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MenelKHK B.C., noHoMapeB n.H. 
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nonspH38ItHSI B8KYYM8 B ll -Me30Monexynax H30TOfiOB BOAOpOA8 

HaAAeHbi nonpaBxH Ha nonspH38ItHKl anexrpoa-noaHTpoaHoro saxyyMa 
X ypOBHSIM <~HeprHH P. -Me30MOnexyn. BbJ'IHCneHHbJll CABHr ypOBHell, 

~E Jv< 0,5 aB, H8 nopHAOK BenH'IHHbl MeHbWe 8H8nOrH'IHOro CABHra B p. -Me-
308TOM8X. 

Pa6ora Bbmonueaa B na6oparopHH TeopeTH'lecxol! clJH3HKH OHHH. 

fipeapaaT Ofil.e.IUlaeaaoro -CTBTYT& uepaw:~ acc.lle .. oaaad. ,ny6aa 1978 

Melezhik v.s., Ponomarev L.I. 
P4- 11186 

Vacuum Polarization in 11 Mesic Molecules of Hydrogen 
Isotopes 

The vacuum polarization corrections due to thF electron-posi­
tron vacuum have been obtained for the energy levels of 11 mesic 
molecules. The calculated level shift, ~E Jv< 0.5 eV, is by an order 
of magnitude less than the analogous shift in 11 mesic atoms. 

The inves tiga tion has been performed at the Laboratory 
of Theoretical Physics, JINR. 

Preprlnt of the Joint Institute for Nuclear Research. Duba& 1978 

© 1978 06 .. ei)&IHI?HHWil IIHC•II•JI• Al)epHWX IICCJif?I)O&QHIIU)lJ'6Ha 

BBEDEHHE 

Dnst nocneaoaaTenbaoro onHCBHHH paanH'IHbiX MeaoMo­
neKynstpHbrX npoueccoa 111 aeo6xoaHMO aaaTb ypoBHH 
aaeprHH IL -MeaoM<meKyn. OpH Bbi'IHcneHHH cKopocTeii 
pe30H8HCHOrO o6pa30B8HHSI 11-Me30MOJleKyn dd11 H dt11 
HY:>KHO aaaTb HX ypoaHH aaeprHH c oco6o BbrcoKoii To'l­
HOCTbiO: - 0,01 aB, T.e. - 10-5 M.a.e. 121 . B cestaH 
c aTHM npH Bbi'IHCneHHH ypoaaeft aaeprHH 11 -MoneKyn 
cneayeT Y'IHTbiB8Tb MHOrO'IHCJ19HHbie nonpaBKH : Ha fiOJISl­
pH38UH~ BBKyyMa, peJISITHBHCTCKHe nonpaBKH, nonpaBKH 

HB KOH9'1Hbl9 pa3Mepbl H fiOJISlpH38URIO staep, Ha 3Jl9KTpOH-
HOe 3Kp8HHpOB8HHe H T.a. 

B 11 -MeaoaToMax aoaopoaa nonpaaKa aa nonstpH3BUHIO 
3Jl9KTpOH-n03HTpOHHOro BBKyyMa SlBJISleTCSl H8H60JibWeft 

3 ~ 2 -3 
H COCT8BJISleT B9JlH'IHHY -a ( m ) - 1 0 M.a.e. 

. e 
-1 aB 

13 
•
41

• OpoCTbre oueHKH noKa3braaroT, 'ITO ocTaJibHwe 
nonpaaKH MeHbwe, no Kpaftaea Mepe, aa nopstaoK aenH'IH­
Hbi: Jl3M60BCKHA CllBHr - ~ - 10-4 M.a.e. -0,1 aB 151 , 

mil 
2 -4 

TOHKBSI CTpyKTypa - a - 10 M.a. e. - 0,1 aB, pa3Me-
all 2 -4 161 

pbr staep - ( _..._) - 10 M.a. e. - 0,1 aB , nonstpHaa-a 
11 16 7/ 

UHH staep - Toro :>Ke nopstaKa H o6JjaTHa no aaaKy ' , 
~3 -6 

3Jl9KTpOHHOe 3Kp8HHpOB8HH9 - ( ) - 10 
-10-3 aB. a e 

M.a.e. 

