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Anomayia—3anponoHOBaHO Ta  OOIPYHTOBAHO  CXeMy
JOOCTIIZKEHHSI PO3MOIiIY HECTALIOHAPHOT0 TEMIIEPATYPHOI0 MOJIsI
10 TOBINMHI 0araTomapoBoi NJI0CK0i KOHCTPYKIUII 3 MOXK/INBICTIO
pyiiHyBaHHsI J0BiTbHOr0 mapy KoHCTpykmii. B ocHoBi ganoi
cXeMH TOKJIAAeHO NPSIMUI MeTo JOCTiIKeHHsl KpaiioBUX 3a1a4
TeMJIONPOBIIHOCTI 3 KyCKOBO-HelepepBHUMH KoedinieHTamu Ta
CTAlliOHAPHOK HEOXHOPIAHICTIO.
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Abstract—A scheme for research and proved unsteady
temperature field distribution on the thickness of the flat
multilayer structures with the possibility of random destruction
layer construction. At the heart of the scheme put direct method
of investigating boundary value problems of heat conduction
with  piecewise continuous coefficients and stationary
heterogeneity.
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I. BcTyn

MopnentoBaHHs IpolLecy IOLIMPEHHS HECTAL[IOHApPHOTO
TEMIIEPaTYPHOTO TOJIs O TOBIIMHI OaraTomapoBUX IUIOCKHX
KOHCTPYKIIH, y TMOXEXHIH CIpaBi, 9acTO BHKOPHCTOBYIOTH

JUIS  BCTAHOBJICHHS MEXI BOTHECTIHKOCTI  OyJiBENbHUX
KoHCTpykmii. Ha  ocHOBI  HaTypHHX  BUNpOOyBaHB
JOCHI/DKEHO, [0  MeXa  BOTHECTIMKOCTI  IIapyBaThX
KOHCTPYKILIH 3a IpaHUYHUM CTaHOM BTpaTH

TEIUIOI30JIIOBAJILHOT  3/IaTHOCTI pIBHA 1 BHUILE CyMi MexX
BOTHECTIMKOCTI OKpemux 1i enementiB [1]. 36inbrreHHs
KIJIBKOCTI  IIApiB  KOHCTPYKLII He 3MeHInye 11 Mexi
BOTHECTIHKOCTI 3a TPaHUIHUM CTaHOM BTpaTH
TEIUIOI30I0BAIbHOT  37aTHOCTI. A Km0 OararoriapoBa
KOHCTpYI(LIiﬂ CKJIaJIA€ThCs 3 mapy (abo rpymnu mapiB), sKi Hixg
qac HanlBaHHH pyinytotbea? IlpukinanoMm 1nporo Moxe OyTH
map MiHOIJIACTY, SKHH IOCHTh YacTO BHKOPHCTOBYETHCS Y
OyniBHMLTBI B SIKOCTI yTemmoBada, ame MpH  LBOMY
pYHHYETBCS TIpH TemIiepatypi Ommsbkiit mo 100 oC,

OCKIIbKM HaTypHI BUIPOOYBaHHS 3aiiMaloTh Oarato yacy
Ta (piHAHCOBMX BHUTpAT, ABTOPH BBAXAKOTh, LIO CHOTOAHI

AQHAJTITUYHI  PO3paxyHKH MeXi BOTHECTIMKOCTI  OUIbII
MIPaKTHUYHI.

Jnst  [mOCSATHEHHS  JTaHOTO — pe3ysibTaTy — HeoOXiTHO
BUpINIYBaTH  TOCHIJIOBHICTH  3aJad  OPO  PO3MOJIII

HECTAIlIOHAPHOTO TEMIIEPATYPHOrO MOJs y 0araTomapoBUX
IUIOCKUX KOHCTPYKI[SIX 31 3MEHIICHHSIM KIUJTbKOCTI IIapiB.
Takuit migxin (akTHYHO SBISIE CO0OI0 MOAW(IKOBaHHNA Ta
aBTOMATH30BaHUI METOJ BIaCHUX (QYHKIIHA Ta Metonq Dyp’e

[2].

