
---
s~~ z 
1~ ttl.t-i-4--

c.l sw"MQK:HH, JIJ1.llOHOMapeB, J1 .8.lly3hiHMH, 
T.ll .lly3hiHMHa, JI.H.CoMoB 

BhPIJ1CJIEHJ1E YPOBHEJ1 3HEPrl1l1 

~-ME30MOJIEKYJI J130TOOOB BO~OPO~A 

8 ~ATJ1qECKOM llPE~CTABJIEHJ1J1 

3A~A qJ1 TPEX TEJI 



It,OJ.J/2- 77 np . LJ BHHR~KRI,C.M.H ~p. 
H 8l'B&qxc~eRxe ypOBHel 
eprRH ji; -lleBOIIO~e­

r·••P4-I0336. !976. 

Lf~-~~19 
'&IV$~ 

C.J1.8HHHQKHH, JI .J1.lloHoMapeB, J1.B.lly3hiHHH, 
T.n.ny3hiHHHa, JI.H.CoMos 

Bb11fi1CJIEHJ1E YPOBHEft 3HEPrJ1J1 

~ -ME30MOJIEKYJI J130TOOOB BO~OPO~A 

8 ~ABATJ1qECKOM OPE~CTABJIEHJ1J1 

3A~A 1fi1 TPEX TEJI 

HanpaeAeHo e "Physics Letters" 

P4 - 10336 



BIIHHUKHH C.ll. II ap. P4 - 10336 

Bbl'li!CneHHe ypoBHeii 3HeprHH I' -Meao~wneKyn H30TonoB Boaopoaa 
B aaHa6aTH'leCKOM rrpeacTaBneHI!H aaaa'll! Tpex Ten 

Bbi'lllcneHbi 3HeprHH CBII3H Bcex cocTOHHHii I' -Meao,.wneKyn 

PPI' , pdl' , ptl' , ddl' , dtl' H ttl' c a6comoTHoii TO'lHOCTb!O 
- 0,1 38. llnH MoneKynhi pdl' rrpHBeaeH rroapo6Hblil pac'leT. 

Pa6oTa BbmonHeHa B Jla6opaTOPHII TeopeTH'lecKoii tPH311KH 011HI1. 

flpenpHHT 06be,nHHeHHOf'O HHCTHTyTa .R,nepHbiX HCCJle,noBaHHH 

,ny6Ha 1976 

Vinitsky S.I. et al. 
P4 - 10336 

The Calculation of the Energy Levels of the 
Hydrogen Isotope I' -Molecules in tne Adiabatic 

Representation 

The binding energies of all the states of I' -mesomo­
lecules PPI' , pdl', ptl' , ddl' , dtl' , and ttl' are calculated. 

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

Preprint of the Joint Institute for Nuclear Research 

Dubna 1976 

© 1976 06l>eCJUHeHHWU UHC•u•y• JICJepHWX UCCAeCJ060HuiiJly6Ha 

• 

1. BLiqllcneHue ypoaHeii: 3Hepruu p. -Me3oMonexyn ao­

.n.opo.n.a npe.n.cTaBJIJieT HHTepec no xpaii:Heii: Mepe a .n.ayx 

OTHOWeHHJIX. 

Bo-nepBLIX, 3HaHue ux Heo6xo.n.uMo JJ.JIJI nocne.n.oaa­

TeJILHoro onucaHH.II aceD: uenoqxu Me3oMonexynJipHbiX npo­

ueccoa, npOHCXO)J.JI~HX npH TOpMO~eHHH H aTOMHOM 3a­

XBaTe p.- -Me30HOB B CMeCH H30TOnOB BO)J.OpO)J.a. B CBOIO 

oqepe.n.L, no.n.po6Hoe 3HaHue 3Toii: uenoqxu npoueccoa cy­

ll.(eCTBeHHO )J.JIJI aKKypaTHOB HHTepnpeTai.(HH 3KCnepHMeHTOB 

no H3yqeHHIO CJia6oro B3aHMO)J.eBCTBHJI p.- -Me30HOB C JI)J.­

paMH H30TOnOB BO)J.OpO)J.a, a TaK~e )J.JIJI BbiqHCJieHHJI CKO­

pOCTeH JI)J.epHbiX peaKI.(HH CHHTe3a B p. -Me30MOJieKyJiaX. 

