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SUMMARY 

Experimental data on intensities. and 
feeding time~ of the rotational bands of 
even-even nuclei produced in the (ID,xn)reac
tions have been classified. The correlation 
between the average spin of the populated 
level and 'the average angular momentum of 
the compound nucleus has been quantitative
ly considered. Semiquantitative calcula-· 
tions'hav~ peen given·for angular momentum 
and excitation energy distribution of the 
nuclei after the neutr,on evaporation for a 
fixed final product of the reaction. 
A simple formula has been given for calcu
lation of e crtt. - a er i ti cal angular mo
mentum for prod·uction of a compound ,nucleus 
at interaction of heavy ions wi~h nuclei. 

1. Beeoe11ue 

3aceneHHe KonneKTHBHLIX cocTO.IIHHii B peaKU.H.IIX 06pa30-

BaHH.ll COCTaBHoro .IIApa C TJl)KCilLIMH HOHaMH B nocneAHHe 

rOALI CTano IlPOAYKTHBHLIM cnoco6oM .IIACPHO- cneKTPOCKOnH

'ICCKHX HCCileAOBaHHH HeiiTpOHOAeii>HU.HTHLIX H30TOilOB, CHnb

HO YAaneHHLIX OT IlHHHH 6er.a-cTa6HilbHOCTH. JTHM CilOCo-

6oM H3y'leHLI poTaIJ,HOHHble. IlOilOCLI OCHOBHoro COCTOBHH.11 

BililOTb AO CilHHOB /18-22/h,Ail.ll MHOrHX H30TOilOB 06Ha

py>KeH 34>4>eKT aHOMailbHOro H3MCHeHH.ll MOMeHTa HHepIJ,HH 

B paiioHe 3Ha'leHHH CilHHa / 12-16 ;t /63K6eHAHHr- 34>il>eKT/, 

HaiiAeHbl HOBLle o6nacTH Aeii>opMaIJ,HH .HAep H nony'leHLI 

APYrHe Ba>KHLIC AaHHLle. Bo3MO>KHOCTb nony'leHH.11 TaKHX 

pe3yilbTaTOB o6yCilOB.JieHa B nepByIO O'lepeAb 3MilHpH'leCKH 

ycTaHoBneHHLIM il>aKTOM, CBHAeTeilbCTBYIOlllHM O TOM, 'ITO 

npH AeBo36Y>KAeHHH COCTaBHblX .IIAep C BblCOKHM yr.iJOBblM. 

MOMCHTOM 34>il>eKTHBHO 3acen.11JOTC.ll HH3KOne>Kamue KonneK

THBHhle ei.icoKocnHHOBLie cocTO.IIHHJI. HecMoTp.11 Ha wupoKo~ 

npHMeHeHHe peaKIJ,HH o6pa30BaHH.ll COCTaBHLIX .IIAep, Mexa

HH3M ex o6pa3oBaHH.ll H ACB036Y>KAeHH.ll H3y'leH HeAOCTaToq

HO. O6bl'IHO Ana ynpomeHH.11 eecb npou.ecc. ycnoeHo pa3ilen.11 -

eTC.11 Ha lieCKOilbKO nocneAOBaTeilbHLIX 3TanoB, KOTOpble 

nepeqecneHbl HH>Ke C yKa3aHHeM xapaKTepHblX BpeMeHHblX 

HHTCpBanoS: . 

1/ KoHTaKT H cnH.HHHe ABYX .HAep B eAHHoe cocTaBHoe 

.IIAPO C 3HeprHeii B036Y>KACHH.ll > 30 M3B H yrnOBLIM MO

MCHTOM HeCKOilbKO AeC.IITKOB ·ti /-10-21 c/. . 

2/ KacKaAHOe HcnapeHHe HeCKOilbKHX · HeiiTpOHOB 

C yMeHbWeHHeM :rneprHH B036Y>KACHH.ll AO /7-15/ M3B H co 

cpaBHHTeilbHO · ile6onhWHM yMeHLWeHHeM yrnoaoro MOMeHTa 

f- 10-16 c/~ -
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3/ KacKa,IJ,Hoe HcnycKaHne y -nyqeii cTaTHCTHqecKoro 

cneKTpa/ 1 ,2 / c 3aCeJieHHeM KOJieICTHBHLIX nonoc /-10-12 c/. 
4/ Ilocne,IJ,OBaTeJibHble nepeXO,IJ,bl B,IJ,OJlb noJIOCbl IC OCHOB

HOMY cocTonHmo / -10-9c/. Ilocne,IJ,HHii 3Tan H3yqeH cpaB

HHTeJibHO xopowo ,IJ,JI.11 MHOrHX .H,D,ep. 

JlHHee:qaTLie cneKTPLI nepexo,IJ,OB Me>K,IJ,y YPOBH.IIMH Bpa

UlaTeJibHLIX nonoc o6blqHo 11a6J110,IJ,aIOTC.ll B 3KCnepHMeHTax, 

H 3TO n03BOJI.lleT onpe,IJ,eJI.llTb 3HeprHH Bpal.llaTeJibHbIX ypoB

ueii, yrnoBLie pacnpe,D,eJieHH.11 y -H3JiyqeHH.ll, apeMeHa )K113HH 

OT,IJ,eJibHLIX YPOBHeH, a TaK:lKe BpeMeHa H HHTeHCHBHOCTH 

3aceJieHH.SI YPOBHeii noJIOCbl B 3aBHCHMOCTH OT cnHHa. 

li3MepeHH.SI BpeMeH H HHTeHCHB_HOCTee: 3aceJieHH.SI p;aIOT HH-. 

4>opManmo, . xapaKTepH3YIOlllYIO, CKOpee, CTa,IJ,HIO. 3 /cM. 

BLIW_e/-, Henocpe,D,CTBeHlIOe HCCJie,IJ,OBaffHe }' -H3JiyqeHHJI CTa

THCTHqecKoro cneKTpa BCTpeqaeT 3KCnepHMeHTaJI,bHble Tpy,IJ,

HOCTH, 0,IJ,HaKO B nocne,IJ,Hee BpeM.11 nonyqeHbl OT,IJ,eJibHLI_e CBe

J.leHH.11 / 3 ,4 ,5/ O.MHO)KeCTBeHHOCTH y -KBaHTOB, :e:cnycKaeMLIX 

,IJ,O 3llCenemiJi nonoc. ·Boo6Ule nop;xo,IJ,·K nOHHMaHHIO naHMe

nee H3yqeHHOH CTa,IJ,HH.nponecca - CTa,IJ,HH 3-0CJIO)KHHeTC.SI He 

TOJlbKO 3KCnepHMeHTaJibHLIMH TPY.IJ.HOCTJIMH; HO H He,IJ,OCTaT

ICOM CBe,IJ,eHHH O CTPYKType H,D,epHLIX C0CTOJIHHH. cnJIOWH0ro 

cneKTpa, a TaK)Ke He,IJ,ocTa ToqHoe: Ha,n;e)KJIOCTbIO pacqeTa 

pacnpe,D,eJieHHH no yrnoBoMy MoMeHTY H 3HeprHH B-co36y>K.Jie

HH.S1 COCTaBHLIX H,IJ,ep, npowe,IJ,WHX nepBLie ,IJ,Be CTa,IJ,HH, T.e. 

IICXO,IJ,HLIX . ,IJ,JIH CTa,IJ,HH 3 pacnpe,IJ,eJieHeii:' TeM He MeHee 

neKOTOpble KaqecTBeHHble BLIBO,IJ,bl MO)ICHo' C1IHTaTb o6ocu:o

BaHHLIMH. CaM <l>aKT CYUleCTBOBaHHH KOHTHHyyMa y - nyqeH, 
~ . ' ' . . . .... ., . . 

