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KapaMSJH C.A., HryeH TaK AHh, lllapRtjloB K.H. P7-5843 

3HepreT!f'IeCKRli 6ana11c peaKUiflf aeneHRSJ SJAep TSJlKenb!Mif 

lfOH8Mif 
' ', - 238 209 I 

l1aMepeHbl aHa'IeHRSJ v anSI ;,eaKUiflf aeneHRSJ SJaep U , Bi , 
97 

Au 
ycKopeHI!blMif RonaMR 

12C , 16 0 , 2 Ne ,40 Ar, Pacc'IRTan nonllblli ::mepreTR

qecKRli 6anai!C YK838HIIblX peaKUifli C lfCllOUh30B8HifeM llllTepaTypHblX ll8HIIb!X 

OTHOC!fTellbHO KlfHeT!l'IeCKifX aHeprlfli If MBCCOBhlX pacnpeaeneHifli OCKOnKOB 

aeneHifSl, B npeaenax TO'IIIOCT!f aKcnepRMeHTa lf3MepeHHble 3Ha'!eHifSl v 
YllDBneTBOpSliOT TO)!(JleCTBY, nony'IeHIIOMY HB OCHOBe 38KOH8 coxpaHeH!fSl aHep-

PaccMaTpRBaeTCSJ aHepreTR'IecKml 6anaHC rRnoTe,T!I'IecKoro cnoHTan

Horo ,aeneHifSl SJaep C. Z .< 90 . llony'IeHO, 'ITO anSI. SJaep C Z .< 84 M'exaHif3M 

CllOHT8HHOrO aeneHilSl B•npRHU!fne .aonlKeH cymeCTBeHHO OTnlf'IBTbCSl OT o6h!'IHO 

ro •. 

OpenpHHT 06be~eHHOro HHCTKTYT& ~epHYX HCCAeAOBaHHI. 
)bt&la, 1971 

.. Karami?n s.A., Ngyuen Tak An., Sharifov K.N. P?-5843 
!• 
1

; -· ,:Ener£iy J:?alance or· the Reaction of Nurieus Fission 
· by He<ivy loris 

_ . 2Jau 209 8 The values of v are measured for the reachon of , I , 
197Au nuclei fission by accelerated ions"of 

12
C , 

16
0 , 22Ne, 40Ar~ 

The total energy balance is calculated for the mentioned reactions, 
the published data on kinetic energies and mass distributions of 
fission fragments being used, Within the experiment accuracy the 
measured values of v satisfy the identity obtained on the basis 
of the energy conservation law. 

The energy balance of hypothetical sp-:mtaneous fission of 
nuclei with Z .< 90 is considered, It is found that for nuclei vvith .

1 Z .< 84 the mechanism of the spontaneous fission, in principle, must 
differ essentially from the ordinary one, 

Preprint. Joint Institute for Nuclear Reteareh. 
Dubna, 1971 



BBeaeHIIe 

Vf3BeCTH0 1 'ITO CpeaHee 'IIICnO HeiiTpOHOB, IIcnycKaeMbiX B 8KTe JleneHI!SI . 

SIJlpa 11 , cymecTBeHHo saBIICIIT oT auepriiii aos6y}l{}leHIISI aenSimerocSI SIJlpa. 

3HepreTII'IeCKIIfi 6anaHC aneMeHT8pHOI"O 8KT8 aeneHIISI B036ymaeHHOI"O COC

T8BHOI"O SIJlpa MomeT 6hiTh saniicaH B BIIae: 

(1) 

rae E: II E ~ - auepriiii Boa6y}l{}leHIISI cocTaBH6ro SIJlpa II napbi o6paso-

B8BIUIIXCSI OCKOnKOB )leneHIISI COOTBeTCTBeHHO. M c M 11 , M2f - auep-

I"IIII CBSI3II COCT8BHOI"O S1Jlp8 II JlBYX OCKOnKOB COOTBeTCTBeHHO. Ek- CyM

M8pH8SI KIIHeTII'IeCK8SI 9Hepi"IISI JlBYX OCKOnKoB. 3KcnepiiMeHTanbHO YCT8HOB-

neHO, 'ITO KIIHeTII'IeCK8SI 9Hepi"IISI OCKOnKOB )leneHI!SI npaKTII'IeCKII He 38BIICIIT 

Ill 
oT auepriiii aoa6y}l{}leHIISI aenSimerocSI SIJlpa • floaToMy c poc'i'oM E:* 

c 

niiHefiHo BospacTaeT aaepriiSI Bos6ymaeHJISI ocKonKoB neneHIISI II, cnenoaaTenb-. 

Ho, 'IIIcno II • flpii HII3KIIX 8HepriiSIX B036ymaeHIISI 38BIICIIMOCTb 'IIICna 

E * npocnemeua aKcnepiiMeHTanhHo, B 'laCTHOCTII, anSI cocTaBHoro 
c /2/ ' ' ' ' . ' 

SIJlpa 
2

3
9 Np B pa6oTe • Ha6moaanocb 6niisKoe K nnaefiHoMy yBenii'IeHIIe 

OT 

Jii -1 ----= 0,12 MaB • nnSI 
J E* -

'lHCna C poCTOM E* 
c 

neneHIISI BbiCOKOB036ym)leHHbiX COCT8BHbiX SIJlep 0 o6pa3cYJOIUHXCSI B peaKUHSIX 

c sapSimeHHbiMII qacTnuaMH, 'IIIcno 11 ao nocneaaero Bpe;-tean ae onpene.;. 

nHnOCb .B npSIMbiX 9KCnepHM9HT8Xo 11MeniiCb niimb KOCB9HHbl9 Jl8HHbi9 1 nony·-

3 



'ICHHhiC 113 peaynbT8TOB 113M epeHMH M8CCOBhiX H · aapSIIlOBbiX pacnpelleneHMil: 

npOilYKTOB lleneHHSI llnSI STHX peaKUHHo CnellyeT. OTM9THTb 1 'ITO npn Bh!CO-

KHX aHeprnSIX aoa6y*lleHnSI ( E::' •>50 MaB) MO*HO O)KHJl8Tb OTKliOHel!MH 

cJil 
aaBncnM'ocTn ;:; ( E:: ) oT npHMOH nnHnn n yMeHbiiJeHnH aenn'IHHhi clE:* 
na-sa yaenn'IeHnH cpellHeil: aHeprnn CBSian HeiiTpoHOB B SIIlpax-:ocKonKai 

JleneHMSI
1 

nany'IaiOIUHX Heii:Tp0Hhl 1 C pOCTOM 'IHCna V , 

CocTaBHhie Hllpa c BhiCOKOH n · llOCTaTO'IHO .TO'IHO onpelleneHnoil: 

aHeprneii Boa6y*lleHMSI n c $nKcnpo~aHHhiMn aHa'IeHnSIMH Z n A MoryT 

6b!Tb nony'IeHhl B peaKUHSIX C TSI)K9nhiMH HOH8MH, neneHH9 SIIlep TSI)K9nh!MH , 

HOll8MH CHCT9M8TH'I9CKH nayqanOCb B nocnellHH9 I'Oilbl B ny6He ( CM, 1 Ha-

/3/ 
npnMep, ) 11 B 'I8CTHOCTH npellCTaBnHnO HHTepeC ilOCT8BHTb Oilh!Thl no 

naMepeHHIO qncna v • CyruecTBCHHhiM SIBnHeTc~ To o6cTosi:TenbCTBo, 'ITO 

COCT8BHbl9 Slllpa 1 o6pa3yiOIUH9CH B peaKUHSIX C TH)K9nhiMH HOH8MH, o6nall8IOT' 

H906bi'IHhiM COOTHOIIJCHHCM 'IHCna npoTOHOB H H9HTpOHOB, KpoMe TOI'O SIBnSI.

eTCSI Bo:;,MO)I{Hb!M CHHT93HpOB8Tb O'ICHb TSI)I{CnhiC COCT8BHhiC Slllp8 1 nanpH-

Mep, B peaKUHH 
238 U ( 40Ar, f) llCnHIUCCCSI SIIlpO HMeeT Z = 110, .. 

