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faurpCKHH JO.n. P6 - 10455 

Q6pa30B8HHB H30MBpOB ~OpMN B RnepHWX pe8KUHRX 

11 npH /1-pacnaJe 

06Cy*:l8~TCR 38KOHOMBpHOCTH o6pa30B8HHR H30MBpOB ¢opMW (CITOH

T8Jifl0 nenRWHXCR H30MBpOB) B RJBpHblX peaKUJIRJ\. II I1pll {3 -pacrrane. !!3 

H3MBpB11HUX H8 OITWTB BBpOATf!OCTei1 o6pa30B8HHR 1!30MepOB nonyqei!W 3Ha

·~BHHR ~aKTOpOB 3arrpera ,JnR ITepBXOllOB, CBA3811Hl,JX C 1!3MBHBHI!BM ~OpMl·l 

Rnpa. AuaHH3HpyercR aaBJJCt!\!OCTb ¢aKropoB 3anpera or MaCcH fl aapRIW 

Rnpa, 3Hepnw no36Y"'i1BHHR, npHpon~>r ypoBHeii. 

Pa6ora BbrnOnHeHa B Jla6oparopH11 RnepHbJX peaKUI1i1 Oll5H!. 

llpenpBRT 061.e.!UIBeRHOrO HHCTBTYT& A.llepRWX RCCJJe.llO&aBBI. JlY6a& 1977 

Gangrsky Yu.P. P6 - 10455 

Production of the Shape Isomers in Nuclear 
Reactions and at ~-Decay 

The regularities of the production of shape isomers 
(spontaneously fissioning isomers) in nuclear reactions 
and at N-decaya are discussed. From the experimentally 
measured probabilities of the isomer production there 
were obtained the values for the hindrance factors for 
transitions connected with the change of the nucleus 
shape.Tl1e dependence of the hindrance factors on the 
nucleus mass and charge, on the excitation energy and 
the level nature is analysed. 

The investigation has been performed at the 
Laboratory of ~uclear Reactions, JINR. 
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B uenoM pJI,ne JI,nep, cl>opMa KOTophiX 6nH3Ka K ccl>epuqe

CKOH, Ha6mo,naiOTCJI poTalJ,HOHHhie ITOnOCbl, T. e. CHCTeMhl 

ypoBHeH, CBJI3aHHble C 6onhillOH .necPOpMaiJ,HeH. 3TO 03Ha

qaeT, 'ITO B JI.IJ;pe MO*eT HMeTh MeCTO CocymecTBOBaHHe 

.IJ;BYX cPOPM, C Ka*.IJ;OH H3 KOTOPbiX CBJI3aHa CBOJI CHCTeMa 

ypOBHeH. llepeXO.IJ;bl Me*.IJ;Y ypOBHJIMH pa3HhiX CHCTeM 6y.u.yT 

COITpOBO)I(.IJ.aThCJI H3MeHeHHeM cPOPMbl JI.IJ.pa H IT03TOMy MoryT 

6b1Th Ja.u.ep*aHbl. B HeKOTOpbiX JI.IJ.pax H3MepeHbl Kaa.u.py

nonhHble MOMeHTbl PJI.D.a ypoaHeif o6eux cHcTeM, a TaK)I(e 

ITpHBe.IJ.eHHhie BepOJITHOCTH nepeXO.IJ.OB Me)I(.IJ.Y ypOBHJIMH pa3-

HhiX CHCTeM. 3TO IT03BOnJieT nony'IHTh KOHKpeTHhie 3Ha'leHHJI 

cPaKTOpOB 3anpeTa .IJ.nJI pa3nH'IHWX H3MeHeHHH .u.ecl>opMaQHH 

JI.u.pa. 

