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In the app~oximation, when the wave function is 
constructed with the basic el~ents ~n of N -dimen~ 
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1. !Jee.oe~;~ue ! ;-' 

b.ciH:a H:i, 3a~aq uepennn~~cTcJ(oii .. KBaHToaoii 1'eqpHIJ 
3aKJJIOqaeTCR B.H3BJJelJeHHH nfi¢~p~a~HHO Ja.KoHaX;ITOKO· . 
TOphiM B3aHMo~eiicTBYIOT lfaCTHUhi, coc~aBf!Sllomne ~PaKTU
lJeCKH ace o6neKThl OKpymaiOI.Qero Hac M:aTepnaJJI.Horo MHpa. 

B HaCTORI.Qee apeMR niKaR ·nH¢o·pMa~nR nonyqaeTcR 
MeTo~oM npo6 H omn6oK .. CHalfana ~enaeTcn HeKoTopoe 

, - . : . ' ' ' ' - ~--. . ' . . . . . . ' - . . . . ·.. . ... 
npe~UOJJOJf<eHHe 0 -~HHaMI'IKe H Jy•me·Moi{ .K8aHTOBOH CHCTeMbl 
/3a~aeTc~. r~MHflhTOHH~·H H /. 3aie~ p~m~eTCR. ~o"arae~-. ' • , . . • . .. ' • . ' " . • ~. '· r . . . 

CTBYIOI.Qee ypaaHefine Illpe~nHrepa (H:..E)'P::: o, il BhllfHcneu~ 
Hhie c noMOIUhiO · a.~JJHoaoii ¢YHK~nii IJI . .Im6mo~aeMMe semi-, : ~ : '·... . ' 

lJHHhl Cp~BHHJlaiOTC~ C HX 3J<.91Jepn~eHif,l.JJhHhiMH 3f1a.lfe.HHR ·: 
MH. Ecnn TaKHM ·o6pa3oM He . ..riocTuraeTc.11 y~o~neTaopn:-.. 
Ty,~~H_?~ cornacue,:ro Bhi,~paHm,Ie: rr~pa.MeTpbi Q3,~H~o~eii
C!BHR. H3MeHRIOTCR, H .BCR npo~~~ypa ITOBTOpRe~CR CHOBa, ···:~J· ... ,,; ,~_'} .. ··.,,_, '· -:.·~.·,._.; .. •_-~ ~- ' . 

. ITOKa pe3YJihTaTLI reopeTHlfeCKHX O~eHO.f( }Je . OK~IKYTCR 
. ~o~.ra.f_o.f~o-thia:i~ft~H-·K ~ITLITX~,~- ~~HHh_I,~.··,,:' .· .; ) . . ·.·: _· _: 

... BMecT.~ !;: TeJ..r, a reopnn pa_cc¢RHHH n:mec-r,~H,6one.e. 
hpRMoH:.'"nY.T.i. onpe.iiene.liHR c"iiJJ no H3Mepe.nahUd·BeJIH~HHa~. I 
3.jo' ·.:: o6i>a:rH~~-ja~alia. ~~~:,'"Ha~pu·M~.p. ~llj. o~~a~<o _. 
Ha npai<THKe OH ITOlJTH He HCUOJJh3YeTCR. 3TOMy MeiiiaeT. 
PR~ o6CTORTeJibCTB. qacTI. H3 HHX CBR3aH~· C. ;PY~H,~CTH~H· 

• '. f•. ... ! . ' 

¢a3oaoro aHaJJH3a /3Toro aonpoca Mhl 3~eci. Kacai'hcR ne 
6y~eM/:,. ):lpyraR TPY~liOCTh COCTOHT B ·To~, 'ITO B KJJac-. 
cn'!_ec:~<oifnocTaHos.~<_~ .a "o6paTHoii .3a~alfeTp~6yeTc.Ji.'3mi. Th 

. MaT.pH~Y; ,p~CC~RHHR. npn BCeX , 3Ha'JeHHJtX; .. 3Hepr.Hit;.,lJTO 
H~B0_3 ~OIKHO,. , HaJ1pHMep,.. UpOCTO, . ~ 3- 3_8.; OrpaHJilfeHHOCTH 
:lH!'!pfeTHlfe_CI<Oj{ o6naCTH, .r~e UpHMeHHMLI ~-ypaaHeHHR He-:· 
peJJRTHBHCTCKOH· KBaHTOBOH MeXaHHI<H,_C.rie~oBaTeJJLHO, eCJJH 
MhC He ·X:OTHM Bl>IXO~HT~ 3a ee paMK'H;'H}'IKito•J<aK~to·-()6pbi· 

-·~--·~· .... _.:_.f :t:_•.!·:."~ :··.:-: - ::·.;.:..·!(;·· ····:c· ... ··.:· 

'~, 
.. 



