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(HOBble 3fleMeHTbl peWeTO'IHOi:1 "1H>KeHep1-11-1) 

P4-92-10 

noKa3aHO, KaK C,O.B"1raTb or.o.enbHble YPOBH"1 npAMOyronbHOi:1 AMbl KO· 

He'IHO-pa3HOCTHOro ypaBHeH"1A W pe,0.1-1Hrepa "1 "13MeHATb HOpM"1poBO'!Hble 

KOHCTaHTbl "136paHHblX ypoeHei:1. YKa3aHbl oco6eHHOCT"1 ,0."1CKpeTHOro cny'!aA 

no cpaeHeH"1tO co cny'laeM ypaeHeH1-1A .o.e1-1>t<eH"1A c HenpepblBHoi:1 nepeMeH

Hoi:1 . O6bi'!Hble noreHu1-1anbHble napaMeTpbl V.n (.o.1-1ar0HaflbHble) onpe,o.enAIOT 

qiopMy H"1>t<Hei:1 rpaH"1Ubl pa3peweHHOi:1 _30Hbl, a coce,O.H"1e C .o.1-1aroHaflbHblM"1 

Un (xapaKTepHble .0.flA noreHu1-1anoa, 3a8"1CA~"1X OT CK0pOCT"1 V(p2 )) - W"1· 

p"1HY 3TOi:1 30Hbl. BblACHeHa pa3fl"1'!HaA ponb Un "1 Vn B C,O.B"1rax ypOBHei:1 6ec

KOHe4HOi:1 npAMOyronbHOi:1 AMbl: Vn TOnKaer 8 o,o.Hy CTOPOHY ypOBHl-1, C"1M· 

MeTp"1'lHO pacnono>KeHHble OTHOCIIITeflbHO cepe,0."1Hbl cneKTpa, a Un - B npOT"1· 

eonono>KHYIO. 

Pa6ora BbinonHeHa a na6oparop1-11-1 reopern'lecKoi:1 ql"13"1K"1 1-1 na6opa

rop1-11-1 Bbl'l"1Cfl"1TenbHOi:1 TeXH"1K"1 "1 aBTOMaT1-1Jau1-11-1 OV1RV1. 

flpenpHHT Om.eJHJleHHOro HHCrnryra IIJepHblX HCC,1CJ0BllHHH . .Uy6Ha 1992 

nepeao.o. aaropoa 

Zakhariev B.N ., Serdyukova S. I. 
Reconstruction of Spectra in the Discrete Quantum Mechanics 

(New Elements of the Lattice Quantum Engineering) 

P4-92-10 

It is shown what perturbation is required to variate the normalizing con

stants of the chosen levels and to shift separate energy levels in the rectangular 

well for the finite-difference Schroedinger eq. Peculiarities are found of the 

discrete case in comparison with the equation of motion with the continuous 

coordinate. The ordinary potential parameters v 11 (diagonal) determine the 

shape of the lower boundary of the allowed zone, and the Un on the neighbour 

diagonals determine the width of the zone. The different influence of v 11 and 

u 11 on the shifts of the energy levels in the rectangular well is clarified. The v 

pushes in one direction the levels symmetrically posed according to the middle 

of the spectrum, and u 11 pushes them in opposite directions. 

The investigation has been performed at the Laboratory of Theoretical 

Physics and the Laboratory of Computing Techniques and Automation, JINR. 
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BBE.llEHHE 

B PH,ll,~ npe.nH.llYIIU1X pa6oT C t-8] 6HJIO BHHCHeH0, . KaK 

ceJieKTHBHO MeHHTb cneKTpaJibHHe napaMeTpH pa3Jil:14HHX KBaHTOBHX 

CHCTeM: .llBHraTb 0T)teJibHHe YP0BHl:1 SHepr1:11:1 Ev, BapbHP0BaTb 

OTJteJibHHe npHBe,ll,eHHHe IDHPHHH tv [5, t-3), • CI'Yl!laTb, paspe:iaTb 

cneKTpaJibHYIO pemeTKY [7], pBaTb B HYJ:H0M MeCTe cneKTP ' . - ' . . 
,nep1:10,lll:14eCKl:1M noTeHUHaJI0M [8]. 

' .. ·sHJI npe,nJI0J:eH HOBHH n0,llX0,ll [4~6] K HHTepnpeTaUHl-1 

KOS!W>HUHeHTOB F(t ~a3JIOJ:eHHH B0JIH0BHX qJYHKUHH 

W(x) -~~ F<t ~11(x); . (1) 

KaK ,npyroro npe,lJ.CTaBJieHHH B0JIH0BOH 4JYHKUl:11:1 C .llHCKPeTHOH 

.K0OP,ll,HHaToH <1 BMecTO HenpepHBHOH x. 3KSOTHKa ,ll,BHJ:eH1:1H BOJIH no 

pemeTKaM HH,ll,eKC0B <1 • ( H0MepoB K0Hqi1:1rypau1:1A HJll:1 KaHaJI0B) 

paccMaTPHBaJiacb B [41. . 
. QJtHaKo OCTaBaJIOCb HeHCHHM, KaK J1BHI'~!!!_Q!J1g:1J_!?!!~~--!l.PQ~!!!! .· 

