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1. TEOPEMA KAPHO

B paccmorpennom panee nukie KapHo pabouum tenmom ObUT maeanbHBIN Tra3. [lokaxew,
yro tepmuueckuil KIIJl oOpatumoro mukia, AEHCTBYIOIIET0 MEXIY TEIUIOMCTOYHUKOM H
XOJIOAWIIBHUKOM, OIHO3HA4YHO OIpeessercs UX TemmepaTypamu [, T, ¥ He 3aBHCUT OT

pabouero Temna IUKJIA.

Paccmorpum nBa numkna KapHo, mpuuéM B mepBoil MammHe pabOYMM TEJIOM SBISETCS
UJeaNbHBIA Ta3, a BO BTOPOH MaIlMHE MPOU3BOJIBHO B3sTOE BemiecTBo. O0e MaliuHbl, KOTOPBIC
HA3BIBAIOT COMPSDKEHHBIMU, UMEIOT OOIIMIA TETNIOMCTOYHUK M XOJOIWIBHHUK C TEMIEpaTypaMu

TuT,.

TennonctoyHnk Ti1

Q1 Q1

Q2 Q2

XonoaunbHuk T2

ITycts mammna 1 3abupaer y TemuoucTouHuka Temiory Q,, oTaaeT B XOJOJWIBHHK
temwnory Q,, mpousBoaut pabory L =Q,—-Q, u umeer tepmuueckuii KIIJ[ n :(Tl—Tz)/ T,.

[IpeamnonoxuM, 4To MaluHa 2 paboTaeT 1o obpaTHOMy 1ukny KapHo. 3aTpaunsas pabory L,
MalyHa 3a0UpaeT y XOIOAUIbHHUKA TeIIOTY Q2 U OTJAET TEIUIOUCTOYHUKY TEIIOTY Ql . Ecin

npeanonoxuts, uto KI1/1 BTopoit MammHbl 0oJble, 4eM MepBoOi, TO, UCIOIb3Ys MEXaHUYECKYIO
paboTy mepBoil MamuHBI, HaM Obl yJanoch MepenaTb OOJbIIE TEMJIOThl OT XOJIOAWIBHUKA K
TEIJIOUCTOYHUKY, YE€M IIepBas MAallMHA Ilepejana OT TEINIOMCTOYHUKA K XOJIOAWIBHUKY,
IOBBICUB IIPH OTOM TEMIIEpATypy TEIUIOUCTOYHHKA. YTO 3ampeiieHo BTOPBIM 3aKOHOM
TEPMOAHMHAMMKH.

Takum 00pa3oMm, MPEANONIOKEHHE O TOM, YTO MOXHO HM3MEHUTHh Tepmudeckuid KIIJ]
MAaIIMHBI, B35SB B KauecTBE pabodero Teina MPOU3BOIHHOE BEIIECTBO OTIMYHOE OT HJICATHHOTO
rasa, HelmpaBOMOYHO. JTO TOJIOKEHHUE U MPECTaBIsIeT coOoil Teopemy KapHo — repmudeckuii
KIIJ{ uukaa ¢ AByMS MCTOYHMKAMH TeIUIOTHI He 3aBHCHUT OT CBOWCTB padodero teJa
IMUKJIA.

2. UHTEI'PAJI KUIAY3UYCA

Bcnmomanm vHemuoro ucropuu. B XVIII — XIX Bekax, mo pabot [[xoyns o onpeneaeHuto
MCXAaHUYCCKOI'O S3KBHUBAJICHTA TCILJIOTHI, B TCOPUU TCIJIOBBIX MAIIWH TIJIABCHCTBOBAJIA HCA



teriopoga. Ilo Teopum Temmopoma pabora MapoBOW MAIIUHBI BBITJISZIENA OYEHB IPOCTO.
Termopox OT ABIMOBBIX T'a30B, MOJYYECHHBIX MPU CKUTAHUM TOILIMBA, MEPEXOIUI K BOJE MPHU
BBICOKOH TeMmIieparype, mpeBpaiias ee B nap. [lap pacmupsiics B IIMHIPE, TPOU3BOIS paboTy.
3aTeM Mmap HampaBisics B KOHAEHCATOpP, TJle MPH HU3KON TeMmepaType OTIaBajl TEIIOpPO
oXJIaKIaromieit Bojae.

