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lt1CXOAHOe ypaBHeH11e WpeA11Hrepa, np11BeAeHH0e K C00TBeTCTBl1t0 rnno
Te3oiii B3al1MOAeiiiCTBl1A Tell C BaKyyM0M, o6o6~eHO K wecrnMepH0My q>a3o
B0MY npocTpaHCTBY 6onbUMaHa. np11H1..111n HeonpeAeneHHocrn raiii3eH6epra 
oTHeCeH K cpeAHeKBaApaTl1'1HblM 3Ha'leHl1AM KO0PA11HaT 11 11MnyJlbC0B 11aCTl1-
l..lbl, '!TO coxpaHl1Jl0 era (p11311'leCKl1iii CMblCJl, HO ycTpaHl1Jl0 3KCTpeMaJlbHOCTb 
era 11CX0AH0iii cpopMyJ111pOBKl1. [113 o6o6~eHHOrO ypaBHeHl1A WpeA11Hrepa 
0AH03Ha'IH0 11 T0'IH0 CJleAytOT TPl1 ypaBHeHl1A: 0AH0P0AH0e ypaBHeH11e nepe
Hoca 60Jlbl..lMaHa B era nonH0M B11Ae, ypaBHeH11e raM11JlbTOHa - AK0611 11 
11CX0AH0e ypasHeH11e WpeA11Hrepa, C00TBeTCTBY,tO~ee rnnoTe3e B3al1MO,O,eiii
CTBl1A Ten C saKyyM0M. HaiiiAeHo <PYHAaMeHTaJlbHOe peweH11e o6o6~eHHOro 
ypaBHeHl1A - <PYHKLl11A rp11Ha, 11MetO~aA KorepeHTHblM B1-iA B np0CTpaHCTBe 
60JlbUMaHa. npe,O,JlO>KeH 06~11iii B11A CTPYKTypbl MaKpOCK0n1111ecKoiii B0JlH0-
BOiii <PYHKl.11111 AJlA 6o3e-Cl1CTeM. 

Pa6oTa Bbln0nHeHa B Ila6opaTop1111 HeiiiTpOHHoiii cp11311K11 Olt1 A lt1. 

Coo6mame O6-beJJ;HJieHHoro HHCTHTyTa RJJ;epHblX HCCJ!e.JJ;0B8HHH . .[ly6Ha 1991 

nepeB0A T.A. <1>11Jll1M0Hbl'leBoiii 

Gordeliy V.1., Savel'ev A.E. 
The Generalization of the Schri:idinger Equation 
to the Bolzman Phase Space 

P17-91-271 

The Schrodinger equation brought into correspondence with the hypothe
sis of the particle interaction with vacuum has been generalized to the 6-m 
Bolzman phase space. The Heizenberg principle of undeterminity has been 
connected with the rootmean-square values of the particle coordinates and 
momentum, that allows us to conserve its physical sense to avoid the extremity 
of its primary wording. Three equations: the homogeneous Bolzman equation 
of translation in its complete form, Hamilton-Yacobi equation and Schrodin
ger equation corresponding to the hypothesis of particle interaction with the 
vacuum follow from the generalized Schrodinger equation. It was found that 
Green's function having a coherent view in Bolzman's space is the fundamental 
solution of the generalized Schrodinger equation. The general view of a 
m

0

icroscopic wave function structure for the Bose-system has been suggested. 

The investigation has been performed at the Laboratory of Neutron 

Physics, JINR. 
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Ha OCHOBe rHilOTe3@ B3aHMOAe8CTBHH Ten C BaKYYMOM ypaBHeHHe llipeAHH

repa o=o oooomeHo a paooTe 111 K BHAY 

( 1) 

IloTeHUHan Vv I OTOopall(a!0mHtt B crnaJKeHHOM BHAe B3aHMOAe8CTBHe 'l:aCTlil.l,b1 

C BaKYYMOM, B~'lHCneH li npeACTaBneH B ~opMe 

(2) 

KaK BRAHO, OH npeACTaBnHeT coooa oerymntt OCUlinnHTOpH@tt noTeHURan, CBH-

3aHH@8 c UeHTPOM HHepUlili aHcaMonH COCTOHHlitt 'laCTRI.l,b1, KOTOpaH ABRJKeTCH 

co cKopoCTbro U(-f). BTopon qneH B ¢opMYne (2) onpeAenHeT rnyoRHY 

3HepreTH'l:ecKoro norpyJKeHRH 'laCTRU@ B BaKYYM, li3MepHeMyro 'laCTOTOtt URK

nnqeCKHX KoneoaHR8 'laCTRU@ Wo . B ypaBHeHlili (1) no IlOBTOPHIOlllliMCH. 

liHAeKCaM IlOAPa3yMeBaeTCH CYMMlipOBaHRe, KaK li B AanbHettmeM, ecnn STO 

He oroaopetto ocooo; ocTanhH@e ooo3HaqeHRH CTaHAapTH@. YpaBHeHRe raMRnh

TOHa-HKOoR 

(3) 

HaXOARTCH B OAHO3Ha'l:HOM COOTBeTCTBliH c ypaBHeHReM (1). Ilpli TIOlicKe peme

HliH ypaBHeHHH (1) B paooTe 11 1 npeAnonoJKeHo, 'ITO Ae8CTBlie ~ , BXOAH

mee B ypaBHeHRe (3), AOTIYCKaeT cymeCTBOBaHRe RAeanhH@X pemeHR8 ypaBHe

HH8 KnaccRqecKott MexaHHKR, T.e. 3aBHCliMOCTli CKOpOCTli 'laCTlil.l,b1 

(4) 

TOnbKO OT BpeMeHR. PemeHRe ypaBHeHRH (1) -1-

'f = e/·f f.l&J')-3/~xf'.f rj:-/ ~tt"J"'t)7.,z 
,_£ ,.( I 

(5) 

J=L mwo 

RMeeT KorepeHTH@tt BRA AnH nroooro noTettunana BHemHRX cnn V, RMe10111ero 

nepB~e Henpep@BH@e npOli3BOAH@e no BCeM ARHaMR'!eCKliM nepeMeHH@M. 

~yHKUHH (5) onpeAeneHa He TOnhKO pemeHReM YPaBHeHHH (3) - Ae8CTBlieM 



,racTHUbl ,st , 110 H pemenHeM onnoponnoro ypaanen~ir nepenoca SonhUMana 

~I+ uf<U = o c;~ . ,x,c 
Bero ,racTH'lHOM npencTaanenHH. ~eficTBHTenhno, nonarair 

~ ~~ .:l. 

I . ,,-3/f' {- rr-f u ttJatj7 = a°"' a= /Jt.11 :.e.r.,o - --=s~--
✓ 1 T ~J J 

neTpynno y6enHThCir, 'lTO c]lynKUHir / ynoaneTaopireT ypaanenHro (6). 

»s cj)OpMYn (5) H (7) BHTeKaeT O'leBHAHOe COOTHomenHe 

tf*f=f,.t,=/. 

(6) 

(7) 

(8) 

Ms pa60TH /l/ H, B 'laCTIIOCTH, H3 npHBeneHHHX snech pesynhTaToB 

cnenyeT, 'lTO KnaCCH'leCKalI MeXaHHKa, QH3H'leCKalI KHHeTHKa H KBaHTOBair 

TeOpHir, ecnH HCXOAHTh H3 ypaaneHHlI (1), onno~Ha'lHO COOTBeTCTBY!OT npyr 

npyry. TeM ne Menee, ne Hs6e~aTh KoncTaTaUHH c]laKTa, ,rTo TaKoe rapMo

HH'lnoe co,reTanHe Tpex pasnenoa c]lH3HKH eme ne iranireTcir nonnHM. ~eficTBH

Tenhno, H3 ypaanenHir (1) cnenyeT nHmh ypaanenHe (6), a ne nonnoe onno

ponttoe ypaanenHe SonhUMana 

~1 ~/ 9..P - + Utc-_!!f; + P-,c-f- =O. 1C- =L J .3 
~-f ~x~ '},Ii ' ., ' . 

