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HrHaT~K A.B. H AP· P4 - 12398 

$opMa HarpeT~X 6~cTpoapa~a~~HXCR RAep. /MDAenb/ 

C$opMynHpoaaHa MOAenb AnR H3y4eHHR $opM~ HarpeT~x 
6~CTpoapa~a~~HXCR RAep, B KOTOpOA 06beAHHeH~ MaKpOC KOnH4e c
KHe /mHAKaR KannR/ H KBaHTOB~e MHKpOCKOnH4eCKHe /o6on04e 4HaR 
nonpaaKa/ 3$$eKT~. KaK mHAKOKanenbHaR 4aCTb 3HeprHH, TaK H 
o6ono4e4HaR nonpaaKa Y4HT~aa~TCR CTaHAaPTH~M o6paaoM. npoAe 
naH~ CHCTeMaTH4eCKHe paC4eT~ pa3nH4H~X TepMOAHHaMH4eCKH X 
noTeH~Hanoa /$yHK~HH Paycca-rH66ca FR , $YHK~HH rH66ca F 
3HeprHH E I AnR RAeP peAKD3eMenbHOA o6nacTH c 60 ~ Z ~ 76 H 
90 ~ N ~ 108 a AHanaaoHe 4aCTOT apa~eHHR 0 ::;; w-:;. 1 M3B H TeMne
paTyp 0 ~ t ::;; 2 M3B. Pac4eTbl noKaaanH xopowee cornacHe a npeA
cKaaaHHH paaHoaecH~x napaMeTpoa $DPM~ AnR apa~a~~HXCR RAeP 
c peaynbTaTaMH APYrHx HccneAOBaHHA a 3KCTpeManbH~x cny4aRx 
HyneaoA H npeAenbHO~ /2 M3B/ TeMnepaTyp. 

Pa6oTa B~nonHeHa B na6opaTOPHH TeopeTH4eCKO~ $H3HKH 
OHRH. 

Coo6weHHe 06beOHHeHHOrO HHCTHTYT8 HOepHhlX HCcneOOB8HHA, lly6Ha 1979 

Ignatyuk A.V. et al. P4 - 12398 

The model is formulated for studying the shape o f fast 
rotating heated nuclei. Within the model the macroscopic 
effects (liquid drop) and the microscopic effects (shell 
correction) are taken into account in a standard way. The 
systematic calculations of the thermodynamic potentials 
(the Gibbs-Routhian function F R , the Gibbs function F , 
the energy E ) have been performed for the rare-earth 
nuclei with 60 ~ Z ~ 76, 90 ;s; N ;s; 108 in the interval of 
the frequency of r o tation 0 ::;; w ::;; 1 MeV and of the tempe
rature 0 -:;. t ~ 2 MeV. The results are in a good agree
ment with the earlier investigations which had been done 
for the extreme cases of cold and of very hot ( t ~ 2 MeV?) 
nuclei. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06'bBJ111HBRRblil BRCTIIfTI' JIJ1BpRbi::C BCCDBJIOBIIHIIil /1y6R8 

.. 

BaeAeHHe 

B nocneAHee AeCRTHneTHe aecbMa HHTeHCHBHO pa3BHBa~TCR Hc
cneAOBaHHR B~COKOCnHHOBbiX COCTORHH~ RAep / l, 2f. TaKHe coc-
TORHHR C yrnOB~MH MOMeHTaMH AD 60ft , 80ft o6~4HO o6pa3y~TCR 

B peaK~HRX C TRmen~MH HOHaMH, H Ha Ha4anbHOM 3Tane npDAYKT~ 
peaK~H~ HMe~T 3Ha4HTenbHY~ 3HeprH~ B036ymAeHHR, pacnpeAeneH
HY~ no MHOrHM CTeneHRM CB060Abl / 2/ . no3TOMY aHanH3 3KCnepH
MeHTOB Tpe6yeT 3HaHHR OCHOBHbiX $aKTOpOB, onpeAenR~~HX 3BOn~
~H~ npDAYKTOB paccMaTpHaaeMo~ peaK~HH a npo~ecce Aeaoa6ym
AeHHR. HaH6onee aamH~MH H3 3THx $aKTopoa RBnR~TCR napaMeTp~, 
xapaKTepH3y~~He $opMy caMocornacoaaHHoro RAepHoro nonR, a 
TaKme 3HeprH~ Ae$OpMa~HH RApa H ero HHep~HOHH~e CBO~CTBa. 
npH CTaTHCTH46CKOM OnHCaHHH WHPHH pa3nH4H~X KaHanOB pacnaAa 
He06XOAHMO TaKme 3HaTb AnR COOTBeTCTBY~~HX KaHanoa nnOTHOCTb 
ypoaHe~ aoa6ymAeHHoro ocTaT04Horo RApa. HecMoTpR Ha cy~ecT
aoaaHHe cepHH pa60T / 3-B/ , nOCBR~eHH~X TeOpeTH4eCKHM HC
cneAOBaHHRM $OpMbl 6biCTpoapa~a~~HXCR RAep, AD CHX nop OCTaeT
CR OTKp~T~M PRA BamH~X aonpOCOB 0 nOBeAeHHH yKa3aHH~X B~We 
xapaKTepHCTHK RAep npH pa3nH4H~X 3HeprHRX B036ymAeHHR. 

