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~rHaT~K A.B. H AP· 

~OpMa HarpeT~X 6~CTp08pa~a~~HXCH HAeP 
/Pe3ynbTaT~ pac4eTa/ 

P4 - 12399 

Ha OCH08e C~OpMynHp08aHHO~ paHee MOAenH H3y4aeTCH $OpMa 
6~cTpo8pa~a~~HXCH HarpeT~x HAep. B~H8neHa xapaKTepHCTH4ec
KaH TeMnepaTypa tcr = 1-1 , 2 M3B H 3HeprHH 8036Y>KAeHH~ U cr = 
14-17 M3B, npH KOTOpbtX o6ono4e4Hbte 3$$eKTbt nepecTa~T HrpaTb 
cy~ecT8eHHY~ ponb 8 onpeAeneHHH $OPM~ 8pa~a~~HXCH HAep. 
OnpeAeneHa o6nacTb 3HeprH~ 8036Y>KAeHHH H yrn08btX MOMeHT08, 
8 KOTOpO~ 803MOlKHbl 6onbWHe $nyKTyaUHH $OpMbt. nony4eHa OUeHKa 
napaMeTpa nnoTHOCTH ypo8He~ npH t > tcr AnH HAeP peAK03eMenb
HO~ o6nacTH a= A/11,5 M3B- 1. 

Pa6oTa 8~nonHeHa 8 na6opaTOpHH TeopeTH4eCKO~ $H3HKH 
O~B~. 

Co051UeHKe 05heLIHHeHHOrO HHCTKTyTa l!LiepHbiX HCCneL!OBSHHll, Lly5Ha 1979 

lgnatyuk A.V. et al. P4 - 12399 

The model formulated in the preceding paper of the author 
is used here for studying the shape of the fast rotating 
heated nuclei. It is found that at the temperature t>-tcr~1-
1.2 MeV corresponding to the excitation energy U>...:.Ucr "'14-
17 MeV the shell effects do not affect the shape of rotating 
nuclei. The region of spins and the excitation energy is 
found in wich one expects large shape fluctuations. At 
t >-tcr the calculated value of the density of levels parame
ter is we 11 reproduced by the formu 1 a a- A/11. 5 MeV - 1. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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BBEAEH~E 

B npeA~AY~e~ pa6oTe 111 6~na c$opMynHp08aHa MOAenb, no3-
80nH~~aH npocneAHTb 3a H3MeHeHHeM $OpM~ 6~CTp08pa~a~~HXCH 
HAeP npH y8enH4eHHH 3HeprHH 8036Y>KAeHHH HaA HpacT-nHHHe~. 
0Ha H8nHeTCH CHHTe30M MOAene~, HCnOnb308a8WHXCH 8 pa6o
Taxl2-4/ AnH aHanH3a 6btCTp08pa~a~~HXCH XOnOAHbiX HAep, H 
cTaTHCTH4ecKoro noAXOAa K H3y4eHH~ CTPYKTYP~ aTOMH~x 
HAep, CHCTeMaTH4eCKH npHMeHH8WerOCH paHee nHWb 8 o6naCTH 
HAepH~X COCTOHHH~ npH He6onbWHX yrno8~X MOMeHTaX. B MOAenH 
3ano>KeHbl npeAnOnO>KeHHH 0 TOM, 4TO OCH08HaH KOMnOHeHTa 
3HeprHH C8H3H HApa MO>KeT 6~Tb onpeAeneHa 8 paMKaX MOAenH 
lKHAKO~ KannH C HHePUHOHH~MH C80~CT8aMH Tena, 8pa~a~~erOCH 

KaK uenoe. 06ono4e4HaH nonpa8Ka K 3HeprHH Y4HTbt8aeTcH Ha 
OCH08aHHH MOAH$HUHP08aHHOrO nOTeHUHana HHnbCOHa !5' C napa
MeTpaMH Ae~opMaUHH H 4HcnaMH 3anonHeHHH OAH04aCTH4H~x 
COCTOHHH~, 3a8HCH~HMM OT 4aCTOT~ 8pa~eHHH W H TeMnepaTyp~t. 

B111 onMcaHa npoueAypa pac4eTa, npoAenaHHoro AnH HAeP 
peAK03eMenbHO~ o6naCTM, M noKa3aHO 6nM3KOe COOT8eTCT8Me 
nony4eHH~X pe3ynbTaT08 H38eCTH~M M3 npeA~AY~HX HCCneA08aHM~ 

npHMepaM paCCMOTpeHHH 3KCTpeManbH~X CMTyaUM~ 04eHb Man~X 
H 04eHb 6onbWHX TeMnepaTyp. 

B AaHHO~ pa6oTe M~ npeACTa8nHeM pe3ynbTaT~ pac4eT08 
AnH npoMe>KyT04HbiX 3Ha4eHH~ 3HeprMM 8036Y>KAeHHH HaA HpacT
nHHHe~ AnH HAeP peAK03eMenbHO~ o6nacTH, a TaK>Ke c$opMynHpy
eM Ka4eCTBeHH~e B~BOA~ 0 CTPYKTypH~X OC06eHHOCTHX noBeAeHMH 
CTaTMCTM4eCKMX xapaKTepMCTMK 6~CTpoepa~a~~MXCH HarpeT~X 
HAep. 

§1. ~OPMA ~ CTAT~CT~4ECK~E CBO~CTBA HArPET~X 
BPAmA~m~XCB BAEP 

KaK THnH4Hoe e peAK03eMenbHO~ o6nacTM M~ noAp06Ho 
paccMOTPHM HAPO 160Yb. Ha pHc. 1-3 npeAcTasneHbt pe3ynbTa
T~ pac4eTOB 3KBMnOTeHUManbH~X noeepXHOCTe~ $yHK4M~ 
FR(£.y; w ,t), F(f.y; I,t) H 3HeprHH E(f,y;I,S). C T04KM 
3peHHH npaKTH4eCKHX B~4HcneHH~ $YHKUHH rM66ca-Paycca FR 
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PHc.l. KapT~ 3KBHnoTeH4HanbH~x nosepxHOCTeR ¢YHK4HH 
Paycca-rH66ca FR(E, y ; w ,t) npH pa3nH4HbiX 3Ha4eHHI'IX 4acTOTbr 
spalJ.IeHHI'I w H TeMnepaTypbl t 160 Yb. T04KH Ha KapTaX, OKpy>KeH
H~e 3aWTpHXOBaHHOR o6naCTb~, COOTBeTCTBY~T npH AaHHOM W 

H t MHHHMYMY ¢YHK4HH Fain , 4HCneHHOe 3Ha4eHHe KOTOpoR 
yKaaaHo noA Ka>KAOR H3 KapT. UH¢P~ Ha nHHHRx c nocTOI'IHH~M 

3Ha4eHHeM ¢YHK4HH FR onpeAenR~T MacwTa6 H3MeHeHHR AaHHoR 
¢YHK4HH, HanDfo1Mep, nHHHI'I C 4H(IJpoR 2 COOTBeTCTByeT 3Ha-

rfim 
4eHH~ FR=FR + 2 M3B. 
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PHc.2. KapT~ 3KBHnOTeH4HanbH~X nosepXHOCTeR ¢YHK4HH rH66ca 
F( E , y ;I,t) npH pa3nH4H~x 3Ha4eHMRX yrnosoro MOMeHTa I 
H TeMnepaTyp~ t 160Yb. To4KH, oKpy>KeHH~e 3awTpHxosaHHoR 
o6naCTb~, COOTBeTCTBy~T MHHHMYMY CB060AHOR 3HeprHH, 
3Ha4eHHe KOTOpoR yKa3aHO nOA Ka>KAOR H3 KapT. MacwTa6 
H3MeHeHHR ¢YHK4HH F(E.y) yKa3aH Ha KapTax. 

