MeTOIl KOHCYHbBIX 3JICMCHTOB

ba3ucHble d)VHKI_[I/II/I KOHCYHBbIX 3JICMCHTOB

Omnucanue OAHOMCPHOI'O TCMIICPATYPHOI'O ITOJIA

ITycth  uMeeTcs  MOJIYYEHHOE  HKCIEPUMEHTAIbHO  OJHOMEPHOE
pacnpezieseHue TeEMIEPATYPhl BAOIb OATKH (X — KOOpAMHATA TOYKH, B KOTOPOUH
U3MepeHa Temneparypa) (pUCYHOK (a)) U Mbl XOTUM HAWTH MaTeMaTHYECKYIO
(YHKITUIO, OMKMCHIBAIONTYIO 3TO paclpeiesiCHHE.
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(a) (b)

MO>XHO MOMBITATHCS OMUCATH 3TY 3aBUCHMOCTH MPHU MOMOIIM MOJIMHOMA U
HaWTU KOA((DHUIIMEHTHI MOJTMHOMA MPHU MTOMOIIYA METOJa HAMMEHBIIINX KBaJPaTOB.
[TonruHOM  BBICOKOW  CTENMEHW  JIOCTATOYHO TOYHO  OMHCHIBAET  HAOOpP
DKCIIEPUMEHTAIBHBIX JaHHBIX, HO TPU OTOM BO3HUKAIOT HEXKeEIATEIbHbIC
octmuanuu (cM. puc. (b)), MOTMHOM K€ HU3KOH CTENEeHH, TUIOXO OIHMCHIBAST
kpuByto. [lonpoOyem pemnTth 3amady, pa3ouB Oanky Ha o0jacTu (PJIEMEHTHI) U
nonpoOyeM OomucaTth KaXAylo O00JIaCTh MPU TOMOINHA IMOJMHOMA HEBBICOKOU
cTerieHH. BBemeM mapameTp S, KOTOPBIH XapaKTepHU3yeT PacCTOSHUE OT TOYKU [0
Kpas OalKky, W TPH TOMOINM METOJa HAWMEHBIIWX KBaJapaTOB HaWIEeM IS
KXJI0ro dJjieMeHTa (00JacTh) JUHEWHBIA [OJMHOM, OMNHUCHIBAIOIIMN KaXKIIyIO
00J1aCTh HAWITYYIIIUM 00pa3oM.

(a) (b)




JIuneiinble 0a3ucHbIE QYHKIIMU

Kak BUIHO U3 pUCYHKA, TMHEHHbIE TTOJIMHOMBI XOPOILIO OMUCKHIBAIOT
TEMIIEpATYpPHOE T0JI€ B KaXK10M 00J1aCTH, HO TTOJIYYUBILIASICS alllIPOKCUMAITUS
HE SIBJISICTCS] HETIPEPBIBHOM, HA TpaHUIIaX 00JacTel pelIeHUsI HaJl0 «CIIIUBAThHY.
DTO MOXKHO czienath cieayomumM oopazoM. [lycts ul u u2 — 3HaueHus
TEeMIIepaTyphl U B y3i1aX, TOTJa JIMHEHHYIO (PYHKIIUIO MEXIY STUMU ABYMS
y3J1aMU MO>KHO 3aIliCaTh B BUJIE

ull) =(1—E&) uy +&uy
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rue § I §=1) HOPMHPOBAHHOE PACCTOSTHUE BIOJIb KPUBOU
Bsenem 0003HaueHUs

p1(€) =1-¢&
wa (§) =&
Toraa
u(€) = @1 (§)uy + w2 (§) ug

Y 100HO Bcera cBsi3bIBaTh 3HAUEHUE TEMIIEPATYPHI B Y3JI€ U, C Y3JI0M
3JIEMEHTAa N U CBS3bIBaTh 3HauUeHue TemnepaTypsl U, B 11006abHOM y371€e A ¢
JIOKAJIbHBIM y3JIOM N 3JIEMEHTA € ITPU MOMOUIY MaTpHULbl CBsA3U A(n,e), T.€.
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Jluneiinblie 60a3ucHbIC QYHKIIMU UMCIOT BU/T
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Huxe IIPHUBCACHA CBA3b MCKY rI100aILHBIMH y3JIaMH1 U y3JIaMH 3JICMCHTA



node 1 node 2 node 3 node 4
7 Uy U, U,
global nodes: :

o L L & T
element y
nodes: "1 Uz Uy g t Uz
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element 1 element 2 element 3

[IepBrIil 2IEMEHT UHTEPIIOIUPYETCS BBIPAXKECHUEM

u (f) — (f) ) + P2 (&) uy
8 :('-_| g = Uy,
BTOpPOU — BBIp-a)KeHI/IeM
u(§) = @1 (&) ur + 2 (§) ug
Uy = lT--—‘3| ty = Uj