TaKHe cny'laH npe.u.cTaaneHhi a ma6A. 1. YKa3aHhi 3Hep-

Ta6Aut~a 1 
3anpeThl .D.nJI pa.u.HaQHOHHbiX nepeXO.IJ.OB Me)I(.IJ.Y COCTOJIHHJIMH 

C pa3JIH'IHOH .u.e«iJopMaQHeH 

R.u.po E* 17i Oo fl EA' 8(£,{) 
K3B ~-6apH B(EA')'IN 

+2~ !520 2+ 0, 66 ("r) /20/ 0,20 E2 IO /20/ 
I840 o*" I,28 (T) /20/ 0,38 

Hs, 0 2.~ 0,34 (a) II/ O,I2 E1 s.ro-6 /2I/ 
68 ~- 0,80 (T} / 2I/ 0,28 

Hr; 0 ~- 0,04 (a.) III ,...o Et 5.ro-6 1221 
744 ~+ I,I7 (TJ/22/ 0,33 

7~e G35 2-+ I,05 (-z.)/23/ 0,!6 
£2 14 /25/ 

854 o+ I,OO ( Tj/24/ 0,28 

(IS{. 
0 .9~+ I 5 ( tl} /I/ 0,12 E2 -" 94! -¥.2+ 2:6 c~/26/ 0,22 I /27/ 

a- MeTO.D. aTOMHbiX ny'IKOB 

r - 34>4leKT peOpHeHTaQHH llpH KynOHOBCKOM B036Y)I(.IJ.eHHH 
r - H3MepeHHe apeMeH *H3HH ypoaHeif poTaiJ.HOHHOH no-

nocbl. 
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rHH ypOBHeH, HX CITHHbl H 'leTHOCTH, 3Ha'leHHJI KBa,LJ,pyiTOJIL

HbiX MOMeHTOB /B CK06KaX yKa3aH CITOC06 H3MepeHHJI/ H 

napaMeTpOB ,LJ,elbopMaUHH, a TaK:>Ke OTHOWeHHe ITpHBe,LJ,eHHOH 

aepoJITHOCTH nepexo,LJ,a K O.D.HO'IaCTH'IHOH. H3 ma6A. 1 BH.D.HO, 

'ITO HecMoTpJI Ha 3aMeTHYIO pa3HHUY .D.elbopMaUHH I 11{3= 
=0,1 - 0,3/ 3anpeT ,ll,JIJI pa,LJ,HaUHOHHbiX nepeXO,lJ,OB npaKTH· 

'leCKH OTCYTCTByeT /3Ha'leHHJI B(E2) COCTaBJIJIIOT HeCKOJILI<O 

O,lJ,HO'IaCTH'IHbiX, a 3Ha'leHHJI B(El) TaKHe :>Ke, KaK ,AJIJI nepe

XO,ll,OB Me>K,LJ,y HH::>KHHMH COCTOJIHHJIMH JI,ll,ep/. 3TO 03Ha'laeT 

CHJILHOe nepeKpLITHe BOJIHOBLIX liiYHKUHH ypOBHeH o6eHX 

CHCTeM. 

B TJI>Kenhlx JI,LJ,pax ;z ::::_ 92/ HMeiOTCJI H3oMepHble co

CTOJIHHJI, OCHOBHLIM CITOC060M pacna,LJ,a KOTOpLIX JIBJIJieTCJI 

cnoHTaHHoe ,LJ,eneHHe / cnoHTaHHO ,LJ,eJIJIIUHeCJI H30Mepbl 121 I. 
p Jl,ll, CBOHCTB 3TH X COCTOJIHHH yKa3biBaeT Ha TO, 'ITO B ,LJ,aH

HOM cnyqae Ha6JIIO,LJ,aeTCJI H30MepHJI lbopMbl. IloTeHUHaJILHaJI 

ITOBepXHOCTL B TaKHX JI,ll,pax HMeeT BTOpOH, ,lJ,OCTaTO'IHO 

rny6oKHH MHHHMYM npH noBbiWeHHOH .D.elbopMaUHH 
131 I puc .1/. 

S,f. 

Puc. 1. CxeMamu\lecKoe U3o6pa:w:eHue 6apbepa OeAeHu.R 
u nepexoooe Me:w:c)y ypoeH.RMU pa3AU'lHbJX nomeHI.IUUAbHbJX 
.RM. 

