Jlexnisa Ne 7
Teopisi TeMnepaTypHUX HANIPYKEHb.

PosristHemMo 10BiTbHAN eneMenTapHuii 06’em dV JHIHHO—TIPYKHOTO CepeIoBHIIa, 0OMe-
keHuii moBepxuero dS . Hexaii y HboMy MpoTiKae agiadaTHYHHMIA TIpoIiec, TOOTO MpoLIeC, MPH KO-
My JOCIIKyBaHa TepMoanHaMiyHa cucreMa (06’em dV ) He 0OMIHIOETHCS TETIIIOM 3 HABKOJIHUIITHIM
cepenosuiieM. Lle o3navae, mo ¢,, 0 Ha moBepxHi dS . B TakoMy BUNaAKy 3 piBHSIHHS TeIUION-

posinnocTi (5.8) Jlekmii 11, a came,
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npu I O BUMIMBaE HACTYIMHUHN 3B’ A30K MK AeopMalli€ro 1 TeMIepaTyporo:
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KU y BUTIAJIKY 130TPOIHOTO CEpEeOBHUIIIa HAOUpa€e BUTIISAY

B s = —(3X 4+ 2p)al T 7)o, 1

To d; pes

k1o npuiHATH, 1110 |T —T0| / T, <1, 1o 3 0OcTaHHBOI PIBHOCTI MAEMO

T — Ty = —(3) + 2u) T T Ou, 1 (5.17)

JIi PCe

TOOTO B aiabaTHYHOMY MPOILIEC], SIKi POTIKae B eneMeHTapHOMy 00’emi dV , BiTXH/IeHHs TeMIie-
PaTypH Bi IOYAaTKOBOI € NPONOPUiiHAM BiTHOCHII 3MiHi OU,/0X, uboro 06’emy. J[o1aTKOBO
3a3HAYMMO, IIeH MpoIIec € 1Ie i i3eHTponiYHuM (i30eHTPOMiYHINM), OCKUTBKM B HBOMY €HTPOIIIS HE
3MIHIOETHCH.

OmuiHuMO BIUTMB €eKTy 3B’ 3aHOCTI MOJIIB TeMIepaTypH i aedopmaiiii B piBHSIHHI TETIIONPO-
BigHocTi (5.8) Jlekuii 11 (HaBeaeHO BUIlE B UEPBOHIM paMmili) Ha caM MPOIEC TIIOMPOBITHOCTI.
[Toknanemo B piBHsHHI pyXy (5.12) Jlekmii 11
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cyti: b 0. O6unciumo quBepreHIio Big JIiBOi 1 MpaBoi YacTHH:
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1 micyst JBOKPATHOTO IHTETPYBaHHSA MAaTUMEMO:

Ou;  (3X 4 2p)a™
oz, A+ 2p

(T —Tp) + (x), (5.18)

ne (p(X) — Jlesika TapMOHIuHa (PYHKITIS.

[Ticns miicTaHOBKH B PIBHSIHHS TEIIONPOBIAHOCTI (5.8) is 130 TPOMHOTO OJHOPIIHOTO Tija
criBBigHOIIEHH (5.18) BoHO Habupae BUTISLY
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HA3MBaIOTh MapaMeTPOM TePMONPY-KHOI 3B’I3aHOCTI, KUl BpaxoBye BIUIMB 3MiHU Jieopmariii
Ha 3MiHY TEeMIIepaTypy B OKOJI AOCTIIKYBaHOT TOUKH. [{yist ObmocTi MartepianiB o; < 1 (aus

amominito &; =0,03781, 3aniza — §; =0,0098, cBunmro — &; =0,0639). i1 noaimepiB BiH CyTTEBO

OunbmMiA: Ay noniBiHUIOyTHpamo &, =0,431.

