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noHoMapeB n,H., nyab!HIIH H.B., nyahIHIIHS T .n. P4-6256 

Bbl'll!CneHl!e ypoBHell 9HepI'1111 M83OMoneKyn C IlOMOIUblO Henpepb!BHOI'C 

aHanora MeTona Hb10T0Ha 

Ha OCHOBe Henpepb!BHOI'O aHanora M8TOA8 Hb!OTOH8 B pa6oTe pa3BBT Me 

TOA 'IIICneHHOI'O peweHIISI 38A8'111 lllTypMa-n11ya1mnsi, 06nana10m11ll pS!AOM npe11-

MyIUeCTB no cpaBH8HIIIO C 1!3B8CTHblMII, MeTOA 11cnonb3OB8H nnsi Bbl'll!CneHIISI 

aHepr11ll casia11 Me3oMoneKyn ppµ, d dµ , t tµ , 

TipenpHHT O6beAJ{HeHH0ro HHCTHTyTa ap;epHbIX HCCJieJJ;OBaHHii. 

,lzy6Ha, 1972 

Ponomarev L.I., Puzynin I.V,, Puzynina T.P. 

Calculation of the Energy Levels of Mesic 
Molecules by the Continuous Analog of the 

Newton Method 

P4-6256 

The method of numerical solution of the Sturm-Liou
ville problem, having a number of advantages as compared 
with the known methods, was developed basing on the 
continuous analog of the Newton method. The method is used 
in solving the coupling energies of mesic molecules: 

ppµ , ddµ , ttµ 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1972 
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Bhl"rncneHHJO 3Hepr11it CBSI3H M03OMoneKyll IIOCBSIIU0HO /lOBOllhHO MHOI'O 

pa6oT, KOTOpb1e MO)KHO p83/l0lIHTh Ha /lB0 rpyIIIIbI: BapHaUHOHHbie pao'l'.e-

/ l / 6 /.2 / B · 
Tb! II a/lua aTH'l'.0CKlle • apHaUIIOHHbie MeTO/lbl pac'l'.eTa, IIO-BHllHMO-

MY t rrpe/lIIO'l'.THTenbHee /llISI Bbl'l'.IICneHHSI 3Heprnit OCHOBHOI'O_ COCTOSIHHSI Me-

3OMOlleKyn. TTpeuMyIUeCTBa a/lua6aTH'l'.0CKHX paC'l'.eTOB COCTOSIT. B HX HaI'lISI/l

HOCTH H 0/lHH0006paa1m Bbl'l'.HClleHHH KaK B cny'l'.ae OCHOBHOI'O, T8K " B 

cny'l'.ae aoa6y)KJl0HHb!X COCTOSIHHH, 
__ _..,. . .,., 

B HaCTOSIIUefi pa6oTe Bbl'l'.IIClISIIOTCSI 3HeprHH Bcex Kone6aienhHbIX co-

CTOSIHHH M03OMoneKyn pp /l ddµ H ttµ c y'l'.eTOM a/lHa6aTH~eCKHX 

rrorrpaBOK Ha /lBll)K0HHe SI/lep. TTpu 3TOM paapa6oTaH MeT«;>ll 'l,HClleHHOI'O 

pellleHHSI 3a/la'l'. Ha co6CTBeHHbie 3Ha'l'.eHHSI, o6na/la!OIUHH pSI/lOM rrpeHMyIUeCTB 

no cpaBHeHHIO C H3BeCTHbIMH /lO CHX rrop, 

IloCTaHOBKa 38/la'l'.H 

3alla'l'.a Bbl'l'.IIClleHHSI ypOBHefi 3HepI'HH Me30MOlleKyn -:- 'l'.aCTHI:,IH cny'l'.ait 

aa/la'l'.11 Tpex Ten, B3aHMO/l0HCTBYIOIUIIX IIO 3aKOHY KynoHa. B cnyqae M03OMO-

neKyn c paBHbIMH SI/lpaMu M 1 = M 2 (ppµ , ddµ n ttµ ) ·ee pellle_Hue B 

a/lHa6aTH'l'.0CKOM IIpH6lIH)K0HHH CBO/lHTCSI K HaXO)K/l0HHIO co6CTBeHHbIX 3Ha'l'.e

/2/ 
HHfi EL v ypaBHeHHSI lllpe/lHHrepa 

3 



2 . 

d XL~ I L(L+J) 
- + 2M [E -(E (R)-E (oo))--- -

dR2 Lv ,: ,: R 2MR2 

I . 
- -(K (R) - K (00))] x = o, 

2M .u ,:,: Lv 

I'Jl0 
2M1+µ 

2M = ' 2µ 

(1) 

I 

M , µ - Ma~Cbl smep n µ -MeaoHa cooTaeTcTaemrn, E,: (R) - cuMMeTpII't-
1 . . . /8 4/ . . . 

