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NIICYMOBYBAHHSI NOJIIITAPAMETPUYHHUX
®YHKIIOHAJBHUX PSIIB 3A BIACHUMMU EJJEMEHTAMHA
T'BPUJTHOI' O JU®EPEHIIAJIBHOI'O OITIEPATOPA
®YP'€ - JIEXKAHJIPA —- ELJIEPA HA CETMEHTI [R, Rj]
MOJISIPHOI OCI

Pe3tome. Memooom nopigHsHHs po38'sa3Kie, noOYO08AHUX HA MPUCKTAO0BOMY CeeMeHmI NOMAPHOI OCi
ons cenapamuoi cucmemu i3 ougepenyianvrux pisHane @yp'e, Jlescanopa ma Eiinepa 0py2o2o nopsoky 0/is
mooughikoganux Qynxyitt memooom ¢Gynxyit Kowi ma memooom 8i0nogionoeo ckiHuenno2o 2ibpuonoeo
iHme2panbHO20 nepemeopeHHst NiOCYMOBAHO NONINAPAMEMPUYHY CiM 10 QYHKYIOHAnbHUX psois.

Kniouoei cnosa: gynxyionanvhi psiou, cyma psidy, ckinvenHi 2ibpudHi inmeepanvii nepemeopeHHs,
oughepenyianvruil onepamaop.

A. Kaplun

SUMMARISING OF THE POLYPARAMETRIC FUNCTIONAL
SETS ACCORDING TO OWN ELEMENTS OF THE HYBRID
FOURIER — LEGENDRE — EULERIAN OPERATOR IN THE

POLAR AXIS SEGMENT [Ry, R3]

Summary. Efficient introduction of composites in modern technological processes requires to be
aware of their physical-technological parameters, foremost in stationary operating regimes, in which they
operate after sharp temperature or power load. It results in thermomechanic problems of the lump —
homogenous media. In practice even in the simplest model problems the values, which characterise the
stationary state, are expressed as polyparametric functional set, which can be adjacent conventionally in the
condition, when it represents the analytical function. It follows, that the functional set is reasonable to be
replaced by its adjacent result, which is of special importance for the engineering calculations. Solution of the
separate system of the Fourier, Legendre and Eulerian differential equations is based on the three-component
segment of the polar axis with the boundary conditions and conjugation conditions taking advantage of the
Cauchy functions method. With this purpose at first the fundamental system of these equations solutions was
obtained, and the boundary conditions the conjugation conditions result in heterogonous algebraic system,
which consists of six equations, to find the values Aj, Bj, the determinant of which does not equal zero. The main
solutions of the boundary problem, which are caused by the boundary conditions for the Green function and
heterogeneity of the conjugation conditions, were found. The solution of this boundary problem is built by the
method of the relative finite hybrid integral transformation. Polyparametric family of the functional sets has
been summarised while comparing these solutions.

Key words: functional sets, set sum, finite hybrid integral transformations, differential operator.

Beryn. [HTeHCHMBHE BHOpOBaKEHHS KOMIIO3HMIIIHHUX MarTepialliB y CydacHUX
TEXHOJIOTIYHHUX TpOIlecax BUMAarae BHUBYEHHS 1X ()I3MKO-TEXHIYHUX MapaMmeTpiB, Yy MEpIry
yepry, MpH CTAIlOHAPHUX pEeXUMax, Ha SIKI BOHH BHXOJATH ICIS CTPHOKOMOIIOHOTO
TeMIIepaTypHOro abo CHUJIOBOTO HaBaHTakeHHs. lle Mpu3BOAWTH A0 3a7au TepMOMEXaHIKH
KYCKOBO-OJHOPITHUX CepeOBHIIL.

