Jlekmusa Ne 10.
TennoBast Mmammuaa KapHo.
Bropoe Ha4Ya/10 TEPMOAUHAMUKH

1. UneanbHas TeminoBasa mamuHa. Hiuka KapHo.
2. X0J0IWJIbLHAA MAIIMHA.
3. Bropoe Haua/10 TepMOAMHAMUKH.
4. JHTpONHS.
pa3ei| nogs3aronoBka
S. Tperbe Haya10 TepmMoauHaAMUKU. (Teopema

HepHcra).



Hoeanvnasa mennosasa mawuna. Llluxkn Kapno

Hauoonvuwium KII/[ npu 3a0annvix memnepamypax
nazpesamens T, u xonoounvnuka T, oonaoaem mennosou
osuzameinw, 20€ paﬁouee meno pacmupﬂemc;l u
cocumaemcsn no uukay Kapno, komopuwtii cocmoum us3
08YX uzomepm u 08yx aduadam.

Kapno Hukona

(1796 — 1832) —

u UHJICeHep, 00UH
30ameniel mepmMooOuUHaAMUKU




Tennoesyrw mawmuny, pabomarouiyro no yuxay Kapno,
HA3b16AI0M UOCAbHOU, HOMOMY UMO 8 IMOM UYUKIIE
OMCYmCHEYIOm HeoOpamumble RPOUECChbl, C6AIAHHBLE C
Menionpo8oOHOCMbIO.

Paccmompum uyuxn Kapno.

Ilycmo 6 kauecmee pabouezo mena ucnoiv3yemcs
UOCANIbHDBLIL 2A3, 3AKTIOYEHHDBLI 8 COCYO C ROOBUIHCHBIM
nOpULHEM.

byoem cuumamu, umo nazpesamenb u X07100UIbHUK
UMM 0eCKOHEUHYI0 Men10eMKOCHb. Imo o3Hayaem,
Ymo ux memnepamypol OCHalOmca HeU3MeHHbLMU 8
npouecce 00MeHa meniom ¢ padodyum meiom.
Ha ouazpamme PV uyuxkn Kapno eviciiaoum ciaeoyrouium
oopazom.




const

PV
Anmnadarbl
PVY = const

N30oTepMbl




Ha yuacmke AB npoucxooum
uzomepmuuecKoe pacutupenue
PA npu memnepamype T, , 2a3
Wsorepvit o gepuraem pabomy 3a cuem
Amabatel  mensiomul 21, NOAYUACMOIL OM
Hazpeeames. 30ecb He NPOUC-
X00um HeoOpamumou nepeoavu
menJa om 0oJ1ee Hazpemaozo
mea K MeHee Hazpemomy,
» nepeoasaemoe meno cpasy
' nepexooum ¢ pavomy. /lannwii
npouecc oopamum.

Kak ommeuanoce eviuie, 6 mennogoii mautune 6 xooe pacuiu-

peHus 2aza memnepamypa 0071#CHa 0bimb 00.J1ee 8blCOKOIL, Uem
npu €20 00PAMHOM CHCAMUU, NOIMOMY NEPeO CHCamuem 2a3a
eco0 memnepamypy npeosapumenvho nonuscarom om T,00 T ,.



PA s amozo 6 mouke B 2az omkiio-

yarom om KOHmaKma c Hazpeea-

mejiem u cogepuiarom npoyecc

aouadamuyeckozo pacuiupenusn BC,

8 X00€ KOmopoz2o 2a3 npoooHcaem

cosepuiamsp paoomy, HO menepb

I, yaHce 3a cuem ceoeil 6HympeHHel
IHep2uU, yobliib KOMopou u

V v, v, ¥ cHuscaem ezo memnepamypy 00 T 2

Ha smom 3axkanuueaemcs nepeas nojioGuUHa UUKIA —
coeepuieHue no1e3Hou padomeal.

B mouke C nauunarom uzomepmuueckoe crcamue 2aza, npeosa-
pumesibHoO npuUeeods €20 8 KOHMAKM ¢ X0100UIbHUKOM (npouecc
CD). Paboma énewtnux cui no corcamuio 2a3a nepexooum 6 npu-
pauienue ezo 6Hymp. IHepzuu, KOmopas npu NOCMOAHHOU mem-
nepamype cpazy 0moaemcs xXoi100ulbHUKy ¢ éude meniomot Q,

H3oTepMBbl




P B mouke D uzomepmuueckoe
corcamue 3axkanuueaemcs. Tenepo
HYMHCHO 6EPHYMLL 243 8 UCXOOHOE
cocmoanue (mouky A). /lna smozo
€20 U30JIUPYION Om X0 100UTIbHUKA U
aouaoamuvecku cxcumarom (DA),
npu Imom memnepamypa e2o
nosviuiaemcsa om T, 0o T, 3a cuem
moz2o, 4mo padooma, 6HEWIHUX CUL,

coeepuieénnan Hao 2a30mM, nepexo-
oum 6 e2o GHYMPEHHIOIO IHEP2UIO.