B·6ecKOH84H0H npHM0YI'0JlbHOH HMg ___ Q )11:1CKpeTHOH ~QQP.11!::!!!!!!Q!!-

OKasaJI0Cb.,_ 4T0 3,l.lecb He rO,!UITCH_aJirop1:1TM.,__~6o;aBm1:1A_B_cJiy4ae 

!!g!:]Pgp~~!:!Qfl_~QQP.11!!!:!~!~= BB0,ll,HTb OTTaJIKHBaHHe B_ noT~HUHaJI, 

4T06H ,ll,BHHYTb .. YPQBeHb, HanpHMep, BBepx B T04KaX_ Hal:160JibmeH 

4YBCTBl:1TeJibHOCTH'cocTqHHl:1H ~r.ne Hal:160Jibmee 3Ha4eHHe npHHHMaeT 

MO,ll,YJib C00TBeTCTBYIOll!eH B0JIHOBOH qJYH.KUl:11:1) 1:1 . K0MneHCHP0BaTb 

.. BJIHHHHe Ha ,ll,pyr1:1e. C0CT0HHHH . npHTHXeHHeM B o6JiacTl:1 'Y3JI0B: 
C,ll,BHraeMoro C0CT0HHHH [1-3]~ 

.llJIH' K0H84H0~pa3H0CTH0I'0 ypaBHeHHH fflpe,ll,HHrepa (c 

TPH,ll,HaroHaJibHHM raMHJibTOHHaHoM: np1:1 Ka:i.noM qJHKCHPOBaHHOM n 

sauenJI~Hl:l 3Ha4eHHH 4JYHKUHH B 6J11:1:1aAm1:1x coce.nHHX T04Kax_ n±i; 
MH 6y,lleM no~araTb h=2m=1): 

~[W0 +1 -2Wn + q,~_ 1JiA2 + v
0

W
0 

= EW
0 

(2). 

B 6ecKoHe4HOH npHMoyr0JibH0H HMe_· (WO = O; q,N+1 = O;. Bcero N , 
CBH3aHHblX C0CT0HHHH no ~HCJIY .llHCKpeTHHX 3Ha4eHHH K00P,ll,HHaTH . 

BHYTPl:1 HMH) HMeeTc~ Q!!MMeTpHH l !::!Q MQ.11Y:1!!.Q BOJIHOBHX mY!!~g!!.fl 

cocT0HHHH (1-ro 1-1 N:..ro; 2-ro 1:1 cn:..1r-ro 1:1. T.Jl.), sttepr1:11:1 

KOTOPblX pacno:naralOTCH CHMM8TPl:14H0, .xe . 0TH0CHTeJibH0 cepe,nHHbl 

2 

1 

. cneKTpa ~ ( E1 + EN) /2 . . EJiaro.n.ap.R 3TOMY, . B03MYlll.emte .v n , CMe

ma10w.ee O,ll.HO J.13'" COCTO.RHJ.111, tteo6XO,llJ.1MO. C,llBHraeT. J.1 CHMMeTpwrnoe 

eMy. KaK 6y ,ll.eT noKa3aHo, pa3Jl~1-U1Tb CJ.1MMeTpwrnue COCTOflHHfl 

no3BOJI.ReT .1IOOOJJHJ,1Te.n1,Hoe B03Mymem1e .· ·. Un B .TPH,ll.HaroHaJibHOM 

raMHJlbTOHHaHe Ha Jl~HHHX,coceAHHX Q rJiaBHOH AHaroHaJib!O: 

-[Ill 
1 

- 2\Iln + Ill 
1
]/~2 + u Ill+ u \ll +1+ v 1 \ll ·.1•= E\ll.·. (2') ; n+ n- n n n n n- n- · · n 

3TO .,mar· J.1 K 6oJiee rJiy60KOMY TTOHHMaHJ.110 HeJIOKaJ1bHllX 

B3aHMO,ll.e!1CTBHH. Be,nb TPH.nHaroHaJ!bHafl MaTp11ua B3aHMO,ll.eHCTBHfl;~. 

n~ocTe11m1111 npe.n.cTaBHTeJib tte.noKaJibH'?IX . noTettu11aJioB c' ~• cTene1;11, 

tte.110KaJ1bHOCTH" noTeHu11aJ1a ttapacTaeT c no.RBJieH~eM Bee 6oJiblllero · 

l!J,1CJia ., OTJIH4HllX OT HYJ!fl MaTpH'-iHllX 3JleMeHTOB MaTPHUll 

· . B3aHMO)lel1C'I'.BHfl Ha Bee 6oJiee ,ll.aJlbHHX ~MaroimJJHX) • ,. 

Oco6eHHOCTb ,ll.HCKpeTHblX 3a,ll.a4 npO.RBJlfleTCH H npH H3MeHemrn 

npHBe)leHHllX lllHPHH t V • KaK' yxe OTM'e1-ia:JIOCb pattee [1] ~ HeJib3fl . 

