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Hayuynas HoBu3Ha. BriepBble moka3aHoO, UTO CUCTe-
MBI aBTOMATUIECKOTO YIIPaBICHMS CEKIIMEit oborare-
HUS ¥ 000TraTUTEIbHOM (DAaOPUKOI B 1I€JIOM T10 BBIIIEY-
Ka3aHHOMY KaHaJy JOJKHBI CTPOUTHCS 110 peaKIIMy Ha
OTKJIOHEHUE XapaKTEePHMCTUK TOBApPHOTO KOHIIEHTpaTa
OT 3alaHHbIX. BriepBble BBHIMIOJIHEH aHAJIU3 IapaMe-
TPOB CIIEKTPOB AUCTIEPCUI CONEPKAHUST OOIIETO XKee-
3a B MICXOIHOM pyJe U KOHLEHTPATe U aMILUIMTYIHO-Ya-
CTOTHBIX XapaKTePUCTUK IO KaHay YIpaBaeHUsI, MO-
JIyYEHHBIX B IPOLIECCE MPOMBIIITIEHHON dKCILTyaTallui
pya0-000TaTUTENbHOU (PadpUKU.
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Purpose. To develop a new generalized 3D mathematic model for calculating temperature fields in the solid finite
cylinder with homogeneous layers in the form of the mathematical physics boundary problem for hyperbolic equa-
tions by the Dirichlet conditions (temperature on the cylinder surface is a continuous function of the coordinate axis),
and to solve the obtained boundary problem.

Methodology. Use of the known Laplace and Fourier integral transformations and application of the new integral
transformation to the space with homogeneous layers.

Findings. A nonstationary temperature field in the rotating double-layer solid finite cylinder in the cylindrical
coordinate system with taking into account finite velocity of the heat conduction was defined. Heat-transfer proper-
ties of the cylinder in either layer are constant at an ideal heat contact between the layers while no internal sources of
the heat are available. At the initial moment of time, the cylinder temperature is constant, and temperature on the
outside surface of the cylinder is known.

Originality. It is the first a mathematical 3D model for calculating temperature fields in the rotating double-layer
solid finite cylinder has been created in the form of the physicomathematical boundary problem for the heat conduc-
tion hyperbolic equations by the Dirichlet conditions and with taking into account finite velocity of the heat conduc-
tion. A new integral transformation was created for the space with homogeneous layers, with the help of which it be-
came possible to present a temperature field in the finite cylinder with homogeneous layers in the form of convergence
orthogonal series by Bessel and Fourier functions.

Practical value. The obtained analytical solution of the generalized boundary problem of heat exchange in the rotat-
ing double-layer cylinder, which takes into account the known time period of the heat-conduction relaxation, can be
used for detecting temperature fields, which occur in different technical systems (forming rolls, satellites, turbines, etc.).

Keywords: Dirichlet boundary value problem, integral transformation, relaxation time, double-layer finite cylinder

Introduction. Analysis of the recent research and pub-
lications. In the world, an essential part of the melt met-
al is subject to further processing in the rolling-mill

shops [1]. Engineering-and-economic performance of
the mill greatly depends on the roller life. Interdepen-
dence between the static and dynamic profiling methods
cannot ensure proper control of the section without
proper regulation of the roller heat state. The key task of
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the thermal-state control system is to reduce thermal
stress of the mills in the process of their operation and,
hence, to stabilize their heat profile, which is character-
ized by the “thermal convexity” along a length of the
body of roll and a width of the strip. Cooling of the mills
not only influences the heat profile but also is a stabiliz-
ing factor, which reduces the thermal stresses. The ther-
mal state of a locally heated rotating cylinder is needed
to be determined for calculating the rollers for the mills,
roller-beds for furnaces and continuous casting ma-
chines.

In this paper, a double -layer cylinder is presented as
a model of the forming roll under the action of the heat
flow. The heal flow is a consequence of interaction be-
tween the roller and metal strip heated up to 1200°.