3anHTLIBaIOUlero BbICOKOCnHHOBble . COCTOHHHH noJIOCbl B HH-

TepBaJie 10 h:; I.:s, 20t., yKa3LIBaeT. Ha .MHO)KeC~BeHHO~Tb 

pa3JIHqHLIX nyTeH pa3pH,IJ,KH, npHBO,IJ,HUlHX K 3aceJieHHIO co-
' . ,_ , 

CTOHHHH nOJIOCLI, H Ha CTaTHCTHqecKHH xapaKTep 3.Toro 

nponecca. ,D;a'irnLI·e o MJIO)KeCTBeH.HOCTH ·y -nyqee:, npe~~ 

wecTBYIOlllHX 3aCeJieHHIO noJIOCbl, COBMeCTHO C pac~qHTaH

HblMH 3HaqeHHHMH yrJIOBLIX.MOMeHTOB COCTaBHOro .H,D,pa H 

C yqeT0M KOpOTKOro BP~MeHH 3acene~H.SI nonoc ·;-s ru,c/ 
CBH,IJ,eTeJlbCTBYIOT O npeo6Jia,IJ,aHHH B CTaTHCTHqeCJ<:OM icacxa-

,IJ,e ycicopeHHLixEl -n.epexo,IJ,OB.. . . 

HaCTOHUla.S: pa6oTa BblnOJIHeH~ C neJibIO CHCTeMaT.H3a

UHH H3MepeHHbIX mITeHCHBHOCTeH H BpeMeH 3aCeJieHHH nonoc~ 

PaccMaTpHBaeTCH ICOJIHqecTBeHHO Bonpoc O Koppen.s:QHH 
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cpe,IJ,Hero cnHHa 3acemieMoro YPOBH.SI poTaQHOHHOH nOJIOCbl 

H cpe,IJ,Hero yrJIOBOro MOMeHTa COCTaBHOro H,IJ,pa. ,lJ;aHLI 

nonyKOJIHqecTBeHHLie pacqeTbI pacnpe,IJ,eJieHHH .11,IJ,ep no yr

JIOBOMY MOMeHTY H ::rneprHH B036y)K,IJ,eHH.ll nocne HCnapeHH.11 

HeHTpOHOB ,IJ,JI.11 ii>HKCHPOBaHHOro KOHeqHoro npo,D,yKTa peaK

UHH. IlpHBe,IJ,eHa npocTa.11 <l>opMyJia ,IJ,~.11 pacqeTa BeJIHqHHLI 

E KJH1T - KpHTHqecKoro yrJIOBOro MOMeHTa ,IJ,Jl.11 o6pa3oBa-

HH.ll COCTaBHoro .11,IJ,pa npH B3aHMO,IJ,eHCTBHH T.ll)KeJILIX HOHOB 

C .11,D,paMH. 

2. Cuc111eMaT/IUKa UllT/leHCU6HOCTlleil u apeMeH 3ace11eHUR . 

3KcnepHMeHTaJibHO H3MepeHHble HHTeHCHBHOCTH nepe

XO,IJ,OB poTaQHOHHOH noJIOCbl nocne COOTBeTCTBYIOlllHX nonpa

BOK ,IJ,aIOT KOJIHqecTBeHHYIO HH4lOpMaQHIO O BeJIHqHHax HHTeH

CHBHOCTee: 3aCeJieHH.ll ypOBHeH. IlpHHHMa.11 HHTeHCHBHOCTb 

nepexo,IJ,a 2 -► 0 3a lOOo/o, nerKo nonyqHTb HHTeHCHBHOCTH 

BCex. ,IJ,pyrHX nepexo,IJ,OB B nponeHTaX OT HHTeHCHBHOCTH, 

COOTBeTCTBYIOUleH noJIHOMY ceqeHHIO o6pa30BaHH.ll H3yqae

MOro H30Tona. 3aBHCHMOCTb HHTeHCHBHOCTH nepexo,IJ,a OT 

yrJIOBOro MO~eHTa YPOBH.11 6y,IJ,eM Ha3bIBaTb ,IJ,Jl.11 KpaTKOCTH 

ii>YHKQHee: 3aceneHJi.11. Ha pHc. 1 noKa3aHbl ii>YHKUHH 3acene

HH.11 ,IJ,Jl.11 H30TOnOB 16g, 164 • 166 Yb, H3MepeHHLie HaMH B 

peaKQH.llX 
124 • 128 • 130 Tee Ar,4n), npHBO,IJ,.llTC.11 TaK)Ke JIHTepa

TYPHLie ,IJ,aHHLie O ,IJ,pyrHX H30Tonax, OT06paHHLie C neJiblO 

HJIJIIOCTpaQHH Toro, KaK H3MeH.llIOTC.ll ii>YHKUHH 3aCeJieHH.ll 

npH yBeJIHqeHHH MaCCbl 6oM6ap,IJ,HPYIOlllHX HOHOB OT 4 He ,IJ,O 
40 Ar. ,lJ;JIH, Ka)K,IJ,Oro H30Tona ,IJ,aHa, KpoMe HHTerpaJibHOH 

<l>YHKUHH 3a:ceneHH.SI /onpe,D,eJieHHe CM. BLiwe/, TaK)Ke .IJ.Hcl>-

4>epeHnHaJib.Ha.ll ii>YHKUH.11 3aceJieHH.ll, KOTOpa.11 nonyqeHa H3 

HHTerpaJlbHOH nyTeM BLiqHTaHH.11 H3 ·HHTeHCHBHOCTH Ka)K.IJ.oro 

YPOBH.11 . HHTeHCHBHOCTH npe,IJ,WeCTBYIOUlero·. ypOBH.11. TaKHM 

o6pa30M, ,IJ,H4l4lepeHnHaJibHaJ1 ii>YHKUH.11 3aceneHH.ll noKa3bIBa

eT H3MeHeHHe co cnHH<>M BKJia,IJ,a He3a.BHCHM<>ro 3aceneHH.11 

np.11Mo B ,IJ,aHHLIH ypo':eeHb nonoCLI. CpaBHeHHe ii>YHKUHH ,IJ,JI.11 

pa3HLIX peaKQHH noKa3bIBaeT, qTo npH yBeJIHqt?HHH MaccLI 

6oM6ap,D,Hpyromee: qacTHULI . 30Ha HHTeHCHBHor·o 3aCeJieHH.ll 

nOJIOCLI C,IJ,BHraeTC.11 B o6naCTb 6onee BLICOKHX cnHHOB. 

Pacnpe,IJ,eJieHH.SI HHTeHCHBHOCTH 3aceJieHH.SI /pHC. 1/ no-

3BOJI.IIIOT BblqHCJIHTb cpe,IJ,HHH KBa,D,paTHqHLIH cnHH 3acen.11e-
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.:C1 

Moro ypOBHJI . :v'<fr> H. ycTaHOBHTL KOJIHqecTBeHHYIO Kop
peJI.HUHIO y<l2 1> co cpe,nHHM. ICBa,npaTH'lHbIM yrJIOBblM MO
MeHTOM cocTaBHoro .H,npa-y < e2->:Ha pHc. · 2 noKa.3aHa 3aBH
CHMOCTL y<]2,>H oT11omeHHJ1 y<I2lli<f2 '> OT idaccbl 6oM.; 
6ap,nHpyroinero HOHa. BeJIHqHHa y<.f'!, 1> J3bJqHCJIJIJI8.CL no MO-
. - . . . . ·. 2 .. µR 2 (E-B ) . . 
.nenH qepHoro .H,npa < e 1> = · , r.ne R - pa,nHyc ti 2 . 

B3aHMO,neiiCTBHJI Jl,nep npH r 3$ll, = 1,45 rf;epMu;· µ, E H B -
Macca, :rneprHJI H KYJIOHOBCKHH 6apLep qaCTHUbl B c.n.H. 

