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AHanHa 3KcnepHMeHTanbH~x AaHH~x, KOTop~e 6~nH nony4eH~ npH 
H3y4eHHH B~COKOCnHHOB~X COCTORHH~ aTOMH~X RAep C yrnOB~MH MQ
MeHTaMH AD 60-80h, o6pa3YIOIJIHXCR B peaKI..IHRX C TR~<enbiMH HOHaMH 
H HMeiOIJIHX 3Ha4HTenbHYIO 3HeprHIO B036Y~AeHHR, Tpe6yeT 3HaHHR oc
HOBH~X ¢aKTOpOB, KOTOp~e onpeAenRIOT 3BOni01..1HIO npOAYKTOB peaKI..IHH 
e npo1..1ecce Aeeoa6ymAeHHR. HaH6onee ea~H~M H3 3THX ¢aKTopoe RB
nRIOTCR napaMeTpbl, xapaKTepH3YIOIJIHe ¢opMy caMocornacoeaHHOro RAep
Horo nonR, 3HeprHIO Ae¢opMai..IHH, HHepi..IHOHHble CBO~CTBa, a TaK~e 

nnoTHOCTb ypoeHe~ eoa6y~AeHHoro ocTaT04HOro HApa. HecoMHeHHO, 
4TO onpeAenRIOIJIHM cpeAH BCeX ¢aKTOPOB RBnReTCR TO, HaCKOnbKO xo
POWO Mbl onpeAenHM caMocornacoeaHHoe RAepHoe none epa[4aKltllerocH 
B036Y~AeHHOro RApa. 

06beAHHRR HAeH, HCnOnb30BaBWHeCR paHee npH onHCaHHH CBO~CTB 
XOnOAHbiX BpaiJiaiOIJIHXCR RAeP, C OAHO~ C TOPOHbl, H npH onHCaHHH C T aTHC
TH4eCKHX CBO~CT8 8036Y~AeHH~X RAeP 8 o6naCTH Man~x yrno8~X MQ
MeHT08 - C APYtO~, M~ HaAeeMCR npocneAHTb OCH08H~e 3aKOHOMep~o
CH1 380n101..1HH C80~CT8 6biCTP08pa[4aiOIJIHXCR RAep 8 nPOI..IeCCe Ae803-
6y~AeHHR . .QnH ynpoiJieHHR MOAenH Mbl He 6yAeM Y4HTbl8aTb napHble 
KoppenRI..IHH C8epxnP080ARIJiero THna, ponb KOTOP~X Cy1J1eCT8eHHa npH 
y1 JIUt:~biX MOMeHTax 1 :;_ L:;.- jUh H 8 obnacTH HH3KHx TeMnepaTyp I t::; 
.::::0,6 M3B/. 

6YAYT paCCMOTpeH~ cneAYIOIJIHe xapaKTepHCT~KH 6~CTP08pa[4aiOIJIHXCR 
RAep: 

a/ napaMeTp~ K8aAPYnOnbHO~ H reKCaAeKanonbHO~ Ae¢opMai..IH~ 
cpeAHero nonH, 

6/ 3HeprHR Ae¢opMai..IHH XOflOAH~X H HarpeT~X RAep, 
B/ HHePI..IHOHH~e napaMeTp~, 

r I cneKTp y -K8aHTOB 6~cTpo8paiJiaiOI!IerocR RAPa. 
nyHKT~ a/-8/ paCCMaTpH8anHCb 8 pa6oTe IV Ha OCHOBe noTeHI..IHa

na HHnbccoHa AnR HAeP Ae¢opMHP08aHHO~ o6nacTH c 150 <A < 190. 
AHanHa, npeACTaeneHHbl~ HH~e, npoBOAHTCR c nOMOIJibiO noTeHI..IHana 
ByAca-CaKCOHa AnR PHAa RAeP nepexOAHO~ o6nacTH, cTaTH4eCKaR 
Ae¢opMai..IHR KOTOp~X npH !=0 OTHOCHTenbHO Mana. 

§ 1 • OOPMA 6biCTPOBPAUlAIOt:.II1XCfl .s:!AEP 

1 • OcHOBH~e nono~eHHR 

113y4eHHe ¢OPM~ XOnOAHbiX 8Pal!laiOIJIHXCR RAep Ha OCH08e MOAenH 
npHHYAHTenbHoro epa14eHHR c Hcnonb308aHHeM MeToAa o6ono4e4H~x 
nonpaBOK CTpyTHHCKOI-o, npeAnO>K"e,1'1Hee''1!'~"Pe6oT~~ • OCHOBaHO 
Ha cneAYIOIJIHX npeAnono~eHHRx: • ·'\~ ... "''.: · :J~~~~ ;··, ::~·~ 

• • -1 • ..... : '· .. tSi:iiU!I 
~ , ~: 2 ; · .,. , ~ ~ .~ :..-: ~iA .. , .. --.:; -.;....._;..;.._....., ... __ 
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1/ Bpa~eHHe RAPa MO~HO paCCMaTpHBaTb KBa3HKnaCCH4eCKH B paM
KaX KpeHKHHr-MOAenH; 

2/ AOMHHHpy~~aR KOMnOHeHTa 3HeprHH Ae$opMa4HH, nnaBHO MeHR~
~aRCR OT RAPa K RAPY, MO~eT 6~Tb B~4HCneHa B paMKaX MOAenH ~HA
KO~ KannH C napaMeTpaMH, B3RT~MH AnR HeBpa~a~~erOCR RApa. 4aCTb 
3HeprHH Ae$opMa4HH, onpeAenReMaR o6ono4e4HO~ CTPYKTypo~ RAPa, 
MO~eT 6b1Tb Bbi4HcneHa B paMKaX MeTOAa CTpyTHHCKOro; 

3/ reoMeTpH4ecKHe napaMeTp~ cpeAHero nonR I Ro- paAHYC RAPa, 
napaMeTp AH$$Y3HOCTH HAP·/ He 3aBHCRT oT yrnosoro.MoMeHTa. 

