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A pos~~ibility of application of the strength function method is 
shown for un ar·bitrary quantum-mechanical stationary problem with 
discrete nonde[!enarated spectrum: here the consli·uction of the 
sli·ength function does not r<'quire the diagonalization of lhe Hamil­
tonian and !·educes to the calc::ulation of the minot·s to the Han:ilto­
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MeTO.D. cnyqaaHblx <Pa-3 /IICcl»/ 3aHHMaeT Ba:llmoe MecTo B TeopHH 

CTpyKTypbl Jl,ll.ep KaK OCHOBa ,ll.nJI. MHOrHX MHKpOCKOilHqecKHX H rrony­

MHKpOCKOilHqecKHX pacqeTOB KOnneKTHBHbiX H KBa3HqacTHqHbJX 3!IJ-

4JeKTOB. ci»OHOHbl THila IICcl», OilHCbiBaiOII.{He KaK HCTHHHble Kon-

neKTHBHble B036y~,ll.eHHJI., TaK H .D.BYXKBa3HqacTHqHbJe COCTOJI.-

HHJI. '1,2/, WHpOKO HCilOnb3YIOTCJI. He TOnbKO rrpH OilHCaHHH HH3KO­

ne~all{HX COCTOJI.HHB, HO H IlpH H3y'IeHHH rHraHTCKHX pe 30HaH­

coB '3,4'. MeTO.D. IICcl» B KOM6HHaUHH c caMocornacoBaHHOH xpeH­

KHHr-Mo.D.enbiO JI.BnJI.eTCJI. OCHOBOH pa3BHTOH 3a rrocne,II.HHe rO,II.bl 

MHKpOCKOilH'IeCKOB TeOpHH Bpall{eHHJI. ;r,,6 i, lionbWOH war B Beene­

.D.OBaHHH CTPYKTYPhl JI,II.ep B paMxax IICct», a Tax~e IICcl» rrn10c 

aHrapMOHHqHOCTb pa3HOrO BH,II.a fihln ,II.OCTHrHyT IlpH HCilOnb30BaHHH 

MeTO,II.a CHnOBbiX !IJyHKUHH 17 ,8,91, C pacqeTHOB TOqKH JpeHHJI BBe­

,ll.eHHe CHnOBbiX !IJyHKUHH orrpaB,II.biBaeT Ce6B., KOr,ll.a C HX IlOMOII.{biO 

CTaHOBHTCJI. B03MO~HO BbJqHcneHHe ycpe,II.HeHHbiX $H3HqecKHX Be­

nH'IHH, MHHYB. 3Tarr ,ll.eTanbHoro pacqeTa xapaxTepHCTHK xa~,11.oro 

3HepreTHqecxoro ypoBHJI.. B 3TOM CMblcne BOJMO~HOCTb rrpHMeHe­

HHJI. MeTO,II.a CHnOBbiX !IJyHKUHii:, CBJI.3aHHaJI. C BbiilOnHeHHeM ycnOBHJI. 

/1.4/ /eM. HH)Ke/, ,II.OKa3biBaeTCJI. B Ka)K,II.OM KOHKpeTHOM cnyqae 

,ll.nJI. KOHKpeTHO BblfipaHHOrO B3aHMO,II.eBCTBHJI. Me)K,II.y KBa3HqacTHUa­

MH. HarrpHMep, B pa6oTe /4/ rrocTpoeH MaTeMaTuqecxuii arrrrapaT 

,ll.nJI pacqera CHnOBOB !IJYHKUHH IlpHBe,ll.eHHOB BepOJITHOCTH 3neKTpo­

MarHHTHbiX rrepeXO,II.OB B HeqeTHbiX ,ll.e!~JopMHpOBaHHbiX B.,ll.paX 6e3 

.D.HaroHanH3aUHH raMHnbTOHHaHa, HMeiOII.{ero crreuHanbHbiB BH.D. 4Jo­

HoH-KBa3HqacTHqHoro OCTaTO'IHOrO B3aHMO,II.eBCTBHJI.. 0,11.HaKO B 

$opManH3Me, HCilOnb30BaHHOM B pa60Te /4/, Tpy,II.HO 0606Il{aTb Bblpa­

)KeHHe ,11.nB. cHnoBoii !IJYHKUHH Ha cnyqau 6onee cno~Horo B3aHMo­

.D.eiicTBHJI. 
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B HaCTOJIII.IeH pa6oTe 6y,LieT IIOKa3aHo, 'ITO ,LIJIJI CTaUHOHapHOH 

3a,Lia'IH lllpe,LIHHrepa C ,LIHCKpeTHbiM HeBblpO)I{,LieHHbiM ClleKTpOM 

BCer,Lia MO)I{HO IIOJIY'IHTb paC'IeTHOe Bblpa)l{eHHe ,LIJIJI CHJIOBOH <i>YHK­

UHH 6e3 ,~:~uarouaJIHJaUHH raMHJibTOHHaua. CunoBaJI <l>YHKUHJI rrpH 

3TOM IlpOCTO Bblpa)l{aeTCJI qepe3 OIIpe,LieJIHTeJib raMHJibTOHOBOH 

MaTpHUbl CHCTeMbl H O,LIHH H3 ee rJiaBHbiX MHHOpOB. 

