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ITORam8M T8n8pDxr~TO paspymeHHe RHTe~epeHnRoHHoM KapTRHH B lie
ynpyrRX ~epHHx peaKUKHx M~eT 6HTb o6ecrre~eHo~ eC~H npRHRTb BU BHH
MaIDl:e WRSH'tIecrom npouecc nepe.na~H RHàJopMaIÚm O cccroaaaa .n;HHaMHt!eCKOM 
CRCTeMH ~ MaKpooócTaHOBRY, ConpoBo~aIDmMM TaKRe peaKUHH. 

llOCMOTPHM ~ aToro, B 'tIeM COCTORT OT~He B onHcaHHH ynpyroro 
11 Heynpyroro pacceHHHH ~acTHU Ha ~pax. B nepBOM c~ae aMllnHTY~a 

BepOHTHO~T1il 4JA OóHaPYJKHTb 'tIaCTIDU B aexoropoã TO'tIKe A nOCJIe ee 
pacceanaa B TO'tIKe X -lIJIOCKOCTR napaaerpa S HMeeT BR~np~eJThHOI'O 

KorepeHTHOM CYMMH 

~A L, li-'x f XA	 (I3) 
X 

3~eCb rXA - aMIIJIRTy~a BepOHTROCTR paCCeHHHH B TO'tlKe X B aan
paBJIeH1ilH 'l'O~1W A, L.'t'x= 'f-s - paSJIOJKeHRe BOJIHOBOít q,yH~RH 1I8C
TKUH B nJIOCKOCTR S aa OT~eJIbHHe naxeru , JIOK8JlliSOBaHHhI€ B6Jm:SH TO
'tIeK X. 

BepOHTHOCTb / 4JA/' oóaapYJlWTb ~acTIillY B TO'tIKe A conepzar , oxe
BPI.nHO, nOMlfMO 'lIJIeHOB / 'fy./ 2/ f XA/2 RHTe];X1:lepeHIUioHHHe 'tlJIeHH TRila 

-\fx YJ~A f XA f~ I A	 CI4) 

KOTOPH€ H He nOSBOJIRIDT HHTeprrpeTHpOBaTb BeCb npo~ecc qHCTO KJlaCCH
~eCKHM OópaSOM Ha HShIKe TeOpHR BepORTHOCTe~. 

B c~'tIae ~e,eCJIH pacceHHHe qapTHnhI corrpOBo~aeTCR BNOHBaHHeM 
HYKJlOHa HS ~pa, onRcaHHe OTJIH~aeTCH no MeHbille~ Mepe TeM, 'tlTO K~aH 

MS pacceHBIDHXCH BOJIH. ~xfXA npnoápeTaeT ~orrO~HHTeJIDHO C~aKHH~ 

'1JasoooH MHOJWTeJIb -eL.lJx • ;il.eítcTBRTeonbHo, peracrpanaa HanpáBJIeHIDt 
BIMeTa HYKJlOHa N B .npRHURi'Ie llOSBOJIHeT onpe~eJrnTb 'TY TQqKY X llJIOC
KOCTR S ,B KO~OpOn npOHaOWJIO paCC~HHHe, npe~e 'tleM ~aCT~a ~OCTRr

JIa TOqIW A {"eM.. pac, I) • 
PaspymeHHe KHTe~epe~oHHoH KapTHHhI~oERO Tenepb OÓhffCHHTb, 

ecna np.HHHTb BO BHRM!3.HHe C'OOTHOilleHRe HeOnpe~eJIeHHOCTR "l!>asa-lJKCJIO 
xacraa". MMeHHo-, eCJIH BHeIDHeMY' aacnnnaresm ~OCTYnHa. HH<lJOpMaIUlH o trilC.... 
JIe lJ:aCT~. B 'l''OlI!te X (B ,naHHOM -eJlY~ae O 'li.JIlI: 1).~ AJUI RePO nOJIHOCTDlO 
YTepHHH wasoBHe COOTHoweHHH M~ BO~OBhIM naKeTOM, JIOKaHK30BaHHHM 
BÓJIH3H TGlIIUi K., R naKeTaMH~ JIOKaJIH3"OBaHHI:lMII B6JmSH.:,1WYrHX TOlIeK X' 

>.	 tx Ha~RIIt8e .cOO~~~HR8 ·aR1IJtSTCSl ·npo.n~eHKeM pa60TJ!22/ HyMépa
IUUI <liOPMYJI B MYX· paõorax cwrOIJIHaJI. 
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PIIC. I 

n~OC~?CTH s. E~aro~apH HanH~HID c~~~x wasoBHx MHOXKTe~e~ B BH
paxeHKH ~ ~A IIHTepWepe~HoHHHe ~eHHIIC~eSaIDT H ~ BepOHTHOC
TH OóHapYJKHTl> ~aCTHIJy B TO~Ke A Haxo)WM 1) 

"'>' 2 2
14J 12 

J.-., I '-/Ixl IfxAI •	 (I5)
A x 

• HeCKO~KO Óo~ee aKKYP8THoe paCCMOTpeHne, ~nTHBaIDmee TOT ~aKT, 

~TO,TO~Ka, B K9TOpOft npOHSO~O BS8HMO~ettcTBHe, onpe~~eTCH C TO~
HOCTl>ID no~a ~HH BO~HH HY~OHa OT~8~H, nosBoxaeT YCTaHOBHTl> xa
paKTepHHe MacmTaóH paspymeHHH KorepeHTHOCTH R8R B ~OCROCTH.rrpHUe~
Horo napaMeTpa, TaK 11 B HanpaBReHHH ~BREeHHH HaneTaDmen ~aCT~. 

rrpe~mee paCCMOTpeHHe nOKaSHBaeT, ~TO HaHKqHe rrponecca nepe

~a~H HHWOPManHH O COCTOHHHH KBaHTOBO-MexaHKq9CRo:t1 CHO~aMH ~aOTRna 

nnDC ~O B MaRpOOÓCTaHOBKY KMeeT rrpHHUKITR~Hoe SHa~eHRe ~ npn
~amm rrponeccy BSaHMO~eftcT~HH HeKorepeHTHoro XapaKTepa. IIpn QTOM 
pOJIb "HeOÓpaTEMott MeTKH", ynOMHHaeMo:f1 B KpHTepIDI ~eihIMaRa (lI xpana
me:f1 HHWOPMauRID O Koop~Ha1e TO~KH BS8RMo~eaCTBRff), HrpaeT HyKHOH 

I)	 OWWaHHaR CHjYaI.U1f{ HanOMHHaeT MYC~eHHli:lt 8KCnepKMeHT, rrpe.u.nOJiteHlnl:tt 
~eitHM8HOM /1 , B I<ÓTOpOM paspymeaae WiTept)epeHIUWHHott KapTHHli 
ÕaHO oóyc~OBneHO HCTb~HRKOM CBeTa, nOSBO~mero OITpe~e~T~, ~epes 

KaKoe HS OTBepCT~ B 8KpaHe npo~a ~8CTHUa. 
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OT~a~H, BH6nBaeMHtt HS ~a 6HCTpO~HEymeMCH ~aCT~eH. rrOCKO~KY npe~

TIO~araeTCH, ~TO HyKnOH OT~a~ ~ÓO nor~OmaeTCH BHeillHHM MaKpOCKonH~e
CKHM HSMepHTe~HHM YCTPOHCTBOM, ~ÓO YXO~T Ha óeCKOHe~HOCTl>, CHCTe
MY He06xo~0 C~HTaTl> OTKpHTO:f1. CaMa BOSMO~OCTl> (KBaSH) ~acc~eCKO
ro onHcaHHH eme He oóeCne~Y~8eT paspymeHHH HHTe~epeHUHOHHo:tt KapTHHH. 
1JT06H 8TO paapymeaae HMe~o MeCTO, HeoÓXO~o "BKJlIO-qHTl>~' MeXaImSM xao
THS~HH was pacceaaas BOJIH c pasEWMH npHnMl>Hl:lMH napaMeTpar.m (mil:ÓHBa
nae HyMOHOB HS anpa); 

HeTpHBH~HHM OK8SHBaeTCH TOT ~aKT, ~TO ~eT nponecca nepe~a~H 

HHWOpManHH O COCTOHHHH ~H~eCKOH CHCTeMH B MaKpOOÓCTaHOBKY HBXffeT
CH BaJK.HHM ~roKe B Macc~eCKOM npeneae , ,IJ,eHcTBHTeJI.bHO, KaK CpaBHHTe~l>
HO He~aBHO ÓH~O 06HapYEeHO, ~oe, M~oe, HO KOHe~Hoe BOSM,ymSHHe Ha~ 

