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1. BBE,QEHHE 

HeKOTOp~e 3a.Qa4~ MHOr~X Te~ B KBaHTOBOH MexaH~Ke MOryT 

6~Tb CBe.QeH~ K peweH~~ C~CTeM~ O.QHOMepH~X ypaBHeH~H mpe.Q~Hre
pa C noTeH~~a~aM~, 3a.QaHH~M~ B B~.Qe Ta6~~~. K H~M OTHOCHTCH, 
Hanp~Mep, 3a.Qa4a Haxom.QeH~H 3HepreT~4ecK~x cneKTpoe ~ -Me3o

MO~eKy~ ~30TOnOB BO.QOpO.Qa/1/,a TaKme MO~eKy~ BO.QOPO.Qa/2/. 

~A HaXO>K.QeHHfl 3Hepr~H ~ BO~HOB~X ¢>YHK~~H CBH3aHHbiX co

CTOHH~H TaK~X KBaHTOBOMexaH~4eCK~X C~CTeM, COCTOH~~X ~3 Tpex 

H~H 4eTblpex 4aCT~~ C Ky~OHOBCK~M B3a~MO.QeHCTB~eM, 6~~~ pa3-

pa60TaH~ a.nropHTM~, pea~~3YIO~~e Hb~TOHOBCKHH ~Tepa~~OHHbiH 
npo~ecc peweH~H ~YHK~~OHa~bHoro ypaaHeH~fl /3/. 

¢(z) = 0, /1/ 

¢(•) = { ~.:)~·.·} 121 

d2 
3.Qecb Do= I dR

2 
+ V(R) - onepaTop c~cTeMbr ypaaHeHI-1H Ulpe.Qio1H-

repa; V(R) - MaTpl-1~a noTeH~...,a~oa; A - co6cTBeHHOe 3Ha4eHHe 

1-1 X "" X (R) - co6CTBeHHbiH BeKTOp, xapaKTeplo13YIO~Io1e ypOBHI-1 

3Heprl-11-1 1-1 BO~HOB~e ~YHK~HI-1 CBH3aHH~X COCT0f1Hio1H KBaHTOBOMe
XaHI-14eCKOi1 Clo1CTeM~. 

B paccMaTpl-1eaeMOM K.nacce 3a.Qa4 MaTp1-1ua noTeHu1-1a.noa 3a.QaeT

Cfl s BI-1.Qe Ta6.ni-1Ubl c y3naMI-1 RN .;;: [R 0 , Rmax]. TaKafl nocTa
HOBKa 3a.Qa41-1 onpe.Qe.nAeT a~6op a.nroplo1TMa ee peweHI-1fl, ocHoaaH

Horo Ha MeTO.Qe KOHe4H~X pa3HOCTeH/4/. 0TMeTI-1M, 4TO B~6op 
pa3HOCTHoi1 ceTKI-1, cor.nacoaaHHOH c y3.naM..., Ta6.n1-1u noTeHu...,a.noa, 

n03BO.nfleT Hulo160.nee T04HO I-1CnO.nb30BaTb I-1MeiO~yiOCfl 41-1C.neHHyiO lo1H

¢lOpMaUio110 o MaTp...,ue noTeHu...,a.noa V(R) . 
TeopeTI-14eCKI-1e oueHKH T04HOCTI-1 peweHHfl pa3HOCTHoi1 3a.Qa41o1 

illTypMa-fli-1YBI-1!lJlfl /4/ /1/, /2/ n03BOJlfiiOT nOCTp01o1Tb 3¢l¢leKTI-1BH~e 
anrOplo1TM~ nOB~WeHHfl T04HOCTH pa3HOCTHOrO peWPHio1fl nyTeM ero 

3KCTpano~flU1-1H no P1o14ap.QCOHY 1 ~1 ...,n~ na.Qe 181 Ha nocne.QoBaTe~b
HOCTH cry~aiO~HXCA CeTOK. 0.QHaKO 8 paCCMaTplo1BaeMOM C!ly4ae npH 

yT04HeHI-11o1 pa3~0CTHOrO peweHI-1A B03HHKaeT 3a.Qa4a npH6Jllo1>KeHHOrO 

npO.QO!l>KeHHA .QHCKpeTHO 3a.QaHHbiX nOTeHuHa.nOB V (RN) Ha BCe lo1C

nO~b3yeMble cry~aiO~HeCA CeTKH. TaKOe npO.QO~>KeHHe BHOCHT .QOnO~

Hio1TeJlbHble norpeWHOCTH 8 pe3y.nbTaT~, H OH~ .QOJlmHbl 6~Tb COr~a-

r·-~--
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coaaH~ c norpewHOCTRMH pa3HOCTHOro peweHHR 3a,Qa4H. B TO *e 
apeMR AflR YT04HeHHR pa3HOCTHOrO peweHHR *enaTenbHO HCnOnb30-
aaTb KaKOH-nH60 npOCTOH H 3KOHOMH4H~H cnoco6 annpOKCHMai.IHH 
Ta6nH4H~X noTeHL.~Hanoa. . 

B AaHHOH pa6oTe npoae,QeHo 4HcneHHOe HccneAOBaHHe T04HOCTH 
pa3HOCTH~X peWeHHH ypaBHeHHH mpe,QHHrepa npH annpoKCHMai.IHH 
Ta6nH4H~x noTeHLIHanoa Ky6H4eCKHMH cnna~HaMH 171 • Hccne,QoaaHa 
3aBHCHMOCTb OmH6KH pa3HOCTHOrO peweHHR OT wara Ta6nHI.I nOTeH
LIHanOB H wara pa3HOCTHOH cxeM~. npoae,QeHo yT04HeHHe 3Ha4eHHH 
3HeprHH HeKOTOp~X CBR3aHH~X COCTORHHH iJ. -Me30MOneKyn H30TOnOB 
eo,Qopo,Qa. Pac4eT~ e~nonHeH~ e a,QHa6aTH4eCKOM npe,QcTaeneHHH 
aa,Qa4H Tpex Ten IV c nOMO~b~ paapa6oTaHHoro KOMnneKca npor
paMM181, B KOTOp~X HCnOnbayeTCR TpeXT04e4HaR pa3HOCTHaR CXeMa 
nopR,QKa O(h 2), · h - war paaHOCTHOH cxeM~. 

