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AHanHa ceqeHHA neneHHR,ycpenHeHHhl~ no aHepreTHqecKHM HHTepBanaM, 

KOTOpb!e conep:lKaT JlOBOJlbHO 6onbWOe qHcno pe30H8HCOB 0 MO:lKHO npoBOJlHTb
0 

npHMeHRll aBTOKOppenliUHOHHYIO TexHHKy I 1 I. npH 9TOM BhiHBnHeTCH nepHJlHq

HOCTb B XOJle ceqeHHH neneHHR 235U H 239Pu l2,81. 06'hHCHHTb TaKyiO 

lleflHOJlHqHOCTb 06hiqHh!MH nopTep-TOMaCOBCKHMH ~nyKTyaUHHMH pe30HaHCHhiX 

napaMeTpoB HeB03MO:lKHO. nonbiTKH npHBJieqb K aTOMY rHnOTe3y CTpyTHHCKOro 

0 cyweCTBOBaHHH BTOporo MHHHMyMa B 38BHCHMOCTH llOTeHUH8JlbHOii aHeprHH 

Hnpa oT ero ne~opMauHH 141 npHBenH K npennaraeMoMy aaanHay ycpenaeHHhiX 

ceqeHHii neneHHR 
235 u :u 

239 
Pu HeATpoHaMH c sHepr:uea no"' 2000ss • 

EcnH nBe noTeHuHanbHhie HMhi nocTaToqao rny6oKH :u BHyTpeHHHH aHep

rHH B036y:lKJleHHH BO BTOpoft liMe OTHOCHTenbHO HeBeJIHKa, B Heft MoryT cy

W8CTBOB8Tb B036y:lKJl8HHbl8 COCTOHHHH COCTaBHOI'O R.r:tpa 15,61. HaaoBeM, 

cornaCHO l51, B036y:lKJl8HHhie COCTORHHll COCTaBHOrO liJlpa BO BTOpoft llOTeH

UHanbHOii HMe COCTOHHHHMH BTOporo THna, a B036y:lKJleHHhie COCTOliHHH COCTaB

Horo HJlpa B nepBOii liMe - COCTOHHHliMH nepBoro THna. nnoTHOCTb COCTOHHHii 

BToporo THna 3HaqHTenbHO MeHbWe nnOTHOCTH 06b!qHhiX pe30H8HCHhiX COCTOH

HHii ( H3-3a MeHbWei!: rny6HHhl llOT8HUH8JlbHOii HMh!), a BepOHTHOCTb neneHHH 

C TaKoro COCTOHHHH 60JibWe (TaK JlJIH neneHHH B STOM cnyqae CyWeCTByeT 

TOJlbKO BTOpOii 6apbep), 

CneKTp nepeXOJlHhiX COCTOHHHii nenHWHXCH Hnep npH KpHTHqeCKOii nemop

~ npencTaBneH s 
151. lleneHHe 

235U H 239Pu HeATpoHaMH c l=O npoHc-
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xoAHT 'lepe3 orpaHH'IeHHoe 'IHCno KaHanoB. B 235 U KaHan K = 0 , !" = 3 -

ne)!(HT Ha 0, 7 M 9B HH)!(e 9HeprHH CBSI3H, a KaHan hi c K = 1 , ] 17 = 3-, 4 -
239 TT + 

