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NPEAUCNOBHE

Mpeanaraeman YMTaTEN0 KHUMa NO CBOEMY HayYHOMY xapakTepy pacnonaraeTce
Ha CThIKE TPaAMUMOHHOW MEOXMMWKU M XMMUYECKOMW TepMoauHamuk, O6vexTis-
HaA CBA3b MEXAy 3TUMM HanpasneHMAMU oveBuaHa. MeoXUMWUA — Hayka, nay-
YaWwan XMMUYECKIne NPOLEeCChl B 3eMHOW KOPE U aHaNnnM3npyowan ocobeHHocTH
NEPeMELLEHUA XUMUHYECKWU X 3NEeMeHTOB B npupode. XMMUYecKan TepmMoauHamu-
Ka NPOTrHO3MpYeT NOBEAEHUE XMMUYECKUX 3NIEMEHTOB W COeAMHEHWH B 3aBUCH-
MOCTH OT 06CTaHOBKW, B KOTOpPYH OHU nonapawoT. O6LeKTOM W3y4eHWA reo-
Xumum ABnAeTcA cama lpupona. Ee 3akoHsl cnyxaT yHAaMeHTOM ANA XUMMU-
yecKoW TepmoauHamuku. PabBota paccunTada, rnasHbiM oBpa3om, Ha HauyMHaw-
WUX NUTONOM OB-FEOXMMUKOB U Ha Tex, KTO XO4eT NoNHee 03HAKOMUTLCA C BO3-
MOXHOCTAMMW NPUMEHEHWMA XHMquCKDﬁ Tepmonuuamnxm B NATONOMMHA,

OBnagieHne UCKYCCTBOM 4Y4TaThb NOBECTBOBAHWE UCTOPUM 3eMnu No ayTureH-
HbIM MUHEpanam ConprRXeHa ¢ BonslUMMK TPYAHOCTAMKM YACTO NpodeccroHans-
HOTO XapaKTepa. 3Tv TPYAHOCTU ycyrybnAIoTcA TeM, 4To BONPOCH! 31 KO-XUMN-
YECKOW MHTEepnpeTauuu reonoruyecKkux NpoueccoB He mMoryT GeiTh paspelueHs!
apceHanoM reonoruyeckux npuemos, a TpebyoT mMetonoB, pa3paboTaHHbIX B
xumuu. 06 3toi ocobeHHOCTU MHOrAa 3abbisaloT. M03TOMY B NUTEPaType MOXKHO
BCTPe™MTL owWbouHEle NPeACTaBneHuA, KoTopkie neiTaoTea obocHoBaTs, onvpa-
ACb He CTONbKO Ha yHAAMeHTanbHble 3aKOHbI, CKONbKO Ha XXMBOCTL BooGpaxe-
HuA. B nybnuKauvax no 3TOW TeMaTWKe YacTo BCTPEYAlnTCA MPOTWBONONOKHLIE
MHeHuA. Hanpumep:

1. CYMTAETCA, 4TO K reoNoru4ecKMM NpoueccaM Henb3A NPUMEHATL TePMO-
AUHAMUYECKUE 3aKOHOMEPHOCTW, NOCKONLKY 3TW MPpOUecCchkl NPOUCXOAAT B OT-
KPbITbIX CMCTEMaX, 8 TEPMOAWHAMWKE NPUMEHWME TONBKO K WM30NUPOBaHHBIM
CUCTEMAM.

2. CywiecTByeT npoTMBOMNONOXHOE MHEHUE, COrNacHo KOTOPOMY Knaccuyec-
KaA TepMoavHaMuKa npiMeHnmMa K OTKPbLITBIM CUCTEMaM, TakK KaK BBeAeHHOEe
b6com NOHATME XMMUYECKOro NOTEeHUWana no CamoW CBOel CYTW npepnona-
raeTt npuBHOC MK BbIHOC KOMMOHEHTA. *

3. HekoTopble reonory nNonarawT, 4TO UCMONL30BATh 3aKOHbI TEPMOAMHAMU-
KW B NUTONOrMK HEeT CMbICNa, DGOCHOBblﬂaﬂ 3T0 TéM, 4YTO NMPpUMEHEHUEe TepMo-
AWMHaAMWYeCKWX 3aKOHOB Or paHWyMBaeTCA yCnOBMAMW pPaBHOBECWA, a BCe reono-
FMYECKWME NPOLECChl HEPABHOBECHbI M MX HeMb3A PAcCMaTpUBaTh KakK YnpoLLeH-
Hble mMogenwn. KpaiiHWe CTOPOHHUKM 3TOI0 HanpaBfeHuA HacTauBalOT Ha TOM,
4T0 Buonormyeckue akTopsi CylwecTBEHHLIM 06Pa3oM yCnoMHAKT NPUPOAHBIE
ABNEeHuA, Aenan Boobiue HempumMeHUMbIM Kakoi-nubo pacyeTHbIN Ny Thb.

4. [poTMBONONOXKHO 3TCMYy, PAA wWccneaosateneit iopmansHo NPUMEHRET
TEPMOAUHAMMUKY, CCbINAACh HA ANMTENbLHOCTb MEONOrMYECKW X npoueccos, Bnaro-
OapA YeMy, Mo UX MHEHWIO, CACTeMa BCeraa ycneBaeT npuATH K MakCcumanbHo
BOSMD)KHOMY COCTOAHWIO paBHOBECUA.

Ana Toro, 4To6e6l pa3obpaTtbcA B UCTUHHOCTKM 3TUX NPEANONOoXeHnA, cnocob-
CTBOBaTL rPaMOTHOMY MPUMEHEHWKO TepMOgUHAMWKK B NUTONOMrMK, AOCTAaTOYHO
XOpowWeo OCBOWTE cCamM NpeaMeT. 3TOMY L[OMKHA NOMOML HacTOAWanA paBora.
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OnucaHue OCHOB TEPMOAWHAMMKW 3[eCb HECKONbKO OTNWMYHO OT TPaauUMOH-
HOro CTMNA. JTO CBA3aHO CO CreunMduKon ee npUMeHEHWA B reonorin. Hanpu-
MEpP, B FEONOrUYEcKOM MPaKTUKEe WHOTAA HETOYHO NMPeACTasnAlT TepMoAuHa-
Muueckoe noHATUMe "‘BeckoHeYyHo MeaneHHbId npouecc’’, ynyckana v3 Buay To,
4TO 3TO MOHATME YACTO MaTeMaTuveckoe. HesepHO yTBep»KaaThb, 4To 06paTMBIN
npouecc, ABNAACL 6ECKOHEYHO MeANeHHbIM, MOXKET OCYLECTBUTLCA 38 KaKoW-To
reonoruyeckuii nepuod. Y71o6el He BbINO UCKYLUEHWA NPUMEHATL "' AOKa3aTenb-
cTea’’, OCHOBAHHLIE HAa ANUTENLHOCTU reONOrUYeCKOio BPEMEHU, Mbl nocyuTanu
Heo 6X0AMMbIM BOOOLLE MCKNIUYATL 3TOT (DaKTOP NPU U3N0XKEHWM.,

B KHUre gaHbl NpUMepsl, UMeLWMe HeNOCPEACTBEHHOE OTHOLLEHHWE K NUTONO-
ruv. Cpeay NPUMEPOB, MOCBAWEHHLIX aHanu3y NPUPOAHLIX MPOLECCOB, eCTh
Takue, KOTOpPble, N0 MHEHUK aBTOpa, NPUBOAAT K NMPaBunbHbIM peLUeHUAM, HO
eCTb M NPOTUBOMONOXHbIE, Ha KOTOPLIX NOKa3aHo, KaK topmansHOe NpYMeHe-
HUE TEPMOAMHAMMKM MOET BBECTW B cepbe3duble 3abnywaeHvA. CamMo v3noxe-
HWE MOCTYNnaToB TePMOAWHAMUKMW OTNWYHO OT TPagUUMOHHOIO “‘XMmuveckoro’
ctuna. Metoa uanoxeHwA BbiBpaH Tak, 4TtoBbl reonory nerve 6Gbino MOHATH
NPUHUM MBI NOCTPOEHUA 3TOW yHAAMEHTaNbHON Hay K.

B npeanaraemoit paboTe ocBelieHbl AaneKo He BCe Pa3fenbl XUMWUYECKOW
TEPMOAVUHAMWUKM, 8 TONbKO Te, KOTOPbIE HauBonee 4acTo MOTyYT BbITb UCMONL30-
BaHbl MNPV PELeHUM NUTONOrMYecKux 3agad. [pu U3NOXKEeHUU, B HeKOTOPbIX
cny4adX, aBTOPY NPUXOAUNOCL XepTBOBaTb 6e3yKOpPU3HEHHOW CTPOFOCTLH
NOKA3aTENLCTB OTAGNLHLIX MOMOMEHWH, He 3aTparuBalMX KapAWHaNbHbIX
OCHOB Hayku. Takoi mMeTop HernpuemMnem anA paboTbl, NpeAHa3HaYeHHOW XUMU-
Kam. ABTOp nonaraeT, 4To yiepb, HaHeCeHHbIA MCKITIYEHUEM U3 TEKCTa BaXKHbIX
ANA CTPOrOro U3NoXeHWA OrpaHW4YeHWN He TaK BenuK, yYyuTbiBaA TO, YTO Y reo-
NOroB uenb He CToNbKO Pa3’BWBATE TEPMOAUHAMMKY, CKOMNbKO ee UCMOoNb30BaTh.

TpyaHoCTe CO3AaHMA NOAOGHOW KHWMM CONPAXKeHa C Tem, YTo 0BbluHbIM AnA
TEPMOAMHAMUKIA MaTeMaTU4YecKuid annapar, Aenalowuii ee U3ALLHOW HayKoW,
CTOWT HECKONbKO B CTOPOHE OT WHTEPECOB reonoroB M nNo3ToMy He Mor BbiTe
WCNDNbL30BaH NpW HanucaHuu paboTel B AocTaTouwHoW cTeneHu. Ho oTkasatbeA
Boo6Le OT MaTeMaTyecKu X npeoBpa30BaHnin NPuU W3N0XKeHWU NpeaMeTa Henb3nA.
ABTOp cTpemuncA, Tam rae 310 GbiN0 BO3MOXHO, 0BOMTH MaTemaTMyecKue
TPYAHOCTU, NONb3YACH NOTUYECKWMU NMPpUemamMu, a TaMm, rae 3To He yaaBanoch,
cAenatk Tak, 4Tobbl € NOMOLWB MaTeMaTUYECKUX MeToaoB Bbina packpsiTa, a
He 3aByanuMpoBaHa Ta MNW WMHAA MbICNb. B nonbiTKe BOCNONHWTE HEAOCTATOK
HeoBX0AMMBIX MaTeMaTMYeCKMX onepaumn B paBote WWPOKO WCNONL3YIOTCA
rpadmyeckue npeacTaBNeHNA.

MNepBaA 4acTb KHUMM NOCBALLEHA BBEAEHUID B TEPMOAWHAMUKY W NpeaHa3Ha-
YeHa ANA NPUHUMNWANLHOrO MOHUMAEHUMA OCHOBHbIX ee 3aKkoHOB, OcobeHHo
6onbwoge Mecto yAeneHo OGLACHEHUIO AOBONLHO CNOXHOW YHKUMA — IHTPO-
mvu. MNocrenedHoe npuenevyeHne TePMOAWHAMMKMW ANA PELIeHUA NUTONOrM4ec-
KWUX 3ajla4 HaYMHaeTCA cO BTOpPON 4acTh. O6bACHEHME 3neMeHTapHBIX MaTemMaTtk-
YECKWMX Onepaunii BbiHECEHO B NpunoXeHve. KHWra He NOBTOPAET NepesefeHHbIe
Ha pycckuit A3bIK paboTel P.M. Mappenca u Y./1. Kpaiticra "'PactBOpsl, MuHepa-
nei, paeHosecuA’, M., Mup, 1968; M.O. KepHa u M.A. Baiicbpoaa "OcHoBbl
TEPMOAMHAMUKK ANA MUHepanoros, netporpadgoe v reonoros”, M., Mup, 1966;
B. Byaa v [1. ®peirzepa "OcHoBbl TepMoavHamuikv AnA reanoros”, M., Mup,
1981. B oTnnume OT yKas3aHHbIX PYKOBOACTB 3/leCb PaCKPbIBalOTCA He BO3MOX-
HOCTK, @ YCNOBUA NPUMEHEHUA TEPMOAMHAMUKM,

ABTOp HafeeTcA, YTO MMTaTenb, 03HaKOMMBLUMChL C KHWUTOW, Bynet opueHTy-
POBaTLCA B TOM, ANA KaKWX reonorvyeckux 3agay uenecooBbpasHo nPUMEHATH
TEPMOAWHAMUKY C UEeNblo BbIACHEHMA 06BLEKTUMBHLIX 3aKOHOMEPHOCTEeH, a8 B
KaKWX CAyYaAx TNMpPUMEHEHWe TepPMOAWHaMMKK HUYero HoBoro He A0baBUT K
UMEHLLUMMECA MreoNorMYyecKUM BO33peHUAM.



YACTb |
TEPMOOWHAMMKA

Fnasa |l
3AKOH COXPAHEHWA 3HEPT UM

JHepruA u conyTcTBylowme el noHATUA. Cuctema. [luTonor, cToAwmi nepea
pewenuem npobnemMsl 06pa3oBaHKA OCaAOYHOW NOPOALI, BCErAa BbiHY>XAeH o6pa-
WaThCA K ayTMreHHbiM MUHepanam. Takue MuHepanbl Besfecywm. MHorue
None3Hbleé UCKOMaemble UeNUMKOM CnaratoTCA UMM, 31‘0, Hanpumep, »ene3Hble
W MapraHuesble PyAbl, 0TNOXEHWMA 3BanopuTosbix GacceMHoB W T1.n. B apyrux
CNYYaRX ayTUreHHble MUHepanbl Pa3oblUeHbl TEPPUreHHbIMU KOMMNOHEeHTaMu.
OAHaKO, WX noBCemMecTHoe I'IDMCVTCTBMQ — CBUAETEeNLCTBO TeX 3Tan0OB, KOTOpPbIe
npeepatMnu ocaaok baccellHa B 0Caf0YHYH NOPOAY.