In scientific literature, issues of heat exchange in the
rotating cylinders with taking into account finite velocity
of the heat conduction have not been studied fully yet
[2, 3]. As it is shown in [1], numerical methods are not
always effective for studying heat-exchange of cylinders
considering finite velocity of the heat conduction, if the
cylinders rotate at the high rates.

Thus, it is stated in [1] that conditions for reliable
calculations by the finite element method and finite
equation method for calculating nonstationary non-ax-
is-symmetrical temperature fields of the rotating cylin-
ders are described by the same characteristics and can
be expressed in the following way

AQ? Ap 2

where F is Fourier's criterion; Pd is Predvoditelev’s cri-
terion.

If Pd = 10° and consequently, corresponds to the an-
gular velocity o = 1.671 sec™' of rotation of metal cylin-
der with a radius of 100 mm, then variables Ap and AF;
should comply with the following conditions

-5, -10
Ap< 2107 AF, <2 1077,

For the uniformly cooled cylinder when Bi =5 (Bi is
Bio criterion) time period needed for temperature to
reach 90 % of stationary state is equal to F,= 0.025 [4].
It means that within this period of time at least 1.3 - 10%
operations should be fulfilled in order to reach the sta-
tionary temperature distribution.

Moreover, it would be necessary to make 3.14-10°
calculations within one cycle of computation as the in-
side state of the ring should be characterized by 3.14- 10
points. It is obvious that this number of calculations is
unrealistic.

Therefore, the known (Laplace and Fourier) and new
integral transformations are employed in this paper for
solving the boundary problem.

The problem statement. Let us consider calculation of
non-axis-symmetrical nonstationary temperature field of
the rotating solid double-layer cylinder with finite length
L and outside radius R in the cylindrical coordinate sys-
tem (r, @, z); the cylinder is heterogeneous along its ra-
dius, and calculation takes into account known time pe-
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riod of the heat-conduction relaxation. The cylinder
rotates with the angular velocity o around the axis OZ.
The heat-transfer properties of each of the layers are
constant on the assumption that heat contact between
the layers is ideal and if no internal sources of the heat
are available. At the initial moment of time, the cylinder
temperature is constant G, and temperature on the out-
side surface of the cylinder is known G(o,z).

Relative temperature G(p, 0,2,t ) of the cylinder can
be expressed in the following way

0,(p.0.z.1) if pe(py.p)
0(p,g,z,1)=1 ' LTSN
(pp.) {Gz(p,cp,z,t) if pe(p.p,) W

Relative temperatures 0 p,(p,z,t) of the s-th layer of
the cylinder is calculated by the formulas

T, (p.9.2.1) -G,

0, (p.92t) == G
max

>

where p:%; s=1,2.

Solving of the problem. In the [1], a generalized heat-
conduction equation is presented for the moving element
of a solid medium with taking into account finiteness of
the velocity and heat-conduction values. According to
the [1], a generalized equation for the energy balance of
a solid body, which rotates with the constant angular ve-
locity o around the axis OZ, and whose transfer proper-
ties are constant, and internal sources of the heat are not
available, can be written in the following way

oT  oT o*'r 8T
Y i—+to—+1, | —+0 =
¢ "1 o2 oot

ot o
B {62T 10T 1 8°T azT}
=A + + + ,

(@)

ar* ror opt o7’

where v is density of the medium; c is specific heat ca-
pacity; A is heat conductivity coefficient; T(p,0,z,?) is
temperature of the medium; ¢ is time; 7, is relaxation
time.

The mathematical physics boundary problem of de-
fining relative temperature 0,(p. o, z,t) for the cylinder
consists of integration of hyperbolic differential equa-
tions (2) of heat conduction into domains

D= {(P,(P,z,t) ‘p e(ps_i-py )> 9€(0,2m),

ze (O,l), te (O,oo)},

which are expressed as

e, 00, 0%, 8%0,
+1 +1.0 =
ot op a2 " ogot
%6, o0 o’0. %0
— SZ s 4 1 S 4 1 S 4 s | (3)
op* P Op  p* oy’ o7’
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with initial conditions

a0 _(p,0,2,0
0, (p,,2,0)=0; %ﬂ), 4)
with boundary conditions
0,(Lo.z.1) =V (¢:2); (5)
es(p,q),l,t)zo; es(p,(p,O,t)zo, 6)
with ideal heat contact
Ol(pl,(p,z,t)=92(p1,(P,Z,f); (7
a0, (p;,0,2, 00 9,2,
M ‘(pé(p“)=x2 2(2“’), ()
P P

and with two restrictions on the cylinder axis
e] (OJ(P7Z5I)<CD9 (9)