IlOA6apbepHbie. nnSI Pu KaHan K = 0 • J = 0 ne)!(HT Ha 1,6 M aB HH)!(e 

17 + 
aHepi'HH CBSI3H1 a KaHan K = 1 , J = 1 He3Ha'IHTenbHO npeBbiUiaeT aHep-

I'H!O CBSI3H, neneHHe qepe3 BTOPOH KaHan SIBnSieTC51 IlOA6apbepHbiM, MO)!(HO 

npeAnonO)!(HTb 1 'ITo B HApax 235 U H 
239 Pu B Tex KaHanax, KOTOpbie 'lac

TH'IHO OTKphlThl AnSI AeneHHS1 1 IlpOHBSITCSI ypOBHH BTOpOI'O THila H COOTBeTCT

BeHHO B Ce'leHHH AeneHHSI 6yAeT Ha6nJOAaTbCSI rpocC-CTpyKTypa, 

HaMH 6bm npoBeAeH aHanH3 cetieHHR AeneHHSI 235 U H 
239 Pu B 

o6naCTH Hepa3peiiieHHbiX pe30HaHCOB Ha OCHOBe npellCTaBneHHH 0 TOM, 'ITO B 

9KCilepHMeHTanbHO Ha6moAaeMoe Ce'leHHe AaiOT BKnaA 8TH ABe CHCTeMbl ypoB

HeH, YpOBHH nepBOI'O H BToporo THila B3aHMOAeHCTBY!OT Me)!(AY co6oli, 'ITO 

IlpHBOAHT K MOAYnRUHH AenHTenbHOH IIIHpHHb~ HHAHBHAyanbHb!X pe3oHaHCOB, 

0 6'bSICHeHHe CTpyKTypbl B IlOA6apbepHOM AeneHHH Ha OCHOBe npeACTaB

neHHR 0 ABYX B3aHMOAeHCTBy!OlliHX Me)!(Jly co6oli CHCTeMaX ypOBHeli AaHO 

/567/ 17/ 
B • ' • M bi Hcnonb30BanH npeAno)!(eHHbie B pa6oTe Bbipa)!(eHHSI: 

A 

yEa (E) = cg I. 
r onj r II 

2 1 ,. 2 
(E. -E) + -(r ) 

1 4. I 

1. 

-. A r,l Ali r,. = r,. + I 
1 1 l 

E 2 1 2 (k-EJ+-;r,k 

(1) 
2. 

A 

r. = r + r + r 
1 nj yi fi 3. 
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~ 
) ; 3AeCb c = 6-52.10 Ak;= Hk 1 H ik - KBaApaT 9ne-

MeHTa MaTpHUbl B3aHMOAeHCTBHSI Me)!(Jly ABYMH SIMaMHi g - CllHHOBblH CTa-

THCTH'IeCKHH !flaKTop; rn i , r y i , r/i - HeliTpOHHaH, paAHaUHOHHaSI H AenH-

TenbHaR WHpHHbl ypoBHeA B nepBOH SIMe; r f l - AenHTenbHaSI WHpHHa 

ypoBHeli BO BTopoA HMe; E i H E k - MecTonono)!(eHHSI ypoBHeA B nepBoA 

H BO BTOpOH 51MaX COOTBeTCTBeHHO, 

B paMKax 9TOH MoaenH ce'leHHe aeneHHSI npeAcTaBnHeTcH cyMMOH tine

HOB 6peliT-BHI'HepOBCKOI'O BHAa, COOTBeTCTBy!OWHX ypOBHSIM IlepBOI'O THila, 

aenHTenbHaR UIHpHHa Ka)!(AOI'O ypOBHSI MOAynHpyeTCSI 3a C'leT B3aHMOAeHCT-

BHSI C ypOBHSIMH BTOpOI'O THna, 
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Bbma HccneAoBaHa B03MO)!(HOCTb onpeAeneHHR napaMe~ 

BTOpOI'O THila nyTeM IlOAI'OHKH Bb!pa)!(eHHSI ( 1) K 9KCilepHMeHT~ 

AaeMOMY CetieHH!O, 

TipoueAypa noArOHKH ocymecTBnHnacb cneAyJOWHM o6pa3o1 

raeM, 'ITO paCCTOSIHHH Me)!(J:Iy ypOBHSIMH BTOpOI'O THila pacnpeA• 

KOHY BHrHepa, a pacnpeAeneHHe AenHTenbHbiX IIIHPHH 9THX YPOE 

X 2 
pacnpeAeneHHeM c 'IHcnoM cTeneHeli CBo6oAbi v = 1 • B p. 

MOM 9HepreTH'IeCKOM HHTepBane HaXOAHTCSI OllpeAeneHHOe 'IHCn 

BToporo THna. HaxoaHM k nceBAocny'la!iHhiX 'IHcen, noa'IHH51IOU 

AeneHHIO BHraepa, H k nceBaocny'laliHbiX 'IHcen, ITOA'IHHHIOlliH:ll 

neHHJO TiopTepa-ToMaca. CtiHTaH nepBbie k - 'IHCna paccTORI 

ypoBHSIMH H BTOpb!e k - 'IHCna aenHTenbHb!MH IIIHpHH8MH STHX : 

C'IHTbiBaeM ce'L!eHHe AeneHHH cor nacHo Bbipa)!(eHH!O ( 1). TiapaM 

AYanbHb!X pe30HaHCOB IlpHHHMae M paBHbiMH HX cpeAHHM 3Ha'l 

AeneHHbiM B /8/ • Tiony'leHHbie TaKHM o6pa30M 1 a TaK)!(e 9KCil 

3Ha'leHHSI ycpeAHSI!OTCSI ITO aHepreTH'IeCKHM HHTepBanaM W E 

cyMMa KBaApaTOB OTKnoHeHHli paC'IeTHbiX cpeAHHX ceqeHHH OT 

TanbHO Ha6nroAaeMhiX. TipH pactieTe ceqeHHR y'IHTbiBaeTcH alP¢ 
HHSI B IlpeAUOnO)!(eHHH 1 'ITO lf!YHKUHSI pa3peUieHHSI raycCOBCKaR 

