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AHHOTaumsa. MiccnepgoBaHns, CBA3aHHble C akcMoMaTusaunein TepMOANHAMUKK OT/IMYAOTCA 0COBOM aKTy-
anbHOCTbIO, TaK KakK TepMoOgMHaMMKa ABNAETCA OCHOBOW MHOrMx husnyeckmx Hayk. laHHaa Hayka ob6nagaeT yHU-
BepcasibHOW Teopueli ¢ 601bWNM MOTEHUMANOM ANA PasBUTMSA U BO3MOXXHOCTAMW MPOHUKHOBEHUS ee B Apyrue
Hay4yHble 06nacTn. Pa3BnTve akCMOMaTUUYeCKMX MeTOA0B B TEPMOANHaAMUKE ABNSAETCA BaXXHOW 3agadveli npu nsyde-
HUW CNOXHbIX cucTeM. B HacTosweli cTaTbe pacCMOTPeHbl MyTWM NMOCTPOEHUA aKCMOMaTUYecKol Teopuu Knaccmue-
CKOW TepMOAMHAMUKWN C MCNOMb30BAaHMEM MaTemMaTu4yeckoro annaparta guddepeHunansHoli reometTpumn. MNpenmy-
LLeCTBO CPeACTB reOMeTpMM OYEBUAHO: OHa AaeT HarNsA4HOCTb, YeTKOCTb U 06BbACHUMOCTb MHOTUX MOHATUA N NONO-
XXEHUN. ViccnegoBaHMa B 3TOM HanpaBfieHUW MO3BOAAT MOAYYUTb MNPUHLMNNANLHO HOBbIM NOAXOA K MOCTPOEHUIO
OeAYKTUBHOW TEOPUU W PackpbiTb reomeTpuyeckoe cofepXkaHue NOHATUIN TePMOAUHAMMUKW: 3IHTPOMMUU, IHEPTUN,
3HTaNbNUU n ap.

Resume. The researches in axiomatization of thermodynamics are especially urgent because the thermody-
namics is f basis of many physical sciences. This science possesses the universal theory with high potential for devel-
opment and opportunities of her getting into other scientific areas. Development of axiomatic methods in thermody-
namics is an important problem when studying difficult systems. In this article the ways of the axiomatic theory crea-
tion in classical thermodynamics are considered using the mathematical methods of differential geometry. Ad-
vantages of geometry is obvious: it gives presentation, clearness and explanation of many concepts and provisions.
Researches in this direction will allow to receive essentially new approach to creation of the deductive theory and to
open the geometrical meaning of concepts of thermodynamics: entropy, energy, enthalpy and etc.

KntoueBble cnoBa: akcMomaTuKa, TepMOANHaMMKA, SHTPONUSA, 3HEPTrusA, reoMmeTpnuyeckoe 060CHOBaHMe MOJO-
XXEHUN TeEpMOAUHAMUKMA.

Keywords: axiomatics, thermodynamics, entropy, energy, geometrical justification of provisions of thermody-
namics.

BBepneHwve

AKCNOMATUYECKMIA MeTof, AB/AETCA OAHUM M3 CMOCO60B AeAYKTMBHOIO MOCTPOEHUSA Hay4YHbIX
Teopwvii. B TepMogMHaMyKe NPOLECC aKCMOMAaTU3aLMN HayKn AUTCA y>ke 60s1ee CTa SIeT N UMeeT CBOeiA
Lenbio onpegesieHe OCHOBHbIX MOHATUIA, YyCTaHOB/EHME 3aKOHOMEPHOCTEN M (DyHAaMeHTalbHbIX 3aKO0-
HOB. MHO>KECTBO NOAXO0A0B YKa3bIBAET Ha TO, YTO aKCMOMAaTUYECKOe Hanpas/ieHne B 3TOM Hayke, HeCMOT-
ps Ha 4nTeNbHbIE oAbl NMOMCKOB, HAXOAMTCA MOKa Ha aTane CTaHoBMeHus. Mo3aTomy Ans Toro, YTo6bl
MoslyuYnTb 3aMeTHbIN pe3ynbTaT B UCCMef0BaHNAX JaHHOM Npo6siembl, HEOOXOAMMO BEPHYTLCA K (DEHO-
MEHO/I0rMYEeCKUM METOAaM, KOTOPble 06ecrneymBatoT TECHYIO CBA3b MeXX/y Teopueit U OMbITOM M NO3BO-
NA0T CO34aTb HayYHYIO OCHOBY A/15 aKCMOMaTu3aumnm TeEopuUn.

Kak nokasan aHaivM3 nuTepaTypHbIX UCTOYHWKOB, MOCBALLEHHbLIX Npo6/iemMe akcMomMaTu3aumm
TEPMOAMHAMMKK, paboT, OCHOBaHHbIX HA FEOMEeTPUYECKNX MPeACcTaBAeHNAX MHOTOMEPHbIX (PU3NYECKMX

MPOCTPaHCTB, KpaiiHe Maso. [aHHoe HampaB/ieHUe McC/efoBaHWi 3aTPOHYTO 60/1blUe BCero B padoTax
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danbka 1 tOHra [1], yactuuHo B pabotax K. Kapateogopu [2] u Mnoa3seesckoro [3]. OgHako, cerogHsi
SICHOrO MpPeACTaB/IEHNSA O CBEAEHUN TEPMOANHAMMYECKUX MPOLIECCOB N 0OBEKTOB K MPOCTPAHCTBEHHbIM
reoMeTpPUYECKUM CTPYKTYpPaMm M OTHOLUEHUSM NpPaKTUYeckn HeT. MeToapl AnddepeHLManbHOM reoMeT-
pUK NO3BONSIOT MNPY FEOMETPUYECKOM OMMUCAHUW CTPYKTYPUPOBAHHOMO MPOCTPAHCTBA COCTOSIHWNI TepMO-
ANHaMMYECKNX CUCTEM CDOPMY/IMPOBaTb aKCMOMATUYECKUE MOAX0Abl K N310XKEHMIO OCHOB TepMoanHa-
MWK 1 NONYYNTb HOBbIE AaHHbIE O COAEPXKaHUW (hyHAAMEHTa/IbHbIX TEPMOANHAMNYECKNX BENTUYNH.
Llenbto JaHHOW cTaTby SIBASIETCA U3Y4YeHME BO3MOXXHOCTU MPMMEHEHMS METOAOB W CPeAcTB reo-
METPUYECKOWN aKCMOMaTUKM A/18 MOCTPOEHUS HETPAANLMOHHOM CUCTEMbI M3/TOXKEHWST MONOXKEHWI TEpMO-

AVNHaMMKW, OCHOBaHHO Ha CO34aHNV FreOMETPUYECKMX MOAENEN COCTOSAHWIA, MPOLLECCOB 1 COOTHOLLIEHWIA.

