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1. BBE,llEHHE 

B HaCTOR~ee apeMR a CaR3H C npo6neMOH ~-KaTanH3a TepMORAep
H~X peaK~HH CHHTe3a H30TOnoa aOAOPOAa HHTeHCHaHO HCCneAY~TCR 
Me30MOneKynRpH~e COeAHHeHHR, Y4aCTay~He a TaKHX peaK~HRX. 
HaH60nbWHH HHTepec npeACTaanReT Me30MOneKyna d~, a KOTOPOH npo
TeKaeT peaK~HR d + t + ll- -+ 4 He + n + ll- + 17,6 M3B. Ueo6xoAHMO oT
MeTHTb, 4TO ace HMe~HeCR CeH4aC paC4eT~ cneKTpa 3HeprHH 
H aonHOaOH QyHK~HH d~-CHCTeM~ OCHOaaH~ nH60 Ha npRM~X aapHa~H
OHH~X npo~eAypax /4/, nH60 Ha HCnOnb30aaHHH MeTOAa aAHa6aTH4eCKQ
ro npH6nH*eHHR 11· 61 • npH4eM ao acex cny4aRx 3aAa4a Ha co6cTaeH
H~e 3Ha4eHHR pewaeTCR 4HCneHHO. no noaOAY nOA06H~X pacueToa MO*
HO a~AaHHYTb cneAY~He a03Pa*eHHR. 

Bo-nepa~x, npH uHcneHHOM pacueTe He 11yxaaT~aaiOTCR 11 ao3MO*H~e 
oco6eHHOCTH aonHoaoH lllYHK~HH /HanpHMep, 1/l(R) - lnR, R -+ o/. 
Bo-aTop~x, npHMeHeHHe aAHa6aTHuecKOH rHnoTe3~ Ha Man~x paccToR
HHRX (r - 10-lS CM) npo6neMaTH4HO, TaK KaK KHHeTH4eCKaR 3HeprHR 
cHcTeM~ npH 3TOM aenHKa I - 1 M3B/. a noH Hani4UIAIA riA""'"''=',..'=' !:1~=~~
MOAeHCTaHR H noTeH~HanbHaR 3HeprHR COCTaanReT HeCKOnbKO M38. 
8-TpeTbHX, AnR 4HCneHHOH CXOAHMOCTH aAHa6aTH4eCKOrO npH6nH*eHHR 
aonHoaoH lllYHK~HH 1/1 ad (R) npH R-+ 0 HeT HHKaKHX l!lH3HuecKHX AOao
AOa. B-ueTaepT~x, 4HcneHHaR lllYHK~HR HeYA06Ha a ynoTpe6neHHH. Ha
KOHe~. MO*HO OTMeTHTb 3HeproeMKOCTb H rpOM03AKOCTb TaKHX pacue
TOa. 

8 CHny a~weCKa3aHHOrO *enaTenbHO HMeTb nOAXOA, He OCHOaaHH~H 
Ha aAHa6aTHKe H He CTOnb rpOM03AKHH. B Ka4eCTae TaKoaoro npeAna
raeTCR MeTOA, OCHOaaHH~H Ha KOHe4HOMepH~X annpOKCHMa~HRX KOMnaKr
H~X onepaTopoa /raMHnbTOHHaHa MHWeHH h~ H nOTeH~Hana a3aHMQ-. 
AeHcTaHR Vd/. C noM~bO 3Toro MeTOAa pewaeTcR 3aAa4a Ha caR3aH
Hoe COCTORHHe Tpex Ten (dt#l-), ,l\nR KOHe4HOMepH~X annpOKCHMa~HH 
TaK*e MO*HO paccMoTpeTb H 3aAauy pacceRHHR ~ + d npH E < 0. 
,llaHHaR pa6oTa nocBR~eHa HccneAoaaHH~ dt~-cHcTeM~ c nonH~M coxpa
HR~HMCR yrnoa~M MOMeHTOM, paaH~M Hyno a npH6nH*eHHH nOTeH~Hana 
a3aHMOAeHCTaHR onepaTOPOM nepaoro paHra /a aHAe p-aonHOaOH I!IYHK
~HH raycca/. 

