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An~ pe We HHR pRAa aaAa4 nY4e eo H Te panHH, r Ae ~cnonb aY~TC R ya
K ~ e nY 4K~ HYKn o HoB B~COKO~ 3Hepr~~j Heo6xoA~Ma KonH4eCTBe HHa ~ 

H H¢opMa~HR 0 xapaKTep~c THKa x A0 3Ho r o nonR B no r nOTHT ene KaK 
B 30He nY4Ka, TaK H 3a e r o npe Ae naMH. Ha nH4He 3TH X AaHH~x s 3Ha 
4 ~ TenbHoH CTene HH c noC06c TByeT pewe HH~ a aAa 4 no onpeAeneHH~ o nTH
Man bH~X pe~HMo B 06nY4e HHA . B HacTOR~eH pa60Te npH BeAeH~ HeKOTO
p~e pe3ynb TaT~ Hccn e AOBaHHR 3aKo HoMe pHocT e H ¢ o pMHpoe aH HR npo
cTpa HCTeeHHo r o pacn peAe neHHR norn~eHHoH H 3 KBHBane HTH oH A0 3 
B BOAHOM nornoT~Tene, 06nY4a eMo M Y3 KHHH nY4KaHH He HTpOHo B H npo 
TOHOB . PeaynbTa T~ pac4eToB cpaBHHBa~Tc fl C Aa HHblMI-1 pa60T 11, 21, no 
nY4eHH~MH AnA CTaHAapTHOH r eOMeTpHH, a Ta Kme c pe 3y nb Ta TaMH 101 3
MepeHHH Ha HeH TpOHH OM MeAH~ HH C KOM nY4Ke n a60pa Top HH AAe pH~X 
np06I1eM O~R~ / 3/ , 

METOIl~KA PAC4ETA 

PaC CHa TpHBae TCR ~HnH HAPH4ec KHH BOAH~H no rnOTHTenb Ton~HHoH 
30 CM H paAHyco M r a . nY40 K 4a CTHU o pHeHTHpo e aH Ho pMa nbHO K no 
e e pXHOC TH To pu a nornO THTen~. no nepe4Hoe ce4e HHe ny 4K a - Kpy r 
C paAIo1YCOM r O. a OCb nY4Ka c osnaAaeT C ue HT panbHoH OCblO ~ Hm1HA
pa . PacnpeAen eHHe 4a c T H~ no nn~aAH ce4eHHR nY4 Ka paSHOMepHoe . 
Pe3ynb TaT~ pa C4eToB ABYMe pHblX pacn peAeneHH~ HOpMH pOBaH~ Ha 0 AHY 
nepsH4 HylO 4 ac TH~Y B nn~aAH ce4eHHR ny4K a. Pac 4e Tbi npOC TpaHC Ts eH 
HO- 3 HepreTH4ecKoro pacnpe AeneHHR BTOPH4 Hbl X aA POHOs, KOTopble 06 
pa3ylOTcR B pe3ynbT aTe pa3BH THR Me*DRAepHO r o Ka CKaAa B nor n OTIo1 Te 
ne, BblnOJ1 HeH bI B paMKax MeTOAa nocneAos a Te nb HblX C T on KHOBeH H~ 1 4 / . 

B UHJ1H HAPH4eCKOH reOMeTp~H none HanyYeHHH xapaKTepH3yeTcR ¢YHK
UHeH pa cnpeAeneHHR 4aCTH~ IlJ / r , Z, () , '" , E /, KOTopa R n pe ACTae 
nAeTCA B pa CCMaTpHBaeMOH 3aAaye B BHAe pRAa, rAe Y4~Tbl Ba~TcR 

TP~ ne peblx 4J1eHa pa3J10*eHHA: 
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<I> I ('. z. ifJ. E - 41YHKU HR pacnpeAeneH~A 4aCTj.1~ THna i, Bbl4 HC
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x [ I ~ (k J ~ (kJ d eN (kJ E '~ E' f31 (E') 
k "'J (E') JI ») (I(z, z', 8, E,E')--dz ', 

adEdfl f3 I (E) 

. ± 0 ± ± (s )
1 - D , P ," ,11 (e ) ; ( = n, p, f1 ; 1) - MaCCQ BOe CO A ep>K aHlo1 e 

(k) -ro 3JleMe HTa (I T) k),.,. 1) ; I (f) (E ) - MaKpOCKO nlo1l.1e CKOe C e l..leHlo1e 
(k) 

Hey npyroro B3dHMo,Qe Hc TBHR 4aCT""~ THna C RApaMH (k) -ro 3neMeH

d 2N.(k) E ' E ' 
Ta; -----'l..!.. ( ~ ) ABa~A~ A""$~e peH~""anbHoe pa c npe,Qene 

dEdfl a 

HHe l.IaCTIo1~ THna c 3H e pr...,e~ E*, 05Da30BaBw""xc~ np"" B3a""MOAe~ 

CTBIoH1 l.IaCTHU nma C 3HeprHeH E ' C RAPOM (k) -ro :H1eMeHTd; a 
yr Ofl Me>KAY HdnpaeneHIoHIMIo1 ABH>HeHlo1fl nepe..., ..... HoH (j) H BTOPM"4HOH (n 
l..IdCfl.1L.\; f i (z, z', e, E. E*) - cPYHKUIo1R, onlo1CblBa~aR n e peHQC '-IdCTIo1U 