.ABnl'leTCI'I HaH60nee npOCTOR. 0AHaKO nepeMeHHble w H t An.A 

.AAep He .ABn.A~TC.A H3MepFteM~MH senH4HHaMH. 3TO CKOpee ¢opManb
H~e MaTeMaTH4eCKHe nepeMeHH~e /narpaH>KeB~ MHO>KHTenH/, 
BBeAeHH~e Anl'l Taro, 4T06~ o6oRTH TPYAHOCTH npH peweHHH 
sapHa4HOHHOR npo6neM~ c AOnonHHTenbH~MH ycnOBHI'IMH. nepeXOA 
K ¢YHK4H.AM F ( E, y :I,t) H E( l , y ; I,S) CBR3aH c HHTepnon.A4HOH
HOR np04eAypoR nepeC4eTa OT w K (IJHKCHPOBaHHOMY . 3Ha4eHH~ 
yrnosoro MOMeHTa I H OT t K (IJHKCHpOBaHHOMy 3Ha4eHH~ 3HTpOnHH 

s. 
5 



/ 

X 
o:; Q) 
::s: ::s: 
I I ::S: 
Q) Q) ::s: 
::r ::r ::1 
10 10 :.:: 
I I I 
(") (") >. 

X -
-e 

:0 S >S 
I ::S: ::S: 
::T L I 
::s: 0. Q) 
c:; Q) I 
M I Q) 
10 (') l: 
0. (") 

>. ::s: 
::s: l: 
0. >. 10 
c l: 10 

::s: I
I 3 
::s: u 

rn l: 10 
• ::£: 

l;; . 
;... >. rn 
• aJ ::s: 

"' 1- ::s: '-" uc 
Cil .... 0 

Q) 0. 
::s: aJ 1-
::s: 1- I 
L 0 (') 
0. 0 
Q) u >::S: 

?-·~~ .; d 

6 

u 10 (") 

i ~ ~ ::s: 
Ill X 0 0. 
Ill 0. c 

Q) >::S: 
aJ 0 1-
0 I 0. 
C I 10 

rn 10 :.:: 
.,.. X aJ 

~ b Ji::S:OM 
I ::S: X ::s: 
.0 c ::s: 
c:; 0 0. >::S: 
100.1-0 

~ / ~ ::s:t-3<:t:x 
::1 I 10 :E 10 

d /~/~~ ~::~~ 
~b-111~',..,'//////~~8 .., ~$$~~ ~:! g: 

:,:: 1- ;E 0 I 

(') ~ ii ilj I 
Jj l: :.:: (") 10 
1- 0 0 10 ~ 
0. l: :.:: :.:: 
~0;»>. 

L ~ >::S: 
0 ::r 0 ~ ""I aJ 0 0. ;:... •Of--0• 

u c:; 1- "' 
::s: L o'-" 

0... >. :z:Cil 

' 
KaK VI AOil>KHO 6b1Tb, <I>YHK4VIVI FR( ( , y), F(£. y) , E (£,y) 

VIMe~T ofi~VIe T04KVI MVIHVIMyMa, KOrAa nepeMeHHbte w, t VI I,S 
CBI'l3aHbt ypaBHeHVII'lMVI COCTOI'lHVII'l 111-131 sill. 3TVI T04KVI 
onpeAeJll'l~T paBHOBeCHbte Ae<!JopMa4VIVI l'lApa. nnoTHOCTb 3KBVIno
TeH4VIaJlbHbtX JlVIHVIH B OKpeCTHOCTVI paBHOBeCHOH T04KVI n03BOJ11'leT 
onpeAeJlVITb B03Bpa~a~~VIe CVIJlbl, npVIBOAI'l~VIe flAPO B paBHOBeCHOe 
nono>KeHVIe. BVIAHO, 4TO npVI Manbtx 3Ha4eHVII'lX t VIIlVI S pasHo
secHal'l Ae<!JopMa4VII'l onpeAeill'leTcl'l o6ono4e4HOH nonpasKOH. 
PaccMaTpVIsaeMoe flAPO 160 Yb l'lBill'leTcl'l BbtTI'lHYTbtM npVI MailbtX 
w (I) VI HefiOJlbWOH 3HeprVIVI B036Y>KAeHVII'l ( f "' 0,24, y "' 0 ° npVI 

w =t=OI, HO 6btcTpoe spa~eHVIe lw~0,5 MaS, I >_301 npVIBOAVIT 
K TOMy, 4TO BbtTI'lHyTal'l KOH$VIrypa4VII'l CTaHOBVITCI'l HeCTa6VIJlbHOH 
Aa>Ke npVI HVI3KVIX TeMnepaTypax. npVI w ~ 0, 7 MaB II~501 160yb 
CTaHOBVITCI'l Cnil~CHYTbtM C OCb~ CVIMMeTpVIVI, HanpaBJleHHOH BAOilb 
yrilOBOrO MOMeHTa. npVI AaJlbHeHWeM yBeJlVI4eHVIVI WMVIHVIMYM nepe
ABVIraeTCI'l no OCVI y =60° K fiOJlbWVIM 3Ha4eHVII'lM f, CJleAYI'l 
yBeJlVI4eHVI~ 4eHTpo6e>KHbtX CVIIl, T.e. yBeJlVI4VIBaeTCI'l pOJlb >KVIAKO-

. KaneJlbHOH KOMnOHeHTbt 3HeprVIVI. 
CTaTVICTVI4ecKoe sos6y>KAeHVIe IHarpesaHVIel yMeHbwaeT o6o