B 3TOM MHHHMyMe eCTh uenaJI CHCTeMa ypOBHeH, HH::>KHHH 

H3 KOTOpbiX JIBJIJieTCJI H30MepHbiM. He,LJ,aBHHe 113MepeHHJI 

4 

KBa,LJ,pyiTOJihHbiX MOMeHTOB H30MepHbiX COCTOJIHHH B Jl,ll,pax 236 
Pu / Q~s = 37± 

1
: 6apH/ 141 H239Pu/Q~s =34-39 6apH/ 15/ 

ITOKa3aJIH, 'ITO 3TH BeJIH'IHHLI B 3 pa3a BLIWe, 'leM ,lJ,JIJI 

OCHOBHLIX COCTOJIHHH /HanpHMep, ,lJ,JIJI 239Pu Q0 = 
.1 1 gr 

= 11,0 6apH 1 'I, 'ITO cooTBeTcTayeT napaMeTpy .D.elbopMa-

UHH {3 =0,8 Jl,ll,pa B H30MepHOM COCTOJIHHH /no CpaBHeHHIO 

C {3 =0 ,26 ,ll,JIJI OCHOBHOrO COCTOJIHHJI/. 

H3MepeHHLie HHTeHCHBHOCTH BeTae:H y - H3ny'leHHJI /HnH 

HX aepxHHe rpaHHULI/ c H30MepHoro ypoBHJI (wy/w f) /6,7/ 
IT03BOJIJIIOT Onpe,LJ,eJIHTL BpeMeHa :>KH3HH ,ll,JIJI pa,LJ,HaUHOHHLIX 

nepeXO,lJ,OB H OTCIO,LJ,a ITOJIY'IHTh 3Ha'leHHJI lbaKTOpOB 3anpeTa 

/ma6A. 2/. XoTJI caMH pa,LJ,HaUHOHHLie nepexo,LJ,LI B 6onL

WHHCTBe cnyqae He Ha6JIIO,lJ,aJIHCh, 60JILWOe 'IHCJIO YPOBHeH 

HH:>Ke H30MepHOro COCTOJIHHJI C pa3JIH'IHbiMH 3Ha'leHHJIMH 

CITHHa H 'leTHOCTH OTKpbiBaeT B03MO:>KHOCTH ,ll,JIJI nepeXO,ll,OB 

pa3HOH MYJILTHITOJILHOCTH. Jf3 IIIU6A. 2 MO:>KHO BH,ll,eTL, 'ITO 

Ta6Aul.la 2 
3anpeTbl ,ll,JIJI pa,LJ,Hal(HOHHLIX ITepeXO,ll,OB, CBJI3aHHhiX C pa3-
PJI.D.Ko:H H30Mepoa lbopMLI 

H3oMep 

238U 
237Np 
2·U Pu 
240Am 

E 
M:JB 

2,5 
2,4 
2,5 
2,7 

TJ'1 ~- B(~2) _ 
w c B(E2)ol~ll 

3 ·10-7 1076,7; 10-6-
4 ·1o-s 1ooo119/ 10-5 
27·1o-5 <116; <1o-s 

' I 9 ·1()-4 <1 /61 < 10-10 

B llpOTHBOITOJIO::>KHOCTh Jl,ll,paM, ITPHBe,LJ,eHHLIM B 111U6A. 1, 
B ,LJ,aHHOM cnyqae pa,LJ,HaUHOHHble nepexo,LJ,bl xapaKTepH3y

IOTCJI 6onLWHM 3anpeTOM /HanpHMep, .D.JIJI E2 -nepexo,LJ,oB 

OH COCTaBJIJieT 105 -10 IO /. 3TO MO::>KeT 03Ha'laTL, 'ITO 

H3·3a 6onLwo:H pa3HHULI .D.elbopMaUHH I 11{3 = 0,5/ H Ha

JIH'IHJI BbiCOKoro noTeHu;HanLHoro 6apLepa, pa3,LJ,eJIJIIO~ero 
OCHOBHOe H H30MepHoe COCTOJIHHJI, nepeKpbiTHe BOJIHOBbiX 

liiYHKUHH O'leHL cna6oe. 

Ilpe,LJ,CTaBJIJieT 60JILWOH HHTepec HCCJie,LJ,OBaTb BJIHJIHHe 

Ha BeJIH'IHHy 3TOrO 3anpeTa pa3JIH'IHbiX lilaKTOpOB - ITpHpO,LJ,bl 

YPOBHeH, 3HeprHH B036y::>K,LJ,eHHJI, BhiCOTbl H WHpHHbl llOTeH-
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IJ,HaJILHOrO 6apbepa. 3,IJ,eCL MO:>KHO BLI,IJ,eJIHTb ,IJ,Ba nyTH HC

CJie,IJ,OBaHHH: 

