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Anomayin—3anpornoHOBaHO Ta 00rpYHTOBAHO
KOHCTPYKTHBHY CXeMy JOCIi/IAKeHHSA PO3MOLTY HeCTALiOHAPHOTO
TeMmepaTypHoro nmois Mo ToBUIMHI  0araTomapoBoro
Tpybonposoay 3a YMOB moxexi. B OCHOBi JaHOI CXeMH
nmoKJaAeHo NpSAMHIl MeTO1 JOCTITKeHH: KpaiioBux 3agaq
TEeMIONPOBIIHOCTI 3 KYCKOBO-HeTlepepBHHMH KoediniecHTaMH Ta
CTALiOHAPHOI HEOTHOPIAHICTIO.

Abstract—A constructive and reasonable scheme of study
unsteady temperature field distribution in thickness multilayer
pipe for fire conditions. At the heart of the scheme put direct
method of research boundary value problems of heat conduction
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with piecewise continuous coefficients and stationary
heterogeneity.
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L "BCIVH

V 3amponoHOBaHiii poOOTI PO3TIAHYTO KOHCTPYKTHUBHY
cxemy TIOOYHOBH DO3B’A3KY MilllaHOT 3ajayi Is PIBHAHHI
TEMIONPOBIAHOCTI 3 KyCKOBO-CTAIMMHA Koe(ilieHTaMH, 10
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BHHHKAE MPU JOCII/DKCHH] HECTALIIOHAPHOTO TEMIMEPATypPHOTO
nons y GaratomapoBoMy TpyGompoBoxi. B OCHOBY CX€MH
TIOKNaZCHO METON PeAyKWil, KOHLENLil0 KBa3imoXigHux,
MozudikoBanuit MeToq ®yp’e Ta METOA BIACHHX ¢dyHKuiit. B
AKOCTI 4MCIOBOTO MPHKIAy DO3TIAHYTO MOJENBHY 3a1ady
NP0 TIOMIMPEHHS TEMIEPaTypHOTO MONA 32 TOBIIMHOIO
YOTHPHIIAPOBOTO TPYOOMPOBOAY B yMOBAX ITOKEKI.

II. TIOCTAHOBKA 3AJJAUI TA if MATEMATHYHA MOJIEJIb

Milasa

Posrasnaerscs 3ajaya UL piBHSAHHA
TEIIONpPOBiAHOCTI [1]
ot(r,t ot(r,z
o G )zlﬁ r,{ﬁ : (1)
or r Or or

3 CHCTEMOIO KPalOBHX YMOB TPETHOTO POJLY:

aor;)t(ro,z-)—t[” (%»T) = aorol//o(r): (2)
a,rnt(r,t)+" (r.7)=a,ry, (1),
i 109aTKOBOKO YMOBOO:
t(r,O) =(o(r) 3)

Tyr 1y <# <...<r, nosinbHe po36uTTs HOPOMIXKKY [ro,rn]

niticaoi oci OR Ha n yacTus, 0; - XapakTepucTiuHa GyHKIis

af
BiZpizka [ri,r,- +1] ol KkBaszinoxinua [2]. Tloknamemo,
n-1 n—1
wo A(r)= T 46, e(r)p(r)= 106
e i=0 i=0

 PosB’ssysammsa samaui (1), (2), (3) MPOBOAUTUMEMO 32
HaCTYIHOIX cXxeMoro [3]:

1.  PosB’s30k t(r,‘r) IIYKAETECS METOAOM PEIyKIii y
BUIIISI 1

t(r,r)=u(r,r)+v(r,r) @)

2. [ins ommiel 3 ¢ynkuiii (Hanpukman ms u(r,r))
PO3B’SI3Y€ThCs KBa3iCTaLiOHapHa KpaiioBa 3a1a4a

li(ﬂl —d”(r’T)J =0, 5)
rdr dr

3 KpalloBUMHU yMOBaMH (2) mis byHKIil u(r,r) , To6TO

aorbu(ro,r)—um (VO,T) = a1y, (7), (6)
anu(r,t)+u" (r,7)=a,ry, (o),
2.1. Pose’s3yeanns kpaiiogoi 3adaui (5), (6).
1 T
Beenemo  Bektop u= (u, ul ]) Ta  MaTpHIO
1
A(r)= rir) |.
050
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Hubepenuianene  piBHsmus  (5)  3BommThCE 71O
SKBIBAJIEHTHOI CHCTEeMHM audepeHIianbHux piBHSHB 1-TO
TIOPAAKY

u =Au (7
Kpaiiosi ymosu (6) sammmemo y BekTopHiii dopmi [2]

P-u(r,)+Q-u(r,)=T(z), (®)

mP,0mu F(T) MaIOTh BUIIIS]

