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HaH60Jlee HHTepeCHOH H HaHMeHee H3YlfeHHOH RBJlReTCR Ta lfaCTb npo

uecca )lelleHHR, Ha KOTOpylO npHXO)lHTCR <pOPMHpOB~Ume OCKOJlKOB • .llHHa

MHKa nepepaCnpe)lelleHHR :meprHH R)lpa Me')K)lY ee pa3JlHlfHhlMH <pOpMaMH 

B 3HalfHTellbHOH CTeneHH Onpe)lellReT paCnpe)lelleHHe npoTOHOB H HeHTpoHOB 

Me)KJlY OCKOJlKaMH. 3KCnepHMeHTallbHbie )laHHbIe 0 TaKOM paCnpe)lelleHHH 

MOryT 6blTb HCnOJlb30BaHbi MR KOJlHlfeCTBeHHplX OueHOK )lHHaMHlfecKHX 

XapaKTepHCTHK H npoBepKH MO)lellbHbIX npe)lCTaBJleHHH 0 )lelleHHH. 

PaHee, npH H3YlfeHHH <pparMeHTaJJ;HH 3apR)la H MaCChi OCKOJlKOB )le
/1/

JleHHR 235U pe30HaHCHblMH HeHTpomlMH , aJ.nopbl HaCTORmeH pa60Thl 

nOJlYlfWIH )lOnOJlHHTeJlbHble CBe)leHHR 0 )lHCnepCHH H306apHlfecKoro pac

npe)lelleHHR (T i H BellHlfHHaX lfeTHO-HetfeTHOro npoTOHHoro H HeHTpoHHoro 

3<p<peKTOB. 3TH CBe)leHHR HapR)ly C JlHTepaTypHblMH )laHHhIMH nOJlOlKeHbl 

B OCHOBY paccMOTpeHHR )lHHaMHtfeCKHX xapaKTepHcTHK )lelleHHR C npH

BJletfeHHeM cymeCTBYlOmHx MO)lelleH. 

H30BAPHQECKOEPACnPE.llEnEHHE 

npH H3YlfeHHH )1HCnepcHH H306apHlfecKoro pacnpe)1elleHHR, xapaKTe

pH3YlOmero MO)1Y ypaBHOBelliHBaHHR KOJlHlfeCTBa HeHTpoHOB H npoTOHOB, 

B npouecce <pparMeHTauHH HaxO)1HM npHlfHHY OTKJlOHeHHR 3apfl)la OCKOJl

Ka OT ero 60Jlee BepORTHOrO 3HalfeHHR, CBR3aHHOrO C MaKCHMaJlbHblM Bhl

)1elleHHeM 3HeprHH, tfTO H Ha6JlIO)1aeTCR B nOBblllieHHOM He3aBHCHMOM Bbl

XO)1e. H3 3KCnepHMeHTallbHbIX )1aHHhiX H3BecTHO 11, 21, 'ITO )1JlR pa3HbiX 

)1eJlHTellbHbIX CHCTeM B lliHPOKOM )1Hana30He 3HeprHH B036Y')K)leHHR He Ha

6JlIO)laeTCfl B 3HalfeHHflX (Tz2 CHllbHOH 3aBHCHMOCTH. CJle)10BaTellbHO, MOIKHO 

npe)1nOJlO)fQITb, tfTO npHtfHHOH <PJlYKTYauHH 3apR)la MOlKeT OKa3aTbCfl YHH

BepCaJlhHhlH <pH3HlfeCKHH MeXaHH3M, He BKJllOlfaJOmHH B ce6R YCTaHOBJleHHe 

TepMO)1HHaMHlfecKoro PaBHOBecHR. 

MO)lellb "TOtfKH pa3phIBa" 13 I npHo6pella B nOCJle)lHee BpeMR lliHPO

KYIO nonYJlRpHOCTb npH aHallH3e HeKOTopblX acneKTOB npouecca .lXelleHHR. 

XapaKTepHCTHKH BbIXO)1HbIX KaHallOB (BbIXO)l OCKOJlKOB, HX KHHeTH

lfecKaR 3HeprHR, lfHCJlO HeifTpoHoB )lelleHHR) B :nOH MO)lellH 3aBHCflT, B 

OCHOBHOM, OT nllOTHOCTH COCTORHHH npH pa3pblBe )1ellflmerOCR R)lpa. npe)l

nOJlaraeTCR, 'ITO CTaTHCTHlfeCKoe paBHoBecHe MelK.ll:Y KOJlJleKTHBHblMH CTe

neHRMH CBo60)lbl ()le<POPMauHR, OTHOCHTeJlbHOe )lBHlKeHHe OCKOJlKOB) 

H BHYTpeHHHMH CTeneHRMH CBo60)lbl (pacnpe)lelleHHe O)lHOlfaCTHlfHbIX Co

CTORHHH) )lOCTHraeTCR TOJlbKO lfaCTHtfHO. ,llnR onHCaHHR TaKoro pacnpe)le-

JleHHR CTeneHeH CBo60)lbI H HX CJla60H B3aHMHOH CBR3H B MO)lellH onpe

)1elleHbl )lBe TeMnepaTypbl - KOJlJleKTHBHaR Tcol H BHYTpe~ !.t. . .ll~ee 
'ivak;';.:''':'-:~-·:-:-j'~;~~.~"",,,,,-. 
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KOTOPOH MHHHMYM n~)TeHUHaJ'IbHOH 3HeprnH H M8J(CHttfaJ'IbHbIH BbIXO,n (5)o 0 
HMelOT OCKOJ'IKH, R,nepHbIH 3apRA KOTOPbIX OKa3bJBaeTCR' To~eCTBeHHbIM 

r,ne f3k - Ha60p KOJ1J1eKTHBHbIX nepeMeHHbDC I. 
C 6oJ'Iee BepoRTHbIM 3apH,nOM. llPH 3TOM, KaK CJ'Iep;yeT H3 ypaaHeHHH (3),KaK BbiTeKaeT H3 BbIpIDKeHHR AJIf[ nOTeHUHMbHOH <,HeprHH )l(H,nKOH 

f ,nJ'IH «PHKCHPOBaHHOH aCHMMeTpHH Macc OCKOJ'IKOB AllA2 npoHcxo,nHT MHHHKaOJ1H 13/, 3aBHCHMOCTb nOTeHU;HMa VLD OT 3apR,na OCKOJ'IKa Z npH «PHK ! 
MaJ1H3au;HH nOTeHIJ;HaJ'Ia VLD' Tor,na KaK OTHOWeHlie N/Z AJ'IR OCKOJ'IKOBCHPOBaHHOH aCHMMeTpHH Macc OCKOJ'IKOB All A 2 MO)I(HO BbIPa3HTb B BH,ne 
6y,neT TeM )l(e, 'ITO H AJ'IR ,neJIHIn;erOCR RApa.

napa60J'IbI: t 

npe,nnOJ'IaraeTCR, 'IlI'O 3aBHCHMOCTb 0J10THOCTH KOJ'IJ'IeKTHBHbIX COCTOJIHHH Peol 
OT nOJ'IHOH 3HeprHH CHCTeMbI ETMO)I(HO BbIPa3HTb B «popMe: 

p == exp ( - E IT) (1)
col T col ' 

r,ne nOJ'IHaR 3HeprHR RBJ'IReTCR CYMMOH KOJ1J1eKTHBHOH 3HeprHH iKH,ll;KOH K8llJ1H 

~LD' o60J'Io'lelJHbIX H napHhlX nonpaaOK B OT,neJ1bHblX OCKOJ'IKax, Me)K)J;Y 

KOTOPblMH y'lHTbmaroTcR KYJ'IOHOBCKoe H R,nepHoe B3aHMo,neHCTBHR. 113 noJ'I

HOH :meprHH ET MO)I(HO BbIAeJ1HTh nOTeHUHaJ'I V(8 i)' CBR3aHHbIH C napa

MeTpaMH npou;ecca ,neJ1eHHR. 