H3MeHHTb f v y O,ll.Horo JIHlllb .. 'COCTOHHH~: 4T06H . He 11cnopT~Tb · 

"HOPMHPOB04HOe" COOTHOllleHHe Lv~ r~=, 1 H}'lltHO MeH.RTb no KpaHHe_H 

Mepe ,ll.Be 113 ·Ha6opa· lllHPHH {tv}.· KpoMe Toro, npH H3MeHeHHM. tv' 
HapymaeTCfl ·cMMMeTpH.R ( no M0.11.YJIIO) npOH3BO,ll.HblX Bcex co6CTBeHHblX 

4JYHKUHH Ha Kpa.Rx 6ecKotte4HOi-1 .RMU. 3To npenHTCTBYeT co3,11,aHMIO 

·aHa.11ora aJiropHTMa pacw.en.nettH.R HenpepuBttoro cneKTpa B 3apattee 

sa.n:aHHblX MecTax,'kaK B c.ny4ae He~pepblBHOH KOOPJlMHaTU [1-3]. 

B. IWHe4HO-pa3HOCTHOM CJIYltae CBH3M Me:m:,11,y cneKTpaJibHllMH 

napa~eTpaMH u;~,fv} (N. 3Ha4eHHH n_oTeHUHaJia vn ?npe)leJJ.RIOT, 2N. 
napaMeTpOB) Mellla!OT • HCnOJib30BaTb .. TeXHHKY< ·, noTeHUHaJIOB . 

6apr1mH0BcKoro 'T1ma. rro-BH,IJ;HM0My, oHa ocTa~TCJI B 011.ire )I.JI.fl 

. ,rna3HJIOKaJibHblX . noTeHuHaJJoB · v( p 2), - JlJ1H KOTopux cneKTpaJibHUe 

nap~MeTpbl . {EV''( V} no4:H nOJJHOCTb!O pa3Bfl3UBalOTCH · • .. ( 2N~1 
::ittalleHHi-1 noTeHUHaJia Ha rJiaBHOH H coce.n.tteA c Hei-1 ,ll.Harombmx 

MaTPHllll B3am.io.i(eHCTBH.R~ OCTaeTC.R J!Hllli 0,ll.Ha CB.R3b L,_, r~=.1). 
CJ!BHfH ~fOBHEH Ev' \ 

. , . C 0)1,HOM CTOPOHU, · KaK, M OJICH,ll.aJIOCb, )J,JIH C,l(BHra YPOBH.R B 

t 6~CKOH84HOH np.RMoyroJibHOH . .RMe ( C· N = 10) B03MymeH.11e· noTeHUHa:-' 

j Jia ·.v HMee~. Kal!eCTBeHHO TY :ace lf)OPMY, 4TO H. B CJIY4~e HenpepuB.:.. 

J · Hoi\ ~oop,rr~rnaThI · ( cM. _ p11c.1). · C .n.pyroA _cTopott~, cHMMeTpH~ 

< COCTO.RHHH OTHOCHT8JlbHO cepe)J,MHll '' cneKTpa npHBO,ll.HT K TOMY, liTO · 

. B03MYll\8HHe 0,llHOro :11Hlllb,..Y.n_.zt~HCfBYfil'_Q.!Ll1Han~()B0 Ha CHMM8TPH4Hl:le 
I• ··• --,1 ""~ t1 t;·t.,"t.:-:, ... .- --:1.,,w, nn•&••.i• ., 

'.
1

_1 it,_ •.:_:.i;i,,11 ~,ce:ieao_ 11ulil \ 
. :: c· ,,,..1,· OTEKA · · l 'J ~~•;/f~ 1i'f · . ·. - I . 
' . ~-.-· ~-

..:.,,. 

\ 



COCTOHHl,rn, HanpJll~ep, Ha OCHOBHOe Ill caMoe Bep)mee. B03HJllKaeT 

· npo6JieMa, KaK pasJIWutTb 3TH cocToHHJllH, 4T06N C.itBl1HYTb TOJib~o 

O)ll1H YPOBeHb. 0Ka3NBaeTCH~ 3TO )lOCTJllraeTCH BBe)leHJlleM 

B03MymeHJllH u Ha 60KOBNX ,l(JllaroHaJIHX raMJllJlbTOHJllaHa. Beilll4JllHa . . n . . . 
u, no.no6HO nepeMeHHOMY mary b. , ynpaBJI.ReT JIOKaJibHOH mlllplllHOH 

paspemeHHOH SOHN. 

