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Pa6oTa BHnoJIHeHa B Jia6opaToprur MHOJKecTBeHHHX nponeccoB 
TipR B!lCORHX aHeprKRX lli!CTRTYTa ~H3HRR BllCOKHX aHeprmi: 
A~eMl!H HaYK Kaaaxcxoa CCP. 

Oqim:wam,HHe·onnoHeHTI:l: 

,ItOKTOP ~H3HRO-MaTeMaTWI8CFiPIX HayK 
tJneH-KoppecnoH,IteHT AH CCCP np~eccop 

,!lOFiTOP ~R3HRO-MaTeMaTWI8CKPIX HayK 
np~eccop 

,ItOKTOP ~H3HRO-MaTeMaTWI8CKRx: HayK 

.. r. T .3AUEffilli 

A.H.roPEYHOB 

A.B.~PEMOB , 

BenYmee HaytJHO-HCCne,ItOBaTen:&CKOe y-g:pezneHHe: 

lli!CTHTYT <pZ3HRH BllCORl'lX aHeprd (r.CepnyxoB) 

ABTop~epaT paaocnaa "[L" -),11 I97? rona. 

,--

38llU'!Ta cocTOHTCH " " { X !977- rona B // -qac. 
Ha aace~aHHH_ CnelUl:aJIH3HpOBMHOro--cmreTa ~-047.0I.02 npH Ila6o
paTopHH BHCOKHX 3HeprHR 06~e~HH8HHOrO HHCTHTYTa R~epH!lX HCCne
~OBaHHR (r.~yaaa,MoCKOBCXOi o6n.,IlaOopaTopHR BHCOKHX aaeprHR 
Ollffii,KOH~epeH~-aa.n).· · · 

. C nJ!'ccepTSitReff MOJ!CHO 03Ha.KOMHTMH B 6H6JmOTeRe JIB3 OIDM.'. 

YtJeH!lff· ceRpeTap:& CoBeTa · · . ~ ., ./A.-
RaH~aT -~H3HRO-MaT8MaTH'I8.CFiRX' HayFiAf'fl_. ~-~ (/ ~ , 

C . M. q) • .llliXA 1lEB 

I 

OcHOBY Jl,HCC8PTailIDI COCTaBJimOT pa60TH, Il0CBB:m8HH!Ie H3y

tJeHmo npo6neMl:l miumpyroum:x tJaCTm:( BO B3aRMO,!l8HCTBIDIX a;n;poHOB 

(B OCHOBHOM ff- -Me30HOB) C HYKROHaMD: H aTOMH!IMH Si,JijlaMH B 

o6naCTH aHeprd, ,!lOCTRlltHMIDC Ha COBpeMeHmrx yc~op.lITe.llRX. 

Ilpo6neMa ngHcyrouµpc tJaCTHil BKrmaeT B ceoo BHneneane 

RX H3 tJHCna BTOpWIHIDC tJaCTm:(, o6pa30BaHHHX B aeynpyrHX: a;n;poH

HliX B3aHMO,ItettcTBIDIX, Hccne,ItOBrume RX CBO!CTB H ROppeJL<md C 

xapaKTepHCTRRaMH OCTM:&HliX (He.rumnpyroum:x) tJaCTRr( H oco6eHHOC

Teff me noBe,IteHM B cnOJKHwc aToMHHX .fi,Jijlax. PemeHHe STott npo6 -

new cBHaaHo c 6onee r.ny6oKHM miytJeHHeM nponecca MHOJ!teCTBeH -

Horo o6pa30BaHHH tJaCTHn,B TOM tJKcne ero npocTpaHCTBeHHO-Bpe -

MeHHllX xapaKTepHCTHK. 

Uen:& Pa6oTH - nccne,ItOBaHHe cBoffcTB .mr.nHPYRllllHX -qacTm:( H HX 

poJm B a;n;poH-HYKnOHHliX H a;n;poH-JJ,ItepHHX B3aHMO,ItettcTBHB:X, 'ITO 

HBJilleTCH rrepcneRTHBHHM HaIIpaBneHHeM B nay-qemm 'AHHaMHRH c.wrr,

HllX B3aHMO,!l8liCTBHff • 

HaytJHM HOBH3Ha COCTORT B TOM, 'ITO BnepB!le 6wro npOBe,It&

HO cRc;eMaT~ecRoe Hccne,ItOBaHHe cBott~TB .mmRPYXllIIRX tJac~nn B 

IIHOH-HYKnOHffilX B3aBMO,ItettCTBHHX, B FiOTOPllX HaH6onee TPY.ItHO Bil-

. nenHT:& STH tJaCTm:(U. Hccnel(OBaH.M Ha'laT!l aBTOpOM BI968r. Hsy

tJeHa ROppe.na:nHI! JIR;ln'lpyDlltIDC tJaCTRn C pasmAH!lMH xapaKTepKCTH -

KaMJ!I HeynpyrKX B3aHMO,ItettCTBHff a,ItpOHOB C Hj'RJIOHSMR K aTOMB!ilm 

.fi,JijlaMK B o6naCTR aHeprd I0-200 I'sB R noxasa.Ho, 'ITO CBO!CTBa 

Jnml!PYllll11!X J! OCTM:&HliX (H8.1IJ!lUlPYlllllU!lC) tJaCTRr(, o6pasoBaHHliX BO 

B38JDIO,IteffcTBWDC a,ItpOHOB C Hj'KnOHaMK H aTOMHHMH .fi,JijlaMK, cy~eCT

BeHHO pa3H!le. 

1----
061ie,i.l·n-iii.:~ .. ..J-:1 m-·~-cmryr I 
tJJlCf=llID.'. [l(;('.lli)jlOOOB 
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Ilp8R'fIA8CltM: µeHBOCTl> saltJIIJ'1a8TCSI B TOM, tJTO IIOJIY"i8H -

·HHe 8RCJiepmreHTaJII,HlI8 ;ztaHHile HCIIOJil>SYJ)TCSI ]1)Uf. npoBepRH T80 -

pe'rl'!'lec:irax Jipe;ztCT8l3lI8Hmi MHOllt8CTB8HHOrO o6pasoBamm -qacT:im B 

8,tij)OH-HYMOmml: H 8,tij)OH-JJ;l(epma: BSamtO;ztelcTBmtX. IloRa3aH0,1lTO 

noCJie :ricRJI1Jtiemm JDl,lG[JlYlllllHX 11aci':im H liyRJIOHOB OT;ztdim · yrJioBHe 

u· DnyJil>Clme xapB.RTepltcTHRR OCT~!WX tJacr:im (rmoHOB), o6pa -

30BaHlmX B. HeyJIPYI'l'IX 8,tij)OH-HYRJIOBBBX B8alll«O;ztettCTBlitllX,MOryT 

ruin OJIHCaHl:l B paMR8X _T8pMO;ItHH8MH1J8CROrO JIO~O;zta. 3HaHH8 IIO -

' Be;nem .mr,n;apy.lJllllU -qacT:im BHYTPB aTOMHOro H;lij)a 8Ha1lHT8Jil>HO 

COKJ)811Ui8T ltpyl'. Teopell1l;CPX · MO;JteJI;i. MHOllt8CTB8HHOrO o6pa80Ba- . 

mm 11aC'l'JIIt Ha aru,ax aTOJIOB. 

·Hsy"qeim:e aeyIJPYr.e:x:BsaJDIO;nelcTBd 8,tij)OHOB noTpe6oBaJIO 

paspa60'l'D Me'l'O;JtOB onpe;ne,:,remm 8H8prHH H JipltpO;lt!l 6HCTPHX -qac

~'l'l!ln, a '1'81Cl8 cos~ HSM8,PHTeJ!l,HO-BH'll[CJIH'1'8Jil>HOrO ROMJIJieRca, 

BRJIIJliamtero.cneitJmJll>mre ycTaHOBRH 'AJt8'. miuepeIDIJI xoop;ItHHaT CJie

;itOB B IJYBHPUOBHX :s:airepax H a;nepm.x qlOTOSll4YJil>CJlfIX. 

Ilpe~eHH!ie Me'l'O;ItH HC:s:Jlll1Jemm JIODoro paccemnm_n 'l1J!Y -

r.e:x no11ex np11 onpe;neJiemm: aHeprHH H np1Ipo;lt!l sapszemrux tJaC'?lm 

JIO n■epe.HJUDf JIX MHOroRpaTHOro·:s:yJIOHOBCRorO paccemnm ll HOHH

SanKOHHHX JIO;epl> B. ~e~Hrill; qlOTOSM,YJil>CWDC H8llllll1 JipaK'l'll'IJ~C:S:08 
I ~- ' ~ 

npmreHeHHe _B pa;ne _Jia6opaTopd CCCP n sa py6exoM. 

· • 0CHOBBH8 • IIOJIOZ8ffim I BHJtllmtVTHe 8BTOP9M Ha 88llIIITY: ·. 

I • .I[)quitP,yJJIIOi~ tJaCTmJ;H_npe;ztCTSllJiflDT co6ott, B OCHOBHOM, 

"caxpammumeca" ne;mH'rime · aru>OHS, ~CDH'l'a:Btmte Heynpyl'Be Bsan-
, · _- -. .· -_. ' . ·.- ,· ' . ····· - -. -

IIOJ!.:8ICTBD C sypciHid · Will aTOMmMI aru,ru.m. CBolCTBa .7.m,IU'lpj'»-
c --- ·' • - • • • • - -· • ·- - ' 

~ J[ OCTal!l>HJa: (HeJDl,lG[JlYJ:lllll!IX) tJaCTJm, odpasOBaHHSX B ,am>_OH -

mlIB88lDIO;Jt8ICTB:ZSX,. cyntecTBeHHO.OTJIK'qaDTC.!I. BepOJITHOCTI> 06 -

2 

' \I 

l 
\ 

. I 

j 
·r 

J .. 

pasOBaHH.!I mmHPYDIIUOC tJacT:im BO B8aID.!O;lt8liCTBRIDC a;ztpOHOB co CJIOX

HHMlI Jij!JlaMJC aTOMOB MeH1>me, 1leM BO B88.RMO;zteficTBRIDC 8.,!U)OHOB C HyR

JIOHruffl, H He corJiacyerca C np~~craBJI8HH8K O ITOJIHOff naccHBHOCTH 

JI.H;JtHPYDIIUOC_1laCTfill B a;nepHott MaTepHH. 

2. Pacnpe;iteJieHHe Jill,IU!PYDUUDC 1l8CTJm no nOJIHHM HMIIyJil>CaM c 

yBeJIKtl8HHeM aTOMHOra HOMepa Sl)JJ)a·MKtlleHH CMfil'tlaeTC.!I, a B pacrrpe

;It8JI8HHH no nonepetJHHM m.myJil>CaM, Ha060pOT, 8Ha1lHT8Jil>HO 118.1118 Ha6-

JI~8.D1'C8 ·qacrn~H C OOJil>IIIHMH nonepeqHl,WH HMITYJil>CaMH. 

3. AcHMMeTpHSI B yrJIOBOM, RMJiyJil>CHOM H ,l!JlYrHX pacnpe~eJieHIDIX 

JIHBH8BHX tJaCTHil, oco6eHHOCTH O;ItH01laCTHllHHX xoppeJimurl\ H HaJIH'qHe 

;ItaJil>HO;zte!CTBYDUUDC ;ItBy~aCTH"IHHX RoppeJI.llllHit B HHRJID8HBHHX H nony

WiltJIDSBBHilX peaRUWDC o6yc~OBJieHH, B OCHOBHOM, BKJia,l{OM Jill,1U!PYIDil!RX 

1l8CTm:t, HCRJID1l8HHe ROTOPHX cy~eCTB8HHO M8HH8T cpe;ItHHe xapaRTepnc

THKH OCTa:BlllBXC.!I BTOpHqHHX 1l8CTHIJ; H nosBoJii:!eT onacaTl> HX CBOffCTBa 

B paMKax TepMO,IUIHaM.lf'leCRHX Mo;zteJieff. 

4. Xap0.RT8PHCTHRH Me;ItJI8HHHX tJaCT.Hn, o6pa80BaHHHX B a,l!JlOH

-a;nepimx B8a.BMO;zteffcTBwtx, CJia6o 88.'BHC.!IT OT nepBH1lHOft SHepI'WI H 60-

Jiee 1fYBCTBHTBJll,HH R npltpO;zte HM8TaD1118I'O a;ztpOHa H pasMepy a;npa MH

Ul8HK B OTJIH'l:He - OT xapB.KTepHCTHR OHcrpwc (ueJIH~PYD!tHX) qacrH~. 

5. 0THomeHHe cpe;ItHel MHOE8CTB8HHOCTH JlllBH8BWC tJaCT.Hn R ROp

HD RB8,l!JlaTHOMy HS ,lUlcnepciKH pacnpe;iteJieH.11.!I no MHoxecTBSHHOCTH CJia-

60 88.'BHCHT OT SHepI'JUI nepBH'qHHX ITHOHOB H npoTOHOB, a TaKJ:8 

aroKHoro HOK8pa B,Jtpa MHM8HH. 

. 6. TeopeTJ!ll8ClU!8 1101(8JIH, OCHOBaHHHe Ha H;Itee 06H1lHOro BHyTpH

Jl,ltepHOro xacxa,na, He corJiacyDTCSI c sxcnep11MeHT8.JlbHHMII ;ztaHHHMII no 

Heynpyrm, B8aHMO;ztelcTB.l!BM 8.,!U)OHOB·C aTOMHHMH a;npru.m npH BHCORHX 

aHeprRIIX. 
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AB Top TaJOKe sammnaeT M8TO,ll:R'!8Cltll8 paspaOOTlUI, CM38.HHHe C no

BHIIl8Hll8M TO"IHOCTll ll HM8lKHOCTll B orrpe,neHeHRR HMrryJII,CQB ll npllpO~ 

O~CTPHX "<IaCTllll B JI,I(epHHX q>OT03MyHLCWIX. 

