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ropAem1M 8.1'1., Caeenbee A.E. 
0 CBA3111 KnaCClll'-teCKOM MexaHIIIKIII, 
q)lll3111'1eCKOM KIIIHeTIIIKIII Ill KBaHTOBOM Teop111111 

P17-91-269 

YpaeHeH111e WpeAIIIHrepa o6o6iueHO K y'leTy B3alllMOAeMCTBIIIA 'laCTIIIU C 
BaKyyMOM. O6061UeHHOe ypaeHeH111e WpeAIIIHrepa OKa3anocb B OAH03Ha'IHOM 
C0OTBeTCTBIIIIII C KilaCClll'leCKOM MexaHIIIKOM Ill Q)lll3111'1ecKOM KIIIHeTIIIKOM. np111H
u111n111anbHO ece Pe3YflbTaTbl, cneAyt0iu111e 1113 IIICXOAHOrO ypaeHeHIIIA Wpe.o.111Hre
pa, eocnpo1113eoAATCA. HaMAeHo aHan111rn'tecKoe peweH111e o6o6iueHHoro ypae
HeH111A WpeAIIIHrepa np111 ycnOBIIIAX : 1) noTeHu111an BHeWHIIIX c111n, .o.eMCTBytO
tLIIIIX Ha 'taCTIIIUY, IIIMeeT nepBble HenpepblBHble np01113BOAHble no eceM nepeMeH
HblM Ill BO BCeM npocTpaHCTBe; 2) ypaeHeH111e raMlllflbTOHa-AK06111 KnaCClll'leC
KOM MexaHIIIKIII AOnycKaeT cyiuecTBOBaH111e 111.0.eanbHOrO peweHIIIA, T.e. 3ae111c111-
MOCTIII CKOpOCTIII 'laCTIIIUbl TOflbKO OT epeMeHIII. AHanlllTlll'leCKOe peweH111e 0606-
iueHHoro ypaBHeHIIIA WpeAIIIHrepa 0Ka3anOCb KOrepeHTHblM. CeoMCTBa KOre
peHTHOCTIII BOflHOBOM cpyHKUIIIIII He 3ae1'1CAT OT CIIIMMeTplllM, KOTOpblMIII MO>KeT 
xapaKTep11130BaTbCA raMlllflbTOHlllaH, onpeAenAIOIUIIIM ABlll>KeH111e 'laCTIIIUbl. 

Pa6oTa BbmonHeHa e na6opaTOp111111 HeMTpoHHOM cp1113111K111 01'1 A IA . 

Coo6merne 06-1,emmeHHoro HHCTHTyTa Rnepn1,1x HccnenoeaHHH. lly6na. 1991 

nepeeoA T .A. <1>111n111MOHbl'leBoM 

Gordeliy V .I., Savel'ev A.E . 
About the Connection of Classical Mechanics, 
Physical Kinetics and Quantum Theory 

P17-91-269 

The Schrodinger equation has been gf;)neralized to consideration of the par
ticles interaction with vacuum. The generalized Schrodinger ratio turned out to 
be a one-to-one correspondence between classical mechanics and physical kin~
tics . It is important that all results which follow from the Schrodinger equation 
are reproduced . The analytical solution of the generalized Schrodinger equation 
was found under the next conditions : 1) the potential external forces exerted 
over all parameters and with the whole space; 2) classical mechanics Hamilton
Yacobi's equation has an ideal solution, i.e. the dependence of particle velocity 
on time only. The analytical solution of the generalized Schrc:idinger equation 
turned out to be coherent. The coherent properties of a wave function do not 
depend on symmetries by which the Hamiltonian determining the particle 
motion can be characterized. 

The investigation has been performed at the Laboratory of Neutron Phy
sics, JINA . 

Communication of the Joint Institute for Nuclear Research . Dubna 1991 



BCHK3H Teop1rn ·• npeTeHAYIOlllaH Ha 60JibUIYJO 061UIIOCTb ,·· AO~JKlla COAepJKaTb 

B ce6e. npemueCTBYl<llllY!O Teopnro, nposepeHHY~ OilblTOM, KaK CBOII qacT1rne IIJIII 

npeAeJibHbie. cnyqan. Ksa.HTosaH Mexa1111Ka cqnTaeTcll· 6on~~ 06111ei1 no_ cpaB11e

H1110 C KJiaccnqecKoil. EcTeCTBeHHO OJKIIAaTb TOrAa, qTo ypaBHelll!H KJiaccnqec

KOil MexaHHKII AOJIJKHbl CJ'leAOB.aTb 113 ypas11en11H· IilpeAl!Hrepa. 0AHaKO 3TOil oqe

Bl.fAIIOCTII He cymecTayeT, 1160 .ypaaiie,rne !JipeAnHrepa H3X_OAIITCll Jllllllb B np11-

6JIIIJKeHHOM COOTBeTCTBIIII C ypaBHeHHeM raMHJibTOHa-HK0611 ~ neil·c•TBl!TeJibllO, 
' . . . ' 

IlPII nepexoAe K TaK Ha3b1BaeM0My "KBa3HKJiaCCH'leCKOMy" npl16JIHJKeH1110, JIJill 

nonyqeHHll ypaaHeHHH raMHilbTOHa-HK0611,. 113 OAIIOqacT11q11o'ro ypaBHe111i~ \l]pe-

AHHrepa OT6paCblBaeTCH" qne11. COAepJKam11il noCTOl!IIIIYIO 

neH11 / l /. TaKoe OT6paCb1Ba1111e Henb3ll ·pac·cMaTpllBaTb 

XOA q>OpMaJibllO IlPII· j _.,. 0, 1160 B 3T~M "npeAe_IlbllOM" 

1111e UlpeAHHrepa .noJIHOCTblO Tepl!eT CMblCil •. · 

nnanKa·so BTopoR CTe

KaK npenenbHblR nepe

cnyqaf caMo ypas11e-

C APyroi1 CTOPOllbl, ypaa11eH11e 'lllpen1111repa HaXOAilTCll ·B. xoporneM coo-i;

BeTCTBIIIl C :rncnep11MeHTam1HblMH' AaHHbIMII, 11anpmv1ep. no B036Y.JKneH!lblM COCTO

l!Hlll!M aTOMOB. YJKe 3TOro q,aKTa AOCTaToq110, ,qTo6bl cqnTaTb yparine11~e lllpe

nnHrepa B 60JiblliOI'i CTeneHH' aneKaaTHbIM peaJibHOC:Tll. TeM He Me Hee. Y'IIITbl

B3ll CKa3a1111oe, Heo6xonnMO IlPll3HaTh·, qTo B _KBaHTOBOll Teop1111 cymeCTBYeT 

HeKOTOpblll Ae<llHL\IlT HHq>OpMaL\H_ll O noBeAeHHII qacT!lL\bl, ABHJKeHne KOT'1))011 ·onn-. 

