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Busnavenus TemmnepaTrypHOro IoJid Ta TePMOMEXaHITHIX
XapaKTepUCTUK MaTepiajry, ki 3a0e31edyioTh HyJIbOBIi
paJiajbHi HAIPY>KEHHH Y HEOTHOPiAHOMY B3JI0B2K paJiiyca
JOBIOMY HOPOXKHHCTOMY IMJIiHJPI

(IIpedcmasaeno waenom-rxopecnondenmom HAH YVrpainu I. C. Kimom)

3anpononosano Memod UIHAUEHHA MEMNEPAMYDPHO20 NOAS MA MEPMOMETAHIYHUT TAPAKME-
PUCTNUK, AKD 340€3NEUYIOMB HYALOST PAJIGNOHT HANPYHCEHHA NO MOBUUHT 0062020 TLOPOHCHUC-
mo20 Heodnopidnozo 63006sic padiyca yuaindpa. Po3e’azysanns 6i0noeidnoi nexaacuywnoi He-
36°A3aM01 cAUIOHAPHOL 360a4T MEPMONPYHCHOCTVE 36edeno J0 PO38°A3YSANHA THME2PAABHOZO
pisHAHHA Ppedzorvma dpyzozo pody eidHocHo memnepamypt. OMPuUMaHO MOYHT GHAATMUYHT
BUPA3YU OAS MEMNEPAMYPHOZ0 NOAS A KOHUEHMPAYIT 00HIET 31 CKAGIOBUT 080KOMNOHEHMHO20
PYHKUTOHANDHO-2PAAIEHMH020 MATNEPIANY, AKL 68 PAMKAT MOJEAT NPOCTOT CYMIULT TAPAKMEPUC-
MUK MAMEPIany 3a0e3Nedy1omy HYAb08T PadiGabhi Ma KOAOSE HANPYAHCEHHA NPU GI0CYMHOCmi
MACOBUT CUA | 0C0B020 Hasanmadicenns. IIposedero po3parynku 6i0nosidHuUT memnepamyp-
HUT NOAIE MA MEPMOMETAHIYHUT TAPAKMEPUCTIUK OAL PEAABHO ICHYIOWO20 MAMEDIAAY.

Karwovo08t cao8a: TepMOIPYKHICTh, (DYHKIIOHAJIBHO-TPAIIEHTHI MaTepiaan, obepHeHa 3a/1a-
Ja, TEPMOMEXaHIIHI XapaKTEePUCTUKN MaTepiaiB, TOPOKHUCTAN MUIIHAD, BIICYyTHICTL HAIPY-
2K€Hb, IHTerpaJibHi PIBHSHHS, TOYHI PO3B’SI3KU.

Cy4acHi TeXHOJIOTI [O3BOJISIIOTH BUTOTOBJIATH MaTepiaid 3 3aJaHUMU XapaKTEPUCTHKAME JIJIsT
IIPOJIOBKEHHS TEPMIHY eKCILIyaTallil BUpobiB y crenudidHuX yMOBaX IPU TEIIOBUX Ta CHUIOBUX
HaBaHTaXKeHHsAX. [le, 30KpemMa, KOMIIO3uTH Ta (PyHKIIOHAJIBLHO FPAJIEHTHI MaTepiaju, siki BUTO-
TOBJISIIOTHCS 3 €PEKTUBHIMU XapaKTEPUCTUKAME JIJisi 3a0€3MeUeH sl MilIHOCTI KOHCTPYKIii [1-3].

Tomy BuaEKae mpobiiema MmigOOPy TAKOrO TEMIIEPATYPHOrO MOJIA MPHU 3aIaHill 3a/1€2KHOCTI
XapaKTEePUCTUK MaTepiajy Bij KOOpAMHATH, sKe O MiHIMiZyBaJio abo 3abe31evuyBaJjo BiICy THICTD
o/iHi€T 13 CKJIaIOBUX HAIPY2KEHDb abo0 mepeMiiensb. He MeHIT akTya/IbHOIO 3a1a9€eI0 € Iiadip TaKmx
XapaKTEePUCTUK HEOIHOPIIHOTO Marepiay, SKuil 6u 3abe3ledyBaB BiACYyTHICTH IepeMilleHb abo
HaIpy»KeHb [P 3aJJaHNX TEIJIOBUX 1, MOXKJIMBO, CHJIOBHX HABAHTAXKEHHAX. 3aJa4a BU3HAYCHHSI
YMOB BIJICYTHOCT] TeMIlepaTypHUX HAIIPYKeHb B 00OJIOHKAX PO3B’sizaHa B poboTi [4].

