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1. BeeoeHue 

B Te'lenue nocne.nuux neT 6binH .nocTuruyTbi 3Ha'IHTenb
Hbie ycnexu B nouuMaHHH npouecca ,neneuux TJI)I(enbiX x,nep. 
O.nuaKo cyll{eCTByeT ell{e onpe.neneuuoe qucno ueperneunbiX 
npo6neM, o,nuoii H3 KOTOpbiX xanxeTCJI aonpoc o cyll{eCTBo
aauuu ( n, yf) npouecca. Bo3MO)I(HOCTb cyll{eCTBoaauux 3To
ro npouecca, T.e. pacna,na BWCOKOB036y)l(_neuuoro KOMna
yu,n-x,npa c ucnycKauueM y-KaauTa H nocne,nywll{HM .nene
uueM anepBbie npe,ncKa3ana CTaBHHCKHM u IllaKepoM ·1 I . 
Hx cTaTHCTH'IeCKHe no,nc'leTw noKa3anu, 'ITO cpe,nuxx run
puna ( n '. y f) npouecca< l'y (' npu6nH3HTenbHO paaua 12 M3B 

:n- !·I .nnx · ·•lJ. Jluuu B 6onee no3,nueu pa6oTe . 2 cyll{eCTBenuo 
CHH)I(aeT 3Ha1.fenue oueuuaaeMOH aenHlfHHbi u nonylfaeT 
3 H 1,5 M3B ,nnJI pe30HaHCOB 3-H 4- COOTBeTCTBeHHO. 

B Te'leuue nocne.nuux neT nocTaaneuo .noaonbHO 6onb
rnoe KOJIHlfeCTBO 3KCOepuMeHTOB C uenbiO ,noKa3aTb cyll{eCT
BOBaHHe (n, y f)npouecca u onpe,neJIHTb rnupuuy I y r .IlepBbiMH 
nonbiTKaMu o6uapy)l(eHHJI (n, y f ) npouecca cny)l(unu aHaJIH3 
,neJIHTenbHbiX rnupuu I 'r OT .nenbHbiX pe 3 ouaucoa x,npa2:J'J Pu 131 
H H3MepeHHJI MHO)I(eCTBeHHOCTH }' -nylfeH, HCDYCKaeMbiX DpH 

I { -I 
,neneuuu , ,;,; . H3Mepeuux MHO)I(eCTBeuuocTH, a TaK)I(e H3-
Mepeuux cpe,nueii 3Hepruu y-nylfeH ua aKT .neneuux xanx
IOTCJI KOCBeHHbiMH H OCHOBaHbl Ha npe,nnono)l(eHHH, 'ITO 
cneKTp y-JiylfeH H3 OCKOnKOB B OT,nenbHWX pe30Haucax He 
MeHJieTCJI. 

TaK KaK oKa3anocb, 'ITO cyll..{eCTBOBauue (n, yf) npouecca 
MO)I(eT 06bJICHHTb $nyKTyal{HH cpe,nuero 'IHCna HeHTPOHOB, 
B03HHKaiOJJ..{HX Ha aKT. ,neneHHJI B H30nHpOBaHHWX HeHTpOHHWX 
pe3onaucax, uecKOJibKO aBTopoa 15,6 I DbiTanucb Kocaeuuo 

onpe,neJIHTb IUHpHHY ryf Ha OCHOBe H3MepeHHJI KOppenJil{HH 
cpe,nuero qucna ueiiTpouoB u cpe,nueii 3Hepruu <E > B 3a-

v r Y BHCHMOCTH OT ,nenHTenbHOB IUHpHHW { OT,nenbHWX pe3o-
HaHCOB. ilO'ITB BO BCeX 3TBX DODbiTKaX HCDOnb30BanOCb g_n-
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po 239pU ,IJ,JI.II KOTOpOrO 3HaqeHHe < r y f >, ITOJiyqeHHOe JlHH

HOM, B ~sa pa3a 6onhwe, qeM ,D,JI.H .11,11,pa 235u. ));sa 3Kcnepa

MeHra nposo,D,HJIHCh Ha .11,11,pe 235u, Ho· 3,D,eCh nonyqeHHhle 

pe3yJihTaTbl ,D,aJIH TOJihKO BepXHIOIO OUeHKy /4,7/. 

B Hawei pa6ore npe,D,naraerc.H 3KcnepaMeHT, KOTOphli 

.D.OJDKeH ,D,aTh np.HMoe .D.OKa3aTeJihCTBo CYII.\ecrsosaHH.H (n, yf ) 
npouecca. CyTh 3KcnepaMeHTa 3aKmoqaerc.H s o6Hapy:lKeHHH 

y- KBaHTOB, npe,D,WeCTBYIOII.\HX ,D,eJieHHIO, nocpe,D,CTBOM pe

rHCTpaUHH xapaKTepHCTHqecKHX JIHHHH peHTreHOBCKOrO H3-

JiyqeHH.II, B03HHKaiOI.I.lero B pe3yJihTaTe BHyTpeHHeH KOHBep

CHH B KOMnayH,D,- .II,D,pe. 