CblBaeT ypaa11en11e illpeAHHrepa. 

HcxonH 113 3-roro, paccMoTpttM ypasneHtte UlpeAnnrepa nnH on110R ·qacT111tb1, ' ' . - ' " . ' . ' .. .. 
cq11Tal! ero np116n11JKeHHoe COOTBeTCTBl!e C ypaa11e11tteM raM!IJibTOHa'-HK0611 He-

AOCTa-roqHbIM. /l~ll YCTPaH~Hllll np116n11JK_eHHOCT!I B COOTBeTCTBl!ll 3T!IX ypa~H~

Hllil, npHMeM cneAY!OIJIIle npeAnOilOJl(ellllll!·' 

1 • /lBHJKeH11e qaCTII_L\bl B KBaHTOBOll •MexaHnKe npencTaBillleT co6ofl 11enpe

PblBHblll rayccoBCKO-MaPKOBCKllil nponecc •. 

2. lJacTHL\a ABHJKeTcH no 11enpepb1BH011 TpaeKTop1111, cornacno ypas11e1111-

HM KJiaccnqecKoil MexaH1tK11, .110 KaJKAaH TaKaH TpaeKTOPIIH pean113yeTcn ·nttrnb 

C HeKOTOPOll KOHeq11oil BepOllT.IIOCThlO,· IlOCKOilbKY B03MOlKHbl .nepeXOAbl, C OAHOil 

HenpepblBIIOil TpaeKTOPIIII Ha APYryro_. 

Kai: BHAIIO, npeAnOnoJKelll!ll 1 -2 IIMeJOT 6.0ilblllOe CXOACTBO_ c IICXOll!ILIMII 

r11noTe3aM11 q,11311qecKoil KHHeT~qec_Koil Teop1111. 0AHaKo rn_n_oTe3hI q,11311qec1<ofl 

KIIHeTHKII HMelOT OTIIOllleHne K c~cTeMaM qacTHL\, COAepJKalJIHM 60ilbUJOe IIX qncno, ~

a nreAilOilOJKeHllll 1 .-2 HMeIOT OTHOllleH11e HenocpencTaeHHO K OAHOil qaCTIIQe. 

nocnenyromee paCCMOTpeHne IlOKaJKeT, qTO,B IlPeAnOilOJKeHHllX 1 -2 neT Hllllero 

YAIIBHTeJihHOro, IlOCKOJibKY B.blllBIIT np11q1111y IIX peann:iannn. 

Dp11H11Mal1 IlOJIOJKellllll 1. -2, HailAeM, npn KaK!lX Y:JIOBHl!X ypas11e1111e 

lllpeAHHrepa oKaJKeTCll B onH03HaqHoM COOTBeTCTBIIII C TeopeMciR IlHYBIIJIJill 

II ero ypas11e1111eM B on11oqacT11q110M IlPeACTaBJie111111, H ypaBHeH11llMH KJI3CCH

qecKoil MexaHHKn. 3anmneM ypas11e1rne 1Dpen1111repa nnH onHmY qacTlfQLI: 

© 06'be,D;HlfeHHhIH HHCTHT; 
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~ if *~ j.JSf' . -+7 cu i'/4-=--·~ + '(/4 {-t,r I/ 
~-t .£m "iJ X'K, -

I<= ~,£,3. (,1) 

3necb i - ~OCTOllHHal! nnaHKa; fl/ - BOJIIIOBall !PYIIKQl!ll qacTHL\bl, hl- ee 

Mace a; {To - IlOTeHnHaJI nei'ICTBY!OIJIIIX Ha qaCTHL\Y CIIJI; ITO 1111neKCY J,( , KaK 

H B naJibHei'IrneM, rronpa3yMeaaeTCll CYMt,,1IIPOBaH11e; pannyc - BeKTOP·IlOilOlKeHHll 

qacTHL\bl -- -r=iicXK., --t - apeMl!; t~ - OPTbl B neKapTOBOH CIICTeMe KOOPAHHaT. nocKOilbKY X ", t ,_ 
- nei'ICTBHTeJibHble rrepeMeHHble, a f' , corJiaCHO ( 1 J, - KOMITJieKCHal! (!)YIIK-

Qllll, ee Yno6Ho rrpencTaBl!Tb a KOMrrneKCHOR f'-rrnocKocTn a anne 

¥'= 7 e<tf ( 2) 

(3) 
ff/= 'l"1. +t ~, ! rl.J, ~.,t + ~.z = ,,V*<f/-9J. /, 

<f=a.ri~ 
3necb j , r/, / - neAcTBnTeJibHbie qiyHKL\HH nepeMeHHblX X,:, 11 /; • <f>yHKL\Hll 

/ rrpencT~Bnl!eT co6oi'I nnoTHOCTb sepoHTHOcTH 11ai'IT11 qacTHL\Y a ToqKe P 
II B MOMeHT apeMeHH f . 

TioncTaBJillll q>yHKQIIID (2) a ypaBHeHne (1), nai'IneM: 

1,i~9 -iiY==-£. ~.,,9 _ ii,2, t:L ~~'1·)-
c;;1 ~t: .:vn ~~ ..tm ~X,,c~.;"7>.l--= 

_,K t: 919. i</ + liJ, i(l!-}~ Voj/ 
.!l/11 '? X1<- "z)X-,c .:l.m v,r~ 

(4) 

rne orrymeH o6mnil MHOJKHTeJih el'!_ Pa3nenlll! MHIIMY!O II p;ei'ICTBHTeJibllY!O qac-

TH ypaaHeHHll (4), 3arr11rneM nai ypaaHeHnH: 

- 1i ~ </ - 7t.t- "b,J,J -/i,J. if ),1, 9&pi--~m 9x! +r,;:, 1 (,Xt:. + [(oj, 
1(. . 

i ~- - Jt..2 '7 . ~9' -A,r:J. ~9 'u-c/' 
?i- - .$.-m 'fi/ 9 ~x~}--;T,n ";fx-,c. Yt:.. 