2. 06 OWH6KE PEUJEHH~ 3AM4H HA C06CTBEHHbiE 
3HA4EHHfl nPH AnnPOKCHMAUHH OnEPATOPA CnllMHAMH 

Hccne,QyeM OWH6KH peweHHR 3a,Qa4H Ha C06CTBeHH~e 3Ha4eHHR /1/, 
/2/, B03HHKa~~He npH annpoKCHMai.IHH noTeHL.~Hanoa VOR). AnR 
3TOrO BOCnOnbayeMCR H3BeCTHOH TeopeMOH/B/ 0 B03My~eHHH one
paTopa o0 • Hcnonb3YR pa6oTyi91,AaHHY~ TeopeMy MO*HO o6o6~HTb 
Ha aa,Qa4y /1/, /2/ c AOCTaT04HO rna,QKHMH noTeHL.~HanaMH V(R). 

nycTb 3a,Qa4a /1/,/2/ HMeeT npOCTOe peweHHe {X*,x*l H D1-
B03My~eHHe onepaTopaD0 .Tor,Qa HaHAYTCR TaKHe nOCTORHH~e 
E > 0 H_ lJ > 0, 4TO npH 1101 11 < lJ cy~ecTayeT co6cTBe!!Hoe 3Ha-
4eHHe A= A*+ .>. 1 H HOPMHpoeaHH~H co6cTeeHH~H 3neMeHT x .. x *+ x 1 
onepaTopa D,. Do+D1,npH4eM IX 1 1 + llx 1 11 < E, H TaKHe co6-
CTBeHHOe 3Ha4eHHe H C06CTBeHH~H 3neMeHT e,QHHCTBeHH~e. 

nepeble npH6nH*eHHR ,QnR nonpaeoK .>. 1 H x 1 MoryT 6~Tb nony-
4eH~ no ~opMynaM 

.>.1 = (D1 x*, x*), 

X 1 = (D 0 - A * I) ~1 
(.>. 1 X * - D 1 X * ) , 

/3/ 

KOTOp~e n03BOnR~T CYAHTb 0 eenH4HHe OWH60K peWeHHR npH B03My
~eHHH HCXO,QHOrO OnepaTopa, 

PaccMOTPHM eoaMy~eHHe onepaTopa o0 ,eo3HHKa~~ee npH aaMeHe 
noTeHL.~Hana V(R) Ky6H4eCKHM cnnaHHOM, HaeecTHo 171, 4TO ecnH 
V(R) npHHaAnei!<HT c8 [R

0 
, R ] H fl. - MaKCHManbH~H war ceT-

w max ( ) KH, Ha KOTOpOI-1 3a,QaHbl 3Ha4eHHR V RN, TO cnpaee,QnHBO COOTHOWe-
HHe 

V (p)(R)- S~p)(R) = o(ll. S-p ), 

p =0' 1 '2' 

2 

/4/ 

, 

r,Qe Sll. (R) - Ky6H4eCKHH cnnaHH, nocTpoeHH~H Ha 3TOH ceTKe no 
3Ha4eHHRM V(RN). B peaynbTaTe 3aMeHbl V(R) Ha sll. (R) nony4aeTCR 
onepaTop 

d2 
D = I dR2 + S fl. ( R) , /51 

onpe,QeneHH~H Ha seeM oTpeaKe [R 0 , Rmax ]. CooTHOWeHHe I 4! 
noaeonReT 04eHHTb HOPMY onepaTopa eoaMy~eHHR D1• 3To, e ceo~ 
04epe,Qb, ,QaeT B03MO*HOCTb C nOMO~b~ COOTHOWeHHR /3/ CY,QHTb, 
KaKOH cne,QyeT Bb16paTb war Ta6nHI.Ibl noTeH41-1anoe V(RN ), 4T06bl 
nonpaBKH K peweHH~, o6ycnoeneHHble aaMeHOH noTeH41-1ana V(R) 
cnnaHHOM, HMenH Tpe6yeMbiH nOpR,QOK ManOCTH, 

3a,Qa4y Ha C06CTBeHHble 3Ha4eHHR 

Dx - .>.x = o. 

<x. x) -1 ... o !6/ 

c peweHHeM {A,)( I MO>KHO annpoKCHMHpoeaTb MeTO,QOM KOHe4HbiX 
paaHocTeH 141, a ,QnR yT04HeHHR pa3HOCTHbiX peweHHH npHMeHRTb 
3KCTpanonRI.IHIO Ha nocne,QOBaTenbHOCTI-1 cry~aiOUIJ.1XCR _ceT_?K• 

OT nH4He pa3HOCTHoro peweHHR I A h, x h I OT I A , X I Ol.le-
HHBaeTCR COOTHOWeHJ.1flMJ.1 /4,6/ 

