Jlexmisa Ne 4
IIpuknaau BUBeJeHHS] BU3HAYAJIbHUX PiBHAHb

3angaua 2. Chopmy1i0BaTH BU3HAYAILHI PIBHAHHSA HePYyXoMoOro i Heie¢opMiBHOTO
TeNJIONPOBIIHOT0 MaTepiaJy.

B monepennbomMy mpuKiIaAi MU po3IIIsAaNi BUIAJ0K BU3HAYAIBHUX PIBHSIHB MPYXKHOTO
Matepiany 6e3 BpaxyBaHHS TEIUIOBHUX MPOIECiB. Ternep cuTyallis MPOTHUIISKHA: MEXaHIYHA TIOBEIHKA
Marepiany HeBayKJIMBa (IOBLUIbHA), @ PO3IIISAIA€THCS TEIJIOBUIA MPOLIEC.

Posrnsgaemo onHopiaHuil HecTapitounii MmaTtepian. Tijo HepyxoMe i HeeopMiBHE, OTKE

a = X. 3Bizcu 3pa3y MaEMO JIBa JAHLIOKKH PIBHOCTEH:
V=0, W=0 V=0 Q=0 (32.1)
E A=i w=i (32.2)

Tyry (32.1) i (32.2) BUKopuCTaHi BBe/IeHi paHille To3HaYeHHs: V — IMBUJKICTh, V — TeH30p

MIBUJKOCTEN aedopmartii, 9 — temsop Buxopy, F i H — mpoctoposuii i Mmatepianenuii rpafientn
nedopmaltii, W — T€H30p JIHIAHOTO MOBOPOTY.

CrpaBeUIMBICTh JaHI0KKa (32.2) BUIUIMBAE 3 TOTO, IO B3araji-To, W 0, OCKiTbKH 3a ¢bo-
pmynoto Eitnepa 5 =@xb, 10 Q=-dx1 = W=—Q-W = W=0. 3saxaroun Ha IIOYaTKOBY
YMOBY, Hanpuknaz, npu t t,, Hexait W I (ockinbku W MOe OYTH JOBILILHUM, B TOMY YUCII i

).

Topni HaGip BU3HAYANBHUX PIBHAHB (quB. popmyay (4.5) 3 Jlekuii 7)
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OcranHi n1Ba aprymeHTH B (32.3) He 3MIHIOIOTBCS 30BCIM, TOMY 1X MOYKHA HE 3aIllHCyBaTH.

PosristHemo tenep aucunatuBHy HepiBHICTH (3.47") 3 Jlekuii 6:
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o V. —pA—phT —=q—>0,
i T4 oX.

sKa, BPaxOBYIOYH V=0 HaOyBae BUTIISAY

—pA—phT —Tiqi@i >0, (32.4)

. ~ =~ |0l
Jie BpaXxoBaHo, 10 TPAIEHT TeMrepaTypu 0 3amucyeThes sk 0 = {a— .
X.
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JUist cIpoIIieHHs], BpPaXOBYIOUH, 1110 MaTepiall HecTapilounii, BU3HAYaIbHI PIBHSHHS 3aIHCYye€-
MO, BB)KAIOUH, II0 JI0 HUX BXOJSTh HE onepaTopH, a GyHKIil (ToOTO 3aMiHIOEMO B 3amnuci GirypHi

TYKKH Ha KPYTJIi)

6=3,

4=4(T.6),
~ (32.5)

A=A(T.6),

h=h(T.6),

e S — noBinbHA GyHKITIS.