Il04e4HY~ nonpaBKy, VI nepeXOA OT 060J104e4HOrO pe>KVIMa K >KVIA
KOKaneJlbHOMY pe>KVIMY spa~eHVII'l VIMeeT MeCTO npVI 6onee HVI3KVIX 
3Ha4eHVII'lX CnVIHa. npVI t >_ 1-1,2 MaB I u ~ 14-17 MaBI BbiTI'lHyTal'l 
<!JOpMa B 160 Yb l'lBJll'leTCI'l HeCTafiVIJlbHOH Aill'l BCeX 3Ha4eHVIH 
cnVIHa. XapaKTep Ae<!JopMa4VIVI npVI 3TVIX TeMnepaTypax Ka4eCTBeH
HO COBnaAaeT C TaKOBbtM BO Bpa~a~~eHCI'l Kanne 3apl'l>KeHHOH 
HeC>KVIMaeMOH >KVIAKOCTVI. npVI t "' 2 MaB I u"' 50 MaBI BJlVII'lHVIe 
060J104e4Hb1X 3<!J<!JeKTOB Ha <!JOpMy l'lApa CTaHOBVITCI'l npeHefipe>KVIMO 
MaJlbtM. Y>Ke s HawVIx npeAsapVITeJlbHbtX pac4eTax161 6b1Jlo saMe-
4eHo, 4TO TeMnepaTypa t - 1-1 , 2 MaS l'lBJll'leTCI'l KPVITV14eCKOH 
Aill'l <!JopMbt l'lAep B OfiJlaCTVI MaCCOBbiX 4VICeJl 100 < A <21 0. 
PVIc. 1-3 o6bl'lCHI'l~T CMbtCil 3TOro yTsep>KAeHVII'l. KaK BVIAHO Vl3 
pVIC. 1, nosepXHOCTb <!JYHK4VIVI rVI6cca-~aycca FR(£,y) CTaHO
BVITCI'l npVI t =1 M36 B OKpeCTHOCTVI paBHOBeCHOH T04KVI cy~ecT
BeHHO 6onee nnaBHOH, 4eM npVI t=Q. TaKal'l >Ke CVITYa4VII'l Hafin~
AaeTCI'l Ha KapTax F(f,y;I,t) VI E( hy; I,S). 3To crna>KVIBaHVIe 
nosepXHOCTeH VI OTpa>KaeT nepeXOA OT Ae<!JopMa4VIVI, TVInV14HOH 
Aill'l MOAellVI o6ono4eK, K >KVIAKOKanellbHOH. KaK 6bi110 yKa3aHO 
BbiWe, aHa110rVI4HbtH nepeXOA VIMeeT MeCTO Alll'l t =0 B OfillaCTVI 
yrnosbtx MOMeHTOB I -40. BbtpaBHVIBaHVIe noTeH4VIallbHbtX nosepx
HOCTeH TaK>Ke MO>KHO npOClleAVITb Ha pVICYHKaX 1-3. npoBeAeHHbte 
pac4eTbl n03BOJ11'l~T npeAllO>KVITb npOCTY~ VIHTepnOI11'l4VIOHHY~ 

<!JOPMYllY, CBI'l3b1Ba~~y~ yrllOBOH MOMeHT I VI 3Ha4eHVIe 3HeprVII-1 
B036Y>KAeHI-11'l U, npVI KOTOpbtX VIMeeT MeCTO nepeXOA OT OfiOJ104e4-
HbtX paBHOBeCHbtX Ae<!JOpMa4VIH K >KVIAKOKanellbHbtM 
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2 
(Iller) + (U/Ucr)- 1. /1/ 

160 
AnH ~APa Yb Icr·40 ~ucr"'15 M3B. np~ 3Ha4eH~HX I,U, 
YAOBneTBOp~IO~~X COOTHOWeH~IO /1/, 3Ha4~TenbHO ysen~4~BaiOT

CH <tJnyKTYall~~ napaMeTpOB Ae<tJOpMal.l~~. KOTOpble CTaHOBHTCH 
cpaBH~Mbl CO 3Ha4eH~~M~ napaMeTpOB B paBHOBeCHbiX T04KaX. 
BHyTp~ o6nacT~ 3Ha4eH~~ I ~ U • orpaH~4eHHO~ ypasHeH~eM 
/1/, o6ono4e4HaH nonpasKa AOM~H~pyeT a onpeAeneH~~ <t>OPM~ 

HAPa, TOrAa KaK aa npeAenaM~ 3TO~ o6nacT~ ycTaHasn~saeTcH 
MaKpocKon~4eCK~~ pe~~M Ae<t>opMal.l~~. ~ AanbHe~wee ysen~4eH~e 

I ~n~ U TOflbKO AenaeT ~~AKOKanenbHbl~ M~H~MYM 6onee ycTo~-
4~BbiM. 

An~ o6nacT~ Manbtx yrnosbtx MOMeHTOB ocna6neH~e o6ono4e4-
HbiX 3$$et<TOB C pOCTOM TeMnepaTyp o6cy~AanOCb MHOr~M~ 
aBTOpaM~/?-9/ , ~ B HaCTOH~ee speMH ~MeeTC~ 4en~~ P~A 3KCne
p~MeHTanbH~X nOATBep~AeH~~ npO~BneH~~ TaK~X 3$$eKTOB B nnoT
HOCT~ B036y~AeHHbiX COCTOHH~~ ~Aep / 10/ . npoCTOe 06bHCHeH~e 
~MeeT TaK~e ocna6neH~e o6ono4e4H~x oc4~nnH4~~ a MOMeHTe 
~HePI..I~~ np~ ysen~4eH~~ 4aCTOTbl spa~eH~R, KOTOpoe npOHBn~eT

C~ Aa~e np~ H~3K~X TeMnepaTypax /eM. p~c. 3 Afl~ t =0,2 M3B 
a Ill /. MacwTa6 OC4~nn~py10~e~ 4acT~ o6ono4e4HO~ 3Hepr~~ 
aas~c~T OT noTeHI..I~ana cpeAHero nonH ~ He ysen~4~BaeTCH 
C w , TaK KaK noTeHI..I~an cpeAHero non~ 3aB~C~T OT (u TOnbKO 
4epea napaMeTp~ pasHosecH~x Ae<t>opMal.l~~. B TO ~e speMH 
yMeHbWeH~e C~MMeTp~~ raM~nbTOH~aHa Bpa~aiO~e~CH C~CTeM~, 

o6ycnosneHHoe c~naM~ Kop~on~ca, <t>aKT~4eCK~ yMeHbwaeT OCI..I~n

n~pyiO~yiO 4aCTb 3Hepr~~. no3TOMY OCI..I~nnHI..I~H yrnosoro 
aFR 

MOMeHTa 1=- (---) OCTaeTC~ orpaH~4eHHO~ np~ ysen~4eH~~ W • aw t 

A~HaM~4ecK~~ MOMeHT ~Hep4~~ MO~Ho aan~caTb a B~Ae 

rAe 

I -
J =- = J + oJ. 

w 

aFR 
J = -(~-) /w aw 

oJ ,. _ _!_( a(FR-FR) 
w --- aw -) 

rnaAKaH ~ OCI..I~nn~pyiO~aH 4aCT~ MOMeHTa ~Hep4~~ COOTBeTCTBeHHO. 
1-13 BbiWenp~BeAeHHbiX apryMeHTOB HCHO, 4TO oJ yMeHbWaeTCH 
C pOCTOM w • 

