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OEmAR XAPAKTEPHCTHKA PAEOTH 

AKTyaAbHOCTb npo6AeMbl: PaCTYlllllli llHTepec K H,nepHblM 

peaKQllllM c Tl!
0

)K~Jlb1Mll llOHaMll o6ycno~n'e~ TeM,, qTQ . OHll OTKpbIB~~T 

6o~a;h1e · B03~~JK~OCTH .D:Jill u3yqeHu~ K~K CTaTncTnqecKHX CBOHCTB· 

H,nep, TaK 11 HepaBHOBeCHblX npoQeccoB, npoTeKaIOmnx B · HMX. 
.1.( • 

YCTOH'lllBbIH llHTepec ll TeopeTllKOB, ll 3KCnepnMeHTaTopOB Ha. 

npO_Tl!JKeHllll ;OJiroro BpeMeHll COXp;~lleTCll K 06JiaCTll 3Heprn:ii. ,L\O 

10 M3B/HYKJIOH. HeCMOTpll Ha HaKOnJieHHblli 6oraTblli 

3KCTTepi1MeHTaJibHbIH MaTepuaJI ll QeJiblli pH,n TeOpe-ruqeC~llX pa6~T·,::B 
.... ,. 

HaCTOlllllee BpeMll Mbl eme .naJieKll OT IlOCTpOeHHH e,nnHOH KapTHHbl 

pe
0

BKI.J.llli C Tl!JKeJibIMH HOHaMH npll HH3KllX 3HeprHl!X • 

B . rny

0

60K0Heynpyr11x. ~- CTOJIKHOBeHHH~ TllJKeJihIX HOHOB q>H3HKH 

CT~?JIKHYJIHCb C npHHI.J.llnllaJibHO .HOBblM HBJieHlleM 

cneQllCpH'leCKOrO H,nepHOrO , KOMilJieKca, ,L\BOHHOH 

()],RC). Ha Ha'laJihHOH CTa,L\llll CTOJIKHOBeHllll 

6hICTpall .nuccunaQHll KllHeTHqecKOH ,3Hepruu 

- cymeCTBOBaHneM 

H,nepHOH CllCTeMbI 

H.nep. npoucxo,nuT 
t,( 'i 

OTHOCllTeJihHOrO 
I 

,L\BllJKeHllll (' ll o6pa3 yeTCll )],RC.. BTOpall CTa,nnll xapaKTepu'3 yeTCll 

HHTeHCHBHblM o6MeHOM HYKJIOHaMn, yrnoBhIM ~oMeHTOM ~eJK,ny qac~HMH 

~RC, ll Ha TpeTbeH CTa,L\llll CllCTeMa, He ,L\OCTnraH COCTOllHllll 

CT.0.TllCTHqecKoro paBHOBeCllll, pacna.naeTCll. 
:• ', ·, ' ., ' 

nepe,naqa 6oJihIIIOro qucJia HYKJIOHOB OT o,n:Horo ~.npa .K .npyro-.. - . ,. ' 

MY B rJiy60KoHeynpyrv1x CTOJIKHOBeHllllX npnBO,L\llT K peaJIH3aQllll pe:-
. , - ·l . ,. , ,, . 

aKQMii MiioroHyKJIOHHhlX nepe,naq. 3BOJIIOQHOHnpyH, )],RC, B npnHQnne, 

• C onpe,neJICHHOH sepOllTiiOCTblO MOJKeT 'npoii~ll tiepe3 JII06y~ Ma~po-

CKdnU:tJ'ecKyIO . KOH$nrypaQHIO, pa3peII1eH~YI0° 3aKOHa~ll COXpa~eHJfll 
' . ,,. ' . . . \ ' . ~ ' 

tinc'na tiaCTllQ; 3al)ll.D:a ·u TIOJIHOH . :nrepruu. EOJibIIIOe KOJill'ICCTBO 

JJ.aHHblX yKa3bIBaeT, qTo B ,L\llHaMHKe )],RC q>yn,naMeHTaJibH)'IO po'irh . 'iir:... 
pat!T o6oJiqq~tiHall .~T-PYKTYP~ ~3a~Mo.neiic_TBy10111nx H,ZI.ep, ~. e~' ll):{pa ·. 

,l(RC ~~xpaHHIOT CBOIO un,nnBn.nya.n:hHOCTb. non~MY .nn~· Kopp.eKTHoro, 

onutaHmI peaKQHH ,MHOI'OHy~n'oHHbIX
0 

riepe,na~ HC06XO,l(~O, rrpi!M
0

~H:'l1'.rb 
. . ' . - " ; . , .. · ' •·. ' , '' : . ' ' ' ~; 

iv!HKpoc·KonutiecKlle UO,Zl.XO,ZI.bi~ B nepB?1X cpopMyJiiipOBKax , TpaHcnopTHblX 

1'eopnii BJIHHHne cTp)'KTYPhl B3anMo,nen:cTBYIOIIIHx a.nep yqnThlBaJiocb 
' --, ' . ·, ,,. :·· ' \ : ' ' '" '. 

:,qepe3 3,aBllCllMOCTll, TpaHCUOpTHblX K03cpq>HQllCHTOB OT. TIJIOTHOC,TH 
• ··, ,• ' \ • ,'1 

COCTOllHllH., O.niiaKO B 3TllX MO,L\eJillX .ucnOJlb3YIO~Cll ycpe.nHeHHhie 

. BepOHTHOCTll nepexO,nOB MeJK,ny MaKpOCOCTOllHllllMH ll 060Jioqe'lHble 

,3cpq>eKThi ·. He., paccMaTpmiaIOTCH llBHO, 'He yqnThlBaIOTCH oco6eHHOCTll 

~-,,.- ---- -
~~ i/:·':.i!J\tii)f;~HH·!i.~ rtf(~'I~fi .. ,.;r 

; ,. 11::r~:}L_,~\ '. :.~:~::;L~J. .:11s:1.nUL 
;_ .fw',f'~ 1;.i:.~ LJ'"~")"#t"":'r ... i: .'\ 



o,n:HoqaCTHqHblX. cneKTpOB napTttepOB peaKQHH. 

