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Abstract. This paper provides an example of a Packed vector block element for boundary value
problems described by a system of partial differential equations with constant coefficients in the
classical domain. The developed method of constructing Packed, both scalar and vector block
elements is applicable for solving boundary problems not only in quadrants, but also in such areas
as a rectangle, a rectangular parallelepiped, cylinders with rectangular and acute-angle sections.
Previously, this was not possible to implement. The variability of the parameters of the differential
equations of the considered medium is achieved by introducing meshes with dimensions in which
the coeflicients of the differential equations can be considered constant. The Union of block
elements is obtained by constructing the corresponding factor topologies of vector topological
spaces. This approach makes it possible to design materials with variable properties, study wave
processes in inhomogeneous media, and study the behavior of block structures with inhomogeneous

blocks.
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Bseaeunne

Ha npumepe perienns rpaHUdHON 3aa91
JJTsT cCUCTeMBbl T epeHImaabubIX ypaBHEHT
Jlame npuBoUTCSt OCTPOEHHBI B 1] yrakoBaH-
HBIII BEKTODHBIN O109HBIN s1eMeHT. OH mIpe-
CTaBJIIET TOYHOE PellleHne TPAHUYHON 3a1a4u
JIJTsT 9TON cUCTEeMBI UMD PepeHIInabHBIX YPaBHe-
Huit. Baodmbie 3,1eMeHTHl MOTYT OBITH TIPEICTAB-
JIEHBI B YIIAKOBAHHOM W PACIAKOBAHHOM BH/IE.
CsoiicTBa pemienuii B Takux GopMax B CKaJIAD-
HOM CJIydae ObLIN paHee M3JI0KEeHbI B IyO/InKa-
musix [2-5]. B macrosimeit crarbe Ha yKasaHHOM
MpUMepe BIEPBLIE PA3bsICHAIOTCS STU CBOWCTBA
JIJTST YTIAKOBAHHBIX BEKTOPHBIX OJIOUHBIX 9JIEMEH-
TOB. B 60os1ee paHHNX paboTax aBTOPOB METO.I
GJIOTHOTO HJTIEMEHTA YCIIEITHO MPUMEHSITICS B TPa-

HUYHBIX 33/1a49aX JIJIs OJ[HOT'O yDaBHEHUS B YaCT-
HBIX MIPOU3BOIHBIX C MOCTOAHHBIMU KO3 DUIu-
eHTaMu (CKaJISIPHBIIL cyvaii). JIpyrue moaxosibt
PEeIlleHUs TPAHUIHBIX 33129 B KJIACCHIECKUX 00-
JIACTSIX M3JI0’KeHbI B [6-14].

Hwuxe jana nocraHoBka 3TOi 3aja4M U IIPU-
BEJIEHO IIPEJICTaBJIEHNE YIIAKOBAHHOI'O BEKTOD-
HOro 6JIOYHOrO JIEMEHTa, IOCTPOEHHOro B [1].

1. PaccmaTrpuBaemble ypaBHEeHUS

1. PaceMoTpuM IJIOCKY0 IPAHUIHYIO 3a1aTy
BTOPOI'O POJIa JIjIsI CUCTEMBI ypaBHeHwuii Jlame,
IIOCTABJIEHHYIO B IIEPBOM KBaJIPaHTE IIPU Iap-
MOHUYECKUX BO3IEHCTBUAX Ha rpaHule. Panee
TOYHOE ee pellleHre IOJYIUTh He yIaBaJIoCh,
OIHAKO METOJIOM OJIOTHOTO 3JIeMeHTa B pabo-
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re 1] mosyueno ee rounoe permenue B dhopme
YIIaKOBaHHbIX BEKTOPHDBIX 6JIOIIH]E)IX QJIEMEHTOB.
STI/IM K€ METOJAOM MOZKHO CTPOUTH YyIIaKOBaH-
Hble GJIOYHBIE JIEMEHTBI U B TAKUX O0JIACTSIX,
KaK [PSMOYTOJIBHUK, [IPSIMOYTOJIBHBI mapaJi-
JIeJICIIVIIE T, [UIMH/PbL ¢ IPAMOYTOJBHBIMU 1
OCTPOYTOJIbHBIMI CE€UCHUSIM.

B nepBoM kBajipanTe, 0603HAUEHHOM ), ¢
OCSIMHU KOODJIMHAT T10%2, ypaBHeHus Jlame, mo-
cJie MCKITIOUeHns WieHa exp (—iwt), nMeoT BUj

00
(N + 1) =— + pAuy + k*uy =0,

8.’1}1
f=—— 42 K= 1.1
o0 9
()\+u)a—m2+uAU2+k us =0, x1,x9 €,
2 2
Ay U, Ou
ox?  0x3