R
where p, :El; po = 0; p, = 1; R, is the radius of the
layer boundary; A, is the heat conductivity coefficient;
Y, is density; ¢, is specific heat capacity; a, =—"> is
cSyS

thermal diffusivity of the s™ layer of the cylinder;

2

2 _ as R . _i. — 5 .
as_Fas lsz,Z_L’X_(L] ,V((p,Z)€C<O,2TC)-
In this case, solution of the boundary problem (3—9)
0, (p,(p,z,t) is twice differentiated by p, ¢, z, 7 in
the domain D, and continuous D_ on the [4], i.e.
OS(p,(p,z,t)eCZ’I(DS)HC(ES), and functions (,7),
0, (p,(p, z,t) can be expressed by the Fourier complex

series [4]

0,(p.0.zt)| & fo,,(pot)]
- : 10
{ V(0.2) } Z{ Vo | o) 10

h=—00

where

{es,n (p,Z,t)} — 1 T{es <p’ (P,Z,t)} . CXD(_in(P)d(P 5

V@ | 2md| V(o)
0, (pzr) =00, (p.2.1)+ 162 (p.21);
v,@=r"(2)+ v (2),

where 7 is an imaginary unit.

In view of the fact that 0 ( p,(p,z,t) p is a real-valued
function, let us confine ourselves by considering only
0,, (p,z,t) for n = 0,1,2,..., because 6, (p,z,¢) and
OSrn gp,z,t) are complexly conjugate [4]. By putting val-
ues of functions from (10) into (3—9) we obtain the fol-
lowing system of differential equations

(i) 20(0) (m;)
POsn, glilgmr 4o P On o) Pn”
at n s,n r 6t2 r-n at
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2n() (i) 2n()
2| O 1B g0 T |
1gpr pap pr Y T |

=

with initial conditions

. 0"
00, (p,2,0)=0; —5’”(;’1’0) =0, (12
with boundary conditions
0 (Lz.t) =V (z); (13)

0, (p00)=0; 00 (pA1)=0. (14

with an ideal heat contact

0 (pr2.t) =05, (pn2.1): (15)
ae(l') 2t ae(i) 2t
A 1,'!(8’:)11 ): . 2,;1((;:)1Z ), (16)

and with two restrictions on the cylinder axis
61 (0,2,1) <0, (17)
where 9511) =—0n; Sfl =omm=2my,=1,i,s=1,2.

Let us employ the Fourier integral transformation
[5] for the system of differential equations (11)

where A, = - m; m = 1,2,..., and formula of inverse
transformation is expressed as

f(x):zism(n mox) F(k,). (8)

As a result, we receive the following system of dif-
ferential equations

g0 250 260

2/(0) )
_ d esl,n 1 desl, n’ A0 2 A1)
o 0., — 1,00 | (19)
dp*> p dp p* " ’

with initial conditions

. a0 (p,0
80 (p.0)=0; #:o, (20)
with boundary conditions
09 (L) =V, 1)

with an ideal heat contact
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6 000) =80, 1)

A

o Mok Mok Mok
o0 (P ,l‘) p| p :Yn Lpz ]n n p |-
=h, 2 (23) o, o a
op 2 op
. . . . . J Hn’k Y Mnxk .
and with two restrictions on the cylinder axis "Il Py |1y o P
2
01" (0.1) <oo. (24)

In order to solve the boundary equation (19—24) let
us make an integral transformation

(22) where

J,(x), Y,(x) are the Bessel functions of the 1* and 2™
types of the n'" order, correspondingly [4].