OrHOCHTeJ1bHbIH BbIXO,n napbI OCKOJ'IK(.)B C MaCCaMH At • A 2 BbIpIDKaeT

CR OTHOWeHHeM 

13,. f3k 
P(A ,A )= f ... J exp(-V(f3 i )/Teol )df3 I ••• d f3 k , (2) 

1 2V -k (Z-Z ) , (3)
LD 2 z p 

r,ne Z - HaH60J'Iee BepoRTHbIH 3apR,n OCKOJ'IKa. BeJ'IH'IHHY k - K03«t>«t>Hz 
U;HeHT ~eCTKOCTH - MO)I(HO npe,ncTaBHTb B «popMe I 4 I: 

1 1 1 1 2e 2 

k == 28,c (--+ ) + 4a. SYM (--+--) ---, (4)
z 

A1!3 Alia Al A2 R2 
1: 2 

2 
r,ne nOCTORHHbIe a ' a SYM H 2e

2 I R B3RTbI H3 MaccoBOH «POPMyJ'IbI 16 I. c 
HaAO 3aMeTHTb, 'IlI'O B CPOPMYJ'IY He BKJIIO'IeHbI O,nHO'laCTHlJHbIe nonpaBKH. 

3TO 06CTORTeJ1bCTBO MO)I(HO B KaKOH-To Mepe OnpaB,naTb TeM, 'ITO OCHOBHOH 

BKJ'IaA BHOCRT KYJ'IOHOBCKaH 3HeprHR H H30COHHOBaR 'IaCTh «t>oPMYJ'IbI iKH,ll;

KOH KaOJ1H. 

Cpe,nHRR )l(eCTKOCTb, BbI'lHcneHHaH no «popMYJ'Ie (4), AJIR Cpe,nHHX 

Macc 96 H 140 J'IerKOH H TR)I(eJ10H rpynn, COOTBeTCTBeHHO, COCTaBJ'IReT k z== 

= 3,71 M3B/z~ llYTeM CpaBHeHHH ypaBHeHHH (1) H (2) C oOHcbmaroIn;HM 

H306apH'IecKoe pacnpe,neJIeHHe 

(Z-Zp )2 

(5) 
2(17;+ I/1t2)


Y(A,Z)=Yoe 


nOJ'Iy'IHM paaeHCTBo: 

2 

ABTOPbI pa60TbI /41 nOKa3aJ'IH, 'ITO ,nBH)I(eHHe 3apMa B napa60J'IH

'IecKOM nOTeHIJ;HMe MO)I(HO H3yqaTh npH nOMOIn;H rapMOHH'IeCKOrO OCIJ;HJ1

J'IRTOpa. B 3TOM cnyqae BeJ1H'lHHy H306apH'IeCKOH ,nHcnepcHH a 2 MO)I(HO 
z 

npe,nCTaBHTb B BH,ne: 

-Hcuz 1tcuz ) , 2_-....L( __ + 1 
z (7) 

a - k z 2 exp(~Ulz/ri)-
r,ne cu z - KOJ'IJ'IeKTHBHaR 'IaCTOTa, r i BHyTpeHHHH TeMnepaTypa. 3aBHcH

MOCTb (7) MO)I(HO paccMaTpHBaTb npH ,nByx KPaHHHX ycnOBHRX: 

1) B cnY'lae, Kor,na nOTepR 3HeprHH Ha BHyTpeHHee B036Y)K)J;eHHe r, 6y

,neT npeBblwaTb 3HeprHIO «poHoHa r i »ii UI • 113 ypaBHeHHH (7) CJ'IeJiYeT, 
2

'IlI'O ,nHcnepcHR a 6y,neT HapacTaTb C poeiOM r i ' 'ITO He Ha6JI1O,naeTCH B z 
3KcnepHMeHTaJ'IbHbIX pe3YJ'IbTaTax; 

2) B cJ'Iyqae, Kor,na ii"Ul » r i ,YPaBHeHHe (7) npHo6peTaeT «t>oPMY:z

17 2 = 1iUlZ 
z 2k

(8) 
z 

He3aBHCHMYlO OT 3HeprHH B036Y)K)J;eHHR, r,ne cpeAHlO1O 3HeprHlO CHCTeMbI 

MO)I(HO BbIpa3HTb KaK: 

<E > = .!..-\iUl • (9)
2 z 

'ITO COOTBeTcTByeT cpe,nHeH 3HeprHH rapMOHH'IeCKOrO OCIJ;HJ1J'IRTOpa B ero 
2OCHOBHOM COCTORHHH H, CJ'Ie,nOBaTeJ1bHO, ,nHcnepCHR a , KOTOPaH npH 3TOMz 

v k (Z -z 
2

Zp ) (Z- Zp )2 
(6) 

e Teol e 2Tcol = e 2 (t1z2 +1I/l.2) 

H3 KOToporo npH 3Ha'leHHH BeJIH'lHHbI t1 z 
2 = 0,42 nOJ'Iy'IHM KOJ1J1eKTHBH)'lO 

TeMnepaTYPY Teol = 1,56 M3B. Ee 3Ha'leHHe OKa3bIBaeTCH ,nOCTaTO'IIHO BbI

COKHM, 'IlI'06bl He npe,nnOJ'IaraTb CTaTHCTH'IeCKOe PaBHoBecHe Me)K)J;y KOJ1J1eK

THBHbIMH H BHyTpeHHIlMH CTeneHRMH CB060,nbI npH B03HHKHOBeHHH «PJ'IYK

Tyau;HH 3apR,nOBoro paCnpe,neJ1eHHR. 

