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B noene.:tHHe rOLl h i 6bino B hinonHeH O HeeKO llbKO Heene .:t oBaHH li HeATpOHHbiX ene KTpo B, 

11-71 
B03Hf!K8IOLUHX npH paeeeHHf!f! XOllO -'! Hb!X He rt T pOHO B B BO .:t e • B 3Tf!X pa6oTaX 3~8'1f! T ell b-

HOe BHHM8HHe y .ueneHO KB83H y .npyrOM Y· pa ecei'IH H IO , T,e, p ae e e S'!Hf! IO e n e p e .:t a<JeA 3HeprHH , 

18,9 1 
ManoA no epaBHeHH IO e 3HeprHel! n a.ua !OLl..l ero H e i1TpoHa, TeopHH npe.:teKa3biBaeT, 'ITO npH 

KB83HynpyrOM paeeeHHHf! MOH03HepreTH'IeeKf!X Hei1Tp0HOB B * H!!KOeTH o6paa yeT
0

eH eneKTp , 

f!M8IO LU Hll 1lOp8HUOBy cpop:-.1y e llOllYW HpHHOH 

r"' 2hx
2

D, I l l 

r.ue h 'i -H3M8H8HHe HMlly'llbe8 npH paeeei'IHHH, 

cpy3HH, KnaeeHtteeKH8 MeTOLlbl .::I 8 IOT .::I llS! K03 cpcpHUHeHT8 .:t H cpc!Jy3 f!f! MOlleKyll BO .:tbl B BOae 

-5 2 
aHa'!eHHe D =I ,85 • .10 e:-.1 l eeK. AHallH3HpyH KBaaf!ynpyroe paeeeHHHe xonoaHbiX Hei!Tpo-

HOB Ha BO.::re, p8311H'IH bl 8 8BT0pbl npHXO.::IHT K HeeornaeyiOLUHMe!l B b! B0Ll8M, nonytta!l 3H8'18HH!l 

151 
D, Haxo.uRwHee!l B npe .:tenax oT D < 0 D0 .:to [j D 0 • HeKOTOpbie aBTOpbl 

yeMaTpi'IB8 IOT T8K * e B ene KTpax paeeeHHH b!X Hei!Tp0H08 llHKI'I, eOOT8eTeT8YIOLUH8 nepe.::ra'le 

,. I 5 I 0-4 , I I , 2 I 
0'18Hb M81lb!X .::I HeKp8THb!X UOpUH.n 3HeprHH nOpH .::I K a , 38 1 ; !! pyrHe 88TOp bl He Ha-

14-7 1 
XOLl!IT T8KHX llHKOB 

B eBR3H e OTMetteHHbiM f! npOTH80pe'!HH :-.!f! npe .::r CT8BllH110eb HHTepeeH b!M np088eTH H3Me

peHKSI eneKTpOB H8liTpOHOB 1 paeeeHHH biX H8 BO Ll e, e paape weHH8:-.1i 38 :-.le TH O llY'IWHM paapewe-

11-71 
HI'ISI, .uoeTHrHy Toro B pa6oTax • B HaeTC!I w eM !lOKna.::r e eoo6waiOTeH npe.::r BapHT8llbHbie 

peayllbT8Thl T8KHX 1'!3MepeHHI!, Bhlll011H8HHhlX Ha HMnynbeHOM 6hleTpOM peaKTOpe 06b8.:tHHe H

HOrO HHeTHTyTa HL!8pHhlX Heene .::r OB8HHll, ~ellOllb30B8HH8!1 3Ke n epH M eHT8llbH8H yeT8HOBK8 OnH-

1101 
eaHa B 

Ha enol! BOLlbl TOllLUHHOI! OK0110 0 ,3 :VIM H8llp88ll!llleH HM n y nbeHbiH ny'IOK Hef.\Tp0H08 , 

cp H1lbTpOB8HHhlX 6epH1lnHeM, Hei!TpOHhl paeeeHHHhle Ha yron 75 ~ 10°, perHeTpHp08a1lHeb .:te 