1. Pa,IJ,uau.uoHHLie nepexo,IJ,LI c H30Mepuoro ypoBHJI ua 

pa3JIH\fHLie B036y:>K,IJ,eHHLie COCTOJIHHJI. HccJie,IJ,OBaHHe 3THX 

nepexo,IJ,oB npe,IJ,cTaBJIJieT 6onLmHe TPY,IJ,HOCTH H3- 3a HHTeu

cuauoro ciJoHOBOrO y - H3Jly\feHHJI H3 OCKOJlKOB ,IJ,eJieHHJI. 

ll03TOMy HeCMOTpJI Ha cpaBHHTeJlbHO 60JILWOe \fHCJlO 3KCne

pHMeHTOB, y,IJ,aJIOCL H,IJ,eHTHciJHU.HPOBaTL JlHWL ,IJ,Ba y -nepexo

,IJ,a C H30MepHOroypOBHJI/C3HeprHJIMH2514Hl879 K3B /6/j. 
2. Pa,IJ,uau.uoHHLie nepexo,IJ,LI c pa3JIH\fHLIX B036y:>K,IJ,eHHLIX 

COCTOJIHHH Ha H30MepHLIH HJlH KaKOH-JIH60 ,IJ,pyrOH ypoBeHL 

BTOpOH noTeHIJ,HaJILHOH JIMLI. JTOT nyTL OTKpLIBaeT 60JILWHe 

B03MO:>KHOCTH, T .K. 3,IJ,eCL Ha\faJILHOe COCTOJIHHe 3a,IJ,aeTCJI 

/no 3HeprHH 6oM6ap,IJ,HPYIOIIJ.eH HJlH ucnycKaeMOH B peaKIJ,HH 

\faCTHU.LI/, a 0 HaJIH\fHH pa,IJ,HaiJ,HOHHLIX nepeXO,lJ,OB Ha 830-

MepHLIH ypoaeHL MO:>KHO cy,IJ,HTL no ero pacna,IJ,y, T .e. no 

,IJ,eneHHIO. PerucTpaU.HJI ocKoJIKOB ,IJ,eneHHJI 3Ha\fHTeJILHO no

BLimaeT qyacTBHTenLHOCTL H3Mepeuu:H. TaKo:H no,IJ,XO,IJ, no-

3BOJIJieT, 'He Ha6JIIO,IJ,aJI CaMHX pa,IJ,HaiJ,HOHHLIX nepeXO,IJ,OB, 

CY,IJ,HTL 0 CTeneHH HX 3anpeTa. llpH 3TOM, O,IJ,HaKO, MO:>KHO 

roaopHTL numL o cpe,IJ,HeM 3anpeTe ,IJ,JIJI acex y- nepexo,IJ,oB 

Me:>K,IJ,Y Ha\faJILHLIM H H30MepHbiM COCTOJIHHJIMH. 

B 3TOM cnyqae npou.ecc 3aceneHHJI H3oMepuoro cocToJI

HHJI paCCMaTpHBaeTCJI KaK CTaTHCTH\feCKHH H BepOJITHOCTL 

o6pa30BaHHJI H30Mepa onpe,IJ,eJIJieTCJI BLipa:>KeHHeM: 

Eo ·~ 
Eisf (E0 -E)' p(E-Eis )dE 

p. = --, ---------- , /1/ 
IS f<, 3 d f ( E -E)' p (E) E 

0 0 

r,IJ,e E i)i.. H E 0 - 3Hepruu H30Mepuoro H uaqanLHoro cocTOJI

HHH, p~t) H p (E-E is ) - nJIOTHOCTH ypoaue:H npu 3Hepruu 

B036y)I(,IJ,eHHJI E , OTC\fHTLIBaeMOH COOTBeTCTBeHHO OT oc

HOBHOrO H H30Mepuoro COCTOJIHHH. BLipa:>KeHHe /1/ OCHO

BaHO Ha TOM, \fTO H3 Ha\faJILHOrO COCTOJIHHJI HMeiOT MeCTO 

TOJILKO ,IJ,HHOJlLHLie Y -nepeXO,IJ,LI, H 3aCeJieHHe JII06oro H3 

ypoBHeH BTOpOrO MHHHMyMa npBBO,IJ,HT K H30Mepy !IJopMLI. 

