2018 DJIEKTPOHHbBIN CEOPHUK TPYJ]IOB MOJIOJBIX CIIEIJUAJTUCTOB
HIOJIOLKOI'O I'OCYAPCTBEHHOI' O YHUBEPCHUTETA

YK 517.929.7

PACYET TEMIEPATYPHBIX MMOJEM
JIBYXCJIOWHOTO MOJIOTO IAJTAH/IPA
METOJIOM PA3JIEJIEHUS MEPEMEHHBIX

O.H. MEJ/IBE/IEBA
(Ilpeocmasneno: Kkano. mexu. Hayk, ooy. U.b. COPOIOBEI])

B pabome [1] 0nsa pewenus kpaegvix 3a0ay menionposoOHOCMU 8 CyYde O8YXCLOUHO20 NOJ020 YULUH-
Opa 6vl1 npumernen Memoo pasdeiieHus nepemenuvix. Paccmompeno deesamo nauanvno-kpaesvix 3adau Ha coo-
cmeeHnble 3Havenus u coocmeennvie Qynuxyuu. Ilpu pewtenuu 00HOPOOHBIX 3a0ay NOAYHEHO 0e6aMb OPMO2o-
HATbHLIX cucmem @yuxkyuil. Pewenus neoonopoouvix 3adau noayuenst 8 guoe psioos Pypve no YKA3AHHbLIM CU-
cmemam. B dannoil pabome na ocnose pesynomamos uz [1] npouszeedensvi pacuemovl memnepamypmuix, nocmpo-
eHbl paznuyHele epaghuxu. Bee pacuemol npouszsoounuce 6 cpede Mathcad.

IMocranoBka 3agaum. [Tonerii mUIUHAP OONBIION ITHMHBI (OECKOHEYHBIH TOJBIA IUINHAP) C BHYTPEH-
HHUM paguycoM R, u BHemHMM R, , OKpyXeH 00oioukoi TomumHoit H =R—R;, rne R — BHEWHUH paauyc
obosouku. Terutodusnueckre XapakTepPUCTHKU IOJOr0 IMJIMHAPA M OOOJOYKH CUYHTAEM Pa3IUYHBIMH:
Asers s Ayscyy 05 30€CH ¢ — TEIUIOEMKOCTD, O — INIOTHOCTB, A — KO3()(HIMEHT TSIUIONPOBOJHOCTH, HHACKC
1 OTHOCHTCS K MOJOMY LMJIMHIPY, HHACKC 2 — K oOonouke. TpeOyercs HANTH pacripe/iesieHue TeMIepaTypsl B
CHCTEME JIBYX HUIMHAPUYECKUX TeJl, KOTOpast OyJeT 3aBUCETh OT HAYAILHON TeMIepaTypsl U OT Coco0a B3au-
MOJICUCTBHUS CHCTEMBI C OKpYKaroliei cpeioit. [Ipeanonaraercs, 4To TEMIEPATYPHOE TOJIE B CUCTEME TeJl Pajiu-
aIIbHOE, T. €. HE 3aBUCHT OT TMOJBIPHOTO yIila ¢ W KOOPAMHATHI z . TemIteparypy MmojIoro MuInHApa 0603HaYaeM
T,(r,t) (t-Bpems), Temuepatypy odonouku — 15 (r,1).

PacueTsl mpon3BoanM B 6€3pa3MEpHBIX BEIMUUHAX ( Oy, O, — KO3 duImeHTs! TemioooMeHa)
A, A a,t a,

A _ 2 _ 4 _ _0y
s dp = , K° = , Ky=—, F —Z,Bl——,BZO——.
R R R 1P Py 4 A R A A

JIi1st IpOBEICHUS pACYETOB BBIOPAHBI CIIEAYIONIME 3HAYCHUS YKA3aHHBIX BEJIMYHH:
x0=03; x1=0,7, Ka=14, KA=19; Bi0=2; Bi=3.

