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6oraH'i fl. 11 np. P3- 11816 
Hcnonb3oeaHHe nyt.tKoa rerr41oat-rx HeHrpoHoe ;:."1st a3y'tleRnSI 
pacnpeneneHHII aroMOB 6opa a ,.,arepHaJJax 

C UellbiO Hay'ieHIHI pacnpeneneHIHI aTO~'OB 6opa B r.onynpOBOLlHIIKSX, TOHKHX 
~neHKaX H 6HonorH'IeCKIIX o6beKrax pa3pa5oraHbl 3KCTief=<tMeHra:~bHb!e MeTC-'lbi 
H3MepeHH:H,ocHosaHHbie Ha HCTI01!b30BaHHH pe3.Klli!H: lJ B(n.a) 7Li. Pccnpe.:x.e.J.eHue 

aTOMOB 6opa B npanoaepXHOCTHbtX cnos:rx Tsep.J.b!X Te."I cr:pe..JenHeT'CR no noTepH~t 
saeprHH a1lb¢a-qacrRu. KoauearpautH< aTO\ICB 6opa B Macc~BHK't R.~II rere;:·oreH 
Hb!X OHOJlOrii'ieCKI!X OObeKTSX 1!3Mepl!eTCH TIC BblXO/lY ra\IMB-KB.lHTOB (476 K38), 
HcnycKaeMbiX ao36y>KileHHbiM HilP0'\1 7Li. B Ka'lecrse HC70'IHilKB He;:rpm<OB HC
nonb3yercH 0/lHH 113 KBH8JlOB peaKropa fibP-30. 803'.1Q}!,oi0CTH MeTO-'lOB 1!11.-:::)CTpl! 
pyJOTCI! nocneoHHMH pe3ynbraraMu, nony'leHH"SlMII np<! H3y'lemw: I) pacnpe.::eae
HHH BTOMOB 6opa npl! pa3.'111'1HbiX 3Hepl"'ll><X ll'-1TIJl3HT8UIIl! IIOHOB 10 B B KpeM
HHli, 2) npHnoaepxHocrHoro pacnpe.:~eneHH>! 6opa B creKJlOBH/lHbiX Mera::t::ax 

j,-Hna B20 Fe 80 , B 20 Fe 40 :>~i40 , B6 P 12 Cr 14 :-ii 30 Fe 32 • 3) .:m¢¢p11a 
B .A1 6opa a npouecce ero HanbtneHaH H nccne;:zy~:wero or>KHra, 4) pac:-;pe
JleneHHH 6opa B cre6nRx KYKYPY3bi B 38BiiCr:MOCTH or ero KOHUearpauu~t 
B TIHT8TeJ1bHOli cpeoe, 5) 603'-lO>KHOCTelr !1pll'-1BHeHI!H "eTO.:!OB ::!JlH onpeoeile
HBH KOHUeHrpaUHH !O B in vitro II in vivo -'lilSI Uerteii EeiirpOH38XB8THOH repa
TIBB H p8JlHOOHOJ10rli'!eCKHX IICC1le/lOBaHI!l!. 

Pa6ora BbiTIO.'lHeHa B na6oparopHH He;1rpOHHOii ¢«3HKH OHflll. 

npenpHHT 06'!-e/lKHeHHOrO IIHCTKTyTa l!LiepHblX HCC.'lelOB8HHH. ily6Ha 1978 

Bogancs J. et al. P3 -11816 
Utilization of Thermal :--ieutron Beams to Investigate 
Distributions of Boron Atoms in :\1ol.terials 

To investigate the distribution of atoms in semiconductors, thin 
films and biological objects, the experimental methcxis, based on the reac-
reaction 10B(n, a) iLi. The distribution of B atoms is surface re-
gions of solids is detennined by the energy losses of cz -particles 
The concentration of B atoms is real biological objects is deter
mined by the yield of y -quanta ( 4 7 8 keV) emitted by the excited nuclec<s 
7Li. The experiments were carried on at the reactor IBR-30. T'he possi
bilities of the methcxi were illustrated bv the results obtained in inves:i
gation of: 1) distribution of 1°B atoms- ir~planted a~ different energies 
in silicon, 2) distribution of !3 in surface regions in glass like metcls 

ofthetype: B 20 Fe 80 , B20 Fe 40 Ki 40 , B 6 P 12 Cr 14 :o;i 36 Fe3~. 
3) diffusion of B in Al in the process of evaporation iollm,·ed by annea
ling, 4) distribution of B in maize stems in depen:ler:ce of its concen
tration in feed, 5) possibilities of application of those methcxis for deter
mination of concentration of 

1% in vitro and in vi,-o for the neutron 
capture therapy and for radiobiological investigations. 

The investigation has been performed at the :--Jeutron Physics 

Laboratory, JINR. 