A = 278. noaTOMY H3MepeHne qncna ii llnH JleneHHSI SlllCP TSI)I{OnhiM 11 

HOH8MH il03BOnSieT 38M9THO paCIIJIIpliTb o6naCTb llCnSIIUIIXCSI Slll9p 1 llnH.:.KOTO

pblX nMeeTCSI HH$opMaUHSI o pacnpelleneHHH aneprnH B npouecce JleneHHH, 

3Kcne pHMC HT 

/4/ 
MeTOilHKa aKcnepnMeHTa nollpo6no onncana B pa6oTe , anech . 6ynyT 

H3nO)K9Hbl nHIIJb HCKOTOpblC OCHOBHhiC nonO)KCHIISI, npli o6ny'I9HIIH TOHKOH 

J 97 209 • 238 ' ' . 
MIIIIJCHII, 113 Au a, HnH ' u TSI)I{CnhiMH HOH8MII OllHOBpeMeHHo 

perHCTp1IpOB8nliCb OCKOnKH llCnCHIISI ·II H9HTpOHhl1 H3nyqaeMb!9 H3 MHIIJ9HII, 

C ilOMOIUbiO ll9T9KTOpOB1 pacnonO)KCHHh!X ilOil pasnH'IHhiMII yrnaMII no .OTHO

IIJCHIIIO K ny'IKY 6oM6apllHPYI01UHX 'IilCTHU. B Ka>lecTBe llCTeKTOpa 6biCTph!X 
'• 237 ' . . ' . ,• 

HCHTpOHOB HCilOnb30B8nCSI cnOH Np 1 H8XOilHIUHii:CH B' KOHT8KT9 CO CTeK-
237 

noM. HeiiTpOHhi, npoxonSimne qepes neTeKTop, Bhi3hiBann nenenne Sinep Np, 

4 



8KThl KOTOporo perHCTpHpoaanHCb CTeKnoM. 3~~eKTHBHOCTb TaKoro neTeKT0-
-6) 

pa HeBbiCOKa ( .. 10 , saepreTH'IecKaH aaancnMoCTb s~~eKTHBHOCTH onpe-

nenHeTcH 38BHCHMOCTbro Ce'IeHHH neneHHH 237Np OT SHeprHH HefiTpOHOB
1 

·KoTopaH noKaaaaa aa pnc. I. Ha ToM ;>Ke pncyHKe npencTaaneHbi pacctiHTaa-

238 22 ) Hbie cneKTpbi aefiTpoaoa nnH peaKunn U ( He 
1 

I B cnc1'eMe Koop-

.LIHHaT1 CBH38HHOfi C UBH;>KyiUHMCH OCKOnKOM1 B UBYX npennono;>KeHHHX 0 Bnne 

.cneKTpa: 

) JW E E 
I --=-exp(- -) 

JE T2 T 

rne T - TeMnepaTypa, ycpenaeHHaH no KacKany HefiTpoaoa; 

JW vE E 
2) --= ---:-r::- exp (-- ), 

JE T3t2 T 

rne ·r = ..Ii_ . r 
Jl max 1 

/51 
cornacao pa5oTe • 0 Bbi'IHcneann TeMnepaTyphi 

5onee nonpo5ao 5yneT cKaaaao HH;>Ke. Bnnao, 'ITO .~neKTpbi oTnH'IaroTcH 

aecbMa cna5o, nosToMy nnH yno5cTaa Bbi'Incneanfi Mbi nonbaoaanncb o5b~'IHO 

nepBhiM npeunono;>KeaneM. C ncnonbaoBaaneM naaabiX, noKaaaHHhiX aa pnc~ I, 
Bbi'IncnHnacb cpenaHH. no cneKTpy s~~eKTHBHOCTb perncTpaunn ·aefiTpoaoa. 

B peanbHOCTH cneKTp aefiTpOHOB B na5opaTopHofi CIICTeMe KOOpUIIHaT OTnH

qaeTCH OT cneKTpa B CHCTeMe, CBH38HHOH C UBH;>KylllHMCH OCKOnKOM
1 

KOTOpbiH 

noKaaaa aa pnc. I. OnaaKo CBHaaaaaH c STIIM o5cTo.HTenbcTBO'M aeTO'IHOCTb 

Bbi'IHcneanH cpenaefi ~~eKTHBHOCTH perncTpaunn aefiTpoaoa aeaennKa n no 

' .oueaKaM ae npeBbiUiaeT 2% na-aa cna5oti. aaancnMocTn ceqeanH. ueneHHH 

OT SHeprHH HefiTpOHOB1 KOTOpoe OCTaeTCH npaK~H'IeCKH no-

CTOHHHhiM a saepreTnqecKoM naTepaane I,O - 6,0 Msa. Ha plic. I He noKa-
237 

aaahi peaoaaacbi a ceqeann neneanH Np npn oqeab HH3KHX• saeprnHx 

aetiTpoaoa, TaK KaK naHHhie peaoaaachl yaennqnaaroT ceqeane n~neanH TonbKO 

' B O'IeHb ManoM SHepreTH'IeCKOM HHTepaane H He MoryT OK838T~ CKOnbKO

HH5yUb cymecTaeaaoro BnHHHHH aa ~~eKTHBHOCTb perncTpaunn aefiTpoaoa, 

nMerouinx saepreTnqecKnfi cneKTp, npeucTaaneaabiti aa pnc. I. 

5 
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PPc, 1, 3aBHCHMOCTb ceqeJIHSI 'AeneHHSI SIAep Np oT aHeprnn HeihpoHoB 
( -.• -•-•-·)~ a T8K::>Ke Bllll aHepreTHqeCKOrO, CIIeKTpa Heti:TpOHOB AeneHHSI 

AnSI peaKunn 238U ( 22 Ne 1 I) 1 BbrqncneHHhiH B ABYX rrpeArrono::>KeHnSix o ljlop
Me crreKTpa: 

1 ..J!Jl.._ = ~ exp (- ET ) (-· _: ____ ) 
• clE. p 

2, rJW 
clE 

v E . exp (- .£.. ) ( ..: - - - ~) --.,m T 
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OcKonKH neneHH5!1 BbineTaromHe H3 MHUieHH 1 6oM6apnHpyeMott Tstmenbi

MH ~OH8Mif 1 perHCTplipOBanHCb nHaneKTpifqeCKHMif neTeKTOp8Mif lf3 CHnHKaT

HOrO cTeKna 1 pacnonomeHHbiMH non pa3nH'iHbiMH yrnaMH K aanpaBneHHIO 

ny'!Ka. Ynsoeaaoe OTHOUieHHe 'iHcna 3aperHcTpHpoBaHHbiX aettTpoaos H oc

KonKoB neneHHR c yq~TOM a¢~eKTHBHOCTefi neTeKTopoB H reoMeTpH'ieCKHX 

~aKT~poB no3BonRno onpenenHTb cpenaee ~Hcno aettTpoHoB (n), HcnycKa

eMbiX lf3 MHUieHH1 npHXOnHuteeC5! H8 napy OCKOnKOB neneHH5!, naaaoe 'iHCnO 

( n) cosnanaeT co cpenHHM 'iHcnoM aefiTpoHOB1 HcnycKaeMbiX n aKTe nene

HHR (;;), ecim cocTaBaoe Hnpo B 100% cnyqaes HCnbiTbiBaeT neneHHe, Ecnn 

me COCTaBHoe Rnpo C 3aMeTHOH Bep05!THOCTbiO MO)KeT pacnanaTbCH nyTeM 

HCnapeHHH K8CKana HefiTpOHOB1 TO 

( 2) 

rne cpenaee qncno aefiTpoHoB B HcnapHTenbHOM KacKane cocTaBHoro • 
Rnpa. r, I r n - cpenaee no K8CKany OTHOUieHHe nenHTenbHOil II HeilTpOHHOii 

'"l --

UIHpHH COCT8BHOrO Hnpa, 0TC!Ona MO)KHO BHneTb1 'iTO yme npii r ( / r n = 1 

n oTnlfqaeTCR oT 11 He 6onee1 '!eM Ha 5%1 a c ysennqeaneM ..'lennMocTn 

COCTaBHoro Hnpa ( r, I rn ) n CT8HOBHTC5! paBHbiM II 

TO'iHOCTif, 

C BhlCOKOil CTeneHbiO 

B Ta6nHue 1 nepeqncneHbi H3y'ieHHbie HaMn peaKUim n nfl:Hbi 3Htl'ieHIIH 

H3MepeHHbiX BenH'iHH ;; • B Ta5nHue conepmnTcR TaKme pe3ynbTilTbl Bt-1-

'ilfcneHHR aaepreTHqecKoro 6anaaca nm1 yKa3nHHblX peaKunil, 

Pacq~T 5annHca aHeprnn 

<l>opMyna ( 1) npencTaBmieT co6oii 3anncb ::mepreTnqec•-:oro 6nnnHcn 

aneMeHT8pHoro 8KTa neneHH5! Rnpa, B KOTOpOM o6pll3YIOTCH nnn OC'KOnKil 

c snonae onpeneneHHbiMH Z 1 A If KHHeTnqecK011 sneprnen. 3nepreTnqecKnfi 

7 



Ta6nHua 

OcaoBllbie peaynbT8Tbi aKCIIepHMeaTa H. pactt~Ta aaepreTHttecKoro . 

