Cnamucmuwecrias gbc%mm (7 cw&wm)

1. TepmoauHaMH4yecKas cucremMa. Buyrpennue U BHEIIIHUE napaMeTpbl
TePMOJIMHAMMYECKON CHCTEMBI.

T/][C — 3TO MakpOCKONHMYECKass CHUCTEMa, KOTOpas COAEPKUT OOJbLIOE YUCIO YACTULl U
HaXOJIUTCS B COCTOSIHUU TJI PABHOBECHSI.

Benuunnel, omnpenenseMble MOJOKEHUEM HE BXOMAIIMX B HAIly CUCTEMY BHEIIHUX TEN,
Ha3bIBAOTCS GHewHUMY napamempamu. K HUIM OTHOCATCS: 00bEM CHUCTEMBbI, HAIPSKEHHOCTD
CUJIOBOTO ITIOJIS U T.J.

Benuuunel, omnpeneiseMble COBOKYIIHBIM JBUKEHHEM W PaACHpEEICHUEM B IIPOCTPAHCTBE
BXOJAIIMX B CUCTEMY YACTHII, HA3BIBAIOTCA GHYmMpeHHumu napamempamu. K HIM OTHOCATCH:
IJIOTHOCTb, TaBJICHUE, SJHEPTHUsL, TOJIIPU30BAHHOCTh, HAMATHUYEHHOCTD U JIP.

2. T'oMoreHHbIe ¥ rereporeHHbIe cucremMbl. @a3pl 1 KOMIIOHEHTHI.

I'omozennbie — 3TO TAKUE CUCTEMBI, BHYTPU KOTOPBIX CBOMCTBA U3MEHSIOTCS HENPEPBIBHO NIPU
IIepexoie OT OJHOTO MECTA K IPYTOMY.

l'emepocennvimMu Ha3bIBAIOTCSI CUCTEMBI, KOTOPBIE COCTOSIT M3 HECKOJIBKUX (PU3UUYECKU
ONHOPOAHBIX, WJIM TOMOTE€HHBIX, TEJI, TaK 4YTO BHYTPHU CHCTEM HMEIOTCS pa3pbIBbI
HEIPEPBIBHOCTH B U3MEHEHUU UX CBOMCTB.

@aza — 3T0 (U3HYECKH OIHOPOJHASI MAKPOCKOIUWYECKas YacThb CHUCTEMbI, OTHEJICHHAs OT
JPYrUX YacTell 4€TKO BBIIEICHHOW I'paHULEH, TaK YTO OHA MOXKET ObITh BbIJIEJI€HA U3 CUCTEMbI
MEXaHUYECKUM ITIYyTEM. M1y TOMOTE€HHasl YaCTh I€TEPOr€HHON CUCTEMBI, OTACIICHHAs OT IPYTUX
yacTell IIOBEPXHOCTBIO pa3jiesia, Ha KOTOPOM CKAauKOM M3MEHSIOTCS KaKue-TuOo cBoMcTBa (M
COOTBETCTBYIOILIME UM MapaMeTpbl), Ha3bIBACTCS Pa3oil.

Komnonenmuvr — 370 XMMUYECKHM Pa3HbIE YACTU CHCTEMBI, KOJIUYECTBO BELIECTBA KOTOPBIX HE
3aBUCHT OT JPYTUX KOMIIOHEHT.

3. CocTosiHMEe TEPMOJAMHAMUYECKOr0 paBHOBecusi. PaBHoBecHbIe npoueccbl. O0paTumelie,
HeoOpaTuMbIe.

Cocmosnue mepmoouHamuiecko2o pagHogecus — 3T0 TaKOE COCTOSIHUE CUCTEMBI, IPU KOTOPOM
npu GUKCHPOBAHHBIX BHEIIHUX MapaMeTpax U OTCYTCTBUH MOTOKOB CHCTEMA MEPEXOIUT B
COCTOSIHME, U3 KOTOPOT'O CAMONPOU3BOJIBHO BBINTH HE MOXKET.

[Iponecc mepexona CUCTEMBI W3 HEPABHOBECHOTO COCTOSHHUS B PABHOBECHOE HA3bIBAETCS
penrakcayueu, a TPOMEKYTOK BpPEMEHH, B TEUEHHE KOTOPOrO0 CHCTEMA BO3BpALacTCA B
COCTOSIHUE PABHOBECHSI, HA3bIBAETCS 6pEeMEHEeM PeNaKcayuul.

IIponecc HaA3BIBACTCA paBHOBECHLIM WIU KEA3UCMAMUYECKUM, €CIIA BCE NapaMeTpbl CUCTEMBI
U3MEHAIOTCA (PU3NYECKH OECKOHEYHO MEIJIEHHO, TaK 4TO CUCTEMa BCE BpeMsl HaxOJIUTCS B
PABHOBECHBIX COCTOSHUSX.

Qusuuecku 6OecKOHEUHO MeONleHHbIM WA pPABHOBECHbIM WU3MEHEHHEM KaKoro-imoo
mapamMeTrpa « Ha3bIBAaIOT TaKOE€ €ro HM3MEHEHHE CO BPEMEHEM, KOrua CKOpocTh daldt
3HAQYUTENBHO MEHBIIE CPEIHEW CKOPOCTH M3MEHEHHUs 3TOr0 Iapamerpa IpU PeNakcaluu; Tak,
€CJIM IIPU PEJIAKCalUM ITapaMeTp a U3MEHWICA Ha Aa, a BpeMs PeJIaKkCallMu paBHO 7, TO IIpU

PAaBHOBCCHBIX IIpOLCCCax

da__da

dt T
Ecnu u3menenue kakoro-nmu0o mapamerpa a IpOUCXOJUT 32 BpeMs f, MEHBIIIEE WM PAaBHOE
BPEMEHHU peJlakcalluu 7 (1<7), TaK 4TO
da da.
dt 7



TO TaKOW TIPOLECC HAa3bIBAETCA HEPAGHOGeCHbIM WIH Hecmamuveckum. CaMm mpolecc
penaKcaluu sBISETCA, CIEA0BATEIbHO, HEPABHOBECHBIM ITPOLIECCOM.