TaKoe orrpe,LieJieHHe CHJIOBOH <i>YHKUHH, 6Y.LIY'IH <l>opMaJibHO CTpO­

rHM, MO)I{eT OKa3aTbCJI He KOHCTpyKTHBHblM 8 llpHMeHeHHH K 3a,Lia­

'laM, B KOTOpblX raMHJibTOHHaH BbJpa)l{aeTCJI MaTpHUeH 60JiblUOrO 

paHra. 

HMeJI 3TO B BH.LIY, Mbi paccMoTpHM Ja,~:~aqy TIC<I> c caMbiM 

0611.1HM B3aHMO,LieHCTBHeM, 3aiiHCaHHbiM B BH,Lie CYMMbl <i>aKTOpH30-

BaHHbiX 'IJieHOB. )J,JIJI 3TOH 3a,Lia'IH 6y,LiyT ,LiaHbl rrpaBHJia IIOCTpoeHHJI 

ceKyJIBpHoro ypaBHeHHJI ,LIJIJI <l>oHOHHoro crreKTpa, a raK)I{e rrpaBHJia 

IIOJiy'leHHJI CHJIOBOH <i>YHKUHH. HaKOHeU, Mbl llpHMeHHM IIOJiy'ieHHbJe 

pe3yJibTaTbl K CJiy'iaJO MHKpOCKOIIH'IeCKOH TeOpHH BpameHHJI 6. 

H IIOJIY'IHM BH.LI CHJIOBOH <i>YHKUHH llpHBe,LieHHOH BepOJITHOCTH KBa,Lipy­

IIOJibHbiX 3JieKTpH'ieCKHX IIepeXO,LIOB Ha HpaCT -rrOJIOCY. 

§1. CHJIOBAJI (/)YHK1.1HJI 

ilpHBe,LieM OCHOBHble MOMeHTbl MeTO,Lia CHJIOBbiX <i>YHKUHiL Pac-

CMOTpHM <i>YHKUHIO b
0 

(c,J}, HMeJOII.IYIO <i>H3H'ieCKHH CMbiCJI B TO'i-

KaX <,J i, orrpe,~:~eJIJieMbiX ypaBHeHHeM 

F(wi) ~ 0 11.11 

H rrpe,LICTaBJIJIIOII.IHX 3HeprHH B036y)I{,LieHHJI CHCTeMbl. CHJIOBOH <i>YHK­

UHeH Ha3biBaJOT 7/ cpe,~:~uee 

b~(w)= Lb (w}p~(w-w.), 
j 0 I I 

r,Lie HOpMHpOBaHHaJI Ha e,LIHHHUY BeCOBaJI <i>YHKUHJI 

HMeeT BH.LI 

P t, (w - w. ) = _ _!_ 
1 2rr 

4 

i\ 

(w-w.2) 
l 

i\2 
+_:-

4 

11.21 

p~(w- w.) 
I 

11.31 

C'IHTaJI Bee peweHHB 11.11 HeBblpO)I{,LieHHbiMH, r.e. rronara11 

(dF. dw)w· fo 0. BBe,LieM B paccMorpeuue <l>YHKUHJO P(w), TaKyJO, 
I 

'ITO 

P(w) 

b 0(wi) c -d~(w~-

dw 
W =Wj 11.41 

EcJIH <l>YHKUHJI P(z); F(z). paCCMaTpHBaeMaJI KaK <i>YHKUHJI 

KOMIIJieKCHOrO rrepeMeHHOrO, He HMeeT HHbiX OC06eHHOCTeH, 'leM 

IIpO~Tble IIOJIJOCa, COOTBeTCTBYJOII.IHe HYJIJIM F( z), H eCJIH 

lim P(z)/F'(z) , 0, I LSI 
z...., 

TO HCIIOJib3YJI TeopeMy KoWH, MO)I{HO IIOJIY'IHTb CJie,LiyJOII.Iee KJIJO'Ie­

Bo'e Bblpa)l{eHHe 'to:. 

i"' P((u ~ -2-) 
1 . ------ . b (w) = -- Im ---- ill 

~ TT F(w t- -2-) 
11.61 

<l>opMyna I 1.61 rroJBOJIBeT pacc'IHTa Tb CHJIOBYJO <l>YHKUHJO 11.21, 
MHHYJI peweuue ceKynHpnoro ypauueHHJI I 1.11. 