. 6anaHC8 }lml H3ytteHHbiX peaKUHiie 06o3HatteHHSI CMe B TeKCTe 

NLJUJeHb 1../qcruqo Es E; EIC =r Bn Q, ~~. ~poe ... !.:::. 
(H~) (NJ8) (Hil) (H:J&) (H:Jl) (MI&J (HIC) 

~0& 2.9.5 119 218 f.76 6,86 27gO 15.71:(.6 166 t.9,~ 

2~8v aN(' f75 (()3 1j3 (.63 6,51 252~ 14.01.1.5 15.9 +f7.1 

"O (85 87 487 (.5~ 661 226.Z 12.3!1.5 12.1 -2,0 

f'C 81 58 183 f,4o 6.4o 2JQ.3 8.7t.(.O 10.6 +f?A 

lj()Rr 29.5 f{8 206 156 7.36 Z.28.4 f31t.t5 (2.6 ·ftZ 

eo9Bi. 
u.N~ 175 97 170 1.58 6,86 '•1959 f«JXto ff.~ +3.7 • 

160 135 81 165 1.43 7.02 184.8 fQ4tt.O !15 -Sf 

1zc 8f 52. 160 UB 6.78 1766 ti,Jtf 6.7 -(5(: 

197flv 
ljoRr 295 129 183 1.72. 7.76 zirlt f~3t(.5 . f2.9 -26.0 

zrNe 115 1() 160 w. 7,13 170,7 f(3tt.O fO.B ·4.5 

160 135 97 155 w 7,18 134,9 9,Btf.o 8,9 -9,2 

Z09 BL .. 4He 5Z 43 146 0,98 6.39 (50,7 7.4ti.O ·4,7 -zz.o 
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6anaac, xapaKTepnayiOmnii B uenoM KaKyiO-nH6o peiiKUHIO AeneimH, .non:m:ea 

co.nep:m:aTb npaBHnbHhiM. o6paaoM ycpe.nHeHHhie aenH'IHHbi na-aa HanH'IHH 
. ' 

cymecTBeHHoii .nncnepcnu pacnpe.neneanii rio Macce, aapsi.ny u KnHeTH'IecKoli 

aaeprnn ocKonKoB .neneHHSI. B npellnono:m:eann, · 'ITO neiiTpOHbi :ncnycKaiOTCSI 

no!IHOCTblO YCKOpeHHbiMH OCKOnKaMII H IIMeiOT 9HepreTH'IeCKIIii, cneKTp B CHC-
• 

. TeMe1 CBH38HHO!i C OCKOnKOM1 KOTOpbiii MO:m:Ho onHCBTb cneKTpOM IICnapeHJm 

no BaiicKomjJy, aHepreTntiecKnii 6anaac peaKunn Jleneaug aanH.ChiBaeTcH 

B BUlle: 

( 3) 

- CpeAHHH no MaCCOBOMy II 38pHilOBOMy pacnpeJleneHUJO 

cyMMa 9Heprnii CBH3II ll.BYX OCKOnKOB. llO ·ncnapeHIIH HeiiTpOHOBj E 1c - cpell

HHH cyMMapHasz KHHeTH'IeCK8H 9HeprHH llBYX OCKOnKOB llO. HcnapeHIIH HeiiTpo

HOBi 8n- Cp~llHee 3H8'IeHJfe 9HepriiH CBH3II HeiiTpOHa llnH OCKOnKOB Ilene

HUH B ll8HHO!i peaKUIIIIj T - CpellHSIH TeMnepaTypa OCKOnKOB ~eneHHHj .. 
E y - cpellnee anaqeaue aneprnu Boa6y:m:lleHnH ocKonKoB Jlenea'ug, pacxo

llyeMoii Ha H3ny'IeHHe y -KB8HTOB. 

B !flopMyny ( 3) noACTamisznncb H3MepeHHhie ana'IeHHH 'IHcna v u Bbi

'IHcnsznacb pa3HOCTb Me)I{Jly neBoit H npaBoit 'I8CTblO paBeHCTBa ~ 
1 

KOTO

pasz nOK83biBana, HaCKOnbKO TO'IHO CXOilHTCH 6anaHC 9HeprHH JlnH TOil HnH 

HHOii peaKUHH lleneHHH. nng Bhl'IHCneHHH HCnOnb30B8nHCb 3H8'IeHHH 9HeprHii 

6 M .. c· 161 rr .. CBH3H Hllep H3 Ta nHU aliepca H BHTeUKOI'O • pH pacq~~e OTAenbHb!X 

cnaraeMbiX !flopMynbi · (3) npnxollHnocb ncnoni:.aoBaTb onpelleneHHbie npeJl

nono:m:eHHH 0 HeKOTOpbiX HellOCT8TO'IHO XOpomo H3BeCTHb!X CTD,POHax npouecca 

JleneHHH Hllep Tsz:m:enbiMH HOH8MH. fToSTOMy DTnH'IHe neaoli H npaBOii 'I8CTH 

paBeHCTB8 ( 3) Ha BenH'IHHy ~ ·MO:m:eT fihiTb CBH38HO nH6o C, HeTO'IHOCTblO 

aTHX npellnono:m:eanii, o KOTOpbiX 6ylleT CKaaaao HH:m:e, nu6o c · norpemaoc:ri.10 

H3MepenHH 'IHCna ;; • CnaraeMbie B !flopMyne ( 3) Bbi'IHCn.RnHCB cnellyiOIUHM 

o6paaoM:· 

9 
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H8XOAHnOCb H3 ycpeaHeHHH: 

.00 

1 
f [M 1 (x) +Mix)] P (x) cl x 

j P(x) clx 
J 

(4) 

rne: P(x)·- ~yHKUHH MaccoBoro pacnpeaeneHHH ocKonKoB ans aaHHoA 

. A 
peaKUHH1 X.= + -OTHOWSHHe M8CC TH>Kenoro H· nerKoro OCKOnKoB; 

M
1
(x)+M

2
(x) - cyMMa aaeprHii CBHSH ABYX aononHHTenhHbiX snepHbiX oc-

KOnKOB C M8CC0Bb!MH 'iHCn8MH1 COOTB8TCTBYIOIIIHMH rrapaMeTpy X H C 38-

pHA8MH1 paBHbiMH HaH5onee BepoHTHbiM sHa'ieHHHM sapsna Z /A) ans naHHbiX 

M8CC0Bb!X 'iHCen. 

MacCOBbl8 H 38pHAOBb!8 pacnpeaeneHHH OCKOnKOB aeneHHH B peaKUHHX 

/3/ 
C TH>KanbiM H HOH8MH H3Y'i8nHCb SKCrrepHMeHTanbHO 1 3A8Ch Mbl HCIIOnh30-

BanH aaHHbte, nony'ieHHbie B aTHX pa5oTax. B Ta5nHue 

ans Bcex HsyqeHHbiX peaKuHfio 
'• 

5) CpeaHee 3H8'i8HHe cyMMapHOii KHH8TH'i8CKOU SHeprHH OCKOnKOB .. 
E 1c pacc'iHTbiBanoch no nonyaMrrHpH'iaCKOfi ~opMyne Baiionbi H CHKKenaH-

17/ A8 
1 

CKOHCTpyHpOB8HHOfi 8BTOp8MH H8 OCHOBe SKCrrepHM8HT8nhHbiX A8HHblXo 

3Ha'ieHHH E 1c npHBeaeHbi B Ta5nHue 1. 