~~Horo COCTOHHHH KnaCCn~eCKOH ~H~eCKOH CHCTeMH (KOTopoe ~ pe
~HHX WH3KqeCKRX CHCTeM MOEeT ÓHTl>'CBHSaHO KaK c HeBOSMOEHOCTl>ID npo
BeCTH aÓCO~THO TO~Hoe HSMepeHHe, TaK H c BOSMYmeHHeM COCTOHHKH CHC
TeMH B·nponecce HSMepeHHH) npHBO~T K HeB03M03flOCTH npe~CKaSaTl> ~axe 

npH6~eHHO COCTOHjHe ~HaM~eCKOR CHCTeMH YEe ~epes KOHe~HHH npOMe
~TOK BpeMeHH /2-4 . O~B~O, ~TO H B ~aHHOM c~ae pe~I> ~eT He 
CTanDKO OÓ OÓMeHe 8Heprne:t1, CKO~KO O nponecce nepe~a~H HHWOPM~ O 
COCTO.llliHH ~8MHlieCKo:t1 CHCTeMH B MaKpOOÓCTaHOBKY. MMeHH0 ó~aro.n;apH 

~eTY HeTO~HOCTH H~OpMauKH O Ha~~HOM COCTOHHHH CHCTeMH y.n;aeTCH OÓOC~ 

HOBaTI> ~H~eCKHM' oó~aSOM HeOÓpaTnMHH XapaKTep npOTeKaHHH rrpOneCCOB 
B Macc~ecKHX rasax / -5/. 

npe~CTaaHffeTCH HHTepeCHHM YCTaROBHTl>, B KaKOtt WOPMe no~oÓHHe Ha
OÓpaTHMHe JiBJIeHIDI IIpOsm~T ceoa YEe B ~aMKHYTHX KBaHTOBHX cacreaax 
c KOHe~HHM ~HC~OM ~aCTKU. rrap~OKCanDHOCTl> CHTYanKH S8KRID~8eTC& B TOM, 
~TO, K8K paaee YKaSHB~OCl>, ~mteHHe TaKHX cnCTeM HMeeT (nO'JITH) nepz
ongqecKHi XapaKTep. C ~ro~ CTOpOHH, cor~aCHO npHHUHITY COOTBeTCTBHH 
~ HHX B KRaCC~eCKOM npe~e~e ~O~HH BOCCTaHaBHKBaTl>CH 8prOnBjeCKHe 
ÇBO~CTBa KnaCC~eCKHX cnCTeM, CBHsaHHHe c HeYCTO~BOCTl>ID no OTHomeHHD 
K MaJIHM llISMeHeHRl1M Ha~B.1IDHHX yc~oBd. 

1I0,ItOÓHH~ aonpoc Ó~ He~aBHO nOC.TaBneH B paõorax /6, 7/. PesY~Ta
TU ~c~eHHoro MO~eHHpOBaHKH ~~ c~eJtYID~« OTBeT: B Te~eHHe KOHe~ 

BpeMeH t , sorna aeonpenezeasocrs 8Hepro CHCTeMH AE "'" % MHoro 
Ó~lI1e cpe,IUiero paCCTOJ1HIDI D Mew YPOBHJlM]I, CHCTeM8 "He 'tJYBCTByeT" 
~CKpeTHOCTH cneKTpa H ee BpeMeHH8H 8BO~ OKaSHBaeTCH TaKO~ xe, 
K8K H B ~acc~eCKOM npe~e~e (nceBHoxaoc). 

~s~eHHe nO,ItOÓHHX ~acc~ecKHX ocoóeHHOCTe~ S8MKHYTHX KBaHTOBHX 
CllICTeM JlIHTepeCHO TeM, ~TO nOSBOJlHeT n~aBHO npocaenars nepexon K rrpe
,IteJI.Y D==O, KOr,Ita CHCTeMa CTaHOBHTCH OTKpHTOit, a ncesnoxaoc "CaM no. 
ceõs" npeapaaaerca B no,IJ,1IlimHo, HeOÓpaTlilMJd npouecc /?/. 
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ITceB~OXaOTKqeCKKH XapaKTep rrpO~eCCOBt OnRCHBaeMHX B TeOpHH ~ep
HHX peaznaã npa nOMOIIVd KY t O~eBH,IJ;eH. ,Uei1cTBHTeJThHO, ,1J)lHaMHlIeCKHe 
ypaBHeHHH ~HEeHHH SaMeHHIDTCR B aTOM c~ae MO~enbID CTOXaCTKqeCKO! 
SBO~ pHCTeMH B ~aSOBOM npOCTpaHCTBe Koop~HaT H RMnY~DCOB KaCK~

HHX ~aCTKUt a CpaBHe~e pac~eTOB c 8KCnepHMeHTanLHHMR ~aHHHMH no~

TBepl!,Il;aeT cnpaBe~J1HBOCTD no~o6HIiX npe~CTaBJIeHHi1. IlpH STOM Bcer~a MOJK
HO C~RTaTDt ~TO CHCTeMa nOMemeHa B HeKOTopHH KOHe~~, XOTR R 6o~
illOH t 06~eM v H xapaKTepHsyeTcR ~CKpeTHHM cneKTpOM' E no~n 
soro raMHJIDTOHHaHa H. I'orna B Te~eIDIe BpeMeHH t <h/D ,r~e D

XapaKTepHOe paCCTORHHe M~ ypOBHRMM 8HeprHHt BnHHHHeM rpa~HHX 

YC~OBKI MOERO npeHe6pe~D H SBO~IDqKff 6y~eT BeCDMa 6~SKOH K aB~~H 

-OTKpHTO! CKCTeMll t OTBe~aIDmeit npe~eJIy v -r 00. BpeMR nponecca MaCCH
~BCKOH pe~aKC~ onpe~e~eTCR B ~aHHOM c~ae BpeMeHeM cBo6o~Horo 

npo6era KaCX~OH ~acTRUH t CB M~ ~MR noc~e~OBaTe~HHMR CT~

HOBeHKHMH c BHYTp~epHHMH HYMOHaMR. ITpR YKasaHHHX orpaH~eHRHX Ha 
BpeMeHa SBO~UKH Heorrpe~e~eHHOCTD SHepraH CKCTeMH 

bE "" bt > D 

He'nOSBo~eT Itpas~~aTD" OT,neJIbHHe no~ca B SHaMeHaTe~e peSO~BeHTH 

li BCR KX COBOKYnHOCTD 6y~eT BOCnpRHHM~TDCR CKCTeMO! KaK paspes. CKa
~OK peSO~BeHTH Ha paspese B npM~e MOJKeT 6HTD CBRSaH ~ t CB H 
onHCHBaeT HSMeHeHH8 xapaKTepa ~HaM~eCKO! SBO~, o6yc~o~eHHoe 

BSaHMO~eaCTBHRMH KaCK~x ~aCTKU (Bu6HBaHHe HYMOHOB OT,na~H H po~e
HKe ,IJ;l:ipOK B anpe 11 ~p.). 

VlMeHHO aTa 6~30CTD paCCMaTpHBaeMoA CHCTeMll ("CeMoií no ce6e") K 
~acc~eCKOa RBnHeTCR nepBoI Heo6xo~oat c HarneH TO~KH speHHHt npe~
nOC~OH KoppeKTHoro 060CHOBaHHH KY B TeopKK ~epHHx ~ea~n. 

,UpyraM BamHeitillRM YC~OBKeM BHBo~a KY t KaK YEe no~epKKBanOCD pa
Hee t ~eTCR ~eT Toro 06CToRTe~DCTBa, ~TO B~eTa~e HS R,npa ~8C
THUH YHOCRT B MaKpoo6cTaHOBKY HeKOTOpYID HH~OPMauKID o rrpo~eccaxt npo
KCXO.rvmtHX B ~e. He3aMKHYTOCTD CHCTeMH t CBR3aHHaR c 8THM1I.l rrpo~ecca
MB, npKBO.n;HT K o~eHD c~a6oMY, HO HMeIDuteMY IIpKHUHIIHa..JIDHOe SH8~eHHe t 
BOSMYmeHHID CHCTeMH t OTBeTCTBeHHOMY sa Y~T~eHRe ~anDHo.neaCTBYIDmKX 

KBaHTOBaX Roppe~a. 