2. nOCTAHOBKA 3A,l\A4H 

CTaHAaPTH~M o6pa3oM aaOAR KOOPAHHaT~ RKo6H H OTAenRR AaH*e-
HHe ~eHTpa TR*eCTH dflt -cHCTeM~, ~~.~~"!. ~_T~~~,2,!!~""~ ypaaHeHHe 

~ !> ~ \j '. ; ...., : ·. j •· 1 
, V.J . ., 

" t.z.~·~,Uj;Vi,;_}i :~. , .. ------------



PHC.l 

WpeAHHrepa B onepaTopHoH ~opMe: 

Hlt/1> = Elt/1>. /2.1/ 

npeACTaBHM dtp -cHCTeMy B BMAe cxeMbl 
/CM. pHc.1/, rAe raMHflbTOHHaH 
ypasHeHHA /2.1/ HMeeT CfleAY~Y~ 

CTPYKTypy: 

/2.2/ 

3AeCb H0 -raMHflbTOHHaH cBo60AHoro ABH
meHHA AeHTpoHa OTHOCHTeflbHO ~eHTpa 

TAlKeCTIII CHCTeMbl tj.L- ; h - raMHflbTOHHaH MHWeHH /tp.- .-KflaCTep/; 
V = V 12 + V 18 - KYflOHOBCKHH noTeH~Han B3aHMOAeHCTBHA dt H dj.L- • 

B KOOPAHHaTHOM nPeACTaBneHHH /CM.pHc.1/ OHH HMe~T cneAy~~HH BHA: 

-+ Aii 
H0 (R) = -2;" , 

-+ 
h(r) 

!\-+ r 1 --, 
2,.L 23 

1 

r 

-+ ... 
I R- y1 rl 

m 
1
(m2 + m8) 

p.= 
m 1+ m2 + m8 

1 

' p. 28 
"'28 

y =--, 
1 m 
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/2.3/ 

nepeHAeM OT ypaBHeHHA WpeAHHrepa /2.1/ K HHTerpanbHOMY onepa
TOPHOMY ypaBHeHH~ flHnnMaHa-WBHHrepa. C 3TOH ~enb~ BBeAeM CBo60A-

HY~ ~YHK~H~ rpHHa: 

-1 
'G 0 (E) = (E - H 0) 

nocne 3TOrO ypaBHeHHe /2.1/ MOmHO npeACTaBHTb B ~opMe 

lt/1> = 'G0 (E)(V +h) II/I>. 

/2.4/ 

/2.5/ 

B KOOPAHHaTHOM npeACTaBneHHH raMHflbTOHHaH MHWeHH h H noTeH~Han 
VHMe~T BillA noKaflbHbiX onepaTOPOB /CM./2.3//, B TO BpeMA KaK ~YHK
~HA rpHHa HeAHaroHaflbHa: 

... ... 2p. 
< R I G (E) I R' > = - -

0 4rr 
K =..; 21LE. /2.6/ 

2 

HO HeflOKaflbHbiMH Tenepb ABflA~TCA MaTpH4Hble 3fleMeHTbl raMHflbTOHHaHa 
MHWeHH lit noTeH~Hana: 

... lhl ... , ..,,;: -+,) p2 1 
<P P >=uU' -P -------

2p.28 IP ... :.. p'l 2 
/2. 3~ I 

-+-+ ... -+ 32rr4 ... ... ... ... -+... ... -+ 
<p,kiVIp', k'>= ...... 

2 
18£~-p') +y 1 (k-k')]-8[(p-p')-y2 (k-k')]l. 

I k- t'l 

3. PEWEHI1E 

A. On~~tcaHHe MeToAa 

MeTOA KOHe4HOMepHOH annpOKCHMa~HH OCHOBaH Ha npH6nHmeHHH ra
MHflbTOHHaHa MHWeHH lit noTeH~Hana onepaTopaMH KOHe4HOrO paHra. 
rnaBHoe npeHMy~ecTBo 3Toro MeToAa ecTb cBeAeHHe 3aAa4H K np~~t6nH
meHHOH, Ho T04HO pewaeMoH. CooTBeTCTB~He paanolKeHHA AflA ra
MHflbTOHHaHa MHWeHH h H nOTeH~Hana V HMe~T BillA 

h = hN = l: £
0 

1)(
0

><)( I, /3.1/ 
n n 

V = V N = l: lo1 ><u1 IV I oj ><o j I , /3.2/ 
~" ; 

N 
rAe h 1)(0 > =£ 0 1)(

0
>, T.e. \)(

0
> H £ 0 - H3BeCTHble peweHHA aa-

Aa4H Ha Co6CTBeHHble 3Ha4eHHA AflA raMHflbTOHHaHa MHWeHH /?/, 

lot> - HeH3BeCTHble /npo6Hble/ BOflHOBble ~YHK~HH, npH4eM 6yAeH C4H
TaTb, 4TO ~YHK~HH \a 1 > ABflA~TCA KBaApaTH4HO HHTerpHpyeMbiMH lit 4TO 
AflA HHX HMe~T MeCTO COOTHOWeHHA opTOHOPMHPOBKH: 

/3.3/ 

3TOMY me YCflOBH~ /no onpeAeneHH~/ nOA4HHA~TCA lit KYflOHOBCKHe BOn
HOBble ~YHK~HH 

<)( I)( > =8 
n m nm /3. 3~ I 

Becb OnHCaHHbiH HHlKe MeTOA peweHHA OCHOBaH Ha HCnOflb30BaHHH ycno-
v -+ ... 