lllocne.n.HnH o63op 3THX npoueccoa co.n.ep~HTCJI a MOHo­

rpa<Puu /I I I. 
Bo- BTOpbiX, p. -Me 30MOJieKyJibi HBJIJIIOTCJI qacTHbiM cny­

qaeM CHCTeMbl Tpex TeJI, B3aHMO)J.eHCTBYIOli.(HX no 3aKOHy 

KynoHa. PacqeTLI TaKux cucTeM npe.n.cTaBJIJIIOT oco6biH 

HHTepec, noCKOJibKY OHH OTHOCJITCJI K e)J.HHCTBeHHOMY no­

TeHI.(HaJiy B3aHMO)J.eHCTBHJI, cnpaBe)J.JIHBOCTb H rpaHHI.(bl 

npHMeHHMOCTH KOTOporo B aTOMHOH <i>H3HKe He Bb13biBaiOT 

COMHeHHH. 

2. H3BeCTHbl )J.Ba OCHOBHbiX MeTO)J.a BblqHcJieHHJI 3Hep­

ruif CBJI3H p. -Me30MOJieKyJI: BapHai.(HOHHbiH H a.n.ua6aTH­

qecKHH lnOJIHaJI 6H6JIHOrpa<i>HJI TaKHX BblqHcJieHHH BnJIOTb 

.n.o 1973 r. npuae.n.eHa B o63opax 
121 I. )J,o cux nop a 

a.n.ua6aTHqecKHX pacqeTaX HCnOJib30BaJIOCb JJ.BYXYPOBHeBOe 

npH6JIH~eHHe, H n03TOMY npH HaXO~)J.eHHH 3HeprHH OCH~B­

HOrO cocTOJIHHJI Me30MOJieKyJI ux ToqHoCTb - (miL IMP ) 
ycTynana ToqHoCTH aapuauuoHHbiX pacqeToa. B nocne.n.Hee 

apeMJI, o.n.HaKo, B a.n.ua6aTuqecKoM npe.n.cTaaneHHH 3a.n.aqu 

Tpex Ten pa3pa6oTaHa nocne.n.oaaTeJibHaJI cxeMa Bblquc­

neHHB, KOTOpaJI n03BOJIJieT HaXO)J.HTb 3HeprHH ypOBHeB 

Me30MOJieKyJI C OTHOCHTeJibHOB TOqHOCTbiO -10-4 
H Bbl-
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we 131 . B HaCTOHIUeR pa6oTe 3THM MeTO.IJ.OM BLP-IHcneHLI 

3HeprHH BCeX H3BeCTHbiX COCTOHHHR 11 - Me30MOJieKyJI H30-

TOnOB BO,IJ,OpO,II,a H npoBe,IJ,eHO cpaBHeHHe nonyqeHHhlX 3Ha­

qeHHR C HaHJiyqWHMH BapHai.J,HOHHbiMH pacqeTaMH. 

3. B a,IJ,Ha6aTHqecKoM npe,IJ,cTaaneHHH BOJIHOBhle $yHK­

I.J,HH 'Pn r (f',R)Me30MOJieKyJihl B COCTOHHHH C KBaHTOBblMH 

qHCJiaMH (nr ) pa3JiaraiOTCH no nOJIHOMY Ha6opy peweHHR 

<J>i m ( r; R) 3a,IJ,aqH .IJ.BYX I.J,eHTpOB KBaHTOBOR MeXaHHKH / 4 1 • 
T.e. no BOJIHOBblM $yHKI.J,HHM 11--Me30Ha, ,II,BH)KYJUerOCH B 