OT TQI..IKIo1 06 pa30eaHIo1R AD T Ol.tKH Ha6ruo,QeHIo1R; {3 I (E ) - YAenbHble 

HOHH3a UHOHH ble nOTep..., 3 He prlo1 ..., 4a C T HUe~ Tlo1n a 1: AJlR He HTpOHOB ..., 
11 ° -Me30HOB E· = E ; ,QJlR 3a pR H<e HHblX 43C THU E· On p e A e JlFle TCR 1013 

COO THOweH~HI : 

z - z ; 
R I (E' ) R I (E) +--

008 8 


rlle R I (E) - cpellHI<1~ 1<1 0HI<1'3a~1o<10 HHbI~ n po5er 4aCT"" ~ bI Tl<1na i C 3Hep
rlo<1 e H E . npellen~ HHT e rplo<1pOSaHIo<1R 8 COOTHoweHlo<11o<1 /2/ onpell enA~TcA 

1<13 r eOMeTpl<14eCKIo<1X COOTHOWeHIo<1H . HHTerpHpOBa H~e npOBOlllo<1nOC b He no 
Bc e MY ~a30BOMY npOC TpaH CTBY, 3 aAa Ba CMOMY npeAenaM~, a To nbKO no 
TeM 06nacTAM, SHe KOTOPbl X BKnaA npcHe5pe>tU1MO Ma n . 

npOCTpaHcTseHHO- 3 HepreT1<14 eC KOe pacn pe Ae n e Hlo<1 e $n~eHca ~aCTH~ 
nOllY4aeTcA ceepT KOH <JlYHK~HIo<1 pacnpeAene HI1 A no yr no BbiM ne peMeHHblM: 

emaz .p mal 
F;(r,z,E) ~ 2 (sin OdO (<I> I( r, z ,O,.p, E)d.p . /3/ 

8 miD 0 

nepexoll OT npoc TpaHcTBeHHo-:)HepreT.Hl.IeCKOr O pacnpeAe neHI<1A 4a c
T H ~ 131 K npOCTpaHCTseHHOMY pacnpeAelleHH~ A03~ oc~eCTBnAeTCA 
c r.eAY~HM 05pa30M . nOIlHaA norn~eHHa~ Aoaa B KaKOH-n H60 T04 Ke 
norllOTHTenR onpeAenReTCR CYMMOH: 

DI (r,z ) ~ D pI (r,z)+ Dp2 ( r,z ) + D ,,-! (r , z ) + D"o(r,z) + 
/4/ 

+ Dp' (r, z) + Db ( r, z) + Dy(r , z), 

r Ae D p1(r, z ) , D p2 ( r, z). D ".:t(r. x) - A0 3a , 06ycllOeneHH aA 
\o<1 0 H Io<1 3a ~HOHH~M TopMo~eHHeM nepBH4H~X npo ToHOS , 11/ , S~coK03 H epr e

TH4e CK Io<1 X BTOPHl.IHblX npOTOHOB 121 H 3apR~eHHblX nlo<1-Me30HOB . 

EmaI 
DI(r,z) ( F'I (r, z, E) f3 I (E) dE ~ PI ' P 2' " + - , / 5/ 

EI 

2 

rlle E 1 - MHHHMal1bHaR 3HeprHR B cne KTpax STOPH4HblX 4 aCTH~ IE 1 = 
= 4 M3B/ . D 1To (r, z ) - A03a, 05ycnOBl1e HHaR . 3l1eKTpoHa MIo1 H n03 HTpo
HaMIo<1, KOTop~e 06pa3Y~TcR B pe3Yl1b Ta Te pa 3BHTHR 3I1eKT pOH -(JlOTOH 
Ho r o I1HBHR, Io<1 HH~HHpyeMoro Y- KBaHTaMH OT pacnaAa 1To-MeaoHoB. 

onpeAnol1aranOC b, 4 TO pa c naA 1T -Me30HOB n pOHCxoAIo<1T B T04 Ke HX 
06pa 30s a HIo<1R, 101 B pe 3YI1b TaTe Io1c nycKa~TcA ABa Y-KBaHTa B Hanpae
11eHHH ABH>t<eHHA 1To - Me30Ha . Bbt4101Cn eHIo<1 e D 1fo (r, z) npOS OAHI10C b 
C Hcnon b30 BaHIo<1eM aHan HTH4eCKHX Bbl pa>t<eH Io1 M AI1A KaCKaAH btX KDHBblX 
npo6erOB 3neKTpOHOB B OAHOMepHOH r eOMeTplo1H . 