HOi!: 70 MKCeK /9/ o 

3Ta npoueAypa IlpOBOAHTCSI An51 pa3HhlX 3Ha'leHHH BenH'I 

TaK)!(e B npeAITOnO)!(eHHH 1 'ITO ypOBHH BTOpOI'O THila HMelOT 

3Ha'leHHe CllHHa. 

TaKoi!: aHanHs 6bm npHMeaea K ce'leHHJO AeneHHH 

239 
Pu I 11/ B o6nacTH 9HeprHH aeATpOHOB oT 0 AO 2000 9B, 11F. 

HeHHSI W paBHSinCSI 60 9B, 3Ta BenH'IHHa H BenH'IHHa IlOnHOI 

MOI'O HHTepBana = 2000 9B IlOA6HpanHCb TaKHM 06pa30M 1 'IT06b 

pa3peweHHH 40-55 HCeK/M B HHTepBan W BXOAHnO AOCTa~ 

'IHCno 9KCnepHMeHTanbHbiX TO'IeK ( se MeHbWe Tpex). 

Pe3ynbTaTbi npoBeAeHHOro aaanH3a MO)!(HO cyMMHpoBa 

o6pasoM. 
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Bbma HccneaoaaHa aoaMo:IKHOCTb onpeaeneHHSI rrapaMeTpoa ypoaaea 

aToporo THIIa IIyTeM liOJli"OHKH ab!pa:IKeHHH ( 1) K SKCIIepHM9HT8.1lbHO Ha6mo
aaeMoMy C9'19HHIO. 

ITpoueaypa rroaroHKH ocymecTansrnacb cneayromHM o6paaoM. ITpearrona

raeM, 'ITO paCCTOHHHsr M9:1KJly YPOBHHMH BTOporo THna pacnpeaeneHbl IIO aa

KOHy BHrHepa, a pacnpeaeneHHe Jl9.1IHT9.1lbHb!X illHPHH STHX YPOaHetf sransreTcsr 

)( 

2 

pacnpeaeneHHeM c 'IHC.IIOM CTeneHett cao6oabi v = 1 • B paccMaTpHaae

MOM SHepreTH'I9CKOM HHTepaane HaXOJlHTCsr onpeaeneHHOe 'IHC.IIO k ypoaHett 

BToporo THna. HaxoaHM k nceaaocnyqatfHbiX 'lHcen, noa'IHHsrromHxcsr pacnpe

aeneHHIO BHrHepa, H k nceaaocnyqafiHbiX 'lHcen, noa'IHHsriOmHxcsr pacnpeae

neHHIO ITopTepa-ToMaca. C'!:HTasr rrepabie k - 'l:Hcna paccTOSIHHHMH Me :~Kay 
ypoBHHMH H BTOpbie k - 'IHC.Ila ll9.1IHTenbHbiMH illHpHHaMH STHX ypoaHett, pac

C'IHTbiBaeM ceqeHHe aeneHHsr cor nacHo Bbipa:IKeHHIO ( 1). ITapaMeTpbi HHJlHBH

ayanhHbiX p930HaHcoa llpHHHMaeM paBHbiMH HX Cp9JlHHM 3Ha'l:9HHHM, OIIpe

aeneHHb!M B /8/• ITony'I9HHb!9 TaKHM o6pa30M
0 

a TaK:IKe SKCII9pHM9HTa.llbHO 

3Ha'leHHsr ycpeaHHIOTCsr no SHepreTH'I9CKHM HHTepaanaM W H abi'IHC.IISieTCSI 

CYMMa KBaapaToa OTK.IIOH9HHtf p8C'I9THb!X Cp9JlHHX C9'19HHtf OT SKCnepHMeH

TB.IlbHO Ha6nroaaeMbix. ITpH pac'l:eTe ceqeHHsr Y'IHTbiaaeTcg SIP«PeKT paaperne

HHsr a IIpeanono:IKeHHH, 'ITO «flYHKUHSI paaperneHHSI rayccoBCKag C liO.IIYillHPH
HOtf 70 MKCeK /g/• 

8Ta rrpoueaypa rrpoaoaHTCSI anSI paaHbiX aHa'l:eHHti aenH'lHHbi A 
4

; , a 

TaK:IKe a IIp9JlliO.IIO:IK9HHH, 'ITO YPOBHH BToporo THIIa HM9IOT OIIpeaeneHHoe 
3HB'I9HHe CliHHa. 