OBPATHUMBIN IIPOIJECC - mpouecc Nepexoaa TEePMOAMHAMHUY. CHCTEMBI U3 OJHOTO
COCTOSIHHS B IPYTO€, K-PBIi MOXKET MPOTEKATh KaK B MPSIMOM, TaK U B OOpPAaTHOM HANpPaBIICHUU
yepe3 Te K€ MPOMEXYTOUHbIe cOocTOsiHUA. O. M. JOJKEH MPOTEKaTh CTOJIb MEIJIEHHO, YTOOBI
€ro MOXXHO OBLIO paccMaTpuBaTh KaK HENPEPBIBHBIA psJi PAaBHOBECHBIX COCTOSIHHM. 2TO
03HAYaeT, YTO MPOLECC AOJHKEH ObITh MEJUICHHBIM 10 CPABHEHUIO C MPOLIECCAMH YCTAHOBIICHUS
TEpMOAMHAMUY. paBHOBecHs B OaHHOU cucreme. Ctporo roBops, O. mI. XapakTepuzyercs
OECKOHEYHO MEIUICHHBIM H3MEHEHHEM TEepMOAMHAMUY. MapamMeTpoB (IJIOTHOCTH, JABJICHUS,
TEMII-pbl U Jp.), ONPEAEISAIOIIUX pAaBHOBECHE CHUCTEMbI. Takuhe NpoLecChl Ha3. TaKke
K8A3UCMamuyecKuMuy Ui K8a3upagHO8eCHbIMU.

Heobpamumuvim Ha3bIBaeTCsl mpoliecc, MpU KOTOPOM OOpaTHBIA MEpexo]l cucTeMbl u3 2 B 1
HEJIb3s OCYILIECTBUTH 0€3 U3MEHEHHI B OKPY’KAIOLUX TENax.

4. BuyrpenHnss 3Heprus. Padora u Temio.

Beskas TIC cocTOMT M3 OTPOMHOIO YMCIIA YaCTULl. DHEPrUs 3TUX HENPEPBIBHO JIBHXKYIIHUXCSA
U B3aMMOJICHCTBYIOIIMUX YacCTHI] Ha3bIBAETCs sHepeuel cucmemol. 1loaHas sHEprus cUCTEMbI
pazziensieTcss Ha BHELUIHIO U BHYTPEHHIOK. YacTh S3HEPruu, COCTOSIIAS U3 SHEPTUU JIBHIKEHHUS
CUCTEMBI KaK LI€JIOTO W MOTEHIMAIbHONW SHEPTUHM CUCTEMbI B I0JI€ BHEIIHUX CUJI, HA3bIBAETCS
sHewrelu dnepeuert. OCTalibHAs YaCTh YHEPTUU CUCTEMbI HA3bIBACTCS 8HYMPEHHEU IHEPIUeli.
Pabomoii na3piBaeTcsi 0OMEH 3HEpPrUeil CUCTEMBbI C OKPY)KaIOIIEW cpefoll Mmpu HM3MEHEHUHU
BHEILIHUX [1APaMETPOB.

Tennomoii Ha3BIBAIOT TpoliecCc OOMeHa dHepruei 0e3 M3MEHEHMs] BHEUTHUX MapaMeTpoB, HO C
VU3MEHEHUEM SHTPOIIHH.

5. Ycaosuas temneparypa. [Ipoueccsl B Tepmocrare. IlpuHunn temneparypsl (HyJeBoe
HA4YaJ10 TEPMOAMHAMMKH).

Omnupuveckoi memnepamypou Tella Ha3bIBAIOT YCTAHOBJICHHYIO ONBITHBIM IYTEM MEPY
OTKJIOHEHHS TEPMOJAMHAMUYECKOTO COCTOSIHMS TE€Jla OT COCTOSIHUSI TEIJIOBOTO PABHOBECHS C
TAIOIIUM JIbJOM, HAXOSIIUMCS TI0JI HOPMaJbHBIM aTMOC(EPHBIM 1aBICHUEM.

Temnepamypoii Ha3bIBa€TCsl BEIWYMHA, BBIPAYKAIOIIAS COCTOSHHUE BHYTPEHHETO JBUKEHUS
PaBHOBECHOM CHCTEMbI, HMMEIOLasi OAHO M TO € 3HAYEHHE Yy BCEX YacTell CIIOXKHOU
PAaBHOBECHOM CHUCTEMbI HE3aBUCUMO OT YHMCJa YacTHUIl B HUX U ONpeaensieMas BHEIIHUMHU
IapamMeTpaMy U SHEPTUEN, OTHOCAIIUMCS K KaXJI0W TAKOU 4acCTH.

[TonoxeHue 0 CylIECTBOBAHUU TEMIEPATYphbl KaKk 0CO00M (PYHKIMU COCTOSIHUS paBHOBECHOMU
CUCTEMBI SIBIISIETCS HY/1€8bIM HAYANOM MEPMOOUHAMUKU.