Preprint of the Joint lnsti lute for Nuclear Research. Dubna 1978 

BBEAEHHE 

C u.enLro H3y'leHHJI pacnpe.n;eneHHJI aTOMOB 6opa a nony
npoao.n;uuxax, TOHKHX nneuxax u 6uonoruqecxux o6heKTax 
B JIH<!» Oli.Hll COBMeCTHO c IJ.ll~ll /.liy.n;anenn/ pa3pa6oTa
Hbl JKCnepHMeHTanLHLie MeTO.D;bl H3MepeHHH, OCHOBaHHLie 
ua ucnonLJoaauuu peaxu.uu 

4
He + 

7
Li * ~ 7

Li + 
4 

He + 0,478 M3B, KBaHT /93o/o/ 
10 1 _, 

B + n 

" 7 
Li + 

4 
He (7 ':7c) 

Pacnpe.n;eneuue aTOMOB 6opa a npunoaepxuocTHLIX cnoJix 
TBep.n;Lix Ten H3MepJieTcJI no noTepJIM JHepruu anL«lJa
qacTHU. /1-5( Kouu.euTpau.uJI aToMOB 6opa a MaccHBHLIX unu 
reTeporeHHLIX 6uonoruqecxux o6DeKTax onpe.n;enJieTCJI no 
raMMa·KBaHTaM, HCnycKaeMLIM B036yx.n;eHHLIM JI.D;pOM 7Li/6 ( 

Pa6oTbl npoao.n;JITCJI ua 16-MeTpoaoii nponeTuoii 6a3e 
o.n;uoro H3 xauanoa HMnynLcuoro nepuo.n;uqecxoro peaKTopa 
H.6P-3017-1JH~ OH.HH. Onpe.n;eneuue xouu.euTpau.uu aTOMOB 
6opa H ux pacnpe.n;eneuue no rny6uue a TOHKHX cnoJix 
uccne.n;yeMLIX MaTepuanoa ocyll.l,eCTBnJieTcJ! a nyqxe Tenno
Bblx HeHTpOHOB. ~OH OT 6biCTpbiX HeHTpOHOB H raMMa
KBaHTOB peaKTOpa ycTpaHJieTCJI no MeTo.n;y BpeMeHH npo
neTa. 

Co.n;ep)l(auue JI.n;ep 6opa in vivo a xpynuLix /6onee 
2000 c..w 3 I 6uonoruqecxux o6DeKTax onpe.n;enJieTCJI TO)I(e 
a none Tennoablx ueiiTpouoa, uo po)I(.D;aeMLIX uenocpe.n;
CTBeHHO B HCCne.n;yeMOM 06DeKTe npH 3aMe.n;neHHH 6biCTpLIX 

3 



HCHTPOHOB. KsaHThl OT peaKuuu 10B(n,a)7Li perucTpu
PYIOTCJI nocne HH:>KCKUHH KOpOTKOrO /2-4 MKC/ HMnynbca 
6hlCTphlX HCHTPOHOB B TC'ICHHC ~H4xlJY3HH TennOBhlX Heihpo
HOB B 06'bCKTC. 3THM CaMhlM npaKTH'ICCKH ycTpaHJICTCJI <iJoH 
OT 6hlCTphlX HCHTpOHOB H MrHOBCHHhlX KBaHTOB ~eneHHJI. 
Hcnonb30BaHHC MCTO~OB BpCMCHH nponeTa H BpeMCHH ~u4J-
4Jy3HH 3Ha'IHTCnbHO YBCnH'IHBaeT OTHOWCHHC 34xlJeKT/4JoH 
no cpaBHCHHIO CO CTaUHOHapHhlMH peaKTOpaMH. 

1. OIIPE,l(EJIEHHE PACIIPE,l(EJIEHH.R ATOMOB 10B 
B IIPHIIOBEPXHOCTHb1X CJIO.RX MATEPHAJIOB 

B ~aHHOH pa6oTe noKa3aHhl B03MO:>KHOCTH ucnonh30BaHHJI 
peaKUHH 10 B(n, a) 7Li ua npuMepe nonyqeuuwx pe3ynb-
TaToB npu H3Y'ICHHH: 

- pacnpe~eneHHJI no rny6uue scex, a ue TOnhKO 3neKT
puqecKu aKTHBHhlX ,.11~ep 6opa, nocne HMnnauTauuu s KpeM
HHH HOHOB 10 B + H 10BF+ 

2 
- BnHJIHHJI nocne~y10~ux TexuonoruqecKux npoueccos 

/oT:>KHr, uaueceuue OKHCHhlX nneuoK/ ua nepBH'IHoe pac-
npe~eneuue; 

- npunosepxuocTuoro pacnpe~eneHHJI 

su~uwx MeTannax Tuna Fe 
80 

B
20 

6opa B CTeKno

Fe 40 Ni 40 B 20 
Fe40 Ni4oP 14 B 6 ; 

- ~u4xlJy3uu B aniOMHHHH 6opa B npouecce ero uanbl
neHHJI u nocne~yiOmero OT:>Kura; 

- pacnpe~eneuue 6opa B nucTb.IIX Kyaypy3hl B 3asucu
MOCTH OT KOHUCHTpaUHH 6opHOH KHCnOThl B nuTaTenbHOH 
cpe~e. 