.llBIDKeHHe HYKJIOHOB OT o.n.ttoro ipparMeHTa K .n.pyroMy 6y.n.eT 

onpe.n:emITh H3MettettHe 3 apa.n.oBoii ( Mac coBoiil acHMMeTpttH cucTeMbl • 

n~:n<>MY ~pe~BblqaiiHO HHTepecHO B paMKaX MHKpOCKonw1ecKoro noii-

xo.n:a paCCMOTpeTh ,D:HHaMHKY 3ap.H.D.0Bb1X (MaCCOBbIX) pacnpe.n.eJieHl-tH 

B nmpoKOM .D.Hana30He Z( Al. BblHCHeHHe ,D:HHaMH•JeCKHX nptt'IHH pac:

na.n.a .llRC He06X0,!1,liMO .D.JIH o6b.HCHeHH.H ycuJieHirn BblXO.D.a JierKl1X 

'laCTHQ B HeKOTOpblX peaKQHHX no cpaBttemuo C npe.n.cKa3aHH.HMl1 . 

HcnapHTeJihHOM Mo.n.enH. · 

OCHOBHble QCAH pa60Thl: 

HJyqeHHe B_ paMKax npe.n.JiotKeHHOrO MHKpocKonuqecKoro 

no.n.xo.n.a BJIH.HHH.H o6onoqeqtto~ cTpyKTypw B3attMo.n.eiicTBYIOIIIllX a.n.ep 

Ha _npoQecc ipopMttpoBaHHH' 3apa.D.OBblX Ii MaCCOBblX pacnpe.n.eJieHHH B 

.peaKQHHX MHOrOHYKJIOHHbIX nepe.n:aq. 06baCHeHlle Ha ero OCHOBe 

p~.n:a 3KCnepttMeHTaJihHblX .n:aHHblX. HCCJie.D.OBaHlle .D:ttHaMtt'leCKllX 

npnqutt pacna.n:a .llRC. 

11ayq11aS1 HOBH3Ha H npaKTH'ICCKaSI QCHIIOCTh: B ,[{ttccepTaQllll 

cipop~ynnpoBaHa MttKpOCKOntt'leCKa.H MoieJih, n03BOJI~IOIIIa.H Y'IHTblBaTb 

BJitt.HHtte o6onoqeqttoii 6TPYKTypw s:.n:ep tta npoQecc ·nepe~a4tt 

HYKJIOHOB. 

Hccne.n:oBaHO BJIHHHHe nepettopMHpOBKll O.D:HO<JaCTll"IHblX 3Hep

rttii, B@3BaHHOM KYJIOHOBCKHM B3attMojeiiCTBHeM, Ha 3apH.D.0Bble pac

npe.n:eneHH.H npo.n:yKTOB peaKQHM MHOrOHYKJIOHHblX nepe.n:a•1. noJiy<IeHbl 

ypaBHeHtt.H .D:Jl.H yac'leTa H llCCJie.D:OBaH npoQeCC 0.D:HOBpeMei'rnoi1 

nepe.n:a'IH npoTOHOB w HettTpOHOB B rny6oKOHeynpyrux 'cTOJIKHO

BeHH.HX T.HtKeJiblX HOH OB B. paMKax iipe.n:JIOtKeHHOM MO.D:eJitt; Pac CM()TpeH 
' -

npoQeCC ycTaHOBJieHH.H N/Z paBHOBeCtt.H B ,URC. IloJiy4eHO .n:ocTa-

TO'IHO xopowee cor nacne · c JK-CriepuMeHTaJihHbIMll .n.aHHbIMll. . ; 

Hccne.n:oBaHa .D:ttHaMtt'leCKa.H CBH3h MO.LI. pa.n:ttaJihHOrO tt Macc-

acttMMeTptt'IHOro .D:BHtKeHttM, KaK ci.n.Ha H3 nptt•rn'H. yBeJitt•IeHttH sepo

.HTHOCTtt pacna.n.a CttJihHO acttMMeTptt<JHhIX ,URC, .n:aHO · o6b.HCHeHtte 

pa3JIH'IH.H BhlXO.D:OB JierKHX qaCTHQ .D:JIH pa3JIH'IHblX BXO.D:HblX KaHa

JIOB peaKQHtt. npoaHaJIH3ttpoBaHO BJlttHHHe KBaHTOBblX tt TeMnepaTyp

HhlX ipnyKTyaQnii Ha .n:uHaMtt'lecKyIO· ycTOM'lllBOCTb .URC s paMKax .DJ-tip-

IPY3HOHHoii Mo.n:eJIH 

( Y<t>Il) 

npoBe.n:eHHoe 

C ttCnOJih30BaHHeM ypaBHeHtt.H <t>oKKepa-nJiaHKa 

TeopeTH<JecKoe 113yqetttte .n.mtaM11KH ,ll}IC 
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II03 BOmieT roBOpHTh O B03MO,KHOCTH on,ncaHH.H B paMKaX : e.n:nHoro 

no.n:xo.n.a peaKQHM . rny6oKoHeynpyrnx nepe.n:aq, KBa3lf.D:eJieHH.H · H 

CJIHHHHH. Pa3BHTa.H B pa6oTe MO.D:eJih MOtKeT 6h1Tb HCnOJib30BaHa .n:na 

pac<JeTOB BblXO.D:OB H30TOnOB; y.n:aJieHHblX OT.JIHHHH ~-CTa6HJihHOCTH, 

Ce4el-lHM CJIHHHHH H · BhlJieTa nerKHX 'laCTttQ npn CTOJIKHOBeHHH,. s:.n.ep,. 

Anpo6aQHSI pa60Thl: Pe3yJihTaTbl .n:ttccepTaQHOHHOM· .· pa60Tbl 

,!1,0KJia.D:hlBaJillCh .Ha ceMHHapax Jia6opaTOpHH TeopeTH'leCKOM !ptt3ttKH 

OHRH. PeJyJihTaT~ .n:nccepTaQHH 6hlJIH npe.n:cTaBJieHbl H ,D:OKJia.D:hlBa

JIHCh · Ha 39-0M ( TawKeHT, 1989) , 40-0M ( Jiemrnrpa.n:, 1990) H 

4~-0M (MHHCk, 1991) BcecOI03HhlX COBemaHHHX no s:.n:epHOM cneKTpo

CKOnHH H CTPYKType aTOMHOro s:.n:pa, 6-0M Hop.n:nqecKOM COBemaHHH 

no s:.n:epHOM !pH3ttKe (KonepBttK, HOpBerna, 1989), MetK.n:yHap0,!1,HOM 
. . ' . 