B HaCTO.Hll\eH pa6oTe npase,D,eHhl npe,D,BapareJihHhie pe-

3YJibTaTbl H3MepeHH.II BhiXO,D,a xapaKTepHCTHqecKOrO peHT

reHOBCKOrO H3JiyqeHH.II < r X > ,npe,D,WeCTBYIOI.I.lero ,D,eJieHHIO 

B HeKOTOphiX HeHTpOHHhiX pe30HaHCaX 235u, H OUeHKa Be

JIHqHHhl < r y f > . 

2. IlpUHIIUnbJ :JKcnepuMeHma 

XapaKTepacTaqecKoe peHTreHOBCKoe K - H3nyqeHae, H3-

MepeHHOe B COBITa,D,eHHH C ,D,eJieHHeM, MO:lKeT B03HHKHYTh 

B pe3yJihTaTe cne,D,YIDII.\HX npoueccos: 

1. 3ap.H:lKeHHhiH OCKOJIOK ,D,eJieHH.II HOHH3HpyeT a TOM ypa

Ha, KOTOphiH npH ITOCJie,D,yiDII.\eH peKOHCTPYKUHH CBOeH o6o

JioqKH ucnycKaer xapaKTepucruqecKoe H3JiyqeHae ypaHa. 

2. raMMa-nyqH H3 OCKOJIKOI;\ ,D,eJieHH.II B pe3yJihTaTe 

tboro3$clleKTa ua aToMe ypaHa o6pa3yror .D.hiPKH Ha K -o6o

noqKe aroMa ypaHa. 

3. B pe3yJihTaTe ( n, y f) npouecca, Kor,D,a .11,11,po 235 U 
nocne 3axsaTa pe3oHaHcHoro HeiTpoHa cHaqana CHHMaeT 

B036y:lK,D,eHHe HCITYCKaHHeM K-3JieKTpOHa BHyTpeHHeH KOH

BepCHH, 3aTeM npu 3anonHeHHH .D.hiPKH B K-o6onoqKe uc

nycKaeT C 60JihWOH BepO.IITHOCThiO xapaKTepHCTHqecKoe 

H3JiyqeHHe jwK = 0,96/ H ITOTOM ,D,eJIHTC.II. 

Konuqecrso 3aperacrpaposaHHhiX KBaHTOB Kal -a3ny

qeHH.H or pe3oHaHca 235 U c 3Heprae8 E i0 B cosna,D,eHHH 

C ,D,eJieHHeM MO:lKHO 3aiTHCaTb KaK 

i 17 i i aK i i 
ly{E) = --N cf>(E 0)aoftEyf3 wK[

1
-- ryr+Drr], /1/ 

2 +aK 

4 

r,D,e N- qacno .H.D.ep 235u Ha 1 eM 2, ¢(Eb)- qacno HeiTpo

HOB Ha 1 :JB, ITa,D,aiOII.\HX Ha o6pa3e:U 3a BpeMjf H3MepeHH.II, 
I r: I 

a 0 - ceqeuae B Ma~caMyMe pe3oHaHca, y f - wapaHa 

(n ,y f ) npouecca, r I - WHPHHa ,D,eJieHH.II' f f - 3$clleKTHBHOCTh 

perHCTpaUHH OCKOJIKOB ,D,eJieHH.II, fy- a6COJIIOTHa.H 3$clleK

THBHOCTh perHCTpaUHH y - H3JiyqeHH.II, a K - K03$cliHUHeHT 

BHyTpeHHeH KOHBepCHH Ha K- 060JIOqKe, W K- $JIIOopecueHT

HhiH BhiXO,IJ,, {3 - OTHOCHTeJibHhiH BhiXO,IJ, xapaKTepHCTHqecKOH 

JIHHHH Kal H D- K03tiltbauueuT, onHChiBaiOII.\HH cnyqau 1 H 2. 
B ,D,aJibueuweM y,D,o6Hee paccMarpusarh uopMaposaHHhiH 

BhiXO,IJ, peHTreHOBCKHX KBaHTOB I~ (x), ,D,aHHhiH OTHOWeHHeM 

li (x) = I'(E) [.E..N¢(E
0
i)f

1
]-1 . 