Moxanyii, HeT nuTonora, KOTOPbIA, PaccMaTpUBaA OCaflo‘HYK NOPOAY, He
sapasan 6bi cebe Bonpoca: YTo npomcxoauno Ha axe BacceitHa, rae 3ata nopoaa
poaunace? M3 3T0ro Bonpoca MoXKHO BbIAENUTE YacTb, OTHOCALLYHOCA K KOMe-
TeHUMK thu3u4ecKOn XumMuKM, 1M chOpMYyNUpoBaTe ee cneAylouwum obpasom:
KakKue peakuvMM npuBeny K oﬁpaaoaaﬂum AAHHOro KoOMMMNexKca ayTureHHbIXx
MuHepanoe? Tak Kak KOMBMHAUMM XWMU4YeCKMX 3nemeHToB, 0Bpasyrowmx
MWHepansl, AOBONbLHO OrpaHWyeHbl, BONPOC MoXeT ObiITe chopmMmynuposaH
WHaye: NoOYeMy pasnuuHbie atoMbl U MONEKYNbl, B3aMMoaencTByA, obpasytot
BCeraa onpeaeneHHbie XMMUYeCKUe coeaMHeHUA? I3BeCTHO, HanpUMep, YTo Npu
cmelueHun pacteopoe coneid BaCl, u NaSO; npousoinaeT egMHCTBEHHO BO3MOXK-
HaA peaxkuua

BaCl, (p-p) + Na, S0, (p-p) = BaS0, (k) + 2NaCl (p-p).

Cynethat GapuA BbinafeT 8 0Cafok, a B PacTBOPE OCTAHETCA NOBapPeHHas CONb.
®opmanbHbId NOAXOA, He HapylwaA 3MeKTPOHeMTPansHOCTM W COXPaHeHuA mac-
Cbl, Ka3anock 6bl, NO3BONAET YBENWYUTL YUCIO BAPMaHTOB PeakuWid U 3anucarth,
Hanpumep, TaKoe Bblpa)KeHWe

BaCl; (p-p) + Na; SO, (p-p) = BaSO4 (k) + 2Na (k) + Cly (r).

OnHako BpAA NK Hawnuce Bbi XKenalwme yTeepXKaaTh, YTO NPU B3aMMOAEACTBUN
BOAHbLIX pPacTBOPOB cynbdara HaTPUA U xnopuaa bapuA B KayecTBe NPOAYKTOB
peakuMn NOABMTCA KPUCTanNMYecKuin cynbar 6apud, MeTannMyecKuin HaTPU U
raszoobpasHeiil xnop. 3ToT BapuaHT oTOpPacLIBaeTCA WHTYMTUBHO, TaK Kak npu
ero peanuzaumv nomkHel Bbinu Bbl 06pa3oBaThCA BELWLECTBa, KOTOPbIE N0 CBOUM
HUIMYECKUM U XMMUYBCKUM NPU3HAKaM HE COBMECTUMEI C BOAHLIMU PacTBOPamMu.

Ho He Bceraa MHTYWUMA NOACKa3bIBaeT NpaBunbHbIA oTBET. Haw onbiT He
Tak Benuk, 4Tobbl npeasvaeTs HanpasneHwe NwBOro Hanepeg HanUCaHHOTO
npouecca. [nA Toro, ytoBbl 3HaTh, B KAKOM HanpaBNEHWW DCYLECTBUTCA XWMW-
YecKaA peaxkuMA WM Kakue NPOAYKTbI NPU 3TOM NMONy4aTCA, Haao pacnonarate
Habopom onpeaeneHHbIX U3UMECKUX NPU3HAKOB, ONPeAenAlWWX CBOWCTBA
KaXXAOrMO YYacTBYHOWEro B peakuuu BeuwlecTBa. JTUMM BOMpPOCaMW Kak pas
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3aHMMaeTcA (hM3MYeCKan XMMWUA, YCTaHaBNWBaA CBA3b MexAy (m3nyecknmu
XMMWUYECKMMMW MpU3HAKaMM BEWECTE W TEYEHWEM XWMMYECKUX NPOUeccoB,
Pazgen dwm3nyeckoil XUMUW, W3yYaroumin 3aKOHLI XUMWYECKOrD PABHOBECWA,
MUMEHYETCA XMMWYECKOW TEPMOAMHAMUKON. JTOT Pasfen NexuT B OCHOBE AaH-
HOM KHUrM, Ero 3aKoHbl MMET HEOLEHMMOE 3HaueHue AnA reonoros. MMeHHo
OHW MNO3BONAKT MO NaparéHeTUHeCKOMy cOOBLWEeCTBY MWHEPanoB ONpeaenvTs
hU3NYeCKME COCTOAHUA WU CBOWMCTBA MCXOAHLIX BewecTB. A 3TW (DU3UYECKue
COCTOAHWA, B CBOK) O4YepeAb, AONXHblI COOTBETCTBOBAaTL ONpeaeneHHbIM yCno-
BUAM, KOTODbIE Ha3bIBAOTCA (M3NKO-XUMUYECKMMKU OCOBEHHOCTAMK cpeas!
ocaakoobpasosaHuA. ;

Mpexxhe 4eM Ha4vaTh 3HAKOMWTBLCA C CaMOW XWMMWYECKOW TepMOAWHaMMKOWM,
HYHO NO3HaKOMWUTLCA C €e TepmWHonorueir. Ha 3tom nyTu yxe c nepsoro
Wwara Hac NOACTEPErawdT HeoXuaanHocTM. Ewe npyw HavanbHOM 3HaKomcTBE C
hM3MKOW MBI YCBOMNM, 4TO cnosBo 'Temnepatypa’’ oBo3Hayaer cTeneHs Harperto-
ctv Tena. Takoe onpepeneHue, kak otmetun W.P. Kpuuesckuii [16] okasbi-
B2ETCA He CTOMbkO uandeckum, ckonbiko dusnonoruyeckum. QW obpatun
BHMMEHMWE Ha TO, YTO MHOMMe RBNEHWA K3 TOro Xe pAna (Hanpumep, CTeneHb
Hamarnmenuocm} B OTNKU4ME OT CTENeHW HarpetoCTm Mbl yrKe He MOXXeM onpe-
[ennTb Ha owyrb. TemM He MeHee B (hOpPMYNMPOBKAX KNacCU4YecKon TeEPMoAMHaE-
MUKW B Havane ManoXXeHWA NpeaMeTa NOHATWE Temneparypsl yaobHee 3aumcT-
BOBaTh M3 XW3HEHHOro OnNbITa, PasHocTe TemnepaTyp PaBHOCWNbLHA PasHOCTW
ypoeHeit. OpHako onpefenAA pa3HOCTe TEMNepaTyp Kaxk Pa3HOCTb YPOBHEW,
Mbl AONXHbI YCNOBUTLCA O BbliGope HyneBOro ypoBHA oTCYeTa. ATUM yPOBHEM
MoXeT BbiTb NPOM3BONLHO B3ATEA Benu4MHa, HO 0OA3aTeNnbHO OTpaXalowan
TaKWe yCnoBWA, KOTOPbIe Nerko socnpousBoAaTcea. B 1877 r. MexayHapoAHLIA
KOMWTET MEP W BECOB MOCTaHOBWN ANA YCTAHOBNEHMA HOPMAanbHOW WKansi
aMmnupuyeckol (BOCNpPOW3BOAMMON ONBITHBIM MyTeM) TeMnepaTyps! w3bpathb
B KayecTBe TEPMOMETPMYECKOro BELlecTBAa BOAOPOA; B Ka4YecTse TEPMOMETPU-
4eCKOro napameTtpa — f[asfeHue; B KaueCTEe eAnHWUbLI W3IMEpPeHUR — rpagayc
Llenscun. YpoBseHb OTCYeTa, KOTOPLINA NpuHUMaeTcA 3a navano (0° C), npeacTas-
nAeT coBoll Takyl CTeneHk HarperocT, KOTOPYH WMeeT AWCTMANUPOBaHHaA
BOAa, HAXOARIWAACA B CMECM CO NbAOM NPU HopmansHoM aasnedun [22]. B
cneuvanbHbpiX KypcCax TepMOAMHAMMKKM MOKasaHo, 4T0 3TO He EeAWHCTBEeHHO
BO3MOXHbIA M AaXke HE O4eHb yA0DOHbLIA YpoBEeHbL OTCYETa.

Bropoe noHATHMe, koTopoe 06LIMHO NPUBOAMTCA MOCNe OnpeaeneHWA Temre-
paTypbl, UCXOAUT U3 npeacTasneHmid o Tennote. Mx Bnu3koe coceacTso Mano
COOTBETCTBYET AedcTBuTenbHoCcTW. '‘Temnepatypa” w '‘tennora” OTHOCATCA K
ABMIGHWAM Pa3HbIX Kareropwii, a /OXKHOE Bne4YaTtneHue O WX B3aMMO3ameHsAe-
MOCTA CO3[3eT Hawa pasrosopHaa peds. Mbl roeopum “'tennaa soaa’, noapasy-
MeBaA OnpeaeneHHyld TemnepaTtypy soasl. B esipaxeHuu ‘“‘tennam noropa’
noApasymMeBaeTCcA, YTO TemMnepaTypa BO3AyXa A0OCTaTOMHO Bbicoka. OTmeTum,
4TO TeNnoTa — 3T0 hopma Nepesau Heprvv, a hopMy Nepeawy He W3IMepRIoT,
a onpepenAlT, MOXHO WU3MepuTbe TONbKO KOMUWUHYECTBO NEPefaHHOW 3HEepPruu.
Oka3biBaeTCA, NOHATME TENNOTel HeNb3A PackpbiTe 6e3 npeaBapuTensHOro
OGCVH.(ABHHH TOro, 470 HYAXHO NOHMMaTbL NOA ABNEHUEM, Ha3blBaémMblM CNOBOM
"3aHeprua'’. W 3pecb Hac CHOBa »AYT 3aTpyaHenvA. [laTe TOyHoe onpeaeneHue
3aTOMY NOHATUIO Be3 npeaBapuTenbHONM NOATOTOBKM HEBO3MOXHO. B coBpemeH-
HOM NMOHMMaHWMW OHO OKAas3sbiBaeTCA ropasfgo WwWWpe TOro 3HayveHWRA, KOTOpoe
npeanoxun Tomac KOur 8 1801 r.: “Cnosom "sHeprur’’ cneayet oBosnayath
npon3senerde mMacCel MMM Beca Téna Ha KBaapaTt Y4cna, Bblparkarowero CKOopo-
crb” [23, c. 231]. Mo3xe oveHb AONTOE BPEMA C HLIHELWHUM NPEACTABNEHUEM
3HEpPruM OTOXKAECTBNANOCh NoHATME '“‘cuna’’. Wcnonb3yA NOHATWE 3HEPTUM B
06bINHOW D KM3HKM, Mbl He 33AYMbIBAEMCA O ero KONWYECTBEHHOM CMbICNE, W
NO3TOMY Yy HAac He BO3HUKaET HEOﬁXO.QMMOCTH B ero TOYHOM KW XXeCTKOM onpeae-
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newnn. TakaA HeonpepeneHHOCTL CNEUManbHbIX TEPMUHOB — HE EAUMHWYHbIA
cny4an. B 0BbIMHbIX YCNOBMAX MbI 4aCTO NONb3YeMCA NPeACTaBNeHUAMMU, KOTO-
phie He MOAAAKTCA TOUHOW dJOpMVI'WlpOBKe W He UCMbITLIBAEM MPU ITGM HU-
KaKoro HeyaobcTea.

B Hayke TEPMWHbLI HECYT KOHKPETHYH CMbICMOBYH Harpyaky, HO Mo pasHbim
npuYnHam Wx He Bcerpa nerxko copmynuposars. OcobeHHO MHOTO He KOHKPET-
HbIX NMOHATMA B eCTeCTBeHHbIX HayKax. CywectsylT nu obuenpuaHaHHbie u
TOuHble onpeaeneHna dauvr, hopmaunu, rnybUHHOro paznoma, reoCUHKNNHanNu
n 1.n.7 [InA TOYHbIX HAayK, rAe 3a KaXabim ONpefeneHnem, Kak npaeuno, CTOMT
YACMO, PacnnbIBYaTOCTL NOHATUIA MOYTH HeAonycTuma. W BCe e eCTb B TOYHBIX
HayKax pPAA ONpefeneHuii, KOTOPbIE HE MOTYT CYATaThCA Be3yKopu3HeHHbIMM.
Onpaeaaduem 3aeck MoXeT CAYXATb TO, YTO B MareMaTU4ecKOM OTHOLLUEHWUW
OHW BCErpa MOTYT GbiTh YMCNEHHD oueHensl. No3aToMy Bce NpeKpacHo NOHUMaKDT
KOMNWYECTBEHHYI0 CTOPOHY onpeaeneHMA. 3TO OTHOCUTCA K TaKUM MOHATUAM,
Kak BpemMAa, paboTa, aHepruA U Ap. SHepru MoxHo Beino Bbl onpefenvTe Kak
€nocoBHOCTL CUCTEMBI coBepllaTh paBoTy HaA OKpyYXKalouled cpefoi unu cnoco6-
HOCTb OKPYyXatoLlWen cpeasl cosepllate paboTy Hag cuctemoin. Ho noka Ml ewe
He cthopMynuUpoBanu, 4TO HYXXHO Ha3biBaTk paboTod U cucTemoit. MoXxHo Bbipa-
3UTeCA Gonee onpegeneHHo: 3HEPrMA — 3TO Mepa MaTepuanbHOro ABMXKEHMA BO
Bcex ee npoABneHuax. OAHaKo, Takan opMyNnMpPoBKa ANA HAYMHAIOLWEro mMano
NOHATHA. B TO ke BpeMA y CneunanucToB He BO3HWKaeT HeAOPa3yMeHuin, Koraa
rOBOPAT, YTO 3HEPrMA KaKoro-To NpPouecca oOueHWBaeTcA BenuuuHow B8 15 [k,
Ha nepebix nopax Bygem cuiTaTh, 4TO nwobble MaMEHEHMA MOryT COBEpLUAaThCA
TONBKO B Pe3ynbTate nepepacnpefeneHMA 3HEPruu. IHEpPruA BbICTynaeT He
TONbKO KaK CBWAeTenb, HO M KaK KOMWYECTBEHHO onpeaenAemMbli thakTop
nobbix M3MeHeHWt. ViMeHHO 3ToT dakTop MPeACcTOUT 3A4eCh HAay4YMTLCA BbIYWC-
NATb U C NOMOLLLK ero pacwugpPOBbIBaTE BO3MOXHbIE NYTU Fe0XUMUYECKUX
NPOLECCOB.

Wiamenenna MOXHO NPOU3BOAUTL PasnuuHbiMu cnocobamu, Moxro aedopmu-
poBaTh, 3NEKTPU30BaTh, HAMarHW4MBaTh Npeametbl W T.4. Bce 3TM npouecce!
oTpaX<alT oTAentHble hopMbi Nepefayn aHepruv. Bosepawanck CHOBa K onpeae-
NEHWIO MNOHATUA TENNOTbl, MOXHO NOBTOPUTL, 4TO TENMOTa TaKXKe ABNAETCA
OAHOIK U3 hopm nepepaun 3Heprun. MNepepava MoXeT OCYLULECTBNATLCA OT KOro-
TO UnNKu KoMy-To (0T Yero-To unu 4emy-to) . MNoatoMy Heo6X0AMMO BBECTH elue
0AHO nNoHATHE — “‘cuctema’’.