8 

B pa6oTe 121 OTMe4anocb, 4TO An~ xonOAH~X ~AeP spa~eH~e 
MO~eT np~BOA~Tb K npeAn04T~TeflbHOCT~ M~H~MyMa o6ono4e4HO~ 
KOMnOHeHTbl 3Hepr~~ Ae<tJOpMal.l~~, COOTBeTCTBYIO~ero 3Ha4~TeflbHO 

6onbw~M Ae<tJopMali~~M, 4eM pasHosecHa~. PeaynbTaTbl Haw~x 
paC4eTOB Afl~ H~3K~X TeMnepaTyp AeMOHCTp~pyiOT Han~4~e B 
KapTax nosepxHOCTe~ FR ,F ~ E ~Apa 160Yb /p~c. 1-3/ cpasH~
TenbHO rny6oK~X AOfl~H, B HanpasneH~~ KO BTOPOMY M~H~MYMY, 
pacnono~eHHOMY np~ ' > 0, 6. Aon~Hbl ocTaiOTC~ xopowo Bbtpa~eH
H~M~ np~ 3Hepr~~x soa6y~AeH~~ HaA ~pacT-nonoco~ ~o S-7 M3B 
/t=0,5M3B, S=15/, HO np~ 3Hepr~~x-15 M3B /t=1,0 M3B, 
S •30/ AOn~Hbl n04T~ nonHOCTbiO paarna~~saiOTC~. TaK~M o6pa-
30M, o6nacTb 3Hepr~~ soa6y~AeH~H -15 M3B ~snHeTcH KP~T~4ec
KO~ An~ scero penbe<t>a noTeHI..I~anbH~X nosepxHocTe~ paan~4-
H~X TepMOA~HaM~4eCK~X noTeHI..I~anos, ~ B 3TO~ o6naCT~ KaK 
6bt npo~cXOA~T aaMeHa H~3KOTeMnepaTypHoro o6ono4e4HOro 
penbe<t>a ~~AKOKanenbH~M. 

npeACTasneHH~e Ha p~c. 4 ~ 5 peaynbTaT~ pac4eTOB penb
e<tJa 3Hepr~~ E(l,y;S,l) Afl~ APYr~x HAeP peAK03eMenbHO~ 
o6nacT~ I 152 Sm ~ 180 0s I AeMOHCTP~PYIOT yH~sepcanbHbl~ 
xapaKTep CAenaHHOro BbiBOAa. noTeHI..I~anbH~e nosepxHoCT~ Tpex 
npeAcTasneHH~x s~we HAeP cosepweHHO paan~4H~ AflH He6onbw~x 
3Ha4eH~~ 3HTpOn~~ /S =15/, HOB 3Ha4~TenbHO~ CTeneH~ 
nOA06Hbl An~ 3HTpon~~ s .. so /t =1,5 M3B/. noTepiO ~HA~B~
AYanbHOCT~ CBO~CTB HAeP C poCTOM B036Y~AeH~H MO~HO npocne
A~Tb TaK~e Ha rOAOrpa<tJax M~H~MyMa 3Hepr~~ np~ <tJ~KC~pOBaH
HO~ 3HTpon~~ ~Apa /p~c. 6/. An~ H~3K~x 3HTpon~~ paan~4~H 
roAorpa<t>os paccMaTp~saeM~X HAeP secbMa cy~ecTseHH~. 0AHaKo 
y~e AOBOnbHO yMepeHHOe B036Y~AeH~e /S =30/ no4T~ yH~4TO~aeT 
3T~ pa3fl~4~H, ~ np~ 6onee BbiCOK~X B036Y~AeH~HX paBHOBeCHa~ 
<tJopMa spa~aiO~~XCH HAep ~3MeH~eTCH B COOTBeTCTB~~ C npeA
CKa3aH~HM~ KanenbHO~ MOAen~. 

Ben~4~Ha 3HTpon~~. no cyT~ Aena, onpeAenHeT nnoTHOCTb 
yposHe~ soa6y~AeHHoro HAPa /14/ a ' 11 . Oco6eHHOCT~ noaeAeH~~ 
3HTpon~~ so spa~aiO~eMcH HAPe YA06Hee aHan~3~posaTb, nepe~AH 
K COOTBeTCTBYIO~eMy 11 napaMeTpy 11 nnOTHOCT~ ypOBHe~ 

a( ( , y ; I , t ) "' S ( (, y ; I , t ) / 2 t . /21 

AflH OAHOPOAHOro OAH04aCT~4HOrO cneKTpa onpeAeneHHbl~ TaK~M 
o6pa30M napaMeTp a 3KB~saneHTeH napaMeTpy nnoTHOCT~ ypos
He~ MOAen~ <tJepM~-raaa. B Ksaa~Knacc~4ecKOM np~6n~~eH~~ 
nocneAH~~ onpeAen~eTCH COOTHOWeH~eM f ll / 

2 
2 71 4 t / 3 mo r0 

a,.. .. --(--) ---A 
..,~r. 3 3 "1:12 

A M3B-1. /3/ 
13 
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0 

... ... 

•• 8.02MeV ••48.95MeV 

• • 47.tMII •• 5!1.'1;- •• 92.74MeV 

P~c.4. KapT~ 3KB~noTeH4~anbH~x nosepxHOCTeR 3Hepr~~ E(t,y) np~ paan~4H~x 3Ha4eH~Hx yrnosoro 
MOMeHTa I ~ 3HTpon~~ S 152 Sm. noHCHeH~e K p~CYHKY TaKoe >Ke, KaK ~ ,QnH p~C. 3. 

1· 0 
5·15 

0.1 

• s3.11MeV 

•· 41.07Mell 

tso
05 

• • 14.56M.V ••39.51M.V 

•• 50.49MeoV • • 75.8MeV 

P~c.S. KapT~ 3KB~noTeH4~anbH~x nosepxHocTeR 3Hepr~~ E( f ,y ) np~ paan~4H~x 3Ha4eH~Hx yrnosoro 
MOMeHTa I ~ 3HTpOn~~ S 180 0s.noHCHeH~e K p~CYHKY TaKOe >Ke, KaK ~ Ha p~c. 3 . 
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P1-1c.6. loAorpa¢lbl 3Hepn111 E( £, y; I. S) Afl.R 
T04K~ Ha rOAOrpa¢>ax COOT8eTCT8Y~T M~H~MYMY 

152SrQ, 1soyb, 1so 08. 
mm ) E (£,y np~ 

<t>~KCI-1P08aHHOM 3Ha4eH~~ 3HTpon~~ S AnA 3aAaHHO~ 8en~4~H~ 
yrno8oro MOMeHTa I. 3Ha4eH~e KOToporo yKa3aHo AnA Ka)!(AO~ 
T04K~. 