- 8 lA - A h I 5 C 1 h , 

171 
llx -xh 11::: c2h

8 

r,Qe Cl, C 2 > 0 - KOHCTaHTbl; 8 > 0 - nopR,QOK Bbl6paHHOH 3KCTpa
nonRI.IJ.1J.1, no3TOMy pa3HOCTJ.1 Me>K,QY HCKOMbiM peweHHeM I A*' X *I 
aa,Qa4H I 1 I, 121 1-1 yT04HeHHbiM pa3HOCTHbiM peweHJ.1eM I A h , x h I 
xapaKTep1-13YIOTCR COOTHO~eHJ.1flMJ.1 

s A3+a) lA * - A h \ ~ C 3 (h + u , 

181 
II X * - X h II S C 4 (h 

8 + fl. 3 + a ) • 

a , C 3 , C <l > 0 - KOHCTaHTbl. HepaBeHCTBa 181 no3BOJ1RIOT ycTa
HOBJ.1Tb COOTBeTCTBJ.1e Me>K,QY waroM fl. Ta6Jli-11.1W 3Ha4eHJ.1H nOTeHI.IHa
JlOB V(RN) 1-1 waroM h pa3HOCTHOH cxeMbl, Heo6xo,QHMoe AnR ,QOCTH
>KeHHR Tpe6yeMOH T04HOCTJ.1 peweHJ.1fl J.1CXO,QHOH 3a,Qa4J.1 111, 121. 

3. 4HCllEHHbiE HCCllEAOBAHHfl 

B Ka4ecTee np1-1Mepa paccMoTpeHo O,QHOMepHoe ypaeHeHHe Wpe
AHHrepa c noTeHLIHanoM Mopae11°1• B pa6oTe 1111 cne1.1HaJ1bHbiH Bbl6op 
napaMeTpoe 3Toro noTeHL.~Hana noaeon1-1n c ,QOCTaT04HO xopowei:1 

3 



~
 

T
a
6
n
H
~
.
i
 

I 

h.
= 

0
,4

 
h..

= 
0

,2
 

h.
= 

O
,I

 
61

 
62

. 
~
/
 (:,

1. 

~
 

IJ
.Q
:Z
~:
 

c
.
i
B
~
s
 

c
.
~
i
i
§
i
 

Q 1
~7

9~
1Q

-2
 
Q 1
i~

·g
-3

 
4,

13
4 

0 o,
c 

O
,I

63
60

59
1c

r1
 

0,
18

05
22

41
0-

1 
C

,I
86

l2
27

IO
-I

 O
,I

69
2I

cr
2 

0,
56

00
1c

r2 
3,

02
I 

~ 

3
,2

 
0,

57
74

98
0 

0
,
5
7
7
2
6
~
 

0,
57

7I
9l

l 
-o

,2
3

5
n

o
-3

 -
a
, 7

!8
4 

ro
-"

 
3,

27
2 

6
,4

 
0,

13
20

3I
3 

0,
!3

32
75

2 
c,

r3
35

80
o 

o,
r2

44
·1

o-
2 

o,
30

48
1o

-3 
4,

08
! 

9,
6 

o,
I7

2I
92

I r
cr

1 
o,

17
40

44
It

cr
1 

o,
I7

44
94

8t
cr

1 
o,

ra
s2

·1
a-

3 
o,

45
oa

 1
o-

" 
4,

!0
9 

12
,8

 
0,

2!
03

83
3 

10
-2 

0,
21

26
32

7 
ro

-2
 c,

2I
3I

73
II

0"
"2 

0,
22

49
· r

o-
4 

0,
54

04
10

 .. 5 
4,

16
2 

16
,0

 
o,

25
50

69
0 

1
cr

3 
0,

25
77

52
5 

ro
-3

 0,
25

83
87

6I
o-

3 
o

,2
sa

.u
o

-5
 

o,
s3

5r
 1

0-
o 

4,
22

5 

19
,2

 
o

,m
3

2
0

5
 r

cr
" 

o,
3I

I7
B

34
 1

0-
" 

o,
31

2B
I4

0 
ro

-"
 o

,4
46

3 
ro

..O
 

o,
ro

ar
· r

o-
o 

4,
33

I 

., 
t 

T
a
6
.
n
H
~
a
 

2 

a. 
.. 0

,4
 

h,
 =

 0
,2

 
h.

"' 
O

,I
 

~
 

~a
. 

~.,
 /
~z

 

0,
43

76
83

8 
0,

43
59

23
2 

0,
43

54
98

8 
0,

17
6I

I0
-2

 
0,

42
43

10
-3

 
4,

14
9 

o,
o 

O
,I

63
60

59
I0

-1 
o,

 !7
84

20
81

0·
1 

0
, 1

84
50

90
Ic

r1 
0

, I
4

8
I r

cr
2 

0,
60

88
1<

r3 
2,

43
3 

3
,2

 
0,

57
74

98
0 

0,
57

72
65

8 
0,

57
71

90
9 

-0
,2

32
21

0.
..3

 
-o

 .. ~4
9!

Ic
r'

 
3,

10
0 

6
,4

 
o,

1a
aJ

3I
3 

0,
!3

32
62

6 
0,

13
35

62
7 

o
,r

2
3

r 
ro

·2 
o,

~I
't

cr
3
 

4,
10

3 

9,
6 

a,
 I7

2I
92

I 1
0-

1 
O

,r
l"

ll
3

0
IC

-1
 

0,
17

44
53

41
0-

I 
0,

18
21

10
-3

 
0

,4
4

0
4

Io
-'

 
4,

13
5 

12
,8

 
O

, 2
!0

38
33

 1
0-

2 
0,

2I
25

77
4I

C
I-

2 
0,

2!
31

00
1 

1
0

-2
0

,2
!9

4
1

0
-'

 
o,

s2
27

 r
o

-5
 

4,
19

8 

!6
,0

 
O

, 2
55

06
90

 I
0

-3
 

o,
25

76
64

5·
ro

-3
 

o,
25

82
7I

9 
xo

-3
o,

25
95

 x
o-

5 
0,

60
74

 I
~
 

4,
2'

73
 

I9
,2

 
o.

 m
3

2
0

5
 r

o4 
O

, 3
II

65
15

 1
0-

" 
O

,a
.t2

64
IU

 I
0

-'
0

,4
3

3
1

 IO
...S

 
o,

9a
95

 x
o-

7 
4,

:1
1'7

 

"' 



T04HOCTbiO Hai1not 3Hepn1IO CBR3aHHbiX COCTORHI1H p. -Me30MOJleKyJ1 
1130TOnos BOAOPOAa. 