[ToxinHa Mo yacy BiJ BUIbHOI eHeprii 3anuieTbCes:
A=Ay OA G (32.6)

oT 00

B (32.6) BpaxoBaHo, 1110 cKaJisipHa (QYHKIIiS Bil BEKTOPA € CKaJIAPHOIO (YHKIIIEIO Bl KOMIO-
HEHT I[bOTO BEKTOpa, TOOTO

. OA oA
A==T+Y —16,.
aT Zk:aek “

[Mincramnsiroun (32.6) B (32.4), oTpumyemo

1 -
— —q-602>0. 32.7
orT 00 T a (32.7)

Tenep motpidHO chopMysTrOBaTH HEOOXITHI 1 JOCTATHI yMOBU BUKOHAHHS (32.7) a5 abcoto-
THO JJOBUIBHOTO TEPMOMEXaHIYHOTO nporecy. Ilepi 3a Bce 3BepTaeMo yBary Ha Te, IO JIiBa YaCTH-

Ha B (32.7) € niHiiiHOIO QYHKII€IO MBUAKOCTI TEMIEpaTyps | 1 MIBHIKOCTI IPaJi€HTa TEeMIepary-
pu 0, npudyomy Koe]illieHTH Ta BUIBHUM WIEH B Wil JiHIAHIN QyHKIIT 3anexarb TUIbKU Big T 1 6 .
Yepes JOBUTBHICTh TEPMOMEXAHIYHOTO MPOLIECY IIBUAKOCTI | 1 6 HIisSK HE 3aJIeXKaTh BiJ] JOCATHY-

TUX TIOTOYHUX 3HauUeHb 1 1 6. OTxe, J1iBa YaCTHHA € PYHKIIEIO MIBUIKOCTEH, MPUYOMY HIBUIKOC-
Ti MOXKYTh HAOMpaTH JOBUIBHHUX 3HaueHb. L{10 cutyartito po3’sacHioe Bitoma Teopema:



Jnst Toro, mo0 niHiliHa HepiBHICTE AX + By + C > 0 BuKOHYBanach JUIs TOBUIBHUX 3HAYCHD apry-
MEHTIB X 1 Y HE0OXiTHO i AOCTaTHBO, 00 KoediuieHTH A 1 B nopiBHIOBanM HyIO, a BUIbHUN

ysieH OyB HEBiJ €MHHUM, TOOTO
A=0, B=0, C=>0.

JloBenenns.

JlocTatHicTh BUIHO Oe3nocepennbo. HeoOXiqHicTh JoBEeMO METOIOM BiJ oOepHeHoro. He-
xaif koeinient A =0 i, Hampukian, € nogaTHUM. Toi
B C B C
X+—y+—20 = X2-——y-—=P
A A A A
Jlns 3aganux AoBuUTbHKX 3HaueHb A, B, C 1 y mpaBa yactuna Bimoma (i nopiBHioe P ). Aje
apryMeHT X — JOBUIbHMIA, TOOTO MM MOXEMO MiTYMHUTH HOTo yMOBI X < P . OTpumanu npotupiv-
gs. Omke npumnyiieHHs, mo A >0 Ounbiie HyJsl TOMUIKOBE. AHAJIOTIYHO JOBOAUTHCS, IO TIPUITY-
meHast A< 0 e mommwikosuM. Omxke A=0 000B’s13k0B0!

[ToBHicTIO aHaOTIUHI MipKyBaHHS cripaBeyiuBi it [yt B . [ToBToprotoun ix, oTpuMaemo
B =0. IlizcraBnsiemo orpumani 3HadeHHs A= B =0 inpuxogumo no Bupazy C>0.m

OTke HeoOXiHi 1 JOCTaTHI YMOBY BUKOHAHHS (32.7) MOXKEMO 3aliCaTH y BUTIISIL

%+h=0,
oT

O0A

~—— =0, 32.8
pY; (32.8)
1
T

G-6 >0.