none .IJ.BYX 3aKpenneHHLIX H,IJ,ep M a H M b, y,IJ,aJieHHLIX .IJ.pyr 

OT ,IJ,pyra Ha pacCTOHHHe R- ,[l,nH cocTOHHHR c noJIHOR qeT­

HOCTblO ,.\, + (-) J H nOJIHbiM MOMeHTOM J 3TO pa3JIO)Ke • 

HHe CXeMaTHqeCKH MO)KHO npe,II,CTaBHTb B BH,IJ,e 

'V 
nT 

... ... 1 ... 
( r, R ) = !. -- ( F . ( r ; R, @, <J> ) x . (R) + 

j R J a l a 

/1/ 

+ Fib(r;R,®,<J>)xib(R)], 

r,IJ,e 

... -1/2 ( ) ... J 
F. (r;R,®,<l>)=(2(1+8 )] [<J>.a (r;R)D (<1>,@,0)+ 

l a om J m mm J 

(a) -> J 
+<1>.( )(r ;R)D(.:.. ) (<J>, ®, 0)], /2/ 

J -m m mJ 

H aHanorHqHo .D.JIH Fjb(?;R, ®,<J> ). 3,IJ,ecL D~m1 (<l>, ~0)­
HOpMHpoaaHHLie D - $yHKI.J,HH BHrHepa /S/, <l> H @ - yr­

JIOBLie n~eMeHHLie aeKTopa R, coe,IJ,HHHromero H,IJ,pa M a H 

Mb , a r - pa.IJ.HYC- BeKTOp, coe,IJ,HHHIOIUHR ueHTP oTpe3Ka 

R H 11- -Me30H c MaccoRm 
11

• «l>yHKI.J,HH 

<J>.(a) (;;R),..L (¢~~) (;; R)-¢.(u) (f;R)], 
Jm - Jffi 1m y2 

/3/ 

<J> ~b) (;; R) = 1 (¢(.g) ( r; R) + ¢ <_u) ( t; R)] 
l m y2 l m l m 

4 

Bbipa)KaJOTCH qepe3 qeTHOe (g) H HeqeTHOe (u) peWeHHH 

3a,IJ,aqH .II.BYX I.J,eHTpOB ,IJ,JIH COCTOHHHR, 3a,IJ,aBaeMhlX Ha6opOM 

napa6onHqecKHX KBaHTOBhlX qHcen j = [n
1

n
2
m] - acnyqae 

.D.HCKpeTHoro cneKTpa H Ha6opoM j "" [ k n 
2 

m ] - B cnyqae 

HenpepLIBHoro cneKTpa /no KJiaccH$HKai.J,HH paJ'be,IJ,HHeHHLIX 

aTOMOB /4/j. CyMMa !. BKJiroqaeT cyMMHpoaaHHe no .D.HCK­

peTHOMy H HHTerpHp~BaHHe no HenpephlBHOMy cneKTpaM 

!. = ! ~ ~ + ~ ~ j dk. /4/ 
m=O n =0 n l =0 m=O n zO 0 

2 2 

/,[l,ononHHTeJILHhle no,IJ,po6HOCTH H o6cy)K,IJ,eHHe CTPYKTypw 

peweHHR MO)KHO HaRTH B pa6oTe 131 I. 

4. IlonHaH 3HeprHH E Me3oMoneKyJI H BOJIHOBLie $yHK· 

I.J,HH x. (R) H x. h (R) Haxo,IJ,HTCH H3 6ecKoHeqHoMepHo8 

CHCTe~bl 06hlKifOBeHHhlX .IJ.H$$epeHI.J,HaJILHLIX ypaBHeHHH: 

vl J 

~ \ (£ + 2ME) ( 10 )8 .. - ( ia, i Bvia,jb)~ ( xja)= 0 
l ~ d If 0 1 'l ~ ' 

v_J . vJ x 

~1 '2' ... 
3,IJ,eCL 

1 1 +-1-; M =M 0 /m*, --= m 4M
0 m* 11 

th,jB ib,jb jb 

1 

Mo 
1 1 

=- +--. 
M a Mb 

/5/ 

M 8 ~ M b H m 
11

- MaCChi H,IJ,ep a H b H 11 ·Me3oHa co­

OTBeTCTBeHHO; Bee BeJIHqHHhl B CHCTeMe ypaBHeHHH /5/ 
npHBe,IJ,eHw B e,IJ,HHHI.J,ax t = e = m * = 1. 