HacTOJ!llla.R: pa6oTa .f!BmI8TCJI "<IaCTJ,JD MHOrOH8THllX llHaHOBHX 3RCne

pllM8HTaHbHHX accHe,noBa.Hmi Heynpyrnx Bsam.10.neHCTBRtt anpoHOB (B oc

HOBHOM ff -Me30HOB) C HYRHOHaMll H. JI,I(pa.MH, npoBO,D;l!l!HX B l!HCTH~yre 

qJH3HKH BHCOKHX :rneprHlt All K8.3axCKOlt CCP B na6oparopHH MHO

xecrneHHHX npoqe~COB npH BHCOKHX 3HeprHHX, pyKOBO,D;HMOR aBTOpOM 

C MOMeHra ee opraHH3a~H (1963 r.). HCCH8,ll:OB8.HWI npoBO)ULlrnCJ, 

npn sHeprIDIX 7,5; IO; II; I7; 40; 50; 60 ll 200 ThB §). Ilpn 3TOM 

OHHO np08.HaHR3llpOB8.HO OOHee 20 THCJI'l COOHTlltt, B TOM tJllCHe, npllMep

HO B llOHOBllHe CHYtJaeB,c ll3MepeHHHMH llMnyHLCaMll HR;IUl:PYIOlllIDC ll oc -

TMLHHX tJaCTllll. 

JlllccepTauruI COCTOHT ll3 BB8,ll:8HWI, meCTH rHa.B, OCHOBHHX BHBO -

,ll:OB ll 3aKHID"I8HHJI, cnHCRa HHTepaTypH H npMoxeH,l!JI. 

B nepBoii rHaBe OllHCHBaJOTCSI OCHOBHHe tiepTU Heynpyrroc B3allMO

,neiicTBlltt. MPOHOB C HYRHOHaMll ll JI,I(paMll npn BHCORllX 3Hepr.IDIX H llX 

TeopeTlltJ8CltaSI ll!ITepnpeTan.wi: Ha OCHOBe cymecTBYJDUUIX MO,ll:eHett.BrumbR 

OC068HHOCTLD 3THX npoqeccoB HBnHeTCH_HanHqHe 3<P\P8KTa nH,D;HpOBaHHH. 

.UoHroe BpeMSI C'qHTMOCL, tJTO anpoHH, itCITHTaBmHe Heynpyrne coy

,napeHllSI, HCtJ83aJOT H o~oBpeMeHHO ITOSIBMIDTCJI ,npyrne 3H8M8HTapHHe 

tJaCTUUH. Ta1tott no~o,n, Hanpl!Mep, paccMaTpllBMCJI B CTaTitCTll'!8CROll 

TeopHH ~epMH, OCHOBHa.R: n,neJI KOTopott COCTOllT B TOM, tJTO B peayJII,Ta

Te Heynpyroro B3aHMO,neiiCTBllJI anpOHOB oopasyeTCSI e)Ul:HaSI ROMIIay~-

-CllCTeMa, H3 ROTOpott ncrryCRaJOTCf! OT,ll:8HJ,HHe_tJaCTHUH. O~aKO 3KC-

~ ~aCTL 3KcnepllM8HTaHbHOro MaTepRaJia, OTHOCJ!llleroCSI K aHeprWIM · 
E > 40 rsB, ITOHYtJeHa KOJIJI8KTl!llHO B HaOopaTOPMX .AJrMa-ATH, By,na
nQmTa, EyxapecTa, BapmaBH, .llVOHH, RpaKOBa, J!eHHHrpMa, MOCitBH, 
CepnyxoBa,. Coqinn, TamKeHTa, Towm:cx, YHaH-EaTopa, Xa.Hoa. IloHL
sysic1, CHY"<IaeM, 8.BTOP BHP8JltaeT rHYOOKYJDAITP~3HaTeHLHOCTJ, KOHHe 
raM no·COTPY~ll'!eCTBy sa COBM8CTHYJD pauOTJ'. 
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nep.HMeHTaHLHHe qiaKTH IIOKa3HBaJOT, tJTO HC.IIHTaBWlleB3a.HMO,neiicTBM 

anp9HH, RaK npaBw:ro, coxparumT CBOJD npnpo,ny, 3H8"IllT8HLHYfil,ll:OHID 

aHeprmr, HallpaBHElHHe ,ll:Bmtemm, 3HaK 3apJI,na. ~8KT Hn,nnpOBa.HWI 

npoJIBmieTCJI B pacnpe,neHeHWIX BTOPH"IHHX "<IaCTllil no llMITYHLCaM,yr

HaM, OHCTpOTaM H T.n. 

HecMOTpiI Ha TO, "ITO YRa3aHnSI O cymeCTBOBaHllH Hn,nnpyromnx 

"<IaCTllll OHJm H3B8CTHH ,ll:8.BHO, .WC CBOiiCTBa H pOJII, B anpOHHHX B3aJIMO-:

,neiicTBIDlX CTMll H3y"<IaTLCSI B OCHOBHOM B nocHe,ll:HHe ro,nu. 

3KcnepHMeHTaJII,HOe H3ytJenne Hll.nlll)YJDUUIX "<IaCTJm npoBO;IUl:HOCJ, Ha

MH .ll:BYMfl MeTo,nru.m: B anpoH-HyKHOHHHX B3aHMO,neiicTBmrx:, B OCHOBHOM, 

C ITOMOmLJD ny3Hpl,KOBHX KBMep, B anpoH-JI,1(8PHHX - C llOMOmLJD M8PHHX 

q>OT03MyJII,Cd. B paOOTe llCllOJII,SyeTcJI 3RcnepRMeHTMLHmi MaTepnaH, 

nOHY"I8HHHH IIpH oopaOoTKe CHl!MROB c BicM H 200cM nySHPLKOBHX BO,ll:0-

po~ RaMep, OOHY"<IeHHHX Ha ycKopnTe_n:e UEPHa 7!- -MesoHaMH c HM

nyH1>CaMH IO H II rsB/c, COOTB8TCTB8HHO [I-?] , (6Mee 5 THCSI"I C0-

0!:lTHH) H npn o6pa60TKe CHHMROB c 2 - Merponon npOllaHOBOii nysup1,

KOBO! RaMepu OHHH, oo.ixy~eHHoit Ha ycKopnTeHe l@B3 B CepnyxoBe ff

-MesoHaMH c HMnyHLCOM 40 rsB/c [8-II] (6onee 2 THCJI'l COOHTd).06-

paOOTKa CHRMKOB C IIJBHpLKOBHX RaMep ocymecTBJI111Iac1, no MeTO,nHKe, 

paspaOOTaHHoff B OHHH,Ha 003,naHHOM B mBs AH RasCCP HSMepHT8Jll,HO

BH"IKCHHTeJII,HOM KOMMeKce. KoMUHeKc 003,ll:aH, B OCHOBHOM, Ha case 

OT8'<!8CTB8BHOro o6opy)toBamm, cpe,ncTB a.BTOMaTKS~ K BlltJHCHHTeJII,

HOI T8XHHRH H B HacTosimee BpeMfl BKJIJD'JaeT B ce6SI ESCM-6, ,ll:Be E3CM-4, 

TpH 3BM n3neKTpOHHRa-I00". O,nHy :m-IOIO, ,ll:BaCIIHpaJII,Hl:DC HSMep:e:Te

M, OKOHO ,neCJITH nOJIYa.BTOMaTOB THna IJYOC H JU)yroro ooopy,noBaHHSI, 

cos1taHHoro H cosJtaBaeMoro Ha <5ase paspa<5oToR mro .AH RasCCP ( AJI.._ 

Ma-ATa), orum ( .llyCSHa), lffB3 ( CepnyxoB)H 1tPYrKX opraHHsa.Itd. Ha

y11Ho-opraBHs~oHHaH paOOTa no cos,namm HSMepHTeHhHO-BHtJHCJmTeJIJ,HO

ro ROMIIJrexca mro AH KasCCP llpOBO,nHHac1, no,n PYKOBO)tCTBOM aKMBMH

Ra AH KasCCP I.C.TaxK6aeBa • a.BTopa. 
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B JI,I(epHl:lX q>OT08MYJiliCll.RX OUJIO npoaHMR3.HJ)OB8.HO OROJIO 14 TU -

CJIIJ B3anMO;ne:ll:cTBHii 8,lij)OHOB C HYRJIOHro.m lI JI,I(paMR aTOMOB, B TOM ~lIC

Jie 1266, 4234, 654, 1986, 2153 B3alIMO;ne:ll:CTBd, oOpaaoBaHHl:lX 1C

Me30Ha.MH C aHeprHe:ll:, COOTBeTCTBeHHO, ?,5 raB (I2] • I? ThB fr2 ,
13

,
141 

50 ThB [r5]; 60 raB [!2 ,14 ,161 ; 200 raB [I?] H OMee 3,4 Tl:lCJili 

Barumo;ne:ll:cTBHii, oopaaoBaHHl:lX npoToHaMH c aHepr.wlldR IO R 200 raB 
[I8,I9] • . . 

Boero l1,1III aHaJIR3a Rcnoma9BaHO ORMO 21 Tl:lCH'm COOl:lTd, lI3 

HHX OROJIO 9 Tl:lCJIIJ COOl:lTRil. oopaaoBaHHl:lX :I[.- -Me30H8Mll H npoToHa

MH c aHeprHett Eo~40 ThB, 01:lJIH oopaOOTaHl:l, _RaR yxe paHee OTMe~a -

JIOCli, COBMeCTHO COTpy;nHRRaMli JiaOopaTopRtt Ra paaJIH~l:lX ropo;noB 
[8-II ,IS,I? ,I9J 

Ha ~aCTR COOl:lTmi:, HalneHHl:lX B q>OT08MYJibCRJrX, OOJIY~eHHl:lX npo

TOHaMll c HMnymcoM IO r::rn/c H ,tr -MeaoHa.MR c mmymcaMR I? R 60 

raB/~, MeTo;noM MHOroRpaTHOrO RYJI.OHOBCROro paccerunm: r2oJ , OHJIH 

.H3MepeH,l:l IDMIYJiliCH OOJiliIDHHCTila BTOpli'IHl:lX BHCOR08Heprl!'IHl:lX ~aCTHll 

(npaRTlI'JeCRH, Y.Bcex JIMRPYDillllX ~aCTJm)._ B q>OT08MyJiliCliUDC,.OOJIY'tleH

HHX B MarHHTHOM noJie tr -Me30HaMR C m.mymcoM 50 ThB/C, lI3MepS!

JIHCl, He TOJll,RO HMnymcu BTOp.lflnmx ~aCTHll, HO H HX SHaRlil aa,PJI,I(a. 

IlpoCMOTp lI OTOop COOl:lTmi ocymecTBJlllJIHCl, no oomenplUlllTO! MeTO

;nmte. HaMepeHHe yrJIOB BTOpli'IHl:lX ~aCTHll H HX MHOroRpaTHoro KYJIOHOB

CROro pacceruIHJI HHR RpRBH3HH CJie;noB npoBO,lUIJIOCl, Ha llOJIYaBTOMaTK'leC

RHX wmpOCROnax Mm'3-2 lI Mffi>3-2 ,c 88.JlllCl,D lIHq>OPMaitJl[H Ha nepf>oJieHTY 

H ll?CJie;eyDll!eA ee oopaOOTRO! HaE3CM-4. 

B cneIUtamBoM naparp~e nepBol rJiaBH odocsoBHBaeTca RpRTepd 

BHneJiemm: JIImR!lYDllOtIX ~aCTRQ B oT;nemHl:lX COOl:lTW'IX, no MaRCHMamHOMy 

m.inyJiliCY B L -:CRCTeMe (Jia66paTOpHaJI ClICTeMa ROOp)UmaT). 

HeaaBRClIMO OT aHeprRR nepBli'IHOtt ~aCTim!l, paaMepOB JI,I(pa Mmne-

,,_ 

6 

. 1 

.. 
1 

I 

j 

HR, THlla Baamm;nettCTBID! R MeTo;noB HCCJie;nOBaHHJI_ B HHTerpaJI:E,HUX HM

nymcHl:lXCneRTpax BTOPli'IHl:lX ~aCTHll BaOJIJO;naeTCJI Rarn:6 B OOJiaCTlI 

P; =(0,I-0,3)Po (pHc.I). MeCTO narROa,B cneKTp_ax 3aBHCHT OT ~HCJia 

reHep.HpOBaHBUX ~aCTRQ lI paaMepoB JI,I(pa MRmeHH. 

HHTerpamBl:le cneRTPl:l B OOJiaCTH MaJIHX H oommmc HMnyJiliCOB MO-
. .. r: U/tlo) P,- / 

ryT 6!lTl, OIDICaHl:l 8RCllOHeBT0.11 exp , r;ne U"' 1
/ P. • IlOCTOJIH -

HaR Lia B BllCOR08HeprH<IHOtt ~aCTlI cneRTpOB B 2,2-2,5 paaa Oomme, 

~eM ;nJIJI BH3R08HeprJABO!.BoaMO.lltHOCT!, OimCaHHJI cneRTPOB, npe;ncTaB -

JieHHax sa pRc.I, o;nHott npm.iott JIHHHett oueBHBaJiac:1, no 

p.im H OKa3BJiaCl, MaJIOBepOJITBOtt (P ~D.I%) [3 , 211 . 
X 2 -RpHTe-

B cneRTpe BTOpli'IHUX ImOBOB H3 pp-BaanMo;nettCTBrui HHRaRHX H3rH-

00B He HaOmo;naeTCJI (pHc.Ia, T~RH 3)-~ 0;nHaRO B cyMMapHOM cneRTpe 

BTOPR<IHl:lX IIHOHOB R npOTOHOB llOJIBJIJieTCJI HarlIO B Tott xe OOJiaCTH, ~TO 

H B cneRTpe ~aCTlIU H3 .n:p - B3aHMO;ne~cTBHtt llpH o;nHo:ll: H TO:ll: xe MHO

zecTBeHHOCTH H riepBK'IHOtt aHeprRH (pRc.Ia, TO'll(H I). PaayMHO npe;n

llOJIOZHTli, ~TO Bl:lCOROaHep!'l'I~HaJI ~aCTl, cneRTpa B RP - B3aHMO;ne:ll:cT

BRRX, TaK :a:e RaR H B pp -B3aP!Mo;ne:ll:cTBJl!JlX,OOycJIOBJieHa "coxpaHRBIDH

MHCS:l" nepBH<IHmm: ~aCTRuaMl{. 

