NEPLUMNIA

3AKOH
TEPMOOWUHAMIKWA

Bonvuman JTioogiz (1844 — 1906) — ascmpiiicokuil
Qizux-meopemux, 00UH i3 OCHOBONONONCHUKIG KIACU-
ynoi cmamucmuynoi Qizuxu. Hapoouecs y Bioui. 3a-
Kinuue Bioencokuii ynisepcumem.

Tpayrosas 6 piznux eanyssx ¢hizuku, 0cooIUB0 NIIOHO
— 6 eay3l KiHemuyHoi meopii 2azie, mepmMOOUHaAMIKU i
meopii sunpomintosanns. B 1868 p. eusis 3axon posno-
0Ly 2a308UX MONEKYN 30 weUOKocmsmu (cmamucmu-
ka Boneymana), a ¢ 1872 p. — ocrogne kinemuune pig-
HAHHA 2a3i6. [06i6 CIamMucmu4Huil xapakmep opy2o2o
npuHyuny mepmoouHamixu. bonvyman enepwe 3acmo-
€y6as 00 GUNPOMIHIOBAHHI NPUHYUN MEPMOOUHAMI-
ku. B 1884 p. meopemuuro 6iokpus 3axon meniogoeo
sunpominiosantsi, axku y 1879 p. excnepumenmanvro
6ye ecmanosnenuil agcmpiticoxum gizuxom M. Cme-
parom (3axon Cmegana — Fonvymana). ¥ 1884 p. Forvy-
MaH i3 mepmMOOUHAMIYHUX MIDKY8AHb 0088 ICHYBAHHS
MUcKy ceimia.

§12.1. OcHOBHI IOHATTH | BU3HAYECHHSH

MornekysIpHO-KiHETHYHA TeOopis, SIK MTOKA3aHO BHIIE, € OAHUM i3 METOJiB BUBYEHHS IIH-
POKOTO cHekTpa (Gi3UYHUX BIACTUBOCTEH PEYOBMHU B Pi3HUX ii cTaHax. [HIIMM MeTo1OoM BUB-
YEHHS LUX K€ BJIACTUBOCTEH € TEPMOANHAMIYHMI METO/, SIKUH € CyTO MaKpOCKOIIIYHIM METO-
noM. Tleperik HayKOBUX IpoOJIeM, SKi BUPIIIYIOTbCS TEPMOAMHAMIYHAM METOJIOM, € YK€ Be-
JIMKKM: 11 BUBUCHHS PEYOBHH B PI3HUX arperaTHUX CTaHaX, SIBUIIA MarHeTU3MY, ITUTAHHS, 110-
B’s3aHi 3 BUIIPOMIHIOBaHHM, TEOPisl PO3UMHIB, JiarpaMH CTaHIB, (a30Bi MEPEXO/IH, ITPOLECH B
cepenuHi 3ipoK TOII0. B 0CHOBI TEpPMOAMHAMIYHOTO METOY JISKUTH 3B 30K TEIJIOBOI €HEpTii,
sIKa TIPOSIBJISIETHCS B PI3HMX SIBUIIAX NPHPOJM, 3 IHIIUMH BHAaMHu eHeprii. OTke, TepMoauHa-
MiKka € yacTHa (i3UKH, SIKa BUBYA€ B3A€EMHHUH 3B 30K MK PI3HUMH BUIaMH CHEPTii 1 3aKOHH il
MIEPETBOPEHB, a TAKOXK IPOLIECH 1 CTAHM PIBHOBAru B TUX CHCTEMax, B SIKHX MalOTh MiCIE Tell-
T0Bi e(heKTH.

TepmomuaamMika, Oyaydn (heHOMEHOIOTITHOIO TEOPI€r0, BUXOAUTD 13 TIOHATH JAHUX JIOCBI-
JIOM 1 6a3y€eThCsl Ha TPHOX EKCIICPHMEHTAJIbHO BCTAHOBJICHHUX 3aKOHAX. LIl 3aKOHM BUKOHYIOTh-
Csl HEe3aJISKHO BiJl PUPONH Tijl, IO YTBOPIOIOTH CHCTEMY, 1 IPUIMAIOTECS 0€3 TOBEICHHS, SIK
AKCIOMHL.

Hepumii 3aK0H TEPMOAMHAMIKH — 3aKOH 30epeKEHHS 1 IEPETBOPEHHS €HEPTii CTOCOBHO
SIBHII], SIKi BUBYAIOTHCS TEPMOTUHAMIKOIO.
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8 12.2. Tennoma i poboma

Jpyruii 3aKoH TepMOAMHAMIKH XapaKTepHU3ye HANPSMOK MPOTIKaHHS TePMOANHAMIYHOTO
Tporecy.

Tperiii 3aK0H TepMOIMHAMIKH CTBEPJDKYE, 1110 a0COIIOTHUI HyJIb TEMITEPATYPH HEOCSHKHHUH.

Buxinaumu ySBICHHSIMH | TOHATTAMHU TSPMOJAUHAMIKH €

Cucrtema — 1o (a60 CyKymHiCTh Tit Oy ab-5IKOi (Hi3MKO-XiMIYHOI IPUPOLIH), SIKE XapaKTe-
PHU3YETHCS IESKMM YHCIOM HE3alIeKHUX MaKpOCKOIIYHHUX mMapameTpiB. Cucrema Moxe OyTH
OJTHOPITHOIO 1 HEOTHOP1AHOIO.

SKmIo T TaHOT CHCTEMU MOMITUBHH TEMJI000MiH i qudy3ist Mix TiamMu, IO ii CKITaIaroTh,
TO TaKa CHCTEMa HA3MBAETHCS TEPMOIMHAMIYHOIO.

TepMomuHaMiuHy CHCTEMY, SKa HE OOMIHIOETBCS 3 OTOUYIOUMMH TillaMH Hi €HEpri€ro, Hi
PEUOBHHOIO, HA3UBAIOTH 130J1HOBAHOIO.

TepmoauHamiuHi napameTpu — (i3UdHI BEMMUIMHY, SIKiI XapaKTepPU3YIOTh MAKPOCKOIIYHINA CTaH
cucremu. [y ra3iB TakuMu BemmurHaMH ([TapaMeTpamu) € TeMIepaTypa, 06’€M, THCK i KOHIIeH-
Tpamis. [lapamerpw, sKi BU3HAYAFOTHCS TIOJIOKEHHSM 3O0BHIIIHIX TiJ, HA3WBAIOTH 30BHIiIHIMH
napaMeTpaMHM; IapaMeTpH, sIKi 3aJIeXaTh BiJ] CTaHy BHYTPIIIHIX YaCTHHOK, HA3WBAIOTh BHYTPI-
) mHiMH napameTpaMu. [IpyKiaoM 30BHIIIHEOTO TapameT-
Py € 00’€M cHCTEMH, IPHUKIIAJOM BHYTPIITHHOTO — THCK.