BaTh HHTerpaJihl n·o 311Cprnu * DXO.II.HIIUIC B TCOpHIO. Kop
pCKTHOCTh :>KC Ta~oro npH6JIIJ:>KCHIIH Bhl3hiBaJia CCphC3HhlC 
COMHeHHH. 

Ho oia3wnaeTcH, npnro.nnwA .II.JIH npaKTII4CCKoro nc
noJih30BaHHH no.nxo.n n o6paTHoii 3a.naqc MO:>KeT 6hiTh 
·pa3BHT 121 na ocnone filopMaJIH3Ma, 6JIH3Koro K .nanno 
H. ycneWHO HCllOJih3yeMOMY B H.II.epHOll /H aTOMHOll/ <!Jn3HKC 
annapaTy npoeKIJ.HOHHhiX MeTO.li.OB /J/ - MCTO.II.OB TaK na-
3hiBaeMOH e.nnnoii Teopnn peaKIJ.HH. . 

XapaKTepHhiM 3JieMeHTOM ·nocne.ii.H.IIx HBJIHCTCH npe.n-
cTanneHne . BOJIHOBOH_ qJyHKIJ.HH tp npn6JIIJ:>KCHHO B BH.li.C Jill-
:Heiinoii KoM:6nuau.nn KoiieYIIoro 'tin'ciia' (N J neKoTop"btx n3-
BCCTiJ:hiX;6a3HCHhlX 'clJy'HKIJ.Hif <IJ. ': . , 

·. ' ·• . . n .... N 
. lp = q.rN = :I, FN <1J • 

, : 'i .•. n n n, ·•·I '/1;' 

· ·3To ~ootneTcTnye~ pe.nyKu.nn pa3MepHo6i~ npocT~a~
ci'aa ~<fly:HK~'inli; a Ko1-bpoM oThtcKnaa'e-fcn w: a~ecTo 6ecKo~· 
ue<ili:o'i~ie~Horci . npocTpaHCTBa, ·. r.ne 3iineJio:Mo. pacnom))KCHa 
tp ~- "orpaJiifqimarorcn:' N.' ~ M:epul.if.d noiJ:npbcTpaiicrno1 .. r"npu 
3ToM: .n.ri'n · 1-I~uco)i(.nennn''q.rw· · ILe. :K'o3~'cbnuneiiToa F':a /I// 
peniae'tc'n. lu!·. ucxo.n:iiae·' ypanueHne IUpe.nuiirepa,n· a. erci 
"ripoeKiuin 1''mi N :-M:'eplicie'rio.nrlpoc"Tpaucl-ao.· · ' · '" 

3a':MtiNa'I'en!iuo·;. <iTo' pe,riykJ.i,iJ';{-"~ _; ,.N aBTOMaTn'-ie'c·Kn 
/6e3 ., ,tionOhHHTenhHhiX np:ii6nn)Keunii/ a.ri~qe{. :}a. cdooii' 

cse.nettife . cne;KTpa.': C~~TC~~I f, -~ ,f~4Ka~·t¥)> He -~p~-~r~TC~ 
CllCIJ.HaJihHO QT6paChiBaTh COCTOHHHH C fiOJJhWHMU E . ;3K" 

' ,, .•.• • -~ ·4,·.·} ·•·· :··· ·~1~;•·'": '· • .. .._.. ~ '\ ,· •:..,:·.'' .. , v 

cnepn:MeH'TaJihHI>Ie .naHH};Ie B E A onpe.nenHIOT npu6nn:>Kennhm 
noie·Ji·u:nil.ii; :J n:M:eiomnu·· a·· .Pa'c'cMin'piisae'M:oM' no.tinp'oc.+.Pak·' 

• • - ; • ' >' • ~- -~ - ' • • .-; ) ~ ' ... ' 

cT:S'e, ,e·cTecTneuno, nn.n mmeiiHoii l<oM6nnau.Iiii Tex :>K·e 
6a3nclihi~. if?.Y~K·u.nii <lln · '_· •· "' "' · ··:: ., . ·:· ·, _ ; . , ~··' ''·. ·:r~--~ -~;.c:q,~·' .. ·~ .: '·' ,,. , .. ·; . . .' •.. , /2( :: ). 