y y 2 /2/ 

3. 3KcnepuMeHmaAbHaJI annapamypa 

H3Mepeua.H rrpoBO.D.HJIHCh ua rrponeTuo8 6a3e .D.JIHHOH 

57 M peaKTopa HliP- 30, pa6oraiDmero B 6ycTepHoM pe:lKHMe 

c nuueHHhiM ycKopaTeJieM 3JieKTPOHOB, qTo o6ecrrequsano 

pa3peweHHe HeHTpOHHhiX pe30HaHCOB B ,D,Hana30He OT 2 ,11,0 

21 :JB. B KaqeCTBe MHWeHH H BMeCTe C TeM 6biCTporo ,D,e

TeKTOpa OCKOJIKOB ,D,eJieHH.II HCITOJih30BaJiaCb MHOrOCJIOHHa.H 

KaMepa ,D,eJieHH.II/8/ C TOJll.l.lHHOH CJIO.II 2 M2/CM 2,CO,D,ep:lKal.l.la.ll 

2 2 ypaua, o6orameuHoro H30TOITOM 235 ,11,0 900/o. 
Ha paccTO.IIHHH 2,5 eM or Kpa.H aKTHBHoro o6neMa 

KaMephl, BHe nyqKa HeHTpOHOB, pacnOJIO:lKeH ·KOaKCHaJihHhiH 

Ge ( Li ) ,D,eTeKTop c o6neMOM 7 CM, perHCTPHPYIDII.\HH y- KBaH

Thl B HHTepBaJie 3HeprHH 60-400 K:JB C pa3peweHHeM 

2,6 K:JB rrpH 3HeprHH 185 K:JB. 
CxeMa 3JieKTPOHHOH annaparyphi npuse,D,eHa Ha puc. 1 

H B rrpHHUHrre rrpe,D,cTaBJI.HeT co6o8 cxeMy 6blcTpo- Me,D,JieH

HhiX cosrra,D,eHHH. lihlcTphie speMeHHhle curuaJihl or Ge{ Li ) 
,D,eTeKTOpa tilopMHpyiDTC.II rrpH ITOMOII.\H ,IJ,HCKpHMHHaTopa CO 

cne.D..Hll\HM noporoM a rrocTynaroT BMecre c 6hiCTphiMH cur

uanaMH OT KaMe phi ,D,eJieHH.II, tilopMHpOBaHHhiMH ,IJ,HCKpHMH

HaropoM, Ha cxeMy 6blcTphlx cosna,D,eua8. 3KcrrepaMeH

TaJihHOe pa3peweHHe MrHOBeHHhiX COBITa,D,eHHH COCTaBJI.IIJIO 

15 HC. HMITYJihChl OT cxeMhl 6hiCTphiX COBna,D,eHHH HCITOJih-

3yiOTC.II B KaqeCTBe CHrHaJIOB ,D,JI.II BpeMeHHOrO KO,D,HpOBII.\HKa 
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H 0,1\HOBpeMeHHO ,1\JUI ynpaBJICHHJI aMDJIHTY.I\HbiM KO,I\HpOBIQH

KOM, KOTOpbiH Bblpa6aTbiBaeT KO,I\, COOTBCTCTBYJOII.tHH aM

DJIHTY.I\C YCHJieHHbiX HMDYJibCOB OT ,1\eTeKTOpa y -nyqeii. 

I 

8 1 T!C ,---------s 
I 

CA HAC ittterf•ce 

Puc. 1. llpUHflunua/lbHaJI cxeMa 3/lelallpoHuKu, P - npeoy
cUAumeAb, LA - AUHeUHbiU ycuAumeAb, ADC- aMnAumyOHbiU 
Kooupoer~~uK, TDC - epeMeHHoil Kooupoer~~uK, FA- 6blcmpbiU 
ycuAumeAb, FD - 6wc•pbiU oucKpUMUHamop, FC - 6blcmpoe 
coenaoeHue, D - :JaoepxKa, DD - ou(/jtjepeHIIUaAbHbiU oucK
puMuHamop, TAC - epeMJI-aMnAumyoHr.lil KOHeepmop, MOM
MOZHUIIlHbiU DUCK. 

0,1\HO perHCTpHpyeMoe C06biTHe 3aDHCbiBaeTCJI B BHAe 

CJIOBa, CO,I\ep~aiQero B KO,I\HpOBaHHOM BH,I\e BpeMJI DpOJieTa 

HCHTpOHa H aMDJIHTY.I\Y HMDYJibCa OT y-KBaHTa. llocTynaiO

IQHe KO,I\bl Hai<aDJIHBaiOTC.II B naM.IITH Manoii 3BMTPA- i, 

6 . 

