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BBE.ImilliE 

Cpe,IJ;H 9~8M8HTapHHX B030YE,neHH8, H3B8CTHHX B ~H3HK8 

KOH,Il;8HCHJ)OBaHHOro COCTOHHIDI,- 9KCHTOHOB, ~HOHOB, MBrHOHOB H 

JU)., rro~poHH 3aHHM810T ocoOoe M8CTO. B HBCTOHmee Bp8MH, 

IlOMHMO 'IHCTO T80p8TWl8CKOro acrreKTa, 'npoo~eMa B030YE,n8HHHX 

rro~Hpoiµmx COCTOHHH8 rrpHoOpeTaeT HHTepec B CBH3H C npoO~eMoa 

a~eKTpoHHoro rrepeHoca oosOYE,neHH8 B caMHx pasJIHlIHHx 

KOH,Il;8HCHJ)OB8HHHX cpe'Aax ( pacTBOpH, 0HOM8KpoM0~8KY~, 

opraHWleCKHe IlO~HpoHHHe COCTOHHHH H JU).) 111• 

Haxoz.n:eHHe B030YE,n8HHHX CaMOCOr~aCOBaHHHX, COCTOHHH8 B 

MO'A8~ ]8TTHHlK8pa-JJy / 2/ B, C~pW18CKH CHMM8TpWIHOM C~Y1!88 

CBO,ll;HTCH K pemeHHIO CHCT8MH ,IJ;H(lxl)epeHUHB~I,HHX ypaBHeHH81.31 : 

,, v2-v1 
O> -1..1»-+-A -x- IJ>=O 

,, __ 2 

V1-1-11,,/X=O ( 1) 

v2"+cv2+«i2/x=O 

C YC~OBH9M HOpMHpoBKH 

4~J0>2dx=1 (2) 

H C rpaHWlHHMH YC~OBHHMH 

, 
V1(0)=V1 (m)=O (V1(m)=const), (3) 

V2(0)=V2(m)=O, 

r'Ae A, A, C - ~Wl8CKH8 Il8paM8TpH. 

B paOoTe / 3/ OilHCaH M8TO'A pemeHHH Kpa9B08 3~8'IH (1)-(3) 

C IlOMO~D HT8pauHOHHoa CX8MH Ha OCHOB8 H9Ilp8pHBHOro aHaJIOra 

M9TO'A8 Hl,moHa H rrp8'ACT8BJI9HH ~eHHHe 9THM M8TO'AOM rrepBHe 

"'~·1-.-.~)!l's;./:,"~-=--
i't!,~1.,,,,\i{::r~::1l ~4, t'lH?-•~1¥'!,"·: I 
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TIRTb COCTORHH:8 no.impoHa, T.e. {An,~n}, n=0,1,2,3,4, n - 'lllfCJIO 

Y3JIOB ¢yma.um ~n• 

CHCT8MY ypaBHeHH:8 (1) MOlltHO npe,llCTaBHTb B BH,lle O,llHOro 

HHTerpo~HqxpepeHUHa.JlbHOro ypaBHSHHH: 

r}le 

,, . 

11\ -A~V(x,~)lli=O, 

11\(0)=~(m)=O, 4,tfll\2dx=1, 

V(x,~)= ~ j D(x,x') ¥(i1x') dx' 
0 

-ex 
. {· x' -~ sh( ex'), X·' < x 

D(x,x')= 
9
-ex' , 

. · X - -e- Sh( ex), X < X • 

( 4) 

(5) 

( 6) 

(7) 

PemeHHH .· {An, <It? KpB.eB0:8 38,lla'lllf ( 4 )-( 5) RMHIOTCR 

pemeHHHMH 38,lla'lllf (1)-(3). 