'. ··. ~ ' .. ' ·' .N ·•· .. " :. N .·' _.,-, .. ; 

_ ·Xo'FH Boripoc o ·cxo~nMobTn·· 'I' N-+ o., 1' ;-:-+'.1'. '~.v N~.;,:,:.~ .V, 
11BJI}IeTC}II·icno:>KHhiM H ue.nocTaT04HO nccne,li,oBaHHhiM~ ·Iia-' 
KOITJieH: PdJihnlOH rrpaKTH~eCKHH'' OllhiT: ·pa60Thl ~·- ITpii6JIH-';. 
:>KeHHHMH Tim a ·/1/: '31-o< ,li,omlmo y6paTh' nciixonornYe.cKiiii. 

··:::~-
1
:,. !_ j .~ •,:· ;: ,. . ~ ': :•" '} • fl~' "1 -~ 

. , ~ -,ll;aHHhie: pacceHHHH: ;BXO.ll11T :B o6pa 'I'uyiO 3a.naqy qepe 3 
clJyp:be-o6pa3 OT MaTpHIJ.hi paCCCHHHH: . 
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6api.ep, npenHTCTBOBaswnii .no .cnx nopwnpoKoMy nue.npeumo. 
Me'I'~.noB· ofipanioii 3'a.naqa B ~.nepHhiCcHCGne.n~na~as •• ,;, . 

Cuaqana 3.II.Cch · 6:Y.UeT paccM;oTpeH iipocTeiiw:Hu cnyqaii 
o.nHoMepHoii cncTeMhi .nnyx Ten /pa3.nen · 2/ .. B :pa3.he".ne 3 
o6c~.naeTcH · 6onee. o6IIJ.nii npnMep: pacceniine · YaCTHIJ.hi 
iioTeHu.nanoM, He o6na.naiOIIJ.HM cclJepmieci(ou CHMMeTpneii .. 

· Bo3MO:>KHhiM nepcneKTHBaM ncnonh30BaHnJi npn6mi~eHHhJX 
MCTO.lJ.OB' 06pa THOH 3a.II.a4H. llOCBHIIJ.aeTC.H CIIC.lJ.YIOIIJ.aH ;.:pa -. 6ota !4/.. · . . .. · · ·- · · 

2. OoHoKaHG/lbHoe pacceJIHUJI 

,[(n.Ji Hawnx u.ene.if . ro.nnTcn He BCRKite pa3no~eHnn IJI 
THlla /1/! Cl JlHWh Te, B K?TOphLX cPYHKI,l.UH \fla He 3~BHCRT· 
OT 3Hepr.Hn cn'cl'eMhi /6a3nc He MeHneTcn npn H3MeHeHnn 
E j; Mo:>Ku'o, HanpnMep, ucnonh.3oaai~ $~PMann3M R ~MaT-· 
pn<iHoii ieojmu 121.. .. · · ·. . _ ··. · · · · 

· · E-y.neM npe.nnonanl. Th; 4To noreHiuul.n V(r), .neiicTBYIOIIJ.nii 
Me:>K.ny .li.BYM11 paceM a TPHBae·Mhi.MiJ qaCTHIJ.aMn, OTJIH.4CH OT 
nynn B KoHeqHoii o6nacTa 0 .$. r ~ a • · . 

B KatiecTBe IV. 6a3acHhrx IPYHKu.uii. MO:>KHo B3HJh co6-
C!BCHHLre IPYHKIJ.HH. w·,i raMHJih~OHH.~I;Ja .CBo6o.nHoro .nan:>KeHun 

.· h'2 d2 . 
. HW. :=----------W.. 0 

fl.·> 2M dr 2 . · .fl =E W' 
fl·fl. '/3/ 

c rpaHR'IHhiMH ycnosnnMn: . 

w;raJ =B/a wfl (a)·. /KaK B R-Ma:pn~noii Teopnn./._ 
· B N -MepHo.M npocTpaHcTae cPYHKIJ.un; · HaTJIHYTOM ua 

W 'rfl= 1, ••• ,N), ypanueHne illp'emmrepa ·c B3an~'I?Jieilc'rnueM 
.J'N .- V (,) 6y~eT u Men N · pO menu ii I o6o6oue i1 iu.JX/tf" · i · . 

a 2 2 .N N N ' N; N' · · 
f W (-L Lu + V (r)U -E u ·)dr:o.· o Jl .2M dr2 A J\ A, .A . i4; 

<l>yHKUH Jf: · ' · .. 
N Nc · .'\' 

.,lf, fr):: l;.cB,\1·1 H/l Jr),; .. '"- J!. . 