HeKoTopble CyLLIecTBYHOLLME aKCMOMaTMUYeCcKe Noaxobl B TepMOgMHAMIUKeE

AKCHMOMATUYECKMIA METOA, NpeAnonaraeT, YTo BHayane nepeyuncnsoTcs OCHOBHbIE NCXOAHbIE MOo-
HATUA U OA0TCA UX OMpefeneHuns, nocne Yero BblbMpaeTcs orpaHMYeHHOE KOMMMYECTBO MPUHMMAEMBIX
6e3 foKa3aTeNIbCTB YTBEPXKAEHNI - aKCMOM WM NOCTyNaToB. Bee MCXo4Hble MOHATUSA, aKCUOMBbI U MOCTY-
natbl OCHOBbIBAKOTCA Ha OMbITHbIX AaHHbIX W CHUTAKOTCA UCTUHHBIMU B CUY UX OYEBUAHOCTU U (heHOMe-
HO/IOTMYECKOTO cofepXkaHusa. [anee hopMynmMpyrtoTCcAa OCHOBHbIE MPUEMbl UCCEA0BaHUSA, JIOrTNYecKue
thopMbIl 1 NpaBuia BbIBOAA NOMOXKEHW Teopun (MeTOA0B), MO3BOAOLME NOCNeA0BaTeNlbHO BbIBOAUTH
OLHU CY>KOeHUsA U3 apyrux. Ha ocCHOBe akCUMOM 1 NMPUHATBLIX METOA0B BCE OCTasIbHbIe MOSIOXEHUSA TEOPUM
BbIBOAATCA MyTEM [0Ka3aTe/bCTBa TEOPEM N Pa3BUTUSA UCXOAHbIX NMOSIOXKEHW 1 YTBEPXKAEHNIA.

CyLLeCTBYIOT ABe OCHOBHble CUCTEMbI U3/MOXKEHNS OCHOB TEPMOAMHAMMUKW, XOTA Pas3/iMyHbIX Ba-
puaumini aTMx cucteM HabnogaeTcs 3HaunTeslbHO 60sbliue. TPaANLMOHHBIV MOAX04 M3HaYanbHO 6bln
npeanoxxeH Knaysunycom v pyrmmu Knaccukamv TepmMoavHaMmKn. AKCMOMaTMYEeCKast CUCTEMA U3/0Xe-
HU1S OCHOB TepMOMHaMUKK BBeAeHa B HayKy K. Kapateogopu v ero nocnegosatensamu. [Nepsyto cuctemy
00bIYHO KPUTUKYIOT 3a C/IMLLKOM TeCHYIO CBA3b C MpoueccaMmm paboTbl TEN0BbIX MALUUH, MPOTUBOPEYN-
BOCTb HEKOTOPbIX MOMOXKEHWNI N HeOCTATOUHYIO Bblpa3nTe/lbHOCTbL MaTeMaTmyeckoro choopmanuama [l, 2,
4 - 10]. BTopyto - 3a abCTPaKTHOCTb M JOPMasIbHO MaTeEMaTUYECKNIA MOAX04 K YCTaHOBMEHMIO TEPMOAM-
HaMNYeCKNX MOHATWUM, KOTOPbIA He COOTBETCTBYET CTU/IO0 TEPMOAMHAMUYECKMX UCCNef0BaHNA N Hapy-
LaeT (PU3NYECKyI0 ACHOCTb M MPOCTOTY OCHOBHbIX MOSIOXEHWIA.

Oc060 0TMETMM, YTO B 060MX NOAX0AaX UCMOJb3YeTCH OANH UCXOAHbLIA MPUHLMM, NOMOXKEHHbIN B
OCHOBaHMe BCex NnocneayoLmrx BbiBo4oB. Kak crnpaseannso oTmeTun A. 'yxmaH [4], Bca cuctema Tepmo-
OVNHaMUKX hOpMyNnpyeTcs Ha BCEOOLLEM MOMOXKEHUN  He3bl61EMOCTN TePMOAVNHAMUNYECKON (hopMbl
ypaBHeHUs 3aKOHa COXpPaHEHUS W MpeBpaLLeHMs 3HePrm, KOTopoe AB/SeTCA (PyHAaMeHTa/lbHOM 3aKo-
HOMEPHOCTBIO B U3N0XKEHUN TEPMOAVNHAMUNYECKMX OCHOB.

Ha npoTs>keHnn Bcero pasBnTnsa TePMOAMHAMUKN OAHUM M3 Hambosee BaXKHbIX HanpaBieHUi
COBEPLLUEHCTBOBAHMSA €€ TEOPUM CUMTAeTCA 3ajada akcmomaTusaumm ydeHns ob aHTponvn. B uenom ak-
CYOMaTUKa TEPMOANHAMUKN UMEET CBOEN Lieiblo onpefeneHne OCHOBHbIX MOHATUIA, YCTaHOB/IEHWe 3a-
KOHOMepHOCTel 1 (hyHAaMeHTaNbHbIX TePMOANHAMUYECKNX 3aKOHOB. OHaKo Bce paboTbl B 3TOWN 0b6na-
CTU B TOM WX MHOM BUfe NpecsefoBasiv B OCHOBHOM OAHY Le/b - NpuaaTh y4eHUo 06 3HTPoNun Noru-
YeCKyto CTPOrocTb.