T

Cxema Takoli MalllMHBI OKa3aHa Ha pucyHke (a). [Totok Temnopoga Q (mmpuna nonockl
COOTBETCTBYET €ro KOJMYECTBY) <Ia/iacT>» C TeMIepaTypsl |, Ha Goiee HHU3KYIO TeMIepaTypy

T,, npu srom npoussoaurcst pabora L. Herpynuo Bumers, 4ro Takoe 0ObsCHEHHE pabOTHI

TETUIOBOM MAIIMHBI BO3HHUKIIO 110 aHAJOTHH C TUAPABIMYSCKONW MAIIWHOW (HApUMep, BOASHOM
MEJIbHHUIICH), TOJBKO POJIb BOJABI HUIPAET «TEIIOPOM», a Hamopa, OOYCIOBIEHHOIO BBICOTOM

nazenns Bogsl AN — pasuocts temneparyp AT =T, =T, (pucynok (6)). Kommuectso BossI
G, kak u xonuuectso Temnopona Q, He M3MeHseTcs npu coBepineHUH paGoThl. Ha mepBhIx

nopax Takasi Teopusi ObUIa BIIOJTHE MPUEMIIEMOH, TeM OoJiee 4To U3 Hee CIIe10Bajl MPaBUIIbHBIA U
OUCHb BA)KHBIM BBIBOJ: TEIJIOBas MallMHA MOXXET padoTaTh TOJBKO IPU HAIMYMM Pa3HOCTU
TEMIIeparyp.

Koneuno ¢ mosiBnenuem padot JIxoyms, Kapro, Knaysuyca Teopus Teniopoaa ymuia B
HCTOPUIO, OJHAKO OKa3ajoCb, YTO B HNPCACTABICHUU O TOM, YTO CKBO3b ABUIAaTCJ/Ib HNPOXOAUT
MIOTOK <METr0-TO», HE MEHSIOIETO MPH ero paboTe CBOETO 3HAUYCHUS, €CTh PAIlHOHAIEHOE 3€PHO.

PaccmoTpuM Gonee AeTanpbHO SHEPreTHYeCKHe OallaHChl JBUTATENS, pPadOTaIOIIero Io
unkay Kapno, ycranosus u3 mux csasb temwior Q,, Q, u temmneparyp T,, T,. Jlns sroro
3anuieM OajaHc B BUAJE:

‘Ql‘ _‘Qz‘ =L. 1)

Bripaxas paboty nukina uepes KITJI — L = er] u ucnonb3ys popmyny mis KITJ[ mukma
Kapno, nonyunm:
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Ecnu 3anucarh TEMI0THI C Y4ETOM 3HAKA, TO MOKHO ITOITYYHUTH!
& + Q =0. (3)
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Bennuuny Q/ T HaspiBatoT mpuBedéHHON TemaoToii. Oka3piBaeTcsi, NpPHUBeIEHHAS

TEImjioTa oﬁnanaeT TeM 3aMe4YaTeJbHbIM CBOHCTBOM, YTO €é 3HAYEHHE COXpaHAETCHA NpPH
nmepeaavye TEIJIOTHI OT TEIVIOBOI0 HCTOYHHKA K XOJOAW/IBHHUKY B IpoHecce pa60T1>1
ABUTaTEJIA.

BecbMa mpocTo MOXKHO JJ0Ka3aTh, YTO MOJTYYCHHOE PABEHCTBO BEPHO HE TOJBKO IS ITUKJIA
Kapno, Ho m gmusa moboro obparumoro mwmkma. Ilycth wumeercs OOpaTUMBIA  ITHKI,
MPEJICTABICHHBIA Ha pUCyHKe. [IpoBOAMM psii OJNM3KO PACIOJIOKCHHBIX aJuadaT, KOTOphIC
pa300bIOT UK HA MHOXXECTBO AJIEMEHTAPHBIX IIUKIIOB, COCTOSIIMX M3 2 anuabaT u 2 BechbMa
MaJIbIX OTPE3KOB KPHBOW, OTpaHMYMBAIONICH LMKI. VI3MEHEeHHWE TeMIeparyphl MO OTpPE3Kam
KPUBOHM BeChbMa Maj0 U MOXET OBITh CAENAHO CKOJb YIOAHO MAJbIM MPU YBEITUYCHHH YHCIIA
aauabaT, TMOdTOMY B KaXKJIOM 3JJIEMEHTapHOM ITUKJIE MOXKHO OTPE3KH KpPHWBOW 3aMEHHTH
OTpe3KaMH HM30TEePM U TPEICTABUTH HMCCIEAYEMBI IUKI B BHJIEC MHOXKECTBA 3JIEMEHTApPHBIX
nukiaoB KapHo.

umknbl KapHo
1+ ]| dQl
k J\L Q Q1

MPOU3BOSIbHbIN
LMK

P A

[Tpu OeckoHEYHOM yBEJIMUYEHUU YMCIIa IPOBEICHHBIX a1nadaT OTPEe3KU U30TEPM COTBIOTCS
B OJJHY KPHBYIO, IPEICTABIIAIONIYI0 CO00M KOHTYp LIMKJIA, U B MpeJiesie TOTyIHM:

qu?Q= . (4)

OTO ypaBHEHUE Ha3bIBaeTCs HHTerpagom Kiaysmyca.