Tepmocmam — TE€NO ¢ HACTONBKO OOJBIION TEIOEMKOCTHIO (C—>00), 4TO €ro Temmneparypa mpu
TEIJI000MEHE C KaKOK-ITM00 CUCTEMOI HE H3MEHSETCA.

3axon [oxcoyns: 3Heprus UACAIBHOIO ra3a, HaXOISIIErocs: IpH MOCTOSSHHOM TeMIeparype, He
3aBUCHUT OT 3aHMMAeMOro UM 00beMa.

6. YcaoBHast 3uTponus. Ilpoueccol B agnadare. IlpuHuun 3aTpOnIMu.

Annabar — uzonupoBaHHbIN cocya (0Q=0)

7. A0GcCoJI0THAs TeMIepaTypa u adCOMIOTHAsI JHTPOINHS HIEATBHOI0 rasa.
ABCOJIIOTHAA TEMIIEPATYPA - cormacHo BTOopoMy Hauanmy TtepMmoauHamuku, 1/T -

UHTEIPUPYIOIINNA MHOXHUTEIb IS KOJ-Ba TEIUIOTHI OQ, MOJYYEHHOH CHCTEMOH IpH JIHOOOM
obparumom mporecce, modToMy 0Q/T=dS — muddepentman ¢-mum cocTossHUS S (FHTPOIHUN).
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D10 mo3BONSET BBeCTH alc. TepMoAMHAaMHU4. InKaidy KenbBHHA C TOMOIIBIO OOpPATUMBIX
TEPMOAMHAMMY. IIUKJIOB, Harp. KapHo nukia. A. T. cBsi3aHa ¢ 3HTponuel, BHyTp. sHepruen U n
00bpEMoM V cootHomenueM 1/T=(dS/dU)y.

Oumponus (0T Tped. entropia — MOBOPOT, MPEBpAILEHUE), MOHITUE, BIEPBbIE BBEACHHOE B
TEPMOJIMHAMUKE JUIsl  ONpEeNeNeHus Mepbl HeoOpaTUMOro paccessHuss dSHepruv. B
TepMoOAMHAMUKE MoHATHE «3.» ObLI10 BBeneHo P. Knaysuycom (1865), koTopblii mokaszai, 4To
MpoIIeCC MPEBPAIICHUSI TEIUIOTHl B paboTy cieayer oOmier (Gu3nyueckol 3aKOHOMEPHOCTH -
BTOPOMY Hadally Te€pMOJMHAMUKHU. ETro MOXHO chOpMyIMpoBaTh CTPOrO MaTEeMAaTUYECKH, €CIIU
BBECTHU 0COOYIO0 (PYHKIIUIO COCTOSIHUS — 0.

Tak, mjisi TEPMOAMHAMHYECKON CHCTEMBI, COBEpIIAIONICH KBa3UCTaTUYECKH (OECKOHEYHO
MEIIJICHHO) LUKJIMYECKUU TPOIEecC, B KOTOPOM CHCTEMa IOCJEI0BaTEIbHO TOJIYYaeT MaJibie
KoJudecTBa TerIoThl dQ mMpHu COOTBETCTBYIONIUX 3HAYCHUAX aOCOMIOTHOM Temmepatrypbl T,
UHTETpalI OT «IIPUBEICHHOT0» KoymuecTBa TerioTel dQ/ T 1mo BceMy LMKy paBeH HYJIIO

J% =0, T. H. paBeHCTBO Knaysuyca.

OTO paBEHCTBO, HKBHMBAJICHTHOE BTOPOMY Haudajdy TEPMOJWHAMHMKHM JUII PABHOBECHBIX
npoueccoB, Kmaysumyc momydms, paccMarpuBas NPOWU3BOJIBHBIN LHHUKIMYECKHM IIPOLIECC Kak
CyMMY OY€Hb OOJBUIOr0, B Ipeese OECKOHEUHOI0, YUCia 3JIEMEHTapHbIX 00paTuMbix KapHo
uKI0B. MaTemarnuecku paBeHCTBO Kiay3myca HE0OXOAMMO M TOCTAaTOYHO AJISi TOTO, YTOOBI
BBIpAKEHUE

ds = do/T

NPEICTaBISLI0O cO00M TONMHBIA AuddepeHnran (QYHKIHH COCTOSHUS S, Ha3BaHHOE «J.»
(muddepennmanbHoe onpeneneHue J.).

AOcontotHas suTponus - S = kg [nQ); Q) - crar. BeC — YHUCIO MUKPOCKOIUYECKUX COCTOSIHUM,
XapaKkTepU3yoIUX JaHHOE MAaKPOCKOIIMYECKOE COCTOSTHUE.

8. TepMuueckoe U KaJOpUYeCKOe YPABHEHUS COCTOSIHUSA.

TepMHuUeCcKOE M KAJIOPUYECKOE YPABHEHHSI COCTOSHUS — OTO YPaBHEHUSA, CBSA3BIBAIOIINC
temrieparypy T, BHEIIIHUE MapaMeTpbl a; U KaKOH-I1MOO paBHOBECHBI BHYTPEHHUH MapameTp
bi=fu(ai, ..., a,; T).

Ecnu BHyTpeHHUM napameTpoM siBiisgeTcst BHyTpeHHsis sueprust U=U(a,, ..., a,; T) — ypasuenue
9Hepeuu WA KALopuideckKoe ypagHeHue COCmosHUsL.