= 0570 at, 2
pe Gtye =l e ,F(T)= 00'//0( ) . 9)
0 0 Cann 1 anrnl//n (T)
Ha xoxHomy 3 mpomikkis cuctema (7) Mae Burmsg
: i
u =4u, A= A (10)
0.0

Marpuus Komi B, (r,s) cuctemu (10) 306paxyerses
HaCTyIHUM YHHOM

1 Inr—Ins
B (r,s): A : 11

i i

0 1

Jlnst nosinesoro £ 27 mosmagnmo

df
B(r.1)=B,_ (5:1i) By (nistis )+ B (rsr). (12)

Crpykrypa (11) matpuui B, (r,s) A€  MOKIMBICTB
BCTaHOBHUTH CTPYKTypa Matpuui (12), a came

k=1

1 1nrm+l_1nrm
Bir, e scitmasl : (13)
0 1

Ha xoHOMy 3 mpomixKiB [’?s’?+1) Po3B’sa30K 3anadi (5),
(6) mae Burag

u (r7)=B,(rn)-B(rn)B(r), (14

B, (r)=(P+Q-B(r.1,)) -A(r)=

n=1 27 7
ar, -1 G001 ZM ayrw, ()
= + = A =
0= =<0 o 5 ; a,ry,(r)

(a0, +Day, (2)+a,ry, (7)
a,n, +1+ e, (a0, +1)

a3, (v, (7) -y (7))
a,n, +1+ay (a0, +1)

n'nn

Bupaz (14) mossomste 3ammcatu po3B’s30k u(r,7) Ha

IIPOMDKKY [ro,rn] 32 IONIOMOTr 00 XapaKTEPHCTHYHUX (PyHKILIH



6, y Burmazi

n-1

u(r,7)=>Y w(r,7)6. (15)
i=0

3. Hma  byHkmii v(r,r) OTPUMYEMO  MilIaHy

HEOIHOPiIHY 3a7ady
ov
w(r,r):lg - {z.7) _cpéu(r,z‘). 16)
ot r or or or

3 HyJIbOBMMH KPailOBUMHU YMOBaMH I QyHKLIT v(r, T) 3

ayryv(ry, )=V (r,7)=0,
a,rv(r,,t)+W(r,.7)=0,

a7)

1 IOYaTKOBOIO YMOBOIO
v(r,0)= f(r)=o(r)—u(r,0).(18)

3.1.Biookpemaentss 3MiHHUX ma 3a0aiyda HA  61ACHI

3HAQYEHHA.

P03B’430K OIHOPIHOTO AU(EPEeHIiaIbHOTO PiBHIHHSA

ov(r,r) _18( ov(rr)
7 ot —rér[r/1 or ] )

LIyKaTHMEMO Y BHTIISAAI

v(r,z)=€ -R(r), (20)

e @ —mapametp, a R (r) — HeBimoma QyHKIIs.

IligcTaBisrodn (20) y (19), OTPHUMAEMO
(xBasi)autepeHIiaTbHe PIBHAHHS
(rAR') +acprR =0, @21
3 KpalOBUMH YMOBaMH
s )
o, R(r)+R"(r,)=0.

3amaua (21), (22) — kacu4Ha 3a7aya Ha BIaCHI 3HAYEHHSL.

> A 5 1] LZ ' S i E
BeiBmm kBasinoxigay R =rAR’, Bektop R—(R, R )
Tl s
rﬂ(r) 2
—awc pr 0

(kBazi)oudepenmianpie piBHAHHEL (21) 10 exBiBageHTHOI
cucTeMu audepeHLiaNbHIX PIBHAHD 1-T0 NOPAIKY

i MaTpHIIO A(r)= 3BEJIEMO

R =AR (23)

Ha xoxHOMY 3 IPOMIXKIB [r.,r. ) cuctema (23) mMatume

i+l
BUTJIAL

, i o
R =R ) = FAS = (24
—awc,pr 0

Marpuus Komi Bi (l‘,S, w) cuctemu (24) Mae HacTyIHUI

BUTIISL
Bi(r,s,0)= [,/3;]211 I'gz j (25)
e mAa;s(J,(as)-N, (c;,./;)—JO (er)-N, (@)
7(Jy(a5)- Ny (7)) =T, (@) N, (a;s))
B =
24,
= milelrs(Jy (ar)- N, (a;s)-J (a;s)-N, (ar))
) (i 21’
whas(J (ar) Ny (as)-J,(a;s) N, (ar))
b= A

(]

Tyr J,, J, u N,, N, — ¢ynsknii Beccens i Helimana

HYJIBOBOTO Ta MEPLIOTO POLY BiAIOBITHO.
Ilo3nauumo:

@ i
B(risro:w)=j13)Bj"j (r;'-j+1”;'*j’a))’ (26)

df n-1
B(r,ro,a))=ZB;(r,;;,a))-B(r;,ro,a))ﬂ,., @7
i=0

[P+Q-B(rn,n),w)]i(b”(w) b“(w)]- 28)

by (@) by(w)
Po3B’s130k crucTeMu (23) mIykaTHMEMO y BHITIAAIL

R(r,0)=B(r,n,»)-C, 29

7L 5 o
e, C= (C1 3 Cz) — NesIKUi HEHYJIbOBHH BEKTOP.