BHa~ane, ~ npOCTOTH t paCCMOTpHM HeKOTopoe OnTaManbHOe (aneann
Hoe) RSMepeHHe, ~eMOHCTpHpYIDmee IIpK~lll1anDHHe BOSMOXHOCTH nepe,na~K 

RHWOpMBURB o COCTORHHH CRCTeMH B MaRpoo6cTaHOBKYt OmH6KR KOToporo 

06YC~OBHeHH orpaHHqeHHRMR t CBRSaHHHMH c HeKQMMYT8TKBHOCTDID onepaTO
pOB Ha6Jll1)~aeMHX Be~RH. B Ka~eCTBe XapaKTepHOro 1II:HTepBana BpeMep 
l1SMePeHHH At BOS~MeM rrpO~~Te~HOCTD BpeMeHH BSaHMO~eaCTBHR Kac
~oi1 ~aCTKUH c BHYTp~epHHM HY~OHOMt KOTopoe 06aqHO 3~aqHTe~HO 

MeHDme tCB' HAfeHHo B Te~eHl1e 3Toro BpeM~HR o6pasyeTcR HYKnOH OT~a

~Ht KOTOpUH YHOCHT B MaKpoo6cTaHOBKY HHWOpM3UHID o CHCTeMe (H KOTOpo
ro,COOTBeTCTBeHHo,HeT B peaKliHflx ynpyroro pacceHHHH ~aCTgu Ha RnPax). 
Bc~e~CTBHe KOHe~HOCTH BpeM8HH Ha6~,neHHR TO~HOCTD,C KOTOpoií onpe,ne
~eHa 3HeprHR CHCTeMH,OrpaH~eHa Be~HHOH 

IV 
(16)bE E_ . 

iH 

IT03TOMY nyCTD MaKpOCKon~eCKoe YCTPOHCTBO t B KOTopoe nOCTYnaeT HH
~OPMarum o CHCTeMe,xapaKTepH3yeTclI TO~HOCTDID 

,1E >-,-ÕE. (17) 

nanee ~ ~OKasaTe~CTBa 6~30CTH 3BO~H CHCTeMH K CToxaCTH
~eCKOH 3BO~UHH B waSOBOM npOCTpaHCTBe KnaCCH~ecKKX Ha6~,naeMHx HaM 
nOH~06HTCR BBeCTH HeKOTopHe npH6~eHHHe ,nHH~eCKHe xapaKTepHCTH
KH CHCTeMH: MaKpOCKOIlR'IeCKHH onepcrrop tH) noaaoã saepraa CRCTeMH H 
MaKpOCKonMeCKRe onepaTopH {xd. {p iJ xoopnaaar H HMnyncoB Kac

K~HHX ~iCTHU. C,ne~aTD STO MOXHO MeTO~OMt npe~O~eHHHM B pa60Te BaH 
I{élMnSHa 8/ . 

Ilpoaasenea paacaeaze cnexrpa E ua HHTepBaJlH A. D. EN t oraexamiaen 
rpynne SN COCTORHHtÍ In> noaaoro raMMDTOHHana H CHCTeMH c pas
6pOCOM no 3HeprHR 

<1 E '" Â'E . ( H3 )N 

Onpe~e~ onepaTOp MaKpOCKon~eCKOH 8HeprHH tHJ CHCTeMH no ~opMY~e 

(Hj = L EN /n><n/·XN(n) , (19) 
n 

r~e EN - cpenase no rpyrrne SN 3HaqeIDIe 3HeprHH CHCTeMH, 

X (n) - xapasrepacraxecxaa WY~IDI anrepaaaa 4 E
N N 
COBOKYIlHOCTD COCTOflHKtt CHCTeMH SN y~o6HO Ha3HBaTD ôHepraTH

~ecKoft 06QnOgKoH (no aHa~orHH co CTaT~H3HKO~t r,ne BBO.u;RTCR aTO nOHR
TRe npa onpeneaeaaa MHKpOKaHO~eCKoro pacnpeaexenaa) • ITOCKOJIDKY 
rrpe,nnQnaraeTCR, ~TO K~aq 3HepreTl1~eCKaR 060~0~Ka co,nepEH~ MHoro 
MHKpOCKOnR'IeCKRX COCTORHHH /n > , O'tleBH,nHO t aMeeT ~eCTO oneasa 

h (20).1t «D . 

~ nocTpoeHHH MaKpOCKOn~ecKoro onepaTopa Koop~HaTH KacKanHOH 
qaCT~ BBe~eM Be~HHY orpyn~eHIDI 6X t Ha KOTOpYID HMOXKM eCTeCT
seanoe -y"CJIOBRe 

5 
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.Il X» <~ 

x '> .1t (21) 

rr03BanHIDmee C~HTaTb llO~OEeHHe ~acTHUU B Te~eHHe BpeMeHH Ha6~eHRff 

r,IlHKCHpOBaHHHM. 

IToK8iKeM, ~TO MaTpH~HHe MeMeHTH oneparopa aoopnasara <n/x/m> , 
,nJlR KOTOpHX /E - E / '" Ll E, HMeIDT rrOPMOKn m

(22)5x,,-, <~>L\t« ÓX 

H, C~e~OBaTe~HO, B IIpe~e~ax paCCMaTpKBaeMO~ TO~HOCTH OllHCaHRff MO
ryT He ~HTHBaTbCH. ne~CTBHTe~HO, O~eB~O, ~TO Tpe60BaHHID M~OCTH 

H3MeHeHKff cpe~ero SHa~eHHH KOOp~HaTI:l ~aCT~ B Te~eHHe BpeMeHH ~t 
MOJIlliO Y~OBJIeTBOpE:Tb, Jll1IIIb IIO~aBHB BKJIBJJ; <n/X/m > BHCOKO~aC-

TOTHHX coceaaasmax 

X (t) = <n/X/m > e -i (E n -Em) t/h
 
nm
 (23) 

06ecnelllIB8IOlllHX 6I:lCTpOe E:3MeHeHHe BeJIWmHH <. X> • rrO~06Hee, nOCKO~-

KY HMeeT MeCTO 

X - lii (En-Em)X (24)nm nm 

TO npa /E - E / "" 6 E cnpaBe,1lJIHBOn m

A h A (25)'" <X>~E ~<X>Ât .(<'ÂXXnm 

B RBa3~aCCH3eCKOM npR6~eBHH HMeeT MeCTO COOTHOmeHHe HeOnpe
~MeHHOCTE: 

.0' X • O"E '" h <~ ? (26) 

lloaTOyY B aTOM c~ae ,Be~Ha 

hA A (27)8' x-. < X» õE'" <X» Â t 

HMgeT CMHC~ Heonp9,IJ;M8HHOCTH nOJIOZ8HID1 ~aCTm::tL1 (.ItB~e~CJI no KJIac
cHlIecRoA TpaeRTOpm'I), ROTOpaJI o6yc.nOBJleHa HeHyJIeBO~ ,IVmTeJIDHOCT},}l 
Bpe1l91D1 HaÓJIIJ,IJ;elmJI l1t • 

6 

ITpe~ee paCCMOTpeHHe nOKa3HBaeT, ~TO Bce 3a~eTHO OT~HHe OT 
ayJm. MaTpWlHHe 3~eMeHTI:l <n/X/m > cOCpe~OTO'l.JeHH BdJm3H r~aBHoít ,IJ;1Ia
roaana ,( n/x/n ) B Y3KOít IIOJIOCe COCTOmnrn:, OCíJIa,rr;aIOmIIX 3Ha~HTeJI1>HO 

MeHb~AM pa36poCOM no SHeprllH, ~eM pa3dpoc no SHeprRH AE COCTOHHHH, 
~e~x Ha 3HepreT~ecKKX 060~O~Kax SN: 

SI 5z. 

SI 
f\ 

(28)<ml X ln-) 
s~ 

IIOCKOJI:ó!<y ~RCJIO MaTpWUIl:lX aneMeHTOB <n/X/m > , ae nOMemaIOmID(
CH na 8HepreT~eClGiX 060~O~Kax,M~O, liME: MOJKHO rrpeaeõpe-rs , BaTOM 
npH6JIIDKe~ X KOMMYTHpyeT c oneparopoe MaKpOCKorw:~eC!to:a 8HeprHHtfI1 , 
~TO B~O C TO~KH speHEH B03MaocHOCTR COBMeCTHoro R3MepeHRa COOTBeTCT

Byronua: HaCíJIIO,IJ;aeMllX. 
Tenepb ~TeM, ~TO JIOKa.Jm38UHJI ROOp,IJ;1IHaTI:l ~aCT~ c TO~HOCTbID 6X 

CBH3aHa c Heonpe~e~eHHOCTbID bE 3HeprnH CnCTeMI:l 

A A 

ÓE n' <x> <<. !:t <x> '" ---.h- ~,1E , (29)r'V 

Ax SX At 

3HaqaTeJI1>HO MeHbille~, ~eM TO~HOCTb L\E Ha6~eHHH 3HeprKK. 3TO nos
BO~eTt OCTaBaHCb Ha SHepreT~ecKoit bdoJIO~Ke SN' nepefiTR R 6a3RCY 
COCTO.a:mnt CRCTeMbl / Â Xl' >S t conepsaaax ~aCTl:wy, ~OKaJm30BaHHYID c 
~ 'N 

TO~HOCTbID"-' Â X B6Jm3PI TO'li'lm X. , ]i{ npe~CTaBRTb MaKpOCKOIJllftIecIOtlt 
1 

onepaTOp Koop~HaTH B BK,IJ;e 

A "\' (30)
{X} =LX./AX·>s· s<L\Xi / . 

i 1 1 N N 

JUmaMR'IeCKasI 8BOJIIDIUDI ~CToro COCTOmIKfI CPICTeMl:l t OllHcHBaeMasI YIll, 

'V -iE t/h
/''f >= L a /n> e n (31)

t n n 
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. 