Ecnu BHYTpeHHUM MapaMeTpOM SIBJIIETCS COMPSKEHHAs] BHEITHEMY MapaMeTpy a; 0000IIeHHas
cuna A; (by=A;), To ypaBHEHUs

A= Aia,, ..., a,, T) (i=1, 2, ..., n)

HAa3bIBAIOTCS MEPMUYECKUMU YPABHEHUAMU COCMOSIHUSL.

Yuciio TepMHYECKUX M KaJOPUYECKOTO YPABHEHUH COCTOSIHUS CHUCTEMBI PABHO YHCIY €€
CTEIeHEeW CBOOOJIBI, T.€. YHCIY HE3aBHUCHUMBIX IMapaMETPOB, XapaKTEPHU3YIOIUX COCTOSHHUE
CHCTEMBI.

Kanopuueckoe ypaBHeHHE COCTOAHUS UI€aNbHOrO raza U= I C,dTI =CyT+U,.

(P + %)(V - b) = RT - ypaBHeHue Ban-nep-Baaibca — TepMUUECKO€ YPABHEHHUE COCTOSHHUSL.

bonee TounsiMu TCPMUUICCKHUMHU YPAaBHCHUAMU IJIs1 PCATIBHOI'O I'a3a sIBJIAIOTCA IMCPBOC U BTOPOC
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ypaBHeHus Jurepuan
p(V-b)=RT ",

(P+LJ(V—b):RT

33

a
V2T

VYpasuenue beprio (P + ](V - b) =RT.

TepMudeckoe ypaBHEHHE COCTOSTHUS B BUPHATIbHOU (hopme
B C D
V=RT|I+—+—+—7+...|,
b ( ol j

o(x, »)
o(¢. )
AKOBUAH (onpenenutens SAxkoOu) — MNOJUIMHEWHBIM AHTUCUMMETPUYHBIM (YHKIIMOHAM,
YAOBJICTBOPSIIONINNA YCIOBHUIO HOPMUPOBKY MJIM (YHKIIMOHAIBHBIM ONpeeIuTeb CIell. BUa,
COCTaBJICHHBIN U3 YACTHBIX MPOU3BOAHBIX 1-r0 nopsiaka. [lycts 3anansl m ¢-1uit

Xi= @ity wo toy s, ey B)

9. SIkoOman , €ro CBOMCTBA.

i=[, 2, ..., m, AIMEIOLIUX YAaCTHbIC MPOU3BOJAHBIC 1-TO MOpsIKa MO MEPEMEHHBIM f;, 5, ..., Iy,
TOTJIa IKOOMAHOM 3THUX (-IIUH HA3BIBAIOT OMPEACINUTETh BUIA
ot, ot ot,
ot, ot ot,
op, 09, 0,
o, o, ot
KpaTKo 0003HaYaeMblil CUMBOJIOM
D(@), @3, 9,)
D(t,,ty,...t,)
Monyns Sl. xapaktepusyeT pacTsbDKeHHeE (C)KaThe) 3JIEMEHTApHOTO O00bEMa NpH Mepexojie OT
HNEePEMEHHBIX X;, X3, ..., X K ICPEMCHHBIM 1, >, ..., ly.
Ceoticmesa sikobuawna:
gy ey)  oley)  oly.x)_dly.x).
825, 77; (6(77,)5)( a()5,77) o, ¢)
ox,y) olx,y)oU V) _ o _ _
2) e ) U V) aEn) x=x(U(gn); V(cn): y=y(U(cn); V(S ),
o) 1 den) o)
ogn) agn) alxy) o n)
o(x. )
ox Ox
) o _olen)_log on |2 X &
) | = = =0 on|=—; ,
o¢l, a&.m) |on on) fp Tl 08|
og an

10.AquadaTnyeckuii mnoreHuua (Buyrpennsis 3Heprusi). CoOTHOIIEHHE MOJHOTHI
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aupdepenunana 1j BHyTPEeHHel JHEPrUH.

dU=06Q-oW=TdS-PdV

11. IlepBoe Ha4Ya/10 TEPMOAUHAMHUKH.

IlepBoe Hayano TEPMOJAMHAMUKHM YCTAHABJIMBACT: BHYTPEHHSS SHEPrUsl CUCTEMBI SIBISETCA
OJIHO3HAYHON (YHKIIMEH €€ COCTOSHHUA W M3MEHSETCA TOJbKO TOJI BIMSHUEM BHEIIHHX
BO3JICVCTBUM.

0Q=dU+ oW, Beunslii nuratens 1ro poga He 3 wWiaM paboOTy HENb3s CO3AATh M3 HUYETO U
pPEBPaTUTh B HUYTO.

12. Tennoémkoctsb. CooTHOmIeHHe Maiiepa.

TermnoéMKoCTh OnpeesNseT KOJIMYEeCTBO TeIIOThl, HEOOXOAMMOE JI1 U3MEHEHHUS TEMIIEPATYPhI
cucremsl Ha 1 K.

5% ; C, —Cy =R - cootHowIenue Maiiepa,

13. OcHoBHbIE TepMOAMHAMUYeCcKHUE Mpouecchl. [louTponHbie mpomeccsl.
Bo3moxHBI 5 po1ieccos:

e wu3orepmuueckuii (7=Const);

e ammabarmueckuii (00=0);

e nonutponuslil (C=Const),

e wu3oxopHbiil (V=Const);

e u300apublil (P=Const).
[Ipu nonutponuom npouecce C=00/dT=Const u 6Q=CdT (nns anuadbatHoro npouecca C=0).
Ecnu a — BHenHu# napameTrp u 4 — CONpsHKEHHBIA eMy CHIIOBOM MmapaMeTp, To 1o 1My Haudaimy
TJI nyst mpoctoit cuctemsl 00 = dU+Ada. [losToMy 111 TOTUTPOITBI

CAT=C,dT+[(0U/da)r+A]da.

