


TepmoOuHaMuKa —

meopus mensoebiX se/eHul,
8 KOmopou He y4Yumabieaemcs
MOJIEKYyapHoe cmpoeHue merl.

BbiBOALI TEPMOAMHAMMKMA ONMMPAKOTCA HA COBOKYMHOCTb OMbITHLIX haKTOB U He
3aBUCAT OT HaLLMX 3HAHWU O BHYTPEHHEM YCTPOMCTBE BELLIECTBA, XOTS B LIENTOM
psiae cnyyaeB TepMoAuHaMmMKa UCMNONb3yeT MONEKYNSAPHO-KMHETUYECKNE
MOAENN AN UNCTPaLUM CBOUX BbIBOAOB.

B NMPOTUBOMNOJIOXKHOCTb MOHeKynﬂpHO-KVIHeTVI‘-IECKOﬁ Teopun, KoTopasa agernaet
BbIBOAbl HA OCHOBE ﬂpeﬂ,CTaBﬂeHMVI O MOJ1IEKYIIAPHOM CTPOEHUN BELLIECTBA



Ecnun TepmogmHammnyeckas
cuctema Obina nogBepKeHa
BHELLHeEMY BO3OENCTBUIO, TO B
KOHEYHOM UTOre oHa NnepenaeT B
apyroe paBHOBECHOE COCTOAHMeE.

Takoun nepexo Ha3blBaeTCA
mepmMoOUHaMU4YeCKUM
rnpoueccom.




Ecnn npouecc npoTekaeT 4OCTAaTOYHO
MeasieHHo (B npeaerne 6eckoHeYHOo
MeaSIeHHO), TO cucTemMa B KaxXabiIt MOMEHT
BPEMEHW OKa3bliBaeTcsl ONMM3Kon K
PaBHOBECHOMY COCTOSAHUIO.

[1poLuiecchl, cocTodalne n3a
nocriegoBaTeribHOCTU
PABHOBECHbLIX COCTOSAHUN,
Ha3bIBAKOTCA
Kea3ucmamu4ecKumMu.




BHympeHHs11 aHep2usi

C TOYKM 3pEHUS MONEKYNAPHO-KUHETUYECKO TEOPUN

BHYTPEHHAA SHEPINA BELLECTBA

KUWHETUYECKadA SHEePrnsA scex atomMmoB 1N MONEKYI
-+

noTeHunarnibHas 3Heprusa nx esaanMmogencTeug

BHyTpeHHAA aHeprna ngeanbHOro rasa pasHa
CYMME KMHETUYECKUX IHEPrUn (TOSNMbKO) BCEX YacTul
rasa, HaxoasLWKnXCcsl B HENPEPbIBHOM U
becrnopso4HOM TEMNIOBOM ABWMXXEHUMN.



BbIBO/L:

BHYTpeHHAA aHeprusa U Tena onpepensiercs
MaKpPOCKOMUYECKMMU NapamMmeTpamMm, XapakTepusyrLwmmum
COCTOSIHMe Tena.



Cnocobbl naMeHeHNns
BHYTPEHHEW SHEPI W

COBEPLUEHWE /\TE_IJ'IOOEMEH

PAEOT'D' — KOHBEKLUUA

— TENNOMPOBOAHOCTDb

- U3NYYEHUE
A>0 npu pabore Konuyecmeo mernmiombl —
BHELLHWX Cui Hap 9Heprusa nepegasaemMast
cncremMmoum

MNn nosiydaemag nyTem

A<0 npu paGote TennoobmeHa
CUCTEMbI Haa Q >0 ecnu cuctema nony4vaet
BHEeLWHNMW TeJ1laM¥ TennoTy

Q< 0 ecnu cuctema otoaet
TEennoTy



(1843 r.) OnbIT IxXoyns
Nno onpeaeneHunio
MexaHU4eCcKo20
aKeueasieHma
mensomabi

[1pn BpaLLeHnn BEPTYLLKN,
NOrpy>XeHHOW B XXNOKOCTb,
BHELLUHWEe CUNnbl COBEpLUAOT
NOSNTIOXNUTESNBHYO paboTy

(A"> 0); npn 3TOM XMOKOCTb N3-
3a HanNnyMga cun BHYTPEHHEro
TPEeHna HarpeBaeTcs, T. e.
yBeNM4nBaeTCs ee BHYTPEHHAA
SHeprus.