Hblll TepM . 38Jl8'llf JlBYX ueHTpOB t , K ( R) - JlH8I'OHanhHblll MaTpll'lHblll 
. . gg 

aneMeHT OT onepaTopa HJlepaoro JlB!DKeHnsr no aonHOBblM qiyHKU.HSIM cnMMeT-

pnttaor-o cocTosi:itusr aaJla'lH JlBYX ueHTpo~
151

• fpaipuKH ipyHKUHii W,: {Rf= 
I = E,: ( R) + R u K,:,: (R) uao6pa>KeHbl Ha puc.; 1. 

Ilocne aaeJleHnH o6oaHatteHnii 

y(R)=x (R), 
Lv ... 

· . z' . L (L +I J I ( ) 
q(R)=-2M[E(R)-E(oo)+-R+---+-(K (R)-K (oo))], 2 

1: ,: · 2M R 2 2M u u_ 

>. = -2MEL.,, 
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ypaBHeHHe (1) npHHHMaeT CTaHllaPTHbJit. BH/l 3a/la'IH llJTypMa-nnyannm1 

2 

d r [ dx 2 + q(x)-·>.]r=O 
(Sa) 

1 • 

Ha HHTepaane O :::; X < 00 C rpaHH'IHbIMH ycnOBlUIMH 

r(O) r (00) = o. (Sa) 

TI0Tenunanb1 

·>KeHbI Ha pnc. 2. 

L ] 
V (R}=-2!l"q(R) JlnH cnytJaH MoneKynbI ddµ nao6pa-

MeTO/l peJIIeHHH 3a/la'IH 

llnH peJIIeHHH aalla'IH llJTypMa-nnyannnH ( S) He cymecTayeT ellHHoro 

MeTO/la, 0/lHHaKOBO npHI'O/lHOI'O BO acex cny'laHx. 3alla'Ia ycno)KHHeTCH, 

KOI'lla noTeHunan q( x) aallaH qncneHHo. KaK npaanno, npn peJIIeHHH aalla

'IH (3) BHa'lane Bbl'IHCnmoT co6CTBeHHbie 3Ha'leHHH A H nHJIIb nocne 9TOI'O 

/6/ 
H.aXOJlHT COOTBeTCTBYIOIUHe HM co6CTBeHHb18 ¢yHKUHH y(x) • TaKaH npo-

tieJlypa Bbl'IHCneHHit. B PM8 cnyqaeB npHBO/llIT K 6onbJIIHM Bbl'IHCnHTenbHbIM 

norpewHOCTHM. no 9TOit npH'IHHe 6onee npe/lilO'ITHTenbHbIMH OKa3bJBaIOTCH 

anropHTMbI, B KOTOpb!X co6CTBeHH08 3Ha'leHHe II COOTBeTCTBYIOIUaH eMy 

co6CTB8HHaH ¢YHKUIIH 3a/la'III Bbl'IHCllHIOTCH 0/lHOBpeMeHHO. 'KaK 0/lHO HeH3BeCT

HOe HeKOToporo HenIIHeitHOI'O ¢YHKUIIOHanbHOI'O ypaaHeHIIH. TaKoit MeTO/l 

oco6eHHO a¢¢eKTHB8H BO MHOI'IIX ¢II3II'IE!CKHX 3a/la'laX, KOI'lla IIM88TCH 

6onbwaH anpuopHaH IIHilJOpMaUIIH O Ka'l8CTBeHHOM II OT'laCTII KOnH'leCTBeHHOM 

noaelleHIIH ·peJIIeHIIit aall.a'III (3). 

B JlaHHOit pa60T8 pa3BHT H peanII30BaH anropIITM peJII8HHH 3a/la'III 

/7/ 
lllTypMa-nIIyBHnnH Ha OCHOBe HenpepbIBHOI'O aHanora MeTO/la HblOTOHa • 
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/8/ B n3naraeMoM nOAXOAe KpaeBag aaAaqa (3) cornacHo pa6oTaM AO-

onpei:teirneTcg A06aBneH!feM ycnoBng HOpMupOBKlf 

00 

2 
l(y) = f y (x) dx - 1 0 , (3c) 

0 

c yti:eTOM KOTOporo ypaBHeHne (3a) c KpaeBbIMH ycnOBHgMH (3B) MO)KHO 

paccMaTpHB8Tb KaK HenuaefiHoe ¢yHKUHOHanbHOe ypaBHeHue OTHOCHTenbHO 

napb1: co6cTBeHaoe aaaqeaue - co6cTBeHHag ¢YHKUHg. 