Pac4eT~ 3HeprHH Ae$opMa~HH 6~cTpoapa~a~~MXCR RAep, . s~non-

HeHH~e B paMKaX MOAenM mHAK6~ KannH 131, COOTBeTCTBY~T CHnb-
HO HarpeTbiM RApaM, B KOTOPbiX o6ono4e4Hble 3$$eKTbl nonHOCTb~ 
OTCYTCTBY~T. 8 TO me apeMR pac4eT~ paBHOBeCH~X $DPM apa~a~
~HXCR RAep, npoBeAeHH~e Ha OCHOBe MeTOAa o6ono4e4HO~ nonpaa-
KH /4- 6/ , COOTBeTCTBY~T APYrDMY npeAeny - XOnDAH~M RAPaM, 
H TaKHe pac4eT~ xapaKTepH3Y~T, CTporo rosopR, nMWb COCTORHMR 
RAeP BADnb HpacT-nonocbl. B o6nacTH npoMemyT04HbiX 3HeprM~ 
B036ymAeHHR TeopeTH4eCKHe MCCneAOBaHHR $DPM~ apa~a~~MXCR 
RAeP He npOBOAMnHCb, TaK me KaK He npOBOAMnOCb nocneAOBaTenb
HOe paCCMOTpeHHe CTaTHCTM4eCKMX CBO~CTB 6~CTpoapa~a~~MXCR 
RAep. B nporpaMMax, paapa6oTaHH~x AnR aHanH3a 3KcnepMMeHTanb
H~x AaHH~x no paanM4H~M KaHanaM pacnaAa 6~cTpoapa~a~~MXCR 
RAep / 7/ , nnoTHOCTb ypoaHe~ H APYrHe cTaTHCTM4eCKMe xapaK
TepMCTHKM . aoa6ymAeHH~x RAep O~eHHBa~TCR o6~4HO Ha OCHOBe 
npocTe~we~ MOAenH $epMM-raaa 181 . 0AHaKo, KaK noKaaano M3y-
4eHHe nnOTHOCTH He~TpOHH~X pe30HaHCOB H $yHK~M~ B036ymAeHMR 
pa3nH4HbLX peaK~MA npH ManbiX 3Ha4eHMRX yrnOBOrO MOMeHTa / g,lO / , 
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TaKa~ MOAenb CnHWKOM npHMHTHBHa, 4T06~ npeTeHAOBaTb Ha B3aHMO
cornacosaHHOe KOnH4eCTBeHHOe OnHCaHHe CBO~CTB Bpa~a~~HXC~ 
~Aep 8 WHpOKOM AHana30He 3HeprH~ B036Y~AeHH~. 

B AaHHO~ pa6oTe M~ XOTHM o6beAHHHTb HAeH, HcnonbaosaswHeCR 
paHee npH paccMOTpeHHH $opM~ 6~cTpospa~a~~HXCR xonOAH~x RAep, 
C OAHO~ CTOpOHbl, H OnHCaHHH CTaTHCTH4eCKHX CBO~CTB B036y~
AeHHbiX RAeP B o6nacTH ManbiX yrnosblx MOMeHTOB - c APYro~. B 
paMKaX TaKOrO nOAXOAa MO~HO HCCneAOBaTb H3MeHeHHe C pOCTOM 
3HeprHH B036Y~AeHHR HaA HpacT-nonoco~, BnH~HHR o6on04e4H~X 

3$$eKTOB Ha OCHOBHble xapaKTepHCTHKH 6biCTpospa~a~~HXCR RAep. 
nony4eHHble peaynbTaTbl noasonR~T npocneAHTb 3son~~H~ a npo
~ecce oxna~AeHHR IAesoa6y~AeHHR/ cso~cTB cocTaBH~x RAep, o6-
paay~~Hxc~ B peaK~HRX C TR~enbiMH HOHaMH. PaCCMOTpeHbl cne
AY~~He xapaKTepHCTHKH 6biCTpospa~a~~HXCR soa6y~AeHHbiX RAep: 

a/ napaMeTp~ KBaApynonbHO~ Ae$opMa~HH cpeAHero nonR 
6/ HHep~HOHH~e napaMeTp~ HarpeT~X ~Aep 
a/ 3HeprHR Ae$OpMa~HH HarpeT~X ~Aep 
r/ napaMeTpbl nnOTHOCTH ypOBHe~, onpeAenR~~He TepMOAHHa

MH4eCKHe CBO~CTBa Bpa~a~~HXC~ RAep. 
t:\n~ ynpo~eHHR MOAenH Mbl He 6yAeM aHanH3HpOBaTb napHble KOp

penR~HH csepxnpoBOA~~ero THna, ponb KOTop~x cy~ecTBeHHa TOnb
KO B o6naCTH AOCTaT04HO HH3KHX TeMnepaTyp t ~ 0,6 M3B, H 
yrnoa~x MOMeHTOB I S25 ~ 30. M~ TaK~e He 6yAeM ocTaHaBnHBaTb
c~ Ha paCCMOTpeHHH KOrepeHTH~X BH6pa~HOHH~X B036Y~AeHH~ 

6~cTpospa~a~~Hxc~ HarpeT~x RAep. TaKHe 3$$eKT~ Tpe6y~T cne
~HanbHoro H3y4eHHR/11/, H HX KOnH4eCTBeHHOe OnHCaHHe M~ Ha
AeeMCR o6cyAHTb B nocneAY~~Hx pa6oTax. 