Il. METOJUKA PO3PAXYVHKY

VY nauiii poOOTi 3aMPONOHOBAHO METOAUKY BCTAHOBIICHHS
MEXi BOTHECTIHKOCTI 3a TpaHHYHHM CTaHOM BTpaTd
TETJIOI30JII0BAJILHOT 37IaTHOCTI OaraTolapoBHUX OyIiBeIbHUX
KOHCTPYKLIIH 3 ypaXxyBaHHSAM PyHHYBaHHs JOBIJIBHOTO IIAPY.

ANTOPUTM METOJUKU TaKWH:
1. [lepmmMm eTarmoM € BBeIEHHS MOYATKOBHUX JaHUX.

2. HacTynmHHM KpPOKOM € pO3paxyHOK MOIIHPEHHS
HECTalliOHapHOTO  TEMIIEPATYPHOrO IO IO  TOBIIWHI
OaraTomapoBoi TUIOCKOI KOHCTPYKII 3a gomomoror EOM,
SIKUi o1aHo y BUrIsiai popmyinu [3]

+aiD+

3. 3 3a1aHMM iHTEpBAJIOM Yacy, ONeparop IepeBipse IBa
OCHOBHHX MTOKa3HUKA po3moaity HECTaI[iOHAPHOTO
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TEMIIEPAaTypHOTO  TMOJIA 1O  TOBHIMHI  0araTourapoBoi

KOHCTPYKIIii, a came:
- BTpaTy TEIUIOi30JII0BAIBHOT 3/[aTHOCTI KOHCTPYKIIIi;
- MOXKJIMBICTh PYWHYBAHHS JOBUIBHOTO IIapy KOHCTPYKIII.

Taka npoueaypa TIOBTOPIOETHCS JI0 BTpaTH
TETUIO130JTF0BAIIBHOI 31aTHOCTI KOHCTPYKIii, a0 pyHHyBaHHS
JIOBUIBHOTO Mapy (Ipynu mapis).

BBeaennst NoO4aTKOBUX JAHUX:
Ji — TOBIIIUHA j-20 MIapy KOHCTPYKILii;
pi — TYCTHHA i-20 APy KOHCTPYKIIii;
¢; — TATOMA TEeIUIOEMHICTB i-20 MIapy KOHCTPYKIIil;

A; — Koe(DiIEHT TeMIONPOBIAHOCTI i-20 APy KOHCTPYKIIIT;
wo(t) Ta wn(t) — 3aKOHHU 3MiHU TeMIIepaTyp CEpEIOBHIIL;
0 Ta 0y — K0e(IlliEHTU TEIUIOBIIavi HA MTOBEPXHSIX;
@(X) — TIOYaTKOBHIA PO3ITOILT TEMIIEPATYPH.

A 4

Opranizanisi 004HCII0BATBHOTO IUKJIY
3a JOMOMOT OO MPSIMOTO METO/ly BU3HAYAETHCS PO3MOALT
TEMIIEPaTYPHOTO TI0JISI TTO0 TOBIIMHI KOHCTPYKIii

v A

[TepeBipka HacTaHHs [lepeBipka pyiiHyBaHHs
BTPATH TEILIOI30JIF0BAIbHOT > JIOBUTBHOTO 1IApy
3IATHOCTI KOHCTPYKIIii

BcraHOBIEHHS MEXXI BOTHECTIMKOCTI.
BuBeneHHs pe3ysbTariB

(mist «Tax» mo3HaueHa — ; mist «Hi» - > )

Pucynok 1 — Anroput™M 0OYUCIICHHS BTPaTH
TEII0I30JII0BAJILHOT 3JATHOCTI 3 ypaxyBaHHSAM pYHHYBaHHS
JIOBUTBHOTO IIapy

