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BSeneH"e 

MsseCTHaR np06neMa o SSa"MOCBRS" n;"HaM"qeCKoro (06paT"MOro) " 
CTaT"CTWQeCKoro (He06paTMMoro) On"CaH"R RBneH"H npMpOn;H s TeOp"M ~ep
HWX peaKU"« np"06peraeT oc060e COne~aH"e. 06~HO B OCHOSY OnHCaH"H 
B RnepHOM ~M3MKe KnaneTCR ypaSHeH"e illpen"Hrepa (YW), OTBeqa~~ee 06pa
T"MHM BO SpeMeH" npoueccaM. KHHeTwqeCK"e ypasHeH"H (HY) "CnOnbsynTcH 
SneCb B KaqeCTSe MOnene~ RHmb S Tex cnyqaRx, Korn;a TOqHO pemHTb Ylli 
He npenCTaSRHeTCH SOaMO~HHM. HanpHMep, nnR OnHCaHHH 6~CTpO~ CTanHM 
~epH~ peaKliM« 4aCTO"CnORbsyeTcR KaCKanHaR MoneRb/I/, KOTOpO~ ~K
THqeCK" OTSeqaeT ypaBHeH"e nepeHoca 60nb~MaHOSCKoro THna/~/, OqeHb 
noxo~ee Ha HY S TeOpM" KnaccwqeCKHX rasos. ~sseCTHO, O~HaKO, 4TO no
n06HHe ypaBHeH"H OnMCHSaDT He06paTH~e so speMeHH rrpOUeCCH, S xone 
KOTOp~ MHqopMa~OHHaR 3HTponMR (1-3HTpOn"R) C"CTeMH soapaCTaeT. 

B pa60Tax/ -8/ nOCTasneH cOBepmeHHo eCTeCTBeHHH~ Bonpoc o B03
MO~OCT" BHSOna KY, "CnOnbsyeMHX B TeOp"" nnepHHX peaKliMA, M3 COOT
BeTCTB~mMX TOqH~ ypaBHeH"A nMHaMHqeCKO~ 3BOn~li"" (YW). ~HOCTb 

nOn06HHX paspa60ToK ~R nyqmero 060CHOBaH"R " oueHK" TOqHOCT" "CnOnb
sye~x B HaCTORmee BpeMR MoneneA ~epHHX peaKuMH nOCTaTO~O OqeB"nHa. 
B HacTORmeA pa60Te YCTpaHReTCR np'"HlI"n"anbHaR,c Hame~ T04K" 3peH"R, 
HeT04HOCTb, nonYmeHHaR B pa6oTax/3-8 / " np"BOnRmafl, B 4aCTHOCTM, K 
HeKoppeKTHoA ~"3"4eCKOA "HTepnpeTall"M MoneneA. 06C~n;aeTcR n;pyrafl 
B03MO~HOCTb 060CHOSaH"R KY B TeOp"" nnepHUX peaKU"«. 

~opMyn"pOBKa np06neMU 

PaCCMOTp"M CMCTeMY, KOTopafl Mo~e~ HaXOnHTbCR B MOMeHT BpeMeH" t 

B HeKoTopoM csoeM i-M COCTOflHMM c BepOflTHOCTb~ P i (t) • CKOpOCTb 
M3MeHeH"fl P (tj co BpeMeHeM 04eHb qaCTO MO~HO onHcaTb c nOMO~bID

i 
KMHeTK~eCKoro ypasHeHHfl ("nH ypaBHeHHfl nayn"), HMeID~ero BHn 

dP. t ) 
.1 

í 

~( àikPk(t) - àkiP i (t)) (1) 
c1t k 

r'ne K03CfxP"UHeHTbl a ik HMe~T CMHCn BepORTHOCTe~ nepexona M3 k -1'0 
COCTOHHHfl B i-e sa en;"HHUY speMeHH. flepsblA qneH s cYMMe OTSeqaeT 
np"TOKY B i -8 COCTOHH"8, BTOpoA - OTTOKY H3 Hero • 



Heo6paTHMOCTBnpo~eCCOB, OnHCHBaeMYX HY ~I), OC06eHHO O~eTnHBO 

npoaaaaerca B TOM, tlTO npa t - t:X:J , He38.BHCHMO OT Toro, B K8KOM COC

~OflHHH npe6NBaeT CHCTeMa B HatlanbHHR MOMeHT BpeMeHH, YCT8HaBnHBaeTCfl 

O~O H TO ~e pacnpe~eneHHe ( COCTOflHHfl), 06HQHO Ha3HB8eMoe CTaQHOHap
HHM (HnH aTTPaKTOPOi)!)' 

MOMHO nOKa3aTb 9/, qTb paccM8TpHBaeMafl Mo~enb BpeMeHHoA 3BOnDQHH 

CHCTeMN o6JIa~aeT sceMH cBoAcTBaMH ~3HqeCROA CTaTHCTHKH - ycnOBHD 

3prO~HtlHOCTH H paBHOMepHOCTH CTpeMXeHHfl K npe~eJIY, CBoACTBaMH peJIaK

CaI.J;HH H np, ,ll,Jifl Hee cnpaseaxas TaIOle HeROTopblA aHaJIOr H - TeOpeMbl 

BOJIbUMaHa (BoapaCTaHHe HH~PMaQHOHHOA 3HTponHH - CM.H~e). 

Bonp,oc O E03MO~HOCTH' BNBo~a HY (I) EnepB~e 6NJI H3yqeH TIaYJIH 

E pa6oT'ei'IO/, YJKe H3 paCCMOTpeHHfl KOTOpoA nerxo nOHflTb OCHOBHY1O npod
JIeMY, E03HHRam~ npH BCflROA non~Re 060CHOEaHHfl HY Ha OCHOBe Ylli.'
 
