Jlexmis Ne 2
OcHoBM Teopii BU3HAYAIBLHUX PiBHSHD

OcCHOBY BCIX IPUPOJHUYUX HAYK CKIIAJAIOTh 3aKOHU NPUPOAHN. BOHU BHKOPHCTOBYIOTHCS K
6a30Bi, Ha OCHOBi AKUX OynyroThCcs Ti uM iHIII Teopii. Taki 3aKOHU € CIpaBeITUBUMH 1 IS
TepMoMeXaHiku JeopMiBHUX Ti1. PaHirie Byke BKa3yBaluCh NPUHIIMIIN, SKMM OBUHHI BiANOBIAATH
3B’SI3KM MK IapaMeTpaMu CTaHy CHUCTeMH, sKi, B3arajai KaKydd, HE MOXYTh OyTH abCOJIOTHO
NoBUTBHUMHU. [IpoTe 115 onucaHHs NpoleciB TePMOIMHAMIYHIN 1 TEpMOMEXaHIYHili cucTemi 3pydHo
BUKOPHUCTOBYBATH 3aKOHU MPHUPOIU B MIEBHUX (HOPMYITIOBAaHHSIX.

KOpOTKO Hepeﬂi‘{I/IMO 3aKOHH, SIK1 BJKE po3risganu:

— 3akoH 30epeskeHHs] MacH: Maca Oyab-IKOI0 MaTepiajJbHOIO Tila HE 3MIHIOEThCS MIPU
fioro opmyBaHHi Ta Harpisi,

— 3axoH 30epexeHHs KibKocTi pyxy( nmepumii 3akoH Eiinepa, mepuiuii 3aKkoH AMHAMIKH):
IIBUJIKICTh 3MIHM KUIBKOCTI PyXy MaTepiajbHOI0 Tijla JOPIBHIOE CyMi BCiX 30BHIIIHIX CHJI
(TTOBEpXHEBUX 1 MACOBHX), IO JiIOTh Ha II€ TLIO;

— 3akoH 30epe:xeHHsI MOMeHTA KiJIbKoCTi pyxy (apyruii 3akoH Eiinepa, npyruit 3akoH
JWHAMIKH): IIBUIKICTh 3MIHH MOMEHTA KUTbKOCTI pyXy JOPIBHIOE CyMi MOMEHTIB
30BHI-IIIHIX CHJI, 110 MPUKIIAACHI 0 IOTO TiNa, 1 BIaCHE MOMEHTIB, SKIILIO TaKi €,

— Ilepumii 3axoH TepMOAMHAMIKH (3aKOH 30€pEe)KEHHS SHeprii): IBUAKICTb 3MIHU €Hepril
nedOpMIBHOTO Tifla JOPIBHIOE MOTYKHOCTI 30BHIIIHIX CHJI, IO AilOTh HA TLIO, 1
LIBUIKOCTI IT1BOJA TEIUIA 30BHI;

— Jpyruii 3akoH TepMoauHaMiku (popMyTrOBaHHS 0araTo): HaMPUKIAI, MBUAKICTh 3MIiHH
BHYTPIIIHHOI €HTPOIIii HE MEHIIIa, HiK IIBUKICTh MiABOY €HTPOIIii 330BHi;

— Tperiii 3akon TepMoanHamMiku (3akoH HepHcra): eHTpOIIis MaTepiaJbHOTO Tila MpsIMYye
JI0 HYJIs, SKIIO a0COIIOTHA TeMIIepaTypa Tila IpsIMye 10 HyJs.

Bci 111 3aKk0HU 3aCTOCOBYIOTHCSI B TepMOMeXaHilli feopMoBaHuX TiUl. BoHu cripaBeniuBi asns
BCiX T 0e3 BUKIIOYEHHS SIKMMU O BOHU HE OyNnH: CTaleBHUX, MIHUX, CKISIHUX, JIepeB' STHUX,
MACJISTHUCTHX 1 Ta30TOI0OHUX YU PIAKUX.

Bci Tina € geopMiBHUMHU, TPOTE, OUEBHUAHO, IO MPH JehopMyBaHHI BOHH MOBOAATH cede Mo-
pisHOMY. Moemorouu npoiec 1edpopMyBaHHs, OyJeM0 3BEpTaTH yBary Ha 0COOIMBOCTI iX
TEPMOMEXaHIYHOT MOBEAIHKHU. L{i 0COOIMBOCTI MPOSIBIISIOTHCS B TAK 3BAHUX BU3HAYAIbHUX
piBHsSHHSX. J{ani MU NPUALTMMO OCHOBHY yBary CKJIaJlaHHIO BU3HAYAIbHUX PIBHSHb.