B cooTBeTcTBMM € Noaxoaom Kaparteogopu, MCXO4s M3 NOFMYECKOM U MaTeMaTUUECKOM CTPYKTY-

Pbl YPpaBHEHNA COXPaHEHNA 3HEPTIUN, NOKa3biBakOT, UTO AJ/IA MHOTUX NMNapaMeTpoB 3TO ypaBHEHWE Npea-
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cTaBMMO AndpdpepeHumanbHbiM ypaBHeHUeM [Mdadda Buaa: dQ=P1(z1z2...,zdz1+...+Pn(z,z2...,zndzn,
roe Q - KOMMYecTBO TensoThl, /K - napameTpbl CUCTEMbI, @ BE/IMUYMHBI PK - yHKLMN 3TUX NapaMeTpoB.
Kapateogopw noctynmposan agmabaTtnyeckyto HegOCTUXMMOCTb KaK YHMBepPCaslbHOe CBOWMCTBO BCeX (pu-
3MYECKUX CUCTEM W [0Kas3asl CnpaBef/IMBOCTb TeOpeMbl: €C/IM B OKPEeCTHOCTM HEKOTOPOi TouKu 7l
MEPHOI0 NPOCTPAHCTBA CYLLECTBYIOT TOUKM, He AOCTVKMMble 6e3 HapyLLeHWs ypaBHeHUs dQ=0, TO AaH-
HOe ypaBHEHMEe rONIOHOMHO U A1 HEro CYLLEeCTBYeT MHTErpupyowmnin genutens [2]. Janee Kapateogopu
NMoKasblBaeT, UYTO MHTErpupylowWwmnm dennTenieM ypaBHeHUA AN 3/1EMEHTAPHOrO KO/iM4YecTBa TensoThl
ABMsieTCA abCcoMoTHaA TeMnepartypa B popMe YHMBEPCasibHOM YHKLMM 3MINPUYECKO TeMnepaTypbl. B
CBOIO 0Yepefpb, 06WmMiA nHTerpan ypasHeHuns MNdadcha Ana KonmyecTBa TeNI0Tbl ONpegesieH Kak 3HTpo-
nmsa cuctemsl, T.e. ds=dQ/T.

Mo mHeHnO A. T'yxmaHa, B JaHHOM aKCMOMaTUYecKOM BapuaHTe ydeHUsi 06 3HTponuu 3agada
060CHOBaHWSA CYLLECTBOBAHMSA SHTPOMUKU B NMpuHUUNe pewleHa [4]. Mpwn 3TOM K NoJlydeHHOMY AOKa3a-
TeNbCTBY HMKakne (U3NYecKue ruroTesbl, KPpoOMe nocTynara agmabaTmyecKo HefoCTUMXKMMOCTU, He
npusnekatoTcs. OgHaKo, B YeM (hm3nyeckass M reoMeTpuyeckas CyTb NpuUHUMNA aanabaTnyeckon Hedo-
cTmwknmoctn K. KapaTeofopu He packpbiBaeT. B HacTosiLee BpeMs 06beM OMbITHbIX AaHHbIX HeoCTaTo-
YeH AN NPU3HaHWA NocTynara agnadaTnyeckoi HefOCTUXKMMOCTY YHUBEPCASIbHBbIM (PU3NYECKUM MPUH-
LMroMm.

B cBoto o4epegp, Npy hopmyIMpPoOBKE aKCUOMAaTUYECKOM TEOPUM Ha OCHOBE JIMHERHbIX andde-
peHunasbHbIX QopM . PasibK UCXOAUN U3 CYXKOEHUSA, YTO K/1acCUYeCKoe MOCTPOeHVE TepMOAUHaMUKN
ABNAETCA HE OYEHb CTPOrMM U He COOTBETCTBYET TeM TPeboBaHUAM, KOTOpbIe MPefbaBAsSeT akcuomMaTu-
yeckunin meTog, [1]. OH obpalian BHMMaHWe, YTO ypaBHEHME COXpaHeHUs aHeprmn B Buge dQ=du+dA oT-
HOCUTCA K Mnpoueccam, a He K COCTOAHUAM, T.e. peub MAET 0 (BYHKUUAX Ha MHOroobpasum KpuBbIX -
(hyHKUMAX, apryMeHTaMM KOTOPbIX CY>XXAT KPpMBble NPOCTPAHCTBA COCTOAHUSA. B cBOIO ouepesb, hyHKLUK
COCTOSAHUSA COOTBETCTBYIOT MOMHBLIM AndhepeHuyanam. Vicxoaa ns atoro, OH NPUXOAUT K BEXKHOMY Bbl-
BOAY, YTO POPMY/IMPOBKA MNEPBOro Havasia TEPMOANHAMUKM OKa3blBaeTCA TECHO CBA3aHHOW C NMOHATUEM
HenpepbIBHOIO NPOCTPAHCTBA COCTOAHUI TEPMOANHAMUNYECKNX CUCTEM.

danbK noLues No Nyt HOBOrO MOCTPOEHMS TEOPUM, OCHOBAHHOW Ha WCMO/b30BaHMM 3aKOHO-
MepPHOCTeNM NnHelHbIX AnddepeHUnanbHbIX OPM B MHOrOMEPHbIX MPOCTPAHCTBax, HO MCMOMNb3yeMble
VM aKCUOMbIl TAaKXe He SBMIAITCA OYEBUAHBIMU U ABHO He BbITeKaloT M3 onbiTa. OfHaKO OH BrepBble

npeasioxKusn FGOMeTpI/I'-IeCKVIM noaxod akcnomarmsayunn TepMmoanHaMmMKM Ha OCHOBE TEOPUN JNIVHEHbIX

