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3agava omucy TiAPOJMHAMIYHOIO €Taly EBOJIOLIl CHCTEMH Ta BiMOBIAHOTO PO3PaXyHKY KiHETHYHHX
Koe(imi€eHTIB CHCTEMH € aKTyalbHOIO JUIi CcTaTHCTHYHOI (isuku. Merox Yemnmena—Enckora mmpoxo
3aCTOCOBYETHCS /10 BIAMOBIAHOL 3a1a4i U1 Pi3HUX cucteM, a nosiHomu COHiHA ITHPOKO BUKOPHCTOBYIOTHCS IS
PO3paxyHKy HAOMIDKEHHX pO3B'I3KiB mms (yHKnii posmonimy cuctemu. CTaHTapTHa TiApoJWHAMiUHA Teopis
NPU3BOANTG 10 IHTErpajbHUX piBHSAHb @DpearoibMa MEpPIIOro poiy, Ul SKHX pO3B'A3KH, 3aCHOBaHI Ha
nosiHoMax COHiHa, BBaXKatOThCs 301KHUMHU. CIIiJ 3ayBa)KHTH, 110 YaCTO aHANITHYHI PO3PaXyHKH OOMEKYHOThHCS
HAOIIKEHHSIMHU OHOTO ab0 ABOX MONIHOMIB 4epe3 rPOMi3AKICTh TAKHX PO3PAxXyHKIB Ta TO# (axt, mo 301KHICTh
PO3B'S3KIB 31 301IBIIEHHSIM KUIBKOCTI ITOJIHOMIB BBaYKA€THCS JOCUTD IIBHIKOIO.

OpHak, 4YHCIIOBE JOCHTIDKEHHS BINNOBiAHOI 30DKHOCTI mpesicraBisie iHTepec. Hampukian, wuciose
JOCITIJDKEHHS BiJIMOBIIHOI 301KHOCTI JUIS IPOCTOrO rasy Ta rasy TBepaux cep JUis HaOImKeHb HaBiTh 10 150
noninoMiB Oyno nposeaeHo C. K. Jlosnkoro, P. B. Tomnconom ta E. JI. TinTOHOM Ha OCHOBI KiHETUYHOTO
piBHsiHHA bombivana. OpHak, HaM HEBiZOMi POOOTH, Jie TaKi JOCITIIKEHHsS HPOBOJATBCS JUIL CHCTEM, IIO
OIMCYIOTHCS KIHETHYHNM piBHAHHAM JlaHnay.

SIk BiZmOMO, TaK 3BaHI CHCTEMH 3 MajoOI0 B3a€EMOJIIEI0 ONMHUCYIOTHCS KiHETUYHUM piBHAHHAM Jlannay, ske
MicTUTh iHTerpan 3iTkHeHb Jlannmay. Hampukian, cHCTeMH 3 KyJIOHIBCHKOIO B3a€MOJIEI0 OMUCYIOTHCS TaKHM
MaTeMaTHYHAM amapaToM. 30Kpema, OesKi MOMepeHi MOCHiKeHHs OyiM MPHCBAYCHI MOBHICTIO 10HI30BaHIii
JBOKOMIIOHEHTHI IIIa3Mi, i B OUIBIOIOCTI BHNAIKIB BHKOPHUCTOBYBAJIHCS HAOMIDKEHHS OXHOTO abo IBOX
MOMiHOMIB. Y wiff cTaTTi MU AOCHIIKYEMO BiAMOBIAHI iHTErpaibHi AyKKH ISl OXHOKOMIIOHEHTHOI CHCTEMH 3
MaJIol0 B3a€MOJI€EI0, ajle 0OYHCIICHO iHTerpaIbHi Jy)KKH 10 HAOIMKCHHS TPHHAISATH ITOTiHOMIB BKIIOYHO. B miit
CTATTi MU OOMEXYEMOCSI JIHIIE IHTETPAIBHIMHU Ty)KKaMH, HEOOXiTHUMH IS PO3PaxyHKy TeMIIepaTypHOI YaCTHHH
(byHKIIT po3moaiy Meporo MopsAKy 1o rpajgienrax. OTpUMaHO TOYHI aHAITHYHI PE3yJIbTaTH JUIS PO3MIITHYTHX
IHTEerpaIbHUX Ty)KOK. OTpUMaHI pe3ybTaTu € BOXIMBUMU IS TIOJANIBIIOTO YHUCIOBOTO AOCIIKEHHS 301)KHOCTI
Pe3yIbTATIB JUIS TEIUIONPOBITHOCTI CHCTEMH 3i 301IBIICHHSIM KIIBKOCTI TIOJIHOMIB y BIATIOBITHUX HAOIMKCHHSX.
Jyxku, HEOOXimHI U1 pO3paxyHKy MIBUAKICHOI YacTHHM (YHKLIi PO3MOALTY, MOXYTh OyTH INpEICTaBIICHI B
iHIIi cTarTi.