CneAyeT o~HAaTb, 4TO c$opMynHposaHHble npeAnono~eHHR npHMeH>1-
M~ K OnHCaHH~ He TOnbKO COCTORHH~ HpacT-nonoc~, HO H COCTOR
HH~, B036Y>KAeHHbiX HaA He~. EcnH 3HeprHR B036Y>KAeHHR AOCTaT04HO 
BenHKa, TO TaKHe COCTORHHR MO>KHO paccMaTpHBaTb KaK MHOr04aCTH4-
H~e KOH$Hrypa4HH no OTHOWeHH~ K HpacT-nonoce H AnR OnHCaHHR HX 
ycpeAHeHH~X xapaKTepHCTHK Hcnonb30BaTb CTaTHCTH4eCKH~ nOAXOA. 

B paMKax cTaTHCTH4eCKoro onHcaHHR MaKpococTORHHe onpeAenReT
CR BenH4HHO~ $H3H4eCKHX nepeMeHH~X, ycpeAHeHH~X no 60nbWOMY 
4HCny MHKPOCOCTORHH~ B036Y~AeHHOrO RApa, H cpeAHRR BenH4HHa 
COOTBeTCTBY~~ero onepaTopa MO>KeT 6~Tb npeACTaBneHa B BHAe 

<Ch = ~ !6 el!p(-H/t) 1/Sp ! el!p(-H/t) !, /1/ 

rAeH - raMHnbTOHHaH paCCMaTpHBaeMO~ CHCTeM~ H t- TeMnepaTypa 
so36Y>KAeHHoro /HarpeToro/ RApa. 

B np~6nH>KeHHH caMocornacosaHHoro nonR MHoro4aCTH4Hbl~ raMHnb-
--····-·· 11 --··-··-·-- -~-- ... ,..... ..... ,......,..,..,,.,,....,,,,.,. ,..h. .... -.~.-...~ nooh.n-.IJLJtll.• l""\nLJI""\It""''r'T'JAII-
1Un¥tOn J.J. ~Ot•t\.,.llnrvl '-"UVII...I\...I.._.II...IJI\.II.I-4j''''' ....,....,,... ..... ~.._,,, _,.,....,.,...._,,,,,.,..,, ....,M''._. ,..,._.,,,' 

H~M raMHnbTOHHaHoM. AnR spa~a~~erocR RAPa nocneAHH~ npeAcTas
nReM KaK CYMMY OAH04aCTH4H~x onepaTopos Paycca: 

/2/ 

B HaWHX pac4eTax cpeAHee none V(r) annpoKCHMHpyeM noTeH4HanoM 
ByAca-CaKCOHa, napaMeTPbl KoToporo 6onee noApo6Ho onHcaHbl HH~e. 

npH y4eTe TeMnepaTypHoro ycpeAHeHHR B~pa~eHHe AnR $YHK4HH 
Paycca spa~a~~erocR RAPa MO~Ho 3anHcaTb B BHAe 1 11 

R({3,y;w,t)=~.KJ{3,y; w =t=O)+ 

131 

+ .1 ,. c/3. y, w )n (t)- 1 , c/3. y, w = o) ;i c~= o) 
I= 1 I I i= 1 I 

3Aecb E - 3HeprHFI HeBpa~aiO~erocR RAPa s MOAenH ~HAKO~ KannH, JK,K, 
fi - 3HeprHH OAH04aCTH4H~X COCTORHH~, onpeAeneHH~e KaK C06CTBeH-
Hble 3Ha4eHHR onepaTopa Paycca I '21: 

R0 • ..{..{3, y, w ) <!>i = 'i ( {3, y, w ) ~ . /4/ 

2 

4Hcna 3anonHeHHR OAH04aCTH4HbiX COCTORHH~ B HarpeTOM RAPe onpe
AeneHbl KaK 

/5/ 

rAe XHMH4eCKH~ noTeH4Han A AnR npoTOHOB H He~TpOHOB CBR3aH C co
OTBeTCTBy~~HM 4~CnOM 4aCTH4 ypaBHeHHeM 

N! 
z !6! 

B nocneAHeM cnaraeMoM cooTHoweHHR /4/ 4epra o6o3Ha4aer ycpeAHe
HHe no MeTOAY o6ono4e4Ho~ nonpasKH. npo4eAypa /4/ RBnReTcR Kop
peKTHo~ npH ycnoBHH, 4To s~6paHH~~ noreH4Han o6ecne4HBaer s~
nonHeHHe ycnoBHR 

l c ({3.y,ru, t ~ 0)- :i' ({i. y. uJ =t=Ol.-:- 2
1 

.,,2 JT T(/l. J), 
i 1 i I ' • 
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TO eCTb npH6nH3HTenbHOe paBeHCTBO rnaAKO~ 4aCT~ 3HeprHH Bpa~e
H~R AnR XOnOAHOro RAPa H TBePAOTenbHO~ 3HeprHH Bpa~eHHR AnR 
AaHHoro RAPa npH To~ >Ke Ae$opMa4HH. 

3HTpon~R Harperoro RAPa S ~ era 3HeprHR B036Y>KAeH~R U HaA 
HpacT-nonoco~ onpeAenR~TCR COOTHOWeH~eM 

s ' ({3. y. '" ) -A -ll-1--r----n
1 

< t)- Pn(l-n
1

( t)ll. !8! 

lJ ~ L '. ({i. )· (d) I n (I) - n ( t ~ 0 I 
1 I 1 l 

/9/ 

a COOTBeTCTBYIO~Hf1 paCCMaTp~saeMO~ 4aCTOTe Bpa~eHHR (d yrnoBO~ 

MOMeHT B paMKaX KpeHK~Hr-MOAenH onpeAeneH KaK 

·X rAe OAH04aCTH4Hble MaTpH4Hble 3neMeHTbl .] 
11 

Bbi4HCneHbl C nOMO~b~ 
BOnHOB~X $YHK4Hf1 ~ 1 ~3 /4/. 

npH OnHCaHHH CBOf1CTB B036Y>KAeHH~X /HarpeT~X/ RAep MO>KHO pa-
6oraTb C pa3nH4H~M~ TepMOAHHaMH4eCKHMH noTeH4HanaMH

1 
onpeAeneH

H~MH B npocTpaHCTBe COOTBeTCTBY~~HX TepMOAHHaMH4eCKHX nepeMeHH~X. 
Ha~6onee YA06HbiMH RBnR~TCFI cneAYIO~He noTeH4Hanbl: 

a/ ¢YHK4HR rH66ca-Paycca 

FR (N. uJ. t) = R (N. '"· t)- tS, /11/ 



6/ ¢YHK4H~ f1-166ea, HnH eeo60AHa~ 3HeprH~, 

/12/ 

B/ 3Heprl-1~ npH ¢1-1KeHpOBaHHOi1 3HTpOni-1H 

E (N, S, I)= F (N, I, t) + tS= E(N, S = 0,1) + U(N, 1), /13/ 

rAe E (N, o, I) - 3HeprH~ HpaeT- nonoe~ 1-1 U (N, I)- 3Hepr1-1~ eo36y)!{
AeHH~ HaA HpaeT-nonoeoi:\ npH ¢HKeHpoeaHHOM I. 