CJ'Ie,nYIOIn;HM npep;CTaBJ'IeHHeM, n03BOJ'IHIOIUHM paCCMOTpeTb ,nHcnep

CHIO H306apH'IecKoro pacnpe,neJIeHHR - MO,ny YPaBHOBeWHBaHHR N/Z 
RBJ'IReTCH 3«p«peKT ,nBH)I(eHHR 3apRAa B nOTeHUHaJ'IbflOH RMe. 113 ypaaHeHHR 

(3) CJ'Ie,nYeT, 'ITO nOTeHUHaJ'IbHaR RMa HMeeT napa60J'IH'IecKYIO «P0PMY, B 
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Ha6mo.llaeTCH, OTBetlaeT HyneBoH KBaHTOBOH <PnYKTY8.UHH 3apH.lla, He 3aBH

CHmeH OT 3HeprHH B036Y)fC,lleHHH H.Ilpa. 
npH paCCMOTpeHHH .IlHHaMHKH .IleneHHH peanbHoro H.Ilpa .IlOn)KE!H 6bITb 

TaK)Ke Y'ITeH MOMeHT HHep~HH H.Ilpa, HMeIOmerO Ha npe.llpa3pblBHoH CTa,IlHH 

raHTeneo6pa3HyIO «PoPMY. ,UnH COCTaBnHIOw;eH MOMeHTa HHepumt Mz Ta
Koro H.Ilpa C Y'IeTOM rH,llpo.llHHaMHqecKoro TOKa H,IleanbHOH H.IlepHOH )f(H,Il 

KOCTH qepe3 ~HH.IlPHqecKyIO weHKY C .IlHaMeTpOM r H WlHHOH Z aBTOPbI 

pa60TbI 161 nony'lltUIH, 'ITO: 

M =..!1I' m.(z+2r) A2 (10)z 3 ---..,.,- . -- • 
p.f Z·N 

-8
r.lle p - H.IlepHaH nnoTHocTb, PaBHaH 0,145 <PM ; m Macca HyxnoHa, 

~X N- .IlenHw;eecH H.IlPO· 

C yqeToM MOl\1eHTa HHep~HH <popMyna (8) npH06peTaeT «PoPMY: 


ii k 1/2z",2 -_.(--) . (11) 
II 

2k z Mz 

C npHMeHeHHeM k =3,36 M3BI Z 2 17/nonytDlM WlH H.Ilpa 231\] cne. 

.IlYIOmHe BblPa)KE!HHH ,Iln~ xapaKTepHOH qaCTOTbI cu ' .IlHCnepcHH H306apHqez 
CKoro pacnpe.lleneHHH a: H 3HeprHH <pOHOHa, ynpaBnHIOw;ero YPaBHOBeWH

BaHHeM OTHoweHHH N/Z: 

CU 0,5l2 .10 22 r 

z 

(z+2r)1I2 


(12) 

0'2 0,501. 2 )1/2 
II (z + r 

r 

E 3,376. (z + 2r)1I2 


ABTOPbl pa60Tbi 121 H3 ananH3a KHHeTH'IecKOH 3HeprHH H .IleQ>oPM8.UHH 

OCKonKOB O~eHHnH, 'ITO npH cpe.llHeM paCCTOHHHH Me)fC,lly ~eH1'paMH OCKon

KOB 17 <PM ,IlnHHa weHKH Z .Ile$OPMHpoBaHHOrO H.Ilpa npH pB3pblBe .Ilo~a 

COCTaBnHTb B cpe.llHeM 2,1 <PM. 
C npHMeHeHHeM BenHtDlHbl a z2 = 0,42, onpe.lleneHHOH B 3KcnepH

MeHTe /h/ , nonyqaeM H3 ypaBHeHHH (12) .IlHaMeTp meHKH B ToqKe pB3pblBa 

2,1 <PM, 'ITO HaxO.llHTCH B cornaCHH C OUeHKaMH, nonyqeHHbIMH H3 TeopeTH
qecKHX pacqeTOB 17.81 , rne npHBO.llHTCH BenlflUtHa 2 <PM. 
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XapaKTepHaH qaCTOTa rapMOHH'leCKOrO OCUHnnHTopa Torna COCTaBHT 
CU =4,3 • 10 21 c-ll, 3HeprHH «PoHOHa E = 2,83 M3B. YpaBHeHHe (12)

z 
n03BOnHeT TaK)Ke OueHHTb BpeMH, Heo6xo.llHMoe .IlnH paa.lleneHHH 3apH.lla 

Ha .IlBa OCKonKa. B npe.llnOnO)KeHHH, 'ITO meHKa cY)KaeTCH nHHeHHO co CKO
poCTbIO V. B nepBOM npH6nH)KeHHH M0)l(80 3anHcaTb, 'ITO ru lll =1,02. r· ~t, 
Kor.lla BpeMH OTC'lHTblBaeTCH B e.llHH~ax 10 - 2tc. 

C BbInOnHeHHeM ycnOBHH, npH KOTOPOM nI06ble H3MeHeHHH .IlOn)l(8bl 
npoHCXO.llHTb 6blcTpee ,IlnHHbI nepHona rapMOHH'IeCKOrO oCUHnnHTopa 

T(dw/dt) ~w, H C npHMeHeHHeM YPaBHeHHH (12), nonytDlM HepaBeHCTBO 

~ v. M2 (13) 

npH nHHeHHOM H3MeHeHHH pa.llHyca weHKH r C 5,7 <PM Ha 2,1 <PM 

Me)fC,lly BTOPbIM 6apbepoM H TOqKOH paapbma, npoHCXO.llsmeM' CO CKOPOCTbIO 

V =2,1 <pM/I0 - 21 C, HH)I(8HH OUeHKa nponOn)l(8TenbHOCrn npouecca YPaB
HOBeWHBaHHH N/ZcTeneHeH CBo60.llbI COCTaBnHeT ~ t .s 1,7 • 10- 21 c. 

Ha,Ilo OTMeTHTb, lITO oueHKa BpeMeHH, He06xo.llHMOrO ,IlnH npoXO)l(',lleHHH 

H.Ilpa OT BToporo 6apbepa .IlO ero paapbIBa, nonyqeHHaH H3 .IlHHaMHqeCKHX
21paCqeTOB 18,9,101 , .IlaeT npH yqeTe nBYXTenbHOH BH3KOCTH 2,6.10- c, 
21

npH onHoTenbHoH .IlHCCHn8.I.lHH HyxnOHOB qepe3 CTeHKy H.Ilpa - 13 '10- c, 

a npH TaKOM )Ke MeXaHH3Me, HO C yqeTOM TpeHHH .IlBYX Ten - 8,4 '10-21 C • 
9TH BenHqHHbI He npoTHBopeqaT oueHKe BpeMeHH, He06xo.llHMOrO ,IlnH YCTa

HOBneHHH H306apHqecKoH nHcnepcHH, Ha6nIOnaeMoH B 3KcnepHMeHTe. nOKa

3aHHOe BpeMH, nO-BH,IlHMOMY, OKB3bIBaeTCH 3aHH)KE!HHbIM, nOCKonhKy B 

OQeHKe He YlITeHO TpeHHe H.IlepHOH MaTepHH. 

B npouecce 6b1CTPOro H3MeHeHKI'f ne$opM8.UHH H.Ilpa, CBH3aHHOrO 
o.llHoBpeMeHHO C TaKHM )Ke 6bICTPbIM nepenBH)KeHHeM HyxnOHOB, B03HHKa

eT B .IlenHW;eMCH H.Ilpe TaK HaablBaeMaH npenKHHeTHqeCKaH 3HeprHH, KOTO
pas BMeCTe C KHHeTHqeCKOH 3HeprHeH, B03HHKaromeH npH KynoHoBcKOM 

B3aHMo.lleHCTBHH .IlByX oCKonKoB, naeT KHHeTH'IecKYIO 3HeprHIO, Ha6monae
MyIO B 3KcnepHMeHTe. 