3acrocyBaBmu 10 piBHOCcTi (29) kpaiioBi ymoBu (22) Ta
TIiCTIS TIEPETBOPEHb OTPHMAEMO

[P+0-B(r,.n,0) |- C=0. (30)

Ilns icayBanHs BekTopa C B (30) HE0OXiqHO U AOCTATHLO
BUKOHaHHS YMOBH

det[P+Q-B(r;,,n),a)):l=0. @31

XapakTepuCTUYHE DIBHSHHs 3aJadyi Ha BJACHI 3HAUEHHS
(21), (22) mae Burmaz (31).

Buxonsun 3 ymoBu (30), HeHynpoBHMH BekTOop C Mac
BHTIIN
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c=( %] 1]. 32)
&,

Brachi BexTopu crcremu audepenmiansaux piBHsAHS (23) 3
KpaioBMMH yMOBamu (22) MaroTh HaCTYIHY CTPYKTypy

R (o) =B(rr.0)

/&
; 1], k=1,2,3,...(33)

oty

Buacui dyskuii R, (r, , ) , IK TIEPIIi KOOPJAMHATH BIACHHX

BekTOpiB R, (r, a)k) , MO’XHa 300pa3UTH HACTYITHUM YHHOM

T
= 1
s s O).B(r’r"’w“)'[%’ lj’ (34)
=123
n-1
Ockimekn R (r,@,)=> R, (r,®,)0, 10 iz (34)
=0
BHILTMBAE, 1110

R, (o) =
:(1, O)E, (ryri’wk).é(’;‘,’b’mk).( :
a,

3.2. Memoo enacrux gynxyii.

) o

PosB’s30x mimanoi 3anaui (16)-(18) Oynemo mrykatu y
BUTTISIII

v(r,t)=2"T,(7) R (r.o,), (36)
k=1
ne T, (7) — meizomi dymuii.

. u '
Ockinbku 6_ BXOIWTb Yy NPaBY 4acTUHy piBHsHHs (16),
T

posBuHeMO ii B psx Dyp’e 3a BIacHUMH dyHKUiIMH
R, (r,a,).

au 0
PP RAURACLY 37)

Crin 3ayBaxkutn, 0 pPO3BHHEHHS GbyHknii g(r) B psn

@yp’e 3a BIaCHUMH (YHKIiIME R, (r,a)k) 3agaqi (21), (22)
Ma€ BUIJIS],

g(r zgk

Ae koedinientn Pyp’e g, 3HAXOAATHCS 32 tdopmyoro

(r.a,), (38)
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%

1
o= IR pg(r)R (r.e0, )rdr =
(39
=) J (r)R, (., )rd
Y ep | g (r)R, r,@, \rdr.
RS
3aypaxnmo, mo R, "2 TKBaZpaT HOPMH  BIACHHX

dynkuiii R,

IR —fcer (r, 0, )dr = Zcp, J R: (r,@, Ydr. (40)

o

ixcrasnstoun (36) y (16) onepxyemo PiBHICTH

©

CP‘ZZ('(T)'RA- (r.o)=

45 41)

= %ZT (2)- (2R, (r@,)) —cpiuk (£)-R, (ra,).

Bpaxonylo'm PIBHICTB (20), micist mepeTBOpeHb OaepKUMO
CHIBBIOHOIIEHHS

2 @ram (@ ()] & (ra)=0. @)

Ipupisaroroun KoecblmeHm Dyp’e psny (42) mo wmyms,
IPUXOIMMO [0 HECKIHYEHHOI CYKYyIHOCTI AMQepeHIianbHIX
DIBHSHB

L (7)+ o (v)+u,(1)=0, k=1,23,.. @43)

3aranbHUH PO3B’ 30K KOXKHOTO 3 [UX PiBHSIHb Ma€ BHIIIAL

Ti(c)=Cre? —J.e_“”‘(m) “u, (s )ds, (44)
0

ne C, — HeBinoMa crana BemwuwHa. JIis i 3HAXOMKEHHS

BAKOPDHUCTAEMO PO3BUHEHHA OGyHKWil [ (r) 3 II0YaTKOBOI
yMoBH (18) B psax ®@yp’e

v(r,O) = f(r) = gfkRk

Ilicns mopiBHAHG BigmOBimHHX koedinieHtie  dyp’e,
IPUXOMMO 10 BUCHOBKY, o C, = f,.