Bbi60p eooTBeTeTBY~Il\ero T.,MOAHHaMH4eeKoro noTeH4Hana onpeAe
n~eTe~ nPHPOAOi1 paeeMaTPI-1BaeMoi1 3aAa4H. EeTeeTeeHHo, 4TO npH 
onHeaHHH paBHOBeeH~X xapaKTepHeTHK HarpeT~X ~Aep see nepe4He
neHH~e noTeH4Han~ 3KBHBaneHTH~ H paBHOBeeHy~ ¢opMy epeAHero 
non~ HarpeToro ~APa MO~Ho Hai:ITH H3 yenoe1-1~ 3KeTpeMyMa n~6oro 
1-13 HHX. 

B Ka4eeTBe OAH04aeTH4Horo raMHnbTOHHaHa epeAHero non~ ~Apa 
Henonb3yeM noTeH4Han ByAea-CaKeOHa, KOTOp~i:\ HMeeT BHA: 

/14a/ 

(p) ... (p) ... (p) ... ... 
V ( r; {3) = V u, ( r ; {3) + Vy 8 ( r ; {3) + V KYJI<,r ; f3 ) • /146/ 

3Aeeb V u,- 4eHTpanbHa~ 4aeTb noTeH41-1ana epeAHero non~, Vy 8 -
c:mm-oofii-1TanbHbli1 noTeHuHan. a V."'.- - KynoHoBeKHi1 noTeH41-1an 
paeHoMepHo 3ap~~eHHoro Tena, orpaH~4eHHoro ~AepHoi:i noeepxHoeTb~. 
UeHTpanbH~i:i noTeH4Han 3aAaeM B BHAe 

/15/ 

B 3Toi1 ¢opMyne v
0 

- r ny6HHa noTeH4~anbHO~ ~Mbl, a f - ¢YHK4H~, 
3aBHe~ll\a~ OT ¢opM~ ~Apa H KOOPAHHaT~ T04KH BHYTPH ~Apa, 

f(r; {3) = 1/(1+ exp (s(r; {3)/a)), /16/ 

rAe no onpeAeneHH~ s (1; {3)- paeeTo~H~e T04KH ~ OT ~AepHoi:i noeepx
HoeT~; a - napaMeTp, onHebiBa~ll\Hi:i pa3MbiTOeTb noTeH4111ana Ha no
eepxHoeTH ~APa, {3- Ha6op napaMeTpoB Ae¢opMa4HH ({3 ~ l{:3 2 , {:3 4 ,yl). 

An~ KBaApynonbHoi:i Ae¢opMa4~H np~H~Ta napaMeTp~3a4H~ 6opa 

f32o=f32cosy, 

{322= {32-2 = 1_ {32 sin Y, 
,;2 

/17/ 

fAe yron Y om1ebiBaeT OTKnOHeHI-1e OT aKCI-1anbHOi1 01MMeTpl-11-1. npeA
nono~eHo, 4TO reKeaAeKanonbHa~ eTeneHb eeo6oAbl He HapywaeT e1-1M-

4 

MeTpl-11-1 KBaApynonbHoi:i AeQopMa41-11-1; APYri-1MI-1 enoeaMI-1, np1-1 nepexoAe 
oT y = 0° K y = n x 60° (n = ±1. ±2, ±3) KBaApynonbHa~ 1-1 reKeaAeKanonb
Ha~ eTeneHI-1 eeo60Abl I-1Me~T OAHI-1 1-1 Te ~e oel-1 eHMMeTpl-11-1. 3TO npHBO
AHT K TpeM He3aBHeHM~M BI-1AaM napaMeTpH3a4HH reKeaAeKanonbHOi:i 
eTeneHH eeo60Abl, OAHa 1-13 KOTOpbiX, Henonb3yeMa~ B AaHHOi:i pa6oTe, 

HMeeT BHA 

{3 
a

40 
= T (5cos2y + 1), 

rAe {:3
4

- KOHeTaHTa, onpeAen~~ll\a~ eeni-14HHY reKeaAeKanonbHOi:i Ae¢op
Ma4HH. noTeH4Han enHH-op6HTanbHOrO B3-aHMOAei1eTBH~ Bbi6paH B eTaH-

AaPTHOM BHAe: 

--+ h 2 -+ --+ -· ....... 
Vy

5
(r;{3)=aA (-) (V Vll,(r;{j)(avp)). 

2Mc 

/19/ 

An~ napaMeTpoe epeAHero non~ R0 , a , V0 , .\ B3~Tbl MOAH¢1-141-1POBaH
nolc llct~aMC:IJJDi f'VCIO /CM. ~0001i lr::_l/. 

M~ npoeenH pae4eT~ ¢opM~ 6~eTpoepall\a~ll\1-1Xe~ ~AeP H3 nepexoAHOi1 
o6naeTI-1 e Z .,.56 1-1 N ::70 e nOMOII\b~ TepMOA1-1HaMH4eeKI-1X noTeH41-1anoe 
npl-1 I = 0,2 M3B. 3HeprH~ B036Y)!{AeHI-1~, eOOTBeTeTBY~Il\a~ AaHHOi:i 
TeMnepaType, US 0,5 M3B, - Mana, n03TOMY M~ e4HTaeM, 4TO nony-
4eHH~e pe3ynbTaT~ AOeTaT04HO HaAe~H~ B onHeaHI-11-1 noBeAeHI-1~ ~AeP 
Ha HpaeT-ni-1HHI-1. C APYrO~ eTOPOH~, TaKa~ Mana~ TeMnepaTypa 3aMeT
HO erna~HeaeT oe41-1nn~41-11-1 o6ono4e4HO~ 3Hepr1-1H 1-1 yny4waeT yenoe1-1~ 

npHMeHI-1MOeTH l-1enonb3yeMO~ HaMI-1 exeM~ pae4eTa. 