nOcneAHHe TPIo<1 Cl1araeMbix B Bblpa)t(eHHH 141 D p* (r. z) , 0h(r, z ) 
H Oy (r, z) 0603Ha4BIOT BKnaA B A03y HH3 K03HepreT Io<1 4eCKYl X BTOP Yl 4
HbiX HYK110HOB (n , p) TA>t<el1b/X 3apA>t<eHHblX 4a C TH~ 1 d, t , 3 He I a I , 
a TaK>t<e ynpyro pacceAHHblX RAep OTAa4H KYlCnOpOAa BOAbI , 101 y - KSaH 
TOB, 06pa 3YlOl..qlo<1xcA Ha I'HCnapIo<1Te11 bHOM I' CTaA l111 B 3aHMoAe~cT B HR aAPO 
HO B C AApaMI1 KI1CnOpOAa : 

I~ M,B Em.. dN~kJ 
D I (r , z) I ( EdE ( IF' (r z E') (kJl:(k )(E') __(E E')dE' 

+ J " ~ J dE ' ,e 0, 1 M,B E I J ~n,p,"- /6/ 

r Ae dN ~k) I dE (E. E') - 3Hepr eTH4ecKHH cn e KTp Hcnaplonel1 bHblX 4aCTH~ 
THn a I : n pH i~ p' l s n , p ; n p H i eh* I ed, t.S He , a ; (k) 01 

HOCHTC ~ K KHCn OpOAY SOAbii 

Db (r, z) Db' (r , z) + DO(r, z);e 

Emu at /7/
D O(r, z) - I + ( F'J (r, z, E) I J (E) EO(E) dE , 


J "" n,p , 1f - El 


r Ae I. jef(E) - MaKpOCKOnIo<14ecK0e:. ce4eHHe ynpy r oro B3aIo1MoAe~cTBHR 
aAPOHOB c RAPOM Klo1cnopOAa i E a CE) - cpeAHAR 3HeprHA ~Apa o TAa
4 101 KHcnopOAai 

Emal 
oy (r, z) _ I r F (r , z, E')~ (kJI1k\E "l E ydE',

JJ = D,p,1f! EI 

rAe Ey - 3Hepr H~, YHOCHMa R 10<13 AApa y - KsaHTaMIo1 . 
Pac4e T 3KBHBal1eHTHOH A03b1 D3KB(r. z) npoBOAIo·mcA C Io1cn011b30Ba

HHeM K03$¢1o<1~lo1eHTOB Ka4eCTsa 1013I1Y4eHHA, onPeAeneHHblX corn aCHO pe 
KOMeHAa~Io1AM pa60TbI / ~/ . nnA 3apA>t<eHHblX 4ac TH~ C n HHeHHOH nepe
Aa4eH 3Heprlo11o<1 Inn3/, 60l1bWe 3,5 K3B/MK~, Hcnonb 30 Bal1aCb 3 aBHCH
MOCTb K03~$Io1Ulo1eHTa Ka4eCTsa OT nn3 11011111 3 Hep r HH/ 4a C TIo<1~ B BOAe/ 6( 
K03~1o<1~lo1eH T Ka4eC Ts a AnA AA pa oTAa4H KI1 CnopOAa n pHHHManc~ paBHblM 
20. C4HTanocb, 4 TO 3 He pr lo1 A Bcex Hc napHTe nb HblX 4aCTH~ H AAep OT
Aa 41o<1 KIo<1C110pOAa no rn~aeTC R n OKa11 bHo, B T04Ke Io<1X o5 pa30saHHA. 
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Ha OCHOee H3nO*eHHOrO ~OpManH3Ma C03AaHa e~~HCnHTenbHaR 
npOrpaMMa "MEDICAI!, C nOMClI.qblO KOTOPOH paCC4HTblBam1Cb Xa pa KTe 

PHCTHKH A03HOrO nonR B BOAHOM nornOTHT e ne . 

PE3YnbTAT~ PAC4ETOB B OAHOHEPHO~ rEOHETPHH 

Ha pHC . 1 H 2 npHBeAeH~ rny6HHHble pacnpe AeneHHR norn~eHHoH 
A03b1 B nornOTHTene l 06nY4aeMoM MOHo3HepreTH4ecKHMH HeHTpoHaMH 
c 3HeprHe~ OT 6 0 AD 3000 t~ 3B, H npOTOHaMH C 3HeprHeH aT 400 AO 
3000 M3B. Pe3ynbTaTbi HaWHX pac~eTOB cpaBHHBalOTCR C AaHH blM H pa
60T 1 1, 21, nony4eHHblMH AnR CTaHAapTHOH reOMeTpHH I WHpoKHH nY40K 
MOHOHanpaaneHHoro H3nY4eHHR o npeAen eH HOH 3HeprHH HopManbHO naAa 
eT Ha $a l-nOM a BHAe nOny6ecKOHeL4110rO c no.A T on~HHo ;1 30 cM/. Haw 
paCL4eT npoaOAHnC.A AnR paAHycoB norl1OHnenR r a BnnOTb AO 40 CM . 
KaK nOKa 3an pac~eT . AanbHeHwee YBeJ1H4eHHe pa AHyca nornOTHTenR 
He npHBOAIo1T K KaKHM-nH60 CY114eCTBeIIHblM H3MeHeHHRM rny6HHH~X pac
npeAeneHH H. 3TO HJ1J1IOCTpHpyeTcR AaHHblMH. npeACTaeneHHblMH Ha 
pHC. 3, 113 KOTOPblX c neAyeT, L4TO BKJ1aA B rny6HHHoe pacnpeAeneHHe 
H3 nepH$epHHHOH 06nacTH C paAHYCOM r OT 30 AO 40 CM COCTaBJ1Re T 
OKono 3%. 
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PHc .2. rny6HHH~e pacnpe,Q,e n e HHR 
nOrnOIIteHHOH A03bl AIUI CTal-l,Q,ap T
HOH r eOMeTpHH /MOH03Hepr e TH4e
CKHe npOTOHbl Ep=/400~3000/~!3 B/. 
r HCTo rp a MMa - paC4eTHNe ,Q,aH
Hble 11/ , CnnOInHaR JUlHHR - pac 
qeTHbl e .o.a.H Hble 121 , nYH K THp 

Ham paC\(eT. 

