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TepmognHamunyeckas cuctema

23
e Yucsio yacrun, N B cucreMe odedb Beuko N ~ N4 =610
B pacuerax mbI Bcerma MmoxkeM nostararhb N > 1. B mammem kypce

o
. "u.-:a .. o° MbI HE pacCMaTpuBaeM CHCTEMBI C II€PEMEHHbIM N
o

.
0 ® ¢

e OrHocuTesbHbIe DIIYKTyaIlMi MaKpPOIapaMeTPOB [IPOIIOPIO-
HaMBHBI 1/V N 1, KaK MpPaBUIO, HIITOXKHO MAaJIbI

e JIBukeHHMe u B3aMMOJEUCTBUE YACTHUI[ B CHUCTEME HOJIZKHO
AMETH 3aMETHBIN XapaKTep

e BribpanHasi cucreMa JIOJIKHA 33 PA3yMHOE BpeMsl JTOCTUTaTh
COCTOSTHUST TEPMOIUHAMUIECKOTO PABHOBECHST

PpaBHOBECHas TE€PMOJMHAMUKa U3yYdaeT CUCTEMBI
TOJIBKO B COCTOAHHNHA PAaBHOBECHUA

HET 3aJa9M ONMCATH ABUXKEHNE BCEX TACTHIIL!

cocpeoTaYrMBaeM BHAMAHNE HA MaKpOIIapaMeTpax




(KBa3wn)paBHoBeCHbIi npouecc

A2

A1

-

MIPOCTPAHCTBO MaKpPOIApaMeTPOB A

rpaduK IPOIECCca COCTOUT U3 YepeJIbl
PaBHOBECHBIX COCTOAHUMI

Y HepaBHOBECHOI'O IIPOIECCA
Takoro rpaduka ObITb HE MOXKET

e O6o3HaYNM HAGOP N+ 1 MaKpomapamMeTpoB CHCTEMBI
X= (1A, T), n<Na

He Bce u3 HUX HE3aBUCHMBI: €CThH YpaBHEHHUA COCTOA-
HUA U IIPpOYHE CBA3U

e B KBa3upaBHOBECHOM IIPOIIECCE TAPAMETPHI A MEHSsI-
I0TCA MeJJIEHHO, I CUCTeMa IIPOXOIUT depe3 depeiy
PaBHOBECHBIX COCTOSHHIT

e Takoil mporecc MOXXHO OOPATUTh, IPOUNA Te 2Ke
COCTOSIHUsT B OOPATHOM TIOPSIZIKE

e B TakoM mporiecce MOXKHO PaCCYUTBIBATH PA3JIMY-
Hble MHTEePeCyIolie HaC IPUPaIlCHHs:

b n+1 - -
/ KPUBOJIMHEHHBIHI

Z fiA)dAi unrerpas 11 pona
=1

Pesymbprar MoxkeT 3aBUCETb U OT «(DOPMBI Iy TH», €C-
JIV TIOJT MHTETPAJIOM CTOUT He JauddepeHnna Kakoii-
60 PYHKIIUU OT A



BHyTpeHHsAsa aHeprus cuctembl U

CyMMa KHHETUYECKHUX SHGPFI/Iﬁ TEIIJIOBOT'O JABUXKEHUA YaCTHIL
U NOTEHIUAJIbHBIX :—)Heprnﬁ ux BSaHBIOﬂeﬁCTBHH

Ilepeitnem B cucreMy 1ieHTpa Macc, Ine

CyMMapHI)IIL/'I UMITYyJIbC JaCTHUI[ PaBE€H HYJIIO.

1) mocrynarenbHOE JBUIKEHUE

Koy Z [peil”

2) BpamaTebHOE BUKEHUE

2
Kot = Z%

3) KoslebaTebHOE JBUYKEHNE

Kosc ~ BHYTPHUMOJIEKYJ/ISIDHBIE JIBUYKEHMUST

[loTeHnuaIbHBIMU MOTYT OBITH KAK BHYTPEH-
HUE, TAK W BHENTHUE B3aWMOJICHCTBUSI

1) BHEmIHME B3aMMOJECHCTBHS
Mexs = g H(rz)
7
2) MEKMOJIEKYJ/ISPHBIE B3aNMOJICHCTBUS
Hmm = E (I)(rivrj)
{ij}
3) BHYTPHMOJIEKY/ISIPHBIE B3ANMOICHCTBUS