BaeneM 060311aqeH11e 

t,; =,5'; 
Torna ypaaHeHl!ll (5)-(6) 3aITHUJYTCll B q,opMe: 

'7),s' ...L (CJ-,1 ):i. - ;t.t- ~= o, 
cf{ -I-.!lm ~x" + Vo .Jtm~ c:;;xf 

itn.ei .. ,, ......... ,1 1:;;cnrryr i 
u~tm.ix !Ile .,~.aon:uma t 

6!:1SffhGTEH /' · --- -

( 5) 

(6) 

( 7) 

(8) 



I 
i 

·~9 . 1 (~i c;;,S' "o~J!') i ?)J 9/,s' 
~=7m '?X~ ~ +j '7J~ --;;;,; 7JX;. ~. 

CHOBa BBOAH o603HaqeHHe 

.i ~,s' 
11,K=-- I m "iJX1t. 

H AOMHOlKaH ypa.BHeHHe ( 9) Ha JJ , 3arrnmeM ero B BHAe: 

- 22: = J..9.J, -U,c + o,.$ ~ 
CJ-6 ~XK iT <rJX-,:. 1 

Hnw,·acnoMHHaH onpeAeneHHe (3) ~YHKUHH ./, HaAAeM: 

(9) 

( 10 J 

1/ +1- c-u,4'/==o. c11i 
CJ-f ~XK 

ITOCKOnbKY P(;:t,-Q eCTb nnOTHOCTb BepOHTHOCTH HaHTH qacTHUY B Toq-
- .j-, I 

Ke r u B MOMeHT BPeMeHH ~ , TO, npHHHMaH npeAnonolKeHHH 1 . -2, MOlKHO 

cquTaTb' qTo 'Ztl( - KOMnoHeHTbl CKOPOCTH qacTHllbl, AaBaeMble COOTHOmeHHeM 

(10). 0TCIOAa cneAYeT, qTo'5' AOnlKHO 6b1Tb OTO)l(AeCTBneHo c AeHCTBHeM qac

Tllllhl, cornacHO KnaccwqecKOH MexaHHKe. PaCCMOTpHM Tenepb ypaBHeHHe (8). 

KaK 6hlno OTMeqeHo BblliJe, paccMaTpHBaH nepexoA K _KnaccuqecKoA MexaHHKe, 

T.e. KB~3HKnaccnqecKoe npn6nnlKeHHe KBanToaoA MexaHHKH, nocneAHHH qnen 

B ypaaHennu (8) oT6pachlaaioT, nocKonbKY oH nponopnuonanen KBaApaTy no

CTOHHHOH ITnanKa. TaKHM 06pa30M·H nonyqaeTCH npu6nHlKeHHOe COOTBeTCTBHe 

KBaHTOBOH Teopuu c knaccuqecKoA MexanuKoA, u6o ocTaameecH ypaanettue 

COBnaAaeT c KnaccuqecKHM ypaBHeHHeM raMHnbTOHa-RKo6u. 

11MeH B BHAY nenb, nocTaBneHHYIO Bhlme, - HaHTH Toqnoe COOTBeTCTBHe 

KBaHTOBOH Teopuu C KnaccuqecKOH MexaHH~OH H KHHeTuqeCKOH TeopueA npu 

ycnoanu BblnonnenuH npeAnonolKenuA 1 .-2, nocneAHHH qnen B ypaaHenuu (8) 

OT6pacbIBaTb He 6yAeM, a nonbITaeMCH BblHCHHTb ero CMhlCn. ITpelKAe Bcero, 

nerKo BHAeTh, qTo ecnn noTpe6oaaTh, qTo6hl a ypaBHeHHH llipeAHHrepa (1) no

Tennwan U HMen BHA 

' -;4.t "'IJ,i 
Vo= V(~-l}j111i "),rf, c121 

TO ypaBHenue (8) nepeAAeT ToqHo B ypaanenue raMHnbTOHa-RKo6u 

7),5' i. (c;,st).:t - ) -+- -- +{/(!)-/ =0. 
"l)t .,;l,nt '7JXK 

.(13) 

. B ~ooTnomenuu ( 12 l H ypaaHenun ( 13 J noTeHnuan V - 06b1qno onpeAenHeMbitt 

a KnaccnqecKoA MexaHuKe noTennnan cun, AettCTBYJOllHX na qacTuny. nnH Bhl

HCHeHJ!H CMbICna BToporo qnena B COOTHOilleHHH ( 12) He06XOAHMO HattTH peme

HHe ypaaneHHH ( 11 ) .• 

ITYCTb ypaBHeHHe . ( 13) HMeeT HAeanbHOe pemettne, COOTBeTCTBYIOllee ( 1 0) , 

B BHAe 'Zit: = 'U,: {i), T. e. CKOpOCTb qacTHUbl 3aBHCHT TOnbKO OT BpeMelm, 

4 

/ ! 

\ ! 

' 

I 

,, 

TorAa ypaanenue (11) nepeuAeT B qacTuqnoe ypaanettne fluyaunnH B oAHoqac

TuqnoM npeACTaanennu: 

"d/ -f-UK:Y/_ = 0, 
~t CjX" 

( 14) 

COOTBeTCTBHe ypaBHeHHH ( 11) If ( 14) npeACTaBnHeT co6011 npocTeHIIIHH cnyqaA 

TeopeMbI fluyaunnH. Haqan6noe ycnoaue AnH ypaBHeHHH ( 14), cornacno npeA

nonolKeHHHM 1 -2, MOlKHO 3anucaTb B ~OpMe 

3 f {Xf)j . - .t -ex --l/4=s£ ~ 11 .2~,t , ( 15) 

rAe 

Xxf•f=s-x%., ~1:>o, -t~s. 
KorAa peanu3yIOTCH npeAnonolKeHHH 1 -2, qacTuna HMeeT tterrpepbIBHYIQ TpaeK-

TOPHIO H MOlKHO 3anncaTb 
-t 

XK. = X/! +/ttxtt')de'. s , ( 16) 

TaKHM o6pa3oM, cneAyeT OlKHAaTb, qTo pemeHHeM ypaaneHHH (14) 6yAeT ~YHK-

nuH· 
3 ~ J, I= fl .1 . -ext.{- (Xtc-/t1ittr-1dr)7 

l<=t ✓.:.J«rE c1 trtf . ( 1 7) 

llettCTBHTenbHO, noACTaHOBKa ~YHKUHH (17) B ypaaHeHne (14) o6pamaeT ero 

B TO)l(AeCTBO. 

Pemettue ypaanennH (1) c noTettnuanoM (12) Terrepb MOlKHO 3anncaTb 

B BHAe: 
f,iJ ,.S' 

P-?e T=#7.etf ( 18) 

PAe $ - pemettue ypaBHeHHH raMHnbTOHa-RK06H (13),. a/ - pemeHHe ypaB

HeHHH flnyaunnH (14) B BHAe (17). PemeHHe (18) B 6onee IIOAp06HOH 3aIIHCH 

rrpno6peTaeT ~OPMY · -6 

f" = elf a, p-.to;;'[
1t,;,,f (X,; (;k[t7a:y_-/7. 

