Hocmmxenns [ponecis Teronepenocy y
bararomapoux KoHcTpykiigsx OCHOBHUX
['eomerpuunnx @opMm 3 YpaxyBaHHIM BHyTpimiHIX
Jlxxepen Tenna

Poman Tariit, Mapta Cractok
kadeapa npuKIaaHOI MATEMATUKH 1 MEXaHIKU
JIbBiBCHKUI NepikaBHUN YHIBEPCUTET Oe3MeKn
KUTTENISTTBHOCTI
JIbBiB, YKpaina
roman.tatsiy@gmail.com, marta_stasiuk@yahoo.com

Onner Ilazen
kadenpa HarIAA0BO-TTPO(IIAKTUYHOT JisUTBHOCTI
JIbBiBCHKUI NepikaBHUN YHIBEPCUTET Oe3MeKH
JKUTTENIAIBHOCTI
JIbBiB, YKpaina
opazen@gmail.com

Research of Heat Transfer Processes in Multilayered
Structures of Basic Geometric Formswith Internal
Heat Sources

Roman Tatsiy, Marta Stasiuk

department of Applied Mathematics and Mechanics
Lviv State University of Life Safety
Lviv, Ukraine
roman.tatsiy@gmail.com, marta_stasiuk@yahoo.com

Anomayia—3anponoHoBaHA 3arajibHa cXeMa JdOCJIiZKeHHS
npouecy Temjonepegadi B 0araTomapoBMX KOHCTPYKIIisiX
OCHOBHHX TpbOX reoMeTpu4Hux ¢GopM  OJHOYACHO, 3
YPaxyBaHHAM BHYTPIlIHIX [okepes Temia. B 3B’s3Ky 3 mum
PO3B’A3Y€ThCS ONHONMapaMeTpHU4YHa ciM’d KpaiioBux 3aza4y. B
OCHOBY peaJjizamili mi€i cXeMH NOKJIaJeHO: METON PpeayKiii,
KOHIENUisi KBa3ilOXiIHUX, cydJacHa Teopis cHucTeM JIiHIHHAX
audepeHnianbHUX piBHSIHB, MeTox Pyp'e i mommpikoBanmii
MeTOo/ BJIACHUX (yHKIIii.

Abstract—The general scheme of research of the process of
heat transfer in multilayer structures of the three main geometric
forms simultaneously, taking into account the internal sources of
heat, is proposed. In this connection, a one-parameter family of
boundary-value problem is solved. The basis of the
implementation of this scheme is laid: the method of reduction,
the concept of quasi-derivatives, the modern theory of systems of
linear differential equations, the Fourier method and the
modified method of eigenfunctions.
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L

Y poborax[1]-[4] 3ampormoHOBaHO 1 OOIPYHTOBAHO
KOHCTPYKTHBHY CXeMa MOOYIOBH PO3B’S3Ky MiIllIaHOI 3ajadi
JUIL PIBHSIHHS TEIUIONPOBIAHOCTI 3 KyCKOBO-HENEPEPBHUMH
Koe(ilieHTaMy, 3aJIeKHUMHU BiJI IIPOCTOPOBOI KOOPJMHATU Ha
CKIHUEHOMY IHTEpBaJi Ta BHYTPIIIHIMHU JpKepeiaaMu Teruia. B
OCHOBY CXeMHU OyJIO TOKJIAJEHO: METOJ PEeAyKIlil, KOHIEIIis
KBa3IMOXiJHUX,  Cy4acHa  Teopiss  CHCTeM  JIHIWHHX
nudepeHIianbHuX piBHAHB, MeTon Dyp'e Ta MOmUQiKOBAHUIMA
METO/]] BIACHUX (DYHKITIH.

Bceryn

OpepxaHi  pe3ynbTaTd MOXYTh OYTH  BUKOpPHUCTaHi,
HaNpHKIag, TpH JOCTI/KEHHI MpOIECiB Terionepeaadl B
0araTolapoBUX IUIUTI Ta TOPOXXHUCTOMY IIMJIIHJIpI 332 yMOB
iIeaIbHOrO0 TETUIOBOTO0 KOHTAaKTy MK mapamu. Lls iges Bxke



Oyna peanizoBana B pobGorax [1], [2]. IlpupomHo BHHUKIIO
MUTaHHA TIpO0  O0’€JHAHHSA Mi€l CXeMH JUIS BHIAJKY
0araTolapoBUX KOHCTPYKLiH Oy/ib-IKOI KaHOHIYHOT (popMHL.

