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OEilJ,AR XAPAKTEPIICTIIKA PAEOThl 

AKmya.nbHOCmb npo6Jle.Mbl, 

<l>OTOllllCPHblC peaKUIIH (<I>51P) C o6pa30BaHHCM K0HC'IH0I'O ll)lpa B H30MCpHblX 

C0CT0llHHllX CTaH0BllTCll 0)lHHM H3 nepcneKTHBHbIX MeT0)lOB nonyqeHna HOBOH 

nmpopMaUHH KaK O MCXaHH3MC 3THX pCaKUHH, TaK H O CTp}'KType ypOBHCH, qepe3 

K0TOpblC npOHCX0)lHT 3acenem1e H30MCpHblX COCTOllHHH. Hepe)lKO TaKOH HCTO'IHHK 

CBC)lCHHH llMllCTCll CllHHCTBCHHb!M, T.K. 3TH ypoBHH o6bi'IHO HC npollMllIOTCll npu 

~-pacnane, a B llllCpHblX peaKUHaX HX TPYllHO Bb!JlenllTb ll3 MaCCbl OCTaJibHbIX 

ypoBHCH. ~ll CBC)lCHllll nonyqruoT npH ll3MCp~mm BblX0)lOB ll)lCp B H30MCpHblX 

COCTOllHHaX, a TaKlKC H30MepHbIX OTHOllICHHH {110). Jfa BCpOllTHOCTH 3aceneHna 

H30MCpa MOlKIIO cy)lHTh O CBOHCTBax COCTOllHHH, qepe3 KOTOpble np0HCXO)lllT 

3aceneHue H30Mepon: o pacnpe)lenenuu ux IIJIOTHOCTH no. 3Hepnm u no cnuny, a 

TaKlKC O BCpOllTH0CTllX panuauHOHllhlX nepexo)lOB MClKJlY HllMll. <I>51P llMlllOTCll 

na116onee Yll06HhIMH )lJill 3Toro, T.K. m-3a oTcyCTBna KYJIOHOBCKOH? 6apbepa u 

3HepmH CBll3ll )lJill y-KBaHTOB, MO)KHO nonyqaTb B036y)K)lCHHblC ll)lpa KaK B 

o6naCTll BhlllIC HYKnOHHOI'O nopora, TaK n nmKe ero. 

B HaCTOllIUCC BpCMll HaKOnJICH 6oJiblllOH ofueM 3KCnepHMCHTaJibHhlX pe3yJihTaTOB 

no llCCJIC)lOBaHHIO H30MCpHblX COCTOllHllH B <I>51P. O)lHaKO 60JihlllllHCTBO 3THX 

)laHHhlX pa3p03HCHhl H HC llMCIOT uenenanpaMennoro xapaKTepa. Ilo3TOMY )leTaJihHOC 

myqen11e npouecca B036y)K)lCHHa H30MCpHblX COCTOllHllH, a TruDICC 3aBllCHMO,CTll ero 

BCpOllTHOCTH OT Pa3Jlll'IHhlX ll)lCpHblX napaMCTpOB 

peaKUHH npe)lCTaMllCT BalKHOC 3Ha'ICHHC. 

ll xapaKTCpllCTllK ll)lCpHOH 

HaKOIIJI,CHllC 6onee noJIHOH 3KcnepHMCHTaJihHOH HHCpOpMaIIllll 0 CTp}'KType 

3TllX COCTOllHHH llMllCTCll OCHOBOH )lJill nponepKH ll pa3BllTHa pa3JIH'IHblX 

TCOpCTll'ICCKHX MO)leneii:. 
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aeJll, pa60mbl: 

1. PacqCT cneKTp0B TOpM03H0ro H3JI}"ICHIDI npH pa31111qHbIX 3HaqeHmlX :,meprnii 

Ila.I{aIOmHx SJICKTp0H0B, yrna tta6mo.uemrn, T0JimHHbl H MaTep11ana MHIIICHH. 

2. Pmpa6oTKa 0TH0CHTeJibH0I'O MCT0,!la H3MepeHIDI BbIX0,!I0B H30MCpHbIX 

COCTO»HHH H HX !pyttKUHH B036y,KJleHH» B o6naCTH rnraHTCK0ro llHII0JlbH0ro 

pe3ottattca. 

3. lhyqettHe MCXaHH3Ma B036y,KJleHIDI H pacna.I{a BblC0K0CIIHH0BbIX H30MepoB 

IBOmHf , IBOmTa , 190'."Os 11 204mPb B peaKUH»X tteynpyroro pacce»nH» y-KBaHTOB. 

4. lkcne.uoBattHe oco6ettHoCTeii B036)')KJleHH» H3oMepHbIX coCTo»HHH h1112 (50 S: 

N s: 82) B <I>51P C BbIDCT0M 0.!IH0I'O HCHTpoHa B o6naCTH rnraHTCK0I'O llHII0JlbH0I'O 

pe30HaHCa. 1-hyqeHHe 3aBHCHMOCTeii 110 OT SHeprnH B036y,KJleHH», MaCC0B0I'O 

q11cna HYKJIH,!I0B, pa3HHQbl B CIIHHax H30Mepttoro H 0CH0BH0I'O COCTO»HHH. 

5. l13yqeHHe BJIIDIHIDI o6onoqeqHOH CTPYKTYPbl' 0CK0JIK0B ,!leJICHH» Ha 

q>opMHpOBaHHe HX yntoBoro M0MeHTa. 

Hayquaa noau3na: 

1. BnepBbie H3MepeHbl BblX0,!lbl H Il0JI}"ICHbl ceqeHH» Heynpyroro pacce»HH» y

KBaHT0B .!IJl» BbIC0K0CilHH0BbIX H30Mep0B IBOmHf, I 90m0S H 204mpb HH)KC 

HYKJI0HHoro nopora. 