WKOJie-ceMHHape no !pH3ttKe T.HtKeJihlX HOHOB ( .lly6Ha,' 1989), ttay'IHOM 

ceccmi: 051<1> AH CCCP ( MOCKBa, . 1990) , 2-0M MetK.n:yttapO.D:HOM WK_OJie 

no a.n.epttoii qmJHKe (KHeB, 1991). 
. . t ' 

. ny6AHKaQHH: 

pa6oT. 

no M~-,r~pnan_aM .n:nccepTaQHH orry6JIHK~~aHo 6 
:,, 

. 06'heM. pa60Tbl: .llH_ccepTaqna COCTO~T H3 BBe.n:eHHH, 'leTblpex 

r JiaB · H 3 aKJIIO'leHtt.H. Otta co.n:eptKttT 127 ·CTpaHHQ MaWHHOn~cttoro 

TeKCTa,. BKJIIO'la.H 32 pHC YHKa, 3 Ta6JIHQbl n 6n6JittorpaipnqecKttlI 

CilHCOK H3 144 HaMMeHOBaHttlI. 

CO.llEP~AHHE PAEOTU 

BBCACHHC co.nep,KHT KpaTKOe H3JIOtKeHHe nocTaHOBKH !pH3H'lec

KOM 3a,na'IH H .n.aeT o6oCHOBaHHe aKTyaJihHOCTH H Ba,KHOCTH HCCJie

.n:yeMl,IX npo6neM. H3Jiarae:Tcx cne.n.yI0111aa n.n:ea MHKpocKOIIH'leCKoro .. . . ' . " ' 

o_rrncaHHH peaK.QHM MHOI'OH)'KJIOHHhlX nepe,n:aq. B OTJitt'IHe OT MaKpo-

CKOilH'leCKoro -~o.n:xo.n.a, r.ne. 3BOJIIOQHH .llRC orrpe.n:eJI.HeTCH H_3t'1eHe

.HHeM_ IIOJIHOM _3Hepnm c.HCTe~, B HaIIIeM. no.nxo.n:e rrepe.n:aqa HYKJIO

H.OB rrpOHCX0,!1,HT . no.n: .n:eiic-rBHeM cpe.n:Hero IlOJIH BCett CHCTeMhl. 

O.n:Ho.•rnc:rn'IHhllI IT()TeHQHaJI. _onpe.n:enxeTCH BapnaQHeii rroJI,Hoii 3Hep

rnn_ cucTeMhl. _no ipym~~HOH~ny 1IJI01:Ho_c_TH., BMeCTO tKH,D,KOK,meJihHhlX 

IIOJIHblX 3Heprnii . B ,paCCMOTpe~_He, ~X0,!1,~T O,n:HO'laCTH'IHble cxeMbl 

ypOBHett. C COOTBeTCTBYIOIIIJ™,H. 3Hepr~rnMH OT,D,eJieHH.H HYKJIOHOB. Ky-

_.JIOHOBCJ<Oe .. B3aHMO,D,ettCTBHe _.H,D,ep M_O,KHO yqecTh C IlOMOIIIhiq .J<yJIOHOB

CKOrO C,!1,BHra npOTOHHblX ·O,D:HO'laCTH'IHblX ypoBHett. BpameHHe .llRC :B 

3 



MHKpOCKOIIH'leCKOM rro.n:xo.n:e' rrpoil:'BJill:eTCH B KOpHOJIHCOBOM pacmen

neHHH, · 3Hep'rHH CHMMeTpHH- B H30CIIHHOBOll 3aBHCHMOCTH ·o.n:HO'lac

TH'IHOrO IIOTeHUHana. 

Ilepea~ rAaBa IIOCBHIUeHa pa3pa60TKe MHKpOCKOnH'leCKOro 

· MeTo.n:a JJ:JIH OIIHCaHHH - 3apHJJ:OBhlX (MaCCOBbIX) pacnpe.n:eneHHH 

peaKUHtt MHOrottyKJJOHHhlX rrepe.n:a'l. 

B § 1 rrpHBe.n:eHhl OCHOBHble 3KCrrep0MeHTaJ1bHhle .n:aHHhle, non

TBep~.n:aK>1UHe Ba~y10 ponh o60JIO'le'IHhlX 3cp<peKTOB B 3BOJIIOUHH }lRC. 

B § 2 ccpopMynHpoBaHa Monenb MHKpOCKOIIH'leCKOro on0caHHH 

peaKUHll MHOrOHYKJIOHHhlX rrepena'l. HCIIOJlb30BaJICH rrpOCTOll BHJJ: 

·raMHJlhTOHHaHa }lRC 

H= \ E a+-a + \' E a+ a + \' ( g a+ a + h. c. ) , 
f... p p p f... T T T f... pT P .T 
p T ·p,T 

r.n:e E, E - OJJ:HO'laCTH'IHble 3HeprHH B HaJ1eTa10meM anpe H 
P T . , 

anpe-MHllieHH, COOTBeTCTBeHHO. EhlJIO IIOKa3aHo; 'ITO, He nptt6eraH 

IC ycpe.n:HeHHIO MaTpH'IHhlX 3JleMeHTOB rrepexo.n:a no MHOfHM 

o60JIO'le'IHblM KOH<pHrypaUHHM, MO~O nony'IHTh Bbipa~eH0H nna 

i3epOHTHOCTett rrepexonoB, conep~amHe HBHO 3qxpeKTbl o60JIO'le'IH0ll 

'cTpyK:YPhl a.n:ep. H3°Mettem1e BO BpeMeHH BepOHTHOCTH Haxo~.n:eHHH 

CHCTeMhl B COCTOHHHH, Kor.n:a 3apa.n: nerKoro cpparMeHTa z, 
orrpe.n:enaeTca MacTep-ypaBHeHtteM 

P= t.c->p + t.<+>p - (l\c->+ t.<+l)P 
z z+l z+l z-1 z-1 z z z 

C-TpaHCIIOpTHblMH K03cpqlHUHeHTaMH 

t.H= ;t \ lg 12 i{(-c) (l-n
2

(-c)) 
z u f... pT T p p,T , 

sin
2 (~cE;-E;>) 

(Ez-Ez)2/4 
p T 

Bhlpa~eHHe 

o6paTHO. 