(9) 

9TOT c]laKT anonne cooTBeTcTayeT npHnuHny neonpenenennocTH ransen6epra, 

cornacno KOTOPOMY cj)HKCaUHlI KOOPAHHaT 'laCTHUbl HCKnro,raeT B03MO~IIOCTh 

npHMeneHHlI nolllITHlI ee HMnynbca, H60 B 3TOM cny,rae HMnYnhC HBnHeTCH non

llOCThlO ueonpenenenHHM; coaepmenno TaK ~e c]lHKCaUHH KOMITOlleHT HMnYnbca 

,raCTHUbl HCKnro,raeT B03MO~IIOCTh roBopHTh O npocTpa11CTBe1111on noKanH3aUHH 

ee ABH~eHHlI; HMenno no3TOMY TPaAHUHOIIIIO npHlllITO, 'lTO BOnHOBY!O c]lYIIKUH!O 

cnenyeT npencTaBnHTh nH60 B eBKnHAOBOM npoCTpaHCTBe, 'lTO H COOTBeTCT

ayeT ypaanenHro (1), nH6o B npocTpancTae HMnynhCOB l.f' -npencTaanenHe). 

Y~e B pa6oTe 111 KOHCTaTHpoaano, 'lTO neonpenenennocTH B sna,renHlIX Ko

opnHnaT ,racTHUbl Hee HMnynhca o6ycnoanenH asaHMoneficTaHeM ,racTHUbl 

c BaKYYMOM, KOTopoe no caMOfi caoen CYTH lIBnHeTClI xaoTH'lllbL~. 9TO 06CTO

irTenbCTBO ne npOTHBOpe'lHT cooTnomenHro neonpenenennocTH ra0se116~pra, 

110 He Bero 3KCTpeManhHOfi c]lopMynHpOBKe. C rHnOTesofi B3aHMonefiCTBHlI 

Ten C BaKYYMOM Bnonne COBMeCTHMO OnHCaHHe ABH~eHHlI qacTHUbl B meCTHMep

llOM npocTpancTae SonhUMana, T.e. B03MO~no onnoapeMennoe npHaneqenHe 

noHHTHfi H KOOPAHHaT 'laCTHUbl, Hee HMnYnhca. IlpH 3TOM H KOOPAHHaTH, 

H KOMnOHeHTH HMnynbCa 'laCTHUbl peanH3YlOTClI nHmh C HeKOTOpoa KOHe'lHOfi 

aepOlITIIOCThlO B nro6ofi MOMeHT BPeMeHH. CnenoaaTenbHO, rHnOTesa B3aHMO

nefiCTBHlI Ten c BaKYYMOM H npHHUHn neonpenenennocTH ransen6epra coaMec

TH= nHmh B TOM cny,rae, ecnH npHHUHn neonpenenennocTH oTnecTH K cpen11e-
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KBaAPaTH'llloJM sna,reHHlIM KOOPAHllaT H HMnYnhCOB. 3naqeHHlI 3THX aenH'lHII, 

cornacno npHMenennofi B pa6oTe /l / rHnoTese, nanmoTClI acer;Qa KOHe'lHh!MH 

H. nono~nTenhHO onpenenenHHMH. TeM ca= sKcTpeManhHOCTh npHHUHna 11eon

penene1111ocTH ycTpanHeTCH. Sonee neTanhHOfi KOHKpeTH3aUHH npHnuHna 11eon

penene1111ocTH B TOnhKO 'lTO OTMe'lellHOM BHne 6yneT yneneno BIIHMaHHe IIH~e. 

IlpHIIHMalI BO BIIHMaHHe TOnhKO 'lTO CKasannoe, ecTeCTBellHO nonHTaThClI 

o6o6mHTh ypaaneHHe wpenHnrepa B c]lopMe (1) TaK, 'lT06H 0110 oKasanoch 

B nonHOM COOTBeTCTBHH c ypaaneHHlIMH (9) H (3). TaKoe 0606me11He pauHo

HanbHO npOH3BeCTH Ha OCHOBe cj)ynnaMeHTanhHHX pemeHHfi ypaBHeHHA (1) H (9). 

,D.nir sToro neo6xonHMO onpe,n:enHTh cj)yHKUH!O rpuna, YnoBneTaopirromy:o ypaBne

HH!O (1), 'leMy H 6yneT yn;eneHO BHHMaHHe B cnen;yromeM nYHKTe. IlnOTHOCTh 

BepOHTHOCTH nepexon:a Pr.s.-~J/;-1-;r,1) - cj)ynn;aMeHTanhHOe peme11ue 

ypaaHeHHH (9) - y~e 11a0n~110 B pa6oTe 121 TaM ~e 11anne110 u o6mee peme

HHe ypaa11e11uir (9), 'lTO cymecTBeHHO nnH nanhHefimero. 

1. KBaHTOBO-MeXaHH'lecKaH ~YIIKUHlI rp~II~ 

)lnH onpeneneHHlI cj)yHKUHH rpuHa Heo6xon;HMO YnenHTh neKOTopoe BHHMa

HHe CTPYKType nefiCTBHlI qacTHUH ,f". Qqeaun110, n;efiCTBHe qaCTHUbl cnenyeT 

onpen:enHTh B TaKOM BHn;e, KOTOPHfi o6ecne'lHT nocTaTO'lHY!O M06HnhHOCTh 

cj)yHKUHH (5) Bee nanhHefimHX npuMeHeHHHX. BonHOBaH cj)yHKUHlI (5) nonpasy

MeBaeT, 'lTO qaCTHUa ABH~eTCH no KnaccuqecKofi TpaeKTOPHH, HO Ka~aH 

TaKaH TpaeKTOPHH peanusyeTClI numb C HeKOTopofi KOHe'lHOfi aepoirTHOCThlO. 

TaKHM o6pa30M, 11eo6xon;HMO, 'lT06H n;efiCTBHe qaCTHUH HMeno nocTaTO'lHO 

HBHY!O saBHCHMOCTh OT KOOPAHHaT u apeMeHH. Hau6onee npueMJJeMOfi npencTaB

nireTCH TPan»UHOHHalI sanHCh nefiCTBHlI B BHn;e 
131

: 
3 X,c t -

$ = E J p,,, dx 1c - J 11rr-Ja'i:' = ;S'r~ ~~- -!j 0- , 1 o 1 

1<=1. K~ S 

3n;ecb npHHHTO 

X I - X I ➔/ -1 
1< - fCf-t=S J r = ,-/-t-=S, 

(11) 

'lTO COOTBeTCTBYeT KHHeMaTH'leCKOMY npeo6pasoBaHH!O 

➔ ➔ ~-,- = r 1 + / U (r-}df"', 
s 

(12) 

KOTOpoe Y'lHTHBaeT KaK naqanhHOe nono~enHe ,racTHUbl (11), TaK H nro6oe ee 

nono~eHHe B MOMeHT BpeMeHH - -'laCTHUH, a .E' = ill!& 
t • B COOTHOllieHHH 

7 
- ee HMnYnhC ( t I:. 