B HacTORII\ei1 pa6oTe pac4eTbl nposeAeHbl c napaMeTpaMI1 noTeH
~11ana, KOTOpble COOTBeTCTBYIOT Me30MOJleKyJle P~p. B COCTORHI111 
C Op611TaJlbHbiM MOMeHTOM J =0, C Bl16pa~I10HHbiM KBaHTOBbiM 411CJ10M 
v =0. B H11X AllR Ha6opa m Ha4aJlbHbiX pasHoMePHbiX ceTOK c wa
raMI1 I!!. m noTeH~11an Mop3e annpOKC11MI1POBancR KY6114eCK11M cnnai1-
HOM. 411CJleHHOe peweHI1e ocy~eCTBJlRJlOCb HbiOTOHOBCK11MI1 11Tepa~I1R
MI1/l2/ Ha nOCileAOBaTeJlbHOCTI1 cryll\aiOII\11XCR paBHOMepHbiX CeTOK 

l!!..m ~ 
wm ,n c waraMI1 h m,n = · '2 n • 11cnonb30sanacb pa3HOCTHaR cxeMa 

2 
nopRAKa O(h m,n ) • Ha. KalKAbiX Tpex nocneAOBaTellbHbiX ceTKax 
npoBOAI1IlOCb YT04HeHI1e pa3HOCTHoro peweHI1R 3KCTpanonR~I1ei1 no 

PM4aPACOH« 16~ 4TO na3Bol111J19 noBbiCI1Tb T04HOCTb peweHI1R AO no-
PRAKa 0(1!!.. m ). AnR cpaBHeHI1R HaXOAI11111Cb pa3HOCTHble peweHI1R 
1-!CXOAHOH 3aAa411 Ha TeX lKe CeTKax w 11 aHanOri14HO npOBOAI1110Cb 

"" 6 m,n 11X yT04HeH~-te. ~~-·R 0 011X Bapl1aHTOB paC4eTOB CXOAI1MOCTb pewe-
HI1H KBaApaT~-t4Ha no wary pa3HOCTHOH CeTKI1, 4TO COOTBeTCTByeT 
nopRAKY 11CnOJlb3yeMOH pa3HOCTHOH cxeMbl /4/. 

AHan113 CXOAI1MOCTI1 pa3HOCTHbiX peweHI1H AJlR OAHOro 113 Ha6opos 
CeTOK npeACTaBJleH B Tafin. 1 1-1 2 AJlR ypaBHeH~-tH C Td4HbiM 
noTeH~11anoM 11 ero cnnai1H-annpoKCI1Ma~l1ei1. npi1BeAeHHble pe3ynb
TaTbl nony4eHbl Ha nOCJleAOBaTeJlbHOCT!-1 Tpex BABOe cryll\aiOII\11XCR 
CeTOK, SeJ111411Hbl u 1 11 U 2 - nocneAOSaTeJlbHble pa3HOCTI1. 

YT04HeHHble pa3HOCTHble peweH~-tR AilR ypasHeHI1H c noTeH~11anoM 
Mop3e 11 ero cnnai1H - annpOKC11Ma~~-tei1, nony4eHHble Ha pa3HbiX 
Ha6opax ceTOK, npeAcTasneHbl s Ta6n. 3-7. TaM me AilR cpaBHe
H~-tR np11seAeHbl 3Ha4eHI1R aHaJ111TM4ecKoro peweHMR IA*,x*l pac
cMaTpMsaeMoi1 3aAa4M. nposeAeHHOe MCCileAOBaHMe nOATBeplKAaeT 
O~eHKY /8/: npM peweH~-tH pa3HOCTHbiM MeTOAOM ypasHeHHR C nOTeH
~HaJlOM, np~-tfiJlHlKeHHbiM Ky6M4eCKHMH cnnai1HaMH, C nOMOII\biO pa3HOC T

HOH CXeMbl 0 (/). 8 ), S > 4 • OCHOSHOH SKJlaA S OWHfiKy pe3yJlbTaTa 
SHOCHT norpeWHOCTb OT 3aMeHbl HCXOAHOrO nOTeH~Hana era cnnai1H

annpOKCHMa~HeH. B nposeAeHHbiX HaMH pac4eTax s =6. 113 Ta6n. 7 
SHAHO, 4TO pa3HOCTb MelKAY YT04HeHHbiM pa3HOCTHbiM C06CTSeHHbiM 
3Ha4eHHeM ypasHeHHR C npH6J1HlKeHHbiM nOTeH~HaJlOM H T04HbiM co6-

CTSeHHbiM 3Ha4eHHeM A* pasHa 0,17.10-~ 4TO cornacyeTcR c 
o~eHKOH /3/. 4~-tcneHHOe 3Ha4eHHe nonpasKH A 1 , nony4eHHOe H3 
/3/ np~-t noACTaHOSKe H3secTHOro peweHHR lA*, x* 1 ,pasHa 
0,18.10- 6 • 

npH peweHHH peallbHbiX 3aAa4 He06XOAHMO AilR AOCTHlKjHMR Tpe6ye

MOH T04HOCT~ peaynbTaTa o~eHHTb c noMO~biO /3/ 11 /8/ senM4HHY 
A c TeM, 4T06bl o6ecne4HTb T04HOCTb pa3HOCTHoro peweHHR 
0(1!!.. 8 