Hcnionp3ys
o] 3)
oa ); oT ) ,
noJiy4aem
c,-C
(C —C)dT=+2—~*“da .
oa
5r),
Ecaun C #C,, TO
ar+ 1= Ce (aT j da =0,
Oto nuddepeHmanbHOe ypaBHEHUE TOJUTPOIIbl B iepeMeHHbIX T u a. Eciu u3 ypaBHeHUs
coctostnust 1=T(A, a) HaliTn
dT= (a_r) da +(8—T) dA (**%)
oa ), 04 ),

U TIOJICTaBUTH B popMyiy (***), rorna

(a—Tj dA+CA_C(a—Tj da =0.
04 ), C,—C\da),

Otcrona nuddepennmanpHoe ypaBHeHue aanadarsl (C=0) ais mpocToil CHCTEMBI HIMEET BT

(G_Tj dA +7/(8_T) da =0,
04 ), oa ),
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rae y= Cy/C,.
VYpasHenue noautpoiist pV'=Const, rie nokaszaresib noaurponst n=/C,—C]/[Cy—C].
14. Kpyrossie nponeccol. Huka Kapuo. KII/J uukaa Kapno.
KAPHO HUKJI — kpyroBodi oOpaTUMBIN MPOIECC, COCTOSIIIMA U3 T
IBYX W30TepMHUY. U JBYX aauabaTud. TMpOIECCOB. Brepsbie ]
paccmorpen H. JI. C. Kapno B 1824 kak wuaeanbHbIA LUK JJIsS
TEMJIOBOTO JBUTATENsA, B K-poM paboyee BEIIeCTBO TPUBOJIAT B
TEIJIOBOM KOHTAKT C JABYMS TEIUIOBBIMHU pe3epByapamMu: HarpeBaTeaeM
(c Temm-poit Tt) u xonmomunbHukoM (¢ Temm-poit T,<T;). Ha puc.
uzobpaxén K. m. s uwaeanbHOro rasza, KOOpAMHATaAMU CIIYXKHUT
nasieHue P u o6bém V. CHayasna pabouee BEIIECTBO MPUBOAIT B
TEMJIOBOW KOHTAaKT C HarpeBaressiMd, a 3aTeéM OHO HM30TePMHUYECKH
pacmmpsercs, mojiy4asi OT HarpeBaTessl Tersiory oQ; W coBepiias
paboty (kpuBasi AB). Ilocne sToro pabouee BelecTBO pacuIupsieTcs
aguabatuyecku (kpuBas BC) u oxnaxmaercs g0 temn-pbl 7,. 3atem

o Hukn Kapro ans uneansHOro
YCTAHABJIMBAIOT  TEIUIOBOM  KOHTAKT C  XOJOAWIBHUKOM U rasa Ha auarpamye P-V.
M30TEPMHUUECKU CKUMAIOT pabodee BElIeCTBO, OTOMpasi TeoTy 6,  Iliowams ABCD HHCICHHO
(muuus CD). 3aepmaror K. 1. aguabartud. cxatnem paGodero — Papid copepiacnoli pagore.
BelecTBa (oTpe3ok DA), Bo3Bpailiast €ro B UICXOJIHOE cocTosiHUE. B pe3ynbpTare BHYTp. SHEprus
paboyero BelecTBa HE U3MEHSETCS, I0ATOMY MPOU3BEAEHHAS pab0Ta COOTBETCTBYET PA3HOCTH
0Q;—00;. Eciu mpoBOAUTH MpoLIeCC B 0OpaTHOM HaIlpaBJIEHUH, TO, COBEpIasi paboTy, MOXKHO
nepenarh 4acTh TEIUIOTHI OT XOJOAWJIbHUKA K Harpesatento (oOpatHsiii K. 11.). Anammzupys K.
., MOXHO Jo0Ka3zarhb KapHo TeopeMy O Makc, Kmja TerioBbix wmammH, 1=(1;,-1,)/T; 310
JI0KA3aTeIhCTBO UCTIOJIB3YIOT It (DOPMYJIUPOBKH BTOPOTO HAaYajaa TEPMOIUHAMUKH.
Kosgppuyuenmom nonesnoco Oeticmeuss 1 TEIUIOBOI'O JIBUraTeisl Ha3bIBAETCS OTHOLIEHUE
paboTel W, mpou3BOAMMON MAIIMHOM 3a LUK, K KOJMYECTBY TEIUIOTHI (J;, MOIy4yaeMOMY
MAaIIMHOM 32 3TOT IUKJI:

!
N

0,-0, _T,-T,

0, T
KITJ nukna KapHo He 3aBUCHUT OT HMpHUPOJLI pabodero BellecTBa M MpelelbHbIX aauadar, a
OTpeeIIIeTCs TOJIBKO TEMIIepaTypamMu TEIIO0TAaTuruKa U Teronpuemuuka (1s rema Kapno).
KITJI HeoOpatumoil MaMIMHbBL 7,006,=W,,/Q; Menbiie KIIJ obpaTtumoit Mamuusl 17,5,=W/Q,;
(BTOpas Tema KapHo): 7,co6r<1osp-
15. TenuioBbie U XooauJIbHbIe MamMHbl. MakcumaabHas padora (KII) npousBoaumas
TeNJIOBOM MAIIIUHOM.