. . ~ . -~ -·-2- ' 

Ifa, pH_C.· 2 BH,nHO, qTo OTHOmeHHe y<I 1>/y< e 1> /acer.na 

V<i5 
20 

(ti) 

f5. 

fO 

5 

z, 8 12 16 ro 211 28 32 36 liJ A1 

V(I') 

V<e~>-

0.5 

Puc. 2. 3a6UCUMOCllby<l 2 ; U y<i2•>/y<fI°1> 01/J ·MaCC060ZO 
1.IUCAa 60M6apoupy10111ezo UOHa, 6bl1.IUCA€HHaJI ·no oaHHblM 
puc. 1. 
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MeHLWe ·eAHHHnbI/ peryJIBpHO yMeHLWaeTCJI C poCTOM A I H 

AOCTHraeT 3Ha'leHHJI :;: 0,3 ~Ju peaxnHH..£_JIOHaMH 
40 Ar . 

A6comoTHaJ1 BeJIB'IHHa cnHHa 3aceneHHJ1 - v <I 2.> / CM. pHc. 2/, 
ecTeCTBeHHO, He yMeHLwaeTCJI c POCTOM A1 ,a pacTeT, HO 

AOBOJILHO BJIJIO. OTCIOAa JICHO, 'ITO yBeJIH'leHHe yrnoaoro Mo

MeHTa COCTaBHOro JIApa npH nepeXOAe x ace 6onee TJl:)KCJlblM 

HOHaM u:e npHBOAHT K COOTBeTCTByroll{eMy /nponopnHoHaJIL

HOMy/ yaeJIH'leHHIO cnHHa 30Hbl 3aceneHHJI poTaUHOHHOH no

JIOCbl. 

3Ta 3aKOHOMepHOCTL He JIBJIJleTCJI 3apaHee O'ICBHAHOH. 

MO:)KHO npeAJIO:)KHTL HeCKOJILKO aapHaHTOB ee o6oJICHCHHJI. 

1. O6JiaCTL cnHHOB, npH KOTOpbIX 3aceJIJ1eTCJI poTaUHOH

HaJI nonoca, onpeAeJIJICTCJI He TOJILKO yrJIOBblM MOMeHTOM, 

BHeceHHblM B B0.36Y*ACHHOe JIAPO, HO TaK:)Ke CTPYKTypoii: 

H nopJIAKOM JIACPHbIX BblCOKOCnHHOBLIX COCTOJIHHH, C KOTO

pbIMH B3aHMOACHCTJO'eT poTaUHOHHaJI nonoca OCHOBHOro co

CTOJIHHJI B 30He lOli ~1 ::;201i. MO:)KHO AYMaTL, 'ITO B 3TOH 

o6nacTH HaA poTaUHOHHoii: nonocoii cyll{eCTByeT HeManoe 

'IHCJIO BblCOKOCnHHOBblX ypOBHeii:, CBJl3aHHblX C COCTOJIHHJIMH 

nOJIOCLI ycxopeHHbIMH nepeXOAaMH, KOTOpble HrpalOT OCHOB

Hyro POJIL npH 3aCeJieHHH noJIOCbl. 

2. PacnpeAeJieHHe no yrJIOBOMY MOMCHTY COCTaBHblX 

JIAep B peaKUHJIX C TJl:)KCJlbIMH HOHaMH cyll{eCTBeHHO orpaHH

'leHO KpHTH'ICCKHM yrJIOBblM MOMeHTOM - fKpl1T ·, KOTOpbIH 

AJIJI acex HOHOB HeBeJIHK- 2st . TorAa paCC'IHTaHHble a Mo

ACJIH qepHoro JIApa 3Ha'leHHJI <f 2 > JIBJIJIIQ.TC: OWH60'!,_HblMH 

H OTBe'lalOT 3a noHH:)KCHHe OTHOWeHHJI y<I ·>/y<f 2 '> Ha 

PHC. 2. 
3. BeJIH'IHHbl < f 2 ·> COOTBCTCTBYIOT AeHCTBHTeJILHOCTH, 

OAHaKO pacnpeAeJieHHe no yrJIOBOMY MOMCHTY JIACP nocne 

HcnapeHHJI HCHTpOHOB AJIJI «iiHKCHpoBaHHOrO KOHC'IHOro npo

AYKTa peaKUHH cyll{eCTBeHHO OTJIH'laeTCJI OT HCXOAHOro pac

npemineHHJI yrJIOBblX MOMeHTOB, BHeceHHblX 60M6apAHpyro

ll{eii: qacTimeii:, TaK 'ITO cpeAHHH yrnoaoii: MOMCHT JIApaB Ha

'laJie y -K~CKaAa Cyll{eCTBeHHO MeHLWe, 'leM ~. 

BTopoii: BapHaHT o6oJICHeHHJI OTnaAaeT nocne COOTBeT

CTByroll{ero aHaJIH3a. B 4-oM naparpa4Je HaCTOJlll{eii: pa6oTbl 

npHBeAeH pac'leT f Kpl1T H noKa3aHo, 'ITO orpaHH'leHHJI no 

e .Kpl1T Hecyll{eCTBeHHO MeHJIIOT pacnpeAeJieHHJI no yrJIOBOMY 

MOMCHTy AJIJI. 3HeprHii: 6oM6apAHPYIOll{HX .. 'laCTHU·, yMepeHHO 

npeBblWalOll{HX KyiIOHOBCKHH 6apLep. TpeTHH BapHaHT 060J1C-

8 

l 
J 

j 

( 
.. .I 

l 
I 
I 

l: 
'ii 
'.;1 

j: 

I 

HeHHJI paccMaTpHaaeTCJI noApo6Ho a naparpa4Je 3. H3 pac

CMOTpeHHJI CJieAyeT, 'ITO aapHaHT 3. He MO:)KeT a nOJIHOH Mepe 

o6oJICHHTL yMeHLWeHHe y< I 2 1> / y<]J;°c POCTOM MaCCbl HOHa. 

TaKHM o6pa30M, npH o6oJICHeHHH 3aKOHOMepHOCTH, npeA

CTaBJieHHOH Ha PHC. 2, HaH6onee npaBHJILHblM, no-BHAHMOMY, 

JIBJIJleTCJI aapHaHT _1. TorAa H3 yMeHLWeHHJI y<I2•>/y<£2> 
C POCTOM A1 CJieAyeT BblBOA O cyll{eCTBCHHOM yaeJIH'leHHH 

MHO)KCCTBeHHOCTH y-nyqeii: xacKaAa, npeArueCTByroll{ero 3a

ceJieHHIO noJIOCbl npH B03pacTaHHH MaCCbl 6oM6apAHPYIOll{ero 

HOHa, 'ITO Ka'leCTBCHHO He npOTHBOpe'IHT 3KCnepHMCHTaJIL

HblM AaHHLIM / 3 /. YaeJIH'leHHe 'IHCJia CTyneileii: CTaTHCTH'lec

Koro_ xacKaAa AOJl:)KHO npHBOAHTL K yaeJIH'leHHIO apeMeHH 3a

ceneHHJI nOJIOCbl.OCHOBHOro COCTOJIHHJI:. PacCMOTPHM TenepL 

HMelOll{HeCJI B JIHTepaType AaHHble O apeMeHaX 3aceJieHHJI 

noJIOC. 

CpeAH napaMeTpOB, xapaKT~PH3yroll{HX HHTepaaJI apeMe

HH OT MOMeHTa CJIHJIHHJI JIAep AO 3aceneHHJI nOJIOCbl, MO:)KHO 

pa3JIH'laTL HeCKOJILKO pa3HblX BCJIH'IHH. HaH6onee pacnpo

CTpaHeHHblMH JIBJIJIIOTCJI 3KcnepHMeHTaJILHble onpeAeJieHHJI 

· r 
O 

- ~peAHero apeMeHHoro HHTepaana OT peaK~HH AO pacna

Aa nepaoro Ha6moAaeMoro a onblTe COCTOJIHHJI nOJIOCLl 

/KOHKpeTHO ro eCTL HHTepaaJI·apeMeHH, 3a KOTOpbIH HH

TeHCHBHOCTL nepaoro ·Ha6JI10AaeMoro nepexoAa yMeHLwaeT

CJI B e pa3/ •• JICHO, 'ITO apeMJI r O JIBJIJleTCJI COCTaBHOH 

BeJIH'IHHOH, BKJIIO'laIOll{eii: a ce6JI a Ka'leCTBe cnaraeMblX 

C COOTBeTCTBYIOll{HMH BeCOBbIMH 4iaKTOpaMH apeMeHa )l(H3HH 

HeHa6moAaeMLIX ypoaaeii: nOJIOCbl H apeMeHa He3aBHCHMoro 

3aceneHHJ1 3THX ypoaHeii:, annoTL AO nepaoro Ha6JI10AaeMoro. 