1.1. MemoouKa U3MepeHuil 

CxeMa 3KcnepuMeHTanhHOH ycTaHOBKH u H3MepuTenb
uoro TpaKTa noKa3aua ua puc. 1. 06pa3eu ycTauasnusaeT
CJI B ny'IKC HCHTpOHOB ~HaMeTpOM 4,0 CM napannenbHO 
nnoCKOCTH KpCMHHCBOrO noBepXHOCTHo-6apbepHOrO ~eTeK
TOpa* Ha paCCTOJIHHH 5 CM OT OCH ny'IKa. ~n.ll nOCTOJIH-

* Pa3p~.weuue ucnonh3YCMhlX ~eTeKTopos ~n.11 anh<Pa-
qacTHU ~Am -18-20 K.JB. 
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Puc. 1. CxeMa .JKcnepuMeHmaAbHOil ycmaHOBKU. 1 - Heil•
poHHbJU ny•wK, 1a - KOAAUMUIIIOp OUaMelllpOM 4,0 CM, 16-
AOBYIUKU ny'IKU, 2 - o6pa.Jefl, 3 - MOHU,Wp, 4 - C6UHl#06QJI 
3UUIU11Ja, 5 - OellfeKIIIOp, 7-15 - cneK111pOMempu'leCKUU llpaKII. 
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uoro KOHTpons H3MepuTenLnoro TpaKTa no 3Hepruu u ~nB 
MOHH.TOpHpOBaHHB ny'IKa HcnonLJyeTCB MHWeHL H3 6 LiF 
Ton~uuoil 0,06 MZ·CM - 2 • TaKHM o6pa3oM, Kanu6poBKa 
cneKTpoMeTpH'IecKoro TpaKTa no 3Hepruu ocyi.QeCTBnBeTcB 
npu Ka)I(~OM H3MepeHHH no 3HepreTH'IeCKHM nHHHBM 'laCTHI.J; 
H B~ep, B03HHKaiOI.QHX B peaKu;usx 6 Li (n, a) T H 10B(n,a) 7Li , 
puc. 2. 

llonyqaeMLIB B H3MepeHHBX annapaTypHLIB cneKTp anL
clJa-qacTHI.J; I(c), puc. 3, npe.LJ.CTaBnBeT co6oil caepTKy ~ayx 
cPYHKUHB: 

I(c) = J .F(c, E) I:!J(E) dE, /1/ 

r~e ¢(E) - peanLHLiil cneKTp anL.Pa-qacTuu;, BLineTaiOUUtx 
H3 o6pa3u;a; F(c, E) - B~po HHTerpanLnoro ypaaneHHJI 
/1/, npe~cTaBnJIIOI.Qero co6oil annapaTypuLiil cneKTp anL.Pa
'lacTHU B 3aBHCHMOCTH OT 3HeprHH (E), pO)I(~eHHOB B o6pa3-
u;e 'laCTHI.J;LI. 

llpH peWeHHH HHTerpanLHOrO ypaBHeHHJI /1/ /HaXO)I(
~eHHe HCKOMoil cPYHKUHH <ll (E) I Is/ s~po ypaaneHHJI 
npe~cTaBnBnOCL B BH~e 'IHCneHHLIX 3Ha'leHHB, nonyqaeMLIX 
3KCnepHMeHTanLHO OT o6pa3u;a KpeMHHB C HMnnaHTHpOBaH
HbiMH uonaMH 10 BF~ npu 3Hepruu 30 K3B, puc. 3. 

flo pacnpe~eneHHIO 'IHCna anLclJa-'laCTHI.J; B 3aBHCHMO
CTH OT noTe ph HX 3HeprHH <IJ (~E) ,Hail~eHHOMY H3 cPYHKI.J;HH 
<IJ(E), BLI'IHcnseTcB rny6uuuoe pacnpe~eneuue aTOMOB 
6opa B uccne,IJ;yeMLIX Ma Tepuanax. 

Cpe,IJ;HHB npo6er 'laCTHU i(E), noTepsawux B o6pa3u;e 
3HeprHIO ~E. onpe,IJ;enBeTCB 'IHCneHHLIM HHTerpHpOBaHHeM 
ypaBHeHHJI 

E-~E -1 
R(E) = J [ L(E)] dE, /2/ 

E 

r,IJ;e L(E) - TOpM03HaB cnoco6uocn. anL.Pa-qacTHU (dE/dx). 
3uaqeuus L(E) ,IJ;nB 3neMeHTOB 6panucL Hl Ta6nuu;, co
cTaanenHLIX Ziegler /9/. B TOM cnyqae, Kor,IJ;a uccne

,IJ;yeMLie o6pa3I.J;LI 6LinH MHOr03neMeHTHLIMH, TOPM03HaB 
cnoco6uocTL pacc'IHTLIBanacL cornacuo npaauny Bp3rra. 
KonuqecTaeuuoe onpe,IJ;eneuue 10 B ocy~ecTansnocL ny
TeM CpaBHeHHB C 3TanoHaMH, KOnH'IeCTBO 6opa B KOTOpLIX 
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Puc. 2. AMnAumyOHbiU cneKmp 'lacmut~ om peaKfiUU 10 B(n,a)7Li 
u 6 Li(n. a) T. N - HOMep KaHaAa, I - 'IUCAO u;wnyAbC06 
Ha KUHUA. 
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Puc. 3. AnnapamypHble cneKmpbl aAb(la- 'lacmut~ om o6f!::3li06 
KpeMHUJI C UMnAaHmUp06UHHbiMU UOHUMU lOB+ U l BFt . 
o - UOHbl 10 B + C 3Hepzueu 80 K3B, e - UOHbl 10 BF~ c 
3Hepzueu 30 K:JB, E = 1,471 - :JHepzu.11 aAb(la- 'lacmut~ 
om peaKfiUU 10B(n. a) 7 Li Ha menii06biX HeumpoHax. 
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6binO H3BCCTHO C TOqHOCTblO ±20/o /5/,IJpH llOTOKe TCllJIOBbiX 
ueihpouoa 10 6 Heilmp./cM 2.c MHHHMaJibHOe onpe.uen.11e· 
MOe KOJIHqeCTBO lOB COCTaBJIJICT 0,5 MKZ. 