Y Harmiii poboTi IPOIMOHYETHCsT CIIOCIO BU3HAYEHHSI TEMIIEPATyPHUX IIOJIB Ta XapaKTEPUCTUK
MaTepiajy y JIOBTOMY HEOTHOPITHOMY MOPOXKHUCTOMY IHJIIHJIPl, BATOTOBJIEHOMY 3 JTBOKOMITOHEH-
THOTO (DYHKITIOHAIBLHO I'PAJIIEHTHOIO MaTepiay, MIIsIXOM 3BeJIeHHs BiIIIOBITHOT 0OepHEHOT 33,18~
i HEeKJIACHIHOI CTAIlIOHAPHOI HE3B’si3aHOI 3a/1a9i TEePMONIPYKHOCTI 0 IHTErPAIBLHOIO PiBHIHHS
®pearoabMa JIpyroro poay BiIHOCHO oiHIEl 3 KOMIIOHEHT TeH30pa HalpyxKeHb. ObepHeHi 3a1a4i
TEPMOIIPYKHOCTI BUHUKAIOTH TAKOXK 1 IMPHU PO3B’si3yBaHHl 3a/ad igeHTudIKaIl TepMOIpPYKHIX
[OJIIB TIPU HENOBHI# iH(OpMAIIil TPO TEIIOBI HABAHTAXKEHHSI Ha TIOBEPXHSX ab0 3a/1a1 ONTUMAJIb-
HOTO 3a IIBUJKOJIEI0 HArPIBaHHS IIpH OOMEXKeHHsIX Ha Halpy2KeHHs abo remiieparypy [5, 6].

IlocranoBka 3amadi. PosrisineMo JOBruil HEOTHOPIAHUN B3A0BXK PaJiiajbHOl 3MIHHOL 7 I10-
POXKHUCTHN UIHADP 3 BHYTpimmHIM R Ta 30BHimHIM R pamiycamu. Hmwriaap snaxonuTbes mif
€10 3aJI€2KHOTO BiJT pa/IIbHOT KOOPAMHATH TeMiueparypHoro mnoss 1'(r), ske Moxke OyTn Bu3HA-
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YeHe eKCIIEPUMEHTAIBLHO ab0 K PO3B’SI30K BiIIOBIIHOI 384l TEIIONPOBITHOCTI, Ta PIBHOMIPHO
POSIIONIEHNX CHJIOBUX HaBaHTaXKeHb Ha BHYTPIIHIA Py Ta 30BHIIIHIA po moBepxHsX. OChOBI
nedopMariii BBaXKAIOThCsl CTAINMU (€, = const). 3aBJaHHsIM € BUSHAYUTHU CTAlllOHAPHE TeMIlepa-
TypHE 10JIe, siKe 3a0e3Ievye HyJIbOBI KOMIIOHEHTU HAIPY2KEHHS IPU BiJIOMUX XapaKTePUCTHKAX
MaTepiary, Ta XapaKTePUCTUKNA MaTepiajly, sKi 6 3yMOBWIM PIBHICTH HYJIIO OfHIeT a00 HEKIIBKOX
KOMIIOHEHT TE€H30pa HAIIPYKeHb IIPHU 33 JaHOMY CTAIllOHADHOMY TEeIIOBOMY HaBaHTaXKeHHI.
MaremaTnaHO MpobIEMa 3BOAUTHCS 0 PO3B I3yBAaHHS CUCTEMU JIHIHHUX AudepeHIiaJ bHux
PiBHSIHb HE3B’s13aHOI TEPMOIPYIKHOCTI (TeMIeparypHe IoJie BUSHAYAETHCs 3 PIBHSHD TEILIONPO-
BijHocTi). Binunosiai piBastHHS 31 3MiHHUMU KoedilieHTaMu 1 yMOBH Ha MexKaX MAaroTh BUMJIs [7]:
piBHSIHHSI PiBHOBAru

d
d_,O( 20'7") :PU+P2F, (1)