§2. YCJIOBHE IIPHMEHEHHJI CHJIOBOH (/)YHK1.1HH 

B CTA1.1HOHAPHOH 3AAA lfE 

Pa3JIO)KHM BOJIHOBYJO <l>YHKUHJO i'l' >. JIBJIJIJOII.IYJOCJI 

cTauuouapuoro ypauueHHJI lllpe,~:~uurepa 

peweuueM 

HI'I'>=EI'I' > 

B PB.LI 110 HeKOTOpOMY IIOJIHOMY Ha6opy <i>YHKUHH 

1'1'>~ ~Cklk>. 
k 

lk >: 

Tor,~:~a ypaBHeHHe lllpe,LIHHrepa B MaTpH'IHOM BH.Lie 

12.11 

12.21 
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~S C -0 S -H -8 E 
k ik k - • ik - ik ik i /2.3/ 

~aer ycnoBHe CYI..I.IeCTBOBaHHJI HeHyJieBbiX peiiieHHB 

lSI= o, /2.4/ 

r~e lSI - orrpe~eJIHTeJib MaTpHU:bl sik, OrpaHH'IHM CYMMy /2.3/ 
CKOJIL yrO~HO 60JibiiiHM, HO KOHe'!HbiM 'IHCJIOM 'IJieHOB n. Bhlpa3HM 

BCe ek '!epe3 O~HH H3 HHX, ~Jill OIIpe~eJieHHOCTH C n, H TOr~a 
O~HOpO~HYIO CHCTeMy /2.3/ MO)I(HO 3aiiHCaTb, KaK HeO~HOpO~HYIO 
CHCTeMy (n- 1) ypaBHeHHB. 

r~e 

n-1 

~ S ika k = - 8 in' 
k ~ 1 

a k ek;c n. 

/2.5/ 

HanHIIIeM paJJIO)I(eHHe ~erepMHHaHra I Sl no anre6paH'IeCKHM ~onon-
HeHHliM A ik: 

ll- 1 

~ SikAik =- SinAin · /2.6/ 
k 0 1 

JiJ /2.5/ H /2.6/ ~Jill HeBblpO)I(~eHHOrO cneKTpa nony'!HM 

ak 
Akll Aik 

i\ Ain 
/2.7/ 

r~e L11 =Ann . Tipe~rronaraeTCll, 'ITO en -1 O,i\1t0. lb paBeHCTBa 

/2.7 I Herpy~Ho nony'IHTh 

ai a.k 
Aik 

L\1 

PaccMoTpHM ycnoBHe HOPMHPOBKH BOJIHOBoil <!JyHKU:HH 

6 

n 2 
~ C k = L 

k~ 1 

/2.8/ 

Bbipa)l(all C k 'lepe3 ak H Y'IHThiBall COOTHOIIIeHHe /2.8/, nony'IHM: 

e 2 L11 
n n 

~ A kk 
k = 1 

C ~pyroif CTOpOHbl, 

11 
aiSJ ~ A kk ~- -~iE 

k· ~ 1 

llO~CTaBJIJIJI /2.10/ B /2.8/, HMeeM 

2 i\ 
ell -- f\ ____ 1 __ 

d! S:/ iii<: 

/2.9/ 

/2.10/ 

/2.11/ 

TaKHM o6pa30M, Ka)I(.LJ.aH BOJIHOBall <!JyHKU:Hll 1\jl;- 6y~eT HMeTb 

<!JaKTOp HOpMHpOBKH ell, He06XO.LJ.HMbiB ~Jill npHMeHeHHH MeTO~a 
CHJIOBbiX <!JYHKUHB. BBHhiB BH.LJ. CHJIOBOB <!JyHKUHH npOCTO nony'IHTb 

~JIH npOH3BOJibHOB <!JyHKU:HH, 6HJIHHeBHOB no ek, e ~ . TiyCTb HaC 

HHTepecyeT CHJIOBaH <!JyHKU:Hll 

b(E) · 2. ' 11-' iBIII' p (E- E.), 
I I I 

r~c B - HeKHB 3PMHTOBhiB oneparop; TOr~a, HCnOJib3YH /2.2/, 
/2.11/ H /1.5/, Mbl nony'IHM 

r.LJ.e 

IX E) 
1 P(E) -- Im------. 
rr ! 81 

P(E)---L\ (E) 2 a a ;,k•Bik'>= 
1 kk, k k 

- l Akk'<kiB!k'/. 
kk' 

Bhi'IHcneHHe P(E) He rpe6yer onpe~eneHHH co6crBeHHhiX BeKro­

poB H co6crBeHHhiX 3Ha'leHHB raMHJihTOHHaHa MarpHU:hl. O~HaKo 
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B na11ucaunoM BbiWe Bblpa)l(eHHH ,IJ;JIJI b cllurypupyiOT .neTepMHHaHTbl 