• 

KOTOpaJI ynpaBJIJICT 3KCDepHMCHTOM. llOCJie Ha6opa 128 

KO,I\HpOBaHHbiX CJIOB HH$OpMaUHJI nepeHOCHTCJI Ha MarHHT

HbiH ,1\HCK. B Teqeuue Ha6opa HH$OpMaUHH npOHCXO,I\HT 

copTupoaKa enos a ynopJI,I\oqeuuyro MaTpuuy, co,I\ep~a~~.tyro 

512 BpCMCHHbiX H 1024 aMDJIHTY.I\HbiX KaHaJIOB. floCJIC 

npu6JIH3HTCnbHO 100- qacoaoro HaKonneHHH HH$OpMaUHH 

ynopJI,I\OqeHHbiC ,1\aHHbiC HHTerpupyroTCH B onpe,I\eneHHhiX 

HHTepaanax apeMeHH nponeTa, a peJynhTaTe nonyYeHHble 

aMnnHTY.I\HbiC cneKTphl, OTBCYaW~~.tHC ,1\aHHhiM HCHTpOHHhiM 

pe30HaHCaM, 3anHCbJBaroTCJI Ha MarHHTHyro neHTY 3BM 

1i3CM-4 ,1\nJI ,1\anbHCHlliCH o6pa6oTKH. 

0,1\HOBpCMCHHO C Ha6opOM HH$OpMaUHH Ha ,1\HCKC ,1\nH 

MOHHTOpHpOBaHHH npOH3BO,I\HnCH Ha6op BpeMn-nponeTHoro 

CnCKTpa HMnynbCOB OT KaMe phi ACnCHHJI Ha OT ACnhHOM 

4096-KaHanhHOM BpCMCHHOM aHanH3aTope. 

4. Pe3yAbmambl U3MepeHUJl u o6cyxoeHue 

BpeMJI-nponeTHbiH cneKTp COBllaACHHH OCKOnKOB ACne

HUH C raMMa-u3nyYCHHCM /Ev =- 40-400 K:JB/ noKa3aH Ha 

puc. 2, rAe npHBCACHhi TaK~e 3Hepruu HCHTP,OHHhiX peJo

uaucoB B :JB. AMnnHTYAHbJe cneKTpbl An» HeHTpoHHhJX pe

Jouaucoo 8, 78 u 12,39 :JB noKaJaHhJ ua puc. 3. BpeMH 

ua6opa TaKoro cneKTpa 6hino -110 '1. llpoBeAeHhJ ABC ccpuu 

H3MCpeHHH. 

3HepreTHYCCKaH Kanu6poBKa aMnnHTYAHhiX CllCKTpOB 

npOH3BOAHnaCh no H3BCCTHhiM nHHHHM CCTCCTBCHHOH )' -aK

THBHOCTH ypaHa B KaMepe ACneHHH. AficonroTHaJI 3qxpCK

THBHOCTh Ge ( Li ) ACTCKTopa onpeAennnaCh ila OCHOBC non

uoii aKTHBHOCTH H30Tona 2 :15 u B KaMepe Aeneuun. AMnnu

TYAHhJC cneKTphl crna~HBanHCh, H TaK KaK OTACnhHbiC 

y -nuuuu MO~Ho xoporno onucaTh ¢yuKuueii raycca c non

HOD rnupuuoii ua nonoouue BhJCOThJ FWHM, OAHHaKOBOH AnJI 

DCCX HCHTpOHHhiX J1C30HaHCOB, HHTCHCHB.HOCTb )' -nHHHH 
I 

onpeAenJinach ua ocuooe cooTHOlliCHHJI ly(E) = 1,06 FWHM· M, 
rAe M -MaKCHMYM cqeTa HaA rnaAKHM ¢ouoM . 

qucno cnyqaHHbiX COBnaACHHH npeue6pC)I{HMO Mano, 

TaK KaK CaMaJI CHnhHaJI nHHHJI C 3HcprHCH 185,7 K:JB, 
cyiQecTayroiQaJI B cneKTpe ecTeCTBeHHoii aKTHBHOCTH 

235 u, 
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KOTopa.a .aan.aeTc.a npeo6na.D.aiOII.\e:H .LJ.a)Ke B aMnnHTY.D.HOM 
CTieKTpe, H3MepeHHOM C nyqKOM HeHTpOHOB, HO 6e3 COBna
)l.eHHH C KaMepoii: )l.eneHH.H, B aMTillHTY )l.HOM CTieKTpe B COBTia
)l.eHHH He TIO.HBll.HeTC.H. 