Ha p1-1e. 1 np1-1BeAeHbl KapTbl eeo6oAHO~ 3HeprHH 
118

Te. .HAPO ~Bn~
eTe~ AOeTaT04HO M~rKI-1M OTHOei-1TenbHO HeaKe~anbHO~ Ae¢opMa4H~. 
AHai1~3 ~~AKOKanenbHO~ KoMnoHeHT~ 3Hepr~~ Ae¢opMa4H~ lffiTe /eM. 
p~e.2/ noKa3~BaeT, 4TO yeen~4eHI-1e aKeHanbHO~ Ae¢opMa4HH {:3 2 

e poeTOM yrnoeoro MoMeHTa o6yenoeneHo oena6neHHeM o6ono4e4HbiX 
3¢¢eKTOB. AHanorH4H~~ pe3ynbTaT 6~n nony4eH B pa6oTe

161
.0AHaKo 

np~ BbleOK~X en~HaX (I 2: 50 h) ~eeTKOeTb ~~AKOKanenbHO~ KOMnOHCHTbl 
~en~eTe~ He3Ha4HTenbHoi1 ~ I-1MeHHO o6ono4e4Ha~ nonpaeKa onpeAen~
eT 3Ha4~TeilbHY~ TpexoeHOeTb ~APa ( y - -30°). 

5 
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HpaeT-n~H~~ 118 Te MOmHo npeAeTaB~Tb KaK nepeeel.leH~e Tpex 
nonce /eM. p~e.3/. np~ Man~x yrnoa~x MoMeHTax, KOrAa o6ono4e4-
Ha~ KoMnoHeHTa 3Hepr~~ Ae¢opMa4~~ ~an~eTe~ onpeAen~~~eH np~ BbJ-
6ope napaMeTpoa paaHoaeeHoH Ae¢opMa4~~ apa~a~~eroe~ ~APa, 118Te 
xapaKTep~3yeTe~ aKe~anbHo-enn~eHyT~M~ <)lopMaM~, 4To T~n~4Ho An~ 
Mar~l.leeK~X ~Aep /1.1~eno npoTOHOB y 118 Te 6n~3KO K Mar~4eCKOMy 
e Z =50/. B 3TOM eny1.1ae 3Hepr~~ Ae¢opMa4~~ Heapa~a~~eroe~ ~APa 
~MeeT AOeTaT04HO ~PKO B~pameHH~H M~H~MYM An~ aKe~anbHo-enn~e
HYTbiX $OPM I y = +60° I. np~ I> 30h o6ono4e4Hble 3$$eKTbl o6yenoa
n~aa~T npeAn04T~TenbHOeTb aKe~anbHO-BbiT~HYTbiX $OPM ( y -::.0°), Ko
TOPble eOOTBeTeTBY~T BTOPOH nonoee Ha p~e. 3. TpeTb~ nonoca eooT
BeTeTByeT HeaKe~anbH~M <)>OpMaM, KOTOp~e XapaKTep~3Y~T 1ffiTe np~ 
BbleoK~x en~Hax (I > 44h). AHanor~4Hble npeAeKa3aH~~ An~ 3aon~4~~ 
¢opMbl 118 Te np~ apa~eH~~ nony4eHbl Ha oeHoae noTeH4~ana H~nbeeo
Ha/7/. 

0TMeT~M ~HTepeeHbiH pe3ynbTaT, nonyl.leHHbiH An~ ~Apa 130Ba. np~ 
I = 48h /p~e.4/ o6ono4e4Hble 3$$eKTbl np~BOA~T K no~aneH~~ ABYX 
epaBH~MbiX no rny6~He M~H~MYMOB Ha oe~X aKe~anbHo-cnn~eHyTOH 
/y = -60°, {3 2 = 0,2/ ~ aKe~anbHo-abJT~HYTOH I y = 0°, /32= 0,31/ 
Ae¢opMa4~~. HaM KameTc~, 4TO aen~4~Ha 6apbepa MemAY M~H~MyMaM~, 
pasHa~ 1 M3B, n03BOn~eT ~HTepnpeT~poBaTb 3T~ COeTO~H~~,KaK ~3o
Mep~ <)lopMbl. np~ I =60h aen~4~Ha 6apbepa yMeHbWaeTC~ AO 0,5 M3B, 
~ np~ yaen~l.leH~~ yrnoaoro MOMeHTa 3HepreT~4ecK~ BbJrOAHbiM~ cTa
HOB~Tc~ aKC~anbHO-BbiT~HyT~e <)>OpMbl. 

B AanbHeAweM np~ I >70h ~APO np~o6peTaeT TpexocHy~ Ae¢opMa4~~. 
,,,.....,..,... ............ ,..,...~n-.tt .... r.-r,....., n .................. nr.r-ot IIOI'V' l~r-r"'I,...,...IIV' 01-·lor"Joll'"r',... .... r"' 
.......... I ...... t"' .... '' ,........,,,t"' ...... ,,, ....... -·· M ................ M ............ ......... J I ......................................... I ..... , ....... I ....................... ..... 

p~aHTe pae1.1eTa (ls_90h). 
Ha p~c. 5 ~3o6pameHbl rpa<)l~K~ 3aa~c~MOCT~ nonomeH~~ M~H~MYMa 

cao6oAHOH 3Hepr~~ oT aen~4~Hbl yrnoaoro MOMeHTa /roAorpa<)lbl/ An~ 
~AeP 122Te,126,130,138Ba, pacc4~TaHHble np~ t = 0,2 M3B. 