Y  zaranpHOMY BWIAAKY Au(eEpeHIlalbHI  PIBHSIHHS
TEIUIONPOBIAHOCTI Y  TPSAMOKYTHIM, HWIIHAPHYHIA  Ta
chepuuHili cucremax koopauHaT (piBHsHHA (1), (2) Ta (3)
BIJIMIOBITHO) MAatOTh BUTJIS

S O ) It
)DL ()M
()™ L2 g ) )

Jlerko Oaumth, 1m0 [i PIBHSHHSA BiAPI3HIIOTHCS JIMILE
HasIBHICTIO MHO)KHI/IKa}'],HpI/I [=0, I=Ita [=2. Y 3B’s3Ky 3
IIUMaBTOPaMH 3alpONoOHOBaHO 00 ’emxHaTH piBHAHHA (1)-(3) B
OJHONapaMeTPHIHY CiM 10 JudepeHIiaabHuX piBHsHS [1], [2].

II. TIOCTAHOBKA 3AZIAUI TA il MATEMATUYHA MOJIEJIb

Posrnspaerses Oarartomaposa KOHCTPYKIIist (y
NPSMOKYTHIN, IMMIHAPWYHIA abo cdepuuHili  cucremi
KOOpAUHAT) 00JacTh sKOi OOMeXeHa IOBEPXHAMHU r =y, 1
r =y, Ta HofijeHa Ha n mapis. KojkeH map BUrOTOBIECHUH i3

130TPOMHOr0 MaTepialy Ta HaAiJICHUH CBOIMU KoedilieHToM
TEIUTONIPOBITHOCTI A, TIHTOMOIO TEIUIOEMHICTIO C Ta
TYCTHHOIO p . KpiM 11b0T0, y H1apax KOHCTPYKIIT 3aKJIaaeThbCst

HasBHICTh BHYTpILIHIX JUKepen Temnaq, Jis KoHCTpykuil
3aJ]aHO TIOYATKOBHH PO3IOIUT TEMIEPaTypHOro OIS (p(r) ,a

TeMIlepaTypa { 3alIeKUTh BiJ| KOOpJWHATH » Ta yacy r. Ha
30BHIIIHIX IOBEPXHSAX ICHYE KOHBEKTUBHHH TEIUIOOOMIH 3
HaBKOJIMIIHIM CEPEIOBUILEM, TOOTO BHKOHYIOTHCS KpaioBi
YMOBU TPETHOTO poay[6].

v 3arajloHOMY BUIIAJKYy TaKa ITOCTaHOBKa 3az[aqi 3BOAUTHCA

biCo) PO3B’sI3yBaHHA OJIHOIIapaMeTPUYHOI cimM’1
nudepeHniaTbHUX PiBHSHbD
6t(r,r) 10 6t(r,r)
c(r)p(r)T = r—lg(r k(r)T +q,(7), @)

=012

30KpeMa, mpu /=() — GaraTomapoBa IIocka KOHCTPYKIIis, [=1 —
OaraTolapoBHi MOPOXKHUCTUH LIIHIP; /=2 — OararomapoBa
TIOPOXKHUCTA KYJIS.

Jo piBHsAHHS (4) TOMAIOTHCS KPalioBI yMOBH TPETHOTO POAY

ot
ka—(ro,t) =aq, (t(rg,t)—\ua(r)),
r Omuoka!