OTtpumaJiu 3 oHi€l HepiBHOCTI /ABi piBHOCTI Ta 0aHYy HepiBHicTB! 3 1pyroi piBHOCTI BU-
TUTHBAE, 0 BLJIbHA €HePrifl He 3aJIe)KUTh BiJ] Tpa/lieHTa TEMIIEpaTypH:

A= A(T). (32.9)

Aure ToJli 3 IepIIoi HEPIBHOCTI BUILIUBAE, 110 T'YCTHHA BHYTPIlIHbLOI eHTPOMil TakoX He 3a-

JIEKUTH BiJ O :

oA

h:——:
oT

h(T). (32.10)

3BepHIMOCs Terep 10 OCTaHHBOI HepiBHOCTI. [ToMHOXkHMMO 001 1Bi yactTunu Ha T >0, oTpu-
MaeMO 3HAMEHUTY HepiBHICTh Dyp’e:

G-0 <0. (32.11)

L5 HepiBHICTH BKA3ye, IO TEIIO HE MOXE JIOBUIHHO MOITUPIOBATUCH B1Jl XOIO{HOT 00J1aCT1
Tija 10 Tapsyoi.




Jlami HeoOX1THO PO3TJIsLAATH KOHKPETHI BUAM BU3HAYAIBHUX PIBHSIHB JUIS MTPOLIECY TEIUION-
POBITHOCTI.

BuzHavaybHi piBHSIHHS U1 IPOLeCy TeNJIONPOBIAHOCTI

Hexaii icHye niHii{Ha 3aJI€KHICTh MK BEKTOPOM TEIIOBOTO MIOTOKY 1 IpaJieHTOM TeMIlepary-
pu

4=0,(T)-4(T)0.
[TincraBumo Horo y HepiBHicTh Pyp’e (32.11)
Go-0—A(T)0-0 <0.

L1 HepiBHICTH MOBMHHA BUKOHYBATHUCH JJIs IOBUTLHOTO 3HaUeHHA O . Hexaii rpajiieHT Temie-

parypu 6 Benukuil. Toai TIHIMHUM JOJATKOM MOKEMO 3HEXTYBATH B MOPIBHSAHHI 3 KBAAPATUYHHM,
OTXKeE:

~A(T)6-6<0 = A(T)>0.

Hexaii Tenep rpagieHT TemnepaTypu Manuil. Tozi KBagpaTHUYHUM J10IaTKOM MO>KHA 3HEXTY-
BaTH B MOPIBHAHHI 3 NiHiiHUM. Toai oTpuMyeMO

G, -0 <0.
Aunte 1ie NiHiifHa HEPIBHICTh, 1 MU 3HAEMO YMOBY i BUKOHAHHS
G, (T)=0.

3ayBa)KuMo, 110 111 yMOBA HE 3aJIeKUTh Bil 6, a OTKE, BOHA CIPaBEUINBA IS IOBUTBHOTO

smauenns 6 . Toxi BU3HAYAILHE PiBHSIHHA /15 IPoLieCy TeNJIONPOBiAHOCTI HAOKpa€e BUTTISLY
G=-4(T)0 =-A(T)V,T, A(T)z0.

Lle piBHSHHS € HIYUM HIIUM SIK PiIBHAHHAM TeNJIONPOBIAHOCTI /15 i30TPONHOro Martepia-

ay. Koeodimient A (T) Ha3MBalOTh KOe(PIiEHTOM TelJIONPoOBiAHOCTI. JIpyruii 3aKoH TepMoan-

HaMIiKH y ¢opMi yHIBepcaJbHOI AUCHIIATHBHOI HEPIBHOCTI HAKJIA/1A€ 00MeKeHHS HA PiBHSAHHS
TeNJIONPOBIAHOCTI y BUIJIsAi BUMOTH HeBil’eMHOCTI KoedinieHTa TenjionposigHocTi!

OcHoBHI nigxoau 10 Mo0y/10BH BU3HAYAJIbHHUX PIBHAHb B TEPMOMeEXaHILi.