SIKImo mapaMerpy CTaHy TEPMOJMHAMIYHOI CHCTEMH 3
4acoM He 3MIHIOIOTBCSI, TO CUCTEMa IiepedyBae B CTaHi Tep-
MOJIMHaMIYHOI piBHOBaru. bynp-sika 3MiHa B TepMOIUHA-
MIYHIH cucTeMi, TTOB’sl3aHa 31 3MIHOIO X04a O OIHOTO i3
TEpPMOIMHAMIYHMX MApaMeTpiB, HA3UBA€THCS TePMOIUHA-
MiYHUM IPOLECOM.

PiBHOBaskHI MponecH — 11e mpomecH, sIKi POXOIITh
psin piBHOBaXHMX cTaHiB. HepiBHOBa:kHi mpouecu — e
TIPOLIECH, TIPH SIKMX 33 KOHEYHUH MMPOMIXKOK 4acy BinOyBa-
€THCSI KOHEYHA 3MiHa TApaMeTPiB CUCTEMH 1, 3HAUUTH, PiB-

: HOBara CHCTEMH TOPYIIYEThCS.
\ v,V O0GopoTHuii mpolec — 1e MpoIec, KU BinOyBaeThCs
Puc. 12.1 B O0UIIBOX HANPSMKAX (Hanpmaﬂ, ABC - CBA, puc. 12.1),
1 cUcTeMa TOBEPTAETHCS Y BUXIAHE TMOJIOKEHHS O3 Oyrib-
SIKAX 3MIH B HABKOJTUIITHHOMY CEPEIOBHIIII.

§ 12.2. Tenusiora i podora

BceranoBneno, mo TemioTa € oxHiero i3 GopM iCHyBaHHS Matepii, TOMY iCHYE KiJTbKiCHE
CHIBBiTHOIICHHS] MiX TEIDIOTOI0 1 pOoOOTOI0. 3BiCH BHUILIMBAE BHCHOBOK, IO OOMiH CHEPTIEI0
MDK Oy/Ib-SIKFMH MaTepialbHIME 00’ €KTaMH MOYKE BiIOyBaTHCS depe3
poboty abo uepe3 HarpiBaHHS, TOOTO B opmi podotu abo B dopmi
TEIUIOTH.

Pozpaxyemo poborty, sika BUKOHYETBCS B HAHIIPOCTILIIOMY TEPMO-
JWMHAMIYHOMY TIpOLIeCi TIPH PO3IIUPEHH] ra3y. YsBHMO co0i ra3, sSKni
MICTUTBCS B IIUTIHAPI MiJ] JIETKO PYXOMHM TOPIITHEM, PYXOM SKOTO
3MIHIOETECS 00°eM Tasy (pric. 12.2). SIKIIo miIBHIKATH IEII0 TEMITe-
paTypy rasy, BiH 1300apHYHO PO3MIMPHUTHCS 1 MOPIICHBH IepeMic-
TUTHCS Ha Biactans 0h BHacminok aii Ha HBOTO crun F = PS, ne P —
THCK rasy, S — mwioma nopuss. Podora, sSiKy BUKOHYeE ra3 IpH Iepe-
MiIIIeHHI TIOPIIHS Ha HeCKiHYeHHO Maiy Biacranb dh, mopiBHIOE:

dA = Fdh = PSdh = PdV, (12.1)

dh

Puc. 12.2
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12. Iepwuii 3axon mepmMoOuHaAMIKU

ne dV = S dh — 3miHa 06’emy.

[pwuiiHsTo, mo podoTa, IKa BAKOHYETHCSI HAX Ia30M 30BHIIIHIMEH cuiiaMu (MPH HBOMY
06’em rasy 3menmyerses dV < 0), Mae Bin’emHmii 3HaK, a poGoTa, siKa BHKOHYETHCH ra30M
npu 36inbienHi iioro 06’ emy (dV > 0), mae monaTHHil 3HAK.

ITpn koneuniit 3miHi 00’ emy Bix Vi 10 V, poboTa, BUKOHYBaHA ra30M, 3allUIICTHCS y BUT-
nsai

Vv,
A =jdA = dev =P(V, -V,). (12.2)
Vi

SIKIIO CKOPHUCTATHCS PIBHAHHAM CTaHy ineansroro rasy (10.21) i 3amucaru foro [pist cTaHiB
JI0 PO3LLIMPEHHS
PV, =RT,
1 TicIs PO3IIUPEHHS
PV, = RT,,
Ta BiHATH MTOWICHHO TepIlie PiBHSIHHS BiJl IPYroro, TO OTPUMA€EMO:
A=P(V,-V;) = R(T,~Ty), (12.3)

JIe V — 9UCIIo MOJIB Ta3y, R — yHiBepcaipHa ra3osa crana, T i T; — BiAIOBIAHO KiHIEBA i TOYaT-
KOBa TEMITepaTypa rasy.

OTxe, po6oTa i300apM4HOr0 PO3LMIMPEHHS iIeaTbHOr0 ra3y AOpiBHIOE J00YTKY pisHUL{
TeMIIepaTyp KiHIEBOIo i MOYaTKOBOr0 CTAHIB HA YHMCJIO0 MOJIB ra3y Ta Ha YHiBepCAJIbHY
razoBy CTATY.

Jani npuimycTiMo, o po3IIHMPEHHs ra3y BifbyBaeThest i3orepmiuno (7= const). PoGora, siky
BHKOHYE iJIeaIbHIi1 ra3 [PH 130TepMiYHOMY PO3IIMPEHHI, BU3HAYAETHCS TAKOXK (opmyoro (12.1)

dA = Pdv.
3rigno piBrsauas Menneneesa-Kaneiipona (10.20)
P= VE,
\
TozIi
dv av
dA = WRT— a6o A= RT[—. (12.4)
\ vV
1
MMicns inrerpyBanns (12.4) maemo
vy
A = WRTIn—=, (12.5)

1

Jie Vv — 49ucio MoliB rasy, Vi i V, — BiAIoBigHO moyaTkoBui 1 KiHIeBHH 00°eM rasy. @opmyna
(12.5) Bupaxae poGory ra3y mpu iforo i3oTepMiuHOMY PO3UIMPEHHI.

PoGora ra3y npu i300apraHOMY po3LIMpEeHH] rpadiuHo 300paxkaeTsest B KoopauHatax P —V
wiomnieio ¢irypu 4 BV, V; (puc. 12.3, a), npu i30TepMi4HOMY PO3LIMPEHHI — IUIOICIO Birypu
A BV, V, (puc. 12.3, 6).