BbiCOKHX IIOpJI,IJ;KOB, pacqeT KOTOpbiX MO)I(eT TaK)I(e OKa3aTbCJI 

CJIO)I(HOH 3a,IJ;a'leH. 6onee KOHCTpyKTHBHOe Ollpe,neJieHHe CHJIOBOH 

cPYHKUHH MO)I(HO ,na Tb ,li;JIJI KOHKpeTHbiX peaJIH3aUHH CTaUHOHapHOH 

Ja,na'IH. Kax llpHMep Taxooou paccMoTpHM 11po6neMy ycpe.nueu­

uoro OIIHcanHJI clleKTpa cucTeMbl B IIC«<>. 

§3. FAMHJlhTOHHAH CHCTEMh/ B3AHMOAEHCTBY/Oll(HX 
Ii030HOB B llPH/iJIH)J(EHHH CJIYtlAHHMX <PA3 

HaJ!:6onee o6muu raMHJibTonuau B llpH6JIH)I(eHHH IIC«<> HMeeT ou.n 

H=T+U, 

T ~ Lf.b+b., 
. 1 l l 

u 

l 

20 + + 11 + 
I vik bi bk + vik bi bk + b.c .• 
ik 

/3.1/ 

r,ne OllepaTOpbl b "i ,bi Y,IJ;OBJieTBOpJIIOT 06bi'IHbiM 6030HHbiM KOM­

MyTaUHOHHbiM COOTHOWeHHJIM /OHH MOryT 6b1Tb KaK CHMMeTpH'IHbie, 

TaK H aHTHCHMMeTpH'IHble/; HH,IJ;eKCbl i, k ,li;BOHHble. BBe,IJ;JI CJie,nyiOIUHe 

3pMHTOBble KOM6HHaUHH 6030HHbiX OllepaTOpOB: 

1 + 
xi = -=(bi + bi ), v2 

1 + 
pi = -=- (b i -bi ). 

iy2 

MO)I(HO llpe,ncTaBHTb U KaK KBa,npaTH'IHYIO KOM6HHaUHIO 110 X 
~ ~ 

H p . )J,anee, eCJIH H HHBapHaHTeH OTHOCHTeJibHO HHBepCHH BpeMe-

HH, TO 3Ta KOM6HHaUHJI 6y,neT BblrJIJI,IJ;eTb TaK: 

6 Iv.xx. 
ij lJ l J 

+- W P. P ., 
lJ l 

HJIH B cPaKTOpH30BaHHOM BH,IJ;e: 

8 

/3.2/ 

u "2. ""v 2 s s 
2: ; 'w 2 
s s 

/3.3/ 

r.ne 

v, 
s ~ 

- ~ f X 
1 

w 
s 

-,.,' 
2. t'i PI • /3.4/ 

s s ~ s 
a BeJIH'IHHbl f . X . t . X orrpe,neJIJIIOT H3 ypaoueuuii ua co6-

CTBeHHble 3Ha'leHHJI 

v s 1 '" s 1 s 
w ,.,., 

s 1 
,, 'f- s /3.5/ 

TaKHM o6pa3oM, uau6onee o6wHB raMHJibTOHHaH, 6unuueii.HbiH 110 

6o30HaM, HHBapHaHTHbiH OTHOCHTeJibHO HHBepCHH BpeMeHH, MO)I(HO 

rrpe,ncTaBHTb B q,axTopuJoBannoM BH,ne /3.3/. B .nanbueuweM Mbi 

paCCMOTpHM CHCTeMy 6030HOB C BJaHMO,IJ;eHCTBHeM, HaiiHCaHHbiM 

HMeHHO B 3TOM BH,IJ;e. 

§4. CEKYJI.JIPHOE YPABHEHHE 

11.TaK, llyCTb raMHJlbTOHHaH CHCTeMbl HMeeT BH,ll; 

II 1 ,- b b -2- l il;; ik ik 

n 1 
)' s v 9 

4 s-1" ~ 

BBe.UeM orrepaTopbi cllononoB Q, Q · 

Q~ A • t ~ ll'ikbik 
2 

A 
<l>ik h ik 

c ycnoBHeM uopMnpoBKH 

I z+Az-A 
ik ik ik c 2. 

r.ne 

±A ·- A+ <I> A 
zik- 'l'ik- ik · 

1 Il2 
"2. K SW 2 

4 s -- 1 g 

BOJIHOBaJI cPYHKUHJI O,li;HOcPOHOHHOrO COCTOJIHHJI HMeeT BH,ll; 

/4.1/ 

/4.2/ 
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[,\>·Q~[O:>, 

r)le [0: - dloHOHHhlii: oaxyyM'
11

. HH.lleKChl dloHOHHhlx onepaTopoo 

6y)lyT ODyll{eHhl. BapHaUHOHHblB DPHHUHD )lJHI MHHHMH3aUHH 3HeprHH 

O,llHOcPOHOHHblX COCTOJIHHB ,llaeT ,llBa He3aBHCHMhiX ypaBHeHHJI Ha 

ZiH Z-: 

+ + 
'ik 2 ik-Dik -wZik =O, 

- - ~ 

'ik Z ik- Dik -w Z ik = 0. 

