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1. Baec)euue 

MH0rO'IBCJieHHbie 3KCnepBMeHTaJibHble BCCJie,Q0BaHBJI, 
npoee.QeHHble B pa3JIB'IHblX na6opaTOpBJIX. MBpa Ha npoTJI• 
:>KeHBB nocne.QHBX 15 neT, noKa3anu, 'IT0 e npouecce Heynpy
roro B3aBMO,QeHCTBBJI CJI0>KHWX Jl,llep o6pa30BaHBe CHJILHO 

· eo36y>K,QeHHoro xoMnayHn· JIApa e o6nacTH 3Hepraii, npe
. BblWaIOIQHX KYJI0HOBCKBii 6apbep, JIBJIJleTCJI HaB6onee HHTeH· 
. CBBHblM KaHaJI0M peaKUHH. 06 3T0M CBH,QeTeJILCTByeT B 
6oJILWHHCTBe eccnenyeMblX cny11aee l);,opMal);,yHKllBB B036y:>K
AeHBJI onpeneneHHoro B30Tona, o6pa3yeMoro npu pacnaAe 
KoMnayH,Q•Jl,Qpa. CaMoe 3Ha'IHTeJibH0e K0JIH'{eCTBI.) H3Mepe
HHI HMeeTCJI ,QJIJI peaKUHH C nocnenoeaTeJILHLIM ecnycKaHHeM 
HelTpOHOB H3 K0MnayHn•JI,Qpa. Beeb 3KCnepeMeHTaJILHWi 
MaTepean 3aJ<JII011aeT a ce6e. a HacTo.111uee epeMJI 6onee 
350 peaKUBH TaKoro TBnall/ •. 3TH H3MepeHHLle :iaBBCH· 

M0CTB ,ll0JI:>KHbl C0Aep>KaTb p.11,ll Ba>KHblX 06UUIX xapaKTepuc
THK 0. BeJIB'IHHax, K0T0pble BMelOT 6onLWOe 3Ha'leHHe AJIJI 
onucaHBJI Jl,QepHoii peaKUHB B M0AeJIB :KOMnayH,Q • JIApa. Pe'IL 
~eT o TU:HX BeJIH'IHHax, xax TeMnepaTypa JI.QPa, napawetp 
IlJIOTHOCTII ypoeael H KpBTB'leCJCHit yrno:eoit MoMeHT KOM
nayH,Q•Jl,Qpa. lheecTHo, 'IT0 MeT0A MouTe·Kapno, KaK ec
TeCTBeHHoe OTpa>KeHee CTaTHCTH'leCK0ro xapaKTepa pa~naAa 
K0MilaYHA•JI.Qpa, B uacToJIIQee epeMJI ny'IWe e.cero eocnpo
B3B0AHT cl>YHKUHIO B036Y>KAeHH.JI no l);,opMe H a6COJIIOTHOii 
WJ<ane •. OAHaKO HeonpeAeJieHHOCTb a BW6ope napaMeTpa 
IlJI0TH0CTH ypOBHeH HaH60Jiee CHJibH0,CKa3blBaeTCJI Ha l);,yiµc• 
mi.11x B036Y:>KneHHJI/2/. BeJIB'IHHa KPHTH'lecKoro yrnoeoro 

, , ' . . . 
Mo.MeHTa JIBJIJleTCJI B 3THX pac11eTax, Tal()l(e OAHHM B3 Il0,Q· 
roH0'IHblX napaMeTp0B Te0pHB 121. . .. 
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Uenb HaCTOJlllleii pa6oTbl - onpe.n:eneHHe yKa3aHHbIX BblWe 
xapaKTepHCTHK Ha OCHOBe HMe10l1lerocJ1 3KCnepaMeHTanbHOrO 
MaTepaana. B 6onbWHHCTBe cny11aeB 6bln H3MepeH TOilbKO 
OTHOCHTenbHblH xo.n: ciiYHKUHH B036}')K.n;eHHJI. ,[(nJI ycneumoro 
peweHHJI 3TOH 3a.n;a11H Heo6xo.n;HMO, 11T06bl, BO·nepBbIX, Me· 
TO.D: Bbl11HcneHHJ1 He onapancJ1 Ha 3Ha11eHHe a6conroTHoro 
ce11eHHJI H, BO·BTOpbIX, Il03BOnJln BO MHOrHX BapaaHTax 
6bICTPO o6pa6aTbIBaTb 6onbWOH o6'beM 3KCnepaMeHTanbHbIX 
.n;aHHbIX. To o6CTOJITenbCTBO, 11TO Hy)KHO onHpaTbCJI Ha OT· 
HOCHTenbHbIH xo.n: HnH B HeKOTOPbIX cny11aJ1x TOnbKO Ha 
H3MepeHHOe nono)KeHHe MaKCHMyMa cliYHKUHH B036y)K.ll:eHHJI, 
3aTpy.n;HJleT cpaBHeHHe pac11eTOB C 3KcnepHMeHTOM B oc
HOBHOM npu BOCilpOH3Be".n:eHBH 11Hcna acnyllleHHhlX HeiiTpOHOB. 

C .n;pyroii CTOpOHbl, MO.n;enb ,ll;On)l(Ha OTpa)KaTb uce rnaBHble 
11epTbI npo:uecca o6pa3oBaHHJI H pacna.n:a KOMnayH.n:· g.n;pa. 
KaK 6y.n;eT noKa3aHo B cne.n:yrolllHX rnaBax, unonHe npHMeHH· 
Ma Mo.n:enb J1.n;epHoro cliepMH· ra3a. · 

2. MooeA& rf,epMu· za3a c pe3Koii zpaHu11eii 

AHanH3 3KCnepHMeHTanbHbiX .n;aHHbIX noKa3bIBaeT, 11TO 
npH o6pa3oBaHHH KOMnayH.n;•J1.n;pa ero 3HeprHJI B036y)K.n;eHHJI 
3Ha'-iHTenbHO npeBblwaeT 3HeprHio CBJl3H HyKnoHa B g.n:pe H 
.n:ocTaraeT 100 - 150 M3B. EcTecTaeHHO nonLITaTbCJI 
onHca Tb TaKyID CHCTeMy· Ha .. OCHOBe 'Mo.n;enH cliepMH· ra3a, 
T .e. CHCTeMbl He3a.BHCHMblX cliepMHOHOB, ,ll;BH)KYlllHXCJI B cclie
pe c pa.n;HycoM 06pa3ouaBwerocJ1 K0MnayH.n;•J1.n:pa r0A l/
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/Ac,;. MaCCOBOe 11HCno KOMnayH.n: • g.zipa/. ' c 
,[(pyroe cyllleCTBeHHoe · cBoiicTBO 3Toii cHcTeMbl 3aKnro· 

11aeTcJ1 B TOM, 11To B npon;ecce nonHoro cnHJIHHJI HaneTaro· 
llleH 11acTHD;bl H g.n;pa MHWeHH ·:i<0Mnay11.n:- Jl,ll;J)O npHo6peTaeT 
6onLwoii yrnoBoii MOMeHT /cM. rnauy 3/. B npon;ecce 
pacna.n:a y ocTaT011Horo g.n;pa ocTaeTCJI 6onhwoii MoMeHT j , 
TaK KaK HCIIYllleH__\lblH HeiiTpoiI yHOCHT cpaBHHTenbHO He· 
6onbwoii MoMeHT e •. Bcne'ACTBHe 3aK0Ha coxpaHeHHJI yr.rio
Boro MoMeHTa yron pa3BJl3KH Me)K.n:y BeKropa.MH' L H f npH-
6nH)KeHHO paueH 1r I 2 / cny11aii cna6oii CB.ff 3H I 31 /; ,[(n.H 3Toro 
cny11a.H 3pHKCOHOM 6blnO Il0Ka3aH0/3/ , 11TO npon;eCC HCilyC· 
KaHH.H HeiiTpOHOB H3 cHnbHOB036y)K.n;eHHoro KoMnayH.n;·.H.n:pa 
MO)KHO paccMaTpHBaTb, KaK HcnapeHHe 11aCTH:UbI H3 Bpallla· 
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IOllleHC.H )KH,ll;KOH KannH. 3To 03Ha11aeT, B CBOIO 011epe.n;b, 11TO 
3HeprHIO B036}')K.n;eHH.JI KOMnayH.n;·CHCTeMbl MO)KHO npe.n;cTa· 
BHTb n BH.n;e CYMMLI: 

E exc = U + Erot =U + h2j (j +1)/21, /1/ 

r.ne U - TennoBa.H 3HeprH.H H Ero1 - upalllaTenbHa.H 3Hepra.H. 
MoMeHT HHep:UHH .H,npa I He paBH.HeTC.H TBep,noTenbHOMY 
MOMeHTY 10 , a MeHbwe ero H3 • 3a o6pa30BaHH.H nap Ha no
BepxHocTH <l>epMH. O.n;HaKo y)Ke He6onbwoe Tennoaoe ao36y)K• 
,neHHe pa3pywaeT 3TH napbl' HI npu6nH)KaeTC.H K CBOeMy 
TBep,noTenbHOMY 3Ha11eHHIO 141 : 

.l_ 2 5/3 
lo= 5 mNroAc ' /2/ 

r.n:e m N- Macca HyKnoHa, r0 - napaMeTp, xapaKTepH3YIOlllHH 
pa.n:ayc ICOMnayH,n• J1,npa, Ac - ero Maccoaoe 11acno. YpaaHeHHe 
/2/ npHMeHHMO npH 3HeprH.HX B036}')K.n;eHH.H BbIWe 10 M3B, 
KaK 6blno noKa3aHo B pa6oTe 127 I . 