MexaHu4YecKuu 3KkeueasieHmMm mersiombi A/Q
Ecnu cucmema rnoJsiy4aem om HeWHUX meJi1 d9HepsUur 6 guode

pabomsbi A, a omOaem 3Hepauro 8 sude Kosiudecmea mensiomsi Q,
mo omnowerue A/Q pasno 4,2 [x/Kan



PacyeT paboThbl B
TepMoguHaMukKe



PacueTt paboTbl B TepMOgNHaAMMKE

Py
§ AA =l

B o6Luem cnyyae Hago L AA = pAV
npoLecc pa3buTb Ha 1\.
Marble 4acTu U P : | I
cocyuTaThb : ‘ 2)
arnemMeHTapHble i |
paboThbl, a 3aTEM UX ; |
CITOXUTb (NpoLiecc 0 R R v, ~V
VMHTErpnupoBaHus):

N Vs

n=1 V1




PaboTta npu nameHeHumn oobema

[Mpu pacwmpeHnn padboTa
rasa nonioXuTtenbHa.
A = pAV - paborta rasa

p &

[pu cxatum -
oTpuuaTenbHa.
A'=— pAV - paborta

BHELLHUNX CUTI.

O V,

Vo, V




Mcnonb3ya ypaBHeHue MeHpeneeBa-
KnaneunpoHa, nony4um:

A=pAV=p

VvRAT

P

= VRAT




B USOTEPMUNYECKOM INnMpoLlecce

V2
A =vRTIn—=>
V1




B nsoxopHom npouecce
o0beM He MeHSeTcs,
criegoBaTerbHo,

B MU30XOPHOM MnpoLiecce
paboTa He coBepLuaeTcs!




PaboTta rasa

Tpwn pasnuyHbIx NyTK nepexoga ns coctosHus (1) B coctosaHue (2). Bo Bcex
Tpex Criydasix ra3 coBepluaeT pasHyo paboTy, paBHyto nowaau nog
rpadomkom npotecca.

P 1)
Pi|-

[Tpouecchl, n306paKeHHbIe HA PUCYHKE, MOXHO MPOBECTM U B 0OpaTHOM
HanpasfieHun; Torga pabota A NPOCTO USMEHUT 3HAK HA MPOTMBOMNONOXHbIN.

|_|pOLl,eCCbI Takoro poga, KOTOpbl€ MOXHO MNMpoBOAUTH B obounx
HalpaBJi€EHNAX, Ha3blBAOTCH 06pamUMblMu




[pu paclumpeHumn rasa pabota MnonoXuTernbHa

Cwvna gaBneHusi rasda u nepemMeLleHmne
HanpaefieHbl OANHAKOBO.

0

v, Vs

Mpn cxatuun rasa pabota oTpuuaTenbHa



PaboTa npu umMKnm4yecknx npoueccax

NonHas pabota 3a umkn A = A +A,

P B C P 5 C
E v
A1>0 A2<0
0 0



[Tpn ocyLLEeCTBIEHNN KPYroBOro
npouecca B HanpaerneHun BCDEB

paboTa rasa 3a uuKkn - PaGoTa coBepluaetcs 3a cueT
nonoXuternbHa KONUYecTBa TENMOoThbI, MOMy4aemMoro rasom
OT HarpesaTerns

A

[1pn ocyulecTBneHnu
KPYroBoro rnpouecca B
HanpaBneHnn BEDCB
paboTa rasa 3a Uukn -
oTpuuatenbHa

Pabota rasa coBepluaeTtcst
3a CYET YMEHbLLEHUS ero
BHYTPEHHEN 3Heprum




llepebili 3aKOH MepMOOUHaMUKU

llepebilii 3aKOH mepMOOUHaMUKU sierisemcsi 060bweHuem
3aKOHa COoXpaHEeHUS U rpespauw,eHus aHepauu 0Oris
mepMoOUHamMu4yeckKou cucmemesl.