[IpakTrka mokasye, 0 HaBiTh y HAMIPOCTIMINX MOJEIBHUX 337a4aX BETUYNHH, 1110
XapaKTEepPU3yIOTh CTaIllOHAPHUN CTaH, BHPAXAIOTHCS Y BUIIISAIL MOJIIApaMETPUUHOTO
(YHKIIOHAIBHOTO DSy, SKUH Moke OyTM yMOBHO 30DKHMM 1 TOAl, KOJMH 300paxae
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aHAMITHYHY (QYHKINFO. 3BICH NPUPOJHE OaKaHHS 3aMIHWTH (QYHKIIIOHATBHHHA pSJT HOTO
pe3yibTaToM 301KHOCTI ((DYHKIII€10), IO OCOOJIMBO BaXKJIMBO MPH iHKEHEPHUX PO3PAXYHKAX.
[TincymoByBaHHS (DYHKIIOHAIBHHUX PSAIB METOJIaMHU TiOPUIHMX IHTETPATHHUX IEPETBOPEHD
po3risinanocs B podotax [1—4].

Mertoro po6oTn € OOUHCICHHS OJIHIET ciM’T MoJinapaMeTpuuHuX (YHKIIOHATEHUX
PSIIIB 32 BIACHUMH €JIEMEHTaMU TiOpUIHOTO TU(EepPEeHIiaIbHOTO Oneparopa.

OcHoBHa JaCcTHHA. [To6ymyemo oOMeKeHHI Ha MHOHUHI
Iy ={r: re(Ry,R))V(R,Ry) U (Ry,R3); Ry 20, R; <0} pO3B'I30K CenaparTHoi CHCTEMH
3BHuaitHux audepenniaabHux piBHsIHb Dyp'e, Jlexanapa ta Eitnepa miast moaudikoBaHux
GyHKITIH

(d%rz—qlz)ul(”)=—gl(r), re(R,.R),
(A(u>_q22)”z(r)=—g2(r), re(R.R,), )

(B; _932)”3(r) =-g;(r), re(R,.Ry)

3a KpallOBUMH yMOBaMU

d
r=R, — 80> (“232_+18232j“3(’”) r=r, — &R (2)

d
(“101;"':8101}”1(’”) o

Ta yMOBAMH CIIPSDKEHHS
d d
K“./;l O + B j w (1) = (O’fz o +5, j Uy (V)}

Y piBHOCTSIX (1) OepyTth ydacTh nudepeniianbhi omepatopu Dyp'e d%rz >

=0, j.k=12.

r=R, —

Jlexannpa A, ta Eitnepa B, [5.6]:

2 5 s ,
Am:d_zJ“C’h”iJflJfl =t B;=r2d—2+(2a+1)ri+a2,
dr dr 4 2\1-chr 1+chr dr dr

My =g, 20, ()=t 1b), 2a+1>0.

BBaxaeMo, 0 BHKOHaHi yMoBH Ha Koedimientn o <0, B >0, | |+ #0;

3 3 3 3 . k k _ k k _ k pk .

4,20, (20, a,+p,#0; a,, 20, :B_/m 20, ¢,y >0, Ci = az_/ﬁl_/ al./ﬁzi >
j.mk=12.

OyHIaMeHTaTbHY ~ CHCTEMY pDO3B'S3KiB s audepeHIianbHOoro piBHsuHs ~ @Dyp'e

(d%,ﬂ ~¢;)v=0 yrBoprorots GymKuil chgr Ta shqr [S]; dynnamentanbHy cuctemy

po3B'A3KiB s MepentianbHoro pisHsHHs Jlexannpa (A, —qs)v =0 yTBOPOIOTH QyHKIIT

()
RJ(Z")(chr) Ta L(U‘Z’)(chr), Uy = —%+q2 [6]; dynmameHTanpHY CHCTEMY pO3B'S3KIB ISt
mudepenuiansroro piBusHHs Eiinepa (B, —g;)v=0 yTBOprooTsh MomubikoBani (yHKIi

—q3 —a+g3 [5].

4
beccensa r Tar
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HasBHicTh (yHITaMEHTAIBHOI CHCTEMH PO3B'S3KIB JIa€ MOXIJIHMBICTH TOOYyBaTH
po3B's130K KpaitoBoi 3anadi (1)—(3) metogom dynkmiii Ko [5,7]:
R

u,(r) = Achq,r + B ;shq,r + _[ Er,p)g(p)dp,
R

RZ
1,(r) = 4P (chr)+ B,LY (chr) + | Ey(r, p)g, (p)shpdp, )

R

Ry
uy(r) = A+ By + [ Ey(r, p)gy(p)p” dp.