TepMO,ZJ;HHaMH'leCKaJI TeMnepaTypa t I, xapaKTepH3YIOlllaJI 
paBHOBecae Me)K,ny OCTaBWHMCJI JI.D:POM H nepBbIM ucnapHB· 
WHMCJI H3 Hero HeHTpOHOM, B Mo.n;enH cliepMH· ra3a paBHa 

t I= V ( U -1:ln t> / a /3/ 

" 
r.n:e Bn1 • 3HeprHJI CBJl3H HeiiTpoHa B ,i.n;pe C MaCCOBbIM 11HC· 
noM AC ' a - napaMeTp nnoTHOCTH ypOBHeii' KOTOpbIH BXO -
.D:HT npaKTH'leCKH BO Bee CTaTHCTH'leCKHe pac11eTbl COCTog
HHH B CHCTeMe He3aBHCHMbIX HYKnOHOB. B paMKax MO.n;enH 
cliepMa· ra3a napaMeTp a nponopn;HoHaneH MaccoBoMy 11acny 
A: H He 3aBHCBT OT 3HeprBH B036y)K.ll:eHHJI. Il03TOMY napa
Metp nnoTHOCTH ypoaHeii 6epeTCJI B na.n:e a = A/ C , r.n:e C 
JIBnJleTCJI no.nroHO'IHLIM nL1fsaMeTpOM. 3HeprHH CBJl3H HeiiT· 
poHa _B3JITLI H3 pa60Tbl 51 . 3TH aenH'IHHLI Y11HTbIBaIOT 
3HeprHIO cnapHBaHHJI npoTOHHOH H HeHTpOHHOH KOMilOHeHT. 

JI,nepHa.11 TeMnepaTypa TI' OilHCLIBaIOlllaJI cneKTP IICna
PHBWerocJI nepaoro HeHTPOHa, 0TnH11aeTCJI OT TepM0.n;HHa-
MH'lecKoii · 

,_ 1~· 

1/T i=-1/ t 1 -n/U . /4/ 
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BeJIH'IHHa n 3aBHCHT OT npe,n;nono)KeHlm, C,IJ;e.TiaHHLIX B pac
'leTaX nnoTH0CTH YPOBHeii np:e:· ycpe,n;:ueHHH ·11eiiTpbHHLIX a 
npOTOHHLIX KOMnOHeHT. ,l(m1 cpe,IJ;HHX H TJl)Ken·Lix s,n;ep yc-
TaHOBneHO, 'ITO n -:.1,5, cM/61. . 

Cpe,D;HJIJI KHHeTH'leCKax 3HeprHJI no MaKCBennoBCKOMY 
cneKTPY nepBoro HcnapHBmerocJI HeiiTpoHa cocTaBnJieT ;

01
= 

=2 T 1 . BnHJIHHe BpauteHHJI B036y)K,n;eHHoro g,n;pa Ha acnyc
Kamie HeiiTpoHa 6Lino pacc'IHTairn 3p11Kc0Ho·M linpoJ1BnJ1eTCJ1 
B. yBeJIH'leHHH cpe,n;Heii KHileTH'leCKOH 3HeprHH . HeiiTpoHa 
B BH.IJ;e nonpaBO'IHoro qne:na 131 · ' 

2 

4 µ R E rot = 3,33 • E rot / A , 
Acn =:, lo 

/5/ 

r,n;e µ - npHBe,IJ;eHHaJI Macca JI.IJ;pa H HeiiTPOHa, R-' COOTBeT
CTBYJOutBH pa,n;ayc B3aHMo,n;eiicTBHJI. OKa3anoc&, 'ITO B 6on&
WHHCTBe cnyq~eB 3Ta nonpaBKa He npeBLimaeT ilecKon&KHX 
npoUeHT0B OT f n • 

B npouecce acnapHTeni.Horo KacKa,n;a H3MeHJ1eTcJ1 3Hep
rHJI B036y)K.IJ;eHHJI' COCTaBHOro Jl,IJ;pa nocne ·Ka)K.IJ;OrO aKTa 
HcnycKaHHJI ~aCTHULI. Ilocne HcnapeHHJI nepBoro HeiiTpoHa 
OCTaeTCJI 3HeprHJI A EI =U-B 0 1 -2 Ti -AEro'l. AErot YllHTLIBa
eT He6on&moe H3MeHeHHe BpautaTenbHOH 3HeprHH BCne.IJ;CTBHe 
yMeH&meHHJI yrnoBoro MOMeHTa H MaccoBoro qucna nocne 
·acnycKaHHJI HeiiTpomi. TepMO.I\HHaMH'leCKaJI TeMnepaTypa 
BToporo HcnapJ110uterocJ1 HeiiTpoHa B TepMO,IJ;HHaMH'leCKOM 
paBH0BeCHH xapaKTepil3yeTCJI co·oTHOWeHHeM . 

t 2 = V ( A E I ~ £\i:jC 
A-_2 . /6/ 

AHanorH'IHLIM nyTeM BLI'IHCnJleTCJI cpe,D;HJIJI KHHeTH'lecKaJI 

3HeprHJI BToporo acnYuteHHoro HeiiTpoHa H T.,n;. , Pacqe·T 
3aKaH'IHBaeTCJI, Kor,n;a · a-cnycKaHHe oqepe,n;Horo HeiiTpoHa 
cTaHOBHTCJI 3HepreTH'leCKH HeB03MO)KHLIM, T.e. ecnH 

A E i :s Bn i+ I + 2 Ti+ I IloJIHaJI 3HeprHJI ( n , YHOCHMaJI 
x HeiiTpoHaMH, H cpe,n;HJIJI J1,n;epHaJ1 T~MnepaTypa no ucnapu
TenLHOMY KaCKa,n;y CBJl3aHLI COOTHOWeHHeM 

6 

'i 

X 

c = I c = 2xT. 
n i= I ni /7/ 

Ha Ka)K,IJ;OM mare HCn_apHTen&Horo KaCKa,IJ;a BLI'IHCnJleTCJI 
TaK)Ke yrnoBoii M0MeHT, YHOCHMLIH HeHTPOHOM, B npH6nH)Ke
HHH pe3Koro o6pe3aHH.fl 

112 
f 0 h =vµR(Ecm~Y) . /8/ 

TaK KaK KynOHOBCKHii 6apbep OTCYTCTByeT B cnyqae HCnyc
KaHHJI HeiiTPOHa, 3TO ypaBHeHHe npHHHMaeT oco6eHHO npo
CTOH BB.I\. KaK 6Lino noKa3aH0 B pa6oTe 131 ' cpe,n;Hee 
KBa,n;paTH'IH0e 3Ha'leHHe ,n;ng yrnoBoro MOMeHTa acnyuteHHoro 
aeiiTpoHa npu ycpe,n;lteHHH no ucnapHTenLHOMY cneKTPY Heii
TPOHOB paBHO 

2 2 - 2 2 
fni =1/2 f i max = mn tni R /h , /9/ 

r,n;e mn- Macca HeiiTpoHa. 3Ha'leHe:e f max onpe,n;emeT Max
cHMan&Hbli yron pa3BJl3KH Me)K,n;y · yrnoBLIM M0MeHTOM 
ocTaBmerocJI JI,n;pa H ucnyuteHHoro HeiiTpoHa. 