TaKJKe 

Ilpe,llTioJiol!CHM, qTo .llHCKpeTHIDl: HaOop caMocornacoBaHHHX 

pemeHH:8 {An•Cl>n}, n=0,1,2, ••• 38,lla'lllf (4)-(5) H3BeCTeH. Tor,lla 

MR ¢HKCHJX)BaHHOro TIOJIRpH30BaHHOro noTeHW1a.rra V(x,q>n),. pemaR 

mrne:8Hyio KpaeByio 38,llaqy 
,, . 

<fl - A ~ + V(x,ip )<P, = 0 mn mnmn n mn 
~ (O)=t (m)=O, 4Xf~ 2dx = 1, mn mn mn 

(8) 

( 9) 

MOlltHO Ha:8TH ,llHCKpeTHIDl: H80op pemeHH:8 ( SJieKTpoHHHX COCTOflHIDt). 

{Amn'~mn}, m=0,1,2, ••• , npmeM {Ann=An,~nn=~n} n=0,1,2, ••• 

CaMOCOrJiaco:samme _COCTOHHHH TIOJIRpoHa ) • 

3HaHHe STHX COCTORHH:8 {Amn.~mn} HYJl[HO ,llJIR H3~eHHH 

RMeHHH ~TOB030YJt}leHHH H onpe,lleJieHHH BpeMeHH JICHSHH 

B030YJt,lleHHHx COCTORHH:8 (ommecKHe nepeXO,llH). IlpH nornomeHHH 

CBeTa SJieKTpoH nepeXO,llHT CHaqa.rra MeZ,llY pa3pemeHHHMH 

COCTOHHHHMH U' .~ } npH ¢HKCHJ)OB8HHOM SHaqeHHH n (IIpHHI.Um mn mn . . 
~ - KoH,lloHa141 ) , 3aTeM B · pe3yJibTaTe 6e3hl3JiyqaTeJibHWC 

npoueccoB (.or.e. C HCnycKaHHeM ~HOHOB) SJieKTpoH peJiaKCHpyeT B' 

COCTOHHHH C ,llpyrHM n. 

0,llHHM H3 B03MOl!HHX cnocoOoB pem~HHH 38,lla'lllf ( 4) -( 5) . 
2 

'. ~ 

'i' 

.. 

'.I> 

j 

' ;\ 

RMReTCR MeTO,ll TIOCJie,llOBaTeJibHHX npHOJIIDKeHH:8. 38,llaBIIIHCb 

H8KOTOpHM HaOopoM SJieKTpoHHHX BOJIHOBHX ¢ymtllH:0: {AC 0 >,m< 0 >} mn mn 
(HaqaJibHOe npHOJIIDKeHHe), BH'lllfCJIHeM MaTpHUY s~eKTHBHHX 

noTe~oB V(x,11\~>) • .l{aJiee, pemaH 38,llaqy (8)-(9), Ha:8,lleM 

HOBHe ¢yma.um {A(1),ll\( 1)}, KOTOpHe, B CBOIO oqepe,llb, mn mn 
HCTIOJlb3YJOTCR MR onpe,lleJieHHH s~eKTHBHOro TIOTSHWiaJia 

V(X,11\iiit~- 3TOT npouecc Ilpo,llOJillt8.eTCR ,llO CaMOCOrJiaCOBaHHH, T.e. 

,llO TeX nop, TIOKa COOCTBemrn:e 3HaqeHHH H BOJIHOBHe ¢YHKUHH 

{A~>.~~>}, TIOJI~aeMHe nocJie ,llByx nocJie,llOBaTeJibHHX HTepamnl:, 

He Oy}lYT COBTia,llaTb ,llpyr C ,llpyrOM, BepHee, TIOKa pa3~e MeJK,lly 

HHMH He CTaHeT MeHb~e Hanepe,ll 38,llaHH0:8 TOqHOCTH pemeHHH. B 

,llaHH0:8 paOoTe peaJIH30BaH HMeHIJO TaK0:8 TIO,llXO,ll K pemeHHIO 38,lla'lllf 

(4)-(5). 