B TeopeTnyHiii MmexaHilli # Teopii MPy>KHOCT1 3yCTPIYaIMCh HAUTIPOCTIITI BU3HAYAIbHI
PIBHSIHHS. a0COTFOTHO TBEP/II Tija, MPY)KHI €JIEMEHTH, IeMIpepH 3B'I3KOBOTO 1 CyXOro TepTsa. Mu
3raJlyemMo, 1o B TEPMOJAMHAMIIII BUKOPHCTOBYBAIOCH BU3HAYAIBHE PIBHSHHS JIJIS IPOLIECY
TEIUTIONPOBiIHOCTI. B Kypci onmopy MaTepialiiB, HAalEBHO BIIEPIII€, MH 3yCTPLINCH 13 3HAMEHUTHUM
BU3HAYaJIbHUM PIBHSHHIM — 3aKOHOM [ yKa.

BusznayajbHi napaMerpu, TepMOMeXaHi4YHI NpouecH i BUBHAYAJIbHI PiBHHHSA

Bu3navajibHuMHu napamMerpaMu OyJeMo Ha3UBAaTH TEPMOMEXAHIYHI XapaKTEPUCTHKH, SKi
OJIHO3HAYHO OIMHCYIOTh CTaH TEPMOMEXAHIYHOT CUCTEMH Y IOBUILHUII MOMEHT 4acy.



[Tepmr HK MOYaTH 3aMKUCyBaTH BU3HAYAIIbHI PIBHSIHHS HEOOXITHO BIAMOBICTH HA HaA3BUYAii-
HO BaXXJIMBE MUTAHHS: 1[0 CaMe BU3HAYa€ TEPMOMEXaHIYHUN CTaH B OKOJI AEAKOI MaTepiabHO1

TOukH P, sika XapakTepu3yeThCsl CBOIMH 3 IPOCTOPOBUMHU KOOpAUHATAMU X = {X i } i=1,3 B Mo-
MEHT 4acy t, 1110, B CBOIO 4epry, B MOMeHT 4acy t =1, 3ailiMana nouaTtkose noyioxenus P, ? Lle

MOYATKOBE MOJIOKEHHS XapaKTePU3y€EThCS KOOPAMHATAMU 8 = {a i } i =1,3. 3ayBaxxumo, 110 MOBa

e SIK o TETJIOBUH, TaK i MPO MEXaHIYHUI CTaH B OKOJII 3a3HAYEHOT TOUKHU. I3 PI3UUHUX MIpKY-
BaHb 3pa3y CTa€ 3pO3yMiJO0, II0 10 TAKUX MapaMeTpiB HEOOXIAHO 3aTy4UTH A0COMI0THY TeMIepa-
TYpY T , OCKUIbKHM caMe BOHA BU3HAYAE TEIUIOBUIl CTaH OKOJY; TPAi€HT TeMIepaTypu

VT ={0T/dca,} (abo V,T ={0T/ox, }) TAKOX CIIiJl BKIIOYUTHU B HAOIP, OCKUIBKH LIEH TPpagicHT

BU3HAYAE TEPMOHANPYKEHICTh B OKOJIi TOUKH (HaBITh 3 HAUIIPOCTIMINX MIPKYBaHb 3p0O3yMLJIO, 110
YUM BUIIHUK TPAIIEHT TEMIIEPATypH, THM OUTbIIe Teria Oyae MPOXOAUTH Yepe3 el OKil Bif raps-
YHX 30H JI0 XOJNOAHHX). L{e OUThII-MEeHIIT 3p03yMIIO0 1 IEPEKOHIMBO JUIS TEIUIOBOTO CTaHY.

Sk OytH 3 MexaHIYHUM cTaHOM? HameBHO, 1o came MoJI0KeHHs OKoy Touku P, (uu P, sik-
mo b =0 — Ttobto y BUunazky cIiB najaHHs MOYaTKiB MaTepialibHOT 1 TPOCTOPOBOI CUCTEM BIIUTIKY)

HE BH3HAUAE HITOTO. A OC fioro MaTepianbHuii rpagicnt nedopmanii F = {3x, /da, } = {F,} (abo

npocTopoBwii rpagient xedopmanii H = {0a; /0% } ={H;}), sk Mu Gaunnu paniure, Bu3Haua€

30JIMKEHHS MaTepialIbHUX TOYOK OKOJIY Ta 3MIHY iX BIIHOCHOTO pO3TalllyBaHHS.