Pac1.1eTbl noKa3an~, 4TO ~3MeHeH~e <)lopMbl, Bbi3BaHHoe apa~eH~eM 
An~ ~AeP c He3anonHeHHOH HeHTPOHHOH o6on04KOH (N- 70) V1 4~enoM 

npOTOHOB Z 2:56 , ~MeeT xapaKTepHble oeo6eHHOC TV1, CXOAHble e npeA
CKa3aH~~MV1, CAenaHHbiM~ B pa6oTe/11 An~ ~Aep peAK03eMenbHOH o6na
eTV1 (HiD< A< 190)np~ yMepeHHO 6onbw~x yrnoBbiX MOMeHTax, I- 3l-30h, 
3HepreT~4eeK~ BblrOAHOH ~Bn~eTC~ aKCV1anbHO-BbiT~HyTa~ <)>OpMa (y = 0°) 
c He6onbWOH Ae¢opMa4V1eH {3 2 ({3 2 -0,2). Mana~ mecTKOCTb TaKVIX aToM
HbiX ~Aep o6ycnosn~aaeT HeyeTOH4V1BOCTb <)>OpMbl OTHOC~TenbHO HeaK
CV1anbHOH Ae¢opMa4V1~ npV1 ao3pacTaHV1~ yrnosoro MoMeHTa. KpoMe 
Taro, BKnaA s 3HeprV1~ Ae¢opMa4V1V1 o6ono4e4HbiX 3$$eKTOB cpasHVIM 
npV1 AaHHbiX en~HaX C BKnaAOM m~AKOKanenbHOH KOMnOHeHT~ 3HeprV1~ 
Ae¢opMa4V1~. C yaen~4eHV1eM yrnosoro MoMeHTa npeAn04TV1TenbHbiM 
CTaHOBVITC~ Bpa~eH~e CO cnniOCHYTbiMV1 aKC~anbHbiMV1 <)>OpMaMV1 (y = 60°) 
V1 He6onbWOH Ae(jlopMal.l~eH ({3 2 -0,15).np~ AOCTaT04HO e~nbHOM spa~e
H~V1, I ~50~0h,~APO np~o6peTaeT 3aMeTHY~ TpexocHy~ Ae¢opMa4~~ 
({32 = 0,4; y ::: 15-20"). 

HeeKonbKO no-VIHOMY BeAYT ce6~ HAPa c 4V1cnoM HeHTpoHos, 6n~3-
KV1M K Mar~l.leeKOMY 4~eny N- 82. np~ ManbiX yrnOBbiX MOMeHTaX <)lopMa 
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PHC. 5. rop,orpa!lJbi CB06op;Horl 3HeprHH F I {3 ' y ; I ' t = 0' 2 ~13B/ 
p;nH H.o;ep 122Te, 126,139,138 Ba. TotfKH 11a ro.o;orpa!lJax cooTBBT

CTBYJOT MHHHMYMY CB060p;HOH 3HeprHH npll 3ap;aHHOM 3HatfBI!Illl 
yrnosoro ~loMeHTa, se.nHtfHHa KOToporo yKa3aHa B KaJKp;or1 
ll3 TOtfeK, 

RABP 6n~3Ka K C~ep~4BCKO~, KOTOpaR 3aTeM 3BOn~~~OH~pyeT B aK
c~anbHo-cnn~CHYTYIO c Mano~ aKc~anbHO~ AB~opMa~~e~ ( {3 2 ::: 0,12). 
TaKaR ~opMa OKa3biBaeTCR AOCTaT04HO BblrOAHO~ AD I- 60-70 h. np~ 
3TOM Ha6n~gaeTCR He6onbWO~ poeT AB~OpMa~~~ {32. no AOCT~~eH~~ 
yrnoBbiX MC"~eHToa I- 60-70h npo~CXOA~T pe3K~~ nepexoA K apa114e
H~~. xapaKTep~3yeMOMY aKc~anbHo-a~TRHYT~M~ ~opMaM~ (y=O). Ae
~opMa~~R {3 2 np~ 3TOM ao3pacTaeT AD 0,6. 

Yaen~4eH~e 3Hepr~~ B036Y~AeH~R HaA ~pacT-n~H~e~ np~BOA~T 
K OCna6neH~~ o6on04B4H~X 3~~eKTOB ~ COOTBBTCTBBHHO K crna~~aa
H~~ penbe~oa KapT 3Hepr~~ AB~opMa~~~. XapaKTepHaR TeMnepaTypa, 
np~ KOTopo~ o6ono4e4HaR nonpaaKa nepecTaeT an~RTb Ha onpeAeneH~e 
~OPM~ RAPa, a HaweM pac4eTe nony4~nacb pasHo~: t = 1,1 M3B, 4To 
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HaXOA~TCR B cornac~~ C npeA~AYI14~M~ pac4eTaM~, CAenaHH~M~ Ha oc
HOBe MOA~~~~~poaaHHoro noTeH~~ana H~nbCCOHa I 11. no-B~A~MOMY' xa
paKTepHaR TeMnepaTypa RBnReTCR yH~BepcanbHO~ Ben~4~HO~ AnR no
TeH~~anoa, KoTop~e npaa~nbHO on~c~aa~T pacnpeAeneH~e nnoTHOCT~ 

OAH04aCT~4H~X COCTORH~~ B OKpeCTHOCT~ noaepXHOCT~ $epM~. B~we 

xapaKTepHo~ TeMnepaTyp~ ~opMa RAeP onpeAenReTcR ~~AKOKanenbH~M 
pe~~MOM apa114eH~R. 0TMeT~M TaK~e, 4TO BKn~4eH~e reKCaAeKanonbHO~ 
AB~OpMa~~~ B HaW~ pac4eTbl np~BOA~T K npeAn04T~TenbHOCT~ HeaK
C~anbH~X ~OPM RAep np~ 6~CTPOM apa114eH~~ 8 OTn~4~e OT pe3ynbTa
TOB pa60Tbl I 11, 8 KOTOpO~ npl-1 AOCTaT04HO BbiCOK~X cn~HaX I= 70-80h 
M~HV1MYM 3HeprV1V1 Ae~opMa~~~ OTBe4an aKCV1anbHo-cnn~CHYT~M ~OpMaM. 