TeKTOpOM, yeTaHOB118HHbiM H8 paeeTOSIHHH 17M HllH 45 M OT o6paaua • .::lnH H3MepeHHH eneK

Tpa Hei!TpOHOB, 11 8Ll8IOWHX H8 o6paaeu, Hell01lb3088110eb y npyroe paeceHHHe Ha 88H8.:tHI'I. Pe-

3YllbT8Tbl H3M <:p eHHI! npH Te MnepaT y pe 80 .::I bl 2 5°C npH8e .::I 8Hbl H8 pHe, J H 2. ~ 3 KpH8b!X 

Bbi'IT8H cpOH, .::Ill!! H8XO /K.ll 8HHH KOTOporo 118.::I8IOLUHI1 H8 o6paaeu n yqO K n epeK pb188lleH K8 .llM H8:V1 . 

¢oH Oblll npH MepHO 8 4 paaa M8Hb we 3 cfJC~ eKTa. B peaynbT8T bi 8HeeeHa TaK*e nonpaB K a Ha 

pa eee!IHHe 811 IOM HHH8M I Ha n y TH paeeeHHHOro nyqKa H8XO.:J H110eb OKOllO 6 :-.1 M 8lllO:V!HH!iH I . no-

npaBKa pae'IHT bi B8118eb llO H3Mep eHHHM nponyeKaHHH 8H 01lOr H'!Hb!X 81l!OMiiHH88 biX llHeTOB, Bbl

ll01lH8HH bl:-.1 H8 0838 45 M l pHe, 3 1 , 

0 6ey / K .:::r eH ae peay.'lb T a TOB 

KaK BH .llHO H3 KpH80 l\ J pHe, 1, n ony w HplfH8 H8K.'l0H8 6 epHil11H e80rO Kp 8H eOCT a B .1HeT 

120 M KeeK y H .::I , 'I TO llpH paeeTOHHIH! 45 :-.1 e OOTBeT e TB y eT 3Hepr eTH 'I~eKO :-. ! y p aape w eHH IO 

~ ~ 
3 ,10 3B .::liTH Hei!TpOHOB e 3Heprue (I B patiOHe 5,2,1 0 3 8. 3T y B e l111'HlH Y Hy /K H O e p a B HHTb C 

- 4 1 4 1 
npe.:::renbHbiM paap eweHHeM , a c n Oilb30Ba HH bi :V! B npe .::r bi .::ryw H x pa6o T ax - 2.10 3B CpaBP.e-

HHe KpHB b!X 1 H 2 pHC, 2 ll0 K83 b!B88T B He BeHKOrO eO:-.lH eHHH, t:{TO IlpH paee eHHHH !i 8 BO.:Je J111HI-fSI 

3 



-3 
5

1
2·10 Sb. YWHpll8 TCSI, .ilnSI K01llf'I8CTB8HROU 0U8HKH HY:>KHO HCXO.UHTb H3 Bblp8:>K8HHSI LilTS! 38BHCHMOCT. 

CKOpOCTH C'18T8 N (t) p8CC8RHHbiX H8i\Tp0HOB OT Bp8M8HH np01l8T8 t 

3LieCb F(E 1 )dE' 

a(E 1
) 

N ( t) dt d t _E_E 
dt 

E 

J°F(E')a(E? "P.(E',E)dE 1 

0 

- cneKTp fi8.:l810LU8f'O H8 o6pa3eU llOTOKa, 

-ce'leHIIe pacceRHIISI Ha o6pa3ue, 

/2/ 

W ( E 1 , E) dE - c neKTp pacceSIHHbiX .aei\Tpoaos !111!1 nepBH'IHO ii aaepr1111 E 1 • B TeopHII 

I 8 9/ . · 
KBa3nynpyroro pacceSIHH!I ' Jli(£ 1 ,£) -nopeHUOB8 pe30H8HCHa!l KpHB8!1 C lllllpi'IHOli H8 no-

llOBPIHe BbiCOTbl r / eM. /1/ I . .ilnH onpeneneHII!I r MO:>KHO BOCll01lb30B8TbC!I paCCTO!IRHeM 