n=w/0,=

16. Bropoe nauaso repmoaunamuku. Pasencrso Kiaysuyca.

Bropoe Havano TepMOIWHAMHUKH BBIPAKAET 3aKOH O CYIICCTBOBAHWU SHTPOIMUHU Yy BCSIKOU
PaBHOBECHOW CHCTEMBbl M HEYOBIBAHMM €€ TpH JIIOOBIX IMpolleccaX B HW30JHMPOBAHHBIX U
annabaTHO M30JMPOBAHHBIX cucTeMax. M B TO Bpemsi, Kak TEIJIOTY HEIb3s MPEBPATUTh B
paboTy MOJHOCTHIO O3 KOMIIeHCalMH (HEBO3MOXKEH BEUHBIN JBUTATEIb BTOPOTO poja), paboTy
B TETJIOTY MOKHO MPEBPATUTD 0e3 BCAKNX KomneHcauuii. o0=7dS.

PasenctBO Knaysuyca jg% =0.

17. Beenenue a0COIOTHOH TeMmeparypbl M a0COJIOTHOM JHTPONMH, OCHOBAHHOE Ha
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nocryJare Kapareoaopu.

[Tpunuun Kapareomopu wiM MOCTysnaT aauadaTU4ECKOW HEBO3MOXHOCTHU: B OKPECTHOCTHU
JTF000T0 PaBHOBECHOTO COCTOSIHHSI A CYIIECTBYIOT APYTrHe€ paBHOBECHBIE MPOIIECCHI, B KOTOPHIE
HEJb34 EPENTH U3 A myTeM ainadaTHyecKoro mnporecca.

18. lIpunuun Hepucera (Tperbe HAYa10 TEPMOAUHAMUKH) U CJIeICTBUE U3 HErO.
Ilpunyun Hepncma: >uTponus B nr000i paBHoBecHOU TJI cucteme mpu T=0 He 3aBUCHUT OT
Kakux-1u6o nepemeHHbix T/l mapaMeTpoB U SIBISETCS TOCTOSHHOM.

CnencrBus:
1) JIro6as C=0 npu T=0;

2) Tepmuyeckuii KOd)PUITUEHT TaBICHUS (g—;) =0 npu T=0;
v

3) Koaddurment o6beMHOTO paciiupeHus (Z—Zj =0 npu T=0;
P

4) HenocTuxuMoCTb aOCOMIOTHOTO HYJIS,
2
C,FT(@—SJ ; if T=0 then S=0 but S=§dS =_|.§ _9 #) — IpOTUBOpPEUUE.
oT )y I T

19. TepmoaunamMuvecKue KO3 (PUILHEHTHI. He3zaBucumele TEPMOJAUHAMHYECKHE
KO3((PUIHEHTHI.

20. YpaBHenue Ban-nep-Baaabca. Kpurmdeckas Touka. 3aKOH COOTBETCTBEHHBIX
COCTOSTHUIA.

(P + %)(V —b)= RT - ypasuenue Ban-nep-Baansca

3aKOH COOTBETCTBEHHBIX COCTOSIHUI TJIACHUT, YTO €CJIM JJIs 2X Ta30B JBa PUBEACHHBIX
rapaMeTpa COBIAAAr0T, TO U TPETUHN IMPUBEICHHBIN ITApaMETP Y HUX TOXKE COBIIAAAET.

21. Tepmoannamuka rasa Ban-gep-Baanbca.

22. ITpoueccol I'eit-JIroccaka (Pacimmpenue ra3a B mycrory).
23. lIpouecce Ixoyas-Tomncona. OxiaxaeHne ra3zos.

24. TepMoaMHAMHUKA MATHETUKOB.

25. Bropoe Ha4aji0 TepMOAMHAMMKH /Jsi HecTaTHYecKHMX mnpoueccoB. HepaBeHCTBO
Kaay3unyca. OcHOBHOe ypaBHeHHE U HEPABEHCTBO TEPMOAUHAMUKH.

% <dS; TdS=dU+Y Ada, ;

i=1

26. TepMmoanHaMu4YecKue  MOTEHIHUAJBI. IIpeoOpa3zoBanue  Jlexxkanapa. Meton
TePMOAMHAMMYECKUX PYHKIMH.
Tepmonunamuue
He3zaBucumsbie ConpsixeHHbIE PMOA
ITorennman CKHUE HazBanue
MIEpEMEHHBIE MIEPEMEHHBIEC
COOTHOUIEHHUSI
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r_U
oS V’ or| _ or AnnadaTnyecKuit
U=E,U dU=TdS-PdV; V,S _w o7, as|, HOTeHIHA
=— oF ; N3orepmuuecknii
oT |, os| _opP MIOTEHIIUAJ WITH
F=U-TS dF==SdT=pdv; V.1 _ OF oV, S or v CBOOOTHAST YHEPTUS
- _w , ['enpMromnbia
= Z_]; | er| _ov
H=U+PV | dH=TdS+VdP; S,P F — == IHTAIbIINA HIIH
- OH OP|, 0OS|p TeruoBast pyHKIUs
OP |
__9G
G=U-TS+PV | dG=-SdT+VdP; orl, | os| _ov H‘I’;e;“;;‘jgorizica
—H-TS T.P oG oP|, oT|, A
== SHTAIBITUS
OP|;
27. YpaBHeHust MakcBeJsuia. (OcHoBHBIE auddepenunaabHbIe YPaBHEHMSI
TEPMOAMHAMMKH).