§2. PAC4ET CnEKTPA KBAAPYnOflbH~X y-KBAHTOB 

HecMoTpR Ha cno~H~~ xapaKTep cneKTpa y -KaaHToa, AeBo36Y~Aa~-
114V1X 6~CTpoapa114a~U4eecR RAPO, OCHOBH~e ero 3aKOHOMepHOCT~ MO~HO 
o6bRCH~Tb ~CXOAR 1-13 3aon~~V1~ ~opMbl. B AaHHOM naparpa~e Ha np~
Mepe RAPa 1ffiTe M~ noKa~eM, 4TO HeperynRpHoCTb a cneKTpe ~cny-
114eHH~x y -KaaHTOB npl-1 AeB036Y~AeH~~ ~3 COCTORHV1~ C B~COK~MI-1 Cni-1-
HaMI-1181 MO~HO CBR3aTb C ~3MeHeH~eM ~OpM~ RAPa npl-1 apa114eH~V1. npeA
BapV1TenbH~~ aHan~3 6~n npoaeAeH HaMV1 a pa6oTel91. 

M~ npeAnOnaraeM, 4TO OCHORHO~ BKnaA B cneKTp y-KBaHTOB Aa~T 
KBaApynonbH~e nepeXOA~ Me~AY COCTORH~RMI-1, npV1HaAne~ai14V1MV1 ~pacT

nonoce ~n1-1 ne~a1141-1MV1 a6n~3V1 Hee. AnR pac4eTa nonHoro cneKTpa y-
~Q~~TnQ ~~06~o~u~0, Lff"H-I~lJl-11"'\ \/UIATL.ID!lT~ CLrn:::::lln rT:::'ITIArTIAIJOrVIAV 

-' <J . -·--.- -··---~ -.-. ··- .•• ·--······ 

KBaHTOB AV1nOnbHO~ np~POA~, a TaK~e KBaAPYnOnbHWX y -KBaHTOB, 3a
cenR~U4V1X V1pacT-nonocy 1-13 B~COKOB036Y~AeHH~X COCTORH~~ np~ B~co
KV1X Cn~HaX. 0AHaKO 3T~ aonpoc~ npeACTaBflR~T CaMOCTORTeflbH~~ V1H
Tepec ~ B~XOART 3a paMK~ AaHHO~ pa6oT~. 

Y4~T~BaR TOT ~aKT, 4TO a~coKocn~HoaaR 4aCTb cneKTpa y -KaaH
Toa, AeB036Y~Aa~U4~X aTOMHOe RAPO, BB~AY 60flbWO~ nnoTHOCTV1 ypoa
He~ ~MeeT B~A Henpep~aHoro cneKTpa, M~ np~ pac4eTe 6yAeM ycpeA
HRTb V1HTeHC~BHOCTb ~3ny4eHV1R y-KBaHTOB fiy(Ey) B HeKOTOpOM 
3HepreTV14eCKOM ~HTepaane ~ aoKpyr Eyl E}' - 3Hepr~R y -KaaHTa, 
YHOC~MaR ~3 RApa/ C HeKOTOPbiM BeCOM p ~ (Ey), 

IMaKC. 

lly(Ey) = }; n y(I) p ~ ( E y- E (I)), 
IMHH, 

/20/ 

rAe CYMM~POBaH~e ~AeT no BCeM yrnoB~M MOMeHTaM ~pacT-nOflOC~ 

c IMHH;=2h c waroM~I=2h AD IMaKc. /IMaKc.- npeAenbH~~ yrno
ao~ MOMeHT, np~ KOTOPOM RAPO CYU4eCTByeT KaK ~enoe/. BecoaaR 
~YHK~V1R AOn~Ha 6~Tb HOpMV1POBaHa TaK, 4T06~ 

b p ~(Ey-E) dE 1. /21/ 
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n (E ) = 
y y 2rr 

1MaKC. n (I) 
I /22/ 

(Ey-E(I))2 +(~)2 
OnpeAeiH1M <l>YHKl.l~IO 3aceneH~R ~pacT-nonocbl g (I) (l g(I)= 1) cor nacHo 
<!>OPMYile I 

2I + 1, 
g(l)=cl 

0 
/23/ 

/24/ 

3Hepr~IO nepeXOAa E (I) Me)I(AY COCTORH~RM~ ~paCT -noilOCbl MO)I(HO CDR-
3aTb C yrilOBO~ CKOpOCTbiO Bpa~eH~fl w, COOTBeTCTBYIO~e~ AaHHOMY 
~pacT-COCTORH~IO, a ~MeHHO: 

E(l) = 2hw (1). 

I 
'"ol = T 

/25/ 

Pacc4~TaHHbl~ cneKTP y -KBaHTOB AilR 
118

Te noKa3aH Ha p~c .6. 
npeAeJlbH~~ yrilOBO~ MOMeHT B $OpMyilaX /23/, /24/ B~6paH paBH~M 
I = 72h, 4To6~ nony4~Tb cornac~e c 3Kcnep~MeHTaJlbH~M~ AaHH~M~ no 
MHO)I(eCTBeHHOCT~/8/. MaKC~MYM~ B n (Ey) noRBilfliOTCfl np~ cn~HaX, 
COOTBeTCTBYIO~~X nepeCe4eH~IO nonot, OTBe4aiO~~X pa3Jl~4Hb1M CIJOpMaM 
6biC Tpospa~aiO~erocR R.Qpa. Vl3sec THO, 4TO nepece4eH~e nonoc BeAeT 
K HeperyilRPHOCT~ B 3aB~C~MOCT~ MOMeHTa ~Hepl.(~~ OT yrilOBO~ 4ac
TOT~ spa~eH~R. TaK KaK 3Hepr~R nepexoAa E(l) nponopl.(~oHailbHa 
yrnoso~ 4acToTe spa~eH~R /<t>./25/, a TaK)I(e eM. p~c.7/, TO cooT
seTCTBYIO~ee ysen~4eH~e /yMeHbWeH~e/ MoMeHTa ~Hep4~~ np~ ~3Me
HeH~~ <!>OPM~ RAPa np~BOA~T K nORBJleH~IO HeperyilRPHOCT~ B ~HTeHC~B
HOCT~ ny(Ey). YBeJl~4eH~e MOMeHTa ~Hep4~~ B OKpeCTHOCT~ nepece-
4eH~f1 nOilOC np~BOA~T K nORBJleH~IO MaKC~MyMa B CIJYHK4~~ n (E ). 