Ycnosumca, 4To Temo, unu 2pynna Tes, OTHOCUTENbHO KOTOPLIX paccmartpl-
83l0TCA 80NPOCh! nepepacnpedeneHull IHepauu u sewectea, bydyT UMEHO8aTbCA
“cuctemodl”. Bce, yTo 80 8peMA TaK020 PACCMOTPEHUA HaXo0UTCA 3a npedenamu
cucremsl, 0603HaYuUM ”oxpyxtaiomeﬁ cpedoli”.

Haszoeem cuctemy “‘zakpbiToit’’, ecnu oHa He Oyaet obmeHuBaTbCA BeuleCT-
BOM € oKpy*awouwen cpegoit. OgHaKo 3T0 He UCKNIOYaeT BO3MOXKHOCTL 3HepreTu-
yecKoro obmena.

a3, saknwoveHHbId B uMNUHAP, NpeacTaBnAeT coboit 3aKpbITyio cucTemy. 37a
CUCTEMA OCTAHETCA 3aKPbITOW, €CNW UMNUHAP CHABAWTEL NOABUMHLIM NOPLUIHEM.
Hap 3akpeiTOW CUCTEMOW MOXHO NPOW3BOAWTL NpeoBpa3oBaHuA, HE M3IMEHAA
KONWYeCTBO rasa. B 4acTtHOCTM, TaKyl CACTEMY MOXHO NOAOrpeBath, U Tem
cambiM YBeNMYMBATL 3HEPrWI0 rasa, NOCKOoNbKy Tennota — copma nepeaayn
aHeprumn. B 3tom cnyuae ras nubo OGyaeT pacwvpATLCA, TONKaTbh NOPLEHb W
NPOM3BOANTE MEXaHUYECKME U3MEBHEHWA B OKpyXawouwen cpeae (M Tem cambim
nepegaeatb e 3Hepruw), nubo B umnuHape OyaeT yBenvuYMBaTLCA [aBneHue
rasa Ha cTeHku. Ho go Tex nop, noKa ras He NPOCOYUTCA 3@ Npeaensbl UWNUHAPA,
cucTemd ByneT 0CTaBaTbCA 3aKPbITON.

MpumeM B KayecTee cucTeMsl 3emnto. ConHue u BCA ocTankHaa YacTe Beenew-
Hon Byaer TOrAa NpeAcTaBNATL OKPyatowyo cpedy. Ecnv npeHebpeys Hebonb-
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LWOW YTEYKOW BOAOPOAA U MENUA U3 BEPXHUX CrOeB aTtMoctepsl ¥ NOCTYNNeHnem
Ha 3eMni0 KOCMWYECKWX YaCTUL, TO BCH 8 MOXHO PacCMaTpuBaTbh Kak 3aKpbl-
Ty cuctemy. 31a cuctemMa 06MeHWBAETCA 3HEPruel C OKPYXKaloWen CPeaow.
Kakan-1o aona 3Hepruu, nocTynawwian M3 okpyxawwen cpeasl (o1 ConHua),
pacxoAyeTcA Ha BbinonHeHwe paboThl, KOTOPYK NPOWM3BOAAT BETPbl, A0XKAM,
pexn, Bofonaael; HebonblaA BenuYMHA ee WMABT Ha CO3[aHWe OPraHWYecKoi
KWU3HW, HO OCHOBHAA 4acTh BO3BPALLAETCA 06paTHO B OKPyXalolly cpeay.
3emnA 06MeHMBaETCA C OKPYXXalOWEeN CpefoW TONbKO 3Hepruei, NPeAcTasnARA,
Takum 06pasom, B LENOM 3aKPLITYH CUCTEMY.

Heo6xoavmo n3berate NyTaHWUbI NPU UCNONL30BAHUM TEPMUHA "'3aMKHYTaA
cuctema”. I.LA. Kemnbenom [12] 3toT TepmMuH npumeHnAeTcA anA o6o3HayeHuA
3aKkpbiToin cuctemsl; A.A. Bunbkoseukum [2] anA M30NMPOBaHHOW CUCTEMbI.
Xy¥Xe, KOTAa B NUTEPaTypy, NPeAHa3HaYeHHYI0 CYXWUTb Y4eBHMKOM TEPMO AMHa-
MWKW ANA reonoros, Boobille BBOAMTCA HeBepHOe NpeACTaBneHue O 3aKpbITON
cucTeme, Kak 370 MMeeT mecto B8 KHure M.P. KepHa n M.A. Baiicbpopa [13,
c. 17]. 3nech HeBEPHO K 3aKPbITOM CUCTEME OTHOCUTCA CUCTEMA C OTCYTCTBUEM
3HepreTuyeckoro obmena.

OTkpeITan cucTema, B OTAUYME OT 3aKPLITOM, 0BMEHMBAETCA C OKPYXatoLen
Cpefoi Kak 3Hepruen, Tak v BewlecTBOM. B 3akpeIToi cucTemMe, Kak Bbino cKa-
3aH0, 06MeH BelecTBOM € OKpy»KalLieid cpeaoin ncknyved. MoxHo BbiBpaTs
cucTemy Tak, 4yTobbl oHa He o6MeHWBANack C OKPYXKaOUWLEW CPefiod HW BeulecT-
BOM, HUY 3Hepruei. TaKue CUCTEMBbI Ha3bIBAKOTCA M30NMUPOBaHHbLIMMK.

B cBA3au c Tem, 4To hOPMbI NepeAayd 3HEPrMM MOryT BbiTh Pa3nUuHbLIMMK,
uenecoobpa3Ho elle BBeCTM OrpaHWH4EHWA, NPEAYCMaTpUBaloLMe CnyYau, Koraa
3aKpbITaA CMCTEeMa U30/IMPOBaHa No OTHOLUEHWH K KakoW-HuByas oaHou opme
nepepayn aHepruv. Ecnu cucTema u3onupoBaHa OT OKPYXKalolen Cpeabl Tenno-
HenpoHnuaemo oBonoukoi, nocnedHeid faHo HassaHue ''aanabaTuueckon 060-
no4ku’’. B npoTMBHOM cny4ae 0BonoYKa HasbiBaeTcA ‘‘auatepmuyeckoin”. Cucre-
Ma, 3aKnYeHHans 8 agnabatuueckyio 060n04KY, HE MOXET OOMEHUBATLCA 3HEp-
rvel C OKpYyXKalLienh cpeiod nocpeacTBoM Tennoo6mexa. 3aTo MoxeT obBMeHu-
BaTbCA C NOMOLLLK MEXaHWYECKOro B3aMMo JelCTBUA.

3avem Boobwe Heo6x0AMMO CTONbL CTPOroe pasrpaHu4YeHWe CUCTeMb! MO
TANEM B3a3UMOACUCTEWUA € OKPYXarowelh cpepoir? Oeno B Tom, YTO Hayka o
HanpaeneHuM peakuuwini 1 06 ycnoBMAX pPaBHOBECUMA — XMMWYECKaR TepMoAuHa-
MUKa — NPUMEHUMa TONbKO K ONpeaeneHHoOMY BUAY CUCTEM.

Knaccuyeckaa TepMoOUHaMUKa 02PaHUYUBAETCA PACCMOTPEHUEM NOMONEeHUR
PaeHOBECUA, K KOTOPOMY CamMonNpou3soNbHO CTPEMATCA OTOefnbHbIE 83aUMO-
CBA3aHHbIE YaCTU U30NUPOEaHHOU CUCTEMBL.

37U BO3MOXKHOCTK, YBbI, HAC, UMELWUX AeN0o C NPUPOAHLIMU 06CTaHOBKaMu,
He ycTpavBalT. He ycTpauBalT OHM M XMMWKE, NPOBEPRIOWEro Kakylo-Hubyas
peakuuio B cocyfe. Cocya C PEakuWOHHOW CMECHID, KaK MWHMMYM, NpeacTaB-
nAeT coboOi 3aKpbITYl0 CACTEMY, HO HUKAK He u3onupoBaHHy. W Bce e,
HECMOTPA Ha NpPWBEAEHHOE XXeCTKOe OrpaHuWyeHue, TepMOAWHaAMWKa No3BonAeT
onucath HanpasneHve peakuwu B N0Bbix peanbHbix ycnosuax. Ho 4tobbl 3to
CAENaTh, HyXHo 0OpazosaTs uens NOCNEAOBATENLHBIX CYXAEHWA: BHavane
OTKpbLIBATH CMCTEMY, 3aTeéM 3aKpbiBaTb, NOTOM BBOAWTb AOMNONHUATENbHbIE
ycnoeuA U T.0. [pyM HEYeTKOM NOHMMaHMK TOro, 410 cobow npeacTagNAKT
W30NUPOBaHHAEA, 3aKPbITaA U OTKPLITAA CUCTEMbI, B NPOLLECCE OCBOEHUA TePMO-
owHamukn Byper YTEPRHa NOTMMECKAR HWTb W BOIHMKHET HEBEPHOE NOHWMaHWe
BO3MOXHOCTEN 3TOW HayKW, Kak OpPYAMA MCCNEfOBaHUA XUMMWYECKUX peaxuuin
NPMPOAHLIX NPOLECCOB.

INnweHo cMmeicna passuBaTh AMCKYCCHUID O TOM, K OTKPbITbIM, 3aKPbIThIM UMK
W30NNPOBaHHLIM CUCTEMaM OTHOCATCA reonorvveckue obnexTel. Tak Kak rpa-
HWLbLI CUCTEMbI Mbl ONpeAenAeM camu, BCeraa B Hee MOXHO BKNHOYUTL BCE TO,
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YTO KaK-TO B3aMMOCBA3aHO Mexay coboi v B uenom cospaer M30NUPOBaAHHYH

cucTeMy. B Takoil M30nuMpoBaHHOW cUCTeMe, npefocTasNeHHol camon cebe,
BYAYT NPOXOAUTL NPOLECCLI, HanpaBneHWe KOTOPbIX ONpeAenAeTCA nocrynara-
MW TEPMOAVHEMUKH .

Kak 6b1n0 y)Ke ckazaHo, € NOMOLLbK0 Tennoo6MeHa nporM3BOAATCA M3MEHEHUA
B CUMCTEME W OKpyXXawuleih cpeae. ™M W3MeHeHWA oOyCnoBneHs! nepeaayen
aHepruv. Ho 310 He eAMHCTBEHHbIW NyTb 3HeproobmeHa. Ye ynomuHanoch 0
TOM, 4TO MEXaHWYEeCKWe B3aMMOAECHCTBMUA CUCTEMBI U OKPYIKAKOLWLEN CPeAbl TOXE
oTpaxalT nepepacnpepeneHue aHepruv. Takve nepepacnpeAeneHnA onpeaenAoT
BbinonHexne pabotel, B yKa3aHHbIX CnyYanAx 3HepruA nubo nepexoaunT 3a npepe-
nbl CUCTEMbl U NMPUHMMEETCA OKPYXKalLWen cpenoi, nubo nNepenaeTcA U3 oKpy-
Hawen cpeasl M NPUHMMAEETCA cUCTeMOW. JTo nocneaHee yTBEpPKAEHWE Ha-

. BOAWUT, NPaBAa, Ha MbICNL, YTO 3HEPruA AONKHA NPeacTasnATe coboi Kakyw-To

MartepuaneHyl cybectaHumiwo. B peidcteuTensHocT 3to He Tak. Ecnu nogHATh
Kakoi-nnbo npeAMeT Haa ero MPeXxHUM YPOBHEM, TO 3HEpPrvA 3aToro npeamerta
BO3pacTerT. HO TaKoe yBenu4yeHue 3Heprun He CBA3aHO HW C YEM BewWweCTBEHHbIM,
poweawunm B 3toT npeamer. Wupoko pacnpocTpaHeHHaA B TepMOAUHAMUKE
thpasza '‘npuobpeteHne cuctemMon aHEPriKn’’ 0TNM4YAeTCA OT 0BbIYHOrO NOHUMaHUA
cnoea "‘npuobpetenve’’. Cnosom "‘paboTa’’ oTparkaeTcA TONbKO Nepeaaya aHep-
rmm u 6onbwe Huvero. MoaTomMy TepMoAvHaMWYecKoe onpeaeneHue paboTbl

. OT/MYaeTCA OT OBLWEXUTEACKOro NOHWMAaHUA 3TOFO CNOBA. Tem He MeHee Mbl

YBUAUM, 4TO B TEPMOAMHAMWUKE, KaK WU B XW3HK, paboTa AeNUTCA Ha NonesHyro
n BecnonesHylo.

MockonbKy nwbbie U3MEHEHWA B CUCTEME, B TOM YKUCNEe U XMMUYECKME peaK-
UMM, PacleHUBATCA Kak W3MEeHeHWA, MPOUMCXOAAWMWE MOf4 BNWAHWEM nepe-
pacnpeneneHus 3Heprum, HeobXoAMMO HaWTW NPU3HAKW, C NOMOLLLID KOTOPbIX
MOXHO 6bino Bbl OCYWECTBUTL KONWYECTBEHHOE ONUCaHWe TaKoro nepepacnpe-
AEneHuA. f

Coctoauve. YpagHeHue cOCTORHWUA. YToBbl u3bewarts yCnomHeHuid, ANA Haya-
na B KayeCTBe cucTembl yaob6HO NpuHATE Kakou-nnbo oAHOPOAHBIN 0OLEKT.
OnA onucaHuA Takoro obbexkTa enaTenbHo MCNONb30BaTh MUHWMAaNbHO BO3-
MOXHOE KONWYEeCTBO NPU3HAKOB, MOCPEACTBOM KOTOPbIX MOXHO 6Gbino 6bl
BCECTOPOHHE XapakTepu3oBaTh KaK Camy CACTeMy, Tak W ee 3HepreTudeckoe
cocToAHve. MMpuU3HaKku AO0MKHbI MMeTb KONWYeCTBEHHY Mepy. Tonbko Torpaa
MOXHO roBOpPWTL 06 0AHO3HaYHOM CpaBHeHun 06beKTOB cucTemMsl. [INA BbIABME-
HWA TakuX Npu3Haxkos uenecoobpazHo oBpaTMTe BHUMaHWe Ha TO, YTO NpU
aHanuaie pasnuyHbLIX Gopm CyueCTBOBaHUA MaTEpPUW BLIAENADTCA ABAa NONAPHLIX
cnyyan. MepBbIi U3 HUX XapaKTepuayeT MakCUMaNLHO YNOPAAOYEHHYID KapTu-
HY, KOrAa 4YacTuubl, M3 KOTOPbIX COCTOMT BewWecTBO, PacnonaralTcA apyr
OTHOCWUTENLHO Apyra no onpefAeneHHoMy 3aKoHy, o6pasyA uaeanbHele KpucTan-
nst. Monyuerue KpucTannoe, NPUBNVIKAIWMXCA K WALANLHBIM, MOXHO Peani3o-
BaTh NPU HU3KUX TeMNepaTypax U BbICOKWX AaBNEHUAX.