Knrouoei cnosa: inmezpanvni oyacku, noninomu Couina, inmeepan simxnens Jlanoay, 00OHOKOMROHEHMHA
cucmema, Mana 63aEMoOisi.

The problem of description of the hydrodynamic stage of system evolution and the corresponding
calculation of the system kinetic coefficients is urgent for statistical physics. The Chapman-Enskog method is
widely applied to the corresponding problem for different systems, and the Sonine polynomials are widely used
for the calculation of approximate solutions for the system distribution function. The standard hydrodynamic
theory leads to Fredholm integral equations of the first kind, for which the solutions based on Sonine polynomials
are considered to be convergent. It should be stressed that analytical calculations are often restricted to the one- or
two-polynomial approximations because of the cumbersomeness of such calculations and the fact that the
convergence of the solutions with increasing number of polynomials is considered to be rather fast.

However, the numerical investigation of the corresponding convergence is of interest. For example, a
numerical investigation of the corresponding convergence for the simple and rigid-sphere gas approximations up
to as many as 150 polynomials was made by S.K. Loyalka, R.V. Tompson, and E.L. Tipton on the basis of the
Boltzmann kinetic equation. However, we do not know any works where such investigations would be made for
systems described by the Landau kinetic equation.

As is known, the so-called systems with small interaction are described by the Landau kinetic equation,
which contains the Landau collision integral. For example, systems with Coulomb interaction are described by
this mathematical apparatus. In particular, some previous investigations were devoted to a completely ionized
two-component plasma, and in most cases the one- or two-polynomial approximations were used. In this paper we
investigate the corresponding integral brackets for a one-component system with small interaction, but the
calculation of the integral brackets is made up to the thirteen-polynomial approximation. Here we restrict
ourselves only to the integral brackets necessary for the calculation of the temperature part of the first-order-in-
gradients distribution function. Exact analytical results for the integral brackets under consideration are obtained.
The obtained results are important for further numerical investigation of the convergence of the results for the
system thermal conductivity with increasing number of polynomials in corresponding approximations. The
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brackets that are necessary for the calculation of the velocity part of the distribution function may be the subject
matter of another paper.

Keywords: integral brackets, Sonine polynomials, Landau collision integral, one-component system, small
interaction.