—k%(nz,T): o, (t(rn,r)—\un(r)),

3aknaaka He orpeaeJieHa.
Ta MO4YaTKOBa yMOBa
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t(r,O)z(p(r). (5)

Hapmami BHKOpHCTOBYBaTHMEMO Taki mosHaueHHs [2], [3]:

0, - XapakTepHCTU4YHa (YHKIiS HAIiBBIIKPUTOTrO MPOMIKKY
L axkwo r€[r,r,,) nel

[#.7:.,), 10610, 6, = L A7) :Zkiep
0, sxwo 1 (1,71, ) pa

n—1I n—1I

e(r)-p(r) :zci P '91., o(r) :z(pi '9,, Ai.c.,p; >0€R,

i=0 i=0
Vi=0,n-1, rt, =t (r,r) — KBa3IMOX1AHa, ¢ =——
»

— I'yCTHHA TEIJIOBOT'O IMOTOKY.

Po3B’si30k 3amaui (4)-(5) mrykaTMMeMoO y BUINISIL CyMH
nIBOX (YyHKIIH (MeTon pemykiii)[3]

t(r,t)=u(r,t)+v(r,1). (6)
Bynp-siky 3 ¢yHkuidi  u(r,7) um v(r,7) MOXXHa BUOpaTH
CHeliaIbHAM YHHOM, TOAI IHIIA BXXE BU3HAYATHMETHCS
OJTHO3HAYHO.

III. 2. BUWBIP ®VHKIII © (r, 7:) TA MIILIAHA 3AJTAUA JJIS
V(l’, ‘E)
A. 3adaua ons ¢ynxyii u (I’,T) .

Po3B’s13yeM0 KBa3icTalliOHApHY KpaioBy 3aaady[2]-[4]

1y, W
—(r'\u') +q,=0, 7
(') +q, (7)
3 KpaHoBUMH yMoBaMHU (5)| st pyHKIIT U (I’,T) , TOOTO
ory u(ry,t)—u' (1), 7) = oyr Wy (1), ®)

OLnrnll"(rn”c) +u[]] (I’n,’t‘) = OLnrnan (T)

T
Bgenemo BEKTOPH U = (u ul” )T ,q= (0 i’lqv) Ta
1
MaTpHIIO A = r
0 0

(KBazi)mudepenmianpae piBHsHHA (7) 3BOOUTBCS 10

€KBIBJICHTHOI CHCTEMH JIU(EpeHIiaJbHUX pIBHSIHL 1-TO
nopsiaky[2]
u =Au+ q. 9)
Kpatiosi ymoB# (8) 3anmmiemo y BekTopHiit hopmi[3]
P-u(7;)+Q-u(r,) =I(x), (10)

e P, Q iF(I) MaroTh BUTJIS]L



ne K, (r,s)

Mae

0

rn

1
o,r,  —1

(33 ol
ool

n-n
Ha xoXHOMY 3 IPOMIXKKiB [i; N ,) cucrema (9) Mae BUIIAA

P

0
It

n

(11)

A = '

1 1

0 0

(12)

!
u, =Au +q,

Martpung Komri Biv,(r,s) cucrtemMu (12)Mae HacTymHUA

BULJISA

1 K
Bi,/(r’s):[O z,/gr,s)j’ 120,]’2, (13)

r

J<

iy 2

1

A

JI71st TOBLIBHOTO £ > i TO3HAYMMO

af
)=Bk—1,l (rk’rk—l)'Bk—Z,l (”k-/”’k-z)"'B[,l( )
Omubka! 3aknaaka He onpeaeseHa.

B, (1.7, Bl

Crpykrypa (13) wmarpumi Biv,(r,s) Jla€  MOXKIIMBICTh

BCTaHOBUTH CTPYKTypa Matpuiii (15)|, a came

(14)

S

Ha xoxxHOMY 3 IPOMiKKIB [ig,m ,) po3B’s30Kk 3a1a4i(7), (8)

BUIVISIL, ~ BEeKTOp-QyHKLiiw,(r,t)[2], ne mepmoro

KOOPJHMHATOIO € IIyKaHa HaMU (QDYHKIUS 1, (r,r) , a IPYyroro — ii
KBa3iIOXi/Ha.

u,(r,v)=B,(r,1;)-B(r,,1,) By =B, (r,1,)x
i r 1
xZB(};,rk)~Zk—IB[(r,s).q[(s)ds, (15)

=0 !