Hint ~Y BHYTPUMOJIEKYJIAPDHbIE CUJIbL




BHyTpeHHsAsa aHeprus cuctembl U

CyMMa KHHETUYECKHUX 3Hepr1/11‘/’1 TEIIJIOBOT'O JABUXKEHUA YaCTHIL

" IIOTEHIINAJIbHBIX SHepI‘I/II‘/JI ux BSaHBIOﬂeﬁCTBHH

Ilepeiigem B crucTe
CYMMAaPHBII HMITY)|

1) mocrynarenbHq
_\ P
Kmov - Z 3

2) BpamaTeIbHOE

N

I HAYAJIO TEPMOAVHAMUKN

(3aKOH COXpaHEeHMsI SHEPIUN)
dU =6Q —0Anm AU =Q — A

U — BHyTpeHHSISI 9HEPIUs CHCTEMBI
(Tquee, €e yCpeaHEeHHOoe 3HaquHe)

A — pabora cucrems! (B 0600ILIEHHOM CMBICIIE)

() — KOJIMYECTBO TEILIOTHI, €ii IepeJaHHoe

2
Kot = Z%

i

3) KoslebaTebHOE JBUYKEHNE

Kosc ~ BHYTPHUMOJIEKYJ/ISIDHBIE JIBUYKEHMUST

dU — nonmsiit nuddepennuan napamerpa U
0A n 0(Q) He SABJISIOTCS TOJHBIME UM dEePEHITIATIAMU

[bITh KaK BHYTPEH-
[oaeficTBUS

1%87

MMOIeCTBUS

3) BHYTPHMOJIEKY/ISIPHBIE B3ANMOICHCTBUS

Hint ~Y BHYTPUMOJIEKYJIAPDHbIE CUJIbL




| Hayano TeEpMOANHAMUKN O Ta30B

0A = Fydx = pSdx = pdV

Vo

Al= / p(V)dV

\%1

v

Vs

A — «omans mom rpaduKOM» IIPOIECCa,

B (p, V)-koopaunarax.

} (pasymeercsi, 3aBucut or dopmbl rpaduxa)

e BLiGepen HE3aBUCHMBIE TAPAMETPDI A = (V,T):

T — moromy 9TO HEODOXOIIMA
V' — noromy uro 0A = pdV

e Bce mpoume mapamerpnr Boipasum uepes (V,T),
BKJIIOYasi BHYTPEHHIOIO 3HEPTHIO:

ou ou
w—(2) e ()

e B urore I nagasno npuanmaer dopmy

ou oUu
Q=== dr — d
o= (Gr), m+ [(5w), +7]
( JJ1s1 TIOJIHBIX AuddepeHnaioB b

b
/dU =U) —URX) = AU

a
JJIsl HEMOJHBIX auddepeHnnaaos

b

/mzmb

a




NpeanbHbiin ras

N pea’JibHble ra3bl

UOEAJIBHBIN T'A3

o Mostekynpl OECKOHEYHO MAaJIbIX Pa3MepOB
e Her B3amMoieiicTBHSI HA PACCTOSHUN

o MexKMOJIeKyIsIpHBIE CTOJIKHOBEHUST PEJIKU
U JIOIYCKAeTCsl UMU IIpeHeOpedb

o U — dyHKIUS TOIBKO TEMIIEPATYPbI

e Paboraer 3akon /laaproHa

PEAJIBHBIE T"'A3bBI

° MO.TIeKy.TII:I HNMEIOT KOHEYHBbIE pa3MepPhbI
e Ecrp B3a.I/IMO,HeI>'ICTBI/Ie Ha PaCCTOAHUU

o MerXMOJIeKyJIIPHBIE CTOJIKHOBEHUST HEPE/I-
KU 1 TPeOYIOT CIENUAIbLHOIO yUIeTa

o U — dyHKIUS HE TOJIBKO TEMIIEPATYPbI

o 3akon /lagpTOHA HE paboTaeT




Tennoemkoctu rasos (C =46Q/dT)

[(V, T) - Hpe,HCTaB.HeHI/Ie]

1) n3oxopa (dV =0 = §A=0)

o _ (dU+0Y  _ (oU
e \ar ), " \or ),

= dU = ("/dT+<aU> dv

oV
2) n3obapa (p = const)