Bill~ KBaA_paTHLIHOH HHTerpHpyeMOCTH ~YHK~HH 1/1 (r, R) B BHAe 
r dr 11/1 <f: R) I 2 < 00 ' T. e. no OAHOH nepeMeHHOH. 4T06bl noACHHTb 3TO 

ycnoBHe, nepen~~tweM paanolKeHHe /3.2/ AflA MaTpH4HOro 3neMeHTa no
TeH~Hana B HMnyflbCHOM npeACTaBneHHH: 

.... ... .... .... ... ... .... .. 
<k,p\V \k',p'>= l:<k,p\o1 ><~ IV\oj><ujlk',p'>. 

1, j 

TorAa H3flOlKeHHOe BbiWe Tpe6oBaHHe OTHOCHTeflbHO ~YHK~HH \oi> 03Ha-
4aeT, LITO nocneAHee BblpalKeHHe MO)!(HO npeACTaBHTb B BHAe 
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... _.., N _.., _.., ..... _.., ,.. ... _. 4/ 
<k,pjV jk',p'>"' I. <Piut><kiViJik'><uJIP'>, /3. 

ij 
..... ,.. ... .... .... I~ ...... ,VI~, .... ,*( .. ') 

rAe <kiV1J It'> .. fdpdp'ui~J<k,p ,k ,p >uJ p • 
PaccMOTPHM cnepea 6onee npocTOH cny4aH annpoKCHMa~HH noTeH~H

ana V onepaTopoM nepeoro paHra: 

V: V = lu><uiVIu><ul, /3.5/ 

H CaMOe o6~ee B~pa~eHHe AnR annpOKCHMa~HH raMHnbTOHHaHa MHWeHH 
B BHAe /3.1/. noACTaBHB 3TH paano*eHHR B ypaeHeHHe /2.5/, no
ny4HM: 

/3.6/ 

rAe V =<aiVIu>. 
Mo*HO noHH3HTb paaMepHOCTb ypaeHeHHR /3.6/ nyTeM BBeAeHHR 

HOBbiX HeH3BeCTH~x <I>YHKLIHH An 1-1 B: 

rAn= anGo(~)VB + tnG 0(E)An, 

1 o _ n fli') \1 A .._ n fF.) '5. a F A l- -o,-J' . - -u ... , n u u u· 

/3.7/ 

/3.8/ 

rAe an= <ul Xn > - HHTerpan~ nepeKp~TI-IR. 3Ta CHCTeMa AOnycKaeT 
pac~enneHHe. ~eHcTBHTenbHo, nepsoe ypasHeHHe /3.8/ MO*HO nepe-

A = a 0 0(E - t )'VB • n n n /3.9/ 

noACTaBHB COOTHOWeHHe /3.9/ BO BTOpoe ypaBHeHHe /3.8/, nony4HM 
0AHOPOAHOe ypasHeHI-Ie OTHOCHTenbHO OAHOH Hei-13BeCTHOH <I>YHK~HH 8: 

/3.10/ 

TaKHM o6paaoM, c noM~b~ KoHe4HOMepHOH annpoKCHMa~HH raMHnbTOHH
aHa MHweHH H noTeH~Hana /onepaTopaMH N-ro 1-1 1-ro paHra cooTseT
CTBeHHo/ M~ nOHH31-1M pa3MepHOCTb 1-!CXOAHOro ypaBHeHHR /2.5/ B ABa 
paaa. 

6. Paano*eHHe no nap~HanbH~M eonHaM 

BBHAY Toro, 4TO see pac4eT~ AnR dt,.t -cHcTeM~ s~nonHRnHCb AnR 
KOHKpeTHOrO 3Ha4eHHR nonHoro op6HTanbHOrO MOMeHTa CHCTeM~ ·L, paa
no*HM HCXOAHOe HHTerpanbHOe ypasHeHHe /2.5/ no nonHOH CHCTeMe 
6i-!C<I>epH4eCKHX <I>YHK~HH, a 3aTeM nepeHAeM K KOHKpeTHOMY 3Ha4eHH~ 

... ... 