B [1] nocTaBieHO NeBSITh pPa3lNUUHBIX 3a7ad, KOTOPbIE MOXKHO OXapaKTepHU30BaTh Kak 3ajaaua (i — j)
(i=1,2,3;j=1,2,3). 310 03Ha4aeT, 4TO NPH X = X, 3aJaHO I'PAHUYHOE yCJIOBUE [-TO poja, a mpu x =1 — rpa-
HUYHOE ycJIoBHe j-ro poaa. Hike cchuiku Ha (hopMysibl OylyT NPOU3BOANTHCS 0€3 yKa3aHus Ha To, 4To oHH u3 [1].

B 3anmauy pacuera BXOAAT:

1) onpenenenne KopHel xapakrepuctuieckoro ypasHenust A(M) =0, roe A(M) onpenensieTcsi BEIpake-
HueM (13);

2) Boruncienue KOOQOUUUEHTOB A i, Ag i, By i, By (k — NOPSIKOBBIH HOMEDP XapaKTEPUCTHUECKOTO
ynucna) pyakuui (15), (17), mpeacTapisionuX penieHns: OJHOPOIHBIX 3a/1a4 TEIUIONPOBOIHOCTH;

3) mocTpoeHue penIeHni He0JTHOPOIHBIX 3a/1a4 METOJaMu, pa3paboTaHHbIMU B [1];

4) mocTpoeHue rpauKoB PEIICHHUI;

5) BBIBOABI 110 pe3yabTaTaM PacueToB.

Bce pacuetsl, B TOM 4Hcie ¥ IOCTpoeHHE rpadMKoB, MPou3BoANM B cpeae Mathcad [2].

OmnpenesieHne KOPHel XapakTepucTHYecKHX ypaBHeHuid. s pemenns ypasaenus A(M) =0 ctpoum

rpaduk ¢yHkiuu y =A(x) u no rpaduky ompenenseM MPUOIMKCHHOE 3HAYCHHE KaKIOTO KOPHS, KOTOPOE
YTOYHSICTCS ¢ IOMOIIB0 (yHKIMH root. st 3amad (i —j) (i =1, 2, 3;j = 1, 2, 3) MaccuBBI KOpHEH 0003HAYCHEI /i] .

3nauenust maccuBoB B unrepsaie (0; 60) :
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HIPOMBIIVIEHHOCTB. Hngopmayuonuvie mexnonocuu Buinyck 25 (95)

ml 1T — 1 2 3 4 5 6 7 8 S 10 11

1 5.1110.605| 16.05|21.273 | 26.853 | 32.048 | 37.619 | 42.391 | 48.403 | 53.418 | 59.169
m12T - 1 2 3 4 5 6 7 8 9 10 11

1| 2.326 7.53 [ 13.529 | 18.407 | 24.298 | 29.189 | 35.041 | 39.954 | 45.757 | 50.716 | 56.468
leT — 1 2 3 4 5 6 7 8 S 10 11

1 3.01| 8.611|13.353| 19.166 | 24.009 | 29.827 | 34.716 | 40.514 | 45.456 | 51.201 | 56.19
mZZT — 1 2 3 4 5 6 7 8 S 10 11

1| 5.586( 10.951 | 16.137 | 21.609 | 26.784 | 32.362 | 37.466 | 43.109 | 48.147 | 53.854 | 58.907
ml3T - 1 2 3 4 5 6 7 8 9 10

1| 6.834| 13.133 | 18.141 | 24.084 | 29.024 | 34.883 | 39.836 | 45.622 | 50.649 | 56.366
m3 1T — 1 2 3 4 5 6 7 8 S 10 11

1] 1.017| 8.062 | 12.996 | 18.929 | 23.801 | 29.679 | 34.571 | 40.405 | 45.333 | 51.119 | 56.096
m23T - 1 2 3 4 5 6 7 8 9 10 11

1| 4.551|10.558 | 15.777 | 21.429 | 26.572 | 32.225 | 37.308 | 43.004 | 48.029 | 53.766 | 58.743
m32T — 1 2 3 4 5 6 7 8 S 10 11