QueHeHHaH BenH'lHHa CKOPOCTH H3MeHeHHH .Ile$OPM8.UHH v= 2,1 <PM/l0-2b 
naeT ,IlnH 2S8U 3HaqeHHe npe.llKHHeTHqeCKOH 3HeprHH.. EpRESC .. 5,4 M3B. 
QueHKH ee BenH'IHHbI, nonY'leHHble B TeOpeTH'IeCKHX pacqeTax, paCxo.llHTCH 
Me)fC,lly C060H/10, 12, 1~ I npH'IeM BepXHHH OQeHKa .IlOCrnraeT 50 M3B, 'ITO, 

nO-BH,IlHMOMY, M0)l(80 C'IHTaTh He peanHCTH'IHbIM. 
Ka.lKeiCH (XOTH B HaCTosmee BpeMH ,IlnH TaKHX paccy)fC,lleHHH HeT rny

6oKoro TeopeTH'IeCKOrO 060CHOBaHHH), 'ITO CTeneHh CBo60.llbl YPaBHOBe
WHBaHHH ornoweHHH N/Z MO)KeT 6bITh CBH3aHa C MeXaHH3MOM H30BeKTOp

Horo .IlHnonhHoro rHraHTCKOrO pe30HaHCa (Et.) B CHnhHO .IleQ>oPMHPOBaH
HOM Cn0)l(80M H.Ilpe. B TaKOM cny'lae npOHCXO.llHT Bblpo)l(',lleHHe rHC'aHT
CKoro pe30HaHCa Ha .IlBe KOMnOHeHTbI. O.llHa H3 HHX, (m = ± 1), CBH
3aHHaH C nonepe'IHblM .IlBH)KeHHeM ornOCHTenbHO OCH .IleQ>oPMaQHH, B KO
TOPOM :meprHH <pOHOHa HapaCTaeT C POCTOM .Ile$OPMaQHH, CBH3aHa C none
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pellHhIMH KOJIeOaHRflMH (orH6aJOIUHe KOJIe6aHRfI, BH6par(liH nOBepXHOCTH, 

KOJIJIeKTHBHaR POT~ OCKOJIKOB), YtJaCTBYIOIUHMH B <PoPMHPOBaHHH nep

BHlffiOro CpenHeKBlI,ll;paTHlffioro yrJIOBOrO MOMeHTa OCKOJIKOB 116/. BTOPaH 

KOMnOHeHTa (m = 0), CB.fI3aHHaH C nponOJIbHbiM nBH)KeHHeM, npH KOTOpOM 

3HeprH.fl <pOHOHa Cnll,ll;aer C HapaCTaHHeM ne<t>OpMau;HH, MO)KeT OTBetJaTb 

3a npoQecc ypaBHOBeWHBaHRfI MOnbi E 1. 
3KcnepHMeHTaJIbHbie pe3YJIbTaTbl, nOJIYtJeHHbIe npH HCCJIenOBaHHH 

peaKQHH rJIy60KoHeynpyrHX nepenatJ C T.fI)KeJIblMH HOHaMH 14,161, TaK)Ke 

nOKa3blBaJOT Ha 6blCTpoe ypaBliOBeWHBaHHe E 1 KOJIJIeKTHBHOH MonbI HJIH 

OTlIOWeHH.fI N/Z , BpeM.fI KOToporo OQeHHBaJOT :s 10- 21 c, B cQrJIaCHH 

C OQeHKOH, nOJIYtJeHHOH H3 H306apHtJeCKOrO pacnpeneJIeHH.fI OCKOJIKOB 

ne.rJeHH.fI. 3Ta BeJIHtJHHa Ha nBa nOpRnKa npeBbIWaer /4/ BpeM.fI HCnapeHRfI 

HeMTpOHOB, CB.fI3aHHoe co CTeneHblO cBo60nbI MaCC - aCHMMeTpIiH, tJTO, 

nO-BHnHMOMY, MO)KeT OCYIUeCT:aJI.fITbC.fI Torna, KOrna 06MeH 3apRnOM npoHC· 

XOnHT 6e3 TpaHCnOpTa MaCChI. 

QETHO-HEQETHbIl1 3cl>cl>EKT 

CYIUecTBeHHbie CBeneHH.fI 0 nHHaMHKe neJIeHRfI, a HMeHHO, 0 BHYTpeH

HeM 3HeprnH neJI.fIIUerOC.fI H.D.pa B 06JIaCTH "TOtJKH pa3pbIBa", HeceT BeJIHtJHHa 

tJeTHO-HetJeTHoro npoToHHoro H HeiiTpoHHoro 3qxpeKTOB. llPH HX aHaJIH3e 

B03HHKaeT Bonpoc: Ha KaKoH CTII,ll;HH nBH)KeHHR: CJIO)KHoro H.D.pa Me~y 

BTOPbIM 6apbepOM H TOtJKOH pa3pblBa npoHCXonHT Pa3pbIB nap HYKJIOHOB 

H KaKaR 3HeprH.fI Ha 3TO Tpe6yerc.fI? TaKYW HH<pOPMau;HIO MO)KHO nony

tJHTb H3 aHaJIH3a BeJIHtJHHbI tJeTHO-HetJeTHoro 3<p<peKTa B BbIXone OCKOJIKOB, 

onpeneJIeHHOrO B 3KCnepHMeHTe 111 8 =- (35,7 ± 2,1) % H li n = (6,8 ± 
± 5,2) %, C npHMeHeHHeM MOneJIbHblX PnpenCTaBJIeHHH. HlI,ll;o OTMeTHTb, 

\ITO B HaCTO.flIUee BpeM.fI He CYIUecTByer TeopemtJeCKOH MOneJIH, KOTOPaR 

6bI oxaaTbIBaJIa BCIO COBOKYnHOCTb BonpoCOB, B03HHKaIOIUHX npH H3ytJeHHH 

npoQecca neJIeHRfI. B nOM npOQecce MO)KHO BblneJIHTb TpH 3Tana Ha nyTH 

H.D.pa K TOtJKe pa3pbIBa. 

llPH paCCMOTpeHHH TaKoro npoQecca HII,ll; BTOPbIM 6apbepoM MO)KHO 

npHMeHHTb KOM6HHaTopHYlO / 17,],8 I H nBYXQeHTpoBYIO 119/ MOneJIH. 

B o6JIaCTH cnYCKa KOMnaYHn-.fInpa H3 BToporo 6apbepa K TotJKe Pa3' 

pblBa nOnOJIHHTeJIbHble CBeneHH.fI nalOT MOneJIb <pepMH-ra3a C 3aBHC.fIIUeH 

OT TeMnepaTypbl 3HeprHeH CnapHBaHH.fI/201 , MHKpO-MaKpoCKOnHtJeCKaH 1211 

H KOM6HHaTOpHaH / l7, 181 MOneJIH. llOCJIenHHH, no MHeHHIO ee aBTOPOB, 

pa60TaeT H Ha n03nHeH CTanHH naH)KeHH.fI - B 06JIaCTH pa3pbIBa. KpOMe 

Hee, MO)KHO Ha 3TOM 3Tane npoQecca npHMeHHTb TaK)Ke MOneJIb TO'lKH Pa3' 
pblBa la, 221 . 