Mpuxnan 12.1. Axy pobomy surxonyiome v = 8,0 mons 2azy Oy, AKutl 3HAXOOUMbCSA NPU MeM-
nepamypi t = 0°C i mucky P = 102325 Ila, sxwo 06 ’em ti020 n0060IOEMbCS: @) I30MEPMIUHO
(T = const); 6) isobapuuno (P = const).
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8§ 12.3. Buympiwna enepeis

P
A B P4
3 1 A
1 1 P1 4
[} |
[} I
I I
I 1
} 1
| 1
| 1
| 1
| 1
| 1
1 I B
I : P, .
' I b
V, v, \% vV, V, \Y
a 0
Puc. 12.3

Po3B’s130K. a) Pobomy 2azy npu i3omepminromy posuiupenni suatioemo 3a gopmynoro (12.5):

A=vRT In\\;—2 = (8.mo0)(8,314 [Doic [(mow - K))(273K)(In2) = 12,6 x/forc.
1

6) Ipu iz06apuunomy pozuupenni pobomy 2azy 3uaiidemo 3a popmynoio (12.3):

A=v R(Tg—Tl).
Hegioomy memnepamypy T 3naiidemo, ckopucmasuiucy 3axonom I eti-Jloccaka:
Vi T

\Y
=L 5T,=T,-%2=21,
Vo T Vi
mooi
A = WRT, = (8m01b)(8,314 Jowc [(monw - K))(273K) = 18,2 xJoxc.

§ 12.3. BuyTpiluHs eHepris

Bynp-siKy TepMoMHAMIYHY CHCTEMY MOMKHA XapaKTepH3yBaTH BHYTPIIIHBOIO eHeprieto U, sika
3aJISKUTH BiJ| CTaHy IIi€i cucTeMi. BHYTPIIHBO0I0 eHeprielo Ha3uBaIOTh MOBHY CyMYy BCiX BH/IiB
eHeprii Bcix MosleKyJ1, fIKi HAJIeXKaTh 10 TePMOJMHAMIYHOI cHcTeMH. BHYTpinIHs eHepris Mae
MIKpOCKOIIYHY TIpupoay. B nepiroMy HaOnmKeHHI BOHA BU3HAYAEThCS: KIHETHYHOIO €HEPTi€lo 110~
CTYIAJIBHOTO 1 00EPTaIEHOTO PYXiB MOJIEKYJI, TOTEHIIIABLHOIO SHEPTIEr0 B3aEMOIT MOJIEKYJI, KiHe-
THYHOIO Ta MOTEHIIATBHOIO EHEPTi€l0 KOMMBAITBHOTO PyXy aTOMIB B MOJIEKYJIaX, BHYTPIIIHHOATOM-
HOIO Ta BHYTPIIIHBOSIICPHOIO CHEPTI€l0:

Uu=>Yw-+>w,. (12.6)

BHyTpilHs eHeprist Mo)ke 3MIHIOBATHCS 33 PaXyHOK POOOTH, BUKOHYBAHOI JAHOIO CHCTEMOIO,
a00 poOoTH, BUKOHYBAaHOI 30BHIIIHIMHU CHJIAMH HaJl CHCTEMOIO, @ TAKOXK B PE3YJIBTATi TEIUIO0OMIHY
cucremH 3 Oisibliie 60 MEHIIe HArPITHM TiJIOM (HATPIBHUKOM ab0 XOJIOIMIBHIKOM).

BHyTpiiHs eHepris € GYHKIIEO CTaHy CUCTEMH 1 JUTsl TAHOTO CTaHy Ma€ LIJIKOM IIeBHE 3Ha-
4yeHHs. Pi3HMIS ABOX 3HAaUeHb BHYTpIIHBOI eHeprii AU BiamnoBigae pi3HULI BHYTPIIIHIX eHEprii
KiHIIEBOT'O 1 IOYATKOBOI'O CTaHiB!

AU =U, -U,. (12.7)
KuTBKiCTh TEITOTH, SIKa € KUTHKICHOFO MIpOFO TETUTOOOMiHY, SIK 1 po0oTa, € (DyHKITIERO TIPOTIECy,

169



12. Iepwuii 3axon mepmMoOuHaMiKU

a He crany. | KUIbKICTB TerIoTH, 1 poOOTY HEMOXKIIMBO BUPA3UTH Y BUIIIAI PI3HMUI ABOX 3HAYEHD
SIKOTOCh TIapaMeTpa B KiHIIEBOMY 1 II0YaTKOBOMY CTaHaXx.

He ciix oTOTOXXHIOBAaTH BHYTPIIIHIO €HEPTil0 3 TEIJIOTOIO 1 TeMIeparyporo. BimMiHHICTH
MDK OMMHU TPhOMA ITOHATTSMU MOKHA 3PO3YMITH 3a JIOTIOMOT'OI0 MOJIEKYJISIPHO-KIHETHYHOI T€O-
pii. Temneparypa € Miporo cepeHbOI KiIHETHYHOI €Heprii OKpeMHX MOJIEKYNl CHCTeMH. BHyT-
pimtsst eneprist (iHOAI 1l HA3UBAIOTH TENJIOBOK €HEPri€l0) CHCTEMH XapaKTepu3ye IIOBHY eHep-
rif0 BCiX MOJIEKYJ cucTeMu. Temiora xapakTepu3ye mepeaady eHepril Big omHiel cucremu (Ti-
71a) 10 1HIIof i3-3a BimMiHHOCTI (pi3HULI) TeMIepaTyp.

§ 12.4. BuyTpiumsi eHeprisi i1eaqbHOro rasy

B § 12.3 moka3aHo, 110 [MOBHA BHYTPIILHS €HEPTisl CHCTEMH BU3HAYAETHCS CYMOIO KiHETHY-
HOI Ta moTeHnianbpHol eneprii (12.6)

Uu=Sw,+>w,.