3. Me,ro~- pac11e111a u e1,16op napaMe111poe 

,l);nJI • npoBe,IJ;eHHJI: KOHKpeTHLIX pacqeTOB HaMH 6LinH 
OT06paHbl 3KcnepHMeHTanbHLie ,n;aHHLie 0 <l>YHKUHJIX B036y)K
,n;eHHJI yeaKUHii THna (H.I.,xn), · co6paHHLie B o63opHoii 
pa6oTe II. HeKoTopLie ,n;ononHHTenLHLie 3KcnepHMeHTan&.
HLie ,n;aHHLie, KOTOpble nOJIBHnHCL nocne OK0H'laHHJI pa6o
TLI Ill, npaso,n;sTcJI B Ta6naue. Ilpa OT6ope 3KcnepuMeH
TMbHLIX ,n;aHHJi,IX ucnonL30BancJI cne,n;yroutHii KPHTepHii. Bena 
3HeprHJI B036y)K.IJ;eHHJI Eexc, C00TBeTCTByroutaJI MaKCHMYMY 
Ce'leHHJI, He y,n;oBneTBOpJleT ycnoBHIO 

X . . 

A~= l(Eexc- I B 01 )/x - ~ l~ 0,85 /10/ 
. i= I 

I . . -2. A I . Ill 
r,n;e ~ = 9,0 - 2,4 10 ~ c · M3B/, CM. , Bni - 3HeprHH 

CBJl3H HeiiTpoHOB, B3JITW H3 pa60TLIISI /, TO 3TH 3Kcne
PHMeHTanLHLie ,IJ;aHHLie H3 pacCM0TpeHHJI HCKnIO'laIOTCJI. 
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YrnoBoii MoMeHT, nepe.D;aHHLiii B nponecce CJIB.IIHB.11 

I<OMnayH.D; • .11.D;PY. BLIIJBCJI.IIJIC.11 B .D;BYX BapBaHTax: 

a/ B npu6nIDKeHBB pe31<oro 06pe3auu.11 

1/2 1/3 1/3 - 1/2 
hL = µ r (A 1 +A 2 )(E -V) 

max B3 cm /11/ 

r.D;e µ -npBBe.D;eHHaa Macca BoHa A1 H MBweHB A2 , E 0 m 
:mepru.11 na,D;arontero BOHa B c.n.M. npB MaI<cBMyMe ce1JeHu.11, 

rB3 -napaMeTp pa.D;Byca B3aHMO,lleHCTBH.ll~ 

6/ B paM1<ax Mo.D;eJIB qepHoro .11.D;pa /pac1JeTw npoBO.llBJIBCb 

·ua OCHOBe 4>opMyJI H3 pa6oTLI /7 / ,llJI.11 Ha,ll6apbepHOH o6JiaCTB 

3Hepruu CTOJII<HOBeHHB/. 

B COOTHOWeHB.11, OilBCLIBaIOntBe o6pa3oBaHBe B pacna,ll 

I<OMnayH,ll· .11,llpa, BXO,ll.llT ,llBa napaMeTpa pa.ItBYCOB - ro B 

r 83 • 3Ha1JeHBe BenB'IBHhl r 83 , xapa1<TepB3YJOntee Heynpy

roe B3aBMO,lleitcTBBe HOH + .11,llpo, ci>BI<ClipyeTc.11 >KeCTI<O: 

re:r 1,5 <l)M, IlOCI<OJibI<Y B pac'JeTax .BCDOJib30BaHO npB6JIB• 

>KeHBe .11,llpa C pe3ICBM I<paeM. IlapaMeTp r O , xapaICTepB3YIO· 

muii pa,nuyc o6pa30BaBweroc.11 1<0Mnayu.It • .11.ItPa B BJIB.RIOIQHI 

. rnaBHLIM o6pa30M Ha MOMeHT BHepUBB H yrnoBoit MOMeHT 

'BCilYllt8HHOH 'laCTBULI, 6epeTC.ll r O = 1,22 <l)M. 

HcXO,llHOH TO~I<Oit ,llJI.11 Bhl'IBCJieHB.11 Ha'lanbHOH 3HeprBB 

B036Y>K,AeHB.ll B ucnapHTeJibHOM 1<ac1<a,D;e .IIBJIJl8TC.ll 3ICcnepu

MeHTaJibHO Haii,lleHHOe IlOJIO>KeHBe MaI<CHMyMa ci>YHI<UBB B03· 

6y)l(,lleHB.ll. 

4. CpaeHeHue pac11emoe c 3,ccnepuMeHIIClAbHblMil 
c)aHHblMU 

Hau6onee BIDKHhlM I<pBTepHeM npBMeHBMOCTB MO.D;8JIB 

cl>epMB·ra3a .ItnJI peal(UBH C TJDKe.JihlMB BOHaMB .llBJI.lleTC.11 

Tpe6oBaHBe, 'IT06hl 'IBCJIO ucnapBBWBXC.11 B3 ICOMnayB,D;•Jl,llpa 

HeiTpOHOB MO,lleJib BOCilpOH3BO.D;BJia npaBBJibHO. Ha j,uc. 1 
npoBO.D;BTCJI cpaBHeuile pac'leTHhlX 'IBCCJI BCilYU.teHHhlX Heil

TPOHOB c 3I<cnepuMeHTaJlbHhlMB .D;aHJihlMB. CTeneHL Bocnpo

B3Be.D;eHBJI p ,llJIJI COBOI<YilHOCTH 3I<cnepBM8HTaJILH.hlX .D;aHHhlX 

3RBBCHT, Bo·nepBLIX, OT 3Ha'leHBJI nocToBHHoiiC B BhlpruKe

HBB ,llJl.11 napaMeTpa IlJIOTHOCTB YPOBHeii B, BO·BTopwx, OT 
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'Puc. 1. Bocnpou3eec)eHue 'IUCAa ucny111eHHblX HeiJllfpoH0B 
◄' 8 306UCUM0CJIU om 3H0'leHUJI BeAU'IUHbl C 6 6blpaJICeHUU c).11.R 

1 napaMempa 11..II0IIJH0CIIU YPOBHeiJ /CM. ZAaBy 2 llfeKC'lla/. llo 
i opc)uHame 011.11oxeHa cmeneH1, aocnpou3aec)eHuA P a npo11eH-
. 11ax. • Cae11.11we JI0'IKU O • YZAOB0iJ M0MeHllf KOMnayHc)• Jlc)pa, 
paCC'IUII0HHblil no Moc)e.11u 'lepH0Z0 Jlc)pa /MqJJ/; '1epH•1e 
IIO'IKU .•- YZA0B0iJ M0MeH• KOMnayHc)• Jlc)pa, BW'IUCAeH 8 npu-
6AUJICeHUU pe3K0Z0 o6pe30HUJI /llPO/. ,/{AJI QHQAU3Q 61,1.11u 
BM6paHbl 214 ¢YHKIIUiJ 6036y:rc)eHUJI, Haxoc)JIIIIUXCJI B npec)e
Aax · A E ~ 0,85 M3B. <PuzypH1,1e ao11Ku A - pac'lea npoaoc)UA• 
CJI 6e3 Y'lellfa ozpaHU'leHUJI Ha AE • 3aiu11puxoBaHHQJI KpU-
6QJI - YZA0BOiJ M0MeHIIJ K0MnayHc)- 11c)pa, paCC'IUllfaHHbliJ 6 
paMKax MqJJ 6ea ¢a1<mopa o6pe3aHUJI /0111cy11caeue Kpuau-
11ecxozo 3HO'leHUJI eeAU'IUHbl YZA0B0Z0 MOMeHllfa KOMnayHc)
Jlc)pa/. 