( 19) 

HaKOHen, yq!fTblBaH H30TPOIIHIO IIPOCTPaHCTBa H rronaraH 

t,K = ~1 f =~<f'7 (20) 

3anumeM, OKOHqaTenbHO: 

tP a ¼ ~ f/1-e ii" fl r.1r.1F ~x,Pi{- rx"-j11tccrJa'f:J,!l, 7_. 
K~ Jf J-· 

5 



i,s' -# ➔ ~-= e T (r,r} exl'f (r-t;rt;1a:ryj., ( 21 J 

BbitJHCJIHM Terrepb BTOpoii. tJJieH B IIOTeHI.1HaJie (.1 2). nocKOJibKY, cornac-

HO (18)-(21), . , -6 

J={.zJF3/~xp£. rr-/ila~.:t7 
l . .,t,/ J, 

TO . -f 

~ =-L(xK-Ju/<: afj, · 
'?Xk ..r $ 

ti= a r_.t. {r- /~ ar:}~ JJ 
egxf ✓t. j..t . .s 

TaKHM o6pa30M, BTOPOii tJJieH B (12) IIpHHHMaeT BHA 

v,;- 'li,J.. ~J.J =~ (?-j~tt;d'l'}.:t_ 3Jt.,i. 
v - -im9 <jXf ~m.x:t s ~m.x 

( 22) 

(23) 

(24) 

HaiiAeM pa3MepHOCTb H BHA .f B cTaHAaPTHbIX 0603HatJeHHllX. noTeHQHaJI ( 24) 

HMeeT Bl1A ABHJKYII1erOCll co CKOPOCTblO .:fl OCQHJIJillTO])HOrO IIOTeHQmfna •. B co-

OTBeTCTBHH C 3THM 3aIIHUJeM: 

mw:' ;;t.t 
-Y- = .2 m.x:,, . 

0TCIO):la HaXOAllM 

* J=-, mwo 
rAe m - Mac ca tJaCTHQbl, Wo - QHKJIHtJeCKall tJaCTOTa Kone6aHHii. 

tJJieH B (24) paBeH 

:3-fi,J, 3 -=--;,iwo. 
.2mf .,.. 

.HeCKOJlbKO HHJKe pacCMOTpHM CMblCJI IIOTeHQHana (24). 

( 25) 

(26) 

noCTOllHHbIH 

( 2 7 J 

· Terrepb ·BepHeMCll K ypaBHeHHIO illpe):IHHrepa (1). noACTaBJillll B Hero rro-

TeHQHaJI (12), 3arrmneM: · · • • 
. Jt- ~ 

;,i ~=-;:, ;'J +{V(r;i}+ Jmj · !JJtt (28) 

TaKHM o6pa30M, ypaBHeHHe illpeAHHrepa (j)opMaJibHO OKa3aJIOCb HeJIHHeiiHbIM. 

0AllaKo, YtJHTblBall (24)-(27), era CHOBa MOJKIIO 3aIIHCaTb B JIHHeiiHoM BHAe: 

• , !fl . i,:/, ,.ip . 
c/i <p-t ==-rm,· ~if+ V'?+U f; ( 29) 

6 

J 

rAe 

mW: -+ -t- c-iJ.. 3 + l7v =--0 (r-juc'f'JdvJ - .fl, n-Wo. 
$ s (30) 

·noKaJKeM, tJTO ©YHKQl!ll (21) Y/.\OBJieTBOPlleT ypaB11e1111IJ (29), ecntt Aeii

CTBHe ,s' Y/.\OBJieTBOPlleT YPaBHellHIO raMHJibTOHa-5!Ko6n ( 13). npon3B0All COOT~ 

BeTCTBYIOl!llle AllqJQJepeHQIIPOBaHllll H IIpHHll:tall BO. BH11MaH11e. tJTO peUJeHne ( 21) 

IIOJIYtJello B rrpeJ:1IIOJIOJKe1111n U11: = V.1< {-!) , HaiiAeM C IIOMOl~blO IIPllMOii rron-

CTaHoBKll (21) B (29):. t" "'/JP i ..., ~ ·;_} 
c.i r--+-(r-Jua'c}U = rt:. ~t- .x s 

ii.£f l .£111 -► ✓- /-t-af'" 1 _ _£ ( 1'5' Jt1, =-- __ . u l r- U I .1.,1, ~X,:/+ 
a'-m ;tJ · s Ji. 131 J 

:I. - ~ ,-/,I, 31 +~ (r-/ud~- .X -+T/+l/v, .,,r s . 
rAe 06111nii MIIOJKllTeJib p onymeH. YtJHTb!Ball 3HatJeHne ~ B Bline ( 24). Bll.[111M, 

tJTO ypasHeHHe (31) TOtJHQ COBrranaeT c ypaBHeHHeM (13). 3TOT pe3yJibTaT 

MO)!(HQ C<POPMYJillPOBaTb CJieAYIOIIIHM o6pa3oM: BOJIIIOBall <PYIIKl.\llll ( 21) TOJKnecT

Be1rno YAOBJieTBOpl!eT ypasHeHHfo illpeAHHrepa ( 2 9) • ecn11 Ael!CTBl!e 'laCTHllbl 

,1 llBJll!eTcll peUJeHneM ypas11e1tHll (13), AOIIYCKaI01111JM cy111ecTBOBaH11e 11,rieanb-
-+ ➔ 

Hora pemeHHll 'Z{ = 1£(-t}, T.e. 3aBllCHMOCTll CKOPOCTll tJaCTJll.\hl TOJibKO OT 

BPeMe1111; KpoMe Toro, 11eo6xon11Mo; · tJT06bl rroTeH1man '[,/" 11MeJI rrepsbte Herrpe

Pb1BHb1e IIPOH3BO/.(llble rro AHHaMHtJ.eCKllM rrepeMeHHbtM. nocKOJibKY IIOTeHQllan u 
HMeeT BH/.( (24), TO IIpl!III.\HII cynepII03HQHll KBal;ITOBOII Teopu11 coxpa11l!eTCl1. 