B aaaaoa pa6oTe Bbi'IHcneHbi nonpaaKH aa nonstpHaa­
UHIO 3Jl9KTpOH-fi03HTpOHHOro BSKyyMa K ypOBHSIM 3HeprHH 
11 -MeaoMoneKyn. 3ToT pac'leT npeacTaansteT TaK:>Ke ca-
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MOCTOSITeJlbHbLH HHTepeC B CBSI3H C B03M0}KH0CTblO 9KCUe­
pHMeHTanhHOrO H3MepeHHSI a6coniOTHOH aenH'IHHbl nongpu-
3aUHOHHoro caaara ypoBHSI a ~ -MoneKyne 121 

1. ITOflHPl13AUl1H 3flEKTPOH-TI03l1TPOHHOfO 
BAKYY MA B ME30ATOMAX 

KaK HaaecTao, KynoaoacKHii noTeHuaan V (r) To'le'f-
aoro aapgaa HCKa}KaeTCSI acneacTaHe nonSipaaauaa aaKy­
yMa /31: 

V(r)+8V(r)=-: +SV(r). (1) 

flongpHaauHoHHhie nonpaBKH K aaKoHy Kynoaa V(r )= -a/r 
HaXOaSITCSI B BHae pgaa no TeOpHH B03MyiUeHHH 13 ,8/: 

8V(r)= a ·A(r )+ a 2 B(r)+ ... (2) 

K oacpcpHUHeHTbi A (r) H B (r) 6biJIH anepabre Bbi'IHCneHbi 
a pa6oTax /9/ H /10/. B aanhHeiirneM Mbr 6yaeM 

Y'IHTbiB8Tb TOnhKO rnaBHbiH 'fneH B paano}KeHHH (2}, Ko­
TOpbiH npHHSITo aaabrBaTb noTeHuHanoM IOnHHra 1111 : 

a 2 a oo dx ~ 1 -2 y x r 
8 V ( r ) = a. A ( r ) = - '- • -- (- "l,jx -1 (1 + -~) e • ( 3) 

r 3" i x2 2r 

me 1 1 1 
rae y = --- • - = -- + - • 

a·m m mil Ma 

me - Macca aneKTpoaa, m 11 - Macca ll -Meaoaa, Ma -
Macca 6onee TSI}Kenoro gapa a MeaoMoneKyne. (3aecb 
H B aaJlbHeHllleM HCUOnhayeM CHCTeMy enHHHU t=e=m=1 ). 

flonSipnaauHoHHbiH caanr ypoaHSI aaeprHH MeaoaToMa 
paaea: 

--> 2 --> 
Ll E = fi'P (r) I • 8 V (r) dr , 

n n (4) 
--> 

rae IJI n (r ) - BOnHOBaSI cpyHKUHSI /l -Me30aTOMa B Co-
CTOSIHHH n. 

B T a 6 n. 1 npnaeaeHbi Bbi'!HcneHHhre aaMH nonpaBKH 
Ll Enf K 9HepreTH'IeCKHM ypoBHSIM 1 S , 2 S H 2 p COCTOSI-
HHii Me308TOMOB p~, dll H t~, a TaK}Ke pa3HOCTH 

l'lE 2P -l'lE 28 

4 

Ta6nHua 1 

flonpaBKH Ha nonSipH3aUHIO BaKyyMa K ypOBHSIM 9HeprHH 

/l -Me30aTOMOB 

LlENf (aa) P/l dll til 

LlE1s (&B) -1,896* ~.126 -2,212 

l'lE2s (8B) -o,219* -o,245 -0,255 

l'lE2P laB) -o,0145* -Q,0176 -o,0188 

l'lE2p - L1E2s (aB) 0,205* * 0,22?*** 0,236 

* flonpaBKH K ypoaHSIM aaepraa MeaoaToMa P ll , anepabre 
Bbl'IHCneHHbie fanaHHHbiM H floMepaH'!YKOM /4/, paBHbi co­
OTBeTCTBeHHo:LlE1s =-1,8 aB, l'lE28 =-0,2 aB, l'lE 2p= 

-0,014 aB. 
** Bena'IHHa, nonytieHHaSI a pa6oTe 1131, paaaa 0,2049. 
*** B pa6oTe 1141 nonyqeHa aenH'IHHa 0,2276. l1a npH­

aeaeHHoii Ta6nHUbi MO}KHO Hail:TH cneayiOIUHe aenH'!HHbi anSI 
p /l -aTOMa: 

~'lEes -l'lE1s 

E2 -E1 

3 . l'lE2p-LlE1s 3 
·10 =0,894. ·10 =0.992. 