~eACTEHTeJIbHO, nYCTbB COOTBeTCTEHH c Ylli BOJIHOBafl ~YHKI.J;Hfl CHCTeMbl
 
E MOMeHT EpeMeHH t paEHa
 

(o) -iE~O)t/n 
\fJ(t) = Lc. (t.) <.f . e	 ( 2) 

k	 J J 

rne ~~ o') - C06CTBeHH~e COCTOmUffl aeaoaxvmeaaor-o raMHJIbTOHHaHa H ,' J	 'UJ"'I ° . 
OTEetlaD~erO CHCTeMe ijeB3aHMO~eAcTBym~HX qaCTHU, EjO)- C06CTBeHH~e
 
3HatleHHfl H ' OTBetlalO~He ykj) . BepOflTHOCTb P j (t) TOrO, qTO
o 
CHCTeMa HaXO~H~Cfl B HeKOTopOM j -M COCTOflHHH,B 3TOM cnyqae· aCCOUHH
pyerca C/c j (t) /2 • ITepeXO,IJ,bI H3 COCTOflHHfl Lf (o) B COCTÇlflHHe

j
t.f (~) OOYIIleOTEJIíllDTCR 6JIarO~apfl HaJlHtlHIO M~oro B03M~eHHfl v B
 

nOJIHOM ra.MHJIbTOHHaHe CHCTeMbI H=H +V • 'I'orna COrJIaCHO H3BeCTHblM
 o
 
!fJopMYJIaM KB8HTOBOA MeXaHHKH BepOflTHOCTb Toro, tlTO CHCTeMa, HaXO,IJ,HB


(o)
lliaROa.B H8tlaJIbHUA MOMeHT BpeMeHH B COCTOflHHH ~j' OR~eTCfl
 

cnycrs npOMeJKYTOK BpeMeHH tE COCTOHHHH tf (~), e'CTb
 

Pk(t) = 2~ (/E~~)/2n ,,)t	 ( 3) 

rne D-cpenaee ~aCCTOflHHe Mell,IJ,y YPOBHflMH, xoropoe npennoxar-aerca
 
~OCTà.TOtlHO MaJIblM ).
 

I) ITpH 3TOM Heo6xo~KMo nOTpe6oBaTb, tlTo6N BepOflTHOCTH nepexo~8
 
Y,IJ,OBJIeTBOpflJIH YCJIOBHIO cHMMeTpHH aik=a
a i k	 k i 

2)	 ~KTyeMafl HY (I) nponOp~HOHaJIbHOCTb BepOflTHQCTH Pk(Õt) npHp~e
HKD BpeMeHH 5t MOMeT 6UTb n0JIYtleHa JIKmb B npe,IJ,eJIc HenpepblBHoro 
cneRTpa: D'" o • 
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ITOJI~aIO~HeCfl npH TaKOM nO,IJ,XO,IJ,e ypaBHeHHfl BepoflTHoCTHOA 3BOnlOI.J;HH 

OTJIHqaIOTCfl OT ypaBHeHHA (I) JIHmb H8JIHtlHeM v.HTe~epeHQHOHHb~ qneHOB, 

OTBeqaro~HM He,IJ,HarOHaJIbHNM 3neMeHTaM M8TpV.UbI nnOTHOCTH B npe,IJ,CTaaneHHH 

COCTOHHHA HeB03~eHHoro r8MHJIbTOHHaHa. IT03TOMY Bonpoc o B03MOJKHOCTH 

nepeXO,IJ,8 OT onHcaHHfl BpeMeHHoA 3BonlOI.J;HH CHCTeMbl npH nOMO~H Ylli K onH

caHHIO Ha OCHOBe (I) CBO,IJ,HTCfl R nOHCKY 1M3HqeCKHX np~qHH, npHBO,IJ,~HX 

K YCTpaHeHHIO 3THX HHTe~epeHUHOHHHX qJIeHOB. B 3TOM JKe COCTOHT CMHcn 

np06JIe~ BbIBO,IJ,a ypaBHeHHA Heo6paTHMoA 3BOJIIOUHH Ha OCHOBe Ylli H B 06~eM 

CJIyqae. 

o He06xoAHMOCTH paCCMoTpeHHfl OTKpUTMX CHCTeM nnfl 060CHoBaHHfl 

KKHeTHqeCKHX ypaBHeHH~ 

O,IJ,HH H3 H3BeCTH~ B HaCTo~ee BpeMfl peuenToB, npHMeHfleMblX npH 

BblBO,IJ,e KY,MOJKeT 6blTb nOJIyqeH B nOJIHoR aHaJIOrHH c npoI.J;e~oA "orpy6

JIeH~fl", npHMeHfleMO~ npH BNBo~e H -TeOpeMbl BOJIbUM8Ha Ha OCHOBe rH/O~ 

Te3U o "MOJIeKYJIflpHOM xaoce" B TeopHH KJIaCCRtleCKHK H,IJ,eaJIbHHX r830B 1I/3~ 
TaK,eCJIH onpe,IJ,eJIHTb 3HTP0nHlO'H30JIHpOBaHHoA KBaHTOBO-M8XaHH~ecKoft CRC

TeMbl c MaTpHI.J;eA nnOTHOCTH f no ~PMYJIe 

SI = -Tr( j-tn f') ,	 (4) 

TO OHa He 6Y,IJ,eT H3MeHflTbCfl B npOQeCce 3BOJInUHH CHCTeMH B COOTBeTCTBHH 

c Yill. ôrOT ~KT HenOCpe,IJ,CTBeHHO CJIeAYeT 113 YHHTapHOCTH onep8Topa 3BO

JIIOUHH KBaHTOBO-MeXaHH~8cKoft CRCT8MH R rrpeACTaBrrReT co6oft O~ R3 ~p

MYJIHpoBOK npHHQHna 06paTHMOCTH BpeMeHHO~ 3BOJIDUHH ,IJ,JIfl TaRHX CHnTeM. 

ECJIH Me Tenepb nepe~TH K "orpY6neHHOMY" onHcaHHIO, npH KOTOpOM 

qaCTb He,IJ,HarOHaJIbHHX 3JIeMeHTOB M8TPHQN nnOTHOCTH 6y~eT oT6paCbIBaTbCfl, 

TO 3HTpOOHfl, onpe,IJ,eJIeHH8fl no ~PMYJIe (4), 6y~eT c TeqeHHeM BpeMeHH 

B03pacTaTb. HMeHHo, eCJIH H8~bHoe COCTOflHHe CHCTeMbl pro) n~~cTaB
JIfleT co6o« CMeCb COCTOflHH« ?~ (O):. 