n—1

neP, =(P+QB,(r,.r, )" (T=Q).B(r,.1)- Ly, ),
k=0

Tic

J- B, (n.5)a,(s)ds,

Ti-1

j-B[J(r,s)-q[(s)ds=

;Lk,l -

r

J

1
0

r
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Bupa3 (15) mo3Boinsie 3anucatu po3B’s130k 3agadi (7), (8) Ha
MPOMIKKY [ro,rn] 3a JIONIOMOT'O0 XapaKTEPUCTUYHUX (DYHKIIIH

0, y BUrIAmdi
u, (r,7)6,. (16)
B. 3aoaua ons ¢ynxyii v(r, 7:)

Ha ocHOBi 300pakenHs (6) mepenwuiieMo piBHAHHS (4) y
HacTynmHOMY BuTyIsimi[2], [5]

ou(r, ov(r,
¢ (r T)+cp v(r,t)

ot ot

] 0 ou (r r) ] 0 6v(r r) (17
=7 r’}, ’ + 7 rlk, ’ .
ror or ror or
[Mincraupmm  pipasaEst (7) B (17)  oTpumyeMo
HEOHOPITHYMIIIaHy 3a1a4y (pOJb HEOIHOPITHOCTI TPae BUpPa3
ou(r.1)

—cp———= 13 B)KE 3HAWICHO (PYHKIII€I0 U (I’,T) )

[r’k av(r,r)
or

3 HYJIbOBUMH KPaHOBUMH yMOBaMU JUIsl (DYHKITIT v(r, 7:) ,

. 6v(r,r) :ii

ou (r,r)
- , (18
ot v or J P ot (18)

oyry v(ry, 1) =" (1r,,7) =0,
I [1] (19)
o,r'v(r, 1)+ (r,,1)=0,
Ta MOYaTKOBOIO YMOBOIO
v(r,0) =1 (r)=o(r)—u(r.0). (20)
B.1.Biookpemnennss sminHux ma 3a0a¥a HA  G1ACHI
3HAUEHHS.
Po3B’s130k oHOpiAHOTO AH(EPEHITIATBHOTO PIBHSIHHS
ov(r,t 1 ov(r,t
cpg:_/i r’kg (21)
ot ror or
LIYKaTUMEMO Y BT [4]
v(r,r) =™ -R(r), (22)
e O — mapamerp, a R(r) — HeBizoMa (QYHKIIIS.
[MixcraBisiroun (22) y (21, OTpUMaEMO
KBaziuepeHIiaTbHe piIBHIHHS
(rlkR’), +wcpr'R=0, (23)
3 KpaHOBUMH YMOBaMH
o7y R(7, )= R (1,) =0, 24
o, nR(1, )+ R (1,)=0.



3amaua (23), (24) — kIacuyHa 3aj7[aya Ha BJIACHI 3HAYCHHS,
y SKif HEoOXiHO 3HAWTH 3HA4YEeHHs mapamerpa (® (BIacHi
3HAUEHHS) TPH SKUX ICHYIOTh BIIMOBigHI 1M HETpPHBiaJIbHI

po3B’s3ku (BracHi QyHkii) R, (r,(;)k). Binomo [4], mo Bci

BJIACHI 3HAYEHHA ®, € JOJATHUMH Ta Pi3HUMH.

BaiBIHn KBa3iMOXiIHY Rl di AR, BEKTOp
1

R:(R, R[’])T i mMarpumo A = 0 |, sBememo
—or'ep 0

kBaziguepeniianbHe piBHAHHA (23) 10 eKBIBaJEHTHOI HOMY
cucTeMH depeHialbHIX PIBHSIHD 1-T0 IOpSIKy

R =AR

Ha koxHOMY 3 IPOMIXKIB [r, H,) cucrema (25) matume

(25)

Burnan[1], [3]

o L
R, =AR, Q= I, (26)
~or'cp, 0

Martpuns Komri ﬁu (r,S, 03) cucreMu (26) Mae HaCTYIHUHA
Burnan[1], [4]