Jy1st HeOOpaTUMBIX ITHKJIOB r]“e"6p < r]°6p . Ucxons U3 3TOro, MOKHO MOJTYYUTH:

(qsd?QjHeosp -0 ©

3. OHTPOIIUA

N3 mateMaTuKy M3BECTHO, YTO €CJIM MHTETpaj, B3STHIM MO KOHTYPY 3aMKHYTOH KPHBOM,
paBen O, TO MOABIHTErpajbHOE BBIPAKEHHE MPEICTABISACT COOOM MONHBIA udQepeHIral
nekotopoit (ynkumu. Cnemosatensno dQ/ T, mpeacrtapiser co6oii nmonnbii auddepenmman

¢yHKIMH, KOTOpasi B TEPMOJAMHAMHUKE MTOJIyYHIIa Ha3BaHHE SHTPOIIUU S
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OTO COOTHOIIEHHUE MPEJCTABISAET COOON MAaTeMaTHYECKOE BBIPAKEHHE BTOPOrO 3aKOHA
TEPMOJIMHAMHKH JUI1 00PAaTUMBIX MPOLIECCOB. DHTPOIUS ABIAETCS PYHKIUEH COCTOSHHUS.

U3 cootHorienus (4) cieayer, 4To W3MEHEHHE JHTPONHHA B 3aMKHYTOM 00pPaTHMOM
HHKJIe paBHO HyJ10. C Ipyroil CTOPOHBI, U3 TOTO CJIEIYET, YTO I OOpaTHMBIX MPOLECCOB
OpU TepexoJie Ta3a M3 OJHOrO COCTOSHHUS B JIPYyroe HM3MEHEHHE OSHTPONHUU OJHMHAKOBO
HE3aBHCHUMO OT IIyTH 3TOT0 NEpexoa:

dQ _
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Jlns HeoOpaTUMBIX MPOIECCOB M3 COOTHOWICHUs (5) clienyer, 4To M3MEHEHHE SHTPOIUH
BCEr/la MEHbIIE W3MEHEHHs OJHTPONUH OOpaTHMOro mporecca. OTO MOXHO IOKa3arh,
paccMOTpeB LIUKJII, COCTOSIUHN 13 oopaTumoro 1-3-2u neoOparumoro 1-4-2mporecca:

HEeoOp. I d—Q< I aQ 00p.

1—4—2dQ 32 T (8)
HEoOp. I —<§,-§ o06p.
1-4-2 T

B nmuddepenmumansHoit ¢GopMe BTOpPOM 3aKOH TEPMOJMHAMHKH, dYepe3 IHTPOIHUIO
3aIMCBIBACTCS CIEIYIOIUM 00pa3oM:

dQ
—<ds ©)

Ourponusi Temaouzoaupobannoii cucrembl Q=0 mpu o6parmMbix mpomeccax

ocraercs 0e3 M3MEHEHUs, a NMPU HEOOpaTUMBIX yBelIW4yuBaercs. TakuM oOpa3oMm, SHTPOMHUS
TaKOW CHCTEMBI HUKOTIa HE MOKET YMEHBIIUTHCS.

ds= 0 (10)

CrnenyeT uMeTh B BUJY, UTO SHTPOMIUS OTAEIHHBIX TE B CUCTEME MOXKET U YMEHbIIAThCA,
U YBEIMYWBATHCS, U OCTABAaThCA 0€3 M3MEHEHHsI O]l BIUSHHUEM TPOIECCOB, MPOUCXOISIINX B
CUCTEeME, HO O0IIasi SHTPONHUS U30JUPOBAHHOM CHCTEMBI MPU HEOOPATHUMBIX MPOIECCAX MOKET
TOJIKO YBEITMIHBATHCS.

DuU3NYeCKHl CMbICJ IHTPONHUMN.