Tipu KOHKpeTHofi peannaauun anI'opuTMa Bb1ti:ncneHHil: nony6ecKoaeqHbI¥ 

HHTepaan O 6 X < 00 38MeageTcg 0Tpe3KOM [ 0, l ] , nocne qeI'o ypaBHe-

Hne (3a) BMeCTe c I'paanqHbIMH ycnOBHgMH n ycnoBHeM HOpMHPOBKH npn

o6peTaeT snn 

y" + [q(x) - ,\]y 0, (.4a) , 

r ro J = o, ¢ r r , r ', ,\ J I 
x=l 

== o, (4s) 

l 2 

J Y (x)dx -·1 = 0. (4c) 

0 

B aToM Butte pemaeMag aagati:a 8KBUBaneHTHa aenuHefiaoMy ypasaean10 

<l>(z) = O, (5) 

I'Ae z = [ ,\ , y (x)] - aneMeHT npgMoI'o nponasegeang npocTpaHCTBa geflcT-

BHTenbHbIX tJ:Hcen Ii npocTpaHCTBa ltBBn<ltbl nu¢~peaunpyeMb!X Ha OTpeaKe 

[O, l] ¢yHKUHfi:, Yi:tOBneTBopmoninx ycnOBHgM (4B) n (4c). 

HenpepbIBHLifi: aaanoI' MeToAa Hb10T0Ha gng ypasHeHng (5) npennona
/9 10/ I'aeT cymecTsosaane pewemrn ypasaeang ' 

8 

l 
b 

·J 
j 

.dz 

dt 

-1 ' . ' 
= - [<l>'(z)] <l>(z) ~ 

;,~ ; . ' " ' , . . 

z(0) = z 0 , 0 .< t < oo 

,'•'._i').i: 

: (6) 

1 '-~ 

.rne z O - Haqanbaoe np116nm1<eane aaJ:taqn, B3gToe na 6nnaKott' ~KP~~THocTn 

z* = [,\*, y*(x}] , . perueaug 38ll~tJ:~ .(3). B npegnono)KeH.HH, qTo OHO cymec 
. , ' ~ . ·- , . 

'1:3yeT, a t - HeKHfi: napaM0Tp,. OT KOTOpOI'O: aasncgT HCKOMbJe BennqHHbI aa-

' i:tati:n, H 06nana10IUHfi TeM CBOil:CTBOM, qTo npn t ➔ 00 z. ➔ z * . 

CqnTag naHHbie 'YTBepN<neunsi . gng pacCM6TPHB~eJJa''aanati:H npeAMeT, 

-OTi:tenbHOI'O nccnenoBaHng, ocTaHOBHMCg TOllbKO Ha onncaann Bb1qncn11Tem,

Hofi cxeMh1, peammy10mefi: nano)K~HHh1fi npnHunn. 

OnpegennM napaMeTp t .u ¢YHKUHH 'A(t) , "y(x;tJ·,· µ'(t) , v(x,t) 
' ' . 

CO0TH0IIIeHHgMn:. 

v"+ [q(x)-- ,\]v -[y"+(q(x) -µ)y], 
./ 

··: 't" ,; l 
d 

v(OJ= o, ilt¢(y,y',,\JI =-cf,(y,y',,\Jl,,=
1 . x=l. 

l . l . . . 

fy (x, 'e)"v(x;'t) dx 
0, 

1 ' 2 . .··. 
-2[ f Y (x, t) dx -- 1] 

0 

a . 
v(x,t) = --y(x,t), . · · a e •, 

.,.,. . . . :: d .• . 
_µ(tJ:.;.·,\(t) +·~,\(t} 
. ·· dt 

t 

c uati:anbHhIM ycnosneM na 6nnaKoil: OKpeCTHOCTH pemeHng 
r) 

y(x ,0) = y (x) 
0 

,\(O)=,\. 
. 0 

9 

(7a) 

(7B) 

(7c) 

. (7g) .. 

z * : 

(8) 



AnropHTM 3finepa pell!eHHSI aa]lattH (7) . noaaonsieT ocymecTBHTb llHCKpeTHSa-

.umo nepeMenaofi t,. c lllaroM r ·• Ilonarasi y (x)=·y(x,_t,.J . H·>. = >.(t J, 
' ' ,. , . . . ; .. .. .. 1,. ,. 

Bb!pa}KeHHSI (7Jl) MO}KHO aaMeHHTb HX pa3HOCTHbIMH aaanoraMH 

t 
1&+1 

t + T , ,. ,. 

y ·:· (xJ ,; y· '(xJ + r v (xJ; 
1&+1 . ,. ,. ,. 