.i'-

!: 

. ~:-. 
- T\' :' ;i/j; 

,.: 

5 ':'· 



KaK !fJrj.t , opTOHOpMHPOBaHhl H -o6pa3yiOT HOBhiH 6a3HC 
B ToM ')Ke. (V ~ MCPffOM npocTpancrse,. Ma rpnua .. * 

·. N : :tN · ·· N '-1 ' · · 
B, = V, (E, - E . ) ; 

"11 ' "ll 1\. 11 ' ' :/6/' 
. N .. a. 'N 'N :· 

rJlC , VA .-~ f UA V W d r, ' ' 11 . Q 11 

; .... 

npeo6pa1yer, pemenna ypasneHHR llipeAHHrepa 6e? no-
renunana B peWCHHH ypaBHCHHH C B38HMOAeiCTBHCM H_tio 
neA MO')KeT 6wrh soccranosnen norenunan /eM. npnno
mcnne/: 

N. 'N 
! C W · (r)-. 

,11 11 11 

N 
V (r) '/7/ 

~3ro paBeHCTBO. HBBHCTCH lfBCTHhlM Cfl}''lfBCM '(llopMyflhl /2/:. 
).lnH onpeAeneHHH me ·B~ OKa3.hiBaeTCH AOCTaTOlfH0.3H8Th·.· 
2 N napaMerpos EA UA (a) 11, · KO'foi'ihie ·-nonylfaiOTC.H n~ JK- · 
cncpnMCHTBflhllhiX ABHHhiX /Z/. 3TH napaMeTphi cneiJ.yHHUHM 
o6p_a30M CBH3~Hhl c .R-. MarpnueA /c~L /LIO/ B rnase 415 /j: 

2 ' ' '. , "' ; ,·; ,_, . ' 

N N U~ (a)- . . . -~. _ ,' , .. 
R::; .. R.(E}=!· · - ··/8/ 

·... •, A. El'f--_'E, 
A 

,~- . ( . ~ ; . 
·' .. 

A R(E), B cso10 DlfepeAh, BhJPB')Kaen;_,H 4epe3norapnqiMHlfec
KYIO n'poH3BOAHYIO BOBHOBOi <fJyHKliHH B TOlfKe'. "a" _!_' (aJ~:R-1: 

• ·. ... . . . ,_ 'l'(a) 
R(E)= ~(E) 

. · 1- :R (E) B . , ._ , . , 
H OAH0.3H8lfHO CBR38Ha '(; · MBTPHUeH pacceHHHH S, 
nReMoi npH <fla30IJOM afiann3¢' AB~Hhl~ .p.acceHH":H: 

R 
/(a)+SO(a) 

1 '(a)+ SO' (a) 

/?I. 
onpeAe-

/10/ 

rAe [(a)10(a) -3H8lfCHHR nallBIOillci H YXOAHiliCfi BOBH B TOlfKe 
"a". 

* PaBeHCTBo /6/ nonyqaercR npn .no.acranoBKe ;sr B nep
aoe n rperbe cnaraeMoe 8 cKo6Kax 8 /4/ c ylfeTOM /3/. 

6 

' .:, 
:, 
s 
I 

l
l 

I 

1 
ji 

r 

,. 
' v 

l 
I 
1 
I 
' f 
~ 
t 

ja' 
I 

I 

l ' 
) 

'· ; 

· .... 3. M1l0201(Q1lQ.1b1lbiU CAy'lilii 

··< 

KaK npnMep MHoro:KaHanhnoi:JaAal.JH paccMoTpHM pac
. ceRJ!He _q'ac.rnuhi IJec<fJepn"n!cKHM noreuunanoM>,~JrJ •. 

· B Kaqecr8e 6aJncHhix <fJynKunA soJhMeM pemeun.H ypa8-
- HCHHR llipeAiiHrepa 6e3 llOTCHUHana: 
' ' h2 ' -

(- -11- -E )W (r)=O · /11/ 
2M r 11 11 

c rpaHH'IHhiMH ycnoBHRMH na nose.pxiiocin • r =a: 
. ··a· . 
-- w 1 =o. a r 11 r=a 

/12/ .. 