2. BnepBbie Ha BblCOKOCIIHHOBOH MHIIICHH JBOmTa B o6naCTH HYKJI0HHoro nopora 

Ha6mo.uanacb peaKUIDI Heynpyroro pacce»HIDI sneKTp0H0B. 

3. BnepBbie B o6JiaCTH rnraHTCK0ro .UHil0JibH0I'O pe30HaHca H3MepeHbI <PYHKUHH 

B036)')KJleHIDI peaKQHH (y,n) Ha mornnax 
130

•
132

•
134

•
136

Ba 11 
138

Ce; 

4. BnepBbie mMepettbI 110 .!IJl» H30TonoB 
118

•
124

Sn, 
122

•
124

•
130

Te, 
138

•
140

ce, 

peaKQH»X npH MaKCHMaJibHOH SHeprnH 'Y-KBaHT0B Ey = 25 MsB. 

.; • I' I 

2 

B (y,n) 

.,_ 

~ 

5. B peaKUHH q,orn.uenen11» 
232

Th HJMepeHo HO 0CK0JIKa .ueneHH» 1341 11 c 

II0M0IUblO q,opMaJIH3Ma f03e11rn II Ba11.uen,60II1a pacqlITaH ero yrnoBOH M0MCHT. 

lipaKmuqecKaa qenuocmb pa6omb1: 

I. Pa3pa6oTallllbIH MCT0.!l pac'!eTa T0pM03JI0ro II3Jl}"ICHIIH M0)KCT 6b!Tb HCII0Jib30Ban 

Ha mo6b1x SJICKTp0llllblX ycK0plITeJI»X B o6JiaCTII s11eprn1I .!10 30 MsB C UeJiblO 

npoBC.!ICIIII» a6comOTllblX II3MCpCHIIH BblX0.!I0B <I>51P. 

2. HeKOTOpblC IICCJIC.U0Bamrn n o6JiaCTH HII)KC HYKJI0IIII0ro nopora IIMCIOT Ua)KHblH 

acTpoqm:mqecKIIH aCIICKT. 

3. PeJyJibTaTbl IICCJIC.UOna,mii II30MCpllbIX COCTOHIIIIH M0ryT 6bITh IICII0Jih30UaHbl n 

I'aMMa-aKTIIBaUII0IIIIOM a11aJI1IJC. 

Ha 3au,umy 6blH0C.RfflCJl CJleiJy10u,ue n0Jl0JKCHU.R: 

1. Pacqe-r CllCKTpa T0pM03H0ro II3JI}"ICIIHH y-KBal!T0B n o6JiaCTII snepnrn OT I .!10 30 

MsB .!IJIH pa3JIIIqllhlX yrJI0B Ha6mone111I», T0JIIJUIII II MaTepHanon MIIIIICHII. 

2. Hccne.uona1111e peaKUIIH (y,y') n o6Jiacrn sneprnii 5 - 9 MsB, np1IB0.u»m1Ix K 

o6pa30Ba111I10 UhlC0K0ClllIII0UhlX II30Mepon, K0T0phIC 0TII0CHTCH K TPCM o6nacrnM 

anep CIIJlhfl0.!1CqJOpM1Ipona111IhIM - ISOmHf, nepcX0,!IHhIM - 190m0s II 

cq,ep11qecKHM - 204mPb. 

3. Ha BhlC0KOCIIHIIOUOH H30MCpHOH MHilICHH ISOmTa H3Mepe1me CC'ICHHH 

.!ICU036y,KJlellHH H30MCpa IIpH IIcpexo.uc C II30Mep11oro 9-

C0CT0»HIIC. 

Ila 1 + 0CH0BII0C 

4. 113MCpCHH» 110 .!IJIH peaKUHH (y,n) .UJI» umpoKoro Kpyra ».ucp (46S: Z s: 64 u 50 

s: N s: 82) B o6JiaCTH fHI'aHTCK0I'O .!IHII0JibH0ro pe30llaHca. IlOJI}"ICHHC 

3aUHCHMOCTH 110 OT s11epr1IH B036y,KJlCIIH», MaCC0B0ro q11cJia H aT0MH0I'O 

II0MCpa IIYKJIHll0U. 
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5. J13Mepe1me 110 B ocKOJIKe nenemui 
1341 C u eJibIO · tt3yqemrn BJim!H m1 

o6onoqeqttott crpy1CTypbl Ha cpopMiipOBaime yrnoBoro MOMeHTa OCKOJIKOB 

nenemui. 

Annpo6a11u11 pa6ombi: 

MaTepttaJibl, IlOCJiy;KliBIIIlie OCHOBOH naHHOH m1ccepTaUlili llOKJianbIBaJiliCb 11a 

Me)KJlyttapOllllblX KOttcpepeuum1x Ii COBemattm1x: 

1. International Workshop on "Dynamical Aspects of Nuclear Fission", Smolenice, 

CSFR (1991). 

2. 41-e Me)KJlyttaponttoe COBemaime "51nepmlil crreKTpOCKOIIlia tt crpyKTypa 

arnMuoro anpa", 1991, MttHCK, CCCP. 

3. The International Symposium on fundamental investigations with electron 

accelerators, Plovdiv (1992). 

4. 44-e Me)KJlyttaponttoe COBemaime "51nepttaa crreKTpOCKOIItta tt CTPJKTypa 

aTOMttoro anpa" 17-20 Maa, 1994, CattKT-IleTep6ypr, Pocciui. 