Vn 

0.1 

V(x) 

-~ 

a 

Un 

0.06 

-

1:::-~ -:_-\ 
~· /--~~-"- ~ 

. .:..-•--. .· \.· .,, . 
' ·, 

4 6 

b 

-~, 

PJ/lc~1. IloTeHUJllaJIN (a) v Ill (b) . n . 
~3 . un , C.llBJ11ra10m·11e nepBNH ypoBeHb 

0 6eCKOHe4HOH npHMOYrOJJbHOH HMN 
E . BBepx. Ill . He MeHHIOmllle noJIO:ateHJlle 
0 

2
' OCTaJibHNX YPOBHeH. Pa3HNe. ' KPJ/l-:- . 

l- - ye - - - ~ - -1 E ,. BNe H~ O)lHOM ' rpaqJJllKe OTBe4alOT 
' X pa3HOJ/l .· BNCOTe nO)l'beMa OCHOBHOro 

YPOBHH./IloqiopMe noTeHQJllaJJN Ha 
rJiaBHOH )lJllaroHaJJJll vn Ill Ha coce-, I 

C 

.llHJllX C Hew )lJllaroHaJJHX u . 6JJl13KJll • . . . . n . . 
Ill 04eHb HanOMJllHalOT COOTBeTCTBY-
10mee BOsMymeHJlle v(x) B Henpe-
PNBHOM CJIY4ae (c), no MO.llYJIIO U . . n. 

H V · pa3JJJll4alOTCH npJllMepHO B ,llBa pasa. .llHCKpeTHl:le 3Ha4eHl-t.R n . . . . . 
dJYHKUJllH • coe,llJllHeHN · )lJIH · y .no6cTBa - o6ospeHJllH cnJIOIDHhlMJll JIJllHJllHMJll 
{ TO . xe H Ha, )l.pyrJllx - PlllCYHKax). IlyHKTJllPOM ·. noMe4eHN YPOBHl1 
HeB03MymeHHOH HMN. CepJllJll KPHBNX ( a, b) OTBe4alOT . C)lBl1raM 

(_E2~E,)_ d, r.ne d=0; 0.25; 0.5; o_.75. 

. Ka'4ecTBeHHO HCHO; . 4TO npJll Cl!CaTJ/111 SOHN YPOBHl1, 

CHMMeTPH4Ho pacnoJJoxeHHNe oTHocJ11TeJ1bHo · cepe'.i{MHH · cneKTpa, . 

_4 

. I . 

j 

.1, 

.,. 
I 
I 

~~ 

nO.l(TaJIKJllBalOTCH HaBCTpe4y ,llpyr ,l(pyry, npl1 pacnrnpeHl1Jll 30HN > -

pacTaCKl1BalOTCfl npyr OT .npyra. 

3TO oco6eHHO HCHO,Bl1)lHO np11 noCTOHHHOM u .BBe.l(eHJlle utO 
B pa3HOCTHOe ypaBHeHJlle Illpe.n11Hrepa ( .l(JIH Y.ll06CTBa MN eme 

.no6aBJllJIJll Ill BN4JIJ/l •2ult?) : 
[(1 - u)Wn+ 1 - 2(1 - u)Wn + (1 - u)~n- 1~/6

2 ~ 
(3) + (v + 2u/62 )W = El n n n 

SKBl1BaJJeHTHO l13MeHeHl1IO 62~62/(1-u) 11 .nonoJJHl1TeJJbHOMY C)lBJllry 

Bcew noJJocu Ha 2u/62 • . A 11sMetteH11e Q ·Id. mHplllHN paspemeHHOH 

soH1:f ,1tBJ11raeT ypoBHJll, J1elltam11e no .pasHNe cTopoHN cepeJJ.JllHN 

cneKTpa, ~ npoTJllBOnOJJOlKHNX HanpaBJJeHJllHX. CJJOlKeH11e ' . HJ!Jll 

B3aJllMHOe no.naBJ1eH11e BJIHHHJ/l.R Ha YPOBHJ/l Ev Jll3MeHeHHH V n ~Ill: Un 

no3BOJJ.ReT npOJll3BO.l(JllTb 11X CMemeHJlle no npoJll3BOJlbHOMY BN6opy •. · 

%IE}. . /•-•,. • 

I ~-1:-·~·':\:i~ \ 
OJ ;/4//\~--. •.~-•/.it\• 

l/ . , -✓ \\\ . !"I/ '-'.. \~I 
i ~ 

f . '" 
0 s a . 11 

C 

~(E2l .\ 
/ .\ • • 

_OJ 'I \\ 
: \\ 

0 

b 

., . 
i\ .- ," •,•,>· 

5 \' .. \ .. 
. \/, ' 

. '•\:\·/·. .. 

PJllc.2. ·(a,b);··~sMeHem-ie ··-BOJIHO- · 
BUX qiyHKUJllH nepBHX .llBYX YPOBHeH 
nplll pa3JIH4HHX C)lBJllrax OCHOBHOro 
ypoBHH BBepx' no . HanpaBJJeHJlllO K .. 
nepBOMY B036Yllt,lleHHOMy: E,➔ E2 • 
.llJJH cpaBHeHJllH ripMBeieHN 'cooT
BeTCTBYJOmJlle qJYHKUHJll HenpepHBHO-
ro cJiy'laSI . ( c) ~ · : · . · · 

. X 
8JJeMeHTH MaTpJllUli -B3aJllMO)leHCTBJll8~ CMema10mJ11e BBepx BTOPOH 

\. ' • < , ' ' 

(TO eCTb nepBHH B036yz,lleHHHH) YPOB8Hb, 6eCKOHe'IHOH· 
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np.HMOYrOJJbHOH HMN c 10 .l01CKpeTHNMl1 3Hal!eHl1HMl1 KOOP,ll.11HaTH. 