BpeM.a-nponeTHhiH cneKTp HMnynhCOB OT KaMephi .D.ene
HH.H cny)KHn )l.n.H onpe)l.eneuu.a nnoll.\a.D.e:H A l OT .D.enLHhiX 
ueii:TpOHHhiX pe3ouaucoa. BMecTo aenuqnuhi A} Y.D.o6uee 
paccMaTpHBaTL uopMHpoaauuyiO nnoll.\a.D.L peJouauca 

i i [ 7T ( i ) ) -1 N = Af 2 N ¢ Eo ( f . /3{ 

TaK KaK c Y.D.OBneTBop.HIOII.\e:H ToquocTLIO no.D.TBep.D.nnocL, 
qyo uopMHpoa~uua.a nnoll.\a.D.L peJouauca Ni paau.aeTc.a ae
nuquue (a~ l j) )l.aHHOrO pe30HaHCa, 3a .quc.no aKTOB )l.ene
HH.H B )l.allhHeHWeM fipanaCb Benuquua (a~ 1·; ) . llOTOK HeHT
pOHOB H ero 3aBHCHMOCTb OT 3HeprHH OTipe)l.ell.HllHCb TipH 

6 L' ( 'l noMOII.\H peaKUHH 1 n, a ) · H . Benuquuy Ri ,onpe.D.en.aiO-
ll.\YIO BhiXO)l. peHTreHOBCKHX KBaHTOB (Ka 1) Ha O)l.HH aKT )l.ene
uu.a a oT .D.enLHhiX ueii:TpouuLIX pe Jouaucax ( Ri = It (E)/ A}), 
MO)KHO 3aTIHCaTb C TIOMOII.\biO OTHOWeHHH /2/, /3/ KaK 

i i 
I (X) aK 

I, 
R. = 

_r_ __ = s yf /4/ 
I 

air i l+aK 
WK---.- +B, 

r~ 
0 f f 

r.D.e S H B .D.n.H )l.auuoro H3Mepeuu.a .HBn.HIOTC.H KOHCTaHTaMH . 

UK i 
TaK KaK npoH3Be)l.euue ---WK l'yr H.D.eHTHquo cnap-

l+aK 

uuanLuo:H wupuuoil peuTreuoacKoro H3nyqeuu.a, 

' UK i I =---w f' 
x l+aK K yf 

/5/ 

Bhlpa)Keuue /4/ MO)KHO TaK)Ke JanucaTL 
ri 

Ri=S-~-+B. /4/ 
r• f 

llo 3aBHCHMOCTH OTHOWeHH.H R OT )l.enHTenhHOH WHpHHhl 
HeHTpOHHOro pe30HaHCa l ( MO)KHO Cy)l.HTh 0 CYII.\eCTBOBaHHH 
(n, y f) npouecca. llpu oTCYTCTBHH (n, yf) npouecca xapaKTe-
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pHCTHqeCKOe peHTreHOBCKOe H3nyqeHHe B03HHKaeT TOnbKO 

3a cqeT rrpon;eCCOB 1 H 2, H R 6y,!J,eT KOHCTaHTOH, He 3aBH

cHmeii oT oenaqHHbi f'r . B cnyqae, e,cnu (n,yf) rrpouecc 

cymecTByeT, oenaqaHa R )J,On:>t<Ha 6biTb li>YHKI.J;Heii rc H ,!l,nH 

qacTHoro cnyqaH, KOr.D.a fy f -= KOHCT ., R .D.OIDKHa 6b1Th 

rurrep6onuqecKoii 4JyHKUHeii 

c 
R t B /6/ rc 

r)J,e C (3 ~I' . = ( '. .' 
y X 

3HaqeHHe OTHoweHHH R; BhiqacnHnoch H3 HH~eHCHB~o9,T~ 
nHHHH 98,4 K3B(Ka 1 )a Ta6naqHhiX ,!l,aHHhiX a 0' , I'/ · 'J . • 

3aBHCHMOCTb 3KCIIepHMeHTanbHO rronyqeHHOrO 3HaqeHHH 

R; OT WHPHHbl )J,eneHHH r f H306pa)l(eHa Ha puc. 4. KaK 

0 

J,ooiNI:; 
6o•lj 

20~ A I\; 
I 

II\ l ! 

r 
f5 

tO 

Ill; 
5 

50 tOO 150 200 'fCM38] 

Puc. 4. 3aeucuMocmb 3KcnepuMeHmaAbHO noAyt~eHHozo 3Ha
t~eHWI om lUUpUHbl Oe/leHU.R ['f. 
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BH)J,HO,. 3KCIIepHMeHTanbHble TO'IKH Y.D.OBneTBOpJIIOT ranep-

6onaqecKOH 4JyHKI.J;HH /6/. 3Ha'leHHJI K034>4JHUHeHTOB C 
= /141,4±3,4/.10-3M3B a B = /7,7±1,2/.10 -3 6hmH on

pe,!l,eneHbi MeTO,!l,OM HaHMeHbWHX KBa,!l,paTOB. )J.nJI BenH'IHHbl 

x 2nony'leHbi 3Ha'leHHJI 3,6 ,!l,nJI B3BeweHHblX TO'IeK /cnnowHaH 

nHHHJI/ H 4,6 6e3 B3BeWHBaHHJI /WTpHXOBaHHaH nHHHJI/. 