Ilo3TOMY r O AOJl:)KHO 3aBHCeTL cyll{eCTBeHHO OT cnHHa, 

KOTopwii: HMeeT nepablii: Ha6JI10AaeMbIH ypoaeHL. BpJIA JIH 

HMeeT CMblCJI cpaBHHBaTL KOJIH'leCTBeHHO 3Ha'leHHJI ro 
nony'leHHble iB 3KCnepHMeHTax, rAe nepBLIMH Ha6JI10AaeM~MH 

YPOBHJIMH AJIJI pa3HLIX H30TOnOB 6LIJIH COCTOJIHHJI C pa3JIH'I

HLIMH CnH!faMH. B Ta6JI. 1 npHBeAeHLI 3Ha'leHHJI r O AJIJI 

pa3JIH'IHLIX peaxnHii: B 3aBHCHMOCTH OT cnHHa apall{aTeJILHO

ro_ COCTOJIHHJI. BeJIH'IHHLI r o AJIJI H30Tonoa 160,162,164,166 Yb 
nony'leHLI HaMH. IlpHBeAeHLI TaK:)Ke JIHTepaTypHLie AaHHble. 

MO:)KHO BHAeTL, 'ITO aeJIH'IHHbl ro Cyll{eCTBeHHO yMeHLWaroT

CJI c POCTOM cnHHa yp0BHJI H a o6nacTH c_nHHOB· 16:-18 HMCIOT. 

3Ha'leHHJI oxono 2, 3 nc AJIJI 6oJILWHHCTBa H30Tonoa. OTMe-
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qaawaJICJI paHee 16 •7 / 3aKOHOMepHOCTb yaenHqeHHJI r O npH 
nepexo.rte. OT CHilbHO .rte4>opMHpOBaHHblX JI.rtep K JI.rtpaM nepe
XOJ:(HOH o6nacTH , no .rtaHHbIM Ta6n. 1, He npe.rtCTaBnJieTCJI 
y6e.rtHTeilbHO o6oCHOBaHHOH. 

OT BenHqHHbl - r o OTilHqaIOTCJI no CMblCilY <pi - BpeMeHa 
He3aBHCHMoro 3aceneHHJI OT.rteilbHblX YPOBHeii nonocbl. Ka:>K-

' .rtoe 3HaqeHHe ¢i npe.rtcTaBnJieT co6oii cpe.rtHee apeMJI cTa
THCTHqe CKoro KaCKa.rta, npHBO.rtJilllero K 3aceneHHIO COCTOJI -
HHJI c onpe.rteneHHblM cnHHOM. BenHiiHHbl ¢i He BKn10qa10T 
B ce6JI BpeMeHa KaCKa.rtHblX nepexo.rtOB J:(IlJI BblWene:>KalllHX 
COCTOJIHHH. nOilOCbl OCHOBHOrO COCTOJIHHJI, 3a HCKnIOqeHHeM 
napaMeTpa ¢ 1 .rtnJI nepaoro Ha6nIO.rtaeMoro ypoBHJI. B To 
:>Ke BpeMJI ¢1 OTnHqaeTCJI H OT "r O B TOM OTHOWeHHH, 
qTo B ¢ 

1 
He BKnIOqeHo 1!PeMJI pacna.rta nepaoro Ha6n10.rtae -

Moro ypOBHJI. <l>H3HqecKoe OTilHqHe ¢1 OT .rtpyrHx napaMeT
poB ¢ i J:(Oil:>KHO npHBOJ:(HTb K 60ilbWeMy 3HaqeHHIO ¢ 1 no 
cpaBHeHHIO c .rtpyrHMH ¢ .. B Ta6n. 2 npe.rtCTaBneHbl BpeMeHa 
He3aBHCHMoro 3aceneHrtJ1 ypoBHeii co, cnHHaMH I = 18, 16, 
14, 12, 10 H 8 J:(IlJI H30TOnOB HTTep6HJI - 164 H 166. B nH
TepaType no.rto6Hble .rtaHHble HMeIOTCJI e~e TOilbKO J:(IlJI H30-
TOna 3p6HJI.; 1_58 / 8/. Ho 3THM . .rtaHHblM MO:>KHO BH.rteTb, qTo 
apeMeHa ¢ i HMeIOT 3HaqeH:aJI OT 1 .rto 5 ncK H HeCKOilbKO 
yaenHqHBaIOTCJI C yMeHbWeHHeM cnHHa COCTOJIHHJI J:(IlJI O.rtHoro 
H Toro :>Ke H30Tona. 0TMeTHM, o.nHaKO, qTo TaKOe noBe.rteHHe 
MO:>KeT 6b1Tb He o6JI3aTeilbHO 0611lHM J:(IlJI acex H30TOnOB. 
HanpHMep, .rtnJI H3oTona 13°Ce Ha6nIO.rtancJI 191 BKna.rt H3o
MepHoro 3aceneHHJ1 c xapaKTepHbIM apeMeHeM - 30 nKc 
J:(IlJI YPOBHJI 8+. ,ll;nJI 60ilbWHHCTBa :>Ke' H30TOnOB H30MepHoe 
3aceneHHe OTCYTCTByeT. -- --

KaK yKa3b1BanocL Bblwe, yMeHbWeHHe <>THoweHHJI v'<I ~/v'<f~> 
C POCTOM MaCCbl HOHa J:(Oil:>KHO npHBOJ:(HTb K Y.rtilHHeHHIO 
CTaTHCTHqecKoro y -KaCKa.rta. H3 .rtaHHblX PHC. 2 cne.rtyeT, 
qTO npH nepexo.rte OT HOHOB KHCilOpo.rta K HOHa~ aproHa J:(IlJI 
O.rtHoro H Toro :>Ke JI.rtpa- npo.rtYKTa peaKUHH cpe.rtHJIJI .rtnH
TenbHOCTb KacKa.rta J:(Oil:>KHa B03paCTH npHMepHO B 3 pa3a. 
B Ta6n. 1 MO)KHO o6Hapf)KHTb HeKOTopyIO TeH.rteHUHIO yaenH-

1 qeHHJI 3HaqeHHii TO /.rtnJI OJ:(HOro· H Toro :>Ke cnHHa/ npH 
nepexo.rte K 6onee TJI:>KenblM uoHaM, 'o.rtHa.Ko 3Ta TeH.rteHUHJI 
He CTOilb JIPKO Bblpa:>KeHa. Ilo KpaiiHeii Mepe, yaenHqeHHe 
B 3 oa3a He HMeeT MecTa npH nepexo.rte OT peaKUHii 
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118s.n( 16o,4n) H 154 Smf0 Ne,4n) K peaKUHJIM
124 Sn( 40 Ar,4n) Ii 

1 28Te c40 Ar, 4n ). CpaaHeHHJI .rtaHHblX Ta6n. 1 H 2 ocno:>KHeHbl 
OTCYTCTBHeM CHCTeMaTHqeCKHX H3MepeHHH BpeMeH 3acene
HHJI .rtnJI o.rtn:oro H Toro :>Ke H30Tona. TaK 'ITO npe.rtcTaBnJieT
CJI TPY.rtHblM C.rtena Tb KaKoii- nH6o OJ:(H03HaqHblH BLIBO.rt O Kop
penJIUHH apeMeHH 3aceneHHJI co cpe.rtHHM cnHHOM COCTaBHOro 
JI.rtpa. Mo:>KHO cKa3aTb, qTo, no-BHJ:(HMOMY, :>KenaTenbHO 
npoBeCTH CHCTeMaTHqecKHe H3MepeHHJI BpeMeH 3aceneHHJI 
nonOCLI C IlOMOlllblO OJ:(HOH H TOH :>Ke annapaTypLI npH H.rteH
THqHoii o6pa60TKe 3KCnepHMeHTailbHOro MaTepHana J:(IlJI Ka
KOro-nH60 H30Tona B 3aBHCHMOCTH _OT MaCCbl 60M6ap.rtHpy10-
11leii qaCTHUbl, ee 3HeprHH H qHcna HeiiTpOHOB, :ecnapJieMLIX 
.rtO y -K~CKa.rta. TaKHX .rtaHHblX noKa HeT. 