B) TipH Bbi'iHcneHHH ·r npennonaranoch, 'iTO TeMnepa'iypa •H aHeprHH 

B035y>Ka8HHH OCKOnKOB aeneHHH CBH38Hbl COOTHOW8HH8M f::* a ~ 'T 2 
H 'iTO 

TeMrrepaTypa llBYX AOIIOnHHTanhHblX OCKOnKOB OAHH8KOB8o 

Hs aTHX npennono>KeHHii cnenyeT, 'iTO nonaas .aaeprHH Bos5y>KneHHH 

llBYX OCKOnKOB E·; (X ) pacrrpenenHeTCSI Ma>KilY HHMH rrponopUHOHanhHO 

HX M8CC8o <l>yHKUHH E; (X) Bbl'iHCnHn8Cb H3 paBeHCTB8 ( 1) 1 B KOTOpoe 

IIOilCTaBnHnHCh 38BHCHIIIH8 OT 8CHMMeTpHH neneHHH (X ) SHeprHH CBH3H 

snep-OCKOnKOB ( M J(x) I M 2 (X) ) • nns 38BHC~MOCTH nonapA KHH8TH'i8C~OA ·. 

aaeprHH ocKonKOB oT acHMMeTpHH neneHHH E 1c ( x) npennonarancs BHil 

E lc ( x ) .. v A 
1 

A 
2 

.. Vx KOTOpbtA aennoxo orrHCbiBaeT HeMaoro'iHcneHHhie 

l+x 

10 



/8,9/ 
9KCnepHMeHT8llbHbie llBHHble , HMeiOUlHeCH B liHTepaType OTHOCHTel!bHO 

aaBHCHMOCTH E k ( x) llllH .neneHHH H.nep TH)I{el!biMH HOllaMH. · 

3aaaHe ljlyaKUHH E: ( x) noaeonSieT Bhr<mcnHTb saeprHro eoa6y)l{.neaHH 

ocKonKa H ero TeMnepaTypy nocne nepeofi cTyneaH HcnapHTenbaoro KacKatia 

·r, . CqHTanocb, qTo nocne HcnapeaHg nocne.naero aefiTpoaa B KacKa.ne 

ocKonoK .neneaHSI 6y.neT HMeTb cpe.naroro saeprHro eoa6y)l{.neaHSI, paBayro no~ 

liOBHlle SHeprHH CBSI3H llefiTpoaa, H COOTBeTCTBYIOIUYIO STOti SHepl'HH B036y)l{-. 

.neliHSI TeMnepaTypy ( r,. ) . Cpe.nHHSI no. KllCKa.ny TeMnepaTypa BbiqHCllstl!BCb 

KBK Cpe.naee apHlfJMeTHqeCKOe Tl H T,..CqHT8liOCb1 qTo cneKTp R9fiTpOliOB 
JW E;·r2 ( E ) . 

HMeeT en.n J E = exp - T . llaaaoe onHcaane cneKTpa aet!TpoHoB 

K8CK8JlHOI'O HCnapeHJJSI He SIBl!SieTCSI 6e3yCl!OBHO CTpOI'HM, OllHilKO, KBK BHilHO 

H3 puc. 1, OTl!JJqJJe cneKTpa, paccqJJTBHHOI'O no STOfi MeTOilHKe, OT 6onee 

( /5/) 6 . npaBHllbliO BhrqHcneaaoro cneKTpa no pa6oTe SIBl!HeTcH He OllbiDHM. 

Ycpe.nHeliHBSI no KBCKa.ny TeMnepaTypa OCKOliKOB B 38BHCHMOCTH OT 

acHMMeTpHH .neneaHSI T( x) ycpe.naHnacb aaTeM no MaccoBoMy pacnpe.ne

neHHIO c noMoiUbiO ljlopMyllhi,aaanornqaofi ljlopMyne. ( 4). 3aaqeanSI T llliH 

nayqe.IJRhiX peaKunfi · npnee.neabi e Ta6nnue 1. 

I') BbiqHcne.llne cpe.n.II~H SHepl'HH. CBSI3H HeilTpoHa Sn COCTOSiliO B pac-

q~Te ljlym<unn Bn( x) · H ycpe.nHe.IIHH ee no MaccoeoMy pacnpe.neneanro. 

BennqH.IJa Bn(x) onpe.nenS~nacb KaK cpe.nnee apnljJMeTHqecKoe saeprun 

CBSI3H aefiTpO.IIa lll!SI nocne.noBaTel!bHOCTH Hllep, HBliSI~IUHXCSI CTyneHSIMH 

HCnapHTel!bHOI'O KBCKa.na llliSI llBYX JlOnOl!HHTellbHhlX OCKOliKOB npn ~HKCH

pOBilHHOM aaaqeanH acnMMeTpnH .neneanH x • llnH pacq~Ta Tpe6yeTcH anaane 

eennqJJllhi v (x), KoTopaSI, e ceoro oqepe.nb, 

v( x) "' E*(x) B CBSI3H 
Bn(x)-. 

38BHCHT OT 8 (X ) ClleAyiOIUHM n. 

c STHM lll!H BbiqncnennSI ;7( x) 

ncnonbaoeancH MeTo.n nocne.noBaTel!bllhiX 

BOM npH6l!H)I{eliHH CqHTilJiOCb, .qTo v( X)= const = ;; 

npn6mr)l{ennn. B nyne

n qTo qHcno nefiTpo-

aoe, ncnycKaeMbiX oT.nenbiihiM ocKonKoM, nponopunoaanbHO, ero Macce 

v1 =A 1 ~ v • BhiqncneaHaSI e .llyneeoM. ripn6nn)l{ennn aaencHMoCTb Bn( x) 

ncnonbaoeanacb llliSI pacq~Ta v(x), nocne qero npoue.nypa noeTop~nacb. 

11 



I· 
n) 0TaocHTenbHO cpenaeA ::meprHH, yaocHMO:li y -nyiJaMH . ( i y} 1 

nnH neneHHH aoaoy>KlJ.eHHbiX Hllep oTcyTCTBYIOT aKcnepHMeaTanbHbie naHHbre. 

OnaaKo ~eT . ocaoaaHHfi npennonaraTb1 IJTO a namtoM cnyqae E.y 5yneT aaa'l:H7 

TenbHO 6oJibWe 1 '!eM npH neneHHH Hllep TennoBbiMH nefiTpOHaMH1 KOI"-
. /10/ . 

na Ey;, 7 Maa • Mbr npennonaranH, IJTO lliiH acex peaKuHA .Ey = 

= 8 M aa · .B cornacHH co cnenaHHbiM BbiWe npennonomeHHeM o ToM, IJTO 

cpellHHH aaeprHH B030Y>KlleHHH Ka>KllOi:'O H3 llBYX OCKOnKOB nocne HCnapeHHH 

nocnenaero aefiTpoaa cocTaBnHeT non.oBHHy aaepr.HH CBH3H aeATpoaa. 
. -

H a ,pH c. 2 noKaaaHbl pacc'l:HTaHI,Ibie !j>yHKUHH II( x} 1 B ( x} 1 E It( x J, · 
KpoMe Toro ·npHaeneaa !j>yHKUHH Maccoaoro pacnpenen~HHH P(x} H aaBHCH

MlCTb aaepr'oBhineneHHH oT napaMeTpa acHMMeTpHH neneHHH x =A 1 I A 2 ·. 

Q(x}=Mc._M 1(x}-Mjx} nnH peaKUHH 
238 U( 40 Ar,'l} npH aaeprHH 6oM-

6apnHpyrOWHX qacTHU 295 Maa. Ha pHc. 2 HeTpynao BHlleTb, 'ITO Q ( x.J 

cnnbaee yMeabw.aeTCH c pocToM x, IJeM E It ( x } . 3To npHBOllHT K yMeHb;.. 

weaHro E:*(x}=Q(x}-Ek(x}+E:c Pt?CTOM x H,cooTBeTCTBeaao,K yMeHb-

weHHIO ll(x J .• , 

ITono6aoro pona aaBHCHMOCTH i5brnH BbiiJHcneHbi HaMH H nnH acex 

npyrnx H3yiJeHHhlX peaKuHA. 3aaane aTHX aenHIJHH noaaonHeT nonaecTH 

aaepreTHIJeCKHA 6anaac peaKuHil: H oripenenHTb1 aacKOIIbKO 5anaac He cxo

JlHTCR. KaK BHllHO H3 Ta.onHUbi 1, aesiH'IHHa ll , paanaH paaaocTH neaoA 

H npaBo:li'· IJaCTe:li paBeHCTBa ( 3) 1 JlnR BCeX H3y'l:eHHblX peaKU~fi HeBeiiHKa 

B MaCWTaoe a6coniOTHblX BenH'IHH 3Jia'leHHft1 nocTaBnReMbiX B yKa3aHHOe 

paaencTao. KpoMe Toro oTnHIJHe ll ·.oT aym1 nnH 6ollbWHHCTBa peaKuHA 

MomeT obiTb oo'hstcaeao norpewaoCTbiO B H3MepeHHH 'IRena 11 , KoTopast. 