llpH TaKOM paCCMOTpeHHB ciJaKTOp 3anpeTa onpe,IJ,eJIJieTCJI 

KaK OTHOWeHHe BepOJITHOCTeB o6pa30BaHHJI H30Mepa ciJop

MLI, H3MepeHHOB Ha OHLITe H paCC\fHTaHHOH C nOMOIIJ,LIO BLJ-
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pa:>KeHHJI /1/. B pac\feTe Pis ucnoJIL30BaJIHCL H3BecTHLie 

H3 OnLITa 3Ha\feHHJI nJIOTHOCTeB YPOBHeB npH 3HeprHH CBJI-

3H HeBTpOHa /S/ H 3aBHCHMOCTL p (E) OT 3HeprHH B036y:>K

,IJ,eHHJI H3 MO,IJ,eJIH C IIOCTOJIHHOB TeMnepaTypoB. llonyqeHHLie 

TaKHM cnoco6oM 3Ha\feHHJI ciJaKTOPOB 3anpeTa 6y,IJ,yT, ecTeCT

BeHHO, 3aBHCeTb OT npHHJITLIX B pacqeTe napaMeTpOB, O,IJ,

HaKO HCnOJIL30BaHHe O,l],HHX H TeX :>Ke napaMeTpOB n03BOJIHT 

,IJ,OCTaTO\fHO onpe,IJ,eJieHHO Cy,IJ,HTL 0 3aBHCHMOCTH ciJaKTOpa 

3anpeTa OT paCCMOTpeHHLIX BLIWe CBOBCTB JI,IJ,pa. XapaKTep 

3TOH 3aBHCHMOCTH CyiiJ,eCTBeHHO He H3MeHHTCJI, eCJIH nepe:H

TH K ,IJ,pyrHM napaMeTpaM, ,ll,pyrOB 3aBHCHMOCTH nJIOTHOCTH 

ypOBHeH OT 3HeprHH B036y:>K,IJ,eHHJI /HanpHMep, H3 MO,IJ,eJIH 

c1JepMH-ra3a/ HJlH K npe,IJ,nOJIO:>KeHHIO 0 TOM, \fTO H3 Ha\faJIL

HOrO COCTOJIHHJI HMeiOT MeCTO KBa,IJ,pynoJILHLie nepeXO,lJ,LI 

BMeCTO ,IJ,HnOJILHLIX. 

B HacTOJIIIJ,ee BpeMJI HaKonneu ,IJ,ocTaTO\fHO 6onLmo8 

06'beM 3aCnepHMeHTaJILHLIX ,IJ,aHHLIX no BepOJITHOCTJIM 3a

ceJieHHJI H30MepOB ciJopMLI H3 B036y:>K,IJ,eHHbiX COCTORHHH 

B ,IJ,Harra30He 3Hepru:H 3 - 7 M3B. 3TH Bo36y:>K,IJ,eHHLie co

CTOJIHHJJ 6biJIH noJiy\feHLI B pa3JIH\fHLIX JI,IJ,epHLIX peaKU.HRX -

(n, y )9,10/ ,(y,y')/ll/,(d,p)/12/ npu KYJlOHOBCKOM B036y:>K

,l],eHHH /13,14/ u npu {3 -pacna,IJ,e/15/. OcKOJIKH, CBJI3aHHLie 

c ,IJ,eneuueM qepe3 H3oMepuoe cocTORHHe, BLI,IJ,eJIJIJIHCL no 

HX BpeMeHHOMy pacnpe,IJ,eJleHHIO, onpe,l],eJIJJeMOMY nepHO,lJ,OM 

nonypacna,ll,a H3oMepa ciJopMLI. B cnyqae peaKU.HH (y,y') BLI

xo,IJ, OCKOJIKOB H30Mepuoro ,IJ,eJieHH.H onpe)leJIRJICR no yrnoao

MY pacnpe,IJ,eJieHHIO /II I, KOTopoe 6Lino H30TponHLIM, T .K. 