B KOM6HHaTopHOH MOneJIH /1'51 'IeTHO-HeqeTHbIH 3<p<peKT 0 nOJIYtJaer

C.fI H3 peweHHH CHCTeMbi 6HHaMHaJIbHbIX YPaBHeHHH 

lip=(t -2pqE) N , 
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(14)8n =U -2pq(1-d1 N , 

8A = (1'- 2pq)N , 

rne HHneKCbl p H n 0603Ha'laJOT pa3pblB npoTOHHblX HJIH Heii:TpoHHblX nap, 

8A - BeJIHtlHHY tJerHQ-HeqeTHorO 3<PQ>eKTa, Ha6JI1OnaeMyw B MaCCOBOM 

pacnpeneJIeaHH BbIXonOB OCKOJIKOB neJIeHH.fI. B ypaBHeHRflX (14) N 0603

HatJaeT MaKCHMaJIbHOe KOJIHtJeCTBO pa30pBaHHblX nap, q BepoHTHOCTb 

pa3pblBa napbI, £ BepOHTHOCTb Toro, \ITO pa30pBerC.fI npoTOHHaH napa, 

p - Bepo.flTROCTb Toro, \ITO HYKJIOHbl H3 Pa30PB8IiHOH napbI 6ynYT HaxonHTb

CH B nBYX Pa3HbIX OCKOJIKax. 

llo pel(OMeHnau;HH aBTOpa MOneJIH 115/ B paC'IeTax npHMeH.fleTC.fI BeJIH

tlHHa t = 0,37. B QeJIHX naJIbHeHWerO aHanH3a BeJIH'lHH 8 MO)KHO YPaBHe

HH.fI (14) npHBecTH K CJIenYWIUeH <popMe: 

2p (1-dr (15) 

N;-;- 1 - 2£ ~s:-
V u = +£ 


P 1 -t 1 -t 


yno6HoH MH rpa<pHtJeCKOrO peweHH.fI C Y'IeTOM KOpHnOpa oWH60K BeJIH'IH' 

Hb18. 

113 YPaBHeHHH (15) BbITeKaer CHJIbHaR 3aBHCHMOCTb BeJIH'IHH li H 

q OT 3Ha'leHHH MOneJIbHOH nOCTO.flHHOH t . AHaJIH3 BeJIHtIHH 'IeTHO-He'leTHOrO 

npoTOHHoro 8p H Heii:TpoHHoro 8n 3<p<peKToB npoBOnHJIC.fI HaMH rpa<pH'Ie

CKBM peweHHeM YPaBHeHHH (15) npH rpaHHlffiOM yCJIOBHH, \ITO BeJIH'IHHa 

tJeTHO-HetJeTHoro 3<PQ>eKTa Macc HaxonHTCH B HHTepBaJIe ° :s 8...A:S 0,01. 
B pe3YJIbTaTe aHaJIH3a 3KcnepHMeHTaJIbHhIX 3HatJeHHH 8 H lin onpene

JIeHO, \ITO npH neJIeHHH pa3pblBaeTCH MaKCHMYM (1,15 ± 0,B9) npoToHHoH 

H (2,0 ± 0,4) HeHTpoHHblX nap npH BepOHTHOCTH pa3pbIBa q = (0,74 ± 
± 0,16), H3 tJero CJIenyeT, \ITO 37% 3HepI"HH B036Y~eHRfI, Heo6xonHMOH 

Ha Pa3pblB nap, CB.fI3aHO C npoTOHHbIMH H 63% - C HeHTpoHHbIMH COCTO.fl

HH.fIMH. 3HatJeHH.fI 3THX BeJIHtIHH HaxOMTCH B npHeMJIeMOM COrJIaCHH C pe
3YJIbTaTaMH pa60T 117,21 /'. 

CpenHee KOJIHtJeCTBO pa30paaHHbix nap HyKJIOHOB N 6yner Torna 

COCTaBJI.fITb N= (N + N ) • q '" (2,33 ± 0,72), H 3HeprH.fl B036Y~eHH.fI, 
p n -

KOTOPaH Tpe6yerc.fI M.fI pa3pblBa N nap, COCTaBHT: 

E = N . 2A = 2.33.1,58 (3,1 ±1,1) M3B. (16) 

llPH BbllUlCJIeHHH HCnOJIb30BanaCb cpenHH.fI 3HeprH.fl CnapHBaHH.fI A, onpe

neJIeHHaR C nOMoIUblO <POPMYJI 
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d 7,55A-11/3 [ I _ 6,07 (N _ Z)2 I A2] , 

p (17) 


d = 7',a6A-h/3 [1 -8,15 (N _ Z)21 A2 ],

n 

npe.u.JIO>KeHHhIX aBTOpa.t\1H pa60ThI 1231 nJIR Rnep B HX OCHOBHOM COCTORHHH. 

Hano OTMeTHTh, liTO B naHHOM CJIYlIae oueHeHHaR ::meprHR B036Y>K

neHHR OKa3hIBaeTCR TOJIbKO ee HH>KHeH rpaHHueH, nOCKOJIbKY B OueHK€ 

npHHRTO BO BHHMaHHe TOJIbKO 63% H3 JIerKOH H 78% H3 TR>KeJIOH rpynn 

OCKOJIKOB. OnHaKO npHMeHReMaR B OUeHKe H npH pa3pa60TKe MOneJIH 1171 

3HeprHR meJIH CnapHBaHHR d n.p , xapaKTepHaR )1,JIR Rnep B HX OCHOBHOM 

COCTORHHH, nO-BHnHMOMY, He npenCTaBJIReT ee peanbHYIO BeJIHlIHHY npH 

cnYCKe CO BToporo 6aphepa HJIH Ha npenpa3pblBHOH CTanHH) Rorna 3HeprHR 

B036Y>KAeHHR YB€JIHlIHBaeTCR, H,CJIenOBaTeJIhHO, rnHpHHa meJIH CY>KaeTCR. 

TIPH YlIeTe 3THX 06cTORTeJIbCTB MO>KHO, nO-nH,lJ.HMOMY, 3aKJIlOlIHTh, 'lT0 npH

Mel:feHHe KOM6HHaTopHOH MOneJIH npH aHanH3e npouecca pa3pbma nap 

HYtalOHOB H, CJIenOBaTeJIbHO, paCCMOTpeHHH npouecca nHCCHnauHH 3Hep

rHH npH pa3pblBe Rnpa o Ka3hIBaeTCR BecbMa YCJIOBHhlM. 

AlianH3 lIeTHO-HelleTHOrO 3$¢>eKTa MO>KHO TaK>Ke npoBonHTh B PaM

K8..l{ MOneJIH "TOllKH pa3pbIBa" 13. 22/, OCHOBHbIe nOJIO>KeHHR KOTOPOH ·l
npHBeneHbl B npenbmymeH lIaCTH. B 3TOH MOneJIH OTHorneHHe (6) npHMe

HReTCR npH onpeneJIeHHH He3aBHCHMOro BblXona OCKOJIKOB neJIeHHR. B CJIY

lIae, Korna napa OCKOJIKOB 6yneT lIeTHOH no Z, ee 3HeprHR B036Y>K.lleHHR 

6yneT 3aHH>KeHa Ha 3HeprHIO KOHneHcauHH 2 Xno OTHOlIleHHIO Knape HelleT

HblX no Z OCKOJIKOB, rne XnpenCTaBJIReT BeJIHlIHHY ::mepreTHlIeCKOH meJIH. 