(10) /f - raMHnhTOHHaH 

- OpTH B n;eKapTOBOfi 

CHCTeMe KOOpn;HHaT). B 3TOM COOTHOmeHHH non;qepKHYTO, 'lTO nepBHfi qneH 

saBHCHT lIBHO nHwh OT KOOPAHHaT qacTHUH, a BTOPOfi - TOnhKO OT apeMeHH. 

3 



EcnH noTeHUHan BHeWHHX CHn, Ae8CTBYIO!I\HX Ha qacTHUY, He 3aBHCHT 

HBHO OT BPeMeHH, TO 3HeprHH qacTHUbl 

;.t . ~ 
E=fl=- +lTfr/ 

J/11 
(13) 

coxpaHHeTCH BHe 3aBHCHMOCTH OT Toro, 6YAeT nH ABH~eHHe qaCTHUbl $HHHT

Hb1M HnH HH~HHHTHblM. B 3TOM cnyqae Ae8CTBHe qaCTHUbl npHHHMaeT BHA: 

. .3 Xt<. 
;S = lo-E(+-s), Co =E j .f>K dX1t-. 114 1 

*=1. x~ 
BenaqHHy ~ O6blqHo Ha3bJBalOT "yKopoqeHHblM A~8CTBHeM" (MonepTIOH) • 

KaK BHAHO, Bblpa~eHHe (10) MH Ae9CTBHH qaCTHUbl BnonHe npHMeHHMO AnH 

onncaHHH KaK CTaUHOHapHblX, TaK_H HeCTaUHOHapHblX ABH~eHHn, qTo H Heo6xo

AHMO MH AanbHenmero. HenHmHe OTMeTHTb, qTo $YHKUHH (10), ecnH yqeCTb 

COOTHomeHHH 

<iJ,5' =.1',c = mu~ 
1 

""lM' = -If t-6-/. 
pX,c. ' ~~ I 

( 15) 

YAOBneTBOpHeT ypaBHeHHIO (3), qTo 3KBHBaneHTHO COBilaAeHHIO COOTHOWeHHR 

( 13 I H ypaB He HHR {3 I • 

Tenepb MO~HO IlPHCTYilHTb HenocpeACTBeHHO K onpeAeneHHIO KBaHTOBO

MexaHHqecKon ¢YHKUHH rpHHa. IlOCKOnbKY BQnHOBaR ¢YHKUHH (5), YAOBneTBOPH-

1W1aH ypaBHeHHIO filpeAHHrepa (1), HaXOAHTCH B OAHO3HaqHOM COOTBeTCTBHH 

C KnaccHqecKon MexaHHKon H ~H3HqecKon KHHeTHKon, TO ecTeCTBeHHO npHHHTb, 

qTo KBaHTOBaR ¢YHKUHR rpHHa 'fl'(~fr'•-/-
1 

P-J HaXOAffTCR B OAH03H~qHOM , / ~ 
COOTBeTCTBHH C ¢YHKUHen nnOTHOCTH BepOHTHOCTH nepexoAa./',s,r ;~ j}:'J 
$H3HqecKon KHHeTHKH, YAOBneTBOPRIOmen B AaHHOM cnyqae ypaBHeHHIO 

~.I' j.f' zrr-+tt-1:.-=o. 
~"&: ~X.1:, 

( 16) 

CoBepmeHHO aHanorHqHo COOTHomeHHRM (7) H (8) MO~HO 3anHCaTb: 

"o/*r~ ~; ~rj ..p/ (s, r}"1~ -:.P (S;~~ "5 ~ ( 17) 

IlnOTHOCTb BepoHTHOCTH nepexoAa HMeeT BHA 121: 

P(.'.S -+, J_ ~I /.z:_v)-¾ {- (r-1"1t&ar--i?tj7.£. ., r ;-,a r1 = c _.. -e..rl'. - --=-s _____ _ 
...r . ( 18) 

B TOM, qTo $YHKUHR (18) TO~eCTBeHHO YAOBneTBOpHeT ypaBHeHHIO (16), MO~

HO y6eAHTbCH npRMon IlOACTaHOBKon. HenocpeACTBeHHO H3 ¢opMyn (5), (17) 

H (18) MO~HO 3aKnlOqHTb, qTo KBaHTOBaR ¢YHKUHH.rpaHa HMeeT BHA: 
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l 
) 

) 

'!/(5;~';-i,~}= ex?[i/ $(s1 ~~ fJ?/* 
-t:-

-3/~ /+ /- -,17 * (.xJ) 7..ex1,I:. ,r~ ttt't')ctt---r 1 
L - ..tJ . 

I 19 I 

B ¢opMyne (19) Ae8CTBHe onpeAeneHo COOTHOmeHHeM (10), a CTPYKTypa apry-

MeHTOB COOTBeTCTByeT npeo6pa3OBaHHIO (12). EcnH ¢YHKUHIO (19) IlOACTaBHTb 

B neBylO qacTb (17), TO OHa COBnaAeT c ¢YHKUHen (18), qTo RBnReTCR He

O6XOAHMhlM, HO HeAOCTaTOqHbJM. HCHO, qTO ¢YHKUHH (19) AOn~Ha YAOBneTBO

PRTb ypaBHeHHIO 

. .;. ~ ~ -- t.:t j.2-<!f + l7'!/ + Z7v ..y 
t It <=J-6 - .tt m ~ x~ J 

tr: 

(20) 

(21) 

B KOTOPOM Tenepb 
.s,,. + ~,,2, 

lTy = m:o {r -ju('i"'Jd~-r/ - .! -;f,wo. 

3anHCb noTeHuHana, yqHTblBa10mero B3aHMOAe8CTBHe qacTHUbl C BaKYYMOM, 

B BHAe (21) CBR3aHa c TeM, qTo ¢YHKUHR (5) 6b!Jia HanAeHa npH HaqanbHbIX 

ycnOBHRX 

.XK/f=S = x:C. = o, 
qTo H COOTBeTCTByeT sanHCH noTeHuHana B BHAe (2); 3AeCb ~e nono~eHHe 

qaCTHUbl B HaqanbHbl8 MOMeHT BpeMeHH COOTBeTCTBYeT ycnOBHHM (11), rAe 
I Xrc MoryT npHHHMaTb npoH3BOnbHble 3HaqeHHR. 

C IlOMOmblO npRMOfi IlOACTaHOBKH ¢YHKUHH (19) B ypaBHeHHe (20) npH 

3HaqeHHH noTeHUHana (21) Heo6XOAHMO y6eAHTbCR B TOM, qTO OHa TO~ecT

BeHHO YAOBneTBOpHeT 3TOMY ypaBHeHHIO. DblqHCnHH COOTBeTCTBYIOmHe npOH3-
+ -+ ,, 

BOAHhle H yqHTblBaR, qTo CKOPOCTb qacTHUbl U= u t-1-/ RBnReTCR q>yHKUHen 

TOnbKO BpeMeHH, 3anHmeM COOTHOWeHHe, cneAYIOIIlee H3 ypaBHeHHH (20): 

_ ~,J' + ti 1 u =L /1,Jf).t+ tt :;;f _ _r_ 1-i 
~-t: .f ./l,m l~KK J .,$,m_rJ. -f 

3tJ, r7+ 7t.t .,.z_ 3t.t . 
+ ct,11z,J' + .fl.mf-t oZ m)' 

(22) 

B COOTHOWeHHH (22) o6mHn MHO=Tenb -!f onymeH, yqTeHa ¢OPMYna (5) MR 

J H O6O3HaqeHO "t 
~ ~ ;- 0- -, . <f=r- uttfdc--r._ 

$ 
(23) 

HeTPYAHO BHAeTb, qTo COOTHomeHHe (22) TOqHO COBnaAaeT c ypaBHeHHeM (3). 