12 

Pe3ynbTaT~ pac4eT08 8en~4~H~ a(£, y ;I ,t) np~ pa3n~4H~x 

3Ha4eH~RX TeMnepaTyp ~ yrno8oro MOMeHTa noKa3aH~ AnA RAPa 
160 Yb Ha p~c. 7. 06ono4e4H~e 3¢l¢leKT~ 8eCbMa c~nbHO OTpa)!(a~T

cR Ha 8en~4~He a(£ , y ) np~ H~3K~x TeMnepaTypax, o6~~e 3aKOHo
MepHOCT~ ~3MeHeH~R penbe¢la n08epXHOCT~ a(£, y) C pOCTOM 
TeMnepaTyp~ RBnR~TCR TeM~ )!(e, 4TO ~ AnA o6cymAa8W~XCR B~We 
TepMOA~HaM~4ecK~x noTeHu~anoa. np~ t =2 M3B nony4eHH~e 

a pac4eTax 3Ha4eH~R napaMeTpa a MoryT 6~Tb AnA acex RAep 
peAK03eMenbHO~ o6nacT~ c xopowe~ T04HOCTb~ annpoKC~M~poaa
H~ <f>OpMyno~ 

a (t 2 M3B 
A 
il,5 tbB-1. /4/ 

B o6nacT~ Man~x cn~HOB Ha~AeHH~e 3Ha4eHI-1R a cornacy~TCR 

c c~cTeMaT~4ecK~M~ pac4eTaM~, npoAenaHH~M~ AnA 3Toro 
napaMeTpa Ha 6a3e noTeHu~ana ByAca-CaKcoHa 1 10 ' . 3aa~c~MOCTb 
a OT yrno8oro MOMeHTa npl-1 t =2 M3B 04eHb cna6aR. np~ TeMne
paTypax, MeHbWI-'IX, 4eM 1 M3B I U <15 M3B/, 3aBI-1CI-1MOCTb a OT 
napaMeTpoa Ae<t>opMaUI-11-1 1-1 yrnoaoro MOMeHTa OKa3~8aeTcR aecbMa 
cy~ecTaeHHO~ /eM. p1-1c. 7/. noaepxHOCTb a(£, y) AnA nocTo
RHHoro I np~-1 npoMe)!(yT04H~x 3Ha4eHI-1RX t I-13MeHReTcR cno)!(H~M 

HeperynRpHbiM o6pa30M 1-1 TPYAHO Ha~TI-1 npOCTY~ ¢laKTOpi-130BaH-
HY~ <t>opMy AnA TeMnepaTypHo~ 3a81-1CI-1MOCTI-1 o6ono4e4H~x 

OTKnOHeHI-1~ Beni-141-'!Hbl a(f, y) OT aCI-1MnTOTI-14eCKOrO 3Ha4eHI-1R 
napaMeTpa nnoTHOCTI-1 ypo8He~ /4/. 

KaK 6~no OTMe4eHo a~we, TeMnepaTypa 1-1 4acToTa apa~eHI-'!R 

RBnR~TCR HeHa6n~AaeM~MI-1 Beni-141-'!HaMI-1 B RApe. 0AHaKO I-1CnOnb-
30BaHI-'te 3TI-1X noHA~~-'~~ o4eHb none3HO AnA on1-1caH1-1R pa3ni-14H~~ 

R8neHI-1~. 3TO CBR3aHO C TeM, 4TO nOTeHUI-'tanbH~e noaepXHOCTI-1 
FR, F , E np~-1 coOTBeTCTBY~~~-'~X 3Ha4eHI-1RX w , t ~ S , I 
3aBI-1CRT OT £ 1-1 y noA06H~M o6pa3oM. Pa3nl-141-1e no8epxHOcTe~ 

CBR3aHO C TeM, 4TO MOMeHT 1-'!HePI..ll-11-1 J(£ ,y)=<J>/w 1-1 napaMeTp 

nnOTHOCTI-1 yp08He~ a(e ,y )= ~t 3aBI-1CRT Oi' 4aCTOTbl 1-1 TeMnepa

TYPbl. 0AHaKO 3Ta 3aBI-1CI-1MOCTb cy~eCT8eHHa ni-'!Wb np~-1 He6onb
WI-1X 3Ha4eHI-1RX w 1-1 t, T.e. 8 Tex cny4aRx, KOrAa caMI-1 pac
cMaTpl-'taaeM~e noaepXHOCTI-1 He Cl-'lnbHO OTnl-14a~TCR APYr OT APYra. 

§2. 05CYIAEHHE nonY4EHHWX PE3YnbTATOB 

0AI-1H 1-13 8a)!(H~X 8~BOAOB, KOTOp~~ MO)!(HQ CAenaTb 1-13 npoae
AeHH~X pac4eToa, 3aKn~4aeTcR 8 ycTaHoaneHI-11-1 xapaKTepi-'ICTI-1-
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1·0 

••13.74MeV"' 

1·0 
t"\2MIV 

•·0.75Mft'"' 

• •13.83Mell"1 

~ .. 
"'" 

'60Vb 

1! 

• 

1·60 
l · 041"WV 

• • 12..SSNeV_. 

· · 13Mfltr' 

1•60 
t-L2MeV 

• • 1l.87...-r 

.. : 13.88Mell"' 

P~c.7. KapTbt 3KB~noTeH4~anbH~x nosepxHOCTeH napaMeTpa nnoT
HOCT~ ypoBHeH a(f,y ;l,t) np~ pa3n~4H~x 3Ha4eH~~x yrnosoro 
MOMeHTa I ~ TeMnepaTyp~ t 160 Yb. To4K~, oKpy>t<eHHbte 3awTp~-
xoBaHHOH o6naCTb~, COOTBeTCTBY~T M~H~MYMY napaMeTpa a(f,y), 
3Ha4eH~e KOToporo yKa3aHO nOA Ka>KAOH ~3 KapT. MacwTa6 ~3Me
HeH~H napaMeTpa a(f ,y) yKa3aH Ha KapTax. 
14 . 

4eCKOH TeMnepaTyp~ tcr =1-1,2 M3B /Ucr =14-17 M3B/, np~ 
KOTOpOH o6ono4e4H~e 3~~eKT~ nepecTa~T ~rpaTb cy~eCTBeHHY~ 
ponb B onpeAeneH~~ ~OPMbt spa~a~~~xc~ ~Aep. B 3TOH cs~3~ 

cneAyeT OTMeT~Tb ABa 06CTO~TenbCTBa. 
Bo-neps~x. ~HTepecHo cpaBH~Tb sen~4~HY tcr c npeACKa-

3aH~~M~ npOCTOH MOAen~, K KOTOPOH MO>KHO np~HT~, npeACTaB~B 

nnOTHOCTb OAH04aCT~4H~X YPOBHeH B B~Ae ~ypbe-p~Aa. 

g(E)~go + 
E-E 0 

L f n cos( 2" -~-- n ) • 
n•1,2.. '' w 0 

/51 

0C4~JU1~4~~ g(E), CB~3aHHbte C rnaBHbtM~ o6on04KaM~, npeACTaB
neH~ nepB~M 4neHOM B cyMMe, a APYr~e cnaraeM~e nepeAa~T 
o6ono4e4H~e 3~~eKT~, 6onee pe3Ko 3as~c~~~e oT E.Y4~T~Ba~ 
TOnbKO nepB~H 4neH B CYMMe, np~XOA~M K ~3y4eHHOH paHee 
MOAen~/7/, KOTOpa~ np~BOA~T K o6ono4e4HOH nonpaBKe B 3Hepr~~ 
HarpeT~X Mar~4eCK~X ~Aep 