a6comoTHoi aeJIBqHHLI yrnoaoro MOMeHTa, nepeAaHHoro 
0

ICOMnayHA - JIAPY / cp. O0'LJICHBTeJILHLli TeICCT IC puc. 1/. 
HaAO OTMeTBTL, qyo An.II pealCilBH, BLl3BaHHLIX TJl)l(eJIWMB 
BOHaMB BilnOTL ~o Heoua, qacno BcnapBBWBXCJI HeiTPOHOB 
BOCilpOB3BO~TCJI npasBnJ.HO /B xy~eM cnyqae OHO OTJJJI• 
qaeTCJI OT 31CCDepH.MeHTanLH0ro Ha eAHHBllY/. IlpH 3TO.M 
BBAHO, qTo ~eM BLlllle napaMeTp nnoTHOCTB YPOBHei, TeM 
6om.we ~Beno scnapsawsxcJ1 ueiTpoHoB. ,nanee nposepJ1noci., 
uacKoni.ICo B MOAenB ,j,epMH·ra3a npeAnonaraeMa.11 nponop
IUIOHani.HocT& Q MaCCOBOMY qacny onpaBAaeTCJI DpB 
pacqeTaX • .nn.11 3Toro MW cpaBHBnH An.II pa3HLIX M8CCOBLIX 
HHTepsanos /sepXHJIJI qacTJ. puc. 2/ 3aBBCH.MOCTh CTeneHB 
BOCilPOH3BeAeHBJI qacna HCilYuteHHLIX HeiiTpoHOB OT 3HaqeHHJI 
BeJIBqHHLI C B BLlp8)1(eHHH ,llJIJI napaMeTpa nnOTHOCTB ypOBHel. 
Pe3yni.TaTw npHBOAJITCJI Ha puc. 2. Ha 3TOM pHCYHKe BHAHO, 
qTo 3Haqeaae C, COOTBeTCTBYIOIQee HaBnyqweMy BOCDPOB3· 
BeAeHBIO qacna BCDYuteHHLIX HeiTPOHOB, cna6o 38BBCBT OT 
Maccw Ac J<OMD8YHA· JIApa. OAU81CO nonyqeHHaJI 38BBCBMOCTL 
He .IBnJieTCJI apryMeHTOM npoTBB BCDOJIL30BaHBJI napaMeTpa 

nnOTHOCTB YPOBHeii B BHAe a = Ac • .neno B TOM, qyo OTHO· 
C 

CBTen&HWI BICnaA B3MepeHHLIX 4,yHKitBii B036y)l(AeHBJI, MaIC

CBMYM KOTOPWX Haxo~TCJI npB 6onLWBX 3HeprBJIX B036YJl(Ae • 
HBJI, nocTeneaao yMeai.waeTcJI c pocToM Maccoaoro qacna 

xoMnayaA· .IApa /npaqaaa :JToro 061..acHJieTc.11 yMeHl,weaaeM 
Tn/rr /. B rnaaax 5 B 6 MW sepHeMc.11 x 3T0MY aonpocy. 
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Puc. 2. rucno2paMMa pacnpec)e11eHUJI U3MepeHHblX fPYHKijUU 
◄ I ao36yJ1Cc)eHUJ1 a pea1<t1UJ1X muna A2(H.f, xn) no ae11u11uHe Macco

ao20 11uc11a KoMnayHc)•J1c)pa. HUJ1CHJ1J1 11ac1111,pucyHKa n0Ka31,1-
aae111 cmeneHb aocnpou3eec)eHUJ1 ucny111eHHblX HeilmpoHoa a 
3a6UCUMOC1/IU 0111 3Ha'leHUJI aeAU'IUHbl C c)11J1 pa3HblX 0611ac111eil 
MaCC06blX 11uce11 l(OMnayHc)-}lc)ep. Y211oaorl MOMeHl/1 l(OM· .. 
nyaHc)· 11c)pa e1,111uc11eH no Moc)e11u IIPO. -

H3 it>opMyn /3/-/7/ BH,IJ;HO, 'ITO cpe.i:i;H.IIJI :rneprHJI Hcna
PHBWHXCJI HeiiTpOHOB TaJOKe 3aBHCHT OT napaMeTpa nnoTHOCTB 
ypoaHeii. qTo6LI nony'IHTL 6onee nonHLie cae.i:i;eHHJI o napa
MeTpe nnoTHOCTH YPOBHCH, MLI AOilOnHHTCJlbHO cpaBHHBanu 
pac'ICTHYIO cpeAHIOIO :n1eprBIO HeHTp7i~a l n (a) C 3KCnepB· 

'MeHTanLHLIMH AaHHLIMH H3 pa60Thl 8 • ABTOPLI 3TOH pa6o-
TLI 181 He Y'IHTLIBaJIH nnmrnue. BpamaTenLHOH 3HeprBH Ha 
cpeAHIOIO 3Hepraro, YHOCBMYIO HeiTpoHaMB. B Hawax pacqe
Tax 3TO COOTBCTCTByeT OT6pacLIBaHB10 A06aBO'IHOro qneua 
fl En • Haunyqwee cornacae c 3KcnepaMeHTaJILHLIMB ,1J;a11~ 

HLIMB nonyqaeTCB npB napaMeTpe . IlJIOTHOCTB ypoeueA a = 
= /8,5±0,4/-1A . . 3TOT PC3YJILTaT HaXO.[l.llTCJI a corJiaCBB 
C pe3yJILTaTaMBt H3O6pa>KCHHLIMB Ha puc. 1. 

Ha puc. 3 npeAcTasneua a.i:i;epHaa TeMnepaTypa T , 
OilBCLIBaromaa DCCL cneKTP ucnapBBWHXCJI HCHTPOHOB. rucTo
rpaMMa Ha acTaBKe a;rn6pWKaeT pacnpeAeneHHe qacna Bccne

, ,nyeMLIX peaxu1di B 31:lBBCBMOCTB OT cpeAHeii TeilJIOBOB 3Hep
: rHH B036Y>ICACHJIJI: 

I 

E = U -1/2 [ I ( B 1 + l 1 ) 1 · 
i= I n n 

/12/ 

HHTepaan OT 25 AO 30 M3B COOTBCTCTByeT 'IHCJIY Bcny
meHHWX ueihpoHOB OT 3 AO 5,aBHTepaaJIOT 40 AO 45 M3B -
OT 6 AO 8 acnymeHHWM HeihpoHaM. ,nnJI Ka)l(JlOH rpynnw 
/BHTepaan ycpeAHCHHJI npB6JIH>ICCHHO paaeH 5 M3B/ nony
'ICHHWe JIACPHhle TeMnepaTfPLI 1' JIO)l(aTCJI OKOJIO KpHBWX, 
y6LIBWOUUIX no 3aKOHY A -;;11 . 

1lTo6w npocne.i:i;HTL 3a 3HepreTH'ICCKOA 3aBHCHMOCTLIO 
.IIAepnoii TCMnepaTyp:w B conocTaBHTL ee C TeopeTB'ICCKHMH 
npeACKa3aHHJIMH, MLI OTJIO>KHJIH Ha puc. 4 Jl,IJ;CPHYIO TeMne
paTypy nepsoro acnapaaweroc.11 ue:ihpoaa oT cooTBeTcTayro
mel cpe,naeit 3Hepraa B036Y*ACHHJI /rAe E= U-l/2(Bn1+2T1) /. 
IlpeACTaBJieHHaJI 3aBHCHM0CTL TeMnepaTyphl JIJipa, nony-

1 
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Puc. 3. J/oep11a.11 meMnepamypa T, ycpeo11e1111a.11 no ucnapu-
◄ meAbHOMY KacKaoy, e 3aeucuMocmu om Maccoeozo 1-1uc11a 

KOMnay110-.11opa. Kpuebre A u B npeocmae11.1110m 311a1-1e11u.11 
.11oep11oii meMaepamypbr 011.11 onpeoe11e1111ozo ouana3011a cpeo-
11eii 311epzuu E /cM. <ftopMy11y /12// e ucnapumeAbHOM KacKa· 
oe. B11ympe1111.11.11 zucmozpaMMa noKa3breae.,,, pacnpeoe11e11ue 
3KCnepuMe11maAbHblX OaHHblX no ee11u1-1u11e E. 

11e1rna11 .nm1 peaICJ.(HH, BLl3BaHHLIX caMLIMH pa3HLIMH HaneTaro· 

11.(HMII H0HaMH, xopowo CWHBaeTCH C TeopeTII'leCKOH 3aBHCH· 

MOCTLIO B o6nacTH 6onee HH3KOH :rneprHH B036y)K,D;eHHH. 