E2-E1 

9 
3 e-

(3aech: E 2 -E1 = 8 ·a-- - paaaocTb ypoaaeii aaeprnn 
ll 

n =2 H n =1 MeaoaToMa Pll ) , 'ITO cornacyeTcSI c pac-
/12/ 

'leToM ct>onaa " 3paKcoaa • KOTOpbre anSI npaaeaea-
HhiX aenH'!HH nony'!HnH 3Ha'!eHHSI 0,89 H 1 ,00 COOTBeTCTBeH­

HO. 
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2. DOJ1HPI13AUI1H BAKYYMA B P. -ME30MOJ1EKY­
J1AX 

CMemeHHSI ypoaHeii: f1 -Me3oMoneKyn onpeaenSilOTCSI 
Bbipa)KeHHeM 

..... .... 2 -+ ..... ........ --..+ 

dEJv=fi'PJv(r,R)] ·oV(r,R)drdR. (5) 

--> -> 

3aecb : o V (r. R ) - noTeHUHan IOnHHra anSI f1 -Me3o-

MoneKynhi, 'P Jv = (r, R) - aonHoaaSI <f>YHKUHSI f1 -Me3o­
MoneKynhi BO BpamaTenbHOM COCTOSIHHif J If KOne6aTenb-

--> ~ -> HOM COCTOSIHHH V, onpeaeneHHe BeKTOpOB r , «. , r a H 
r b llOKa3aHo Ha pH c. I. 

Ma Ms -R 
P H c. 1. CHcreMa KoopaHHa T anSI f1 -Me3oMoneKynhr. 

DoTeHUHan IOnHHra 
-> -> 

oV(r ,R) anSI Me3oMoneKynhi 
Bhi6paH a BRae cyMMhi noTeHUHanoB, rae nonpaBKH 

-> -> 
oV(ra ) H oV(rb ) o6ycnoaneHbl B38HMoaeiiCTBHeM 

p. -Me3oHa c SiapaMH a H b, a nonpaBKa o V ab (R) -B3a-
HMoaeii:craHeM Sl.llep a 11 b: 

..... -.... --+ .... ... 
oV(r,R)=oV(ra )+oV(rb)+oVab (R)= 

-2yxR -2yxrb -2yxra e ) 
e . --- 1 _e ____ - + R _ 

"2J!f":vx•-t(1+2x2l(- '• '• (6) 317 i X 
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3TO npH6mnKeHHe COOTBeTCTByeT y'leTy .t:marpaMM, npH­
BeaeHHhiX Ha pH c. 2a H 26 • .UHarpaMMht 6onee BhiCOKoro 
nopSI.llKa He y'IHThiBanHcb. 

e+ 

~ 
}J-

(a) 

~- Ma e- Mg 
(6) 

pH Co2. ¢eii:HMaHOBCKHe aHarpaMMb!1 COOTBeTCTBylOmHe 
noTeHUHany IOnHHra, o6ycnoaneHHOMY B3aHMoaeii:cTBHeM 

/1- -Me30Ha C Sl.llpaMH (a) H B3aHMOaeii:CTBHeM Siaep Me)K­
ay co6oii: (6). 

BonHOBhie <f>yHKUHH Me3oMoneKynhi aoaopoaa a aayx­

ypoaHeBOM npH6nH)KeHHH HMelOT BHa: 

'PJ (t,R)= .!.__[¢ (?;R)xJv(R)+¢ (r;R)xJv (R)]-:..=-. 
v R g g u u y4rr (7) 

rae ¢g(r,R)H ¢ ~r;R)- 'leTHaSI H He'leTHaSI BOnHOBbie <f>yHKUH11 
~- /16/ 

OCHOBHOro COCTOSIHHSI 3aaa'IH llBYX UeHTpOB • Bon-
HOBble <f>yHKUHH X Jv (R) H x Jv (R ), npeacraBnSilOmHe g u 
OTHOCHTenbHOe aBH)KeHHe Sl.llep a H b, Bbl'IHCneHhl C OT-
HOCHTenbHOH TO'IHOCTblO -lQ-4 , a BKnaa OT6poiiieHHhiX 
'lneHOB - I0-2 1151 . 