5. VI International Conference on Selected Topics in Nuclear Structure, July ·5-

9, 1994, Dubna, Russia, 

CmpyKmypa u 061,e.M pa6ombl 

JlttccepTaUlUI COCTOliT li3 BBenettmI, qeTbipex rnaB, 3aKJIIOqeutta Ii CIIliCKa 

JiliTepaTypbl. Otta conepittT 86 CTpamrn MalllliHOIIliCHOro TeKCTa, BKJIIQqa}I B 

ce6a 27 pttcyHKOB, 10 Ta6JittU tt CIIliCOK JittTepaTypbl m 8 3 HattMeHOBaHttH. 

COllEP)KAHUE PABOTbl 

Bo BBe)leHHH o6ocHOBbIBaeTca aKTYaJibHOCTb TeMbl nttccepTalllili, cpopMynttpJIOTCa 

OCHOBllbie UeJili liCCJie.llOBatttta lf orrpem:.naeTca Kpyr pernaeMblX 3anaq. 

4 

.., 

IlepBaH maua IIOCliT MeTO.lllfqecKttH xapaKTep Ii Kacaerca BOIIpOCOB, CBa3aHHblX C 

OTHOCttTeJibllb!Mli li3MepettttaMtt BblXOllOB lf ceqeHHH li30MepHblX COCTOattttii: B 

ycJIOBttax pa60Tbl Ha TOpM03HOM ttmyqettttli. 

OrrttcaHa MeTO.llttKa pacqera crreKTpa TOpM03HOro ttmyqeHtta lf3 TOJICTOH MttIIIeHtt 

IIO.ll pa3JiliqHb!Mli yrnaMtt. MaKCliMYM TOpM03HOro ttmyqetttta Brrepe11 COOTBeTCTBYeT 

TOJIIUliHe MlillJeHtt = 0.3 pan. llJiliHbI. CrreKTp ttmyqetttta lf3 TaKOH MttIIIeHtt 

HeJib3a cqttTaTb 3KBttBaneHTHbIM o6bJquo ttcrroJib3YeMOMY lllttcpcpoBcKoMY crreKTPY 

wrn "TOIIKttX" MlillJeHett lf Tpe6yeT crreuttaJibHbIX pacqeTOB. Ilo3TOMY HaMH 6b!JI 

rrpoBe.llell TeopeTttqecKHH pacqeT crreKTpOB lf3 MHIIIeHett pamttqHQH TOJillllfHbl lf 

IIO.ll pamttqllb!Mli yrJiaMli tta6JIIO.lleHtta B liHTepecJIOIUeM Hae .lllfaIIaJOHe 3Heprnii: 

3JieKTpOHOB 5-30 M::iB [1]. 

Ilpe11rronaraa, qrn "eineMeHTapHbitt" crreKTp • ttmyqetttta, T.e. crreKTp ttmyqetttta 

3JieKTpOHa rrptt 0.llHOM aKTe pacceaHtta, li3BeCTeH, CJMMHPJIOTCa crreKTpbl TOpM03HOro 

lf3JiyqeHtta li3 BCett MttIIIeHtt C Y'JeTOM pacceaHtta 3JieKTpOHOB, rrornomeutta 

ttmyqeHtta B MaTepttane MttllJeHH, BepoaTHOCTH ttcrrycKaHtta cpoTOHOB IlO)l 3anaHHbIM 

yrnoM, a TaK)Ke IlOTepb 3Heprntt 3JieKTpottaMH Ii liX rromometttta. PaccqlfTaHHbie 

HaMtt crreKTpbI xopOIIIO COBnanaIOT C ttMeIOIUliMHCa 3KcrrepttMeHTaJibHbIMH 

)laHHbIMli B .llliaIIaJOHe 3Heprntt 1-30 M::iB. 

PacCMOTpeH OTIIOCliTeJibHbIH MeTO.ll orrpe11enetttta BbIXO)lOB qJOTOH)lepHbIX peaKUHH, 

npnMetteutte Kornporo aBJiaerca ttatt6onee eicpcpeKTHBHbIM, Kor11a 0ccne11yeMbie 

Ii MOHliTOpHble ceqelltta li3MepalOTCa O)lHOBpeMeHHO. Ilptt orrpe11enettttlf BbIXO)lOB 

HCCJie11yeMbIX peaKUHH OTrranaeT tteo6xo11ttMOCTb B MOHHTOpttpOBaHlflf rryqKa y-

KBaHTOB. 3cpcpeKTHBHOCTb 3TOro MeTO.lla rrptt HCCJie.llOBaHlflf <1>51P IlO.ll 11eii:CTBtteM y-

KBaHTOB TOpM03HOro ttmyqeHtta 06yCJioBJittBaercx TeM, qTo rrptt ero 

rrpttMetteHttli li3BJieKaeTca m1cpopMautta O)lHOBpeMeHHO O pa3HbIX KaHaJiax 

B3attMO)lettCTBtta. 
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PaccMaTplIBaeTC51 If Bonpoc O MaTeMaT11qecKOM MeTO)le onpe)leJICHlfjl ceqeHHH 

peaKQHH no pe3YJlbTaTaM H3MCpCHlfjl HHTerpanbHhIX BhIXO)lOB q:>OTOSl)lCpHblX 

peaKUHH. B 3a)laqe onpeJleJICHlfjl ceqeHHH cpoT051JlCPHhIX peaKUHH no )laHHhIM o 

Bh!XO)le n051BJUleTC51 HC06XO)llfMOCTb pernaTb HHTerpanbHOe ypaBHCHHC I po)la. 