+ 
IlOCTOJIHHble D i~ HMeiOT CJie)lyiOI.I.{YIO CTpyKTypy: 

D+ 
ik 

Dik 

2 r s D, 
ik s ' 

s 

-s -
--2 f. D , 

lk s 

D+ 
s 

s s + 
22K rik z ik 

Ds = 22;\: Z~. 

Tor)la H3 CHCTeMbl /4.2/ HMeeM 

z;k 
+ 

'ik Dik +cuD ik 
-----------

( 2 - (jj2 
ik 

' ik Dik + w Dik 

z ik 

,2-(1,2 
ik 

/4.3/ 

/4.4/ 

/4.5/ 

IlO)lCTaBJIJIJI /4.5/ B /4.4/, DOJiy'laeM CHCTeMy O)lHOpO)lHbiX ypao­
+ 

HeHHB )lJIJI HaXOlK)leHHJI BeKTOpOB D- : 

n 

2 S.kDk ~ 0. 
k~1 I 

r,lle 
0

+ 

10 

D ~ < o-) , 

s 
s 11 

( wS 21 

w s 12 

822 ). 

/4.6/ 

/4.7/ 

I 
\ 

·J 
·) 

DJIOKH S ll H S 22 HMeiOT pa3MepHOCTb II 
1 

X n
1 

H n
2 

x II 
2 

COOTBeT-

CTBeHHO H onpe,lleJieHbl CJie)lyiOI.I.{HM 06pa30M : 

s 11, = 
ss 

s 22 
ss' 

r s f s f 0 
2 _ __i~ __ __!!' _ ___!!' __ - -~~ 

ik 

2 
ik 

, 2 _ w2 s 2K 
ik 

-s -s' 
r ik f ik ( ik 8ss 

------~---- - ----

,2 --(1)2 2;s 
ik 

B S~~' BXO)lJIT JIHWb MaTpH'IHble 3JieMeHTbl THDa Vs , a B S ;~, -

THDa W8 • MaTpHUbl S ~~' H S ~~', BKJIIO'IaiOIUHe o6a THDa MaTpH'IHblX 

3JieMeHTOB, HMeiOT BH)l 

s 12 ,, 
ss l 

s -s 
r ik r ik 

ik ( 2 - (1) 2 
ik 

s 21,•c s 1'2 
ss s s /4.8/ 

YCJIOBHe Cyll{eCTBOBaHHJI HeHyJieooro peweHHJI CHCTeMbl /4.6/ ,llaeT 

CeKyJIJipHOe ypaBHeHHe )lJIJI HaXOlK,lleHHJI C06CTBeHHbiX MO)l CHCTeMbl 

A(c,,) ·• [SI •· O. /4.9/ 

B OTJIH'IHe OT /2.3/ pa3MepHOCTb MaTpHUbl /4.7/ paBHa 'IHCJIY 

pa3HblX BH)lOB cPaKTOpH30BaHHblX 'IJieHOB BO B3aHMO,lleBCTBHH. 

§5. 0.6 yqETE AYXOBb/X COCTORHHH 

Yxa)f(eM cpa3y Ha cne)lyiOI.I.{ee o6cTOJITeJibCTBO. EcnH HMeeTcJI 

O,llHO'IaCTH'IHbiB onepaTOp 

~ + 
N = 2 n ik (b ik + b ik ), /5.1/ 

KOMMYTHPYIOI.I.{HB C raMHJibTOHHaHOM H, TO DOJie3HO BH)lOH3MeHHTb 

CeKyJIJipHOe ypaBHeHHe /4.9/ TaK, 'IT06hl 6biJIO yqTeHO yCJIOBHe 

Cyll{eCTBOBaHHJI COOTBeTCTBYIOI.I.{eii: HyJieBOB MO)lbl. IlOJlCTaBJIJIJI <oJ = 

=Q B /4.6/, Mbl DOJIY'IHM )lBa He3aBHCHMbiX ypaBHeHHJI 
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22 --
~ S

88
,(0)D

8
, (n) -0, 

s 

~ S 
1 ~ (O)D ', (n) 0 

s , s s s 

/5.2/ 

,li;JIH IIOJiy'IeHHH BeKTOpa D(n) ,nyXOBOrO COCTOHHHH II . .1--lJ YCJIOBHH 

cymecTBOBaHHH HeHynesoro peweHHH nony4aTcH ).I.Ba ycnoBHH: 

IS 22 
(0)1 ~ o. 