Pacc4~TaHHbl~ cneKTP ~(E) Ka4eCTBeHHO socnpo~3BOA~? 3~cne
P~MeHTailbH~e AaHH~e 18~ B 3Kcnep~MeHTe TaKMe Ha6Il10Aa10TCR ABa 
MaKC~MyMa, nono)l(eH~e KOTOPbiX cor nacyeTcR c pac4eTHbiM. Y4eT nap
H~X KOppeilf14~~ np~ Mail~X yrilOB~X MOMeHTaX AOJl)l(eH He3Ha4~TeilbHO 

CAB~HYTb KP~BYIO ny(Ey) B o6naCTb 6oJlbW~X Ey, TaK KaK napHble Kop
peJlf14~~ yMeHbWaiQT MOMeHT ~Hepl.(~~ ~ COOTBeTCTBeHHO y-cneKTp CTa
HOB~TCfl 6onee )l(eCTK~M. 
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PHc.6. CrreKTp y -KBaHTOB 
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PHc.7. 3aBHCHMOCTb 3HeprHH y
KBaHTOB OT yrnOBoro MOMeHTa 
118Te. 

Pac4eT~, npeACTasneHH~e B AaHHO~ cTaTbe B paMKax cpasH~Tenb
Ho npOCTO~ MOAeJl~/1/, B KOTOPO~ 06beA~HeHbl MaKPOCKOn~4eCK~e 
j)I(~AKaR KannR/ ~ KBaHTOBble M~KpOCKOn~4eCK~e 3$$eKT~ /o60Jl04e4-
Haf1 nonpaBKa/, noKa3~BaiOT, 4TO OCHOBH~e 3aKOHOMepHOCT~ B 3801110-
4~~ <t>opMbl 6biCTpospa~aiO~~xcR RAeP cpasH~TeilbHO OA~HaKoso soc
npo~3BOARTCR KaK B CJly4ae noTeHL(~aJla ByAca-CaKCOHa, TaK ~ B cny-
4ae noTeHL(~ana H~JlbCCOHa. np~ MaJl~X TeMnepaTypax ~ He60ilbW~X 
yrilOB~X MOMeHTaX OCHOBH~e CBO~CTBa RAep onpeAeilRIOTCfl OfiOil04e4HO~ 

nonpasKo~. MaKpocKon~4ecK~~ pe)I(~M B cny4ae KonneKT~BHoro spa~e
H~R noRBilReTCR Torna. Korna t ~n~ T ~n~ o6e 3T~ sen~4~Hbl yse
Il~4~BaiOTCR AOCTaTo4Ho c~IlbHO. XapaKTepHaR TeMnepaTypa, np~ Ko
Topo~ o6ono4e4HaR nonpasKa nepecTaeT sn~RTb Ha onpeAeneH~e <t>op
Mbl RAep, KaK ~ B CJly4ae noTeHL(~ana H~IlbCCOHa, OKa3aJlaCb paBHO~ 
t ~ 1-1,2 M3B, 4TO rosop~T o ee yH~sepcaJlbHocT~ AilR noTeHL(~anos, 

KOTOpble npaB~JlbHO nepeAaiOT pacnpeAeJleH~e nilOTHOCT~ OAH04aCT~4-
H~X COCTORH~~ B OKpeCTHOCT~ nosepXHOCT~ <!>epM~. KOHKypeHL(~fl Me)I(
AY MaKpOCKOn~4eCK~M~ ~ M~KPOCKOn~4eCK~M~ KOMnOHeHTaM~ noJlHO~ 

3Hepr~~ Ae<t>opMal.(~~ AenaeT RAPa HeCTafi~IlbH~M~ no OTHOWeH~IO K He
aKC~ailbHO~ Ae$OpMa4~~, KOTOpaR AOM~H~pyeT np~ B~COK~X Cn~HaX 
~ 3Hepr~RX B03fiY)I(AeH~f1. 0TMeT~M, 4TO Ailfl RAep, He 06IlaAaiO~~X 
3aMeTHO~ cTaT~4eCKo~ Ae<t>opMal.(~e~ np~ I= 0 ({3 2 ~0.2), HeCMOTPR Ha 
ocna6neH~e o6ono4e4HO~ nonpasK~ np~ s~coK~x cn~Hax (I.? 70 h, t = 0), 
Man~e ee sap~a4~~ MoryT sn~RTb Ha onpeAeneH~e CI>OPM~ scneACTB~e 

CrJla)I(~BaH~fl peJlbe$a )I(~AKOKaneJlbHO~ KOMnOHeHTbl, XOTH )l(eCTKOCTb 
3T~X RAep OTHOC~TeilbHO paBHOBeCHO~ Ae<t>opMal.(~~ CpaBH~TeJlbHO Mana. 

nepeXOA OT OAHO~ ~pacT-KOH$~rypal.(~~ K APYrO~ xapaKTep~3YeTCf1 
~3MeHeH~eM C~MMeTp~~ cpeAHero nOilfl ~ COOTBeTCTBeHHO np~BOA~T 
K ~3MeHeH~IO ~Hepl.(J.10HHbiX CBO~CTB RAep, ofiyCilOBJl~BaiQ~~X nORBJleH~e 

HeperynRpHOCTe~ B cneKTpe y-KBaHTOB, AeB036Y)I(Aa~~X RAPO. ne
peXOA OT o6ono4e4Horo pe)I(~Ma spa~eH~R, xapaKTepHoro AilR He6onb
w~x cn~HOB, K MaKpOCKOn~4eCKOMy, conpOBO)I(AaiO~eMyCR yBeJl~4eH~eM 

MOMeHTa ~Hepl.(~~,·AOJl)l(eH npORBJlflTbCR B nORBJleH~~ MaKCJ.1MYMa B cneKT-
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pe y -KBaHTOB. AHanl-13 y -cneKTPOB 6biCTpospalJ1atOlJI>1XCR RAeP Ha oc
HOBe 3HaH>1R 3BOnl0~>1>1 ¢opM~ n03BOnReT HaAeRTbCR nOHRTb OCHOBH~e 
3aKOHOMepHOCT>1 npl-1 AeB036YmAeH>1>1 nPOAYKTOB (HI, xn) -peaK~I-1~. 
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HET RH nPOSEROB B BAWEA SHSRHOTEKE? 
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eCJIM OHM He libiJIM 38J<838Hbl paHee. 
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HeCKOnbKHX Ten a AAePHOH ~H3HKe. ,lly6Ha, 1979. 