,lLrnI perneHlfjl 3TOro oonpoca HaMH 6bm 11cnonh30BaH MO)llf<pHUHpOBaHHhIH MeTO)l 

MHHHMH3aQHH HanpaMCHHOro pacxmK)lCHH51, npe)lflmKeHHhlH B.E. )KyqKo. O)lHO 113· 

OCHOBHhIX npeHMYIUCCTB 3TOro MeTO)la - nonmKHTeJihHOCTh perneHH51 BO BCCM 

)llfaTTa30HC 3Heprnif. 

Bo BTOpoii rnaue np~JlCTaMCHhl . 3KcnepHMCHTaJihHhIC pe3ynhTaThl HCCflC)lOBaHH51 

peaKUHH (y,y'), B o6naCTH 3Heprnif 5- 9 M3B, npHBOJl51IUHX K o6pa3oBaHHIO 

BhICOKocnHH0BbIX H30MCp0B B qeTHO-qeTHhIX 51)lpax, KOTOpblC OTHOC51TC51 K TpeM 

o6naCT51M - CHnbHO)lecpopMHpOBaHHbIM - lBOmHf, 

ccpep11qecKHM -
204

mPb [2]. 

nepeXO)lHhIM 190mos H 

EonhlllOH HHTepec K HCCflC)lOBaHHlO H30MCpHbIX COCT051HHH B (y,y') peaKQHSIX 

CB513aHHhl C TCM <paKTOM, ~o lf3-3a OTCYTCTBlfjl _KynoHOBCKOro 6apbepa If 3Heprym 

CB513H )lfl5I y-KBaHT0B, MO,KHO nonyqaTb B036)')K)lCHHhIC 51)lpa B o6naCTH Hlf)KC 

3HeprnH CB513H HCHTpOHa. TaKHe oco6eHOCTH 3acerreHH51 BhICOKOCf!HH0BhIX H30MepoB 

B peaKQlfj!X (y,y') npHB0)l51T K TOMy, qTo lf30Mep11hle OTH01IICHH51 OKa3bIBalOTC51 

oqeHb qYBCTBHTeJibHhlMH K napaMeTpaM IlflOTHOCTH ypOBHCH If Bep051THOCT51M 

pa)lHaQH0HHhIX nepeX0)lOB. 

B )lCq:>OpMHpOBaHHhlX 51)lpax np11q11HOH H30MepHH If 3anpeTa )lfl51 y-nepeX0)l0B 

MO)KeT 51BJl51TC51 He TOflhK0 6onhllla51 pa3HHUa cnHH0B H30MepHoro If 0CH0BH0ro 

COCTOSIHHH, HO li HX npoeKQHH Ha 0Ch CHMMCTpHH 51)lpa (KBaHTOBOe q11cno K). 

5IpKHMH np11MepaMH K - H30Mepa cn~HTh 
180

Hf 11 
190

Os. 

Ha pHc. 1 noKa3aHhl nonyqeHHble 3aBHCHM0CTH ceqeHHH If H30MepHbIX 

6 

.. 

• 

I.O 150 r--- -- ---1s0Hf(y y') isomHf ·1 
:i:: 

I 25 = ' I 
ti 

100 i 
I 

+ I 
I 

I 
75 ~ 

I t 
50 ~ i ii 1 • I 

► I • 
25 = + i . ♦ 

t t I.. • ! 
0 ......... ~---····---~--'r-- .... -.0...., 

5 7 9 II 13 15 

Ey, M3B 

12 r---·-- 1900 ( ')!90mOS 
I.O 
:i:: 

10 · s y,y 

ti 
• f ,lj 
: : ;; j 
2f I I t t 
or.,,.: .. ~ 

5 7 9 11 13 15 

Ey, M3B 
100 

I.O I '"'Pb(y,y')""'mPb :i:: 80 
ti 

60 I I 
40 ~ I I l i 
20 ~ 

; 
0 t .• • I • ., 4 _, 

I I 

6 7 g 11 13 15 

Ey, M3B 

P11c. l. <l>yHKUHH B036)')K)lCHH51 Hccne)lyeMblX peaKUHH 
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OTHOllICHHH OT :mepmtt y-KBaHTOB. Cl>yttKUHH B036}')1(JleHmI HCCJie)lyeMbIX peaKUHH 

HMCIOT pe30HaHCHyto cpopMy Ii HX MaKCHMYMbl B 11peJleJiax T0'IH0CTH H3MepeHmI 

C0Bl1alla!OT c 11oporoM Bn peaKUHH (y,n) [2]. 

BhIXOJlhl 3THX Tpex BhIC0K0Cl1HH0BhlX H30MepoB KOHTpacittpytoT C HHTerpaJibHhIM 

CC'ICHHCM, nonyqeHHhIM Ha BhICOKOCl1HHOBOH H30MepHOH MHllICHH 180mTa 11pu 

HeyrrpyroM pacce.l!HtteM y-KBaHTOB B6JIH3H IICHTpOHHOro 11opora. 3Kc11epttMCHThl 

110 HeyrrpyrnMy pacce.l!HHIO y-KBaHTOB Ii 3JICKTp0H0B 11a ISOmTa [3] YKa3aJIH Ha ero 

Heo6bI'IHO 60JibllIOe HHTerpaJibH0e ce'!eHtte. EcJIH cpaBHHTh 3T0 ce'!eHtte C 

ce'!eHtteM B036}')KJICHH.ll llJl.ll 
180

Hr. TO 0110 0Ka3bIBaeTC.ll Ha 'ICTblpe 110p.l!JlKa BhlllIC. B 

Ta6JI. 1 11pC)lCTaBJICllbl HHTCrpaJibHblC CC'ICHH.ll llJl.ll 
180

Hf Ii 
180

Ta 11ptt JlByx 

180 
3Hepm.l!X y-KBaHT0B. Ilo-BHJlHMOMY, 60Jibllla.ll pa11mua B Cl1HHax JlJl.ll Ta HC 

.l!BJI.lleTCH 11pC11.l!TCTBHCM llJl.ll ero JlCB036}')KJICHHH. 3-ro CC'ICHHC HMCeT CaM0C 

60JibllIOC 3Ha'ICHHC llJl.ll (y,y') peaKUHH, "cB.ll3bIBalOIUHX" 0CIIOBH0C " H30MCpH0C 

C0CT0.l!HHH HH)l(C 11opora BhIJICTa HCHTpOHa. 