Apyrum npegensHbIM COCTOAHWEM ABNAETCA WAeanbHbi ras. Baaumwuoe
MPUTAXEHWE U OTTanKKWBaHWe 4acTuy B TaKoM rase paBHo Hynw. Mexay cobon
YaCTuubl He ODHapPYXMBaWT HUKaKoW 3aKoHomepHoW ceA3n. OHu HaxoaAaTca B
HeNpepsLIBHOM XxaoTuyeckom ABuikeHuu. O6bem, 3aHMMaeMblid Fazom, KOTOp.IA
MOXHO CYATaTb MAeanbHbIM, B UENOM HacToNbKo BENWK, YTO MOXKHO NpeHebpeyb
obveMom Kaxagoi otaensHoW Monekynbl. CocTOAHWMA, NpUBRWKAOWMECR K
WABANLHOMY Ta3y, OCYLWECTBNAKTCA NPW HU3KMX AABNEHUAX U BbICOKMX Temre-
paTypax. PeanbHble Bewectesa 3aHWMAalOT NPOMEXYTOYHbIE MONOXEHUA MEXAY
ITUMK npefenbHBIMA COCTOAHUMAMW:. WAEaNbHbLIM Fas3omM W WAaeanbHbIM KpuUcTan-
nom. PerynupyR cootsetcteylowmm obpaszom temnepaTtypy W AasneHue (Ha-
NPUMEP, OT BLICOKMX A0 HU3KW X TEMNEPATYP M OT HU3KU X AaBNEHWUIN K BBICOKUM)
TEOPEeTUYeCKN MOXHO NONYYnTh BECb PAA COOTBETCTBYIOWM X COCTOAHUIA BELLECT-
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Ba: upAeanbHblih ra3 — peantHbId ra3 — waeanbHan XWAKOCTb — peanbHan ua-
KOCTb — peanbHbii KpucTann — uAeanbHblil KpucTann.

Taxum 0bpaizom, Temneparypa u AaBneHMe BbICTYNal0T KAk BaXKHble KOnuye-
CTBEHHbIE NPW3HAKKW, ONpefenAlouMe CoCTOAHMe BelwecTBa. lNockonbKy peub
WMAET O KONWYECTBEHHbLIX NPU3HAKAX, TO He0BX0AUMO COOTHECTU UX C KaKUMU-TO
YUCAOBBLIMIA EAlHULEMI M3MEPEHUA. B TepMoauHammuke NPUHATO Temneparypy
namepAaTh Nubo B rpaaycax Lenscua (t,”°C), nubo B kensBumax (7, K) nocnen-
HAA WKana ABNAETCA NpeanoYTUTentLHOW. [laBneHne MOXHO BbipaxaTb Pasnuy-
HbiM 06pasom: B Munnumetpax pTyTHoro ctonBa, atmocdepax, Gapax v T.m.
Mepexon Ha HOBYHW cucTemy eauHuy Mamepenua, CU, pernameHTupyet namepe-
Hue paBneHwWA B nackanAx (Ma). Mackans, 370 AaBnexuve, Bbi3biBaeMoe CUNOA B
0auH HbtoToH (H), Paanomepuo pacnpegeneHHoi Ha nnowaau 1 M. Pasmep-
HOCTb nackanA — M - kr - ¢ *. Ero COOTHOWEHME C APY MK EAUHNLLAMU N3Me-
pexuA: 760 mm pr.ct. = 1 atm = 1,01324 - 10° MNa.

HecMoTpA Ha To, 4YTO [aBNeHWe PEeKOMEHACBAHO WM3MEepATs B MacKanaAx
M B KpPaTHbIX Nackanio egMHuuax, AnA GU3nYeCKon XMMUKM 3Ta BENW4YMHA OKa3a-
nace heyaavhon, OB6prAcHASTCA 3To TEM, YTO Nepexof Ha NacKanu CUNBLHO YCNOX-
HUT YCNOBWA CTaHAapTW3aumu paaueix sewecte 116, 32] .

Mbl He BUAMM HeoBXOQMMOCTH MATW NPOTUB CYLLECTBYHOWErD HbIHE “"XUMU-
YECKOTo TeueHWR'' paau opmanu3aumu scex senvunh B pamkax CU. Noaromy
8 AaHHoi paboTe 3a eAnHWYY AaBNEHWA NPUHATa aTMOCthepa.

C n3meHeHnem TemrepaTypbl W AaBNEHWA BELULECTBO NPWHMMAET pPa3nuuyHble
COCTORHWA, KOTOPbie Takike HeobBxoaumo Bbino Obi BbIPa3UTL KOMUYECTBEHHO.
HawbBonee npoctoit u uenecoobpa3Hon OLUEHKOW COCTOAHWA BelecTsa, 3aBWUCA-
Wei oT TeMnepaTtypsl ¥ A3BNEHWA, MOXET ABMTLCA ero nnoTtHocTb. OcobeHHo
nokKasaTenbHa 3Ta BenvuvdHa Npy Nepexoae ¥3 OAHOro arperaTHoro COCTOAHWUA
B Apyroe. B 3atom cnyvyae nnoTHOCTE WM3MEHABTCA CKaykoobpasHno. Tak kak
NNOTHOCTL NpeAacTaenAeT coGoill maccy, NpUXoAALWYocA Ha eavHiuy obwema
{(m/V}, To o4yeBMAHO, YTO NPU OAHOM W TOM e KOoNUyYecTBe BewecTsa (T.e. npu
NOCTOAHHOW MacCe) , M3MEHEHWE NNOTHOCTH OTPa3MTCA Ha 3HAMEHATENE BblIPaXe-
HuWA m/V, T.e. Ha oBbeme. Kak ACHO U3 onpeaeneHunA, KNaccuyeckan TepMoanHa-
MUKa WMeeT [eno C CACTeMami, Macca KOTOpbIX MoCTOAHHa. (Moatomy npwu
pacyetax yaoBHee NOMb30BaThLCA HE NMNOTHOCTBIO, @ OBpaTHOW el BenNYMHON:
o6beMoM, OTHECEHHBIM K eanHuue macckl. Mepow o6bema cnyxMT nuTp, XOTA
npeanoutTuTensHee, B cootseTcTeuKM ¢ CU, nonb3oBaThCrA KyBUuecKu My MeTpamn
WAKM KPaTHIMM UM Benuunramu (1 nuTp pasen 1 am’) . Maccy seuiectsa NpuHA-
TO BbipaXkaTh KONWYECTBOM rPaMMOB, PaBHbIX Ero MOneKynapHon macce (M).
B Tako# eaMHMLE YMCNO MONEKyn NOCTORHHO "W paBHoO uucny Asoraapo 6,023 X
%X10%*.310 konuuecTso Monexkyn umeer 1 r Bogopona, 18 r soasl, 32 r cepsl,
16 r kuvcnopoga » 1.4. EaMHMua Maccs!, COOTBETCTBYIOUWIAR MONEKYNAPHON
macce, Ha3BaHa Monem. Takum obpasom, V/M npeacrasnrer coBoit obvem,
KOTOPLIA 3aHumaioT 6,023 - 10%° monekyn vnu oanH monb nioBoro sewecTsa.
3Ta BENUYMHA Ha3bIBAETCA MONLHBIM 06bemMoM.

WTaK, WMeeTCA TP XapakTepHbIX MPU3HAKE, C NOMOLWILK KOTOPbIX AaeTcA
KONK4ECTBEHHOE NPEeACTaBNEHWE O COCTOAHWM NPOCTOW CUCTEMBbI: Temnepatypa,
paBnex2 1 MonbHbIA 06bem. [MepewrcneHHbln HaBop NPU3HaKOB, XapaKTepwu-
3YKWKUX COCTORHWE CUCTEMBbI, OKa3bIBAETCA NOMHLIM U B TO XXE BPEMA MUHK-
maneHo HeobGxoanmeiiv. Kpome o6bema, TemnepaTypbl U AaBNEHUA ANA KaXXA0ro
COCTORHWA BELLECTBa ONPeAEcneHHoro CocTaBa MOMHO 06Hapy»xMTb uensid pAA
APYTMX NPU3HAKOB: KODMMUNEHT NPENOMNEHUA WUNWA OTPaXKeHWA, BAIKOCTH,
ynpyrocte 4 T.n. Bece Takue o06beKTVBHO WM3IMEPUMbLIE BENUUYAHBI, KOTOPLIMW
MoXeT BbiTh 0XapakTepu3oBaHO AAHHOE COCTOAHWE CUCTEMbI, HOCAT Ha3BaHWe
napametpoe' coctoAHuA. Mel roBopvMm, 4to cuctema obnafaetr CcBOWCTBAMM,

! OT rpeveckoro "“napameTpoH”” — oTMEPMB a0 WK .
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KOTOpble ONPeAENATCA napameTpaMu B AaHHOM cocToAHuu. Ecnu Hag cucTe-
MO NPOM3BOAMTL KaKWe-TO AEHCTBWA, @ 3aTEM BEPHYTb B NepeBoHavanbHble
YCNoBUA, T.e. NPMBECTU B COCTOARHWE C MPEXHUMN CBOMCTBAMK, TO NapameTpbi
COCTORHWA AONHbI NPUOBPeCcT npeXxHWe 3HaueHnA.

HasoBem npoueccomM fAeACTBME, MNPUBOAALLEE K WIMEHEHWID COCTOAHWA
cucTembl, VMiccneqosaHne pasnuyHelX NPoOLECCOB B CUCTEME NPOBOAUTCA NOCPEA-
CTEOM CNEXeHWA 33 W3MeHEHWEM TaKWUX ee napameTpoB, KOTOpsie HawBonee
YYBCTBUTENbHBI K M3MEHEHWAM W Merko BOCNPOW3BOAATCA. Tak, B 4aCTHOCTW,
B OAHOPOAHOW CMCTEME, B KOTOPOW HE MPOWMCXOAAT XMMWYECKME Peakuuv u
ANA KOTOPOKH HET HeoBXoAMMOCTM Y4ATLIBaTh BNWAHME rPaBUTAUWOHHLIX, Mar-
HATHBIX U 3NeKTRMYECKU X NOMEIA, OCHOBHbLIMIU NapameTpaMv COCTOAHWA RBNAKT-
ca: obvem (V), koTopbil 3aHMmaeT AaHHOe BEWECTBO, pacCMaTpuBaemoe,
Kak cuctema, Aasnenve (P), npv KOTOPOM OHO CYLECTBYET, W TemnepaTypa
(T) , koTopoit oHO XapakTepvayeTcA. Bce Apyrue napameTpkl COCTOAHUA, MOTY-
wMre BbITe M3IMEPEHHbBIMM B 3ITUX YCNOBMAX, OAHO3HAYHO CBA3aHbl C 3TUMK
TPEMA.

Boino 66l BEChMa paunoHanbHbiM 0BHaPY M TL CBA3L MEXAY 3TUMK NapameT-
pamu, YTO B AanbHeWwem ynpocTuno Bbl aHanu3 coCTOAHUA cuctembl. OKassbi-
BaeTCA, YTO TakaA cBA3L cywectByet. OaHo3HawHaA (QyHKUMOHaNbHaA 3aBU-
CUMOCTE MEXAY YKasaHHsIMU TPeMA napamerpamy COCTOAHWA Ha3biBaeTCA
TEPMUYECKUM YpPaBHEHWEM COCTOAHMA. MaTemaTuyecku CyLUeCTROBaHWE UCKO-
MO hyHKUMOHanbHOM 3aBMCMMOCTM 0603HavaeTcA cneayowmm obpasom:
@(P, V, T) = 0. 310 3HaWT, YTO TPH NEPEMEHHbLIE BENMYMHL! TaK B3aUMOCBA-
3aHbl mexay coBoir (C NOMOLLLK NOCTOAHHBIX W MO3TOMY HE BHOCMMbIX B
ckoBkun) , uto Byayud NoMewleHbl C OQHOW CTOPOHLI 3HAKa paBeHcTBa, COOT-
BETCTBYHOLWME X KOMBMHaUWM JONXKHBI AaTh HyNb.

He Bcerga ypaBHEHMA COCTOAHWA KOHKPETHbIX OAHOPOAHBIX CUCTEM NOnyva-
HOTCA KOMNakTHbIMKW,. B pasHoe spemAa pasHbiMK MccnesosatenAMu Bbino npea-
NOEHO CBbile CTa TWMOB YPaBHEHWA COCTOAHWA, W3 KOTOPLIX MCNONbL3YHTCA
ceiiyac BecbMa HemHorue [22] .

HanBonee npocToit BMA YPaBHEHWA COCTOAHWA WMEKT rasel., Ecny npeano-
NOXWUTh, YTO MOnNeKynebl raza He o6nagaloT cobcTBeHHBIM 06beMOM U MexXay
HAMW OTCYTCTBYET B3a MOAENCTBME, TO ANA TaKWX ra3oB, Ha3biBaeMbIX Waeasb-
HbIMW, CNPABEANWE IMNUDUYECKWHA 33KOH, BbIDAXKalOWMNA CBA3L!

PV =nRT, (1.1)

roe P — pasnewnve rasza, V — o6vem, KOTOPLIN OH 3aHMMAEET, T — YACNO MONEN,
R - YHuBepcankHaA rasoBan NOCTOAHHAA, T - TeMnepaTtypa 8 KenbBUHaXx,
NpY KOTOPOW HaXOAMTCA ra3,. 3To YPaBHEHWE HOCUT HalsaHue ypasHennA Kna-
neitpora—Meraeneesa. OHo oTpaaeT 3HepreTMyecKmne 0coBeHHOCTV, KOTOPbIMK
onpeaenAeTCA AaHHOE COCTOAHME,

YpasHenve KnaneipoHa—Mengeneeea — He nocTynart, a cneACTBUE 3KCNeEpu-
MEHTOB, NPOBOAMBLUMXCA Haj rasamv B ABYyX HanpasneHuAx. B 1660 r. Boiink
oBHapy»wvn, 4To npu paGoTe € NOCTOAHHLIM KONW4ECTBOM rasa ero o6vem
n3menAeTcA obpaTHO nponopuvoHaneHo Aasnexuio. B 1801 r. JansToH npoeen
YAOBMETBOPUTENbHEIE OMbITbI NO ONpeAeneHui uimeHednAa obGbvema rasa oT
Temnepatypbl. [eiA-llioccak BbLIACHMI KONWYECTBEHHYID 338BMCMMOCTL 3TOrO
ABnenuA. Mo3aToMy B pAge CTpaH 3aBUCMMOCTL HOCUT HalsaHwe 3akoHa [lei-
Ioccaka. Ho ewe B 1o BpemA “Teid-flioccak ¢ 6naropoAACTBOM, K COXaneHuio,
PeAKO BCTPEYalWMMCA B HayKe, HacTOAT, YToBLI 3TOT 3aKOH Ha3biBasnCA B YecTb
Wapna, koTopLi nonyyun Te xe peaynstatel B 1787 r., Ho He onyBnukosan ux"
[17, c. 51]. B HexoTopbix CTPaHax 3TOT 3aKoH Ha3wiBaeTcA 3akoHom Lapna.