TaKHM o6pa3OM, ¢YHKUHIO (19) MO~HO cqHTaTb KBaHTOBO-MeXaHHqecKon ¢YHKUH

en rpHHa. 
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qT06H YBHAeTb BO3MO~HOCTH 06O6111eHHH ypaBHeHHH illpeAHHrepa (1) 

K mecTHMepHOMY npocTpaHCTBY EonoUMaHa, CHaqana cnemeT paCCMOTpeTb 

npocTefimHfi cnyqafi - CBO6O.r:tHoe ABH~eHHe qaCTHlJ,bl. 3TO nO3BOnHT ,I:tOCTaTOq

HO HBHO ¢HKCHPOBaTb npHqHH~, onpeAenHIOOIHe COOTBeTCTBHe ypaBHeHHH (1) 

c ypaBHeHHeM (6), a He (9). HMeHHO 3TOMY H Y.r:tenHeTCH BHHMaHHe B cnem

lOOleM nyHKTe. 

2. CBO6()A_II_O~;IlBH)KeHHe_ qacTHlJ,b1 

<l>YHKLIHH rpHHa .r:tnH CBO6OAHO ABHlKYl!le_nc.11 qacTHlJ,bl Y.r:tOBneTBOpHeT ypaB

HeHHiO 

i-/i: ~I#=- f£.Z 1!.:1/ + lTv ~ 
?J-t ,£,m ? xf (24) 

BMeCTO ypaBHeHHH (16), KOTOpoe HaXO,[tHTCH B OAHO3HaqHOM COOTBeTCTBHH 

C ypaBHeHHeM (24), 3anHWeM nonHoe ypaBHeHHe BonbUMaHa 

r.r:te F;I< 
~p + u C}f' +£ J!.=o 
Q~ 1<. '2X r- YK 6/'1<. , 

- KOMnoHeHTH CHnH, .z:tefiCTBYlOlllefi 

(25) 

Ha qacTHLIY co CTOPOH~ BaKyy-

Ma. IIpHMeM, qTO ypaBHeHHe (24) coxpaHHeT CBOfi BH,I:t.H B 3TOM cnyqae 

H, HCXO,I:tH H3 3TOro, BHHCHHM CMHCn KOMnoHeHT ;:;,I<. CornacHo pa6oTe 121 

¢YHKI.1HH nnoTHOOTH BepOHTHOCTH nepeXOAa, Y.r:tOBneTBOPHl<II\aH ypaBHeHHID (25), 

0/s r't-+-,. -tr'~,_ QC <1,rJ,r3/.t, f rr-/1trr-Jo1e--.rtj7 I<·'J , , , ,r1- ,., °""<J- 1 ex,P. s * 
.2 (f;..J! 

f, 

-x- f7rJ."l.,,)_3(i xfJ.L r7-j};,t-J«r---TJ7.z. 
f .2, 6: .fl . p 

(26) 

B COOTBeTCTBHH c KOHKpeTHHM BH,I:tOM (25) 3,1:teCbFK~Fy,c ; 6i, ·6i- - cpe.z:t

HeKBa.z:tpaTHqHHe pa36pOCH HMnynbCOB H KOOP.r:tHHaT· qaCTHu;,J. 

KaK BH,[tHO, nnOTHOCTb BepOHTHOCTH nepexo.r:ta (26) waKTOPH3YeTCH no 

BCeM KOOP,I:tHHaTHHM HanpaBneHHHM B mecTHMepHOM npocTpaHCTBe BonbUMaHa. 

3TOT waKT nonHOCTbID COOTBeTCTBYeT He3aBHCHMOCTH HenpepHBHHX rayccOBCKO

MapKOBCKHX cnyqafiH~X npoueccoB no BCeM KOOp,[tHHaTHHM HanpaBneHHHM. AMn

nHTY.r:ta ¢YHKUHH rpHHa (19) TaK~e xapaKTepH3YeTCH 3THMH CBOHCTBaMH. OTCID

.r:ta cne.z:tyeT, qTO COOTHOWeHHe (17) ecTeCTBeHHO O6O61!1HTb K mecTHMepHOMY 

npOCTpaHCTBY BonbUMaHa, T.e. 3anHCaTb: 

'¼*(s,r;T~-t✓ -i~l"J ~ {~r"Jl} ~;t;7} .?rs,t"f iT;z
1
r;TJ 

(27) 

COOTHOille}IHe (27) nO3BOnHeT sanHCaTb 

rpHHa B npocTpaHCTBe BonbUMaHa: 
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KBaHTOBO-MexaHHqecKYID ~YHKI.IHID 

'·1 

) 

,_{)/ r .,,,., ... , ..L .. -, , r.J r1 , -, ~17 
-:18 ~r,f' ;~r,PI= -exf'L T" rs,r ;-t;r(I* 

t-

* (IJ'r,l~x'°f (r-/itre-Jctf"-rt)-Zj* 
.,ff'}, 1 ' 

* rx-o/'F3/rex1f rT-/°J:~tf"/olY---;t')..t 7 
.2 .,rl' -.I, 

.J' 'J. = of, °'J-.,t I 4 = .,Z d,P ~ 
~efiCTBHe qacTHUH ~, BXO.r:tHI11ee B (28), no-npe~HeMy 3aAaHO ¢opMynon 

(28) 

(10), qTO COOTBeTCTBYeT ypaBHeHHID (9). TaK KaK npaBaH qaCTb (27) 33,I:ta

Ha wopMynon (26), TO no,I:tCTaHOBKa B neByro qacTb WYHKLIHH (28) O6pa111aeT 

ero B TO~eCTBO. 

IIpoBepKa ,I:tOCTOBepHOCTH CTPYKTYPH ¢YHKUHH (28) BeCbMa HenpOCTa. 

EcTeCTBeHHO naqaTb ee c npocTefimero cnyqa.11 - CBO6O.r:tHoro .r:tBH~eHHH qac

THlJ,b1. <l>YHKUHID (28) pa.z:tH Y.r:tO6CTBa santtmeM B BH,I:te: 

- ¾ .- ft_. dt'- J"')7.t 
~ = ..g.if', ~ = (Jr.l,,,) 1x,Pf fl'-~ Frr-J - . 1291 

.:t .fl' 
B paBeHCTBax (29) ¢YHKUHH o'!J 3a,I:taHa ~OpMynon (19), B KOTOPOH no.z:tpa3y

MeBaeTCH 3aMeHa f=J,-. Ilonara.11 B ypaBHeHHH (1) V_=o, no,I:tCTaBHM 

B Hero ¢YHKI.1Hi0 (29). IIpOH3BO,I:tHaH no BpeMeHH 

"b -!la _ ~<!Ia + ~ ~ ie 
~-6 - ~-6 ✓I' 1-f ' 

a noTOMY ypaBHeHHe (1) npHO6peTaeT BH.r:t: 

?i .g <a.?e 
9-t-

•J. ~ ..ry iot j.l,<-!/ + t IZ if'-= - ff,'/'- - + ~f' lTv 'o/. 
'=at- .tm ~ x-t (30) 

IIOCKOnbKY ..g; TOJK,I:teCTBeHHO YAOBneTBOplieT ypaBHeHHID (24), TO H3 (30) 

cne.z:tyeT: 
~9,o_o_ u-

BHqHcnHH npoH3BO,I:tHYID (31), cornacHO (29), HafineM: 

~ .... ~- ..,,.,,-
vj'I' := ~ (f'-/ F;dt"Jotf"'-1' J'/i (r/ :=. o, 

"p-f ....r,P 
qTo 3KBHBaneHTHO paBeHCTBY -Fv =O• 

( 31) 

(32) 

TaKHM o6pa3OM, npHHHMaH ypaBHeHtte (24), cne.z:tyeT paccMaTpHBaTb ypaBHeHHe 

BonbUMaHa (25) B npe.z:tcTaBneHHH BnacoBa no OTHOWeHHID K XaOTHqecKOMY -B3aHMOAefiCTBHID qaCTHUH C BaKYYMOM. TonbKO B 3TOM cnyqae Fv, KaK CaMo-
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cornacoaaHHaH c1ma, ecTeCTBeHHo, OKaJKeTCH paaHofi Hymo, 'ITO H Tpe6yeT 

paaeHCTBO (32). 