AnepeHumMabHbIX hopM.
MyTn NOCTPOEHUS reOMeTPUYECKOM aKCMOMaTUKN TePMOANHAMUKM

B npouecce akcroMaTM3aumm BHavase criefyeT BbIAENUTL CMbIC/IOBOE COAEPXKAHME OCHOBHbIX 3/1e-
MEHTOB MOHSITUINHO-KaTeropmMasibHOro annapaTa TePMOAVHaAMMKN, MOAMEXALUMX B AasibHelleM gopma-
M3aumm B NPOLLECCE MOCTPOEHNSI FTeOMETPUYECKUX Mogeseid. Hanbosiee BaXKHbIMY MOHATUSMM B paMKax
3TOr0 SIBMSAIOTCSA: TEPMOAMHAMUYECKAA CUCTEMA, TEPMOAMHAMUYECKME BESIMUMHBI, COCTOSIHUE CUCTEMBI,
TepMOAVHaMWYeCKMe NnapameTpbl, PABHOBECHbIE M HEPABHOBECHbIE COCTOSIHMSA, TEPMOANHAMUNYECKNE NPO-

Liecchbl, 06paTMble 1 HEOGPaTMMbIE MPOLIECCHI, (PYHKLMM COCTOSIHUS U (OYHKLMM NpoLecca U T.4,
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CerogHss MOXXHO Ha OCHOBE FeOMeTPUYECKNX NPeACTaB/IeHNIA MPeaIoXKNUTb HECKO/TbKO NOAX0A0B
B peLueHnM Npobembl akcnomarmsaunmy TepmoamHamukn. MNepBbld NyTb NpeanonaraeT npeacrasieHme
NPOCTPaHCTBa COCTOSAHWIA CUCTEMbI B BUAE HEMPEPbLIBHOMO MHOrOMEPHOI0 NPOCTPaHCTBa (KOHTUHYYMA) n
NOCTYNNPOBaHMe BO3MOXHOCTU 3aaHNSA B KaXKOW TOUKe MPOCTPaHCTBa COCTOSAHWIA KOMM4YecTBa Temnno-
Tbl Q(M) B BMe HEMPEPBLIBHOIO CKa/IAPHOr0 MO 3MNUPUYECKON Mepbl, 3aBUCALLEl OT NapaMeTpoB CO-
CTOSIHUA CUCTEMbI. [JONOSHUTENbHO K 3TOMY B OKPECTHOCTW MPOU3BOSIbHOM TOUKM M NpnHUMaeTcs ak-
CYOMa, NO3BOJIAKOLLAA MPeACcTaBUTb CBA3b MEXXAY KOMMYECTBOM TErM/I0Thbl M aHaIMTUYECKOW (DyHKLMeN
Temnepatypbl T =T(/n, z2, ..., Zr), KOTOPYO MOXHO OMpefesuTb KaK abCcoMoTHYHO TemnepaTtypy, B BuUfe
dQ=ci-dT. MaTemaTnyecku OCHOBHOe OT/IMUME CKaSIAPHOr0 NOJIA KOMYECTBA TeNI0Tbl OT PYHKUUM TEM-
nepaTypbl COCTOMT B TOM, 4TO nosie Q(M) He CBA3aHO C BbIGOPOM CUCTEMbl KOOPAWHAT, a (PyHKLUSA
T =T(/n,z2 ..., Zr) cBA3aHa C BbIGOPOM KOOPAMHATHbLIX OCeli HE3aBUCUMbIX NepeMeHHbIX 2§22, ..., z,.. Ans
TOro, 4Ttobbl 060CHOBAHHO BbIGpPaTh BUA (PYHKUMM TemnepaTypbl T =T(/hz2 .., zr), ycTaHaBiMBawT
CBSA3b 3TOM BE/IMYMHBI C SMMMPUYECKON Temnepatypoii t =t(M), KoTopasi O4HO3HAaYHO XapakTepusyeT
Ka>Kf0e COCTOSIHME U3y4aeMoii CUCTEMbI.

BTopoii nyTb akcnmomatmsaumm npegnonaraeT NocTyIMpoBaHMe B MPOCTPAHCTBE COCTOSAHNI hak-
Ta CyLLeCTBOBaHMSA CKa/IAPHOrO Mosis AMMMPUYECKOM Mepbl B BUAe aMNupuyeckon temnepatypbl t =t(M)
N BO3MOXXHOCTb OMMCaHWUS 3TOro Monsi aHanMTUYeckon diyHkumei T =T(/n, z2 ..., Z,), KOTOPYI Takxe
MOXHO OMpefesiuTb Kak abCoMoTHYO0 Temrepatypy. a8 onucaHWsa peasibHbIX TepMOAMHAMUYECKNX
NPOLECCOB AO0MOTHUTENIBHO NPUHMMAETCH akcMoMa, Mo3BOSAOLLAA MPeAcTaBUTb CBA3b MeXy Konde-
CTBOM TeMN10Thbl U TemnepaTypoii B Buge dQ=crdT.

TpeTbst BO3MOXHOCTb CBSA3aHa C MOCTY/IMPOBAHUEM CYLLECTBOBAHUSA B MHOrOMepPHOM MPOCTpaH-
CTBE COCTOSIHUA 3MMUPUYECKMX MEP B BUAE CKANSAPHOro MNO/MS BEPOATHOCTU COCTOSAHWUS CUCTEMbI
w =w(M) n ckangpHoro nons konunyectsa Tennotel Q(M). BepossiTHOCTb COCTOAHUA onpefenseTcs no
COBMECTHOMY COObITUIO OAHOBPEMEHHOIO HAbAEHNSA COBOKYMHOCTU Yncen zuz2, ..., Z,, KOTOopble AB/SA-
I0TCA MapameTpamu CBOMCTB cucTeMbI. [laHHas BEPOATHOCTb MOXKET Haxo4MUTbCA TEOPETUYECKMM MyTEM
U aNrOPUTMUYECKM Ha OCHOBaHMM CTaTUCTUYECKOM 06paboTKM AaHHbIX onbiTa. [na co3gaHuns cpedbl
MOZENMpPOBaHMA BBOAUTCA aHaNMTU4YecKasd yHKUMA abcontoTHoli Temnepatypbl T =T(zhz2 .., z,), KO-
TOpas 3aBUCUT OT BbI6Opa KOOPAVHATHBLIX OCEN HE3aBMCUMMbIX NEPEMEHHbIX ZU 72, ..., Z,,. MeXay Konuye-
CTBOM TensioTbl M PyHKUMen Temnepatypbl T =T(zhz2 ..., z,) nocTynupyeTtcs cBa3b B Buge dQ=ci-dT, B
CBOK O4epedb [AN1S BEPOATHOCTU COCTOSHUS CUCTEMbI MOCTYNIMPYeTCA aHa/iorMyHas CBs3b B BUAE
dw=ciwdp, rge p - reoMeTpuyeckas BepOATHOCTb COCTOAHUA M [mn]. Ha ocHoBe ycTaHOBMEHUA B3auMo-
CBA3N MeXAY N3MEHEHUSAMWN KOMMYECTBA TeM0Tbl U U3MEHEHUAMUN BEPOATHOCTU COCTOAHUSA CUCTEMbI B
nboM npouecce ONpPeaenslTcs ypaBHEHUS CBA3M MeXay TePMOANHAMUYECKOW U MHAOPMAaLVNOHHOM
aHTponueid. Mpu 3ToM NpeaBapuTeSIbHO AOKa3bIBAETCA MPUHLMN CYLLLECTBOBAHNSA Pa3/IMYHbIX BUAOB 9H-