1.2. Pe3yAbmamba u o6cyxoeHUJI 

Ha puc. 4 npe.ucTaaneHbl nonyqeuuble .uauuble o rny-
6HHHOM pacrrpe.ueneHHH aTOMOB 6opa B pa3JIHqHbiX o6pa3U.aX 
KpeMHHJI IIpH HMIIJiaHTaU.HH B HHX HOHOB lO 8 + H 10BF ~ 
c 3HepruJIMH 10, 25, 60 H 80 K:JB. B nonyqeHHbiX pacrrp'e
.ueneuusx nono)l(euue MaKCHMYMOB /cpe.uuue npo6eru uo
HOB R I xopowo cornacyiOTCJI c TeopeTuqecKHMH .uau
HbiMH Br~ice/1°~ Ilonywupuua )l(e pacrrpe.ueneHHH no cpaa
HeHHIO c TeopueH: ua 20- 300/o wupe. 

BnH.IIHHe rrocne.uy10~ero OT)I(Hra npu TeMnepaTypax 400 
u 900° C ua pacrrpe.ueJieuue aToMoB 6opa noKaJaHo ua 
puc. 5. KaK BHAHO H3 puc. 6, uanuque ua noaepxuocTH 

(' 

KpeMHHJI OKHCHOH rrJieHKH Ton~uuoH: 1200 A rrpuao.uuT 
K JaMeTHOMY HaKorrJieHHJO JI,!lep 6opa ua rpauuu.e pa3AeJia 
cpe,!l. B CTeKJIOBH,!lHbiX MeTaJIJiaX MCTOA ll03BOJIJieT Ha6JIIO· 
.uaTb Kouu.euTpau,HIO lOs .uo 1,2 MKM. 3uauue npunoaepx
HOCTHOrO COCTaBa CTeKJIOBH,!lHbiX MeTaJIJIOB Heo6XOAHMO 
,!lJIJI 0Tpa60TKH TeXHOJIOrHH rronyqeHHJI TOHKHX nneHOK ,!lJIJI 
Ja.uaq MHKpo3neKTpOHHKH. H3 rronyqeHHbiX peJynbTaToB 
BH,!lHO /pUC. 7/, qTO IIpHIIOBCpXHOCTHble KOHIJ,eHTpaU,HH 
aTOMOB 6opa o.uuoro u Toro )l(e o6pa3u,a paJnuqubl u MeHb· 
we pacqeTHbiX AJIJI 3THX cnJiaBoB. Herrocpe.ucTaeuuo y no
aepxuocTH, OT 0 ,!lO 0,2 MKM, Ha6niO,!laeTCJI ,!lOBOJibHO 3Ha· 
qaTeJibHOe YMCHbWeHHe KOHIJ,eHTpaU,HH 6opa 00 CpaBHCHHIO 
c Kouu,eHTpau.ueH: B rny6uue o6pa3u,oa. 

Ha puc. 8 rrpe.ucTaaneuo pacnpe.ueneuue aToMOB 6opa 
B anJOMHHueaoH: clJoJibre, rronyqeuuoe rrpu aaKyyMHOM uarrbl· 
neuuu 6opa rrpu TeMrrepa Type o6pa3u,a 150-200° C. 06pa
llJ,aeT Ha ce6JI BHHMaHHe AHcl>cliY3HJI aTOMOB 6opa Ha 60JibWHe 
rJiy6HHbl B rrpou,ecce HaiibiJieHHJI, KpHBaJI 1, H OTCYTCTBHe 
ee rrpu rrocne.uyiOllJ,eM OT)I(Hre o6pa3u,a rrpu TeMnepaType 
400° C a Teqeuue 2 'laco6. BepoJITHO, 3TO CBJI3auo c TeM, 
qTo B npou,ecce uarrbiJieHHJI /10-15 c/ .uucl>cllyu.uupyeT aTo· 
MapHbiH 6op, a rrocne uarrblneHHJI - He cao6oAHbiH 6op, a 
6opH,I\bl aJIIOMHHHJI. 

8 

c Puc. 4. PacnpeoeAeHue .-·, 
/\-, ...... ....---:_"_>~,,, amOM06 lOB 6 KpeMHUU. 

tc·-~~· \ ,.1.: •., \''"· -'\-!\- - 10 K 3Bf UOHbl lOs+, 003a 

11/ .·\ '•, ~\\ -·-·- -25 KJB~2000 MKKA·CM -
2 

r 
. . .-~) 

.' •. 0 ~ " - 60 K 3B o o-oo3a 1 £?00 .1\ \\ .. \ _,_,_~· · 80 K3B1 MKKA. CM -
2 

-1 \ . . -·---- - 80 K3B -
10

BF + ~ 2 
10 t:-. \ d • 2Ay6UHU, MKM; 

\ C. KOHijeHmpaijUJI 10 8, 

amo.M/cM 3 . 