3a meBHUX YMOB, ITPH MaJliil 3B’513aHOCTI MOJIB TeMIepaTypH i Aedopmariii, TaKoro
3B’S3aHICTIO HEXTYIOTh. B IbOMY BUIIaJIKy Ka)KyTh, 1110 3aJa4i PO3B’A3YIOTHCS B paMKax Teopii Te-
MIlepaTypPHHX Hanpy:keHb. ToOTO Teopi€lo TeMnepaTypHUX HANPYyKeHb, HA3UBAIOTh TEOPil
TEPMOMEXaHIYHOT MOBE/IIHKH, B SIKMX, 3a [IEBHUX YMOB, HEXTYIOTh TEPMOMEXAHIUYHOIO 3B’SI3aHICTIO,
a 3a/1a4i 11 MeXaHIYHUX 1 TEIJIOBUX IOJIIB PO3B’A3YIOTh OKPEMO.

Teopii TemnepaTypHUX HaPY>KEHb B 3arajbHOMY BUIAJIKY BIIMOBIIAIOTh PIBHAHHS PyXY
(5.11), (5.12) abo ix ananoru — piBHSIHHS PIBHOBAru, piBHSIHHS TerwonposiaHocTi (5.8) ado (5.10)
0e3 mepinx J0JaHKIB B MpaBiil 4acTHHI, TOOTO

pcaﬂ=i KE-T)Q +pr abo pccﬂ=i Xf;)ﬂ +pr
ot ox| " ox ot ox OX;

i rpannyHi Ta mouarkoBi ymoBu (5.13) (5.16), sixi Bci HaBeneHi B Jlekii 11 . Bigzaauumo, 1o B
Teopii IPYKHUX TEMIEPaTypHUX HAIPYXEHb MOKIANAI0Th C, = C,_ .

Ockinbku 6 KOMIIOHEHTIB TeH30pa Aedopmalii €; 3a10BOJIBHAIOTH YMOBH CYMICHOCTI
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TO OYEBU/IHO, IO LI yMOBU MOKHA BUPA3UTH Y€PE3 IIICTh KOMIIOHEHTIB TEH30pa HANPY)KEHb G .

Hanpuknan, 11st i30TpOIHOTO OHOPIIHOTO MPY>KHOTO CEPEIOBUIIIA MAEMO:
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ne &; nenbra Kponekepa.



B (5.19) MokHa TIEpeNTH 10 KIHKEHEPHUX KOHCTaHT», E = p(3X +2p) /(A + 1),

v =0,50(A+ p), - Moy pyxHocTi (KOHra) 1 koedilieHTa monepeyHoro cTuckanHs (koe-

¢imienTa [lyaccona):
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AK1 Ha3UBalOTh piBHAHHAMHU BeabTpamu—Mirydena s 3a1a4i TepMONPYKHOCTI

B Takiii nocTaHoBIi 3a1a4a Teopii TeMnepaTypHUX HANPY:KeHb 3BOJIUTHCS JI0 3HAXOJKCH-
Hsl IIECTH KOMIIOHEHTIB TEH30pa HANPYXKEHHS Gy, SKi 3aI0BOJILHSIOTE TpaHi4Hi ymoBH (5.13).
3Ha04M KOMIIOHEHTH TEH30pa HalpyKeHb, i3 crmiBBigHomeHs (5.19) ado (5.20) 3Hax011MMO KOMIIO-

HEHTH TeH30pa Aedopmalii €;, a HOTIM i KOMIIOHEHTH BEKTOPA NEPEMILIECHHS U, .



(T)

Sk 3uaiiTn TeroBy negopmanito g; °? OCKiNbKY 3a1a4a HE3B SI3aHA, TO OKPEMO

PO3B’A3YEThCS MEXaHIUHA 1 OKpEeMO TeIIoBa 3ajava. TerioBa 3agaua npu bOMY pO3B’I3y€EThCs
MEPIIOI0 HA MEPIIOMY K KPOILi.

33,[[21‘-121 MOXE CKJIaJaTUCh, HAIIPUKIIad, HACTYIIHUM YHHOM.