41 Sxkmo  KOHCTPYyKLis HE  BTpaTWia  CBO€i
TETIJI0130JIF0BATIBHOT 3/1aTHOCTI, a BIUIMB TEMIEpaTypH MPHU3BiB
JI0 pyHHYBaHHS JIOBIJIBHOTO IIapy KOHCTPYKIII, pO3paxyHKH
MIPUIMHAIOTBCS, Ta (IKCyeTbes 4ac To. Janmi mpoBOAMTHCS
MOCTAHOBKAa  HOBOI  3ajadi  pPO3PaxyHKy  PO3MOIiTY
HeCTauiOHapH0r0 TeMIIepaTypHOTO o  OararonrapoBoi
KOHCTpYKLIT 6e3 ypaxyBaHHS 3pyI/IHOBaHOFO mapy (rpymnu
mapis). BBonsTeCS HOBI MOYaTKOBI AaHi. 3HOBY NPOBOISATH
pO3paxyHOK 1 omeparop mepeBipsi€ IOKa3HUKA BTPATH
TETJI0I30JII0BAJIBHOT 3/1aTHOCTI Ta pPYHHYBAaHHS JIOBIIBHOTO
mapy KOHCTPYKIi. SIKIIO >k BIUVIMB TeMIepaTypd 3HOBY
NpU3BiB 710 PYHHYBaHHsS MOBUIBHOTO IIapy (Ipynu IIapiB)
KOHCTPYKIIi, TO PO3PaxyHOK NPHUIHMHAETbCA Ta (DIKCyeThCA
yac T1;. Taka mnpoueaypa IpOMOBXKYETBCS IO BTpaTH
TEIUIOI30TI0BAIHOI  3MATHOCTI  KOHCTPYKIii. 3arajJpHUM
4acoM BTpaTH TeEIIOI30JI0BAJIbHOI 3[aTHOCTI € CyMmMa BCiX
(hikCcOBaHMX 3HAYEHb YacCy, TOOTO 7=7p+ 71+...+ 7, JI€ 7, YAC
BTPATH TEIUIOI30JII0BATBHOT 31aTHOCTI.

4.2. Sxmo X BigOyBaeThCS BTpaTa TEIUIOiI30JIOBAIBHOI



30aTHOCTI OararomrapoBoi KOHCTpPYKLii 0e3 pyHHYBaHHS
JIOBUTBHOTO TIapy (TPYIH MIapiB), PO3PaxyHOK MPUTTHHAETHCS.

5. PesynbraT po3paxyHKy BUBOASTHCS Y BHIJISL SIBHUX
(dbopMyT pO3MOAITy HECTAIOHAPHOTO TEMIIEPATypHOTO MO
JUIl KOXKHOTO 3 INapiB KOHCTPYKIHi. 3a JOMOMOIOIO JIaHWX
(dbopMyn pe3ynbTaT MOXHA BUBECTH Y BHTJISAL TAOIHIHHUX
JMaHuX, rpadiyHuX 3anexHocTed  (00’eMHHX  rpadikis,
aHiMamii, TOmO) 3MIHM TEMIIEpaTypd IO TOBIIHHI
KOHCTPYKIIi B 3aJIEKHOCTI BijI 4acy.

Peamizamiss maHoi cxemMH 3acHOBaHa Ha 3acTOCYBaHHI
OTPUMAHOTr'0 aBTOPaMH MPSIMOTO METOAY PO3B’SI3KY KpaloBUX
3a[a4d TEOPii TEIUIOMPOBITHOCTI AJIs 6araTomapoBHX IUIOCKIX
KOHCTPYKIIH.

I1l. MOJIEJIbHA 3AJTAUA

YV gKocTi MOIENBHOI 3aadl  JOCHIIKEHO  BIUINB
pYHHYBaHHS JIOBUIBHOTO HIapy OyaiBeJbHOI KOHCTPYKLII Ha
gac BOTHECTIMKOCTI (BTpaTH TEIUIOi30JIOBAIBHOI 3ATHOCTI)
OymiBeIbHOI KOHCTPYKIIH, sKa CKJIAQIA€ThCs 3 BalHSIHOT
IITYKaTYpKH, MIHOIUIACTY, UETJISHOI KIaJAKH Ta BaIHSHOI
ITYKATyPKH [3]. VvV HO‘IaTKOBI/II/I MOMEHT 4acy TemIieparypa
CTIHKH MTOCTilHA 1 JOPiBHIOE 25°C .