0.1 02 0.3 0.4 0.5 d 

c 

0 0.1 0.2 0.3 d 

Puc. 5. BAUJIHUe omxuza Ha pacnpeoeAeHue amo.Mo6 10 
B 6 

Kpe.MHUU. j:(o3a UMnAaHIIIUijUU • 2000 MKKA •C.M-2 npu 3Hep· 
zuu E i . _,_,_ - oo omxuza, 2 i = 25 KJB ; -!\-/\- -
nocAe omxuza npu me.Mnepamype 400°C 6 me'leHue 30 MUH, 
Ei = 25 KJB ; -- - oo omxuza, E i = 40 KJB ; -o-o- -
nocAe omxuza npu me.Mnepamype 900°f6 6 me'leHue ~0 MUH. 
d- 2Ay6uHa, MKM; C • KOHijeHmpaijUJI l 8 UIIIOM/CM . 
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c..-----.---..---.----r----, Puc. 6. PacnpeoeAeHue amo
Moe 6opa e KpeMHUU. Ao3a 
UMn/laHIIIQI.IUU - 2000 M KK/1• CM ·2 

npu 3H~f?zuu Ei .•.• u o o o
uoHbl B+. E i = 20 K3B 6e3 
OKUCHOU nAeHKU, l 0 0 0 U • 

10 

••• . . 

I 
,• 

I 

01 

~.~ ,. 
I 

••••• 
I I 

I I 
I 

0.2 0.3 04 d 

X X X - UOHbl % + E. = 
' 1 

= 80 K3B, 1110/IUfUHa OKUCHOU 
nAeHKU 0,12 MKM. d - 2Ay-
6UHa, MKM; e - KOHI.IeHIIIpa
I.IUJI 10B, QIIIOM/CM 3 . 

c ------1 !-------- -- ---, 

'2· 1022 

··················· ·················· .. . -

·················· ····················· 
1021 

Ql 0.'2 0,3 0.4 Q5 0,6 0,6 0,5 0,4 (\3 0.2 Ql d 

pacnpeoeAeHue Roep 10 B Puc. 7. llpunoeepxHocmHoe 
cmeKA08UOHbiX Me111aAAax. 
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o o o Fe40Ni
40

B 
20 

. --- meopemu~ecKaR KOHt~eHmpat~UR. 

0 0 0 

10 

Fe80p10B 10 · d - ZAy6uHa, M KM; C - KOHI.leH

Fe40Ni40 P 14 B 6 . mpat~UR lOB, amoM/CM - 3 . I 

B KaqecTBe npHMepa npuMeueHHJI MeTO.D.a B 6uonorHH 
B ma6/l. 1 npHBe.IJ,eHhl nony'leHHhle .IJ,aHHhle 0 KOHI.J.eHTpai.J.HH 
6opa B nucThJIX KYKYPYlhi npu paJnH'IHhiX Kouu.euTpau.HJIX 
6opuoil KHcnoThl B nuTaTenhHOH cpe.IJ.e H pacnpe.IJ,eneuue 

6opa no .IJ,nuue nucTa. 

KoHUeHTpa-

UIH1 H 3BO 3' 10-2 
Mon/n 

K OlfUGHTpD

uun 10B. 
aTm.!! eM 3 • 

·1 0-20 

8,6 

1 ,8 

Ta6Aut~a 1 

-3 -4 10 10 KoHTpOnb npuMeqaHHe 

0,79 0,65 

0,57 0,28 

0,35 BpeMH pOCTI1 

72 qac 

24 qac 

Y'IIlCTOK 

cTe6nH nucra, 

pacer. (u MT\1) 

OT 'IepeiUKD 0-15 15-27 27-42 

K OI!!Ie II T[JI1llll H 1<13, 
aTOM/CM:~.}Q-20 14,0 B,oo 8,2 

2. OllPEAEJJEHHE KOHL!EHTPAL!HH EOPA 
flO TAMMA-KBAHTAM 

B nocne.IJ.HHe ro.IJ.hl 6onhwoe BHHMauue Hccne.IJ.oBaTeneil 
npHBlleKaeT HCllOllblOBaHHe B ueiiTpOH03aXBaTHOH TepanHH 
6opoco.IJ,ep)f(aii.J.H/l coe.IJ.Hneuuil THna B 12H 1 SH -- H 
Na 

2 
B 

12 
H 

11 
SH 11/. 3uauue pacnpe.IJ,eneuHJI 3Tkx coe.IJ.H-

ueuuil B o6nyqaeMoM o6beKTe ueo6xo.IJ.HMO .D.nJI onpe.IJ,ene
HHJI .D.03Horo nonJI. ~nJI Bhl6opa uaH6onee onTHManhHhiX 

ycnOBHB o6nyqeHHJI MHWeHH Tpe6yeTCJI uenpephiBHOe ua6mo
.IJ,eHHe in Vivo Ja npou.eccaMH uaKonneuHJI /Ja.IJ,ep)f(KH/ 
6opoco.IJ,ep)f(aii.J.HX coe.IJ,Hueuuii B onyxoneBhiX H uopManhHhiX 
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Puc. 8. PacnpeoeAeHue a1IIOM08 6opa 8 aAIOMUHUu. -••-- -
nocAe 80KYYMHozo pacnbtAeHu.R 6opa, 111eMnepa111ypa nooAOJICKU 
OKOAO 200 c, C, -o-o- - 31110111 JKe o6pa3el#, HO nocAe o111-
JKuza npu 111eMnepa111ype 400° C 8 111e<1eHue 120 MUH. d -
2Ay6UHQ, MKM; C - KOH[#€H111pa[#U.JI lOfl, Q1110M/CM :{. 