(a” =0,

a4y A4y
b, b

Bi (r,5,0)= (” 2 =1, 27)
b21 b22
{C” =2
€y Cx
sinB.(r—s
JIe TIO3HAYEeHO, d;; =cosP,(r—s), a %

ay =—AP; sinB,(r—s), a, =cosP,(r—s),

_ nBiS(JI(Bi’S)YO(Bi’r)_JO (Bi’r)Yl(Bi’S))
1= > )
o o (Bis)Y) (Bor) =0 (B 7)Y, (Bios))
12 7y >
B7rs (7, (Br) Y, (Bys) =, (Bs)Y, (B, 7))
b = > )
b nBir(Jl(Bx’r)Yo(Bz’s) JO(Bi’S)YI(Bz ”))
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Bl.scos(Bi(r—s))+sin([3i(r—s)) szn(B (r s))
Cp = » Cpp = ,
B.r B,rsh,;
((ocl.pirs+ki)sin([3i(r—s))+(Biki(s—r))cos(B (r s))
c, = B, ,
B,rcos (Bi (r —s)) + sin(BI. (r —s))
¢, = .
s
Tyr J,, J, u N,, N, — ¢ynkuii beccens i Heiimana
HYJIBOBOTO Ta TIEPIIOro porny BiAIOBIAHO, a
B, = %,i:&n—l.
AmnanorivHo sK i B (15)|, mo3Haunmo:
df i
B (7.3,0)= 11800 (11 ,10), (28)

ﬁ )‘Q E:ﬁw VF(D ﬁlo’% ]

Oumﬁlca! 3akiaaka He onpejeseHa.

i

Po3B’s130k crcTemu (25) nryKaTUMEMO Yy BUTJISIII

R(r,0) =B (r.1),@)-C, (29)

T o “
e, C= (C 0 Cz) — NesIKUI HEeHYJIbOBUH BEKTOP.

3acrocyBaBmm 110 piBHOCTI (29) kpaiioBi ymoBu (24) Ta
TTiCIIs IEPETBOPEHb OTPUMAEMO

[P+Q.ﬁz(rn,r0,m)]C=0. (30)

s icnyBannst Bektopa C B (30)HE0OXiZHO U TOCTATHHO
BHUKOHAHHS YMOBH

det[ P+Q-Bi(r,.1,,0)|=0. (1)

XapakTepucTUUHE DPIBHSHHS 3a/adui Ha BJIACHI 3HAYEHHs
(23), (24) mae Burmsn (31)[1].

Buxomstun 3 ymoBu (30), HeHnynwoBuii Bektop C Mae

BUIJIS
; T
C=(—1, zj |
()

BuacHi BekTopu cucremu audepeHiiaabHuX piBHIHb (25) 3
KpaioBUMH yMOBaMH (24) MalOTh HACTYIIHY CTPYKTYPY

(32)

T
R, (r.0,)=B,(r,r,0 )(# ]J L k=123,...(33)
070

Brachi  ¢ynkuii R, (r, mk), SK TIepUl KOOpIHHATH

BlacHuX BektopiB R, (r, mk), MOXHa 300pa3UTH HACTYITHUM

YUHOM



1

Rl 0Bl L]

k=123,...

Ockinbkn Rk(r,oak):sz,(r,o)k)e,., To i3 (34)

BHIUIMBAE, 1110

Rki(r’o‘)k):
(1, 0)-ﬁt,Oxn,an)'ﬁ/(ﬁ’%’a%)'[____

B.2. Memoo enacnux ¢ynkyiil.

Po3B’s30xk  mimaHol
BUIJIAAL

3agadi  (18)-(20) mrykatiMemo y

r (Dk) (35)

r ’L' = iTk
=1
ne T, (‘E) — HEBiJIOMi (YHKIIIT.

. Ou .
OCK1TbKH ™ BXOJUTH Yy NpaBy 4acTuHy piBHsHHS (18),

po3BuHEMO 1i
R, (r, W, ) .