28. CBoOooanasi 3Heprusi I'eabmroabna. (M3orepMuyeckuili NMOTeHUUAT). YPaBHEHHE
I'm66ca-I'eaxbMroanua.

oF

U=F-T (G_Tj - YpaBHenue I'uo0ca-I'erbmrosbua
vV

29. Duranbnus (TermoBast pyHKIMS, TENJI0COAEPKAHUE).

30. ITorenmuan I'n66ca. (M306apuyecknii MOTEHUAI)

31. CucreMa ¢ mepeMeHHbBIM KOJHMYECTBOM BemiecTBa. Boabumiod TepMoauHAMHYECKHH
norenuuag 'mooca.

dU=TdS-PdV-udN
OQ=F—-uN — 6onbmoit T/l moTeHmmarn;
32. XuMu4YecKuH MoTeHIual.

33. Teopema I'm66ca-/[1orema.
U=TS-PV-uN; SdT-VdP+Ndu=0
34. Ilpouecchl BHIPABHUBAHUSA. 3AKOH BO3PACTAHUS SJHTPOIHUM.

35. Berpeunas aug¢ysus aByx raszos. Ilapagoxe I'm60ca.

36. YcaoBue PaBHOBECHUA U yCTOﬁqHBOCTH TCPMOANHAMUICCKHX CUCTEM.



37. DkcTpeMasibHbIEe CBOICTBA TEPMOAMHAMUYECKUX PYyHKIMI.

38. OcHoBHbBIE TEPMOAUHAMUYECKHE HepaBeHCTBA. (BbiBO).
C,,>CV>0;

dvi,
39. PaBHoBecue ¢a3s.
40. ®a3oBbIe Mepexoabl NEPBOro poaa.
@da30BBIM MEPEXOIOM 1-0TO TOpsAKa 1Mo DpeHdecTy Ha3bIBaeTCs Takod (¢.1., MPU KOTOPOM
(a30BBIi TOTEHIIMAT U BCE €r0 MPOU3BOJHBIC SBISIOTCS HEMPEPHIBHBIMH, a 1-51 HE SBIACTCS
HEIIPEPHIBHOM.
41. Ypasuenue Knaiinepona-Kiaysuyca. (BoiBon).
KJIIATIEMPOHA - KJIAY3UYCA VPABHEHHE - BepakaeT CB3b HAKJIOHA KPUBOi
paBHOBecus JBYX (a3 ¢ TerioTod (a3oBoro mepexojia U uM3MeHeHHeM (a3oBoro oobEMa.
Cornacno K.-K. y., Bnosib kpuBo# ()a30BOro paBHOBECHS

dp _ L,

dr  T(V,-V,)
rae L, - ya. remnota (a3oBoro nepexojna 1-»-2 (ucnapenus, miaaBieHus, cyonumanun), V-V -
CKauoK 00béMa, V5-V; - ya. (MonbHbIe) 00BEMBI (a3, T - abc. Temmn-pa, p - 1aBJICHUE.
K.-K. y. sBasiercst cneactBreM o01iero ycioBusi papHoBecus pa3 ['mb60ca - paBeHCTBA UX XUM.
HNOTEHLHANIOB (L4 =/) U3 K-POr0 CJIEAYET, YTO BJIOJb KPUBOW paBHOBecHs (a3 BBIMOIHIETCS
PaBEHCTBO

dp _ S, -8,
rae S;-S; - ckadok 3HTponuu npu (pa3zoBoMm mepexone 1->2; CKauyoK 3HTPONMUHU CBSI3aH C

TErI0TOM nepexoaa cootHomenuem: L;,=(S,-S;)T. U3 K.-K. y. cnenyer, uto Temm-pa ¢pa3oBoro
nepexoaa U3MEHSETCS C JaBJICHUEM COTJIACHO YP-HHUIO

dr _(v,-v,)r
dp L,
42. IIpaBuio MakcBesia 1jis1 ypaBHenusi Ban-nep-Baanbca.
/PT’ S[:S()
' 43. IlpuHUMI Jle-lIlaTenne — bpayna.

(KayecTBeHHBIH aHAJIN3)
Cucrema pearupyeT Ha BHENIHEE BO3JICHCTBHE

BO3HHUKHOBEHHUEM BHYTPEHHUX IIPOIIECCOB,
MPENSATCTBYIONIUX BHEIIHEMY BO3/EHCTBHIO.
. =t = 44. PaBHoBecue Tpéx ¢as.
) 5; >, J 45. MeTacTa0njibHbIE COCTOSIHHUS. SABjaeHns

i
neperpesa u nepeoxJiaskaeHusl.

46. 3apoabimu kuakoi ¢as3sl B rase.
47. ®da3oBble mepexoaa BTOPOro poaa. YpapHenne JpeHdecra.

48. TepmoaguHaAaMHKa CBEPXIIPOBOIHUKOB.
dG*=-SdT+VdP-VMdH



®opmyna Pytrepca ans ckauka TEIIOEMKOCTH Y CBEPXIPOBOJIHUKA U OOBIYHOTO METaJlIa

2
CS—Cn:E(aHK)
4r\ oT )p

49. MHorokomMnoHenTHble cucrembl. [IpaBuia ¢as.

[IpaBuna ¢a3 ['mub66ca r<2+n, rae n — 4UCI0 KOMIIOHEHT, 7 — KOJIMYECTBO (a3

KonuuecTBo HE3aBUCUMBIX MIEPEMEHHBIX N=2-r+n

50. XumMuUyeckoe paBHOBecHe B OTHOPOJHOM cucTeMe. 3aKOH JIeMCTBYHIIUX MACC.
OTHollIeHHE TPOU3BEACHUS CTENEHEeW KOHIEHTpAIMil BEIeCTB, BCTYMAIONIMX B PEAKIUIO, K
IPOU3BEIACHUIO CTENEHEN KOHLIEHTPALUK BEUIECTB, MOSBISIOIIMXCA B PE3yJbTaTe PEaKIUH, C
NOKa3aTeNIIMU, PAaBHBIMU COOTBETCTBYIOIIMM CTEXHOMETPUUYECKUM Kod(h(duLMeHTam, €ecTb
BEJIMYMHA IOCTOSIHHAS ITPU MOCTOSHHBIX TEMIIEPAType U JaBICHUU.