U sh 
f --- ct >2 
4 "2 wo 

2 ch r 
r ---

(shrf 

2 172 t 
T • ---- 2.2sc-~-Fa 

170 i\ WQ 

/6/ 

M3B. 171 

Ha OCHOBe COOTHOWeH~H /6/, /7/ MO>KHO O>K~AaTb, 4TO xapaKTe
p~CT~4eCKa~ TeMnepaTypa ~Apa, np~ KOTOPOH 3aTyxaH~e o6ono-
4e4H~x 3~~eKTOB CTaHOB~TC~ XOpOWO B~pa>KeHH~M, B~We pe3ynb
TaTa, nony4eHHOrO ~3 HaW~X pac4eTOB. 0AHaKO He06XOA~MO 
~MeTb B B~AY, 4TO HaW~ pac4eT~ B~nOnHeH~ An~ Ae~OPM~POBaHH~X 

~Aep, COAep>Ka~~X 3Ha4~TenbHOe 4~Cno 4aCT~4 B OTKP~TOH 
o6ono4Ke. Ae~opMa4~~ He AeHcTsyeT B H~>KaHweM nop~AKe no 
f Ha Te ~nyKTya4~~ B nnOTHOCT~ OAH04aCT~4HbiX COCTO~H~H, 
KOTOp~e CB~3aH~ C Cy~eCTBOBaH~eM rnaBH~X 060n04eK /eM. TaK
>Ke yp. 6.514 B pa6oTe 171 /. B TepMOA~HaM~4eCK~e noTeH4~anbl 
Ae~opMa4~~ BXOA~T 4epe3 6onee B~coK~e rapMOH~K~ ~ypbe-pa3-
nomeH~~ nnoTHOCT~ OAH04acT~4H~x cocTO~H~H. CooTseTCTBeHHO, 
3aTyXaH~e o6ono4e4H~X 3~~eKTOB, CB~3aHH~X C Ae~opMa4~eH, 
6yAeT npO~CXOA~Tb C POCTOM TeMnepaTyp~ 6~cTpee, 4eM 
MO>KHO 6~no 6~ Om~AaTb Ha OCHOBe COOTHOWeH~H /6/, /7/. 
Apyroe coo6pa>KeH~e. nOAAeP>K~Ba~~ee nony4eHHY~ B AaHH~x 
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paC4eTaX 6onee HI-13KYIO Ol.leHKY t cr , OTHOCI-1TCFI K AeCTPYKTI-18-
HOMY xapaKTepy KOHKypeHl.ll-11-1 Me>KAY >K1-1AKOKaneJlbHbiM 1-1 060J104e4-
H~M pe>Ka-1MaMI-1 Ae~OpMal.ll-11-1. Hawa-1 npeA~AY~I-1e pac4eT~, B KOTOp~x 
6~!10 BKI1104eHO RAPO 208pb, noKa3~BaiOT, 4TO B Mara-14eCKOM RAPe 
npa-1 HI-13KI-1X Cni-1HaX 060J104e4H~e 3~~eKT~ OCTaiOTCFI 3aMeTH~MI-1 

AO 6onee BbiCOKI-1X TeMnepaTyp 1 4eM B Ae~OPMI-1pOBaHHbiX. 
Ti-1ni-14H~e 3Heprl-11-1 B036Y>KAeHI-11'1 KOMnayHA-COCTOFIHI-1~ 1 KOTO

Pble nony4aiOT B (HI,x n) -peaKl.ll-1l'IX ·' 121 , a-1MeiOT Be!la-141-1HY 

nopRAKa 20-30 M3B. 06ono4e4H~e 3~~eKT~ He AOil>KH~ Bili-1RTb 
Ha paBHOBeCH~e Ae~OpMal.la-11-1 TaKI-1X COCTOFIHI-1~. CoOTBeTCTBeHHO, 
KPI-1TI-14eCKI-1~ K Ae!leHI-110 yrilOBO~ MOMeHT 1-1 6apbep Ae!leHI-11'1 
B KOMnayHA-COCTOFIHI-1l'IX 1 o6pa3yi0~1-1XCFI B (HI,xn) -peaKl.ll-1l'IX, 

MO>KeT 6~Tb Ol.leHeH 1-13 paC4eTOB 1 CAe!laHH~X Ha 6a3e >KI-1AKOKa
~eJlbHO~ MOAenl-1 1 131 . M~ xoTI-1M HanoMHI-1Tb, 4TO on1-1caH1-1e >KI-1AKO
KanenbHO~ 4aCTI-1 3Heprl-11-1 1-1 paCCMOTpeHHaFt B HaWI-1X pac4eTaX 

o6nacTb ~e~opMal.ll-1~ HeAOCTaT04Hbl AilR npRMoro aHa!ll-13a 6apbepos 

Ae!leHI-11'1. 0AHaKO COOTBeTCTBYIO~a-1e Ol.leHKI-1 KPI-1Ta-14eCKOrO Aill'l 
Ae!leHI-11'1 yrnosoro MOMeHTa MO>KHO Ha~TI-1 s pa6oTax ' 2 - 4 •13: KaK 

YTBeP>KAa!lOCb B 
1 21

,y4eT 060J104e4HO~ nonpaBKI-1 MO>KeT npi-1BeCTI-1 
K yBeJla-14eHI-110 npeAe!lbHOrO yrnosoro MOMeHTa XOilOAH~X RAep, 

HaXOAR~I-1XCFI Ha 6apbepe, Ha Be!li-141-1HY nopRAKa 300. 6b1Il npose
AeH PRA 3Kcnepa-1MeHTOB no onpeAe!leHI-110 npeAe!lbHOro yrnosoro 
MOMeHTa / 14 ,15/, 113 aHaJla-13a AaHHbiX 1 npeACTaBileHHbiX B pa60Te 1 ~ 2 ' 
Ka>KeTCFI 1 4TO 3KCnepa-1MeHTa!lbH~e pe3y!lbTaT~ 6Jli-1>Ke K TeM, KO
TOp~e O>K1-1AaiOTCFI 1-13 pac4eTOB B MOAe!ll-1 >KI-1AKO~ Kan!ll-1. Hawa-1 
pe3yJlbTaT~ noKa3~BaiOT, 4TO a-1MeHHO 3TOrO 1-1 CileAyeT O>Ka-1AaTb 
AilR 3Heprl-1~ so36Y>KAeHI-1R HaA i-1pacT-nonoco~ -20-30 M3B. 