Introduction. As is known [1], systems with small interaction are described
by the Landau—Vlasov kinetic equation, which contains the Landau collision
integral. For example, it is widely used in plasma investigations [2, 3]. The
Chapman-Enskog method is widely used for the description of the hydrodynamic
stage of system evolution, and the Sonine polynomial expansion is widely used to
solve the corresponding integral equations for the system distribution function [2,
4]. The corresponding approximate analytical calculations are usually restricted to
the one- or two-polynomial approximations [2], because the corresponding
convergence rate is considered to be rather high, and the corresponding
calculations are rather cumbersome. However, a calculation in mathematical
packages may allow one to investigate the corresponding convergence numerically.
For example, in [5] a numerical investigation of the convergence of Sonine
polynomial expansions for a simple and a rigid-sphere gas is made up to the 150-
polynomial approximation on the basis of the Boltzmann kinetic equation.
However, we don’t know any papers where a numerical investigation of Sonine
polynomial expansions would be made for a system described by the Landau
kinetic equation. So, this paper is devoted to the calculation of the integral brackets
necessary for obtaining the temperature part of the first-order-in-gradients
distribution function for a one-component system with weak interaction described
by the Landau kinetic equation. In what follows, the integral brackets under
consideration are called the temperature integral brackets.

Calculation of the temperature integral brackets. The Sonine polynomials
are as follows [2]:

Si(x)=—ex" d—”(e_"‘x“”) ) (1)

n! dx”

The temperature integral brackets are as follows [2]:
G ={ps)? (B2, ). 287 (e, ) @)

where

{g,/’l} _ (—7J‘d3pd3pfe—/kp_ﬁvp' Dn/\:pp' {

(o) 2()|(30)_ ir),

apn 8[)7/7 ap/( 6[)/{ (3)
ﬂ:l F :I)—2 D '=|ﬁ_ﬁ,25’7k_(p_p')ﬂ(p_p,)/;
70 am p-pT ’

p is the momentum, 7' is the system temperature, m is the mass of one particle,
and ' is a constant. The results of the previous investigation [2] are based on the
calculation of G, up to the two-polynomial approximation. In this paper we

calculate the corresponding brackets up to the thirteen-polynomial approximation.
First of all, we introduce dimensionless variables, ¢ and G’ :

p=~NmTq, p'=mTqg" . 3)
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On substitution, we obtain

G,=C(

where

) 2 ) 1”2 853//2 qz /’2 aS}/Z (1/2 /’2
:5”’(“7/2(61 j“"f”{q ]}%7, [772)_y S71072)

By a straightforward calculation on the basis of (5) it may be shown that

B(’” B(.\')

mT)i/2 J‘d3qd3q’exp<—(q2 +q"” )/2)Dn/\zqq'B;({/.;]'B/fj.f;q'

0 0,8 (612 ,/2) ~ 0q] S (q’z/Q)

nl.qq" —

oq'

n

dq

n

2 2 a(q*/2) (¢ /2)

= 5 A 'Asqq' + CJH(]/\' (A,/®5q + ®>/4As + q2®i/q®sq)_

nl.qq'~kl,qq" nk = jqq

where

_(C]; q')l:qnq/\"e)]q@xq' + ‘]/\'q;@]q'@sq :|

2 2

2 r2 8" (4*/2)
_ 2| 4 32| 4 Y /
A‘/w' - ‘S‘/ (_J - ‘S,/ [_J > ®J<J - :

We introduc

’

X=q+q,

o(¢/2)
e spherical coordinates:
¥=g4-q , X=(xsinf cosp xsind sing .xcosb,),

y= (y sin@, cosg,,ysind sing, ,ycoso, ) .

On the basis of (8) and (3) a straightforward calculation leads to

) x4+ 2x9Q + 37 g = xF =2xyQ + )7

C b b
! 4 4
2 2
N X =y 2
(qu ): 4 s [)17/\',qq'5»7/\' = ; s
o ’ ’ Xz (1 B Q2 )
[))7/\:(141'61/761/{ = [)Waqq’q”qk = Zjn/aqq"]an = ZDM/LQ(/"]HQ/; = 4y 5

where

Q=sind cosp, sinf cosp, +sind sing siné sing +cosd cosd .