OT Cepe!lHHbl 6epH1l11HeBOf'O Kpa!l !111!1 B8HaLIH!I !10 MaKCHMyMa pacnpeneneHH!I !111!1 BO!lbl, 3TO 

paCCTO!IHII8 CllO:>KHbiM 06pa30M 38BIICHT OT r II 3aKOHOB F (£ 1
) H a(£ 1

) , nocKOllbKY 

llOClle.:lHI!e B Ll8HH0li pa6oTe He H3y'I81THCb, 3TOT llYTb K83a1TC!I HaM HeO!lH03 IfaqH biM, II Mbl 

npennoqmr orr11paTbC!I Ha 3HaqeaHe norapHcpMH'IecKoli npoH3BOLIHOli N 1 (t) I N(t) a ueHTpe 

6epH1lnHeaoro KpaSI. 3aaqeHHe npol!3BOLIHOA cna6o 3aBHCHT oT cneKTpa F ( E 1 ) a( E 1
) ; nonaraSI 

f(E 1 )a(E 1
) oo E 1 , HeTpyLIHO llOllY'IRTb C118LIYIO LUee Bbtpa :>KeHHe Llll!l r , S!BllSI!O LU ee-

C!l XOpOLUI'IM llp1161TH>KeHf!eM: 

r 8E 131 

rr[~(!d t + 5] 
.. ( ) 0 
" t 0 

3 aecb £ 0 t0 -aaeprl!st 11 apeMst nponeTa an st 6epHnnHeaoro Kpast; non S(toJ cnenyeT 

llOHHM aTb C KOpOCTb C'I~Ta npH t = t 0 3a Bb!'leTOM fiO!lllO>KKPI, He CBSI38HHOil C KBa3Hynoy-

f'HM paccestHI!8M, 0ueHK8 llO.:J.llO>KKPI He MO>Ke T 6b!Tb npoBe.:leHa O.QH03Ha'IHO, T aK KaK He SICHO 

!IBllSleTCR 1111 yqaCTOK KpHBOH B II HT epaane 0,93-0,99 MCeKIM "xsocTo:v~• crreKT pa KB83H-

yrrpyroro paccestHII!I, nnn 3 .::Iecb upoSIBn!I!OTCst .:rHC KpeTH bre aHepr e TR'IecKRe nepexo.:J.bl. EcnPI 

npHH!ITb nepsoe. rrpearrono ;.K eHIIe, a TaK>Ke rrpeHe6pe'lb co6cTBeHHOii WHpHHOli 6epHnn H eaoro 

Kp8Sl /qTO !111!1 p8CCTO!IHH!I 45 M He 6yneT llllOXHM llpP161TH>KeHHeM I , TO rronyqaeT C!I 3Ha'leHP!e 

• 
r = .(5:! .1.)10 - 4 

a a . 

Bo BTopo:v~ rrpe.anono>KeHJ!H no.ano>KKa B biW e PI 

r ~a -4 . 10 aa 

,v\o >K HO npHH!ITb r=15t_ 
-4 0 I 1.10 as, qeMy npn yrne paccestHPI!I 75 I 2 - -2 

K -3,7 .A I 

cooTaeTcTayeT D ';;;'Q, $" D
0 

• 

HE 
Haw pe3ynbTaTy<>TnH'I8eT C!I OT nocne.aHHX .aaHHbiX llapccoaa H 

171 
Llanb6opra ) nony'IPIB-

2 -2 
K =3, 7.A WIIX llpH KOMH8THOi\ TeMnepaType .:J.llSI 

-4 r = 16 t_ I I . 10 a a. 3Ha'!eHHe 

B 38K1l!O'!eHIIe ocTaHOBHMCst aa sonpoce o Manblx LlHCKpeTHbiX rrepe .:r aqax aHeprHH. Bo 