>. = >. + T ( /l - .>. J. 
l+1 :::1;l :. l. ·,l ·: ., l, .·. 

(9) 

, B. npeJ:t11O11o*eHHH, ttTo cpyHKUHH· .r,.. (x J H >.,.. ,·•,,HaaecTah1,· pewem1e· 
' \ 

aa]lattH (7) CBOllHTCSI K pellleHHIO Kpaeaofi 3SllS'IH OTHOCHT01IbHO ·cpynKUHII 

V (xJ ,. aa oTpeaKe [O, l] 

v" + [q(xJ - >. ]v = - [y" + (q(xJ - µ Jy ] ,. : ' ,. ,.. ,. ., ,. ,. 

V (OJ ,. 

~ • ~: '{ ~{ ...,! 

act,,. , act,,. ifct,,. 
O, -- v + --,- v' = - cf, + (>. -µ J--· 

ay l ay , I& ,. ~ . r ' ~- :, ~ a>. /= l 
,, \' " ' \ " . . 

(10a) 

(lOa) 

PellleHHe 3a]lattH ( 10) sm nsieTCSI OllHOnapaMeTpH'IE!CKHM ( no napaMeTpy' µ,. ) 

CeMefiCTBOM cpyHKUHfi, KOTOpoe MO}1{0T 6bITb npellCTaaneao B _BUile:, 
! -, S '• ': .\,' •' \ A !t 

V (x,µ) ,. v (xJ + v (xJ µ 
11&. 21& I& 

·: :· 

• i 

... ' 

10 

ij 

'!: 

'I 

I 

I']le cpyHKUHH V I&. ( X J ., .... , .• . ·a . ( a =l, 2; k 0, 1, 21 • • • ). SIB1ISIIOTCSI pe""'. 

lll0HHSIMH 3SllS'IH 

··v,; +[q(xJ:.:.,\]v.=P /xJ, 
. al: : ., l al ale 

a¢ ·a·ct,, 
, v (OJ = O • -·-·,.v + --•v~ = a:,. 
al ' ay· al ay'' ··al .. al 

'p (xJ 
1,. . 

P (x J 
21& 

' " 

-[y"(xJ+q(xJy (x)], 
.. ·. l . . : l, .. 

r (~J ,. 

a = - ct,(>.,., r,. ,y~ /~ >-'i:~;·.f;=; · u . 
. ,, ·~ 

t:"}f" 

a 
a•·:= 

21& - a;: ct,(>.,., r,.·-:,r;• JI x;,,z 

~· 

c12a> 

I x=l · ' (12a) 

03) 

8hl'IHC1IHB cpyHKlllIU V I& (x) 
/11 / ' . ·. (I . 

roHKH ),saatteaue napaMeTpa 

( HanpHMep, C DOMOlllbIO anropHTMOB npo

/l J, onpellensteM HS ycnoaHH: 

l \" :: 

f y (x)v (x,µ )d~ , .. ' ,. ,. ,. 
·:,f.:. l. 2" .... ,, ·s·" •. 

- 2 [•.fr,. (x/dx-i]\ 
'·. ·o 

OTKylla 

1 
µ = (-· 

,. 2 

0 ' 

'l l l 
1 . 2 . 

- fr dx - Ir V dx) (fr 
2 ,.. ',. 11& ' ,',. 

0 0 0 

· 11 

•· -1 
v dxJ 

21& . • 

0 
( 14) 

(15) 



\+1(x) 

HHfi (9) 1,H. Te~ caMbIM npouecc Bbl'IHCneHHSI >,, l 
. . . /10/ 

3mt'leHHH t = .t~+·'J I >,,l+J H onpe.llenS110TCH;Ha.cooTHowe

H Yl (x)JlnH k' =I'/2,~ .. 

nonHo~TbIO onpeJleneH. Ha npaKTHKe 

JlOCTHrHyTa npn BbI6ope aenn'IHH Tl 

H~HnyqwaH CX~JlHM~fTb MeTOJla 

llpOll0pUHOH61lbHbIMH OTfl0WeHHIO 

Bl /84-J HeBSI30K ypaBHeHHfi ( 4) npn ll0JlCT6H0BK_e B Hero npn6nmKeHHfi 

z • =' (X , y (x).] H. zl:_ 1".'(>...l-t'i-'i (x)] • IlpH3HaKoM ·oKOH'laHHH 
l _l l . . . .. . .. , , , 

npouecca Bbl'IHcneHHSI A H y ( X) HBnHeTCSI ManocTb aenH'IHHbl HeBH3KH ypaB•· · 

HeHHSI (4a) npn llOJlCTaH0BKe B Hero HSfiJleHHbIX 3HS'leHHfi >,,l H. yl ( X) •' 

Ilo aenH'IHHe 3T0fi HeBSI3KH M0)KHO tt~cBeHHO ~ueHHTb T0'IH0CTb BbI'IHCneanH 
. /12/ 

>,, • Ilpn 3T0M cneJlyeT HMeTb B BHllY oueHKH pa60Tbl • 

Hano»<:eHHblfi llOJlX0Jl o6o6maeTCR Ha JlpyrIIe 38.llS'III, B qaCTH0CTH, na ·, 

CBH3SHHYIO CHCTeMy JlHcjicjiepeaunanbHbIX ypaaHeHnii. 