MaTepHan CTaTbH nocTpoeH cneAY~~HM o6pa30M. B nepsoM na
parpa$e paCCMOTpeH~ OCHOBH~e COOTHOWeHHR CTaTHCTH4eCKOrO 
nOAXOAa, C$OpMynHpOBaHbl npH6nHmeHH~ MOAenH, HCnonb3yeMO~ An~ 

KOHKpeTH~X pac4eTOB, H KpaTKO OnHCaHa npo~eAypa COOTBeTCTBy~
~HX B~4HCneHH~. Bo BTOPOM naparpa$e npeACTaBneH~ OCHOBH~e 
pe3ynbTaT~ npOBeAeHH~X paC4eTOB H o6cy~AeHO HX COOTBeTCTBHe 
3KBHBaneHTH~M pac4eTaM APYrHx asTopos a xonOAH~x 6~cTpospa
~a~~Hxc~ ~Apax. B cneAY~~e~ cTaT be 6YAYT paccMoTpeH~ rnaBHble 
$H3H4eCKHe B~BOA~ 0 CBO~CTBaX B036Y~AeHH~X 6biCTpOBpa~a~~HXC~ 
RAep, KOTOp~e MO~HO CAenaTb Ha OCHOBe npOBeAeHH~X pac4eTOB. 
HeKoTop~e npeAsapHTenbH~e peaynbTaT~ HccneAOBaHH~ coo6~anHCb 
paHee B pa6oTe 1121. 

§1. 0CHOBHble COOTHOWeHH~ HCnOnb3yeMO~ MOAenH 

~3MeHeHHe napaMeTpos cpeAHero non~ xonOAHOro RAPa c pocTOM 
yrnosoro MOMeHTa H3y4anocb a pa6oTax /4-6/ a paMKax nOAXOAa, 
KOM6HHHpy~~ero npeACTaBneHHR MOAenH npHHYAHTenbHOrO Bpa~eHHR 

4 

H MeToAa o6ono4e4HO~ nonpaBKH. TaKoe paccMOTpeHHe cs~aaHo 
CO cneAY~~HMH npH6nH~eHH~MH: 

1. npeAnonaraeTCR, 4TO Bpa~eHHe ~Apa MO~HO paCCMaTpHBaTb 
KBa3HKnaCCH4eCKH. MOAenb npHHYAHTenbHOrO Bpa~eHH~ AOCTaT04-
HO xopowo pa6oTaeT Aa~e npH He6onbWHX 3Ha4eHHRX yrnosoro 
MOMeHTa / 13/ , H 3TO RBn~eTC~ BeCbMa CHnbH~M apryMeHTOM B 
nonb3Y npHMeHHMOCTH TaKo~ MOAenH AnR B~COKHX cnHHOB. 

2. npeAnonaraeTC~, 4TO 3HeprHR Ae$OpMa~HH spa~a~~eroc~ 
RAPa MO~eT 6~Tb Ha~AeHa B BHAe CYMM~ 3HeprHH MOAenH ~HAKO~ 
KannH H o6on04e4HO~ nonpaBKH/4- 61 . npH 3TOM AOMHHHPY~~a~ KOM
nOHeHTa 3HeprHH Ae$opMa~HH, nnasHo MeH~~~a~cR OT RAPa K RA
py, onpeAen~eTCR MOAenb~ paBHOMepHO 3apR~eHHO~ ~HAKO~ KannH 
C reOMeTpH4eCKHMH xapaKTepHCTHKaMH, COBnaAa~~HMH C nOA06H~MH 
xapaKTepHCTHKaMH RAepHoro noTeH~Hana. HeRBHO noApaayMesaeTCR 
TaK~e, 4TO K03$$H~HeHT nosepXHOCTHOrO HaTR~eHHR He 3aBHCHT 
OT yrnosoro MOMeHTa. Bee 3TH npH6nH~eHH~, no-BHAHMOMy, AOCTa
T04HO XOPOWH y~e AnR RAeP C A :;;:_ 40. 

3. npHBneKa~TCR KOHKpeTH~e npeAnOno~eHHR 0 RBHOM BHAe 
$YHK~HOHanbHO~ aaBHCHMOCTH caMocornacosaHHOro RAepHoro noTeH
~Hana. Ha npaKTHKe ero o6~4HO annpoKCHMHPY~T Ae$opMHposaHH~M 
oc~HnnRTOPH~M noTeH~HanoM HHnbccoHa 14•51 HnH Ae$OPMHPOBaHH~M 
noTeH~HanoM ByAca-CaKCOHa / 6/ . npeAnonaraeTCR, 4TO npH H3-
MeHeHHH yrnOBOrO MOMeHTa H3MeHR~TCR TOnbKO napaMeTpbl, onpe
AenR~~He $opMy noTeH~Hana. 

nepe4HCneHH~e npH6nH~eHH~ WHpOKO HCnOnb3Y~TCR npH paCCMOT
peHHH COCTORHH~ HpacT-nOnOCbl . XOTR HMeeTCR PRA nOATBeP~AeHH~ 
HX cnpaBeAnHBOCTH / 13/ , HeCOMHeHHO, 4TO OKOH4aTenbHa~ nposep
Ka Ka~AOrO H3 npeAnono~eHH~ MO~eT 6b1Tb CAenaHa TOnbKO npH 
nony4eHHH COOTBeTCTBY~~HX 3KCnepHMeHTanbH~X AaHH~X. TeM He 
MeHee, cneAyeT O~HAaTb, 4TO C$OpMynHpOBaHH~e npeAnOnO~eHH~ 
npHMeHHM~ He TOnbKO K HpacT-nOnoce, HO H K COCTORHHRM, B03-
6y~AeHH~M HaA He~ . EcnH 3HeprHR B036Y~AeHH~ AOCTaT04HO senH
Ka, TO TaKHe COCTO~HHR MO~HO paCCMaTpHBaTb KaK MHOr04aCTH4-
H~e KOH$Hrypa~HH no OTHOWeHH~ K HpacT-nOnoce, H AnR OnHCaHH~ 
HX ycpeAHeHH~X xapaKTepHCTHK HCnOnb30BaTb CTaTHCTH4eCKH~ noA
XOA. 