9(0)= 2, (O) 0 f2 (O) 0 ...	 (5)fN(O) 

TO HMeeT MeCTO 

SI( iHO)) = Sr( J>, (O)) + Sr( ?2(0))+ ... (6) 

SI( r(t))~ SI( ?,(t))+sr( ,?2(t))+ ... 

3)	 IT03TOMY qaCTO TaKoe npe,IJ,nOJIO~eHHe H Ha3HBaeTCH rRrrOTe30~ 
o "MOJIeKynflpHoM X80ce". 
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~~3KqeGK~~ CMHC~ He06paT~MOCT~ TaKOro po~a COCTO~T B TOM, ~TO 6~a
ro~apa"HMHtiHIO orpy6mno~ett nponenyps C Tet:leHHeM BpeMeH~ BCe B 60~b

me~ CTeneH~ TepReTCH ~H~opM8~Ha 06 ~CTHHHOM COCTORH~~ CHCTeMN. MMeHHO 

3TY npo~e,l\YPY ~ eCTeCTBeHHO Ha3BaTb npe~nO~OllteHHeM "o Mo~eKY~RpHOM 
x80ce" Ma KBa.HTOBblX C~CTeM. ·OHa 6b1JIa HcnO~b30BSHa YJKe B paC50Te ITay

~H/IO~ ~ BOnpOC COCTO~T ~~mb B TOM, B KaKotí: Mepe H na OCHOB.e KaK~X 
npe~nO~OllteHHtí: ee MOlltHO 060CHOBaTb MR ~3Yt:laeMoti: ~~3KqeCKoA C~CTeMN. 

.B HaCTo~ee BpeMa MOlltHO Cq~TaTb TBep~o YCTaHOBHeHHHM, t:lTO TaKoe 
060CHOBaRHe MOllteT 6UTb npOBe~eHO ~KIDb Ha OCHOBe yqeTa B3aHMo~e~CTB~H 
KBa.HTOBOti: CHCTeMH C OKpYJKaIO~eti: MaKpoo6cTaHOBKott (06MeH 3Hepr~eti: ~ 

t:laCTHq8.MH npH B3aHMo~efil:cTB~~ c OKPY!aIO!lJHMH MaKpo06õeKTaM~), T.e. npH 

paCCMOTpeHH~ OT.KpUTblX C~CTeM • .ueti:cTBHTe~bHO, aa HeB03MOlltHOCTb He06

paT~MNX npOQeCCOB B 3aMKHYTblX KOHet:l~X RBaHTOBblX CHCTeMax Y;Ka3M e~e 

H.C.Kp~oB/g/. ITP~t:lHHY 3Toro MOllt~O YCMOTpeTb T8~e,aHMH3~PYH YC~OB~R 
BUBo~a ~PMY~~ (I) npe~h~ero pa3~e~a. B C~~Y Toro, t:lTO cneKTp 3Hep
r~n c06CTBeHHblX COCTOHH~M TaKDA C~CTeM~ ~~CKpeTeH, B 3TOM c~Yt:lae 
HeB03MO~0, CTporo rOBopa, onpe~e~~Tb BepORTHOCT~ COCTORH~~ no $OP

My~e (3) (CM. np~Met:laHHe 2), a 3BO~Q~R C~CTeMH OKa3~BaeTCR nep~O~H
t:leCKofil: BO BpeMeH~. 

K T8KOMy BNBOAY MO~HO TaK1lte np~fil:T~ H C COBepmeHHO ~HOfil: TOt:lK~
 
3peHHa. MMeHHO, OITHCaHHaa paHee npoQeAYpa "orpy6~eH~H", ~rp8ID~8R
 
npHHY~ITHMbHYID pO~b np~ BNBO~e HY, Ha R3~Re Teop~~ KBaHTOBblX H3Mepe

HH~/ 2-14/ OTBet:laeT TaK Ha3NBae~oti: peAYKnH~ BO~HOBoro naKeTa, He
 

on~CNBaeMofil: B KB8HTOBOfil: MexaH~Re gHHaMHt:leCR~M o6pa30M. C ~pyrofil: CTO


pOH~, Bce peMbHo nefil:cTBYIDm~e ~3~t:leCK~e ~3MepHTe~bHHe YCTpo~cTBa
 

gefil:CTBHTe~bHo npe~CTaB~RnT c060A OTRp~TNe C~CTeMH.
 

Há H3NKe Teop~~ KBaHTOBblX ~3MepeH~A npoQe~a "orpy6~eH~a" OTBe
qaeT ~~3HqeCKOMy npoQeccy nepeAat:l~ HHWoPMaq~~ o KBaRTOBOM COCToaH~~ 
~~HaMHqeCRotí: C~CTeMN B MaKpo06cTaHoBKY, a pe3Y~bTaT 3Toro H3MepeH~R 

(~~H C~yqaH TaK Ha3NBae~x Hece~eKTHBHblX ~3MepeH~A) O~CNBaeTCR 
"orpy6~eHHoR" ~aTp~Qe~ nnoTHocT~4). 

B ~MbHefil:meM 6y~eT nOKa3aHO, t:lTO nOCTaHOBRa H pemeHHe ~MeHHo 
Bonpoca o ~H3~eCKHX YC~OBHax nepe~at:lH ~H~pMaq~H o COCTORH~~ ~HHaMH
t:leCRO~ cHCTeMN B MaKpo06cTaHOBKY H aBHaeTca KHIOt:leBHM.3BeHOM B np06
~eMe 060CHOBaHHR HY B TeopH~ ~epHblX peaKQHH. 

4)	 üó,op cOBpeMeHHoro COCTOHHHH ~OPMaQHoHHoro no,.o~a K TeopHH 
KBaHTOBblX H3MepeHHR MOlltHO Ha~T~ B pa60Taxl l 5 , 16 . 
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o cymecTByIDmeM 060CHOBSHHH K~HeTKqeCK~X ypaBHeHHfil: B 

TeopHH gnepHblX peaKUHfil: 

ITp~e t:leM nepefil:TH K 06CYJK~eHHIO YC~OB~fil: BHBo~a H ~H3KqeCKOrO 

conepxaxaa KY, OTIHC~B81O!I{~X 6HCTpyro (KaCKa,II,HyID) cTagHII R,IJ.epHblX peax

QHv', YKaxeM Ha HeKOTop~e He~OCTaTK~ HMeIO~erocn B HaCTo~ee BpeMR B 
n~TepaTYPe/3-8/ 060CHOBaHHa 3T~X ypaBHeH~fil:. 