_ (dU +pdV oU v
o= (Tr),=o [w), +l o),

= |Gv), ol = (G),

3) nro6oit npouecc V(T)

oT ov
O = Cv +(Gp = Cv) (37) (6‘7)
P p

uaeaJibHbIN ras

pV:I/RTI/IUzgl/RT

1) CV = iI/R
2
vy _pV
2)p(8T>p_T_VR
Cp =Cyv +vR
(dbopmyna Maiiepa)
orT vRT
8) (G = Cv) (av> %

oV
Cup = Cv + vRZ (BT)




Tennoemkoctu rasos (C =46Q/dT)

N

[(V, T) - Hpe,HCTaB.HeHI/Ie]

uaeaJibHbIN ras

1) n3oxopa (dV =0 = §A=0)
pV =vRT uU = %VRT

J

Cy = (dU—i—O) _ <d£>
ar ), \or),
— dU = [ B 00ITeM CJTydae TelIoeMKOCTH HEHMOCTOSTHHBI ) iVR
2) wsoGapa (p U=UWV,T) = Cy=Cy(V,T) = Cp=Co(V,T) .
dU 4 onpe/ienienne mporecca ¢ 3a8aHaoi Cryp, T
Cp = (751 npu ussecteix Cy, Cp u p(V,T): + VR
- (ELV) G-y (i") Maitepa)
= KW OT ) Cp—Cv \OT b )E)T) _ URT
3) nro6oit npouecc V(T) T “\ov P v
Cap = Cv + (Cp — Cv) (g‘:';)p (g‘;)np Crp = Cv + uR% (g‘;)np



N

NMonnTponnyecknii npouecc

o PaCCMOTpI/IM HﬂeaﬂbeIﬁ ra3:

oy _V
oT _T

vy _c-cvv
8TPCCT
T

e IToncraBum T = pV/vR

YpaBHeHUue IMOJINTPOIIbI

pV"™ = const
rae n = U =0
wr=ov—c

(nmokaszaresb MOJIUTPOIDI)

[Hpouecc C TIOCTOSTHHOM C}

p

® u30X0pa

e 306apa

® uzoTEPMAa
azuabara

\

\




N

ApunabaTtnyeckuii npouecc

IIepeceKaeT n30TePMbI

YpaBHeHuUue a,Z[I/IaGaTbI naeaJIbHOro rasa

pV"” = const

rae v = Cp/Cyv

(nokaszaresnn aguabarbl)

i
L] CI/ICTeMa TEIJIOU30JIMPOBaHa:

5Q =0
[ ] BHyTpeHHHH SHepI‘I/IH HEIIOCTOdAHHA:

dU = —-0A = AU =-A

e TemmoemkocTs nporecca C' = 0
.

e u3oxopa: V = const
e n306apa: p = const
e uzorepma: 1’ = const

e ajmabara: 777 = const




TepMO,El,I/I HaMn4eckKas aHTpoOonums

%JA:?{(SQ;AO
de:o
52 fus—o

_9Q
ds = ==

e IT Hayasi0 TEpMOAMHAMUKY UMEET MHOTO (DOPM.
O/1HO ero MaTeMaTUIecKoe CJIE/ICTBUE 3BYYUT TaK:
B JIFOOOM OOPATHUMOM IIPOIIECCE

ds = 5762 — mosabtit guddepenuat!

e S — (OyHKUsSI COCTOSTHUSI CUCTEMBI,
nMeHyeMasd SHTPOIINS:

}{%:0 " /b@?:sm_s@a)

o Ouenn IIPOCTO CUYUTAIOTCA TEIIJIOEMKOCTU:

_(9Q) _p (98
w=(ir), 7 (),

e Anmmabara — mpomecc ¢ S = const



TepMO,El,I/I HaMn4eckKas aHTpoOonums

_9Q
ds = ==

e IT Hayasi0 TEpMOAMHAMUKY UMEET MHOTO (DOPM.

ds

%dUzO

1) dU =

OmHO ero MaTeMaTH‘{eCKOQ CJIEJICTBUE 3BYYHUT TaK:

SHTPOIINA UOeaJIbHOI'O rasa

CvdT  2) 6A:pdV:VRT%
_dU+pdV _ _ dT av
=— 7 ~Cvp tvEy

S=CyInT+vRInV + 5y

[IOCTOSIHHYIO S OIIPEEJIUTh 3aTPYIHUTEIbHO

f-foo-o |

Q

0

gcce

i1 mudbdpepenmmar!

CHCTEMBI,

i TEIIJIOEMKOCTU:

a3
(ar)
ar ).,

e Anmmabara — mpomecc ¢ S = const