.D:JIH [\ (+) 
z 

3.n:ech gpT 

rrony'laeTCH H3 

xapaKTepH3yeT 

(2) JaMeHoii n 
p 

HHTeHCHBHOCTh 

( 1) 

' ( 2) 

Ha n H 
T 

rrepexona 

HYKJIOHOB H3 COCTOHHHH p HaJ1eTaID1Uero 00Ha B COCTOHH0e T 

a.n:pa-MHrneHtt, n - TeMnepaTypHhle 'IHCJla 3arronHeHHH. 
p,T 

o·co6eHHOCTH 0.D:HO'laCTH'IHOrO crreKTpa HenocpencTBeHHO 

'y'IHThIBaIOTCH B pac'leTaX BepoHTHOCTett rrepexona t. (±). 
z 

B § 3 rrpoBe.n:eH aHaJIH3 po.irn 060J10'le'IHhlX
0

- 3<!x1JeKTOB B 

3BOJIIOUHH }lRC B paMKax Mo.n:en0 c Bb1po~.n:eHttb1M11 · 'o6ono'IKaMH. B 

4 

'.\ 
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\ 
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TaKoii' MO.n:emt o60JIO'Je<JHhle 3<!x1JeKTbl non~Hhl npOHBJiHThCH HaH6o.riee 

0T<1 eT n0Bo; Oco6oe' BH0Mirn0e '6hlno y .n:eneHo Bhl'IHCJ1eH1110· · BepoaT

HOCTH o6pa3oBaHi1a Komjmrypau0ii -JlRC c 6on1>rnHM0 3Ha'leHHHMH 

3apH.D:OBOll ac0MMeTpHH. BhlnOJIHeHHhle pac'leThl xoporno Bocnpo

H3B0.D:HT 3KCnep0MeHTaJ1bHhle TeH.n:eHL(HH. 

Bo nTopou rAane 0ccnenoBaHo BJIHHHHe nepeHopM0poBKH 

onm>'IaCTH'IHhIX 3HeprHi1 npoTOHOB, 06ycn0Bne1-1Hoii KynoH_oB~-K~M 

B3UHMoneiicTBtteM,' Ha·-3apa.n:0Bb1e pacnpe.n:eneHmi npo.n:yKioil peaKu_H~ 

MHOroHyKnohHhlX nipe.n:a'l. 

B § 1 noKa3aHo, 'ITO y'leT 

a.n:ep rrpHBO.D:llT K ll3MeHeHHIO 

npoTOHOB B (2) 

E2 -E2 
--> if- E2 = E2

- E2 + 
·P T p T p T 

B3aHMHOro BJIHHHHH cpe.n:HHX rroneii 

pa3HOCTH O.D:HO'laCTH'IHhlX 3Hepr0ii 

( z - z ) e2 
• 

T p 

2R 
( 3) 

BcnenCTBHe .n:anbHoneiicTBYIOIUero xapaKTepa KYJIOHOBCKOe 

B3aHMO.D:eHCTBHC .n:aeT OCHOBHOH BKnan B C.D:BHr ypOBHCll. B (3) Z, 
p 

ZT - 3apH.D:hl cpparMCHTOB, R - paccTOHi-rne Me~.n:y HlfMH. ·a CHJlbHO 

aCHMMCTpM'IHhlX KOHqmrypauirnx H3-3a KYJIOHOBCKOro, B3aMMO.D:ettCTBHH 

IIOBepxHOCTb <l>epM0 npoTdHOB nerKoro· qipar'MCHTa OKa3biBaeTca· 

BbilllC; · 'leM B TH~CJIOM. 3TO npHBOJJ:HT K yaentt'ICHHIO Bepoai:.HOCTH · 

o6pa3oBaHHa acMMMeTpH'IHhlx K0Hqmrypau0ii JtRC no cpaBI-le1'1'010· c 

~aCCMOTpeHHCM 6e3 Y4CTa KYJIOHOBCKoro B3attMOJJ:ClICTBHH. 

B § 2 np0aeneHhl pe3ynhTaThl pac4eTa 3apanoBhlX pacnpenene~ 
V V 52 ( ) 181 51 ( < ) ' HHH npo.n.yKTOB peaKl.(00 Cr 378 M:lB + Ta, V 14 7 M3B +· 

+197Au .II 20Ne ( 175 M3B) + 197Au. }lJIH Bb(lJ0CJICH0H' [\(±) C y<leTOM 
' z 

(3) 6hlJIH 0CIIOJlb30BaHhl peaJIHCTifllCCKHC O.D:HCJ'laCTll'IHblC CXCMhl. 

ypoBHett. Ebino noKa3aHO, 'ITO BJIHHHMC o6_0JIC)l(CllHblX 3cp<pCKTOB Ha 

npouecc nepe.n.a4H HYKJJOHOB HaH6onee cymecTBeHHO nna aCHMMCT

p0<rnhlx KOJi<pttrypaU.HH }lRC, Kor.n.a paCCTOHHHC' Me~.n.y 0.ll.H04aCTifl(.:. 