Ha eécex cmaousax amozo Kpyz208020 npouecca Huzoe He
00NyCKaemcsa CONPUKOCHOBEeHUE meil C PA3HOU
memnepamypoil, m.e. Hen_HeoOPamumMblX HPOUECcos
menaonpoeoonocmu. Beco yukn npoeooumcsa oopamumo
( 6 uoeane, 0ECKOHEUHO MEOJIEHHO).




Paboma u KIUl uuxna Kapno
B pe3ynemame yukna 2a3
8038pAULACHICA 8 UCXOOHOE
cocmosHue, m.e. USMEeHEeHUA €20
enympenneu Inepzuu nem (AU=0).
3a yuK 2a3 noay4uu Koauuecmeo
menniomel pasnoe Q ~-Q .. Tozoa u3

¥ nepeozo nauana mepmoouHamMuKu
8CA IMa menaioma nOuLla Ha

coeepmenue 2A30M NOJIC3HOU p6160mbl
A. 1 2 T

H3oTepMEbl

Hmak 3a yukn mamuna Kaprno coeepuiaem noie3nyio
paoomy pasnyio Q -Q.. Buono, umo ne éce menno Q ,, noyuen-
HOoe om Hazpeeameinsi, uoem Ha ceepuienue paoomot. Yacmow
menna (), 0€36036pamHoO OMOAEMCA 60 BHEUIHION) CPeO).



Hcxooa uz ymozo 3a K1/l mawmunvr Kapno n npumem
omnowenue nonesnou pabomet A Kk mennome Q
NOJIY4EeHHOU Om HAZpesamensi

nzile_Qz —1 Qz
O O &
Hukn Kapno, paccmompennolit Hamu, 0vl1 Ha 6cex
CMaousax nPoeeoeH mak, Ymo He 0bliio HeoOpPanmumMbLx
npoueccos, (He 0blj10 CONPUKOCHOBCHUSA ME C
pazuvimu memnepamypamu). Iloamomy 30eco camowiit
oonvwou KII/[. boavue noryuums 6 npunyune

HE603MOIHCHO.




Imo chopmynupoeano ¢ 1-ou meopeme Kapno:
Tennoean mawuna, pabomarowias npu OAHHLIX

3HAYEHUAX MmemMnepamyp Hazpeeamensi U Xo07100Ujlb-

Huka, e moxicem umemsv KIL/I oonvuuii, uem

Mauwiuna, paoomarwuwian no oopamumomy uukay Kapmno

npu mex oce 3navenuax 1, u 1T,.

2-aa meopema Kapno:

KII/l mennoeou mauiunslt, padbomarouiei no UKLy
Kapmno, ne 3aeucum om pooa paoouezo mena, a
onpeoensiemcsa mojibko memnepamypou Hazpeeameiis
T, u memnepamypou xonoounvnuxka T, .

U3 meopemut Kapno cneoyem, umo == =—=, noamomy

1 1

0, _, T,
O 1

KIIJT mawunvt Kapno 1 =1



XO0NM00UIbHAA MAUIUHA
Ima mawuna pavomaem no
oopamnomy uuxny Kapno. PA

Ecau nposooums yukn ¢
00pamHom HaAnpPaeIeHuUU,
menJjio oOyoem 3a0upamuvpcs y
X0J100UJIbHUKA U

H3oTepMEbl

Annadarsl

I
I TR —

nepeoasamscs Hazpesamenio | | L Qp In

| I |
(3a cuem padbomoul 6HEUWHUX | | |
cu). 7 Vv V,

O, 0,
- =]




X0/100ubHaA MauWIUHA Oomoupaem 3a YUK Om
X0100H020 mena ¢ memnepamypou T, Konuuecmeo
menjomsl ), u omoaem mesny c 001ee 6bICOKOU
memnepamypou T, konuuecmeo meniomot Q .
Ippexkmuenocms X0,100UTbHOU MAUIUHBL
Xapakmepusyemcs ee X0,100UibHbIM Ko puuyuenmonm,
KOmopbulil onpeoensiemcs KaKk OmHoueHue OmHamou
OMm 0XJ1a)#C0aemozo meia menjaiomsl K padoome, KOomopas
3ampayueaemcsa Ha npueeoeHue
MauwiuHsl 6 oelicmaeue.