< k, pI r/1> = 'Go (E, k) r dk' d;' < k, PI vI k ', P'> < k ', p' I r/1> + 

+ G0 (E,k) (dp'<plhlp'><k,p'l r/1>. /3.11 I 

CnpoeKT~pyeM 3TO ypaBHeHHe Ha COCTORHHe C nOnH~M op6i-!TanbH~M MO
:::J~~/ · ~nR 3Toro eocnonbayeMCR I-13BeCTH~MH <I>OpMynaMH paano*e-

LM ...... 
Yt\ (p,k) =I. (fm..\~tiLM)Y., (~Y (k) 

mjL LID ..\,_t 

H YCnOBHeM OpTOrOHanbHOCTH 61-1C<!>epH4eCKHX <I>YHKI..IHH 

( "' " *LM "" " L'M' ,.. " 
. dpdk yf.\.(p, k)Yt'·'..\'(p• k) =Bu• 8..\..\.BLL'BMM', 

/3.12/ 

/3. 13/ 

rAeL=f+~ M-m+p.· "" 
... ~ • - • P ,.,H k ~ eAHHI-14H~e BeKTopa B Hanpasne-

HI-IH P 1-1 k COOTBeTCTBeHHO, dp 1-1 dk - 3neMeHT~ c<!>epH4ecKoro o6'be
Ma B Tex *e HanpaeneHHRX, (fm) H (..\~t) - nonH~e c<l>ep!-1 4ecKHe Ga
al-!c~ ~ - CHCTeM~ /MHWeHb/ H AeHTpOHa OTHOCHTenbHO 3TOH CHCTeM~ 
COOTBeT6CTBeHHO, (fm.\~tiLM) - K03<1><!>H~HeHT~ Kne6wa-ropAOHa. 0KOH4a
TenbHO VDeM HMeTb: 

L ~ 

r/lt\ (p, k) = '0 0 (E, k) ( p'~p'k'2dk' I. V L tn k , k') L 
f,\"',\~' ;p t r/JD,.,(p', k') + 

0 f',\, [. [. " 

+ 0 0 (E, k) f p'2dp' I. HL (p p')r/1 L (p' k) 
0 f',\' f.\f?( • f',\'. ' • 

vr~n·(kp,, t'p') = r dpdkdp' dk'·v*L~'P. k) <'Pi! v 1 p'k;> v LM <P"', k') 
fA f',\' • ' 

H L (p '> r ... ... ... *LM ... ... LM 
t\f'..\' ,p = dpdp'dkYf.\ (p,k)<Pihlp'>Yn•(P',k). 
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CneAYR HAee, HaMe4eHHOHB Ha4ane 3Toro nyHKTa, nocTynHM cne
AY~~HM o6pa3oM. Bo-nepa~x. orpaHH4HMCR cny4aeM L = 0. Bo-aTop~x. 
KOHKpeTH3HPYeM RBH~H BHA yrnoB~X 4aCTeH annpOKCHMHPY~HX ~yHKUHH 
a(pj 1-1 }( n (P) • 

04eBHAHO, 4TO npo6HaR ~yHKUHR a(pJ AOfl*Ha BocnpOH3BOAHTb noae-
AeHHe HCXOAHOrO noTeHUHana, BHA KOTOporo B HMnynbCHOM npeACTaB-

neHHI-1 AaeTcR ~opMynoH /2.3 'I . 
Ha1-16onee aa*HOH oco6eHHOCTb~ 3Toro noTeHUHana RBnReTcR cy~ecT-

aoaaHHe y Hero o6nacTH npHTR*eHHR. C APYrOH CTOpOH~, RBH~H BHA 
noTeHUHana HaTanKH&aeT Ha M~Cnb Hcnonb30BaTb AnR era annpoKcH
MaUHH Henpep~BH~e aHanorH 8- ~yHKUHH AHpaKa. ~3 wHpoKoro Knacca 
TaKHX annpOKCHMaHTOB M~ B~6epeM ~YHKUI-1~ raycca. 

0AHaKO HCnOflb30BaHHe BOflHOBOH ~yHKUI-11-1, HanpHMep B BHAe a(~= 
e-ap , npHBOAHT K TOMY, 4TO nony4eHH~H C ee noM~b~ annpoKci-1-2 

MaHT noTeHUHana /3.4/ TepReT CB~ cnoco6HOCTb o6pa30B~BaTb CBR-
3aHHOe COCTORHHe.noaTOMY B Ka4eCTBe npo6HOH ~yHKUI-11-1 a(pJ 6~na 
B~6paHa p-aonHoBaR It= 1/ ~YHKUHR raycca: • 

/3.16/ 

B Ka4eCTBe ~YHKUHH lx
0
> 6yAeM Hcnonb30BaTb H3BecTH~e KynoHOBCKHe 

peweHHR AflR raMHflbTOHHaHa MHWeHH /eM., HanpHMep, 
191

/. npH4eM B 
-:•·-"~ Tnr-n. uTn lhyHKUHH IY > BXOART B peweHHe TOflbKO 4epe3 HHTer
pan~ nepeKp~THR a 