HblMH ypoBHHMH nerKoro cpparMCHTa 60JlbllJC paccMaTpHBaCMhlX 3Ha_<Je-

HHll TCpMO.D:HHaMH4e~KOH' TCMnepaTyphl (-cl. PC3YJlbTaTbl, pac4eTa 

'OKa3aJIHCh· 'IYBCTBHTeJlbHhl K 'npe.n.nono~eHHIO 06- ycTaHOBJICHHH N/Z . 

paBHOBCCHH · B CHCTCMC H 3aBHCHIUHMH OT BeJ1H4HHhl BpeMeHH' 

B3aHMo.n.eiicTBHH It 1. nony4eHO •.n.ocTaTO'IHO xopowee cornac0e: 
Int 

paC4CTHhlX H 3KCnepHMCHTaJlbHhlX 3DpH.ll.0BhlX' pacnpe.n.e~CHHH. B• 

Ka<1ecTBe • np0Mepa· Ha · pnc .1 no1rn:rn110 3apa.n.0Boe pacnpe.n.eneHtte 
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np?JJ.YKT.OB rny60K0Heynpyr11x n.epe,!I.alJ peaKu1111 
20

Ne ( 175 M3B)+ 
197 · · 

+ . Au. Xopowo on11CblBaeTCH BbIXO,!I. .JierKl1X H,!I.ep. np11 60Jibllil1X z 

CTaHOBl1TCH 3aMeTHbIM BKJia,!I. JJ.eJI11TeJihHOl1 KOMnOHeHTbl. 

Pz 

, 10·4 

10·6 

20~(175MtVl • 197Au 

6 .8 10 12 1L Z 

102 Puc. 1. JapHJJ.OBoe pacnpe~ 

JJ.eJieH11e npoJJ.yKTOB rny6o-

KOHeynpyr11x nepe.D,a,, JJ.JIH 

C 
peaKu1111 

20
Ne ( 175 M3B) + 100~ 

.c +197 Au •. CnJIOWHaH 
E 

Jil1Hl1H -
ID"' pactJeT p np11 t 

z int 
10-2 =10-21 C, "C = 1,0 M3B. 

TOlJKaMl1 noKa3aHhI 3Kcne-

p11MeHTaJibHhie 

cetJeHttii u . 
z 

3Ha,1eH11H 

B TpeTbe~ rAaBe 11CCJieJJ.OBaHa O~HOBpeMeHttaH ,nepe,!I.aqa 

npOTOH_o~,. 11,. Heii:TpOHOB B' rny6oKOHeynpyrux CTOJIKHOBeHl1HX ,THiKeJibIX 

l1OHOB B,p~MKax Ml1KpOCKOnl1lJeCK011 MO,!I.eJ111. 3Ta )a,!I.alJa CTaHOBl1TCI 

oco6eHHO,aKTyaJihHOl1 B CBH3l1 C nOllBJieHtteM nylJKOB pa,!I.l1OaKTl1BH~X 

ll,n:ep, l1, nJiaH11pyeMh1MH 3KCnep11:MeHTaM11 Ha ,HHX I nOCKOJibKY pac,,eTbl 

noMoryT B BhI6ope HalJaJihHOH KOM6l1Hauu11 CTaJIK11BaIOIU11X HJJ.ep, 

He06XO,!I.HMOH ,!I.Jill noJiylJeHl1H MaKCl1MaJihHOfO BblXO,!I.a l1HTepecyIOllll1X 

l13OTOTTOB. 

B § 1: . ccpopMyJIHpOBaHa MHKpOCKOill1lJeCKaH MO,!I.eJib nepe,!I.alJl1 

npOTOHOB 11 Heii:TpO~OB. no ~paBHeHHIO C rJiaBOH 1, b raMHJlbTOHl1aH 

Cl1CTeMbI ,!I.06aBJieHbl CJiaraeMhle, OTTHCblBaIOLUtte ueii:TpOHHYIO nO,!I.Cl1C,

TeMy. npu 3TOM ycJIOiKHHIOTCll ypaBHeHHll ( 1), a COOTBeTCTBYIOillHe 

TpaucnopTHhle K03cjxJmuueHTbl 11MeIOT Bl1,!I., nOJJ.06Hhll1 ( 2). npou.ecc 

ycTaHOBJieHl1ll N/Z paBHOBeCHll perynupyeTCll KaK H30Cill1HOBOH 

3aBl1Cl1MOCTbIO g , TaK H 113MeueutteM B• XO,!I.e peaKUHl1 COOTHOWeHttll, 
~ . . 

MeiKJJ.y,.3ueprH8MH OT,!I.eJieHl1H npoTOHOB l1 Heii:TpOHOB BO cpparMeHTaX.· 

CHJib[,c•CHMMeTptttt BMeCTe C KYJIOHOBCKHM B3aHMO,!I.eHCTBHeM OTBeT

CTBeHHbl 3a OTHOCHTeJihHOe pa3JIHlJHe xapaKTepHbiX BpeMeH nepe,!I.alJH 

npOTOHOB H ueii:TpOHOB. 3aBl1CllWall OT H30CilHHa lJaCTb .O,!I.HOlJaCTHlJ-,

HOfO noTe»u11aJia MOiKeT 6h1Tb B3llTa B 1peHOMeHOJIOfHlJeCKOM Bl1,!I.e 

,6 

I, 
I 

:1 
'' J I, 

~-

{( '\ 
\ l~ 

HJll1 · noJiylJeHa , npH BapbttpoBaHHH noTeuuaaJibHOH lJaCTH 3Hepr.HH 

C11MMeTpHH no 'PYHKL\HOHaJiy ,nJIOTHOCTH. 

B § 2 BhI6HpaIOTCll napaMeTpbl paclJeTa. npHBO,!I.HT,Cll napaMeT;-, 

ptt3aUHll MaTpHlJHblX 3JieMeHTOB gpT. 3HalJeHHe · ~t lpHKCHpOBaJIOCb 

paBHblM 2xlO-
22 

C. Mb!. He, BbllJHCJlllJIH CelJeHHll JI.JUI KaiK,!I.O:11 napu.a

aJibHOH BOJIHbl, a paccMaTpHBaJIH HeKOTopyIO cpe,!I.HIOIO TpaeKTOpmo, 

HaH60Jiee BepOllTHYIO ,!I.Jill ',!I.aHHOfO CTOJIKHOBeHHH. U3-3a 'MaJIO,CTH 

11:cnapeHHH npoTOHOB 11:3 npoJJ.yKTOB·peaKU.HH speMH B3aHMO,!I.eHCTBHH 

oueHHBaJIOCb 

JJ.11cnepca:ii. 