Torna OTHOlIleHHe cYMMapHoro KOJIHlIeCTBa lIeTHhIX (no Z HJIH N) ~ YIf K 

CYMMe Bcex HelleTHblX ~Y H OCKOJIKOB MO>KHO 3anHCaTh B !f>opMe: 

21l( 

~Y4 1 + 13 p,n = e Tool (18) 

1: YH 1 - 8 p.n 

rne r I - BHYTpeHHRR TeMnepaTYpa KOMnaYHA-RApa Ha npenpa3pblBHOH 

CTanHH; d ( r I) - 3HeprHR meJIH CnapHBaHHR, 3aBHCRll\aR OT TeMnepaTypbl; 

To 1 - KOJIJIeKTHBHaR TeMnepaTypa, KOTOPaR 6blJIa onpeneJIeHa H3 napa
o rIvhU 

MeTpoB 3apRAoBoH nHcnepcHH; l) BeJIHlJHHa lIeTHo-HelleTHoro 3't"t'eKTa. 

Hano OTMeTHTb, liTO ypaBHeHHe (18) 6yneT BepHhlM npH yenOBHH, 

Korna BKJIanOM 060JIOllellHhlX nOnpaBOK B nOTeHl\Han V ( {31 ) MO>KHO npe

He6pellh. B naHHOM enYlIae, Korna Bp = 35,7% H KOJIJIeKTHBHaR TeMnepa ·1 
Typa TOOl' nonYlleHHaR H3 H306apHllecKoH nHcnepcHH, COCTaBJIReT 1,6 M3B, 

nOJIYlJHM d( r I) = 0,60 M3B. 

KaK nOKa3inH aBTOPbl pa60TbI 1241, Me>K.llY BeJIHlIHHOH meJIH cna

puaaHHR 1\ H BHYTpeHHeH TeMnepaTypOH r I cymeCTBYeT yHHBepcaJIhHaR 

3aBHCHMOCTb, B KOTOPOH BeJIHlIHHa meJIH npH HYJIeBOH TeMnepaTYpe 

1\(0) = 0,86 M3B. C npHMeHeHHeM TaKoH 3aBHCHMOCTH MO>KHO BbIIlHC-
P u 

JIHTh BeJIHlIHHY BHYTpeHHeH TeMnepaTYpbI npoToHoB neJIRmerOCR Rnpa, 

COCTaBJIRlOmylO r =0,47 M3B.
ip 
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TIOCKOJIbKY B MOneJIH HeHTpoHbl H npoToHbl ClIHTaIOTCR He3aBHCHMblMH 

lIaCTHl\aMH (3a HCKJIlOlIeHHeM B3aHMHOH CBR3H B KaneJIbHOH llaCTH nOTeHl\H

ana), MO>KHO oueHHTb H BHYTpeHHIOIO TeMnepaTYPY nJIR HeHTpoHHOH lIaCTH 

RApa. C npHMeHeHHeM d(O)n 0,72 M3B H lin =6,8% nOJIYlJHM 'tn = 
= 0,56 M3B. 

BeJIHlIHHhl TiP ,n n03BOJIRIOT oueHHTb BeJIHlJHHY 3HeprHH B036Y>KAeHHR 

EeJ[e B OKpeCTIlOCTH TOIlKH pa3pblBa C npHMeHeHHeM OTHOlIleHHR E 'xc = a ,\2, 
rne napaMeTp nJIOTHOCTH ypOBHeH a = A (1 + 4A-1 13) /14,61 /2& • Torna 

npH r I = 0,52 M3B nOJIYIlHM CpenH1010 BeJIHlIHHY 3HeprHH B036Y>KAeHHR 

Ha npenpa3phlBHOH CTanHH E exe 5,7 M3B. 3Ta 3HeprHR COCTOHT H3 nBYX 

lIaCTeH: 3HeprHH nHCCHnaUHH E DIS H 3HeprHH B036Y>K.lleHHR KOMnaYHn

Rnpa Han BTOPbIM 6apbepOM E , KOTOpylO MO>KHO onpeneJIHTb KaK pa3HHUY 

Me>K.lly 3HeprHeH CBR3H HeHi'poHa Bn (6,54 M3B) H BblCOTOH 6apbepa 

VB2 (5,53 M3B) 1261 . Torna nnR :meprHH nHccHnauHH nOJIYlIaeM BeJIHlIHHY 

(4,7 ± 1,5) M3B, 'lT0 HaxonHTCR B comaCHH cEDIS = (5 ±2) M3B/22/, 

nOJIYlIeHHoH H3 OTHOlIleHHR cHMMeTpHllHoro K aCHMMeTpHllHOMY Bhlxony 

OCKOJIKOB neJIeHHR 23& U TennOBblMH HeHTpoHaMH. 

HeKoTopble npenCTaBJIeHHR 0 ¢>H3HlIecKOM MeXaHH3Me, npHBOnRll\eM 

K nOBblrneHHIO BbIxona lIeTHblX (no CpaBHeHHIO C HelleTHblMH) OCKOJIKOB 

B HH3K03HepreTHlIeCKOM neJIeHHH, MO>KHO nOJIYlIHTb B paMKax napHblx 

B3aHMoneHCTBuH npH YlIeTe TeMnepaTypHOH 3aBHCHMOCTH. B TaKOM cJIYlIae 

lIernO-HelleTHbIH 3$¢>eKT MO>KHO 06'hRCHHTb pa3pbmOM HecKOJIbKHX nap lIaCTHU 

H YBeJIHlIeHHeM B036Y>KneHHR KBa3HlIaCTHl\ Ha npenpa3pbmHOH CTa,rJ,HH, 

Korna HapaCTaeT nOTeHUHaJIbHaR 3HeprHR CJIO>KHoro Rnpa. CooTBeTCTBeHHo 

ee YBeJIHlIeHHIO YMeHblilaeTCR 3HeprHR meJIH cnapHBaHHR, liTO, CJIenOBa

TeJIbHO, npHBonHT K YBeJIHlleHHIO BepoRTHOCTH pa3pbIBa nap H YMeHblIleHHIO 

BeJIHlJHHbI lIeTHO-HelleTHoro 3qxpeKTa. TaKaR 3aBHCHMOCTb HaMlOnaeTCR 

B 3KcnepHMeHTe 1271 . 