On the basis of (6), (7), and (9), a straightforward calculation yields

] s 2
DH/\'W'B 7(1142#1'8 /f'/lm' = ;Awq' sqq’' +
¥’ —xQ?
+T|:Aﬂﬂ/ (®w - ®w' ) + AAW' (G),/q - ®ﬂ1' ):I +
x? =70’ 2 12 =
T[q 0,0,+49°0 0, -(4.4){0,0, + @7(],@”1}] :

4)

)
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where according to (9)

A =g 7 +2x0Q+ )7 _ g ¥ =2xpQ+ v’
Jaq" >

ey

8 8
_ s (q*2) o - a7 (q"/2) (12)
" 8((12 //2) R s 6((1’2 /2) 2o 2
4 4

According to (4) and (8), the temperature integral brackets take the form

. (1(177]1)5/2 < 2/ % _2 P
G, =Tjdxe : HJ.a’xe : /4Ia’szyz[)H/‘,M,B,ﬂ/lﬂ],B,f,lqu, . (13)
0 0
where the product D, B,/ B, . is given by (11) and (12) with account for (10),
and
T T 27 27
[dQ=[de, sine, [d6,sine, [ dp, [ de, . (14)
0 0 ' V 0 0 '
The product x*y’D,, B\’ By . is a sum of some terms that have the form

b d . . . .
ax’y°Q" where a is a constant, b is an even integer not less than 2, ¢ is an odd

integer not less than 1, and ¢ is an even integer not less than 0.
In Appendix A on the basis of the results described in [6, 7] it is shown that

'fdQQZ” = fd@x sin a\jde}, sin @, T de, ]f dp, x
0 0 0 0

X (sin 6, cos@, sinf cosp +sinb sing sinb sing, +cosb, cosb, )2” = (15)
167’ )|
= —E=167* [dQ0
2n+1 0

where Q is considered as a one-dimensional variable. So,

© £l 1
~ 2 5/2 2 )—x:/-l 2 /4 ) (5)
(],/5’ - 272- ( (’HT) J.dxx ¢ J‘al'\y ¢ J.dQ[)n/qu'Bn/hqq'B/c/Aqq' H (16)
0 0 0

s B Bi, 18 given in (11), (12) with account for (10).

A further calculation of (16) in the general case is rather cumbersome, and it is
made in the Wolfram Mathematica package. The explicit analytical results for G

D

are given in Appendix B. The Wolfram Mathematica code is given in Appendix C.

Conclusions. The exact analytical results for the temperature integral brackets
are calculated up to the thirteen-polynomial approximation. The results up to the
two-polynomial approximation coincide with the previous investigation [2], and
the other results are new ones. The obtained integral brackets are important for
further numerical investigation of the convergence of the results for the thermal
conductivity of the systems under consideration with increasing number of
polynomials.
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Appendix A. Proof of Eq. (15). The integral (15) may be rewritten as
V.4 V.4 2z 2z
f(n)=[d0Q™ =[do,sin6, [d6,sin6, [ do, [ dp, x
0 0 0 0

2n
X (sin 0, sind, cos ((/Jx -, ) +cosd, cosb, ) =
(A.1)

2n

2n T K
=5 Id@x sin*' @ cos™"™ Q.jdé‘. sin*' @, cos™ ™" @ x
k=0 0 0

27

xTa’(px I dp, cos' (9, - ,)
0 0

where C} = (2n)!/(k!~ (2n - k)!) . On the basis of the tabulated integral [6]

/2 ,
'[dxsill"”lxcos"’l,»(:lB E,L— =ll“ Ay o A (A.2)
0 2 \22) 2 (2 2 2

we obtain

/2

s
J-a'é?x sin“™' @ _cos™ ™ 0, = J- d6_sin*"' 6 _cos” " 0 +
0 0

" (A.3)

/2 /2
ket 2n—k 2n—k k - 2n—k
= _[ dé_ sin""' 6 _cos™ ™ 6. +(-1) .[ da, cos™ o sin” " o =
0 0

:ﬁr(/«zzjr(zn—;ﬂyr(w ;j

First of all, it is obvious that this integral is non-zero only if £ is an even number.
Let us take

k=2m, m=0,n. (A4)