TPETUHN — BBIPAKECHUEM

u(€) = o1 (€) ur + 2 (€) u

U = { 3 o = (-rll

MBI nOJTyYniIn HEMPEPBIBHOE TEMIIEPATYPHOE I10JIE, ONIMCAHHOE 3HAYCHUSIMU
TEMIEPaTyphl B y3JaX U JIUHEHHBIMH 0a3UCHBIMH (DYHKUIHAMU

node 1
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element 1 element 2

A

node 3

element 3
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node 4
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bazucHbie QyHKITMHT MOKHO paccMaTpHUBAaTh KaK BECOBBIC (DYHKIIMH JIJIS
3HAYEHHM B y3iax. Tak s aneMenTa |
[Tpu

£=10 u(0) = (1 —0)u; + 0uy = uy

COBCEM HC 3aBHCHUT OT Uy, IIPpU
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DTH BecOBbIe (DYHKIIMU MOXKHO pacCMaTPUBATh Kak rio00ajibHbIC U BECOBAs

GyHKUIUS W, , CBSI3aHHAA C TJIO0AIBHBIM y3JI0M N CTPOUTCS U3 0a3HCHBIX
GyHKUMN 37IEMEHTOB COCEHUX Y3JI0B
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Takum 00pa3oM, MbI IOJTYYHIIU HENPEPHIBHYIO NAPAMETPUUYECKYIO 3aBUCUMOCTh
TEMIEPATyphl U OT &, HO YTOOBI MOTYYUTH U(X), MBI JIOJDKHBI CBSI3aTh X U &.
Mo’kHO HanucaTh UHTEPHOIAUUOHHYIO (POPMYITY JIJIsl OTIPEAEIICHUS X IO
3HAYEHUSIM B y3J1aX, TaK, HAIPUMEP, Ui dJeMeHTa | monyyum

z (&) =1 (§)x1 + 92 (£) 72

N aHAJIOTUYHO JI1 ABYX OAPYTUX 3JICMCHTOB. 3aBHCUMOCTh TCMIICPATYPHI OT X
MOJKHO OIIPCACIINTD IIPU ITIOMOIIN ABYX COOTHOIIICHUM

CyMMupoBaHUE MPOBOAUTCS IO BCEM y3JIaM 3JIeMEeHTa
CBsi3p MEXIY X M U uepes3 &, moKazaHa HIXKe
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KBanpatuunsie 6a3ucHbie QyHKINU

w (€)= 1 (§) ur + o (€) ug + 03 (§) ua

v1 (€) w2 ()
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(€) @3 (€) = 26 (€ = 0.5)

I[BYMepHI)IG U TPEXMCPHBIC KOHCYHBIC 3JICMCHTDI

JIBymepHble OunuHelHble 0a3uCHblE (DYHKIIMH CTPOATCS KaK MPOU3BEICHUE
OJTHOMEPHBIX (HYHKIIHH.

u(&),6) = P21 (51-52) Uy + P2 (&1.&) up + w3 (£1.&2) uz + 4 (€1,82) 1y

p1(61:62) =(1-&) (1 — &)
02 (£1.&2) =& (1 — &)

23 (61:62) = (1-&) &

21 (61.82) = &i&




Hanpumep, 1151 mabioHa, coOCTOSIIETo U3 6 y3J10B U ISl KBaAPAaTUIHO
JIMHEMHOTI'O 3JIEMEHTA, I1OJIyYUM

[}
— - [ [
U= E 'rn(k.l-k.'..’]”u
n=1




@1 (&,6) =2(&
©3 [f.l-f/) = 2¢ (
@5 (£1.&) = 46 (
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I[JISI TPCYTOJIBHBIX 3JICMCHTOB HCIIOJIB3YIOT COOTHOIICHUA MCIXKAY INIOIIAASIMU.
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w261, &2.6) =6 (1 - &) (1 - &)
pa (€16, 83) = 615 (1 — &)

w5 (£1:62:8) = & (1 — &) &

s (&1, &2, &3) = E162&3
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Area P23
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. 1 = vy
Area < P23 > 1 :
L = — =1 7 p|/A=(a +bx+cy)/(24)
Area < 123 > 2 1 z3 s
1 y]{
A= l,ll T2 Y|
1 73 ys
i Ty
Area < P13 > 1
L, = Areac- 123> 9 1 oas ys| /A = (a2 + bor + cay) [ (24)
' I = oy
Area < P12 > 1 T ¥
L= AR P> L D (ot b ) (28)
Area < 123 > 2 1 2 »

a41=X2Y3- X3Y2 b= ¥2-y3 C1= X3-X»

ay = T3y — T3 b = Y3 -y, 02 = 1y - 'J""I
Ay = Ty Yo —Talh, bz = ¥ — Yo, 03 = T2 — 3.

Li+Ly+L3;=1




u(z,y) =@ (2. y)uy + @2 (2, y) up + @3 (1, y) uy
w1 =1Ly, p2=Ls
Y3 = Ly=1 L, Lz-l
I[J'I?I MCCTUY3CIIBHOI'O KBAAPATUIHOI'O 3JICMCHTA

vy =L, (2L, - 1)
wo = Ly (2Ly — 1)
Y3 = Ly I:L’L;; 1)
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