
c, 3 Lf '?; 0--

T- S1-
/V03/t- 1-6 

B.,a.ToHees 

H,aEPHhU1 CKEMJIJ.1Hr J.1 OOJIYCKEMJ.1Hr 

, 

/9 fV"''"h 
P4 - 9488 



P4 - 9488 

B.,LJ;.ToHees 

H,LJ;EPHblt1: CKEi1.m1Hr 11 llOJIYCKEMHHr 



IIoucK auanoruu Me)I(.IJ.Y npon.eccaMH, npoTeKaiOIIJ.HMH 

B lPH3HKe JneMeHTapHbiX 'laCTHIJ. H B JI)J,epHOH lPH3HKe, y)l(e 

llpHBen K 06Hapy)l(eHHIO pB)J,a HHTepeCHbiX JIBneHHH, O)J,HO 

H3 KOTOpbiX - KyMynBTHBHbiH Jq,q,eKT. CylD.eCTBOBaHHe 

JTOrO JlP$eKTa 6binO BnepBbie JKCnepHMeHTanbHO )J,OKa3aHO 

Ha DpHMepe o6pa30BaHHJI KyMynBTHBHbiX DHOHOB npH CTOnK

HOBeHHH B)J,ep, YCKOpeHHbiX )J,O penJITHBHCTCKHX JHeprHH /1/. 
BcKope 6bmo noKaJaHo, 'ITO B a)J,poH- B.IJ.epHbiX peaKuusx 

npH BbiCOKHX JHeprHHX TaK)I(e B03MO)I(H0 pO)I()J.eHHe KyMy

nBTHBHbiX 6apuoHOB H )J,a)l(e nerKHX B.IJ.ep I 2• 1/. B )J,aHHOH 

pa6oTe 6y.IJ.eT paccMoTpeHa nHlllb nocne)J,HBH rpynna KyMy

nHTHBHbiX HBneHHH, )J,nH KOTOpOH 'laC TO HCDOnb3 yeTCH cne

uuanbHoe Ha3BaHue - H.IJ.epHbiH cKeiinuur /2, .1/. 
lJO)J, H)J,epHbiM CKeHnHHrOM DOHHMaeTCH YHHBepcanhHOCTb 

- ~ ~a 
noBe.D.eHHH CTPYKTypuou lPYHKUHH p o -- --- .D.nH BTopuq-

ain dp 1 

HhiX 'laCTHU, HCDYIIJ.eHHhiX H3 H.D.pa DO)], yrnaMH, 6nH3KHMH 

K 180°.11MeiOIIJ.HecH )J,aneKo He nonHbie JKcnepuMeHTanhHbie 

)J,aHHble DOKa3biBaiOT, 'ITO 3aBHCHMOCTh lPYHKUHH p OT KH

HeTH'IeCKOH JHepruu BbineTeBlliHX qacTHD., T cc ~~ -rn, MO)I(eT 

6biTh napaMeTpuJoBaHa cne.IJ.YIOIIJ.HM o6pa3oM: 

p = C · exp (- T/T ) , 
(' /1/ 

npu'leM B T3B-Hoii o6nacTH JHepruii napaMeTp Te c Toq

HOCThiO /10-15/% OKa3hiBaeTCH He JaBHCHIIJ.HM OT THna 

6oM6ap.D.HPYIOIIJ.eii qacTHUhi u ee KHHeTH'IecKoii JHepruu T0 . 

KoJ$4luuueHT C KaK lPYHKUHH Maccosoro qucna Be)J,eT ce6s 

npuMepuo KaK A0,3--0, ~ /2, 3/. 
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B HaCTOJIII~ee BpeMJI TeopeTH'IecKoe o6'bJICHeHHe JI~epHo
ro CKeHJIHHra cilaKTH'IeCKH OTCYTCTByeT. B llOllbiTKe BbiJIC

HHTb ciiH3HKY 3TOrO JIBJieHHJI HHTepeCHO o6paTHTbCJI K o6-

JiaCTH 6onee HH3KHX 3HeprHH ~JIJI TOrO, 'IT06bl llOHJITb, 

KaKHM o6pa30M npOHCXO,D,HT ycTaHOBJieHHe TaKOrO pe:>KHMa. 