11 
IS (O)i = 0, 

/5.3/ 

KOTOpble ,li;OJDKHhl HaKJia,ll;biBaTbCH Ha rrapaMeTpbl BJaHMO,ll;eHCTBHH. 

C ,npyroif CTOpOHbl, IIpHMOe Bbi'IHCJieHHe KOMMyTaTopai~. ~~ ,naeT 

nik 'ik 
- s -· 

~fikDs (n). 
s 

/5.4/ 

PaccMOTpHM cnyqaif, xor.na cpe,nH onepaTopoB Vv JIHWh O).I.HH He 
~ s 

KOMMYTHpyeT C OIIepaTOpOM N. ).J.onyCTHM TaK)Ke, 'ITO BCe BeKTOpa 

,nyxos opToroHaJihHhi Me)K,ny co6oii. B TaKoM cny'!ae HMeeM 

- f -
nik r ik- fik Dp (n). /5.4a/ 

Co'IeTaHHe f-oro ypaBHeHHH CHCTeMhi /4.9/ c ycnoBHeM opToro­

HaJihHOCTH ,nyXOBOrO BeKTOpa C BeKTOpaMH W f 0 

~ nik Z ;k-- 0 
ik 

npHBO,li;HT K cne,ny10meMy ycnoBHIO: 

22 
sf s (0) ~ 0, 

s ~ n 
1 

, n 
1 

t 1, ••• , n. 

Y'IHThiBaH nocne.nHee ycJIOBHe, Ma TPH'IHhie JJieMeHThi 

MO)KHO HaiiHCaTb B BH,ll;e 

12 

s2 
fs 

2 '\' 
{() ....... 

ik 

-f s -:-
ik 1 ik 

( ( 2 2 
ik 'ik -w ) 

/5.5/ 

/5.6/ 

22 
sf's. Sc'nt, ... ,n 

/5.7/ 

f 
\ 

TaKOH TipHeM IIOJBOJIHeT $aKTOpH30Ba Th MHO)KHTeJib w 2 OT Ka)K,li;OrO 

,nyXOBOro COCTOHHHH. H CeKyJIHpHOe ypaBHeHHe IlpHMeT BH,ll; 

w 2N F((.u) = 0, /5.8/ 

r.ne N - 'IHCJIO .nyxos. 

B cnyqae, xor .na on epa Top ,nyxa HMeeT BH,ll; 

J ~ j k ( b -k - b . k ) • 
ik I I I 

COOTBeTCTBYIOillaH HyJieBaH MO,ll;a MO)KeT fihiTh YCTpaHeHa TaKOB 

)Ke npoue.nypoii:. 

§6. tPAKTOP HOPMHPOBKH 

PaccMoTpHM ycnoBHe HopMHpOBKH /4.2/ Y'IHThiBaH Bhlpa)KeHHe 

/4.5/, ero MO)KHO rrpe,ncTaBHTh B BH,ll;e 

as , ss 
~ D D s s 4. /6.1/ ew s-s 

Taxoe ycnoBHe BMecTe c ypasHeHHeM /4.6/ o,nHOJHa'IHO onpe,neJIHIOT 

BeKTOpa D. llocTyTiaH, KaK H B CJiy'Iae CHCTeMbl /2.3/, BBe,li;H 

Ko31iJ4lHUHeHThl C k Dk. D11 H Bhi,neJIHH $aKTOp D
11 

B /6.1/, rrony­

'IHM HCKOMOe Bblpa)KeHHe 

4~1 
02 

11 
cl~ ·a,t) /6.2/ 

0TMeTHM, 'ITO COOTHOWeHHe /6.2/ BbiiiOJIHHeTCH He3aBHCHMO OT 

TOro, ycTpaHeHbl JIH ,!J;YXOBble COCTOHHHH. B CJiy'Iae, Kor,na CeKyJIHp­

HOe ypaBHeHHe IIpHBe,neHO K BH,ll;y /5.8/, ,!J;YXOBble COCTOHHHH He 

,ll;aiOT BKJia,na B CHJIOBYIO $yHKUHIO. ECJIH ,!J;YXOBble COCTOHHHH He 

YCTpaHeHbl, TO ,li;JIH Toro, 'IT06bl OHH He ,naBaJIH BKJia,na B CHJIOBYIO 

$yHKUH10, MHHOp L\ ,li;OJDKeH 6b1Th Bb16paH TaKHM 06pa30M, 'IT06bl 
1 

OH co,nep)KaJI TaK)Ke HyneBble MO,ll;hl. 
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HanHweM, HaKoHeu, Bbipa)I(CHHH J(JIH aMnJIHTY.n l}>oHOHHbiX BOJIHo­