B § 3 

peaKua11 
238

U 

no 3KCnepnMeHTaJibHblM 

npHBe,!I.eHbl pe3yJI~TaTbl 

+ 40,4aca, 197Au + 40Ar 

3HalJeHHHM 3apH,!I.OBblX 

pactJeTOB 

H 
100

Mo + 
~apaKTepHCTHK 

40 
Ar. IToJiy'leHO 

,!I.OCTaTOlJHO xopowee onacauae 3KCnepHMeHTaJihHblX ,!I.aHHblX. 

ITOKa3aHO, lJTO nporiecc ycTaHOBJienmr N/Z paBHOBeCHll llBJill

eTCll MOHOTOHHblM. PaCClJHTaHHbie CelJeHHll o6pa30BaHHll H30TOnOB 

JierKHX 3JieMeHTOB HaXO,!I.llTCll B corJiaCHH C Q -CHCTeMaTaioi~ 
gg 

EOJibWHi no cpaBneHHIO C pactJeTHbIM -BbIXO,!I. JierKHX lJaCTHU MOiKeT 

6h1Tb o6bllCHeH BKJia,!I.OM CTOJIKHOBeHHH c l<l . a yBeJIHlJeHHeM 
· crlt 

BepOllTHOCTH pacna,!I.a CHJlbHO aCHMMeTpHlJHblX KOHqJHrypau.a:ii . ,ll,51C. 

, OTMetJaeTCH, lJTO TpaHcnopTHble paclJeThI, HCilOJib3YIOmHe JIHllib 

noBepXHOCTb noTenuaaJibHOi 3uepra11:, ne MOryT o6bHCHHTb 60JiblliHX' 

,!I.HCnepcai MaCCOBOro pacnpe,!I.eJieHHll npa MaJIOM H3MeHeHHH <A> ,!I.Jill 

· 100 40 -
peaKU.HH, Mo + Ar ( 270 M3B). B paMKax ',Hamett MO,!I.eJIH; ·YlJH-, 

TbIBaIOme:ii HBHO. o6oJIO'letJnyIO CTPYKTYPY B3aHMOJJ.eicTByIOmax HJJ.ep, 

3TOT'3KCnepaMeHTaJihHblH pe3yJihTaT yJJ.aeTCH onacaTb (pac.2). 

100 

N<( 

t) 

100Mo + '-OAr(M38) 

, . .. 
• 

PHc.2. JaBHCHMOCTb MaCCOBOi .!I.HC-,

nepcHH u! OT cpe,!I.nero 3HatJena_H 

MaccoBoro ,lJHCJia JierKoro- 1ppar

MenTa <A> JI.Jill peaKUHH 
10

.
0
Mo ' + 

+
40

Ar ( 270, M3B) •. :TolJKaMH H306pa-

' iKeHbl· ·3KCnepHMeHTaJibHbie ,!I.aHHble·; 

JIHHHll 

pactJeTa. 
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·· .. n·· 11eTeepToii'· 'rAaae aHamnupyeTca '.D.ttHaMttlJecKaa·· CBH3b· 

.D.BIDKeHttn no pa.n.ttaJibHOH H MaccacHMMeTpli'IHOn M0.D.a'M. · 6naro.n.apsi 

en' 1i'a6.ri10.n.aeTCH ·6oJiblllHH BhlXO.D. ':n:erKHX' lJaCTHU 'no'' cpaaHeHHIO C 

npe.n.cKa3aHnaMir ncnapnTeJibHOii Mo.n.enn. 

,·B' §" 1< nony11eHbl · HHepUHOHHble napaMeTpbl ,USIC. '<1>opMa' ,ll}IC 

Bbi6npanach B BH)te• .D:BYX cna6o nepeKpblBalOlllHXCSI lllapoB. · · nptt 

peweHnn·ypaBHeHna nannaca 6b1JIO onpe.n.eneHo none cKopocTeii. 3To 

.n:ano B03M0,KH0CTb nonytJHTb, BblpalKeHne .D.JISI KHHeTHlJeCKOM 3Hepnrn 

,, µ •• '2 . 1 - '•2 

T~(R- €11) + -r B
11 

11 , 

r.n.e µ- npnae.n.eHHaa Macca, 11- MaccoBaa acnMMeTptta .USIC. TIOJIHblH • 

~a~co~biii' K03~HI~HeHT .D.JIH 11-.n.BmKeHHH HMeeT BR.II. 

B ·= .µc2+ B 
' 1111 . ',, . 11 ' ' 

a He.n.naroHaJih~aa . ttaC'I'h . Maccoaoro TeH3opa onpe.n.enaeTcH_ 

Bblpa,KeHneM 

BR11 = µ€ , • . , 

.UJIH· 11 ➔ ··O KaK Ii npn paCCM0TpeHHH .n.eneHHSI·, B' << v'~ '. O.n.HaK0 ' R1} 111} 

.D.JIH 60JiblllHX, 11· . 3T0 C00TH0llleHHe He BblilOJlHHeTCH' ' 11 

KHlieMaTHtJeCKaH 'CBH3b. R- Ii 11-.D.BH,KeHHH CTaH0Bl1TCH cymecTBeHHOH. 

.6Jiaro.n:apH· en '• tJaCTb KHHeTHtJeCKOn '3HeprnH 1}-M0.D.bl nepeX0.D.HT B 

KHHeTHtJeCKYIO '. 3Heprnl0 R-M0.D.bl, Ii CHCTeMa CMeUlaeTCH 113 Il0JI0lKeHml 

TeKymero MHHHMyMa noTeHunaJihH0ro KapMaHa ( R,.l K 6aphepy ( Rbl • 

B § 2 nony11eHbl KJiaCCHtJeCKHe ypaBHeH11H .D.BH)KeHl1H, C · no

M0lllblO KOT0pblX M0,KH0 OilHCblBaTh .Il.HHaMHKY ,USIC B IlJl0CK0CTl1 ,( R, 1}) • 

B § 3 paCCM0TpeHa pa.n.naJibHaH 3aBHCHM0CTb H.D,p0-H.D.~pHoro 

Il0TeHI~HaJia' KOTOpbIH onpe.n.eJIHJICH' CBe_PTKOH HYKJl0H-HYKJl0HHblX 

B3aHMo.n.encTBnn c H3BeCTHblMH' ~YHKUHHM11 pacnpe.n.eneHHH 

npocTpaHCTBeHHOn,HyKJIOHHOn nJI0TH0CTH B3aHMO.D.eHCTBYIOllll1X a.n.ep. 