B 3THX pa60Tax yqeT OTKp~OCTH C~CTe~ qaCT~qa ~C RAPO CBOgHT

CH K ycpe.n,HeH~ no CMemaHHOMy aHcaM6nIO Hat:lanbHblX COCTORH~fil: C~CTeMH 

(ycpe~HeH~e no pa36pocy 3Hepr~fil: qaCT~q, BNneT8IOm~X ~3 YCKop~TenR), 

a: 'raIQ{e R ycpenaeaan no Om~6KaM MaKpOCROn~tleCKOrO ~3Mep~TenbHoro 

YCTpotí:CTB8 (no CTaT~CTH~eCKOMY aHCaM6nIO pe3YR~TaTOB ~3MepeHHtt xap8K

TepHC~HK B3a~Mo~efil:cTB~R p83R~~X t:laCT~n C pa3RmniHM~ fl~paMH). 

rrp~e Bcero OTMeTHM, t:lTO ~e HCXO~Hoe rrpe~nOROMeH~e 3T~X pa60T 

o TOM, t:lTO t:laCT~~ B nyqKe YCKop~TenH npenCTaBRflIOT c060fil: CMeCb 

Q = Lw./ Lf. ><Lf·/	 (7)
J' . 1 1 1 

1 

COCTOHH~fil: /~i)' KOTopHe RB~HIDTCH c06CTBeHHNM~ BeKTOp8MH raMM~bTOH~a-

Ha H Toro RApa. C KOTOPUM npo~30~AeT B3a~MonenCTB~e, npOT~BOpet:l~T 
o 

np~HnHny np~t:l~HHOCT~. ~e~CTBHTe~bHO, nOCKO~bKY cpa3Y noc~e B~eTa 

nyqKa K3 YCKopHTe~R T~n R~a, C KOTOpHM npOH30~~eT B3aHMo~e«CTB~e, 

e~e He ~3BeCTeH, TO B Rat:leCTBe Hat:laXbHOro COCTOHH~H MO~HO HcnO~b30

BaTh mmIb CMeCb 

ô' =I:w./y). ><'f./ ,	 (8)
J . 1 1 1 

rne / 4Ji>-aexoropse 
1 

OTnH'tmble OT / l.fi> BeKTopbI COCTORHHR, xapaxrepasyo

~~e HCTOt:lHHK ~ YCKopHTenb nyt:lK8 t:laCT~Q. C ~yro« CTOpOH~, nepeXO~H 

Y'~J B paMK8X annapaT8 KBaHTOBO~ MeXaH~K~ 3anp~eH~, T.e. He MO
ryT 6HTb on~caHbI np~ nOMO~H Ylli/17 , 18/ . ÔTO ~OKa3bIB8eT He060CHOBaH

HOCTb Hat:lanbHOrO npe~noxo~eHHR pa60T/3- 8/ . 
IToKa1IteM ~~ee, t:lTO ycpe~HeHHe no pa3~Ht:l~M C06HT~HM B3aHMO~e«

CTBHR t:l8CTHn C ~paMH He R~ReTCH gOCT8TOt:lHbIM ~RR 060CHOBaHHR KY, 
OnHC~ HeKorepeHTHHe npOQeCCbI nepeHoca B R~X. BocnoxbsyeMcH 

~nH SToro !p~TepHeM ~eRHMaHa,cornaCHO'KOTOpOMY paCnOSHaDTCR He~HTep

~ep~PYID~He rrponeccbIl l91 • Cor~aCHO STOMY KpHTepHD c06bIT~e RBnHeTCa 
HeHHTeP4ePHpyro~~M, eC~H B ero pe3YXbTaTe 06pa30BaRCa nD60« cTa6Knb

H~ cxeA, KOTOpbIfil: B npHHqHne MoxeT Ha6xD~aTb MaKpOCKOnKt:leCKH~ Ha6XIO

~aTenõ. 

OqeBHAHO, t:lTO YEe CaMa B03MOEHOCTb B3HTb H8t:laRbHOe COCTORHHe 

nyqKa ~aCTHQ, B~eTaD~HX H3 YCKopHT~a,B 40PMe (8) H paCCM8TPHBaTb 

TeM CSMHM He38BHCHMO OTAe~bHNe CTO~KHOBeHHa pa3~~ qaCTHQ C pas

nHm~ ~paM~ Henocpe~CTBeHHO 06õaCHaeTCR corxaCHO 3TOM,Y Kp~TepHID 

TeM, t:lTO B pe3ynbT8Te 3THX B3aHMo~e~CTBH« 06pa3YIOTCR M8KpOCKOnHt:leCKH 

5 



pa3nH~HMble COCTOHHHH, KOTOpMe H~eHTH~HIIHPYIDTCfl, HanpHMep, B BH~e 

"3Be3~" B WOT03MY~bCHH. ~ Ha060pOT, MO~HO npHAYMaTh TaKHe 3KCnepHMeHTM, 

KOr~a ~aSaMH BO~HOBMX ~HKQHn ~aCTHU B ·nyqKe YCKOpHTe~H ·npeHe6pe~b 

He~bSH H. BeCb nyqOK C~eAYeT OnHCUBaTb 0AHO~ 06meM MHOrOqaCTHQHOH BO~
HOBO~ ~YHKUHeH (H~H CMeCb~ ~WYHKUH~). 

C yqeToM 3THX OrOBOpOK paCCMOTpHM OT~e~bHyro B3aHMO~eHCTBYIDmYID 

c H~pOM ~aCTHIU', KOTOpaH HaXO~HTCH B COCTOHHHH /Lf > • l1yCTb 3TOi 
COCTOHHHe XapaKTepH3yeTcH Cpe~HHM HMnY~bCOM P i , Cp8~eR illMpH


HO~ ~OKaJ:mSalIHH ~aCTHUbI B KOH~HrypaQHOHHOM npOCTpaHCTBe Â xi H,
 

COOTBeTCTBeHHO, xeonpenenexxoc-n,o HMnY~bCa Â Pi"-- 111 A xi • Oue....
 