J. rAe s ·, 4. 3To MO>KeT fibiTb AOCTHrHyTo s peaynbTaTe 
111160 nocTpU~HMR pa3HOCTHO~ CXeMbl nopRAKa S 4, J1H60 yT04He-

, P../:1 
o,o 
3,2 

6,4 

9,6 

12,8 

16,0 

19,2 

0,435Jll6 

0,188093410-l 

0,57?1668 

0,1336813 

0,1?46445 m-1 

0,2IJJ52210-2 

0,25859?5 10-3 

0,313149I!0-4 

Ta6nm~a 3 

A = o,4 

PasaocTnoe 
pemeaHe 

0,4353120 

0,1881II4I0-1 

0,5??1660 

0,1336810 

o,1?46440 m-1 

0,213351310-2 

o,2585961 10-3 

o, 3131499 10-4 

Ta6mn~a 4 

~~ =0,4; 0,2; 0,1 

CnnaAa-pasuocTuoe 
pemeHHe 

0,4353588 -----
0,186?503!0-I 

0,57?1644 

0,1336621 

0,1?45989 m-1 

o,2132?20 m-2 

0,258470'7 m-3 

o, 3129626 10-4 

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

~ =0,2; 0,1;0,05 

R/i 
0,0 

3,2 

6,4 

9,6 

12,8 

16,0 

19,2 

0,4353II6 

0,188093410-1 

0,5?71668 

0,13:})813 

O, 1?4644510-1 

o, 2133522 m-2 

o, 25859?5 10-3 

o, 3131491 ro-4 

A =0,4 

0,4353116 

o, 1880924 ro-1 

0,57?1663 

o, 1336813 

O, 1?4644510-1 

o, 213352210-2 

o, 25859'75 ro-3 

o, 3131494 ro-4 

0,435358? 

o, 186??92 ro-1 

0,5??1644 

0,1336621 

o, 1?45989 10-1 

o, 2132?20 w-2 

o, 2584?r:n ro-3 

o, 3129602 ro-4 
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.X 
Rd 
0,0 

3,2 

6,4 
9,6 

12,8 

16,0 

19,2 

-~ 
R?f 
o,o 
4,0 

8,0 

12,0 

16,0 

20,0 

8 

Ta6JIHqa 5 

l!i =0,4 

ABau1TiecKoe Paailocuoe 
~UD pe11eae 

0,4353!16 0,4353!16 

0,18809341or1 0,188093010-1 

0,5'1'11668 

0,1336813 

o,1746445 10-1 

0~213352210-2 
o,2585975 1or3 

o,313149I 10-" 

AHaJIII'l'llqecKoe 
pemeHBe 

0,5771663 

0,1336813 

O,I746445'I0-1 

0,213352210-2 

0,25859'7410-3 

o, 3131491 104 

Ta6mm;a 6 

A =0,2 

PasaocTHoe 
pemea•e 

~... =O,I;0,05;0,025 

Cu.lalll-pa:moc1'B08 
ptlleDe 

0,435358'7 

0,1867827ItT"I 

0,5771644 

0,133662I 
0,174598910-I 

0,2I3272CJ'I0-2 

0,258t706' :ro-3 

0,3129598' IO-" 

h,=0,2; 0,1; O,ll> 

CILllaiH-pasHocTHoe 
pemea•e 

0,4353116 0,4353116 0,4353131 

0,188093410-1 

0,4618Ill 

o, 492a>60 ro-1 

o, 3613805 ro-2 

o,2585975 ro-3 

o,184?23'7 ro-4 

o,r880924 ro-1 

0,4618110 

o, 4922658 ro-1 

o,36I3804 ro-2 

o,25859?5 ro-3 

o, 1847242 ro-4 

0, 1879II2IO-I 

0,4618109 

0,492263110-I 

0,3613766 ro-2 

o,2585935 w-3 

0,184720510-4 

l 
' 

} 

). 

iV'X 
0,0 

4,0 

8,0 

12,0 

16,0 

20,0 

ARa.uft118CK08 
pa118BD 

0,4353116 

0,188093410-I 

0,4618UI 

o,492a>OO 10-1 

O,Jsl380510-2 

0,258597510-3 

o, 184723f' 10-4 

T~a7 

A =0,2 

Pasaocmoe 
pe118D8 

0,-1353116 

0,1880930'10-I 

0,4618IIO 

O, 4S22658I0-1 

0,361300410-2 

0,258597410-3 

o, 184723'7 ro-4 

hv =0,1;0,05;0,025 

CD.u.IB-paaBOCH08 
~~ 

0,4353133 

0,1879249!0-I 

0,4618100 

0,492262'1'10-I 

o, :l313762 10-2 

o,2585931 10-3 

o, 1847196 10-4 

HHR pa3HOCTHoro peweHHR, nony4eHHoro no cxeMe aToporo nopRAKa 
- ------------· ··---·· ··- ··-··-- ---~· --··· .. -·-······ .. -- ----·· n-··--na IIV\...11CI-\VDa 1 ~JIDnv""' 1 ~• nc , ... ,c;.nc;:;~ 'tJ~A ""' ~""urv~t•'H'"""n """""', -n. • v • ,.,._ 

THM, 4TO war nepBOH pa3HOCTHOH CeTKH AOCTaT04HO B~6paTb paa
H~M wary CeTKH, HCnOJ1b3yeMOH npH CnJlaHH-annpOKCHMaLIHH noTeH
LIHana. 