Bu;neJieHRe "coxpaHHBIDHXCJI" (JIJOUIPYD~) ~aCTHJl B Heynpyrnx nH

oH- -HYRJIOHHHX lI llHOH-JI;nepHmc Barumo;ne:ll:CTBIDDC, ROr;na nepBK'IHaJI ~ac

TRQa no CBOHM xapaRTepHCT.l'IKaM no;no6Ha.6ommHHCTBY BTOpH<IHUX ~aCTHU, 

npe;ncTaBJIJieT cocoa CJIOZIJYD sa;na~. KpoMe Toro, .B Heynpyr.l'IX Baam.to

~eRcrBHRX a.itPOHOB HaOJil)){aeTCR He TOJIJ,KO O~HHOqHaR JI~HPYll

maJI ~acT_ima, Ho n JIH.lUIPYDlllaJI CHCTeMa (Hanpmtep, .I'" -MeaoH), oopa -

30BaHH8JI B peayJ!l,TaTe BOSOyz,neHRII nepBK'IHOrO ImOHa. B ;nHCCepTaIUJH 

OTMe~aeTCJI, ~TO RCilOJI!,SyeMElli Hawf RPHTepRil: BHneJieHIDI.JIR;nHPYIDlllHX 

~aCTHll no MaKCHMaJII,BOMy mU!YJiliCy (P JIR;n ~ U H3 p O, r;ne p JIR;n .I'! p O -

lIMI!yJil,CU JIH;nHPYDmea H nepB.HlIBOtt ~aCTHJl, UHS - ROa~eHT,COOT-

., 
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8 

·1_, 

BeTCTBYIDnurli: R3rR6y B RHTerpaJ.InHOM .HMrryJII,CHOM cneKTpe (pnc.I),He 

JIBJUISTC.ll COBepmeHHHM. 0,nHaKO B npRMeHeHRR K ~~R)JyaJinHHM HRB -

HHM,OC068HHO o6pa30BaHHHM npH B3aHMO~e8CTBHH C H~PaMH, OH HBnHeTCH 

mw6onee npHeMneMlilf. 

BTOPM rHaila DOCBlllllSHa R3Y'l8HIDO CBOliCTB Jrn,U.HPYIDIIIRX 'laCTRU,BH

,neHSHHHX no KPRTepnro MaKCRMafilHoroRMrrym,ca. IlpHBO,I(.llTCJl ,I(OJUI Jill,U.H

pyIOnurx z- , z+ H ft:° Me30HOB B pa3H.ll'lHHX KaHaJ.Iax g-p - peaKU.llll 

npH 3Heprrurx IO H II raB. IloKa3aHO, 'lTO C yBe~'leH.lleM 'lHCHa o6pa-

30BaHHHX 'laCTHU ,I(OJUI H.imRPYIDIIIRX IlHOHOB Toro Ee 3Haita sap.ll,I(a, 'lTO 

H HaJieTaromd a,npoH, yMe~nmaeTCJl, a npOTHBOilOHOlltHOro, Hao6opoT -

yBeHR'lHBaeTCJl. l!HCHO Jill,U.HPYIDIIIRX .ff- -Me30HOB B n;-p - peaKrumx He 

SaIJHCHT OT nepesap.ll,nKH npoToHa wrmemr. Bo B3aHMo,neil:cTBWIX n:- -Me

soHOB c aTOMHHMH H,npa.MI! npH aaeprrun: 50 R 60 raB 'l.0:CHO Jrn,U.HPYIDIIIRX 

'laCTRU yMeHnmaeTCJl C yBeH.ll'leHReM pasMepoB aTOMHHX Jl,I(ep. TaK, 'lHCHO 

sap.llllteHHHX Jrn,U.HPYIOlllRX 'laCTHU BO B3aHMo,ne:iicTBHJDC llHOHOB C T.lllK8Jil1M.l:I 

H,npa.MH BemecTBa (pOTOSMyJII,CRR IlO'lTH B.TPH pasa MeHnme 'lHCHa TaK.llX 

Ee 'laCTHU B IlHOH-HyKJIOHHHX coy,napearurx:. Ilp~eM STO yMeHI>WeHHe 

o6ycHOBHeHo ~aCTHUaM.ll, IIMeIDll!RMH TOT Ee 3HaK 3ap.ll,I(a, 'lTO .ll HMeTaJO

md IlROH. YMeHnmeaHe 'lJICHa Jrn,U.HpyIDmKX IlHOHOB B .ffA - B3aHMo,ne:iicT -

Bmrx no _CpaBHeHRID C .f£N - coy,napeHRHMH yKa3!:IllaeT Ha TO, 'lTO HR,I(H -

pynmM 'laCTHUa He MOJteT 6UTn "nacCHBHO:ii" B aTOMHOM H,npe, B o6HaCTR 

paccMaTpHBaeMux aHeprd fIS,22-24] • 

.AHaHll:3 yrJIOB BWieTa ~PYIOIIIRX 'laCTRU IlOKa3M, 'lTO OH.ll no~TH 

He 3aBHC.llT OT 'l.llCHa o6pa30BaHHHX 'laCTHU B IlHOH-HyKHOHHHX B3aHMO -

,nettCTBHJlX H HSCROJ!bKO yBeJmtmBaJDTCJl C pOCTOM aTOMHoro HOMepa H,npa 

M.mneHH. Cpe,nn ~aCTRU, H·Melllll}!x lOIHHM8JU,HH8 yron BH/leTa B 

L -CHCTeMe B OT,nem,awc HHBWIX:, OKOHO 60% COCTailJUlJOT Jrn,U.HpyIDnure 

'lacT.mm. 3aIJHC.HMocn cpe,naero sna~eHHH nonepe'lHoro RMrrym,ca H cpe,n-

9 
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1 

Heft sHeprID'l B C -CliCTeMe (CHCTeMa neHTpa liHepn;m) y JllIP.liPYIDIIll'IX 

.ll OCTaJII,HblX (He.lllIP,lipyIOIIUDC) 'laCTHn OT 'IJ.llCJia o6pa30BaHHblX 'laCTlln 

(MHOJlteCTBeHHOCT.ll) cymecTB6HHO pa3HaJl (pnc.2). 

CpeP,HllH nonepe'IHI:ra .llMnyJibC JI.ll,l!..llpYIOIIllDC 'laCTHn npm.iepHO B I,5 

paaa 6omme, '!eM nonepe'IHJ:ra IIMnyJibC ocTam,HHX 'laCTHn .ll c pocTOM . . 
aToMHoro HoMepa Jl.lU)a MmlleH.ll yBeJIH'lnaeTc.a:. 

IloBeP,eH.lle acconnaTE:BHI:lX MHOX6CTB6HHOCTeii OT B6.7m'IHHI:l nonepe'I-

Horo IIMnyJibCa B pearunmx Jr/II -fl;u1 +. X "' 7l'll - R7.u1 +X 

Heo~Ha.I<OBO. Ecu B o6JiacT.ll 6omnrnx BHa'leHlrll fl AU/ B flN-B3a.ll

Mop_eiicTBIDIX acconnaTRBHaJI MHOXeCTBeHHOCTl> Ila):laeT, 'l'O B ff.A -coyP,a

peHIDIX, Hao6opoT, yBeJill'l.HBaeTc.a: ( p11c. J ) • YBeJI.H'ieH.lle. cpep_aero 

3Ha'IJeHllR nonepe'IHOro RMnyJibCa JmWIPYIOlllHX 'laCT.Hn C pOCTOM aTOMHoro 

HOMepa RP,pa MmlleHH .ll yBeJIKlieHHe aCCOnHaTimHOH MHOEeCTBeHHOC'l'H B 

I fl/I -coyp_apeHnmc c pocToM BeJili'tJRH fl AU3 yitas:imaeT aa aeynpyroe 

'f B8a.llMOP,eiicTB.lle JI.llP..llPYJOIIUDC 'IJaCT.Hn BHYTPH CJIOltHoro aTOMHoro Jl.lU)a. 

B nocJieP,HeM naparpaqie BTopoii rJiaBH paccMaTp.HBaeTc.a: Bonpoc o 

npHpop_e JI~PYIOIIllDC 'laCTRn • .1vm aHamrna 6HJIH B3RTH 4-J1yt1eB1,1e Jl-p_ 

B3!IBMOP,eficTBM npR 8Heprlili IO rsB R 6WIO IlORa3aHO [37, 'ITO npnpo

P,a H 3Ha.I< 3apRP,a JI~PY!OlllHX 'IJaCT.lm B 60JibmRHCTBe CJIY'laeB Te xe, 

'ITO Hy HaJieTa10mero a,IU)OHa. B aHaJD'l3.llpyeMI:DC peaRnRmc, HaIIpHMep, 

B trP-P2fL1l"', fl-P-P27l""frtl° B 70-60% CJIY'laeB JUJJUIPYIOmeii 

'IJaCTHneii RBJIReTCJI fr -M830H, B OCTaJibH!lX 7i+ H 7i• -

Me30HH. IlOita3aHO, 'ITO npRMepHO B 20% CJIY'laeB JmWIPYJOmRe .tr , p+ 

.ll fl 0 -Me30HH o6pa3yIOTCR B pesyJibTaTe pacnaP,a BHCOK08Heprli'IHHX 

(JllWfPY!Oll!llX) pe30HaHCOB. lfoKJIJO'IJeH.lle JI.ll,l!..llpyJOIIUDC fl: fl+ R .n· -. ~ . . 

Me30HOB, o6pa30BaHHI:lX sa C'leT pacna):la BHCOR08HeprR'IHllX peaoHaHCOB, 

yMeHbmaeT P,OJIIO OP,HHO'IHHX Jlll,ltl!pYJJIIll1X 'laCTHn! .1i- -Me80HOB B I,3-I,5 

10 

r 

<I!) I +f:p, Br.&/, 0 , '! f:A Hnl/,, 

115! / lf-f I (2 \1-
ll4 f t' ' l 

llB ·1, 
4J { ry 'i--kL - 'f l 

a1,.~ 
2 4 6 n 2 4- 6 
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P.c. 3. AccoaaaT■ 8JDile MBO-.cTNDOC'r■ a MBIICRMCX:

T■ or noaeP911■oro .,.npn,ca n■:DPJ'lllllla, "18C

T■11. 
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I. 

pa:ia, a n;+. .11 .Jr· -MeaoHoB. B _ 2-4 pa:ia~ TrumM o6paaoM, JIHJUIPYIOIIUie 

g+ .II Jl 0 -M830Hll B- .trP -pea.RUWDC 06pa3yIOTCH B OCHOBHOM B peayJil>

TaTe pacnMa BHCOROSHepr.ll1ll!UX pe::ioHaHCOB., 

B TpeT1>ett rJiaBe· .ll3Y'i8lOTCJI RMIIYJil>CHHe xapaRTepHCT:intR BTOpRtl

HHX '3'.aCTRD;, o6pa30BaHHI:lX B IlROH-HYRJIOHHHX H IlllOH~H)(epHHX BSallMO -

;nettCTBRIDC B RHTepBaJie aHeprd I0-60 raB, 

IlOita3aHO, '3'.TO m.lJIYJil>CHHe pacnpe;u.eJieaw:r B C-cRCTeMe 

(CRCTeMa neHTpa RHepUHH CT8.JIRRB81DIIll!XCH '3'.aCTm:i;) 60JII,llIKHCTBa BTOpH<I

HHX IlllOHOB, o6pa30BaHHHX B rmoH-HYRJIOHHHX BSaID.IO;IJ.ettcTBRRX, C poc

TOM aHeprmi: IlpaRTRtieCRR He K3MeHJIDTCH, :ia KCRJID'ieHReM "XBOCTa" 

'i pacnpe;u.eJieHRH B o6JiaCTB: 60JII,IIIRX RMilYJil>COB. 3TOT ~RT H pa:i1rntt11Ie 

RMnyJil>CHHX cneRTPOB IIHOHOB pa3Horo 3H8.Ka 06'IJICHJDlTCH HaJWqHeM 

JIRP.RIJYIOmrot 'iacTm:i;. 

i 

"' I 

I 

!I 

B pacnpe;u.eJieHRHX IIO p.,_2 peJIHTRBHCTCRRX 'iacTRn, o6pasOBaHHHX 

B rmoH-HYKJIOHHHX K IlllOH-H)(epHHX BSaRMo;u.ettcTBRHX, B 06JiaCTH 

,q2
~(0,2-0,3) (raB/c) 2 Ha6JIIO;u.aeTCH H3rH6 (pnc.4). lCaR BJ1r;tUIO,CIIeRTP 

z 
IIO /3. H8B03MOaHO OilllCaTl> O;u.HO! 9RCIIOH8H'l'Oi. BoJI'.bll11'IHC'l'BO 8KCIIe_pn-

MeH'l'8JI'.bHWC TO'ieK MOJte'l' 6HTl> OilllC~O ;u.BYMR: SKCIIOHeHTaMR. IlpR'ieM no,. 
Ka3a'l'eJIH 9KCIIOH8HT B 06JiaCTH MaJIYX. ~ npm.iepHO B 3 pasa 6oJil>me, 

2 
'IBM B o6JiaCTH 60JI'.bmRX SHa'ieHmt ~ (npH Eo = 60 raB). BHCOKO -

aaeprll'iHaJI 'iaCTl> CII8K'l'pa,TaK ZBKaK. B pacnpe;u.eJieIDm IIO P/P0.onpe

;neJIHe'l'CH, _B OCHOBHOM, BRJIMOM JIRP.RPYIOIURX 'iacTim. CneKTPH '3'.aCTm:i; 
2 

no R B o6JiacTH MaJWX nonepe'iHHX HMIIyJil>COB, B OTJIR'il!e OT pac -

npe;u.eJieH:w:r no P/P o• _IIO'JTH He SaBHCHT OT aaeprHH nepBH'JHOrO a,ttpOHa 

H aTOMHoro HOMe_pa ,!iru)a MRlIIBHH, a B 06JiaCTK 60Jil>mKX, - aao6opoT, 

aaMeTHO oTJIHtJaIOTCH npn pa:iJIR'ima: aae_prll!.llX nepBR'JHoro a;u.poaa. C poc-
2 

TOM 8HeprHH CII8KTP 'iacTm:i; IIO f3. 