EcnH Mbl rrpe,!l,nonO)I(HM, 'ITO R He 3aBHCHT OT rc ;ro nony'IHM 

BenaqaHy x2 
= 10,8. 3HaqeHHJI X2 nOKa3b1BaiOT, 'ITO npH 

ypOBHe 3HaqHMOCTH 10o/o HeT OCHOBaHHH OTBepraTb rHnOTe-

3Y 0 TOM, qTo 3KCIIepHMeHTanbHbie )J,aHHble MO)I(HO OIIHCaTb 

runep6onoii. C ,!l,pyroii cTopoHbl, npooepKa runoTe3bl, 'ITO 

,!l,aHHbie JIBnHIOTCH KOHCTaHTOH, He3aBHCHMOH OT rf , no

Ka3biBaeT, qTo TaKyiO rHnOTe3y C BepOJITHOCTbiO 80o/o MO)I(HO 

OTBeprHyTb KaK HerrpaBHnbHyiO. 

113 cpaBHeHHH BenH'IHHbl C, nony'leHHOH 3KCnepHMeH

TanbHO, c ee 3HaqeHHeM /6/, nonb3YJICb 3KcnepaMeHTanbHO 

onpe,!l,eneHHblMH KOHCTaHTaMH {3 H < Y' )J,nJI BenH'IHHbl < r X > Mbl 

nonyqanu 3HaqeHae ::::0,3 M3B. CnaHoooii 3aBHCHMOCTH He 

o6Hapy)l(eHo, TaK KaK nee pe3oHaHCbl, KpoMe O,!l,Horo, npu

Ha,!l,ne)l(a T COCTOJIHHIO 4 -. 
J13MepeHHaH TaKHM MeTO,!l,OM BenaqHHa < {' >)J,aeT 803-

X 

MO)I(HOCTb npH nOMOLQH 3Ha'leHHH -~K- /l5f,ycpe,!J,HeHHOrO 
1 +aK 

no cneKTPY y -nyqeif N y(E) ,rrpe,!l,wecTBYIOLQHX ,!l,eneHHIO, 

orrpe,!l,enHTh cpe,!J,HIOIO wapHHY ( n, y f) npouecca no 4JopMyne 

/5/. Cpe,!l,Hee 3HaqeHHe < ~_!__> orrpe,!J,enHnoC"b H3 cneKTpa 

l+aK 

N y( E), KOTOpbiH cqaTancH rrponopn;HoHanbHbiM npoH3Be.D.e

HHIO BepOJITHOCTH HCnycKaHHH y-KBaHTa H BepOJITHOCTH ne

pe xo,!l,a qepe 3 6apbep ,!l,eneHHJI w f /I ,2/. 

N (E) = w (E ) w. (B -E ) , 
y y y f n y /7/ 

r.D.e B - 3HeprHJI CBJI3H HeiiTpoHa HE - 3HeprHH y -I<BaH-
n Y 

Ta, rrpe,!l,WeCTBYIOIUero ,!l,eneHHIO. 

3aBHCHMOCTb BepOJITHOCTHwy (Ey)OT 3HeprHH Bbl'IHCnH

nacb no 4JopMyne: 

w ( E ) = A E 
2
L+ll M !2 

( B - E ) . 
Y Y Y Y p n Y 
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)l.nH Bhi'-IHCTICHHH HCllOTih30BaTIHCh MaTpH'IHhiC 3TICMCHThl, 

COOTBCTCTBymmue KaK OAHO'IaCTH'IHO~ MOACTIH Ba~CKOll~a 
•) 

tM r= KOHCT ., TaK H ruraHTCKOMY pe30HaHcy I M !2 = 
I ) •2 2 2 2 • 2 ,2 -1 , •y ' = E

1
1(E u-Ey) tEJ!l I c napaMe~pa¥H Eu = 8,70 M3B, 

I·= :2,2 M3B ATIH M 1 -nepexoAOB 1 10 H E u = 10,85 M3B, 
I' = 2,45 M:JB ATIH E 1- nepexoAOB ,'II /nnoTHOCTh ypooHe~ 
f! ( ~~~ -:E Y) BhiLJHCnHnach no ~opMyne )KunL6epTa- KaMepo

Ha 12, co cneAYKlmHMH napaMeTpaMH: a = 25,45 M:JB-1 , 
:JHCPI'HH cnapusaHHH P(N) + P (Z) = ,1,18 M:JB u a = 

·J 2 1·\ I !2 I 2 =6/r~· 0,146 A ... a' (8 11-Ey -1,18) ' · BBHAY Toro, 'ITO 

sepo~nuocTh ucnycKaHHH y -u3nyLJeHHH c MynhTHnonhHOCThm 

L' 1 cpasuHTCTibHO Mana, yLJHThiBanoch TonhKO AHnonLHoe 

H3TIYLJCIIHC. 