R,

VY piBHOCTSX (4) OepyTh yuacTh GyHkii Komi [5,7]:

E(r,p)=—- 1 {(D?l(quo’ql”)(Dh(%Rla%P), Ry<r<p<Rg 5)
i 40, (G Ry g R) | D) (q,R,.0,0)D} (¢, R, q7), Ry<p<r<R
E(r.p)= B, (q,) Fu(ffl)il (chR,,chr) Fu(fﬁ)iz (chR,,chp), R <r<p<R, ©
BT A (chR, chR,) | F(chR ,chp)F") (chRy.chr), R <p<r<R,
1 LIILZXtIZ(q3’r)\P3¢::22 (Qp,o), R2 <r< p < R3
E3 (7", ,0) == ; 2+ . (7)
2¢30,15(q5 Ry R) | Y 00(g5. P)Y 00 (q5.7), Ry <p<r <Ry

Tyt GepyTh yuacTb QyHKII:
Ajl(%Roa%Rl) = Vl(;l(%Ro)lelz (q,R) - VI?Z (%Ro)lell (q,R), J.k=12

A¥) (chR,chR,) = Z"") (chR, )Zﬁ;‘;};fz (chR,) - Zﬁ;‘i? (chR, )Zﬁ:’jﬁl (chR,);

2 0:J2

Aa;jZ(qS;RZ’ Ry) = Zz'lj2 (95- R, )ijzz (g5, R;)— Zozt;zj2 (95: R, )Z;;lzz (45, Ry).

a;

VYeci i pynkuii 3aranpHOBiIOMI [4].
KpaiioBi ymoBu (2) Ta ymoBM copsokeHHs (3) a1d Bu3HadeHHs BenwumH A I

B I (j= 1,_3) JTAIOTh HEOTHOPITHY areOpaidHy CUCTEMY i3 IIECTH PiBHSIHB:
VI?I(%RQ)A1 + V1?2 (¢,R)B, =g,
Vi(aR)A +V P (qR)B —Z)") (chR ) A, - 207 (chR)B, = 0, + 6 ,G),,
207 (chR,) Ay + 2R B, ~ 22 (0o RV A, ~ 22,1(4, R)B, = 0,54

+5j2G23’ Zi;lzz(Q3>R3)A3 +Zi;222(Q33R3)Bs =gr> J=L2. 3)

VY cucremi (8) OepyTh ydacTh QpyHKIT
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0y;11

R Af)/:;)u (chR,,chR,)

o [] Lt (chRy chp) g,(p)shpdp
2 >

Ry 0
() R,
G, =—c J’ (@R, q,p) g.(p)dp-
A (g, Ry, qR) shR,

_ % h F(ﬂ)l(CthaChp) c Rf \PB* (g5, P)

= g,(p)shpd p+—=- x
” shR, J.A(ﬂ)n( hR,,chR,) ’ R; IRZ A,12(g53 R, R;)

x g(p)p**dp

Ta cumBoJ Kponekepa O 2 [81.

Beenemo o posrisny ¢yHkiii

Ay, (@) = A1 (91Ry. 41 Ry )A(,fé);zj (chRy.chRy)— A21(CI1R0>41R1)A(Ul;);lj(CthCth)
B((fj) () =An (Q3;R2aR3)A(IZ);ﬂ (chRy,chRy) — Aa;lz(fJ3;R2aR3)A(52);j2 (chRy,chR;)

®(ﬂ);1(r,61)=A21(41R0941R1)F(ﬂ)z(CthaChV) A11(Q1R0991R1)F(ﬂ)2(0hR1,Chr)

OUD (1) = Ageia (433 Ra, R)Fh51 (chRy.chr) = Ay (q33 Ra R3F 2ty (chRy.chr)

[IpumycTimo, 10 BUKOHAaHA yMOBa OJHO3HAYHOTO PO3B'SI3Ky KpaitoBoi 3amadi (1)—
H
(3): mms Gymb-SKOro HEHyJIBOBOIO BEKTOPAa ¢ =1{¢|;g;q3} BU3HAYHMK anrebpaiuHol

cuctemu (8) BIIMIHHUHN B HYJIS

A% (g) = A1 (DA E:22(q33 Ry, R3) — A 1):2(9)A 12 (935 Ry, Ry) =

—A11(Q1R0,Q1R1)B (Q) Ar1(q1 Ry, Q1R1)B(#)(Q)¢0; 9=(91-92,93)-

Bu3znaunMo rosioBHI po3B'si3ku kpaiioBoi 3amadi (1)—(3):
1) mopomkeHi KpaifoBoro yMoBoo B Touli ¥ = Ry dynxuii I'pina