TPYAW He*AYHaPOAHOH wKonw no CTPYKType AApa. 
AnywTa, 1980. 

I PYAW ·v 1 Me*AYHapoAHot-o (..Utse.._dHHJot 

TOBOH TeOpHH nonA. AJiywTa, 1981 

TPYAW He*AYHaPOAHoro coae~aHHA no npo6neMaM MaTeMaTM
~ecKoro MOAenHpoaaHHR a RAepHO-~H3H~ecKMX HccneAoaa
HHRx. ,lly6Ha, 1980 

TPYAW VI He*AYHaPOAHoro ceMHHapa no npo6neMaM ~H3HKH 
BWCOKHX 3HeprHH. ,lly6Ha, 1981. 

TPYAW I I He*AYHapoAHOro CHMn03HyMa no M36paHHWM 
npo6neMaM CTaTHCTH4eCKOH MeXaHHKH. ,lly6Ha, 1981. 

TpyAw He*AYHapoAHOro CHMn03HyMa no nonRpM3aqHOHHWM 
RBneHHRH B ~H3HKe BWCOKHX 3HeprHH .. ,lly6Ha, 1981. 

TPYAW IV coae~aHHR no Mcnonb30aaHHO Hoawx RAepHo
~H3H~ecKHX MeTOAOa AnR peweHHR Hay~HO-TeXHH~eCKHX 
H HapoAHOX03RHCTBeHHWX 3aAa~. ,lly6Ha, 1981. 

,ll2-82-S68 TPYAW coae~aHHA no HcCneAoaaHHRM a o6nacTH 
penRTHBHCTCKOH RAePHOH ~H3HKH. ,lly6Ha, 1982. 

.ll9-82-664 TPYAW coaewaHHA no KonneKTHBHWM MeToAaM 
yCKOpeHHR. ,lly6Ha, 1982, 

,ll3 ,4-82-704 TPYAW IV tle>KAyHaPOAHOH WKOnW no HeHTPOHHOH 
~H3HKe. ,lly6Ha, 1982. 

3 p. 00 K • 

6 p. 00 K. 

7 p. 40 K. 

5 p. 00 K. 

3 p. 00 K. 

8 p. 00 K. 

3 p. 50 K. 

3 p. 00 K. 

5 p. 00 K. 

2 p. 50 K. 

2 p. 50 K. 

p . 60 K. 

5 p. 40 K. 

3 p. 20 K. 

p. 80 K. 

p. 75 K . 

3 p. 30 K. 

5 p. 00 K. 

3aKa3~ Ha ynoMHHYT~e KHHrH MoryT O~Tb HanpaaneH~ no aApecy: 
101000 MocKaa, rnaanoqTaMT, n/A 79 

H3A3TenbCKHH OTAen 00beAHHeHHOrO HHCTHTYTa HAePH~X HCCneAOB8HHH 



TEMA TH'IECKHE KA TErOPID1 nYBJIHKAUHR 

OBoE~EHHOrO HHCTHTYTA ~PHYX 
HCc.nE~OBAHHR 

HH.aeKc TeMaTIIKa 

1. 3KcnepHMeHTanbHaR ~3HKa BWCOKHX 3HeprHH 

2. TeopeTH4€CKaR ~3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpOHHaR ~H3HKa 

4. TeopeTH4ecKaR ~3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTpOCKOnHR H paAHOXHMHR 

7. ~3HKa TR*enwx HOHOB 

8. KpHoreHHKa 

9. YcKOPHTMH 

10. AaToMaTH3a~HR o6pa6oTK~ 3KcnepHMeHTanbHWX 
AaHHwx 

11. Bw4HcnHTenbHaR MaTeMaTHKa H TexHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TaepAWx Ten H *HAKOcTeH 
RAepHwMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~3HKa RAepHwx peaK~HH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~3HKa 3a~TW 

17. TeopHR KOHAeHCHPOBaHHOrO COCTORHHR 

18. Hcnonb30BaHHe peaynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ¢M3H4eCKHX HCCneAOBaHHH 
8 CMe*HWX o6naCTRX HayKH H TeXHHKH 

19. DHO~H3HKa 

MHxaunoB H.H., HasMUTAHHOB P.r., ~BeK C. P4-83-365 
<f>opMa If CITeKTp y -KBaHTOB 6biCTpOBpa~aiO~XCH Hgep 

B TepMOAHHaMHqecKoM npH6n~eHHH MOAenH npHHYAHTenbHoro 
Bp~eHHH H MeToga o6onoqeqHb~ ITOITpaBOK CTpyTHHCKoro Ha OCHOBe 
noTeH~Hana Bygca-Cai<coHa HsyqaeTCH 3BOniD~HH cl>opMbi 6biCTpoBp~aiO 
ll(liXCH Hgep H3 nepexoAHOI1 o6nacTH c Z =56 H N = 70. IlpoBegeH 
pacqeT HHTeHCHBHOCTll nepeXOAOB y -KBaHTOB H3 BbiCOI<OCITHHOBOH 
o6naCTH Hgpa lffiTe. IlpegnonaraeTCH, qTO OCHOBHOH BKnag B HHTeH 
CHBHOCTb y -HsnyqeHHH gaiOT y -I<BaHTbl KBagpynonbHOH ITpHpOAbJ, 
PesynbTaTbi pacqeTa cornacyroTCH c 3KcnepHMeHTanbHbiMH gaHHbiMH. 

Pa6oTa BbmonHeHa B Jla6opaTopHH TeopeTHqecKou cPH3HKH OIDIH. 

Mikhailov I.N., Nazmitdinov R.G., Cwiok S. P4-83-365 
Shape and Spectrum of y -Quanta of Fast Rotating Nuclei 

In the framework of the cranking model approximation and 
the method of Strutinsky with the aid of the Woods-Saxon poten
tial the evolution of the shape of the fast rotating nuclei 
with Z::: 56 and N"' 70is investigated. The y -ray intensity 
of1ffiTe from the high spin region is calculated. It is suppo
sed that the main part of the y -ray intensity is formed by 
the quadripole y -rays. The results of calculations are in 
agreement with the experimental data. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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