BepoHTIIOCTb nepeXOAa qepe3 6apbcp ACTICHHH Wf BW

'IHCTIHnacb npu noMomu ABYX pa3HWX 6apbepoo. B nepooM 

cnyqae Bhl\.fHCTIHTiaCh BCpOHTHOClh nepCXOAa 'ICpC3 OAHO

rop6hiH 6apbep no ~opMyne: 

wr(B -E) -l1-t-expi277(E 1.-B tE ),'h"' lt-
1 

/8/ 
n y n )' 

1 1"\ I 
c napaMeTpaMH · ·· Er = 5,90 M:JB, 11,., = 0,90 M:JB, 

B" = 6,46 M:JB. 
Opu Bbi'IHcneHHH oepoHTHOCTH nepexoAa qepe3 AByrop-

6LIH 6apbep HCllOTih30BaTIOCb Bhlpa)I(CHHC: 

P" Pu 
w 1.(B -E) 

n )' 
/9/ 

p-\ + p B 

rAe p A H p
11 

- 3Ha'ICHHH npOHHU.aCMOCTH nepooro H BTOporo 

6aphCpOB COOTBCTCTBCHHO. )l.nH paCLJCTa HCllOTih30BaTIHCh 

napaMeTphi 6aphepoo, B3.RThie H3 pa6oTL/ 1 1 ': E ,= 5,70 M3B, 
"h evA = 0,90 M:JB, E 11 = 5,68 M:JB, 11 '" 11 = 0,65 M:JB, 
B n = 6,54 M:JB. 

BBHAY Toro, 'ITO 6apbephi AeneHHH E \ H E 11 npuHaAne

)KaT OCHOBHOMY COCTO.RHHW KOMnayHA- HApa, HC06XOAHMO 

OU.CHHTh , HaCKOTihKO H3MCH.RTC.R llpOHHU.aCMOCTH ATI.R 6onee 

peanhHhiX 6apbCpOB, COOTBCTCTBymmue nepCXOAHhiM co-
+ + + + 

CTO.RHH.RM CO CllHHOM H 'ICTHOCThW j 77 = 2- , 3-, 4 -, 5 -. 
)J,n.R 3TOrO 6hin CACTiaH paC'ICT TaK)I(C ATI.R cnyqag, KOrAa 

6apLep E A noAHHManc.R Ha 1 M 3B, 'ITO npu6nH3HTenLHo 

COOTBCTCTBYCT llOTIO)I(CHHW 6aphepa C OTPHU.aTCTihHO~ 'ICT

HOCThlO. 
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CneKTPhi y -u3nyqeHHB, npe;:unecTBYIOll{He AeneHHIO, no

ny'leHHhle llpH llOMOll{H pa3HhiX paC'ICTOB, llOKa3aHbl Ha 

a K 
puc. 5. BenH'IHHhi < -- >,nony'leHHhle ycpeAHCHHeM qepe3 

l+aK 
COOTBCTCTBylOll{HC CllCKTphi, npHBCACHhl B ma6AUij€, rAe 

t 
Ni(E) ~ 

r 

10
2 

~ 

f 
I 

~r 
~ 

~ 
~ 

0 

/.,-."-... 

I . ..,.._, \ 
/ ' \ 
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L
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~~--~-L~~~----~ 

~00 400 600 800 1000 1200 Ey jrc:JB/ 

Puc. 5. Cnerc•pr.l y - U3Ay'leHUJI, npeoweclfleYIOfl#ezo oeAeHUIO, 
noAy'leHHbl€ npu nOMOU#U pa3HbiX pac'l€1fl06 /e OlfiHOCUifleAr.
HbiX eouHuijax/. El - zuzaHiflcrcuu pe3oHaHc El /nepexoo 
'lepe3 oeyzop6biU 6apr.ep/, Ml - zuzaHifiCKUU pe30HaHc M 1 
/nepexoo 'lepe3 oeyzop6biU 6apr.ep/, E 3 - KOHCiflaH111HbiU 
JWaJipU'IHbiU 3AeJWeH111 /nepexoo 'lepe3 ooHbzop6r.1u 6apr.ep/. 
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TaK)f(e · noKa3aHbi cpe~uue 3uaqeuB.II WBPBHbl ( n, y f ) npo

u;ecca, BblqBcJieHHble B3 OTHOWeHB.II /5/. TaK KaK B(n,yf} 

npou;ecce BMeeTC.II 60JibWOe qacJIO OTKpbiTbiX KaHaJIOB, 

MO)f(HO O)f(B~aTb TOJibKO He3HaqBTeJibHbie l}lnyKTyau;BB 3Ha

qeHBH l y f OKOJIO cpe~uero 3HaqeHB.II < ly f > B Ha OCHOBe 

~auublx Ta6nHu;bl c~enaTb cne~yiOID;Be 3aKnroqeua.H: 

a/ 3uaqeHH.II <-~> ~JI.II onpe~eneHHoro TBna nepexo-
1 + aK 

~a He .IIBJI.IIIOTC.II oqeHb qyBCTBBTeJibHbiMB K l}lopMe y - ClleKT

pa. 