0
"' <a I}(;>, RBH~H BHA a(p) AHKTyeT eAHHCTeew 

H~H B~6op yrnoBOH 4aCTH ~yHKUI-11-1 }( (~ B BHAe }(0 (pJ "' 
~ n 

= <n,.f;.; 1lxl p >, rAe n = 2,3,... /f - op6HTanbHOe 
KBaHToeoe 4Hcno/. nocne cAenaHH~x e~we oroeopoK o e~6ope annpoK
cHMHPY~Hx ~YHKUHH B~Pa*eHHR /3.15/ MO*HO npeACTaBHTb B BHAe 

v~ r>..'(kp, k'p') "' I ,B>-1 B >.. 'l(fm>..O I LM) {t'm'>.. '0 I LM) a (p) a*(p') X 

mm - /3.17/ 
x Vtmt'm'(k, k'), 

rAe 
Vfmf'm'(k, k') = fdkdk'Ytm (i)<kiVIk'>Yt'm'{k'), 

/3. 18/ 

-L Ht>..t'>..'(p, p')"' 
0

:; e-
0

{tm>..OILM)(f'm>..'OILM)x 0 (P) x:(p')Btf'8>.. 1 8>..' 1, 

/3.19/ 

rAe }( n _(p) "'}( n10(p) • 

nepeXOAR Aanee K cny4a~ L = 0 /4TO 3KBHBaneHTHO e~nonHeHH~ 
ycnoBHH t"' >.., m + 11. = 0/, nony4111M 

6 

v~t~?>.., (kp, k'p') "' (toto I 00) ( f'O>.. '0 I 00) Btt B >.. '1 a(p) a*(p') Vfo t' 0 (It, k'), 
/3.20/ 

a~;.:, (p, p') "' ~ ( n (tOfO I 00) (t 'O>.. '0 I 00)}( n (p) X~ (p')8tl 8>..'1 8 U'. 

~HTerpanbHOe ypaaHeHIIIe /3.13/ e cny4ae L = 0 IIIMeeT cneAY~IIIH 
BI-'IA: 

1/J ~=O{k, p) .. Q
0

(E, k) [ p'2dp'k'2dk' f~' Vf~;,~,(kp, k'p')t/Jf~:~(p', k') + 

+ G
0

(E, k) [ p'2dp' l?}i~t?>..,(p, p')t/J~,~~ (p', k). 

nocne nOACTaHOBKIII B 3TO ypaeHeHHe B~Pa*eHHH /3.20/ nony4HM eAHH
CTBeHHOe HHTerpaflbHOe ypaeHeHIIIe OTHOCIIITeflbHO napUIIIaflbHOH BOflHO-

BOH ~yHKUI-1111 1/J ~~O (k, 1)) : 

- AA ,..._ ... A ... A 

rAe V
10 

(k,k')"' f dkdk'Yt0 (k)<k1VIk'>Y 10 (k'). 
BeeAeM HOB~e Helll3&ecTH~e ~yHKUIIIH: 

B(k) "' f p 2dpa*(p)t/J~;o (k, p), A0 (k) "' f p2 dpx:(p)l)r;~o(k, P), 
0 0 -

YAOBneTBOPR~IIIe cneAy~eH CHCTeMe HHTerpanbH~X ypaBHeHHH: 
~ ~ -

B(k) "'..!..·a
0
(E,k) f p2dpa*(p)a{p) J k'

2
dk'V10 (k, k')B(k') + 

3 0 0 

+.!.a
0

(E,k) I t
0
jp2dpa*(p)x 0 (p)A 0 (k), 

3 D 0 . 

~ ~ -
A (k) "'.!.a

0
(E, k) f p2dpa(p) x: (p) f k'

2
dk'V 10 (k, k')B(k') + 

n 3 0 0 

+ 
3
1.a

0
(E, k) It f dp·~x: (p) xm(p) Am(k), 

m m 0 

KOTOPY~ C y4eTOM ycnoBHH opToroHaflbHOCTIII ~yHKUI-1111 x 8 (p) MO*HO 

npeACTaBHTb B BHAe 
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{

B(k) = !
1

·a
0

(E,k) ?k'2nk'V10 (k,k')B(k')+ !a0(E,k);a0 £
0

A 0 (k), 

00 - /3.22/ 
A

0
(k) = -G0 (E, k) a f k'2dk' V 10 (k, k')B(k') + 

1
3

·a0 (E, k) A 0 (k), 
3 n 0 

rAe an = f p2dp)( 
0
(p)u*(p) =a: • KaK OTMe4allOCb BbiWe, 3TY CIIICTeMy 

MO~HO peA§~IIIpOBaTb CileAY~IIIM o6pa30M. npeACTaBIIIM BTOpoe ypaBHe
HIIIe CIIICTeMbl /3.22/ B BIIIAe 