GN(Xi,tiXi, ,0)GN(Xi,tiXi",O) 

/ Y; ti) = L b~ (t) / Ll x. > (32), 
t+At 

x 
(37) 

B casace / J1Xi >HMeeT BIm	 S,neCn * 

i,N 1 1 SN	 I = 4~ S GN (X i ,-r i Xi ,0) GN (xi ,1: i Xi" ,0) d 'CI 

,- t 

t~ 

;' 

H, nonycaaer npocryn lllHTepnpeTaIUm. 11MeHHO b~ (t) - aMlIJlHTY,na Be-

POHTHOCTH OÓHapYXZTn KaCK~ ~aCTKUY B MOMeHT BpeMeHH t B6~Slll \'1
{ 

TO~Im Xi' a CHCTeMY - na 3HepreTmeCKojt 060JIO'tlKe SN • Ilpa 3TOM r 

nOJIHHe Ha60pbI I !JXi > H /n> co6CTBeHHHX BeKTopOB oneparopos ~ x} H tH} , 
\l 
~. 

B npe,neJIax o6cY~aBrnejtCR TO~HOCTlll, CBHsaHbI .npyr c ,npyrOM HeKOTOplIM 

YHlllTapHbIM npeo6paSOBaHReM, BbIIIOJIHReMbIM Ha K~Ojt HS aHepreTH~ecKHX 

060JIO~eK B oT,neJInHOCTH. BOJlliOBbIe <PYHKIUIH <x/ Ll X . >s III <xl .1 X .) , 
1 1 S 

pa8JIH~On no ~opMe, COOTBeTCTB,YIDT IIpH6JIR3HTeJIDlfo O.IJ;HHaKOBOH T~-
HOCTH Ô.X JIOKaJIH38UHH ~aCTm.u»: B6~SH TO'lIKH Xi • 

)J.n.a: b
N
i (t) 'c y~eToM (31) HaxO~ 

")' -iE t/h
b~ (t) =L b~: (o)Lf !::..X./n>·e n (n/~xi'/ (33)1 

i',N' 1 n N 1 SN' 

IlpHImMaR BO BHHMaHHe, ~TO sSL1xi / n> = o , eCJIH / n > He npaaan-

JIeJIWT 3HepreTRtIeCKOjt 060JIO~Ke SN' IDIeeM 

b~ (t)=L b~,(O)~(X' ,t iX., ,0)	 (34)
1 i' 1 1 1	 I, 

r,ne 

G = L <.1X./n> <n/e- i Ht/n/n><n/.1 x. ,)	 (35)
N /n~sN 1	 1 

aMIIJIRTY,na BepORTHOCTH nepexo,na ~aCT~ H3 OKpeCTHOCTR TO'lIKH Xi' B 

OKpeCTHOCTn TOtIRB Xi sa BpeMa: t (MMPoCKOImjeCKaR dJyHItIlIDI I'mma) • 

Banacs ypmmeHd .IJ;HHaMlflIeCKOjt 3BOJIIJIUllI B BIIl',Ite coomomeaaã (32), 
(34), (35) y,no6Ha ~ nepexo,na K o6cy~eHHD Bonpoca o paspymeHHH 

KHTeptJepeHIJ;lWHHoA KapTHHH B Heynpyrme anepasx peaKIJ;IDIX. BepOJITHOCTn 

06HapyJltemm 'lIaCTHUbI B OKpeCTHOCTK TO~ xi B O.IJ;HH HS MOMeHTOB Bpe

]
 
MeHH, JIeJt~ B HHTepBaJIe l t , t + A t ] ,paDHa 

ifAt 

. 1 N 2 N 2 2 6tJ L.
Px.i (t) = 4t t /b i (1::')/ d-r: = i,/bi, (0)/ /GN(Xit;xi, ,0)/ 

~ N N x x 4 t 
+	 L b., (O) b . " (O) ~ (X. , t i X. , , O) GN (X i ' t i Xi" ,0)
i'~i" 1 1 1 1 

+ 

(36) 

cpenaee 3Ha'lIeHHe BeJ]]l'tIHHH GN G~ B HHTepBaJIe BpeMeHH lt, t+Ât] • 

Ilep:smt ~JIeH B npaBoft 'lIaCTH (36) ,nonycKaeT CJIe,IJy1OIIWIO KJIaCClItIecKYlO 

HHTeprrpeTaIUID: BepORTHOCTn 06HapYOTn ~aCTmJY B MOMeHT BpeMeHH t B 

TO'lIKe Xi paBHa CYMMe BepORTHOCTeH ee 06HapyXeHER B Ha'lI~~ MOMeHT 

BpeMeHH B TO~Kax Xi' ,YMH02lteHIlliX aa BepORTHOCTH nepexona sa BpeMR: 

t HS Xi' B Xi • BTOpOH ~eH B (36) onHCbIBaeT KBaHTOBbIe HHTeptJepeH

qROHHHe ~eKTbI \~R2IteHHe 'lIaCTKUH no ~YM KJIaCCKqeCKKM TpaeKTOpHHM 

"O.IJ;HOBpeMeHHo"), Ma.m.Ie B KJIaCClItIeCKOM npe.neJIe. 

XOTH nOCJIe.IJ;Hee YTBe~eHHe HHT,1HTHBHO aCHO, eMY MOERO rrpIll',ItaTn H 

60JIee TO~HH~ CMbICJI, ec~ BOCnOJIDSOBaTnCH BbIpaxeHHeM ~ MaKpOCKOIIK

~ecKoji WYHKI.um I'pHHa B BH.IJ;e KOHTHHYaJIDHOrO RHTerpaJIa no rpynne TPiej
TOpRl, 6JIHSKHX K KJIaCClItIeCKoji. TaKHe pac'qeTbI npoBO~Cn B KHHre 9. 
CYMMap~ BKJIa,n RHTeptJepeHURoHHbIX ~JIeHOB onRCUBaeTCR KOHTRHYaJIbHbIM 

HHTerpaJIOM no rpyIIIIe rpaexropaã, HSOÓpaJKeHHllX aa .rurarpaMMe nyHKTHpOM 

(OM. pHC .2). 

x x x 

, /- 
_ A l. '--"..:'/'-,_:~A 

,
P - -I- .
- .-,- -' r -- 

I .......'
 
, 
v 

,,-
// 

-' , 
I, 

x'	 X'x' 

P~c.2 

BBH,IijT Toro, 'lITO sce aTH TpaeKTOpHR ,naJIeKH OT KJIaCCH'lIeCKHX (B TepwI

HOJIOrKH pa60TH /9/ - JIeEaT BHe ~Hs~ecKoro Kop~opa oma60K HSMepeHEH 

bX. ,bt ), HX BKHan B aMIIJIHTY.n1 BepoRTHoCTH nepexo,na CHCTeMbI no,naB-

JIeH CKJIl)HO oCIUIJIJmPYDIJtKMK <lJasOBI:iMH MHOJImTeJ!RMK. 