J,faoMCpHOC C0CT0.l!HHC 
180

Hf pac11anaeTC.ll '1Cpe3 0)lH0'laCTH'IUblC C0CT0.l!HH.ll 

ocHOBHOH npamaTeJihHOH 11onocb1 (K" = 0). B cnyqae 
180

Ta, 110-BttJlttMoMy, ttMceT 

MCCT0 Jlpyra.H CXCMa )lCB036}')KJICHHH. Ilptt Jllil10JlbH0M 110rJI0IUCHHH y-KBaHT0B C 

Ta6nttua 1. 11HTcrpanbHhIC cc'!CHH.ll isomHf " ISOmTa 11ptt JlByx 3Hepmxx y

KBaHT0B 

Hy, M3B cr (y,y'), M6apH.K3B 

Hf( o+ ⇒ 8-) Ta( 9· ⇒ 1+) 

6.5 O.Ql5 (5) 380 (80) 

7.0 0.055 (10) 450 (90) 

B 

·~! \·{i 
' 
l 

~· 
!I 

._lj\ 
I'', 

J 

' 

H30MepHoro C0CT0.l!HH.ll 9- B036}')1(JlaIOTC.ll C0CT0.l!HH.ll co cnttH0M Ii 'leTH0CThlO 8+ • 

9+ " 10+. 3-rtt C0CT0.l!HH.ll Hax0ll.l!TC.ll nptt 3Hepmtt B036}')1(JleHH.ll 6.5 - 7 M3B. 

Ilp.l!MOH 11epeX0Jl C 3THX COCTO.l!HHH Ha 0CH0BH0e 1 + C0CT0HHHe MaJI0Bep0HTCH HJ Ja 

6oJihllIOH paJHHUhI B c11ttHax - M>7. Ilo3TOMY 6onee nepoHTHhI Ml H E2 

nepeX0Jlhl Ha 0CH0BUyto poTaUH0HHyto nonocy C K" =1+ • OJlUaKO, B 3T0M 

cnyqac B03HHKaeT 6oJihllIOH 1anper 110 KBaHTOB0MY 'lttcny T.K. dK=8. 113 

3KCnepttMCHTaJihHhIX )laHHhIX H3BCCTH0, 'ITO B HC'leTHhIX H)lpax Jla)l(C' nptt 

Jl0B0JlhH0 HH3KHX 3UCprli.lIX B036}')1(JleHH.ll IlJI0TH0CTh ypoBHCH 6oJibllla.ll " 

B03M0)1(110 CMClllttBaHtte 110 K_BaHT0B0MY 'IHCJIY K. TaKttM o6paJOM CHHMaeTCH 

Ja11per no K " 11ocne 3Toro B03M0)l(CH nepexo)l c coc-roxttttii 8+ , 9+ " 10+ (K" 

=9" ) Ha 7+ ,8+ tt 9+ (K" =1 + ). L{anee 11pottCX0l{HT o6bI'IHhlH KaCKall Ha 0CH0BHyto 

nonocy, BCJlYIUHH K octtoBH0MY cocroxHttIO i+ (K"=l+). TaKnc nepeX0JlhI HJ 

B036}')1(JlaCMhIX COCTOHHHH 8+ • 9+ • 10+ B03M0)l(Hbl " Ha Jlpymc noJI0Chl C K"= i-. 

K"=3· n K"=4·. B cnyqae 
180

Hf TaKtte nepeX0Jlhl Ha nonocy, nocrpoeHHyto Ha 

"30MCpH0M C0CT0HHHH HCB03M0)l(Hbl, "3-3a CUJihH0ro Pa3JIH'IH.ll no cnnHy ypOBHeH 

poTaUHOHHOH noJI0Chl " B036}')1(JlaCMbIX nocJie 3axBaTa y-KBaHT0B ypOBHCH. 

B TpeTI,eii maue 11pC)lCTaBJieHbl 3KC11epttMCHTaJihHble pe3yJihTaTbl no UCCJIC)l0BaHH.lIM 

"30MepHbIX COCTO.l!HHH h1112 B Cl>51P C BhIJleT0M 0)lH0ro HCHTpOHa JlJlH lllttp0K0ro 

Kpyra "30TOn0B C 50 ~ N ~ 82 " 46 ~ z ~ 62 • L{JIH Bcex UCCJie)lyeMbIX H)lep 

Bb16patto "30MepHoe C0CT0HHHe C 0)lHUM " TeM )KC cnttH0M " 'ICTHOCTblO 11/2" • 

a yqaCTBytoIUtte B peaKUHH "30T0nhI HBJIHIOTCH 'leTH0-'leTUblMU, K0T0pbie noCJie 

nomomeHUH y-KBaHTa UMCIOT cnnH 1". TaKttM o6paJOM, JlJlH ucn6}')1(JleHH.ll 

"30MepUbIX COTO.l!HHH BO BCex myqaeMbIX "30Tonax Bb16pattbl UJlCHTU'IHble YCJI0BH.ll -

OJlHHaKOBhIH Tttn peaKUHH n 3HeprH.ll BoJ6}')1(JleHH.ll, 0JlHH n Te )Ke cnnHhI 

Ha'laJihH0ro Ii K0HC'IH0ro COCTOHHUH. Il03TOMY M0)l(H0 0)l(UJlaTb, 'ITO U3MCHCHH.ll 

"3MepHeMbIX Ha onbrre "30MepHbIX OTHOllICHHH 11ptt nepexo)le OT 0)lH0TO H)lpa K 
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.n:pyroM)', 6y,n:yr onpelle.IDITC.ll TeM, KaK B 3TIIX .a,n:pax MeH.lleTC.ll CTPYKTYPa 

ypoBHeH, qepeJ K0T0pble npoI1cxo,n:I1T 3aceneHI1e IIJ0MepHoro C0CT0.llllil.ll. 