Then on the basis of obvious expressions

r(n+%):(2n+l)!!~\/;’ F[méj:(zn—l)wﬁ CCn—one (AS)

2)7+1 2;7
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one can conclude that

a (2n=2m-1) —
z _ ) 2"l ———— k=2m,m=0,n A6
_[d@x sin*' 0. cos’ " 0, = (2n+1)N! , (A.6)
0

0,k=2m+1,m=0,n-1

As for the integrals over the variables ¢, and ¢, , we have

Td(/)xzfd(/)_r cos” ((/)X -0, ) =
0 0 (A.7)

2

b 2
Cf J‘ cos’ ¢, sin"” g dp. J‘ dp,sin'™ ¢ cos' g,
0 0

k

r
=0

and according to (A.6) and (A.1), it makes sense to take the integral (A.7) only for
even k=2m, m=0,n. According to (A.2),

2z 7/2

j cos' @ _sin”"" p.dp. = .[ cos' @ _sin”"" o dp_ +
0 0
z 37/2
+ j cos' ¢ _sin>"" p do_ + j cos' @ _sin*"" o do_ +
/2 T
27 /2
+ I cos' @ sin*"" g dop, = I cos' g sin*" " p.dp, +
372 0 (A.8)
72 72 )
/ <l 2m—1 / 2m—l i s 2m—l
+(-1) jsm @, cos™ g do +(-1) (-1) Icos @.sin”"" g dp_ +
0 0

/2
2m—I -]
+(-1)" I sin’ ¢, cos

0
1 i 2m—1 /+1 2/77_/+1
=—I|2+(-1 -1 r r
2/77!( +( )+( ) ) ( 2 j ( 2 )’

here, the identity I'(m+1)=m! is used. As can be seen, the integral (A.8) is

2m-1

g”j' d(p,\ =

nonzero only if /is an even number: / =2z, z=0,m . On the basis of (A.5) we see
that

27 0,/=2z+1,z=0,m—-1
l - 2m—l
cos @, S Q. d@. =9 x(2m -2z -1)11(2z - 1)!! : A9
<J). ﬂ( n 2]77_1)!( ) A=2z,z=0,m (A-9)
nm!

On the basis of (A.9) and (A.6) one can conclude that the integral (A.l) is as
follows:

2
n 2n—-2m —1)!! |
. — 2 (172 m 2!17+1 ’ ( > (A. 1 0)
f (n) A Z 2n [ m (2,,]_,’_1)]] ] (2/77—1177!)' X

m=0
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xi C2((2m-2z-1)1(2z-1)1) =

=0
L. (2n)!

- 16
g ,NZ:‘,; (2n-2m)!(2m—-2z)!(2z)! )
((2;7 —2m=1)11(2m —2:—1)1!(2:—1)!!}2
X .

(2n+1)!!

On the basis of the obvious identity

(2n)1=(2n)1(2n-1)!1. (A.11)
we rewrite f (n) as
O S G S A
First of all, let us prove that
n(2m=2z-1)11(2z-1)!!
_._O( (2/77—22;!1222)!! k- A.13)
On the basis of the well-known expressions
(2n-1)11= ( ) , (2n)1=2"n! (A.14)
we rewrite (A.13) as
o (2m =2z -1)1(2z=1)!! 1 (2m-2z)!  (22)!
= (2m-22)(2z )Hl m 2 (m=z)(m—z)! =1z (A15)
=5 2L
As is known [7],
_i< ma-Cre =27" (A.16)
So, the expression (A.13) is proved. Let us prove that
;%_{7_ e Z (2z- 1!1_(2(22)13!!‘ N

Let us use the method of mathematical induction. The base case is the obvious fact
that (A.17) holds for #» =0 . The inductive hypothesis is (A.17). The inductive step
consists in the proof of the identity
& (2z-1)11 (2n+3)!
= (22)1  (2n+2)