4. YT04HEHHE 3HEPrHH HEKOTOP~X CBH3AHH~X 
COCTOHHH~ ~-ME30MOREKYR 

B pa6oTe181 6bi11H HaHAeHbl c T04HOCTbiO - 0, 1 38 3Ha4eHHR 
3HeprH~ BCeX 22 CBR3aHH~X COCTORHHH ~-Me30M011eKY11 H30TOnOB 
BOAOPOAa. npH 3TOM OCHOBHOH BKJlaA B norpeWHOCTb pe3y11bTaTa 
Aaaana pa3HOCTHaR annpOKCHMai.IHR KpaeBOH 3aAa4H A11R CHCTeM~ 
264 o6~KHoaeHHbiX AH¢¢epeHqHa11bHbiX ypaaHeHHH, B AaHHOM pa3Ae11e 
npoBeAeHO yT04HeHHe pa3HOCTH~X peweHH~ 3KCTpanonRqHeH no 
PH4aPACOHY c npHMeHeHHeM cn11aHH-annpoKCHMaLIHH Ta611H4H~x noTeH
qHaJloa TaKO~ CHCTeMbl ypaaHeH~H. 

0TMeTHM OCOOeHHOCTH npHMeHeHHA paCCMaTpHaaeMOrO nOAXOAa 
A11R YT04HeHHR pa3HOCTHoro peweHHA. 

MaTpHqa noTeHqHaJloB V(R) AnA CHCTeMbl nepablx 18 ypaaHeHHH 
H3BeCTHa Ha ceTKe c waraMH h1=0,025 Ha oTpe3Ke h 1.$ R ~ 20 
H ~ll =1 Ha OTpe3Ke 20 ~ R S 100, rAe, noTeHqHaJlbl V(R) MeHRIOTCR 
n11aaHo H H3BeCTHa HX acHMnTOTHKa/13. OcTanbHaR 4acTb MaTpHq~ 
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V( R) H38eCTHa Ha ceTKe c waraMH A1 =0, 1 Ha oTpeaKe 11 1 .s R .s 20 
H 11 2 =1 Ha OTpeaKe 20 ~ R _5 100. nonHHOMHaJlbHbiH OTHOCHTeJlbHO 
a-1 8HA aCHMnTOTHKH noTeH~HaJ108 V(R) no38011ReT HCnOJ1b308aTb 

AJlR HX annpOKCHMa~HH C Tpe6yeMOH T04HOCTb~ war, pa8HbiH eAHHH~e. 
3KcTpanonR~HR noTeH~Hanoa npH R ~o ocy~ecT811RJ1acb no H38ecT
HOH acHMnTOTHKe !lSI. 

Hcnonb308aHHe o~eHOK /3/, /8/ 8 AaHHOM cny4ae He803MO~Ho, 
TaK KaK aHaJ1HTH4eCKOe peWeHHe HeH38eCTHO. no3TOMy 8MeCTO 
T04Horo peweHHR IA*,x*l 8 o~eHKax /3/, /8/ Hcnonb308anocb 
yT04HeHHOe peWeHHe, nOJly4eHHOe H3 nOC11eA08aTe11bHOCTH Tpex 
cry~a~~HXCR ceTOK Ha ny4e 0 < R < R , R =20 H 1 00 , AJlR 

CHilbHOC8R3aHHbiX H cna60C8R3aHHbiX ~J~TORH~~X ~-Me30MOJleKy11 co
OT8eTCT8eHHO. 

0CH08HaR 3aAa4a COCTORJla 8 TOM, 4T06bl y6eAHTbCR, 4TO war 
Ta6J1H~bl noTeH~HaJl08/1 1 =0,1, C KOTOpbiM H38eCTHa 60JlbWaR 4aCTb 
MaTpH~bl noTeH~HaJ108 8 o6naCTH HX AeHCT8H~AOCTaT04eH AJ1R yT04-
HeHHR paaHOCTHOro peweHHR AO nopRAKa 0(/1 41 ). npeAnaraeMbiH 
MeTOA YT04HeHHR pa3HOCTHbiX peweHHH, 8 OTJ1H4He OT 1141 , n0380-
J1ReT H36e~aTb KaKHX-JlH60 H3MeHeHH~ CTpyKTypbl paapa6oTaHHO
ro KoMnnel<ca nporpaMM SISTEM 1151 H BAAP 116~ 

B pa60Taxl8,17/ noKa3aHO, 4TO OTJ1H4He 3HeprHH C8R3H 

-t Jv .. (2M) - 1 A, rAe M. Ma Mb I (Ma + Mb ) - npH8eAeHHaR 
Macca RAeP a H b ~ -Me30MoneKy11bl, OT ee 3Ha4eHHR, nony4eH
Horo 8 npH611H~eHHH nep8b1X A8YX ypa8HeHHH, R811ReTCR Be11H4HHOH 
nOPRAKa -/2M/-~ 3TO n038011ReT peaJlbHO n08biCHTb T04HOCTb 8bi-
4HC11eHIAR 3HeOriAIA C8R31A - 1 • nn nnnRnl<rl - /?M/-2 t\ 4 nniA r~n-
npOKCHMa~HH cnna.:1HaMH 4aCT~·Ma~piA~bl· n~TeH~Hano8 V(R),KOT~paR 
aaAaHa Ha ceTKe c waroM /11 =0, 1 Ha HHTep8ane 0 < R _520. 