IIonyqeHHbie 3KcnepI1MeHTaJibHblC ,n:aHHbie Il0JB0JI.llJOT CYllIITb KaK 0 

CTaTIICTil'IeCKIIX CBOHCTBax 3TIIX ypoBHCH (o JaBIICIIM0CTII IIX IIJI0TH0CTII OT 3HeprttI1 

II CilIIHa), TaK II 06 IIX cneKTp0CK0ilil'IeCKIIX xapaKTepIICTIIKax - CilIIHax, 'IeTl!0CT.llX, 

Bep0.llTH0CT.llX nepeX0ll0B PaJJIIl'IHOH M)'JibTIIIl0JibH0CTII B HJ0MepHoe C0CT0.llHile. 

B JaBIICIIM0CTII HO OT MaCC0Boro 'IIICJia Ha6JIJOllaJIOCb IICCK0JibK0 IIJ0T0ilHblX 

JaBIICIIMOCTeH. Ha IIJ0T0nax Ba nonyqcna JaBIICIIM0CTb HO OT 3HCprttI1 y-KBaHT0B 

II MaCC0B0ro 'IIICJia HJ0TOila [4]. Ha. pIIC. 2 npc,n:CTaBJICHa JaBIICIIM0CTb HO OT 

3Hepnm y-HJJiyqeHil.ll (M.ll .n:mpipcpeHUilaJibHblX Ce'ICHIIH) II OT rpa11I1'IIIOH 

3HeprttI1 T0pM0JH0ro Il3JIY'fCHil.ll (.n:n.a IIHTerpanbHbIX ceqeHIIH). B nocnenneM cnyqac 

HO C00TBeTCTBYJOT 0TH0IIJeHil.llM IIJ0MepeHHblX BbIX0ll0B pcaKUIIH, npIIB0ll.llIUIIX 

K IIJ0MCpH0MY II 0CH0BH0MY C0CT0.llHil.llM, T.K. o6e peaKUIIII IIMeJOT 6JIHJKHe no 

<pOpMe <pyttKUHH BOJ6)')KlleHH.ll. 3-ro YKaJbIBaeT Ha. OllHHaKOBbIH Mexal!HJM JaceneHH.ll 

HJ0Mepnoro If 0CH0BH0ro COCTO.llHHH - 3MHCil.ll HeHTpOHOB HJ COCTO.llHHH rttraHTCK0fO 

llIIIl0JibH0ro peJ0Hanca Ha ypoBHH C 3Heprneii BOJ6)')Kllel!H.ll HCCK0JibK0 M3B, a 

JaTeM KacKa,n: y-KBaHTOB. HO B peaKUil.llX (y,n) Ha HJornnax Ba o6nap)')KttBaJOT 

JaBHCHM0CTb OT 3HeprttH y-KBaHT0B If MaCC0B0ro 'IHCJia HJ0T0ila. HO pacTyr C 

YMeHbUieHHeM 'IHCJia HeHTpOHOB B .a.n:pe. Ono MaKCHMaJibH0 ,n:JI.ll Hatt60JICC 

nerxoro IIJ0Tona 
129

Ba. 

3aBIICIIMOCTb HO ,n:n.a HJ0TOIT0B Te nptt _MaKCHMaJibHOH 3HeprttI1 y-KBaHTOB ,.Er 
=25 M3B YBeJIH'IHBaeTC.ll c YBeJIIl'IeHHeM 'IHCJia ueiiTponoB B .anpe, 11 caMoe 

6oJibIIJoe HO ttMeeT 
129

Te. 3-ro HO npencTaBJI.aeT 11 caMoe 6onhIIIoe J11aqc1me 

HJ Bcex HCCJie,n:yeMblX naMII HeHTpOHHblX COCTO.llHHH hw2. 

HmepeCHO Il0CM0TpeTb If Ha HJ0TOHHYJ0 JaBHCHM0CTb HO (pilc.3). B 3TOM 

10 
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Er, MsB 

Pttc.2. 3aBHCIIMOCTI, HJ0MepHbIX 0TII0IIJeHHH ,n:JI.ll paJJIH'IHbIX HJ0T0il0B 6apH.ll 

OT 3Heprntt y-KBaHT0B. 3na'IKH ( 
129

mBa • , 1
31

mBa ■ , 133
mBa • 

l3SmBa ♦ If 
137

mBa + ) 0TH0CHTC.ll K HHTerpanbHbIM Ce'IeHHH, CIIJI0IIIHa.ll 

KpHBa.ll - 0TH0IIJeHH.ll llH<pipepeHUHaJibHbIX ceqeHHH ,n:JI.ll 
129

mBa If 
1298

Ba. 