nonytJeH0 npocToe . Bblpa)KeHtte .D.JIH ·a.n.epHOH lJaCTH B3aHMO.D.eHCTBHH 

TH,KeJioro a.n.pa c ,cx-11acTnueii. ,, . 
' B • § 4 npni3e.n.eHbl pe3yni.TaTbl Knacc11tJecKoro pac•IeTa.· 

TioKa3aHO, .'ITO TaKOH KBaHTOBblH 3~eKT, KaK HyneBble 'K.'.one'.6,aJ-111~ 

OtJeHh BalKeH Ii ' .D.0JI)KeH . YlJHTblBaThCH npn pacCM0TpeJ:11111. : 3T0T· 

3~eKT M0)KeT 6b1Tb BKJIIOtJeH . B ypaBHeHHH .D.BM.)KeHl1H nqc,pe.zicTBOM 
' 

nepeHopMttp0BKH pa.n.nanhttoro a.n.po-a.n.epttoro noTeHu11anaJ PactJeTbl 

noKa3ann, 'ITO 6naro.n.apa · .n.11ttaM11q'ecK'.oi't. · CBH3H ·• R.:.,,····11·:.• ·11-M<>.D. 
, > • __ ' • ' ·~ 
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.D.BHlKeHHH. CHCTeMa np116n11lKaeTCH K Il0TeHu11aJlbH0MY 6apbepy. 

CTa6HJlbHOCTb CHCTeMbl yMeHbWaeTCH np11 yBeJll1'IeHl111 yrnoaoro 

M0MeHTa. BKJllOlJeH11e cna6oro KalJeHl1H B BblXO.D.HOH . Kattan Ii 

yMeHbWeH11e pan11yca 0KHa MelK.UY H.UpaMl1 B npouecce 3BO.iIIOU1111 

TaKJKe Be.UyT K pocTy Bep0HTH0CTl1 pacnana ,USIC. Manoe 0TKJl0_HeHHe 
- 12 R OT Rm .UJJH peaKU1111 C 110HaMl1 C yKa3blBaeT Ha TO, lJT0 B 3T0M 

cny,iae BblJleT nerK11X 'IaCTHU M0lKeT 6bITb o6bHCHeH HCnapeHHeM. 

npo~HB0n0Jl0JKHaH KapT11Ha Ha6nK>naeTCH nna peaKU11H C 110HaMH 'Ar H 

Cr. Pacna.u .USIC, 3B0J110U11ott11pyK>me11 K cocTaBH0MY Hnpy, 6yn~T 

BH0CHTb nonOJlHl1TeJlbHblH BKna.u B BblJleT nerK11X lJaCT11U. 
' 

B § 5 B paMKax .u11qxjly_3110HHOH M0,UeJlH C 11Cil0Jlb30BaH11eM Y<l>TI 

11ccnenoaaHo BJll1HH11e KBaHT,0BblX 11 TeilJl0Bbl~ ~JlYKTyau1111 Ha: 3B0-

JllOU11IO ,USIC. Y<l>TI pewan0Cb MCT0,U0M rno6aJlbHOro M0MCHTH0ro 

np116ntt)KeH11H. B 3T0M no.uxone nocne.uoaaTeJibH0 y<ITeHbl ace· 3~eK

Tbl,' CBH3aHHble C 3Hepr11e11 ttyneBblX. KOJle6aHHH ( § 4), .u11~y311eii 

'1epe3 noTeHuttaJlbHbltt'6apbep.' 

B § 6 o6cyJK,uaK>TCH pe3yJlbTaTbl .umjxpy3HOHHblX pac•IeT0B. Mb! 

11HTepecyeMCH 0TH0Cl1TeJlbHblM BblX0.D.0M ne rK11X 'laCT11U. TI0CK0JlbKY 

Halli MeT0.U pelllCHl1H Y<l>TI .Il.JlH o6naCTl1, 6Jll13KOH K BX0.D.H0MY KaHany, 

nepeoueHHBalOT aep0HTH0CTb pacna)].a' H3-3a MaJlOH r ny611Hbl 

noTettuuana B · peaKutt11 
40

Ar+
197

Au, pac•IeT Ha'rnHanca c ·Komjmry

paunu 
22

Ne+ 
215

Fr, K0Topaa xapaKTe p113 ye Tc H 6onee r ny6oKHM 

panttaJlhHbIM Il0TeHuttaJl0M. Ha p11c. 3, 4 np11se,ueHbl pe3yJII>TaTbl 

pactJeTa (R-Rl(Al 11 .u11cnepc.1111 x (Al (A-Macca nerKoro 
m 2 RR 2 2 

<l>parMeHTa) .UJlH peaKU.1111 
40 

Ar+ 
197 

Au H 
12

C + 
232

Th np11 Il0JlH0M 

M0MeHTe CJ-ICTeMbl J= 70h 11 pa3Jll1'1HblX, Ha'IaJlbHblX TeMnepaTypax 
' w -

( T 0) • Xopowo B11,ll.H0, '!TO B cny,iae C Ar 0TH0C11TeJlbHbll1 · BblX0.U 

nerKHX' lfaCT11U 60JlblllC. 3T0 Il0.UTBeplK,uaeT 3KCnepnMeHTaJlbHble 

pe3yJlbTaTbl. 

B 3aKAIOIICIIHH nepetJl1CJleHbl 0CH0BHble pe3ynhTaTbl, nonylJeHHble 

a .u11ccepTauu11. 

1. Pa3pa6oTaHa M0,UeJlb, Il03B0JlHIOLUaH Y'll1TbIBaTb BJl11HHHe 

· o6onoqe,rnoil CTPYKTypbI s3a11Mone11cTBYK>lll11X H.Il.ep Ha npouecc 

~OpM11posaH11H 3apH.D.0BblX 

MH0r0HYKJl0HHblX nepe,ua'!. 