OO04MCIMMO BHYTPIIIHIO €HEPTilo v MOJIB 1/1eaJIbHOr'0 OTHOATOMHOTO Ta3y. OCKiIbKY JUIs
17I€JTBHOTO Ta3y MU HEXTYEMO OyIb-SKOIO B3a€MOI€I0 MOJIEKYII, KpPIM HPY)XHOi, TO [I¢ O3Ha-
Jae, 110 Horo moreHmianbpHa enepris popisaioe Hyato (W, =0). Omxke, Buyrpims exepris U €
CYMOIO KIHETHYHHX CHEpriil MOCTYIAIBHOIO PyXy BeiX MoseKyl (abo atomis). To6To

u=w,,

abo
mo 2
U = ZWK = N ’
2

1e N — rioBHe urciio Monekyn cuctemu. Jati, Buxkopructoyroun dopmyay (11.12), orprmaemo, 1o

U= gNkT. (12.8)

SIkio nipaBy yactuny hopmyiu (12.8) momMHO)HMO i omianMo Ha Na, TO OTpUMaemMo:
U= gv RT, (12.9)

1e R = Nak — yHiBepcanpha razosa crana, v = N/N, — uncio moiiB igeansHoro rasy. Takum

YHHOM, BHYTPILIHS €HEPTis 1/1eabHoro Ta3y € ymine Gynkuiero Big temneparypu. e pas 3ay-
B&XHMMO, [0 OCKUJIBKU BHYTPIIIHS SHEPrisl cUcTeMH (B JaHOMY BHIIAJIKY i€aJbHOTO ra3sy) €
nime QyHKIIEo cTaHy, TO 3MiHa 11 BHYTpILIHBOI €Heprii ITiJ Jac Mmepexoay CUCTEMH 3 OIHOTO
CTaHy B iHIIMH MOBHICTIO BH3HAYAE€THCS BEIMYMHAMH CHEprii y MOYaTKOBOMY Ta KiHIICBOMY
cranax. Ll 3MiHa He 3aJISKUTH B/l 3HAYCHB CHEPTii B IPOMDKHHX CTaHaX CHCTEMH.

Mpuxnax 12.2. Pospaxysamu enympiwmio enepziio N = 1 1 2eniro npu mucky P=9,8 - 10* ITa
i memnepamypit=0°C .
Po3B’si30k. Buympiwnio enepeito 1 1 2enito 3natioemo, ckopucmasuiucy popmynoro (12.8)

U= ENkT.
2

Bobo’emiV =1nceazye
N= P
kT
amomis (0us. -1y (10.22)). Tooi enympiwns enepeis 1 1 (1n = 10° 1) zeniro
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8 12.5. [lepwuii 3ax0H mepmoounamixu

U= gNkT = ngg = gVP = (3/2) 1073 03)(9,8-10% H / m?) = 147 [loxc.

§ 12.5. [lepuumii 3aK0H TepMOAMHAMIKH

I3 BumIe cka3aHOro CIiJl JONMYCTUTH, IO BHYTPIIIHS €HEPrisi CHCTEMH IOBHHHA 301IbIIy-
BaTHCs ab0 3a paXyHOK BHKOHAHHS HaJl CHCTEMOIO poOOTH, ab0 NUIIXOM HaJaHHA il AesKol
KUTBKOCTI TEIUTOTH 330BHI. BHYTpIITHS €HEpris CHCTEMH MOBHHHA 3MCHITYBATHUCS, SKIIO BiJl
cUCcTeMH 3a0MpaeThCs TeIIoTa abo CHCTEMOIO0 BUKOHYEThCSI poO0Ta Ha/l ACIKUMH 30BHIIIHIMA
cwiamy (Tiamu).

B pe3ynbTati uncnenHux gociiniB OyB chopMyIbOBaHMI 3aKOH 30epeiKeHHs i mepeTBo-
peHHsl eHeprii B MeXaHiYHUX i TeMJIOBHMX Npouecax. 3riJHO ILOTO 3aKOHY MiJBEICHA JI0
cucremu Temtora 6Q e Ha BUKOHAHHS CHCTEMOIO poO0TH JA 1 Ha 3MiHYy BHYTPIIIHBOI €HepTii
cucremu dU. TobTo

&N =A+dU  abo dU= Q- (12.10)"

3ayBaxMMo, IO SKIIO POOOTa BUKOHYETHCS HAJl CHCTEMOIO, TO BOHa Oye BiJ €MHOIO i
BHYTPILIHSA eHepris Oyae 30iunbimyBatics. TooTo

8 =-A+dU abo dU = &+ (12.10, a)

PiBustans (12.10) € KiNMBKICHUM BHpPa30M IIEPLIOrO 3aKOHY TEPMOIMHAMIKH, 3TiIHO SKOTO
teriora 0Q, Ky cucteMa OTpUMaa BHACIIIOK HarpiBaHHS, YACTKOBO IEPETBOPIOETHCS Y BHYT-
piturzo enepriro dU cucremu, a 9acTKOBO MOBEPTAETHCS CEPEIOBHIIY Yepe3 poOOTy, BUKOHAHY
cuctemoro. OCKUTBKH TEIUIOTa i po00Ta BHPaKAIOTh CIIOCOOM Iepeiadi eHeprii B cucreMy abo i3
Hel, BHYTPIIIHS €HEprist SMiHIOETBCS Y BIAMOBiAHOCTI 3 HUMH. OTKe, TepIInii 3aKOH TepMOINHA-
MIKH € IpocTO (hOpMYIIOBAHHSM 3aKOHY 30epeskeHHsI eHeprii B TemsoBHX mpouecax. Voro
TIPUHITAITOBOIO BiJIMiHHICTIO BiJ 3aKOHY 30epeKeHHsI CHeprii B MEXaHIIll € HAsSBHICTh BEIUINHI
0Q, sIKa Ha3UBAETHCSI HECKIHYEHHO MAJIOIO KiJIBKICTIO TEIUIOTH.

3ayBakumo, 10 cOpMyIbOBaHMIT BHIIE 3aKOH 30epeKeHHs eHeprii (MepIuii 3aK0H TepMOo-
muaamike (12.10)), He Moxe mepenbadaTti HAIPSIMOK PO3BHUTKY Tpolecy. BiH mo3Bormsie nwmime
BKAa3yBaTH, SIK 3MiHIOETHCS BEJIMUMHA €HEPTii TPU PO3BUTKY TPOILIECY.

Hacamkinens, HaBeneMo Aesiki i3 pOpMYITIOBaHb IEPIIOTO 3aKOHY TEPMOIMHAMIKH BiOMi
B JIiTEpaTypi:

1. HeMOXX/MBiCTh BUHHKHEHHS 200 3HUKHEHHS CHEprii.

2. Biunmii ABUTYH TIEpIIOro POy HEMOXIIMBHUI, TOOTO HEMOXKIIMBA MAIINHA, IO JIi€ Mepio-
JIMYHO, sIKa BUKOHYBaJs1a 0 po0oTy 6€3 ofepkaHHs eHeprii 330BHi a00 BUKOHyBata 6 podoty Oinb-
1Ty, HiXK OZIeprKaHa 330BHI €Hepris.

3. 3MiHa BHYTPIIIHBOI €HEpTii AOBITHHOI CHCTEMH AOPIBHIOE CYMi KIJIBKOCTI TEIUIOTH 1 poOOTH.

Hacamkinerp, 3ayBayKHMO, IO TIEPIINI 3aKOH TEPMOAMHAMIKH € OJHHMM i3 BEJIMKHMX 3aKOHIB
(i3UKH, CTIPaBeUTUBICTD SIKOTO ITi ATBEPHKYETHCS BCiMa 0e3 BUKITFOUCHHS TOCITITaMH.