1| 4.864|10.446 | 15.889 | 21.377 | 26.636 | 32.195 | 37.351 | 42.984 | 48.060 | 53.752 | 58.765
m33T - 1 2 3 4 5 6 7 8 9 10 11

1| 3.343|10.017 | 15.515 | 21.172 | 26.416 | 32.058 | 37.197 | 42.879 | 47.941 | 53.673 | 58.670

IMocTpoeHue penreHuii 0AHOPOIHBIX 3aaa4. [Ji1 nmpuMepa paccMoTpuM 3aaady (1-2). B popmymnax (14)
o, =-1, 0, =0, B; =0, B, =1 3HaueHHs XaPAKTCPHUCTUYECKUX UUCEI Y>KE BBIUMCICHBL. DParMeHT JUCTa BbI-

gyucaeHuit cpensl Mathcad:

ORIGIN:=1 x0:=0.2 x1:=0.7 Ka:=1.4 KI:=1.¢ KA:=1.¢ Bi:=3 Bi0:=2 p:=ml ki2:=11
k:=1.klZ

ci(p) =so(uz)dpmiyi(p) + a2rvdp)) - oluzi)dp2man(y) + a2a0(u))
_— Ki j[ﬁﬁ mm(é‘ aoj amo(;a&ojj
Ki )Eé Bl mm( Eto) alD{({ EtOD —2(p)
Alp) = ( Eto) alD{({ EtODE(m(p) Bi(p) = (Blgu (Ka&oj —ulDO(%E&O))E(El(u)

A2(p) = B2y () + c2cvolp))w2(p) B2Aw) = ~(B2mdi(y) + a2d0(p)) @2p)

V1xk,x) = if(xs x1, A1) uo(% 5{) + B1(py) wu(% Iitj ,AZ(uk)I]O(% &j + Bz(pk)D({# &D
U12k,x) = iff x< xl,[Al(uk)Eﬂo(%&j + Bl(uk)W{gﬁjjz,(AZ(uk)0(%&) + B2(uk)D({u—1kEtjj2 |

1
Ksaapat HopmBI byHkini V12(x) : N12(k) = .[U12(k, x)xdx
x0
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I'paduxu ynkmuit V12(k, x) :
x:=0.3,0.31..1

V12(1,%)

V12(2,%) 0.27

V12(3,x)
V12(4,x)

V12(5,x)

-0.2—

Touno Takum xe 006pasoM HaxonaTcs KOIQQUUUEHTBI Ay, Ayy,By;, By, Apyrux 3ajgau. [lns storo

HY’KHO JIMIIb W3MEHUTH 3HAYCHUS KOIQDUILIHEHTOR O, U5, B, 5, .
Pemenne HeoTHOHPOAHBIX 3aga4. [IpeaBapuTeNbHO yKaXKeM Ui KaXIOH 3anaun (QyHKLUIO, YAOBIIE-
TBOPSIIOLIYIO TOJIBKO TPAaHUYHBIM YCIOBHSIM. Buinmiuem juis kaxnoit 3agauu ¢pynkumo U(x, F), koTopyio Oy-

nem obo3navate Uij(x, F) (110 Ha3BaHWIO 3a7a4M):

Ul FY =221 g, )+ 270 0 (F) 5 U120, F) = 6, (F) + (= 20), (F)
x0-1 1-x0
2 _ 2 _
U21(x, F) = (x =)y (F)+ ¢, (F) : U22(x, F) = 225 "% 5y + 0257208 oy
x0-1 1-x0
1+ Bi—x[Bi x—x0
[ —— [ F):
UBe B = o m MY o m 2

_ (-0 (F)  (_ Bi0dx-1) . (Lo 1 ;
U3I(X’F)_1+(1—x0)3io+(1+(1—x0)Bi0+1j%(F)’ v ) [Bi xj¢‘(F)+(Bi+lj%(F)’

(—Bi Gk +1+ Bi) [, (F) + (Bi0 O +1 - Bi0 (x0) [, (F)