TpOI'II/II7I 0714 Pa3HbIX AMMNPUYHECKNX Mep (,CI,I'IH KO/1IM4ecTBa TEMN/10Tbl U BEPOATHOCTU COCTOHHI/IFI).

FeomeTpuyecKoe NnpeacTaBfieHe 3aga4 TEPMOANHAMUKMA

|_|pl/| MOCTPOEHUN ypaBHEHI/II7I COCTOSIHWIA TepMognHaMnN4YeCKNX CUCTEM BBOAUTCA NMapaMeTpusa-

LUnA - NpocTpaHCTBO COCTOSIHWIA npeacTaB/ifdAeTCA 06nacTblo reoMeTpn4yeckoro 4mcnoBsoro npocTpaHcTBa.
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JTO NO3BOJISIET ONUCATL KaXKA0e COCTOSIHME HABGOPOM uYmcen - napamMeTpaMu OCHOBHbIX CBOWCTB cUCTe-
Mbl. [lanee Bce napamMeTpbl 3a4al0TCs B BUAE HE3aBUCUMbIX KOOPAWHAT TOYEK, a YPaBHEHMS COCTOSIHUS
OrnpefensioT CBA3b MeXAY CBOMCTBAMU CUCTEMbI. TakM 06pa3oM, A/ KaXKA0ro KOHKPETHOrO BeLLecTa
Mbl MMEEM MOBEPXHOCTb, COOTBETCTBYHILLYK €r0 YPaBHEHUIO COCTOSIHMSA. J1H060€e COCTOsIHME CUCTEMBI,
orpeensieMoe COBOKYMHOCTLH HECKO/IbKMX MapamMeTPoB, M306paKaeTcsl TOUKOW Ha 3TOl MOBEPXHOCTU.
V13MeHeHWe napaMeTpoB CUCTEMbI OMpegensieT TEPMOANHAMUYECKNIA Npouecc. CrieaoBaTesibHO, COeau-
HWB BCE MOJIyYEeHHble TOUYKM, Mbl MOSYYMM SIMHUIO HA MHOTOMEPHOW MOBEPXHOCTU, U306payKaoLLyto
MpoLIecC M3MeHeHUsI MapamMmeTpPoB CUCTeMbI. [/15 NpuMepa Ha pyUcyHKe 1 npeAcTaB/ieHa NoBepXHOCTb COo-
CTOSIHUSA ugeasibHoro rasa T =T(p,v). 34ecb U, - 3Ha4YeHWe yAesbHOro 06bema rasa B OMOPHOM TOUKe

(Touke TasHMA Nbga); p O- cTaHAAPTU3UPOBAHHOE 3HAYeHMe faB/ieHns, paBHoe 03 Ma; T0=273,15 K.

To

Puc. 1. TeomeTpnyeckas NOBEPXHOCTb COCTOSAHUA mnaeanbHOro rasa

Fig. 1. Geometric surface state of an ideal gas

Uepes 3afaHHy0 TOUKY MOXeT 6biTb NpoBeAeHO 6ECKOHEUHOE MHOXXECTBO IMHWUM, NpUHagexa-
LLMX LLeSIMKOM MOBEPXHOCTU M MPeACTaBAAOLLMX COBOM pa3nNnyHble npolecchl. KacatenbHoM K MHUN B
3TOV TOUKe OyAeT COOTBETCTBOBAaTbL ONpPeAeieHHOe 3Ha4YeHNE TeMI0EMKOCTU, XapaKTepuayHLLein npoLiecc
M3MEHEHUS COCTOAHUSA CUCTEMBI.

FeomeTpmyeckoe NpeacTaB/ieHMEe peLlaeMol 3aga4m B paMkax AndtepeHuMansHoM reomeTpmum
MHOFOMEPHbIX MPOCTPAHCTB MOXXET ObITb ONUCAHO C/IEAYOLLIMM 06pa3oMm.