(r.m,). (45)

Omxe po3B’s30k Mimanoi 3amaui (16)-(18) omepxyemo y
BHIJIAIL iy

v(r,r) = il:ﬁ e T —je“”"(r_s)uk (s)ds]-Rk (r,o, =

(46)

I

n

=2 vi(r7)-6,

i

Il
(=}

Bpaxmaymtm 306paxcenns (4) ta dpopmymu (15) i (46)
PO3B’s130K MimraHoi 3anadi (1)-(3) orpumaemo Y BUJISAII




n—1

t(r,r)=Z|:u,. (r,7)+v, (r,z’)]-@i. @7)
i=0

III. MOJEJIbHA 3AZIAYA

B sIKOCTI MOJENBHOI 3a1adi po3rIsHEMO YOTHPHILAPOBUH
TpyGOTpOBiN, SAKMl BHKOHAHHII 3 i30TPONHHX MaTepiamis

paziycamu: r, = 0,15, 1, =0,154 m, r, =0,164 m,
r,=0,214m, 7, =0,216 M. HeoOXinHO BHU3HAYMTH PO3MOLLN
HECTAL[iOHADHOTO  TEMIEPaTypHOro TMOojJsd Ta TYCTHUHY

TENJIOBOrO0 MOTOKY IO TOBIUMHI TPyOONpoBOAYy, SKILO 3
30BHIIIHBOI CTOPOHU BiNOYyBa€THCS MOJKEKA, TEMIIEPATYPa AKOT
3MIHFOETHCS 3a 3aKOHOM

l,s.(7) = 660(1-0,687¢™" =0,313¢™* ) +18,, a Beepemani

. . 0 -
mpotikae piauHa 3 Temmeparyporo 18 C. B mouatkoBuit

0
MOMEHT 4acy TeMmepaTypa KOHcTpykuii craxosuts 18 C.
TemnoTexHiuHi XapaKTEPUCTHKHA MaTepialiB HaBEOEHO Y
Tabmumi 1.

TABJIWLIA 1. TETUTO®I3UYHI XAPAKTEPUCTUKH

Ilapametp Hlap 1 | Hlap 2 | Illap 3 | Ilap 4

Koedimient TEIUIONPOBi THOCTI
Ad 58 0,27 | 0,056 | 209
‘i -E
TIHTOMA TETIOEMHICTS ¢, 470 | 1680 | 940 | 894
éa-
I'ycTuna P,‘?‘% 7800 | 1000 | 200 2680
i
Ao Beepemnni — @, =4,
KoediuieHT TemmoobMiny o, ——=
i%E 330BHI — @, =25

BUKOpHUCTOBYIOYH 3alpOIIOHOBAHHN aBTOPAaMH METO[, Ta
nporpamHe 3abesmedenHs Maple 13 omepikyemMo pO3B’S30K
HOCTAaBIEHOI  3ama4i mpo  PO3MOAIT  HECTAalliOHAPHOTO
TEMIIEPATYpHOTO IMONS Ta TYCTHHH TEIUIOBOIO IIOTOKY Y
surnazi rpadixis (Puc. 1 i Puc. 2) Ta Tabmumnp 2 1 3.

Puc. 1. Po3mozis TeMiepaTypHOro mnojs
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Puc. 2. Po3mozin ryCTHHH TEMIOBOT0 MOTOKY

TABJIMLA I1. PO3MOALT TEMIIEPATYPHOTO TIOJIS

(1]
[2]

[3]

Koopaunath, M
yac, ¢ " P X ~ ~ o
120 18 18 18 19 21,5 151 151
300 18 18 18.3 20,6 65 345 346
600 18 18,1 18,4 21,3 180 321 521
1200 19,1 19,2 24 47,7 340 617 618
1700 22,7 22,8 325 3.1 406 635 636
3600 S51.5 515 70,2 138 488 651 651

TABJIUIIA 1I1. PO3MOALT I'YCTHUHU TEILUIOBOI'O ITIOTOKY

Koopaunatu, M

yac, ¢ “ - s & ~ = =
SEeie g s 3
120 0 0 0 12 65 1467 7208
300 0 0 6 8.6 446 2020 6021
600 0 0 24 28 881 1836 3449
1200 6 62 212 241 954 1218 1484
1700 20 159 390 413 855 957 1049
3600 134 369 640 639 662 645 652
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