B 3TOM CWCJIe B paaaax yze DCTO IDmaMWIeCKOro nogo.JiIa BOSH.H

KaeT BepoHTHOCTHaH KapTHHa 8BOJlDUHH OHCTeMbI B npOCTpaHCTBe co6cTBeH~ 

HbIX 3Ha'lIemút MaKpOCKOIIH1IeCKOrO oneparopa soopnaaara l x} . C TOllKR 
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3peHRH npHHtiHna COOTBeTCTBHff nOAOÓHHH BHBOA npeACTa~eTCR BeCbMa 
y.n;OBJI8TBOpHTeJIMThIM. B CaM'OM AeJIe, nO.n:OÓHO TOMY, KaK KJIaCCWIeCKHe ypas
HeHRH,.n;B~eHHR nOCJIe BBe.n;eHVJl MaJIHX, HO He Hc~esaromnx, OTKJIOHe~ 

b'x i Ha'laJI.!>HhlX nOJIO)KelUiÍl lIaCTmJ; npHBO,IJ;HT no HCTelIeHHn cnpeneaeanor-o 
BpeMe~ ~t K HeKOTOpo~~ pacrrpe.n;eJIeHHID BepORTHOCTefi COCTOHHHH CHC
TeMH, TaI~ H B .n;aHHOM cJIY'lae BBe.n;eHHe Ma.ID:lX OTKJIOneHID1 eneparopa KO
opnaaara bXi=Xi - [Xi} npHBO.n;kIT K B03MO}l{HOCTH npeztcxaaars B MO
MeHT BpeMeHH t >/'; t na OCHOBaHIDI YIIl aexoropoe pacrrpenenesae Be
pORTHOCTefi COÓCTBeHHHX 3Ha~eHnH MaKPOCKOllH'leCKOrO onepaTopa KOOp~
HaTH {Xi 1. 11 B TOM, H B .n;pyroM c.nyqae EHWOPManIDI OÓ HCTHHHOM COCTOR
HHH CHCTeMH He ESBeCTHa, nOKa KaK08-;niÓO peaJIDHOe WHs~eCKoe YCTPOHCT
BO se nepézacr ee B MaKpOOÓCTaHOBK,V. Ilocae Toro, KaK wa HHWOpMaImR 
nepeAaHa, pacnpe.n;eJIeHHe BepORTHOCTefi pe.n;ynHpyeTcR K orrpeneJIeHHOM] 
3Ha~eHHID Haó~aeMOH (B 8TOM CMHCJIe nOHRTHe HHWOpM~ RMeeT ITpHHUH

ImaJIDHO BaJKHOe SHa'tIeHHe). Y~eT <pHs~ecKHX nponeccos nepenasa HHg)opMa
Il;MH npHBO~T K HeOÓXO~OCTH paCCMaTpKBaTb OTKpHTHe CHCTeMH H~ CJIe.n;o
BaTeJIóHo , BlmOART sa paMKH ,IOiHaMl'IKH H30JIHP0BaHHI:lX CHCTeM. O.n;HaKO B 
rex c.n:y-qaRX, sorna nepenaxa nug)OpMaIJ;lm o COCTO.lIIDm CHCTeMH MOxteT ÓHTb 
ocynecrnneaa ces cynecraeanoro HCKaJKeHHR: srcro COC'I'ORHRH, MOJltHO YT
BepJK,IJ;aTI" ~TO RSOJIRpOBaHHaR .n;:ID!aMR'tIeCKaR CHCTeMa I1 c8Ma no ceóe" ,tlg

XOillITCR B onparreJIeHHOM COCTOJlHHH (XOTR HaM H He HSBeCTHO B KaKOM 
HMeHHO). TaRaR CRTYaIJ;RR soaaaxaer , aanpasep, B OIIl:lTe c opocaaaee ar
pan:oHofi KOCTR. AHaJIOr~HaR xte CRTYBURff onzcHBaeTCR g)0PMYJIOM (36) B 
TOM c~ae, Kor.n;a BKJI~ HHTe~epeHUHOHHHX ~JIeHOB npeHeópeERMO MaJI. 

CymecTByeT H .n;pyroH, nono~TeJIhHHfi K rrpe~~eM.Y cnocoó yqeTa 
MaJIOrO B03MYmeHHH COCTOflRllR CnCTeMH, CBRSaHHOro c nepe.n;alIen ~opMa
nRH O HeM B MaKpooócTaHOBKY. ~enCTBHTeJIEHO, nOCKOJIDKY COOTHOmeHHR 
Heorrpe.n;8JIeHHOCTH n03BO~T B npRHlmTI~ paaJIH~aTb SHa'tIeHHR xi MaKpO
CKOnR'tIeCKRX HaÓJIID.n;aeMHX CHCTeMH, Haxo~enCff B nQ,TR HenepeKPHBaroIDHX
QH COCTORHHffX /óxi > , MOJltHO CKOHCTpyapOBaTb peanpHHfi H3MepHTeJIDHHfi 
npnóop, nOKasaHRR Xi KOToporo oTBe~aroT COCTORRRaM táXi ), BeCbMa 
ÓJI:HSKlIM K / ~x i> , O.n;HaRO llil nepeKpHBaIDn:taMCff COBceM. B npenenax OÓCYJK
.n;aBWefiCff TO'lffiOCTH ,n;onycTHMa SaMeHB B COOTHomeHHH (36) .n;JISl aepoar
HOCTH P x (t) BeKTopOB táxi> aa / EX i > • Baarcnapa TOMY, ~TO KaK Bí 

Ha'tJaJThHHít, TaR 11 B KOHe~IDl MOMeHTH BpeMemr CnCTeMa xapaxrepaayeroa 
HeKO~OpHM onpe.n;eJIeHHHM 3Ha'leHH8M x. (t) , B rrpaBOn ~aCTK (36) Bce HH

. ~ 

Tep!>epeHUliIoHHHe ~JIelill .n;OJI.lKIfH TO't{HO COKPamaTbcfl. cI>aKT~eCIm aTO npoac-

XO,IJ;PIT rrOTOM;y, 'tlTO q>asI:l COMHOJKHTe.neM lr~, (O) b~ .. «n" ,XapaRTepHsyJDIqHX 
Ha~aJIbHoe COCTORHHe CHCT8MH, OKaSHBaIDTCR HeCKOppeJIHpOBaHHHMR c wasa
MliI cOMHoJmTeJIetí 

10' 

" ~ 

At 
}t 

GN (Xt ' t ; X i I , O) GN (X i ' t ; X i" , O) 

XapaKTepHSyromax CaM npo~ecc KSMepeHHR. 
3KBKBaneHTHoro peSYJIDTaTa MOxnO ~OCT~b,SaMeHffR B (36) b~(O) Ha 

~N	 1 
.~ bi(O) , KOTopHe OTBe~amT KO~KUHeHTaM paSJIoxeHKR BeKTopa COCTOflHHR 

! CKCTeMbI / lV > no /.&x. > • B 8TOM CJIY'llae rrponecc nepenasa HHlp0pMaIJ;nn 

!,
 
-ro ~
 

O ~HCJIe ~aCTmJ;, HaxO.wnnnx:CR B COCTORRRRX / 4. Xi' ). , / AX 
i

" > , ...
 
( T. e. O TO~Kax X. I , X." , ••• , B KOTOpHX paCCeRJIaCb xacrana, npez
ne ~eM OHa nonana 

~ 

B xi 
~. 
), conpOBOJJt,IJ;aeTCR paspyuieaaea lpasoBHX COOTHo

meHHfi MeJK,Dy Ha~aJIDHHMH BeKTOpaMH COCTOffHHR j Á xi ~ , / AX i 11 », ... . 1 PaCCMOTpeHHH~ npRMep nOSBOJIffeT BI:lpaÓOTaTb onpe~eJIeHHYID TO~KYl 

spemm Ha pOJID rmIOTeSI:l O "MOJIe~~HOM xaoce" B paÓOT8X BaH XOBa H 
IIayJm. TaK,B pacorax BaR XOBa 71 ,I / ranoreea "MOJIeRyJIffpHOrO xaoca" 
8KBHBaJIeHTHa, c Hailletí TO~ apsaaa, aanaaan TaKHX MaKpoYCJIOBKt1:, npa 
KOTOpHX B Ha~aJIDHHa HJIH KOHe~HHn MOMeHT BpeMeHH HaÓJIID.n;aTeJIID ~OCTYn
Ha HHipopMauHR o TOM, HaxO,IJ;PITCR JIH CKCTeMa B HeKOTopOM CBoeM COCTOR
aaa / lf'k> EJIH HeT. B paoore llayJm /12/ npOCTO HCnOJIDsyeTcR aropoâ 
cnocoó yqeTa BOSMYmeHKR, CBRSaHHoro c npo~eCCOM nepe.n;a~K HHlp0PMaunH 
o COCTOHHEE CHCTeMH B MaKpOOÓCTaHOBKY (Kor.n;a CHCTeMa paCCMaTpHBaeTCR 
OT1tpHTOt:l:). llOCKOJIbKY ,IJ;PIHaMH'tJeCKaff CHCTeMa, óes yqeTa ee HHipOpM~OH
Hofi CBRSM c MaKpOOÓCTaHOBKOtl, SIBJIffeTCR HeHaÓJIID.n;aeMoit "BelItDID B ceóe", 
8TOT cnocoó BnOJIHe BKBHBaJIeHTeH ~H~eCKOMy no~o.n;y, eC&HABKXeHKe 
cnCTeMij HOCliIT nceBgoxaOTHqecKHf xapaKTep (B rrpOCTpanCTBe Tex COCTOR
InlI / c.fk>, miTep;pepeJmHeft KOTOpHX npeaeõpsranr) , PasyMeeTCR, noxase
TeJIDCTBO Tóro, ~TO ,IUliUteHHe ClICTeMH HOCHT nceB.n;oxaOTH1tecroUt xapaxrep, 
rrpOBO,D;RTCí! c HCnOJIbSOBamIeM ypaBHelllÚÍ .IUlliaMHKH. 
~ .n;a.nbHeMmero paCCMOTpeHHH Bonpoca o npHHqKllJ1[aJIDHHX BOSMOEHOC