12 

B 06JiaCTH 60Jil>lllHX HWJyJI'.bCOB CTa-

.. 
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Pac. 4. PacnpeaeneHKe ltMDp8.TOB nonepe.-HWX HNn7nbCOB a 

DIIO&-aJSllOBIIWX .a IIKOB-slllep!IWX &3811NOD.elcTU.X. 

<P_,,>,r~Jc 
D/1 

q2 

ft ft '4 \ \ • I I I I t tP, fir.& 

l\t* t#tftt 
• ---- ' t t 

Q 

. -•· 
D ~-----...----....---....... --...----' y 

<fi>,r38Jc 
0/I 

0,2 

6 •-p, llral ,,.,,,., ' 

11\ # . 
l. \ t ll-•- 'I" • • -•· ,.. It; 

-2 
_, 

0 
D y 

2 

Pac. G • 3aMC■MQCT& Cpe,iRero nonepe'lH0rO SMOJ'1111CA OT &.lcTpOTW : 

a - 6e~ ■c&ll»'le..._. .n■npy1011a:x .acnu; l5 - nocne ■cKII~ 

-.en■ lmJUlpy101UaX UCT■ll. 
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HOBHTCH 6oJiee llteCTKHM. H8 0.Ha.7IH8a' 'AaHHHX;npe'ACTaBJieHHHX Ha pnc.4, 

MruKHO C'AeJiaTh BHBO'A! ~TO nonepe~HHe H~R»CH 60H»DlliHCTBa BTOp~ -

HHX ~aCTHU He 3aBHCJIT OT aTOMHOro HOMepa mwa ~eHH H 3HeprHH 

nepB~Horo a'APOHa. 0T~HJI_Ha6JilO'AaDTCJI lI,1UJ. ~PYDllUDC ~aCTHU c 

6ontl!HMH nonepe~HHMn _HMnymcaMII. To:cJio J.IR'AHPYllllUlX ~acTHU B :tr/l

B3aHMO'AeffcTB.ltllX C P,, ~ 0,8 ThB/c no OTHOmeHm> R HX nOHHOMy ~HCHY 
~ ~ -

npeBumaeT Ha I5% ~HcJio TaRHX xe .JIH'AHPYIOlllHX ~aCTMn B ff#- B3aHMO-
. - -,·, . . ~ 

'Ae!CTBRIIX. IlOJIBJI8HHe ~aCTHU C 6oJI»tllHMH nonepe~HHMH HMnyH»CaMH MO-
I • 

llteT 6HT» o6McHeHo pacceHHHeM JIH'AHpYJOmmc ~aCTHU BHyTpH Jl'APa. 

B 'AHCcepTawfH nO'AP06Ho_paccMaTpHBaeTCH BOnpoc 06 onpe'AeJieHHH 

1{084):pHUHeHTa HeynpyrocTH B a'APOH-HYRJIOHHHX H a'APOH-MepHHX B3amdO

'A8itCTBRIIX. ECJIH napUHa.JI»HHtt· K084XPHUH8HT aeynpyroCTH K :t OIIpe'Ae -

MT» no 'AOJie 3Heprmr, yHOCHMOil BC8Ml'I sapHllteHHHMR ~aCTHnliMK, TO 

OH B npe'AeJia.x ourn:6oK He 3aBHCHT OT aTOMHoro HOMepa.Jl'APa MmlleHH. 

HCRJilO~eHne ~PYllll1HlC H8.~HCJia BTOP~HHX ~aCTHU npHBO'AHT R yBeRH

~eH:mo K08qxpHUHeHTa HeynpyrocTH K; C pocTOM aTOMHoro HOMepa Jl'APa 

MRllleHH (Ta6JI. I). 

Ta6mma I 

Cpe'AHHe saa~eH.WI napURam.il'HX RoaqxpnnneHTOB• 
HeynpyroCTH K :1: H K~ (B CK06Ra.x) B llKOH-
-HyKJIOHHHX H ll.l!OH-MepHHX B8ElHMO'AeilcTBKIIX. 

T.HII B88HMO'AeAcTB.WI 3HeprM 
nepB~Ho
ro xm:oaa 
Brim_ .tr/I/ "Ar-¼<?) j.fl'A ("1.) 7) J.fl'A rc,111,0Jlfl11 (IIR, f:h) 

50 [I5J 

60 [24] 

0,6I+0,02 0,64+0,0I 0,58+0,0I 
(0,42±(),02i (0,47±0,01) (0,53±0,01) 

0,6I,t0,02 0,57,t0,02 0,58±,0,02 0,54±(),03 0,59,±0,02 
(0,42±_(),02) (0,44±.0,0l) (0,53,t0,02) (0,4I±0,03) (0,54,t0,02). 

IlocJie HCRJID'ieHHJI'iimnpyniiutx: ~acTim: .. 

14 

.... 

t 

· 3HSJI H3MeHeHHe ROSqxplntl!eHTa ueynpyroCTH B 3aBHCJ!'.MOCTH OT 

aTOMHoro HOMepa JQ:ij)a MHllleHH J[ npe,ItIIoJiaraH, ~TO B ~OH-M8PHHX 

Coy'AapeHIJIX Bee BTOP.IAHH8 ~ac~ o6paaynTCJI TOH»RO aa c~eT IIOC

Jie'AOBaT8Jll,HSX B8aHMO,nelcTBd HaJI8TBDII{ero ~OHa C BHyrpnn~epHUMll 

HYRJIOH&m, MOXHO oneHKTb BepXHd.npe'AeJI RpaTHOCTK Heynpyroro 

CTOJIKHOBeHKJI ero BBYTPH wa. 3aepl'HI! HaJieTBDII{ero ~OHa IIOCJie 

,J -CTOJIRHOB8HJm onpe,nen:s:eTCJl RBR: 

£" = (t-jl{:)"E. .. {I- j(K~),.) E,, , . 
r,ne E0 _- aHeprK.e: HM8TBDII{ero -a,iu,oaa, f K~ JJ J ( K: ) A - noJIH!rlt 

R08qxplmR8HT aeynpyroCTH BO BSaIDllo,nelcTBlmX ~OHOB C HYRJIOHB.MlI H 

a'l'OMHHMH. Jl'APSMl!. 

ltJr.a: 1t -ueaoH-Mepma BSaHMo,nelcTBd npH SHepr:wrx 50-60 

raB SHa'leHHe ,) , HallteHHoe Ha OCHOBe IIpJme,neiiaoro COOTHOM8H.l!Jl 

H .itaHHHX Ta6JIJntLt I, ORaSHBaeTc.e: PBBHWI ~I, 4 B pac~eTe Ha cpe,naee 

Jl'APO aTOMOB Bell!8C'l'Ba qioTOSMyJlbCJDJ 6e3 RBaSHl!yRJIOHHHX B8aRMO'A8ICT

Bd, 'ITO cyll!8C!B8HHO M8Hbme B8J!JttlJUW cpe,nHeff RpaTHOCTH Heynpyro~ 

ro C'l'O.IRHOBeBU, npe,nnoJiaraeMol B MO'AeJISX nocJie'AOBaTenaoro aesa

BHCBMoro C'l'OJIXHOBeBU HaJI8'1'8llmero ~oHa C HyRJIOHEIMH wa RaR co 

CB06o,namm 'laCT.anaMJI. 

B TpeTbel rzaBe Trutze paccMaTpHBaeTCJI Bonpoc TeopeTlr<iecRoro 

OJIHCaHH.e: nmym.CHHX X8PaRTep.11CTlllt BTOPJ!lll!HX 'llaCTHn. 0TMe-qaeTCJl, 

'llTO TeopeT~ecxoe OlDICaHHe JIHW!.PYEIIIRX 'laCTJnt B.~OHHHX BSaHMO -

,nelc'l'BJl/DC .nezo 6y,nymero, XOTH HeKOTOpHe ltX CBOICTBa MOZHO noH.e:Tb 

B prumax nepllqiep~eCRJIX RBapROBHX H mrxx Mo,neJiel. B CTa'l'KCTHl!ec

xol Teopo ~epo o6pasoBaHHe .l!ll,nltpYlllltn 11aCTJnt o6'L!IcHRn Tpy,nao. • 

Iopomo TaRZe JISB8CTHO, 'llTO C IIOMOll!bE 8TOI TeoplDI JIMilyJlbCHHe H yr

JIOBHe xapaxTepJ:C'l'JilRH He TCl.!II,RO .lil,ttJtpylmlJIX' _HO R BC~X BTOp:nHIDC 

'llaCTJnt, o6pasOBaaHHX B ~OHHI:IX BSalDIO'AelcTBJmX np:a BHCORBX aHeP-
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rrurx, He YAaeTCS: noJJHOCT»D o6'LllCHKT».MHorotJRCJieHHlie MOAll!PID<aIUm 

Teopo wepw He npKBMR K cymecTBeHHOMy ee y.nytimeHm>. E.JI.we!H-

6epr> CtJRTaeT, tJTO CTBTRCTHtJeCKOe TepMOARUaMK'l:eCROe OilllCaHHe xa

paKTepHCT.IIK reHep:epOBaHHHX tJaCTJm B08MOlltHO B c.nytiae, ecJll!I npaB.wr&

HO Blidpa.H!i Od~eKtli HCCne~OBaHHH. HMH MOryT 6!iTb CRCTeMH BTOPRtJHHX 

tJaCTJm 6es Jm.1U!PYIDlllHX HJll!I CRCTeMH, B KOTOPHX pOJIJ, JilQI.HPYDll!liiX tJac

Tlm HecymecTB8HHa. B AMCCepTaI.tllJ[ llOR83aHO, 'lTO xapaKT8PllCT:D][ 

BTOPHtJHIDC tJBCTJm (6es Jm.1U!PYID!llHX),o6pasoBaHHllX B aAPOHHHX B8aR

MOA8RCTBWIX npH 9HeprWDC I0-60 reB, MOryT 6!l'1'» OIDlCaHH B paMKax 

TepMO;IUIHaMWieCKHX MO~eJiel [G, 24,251 ~ 

~eTBepTM rJiaBa IlOCBJilileHa HSytJeHmo OAffOtJaCTHtJHHX, ABYXtJac

TRtJHHX H m,yrmc xoppenHnHR -qacrHn H H~ xapaxrepnctHR BO B3aRllo~eR

cTB:ruDC fl- -Me30HOB C HYRJIOHa.MH H .IIPJ)aMH. IloRa8aHO, tJTO miem1J1He

CR oco6eHHOCTH B OAHOtJaCTH"llIHX ROppe~ MOryT (fu:n, ycTpaHeHH 

nyTeM HCRnIDtJeHM JIBWiPYIDIIIHX tJaCTlm, Ha.IIpHMep, 88BHCHMOCT» BeJIH -
' "- E.,. p" 'IHH!i nonepetJHoro l!IYlJy.lll,Ca < P,_ > OT 6HCTPOTH y "' 2 u-z. E-ff:° 

CTaHOBHTCR, npaKTHtJeCKH, Cl'IMM9TpHtJHOI OTHOCHTeJI»HO 8Ha11emm !f =() 

(pnc.5). B o6JiaCTH -0,5 <If< 0,5 B 38BHOHYOCTK <P.,) = /(!!) 
B npeAeJiax 0111H60K Ha6JIIIAB9TCR MaTo. CJieP,YeT OTM9Tl1Tl>, tJTO C poc

TOM saeprmi nepBHtJHOI 11acT~ ua6JIIIJUleTCR yBeJmtJene 06.lmcTK no 

!f , rAe < f.) = wnd , tJTO t IlO-BJIJtl!MOMy, YR83W3aeT aa B08pacTa

HH9 BKJIQAa tJaCTmi;, o6pasoBaHHlil sa CtJST IlllOHJl38WI][, T.e. sa C'leT 

11acT1m, o6pasoBaaam: B pesyJIJ,TaTe pacmma uesoaHoro crycTRa 

(KJiacTepa H T.n.) Ha OTAeJIJ,Hlie ImOHH [7,9] • B pa6oTe aHaD8Bpy

IDTCR H m,yrze 38BHC.l!MOCTK cpeAffKlC 3HatJemd nonepetJHHX JDmy.lll,COB 

BTOPKtJHliX tJaCTm:J; ( or nonuwc BMnyJIJ,COB :a npoAo.n.ma COCTaBJIIDllllHX, 

•1 nH, I04, 539 (197!). 
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K084$mHeHTa ueynpyrooTHH r.n.}.IloRa3a.HO, tJTO 3TH 38BHCIDJOCTH cy-

1J18CTB8HHO pasHlie ~JISI Jm,IU!pYJ)l!UDC H OCTaJII,HHX tJaCTJm. 