, 

to'[ PHC . 3. OAHoMepH~e p acnpeAeneHHR 
nornOmeHHoH A 03b1 D(z) . nony t.leHHble 
HS AB)'MepHbJX pacnpe,Q,eneHHA OCr. z) 
MOH03HepreTHlIecKHX HeffTpoHoB. 
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r lieH 10 r 3B / cTa HAap THaR reo 
MeTp HR/ . rHcTorpaMMa - p ac 
4eTHbie AaHHbie 17/ , c nnOWHaR 
KpHBaR - paCqe THble AaHHbie 181 

nYHKTHp - Ham paC4eT . 

CpaBHe HlI1 e Aa HHbl X no rJ1y6HHHbl,.., pacnpeAene HHRM nornouteHHOH A03b1 
n OKa3 b1aa e T YAOBJ1eTBOp~TenbHoe corJ1ac~ e. BenH L4 HH~ 3 K BHBaJ1eHT H~X 

A0 3 , paCC4 HTaHH~e no H 3no~eHHO~ MeTOAHKe . Ha 15~30% IB 3aBHCHMO 
CTH OT rJ1y6H H~ n ornOTHTenR/ MeH bwe. ~eM pe3ynbTaT~ paC yeTa 3T HX 
A03 B pa60Te 11 I • 3TO pa3J1H~He, n O- BHAHMOMY , 06YCIlOBne HO Te M, 
\.I TO B pa60 Te 111 K03¢)¢)HlI.HeHT Ka4e CTBa n plooIH RT paBHblM 20 AnR Bc ex 
TR*e nbi X HcnapHTenbH~X 4aCTH LI. He3a BHCHMO OT HX 3Hepr HH. 

r J1y5HHHble pacnpeAeIle HHA norn~eHHoH A03b1 B BOAe AIlR HeHTpoHoa 
, ~ 

C 3 HeprHeH 10 r3 B npHBeAeHbI Ha pHC . 4. AaHHble n onyL4eHbI B pa60 
Tax 17.8 1 H B HaCTOA~e~ pa50Te AIlR cTaHAapTHo~ reoMe TpHH . KpoMe 

pacnpeAeneHHR nonHOH norn~eHHoH A03b1, Ha 3 TOM pHc YHKe npeAc Ta a 

• 	 IleHbI pacnpeAeneHHR COCTaBJ1AIOmHX ee KOMnOHeH TOB. npHL4HH~ pacxom
AeHHR Me>+<AY pe3yJ1 b Ta TaMIot pa50T ·17 1 H 181 06cy~eHbI 8 pa60Te / 8 / . 

CneAyeT QTMeTHTb , L4T O r ny6H HHoe pac n peAeneHHe, nonY4eHHoe B Ha
CTOR~eH p a6oTe, cy~ec T B eHHO 6 nH )t( e K pe3YllbTaT aM pa CL4 eTa 181 
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PE3YflbTAT~ PAC4ETA AflR ~BYMEPHOA rEOHETPHH PHc.5 .npocTpaHcTBeHHoe pacnpeAeneHHe", 
norno~eHHOH A03W B BOAe AJTR HOH03Hep

Ha pMC. 5 ~ B Ta6fl~~e npeACTaBfleH~ AaHH~e, xapaKTep~3y~~e 
., 

r.o.tu. I reTH\.feCKHX 525-M3B HeHTpOHOB.

npOCTpaHCTseHHoe pacnpeAeneHHe norn~eHHo~ A03~ H K03¢¢H~HeHTa 


.fi'Ka4eCTea AflR HeHTpoHoB C 3HeprHeH 525 MaS /paAHYc nY4Kafo=1 cM/ . -
D.'roo 

KaK BHAHO H3 pHcYHKa, $opMa rny6HHH~x pacnpeAeneHHH CHflbHO •
MeHReTCR B 3aBHCHMOCTH OT paAHyca. TaK, pacnpeAeneHHe B aOHe ., nY4Ka xapaKTepH3yeTcR MaKCHMYMOM Ha rny6HHe- 6 CM, a Ha paAHyce 
r = 10 eM MaKCHMYM A03~ AOCTHraeTCR Ha rny6HHe 30 eM . BenH4HHa • 

fJ• 
K03¢¢H~HeHTa Ka4eCTsa, KaK cneA>eT H3 Ta6nH~~, MeHReTCR no 06De  ).