3B'SI3KU MiXK JTedOpMaIlisiMU 1 HAIPYKEHHIMH

14w v(l+v)

er = —p—0r = o—ve,+ (1 +v)®(T),
1 1— 2
ep=— J];”ar + 0 —ve. + (1+1)®(T), (2)
1 v
€, = EO'Z — EO'—F q>(T),

PIBHSHHS CYILJIBHOCTI y HaIpPy2KEHHSIX

d[1—12
dp| FE

d (1+v 1+v
O'—Vez—I—(l—I—l/)OéT:|—O'rd—p< 5 >—|— 7 pF, (3)

YMOBH Ha MeXKaX

1 1

() = —p1s on(l) = —pa, / () dy = / 0 +vo— E&(T)dn=p.  (4)
pP1 P1

V pisusiansx Ta supasax (1)-(4) p = r/Ry — pajianbHa KoopauHATa; 0 = 0, 0, — CyMapHi

Hanpyxkentsi; F(p) — moaysab upyxkuaocti Mmarepiany; v(p) — koedinient Ilyaccona; F(p) —
rycruna Macosux cuwit; ®(p) = au(p)[T(p) — To]; T(p) — 3amane remueparypue nose; aq(p) —
KoeiIlieHT JIHIFTHOrO TeMITepaTyPHOTrO pO3IIupeHHst; 1y — BiTiKOBa TeMIieparypa, Ipu dKiil 3a
BijicyTHOCTI Jlechbopmaliiit HAIpYKEeHHsT JTOPIBHIOIOTH HYJIIO; P1, P2, P — BiJOMI HABAHTAYKEHHSI.

Otrke 3ama4a IOJISITAE y BU3HAYEHHI 3MIHHUX KOeDiIli€HTIB andpepeHIiaJbHOrO PiBHSIHHS,
SKIIO BIJOMMIT OT0 PO3B’S30K 1 yMOBHU Ha Mexkax. OCKUIBKU TOTPIOHA TAaKOXK IE€pPEBipKa OTpU-
MaHUX PEe3yJIbTaTiB, TO 3alPOIIOHOBAHO 3rajaHi jiBi 3agaul (IpsMy i obepHeHy) 3BeCTH JIO €11~
HOT'O IHTErpasIbHOrO PIBHSIHHS BIAHOCHO OHIET 31 3MIHHUX (HAIPUKJIAL, PAiaIbHAX HAIPYKEHD )
i TpaKTyBaT! HOro K PiBHAHHS BiTHOCHO XapaKTEPUCTUK MaTepially, HanpyKeHb, TeMIepaTyp-
HOTO TIOJIST 3aJIE2KHO BiJl TIOCTAHOBKU 3aJadi, & TaKOyK BUKOPHUCTOBYBATH HOTO JJisl TEpPEBIpKH
OTPUMAHUX PE3YILTATIB.

3BeZieHHsT PO3B’sA3yBaHHS 3aJa4i JI0 PO3B’A3yBaHHsI IHTErpaJibHOTO pPiBHSIHHS
®DpearosbMa BiIHOCHO pa/liajibHUX HAIPY2KEeHb. K0 qudepeHIiajbHi piBHIHHS PIBHOBa~
ru (1) Ta cymichocri (3) mpoiHTerpyBaTn 3a pajiaJbHOI 3MIHHOK, BUKJIIOYATH 3 HUX CyMapHi
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HAIIPYZKEeHHsI, BUKOPUCTATH YMOBU Ha MexKaX, iHTerpajbHy yMoBy (4) i 3B’s3ku Mixk jedopma-

HisIMU Ta HanpyKeHHsAME (3), TO BiANOBLIHY 3ajady

repmonpykuocti (1)—(4) mMoxHa 3BeCcTH

JI0 PO3B’si3yBaHHS 1HTErpaJibHOrO piBHsHHS DPpeiarosbMa JIpyroro pojay BiTHOCHO paJiiabHUX

Hanpyxenusi o.(p) [7]:

5:(0) + [ K(pn)o(n) dn = Qo). )
P1
Je
_ | Ki(p.m),n <p,
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Ka(p) = V) = V) Z1(0) + W 2ol (S5 ).
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nEdn + / (14 v)®(T)dn.