Habnwaenna lWapnA moXHO 1300pasuTs rpatyeckn B KOOPAMHATaX Tem-
neparypa—o6wem (puc. 1.1). BKcTpanonAuMA nthuit MoBoro pasneHuA Ha
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Hyneson 06beM CBOAWT 3TW NMHWKM B OAHY TOYKY, ABNAKLLYICA HAYaNoM OTCYe-
ta Temnepatypbl. OTcioaa Geper cBOE NPOMCXOXAEHWE TemnepaTypHaA wkKana
KensBuHa,

WNameHeHue aneprum cuctemsl, 6e3 KoHkpeTusaumm hopmel nepeaaqm, obasa-
TENLHO AOMKHO NPUBOAUTE K U3MEHEHUIO KakMXx-nBo napameTpoB COCTOAHMA.
Mo3ToMy 3HEpreTYecKaA XapakKTepuCTMKA CACTEMbI MOMET CTaTb BaXXKHOW
06o6weHHOn hyHKUMENH, KOTOPaA NO3BONUT OCYLWECTBUTHL OMMCaHWE CUCTEMBI

¥

Puc. 1.1. AxctpanonAuua Habnioaedunia Wapna
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€ 06wmnx noauunin, OKazbIBaeTCA, 0AHAKO, YTO TAKOE ONUCaH1e CMCTEMbI MOKHO
6bino 6bl caenath TONBKO B TOM CNy4ae, @CNKU AONYCTUTL, YTO 3HEPrUA — BENUYA-
Ha, KOTOPYI0 Henb3A YHUUTOXWTb BeccnegHo, YTo npu Bcex npeobpasoBaHUAX
MeXay CUCTEMON M OKpyXkalolweih cpeaon oblwan aHepruA coxpaHAeTcA. Takoe
AonyuieHue onpasabieaeT ceba Ha npakMKe,

3aKOH COXpPaHeHMA 3Heprun. B TOYHbIX HayKax CneAcTBMA W Pe3ynbTaTbi
YBA3aHbl C UCXOAHBIMM NOCbIKAMA CTPOrMMKA pacieTamu, OaHaKo CaMu MCXOA-
Hble MOCLINKW YXe Henb3A nonywTe Kakum-nubo pacyeTHbiM nytem. Mcxog-
Hble 33aBMCMMOCTM HEBO3MOXHO AO0Ka3aTe. MX MOXHO TONLKO NpPOBEPUTE.
Takwe 3aBMCMMOCTM AOMKHLI BbiTe COrNacoBaHbl C LUMPOKUM KPYrom nNpupoa-
HbIX ABNEHWA. 3aKOH COXPaHeHWA 3HEPrMM KaKk pa3 U OTHOCMTCA K hyHAaMeH-
TanbHbIM U NO3TOMY HE BbIBOAUTCA PAcYETHBIM NYTEM, @ NPUHMMAETCA B KayecT-
Be noctynata. CnpaBeanWBOCTb 3aKOHa COXPaHEHWA 3HEPrUM W CNeacTBuMiA,
BbITEKAOWMX M3 Hero, NpPoOBepeHa MHOroeeKkosBbiMM HabniogeHuamu. CyTb
3TOr0 3aKOHa CBOAMTCA K TOMY, YTO HUYTO B NPUPOAE He MOXKET NMPoUCXOAnTh
camo no cebe, 6e3 Kakou-nMBo npuwHbl, Huuto He npoucxoanT Be3 Toro,
4yTo6bl NPM 3TOM He TONLKO MepepacnpejenAnack 3HepruA, Ho v obwee Konu-
YECTBO BO BCEX Y4aCTBYHOLWMX 06BEKTaX 0CTaBanoCh HEM3MEHHbBIM.

MHOr1e Bbl A3I0WMWECA MBICNUTENW UCNONb30OBAaNW 3TOT 3aKOH B KayecTse NOoCTynaTa npu
OGBLACHEHUN TEX MMM WHBIX ABNEHMIA NPUPOAL! EWe A0 TOro, Kak oH Gbin NOHAT BO BCER
NONHOTE U OTYETNIMBO CHOPMYNUPOBAH.

MpMHUMNOM WCKNIOYEHHOTD BEYHOro ABMraTenA nons3osancA [leowapao Aa BuHuw.
Tpu Beka Hasap, 3aA0NTO 4O TOrO, Kak (hpaHuy3ckanR AKaAeMWA HayK nepecrana paccmar-
puUBaTh NPOEKTbI BEYHbLIX ABuraTtenei, Manwneid BbicKasan MbICTs 0 HEBO3MOXKHOCTH NOny-
4eHuA paboThbl NPOCTO Tak, U3 HWYEro.

Pewan 3agayy O ueHTpe -KauaHuna, MoireHc B pabote 1673r, "MaATHUKOBbLIE yackl’’
NpULLEN K NPaBunbHbIM BLIBOAAM, NPUMEHUE 38KOH COXPaHEeHWA 3Hepruu. 310 NO3BONUNO
emy caenate cneaywouwee sakniovesue: "W ecnu 6ui n306peTaTen HOBLIX MalWKMH, HANPAacHO
NbITAOLWMECA NOCTPOMTE BEYHbIW ABUraTens, NONb30BANWUCE 3TOA MOEW rMNOTE30#, TO OHK
6bl caMK OCO3HaNW CBOI0 OWKWBKY M NOHANK, YTO TAKOK ABMraTent HENbL3A NOCTPOUTL Mexa-
Hu4Yeckumm cpeactsamu” [5, c. 124]. !

Y [.B. Neitbuuua (1646—1716) He BO3HMKAENO COMHEHWA B HEBO3IMOXHOCTM CO3ABHWUA
BeuyHoro asuratenA, OW cymtan, 410 ecnu Bbi BeyHoe ABvKeHne Buino BO3IMOXKHBIM, TO
AelicTeune okasanock 6u1 Bonblie npuunks [20] .

B kako#-1o ctenedn WM. HeloTOH, HO rnaeHbim 06pasoM ero nocneaosaTenu OTKa3anuce
OT MHOTMX AEKapTOBLIX NPEACTaBneHdd u BBenM B HayKy noHATUA 06 ocobeix Buaax
matepun. TaK NOABUNUCE NOHATUA INEKTPUYECKAA W MArHUTHAR »XWAKOCTh, CBETOBOE W
Tennosoe BewecTso. B KoHue 18 B. XUMUKKM yBReKnucs CHCTEMATUYECKUM BIBELUMBAHUEM
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u dusmkn ybeaunuce,4To 37a ocobam rpynna marepuid Hesecoma. 3TOA rpynne maTepwi
npuaanu ponk ‘‘cunel”, onpefenAlOWend CBOWCTBA BecomMon matepuu. CoxpaHeHue cunsi
(e Hawem NoHMMaHWKM, 3HEPrUM) ycTaHoBNeHo GbiN0 TONbKO ANA MEXaHUYECKU X NepemMeLLe-
HUA . ITOT nepuon B puanke @, Posenbeprep [23] Ha3san nepnoaomM HesecoMBbIX.

B 1775.r. hpaHuysckan AKagemMMaA HayKk o6bABMNE O TOM, TO OHa He ByAeT npUuHUMaTh
NPOEKTHI MALIKWH, A3IOWMX BEYHOE ABUKEHUE U OCHOBAHHbLIX Ha NPEACTABNEHWAX O COXpPaHe-
HUM MEXAHWYECKM X CUI.

Moxanyii, nepebimM, KTO NONLITANCA PACLWMPWUTL 38KOH COXPaHEHWUA IHEPTUM 38 NPEAENbI
MexaHuueckux Bo3aeidcTenin, 6ein C. KapHo. B ceoen paBote (1824) oW nucan: "Moryr
° 3/AecCh CNPOCUTL: BCNM AOKA3aHA HEBO3MOXHOCTL perpetuum mobile AnA YucTo MexaHuvec-

KWMX AedcTBWIl, TO WMMeeT NWM 3TO MEecTo npu ynoTpebneHuwu Tenna v 3NeKTPUYeCTBa; HO
pasBe MOXHO ANA ABNEHWA TENNa ¥ 3NeKTPUYECTBA NPUAYMAaTb WHYH NPUYMHY, KPOMe
Kakoro-nuBo ABWMIKEHWA TEN, W paszee 3TM ABMIKEHWA He AOMXHbI NOAYMHATBCA 3aKOHaM
mexaHuku? Kpome Toro, passe HeW3BecTHO a posteriori, 4To BCE NONbITKU Kakumu Bbl TO
Hu BbINO cpeacTBaMKU OCYLLECTBMTE perpetuum mobile octanuce GeCNNOAHBIMU; YTO HUKOT-
Aa He yAaCTCA NONy4YaTh HacToAwWwwMA perpetuum mobile, 1.e. asuxenne, koTopoe npogon-
»aeTcA Be4Ho, 6e3 uameHeHnn ynotpebnaemsix Ten?’’ [10, c. 16].

CBoeil BONHOBOW Teopwed ®peHens WCKNIOYAET CBET W3 Pa3spAAA HEBECOMbIX MaTepwi.
AMnNepoM W3 3TOA KaTeropun GbiNK UCKNIOHEHB! MArHUTHLIE XXWAKOCTH NOCNe OTKPLITUA
anekTpomarHetmama. flaev u Bepuenvycom 6binM BbICKa3aHbI NPEANONOEHWA O TOM,
4TO XMMWYECKWUE M INEKTPUYECKHUE CHNbl — ABA Pa3HbIX NPOARBNEHUA OAHOM U TOM e Npruym-
Hbl. B 1883 r. 3.X. NeHu nokasan CBA3bL MEXAY MEXaHWMECKWM ABMKEHUEM U BO3Byxae-
Huem Toka B nposoaHuke. B 1840 r. M, ®apapeii noxa3ssiBaeT BO3MOXXHOCTb npeobpa3so-
BaHWA OAHOA CUNBI B APYTYI0.

Mpuobperan 0COBEHHOCTM HEYHWYTOMXMWUMOCTH, MOHATME ‘CMNa’’ B KavyecTse OCHOBHOIO
CBOWCTBA BECOMOW MaTepMd TEpRET CBOW CMbICN, NOCKONbLKY nepectaer GbiTh CBOWCTBOM.
Moaromy, 4to6bl OTAENNUTL WCTUHHLIE CBOWCTBE MaTEPUK — CUNbI — OT ABMIKYLUMX CWN,
0Ka3anocek uenecoobpa3sHo NOCNEAHUM NPUCBOMTL Ha3BaHue “‘aHeprun’’,

K cepeaude 19 B. uccnegosarenw BeliACHUNKM MHOrooBpaive GOpPM NPORBNEHWA IHEPrK
W nepexon ee W3 OOHOro BuAa B APyrow. HO BaHbIA ANA AaHHOrNO PacCMOTPEHWA war —
onpeaeneH1e KONWYECTBEHHOW B3aMMOCBA3M NPEBPaUleHUA MEXaHMYecKOW W TennosoWn
3Heprum — caenad He Gbin. “‘Becema xapaxkTtepHo TO OBCTOATENLCTBO, YTO NPeACTaBneHwWe
0 BOIMOMXHOCTM YCTPOWCTBE MalWHbl, KOTOpaR 6kl cospaeana paboTy w3 Huvero, T.e.
npeacTaeneHe O BO3MOXHOCTM CYLLECTBOBAHMA TaK HA3LIBAEMOIO BEYHOTD ABWKEHWA
{perpetuum mobile) nocne uenoro paga BecnnoaHeix nonbiTok BbiNo, HAKOHeW, ocTasne-
HO, HO Mbicnbt 06 3KBUBANEHTHOCTH TENNOTbl ¥ PaboThl BUE HE NMPUXOAWNAE B FONOBY HW
OAHOMY U3 MbicnuTenen-yversix’ [14] .

Mocne Toro, Kak MCCNEAOBAETENW HA OMNbITE HEBO3IMOXHOCTH NOCTPOEHUA BEYHOIO ABUIa-
TENA He TONbKO y6eAWNKCh B TOM, YTO IHEPTrUA HE NOABNAETCA cama no cebe u He ucuesaer,
HO B COOTBETCTBMM C 3TUM caenanu JonyweHUe O COXPaHEeHWM 3Hepruu npu nwbeix ee
nepexoaax, NOABUNWCL PeanbHbIe NPeANnOChINKW ANA ONPeaAeneHnA IKBUBAaNeHTOB Pa3nuyHbIX
BMAOB 3HEPTrUM W YHU(DWMKEUMU ITUX SKBUBANEHTOB MO OTHOWEHWIO K KaKoW-To 0AHOW Mepe.

MuoHepom B 3ToM OTHOLWEHWK okaszancA P. Meiep. B 1842 r. P. Meiiep abiyvcnun mexa-
HMYECKMA IKBMBANEHT TENNOTHI, NONbL3YACH W3BECTHLIM TOrAa yxe (hakToOM, 4TO ANA Harpe-
BaHMA ceoboaHo: paclwmMpROWwerocA rasa TpebyetcA npumepHo 8 1,4 pasa Gonswe Tenna,
4eM ANA rasa, 3aknw4eHHoro 8 Heaedopmupyemylo obonouky. OH nonyuwdn 3HaueHwe
367 kIlm pabBoTtel, cooTBeTcTBYKOLWEe OAHOM Kunoxkanopuu. Mosxe, no Gonee TouHbIM
AaHHbIM Penbo, nepecyet nokasan, 4to 1 kkan 3Heprum cootsercTeyeT 425 kI'm paboTel.

Benea 33 Hum anrnuiackuin duauk O.MN, xoyns nposen uenyio cepuio HENOCPeACTREH-
HbIX W3MEpPeHWA W Hawen, 4yTo axkeueaneHTom 1 KKan ABnAeTcA paboTta, 3aTpaveHHan Ha
noaHATre rpysa secom 460 k[ Ha ssicoTy 1 ™.