TeopeTH'leCKHe KpHBLie BLIIlOnHeHLI B paMKax MO,nenu HHnLc· 

COHa co cnapHBaHHeM / 9/_ · 

Ha Ka)K.D;OM ware ncnapnTenLHoro KacKa,na HaMH BL111nc
n11nocL cpe,n11eICaa,npaTH'IHoe 311a11e11ne op6nTanLHoro Mo· 
MeHTa ncnapnaweroc11 11eiiTpomi. Pacnpe,nene11ne coaoKyn
HOCTH cpe,nHHX yrnOBLIX MOMeHTOB 11cnyll(eHHLIX HeiiTpOHOB 

e = n 

1 X •:r 1/2 
- I ( e -1 
X i=l Ill 

/13/ 

npnao,naTcJI ua puc. 5. CneKTP 311a11emrii en y,noaneTaopa
TenLuo onHcLIBaeTcH rayqcoBCKHM pacnpe,neneHHeM ca= 
= 0~4 ti. 311a11e11ne en= 1,8h , YHOCHMOe B cpe,nHeM HCilYJ:l(eH· 
HLIM 11ee:TpoH0M, xopowo cornacyeTC.11 C paCC'IHTaHHLIM 3Ha· 

qeHHeM BenH'IHHLI f n = 1,6 ± 0,2, nony'leHHLIM MeT0~OM 

MoHTe· Kapno 121, a paMKax cTaTHCTH'lecICoe: Mo,nenu 11,npa 10{ 
a Tal()Ke c 3KcnepHMeHTanLHLIMH .naHHLIMH /l l ,l 2/. O.D;HaKo 

yrnonLle MoMeHTLI, nony11e1111L1e i3 3Toii pa6oTe, npn6nu3n
TenLHO B f,Da pa3a MeHbWe Tex, KOTOpLie 61amu Ol(eHeHLI 
a pa6oTe 11 /. 

Ilocne ncnycKaHHH HeiiTpOIIOB OCTaeTCH 6onLWOH yrnOBOH 
MOMeHT y ocTaaweroc11 JI,npa. 'XapaKTep11L1e cBoiicTBa pacna
,na 3Toro ao36y*,ne1111oro ,i:,npa 06cy)K,na10Tc.11 B rnaae 7. 
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5. IIapaMemp nAom11ocmu ypoa11ei1 npu 6oAbwux 
311epzuJ1x ao36yJ1Coe11uJ1 

IlapaMeTp nnoTHOCTB YPOBHeii BrpaeT cy11teCTBeHHyro 
ponL npB pemeHBB 3aAaqB npaBBilLHoro BocnpOB3BeAeHBJI 

•rncna BcnymeHHLIX HeHTPOHOB. B AanLHeiimeM MLI 6yAeM 

npBHBMaTL MeTOA noArOHKB, T.e. AilJI KIDKAOH <l>YHICU:BB BO3-. 
6y~eHBJI CTaBBTCJl ycnOBBe HaiiTB napaMeTp nnoTHOCTH 

YPOBHeii, KOTOPLIH o6ecneqHT npaBBilLHOe aocnpoH3Be'AeHHe 
qucna Hcny11teHHLIX HeiiTpOHOB. 0Ka3anocL, qTo 3TO ycno

BHe BLinonHJleTCJl BO MHOrHX cnyqanx AilJl lllHPOKoro ABana3O-

11a 3uaqeuuii aenH'IHH a • Ilo3TOMY npH AanLueiimeii o6pa6oTKe 

3KCnepHMeHTanLHLIX AaHHLIX HcnonL3OBanocL cpeAHee 3Ha
qeuue aenHqHHLI a • 1Ionyqe1111L1e cpeAHHe 311aqe11HJ1 aem1qHHLI 

napaMeTpa nnoTHOCTH ypoBHeii ycpeAHJIIlHCL no MaCCOBOMY 

HHTepaany 11A =5 u npHBOAJITCJI Ha puc. 6. BHAHO, qTo 

B npeAenax norpem11ocTeii a BO3pacTaeT nponopUHO11anL11O 

MaCCOBOMY qucny. EcnH cpaBHHTL nonyqeHHLie HaMH 311aqe

HHJI a c napaMeTpaMH nnoTHOCTB ypoaneii, onpeAeneHHLIX 

no pe 3OHaHCHLIM AaHHLIM / CTyne11qaTaJ1 KPHBaJl/, TO xapaK
TepHLIM OTnBqHeM .HBilJleTCJl OTCYTCTBHe npoaana B6IlH3H 

ABa:>1CALI Maruqe cKoro J1Apa208 Ph.OAiiaKo B peaKIUIJIX c T Jl)Ke

nLIMH HOHaMH o6pa3yIOTCJl HeiiTpOHOAe<l>~HTHLie JlApa, CTa

THCTHqecKHe CBOHCTBa KOTOPLIX MoryT OTnuqaTLCJl OT CTa

THCTHqecKHX CBOHCTB JIAep, pacnonO)KeHHLIX n6nH3H nHHHH 
,8- CTa6HnLHOCTH. II03TOMY MLI B3JIIlH H3 pa60TLI / 15/ pacqeT

HLie 311aqe11HJ1 a AilJl rpynn JlAep, Y KOTOPLIX Ae<i>HUHT HeiiTpo

HOB COOTBeTCTByeT Ae<l>BUHTY HeiiTpOHOB y HAep, a11anH3H

pyeMLIX B AaH11oii pa6oTe. KpyrnLie TO'IKH 11a puc. 6 npeA-

Puc. 6. IIapaMemp nAot:mocr.ieii ypoa11ei1 a 3aaucuMocmu om 
Maccoaozo 'IUCAa. YzAoaoii MOMe11m KOMnay110-J1opapacc'1u- ► 
1!1011 (J npu6AUJICeHUU pe3KOZO o6pe3aHUJI. PeaAU30flUJl Kptmu
'leCKOZO YZA080ZO MOMeHma Y'lmeila 3Mnupu'leCKUM (P(JKl!IOPOM 
0,93. Cmyne11'1a111aJ1 KpuaaJl - pef,l1Ja11c11b1e 311a'1e11uJ1 napa
Menpa nAom11ocmu ypoa11ei1 U3 I 41 , ny111<mup11aJi 1<puaa11 -
pac'lemHbte d!;f"e11uJ1 a OAJI 11eiir.ipo11ooe¢u11un11b1x Jloep, 
e3Rmb1e u3 • Ha acnaa1<e no,ca3a11a zucr.iozpaMMa pac
npeoeAeHUR 3KcnepuMell1/IOAbllbtX OOllllblX no aeAU'IUlle cpeo-
11eii 311epzuu o ucnapumeAbllOM 1<ac1<aoe. 
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CTaBmllOT pac"lleTHLie 3Ha"lleHHJI BenH'IHH a , ycpe,AHeHHLIX no 
MaCCOBLIM "llHCnaM B npe,Aenax aHanH3HpyeMLIX .8,Aep. Ilpoaan 
B6HH3H A ,,,,20s crnIDKHBaeTCJI JlilJl 3THX HeiiTpOHOJleil>anHTHLIX 
.8,Aep. I103TOMY HenL3JI C,AenaTL OICOH"llaTenLHLIH BLIBOA O TOM, 
"'ITO npH"llHHOH OTCYTCTBHJI npoaana JIBHJleTCJI TOilblCO no
,AaBneHHaJI poni. o6onoqeqHLIX 34>'1>eKTOB npH 6onee BLICOKHX 
3HeprHJIX B036}'>K.neHHJI. 

Ilpe,ACTaB.JieHHLie HaMH napaMeTpLI nnoTHOCTH ypoBHeii, 
nony"lleHHLie nyTeM no,ArOHICH 6oni.woro "llHCna 4>YHK:UHH B03-
6y>K,AeHHJI, oxnaTLIBaIOT Mano Hccne.nyeMLiii.nana30H 3Heprd 
B036Y>KJleHHJI Jl,Apa OT "' 40 .no 120 M3B. IlpHBe,AeHHLI~ 
3Ha"lleHHJI a JIBHJIIOTC.8 cpe.nHHMH no HcnapHTenLHOMY xacxa.ny, 
B npo:uecce KOToporo 3HeprH.II B036Y>KJleHHJI MeHJleTCJI B WH
pOKBX npe.nenax. Ilo,ArOHOttHLie 3Ha"lleHBJI a(E) nJ!!IBOJlJITCJI, 
1Ca1C npaaHno, .nn,i cpe,llHeii 3HeprHH B036y)KJleHHJI E/cooTHo
weHHe /12//. 