BHYTPl1 HMN noKa3aHN Ha PHC.3. 3.n.ecb, npaB.n.a, no,11.0611e IPOPM V H. 

u BN,lJ.epxaHO B MeHomeA CTeneHH, l!eM Ha PHC.1. 

Vn /\ 
0.2 j .; 

. . 

'' 

Q 

y_(xJ -

/'-. 1 io.;s i"-. . - · / 
· '.:Lr, 1 ~- J .:_-j_ - J <·.i. -t, 

'• 

- -•~3 
0 ', __ ,E2 

I I I I \ \ I I .-.•,\\ -I 

6 

P11C.3Q6.IlOTeHU11aJJbHNe B03MY111.eHl1H 
v 11 u, Heo6XO,ll.HMNe ,11.JIH C,11.BHra 
E2-- E3. ~JIH cpaBHeHHH noKa3a-

HN 11 COOTBeTCTBYIOIII.He JIOKaJJbHNe · 
noTeHUHaJIN B cJJyqae HenpepNBHOH 
KOOP,lJ.HHaTNCC).IlyHKTHPOM noMel!eHN 

I- - /6:::-:c;..'t._:;~ -:-Jt1 YPOBHH HeB03MYllleHHOH HMN~ 
t":A . 'I <....>J ' 

X 

C 

~OpMa V aHaJiorHl!Ha B ,11.HCKpeTHOM H HenpepHBHOM CJIYl!ae, a 

no,lJ.o6HaH lite ipopMa u no3BOJIHeT y,lJ.epllCHBaTb CHMMeTpHl!HNH 9- .H 
' ' 

YPOBeHb Ha npe:1rneM MecTe •. · ~eipopMaLlHH co6CTB€HHNX !PYHKUHH 

ocHOBHoro '. H , nepBoro Bos6y1:,11.eHHoro cocTOHHHH npH nosTanttoM 

no~'beMe E
2 

K E3 npe,11.cTaBJieHa HapHc.4._ 

' . IloTeHU,HaJIH V H U , C,ll.BHra10111.He BHH3 caMHH BepXHHH 

(,11.ecHTHH) ypoBeHb, npe.11.cTaBJieHH Ha pHc.5. Y HHX Kal!ecTBeHHo 

MHOro 06111.ero C noTeHUHaJiaMH Ha PHC.1a, b, H0,11.HHMaIOlllHMH 

(CHMMeTp~l!HHH eMy) nepBHH ypoBeHb. TOJJbKO 3HaKH rioTeHUHaJIOB U 
'' 

npoTHBOTIOJIOltHHe. 

6 

.. , 
~{ 

\ 

0 

t, 

,\ ,, 
' 

tt1n IE-1 l 
0.5 

/
:,=:\ 
·-·~ . -·, 

11i ':~ . 

1:%. ~\ 
~1 t~· /;/; {~. 

)
.1/". -~-\ ffi"/ ,: p• Cl 

5 

½'tx) 
1 

1 

1.P.IE2l • 

0Z7~-~~
!~ 

0 

& 

'\' .5 \ 

\,. I 
·\-\· ' 

.,,)'....._. 

• 
. n 

rr1c. 4a.6.Do.nHOBHe IPYHKU\11\11 nepBJ:lX, 
n .ll.BYX COCTOHHl1H np11 C,11.B\llrax 

E~ -- E3 • }lJIH cpaBHeHl1H np1rne-, 
' C. 
,ll.eHI:J ilJYHKU11\II OCHOBHOro COCTOH- I 

X 

HHH JJIH HenpepHBHOrO c.nyl!aHCC) •. 

u 
0.6 

;-::.-\ 
. / "-' . 

'

r /' .-•-. • . 

4 6 t~ 
I// ' ~-· . 

4 6 

-0.1 · 

·,.' .,✓•. . --·-·--- . '-.: / . ...._;..,_.__,,• 

X' -

. : ' _,,,,, .. 
'•-•-:-~ I ' 6 

' a. 
Puc~5. TioTeHU\lla.JJH (a) v \11,(b) u, C,11.BHrBIOlll\lIB BBPXHl1H,(10-H) 
ypoBeHb 6ecKOHBllHOH npHMoyrOJibHOH HMH BH\113 K 6JJHllCaHmeMY coce- ', 
JlY ( E16--E9) 11 He MeHHIOUl\lle TIOJIOJKBHl1e OCTaJJbHNX YPOBHBH. no 
~opMe, HOC TOl!HOCTblO ,11.0 3HaKa noTeHU\IIBJIH Ha rJiaBHOH ,11.11ar0Ha-, 
Jll1 V 11 Ha· coce.D.HHX. C Hett JJ.HaroHaJIHX . ti COBna.11.aroT C noKa3aHHl:IMH 
Ha pHC. 1, HO Tenepb UH V pa3HUX 3HBKOB. 
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l13MEHEHl1E HOPMMPOBOYHHX ·MHOlKv1TEJIE~ rv 
ilOMMMO SHepreT.t1tl8CK11xypoBHeti: qiyH,n;aMeHTa.JibHh!M.11 cneKTpaJib-, 