Db111H 8blnonHeHbl pac4eTbl no nporpaMMe BAAP CIACTeMbl 18 ypa8-
HeHHH Ha Tpex ceTKax c waraMHh1=0,1; 0,05; 0,025 Ha IAHTep8ane 
O<R,$20 H h 2=1; 0,5, 0,25 Ha IAHTepeane 20~R ~100. AHano
rH4Hble pac4eTbl 6bi111A 8blnOnHeHbl co cnna.:1H-annpOKCIAMa~HeH no
TeH~Hano8 Ha ceTKe c waraMIA 11 1=0, 1 Ha IAHTep8ane 0 < R ~20 
H 112=1 Ha HHTep8ane 20 S R~ 100. CoocT8eHHble 3Ha4eHIAR A, nony-
4eHHble Ha Tpex yKa3aHHbiX CeTKaX, 6bi111A 3KCTpan0111AP08aHbl no 
PH4apACOHy. PeaynbTaTbl 8bi41ACJ1eHIAH A11R IACXOAHbiX noTeH~Hano8 
lA HXCnna~H-annpOKCIAMa~HIA nOKa3aJ11A K8aApaTIA4HY~ CXOAIAMOCTb no 
wary paaHOCTHOH ceTKIA. PaaHOCTb Me~AY yT04HeHHbiM co6cT8eHHbiM 
3Ha4eHIAeM IACXOAHOH pa3HOCTHOH 3aAa41A lA aHanOriA4HbiM C06CT8eHHHM 
3Ha4eHHeM 3aAa4H C noTeH~IAaJ1aMIA, npiA6111A~eHHbiMIA cnnaHHaMIA, R8-
11ReTCR 8e111A41AHOH nOPRAKa -10-6.npHHIAMaR 80 8HHMaHIAe O~eHKIA 
/3/, /8/ lA TO, 4TO ~aKTH4eCKaR OWH6Ka C06CT8eHHOrO 3Ha4eHIAR 
OT cnna.:iH-annpOKCIAMa~HIA nOTeH~IAa1108 YMHO~aeTCR Ha 8e111A41AHY 
/2Mf-1, rAe M =10 AilR ~-Me3oMoneKyn, MO~Ho CAenaTb 8b1BOA: 
~aKTH4eCKaR T04HOCTb 8bi41ACJ1eHIAR 3HepriAIA C8R31A -f Jv AJ1R 
~ -Me30MOJ1eKyJ1 COCTa8J1ReT -10-S, 4TO cornacyeTCR C 41ACneHHO 
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nony4eHHO~ o~eHKO~. np~ yaen~4eH~~ 4~cna ypaaHeH~~ Ha~AeHHa~ 

o~eHKa ocTaeTc~ cnpaaeAn~ao~, TaK KaK ~x aKnaA a 3Hepr~~ 
CB~3~ COCTaan~eT aen~4~HY -0,45 /2M/-e/t7~ 

Co6cTaeHH~e 3Ha4eH~~ A HeKoTop~x cocTo~H~~ ~-Me3oMoneKyn, 
B~4~CneHH~e Ha pa3n~4HbiX pa3HOCTH~X CeTKaX, ~ ~X YT04HeHH~e 

3Ha4eH~~. nony4eHH~e a paMKax AaHHOro nOAXOAa c nOMO~b~ npor
paMM~ BAAP An~ c~cTeM~ 284 ypaaHeH~~ c MaTp~~e~ noTeH~~anoa, 
np~BeAeHHO~ a pa6oTe/1BI, npeACTaaneH~ a Ta6n.8. 

B Ta6n.9 AaHbl 3Ha4eH~~ t Jv 3Hepr~~ ~ -Me3oMoneKyn a 38, 
B~4~cneHH~e Ha nepao~ ceTKe, ~ nonpaaK~ K H~M 8tJv OT a~c
w~x COCTO~H~~ 3aAa4~ ABYX ~eHTpOB/lS~ a TaK*e nonpaaK~ 
8t~y, nony4eHH~e Ha OCHOBe YT04HeH~~ pa3HOCTH~X peWeH~~. 
nocneAH~e ~Bn~~TC~ pa3HOCT~M~ Me*AY yT04HeHH~M~ 3Ha4eH~~M~ 
3Hepr~~ ~ 3Ha4eH~~M~ 3Hepr~~. B~4~cneHH~M~ Ha nepao~ ceTKe. 
OH~ nono*~TenbH~ ~ cocTaan~~T aen~4~HY nop~AKa -0,1 38 An~ 
c~nbHOCB~3aHH~X ~ aen~4~HY nop~AKa -0,05 38 An~ cna6oca~3aH
H~X COCTO~H~~ ~ -Me30MOneKyn • 

.nn~ ~ccneAOBaH~~ 3aa~c~MOCT~ 3Hepr~~ t Jv cna6oca~3aHH~x 
COCTO~H~~. ~ -Me30MOneKyn OT rpaH~~~ Rm np~ pa3n~4H~X 3Ha-
4eH~~X wara h 1 6~n~ a~nonHeHbl pac4eT~ An~ c~cTeMbl 8 ypaaHe
H~~ c np~BeAeHHOH 3~eKT~BHO~ Maceo~ M, no3aon~~~e~ y4eCTb 
BKnaA B~CW~X COCTO~H~~ 3aAa4~ ABYX ~eHTpoa 1 19~pe3ynbTaT~ 
np~BeAeH~ B Ta6n.10. np~ R =60 norpeWHOCTb COCTaan~eT 
- 10-838. 0TMeT~M, 4TO ecn~ ~cnonb3oaaTb pe3ynbTaT~ Ta6n.10 
An~ HaXO*AeH~~ nonpaaoK B~ cna6ocan3aHHOro cocTO~H~R Me3o-

--~ •• v .... _Q 
MUJit::"YJ! .. ...,.. 1'1 \&•I' 1 I U l. I U,_,HUl. I biU - I 1J ~0 IIUJIY'"'diU I l.~ ~Hd,_,t;:-

H~~ B£~ 1 , np~aeAeHH~e a Tafin.9. 
TaK~M o6pa30M, B AaHHO~ pa6oTe noKa3aHo, 4TO ~cnonb3o

aaH~e cnna~H-annpoKc~Ma~~~ MaTp~~~ noTeH~~anoe, 3aAaHH~X 

Ta6n~4HO Ha ceTKe R =0, 1/0, 1 I 20/1 I 1 00, ~ 3KcTpanonn~~~ no 
P~4aPACOHY pa3HOCTH~X peweH~~ no3aon~eT B~4~cn~Tb 3Hepr~~ 

COCTO~H~~ Me30MOneKyn C a6con~THO~ T04HOCTb~ <5·10""3 38. 