cnHH H30MepHOrO COCTOJIHHJI - Q+ • Ha puc. 2 H 3 npe,IJ,

CTaBJieHLI 3aBHCHMOCTH OT 3HeprHH B036y:>K,lJ,eHHR BepORT

HOCTH o6pa30BaHHR H30Mepa ciJopMbl H ciJaKTOpa 3anpeTa, 

onpe,ll,en.HeMLix onucaHHLIM BLime cnoco6oM, ,IJ,JIJJ pR,IJ,a R,ll,ep 

1 2:i6 u, 238u, 2 4 2 Am I. Bu,IJ,HO, \fTO 6LicTpoe H3Meueuue 

ciJaKTopa 3anpeTa CyiiJ,eCTBeHHO 3aMe,lJ,JIReTCR npH ,IJ,OCTH:>Ke

HHH 3HeprHH B036y:>K,IJ,eHHR 5,5 M3B ,ll,JIR R,IJ,pa 236U H 

6,5 M3B ,ll,Jl.ll .II,IJ,pa 
242Am. 3Ta 3HeprHJI COOTBeTCTByeT BLICO

Te nOTeHIJ,HaJILHOrO 6apLepa, pa3,lJ,eJIRIOIIJ,ero nepBLIH H BTO

pOB MBHBMYMLI. 

JaceJieBBe B30MepoB ciJopMLI npu KyJIOHOBCKOM B036y:>K

,l],eHHH B npu f3 -pacna,Ae uMeeT pJJ.ZJ. oco6eHHOcTei.KynoHoB

cKoe B036y:>K)leHBe H30MepOB ciJopMLI MO:>KeT npoTeKaTL ,D.By

M.II HYTRMB: 
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Puc. 2. 3aeucuMocmb eepo~mHocmu o6pa3oeaHu~ U30Mepa 
(/iopMbl ( Pis) om :JHepzuu eo36yJICOeHu~ (E*): 
___ 235 U(d,p) 236mfu; 0 238 U(y,y') 238mf U; 

~ 241 Am(n, y) 242mf Am 

~~ F-1 

.. 4 A 

-z 
10 -

0 0 __J 

0 
4 

10-•t 0 A 

-6 
!0 

2. 3 ~ 5 6 7 E ~ Nev 

Puc. 3. 3aeucuMocmb (/iaKmopa 3anpema npu o6pa3oeaHuu 
U3oMepa (/iopMbt (F) om :JHepzuu eo36yJKOeHu~. 06o3Ha'leHu~ 
me JKe, 'lmo u Ha puc. 2. 
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1. Bo36Y)I(.IJ.eHHe ypoaHeH: BLiwe H3oMepHoro H ux pa3-

pR,IJ,Ka B H30MepHOe COCTORHHe IKaK H B paCCMOTpeHHhiX 

BhiWe peaKIUUXI. 

2. MHoroKpaTHoe KYllOHOBCKoe B036y)I(,IJ,eHue BH6pa

UHOHHLIX ypOBHeH BO BTOpOH llOTeHUHanbHOH RMe. B 3TOM 

cnyqae 3anpeT 6y.IJ.eT HMeTh MecTo nHWh Ha nocne,IJ,Heil 

CTyneHH Bo36y)I(,IJ,eHHR, a npH pa3pB,IJ,Ke ypoaHeH: H 3acene

HHH H30Mepa clJopMLI 3anpeTa y)l(e He 6y,IJ,eT • 

IIpoae,IJ,eHHLie pacqeTLI ceqeHHH KynoHoacKoro B036y)I(

.IJ.eHHB C HCllOllb30BaHHeM H3BeCTHhiX MaTpHqHhJX 3lleMeH

TOB nepeXO,!J,OB Me)I(,IJ,y ypOBHRMH llOKa3anH, qTO B cnyqae 

cpaaHHTenhHO nerKHX HOHOB I Z ::;; 101 6onee aepoJITeH 

nepBhiH nyTb, a ,!J,llB TaKHX TB)I(ellbiX HOHOB KaK Xe- BTOpOH. 