Hh!M.11 napaMeTpaM.11 HBJIHIDTCH •v , B Ka4eCTBe KOTOPhlX, 
HanpHMep, B R-MaTpH4HOH TeopHH CJIYllCaT npHBe.n;eHHhle lliHPHHhl. Ha 
PHC. 6 H 7 noKa3aHhl noTeHI.J,HaJJhl, Bhl3h!BaromHe . H3MeHeHHe 
npOH3B0)lHOH BOJIHOBOH ·IPYHKUHH OCHOBHOPO COCTOHHHfl Ha Kparo HMhl, 
H co6CTBeHHhle (pYHKUHH, OTBe4a~mHe nepBOMY H BTOPOM~ YPOBHHM. 
EpocaeTcH B rJia3a aHa.rror.11H ,n;.11c1tpeTHoro .11 Henpeph!BHoro ~eB~ 
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m.11e YB8JI.11tl8H.118 npHB8,Il;8HHOH lliH-· 
p.t1Hhl OCHOBHoro COCTOflH.11fl H 
KOMneHc.11pyrom.11e .(,n;JIH coxpaHeH.t1fl 

Li, t~= 1) YMeHbfileHHe rv )lJIH 
X . 

BepxHero YPOBHH.(c)CpaBHHT~ co 
/ CJJyqaeM Henpeph!BHOH KOOP.llHHaThl. 

IlPOCTE~filHE IlPMMEPH PA3PHBA PA3PEIDEHHO~ 30Hll 

B .. cJJyqae nocToHHHoro noTeHuHaJJa v = const B cneKTpe, ,. . n 
OTBe4aromeM ypaBHeHHID (2), HMeeTCH JJHllib o.n;Ha pa3pemeHHaH 30Ha: 
noJJoca· Henpeph!BHOPO cneKTpa mHPHHOH 4/ 112 

•. B npOCT€HllleM CJ!y4ae 
•· ' 

nepHO)lH4eCKOPO )lHCKpeTHOPO noTeHUHaJJa, Kor.na V nonepeMeHHO 
·. . .. .: . . . . . .n. 

npHHHMaeT ,· .n;Ba pa3JJH4Hh!X 3Ha4emrn. ( nep.110.n N=2), STa 30Ha 
pa3p1:rnaeTCH Ha ,nBe . cneKTpaJJbHOH • meJJbID-JJaKYHOH~ IlpH N=3 

o6pa3yIOTC.fl .n;Be JJaKYHhl, npH N=4- TPH H T.,ll. 
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PHC. 7. · BOJJHOBhle IPYHKUl-111 nepBh!X .llBYX COCTOHHHH np1-1 H3MeHeHHH 
np1-1Be.n;eHHOH lliHPHHhl (npOH3B0)lHOH BOJJHOBOH IPYHKUHH Ha Kparo HMhl) 
nepBoro YPOBHH B )ll-1CKpeTHOM l-1 Henpeph!BHOM CJJY4ae.: 

IlYCTb v2m= O; v2m+1= V = const, TO eCTb noTeHUHaJI 
nepHO)ll-14eCKHH C N = 2. IloTpe6yeM, KaK 06hl4HO,- 4T06H BOJIHOBaH 
IPYHKUl-1H H ee npo_l-13B0,nHaH MeHHJJHCb 4epe3 n~p1-10.n Ha HeKOTOPhlH 
o6mHH (fla30BHH MHOJICHTeJlb : . _j 

ID
1 

= exp(i6') 'q,
3

; w
0 

= exp(i6') ID
2

. ( 4) 

Tor.na .n;JJH 6' noJJyqaeM H3 (2) np1-1 n = 1 11 2 BhlpaxeH1-1e: 

exp(i6') = -1 + (2-E)(2-E+v)/2 ± i{[2-(2-E)(2-E+v)J 2-4} 11~ 
. ~ 

OTKy.na CJJe,nyeT YCJ10Bl-1e peaJJbHOCTH 6': 

ID(E)I s 12 - (2~E)(2~E+v)I < 2, 
\ ' 
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KOTOpoe O,llHOBpeMeHHO C~YJKHT KPHTepHeM TIPHHa,ll~eJKHOCTH 3Ha4eHHA 

E paspemeHHOA 30He~ Ha PHC. 8 npe,llCTaB~eHa 3aBHCHMOCTh D( E) 
TIPH pas~rf4HllX 3Ha 4eHHHX. V, OTKY ,lla BH.ll,HO, llTO _ np11 V=O HeT 

~aKYHll (KPHBa~ D(E) ~Hilb KacaeTCH rpaHHUH BepxHeA 

sanpemeHHOA 30HH H BllXO.ll,HT 3a rpaHttUl:l ±2 TO~hKO B Hl1JKHIOIO 

3anpemeHHYIO so Hy, npocT11pa10my10cs, .no -ro , a . no~oca 

Henpepl:lBHoro cneKTpa, r.ne IP(E)I < 2, He ttMeeT pa3p11B0B). 