CymeCTBeHHO PaCCMOTPeTb YPaBHeHHe ( 29) B TOM CJiytJae, Kor;'(a l7= O 

B 3TOM cnyqae tJaCTHl.\a CtJHTaeTcll cao6on11ofl • .U1rn TaKoi'1 "tao6on11of!" qac

Tllllbl YPaBHellHe ( 29) IIPllllHMaeT BHA 

. c; ft' t.t ca~f!' ,u 1,i-=-- ·-z +UT. 
<)-t 4m ~xi<. ' (32) 

rne 311aqeH1Je l,f, 3aAaHO q!OpMynaMH ( 24) IIJIH ( 30). nocKOJ!bKy 11a tJaCTJII.\Y 

11e n.eiiCTBYIOT BHeUJHHe C!IJ!bl, TO IIOTeHl.\llan it,; HeJib3ll IIOHllTb !Illa qe, KaK MO

nenb B3aHMOAeiiCTBllll tJaCTHl.\bl C BaKyyMOM. Peme1rne~, ypaBHeHl!H ( 32) no-npeJK

HeMy OCTaeTcl! <PYHKI.\Hll ( 21) • B AaHHOM CJiytJae tJaCTIIUa, cornacHo ( 13), ABll-

JKeTCll PaBIIOMep110 ll IIPllMOJIHHeiiuo; nepexoAH 8 --qTo TO JKe CaMoe. rronal'al! u. = 0' IIOJlYtJIIM ll3 
,, -+,t 

1~ 0 -3/f _.J::_ fv-= ~-= e T- {x.rf' .e .t..,K , 

CllCTeMy IIOKOH tJaCTIIUbl, IIJIII' 

( 21 l: 

(33) · 

T. e. 06bltJHy10 BOJIHOBYIO QJYIIKI.\HIO OCI.\IIJ!Jll!TOpa' COOTBeTCTBYIO!qYIO e ro oc HOBHO

MY (ltopManbiOMY) COCTOllltJtIO; 1111 8 KaKoM npyroM COCTQHIIHll tJaCTlll.\a B AaH

HOM cnyqae .. 6b1Tb 11e MOJKeT (V= 0} . .UeikTBlle, cooTBeTCTBYIOl!lee ( 33), MOJKHO 

3anwcaTh J<aK 
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,So =-Eo-!:. (34) 

noncTaBilHH B (32) ~YHKUHID 

-i Eat -.3,/4 - "7J 
Vo= e T. fa, 9a = (.:r.,r) 't/e Jf , (35) 

ttaiineM 

7t,.t j.:t,ao 
Ea=--- · -L- +'!/v ;Jmjo ,xt . (36) 

BcrroMHHaH Terrepb (J)OPMYilY (24), rne B nattttoM cnyqae cnenyeT 3aMellHTb,P 

Ha ,?o , HaiineM, tJTO E0 = 0. TaKnM o6pa3oM, B, OTilHtJHe OT 06b1tJHoro ocuttn

IlHTopa, HMeIDmero :rneprttio OCHOBHOrO COCTOHHHH 3/ 2 iwo, OCUHililHTOP. ( 32) 

HMeeT HyneByID 3HeprHID OCHOBHoro COCTOHHHH, lJTO H YlJHTb!BaeT IlOCTOHHHblii 

lJileH B (30). 3To o6CTOHTeilbCTBO HaXOAHTCH B IlOilHOM COOTBeTCTBHH c Knac

CHtJeCKOii MexaHHKOii, C TOlJKH 3peHHH KOTOpoii tJaCTHUa CB06ontta:' 

EcnH B ypaBHeHHH (29) OT6pOCHTb lJileH, conepmamHii IlOTeHUHan z;;; 
KaK 3TO ne.J)aeTCH IlPH rrepexone K KBa3HKilaCCHlJeCKOMY rrptt6nttmeHHID B KBaH

TOBOii TeopHH, TO ypaBHeHHe illpenttttrepa rrptto6peTaeT CBOii rrpemHHii BHA, 

H TeM CaMbl;\1 BCe pe3ynbTaThl· KBaHTOBOii TeopHH coxpaHHIDTCH, OnttaKO, ecnH 

IlPHHHTb ypaBHeHHe (29) KaK aneKBaTHOe peanbHOCTH, TO 3TOT lJ.J)eH OT6po

CHTb rrpHHUHilHailbHO HeB03MOmHO. 3TO cpopMailbHO MOmHo YBHAeTb, ecnH rrepeii

TH K rrpeneny B (30) H (21) rrpttW0 -0: 

eimU =O, elm.,(= -ei'm ~ = oo, 
(,/)0 -0 W 0 ~0 Wo-O /11Wo -t 

i.!f!.· _3/f {- r r- fit d't')J,l O · .e,mJ1 = e :it. t:im pi-.xJ exti - lJ 1 ~ · 
W0 _,,.o _t~c,,0 

( 3 7) 

0TCIDAa BHAHO, lJTO tJaCTHUhl, KOTOpaH He B3aHMOneiiCTByeT C BaKYYMOM, B rrpH

pone He cymecTByeT. 

OpoBeneHHOe Bb!We pacCMOTpeHHe H, B tJaCTHOCTH, CB06onttoro ABHmeHHH 

·lJaCTHUhl,Il03B0IlHeT AOilOilHHTb HHqJOpMaUHID, conepmamyIDCH B rrpenrronomeHHHX 

-.2, , 3TO norronHeHHe MOmHO cc!JOPMYilHPQBaTb cnenYIDIUHM o6pa30M: 

3. ,qaCTHUa xaoTHlJeCKH B3aHMOAeHCTByeT C BaKYYMOM, lJTO BITOilHe COOT

BeTCTByeT rrpenrronomeHHIO 1. B3aHMoneiiCTBHe tJaCTHUbl C BaKYYMOM l\lomeT 6b1Tb 

H306pameHo MonenbHbIM IlOTeHUHailOM BHAa ( 30)' B KOTOpOM IlOCTOHHHblii lJileII 

qJHKCHpyeT HHTeHCHBHOCTb o6MeHa 3Heprtteii tJaCTHUbl C BaKYYMOM ( rny6HHa 

":::ittepreTHlJeCKOro rrorpymeHHH" tJaCTHUbl B BaKYYM). Cpenttee 3HatJeHHe 3Hep

rHH, KOTOPOH o6MeHHBaeTCH tJaCTHUa C BaKYYMOM, paBHO HYilID. B CHilY H30TPO

ITHH rrpocTpaHCTBa .To me CaMoe MOmHo CKa3aTb .H O KOilHlJeCTBe ABHmeHHH (HM

llYilbCe) tJaCTHUbl, 3HatJeHHH 3HeprHH H HMITYilbC'a' naBaeMbie ypaBHeHHeM 

faMHilbTOHa-RK06H, xapaKTepH3YIDT ABHmeHHe ueHTpa HHePUHH attcaM6IlH COCTO-
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HHHii tJaCTHUhl, rrpencTaBneHHOrO BOilHOBOii cpyHKUHeu BHAa (21). Bee 3TO Mom~ 

HO ClJHTaTb COOTBeTCTBYIDillHM COOTHOWeHHID'· HeorrpeneneHHOCTH. faii3eH6epra' 

HO He Bero 3KCTPeMailbHOll qJOPMYilHPOBKe. 