BbiX f}>yHKUHH "'epe3 f}>aKTOp HOpMHpOBKH Dn H C ik 

Dn 
c+ -

'Pik -, -2 
ik ·C ik 

--
'ik -ru /6.3/ 

On c t -

<flik - -2 --~k- cik 

( ik t <u 

r.ne 

+ 
+ D tk c-
ik 

Dn 

OcTaHOBHMCH Ha BbinOJIHeHHH cooTHOWeHHH I 1.5/. ).J.eTaJibHbiH aHaJ1H3 

fiOBCJ(CHHH f}>yHKUHH, KBa,I(paTH"'HblX flO aMfiJIHTy,I(aM \{1 H <fl. fiOKa-

3hlBaeT, 'ITO B XYJ(WCM CJly"'ae HY)I(HhlC aHaJIHTH"'CCKHC CBOHCTBa 

CHJIOBOH f}>yHKUHH Ha 6eCKOHC"'HOCTH J(OJI)I(Hbl 6biTb o6ecne"'CHbl 

BCCOBOH f}>yHKUHCH p. 

§7. IIPHMEHEHHE K CJIYIJAJO MHKPOCKOIIHIJECKOH 
TEOPHH BPAll(EHHJI 

flOJlY"'CHHbiH pe3yJibTaT /6.2/ JICrKO npHMCHHTb J(JlH Bbi"'HCJICHHH 

CHJIOBOH f}>yHKUHH B CJiy"'ae CHCTCMbl C raMHJibTOHHaHOM THfia 

/3.1/. PaCCMOTpHM, B "'aCTHOCTH, CJly"'aH MHKpOCKOfiH"'CCKOH TeopHH 

BPalllCHHH u · c raMHJibTOHHaHoM 

. " G~"-~ _ ~2~·2~"2 ~2 
H = }; , b b - -- : P P : - _t;_ : Q " Q • Q :-I' : J 

ik ik ik 4 2 0 2 1 X 

r.ne /7.1/ 
~ + 
p t- _.._ - t ""+ ,.., -

~ p ik (b i'k ~ b ik) f p ik (\J ik - b ik ) c' p ~ p 
ik 

onepaTop MOHOfiOJibHOrO cnapHBaHHH; 

14 

~ 0 ~ 

Qo ~ ~ q k (b k ~ b ·k ), 
ik I I I 

~ + 2 ~ 

/7.2/ Q 2 ~ ~ q k (b 'k + b k ), 
ik I I I 

Q +- ~ 1 (b ~ b ) 
1 - ik q ik ik ~ ik 

TpH KOM6HHaUHH KOMfiOHCHT TCH3opa KBa.npynOJibHOro B3aHMO,I(CHCT­

BHH H 

J 
X }; jxk(h~I-+ b.k)-

ik I I, I /7.3/ 

OnepaTop llpOCKUHH Ha OCb X MOMCHTa KOJlH"'CCTBa J(BH)I(CHHJI. floJI­

HaH aHaJlOr~JI C raMHJibTOHHaHOM /4.1/ fiOJiy"'aCTCH, CCJIH fiHCaTb 

onepaTop P P B BHJ(e 

p+p ~+2 ~-2 

~ p - p ~ C- "'HCJIO . 

B ,I(aHHOM CJly"'aC HMCIDTCH ,I(Ba J(yXOBhlX COCTOHHHH, CBH3aHHhlX 

YCJIOBHHMH 

r:J. ib ~lN. iii~ r:J. NJ .. o, /7.4/ 

r.ne J - MOMCHT KOJIH"'CCTBa ,I(BH)I(CHHH, a N - onepaTop "'HCJia 

"'aCTHU. 11cnOJ1b3YH ypaBHCHHe /4.9/ c y"'eToM /5.7/, nonyqaeM 

cexynHpHoe ypaBHCHHe, npHBe.neHHoe B pa6oTe 113/: 

1\(,u) ~ w 4 F (,d) = 0, /7.5/ 

r.ne F(,,) onpe.nenHeT 3HepreTH"'CCKHH cneKTp raMHJibTOHHaHa /7.1/. 
PaccMoTpHM npHBe.neHHYID BepoHTHOCTb 3JICKTpH"'ecxoro KBa.npy­

noJibHoro nepCXOJ(a C OJ(HOf}>OHOHHOrO COCTOHHHH Ha BaKyyM f}>OHO· 

HOB B CJly"'ae 6hlCTporo BPalllCHHH HJ(pa: 

B(E2,I)~-~-(l+o ll~ e q 1 (z)Z' 12 • 
64 IO ikz z 1k 1k 

/7.6/ 

r.ne I - H3MeHeHHe cnHHa npH nepexo.ne /I =0,2/; e
2 

- 3$41eKTHBHbl.ii 
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3ap.ll.IJ.. Y'IHTbiBa.ll COOTHOWeHBe /6.2/, nony'IBM Bblpa)l(eHBe )J.llH 