BH~O, ~TO 3~eKTH HHTe~epeHQHH npH paCCeHHHH naKeTa 1 ~i> Ha pa3


HbIX HYKJIOHaX R.n.pa 6YllYT Mamll B cnynae ~OCTaTO~HO xoponeã ~OKMHSalIHH
 

naKeTa B npOCTpaHCTBe, KOr~a ÂX i MeHbme paSMepOB H~a (B 3TOM cny


qae ~aCTHue MO~eT OTBe~aTb K~aCCM~eCKHH 06õeKT- xopomo ~OKMHSOBaHHblH
 

B npOCTpaHCTBe BO~HOBO~ naKeT).
 

K TaROMY'~e peSY~bTaTY (paspymeHHe MHTe~epeHQMH) MO~HO npH~TH, 
eC~H, Ha060pOT, <PHKCHpOBaTb mlipHHY naxera .1 Pi =l:lp H ,n;OnyCTHT:b pasõpoc 
no cpé,IUieMY RMDYJI:bCY lIaCTmJ;. Bh1JIeT8lOmHX H.s YCKopMTe~H. (B 3TOM 

H COCTOH~ OCjOBHaR H~eH CYmeCTBYID~ero 060CHOB8HHH KY). CYTb ~ena COC

TOHT B TOM/ 
7 

, qTO C TO~KH speaaa cpenaax SHa~eHHH Ha61IKl~aeMbIX B.e~H
~HH paCCe.HHHe qHCTOro COCTOHHHH 

~	 ~ x 
l l = 1 tf >< tf 1 =: L... c. c ·1 Lf· '> .( lf ·1 (9)f	 . . 1 J 1 J..., 1,J 

He OT~H~HMO OT pacceHHHH CMeCH 

Jc = ~wil 'fi> < !.fil , 
1 

r ~e w. = 1c . 12 • 
1 1	 • 

AHMorH~YIO pO~b ~KTopa, paspymalOmero 

H omH6KH ~eTeKTHpYDme~ annapaTypbI. EC~H OHH 

Ka~eCTBeHHO HCKa3HTb KapTHHY B3aHMo~el1cTBHfl, 

(IO) 

HHTep~epeHUHIO, HrpalOT 

He HaCTO~bKO Be~HKH, ~T06~ 

KO~J.i'.leCTBeHHoe HSMeHeHHe 

peSY~bTaTa Ha6~IO~eHHfl MO~HO HMHTHpOBaTb HeKOTOp~ HSMeHeHHeM B Ha~aflb
HhIX YC~9BHflX. 

O~HaKO c Hameli TO~lm 3peHHR HH 0AHH HS 3THX MexaHH3MOB paspynre

HHR HHTe~epeHUHH B ~el1cTBHTe~bHOCTH He pe~H3yeTCH. 3T0 c~ellYeT' 

npOCTO H3 Toro, ~TO B 3TOM c.nyqae HHTe~epeHUHH He npOflBJIHJIaCb 6b1 

HH B KaKHX C06b1THHX B3aHMo~e~CTBHH ~aCTHU c aTOMHWMH fl.IJ.PaMH. MMeHHO 

TOT ~KT, ~TO HapRJlY c HeynpyrHMH peaKllHflMH B Tex ~e 3KcnepHMeHT8nb

HhIX YCJIOBHRX Ha6JIIO~aIOTCR C06b1THR, xapaKTepHCTHKH KOTOpbIX C~H~eTeJIb

CTBYIOT o CYmeCTDOBaHHM KorepeHTHoro pacceRHHH ~aCTHU H8 HeCKO~bK"X 

BHYTpH~epHblX HYKJIOHaX (ynpyrHe peaKUHH), onpOBepraeT npe~nOJIO~eHHe 

o TOM, ~TO	 HeH~e8JIhHOCTb YCJIOBH'i npOBe~eHHH 3KCnepHMeHTa HI'paeT cYme

CTBeHHYID pO~b npH 06õRCHeHHH npHtfHHhI paspymeHHH HHTepepepeHlIHoHHOi1 
KapTHHhI BHYTPH R.n.pa. 

6 

WHa~e rOBopH, npOCTpaHCTBeHHhle paSMephl 3~eKTHBHoro naKeTa, 

OTBe~alOmero BHeIIlHHM 3KcnepHMeHTaJIbHMM YC~OBHHM, (3Ha~HTe~bHO) 60~bme 
paSMepOB R~. B pe3Y~bTaTe aToro HCnOJIbsyeMoe ycpe~HeHHe He cnoc06Ho 

YHH~TO~HTb "6~HSKOAeHCTBYlOmHe Kop§e~RgHH~ Ha paCCToRHHRX nop~Ka BRYT
3pHR~epHHX. OnHCaHHhlH B pa60Tax/ - I MexaHHSM ~aspymeHHR KorepeHTHocTH 

npORB~HeTCR ~HIIlb B HeKOTopOM "paSMblBaHHH" HHTep~epeHUHOHHhIX nHKoB, ,.,;í 
l 

Ha6~~alO~HXCR B peaKllHRX yrrpyroro pacceRHHR ~aCTHU Ha ~ax. 