CBOHCTBO PHTPONHH BO3pacTaTh B HEOOPATUMBIX MpoIleccax, Aa U cama HeoOpaTUMOCTh
HAXOJATCS B TMPOTHBOPEUYMH C OOpPATUMOCTBIO BCEX MEXAHMYECKUX IBM)KCHUM, M TOITOMY
(¢u3MUecKuil CMBICT SHTPONHMM HE CTOJIb OUYEBUJAEH, KakK, Hampumep, (PU3MYECKHH CMBICIT
BHYTPEHHEN YHEPIUHU.

MaxkcumanbHOE 3HAaYEHUE SHTPONUN U30JIUPOBAHHOM CHCTEMBI JOCTUIAETCS TOTAA, KOTIa
CHUCTeMa MPHUXOAUT B COCTOSIHHME TEPMOJMHAMHYECKOrO paBHOBecus. Takas KOJIMYECTBEHHas
dbopMymTupoBKa BTOPOTrO 3aKOHA TEepPMOAWMHAMHUKK JaHa Kiay3suycoM, a e€ MOJEKyIspHO-
KMHETUYECKOE UCTOJKOBaHUE BoibIMaHOM, KOTOPBIN BBEJ B TEOPHUIO TEIJIOTHI CTATUCTHYECKUE
MMpeaACTaBJICHHA, OCHOBAHHLIC Ha TOM, YTO HCOGp&THMOCTL TCIIJIOBBIX IIPOLCCCOB HUMCET
BEPOSATHOCTHBIN XapakTep.

[Tepexon U3 HEPAaBHOBECHOTO COCTOSHUSI B PABHOBECHOE IMPEICTABIsAET COOOM mepexoa u3
COCTOSTHUSI, KOTOPOE MOIXKET OCYIIECTBISATHCS MEHBIIMM YHCJIOM CIIOCOOOB, B COCTOSHUE,
OCYIIECTBIISIEMOE 3HAYUTEILHO OOJBIINM YHCIOM CcrocoOoB. Haubonee BepoOsSTHBIM st



3aMKHyTOI>'I CHUCTEMbI 6y,Z[GT TO COCTOSHHC, KOTOPOC OCYIICCTBIIACTCA HaI/I6OJ'II>H_II/IM qUCIIOM
Croco0o0B, T.€. COCTOSHHE TEIUIOBOTO paBHOBECHS. B TO e BpeMs MaJIOBEPOSITHBIM ObLI OBl
CaMOHpOHBBOHBHBIﬁ BbIXOJ CUCTCMBI U3 COCTOSAHUA PaABHOBCCHUA.

OHTponMsl NO3BOJSIET C IIOMOLIBIO M3MEPEHHH TEPMHUYECKUX BEIWYMH BBIACHUTH
HaIpaBJIeHUE MIPOIIECCOB U yCIOBUS paBHOBecusl. HeoOpaTuMble mpoIiecchl MPOTEKAIOT TaK, YTO
cucTeMa NEepexOoAUT U3 MEHEEe BEPOSITHOIO COCTOSIHUA B 00Jiee BEPOSTHOE COCTOSHUE, IMPUYEM
OecriopsIoK B cucteMe yBenuuuBaercs. CiaenoBaTenbHO, SHTPOMIHS ABISETCS MEpOi Oecropsiika
B cucreme. PocT 3HTponuM B HeoOpaTHMBIX Npoueccax NPUBOAUT K TOMY, YTO JHEprus,
KOTOpPOii 00J1aiaeT cucTeMAa, CTAHOBUTCSI MeHee I0CTYIHOI /I mpeodpa3oBaHusi B padory,
a B COCTOSIHMU PaBHOBeCHs TaKoe Npeo0pa3oBaHue BOOOIIE HEBO3MOKHO.

C IMPUHIMIIOM BO3paCTaHUs SHTPOIIHMHU B 3aMKHYTBIX CUCTCMAX CBA3aHBI MPCACTABJIICHUA O
«TerIoBOM cMmepTH BceneHHol», BhIABUHYTHIE Kitay3umycom, KOTOPBIM yTBepxkAald: «IHEPTUs
MHUpa MOCTOSIHHA, SHTPOIUS MUPA CTPEMUTCS K MaKCUMyMY». OTCI0J1a — BBIBOJ O IOCTHKCHUH B
pe3ynbTare OJHOCTOPOHHUX MPOIECCOB, MPOTEKAIOUUMX B MPUPOJE, KOHEYHOTO COCTOSIHHS
paBHOBECHsI, B KOTOPOM SHTPONHS MHpa MakKcHMainbHa U BcerneHHas moru0aer OT TEMIOBOM
CMEPTH.