p1

1—12

Ak BunmmBae 3 (6), sapo iHTerpadbHOro piBHsiHHA (5) € HemepepBHUM. [HTerpajbHe PiBHSIH-
us (5) e piBusgHHsIM DpenrosbMa JAPYroro poy i J03BOJIsIE BUSHAYUTU PaJiiasibHI HAIIPYKEHHsI
3 ypaxyBaHHIM YMOB Ha moBepxHaX. Toi cyMapHi HAPY2KEeHHA MOYKHA BU3HAYUTHU 3 PIBHAHHS,

OTPUMAHOIO IHTErPYBaHHSAM PIBHSIHHS CyIijbHOCTI (3)

3 ypaxyBaHHSIM yMOB Ha Mexkax (4) [7]:

E d (1+v E E E 1+v
= — dn+ A — Fdn—
- de( E > g ey Ll g ) R g
p1 P1
E
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1
V(1) —d W(l) d (1+v V(l)V(n) — W)W (n)
A= am ey /”’”“”d?( E >{1 TR weR) }d”’
p1

1
AV (1) — dyW (1) d (14 v\ W(LV(y) = V(D)W ()
I W) Sk ”dn< E) v —we)

€y, —

P1

KOJIOBI HAIIPY2KeHHs — 3 opMyItn 0,(p) = o(p) — o, (p), nedopmanil — 3 dbopmyi (2), pagiaisme
nepemirienas — 3 Bupasy Kol mist gedopmariiii Ta nmepemiressb v MUHHAPUYIHIA CUCTEMI KOOD-
AT Uy (p) = pey. TyT ur(p) = Ur(pR2)/ Ry — nepeminienss po3aMipHOCT] 30BHIITHBOIO pa/iyca;
U, (r) = U, (pRy) — nepemiiennsi, 0CbOBI HAIIPYZKeHHsI — 31 3B’s3KiB MK JlehopMallisiMu Ta Ha-
npy2kenHsiMu (2) npu Bukopucranui dpopmyn (7).

YMoBa piBHOCTI HYJII0 padiaJlbHUX HAIPY>KEHb — I PiBHICTH MPaBOl CTOPOHU HYJIIO
inTerpasbHoro pisasintsi, T06T0 Q(p) = 0. [Ipunycrumo, mo Macosi cum BigcyTHi, TOIL

i (VO 0 = Ol W @ - d O+ ) =0 )

Skimo Bukopucrarn Bupasu ;s V(p) 1 W(p) (6), To 3 (7) orpumaemo Take iHTerpasbHe piBHSHHS,
sKe 3B’s13y€ TeMIIepaTypHe M0JIe, HABAHTAXKEHHs 1 (Pi3UKO-MeXaHIIHI XapaKTePUCTUKU MaTepiay:

1
L+ DRI ~ i | a4 )T )y =

p1

- w@)=v(@vip)
V(1) - W)

(8)

Ile piBHsHHS € HEOOXITHOIO YMOBOIO iCHYBaHHS HY/ILOBUX Pa/IiabHUX HAIIPYZKEHD Y HEOIHOPIIHO-
My HOPOXKHUCTOMY HUHHJAPI. Voro po3B’si3KoM, SIK PiBHSIHHSI 3 BUPOJKEHUM SIIPOM 1 BJIACHUM
3HAYEHHsIM sizpa, € [8]:

~ (1+v(p) W) - vV(v(p)

(1+v(p)®(T(p) = CV(l) W) -p V2(1) —W2(1)

3BiIKHT

s 1 B W(1) -V (1)v(p)
Te) = O v W@~ PalpVEL) — WELIL 1 2()

Y Bunaaky p = 0 abo v(p) = const Bupas mis remueparypu (9) crporiyeTbest

ﬂM:j%+%, (10)

ne C = C/[V(1) +W(1)]. Bupasu (9) i (10) € ymMoBaMu PIBHOCTI HY/IO PaIiaIbHIX HAIPY2KCHb.
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CrarjioHapHi TeMnepaTypHi I0Jisi, siKi ITPUBO/ISITh A0 BiJCyTHOCTI paJiajibHUX Ha-
npy»kedb. Posnoaiim remneparypu (9) a6o (10) noBunHi 6yTH PO3B’SI3KOM HEOMHOPIIHOIO PiB-
HSTHHSI TEIJIOTPOBIIHOCTI