OTxe nepiuii MOKIUBUI HaOip BU3HAUAIBHUX MApaMETPIB MOXKE MATH, HAITPUKIIA], BUTIISL
{T.v,TFl={T.6,F} (***)
ISl BBEZICHO OKpeMe MO3HAYCHHS I MaTepiabHOIO TPalieHTa TEMIIEpaTypH

§={0k}={6T/6ak}.

3aysasicenns npo mipu deghopmayii.
Pawninie BBOANIN BEKTOP IEPEMIILIEHb TaK: ﬁ =U(a,a,,a, t) . Mloro KoMmoHeHTH € (yHK-
[IIMU MaTepiaTbHUX KOOpAUHAT i vacy U (ai, a,, a,, t) = {uk (ai, a,,a,, t)} =

3
=> U (a,8,,84,t) j, =U,(8,,@,,8;,t) j,, e j, — Gasuc B cucremi koopannat 0,a,a,a, i3acToco-
k=1

BaHO MPABUJIO JOJIaBaHHS IO MMOBTOPIOBAHKX iHJeKcax. Toil camuii BEKTOP B POCTOPOBHUX KOOP-

munatax OX,X,X, nosnauami U (X, X,, X;,t) =U, (X, X,, X5, 1) & 6 1e & — 6asuc B cuctemi koop/au-

HaT OX;X,X;.

Bekrtop b ogHo3nHauno Bu3Havae nosoxeHHs O BinHocHO O,. OueBHIHO, 10

G=b+X—-4a.



Sk yxe Big3Hauanoch 06e3 BTpaTH 3aralbHOCTI okianaTs b =0, aoci @, 1 X; cniBmajgaioTh

(J, =€), T00TO IPOCTOPOBI i MaTepiasIbHI KOOPAUHATH CIiBNAaOTh. Toxi

u =x -a =U, abo G=x-a=U.
Haranaemo, sik BBoauan MaTepiajabHuil rpaaieHT Aedopmanii
2o X . X . OX . OX . . ... =
F=XV, =a—®e1+a—®e2 +a—®e3 :Qei ®e =F;6®e;1,]=13
oa, oa, oa, oa,
i mpocTopoBmii rpagieHT Aedopmanii
H-av,-P o5+ P os+ 2 es-Ls0s-Heo8; i j=13
0%, X, OXq X;

Jlari pi3HUII0 KBaJpAaTiB BiicTaHel MDK IBOMa HECKIHUEHHO OJM3bKIUMH MaTepiallbHUMU

TOYKAaMHU BBa)XKaeMO Mipolo Aedopmanii 0K0Iy HHUX TOUYOK 1 XapaKTepU3yeMo ii a00 TEH30pOM CKi-
HueHHX nedopmartiii ['pina (JarpaHxeBuii TEH30p)

L=2| 25| ago C=1(FT-F-7);i,j-13
' 2| 08 0a; 2

a0o0 TeH30poM CKiHYeHUX Aedopmaniii AapMan3i (eiiepiB TeH30D)
- 1(5, aiai} 260
i 2 ij

OX; OX;
Ane terzopu L i E moxHa B CBOIO Yepry BUpa3uTH uepe3 KOMIIOHEHTH NepeMillieHb

E=2(F-A"A); i,j-13.

Uy (al, az,ag,t) abo U, (Xl, Xy, X3,t), BUKOPHUCTOBYIOUH CIiBBiTHOMIEHHS U =X—-a =U:

. ou. - e A A oA —
I ST L ML R L=1(JT+J +37.3);0,j=13
' 2\ da; oa 0a 0a, 2

. oU. A A A A A —
1Y, AT IR E=1(KT+K K" -K);i,j=13
bo2( o o ox OX 2

Aac

J= {Jij } = {a} MaTepianbHU# rpajieHT aedopmarii
J

K = {Kij} = {%} MPOCTOPOBHIA TpadieHT nedopmariii

i

VY Bunaaxy Manoi n1ehopmariii BAKOPHUCTOBYIOTh HAOIMKEH1 CIIPOIIEHI CITIBBIIHOIICHHS