82%; £ = &) E = L :1—17

A QZ_QI Tl_Tz n




BTopoe HAYaJ10 TEPMOIMHAMUKH

Hoeanvnasa mawmuna Kapno nokazana neeo3moricHocmp
npespauieHus 6ce20 menaa, NoJIy4YeHHO20 Om
Hazpeeamens, 6 mexanuueckyio paoomy. Tennioma
00yC/106/1eHa CAYYAUHBIM XAOMUYECKUM OGUICCHUEM
MOEKYl, A MEXAHUYECKAA padoma — ux co2inaco8aHHbImM
HanpaeieHHbIm 0suricenuem. Takum oopazom ykazannoe
CEOUCMB0 MEPMOOUHAMUUECKUX CUCHEM MONHCHO
MPAKmMoeams KAK HEBO3MONHCHOCHb NPEBPAULCHU 6Cell
IHEPZUU MEN108020 (XAOMUUECKO20) OBUMNCEHUA MOJIEKYIT
8 IHEP2UI0 HANPABICHHO20 OCGUIHCCHUS
MAKpOCKOnuueckux mesn (paoomy).

Ilepsoe nauano mepmoounamuku me no3eosisaen ycma-
HOBUMb HANPAGIEeHUE NPOMEKAHUA MEPMOOUHAMUUECKUX
npoueccos.




Hoaenenue emopozo nauaia mepmooUHAMUKU CEA3AHO
C HeoOXo0umocmwvio O0amov Omeem HA 60NPOC, KaAKUe
npoueccol 6 npuUpPooe 603IMONHCHbLL, @ Kakue Hem. Bmopoe
HAUal10 MmMePMOOUHAMUKU Oaem Omeem Ha IMom
gonpoc. OHo onpedensem HanpagieHue NPOMEKaHusl
MePMOOUHAMUYECKUX RPOUECCOE.

Cywecmeyem HeECKOABbKO (OpMYIUPOBOK 6MOPO20
Hauana.
Dopmynuposexku P. Knayzuyca: « Tennioma ne moacem
CAMONPOU3B0JILHO NEPEXOOUNb O MEHee HAZPEemo2o
mesa K 0onee Hazpemomy» Uil

«Heeo3zmoorcnvl makue npoueccol, €OUHCHBEHHBIM
pe3yibmamom KOmopuix 0vlii 0bl nepexoo menaiomsl Om
mejlia MeHee HazZpemozo K mesty 0onee Hazpemomy»




Dopmynupoeka Y. Tomcona: «Heeozmosrcrnvl maxue
npoueccol, eOUHCHEECHHBIM PE3V1bHANOM KOMOPbIX
AGUIOCH Dbl OMHAMUE OM HEKOMOPO20 mela OnPeoe1eHHO20
KOJlu4ecmea menjaiomosl U npeepawieHue 3mou menjionol
HOJITHOCMbIO 8 padbomyy .

Ima hopmynupoeka no3eoaem ymeepicoamsp, Ymo
HEBO3MOMCEH 6CUHDBLU 0BU2AMETLL 6IOPO20 POOA:

Takoe npespawienue o3nauano 0Ovl, YUMo XAOMuUUECKOe

MEn1080€ 08UNHCCHUE MOTEKY]I MOHCHO NPEBPAMUMD 6
YROpAOOYEHHOe 08UlCeHUe makpomein (padomy).

Il-e nauano KOHCmamupyem HEYHUUMOHCUMOCHDb
XaA0omu4ecKkozo0 menjio60o20 OBUIICCHUS 6 u30ﬂupoeauuoﬁ
cucmeme



Kuaaysunyc Pynoasgd HOaunyc
Imanydab (1822 — 1888) —
HEMEIKUN (PU3UK-TEOPETUK, OJUH
M3 CO3areJIen TEPMOJUHAMUKA U
KWUHETUYECKON TEOPUU T'a30B.

Yunesm ToMcoH (J1opA
KenbBuH)

1822 — 1888
AHTJIMACKUN (PU3UK



JIna konuuecmeennou xapaxmepucmuku CmeneHu xao-
MUYHOCMU M/0 COCMOAHUSA 6600AH CNEUUAIbHYIO

¢ynukuuro.