31ech Uy, (1, T2) — KOMIIOHEHTBI BEKTOPOB IIepe-
MEIEHUl B TOUKe T'1, T9, () — 06JIacTb IIEPBOrO
kBazpanTa x1 = 0, zo = 0, A\, u — mapamer-
pet Jlame, p — mioTHOCTE MaTepuaa aedop-
MHUPYEMOI'o TeJla, W — YacTOTa BHEIIHUX Tap-
MOHMYECKHUX BO3JIEHCTBUIl Ha IpaHUIle, 3a1aBa-
eMBbIX KOMILIEKCHOI (yHKImel exp (—iwt), rae
t — BpeMsi. SHAUECHUST HANIPSI2KEHNI Ha TPAHUIAX
KBaJIpaHTa 0003HATAIOTCI Ha OCH abCcIuce PyHK-
nUAMA Xrg:ﬂg ($170)7 Yrgccl (.’Ifl,O) u Xmlml (07 .’I,'Q),
Y2 2, (0, 22) — Ha ocu opnunar. HopmasibHbie K
rpaHuIle HAIIPSAYKEHUsT 0003HAYAIOTCS CHMBOJIOM
X, a KacareqabHble — Y. B ciiyvyae rpaHUIHOM 3a-
a9l BTOPOTO POJIa Ha TPAHUIAX 33 AI0TCSI BEK-
TOPBI [IepeMeIeHNil ¢ KOMIIOHEHTAMU Uy, (21,0),
un (0, 22) Ha Ocsix abCIMCC U OPJUHAT COOTBET-
crBerHo. Ilpu aToM aj1st n = 1 NPUHUMAIOTCA
HOPMAaJIbHBIE K T'DAHUIIE ITePEMEIIeHUs] U IpU
n = 2 — KacareJbHbIE.

2. Metoa ucciaemoBaHus

[Torpy3us rpaHr4HyIO 33124y B TOIIOJIOTI'HYe-
CKO€ IIPOCTPAHCTBO MEJJIEHHO PACTymiuX 0600-
meHHbIX MyHKnuil [1|, npuMeHuB onepaTopsl
npeobpaszosarust Pypue Fo (a1, ag) u asropurm
BHeIITHEeH ajireOpbl, IPUXOIUM K cucTeMe (PyHK-
[MOHAJILHBIX YPaBHEHUN, UCCIIEI0BAB U PEIIUB
KOTOPBIE, TOJIy9aeM IIPEICTABICHUE PeIeHUs
ITOCTABJIEHHON T'PAHUYHOMN 3a7a4u B (hopMe yIa-
KOBAHHOI'O BEKTOPHOI'O OGJIOYHOTO 3/IEMEHTA

u=F!(z,29) B! (a1, ) w, (2.1)

w (a1, a2) = {wi,wa}

w1 (041, a2) = [81 (041, 042) — 81 (0411+, Oéz)] -
— [51 (01, a214) — s1 (@114, a214)]

w2 (ah a2) = [82 (ah a2) — 52 (0412+7 042)] -
— [s2 (a1, a224) — 52 (Q124, Q224 )] -

Ucnosnb3oBanbl 0603HaveHnst 13 paboTel [1]

s1 (a1, a9) =
=i [(A+2p) aquy (0, ) + pagug (0, a2)] +
+ 4 [uagul (041,0) + )\Ckl’UQ (061,0>] )

so (aq,a9) =
=1 [poqug (0, a2) + Aaguy (0, a2)] +
+ 4 [(A + 21) aguz (@1,0) + paqug (a1,0)];

s1 (a1, a2) — s1 (14, 2) =
=1 ()\ + 2;1) [a1u1 (0, 052) — 114U (0, 042)] -+
+ip [agug (a1,0) — aoug (14,0)] +
+ Aaqug (0q,0) — ag14ug (114,0)] ;

S2 (041, Qo2y) — 52 (124, Q24 ) =
= plaruz (0,a224) — arzuz (0, 224 ) | +
+ip [aqug (a1,0) magaqug (a24,0)] 4+
+(A 4 2p) [ a2 uz (01,0) maz 4 ug (12+4,0) |

BriBoab:

B mocTpoeHHbIE pellieHnst BXOAAT 3aaBae-
MbI€ Ha I'PaHUIlE KBaJIpaHTa Q KOMIIOHEHTBI BEK-
Topa nepemerieanii. C 1ebio peneHns rpaHnd-
HBIX 3324 11 auddhepeHInalbHbIX yPaBHEHMI
C TIepeMeHHBIMU KO3(pDUITIEHTAMI HEOOXOTIMO
BBECTHU CETKY C pa3MepaMu, B KOTOPBIX Ko u-
UeHTH! auddepeHuaabHbIX YPaBHEHU MOXK-
HO CUYUTATEL MOCTOSSHHLIM. Obbeaunenne 6J104-
HBIX 3JIEMEHTOB II0JIYYAETCA IIyTEeM ITOCTPOCHMS
COOTBETCTBYIOIMIX (PAKTOP-TOIOJIOTHI BEKTOP-
HBIX TOMOJOTHYIeCKHX mpocTpancTB. C momo-
IO 9TOTO IOIX0JIA OKA3BIBAETCST BO3SMOYKHBIM
IIPOEKTUPOBaHNE MaTepuaJioB C IIepeMEHHBIMUA
CBOMCTBaMU, U3y4YeHHe BOJHOBBLIX IIPOIECCOB B
HEOJHOPOJHBIX CpelaX, UCCIIEIOBAHNE ITOBEIe-
HUSI KOHCTPYKIMI GJIOUHOIO CTPOEHUS ¢ HEOI-
HOPOIHBIMU OJIOKAM.
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