3$$eKTHBHhle noTeHI.J,HaJILI V.~ (R) HMeiOT .IJ.OBOJILHO CJIO)K· 
v IJ 

HyiO CTpyKTypy, HX HBHLIH BH,IJ, If aCHMnTOTHKa npHBe,IJ,eHhl 

a pa6oTax /6, 7 I a qucneHHLie 3HaqeHHH Hau,IJ,eHw cornacHo 

aJirOpHTMaM, H3JiO)KeHHLIM B pa60TaX /B,9 /. 

lfcnOJIL3YH napaMeTp MaJIOCTH (2M}-l, MO)KHO HaRTH 

peweHHe 6eCKOHeqHOMepHOH CHCTeMhl /5/ no TeOpHH B03· 

MymeHHH, ,II,JIH qero ,IJ,OCTaToqHo Ka)K,II,hlR pa3 pewaTL TOJILKO 

napy CBH3aHHhlX ypaBHeHHR ,IJ,JIH $yHKI.J,HR Xja (R) H Xjb(R) . 
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B 3TOM cnyqae BeKTop-cTon6eiJ, pemeHHB lx. I pa36HBaeT­
J CH Ha napbi COCTOHHHB, llpH'IeM 

• (0) \ I : \+ .... 

XI a 

X (0) 
+ lx. I= j Ih x<n /6a/ 

J 0 2a 

0 I \ 
x<n 

2h 

a nonHaH 3HeprHH E CHCTeMbi Tpex Ten ( M m M h) paBHa 
a f.1 

E = E + c (O) + c (2) + 
0 

1 J m* 1 2K Eo=--VI I (oo)=--0- _±.f.:_) 
2M a, a 2 4M ' 

K = ( M b- M a )/ ( Mb + M ) , 

/66/ 

r.n;e Eo paBHO 3HeprHH H3onupoaaHHoro aToMa (Mam 
11

) B 

a~Ha6aTH'IeCKOM npeacTaBneHHH/S(JHal.feHHe f(O) H~YHKIJ,HH 
X I O) H XI(z) Hyneaoro npH6nH)I(eHHH HaXO.[{HTCH H3 CHCTeMbl 

yp~BHeHHH /5/ npu i ""j = 1 , 3Hal.feHHe c< 1)=0, anropHTM 

Bbi'IHCneHHH nonpaBOK f (
2

) K 3HeftrHH CBH3H Tpex Ten H 

nonpaaoK x ~l) (R) K ~YHKIJ,HHM x (O (R) noapo6Ho H3nO)I(eH 

B pa6oTe/3~ 1 

3HeprHH CBH3H f CHCTeMbl Tpex Ten, OTC'IHTaHHaH OT 

OCHOBHoro ypoBHH 3HeprHH Ea H3onupoBaHHoro aToMa TH)I(e­

noro H30Tona ao.n;opo.n;a, paBHa /B Me3oaTOMHhiX e.n;HHHuax 

t ""e = m = 1 / 
f.1 

c = .!II* E-E a 
m 

f.1 

m -I 
, E =-lO+-::_g). 

a 2 M 
a 

/7/ 

5. B ma611. 1 npuae.n;eHhi pe3ynhTaTbi Bhl'IHcneHHH 3Hep­

rHH CBH3H f BCeX COCTOHHHH Me30MOneKyn H30TOllOB BO­

.n;opo.n;a. ,[J;nH cpaBHeHHH .D;aHbl TaK)I(e 3Hal.feHHH c (0), Hail-

6 

... 

~· 

~ 

Ta6mrua 1a 

3HeprHSI CBSI3H f h· ( sB) Me30MOneKyn BO/lOpoaa 
C paBHbiMH Slllp8MH * 

Meso- r =() J =l J=2 J::3 Me!'O.D; pec'le!'a 
110.118-

v ..() I v- =I 1/" =() I 11' =l Jl1.118 11'=() 1f=(J 

253,og&) - I0?,23c) - - - BapaSilBOBBHI 

f'f~ 
248 - 100 - - - A,IUIS68'1'11'18-

cutiiO/ 

253,12 - 106,26 - - - lJ.aHBBJI pe60'1'8 

324,278) 32, 768 ,226,5sC) - - - BapaSilBOHHYI 

Jd!'-
323 32,9 224 0,7 83,6 - A.IUIBd8'1'~1fe-

cut/10 

324,~ 35,62 226,25 2,32 85,62 - lJ.aHHSJ! padO!'S 

361,4B) 75,2B) 288,nC) - - - Bapaa~t~~OHHHI 

361 81,4 288 43,1 171 46,7 AlUia6a'l're-
tt~ Cl'ld/10 

362,tl7 83,67 288, 93 45,0! 17.2 ,.22 48,13 lJ.aRHSJ! ped0'1'8 

* DpH Bbi'IHcneHHSIX ucrronh30BaHbi 3Ha'leHHSI Mace: 
m 11 = 206, 769, M p= 1836, 109, M d = 3670, 398, M 