HMeJOIUaJicJI 3KcnepHMeHTaJILHaJI HHcilopMaUHJI npaKTH

qecKH orpaHH'IeHa pa6oTaMH liepTpaH,D,a H IlHJIJie, BblllOJIHeH

HbiMH c ny'IKOM npoTOHOB 3HeprHH 62 M3B H qacTH'IHO 

npH 3Ha'leHHJix T0 = 29 H 39 M3B/4~ IIonyqeHHaJI H3 3THX 

,D,aHHbiX CTPYKTypHaJI ciiYHKUHJI p ,D,JIJI HCnymeHHbiX npOTO

HOB, ,D,eHTpOHOB H a -qacTHU llOKa3aHa Ha puc. J H 2. KaK 

BH.D.HO H3 3.THx pHCYHKOB, B o6nacTH T ~ /15-20/ M3B 
3KCnepHMeHTaJibHble TO'IKH ,D,OCTaTO'IHO XOpOWO JIO:>KaTCJI 

Ha npJIMble. KoHe'IHO, 3TH pe3yJILTaTbl BblrJIJI.D.JIT He CTOJIL 

BneqaTJIJIIOIUHMH, KaK B F3B-Hoii o6nacTH 3HeprHii, r,D,e 

JIHHeHHbiH cna,D, npOCTHpaeTCJI Ha HeCKOJibKO nopJI,D,KOB. 

B Haw eM cnyqae 3HeprHJI nepBH'IHoro npoToHa To HeBe

JIHKa H 3HeprHJI ,D,eTeKTHpyeMbiX 'laCTHU HaXO,D,HTCJI 6JIH3KO 

K CBOeMy KHHeMaTH'IeCKOMY npe,D,eJiy. KpoMe TOrO, MO:>KHO 

O:>KH,D,a TL, oco6eHHO npH To = 29 M 3B, 3Ha'IHTeJILHoro BJIHJI

HHJI Ha BH,D, CTPYKTypHOH ciiYHKUHH 34Kl>eKTOB JI,D,epHOH CTpyK

Typbi. TeM He MeHee llOBe,D,eHHe ciiYHKUHH p BeCbMa CXO:>Ke 

C TeM, qTO Mbl Ha6JIIO,D,aeM B 06JiaCTH BbiCOKHX 3HeprHH • 

EcnH CTPYKTYPHYIO ciiYHKUHIO napaMeTpH30BaTL cooTHowe

HHeM THna /1/, TO y:>Ke B o6nacTH T0 ,., 50 M3B napaMeTp 

T c oKa3biBaeTCJI cna6o 3aBHCJIIUHM OT MaccoBoro 'IHCJia 

JI,D,pa- MHWeHH, XOTJI eme HMeeTCJI CyiJ.{eCTBeHHaJI 3aBHCH

MOCTb OT T
0

, 3TO ll03BOJIJieT Ha,D,eJITbCJI, 'ITO H 3,D,eCb Mbl 

BCTpeqaeMCJI C npOJIBJieHHeM 3~eKTOB paHHero JI,D,epHOrO 

CKeHJIHHra, HaCTynaiOIJ.{ero nepBOHa'laJibHO OTHOCHTeJibHO 

aT 
JaBHCHMOCTH napaMeTpa T oT A , _--'..:.. :: 0 • Ilo3TOMY 

c aA 
eCTeCTBeHHO Ha3BaTb 3TO JIBJieHHe KBa3H- HJIH llOJIYCKeH

JIHHrOM. B3JITLIH caM no ce6e, 3TOT cllaKT HMeeT JIHWL 3B-

~
Puc. 1. CmpyKmypHaJI (JyHKf.IUJI OAJI UHKA103U6Hozo poJKOeHUJI 
npomoHoe Ha pa3AU'IH&IX .110pax npu 3Hepzuu nepeu<~Hozo 
npomoHa T0 • 3KcnepuMeHmaA&H&Je mo<~KU 63.111/l&l U3 pa6o-
11lbl/4/. 
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Puc. 2. CmpyKmypHaA ~YHK~UA OAA UHKA~3UeHozo poxoe
HUA oeiimpoHoe u a- <~a emu~ Ha pa3AU'IHbiX AOpax npomoHaMu 
c 3Hepzueq 62 M3B. 3KcnepuMeHmaAbHble mo<~Ku 63Ambl 
U3 pa6om/4!. 
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pHCTHqecKyiO UeHHOCTL, O,IJ;HaKO HMeiOTC.JI 06CTO.JITenLCTBa, 

3aCTaBll.JIIOI1\He OTHeCTHCL K HeMy 6onee BHHMaTellLHO. 

flo- BH,II;HMOMY, HaH6onee HHTepeCHO TO, qTo <l>opMa 

cneKTpoB BTopuqHLIX qacTHU ,IJ;nH o6nacTH T0 ;: 100 M3B 
6Lma ycneniHo o6'LHCHeHa B paMKax MO,IJ;eneil npe"ApaBHoBec