Bckope nocne uccneposaHuii P. Mediepa nomeuncA u3secTHeid Tpya I, Mensmronsua
"0 coxpaHeHun cunbl"”, B KOTOPOM BenuKniAi UankK NoKasan, 410 KO Bcemy pa3Hoobpasuio

- NPOLECCOB NPUAOKUM NPWHUUN IKBUBANEHTHOCTA IHEPIUK,

Ceitvac TpyaHo nocTuyb, kak C. Kapho, P. Meliep, I'. Mensmronsuy, Haxo4Ack B NNeHy
NpeacTasneHuit BELWECTBEHHOW TEOPWM TEennoThl, CMOMNK NPaBMNbHO NOAOATH K OueHKe
3aKoHa coxpaHeHWAa 3xepriv, Beawb cornacHo Teopuwm TennopoAa, Tennota B npouecce
BbinonHesnA paGoTel 'nanaet’’ OT rOpPAYEro K XONOAHOMY Teny aHanorMyHoO Boae, HaXoAA-
WeACA Ha pasHbix ypoBHAX. [InA TOro e, 4ToBbl 3HEPruA coxpaHunace, TennoTa, npea-
craenAR coboi dopMy nepeaaym 3IHEPrMK, AONIKHAE HE TONLKO NaaaTh, HO WM MCYE3aTh, NPes-
pawance B paboTy U NONONHAR 3HEPTUI0 OKPYXAILWIEA Cpeabl B KONMYECTBE, IKBUBANEHT-
HOM BbINONHeHHoR paboTe. HecMOTPA Ha TO, YTO 3TW WCCNEAOBATENW HEe paccMaTpusanu
TENNOTY, KaK (OpPMY ABMIKEHWA MaTepWM, OHW NPUWNWM K NpasWneHbiM BbiBogam. Kax
HW CTPEHHO, HO NPasuneHbIM BLIBOAAM MCCREaoBaTened nomornu owubBoukbie npeacrasne-
HMA O TOM, YTO TENNOEMKOCTh BELWECTBA YBENMYMBAERTCA C yBenuYeHwem ero obvema. Ywe 8
70 BpémA BbinM M3BECTHBI Pe3yNbTaTel ONLITOB, NOKA&3LIBAOWME OWMDOYHOCTL TaKUX
npeacrasnenuit. Opnako (kak 310 4acTo GeiBaeT), TEK KaK Pe3yNbTaThl TAKWMX ONLITOB
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HE yKnagplBanuCh 8 PamKi CyLLECTBYIOWMX NPEACTABNEHWA, WX CTAPanuUck HE 3amewatb,
uBo 3to TPeBOBANO MEPECMOTPE NPUELIYHOIR W NPOUHO YKOPEHWBLWEHCA B YMax y4eHbIX
TeOpUM TENNOPOAA, C NOMOLWBI0 KOTOPOH MOXHO ObiNO OBBACHWTE MHOTWE RABNEHWA,
Otmerum, 410 C. KapHo He ymanuvean o pe3ynetatax B Nonb3y HE3aBUCHMOCTW TeNnoem-
KOCTW ra3a oT oBwema, HO UrHopuposan 3Tv peaynetaTel. OCHOBHBIM @PrymMeHToM, no3sc-
NUBLUMM eMy CTaTh Ha MO3UUAK COXPAHEHWA IHEPIUM U NPU ITOM UCKNIOYATe HENOCPeACT-
BEHHBIA nepexon Tennotel B paboTy, ABANCA cheaywimh: “WaMeHeHne TennoemMKocTu
rasa, Bbi3Ba@HHOE M3MEHEHVEM OBbEMa, 38BUCUT EAMHCTBEHHO OT OTHOLWEHUA MEXAY NepBo-
HauaneHbIM W KoHeuHbiM obBvemamu’’ [10, c. 33]. C. KapHo yka3siBaeT Ha UBNYIO cepuio
onsbiTon, AKOGLI NCATBEPXKAGKWMX 3TO NONOMKEHWe, HO Bance NWLUET, YTO EAWHCTBEHHbLINA
ONbIT, KOTOPEIA NPOTHBOPEYMT BCEM OCTanbHbIM, 3T0 onbIT Mei-TTiwccaka u BanbTepa, onucan-
Hbi B Annales de physique et de chimie [10, ¢. 19]. Kax okaszanoce BNOcneAcTEMM, MMEH-
HO 3TOT ONLIT ABWNCA OCHOBONONATaHWMWM B CO3AaHMM HOBOW TEOPMM TENNOTbI, NPUWea-
Wweid Ha cMeHy Teopud Tennopoaa. MocTynaT O COXPAHEHWM IHEPrMM COCTABNAET OCHOBY
Nepsoro 3aKoHa TePMOANHAMI KK .

Fnasa 2
MNEPBbIA 3AKOH TEPMOAWHAMWKW

dopmynupoBKa nepBoro 3akoHa. M3 Bcex cdopM nepepaus 3Hepruvm ocoboro
BHUMaHUA 3acny>kuBaeT TennoobmeH, 3To CBA3aHO C TeM, YTO nobbIe MexaHu-
YeCKMEe He NMOXOXKWEe APYr Ha Apyra AecTBWA CONPOBOXKAAKTCA BblAENeHUeMm
tenna. Tennota — Hew3BexkHblA 3NeMEHT nepepaun 3neKTpodHepruu. JloBown
XMMUYECKNIA NpoLecc CBA3aH C TennoobmMeHoM. Tennoo6mMeH Be3aecyll U MUMEH-
HO NO3TOMY B TEPMOAUHAMMWKE 3HEPruio, NepeaasaemMyto CUCTEME Unu M3BneKae-
MYIO M3 CMCTEMbI NOCPEACTBOM TennoobmeHa, Beiaenunmu B 0cobyio KaTeropuio.
Konuyecteo 3Heprum, nepexoAAweid npu TennoobmeHe, Ha3sanu "'Konuuect-
BOM TennoTbl”, Bce ocTaneHbie (hopMbl Nepegayy aHepruv 0606w alTCA eanHbIM
noHATHeM pabota. CucTeMy MOXHO NMepesecT W3 OAHOrO COCTOAHWA B APYTOE,
NPOM3BOAA NepepacnpefeneHne 3HEPIWA MEXAY HEeI M OKPYXKawulel Cpeaon.
Onepupya nepepaved 3HEpruW, pasfeneHHol Ha YKasaHHble ABe KaTeropuu,
3anuiieM NepBbid 3aKOH TepPMOAWHaAMUMKMK cneayowmum obpaszom (dopmynu-
poska TomcoHa) .
Ecnu us TepmuyecKux UCTOYHUKOS NONYYaeTcA UMY 6 pe3ynsrate TepmuYec-
KUX 3ghgpeTo8 yHUYTONAEETCA OOHO U TO We Konuyecreo paborsl, TO ucyesaer
UNU BO3HUKEET OOHO U 7O e KONUYeCT80 TenNoTbI. Cumeonuuecku ato Byaper
BbirnAgeTs Tak: Q = W', 3pece Q — konuuecTso TennoThi, a W — Konuyectao
paboTbi, 3annce, NpUBeAeHHaR B TaKOM BUAE, npeAyCMaTpPUBaeT To, YTO Konu-
yecTBo paboThbl M TENNOTHLI BbIPaXXEHO B OAHUX W TEX e eAWHWuax. Toraa He
HYMHO CTaBUTb Ko3MUUMEHT, COOTBETCTBYIOWMIA 3KBMBANEHTY nNepenayn
0AHOM (hOPMbI IHEPIWM MO OTHOLIEHWIO K APYTOi, ITO 3HAUNTENLHO Ynpouiaet
BUA ypaBHeHUA, CornacHo mexxayHanoaHoi cucteme — CU, 3a eanHuuy uamepe-
HWA 3HEPrKM NPUHAT AXOYfib. VICTOPMYECKU CNOMXUNOCH TaK, 4TO B TEPMOAMHE-
MUKe 3HEepruA uamMepAnace kanopuAmu. Ceidvac B HeKoTopbix paboTax AaloTCA
napanfnenbHble 3HaYeHWA B KaNOpUAX W MxoynAx. [nA nepexopa w3 oaHown
cUCTEMbl B APYryvwo HeoGxoammo 3Hate, yTo 1 kan pasHa 4,184 [x. Dxkoynb
() — paboTa, KOTOPYIO cogBepliaeT MOCTOAHHAA cuna, pagHaa 1H, Ha nyTu
8 1 Mnpu ycnoeun, 4TO NyTb COBMajaeT C HanpasneHwem cunsl. [orosopus-
wuch 06 eagnHULE M3MEPEHWA 3HEPIMM, MOXHO CPEBHUBATHL, KaKue Temnepatyp
HblE U3IMEHEHWA WCNLITLIBAT Pa3nWyHbie BEWEeCcTBa Npd MONyYeHUM OAHOW W
TOW e nopuwu anepruv. Boasmem 18 r Boasl npu Temnepatype 20°C. 37a
macca BOAbl COCTaBnNAET OAuMH Mornb. MNpucoeaMHMM K 3ToW BOAE OAMH MONb

1 BykeenHbie 0603HaYeHWA QaHbl B COOTBETCTEBUM C peKoMeHaaunamm [24] .
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pTyTH, TeMnepaTtypa KOTOPOW 15°C. Beneacreue Tennonepeaaw Temneparypa
Boabl DYAeT noHMXKaThCA, @ Temneparypa PryTih nosbiwaTteeA. JoxaeMcA,
KOoraa TeMnepatypa Bo/jbl NOHW3WMTCA Ha oauH rpaayc. Mpy Takom NOHUKEHUK
TemnepaTyps! Boja oTaacT, a pryTe npumer 75,312 [x sHeprum. OxassigaetcA,
4yTO TEMMepaTypa 0AHOro MONA PTyTU NOALIMETCA B pe3ynbTarte npuoﬁpeteuua
3TOF0 KONMYECTBA TENNOTLI HE Ha 0avH, a Ha 2,69°C u craner paswoi 17,69°C.
OTciona ecTecTBeHEH BbIBOA, YTO OAHO M TO e KONWYEeCTBO 3HEPrin U3MeHReT
TeMNepaTypy Yy Ppa3Hbix BELLEeCTs B Pa3nu4HOW cTeneHw.3To B CBOK OYepedsb,
rTOBOPWUT O TOM, YTO Yy pazHbiX BELLECTB CBA3b MEXAY KONWYECTBOM TennoTbl
W Temnepatypoin — pasHan. [INA KONW4YeCTBEHHOW OUEHKKM 3ToW cBA3M Obino
BBEIeHO NOHATHE TEMNNOEMKOCTU, ONpPeAenAeMOe Cneayouum obpasom.
TennoemMKoCTLI0 Ha3bLIBAETCA KOMUYECT8O TENnoTk!, NOMYYEHHOE UNU QTOaH-
HOE CUCTEMOL, OBNeHHOe Ha NPOU3BEOEHHOE NPU ITOM U3MEHEHUE TEMNEPaTY Pbl:

6Q/dT = C. (1.2)

[Ana Toro, 4To6bl NOHATME TENNOEMKOCTM NpMOBpPeno peanbHbId CMBICH,
HeobGxoaAMMO 3aaaTe YCNOBWMA, MPUM KOTOPLIX OHAa onpepensetcA. B nepsyw
oYepeab TeNNOEMKOCTh 3aBMCUT OT KONMUYECTBa BELeCTBa, KOTOpPOMY nepeaaeT-
CA TeNnoTa AW KOTOpOe nepesaet TENNOTy. rlpn NOCTOAHHOM BHELLHEM [aBne-
HM 1 r Bogbl AnA HarpesaduA Ha 1° oT 20°C AoneH NONY4MTb KONUYECTBO
Tennotebl BenuuuHoh B 4,184 [x. Torga, ANR HarpesarWA OAHONO MONA BOAb)
Ha 1° Heo6xoaMmo 3aTpatMTe 75,312 [k TennoTsl, NOCKONLKY OAMH MOnb

copepxnT 18 r Boabl. [AnA HarpeeaHWA 0AHOMO rpaMma PTYT! Ha 1° Heobxomm-
mo 0,138 [k, a AnA HarpeBaHWA 0AHOrO MONA PTyTM Ha 1° — 28,99 [k, ecnm
370 noJorpesaHie OCYWIECTBNAGTCA B Npeaenax Temneparyp, 6nmakux k 25°C.
KoHkpeTv3aumnA Macchl 0Ka3biBaeTCA HEAOCTAaTOYHOW ANA 0AHOZHAYHOMO CyXae-
HUA 0 Tennoemkoctu. Oka3sbiBaeTcA, OAHOMY W TOMY e KOMWYECTBY BELLECT-
Ba noTpebyeTcA pasnuyHoe KOMWUYECTBO 3HEPrMU ANA MoBbIWEHWA TemnepaTypsl
Ha 1°, 4TO 33BMCMT OT TOTO, NONYYAET N OHO 3Ty JHEPTWIO NMPY NOCTORHHOM
AaBfeHud, Unu npu noctoAHHoMm obweme. Ecnu oauwH Mone rasooGpasHoro
KNUCNOPOAa HarpeeaTbe NpW NOCTOAHHOM AaBfeHMW, TO ANA NOBbLILWEHWA €ro
TemMneparTypbl Ha 1° Heo6xoanmo 29,50 [Ik. Ecnu e 3T0T MONb ra3a 3aknioYnTh
B kecTKyio oBonouky vak, 4iobei o6bvem ero octaeancA Bce BpeMA NOCTOAH-
HbIM, TO ANA NOBbILEHWA TEMMNEPaTyPbl OAHOTO MONA KMcnopoaa Ha 1° noTpe-
6yetca 21,13 [k. Harpesan oanH monk KUcCNopoaa Tak, 4Tobbl JaBneHue rasa
OCTaBanoCb NCCTOAHHBLIM, Mbl BbIHYX/EHbI A3BaTh BO3MOXHOCTb €My pacium-
pATscA. B pesynwiate wacTe eHepruM BydeT W3pacxofoBaHa Ha COBEpLUEHWE
KMCNOpoAOM MexaHuuyeckol paboTel. Tenepb MOXHO OUEHWTL BENUYMHY SHep-
K, nolleaLleld Ha BbinonHeHWe paBoTel NpU pacluvpennn rasa: 29,50 — 21,13 =
=8,37 Ox.

QueBuAHO, TENNOEMKOCTb 3aBUCUT He TONLKO OT KOMMYECTBA BEULECTBA,
HO W OT YCNOBWA, B KOTOPbIX OHa ONpeAenAeTCA. npnse.u.eM eule npumepsbl.
Beibepem B KauecTee cucTeMbl CMech BoAbI co nbgom. Mpu 0°C Takaa cuctema
Gyaer nornowars MM oTaaBaTE TENNOTY, OCTABNAA HEM3MEHHOW CBOK Temne-
patypy. B cooteetcteum c onpeaenenuem (1.2), TennoemMKocTe NPY NOCTOAH-
HOW Temnepatype C; = o9, Cuctema, nokpeiTan aguabatyeckoit 06onoYKoN,
BooGwe He nornowaer tennoty. 0603Haws TENNOEMKOCTb TaKOW CUCTEMbI
cumeonom Cg, nonywm Cg = 0. MoacTpouHsie oB03HaYeHUA onpeaensoT
NPOXOMAMBIA CUCTEMOM NyTh, NpWM noAsofe e TennoTbl. Byldem oTnuuath
TENAOEMKOCT: OQHOro MofA BewecTsa cumsonom Cy, ecnu oHa onpeneneHa
Npy Heu3meHAWeEMCA o6veMe cucTeMsl, U cumeonom Cp, ecnu oHa onpeaene-
Ha B ycnoBWAX, Korpaa faesneHvWe B CCTEME BCE BPEMA OCTEeTCA NOCTOAHHLIM,
a2 06vem, ECTECTBEHHO, M3MEHRETCA.