U3ameHeHne AU BHYTpeHHEUN 3Heprumn
HEeU3onMpoBaHHOU TepMOoOAUHAMUNYECKOU
CUCTEeMbl PpaBHO Pa3HOCTU MeXAy KOrim4ecTBOM
TennoTtbl Q, nepeaaHHOU cucteme, n pabortoun A,
coBepLUeHHON CUCTEeMOUN Haa BHELWHUMMU
Tenamm.

AU=Q-A




[pyrasa cpopma 3anmcu COOTHOLLEHME,
BblpakatloLLEro NepBbii 3aKOH TEPMONHAMUKN:

Q=AU+ A.

KonunyecTtBO TennoTtbl, NONy4YeHHOE
CUCTEeMOW, uaeT Ha U3MEeHeHue ee
BHYTPEHHEU 3Heprun n cosepLiueHue
paboTbl Ha4 BHELWWHUMU Tenamu.



[TepBbI 3aKOH TEPMOANHAMUKN ABNAETCA 0000LLEHNEM
OnbITHbLIX dpakToB. CorfiacHoO 3TOMYy 3aKOHY, SHEPIUS He
MOXET ObITb CO3daHa Unu YHNYTOXEHA; OHa nepedaeTcs oT
OOHOW CUCTEMBI K OpYrou 1 npesBpallaeTcsa U3 ogHom
doopMbl B APYryt0.

Ba)HbIM crieacTtBmMemM NepBOro 3akoHa TEPMOANHAMUKN
SABNSETCA YTBEPXKOEHNE O HEBO3MOXHOCTU CO34aHUSA
MaLLUMHbI, CNOCOBHON coBepLUaTh NonesHyto padboTty 0es
NoTpebneHnsa aHeprnm n3BHe U 6e3 Kaknx-nMbo N3ameHeHnn
BHYTPU camMon MaluuHbl. Takas runoteTnyeckas MalwimHa
nony4ymna Ha3BaHue ee4YyHo20 deuzamerisi (perpetuum
mobile) nepsozo poda. MHOro4YNCrneHHbIE NOMNbITKY
co3gaTtb Takyk MallMHY HEU3MEHHO 3aKaH4YMBasrimChb
nposasrioMm. Jltobas mallnHa MOXET coBepLUaTh
NONOXNTENBHYIO PpaboTy A Haa BHELLHMMU TenamMum TOMbKO
3a CYET NOMYyYEHMNS HEKOTOPOro KonmyecTtBa TennoTbl Q OT
OKpYy>XXaloLWwux 1en unm ymeHolueHna AU cBoen BHYTPEHHEN
aHeprun.






Hapsiay ¢ n3oxopHbiM, M300apHbIM U U30TEPMUYECKMM NPOLecCcaMn B
TepMOAMHaMMKE YacTO paccMaTpMBatOTCS MPOLIECCHI, NpoTeKatoLLne B
OTCYTCTBME TENNOOOMEHA C OKpY>KaloLLIMMM TENaMMU.

Cocyabl ¢ TENNOHENPOHULAEMbBIMW CTEHKAMU Ha3bIBaOTCS
agnadbaTtnyecKMmMmm obonoyvKkamm.

[1pouecchl paclUMPEHNA NN CxXaTUA
rasa, npoTekarwLine B OTCYTCTBUE
TennoodbmeHa (Q = 0) Ha3bIBalOTCA
aanabaTtHbIMU UMK
aanadbaTnyecKnmn.




Ha nnockoctu (p, V) npouecc agnadbatnyeckoro paclunpeHus
(nnun cxaTuns) rasa nsobpaxkaeTcst KpMBOM, KOTopasi

Ha3blBaeTcs aAnadaTom.

[Mpn agnabaTtnyeckom

paclwMpeHnn ra3 coBepLuaet 0 AOUABATA
NOSTIOXUTENBHYIO paboTy /
(A > 0); noaTomy ero

BHYTPEHHSAS SHEPIUS
yMmeHbLuaetca (AU < 0).
3TO NPMBOONT K NMOHUKEHMIO U3OTEPMA
Temnepartypbl rasa. /
BcnencTteue atoro oasrneHue

rasa npun agnabatnyeckom
pacwmpeHnn yboisaet

bbicTpee, YeM npu 0
N30TEPMUYECKOM PacLUMpEeHnn V.