B Mo.nenH 4>epMH-ra3a napaMeTp nnoTHOCTH ypoaHeii aue 
3aBHCHT OT 3HeprHH B036}'>K,AeHHJI. 0,AHaKo Ha OCHOBe o6UUIX 
TepMOJlHHaMH"llecKHX coo6prutceHJdt B pa6oTe'1261 6wno no
Ka3aHo, "'ITO napaMeTp nnoTHOCTB YPOBHeii JlOn>KeH 3aBaceTL 
OT 3HeprBH B036}'>K,AeHH.II KOMnayH,A- 11,Apa. CHHLHas 3Hepre
TH"llC CKaJl 3aBHCHMOCTL BMeeT MeCTO JlO 3HeprHI ~12 M3B. 
,nna 6onee BLICOICHX 3Hepruit B036}')1(.neHBJI / Ee.u? 12 M3B/ 
napaMeTp nnOTHOCTB YPOBHeit MeHSeTCJI 3Ha"llHTenLHO cna6ee 
C poCTOM 3HeprHB, TalC 'ITO npe,Anono>KeHHOe IlOCTOJIHCTBO 
BenH"llHHLI a, Hcnoni.3yeMoe BO MBOrBx pacqeTax, SBHJleTCS 
pa3yMHLIM npH6JI1DICeHHeM. TaKBM o6pa30M, Heo6XOJJ,BMOCTL 

yqeTa 3aBBCBMOCTH napaMeTpa nnoTHOCTB ypOBHeH OT 3Hep

rHH B036}'>KJleHHJI npH o6pa6oTKe 3KcnepBMCHTanLIIWX ,llaH

HLIX /l6 /. onpaB,llaHa TOnLKO ,Ami He3Ha"llBTenLHLIX 3Heprui: 

B036y>K.neHHJI JI.Apa / Eexc<12 M3B/. Onupaaci. Ha pe3yni.

TaT1.i pa6oTLI 1261, Mbl cpaBHHnB HaWH 3Ha"lleHBJI l\ C pacqeT

HbIMH a(E) , nonyqeHHLlMH Ha OCHOBe non}'3MilHPH"lleCKOit 

4>opMynw: 

a(E)= a (1-f(E)oW /E ), 

f (E) = 1-exp(-0,054. E) , 

a 4 6 -5 2 = 0,15 A - · . ,3 .10 A , /14/ 
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r.ne E - cpe,llHJIJI ·Tennoaa,i 3Hepru,i nos6y>KJleHHR pac
cMoTpeHHLIX Jl,Aep, HaXOJlJIIUHXC.8 B ,llHana3011e l'iA= 5 . B Ha
WHX pac"lleTax MLI HCnOHL30BanH Te >Ke caMLie 3Ha"lleHHJI 
aenH"llHHLI 06~noqeq11oii nonpanKH o W , "'ITO H n ,pa6oTe 1261 . 
·CHcTeMaTH"lleCKHe norpeWHOCTH, B03HHKaIOIUHe. H3- 3a Toro, 
11To oW nonyqeHa JlHJI ,i.nep, pacnono>KeHHLIX n6nH3H nHHHH 

cTa6un1,11ocTH, He JlOn>KHLI urpaTL cyiuecTnenny10 poni.; TaK. 
KaK BKna.n nToporo qnena B /14/ 061,1qno ne npen&'unaeT lO<fo · 
/3a HCKnIO"lleHHeM Jl,llep C MaCCOBLIMH "llHCnaMH A =208 /. 
3HaqenH.H napaMeTpa nnoTHOCTH yponneii, nonyqeHHLie Me
TO.llOM no,ArOHKH, Y.llOBneTBOPHTenLHO /n npe,llenax norpew
HOCTeii/ cornacyroTCJI C paCC"llHTaHHLIMH no nony3MilHpHqec-
KHM 4>opMynaM /14/. . . 

B HHTepnane MacconLix queen A OT 140-.no 160 HMeeTCJI 
HaH6onLwee KOHH"lleCTBO Ha,Ae>KHO H3MepeHHbIX 4>YHKUHH BQ3-
6y>K,AeHHJI B WHpOKOM ,AHana3oue · 3Hepruu, TaK "'ITO n 3TOM 
cnyqae MO>KHO 6onee nonHo H Ha.ne>KHO ycTaHOBHTb xapainep 
3aBHCHMOCTH a OT cpe,AHeii 3HeprHH B036y)KJleHHJI. 

J>e3ynLTaTLI npHBe,AeHLI Ha puc. 7 /na BCT,a:eice noKa3aH 
MacconLiii cneKTP paccMoTpeHHLix ,i.nep/. HH>Kn,i,i qacTL 
pHCYHKa ,AeMOHCTpHpyeT ~liepreTH"lleCKYIO 3aBHCHMOCTL a(E) 
a JlBana3oHe 200..s: A~ 220 /n 3TOH o6nacTH MacconLix queen 
06onotfe"'IHL1e 34>'1>eKTLI JlOn>KHLI HaH6onee CHHLHO CKa3LIBa TL -
CJI Ha a6COnIOTHLIX 3Ha"lleHHJIX nenH"llHH a= a(E)/. EcnH cpe,A
HJIJI 3HeprHJI no':36~.neHHJI He npenLiwaeT E ""40 M3B, nll;pa
MeTpLI nnOTHOCTH ypOBHeB. HaXO~JITCJI B cornaCHH C paccqu
TaHHLIMH ,!IO nony:JMnHpH'leCKOH 4>opMyne /14/. 0,AHaKO JlilJI 
3HeprHii E > 45 M3B /T .e. MaKCHMYM 4>YllK:UHH B036y>K,AeHH.8 
naxo.nHTCJI npH ·3HeprHH B036Y>KJleHH.8 KOMnayH,A- .9:Jlpa E ~xcL 
~ 110 'M3B/ 3Ha"lleHBJI a(E) Ha"llHHalOT CHJILHO OTKHOHJITLCJI 

oT pac"lleT:u°i.1x·. 3ToT 4>ai<T MO>KHo Ka11ecTneHHO 06'bJ1CHHTL, 
ecnu npHHJITL no BHHManHe TO 06cTOJ1Teni.cTno, "'ITO- npu 
6oni.wux 3HeprHRX naneTa10iuero HOHa no3pacTaeT BKna.ll 
3Hepruu, cn,i3anHoii c peanu3a:uueii KPHTH"llecKoro yrnonoro 
MOMeHTa y KOMnayH,ll".' .8,Apa, B nonHLiii 6anaHc, 3HeprHH 
B036y>K,AeHH.8. 

Ilpone,AeHHLie oneHKH noKa3anu, "'ITO ecnu n pacqe_Tax 
Y"llHTLIBaTb 4>aKT peanH3a:UHH KpHTH"lleCKoro yrnonoro MOMeH
Ta KOMnayH,A- CHCTeMLI, TO nocnpoH3BeCTH npaBHnLHO "llHcno 
HcnyiueHHLIX HeHTPOHOB MO>KHO TOnbKO npH BLI6ope 6oni.wero 

(a->a(E)) 3naqeHHJ1 napaMeTpa nnoTHOCTH yponHeii. Ecnu 
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Puc. 7. 3aeucuMoc•i. noc)zono11ni.1x ana11enJ[jl napaMe•pa 
n.11o•noc111'u ypoener1 o• 3Hepzuu eoa6yJttc)eHUJI E /cM. ,JopMy
AY /12//. CnA0111HaJ1 u 1111rpuxoeaJ1 Kpuei.,e - pac11e•Hi.1e 3a
eucuMoc•u no ¢opMyAaM /14/. Ha ec•aeKe noKa3aH cneK•p 
pacnpec}eAeHu.11 3KcnepuMeH•cu•Hwx c)aHHWX a c)aHHOM c}uana-
30He MaCC06blX 11UCe/l K0Mnaync)- JlcJep. 

.ll0CTeneHH0 yMeHI,WaTL Be1IH11BHY yrnoaoro MOMeHTa KOM

nayH,z:\•CBCTeMLI,TO BenB'IBHa napaMeTpa llJIOTH~CTJIYPOBHeil. 

·cTpeMHT-CJI K CBOeMy cpe.z:tHeMy 3Ha11eHHIO a--a(E) B c)opMyna 

/14/ .z:taeT npaBHJILHOe 3Ha11eHBe 'IBCJia HCllYIIteHHWX Hel
TPOHOB. 3To o6CTOJITenLCTBO yKa3wBaeT Ha TO, 'ITO B paMKax 

MO,l:\eJIH cl>~PMH·ra3a /npH E esc ~ 100 M3B/ TO'IHOCTL 

onpe,l:\eneHHJI napaMeTpa nnoTHOCTB YPOBHeH CYIIteCTBeHHo 
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3aBHCHT OT 3Ha11eHHH BenH'IHHLI KpHTH'leCK0ro yrJIOBoro 

MOMeHTa KOMllayH,z:\•CHCTeMLI. 3TO )Ke, B CB0IO oqepe,l:\L, 

HaKJia,l:\LIBaeT orpaHH'leHHH Ha B03M0)KH0CTL 011peJJ,eJieHHH 

11apaMeTpa IIJI0TH0CTH yp0BHeii 110 <l>YHKUHH B036y)K,l:\eHHH 

peaKUHH THlla ( Hl, x n), HMe1011tHX MaKCHMYM ce'leHHH 11pH 

:meprHHX B036y)KJJ,eHHH K0MllayH.z:t·H,l:\pa E exc> 100 M3B. 