Cchopmupyem reomeTpruyeckoe 7-MepHOe MPOCTPAHCTBO MepeMeHHbIX AJ/1S napamMeTpoB CBOWCTB
TepMogmMHaMmnyeckoii cuctembl Q", rae z=(zbz2, z 1), ZkeQ". ToUKM 3TOro NPOCTPAHCTBA COOTBETCTBYIOT
71-MepHbIM Habopam 3Ha4YeHU BCEX MEPEMEHHbIX ZU Z2, ..., Z,. TakuM 06pa3oM, COCTOSAAHME NH60ro 06b-
eKTa B 71-MepHOM MPOCTPAHCTBE B KaXKAbI MOMEHT BPeMeHU 6yaeT 0TobpaxkaTbCsi MHOFOMEPHOW TOUKOM
M =M(zhz2  zn), npouecc N3MEHEHNSA COCTOAHUSA 06beKTa BO BPEMEHW - MHOrOMEPHOW KPUBOW, KO-

TOopas OnuUcbIBaeTCcs 3TOW TOUYKOM M B nmpocTpaHcTBe Q". MHOXECTBO COCTOSAHUMIA /1H060ro BeLecTsa Mo-
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YKET ObITb NPeACTaB/EHO HEKOTOPOWM XapaKTePMCTUUYECKOW MOBEPXHOCTbIO B AaHHOM MpOCTpaHCTBe, a
NpoLeccbl U3MEHEHUS COCTOSAHWI 3TOr0 BELLECTBA - KPUBbIMU, NMeXXallMMU Ha JaHHOW MOBEPXHOCTU.
MHO>XeCTBY BeLLeCTB COOTBETCTBYIOT CEMeCTBa NOBEPXHOCTEN, a OAHOTUMHbIM MpoLeccaMm - cemeicTsa
KPUBbIX.

OCHOBHble MPUHLUMMbLI, WUCMO/b3yeMble MPU FeOMETPUYECKON aKCMOMAaTMU3aLMN KNacCUUecKom
TepMOAVMHAMUKIN 3aKNoYaloTes B cregytoulem [li - 13].

B ocHOBY MCMNO/Mb3yeMbIX METOAOB MOMIOXEH KOHTUHYasIbHbIA NPUHUMIN NPeACTaB/ieHNs YUCo-
BOW MHGOopMauum B npocTpaHcTee Qn B COOTBETCTBUM C 3TUM MPUHLUNOM Cpeja B BUAE MHOTOMEPHOrO
MpOCTpaHCTBa MoKa3aTesieil CUNTAETCA HenpepbIBHOW, BECCTPYKTYPHOW, a KaXKAbl 3/1EMEHT MpoCTpaH-
CTBa CBA3aH CO BCEMW COCEAHMMMW 3/IEMEHTaMU C y4eTOM 3aKOHOMEPHOCTEN, CBOMCTBEHHbIX U3y4aemoii
npeameTHOM 061acTh. 3TO MO3BOJ/ISIET paccMaTpMBaTh MMEKOLLMECS OMbITHbIE AaHHbIE U TePMOANHAMU-
YecKune 3aBUCMMOCTU, UX OMUCBLIBAIOLLME, KaK HEKOTOPYIO BbIGOPKY M3 CMNIOLLHOM cpefbl 6€CKOHEYHOrOo
MHOXeCcTBa TEPMOAMHAMUYECKNX COCTOSAHUIA.

BTopoli ApuMHUMM OCHOBaH Ha ruMMnoTese, YTO TEPMOAMHAMUYECKUE [aHHble, 3aBUCUMOCTU U
ypaBHEHMS COCTOSAHWNI (DOPMUPYIOT B KOHTUHYalbHOM MPOCTPaHCTBE HEKOTOPbIV reomeTpmnyeckuii o6pas
- TOUKY COCTOSIHMS, KPUBYIO MpoLiecca Uan NOBEPXHOCTb COCTOAHUA. [laHHbI 06pa3 MOXeT 6bITb onmcaH
B BME MHOIOMEPHbIX FeOMeTPUUECKNX Mogenei. C 3TOW LENbio CUUTAEM, YTO KabKAOMY COCTOSHUIO
(ka>kpoi Touke M) mocTasneHa B COOTBETCTBME HeEKOTOpas amnupuyeckas mepa W, KoTopas npeacras-
nseT coboii BeNNUMHY, KOMIMIEKCHO XapaKTepu3yloLLyHo COCTosHME 06bekTa. Mepa W onpegensietcs B
onbITe NyTEM U3MEPEHMWI M OLEHOK 1 NMpeacTaBAseT co60 CUCTEMHYIO BENVMUMHY, HANpuUmMep, TeMnepa-
TYPY, KO/IMYECTBO TEMN/OTbI, CTATUCTUYECKYHO BEPOSATHOCTb COOLITUI 1 T.4. ITa Be/IMUMHA B LIe/IOM OfHO-
3HAYHO XapaKTepusyeT TepMOAMHAMWYECKOE COCTOSSHWE M 3aBUCUT OT MapamMeTpoB aTpubyTMBHbIX
CBOWCTB Zi, z2 z n Mogo6HbIA Noaxos No3BoseT MCMOMNb30BaTh OCHOBOMONAratLLee NOHATNE MaTeMa-
TMYECKOr0o aHa/iM3a - CKasipHoe Mose, 1 onucatb Mnosie SMNUPUYecKon mMepbl PyHKLNOHANbHOW 3aBK-
CUMOCTbIO.

TpeTnii NPUHLMN CBA3aH C BO3MOXKHOCTbIO CTATUCTUYECKOr0 MOAENIMPOBaHUSA COCTOSHUIA, ypaB-
HEHMWIA COCTOSAHWUI N MPOLLECCOB B FrEOMETPMYECKOM MPOCTPAHCTBE NMEPeMEHHbIX, NCXOAS N3 UMEOLLMXCSA
TEPMOANHAMUNYECKNX 3aBUCUMOCTEN, NONYYEeHHbIX B OMbITe.

UeTBepTbI IPUHLUN CBA3aH C BO3MOXXHOCTHI0 (DEHOMEHOI0MMYECKOro ONUcaHWsa Noas aMnupu-
YecKOol Mepbl B FeOMETPUYECKOM MPOCTPaHCcTBe Q" ¢ MOMOLLbIO MOAENUPYHOLWMX PyHKLUMIA. Mpy n3secT-
HOM BUfe Takux pyHkuum T =T(zhz2 ..., z) N 3Ha4YeHUAX NepemMeHHbIX z,, 72, ..., Z,, MPUMEHUTENbHO K
KOHTVHY&a/IbHOMY MPOCTPaHCTBY Q" MOXXHO CHOPMY/IMPOBAaTb HECKO/IbKO aKCMOM, KOTOPbIE MO3BONMSAKOT
NOCTPOUTbL MOZENN KOHTUHYa/IbHOr0 NPOCTPaHCTBA COCTOSAHUIA.