COCTaBnHeT ~10%. 3TO OOCTOHTenbCTBO CTaHOBHTCH O'l:eBHllHbiM1 ecnH 

-· 
CpaBHHTb II SKCn. H II 3aaqeane 

pacq. 
11 onpenenstnocb H3 paaea-

pac'IJ. · 
CTBa ( 3) npH ycnOBHH1 'ITO fl =0 c ncnonb3oaauHeM npouenypbi BbiiJHC• 

neHHft, onHcaauoft Bbiwe. TaKHM o6paaoM, Momao· aaKniOIJHTb, 'ITO H3Mepea

Hbre aaatieHHH IJHcna 11 nnH acex peaKUHA B npenenax TOIJHOCTH aKcnepH;.. 

M!HTa . ynbaneTBOpRIOT paBeHCTBY ( 3) ~ 

12 



.---.--,..---,--,-------,----r-~ P ( R.ff/&) 

~u(~R~f) t~ 

·" 1,2 

' ' 

. PHc. 2. IlpoMe:lKyTO'IHbie peaynhTaTbi pac'I~Ta aHepreTH'IeCKor.o 6anaHca 
llml peaKuHH 238 U ( 40Ar, I). 06oaHa'leHHSI B TeKcTe. 
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B 'ia6nnue 1 co.nep:1KaTcsr pe3ynbTBTbi pac'I~Ta aaepreTn'IecKoro 

. 209 • 4 I 111 
6ana.Hca .nnsr. peaKunn · Bt ( He, I), KOTopasr. H3y'Ianacb aaTopaMn 

. . /11/ 
Cornacao aamnM Bbi'IHcneHHSIM, H3Mepeaaoe B pa6oTe 3Ha'IeHne 'Incna . 
II .cymec~BeHHO OTJlH'I8eTCSI OT pac'I~THOH B8JIH'IIIHbl1 . 'ITO COBnaaaeT 

c pe3ynbTaTaMn a.Hami3a a.HepreTnqecKoro 6anaaca .nnsr peaKunn209 8;( 4 H~,1}, 
u . 1111 

npo.nenaHHOI'O 8BTOpllMH OpHI'HH8JlbHOII pa60Tbl , 

113 CK838HHOI'O M0:1KHO C)lenaTb Bb!BO.Il 1 'IT.O HCnOJib30B8HHbiH H8MH 

· MeTO.Il pacq~·Ta 9HepreTH'IeCKOI'O 6anaHC8 pe8KUHH .neneHHSI . B036y;)I{JleHHOI'O 

srilpa .naeT cornacne c &KcnepnMeHTanbHbiMH pe3ynbTaTaMn n M0:1KeT 6biTb 

HCnOJib30B8H JlJlSI Bbl'IHCJieHHSI 'IHCJI8 II B TeX CJIY'I8SIX1 KOI'.Il8 OTCyTCTBYIOT 

aKcne pnMe HTanbHbie .naHHbie •. 

Ha ocaoae aauinx_ aKcnepnMeHTanbHbiX .naHHbiX M0:1KHO c.nenaTb aeKo

Topbie BbiBO.Ilbi OTHociiTenbHo 38BHCHMOCTH .'IHCna v oT aaeprnn B036y:1KJle

HHSI :nensrmerocsr sr.npa, Ha pnc, 3 npnae.neHbi aKcnep~MeHTanbHbie 3Haqeansr 

'IHCJI8 V JlJISI BCeX H3y'IeHHbiX pe8KUHfi npH COOTBeTCTBYIOIUHX 9HeprHSIX 

Bo36y:1K.neansr, To'IKH pa3.neneHbi Ha .nae rpynnbi, nepaasr ( cBeTnbie TO'IKH) 
. . 2 

cooTBeTcTayeT .nensriUHMCSI SIJlpaM c 38,5 .< Z I A.< 41,0, BTopasr ( 3a'Iep-

ne.H.Hbie .TO'IKH) - SIJlpaM c 34 < Z2 .<A.< 37,5, Ha TOM :1Ke pncy.HKe noK838Hbl 

pacc'IHTBHHbie naMn 38BHCHMOCTH ii (E* ) ·JlJISI peaKunfi 238 U( 22 He, I) 
c 

197 ..22 
II Au 1 He, I). HeTpy.nao an.neTb1 'ITO pa36poc TO'IeK II3 nepaofi rpynnbi 

OTHOCIITenbHo pac'IeTnofi Kpnaofi JlJISI peaKUHH 238 U (22He, I) aeaennK, ana

nornqno TO'IKII BTopofi rpynnbi nennoxo cornacyiOTCSI co BTopofi pac'I~THofi 

KpHBofi, PacC'IIITannbie 38BIICHMOCTII 11 (E: ) , KaK BHJlHO II3 pnc, 3, Mano 

OTJIH'I8IOTCH OT npSIMbiX II MOI'yT 6b!Tb XapaKTepH30B8Hbl 3H8'IeHIIeM 

Jv -1 . dv 
------.. 0,08 M 9B JlJISI o6onx peaKunfi, naanoe 3H8'IeHne --

: 238 dE~ 
3HB'InTenbHo MeHbme, 'IeM .nnsr peaKUifH Jleneansr U( p, I) a .nnana3oHe 

6 u 6 /2/ "" He O'IeHb .. OJlblliHX 9Hepi'HH B03 Y:1KJl8HHSI , vTO CBSI38HO C cyiUeCTB8HHO 

6onee Bb!COKOH Cpe.n.Hefi 9Heprnefi CBSI3H .HefiTpOHOB B OCKOJIK8X JleneHHSI
1 

. . 238 ) 
o6pa3yeMbiX B H3y'IeHHbiX HaMn peaKunsrx no cpaaaean10 c peaKunefi U(p,l . 
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Pnc. 3. 3aancnMoCTb qncn 

sr.npa JlJIR JlBYX rpynn RJlep 

To'IKII ~ aKcrrepnMeHTanbHhi 
238u (22 He, n II 797 Au (22 j 



pacti~Ta anepreTifliecKoro 

. . . I 111 
8H.U3yqanacb 8BT0p8MU 

,· Ill/ 
B pa6oTe anaqenue qncna 

1enutiUHbi1 . qTo COBII81l89T 

>ananca 'llnH peaKunu
209 8;( 4 He,l), 

I 111 
'bi' 

qT'o ucnonbaoBaHHbJlt HaMu 

8KUUU.IleneHUH.B036y>K.UeHHOI'O 

peaynbT8T8MU U MO>K9T 6bJTb 

X cnyqagx, KOI'Il8 OTCyTCTBYIDT 

ll8HHbiX MO>KHO CllenaTb H9KO-

ucna v oT anepruu aoa6y>Kile-

8KCIIepUM9HTanbHb19. 3HaqeHUH 

CO?TB9TCTByiDIUUX 8HeprUHX 

IIbr; nepaaH ( caeTnbie ToqKu) 

~ 2 / A.< 41,0, BTopaH (aaqep

fa. TOM. >Ke pucyHKe IIOK838Hbl 

238 U( 22 Ne, I) JlnH p_eaKUU!t 

ta6poc . ToqeK ua rrepaolt rpyiiiibi 

: 
2~8 U (22Ne, I) neaenuK, ana

wyrOTCH CO B~Opolt pacq~THO!t 

, K8K BUilHO U3 puc. 3, Mano 

KTepU30B8Hbl 3HaqeHU9M 

JlanHoe·anaqeHne 
. 238' 

iv 
JE* c 

IIUli . U(p,l} B JlU8II830He 

::ho CBH38HO C CyJUeCTB9HHO 

~O~OB B OCKOnKaX )leneHHli 1 
.. . 238 

cpaanenmo c peaKuueii U(p,f). 