3. PacnpeoeAeHUJI no yzAoeoMy MOMeHmy u 3Hepzuu 
eoa6yJ1CoeHUJ1 cocmaeHblX J1oep nocAe ucnapeHUJI 
HeiimpoHoe 

B npe.rtbl.rtYllleM naparpa4>e B KaqecTBe B03MO:>KHoro aa
pHaHTa o6bJICHeHHJI 3aKOHOMepHOCTH H3MeHeHHJI cpe.rtHero 

cnHHa 3aceneHHJ1 nonocbl /cM. pHc. 2/ npe.rtno:>KeH aapHaHT 
3. IIpHCTynHM ~ aHanH3Y 3TOH B03MO:>KHOCTH. 

H3aecTHO /rpohep /lO/ /, qTo pacnpe.rteneHHe yrnoBblX 
MOMeHTOB, BHOCHMLIX a COCTaBHOe H.rtpO 6oM6ap.rtHPYIOllleii 
qacTHneii - ae ( e) , He coana.rtaeT c pacnpe.rteneHHeM, B03HH
KaIOlllHM nocne HcnapeHHJI onpe.rteneHHoro qucna HeiiTpOHOB 
H COOTBeTCTBYIOlllHM $HKCHPOBaHHOMY KOHeqHOMY npo.rtyKTY 
peaKUHH - W ( e xn ). HecoBna.rteHHe 3THX .rtBYX pacnpe.rtene11Hii 
J:(Oil:>KHO 6b1Tb HaH60ilbWHM J:(IlJI caMbIX TJI:>KenLIX 6oM6ap.rtH
PYIOlllHX qaC:THU. B 3TOM cnyqae npu $HKCHpoBaHHoii nonHoii 
3HeprHH B036f)K.rteHHJI .rtHcnepCHJI apalllaTenbHOH 3HeprHH 
6y.rteT aecLMa aenHKa H npoH30ii.rteT· "cenapanuJI" cocTaB
HblX H.rtep no yrnoBLIM MOMeiITaM, TaK qTO 60ilbWOH 3HeprHH 
apallleHHJI 6y.rteT OTBeqaTb HcnapeHHe Manoro qucna HeiiTpo
HOB, a Manoii 3Hepruu BpallleHHJI - ucnapeHue 6onLworo 
qucna HeiiTpOHOB. rpa4>uqecKHii cnoco6 nonyKonuqecTBeH
Horo_ pacqeTa pacnpe.rteneHHii no yr no BO MY MOMeHTY .rtnJI $HK -
CHPOBaHHLIX KOHeqHblX npO.rtYKTOB peaKUHH noKa3aH Ha puc. 3. 
PacqeT c.rtenaH .rtnJI cocTaBHoro a.rtpa 168 Yb, 06pa3yeMoro 
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Puc. 3. I'pa¢u11ecKuu pac11em J>?icnpeoe.11eHuu no y2.11oe0My 
MOMeHmy 0.11.JI. cocmaeHozo JIOpa 68 Yb c Ha11a.11&Hou 3Hepzueu 
eo36yxoeHUJ1 65 M3B Ha cmaouu noc.11e ucnape1-1u.J1 Heii111po.:. 
HOB 0./l.JI . •¢uKcupoeaHHb1X KOHe'IHblX npoOyKmoe peaKijUU. 
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B pea~HJIX C HOHaMH l<HCJIOPO,D;a, .aproHa H KpHnTOHa C KH

HeTH1-IeCKHMH 3HeprHJIMH, COOTBeTCTBYIOlllHMH ::rneprHH B03 -

6y,K,D;eHHJI - ·65 M 3B. Ilpe,D;nOJIO)KHM, 'ITO HCnapeHHIO Ka:lK,D;o

ro HeHTpoHa COOTBeTCTByeT yMeHLWeHHe 3HeprHH B036y)K

,D;eHHJI Ha• BnonHe onpe,D;erreHHYIO BeJIH'IHHY B . +2 T . Tor,D;a n I 
npH ~HKCHPOBaHHOH 3HeprHH B036y)K,D;eHHJIE6 HcnapeHHIO 

X ".HeHTpOHOB 6y,D;yT · OTBe11a.TL Ha BepxHeH 11acTH pucyHKa 

~HKCHPOBaHHLie ropH30HTaJILHLie. JIHHHH, OTMelJ:eHHLie HH"'.'· 

,D;eKCaMH · 2 n , 3 n , .; • · 3TH JIHHHH nepeceKaIOT HpacT

JIHHHIO,• BLI'IHCJieHHYIO: npH 3Ha'leHHHc napaMeTpa t 2 /2 J = 
= 9 K3B, H nyHKTHPHYIO KPHBYIO, oTCT0J111lYIO OT HpacT

JIHHHH Ha paccTOJIHHe B /2 BO BnOJIHe onpe,D;eJieHHLIX TOl{

Kax. B rpy6oM npe,D;noifo)KeHHH, 'ITO HcnapeHue (x +l) HeHT

poHa 6y,D;eT npOHCXO,ll;HTL co CTonpoueHTH0H BepOJITH0CTLIO 

X 

,ll;JlJli, Tex 3Ha'leHHH e' npH KOTOpLIX E * - I ( B . + 2 T ) 
• . . . 0 j:-) DI 

- 1i 2
/2Jr (11 d!?l,5B n,x+i • a npu MeHLWHX :3Ha1.JeHH.HX 3TOH 

pa3HOCTH He 6y,l\eT npoHCXO,ll;HTL BOBCe, nonyl.JHM CTyneHLKH 

/)KHpHLie nonocLI/,-Ka)K,D;aJI H3 KOTOpLIX OTBel.JaeT pacnpe

,D;eJieHHIO no 3HeprHH B036y)K,D;eHHJI H yrJIOBOMY MOMeHTY 

no.cne HcnapeHHJI .. x HeHTPOHOB AJIJI ~HKCHpOBaHHOro KOHe'-1 -

HOro np(?,IJ;YKTa c MaCCOBLIM 1.JHCJIOM 168-x . Ha HH)KHHX Tpex · 

11acTJ1X puc. 3 npKa3aHLI TpeyroJILHLie pacnpe,D;eJieHH.H yrno

BLIX MOMeHTOB noc.rfe CJIHJIHHJI ,D;JIJI HOHOB 86 :Kr , 40 Ar , 
160; pacc1.JHTaHHLie B MO,D;enu 11epHoro .H,D;pa c napaMeTpOM 

r 'Jcj4 = 1,45 ¢epMU. YKa3aHLI TaK)Ke 3Ha1.Je_HHJI KpHTH'leC- -. 

Koro MOMeHTa f K 11T BO. axo,D;HOM KaHane,- paCCI.JHTaHHLie 

no ~opMyJie, KOT8pa11 IlPHBOAHTCJI HaMH HH)Ke. OrpaHH1.Je

HHJI no· f Kpl1T CyllleCTBeHHLI TOJILKO ,ll;JIJI CJiyl.Ja.H HOHOB 

KpHilTOHa. 