0TH0IIJeHHH 6naronpH.llTHOH rpynnoii .a.n:ep .llBJI.llJOTC.ll HJ0T0ilbl, HMeJOIUHe JaMKHYfbie 

HeiiTponHue o6ono'IKH (N = 82) KaK 
138

Ba, 
14

°Ce. 
142Nd 11 

144Sm. B (y,n) peaKu11.ax 

Ha 3THX .a,n:pax BOJ6)')KllaJOTC.ll C0CT0.llllml, HMCJOIUHe o,n:miaK0BbJe CilHHbl If 'IeTH0CTH 

B HJ0MepH0M If 0CII0BII0M C0CT0.llHH.llX If nptt6JIHJHTCJlbHO 0llHHaK0BbJe 

KO::l!p!pHUHeHTbl KBa,n:pynOJibllOH J.{e<p0pMaU1m B 0CH0BII0M C0CT0.llllHH. 

HO HMceT MaKCHMYM B paiioHe 
14

°Ce 11 
138

Ba. 3-ra JaBHCHM0CTb YMeHhIIIacTc.a c 

nptt6JimKeHtteM K "JaMKHyroii" npoTOHHOH o6oJIO'IKe Z = 64. Ilo-BHllHMOMy 

aHaJI0rtt'IHa.ll CHTyaUH.ll 6y,n:eT na6JIJO,n:aTbC.ll If C JieBOH CT0p0Hhl 3TOH JaBHCHM0CTH 

nptt 11p116JJH)KCJIHH K .n:pyroii JaMKnyroii npOTOIIIIOH o60JIO'IKC Z=50. 
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LJ1,1c110 npOTOHOB, z 

P11c. 3. 3an11c11MoCTb HO oT Z wrn 1130T011on c N=81. 

Pe3yJibTaTbI 113MepeH11fi HO JlJrn coCToaH11fi h1112, o6pa3YJOIU11xca B peaxu11ax 

(y,n) ua 16 qernbIX a)lpax rrp11 MaKCl1MaJibHOH :mepnrn y-KBaHTOB Ey =25 M~B 

rrpe)lCTaBJICHbl Ha p11c.4 [5,6]. )lna caMbIX nenmx 11 caMbIX Ta)J(eJiblX a)lep, K0T0pbie 

coorneTCTBYeT HaqaJiy 11 K0HUY "oCTpona" 1130Mep1111 3Tl1X cocToaH11tt, HO, a BMeCTe 

C Hl1M11 11 l111TerpaJibHbJe ceqeH11a Ha116onee Hl13Kl1e. MaKCl1MaJibHbJe 3HaqeHtta HO 

11MeIOT 1130TOIIbI Sn 11 Te. 

TaKl1M o6pa30M, Ha 110 BJittaeT UeJiblH pa)l qiaxrnpoB: 3Haqeu11a CIIl1HOB 

1130MepHoro 11 OCHOBHOro COCTOaHl1H, 3Hepnrn CBa311 uettTpoHa B uaqaJibHOM 11 

KOHequoM a)lpe, 3aBl1Cl1MOCTb IIJIOTH0CTl1 ypoBHett KOHeqHoro a)lpa OT 3Hepnrn 11 

crrmrn, CTPYKTYPa ypomiefi BbIIlle 1130MepHoro cocToaH11a. 
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MaccoBoe q11cno 

P11c.4. HO )lJla coCToaH11ii hw2. 

3Hepnrn B036~eutta a)lpa rrepe)l KaCKa)lOM y-KBaHTOB 3aBl1Cl1T OT 3Hepnrn CM311 

HettTpOHa. IT03TOMY B o6JiaCTl1 rnrattTCKOro )ll11IOJlbHOro pe30HaHca, 3Hepnrn 

B036~eH11a a)lpa IIOCJie BbmeTa HCHTpoHa 6y)leT MeHbllle }.(Jrn JierKl1X H30TOIIOB. 

3TO 1Ip11B0)ll1T K MCHblllCMY HHTepBaJIY 3Heprnu )lJla KaCKa)la y-KBaHTOB 11, 

CJIC)lOBaTeJibHO, K YMCHblllCHHJO HO. O)lHaKO rrpu 6oJiblllHX 3Hepnrnx y-KBaHTOB 

BJIHaHHe 3Toro qiaxrnpa 6yJleT cna6ee. 

flJIOTHOCTb ypOBHCH H pacrrpe)leJICHHe HX ITO CIIHHY B KOHeqHoM a)lpe OKa3blBaJOT 

cyrueCTBCHHOe BJIHaHHe ua 110. C ynenHqeHHeM rrapaMerpoB, orrpe)leJiaIOIUHX 

3aBHCHMOCTb IIJIOTHOCTH ypOBHeii OT 3HeprnH B036~eHtta H CIIHHa a)lpa 110 paCTeT. 
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O6a ::>TH napaMe-rpa paCTyr c ym:JmqettneM necpopMaunn anpa, qrn IIMeeT Mecrn npu 

}'MCHbIIIeHHH qucJia ueiiTpOHOB B anpe. 

H, U.lKOHeu, cneKTp nucKpe-rHb!X ypomieii uan H30Mepttb!M COCTOHHIIeM II 

BepOHTHOCTH nepexonoB Me)l(Jly HHMH onpenenaIOT B KOHequoM cqeTe HO. OnuaKO 

naHHbie O xapaKTepHCTHKax 3THX ypOBHeii B IICCJienoBaHHbIX H30TOnax naneKO lie 

IlOJIHbJe. 

B 'ICTBCpTOH rnaBe OIIHCaHbl H3Mepeuna II30Mepuoro OTIIOIIIemrn nna OCKOJIKOB 

nene11m1 H Me-ron onpenenettHJI IIX yrJIOBbIX MOMeHTOB. OTJIOCHTeJibHOe 3aceneu1Ie 

OCIIOBIIOfO H H30MepttblX COCTOHHIIH C paJJinqHbIMH cnnuaMII 3aBHCHT OT 

nepBouaqaJibHOro pacrrpenenenna IIO cnnuaM OCKOJIKOB. Ha p1IC. 5 IlOKaJaIIbl 

yrnoBbie MOMeHTbI 
1341 npJI nenemm anep H3ornnoB 

232
Th(y,D II 

238
U(y,D KaK 

<pyHKUHa qncJia ueiiTpOHOB B nonOJibHJITeJibJIOM '• eMy OCKOJIKe Ne [7]. 