Y'l~T tnaHqecinx oco6eHHOCTefi aaJlaqn 

Hano»<:eHHbifi anropHTM M0»ceT' 6b!Tb peanH30B8H T0nbKO HS K0He'IH0M 

HHTepa'ane ( iJ, l] . H3MeHeHIISI _He36BHCHM0fi nepeMeHH0fi X , B TO Bp8MSI °KSK· 

HCXOJlHSSI cjiH3HqecKaSI 38.llS'la onpeJleneHa Ha n,ony6ec~oHe'IHOM HHTepaane 

( o, 00 J .• 0.llHaKO 3HSHH8 K0HKpeTHbIX OC06EJHHOCTefi. pewaeMofi 30Jl8'1H 

noaaonsi:eT K0ppeKTHO yqeCTb · sTo paann•me. 

. /18/ 
Ilpn R >> 1 HMeeT MeCT0. SCHMllT0TH'leCKOe paano»<:eHHe 

· . 1 9 -4 -6 -1 
-E (R}-E (oo)+-=-•-:-R-- lSR _,213R 

· ' ' _R · ., . 4 • ,' 2 · 4 

(16) 

7755 -B 
---R 

64 

-(R+J) 1 -J 25 - 2 131 - 3 
2Re (1 +-R --R --R ). 

2 8 48 

l 
. I 
j 

,~_·i· 

i 

~:.~ ¼ 
~~ 
J 

Ilpn JlC>CTaTO'IH0 6onbWHX R MO)l{HO npeHe6pe'lb 3KCll0HeHunanbH0 ManbIM 

., .'11,IeH0M n.; B C00TBeTCTBHH C 3THM Bbipa)KeHHSI JlnSI n_<>TeHunana q ( X) 

H peweHHH y(x) B. aCHMllTOTH'leCK0fi o6naCTH X ~> 1 npHMyT BHJl: 

N 
~ N 

q(x) = 2M I l,
5

x -:. 
·s=2 .· . 

r ( X) = C: exp f 7✓:1 X I I a X -n 
•' ., .. ~:·:.,,-: :.•.· .' .. n=on 

(17) 

a = "J, 
0 

. 1 J a. ·-· ... ··,···"" n+J - ---=• ( · · .. . n .. 
2.j>.,, ·n + 1,. - nan),· 

n 

,i .= 2M I, a 5 bn+2-s 
JI ' .. s=o ' " 

( 18)"•·· 

fpaHH'IHOe ycn0BHe (4a) H ycnoane H0pMlip0BKH (4c) BHJlOH3MeHSIIOTCSI 
• C - i. ~ , . ...~ ·.- . ,,. .. : . . . I. ., - ,~' , C:..--:--:·· ·. . . 

cneJlyIOIUHM o6paaoM: 

[~. , ''( . .-.. . r· . - Ina·L-,n-i,1, 

-::--r· ·I• ,-.=· -(·'' n=o ,. .. . 
,c=l · · ·· V /\ + . · . ~- l -n .J• 1 ., a .. 

·n=o 

· .. ",. 2· ' .. 

'f:r:fx}dx· + M - 1 
r 

0 
. bo 

•• . . =2 ,. .., .. 

'M = f.r (x) 'dx 
l 

n 

0 

(19a) 

•· Ciec> 

II_onpaBKY1 :,. l!t. L_ •. MO»<:Ho,Hafi:Tn _qncneaH_bIM HHTerpHpoaaHHeM, ncnonbayg 

8H8nHTH'l8CK08 >npeJlCTaaneHiie· ( 17) ' JlnH cjiyHKUHH ; ( X) B 6CHMllTOTHqe

CK0fi o6naCTH. ,ilpyrirn Heo6XQ.JlHMbje•na~eHeHHSI ·a' cjiOpMyn~X (7c) 1 (14) H 

( 15) 0'18JHfJlffl,I H nerK0 ocymeCTBnSIIOTCSI C yqeToM paaeHCTBa" 

12 . · 18 



= 
dy . .. . l .. 

v1 (x; A)= d°A. (ii,,_:,;_\)· (20) 

06cy~J:leHll8; pesynbTSTO!i Bbl'mcneHllH 

B Ta6nmiax 11- V npuBeJ:leHbI pesynbTBTbI Bbiq11cneH11R aHepI'llH CBSI3H 

(' = IE I MeSOMOneKyn pp /l ddµ H t tµ BO acex H3BeCTHbIX 
. ·. . • xi · •·· · 
I J:lnSI HHX KOne6aTenbHbIX . KBBHTOBbIX COCTOSIHHSIX • Opu 38J:l8HHOM op6nTanb-

Lv Lv 

l . . . • , , • • .. .• ·:· . •• • .•. ,...... • • . 