(A.18)
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on the basis of (A.17):

@ (2z-1)10 & (2z-1)10 (2n+1)1 (2n+1)1 (2n+1)!
= + = + =
2 () = () (n+2) (2n) (2n+2)!
_(2n+1)!!(1+ 1 )_(2n+l)!!(2n+3}_(2n+3)!! (A-19)
— (2n)! 2n+2) (2n) \2n+2) (2n+2)10°

which was to be proved. So, the identity (A.17) is proved. On the basis of (A.13)
and (A.17) one can conclude that (A.12) may be rewritten as

167> (2n)!! (21/1+1)!!_167r2

(n) = = , (A.20)
1) 2n+1(2n+1)11 (22)!1 2n+1
which proves the statement, see (A.1) and (15).
Appendix B. Explicit results for Gj. Let us denote
mnl /8 (B.1)
Due to the symmetry of the integral brackets, we have
V,=Y,. (B.2)
The following explicit expressions for ¥ are obtained:
,=0,Y,=512,7, =384, Y, =1440 , ¥,, =240, ¥,, =1236 ,
5657 20349 149749 315
Y33 2 Y41_140 Y47—885 YBZT’}*‘:T’YMZT’
v, = 9345 Y- 249285 Y- 2204625 Y- 57292281 ¥, = 693 ’
16 ; 128 512 8192 16
23499 705635 7034355 213752391
Y62=—7Y(13=—s 64=—9 65=—9
64 512 2048 32768
1280638685 3003 114345 3800349
66 = ’Y71= ,Y72= ,Yn: ,
131072 128 512 4096
41702465 1402916745 9642765231
16384 07 262144 7% 1048576
109135301905 6435 271557 9876141 (B.3)
7 8388608 % 512 7" 2048 ¥ 16384
_117773397 . _ 4298885745 32305668675
3* 65536 ¥ 1048576 % 4194304
413557727313 2243029645077 109395
¥ 33554432 % 134217728 > 7' 16384
_ 5064345 199832001 2567855961
265536 77 524288 7Y 2097152
100626992865 812212203215  11262985040385
» 33554432 7 134217728 7 1073741824
_ 68334759105177 _2869197779473001 230945
% 4294967296 137438953472 "' 65536 °
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11632335 494634855 6806334535

2 = 9Y - B = A
02062144 ' 2097152 7 "t 8388608

284401395531 2442996753561 36111796183715
0 134217728 ' 536870912 T T 4294967296
_ 235634511362295 _ 10969156676888595
08T 17179869184 'Y 549755813888

_56081014779421189 969969 2405778375
010 0199023255552 M 524288 0 MY 16777216
_ 35273210115 _ 1563800425467 |, _14213345746941

67108864 MY 1073741824 M 4294967296
222119161169283 _ 1535881558864275
734359738368 M 137438953472
_76451461175367555 | _ 430170690626461113
e 4398046511104 ~ ' 17592186044416 °
_ 4305352430573002713 2028117 _ 118600755
T 140737488355328 0 20971527 T 8388608
_ 5764508971 . _ 89684596755 _ 4202216808855
367108864 Tt 268435456 T T 4294967296
_ 40245601722469 . _ 661544369311815
PO 17179869184 T 137438953472
_ 4811057022438387 _ 252577679154968335

28T 549755813888 T Y 17592186044416

_1512441361404919665 _16556070452511642837
20T 70368744177664 M 562949953421312
_ 81384782699234451365 |, _ 16900975 _ 1056648957

122 2251799813685248 ° ' 335544327 7 134217728
54556259121 897497127917 _ 44300679154485
5371073741824 BT 4294967296 Y 68719476736
_ 445637163040875 _ 7677511852434853
P60 074877906944 BT 2199023255552
_ 58454110673432397 3214110272424444477
BET 8796093022208 Y 281474976710656
~20219941595148385055 _ 234612748994374719375
BT 1125899906842624 T P 9007199254740992
_ 1254680310951568088667 _24300600849403343223937