Be~OCTaTO~HOCTb no,n;O~HOH npoueJlYphl ycpe~HeHHR CJIeJlYeT Ta~e H HS 

qHCTO npHHQHnHMbHhIX co06p~eHHH."~eHCTBHTeJIbHO, B 3TOM CJIyqae OCT~

eTCR 6e3 OTBeTa r~aBHH~ Bonpoc, rro~eMY B O~HHX cRyqaflx npOHCXO~HT 

KorepeHTHoe pacceHHHe Ha BHYTpHR,n;epHbIX HYK~OHax (ynpyrHe peaKUHH), B 

~yrOM - HeKorepeHTHoe (pea~HH, onHChlBaeMble KaCK~~HoH.Mo~e~blO) npH 

HeHSMeHHhIX YCJIOBHHX nOCTaHOBKH 3KCrrepHMeHTa. 

l1pe~ee paCCMOTpeHHe nOQTK O~HOSHa~HO npHBO~HT K BYBO~ o 

Heo6xo~HMOCTH HCnOJIbSOBSHH~ Kp~TepH& ~eRHMaHa ~H H~eHTH~KaUHH He

HHTep~pHpYDmKX rrpo~eCCOB H ~H 060CHO~aHHH a~eKTQB paspymeHHH Kore

peHTHOCTH BHYTpH ~pa. llpH 3TOM, B nO~HOH aHanorHH c npo~eC9aMH ~eTeK

THpOBaHHH C06YTHA B ~T03MY~bCMH, npOUeCCN HeKorepeHTHoro BsaMMo~eRçT

BHH ~aCTHU c .H,n;paMH ecTeCTBeHHO T8~e Ha3NBaTb rrponeCC8MH neTBKT~pO

BSHHH C06YTHR B gnpax. 060CHOBa~He rro~06Horo MexaHH3M8 pa3pymeHHR 

KorepeHTHOCTH, aJIbTepHaTHBHoro ycpe~eHHm, 6y~eT ~K~qeCKK 060CHO

BNBaTb H OTCYTCTBHe He06xoAKMOCTH B HcnO~bSOBaHHH ycpe~eHKH • 

BOSMOXHOCTb K~acc~eCKoro OrrHCaHliR H AeTeKTHpOB8HHe B gnpax 

~aKTH~eCKaH npHqKHa HHTepeca K Bonpocy 060CHOBSHHR CYmeCTBYD~HX 

MeTO~OB onHCSHHH npouecca nepeHoca B ~pax COCTOHT B TOM, ~TO B noc

~e~Hee BpeMR no~y~H~a mHpOKoe pacnpOCTpaHeHlie TO~Ka speHHH o TOM, 

~TO aTOMHOe ~O Mo~eT HcnO~bSOBaTbcR B Ka~eCTBe ~eTeKTopa, c nOMOmb~ 

KOToporo MO~O nO~~Tb HH~pMaQH~ O npoueccax, npOHCXO~~HX Ha pac

CTORHHRX Áx ~ 10-13 CM 5). ITpH 3TOM 06b1QHo'HMeIDT B BHJlY BOSMOMHOCTb 

conOCTaBJIeHHH 3TOMY npo~eccy HeKoTOpOn KJIácCH~ecKo~ KapTHHH H OQeHKY 

TO~HOCTH TaKoro onHCSHHR. 

l·
l ITOCMOTpHM, KaKHe HMelOTeR ~H 3Toro OCHOBaHHH H B KaKoA Mepe npK 

3TOM He06xo~HMO yqHTNBaTb HeHSO~HpOBaHHOCTb KBaHTOBOA CHCTeMbl. PyKOBO

~~eA H~eeH ~H Bcex TaKHX nO~XO~OB C~HT rrp~HlIHn COOTBeTCTBHR Bopa, 

5) C 3THM, B ~aCTHOGTH, CBHSHBaIDT onpe~e~eHHNe H~eM~N nonyqHTb HS 
I	 3KCnepHMeHTa CBe~eHHR o npocTpaHcTBeHHo-BpeMeHHoA KapTHHe MHo~e


CTBeHHO~ reHepalIHH a.n.pOHOB ~ HX KBapKoBo« CTpYKType (CM., HanpH

Mep, /21/).
;'( 
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COI'JIaCHO KOTOPOMY aCliMnTOT~rqeCJm B npenene 60JIbllIliX KBaHTOBbIX tmCeJI 

pe3YJIbTaT~ KBaHTOBO~ li KnaCCli~eCKO~ TeOplili ,n,OJI~H~ COBna,rr.aTb. OQeHKa 

TO~HOCTM KJIaCCli~eCKoro onlicaHlifl 06NQHO npOli3Bo,n,liTCfl B paMKax TeopliM 
B03MYmeHli~ (no nOCTOflHHOt! I1JIaHE<a h ) . 

Heli30JIlipOBaHHOCTb KBaHToBo~ CliCTe~ npli B~Bo,n,e ypaBHeHliM K~aCCli

~ecKo~ ,Il,liHaMliKH aa Y1ll (D nepeox nO~BiKe Teoplili B03M~eHHV. no h ) 

Bo06~e He npliHliMaeTcfl BO BHMMaJ-me/ O • B 3TOM npenene K81K,IJ,OMY liHMBli

AYaJIbHOMY B3aliMoAe~cTBliD ~acTliT~ll c fl,n,pOM Mo~eT 6~Tb conOCTaBJIeHa onpe
,n,eJIeHHafl npocTpaHcTBeHHo-BpeMeHHafl KapTliHa npouecca, li,Il,eaJIbHO COOT

BeTcTBYID~afl rrpe,n,cTaBJIeHliID o ,n,eTeKTlipoBaHMH C06HTliM B R.IJ.pax. 
HeCKOJIbKO 60JIee noyqliTeJIbHafl CBfl3b KBaHTonoM li Knaccli~ecKo~ CTa

TliCTliKli M01KeT 6h1Tb paccMoTpena Ha npliMepe npocTo~ Mo,n,eJIH KaCKa.n.a JIH
,n,epa/ 22/ , CoI'naCHo KOTOpOn 6UCTpO ,n,B~~aflcfl ~epe3 fl,n,pO ~aCTMt~a (nli 

nep) <PoPMliPyeT 06naI<O HYKJIOHOD ornaua , xoropoe , a,rr.Ma6aTli~ecKli pactua
PflRCb, nOKli,n,aeT fl~)O. Bo M3Ó~8Hfie Hec~ecTBeHHHX c npliHUMnHanbHoM 

TO~Kli' apeuaa ycno~HeHHi1 MOJKHO npennonoxa'n, ratcse , ~TO D CH crexe no

xos oõaaxa pacnpeneneaae HYKJIOHOB oT,n,a~M no npo,n,OJIbHOMY 11 nonepeuaoxy 
liMnYJIbcy (no OTHOmeHl1IO K HanpaBJIeHHIO ,n,Bl1lReHlifl JIli,n,epa) o,n,HHaKoBo. B 
3TOM cnyqae li3yqeHlie TepMO)T,liHaMl1QeCKliX CBol1CTB 06nBKa HYKnoHoB OT,n,a~li 