§ 12.6. Po3moxin eHeprii 3a cTynmeHsIMU BiIbHOCTI

B ocHOBI KiHETHYHOI Teopii ra3y JIeXHUTb OJHE i3 MPHITYIIEHb, 1[0 MOJIEKYJIH Ia3y po3riIsaa-
I0TBCS SIK MaTepianbHi TOUKH, HATIPUKIIA], Y BUTIIS IpiOHKX Kynbok. CepeHs eHepris MOJIeKyI

1/IealIbHOTO ra3y BU3HAYAETHCS KIHETHYHOO eHepriero il moctynaasHoro pyxy (W, = m < v:>12 )

* . . . . . . .

Pi3ni mo3HaueHHs TEIUIOTH, poboTH 1 BHYTpimHbOI eHeprii (0Q, d4, dU, BixnosinHo) B dop-
myimi (12.10) BBemeHO I TOrO, MO0 MAKPECTUTH BiAMIHHICTH ITOHATH KiJIGKOCTI TEIUTIOTH i
poOOTH Bij HOHATTSI BHYTPIIIHBOI €HEPTii.
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12. Iepwuii 3axon mepmMoOUHAMIKU

OCKIJIbKY MOTEHIIaJbHA eHepris B3aemoii Monekyn nopiBaioe Hymo (W, = 0). Oxnak, BHaci-
JIOK XaOTHYHOCTI PYXy MOJIEKYJI IO €HEPTil0 MOXKHA MPEJICTABUTH SIK CyMY CKJIQJIOBHX KiHETHY-
HUX €HEprii pyXy MOJIEKYJ B TPHOX B3a€EMHO ITEPIECHINKYIJIIPHUX HamnpsiMkax — X, ViZ

2 2 2 2

2
m<v®> m<oi> M<uy> m<ol>
+ +

Jie M — Maca MOJICKYJTH.
OCKUTEKY MOJICKY/H i7ICalTHHOTO Ta3y MepeOyBaroTh B OS3IIEpepBHOMY XaOTHIHOMY PYCi, TO IIe
JTO3BOJISIE BBAYKATH, 1110 CEPEIHI 3HAUCHHS KIHSTUYHOI CHEpTii B TPHOX HATIPSIMKAX PiBHI OTHA ONHIH

2
Im<v?> m<ov?l> M<vy> m<v?>

= = = . (12.11)
3 2 2 2 2
3rigHo piBHAHHS KiHeTHYHOI Teopii (muB. (11.12))
2
m<vt> _ 3, (12.12)
2 2

TOMY Ha KOXHY i3 3-0X ckiagoBux piBHocti (12.11) npunaznae %kT eHeprii.

Taxe po3aineHHs1 KIHETUYHOI €Heprii MOJEKYJIM Ha TPHU HE3aJIEXKHI CKIIAJIOBI ITOB’S3aHO 3
THM, 110 MOJIEKYJIa BOJIOJII€ TPHOMA CTYNEHAMH BUIBHOCTI MOCTYNnaabHOro pyxy. Ilix ynciaom
CTyNeHel BiTbHOCTI MeXaHIYHOI cHCTeMH PO3yMiIOTh HaliMeHIIle YHCJI0 He3a/IesKHUX KOop-
JTUHAT, AKi BU3HAYAKTH MOJIO0KEHHsI ccTeMd B mpocTopi. Lle umcno 30iracthest 3 4mcioM
MOXJIMBUX ITI€peMillleHb. Y BUIAIKY, PO3IJIIHYTOrO BUIE, MAJIOCh Ha yBasi, IO ilealbHUN ra3

CKJIQJIA€ThCS 13 OTHOATOMHUX MOJIEKy. Taka MoJeKysa

BBAKAETHCS MATEPIABHOIO TOYKOIO 1 YHCIIO MOXKITMBUX
nepeMilneHs s Hei piBHe TphoM. OOepTaHHS MOJIEKY-
JIY HABKOJIO OC1 TYT HE BPaXOBYETHCS, OCKLIBKH I Yac

TaKOro oOepTaHH: aTOM BiJITBOPIOE caM ceoe.
Puc. 12.4 Mortekyiy JBOATOMHOTO Ta3y B IepHIoMy HaOmu-
JKSHHI IIe JIBa JKOPCTKO 3B’SI3aHUX aTOMH, SKi PO3MIIIICHI HA TEBHIH BiJICTaHI OAWH BiJl OJHOTO
(puc. 12.4). Taka MoJeKyIa BOIOMIE I’ AThbMa CTYIICHSIMH BUIBHOCTI: TPU CTYIEHI BIIBHOCTI MO~
CTYIaJbHOTO PYXY 1 /IBa CTyIeHi BUIBHOCTI 06epTanbHoro pyxy (puc. 12.5). Monekynu tpu- ta

OI / ’ I O’
I
I
(0] 0)
Bick obepranss Bick obepranus
Puc. 12.5

0araToaTOMHHX ra3iB MArOTh IIICTh CTYNEHIB BUIBHOCTI: TPH CTYTIEHI BUIBHOCTI MOCTYHAIBHO-
TO 1 TpH CTyNEHi BUTBHOCTI pyXy obepranbHoro. LLicTs cTymenel BITbHOCTI Ma€ i TBepJe Tijlo.
Kpim mocrynansaux i 00epTanbHUX CTyHEHEH BUIBHOCTI YacTo HEOOXITHO BpaxoByBaTH i KO-
JIMBAaJIbHI, OCKUTBKH ATOMH B MOJIEKYJTI MOXYTh KOJTMBATHCS.

Bymno BcTaHOBIIEHO, 110 €HEPTis 3a CTYNEHSIMH BUIBHOCTI PO3MOLTAETECS PIBHOMIPHO, 1 IIpH
IIbOMY HE BPaxOBYETbCS, SIKWH 1€ CTYIIHb BUIBHOCTI: MOCTYManbHUK 9i obepTanpHuil. OTXKe,
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8 12.7. Tennoemuicmo

Ha OJIMH CTYIiHb BUIBHOCTI IpHIaNae eHepris, mo aopieHioe k7/2. e o3Havae, WO KOIH MO-
JIeKyJ1a BOJIOJIE I’ SIThMa CTYIIEHSIMU BUTBHOCTI, TO i1 €Heprist JOpiBHIOE

<W> = 5k—T.
2

B 3aransHoMy Bunazaky opmyrna aist eHeprii MOJIEKYJIH Ma€ TaKHiA BUTJISL.