— PIBHSIHHSI HECTali0HAPHOI TETJIONPOBIAHOCTI
or _  0°T
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3 BignoBigaumu rpanrnuaumu (5.13) i (5.14) i moyarkoBumu (5.15) ymoBamu, abo crarioHapHOT
TEIUIONPOBITHOCTI
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3 rpannunumi (5.13) 1 (5.14).

B pesynbrati 11 po3B’si3aHHA OTPUMYEMO TI0JIe Temmeparyp 1 =T ()?,t) abo T =T (T() . 3Bin-
KH, BPaxOBYIOUH, 110 JUIS I30TPOIHOTO CEPEOBUIIA OLSJ-T) = OL(T)Sij , TEIJIOBY Jie(opMariito 3HaX01u-
MO SIK

&M = oM (T _To)-

[TotiM Ha Ipyromy KpoIli MiJICTaBIsSEMO 11 B MEXaHIYHY 3a/1a4y.

[Tokxa)keMo SIK OTIMCATH MOBEAIHKY TEPMOIPYKHOTO CEPEOBHUINA B PAMKAX MEPIIOT0 MiIX0dY,
TOOTO B paMKax Teopii TePMONPY:KHOI0 cepeI0BUINA i3 BHYTPIlIHIMU MapaMeTpaMu CTaHy.

Tepmonpy:xHe cepenoBuile i3 BHYTPillIHIMH IapaMeTPaMH CTaHY.

Jl1is onvicaHHsI TOBEAIHKH TaKOTO CEPEIOBHUIIA BBEIEMO OJIMH CKaIsIpHUH mapameTp D i

OJIH BEKTOPHUH y = { Xi }, i =1,2,3. Ix pisuunMil 3MiCT HOACHIOETHCS HIXKYE.

JUist TepMOMHAMIYHUX CUCTEM, SIKi 3HaXOAAThCS B CTaHI piBHOBAru, a0COJIIOTHA TeMIlepa-
Typa T ( X, Xy, X3,t) € OJTHIEI0 3 OCHOBHUX PEAaKTUBHUX 3MIHHUX, 0 BU3HAYAIOTh BUIbHY €HEPTit0
CHCTEMHU. SIKIIO K MpoIIec, MO MPOTIKAE B CUCTEMI, € HEPIBHOBAKHUM (200 JIOKAILHO HEPIBHOBAX-
HUM, TOOTO HEPIBHOBAKHUM B OKOJIi TOBUTLHOT TOYKH CEPEIOBUIIA), TO JI0 PO3IIISIY 3aydaroTh e
1l TepMOJIMHAMIYHY TeMIIepaTypy CD(Xl, Xy, X3,t) , SIKa CIIBMAJA€ 3 AOCOIIOTHOIO, SKIIO MIBU-
KicTh 3MiHu wiei Temneparypu @ (X, X,, X;,t) nopiBHioe Hymo. SIkiio a6CoaI0THA TeMilepaTypa
BHCTYIIA€ MIPOIO cepeHbOI KIHeTHYHOI eHeprii B piBHOBa)KHOMY Ipoleci, TO TepMOAHHAMIY-

Ha TeMIlepaTypa — B HePiBHOBAKHOMY.

Po3noBcropkeHHs Teria 0yeMo XapakTepru3yBaTH BEKTOPHUM BHYTPIIIHIM ITapaMeTpoM
CTaHy J , SIKA, HATIPUKIIA, JUIS KPUCTATIYHUX MaTepialiB MOKHA acOIiIOBaTH 3 BEKTOPOM ryc-

THHH PO3N0Ainy (pOHOHIB.