11( q)—A(ﬂ)( )[B(”)(q)cbn(qul,qlr) B (q)CDzl(qul,qlr)] (10)
q
LF3*( r)
c €114;¢ 2243,
WL () = - d}f’l O (rq). Wi (r,q) = -—“UN%12 Ze2 B3,
(q) By (q2)shRy A% (q)

2) HopouKeHi KpaifoBoo yMoBoIo B Touli 7 = R3 byHkuii ['pina

0
c212q3¢2 Pr1(q1Ry,q17)

W(/U) ,
BiyshRy R3* A% (¢)

a31(r’q)=
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2q3¢o)

w A (r,q)= O n19),
a;32 R22a+1A(0/f)(q) (1);
1
33( rq)=——-—" [A(,u)2(Q)lPa12(Q3ar) A(,u)l(Q)LPa22(Q3:r)] (11)
A('U)(q)
3) OpoJKEeHI HEOTHOPIAHICTIO YMOB crIpspKeHHS QyHKIT [ 'pina
(#)( (ﬂ)
1 q) 1 (q)
RN (o) == G5 — @li@iRo.q1r): RS (1) =~ C5 01 (01 Ro.17),
(9) (q)
A,
12 {7 11Y4189-917)
- By (a2)shRy A4 (q)
R(,U)l( q) = €21 »
22 )
B(,u)(f]z)Sth
Au12(q33 Ry, R3) - A-1(q1Ry,q1 R
g @R KR = 2R 6 ).
a \q q
2 A Ry,q R
RUG2 (r,q) = - SR 01R) g0 ).
AL ()
Rw:2 (r,q) = — Aa;zz (g5 R, Ry) y
a;l2 7q - (1)
AL (9)
. A, ,(q:;R,,Ry)
()2 I PAVAUEERAS FRAS
X ®(ﬂ);l (l", Q)D Ra;22 (l", q) - A(Otl) (q) ®(y);l(r9 q) 5
a;ll ( q) B(#)Sth
A c A (g R, q R) . 3
% (#)21 azz(qoﬂr) R(ml (r.q)=- 2 . q(l/z)o — LP?::;zz %»’”)a
A (q) B, (q,)shR,  A;7(q)
RS () = ({2) ¥an(g3r) RUDS (r.q)=- ({;}) W (437
Az (9) A% (q)

4) nopo/keH1 HEOAHOPITHICTIO CUCTEMU (DYHKIIIT BIUTUBY

@Y, (91 Ry, W’)W(ﬂl(/oaé]) Ry<r<p<R

H(ﬂ)l(r paQ)___ (1)
q)ll(quo,%O)Wa“(F,Q), Ry<p<r<R
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Cy 1

0 (r)
shR, A(:) @) q)u(‘]lRoa‘]l’”)@a;z (p.q) ,

sz;ll)z(ra:ODQ) =

c c 1
Hc(gél])3(rap9Q)= 21 22

(D?l (q1R09q1r)lP3ik22 (q3’p)’
B(,u)(QZ)Sth R22a+1 A(él)(q) a;

¢ 0
H(gf;lz)l(rapa‘Y) =—1 ®11(Q1R096]1P)®gz(7’,@,

A% (q)
HS. (1 pog) = B(uy(92) | O ()Y (0,9), Ry <r<p<Rj )
20 (1 p,q)=— " ,
’ A% (q) ®(y);1(,0,q)®gfg(r,q), R <p<r<R,
0 -1(V,Q) *
HA (r, p,q) = €22  “(H): w3* ( )
a,23 21> a’22 q3’p s
R A4 (g)
HY) (r,p,q) = —— 1112
o1 B(,,)(q2)shR,
11 (41R0.41P) 3+ ey Oy (Pq) 3
< (,L)O 1 Fa22(43,7). Hc(%;;l3)2(r’p’Q)= . (ﬂ()ﬂ) \P031;22(93a”),
Aa’(q) shRy,  Ay7(q)
Ha;33(r,p,q)=— ’