6. BAUJIHUe Kpu111u11eCK0Z0 YZ/1060Z0 M0MeHma 
KOMnayHc}- Jlc}pa 

B pa6oTe /l8/ 6LIJIO 11pe.z:tCKa3aH0, 'IT0 cy11teCTByeT orpa

HH'leHHe Ha MaKCHManLH0e 3Ha'leHHe yrJI0Boro M0MeHTa 

K0MllayH.z:t·CHCTeMLI. EcnH paccMaTpHBaTL C 3TOH T0'IKH 

3peHHH pe3ynLTaTLI, 11pe.z:tcTaBJieHHLie Ha puc. 1, Tor.z:ta 

CTaH0BHTC.11 II0HJITHLIM, 11011eMy Ha T0'IH0CTL B0CIIP0H3Be.z:te· 

HHH 'IHCna HCIIY11teHHLIX HeiiTPOHOB, II0MHM0 11apaMeTpa IIJI0T· 

H0CTH ypoaue:ii, BJIHHeT TaJOKe H BeJIH'IHHa yrnoaoro M0MeHTa 

C0CTaBHoro .11,1:\pa. ,[t;JIH C0BOKYIIH0CTH paCCM0TpeHHLIX peaK

~:ii HaHJiy11Wee cornacHe 110 'IHCJIY HCIIY11teHHLIX HeiiTpOHOB 

11ony11aeTc.11, ecnH .z:tnH BeJIH'IHHLI KpHTH'lecKoro yrnoaoro 

M0MeHTa IIPHHJITL 3Ha'leHHe L =0,93L max. Ha.z:to OTMeTHTL, 

'IT0 aBT0P pa6oTLI /I 7 / 011pe.z:teJIHJI 3Ha11eHHe KpHTH'leCKoro 

yrnoaoro M0MeHTa ua ocHoBe aHaJIH3a ceqeHHH 11onHoro 
I. . 

CJIHHHHH, H 110 ero .z:taHHLIM B ,l:\Halla3oHe Mace OT 140 'AO 

240 .z:tJIJI L crit 11ony11eH0 yMeHLWeHHe 11pH6JIH3HTenLHO Ha 

<i>aKTOp 0,8. EcJIH 3T0T 34>4>eKT He CBJl3aH C y11po11teHHHMH 

Hame:ii M0,l:\eJIH, T0r,l:\a OH J:t0n)KeH oco6eHHO CHJILH0 IIP0JIBHTL· 

CJI 110 Mepe Toro, KaK yaenH'IHBaeTca Macca HaneTa1011tero 

H0Ha, KaK 3T0 H 6LIJIO 11pe.z:tCKa3aH0 B M0.z:teJIH KaJIHHKHHa 

H IleTKOBa /IB/. ,[t;eiicTBHTeJILHo, ecnu H3 Bcex 3Kc11epuMe11-

TanLHLIX ,l:\aHHLIX BLI6paTL peaKUHH, BLI3BaHHLie H0HaMH 

aproHa H KaJILUHH 128< T0r.z:ta T0nLK0 34>4>eKT pe3KoroyMeHL· 

IIIeHHH BeJIH'IHHLI yrnoBoro M0MeHTa K0Mllaya.z:t·H.z:tpa llpH

B0,l:\HT K 11paBHJILH0MY 'IHCny HCIIYIIteHHLIX HeiiTpOHOB /puc. 8/. 
O.z:tHaKo He.z:t0CTaT0K 3T0ro rno6aJILHoro auaJIH3a C0CT0HT 

B TOM, 'IT0 paccMaTpHBalOTCJI K0MllaYH.z:\• H.z:tpa IIPH 6oJILIIIHX u 

pa3HLIX 3HeprHJIX B036y)K.z:teHHH. qT06LI 6onee y6e,l:\HTeJILHO 

II0Ka3aTL, 'IT0 peaJIH3aUHH KPHTH'leCKoro yrJI0Boro M0MeHTa 

HMeeT MeCT0, MLI C0II0CTaBHJIH 3KCllepHMeHT.8,JILHLie <l>YHI<IUIH 

B036y)K,l:\eHHH ,l:\JIJI pa3HLIX 11ap HaJieTalOIItHH HOH + Jl,l:\P0 MH· 
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Puc. 8. YMe11bwe11ue MQKCUMQ/lbHOZO YZA060ZO MOMe11ma 
◄ IK0Mnay110-.11opa 11eo6xoouMoe OAR mozo, 11mo6b1 npaeuAbHo 

eocnpou3eecmu 11ucAo 1ucny111e1111b1x 11eiimpo11oe. YKa3a1111b1e 
nozpew11ocmu - pacxoJ1Coe11u.11 3a c11em Meinooa ebl11ucAe11u.11 
jYZ/l060ZO MOMe11ma /MTJJI U IIPO/. 

1.0 

ll 
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OJ 
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o.,r 

02~ 
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• • • 0-£1 

ea ~ 

* • • 0 (l:) 
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X 109 
•!),. 1~c .1Jc 

□ 14N ,1sN 

• 160,180 
... 19F 

O ~Ne~Ne 
,fr 31p a = A/8 [MeV-11 

◊ '-0Ar 

60 80 100 
Eexc [MeV] -

120 

!),. 

... 
0 

Puc. 9. PeaAU3aijU.lf Kpumu'leCKOZO YZ/l060ZO MOMe11111a 0/1.11 
(PUKCUpoeaHHblX MQCC06blX 'IUCe/l 140 s:: Ac s:: 157 6 3aeucu
Mocmu 0111 311epzuu eo36yJ1Coe11u.11 KOMnay110- .11oep. 
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Puc. 10. 011eHKa HOUHU3WUX coc1110J1HUU no 3Hepzuu ! E j npu 
c}aHHOM 3HO'leHUU YZ/106020 MOMeH111a j KOHe'IHOZO Jlc}pa ► 
/upac111- COC1110JIHUJI/. BepXHJIJI 'IOC11lb: 6 aHa/lU3. 6K/IIO'leHt,I 
Jlc}pa C MOCCOBblMU 'IUC/IOMU 0111 130 c}o 193. 3Kcnepu~6J'-
1110/lbHble 11IO'IKU 3111020 xe UHmepea11a 63Jl14bl U3 pa60111bl • 
3aw111puxoeaHHaJ1 n11o~ac}i. coomee111cmeyem epa~a111e/lbHOU 
3Hepzuu xecmKozo po111amopa c}11J1 Maccoeblx 11u·ce11 0111 130c}o 
193. CnllOWHOJI KpU6ciJI - epa~a111e/lbHOJI 3HepZUJI cpec}Hezo 
MOCCOBOZO 'IUC/la 3111020 c}uana30Ha. HUJICHJIJI 'IOC111b pucyHKa -
pe3Yllb1110111bl aHa/lU30 c}11J1 COMblX 11IJIJICe/lblX Jlc}ep. Y211oeou 
MOMeHm KoMnayHc}- J1i}pa pacc11umaH e Mt/JI . 

weHH, B KOTOPLIX o6pa3y10TCJI KOMnayH,D; • Jl,D;pa npH6JIH3H· 

TeJ11,HO C O,D;HOH H TOH :>Ke :rneprueii B036y:>K,D;eHHJI. 3TH 

KOMnayH,D;• Jl,D;pa OTJIH'lalOTCJI, TaKHM o6pa30M, TOJILKO BeJIH• 

'IHHOH,, yrnosoro MOMeHTa. 'l1To6LI H36e:>KaTL BJIHJIHHJI 3aBH· 

CHMOCTH napaMeTpa IlJIOTHOCTH ypOBHeii OT 3HeprHH B03· 

6y)KJleHHJI, MLI BLI6paJIH Jl,D;pa a MaCCOBOM HHTepaane 

154~A0 ::; 158, r,D;e o6ono'le'IHLie nonpaBKH Manw. 