U3, Fy =2 (L - x0j¢2(F) . U33(x, F) =

Bi0 Bi0 Bi+ Bi0 + Bi[Bi0 [l — x0)
JanbHetimue pacyeTsl oynyt MIPOU3BOIUTHCS c GyHKIUAMU
2
@ (F)= arctg(F), @, (F) = cos(0.10F) npu ycloBHH, YTO UCTOYHUKU TEIUIA OTCYTCTBYIOT, T. €. B

F+1 F+
1), 2 Wi (x, F)=0,W,(x,F)=0.
Torna penieHue Kaxaoi 3agayu MOKHO monyauth B Bune 1(x, F)=U(x, F)+TW (x, F)+Tf (x, F), rne
U(x, F) — noctpoeHHbIe BhINIe (QYHKINUH, YIOBICTBOPSIIONINE TOJHKO TPAHUIHBIM YCIIOBUAM. [IpH mojacTaHOBKe
3TOM CYMMBI B YpaBHEHUs (1), 2) BO3HUKAET HEOJHOPOJHOCTh
Kz(U;x +x_1U;)—U}p (xo <x< xl)
U +x'ul-Us (xl < xsl)

HocTh; Tf (x, F) — peuicHue 3a/1auu, YIUTHIBAIOIIEE HAYaIbHOE YCIIOBHE:

u TW(x, F) — peuieHue, yIUTHIBAIOIIEE 3Ty HEOIHOPO-

W(x,F)={

) 1 1
Tf(x,F) =Y. D,V (k,x)exp(~(;i F), D, =N j F(x)V(k,x)xdx, N, = j V2 (k, x)xdx ;
k=1 x0 x0
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o0 F o0
TW(x,F)=Y B, (F)V(k,x), B,(F)= jexp(,u,f (t- F))Wk (dt, W(x,F)=> W, (F)V(k x),
k=1 0 k=1

T. e. W, (F) xo3¢dduuuents: Pypoe npu pasnoxenun pynkuun W(x, F) no cucreme {V(k,x)}f:1 .

2
TO:=2C f(x):=TC K:=1..11 @(F) = F [dtan(F) @(F) := [dos (0.10F)
F+1 F+1

Ux,F) = @(F) + (x—x0M2(F) YI1(F) := [Atan(F) + Ell—

F+1 2

(F+1 1+F
2 2
Y2(F) = M&Fz + 2I]'F) _E m'lﬁin(o.ltﬁ) wl(x) ;= i{xs xl,K—a lj
(F + 1)2 F+1 X X

w2(x) == -1 w3(x) :=—=(x—x0) le = NI

1
4 wl(x)[V12k, x) Gt dx
x0

1
DZk = ! 40 w2(x) [V12k, x) Gt dx D3k =
X

1
= 3(xVI1Zk,x) Xd
N12(k) 4}(0 WAk O

N12(k)

F
W(k,F) := D1, [Qi(F) + D2 [1(F) + D3 2(F) B(k,F) ::J exp[(pk)zmt - F)]DW(k,t) dt

0
K
TW(K, x,F) := Z B(m,F)V1Am,x) T(K,xF):=T0+ TW(K,x,F) + U(x,F)
m=1
x:=03,031.. 1
23451, 2T
T(1,x,2)
T(10,x,2)
T(1,x,4)
T10.x,4) 2|
T(1,x,0.5)
T(10,x,05 2T
20145, 5 — — — — :
02 03 04 05 06 07 08 09 1
0.3, X L
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F:=0,0.1.. 1C

T(1,0.5,F)

T(10,0.5,F)

T(1,0.9,F)

T(10,0.9,F)

F

Kak BuzmHO U3 rpadukoB, 3HAUEHHUS TEMIIEPATyPHl IPAKTUIECKH HE 3aBUCT OT TOTO, CKOJIBKO YICHOB psi-
J1a B3STO JJIsl IPUOIMKEHHOTO BEIYUCIICHHS, T. €. 7S BRIYHCIICHUS TEMIIEPATyPHBIX ITOJICH C BRICOKOM CTEICHBIO

TOYHOCTU AOCTATOYHO B3ATh ABA—TPH IICPBLIX YJICHA psija.
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