3* ’
293 WO(,%(PaQ)lPa;zz(%a’”)» Ry <p<r<Rj

VY pe3ynbraTi OJHO3HAYHOTO PO3B'SI3KY anreOpaiunoi cuctemu (8), MiACTaHOBKH
oTpuMaHuX 3a npasuiamu Kpamepa [8] 3nauens A > B Ji (j=13) y dopmynu (4) maemo

€IMHUHN PO3B'sI30K KpaitoBoi 3amadi (1)—(3)

2 .
u; () =W (rn)go + X RN ()0, + WS (rq)gr +

m,k=1
3 R ) o
+Y. [HL(rp0)gi(P)pi(p)dp, j=13 (14)
i=1R; 4
(1 =1, pa(r)=shr, p3(r)=r*"").

[ToOymyemo po3B'si30k kpaiioBoi 3amadi (1)—(3) MeTo1oM TiOpUIHOTO THTETPATEHOTO
IIEPETBOPCHHSI, IIOPOUKEHOro Ha MHOXUHI [, ribpuanuM audepeHIiaIbHEM OHepaTopoM

I10)
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MY =6(r - Ry)O(R, - r)dzz +0(r = RDO(Ry — 1)y +0(r = R))O(R3 1) B,
dr (15)
ne O(x) — omuuuuna Gpyuxuis Iepicaitya [7].

Judepennianpuuii oneparop M ((x,u ) caMocnpsbkeHH# 1 Ha MHOxuHI [, He Mae
0co0IMBOI TOUKH. 3HauuTh, cruexktp 10 M ((zﬂ ) HelepepBHUN Ta JuckpetHuit [9]. Biachi
eneMenTd (BIacHi uyucna ¥ Bigmosimmi iM Bimacmi Qymkuii) 10 M ((zﬂ ) 3HAWIEMO SIK
HEHYJILOBHH PO3B'SI30K CIeKTpaibHoi 3anaui [lltypma — Jliysimisa, nopomkenoi I'J10 M ((x,u ) .

Hexaii [} — cnekTpaibHmii mapamerp (BlacHe 9uclo0), a (YHKIi VO(['HJ) (r,p) -

KOMIIOHEHTH CHEeKTPaIbHOI BEKTOP-(YHKIII{

3
Vi (r, B) = 200 = Re_)O(Ry = 1)V A1), B). (16)
k=1

AKa Bi/mOBiae Bl1acHoMy uuciy [3.

[lpu wpomy  QyHKIii Vo(zl'l;c) (r,/) nmoBMHHI 3aMOBONBHATH  BiAOBITHO

TQepeHIiaabHi piBHIHHS
dZ
(F-i_blzjVoifll)(r:ﬁ):Oa }"E(RO,RI), b12=ﬁ2+k129 klzzoa
(A +0: )V (. By =0, re(R.R,), b =P +k, k; 20, (17)
(B, +B )V (r. B)=0, re(Ry.R,), by=(B+k)", ki =0

KpailoBi yMOBH

d d
(0‘101;"':8101}/;;/11)(”»:8) rr, = 0s (“232 E"'ﬁ;zjVofg)(”a,B) rr, =0 (18)
Ta OJTHOPITHI YMOBH CIIPSDKEHHS
d d :
(e )rem-(a s rinen] -0 k12 9

OyHnamMeHTaIbHY CHUCTEMY pO3B'S3KiB JUIsl AuepeHLianbHoro piBHSIHH Dyp'e

G ’ o +b})v=0 yrBoproroth QyHkIii cosbyr Tta sinbyr [5]; dpynnamentansHy cucremy

pO3B'A3KiB 15 depenttianbHoro piBHsHEs Jlexanapa (A, +b;)v =0 yTBOPIOIOTh GyHKIIT

(#0)