TipennonaraeTca 'ITO ::>Heprna B036}')1(Jleuna ::>THX JI}'KJIHnoB noqTJI onnuaKona JI qTo 

cpenuee qncJio MrIIOBeHHblX neiiTpOHOB, HCilYIIIeJillblX H3 OCKOJIKa c Maccoii 135, 

232 23su npn6JIJI3HTeJibHO paBHO 1, T.e. 3HaqeHJIH Ne J{JIH nenHIUJIXCH ll}'KJIHnon Th II ' 
\ 

= 60 n 65 COOTBeTCTBeJIHO. 

TaK KaK 
1341 aBJIHeTca anpoM, 6JIII3KJIM K nBa)l(Jlbl "MarnqecKoMy'' (Z ~ 50, N ~ 

82), <pOpMa KOToporo MaJIO OTJIJiqaeTCH OT c<pepbl, nonommTeJibHblll K HeMy 

ocKoJioK ( ueiiTpottoll36brroqm,1e H30TOilbI Rb JI Y) o6nanae-r JuaqnTeJibttoii 

ne<popMauneii. 3ueprna necpopMaunn B nanb11eiirneM npeo6proyeTca B ::>ueprn10 

B036}')1(JleHna OCKOJIKOB. YmoBoii MOMeHT <pparMeHTa }'MeHbIIIaeTCH C }'BeJinqeuJieM 

Ne, npJI6JIH,KaHCb K necpopMnpoBaHHOll o6oJioqKe c 66 ueiiTpoHaMH. Tio::>TOMY, 

nonoJIHHTeJibHblii K 
1351 <pparMeHT CTaHOBHTCH 6oJiee ne<popMJipOBaHHblM, uaqlIHaH 

oT cpornneneuna 
23

2Th BilJIOTb no 
238U. 

14 

12 

11 

..c:: 
10 ' Cl) _j_ 

E 
~I- 9-

8 

7-

+-
59 60 61 62 

232Th, 238U (y,f) 

63 

NC 
64 

T • l 

65 66 

P1Ic.5. 3aBIICIII\-IOCTI; yrnonoro MOMenrn 
1341 OT q·IIcJia neiiTpOHOB B nonOJIHJITeJibHOM 

eMy OCKOJIKe 

OCHOBHhlE PE3YJlhTATbl JlHCCEPTAIJJIH 

1. PacqJITaHbl CIIeKTpbl TOpM03HOro H3JiyqeHIIH II3 TOJICTbIX M1III1e11eii B o6JiaCTII 

::>ueprnn OT 1 no 30 M::>B nna paJJIIIqHbIX yrJIOB na6n10neu1Ia II MaTepuana 

MIIIIIeHJI. 

2. BnepBblC H3MCpCIIl,I BblxonbI II nonyqcllbl ccqcHJIH neynpyroro pacceHHHH ·y

KBalfroB wrn BblCOKOCIIIIHOBbIX II30Mepon ISOmHf, 190mos. II 204mPb. TIOKaJaH 

6om,rnoii BKJlaJl KBaJipynoJihllbIX IICpCXOL(OB B KaCKaJIC y-KBallTOB IIplI 3aCCJICIUIII 

ll30Mepnoro C0CT0HIIIIH. 

3. Ha BhICOKOCIIIIJIOBOll ll30MCpHoii MIIUICHH ISOmTa IIOJiyqe11 aH0MaJihlI0 6oJihllIOH 

BhlX0LI 0CH0BIIOl'0 C0CT0HIIIIH nplI 11eynpyroM paccca11m1 y-KBaHT0B H 3JICKTp0H0B. 

15 



Ha6mo)laJIOCb cna6oe RIIH.IIHHe KBaHT0B0ro 1-IHCJia K B MexaHH3Me )leB036)')K)leim.ll 

::noro C0CT0.IIIIH.11. 

4. BrrepBbie B o6JiaCTH ruraHTCKOro JlHII0JlbH0ro pe30HaHca H3MepeHbl <pYJIKUHH 

B036)')K)leHu.11 peaKUHH (y,n) 11a mornrrax 13o.1
32•134·136Ba u 138Ce. BrrepBbie 

H3MepeHbI HO llJl.11 H30TOII0B 118'124Sn, 122'124·130Te, 138·14°Ce, B (y,n) peaKUH.HX 

rrpu MaKCHMaJihHOH ::meprnu y-KBaHTOB E., = 25 M::iB. 

5. HccJie)loBaHbl oco6e11110CTH B036)')K)lCIIH.II H30MCpllblX COCTO.IIHHH h1112 (46 ~ z ~ 

64 u 50 ~ N ~ 82) B (y,n) peaKUH.IIX o6nacrn ruraHTCKOro JlHIIOJlbllOffi 

pe3onanca. ITonyqena 3aBHCHMOCTh HO oT ::ineprnu Bo36)')K)le1m.11, MaccoBoro 

1-IHCJia H aTOMHOro HOMepa HYJ(JIHJlOB. 

6. OrrpeueneHbl He3aBHCHMble Bb!XO)lbl OCKOJIKa )leJieHH.11 1341 B OCHOBHOM H 

H30MCpHOM COCTO.IIHH.IIX H pacquTaH em yrnoBOH MOMeHT rrpu <pOTO)leJICHHH 

232Th 238U - - 25 M H y-KBaHTaMH C MaKCHMaJlbHOH ::ineprneu 3B. 
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