CemenctBa n3oTepm (KpacHble KpUBbIE)
n agnabart (CMHNe KpuBbIE) naearnbHOro rasa.

P A




OnbIT "BO3AayLIHOE OrHUBO". BO3bMEM TOSICTOCTEHHbLIN CTEKMNAHHLIM LUNNHAP C
nopwHem. Ha gHo unmnuHapa Hacbeinnem namerns4eHHou "cepbl” OT cnnyek. Pesko

vaoapuB Mo PYKOATKE, Mbl CUJIbHO COXXMEM BO34YX. B pes3yribrate OH HarpeBaeTCA
HaAaCTOJ1IbKO CUJIbHO, YTO CeprIVI NOPOLLUOK BOCIJ1aMEHAETCA.



OnbIT "TyMaH B 6yTbinun". [1na Hero Ham noTpebytoTcs B6yThinNb U Hacoc,
n3obpaxkeHHble Ha pucyHke. lNpexae Yem BCTaBUTb NPOOKY, B ByThiNb HAaNnMBaloT
HEMHOr0 BOAbl U HECKOSBbKO pa3 BCTPSXMBAIOT, YTOObLI BO3A4YX BHYTPU cTan BlaXXHbIM.
[MpuaepxmBasa NpobKy pykown, HakaymBaroT Bo3ayX. Korga npobka rotoBa BbICKOUNTD,
Haka4ymMBaHue npekpaiwlaot u oxmgatroT 5-10 MUHYT, 4TOObI BO3ayX B ByTbin oxnaaunncs
00 KOMHaTHOW TemMnepaTtypsbl (Tak Kak Npu coBepLUEHUN Ha4 HAM paboTbl OH Harpencs).
[Mpn oTnyckaHum NpobKkn oHa BbINETAET, U B OyThinu obpasyetcsa TymaH!




HPAMERHERUE

TEPBOF) SARORA TEPNCRMRANMIK

- i

K PA3MIMYHBIM FIPOLIECCAM



| 3AdKOH

TepMmoamnHaMnKn
Q=AU+ A
N3006apHbIN npoLuecc
A=pAV
IameHeHne BHYTPeHHeu
9HEPTUN 3 MN3oTepmumnyecknii
AU - m RAT rnpouecc

V2
2 M A =vRT In—
V'I



N3oTepmMuyeckum npouecc

3anuchb
A3meHeHue .
. 1-ro 3aKoHa dusmyeckum
Mpouecc | MocTOAAHHbLIE | BHYTPEHHEW TR eMbICH
3Heprum P KW
|/|3OTepM m=const Q =A' 3oTepmuyeckuin npouecc He
_ _ MOXeT  npoucxoautb  0e3
nyeckoe | M=const AT=0 Tennonepeaauy. Bce
pacwmupe | T=const AU=0 KOMNYECTBO TennoTbl,
Hue \V=const _ nepenaHHoe CUCTEME,
P U=const PacxoayeTcsi Ha COBEpLUEHME
3TON CUCTEMOM MeXaHU4YeCKom
paboTbl.
|/|3OTepM m=const Q = _A 3oTepmuyeckuin npouecc He
_ _ MOXeT  npoucxoautb  0e3
nyeckoe | M=const AT=0 AT AR
cxatue | T=const AU=0 Bcs paBoTa BHEWHWX CWF
pV=const BblAensgeTcd B Buae Tenna.