MY nornOTHTenR B AHanaaOHe OT 6,21 AO 1,69. 4TO RSflReTCR cneACT > ,.E,, =525 11,6BHeM HeOAHopoAHOCTH npOCTpaHCTBeHHoro pacnpeAeneHHR KOMnOHeHTOB 
norn~eHHoH H 3KBHBaneHTHO~ A03. Ha pHC. 6 H 7 npHBeAeH~ rny6HH 1(::r ICH ,.... 0,.~ •H~e paenpeAeneHHR nonHO~ norn~eHHo~ A03~ H ee KOMnOHeHTOB KaK ~f1
B 30He ny~Ka Ira = 0,564 eM, r = 0,1 cMI , TaK H BHe ee I r 
= 10 cM/. AaHH~e OTHOCRTCR K nepBH~H~M npOTOHaM c 3HeprHe~ ~ 
1000 H3B . AnR 3Toro cny~aR nony~eH~ pe3ynbTaT~ , npHBeAeHH~e Ha .'

, 

pHC . 8, xapaKTepH3Y~He paAHanbHoe paenpeAeneHHe norn~eHHoH .il s' 

H 3KBHBaneHTHO~ Aoa OT nepBH~Horo H BTopH~Horo H3ny~eHHR Ha rny- fJ 


, VIQfS~t1U.Jt16HHe z = 12 eM eOAHoro nornOTHTenR . 8 30He ny~Ka A03a, o6ycnoe  '~. Z.~ .. E,'10DO",,! r.-G561{u.neHHaR BTOpH~H~M Hany~eHHeM. COCTaaflReT -16% OT nonHOH norfl~eH  PHc . 6.fny6HHHOe pacnpe,ll,e neliHe norno ,-Of,.,HOH A03~ H -45% - OT nonHOH 3KBHBaneHTHOH A03~. 
~eHHOH ,Il,03bl H ee KOMnOHeHTOB B 30He ~ 
npOTOHHoro nYl.IKa . (J·0 , fO '5 lO 25 30 

2 ,CH 

[ IOOOl'h8 r.~05f.J11(:., ~ PHC. ~. rny6HHHoe pacnpeAenellHe nerne 
Ta5nH~a l llleUHOH A0 3bl H ee KOMnOHeHTOB BHe 30Hbl 

npOcTpaHcTBeHHoe pacnpeAeneHHe K03~H~HeHTa Ka~eCTDa B nornOTH r~ 10,,., ' npOTOHHoro ny\.fKa . 

Tene npH era o6nYQellHH nY4 KOM MOH0311epreTH4eCKHX l-Iei~TpoHoB 
 .. 1 • I iV' -----, ~ 
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CPABHEHHE C PE3Yfib TATAHH 3KCnF.PHMEHTA 

PaC4eTHbie AaHHble , npl-1BeAeHHbte Ha p/o1C. 9 - 11, nonYl..l e Hbl AllR 
KOHKpeTHoH reOMe rpHH 3Kcneplo1MeHTa / 31 • B 3TOM 3Kc neplo1M e HT e BOA 
HblV. <ilaHToM o6nY4ancR nY4KOM HeHTpoHoB, reHepHpyeMbix B 6epHIlJlHe 
BOH M HWe H &.1 Ton~HHOH 36 eM nOA AeHCTBHeM n p OTOHOS C 3He pr HeH 

645 M3 B. PaAHYc nY4Ka HeHTpoHoB ro = 5 eM. npH paC4eTe HcnOllb
30eanHCb AaHHbte 06 3Hepre TH4 eC KQM cne KTpe 06pa3Y~HXCR HeH Tpo
HOB I Sf 1.1 H3MepeHHo&7i nnOTHoc n t nOTOKa HeHTpOHOB y nepeAHe r o TOPlI a 

nornOTHTe1lR. Aa HHble Ho pMHpoeanHCb Ha eAIo1HH4 HblH $n~eHC HeHTpOHOB 
B npeAnono*eHHH paSHOMe pHOC TH pacnpeAeneHHR 4aCTI-11..& HCT04HHKa no 
nllQt4aAIo1 ny4Ka. 

Ha pHC. 9 npeAc raene Hbt pe3Y1lbTaTbi pa C4eTOB no rny6 HHHoHY pac 
npeAene HHID norn~eHHoH A03b1 H ee KOMnO HeHTOB B 3 0He nY4Ka, Ha 
p l-1C . 10 - 8He 30Hbl ny4Ka . KaK BI-1AHO 1-1 3 P Io1 CYH KOB, OCHO BHOH BKn aA 
B A03y Aa~T Ka CKaAH~e npOTOH~ ~ TR~en~e Hcnap~TenbH~e 4ac TH~~. 

CpaBHeH He paC4e TH~X 1-1 3 KcnepHMeHTanb H~X AaHH~X no paAl-1anb H~M 

pacnpeAe n e HHRM norn~eHHOH A03~ Ha we CTH r ny6HHa x / Pl-1c. 11 / no

Ka3~eaeT YAOBneTBopHTen bHoe co r n aCHe KaK no ¢opMe, TaK H no a6co
nQTH~M eenJ.14 J.1HaM . 