Taxoa aHanHa 6bin rrpHMeHeH K ce'l:eHHro aeneHHSI 235 U I 10/ H 
239 11 

Pull a o6nacTH sHeprHH HetiTpoHoa oT 0 ao 2000 sa. MHTepaan ycpea

HeHHsr W paaHsrncsr 60 sa. 8Ta aenH'IHHa H B9.1IH'IHHa IIO.IIHOJ"O aHanHaHpye

MOJ"O HHTepaana "' 2000 sa liOJl6HpanHCb TBKHM o6paSOM, 'IT06b! IIpH HanH'IHOM 

paaperneHHH 40-55 HCeK/M a HHTepaan W axoaHno JlOCTaTO'IHO 6onblUOe 

'lHcno SKCIIepHM9HTanbHb!X TO'IeK (He M9Hbille Tpex) • 

PeaynbT8Tb! IIpoaeaeHHOJ"O aHanHaa MO:IKHO CYMMHpoaaTb C.ll9JlYIOIUHM 
o6paaoM. 
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239Pu • Ce~eHHe aeneHHH B o6naCTH 3HeprHH aeATpoHoB ao 2000 3B 

MO:lKHO OIIHC8Tb Bb!p8:lK9HH9M THIIa ( 1) B IIpearrono:JKeHHH1 ~TO CIIHH ypOB

HeA BTOporo THII8 paBeH 1, 3Ha~eHHe BenH~HHbl A l j 1 COOTBeTCTBYJOWee 

aaHny~weli rroaroHKe, pasao 40 3B, MecTorrono:JKeHHH yposaeli BToporo THrra 

E; = 98; 265; 531; 1017; 1394; 1897; 2232 3B 1 HX aenHTenbHbie WHpHHbi 

r,i = 9,87; 1,10; 8,36; 10,78; 7,71; 11,21; 14,42 36, 

Cpeaaee aHa~eHHe paccTOSIHHH MeJKay ypoBHSIMH paBHo 318 3B, a cpea

HHSI aenHTenbH8S! WHpHH8 - 7,02 36, Ha pHC, 1 IIOK838HO Cp8BH9HHe xoaa 

ycpeaHeHHbiX ce~eHHii, paCC'IHTBHHblX H3 3KCIIepHM9HTanbHOrO (a) 0 H IIOCTpo

eHHOrO no yKaaaHHoli npoueaype ce~eHHR B npearronoJKeHHH, ~To cnHH ypos-
+ 

Heft BTOporo THIIa paBeH 0 (6) H B npeanonoJKeHHH 0 ~TO CIIHH ypOBHeA BTO-
+ 

poro THna paeeH 1 (e). 

nony~eHHbi9 H8MH MeCTOIIOnOJK9HHS! ypoBHeA BTOporo THIIa XOpOWO COB

rraaaJOT C 3HeprHHMH rrepHOaH~eCKHX IIOBbiWeHHA, IIOHBnHJOIIIHXCS! B ce~eHHH 
239 

aeneHHH Pu , H3MepeHHoro c BbiCOKHM paapeweaHeM H MHWeHbJO, ox-

na:JKaeHHOA ao TeMrrepaTypbi :JKHaKoro aaoTa I 121. EonbWHHCTBo H3 HHX 

cosrraaa10T H c peaynbTaTaMH rroao6Horo aaanuaa, KpaTKoe coo6meaHe o 

KOTOpO M IIpHBeaeHO B I 181, nony~eHHbie H8MH aenHTenbHbie WHpHHbl HH:JK91 

a eenH~HHa MaTpH~Horo 3neMeHTa cBH3H ypoBHeA rrepeoro H BToporo THrra 

BbiWe rrpHBeaeHHoA B 
1181• CpaBHeHHe 3THX peaynbTaToB c aawHMH, oaaa

~· 38TpyaHHeTCS! T9M 0 'ITO B 3TOii pa6oTe IIpHMeHeHa HHTepnpeTaUHS! rpoc-
• 161 

CTpyKTypbl IIO BHrMaHy • 

235U • Ce~eHHe aeneHHH 
ns 

U B o6naCTH 3HeprHH HeATpO~OB ao 

2000 3B yaanocb orrHcaTb B paMKax rrpeanaraeMoA MoaenH B rrpearrono:JKe

HHH, ~TO ypOBHH BTOporo THIIa IlpOHBnH!OTCS! B 060HX CIIHHOBbiX COCTOS!HHS!X 
235 