A
0

(k) = i a~G 0 (E- i £ 0 , k) "f k' 2dk'V10 (k, k')B(k'), 
0 

rAe ·a 0 (E - ; £
0

) - CABHHyTafl <llYHK~IIIfl fpHHa. TckAa nocne noACTa
HOBKH 3TOrO COOTHOWeHHfl B nepsoe ypaBHeHJAe CIIICTeMbl /3.22/ Ill y4e
Ta TO~eCTBa fHilb6epTa Allfl <llYHK~IIIIII fpHHa nOI1Y4HM OAHOPOAHOe OA
HOMepHoe IIIHTerpallbHOe ypaBHeHHe OTHOCHTellbHO OAHO~ HeH3BeCTHO~ 

<llYHK~IIIIII B(k) : 

B(k) = .1_(1- I, a 2 ) 0
0

(E, k) f k' 2dk' V10 (k, k')B(k') + 
3 n n 0 -

/3.23/ 

+ ..l I. a 20 (E - .l f k) f k ' 2 dk' v (k k ') B (k') • 
3 D n 0 3 D' O 10 ' 

3aMeTHM, 4TO Hawe~ ~enb~ He fiBilAeTCA peweHHe 3Toro JAHTerpanbHoro 
YOaBHeHHfl /3TO CaMOCTORTellhHaJ'I ~;u~rlLirl/. 01-m 1-!Pnnvn.~IA .. n "'!>"" g_nC> 

Toro, 4T06bl Ha~nt 3Ha4eHHfl 3HeprHH CBfi3H E 0 Allfl dt~t -cJAcTeMbl s 
COCTOfiHHH C L"' 0. ,/lrlfl peweHHA 3TOH 3aAa4H He06XOAHMO CBeCTIII 
HHTerpallbHOe ypaBHeHHe /3.23/ K anre6paH4eCKOMy. A 3TO, B CB~ 
04epeAb, MO~HO CAellaTb, BblnOilHHB COOTBeTCTBY~HM o6pa30M BTOPJA4-
HYY.l <!laKropJAaa~lll~ annpoKCHMaHT_a noTeH~Hana V 10 (k, k'). BblnHweM 
fiBHOe Bblpa~eHHe Allfl <llYHK~HH V 10 (It, It') B CI1y4ae rayCCOBOH 

P-sollHOBO~ npo6HoH <llYHK~HIII u(p) : 

/3.24/ 

-+ " -+ -+ -+ ~ -+-11> -+ -+ -+ 
rAe <k!VIk'>=fdpdp'u(p) <kPIV!k'p'>u*(p'). 

noACTaBilflfl B nOCileAHee BblpaMeHHe fiBHbl~ BHA MaTpH4HOrO 3IleMeH
Ta noTeH~Hana /2.3'/· H ycpeAHAA ero c rayccoso~ <llYHK~JAe~ u(p' s 
$OpMe /3.16/, nOI1Y4111M: 

-+ A -+ 3271'4 ..aiy~2/4 
<k!VIk'>= --(e 
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/3.25/ 

OTKYAa nocne IIIHTer pJAposaHIIIA no yr naM <'i, k') 
/3.24/ 6yAeM HMeTb: 

/3.26/ 

c. BTOPIII4HaA $aKTOPJA3a~HA. MeTOA 6ei1TMaHa 

TaKIIIM o6paaoM, IIICCileAyeMafl <llYHK~IIIfl V 10 (k, k') AOCTaT04HO rnaA
Kafl /no o60HM apryMeHTaM/ Ill CIIIMMeTpiii4Ha OTHOCIIITellbHO 3aMeHbl 
k ~ k'. ~Ilfl $aKTOpHaa~llll1 TaKOH $yHK~IIIIII ~IofBYX nepeMeHHbiX HaH6o-
nee 3<J»$eKTIIIBHbiM RBilfleTCfl MeTOA 6eHTMaHa • ~Tb 3To;o MeTOAa 
aaKI1104aeTCfl B CileAYIO~eM. nosepXHOCTb <JlyHK~IIIIII V 10 (It, k ) /CM • , 
piiiC. 2/ pacceKaeTCfl nllOCKOCTfiMIII, nepneHAIIIKYilfiPH~14 K OCJ'IM k H k • 
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npiii6I111MeHHaA /y~e <J»aKTOpJAaosaHHaR/ <llYHK~IIIfl V1o(k, k) cTpoHTCR 

TaK, LITO aHa coenaAaeT c T04HOH <llY~UJAeH Ha I111HIIIRX nepece4eHHfl 
ceKY~IIIX n~~cKocTei1 c nosepxHOCTbiO v 1o(k, k'). <llaKTOPI130BaHHafl 
<llYHKUHfl v~0 (k, k') HaXOAIIITCA 113 ycnOBIIIfl aet~"" u, rAe 

-B v 10 (k, k') Vto(k, sl) ... Vto (k, sn) 

V 10 (s1 ,k') V1o <a 1• 8 1> V1o<81'8 n) 
/3.27/ 

/'l: -
v1o (s

0
, k') v1o (s

0
,s ~ ... 