6/ TaK KaK<f' f >~OJI)f(Ha 6biTb MeHhwe HJIB paBHa MB-
- y - ~ HHMaJibHOH H3MepeHHOB WBpHHe lf, KOTOpa.ll B BCllOJib30· 

BaHHOH HaMH 06JiaCTH 3HeprHH HeHTpOHOB B 20~ CJiyqaeB 

MeHhWe 20 M:JB, Me:>K~Y Y -nepexo~aMB, npe~eCTBYIOID;HMH 
~eneHHIO, ~OJI:>KHbi npeo6na~aTb nepexo~bi THna Ml. 

B/ HecMoTp.ll Ha Heonpe~eneHHOCTH B BbiCOTe 6apbe

pOB ~eJieHH.II, COOTBeTCTBYIOID;eH nepexO~HbiM COCTO.IIHB.IIM 
+ + + + 

CO CllHHOM 2-, 3 -, 4- H 5-, HeH3BeCTHOCTH 3aBBCHMOCTB 

MaTpBqHoro 3JieMeHTa Ml-nepexo~a oT 3HeprHH BHeB3BecT

HOCTH OTHoweHH.II BKJia~oB nepexo~oB TBna Elu Ml,Mo:>KHO 

cqHTaTb, qTo ~eHCTBHTeJibHOe 3HaqeHBe BeJIBqBHbl <f'y f >ua

XO~BTC.II B 06JiaCTH OKOJIO 4 M3B. 

5. 3aK/l10'leHue 

llpe~BapHTeJibHble pe3yJibTaTbl llOKa3biBaiOT, qTQ BbiXO~ 

peHTreHOBCKHX KBaHTOB Ha O~HO ~eJieHHe .11~pa235U HeHT· 

poHaMH He .IIBJI.IIeTC.II BeJIHqBHOH llOCTO.IIHHOH npH nepexo~e 

OT pe30HaHCa K pe30HaHCy. 3TO 06CTO.IITeJibCTBO MO)f(eT 

6b1Tb 06'b.IICHeHO CyiD;eCTBOBaHBeM ( n, y f ) npou;ecca Ha 

.11~pe 235 u . 3KcnepBMeHTaJibHbie ~aHHhie B npoBe~eHHhle 
pacqeTbl noKa3biBaiOT, qTo y -nepexo~bi, npe~ecTBYIDIUBe 
~eneHBIO, npHHa~ne:>KaT B 6oJibWBHCTBe cnyqaeB nepexo~aM 

THna Ml H qTo ou;eHKa WHPBHbl <~r > "'4 M:JB. ToT l}laKT, 

qTo ( n, y f) npou;ecc ua .11~pe 235 U noKa He 6hiJI o6Hapy)f(eH 

B qTo llOBbiWeHHe BbiXO~a peHTreHOBCKHX KBaHTOB qyBCTBy

eTC.II y:>Ke Y pe30HaHCOB C If :; 50 M:JB, CBB~eTeJibCTByeT 
0 TOM, qTo npe~JIO:>KeHHbiH HaMH MeTO~ ~JI.II 06Hapy)f(eHB.II 
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(n, y f) npou.ecca HaMHoro 4YBCTBHTenbuee, 4eM ,IJ.O cox nop 
HCll0ilb30BaHHbie MeTO,IJ.HKH, OllHpaiOlli,HeCH Ha H3MepeHHe 
MHO:>KeCTBeHHOCTH y -KBaHTOB, cpe,IJ.HeH 3HeprHH HnH Cpe,IJ.

Hero 4HCna HeHTpOHOB. 

B 3aKmo4enue aBTOpbi Bbipa:>KaiOT 6naro,IJ.apuocTb 
Jl.li.llHKenbHepy 3a u.eHHbie ,IJ.HcKyccuu H coBeThi, M.M.Ca
naMaTHHY u A.MaTeeBOH 3a nporpaMMHoe o6ecneqeuue 
cucTeMbi, B.C.Turnuuy, A.A.Iior,IJ.3eniO, IO.M.Konruuy H 
H. 4HKOBY 3a yqacTHe B OT,IJ.enhHbiX :nanax pa6oTbi. 
Mbi npH3HaTenhHbi TaK:>Ke lO.ll.llonoBy u M.BunhrenhMY 

3a none3Hble ,IJ.HCKYCCHH. 
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