1. MycTb B MPOCTPaHCTBE COCTOSAHWI cucTembl Q" KavKAo Touke M MOCTaB/fieHO B COOTBETCTBME
fericTBuTeNnbHOe umcno W, Kotopoe 6yaem HasblBaTb IMMMPUYECKOM MEPO Ha61H04aeMOr0 COCTOSHUSA.

2. BenuumHa W(M) aBnsieTcs qiyHKUMER TOUKM U 06pa3yeT CKa/IipHOe Mosie, KOTOpoe SABNSeTCA
HenpepbIBHbLIM B 061acTn Q.

Mpeanonoxxum, 4to B 06nactv Q" MOXHO 3a4aTb aHa/IMTUYECKYIO HenpepbIBHYHO (YHKUUIO
T =T(zhz2 ..., z,), Ha OCHOBE KOTOpPOI4 byaeT (hopMMpPOBaTLCA MaTemaTunyeckass Mogesb. Mpy N3BeCTHOM

Buge pyHkuumn T =T(zhz2 ..., z,) 1 3Ha4YeHNSAX NepeMeHHbIx 2§ z2, ..., Z,, B 06/1acT Q" MOXKHO NOCTPOUTH
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eLle 0OHO CKassipHOe NnoJsie, KOTopoe fasiee 6yaeM HasbiBaTb CPefor MOAeNnMpoBaHus. [1s NoCTPOEHNS B
o6LLeM cnyyae heHOMEHONOrMYECKON MOAENU CROPMYNINPYEM CreAYIOLLYIO aKCUOMY.

3. MycTb B MPOCTPaHCTBE COCTOAHUI cucTembl Q" ckansipHble Nosa BennyvH W n T 0gHO3HauYH
cBSA3aHbl MeXkay co60oi. Ecniv B OKpecTHOCTM /110601 TOUKM M oCyLLLecTBASeTCA HEKOTOPbINM npolecc L, To
4na nnHum npouecca L cnpaeeanveo cooTHolweHne dW=ci-dT, rge ci - aMAMpuyeckue BesIMUMHbI, KOTO-
pble ABAATCA YHKLUMAMN NPOoLEecca U oNpeienstoTcs B OnbITe.

Mopo6HbIM Noaxosd MO3BOASET A5 OMMUCAHUSA MPOM3BOMLHOIO Mpouecca | B reoMeTpnyeckomM

KOHTUHYa/IbHOM MPOCTPaHCTBE Mosy4nTb ypaBHeHWe MNdadda suaa:

(1)

BenunuurHbl KB 06LLEeM c/lyvae MOryT 3aBMCETb OT MapaMeTpPOB CBOWCTB.

YpaBHeHue (1) npepctaBnseT cobor ndadpoBy anddepeHUMasibHYO hopMy, KOTopas B CamMOM
o6LLeM cyyae MOXKET ObITb FOSIOHOMHA WU/IN HEr0JIOHOMHa.

B cBoto ouepegb BenuuuvHa T B 061acTn Q" MOXKeT ObITb NpeAcTaB/ieHa OTHOCUTENBHO NoKasaTte-
e B BUAE pas/indHbIX PYHKLUMOHA/IbHBLIX 3aBUCMMOCTEN, BXOAALMX B KNacCbl O4HOPOAHbBIX NN MY/b-
TUNVKATMBHbIX PYHKUWIA. ABTopamun B paboTtax [li - 13] ycTaHOBMEHO, YTO NPU 3TUX YC/I0BUSAX B MPO-
cTpaHcTBe Q" /19 NOCTPOEHUS FTEOMETPUYECKMX MOZLEsEN ONMCaHNS AaHHbIX MOXHO MCMNO/b30BaTb KBa-
3UINHENHbIE MHOTOMEpPHbIEe YPaBHEHUS B YaCTHbIX MPOM3BOAHbLIX MEPBOro NMopsigKa, KOTOpbIe TECHO CBS-
3aHbl ¢ ypaBHeHusAMM Mdadda Buaa (1). Takoii noaxon No3BoASET MPUMEHUTb METOAbI PELLEHNS MHO-
rOMEpPHbIX YPaBHEHU B YaCTHbIX MPON3BOAHLIX MEPBOr0 MOPsiAKa, OCHOBaHHbIE HA TEOPUN XapaKTepu-
CTUYECKNX (PYHKLUMIA, U fOKa3aTb TEOPEMY, YTO SHTPONMWS B TEPMOANHAMUYECKOM MpPeACcTaB/IeHNN ABNSA-
eTCs OJIMHOI Oyrn XapakKTepucTUKK 418 NO/A HanpasieHWA, NOPOXKAAEMOr0 CKa/IAPHbIM MOIEM 3MMNK-
pyyeckoi Mepbl cocTosaHMA W.

TakKe faHHbIV NOAX0A MO3BONSAET NEPENTU K BEKTOPHBIM U AnddepeHUMa/IbHbIM YPaBHEHMUSIM,
XapaKTepuU3yLMM KOHTUHYaIbHOCTb MPOCTPaHCTBA COCTOSAHMIA TEPMOAMHAMUYECKNX CUCTEM, a TakKe
[loKa3aTb CNpaBef/IMBOCTb TMMNOTE3, UYTO (PYHKLMN COCTOSHUSA B TEPMOAMHAMUKE, TaKMe KaK SHTponus,
SHEprus, SHTa/IbNUA U Pas3/iMyHble TepMOAMHAMMYECKME MOTEHUMa bl, MOTYT BbICTyNaTb B KayecTse
€CTeCTBEHHbIX KPMBOJIMHENHbIX KOOPAMHAT AaHHOI0 KOHTMHYa/IbHOrO MPOCTpPaHCcTBa. Mexay AekapTo-
BbIMU U KPUBOJIMHENHBLIMWU KOOpAMHaTaMun 6yAeT CyllecTBOBaTb CBA3b, KOTOpas OMNpeaensieTcs ypaBHe-
HUSAMW NpeobpasoBaHNA KOOPAMHAT A4/18 JaHHOIO NPOCTPaHCTBa COCTOAHWIA.