MOlteT	 6bTTb npcseneuo MeTo,n,oM I<aHOHHtIeCKOI'o aHCaM6JHt fli66ca6) • 

B.nli30CTb CliCTeMbI HYKJIOHOB K KJIaCC~fqeClwMY raay li Benli~liHa KBaH-

TOBbOC 3dxfJeKToB OueHl1nalOTCfl li3BeCTHbIMli MeTo,rr,aMli no Teoplili B03MYme

. mm/23-24~ TBl<a.R. OI.{8HKa.HaIIpk1M8p.)~aeT, lITo OÓM8Hllli8 3<MJ8R'l'H ,CBJiSaH

aue c aHTlicliMMeTplisaQlieM- no xoopnaaaraa HYl<JIOHOB,
 
fUm WIfl CBO6O,n,HO~ 3Hepr~·m li excnoneauaansuo MaJIhlM
 

B03Hl11!aIOT 6JIaro,n,apfl oc06eHHOC'l'HM cYMMVfpon8Hl1fl no
 
c ToJlt)J.ecTBeHHoCTblO ~aCTliQ 11 T.,lJ,. OCHoBHoe OTJU'I~lie
 

OT ,n,HHaMli~eCKOI'O COCTOWI' B TOM, ~TO OHO OTHOCHTCH
 

npanonar B supaxe
3'lineHaM, ~JIeH~ ~ 11 

liMnYJIbCaM. CBH3alillHM 
nonoõaor-o orracaaaa 

JTHIJIb li COBOIWnHOCTH 
pa3JIH~HNX C06b~liA BsaHMo,n,el1cTBlifl ~aCTliQ c pa3JIW~Hh1MH fl,n,paMli, li, CTpO

1'0 rOBopfl, He MOJlteT 6~Tb HCnOJIbSOaaHO ,n,JIfl 060CHOBaHlifl H,n,eH ,n,eTeKTHpo
BaHlifl HHnl1BI18YaJIbHOro C06h1TI1H B ~e. 

âro 06CTOflTenbCTBO ,n,enaeT T8KJKe,C Hameti TO~KH 3peH~fl,Hey,n,OBJIeT

BOpl4:TenbHrIM c~eCTBYJO~ee 060CHOBal·me KaCKa.n;Hoti Mo.n;en~, nOCKOJIbKY B 
HeM onacanae T8IOIte OTHOCl-'ITCH JImJJb K cosoxynnocm pa3JIH'4HbrX C06~Tlii1. 

BBe,n,eH~e ~e B pa60Tax/3-8/ .n;liHaMHqeCKoro onlicaHHR B TepMHHax BonHOBHX 

naKeTOB ~R npaKTHQeCKOrO pac~eTa xapaKTep~CT~R B3aMMo,n,e~CTBliH ~aCTH~ 

c fl.IJ.PaMM HenOCJIe,n,OBaTeJIbHO. KpOMe TOI'O,~S npe,n,l~ero npHMepa B~,n,HO, 

6)	 ilpl1 3TOM nH,n,HpYD~aR ~aCTli~a ~I'paeT pOJIb TepMocTaT8, B pa3nHqfi~ 
3KaeMnJIflpaMK aHCBM6JIfl flBJIHIDTCff I'pynI1~ HYKJIOHOB oT,n,a~l1, 06pa3yID~~e
Cfl'B pa3H~ C06~TliflX CTOJIKHOBeHHfl ~aCTMQ-JIli,n,epoB c 8TOMH~ R,n,p8MH. 

~~O ,n,~e HCnOJIbSOBaHlie TaKOI'O aHCaM6neBOro OnliCaHHfl He lis6aBJIfleT e~e 

OT RB8HTOBO-M8XaHHqeCKRX ~eRToB.OHH MorYT lic~e3aTb " caMM no ce6e" 
npz onpe,I(eJI8HHUX <1MsHqeCRIiX YCJIOBIDIX. B ,IJ;aHHOM CJIY'lae OHH Hc-qeSa.DT 

B npe,n,eJIe 60JIbm~X TeMnepaTYP c YBeJI~eH~eM Macc ~aCTHQ H T.,n,., T.e. 
rrpH onpe,n,eJIeHHHX SHa~eH~flX ~li3H~eCKHx BeJI~~l1H, xapaKTepli3YID~HX ~_ 

HHe C8MO~ ~Hs~~eCKot1 C~CTeMH. 

B pa60Te/ 
3

/ He06xo,n,liMOCTb ycpe,n,HeHHoro paCCMOTpeHHfl B3a~Mo,n,et1cT
11 BHt1 ~aCTHQ c aTOMHHMl1 ~aMli 060CHOB~BaeTCfl TaK~e CC~KaMli Ha pa60

i	 25 26
TbI	 BaH XOBa/ - / no 060CHOBaHHIO KY. I1oK8Jl(eM, ormaso, ~TO 3TOT apry
MeHT	 He Mo~eT 6bITb np~HflT.

I 
I ~et1CTBI1TeJIbHO, nOrJIO~eHlie, npliBo,n,Rmee K He06paTliMot1 3BOJIIOUH~, 

B03Hl1KaeT B Teoplili BaH XOBa 6naro,n,apfl HaJI~~1O MHliM0t1~06aBKl1 K 3Heprl1li r	 
~aCTMU~ B 3HaMeHaTeJIe ,n,~arOHaJIbHO~ ~aCTli peSOJIbBeHTbl 26/. [lyCTb / Lf o> _ 
~ Ha~aJIbHOe COCTOflHHe cliçTeMbI.·Tor,n,a aMnJI~Ty,n,a BepOflTHOCTli Toro, 
~TO C~CTeMa OCTaHeTCfl B 3TOM COCTOflHH~ B MOMeHT BpeMeHli t,B COOTBeT
CTBl1H c ypaBHeH~flMli ~HaMH~eCKot1 3BOJllOQlili eCTb 

-i (H	 + "AV) t 
<t.fJo/	 4\>= <Lf'o/e o /Lf > o 

OI) 

~ re-i{t <f / 1 /c-f >= 
2Tc ) o H +~v-e o 

~ o 

i r	 -ih D (,O )de
=:':-	 Je e 'o .