bhlilH npoae~eHbl OllhiThl no KYllOHOBCKOMY B036l)I(,!J,eHHIO 

H30Mepa .hopMbl 
38 U HOHaMH 12 C H HOHaMH 

1 6 Xe/ 13
/a 

'P I I ' 
TaK)I(e H30Mepa 239 Pu HOHaMH 20 Ne' 14- C 3HeprHBMH, 6JIH3-

KHMH K KynOHOBCKOMY 6apbepy. Bo BCeX OllhiTaX He Ha-

6nro,IJ,anOCb OCKOllKOB ,IJ,eneHHB - llpO.IJ.YKTOB pacna,IJ,a H30-

MepOB clJopMLI, H 6hmH nonyqeHhi nHWb aepxHHe rpaHHUbi 

ceqeHHH KynoHoacKoro Bo36y)I(,IJ,eHHR I 1o-33 cM 2 ,IJ,nR ner

KHX HOHOB H 1 0 -31 c M 2 ,IJ,nB HOHOB 136 Xe I. 3TH rpaHHULI 

,IJ,nJI HOHOB 12C H 
20 Ne COrnacyroTCR C TeMH 3anpeTaMH ,!J,ilR 

y -nepeXO,!J,OB, KOTOphle 6LinH nonyqeHbl npH paCCMOTpeHHhiX 

BLIWe peaKUHJIX. B cnyqae HOHOB 136 Xe OTCYTCTBHe 34>clleKTa 

yKa3biBaeT Ha TO, qTo 3anpeT ,IJ,nB E2 -nepexo,IJ,oa Me)I(.IJ.y 

BH6paUHOHHbiMH ypOBHBMH nepBOH H BTOpOH llOTeHUHanbHhiX 

JIM 6onee 10 4 , T.e. npaKTHqecKH TaKOH )l(e, KaK H ,!J,llB 

nepexo,IJ,oa Me)I(.IJ.Y ypoBHBMH cocTaBHoro H.IJ.pa I puc. 31. 
B PB.IJ.e H.IJ.ep Ha6nro,IJ,aeTCH ,IJ,eneHHe H3 ao36Y)I(.IJ.eHHhiX 

cocTOHHHH, 3acenBeMLIX npH f3 -pacna,IJ,e l3ana3.IJ.LIBaro

IUee ,IJ,eneHue/1 6 ,17; 1. EcnH npH 3TOM ,IJ,oqepHee H.IJ.POHMeeT 

H30Mep tiJopMhl, TO B03MO)I(H0 ,IJ,eneHHe H qepe3 H30MepHOe 

cocTOJIHHe. BKna.IJ. oT TaKoro cnoco6a ,IJ,eneHHB pacTeT c 

yMeHbWeHHeM 3HeprHH f3 -pacna,IJ,a. 

liLino npoae,IJ,eHo uccne,IJ,oBaHHe 3ana3.IJ.LIBaroiUero ,IJ,e

neHHJI H30Tonoa 238 Pa I T~ = 2,3 MUH, ~ =4,0 M:JB, 
I" =3- I H 236 Pa II" =CI, T~ =9,1 MUH,Q 1 =3,1 M:JB/. 
,lJ;oqepHHe npO.IJ.YKThl {3 - pacna,IJ,a - H30TOllhl ~38U H 236 U 
HMeiDT H30MepHhle COCTOJIHHJI npH 3HeprHJIX B036y)I(.IJ.eHHJI 

cooTBeTCTBeHHO 2,5 H 2,3 M:JB. B onLITax 6LinH o6Hapy-
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)I(CHhl OCKOnKH 3ana3)J.hiBaiOI.Qero )J.CnCHH.H C HHTCHCHBHO

CT.HMH 10-
8 I 238

Pa1 H 10-9 I 236 Pa I OT nonHoro 

'IHcna {3 - nepe XO)J.OB. 

Ilpu Tex 3Hepru.Hx B036y)I()J.CHH.H I < 4 M :JBI, KOTOpLie 

OKa3hiBaiOTC.H )J.OCTYllHhiMH B pe3ynhTaTe {3 -pacna)J.a,npe

o6na)J.aiOI.QHM .IIBn.HCTC.H )J.CnCHHC '1Cpe3 H30MCpHOe COCTO.H

HHe. Bo3MO)I(HW )J.Ba cnoco6a 3aceneHH.H H30MepHoro co
CTO.IIHH.H: 

11 np.IIMhie {1-nepexo)J.hi Ha H30MepHwB: H )J.pyrue ypos

HH BTOporo MHHHMyMa; 21 pa)J.HaUHOHHhiC nepeXO)J.hl C ypos

HCH nepsoro MHHHMyMa, 3acen.HeMhiX npu {1 -pacna)J.e. 