B paOoTe 151 OTIHCaH naKeT nporpaMMSNIDE MR pemeHHH 

38,llaq Ha coOCTBemme 3HaqeHHfl ,llJIR HHTerpO,llHqxpepeHUHa.JibHOro 

ypaBHeHHH, C03,llaHHH:8 Ha OCHOBe MO~HKal\HH HenpepHBHOro 

aH8JIOra MBTO,lla·Hl,IOTOHa C HCTIOJlb30BaHHeM KyOmecKHX CTIJia:8HOB. 

IlpH BH'lllfCJieHHH pemeHH:8 38,lla'lllf (4)-(5)· C TIOMOIIlblO SToro naKeTa 

OCTpo BCTaJI BOnpoC O TIO,llrOTOBKe xopomHX HaqaJibHHX npHOJIIDKeHH:8 

(A~,11\~) K Y3JIOBHM (n>O) pemeHHHM, TaK KaK npoHCXO,llHJIO 

"cKaTHBaHHe" K Oe3Y3JIOBOMY pemeHHIO OT ,llOCTaTOqHO npoH3BOJibHO 

BHOpaHHoro HaqaJibHoro npHOJIIDKeHHH. IlpeMOEeHHH:8 B ,llaHH0:8 

paOoTe MSTO,ll MOEeT OHTb HCTIOJib30BaH TaKJKe ,llJIH peaJIH3al\HH 

ST0:8 npoOJieMH. 

1.HTEPAI.OiOHIWI CXEMA PEIIIEHIDI 3A,llAlfl{ (4)-(5) 

CyTb MeTO,lla 3aKJI10qaeTCR B nocJie,llOBaTeJibHOM HaXOJK,ll9HHH pemeHH:8 

JIHH9:8H0:8 38,llaq}i (8)-(9) 

{ Amo' <l>mo }'* { Am1' <l>m1 } * •··* { Amn,<l>mn } * ·••• 
m=o,1,2, ••• , npmeM Ha K8JK,ll0M mare HCTIOJib3YJOTCR pe3yJibTaTH C 

npe,D;H,llYIIlero mara. 
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PBBJIH381.UIB MBTOAa B03MOJKHa HBCKORbKHMH cnoco6aMH. Ha 

KaJK,ll;OM mare. 

Ilep:sml: mar. HaxOJ!t'ABHHB { Amo•<l>mo}• m=0,1,2, ... 

1a) B KaqecTBe HaqMbHOro npH6.lIHllt9HHH K 693ysJIOBOMY 

pemeHHIO (Aog,!l)og> HCnOfil3Y8TCH (PyttKI.UIB 

XE[0,60], HOpMHpOB8HHaH no YCROBmll (9) 

!l)og(x)=cxe-o.6x, 

H YAOBJI9TBOpmilll8H 

rprumtlHHM YCROBIDIM C 3MaHH0:0: TOqffOCTbID, H co6CTB8HH08 
0 ,... 0 sHaqeHHe 1'.00=V( 0, w00( x)). 

1b) HcnORb3YH HaqMbHOB npH6JIIDK9HH8 (Aog,!l)og>. 

BH~CRHSM nOTBHUHM V(x~!l)og> H MHOrOKp8.THO nOBTOpH9M nponecc 

pememm 3Ma~ (8)-(9), peaJIH30BaHHH8 B naKeTe SLIPH4161, 

T.e. ARH k=1,2,3,~-~ H8XO,n;HM }!OBOS pemeHHe (Ao~•!l)o~>. HOBID!: 
k noTSHIU{aR V(x,!l)oo> HT-A-

IIponecc IlpOAOJDl[8.8TCH AO CTa6HRH38IlHH pememm, T.e. AO 

Tex nop, noKa HOpMa I 1z0~-z~~111
0 

He .CTaHeT MBHbme 3MaHH0:0: 

MaRo:0: BSJIHllHHH c:>0, T.e. AO BHITORHemra yMoBH:0: 

l1'.o~-1'.~~
1

l<c:, o18!tml!l\o~~~
11<6 - (1.1) 

1c) C noMombID nporpaMMHoro naKeTa SNIDE /S/ pemaeM 

3Maqy (4)-(7) C HaqMbHHM npM6.lIHllteHH9M (Ao~•!l)o~> H H8XO,n;HM 

pemeHHe (1'.00,!l\00). 