MHOf'HX 1'13 llpOBe.:leHHb!X H8MH 2-3 - .aHe BHbiX cep H ii l'l3MepeHPIH B Cfi8KTpax B6 i1H3H 6epHn-

- 4 
lll!eBOf'O Kp8S! npO!IBHllHCb CTyneHbKH

1 
COOTBeTCTBY IOLU He rrepe .:r a'!aM 3HeprHH - 2; 4 II 6. 10 3B 

B biCOTbl CTyneHeK COCTaB1TS11TH HeCKOll bK O rrpoueHT O B OT fiOllHOA HHT8HCHBH OCTH rrpll .:I 8HHOM 

4 

j 



Bp8MBRR nponeTa, nonO )i{ BHHSl H . BbiCOTbl CTyneHBK B pa3m!'IHblX CBp!!SlX !!3MBpBHHH COr naco-

BbiB8nHCb
1 

B TOM 'IHCne II npH H3MBpBHHSlX H8 6 a38X 45 II 17M/ CM pHC,2 /. np11 CYMMHpOBBHHH 

sceX cepHA CTyneHbKJI, OUHSKO, crna )I{ HBanHCb, XoTll 3TO MO)I{BT o6bllCHllTbCll npel1¢aM!I 

annapaTypbi, B HSCTOSHUee BpeMSl BOllpOC 0 HanK'IIIH HnH OTCYTCTBHK CTYliBHBK OCTaeTCll OT -

KpbiTbiM • 

YfaMepeHJIH pacceSIHJill HeATpOHOB Ha Bo n e llpO UO n )I{8JOTCSl, npoBOUllTCSl !1 3M8pB HIISl hpH . 
pa3nH'IHb!X TeMnepaTypaX )I{KUKOCTH, a T8K)I{8 CO nb .QOM . 
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PyKonHcb nocTynHna B H3~aTenbcKnA oTnen 
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3t~t'pri-4,JI i8.'"rv 

PHc. 1 CneKTp aeRTpoaos, pacce iiHHbiX Ha saHa n. HH I KpHBa g 1 I 
H son.e IKpHBall 2/. 
PaccTOSJHHe OT o6paa11a n.o n.eTeKTopa - 45 MeTpos, 
WHpHHa KaHana speMe HHOro aHannaaTopa -64 MKC eK. 
nyHKTHpHble KpHB bl e npoa e.ae Hbl no <lKCnepHM e HTanbH biM 
TO'IKaM, 

C nnoUJHbie KpHBbJ e np on eJ.le H·bi · no TO'IKaM, ncnp a aneHH bi M 
aa nponycKa Ha e AP 

6 
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CI,ISI 

PHc. 2 CneKTP HeiiTpoHoa, pacce51HHblX cnoeM ao.abl TonwHHOii 0,3 MM. 

T 

09 

OB 

07 

0. 

KpHBa51 2 CHS!Ta Ha paccTOSIHHH oT o6pasua .ao .aeTeKTopa 

45 MeTpOB, 
K pHBa51 3- Ha paccTo51HHH 17 MeTpoa. 
nyHKTHpH851 KpHB851 llOK83 blBaeT cPOPMY cneKTpa HeHTpOHOB, 
ynpyro pacce51HHblX H8 BdH8 .U HH H8 p8CCT051HHH 45 MeTpOB. 

Bee KpHBble HcnpasneHbl Ha nponycKaHHe AP 

• • 
-~ .... . . 
.. • ::-!-.. • •• .. - ------~. ..... -.. . .. . .. \ • • • •• 

• 

• 

a~ I---~-----------_;_,-----------------~ 150 200 N !<GHG/IG 250 

L-----~5..-8-------------4'~2-----~5,-0-------~~.7----JM-P-,."-" ,;·o Jvj 

PHc. 3 KpHBa51 npony cKaHH51 .12MM amoMHHH51 B o6nacTH xono.a HblX 

HeiiTpOHOB, 
nponeTH851 6838 - 45 MeTpOB, 