Bce 310 N03BO/ISIET C aBCONKOTHO UHbIX NO3MLUIA NOLOMTY K aHa/IM3y OCHOBHbIX MOJIOXEHWIA Tep-
MOOMHaMUKN, TaK KaK JaeT BO3MOXHOCTb A0Ka3aTb MPUHLMMbI CYLECTBOBAHUSA 3HTPONUU U 3HEPTUN
KaK OyHKLNI COCTOSAHUSA, a TakXKe MolyYmTb B BUAE CEACTBUIA 3aKOHbI COXPAHEHUS 3HEPrnmn 1 Bo3pac-

TaHUA IHTPONMUN ONA MHOITOMEPHbLIX TEPMOANHAMUNYECKNX CUCTEM B NMPUHATOM Ha CerogaHsa sunge [I/I, 14].

3akroyeHue

CyLHOCTb 60/bLUMHCTBA aKCMOMATUUYECKNX MOAXOA0B 3aK/YaeTcs B TOM WM MHOM crocobe
MCMO/b30BaHUS 3aKOHA COXPAHEHUST SHEPTUN NN TEPMOANHAMUYECKOM (DOPMbI YpaBHEHUSI 3TOrO 3aKO-
Ha. Bo BCEX UMEIOLLIMXCS CMCTEMAX C 3TUM CBSI3aHO MPUHSITUE OCHOBHOIO MOCTy/aTa Un akcuomsl. Of-

HaKoO, AaHHOE MoJ1I0>KEHWME 0 CBOEM CYTUN HE ABNIAETCA aKCMOMaTU4YeCKM, T.K. HECET B cebe 3aKOHOMEP-
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HOCTM 060CHOBaHHbIEe KaK 3KCMEPMMEHTOM WM MPaKTUYECKUM OMbITOM, TakK U BCeli /IOTMKOW 1 Teopuel
TepMOAMHaMUKN. VIcxoaHble MOHATUSA U aKCUOMbI AO/KHbI OCHOBbIBATLCSA Ha OMbiTe, ObITh 0YEBUAHBIMU
1 He cogepykaTb B cebe n3HauyaibHO He apryMeHTUPOBaHHbIX YTBEPXKAEHWIA.

CnepfyeT TakKe OTMETUTb, YTO OCHOBHbIE MOHATUSA U NOJIOKEHUS TEPMOAMHAMUKN UMEIKOT YeTKOoe
reoMeTpMyecKoe TOSIKOBaHME Mpu OnMMcaHUU TEPMOAMHAMUYECKUX MPOLECCOB B MHOrOMEPHbIX MPO-
CTpaHcTBax. Ho 3TO He KacaeTcsi 3HTPONUK - ee JasibHelLlee onpejesieHne AO/IHKHO 060CHOBbLIBATLCA U3
CUCTEMbI aKCMOM WU NOJTYYEHHbIX CEACTBUIA.

Mpy NOCTPOEHUM aKCUOMATUKN TEPMOAMHAMUKW TaKKe KpaiHe BaXKHbIM SB/IAETCA UCMNO/1b30Ba-
HVe reoMeTPUYECKUX NMpeacTaBfeHni i 0 NPOCTPaHCTBE COCTOAHMIA TEPMOANHAMNYECKUX CUCTEM B BUAE
HenpepbIBHOM MHOTOMEPHOW cpelbl. Ecnin paccmatprBaTh NapameTpbl COCTOSAHUA CUCTEMbI, KaK Aekap-
TOBbI KOOPAMHATbI, TO NOA06HasA reoMeTpUYecKas cpefa MOXET ObiTb NpeAcTaBneHa B BUAE KOHTUHYa b-
HOro NpocTpaHcTBa 7kn3mMepeHnii. B 3TOM crlyyae COCTOSIHME TEPMOAMHAMMNYECKON cncTeMbl ByeT 0T06-
paXkaTbCsi MHOTOMEPHO TOYKOM, a NPOLLeCC N3MEHEHNSA COCTOSIHWUS - MHOTOMEPHOI KprBOiA. [MoaTomy B
TEPMOAMHAMMKE MOXKHO OMNepupoBaTh NOHATUAMU U TEPMUHAMU, OrpefesieHHbIMY B paMKax MnpeacTas-
NeHNs MHOrOMEPHOro MPOCTPAHCTBa COCTOSAHUIA TEPMOAMHAMUYECKOM CUCTEMbI KaK reOMeTpUYecKoro
NpocTpaHCTBa.

KoHTMHyasibHOe npocTpaHcTBO OyaeT 06nafate onpefesieHHbIMU 3aKOHOMEPHOCTAMM, KOTOpble
XapaKTepu3syroTcs ypaBHeHMsaMU MNdpaddha g1 HEKOTOPON (hr3nyeckonm BennUmnHbl. Mpy 3TOM NpUHLMN
«afmabaTnyeckoli HegocTkmmocTn» K. Kapateogopyn MOXKHO paccMaTpmBaTb Kak CrefiCTBUE CyLLLeCTBO-
BaHVS B MHOTOMEPHOM MPOCTPAHCTBe COCTOAHUI CKaNAPHOro nons msnyeckoi BennunHel. Mcxoga us
3TOro, NosBAAETCA Uaes A1 FeOMeTPUYECKON aKCMoMaTMU3aLnmn TeEOPUY TEPMOANHAMUKN U NPpeacTasie-
HUA TepMOAMHaMMUYeCKMX Mogeneil o6bekTamn, CTPYKTypamy U OTHOLUEHUAMWU andichepeHLmanibHON
reomMeTpum.

Taknm 06pa3om, He06X0ANMO pa3BMBaTb aKCMOMaTUYECKME METOAbI UCCef0BaHNS NOSIOXKEHWN

TEPMOAVNHAMUKM, UCMO/b3Ys METOAbI AUhepeHLManbHON reOMeTPUM MHOFOMEPHbIX MPOCTPAHCTB.
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