BnonHe npHeMJieMoe COOTBeTCTBHe ypaaHeHHfi (24) H (25) HMeeT OTHO

meHHe nHWb K CBO6OAHOMY ABHJKeHHW '!aCTHLU,I. B o6meM JKe cny'!ae, Korna no

TeHUHan BHeWHHX CHn V:/ 0, ypaBHeHHe ( 1) HaXOAHTCH B npOTHBope'!HH 

c ypaBHeHHeM (9). ~efiCTBHTenbHO, IlOACTaBnHH ~YHKUHW (29) B ypaBHeHHe 

(1) H Y'!HTb!BaH, 'ITO B STOM cny'!ae <!>YHKUHH -!/ y,1:r.oaneTBOpHeT ypaBHeHHlO 

(20), CHOBa npHneM K COOTHomeHHW (31). Ho STO O3Ha'!aeT, 'ITO B ypaBHe

HHH (9) Mb! AOnJKHbl nonOJKHTb 

~=O. (33) 

PasyMeeTcH, Tpe6oBaHHe (33) coBepmeHHo HenpHeMJieMo ~H ypaaHeHHH Bonbu

MaHa (9) B o6meM cny'!ae. C APYrOfi CTOPOHbl, CaMa CYTb ypaBHeHHH illpeAHH

repa (1) npOTHBOpe'!HT paBeHCTBY (33). 3TO cneAyeT H3 Toro, 'ITO onepa

TOP CHnbl, npHHHTblfi B KBaHTOBOfi TeopHH, 
A P, Al\ I\A F=mu=j {11/'-lll/ _ -vlT-Vl7v (34) 

CBOAHTCH K-YMHOJKeHHW BOnHOBOfi ~YHKUHH Ha rpaAHeHT noTeHUHana c o6paT

HblM 3HaKoM, T.e. CHna C TO'!KH speHHH ypaBHeHHH illpeAHHrepa TaKJKe HMeeT 

'!HCTO KnaCCH'!eCKHfi CMb!Cn H B o6meM cny'!ae He paBHa Hynw, 'ITO HeCOBMeCTH

MO C (33). 3aMeTHM 1 'ITO BenH'!HHa P'VV I BXOA~aH B (34) 1 eCJIH ee 

ycpeAHHTb no BOnHOBOfi ~YHKUHH (5) HnH no ~YHKUHH rpHHa (19), o6paTHTCH 

B 11ynb, 'ITO COOTBeTCTBYeT (32). O6osHa'!eHHH B (34) o6menpHHJITbl 141 : 
/I - onepaTOP raMHnbTOHHaHa; J. - onepaTOp HMnynbca, a ft,- - onepa

TOP YCKopeHHH. 

Ilepe'!HCneHHble Bb!We npOTHBope'!HH IlOHY)l(AaWT K o6o6meHHW ypaBHeHHH 

~PeAHHrepa (1) K mecTHMepHOMY npOCTpaHCTBY BonbUMaHa. IlpH STOM ypaBHe

HHe (1) AOnJKHO 6b!Tb o6o6meHO TaKHM o6pa3OM, '!TO6bl H3 o6o6meHHoro ypaB

HeHHH Bb!TeKanH ypaBHeHHe raMHnbTOHa-flKO6H, OAHOPOAHOe ypaBHeHHe nepe

HOca BonbUMaHa (9) H caMO HCXOAHOe ypaBHeHHe (1). KpoMe Toro, o6o6meH

HOe ypaBHeHHe AOnJKHO YCTpaHHTb ace <!>HKCHpOBaHHble paHee npOTHBOpe'!HH. 

EcnH o6o6meHHoe ypaBHeHHe Y,tiOBneTBOPHT BCeM STHM Tpe6oBaHHHM, TO ero 

MOJKHO C'!HTaTb BnonHe npHeMJieMblM. 3Tof:l: npo6neMe H Y,i:ienHeTCH BHHMaHHe 

B cneAywmeM IlYHKTe. 

3. O6o6meHHe ypaBHeHHH illpeAHll:r'e_p_a 

IlpHHHMaH BO BHHMaHHe BCe npHBeAeHHble paHee <!>aKTbl COOTBeTCTBHH 

Tpex pa3AenoB ~H3HKH - KnacCH'!eCKOfi MexaHHKH, ~H3H'!eCKOfi KHHeTHKH 

H KBaHTOBOfi TeopHH, - a TaKJKe npHHHMaH, B '!aCTHOCTH, COOTHomeHHH (32) 

8 
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,_ 

H (34) KaK He npOTHBOpe'!aJllHe BCeM TpeM BHAaM ypaBHeHHfi, npeACTaBnHeTCH 

Han6onee pauHoHanbHblM sanHcaTb o6o6meHHoe ypaBHeHHe illpeAHHrepa B ~OpMe: 

li'7'/' ::-r.J4f-tifk c;p + (V+llv)'/. 
~-t ..zm ix" 11~ · (35) 

B ypaBHeHlie (35) BBeAeHbl KOMnOHeHTbl CHnbl fi , COOT13eTCT_BYIDmHe (34). 

Cpasy JKe o6paJllaeT Ha ce6JI BHHMaHHe TOT <!>aKT, 'ITO sanHCb ypaBHeHHH 

B BHAe (35) IlPOTHBOpe'!HT SKCTpeManbHOCTH ~OPMYnHpOBKH npHHUHila ueonpe

AeneHHOCTH raaseH6epra, '!eMy H 6YAeT YAeneHo BIIHMaHHe HHJKe. 

Ilpell(Ae BCero Heo6xOAHMO YCTaHOBHTb, 13 KaKOM COOTBeTCT13HH HaXOAHT

CH ypaBHeHHe (35) c ypa13HeHHHMH i1), (3) H (9). BCHKYW KOMnneKCHYW 

BOnHOBYW ~YHKUHW B ¥' -nnOCKOCTH MOJKHO sanHCaTb 13 13HAe 

II/ t,'~ 
T =9', e 'i; (36) 

3AeCb 9s - AefiCTBHTenbHaH BenH'!HHa, TaK JKe, KaK H AefiCTBHe '!aCTHUf,l JY . 
IlOACTaBHM ~YHKUHW (36) a ypaBHeHHe (35): 

i-/i ~9s - io "'a~=- -i-,1, o.eis - "* -,90 c;~ .i 1"'1,1).i 
~~ ~t ~111 '7 x,:_ m '7Xt< ~x,t:im 7-s f ~x. -
it jJ-,1 - ,. 