MoxHo wcnone3oeaTe Kakoi-nMBo nepefaTONHBIA MEXaHW3M, KOTOPbIA
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6yaeT M3BneKaTh U3 OKPYXKaloweid cpeabl 3HEPruio B oAHOW Gopme u nepega-
BaTh €e OKpyXalLlen cpeae B apyroi cdopme. Ecnv npu 3Tom Takon mMexaHuam
caMm He BbipabaTbiBaeT 3HEpPrui0 M OCTABTCA 38KPbLITOA CACTEMOR, TO B cUNy
3aKOHa COXPaHEHWA 3HEPriM AOMKHO BLINONHATLCA ycnosue Q = W . B atom
cnyvae 3HEPruA CUCTEMbI OCTaHeTCA nocToAHHoW. OpHako, Gonee oBwwum cny-
YyaeM ABMAEGTCA TaKOW, KOrAa 3HepruA nNpv TpaHcdopMaumv ee U3 ogHow opmsl
Apyryw nubo yacTMyHO ocTaHeTcA B cucteme, nubo cuctema Byper pacxopo-

Puc. 1.2. TpanchopMauma TennoTel
8 paboTty

BaTh Gonblue 3Hepruu, el nonyyaer. DTO AOMNKHO KaK-TO OTPA3UTLCA Ha ee
coctoAHMM, COOTBETCTBEHHO 3TOMY, KakKWe-To NapameTpbl COCTOAHWA CMCTEMbI
fonmHel ByayT uameHuTCA. MpounniocTpupyem 310 cxemol npubopa, nzobpa-
WeHHoro Ha puc. 1.2, B umnuHape HaxoAMTCA ra3, KOTOPLIA, NONyYaA TENNOTY
Q, 6yper paclMpATLCA, [BuWrate nNOPLWeHs M noAbimaTe rpy3sl A. PaboTa,
BbINONHEHHAA FPYy30M, KaK W3BECTHO U3 MEXaHWKW, BbIWICNAETCA No copmyne
W = FAI, rpe F — cuna, C KOTOpOW rpy3bl NPUTArMBalOTCA K 3emne, a Al —
NyTb, ONPeAenAeMbliA NO WKane, HepruA, NepejaHHan rasom rpysam A, Bbipa-
3UTCA B MKOYNAX, ECNA CHNa M3MepeHa B HbOTOHaX, a NyTe B MeTpax. MoxHo
NnW B 3TOM cnydae yteepxaath, yto Q@ = W ? NlorMka noackasbiBaeT, YTo Takoe
pelleHMe OKaXETCA CKOPee WCKMHKYeHWeM, YemM npasunom. Mbl MOXKeM 3aKknu-
HWTb NOPLUEHb M BCE KONMWYECTBO Tenna, NOMy4YeHHOE rasoMm, MOMAeT Ha yBenu-
YeHWe AaBNeHWA BHYTPW UMNWHAPaA, a pabota BbinonHexa He Gyper. [inA Toro
4T06bl 3aKOH COXPaHEHWA IHEPruM He HapyLluMncA, Heo6XoAM MO NPeaNnoNoXKUTh,
YTO NPV 33aKNWHEHHOM MOPLUHE BCA 3HEPrUA, MONyYaemaR CUCTEMOIA NyTem
Tennonepejay, MAET Ha yBENW4YeHWe 3Hepruu camow cuctemsl. BnonHe porniyc-
TMM M TaKOW CNy4ait, NPM KOTOPOM TONbLKO YacTb 3HEPrMM, NONYYeHHOW CUCTe-
MO, pacxoAyeTcA Ha noAHATMe rpy3a. OBo6wam 3To, MOXHO yTBEpPXAaTb
cneaywowee. Ecnu nepea Havanom npouecca 3HEPrMA CUCTEMb! OnpeaenAnack
BenuuiHoi U;, a nocne ero 3aBeplieHVWA oHa cTana pasHoi U,, To pazHoCTb
U, — U; = AU byper oTpaxaTb cOGCTBEHHOE W3MEHEHUE 3IHEPIUM CUCTEMBI.
310 cobcTBEHHOE W3MEHEHME WMEHYETCA WM3MEHEHVWEM BHYTPEHHEH 3Hepruu.
3aKOHOM COXpaMeHWA 3HEePruM npeanucbiBaeTCA, YTO W3MEHEHME BHYTPEHHeW
3JHEPrvmM A0NKHO ONPeAenATLCA TONLKO PasHOCTLIO Mexay Q u W,

Tenepe Heo6x0AMMO AOrOBOPUTBCA O XapakTepe 3HaxkoB. lNonyuveHwe 3Hep-
MM cuctemoit B hopme Tenna oBGo3HauyaeTcA 3HaKoM '+, a nonyvyeHne cucTeMoin
aHepruM Apyrum nytem — '~ YuaThiBaA 3TM npasuna ANA CNyYaA, Korpa
cMcTemMa He BCHO NPUHATYIO TENNOTY TPaTUT Ha BbINONHEHWEe pa&JThl, MOXHO
3anucaTtb

Q=AU+W, (1.3)

BHyTpeHHAR 3HepruA (U) Bcerpa nonoxwutensHa, Moatomy, ecnu npy TpaHc-
thopmaumu oaHoM hopPMbI IHEPrUM B APYTYH 4acTk 3HEPrMM OCTanach B CUCTEME,
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T0 AU OKaXeTCA NONIOMATENbHOW; ECnM Ke el MPULLINOCK MOTPaTTh M YaCTb
cBoen cobcTBeHHoM 3Heprum, To AU Byaer umers 3Hak "—'.

Ypasrenve (1.3) npeacraenAeT HauGonee ynoTpeGuTensHyio 3anuck Nepeoro
3aKOHa TepMoAMHaMUKK, TakaA 3anvcCh BblPaXKaeT CNeAylowee: 3HEPIUA, Nony-
YeHHaA CMCTEMOW NpW Tennonepeaave, MoxeT BbiTh M3PACXOA0BAHA HA NPy pPaLLe-
HME ee BHYTPEHHEA 3Heprun U Ha BbinonHeHwe paboTel. EcTecTBeHHO, 4To 06BAC-
HeHve ypaBHeHuA (1.3) Henb3m OTOXAEBCTBNATHL C AoKasaTenscTBoM. B aaHHom
cnyvae matemaTWyeckad 3anvWcb — 3TO 3anWCh NOCTYNara, COrNacHo KOTOpoMmy
3HEprMA He MOXeT ucyesHyTe BeccnegHo. MpuHAB 3TOT NocTynar, Heo6xoaumo
caenath Cneayrollee 3aKnYeHMe : ecnv CUCTEMY NPOBECTM Yepe3 PAL COCTORHWIA,
a 3aTeM BO3BPaTMTb B TakKoe, NpYM KOTOPOM MapameTpbl COCTOAHMA npuobpe-
TYT NepBOHavanbHble 3HaYeHWA, TO MepBOHavYanbHoe 3HaueHwe npuobperter W
BHYTPeHHARA 3HepruA. Ecnu 6bl 310 Gbino He Tak, TO NPOBOAA CUCTEMY uepes
PAA COCTOAHWA M BO3BPallanck B MepBOHaYanbHble YCNOBWA, MOXHO Bbino Gbi

- nmbo nuwaTe cUCTeMy BHYTPeHHel 3Hepruu, nubo GecnpefensHo ee yBenuuM-
BaTb, HE NMPOWM3BOAA M3MEHEHWIA B OKpy»XKalouwen cpeae. MockonsKy 310 NpoTu-
- BOPEYAT 33aKOHY COXPaHEeHWA 3HEepruM, TO HEe OCTAeTCA APYroro BbIXOA3 Kak
. MpW3HaTh, YTO BHYTPEHHAA SHEPrMA CMCTEeMbl OAHO3HAYHO OTPaXKaeT ee napamer-
'Pbl COCTORHMA W M3MEHAETCA BMeCTe C M3MeHeHWeM 3TuX napameTpos. B 3tom
_CNy4ae FOBOPAT, YTO BHYTPEHHAA 3HepruAa npeactaenmet coboit dyHKuMO
 napameTpoB COCTOAHWA, B AanbHeilleM BenuuMHy, KOTOPYIO HENb3A Henocpea-
" CTBEHHO M3MEpPUTh, HO MOXHO (hYHKUMOHaNLHO CBA3aTh C NapameTpaMu COCTOA-
_ HMA cucTeMbl, Mbl Gyaem MMeHOBaTb ANA KPaTKOCTM (ByHKYUed COCTOAHUA.
BHyTpeHHAR 3HepruA — hyHKUWA COCTOAHMA CUCTEMBI,
Ecnu cuctema npoxoauT pasnuyHbie COCTOAHWA, @ 3aTeM BO3BPALLEETCA K
. MepBOHaYafnbHLIM YCNOBUAM, TO, ECTECTBEHHO, ee napameTpbl COCTORHWA W
 hyHKUMWM COCTOAHMA npWoBpeTaloT npexkHve 3HaYeHwA. B cBA3W C Tem, 4To
"hpu BO3BPALEHWA CUCTEMbI B NpeXKHee NonoxeHve, yHKUWA COCTOAHWA MNPUHU-
- MaeT npexkHee 3HayeHWe, TO MO OKOHYaHMM Takoro npouecca AU = 0. Otclopa
|Blle OAHa MaTeMaTMecKaA 3anuck nepeoro 3akowa ¢ (Q — W) = 0. WkTerpan
. MO 3aMKHYTOMY KOHTYpY OT nonyveHHoW (oTaaHHoN) TennoTsl M BINONHEHHOM
cuctemoir (Mnu Haa cuctemoi) pabBoTkl paBeH HYN. 3TO e BblPaXkeHWe MOXKHO
3anucath Tak:

$dU=0. (1.4)

3~ PaseHcTBO Hynio MHTErpana no 3aMKHyTOMY KOHTYpy MO3BONAET NpMNMcaTh
NOALIHTErPanbHOW BENWMYMHE OYeHb BAXKHOE CBOMCTBO: M3MEHEHME €8 OT TOYKM
@ Ao TOMKW b He 3aBMCMT OT NYTHU, NO KOTOPOMY NMPOBOAAT npouecc. Matema-
TUYECKaA UNNIOCTPaUUA 3TOrO AaHa B 1PUNOKEHUM.

Ocobo noaYepKHEM, YTO B OCHOBE MEPBOro 3aKOHa TEPMCIAMHAMUKMN NEXUT
NoCTynaT TONbKO O COXPaHEHWM 3HEPrUW N noaTomy ypasHenuaAmu (1.3) v (1.4)
noabueaeTcA NUWL 3HEpreTMYecKWid BanaHc, KOTOpeIA Beerga AONMEeH WUMeTh
MecTo npv obmeHe 3Hepryed AByX mnv Heckonekux obvekToB. /Tepesild 3akoH
TePMOOUHAMU KU BOBCE HE 0AET OTBETA, 8 KAKOM HanpassieHul IHEPUA O0NIHHa
nepedagatsCcA U ¢ Kakol CKOPOCTHI0. JTOT CYLLECTBEHHbIA MOMEHT NpeacTaBnA-
8T onpeaeneHHsle TPYAHOCTM ANA NOHUMAaHWA, MOCKOMNbKY Mbl MPUBLIKAK,
YTO nepexoA 3Hepruu Bceraa MAeT B CTOpoHy Bonee HM3KOro yPOBHA: KaMeHb
NapaeT csepxy BHW3, TennoTa nepeaaeTcA ot Bonee Harpetoro Tena Gonee xonoa-
HOMy, NOpPWeHb ABMraeTcA B HaNpPaBNEHUM MeHblUero Aasne’nA v Ta. Ho
WUMEHHO 3TO He ABMAETCA HW CNeACTBUEM, HU Heobxo AMMBIM yCnoBuem, nq;;aor'b pid
‘3aKOHa TepMOAUHaMUKW. [To3ToMy, 8 NPUHYUNE, HE Hapywan 3TOT, @;\’H&‘-

- HE 3HaA HUKAKWX APYTUX, MOXHO PacCCMAaTpu8ars TaKue npoyeccsl, & @roDsIX
- UMeIOTCA NpoTUBOpeYalue 30pasomy CMbicny, HO HE nporueopewauﬂr &eo e
5 ;Iixony TepPMOOUHaMU KU CryYau nepedayu 3Hepzuu, Hanpumep: camgmnaaa b <G
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HWan nepepava Tenna 0T MeHee Harpetoro Gonee HarpeTomy Teny. BaHo, 4To6bi
B Npouecce TaKoi nepeaaum aHepruA He ucuesna GeccnegHo u Gbinu coxpaHeHs:
npusegenHsie Bbiwe ypaerenwA (1.3) u  (1.4). Hecmorpa Ha orosopKky o
cBoBoaHOn nepepade aMEPrMM 8 nwOOM HanpasNeHUM, Nepeblit 3aKoH TEPMO-
ANHAMUKK® HE TONLKO MONHOCTLIO NPUMEHUM K PeanbHbIM fPOUEccam, HO M
NO3BONRET BbIABMTL PAA HOBbIX BECbMA MONE3HbIX M MNPAKTUYECKW BaXKHbIX
hYHKUMA.

Buibop cuctemsi. Pabora. OcraHoBuMcAa Ha CTpykType ypasHenwin (1.3)
n (1.4). B npueeseHHbix ypasHeHWAX BenuunHbl O u W oTHOCATCA K npoueccy
nepesayn aHepruM U MoryT ObiTh M3MEPEHbI 3@ Mpejenamu CUCTEMb! NO N3Me-
HEHWAM, NPOUCXOAALIMM B OKpyxawuwen cpege. AU xapakTepuayeTr uameHe-
HUA, POUCXOAAULME B CaMOW cUCTeME. 3Ta BenuyvHa He 3aBUCHUT OT NyTeit, KO-
TOPLIMWM 3HEPrMA nonana B CUCTEMY WAW YAanwunack M3 Hee, W MO3TOMY He
naet wHpopmauun o6 atux nytAax. OHa nocTynupyeT TonbKO OAHO: ecnu 6a-
AaHC MeXKAy NMPUTOKOM U OTTOKOM 3JHEPrMM B OKPYMKaUeid CpeAe He cowen-
CA, TO AONHa BbiNa MIMEHWTLCA BHYTPEHHAR 3HepruA cuctemMsl. Bonee 3Toro
Mbl HUYEro cKasaTe He mMoXem. Mbl daxke noka He 3Haem, ¢ NOMOLLLI KAKKUX
flapamMeTpPoOB PaccYnTLIBAETCA W3MEHeHWe BHYTPeHHeln aHeprun cucTemsl, KoHeu-
HO, B MNPUHUNUIE MOXKHO OUEHUTL IHEPreTUYECKMEe UIMEHEHWA CUCTEMBI N0 U3Me-
HEHMAM, KOTOPbIE NPOW3BEAEHbI B OKpyxawowed cpege. Ho Torpa soofue
TEPAET CMLICT Bbifenedue oKpykawulei cpeagbl. OHa Begb BblgeneHa AnA To-
ro, 4Tobsl He yTpyxaare cefA usnuwHed uHdopMauuen oTHocUTenbHo cobbl-
TWHA, NPOUCXOARLLMX 33 MPeAenamMu CUCTEMBI.