Bhipa)KeHHe anSI caaHra ypoaHeii: f1 -Me3oMoneKyn, 
cneay10mee H3 COOTHOIIIeHHH (5) H (7), MO)KHO npeaCTBBHTb 
B BHae 

dE =~ I x~v(R)x.Jv(R)·oV .. (R)dR= ~E(J.t) +dE<
51

) , 
Jv i,j 0 1 J IJ Jv Jv 

(8) 

rae 
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-+ .,..... __. -+ -+ o V .. (R) = I cP ( r ; R) o V (r , R) ..1... ( r ; R) d r 
IJ i '+'J 

( i H j ITpHHHMBIOT 3Ha'leHHSI g H U ) • 

DocKonhKy ao6aaKa oVab (R) K noTeauuany 1/R, o6y-

cnoaneaaaSI B38HMOlleHCTBHeM &nep, He 38BHCHT OT KOOpllH­
HaT Meaoaa 1, To a peaynhTaTe ycpeaHeHHSI (8) nony'IHM: 

( 5I) oo Jv 2 Jv 2 
LlE J = I oV b(R) [(x (R)) +(x (R)) ]dR. (9a) v 0 a g, u 

.... .... 
B cuny CHMMeTpHH noTeaunana oV(r .R ) H BOnHOBbiX 

cf:JyHKUHH cP i (r ; R ) npH aaMeae 1 a .... r~ cnpaaennuabi 
paBeHCTBa oVug (R)= oVgu (R)"" 0, H acnencTBHe 9TOI'O 
OKOH'IaTenhHOe Bblpa)l(.eHHe nnSI f\E~v) npHHHMaeT BHJl 

(11) oo Jv 2 Jv 2 I 
!\E = Il[x (R)] ·oV (R)+[x (R)]· oV (R) dR. (g6 ) Jv 0 g gg u uu 

(.llnSI 11 -MoneKyn c paBHbiMH MaccaMH 
BKnan B !\E naeT TOnbKO o V (R) , 
a aToM cny'lae X (R)"" 0 I 151). gg 

&nep (Ma= Mb) 
ITOCKOnhKY B 

8 

u 

Ha onpeneneHHSI (6) cnenyeT cooTaomeane 

2 2oo dx -- 1 
o v .. (R ) = - ---E.. I - y' x2 -1 (1 + --) L .. (R , x) , ( 1 0) 

11 3" 1 x2 2~ 11 

rne 
-2yxra 

e 2 .... 
L .. (R , x) = I cP. (r , R )( + 

11 I r a 

-2y xrb 
.... 

)d r. 
rb 

(11) 

B aacToSimee apeMSI cymecTayeT HeCKOnhKO anropHT­
MOB Bbi'IHcneHHSI aonaoabiX cpyHKUHH cPi (r; R ) aana'ln 
nayx ueHTpoa c TO'IHOCTbJO 10-11 l17- 201. B naHHOH 

pa6oTe HCITOnb30BaH anropHTM 1191 , B KOTOpOM cPi (r;R) 
npencTaanSieTCSI a anne 

±im<l> 
.... e 

cP. (r ;R)=N .(R)X. (~;R)Y. (17;R) ---
1 I I I y2 1T 

(12) 

' 1 

\ 

I 

rne xi (~ ;R) H yi (17; R) - paauanhHbie H yrnOBbie 
KynOHOBCKHe ccpepOHllBnbHbie cpyHKUHH 1161 , ~ , l7 , <I> 
cq>epounanhHbie KoopnHHaTbi, Ni (R) - aopMnpoaKa, onpe-
nenSieMaSI na ycnoBHSI 

,-+ 2 .... 
IlcP.(r;R)I dr=l. 

I 

llnSI Xi ( ~; R) H Yi (ry; R) HCITOnb30BaHbl cnenyJOWHe 
paanmKeHHSI 1191 : 

~+1 a. -P. (~-1) oo (i) ~-1 s 
X.(~;R)=(-) 1 e 1 l g (--), 

1 2 s=O s ~+1 

~ 
e -pi (1-77 )looc !i) (1-71 )s. 0:::;77..$ 1' 

s=O 
Y. (71 ;R) = 

I 

-P/1+71)!c<i)(1 +
71

)s. -1.::;;
71

.::;;o. e s 
s=O 

3necb R ----
pi =2-y-2Ei(R), 

a 
a. =--(m+1), a,.,2R, 

I 2p. 
I 

(13) 

g_ 1 = c 1 =c_ 1 '"'0. g0 =C 0 =1, c0 = 1 nnSI g - cocToSIHHSI, 
C =-1 JlnSI U -COCTOSIHHSI. 