<W> = (i+r)k7T, (12.13)

Jie { — 9UCII0 CTYIEHIB BUIBHOCTI MOCTYNAJIBHOTO PYXY, [ — YHCIIO CTYIIEHIB BUIFHOCTI 00epTaib-

HOT'O PYXY.
V BHIAJIKy, KOJIH BPaXOBYETHCS 1 KOMMBAIBHAH pyX (B 6araToaTOMHMX MOJEKYJIAx), PO3IIOMILI
€HEprii 3a CTYIEHsMH BUILHOCTI 3aIMCY€ETHCS TaK:

<W > = (i+r+25)k7T, (12.14)
JIe S — YHCJIO CTYIEHIB BUIHOCTI KOIMBAIBHOTO PYXY.

§ 12.7. Tem10€eMHiCTD

JIOCIiAHUM IISXOM BCTAHOBIIEHO, IO KilbKicTh Temrord dQ, HeoOXigHa [UId 3MiHH TeEM-
niepaTypH TiJla, IPOIOpIiKHa Horo Maci M i 3MiHi Temneparypu d7-

dQ = mcdT, (12.15)

JIe ¢ — BeJIMYMHA, XapaKTepHa TS TAHOI PEYOBHHY, i HA3UBAETHCS MUTOMOK) TEILIOEMHICTIO, KA
Ta6mmus 12.1 JIOPIBHIOE KUTBKOCTI TETDTOTH, HEOOXI1THOI [T Ha-

rpiBannst omuHmIi Macu (1 kr) peyounn Ha 1 K

[Tnroma ) (abowma 1°C),
PeuoBuna TETJIOEMHICTB, 1.dQ
c=——. 12.16
i /(xr - K) mdT ( )
ATIOMIHIH 876 TeruroeMHICTh OHOTO MOJISL PEYOBUHU HA3HU-
3amnizo 448 BalOTh MOJBIPHOIO TEIUTOEMHICTIO 1 TIO3HAYAIOTh
3011010 132 yepe3 C (C = Mc, ne M — monsipHa Maca).

] TennoeMHICTh PEYOBHHU 3AIKHUTH B SKINUCH
Cpibio 234 Mipi Bii Temmeparypu, Xxo4a Ipd TEMIEPATYPI,
Jlepesuna 1700 OM3BKOI 10 KIMHATHOI, TEIUIOEMHICTh PEYOBH-
ALeTOH 2118 HU MOYKH BBKATH CTATION0, Ta Bill YMOB, 32 AKHX

TIJTy HAIAETHCS TEIUIOTA 1 3MiHIOETHCS TEMITepa-
Bona 4186 Typa.
ETunoBuii coupt 2394 Buxopsun i3 BusHauenss (12.16), B CI muto-

Ma TEIUIOEMHICTh BUMIPIOEThCs B [oic (ke K)

MertunoBuii ciupt 2512 . . .

. B tabmumi 12.1 HaBeneHi MATOMI TEIIIOEM-
Tino monunu 3470 HOCTI JIeKUX pevoBuH npu Temmepatypi 20 °C'i
Binox 1700 HOpMalbHOMY THCKY (P = 101325 ITa).

Hpuxnan 12.3. Axa kinexicms meniomu, HeoOXioHa 0 30LIbUIEHHA MEMNEPAmMypU Memuio8o-
2o cnupmy 06’emom N = 3 11 6i0 20 00 45°C ?
Po3B’si30k. 32iono (12.15)
Q = mcAT,
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12. Iepwuii 3axon mepmMoOUHAMIKU

de M — maca memunogozo cnupmy, AT = T, — T1. BpaxoByroun, wo m = pV, ompumaemo:
Q =pVCAT =(810«2/ 1%)(3-107343)
(2512 Jioe | k2 - K)(25K) =1,53-10° Jlorc.

§ 12.8. Tem10eMHicTDb igeanbLHUX ra3is

HarpiBatu ra3 3 MeTor0 MiJBUIIEHHS HOr0 TEMIEpaTypyd MOXXKHA JABOMa CIOCO0aMU: i30X0-
pu4HO, TOOTO MpH cTaoMy 06’ eMi, 1 i306apuyno — npu cranomy Tucky. Kinbkicts Teroru dQ,
HeoOXiHy JUI HAarpiBy v MOJIb ra3y Ha d1 KeNbBiHIB, MOKHA 3aIIMCATH Y BUIJISII

dQ, =v C,dT (V = const), (12.17)
dQ, = v C,dT (P = const). (12.18)
I3 BU3HAYECHHS MOJISIPHOT TerioeMHocTi (8 12.7) maemo:
Cv = Moy,
C, = Mg,,

ne M — monspHa maca rasy. 3ayBakKMMO, IO ITUTOMI TEIZIOEMHOCTI IO3HAYAIOTh MAJINMH, a
MOJISIpHI — BEJIMKUMH JIiTepaMu.

ITpu i30x0pHMyHOMY HarpiBaHHI HaJaHa Ta3y TEIUIOTa BUTPAYAETHCS TUTBKH HA ITiIBUILICHHS
TEMITepaTypH, OCKIJIbKA poOOTa P IbOMY HE BUKOHYeThCsl. [Ipn i300apryHOMY HarpiBaHHi Te-
IUTOTa, OTPUMAHA Ta30M, BUTPAYAEThCS HA T IBUIIEHHS HOTo TEMIEpaTypH Ta Ha BUKOHAHHS PoO-
6otn 1us po3mupeHHs razy. OTke, y nepmomMy BUMAAKy Oy/ie 3aTpadeHo MEHIIY KiJbKiCTh Te-
IUIOTH, HX y APYromy, o0 HarpiTi ra3 Ha oxdy i Ty x BenmunHy d7 (dQ, < dQp). A e o3Ha-

vae, mo C p > C, . HaBeneni B Tabnumi 12.2 3HaUeHHS TEIUIOEMHOCTEH PI3HUX Ta3iB, 3HANICHUX

CKCIICPUMCHTAJIbHO, Hi,HTBepI[)KyIOTL 3p06f[€Hi BHIIIC BUCHOBKHU.