Puc. 3. 3aBUCHMOCTb qucna v OT az'fPI'IIII B036y>KJl9HUli 2Jl9nHIU9I'OCli 

HJlpa Jlnli JlBYX rpyrrn liJl9p c: 34 <A"" < 37,5: 38,5 < . .J,!. <41,0. 
ToqKu - aKcrrepnMeHTanbHbJe aaaqennH, KpiiBbJe - pacq~T bnH peaKuult 
238U (22 Ne, I} u 197 Au (22 Ne, I). 
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Ecnn npo.tiomKHTb KpHBbie, noKasaHHbie Ha pnc. 3, JlO aHeprnH Bos6y:lKi:teHnsr, 

paBHon Hynro, TO MO:lKHO nonyqHTb oueHKy qncna. V JlnH cnoHTaHHOI'O Jle-
.· 260 219 ' 

neHHSI HJlep • ·102 II Ac • naHHaSJ. oueHKa He MO:lKeT npeTeHJlOBaTb Ha 

BbiCOKYID Ti>qHOCTb, TaK KaK HeHSBeCTHbl MaCCOBbie pacnpeJleneHHSI OCKOnKOB 

CnOHTaHHOI'O JleneHHSI 3TH X HJlep,. 0JlHaKO nony,eHHbie TaKHM o6pa30M 3Ha

qeHHSI llsl = 5,8 JlnH 
260102 II ·vsl = 2,0 JlnH 

219Ac ~a:lKyTCSI npaBJlO-' 

noit06HbiMH, ecnH CpaBHIITb IIX C 113BeCTHbiMH 3HaqeHHSIMII II sl = 3, 7 JlnH 
252 238 

Cf 11 v.1 = 2,0 Jlnsr U • 

06 aHepreTnqecKoM 6anance cnoHTaHHoro neneHHsr 

npn pacq~Te SHepreTHqecKHX 6anaHCOB HaMil 6binO saMeqeHo, qTo 

c yMeHbWeHneM Z Jlensrmerocsr HJlpa cpeJlHee sHeproBi,IJleneHne .B aKTe 

JleneHHH yMeHbmaeTcsr 6onee pesKo, qeM KHHeTnqecKasr aHeprnsr ocKonKoB 

( CM, Ta6n, J), nnsr crrqHTaHHOI'O JleneHHSI CpeUHSISI 3Hepi'HSI B036y)I(JleHHSI 

ocKonKoB paBHa E i = Q - i It • Hs Ta6nHUbi 1 BHJlHo, qTo Jlnsr peaKunn 

I'J7 ('6 ) 209 (4 ) -Au 0 1 f 11 Bi He 1 f BennqnHbi Q 11 E It npaKTnqecKH coB-

naJlaiDTI T,e. aHeprnsr Bos6y:lKJleHHH OCKOnKoB uenHKOM onpeJlensreTcsr aHep

rnen B036y:lKJleHHSI _COCTaBHOI'O HJlpa; B rHnoTeTnqeCKOM cnyqae cnoHTaH

HOI'O Jl~neHHSI nDJl06HOI'O HJlpa 3Hep,rnsr B036y)I(JleHHSI OCKOnKOB JleneHHSI 

JlOn:lKHa 6bina 6bi paBHHTbCSI Hynro, iiTO BpHJl nil HBnsreTCSI B03MO:lKHbiM, 

npaKTHqeCKII HaH6onee nerKHMU HJlpaMH1 JlnH KOTOpbiX Ha6nroJlanOCb 

cnoHTaHHoe JleneHne, ,srBnsrroTcsr HSOTOnbi ypaHa. HyKnHJlbi c MeHbWHMH 

3HaqeHHSlMH aTOMHOI'O a'oMepa, oqeBHJlliO, o6naJlaiDT qpe3BbiqanHo Bb!COKIIMH 

BpeMeHaMH :lKH3HH no OTHOWeHHID K ·cnoHTaHHOMY JleneHHID, qTo He nOSBO

nsreT aKcnepnMeHTanbHo Ha6nroJlaTb aTo srBneHHe, B TO :lKe BpeMsr HsBeCTHbi 

CnOHTaHHO JlensrruHeCH II30Mepbl1 JlnH. KOTOpb!X BpeMsr :lKII3HII no OTHOWeHHID 
' ' 25 30 

K CnOHTaHHOMy ,neneUHID COKpamaeTCSI B 10 -10 pas no CpaBHeHHID C OC-

HOBllbiM COCTOSIUHeM, JlfMeiDTCSI TeopeT.HqeCKHe pa60Tbi1 B KOTOpb!X 06Cy:lK-

,naeTCSI B03MO:lKHOCTb cyrueCTBOBaHHSI CnOHTaHHO ,nenSIWIIXCSI H30MepoB ane-

16 

I 
I ·MeHTOB nerqe ypaHa •. noaTo~ 

aHepreTnqecKHfi 6anaHc crroH~ 

He MO:lKeT 6b!Tb TQqHbiM 1 ·TaK 

rnnoTeTnqecKoro npouecca cr 

neHiiocTll Bbiqncnsrnach pasHOI 

sr.npa nononaM ( x= l) 11 cpeJlJ 

cqnTaHHon no nonyaMnnpn~ec 
.· ... 

ecTb aHeprnsr Bos6y:lK.neHHn 01 

MOCTb Q(l) -_fit OT Z Jlensrm 

B6nH311 nHHIIII {3 -cTa6HnbHOC 

14-Tn HenTpoHoB (A= f( z}

CTaToqHO 6nH3KII llPYI' K llPJ 

Z = 80-85, 3Heprusr Bos6y)KJ 

we. HeKoTopoil: He cnHWKOM r-. 

rneit JleljlopMaUHH srnep-ocKcinJ 

npe.ncTaBHTb, qTo6bi B · pesyn: 

K•HX OCKOnKa C HyneBOfi ,ne~Of 

MbiX sr.npoM B rrpouecce .nene: 
: 

pa3pb!Ba OCKOnKH neneHHSI 'He 

0JlHaKo H3 pHC, 4 BliJlH0 1 
1ITO 

,neneHHSI CTaHOBHTCSI 6nH3KOfi 

rrpoTHBopeqne, BepoHTHo,· osH. 

· Boo6me He MO:lKeT HMeTb Mec 

,nnsr KOTOpOrO ewe B03MO:lKHO 

TaK KaK TpyJlHO orrpenenHTb 

,neneHHSI1 B03HHK8IDIUHX B npol 

ITOKa3aHHbie Ha pHC, 4 1 BbiqH< 

QCI) onpeJlensreTcsr ns Ta6nn 

waromefi 1-2 MaB, a KHHeTnq• 

.< 90 nsM epsrnacb aKcrrepnMel 



nc'. 3, no aHeprnn aos6ymneHHH1 

:tcna. v JlJlH cnOHTaHHOrO Jle-

He MomeT npeTeanoaaTb Ha 

CCOB~e pacnpeneneHHH OCKOJlKOB 

)Jty!JeHHhie TaKHM o6pasoM sHa-
. 219 . . . ' 

,0 JlJtH _Ac. KamyTCH npaBJlO-

H SHa'IeHHHMH • Vaf= 3 1 7 JlJlH 

noHTaHHoro neneHHSI 

: HaMH. 6hino saMe'IeHo, .'ITO 

ree sHeproBi.IJleneHne .a aKTe 

fleTH'IeCKaH SHeprHSI OCKOJtKOB 

>eJlHSISI aHeprnH sos6y)KJleHHSI 

BHJlH0 1 'ITO JlJtSI peaKUHA 

Q n E 1r. npaKTH'IeCKH cos-

1 uennKoM onpenenSieTcSI aHep

>TeTnqecKoM cny'Iae cnoHTaH-

5y)KJleHHSI OCKOJlKOB neneHHSI 

JlH- SIBJtSieTCSI BOSMO)I{Hb!M, 

H1 JlJtSI KOTOpb!X ~a6moJlallOCb 

tHa~ HyKnHJl~I c MeHblUHMH . 

JlBJlaJOT 'Ipe3Bbi'IBAHO Bh!COKHMH 

IIOMY neneHnJO, 'ITO He nosso

!HHe, B To' me. a·peMSI nssecTHhi 

X BpeMSI )KHSHH no OTHOllleHHIO 
5 30 
~10 pas no cpaBHeHHJO c oc-

:ne. pa60Tbi1 B KOTOpb!X o6cym

HHO ]leJtSilUHXCSI HSOMepOB ane-

MeHTOB nerqe ypana. IToaToMy npencTaBnHeT HHTepec npoaHannsnposaTb 

aHepreTH'IeCKHfi 6anaHc cnoHTaHHoro neneHHH Hnep nerqe ypaHa. AHanns 

He MomeT 6b!Tb TO'IHhiM 1 TBK KaK HeHSBeCTHbl MaC COBble pacnpeneneHHH. 

rnnoTeTn'IecKoro npouecca cnoaTaaaoro neneanH aTHX HJlep. JlnH onpene

nenilocTH Bhi'IHCnHnacb pasnocTb Memny aaeproBhiJleneHneM np~ neneann 

srnpa nononaM ( x= l) n cpenaefi KHHeTH'IeCKofi aaeprneii ocKonKoB, pac-
/7/ . 