', 6 

IA.) -□ •• -~ DmaxlVl_ · ---· 
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PHc.8. 3aBHCHMOCTh ~YHKUHH JIHTIYHOBa (JJ.HCKPHMttHaHTa Xtt~~a) 2D 
OT 8HeprHH npH · V = 0; ±1 · 1 ., Pa3pemeHHl:lM 30HaM OTBe'-IaIOT 
3HatteHHH E, ll~H KOTOPllX BllTIO~HHeTCH yc~OBtte J5): D · ~elltHT _ 

: MeJK.ny ±2 • lleM 60~1me I v I , 'i'eM m11pe paspHB ( ~aKyHa) MeJKJJ.Y 
cyJKaIOlUHMl1CH yqacTKaMtt HenpepHBHOro cneKTpa.· IlYHKTHPOM 
o603Ha4eHH no~oJKeHttH MaKCHMYMOB napa60JI D(E) npH pa3HHX v. 

3oHa HeyCTOA411BOCTH K 8KCTIOHeHLJ,!1a~bHOMY pa.36a~T~Bamuo 

pemeHH.H . HaXO.ll,HTC.H P.H.llOM C . ueHTPO~ pa3pemeHHOA /, . 30HH: 

HeB03MYllleHHOA 3a.ll,a4H Bllille (HHJKe) E /2 npH v>O (<0). · · ,,. max. 
C POCTOM I VI no~OCKH pa3pemeHHHX .. 30H . paCXO,ll.HTC.H • BCe 

•.' . ' /,'' 

ta~bllle .npyr OT Jlpyra H CTaHOB.HTC.H Bee yJKe •. AHa~orH4HO 

C4!1TaeTCH cneKTP np11 60~bmeM nepHO.lle N = 3, 4, ••. , TO~bKO npH 

N=3 B03HHKaIOT .llBe ~aKYHH, npH N=4 - TPH H T.,ll. 

IO 

3AKJIIOI.JEIU1E 
' B .naHHOA pa6oTe - Y .lla~OCh ~yqme . no ml Th pa3~H4HYIO po~h 

s~eMeHTOB TPH.ll,HaroHa~bHOA MaTPHUH B3aHMO.lleACTBHH, ~examHx Ha 

r~aBHOA' H coce.llHHX C HeA' .llHaroHa~HX' TIPH C,D.Bttrax OT,lle~hHHX. 

YPOBHeA SHeprHH CB.H3aHHHX COCTO.HHHA.' B .lla~hHeAmeM 6u~o 6u 
JKe~aTe~bHO TaK JKe npOCTO TIOHHTh ' po~h H JlpyrHX JlHaroHa~eA 

raMH~bTOHHaHa, a TeM caMHM -MexaHH3MH .neACTBl1H He~oKa~hHHX 

Cl1~. 

ABTOPH BHpaJKaIOT 6~aro,llapHOCTh H.B.AMHPXaHOBY 3a 

TIOCTOHHHYIO rOTOBHOCTb o6CYlltllaTb npo6~eMH KBaHTOBOA ~H3HKH, 

4TO 04eHh TIOMOr~o HameA pa6oTe. _ Mu npH3HaTe~hHH TaKze 
·JI. H. HexaMKHHY 3a .llHCKYCCHH no no'BO.llY nepecTpoeK cneKTPa, 

pacCMOTPeHHHX B npH~OJKeHHH. 

IlPHJIOlKEHHE. IlEPECTPOAKA • CilEKTPA B 3KBH.llHCTAHTHim H CO lllEJlbIO . 

PacCMOTP~M npHMepu . 6o~ee · C~OJKHOA nepecTpoAKH, co 

CllBHraMH · 6o~blllOro 4HC~a YPOBHeA 6eCKOHetJHOA. np.HMoyro~bHOH 

.HMH~ . Ha pHC. n1a, npeJlCTaB~eHa ~opMa B03MymeHHH u, · OCTaB~Sl!OlllaH 

KpaAHHe YPOBHH cneKTpa (1- AH 10- A) Ha CBOHX'npellCHHX MeCTax 

H: pacno~araIOIUHX 'BCe YPOBHH Ha paBHHX ;paccTO.HHHHX 

llE=(E -E)/(N-1) llPYr OT Jlpyra.· Ha PHC.Il1b .noKa3aHa \ll(E1). 

Lt'n(E,) 
0.35 Un 

\ 
2 

a. 

Qt, 

;·-·\ 

/ \ • R, : '. 

I ; '\ ' ... · ... 