-2V b
_Zviﬂm (T) =K.(T,p);

Vi _ i
H CoE S T

V; — YUCJIa MOJIEKYJI BEIIECTB B PEAKIIUHU WJIM CTEXUOMETPUUYECKHIE KOIPPUITUEHTHI

¢; — KOHLIEHTpauus [-ro raza

p — o0l1ee JaBJIeHHEe CMECU

51. JlokaabHoe paBHOBecHe. OCHOBHOE YPaBHEHHE HEPABHOBECHOI TePpMOINHAMUKH

n

Tds=du+pdv—)_ u,c; - OCHOBHOE ypaBHEHHE HepaBHOBeCHOI T/
i=1

U — JIOKaJIbHAsl MJIOTHOCTh BHYTPEHHEN SHEPTUn

V — yIeTbHBIN 00BheM

S — JIOKaJIbHAsl SHTPOIIHSI

Bce BennunHbI — JOKaJIbHO paBHOBECHBIE * *

52. YpaBHeHue 0ajiaHca M 3aKOHBI COXPAHEHMSI

n
Tds=du+pdv—)_ u,c; - OCHOBHOE ypaBHEHHE HepaBHOBeCHOI T/
i=1

pa = —div] » + 0, - yp-¢ Oananca

I — nromuocms NOIHO20 NOMOKA IKCMEHCUBHOU enuyunbl B(x,y,z,t)=pb,

£ - NIOMHOCMb 8eujecmad

b — 3nauenue senuuunsvl B, omnecennoe k macce

Op — U3MeHeHue B 3a cuém ee ucmounuxoe , ommnecenHoe Kk 00vemy u 8pemeHu.

53. CooTHomenue B3aumMHOCTH OHcarepa u npuHuun Kiopu

CootHouienue B3auMHOCTH OHcarepa: noTok cBa3ad ¢ T/l cunaMu JIMHEWHBIM COOTHOIIEHUEM

n
1= z L, X, ,rne Ly — xunetTnueckuil ko3 puIreHT.
k=1

Liy=Ly;

Ipunyun Kropu: «nortoxk u TJ| cuna, KoTopas BBI3BIBAET 3TOT MOTOK HMMEIOT OJMHAKOBBIN
TEH30PHBIN BUJI (XapaKTep)»

54. Illpuauun OHcarepa, npuHuun [puroxuna

ol, X)=>_1,X, - npouzeoocmeo snmponuu;

i=1
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] n
(X, AX)ZE 2 Ly X, Xy 20;

i,k=1

op
I=——=) L, X,
X Z? Xk

1
Bapuanmonnsiit npunyun OHncazcepa: NJisi AEUCTBUTEIBHO MPOUCXOIALIETO B CUCTEME MpoOLEcca
BBIPAKEHUE
pS +div Is—p(X, X) =011, X)-p(X, X);
UMEET MAKCHMyM IO CpPaBHEHHIO CO BCEMHU BUPTYaJIbHBIMH HEOOPATUMBIMU MPOLIECCAMH C
TEMH K€ MOTOKaMH, HO Pa3JIMYHBIMU CONPSIKEHHBIMU UM CUJIaMHU. Bappupys 3TO BbIpa)XEHHUE
10 CUJIaM X; IPU ITOCTOSIHHBIX MOTOKAaX /; oxy4yaemM

n ] n
do(l, X)— (X, X)],= ZQX,-—— zLikXiXk -
i=1 i k=1 ]

n n n n
=2 10X, = D Ly X, 0X; =3 | I = 2 Ly X |6X,

i=1 ik=1 i=1 k=1

UYTo npy UCNOIB30BaHNUN JIMHEWHBIX 3aKOHOB IIPUBOJUT K YCIOBHIO DKCTPEMYMa
S(o—)=0.
Ilpunyun MakcuMyMa IIPOU3BOACTBA DHTPONUMU [Ilpucoowcuna: CTALMOHAPHOE COCTOSIHUE
CUCTEMBI, B KOTOPOI MPOUCXOIUT HEOOPATUMBII IPOLIECC, XapaKTEPU3yETCsl TEM, UTO CKOPOCTh
BO3HMKHOBEHHUS DHTPOIMU MMEET MUHHMAJIbLHOE 3HAYECHHE IIPHU JAHHBIX BHEIIHUX YCJIOBHUSAX,
IPENATCTBYHOIIUX JOCTHKEHUIO CUCTEMOM PABHOBECHOT'O COCTOSIHUA.
G:L]]X]2+2L]2X]X2+L22XZ2>0
[0’70'/0’?(2])(1 =2(L21X] +L22X2) :212:0,
YTO ABJIAETCS YCIOBHEM DKCTPEMYMa.
55. YuuBepcanbHblii KpuTepuii 3porouun I'iueiicnopga — Ilpuroxkuna
.
o

11