0AHHM H3 caMbIX cymecTBeHHbIX CBOiiCTB BOilHOBOll qJYHKUHH ( 21) HBm1eTCH 

ee KorepeHTHOCTb, Otta rrpencTaBnHeT co6oii Hepacrron3awmttficH.rraKeT Bontt, 

naIDmHu KOHetJHYID aMililHTYAY BepOHTHOCTH o6HapymHTb tJaCTHUY B IlID6ou TOlJKe 

IlPOCTpaHCTBa H B IlID6ou MOMeHT BpeMeHH. B OTilHlJHe OT cymetTBYIDmefi Kore

peHTHOll KBaHTOBOll TeopHH, 'PYHKUHH (21) He HymnaeTCH B TOM, lJT06bI ra

MHilb~OHHaH YAOBileTBOPHil crreunailbHblM Tpe6oBaHHHM AttHaMHlJeCKOll CHMMeTPHH, 

KOTOPbie orrpenenHIDTCH ,' HaITPHMep, rpyrrnaMH JIH 12 1. 
nnH rronytJeHHH 60ilblliett HHqJOpMaUHH 06 ·aneKBaTHOCTH ypaBHeHHH (29) 

Heo6XOAHMO HaHTH KBaHTOBbJe COCTOHHHH HeKOTOPOH KOHKpeTHOH CHCTeMbl' 

H cpaBHHTb HX C TeMH, ~OTOpble orrpenenHIDTCH HCXOAHWM ypaBHeHHeM llipenHH

repa. 11MeH B BHAY 3TY uenh, paccMOTPHM ypaBHeHHe (29) B OAHOMepHOM cny

tJae AilH OCUHililHTOpHoro ITOTeHunana BHeWHHX CHil: 

l7 =.!!!!!!-.zx.r, 
.t . (38) 

B 3TOM CilytJae ypaBileHHe (29) IlPHHHMaeT BHA 

lli C)f =- i.t "2.JP' + marr-p+ 
~-6 ,t,m 71x.:i ~ . 

.!l -t J- i,wy; +{maJo (x-/utf'Jd'C'j ----2- f'. 
. ,t S· ,2 

(39) 

PeweHtteM ypaBHeHHH (39)- 6yneT c!JYHKUHH (21) B onttoMepHoM cnytJae 

'/(~-t} = e1. (JtJFi/f.extf (x-/1at'lat')7~. 
,2.)' • 

(40) 

HauneM Terrepb nettCTBHe CHCTeMhl ,S' H CKOpOCTb tJaCTHUbl ti/~- B naHHOM 

cnyqae rrpome HCXOAHTb HerrocpencTBeHHO H3 ypaBHeHHH HbIDTOHa 

d1t ~[7 
m d-f =-c,x' 

B KOTOpOM 

~lT = mw~x, 
CjX 

_ d% dU d.t,X U--, -=--, 
d-f d-1: d-6.$ 

H ypaBHeHHe (41) 3anHCb!BaeTCH B cjJopMe 
J . 

m d X =-marZx. 
d-tll 

(41) 

(42) 

(43) 

06mee pemeHHe ypaBHeHHH (43) YA06Hee 3arrttcaTb B BHAe nettCTBHTenbHOii 

©YHKUHH 

X = a Ccs(aJI+~, (44). 

rne IlPOH3B0IlbHble IlOCTOHHHbJe a H o( - neucTBHTeilbHbie BeilHlJHHbl, CornaCHO 

(42) H (44) CKOpOCTb tJaCTHUbl 
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11 (-!} =.!!5.-=- aw ~-11 (4J-t-f-ot). ctf (45) 

Ilorrarall HatJarro OTCtJeTa BPeMeHH S = 0, IIPll~!eM B KatJeCTBe HatJaJibHO

ro YCJIOB!lll 

X/4=o o, 
11rr11, corrracHo (44), 

XI =aCo.Sd=O. 
lt=o 

0TCIO,[la HaXO,[lllM 

a{ = (.tn+:t)f-, n == 0:1,.2, · · · 

HatJarry OTCtJeTa BPeMeHH t = 0 COIIOCTaBl!M 3Haqemie 

«.= .Jr Torna, corrracHo ( 4 5) , 3arrmneM: 
,fl, 

1tl =- aw,s't'n.::-=-aw= Uc. 
'/f=O °' 

Krracc11tJecKall 3Hepr11ll, tJaCTHQbI 

£ = mu.t. + V(x). 
J, 

CorrracHo (38), (46) 11 _(48), 

T.e. 

.t r;-J = ~ _ h111o _ m a-2,.,,J, 
L:/t~o ~o --y- - 7 .., ' 

a= (-.1lEc 
7 

mwJt · 

(46) 

(4 7) 

n = 0, T.e. IIOJIOmllM 

(48) 

(49) 

(SO) 

TaK11M 06pa30M, 

MeHlllO~llH IIOCTOl!HHYID a 
£= £ 0 3,[lecb BbICTyrraeT KaK IIPOll3BOJibHb!H rrapaMeTp, 3a-

HettCTB!le CllCTeMw B ,[laHHOM CJiytJae MOmHo rrpe,[ICTaBl!Tb B Bll.[le 

~ faaX-Ei, ( 51) 

'ITO 3KBl!BarreHTHO COOTHOllieH!lllM 

j,s' =-£, 1£=f. 
<=tJ-t ~x ( 52) 

IlO.[ICTaHOBKa (51)-(52) B ypaBHeH11e raMl!JlbTOHa-JIK0611 (13) B O,[IHOMep110M 

crryqae naeT cooTHomeH11e 

/',fl 
E=-+V, ~m 

c0Brrana10mee c (49). 3arrHcbIBall 113 (53) 

Bbl'lllCJillM llHTerparr 
f'= J.£rn{E-vJ

1

, 

St,= J./:zm{E- 1;~~)

1 

dX. 

(53) 

(54 l 

HHTerparr (54) IIPllBO,[lllTCll K.llHTerparraM CTaHnapTHOro Bll,[la 13 1_ OrrycKal! 

PPOM03,[IK0CT!l Bbl'lllCJieHHH, Y'lllTbIBal!, 'ITO ,[lettCTB!le orrpenerreHo· C TOtJHOCTbID 

,[10 IIPOll3BOJibHOH IIOCTOl!IIHOH, a TaKme cbopMyrry ( 51 ) ' 3arrmneM: 

10 

S=L/-m:zur1-x.:i+.tm1:
1 

-
,$ 

-'= arc.Sbi,f ~7-E-6 w .. ~mEJ . 