Ha OCHOBe nony4eHH~X pe3yJlbTaTOB MO>KHO CAe!laTb TaK>Ke 
HeKOTOp~e 3aMe4aHI-1l'l OTHOCI-1Te!lbHO CTaTI-1CTI-14eCKOrO aHaJla-13a 
npol.leccos Aeso36Y>KAeHI-1R RAep, nony4eHH~x s (HI,xn) -peaKl.li-1Rx. 
Wa-1p1-1H~ pa3Ili-14H~x KaHanos pacnaAa s TaKOM aHa!ll-13e onpeAeilRIOT
CR 3aBI-1CI-1MOCTbiO nilOTHOCTI-1 ypOBHe~ OT 3Heprl-11-1 B036Y>KAeHI-1l'l. 
Hawa-1 pac4eT~ AaiOT AilR napaMeTpa nnoTHOCTI-1 yposHe~ Ol.leHKY 

A -1 
a= 11,5 M3B npa-1 t >-1 M3B, 4TO cornacyeTCR c pe3yilbTaTaMI-1 

APYrl-1x MI-1KpocKonl-14ecKI-1X pac4eTos, CAenaHH~x npa-1 HI-13KI-1X 
cn1-1Hax 1 10,161 . B pa6qTe / 161 noKa3aHo, 4TO npa-1 6onbWI-1X 3Hepri-1RX 

so36Y>KAeHI-1R 3Ta Ol.leHKa 6onee sepHa, 4e~ TPaAI-1l.li-10HHOe onl-1ca
HI-1e MOAeill-1 ~epMI-1-ra3a C napaMeTpOM a= - 8 M3B - 1, Ha~AeHHbiM 

3Mnl-1pa-14eCKI-1 1-13 aHaJla-13a nilOTHOCTI-1 He~TPOHHbiX pe30HaHCOB I 11 / . 

no3TOMY CTaTI-1CTa-14eCKOe Oni-1CaH~e npOl.leCCOB pacnaAa, I-1CnOJlb-
3yiO~ee napaMeTp nnoTHOCTI-1 a= lr M3B - 1• no-BI-1AI-1MOMY, HeAo-

Ol.leHI-1BaeT B~COK03HepreTI-14eCKa-1e XBOCT~ cneKTPOB I-1Cny~eHH~X 

4aCTI-14 1-1 y -KsaHTOB. PaAI-1al.li-10HH~~ KaHan AilR AeB036Y>KAeHI-1R 
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CTaH081-1TCFI AOMI-1HI-1PYIO~I-1M, KOrAa 3Hepri-1R B036Y>KAeHI-1l'l HaA 
i-1pacT-nonoco~ yMeHbwaeTCR AO 7 710 M3B. 3Ta o6nacTb so36y>K 
Ae HI-1 ~ x apaKT e pl-13ye TcR, cornacHo HaWI-1M pac4eTaM, 6o!lbWI-1MI-1 
~IlYKTYal.ll-1l'I MI-1 ~OPM~ RAep, KOTOp~e 06Jler4aiOT TaK>Ke KOJl!leKTI-18-
H~e K8aApynOJlbH~e nepeXOA~, KOrAa YHOCI-1TCFI yr!lOBO~ MOMeHT, 
HO l'IAPO OCTaeTCFI n 0 4TI-1 npa-1 TO~ >Ke 3Heprl-11-1 B036Y>KAeHI-1l'l HaA 
l-1pacT-nonoco~ . 06ono4e4H~e 3~~eKT~ 8 3TO~ o6nacTI-1 e~e 
AO CTaT04HO CJla6o B~pa>KeH~, 1-1 TOilbKO npa-1 yMeHbWeHI-11-1 3Heprl-11-1 
so36Y>KAeHI-1R npi-1MepHo AO 5 M3B HaA l-1pacT-nonoco~ /T.e. npa-1 
t S 0,6 M3B/ RAPO Ha41-1HaeT ABI-1raTb CR no o6ono4e4HbiM AOI11-1HaM 
n 0 8epXHOCTI-1 noTeHl.ll-1a!lbHO~ 3Heprl-11-1. 060J104e4H~e HeOAHOPOAHOC
TI-1 cne KTpa Ha 3TOM 3Tane OKa3bl8aiOT Cy~eCT8eHHOe 8Ill-1l'IHI-1e 
Ha nnOTHOCTb yposHe~ 1-1 APYrl-1e cTaTI-1CTI-14ecKI-1e xapaKTepi-1CTI-1KI-1 
6~cTpo8pa~ai0~1-1XCR RAep. 3AeCb y4eT o6ono4e4H~x 3~~eKTOB 
npa-1 paC4eTe BepOFITHOCTe~ nepeXOA08 CTaH081-1TCFI COBepweHHO 

Heo6xOA1-1M~M. B npi-1Hl.ll-1ne, MeTOA pac4eTa TepMOAI-1HaMI-14ecKI-1X 
~YHKl.ll-1~, Oni-1CaHH~~ 8 AaHHO~ CTaTbe, n03BOJ1FteT Ha~TI-1 nilOT
HOCTI-1 YPOBHe~ Aill'l BCeX B03MO>KH~X KaHaJlOB pacnaAa Ha 8CeX 
3Tanax Ae8036Y>KAeHI-1l'l COCTaBHbiX RAep, o6pa3yi0~1-1XCFI B peaK
l.ll-1l'IX C TR>Ke!l~MI-1 I-10HaMI-1. 

06CY>KAaeM~~ 3AeCb MeTOA He Y41-1T~8aeT KOJ1JleKTI-1BH~X 3~

~eKTOB B HarpeTbiX spa~ai0~1-1XCFI FIApaX .113y4eHa-1e KOI1JleKTI-1BHbiX 
8036Y>KAeHI-1~ npa-1 8~COKI-1X Cni-1HaX MO>KeT OKa3aTbCFI 8a>KH~M Aill'l 
KOppeKTI-1P08KI-1 nJlOTHOCTI-1 yp08He~ npa-1 HI-13KI-1X TeMnepaTypax 
t S 0,6 M3B. TaKoe l-13y4eHI-1e MO>KeT npeACTa8IlRTb I-1HTepec 

TaK>Ke caMO no Ce6e, TaK KaK 8 06JlaCTI-1 B~COKI-1X Cni-1H08 KOJl
JleKTI-1BH~e COCTOFIHI-11'1 ~OPMI-1PYIOTCFI 8 OTCyTCT81-1e napH~X KOp
pe!ll'll.ll-1~ 1-1 aKCI-1aJlbHO~ CI-1MMeTpl-11-1 cpeAHero nOill'l RApa. no3TOMY 
YCI1081-1l'l ~OpMI-1POBaHI-1l'l KOJ1JleKTI-1BH~X HI-13KOJle>Ka~a-1X COCTOFIHI-1~ 

B 6~CTp08pa~aiO~I-1XCFI RAPaX CI-1IlbHO OTila-14aiOTCFI OT TeX, KOTO
Pble BCTpe4aiOTCFI npa-1 HI-13KI-1X Cni-1HaX. KOI1JleKTI-1BHbre CBO~CT8a 

RAeP npa-1 t f. 0 1-1 I >> 1 MoryT 6b1Tb npoaHa!ll-131-1posaHbl Ha 
OCHOBe MOAe!ll-1, npeAJlO>KeHHO~ B pa6oTe / l?/, B 3TO~ pa6oTe 

npeACTaBJleH Ka4eCT8eHH~~ aHaJla-13 B03MO>KH~X 3~~eKTOB, 1-1 
pac4eT~, Oni-1CaHH~e B~We, COCTaBJll'IIOT OCH08Y Aill'l 6onee nOilHO

ro KOila-14eCTBeHHOrO l-13y4eH~l'l pa3Jli-14H~X KOJ1JleKTI-1BH~X 3~~eKT08. 