IlpoeKTHPY.H TO'IKH nepece11eHHJ1 nyHKTHPHOH KpHBOH Ha 

BepxHeH qaCTH pucyHKa ropH30HTaJILHLIMH JIHHHJIMH 2n, 3n .... 
Ha OCb a6CUBCC H ,D;aJiee BHH3, nOJIY'IHM BepTHKaJILHLie JIH

HHH, KOTOpLie. BLipe 3aIOT H3 noJIHLIX TpeyronLHLIX. pacnpe,D;e

neHHH yrJIOBLIX MOMeHTOB cocTaBHOro Jl,l\pa pacnpe,D;eJieHHJI -

- W( e X n ) ' COOTBeTCTBYIOlllHe KOHe'IHOMY npOAYKTY HCna

peHHJI O,D;Horo, ABYX, Tpex H T.,ll;. HeHTpOHOB. BH,D;HO, 'ITO ,ll;Jl.H 

HOHOB KHCJIOPOAa noJIHoe pacnpe,l\eJieHHe yrJIOBLIX MOMeHTOB 

pa3,D;eJIJleTCJI npaKTH'leCKH TOJILKO Ha ,D;Be qacTH, COOTBeT
CTBYIOlllHe HcnapeHHIO 4 H 5 H_eiiTPOHOB. ,nn11 KpHnTOHa )Ke 
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nonHoe ceqeHBe cocTaBHoro s.npa noqTB paBHOMepHo pac
npe.nenseTcs Me)IC_ny npo,nyKTaMH BcnapeHBR OT o.nHoro .no 
6 HeiiTpOHOB, npBqeM cpe,nHBH yrnoaoii MOMeHT pe3KO B03-
pacTaeT MR cnyqas BcnapeHBR Manoro qBcna HeiiTpOHOB H 
.nns pea:imBB . ln_npB nonHoM Bo36y)IC.neHBH 65 M3B cocTaa
nseT aenBqBHY 751i. 

JICHO, qTo .nns <iiYHI<nBH B036y)IC.neHBR (HI,:Xn) peaKUBH 
no.no6HaR KapTBHa .naeT TaKHe nocne.ncTBBR: CYllleCTBeHHOe 
pacmBpeHHe <iiYHI<nHH B036~.neHBR, nepeKpLITBe BX B WBpo
KOM 3HepreTHqecKOM HHTepaane B nOHB)ICeHBe MaKCBManbHO
ro ceqeHBR K~.noii OT,nenbHOH X n peaKUBB C <iiBKCBPOBaH
HLIM qBcnoM x B pe3yn&TaTe pacnpe.neneHBR ceqeHBR Me)ICAy 
MHOrBMB npo,nyKTaMH. 

IIpBae.neHHLlii 3,nec& cn<>co6 rpa4'BqecKoro pacqeTa pac
npe.neneHBii no yrnoBOMY MOMeHTY mis <iiBKCBPOBaHHLIX Ko
HeqHLIX npo,nyKTOB (HI,xn) peaKUBH no CBOeiinorBKe 6nB30K 
K coo6p~eHBRM, BLICKa3LIBaBWBMCR paHee B pa6oTax CTe
<tieHca, ,lJ;aiiMOH,na, HblOTOHa /II,I 2 , 1 / -II03TOMY .nns 30HLI 
3aceneHBR COCTORHHH B . .nuarpaMMe E *, f Ha CTa,nBB, 
npe.nmeCTBYJOllleii }' - K,acKa,ny, MLI nonyqBnH CTyneHbKB /)ICBp
HLle nonocLI/ Ha PHC. 3, aHanorHqHLJe TeM, KOTOpble npHBO
ARTCR oqblqHo BO MHOrBX ny6nBKaUBRX, HaqHHaR C pa60TLI 
HblOTOHa'.

13
~,D;eiicTBBTenbHO, 30Ha 3aceneHBR .nns peaKUBB :4n 

o6LJqHo B306p~aeTCR B BB,ne OTpe3Ka, orpaHBqeHHOro .no
BOnbHO Y3KBM BHTepaanoM no 3HeprBB B036y)ICAeHBR /-16-
18 M3B/ B yrnoBOMY MOMeHTY (20-:4fffi) .nns TaKHX BOHOB, 
KaK 40 Ar. Bps.n nH 3TO COOTBeTCTByeT .neiiCTBBTen&HOCTB, 
noCKOnbKY TaKoro TBna pacqeT RBnseTCR BeC&Ma rpy6oii 
B.neanu3a,n'eeii. HaB6onee cBn&HLIM .nonyllleHBeM sanseTcs, Ha 
Ham B3rns.n, npe.nnono)ICeHHe o cTporoii 4'BKCaUHB 3HeprBB 
B036~.neHBR, YHOCHMOH Ka)ICALIM HeiiTpOHOM. B .neiiCTBB
TenbHOCTB 3HepreTuqecKHH cneKTp BCnapBTen&HLIX HeiiT
pOHOB BMeeT 3HaquTenbHYJO ,nBcnepCBIO, TaK qTo ABCnepCBR 
3HeprBH B036y)ICAeHBR COCTaBHOro s.npa 6y,neT B03pacTaTb 
Ha Ka)IC_noii cTyneHB KacKa.na. ,D;ns ucnapBTen&Horo cneKTpa 
HeiiTpOHOB, no BaiicKon4'y, cpe.nHeKBa.npaTBqHoe OTKnOHe
HBe 3HeprBB HeiiTpoHa f OT cpe,nHero 3HaqeHBR € paBHO 

2 -
y<(f~) •>=y 6 T. B3RB cpe,nHIOIO no KaCKa,ny TeMnepaTypy 

HeiiTpOHOB T = 1 M3B, nonyqBM cpe,nHeKaa.npaTBqHoe OTKno
HeHBe 3HeprBH B036~.neHBR COCTaBHoro s.npa OT cpe.nHero 

16 

3HaqeHBR nocne BcnapeHBR 4HeiiTpOHOB, paBHOe ±/4-5/ M3B. 
3TO BenBqBHa, cpaBHBMaR C 3HeprBeii CBR3B HeiiTpOHa. 
EcnB nono)ICeHBe ceKyll(HX ropB30HTan&HLIX nBHBH Ha pBC. 3 
aapbHpOBaTb B 'BHTepaane ±4 M3B, TO 30Ha 3aceneHBR 
nocne BcnapeHBR HeiiTpOHOB .nns Ka)ICAOH BHAHBB,nyan&HOH 
pea:KnBB CYllleCTBeHHO pacmBpBTCR B pacnpe.neneHBe no yr
noBOMY MOMeHTY CTaHeT ropa3_no Oonee WBpOKBM, nepeKpL1-
BaIOI1lBMCR c pacnpe.neneHBeM .nns ac.e·x .npyrBx. peaKUBii. 
IIpB -.. 3TOM cyllleciaeHHO yMeH&WBTcs o-rnB~rne BHABBH,nyan&
HLIX pacnpe.neneHBH W ( f xn ) OT pacnpe,neneHHR yrnOBLIX 
MOMeHTOB,, BHeceHHLIX B cocTaBHOe H,npo 6oM6ap.nBPYIOllleii 
qaCTBUeii - a£ (£ ) • 

B pe3yn&TaTe TaKBX pacqeTOB C BKnroqeHBeM ,nBcnepCBB 
3HeprBB B036~.neHBR 3a cqeT HeiiTpOHHOrO KacKa.na HaMB 
6L1na.paccqBTaHa 30Ha 3aceneHHR COCTORHBH B KOOPABHa
TaX E *, f nocne BCnapeHBR 4 HeiiTpOHOB .nns peaKUBH 
128 Te( 40Ar,4n) 164 Yb, KOTopas noKa3aHa Ha ·pBc. 4 B BH,ne 
KOHTypHoii .nHarpaMMLI. QB4'pL1· oK'ono reo_ne311qecKBX nHHHii 
noKa3LIBaIOT BHTeHCBBHOCTB 3aceneHBR B OTHOCBTenbHLIX 
e,nBHBUaX. KpBBLle nBHBB CO CTpenKaMB noKa3bIBalOT CXe
Ma TBqecKB B03MO)ICHLle nyTB y -KacKa,noB, npBBOARlllBXK 3a
ceneHHIO nonocLI OCHOBHOro COCTORHBR. KapTBHa, npe.ncTaB
neHHaR Ha pBc. 3,4, He ·sanseTcs cTporo KonBqecTBeHHOii. 
0.nHaKO OHa no3BOnR.fT BLICKa:i_aTb ·HeKOTOpLle cy)IC,neHBR 0 
npoueccax 3aceneHBR IIOC. KaK 6L1.Jio BBAHO B3 npe.nLIAYllle
ro paccMoTpeHHs,pacnpe.z{eneHBe no yrnoaoMy MOMeHTY s.nep 
nocne BcnapeHBR HeiiTpOHOB .nns <iiBKCHpoBaHHOro KOHeqHoro 
npo,nyKTa W (£ xn) oTnBqaeTcs OT Bcxo.nHoro pacnpe.nene
HBR yrnOBLIX MOMeHTOB a£ (f ) • IIpBqeM pa3nBqBR Me)ICAy 
W(e xn) _B a£ (f ) . 38.MeTHO crna)ICHBalOTCR npB yqe_Te ABC -
nepCBB 3Hepr,HB B036~.neHBR, B03HBKalOllleii B pe3yn&TaTe 
BCnape'HBR HeHTPOHOB. ,lJ;anee, HeCMOTpR Ha OCTalOll(HeCR 
pa3nBq.11g Me)IC_nyW (£ ) B an (f). nono)ICeHBR ueHTpOB 3TBX xn L , 