1d) HcnORb3YH noTBHUHM V(x,!l)oo>• MOJIHO Ha:0:TH ceMe:0:CTBO 

perileHH:0: 

{ AmO'!l)mO}, Ill=1 •2•""" 

BTopo:0: mar 

( 1.2) 

B KaqecTB6 HaqMbHOro npH6.lIHlltemm Ha BTOpoM mare MOJKHO 

B3HTb pemeHHe (A10•!1)10.> C OAHHM ysJIOM H3 ceMe:0:CTBa (1.2) 

Ha:0:ABHHHX Ha nepBOM mare pemeHH:0: H .nepe:0:TH K AS:0:CTBHHM, 

aHMOrmHHM OilHCaHHHM BHIDB MH nepooro mara AO CTa0HRH38IlHH 

nponecca no OAHOY3JIOBOMY pemeHHIO (1'.1,!l\11 ). B pesy~bTaTe 

BHilORH9HHH BTOporo mara MH no~ C9M8:0:CTBO pemeHH:0: 

{ Am:1, !l\m1}, m=O, 1, 2,... ," • ,1 ( 1. 3) 

rAe ( 1'.11•!1)11>=( 1'.1,!l\1). 4 

<I: 

.,. 

~ 

.., 

IIoc~e BJ:moRHemm n maroB MH no~yqaeM MaTpmzy 

co6CTB8HHHX 3HaqeHH:0: H MaTpHnY co6CTB9HHHX (l)ymmm!: 

[ 

Aoo Ao1··-Aon l [ !l)oo (f)o1···(f)on l 
~~?-~~~:::~~~- ; ~~?-~~~:::~~~- ; 
Amo Am1•·-Amn (f)mO (f)m1••·(f)mn 

( 1. 4) 

npHqeM no r~aBHHM 'AliaroHaRHM MaTpHn pacnoROESHH 

{Ann,(f)nn}={An,(f)n}, KOTOpHe HBJIHIOTCH pemeHHHMH 38'A8qff (4)-(5). 

2. AHAJIH3 'IHCJIEHHHX PE3YJ!hTATOB . . 

IlpH BHqffC~9HHH MarpHn (1.4) MHOroKpaTHO pemMaCb 

~e:0:HaH 3M~qa (8)-(9) C HCnO~b30BaHH8M naKeTa nporpaMM 

~LIPH4, A~H ycnemH0:0: paOOTH KOToporo TaKEe H906XO'AHMH 

HaqaRbHH9 npHOJIIDKeHHH K pememraM. 

TaK KaK .moOoe Haqa~bHOB npH6JIIDK9HH8 !l) o AO~O mn 
YAOBJISTBOpHTb yC~OBHID HOpMHpOBKH (5), TO S(P(PBKTHBHH:0: 

noTBttnHa~ V(x,(f)~(X)) HM88T C~BAYIOU\88 acHMITTOTmeCKOB 

noBBABHHB: 

rAe 

V(X,(f)~(X)x➔O V~, 

V(x,(f) 0 cx))---:::;;;;➔1/4XX, mn x~-
m 

v 0=J(((f) 0cx)) 2 /x)dx. mn O mn 

TaKHM o6pasoM, s(P(l)eKTHBHH:0: noTeHUHa~ V npH Ma~x x 

orpattm8H Be~o:0: v~. a npH 60RbmHX X B9A9T ce6H KaK 

KY~OHOBCKH:0: noTBHUHM (CM. pHC. 1). 

OTCIDAa C~8AY9T, qTo C00CTB8HHH9 3Haqemra 

o~eHH, lAnnl<V~, a pememm HaITOMHHaioT 

(PYffKWlli. 