ABTOphI TeopeTHlIeCKOH pa60Thl 1201 HCCJIenOBaJIH npouecc neJIeHHR 

B TOllKe pa3pbma H CpaBHHJIH CpenHee lJHCJIO lIaCTHl\ N H KBa3HlIaCTHl\ 

N Han 3HeprHeH cl»ePMH npH onHHaKOBOH TeMnepaTYpe. 3HalleHHe BeJIHlJHHbl 

lIeTHO-HelleTHOrO 3¢>¢>eKTa 13 onpeneJIRJIOCb H3 yp.-aBHeHHR 8 '" 1 - t , 
rne t RBJIReTCR OTHOlIleHHeM IlHena KBa3HlIaCTHU N K lIHCJIY lIaCTHU N. 
C YlIeTOM Toro, liTO Me>K.llY BeJIHlIHHOH meJIH npH HYJIeBOH TeMnepaTYpe 

d(O) H KPHTHlIecKOH T€MnepaTYpoH To cymecTBYeT 3aBHCHMOCTb 1281 

d(O) ITo = 1,764, C HeKoTophIM npHMH>KeHHeM MO>KHO 3anucaTb: 

N MT\)
t=-=2/(1+exp ). (19) 

N Ti 

HCnOJIb3YR 3KcnepHMeHTaJIhHhie BeJIHlIHHbl I3 H 8 ,noJIylIHM nBa ypaBHeHHR,p n 
KOTopble HMelOT pelIleHHe npH npennOJIO>KeHHH CnpaBennHBOCTH YHHBepCaJIh

HOH 3aBHCHMOCTH 1\ (T\ ) OT Ttl 241 • C npHMeHeHHeM YpaBHeHHR (19) H on

peneJIeHHR 13 = 1 - t , MO>KHO 3anHCaTb: 
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A( 1 + 8r1)""Ttln p.n (20) 
1 - 8 p.n 

IlPH 3HaqeHHH TeMnepaTypbl npOTOHOB r i = 0,46 M3B nOJIY'IHM 3Hep

rHID B036Y)f(AeHH..fl nemnu;erocJI anpa E nc .. 5,67 M3B. B CJIYllae HeH'rpo

HOB, npH rIn == 0,44 M3B, nJIJI 3HeprHH B036Y)f(AeHH..fl nOJIYlfHM Eexe = 
= 5,23 M3B. Ou;eHKa cpenaeij BeJIH'lHHbl 3Hepnm B036Y)f(AeHH..fl 6yneT 

COCTaBJIJlTb (5,45 ;!: 0,60) M3B. 

MO)l(HO nOKEQaTb, lITO onpeneJIame BeJIH'lHHbl t _ N / N B paOOTe/li. 7 I 

npoB~eHO He COBceM KOppeKTHO. ECJIH nepeMeHHYIO <PoPMYJIHpoBaTb aHa

JIOrHlfHO Bblpa:>KeHmo (7) H3 p~60Tbl 111, KOTopoe npHMeHHeTCJI npH onpe

neJIeHHH 3HaqeHHJI lIemO-Heqemoro 3qxpeKTa, ypaBHeHHe (19) npH06peTaeT 

CPOPMY: 

r, 
t= 2N (21) 

'/ 

N+N 

H ypaBHeHHe (20) nOTOM MO)l(HO 3anHCaTb KaK: 

1. + 30p,n 
A(r

1 
)=T 

t 
ln (22) 


t '- 0p.n 


113 ero peWeHH..fl no aHaJIOrHH C peweHHeM ypaBHeHH..fl (20) nOJIY'IHM nJIJI 

npoToHHOH CHCTeMbl (c rip = 0,432 M3B) 3HeprHlO B036Y)f(AeHHJI Eexe '" 

= 4,97 M3B H nJIJI HeH'rpoHHOH CHCTeMbI (c "tn = 0,440 M3B) Eexc = 
=5,16 M3B. 

YcpenaeHHaH 3HeprH..fl B036Y)f(AeHH..fl neJIJllIJ;erOCJI anpa B TOIIKe Pa3Pbl

Ba COCTaBHT Torna 5,06 M3B, cpenHJIJI 3HeprH..fl nHCCHnau;HH - 4,10 M3B. 

Ou;eHKa BHYTpeHHeH 3HeprHH B036Y)f(AeHH..fl r1 ' WHpHHbl lIJ;eJIH cnapH

BaHH..fl A(" 1)p,n H3Hepnm B036Y)f(AeHH..fl B TOIIKe pa3pbma Eexc npHBo

nHTCJI B TaMHu;e. . 

IlPH COnOCTaBJIeHHH B Ta6JIHue BeJIHlfHH, nOJIYlleHHblX H3 3KcnepH .fi 
MeHTaJIbHblX naHHblX no lIeTHO-HeqeTHOMY 3qxpeKTy C npHMeHeHHeM Pa3

JIHlJHblX MOneJIbHblX n~CTaBJIeHHH, Ha6nIOnaeTcJI npHeMJIeMOe COrJIaCHe. U 
113 3TOro enenYeT, lITO He3aBHCHMO OT MOneJIbHOro nonxona B03HHKHOBe

HHe qemO-Hellemoro 3q,Q>eKTa MO)I(HO Ofu,JlCHHTh npH npennOJIO~HHH, 
lITO pa3pbm nap npOHCXOnHT Ha caMOH noenenaeH, npenpa3pblBHOH CTa

nHH, Korna BeJIHtJHHa BHYTpeHHeH 3HeprnH B036Y)f(AeHH..fl KOMnaysn-anpa 

2S&u COCTaBJIJleT (5,9 ± 1,5) M3B. 3HeprHlO nHCCHDau;HH MO)I(HO oxapaK

TepH30BaTb BeJIHtlHHOH E 
D1SS 

= (5,0 ± 1,5) M3B. 

IlPH TeopemllecKoM HCCJIenOBaHHH BJIHJlHH..fl BJl3KOCTH anepHOH MaTe

pHH Ha nHHaMHKY npouecca neJIeHH..fl aBTOPaMH pa60Tbl /101 6blJIa onpene

JIeHa CBJl3b Me)f(Ay 3HeprneH B036y?KneHHJI H neJIHMOCThIO x B 3aBHCHMOCTH 
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Ta6.nuija 

MOneJIb A( r l ) p Eexe:l.P[M3B]A( r ) n[M3B] [M3B]
1 I,n 

0,60 0,50 
TOIIKH pa3pbma 1201 7,1 ± 0,6 

0,11 0,56 

0,35 0,46 
€pepMH-ra3 I 181 5,5 ± 0,8 

0,06 0,44 

0,32 0,43 
MonH€pHIJ.HpOBaHHbIH 5,1 ± 1,2 
€pepMH-ra3 0,06 0,44 

YcpenHeHHbIe BeJIHtlHHbl 5,9 ±1,5 

OT BJl3KOCTH (1. (CM. pHC. 11 TOH :lKe pa60TbI). ,llJIJI 236U C 3HeprHeH B03

6Y)f(AeHHJI 6 M3B nonyllHM H3 nOKa3aHHOH 3aBHCHMOCTH K03qxpHUHeHT BJl3

1010KOCTH (1. =0,1 Til (0,01 Til r • CM- i . c-1. = 6 .10-24 M3B· c· €pM -3) = 
= 10 9 Ila' c. ,llaHHOe 3HalleHHe OKa3bmaeTCJI 6JIH3KHM BeJIHtJHHe 

(1.=(0,015 ± 0,005) Til, KOTOPyro aBTOPbI pa60Tbi onpeneJIHJlll H3 nOJIHOH 

KHHeTHlIeCKOH 3HeprHH OCKOJIKOB 286U . 
OueHKa BeJIHIIHHbl 3HeprHH nHccHnau;HH E DISS = 5 M3B naeT H He

KOTopble OrpaHHlleHH..fl Ha pa3BHTHe TeopeTHlleCKHX npenCTaBJIeHHH. Teope

THlleCKHe paClleTbl C npHMeHeHHeM HeCTau;HOHapHoro cpenHero nOJIJI 

naIDT TpeXKpaTHoe 3aBbIWeHHe E . MHKpo-MaKpocKonHlIecKHe paclIeDISS 
TbI/liO,HI C OnHOTeJIbHOH nHCCHDau;HeH - nJlTHKpaTHoe 3aBhlWeHHe, HO 