3aepi'HIO CBSI3H Tpex 'laCTHU npHHSITO OTC'IHTbiBaTb 
OT aaeprHH E a HaonHpoaaaaoro aToMa 11Ma (Ma ~ Mb ). 
DoCKOnhKy cnpaaennHBbl paaeHCTBa !\Ea =oVgg(oo )= oVuu(oo), 
I'Jle f\Ea - nonSipH3aUHOHHblH CJlBHI' OCHOBHOI'O COCTOSI-
HH Sl a TOMB 11 Ma , TO ITOnS]pH3aUHOHHbiH CJlBHI' ypoBHSI 11 -
-MeaoMoneKynbi paaea: 

(11) 00 Jv 2 
!\EJv= [l[x g (R)] [oVgg(R)-oVgg(oo)] + 

+ [x Jv(R)]2 .[oV (R)-oV (oo)]}dR. ( 14) 
u uu uu 

PeaynhTaTbi pac'leToa npHaeneHbi a T a 6 n. 2. Ha 
pH c. 3 H306pa)!{eHbi cpyHKUHH 0 V gg (R) JlJISI dd11 H dt11 

9 



Ta6nHua 2 ' 
TionpaBKH Ha ITOnHpH38UHID B8KYYM8 K ypOBHHM SHeprHH 

11. -Me3oMoneKyn H3oTonoa ao.uopo.ua * 

Y=O 
v =0 V=l 

-0,338 
PP11 0,053 

-0,285 

-0,369 
pd/1. 0,0'79 

-0,290 

-0,383 
pt/1. 0,058 

-0,325' 

-0,466 -0,002 
dd/1. 0,009 0,032 

-0,39'7 -0,030 

-0,490 -0,006 
dt/1. 0,002 0,030 

-0,428 -0,056 

-0,533 -0,135 
t t /1. 0,054 O,o:E 

-0,4'79 -0,09'7 

Y=l 

V=O v~l 

-0,000 
0,016 

-O,ffi4 

-0,125 
0,029 

-0,096 

-0,149 
0,025 

-0,124 

-0,262 0,002 
0,035 0,000 

-0,22'7 0,008 

-0,30l -0,010 
0,03'7 0,00'7 

-0,26'7 ·-0,003 
-0,3'70 -0,056 

O,Ol1 0,022 
-0,329 -0,03l 

y =2 
v =0 

-0,02'7 
O,OII 

-0,016 

-0,0'73 
0,015 

-0,058 

-0,150 
0,020 

-0,130 

y =3 

v =0 

0,03'7 
0,00'7 
0,0&4 

* .UnH Ka)l{.uoro ypoBHH 11. -Me3oMoneKynhi npHae.ueHhi 
TpH 3HaqeHHH nongpH38UHOHHOro C.llBHra B sB: B nepBOH 

CTpoKe - C.llBHr ~E~~ , o6ycnoaneHHhiH B38HMO.lleHCTBHeM 
11. -Me30H8 C B.llp8MH (.UHarpaMMbl 2a) 1 BO BTOpOH -

( H ) 

C.llBHr ~E]"v • o6ycnoaneHHhiH B38HMOAefiCTBHeM H.Uep 
(.UHarpaMM8 26), H B TpeTbefi - cyMM8pHbiH C.llBHr ypOBHH 
~E. =~E(/1.) + ~E (H). 

Jv Jv Jv · 
TipH BhlqHcneHHH HCITOnb30B8Hhl cne.uyromHe 3HaqeHHH 

Mace qacTuu: m/1. =206,769; Mp =1836,152; ~=3670,481; 
M t =5496,918 H 3HaqeaHe Ry= 13,60535 sB. 