t/J 

1,o l , Vol I . ~~ ~~ I 

o,1 L----+-~r------t~~---1 

0,01 
20 40 60 80 100 120 

')( 

Puc. 9. PacnpeoeAeHue nA0111HOC111U no111oKa 111enA08btX Heum
poHo8 <l>(x) no ocu ny<~Ka npu o6Ay<~eHuu (/JaHmoMa: 1 -
6btc111pbrMu Heil111poHaMu co cpecmeu 3Hepzueu 3,0 M3B, 
2- HaomenAo8btMu Heil111poHaMu co cpeoHeu 3Hepzueu l003B, 
3 - 111€nA08biMU H€U111pOHQMU, X - 2Ay6UHQ (/JaH1110MQ, MM. 
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TKaHRX. KpoMe Toro, ueo6xo.L{HMO in vitro HJy'laTb npo

u.eccbl BbiBe,L{eHHR COe,L{HHeHHH H3 KpOBH. ,l],JIR 3THX IJ,eJieH 

H 6biJ1a pa3pa6oTaHa MeTO.L{HKa onpe,L{eJleHHR KOHIJ,eHTpaiJ,HH 
10 B no raMMa-Jiy'laM. 

2.1. Me111oouKa U3MepeHuu 

,l],JIA onpe.L{eJleHHR KOHIJ,eHTpaiJ,HH aTOMOB 6opa B Kpyn

HbiX 06'beKTaX in vivo HCnOJ1b30BaJ1CA MOHOHanpaBJieHHblH 

ny'IOK 6blCTpb1X HeHTPOHOB. 11cnOJ1b30BaHHe 6biCTpbiX HeHT

poHOB 060CHOBb1BaeTCR TeM, 'ITO B BO.L{OpO.L{OCO.L{ep*a~X 

Cpe.L{aX onpe.L{eJIRIOllJ,YJO pOJlb B $opMHpOBaHHH nong Tenno

BbiX HeHTpOHOB HeCyT nepBH'IHble HeHTpOHbl ny'IKa H nOTOMY 

JaTyxaHHe peJyJlbTHpyJOllJ,ero nOJIR TenJIOBbiX HeHTPOHOB 

B HanpaBJieHHH ny'IKa ~(X) , puc. 9, 3Ha'IHTeJ1bHO MeHb

llle, 'leM .L{JlR TenJIOBbiX H Ha,L{TenJIOBbiX HeHTpOHOB. 

PeJyJibTHPYJOllJ,ee speMeuuoe none TennoBbiX ueB:Tpouos 

B J1J060H TO'IKe (! Cpe.L{bl nocne HH*eKIJ,HH B Hee KOpOT

KOrO HMnyJibCa 6biCTpbiX HeHTpOHOB, KaK H3BeCTHO, JaTy

xaeT no JaKony: 

<fJ(;, t) ~ L Su Ru \;) exp (-at). /3/ 
u 

OnepaiJ,HJO cyMMHposanHR rapMOHHK c nocTOJIHHbiMH JaTyxa

HHRMH a MO*HO DpOBeCTH 3KCDepHMeHTaJ1bHO, eCJIH pe

rHCTpHpOBaTb HeHTpOHbl no JaXBaTHbiM raMMa-Jiy'laM CO 

scero o6'beMa o6ny'laeMoro o6'beKTa. Tor.L{a ycpe.L{HeHHblii 

no 06'beMy noTOK HeHTpOHOB 3aTyxaeT C nOCTORHHOH JaTy

XaHHR ocaosuoB: rapMOHHKH a 0 = r -1 *. 
Cne.L{oBaTeJILHo, npa npose,L{eHHH HJMepeuaB: so speMea

HOM OKHe /OT 20 .L{O 400 MKC/, puc. 10, npaKTH'IeCKH 

* 11JMepgg nocTo:Xuable-3aTyxaHHA .L{JIA oTpasneaaoii 1/v 
nornoTHTeneM (a08) H aeoTpasneuaoB: (a 00 ) cpe.L{bl, MO*HO 
onpe.L{eJIHTb cpe.L{HIOJO KOHIJ,eHTpaiJ,HW BBO.L{HMbiX A.L{ep N B no 

u OB -a 00 
Bblpa*eHHIO N 8 = , rAe a a- ceqeuae nornmu.e-

Vaa 

HHA BBO.L{HMbiX JI.L{ep. TaKHM CDOC060M MO)I(HO ODpe,L{eJIATb 
Konu.eaTpaUHJO Li. 

13 
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Puc. 10. BpeMeHHoe pacnpeoeAeHue N(t) zaMMa- K6aHmo6 
npu UHJKeKijUU 6 r/JaHmoM 6bJcmpblX HeumpoHo6 c OAumeAb
HocmbiO UMriYAbCa T = 4,0 MKC. r = 130 MKC - cpeOHee 
6peMJI JKU3HU HeU"!fOH06 6 mKaHe.JK6U6aAeH111HOM r/JaHmOMe 
06oeMOM 4000 CM , t - 6peMJI 6 MKC. 

·ru·-~"" 4<>7 I I ----- --

I 
I' IJO' I 
1~''1' I I 
I I, 
II II 

______ ,II ~~--------
.1 

2Dfl .14() """- «10,00 fJOO 1400 

LU.J 

I 

n 

Puc. 11. AflnAumyOHblU cneKmp Ge(Li)- oemeKmopa npu KoH
ijeHmpaijuu 0 B 6 r/JaHmOMe 10 MKZ/CM 3.2223- AUHUJI 6000po
?ff 6 K.JB, 1201 - AUHUJI 060UHOU yme'IKU 6 K.JB, 478 - AUHUJI 

B 6 K.JB. 
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perHCTpHpyJOTCJI TOJibKO raMMa-KBaHTLI OT 3aXBaTa Ten

JIOBLIX HeiiTpOHOB 3JieMeHTaMH HCCJie,IJ;yeMOrO 06"LeKTa. 