(55) 

Hnll orrpeneneHllll ,[IIICKpeTHWX CTa1"11011ap11wx COCTOl!HllfI CIICTeMbl YAeJJHM 

HeKoTopoe BHHMaHne rrep11on11tJHOCTH nBnmeHnll. Ilpn KamnoM (!lnKc11poaaHHOM.£0 

,[IOJJmHo llMeTb MeCTO COOTHOllieHHe 
.l_tz.T . . 

/

Jl . 
1LN}di=0; /Z=0,1.,,1, .. ·, 

0 - ' . 

rne T - rrepnon Kone6a11i111. H3 (56) c rroMOillblO (45) 

T.e. 

IIJlll 

t1,,Cos(-wnT + 7&J=o 
,:I. ,3 I 

w;T +{ = (ofn+i}ff, 

. T=~= .:i;_~, wn .., 

HafineM 

tJTO coarranaeT c o6hitJIIhIM orrpenerre1111e~1 rrepuona Ko11e6a1rnf1. 

( 56) ' 

B 0,[IIIOMepHoM crryqae TpaeKTOPHIO tJaCTHljbl M_omHo C!IHTaTb 0,[IH03H3'1HOl1. 

ilcXO,[lll 113 3TOro, IIOTpe6yeM, 'IT06bl BbinOJlHllJJOCb COOTHOllieH11e 

'/I/ = 'fl 1-t=o lt==T. 
BW'lllCJlllll 3HatJeHHll BOJJIIOBOH tYHKljllll (40) c ytJeTOM (55), HafineM 

% 
-ij'f lQ!F 

'fi,=(%,X) e ,tw t<,-oi.:t .. ;, 
.::=0 I - I I 1 

-1/'f . EK.Jr _j§EF 
'fl = pr./) el ,tw_ e * w 

1-t:=T 
'.; 

IlO.[ICTaBJillll ( 58) - ( 59) B ( 5 7) , 3am1rne11,i COOTHOllieHIIll 

exp[-l E.fl;r:;_7_ Cos~ -iSln E.:l.:tr_f 
-t,w.J· . ~w - ;tw .. ' 

C EJ.:Jr i OS--= , *w 
0Tc10na_crrenyeT 

Sin E.i:Z- · 
,tw =O· 

E.JZ _ 011-:;r £=/Ziw n=o,.1,..2, ··· --o< I I 
ifw 

(57) 

(58) 

( 59) 

(60) 

(61) 

COCTOl!Hllll, COOTBCTCTBYIOlllHC ypaa11e1I1IIO JllpeAJIH rcpa B ero IICXO/lllOM 

RH.[le ,[\Jill O,[IIIOMep11oro OCUIIJJJll!Topa, naIOTCll COOTIIOllleH11e~1 

£ = {n + j}i WI It, = '? i 1 .2,, • • • (62) 
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TaKHM o6pa3?M, KBaHTOBWe COCTOl!HHll OAHOMepHoro ocuunnllTOpa, on11CWBae

Moro ypaBHeHHeM (39) (tJaCTHWH cnytJaR ypaBHeHHll (29)), coanaAalOT c Ta

KOBbL'IJI Anll JICXOAHOro ypaaHeHIIH [lipeAHHrepa ("lli, = o) C T.OtJHOCTblO AO HatJa

na OTCtJeTa· (fi~~) 3To BnOnHe ecTeCTBeHHO, noCKOnhKY tJaCTHl.la, B3aH

MOAeRCTBYll C BaKYYMOM, "norpyJKeHa" B tte'ro ::JHepreTl!tJeCKH, cornacHO C;OOT

HOllieHHllM (24) H (30). CymecTBeHHO OTMeTJ!Tb 3AeCb, tJTO ypaBHeHHll faMHnh

TOHa-~K06H H fluyaunnll B npoBeAeHHOM Bbll!le paCCMOTpeHHJI He llBillllOTCll npoc

TO cneACTBJ!llMJI KBaHTOBOH Teopuu, a npeACTaBIIlllOT co6oR BMeCTe c ypaBHe

HHeM illpeAHHrepa B Bl!Ae (29) 3aMKHYTYIO CHCTeMy ypaBHeHHH, AalOll(YIO nonttoe 

OnHCaHHe qJJl3HtJeCKOH CJICTeMw. 

PaCCMOTPHM ypaaHeHHe (29) AIIll CTal.lHOHapHb!X COCTOllHHH. B 3TOM cny

tJae' nOCKOilbKY ::JHeprHll coxpaHlleTCll' AeHCTBHe CHCTeMbl 

;f=So-£-t, (63) 

rAe ,10 3aBHCHT TOnhKO OT KOOPAHHaT tJaCTHl.\bl 'Jr . YtJHTblBall (63); QJYHKl.\l!IO 

( 21) MOJKHO 3anucaTh B BHAe 

. -iEt :+ 
If::: e ,r p,,rr,+J. (64) 

3AeCb i .1o 
~ = e T. 9t~-f}1 ( 65) 

a QJYHKI.\Hll f 3aAalJa qiopMynoR (22). ITOACTaBnllll QJYHKI.\HIO (64) B ypaBHeHHe 

(29), ttaRAeM: 

.t 'j.,!% '.)IV 

E tu+ii 1% __ _!__ ~ + {7T+lh1ro., 
To ~-t- ctm JXf . . (66) 

JloMHOJKHM Tenepb ypaattettue (66) Ha ¥i,'*u npomITerpupyeM no npocTpaHCTBeH-

HblM nepeMeHHbIM:£ jfo*fo dJr + i-A /to*~ dir 

=-t,,£/ro*1.iPo d3r -f /t!{V+U,)'f,, d3r_ 
c:rn o ~ . 

11HTerpanbl, BXOAllll(He B neayw tJaCTb ( 6 7) , BbltJJICJIHIOTCll c nOMOll(blO QJYHKl.\llll 

( 6 7) 

( 6 5 ) : -t{O • ,s'., , , , 
/fo"lo d3r= /d3?°e 9 etT9 =/iJd3?-i j 

(68) 

J~~o~t:t3r . fa"!£.d3~ =_i.Jj?1d3;;?-
o ""11-f ✓ it "i},t- ' .:t "'v+ 

J. o I. ,:,,d~ _,, 
-.:l.~)9 r=o. (69) 

TaKHM 06pa30M, (67) MO*HO 3anucaTb B BHAe: 

12 .• 

E- I. *,.. 3~ - J f{, f/4.'/{, d ":, 
r;:.ie onepaTop ::JHeprirn 

I\ ii,$ "'p.1-
llo =--~ +C7+77;,. 