0CHOBWBa.IICh Ha H3BCCTHWX npe)J.CTaBnCHH.HX 0 BCpO.HTHO

CT.HX f~ -nepeXO)J.OB Ha B036y)I()J,CHHhiC YPOBHH /) 8 /, MO)I(HO 

llOKa3aTh, Y.TO HafiniO)J.aCMOC B OllhiTe COOTHOWCHHe HHTCH

CHBHOCTCH 3ana3)J.hiBaiOI.Qero )J.eneHH.H )J.n.H 238 Pa H 2:l6 Pa 

cornacyeTc.ll co BTOphiM cnoco6oM 3aceneHH.H H30Mepa 

<lJopMhl l'lepe 3 ypOBHH nepsoro MHHHMyMal. IlpH 3TOM 3Ha

'ICHH.II $aKTOpOB 3anpeTa COOTBCTCTBYIOT nonyY.CHHWM H3 

uccne)J.oBaHuif .II)J.epHhiX peaKUHH I puc. 31. 

Ecnu )l(e npe)J.nonaraTh, Y.To Ha6nro)J.aeMwB: Ha onLITe BLI

XO.ll. OCKOnKOB 3ana3)J.hiBaiOI.Qero )J.CnCHH.H CB.H3aH C nepBhiM 

cnoco6oM 3aceneHH.H H3oMepa <lJopMhl, TO {i -nepexo)J.hl Ha 

H30MCpHOe COCTO.IIHHC l.ll.n.H 2:lf•pal H Ha .ll.BYXKBa3H'iaCTHY.

HhiC cocTO.HHH.II c K =2 - 4 l.nn.H 2 :l8 Pal xapaKTepH3YIOTC.H 

<lJaKTOpOM 3anpeTa 10;, - 106 llO OTHOWCHHIO K (i - nepe

xo)J,aM Ha aHanorH'IHhie YPOBHH nepsoro MHHHMyMa. IIo

CKOnhKY, KaK y)l(e o6cy)I()J.anoch BhiWe, 6onee sepo.HTHhiM 

.HBn.HeTc.H .ll.PYroB: cnoco6 3aceneHH.H, To nony'leHHhie .3HaY.e

HH.H cne)J,yeT paCCMaTpHBaTh KaK HH)I(HHe rpaHHUhl. 

PaccMOTpeHHhie Bhiille 3KcnepHMCHTanLHwe )J.aHHhle o6 

o6pa30BaHHH H30MCpOB <lJopMhl B .H)J.CpHhJX peaKUH.HX H llpH 

{3-pacna)J,e ll03BOn.HIOT C)J.enaTh p.H)J. 3aKniO'ICHHH OTHOCH

TenhHO 3anpeTOB )J.n.H pa)J,HaUHOHHhiX nepeXO)J.OB, CB.H3aHHhiX 

C H3MCHCHHCM )J.C$OpMaUHH .H)J.pa: 

1. BenH'IHHa <PaKTopa 3anpeTa 6hlcTpo na)J.aeT c pocToM 

3HeprHH B036y)I()J.CHH.H. IlpH 3HeprHH BhiWC llOTCHUHanhHOro 

6aphepa, pa3)J.en.HIOI.Qero o6a MHHHMyMa, 3anpeT npaKTH'ie
CKH OTCYTCTBYCT. 

2. ,[J;n.H YPOBHCH, B036y)I()J.aCMhiX B pa3nH'IHhiX .H)J.CPHhiX 

. peaKUH11X, 3anpeT xapaKTCpH3YCTC.H 6nH3KHMH 3Ha'ICHH.HMH. 

3. C ysenu'leHHeM 3ap.H)J.a .H)J.pa lnpu 3TOM yMeHLwaeT-
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C.H npOHHUaCMOCTh 6aphepa, pa3)J.CnJIIOI.Qero o6a MHHHMyMal 

$aKTop 3anpeTa pacTeT. 

TaKRM o6pa3oM, <PaKTop 3anpeTa onpe)J.en.HeTc.H B 6onL

weB: CTCllCHH CBOiCTB8MH llOTCHUHanhHOrO 6aphepa, 'ICM 

CBOiCTBaMH HH)J.HBH)J.yanLHhiX COCT011HHi. 

B 3aKJiro'leH.ae aBTop swpa)l(aeT 6naro)J.apHOCTh 

r .H.<I>neposy 3a llOCTOXHH!.JH HHTepec K pa60TC H llOJIC3HhiC 

o6cy)I()J.CH.H.H. 
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