1 
= 

= 5496, 753 H aTOMH8SI eJlHHHUa SHeprHH c
0 

= 27, 2107 sB. 
8 STOM cnyqae SHeprHH OCHOBHOrO COCTOSIHHSI Me308TOMOB 

Pf.l , d11 H t 11 cooTBeTCTBeHHo paBHhr: EP/-L =2528,43sB, 
Ed/-L = 2663,14 sB,Elt-L = 2711,18 sB. 3HaqeHHSI c 
nony'leHHbie B BapHaUHOHHbiX paC'IeTaX, rrepeC'IHT8Hbl K Ho­
BOMY 3Ha'leHHIO c 0 . 3Ha'leHHSI c J v , rrony'leHHhie B pa6oTe/l,O/ 
COOTBeTCTBYIOT 3H8'1eHHIO f (O) aaHHOH pa60Tbi. 

a) Carter B.P. Phys.Rev.,1968,165,139. 
b) Carter B.P. Phys.Rev.,1966,141,863 . 
c) Halpern A. Phys.Rev.Lett.,1964,13,660. 
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Ta:6nHua 16 

3aeprHg cagaH ~'Jv (aB) MeaoMoneKyn aoaopoaa c paahHq­
HhiMH gapaMH * 

Meso- J=O J =I J=2 
llerolUI 

JIDJI8-
v- =0 I v =I 

KYH 
v=O 11'=0 p&C'I8'1'8 

22I,288) - - - Ba~SIUIOBBJII 

rdtt 2I4 - A9,7 - AlUI8Cs'!'ne-
cua/IO/ 

22I,48 - 97,90 - lla!UI8ll pe 00'!'8 

2I3,0 b) - - - BaJIUIIIOJUDJI 

f~ 200 - 9I,I - AlUI&Csrnecx.tl1 0/ 

2I3,85 - !00,44 - llalUI8ll p86o'!'a 

3I8,cnf1) 32,958) - - BapnllliOBJilll 

clir 
3I7 3I,7 230 99,3 AlUiaca"r'-

cKdfiO 

3I9,07 34,67 232,23 I02,26 lla!UI8ll J1800'!'8 
~-~--·---

--~' 3aeprHH CBg3H f J v OTCqHTh!B8IOTCg OT ypoaHg 8HeprHH 
ocaoaaoro cocrogHHg 6onee Tg*enoro H30Torra aoaopoaa, 
r.e. or ypoaag Ed11 ang MoneKynbr pd/1 H or ypoaag E tp. 

ang MoneKyn pt11 H d t11. 3aaqeHHg l Jv, rronyqeHHhre a 
pa6oTe/IO/, COOTBeTCTByiOT 3HaqeHHIO f(O) H8CTogmefi: 

pa6oThr. 

a) Carter B.P. Phys.Rev.,1968, 165, 139. 

b) Carter B.P., Phys.Rev.,1%6,141,863. 
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,, 
\J 