PMC, 9. rny6HH~e pacn peAeneHHR<1 

norno~eHHoH A03bJ H e e K OMnOHeH

TO B B SOHe nyqxa HeHTpoHo B , reHe

p HpyeMhlX H3 6epHnnHeBOH MHWeHH--~ 645-M3B n p OTOHaMH. 
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Ha p a 3n HI..IHbJX rnyOHHax ¢laHTOMa. illTpHXOBaHHaR nonoca 
- 3Kc n e p HMeHT, cnnonmafJ nHHHfI - Ham paC1..{eT. 
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BblBOllbl 

PaCCMorpeHHblH B HaCTOAl.Ue~ pa60re cnoco6 paC4eTa , 6a3 HPYKlUV1Y1CA 
Ha Me roAe nOCneAOBaTenbH~X CTOflKHOaeH HH, n03 BOflReT on p eAenRTb 
npOCr pa HCT aeHHOe pac npeAe n eHHe KaK nOIl HOH nOrn~eHHOH H 3KBHBa 
n eHTHOH A0 3 , Ta K H pac npe Ae neHHe COC Ta BnR~HX ee KOMnOHeHTOB 
B nOr nOTHTene . Pe3ynbTaT~ BM4 HC n e HHH, B~nonHeHH~X no 3 TOH Mer o 
AHKe, xopowo c o anaAalOT C pe3yn bTar aMH APyrl-1x Bbl4 J.1 CneHHH 1 1.21 

AnA ycn o BHH craHAap THOH r eOMerpHH 06n Y4eHHR $aHTOMa HyKIloHaMH 
c 3Hepnte H B AIo1ana30He 50 M3 B -;'- 10 r a8 / pHC . 1,2 H 4/ , ll TO AaeT 
DC HoaaHHe npHMeHHTb ee AnR HccneAoaaHHR 3aKoHoMepHoc r eH ¢OPMHPO
a aHHR A03HblX none'" 8 ¢aHTOMe, 06nY4aeMOM y3KHMH nY4KaMJ.1 HYKIlOHOB 
BblCOK HX 3 Hepn1H c npm1 3 BOIl bHblM 3He p reTHl.IeCKHM cneK TpOM . 

Ka K OTMe4 anOC b B~we, AnA AaHHoro paA~yca ny4Ka ra rny5 ~HHoe 
pa cn peAeneH ~e n or n~eH H O~ A03 b1 (D1(r. z») BAonb 14eHTpanbHO~ OCIo1 
n Y4Ka HMee T HaH60n ee OT 4 e Tn HBO ebipameHH~H MaKcHMYM, KOT OP~H no 
Mepe YAan eHHA paccMaTpHeaeMO~ OC"" OT 4eHTpa CTaHoe lo1 TC A 6 0 nee 
nonor~M H nepeMe~aeTc A K 3aAHe~ CTeHKe ~aHTOMa IpHc . 51 . 3TO 
06CTOATenbCTSO samHO Y4HTblsaTb npH H3MepeHHAX r n y6HHHblx pacnpe
AeneHHH A03b1 B $aHToMe, np..., KOTOPblX pa3Mepbl AeTeKTopa Ao nmHbI 
6b1Tb cy~ecT BeHHO MeHbwe n o n epe4HblX pa3MepOB ny4Ka, a nepeMeweHHe 
AeTeKTo p a no r ny6HHe AonmHO npOH3BOAH TbCR CTpo ro n apannenb HO 
14 e HT pa nb HoH OCH nY4Ka, 4 TO Aae T B03MomHOCT b c s eC TH K MHHIo1My MY 
HHTer p Hpo s aH He pa3nH4 HblX r ny5HHHblx pacn peAen e HHH, npOHCXOA Awee 
B npeAena x nn~aAH non epe 4Horo ce4eHHA 4ysc TsIo1TenbHor o 0 6beMa 
AeTeKTopa. 

Xa pa KT e p rny6HHHblx pa c npeAeneHH~ nonHO~ norno~eH HOH A03b1 
B ~aHTOMe onpeAenAeT CR pacnpeAeneHlo1eM COCTasnA~HX e e KOMnOHeH 
TOB. EcnH AnA npo ToHOB SbiCOKHX 3HeprHH OCHOBHOH BKnaA B A03y 
B 30He ny4Ka Aa~T nepsIo1 4Hble H 8To pH4Hble Sbic oKo3 HepreTH4ecKIo1e 
npOTOHbI, TO AnA HeHTpOHOB BbiCOKHX 3HeprHH HapAAY CO BTOP lo1 4HblMH 
BbicoKo3 He preTIo14ecKHMH npOToHaMIo1 60J1 bWOe 3Ha4eHIo1e npHo6pe Ta~T 
TAmem"e 3a pAmeHHble 4aCn1 14bl ..., AApa OTAa4H, o5pa3YlOU.\HeCR npH 
S3aHMoAe HC TBHIo1 aAPoHOB C AApaMH Be~eC T Ba nornOT HTenR . Ta K, AnA 
npoTOHOB C 3Hepr HeH 10 00 M3S Ha r ny6HHe z =12 BOAHoro 
¢aHTOMa -84% OT nOflHOH norn~eHHOH A03b1 B 30He nY4Ka IpHc . 61 
COC Ta BJ1 AeT BKnaA OT n epBH4HblX n pOTOHOB (D pl). _ 8% - OT BTO 
pH4HblX n pOTOHOB (D ) 101 _8% - OT Bcex OCTanbHblX BHAOB H3 n Y4eHHH 