1d dT(p)>
L2 (02 4l (1)
3 KJIaCUIHUMHU YMOBaMHU Ha IIOBEPXHAX p = P17 1 P = 1

dTl

Mo TP g 1) - 3] = 0
D

dT(1) 12)

A(l)—dp + Be[T(1) — T3] =0,

ne B, Bo — KoedilieHTH TeIIO00OMIHY 3 CepeloBUINAMU, sSIKi MatoTh Temueparypu 17, 1o Bin-
nosigno. 3 pisrocreit (12) i (10) 6aunmo, 1O yMOBM Ha TOBEPXHAX IUJIIHIpa TOBUHHI OyTH
3aJIE2KHUMU, OCKLIbKU

C d
_A(pl)a(pl)z O‘d(gl) + b1 Oé(pl) = B T1 — BTy,
d
A(l)ag)g (ZS) + B2 a(Cl) = B2T3 — B2To. (13)
Mixx HUMHU TOBUHEH OyTH TaKUil 3B’sI30K:
dT dT
Mo T2 4 (o) — T3] = M) T+ BT (1)~ T,

abo, 3 ypaxyBaHHsIM Bupasis (13),

B[ A del)f L Mo delp)”
T la(l)  Bea?(1) dp [la(p)  Bra®(pr) dp '

Awnasoriuni Bupasy (14) npocrimi GopMysin MOYKHA 3AIICATH JJIsi YMOB IIEPIIOro i IPYroro pomy
Ha Mexkax. Akmio Bupas jis remueparypu (10) migcrasuru B (11), To st TemIoBUX JizKeped,
sKi 3a0e31euyoTh MOTPIOHE TeMIIEpATYPHE TI0JIe, OTPUMAEMO BUPA3

__oMo) [Ldalp) (da(p)\* 1 dalp)] 1 dA(p)da(p)
o)) = =0y [p Iy 2( I > o) T ] @) A dp

XapakTepuCTUKN MaTepiajiB, siKi 3a0e3medyoTh HYJIbOBI pajiajibHI HaIpy>KeH-
HA IIPU 33JaHUX YMOBAaX TEMJIOOOMiHY 3 MOBEPXOHb. BaX/MBUM € BHUIIAJOK BiJCYyTHOC-
Ti 00’€MHUX TEIUIOBUX JIZKEPeJ, OCKIJIbKH TX CTBOPEHHsI ITOB’SI3aHO 3 TPAKTUIHUMHU TEXHITHUMU
rpyaHomamu. OTKe, y BUIAJIKY PIBHOCTI HYJ/II0l IHTEHCUBHOCTI TEIIOBHUX JzKepes 3 Bupasy (15)
MaTuMeMo judepeHIliajgbHe PIBHSIHHS, sikKe [MOB’SI3Y€ MUTOMY TEIJIOEMHICTH Ta KOeMIlEHT Jii-
HIHOTO TEeMIIEPATYPHOTO PO3IIUPEHHs, TOOTO 3B’SI30K MiK XapaKTEPUCTUKAMHU MAaTEpiaIiB, SKi
3a0e31evyI0Th HYJII0 pajiaJibHi HAIPYKEHHS:

dA(p) 1 dalp) 2<da(0)> L 1} —0

dp M| T g dp ) alp) " p

(14)

(15)

(16)
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Bono mae Touni poss’sisku BiHOCHO A(p), ap):

p
A(p) = A(p1) exp (—/Mn) dn>, (17)
P1

alp) = —%ln (—201 / p)\;(p)dp - 202), (18)

ne C1, Cy — moBliIbHI cradi,

a1 da()) 1
vo) =gt {[a<p>]2 i }+p' 19)

OckisibKE mpobJieMa CTBOPEHHsI MaTrepiajy 3 JOBUIBHUMHU Hallepel 3aJaHUMHA MeXaHiJHU-
MM 1 TeIUIOMI3UIHUME XapaKTepUCTUKAMK, B3araJi KaKydd, He BHPIIlIeHa, TO CKOPHUCTAEMOCS
HaHIIPOCTIIIO MOJE/III0 XapaKTePUCTUK JBOKOMIIOHEHTHOTO Marepiany Doiirra, sika JT03BOJISIE
BUPA3UTHU XapaKTEPUCTUKH JTBOKOMIIOHEHTHOIO MaTepiajy depe3 XapaKTepPUCTUKU HOro CKJiajio-
Bux [9]:

D(p) = D1S1(p) + D2S2(p), (20)

ne Dy, Dy — xapaKTepUCTUKHI CKJIQIOBUX Marepiaiy; S1(p) — KOHIEHTpAIlisl IIEePIIOro Marepiasy
B Jpyromy; So(p) — KoHIeHTpallisi apyroro marepiauy B mepiomy, Si(p) + Sa(p) = 1. dxmo
BpaxyBaTH, IO BiJl KOHIEHTpaIlil MmaTepiaiiB y gsokoMmmnonenTHomy PI'M zasexkars K Temmepa-
Typa, TaK i HAIIPY2KEHHSI, TO YMOBa PiBHOCTI HYJIIO paJiajbHUX HAIPYKEHb, SIKA [TOBUHHA OYTH
OJTHOYACHO 1 PO3B’I3KOM DIBHSHHSI TEILIONPOBITHOCTI, MIPUBOIUTH 10 TAKOTO PIBHSHHSI BiTHOCHO
KOHIIEHTpaIlil Marepiay:

p
dn B C
@ / et OS] T ot (- an)8i0)

Posp’sa3koM inTerpasbHoro piBHsiHHs (21) micsist fioro audepeHIiloBaHHS 3 HACTYITHUM PO3B’sI3y-
BaHHSIM OTPUMAHOTO BiJIIIOBIIHOrO HEHITHOTO MudepeHIiabHOTO PIBHSIHHS IIEPIITOTO MOPSJIKY €

a1Ag — Qo] — CMQWL(Z)()\l — )\2) - (041)\2 — a2)\1)pa>\eBa>\

Si(p) = (a1 — a2)(\ — AW (z) ’ o (A — No) )

(22)
ne ay = B(ag —a2)? /(M —\2); B = C1/(C(aj] a2)); B — nosinbua crama; W (z) — W-byukiisa
Jlsmbepra [10].

IMpuknaau. PosrisaemMo JBOKOMIOHEHTHUI MUIHADP TPHU BiACYTHOCTI MACOBUX CHJI 1 TO3-
JIOBXKHIX HaBaHTaxkeHb (p = 0), BurorosseHuii 3 GyHKIIOHAILHO-TPAIEHTHOTO MaTepiaay 3 Ta-
KHUM XapaKTePUCTUKAMU HOro CKJIajoBuX (Kepamika 3 IHIEKCOM ¢ 1 cTasb 3 1HIEKCOM M): Vpy, =
=0,32, v, = v1 = 0,24, \c = A\ = 10,12 Br/(mK), A\, = A2 = 12,14 Br/(mK), E. = B =
=322 10" Tla, E,, = By = 3,2- 10" Ta, a,, = 15,32-107° 1/K, o = 7,47 -107% 1/K.
Temmneparypa, mpu gkiit nanpyxkenusa Bincytni, —1p = 300 K.

1. Hexait xapakrepucrukn omucyiorses dopmyion (20) 3 Si(p) = ((p — p1)/(1 — p1))?, ne
s — craja, sika HaOyBa€ 3HAUYEHb S = §;, ¢ = 1,3, s1 = 1, so = 2, s3 = 4. Toxi BignoBinne Tem-
nepaTypHe I0Jie Ta TeIIoBl /kepesa, obuncieni 3a dopmynamu (10), (15), sKi 33 J0BOIBHSIOTH
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q, 106, Br/u*

T, K
700 0,07 +
0,06
650
0,05
0,04 |
600
0,03
0,02
550
0,01 F
500 0r
1 1 1 1 1 1 70‘01 1 1 1 1 1 1
0,5 06 07 08 09 1,0 p 05 06 07 08 09 1,0 p
Puc. 1 Puc. 2
S, T, 1/K
1,0 b
4 680
0,8
4 640
0,6 |
4 600
04
4 560
02t
4 520
0F
1 1 1 1 1 1 480
0,5 0,6 0,7 0,8 0,9 1,0 p
Puc. 3

piBHsiHHs TerutonposigHocti (11) 3 3ajanuMu TemIepaTypaMi Ha [HOBEPXHSIX, 0 BiAIOBLIAIOTH
nepernaay Temreparyp 200 K MixK moBepxHAME 1 MPUBOAATL A0 HYJIHOBUX PaliaJbHUX HAIPY-
»KeHb, 300pakeHi Ha puc. 1, 2.