Tabmumg 12.2
IMutoma MomnspHa
TEIUIOEMHICTD, TEIUIOEMHICTD, C.-C o
a3 T/ (xr - K) Jlx/ (Mo - K) I[}K/(I)MOHI:/_’ K) Y= c
Cyv Cp Cy Co
OnHoaToMHUMI
He 3140 4814 12,47 20,80 8,33 1,66
Ne 620 1030 12,47 20,80 8,33 1,66
JlBoaToMHuUM
N, 241 1038 20,76 29,09 8,33 1,40
(o)) 649 913 21,06 29,42 8,36 1,40
TpraToMHMA
CO, 640 833 28,46 36,96 8,50 1,30
H,O (100 °C) 1465 2018 25,95 34,33 8,38 1,32
BararoaTomumii
C,Hg 1436 1726 43,12 51,70 8,58 1,20

Jai 3’sicyeMo KUTBKICHI XapaKTepHCTUKH TEIUIOEMHOCTEH Ta3iB AJIs POIECiB, M0 MPOTi-
KaroTh IIPH CTAJIOMY 00’€Mi Ta CTaJoMy THCKY. [ HOro CKOPUCTAEMOCH MONIEKYIISIPHO-KIHETHY-
HOFO TEOPI€I0. 3TiTHO MEPILOro 3aKOHY TEPMOINHAMIKH MPH 130X0pHYHOMY miporieci (V = const)
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8 12.8. Tennoemuicmo ioeanvrux 2asis

TEIJIOTa, HaJlaHa CUCTEMI, W€ TibKY Ha 301IbIIEHHS BHYTPIIIHBOI €Heprii rasy:
dQ, = dU, (12.19)
a B IIPOIIEC IIPU CTAJIOMY THCKY — Ha 30UIbIIEHHS] BHYTPIIIHBOI €Heprii Ta BAKOHAHHS poOoTH:

dQ, = dU + dA (12.20)

SIkmio BpaxoBysaru (12.1), To (12.20) nepenumiemMo Tax:
dQ, = dU + PdV. (12.21)

Ockinpku 3minu BHyTpimHb0i eneprii dU B o6mmBox mporecax oHakoBi (B 0GHIBOX
BuMaakax dT OTHAKOBI), MH MaEMO:;

dQ, - dQ, = PdV. (12.22)

st ineanbroro razy V =v RT /P (muB. ¢-1y (10.21)), Tomy st miporiecy, sKuii mpoTikae
TIPY CTAJIOMY THCKY,

gy = YRAT (12.23)
P
Mincrasmsroun 3aavenss dV i3 (12.23) B (12.22), i, BukopucroByroun dpopmynn (12.17) i

(12.18), orpumaemo:

vC,dT - vCydT = P(—VRdT j
P

3B1IKH

- Cy, =R (12.24)

Orxe, MonsipHa TennoeMHicTe C, Oinblia MOApHOI TemnoeMHocTi Cy Ha BenuuuHy R,
To6TO Ha 8,314 Jlx/(Mois - K). Lle miaTBepKyeThes eKCIIEPUMEHTAIBHUMHI JaHUMH, HaBele-
HuMu B TaGmuui 12.2. Pisusimus (12.24) nasuBarots piBasnmsM PoGepra Maiiepa.”

OO6uncIMMOo i MOJSIPHY TETUIOEMHICTH OZHOATOMHOTO i€aJIbHOTO Ta3y ISl 130X0-
puusoro mporecy (V = const). st mporo ckopucraemoch hopmyioro (12.17) i mepruuii 3aKoH
TEPMOAMHAMIKH s 10TO0 Tiporiecy (12.19) 3amumemo Tax:

dU =vC,dT. (12.25)

Buytpinms eneprist U imeanbHOro razy € CyMor KiHETHYHHX €HEPTil IOCTYNaJbHOTO
pyxy Bcix Monekyin (mus. ¢-y (12.9))

2
u=ND -3 Rt (12.26)
2 2
ne N — KibKiCTh MOJIEKYIT 1/1eaIbHOTO Ta3y, v — YKciIo MoiiB rasy. I3 (12.26) maemo:
du - gv RdT. (12.27)

IMpupisarotoun npasi yactuau Gopmyn (12.25) i (12.27), orpumaemo:

" Maiiep P. (1814 — 1878) — mimeupkuii (izuk. OuH i3 mepumx BigkpuB (yHIaMeHTATbHIH
3aKOH NPUPOJIM — 3aKOH 30€peKeHHS eHeprii.
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12. Iepwuii 3axon mepmMoOuHaAMIKU

3

Cy = ER. (12.28)
MMincrasmsroun B (12.24) snavennst Cy, i3 (12.24) orpumaemo, 1o
5
Cp= > R. (12.29)

Ockinbku R = 8,314 JTx/(monb - K), To KiHeTHYHA Teopist [UIst MOIBIPHUX TEIUIOEMHOCTEH i/1eab-
HOT'0 O/IHOATOMHOTO ra3y fae 3Hadennst Cy = 12,47 Jhx/(mons - K) 1 Cp = 20,85 hi/(mons - K), siki mo-
CTaTHBO JI00pE CITIBIAJAaI0Th 3 EKCIIEPHMMEHTAIBHUMH 3HAYEHHSIMH JUTS TAKHX OJJHOATOMHUX Ta3iB, SIK
resiii i HeoH (tabmmrst 12.2).

MortsipHi TENJIOEMHOCTI Ta3iB, Ki CKJIaJAI0ThCs 13 IBO-, TPH- i 0araToOaTOMHUX MOJIEKYII,
30UIBIIYIOTECS 3 POCTOM YHCIIA aTOMiB B Monekyimi(tabmuis 12.2). Ile moB’s3aHo 3 THM, IO
BHYTPIIIHS €Heprist BKIIOYa€e B cebe He TUTBKHM KIHETHYHY €HEprilo MOCTYMaIbHOTO PyXy MoJje-
Ky, ane i inmi Gopmu eHeprii (eHeprio 06epTaabHOTO i KOJIUBAIBFHOTO PYXiB).

Hpuxnan 12.4. B enacmuuniii nocyouni micmumscs v = 800 mons azomy npu mucky P =
= 101325 Ila. I'asz nazpisaemocs 6io t; =40 °C 0o t, =180 °C . Bupaxysamu: a) xiibkicme
menniomu, Hadaroi 2azy; 6) pobomy, GUKOHAHY 2A30M; 6) 3MIHY 6HYMPIUHLOL enepail 2a3).

Po3B’si30k. a) Kinvkicms meniomu, Ha0anoi 2azy

Q =v CpAT = (800 11016)(29,09 Jforc I(nonw - K))(140 K) =32,58-10° Jorc,

oe C, — monapua mennoemuicmo azomy npu cmanomy mucky, AT — smina memnepamypu. 3ua-
uenns C, 63amo i3 mabauyi 12.2.
6) Poboma, 6ukonana 2azom,

dA=PdV =v RT = (800 x015)(8,314 oic /(mons - K))(L40K) = 931-10° [Jonc.

8) 32i0HO Nepuio2o 3aKOHY MEePMOOUHAMIKY MENIOMA GUMPAYACMbCSL HA 3MIHY GHYMpil-
nvoi enepeii 2azy dU i na pobomy dA, suxonyeany 2azom:
Q =dU + dA,
36I0KU
dU = Q —dA = (32,58-10° — 931-10%) Joe = 23,27-10° [Jonc.