U=const
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A=0 AUZ=0,0>0 A<0 AU=0,0<0

[lepBO€E Ha4yano TepmMogmMHaMUKK
ana N30TEPMUNYECKOTO rnpouecca.



m=const
M=const
V=const

N30xX0pHbLIN npoLuecc

U3meHeHH 3anmce
e .
TOSIH -r H U3NYEeCKUK
Mpouece MocTo T 1-ro 3akoHa Pdusnyeck
Hble yTP TepMOLMHaM CMbICh
s eun
1 UKM
3Heprum
W3oxopH | m=const pt= |A=0 Bce konuyecTso TennoThl,
HarpeBa |\/-.onst Ur= pacxogyeTca Ha
Hue AUS0 yBenu4eHue ee
BHYTPEHHEWN 3Hepruu.
WU3oxopH | m=const pl= (A=( Cucrema YMEHbLLAET
oe M=const T\(:} Q =AU<0 CBOKO BHYTPEHHIOKO
OXNAXAE |\/=const U= SHEPrM0, OTdaBas Tenmo
Hue M OKpY>KaroLwum Tenam.
AU<0




)2 2
y | 1
& hd
A Y
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1 _ >
o0
0>0,A4=0 0<0,A=0

[lepBO€E Ha4yano TepmMogmMHaMUKK
ana N30XOPHOIO npouecca.

=Y



N3o6apHbIN npouecc

N3meHeHue

3anuchb

Mpouecc | 10CTO™M BHYTPEHHel |  1-ro 3aKoHa (uanseckni
Hble CMbICA
3HEpruM | TepMOAUHAMMUKM
WU306apHoe | m=const VT=) Q= AU+A’ KonuyecTso TENnoThl,
pacwupe M=const T => nepeaaHHoe Cucteme,
HUue p=const T AU = Q-A'>Q | PeBbILIET COBEPLLIEHHYIO eio
(Harpesa |, Ur= MexaHnueckylo paboty. YacTb
Hue) = _const|  AUD0 Tenna  pacxoayetca  Ha
T coBeplLeHne paboTbl, a YacTb
— Ha YBenu4eHue BHYTP.
3Heprum.

WU300apHoe | m=const V l=> AU = Q+A<0 Konnuyectso TEennoThl,
cxkatme | M=const TI= OThaBaemMoe CUCTEMOM,
(oxnaxgeH |p=const ! Q<0 npeBbiliaeT PadoTy BHELLIHMWX
ne) v U= cun. Yacte Tenma cuctema
T =oonst|  AU<0 OTAAeT 33 CYET YMEHbLUEHMS

BHYTP. SHEpruu.
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0
A=0 AU=0,050 A<0, AU<0, Q<0

[lepBO€E Ha4yano TepmMogmMHaMUKK
nns U306apHOro npotecca.



AduabamHasiu ripouyecc

A3meHeHue 3anucb
Moouece [loCTOSIHHLI | BHYTPeHHe | 1-ro 3aKoHa ®dunanyeckum
pou & 7 TepMogMHaMu CMbICH
SHeprum Ku
Apnabat {|m = const | AU<0 Q=0 Cuctema coBepLLaeT
HOe M - COﬂSt UléTl A| > 0 MEXaHNYECKYIO
pacLuK AU= — A" <0 paboTy TonbKO 3a
peHue - CYET YMEHbLLEHMS
A'= —AU CBOEIN BHYTPEHHEI!
SHEprum.
Apwabat |m = const [AU>0 =0 BHYTpPeHHsAS aHeprus
HOe M = const UT=>TT A>0 CUCTEMDI
cxaTtue AU = A YBEJIMYNBAETCA 34d

cYyeT paboThbl BHELLIHMX
cun.




0 o0
A<0,0=0 AT >0 A=0,0=0 ATU<0

[lepBO€E Ha4yano TepmMogmMHaMUKK
nns aaunabdatHoro npouecca.

=Y



[lomaluHHee 3aaaHue.

1. CocTaBUTb KOHCMEKT.
e 2. Y4yebHuK cTp.125-134.

« 3. 3anonHuTL Tabnuuy( cnegyrowmnm
crnauvg)



HassaHue N3meHeHue 3anuch Cnenctsus
rnpouecca Y

POL BHYTPEHHeW | | 33KOHa 13 | 3aKkoHa
3Hepruu TEPMOAMHAMUKK | TEPMOAMHAM.

N3oTepmny.
T = const

N30XOpHbIN
V = const

N306apHbIN
P = const

Agnabart-
HbIN




YPOK OKOHYEH!

Cnacubo 3a BHumaHume!