B psag @yp’e 3a BracHUMH (QYHKIISIMHA

= Z (r,o). (36)
=
Tyr cnmig 3ayBaKuTH, IO PO3BUHEHHS MAESIKOl (YHKIIi
g(r) B psin Oyp’e 3a BracHUMHU QyHKIiAMHE R, (r, mk) 3ajadi
(23), (24) mae BurysI

©

g(r):zgk'Rk(r’mk)’ (37)

k=1

ne xoedinientn Pyp’e g, 3HAXOAATHCA 3a GopMyinoro[3]

8 =

jp g(r)R, (r.o )Jdr =

|,

] n—1 Tt ;

=— Zc[p[ J- rg; (r)R,d (r, 0, )dr.
i=0 %

&

(38)

3ayBakumo, 110 ||Rk ||2 — KBaJIpaT HOPMH BIIACHHUX (PYHKILiH
R, (r, mk)

] n—1 Tl
2 _ I p2 _ I p2
||Rk|| = Icpr R; (r, o, )dr = 2 c.p; J. r'R;; (r, o, )dr.
N i=0 ’

i

Omubka! 3aknaaka He onpeaeseHa.

[MincraBmsroun (35) y (18), BpaxoByrounm (22)ta micis
MepeTBOPEHb, NPUXOAUMO [0 HECKIHYEHHOI CYKYITHOCTI
nudepeHnianbHUX PiBHSHbD

T (v)+ o, T, (1) +u, (t)=0, k=123,.,039)
nie u, (‘E) — KoeQilieHTH PO3BUHEHHS
6u r r i
=>u, (7) R (r.o).
k=1

3aranbpHUil po3B’s30K piBHAHHS (39) Mae BUIIISIA

T(1)=1,

T
e Ot - (t-5)
~[e

0

)ds (40)
ge f, — xoedillieHTHM pPO3BHHEHHS IOYATKOBOI yMOBU

f(r)=o(r)=u(r,0)=Y_ fiR (r.0,) BpinDype.
k=1
Omxe po3B’s30k Mimanoi 3amadi (18)-(20) omepxyemo y
BUTIISII psiay [3]

Z fA —wkt

0
k=1

ey, (s)ds |- R

(o) =

Il
iMi
I g A
=
—~
=

Omubka! 3aknaaka He onpeaeseHa.

BpaxoByroun 300pakeHHs (6) Ta dopmymu (15) i (45))
PO3B’s30K MimaHoi 3amadi (4)-(5) oTpuMaeMo y BUTIISAII

n—1

r):g(;[u,(r,r)+v,(r,r)]9,. (41)

IV. MOJEJIbHA 3AJIAYA

B stkOCTI 4HMCIIOBOrO MPHKJIALy PO3TIITHEMO KOHCTPYKIIIIO,
sKa CKJIQJAEThCsl 3 ITUSTH pi3HUX miapiB. Ha moBepxHIX
KOHCTPYKIi BigOyBaeThCcs KOHBEKUIHHWI TEINIOOOMIH 3
HaBKOJIMIIHIM cepenoBuieM. HeoOXiTHO BU3HAYHUTH PO3IIOALT
HECTAlliOHAPHOTO  TEMIEPAaTypHOro TOJNA  IT SITUIIAPOBOL
KOHCTPYKIIT (JUIs MPSMOKYTHOI, IMTIHAPHYHOI Ta chepruaHOl
CHCTEM KOOpJMHAT), SIKIIO 3 OJHIE] CTOPOHM TeMIlepatypa
3MIHIOETBCS 32 3aKOHOM CTaHJAPTHOTO TEMIIEPaTYpHOTO

8

peKUMY HIOXKEXK1 Y, (r) = 345lg(1 +6—;) +20[7].

Temnodizuyni XapakTepUCTHKU MartepialliB Ta 3aKOHH 3MiHH
TeMIIepaTyp HaBelIeHo B Talu. 1.

TABJMLS I.  TEIJIO®I3UYHI XAPAKTEPUCTUKH
Mapamerp | Hlap1 lap 2 lap 3 Hlap 4 Hlap 5
Tosuwmna [M]| 0,01 0,06 0,03 0,2 0,05
Koed.
TEILIONPOB. 0,96 0,7 0,09 1,92 0,76
[Br/m-K]
ITutoma
TEIIOEMHICTh 880 840 840 840 840
[Ax/xr-K]
T'ycruna 2000 1600 300 2500 1800
[kr/m’]