B paMKax cTaTHCTH4ecKoro onHcaHHR MaKpococTORHHe onpeAe
nReTcR BenH4HHO~ $H3H4eCKHX nepeMeHH~X, ycpeAHeHH~X no 60nb
WOMY 4Hcny MHKpOCOCTORHH~ B036Y~AeHHOrO RApa, H cpeAHRR se
nH4HHa COOTBeTCTBy~ero onepaTopa MO~eT 6b1Tb npeACTaBneHa 
8 BHAe 

~ ~ ~ 

<0 > ~Spl Oexp(-H/ t)! / Sp!exp(-H/ t)!, /1/ 
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rAe H -raM~nbTOH~aH paccMaTp~aaeMoA c~cTeM~ ~ t -TeMnepa
Typa ao36Y~AeHHoro /HarpeToro/ RApa. 

B np~6n~~eH~~ caMocornacoaaHHOro nonR MHoro4aCT~4H~~ ra
M~nbTOH~aH ~ 3aMeHR~T COOTBeTCTBY~~~M ofipa30M B~fipaHH~M 
OAH04aCT~4HbiM raM~nbTOH~aHOM. AnR apa~a~~erocR RAPa nocneA
H~A YAOfiHO npeACTaB~Tb B B~Ae CYMM~ OAH04aCT~4H~X onepaTOpOB 
Payee a 

R - p2 . 
'f' ·P· - -~ + V(r)- wJ x , /2/ 

rAe, B COOTBeTCTB~~ C np~BeAeHH~M~ B~We np~fin~~eH~RM~, M~ 

6yAeM ~cnonb3oaaTb cpeAHee none V(r) a ¢opMe, npeAno~eHHO~ 
a pa6oTe 141 

V(r) = VH.O. + V corr. 

V H.O. = ~ iiw0 p 2 [ 1- ~'ffv' {-rrcosy Y20 + -}v' {- rr f v' {-sin y(Y22+Y2.2 )] 

-> ->2 
Vcorr =-Kt1°w 0 {Us +f.L[£ -N(N+3)]1. 

.noTeH~~an rapMoH~4ecKoro oc~~nnRTopa VH.o. 3aa~c~T oT ABYX 
napaMeTpOB K8aApynonbHOA Ae¢opMa~~~ f ~ y , KOTOPble ~ on-
peAenR~T ¢opMy 8 paccMaTp~8aeMo~ MOAen~. KoppeKT~p0804H~~ 
4neH Vcon 8BeAeH a noTeH~~an V(r) AnR yny4weH~R on~caH~R 
MOMeHTa ~Hep~~~ RApa. Ero 8~A fi~n nony4eH Ha OCH08e AOCTaT04-
HO Ofi~~X apryMeHT08 MOTTenbCOHOM /CM. oficy~AeH~e B pafioTe 1 5J, 
~ 8 pafioTe 1 141 B paMKaX KOHKpeTH~X pac4eT08 fi~no nOKa3aHO, 
4TO AnR nOTeH~~ana /3/ MOMeHT ~Hep~~~, ycpeAHeHH~A B COOT
BeTCT8~~ C npo~eAYPOA MeTOAa o6on04e4HOA nonpaaK~, AOCTaT04-
HO 6n~3KO C08naAaeT C T8epAOTenbH~M MOMeHTOM ~Hep~~~ RApa 
3K8~8aneHTHOA ¢OpMbl. napaMeTpbl K ~ f.L B noTeH~~ane V corr 
noAo6paH~ TaK~M o6p~3oM, 4T06~ 8ocnpo~3aecT~ AnR Ae¢opM~po
aaHH~x RAeP peAK03eMenbHOA o6nacT~ 3Kcnep~MeHTanbHY~ nocneAo
aaTenbHOCTb OAH04aCT~4H~X COCTORH~A 1141

11
. Oc~~nnRTOpHaR 4ac

TOTa np~ 3TOM HaAAeHa paBHO~ flw 0 =42A- 3 [1 ±(~Z)/3A] M3B, 
rAe BepXH~A 3HaK COOTBeTCTByeT He~TPOHHOMY nOTeH~~any ~ H~~
H~A - npOTOHHOMy. 

np~ Y4eTe TeMnepaTypHoro ycpeAHeH~R B~pa~eH~e AnR ¢YHK~~~ 
Paycca apa~a~~erocR RAPa MO~Ho 3an~caTb a B~Ae 

6 

R(f,y;w,t), ELD (£,y;w=0)+ 

/4/ 
00 "" 

+ .!. &1 (£,y,w)n 1 (t)- .!. &1 (£,y,wsO)ii 1 (t~O). 1,.1 1=1 

3AeCb ELD -3Hepr~R Heapa~a~~erOCR RAPa B MOAen~ ~~AKOA 
Kann~, 6; 1 -3Hepr~~ OAH04aCT~4H~X COCTORH~A, onpeAeneHH~e 
KaK co6cTaeHH~e 3Ha4eH~R onepayopa Paycca /2/ 