. ou. - At oA
i = 1hou +—L| abo I= i(J T+ ) — JlarpaH)XeBUii TeH30p Majoi aedopmartii,
2\ 0a; 0Oa 2
1{ oU, 0dU, ~ 1ot o . .
& =—| —+ abo &==(K' + K ) - eiinepiB Ten3zop Maioi gedhopmarii
A ™ 5 (KT +K) -eitnep P bop

VY Bunaaxy, Kojau MaJMMH € He TiJIbKHM I'PaJdicHTH NepeMilleHb, aje i ix MoayJi, To

Jlnis rpajieHTa epeMilieHb CIpaBeTMBUMHU € CITiBB1THOIICHHS

: . ou; . ou, N ar 2 A oA

ou _Lpaou oup)| 1how M e JT=2(3T+3)+5(37-3)

da; 2\0a; 0Ja ) 2(0a; O0g 2 2
ou,
— =+ w;
oa,

1 au auj ~ 1 T o o P
W, =—| —~——| abo W=—(J —J)—narpacheBI/H/I TEH30p JIIHIHHOrO TOBOPOTY
' 2( da; oa 2

Takum unHOM, 3amicTs HabOpy (***) MOXKEeMO BUKOpUCTATH HAOIp
{1.0,F}>{1.0,i,w
BHCHOBOK: /17151 ONIMCaHHS MEXaHIYHOT'O CTaHy MO>KHA BUKOPUCTOBYBATH TaKHii HaOIp mapa-
METpIB, SIKUH € HAOUTBII 3pyYHUM JUIS Ti€l 9M 1HIIOT KOHKPETHOT 3aa4i.

Hanpuxian, BizsMeMo Habip
{T L él I:l W} L

T00TO HabIp, IO CKIATAETHCS 3 a0COMIOTHOT TeMIepaTypu T , MaTepiajJbHOIO TpajlieHTa TeMIepa-

Typu 0= {6T / 6ak} , TeH30pa aedopmaniit ['pina L= {Lij} 1 TeH30pa JiHIHHOrO TIOBOpOTY W . Bei

111 BEJIMYMHHU BIIHECCHI 710 MaTepiaibHuX (JIarpaH)KeBUX) KOOP/AUHAT.
BBeneMo NOHATTS TEPMOMEXaHIYHOI0 Npolecy B MaTepiajbHiil ToYLi M, 0J0XKEHHS AKOT

OTIHCYETHCA JArPaHKEBUM pajliyc-BeKTopoM d . O3HaYMMO TepMOMeXaHiYHUIi mpouec K icTopiio
3MiHM B Yaci BU3HAYAJbHHUX NapaMeTpiB B TOULi 3 pajiyc-BeKTOPoM &, ToOTO

A(é,t)z{T (é,r),é(ﬁ,r), E(ﬁ,r),W(ﬁ,r)}, O<t<t|, 4.1)

Takum yMHOM MaTepiany BiJJPI3HAIOTHCS CBOEIO PEaKIli€l0 Ha 3HAYEHHS 1 Ha 3MiHY 3HA4Y€Hb
BU3HAYAJIbHUX TIapaMeTpiB.

[Io Take peakuis? Peakuist — 11e, BiAMOBIJHO, 3HAUEHHS PEAKTUBHUX 3MIHHUX — TEH30pa Ha-

A

HOpPYXEHb | , BEKTOPA TEIJIOBOIO MOTOKY (f,, T'YCTUHH BUIbHOI €Heprii A 1 T'yCTHMHU BHYTPILIHbOT

enTpomnii h — B Toumi &, To6TO



T, (a1), 0, (a1), A@t), h(at) < T(at), 6 (at), A@t),h(at), (4.2
B KOOPJAMHATHIN 1 CUMBOJIBHIN (QopMmi 3amucy.

BBaxaemo, 1110 3HaYeHHS peakKuii B KOKHUH MOMEHT 4acy  3aj1eKuTh BiJl TepMOMeXaHi-
YHOI0 Npouecy B Til camiil MmaTepianbHii Touni. @opmanbHUI 3aIKC HBOTO TBEPPKEHHS IIPEI-
CTaBJISIE CHCTEMY BH3HA4YAJIbHUX PiBHSIHb MaTepiany:

, (4.3)

Tyt y QirypHUX ay’xKkax 3HaXOIATHCS apIyMEHTH PI3HUX TUIMIB. 371iBa BiJ] BEPTUKAIBLHOI pHC-
KU BKa3aHi Tak 3BaHi ONEpaTOpHi apryMeHTH (1ie MpoCTO BU3HAYAIbHI TaApaMeTpH), a CIipaBa — 3BH-
YaiiHi apryMEHTH.