Buytpimmi 2rox | 20 18,4 21,8 | 29,7 58,6 124,1 246,7 | 713,1
uKepesia {ema - 200 - - - 6rox | 29 | 408 171 199,6 | 263,2 | 364 502,3 | 928,1
[Br/m’]
3aKoHH 3MiHH 8t TABLE II T'YCTUHA TEIUIOBOI'O ITOTOKY TIJIOCKOT KOHCTPYKIIIT
TeMIEpaTyp YV (1)220, v, (‘t)=345lg[1+—)+10 ) "
[Cl nr |0 0,05 | 0,1 0,15 | 0,2 025 |03 0,35
Koe(biqieﬂm 0 27,6 | -19,6 | -15,6 -15,6 -15,6 -15,6 -15,6 -15,6
TEIJI0OB1AAa41 _ —
HA TIOBEPXHIX o, =10, a, =25 3XB | 576 | 1196 | <156 | -156 | -156 | -156 | -156 | 91718
[Br/vK] 5XB | 576 | <196 | -156 | -156 | -156 | -127 | -117 | 98357

30xB

BukopucTOBYIOUM  BHINE 3aIpPONOHOBAHMN  aBTOPAMH | Iron
MeToJ, Ta mporpamHe 3abesneueHHs Maplel3[8]ogepxxyemo
PO3B’ 30K MOCTABIIEHOI 3aa4i PO PO3MOALT HECTALIOHAPHOTO O | 76 | 106 | 242 | 633 | 16872 | 3485 | 60266 | 81474
TEMIIEpaTypHOro 0araToIapoBOi IUIOCKOI, IWIIHAPUYHOI Ta
cepuyHoi KOHCTpYKUi# y Bursimi rpagikiB (puc. 1-3) Ta . .
126 I-VIL Luninopuuna koncmpyxyis

-27,6 | -19,6 | -15,6 -15,6 27,63 480,5 3039,4 | 9661,6

-27,6 | -19,6 | -15,6 76,1 476,3 1840,2 | 4964,6 | 8884,1

IInocka Koncmpyxyis

Puc. 3. O6’emuuii rpadik 3MIiHM TEMIEpPaTYpHOrO MOJANO  TOBIIMHI

R . . . . LTI HPHIHOT KOHCTPYKIT
Puc. 1. OG’emHuii rpadik 3MiHH TEMIEpPATYpHOrO MOJsL IO TOBLIMHI

IUIOCKOT KOHCTPYKIIT

r

Puc. 4. O6’emuuii rpadik 3MiHH T'YCTHHH TEIUIOBOrO MOTOKY O TOBIIMHI
Puc. 2. O6’emuuii rpadik 3MIiHH T'YCTHHH TEIUIOBOrO MOTOKY MO TOBIIMHI IUIOCKOT KOHCTPYKIIT
IUIOCKOT KOHCTPYKIIT