§ 12.9. AniabaTHe po3lIMpeHHs ra3iB

AniadaTHuii mpouec — e mpouec, NpPu SKOMY BiJICYyTHill TeNJI000MiH 3 0TOYYIOYHM
cepenoBuuiem. [Ipu amiabaTHoMy mporeci cucrema He oTpuMmye i He Bigmae tema (6Q = 0) i
OOMIHIOETBCSI €HEPTI€I0 3 CEPEIOBHUIEM TUIBKU B pe3yNbTaTi BUKOHAHHS poboTH. Tomy mep-
M 3aKOH TEPMOANHAMIKH JUTS IIbOTO MPOLIECY 3aAMMUCYETHCS Yy BUTIISII

dUu + dA = 0. (12.30)
BpaxoBytoun, mo dA =PdV (¢p-ma (12.1)), ta dopmysny 3MiHH BHYTPIIIHBOI eHEprii
dU = vC,dT (¢-na (12.25)), sixa € cripaBeuIMBOIO [1st Gy Ib-5IKOrO HPOLIECY, B SIKOMY Oepe y4acTb

ineanbHUi ra3 (BHYTPILIHS SHEPTis 11eaIbHOro ra3y € GYHKIS TIIbKH TEMIICPaTypH), GOpMyITy
(12.30) 3anumiemo Taxk:
vC,dT +PdV = 0. (12.31)

OueBHIHO, 10 KOJH Ta3 axiabatHo posmupseTsest (dV >0), o dT < 0. Ile o3nauae, mo
poOoTa BUKOHYETHCS 32 PaXyHOK HOTO BHYTPIMIHKOI eHeprii. SIKIo ra3 aaiadaTHO CTUCKAEThCS
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8 12.9. Adiabamue pozuupenns 2azie

(dV <0) to dT >0, i poboTa, siKa BAKOHYETHCS HAJl Ta30M, IPU3BOUTH 0 301IbIIEHHS HOTrO
BHYTPILIHBOI €Heprii 1 MiIBUIIEHHS HOT0O TeMIepaTypH.

Jlaii ckopucTaeMoch piBHSHHSM CTaHy ifeanspHoro razy PV =v RT, npumyckatouw, mo P,
V, i T MOXyTb 3MiHIOBATHCS

PdV +VdP = v RdT. (12.32)
Bupasusim i3 (12.31) dT i mixcraBuBmm ioro B (12.32), orpumaemo:
vap+ SR pay = o, (12.33)
Cy

Tyt Gyn10 BuKoprcTaHo Takox Gopmyiny (12.24).
OcTaHHE piBHSIHHS MOKHA NIEPEIICATH y BUIIISAIL

dp dv _
p 7y

ne y =Cp /Cy — noxasnuk agiabaru. Ilicus interpysanns (12.34) maemo:

0, (12.34)

InP+yInV = const,

abo

PV’ = const. (12.35)

PiBusnnst (12.35) HaszuBaroth piBHsiHHAM [lyaccoHa, sike BCTAHOBIIOE 3B’ SI30K MiXK THCKOM
P1io06’emom V ju1s angiabaTHOTO PO3LIMPEHHS 200 CTHCKY Ta3y.

Orxe, nipu aniabaTHOMyY PO3LIMPEHHI ieanbHOro ra3y qobyrok PV 7 moBuHeH 3anumatucst
cTajuM, To0TO
PV = PV]. (12.36)

Ha puc. 12.6 naBeneno rpadiku 3aJe)XKHOCTI THCKY BiJ] 00°€My NEBHOI KUTBKOCTI ra3y Uil BU-
TIAJIKIB 130TEPMIYHOTO i a/1iabaTHOTO PO3MIUPEHHS, KoK 00’ eM 3MiHuBCs Bin Vi 10 Vs, s agiaba-

P

[ PV = const (i30Tepma)
1
1
1
I
1
|
! / ]
I Y ]
1 PV =const !
i (aniabara) !
i |
1 I
1 I
1 1

0V Vo v \%

Puc. 12.6 Puc. 12.7

™ P~ ]/ V7, aysaekmy Olnblue oguHMLi, ToMy P 3MeHIIyeThes mBume, Hix 1/V, i agiadara

MIPOXOAMTH HIKYE 130TEPMH.
IIpu i30TepMIYHOMY PO3IIMPEHHI TEIUIO IIEPETBOPIOETHCS B POOOTY, BEIMUNHA SIKOI ITPH 301116~
tieHHi 06’ emy 1 Moitst izeanbHoro rasy Big Vi 1oV, 3amaerses hopmystoro (12.5):
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12. Iepwuii 3axon mepmMoOUHAMIKU

Q=A=RTIn2. (12.37)
Vl

[pu aniabaTHOMY pO3MIMPEHH] YaCTHHA BHYTPIIIHBOI €HEPrii IepeTBOPIOETHCS B MEXaH I 4-
Hy po0oTy, Ky 3HaieMo 3a 3araibHor0 popmysioro (12.1) mis poborn

Vz
A= [Pdv. (12.38)
V,

1

Ha puc. 12.7 Bona Bignosinae miowi ¢irypu AV;V,B. Ockinbku PV 7 = P1V17 , TO

b AV
V7
Toni
v r
2 PV7
A =pyy [ 2B oy o RV (12.39)
A S r=1 Vv,

3nivicHUTH amiabaTHHI TpoIleC HaI3BUYANHO BajKKO, OCKUIBKH CHCTEMY IOTPIOHO BiIUTATA
BiJl CEpEIOBHINA 1ICaTHHOIO TEIDIOI30IAIIIHHOK 000IOHKOI0. BIHTOTOBUTH TaKy 130JIFOF0TY 000JIOH-
Ky TIPaKTUYHO HeMOXMBO. [Ipote, mporiecH, siki IPOTIKAIOTh Y BEIMKKAX 00’ €MaX, HAIPUKIIAJ, B
aTMocdepi, € HabIMKCHIMH 10 a/lia0aTHHX.

Hpuxutan 12.5. [0eanvruit 00HOamoMHULL 243 NOBLILHO POUUPIOEMbCSL 00 MUX NIP, NOKU U0-
20 MUCK He 3MEHWUMbCS PIGHO 6 06a pasu 6 nopieHsnni 3 nouamxosum suavennim (P, = P1/2). V
CKIIbKU pa3ie SMIHUMbCSL 06 'em 243y, AKuo npoyec: a) adiabamuuit; 0) i3omepmivnui?

Po3B’si30k. a) IIpu adiabamnomy npoyeci mae micye pigHicmy

P1V1y = szzy J

1/y
Vo 1R (2)3/% = 152.
Vl PZ ’

36I0KU

Tym y = 5/3 = 1,67 ¢3amo i3 mabnuyi 12.2.
6) Tlpu izomepmiunomy poswupenti 2azy

RV, =PV,,
36I0KU
Vv, _ P

= = 2,0.
Vi P,
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