C yqeTOM nHCcHnau;HH, npoHCXOnJllIJ;eH B nByx TeJIaX (BbrneJIeHHhIX, HO 

elIJ;e CO~HHeHHhIX weHKOH OCKOJIKOB), naeT BeJIHIIHHy, 6JIH3KYIO OueHeH

HOH H3 3KcnepHMeHTaJIbHhiX naHHhIX. 
3HaHHe cpenaeH ::)HeprHl;!, Q, BhrneJIeHHOH B npouecce neJIeHHH, H nOJI

HOH KHHeTHllec,.!CoH 3HeprHH EKT OCKOJIKOB neJIeHH..fl n03BOJIJleT onpeneJIHTb 

3HeprHlO E I = Q - E K T ' KOTOPaH COCTOHT H3 3HeprHH B036Y)f(AeHHH E exe H 

3HeprHH ne<pOpMau;HH EDEF,CYMMa 3HeprHH Eexe +E EF ' 3a HCKJIIOlIeHHeM 
npenneJIHTeJIbHOH lIaCTH KHHeTHlIeCKOH 3HeprHH, OCBo&j)f(AaeTCJI npH H noene 

pa3pblBa anpa B €popMe HCnapeHH..fl HeH'rpoHOB neJIeHH..fl H 3MHCCHH raMMa

KBaHTOB. 
OnpeneJIeHHe Q (nnJl CpenaHX Macc JIerKOH H TJI:lKeJIO_H rpyno OCKOJI

KOB) C npHMeHeHHeM Ta6nHu /S 01 H 3HalleHHe BeJIHlIHHl::1 E K'l ,onpeneJIeH

HOH B 3KcnepHMeHTe /3lii , nOKa3hmaIDT Ha 3HalleHHe E f = (22,6 ±O,5) M3B. 

C YlleToM Toro, lITO cyMMa nOJIHoH 3HeprHH raMMa-KBaHTOB E y/321 H nOJI
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HOH 3HeprHH Hem,roHOB AeJleHIDl EnTl.. On~AeJleHHOH H3 BeJlHtJHH HX MHO
)KeCTBeHHOCTH v 12 , 3HeprHH CBJl3H Bn l O/H KHHeTHtleCKOH 3HeprHH Hem

POHOB B CHCTeMe UeHTpa Macc lasl I Aaer BeJlHtlHHy 19,6 M3B, 3HeprHlO Ae-

q,OPMauHH MO)KHO OueHHTh KaK E = (136 7 166) M3B.
DEF ' , 

3AKJIlOQEHHE 

Ha OCHOBe 3Ha'leHHH AHcner,CHH H306apHtlecKoro pacnpeAeJleHHH BbIXO

AOB OCKOJIKOB AeJleHHH H BeJlHlQfH 'IeTHo-He'lernoro npoTOIlHoro H He$iTPOH

Horo 3q,q,eKTOB npH AeJleHHH ~3DU HH3K03HepreTH'IeCKHMH HempoHaMH 

oueHeHhI HeKOTopble AHHaMH'lecKHe xapaKTepHCTHKH KOMnayaA-Mpa 236U 
Ha npeAPa3pblBHOH CTaAHH AeJleHIDl. 

C npHMeHeHHeM CTaTHCTH'leCKOH MOAeJlH 181 onpeAeJleHO, 'ITO 3Ha'leHHe 

AHCjlepcHH Oz2, OTBetlaIOw,ee 3a ypaBHOBeWHBaHHe N/Z CTeneHeH CBQOoAbI, 

cooTBeTcTByeT KOJIJIeKTHBHoH TeMnepaType Tcol = 1,56 M3B. Ee BbiCOKoe 

3HaqeHHe He nOKa3b1Baer Ha BO;3HHKHOBeHHe CTaTHCTH'leCKOrO PaBHQBecHH T 
Me)KAy KOJ1J1eKTHBHbIMH H BHyTpeHHHMH CTeneHHMH CB060Abl npH Bo3HHK

HOBeHHH q,JIYKTyauHH 3apJlAOBOrO pacnpeAeJleHIDl •. 

npH paCCMOTpeHHH ypaBHOBeWHBaHHH N/Z CTeneHeH CB060AbI B paMKax 

HYJIeBblX KBaHTOBblX KOJIe6aHHH KOJ1J1eKTHBHOH H30BeKTopHOH MOAbI C 

Y'lerOM HHepUHH MaCCbI Mpa oueHeHa 3HeprIDl q,OHOHa TaKHX KOJIe6aHHH 

E = 2,83 M3B H BpeMH ypaBHOBeWHBaHIDl MOAbi t.s 1,7 .10-l.'H c. npH yc

JIOBHH JIHHeHHOH 3aBHCHMOCTH H3MeHeHHJl Ae<POPMMUiH KOMnaYHA-Mpa 

OT BpeMeHH, npeAKHHeTH'IeCKaR 3HeprHJl OCKOJIKOB AeJleHIDl COCTaBJIHeT 

E PRESC:: 5,4 M3B. 

PaccMoTpeHHe q,H3H'IecKHX npHtlHH, npHBOAHil.I,HX K pa3pblBY nap 

HYKJIOHOB H, cneAoBaTeJlhHO, K B03HHKHOBeHHIO 'IeTHO-He'leTHOrO 3q,q,eKTa 

B 3apHAoBoM H H30TOHHOM pacnpeAeJletlIDlX BbIXOAa OCKOJIKOB, nOKa3bIBa

eT, 'ITO oueHKa 3HeprHH B036Y)KAeHHH, CBH3aHHaR C BHyTpeHHHMH CTene

HHMH CBo6oAbI, COCTaBJIHeT E uc :: (6,0 ± 1,5) M3B H, cne.D;OBaTeJlhHO, 

3HeprHH AHCCHnauuH, CBJl3aHHaR C TpeHHeM H HarpeaOM HApa npH ero 6bICT

po HapaCTaJOw,eH Ae<POPMaL'(HH, COCTaBJIHer E DISS :: (5,0 ± 1,8) M3B. 

C Y'leToM 3HepreTH'IeCKOrO 6aJIaHca 3HeprHH Ae<PoPMauHH oueHeHa B 
~EDEF :: (13,6 7 16,6) M3B. OUetleHHaH BeJlHtlHHa 3HeprHH B036Y)KAeHHH 
1/CorJIacyerCJl C MHKpoCKOnH'IeCKHMH paC'IeTaMH AHCCHIIauHH AB¥X Ten 


B npeAnOJIO)KeHHH, 'ITO K03Q>q,HUHetlT BJl3KOCTH COCTaBHT IJ. = 1 -10 na c. 


QueHKH AaIOTCH KaK cpeAHHe 3Ha'leHHH, nOCKOJIhKY HX BeJlHttHHbI, nOJIy'leH 1 

HbIe H3 TpeX pa3HblX MOAeJleH, nOKa3aJIH cna6yro 3aBHCHMOCTh OT npHMe


HeHHOH MOAeJlH. 
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