OpnHa i3 30BHINIHIX TOBEPXOHb HATPIBAETHCSA IIISIXOM
KOHBEKIIITHOTO TEIIO0OMIHY 3 HaBKOJIMIIHIM CEPEOBUILEM,

TeMIeparypa SIKOTO 3MIHIOETBCS 3a 3aKOHOM
t. (2') =345Ig (87 +1) +25. KoeopiuienT TemmooOMiHy 3i
CTOPOHH  TIOBEpXHI, 1m0  OO0IrpiBaeThCsA,  CTAHOBHUTH

0 :ZSB%ZK , @ 3 MOBEPXHi, 10 HE OO0IrpiBacThCs —

o =48y oy

HeCTauiOHapHoro TEMIIEPATypPHOrO TMOJIA IO TOBINKHI ITiel
KOHCTPYKIIi Ta 3HANTH Yac, 3a ;11(1414 TeMIepaTypa MOBEpXHi,
10 He O61FplBa€TBC}I nocsiree 180°C (kpuTHYHA TeMIepaTypa
BTPATH TEIUIOI30I0BAIBHOT 31aTHOCT).

HeoOxinHo BU3HAYUTH po3momin

OCKUIbKM JIDYTMil 1Iap KOHCTPYKIII CKIAJaeThCs 3
MHOILUTACTY, TO iCHye 3arpo3a oro pyﬁHauiT KOJI
TeMIeparypa Ha MEXI MepuIoro i APYroro mapy M AHIMETHCS
10 100°C. ToMy mpoBeIeHO /1Ba Pi3HI PO3PAXYHKH PO3IIOALITY
HECTAI[IOHApHOTO TEeMIepaTypHOTo mois (0e3 ypaxyBaHHS
pyHHYBaHHS IIapy IHHOIUIACTY, Ta 3  YypaxyBaHHAM
pyHHYBaHHS Iapy MIHOIJIACTY Ta, SK HACHIJOK, IHapy
ITYKaTYPKH).

BukopucTaBmy 3anpornoHOBaHUI aJITOPUTM JIOCHIIPKEHHS
p03r[0z[iny HeCTaL[iOHapHOFO TEMIEpPaTypHOro MOJIL IO
TOBIIMHI KOHCTPYKUIl 0e3 ypaxyBaHH;l pyI/IHyBaHHSI mapy
MIHOIUIACTY, OTPUMAEMO pPO3B’SI30K 1€l 3amavi y BHIISLII
rpadiky, 10 IpeAcTaBICHNI Ha pHC. 2.

Jochaimmmo  Temep ~— NOIIMPEHHS  HECTAI[iOHAPHOTO
TEMIIEpaTypHOTO  TIOJI1 10  TOBHIMHI  KOHCTpYKWii 3
ypaxyBaHHSIM pyHHyBaHHA apyroro umapy. IlpoBonsuu
BIAMOBIHI  PO3paxyHKH,  OAEpKMMO  rpadik  3MiHH

TeMIIepaTypy Ha TMOBEPXHS, IO HE OOIrpiBacThCS y BHIJISII
rpagiky (puc. 2).
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Pucynok 1 — I'padik 3MiHE TeMIiepaTypH 31 CTOPOHU
NOBEPXHI, 1110 HE 00IrpiBaeThCs:

1 — Ge3 ypaxyBaHHs pyHHYBaHHS [apy MHOIDIACTY;

2 — 3 ypaxyBaHHSIM pyHHYBaHHs IIapy MHOIUIACTY.

IV. BUCHOBKU

BaximBicth  ypaxyBaHHA pyWHHYBaHHS OIHOTO UM
JIEKUTbKOX IIapiB € JOCUTh CYTTEBOMW. [IpoBesieHi TeopeTHdHi
JOCTI/DKEHHST y BUIVIAI MOJIETBHOI 3agadi YOTHPHIIApOBOI
KOHCTPYKLIT (IITyKaTypKa — IHOIUIACT — LErJIsTHA KiIajKa —

ITyKaTypKa) [IOKa3ai, 100 HEeBpaxyBaHHA  (akTopy
pyWHYBaHHS JTOBUIBHOTO IIApy MOXE MPU3BECTH [0
IIOMHJIKOBOT'O BU3HAYEHHS MeEXI1 BOTHECTIMKOCTI.
TemnoizontoBaabHa  37aTHICTHP TAaKOi  KOHCTPYKII  0e3

ypaxyBaHHS pyHHaIi] mapy MiHOIUIACTY CTAHOBUTH 18 roauH,
a 3 ypaxyBaHHSM pyHlHyBaHHi — 94 XB. Y pO3IIISIHYTOMY
BUIIAJIKY, 4aC KPUTHUYHOTO MPOTPiBYy peaibHO 3MEHIIYETHCS
mpubim3HO y 11 pas.
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