f2
(Db + D p * + Dy + 0"_ + D".o ). SHe 30HbI n Y4Ka, rAe OTCYTC T BY~T n ep 

BH4Hble npo ToHbI, ~ 74% non Ho H norn~eHHoH A03b1 o6ycnoBneHo BTOPH4 -

HblMH BbicoKo3HepreTIo14ecKHMIo1 npOTOHaMJ.1 (D p,2 ) ; - 10% - 17! -Me 30HaMH 

(D"± ) ; _ 9% - J.13nY4eHHeM , HH H14 HH pyeMbiM 17 0-Me30HaMH (0".0 ) , 


H -7% - OCTanbHblMH BHAaMIo1 H3nY4eHHH (D h + Dp* + Dy) . AnA He~T 

pOHHor o nY4 Ka, r eHepHpyeMoro 1013 5epHnn~eBO~ M~weH~ n pOTOHaM~ 


C 3HeprHe~ 645 M3S, Ha r n y6HHe z = 9,5 CM 8 30He ny4Ka I pHc .91 

- 44% OT no n HO H A03~ 05yc nOBneHo BTOPH4HblMIo1 B~COK03Hepre T ~4 eCKH 


,101 101 n pOTOHaMH (D P2) ; _27% - TA me JlblMH 3a pRmeHH~MIo1 4 a C T~u aM Io1 101 

AA paMIo1 OTAa 4 H (Dh) ; _ 16% - HH 3K0 3 He preT Io14 e CKHMH B TOP~I..IHblM Io1 Hy K
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nOHaMIo1 CD p* ) ; -, 0% - raMM3-KS3HT3MIo1 (Dy) 101 - 3% - n~-Me3 0HaMH 
(D 11± + D"o ). BH e 30HbI nY4K3 I p~ c . 101 OCHOBHylO ponb B ¢OPMHPO
BaHH/o1 A03Horo nonA ~rpaOT S~COK03HepreTHl..leCKHe BTOp~I..IH~e npOTo
Hbl. J.1 x BKnaA B nonHy~ nornOWeHHYIO A03y COCTaSmteT -80% (Dp2 ) 
A03a. 06ycnOSJ1eHHa.R TRmenblMH 3ap.R)f(eHHblM~ 4aCTHllaMH H RAP3MH 
OTAa4 101 CD b)' COCT a enReT _10% ~ _10% npHXOAHTCR Ha BKllaA OT oc
Tanb HblX SHAOS H3nY4 e HH R (D p * + 0 11 ° + D y + D 71± ). 

PaAlo1aJlbH~e pacnpeAeneH~R nonHoH A03~ HYKllOHOB e~COKHX 3HeprHH 
xapaKTeplo13yKlTCA AOBonbHO KPYTblM cnaAOM B 05nacTIo1 rpaHHllbl nyl..lK3 
1pHC. 8 H 11 I , nplo1l..1eM AnA HeHTpOHHoro ny4 Ka 1013MepeHHbie paAHanb 
Hble pacnpeAeneHIo1A Ha pa3Hbix rny6HHax BOAHo r o ~aHTOMa I pHc . 11 I 
AalOT MeHee pe3KIo1H c naA A03b1 no KpaRM nY4Ka Ir o = 5 c M/ , 4TO 
npHSOAHT K 3aMeTHOMY HeCOOTBeTCTSHIO paC4eTHbiX H H3MepeHH~X 10130
A03HblX KapTIo1H B 06naCTH rpaHHll nY4Ka . nO-BHAHMOMY, 3TO 06ycnos
neHO TeM, 4TO B paC4eTa x paCCMa TpHB anCA MOHOHanpaBneHHbI~ HeHT
POHHblH ny4oK, naAalOUl HH Ha ¢ 3 HTO M, B TO BpeMA KaK p e anbHbl~ nY4 0K 
Io1Men HeKoTopy~ yrnOBy~ paCXOAHMOCTb, KOTOP3R 3KcnepHMeHTanb HO 
onpeAeneHa He 6blna . KpoMe To ro, B 30He ny4Ka , Ha4HHaR npHMep HO 
C rny6HH bI 9 CM, C OOTBeTcTBy~eH Ma KCHMYMY rny6HHH o r o p acnpe Ae n e
HHA. H3MepeHHa.R norno~eHHaA A03a CHCTeHaTH4eCK~ Bblwe I n pHMepHO 
Ha 10%/ pac4eTHo~, 4TO HomeT 6b1Tb ofiycnoBneHo TeM , 4TO B paC4e 
Tax paCCMaTpHBanCA ¢aHTOM TonWHHo~ 30 CM, B TO BpeMA KaK B 3KC
nepHMe HTe ~cnonb30BanCR ¢aHTOM Ton~~Ho~ 70 CM no XOAY nY4Ka. 
60nee T~aTeJ1bHaR nOCTaHOBKa 3Kcnep~MeHTOB Ha peKOHCTpYH pOBaHHOM 
CHHXPOllHKIlOTpOHe n~n O~RH H Y4eT KOHKpeTH~X napaMeTpOB nY4Ka 
H nornOTHTenA B paC4eTax, He COMHeHHO, 6YAYT cnoc06CTBOBaTb 60nee 
T04HOMY onHcaHHIQ peanbHblX H30A03HblX pacnpeAeneHHH, 4TO Heo6x o
AHMO AnA MOAenlo1pOaaHHR ycnosH~ H HHTepnpeTaUHH pe3ynbT aT oB paAHO
5Hono r H4e CKIo1 X 101 APyrlo1x 3Kc nep lo1MeH TOB Ha nY4K ax HYKnOHOB BbiCOKHX 
3Hepr HH. non Yl..lae Mbie pe 3ynb Ta Tbi Bbl4H cneHHH Mo r y T 5~Tb Hc nonb30sa
Hbi Ta Kme S Ka 4 eC TBe Io1C XOAHOH HH$opMa ~HIo1 An A p 3C4e TOB MHK POA03H
MeTp~4eCKHx p ac npe Ae n eHIo1 H 3He pr OB~AeneHIo1~ B ¢ aH TOMe AnA KOHKpeT
HbiX yc noBHH paAHo 6 HonorH4eCKHX 3 Kc nepHMeHTOB . 
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Cepoe A.H . HAP . ·18-83- 53 
ABYMepH~e n pOCTpaHCTBeHH~e pacnpeAcneHHA A03H~X none~ 
B BOAHOM nornOTionene . 06nYl.lae,"'IoM HYKflOHaMIo1 C 3HepnteH 
aT 0,05 AO 10 r 3B 