-~ 9a-:;;:-t"li~ 19a + (lT+Z7v)9o. (37) ~ xi(. ~l-'1:. . -
B COOTIIOWeHHH (37) o6mHfi MHOJKHTenb exp(; ,r') onymeH. Pa3AenHH B (37) 

MHHMble H AefiCTBHTenbHble '!aCTH, sanHmeM ABa ypaaHeHHH: 

jfs=_.£ ~ie ~,1 _..£. ~.t,J" ?~ 
u~ m "JX,: ')X~ ~m fa i ~ ~ r«-2. 1 

k ?f11e 

(38) 

-9a!! =-;:: ;;j +/m ?a({~}:t+ {V+l7v)9a. (39) 

IlpHHHMaH, ~aK H paHee, cymecTBOBaHHe HAeanbHblX pemeHHfi ypa13HeHHfi Knac

CH'!eCKOfi MexaHHKH H Y'!HTb!BaH COOTHOmeHHe (4), sanHmeM: 

j,1,,1 _2_ {mU~t#j = O. ~x;. -vx~ 
~OMHOJKaJI ypaaHeHHe (38) Ha ~YHKUHW 9s 
CTBa (40), HaXOAHM 

~9.~ .:, ~ __!_=-u,: j,99 __ ~ P9a 
~+ ~x r~---

fC '"D f1c 
IlonaraJI Tenepb 

l=i;, 

(40) 

H npHHHMaH BO BllliMaHHe paBeH-

(41) 

(42) 

BHAHM, 'ITO ypaBHeHHe (41) COBilaAaeT c ypaBHeHHeM (9). 
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YpaBHeHHe (39), IlOCKOnbKY .9e - nonoJKHTenbHO onpeneneHHaH aenHqHHa, 

3anHmeM B (j)OpMe: 

~,1 i 'l,1}J- if.t '7,.t,9. -+-(~x +V+1Tv--·--2=o. 
'j-t -3.m r, " .E-11199 ox~ (43) 

Bo3BpantaHCb K <PYHnaMeHTanbHblM pemeHHHM, 3anHmeM Y)Ke H3BeCTHY!O ¢YHKUH!O 

(26) a BHne 

P=1J}, = 9/=/, (44) 

rne <l>YHKUHH / (42) OTO~ecTBneHa c ¢YHKUHefi nnoTHOCTH aepOHTHOCTH ne

pexona .P , a MHOJKHTenH Pi H ,ft coBnanaioT c qacTHMH ¢YHKUHH (26) 

a eBKnHnoBOM npOCTpaHCTBe HMnynbCOB, CornacHO (44), 

~=iliflif=~~J~=,/Jf,~=~ (45°) 

qTQ H COOTBeTCTBYeT CYTH rayCCOBCKQ-MaPKOBCKHX npoueccoa. OToJKneCTBnHH 

<PYHKUH!O (36) C ¢YHnaMeHTanbH@M pemeHHeM, 3anHmeM: 

·&' 
~ = 'fl= Ji 9p e "T, ,ll*t.ll .,f, ..t, .2. 0 7 e 7a =.9,-~ =.?a =.t:. 

(46) 

BTOpoe H3 COOTHOmeHHfi (46) COBnanaeT c IlPHHHTblM paHee COOTHomeHHeM (27), 

a nepBoe COOTBeTCTBYeT o6men CTpYKType ¢YHKUHH rpHHa (28). IlOCKOnhKY 

BHA ¢YHKUHH ..f' yJKe YCTaHoBneH, TO TeM CaMblM onpeneneH@ H <PYHKUHH ~$ 

H J?o. CnenoaaTenbHO, BHA <PYHKUHH (28) MOJKHO CqHTaTb BnonHe AOCTOBepH@M, 

XOTH HenirurHe npoaepHTb ee H nPYrHM cnoco6oM. C noMombio (45) nocnenHHfi 

qneH a ypaaHeHHH (43) npeo6pa3yeTca: 

1£.t P.zia _ t..t ~..t.?. 
Jmja ,xf- ..ZmJ9,,?I'. ~I' <vXf = ll;,,. (47) 

IlocnenHee paaeHCTBO a (47) COBilaAaeT c (j)OpMynon, no KOTOPOH a pa60Te111 

B@qHcneH IlOTeHuHan l7v ,. Ho Terna noncTaHOBKa (47) a (43) IlPHBOAHT 

3TO ypaBHeHHe K coananeHH!O C ypaBHeHHeM raMHnbTOHa-HK06H. TaKHM o6pa30M, 

Tenepb MOJKHO roaopHTb O nonHOM COOTBeTCTBHH KnaccHqecKofi MeXaHHKH H KBaH

TOBOfi TeopHH, ecnH a ee OCHOBY nonOJKHTb ypaBHeHHe (35). 

HcxonHoe ypaaHeHne illpenHHrepa a ¢opMe (1) nonJKHO cnenoaaTb H3 ypaa

HeHHH (35). B TOM, qTo 3TO nefiCTBHTenbHO HMeeT MeCTO, MOJKHO y6enHTbCH, 

noncTaBnHH ¢YHKUH!O rpHHa (29) a ypaaHeHne (35). rrocne IlO,J'ICTaHOBKH, oqe

BHAHhIM o6pa3oM rpynnHpya qneH@, 3annmeM: 

Jp [t-/i '14 +£ j.z'!f _ {v+v;J'!/7 
°4-,;- -£m '2 x.z './' 

I: ~ 
=-e.°i <!/( ~ +Fx ')9P) 

~ "ii.,o~ • 
(48) 

IO 

rroncTaBHM ¢YHKUH!O ,?,,, B anne (29) a npaay!O qaCTb (48): 

uf;, caJ, i ..,,. ~ ' +-+ 
~ + ~-¥;f = .,rl' J,,, rfj, F - .,rl' jp "f, F = o. 

(49) 

3necb o6o3HaqeHo 1 

~ - -,;-- -:t': 
~ = I'-/ Ftt"Jdf--r: (50) 

s 
YqHT@BaH COOTHomeHHe (49), BHAHM, qTQ ypaBHeHHe (48) 3KBHBaneHTHO 

ypaBHeHH!O (20), a cnenoBaTenbHO, H ypaaHeHH!O (1). COOTHOillffHHH (48)-(50), 

OAHOBpeMeHHO KOHCTaTHPY!OT, qTQ ¢YHKUHH rpHHa (29) HBnHeTCH pemeHHeM 

ypaBHeHHH (35), ITOCKOnhKY <PYHKUHH '$' HBnHeTcH pemeHHeM ypaBHeHHH (20);, 

Bee npoaeneHHoe a@me paccMoTpeHne noKa3@BaeT, qTo H3 o6o6meHHoro 

ypaBHeHHH WpenHHrepa (35) 0AH03HaqHQ cneny!OT ace TPH ypaBHeHHH: onHo

ponHoe ypaaHeHHe nepeHoca BonhUMaHa a era nonHOM BHne (9), ypaBHeHHe 

raMHnhTOHa-HKo6n a ¢opMe (3) H caMo ypaBHeHHe illpenHHrepa a era Hcxon

HOM BHne (1). IlpH 3TOM <PYHnaMeHTanbHhIM pemeHHeM ypaaHeHHH (35) - ¢YHK

UHefi rpHHa, o6o6meHHOH K meCTHMepHOMY ¢a30BOMY rrpOCTpaHCTBY BonhuMaHa,

HBnHeTCH ¢YHKUHH B (j)OpMe (28)-(29). 3TH (j)aKT@ anonHe y6enHTenbH@ H no-

3BOnH!OT cqHTaTb o6o6meHHe ypaBHeHHH illpenHHrepa K BHAY (35) rrpHeMne!,,lblM 

H nocTOBepHblM. 