113 npHMepa aMDJIHTy,IJ;HOrO cneKTpa, puc. 11, BH,IJ;HO, 

'ITO clJoH B paiioHe JIHHHH 478 K.JB* onpe,IJ;eJIJieTCJI B OCHOB· 

HOM KOMDTOHOBCKHMH KBaHTaMH OT BO,D;OpO,IJ;HOH JIHHHH 

2223 K.JB. Koa~eHTpa~HJI JI,D;ep 6opa in vitro B TOJICTLix, 

OTHOCHTeJibHO npo6era anLclla-qacTH~LI, o6pa3~ax onpe,D;e

JIJIJiacb TO)I(e DO raMMa·Jiy'laM, HO B DY'IKe TeDJIOBLIX 

aeiiTpOHOB. B o6oux cnyqaJix .D;JIJI perucTpa~uu raMMa

KBaHTOB HCDOJlb3YIOTCJI Ge (Li)- ,IJ;eTeKTOpLI 06"LeMOM 20-
30 CM 3

.CxeMa pacUOJIO)I(eHHJI ,IJ;eTeKTOpOB H o6pa3~0B OT

HOCHTeJibHO DY'IKa Heii:TpOHOB llOKa3aHa Ha puc. 12. 

2.2. Pe3yAb111a111bl u o6cyxOeHUJI 

~JIJI Onpe,IJ;eJieHHJI 'IYBCTBHTeJibHOCTH H ,IJ;HaUa30Ha H3· 

MepJieMLIX KOH~eHTpa~HH aTOMOB 10B 6LIJIH 3KCDepHMeH-

TaJibHO llOJiy'leHLI CJie,IJ;yJOII.{He XapaKTepHCTHKH MeTO,IJ;a. 

1. 3aBHCHMOCTb 'IHCJia HMDYJibCOB B clJoTODHKe JIHHHH 

478 K.JB OT KOH~eHTpa~HH lOB B TKaHe3KBHBaJieHTHOM 

clJaHTOMe 06"LeMOM 4000 CM 3,puc. 13. 3Ta 3aBHCHMOCTb 

6LIJia nonyqeaa npu ,IJ;HaMeTpe KOJIJIHMaTopa Ha Ge(Li) -
,IJ;eTeKTOpe 30 MM H paCCTOJIHHH OT OCH Dy'IKa ,IJ;O OCH ,IJ;e

TeKTOpa 350 MM. fipH yKa3aHHLIX YCJIOBHJIX Ha,IJ;e)I(HO on

pe,IJ;eJIJieTCJI KOH~eHTpa~HJI 3,0±0,35 MKZ npu JIOKaJibHOH 

,IJ;o3e 6LicTpLix aeiiTpoaos 1,0 pac). HenuaeiiaocTb 3asucu

MOCTH N (c) llpH KOH~eHTpa~BJIX BLIWe 50 MKZ/CM 06"LJIC· 

HJieTCJI yMeHbWeHHeM DJIOTHOCTH llOTOKa TeDJIOBLIX He:iiTpO

HOB, puc. 14a, 3a C'leT yBeJIH'IeHHJI MaKpOCKODH'IeCKOrO 

ce'leHHJI 3axsaTa ~a. 

2. Onpe,IJ;enea ,IJ;uana3oH H3MepJieMLIX KOH~eHTpa~uii 10 B 
B MO,IJ;eJIH OllYXOJIH 06"LeMOM 10 CM 3 npH KOH~eHTpa~HH 
6opa B oKpy)l(aJOI.Qe:ii cpe,IJ;e 20 MKz/c~.lh aaanorH'IHblx, 

npe,D;cTaBJieHHbiX Ha puc. 13 3aBBCHMOCTe:ii N(C)/puc. 14e/ 
BH,IJ;HO, 'ITO in viVO MO)I(HO onpe,IJ;eJIJITb KOH~eHTpa~HIO 
lOB B ,IJ;Bana30He 30-100 MKZ/CM 3 . 

* Ywupeaue JIHHHH 478 K3B o6"LJICHJieTcJI .D;onnepoBcKHM 
C,IJ;BHrOM ( ± V/C) raMMa-KBaHTOB, BCnycKaeMbiX B036y)l(· 
.D;eHHbiM JIAPOM 7 Li. 
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Puc. 12. CxeMa 3KcnepuMeHIIJa. 1 - eoO.RHa.R 3aUJuma, 2 -
~eUHfiOB&Iil K0/1/IUMamop, 3 - o6pa3efl, 4 - 3aUJuma U3 
LiF' ' 5 - C6UHij06Q.R 3QIJIUIIJa, 6 - Ce(Li) - oemeKmop, 

7 - fjaHmoM, 8 - MoOe/1& onyxoAu, 9 - MexaHU3M nepeMe
UI€HU.R (JaHmoMa no ocu ny'lKa. 