2. Beazkaemo, 1m0 KoHieHTpailis Si(p) HeBimoma. 3a7amMo 11 3HAUEHHST HA MeXKax IUJIHIpa
S1(p1) =1, 51(1) = 0. OckisnbKE BOHA TAKOXK BIUIUBA€E Ha KOehIIIEHT TeIIONPOBLIHOCTI, a Bi/IIIo-
BiJIHe TeMIlepaTypHe I10JIe TIOBIHHO 33/I0BOJIbHATH OJTHOPI/IHE PIBHAHHS CTAIlIOHAPHOI TETJIOIPO-
BIZIHOCTI 3 3aJIaHUMM TeMIlepaTypaMy Ha IIOBEPXHi, To Bukopucrantsi dopmys (21) mae 3amex-
HOCTI KOHIIEHTDAI] Ta TeMIleparypu Bij paanbHol 3minaol (puc. 3). Bukopucranus dopmysin
(20) 103BOJISIE OOUNCTUTH XapAKTEPUCTUKU Marepiay. Pesyabraru BiAnoBiHUX 3HAUYEHDb KOedi-
I[IEHTIB TEITOMPOBIIHOCT] Ta TEIJIOBOrO JIHIHOTO posmmupeHHs 300paskeHi Ha puc. 4.

TaxuMm 9MHOM, 3BeIeHHS 3a/1a9i TEPMOIIPYYKHOCTI 0 pO3B’sI3yBaHHS IHTEIPAJIHLHOIO PIBHSIHHS
@pearogbMa IPYyroro poiy BiAHOCHO OJHIET 3 KOMIIOHEHT TEH30pa HAIIPY2KEHD JT03BOJIIIIO
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a(p)-10, 1/K Ap), Br(m/K)

14 | 4152
12 + {144
10 1136
8 | 4 12,8
6 1 1 1 1 1 1 12,0
0,5 0,6 0,7 0,8 0,9 1,0 p
Puc. 4

BHUKOPUCTOBYBATH OJHI i Ti 2K 3aIIPOIIOHOBAHI IHTErPAIbHI PIBHAHHS /I PO3B’SI3aHHS IPSIMUIX
3a/1a9 BU3HAYEHHsI TEPMOHAIIPYKEHOTO CTaHy MOPOYKHUCTOTO HEOTHOPIIHOTO IMUHHIpa i obep-
HEHUX 3aJ[a4 KepYyBaHHS HAIIPDYKEHHAMH IIiI00pOM TEILUIOBUX JiKepesl abo XapaKTepPUCTUKAMU
MaTepiajy HEOJHOPITHUX TLIT;

OTPUMATH TOYHUI aHAJITUIHUN BUpa3, sIKUil MOB’SI3y€ HABAHTAXKEHHSI, TEMIIEpATypHE TI0JIE,
XapaKTePUCTUKH MaTepiay Tak, 1Mo 3a0e31evdyioTh Hy/IbOBI paliajabHi HANPYKEHHS Y ITAHIPI;

OTPUMATHU TOYHI aHAJJITUYHI BUPA3U JJjis PO3IOJLIY TeMIepaTypHu, KOHIIEHTPAaIlil, XapaKTe-
pUCTHUK MaTepiaJjy, sKi 3a0e3edyIoTh HyJIbOBI paIiaabHi HAIIPYKEHHS Y JTOBIOMY HEOIHOPITHOMY
IIOPOKHUCTOMY TWJIIH/IPI B peaJbHO iCHYyI0YOMYy MaTepiaJi;

sIK HACJIIIOK, OJHOYACHO 3a0e3MeInTH HYJIhOBI KOJIOBI HAIIPY2KEHHS IIPU BiICYTHOCTI MacOBUX
CHUJT Ha OCHOBI BUKOHAHHSI PIBHSHHSI PIBHOBATU.