TABJIMLA III. TEMIIEPATYPA LMJIHAPUYHOI KOHCTPYKIIIT
TABJIMLIA II.  TEMIIEPATYPA IJIOCKOI KOHCTPYKIIIT

Tr 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35

e[ 01005 0L OIS 102025 )03 ] 035 0 20 | 176 | 116 | 112 | 109 | 107 | 105 | 10

0 20 | 184 12,7 | 12,2 11,8 11,4 11 10

3xp | 20 17,6 11,6 11,2 10,9 10,7 10,5 1253

3xg | 20 | 184 12,7 | 12,2 11,8 11,4 11 125,4

5x8 | 20 17,6 11,6 11,2 10,9 10,7 10,5 172,9

5x | 20 | 184 12,7 | 12,2 11,8 11,5 11,1 172,9

30xs | 20 17,6 11,6 11,2 11,3 16,9 58,5 4453

30xs | 20 | 184 12,7 | 12,2 12,1 16,79 | 552 4453

Irox | 20 17,6 11,9 12,8 204 51,8 142,4 | 579,9

Iron | 20 | 184 12,7 | 134 19,4 46,5 130,8 | 5799
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2rox | 20 17,6 248 [356 |71 1451 | 2743 | 713,1 ‘ 6rox ‘ 58,6 ‘ 89,8 ‘ 310,4 ‘ 348,6 ‘ 4422 ‘ 528,8 ‘ 655,9 ‘ 998,5 ‘
6rox | 399 | 59,5 2347 | 2682 | 339,2 | 443,9 | 578,2 | 928,1
TABJ’[I/H_I?[ VI. T'YCTHHA TEIUIOBOI'O I[IOTOKY COEPUYHOI
KOHCTPYKLIIT
TABJ’[I/H_I?[ IV. T'YCTHHA TEIUIOBOI'O [IOTOKY LII/UIII—UIPI/I‘IHOT
KOHCTPYKIIIT T, T 0 0,05 | 0,1 0,15 0,2 0,25 0,3 0,35
or |0 0,05 01 [015 [02 025 [03 0,35 0 772 | 283 | 133 | 853 | 59 | 44 33 26
0 472 | 245 | <152 | -12.1 -10,1 8,7 7,6 6,7 3xe | 970 | 283 | <133 | -8,53 3,7 4.4 33 91354
3xB | 470 | 245 | <152 | -12,1 -10,1 8,7 7,6 9154 S5xB | 775 | 283 | -133 | -8,53 24,3 4.4 3.3 9768,8
SxB | 472 | 245 | <152 | 121 -10,1 8,7 7.6 9803 30xB | 775 | 283 | -133 | -853 57,8 6222 | 33792 | 9296,7
30xB | 475 | 245 | <152 | -12,1 42,6 5498 | 3209,1 | 9481 Iron | 775 | 283 | -89 148,1 699,5 | 2288,6 | 5392,5 | 82873
Iron | 475 | 245 | -11,6 | 1083 | 581,5 | 20602 | 51845 | 85782 2ron | 775 | 283 | 587 | 10348 | 2311,6 | 4119,6 | 625474 | 7224
2ron | 475 | 245 | 393 819,3 | 19928 | 3812,8 | 6162,3 | 76862
BHCHOBKM

Cpepuuna xoncmpykyis

Puc. 5. O6’emuuii rpadik 3MiHH TEMIIEPATYPHOrO MO0 TOBIMHI
cepryHOi KOHCTPYKLIT

Puc. 6. O6’emHuuii rpadik 3MiHE I'YCTHHH TEIJIOBOrO IOTOKY I10 TOBILHHI
cepryHOi KOHCTPYKLIT

TABJIMLA V. TEMIIEPATYPA COEPUYHOI KOHCTPYKIIIT

Tr 0 0,05 0,1 0,15 0,2 0,25 0,3 0,35
0 20 16,8 10,9 10,6 10,4 10,3 10,2 10
3xB | 20 16,8 10,9 10,6 10,4 10,3 10,2 126,8
5x | 20 16,8 10,9 10,6 10,5 10,3 10,2 175,6
30xs | 20 16,8 10,9 10,6 10,9 17,5 62,4 4599
lrox | 20 16,8 11,3 12,8 223 582 155,1 | 603,8
2rox | 20 16,8 29,8 44 86,4 169,1 | 304 750,1
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Y po0OTI PO3TJISTHYTH MOMIIMBICTH 3BEACHHS MiIIAaHUX
3a[1a4 TEIUIONPOBIAHOCTI (VIS MPSMOKYTHOI, IIMTIHAPHYHOL Ta
cepruyHOl CHCTEM KOOPIHHAT) JIO OJHOMAPAMETPUYHOI CiM’i
KpaHoBHX 3ajau. 3alporOHOBAHO KOHCTPYKTHBHY CXEMY
PO3B’SsI3KY MaHWX 3aj]ady, sSKka 0a3yeThCs HAa OCHOBI METOMY

penyKiii, KOHIIEMINii KBa3iMOXiTHWX, 3aJadi Ha BJIACHI
3HaueHHs1 Ta MomudikoBaHoro Mmerony Dyp’e. PosrisHyro
MOJIETIbHY 334y  I1IpO  PO3MOAIT  HECTaliOHAPHOro

TEMIIEPaTYPHOTO TOJIS TI0 TOBLIMHI 1T’ ITUIIAPOBOI KOHCTPYKITT
(IpsAMOKYTHOI, IWIIHAPUYHOI Ta cdepuuHoi ¢dopm) 3
ypaxyBaHHSIM BHYTPIILIHIX [PKEpe Teria.
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