Iumponui
(2peueckasn entropia — noeopom, npeepauienue)

Iumponusn S — mepa xaomuunocmu m/0 cucmemel.
Ipebosanusn K HOBOU PyHKUUU:
1) § - pynkyusa cocmoanus, m.e. dS - nonnvii
ougpgpepenyuan

2) § = const ¢ uzonupoeannoi cucmeme ¢ 0OpamuUmMbimu

npoueccamu.
OHAmMUE IHMPONUU ObLIIO 6nEPBbLE 66EOCHO

Knayzuycom ¢ 18635 .
U3 paccmompennozo yuxkna Kapno on oopamun enumanue na

OMHOUIEHUEe MEenaom K memnepamypam, npu KOmopvlx OHu
ObLIU NOJIYYEHbl UIU OMOAHDBL 8 U30MEPMUULECKUX NPOUECCCAX:




ol _ |9
7| |7

Omnowenue meniomor Q Kk memnepamype, npu
KOMOpOIl npoucxooula nepeoaya menjiomol, Ha3vl8aAemcs

npueeOeHHou menaiomou. /[na Keazucmamuuecko2o
npouecca nPpUEeOeHHAasA menioma

o9
T

Imo eviparcenue A61aemca nOJIHbIM oudgepenyuaiom,
m.e. CyMMa NPUBCOCHHBIX KOJIUUECH 8 meni1omul 011

05pamumozo UUKJIA
oQ 0

1




Yoeoumca, k npumepy, umo smo cnpageoiugo 0.1

oopamumozo yukiaa Kapno.
Hanomnuum , umo onsa uukia I(afmo umeem

o, 7, lo| o

O T 7| |7
y umem, umo nwzyuaemaﬂ caA30M menjiomda Q 7

.’)fcumeébua, ananaﬁmﬂ % ompuuameﬂbna

L1, 1 T,
Tozoa, cymmupysn npusedennyro menjiomy Ha 6cex
yuacmkax yukiaa Kapno, nonyuum:

B S CS DS 4 s | )
jQ:IQ:jQ:I[?Qz‘%:%:O

- RNOJIO-

ATl’ B C ~2



Moorcno nokazamo, umo u 0.1 1100020 0py2020
00pamuM020 Kpy208020 npouecca

oQ
§T =0

szyuemwe éblparicenue Hasobleaemcs.
pasencmeo Knaysuyca




Hanomnum, ecau 6 kpyzoeom npouecce unmezpan om
NnOJIH020 Oughghepenuuana Kakou-1ud0 pynkuuu paeeu
HYJ110, MO IMa PYHKUUA onpeoeiaemcs moibko
COCMOAHUEM CUCMEMDL U He 3A8UCUM OM NYMU, KAKUM
cucmema nPuUia 6 Mo COCMoAHUE, MO eCMb OHA
AeaAemca PyHKuuen cocmosanusl (npumep u3 MexXaHuKuy —
HOMEeHUUAIbHAA IHEP2USL).

Dynukuus cocmoanus, oupepenuuanom Komopoi

ABIACMCA BCIIUYUHA 5Q
dsS =

T

Hazvleaemcsa IHmponuei u ovosnavaemcs S
IlockonbKy dnmponus — QYHKUUA cOCMOARUA, MO 014

3AMKHYIMbBIX 00pPAMUMbBLX RPOUECCO8 § 5Q 0

T




ﬂ]l}l oﬁpamuMblx npoueccoé usIMeHenue SHmponuu
ébluuciAamom urnmezpupoeanuem.

AS=S,—S = j5Q

3a nyneeoe snauenue (S = () evtoupaemcsa cocmosnue ¢
aoconromuou memnepamypou T=0.

Dumponus — eenusuna adoumusnas, m.e. .S =2Si
Paccuumaem U3MEHEHUE IHMPONRUU 8 U3ONPOUCCCAX

o0 IdU+5A

AS, ., =S,-S, j



Tak kak

aU="tcar, sa=par="Lgy,

mo H ,LLV
dle'm dv

2
m
!u rqu vV

Hocne UHmezpupoeanusi

ASzﬂCVlnT2 | len&
1 I, u V'




Kaoicowtit uz uzonpoueccoeé uoeanvnozo 2aza xapakmepu-
3Yemca C60UM UBMEHEHUEM IHMPOnUU, A UMEHHO.

Hzomepwuueckuu (] =1, ):

ASzﬂRlnE,
N

H3zobapuueckuit (P, = pP») :
AS =ECV lnT2 | lenE
H " Vi




Hszoxopuueckuu (V, =V)

ASzﬂCV lng
H 1

Aouabamuueckui ( 5Q = (0):

AS=0= S = const

Aouabamuueckuit npouecc Ha3vl8arOm
U30IHMPORUUHBIM NPOUECCOM.