YCTaHOBJieHa 8RCll9pRMeHTaJII,HaJ{ 88BHCID.!OCTb <. P,.) = D ':z_c [ 4 J , 

rAe 8 -cJia6o M8HSDJlllasICR B8JIHtJRHa (6JIH8Ras! R 3 raB/c MR fe-p 

-B8al!MOAelcTBd npR 8Heprmt II raB); n.. - llOJIHOe tJHCJIO reHep:epo

BaHHHX tJaCTHQ (6es HYKJIOHOB OT~atJH•H JIH1UIPYDI!UDC tiaCTJm); Kc -

noJJH.lltt K0~8HT HeynpyroCTH, HaibteHH:W B C-cncTeMe, KaK 

Kc. =, £ .. - Ee,., - E cff ( Ee 'E CIY ,Ec.n - llOJJHasI SHeprHll CTaJIKH -
E._ - rn,.,-rn;r 

BaDl!lllCR tJaCTnt, aHeprM HYKJIOHa Mmll8HH H HMeTruomero llHOHa noc-· 

Jie B38.HMOAeloTBHli, mN I! rn .ff -MaCCH HYKJIOHa H mmHa) • 

.llByXtJaCTHtJHHe KOppeJISIQHH H3YtJaJIHC» C noMOIJIDID CTaHMPTHOR KOP

peJISIQHOHHOtt qiyHRQHH 
.f>{V, !12 ) -1 

R {!f, !/z) = .f)(V,) .P{!fz) ' 

rAe .P(/f,} ,.P{//z) H .J>(!f,!fz) - OAffO-H .lU3YXtJaCTHtJHlie MOTHOCTH 

paonpeAeJieHim sa.PJiZeHHHX BTOPHtJHWC tiac:THQ no 6!icTpoTe y . Kop

peiunuroHH!ie sqxpeRTil ll8YtJMHC» HaMK B ,o6JiaoTH aHeprd OT II AO 200 

ThB, B TOM tJHcJie H B aAPc;>H-JJJtepma Ba~oAelcTBJmX [? ,II,I5 ,I?J • 

B AMCCepTaI.tHJ[ aHMH3HpyDTCR ABYXtlaCTHtJHHe ROppeJISIQHH TOJIDKO B JiP

-B3aHMOAefcTBHIDC npH 8H9prHH II rsB, Talt RaK npx Mama: 3H8PI'R!DC 

npoRBJieHJle JIH,lUlpYlll!lll tiacTmi; B RoppeJIJlD;HOHHUX aqxpexTax a:aH60JIDmee. 

Ha ocuoBamm npoBeAeHuoro aaa.msa 6wro noKaaauo, 11To AaJIDHOAelcT

BYDII!lle RoppeJISinD B llOJiy.HHK.1m9l!IBHHX peamumx o6ycJIOBJieH!i, B oc -

HOBHOM, BKJIQAOM Jm.IUIPYDIIIHX 'laCTHQ. 

Ilpx amuume KOppeJlRQROHHOI 38.BHCHMOCTH M~ HMDYJI»CaMH B'l'O

PK'lHHX 11aoi11t • yrxaMB: :u: BWieTa B H~HBH~YaJI»HHX nHBHHX (taxolt 

6HaJIH3 HMeer cwcn npOBO)OITL B nHBHSX C 60nLmOI MHOX8CTB8HHOCTLD) 

6wno 06HapyX8HO,'lTO B OTX8RLHWC B3aHMOX8iCTBHHXJi-Me30HOB CHA

p8MH aTOMOB Ha6JID,itaeTCR HeO)Ul03Ha'lHaJI (B OCHOBHOM . ~BY3HatJHaSI) 
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38BHCHMOCTI, Mel!QJY m,i:aym,caMH R yrJia.MH BHJleTa JIRBHeB!lX: 'laCTHn. 

O~HoA R3 B03MOJltHHX np.lARH Ta.KOi He0~03Ha'lHOCTR MO!teT 6UTI, Heyn

pyroe B3aHMO~effcTBRe HaJieT8Dllle:A 'laCTHD;!l 60Jiee -qeM C O~:eM BHYT -

prumepHHM HYKJIOHOM. 

B MTOA rJiaBe paccMaTpB'.BaDTCII yrJIOB!le xapa.KTepRCTmtH JIRB

HeBIDC -qacTRU, o6pa30BaHHHX B a,tq)O¥-HYRJIOHHHX H a,tq)OH-smepHWC 

B3aHMO~elcTBRIIX. AH8JIH3HpYIOTCII ac.HMMeTpM yrJioBoro pacnpe~eJiemm 

Jll1BHeBUX 'laCTllU, CTpyitTypa yrJIOBOrO pacnpe,l{eJieHllSl B oO

JiaCTH MaJIIDC yrJIOB, r~e BRJIM ~JllltIDC 'laCTRU BeJIHR, a Ta.Kl[e 

oco6eHHOCTH yrJIOBoro pacnpe~eJieHWI -qaCTHn B 38BHC:eMOCTH OT aHep

rirn n npllpO.l{ll iiaJieranmero a,l{poHa ll pa:3MepoB aTOMHoro a,l{pa 

M.BmeH.H. 

Ha pRc.6 npRBe~eHO yrJIOBoe pacnpe~eJieHHe BTOPH'lHHX llROHOB, 

o6pa30BaHHRX B 1lP- H /iN - B3aHMO~eACTBMX npll :meprwDC IO H 

60 raB [I4, 2r,25J , H8 KOToporo B~HO, 'lTO aclUOleTplla yrJIOBoro 

pacnpe~eJieHIDI B C-CHCTeMe o6ycJIOBJieHa B 3Ha'lHTeJII>HOI Mepe BKJIMOM 

JI~PYIOlllRX·'laCTHn. OnHa.KO RCRJIJO'leHRe O~O'lHHX JI~YDil!HX -qacTHn 

He IIpRBonRT K llOJIHOH CRMMeTpRR yrJIOBoro pacnpeneJieHM 'lacT.an BC

CRCTeMe, liCKJIDCJeHRe JI~HpYIO!llHX fl± R .f>
0 -Me30HOB llOBBOJllleT 

llOJIY'lHTl> CRMMeTp.lI'lHOe yrJIOBOe pacnpeneJieH.He -qacT.an( pllc. 70 ). 

Ha pzc.? npRBeneHo Ta.KJte pacrrpeneJieHHe mmHeBHX qacT.an, o6paso -

BaHHHX B • flN - B3aRMone:AcTB.l'Utt C MHOXeCTBeHHOCTl>D 3apsmeHHl:Q'. 

-qaCT.Hr( n ± ~ 9. B C06HTRRX c 6oJII>moa MHOXeCTBeHHOCTl>l) BK.JIM JIR

nRPYDlllltI -qacT.an He3Ha'lHTeJieH. IloaTOMy B TaKHX CJIY'laRX yrJIOBOe 

pacnpeneJieH:e:e JIRBHeBHX -qacTRr( B C-CHCTeMe, llPaKT.lfll:eCRH, c.lDIMeTpR'l

HO. YrJIOBOe pacnpeneJieHHe BTOpHqHHX -qacT.an IlOCJie HCKlllReH:im: JI~

PYDll!RX wm Korna me BRJIM uecymec'l'BeH , MOXeT 6HTI> OllHCaHO B paw-

18 

i' 

~ 

J1 

V 

«-N,60rJ. 
~~-

~-p torJ8. II I ,,_Jy.,,t 

.co~ j 

soh t•• ~ 
-tp . b . (0 

Cb18 

N I f"-p, Klr#&. 
4_ .ftJ'(el 

ZXJ. 

DJ 

N' ~7~, ,or~. 'lt-11yvt6. 
Ito 

20 

-{O iJ . fl 
C018 
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C-c■CTeMe. 3aurrptXOMIIB8~ '18.CTb - pacnpe
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Pee. 7. Yrnosoe pscnpeneneHae naoeoa a C -cHcTeMe: 
a - 6ea nuJ.HPflOIUHX ff'!.Me30HOB, 6 - 6ea 
nanapylOWHX rr- - H ·p0-Me30HOB. KpHBbie -
nayxTeMnepaTypH8B Monera. C y~~TOM KOppe-
n>Illaa p a p* · 
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Kax ;i:tByxTeMnepaTypHott TepMO;IUUISMH'leCKOil Mo~eJIH C y,1eTOM KOppeJifl-

wm nonepetJHoro fl R npo~om,Horo P,, m.mym,coB f25~ 

HaytJeHRe CTPYKTYPH yrJIOBoro pacnpe~eJielIBJ{ .mmHeBHX tJaCTBn, 

o6pa30BaHHHX B llROH-HYKJIOHHHX R npOTOH-HyKJIOHHHX BSamto~eicTBmtX, 

Il03BOJIHJIO YCTaHOBRTI,, 'IITO 8TH pacnpe~eJieHRll OTJIR'IBDTCH, rJiaBHHM 

o6pasoM, B OOJiaCTR MMHX YrJIOB. oTOMy qlaKTY ~aHO CJieJzyl'.llllee 001'>SIC

HeHRe:- pacna,n Boa6y~eHHoro HaJieTaDlllero npoToHa (6apaoaHaa CRCTe

Ma) Ha HyKJIOH RJIR IlROHH (tJaCTm:tH <ppar.MeHTaUim) B OTJilf<m:e OT pac -

mma BOSCly~eHHoro nROHa { ClOSOHHaH CRCTeMa) Ha no~OOHHe eMy -qac -

Tm:tll, npxmo~T K HeCKOJII,KO 6om,mol B~eJieHHOCTR (RO,lrJJHWlIUUI) JIR -

~lIJlYIDlllero npoTOHa no cpaBHeHHl'.l C ~PYDIIIRM ImOHOM RB-Ba paBHOCTR 

RX Mace R, COOTBeTCTBeHHO, R paSJIHIJHJl yrJIOBHX xapW(TepRCTRR -qac

TmJ; B OOJiaCTR CaMHX MMHX yrJIOB _B CJzytJae npOTOH-HyRJIOHHHX R IlROH

HyRJIOHHHX BBaRMO~elcTBd. HeCROJll,KO 6om,maa: acm.iMeTpM yrJIOBOro 

pacnpe~eJieHR!I tJaCT.Hn B llHOH-HyRJIOHHHX BSaBMO~ettcTBRSX no cpaBHe -

mm c npoToH-HyRJIOHHHMR MOllteT 6HTI> o6McueHa TeM, tJTO Bos6y~eH -

Hml HaJI8Tal'.llllRH llROH ([JparMeHTRpyeT Ha 6oJII,mee 'IIRCJIO 'llaCTBn, '118M 

HaJieTBDIIIRH npoToH •. 

B ~ccepTawm BHatJRTeJI1>Hoe BimMaHRe yieJifleTca aaa.mmy yrJio

BHX pacnpe~eJieHd JlllllHeBmc tJaCTmJ;, o6pasOBaHHHlC .fl"--MeSOHaMJII H 

npOTOHaMR BO Bsam.io~ettcTBRSX" c aTOMHHMR Ji,IU)aMR B o6JiaCTR YCROPR

TeJII,HHX aHeprd. Em10 rroKaa_aHo, qro B oOnacrH uanux yrnoB HaOnD.n;a

erca cnaOaa saBHCHMOCTL 3THX pacrrpe,n;eneHR~_OT TH!la MRmeHH npH ~HK

ClIJ)OBaHHOii aHeprRR, a B 06JiaCTR (lom,mmc yrJIOB Om! llO'iT.I! He SaBR

CHT OT nepBRtJHott aHepr:im l1)IJ! onpe~eJieHHOI MRllleHR. KaR BH.nHO :e:s 

p:e:c.8, C yBeJIJl'leHR8M paauepoB Ji,IU)a MRllleHR MHOZ8CTBeHHOCTI, JIRBHe

BHX 'IIBCT.Bn pacTeT, B OCHOBHOM, Ba CtJ8T MaJIOSHepI'JAHHlC 'tlaCTRQ,yr

JIOBOe pacnpe~eJieHRe ROTO_pHX B 06JiaCTR _;l ~ 0 { 0 ~ 45°) IIOtJTJ[ 
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He MeHHeTCJi c aHeprHett HaJieTruomero 8,Iij)OHa. 3TO xapaJ(TepHO ;IVIH 

qacTilI(, o6pa8OBaHHl:lX B pesym,TaTe ~parMeHTa.rum HyRJIOHOB MmlleHH. 

EcJIH qncJio qacTilI(, o6pasoBaHHHX sa cqeT WParM6HTa.rum HyRJIOHOB,H 

RX yrJIOBOe pacnpe;zteJieHHe He oqem, own.Ho M8HRDTCR C 8HeprHea,To 

OTHomeHHe qncJia qacTilI( C A~ 0, o6pa8OBaHHHX BO B8aBMO;ztettcT -

BRllX Ha H~ax, R qncny qaCTilI( C Tal(m.nt ze A. H8 8,Iij)OH-HYRJIOH

HHX coy;ztapeHmt MozeT xaprutTepHSoBaTL qncJio WParMeHTRPYJJIIIHX HyR

JIOHOB f24 • J • Hrub(eHHoe Tal(.ID.! oopasoM qncJio WParMeHTKPYJJIIIHX 

BHyTp.r,umepHmc HyRJIOHOB l1)IH cpe;ztHero·.FIAPa qx)T08Mj'JILCim lRPOllle BO

;ztopo;zta) .PaBHo 4,2;t0,4. B cnyqae, ROr;zta nepBH'IHOtt qacTilI(el HBM

eTcH npOTOH, OHO PaBHO 5t(),2. 3aMeTBM, qTp 8TH qncJia 8HaqHTeJil,HO 

OOJILme qHcJia CTOJIRHOBeHd nepBH'IHoro llHOHa a .f!APe,oneHeHHOro B3 

aHaJIH8a l!MilyJILCHWC xapaRTepHCTID( ~epHHX B8MMO;zteftcTBd. EcJil'I 

WParMeHTHPYD!llKe HyRJIOHH Mmnemi: HBJIHDTCJI HyRJIOH8MJ![ OT;zta'IJK, TO 

cpe;ztH HHX npOTOHH AOJlllHH COCTaBJIHTL npHMepHo llOJIOBKHy. TaRl!M 

o6pasoM, cpe;ztHee qncJio npoToHoB OT;zta'IJH onasuBaeTCH pBBHHM 

2,I,±l),2 H 2,5±_0,l Ha COO!lTHe, COOTB6TCTB8HHO, ;ztM B8allMO;ztelcT

B:e:li ImOHOB H npOTOHOB co cpe;ztHHM ~M aTOMOB Be~eCTBa WoTO -

8MYJILCRH, 'IJTO Hemu.moro OTJIHtlaeTCH OT cpe;ItHero ~c,ra Me;zvreuma: 

'IJaCTilI( l j -'IJacT.Hn), OCTaBJl!Dlll!HX B 8Mj'JII,CHH cepue CJie;ztll • 

.UeTam,H_Wt B.HaJIH8 yrJIOBHX·pacnpe;zteJieHd mmHeBHX 1JacTHn, 

o6pa8OBaHHl:IX BO B81U!MO;zte2CTBIDDC llHOHOB C .f!APaMH aTOMOB,llORa8aJI, 

qTo B STHX B8am.!o;ztettcTB.rmx lB pac1JeTe Ha cpe;ztHee .f!APO WoTO8yYJIL

ce) npoHcxo;ztHT y111em,memi:e ~cJia 1JaCTilI( c Ma.mlMlt yr,rrum lHaK

OoJILIIWMH aHep!'RIIMK) npKMepHo Ha 3U% no cpaBHemm c B88J!MO;zteft

cTB:run.m 8,Iij)OHOB Ha HyRJIOHax • 

Ha pHc.~a npne;zteHo yrJioBoe pacnpe;zteJieHHe 1JacTm:t, nony1JeH-
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Hoe RB.R pa3HOCTI, pacrrpe,tteJieHmi 'l'.8.CTJm IIO A= ~'?6 B ~OH-H,Jtep

H!iX H ~POH-HYRJIOHHllX B38EMO,tteiicTBRRX. 0Ra3ImaeTCJI, 3TO pacrr_pe

,tteJieHHe rro,tto6Ho pacnpe,tteJieHmo no A mmHeBmc 'l'.acTmt, o6paso -

BaHHHX B 3JieMeHTapHax a,IU>OH-HYKJIOHHHX B3a.m.lO,ttettcTBIDIX (pnc.96). 