.D.eHHble paHee a .IJ.ByxypooHeBoM npu6nH)I(eHHH I IO/, a TaK)I(e 

Haunyqmue oapuauuoHHble pacqeTbl. H3 npuae.D.eHHoro co­
rrocTaaneHH.Jl BH.D.HO, qTo peanH30BaHHbiH HaMH MeTO.IJ. He 
ycTyrraeT aapuauHOHHbiM pacqeTaM /II •121 .IJ.a)l(e rrpu Bbi­
qucneHHH 3HeprHH OCHOBHOrO COCTO.JIHH.Jl Me30MOileKyn. 
B cnyqae B036Y)I(.IJ.eHHbiX COCTO.JIHHH a.D.Ha6aTHqecKHe pac­
qeTbl rrpe.IJ.rroqTHTenhHee. B qacTHOCTH, 3HeprHIO cna6o­
CBH3aHHoro COCTO.JIHH.Jl (J ,0, V = 0) Me30MOneKyilbl dd/1, 
KoTopoe c rroMombiO oapuauuoHHbiX pacqeToB He y.D.anocb 
.IJ.a)l(e o6Hapy)I(HT h, rrpe.IJ.naraeMbiH MeTO.D. rro3oonHeT Bbi­
qucnHTb c BhiCoKoB: ToqHocTbiO I -lo-5 oT rny6uHbi 3cil-
4JeKTHBHbiX rroTeHuuanoo V. ~ ( R) I. 

1 J 

Ta6nHua 2 

BKnaahr £(~_) paanHqHbiX cocrogaHfi: j ""(n In 2m 1 
JJ . 

aHCKperaoro crreKTpa aaaaqH aayx uearpoa a aaeprHIO 
OCHOBHOrO ( J =0, v:Q) COCTOgHHg Me30MOneKynbi pd/1 *. 

[n In 2m1 /2>, 10 _4 
J 

/~)(aB) 
J 

2 ( 1001 -2,44 -1,37 
3 ( 0101 -3,89 -2,19 
5 (200] -0,44 -0,25 
6 ( 1101 -0,68 -0,38 
7 (0201 -0,00 -0,00 

11 ( 300] -0,16 -0,09 
12 ( 210] -0,27 -0,15 
13 ( 1201 0,00 0,00 
14 (030] 0,00 0,00 

(2) ~ (2) 
l aHCKp. =i~ 2 l j -7,87 -4,43 

* HyMepauHg j cooraercrayeT rrpHHgTofi: a pa6oTe13! 
CocrogaHg j ,(n I n 2 m] c m~ 0 He aaocgT BKnaaa 
a aaeprHIO ypoaaefi: c J,.O. DpH BbiqHcneaHgx HCrronbaoaa­
Hbr cneayiOIUHe aaaqeaHg Mace qacTHu: m 11 = 206,769, 
MP = 1836,109, Md = 3670,398. MeaoaTOMHag eaHHHUa 

8HeprHH f /1 = 5626,33 aB. 
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6. llonpaBKa BTOporo llOpH,IJ.K~ f (
2 ) K 3HeprHH CBH3H 

BKniDqaeT BKlla,IJ. ,IJ.HCKpeTHOro H HenpepWBHOrO ClleKTpOB 
3a,IJ.aqu .D.BYX ueHTpOB: 

(2) (2) 
( = ( 

JlHCKp. 
(2) 

+ ~:: aenp. 

14 (2) 
{ (2) = 2 f. 
JlHCKp. j=2 J 

/8/ 

r.n.e 

(2) 
3 00 

dk f (2 ) (k), 
f = 2 f nO 

aenp. n =0 o 2 
2 

/9/ 

npuqeM .IJ.IIH ypoaHeii 3Hepruu MeJoMoneKyn c nonHhiM 

MOMeHTOM J = 0 COCTOHHHH C m .t 0 B CYMMbl /8/ BKlla,IJ.a 

He ,IJ.aiDT. B ma6.11. 2 H 3 llpHBe,IJ.eHa HyMepai.J.HH COCTOHHHH 
j =[n n m] , JuaqeHHH f(2) u £(2 ) = J'X>f(2 ) (k)dk 

I 2 n 
2

m 
0 

n 2 m 

llpH m ~ 0 ,IJ.IIH COCTOHHHH (J =0, V =0) Me30MOIIeKYIIbl pdfl . 

llo ma6.11. 4 MO)I(HO npocne,IJ.HTb OTHOCHTeJibHbiH BKJia,IJ. 

pa3JIHqHhiX qneuoa B cyMMe /66/ B nonHyro 3HepruiD E . 
Ha puc. 1 u 2 npe.n.cTaaneHhi BOIIHOBhie lPYHKU.HH x ~0(R) u 