HOM MOMeHTe L ypoa.iiu HyMepyro-rcSI Kon~6aT-~nb~i.1~ KBaHTOBbIM qucnoM v • 

LlnSI MOneicynbl pp /L B03MO)KHbI J:lBB CBSl38HHbIX COCTOSIHH.H: L = 0 1 

v;,, O H L = I , v = O ·• LlnSI 'MoneKyllbI ddµ. · .. -~ •'lel'bipe:J:lBO (v=O nv:=1 ) 

B coCTOSIHHH c L = 0 H ABB ( v=O H v=I ) B coCTOSIHHH c L = I • LlnSI · 

, MOneKynbI t tµ. B03MO)KllbI WOCTb KBBHTOBbIX COCTOSIHHH: no J:lBB ypoB.HSl 

. Cv~O ii /~''1 j 'B 'c6cio~HH:si,c"c ·6;6J;~~bHbi~~ Jo~eH;~M~/ L =: o\~ L =; I 

. H no OJ:lHOMY . (v = 0) a cocTOSIHHSIX c L=.2 H L = 3 •.. 

KaK cneJ:tyeT us Ta6nuu 11- V ·, BbmonHeHHbie HaMH pacqaTbI J:lOCTa

TO'lHO xopowo cor-nacyroTCSl C riocnemIHMH· BapHaUHOHHbIMH· BbI'lHCneHHSIMH 
- "· ' , ' . " - ._. . _, , 

BO BC~ cnyimsric, I'_J:le nocneJ:lHHe npoaeJ:l0Hbio 

Oco6o _cneJ:tyeT. _OTM0THTb BbiqucneHne. aHepI'llH CBH3H '· Me30MOneKynbI 

d d /L B COCTOSIHHH L = I • V= I • CymeCTBOBBHHe. STOI'O ypOBHSl'. npeJ:tnona-
. '. ·. . ,· .. ' .. : .•· .. ,·/2'/• . 
ranocb Y*e a pa6oTax EenSieBa H J:tp.,. 3enhJ:lOBH'la H .fepwTeRHa ·u He-

'"··-' . · ·. 1141"·•·: ·.··• .. ·• · , .... · 
J:lBBHO 6bmO J:lOKasano B pa6oTe • BbI'lHCneHHOe 3Haq~~He .£ 11.=. ~ SB 

, ' ~, ' ' •, ~ ·' 

xopowo cornacyeTcSI c TeM• KOTopoe Heo6xo.imMo J:tnSI o6'bSICHeHHSI aKcnepn-

xi . . . • · . . · . ·· · 
3Hepl'HH CBSI3H Me30MoneKyn npHaeJ:ieHbI B as.• Koa«p«pllUH8HT nepeXOJ:l8 

f3 OT 3HEl'l_eHHR A B ,eJ:lHHQitEIX sai:ta'lH K 3H~~e.iIJflO_; £ Lv". (a,B ). p~BeH:~ 

/3. =. 4M; (2M :/L.J~:27,.21165j.-,Evv j:;,B) = /JA ! , 
. J . ..< 

3HaqeHHSI Mace M j<•· H : µ. : npueetteHbI; B Ta6nHUe f. 

14 

6 d ..J . ;1151 r 
MeHTOB no H3MepeHHIO eepoSITHOCTH O pasoeaHHSl MoneKyn· ~µ. . • pa-

lpHKH aoiiiloebIX «pyHKUHR X · '.. ttnSI cocTOSIHHR L =I , v = 0 H L = t , v= I 
L v_ "· 

MoneKynbI ddµ npneettenbl iia pnc, ;3. 