Eigenvalues of n,, , are defined by solving the tran-
scendental equations
p.
- F O\ M, B,
/ (“n,k):j Gltwsr) )Pf(p)dp= Moedn| —py | H|Ep,
a(p) o, a,
Po =c , (29)
2 P P ok Mok
k J | —= v
-y LACTON . ) £(p)dp (25) . [ o o
s=l1 px—l (xs
where where

Mok .
Q{ - p} a3 if pe(p.p,)
)

Hok
_Jn [ . Py
A,
Eigen functions Q,(n, »0) and eigenvalues p,, , can be
defined by solving the Sturm-Liouville problem

Mok “nk{ Mok ' Mok
n . H : = =Y > J'| 25 -
Q1(Ha’k P], 0‘12 if Pe(po’Pl) [ a, p] [ pz] ”{ o, pj
0y (1) (p) = 1 : J

Iy
o=22
x1
d> d 2 2 Formula of the inverse transformation can be writ-
Q2s+1 Qs_”_2+ “';kQS:o; (26)  tenas
dp> pPdp »p o ( )
= Qo(Hap) -
o f(p)=2 — = 7(
0,(0)<0; Q, " =0; (27)

where
1

F(e)s GO
= o (e
oo}l

2
' l'tnk
n u » (28) Woedn| =P
aQI[ nk le an( n,k plj ) ) plz | nzalz nk“ n o, 1
» aVRPY 22 o (wer)] - YR e i " *
1 ap 2 ap 1 Hn,kpl a]']n[ nk le
o}
1
where s =1, 2.
By solving the Sturm-Loviull problem (26—28), we
obtain
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By applying the integral transformation (25) to the
system of integral equations (19) and by taking into ac-
count (1) we obtain the following system of ordinary dif-
ferential equations

4o0 = 46 4280
—n gD g g
dt d dr*
= “n,ng,)k - ”i,k él(’li) _kan éfzi) , (3D
where

. 1 AN k o~
Qg)k =—0, “=p Vn(l)’
@y @y

with initial conditions

= 86fti)(l“ln,k ’t)

e L

Let us apply the Laplace integral transformation [5]
with conditions of (32) to the system of integral equa-
tions (31)

0

f(s):jf(r) e dr.

0

As a result we obtain a system of algebraic equations

relatively to the éff )

500 4 g (éfj"f) + rrséﬁm’)j+ e 00 =

~ (1) ~
},ln Qn =i
=l [— ’k -eyJ, (3)

wherei=1,2; ¢q,, = uik +X7hf,,-
By solving the system of equations (33) we obtain

QY (rrs2 +S+ Qp )+

0 _
en _un,k 5 2
(rrs +5+ Qg ) +

+(=1)" 0" (1451,

+o’n? (1 +57, )2

wherei=1, 2.

By applying the Laplace formulas of inverse trans-
formation [6] to the function we obtain the original
functions

651]) (t) = Zzlcn,k (sj ){Qﬂ,)k (Sj- ) . [(21:rsj + 1) + rrmnl] +
j=1

+f2(nz,)C (sj)-[trmn—(Ztrsj + 1)1}}(3/1 —1)+
4

+2Cn,k (Sj ){ﬁﬁ}{( (Sj )-[(2rrsj +1)—rrmn[} +

Jj=3
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0% (5 Lrome(253, )] e 1) 9
B()-3 a0 (o5 1) o]
a3 o) (o e
3t 5 OR 5255 1) spom1 -
-0 (o) [ 2n ) (e 1), 09

-1
0.5sj. Mk

~

where £  (s.)= , and values s;
n’k( j) (21rsj+1)2+(rr03n)2 /

forj=1, 2, 3, 4 are defined by formulas

(rrmni—l)i\/(l +r,0ni) —dt,q,,
f12 = 2t ;
,

(rrmm’ + 1) + \/(1 - 1:r(x)m')2 —4rrqn’k
S34= 2 :
B

By this way, and by taking into account the formulas
of inverse transformation (10, 18 and 30), we receive a
temperature field of the rotating solid double-layer finite
cylinder with taking into account the finite velocity of
the heat conductivity

0(p..2.1)= i {i<2i[§g)<,)+1 .5}9)(,)}(

n=-o | k=1 m=1

xsin(n-m-z) >M
oo (i)

where values 6,(11) (t) and 622) (t) are defined by the for-
mulas (34, 35).

With the view of calculating the temperature fields
0(p,0,z,7) by formula (36), new software was created in
the object-oriented programming language C#, which
was integrated into the development framework Micro-
soft Visual Studio 2010, and which can operate with any
operational system on the basis of the version Microsoft.
NET Framework or higher. In the numerical calcula-
tion s, sums of series were replaced by the partial sums
with the accuracy of 1074,

In order to test the mathematical model, the tem-
perature fields were calculated with the help of the cre-
ated software (37).

Temperature on the cylinder surface was given as

0(Lo.z.1)=0,(o)n(/, ~z)+
+0, (o) n(1-L~2)-n(4 ~2) |+

+®3(‘P)'[”(1_1)_"(1_12 _Z)]’
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where
®2((p)=2~rc_l ‘go-n(O,Sn—(p)+
+n(1,5n—(p —n(O,Sn—(p)+[1+2-n_l-n(l,Sn—(p)}x
x[n(Z-n—(p)—n(l,Sn—(p)];
0,(p) = ©5(9) = 0.03;
0(p,9.2,7) = 0(0,¢,1,1) = 0; py = 0; 0, = 0.75; /= 1;

1if z20

I =1 =0.25;n(z)={1 £ oes0
The following values are needed for calculating the
cylinder material properties:
A =348 W/(m'K); 1.= 10"''s; ¢, = 560 J/(kg'K);
¢, =1/(kg'K); v, = 7800 kg/m?; y, = 7820 kg/m’; 6 = 1.5.
Results of the numerical experiments are shown in
Figure in the form of temperature distribution curves at

2
the following parameters z = 0.5; Pd = 10(Pd =ﬂ ,

where F, = alt-R_2 . @

As it is seen in the Figure, the temperature field at
p<0.2, is axially symmetrical, and amplitude of the
temperature fluctuation becomes less with time.

Conclusions. The first mathematic model has been
created for calculating temperature fields in the rotating
solid double-layer finite cylinder, in the form of the
mathematical physics boundary problem for hyperbolic
equations by the Dirichlet conditions and with taking
into account the finite velocity of the heat conduction.

Fig. Distribution of temperature field in the cylinder at
different value of the Fourier criteria:
a—F():O.l,'b—F():O.l
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The new integral transformation was created for the
solid space with homogeneous layers, with the help of
which it became possible to present a temperature field
in the double-layer finite cylinder in the form of conver-
gence orthogonal series by Bessel and Fourier functions.

The obtained analytical solution of the generalized
boundary problem of heat exchange in the solid double-
layer finite cylinder, which takes into account the value
finiteness of the heat conduction velocity, can be used for
calculating temperature fields, which occur in different
technical systems (forming rolls, satellites, turbines, etc.).
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Merta. [ToOGynoBa HOBOI y3araibHEHO1 MPOCTOPOBOI
MaTeMaTUYHOI MOJIEJTi PO3paxyHKy TeMITEpaTypHUX MO-
JIiB y CYLIJIbHOMY, TBOCKJIaJIOBOMY CKiHYEHHOMY 1IM-
JIHAPi y BUIJISIAI KpaitoBoi 3agavi MaTeMaTUYHOI (hi3n-
KM [JIsl TinepOOoJIiYHUX PiBHSIHb TEIUIONPOBIAHOCTI 3
yMmoBamu Jlipixiie (Ha moBepXxHi HMIiHApa TeMIlepaTypa
€ HeTlepepBHOIO (PYHKIIEIO Bill KOOPAWHAT) i 3HAXO-
JCKEHHSI PO3B’ 13Ky OTPUMAaHOI KpalioBoOi 3a1ad4i.

Metoauka. BukopuctaHHSI BiTOMUX iHTETPaTbHUX
repeTBopeHb Jlamraca, dyp’e, a TAKOXK po3pOOIECHOTO
HOBOTO iHTETpaJibHOTO MEPETBOPEHHS ST KYCKOBO-
OIHOPIAHOTO MTPOCTOPY.

PesyabraTtu. 3HaiineHo HecTallioHapHe TeMITepaTyp-
He 1oJie B CYLJIbHOMY JIBOIIAPOBOMY CKIHUEHHOMY 111~
JIHIPI, 10 00epTAETHCS, Y UWIIHAPUYHIN CUCTEMI KO-
OpAMHAT, 3 YpaxyBaHHSIM KiHLIEBOI IIIBUIKOCTI TMOIIK-
peHHs Teria. TernodiduuHi BJIACTUBOCTI LIUJIIHIAPI B
KOXXHOMY IlIapi € CTaJi 3a ieaJbHOro TeTUIOBOTO KOH-
TaKTy MiX IIapaMM, a BHYTpIlLIHi JpKepesia TerJia BiacyT-
Hi. ¥ moyaTKkoBUif MOMEHT yacy TeMrepaTypa LuIiHapa
€ CcTajla, a Ha 30BHIllLIHII MMOBEepXHi LMIiHApa TeMIlepa-
Typa Bizoma.

HaykoBa HOBH3HA. YTIepIle TOOyI0oBaHa IIPOCTOPO-
Ba MaTeMaTWIHA MOJCNIb PO3PaXyHKY TeMIIepaTypHUX
TOJTiB y ABOILIIAPOBOMY CKiHUEHHOMY LIVJTIHAPI, IO 00ep-
TAEThCS, 3 ypaXyBaHHSIM KiHIEBOI IIBUAKOCTI MOIIN-
DPEHHs Terula, y BUIJIsOI KpalloBOi 3agadyi MaTeMaTHy-
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HOI (i3uKu 1181 TinepOOoJIiYHUX PiBHSIHb TEIUIOTIPOBI -
HOCTI i3 rpaHnyHUMU yMoBamMu ipixie. ¥ po6oTi no-
OynoBaHe iHTerpajibHe epeTBOPEHHS 1151 KyCKOBO-O/I-
HOPIZHOIO MPOCTOPY, i3 3aCTOCYBaHHSIM SIKOTO 3Halie-
HO TeMIIepaTypHe I0JIe IBOIIAPOBOrO CKiHUYEHHOTI'O 1M~
JIIHApa y BUIIISIAL 301KHUX psiaiB 3a pyHKLIiIMU becce-
s it Dyp’e.

IIpakTiyna 3HAYMMICTb. 3HaliIeHe aHATIITUYHE PillleH-
HS1 y3arajJbHEHOI KpaioBoi 3amayi TeriooOMiHy ABO-
11apOBOTO LIUJIiHIpA, 1110 O0EPTAETHCS, 3 YpaxyBaHHSIM
BiJOMOT0 Yacy pejakcallii MOLIMPEHHS Teria, MOXe 3a-
CTOCOBYBATHCS TIPU 3HAXOKCHHI ITOJIIB TeMIIepaTypH,
SIKi BUHUKAIOTh y 0aratboxX TeXHIYHUX cucTemMax (y mpo-
KaTHUX BaJIKax, CYITyTHUKAX, TypOiHaX i T. i.).

Kmiouosi ciioBa: kpaiiosa 3adaua Hipixne, inmeepans-
He nepemeopenHts, uac peaakcauii, 080ulaposuil CKiH4eH-
HUL YUNIHOD

ens. [TocTpoeHne HOBOIT 0OOOIIIEHHOM MPOCTPaH-
CTBEHHOM MaTeMaTUYe€CKOU MOJEIM pacueTa TeMrepa-
TYPHBIX M0JIe}l B CIUIOIIHOM, ABYXCJIOMHOM KOHEYHOM
LHUWJIWHAPE B BUIE KpaeBOW 3agauyld MaTeMaTU4yecKoit
(u3uKY 1151 TUNepooIMYECKUX YpaBHEHUH TETI0IpO-
BOIHOCTH C ycIoBUsIMHA JInpuxite (Ha TOBEPXHOCTH LI -
JIMHApA TeMIlepaTypa ecTh HelpephIBHAS (DYHKIUS OT
KOOPIMHAT) ¥ HAXOXKICHUSI peIIeHNH TTOJTyIeHHOM Kpa-
€BOW 3aa4u.

Mertoauka. [IpyuMeHeHre U3BECTHBIX MHTErpaJIbHbIX
npeobpaszoBanuit Jlamtaca, ypee, a TakKe pa3pabo-
TaHHOT'O HOBOTO MHTErPaJIbHOTO IIPeodpa3oBaHus s
KYCOYHO-OTHOPOAHOIO ITPOCTPAHCTBA.

PesyabraTbl. HaiineHo HecTalimoHapHOe TeMIlepa-
TYPHOE MOJI€ B CIJIOLLIHOM, IBYXCJIOMHOM KOHEUYHOM LI~
JIMHJpe, KOTOPBII BpalllaeTcs, B IMJIMHAPUIECKON Cr-
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cTeMe KOOpAMHAT, C YIeTOM KOHEYHOI CKOPOCTH pac-
MpoCTpaHeHUS Terria. Termopr3nuecKe CBOMCTBA -
JIMHApPA B KaXIOM CJI0€ ITOCTOSTHHBIC IIPH MIEaTbHOM
TEIJIOBOM KOHTAKTe MEXIY CJIOSIMU, & BHYTPEHHUE UC-
TOYHMKH TETUIa OTCYTCTBYIOT. B HauaIbHBIN MOMEHT Bpe-
MEHM TemriepaTypa LIMJIMHIPA SIBJISIETCs MTOCTOSIHHOM, a
Ha BHEUIHEW MOBEpXHOCTU LIWJIMHAPA TeMIlepaTypa 13-
BECTHa.

Hayuynas HoBu3Ha. BriepBbie rocTpoeHa NpocTpaH-
CTBEHHAas MaTeMaTU4yeckasi MOJeIb pacyeTa TeMrepa-
TYPHBIX MTOJIEN B ABYXCJIOMHOM KOHEUHOM BpAaILIAIOLIEM-
¢S MWIMHIPE, C YIETOM KOHEYHOM CKOPOCTU PacIpo-
CTpaHEHUs TeIlla, B BUIE KPacBOM 3amauyd MaTeMaTH-
YECKOM (DU3MKM 1T TUTIepOOTMISCKIX YPaBHEHUI Te-
IJIOITPOBOIHOCTH C TPAHUYHBIMU YCIOBUSIMHU Jlupuxite.
B pabote mocTpoeHO MHTErpasbHOE Mpeodpa3oBaHue
IJISI KYCOYHO-OIHOPOIHOTO MPOCTPAHCTBA, C MpPUMe-
HEHHMEM KOTOPOrO HAWMIEHO TEMIIEPATYpHOE II0JIE BYX-
CJIOMHOTO KOHEYHOIO LUJIMHIPA B BUOE CXOASIIUXCS
psanoB no dhyHkusam beccenst u @ypbe.

IIpakTuyeckas 3HauumocTb. HaiineHHoe aHanuTHU-
YECKOe pellieHrue 0000IIEeHHON KpaeBoi 3a1auu TeII0-
0o0MeHa JBYXCJIOWHOIO BpallAIOIIerocs LUIWHIPA, C
YYETOM M3BECTHOT'O BPEMEHHM PEJIaKCALIMU PACTIPOCTpa-
HEHMS TeIlIa, MOXET HATH TIPUMEHEHNE TP OIIpeie-
JICHUU TIOJIeil TeMITepaTyphl, KOTOPbIe BOZHMKAIOT BO
MHOTHX TeXHUYECKUX CUCTEeMaXx (B IIPOKATHBIX BaJIKax,
CIIyTHUKAX, TYpOMHAX U T. [I.).

KimoueBsie cioBa: kpaesas 3adaua upuxne, unme-
2panbHoe npeodpaszosanue, epemMs peiaxkcauuu, 08yxcaoi-
HbLIL KOHeYHbLI YUAUHOD
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