N 
5 

4 

3 

2 

1 

0 
100 200 c 300 

Puc. 13. 3a6ucuMocm& 'lUC/Ia UMnyA&C06 om KOHlleHmpa~uu 
loB. N . 10-3 - 'lUC/IO uMnyA&co6, c - KOHlleHmpafiU.R 1 B 
6 t/JaHmOM€, MKZ/CM 3, 

16 

1,0 
·tp 

0,8 

160 
c 

320 

0,6 L_~ _ __t__ __ _j_ ___ .L_ __ ~ 

2 
N 

1 

0 

Q018 

80 

Q036 Q054 
I a 

Q072 

160 240 320 
c 

A 

B 

Puc. 14. A. 3a6ucuMocm& nAomHocmu nomoKa menA06biX 
HeilmpOH06 om KOHfi€HmpaijUU lOB 6 fjaHmOM€. (/)- nAOmHOCmb 
nomoKa 6 omHOCUm€/lbHbiX eOUHUflaX, C - KOHfi€HmpaijU.R lOB , 
MKz/cM 3, La - MaKpocKonu'lecKoe ce'leHue, cM -1 , 
B.3a6ucuMocm& 'lUC/Ia uMnyA&co6 om KOHfleHmpat~uu 10 B npu 
npocMampu6aHuu oemeKmopoM: 2 - zoMozeHHozo (JaHmoMa 
npu KOHfi€HmpaijUU 6opa 20 MKZ/CM 3 C MOO€/IbiO onyXO/IU, 
6 Komopou U3M€H.R/Iac& KOHfleHmpafiU.R 6opa om 20 oo 
220 MKZ/CM 3; 3 • 20M02€HH020 fjaHmOMQ 6e3 onyXO/IU; 
4 • 3t/J(JeKm mo/I&Ko om MoOe/lu onyxoAu. N • 10 - 3 - 'lUC/IO 
UMny/lbC06. 
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3. Haii,D.eHa HH:>KHJUI rpaHHI.J,a onpe,D.en.lleMbiX KOHI.J,eH

Tpai.I,HH lOB in vitro B nyqKe TennOBbiX HeiiTpOHOB C no

TOKOM I 0 ° HeUiflp.j CM ~ C ,D.n.ll cne,D.yiOII.J,HX BH,D.OB o6pa3I.J,OB: 

- o6e 3BO:>KeHHbiX TKaHeii 3KCnepHMeHTanbHbiX :>KHBOT

HbiX - 10±0,5 MK2, 
- BO,D.HbiX paCTBOpOB /KpOBb, nna3Ma KpOBH/ npH 06'be

Me B nyqKe He MeHee IO CM 3_ 2,5±0,I MK2/CM 3. 

.linaro,D.apJI TaKHM 3HaqeHH.IIM qyBCTBHTenbHOCTH onpe

,D.eneHH.Il lOB MeTO,D. MO:>KHO HCnonb30BaTb He TOnbKO B npaK

THKe HeiiTpOH3aXBaTHOH TepanHH, HO H npH H3yqeHHH pac

npe,D.eneHHJI HyKnH,D.OB, CO,D.ep)l(all.J,HX lCB, B 3KCnepHMeH

TanbHbiX :>KHBOTHblX. 

Bb/BO,[fbl 

H3MepeHH.II, npoBe.D.eHHble Ha HMnynbCHOM peaKTope 

H.bP-30 no MeTO.D.Y upeMeHH nponeTa, noKa3anH, qTo 

B nepcneKTHBe Ha H.bP-2/7/npH noToKe TennoBbiX HeiiTpo

HOB B nyqKaX ,D.O 5 ·I0
8 HeUiflp./.cM 2•C 1fPeM.II H3MepeHH.Il 

O,D.HOrO o6pa3I.J,a C KOHI.J,eHTpai.J,Heii 1~ I01 
QlflOM/CM 2 coKpa

THnC.II ,D.O 5-IO MUH. B HaCTO.IIII.J,ee BpeM.Il Ha O,D.HO H3Mepe~ 

HHe npoliJHnJI 3a TpaqHBaeTCJI 20-30 'iacoe. KpoMe Toro, 

yBenHqeHHe HHTeHCHBHOCTH nyqKa ll03BOnBT H3yqaTb npoliJH

nH 6opa B MaTepHanax B WHpOKOM ,D.Bana30HC ,D.03 HOHOB. 

B nyqKax H.bP- 2 MO:>KHO 6y,D.eT H3Mep.11Tb pacnpe,D.eneHHe 

TaKHX aTOMOB, KaK Li, N H He no peaKI.J,H.IIM 6 Li(n,a)'I , 
14N( n,p)14C H 3 He(n,p) 'I COOTBCTCTBCHHO. HanpHMep, 

Ha H.b P- 30 npH pa3Meii.J,eHHH ,D.eTeKTopa H o6pa3I.J,a B nyqKe 

/nnoxa.11 reoMeTpH.Il/ 3a I 'iac H3MepeHHii xopowo BH.D.Ha 
nHHHJI npOTOHOB B peaKI.J,HH 14N(n, p) 14 C OT a30Ta B03,D.yXa 

/0,5 MM/, puc. I 5. CnnowHoe pacnpe,D.eneHHe npoTOHOB 

o6ycnouneHo a30TOM naucaHa /TOJIII.J,HHa 0,3 MM/. 
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Puc. I 5. Annapa•ypHbiU cneKmp npomoHoe om peaKt~uu 
14N(n,p)14C. n - HOMep KaHa.lla, N(n) - 'iUC./10 UM
ny.llbC08 Ha KaHaA. 
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