A('f,f ) (chr) ta B (ﬁf ) (chr), v, =-1/2+ib, [6]; pyHmamMeHTAIbHY CHUCTEMY PO3B'S3KIB U
v2 v2

mudepennianbHoro piBHaHHS Eitnepa (B, +5;)v =0 yTtBoprorots QyHkuii » * cos(b, Inr) Ta

r~%sin(by Inr) [5].
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HasBHICTE (QyHIAMEHTATLHOI CHCTEMH pO3B'S3KIB JIO3BOJISIE B Mipy JIIHIHHOCTI
CIIEKTPAJIbHOT 3aJ1a4i MOKJIACTH

V(r, B) = A cosbr+ B sinbr, re(R).R),
Vof.f;) (r,p)= AzAﬁzf‘)(chr) + BzBizf‘)(chr), re(R.R)), (20)
VA (r, B) = Ay~ cos(b, Inr) + By “sin(b, Inr), re(R,.R,).
KpaitoBi ymoBu (18) Ta ymoBu crpsixersst (19) ans BU3HAYeHHS IIECTH BEIUYHH
A s B j (j= 1,_3) JIAIOTh OJTHOPITHY anredpaiuHy CUCTEMY i3 IECTH PiBHSHD:
v (BR)A + v (b R,)B, =0
Vii(BR)A +Vi (bR)B - Y“‘)“(chR A, Y“‘m(chR )B, =0, j=12;
YW‘(chR VA4, + Y“’) 2 (chR,))B,-Y, ,(b;.R) A, = Y2, (b, R,))B; = 0 (21)
Yo (b R) A, +Y,5, (b, Ry)B, =0
Benemo 1o po3risiny GyHKIii
0,(bR),bR)= v (bR, )v (b,R) - (bR, )v (bR);

5“” (chR,chR,) = Y“‘)”(chR )Y(“m(chR) Y“’“Z(chR )Y“‘”‘(chR)

ajz(waz»R )= 112(b3>R )Y, 222(b3>R )— 2jz(b3>R )Y, 122(b3,R ) J =

(B) =6, (bR, bR, )55,:1;] (chR,,chR,) =6, (bR, blRl)é‘i;#;l)j (chR,,chR,) .

a(ﬂ);]

AnreOpaiuna cucreMa (21) mMae HEHYJBOBI PO3B'SI3KM TOII ¥ TUTBKH TOJI, KOJH
BU3HAYHUK CHCTEMU JOPIBHIOE HYIIO 8]

5L (B) = 1 (B)S,00 (b Ry s R) =5 ()6, 15 (b Ry, R) = 0 (22)

AnreOpaiune piBHsSHHS (22) — Ile TpaHCUEHJEHTHE PIBHSHHS s OOYHMCICHHS
Biacuux uucen S, IJ1I0 M é’u ), BH3HAYEHOTO piBHICTIO (15).

Mincrasamo B cucremy (21) fS=p, (b;(B,)=b;,) i simxunemo ocranme

PIBHSHHSI BHACIIJOK JIHIAHOI 3aekHOCTi. AnreOpaiuyHa cucTeMa 3 I'STH PIBHSHB, IO
sanummics, cyMmicHa [8]. [ po3B'si30k OyAy€eThCsl CTAaHIAPTHUM CITIOCOOOM.

Hexaii Al = A0V1012 (bll’lRO)’ Bl = —A()V{)ll (bll’lRO)’ Pi(S AO #0 misirae
BH3HAUeHHIO. [lepine piBHSHHSA CHCTEMH CTa€ TOTOXHICTIO. HacTymHi JBa piBHSHHS JIAIOTh
anreOpaiuny cucTeMy Juist 3HaXo/pKkeHHST A5, By :

Y (ChR) Ay + Y2 (chR)B, = = 4,8, (b, Rysby, R, j=1.2 (23)
Buznaunuk anredpaiunoi cuctemu (23) o0UHCIIIOETHCS O€3M0CEPETHBO

Y (ChR)Y S (chR) =Y (chR )Y, M} (chR,) =

Uy,312
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231

50 By, )5HR

=4 (B,) #0.

AnreOpaiuna cuctema (23) Ma€e € TMHAN PO3B'SI30K

4, =i[521(meo,b R)Y 7 (chR) =3, (b, RO,blan)ij'?;j(chRI)},
9wy .