C'IHTaHaoii no nonyaMnHpH'IeCKoii <!JopMyne • YKasaaHaH pas1iocTb Q(l)- E1r. 

ecTb aaeprHH sos6y)KJleHnn dcKonKoB neneHnH. Ha pnc. 4 noKaSaHa sasncn

MOCTb OciJ- E1r. oT Z nenHmerocH HJlpa. Pac'I(iT nponenaH n~'sJ. Hnep 

B6Jtii3H JlHHHH f3-cTa6HnbiiDCTH [~ = f(z)) H HMeJOIUHX necf>HUHT H H36biTOK 

14-TH HefiTpoaos (A= f ( z)- 14 ; A = f(z)+l4). Bo seeM nnanasoae KpHBbie no·· 

cTaTO'IHO 6nHSKH npyr K npyry n nepeceKaJOT ocb a6cuncc B pafioHe 

Z = 80-85, 3aeprHH BOS6ymneHHSI OCKOJlKOB neneHHH He M>me.T 6b!Tb MeHb

me HeKoTopofi He cnnmKoM Manofi senH'IHHhi, KoTopaH onpenenHeTcH aaep

rneii necf>opMaunn SIJlep-ocKonKos, B03HHKaJOmnx B npouecce. neneHHH. TpynHo · 

npencTaBHTb1 'IT06hi B pesynbTaTe neneHHH o6pa3'?BhiBanncb i:lsa ccpep_H'Ie·c

Knx ocKonKa c Hynesofi necf>opMauneii. ITocnenosaTenbHOCTb cf>opM, npoxonn~ 

MhiX SIJlpOM B npouecce neneHHSI1 TaKosa, 'ITO o6pasosamnecSI · B. MOMeHT 
' ~<I 

pasphiBa ocKonKH nene.HHH aens6emHo nonmHhi 6biTb necf>opMnposaHHhiMH. 

0nHaKO H3 pUC, 4 BHJlH0 1 'ITO 3HeprHSI B036ymneHHSI OCKOJlKOB.CnOHTaHHOrO 

neneHHSI CTaHOBHTCSI 6nH3KOH K HYJtJO HJlH OTplluaTeJtbHOH npn ~·.<84, 3To 

npoTusopeque, sepoHTHo, osaa'IaeT, 'ITO cnoHTa.inioe · neneHue st~ep c Z .< 84 

soo6me ae MomeT HMeTb MecTa. JlannaSI oueHKa MHJIHManbHoro Z 'Hnpa, 

JlJlSI KOTOporo ewe BOSMO)KHO cnOHT8HHOe nenenne, He SIBJtSieTCSI TO'IHO!i1 

TaK KaK TpyJlHO onpenenHTb MHHHMaJtbHYIO SHeprHJO B036y)KJleH.HSI OCKOJlKOB 

nenennH, sosHHKaJOIUHX B npouecce· pasneneHHSI TSimenoro Hnpa.' KpHBhie, 
. . . 

noKasaHHhie na pnc, 4, Bhi'IHcneHhi c xopomeii TO'IHOCTbJ01 TaK · KaK 3Ha'Ietme 
/6/ 

Q(IJ onpenenSieTcSI ns Ta6nnu Mace Hnep c norpemnocTbJ01 ' ne npeBbi-

maJOmeA 1-2 Mas, a KHHeTH'IecKaH aneprnH E 1r. nnH pSin'a Hnep c 80 .<Z .< 

.< 90. nsM epSinacb aKcnepnMeaTanbHO H HaxonHTCSI B xopomeM cornacnn 
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Pnc. 4. 3aBHCHMOCTb 9HeprHH B036Y*lleHHH OCKOnKOB CIIOHTBHHOrO aeneHHH 
OT Z Hllpa llnH cnyqag CHMMeTpH'lHOrO aeneHHH. KpHBbie COOTBeTCTBYIOT 
HapaM B6nnsn nnnnn /3 -cTa6HnbHOCTn( A = f(Z}} n o6naaa10mnM na6biTKOM 
nnn aeljlnunToM 14-Tn netiTpoHoB (A= f( Z) + 14 ; A = f( Z)- 14). 

\ '- ~ 
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c ·pac'l~TOM. no nonyaMnnpn'l« 

'KpHBble pnc. 4 p8CC'lHT8Hbl Jl 

poro aHa'leHne aneproBb!llenc 

ancnepcmo MaccoBoro pacnpc 

9TO npnBeJleT K yBenn'leH~IO 
' - '• 

Toporo B03MO*HO crrqHTBHHOE 

MepHoro COCTOHHHH aHeprHH 

rae E 1 - aHeprnH Boa6y*aell 

Z ~ln anH cnonTaHHoro aen 

necKonbKO MeHbmee aHati-enm 

npellCTBBnHeT HHTepec 

Z mln anH cnoaTaHaoro aen 

epe aenennH n noTenunanbHC 

nnniOcTpaTHBHo 6e3 coxpaHell 

Hofi aHeprnn aenHmeficH cnc1 

MBUHIO Hllpa HnH paCCTOHliHe 

BepxHHH nonoBHHa pncyHKa c 

JJ.nH KOToporo Q-E k nono*E 

nnniOcTpnpyeT aeneHne Hapa 

B Ka'leCTBe nynH oTC'l~Ta nc 

ocKonKoB. CornacHo cymecTE 

OCKOnKOB npoHCXOllHTH3 Kyn 

B TO'lKe paapb!Ba; nonHaH nc 

COJJ.ep*HT TBK*e 9HeprHIO llE 

noTeHunanbH8H '9HeprHH CHCT 

HOBCKOrO OTTanKHBBHHH llBYX 

KOHY l I r • To'lKa paapbiBa J 

ljlnrypaM, npaKTH'leCKH n'oao6J 

xoanT Toraa, Koraa weli:Ka c 

BepXHOCTHOrO H8TH*eHHH.H8 



100 1() 

OCKOnKOB CnOHTaHHOrO aeneHUR 

HUR~ KpUBbie CDOTBeTCTBYIOT 

Z)} · U o6naaaJOtnUM U36b!TKOM 
l4;A=I(Z)-14); 

/7/ 
c ·pac'IEiToM no nonyaMnupuqecKoil: (jlopMyne • Bbtllle 6hxno yKaaaHo, 'ITO 

'KpUBbie puc. 4 paCC'IUT8Hbl anR cnyqag CUMMeTpU'IHOrO aeneHUR1 anR KOTO

poro aHa'leHue aHeproBbtaeneHUR Q MaKcuManbHD, noaToMy, ecnu yqecTb 

aucnepcuro Maccoaoro pacnpeaeneHuR ocKonKoB cnoHTaHHoro aeneHuR, To 

aTo npuaeaeT K yaenuqeHuro aHa'leHuR .MuHuManbHoro aapHaa Rapa, anR Ko

Toporo BD3MO:lKHO CnOHT8HHOe aeneHue Zml~nR cnoHT8HHDrO aeneHU.IL U3D-. 

Me pH oro CDCTOHHUH aHepruR B036y:lKaeHUH OCKOnKOB paBHa Q + E 
1

- E lc 1 

rae E I - 9Heprug B036y:lKaeHUR U30MepHoro CDCTOHHUR. lloaTOMy OUeHKa 

Z min anR CnOHT8HHDrO aeneHUR U3 H30MepHoro COCTORHUR aon:lKH8 aaB8Tb 

HeCKDnbKO MeHblllee 3H8'1eHue Z ;,In • 
llpeacTaBnReT HHTepec noHRTbi 'ITO 03ll8'18eT caenaHH8R Bbillle OUeHKH 

Zmln anR CITOHT8HHOrO aeneHUR H8 H3biKe 06bi'IHhiX npeacTaBneHufl: 0 6apb

epe aeneHuH H noTenunanhHoil: ·aHeprnu aenmueil:cH cncTeMhi. Ha puc. 5 

unnJOCTpaTHBHO 6e3 COXpaHeHHH M8Cll1Ta6a nOK838H8 38BUCHMOCTb noTeHUHanb

HOfl: aHepruu aenHmeil:cS! cncTeMbi oT napaMeTpa, xapaKTepnayromero ae(jlop·-

"· M8UUIO Hapa HnH paCCTOHHHe Me:lKny UeHTpaMU TH:lKeCTU aByX OCKDnKOBo 

BepXHHH nonOBUHa pHCyHKa COOTBeTCTByeT aeneHUIO TH:lKenoro Hnpa Z ·> 901 

anH KOToporo Q- E" nono:lKHTenbHO H aocTaTO'IHO aennKo, HU:lKHHH qacTb 

nnnrocTpupyeT aeneHne Hnpa c . Z .< 80, nnH KOToporo Q- Elc oTpuuaTenbHo. 