Otxe (4.3) — e omepaTopu Bia BU3Ha4YaabHUX napametpiB. L1006 e migkpecnuTu B apry-
MEHTax peakilii BKa3aHO MOTOYHHI MOMEHT 4Yacy t, TOi K B apryMeHTax BU3HAYAJIbHUX MapaMeT-
piB BKa3aHi BC1 MOMEHTH 4Yacy 7 , SIKi IepeyI0Th IOTOYHOMY MOMEHTY 4yacy t. AGo 30Bcim cripo-
meHo: B (4.3) Bka3aHo, 110 peakilis MaTepiary B MOMEHT 4acy t B MaTepiaibHill TOYIlI 3 KOOpAWHA-
TaMU & BHM3HAYAETHCS BCI€IO MOMEPETHBOIO ICTOPIEI0 3MIHM BU3HAYAIBHUX MTapaMeTpiB Lil Marepi-
aJIbH1 TOYII.

SIk BKa3aHO BHIIIE, CTIpaBa BiJl BEPTUKAIBHOT PUCKH BKA3aH1 3BUYANHI apryMEHTH — KOOP/IU-
Hatu i4ac. HasBHIiCTh & BKasye, mo oneparopu(4.3) 3MIHIOIOTHCS NIPU MIEPEXO/i Bijl 0HIET MaTepi-
aNbHOI TOYKH J10 iHmol. HasBHicTh t Bkasye Ha Te, 1m0 onepatopu(4.3) 3MiHIOIOThCs B 4aci (TOOTo
marepiai crapimae).

3BiJICH 3pO3yMLJIO, IIO:

Marepiaja Ha3MBaIOTH OIHOPITHUM, SKIIO apryMeHT a BiacyTHil B (4.3) cnipaBa Big BepTu-
KQJIbHOI PUCKH.

Marepiaa Ha3MBaIOTH He CTAPilOYMM, SKIIO apryMeHT t BigcyTtHii B (4.3) cipaBa Bin Bep-
TUKAJIbHOI PUCKH.

OTxe 17151 OIHOPIAHOT0 HeCTaPiloyoro MaTepiajly BU3HaYaIbHI PIBHAHHS HAOCPYTh BUTJISA-
Ay



, (4.4)

3HOBY 3BEpTa€EMO yBary Ha Te, 10 y BU3HaYaIbHUX PiBHAHHIX (4.3) 1 (4.4) BinOyBaeThCs Me-
peTBOpeHHs TUIbkH 1o yacy. KoopanHara 8 3amumiaeTbesi BCIOIU OIHIEIO 1 TIEI0 K CAMO0, IO Y

BU3HAYAIILHUX MapaMeTpax, mo y peakiisx. CnpodyemMo MakcUMalbHO cripocTuTH 3amnuc (4.3),
BUKOPHUCTOBYIOUH LIE.

[To-nepure, He OyemMo BKa3yBaTH apryMeHT &, Malo4M Ha yBas3i, 1110 BCIOJM MOBA iijie po
OJIHY 1 Ty % caMy MaTepiajbHy TOUKY 3 KOOpIAMHATaMHU &

[To-npyre, omycTUMO apryMeHT t B peakuisixX i apryMeHT 7 Y BU3HAYaJIbHUX MapaMeTpax,
3HOBY IIaM’SITalO4H, 1110 BOHU TaM IpucyTHi. Toi oTpuMaeMo:

: (4.5)

Tyt y cuMmBouIbHIl (hopMi KOPOTKO 3anucaHo, mo peakuii T , G,, A 1 h € oneparopamu a6o

(¢yHKIiOHAJaMHU Bil BU3HaYaIbHUX napameTpiB. Toil Gakr mo 1e GpyHKIioHaIu NpUHHATO MO3Ha-
yatu, Oepyuu iX apryMeHTH y QirypHi JyxKH.

3aB1aHHs BU3HAYAJLHUX PiBHsAHB (4.3) a60 (4.5) moBHicTI0O BU3HAYAE TEPMOMEXAHIYHY
NMOBeJIHKY MaTepiaJy.