B 3aKn~4eH~e aaTOP~ onarOAaP~T n.~.noHOMapeaa 3a Heocna6e
aa~~~~ ~HTepec K AaHHOH npo6neMe H B.C.Mene*~Ka 3a noMo~b 
e pa6oTe. 
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HET nH nPOSEnOB B BAWER SHBnHOTEKE? 

8bl MOlleTe nO.IIY'IMTb no nO'ITe nepe'IMCJieHHble HMlle KHMrM , 

eCJIM OHM He 6~JIH 38K838Hbl paHee. 

Al3-11182 

Al7-11~90 

t¥)-1 1 57~ 

A3-11787 

Al3-1 1807 

A1, 2-1 2036 

A1,2-12~50 

TPYAW IX He•AYHapOAHOro CMHno3MYMa no ~AePHOH 3neKT
POHMKe . BapHa, 1977 . 

TPYAW HeMAYHaPOAHOro CMHno3MYMa no M35paHHWH npoC;ne
HaH CTaTMCTM~eCKOH HeXaHMKM. tlyfiHa, 1977. 

C5opHMK aHHOTa~MH XV coee~aHM~ no AAePHOH cneKTpOCKo
""" K TeOpMM AApa. tly5Ha, 1978. 

TPYAW III MeMAYHapOAHOH WKOnw no HeHTpOHHOH $M3MKe. 
AnywTa, 1978. 

TPYAW III MeMAYHaPOAHOro coa~aHM~ no nponop~MOHan~
HWH M APeH~BWH KaHepaH . tly5Ha , 1978. 

TPYAW VI Bcecoc3HOro coae~aHMA no ycKOPMTen~H 3ap~
•eHHWX ~aCTM~. tly6Ha, 1978 /2 TOHa/ 

TpyAW V MeMAYHaPOAHOro ceHMHapa no npo5neHaH $M3MKM 
BWCOKMX 3HeprMH. tly5Ha , 1978 

TpyAw XII He•AYHapOAHOH wKonw HOnoAWx y~eHWx no $M3MKe 

5 p. 00 K . 

6 p. 00 K. 

2 p . 50 K. 

3 p. 00 K. 

6 p. 00 K. 

7 p. ItO K, 

5 p . 00 K . 

' BWCOKMX 3HeprMH . npMHOPCKO, HP6, 1978. 3 p. 00 K. 

All-80- 13 

A4- 80- 27 

A4-80-385 

A2-8 1- 5~3 
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BHHH~KH~ c.H., nyawHHHa T.n., nyawHHH H.B. P11-82-428 
AnnpoKCHMa~HA cnna~HaMH Ta6nH4HbiX noTeH~Hanoa ypaaHeHHA WpeAHHrepa AnR 
yT04HeHHA pa3HOCTHbiX peweHH~ 

AnA yT04HeHHA pa3HOCTHbiX peWeHH~ CHCTeMbl ypa&HeHH~ UipeAHHrepa C noTeH-
~HanaMH,3aAaHH~MH B BHAe TafinH~, HCnOnb3yeTCA 3KCTpanonA~HA p83HOCTHbiX 
peweHH~ Ha nocneAOBaTenbHOCTH cry~a~HXCA CeTOK C npoAOnlleHHeM nOTeH~HanoB 
Ha 3TH CeTKH C nOM~b~ Ky6H4eCKHX Cnna~HOB, noKa3aHO, 4TO pa3HOCTHOe peweHHe 
MO*HO nony'IHTb c T04HOCTb~ 0(~ 4 ), rAe ~ - war Ta6nH~bl noTeH~Hanoa. Teo
peTH4ecKaA o~eHKa nOAT&ep*AeHa pac4eTaMH AnA ypaaHeHHA WpeAHHrepa c noTeH
~HanoM Mop3e. npoaeAeHO YT04HeHHe 3HeprHH HeKOTOpbiX COCTOAHHH p. -Me30MOneKyn 
H30TOnOB BOAOpoAa C T04HOCTb~ - 5 · 10-S 38, 

Pa6oTa awnonHeHa a fla6opaTOPHH Bbi4HCnHTenbHO~ TeXHHKH H aaTOMaTH3a~HH 
OHRH . 

Vinitsky S.l., Puzynina T.P., Puzynin I.V. 
Improving Difference Solutions by Cubic-Spline-Approximation 
Potentials of the Schrodinger Equation 

P11-82-428 
of Table 

A higher accuracy of difference solutions to system of the Schrodinger 
equations with potentials given by tables is achieved by their extrapola
tion to a sequence of difference nodes. To this end the potentials are 
extended onto these nodes by cubic splines. The difference ' solution is 
shown to be of an order of 0(~4 ), where ~ is a step of the potential 
table. The theoretical estimate has been verified by numerical solution to 
the Schrodinger equation with the Morse potential. The improvement achieved 
in the energy va 1 ue for some states of "-mesic mol ecu I es of hydrogen 
isotopes is of an order of -5·11r1 eV. · 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 
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