2:JL 
Ó 

3,n,eCb Ho - raM~JI:OTOHHaH CHCTeMH oes yvera Bsal1Mo,n,ei1cTBHfl, v _ 

nOTeHU~aJI BsaHMo,n,et1cTDHfl (npliHaAJIe~~liH K ,n,ocTaTo~Ho m~poKOMY KJIaccy 
nOTeHL\HaJIOB BaH XOBa) , fi - napaxerp, 
Bsa~Mo,n,et1CTBl1fl, ho-ol. 

,lJ,HarOHaJIbHafl tIaCTb peSOJIbBeHTbI 
Teop~~ B03M~eH~t1 (no fi ), ~MeeT BH,n, 

De. ( f o) = -~'-----
Ee{Lf o) -Ge( cp o) -.e. . 

j 

onpe,n,eJIflIOIQHt1 H:HTeHCliBHOCTb 

De ( cp o) , paccuaruaaezaa no 

(2) 

I Ecna ,n,06aDKa G.e. ( lfo) K 3HeprliH Fi( Lfo ) HeB03~eHHoro COCTOfl
H~fl CPo 'co,n,e~~T MHI1MY1O ~aCTb, TO ~HTerpa.n: (11) 06p~aeTcfl D HYJIb 
(BC~8,I(CTBHe Toro, ~TO B 3TOM CJIyqae BHYTpl1 KOHTypa ~HTerp~pOBaHHfl.J o He co,n,e~HTCfl nOJIIOCOB). IToCJIe,n,Hee li ~HTepnpeT~pyeTcfl KaK oc~eCT

BJIeIlli8 He06paTliMoro nepexona B C~CTeMe (Bllli.IJY ~HSli~eCKoro CM~CJIa 
Bh1p8Jll:eHlifl	 (I I ) ) .
 

TaKliM 06pa30M,np~ TaKOM no,n,xo,n,e:
 
a) 3BOJIIOUlifl CHCTeMbl OnHC~BaJIaCb Ylli;
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6) HHr~e He HcnonhSOBaHO ycnoBHe CMemaHHOCTH Ha~anhHoro COCTOH
HHH CHCTeMbI. MO*Ho TaR~e YTBep~~aTh, ~TO B TeopHH BaH XOBa MHHMafl 
~06aBRa R 3HeprHH, oTBeTCTBeHHaH sa Heo6paTHMOCTh, OTHOCHTCfl R HH~H

. BH~anhHOH nac raue B Toiii JKe xepe , RaR npHHa,IJ,neJKHT HH~HBH~aJIhHOiii uac
THQe ORp~aIDmee ee 06naKO BHpTyanhHHX ~aCTH~ (B RBaHTOBO~ TeopHH 
nona) • 

Bce 3TO rOBopHT O TOM, ~TO rHnOTesa O "MoneRynflpHoM xaoce" CHC
TeM~ B HatlanhH~iií MOMeHT'BpeMeHH B pa60Tax BaH XOBa BOBce He 3RBHBa
neHTHa ROH~enQHH ycpe~HeHHoro OnHCaHHfl, pa3BHBaeMoiii B pa60Tax/3-8~ 
no 060CHOBaHHID HY B TeopHH H~epHUX peaRilHiií7) • 

Heo6xo~HMO Ta~e no~~epRHYTh, ~TO TeopHfl BaH XOBa OTHOCHTCfl R 
CHCTeMaM c 6eCROHeqHMM QHCnOM CTeneHeiií CBo6o~~8), B TO BpeMH RaR 
qHC~O qaCTHQ, ~aCTByro~HX B H~epHOH peaR~HH, ROHeYHO. Bonpoc O TOM, 
B RaRO~ Mepe MOJKHO rOBopHTb o BOSHHRHOBeHHH CTaTHCTH~eCRHX 3aKOHOMep
HOCTeA BaTOM cnyqae,6Hn nOCTaBneH B pa60Te/7/ no 06ocHoBaHKID HY B 
TeopHH ~epHHX peaRQHiii. B c~e~~en pa6oTel31/ 6y~eT nOKa38HO.~TO OT
BeT Ha Hero MOJKeT 6HTh no~eH B paMKax npe~CTaBneHHiii O nceBAoxaoce, 
06Hap~eHHOM B pa60Tax/29, 0/. 
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KocTeHKO E.~. PZ-87-696 
K nonpocy o6ocHoaaHHH KHHeTHqecKHX ypanHeHHH 
B TeOpHH •HAepHb~ peaK~H. 
0 Cy~eCTBYW~eM 060CHOBaHHH KHHeTHqeCKHX ypaBHeHHH 

BbiABHHYTbi apryMeHTbi npoTHB cy~eCTByw~ero o6ocHoBaHHH 
KHHeTHqeCKHX ypaaueHHH B TeOpHH HAepHb!X peaKIJ;HH. IloKa3aHO, 
qTo npou;eAypa ycpeAHeHHH no pa36pocy 3HeprHH qacTHIJ; B nyq
Ke yCKOpHTenH, a TaK~e no OWH6KaM BHeWHHX AeTeKTHPYW~X 
ycTpOHCTB He HBnHeTCH aAeKBaTHOH 3aAaqe BblBOAa KHHeTHqec
KHX ypanueHHH. YKa3aHbi HeKOTOpbie APYrHe HeToqHoCTH B cy
~eCTByw~eM o60CHOBaHHH. 
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Kostenko B.F. PZ-87-696 
On Substantiation of Kinetic Equations in the 
Theory of Nuclear Reactions. 
On Existing Substantiation of the Kinetic Equations 

Arguments against the existing substantiation of kine~ 
tic equations in the theory of nuclear reactions are ad
duced. In particular, it is shown that the averaging over 
particle energies in accelerator beam and over the errors 
of experimental devices are non-adequate for deducing ki
netic equations. Some other inaccuracies in the existing 
substantiation are pointed out. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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