Rs.p.(f,y, w)¢ 1 =&1(£,y,w)¢ 1 . /5/ 

4~cna 3anOnHeH~R OAH04aCT~4H~X COCTORH~A B HarpeTOM RApe 
onpeAeneH~ KaK 

- & ( 
n i ( t) • I 1 + e xp [ _ 1 

f • ~ • w ) - ~ ll- \ !61 

rAe X~M~4eCK~A noTeH~~an A AnR npOTOHOB ~ HeATpOHOB CBR3aH 
C COOTBeTCTBY~~~M 4~CnOM 4aCT~~ ypa8HeH~eM 

N 

z 
I - !. ni 171 

B nocneAHeM cnaraeMOM cooTHoweH~R /4/ 4epTa o6o3Ha4aeT yc
peAHeH~e no MeTOAY o6ono4e4HOA nonpa8K~, np~ 3TOM 4aCTOTa 
apa~eH~R ~ TeMnepaTypa a AaHHOM cnaraeMOM np~H~Man~cb paa
H~M~ Hyn~. TaKaR npo~eAypa RBnReTcR npRM~M cneACTa~eM KoppeKT
Horo on~caH~R ~cnonb3yeM~M MOAenbH~M raM~nbTOH~aHOM /3/ yc
peAHeHHOA aen~4~H~ MOMeHTa ~Hep~~~. T.e. B OTn~4~e OT noTeH
~~anoa, paccMaTp~aaaw~xcR a pa6oTax 14·51 • a HaweA MOAen~ 
He B03H~KaeT HeOfiXOA~MOCT~ nepeHOPM~POBK~ ycpeAHeHHOrO MO
MeHTa ~Hep~~~. AeAcTa~TenbHO, ecn~ a~nonHReTCR ycnoa~e 

A A 1 2 
~& 1 (f,y,w)-I-& 1 (!,y,w-0)•'2-w Jrig (£,y), 
I I 

/8/ 
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rAe Jrig - TaepAOTenbHOe 3Ha4eHHe MOMeHTa HHep~HH AnH 
3aAaHHOH $OPM~ HApa, TO npH HyneaOH TeMnepaType COOTHOWeHHe 
/4/ MOmHO nepenHCaTb a aHAe 

R(f, y ; w ),.ELD ( f, y ,w .sO)-~-Jrig (f. y ) w2 + o S(f,y;w ) . /9/ 

06ono4e4HaH nonpaaKa a 3TOM a~pameHHH onpeAeneHa KaK 

A A 
0 s ( (. y . (J.) ) ~ . I, & i ( ( . y ,((.) )- . I, ~ i (I!" • y ; w). 

I= 1 }a 1 
/10/ 

HMeHHO TaKoe onpeAeneHHe $YHK~HH Paycca /9/ Hcnonb30aanocb 
a pa6oTe1 51 AnH H3y4eHHH apa~eHHH xonoAH~x HAep. 

3KaHaaneHTHOCTb a~pameHHH /4/ H /9/ noKa3~aaeT, 4TO a~-
4HCneHHe $YHK~HH Paycca /4/ a HarpeTOM HApe OCHOaaHO Ha 
Tex me, nepe4HcneHH~x a ~a4ane naparpa$~ npeAnonomeHHHX, 
4TO H npoaOAHawHecH paHee pac4eT~ AnH xonOAH~x HAep. npHMe
HHMOCTb COOTaeTCTay~~HX npH6nHmeHHH npH TeMnepaType, OTnH4-
HOH OT HynH, He MOmeT 6~Tb Xyme, 4eM a XOnOAHOM HApe, TaK 
KaK HarpeaaHHe acerAa cnoco6cTeyeT ocna6neHH~ KaaHToa~x 3$
$eKTOa H YCHneHH~ Kaa3HKnaCCH4eCKHX. 

3HTpOnHH HarpeTOrO HApa S H ero 3HeprHH ao36ymAeHHH U 
HaA HpacT-nOnOCOH onpeAenH~TCH COOTHOWeHHHMH 

& · ( s=~[ l f , y , w ) 
1 

ni ( t) -ln (1- ii! (t))] /11/ 

U = ~ &1( (, y ,w)[ii 1(t)- n1(t=0)]. 
I 

/12/ 

a COOTaeTCTay~~HH paccMaTp~aaeMOH 4aCTOTe apa~eH~R w yrno
aOH MOMeHT I 

. x-
I = ~ J ii n1(t) • I /13/ 

. x rAe OAH04aCTH4H~e MaTp~4H~e 3neMeHT~ Jii a~4HCneH~ C no-
~O~b~ aonHoa~x $YHK~HH ¢1 ~3 /5/. BenH4HHa 3HTponHH Henoc
~eACTaeHHO onpeAenReT nnOTHOCTb a036Y~AeHHbiX COCTOHH~H apa
~a~~erOCR HAPa p(U,I) 

8 

J 

p(U,I ) = e xp (S) I (2 77 h det d
2
(t-U-S) ]-112 

' a 1 da j • /14/ 

rAe a 3HaMeHaTene CTOHT AeTepMHHaHT 4eTaepToro nOPHAKa no 
nepeMeHHbiM a 1 = A z , AN , w H 1/ t . B npH6nHmeHHH OAHOPOA-
Horo cneKTpa OAH04aCTH4H~X COCTOHHHH COOTHOWeHHe /14/ nepe
XOAHT a H3aeCTHY~ $OpMyny AnH nnOTHOCTH ao36ymAeHHbl~ COCTOH
HHH MOAenH $epMH-ra3a 1 81 . 