AmnBCSrAa 

KY~OHOBCKH8 

B TaO~e IlpHB9A9HH pesy~bTaTH BHqffC~eHH:0: Arnn no 

OilHCaHHHM MropHTMaM MH OAHOro BapHaHTa no~HpoHH0:0: 38'Aaqff 

(A=71.086, c=0.881, a=ct-=2., µ=0.458), BH6paHHoro B 
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/3/ 
COOTBSTCTBHH C HMSKX!lliMCH ,IU3yxy3JIOBHM pemeHHeM 3~a'll:1 (1)-(2). 

)lJrn: KalK,ll;Oro n=0,1,2,3,4 B rrepBOM CTOJIO~e rrpe~CT8BJl8HO 

C00CTB8HH08 3Ha'l!8HH8, ITOJIY'l!8HH08 ITOCJl8 CTaOHJIH3m.urn: (1.b), a 

BO BTOpoM CTOJIO~e - C00CTB8HH08 3Ha'l!8HH8 H3 C8M88CTBa (1.2). 

Ha.rrepBOM mare rrpH ITOJIY't!8HHH C8M88CTBa (1.2) B Ka'll8CTB8 

Ha'l!aJlbHOro rrpH0JIHJ1[8IDffi HCITOJlb30BaJIHCb ~YHKUHH 

~1g(x)=X(X-X1)e-0.6x, 

~•' 0(x)=X(X-X )(X-X )e-0· 6
X 20 1 2 

HT.~. 
Ha KalK,ll;OM H3 pHC.~,3,4,5,6 rrpe~cTaBJleHO no ITHTb pemeHH8 

~mn(X) 3~8'l!H (4)-(7) C 'IBCJIOM Y3JIOB n=0,1,2,3,4, ITOJIY't!8HHHX 

COOTB8TCTB8HHO MH TIOTe~aJIOB V(x.~oo>• V(x.~11>• V(x.~22>• 

V(X,~33), V(X,~44). 

Sa.na'l!a.pemaJJaCb Ha HHT8pBBJl8 XE[0,60] ~JIH n=0,1,2, Ha 

HHT8pB8Jle XE[0,80] MH n=3 H Ha HHT8pBaJl8 XE[O, 100] ~JIH n=4 c 

maroM h=0.05. CaMOCOrJlaCOBBHH8 B CMHCJl8 BHIIOJIHSHHH YCJIOBHH 

(1.1) HaCTyrraJIO TIOCJl8 3-8 HTS~ MH €=10-2-10-3• ,IlJIH 

YTO'l!HSHHH CaMOCOrJ1acoBaHHHX COCTOHHH8 rrpH B8JIH'l!HH8 H8BH3KH 

6<10-4 TpeOOBaJIOCb B cpe~eM 10-15 HTS~-

T.AEJ!lfUA 

}{ n=O n=1 n=2 n=3 n=4 
-

0 1.414 1.418 .711 .636 .381 .328 .242 .187 .166 .149 
1 .777 .780 .491 .444 .290 .251 .191 .150 .137 .118 

2 .464 .465 .333 .312 .224 .194131 .157 .126 .117 .099 

3 .304 .304 .234 .223 .171 .154 .127 .107 .102 .086 

4 .213 .213 .173 .167 .134 .122 .102 .089 .085 .068 

5 .157 .158 .133 .128 .105 .095 .075 .073 .065 .063 

vn 2.22 0.91 0.45 0.27 o: 18 
-
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.. 

s. s.AKJIIOqmnrn 
IlpennomeHHID!: MeTon MOE8T OKa3aTbCH ITOR83HHM H rrpH 

pememm MHoroMepHHx sanaq nnH rronHpoHa, coonHinlfXCH K pememno 

CHCT8M HHTerpo~Hlpl)epeHUHa.JibHHX, YJ)8BH8Hilli. ,llnH 8Toro 

HsnomeHHID!: B naHHo8 paOoTe HTep~oHHID!: rrpouecc Hano 

pacrrpocTpaHHTb Ha,pemeHHe CHCT8M nHH88HHX nroW>epeHUHa.JibHHX 

YJ)8BH0Hilli. 