pacnpe.neneHBii .nocTaToqHo 6nB3KB .nns · 3HeprBB ao3-
6y)IC.zieHBH, cooTBeTCTBl

0
101lleii MaKCBMYMY <iiYHKUBH:B036y)IC

.neHHR pea:imBii TBna ( A;,4n), TaK qTo <f}r? OKa~LIBaeTCR 

.nocTa ToqHo 6nB3KBM K < e •>. 0Tcro.na cne.nyeT, qTo CBCTe -
MaTBKa, noxa3aHaHas Ha pBc. 2, He B3MeHBTCR C{llleCTBeH
HO, ecnB BenBqBHL1<£2 •> 6y,nyT 3aMeHeHL1Ha<f4n·> BBa
pHaHT M3 /cM. npe.nLIAYll(HH naparpa4'/ .nns o6bRCHeHBR 
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puc. 2 He M0)KeT a nonHoii Mepe o6'LHCHHTL yMeHLWeHHe 

---2 ~ 
y<I '>/y<fo> c p0CT0M Al , 

OTMeTHM e~e 0,D;HH BLIB0,D;. KaK cne,o;yeT H3 puc. 3, 
J 

pacnpe,o;eneHue W ( e 4n ) 3aMeTHo c,o;auraeTca K 6onLWHM 
yrn0BLIM M0MeHTaM npu yaenu11eHHH 3Hepruu B036y)K,D;eHHH 
H K MeHLWHM e npu yMeHLWeHHH ee. II03TOMY ,o;na 3HeprHH 
qacTHU, COOTBeTCTBYJ011teii npaB0MY CKn0HY ~YHKUHH B03-
6y)K,D;eHHH "4n peaKUHH, <et,> ,D;OD)KH0 6LITL 3Ha'IHTenLH0 
6onLwe, 11eM <£2,>, a npu 3Hepruu, cooTBeTcTayromeii 
neBOMy CKnOHy ~YHKUHH B036y)K,D;eHHH, < £!n·> cymeCTBeHHO 
MeHLWe, qeM < f 2,>, 

4. Pac'le111 KpU1IIU'leCKOZO yuioeozo MOMeHma OAJI peaKijUU 

CAUJIHUJI CAOJICHblX Jtc>ep 

IIpuae,o;eHnLie a npe,o;LI,o;y~x naparpa~ax ,o;aHHLle o Kop
pen.11uuu cnuua 3aceneHHH nonocLI u yrnoaoro MOMenTa co
cTaBHoro a,zi;pa Mornu 61,1 cymecTBeHHO H3MeHHTLCJI, ecnu 
61,1 orpaHH'leHHJI no KpHTH'leCKOMY yrnoBOMY MOMeHTY onpe
,o;enJIIO~M o6pa3oM H3Meuanu pacnpe,zi;eneHHH cocTaBHLIX 
Jl,D;ep no yrn0B0MY MOMeHTy. KaK BH,D;HO H3 PHC. 3, 3T0rO 
He np0HCXO,D;HT. Benu11HHLI e~HT , npuae,o;euuble Ha puc. 3, 
paCC'IBTaHLI Bairn n9 npOCTOH ~opMyne, BLIBO,D; KOTOpoii ,o;aH 
HB>Ke. 

PaccMoTPHM M0MeHT conpBKocuoaeuua ,zi;ayx a,zi;ep B npu-
6nH>KeHBH c~epa11eCKBX R,zi;ep C pe3KHM KpaeM. ff3-3a He
C>KHMaeMOCTB R,D;epHOH MaTepBB He ,D;0n)KHO npoBCX0,D;BTL cao-
60,o;uoro npouBKHoaeHBR o,o;uoro a,o;pa a ,o;pyroe. 1Io3TOMY 
pa,o;aanLuas cocTaanawmaa cKopocTB uaneTaromeii qacTBULI 
.D;On>KHa 6LIT~ noraweua npaKTB'leCKH cpa3y )Ke nocne co
npilKocuoaeuiJJI noaepxHOcTeii a,o;ep. Ilpa 3TOM ~opMa cacTe
MLI 6y,zi;eT Bee eme Mano OTnB'IB.TLCH OT. ~urypbl H3 ,nayx 
conpaKacaw~xca c~ep. Hanaqae TaHreuuaanLHoii cocTaa
nJ1ro11teii CKOPOCTB ,zi;ns Heno60BLIX CTOnKHOBeHBH npuae,neT 
K CKOHL>KeHBIO uaneTaI011teii qacTHULI no noaepXH0CTH .11,zi;pa 
MBWeHa. 3To TaureHue:anLuoe .D;BH)KeHue cnoco6cTayeT ao3 -
HHKHOBeHBJO ueHTpo6e)KHOH cunLI F110 , CTpeMameiica _0Top
BaTL o.nHo .11.npo oi ,o;pyroro. Cuny F 6 MO)KHO oueHHTL no 
~OpMyJie . I.I 
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t2e2 t2e2 

Fl.\6=J(Rl+R2) = µ(R1+R2)3' 
/1/ 

r,ne J - _MOMeHT HHepnHH 6oM6ap,nupyroineii 1.faCTHUbl OTHO· 

CHTeJILHO OCH BpaineHHJI, .R l H R2 • pa,nuycbl B3aHMo,neii-

CTByJOIUHX JI,nep, µ - npuBe,neHHaJI Macca 1.1ac-i:unhl. 

OneHHM Tenepi. CHJIY. CTJirHBaIOIUyJO ,D;Ba JI,npa B e,nHHOe 

nenoe H npHBO,D;JIIQyJO B KOHe"IHOM HTore K o6pa30BaHHIO 

e,nHHOrO cwepHqecKOrO COCTaBHOrO JI,npa. ~JIJI 3TOro pac

CMOTpHM PHC. 5, r,ne IlOKa3aHa ·3aBHCHMOCTL IlOTeHnHaJILHOH 

3HeprHH CTaJIKHBaIOIQHXCJI JI,nep OT pacCTOJIHHJI Me)K,D;y HX 

neHTpaMH Mace. 3a Ha"laJIO OTC"leTa IlOTeHnHaJILHOH 3HeprHH 

B3JITa cyMMa 3HeprHii CBJl3H JI,nep MHWeHH H 1.faCTHUbl Ml +Mz
B 3TOH WKaJie cwepH"leCKOMY COCTaBHOMY JI,npy COOTBeTCT • 

ByeT 3Ha1.1eHHe noTeHnHaJILHOii 3HeprHH, paBHoe ·Mc -(M1 +~P=O., 
1.fTO H OTMe'-leHo Ha PHCYHKe. To1.1Ke conpHKOCHOBeHHJI .D;BYX 

JI,nep COOTBeTCTByeT MaKCHMaJILHOe 3Ha1.feHHe IlOTeHUHaJIL• 

HOH 3HeprHH, paBHOe KYJIOHOBCKOMY 6api.epy B3aHMo,neii

CTBHJI - J3 ' BeJIH"IHHbl B H Q o6bl1.fHO xopowo H3BeCTHbl ,D;JIJI 

peaKUHii, H3y1.feHHbIX 3KcnepHMeHTaJILHO. B Tex cnyqaJIX, 

Kor,na 3KcnepHMeHTaJILHble ,naHHble OTCYTCTByJOT, MO:>KHO 

IlOJIL30BaTLCJI Ta6JIHUaMH Mace JI,nep ,D;JIJI pacl.feTa Q H 3KCTpa

IlOJIJIUHOHHbIMH oneHKaMH BeJIH"IHHbl B . MbI He CTaBHM 3,D;eCL 

3a,naqy paCC"IHTaTL BeJIH"IHHbl 6api.epoB B3aHMo,neiicTBHJI. 