4. UBSMEHEHHUE SHTPOIINU I'A3A B TEPMOJUHAMMNYECKHUX ITPOLHECCAX

MaremaTruecKoe BBIpaKEHHE MEPBOTO M BTOPOrO 3aKOHOB TEPMOJAMHAMHUKH B YICIHHOM
Buzie (Ha 1 Kr ra3a) MOKeT OBITh 3alMCaHO CIEAYIOIIUM 00pa3oM:

dg= du+ pdv wiu dqg= dh- vdp (1)
dg= Tds.
O6’BCILI/IH$I$I OTHW BBIPpAXXCHUA B OJHO, IOJYYHMM TaK HaA3bIBACMOC TEPMOAUHAMHUIECCKOEC
TOKIAECTBO.
Tds= dut+ pdv win Tds= dh- vdf. (12)

PackpeiBast monubii guddepeniman GyHknur U U h, MOXHO TepeiiTH K BBIPAKCHHIO
TEPMOJIMHAMHYECKOTO TOXK/IECTBA B BUJIE:

Tds:(@j dT+ (@j + p| dv unum Tdsz(@j dT+ ol _ v| dr. (13)
aT v aV T aT p ap T

V3MeHeHre SHTPONHY B JAaHHOM CiTydae OyIeT 3alucaHo Tak:

dszl(@j dT+ —1(@) + P dv win ds=—1(a—hj dT+| = on __ de.  (14)
T\0T), T\ov); T T\oT ), T\op), T

[TockonbKy It MA€aTbHOIO ra3a;

U\ e, (O] =c, (2U) =0, (2N -
(ﬁl_c“’ (aij C"’(avl o) " -

TO U3MEHCHMEC SHTPOIINU BBIPAXKACTCS COOTHOLICHUSIMM.

dT

dv
ds=¢—+ R— ds=¢c—- R— 16
G+ R_* wm ds=g (16)

Tak kak U1 WOEanbHOrO rasa TEIUIOEMKOCTH HE 3aBHCAT OT TEMIEpPaTyphl, TO
UHTETPUPOBAHUE ITHX YpPAaBHEHHH MPOU3BOAUTCS JIETKO W MOXHO IOJYYUTHh JBE (POpPMYIIBI,
OIPEIEAOIINE U3MEHEHUE DHTPOIIUU B TEPMOAMHAMUYECKUX MPOoLeccax:
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N3MeHeHHe SHTPONMH B IOJIMTPONHBIX MPOIEecCcax:
JI71s1 TOIUTPOIHOTO TpoIiecca U3BECTHO, uto PV = constumu Tv"™ = const. Orcroaa:

As=c, (k- n) N2 wm As= qu 2w As= cvﬂ N2
Vi n P, n-1 T
U30xopHbIii mpouece: N=x*c,1 n= 0,
As=¢, 2w As= G InL.
P T

H3006apublii npouece: N =0,

As= G Inﬁ wm As= C, In%.
Vl 1

MN3oTepMuyeckuii npomecc: N=1,

As:(cp— Q,) N2 pm Asz(cp— q) P
vy P,
AnmnadaTHblil mpounece: N =K,

As=0 wm S=cons.

(17)

(18)

(19)

(20)

(21)

(22)



5. BOITPOCHI VI JIUCTAHIIMOHHOI'O OCBOEHUA JIEKIINHN

1. Ha ocHOBE Kakoro 3aKOHa TEPMOJIUHAMHUKH CTPOUTCS JOKA3aTeIbCTBO TeopeMbl KapHo?

OrtBerT:

2. 3anumute GopMyiy A ONpeesIeHUs MPUBEIEHHOM TEII0Thl HCTOYHUKA TEIUIOTHI U
XOJIOTUTHHHKA.

OrtBer:

3. 3anumuTe uHTerpan Knaysuyca s mpou3BOILHOTO 0OPaTUMOTO ITUKJIA.

OrtBer:

4. 3anuuuTe BTOPOH 3aKOH TEPMOAMHAMUKHY JIJIs1 U30JIMPOBAHHOM CHCTEMBI Yepe3 SHTPOIHIO.

OrtBer:

5. 3anumuTe 0HO U3 U PepeHIINATBHBIX YPAaBHEHUN ISl ONpeieNICHHs] U3MEHEHHs SHTPOIIUN
B TEPMOJMHAMHYECKOM MPOLECCE U3MEHEHUS TapaMETPOB UI€aIbHOI0 Irasa.

OrtBerT:

damvumug Uma OtuecTBO:

I'pynna:

IToamnuce:

[ara:




