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BUKOPUCTAHHA METOAY PO3AVIEHHA 3MIHHUX (®YP’€) IS
PO3B’SI3YBAHHSA TPAHUYHUX 3AJIAY HECTALIIOHAPHOI
TEIVIONPOBITHOCTI Y BATATOIIAPOBUX CEPEJOBHIIIAX

Posenanymi numanus necmayionapnoi menionpogionocmi y 6a2amouaposux
00’exmax.  3anpononosanuti  po38’A30K  epAHUYHOI  OOHOPIOHOI  3adaui 3
HeCMayioOHapHUMU  SPAHUYHUMU YMOBAMU MPemvbo20 pooy. Y ocnosy po3e’s3Ky
noknaoeni: memoo po3odiieHHs sminHux @yp’e 3a enacHuMu QYyHKYiAMU 3a0ayi ma
inmezpan [froamens. 3anpononosana opmyna poss sa3Ky Mae sA6Huil 6ud i 3a80IKu
PeKypeHmHiu opmi 3anucy OCHOBHUX CRIiBBIOHOUIEHb MOdce OYmuU KOPUCHOIO RpU
YUCENbHUX PO3PAXYHKAX.

Knmouosi cnosa: epanuuna 3adaua; pieHauHA menaonpogionocmi Dyp’e;
bazamowiaposuti 00’exm, HeCMAYioOHAPHI SPAHUYHI YMOBU MPEmbo20 POo).

IMocTaHoBKka mpodaeMH. AHTHKOPO3iiHE TOKPUTTS TPYyO, OCITaHHSA COJCH
JKOPCTKOCTI Ha CTiHKaX TpyO B CHCTEMax rapsdoro BOJOIIOCTA4YaHHS, OITaJeHHS,
XOJIOIOTIOCTAYaHHS, 3Mi€BUKAX 3apsIKHA Ta PO3PSIKK TEIUNIOBUX aKyMyisTopis [1-3],
3Mi€BHKaxX TEIUIOOOMIHHMX amapaTiB [4] Ta OararomapoBa KOHCTPYKIIiS
METAJIOIUIACTUKOBUX TPYO AJIsl CUCTEMH ONAJEHHS Ta «TEIUIOl INJUIOTH»  SIBIISIE
CO0OI0 TOJATKOBHI TEIUIOBHI OMip AN Mepeiavi Tella Bif TEIUIOHOCIsS B
HABKONUINHIA mpoctip. lleld omip HEOOXiZHO BpPaxXOBYBaTH IPH PO3paxyHKax
TEIUIOBIAIaYi 3 IOBEPXHI TPYOH, K JJIS MiABUIICHHS ¢(EKTHBHOCTI TETIOOOMIHHHUX
amapaTiB, Tak 1 JUIs PO3PaxyHKy HENPOJYKTHBHHX TEIUIOBTPAT B HAaBKOJMIIHE
CEepEIOBHIIE BiJl MariCTpaJbHUX TPYOOIIPOBOIIB Ta CTOSIKIB IHKEHEPHUX CHCTEM.

AKTyaJabHicTh AochailkeHHs. B mporeci mpoektyBaHHS mnepen (axiBIsMu
MOCTa€ MUTAHHSA, K 3MEHIIUTH a00 301IbIIUTH TeIUIoBiAnady 1 M craneBoi TpyOwH.
Jns 30inbLIeHHs MOTpiOHO 3MIHUTH iH(padyepBOHE BHUIPOMIHIOBAHHS B OLIBIIY
cTopoHy. PoOuthcs me 3a mgomomorow (apbu. UYepBoHHIT KOdip MiABHUILYE
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teroBignavy. Kpame, skmo ¢apba matoBa. IHmmit miaxix - BCTaHOBUTH pedpa.
Bonu MoHTyeThest 30BHI. Lle mM03BOMUTH 30UMBIINTH TUIONLY TEIJIOBinmadi. A s
CUCTeMHU «Temia migmoray abo 3MilOBHKa, 3aHYPEeHOTO B TBEpPAY Cepery
(HampuWKiIang, IPYHTOBHH  KOJIGKTOP  TEIUIOBOTO  Hacocy abo  3MiHOBHK
3apsIKU/PO3PAIKH  TEIUIOBOTO aKyMyJsiTopa 3 TBEPAUM TEIUIOAKYMYIIIOIOUYUM
MaTepiajgoM), HEOOXiTHO MPaBHIBHO poO3paxyBaTH TEILIOBimmIady 1 M TpyOw, miood
3a0e3meynTH HarpiB a00 0X0JIODKEHHS i€l TpyOu 10 MOTpiOHKX mapameTpiB. Y SKHAX
K€ BHIAagKax TNOTpiOHO mapamerp 3MeHmMHUTH? HeoOXiAHICTP BHHHKAE TIpH
ONTHMi3alii IUISHKH TPYOOIPOBOAY, PO3TAIIOBAHOIO 1033 >KUTIOBOIO 30HOIO, B
HeomnanmoBaHoMy o0'emi. Toxi (haxiBLi pPEKOMEHAYIOTh YTEIUIUTH JUISHKY -
130JTF0BaTH HOTO BiJl 30BHIIIHBOTO CEPEIOBHUIIIA.

AHaJi3 ocTaHHIX aocaikenb i my6Jaikamiii. 3rigHo 3 nanumu M. Sko6a [5],
dbopMynmu  Temionepenadi TEIUIONPOBITHICTIO Yepe3 TUIOCKI CTIHKKM YacTo 3
JIOCTAaTHHOIO TOYHICTIO MOXYTh OYTH 3aCTOCOBaHI TaKOX 1 I IWTIHIPHIHUX
CTIHOK, SIKIIIO TEIUIOIEPEIalouy ITOBEPXHIO B3STH IO cepenHiil ToBmuHi. Ipn mpomy
BEJMKA KINBKICTh MNPAKTUYHUX 3aBJAHb PO3PAXyHKY TEMIICPATYPHHUX TMOIIB Yy
OaraTomapoBux 00’€KTax MOXYTh PO3PaxOBYBAaTHCh SIK OJHOBHMIpHI [6]. ABTop [7]
3allPOTNIOHYBAB  AHAJITUYHUI PpO3B’A30K ONHOPIAHOI 3amadyi HeCTaliOHApHOL
TEIUTONPOBIIHOCTI y OaraTomiapoBux 00’€KTaxX 3a CTalllOHAPHUX TPAHHYHUX YMOB
TPETHOTO POIY.

®opMmyJ0oBaHHA 1ijeli cTaTTi. BuBecTH aHamiTHYHMIA PO3B’SI30K OJIHOPITHOT
3a7adi  HECTaliOHApHOI TEIUIONMPOBIMHOCTI y OaraTomapoBHX O00’€KTax 3a
HecTaliOHApHUX TPAHMYHUX YMOB TPETHOTO POJIY.

Buknax ocHoBHOro Matepiaay. OcoOnuBOCTI NpOTIKaHHS IIpolecy Ha
TPaHHLAX CTIHKA TPH TEIUIONepeadyi BU3HAYAKOTHCSA TIPaHMYHHUMH YMOBaMH
TPETBOTO POIy, IIO XapaKTCPH3YIOThCS TEMIIEPATypaMH CEpPENOBHIN IO OOWABI
CTOPOHU CTIHKH, a TaKOX BiAMOBIIHMMHU KoedimieHTamu TerwioBimaadi [8]. Hrokde
HaBeIEeHWH pO3B’SI30K OTHOPITHOI 3aJadi HECTAI[IOHAPHOI TEIUIONPOBITHOCTI Yy
GararomapoBrux 00’€KTaxX 3a HECTAlliOHAPHUX T'PAHUYHUX YMOB TPETHOTO POAY, IUIS
IpuKIaxy Bubpana GaraTomaposa Tpy6Oa (puc.l.).

VY 3araspHOMY BHINAJKy MaTeMaTH4Ha IIOCTAaHOBKAa OJHOBHMIpHOI 3ajadi
TEIUIONPOBIAHOCTI Uil OaraTomiapoBHX OO0 €KTiB BHU3HAYAETHCS  HACTYITHOIO
CHUCTEMOIO OJTHOBUMIPHHX PiBHSHB [9]:

oL (r,t)

2
a,-»"T(r,1),x,
or e T

i-1

<r<x,i=12,..,n (1)

ne, Ti(r,t), @ - BIONOBIAHO TeMmepaTypHe Toie Ta KoedilieHTH

i

TeMIEPaTyPOIIPOBIAHOCTI 1-TO MPOIIAPKY; Xo, Xn - BIAMOBIIHO KOOPAUHATH HIKHBOL
Y Y5 Xo,
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Ta BEpXHBOI I'€OMETPHYHOI (BiIBHOI) MOBepxHI 00’ekTy (mpm n=1 — mpomapkis
YChOTO /IBA).

LUy

Puc.1. Po3paxyHkoBa Mozieb 6araTomapoBoro 00’ exTy.

I'pannyHi yMOBM Ha BUIBHHX MOBEPXHSAX I' = Xo, I' = Xpn, BH3HAYAEMO SIK
HecTalioHapHi TPAHUYHI YMOBH TPETHOTO poay. Y TaKOMY BHUINAJIKY 3aIHIIEMO:

)

{T](r,z)+h,. aTl(r”)}

or
I'paHr4Hi YMOBH CIPSKEHHS TEMIIEPATYPHUX IIOJIB Ta TEILIOBUX IIOTOKIB Ha
IPAHMIIX PO3ALIY IPOIIAPKIB, y 3arajJbHOMY BHIi, BU3HAYAIOTHCS HECTAHIAPTHUMHU

BHUpasaMu:
r=k; 7|:ﬂ’x ' aT;(r’t) = ﬂ'H—I
' or

o=, (f){n(r,z) +h, M}
' or

v, = P (0).

[];(r7t) = T;'-H (r’t)]

i=1,2..,n-1,
e, A,- TeIUIONPOBIHICTD i-r'0 MPOLIAPKY.

—x;
i

s

.67;+](r7t):“ (3)
or '

[TowyaTkoBHMiA PO3MOLT TEMIIEpaTypPHUX IOJIB y KOKHOMY HPOIIAPKY Ma€ BU:

T.(r,0)= f,(r),i=12,...,n. (4)
SIKmmo mogaTy IryKaHUit po3B’SA30K 3a4a4i Y BUIVIAL CyMU:
T(r,t) = fi(r) +v,(r,0), (5)

Toni 3amaua 3BOAUTHCS 1O BU3HAYEHHS (QYHKUIH v,(r,f), SKi € pO3B’S3aHHIM
3a71aui 3 HYJIbOBMMH IOYaTKOBUMH yMOBAaMH v,(r,0)=0, i 3aJI0BOJIbHAIOTh PiBHAHHS

1-0G).
Po3B’s130K 3a/1a4i 3 HEOAHOPITHUMHU TPAHUYHIMHI YMOBAMH, 3aJICKHUTbH Bifl
qacy, v,(r,t),Moxe OyTu BU3HaueHui inTerpanom Hroamens [10, 11]:

v,(r,t) = ig{\}i (r,z.t—1)}ot, mpu >0, (6)

ae v,(r,7,f)- pO3B’A30K 3aj1a4i IPY YMOBI 110 7 € TAPaMETPOM.
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V BiNOBIAHOCTI 13 OTPUMAHUM HAMU PO3B’SI3aHHAM QYHKUII v,(r,f) MAIOTh

BU:
S 2 ! 2 - 2 (7)
v 0= =t [ C(0)-explu, a-)dr V- F (1) exp(—p,, -0 -0)
m=0 0

ne, £, (u,, r)- BIacHi GyHkuii 3anayi.

(1) —.{sz}[x(u,,m By Vit D) =12, ®)
K )+ G x) ©)
Y () By Y ()
{ﬂv. . Yl/(lui,m %) - Y]/(ﬂi—l,m X))+ B V(%) (10)
_ ‘ Y (- Xi0) Y Wi %)+ B Yy (M %) . Yt Xi0) }
" {i. . Yz/(/l,',m “Xi) _1 . Yl/(/“li—l,m )+ B, V(%) {Yz(ﬂi,m Xi)
‘ Yy (W Xit) - Y (g %)+ By Yy (B Xiy)
i=12,..,n

Z =17 = B G )+ By Yo B %) ,i=12,..,n an

K (/u[,m X))+ B[,nl R (lu[,m “Xi)
1€, 4, =M, .4, /a4, , - BIaCHI YMCIIa 3a]jadi, AKi BU3HAYAIOThCS 3TiTHO PIBHAHHS:

Y, (fh, %)+ Y (4, -x,)+ B, Y1, - x,)+ Y (n,,, - x,) }=0 (12)
m=12,...,
n ﬂ’ X; . n . (13)
CO=| X2 Ly (ne) GO) B, ) /{Zlf }

v () =00 +[a,(0)- 0,0 - (@] £+ B @) ], (14)

Ao =00+ 1€ (5] =0 A0 =[x+ A ] -6 (15)
i=2,3,..,n,

G =2 : 1 : i=12,..n, (16)

A e+ B+ B+ & (x) )
(17)

2] 60 B,

TakuMm 9uHOM, po3B’s130K cucteMH (1) - (4) 0THOYACHO BU3HAYAETHCS
Bupaszamu (5) - (17). Baroa bynxuis G(r) ta dyHkuii £(r), Y, (x4, -r)1a Y,(1,-1) y
PI3HUX CHCTeMaX KOOPJMHAT BU3HAYAIOTHCS HABEICHUMH HIDK4YE Brpasamu (18) -
(20).

Barosa ¢ynkiis G(r), a Takoxk BUI QyHKIIH £(r), Y, (1, -7)Ta Y, (1, 1)y
JIeKapToBiil (IPSIMOKYTHii) cucTeMi KOOpANHAT:

G(r)=L&(r) =r, Y (g - r)=sin(u, - r), Y, (4, - r) = cos(4; - 1) (18)
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ne, (mTpux 0TI KOHKpeTHOI (DYHKIIT O3HAYA€E OTHOKpAaTHE TU(PEPCHIIIOBAHHS IO
apryMeHTy i€l QyHKIIiT)
Barosa ¢ynxuis G(r), a Takox BUI GYHKUIT E(r), Y, (1, -r)Ta Y,(u, -7)y

cepuuHiil cucTeMi KOOPAUHAT:

G) =7 ) = Y a1 -Sinat ), Taat 1) = -0t ) (19

Barosa ¢yuxuis G(r), a Takox BuA GyHKUIT E(r), Y, (4, -r)Ta Y, (g, 1)y

HWTHIPUYHIN CUCTeM] KOOpAMHAT:
G(r)=r,&(r)=hrY, (g =1 ( 1), Yo (4 1) = No(gg 1) (20)

ae, 1,(z)- dyHkuis beccens apryMeHTy z Hy/IbOBOTO IOPSIKY, N,(z)- QyHKuis
HeiimaHa apryMeHTy z HyJIbOBOTO MOPSIIIKY.

BucHoBok: 3a 10ITOMOTOI0 METOAY PO3AUICHHS 3MiHHUX Dyp’e 3a BIIACHUMH
¢yHKIiAME 3amadgi Ta iHTerpamy /[lroamens BHKOHAaHO pO3B’S30K T'PaHUYHOI
OITHOPIAHOT 3a/1a4i 3 HECTAIIOHAPHUMH TPAHUYHUMH YMOBAMH TPETHOTO POAY, IO

JONIOMOXE B PpO3paxyHKax Temjomepenadi 0araTomrapoBoro 00 €KTy. IIpu
YHCEJbHUX pO3paXyHKaX, MOYKHa BHKODHCTOBYBATH 3allpOIIOHOBaHY (opmyiry
PO3B’SI3KY, OCKIJIBbKH BOHa Ma€ pEKypeHTHYy (OpMy 3ammucy OCHOBHHX
CITIBBiTHOIIIEHb.
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HarmmonansHBINH YHUBEPCUTET OHOPECYPCOB U MIPUPOAOIIONE30BaHNS Y KDAUHBL,
noueHt Yepennuuenxo I1.I1., Mocksutuna A.C.,

KueBckuii HallMOHAJIBHBIM YHUBEPCUTET CTPOUTENBCTBA U APXUTEKTYPBI

HCIIOJIb3OBAHUE METOJA PA3JEJIEHUSA IIEPEMEHHBIX (®YPBE)
JIJISAA PEIHEHUS TPAHUYHBIX 3AJIAY HECTAIIMOHAPHOM
TEINJIOMPOBOJHOCTH B MHOT'OCJIOMHOM CPEJIE.

AHTHKOPPO3UITHOE IMOKPHITHE TPyO, OCaIKM CONEH J>KECTKOCTH Ha CTEHKax
TpyO B CHCTEMax TOPSYEro BOJOCHAOXKEHMS, OTOIUICHHS, XOJIOJOCHAOXKEHUS,
3MeeBUKaX 3apiagKd M paspAgKd  TEIUIOBBIX  aKKyMYyJATOPOB, 3MEEBHKAX
TEIUIOOOMEHHBIX aNapaToB M MHOTOCJIOWHAs KOHCTPYKIMS METaJUIOIUIACTUKOBBIX
TpyO U1 CHCTEMBI OTOIUIEHHS M «TEIUIOTO II0Ja» TIpeJCTaBisieT co0oi
JOMOTHHATENBHOE TEMJIOBOE CONPOTUBIIECHHE A MEPENadn TEIUIa OT TEMIOHOCUTENS
B OKPY’KaIOIIyI0 CpeLy. DTO CONPOTHBICHHE HEOOXOIMMO yIUTHIBATh IPH pacdeTax
TETIOOTAAYN C TIOBEPXHOCTH TPYOBI, Kak Ui MOBBIMEHHS 3(PPEKTUBHOCTH
TETIO0OMEHHBIX aNMapaToB, TaK U I pacdyeTa HEMPOU3BOAUTEIBHBIX MTOTEPh TEIIa
B OKPYXAIOILIYIO CPefy OT MarucTpaidbHBIX TPyOOIPOBOJOB U CTOSIKOB HHKEHEPHBIX
cucteM. PaHee ObUIO NIPEIUIOKEHO AHAIMTHYECKOE pELIeHHE OJXHOPOJHOH 3ajauu
HECTalMOHAPHOW  TEIUIONPOBOJHOCTH B~ MHOTOCIOMHBIX ~ 00BEKTax €O
CTallMOHAPHBIMM TPAHHYHBIMU YCIOBHUSMH TPEThEro pona. B naHHON craThe
paccMOTpEHBI BONPOCH HECTAlMOHAPHOW TETIONPOBOAHOCTH B MHOTOCIOHHBIX
oopekrax. IlpemmokeHo  pemieHMe  TpaHUYHOH  OJHOPONHON  3amadd ¢
HECTAI[HOHAPHBIMHU TPAHUYHBIMU YCIOBUSMH TPEThEro poja. B OCHOBY permieHHs
TMIOJIOKEHBI: METOJ pasjeieHus nepeMeHHbIX Dypbe 1Mo coOCTBEHHBIM (YHKUHUSIM
3agaun u uHTerpan Jdroamens. [Ipennoxennas GpopMyna pemeHnss UMeeT SBHBIH BU
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n Omaromapst peKyppeHTHOH (opMe 3alHMCH OCHOBHBIX COOTHOIICHHH MOXKET OBITH
ITOJIE3HOH TP MHOTOUYHCIICHHBIX pacdeTax.

KitoueBsle cioBa: mpeenbHas 3afada; ypaBHEHUS TEIIONPOBOAHOCTH Dyphe;
MHOTOCJIOWHBIN 00BEKT; HECTAIIMOHAPHBIE TPAHUYHBIE YCIIOBHS TPETHETO poja.

PhD, associate professor Chovniuk Yuriy,

National University of Life and Environmental Sciences of Ukraine,
Associate Professor Cherednichenko Petro, Assistant Moskvitina Anna,
Kyiv National University of Construction and Architecture

THE USE OF THE METHOD OF SEPARATION OF VARIABLES
(FOURIER) FOR SOLVING BOUNDARY PROBLEMS OF UNSTATIONARY
HEAT CONDUCTIVITY IN A MULTILAYER MEDIUM

Anticorrosive coating of pipes, precipitation of hardness salts on the walls of
pipes in hot water supply systems, heating, refrigeration systems, in coils for charging
and discharging heat accumulators, coils of heat exchangers and a multilayer
structure of metal-plastic pipes for the heating system and for the floor heating
systems is an additional thermal resistance for the transfer of heat from the coolant to
the environment. This resistance must be taken into account when calculating heat
transfer from the pipe surface, both to increase the efficiency of heat exchangers and
to calculate unproductive heat losses to the environment from main pipelines and
risers of engineering systems. During the design process, the specialists are faced
with the question of how to reduce or increase the heat transfer of 1 m of a steel pipe.
To increase, you need to change the infrared radiation up. This is done with paint.
Red color enhances heat dissipation. It is better if the paint is matte. Another
approach is to install ribs. They are mounted externally. This will increase the heat
transfer area. And for a "warm floor" system or a coil immersed in a solid medium
(for example, a ground collector of a heat pump or a coil for charging / discharging a
heat accumulator with a solid heat storage material), it is necessary to correctly
calculate the heat transfer of 1 m of the pipe in order to ensure heating or cooling of
this pipe to the required parameters. When do you need to decrease the parameter?
The need arises when optimizing a section of the pipeline located outside the
residential area, in an unheated volume. Then experts recommend insulating the site -
isolating it from the external environment. According to M. Jacob's data, the formulas
for heat transfer by thermal conductivity through flat walls can often be applied with
sufficient accuracy for cylindrical walls, if the heat transfer surface is taken along the
average thickness. Moreover, a large number of practical problems of calculating
temperature fields in multilayer objects can be calculated as one-dimensional.
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Previously, an analytical solution to the homogeneous problem of non-stationary heat
conduction in multilayer objects with stationary boundary conditions of the third kind
was proposed. This article discusses the issues of unsteady heat conduction in
multilayer objects. A solution to the homogeneous boundary problem with
nonstationary boundary conditions of the third kind is proposed. The solution is based
on the Fourier variable separation method by the eigenfunctions of the problem and
the Duhamel integral. The proposed solution formula has an explicit form and, due to
the recurrent form of writing the basic relations, can be useful in numerous
calculations.

Key words: boundary value problem; the Fourier heat equation; multi-object;
unsteady boundary conditions of the third kind.
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