Tenepi:,~ '11 COOT8CTCT8YCT TpeM J<8aHT08hiM' <mcnaM 'n em 
B npoCTpaHCT8C, HBTHHy~o~. J:IBN 6a3HCHhiX <fJyHKUHi ,W

11
(r),., 

onpeAe'Ji.HeM ·npu6nmf<e'HHhie pemenni· ypa8HeHHH llipeAnnre .:-
pa: . '. . . ·, ... .;,. . .. ·_' .... 

N- N N -. . 
'Uj._(r)= !BA W ·(r).; · 

11 11 11 

·.l, .. 
/13/ 

.norenuna:Ji:<riOiiy'-Jael'cR::K'8:1< n' a· o'linoKa~anhiioM. dny4:ae·;' 
-TonhKO <f!yHKUHH v n W 

11 
reneph JaBHCHT or rpex·· iiepe'·.l' 

MeHHhiX /8cKTOpa r /: 
,; ~ 

V ( r) = ! B B ; ( E -~E ·., 
. 1111 ,. A "-11 Al1 A 11 

).f w 
11 

t': 

(iJdrw •en. 
11 ., ·. 

. ,, (14/} :. 

/2/ 
Marpnua BA

11 
onpe.nenHeTcR KaK 8 no napaMerpaM 

UA em (a), C8H38HHhiM c R MaTpnueA 

h2 
( E)=!-Reme~m-~ ·· -·A2Ma 

. . 1, 

u A em''(a) 0Ae'm ,(a) 

E_·~ ...:.~ ~ ,._· .. 
·' 

•
0 

··.; ' /15/ 

- ~ :~ - r • ' . l. '· 

TaKHM o6paJoM, s anre.6pan;qecKoM noAXOAe o_6~pmef!:H:e 
o6pal'HOA. 38AB'IH Ha. UCHTpanhH·O~HCCHMMeTpH'IUhiitcnOTei-(
UHan\ nenaeT~H ;:iosoni..Ii~ npocro.''B''Tci'speM.H,K~K-B OPhlq-- .. 
HOM <fjopM~UIH3MC . renhdi~ui~~;.'Jielni~~Ha. ripR,MOi rrepe~~A ~. 
OT OJlHOMCpHoro K TpeXMCJHIOMy, ·.cnyqaiQ, ;BCl:peqae.T,; on:pe -··. ; 

. ' ' 

7 " ,, 
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~eiieHHLie rpy~;aoc.T.H·/qM. pemeane .o6parao:H 3a~aqn ~me. 
v(r)' B pa6oTe .rr.·):(.<J>a,n~~-emi / 6 / /. 

. ,AB.J:OpLI- ·BLipa~aror- . 6naro~aimocTL·-H,B.AMnpxaaoBy, 
B,M:EapcyKpBy, ,. JI.A.CMopo~nHcKoMy 3a· none3HLie. ~He., 
KYC,CHH,. ··; :•··~- . . ~~ . :.. · ... 

. -. ~ 

llpuAo:HCeuue ... :· 

. . a N·: N 

3JieMeHTLI ~a~pn~~~ !'A~_::" V )lAN,=of:D_>t.V :Wf-Ldr l'>{O)KHo . 
·pac CMa TPHBa TL KaK «llYPLe- Ko 3!fJrJmn:nearLI pa. 3JIO)f(eHHH IPYHK-
n:nn U{ V N no 6a3HCHOMy Ha6opy I W J · .. · 

. . fJ. 
N N. :N N 

U . ( r) V (r) = ~. ~A W (r) ·• /H.l( . A . . . fJ. . . f1. .f-1. .. 

31-a IPYH~itns oiipe.zienHer Ko3!fJ'<fu1n:nearLI pa3JIO)KeHnH no-
reun:nana no 'o'proJiopMnpomt~HO;My Ha6opy !Uf'J ·: . . . 

a. 

V (r.) = r f uf v N dr '• uf (r). 
• . 0 ,· /ll.2/ 

Uo~cTaBJIHJi /fl. I/ H /5/ B /fl.2/ H. yqHTLIBaH /6/, rrony-qaeM 111:· · · · ·'· · ... ··· · · · · · · · 

VN(r) 
" J ! ~ • ; •. 

. . ~ . -
N N N · · · ~ BA -B>t , (E \ -E , ) J'W , (r ')dr' W (r) = Af-LfJ.' fJ. fJ. 1\- fJ. o f1. . f1. 

N N 
=I c ·w (r). p..; fJ. 
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