THX OnTHMHSanmt ItagaJI8 nepeJI8lJlI JIlHd>opMaTIt:!H o nponeccax nepeaoca, npo
TeRaDmRX B aTOMHOM ~e, ueJIeCOOÓpaSHO BBeCTH nOHffTKe MaKpOCKOTIJqeCKO
ro BpeMeHH. KaK yxe OTMe~aJIOCb, peaJIDHllMH nepe,n.aT'tlHKaMH HliWoPMa:o;H.H o 
BayTpHR,ltepma nponeccax J1BJIJDDTCff CaMJ/I ~aCTH.Iiji, OÓpasyDmKeCRB Heyn
pyrn: ff,ItepHHX peaK:Q;HSDC. IlOBTOMY nocJi:e,nymmee OÓCYJIi,I(eHHe lpaKTH1IeCKH 
óy.n;eT COOTBeTCTBOBaTb HeKOTOpHM OnTHMaJIDHHM YCJIOBHKM perucTp8UHH ~
JIeTaI>!llIX 143 R,Iij>a BTOpgqHWt: ~ac~ c ueJIDJO RSBJIe~eHllH l!HlpOpMBURB O 
nponeccax, ROTopHe npOTeRaDT ~ aTOMHHX anep • 

Ey.n;eM C~TaTb, ~TO xaaaa nepenaxa HHlpOpMarum He n03BOJlJIeT HaM 
r
•
I mPiaro cxaaara O ipHs~ecRHX nponeccax, rrpOTeKaJOIItKX B HHTepBBJIe BpeM9

, I	 HH ROpO'tle A t, H, CJIe.n;OBaTeJIbHO, xapaaeepasyerca 8HepreTH'tJeCKHM 

.~	 paspemeHJIIeM AE >...... ~~. OnTml8JIDHHM, c TO~KH speaaa OnHCaHIDI BBYT-
PWJJtepHoro xacsaaa, CJIe.nyeT C1{J/ITaTlI npOMeEYTOK BpeMems: Â t BS nopan
KB. BpelleHH BS8JlIMo.n;efcTBID! 8JIeMeHTapHHX 'tJaCT~ .n:pyr c ~yrOM'. STo nos
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BOKITeT,	 c O~HOH CTOpOllli, ~OCTaTO~HO TO~HO KOHTpO~OBaTb BpeMR ~ac
CH~eCKOll	 pe~aKC~MH (BpeMR Me~ ~BYMR nOC~e~OBaTe~HHMH CTO~OBe

HRflMH KaCKanHOn ~aCT~ BHYTpR nnpa OÓMqHO 3HaqHTe~HO Óo~me At B3)' 
a c ~yroH CTOpOHH, B03MY~eHHe, BH3BaHHoe Haó~~eHHeM B TeqeHHe aTO

ro	 npOMe~TKa BpeMeHH, eme He o~eHD CM~~O HapymaeT eCTeCTB8HHoe npo
TeKaHHe npouecca B COOTBeTCTBHH c ypaBHeHHRMH ~HH~eCKOH aBO~URR 

(ecza U3MeHeHHe eneprza CIfCTeMM MMO ~ E «1 , BO~HOBaR epyH:KUIDI CHC

TeMH He npHoópeTaeT ~OnO~HMTeJThtlliX BUCOKo~aCTOTtlliX COCTaRnRID~X). 

TaKHM oopaaoa, MaKpOCKOnH'tleCI<.oe BpeMH T óy.n;eM C'tfiItaTb H3BeCTRMM c 

TO'tlHOCTbro ~e ~me ~tB3· 

llpaKTwqeCKH aTO 03Ha'tlaeT, 'tlTO BO Bcex Bup~eHHRX, r.n;e BCTpe'tlaeT

CR T ,HeOÓXO,IT;HMO nocae mmO~eHHR COOTBeTCTByromIfX BU'tm:c~effi'[H rrpo

H3BeCTH ycpe.n;HeHHe no HHTepBa~ BpeMeHH Ât. 

ExR saBepmeHHR rrOCTpoeHRR MaKpOCKo~eCKoro OnHCaHHR, a.n;eKBaT

Horo CYmeCTBYID~ ~eHOMeHO~OrH~eCY~ Mo.n;e~ R,1J;epHHX peaKUHH, HaM 
OCTaBTCR JllIllib onpe~eJllITb onepaTOp fp i } MaKpOCKOnH'tleCKOrO HMrry~ca 
ItaCKa,1J;Hofi qaCTk!UU. Ey~eM rrpe~no~araTb, KaK aTO OÓU'tlHO .n;e~aeTCR, 'tlTO 

BHrraIDreHU YC~OBHR IIpHMeHKMOCTH ~ADCHoro npHó~e~, T.e. 'tlTO EM

nyJillCH KaCKa,1J;Hl:lX 'tIaCTHU nperepneaanr ÓOJillIlIHe H3MeHeHIDI B Te'tleHHe Bpe

MeRli ót B TO'lIKax CTO~HOBeHH.fI c BHYTpWI,IJ;epHl:lMH HYMOHaMH, H MeHR
IDTca n~aBHO B HeKOTopOM CaMOCOr~aC~BaHHOM rrOTeHUHane V(x) B rrpOMe

~TKR BpeMeHH T CB Me~ ~yrAR noc~e.n;OBaTeJillHHMH CTO~HOBeHllRMH. 

B 3TOM c~ae y.n;o~eTBopHTb YC~OBHro 

LlP»<:~>t\t <vbP	 (38)I 

aHaJIOr~HOMY YC~oBHro t:,.x >:> <~ > LI. t'" S"x, HCnOJill30BaBWeMYcR npa noc.T

poeHKH MaKpOCKOllH'tleCKOrO onepaTopa Koop~HaTu, He y.n;aeTcR JllIllD B Te 
MaKpoCKOnaqeCKHe MOMeHTM BpeMeHH Tj ,Kor.n;a Henocpe,n;CTBeHHO rrpOHC

XO,1J;RT 3TH CTO~HOBeHRR. Á~ Bcex xe OCT~HHX MaKpOCKOnH'tleCKRX MOMeH
TOB BpeMeHR cor~aCHO IDlUYJillCHOMY rrpHó~eHKD 

<~ > ~o (39) 
H y,n;o~eTBopHTb YC~OBHID -(38) He npe.n;cTa~eT Tpy.n;a. npyrHMH C~OBaMH, 

BBe,n;e1Ilile yxe ,n;OBO~HO MMl:lX Be~KH orpyó~eHIDI (OIlIlilÓOK saeuaero H3Me

pRTeJillHOrO YCTpoHcTBa) ~p rr03Bo~eT y~o~eTBopHTb COOTHomeHHID H8

onpe,n;e~eHHOCTH r ~ ~ 
Op·OE>r-h(p> 

bE	 ""' _b (40) 
L\t I 

HMeromeMY .MecTO B KBa3H~aCCH'lIeCKOM rrpHó~eHRH. 

Be.J:IR1lllHa 
,.... 

bp",-,<p>t1.t	 (41) 

a~eàT C~ffiC~ MHHHMyM3 Heonpe.n;e~eHHocTH HMITY~bca KaCK~roH 'tlacTRUU, CBR

12 

3aHHOrO C ee ~OKaJnl3aiJ;HeH lia paCCTOHHIDiX Õx "'- <;; >At 2). ECJm 

L1 E 0- fiE , TO HeOnpe)J;e~eHHOCTH saepraa CHCTeMM "XBaTaeT" ,l4JIR ao
KaJm38UIDI 'tlaCTmn:t na paCCTOaHIDIX rv bX .. BaTOM H COCTOHT WH3H'tIeCKH'H' 
CMHC~ YC~OBIDl ManOCTn Be.IDItIHHH ÕP rv <~ '> A t . 