V 3aJe)KHOCTI Bil CTPYKTYpH MaTepiaiy I0CIiKyBaHOTo Tila (kpucTaiiaHoi, aMmop(hHO1, BH-
COKOMOJICKYJISIPHOT TOII0) PUKJIA/ICH] 30BHIIIHI MEXaHI4H1 i TEIJIOBI HABAHTAXXCHHS BUKIIUKAIOTh
NEBHI CTPYKTYpPHI 3MiHH (IOsIBA 1 pyX ITUCIOKALlii, pO3KPYYyBaHHS 1 IEPEOPIEHTALliS MOJICKYJISIP-
HUX JIQHIIIOT'IB, TIEPEPO3IO/ILT MOJIEKYJISIPHUX CETMEHTIB TOI0). Ha MakpopiBHi 111 SIBUILIA BUKJIH-
KalOTh I105IBY HENPYKHHUX JedopManiii.



VY ToMmy BUNAJKY, KOJIM XapaKTePHHUH Yac 3MiHU 30BHIITHHOI'O HABAaHTAXKECHHS BIIIIPa€ CYTTe-
BY pOJIb, IPH BUBEJCHHI BU3HAYAJIBHHUX PIBHSAHBb B MEXaHII[l CYI[UILHOTO CEpPeIOBHIIA HEOOXTHO
BpPaxoOBYBaTH LIBUAKICHI €(EKTH SIK MPH ONMUCaHH1 AedopMallii, Tak i Py OMUCAHHI MPOLIECY PO3-
MOBCIO/KEHHA Teruia. OCKUIbKH MPH JOBUILHOMY 30BHIIIHBOMY BIUIMBI 3MIHIOETHCS BHYTPILIHS
€Hepris Ti1a, TO s pealbHUX MaTepiajiB el MpoIec CymPOBOIKYETHCS 3MIHOIO CTPYKTYPH —
BiZIOyBa€THCS NepeXifl Bil OJTHOrO TEPMOIMHAMIYHOIO CTaHy JI0 IHIIOTO. SIKII0 XapaKTepHUi dyac
3MiHU 30BHIIIHHOT'O HABAaHTAKECHHS OMM3BKUI JI0 Yacy Mepexoy TEpMOAUHAMIYHOT CUCTEMH 10
HOBOT'O CTaHy, TO BpaxyBaHHs 3MiH CTPYKTYPH Ha MIKPOpPiBHI € HEOOXITHUM.

[Tponecy, siki BigOyBalOTHCS B CYIIUIBHOMY CEPEIOBUILI HA MIKPOPiBHI, MPOSBISIOTHCS TAKOX
i1 Ha MaKpOCKOMIYHOMY piBHi. OJHAK, 3/1€0UIBIIOTO JOCTITHUKA IKABIAThH TUIBKH JIESK1 aCIIEKTH
UX Ipo1eci. B TakoMy BUnaaky AOIITEHO BUKOPUCTOBYBATH CHPOLIEHI MoJieJIi, sSKi BijoOpaxa-
I0Th JIMIIIE Ti BIIACTUBOCTI T1J1, SIKI BUKIUKAIOTH OCOOIMBHI IHTEpEC 1 € BAXKIUBUMHU IS
PO3B’A3aHHA JaHOI KOHKPETHOT 3a/1a4i. 3a IHIIUX YMOB Il TUX CAaMUX MaTepialiB 1 TiI MOXYTh
OyTH LIKaBUMU IHIII aCTIEKTH B3a€MO/I1, 1 MOXke OyTH HEOOX1IHUM 3aCTOCYBAaHHS IHIINX BU3HAYA-
JBHUX piBHAHB. OTXKe, KO)KHOMY PealbHOMY TiTy MOXKHA MOCTABUTH y BIAMOBIIHICTb LILTY CYKYII-
HICTb BU3HAYAJIBHUX PIBHSAHB, SIKI OMUCYIOTh OKPEMi CTOPOHU HOTO CKIIaJHOI OBEIHKH.