ABTOpH HCKpeHHe OnaronapHH IIJ)O(p8CCOpy IlY3HHHHY H.B. sa 

HayqHOe. PYKOBOncTBO H cosnaHHe TBOpqecKo8 aTMOCq>epH rrpH 

pememm naHHo8 sana~. a TaIOK8 KopoOOBY B.H., CMHpHOBY ID.C. H 

CTpHE T.A. sa ITOMOmb B paOoTe. 
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5.AMHpXaHOB H.B., 3eMRHHaH E.B., ITysHHHHa T.Il. OHHH, 
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,llyOHa, 1987. 

PyKOTIHCb rrocTyrrHna B H3~aTenbCKHH OT~en 
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'AMMpXaHOB ~.B., 3eMnRHaA E:B., ny3b1Hlt1Ha T.n. 
~repau1t10HHblH MeTOA peweHMR ypaeHeHltl~ nonRpoHa 
B ccpepw,1eCKlt1 CltlMMeTpM'IHOM cny11ae 

P11-91-139 

'' npeAno>KeH .. 1t1Tepau1t10HHblH MeTOA 'lltlCneHHOro i,,ccneAOBaH~R B036y>KAe~-
' ' ' ,_ _, 

, . HblX. COCTORHltlH nonRpOHa B ccpep1t1'1eCKlt1 CltlMMeTp.;,_'IHOM cny11ae, CBOARLUltlH pe-
weH1t1e Hen1t1Hei1HOH '3aA3'11t1 Ha co6creeHHble 3Ha'leHHR AflR lt1HTerpOAlt1Q)Q)epeH-

' ·u~\~nbHOro ypaeHeHltlR (MOAenb flaTTltlH>Kepa - fly)' K nocJ1eAOBarenbHOMy pe­
'weHltllO n1t1HeHHblX A1t1cpcpepeHu1.1anbHblX 3aAa'I Ha co6creeHHb1e 3Ha11eH1t1R. Bbl· 
11r.1cn1t1renbHblH npouecc peani,,3oeaH ~ Ha ocHoee nporpaMMHblX naKeroe 
SL.IPH4 ltl, SNIDE. np1t1BOAMTCR onr.1caH1t1e anropltlTMa 1t1 xapaKrep1t1CT1t1Klt1 nep­
BblX nRTltl COCTORHltlH nonRpOHa, Bbl'lltlCneHHble 3Tlt1M. MeTOAOM, 

:., 

,., . Pa6ora ebmonHeHa e · fla6oparopi,,1,1 Bbl'l1t1Cn1t1renbHOH rexH1t1K1t1 

1t1 aerOMarn3aur.11t1 O~A~. 

. . \ '. ' ·~ '_' : '. , ; ' . ' ' 

Coo6meirne 061,e,ttHHeHHoro HHCTHTyTa H,ttepu~1x HCCJie,ttOBilHHH. Lly6ua 1991 
' ' ' ~ . 

Amirkhanov 1.V., Zemlyanaya E.V.; Puzynina T.P. P11-91-139 

Iteration Method for ~olving the Spherically Symmetric 
· Polaron Equation 

An it~ration method for numerical investigation of, the' sph~rically sym~etric 
• polaron excited states is· propo_sed, such th"at reduces the. solving of the non-linear 
, eigenvalue problem for the · integrodifferential · equ:ition (the Lattinger,.:.. Lu mo­

.. del) to the sequential solving of linear eigenvalue problems for differential equa­
tions • .The computing process is realized on the basis of program complex SLIPH4 
and SNIDE. An algorithm and parameters of the first five polaron states calcu0 

. lated by this method are given. 

The. investigation has been perfor~ed at the Laboratory of ·computing 

Techniques and Automation, JINFt. 
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