COCT8BHOrO Hapa, IIOny~eHHOrO npH 38XBaTe S -HeliTpOHOB SiapoM U 
HaHny~waSI rronroaKa ocymecTBnSieTcH rrpH aaa~eHHH A 11 = 15 3B. MecTo

nonoJKeHHH ypOBHeA BTOporo THIIa £; = 179; 287; 526; 700: 807: 970; 

1214; 14 72: 1788; 2002 3B H HX nenHTenbHbie WHpHHbl r f; = 12,0 i 15,5; 

84;0; 9,0; 18,6; 10,9; 130,0; 92,0:, 78,0; 59,0 3B, Cpenaee paccToSIHHe MeJK

ay ypoBHHMH paeao 204 3B H cpeaHHR nenHTenbHaR IIIHpHHa 50,9 3B. Ha 

puc. 2 rrpHeeaeao cpaBHeHHe xona ycpeaaeHHbiX ce~eHHA, pacc~HTaHHbiX H3 

6 
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aKcrrepHMeaTan&aoro ceqeaHs (a) H H3 rrocTpoeaaoro rro yKaaaaaoA rrpoueay

pe B rrpearrono~eHKH, qTo ypoBHH BToporo THrra rrpoasns~TCH Ton&Ko B coc

TOHHHH COCTaBHOrO aapa CO CITHHOM 8- (6), qTo ypOBHH BTOporo THna 

npOHBnHIDTCH TOnbKO B COCTOHHHH COCTaBHOrO Hapa CO CIIHHOM 4- (s) H 

qTo ypoBHH BToporo THna IIpOHBnH~CH B OOOHX CIIHHOBhlX COCTOHHHHX COC

TaBHOrO Hapa ( r). 

nonyqeaaag aaMH aenHTen&aaa wHpHaa yposaeA BToporo THna corna

cyeTcH c oueHK8MH aToA senHqHH&I, npHBeaeHH&IMH B I 14/. 

B aaKniDqeaae aBTop&I B&Ipa~a~T rny6oKyiD npH3HaTem.aocTb npocflec

copy ~.n. llianapo 3a nnoaoTBOpHhle oocy~eHHH H K. CeHTHpMaA 3a rroMom& 

npH pacqeTax. 
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Y CJIOBHJI 06MeH8 

nperrpHHTbl H COOOilleHHSI 0115111 p8CCbin8~TCH 5ecrrnaTH0 1 

HMHOrO OOMeHa,yHKBepcHTeTaM, HHCTKTyTaM, na6opaTOpKSIM1 

aayqH&IM rpynnaM K oT.aen&HbiM yqea&IM 6onee 50 cTpaa. 
nonyqaTenSIM H3.08HHH 0115111 rrpe,aocTaBnSieTCSI B03MO~HOC 

HBHTb HHHUKaTKBY B 6ecrrnaTHOH ITOCbinKe ny6nHKaUHA B llyo 
o6MeHa rrpHHKMaiDTCSI Hay"''Hble KHHrli 1 ~ypa:anbi 1 npenpKHTbl 
nyonBKaUKH rro TeMaTBKe OYIHYI. 

E.aKHCTBeHHbiH BH.O rry5nBKauHA, KOTOp&Ill: HaM rrpKC&InaT 
9TO perrpKHTbl { OTTHCKII CT8TeH 1 y~e orry5nHKOBaHHbiX B H8Y"''I 

tl pSI,ae cny"''aeB Mbl C8MH o6pawaeMCH K H8Y"''HbiM y"''pe» 
6onee KpyrrHhlM nony"''aTenaM HamBx Ha.aaHHR - c rrpoc&6on 6 
cnaTb H8M K8KKe-nH60 KHHrH KnH BbiriHCaTb ,ang Harnett 6n6nE 
~ypHanbi1 K3,[J.a~.lllHeCH B HX CTpaHaX, 

0T,QeJibHble 38Dp0Chl 

11anaTenbCKHH oTnen e~ero.aHo B&monHHeT oKono 3000 oTJ 
coB a:a BbiCbinKY H3.08HHll: Ol1Hl1. B TaKKX aarrpocax cne.aye 

yKa3biBaTb HH,[J.eKC aanpalliKBaeMoro H3.0aHHHo 
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