10 

0 5 "f) 15· 20 R 
8V(RJ.eV 

8Vu~t}l (R) 

-2,0 dcdJI. - 2.09 

4E~JI •-2.18 

-3,0 

P Hc.3. TioTeHUHanhi oV gg (R) H oVuu (R) .ung Mo-
neKynhi dt11 H oV gg (R) .UnH MoneKynhi ddJ!. TipH 

R ... o 3aaqeaeg ovdtJL (O) =-17,002, ov::ll(O) =-16,419, 
uu m 

o V d~(O) ==-0,402 c Toqaocl'hro --
2 

LM paBHhi nonHpH3a-
uu a 

UHOHHhiM C.llBHraM 8TOM8 C 38pH.llOM Z = 2 H M8CCOH 

M=Ma +Mb B COCTOHHHHX lsa. H 2pa COOTBeTCTBeH-
HO. YKa3aHHaH rrorpelllHOCTh HecymecTaeaaa, rrocKonbKy 
rrpH R->0 X~v (R )- RJ + l · 

1 

H WHKUHH oVuu (R) .ung dt/1.. BHAHO, qTo ITOTeHUHBnbl 
o V gg (R) .unH dd11. H dtl! aaanorHqHhi H HMeroT npa-
BHnbHyro aCHMITTOTHKY rrpH R ... oo, .UeTanH BbiqHcneHHfi 
IIOTeHUHanoe o V .. (R) rrpHBe.UeHbl B TipHnO)I{eHHH. 

11 

11 



1.01- X (R) 

x;dJI(J•O, U•O) 

x~t}l <r=1. u=n 

Ol" \d""'""[ ..........._ ~ I --L R 

x:d)l <r .. 1, u=1> 
-Q5: 

pH C .4 

3AKnlOLJEHI1E 

B pa6oTe Bbi'IHCneHhi nonpaBKH Ha nonHpH38UHJO sneK·T­

poH -n03HTpOHHOrO BaKyyMa K ypOBHHM SHeprHH fl. -Me3o­

MOneKynhi H30TOUOB BOilOPOil8. DongpH38UHOHHhie C.llBHrH 

ypOBHeii, ~E Jv < 0,5 sB, OK838nHCb H8 UOpHilOK BenH'IH­

Hbl MeHbllle 8HanOrH'IHbiX CllBHrOB ypOBHeii: fl. -Me308To­

MOB, To'IHOCTb Bhi'IHcneHHH: ( - 0,01 sB) B npHHUHne Mo­

>KeT 6biTb llOBbillleHa, HO Tpe6yeT cyl!IeCTBeHHOro yBenH­

:qeHHH C'leTHoro BpeMeHH Ha 38M. 
0TMeTHM T8K>Ke, 'ITO SKCnepHMeHTanbH8H' TeXHHK8, 

HCllOnb30B8HH8H llnH H3MepeHHH TeMnepaTypHOii: 38BHCHMOC-
/21/ 

TH CKOpOCTH pe30H8HCHOrO o6p830B8HHH fl.- MOneKyn 
ll03BOnHeT H8i1::TH a6conJOTHyJO BenH'IHHY nonHpH38UHOHHOro 

CllBHra ypoBHH ( J =1, v =I) MoneKyni:,I ddtt c TO'IHOCTbJO 

- 10-3 :aB. l..JT06bi H3Bne'lb H3 STHX H3MepeHHi1:: BenH'IH­

HY CllBHra, He06XOilHMO Bbi'IHCnHTb SHeprHJO COOTBeTCTByJO­

l!Iero ypOBHH d d f1. -MoneKynhi C TO'iHOCTbJO - 1 o-3 aB 

12 

( B H8CTOHl!Iee BpeMH TO'IHOCTb Bbi'IHCneHHii: - 0,1 sB) /2/. 

B 3aKnJO'IeHHe Mbi Bbipa>KaeM 6naroaapHOCTb C.H.BH­

HHUKoMy, l1.B.Dy3biHHHy, T.D.Dy3hiHHHOi1:: H n.H.CoMOBY 

3a nocToHHHyJO noMOlllb B pa6oTe, a TaK>Ke H.B.KoMapo­

BY H P.H.~aycToBy 3a o6cy>KaeHHH. 