S - TOLIKIII nepece4eHI1fl ceKy~IIIX nllOCKOCTeH /T04KIII 6eHTMaHa/ C KO
op~IIIHaTHbiMH ocfiMH (k, It'). Ycnos11e /3.27 I MomHo nepen11caTb B <!lopMe, 
HanOMJAHa~eH KOHe4HOMepHy~ annpoKCHMa~HIO /cpaBHHTe C /3.2//: 

/3.28/ 



Hs /3.28/ B CHny /3.23/ HMeeM 
cneAy~y~ CHCTeMy anre6paH4eCKHX 
ypaBHeHHH: 
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/3.29/ 

3aMeTHM, 4TO paHr 3TOH CHCTeM~ paBeH 4HCny HCnOflbSyeM~X T04eK 
6e.:1TMaHa, a ace HHTerpan~ I 11 (E) a ypaaHeHHH /3.29/ 6epyTcR 
aHanHTH4eCKH H npeACTaanR~T C060H KOM6HHa~HH HHTerpanoa OWH60K 
~(X) H HX npOH3BOAH~X /HMeHHO B 3TOM CM~cne nOHHMaeTCR Tep

MHH 
11TpaHc~eHAeHTHOCTb anre6paH4ecKoro ypaaHeHHR 11/. Hs ycnoaHR 

paBeHCTBa Hyn~ AeTepMHHaHTa CHCTeM~/3.29/ nony4aeM TpaHc~eHAeHT
HOe anre6paH4ecKoe ypaaHeHHe Ha E, KOTopoe pewanocb rpa~H4eCKH ""' ..... 
Md ~Dn. 

B saKn~4eHHe 3Toro pa3Aena npHBeAeM ~opMyny AnR o~eHKH cxOAH-
MOCTH 6eHTMaHOBCKOH npo~eAYP~: 

. min )( (s1 ..... s0
) < £, 

lskl , -s , - , 2 
(dkdk IV10 (k,k )- V1o(k,k ;s1, ... ,s

0
)1 

J dkdk'V~0 (k, k') 

Hs ycno&HR MHHHMyMa ~YHK~HH X ( Sp ... , 8 0 ) 

HcnonbsyeM~x a peweHHH T04eK 6eATMaHa. 

4. 06CY~AEHHE PE3YflbTATOB. BHBOAM 

/3.30/ 

8 3TOM pa3Aene npHBeAeH~ pesynbTaT~ KOHKpeTH~X B~4HCneHHH 
3HeprHH CBR3aHHoro COCTORHHR dt~-MOneKyn~ B COCTORHHH C L = 0 
AnR Ha6opa annpOKCHMHPY~Hx ~YHK~HH )( n (p) In = 2, 3, 4, 5, 6/ 
HeKOTOporo 4Hcna 6eHTMaHOBCKHX To4eK (s1,s2,s 8

) H B 3aBHCHMQC-
TH OT 3Ha4eHHR aapbHpyeMoro napaMeTpa a*. 

*3aMeTHM, 4TO BHe npHBeAeHHOro B Ta6nH~e 1 HHTepaana 3Ha4e
HHH napaMeTpa a ypaaHeHHe /3.29/ He HMeeT peweHHH. 
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KonHt~eCTBo 