Cprumemre pacnpe,tteJieH.Hii, rrpe,ttcTaBJieHHHX Ha pncymrnx ~a n 90, no-

1ta~unaeT, tJTO l.rnXaHl13Mhl MHOXeCTBeHHOro o6pasonaHl1H qacTJn~ BO 

B3al1JJO)tellcTBllHX a,1tpOHOB C HYltJIOHaMl! ll CJIOJICHUMll .R,llpaun, nO-Bll)tllMOMy, 

B 3HatJIITeJII,1!0l1 Mepe 11,lteHTlltJHH • 

illecTaJI rJiaBa nocBlm!eHa aHaJinsy xapB.RTepHCTlIR pacrrpe,tteJie -

mm 6HCTpHX: J!: MeMeHHllX 'l'.aCTHI{ IIO MHOllteCTBeHHOCTH o6pa30BaHHWC 

B a,IUJOH-HyRJIOHHHX H aJU)OH-H,JtepHHX B38lIMO,ttettCTBRRX B 06JiaCTK 
. . 

8Heprmi 7,5-200 fsB. IlplIBO;nRTCJI 3RCIIepHMeHTaJil,HHe .U:aHHHe O 3aBH-

CHMOCTH 3TllX xapB.RTepHCTHR OT SHeprim: lI IIPllpO~ HBJieTBll!llero ~ -

pOHa 11 pasMepon aTOMHOro Sl,llpa Ml-Ill!eHH. IloRa3aHO, 'l'.TO HCR -

JID'l'.eHKe JIH.nllJ)YIDil!l!tX 'l'.aCTmt IIPHB01U!T R H3MeHeH:im 3aBHCHMOCTH OT 

aHeprmi: TBRHX xapB.RTepHCTRR, Ra.It cpe,nrum MHO:«eCTBeHHOCTI, aap!!XeH

HHX 'l'.aCTm:t,OTHomeHHe cpe~eff MHOllteCTBeHHOCTH R ROPHI> RBa,IijlaTHO!,ij' 

H3 ~crrepcHH no MHOllteCTBeHHOCTH H T.n. BRJI~~M ~IDil!l!tX 'l'.aCTmt 

H IIPOTOHOB OT,tta'l'.K 00~.IICRlieTCSI POCT IIORa3aTeJIH ,,t, B 3aBHCHMOCTH . 
,<.. ,,_ 

R::::. /1 {.wm: R "" Eo ) , r,tte R - HOpMHj)OBaHHa.lI MHOllteCTBeHHOCTI, 

JIHBHeBwc 'l'.aCTHI{ B aJU)OH-H,ltepHHX B3aHMO,tte:llCTBRRX, IJ -aTOMHmi HO

Mep ll,Ilpa wu11eHl!, E0 - nHepnn nepn1r11aoro a,npoaa., BeJIHtJllJa R. H, 

COOTBeTCTBeHHO, IIOKa3aTeJII, ol B IrpOTOH-H,Jtepam: B3aBJ.'!O,ttelCTBRSX 

CHCTeMaTK'l:eCRH OOJII,me, _'l'.eM B ImOH-.imepHmc B3al!!ll~elCTBJtS:X npH O,tt

HOI H TOff lite. aHeprHH Eo III ,l(JI.II O~HX H Tex ze H,ll.ep MmlleHe:lt, B TO 

BpeMS: RBR B IrpOTOH-HylCJIOHH!iX B3aJIMO,ttelcTBKSX llHO:EeCTBeHHOCTI, 

JIHBHeBm: 'IIaCTHI{ MeHi.me, 'l'.eM B mroH-HyRJIOHHHX. B pa6oTe IrpOBO,ttlil -

Jioci. cpaBHea11e sRcne_pmieaTam,Hol 3aBKCHMOCTK R : / (//) c pac'll:e -
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TaMK, BHnOJIH~HHHllH Ha OCHOBe pa3JIHIIHHX TeopeTHlleCltHX MO,lleJieit, H 

C,tteJiaH BllBO,tt O corJiacmt C 3RcrrepHMeHTOM TOJII,RO Tex MO,tteJiett, H3 

Ro-ropux cJiep;yeT. cJiaOaa: BaBRC.aMOCTl. R oT A : RP ~ A O • 16 11 

Rn-'c.,.A O,IO COOTBeTCTB8HHO )!;JI.fl p/1- H 7ifl- D3aHM0,1teltcTB1dt: 

AH8JI1113 pacrrpe,tteJieHd IIO MHOllteCTBeHHOCTll mmHeBHX 'l'.aCTHI{ IlO

Ka3aJI,tJTO BH,11 3THX pacnpe,11eneHHlt H,CJ18,ltOBaT8JII,HO,OTHomeHHe cpe,11-

aen MHO:EeCTBeHHOCTll K KOpHD KBa)lpaTHOMY 113 pacnpe,11e}leHllH no MHOJICe

CTBeHHOCTl1 CJia6o MeHHDTCH C ll3MeHeHneM ;mepr11n 11 npnpO,llbl nepBllllHOro 

a,llpOHa n aTOMHOro HOMepa .R,llpa MJ,IJJJeffll [22-24, 26) .cpanHemie 3KC-

nepHMeHTaJil,HOtt SaBIIICHMOCTlI BBJill'l'.lIHH /,, = SZ); - ( ns >11 OT < ns) II • 
· . 2A . · . 

[r.tte., <ns.>.11 - cpe~ ~Ollte.cTBeHHOCTl, JIHBHeB~ -gac.THn B a,IUJOH-

-.im~pHHX B3aHMO,tte!cTB~, a c.z>! -,ttllicnepcIDI P'1Crrpe,tteJieHwr no 

MHOllteCTB8HHOCTH] C pactJeTaMR no MO,tteJIH HeSaBHCID.IOrO ,.nocnep;oBa -

TeJII,HOrO CTOJIRHOBeHlI.II HaJieTaD!ller.o. a,IUJOHa C BHyTprumepHHMII HyKJIO

HB.Mll noita3HBae'l', tJTO B3aHMO,tte:AcTBM B xru,ax HeJII,3JI paccMaTPII -
' . ' 

BaTI, KaK H83aBHCHWB COYA6P8HHH HaJieranmHx a,n;poHOB_· (JI~HpynmHx 

-qacTHit) C BHYTPll.R,ll~pHblllll 'HYKJIOHa!.!ll. 

B ,ttKccepTanmr llO,ttpOOHO aHaJIIISHpyDTCH TB.RJKe xapa.KTepllICTIIIKIII 

pacnpe,11eneHHff no tJHCJiy Me,llJieHHHX C- R fl -tJaCTIIII:(, 

OCT8BJJJmlIIHlC B 3MyJII,CllJII tJepHHe III cepue CJie,ttll, R llX Roppe.JIJIU]m C 

xapaRTepHCTllRaMH Jll!BH8BHX 'l'.aCTIIII:(. IlciKa3aHO, 'l'.TO IIOBe,tteH.He cpe,tt

HIIIX. ;3HatJeHd < n, > . H < n 1> 'l'.IIICJia C - R ?- -'l'.aCTmt B sa -

BHCHMOCTH OT SHeprm1 nepBH'l'.HOro a,ttpOHa H aTOMHOro_HOMepa .impa 

MmneHH cymecTBeHHO. O'l'JIKqaeTCS!.OT llOBe,tteHIIIJt BeJIIII'l'.IIIHH cpe~en 

MHOZeCTBeHHOCTH, JlltBH8BHX tJaCT~ < ns >,9 H He MOXeT OHTI, 0~ -

HCH8HO B prumax o6H'l'.Horo BHyTpJm:,ttepHoro RaCRMa. 

OraomeH11e s~,4>. cpe,ttHero tJIIICJia.Bcex.MeMBHHBX 'l'.ac~mt 

(N~) R ROPHD RBa,IijlaTHO!,ij' HS 1U!Cll8pCID! pacrrpe,ttenemm tJaCTmt 
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no N,._ cJia6o· MeHJieTCJI c pocTOM aHepro nepBII'IHoro a,IUJOHa H 

npHMepHo B ,!Ula pasa MeHr,me aHMorRtIHoro OTHomeHIDI 6HcTp!lX (.mm

HeBinc) 'llaCTRI:l. CRm,HaJl 8aBHCHMOCTb Be~RHH < n,) OT fl He 

MOJlteT 6!lTJ, o6MCHeHa B8a.HMO~eficTBHeM B ~e TMJ,KO HaJieTruomero 

a,IUJOHa. 
<n,) 

lliITepeCH!lM q>aKTOM .llllJIJieTCJI pa8Jlll:lme OTHomemiil <n,> lI,]IH 

IlHOH-H,nepH!lX .H npoTOH-H,nepH!lX B8aHMO~effcTBmi. B 06JiaCTH 8Heprd 

Eo-f 60 TaB ST.H Be~RH!l COOTBeTCTBeHHO PaBHll 2,9±.0,08 H 

I,65±0,04._ O~HaKO npH aHeprnn 200 raB OHR CTaHOBHTCH PaBH!lMR 

2,CJ6±0,I3 .H !;93±(),08. TaKHM o6pasoM, yxe np.H aHeprnn 200 ThB 

xapaKTepHCTRK.H Me~JieHH!lX ~aCTRI:l B H,nepH!lX B8aIDv!O~encTB.wnc CTa

HOMTCH MeHee 'llYBCTBHTeJIJ,HHMH K npHpo~e HaJieTruomero a,IUJOHa. 

B nocJie~HeM pas~ene mecTon rnaBu paccMaTpHBaJOTCH oco6eH -

HOCTH MHO'JteCTBeHHoro o6pa80BaHRH 'llaCTRI:l B H,nepHHX q>OT08MyJll,CH

HX. Ha OCHOBaHKII: ~aHH!lX, nOJJy'lleHHHX B pa6oTax rr4 .r9, 27J, .H pa -

60T mr.HX aBTOpOB, On.HOOK KOTOP!lX npHBe~eH B ~HccepTarum., no -

Ka8aHO, 'ITO BepOHTHOCTb o6pa80BaHIDI B H,nepHUX qJOTOSMym.cKRX 

KBa8IUIYKJIOHH!lX C06!lT.Hff C H8118THW4 l!HCJIOM J1y11e1t, OTOOpaHHWC no 

oO~enpHHHT!lM KpHT8pHHM, 8aBHCHT OT npupO~!l nepBHqHoro ~pOHa H 

CWII,HO pacTeT C YB8JIHll8HH8M ero 8Hepr.HH. IlpH1!8M TaKOe yBenHl!e

H.He MOJKHO TOJIJ,KO.'llaCT.H'llHO o6MCHHTJ, xorepeHTHHM B8aHMO~effcTB.H

eM HaJieTaromero MPOHa C .R;lij)OM KaH UenHM, Ce'tleH.He KOTOporo TaK

llte yBeJIJN.r.maeTc.iI'c pocTOM 3Heprnn. AHaJIH8 noKa8aJI, tJTO 8TO YBe

JIII'IeH.He H HMeromneCH OC06eHHOCTH B pacnpe~MeHrun C06HTmi no 

'llHCJIY JIHBHeB!lX tJaCTRI:l IIMeDT MeCTO ~- B8aEMO,teiicTBmi C "'I,,. 'I: I. 

Tax.He B8eJIMo~eficTBRH a.IUJOHOB ocymecTBJllllOTCH B ocHoBHOM c nep.mpe

PlmHHMH HyKJIOHaMH aTOMHHX H,nep BemecTBa qJOTOSMym.c:im. B pa6oTe 
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IlOKa8aHO, ''ITO yBeJIHtJeH.He KBa8HHyKJIOHH!lX B8aHMO~encTBmt ( co6HTd 

c tv,. ~ I) c pocTOM aHeprnn nepBHtJHoro a,IUJOHa CM88.HO c yMeHr,

meHHeM co6HTd c Al,.~ 2, tJTO o6MCHHeTCH B OCHOBHOM yMeHr,meHH

eM BepOHTHOCTK B8aHMO~ettcTBIDI HaJieTanmero MPOHa c .IUlYMH H 6oJiee 

BHyTprumepHllMR HyKJIOHaMH H BOSMOlltHID/1 norJiomeH.HeM Me~JieHHHX tJaCTHU 

~aMH aTOMOB. HeKOTppoe npeBumeH.He ITJIOTHOCTH HeffTpOHOB no cpaB

Hemm c npoTOHaMH Ha nepHq>epnn T.ID!tema: H,nep H yMeHr,meHHe aqxllex -

THBHOCTH B88.BMO~effcTBHH JI~pyrommc tJaCTHU BHyTpH ~a C pOCTOM 

aHepr.HH npHBO~HT K yBe~emm cetJeHHH o6pa80BaHRH KBa8HHyKJIOHH!lX 

co6HTmi c HetJeTHllM tJ.HCJIOM 8apJmeHHHX tJaCTRI:l. 