3m ?JXK. 

(70) 

( 71) 

CoOTHOllleHHll ( 70) - ( 71) KOHCTaTIIPYIOT TOT <llaKT, tJTO ypaBH~Hlle ( 2.9) IIPIIBO-

AHT K onpeAeneHl!lO cpeAHeR :JHeprHH AIIll J1106oro CTal.lHOHapHoro COCTOllHllll I 

KOTopoe 06menp11Hl1TO B KBaHTOBOH Teopuu. ITOCKOIIbKY onpeAeneHHe BHAa (70) 

XOPOlli? BWBepeHo Ha npaKTHKe, TO YJKe 3TOro qiaKTa AOCTaTOtJHO, tJT06bl ypaB

HeHtte ( 29) CtJHTaTb BnonHe aAeKBaTHblM peaJibHOCTH. 

KaK noKa3blBaeT Bee npoaeAeHHoe Bblllle paCCMOTpeH11e, CTOilb rapMOHHtJ

Hoe COtJeTaHHe IICXODHb!X npHHI.\HnOB KJiaCCHtJeCKOR MexaHH~II, qJH3HtJeCKOR KH

HeTHKH H KBaHTOBOH Teop1111 o6ycnoBJieHo eAHHCTBeIIHOR nplltJIIHOH - 0606ll(eH11-

eM ypaBHeHHll lllpeAHHrepa K ytJeTy B3all~IOAe11cTBHll tJaCT!H.\ C BaKYY~IO~I. $11311-

tJeCKall CyTb B3aHMOAeflCTl31lll tJaCTll[J.bl C BaKyyMOM QJIIKCIIPOBaHa gJOpMynnpoBKa

Mll 1 -3. 3.TII lPOPMYJlllPOBKH, KaK BllAHO, ,':IHaneKTl!tJeCKII COtJeTalOT ytJeT xao-

TlltJHOCTJI ll AeTepMllHllPOBallHOCTH B jjBHlKeHHll tJaCTHI.\Ll, tJTO n03BOJilleT 3an11-

caTb ypaaHel!Hll Bl!Aa (1), (28) 11 (29). 

HeT COMHeHHll, tJTO ll3JIO)l(eHllall 3AeCb TeOPllll IIOHYlKAaeT K AanbHef!l!leMy 

ee o6o6meHHIO II pa3BHTHIO, 1160 13 CBll311 c ypaBHeHl!llWI ( 1), ( 28) 11 ( 29) 

l303HIIKaeT 1.1enL111 KOMnneKC BOIIPOCOB. He nepetJIICIIllll !IX, OTMeTIIM TOJlbKO I 

tJTO 3THM BonpocaM cneAyeT yneJJl!Tb oco6oe BHHMaIIHe. TeM He Me11ee, ~IOlKHO 

CtJHTaTb, tJTO YlKe npoBeAeHHoro 3jjeCb paCCMOTpeHilll BIIOJ!He .::.IOCTaTOtJHO AIIll 

Toro, tJT06hI ypanHeH11e ( 29) 11 ero peme1111e ( 21) npnMeHl!Tb Ha npaKTl!Ke. 

viMeeT CMb!CJl OTMeTl!Tb HeKOTOPhle acneKTbl TeopHH I HMe1om11e 1.1eJJblO np11-

MeHeHHe Ha npaKTl!Ke. BonHoBall QlYHKl.\llll (21) I103BOIIlleT nocTpOIITb KOppeKT

HylO TeopHIO IIPOHlll.laeMOCTeR noTeHI.1HaI1bHblX 6apbepoB. ITpH 3TO~l petJb· ~IOlKeT 

HATH He TOJlbKO O IlPOHHQaeMOCTH OAHor,o 6apbepa, a O npOHHKHOBeHIIII tJaCT11-

l.\bl CKB03b 1.1enOtJKY 6apbepon, HMelOll(HX pa3IllltJHble BhlCOThl H QJOP~lbl, 3To 06-

CTOl!TeIIbCTBO MOJKeT HMeTb npllMOe OTH01Ue1111e · K OIIHCallHIO, Hanpm1ep, 3QJqJeK

TOB )llK03ecjJco11a B CBepxnpoBOAHHKax. B TeopHH CBepXTeKytJecTH H B Teopuu 

cnepxnpoBOAHMOCTH YlKe AaBHO Ha3pena 11eo6xow1MOCT!, B CTporoM IIOCTpoe

HIIH MaKpocKOIIHtJecKoR non11onol:i QJYIIKI.\HII, KOTopaH 61,1 Y'IIIThlBana KaK nn11JKe

llHH OTAeJJbHblX tJaCTIII.\, TaK II KonneKTIIBHble 3QJQJeKThl. Ila nepBOM 3Tane TIOCT

poe1111H TaKoR BOIIIIOBOR QJYHKl.\1111 ypaBlleH11e (29) II ero pe~eHne (21) cnenyeT 

o60611(HTb K on11caHIIIO CIICTeM B3al!MOjjeJICTI3YIOll(IIX tJaCTIII.I' npencTaHJJHIOll(IIX co-

6oR 603e-c11cTeMbl. Jlanee ,· KOHetJHO, Heo6xonnMo 0606m11Tb paccM0TpeH11e 

K YtJeTy cnuHOB tJaCTHl.\.11 TaKUX 3[ji[jieKTOI3, KaK 06pa30HaH11e KynepoBCKIIX 

nap. ITpH 3TOM MOlKIIO 11ane>1TbCH, tJTO IIOCTpoe1111al1 TaKnM o6pa30M MaKpOCKO

IIHtJeCKaH BOnHOBall [jiyHKl.\llll coxpaHnT CBOiiCTHa KorepeHTHOCTll, KOTOPbl~l11 xa

PDKTepn3yeTCH tYHKUHH (21). 
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B 3aKJJ!O'!eHl!e aBTOPbl C'!l!Ta!OT eBOl!M aonroM BbIPa3l!Tb l!eKpeHH!OlO 6JJa!'O

DaPHOeTb DOKTOPY ~1!3l!KO-MaTeMaTl!'!eeKl!X HaYK, npocj)eeeopy ITepeJJOMOBY A.M. 
(HT3c,t,, MoeKB_a) 3a l'JJY60KOe 06eylKDeH11e If noaneplKKY npeaJJa!'aeMOH BHl!Ma

Hl!!O '!l!TaTeJJR pa60Tbl, 
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