KYJlOHOBCKHX 
Bell 1x np > 

4 
I. )( 

n=2 np 

6 
I. )( 

n=2 np 

'lJHCJlO TO"'eK 
BeATMaHa S0 
/a. e./ 

s 0 = o 
So = 0 

s 1 = 1,02 

so= 0 

So= 0 

s 1 = 1,02 

So 0 

so = 0 

s 1 = 1,02 

s 0 = o 
s1 = 1,02 

s2 = 1 '2 

3HatleHHe 
napaMeTpa a 
/~/ 

359,8 

348,4 

371,6 

402,8 

404,6 

412,2 

408,7 

411' 1 

426,4 

389,5 

417,4 

439,6 

3HeprHH CBH9H ELV COCTO.!IHHH (LV) 
MeSOMOJleKyJlbl dtjl /sB/ 

/00/ /01/ 

317,04 32,21 

319,09 34,70 

319,15 34,87 

319,15 34,87 

318,07 32,95 

319' 1 34,7 

Ta6mu~a 1 

3HeprHH CBH9H 
dt~ -MoneKyJlhl 
E /3B/ 

2820,5 

2810,7 

2850,9 

2950,5 

2945,4 

2970,6 

2995,3 

3015,9 

3025,2 

2748,7 

3010,9 

3033,1 

Ta6nHI~a 2 

Me To~ 

,[(ayxypoBHeaoe 
npH6JIWKeHHe I&/ 

TeopH.!I BOSMY~eHHH 

ITEit 
111 

BAAP 
111 

BapHaJUiOHHbiH 
/4/ 

pact~eT 

KoHe"'HOMepHaH 
annpOKCHMaJUi.!I 
/~aHHblii pact~eT/ 
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Ta6n.1 AaeT HarnAAHOe npeACTaaneHHe 0 TOM, KaK pa6oTaOT HC
nonb3yeMWe 3AeCb MeTOA~ annpOKCHMa~HH noTeH~Hana a3aHMOAeHCTaHA 
H raMHnbTOHHaHa MHW~HH : MeTOA KOHe4HOMepHO~ annpOKCHMa~HH H Me
TOA ~aKTopH3a~HH 6eHTMaHa. AnA cpaaHeHHA nony4eHHWx pe3ynbTaToa 
c pe3ynbTaTaMH pac4eToa 3HeprHH caA3H dtp-MoneKynw /npH L = 0/ 
APYrHx aaTopoa npHaeAeM Ta6nH~Y H3 pa6oTw 111 /ace 3Ha4eHHA 
3HeprHH caA3H E OTC4HtwaaOTCA a Ta6n.2 OT 3HeprHH OCHoa
HOrO COCTOAHHA raMHnbTOHHaHa MHWeHH, paaHOH c 1 ~ 2714 , 1 38/. 

TaKHM o6paaoM, 4To6w nony4HTb 3Ha4eHHA 3HeprHH caA3H, cpaaHH
MWe c ny4WHMH /Ha ceroAHAWHHH AeHb/ o~eHKaMH, nony4eHHWMH APY
rHMH MeTOAaMH /CM . Ta6n.2/, OKa3anOCb He06XOAHMWM H AOCTaT04HWM 
annpoKCHMHpoaaTb noTeH~Han onepaTopoM nepaor o paHra /a aHAe ra
yccoaoH p-aonHOaOH ~yHK~HH/, a raMHnbTOHHaH MHWeHH- onepaTOPOM 
nATOrO paHra /a aHAe p-aonHOaOH 4aCTH KynOHOaCKHX ~YHK~HH T04-
HOH 3aAa4H/ . npH 3TOM AnA aTOPH 4HoH ~aKTOpH3a~HH noTeH~Hana no
HaA06HnOCb TPH T04KH 6eHTMaHa, a CXOAHMOCTb 6eHTMaHOaCKOH npo~e
AYPW AnA 3TH X Tpex T04eK OKa aanacb paBHOH £ = 3 ·10 -S , 
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6enRee 8.6., CepreeHKoe C.A. 
0 cneKTpe dt,I-Me30MOINIKYAII 

P4-83-734 

8w~MCnBHW HM3K~e ypo8HM 3HeprMM Me30MOneKy.r.l d~ 8 COCTORHMM C 
L• 0. Pac~Tw ewnonHeHW npM Mcnon~aoaaHMM MeTOAB KOHe~HOMePHO~ annpoKcMMa
""" r8MMn~TOHM8H8 M-HM _ ~- M noTeH14M8N 83a-oae~CT8MR V d • .Qsul 8TOpM~H~ 
.. KTOPM3814MM nOT8H14M8na vd npMMeHReTCR MeTQA 6e~TMaHa. Cx~~~ 6e~TMa
HoeCKOM n~eA)'pW C TO~HOCT~II AO TpeX TO~eK COCT88Mn8;f : 3 ·10 • npoaQAMT
CR cpaeHeHMe c peayn~TaTaMM, nony~eHHWMM c Mcnon~aoeaHMeM APYrMx MeTQAOa 
pacll4eTa. 

Pa6oTa ewnonHeHa • na6opaTopHM TeopeTMII4ecKo~ $M3MKM OMRM. 

Belyaev V.B., Sergeenkov S.A. P4-83-734 
On the Spectrum of dr,& -f·1esic Molecule 

Low-lying cit" mesic-molecule energy levels with zero total angular 
momentum are calculated. The finite-rank approximation method for target 
Hamiltonian and interaction potential is used. The secondary potential 
factorization is given by the Bat~an procedure. Convergence of the latter 
over three points gives ' = 3-10- . Comparison with the results, getting 
by other calculated schemes, is discussed as well. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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