B Ka'leCTBe HynH OTC'IEiTa noTeHunanbHoil: aHeprnu Bbi6paHa cyMMa Mace anyx 

DCKOnKOB. CornaCHO cymeCTBYIOIUHM npeacTaBneHUHM KHHeTU'IeCKaH aHeprHH 

OCKOnKOB npoucxoaHT U3 KynOHOBCKOfl: 9HeprHu OTTanKUBaHUH aByX OCKDnKOB 

B TO'IKe pa3pb!Ba~ llonHaH noTeHUHanbHaH 9HepruH CIICTeMbl B _TO'IKe pa3pb!Ba 

coaep:lKUT TaK:lKe 9HeprUIO ae(jlopMaUHUo nnH 6onbliiUX 3H8'1eHHilllapll!\IE'Tpn r 

noTeHuuanbHaH '9HeprHH CHCTeMbl BKn10'18eT B ce6H TOnbKO 9Heprll10 Kyno

HOBCKOro OTT8nKHBaHUH aByX c(jlepH'IeCKUX OCKOnKOB1 MeHHIOIUYIOCH ITO 38-

KOHY l I r • To'IKa pa3pbiBa anH miep c paanH'IHhiMH Z cooTeeTcTayeT 

(jlnrypaM, npaKTu'lecKu noao6HbiM reoMeTpuqecKHM, TaK K{lK paapbiB nponc

xonuT TDrna, Koraa lllefl:Ka CTaHOBHTCH H8CTOnbKO TOHKOfl:1 'ITO Cllnbl no-

BepXHOCTHOrO HaTH:lKeHUH H8 nuHUU pa3phlB8 He ypaBHOBeliiUBaiOT KynDHOB-
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Pnc. 5. CxeMaTnqecKoe nso6pa~eHne sanncnMOCTH noTeHunanbHofi aHeprHH 
( U) nenHUiefiCH CHCTeM bl OT napaMeTpa ( r ) , xapaKTepH3yiOUiero 

paCCTOHHHe Me~y ueHTpaMH TH~eCTH 
C Z .< 80 ( HH~HHH qacTb nnarpaMMbl) 
nnarpaMMhi). T.P. - ToqKa paspbiBa; 
o603HaqeHHH B TeKCTe, 

nnyx OCKOnKOB nnH neneHHH Hnpa' 
H Hnpa H Z~ 90 (nepXHHH qaCTb 
B f - 6apbep neneHHH 1 ocTanbHbie 

20 

! 

CKOe OTTanKHB8HHe OCKOnKOB, 
0:'' 

ne~opMaUHI0,6nH3KYIO K pasp 

B IUKane noTeHunanbHofi aaep 
' ' ' 

nerKnx Hnep pasHOCTb Q - E 

0Tcrona cnenyeT, qTo r 

CTOnb nerKoro Hnpa non~eH 

Hnpa lf3 ¢opMbl 1 6nH3KOfi K C 

CQepnqeCKHX OCKOnKOB H8 'Bll 

ra, IlpH STOM M9X8HH3M CliO! 

OT .CllOHT8HJIOI'O neneJIHH THl!{ 

nnT nocnenonaTenbHOCTH '¢n~; 

pacnpeneneJIHH n pacnpeneneJ 

conepiUeJIJio HHbiMH 1 qeM npn 

COCTOHHHH, B qacTHOCTH 1 KHHE 

neneann non~Ha 6biTb cymec~ 

neHHOI'O Hnpa, nnH neneHHH ~ 

HBnHeTCH npaKTHqeCKH ·non HOE 

KOfi aHeprHH npH CllOHT8HHOM 

c TeM, qTo n cnyqae TH~eno 

neneHHH H3 B036y~eHHDI'O C 

nonaTenbHOCTb npenpa3pbiBHbl 

AnTopbi 6naronapHbi aK 

H HJITepec K pa6oTe, IO.U. 0 

sa ueHHbie o6cy~eJIHH1 ' K.A. 

· SKCnepHM9HT8, 

1. T. Sikkeland, Phys,Lette 

2. C,J. Bishop, R. Vandenbc 

129 (1970). 



P. 

MocTn noTenunanbnon aneprnn 
r } , xapaKTepnayJOmero 
>CKOnKOB lliiSI neneHHSI Sillpa.· 
1 H l •> 90 ( BepXHSISI '!aCTb 
6apbep neneHHSI, . .ocTanbHbie 

.. 

CKOe OTTanKHBaHHe OCKOnKOB, llnSI nerKHX Slllep cennoBaSI TO'!Ka HMeeT . 

ne:jlopMaUHJO, 6nnaKyJO K pa3pbiBHOii,n noaToMy TO'!Ka paapbiBa' pacnonomena 

B wKane noTenunanhnoii aneprnn BbiWe ocHoBHoro cocToSinim. floaToMy nnu 

nerKnx Sinep paanocTb Q - E" cTaHOBHTCSI oTpnuaTenbnoii, 

0TC!Olla cnenyeT, 'ITO rHITOT9TH'I9CKHH cny'lail: CITOHTaHHO.I;'O aeneHHSl 

cTonb nerKoro Sinpa nonmen 6bm 6bi aaKmoqaTbCSI B non6apbepHoM nepexone 
. . . 

Sillpa H3 <iJopMbi, 6nH3KOH K c<iJepH'IeCKOH, K <iJnrype, COCTOSIJUeit H3 llBYX 

c¢epH'IeCKHX OCKOnKOB Ha Ilnonne onpeneneHHOM paCCTOSIHHH i1pyr OT npy

ra, flpH 9TOM MeX8HH3M CITOHT8HHOro neneHHSI K8'19CTB9HHO OTnH'!aeTCSI 

oT . cnoHTaHnoro nenennSI TSimenbix .Sinep. I1a-aa Toro, 'IT~ stnp.o 'ne. ripoxo"':' 

anT nocnenoBaTenhnocTn <Pnryp, 6nnaKnx K TO'II<e paapbiBa, MUCCOBbie . . . 
pacnpenenellHSI H pacnpeneneHHSI KHHeTII'!eCKoii anepr11n. nonmHbi 6b!Tb. 

coBepwenno HHbiMH, '!eM npn nenennn nannoro Hllpa B Boa6ymaellHOM 
/ ; ..... ' .... 

COCTOSIHIIII, B '18CTHOCTH, KIIHeTM'IeCKaH aneprHH OCKOnKOB .. ITPII CITOHTaHHOM 

nenennn nonmna 6biTh cymecTBenno Menhweii, '!eM anSI nenennSI Boa6ym

nennoro Hllpa. llnst nenennst TSimenbiX Sillep sKcnepllMenTanhHbiM <PaKTOM .. 
HBnSieTcSI npaKTII'!ecKH nonnoe nono6ne pacnpenenennii MaCChi ii KIIHeTH'!ec-

Kosi snepr1111 np11 cnonTannoM. 11 Boa6ymaennoM neneun11·. 3ToT <jlaKT' CBSiaan 

c TeM, 'ITO B cnyqae TSimenoro Sillpa n .np11 cnonTannoM nenennn n np11 

aeneHHH H3 B036y)!{J]9HHOro COCTOHHHH 0 Sillp0 npoXOllHT OllHY H Ty me nocne

llOBaTenbHOCTb npenpa3pbiBHbiX <Pnryp, 

ABTOpbl 6naronapHbl aK8ll9MHKY f,H, <flnepoBy 3a none3Hbl9 COB9Tbl 

n HHTepec K pa6oTe, IO.U, OranecSIHy, IO.A. My3bi'!Ke, B~I1. flycTbinhHHKY 

3a U9HHbi9 o5cymneHHH 0 K.A, faBpHnOBy 3a ITOMOIIlb B paapa60TK9 MeTOllHKH 

aKcnepnMeHTa. 
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