TeM He Mettee, YMeCTHO BePHYTbCH K OTMeqeHH@M paHee ITPOTHBOpeqHHM. 

Ilpe~e acero OTMeTHM, qTQ H3 ypaaHeHHH (35) cnenyeT COOTHomeHHe (49), 

a He (31). CooTHomeHHe (49) nonycKaeT cymecTBOBaHHe nio6oro KoHeqHoro 

3HaqeHHH CHn@ F,,:, axonamen B ypaBHeHHe (9), qTo HaxonHTCH B COOTBeT

CTBHH c COOTHOWeHHeM (34), T.e. He rrpOTHBopeqHT HCXOAHOMY ypaBHeHH!O (1) 

IlpH 3TOM KaK B KBaHTOBOM, TaK H B KHHeTHqecKOM npencTaaneHHH cnna HMe

eT qHCTO KnacCHqeCKHfi cMWcn. 3HaqHT COOTHOmeHne (31) MOJKeT COOTBeTCT

BOBaTb TOnbKO CB060AHOMY ABHJKeHnlO qaCTHU@. TaKHM o6pa30M, 3KCTpeManb 

(33) ycTpaHHeTCH. 3TOT ¢aKT eme pa3 rronTaep~aeT rrpaBOMepHOCTb COOT

HomeHHH (27), IT03BOnHBmero 3ailHCaTb <PYHKUH!O rpHHa B anne (28)-(29), 

qTQ H IlPHBeno K COOTHOmeHH!O (49) H KO BCeM npyrHM OTMeqeHH@M B@me pe-

3YnhTaTaM. 

Tenepb He06XOAHMO aepHyTbCH K ITPHHUHITY HeonpeneneHHOCTH rafi3eH6ep

ra. IlpHMeM, KaK 3TO 6@no OTMeqeHo paHee, qTQ ITPHHUHil HeorrpeneneHHOCTH 

ran3eH6epra HMeeT OTHomeHHe nHillb K cpenHeKaanpaTHqH@M 3HaqeHHHM KOOp

AHHaT H HMITYnbCOB qacTHU@. IlpoaepHM 3TO CHaqana Ha xapaKTepHCTHKax 

<PYHKUHH rrnOTHOCTH aepoaTHOCTH nepexona (26). CornaCHO pa6oTe 111 

¢ .£ . ..L. 
,,;t n,al,, 

(51) 

CpenHee 3HaqeHHe ITOTeHunana B3aHMonefiCTBHH qacTHU@ C BaKYYMOM, cornaCHO 

TOH JKe pa60Te, 

II 



\_ 
- 3 U=-Tiwo. (52) 

B cacTeMe ueHTpa aHepuaa aHcaM6nH cocTOHHHtt qacTHUhl cpenHee 3HaqeHae 

KHHeTaqeCKOtt sHeprHH, o6ycnoBneHHOfi ee B3aHMonettcTBHe~ C BaKYYMOM, 

Tv=-Vv =2-iwo. 
f 

(53) 

COOTHOWeHHH (51)-(53) COOTBeTCTBYWT ycpenHeHHro no BOnHOBOtt <!>YHKUHH (5). 

OnHaKO cpenHae 3HaqeHHH <!>H3HqecKHX BenaqaH, BXOnHmax B 3TH COOTHOWeHHH, 

HHKaK He H3MeHHTCH, ecnH ycpenHeHHH npoBeCTH no <!>YHKllHHM (28)-(29). 

9TO HenocpencTBeHHO BHnHo H3 Toro, qTO HMeeT MeCTO COOTHoweHae 

/~.: /rr,+J~ d
1rd3?~ -j'-§'""/rf;-1-J'-!fa3i?. n/r;t-tJa~ 

= J~*/r~-f/ '!/a3r, (54) 

,!\ ~ 

B KOTOpoM onepaTOp I 3aBHCHT HBHO nHWb OT r , a BpeMH BXOnHT B Hero 

"' OTHOCHTCH 7v H z:{, KaK napaMeTp; aMeHHO K TaKoro pona onepaTopaM a 

npH 3TOM B (54) nonpa3yMeBaeTCH, qTO ycpenHeHHe OTHeceHo K CHCTeMe - ~ ueHTpa aHepuaa, rne MO~Ho nono~HTb ,-.1 =0, I" =0. 

B cany H3OTponHH npocTpaHCTBa Ha onHY CTene'Hb CBO6O~ B npocTpaH

CTBe HMnynbCOB npaxonaTCH 1/3 KHHeTaqeCKOtt 3HeprHH qaCTH=· IlO3TOMY 

cpenHeKBanpaTHqH@tt pa36poc aMnynbcoB, cornacHo (53), 

°'.I. :L - m ..t. 'f' =.2l1Z-Tv =-nwo. g ~ 

(55) 

C OOMOmbro cooTHoweHatt (51 )_ a (55) 3anaweM: 

~~- ,If ,t 1 
-- - • .!!!. i. aJo .,1 #faJc, .:z =..i.lt .:z 'J 

(56) 

ana 

~"i,=;_t. (57) 

CooTHOWeHaH (55)-(57) xapaKTepa3yroT napaMeTpbl <!>YHKUHa nnoTHOCTa 

BepOHTHOCTa nepexona (26), KOTOpaH yqaT@BaeT xaoTaqHOCTb B3aaMonettcT-

1BaH qacTaUH C BaKYYMOM • .IinH KBaHTOBo-MeXaHaqeCKOtt <!>YHKUaH rpaHa (28) 

cpenHeKBanpaTaqHble pa36pOCbl KOopnaHaT a aMnYnbCOB YnBaaBaroTCH: 

c-,,l .: -.t y 
Oo =~Oo. =-= .... ,, 

y r mwo ~ = ,;t, ff,.£= mi Wo =.-I;,- (58) 

AHanoraqHo (56)-(57) MO~HO 3anacaT~b~=:...-----~ 
. I. , Iii 7 
V ~..z'P.z = ✓..,r,-_,,;o' = V~•mliwo - i, 

T.e. OKOHqaTenbHO 

ii bi, =i. (59) 
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KaK BanHo, npaHuan HeonpeneneHHocTa ratt3eH6epra, ecna ero oTHecTa 

K cpenHeKBanpaTHqHbJM 3HaqeHaHM KOopnaHaT a aMIIynbCOB qacTaUN, BHTIOnHH

eTCH. Ilpa 3TOM OH nettcTByeT KaK B KBaHTOBO8 Teopaa, TaK a B ¢a3aqecKO8 

KaHeTHKe. H3 ranoTe3bl B3aaMone8CTBHH Ten C BaKYYMOM cnemeT, qTo Bena-

qaHbl &; 1 .s;, H ~ , ~ HBnHroTCH nono~aTenbHO onpeneneHHhlMH a KO-

HeqHblMH, ecnH qacTaua CTa6anbHa ana xapaKTepa3yeTCH TaKaM BpeMeHeM 

~a3HH, KOTopoe HaMHOro npeBocxonaT xapaKTepHoe BpeMH penaKcauaa, co

OTBeTCTBYKll!ee B3aHMone8CTBaro qacTaUbl c BaKYYMOM. 9TOT <!>aKT ycTpaHHeT 

3KCTpeManbHOCTb IlPHHUHna HeonpeneneHHOCTa ratt3eH6epra. enenoBaTenbHO, 

npH onacaHaa nBa~eHa8 KBaHTOBO-MeXaHaqecKax CHCTeM Bnonue KOppeKTHO 

npaBneqeHHe nonHoro Ha6opa nauaMHqecKaX nepeMeHHhlX - KOOPnaHaT a aM

nynbCOB. HCHO, qTO KOOpnaHaThl a aMIIynbCbl qacTaUN MoryT 6hlTb npOH3BOnb

HhlMH, HO peanH3YIDTCH nawb ·c HeKOTOpo8 KOHeqHott BepOHTHOCTbro, qTO a on

penenneT <!>YHKUaH (28). Bee 3TO nonHOCTbro COOTBeTCTBYeT o6o6meHHOMY 

ypaBHeHHro (35). 