Jnisl BUBEICHHS! BU3HAYAIBHUX PiBHSIHB NOBEiHKM MaTepiaay, ToOTO MaTeMaTUYHUX MO-
7ieNieil B TepMOMEXaHilli, Ha MOTOYHUNA MOMEHT BUKOPUCTOBYIOTh TPU OCHOBHI MIAXO/H, SIKI IPYH-
TYIOThCS Ha po3risii 1) cepenoBua i3 BHYTpilIHiMI mapamMeTpaMu cTaHy, 2) cepeIoBHUIIA i3
3racaly4or0 nam’sirTio, 3) cepeIoBUINA MIBHIKICHOTO THILY.

CepenoBumia i3 BHyTpPilIHIME MapaMeTPaMHu CTAHY

BBakaemo, 110 cTaH AOCTIPKYBAHOTO TiJia B OKOJIi JOBUTRHOT MaTepiaibHOT TOUYKM BU3HAYA-
€ThCS YOTHPMA TEPMOJAMHAMIYHUMH (PYHKI[ISIMH (aKTUBHUMH 3MIHHHUMH): MAaCOBUMH T'yCTHHAMU

BUTHHOT eHeprii A ienrpomii h, apyrum TeHsop Hanpyxkens [lionu—Kipxroda T 3 kommoneHTamMu

A

T, i BEKTOPOM I'yCTUHH TEIJIOBOTO MOTOKY {, 3 KomnonenTamu ¢y, i =1,2,3. Aprymentamu nux

¢byHK1il OyaeMo BBaKaTH TaKi peaKTUBHI 3MIHHI: TeH30p CKiHueHHOI aedopmartii ['pina L 3 kom-

noHeHTamu L, abcomotHy Temrneparypy T , MaTtepiajJbHHi IpajieHT TemrnepaTypu 0 , KOMIIOHEH-

ij
™ sikoro 6, =0T /da, .k =1,2,3 i nabip BHyTpiuIHiX napameTpis crany (BHYTPIlIHIX 3MIHHUX CTa-
HY) ;((a) , %éﬂ), ;(éf) y e k=123, a=12,...,a.; B=12,.,By; v =12,..,7, . 3ayBaxumo, 110
BHYTPIIIHI 3MiHHI MOXYTb OYTH CKaJIIpHUMH ( ;((a) ), BeKTOpHUMH ( )(éﬂ )) a0 TeH30pHUMHU ( )(é,y))

BenmMurnHaMu. DiI3WYHMI 3MICT KX MMapaMeTpiB BCTAHOBIIOETHCS OKPEMO B KO)KHOMY KOHKPETHOMY
Bunaaky. Toxi

A=A(L T.6. 220" 1),
h=h(LkI’T’01%(‘1)!%15[3)’%8/))’ (4.6)
-I:ij :-ﬁj(LklvTaH 7Z(a)!%lgﬁ)’%£r))’

Qoi =q0i(LkI’T70 v)((a)v%lgﬁ)v%lgly))-



JUist BU3HAUEHHS BHYTPIIIHIX ITapaMeTpiB CTaHy TEPMOMEXaHIYHOI CHCTEMH MOCTYIIIOEMO, 10
MIBAIKOCTI X 3MIHM BU3HAYAIOTHCS TUILKU CTAHOM CHCTEMHU.

d @ ; Y "
’é = (L T 0, 2 0”2 ) = (),
t
dz” ‘
%:Ki(ﬁ)(l‘kh-rvekvx( ),Zéﬁ)JCér)):Ki(m (A)’ (4.7)
d%i('
dtj ( (Lk|1T HkJC ZIE 1Zl£| ): i('y)(A)'

Y (4.7) BBeIeHO MTO3HAYCHHS [T HAOOPY apryMeHTiB {A} = {Lk, T.60, 29 4P, 4l )}. 3a-
YBa)XHUMO, 1110 BU3HAYAIbHI piBHSHHSA (4.7), sIKi 3B’S3YI0Th aKTHBHI 1 pEaKTUBHI 3MIHHI, MAIOTh JTU-

depeHmiaTbHu BUTIISA.