npH OnHCaHHH CaOHCTa a036ymAeHH~X /HarpeT~X/ HAep MOmHO 
pa60TaTb C pa3nH4H~MH TepMOAHHaMH4eCKHMH nOTeH~HanaMH, on
peAeneHH~MH a npOCTpaHCTae COOTaeTCTay~~HX TepMOAHHaMH4eCKHX 
nepeMeHH~x. HaH6onee YA06H~MH HanH~TCH cneAy~~He noTeH~Han~: 

a/ $YHK~HH rH66ca-Paycca 

F R (N, w , t ) "' R (N ,w , t) - t S, 
/15/ 

6/ $YHK~HH rH66ca HnH Ca060AHaH 3HeprHH 

F (N,I,t)= F R (N, r.u ,t) +w i, /16/ 

a/ 3HeprHH np~ $HKCHpOaaHHOH 3HTpOnHH 

E ( N ,S,I) ~ F(N,t,I) + tS , E(N,S = O,I) +U(N,I), 

rAe E(N,OI) -3Hepr~H HpacT-nonoc~ H U(N,I ) - 3HeprHH ao3-
6ymAeHHH HaA ~pacT-nonocoH npH $~KCHpoaaHHOM I 

B~6op COOTaeTCTay~~ero TepMOA~HaMH4eCKOrO noTeH~Hana on
peAenHeTCH npHPOAOH paccMaTpHaaeMOH 3aAa4~. EcTecTaeHHO, 4TO 
np~ OnHCaHH~ paaHoaecH~X xapaKTepHCTHK HarpeT~X HAep ace 
nepe4HCneHH~e noTeH~Han~ 3KaHaaneHTH~, ~ paaHOaeCHY~ $OpMy 
cpeAHero nonH HarpeToro HApa MOmHO HaHT~ ~3 ycnoaHH 3KCTpe
MYMa n~6oro H3 H~X. 

npeACTaaneHH~e HHme pac4eT~ TepMOAHHaMH4eCKHX noTeH~Hanoa 
6~n~ npoAenaH~ AnH cneAY~~Hx AHana3oHoa ~3MeHeH~H napaMeTpoa 
$OpM~ HApa, TeMnepaTyp H 4aCTOT apa~eHHH 

0 ~ ( ~ 0,6 AnH 0 ° ~ y ~ 60° 

0 ~ ( ~ 0,3 AnH -60° ::; y ~ 0 ° 

0 ~ t :S 2 M3B ~ 0 ~ w ~ 1 M3B 
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B~4~cneHH~e Ha OCHOBe COOTHOWeH~R /4-13/,/15/ 3Ha4eH~~ 
¢YHKI..I~R E , F , S 1-1 I 6blfl~ 3an~caHbl Ha MarH~THoR neHTe B Ka>K
ADIII T04Ke no £ , y , w , t An~ scex 4eTHo- 4eTH~X ~AeP B o6nacT~>~ 

60 _< z ::; 76 ~ 90 ~ z ::; 108. 

B nocneAY~~eM An~ nocTpoeH~>~~ ABYMepHoR nosepxHOCTI-1 1-!HTepecy~

~~-~x Hac T~pMOA~HaM~4eCK~X noTeHI..I~anos ~cnonb30Banacb 4~cneH

Ha~ ~HTepnon~l.l~~ B npOCTpaHCTBe ( c ,y ,X) , rAe X -OAHa ~3 
¢YHKI..I~R I, E, S, F . 

§2. CpaBHeH~e c pe3ynbTaTaM~ npeJ:I~AY~~x pac4eToB 

Uenb~ AaHHbiX pac4eToB HBn~eTc~ ~3y4eH~e 3¢¢eKTOB, o6ycnos
neHH~x COBMeCTH~M B03AeRCTB~eM Bpa~eH~l1 ~ CTaT~CT~4eCKOrO 

so36Y>KAeH~~ ~Aep. CpasHeH~e c npeA~AY~~M~ pac4eTaM~ no3son~
eT yKa3aTb xapaKTep~CTI>IK~, KOTOp~e Kp~T~4eCK~ 3aB~Cl1T OT ~c

nOflb3yeMOR MOAen~ ~n~ np~Hl1TOR npOI..IeAYPbl pac4eTa, 3aKfl~4eH~~ 

OTHOC~TeflbHO TaK~X xapaKTep~CT~K He MOryT 6~Tb AOCTaT04HO 
HaAe>KHbiM~ . 

KaK yKa3aHo B §1, HacTo~~~e pac4eT~ np~ t =0 oTn~4a~Tc~ 
OT nOA06HbiX B~4~CfleH~R, CJ:IenaHHbiX Aflfl XOflOAHbiX ~J:Iep I 4- 61, 
npeJ:Inono>KeH~~M~ o6 ~HePI..I~>~OHHbiX csoRcTsax ~Aep. B pa6oTe 1 14/ 

noKa3aHo, 4TO cn~HosaH 3aB~>~C~MOCTb crna>KeHHOR no CTpyT~HCKOMY 
o6ono4e4HOR 3Hepr~~. pacc4~TaHHoR c noMo~b~ noTeHI..I~ana /3/, 
04eHb 6n~3Ka K TOR, KOTOpa~ O>K~J:IaeTCl1 B C~CTeMe, MOMeHT ~Hep-