IHmponusa 6 U301UPOBAHHOU CUCHIEME NPU

Heo0pamumblx npoueccax.
U3 I-ou meopemuvr Kaprno: o1 110001 menioeoi mauiuHbl,
UCROb3YIOUeH 1100ble, 8 MOM YUCe HeooOpamumble

npoueccsl
Ql o QZ < ]—i B T2

O, 1
Yumem, umo omoasaemoe zazom menio Q2 ompuuamenbHo,
Tozoa 1-asa meopema Kapno npunumaem 6uo:

Q1+Q2<Tl_T2:>Q1 I Qz <0

O, 1, 1,1

m.e. cymma npuee@elmblx Konuuecme menaomoul < 0



mo o3Hauaem, umo 019 K8A3UCmamuuyeckKux npoueccoe 6
UHUK/Ie npU HAtluuuu Heoﬁpamwnblx npoueccoe.

O
_Q < (0
I (Hepasencmeo Knaysuyca)

Ha npumepe nokasicem, umo u3 smoz0 éblmeKkaem
go3pacmanue IHMPONUU 8 HEQOPAMUMOM npouecce,
HPOMEKAIOULEM 8 U30IUPOBAHHOU CUCHEeMe.
Ilycmo cucmema nepexooum u3 cocmo-

a anun 1 ¢ cocmosanue 2 (la2) ¢ pezynomame
: HeoOpamumozo npouecca, a 6038pauiaem-
: A , cauz2el (2bl) — 6 pezynomame
| oopamumozo npouecca. /lna ecezo yukna

<Y

cnpaseonueo Hepasencmeo Knaysuyca.

§57Q<O

—_—
:S -



Pacnuwiem UUK/I nOIMANHO.
2 1
j;5_Q — | o0 _ j5_
T 1 T 2

Jlna oopamumozo npouecca

Tocoa ) 2 I

ng:Sl—S2<O
i

2 5Q
Ecau cucmema usojiupoeana: 5Q — O u I_ — O

wz?oeam bgoo — S > S | 1

1. e. IHmMmponus u30ﬂup06aunou cucmemsl eo3pacmaem




Ocnognvile umozu DPACCMOMPEHHOZO0.

Ilpu nr0o0om neoopamumom npouecce 6 U30aUPOBAHHOU
cucmeme Iumponus eozpacmaem (dS > 0).

Iumponusn oocmuzaem ce0e20 MaAKCUMAIbHO20 3HAYe-
HUS 8 COCIOAHUU MEPMOOUHAMUUECKO20 PABHOBECUAL.

s npouseonvnozo npouecca

dsS = 5Q
T

20e, 3HaK PAGEeHCmeEa — 01 00pamumoz2o npouyecca; 3HaK
oonvute [ 0nsa HeoOpamumozo.
Tozoa 0na uz01upoeannoi cucmemol
d S > O — MaAmemMamu4ecKkan 3anuch 6mopo2o
HAYa1a mepmooOuUHAMUKU.




Ilepsoe u emopoe nauana mepmoouHaMuKu 6
00beOUuHeHHOoUI (hopme umerom euo:

7dS = dU +oA.

30ech ucnojib308aHo

50 = TdS



Ipemuve nauano mepmoouHaAMUKU.

Ilepsoe u emopoe Hauana mepMoOOUHAMUKU HeE
YKazvleaom HA noeeoeHue IHMponuu npu adCoaOmHOM
nyne T = 0° K.

Ha ocnoeanuu 0000menus 3kcnepumeHmanibHblxX
UCCIIC006AHUI  DA3IUUHBIX G6CULECME NPU CEEPXHUZKUX
memnepamypax ovlio chopmyniupoeano, Umo
1. npu npuonuxcenuu Kk abC. HYIHO IHMPONUA
CHPEMUMCA K ORPEOE/ICHHOMY KOHEUHOMY npeoesy;

2. 6ce paenogecHble npoueccovl npu adc. Hyjie RPoOUCcxo0am
0e3 uzmenenusa IHMPONUU.

Imu ymeepocoenusn nazviearom meopemou Hepucma unu
Tpemovum nauaiom mepmoouHamuKu.



Ha ux ocnosanuu moxcno cuumams, 4mo
npu T — 0 sumponus maxiice cmpemumcs
K HY10. IHMPORUA C MAKUM HYJIeM
omcuema Ha3vleaemcs aodCoNOMmMHOU
IHmMponueu.

Hyneeoe 3nauenue 3umponuu coomeem-
cmeyem OmMCYmMCHEUI0 Menji06020 08UlCe-
HUA RPpU ADCONIOMHOM HY1e.