[TincraBnsoun Bupas g A=U—Th y ¢popmyiy 3akoHY 30epeKEeHHs €HEprii B JIarpaHKEBUX
KOOpAMHATaX

du i~ dL ke 0
— =Ty —— — ( ,>+ T,
£0o dt km dt 3Gm qom por,
OTPUMYEMO
DA dL;, A dT DA dx' oA dx?
' 22 v L X
POor, ar TP TP o ar ax® i
a4 dx) DA dv; dh ~ dL,,  dqo;
+poz o T 4 poh 87 M Oy
Mo at o0 ar " Py Ty e, 2

3 1bOro piBHAHHSA BUPA3UMO MiIKPECIeHI JOJaHKH 1 MiACTaBUMO iX y hopmMyy Apyroro 3a-
KOHY TepMoauHaMiku y opmi HepiBHOCTI Kitay3iyca—/{rorema (hopmyia (3.42) Jlekuist 6), 3Haxo-

AUMO
sz aA AT 9A dx®
Oﬂw aT dt Iy dt .
., -dﬁ)_)&4(1)&(7]_)8[’1(1192“8T@>0 |
P Ta Mo @ Mov,at  va, T T

L{i HEepiBHICTH € JIHIKHOIO BiTHOCHO MIBUAKOCTEH peaKTUBHHUX 3MIHHUX, 5IK1 200 HE € BU3HA-
qanpHuME 3MiHEIME (dL; / dt, dT/dt, d6,/dt), abo 3amarorscs piBHsAHHAMHE (4.7).

OCKiTbKH JpYruil 3aKOH TEPMOJIWHAMIKH CIIPABEUIMBUH JUIsl JOBUIBHUX LIBUAKOCTEH mporie-
CiB, TO JIOCTaTHBOIO YMOBOIO CIIPaBENTUBOCTI HEpiBHOCTI (4.8), sk BUILTMBAE 3 HABEICHOT BHIIE
TEOpPEMH, € BUKOHAHHS PIBHOCTEH

aLig OT a’ﬁz
1 HepiBHOCTI
A dy'® A dx!? o4 dx\’  aT g,

— ) - - < 0. @41
Moy “at Moy '(Oi")x'ff,” i oa 1 S @10

A



3 wiei HepIBHOCTI BUILIMBAE, IO CBOJIOLIIHI piBHAHHS (4.7) HE MOXXYTh OyTH TOBUIBHUMH, iX
KOHKpETHa (popMa MOBHHHA Y3T0JKYBaTUCh 3 HepiBHicTIO (4.10)

Bimsnaunmo, mo qucunartueHa QyHKIis B HepiBHOCTI (4.10) 3anucyeThest HACTYITHUM YHHOM

DA dy™ 9A dy 9A dx)

0 £o a9 Po
Fv () ‘ LAB) WA
Ox dt ox, dt Oy 5 dt

A

0= —p

3anucyoun 3aKOH 30epeKeHHs €HEPTii B CUCTEMI JIarpaH)KEBUX KOOPAWHAT

T@ _ Oq
dt Jdu;

+ pr+ 9,

1 BUKOPUCTOBYIOUH piBHOCTI (4.9), oTpriMaemo

MPOTa?A@: T Oh dL;,  8h dx'  on &y
aT? dt aL,, dt Aye)  dt e at
I (4.11)
oh d‘(g? dqoi .
s | S e+l
o\ dt a,

2]

JlomaHKy B KpYIIIHX Ty)KKax B mpaBiil yactuHi (4.11) xapakTepu3yoTh TEPMOMeXaHIYHY
3B’SI3aHICTh NPOLECiB TENJIONPOBIHOCTI, fedopMyBaHHS Ta 3MiHM BHYTPIilIHIX MapaMeTpiB
CTaHy.