-/' ' ,.-, ~\ 
/ ~ ~ , ~ 10' ·, n 

PHc. 1114l,) rro;eHu.~a~u- , u, ; , nepecTpaHBaromiie cneKTP 6ecKoHe'-IHO~ .llW
cKpeTttoA npHMOyro~bHOA HMH B 3KBH,llHCTaHTHHH (BHYTPH HMH pac
nonaraIOTC.ff 10 KOOP.llHHaTHHX TOtJeK ,H ypOBHeA B. HMe 10). IloTeH-

UHa~ V npH-STOM,OCTaeTC.H paBHHM HY~IO. TotJKH 3Ha4eHHH noTeH
UHa~OB coe.llHHeH_H ll~H Har~H.llHOCTH ~HHHHMH~ ( b) ~YHKLJ.HH \ll( E1). 
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MaKCl1MYMl:l Uy KpaeB HMbl ,Clltl1MaJOT TaM paspemeHHYJO 30HY,4TO 
MaJIO ,BJ111HeT Ha KpM1tt11e. YPOBHl1 ( 1- H 11 10-· H), BOJIHOBble 

IPYHKU1111 KOTOPblX Cl1JlhHO cna.n:aroT K KpaHM HMl:l, . ·11 no.n:TaJIKl1BaJOT 

OCTaJihHHe YPOBHl1 K ueHTpy,, cneKTpa ( CM. cxeMy . nepeCTPOHKl1 

YPOBHeH Ha p11c.Il2) • 
. ~ ,, I · I I I I I I I · I 

f / / / 1 ' \ ' ' I 
b 'I I . I I I I I I I I 
11/~ ~\ll 

c 1111 11 · I I 11 
OI EA 

P11c.n2. CxeMH 10 ypOBHeM B 6ecKOHe4HHX HMax c 
10. KOOP.lll1HaTHl:lMl1 T04KaMl1 Mellt,11,Y . noTeHu11aJihHHMl1 CTeHKaMl1. 
Ilocepe.n:11He noKa3aHH YPOBHl1 HeB03MYmeHHOH npHMOYf'OJihHOH. HMH, 
CBepxy - SKBl1,lll1CTaHTHO nepecTpOeHHHH cneKTP, CHl13Y - cneKTP C 
60JihfilOH meJihJO. " ·. • . ·. . .... · . 

,IlOTeHu11aJI u, pa3,llBl1f'al011{11H · YPOBHl1 cneKTPa K ero . KPaHM 11 

cos,qaIO!llHtl: . m11poKYJO meJih B uettTpe cneKT~a, noiasaH Ha. p11c. Il3. 

To, .. 4TO ·. caMHe., 60Jihfill1e C.llB11f'l1 'npeTepneBaIOT np11 STOM cpe.n:H11e 

YPOBH11, MO.llYJil1 · BOJIHOBHX rlJYHKU11H KOTOPHX . 11MeJOT . Ha1160Jihill_ee 
ti11cJio MaKCl1MYMOB; . np11Bo,11,11T K n11JI006pasHoH rpopMe BosMymarom11x 

noTeHuHaJIOB. B,Cl1JIY Cl1MMeTpl111 V paBeH·HyJIJO. 

0.6' Un 

Ct. 

~ Lu (E,} •-•, 
Tn •/ •, 

03 ;- b. \, 
/ . . 

n 

2 4 6 8 

2 4 .·' 6 . s /0· 11 

P11c. Il3a.;IlOTeHUl1aJI u, cos.n:arom11A meJih B cepe.n:1rne cneKTpa, _KaK 
noKasaHo .Ha. Hmirneti cxeMe ypoBHeH tta p11c Il2. (I>)'~(£,) · 

· •. · PaBettCTBO HYJIIO . v o6'bHCHHeTcH Tpe60Bam1eM c11MMeTp114HOCTH 
)le(flopMaU11H cneKTpa OTHOCl1TeJihHO ero ueHTpa. Il~Th 3Ha4eHl1H 

12 

noTeHUl1aJia U · ( np11 }leCHTl1 T04Kax, BHYTP11 HMH OCTaJihHHe 4eTupe 

3Ha 4emrn.' U 3a}laIOTCH Cl1MMeTP114HO) onpe}leJIHIOT nHTh :xe T04eK 

cneKTpa. 
Ilpu Cl1MMeTPWIHOM C,ll,B11re napu YPOBHeH ( Hanp11Mep,. t-ro 11 

10-ro HJ111 2--:ro 11 9-ro, CM. p11c.Il4) v · TaKJKe OKa3HBaJOTCH 

HyJieBlilMl1, 11 Hao6opoT, . MOlKHO npe.n:cKa3aTh, 4TO TTPl1, C03,llaHl111 
HeCHMMeTP114HO pacnoJIOJICeHHOH meJil1 ( 11Jil1 crymeHl1H) B . cneKTpe . 

noTpe6yJOTCH OTJI114Hl:le OT HYJIH 3Ha4eHl1H v. 

u ' ·-·-·-·-~ 

0.1 /.,.,..-·-·,. 

[t .,,,,,.- .:.__ 
. '· V 

4 6 

A 

PHC. Il4. IloTeHU11aJil:l U, Cl1MMeTPl14HO C~B11rarom11e HaBcTpeqy .n:pyr 
JJ,pyry (a)nepBHM 11 nocJie,llHl1H 10- A; (b) BTOPOM 11 9- i1 YJ)OBH11. 

CpaBHl1 C noTeHu11aJiaM11 U-Ha p11c.1b 11 3b. 
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