OueHKa TO'lHOCTH nonyqeHHbIX pesynhTaTOB 

AttHa6aTH'leCKHe pacqaTbI cottep)KaT nor-peWHOCTb, CBSI:38HHYIO C npH6-

nn)KeHHblM. onpettenenHeM noTemmana V ( R) , B ttaHHoil pa6oTe y'lTeHbI • 
I ,. 

attna6aTH'leCKHe nonpaBKH nepeoro nopMKa •. wKs~-f R) K noTenunany 

W ( R) , KOTOpbre y'lHTbIBBIOT oTHOCHTenbnoe llBH*eHne Sittep B MesoMo-
,: xi . . . . 

neKynax ., KaK cnettyeT us cpaBHeHHSI c nocnettHHMH eapnaunoHHbIMH pacqa-
. 3 ' 

TaMH, OTHOCHTenhHasi TO'lHOCTb npoeetteHHbIX BbI'lHCneHHH . = lo-
LlnSI oueHKH Bbl'iHCnHTenhHbIX nor-peWHOCTeR Hccnettoeana saBHCHMOCTb. 

eenH'lHHbI A OT wara /i X pa3HOCTHOR cxeMbI, OT ttnHHbI · HHTepeana l 

38ll8'lH llJTypMa:..nHyBnnng 'u ai'irntta ~paHU~Hb!X ycn~BHR (19a). OnTHManh-
. .. . .. ·· . . . . -3 

Hblil pesynhTaT, o6ecnetiHBaIOIIlHfi OTHOCHTenhHyro TO'l_HOCTb £ = 10 _; llOCTH-

raeTCSI _n})_H aHa'l~HHSIX !ix ~~~0125, l =20, 11 :,¥·-~ B pasnomeJiHSIX (17). 

KaK noKa3bIBaeT. OilbIT BbI'lHC:ne_HHfi, eennqHHa HeBSl3KH a ypaaHeHHSI 

(3) npH nottcTaHOBKe B Hero ~wi~cneHHbiX ,3Ha'l~Imfi A Hy(x) no nopSillKY' 
'~ .. ,_ - ~ ' . ... ' . . . . 

eemf'lHHb,I _paBHa a6comOTHOfi ixorpeWHOCTH BbI'lHCneHHSl co6CTBeHHbIX 3Ha-

qeHHfi. A .• 

LlnSI KOHTpong To'lHOCTH MeTotta sattaii~ UITyp.Ma-nHyBHnnSI (3) 6bma 
. ·,. M. 1171 . . . ... • .. 

pewena lllISI, cnyqag· noTeHuHana opse 

-2a(x-x·) -,;,,,.:..,; ) 
r ., , .• , _ ' . • o . -- O 

q(x) =·-2MD[e .:..,2e·, ·] (21) 

xi · · · -2 . ·· · · ··.· . • . 
. nonpaBKH =(2M)· K' noTeHUHany· W (RJ·MO)KHO•yqecTb,:HanpnMep,· 

MeTOJ:l;;~', np:ttno*eHHbiM BIIBI · ·· · 8 
· ·.,· · · 
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nnn KOToporo H3BeCTHo aaanHTHqecKoe peweane aanaqn (3): 

a 1 2 
A = 2M D [1 - _(v + 2 )] . (22) 

..j2MD 

TTpn 3HaqeHHSIX napaMeTpos a =0,61; x 0 =2,15; D =0;106 iiiopMa noTeHUHa

. na (21 ) seCbMa 6JIH3Ka K iiiopMe noTeaunana q ( x) nnn cnyqag MoneKynb1 

ppµ s cocTonHHH ·c 'op6HTanhllbIM MoMeHTOM L =0. 3aa'IeHHe A =0,4353, 

· aafineaaoe no ~opMYne (22) nnn ocaosaoro cocTonHHn ( v = 0) , oKaaanocb . 

' B xopoweM cornaCHH C Bbl'IHCne11HbIM A =0,4348 H3 ypasaeHHfi (4) npH 
-4 

senH'IHHe aesg3KM 8 =5•10 • 
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_) 

Tadmr~a I 

OCH0BBHe xapaxTepHCTHRH KesoaT0M0B B0~opo~a 

Macca aipa B 

aT0MB HX einnm:tax 

206,769 

18'.36,109 

3670,'.398 

5496,75'.3 

M.a.e.aueprHH 

. K.a. e.,ll;JIHHLI 

3Hepr1rn 
· M830aT0K0B (~f) · 

-
2528,52 · 

.,. 

266'.3,2'.3 

-/- -· 2711127 

S,,. = 5626,53 3B . 
. · II 

C( = 2,55927 .Io--- . CM 
)'-< . 

IlpaneieHBLI8 B8JU{tlHHH B~qncJieHLI Ba 0CH0Be 'A8!1BHX 

TalJiopa H ip. [18] , a iaKxe CeJIHHOBa [:19] • 
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TacSmiua II 

3neprua CBH3H ( 3B) uesoMonexynH pf;« 
.( BapHalU{OHHSe pa.cqeTH) 

lfotOtlHHK L=O V=O L=:l v-=o 

Kolos et a.1 •. (1960) 249 ------------------- ---
Flugge and Schroder (1961) 2II ------- .:...,. ____ .___,_.___, _______ _ 
Froman and Kinsey (I96I) 2.30 
---------------------- -----Sohroder (196J) 2.37 

i;i;;; (1964)___ 1--: r-107,2.'.3 
WesselandPhillipson -Cffi4.)