A
B, =q_0[511(b R).b,R )Y(ﬂ)ll(ChR ) =6, (b, lan)Yu(Z:l;)il(Cth)} {24)
(1)

Jst BusHauenust A3, B3 maemo anreGpaiuny cucremy:

Yo by R A + X0 (b, R)By = Alq (BT, (B): T =1.2. (25)

Buznaunuk anredpaiunoi cuctemMu (25) 00UUCIIIOETHCS O€3M0CEPETHBO:

()
M:qa(ﬁn)io'

Yziz(bynR )Yazzzz( 2o Ry) — Yazlzz( 200 By )Yz 2(0;,, Ry)) = R+
2

AnreOpaiuna cuctema (25) Mae euHUNA po3B'sa30K [8]:

4 =4, (B)4.(B). 4 =0l5(B,). B,=-0)(B): (26)

((zﬂ/)(ﬁ) a(ﬂ)l(ﬂ) 122(b3n9R )— a 2(18) {2(b3n’R ), Jj=12.

[lincraBuBim BU3HaueHi ¢opmyiamu (24) it (26) BeTMUUHU A B (j=13) vy

piBHOCTI (20), oTpEMyeMO QYHKITIT

V(#)(V B,)= q(;,)(ﬂ )4, (B, )[Vll (b, Ry ) cos(b,,r)— vll( Ry)sin(b,,r)],

Ve, B,)=q,(B)IS, (b, R,.b,R, )F“‘)l (chR,,chr)—
—0,(by, oablan)FU(;:;)llz (chR,,chr)], (27)

V(”)(r B,)= a)“’)(ﬁ )r~“ cos(b,, Inr) - a)(")(ﬁ ) “sin(b,, Inr);
FYY (chRy,chr) =Y (chR) B (chr) =Y "2 (chR ) A}t (chr).

3rigHo 3 piBHICTIO (16) criekTpaibHa BEKTOP-(YHKIIis VO({’U ) (7, B,) BusHaueHa.
BusnaunMo dncia

2a+l
_ 6 ShR, R _%o R

= o, =1
1 2 > 72 > 73 >
€y Cyy ShR, ¢y, ShR,

BaroBy ()YHKITiO

o (r)=0(r—R)O(R, —r)o, +O(r — R)O(R, —r)o,shr +O(r — R))O(R, —r)o,r’*"  (28)
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Ta KBaJI[paT HOPMHU CIEKTPATLHOT BeKTop-(byHKui'l'

1V, B.) = J’ 7 B o) = J' V(. B 0,8, (r)dr

’"1le

29)

HassHicTh BiacHOi BeKTOP-QYHKIIT VO({'U )(r,ﬁn), Baropoi Qymkuii o(r) Ta

KBaJIpaTa HOPMH BIacHOi (yHKIii || VO(/U )(r, B,) ||2 N03BOJISE BU3HAYUTH Tpsime H (4)

obepuene H ;('u ) CKiHueHHe TiOpuaHe iHTerpainsHe neperBopenHs (CIIII), mopomkene Ha

muoxuui [, TIO M é’u ) [9]:

HY[g(r)]= :jng“”(r powr)dr =g, (30)
H918,1= Y. 8V A1V 0. A)F) = g(r) GD)
HO RO = 8, - Y K8, + (e VD (R )0+
~ 20 (B )] (32)

2
o) Vi (R BRI g+ Y d (200 (B oy, — 2,05

TyT npuitHsITI TO3HAYCHHS

RV
dy=0,:¢,, d,=0,5hR,:¢,; &, = _[ g,(V)VgE;l;)(’”aﬂn)o',ﬁ(’”)dra

Riy

rer o Jok=12.

k
Z(#)z B,)= ( _+:B/2) l/lc)+1(7” B,)
(32) ckimamaroTh MaTeMAaTHYHHWHA amapaT JUisl PO3B'sS3aHHS

[IpaBuna (30), (31) #
kpaitoBoi 3anaui (1)—(3).
3a BiZIOMOIO JIOTIYHOIO CXeMOIO [4] OTpUMYEMO €IMHUN PO3B'SI30K KpaioBOl 3ajadi

(D-G):