B np.HJIOJt8HHH K ~ccepTanHH paccMaTpHB8XlTCH MeTO~ HCKJllltJe

HHH JiolltHoro pacceHH:im H miyrnx noMex npH H8MepeH:im MHoroxpaTHoro 

RYJIOHOBCKOro pacceHHU sapJmeHHHX tJaCTRI:l. IIoxasaHo, tJTO no HSMe

peHJlf.liM MBoroxpaTHOro RYJIOHOBCKOro pace~ Ha OT~enHHX CJie~ax 

MOZHO onpe~eJIJI.TI> ninym.cs tiacT~ BDJIOTJ, ~o 60 ThB/c. HsMepeu~e 

:ze OTHOCBTem.aoro pacceruntJI aa napax cne~oB nosBOJIJleT oueuarr, BM

nym,011 no.PJmKa 200 reB/C c TOtJHOC'fl>ll 25% (pnc.IO H II) [20,28J. 

Haff,neHH 8KCIIepl!M8HTam.HHe 8aBHCRIMOCTH "HOHHSa~HR-m.myJILC" ~ 

H,nepma eMy.in.c:d P8.3JIJNHO!.tJYBCTB.ltT8Jil,HOCT.H H ycJIOBM Ha,neJtHoff 

~eHT}$maIUIH tJaCTHIJ; [291 • IIpelI,]Io:ZeH M8TO~ ~eHTHql.HKauHH tJaCTHU 

B H,nepHHX q>OT08MyJII,CHllX C llOMOmr,ll ~ -8JI8KTpOHOB [30) • 

OcHOBHHe pesym,raTll pa6oT!l. 

I. Ha OCHOBe H8y'!8HM npoueccoB MHO:Z8CTB8HHOro o6pa80BaHKH 

tJaCT~ B aeynpyrHX B8aHMO~effcTBWDC a,IUJOHOB (B OCHOBHOM, Jr -Me-

80HOB) C HyK~OHaMH H ~aMH aTOMOB B nysspr,KOB!lX KaMepax H H,nep

H!lX q>aToaMym,c.wnc B o6JiaCTR aaeprd I0-200 raB c noMomr,n cos~a.H

Horo B ~B3 AH KasCCP HSMepHTeJIJ,HO-BHtJHCJIHTeJir,Horo KOMITJI8KCa ye-
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pacceS1D111, BS ll'lel!KSX a - t = 6 MMj 6 - -t = 8 ..... 

28 

TaHOBneHH cxem,lllllZe OCHOBHHe xapaKTepHCTHKH JIJmHI)YJD!Itl!X -qacT:im: 

a) Ilp:HpoP.a H smm sap!IJla IDmHPYD!Itl!X -qacTHU B 6om,mmtcTBe 

cxy-qaeB Te xe, 'IITO Hy HMeTamero a,npoHa. Hanp:m.iep, B pea.KURRX 

7CP-P2.fl-.7i+ 1I JrP-P2fr7l+ ff° nplI m.mym,ce IO TaB/C 

B ?0-60% cxytJaeB mm:HpYIOll!ID,!H -qacTHUaMH JmJUmTCJl .1r-Mesom,1, B 

ocTam,HWC cxy-qa.a:x n,+ HJIH .fl:° -Mesomi. IlpH aToM JlH.llRPYDlliRe 

fl.+ Ii! fl
0 Me3oHH o6pasyDTCJl B OCHOBHOM B pesym,TaTe pacna,noB 

BHCORO8HeprK'IHHX peSOHaHCOB. 'l!li!CJIO mmHPYllllll!X .?E- -Me3OHOB B 

,n;-p peaxnwi:x He 88.llli!Cli!T OT nepesap!IJlKH npOTOHa MH111eHH ll: yMeH!,

maeTCJl C pOCTOM MHOJiteCTBeHHOCTH. 

6) Bepo.llTHOCTl> o6pasoBaHll:Jl mmn:pyilllll!X fl~ -Me3OHOB (B OT-

JIHtJHe OT mmRPYD!Itl!X .te+ -Me30HOB) B tr.11 -B3aHMOP,e:licTBRRX 

yMeH1>maeTCJl C YBemNeHHeM aTOMHoro HOMepa JIP.Pa trn:meHH. STO He 

corxacyeTCJl C npeP,CT8l3Jl8HHeM O llOJIHO:li "naccimHOCTH" JnmHPY!Oll!l'IX 

'llaCTHU B JlP,epHoff MaTepll:H. BepO.llTHOCTl> Heynpyroro B3aIDv!OP,e:licTBll:Jl 

JnW!PYlllllliIX tJaCTHU B CJIOJtHl,IX aTOMHHX HP.Pax Beil!eCTBa !pOT08MYJil>CID! 
• I 

B o6JiaCTH aHeprd 50-6Q raB COCTaBJIJleT _He 6oxee I/3 OT BepOJIT -

HOCTH Heynpyroro coyp_apeHHl'l HaJieT8.lllI11ero 8,IU)OHa, npe;nnoJiaraeMoii 

B MOP,eJIHX IlOCJieP,OBaTeJIJ,HOro liI He3a.BHCIDl!Oro ero coyp_apeHHlI C BHyT

PHlIP.epHHMl!! HyRJIOHaMH RaR co CBO6OP,Hm.m 'IaCTHUaMH. 

B) HHTerpam,Hm! m.mym,cm cneKTP J!lmHPYilllll!X tJaCTHU B llli!OH

HYKJIOHHHXB38l!MOP,ei!c'l'BHJDC CJia6o H3MeHJleTCJl C pocTOM 8Heprl'Ili! nep-

BJiI'qHOro 8,IU)OHa. STOT.Cll8RTP MOJiteT 6ml> Ollli!CaH 8KCllOHeHTO:li: 

exp{- U/Uo ), rp_e U= P/Po. IlOCTOJlHHaJI Uo P.M JIJmHPYIO!Itl!X 

'llaCTJm B 2,2-2,5 pasa 6oJII,me, -qeM 8Ta lite llOCTOJlHHM P.JIJl OCTMl>

HHX tJaCTHU. C yBeJIH'qeHl!eM aTOMHOro HOMepa HP.Pa wmteHH m.myJII,cHmi 

Cll8ltTP mmHPYlllltBX 'llaCTBn CM!ll"laeTCJl. OrmcaTl> :m.mym,cH!ili m:teRTP 
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Bcex BTOpJ'ItJHIDC tJaCT~ O,!U{OH 8RCnoHeHTOH H8B08MOEHO. BepOllTHOCTh 
2 . 

8TOfi rIIIIOT88ll no ;t -TeCTY COCT8BJIJI8T MeHee 0,1%. 
r) 3aBncm.iocTh cpe,nHero_aHatJeHlill nonepetJHoro m.myJihca 

JIH,IIHPYDIIIHX llaCTH~ OT llHCJia polC,lleHHHX llHOHOB CYl!l8CTB8HHO OTJIHllaeT

CJI OT aTofi xe aaBHCRMOCTH JI.JIR oc:ram,11ux qacunt~ Pacnpe,11eJieHne no 

p~ B_ npe)J.eJiax ourn:6oR He 88BHCHT.OT ~TOMHOro HOMepa .sm,pa Mmne

Hll. Paamrqrui: Ha6.mo,nruoTcJI JIHlllh JI.JI.II pacnpe)J.eJiemrli JI~YlDntme tiac

TID.l B 06JiaCTll 6oHburn:x 8HatJeHHfi p~ <If~ 0,6 raB/c) 2 ) • .HaMeHe-
.r. 

mrn cneRTpa Hi{,T.(HPYlDII!WC tJaCTID.l no P,. . npH BOapaCTBHHH aToMHoro 

HOMepa JI)I.pa Mm!leH.l'I MOJlt8T 6HTh o6'I>JICH8HO roc,.B8aHMO)J.ettcTBlleM 

BIJYTP.l'I JI)I.pa. 3RcnepHM~HT8JihHHe pacnpe)J.eJieHHJI Bcex_~TOpJilqHliX tiac

THn no P: (:raK xe.RaR H pacnpe)J.eJieHne no P/P0) MOryT 6HTh 01mca

HH :ztBYMII 8KCnOH8HTB.M.l'I exp(-a. 1t), fiPJilq8M llOCTOSIHHaJI a. B 06-

JiaCTR 6oHburn:x P; (np.l'I aHepro nepB.l'ItIHoro IIHoHa 60 raB) npm.iep-
2. 

HOB 3 paaa.MeHhme, tJeM B 06JiaCTH MaJIHX 8HatJeHJl!A p~ • CneRTp 

JI~YlDlllIDC tJaCTHn no p~ C pOCTOM aHepro nePB.l'I'IHoro ImOHa, B 

OTHJ'Itl.l'Ie OT pacnpe)J.eJieHHJI no P/Po,CT8BOB.l'ITCJI.6oJiee E8CTKHM. 

JI.) YrJIOBHe xapaRTep.l'ICTRKH JI~Yllntme, tJaCTID.l B a,JU)OH-HyRJlOH

HHX B8a.l'IMO)J.eticTBRJIX CJia6o .l'I8M8H.llllTCJI C yBeJIJAeHH8M 'IIJICJia tJaCT~ 

B ROHetJHOM COCTOJIHIDI:. Cpe)I..l'I tJaCT~, BllJI8TalDIIIKX CWIHmdaJ!bHHM 

yrJIOM _B L -CHCTeMe, npHMepHO 60% COCT8BJllDlT Jllml'IJ)Yllllll!e. C poc

TOM aTOMHoro_HOMepa .sm,pa MmneHn cpe)J.Hmi yroJI BWieTa Jll'QUIPYlll!IHlC 

tJaCTm:t HeCROHhRO yBeJIJA:imaeTCJI. B 06JiaCTH Mama yrJIOB B pacnpe

)J.eJieHmrx: tJaCT~, o6paaoBrunrax BO B8aHMO)J.effcTBJ1lliX aJU)OHOB paaH~I 

np.l!pO)I.H C HyRJIOHa.Mll .l'I JI.D:.PaMll aTOMOB. HMellTCJI pasJll'l'<DISl, KOTopue . 

o6'bf!CHJIIJTCJI.RHHeMaTJilq8CK.HMR orpaBHtJ8HRIIMR Ha xapaRT8pBCTlmH JDl

)I.HJ)Yklll!WC tJaCT~ pasHo:A fiPHPOJI.H H tJaCT~ qipan,euTanmt HaJ.teTamte

ro a,11poHa,ncnu:raBmero BaanMo,11enc:rBHR. 
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e) McRJlkltJeHne Jll{,T.(Zpyklntme tJaCT~ ycTpaHJieT oco6eHHOCTll B 

O)I.ROtJaCTHtJHl:DC Roppe.mnumx, cHMMeTpnsyeT 88B.l'ICIDIIOCTh nonepetJHIDC 

m.myHhCOB BTOpHtJHHX tJaCT~ OT roe 6HCTPOTH H llX yrJIOBli8 pacnpe

)J.eJI8Hl'UI B C-cncTeMe, cymecTBeHHO yMeHhIDa8T·)J.aJ!bHO)J.ettcTBYlDllll!8 

JI.BYXtJaCTHtJHll8 ROppeJIJI~ HT.](. H!.myJIMHlle ll yrJIOBlle pacnpe)J.e

JI8Hl'UI BTOPHtJHBX llHOHOB, o6pasoBaHHHX B a)I.pOH-HyKJIOHHliX B8a.l'IMO

)J.8il:CTBHHX, nOCJ18 HCRJID'tJ8HM JIIU!.HPYlllllIDC tJaCTID.l, onRCllB810TCJI B 

paMRax TepMo](llffaMHtJecxmc MO](eJiett. 

2.Ha OCHOBaH.IDI cpaBHHTeJihHOro aHaJIR8a a,Jij)OH-HyRJIOHHl:lX ll 

a,Jij)OH-JI](epaux B8aIDIIO](ettcTBmi C](8JiaHli CJI8](yDmH8 BllBO)I.H: 

. a) Cpe)I.Ree tJHCJIO qiparMeHTHPYlDntmC BHyTprui;nepHHX HYRJIOHOB, 

oueHeHHI:DC Ha yrJIOBI:DC pacnpeneJieHmi JIHBHeBI:DC tJaCT.l'IU, o6paaoBaH -

Hl:DC BO B8aJrMO](elcTBl!lllX ImOHOB H npoTOHOB C JI.D:.PaM.l'I aTOMOB Beme -

cTBa qioT08MyJihCD, p8BHO, COOTB8TCTBeHHO, 4,2;t0,4 .l'I 5±,0,2. 3TH 

tJHCJia cymecTB8HHO 6oHbme RpaTHOCTH CTOJIRHOB8HM HaJI8T8llmero M

poHa BHyTpH aTOMHoro .sm,pa, oueHeHHO:ti H8 aHaJrn8a :IIMilyJihCH!:DC .l'Iyr

JIOB!:DC pacnpeneJieHmi Jll!BHeBHX tiacT~, pacnpeneJieHmi roc·no MHOJlte

cTBeHHOCTH K 88BBCHMOCTH R08qiqi~eHTa HeynpyrocTH OT aTOMHOro 

HOMepa .sm,pa Mm118HK. 