DPHnO)I(EHHE 

Do,llCT8BnHSI (12) B (10)-(11) H Y'IHTbiB8H CHMMeTpHJO 

Y i (lJ ; R) npH 3aMeHe 77 ->- 77 • nony'IHM : 

2a2 00 dx -2- 1 
8V .. (R)=--J---...- yx -1 (1+ ~)Lii (R,x), (ll.1) 

ll 3 TT 1 X;:; 2X 

{3R 
00 2 -2e- 1 2 

Lii(R,x)=.l..R2 N~(R)I fX. ((;R)e e-~f Y.(lJ;R)x 
2 1 1 1 0 1 

{3R (3R {3R 
- T-11 -r11 "" 2 -2-e 1 2 

x(e +e )dTI+fXi((;R)e d(fYi(lJ;R)x 
1 0 

{3R {3R 
277 -277 

x ( e - e ) 77 d 11 • (II.2) 

rae {3 ""2yx. 
l1cnonb3YH pa3no>KeHHSI (13), HHTerpanhi (II) MO>KHO 

npeaCT8BHTb B BH.lle 

2 2 r (0) f3R (1) {3R 
L

1
.
1
. (R,x)=R N

1
(R)I IA (-S (P+ -)+28 (P+--)]x 

v=OV v 2 V 2 

x(a T (P+ {32R)+a e-{3RT (p-{3R)]+ I A s(O)(P+~)x 
v v v v 2 v=o v v 2 

{3R {3R -{3 R f3R 
x[a (T (P+ -) -T (P+ -)) -e a (T (P- -)-

v v 2 v+1 2 v v 2 

f3R 
- T v+l(p- 2 )) ] I. (II.3) 
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3aecb 

A v 
r (i) (i) (y) "" -p(x-1 )a-v-y ( 

1
)v d 

I g g , S (P) = f e x x- x , 
s=O v-s s v 1 

e-+1 
X =---

2 ' a =2 a. 
1 'pi = 2 pi ' (TI.4) 

1 -p(1-17) v r (' 
av = I c 1) 

szO v- s 

- (i) 
cs Tv (p) = J e (1 - 17) d 17' 

0 

r.cte r onpeaenSieTCSI 38ll8HHOH TO'IHOCTblO Bbi'IHCneHHH. 
(y) 

BenH'IHHhr S (p) H T (p) Bbi'IHCnSinHCh no peKyp-v v 
peHTHbiM COOTHOW8HHSIM 1 npHB8ll8HHbiM B pa6oTe 1191 

• 

'ITO aaeT 6onbWy10 TO'IHOCTb Bbi'IHCneHHi!: npH OTHOCHTenbHO 
ManoA 3aTpaTe C'leTHOI'O speMeHH. H HTerpan ( n .1) no 
X Bbi'IHCnSUICSI no 4JopMyne CHMnCOHa WSI'OM h X = 0 11 OT 
1 .cto X max =20. 

To'IHOCTb Bbi'IHcneaHii ~E Jv Bbrwe 'leM 10-2 aB 1 
nOCKOnhKY OT6poweHHbiA 'lnea 

00 
-- 1 1 -3 f (L (R,x)-L (oo,x)]..Ly'x2 -1(1+-)dx- --10 . 

x 11 ii x2 2x2 ( x2 
max y } 

_ (3R /19/ 
TipH ManbiX p =I p- 2 -1 anropHTM1 H3nO>K8HHbiii B , 

aeycToA'1HB1 noaToMy B cny'lae p< 1 anSI Bbi'IHcneHHSI Tv 
Hcnonbaosanocb paano>KeHHe 

00 k 1 k 
T (P) = I (-1) P (ll.6) 

II kzO k ! (1 + 11 + k)! 

14 

Bbi'IHCnHTenbHbre aeycTofi_'IHBoc,r~ B03HHKaroT TaK>Ke npH 
60nhWHX oTpHuaTenbHbiX P=P- T' llnB HX ycTpaHeHHSI 

B Bbrpa>KeHHH (ll .3) npH R > 6 npeHe6peraeM 'lneHaMH 1 
nponopuHoHanhHbiMH e -{3R -. lleii:CTBHTenbHO 1 npu R? 6: 

{3R {3R 
-{3R 1 -(p- 2)(1-TJ) 11 -(p+ -r-) 

e f e (1- 17 ) d17 = e x 
0 

{3R {3R 
1 -(p+-)n -(p+ -2 ) 2 ., II -5 

xf e (1-TJ) d17_se =10 
0 
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