2. noKa3aHo, 'ITO 

H MaCC0BblX pacnpe.ueneHHH B peaKUHHX 

B MHKp0CK0ilHlJCCK0M nonxone Y'ICT 

9 
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Puc.3 •. ,3aBHCHMOCTH 
XRR 

(BepXHHH 48CTb) H (i-
-R ) : ( HHlKHHH-' 4aCTb) OT 

m 

A .Ll.JIH CllCTeMbl, HMe~mew 
2 

KOH~ttrypautt~ 
22

Ne+ 

+
215

Fr BO BXO.Ll.HOM KaHa

Jie. PeJyJihTaTbl pactJeTa 

nptt -c 
O 
= 1, 5, 1, o, 2, o 

M3B noKa3aHbl CITJIOWHOW 

JIHHHeW, - KOpOTKHM WTpH

XOM H .Ll.JIHHHbIM WTpHXOM, 
COOTBeTCTBeHHO. ' • fOptt-

30HT8JlbHiH WTpHXOBaH 
JIHHHH B HHlKHeW 48CT~ 

DOKa3hlBaeT BeJIH4HHY 
- ( R -R l .Ll.JIH a-qacTtttI-

b m 

HOW KOH~ttrypauwtt,· 

Puc.4. To lKe, 4TO H Ha 

pnc. 3, HO . .Ll.JI~ cn·cTeMbl 

12C _ + 2~2Th. 

KyJIOHOBCKOro B38HMO.LJ.eWCTBHH lJaCTew JUIC CBO.Ll.HTCH K 

nepeHOpMttpOBKe npoTOHHblX 0.Ll.H04aCTHllHblX 3Heprttw. 3TOT 3~eKT 

Be.LJ.eT K 3H84HTeJibHOMY B03pacTaHH~ sepoHTHOCTH o6pa30BaHHH 

CHJibHO aCHMMeTpttt!HbIX KOHCjmrypauttw. 

3. no11y4eHo xopowee onttcaHtte 3apH.Ll.OBhlX pacnpe.LJ.eJieHttw 

npo.LJ.yKTOB peaKuttw MHOfOHYKJIOHHblX nepe.LJ.alI. _ npe.LJ.JIOlKeHHaH 

MHKpOCKOnH4eCKaH MO.Ll.~Jlb n03B0JIHeJ HCCJie~oBaTb ]BOJI~UH~ 4RC B 

rnttpOKOtt 0611aCTH H3MeHeHHH MaCCOBOW acttMMeTpHH. YCTaHOBJieiw·, 

4TO o60JIOlJe4Hble :HjxpeKTbl Hatt6011ee HpKO npOHBJIH~TCH B CHJibHO 

acttMMeTpttt(HbJX. KOH~ttrypaUHHX .llRC H OKa3blBa~T 60JibWOe BJIHHHHe 

Ha o6pa30BaHtte 11erKttx H.LJ.ep. 

4. B paMKax MHKpOCKOntt4eCKOro no.LJ.XO.LJ.a no11yqeHbl ypaBHeHHH 

.Ll.JIH pactieTa H Ha HX oqrnse ttccne.LJ.OBaH npouecc O.Ll.HOBpeMeHHOW 

nepe.LJ.a•rn npoTOHOB H HettTpOHOB B r11y60KOH~ynpyrttx 

CTOJIKHOBeHHHX THlKeJiblX HOHOB. noKa3aHO, 4TO yqeT H30CITHHOBOW 

3aBHCHMOCTH 0.Ll.H04aCTH4HOro noTeHQHana Heo6io.LJ.HM nptt onttca~HH 

3KCnepttMeHTaJibHblX .LJ.aHHblX. Pacqe~Hble Ce4eHHH o6pa30B~HHH 

nerKnx 

AHaJIH3 

3JieMeHTOB HaXO.Ll.HTCH 

pe3yJibTaTOB pacqeTa 

B cornactttt 

n03B0JIHJI 

C Q -CHCTeMaTHKOW. 
gg 

C.LJ.eJiaTb BblBO.Ll. () 

cymecTBOBaHHH HapH.Ll.Y C 0.llHOHYKJIOHHbJMH KJiaCTepH~IX nepe.LJ.alI B 

)UIC. 00.Ll.TBe'plK.LJ.eHbl .BblBO.Ll.bl :11<cnepttMeHTaJibHblX pa6oT O TOM, l[TO. 

npouecc ycTaHOBJieHHH' N/Z-paBHOBeCHH B THlKeJibIX cwc:reMax 

HBJIHeTCH MOHOTOHHO HenpepblBHblM. 

5. npe.LJ.JIOlKeHO 06bHCHeHHe ycttnemrn BbIXO.Ll.a 11erKHX lJaCTHU B 

pH.LJ.e peaKQHW C THlKeJiblMH l-l()HaMl-1. .llJIH :noro npoa_HaJil-13Hp()BaHa 

CBH3b pa.LJ.HaJibHOW H Maccac1-1MMeTptttJHOW MO.Ll. .llBHlKeHI-IH .llRC. 'OHa 

Mana B CHMMeTpttt[HbIX KOHcjmrypauttHX 1-1 . CHJlbHO B03pacTaeT C 

yneJIH4eHHeM MaCCOBOW aCI-IMMCTpHH. Ja ClJCT :)TOH .lll-lHaMH4e C KOH 

CBH3H KHHe_THlJCCKaH :-rnepr1-1H Maccacl-lMMCTptttlHOH MO.llbl nepeXO.lll-lT B 

:rneprtt~ panttaJibHOfO .Ll.BHlKCHI-IH 1-1 Cl1CTeMa np116JIHlKaeTCH K 

nOTCHQ11aJibHOMY 6apbepy. B paMKax JJ,11~Y3HOHHOH MOJJ,en11 Ha 

OCHOBe ypanHeHl1H G~KKepa-nnaHKa pacCMOTpeuo BJIHHHHe KBaHTOBblX 

11 TenJIOBblX ~JIYKTyauttw Ha :rnon~umo .llRC. noKa3aHO, lJTO 

KBaHTOBbIC cjmyKTyaUHl-1 np11BOJJ,HT K nepeHopMttpOBKe H.llpO-H.LJ.ep1-1oro 

ncneHuttana 11 11rpaKJT 6011brny~ ponh n on1-1cautt11 pacnana c11cTeMhl. 
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