6) 8aBKCHMOCTh·Cpe,nHero tJHCJia Me)I.JleHHI:DC tJaCTHU, o6paaoBaH

Hl:DC B Jl,JJ,epHHX B88J!MO](elcTBWOC, OT aHeprmi: nepBHtJHOrO a,Jij)OHa H 

aTOMHOro HOMepa Jl,JJ,Pa MHm8H.l'I OTJIHtJaeTCJI✓ OT allaJIOI'HtJHOtt 88BHCHMOC

TH 6ucTpux: (mmueBwc) tJacT~ H He corJiacyeTcR c pactieTru.m, cne -

JiaHHilMB_Ha OCHOBe MO](eJIH o6HtJHOro BHyTprui;nepHoro-RaCRa)I.a. Bl{,T.( 

xp:imol pacnpeneJieH.HJI 6ucTpmc_~acT~ no MHOJ!tecTBeuHocTH B npene -

JI8X omn6oR He 8aBJlC.l'IT OT aHeprmi: 'llHOHa H npOTOHa, a TaK:Z:8 
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aTOMHoro HOMepa .amia MmlleHl'I. OTHomemrn· cperoieii MHOllteCTBeHHOCTH 

6HCTPWC tJaCTJillt K RB8,lijlaTHOMy xopm:, H3 ,ItHcnepcmi:·pacnpe,ne.n:emm 

no MHOJ!teCTBeHHOCTH <ns> /<b , npaRTll'IeCltH IlOCTOJIHHO H 6Jm3KO K 

-p;ayM. .n;,m Me;l(JieHHWC 'IaCTRI{ OTHOmema:e (/V4) /..o TaKlle CJia6o Mena: -

eTCJI c pocTOM aneprmr, Ho ero BeJIH'IHHa npm.iepHo B -p;aa pasa MeHI:,

me, 'IeM ,nJIJI 6fICTpWC tJaCTJillt. 

B) H3ytJeHH oco6eHHOCTl'I MHOlteCTBeHHOro o6pa30BaHIDI 'IaCTRI{ B 

smepHHX (pOT03MyJIJ,CWl'.X H noKa3a.HO, 'ITO yBeJmtiemre 'IHCJia RBa3H -

.IJyKJIOHHl:lX co6HTHtt c HetJeTHUM 'IHCJIOM JIYllett c pOCTOM aaeprmi: MO -

JKeT 6H'tI, 06i>JICHeHO yBeJmt[eHHeM BepOJITHOCTK B31UmO,nettcTBlm HaJie

TaIOlllero ~OHa TOJ!J,RO CO]UIHM nepHipepmtHHM IJyKJIOHOM (Hei!TpOHOM) 

TmteJioro aTOMHOro H,Iij)a, T.e. yMeH1,meHHeM BepOHTHOCTK B3aIDAO,nefi

CTBlm C BHyTpwr,u;epHHMK HyKJIOHaMH. 

3. B o6JiaCTH MeTo,n.e:qecxmc pa3pa60TOK HaK60Jiee Bal!UUiMH pe-

3yJIJ,TaTa.MK .IIBJIRlOTCJI! 

a) Co8,na.Ha axcnepHMeHT8Jll,HaJI 6a3a B .zra6opaTopmc MHOJtecTBeH

HHX npoueccoB npH BHCORHX aaeprmrx: mB3 AH-ICa3CCP ,nJISI o6pa60TRH 

HHcpopMamm C lJY3HpI,KOBHX KaMep KB JmepHHX (pOT03MyJIJ,CJtffX. 

6) Ilpe;l(JIOJ!teHH PI paspa6oTaHH MeTo~ HcR,mqemm JIOJtHoro pac

ceHHIDI K ,Iij)yrHX noMex, Il03BOJVDJll!J![e H3Mepm1, HMIIyJII,CH OT,neJll,HWC 

3apmiteHHWC 'IaCTRI{ no me MHoroxpaTHOMy RyJIOHOBCROMy paccemum B 

Jmepawc !pOTOSMyJll,CIDiX nopH.1Uta 60 raa/c,a uexo,nou OTHOCMTeJI1,aoro 

paccemnm - ,...,,. 200 faB/ c c TO'IBOCTI,ll 25% 

B). Hal.JteHH axcnepli!M8BT8Jll,HH8 S8ll•CBMOCTK "•omtsanJ(JI-lllIJyJll,C" 

;lVIJi JmepHHX 8MyJll.C:d PllBJDAHOI -qyBC'l'BJITeJil,HOCll )[ yCJIOBJl'JI Ba.ttez

Hol: JfJJ;8HTlllplm8IlJIH sap1Dtemmx tJacTmt. 
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Eom,tmmCTBO pe3ym,TaTOB, npHBe.nemrnx B ,nHCC8pT8Il,IDI,' 6fIJ!ll 

noJIY'ieHH BnepBHe lI oOcy:a:,naJIMCL Ha MHOI'HX cewmapax, COBell!allll

HX l'I ROH!pepem:omx, B TOM 'Il'ICJie Ha M~Hapo]UIWC KOHcpepeanmrx no 

!pH3HKe BHCOKll aaeprrol (Kl'IeB, I970r.; timtaro, I972r.; JioH,nOH, 

I974r.; _T6wmcK, I976r.); Ha I Mex.nyHapo)l.HoM coBemamrn: no HyR -

JIOH-HyRJIOHHllM H nKOH-HyRJIOHHHM B38.llMO.nefioTBIDiM (,Ify6Ha, I968r.); 

Ha Mex.nyHapo]UIWC KOHcpepeHIJ;IDDC no !pl'I3l'IKe ROCMif!IeCKIDC .ny~eil (By -

.nanemT, I969; JJ;eHBep, I973r.); Ha IY MelK]I.YHapo,nHofi 1mHqiepeH~l'I . 

no (pl'I3HRe BHCORIDC aHeprl'Itt H CTPYRTYPe wa (nyoaa,.I97Ir.); Ha. 

Mex.nyHapO]UIOM ceMKHape no r.ny6oROHeynpyrHM K MHOJKeCTBeH~M npo

ueccaM npl'I BHCORIDC aaeprrunc (,Ify6Ha, I973r.); Ha Me:aozyaapo]UIOM 

coBellt8,lrnl'I no npoueccaM MHoxecTBeHaoro pOl!t;ll.eHHH l'I HHKJII03l'IBHUM 

pea.KUIDIM npl'I BfICOKHX aHeprl'IfIX (CepnyxoB, I976r.) H ony6J!l'IROBa.IDl 
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JIHTEPATYPA 

I. A.m.rattTl'IHOB, R.C.Trutl'I6aeB, H.H.llacHHKOB, H3B. AH CCCP, 

cep. !pl'I3., 34, I885 (I970). 
2. A.m.rattTl'IHOB, R.C.TrutH6aeB, H.H.llacHl'IKOB, H3B. AH CCCP, 

cep. cpn3., 35, 2083 (I97I). 
3. A.m.rattTl'IHOB' !. c. Trutn6aeB' H.H. llacHHKOB' H,nepHaH cpn:3.mm' 

I3, I24 ( I_97I) • 
4. A.ID.falTKHOB, M.If36acapoB, R.C.TrutH6aeB, H.H.lJ:acHHKOB, 

JLAH CCCP, 222, I068 (I975). 

5. E.O.A6,Iij)axMa.HOB, ••• , H.H.llacmmoB, H3B. AHKasCCP, 

cep. ~l'I3.-MaT., 6, 24 (I975). 
6. A.m.ra!TKHOB, M.H36acapoB, R.C.TrutR6aeB, H.H.llaCHliKOB, 

H,nepHM !pll3l'IRB., 24, 350 (I976). 

33 



? • A.III.faii:TllHOB, M.lfa6acapoB, ll • .lI. 1IacmmoB. IlpenpHHT mro AH 

KasCCP Jf1 34 (I9?6), .Uo.KJIM Ha XYIII MewHaponiion ROHcpepemr1rn 

no tpll311Ke BUCOKl!X :meprnl1,A2/I66-4,TCll!JlllCI! (1976),0:IUlli 

.Ill, 2-I0400,.l(yClHa, 1977 .Jl3B .AH rfasCCP, cep.qms.-MaT., 6, I (1976). 

8. A.Y .A6)Jypaxm.ioB, H.AHreJioB, • • • , ll.R.1IacHm<OB .H ,IU>. , OIDIH, 

PI-?I03 (I9?3), H,nepHM qlll3ll.Ka, IS, 545 (I973). 
Nucl. Phys.,B72,1a9 (1974). 

9. A.Y.A6)JypaxRMon, H.AHreJioD, ••• , ll.R.1IacHm<OB K ,IU>. ,Ollfilf, 

PI-7543 (I973), H,nepHM q>R3H.Ka, I9, I039 (I974). 
IO. H.AHreJioB, K.Il.Bmru!eBC.KM, ••• , H • .II.1IacHllEOB ll ,IU>., OIDIH, 

I-0064 (I9?4), H,nepHaJI lpll3mta; 2I, 328 (I9?4). 

II. H.AHreJioB, K.II.BnmHeBc.KM, ••• , ll • .lI.1IacHmtOB n ,IU>. ,Oll.lIH, 

PI-8269 (I9?4); H,nepHaJI q>.H3.HKa 22, I22 (I975). 

I2. 3.B.AH30H, !.C.Ta.Kll6aeB, ll • .lI.1IacHlll(OD, IlllCbMa xm, I4, 

405 (I97I). 

I3. 3.B.AH30H, A.X.BllHll!U(mi, ••• , ll • .lI.1IacHll.KOB H u.H.maxo•a, 
Tpy,Il.lI IIm> AH KasCCP, TOM?, CTp. IOO, AJIMa-ATa (I967); 

llsB. AH KasCCP, 6, I3 (I967). 

I4. E.O.A6;IUJaxMaHOB, 3.B.ArisoH, ••• , ll • .lI.1IacH.H.KOB nu.H.laxoBa, 
C6. ~ll3.H.Ka BUCO.KIDC aHepr.Htt ll .KOCM.HtlCC.KllX Jiy~eH, .H3~. 

"Hay.Ka", AJIMa-ATa, cTp.I20 (I97I). 

I5. B.r.BollHoB, A.III.faii:TllHOB, ll • .lI.1IacHH.KOB K ;zui., IlllcbMa Jl!3~, 

22, 56 (I975); Oll.lIH, PI-92I7 (I975); Ilpenp.HHTH~ I~5 R 

ffi I06, ~llAH CCCP (I9?6); .Uo.KJia,IUi Ha XYIII Me:a:,1tyHapo~HOl1 KOH

cpepeH~llll no q>ll3.HKe Buco.Kruc aHeprntt, A6/224-5I H A6/I063-57, 
T6wm:cll. (I976). OIUlli,llI, 2-I0400, llyClHa, 1977 •. 

I6. S.B.AHsoa, ••• , H • .II.1IacH.HKOB H ,IU>·., H,neparur q>Hsruta, ID, 

99I (I969). 

34 

\1 

I7. 3.B.AHsoH, A.III.faii:THHOB, ••• , ll • .lI.1IacamtoB n ,IU>., .Uo.KJia,IUi 

Ha.XYIII MeJK,I(YHaponiiott.~oaqiepe~ no q>R3mte BIICOIUIX aHeprmi, 

A3/44~I, A6/208-:'Il, A6/225-52, T6wm:cll (I976),0lUill,.lll,2-I0400, 

,llyClHa,1977. IIpenpHHTbl cpIWf CCCP,m 22 n 1: 29,Mocltlla (1976). 

IS. A.III.fail~RHOB, r.R.PycbRnHa, JK.C.TaRH6aeB, H.R.1Iacmmon, 

Oll.lIH, P-2016,.llyClHa, (1965). ' 

I9. 3.B.AHsoa, ••• ,.H • .ff.1IacmmoB n ~p., IlllcbMa B Jl!3~, I?, 
655 (I973); I8,,I9 (I973); I9, 598 (I9?4j, H,nepaaa: ipH3mta, 

I9, '322 (I974) H I9, I046 (I974). IlpenpRHT ~llAH CCCJ?, ffi 9, 

(I974). 

20. B.r.BollHOB, H.R.1IacHKKOB, MHoroRpaTaoe paccem1.He ~acTm::t 

B smepimx q\oToaMym,cR!lX, AJIMa-ATa, Hs~. "HayRa" (I969). 

2I. !.C.Trut.H6aeB, H.R.1IacamtoB H ,IU>., H,nepaaa: q>.H3KKa, I6, 

539 (I972). 
22. H.R.1IacHmtOB, JK.C.TaRKClaeB H ;zui., Bonpocu aTOMHOff aayRK R 

TCXH:mtR, cep. ~K3.HRa BHCORRX aaeprml, XapbROB, BWI.2 (4), 

77 (I973). 
23. 8.B.AHsoa, !.C.TaRKClaen, H.R.lJacmmoB, MaTepim.:rm Mewaapo~

aoro cewmapa no rJIYClOROHeynpyI'IDII H MHOJtecTBeHHBM npo~eccau 

npl1I BHCORKX 8HCPI'IDIX, ,IlyClHa, CTp. 229 (I973) • 

24. 8.B.AHSOH, H • .ff.1IacHmtOB, CCl •. ~RSRRa BHCORRX aHeprd H ROCMR

~eCRKX JIY~eff, Hs~. "HayRa", Al!Ma-ATa, cTp. 23 (I974). 

25. :s.r.BoRHoB, A.III.failTRHon, H.C.CTpeJII,~B, H.R.lJacmmon, CCl. 

~RSHRa BHCORIDC flHepr:IItt K ROCMJlq8CRKX JIY~eil, Ifs~. "HayRa", 

AJIMa-ATa, CTp. 90 (1974). 

26. A.X.Blmmmd, D.A.EpeMeHRO, D.T.JiyR.HH, E.C.TaRRClaeB, H.H.lJac

HHROB, MaTepRaJIH II Mewaaponiioil ROHq>epeimim IIO ROCMR'll8CREM 

JIY~aM, Ey~anemT, CTP~ I65 (I969) •. 

35 



27. S.V.Anson, I.Ya.Chasnikov et al., Phys.Lett., 31B,237 (1970), 

3IB, 24I (I970); orum, PI-5072 (I970). 
28. 3.B.AHsoH, B.r.BoHHOB, H.IT.IlaB~oBa, H.H.~acamtoB, IlpenpIIHT 

M~B3 AH KasCCP, 8B8-5, AJrMa-ATa (I973). 

29. H.H.~aCHHROB, U.H.IllaxoBa, IlpenpIIHT H~B3 AH KasCCP, 8B8-9, 

AlrMa-ATa (I974), rrrs, 3, 52 (I975). 

30. H.H.~aCHJ.lKOB, BeCTHHR AH KasCCP, ~ 8, 96 (I962). 

PyKOilHCb nocrynHna B H3~arenbCKHB OT~~n · 
31 Man 1977 ro~a. 

36 

l 
I 
; 

{ 