3AKJ1104EHI1E 

PaC4eT~, npeACTaBJleHH~e B AaHHO~ CTaTbe, COOTBeTCTByiOT 
cpaBHI-1Te!lbHO npOCTO~ MOAeill-1, B KOTOPO~ 06beAI-1HeH~ MaKpo
CKOnl-14eCKI-1e />KI-1AKaFt KannR/ 1-1 KBaHTOB~e MI-1KPOCKOnl-14eCKI-1e 
3~~eKT~ /o6ono4e4HaR nonpasKa/. KaK >K1-1AKOKane!lbHaR 4aCTb 
3Heprl-11-1, TaK 1-1 060Jl04e4HaFt nonpaBKa Y41-1T~BaiOTCFI CTaHAaPTH~M 
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06pa30M. bYAY4~ AOBOnbHO 3KOHOMHO~ B ~cnonb30BaH~~ npeAnOno
>KeH~~ /oH~ cosnaAaiOT c npeAnono>t<eH~RM~ pa6or 2-4/ , rAe ~3y4aeT
CR spa~eH~e xonOAH~X RAep/, MOAenb np~BOA~T K npeACKa3a
H~RM HeKOTOp~X HOB~X ~ ~HTepeCH~X oco6eHHOCTe~ B CBO~CTBaX 
B036y>t<AeHH~X aTOMH~X RAep. np~ Man~x TeMnepaTypax ~ He6onb
W~X yrnOBbiX MOMeHTaX OCHOBHbte CBO~CTBa RAep OnpeAenReT 
o6ono4e4HaR nonpasKa. RApa npORBnRIOT s 3TO~ o6nacT~ saMeT
HYIO ~HA~B~AyanbHOCTb KaK B B~6ope paBHOBeCHO~ Ae¢opMa4~~, 
TaK ~ B 3aB~C~MOCT~ nnOTHOCT~ ypOBHe~ OT 3Hepr~~ B036Y>KAe
H~R. MaKpOCKOn~4eCK~~ pe>K~M nORBnReTCR TOrAa, KOrAa t ~n~ 

I ~n~ o6e 3T~ sen~4~H~ ysen~4~BaiOTCR AOCTaT04HO c~nbHO 
/np~ ycnos~~. 4TO 4eHTpo6e>t<H~e c~n~ He pasp~saiOT RAPO Ha 
4acT~ nepeA TeM, KaK I AOCT~raeT TaKoro 3Ha4eH~R/. HHA~
B~AyanbH~e CBO~CTBa pa3n~4H~X RAep CT~paiOTCR BCe 6onbWe 
~ 6onbwe c ysen~4eH~eM t. HeKoTopaR YH~BepcanbHOCTb B TaK~x 
CBO~CTBaX RAep, KaK, Hanp~Mep, 3aB~C~MOCTb MOMeHTa ~Hep4~~ 
OT Ae¢opMa4~~, npORBnReTCR ~ B cny4ae XOnOAH~X RAeP np~ 

I'>:-.1 . B Ae¢opM~1posaHHbtX RApax 140.5 A<,;.190 nepexoA OT o6o
no4e4Horo pe>t<~Ma K >K~AKOKanenbHOMY ~MeeT MecTo, ecn~ 

3Hepr~R B036Y>KAeH~R AOCT~raeT np~MepHO 15 M3B. np~ TaK~X 

B036Y>KAeH~RX ¢nyKTYa4~~ RAePHO~ ¢opMbl MOryT 6btTb 3Ha4~Tenb

H~M~. KOHKypeH4~R Me>KAY MaKpOCKOn~4eCK~M~ ~ M~KpOCKOn~4ec

K~M~ penbe¢aM~ 3Hepr~~ Ae¢opMa4~~ yMeHbwaeT sosspa~a10~~e 

c~nbt By -HanpasneH~~, T. e. oHa AenaeT llAPa HecTa6~nbHbtM~ 

no OTHOWeH~IO K HeaKC~anbHO~ Ae¢opMa4~~. MaKpOCKOn~4eCKaR 

KOMnOHeHTa 3Hepr~~ AOM~H~pyeT np~ B~COK~X 3Hepr~RX B03-
6y>t<AeH~R. np~ TaK~X B036Y>KAeH~RX spa~eH~e B~3~BaeT cnniOCHy-

TYIO ( )' ~~'f) aKC~anbHYf<? Ae¢opMa4~10 np~ yMepeHHbiX 3Ha4eH~RX 

Cn~Ha C yrnOB~M MOMeHTOM, HanpasneHH~M BAOnb OC~ C~MMeTp~~. 
mecTKOCTb RAep no OTHOWeH~IO K Ae¢opMa4~~ COOTBeTCTByeT 
r~APOA~HaM~4eCKOMY npeAeny, OHa 3Ha4~TenbHO H~>Ke, 4eM 
np~ t =0. ¢nyKTYa4~~ ¢opMbt RAPa np~ t > 1 M3B TaK>Ke cTaHOBRT
CR 6onbW~M~ no cpasHeH~IO c xonOAH~M~ RAPaM~. AHanor~4H~M 
o6pasoM ~3MeHReTcR napaMeTp a( f ,y ; I ,t), onpeAenRIO~~~ 

nnOTHOCTb B036Y>t<AeHH~X COCTORH~~ RApa. Ero 3aB~C~MOCTb 
oT Ae¢opMa4~~. yrnosoro MOMeHTa ~ 3Hepr~~ sos6y>t<AeH~R 

secbMa cy~ecTBeHHa np~ B036Y>t<AeH~Rx H~>Ke -10 715 M3B. Ka>t<eT
CR, 4TO cy~eCTBYIO~~e 3KCnep~MeHTanbH~e AaHH~e HaXOARTCR 
B cornac~~ C OCHOBH~M~ pe3ynbTaTaM~ npOBeAeHH~X paC4eTOB. 
DAHaKo T~aTenbHoe ~3y4eH~e 3Kcnep~MeHTanbH~x AaHH~x 
B OTHOWeH~~ ~X cornac~R C TeOpeT~4eCK~M~ MOAenRM~ Tpe6yeT 
e~e peweH~R MHor~x sonpocos. MoAenb, on~caHHaR 3Aecb, 
MO>KeT cny>K~Tb OCHOBO~ AnR M~KPOCKOn~4eCK~X paC4eTOB BXOA
H~X napaMeTpOB cy~eCTBYIO~~X nporpaMM aHan~3a npOAYKTOB 
(HI,xn) -peaK4~~. 
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