IlOllHHOMa P(w). BXO)J..IIIQero B /1.4/: 

r.D.e 

a 

PI (w)=-~-(1+8IO )~ 
1 

(uJ)i ~ e SzC 
2 

477 sz z Is s 

z 
Sis 

I 
1
. s 

q ik ik l ik 

~ 
ik 2 2 

'ik -w 

f 1 ~~ q 0 ' f 2 = q 2 ' f 3 _ p t ' f 4 ~ II, [ 5 " j X 

Asn 
TaK KaK C 

8
-- MO)I(HO 3anacaTb PI ~w) 

~1 

P() 51· )1 .. , sz ,2 cu - ---( " o ----- 1 ... e A 1 I 417 10 A 
1 

z Is sn 

B BB)J.e 

/7.7/ 

r.D.e ~ 
1 

(ell), a TaK)I(e Cs HaXO.D.HTCH H3 .D.eTepMaHaHTa c ycTa-

HOBlleHHbiMH HyneBbiMH MO)J.aMH; TOr)J.a OKOH'IaTellbHO: 

ii\ 4 P (w t ----)w 
1 I 2 

b(E2, I)=-- Im -----------
17 

.Mw + -~~-) 
2 

1 PI ( z) 
~ -- Im -------- I !\ . 

17 F( z) ' z = w .,. i_ 
2 

/7.8/ 

AHanorH'IHbiM o6pa30M nony'laeTCH Bblpa)l(eHBe )J.ll.ll CBllOBOH clJyHK~HH 

3HepreTa'leCKB B3BeweHHoro npasana cyMM S(cu) : 

S(w) - ~w . B(E2, I) PA (w - w . ) = 
1 u 1 

/7.9/ 
1 zP(z) 

~- Im----1 '\ 
11 F( z) z c w t- .2:_ 

2 

r .D.e P( z) onpe.D.eneH swpa)l(eHaeM /7.7 I. 
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3AKJIJO lJEHHE 

B AaHHoli: pa6oTe noKa3aHa B03MO)I(HOCTb npaMeHeHH.Il MeTO.D.a 

CHllOBOH clJYHK~HH AllH mo6oii: CTa~BOHapHOH HeBblpO)I()J.eHHOH 3a)J.a'IB 

KBaHTOBOH MeXaHHKH. IlpH 3TOM IlOCTpOeHHe CHllOBOH clJyHK~BB He 

Tpe6yeT )J.HarOHallH3a~BH H CBO)J.HTCJI K Bbl'IHClleHBffi anre6paH'IeC­

KHX )J.OITOnHeHHH K raMHllbTOHOBCKOH MaTpH~e. ~aH npe)J.CTaBll.llffi­

IQHHC.Il KOHCTpyKTHBHbiM anropHTM IlOCTpOeHH.Il CHllOBOH clJyHK~BH 

B cnyqae o6IQero B3aHMO.D.eli:cTBHll .D.ll.ll IICII>. IlpoaHana3aposaH 

'laCTHbiH cnyqali:, paHee He paCCMaTpHBaBWBHCll, npe)J.CTaBllllffiiQBH 

HHTepec .D.llll OITHCaHHll CTPYKTypbl 6biCTpospaiQaiOIQBXCll .llAep. 

06IQee Bblpa)l(eHHe All.ll CHllOBOH clJyHK~HH, nony'leHHOe B §2, 
IlpHMeHHMO All.ll aHallH3a IlpOH3BOllbHOH CTa~HOHapHOH 3aAa'IH H, 

B 'laCTHOCTH, MO)I(eT 6biTb HCITOllb30BaHO B cnyqae 06IQero B3aHMO­

AeHCTBH.Il B 3aAa'laX OITHCaHH.Il He'leTHblX .llAep H aHrapMOHH'IeCKHX 

norrpaBOK. B cnyqae npaKTH'IeCKH HCITOllb3yeMbiX MOAeneii: C 6HHap­

HbiM cenapa6enbHbiM B3aHMOAeHCTBHeM IlPHMeHeHHe TaKoro 06IQero 

Bbipa)l(eHH.Il Ka)l(eTC.Il HeonpaBAaHHblM, H 3AeCb Clle)J.yeT HCITOllb30-

BaTb Bbipa)l(eHH.Il, nony'leHHble B Apyrax pa6oTax '2,3,4~ ana npo­

BOAHTb AOITOllHHTellbHhiH aHallH3. 

ABTOpbl 6naroAap.llT npoclJeccopa B.r.ConoBheBa, AOKTopa 

B.Phi6apcKy-Haspo~KY a JI.A.Manosa 3a HHTepec K pa6oTe, o6-

CY)I(AeHae H 3aMe'laHH.Il. 
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