Ta6nHua 3 

BKnan f ~2io pa3nHqHbiX coc T05IHHii j = [ k n 2 m] aenpe-

pbiBHoro ClleKTpa 38)laqH JlBYX UeHTpOB B 3HeprHIO 

CB513H COCT05IHH51 ( J ~0, V ~0) Me30MoneKynbi pdfl 

n2 ( <2> , 10-4 { (2) 
(38) n2 o n 2o 

0 -1,67 -0,94 
1 -3,03 -1,70 
2 -0,71 -0,40 
3 3 -0,08 -0,05 
( (2) = 2 { (2) 

Henp. n2= 0 n2o -5,49 -3,09 

10 

nonpaBKH X~ I) (R) OT BbiCIIIHX COCTOHHHH ,IJ.HCKpeTHOro cneKT­

pa Ja.n.aqu ,n-hyx ueHTpoa. AHanoruqHwe nonpaBKH x~!l(k,R) 
npu paJJIHqHJ>IX 3HaqeHHHX k npuae.n.eHLI Ha puc. 3. Ha 
pUC. 4 H 5 npe,IJ.CTaBneHbl KpHBbie ~::(2 ) (k) H ~::~ 2 ) llpH 

n2o J 
pa3JIHqHbiX 3HaqeHHHX n 2 ,IJ.JIH OCHOBHOrO COCTOHHHH MeJo-

MOIIeKyJibl pdfl. 

7. KaK H3BeCTHO, BTopoii nopH.IJ.OK Teopuu B03MyiUeHHH 

/peaJIH30BaHHbiH B ,IJ.aHHOH pa6oTe/ ,IJ.aeT K TOqHOH 3HeprHH 

CBH3H OCHOBHOrO COCTOHHHH npH6llH)I(eHHe CHH3y, B TO 

BpeMH KaK BapHaU.HOHHWe pacqeTbl ,IJ.aiDT npH6JIH)I(eHHe 

caepxy. OTciD.n.a cne.n.yeT .D.BYCTOPOHHHH ouenKa TOqHoCTH 

npoae.n.eHHbiX .n.o nacTOHIUero apeMeHH awqucnenuii 3Hepruii 

CBH3H OCHOBHOrO COCTOHHHH Me30MOJieKyii. l13 ma6.11Uijbl 1 
cne.n.yeT, qTo ona cocTaBIIHeT aenuqHHhi nopH,D.Ka .n.oneii 
3JieKTpOH-BOJibTa. 

Cne.n.yeT TaK)I(e OTMeTHTb Y.IJ.HBHTeiibHO xopoiiiee corna­

cue nepBbiX a,IJ.Ha6aTuqeCKHX pacqeTOB, BblllOIIHeHHbiX B 

npu6JIH)I(eHHH noTeHuuana Mop3e 1141 , c peJyiibTaTaMH Ha­

CTOHIUeii pa60Tbl. 

llpH HHTerpupoBaHHH CHCTeMbl ypaBHeHHH /5/ HCllOIIb-

30BaH MeTO,IJ. BbJqucneHHH, OCHOBaHHbiH Ha HenpepbiBHOM 

auanore MeTo.n.a HhiDTOHa, B llJopMe, peaJIH3oBaHHoii B pa-
6oTax /l3 /. lliar pa3HOCTHOH CeTKH npu BbJqucneHHH f(O H 

x i0>(R) 6LIJI Bhi6paH paBHhiM AR-0,025, a npu BLI­
qucneHHH ~::~2 ) H X(l)(R) - paBHbiMAR =0 1 qTo npu HHTep-

J • ' ' J 
aane 0< R < R = 60 o6ecnequaano OTHOCHTenLHYID Toq-

- - m 
HOCTb HHTerpupoBaHHH - 10- 5 - Io-6 . llpu BbiqucneHHH 

BKna.n.a OT uenpepbiBHoro cneKTpa aenuqunbi ~:: ~2 ) m ( k) 
u x ( l) ( k, R ) BbiqucJIHIIHCb c IIIaroM AR .0, 1 no ipryMeH-

n2m 
TY . R Ha HHTepaane 0, 1 ~ R ~ 2 0 B ToqKax k = 

0.2 (0.1) 1(0.2) 2 (1) 10. llpoBe,IJ.eHHWe HCCJie,IJ.OBaHHH TOq-
HOCTH HHTerpHpOBaHHH llOKa3WBaiDT, qTO TOqHOCTb npH­

Be,IJ.eHHWX 3HaqeHHH 3HeprHH CBH3H orpauuqeua JIHIIIb no­

pH,D.KOM TeOpHH B03MyJUeHHH H MO)I(eT 6b1Tb ynyqiiieHa npH 

yqeTe TpeTLero nopH,D.Ka, nu6o )l(e uenocpe.n.cTBeHHhiM pe­

IIIeHHeM llOIIHOH CHCTeMbl /5/. 