HOH 3MHCCHH I eM. o63opLI /5, 6/ I. 3TH MO,IJ;enu onucLIBaiOT 

ycTaHOBneHHe CTaTHCTHqecKOrO paBHOBeCHJI B JI,II;pe KaK 

npouecc YCilO)I<HeHH.JI B036y)I(,IJ;eHHLIX KBa3HqacTHqHLIX CO

CTO.JIHHH. qaCTHULI, HCllYI.QeHHLie Ha ,IJ;aHHOH npe,IJ;paBHOBeCHOH 

lnpe,IJ;LICnapHTenLHOHI CTa,IJ;HH, MOryT o6na,IJ;aTL 3HeprHJIMH 

BllllOTL ,II;O KHHeMaTuqecKOrO npe,IJ;ena *. .113BeCTHLIMH 

CBOHCTBaMH npe,IJ;paBHOBeCHOH KOMllOHeHTLI JIBilJIIOTCJI cna-

6LIH poeT ee BKna,IJ;a npu nepexo,IJ;e K 6onee TJI)I(enLIM R,IJ;

paM H He3aBHCHMOCTL <i>opMLI npe,IJ;paBHOBeCHOrO cneKTpa 

oT MaccoBoro qucna A /5, 6/, Cne,IJ;yeT TaK)I(e no,IJ;qepKHYTL, 

qTO ClleKTpLI 6LICTpLIX npOTOHOB, BLineTeBWHX B 3a,IJ;HIOIO 

nonyc4>epy, He o6'LRCHHIOTCR o6LiqHo8 KacKa,IJ;Ho- ucnapu

TenLHOH MO,IJ;enLJO /7 I. 
TaKHM o6pa3oM, conocTaBneHue Be ex 3THX 4>aKTOB no-

3BOnReT BLICKa3aTL cne,IJ;yJOI.QYIO runoTe3y: KaK noAycKeu
AUHZ, maK U AOepHbiU CKeUAUHZ o6yCA08AeHbl, 6 OCH06HOM, 
npeopaeHoeecHou 3Muccueu <~acmu~. 

BLI,IJ;BHHyTaR runoTe3a npHBO,IJ;HT K onpe,IJ;eneHHLIM 4>u-

3HqecKHM cne,IJ;CTBHHM, KOTOpLie MO)I(HO npoBepHTL 3KCllepu

MeHTanLHO. 

1. Bu,IJ; <l>YHKUHH T,. = f('J 0 ) B KaKou- To Mepe ,IJ;Oll)l(eH 

llOBTOp.JITL 3aBHCHMOCTL 3HeprHH B036y)I(,IJ;eHH.JI JI,II;pa OT 

3Hepruu 6oM6ap,IJ;HpYJOme8 qacTHULI. Cne,IJ;oBaTenLHO, R,IJ;ep

HLIH nonycKeHnHHr nepeu,IJ;eT B CKeHnHHr IB CMLICne 

rJT c 
0 I, KOr,IJ;a 3HeprHJI B036y)I(,IJ;eHHJI ,IJ;OCTHrHeT Ha-

cJTO 

CLII.QeHHJI. KaK noKa3LIBaeT 3KcnepuMeHT, npu T0==0,8 F3B 
,IJ;nR MHWeHeil Tuna 12 C u npu T 0 == 3-4 F3B ,IJ;nR R,IJ;ep <l>oTo-

* Cne,IJ;yeT no,IJ;qepKHYTL, qTo B o6cy)I(,IJ;aeMoM npe,IJ;paB
HOBeCHOM llO,II;XO,IJ;e He Tpe6yeTCJI Clle:UHanLHO llOCTynu
pOBaTL KaKHe- TO BLICOKHe R,IJ;epHLie TeMnepaTypLI /5,6/, 
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3MYJibCHH (A- 100) H 6onee T1DKeJibiX JI,I(ep ,I(OCTHraeTCJI 

HaCbii.QeHHe ,I(JIJI cpe,nHHX 3HaqeHHH 3HeprHH B036y)I(,I(eHHJI/8/ , 

ll03TOMY pe)I(HM JI,nepHOrO CKeHJIHHra ,!10JI)I(eH ycTaHaBJIH

BaTbCJI He ll03)1(e 3TOH 3HepreTHqecKOH rpaHHUbl. 