BKHa,n; He~arOHaHDHHX MaTpxqHHX ~eMeHTOB onepaT9pa RMrry~ca Kac
11 Ka.n;HO~ 'tlaCT~ B Óa3Hce f/&x i >} OneHHBaeTca Bno~e aHanOrH'tIHO npe~

~mHM OueHKaM ~ onepaTopa KooPARRaTH: 

p Lí,' (x i - x i ' ) '" S-P . bx	 ( 42) l4 
I OTcro~a, eCJm ~p» Fp ) HMeeM 

p .. ,	 $p.bx 

•	 ,I A~l fV Ap. AX <<1 . (43) 

Ilpeaeõperaa BKHa,n;OM He,1J;HarOHaJIbHHX MaTpH'tIHUX aJIeMeHTOB Pii ,MaJIbIXI 

B npeneaax TO'tlHOCTH .AP , rrOJIY'IaeM aaoop KOMMYTHpy1OlIlRX MaKPOCKonH

xecsax oneparopoa [H} , { ~ J, f Pi } . 

TaKHM oõpaaoa, B npenezax TO'tlHOCTH (A E ,LI P , 11 t ,.l1x ) rrO'tlTH 

B KaJK,ICI:lít H3(MaKpOCKOrrH'tIecKHX) MOMeHTOB BpeMeHH T. anepraa CHCTeMl:l 
MOltRO npanacars nexoropoe npaczaaeaaoe {HaÓ.1.IJO,IJ;aeMoe) aaaxeaae E ,a 

KaCKa,n;HHM 'tlaCTmJ;aM - 3Ha'lIeHIDI KOOp.IUIHaT xi H RMIIY~COB P i ' a 
c~e.n;DBaTe~bHO, H aHeprH~ 

2 
Pi 

Ei = 2iTI:"" - V(x i ) · 
l 

KOOp~HaTaM KaCKa.n;HHX 'tlaCTRn H n~~oít 

MaKpOC~IIH'tleCKHe 3Ha'lIemm B Ka2K,lJ;HH R3 

(44) 

aHeprRH cnCTeMU MOEHO npHTIRCaTb 
MOMeHTOB BpeMeHH T • 

YpaBHeHIDI ,1J;HHaMH'tleCKott aBO~UKH B aTOM c~ae, rroc~e npeHeÓpeEe
mm HHTeJXllepeHIU'IOHHHMR ~eHaMll, .n;aKlT 

P 
Xi'Pj 

(T ) = 
~ 
L--. 
i/,j' 

.N
Ib. I 

l 

2 
(O) I I GN ( X i ' P j , T ; X. 

l 
I , P . I 

J 

2 
, O) I ( 45) 

ITepexo,n; oTcro,n;a K KY B wopMe 

P.(Tl=L(w .. ,p., 
l i'~i II l 

- w.,. 
l l 

P.) 
l 

(46) 

2)	 ~ npoaepxa sroro Y~BePJK,IJ:eHIDI .n;OCTaTO'lIHO yÓe.IUlTbCR, 'lITO Õx H 

ÓP , orrpe,n;e~eHHHe Bume, y.n;oaneTBOpaIDT OÓU'tlHOMY COOTHomeHHID Heorrpe
,n;e~eHHOCTH bx- Dp '" h . 8To, B CBOro oxopens , lIeTpy,1J;HO rrpoaepars , 
ec~ Y'lIeCTb, 'tlTO Heonpe,n;e~eHHOCTb aHeprHH 'lIaCTHnH. OÓYC~OBneHHaa 

Heorrpe~e~eHHocTLro ee HMny~ca, B KBa3~aCCH'lIeCKOM npHÓ~eHHH 

palma 

ÕE'" <Ê>õp '" <k '> bp • m 
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XO~OB), o6~Hoe B reopaa aepoamocreã; B Tpa,zunuIOHHHX cxesax MlHaMH
r~e RgneKcH HOMepyroT COCTORHKff ~aCT~ B MaKPOCKOnnqeCKOM waSOBOM xecxoro OnHCaHIDI se npHcYTcT:syeT. IIo~odHblH nozxon nonyczaer TaKJKe 
npOCTp'aHCTBe (x, p), OCYllleCTBJ1ffeTCR eTaH,IJ;apTHblM OdpaSOM (CM., aanpa B~eHHe	 B cxeMY OITRCaHIDl cY~'DeKTHBHOro MeMeHTa, Kor~a MaKpOCKOnH
Mep, 78/ ) . ' 

~eCKHe saKoHoMepHocTH W9PMY~pyJDTCR llOCJIe Cr~axHBaHHR llpHHUKnHanDHO 
SaKJll)tleHHe ~OcTYnHOM MaKpOCKOnaqeCKoMY Had~~aTanD RHWOPManHH o COCTOHHHH CHC

B HaCTORmeM pa60Te odcy~eHRe YC~OBHH BHBo~a cymeCTByromKX B Teo
pRR ~epHHX peaKURH ypaBHeHHH nepeHoca RS yPaBHeHRH ~aMKqeCKOH 3BO
~~ Ko~eHTpRpOB~OC:b BOKpyr ~BYX OCHOBHHX npod~eM. rrpe~e Bcero 
dano nOKasaHO, ~o paccMaTpHBaeMaH B paMKax ~H~eCRoro no~o~a 

SaMKHYTaR CRCTeMa xaceaua nJIlDC R,IlJ>0 YJKe "caaa no ceóe" HaXO,IUITCR B 
COCTOHHHH, BeC:bMa d~SKOM K cToxacT~ecKoMY, ~TO li nOSBo~eT annpoK
CHMRpOBaT:b ee ,IUIH~ecRYID 3BO~UHro HeKoTopoH BepoRTHoCTHott KapTRHoM 
npOTeKaHRR nponecca, onRcHBaeMoM KY. Bonpoc annpOKcRManHH pern~cR 

nyTeM BBe~eHHR orpydJIeHIDix' oneparopos Had~~aeMHX {lI 3, {p"tJ, {xiJ, 
nOSBOHHIDmHX conOCTaBRT:b paccMaTpHBaeMoM KBaHTOBofi CRCTeMe COOTBeTCT
Byromyro eM ~accKqecRYID cTOXaCTKqecRYID cHcTeMY. XOTR ponD RHTepwepeH
UHOHIDiX ~JIeHOB, oTBe~aromHX BOSHEKaIDmKM rrpK STOM MaKpocKOn~eCKHM coc
TOHHHaM, Mana, Bonpoc o BOSMamHOCTH npeHedp~eHRff RMR TpedyeT CaMOC
TORTe~Horo perneHRR (BTopaa ~aCT:b npod~eMH OdOCHOBaHRH KY). OnpaB
~aHHe no~06Horo orpyd~eHID1 MOJltHO YCMOTpeT:b rrpeJKJJ:e Bcero B TOM, ~TO 

paCCMaTpRBaeMaR cHCTeMa Ha CaMOM ~e~e aBJIaeTCR OTKPHTO~, ~TO HHKaK 
He ~RTHBaeTCR llpR ~H~eCKOM nOCTaHOBRe s~a~ B KOHe~OM ~aSOBOM 

Od'DeMe. 
B HaCTORmeH'padoTe nOKaSaHO, ~TO 3TY HeodxonHMYID ~ OdOCHOBa

HRa' KY HeSaMKHYTOCT:b c~e~eT TpaKTOBaT:b B CMHc~e odMeHa RHWOPManHeH 
Me~ CRCTeMOH R OKpYJKaromett MaKpobdcTaHOBKoH. MMeHHO peanDHHMH WRSH
~eCKnMH npOneCCaMH nepe~a~R ZHWOPMaqHH H odyc~o~eHO ynOMHHaBmeeCR 
panes YBeJmlIeHHe I -3HTponHH CRCTeMH, BOSHHKaIOIQee B cxeMe ~HaMR
~eCKoro OnHCaHID1 JIRlliD lloc~e npHHffTHR ~onO~Te~HOn rRllOTeSH c~a!
HHX. if?as (l'LJll:l "Mo~eKY JmPHoro xaoca ti). S~eC:b MH ire HMeJIR BOSM02ltHOCTH 
OdCY,IUIT:b Bce TeopeT~eCKR ~onycTKMHe YC~OBRff ~eTeKTHpOBaHRff BTOp~HHX 

~acTHU (oõosaasaa scn RX COBOKynHOCT:b TepMBHOM "KaHM nepenaxa HHif?OP
ManHH"). O~aKO RHTepeCHO OTMe~RTb, ~TO ,ItJl.R: ImX cnpaBe;zvnm HeROTopHH 
aaazor sroporo aasaaa TepMO.InIHaMmw, TaIOIte ~eMOHCTP1IPYIDuurlt IIp.HMYlO 

CBJlS:b MeJK,Ity npOIJ;eCCélMR HHWOpMaItHOHHoro odMeHa li HeodpaTl!MOCT:bID. J1MeH
HO, MOXHO llOKaSaT:b /13/, ~TO Ko~eCTBO HHWOPMauHH o COCTOHHHH CRCTa
Mtl, noc.TYIIaD1le.t1 B. MaKpOodcTaHOBKy, He MOlteT npeasnars CBRSaHHOrO c 
3TRM tBe~~eHRff I -3HTpOllHH CRCTeMH. 