3aKnroqeHae 

OnHoponHoe ypaBHeHHe nepeHOCa BonbUMaHa (9) B ¢a3aqecKO8 KaHeTHKe 

npaMeHHeTCH ;rvIH onacaHaH nBa~eHa8 caCTeM MHOrax ynpyro B3aaMone8CTBYro

~ax qaCTHU. CoBepweHHO aHanoraqHo 3TOMY MO~HO CqHTaTb, qTo ypaBHeHae 

(35) TaK~e npHMeHHMO B 3TOM cnyqae, HO y~e C KBaHTOBO-MexaHaqeCKO8 Toq

KH 3peHaH. 9TO O6CTOHTenbCTBO nonHOCTbro COOTBeTCTBYeT CMblCny <!>YHKUaa 

I'paHa (28). OTHOCH ypaBHeHae (35) K CHCTeMe ynpyro B3aaMone8CTBYIOOIHX 

qacTau, o6~ee ero peweuae cnenyeT 3anacaTb B Bane 

~ /ft~J,r;?'J<Yar~r:7';-t,~lJa3r'a3/'~J. (60) 

CTPYKTypa <!>YHKuaa tf' , BXOnlI!llea B Bblpa~eHHe (60), non~Ha OTO6pa~aTb 

¢a3aqecKae ycnoBaH, B KOTOPhlX HaxonaTCH cacTeMa B HaqanbHhl8 MOMeHT 

BpeMeHa t=s, TaK, qTO6bl BOnHOBaH <!>YHKUHH (60) TO~ecTBeHHO ynoBneT

BOpHna ypaBHeHam (35). rrepeMeHHhle / npencTaBnHroT co6ott COBOKynHoCTb 

J. - -) ~ -- -s = {r;,
1

9'c , ~ =m-z1-t'~), (61) 

-B KOTopoa fc - ueHTp HHepuaa MHHaManbHO BO3MO~Horo MaKpoaneMeHTa, no-

nycKaKll!ero onpeneneHaH KOHUeHTpauaa qacna qacTau nt'j/, TeMIIepaTypbl 
~~ ~ 7(/J a ranponaHaMHqecKoa cKopocTH ~ti;). HMnynbc ::t,; MaKpoane-

MeHTa B (61) HOpMapoBaH TaK, qTo6bl OH 6m( OTHeceH K onHo8 qacTaue. 

KaK BanHo, nepeMeHHble / HMeroT MaKPOCKonaqecKH8 CMhlCn. ~HKUaH fl' TaK

~e aMeeT MaKpoCKonaqecKa8 xapaKTeP, llOCKOnbKY nOCTpoeHae ee KOHKpeTHOro 

Bana BO3MO~HO nHWb B TOM cnyqae, ecna 3anaHbl BenaqaHbl /Z~//, 7"~//a~. 
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EcnH eHeTeMa ey111eeTBeHHO HeOAHOPOAHa, TO MOJKeT OKa3aTbefl 6onee paUHO

HanbHalM 3aMeHHTb HHTerpHpoBaHHe no nepeMeHHblM j B (60) Ha eyMMHpOBa

HHe no AHeKpeTHblM MaKposneMeHTaM, Ha KOTOpble YA06HO pa36HTb eHeTeMy. 

CMblen BOnHOBOit <i>YHKUHH (60) TaKOB, qTQ ee MOJKHO Ha3BaTb "MaKpOeKOnHqee

KOit" BOnHOBOit .PYHKUHel'I. 

BonHOBafl <l>YHKUHfl (60) MO;KeT nonY,IHTb illHpOKoe np11MeHeHHe Anfl on11ea

HHfl ABHJKeHHit 603e-eHeTeM. HeHo, qTQ Anfl noeTpoeHHfl eOOTBeTeTBY!Oilleit 

MaKpOeKon11qeeKoa BOnHOBOl'I <i>YHKUHH Anfl cj)epM!i-eHeTeM, ypaBHeH!le (35) 

eneAyeT 0606I11HTb K yqeTy npHHUHna nayn11. TeM He MeHee, •'DYHKUH!O (60) 

MOJKHO npm>ieHHTb H B TeOpHH eBepxnpOBOAHMOeTH, eenH KynepoBeKHe napoi 

eqHTaTb yenOBHO OTAenbHblM!i qaeT!IUaMII. HMeHHO B TaKOM eMblene qa111e Beere 

H npHMeHH!OT nOHflTHe "MaKpOeKOnHqeeKOl'I" BOnHoBOll: <l>YHKUH!i B TeOp!iH eBepx

TeKyqeeTH H eBepxnpoBO;!:lHMOeTH. O~HaKO eTPYKTYPY MaKpOeKOnHqeeKol'I BOn

HOBOit cj)yHKUHH "noeTyn11py10T" 151 , npeAnOnaraa yenOBHO, qTQ OHa YAOBneT

BOpfleT ey111eeTBYIOilleMy ypaBHeHH!O ElpeAHHrepa. Ee3 oeo6oro TPYAa MOJKHO 

YBHAeTb, qTQ Bee BH)'.\I,I "noeTyn!ipOBaHHuX" BOnHOBblX <l>YHKUHit KaK qaeTHble 

enyqaH, eOOTBeTeTBYIOIIIHe KOHKpeTH~M ~H3HqeeKHM yenoBIIHM, eneAY!OT H3 

BOnHOBOl'I <l>YHKUIIH (60). YJKe TOT <j)aKT, qTQ e nOMO!llb!O "nocTyn11poBaHHblX" 

BOnHOBblX <l>YHKUHit y~aeTeH eHeTeMaTH3HpOBaTb npaKTHqeeKH Bee 3Kenep11MeH

TanbHO Ha6nJOAaeMble HBneHHfl B npoueceax eBepxTeKyqeeT!I H eBepxnpOBOAH

MOeTH, rOBOPIIT O TOM, qTO eTporon KOHKpeTH3aUH!i BHAa BOnHOBOl'! <l>YHKUH!i 

(60) eneAyeT YAenHTb HeMano BHHMaHHfl. 

HaKOHeu, 3aKnioqafl pa60TY, HMeeT eMSien o6paTHTb BHHMaHHe Ha ene

AYIOillee o6eTOHTenbeTBO. EenH yqeeTb XaOTHqHQeTb B03Ael'leTBHfl aHeaM6nfl 

qaeTHU Ha OAHY H3 HHX, TO BMeCTO eOOTHomeHHfl (59) eeTeeTEeHHO 3an11eaTb 

HepaBeHeTBO 

F, F";, ';;J:, Ii,, (59') 

TaKJKe eOOTBeTeTBY!Olllee <l>H3HqecKOMY eJl,lbleny npHHU!lna Heonpe;qene HHOeTH 

raaseH6epra. HepaBeHeTBO (59,) noMOJKeT BblHeHHTb (~H3HqeCKHfi eMblen nOHfl

THfl "KpHTHqeeKOfi" TeMnepaTypbl, npm~eHHeMoro B TeOpHH eBepxTeKyqeeTH 

H eBepxnpOBOAHMOeTH. 
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