@ (/U(R0 13) ) B (/1)( J’ﬁ) .
u;,(r)=(zmv;}<r,ﬂn>jalgo (g o (F ra )é;,}(r,ﬁn)j%x

n=1

: 2 Z o FUDK
XR32a+1gR+;dkKZ 212+(5) (/‘)(r ﬁ)j (Z 2224_(;]3) (/z)(r ﬁ)j }
3 Bl o
+kz=l:RJ' (; Vaﬂ,n(—i_q,@,) (ﬂ)(p,ﬂ)}g,{(p)dk@(p)dp; j=1, (33)

Betiomn v (r, 8,) =V (r BNV BN ¢ = maxigrsqss 43}
[TopiBHrOrOuM po3B's3ku (14) # (33) B cHiIy TeOpeMHU €MHOCTI, MAEMO Taki GopMmyH

iJICYMOBYBaHHSI IOJIiapaMeTPUUYHUX (DYHKITIOHAIBHUX PSIIiB
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5 ) g o) =13, 34
> (:(ﬁR”f e ) - R ) =13, (35)
; b ﬁ)Zé‘i)zk(ﬁan R (rq); k=125 j=13 (36)
gfj‘)( ﬁ)ZL“z)zk(ﬂnF RO (rq); k=12 j=173 (37)
St L ﬁ L0, = 07 O pg); k=103 (38)

[TincyMKoM BUKOHAHOTO B pOOOTI TOCIIKEHHS € TBEPIKEHHSI.

Teopema. Skmo Bexrop-pyukuis [ (r) ={g{(r); Aplga ()] B, 21g3(r)]}
HernepeppHa Ha MHOKuHI /5, pynkuii g ;(r) 3a10BONBHAIOTH KpaiioBi ymMoBH (2) Ta yMOBH

cupspkeHHS (3) 1 BUKOHYEThCS yMOBa (9) 0JIHO3HAYHOTO pO3B's3Ky KpaitoBoi 3amadi (1)—(3),
To  crpaBmkyloTbess  Gopmymun  (34)+(38)  mimcymMOoBYBaHHS — TOJIINIAPAMETPUUHUX

(GyHKLIIOHANLHMX PAiB 3a BaacHuMmu enementamu IO M ((Z,u ) , BU3HAYEHOTO piBHICTIO (15).
Baypaxenns 1. SIkmo ¢ =¢;, 10 k' =0, k; =q. —q3 >0, k; =¢q; —q; >0; sxuo
¢=¢>0, 10 k'=¢;-¢;>0, k=0, ki=q;-q¢;>0; sxmo g¢’°=¢;>0, T0
K =q;-q; 20,k =¢;-¢;20, k] =0.
3ayBaxkeHHs 2. OCKiTbKH TpaBi 4acTWHU B piBHOCTIX (34)—(38) He 3aiexaTh Bij
HepiBHOCTel (¢} —¢,,) =0, TO 32 HEOOXIIHOCTI MOXKHA IOKIACTH ¢; =¢; =q; =q; .

3ayBakeHHs 3. Bukopucrani B naniit po6oti ¢pyHKuii 3aransHONpUHATI [4,7].

BucnoBoxk. Otpumani ¢popmynu (34)—(38) migcymMoByBaHHS (YHKITIOHATLHUX PSIJIiB
MOTOBHIOIOTh MaTeMaTHUHUM J0BiAHUK y po3aim «llincymoByBaHHS (yHKI[IOHATBHUX
pAniB». BoHNM MOXYTh OyTH BUKOPHCTaHI P BU3HAYCHHI CTAI[IOHAPHOTO CTaHYy KOMITO3HTIB
y BHUIIQJKY TeIUIOBOro ab0 MEXaHIYHOTO yJapy, HpU JOBEACHHI ICHYBaHHS PpO3B'S3KY
MIIMaHUX 33J1a4 MaTeMaTHIHOI (PI3MKH HEOTHOPIIHUX CEPEOBHIIL TOIIIO.

Conclusion. Formulas for summarising of the functional sets enrich the mathe-Matic
reference-book in the chapter «Summarising of the functi-onal sets», have been obtained.
They can be used while finding the stationary state of composites in the case of heat or
mechanic load, when the solutions are proved to be available for the mixed problems of the
heterogenous media mathematic physics, etc.
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