3alpONOHOBAHMI I1/IXi/ JIO3BOJISE TAKOXK IIIOUpPATA HEOJHOPLAHICTL XapaKTEPUCTUK MaTe-
pilasty 1isi 3a6e31eYeHHsT HyJIbOBUX HAIIPY2KEHD 1 y BUMIAJIKY PI3HUX THUIIB YMOB JIJIsl TEMIIEPATYPH
Ha TOBEPXHAX MOPOKHUCTOTO IMJIIHIPA.
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B.H. Kaabinak

OnpenesieHne TeMIepaTypHOro I10Jisi 1 TEPMOMeXaHUIeCKNX
XapakKTepUCTUK MaTepuaJia, obecnednBamoIlInx HyJeBble paJuajbHbIe
HaIIpsI>KeHNsI B HEOAHOPOAHOM BJI0JIb pPaJauyca JJIMHHOM ITI0JIOM
[MUJINHIPEe

WNHcTuTyT NpUKIaIHBIX IpodieM MexaHuky u Maremaruku uM. 7. C. Ilomcrpurata HAH
Ykpaunsl, JIbBoB

IIpednooicen memod onpedeserus, MemMnepamypHo2o NoAA U MEPMOMETAHUYECKUT TAPAKMEPUCTIUK,
00€CNEYUBAOUUT HYAEBBLE PLOUAALHVLE HANPAHCEHUA TLO MOMUUHE IAUHHO20 NOAO20 HEOOHOPOOHO-
20 60oav paduyca yuasundpa. Pewenue coomsememeylouet HEKAGCCUMECKOT HEC8A3AGHHOT CTNAUU-
OHAPHOT 30a4U MEPMOYNPY20CNU CBEOEHO K DEWEHUIO UHMELPAALHO20 YpasHeHus Dpedzoavma
68MOP020 P0G OMHOCUMENLHO Mmemnepamypot. Tlosyuerv, MouHble GHAANUMUYECKUE BBIPANHCEHUA
ONS MEMNEPAMYDPHO20 NOAS 6 UUAUHOPE U KOHUEHMPAUUL 00HOT U3 COCMABAAIOUUL 08YTKOMNO-
HEHMMH020 PYHKUUOHAADHO-2DA0UEHMHO20 MAMEPUALA, 0becewUuBar0ULET 8 MOJEAU NPOCTIOT CMECY
HYAEBBIE PAOUAADHBIE U OKDYHCHBLE HATPANCEHUSA 6 CAYUAE OMCYMCMEUSL MACCOBHLT CUA U OCEBOTL
Haepy3sxu. IIposedenvl pacuemovs cOOMBEMCMEBYIOWUT MEMNEPAMYPHBLT NOAET U MEPMOMETAHUYEC-
KUT TAPAKMEPUCTIUK ONA PEAABHO CYULECTMEYIOULUT MAMEPUANOS.

Karouesnie €A08a: TepMOYIPYTOCTh, DYHKIMOHAJIBHO-TDAINEHTHBIE MATEPHUAJIbI, 00pATHAS 3318~
9a, TEPMOMEXaHIMIECKIE XaPAKTEPUCTUKNA MATEPUAJIOB, ITOJIBII IIHJINHJIP, OTCY TCTBUAE HAIIPSIYKEHUIA,
HHTerpajbHble YPABHEHUs, TOYHBIE PEIIeHNUs.
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B. M. Kalynyak

Determining the temperature field and thermomechanical
characteristics of a material, which ensure zero radial stresses in a long
hollow cylinder inhomogeneous in the radial direction

Ya.S. Pidstryhach Institute of Applied Problems of Mechanics and Mathematics of the
NAS of Ukraine, Lviv

A method to determine the temperature field and thermo-mechanical characteristics of a material,
providing zero radial stresses along a radius in the inhomogeneous long hollow cylinder is proposed.
The solution of the corresponding nonclassical steady uncoupled thermoelasticity problem is reduced
to solving a Fredholm integral equation of the second kind relative to the temperature. Exact analyti-
cal expressions for the temperature field and the concentration of one ingredient of a two-component
functionally graded material providing the zero radial and hoop stresses in limits of a simple-mixture
model in the absence of mass forces and the axial loading are obtained. The numerical calculations
of temperature fields and thermo-mechanical characteristics for real materials are presented.

Keywords: thermo-elasticity, functional-graded materials, inverse problem, thermo-mechanical
characteristics of materials, hollow cylinder, absence of stresses, integral equations, exact solutions.
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