1..1~~ KOTopoR 3as~c~T oT Maccosoro pacnpeAeneH~H, KaK ~ s ·ysep
AOM Tene. 04eB~AHO, 4TO npolleJ:Iypa peHOpMafll-!3al.ll-1~ B pa6o-
Tax14-61, 3aKfl~4a~~al1Cl1 B 3aMeHe cn~HOBOR 3aB~C~MOCTI-1 
/~>~n~ 3aB~C~MOCT~ OT yrnosoR CKOpOCT~/, crna>KeHHOR no CTpy
TI>IHCKOMY o6ono4e4HO!Ii 3Heprl-1~ K~HeTI-14eCKOR 3Hepr~eR l1J:Ipa, no
A06Horo spa~a~~eMyc~ TBepJ:IOMY Teny, Aana 6~ ~AeHT~4Hble pe-
3YflbTaTbl C AaHH~M~ pac4eTaM~, ecn~ 6~ crna>KeHH~R MOMeHT ~Hep-

1..1~~ 6~n T04HO paseH TBePAOTenbHOMy. AHan~3 p~CYHKOB noKa3bl
saeT, 4TO 6n~3KOe COOTBeTCTB~e Me>KAY pa3fl~4HbiMI-1 pac4eTaM~ 

AeRcTB~TeflbHO ~MeeT MeCTO B o6o~X 3KCTpeMaflbHbiX Cfly4al1X 
04eHb H~3K~X ~ 04eHb BbiCOK~X TeMnepaTyp, 

Ha p~c. 1 Afll1 ~AeP 152sm, 16 0yb ~>~ 180 0s ~>~3o6pa)!(eHbl 
rpa¢~K~ 3aB~C~MOCT~ noflO>KeH~l1 M~H~MyMa CB060AHOR 3Hepr~l-1 OT 
sen~4~Hbl yrnosoro MOMeHTa /roAorpa¢~/, pacc4~TaHH~e np~ t = 
=0,2 M3B. TaKeR TeMnepaType cooTBeTCTByeT 3Hepr~l1 B036Y>KAeH~~ 
U < 1 M3B, Bfl~~H~e KOTopoR Ha ¢0PMY ~APa ~ pacnpeAeneH~e HyK
flOHOB MO>KHO He np~H~MaTb BO BHI>!MaH~e. B TO >Ke BpeMl1 Aa>Ke 
TaKaH Mana~ TeMnepayypa 3aMeTHO crna>K~BaeT Hecy~eCTBeHHble 
MenK~e OCI..I~nnHI..I~"' o6ono4e4HOR 3Hepr~~ 1-1 yny4waeT ycnos~e 
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npMMeHMMOCTM npMH~ToR npo4eAYP~ MHTepnon~4MM. CpaaHeHMe 
~c. 1 c pMc. 19,21 pa6oTbl 151 noKa3blaaeT xopowee cor nacMe 
Me~AY ABYM~ paanM4H~MM cxeMaMM pa c 4eTa. B 4aCTHOCTM, An~ 

~Apa 152Sm napaMeTp HeaKCManbHOCTH Man M OTPM4aTeneH npM 
0 ::; I s 30 a o6oMx pac4eTax. 3Ha4eHM~ I , npM KOTOpbiX paa
HOBeCH~e napaMeTp~ Ae$OpMa4MM OKa3~Ba~TC~ Ha OCM CO cnn~c
HYTOR $DPMOR ( y "' rrl 3) , TaK~e HaXOA~TC~ B xopoweM cornaCMM. 
3TM Ha6n~AeHM~ nDATBeP~Aa~TC~ TaK~e aHanM30M noaepXHOCTM. 
3HeprMM, KOTOpy~ M~ 06CYAMM n03~e lcpaBHMTe PMC.4, cny4aR 
t = 0, 2 M3B c pMc. 15 pa60Tb1 151 I. 

PMc.2 M 3 noaaon~~T yBMAeTb, KaK TeMnepaTypa crna~MaaeT 
o6ono4e4Hble 3$$eKTbl B $YHK4MM ~ F R ( f, y ; w , t ) , a T aK~e B 
aenM4MHe MOMeHTa MHeP4MM J "' < J > I w • npM w "' 0 ' KOrAa 
TeMnepaTypa BenMKa, paBHOBeCHa~ $OpMa ~Apa CTaHOBMTC~ C$e
pM4eCKOR, M apa~eHMe ~APa nopO~AaeT cnn~CHYTY~ Ae$opMa4M~ 
C OCb~ CMMMeTpMM, HanpaaneHHOR BAOnb yrnOBOrO MOMeHTa. nMHMM 
nocTO~HHbiX 3Ha4eHMR FR npM t =2 M3B aeAYT ce6~ TaK, KaK 
O~MAaeTC~ B MOAenM ~MAKOR KannM. MOMeHT MHep4MM lpMc.31 CMnb
HO OC4MnnMpyeT npM HM3KMX TeMnepaTypax, HO npM CaMOR B~COKOR 

M3 paCCMaTpMBaeM~X TeMnepaTyp t = 2 M38 OH OKa3~BaeTC~ 04eHb 
6nM3KMM K npeACKaaaHM~M MOAenM ~MAKDR KannM. Ha cerMeHTe 
pMC . 3, COOTBeTCTBY~~eM cu =0, 4 M3B M t = 2 M38, HaHeCeHbl 
n MHMM nOCTO~HHOrO 3Ha4eHM~ $yHK4MM 

f( f . y) ~ 

J . ( ng f , y ) 
----- (1 2 
J . (0 0-) - + -- f 

n g • 3 
1181 sin( y+ 30 °))( 1 + -~7 f 

2 
). 