KinernuHi eBosnoniiiHi piBHAHHS, sIKi ONUCYIOTH 3MiHY B yaci @ 1 y , B JiHIiHOMY HaO1H-

KEHHI IPUHMAEMO Y BUTJIISIAI
m®=® -8, T,X=Xi—Xi (5.22)

Jie KOHCTaHTH 7; 1 7, — 4aCH pejaKkcauii BHYTPilHiX mapaMeTpiB cTaHy, sKi € 00EPHEHO IpO-

NOPIIHHUMH YaCTOTaM BJIACHUX KOJIMBaHb MOJICKYJ B HEPIBHOBaXXHOMY Ipo1ieci i B3aemoii ¢o-

HOHIB BinnoBinHO; @ i ¥, — cramioHapHi (ycTajneHi) 3HaUCHHS IUX ITapaMeTpiB.

Ockinbku piBHstHHS (5.22) iHIIHI, TO X PO3B’I3KH MAOTh BUTJIS;
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Temnep 3agamo Bupa3 ai1st BiibHOI eHeprii aHanoriyaui (5.1), ane 3 BpaxyBaHHSM MaloCTi

BEKTOPHOTO BHYTPILIHHOTO MAPAMETPY CTaHy, TOOTO | ;Z| <1,
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(5.24)
Es ECijM(—Eg))(—:g)) + D@'jmﬁm(—fg)) o Iﬁz‘ijk(—Eg))a

® T ® . ~() . .
e ,Bij = é‘i(j ) é‘i(j ) , 8i(j ) KOMIIOHEHTI TeH30pa & , AKUU BU3HAYAETHCA TEPMOJMHAMIYHOIO TEM-

neparyporo, Heigq')H < 1. OueBuano, sxmwo ® - T, 10 B; —>0.

[Tpu Temneparypi DpUpOAHOro CTaHy 1, TEPMOJUHAMIUHOI cucTteMu B, (TO,TO) =0, TobT0
BilbHA eHEpris Oyzne QpyHkuiewo auwe aepopmaii, a npu &; =0 BiIbHA €HEPris 3AEKUTH JIHILIE
BiJl a0COJIIOTHOT i TEPMOIMHAMIYHOI TEMIIEpaTypH 1 BEKTOPHOTO BHYTPIIIHBOTO IMapaMeTpy CTaHy.

Bupasu 11 KOMIOHEHTIB TeH30pa HAINPYKEHb 1 MAaCOBOI T'YCTUHHU €HTPOIIil BUTIKAIOTH 13
cruiBBinHomeHHs (5.24) 1 nepuux aBox piBHocteit (4.9) Jlekmii 10:

. T ; .
G4 7= Ol (S — 82, )) — Dyiri Bri — Kije Xk, (5.25)
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Beaxkaroun, o npu temneparypi T, npupoaHoro crany aepopmanii &; =0, i Macoa ryctu-
Ha enrtpornii h =0, orpumaemo B 3aransHoMy Bunaaky oB/dT =0, dB,/dT =0.

CniBBinHomenHs (5.26) qae MOKIMBICTh OTPUMATHPIBHSHHS 3aKOHY 30€peKeHHsI eHeprii y
BUTJISI/Ii PIBHSHHS TEIUIONPOBIAHOCTI, aHanoriuHoro (4.11) Jlekmii 9:
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amime, ol = O 05" _ 0
1€, 5K 1 paHille, o —— . B nopansmomy Takox MOKJIaJaEMO 20 =a; .
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Jly>xe BaXJIMBUM € BUpa3 AHCHIIATHBHOI (PYHKUIT U151 TOCTIHKYBAHOTO CEpEI0BHUIIA
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Linkom oueBnaHo 3 ananizy (5.28), mo npu ® — 0 i 7 — 0 aucunmaTuBHa PpyHKIiT § — 0.

[Monanbina konkperu3anis piBHstHb (5.25) 1 (5.26) moB’s13ana 3 Bubopom Buy QyHKIIH cTa-
I[IOHAPHUX 3HAYCHb BHYTPILIHIX TapaMeTPiB CTaHy 1 BEKTOPa I'YCTUHH TEIUIOBOTO MOTOKY.



