I 

I 
I 

Cepou A.R., C~4eB 6.C., 4epesare~Ko E.n. 
npocrpaHCTBeHHOe pacnpeAefleHHe cneKTpOB fln3 
B BOAHOM nornOTHTene, o6nyqaeMOM 
B~COK03HepreTU4eCKHMH HYKflOHaMH 

18-87-670 

C ~enb~ u~repnpera~uu pe3yflbTaToB paAuo6uonoru4ecKHX u A03HMeTpu4eCKHX 
HCCfleAOBa~H~ Ha TepaneBTH4eCKOM ny4Ke HeHTPOHOB B~COKHX 3HepruH $a3oTpo~a 
nRn OHRH u~nonHeH~ pac4er~ A03oa~x cneKrpoa nn3 a BOAHOM nornorurene, o6-
ny4aeMOM ny4KaMH HeHTPOHOB C 3Heprueu OT 100 AO 600 M3B H npoTOHaMH C 3Hep
rueH 600 M3B. Pac4eT~ B~nonHeH~ c noMo~b~ MOAePHU3upoaaHHOH nporpaMM~ 
MEDICA, B~4ucnu~~eu B npou3BOflbHOH T04Ke nornorurenu npocrpaHcraeHHo-3Hepre
TH4ecKue pacnpeAefleHHA $fl~eHCa nepBH4H~X H BTOpH4H~X 4aCTH~, o6pa3y~HXCR 
a pe3ynbrare pa3auruu MemoAAepHoro KacKaAa a ae~ecree nornorurenu. 3Ha4e
HHA fln3 3apumeHH~X 4aCTH~ H AAep OTAa4H B 3aBHCHMOCTH OT HX 3Hepruu paCC4H
T~BaflHCb no nporpaMMe DEDXR. npuBeAeH~ cyMMapH~e u nap~uanbH~e A03oa~e 
cneKTP~ fln3 ADA pa3nu4H~x ron~uH BOAHoro nornorurenu a 3oHe u sHe 30H~ ny4-
Ka. Pac4er~ noKa3~Ba~T, 4TO c pocroM 3Hepruu HeurpoHoa npoucxOAHT pacwupe
Hue cneKTpOB KaK B CTOPOHy HH3KHX, TaK H B~COKHX 3Ha4eHHH fln3. CpeAHee 3Ha-
4eHue nn3 Ha rny6uHe 12 eM BOAHOro nornorurenu uMeeT Hau6onbwy~ aenu4uHy 
npu 3Hepruu HeHTpoHoB 350 M3B. 

Pa5ora B~nonHeHa B na6oparopuu AAepH~X npo6neM OHHH. 

Coo61UettHe 06'be,IlHHeHHOro HHCTHTYTa RAepH&lx HCCJJeAooaHHii. Jly6Ha 1987 

Serov A.Ya., Sychev B.S., Cherevatenko E.P. 
LET Spectrum Spatial Distribution 
in Water Absorber Exposed 
to High Energy Nucleons 

18-87-670 

The calculations of the LET dose spectra In water absorber exposed to 
neutron beams having energies from 100 to 600 MeV and to 600 MeV protons 
have been carried out with the aim to interprete results of radiobiologi
cal and dosimetric investigations on therapeutical neutron high energy beam 
of JINR Nuclear Problems Laboratory. The calculations have been carried out 
using modernized computer program MEDICA calculating In arbitrary point 
of absorber spatial and energy distribution of primary and secondary par
ticles fluence generated as a result of internuclear cascade development 
in absorber material. The LET values of charged particles and recoils, 
depending upon their energy, have been calculated using the computer prog
ram DEDXR . The total and partial LET dose spectra for different thick
nesses of water absorber within the beam zone and out of one are demonstra
ted. The calculations show that under growth neutron energy the widening of 
spectra takes place either in the direction of low or high LET values. 
The LET value average for 12 em depth of water absorber has the largest one 
under 350 MeV neutron energy. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1987 