íIBHHit ~eT Ko~eCTBa :miif?OPMatUm O COCTOJIHHH CRCTeMll (onpenana
eMOrO no llleHHoay /4) nonooao ranoreae "MO~eKyJI.ffPHOrO xaoca" SIB.7IH

eTCR HOBHM, ne CJIe,IJyIOiItHM as .IUUIaMHKH MeMeHTOM. TaK, noaaras HHwopMa
UHoHHoít pe,ZJyKIUm (T. e• peazasanza onaoro HS ~OnyCTHMllX cJtnIammx RC-

TeMH (Ha ~OCTaTO~HO HE:3KOM HHWOPMaLUIOHHOM ypoBHe). 
H~He HeKoHTpo~yeMoro BosMYmeHHH CRCTeMH, CBRsaHHoro c ppo

neCCOM nepe~a~H HHWOPMauRR, ~RTHBaeTCR B ~àHHOH padoTe BBe~eHHeM 
MaKpOCKOnaqeCKOrO napaMeTpa BpeMeHH T , onpe~eJIReMOrO 3HepreT~eCKOHi,.I H BpeMeHHon paspemammeft cnOCOdHOCT:bD onTRMa~Horo KaHana nepe~aqz RH
WOPManHH. 

B s~~eHHe He06xo~0 OTMeTHT:b, ~TO oda RcnO~SOBaBillKXCR B 
~aH'OH;padOTe YC~ÓBRR BHBo~a KY waKTRqeCKR CWOPMY~POBaHH ylte B KHH
re 14,	 o~ H3aBTOpOB KOTOpOtt H dax paspadOTaH nepBHM BapRaHT 
Kac~oft	 Mo~e~ /15/. TaK,B 8TO~ KHHre, B ~aCTHOCTH, YTBe~aeTCR, 
~TO KorepeHTHHe ~eKTH Rc~esamT npR ne~e~a~ax ~aCT~aM HMTIY~ca, 

oozsnero	 ~eM Ii/ .i\CB' rne ,IJ,JIHHa csoõonaoro npoõera ~aCT~À CB 
B anpe (cp. c ~arpaMMoit, WIJIIOCTpHpyIOIQeH MaJl1:iH BMM TPaeKTOpd, ~a
JIeKRX OT	 KJIaCC~ecKoit, xorna TO~KR.x H x I CdJmJK8.IOTCR). B 3TOft ae 
KHEre OTCYTCTB~e BKJI~a RHTepwepeHUHOHHHX ~~eHOB B ce~eHHe Heynpyro
ro pacceHHHH ~aCTHU Ha rpynnax BHYTp~epHHx HYKJIOHOB OdOCHOBHBaeTCR 
TeM, ~TO	 B TOM cJIY1Iae, sorna lIMeeT MeCTO BHdHBaHHe HYKJIOHOB RS ~a, 
BOSHHKaeT rrpKHUHnHaJIDHaR B03MOEHOCT:b rrpoc~e~T:b TpaeKTopHD ~acTHUH 

BHYTpH .a.npa. 
B aTOH lte CBRSR OTMeTRM TaKXe~ ~TO o~a OCHOBHHX Bon~oca, BOSHH

KaIOII{HX npa BHBo~e KY B reopaa anepasx peaKI.Utii - nocrpoeaze npHdmuteH
~ .

Horo KJIaCC~eCKoro OnRCaHHa Ha OCHo~e ~HaMHKR'RSOJIHpOBaHHoit CReTa-

MH, a TaK1te y~eT nep~a~ i~OPM8UHR O COCTORHRR CHCTeMH B MaKpood

CTaHOBK,Y, B padoTax 6-21 He nOCTaa~eHH. IIpone~pa ycpe,IUleHHH no
 
MaKpOCROfiKqeCKHM YC~OBRHM npoBe~e~ 3KCnepHMeHTa (no aHcaMd~ ,pas~


ma: COdHTd BSaHMO~ea:cTBHH ,acTmJ; c pa3~~:H1:&K aTOMHHMH R,Iij)8MRi, HC

no~syeMaR B pa60Tax /16-21 c neJTh~ OdOCHOBaHHR ~acc~eCKoro xapaK

Tepa nponecca nepeHoca, rrpe~CTaBnHerCa Heno~e~oBaT~HoH, TaK KaK
 
OHa HeCOBMeCTHMa c ~H~ecKo~ KapTHHoH npoTeKaHKR nponecca.
 

B HaCToame~ padoTe MH CTpeMHJIKC:b nOKaSaT:b, ~TO n~KBmee mzpo
Koe pacnpocTpaHeHHe rrpenCTaBneHHe o neTeKTRPoBaHRK HBW[R[YYaHkHHX 
codRTRtt B aToMHHX mrpax BMeeT 6YKBaJIPHWt cMijc~. C JJ;pyrofi CTOpOHH, 
no~odHaa ~HaH~ecKaa RHTepnpeT~ cYmecTBy:ro~ B HaCToamee BpeMi MO

')	 ~e.neft HeyJIWI'RX H,ItepBHX peaxanrtt BPJJ,IJ; JDII c~e.IJYeT R3 paoor /1~I 
(nOCKO~I(y cor.naCHO aTEM paCOTaM KY OTHOCRTca ~ K H8ROTOpofi YC
pe)UIeHHojt no MlIOrHM COCHTIDIM BSanMo~eRcTBIDI ~acT1IU c SJ.Iij)8MH CRTYa
wm). 
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KocTeHKo 6.Cb. P2-87-697 
K BOnpocy 05ocHoBaHHR KHHeTH~c~x ypaBHeHH~ 
B TeopHH RAepHlllx peaKqH~. 3Ha4eHHe CbH3H4ecKoro npoqecca 
nePeAB"IH HH~pMaqHH. nceBAoxaoc 

npeAnOMeHa cxeMa BWBOAB HHHeTH~CKMX ypaBHeHH~, anbTepHaTHBHaR c~ecT
BYlOllle~, B OCHOBY KOTOP~ nonollleHbI cneA)IIOIII/IIe (jlHaH4eCKHe npeAnOCblnHH: a/ cy
_ecTBOBaHHe nceBAoxaoca B CHCTeMe. 06ecne4HBalOlllee BoaHOlIIHOCTb annpOKCHMaqHH 
AHHaMH4eCK~ 3BonoqHH CHCTeMbI ypaBHeHMftMH cToxacTH~ecK~ 3BonOqHH • MaKpo
cKDnH4ecKOM Cba30BOM npocTpaHCT&e; 6/ HanH~He npoqecca nepeAB4H HH~MaqMH 
o CQCTORHHH CHCTeMbI.B Matcpoo5cTaHQBKY. npeAnQlI!eHHOe ~ocHOBaMHe, B OTnHWHe 
OT ~~eCTBYlOlllero,noATBep~aeT npBACTaaneHHe Q B03MOMHOCTH AeTeKTHpoaaHH~ 
MHAM.BHAyanbHw;K co(iwT",A a aToMHwx HAPax, nonY'AHBlllee IIIMPOKoe p/ilCnpOCTpaHeHHe 
B CaRaM C np06neHOH 3KcnepHMeHTanbHoro H3Y4eHHR Co6wTHH Ha Manblx npoCTPaH-
CTBeHHQ-BpeMeHHbIX paCCTOAHHRX. 

p,60Ta awnonHeHa B na6opaTopHH aw"IHcnHTenbH~ TexHHKH H aBTOMaTHaa~HH 
OMIM. 
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nepeBOA O.C.8HHorpaAoa~ 
Kostenko S.F. P2-87-697 
On Substantiation of Kinetic Equatlons in the Theory 

of Nuclear Reactions. The Role of Physical Process 

of Information Transmi~sion. Pseudochaos 


A scheme of deducing the kinetic equations in the theory of nuclear 
reactions ~Ifferlng from the existIng one are proposed. The main physical 
hypotheses are: a/ existence of the pseudochaotic dynamical evolution of the 
system; b/ availability of transmission of Information in surrounding of the 
physical system. The substantiation ·of the kinetic equations In contrast to 
the existing one is in agreement with the conception of detection of events 
In atomlcnuelei which is developed In connection with the problem of experi.. mental investigation of events ~t small space-time distances • 

The Investigation has been performed at the laboratory of Computing
Techniques and Automation. J1NR. 
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