§ cherr and Maohac~k (1965) 

-----------254,.3 

-------
________ ..,. 
------~ I06,8 

K.abi;( 196~:~ 
-------+-- ~ ______ .,. 

254,4 ----- ---+----Carter (1966) · · · · · . · ··.·. 252 ,2 

lleivis and!to!olas (196'/,--
25

3:-14 --------:r-:-::,--------------Ca.rter \.19681 ··· 
253 

------ ------
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TadJIHlla 3 

3JleprHJl CBJ13H (3B) Jl830JIOJl81tYJill ff~ 
( a.ii;Hal1auuciHe.• pact1etH) 

---------- ---
Hcto'IBU L=O 0 --- ------ ---

Cohen~• (1958,1960) L 
____ _____________ ..,_ __ 

-
Ma.r~ohall and Schmidt (1958) --------
3eJii.)tOBHq · R. 

repmnBn . (1958) ____ __,_ _______ _ 
Mizuno (1961) 

·---
~ 

2 - -
l -------- --~----------

HarWDi anii Matsuo (1961) ), 

·---------..... I --
Joaohiia IU1d Wantiez (1962) 4---------------- -
.D.8.llaa•--padota· 248 

-- -------- --

21 

L=1. V=O 

.. 
93 

75 

106 

70 

43 

-
104 

-



TaCSJIHtta IY 

3Bepr11Ul CBS311 (3B) Me30KOJieltj'JIY J~ 

L=O L=1 L=2 Meto.it lIKHpa'fY'pa 
V=O V-= 1. 1'"=0 1T = 1. V•O BY'IIHCJI 8BBJI 

Cohen!!...!::!• 
a,ua.CSaTH'lleCltl'I (1958,1960) J22 181 223 - 82 

--------------------
llarahall and 

Scldlidt U.958) JOO - 220 - 25 
_ .. _ 

----~---,.._ ___ ----
JieueB Jl ;ip.- (1959)", 
3eii.,JtOBH x 

-"-repmtelB: (1960) JJO 40 . 226 7(?) 88 

-----------~--- -----Xelos !!..!:!• (1960) Jl8 - - - - BB.pzamtOBB!dt 

----,, ____ -------Frlman and 

nnae7 (1961) JOG. - - - - -·------------------- -
Jlarumi and 

Matsuo (1961) 281 177 190 - 4J aJtHaCSaTHll8CJCH I ~---....,_,_ ____________ 

·• Ta6xmta IY ( ~po;a;ouea~e) 

--
Mizuno ·. (1961) JJ8 9 i 207 - 59 IUHa6aTH8CDI --- ---
Joachim and 
Wutiez (1962) J28 - - - -·---- --- --

. SchrUder . (196J) 309 - - - 1apmboBB1dt 

"' co 
Balpern' (1964) 226,55 - - -·------ -
Scherr and 

Machacek (1965) 226,3 
,- - -·-,---- _;.·' 

Carter ,: \ ,.,' "· .. .. 
(1966,1968) 324,2 ', ' , 32,7 - ·-- -·--------- - . 
JlaHal 
paCSota.· 323. 32,9 226 

·.· 
2,0 a,uaCSatHecul .s1,9. 

___, ____ 



TaOJim:ta Y · 

3J!eprHJI CBJ13H (3B) 11830H0JieEyJIH t~ 

I\:> 
~ 

HctOWKE 

BeJiaeB Iii .ltP• 
(1959), 3eJii,JtOBD K 

repmrelta .(1960) 

-----
Schr!der (1963) 

L=O L=1 

"lT= 0 ,r: J. V-= 0 

367 86 288 

---i-------·---
348 - -

------------- ----
Halpern (1964) - - 288,72 

--------- -----
Scherr aDd - -
llachacelc (1965) 2s0,0. 

--------~------
Carter (1966) 361,2 75 -------------- --
JlaHsaa paOota 361 01,3 288 

----- --------------

,·-·-·~·--------

L=2 

'/Tc 1 V'=O 

45 170 

-
- -. 

- -

- -

- -

44,i 174 

l.=3 ' Mero.1t 

ir=o BlillfflCJI 8HHJI 

- aJtBaOar Hll ec1adt 

-
- BapHaIUtORHwt 

- -"-

-"--

-· -·- -
52,7 a.na<1ar1111ecx1tlt 

-