CocpefoTosmmM MoaToMy BHUMaHWE Ha CUCTeMEe M NONLITaeMCA W3BNeYs No-
nesvyro undopmaumo 06 MIMEHEHWAX ee IHEPreTUYECKOro COCTORHWA, MONb-
3YACk NPU3HAKAMK CAMOWU CMCTEMBI — 8 NapaMeTpamMu COCTORHUA.

C meToanyecKou TOYKW 3peHuA npolue obHapy»mTe U HarnAQHee npeacTa-
BUTh W3MEHEHME Tex napaMeTpoB, KOTOPbie PEarvpyloT Ha MeXaHu4ecKoe
B38UMOEHCTBME CUCTEMBI C OKpyXxawlein cpegoin. OBGBLACHAETCA 3TO TeM, YTO
MeXaHu4YecKue B3aMMOAECTBMA NpeanonarawT CyUWEecTBOBaHWE YNpyrowd rpa-
HUlULI, Ha KOTOPOW cucTema w cpeaa 0BA2aTenbHO AOMKHbLI ObITH NPUBEAEHbI
B HENOCPeACTBEHHbIN KOWTAKT. YCunuA Ha 3TOW rpaHuue, onpeaenfilowue ne-
pepacnpegenedve 3Heprum, ByayT oueHMBaTLCA C NOMOLLK AABMNEHUA, KOTO-
poe 0Ka3piBaeT CUCTEMa Ha OKPYXawly Ccpeay WNW OKpYyXKawuwaa cpeja
Ha cuctemy. [lo3ToMy napameTp pasnedue HEOGXOAMMO Y4MTbIBaTh Kak
ANA CUCTeMBI, TaK W ANA OKPYxawouwen cpedbl. [InA nepegaym e TennoTel HeT
He0BX0AMMOCTH B HENOCPEACTBEHHOM KOHTaKTe CMCTEMbl W OKpY’Kaloulei
cpeabi. floatomy Jo nopsi 00 epemeHu YCroBuUMCH, YTO NOHATUE Temnepary-
P&l OTHOCUTCA TOMBKO K cucteme. Oxkpywarouwan cpeda eoobwe nuuiena 31020
noHATUA. Takoe NpeanonoXKeHWe AONYCTUMO, MOCKONbKY NEpPBbiM 3aKOHOM
TEPMOAMHAMWKW ONPEEnAETCA TOMbKO COXPaHeHue 3HepruM, HO He Hanpasne-
Hue ee nepeaayv. B obuwem cnyyae 06weM OKPYKaOWEN CPebl TAKKE NpeACcTaB-
fiAeT cobol Gecronesxyo AnA Hawero aHanusa UHho pMauuio.

No-euanmomMy, B KayecTBe CUCTEMbI HEOGXOAWMO MCNONL30BaATL TENO, U30NU-
pPOBAHHOE OT 3NeKTPUYECKUX, MArHUTHBIX W FPaBUTALMOHHBLIX NONER, TaK Kak
nocneaHue co3AalT 3IHEepreTUUYECKY HeoaHopoaHocTs cpedbl. Heo6xoaumo
TaKkyKe, 4ToBbI B CaMON CUCTEME e MPOXOAUNM HUKaKUX XUMUYECKUX peaxkuni,
NOCKONbKY OHW CBA3aHbl C NOTNOLWLEHWMEM WU BblAeneHMem 3Hepruu. B kavectse
cucTeMbl YA06GHO 'B3ATH Kakoe-Hubyas oAHOPOAHOE NpocToe BewecTBo, Hanpw-
Mep, W3OTPONHLIM KPWUCTann MMM OAHOPOAHYK >WAKOCTe. Ho nyuuie Bcero
gocnonb3oBaTtecA radom. BeiBop ra3a anA 3Twx uenen ygobeH Tem, uto Y
Hero B [OCTaTO4YHOWM CTEeNeHW APKO NPOABMAKTCA W3MEHEHWA MNapameTpos
COCTOAHMWA NPU ManenLwnx aHePreTUYeCK X 3MEHEHUA X,

JlanbHeiiwee YynNpouilgHWe CBA3aHO C WCNONb3oBaHWEM He BooOwe rasa,
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a uieanbHOro ra3a. 3To NO3BONMUT M3BekaTb OUEHKW IHEPreTUYECKUX NONPaBoK
Ha pasMep MONEKyn WM WX B3auModencTeue mexay coboit. [inA waeansHoro
ra3a matemaTtuueckan hopma CBA3W MeXay TemnepaTtypow, o6wemMoMm v pasne-
Huem ocobeHHo npocTa. JTa B3AWMOCEA3L DTpa)keHa B ypasHeHun Knanenpo-
Ha—MeHgeneesa (1.1). Buibop uaeansHoi rasosoit mogenu yaobeH ewe u tem,
4TO C NOMOLLBIO Be MOXHO BbIABUTL Haubonee obwue 3aKOHOMEPHOCTH, NpUcy-
LiMe BEWECTBaM M HEOCNOMHEHHbIe B KaXaom  KOHKPETHOM cny4ae CBOMMM
cneumMpmryeck MM 0cobeHHOCTAMK. Takoil MeTOAMYEeCKUA NpueM B HayKe Hau-
Gonee uyact M Habonee npoaykTueed. ‘Mol NpUxoaum K NOHUMaHWKO 3aKOHOB
NPUPOABI, AHANW3UPYA MNPOCTEALME CRyYau W ONYCKaA B CBOMX NepBbiX NonsiT-
Kax BCce ycnoxHeHuA'' [38, ¢. 14], Tak Kak WAeansHbIM ra3 — npocTan Mofenb,
TO XapakTep B3aWMOCBA3W rapameTpoB COCTOAHUA, UCNBLITLIBAIOWNX U3 MEHEHUA
noid BNMAHKWEM nepenayun aHeprvun, 3aece OYeBMACH. B AdHHOM Cnyy4yae BO3IMOXHbIE
W3MEHEHWA MOXHO CrpynnipoBaTh B CNEAYIOuIAe BAPWAHTbI:

1) uamerAeTcA ARasneHWe, a 06bEM OCTAETCA MOCTORAHHLIM;

2) uameHReTcA 06beM, a AaBNeHUe OCTAeTCA NOCTOAHHLIM;

3) n3ameHAeTcA 06beM 1 gaBneHue, a TeMNepaTypa 0CTaeTcA NOCTORHHON

4) M3MeHAIOTCA BCe TPW napameTpa — o6wem, Temnepatypa u aasnexdune. [py-
rUx CouetaHun, KoTopble He Guinu Gbi CBA3AHBI C HA3BaHHbIMMK, NO-BUAMMOMY,
NPUAYMETh Henb3A,

 AnA onpepeneHnA MAMEeHEeHUA yKasaHHbIX NapameTpos COCTOAHUA CUCTEMbI

OT 3HEpPreTUYeCKOro BO3AEWCTBMUA 3aKn4YMM MIeansHbIi raz B UMNWHAD C noAa-
BUXHLIM NOpwHeM. Maeanu3auunA 11poueccos NpeanonaraeT Takxe, YTo NopLLeHs
B UMNUHApe ABvkeTcA Gea TpeHwA. B aanbHeiwem, korpa He Gyger caenaHo
0coBbiX OroBOPOK, NMPUMEM, YTO KONWYECTBO rasa, 3aKnKMEeHHOro B UMAUHAP,
paBHO oAHOMY monio. 3To M36aBuT OT HEOBXOAMMOCTU KaxAblii Pas yyuTbiBaThb
n B ypasHeHuu (1.1). [inm oaHoro monA 7 = 1 u (1.1) npeobpa3yeTcA K Buay:

= RT. (1.5)

Yu4nTbIBaA paHee BbICKa3aHHbIE OF PaHUYEHUA OTHOCHTENBLHO OTCYTCTBUA BAWA-
HWA CUNOBLIX NONE W XUMMUUYECKUX peakuwnit B cucteme, obobwerHan paboTa
B ypasHeHun (1.3) moxer BbiTh 3amMeHeHa BeNWYMHOW, KOTOpPaR OTpaxaeT Tone-
KO MexaHu4eckoe nepemelieHue. 3To HacTHbIA cnyvail obweih paboTel, KOTOPLINA
MOXHO chopmynuposaTts cneaywowmm obpazom: ‘PaGota npouecca — 3to
JHEpPruA, nepeaagaeman OAHMM TEAOM APYrOMY MpyW UX B3aWMOAESHCTBUMW, HE
3aBMCAWEAA OT TemnepaTypbl 3TUX Ten U He CBA3aHHaA C NepeHocOM BewecTsa
OT oAHoro Tena K apyromy’’ [9, c. 17]. MexaHuyeckyto paboTy, BbINONHEHHYIO
rasoM WNu Haj HUM, Nerko y4YecTb C NOMOLWbI0 MexaHuima, uzobpaeHHoro
Ha puc. 1.3. Ecnu HanasuTs Ha NOPLUEHb € CMNOR F, TO OH NEPEMECTUTCA Ha pac-
croAnue Ah, Pabota, koTopaA npu atoM Byaer BbinonHeHa Hag ra3om, onpese-
NAETCA Npou3sBefeHueM cunkl F Ha npoiAeHHbId nyTe Ah, Tak kak cuna, npu-
NOXeHHaA K NOPLUHIO, paBHa fasnexnio P, YMHOXKeHHOMY Ha nnouwiaab nonepeyHo-
ro cedeHun s, To |W| = |PsAh|. B ceow ouepeas s Ah npeactaenfet coboi senn-
YMHY, Ha KOTOpYI W3MeHAeTCA obbem raza Npu NpPUNOXEHUWM BHEWHEro aas-
newnA P. Noatomy | W] =|PA V|. Teneps HecBX0anMOo NPUBECTH B COOTBETCTBIE
3HaKW. B naHHOM npumepe ra3 cxumancA U paboTa BbINOMNHANACE HAaf ras’om.
a3 npuobpetan aHepruio. B cOOTBETCTBUN C BbIGPaHHLIM PaHee NPaBUNOM 3Ha-
Koe pabota gonHa 6biTh OTPULATENLHOM.

Mpoussepene PAV Toxke MMeeT OTpWUATENbHbIA 3HAK, NOCKONBKY Ay ow
MeHbLIe Ny, KOHeYHbIN 06BEM MeHblue HAYanbHOro M PasHOCTb My oy — Myay
6yner umeTh oTpuuatensHbiid 3Hak. Takum obpasom W = PA V. Ucxoan u3 cka-
3a8HHoro, ypasHenue (1.3) moxHo nepenucate Q = AU+ PAV,

3arnuce B8 dopme PAV moeT co3gaTe BnesatneHne, YTo AasneHdue 8 npo-
uecce sbinonHeHWA paboTel BCE BPEMA OCTAETCA MOCTOAHHbIM, @ W3MEHAET-
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Puc. 1.3 Puc. 1.4 Puc. 1.5 .

Puc. 1.3. Moaens MexaHu4yeCKOro 83au MOAEHCTBMA C rasom
Puc. 1.4. [pacmueckoe nzobpaxeHue paboTel
Puc. 1.5. Canss mexay s Wu dV

cA Tontko o6bvem. B obBuwem cnyvae ato sosce He Tak. [laxe u3 aHanu3a TOALKO
4TO NPUBEAEHHOTrO NpUMepa O4eBMAHO, YTO YeM Bonblue CxxMMaTh ras, Tem 6onb-
we Heo6xoAMMO NPUKNaALIBaTL YCUNUA ANA ero AanbHenwwero cxaTtuA, Moatomy
Bonee rpamoTHow Byaer cneayowan sanuce: 6 W= PdV. 3pece 5 W — ucuesaio-
e manaA BenuMYUMHa BbINONHeHHoW- pabotel; P — pasneHwe (B obwem cnyuae
nepemeHHoe) , Npu KoTopom 3ta pabota esinonHAnack; dV— GeckoHeYHo manoe
n3mMeHeHne o6bemMa, NpUu KOTOPOM M3MeHeHWe A4BNEHUA OKaXKeTCA KpaiHe He-
3HAYUTENbHLIM, ‘

Bocnons3yemMcA rpadhukom C KoopauHatamu P — V. Ha takom rpaduke
(puc. 1.4) BenuuuHa paboTel mM3o6pakaeTCA NAOLWAALK, 3aKMIOYEHHOW Mexay
KOHEYHLIM W HauanbHbiM, o6bemMom. lMnowaak 3Ta BLIYMCNAGTCA KaK NpoU3Be-
AeHue AaBneHWA Ha npupaweHve obbema. Ecnv nasneHue Kaxcablid pas U3MeHA-
€TCA, KaK 3TO MOKAa3aHO Ha PUCYHKE, TO BeNWuMHY paboTbl MOXHO BbIMMCAWUTH,
pasbue Ha MMKPOY4YacTKW BCHO Nnowaab, 4Tobbl AaBneHue Ha TaKoM y4acTKe
MOHO 6bINO NPUHATL MOCTOAHHBIM. Yem Kopoue yuacTku AV, TeM TouYHee
6yneT BeiuvMcneHa nnowads. Nnowans MoXHO BbIYMCNWTL COBepLIeHHO TOYHO,
ecnu NpUMeHWTb ONepauuro UHTEerpuposaHwuA, Torn,a nonHaA paﬁora pacmup'_e‘,-.
HWA rasa oT V4 po Vp Gyaet pasHa

VB

w=/J PdV.
V4

MHTerpupoBaHne oKaXeTCA BO3MOXHbIM NpPW W3BecTHoM “'MyTW Nepexosa’
T.e. TOrma, Koraa AaHa (yHKUWOHaneHaA 3asucumocTs mexay P u W
cMMOCTb Mexay P u V moxeT 6biTh pasHoit. OTciona pasHeiM OKaXKeTcA p
TAT WMHTErPUPOBAHWA MpPU OAHUX U Tex ke 3HaweHnAx V, m Vg, 970 3
4To mexay SW w PdV HeT oaHo3sHauwoi dyHKumoHanbHod cBA3U, C
pasHele 0603HaYeHuA: dV — BeckoHeyHo manaA senvunHa — Audidepe
5W He aBnAeTcA AubepeHuManom, XoTA Toxe Mmanan senuuuna. Ha
rpachuYeckn noKasaHo, YTo NPAMONA cBA3W mexay &Wn dV wer. Mpu o
1Ol e BenwuuHe dV, 6 W Byaer pasnuuHoit B 3aBUCHMOCTU OT Pn
KOTOPOMY NPOXOAUN NPOLLECE, * :

Wtak, ecnu cuctema ByaeT o6MeHMBaTLCA C OKPYHaroLLen cpeaoit 3 @
NPUYeM OKaXeTCA, YTO OHa M3MEHAET CBoi CoBCTBEHHbIN IHEPTETUHECKH]
BEMb, TO B COOTBETCTBUM C NEPBbIM 3aKOHOM TEPMOAMHAMUKI MOXHO 3

6Q=dU + PdV. ‘
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