IIpH OTCYTCTBHH 3KCnepHMeHTaJILHbIX ,naHHbIX 3Ha1.feHHe B 
MO:>KHO C"IHTaTL napaMeTpOM, Bapi.upyeMbIM B pa3YMHbIX npe

,nenax. 

TaKHM o6pa30M /CM. PHC. 5/, HaM H3BeCTHbl 3Ha1.feHHJI 

noTeHnHaJILHOH 3HeprHH B TO"IKe conpHKOCHOBeHHJI .D;BYX JI,nep 

·u =B H B TO"IKe,,COOTBeTCTByJOIQeii cwepH"leCKOMy COCTaBHO· 

MY JI,npy u =Q. OTCIO,na Mbl MO:>KeM oneHHTL pa,nHaJILHYIO 

CTJffHB8.IOIQyJO. CHJIY B npocTeiiweM npH6JIH)KeHHH KOHe"IHbIX 

pa3HOCTeii. ~eiiCTBHTeJILHO, 

F au AU B-Q 
. GT=~:;~ = R1+R.z /2/ 

3TO npH6JIH)KeHHe COOTBeTCTByeT JIHHeiiHOH HHTepnoJIJIUHH 

HeH3BecTHoii HaM WYHKUHH noTeHnuani.Hoii 3Hepruu Ha HH· 

TepBaJie TpaeKTOPHH CJIHJIHHJI OT TO"IKH conpHKOCHOBeHHJI 

JI,nep )J;O cwepbl. YCJIOBHeM CJIHJIHHJI 6y,neT, ecTeCTBeHHO, 
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F CT·> F W . OTCIO,IJ;a Haii:,IJ;eM eKpttT• npH KOTOPOM F CT=F I6 

Ilpu e>e F < F H CHHJIHHJI He npoHCXO,IJ;HT: 
KpttT CT I.1;6 

e 2 -
KptT 

J (B-Q) 1 
~ = {"2µ (.RI +R2/(B-Q), /3/ 

. e =0,155r (A
113 

+A
113 

),../ AIA2(B-Q). / 4/ 
llnttT- . 3¢4i I 2 A +A 
·r · I 2 

B nocne,IJ;Heii: tl>opM\ne r '.:lcpp - B (JepMu, B-Q - a MaB, 
e KpttT - B e,IJ;HHHQaX • 

4>9pMyna /4/, nonyqeHHaJI a CTaTuqecKOM paCCMOTpe
HHB, c aae,IJ;eHHeM pJ1,D;a ynpomaro~x npe,IJ;Uono:>KeHHii: /cM. 
a·wwe/, He MO:>KeT npeTeH,IJ;OBaTb Ha BLICOKYIO TOqHOCTb pac
qeTa eKpttT • O,IJ;HaKo OHa Hennoxo BOCilPOH3B0,IJ;HT HMero
~eCJI B nHTepaType 3KCnepHMeHTanbHLle ,IJ;aHHLle, B qacT

H0CTH 3KcnepHMeHTani.Ho o6Hapy:>KeHHoe yaenuqeHHe e KPttT 

C POC'tQM MaCCLI HOHa ,IJ;HJI O,IJ;Horo H Toro :>Ke COCTaB8:0ro 
JI,D;pa/l4J. •· · · 

ff3 tl>opMynhl BH,IJ;HO, qTO e KpttT o_npe,IJ;enJleTCJI KaK 
napaMeTpaMH BXO,IJ;Horo KaHana qepe3 A1 , A 2 , B , TaK H 
caoicTBaMH cocTaaHoro Jl,D;pa qepe3 aenaquHy Q. )J;nJI 
TaKBX BOHOB, Kax16 o ,22 Ne ,40Ar," aenuquHa B-Q ,IJ;nJI cpe,D;HHX 
H TJI:>Kem.lX MHWeHeii 061o1qHo COCTaBnJleT 40-50 MaB H 

e!_q)ttT MeHJleTCJI OT O,IJ;HOH peaKUHH K ,D;pyroii, rnaBHLIM 
o6pa30M 3a cqeT H3MeHeHBJI aenuquH A I H A2 • Ha puc. 5 
paccqBTaHa ,IJ;HJI npHMepa 3aBBCHMOCTb £ KpttT OT MaCCLI 
6oM6ap,D;Bpyromero HOHa ,IJ;nJI 06pa3oaaHHJ1 cocTaaHoro JI,D;pa 
· 
168 

Yb.BH,IJ;Ho, qTo e KpttT yaenuquaaeTcJI c pocToM A B ,IJ;o
CTHraeT MaKCHMani.Horo 3HaqeHBJI (-B51i) ,IJ;nJI cnyqaJI, KOr,IJ;a 
MaCCLI B3aBMO,IJ;eBCTBYID~X Jl,IJ;ep paBHLI Me:>K,IJ;y co6oi. 

Oco6wi BHTepec npe,IJ;cTaBnJleT o6pa30BaHBe caepxTJ1:>Ke
m.1x COCTaBHLIX Jl,IJ;ep (Z·> 100) c IlOMO!QblO HaH6onee TJl:>Kenwx 
6oM6ap,D;Bpyro~x qacTHQ, BMeID~XCJI ceiiqac B pacnopJI
:>Ke~BB 3KCnepBMeHTaTopoB, TaKBX ,K~K JI,IJ;pa KCeHOHa. B 3TOM 
cnyqae B3- 3_a yMeHbWeHBJI 3HeprBB CBJl3B COCTaBHOro JI,D;pa 
BenBqBHa B- Q MO:>KeT. CTaTb OTPBUaTenbHOii:, T.e. nopor 
CnBJIHBJI MO:>KeT npeawwaTb KynoHOBCKBii: 6api.ep. IlpH 3TOM 
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cornacHo cl>opMyne / 4/ aenH'-IHHa £ KpttT nepecTaeT HMeTb 
CMblCn H Ce'-leHHe cnH.HHH.H CTaHOBHTC.H paBHblM Hymo. Ha 
PHC. 6 IlOKa3aHa 3aBHCHMOCTb pacc'-IHTaHHblX 3Ha'-leHHH £Kpl1T 
,11;n,i: HO HOB 136 Xe OT a TOMHOro HOMepa MHWeHH HnH COOTBeT
CTBeHHO OT aTOMHOro HOMepa COCTaBHoro .H,D;pa. ,IJ;n,i: cpaa-
HeHH.H ,D;aHbl pe3ynbTaTbl pac'-leTOB eKP.liT H3 pa6oT/l5,l6/. 
BHAHO, '-ITO BO Bcex Tpex cnyqa,i:x 1'.Kpwr pe3KO yMeHb· 
waeTc.11 a paiioHe Z cocTaBHoro .11,11;pa 6onee 100. 

ABTOPhl 6naro,11;apHbl aKa,D;eMHKY r .H.<l>nepoay 3a no
CTO.HHHoe BHHMaHHe K pa6oTe, E .Ha,11;:lKaKoay, JI.AneKcaH,11;po
ay, ,B.H.IIycTbinbHHKY H IO.A.My3bl'-1Ke 3a none3Hble 06-
CY:lKAeHH.H. 
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