C ~enbn nonY4eHHR KonH4eCToeHHO~ HH~opMa~HH 0 xapaKTepHCT Io1Ka x A03Horo 
no nA, C03AaoaeMoro e $aHTOMe TepaneBTIo14eCKHM nY4 KOM HeH TpOHOB BWCOKH X 3Hep 
rlo1 i1 lla6opaTOplo1).1 RAepHblx npo6n eM OHflH. npOBeAeHQ HCCJleAOeaHHe 3aKOHOMepliOCTeH 
~OPMHpOBaHHR B nornOTlo1Tene npocTpaHcTBeHHoro pacnpeAeneHHR nOflHOH norn~eH

HOM H 3KBHBaneHTHoH Aoa, a TaK*e pacnpeAeneH~R cocTaBnR~Hx ee KOHnOHeHTOD . 
Pac~en.. BblnonHeHbI c nOMOUlblO npo rpaMMbI " MEDICA". peanlo13ylOt1\eH Me TOA nocneAOBa 

Teflb HblX c TOfll(HOBCHUH nplo1MeHIo1T el1bHO K Y3Klo'IM ny4KaM HYKI10HOB , naAa~I1X Ha no

rflOTI1Teflb . c np0lo13B0l1bHblM 3HepreTH~eCKHM cneKTpOM . Pe3Yl1bTaTbt Bbt~Io-ICneH~'H 

Aa lOT YAoBneTBopl1TenbHoe cornaclo-lc c pe3ynbTaTaMIo-I H3MepeHIo-IH 10-1 Mo rYT 5b1Tb Io-I C

nOflb30BaHbt B Ka~eCTBe Io-ICXOAHOH Io1H~OpMa~Io-IH An~ pac~eTOB MIo1KPOA03HMC TpH4eCKHX 
pacn p eAe l1eHHH 3HeproBbiAeneHHH B ~aHTOMe AnR KOHKpeTHblX y cnoBHH paAHo5Hono 
rH~eC KHX 3KcnepHMeHTOB Ha nOA06Hbl x nY4 Kax . 

Pa 50Ta BbtnOnHCHa B fla50pa TopHH AAepHto!X np06n eM m1J1I1 . 

npenp....HT OG'bCAIoiHeHHoro ~' HC""""YTa A.t\epHWX HccneA08aHH ... . AY6H3 198 3 

Serov A. Va. e t a 1. 18-83-53 
Two-Dimension Space Di stributions of the Dose Fi eld s 
in Water Absorber Irradiated by Nucleons i n the 
0. 05 up t o 10 GeV Energy Range 

The i nve stigat ion of space distr i bution formation l aws of compl ete 
ab sorbed and equivalent do se , as well as of i ts component s in an absorber 
i s made in order to derive quantitative i nformation about characteristi cs 
of dose field. produced in phantom by the therapeu t ic neutron hi gh energy 
beam of JI NR Nuclear Problems l aboratory . The calculations have been carriec 
ou t us i ng the "MED ICA" computer program, rea l i zi ng the success ive collision 
method applicably to narrow nucleon beams . falling on absorber and having 
arb itrary energy spectrum. The ca lculated resu l ts agree satisfactorily with 
t he measurement results and could be used as initia l i nformation fo r ca l 
culating microdosimetric distributions of energy deposits i n phantom for 
real condit ions of radiobiologica l exper iment s on simi lar beams. 

The investigation has been performed at the l aboratory of Nuclear 
Pr obl ems, JI NR . 
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