2. B 3KcnepHMeHTe npu 3HeprHJIX T0 = 2 H 3,66 T:JB 
o6Hapy)l(eHa cyi.QeCTBeHHaJI llOJIJipH3a:QHJI BbilleTeBWHX Ha3a,I( 

npoToHOB /9/, EcnH 3TOT 3KcnepHMeHTaJibHbiH clJaKT ,nocTo

aepeH, a npupo,na JI,nepHoro cKeHJIHHra H nonycKeiinHHra, 

,neHCTBHTeJibHO, O,I(Ha H Ta )l(e, qyo H B HYKJIOH- JI,nepHbiX 

peaKI.lHJIX npH 1'0=50 M:JB, npe,npaBHOBecHaJI KOMnoHeHTa 

BTOpHqHbiX qacTH:Q, HCllyi.QeHHblX llO,I( 60JibWHMH yrJiaMH, 

,I(OJI)I(Ha 6biTb llOJIJipH30BaHa. 

3. 0THOCHTeJibHbiH BbiXO,I( qacTHI.l pa3JIHqHoro THlla B o6-

JiaCTH JI,nepHOrO CKeHJIHHra H B "HCnapHTeJibHOH" 06JiaCTH 

/T < 20 M:JB/ paJnuqeH. B qacTHOCTH, KaK cne,nyeT H3 

npe,npaBHOBeCHOrO llO,I(XO,I(a, OTHOWeHHe BblXO,I(OB 6biCTpbiX 

npOTOHOB K BbiXO,I(y HeHTpOHOB ,I(OJI)I(HO cyi.QeCTBeHHO npeBbi

WaTb COOTBeTCTBYIDI:QYID BeJIHqHHY ,I(JIJI HCnapHTeJibHOH o6-

JiaCTH. 

4. 06I:QHH xapaKTep JIBJieHHH npe,LJ,paBHOBeCHOH 3MHCCHH 

no3BOJIHeT yTBep)l(,naTb, qyo 34l4leKT x,nepHoro nonycKeii

JIHHra MO)I(HO TaK)I(e Ha6JIID,I(aTb B peaK:QHHX, HHH:QHHpyeMbiX 

y-KBaHTaMH H CJIO)I(HbiMH qacTH:QaMH, ,I(JIH pa3JIHqHbiX BTO

pHqHblX npo,nyKTOB, BKJIIDqag T H)l(eJibie clJparMeHTbl. 

B JaKJIIDqeHHe cne,nyeT JaMeTHTb, qyo npH o6cy)l(,neHHH 

JI,nepHoro cKeHJIHHra qacTo npe,nnonaraiOT, qyo B3aHMo

,neiicTBHe nepBHqHOH qacTHI.lbl npOHCXO,I(HT O,I(HOBpeMeHHO 

c rpynnoii: x,nepHbiX HYKJIOHOB. 3To "ecTeCTBeHHoe o6'bxc

HeHHe" llOJiyqaeT B paMKaX npe,npaBHOBeCHOH rHDOTe3bl 

HOBYIO OKpacKy. ,lJ;eHCTBHTeJibHO, ,I(JIH 3TOrO He06XO,I(HMO 

BCllOMHHTb, qyo nepBaH MO,I(eJib npe,npaBHOBeCHOH 3MHCCHH 

B03HHKJia KaK MO,I(eJib CTaTHCTHqecKOH HHTepnpeTa:QHH 3clJ-

4JeKTOB ,I(HHaMuqecKoii CTPYKTYPhl - TaK Ha3biBaeMbiX npo

Me)l(yToqHbiX pe30HaHCOB, - Ha6JIID,naeMblX B H,nepHbiX peaK

:QHHx/1 0, 1 1/, llocJie,I(Hee o6CTOHTeJibCTBO OTKpbiBaeT ei.Qe 

O,I(Hy HHTepeCHYID B03MO)I(HOCTb: MO)I(HO Ha,I(eJITbCH, qyo 

HJyqeHHe ")l(eCTKOH" KOMllOHeHTbl qacTH:Q, HCllyi.QeHHbiX 

B 06JiaCTb "3a,I(HHX" yrJIOB, ,I(aCT HHclJopMa:QHID 0 BbiCOKOB03-
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6y)I(,I(eHHblX MHOrOKBaJHqacTHqHbiX COCTOJIHHJIX JI,I(pa, WHpO

Ko o6cy)l(,naeMhlx a nocne,nHee apeMJI 1121. 

ilOJib3YIDCb CJiyqaeM Bblpa3HTb CBOID llpH3HaTeJibHOCTb 

K.K.ry,nuMe, B.K.llyKLJIHOBY H A.H.THTOBY Ja none3H~e 

o6Cy)I(,I(eHHJI 3aTpOHYTbiX 3,I(eCb BOllpOCOB. 
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