13,12 — s Y13 13
‘ 36028797018963968 ‘ 576460752303423488

Appendix C. The listing of the Wolfram Mathematica code
eN=13;
Sonine[n_, \[Alpha] ,
z |1 = ((1/n)*Exp[z]*D[Exp[-z]*z*(\[Alpha] + n), {z, n}])/
z™\[Alpha];
DerList[n_] :=
Module[ {en =n}, Thes[u_] = Sonine[en, 3/2, u];
TheSS[u_] = Simplify[Thes[u]]; zy = CoefficientList[ TheSS[u], u];

132



zy];
Sn ,z ]:=
Module[ {en = n, ez = z}, ksy = DerList[en];

ThePolynom = Sum[ksy[[j + 1]]*ez"j, {j, 0, en}]; ThePolynom];

DDerList[n ] :=
Module[ {en =n}, ws[u_] = D[S[n, u], u]; wws[u_] = Simplify[ws[u]];
zy = CoefficientList[wws[u], u]; zy];

DS[n ,z ]:=
Module[{en = n, ez = z}, ksy = DDerList[en];

ThePolynom = Sum[ksy[[j + 1]]*ez"}, {j, 0, en - 1}]; ThePolynom];
Q[x_,y_,\[CapitalOmega] | = (x"2 + 2*x*y*\[CapitalOmega] + y"2)/8;
R[x ,y ,\[CapitalOmega] ]= (x"2 - 2*x*y*\[CapitalOmega] + y"2)/8;
G = IdentityMatrix[eN + 1];

For[ii=1, ii <=eN + 1, ii++,
For[jj =1, jj <=ii, jj++,j=1ii-1;s=]j - 1;
UnderIntergand[x ,y , \[CapitalOmega] | =
Expand[(2/y)*(S[j, Q[x, y, \[CapitalOmega]]] -
S[j, R[x, y, \[CapitalOmega]]])*(S[s,
Q[x, y, \[CapitalOmega]]] -
S[s, R[x, y, \[CapitalOmega]]]) +
((x*2 - x"2*\[Capital Omega]*2)/(4*
y))*((S[_], Q[Xv Y, \[Capltalomega]]] -
S[j, R[x, y, \[CapitalOmega]]])*(DS[s,
Q[x, y, \[CapitalOmega]]] -
DS[s, R[x, y, \[CapitalOmega]]]) + (DS]j,
Q[x, y, \[CapitalOmega]]] -
DSJ[j, R[x, y, \[CapitalOmega]]])*(S[s,
Q[x, y, \[CapitalOmega]]] -
S[s, R[x, y, \[CapitalOmega]]]) +
2*Q[x, y, \[CapitalOmega]]*DSJj, Q[x, y, \[CapitalOmega]]]*
DS[s, Q[x, y, \[CapitalOmega]]] +

2*R[x, y, \[CapitalOmega]]*DS][j, R[X, y, \[CapitalOmega]]]*
DS[s, R[x, y, \[CapitalOmega]]] - ((x2 - y*2)/
4)*(DSJ[j, Q[x, y, \[CapitalOmega]]]*
DS[s, R[x, y, \[CapitalOmega]]] +
DS[s, Q[x, y, \[CapitalOmega]]]*
DS[j, R[x, y, \[CapitalOmega]]]))];
Glii, jj1] =
16*Pi"2*Integrate[
X 2*¥Exp[-(x"2/4) | *y"2*Exp[-(y"2/4)]*
UnderIntergand[x, y, \[CapitalOmega]], {x, 0, Infinity}, {y,
0, Infinity}, {\[CapitalOmega], 0, 1}];
GIij, ii1] = GI[i, jj1l;
Print["G[", ii - 1, ".", jj - 1, "1=", GI[ii, jj11%; 1: 1;
Received on 12.05,2025,
in final form 18.06.2025
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