ABTOpaM npHHTHO no6naro.n.apHTb c.c.repiiiTeiina 3a 

llOCTOHHHWH HHTepec K pa6oTe H o6cy)I(,IJ.eHHH. 
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Ta6n11ua 4 

COCT8BJIBIDmHe llOJIHOH 8HeprHH CBB3H OCHOBHOro 
COCTOHHHB ( j .. Q, V ,.,Q) Me30MOJ16KYJlbi pd/1 

M.a. e. sB 

Eo -0,473250 -2662,66 
( (0) -0,38114 -214,44 
( (2) 

JlHCK. -0,000788 -4,43 
(2) 

c Henp. -0,000549 -3,09 
E -0,512700 -2884,62 

E -0,473335 -2663,14 a 
( -0,039366 -221,48 

BapHaUHOHHbiH pac'IeT Carter 'a ( 1968) JlJIB 
noJIHOH aHeprHH JlaeT 3Ha'IeRHe E = -2884,42 sB 11 

COOTBeTCTBeHHO JlJIH 8Hepnm CBH3H £ = -221,28 aB npH 

HCllOJih30B8HHH npo6HOH ¢YHKUHH C 84 napaMeTpaMH. 
0.5~ -Xj<R) 

04 

Q.3 

Q2 

0.1 

-o. 

K ---... / 'X" 

X'1}<1o 

pd,.u 
cJ=o, 11'=0) 

3 (0) 
Puc. 1. BoAH06biO fPYHK(#UU XIa(R) , X~~(R) uno-
npaeKU K HUM x .o(R). BudHo, 'li/Jo aMnAumydbl nonpaeoK 
Ha Oea nop.ROKa J 6eAU'lUHbl MeHbWe aMnAUIIJYObl fPYHK(#UU 
HyAeeozo npu6AuxeHUJI. 

12 

.x<"(Rl, 10-2 

J 

pd,Al 
(J =0, V=O l 

Q.5 

-1. 

ok ~ / / L ~ -=R 

Puc. 2. llonpaeKu nepeozo npu6AuJKeHu.R 
(I) 

X ja (R) u X <tl (R), ?npedeA.R101JlUe 6KAa0 

ebrcwux cbcmo.RHUii I oucKpemHozo cneKmpa 

3aOa'lU oeyx ZJeHmpoe e noAHY10 :mepzu10 

E cucmeMbl mpex meA. 
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I I I >< Q) 

!Zl ~ 

E.ntn ( 10' IO ... a.e. pdf.t 
( J =0, 11'=0) 

2 

K 

4 1<. 
(2) 

Puc. 4. cJ>yHKLIUU f n m (k ), onpeoeA.11101J1Ue BKAaO He-
npepbi8H020 cneKmpa bm COCl/IOJIHUU C pa3AU'lHbiMU 3Ha­
'leHUJIMU n 2 . 

4 

3 

2 

(2) -4 ej , 10 M.O.e. 

, n
2
=1 

\ 
\ 
\ 
\ 
\ 

' ~t. n
2
=0 \ \ 

\ \ 
\ \ 

\ \ 
\ \ 

\ \ 
\ ' 

\ ' 
\ ' 

pct,.u 
<J=O, 11'=0) 

' ' ' ......... 
,........._ .... ,. __________ __ ...... _________ . 

n.r2. 
0 1 2 5 4 n, 

(2) (2) 
Puc. 5. 3Ha<JeHUJI c "'£ n 1n2"1, 
oucKpemHozo cneKmpa

1
om o6oAo<JeK 

'lUCAOM n,. 2, 3, 4 npu m -0. ~ 

onpeoeA.11101J1Ue eKAao 
C 2AU8HbiM K8UH11108biM 
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