xapaKTepM3Y~~eR 3aBMCMMOCTb OT Ae$OpMa4MM HaM60nbWero M3 
TBepAOTenbH~X MOMeHTOB MHeP4MM OAHOPOAHOrO Tena 3KBMBaneHT
HOR $opM~ 1 131 . CTaHAaPTHoe OTKnoHeHMe B~4McneHHoro MOMeHTa 
MHep4MM OT J rig ( f , y ) npM t =2 M3B He npeBbiWaeT 2% An~ BCeX 
3Ha4eHMR w . TaepAOTenbH~e 04eHKM An~ MOMeHTa MHeP4MM 

Jrig -~5 MR0 A2 1 3 ~65 M3B- 1(R=l,2A113 <!>M) 04eHb 6nM3KM K cpeAHeMy 

3Ha4eHM~ OTHOWeHM~ Jca.l c.(f, y) / f ( f , y ) = 66 M3B-l. 

HaAO cKa3aTb, 4TO $YHK4M~ Jcalc.(E, y ) / f (E. y ) yMeHbwaeTc~ 
Ha 3-4%, KOrAa ( yaenM4MBaeTC~ OT 0 AD 0,6. 3TO MO~eT 6~Tb 
DAHDR M3 npM4MH, no4eMy T04Ka paaHoaecHoR Ae$opMa4MM 160 Yb 

npM t = 2 M3B, I = 80 ace e~e HaXOAMTC~ Ha aKcManbHOR OCM 
CMMMeTpMM B npOTMBOnonO~HOCTb pac4eTaM, B~nOnHeHH~M paHee 
a MOAenM ~MAKOR KannM 1 31 . ApyroR 6onee aa~HoR npM4MHDR Ta
Koro noaeAeHM~ ~an~eTc~ npeHe6pe~eHMe MHbiMM, 4eM KBaApynonb
Ha~,Ae$opMa4M~MM, MMe~~ee MeCTO B HaWMX paC4eTaX. 
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PMc.2. KapT~ 3KBMnoTeH4ManbH~x noaepxHOCTeR $YHK4MM Paycca
rM66ca FR ( (. y) npM pa3nM4HbiX 3Ha4eHM~X 4aCTOTbl apa~eHM~ w 
M TeMnepaTypbl t 160yb . T04KM Ha KapTaX, OKpy~eHHble aa
WTPMXOBaHHOR 06naCTb~, COOTBeTCTBY~T npM AaHHOM W M t 
MMHMMYMY $YHK4MM FR , 4MCneHHOe 3Ha4eHMe KOTOpOR yKa3aHO 
noA Ka~ADR M3 KapT. UM$p~ Ha nMHM~x c nocTo~HH~M 3Ha4e
HMeM $yHK4MM FR onpeAen~~T MaCwTa6 M3MeHeHMR AaHHOR 
$yHK4M~, HanpMMep, nMHM~ C 4M$poR 2 COOTBeTCTByeT 3Ha4eHM~ 
FR .. F:10+ 2 M3B: 
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P~c.3. KapT~ 3KB~noTeH~~anbH~X nosepxHOCTeR A~HaM~4ecKoro 
<J > 160 MOMeHTa ~Hepi.j~~ J(f,y) ~ --u-- Yb np~ pa3n~4HbiX w ~ t. 

T04K~, OKpy~eHH~e 3aWTp~XOBaHHOR o6naCTb~, COOTBeTCTBy~T 

M~H~MYMY c!>YHK~~~ J (f , y) , 3Ha4eH~e KOTOpoR yKa3aHO nOA Ka~

AOR ~3 KapT. MacwTa6 ~3MeHeH~R c!>YHK~~~ J yKa3aH Ha KapTax. 
Ha KapTe, cooTBeTCTBY~~eR w =0,4 M3B ~ t = 2 M3B, nyHK-

J rig ( f •Y) 
T~PH~M~ n~H~RM~ AaH~ 3Ha4eH~R c!>YHK~~~ f(E,y)= 

J rig (0,0) 
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Ha OCHOBe npoBeAeHH~X cpaBHeH~R M~ MO~eM YTBeP~AaTb, 4TO 
pe3ynbTaT~ Haw~x pac4eTOB KaK AnR xonoAH~x. TaK ~ AnR c~nbHO 
HarpeT~X RAep HaXOARTCR B xopoweM cornac~~ C npeA~AY~~M~ Teo
peT~4eCK~M~ ~ccneAOBaH~RM~, OTHOCR~~M~CR K 6biCTpOspa~a~~~MCR 
RAPaM. 3To ~MeeT MecTo, no KpaRHeR Mepe, AnR Tex yrnos~x 
MOMeHTOB, KOTOp~e He RBnR~TCR Kp~T~4eCK~M~ AnR AeneH~R, rAe 
CTaHOBRTCR Ba~H~M~ Aec!>OpMa~~~ 6onee B~COKOR MynbT~nonbHOCT~. 
no3TOMY On~CaHHY~ B~We MOAenb MO~HO C4~TaTb AOCTaT04HO Ha
Ae~HOR AnR ~3y4eH~R ct>opMbl spa~a~~~xcR RAeP B npoMe~yT04HoR 
o6nacT~ 3Hepr~~ so36Y~AeH~R . 
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