Ha puc. 9 uarJIJl.11110 JtHAHO, 'ITO ,D;JIJI yrnoBLIX MOMeHTOB 

KOMnayH,D; • Jl,D;pa L max > 50ft TOJILKO IlOCTeneuuoe IlOHIDKeiiue 

BeJIH'IHHLI yrnoaoro MOMeHTa OTHOCHTeJILHO MaKCHMaJILHoro 

Il03BOJIJleT npaBBJILHO BOCilpOH3BeCTH 'IHCJIO BCilYIIleHHLIX 

aeihpoHOB. 'llT06hl BLIJICHHTL, npu KaKHX 3HeprHJIX npOJIBJIJI

eTCJI KpHTH'leCKHH yrnosoe:· MOMeHT, MLI OTJIO)KIIJIB pe3yJIL• 

TaTLI pacqeTOB ,D;JIJI KOMnayH,D; • JI,D;ep c 140~ ~ 157 B 3aBHCH· 

. MOC TH OT 3Hepruu B036y:>K,D;eHHJI KOMiuiyu,D;- Jl,D;pa. He 3aBBCBMO 

OT Toro, KaK paCC'IHTLIBaeTCJI yrJIOBOH MOMeHT /B npH6JIB• 

:>KeHHH pe3Koro o6pe3aHHJI BJIH B MO,D;eJIH qepaoro ,i,D;pa 

/MtIJI// ,KaK B nepsoM, Ta;1( H so BTOP<>M sapaaHTax pac'leTa 

,D;JIJI 3HeprHH HaJieTalOIIlero HOHa B CHCTeMe n.M. BLIWe 

90 M3B ct,aKT peaJIB3anHH KpHTH'leCKOX:-0 yrnosoro MOMe11Ta 

KOMnayH,D;•JI,D;pa HMeeT MeCTO /puc. 10/. 

7. HcnyCKOHUe y- K60H1110'6 

Ilpa pacna,D;e KOMnayH,D;-a.D;pa nocne ucnycKaHBJI'lacTan 

npeo6naAarolllYIO poJIL aaqiiaaeT arpaTL 3MBCCBJI raMMa· 

KBaHTOB, IlpH 3TOM 3HeprHJI B036f)K,D;eHHJI OCTaTO'IH~H 

CHCTeMLI ,D;OCTHraeT IlO.llOChl, o,i:paHH'leHHOHBeJIB'IHHOH 3Hep-
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40 

rHH CBJI3H HeHTPOHa Ha,D; HpacT·COCTOJIHHeM E j B KOHe'IHOM 
JI,D;pe /IO/~ 

B 3TOM npe,D;cTaBJieHHH IlOJIHaJI 3HeprHJI raMMa·KBaHTOB, 

npocyMMHpoaauuaa no aceM nepexo,D;aM, npJJ6JIH)KeHuo paaua 

< Ty > = E j + Bn i + I • /15/ 
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C ,npyroii CT0p0Hhl, cpe,nmoro 3Heprmo Hcny~eHHhIX y -KBaH
T0B M0)KH0 3anucaTL B BH,D;e 

X 

<Ty>= Eexc- .I (Bni +£ni ). 
I= I /16/ 

COOTBCTCTBYIO~HH yrno:ooii M0MeHT nocne ucnapeHHJI 

nocne,nHero HeiiTpoHa cocTaBn.s:eT j = • X 

L - I f ni 
i = I 

r ,ne L -yrnoBoii M0MCHT K0MnayH,n- .s:,npa. Ha 0CH0Be 3THX 
coo6pa)KeHHii nonyqeHHhle 3HaqeHHJI E i 6blnu oTn0)KCHhl 
B 3aBHCHM0CTH OT j . _ 

Ha puc. 10 npuoo,n.s:Tc.s: ,naHHhle Ei , ycpe,nHeHHhle no 
HHTepoany ~ j = 2 o o6naCTH MaCC0BhIX queen OT 130 ,no 
193. ,D;n.s: cpaBHCHHJI npHBe,D;eHbl 3KCnepHMCHTMLHble 3Haqe
HHJI E: j onnoTL .no. 18h, H3BneqeHHLie H3 aHanu3a opaIQaTenL
HhIX nonoc B 3T0M )KC ,nuana3oHe Maccooblrqucenuccne,nye
MLIX Jl,D;ep 

1201
• OHH xopowo CWHBalOTC.11 co 3HaqeHBJIMH,Haii

.QeHHLIMB @ 3T0H pa6oTe. KpOMe Toro, nonyqeHHLle HaMH_ 
3HaqeHHJI Ej HaX0,D;JITCJI BHYTPH npe,nenoB, 3a,D;aHHhIX Kpaii
HHMB 3HaqeHHJIMH Bpa~aTenLHOii 3HeprHH ,nn.s: 3Toro ,D;Hana-
30Ha MaCC0BhIX queen .s:,nep. 

3TOT pe3ynLTaT HaX0,IJ;HTCJI B cornaCHH C BLIB0,IJ;0M pa-
60Thl/l9/, r,ne 6hlno noxa3aHo, qTo ,nn.s: ,nocTaToqHo 6onLmux 
3HaqeHHii j 3Heprmo BpacT-C0CTOJIHBH M0)KH0 npe,D;CTaBBTL 
B BH,D;e 3HeprHB )KCCTK0ro poTaTopa, 

E. = h2 j ( j + 1) / 210 . 
J /17/ 

8. 3a1<.mo'leHue 

PacqeTbl, npuoe,neHHhle B ,D;aHHOH pa6oTe, noI<a3hIBalOT' 
qTo Mo,nenL cl>epMB- ra3a n03B0nJieT no MaKCHMYMY cl>YHI<nBH 

·0036y)K,D;CHHJI peaKnHB THna (HI, xn) npaBHnLHO Bocnp0B3Bo
JUITL qucno BCn~eHHhIX H3 I<0MnayH,n- Jl,D;pa HCHTpOHOB. 
,ll;ns 3Toro Heo6XO,IUIMO npB 6onLWHX !3HeprBJIX /HnH npu 
6onLWOH Macce na,naro~ero HOHa/ BBCCTH. KpHTHqecKHii 
yrn0BOH MOMCHT K0MnayH,n-g,npa. EcnH He yqHTLIBaeTCJI 
KPHTHqecKHH yrn0BOH M0MCHT K0MnayH,n-g,npa, BLlpa)KeHHe 
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,IJ;IlJI napaMeTpa nnoTH0CTH YPOBHeii B BH,D;e a=A/8' He3aou
CHM0e OT 3HeprHH, JIBn.s:eTCJI npHMCHHMhIM, noKa !3Hepru.s: 
B036y)K,D;CHHJI KOMnayHW' Jl,D;pa He . npeBbIWaeT 100 ltf:3B. 

HepaBHOBCCHhle :1cl>cl>eKThl, paCCM0TpeHHble B pa6oTe 251, 
BnHJIIOT T0nLK0 Ha BhIC0K03HepreTHqecKyro qacTL XB0CTa 
«iiYHI<nHH B036y)K,D;CHHJI, a He MCHJIIOT non0)KCHHJI MaKCHMyMa 
H n03T0MY He ,D;0il*Hhl CKa3bIBaTLCJI Ha pe3ynLTaTax 3TOH 
pa60Thl. AHanH3 6onLmoro o6beMa «iiYHKnHii B036y)K,D;CHHJI 
no1<a3 hIBae T, qTo pea1<nu.s: nonHoro cnHHHHH .s:on.s:eT c.s: neH
HhIM HHCTpyMeHT0M ,D;nJI nonyqeHHJI HH4'opManHH 0 TaI<Hx 
CTaTHCTHqecI<HX CBOHCTBax .s:,nep, KaK .s:,nepHaJI TeMnepaTypa, 
nnoTH0CTL ypOBHeii H KPHTHqeCKOH yrnoaoii M0MCHT B CHnLH0 
B036y)K.IJ;eHHhIX C0CT0JIHHJIX, a TaK)Ke coe,neHHH 06 upacT
C0CT0JIHHJIX K0HeqHoro JI,npa. 

B 3a1<nroqeHHe npaiiowy 6naro,napHOCTL npo4'. B.KroHy 3a 
npe,nocTaoneHHYIO B03M0)KH0CTL npooe,neHHJI ·,naHHOH pa60TLI 
u HHTepec I< Heii, r .IIIMHATY, B.II.IlepMJ11<ooy, B.H.KanuH
I<HHY H n.MIOHXOBY 3a MH0roqacneHHble o6cy)K,I:tCHHJI, 
Y.BayMaH H 3.IIIMB,IJ;T 3a noM0~L npH Bhln0nHeHHH pa6oTLI. 
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