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PEJIATUBUCTCKAA TEPMOAMHAMUKA C JIOPEHII-MHBAPUAHTHBIM
OKCTEHCHMBHBIM OB BEMOM

Kocmonoruyeckne Mozenu 3Be31000pa30BaHMsl OCHOBBIBAIOTCS Ha YPaBHEHUSX TEPMOIMHAMUKH,
cnenuanbHoit (CTO) u obmeit (OTO) Tteopuit orHocutenbHOCcTH. IlosTomMy HamuOosiee mnoiaHOE
COOTBETCTBUE MX (PU3MYECKOH pPEalbHOCTH BO3MOJYKHO JIMIIb NPU YCJIOBUH TMOCTPOCHHs Hamboiee
COBEPILIEHHOTO PENSTHBUCTCKOTO 0000IIEeHUs TepMoIuHaMuKy. [Ipucymume e KI1accCuuecko Gpusuke
OOBIZICHHBIC TpEACTaBICHHUS 00 aOCOJIOTHOCTH OJHOBPEMEHHOCTH COOBITHH, a Takke 00
OQHO3HAYHOCTH, KaK IIOHATHUA BpeMeHI/Il, TaK W OHNpCACIICHHUA MNPOCTPAHCTBECHHOI'O 06’beMa,
3aHUMAEeMOr0 JBH)KYIIMMCSl BELIECTBOM, CYLIECTBEHHO HPEMATCTBYIOT 3ToMy. Cyry0o JOruKo-
MaTeMaTHYeCKHUH noaxoa K PpCHICHUIO HpO6JI€M, HE IIO3BOJIAIOINIHUX AOCTHYL ITOJIHOI'O B3aMMHOI'O
cornacoBanust TepmoguHamMukd, CTO u OTO, npUHUMONATBHO HE B COCTOSHUHM O0€CHEYUTh
MOJ0XKUTEIbHBIN PE3YIbTAT TCOPCTHUUYCCKUX HCCHGI{OB&HHﬁ. I[J'IH YCIICIIHOI'O0 AOOCTHXKCHUA 1L CJIU
HEOOX0AMMO (PHUIOCO(CKH TEPEOCMBICIUTh MHOTHE HAallM (U3MYECKHE MPEACTaBICHHS, KOTOpPBIC
JIMIIb BOCHPUHUMAIOTCA KaK OKOHYATCIIbHO YCTOABIOHECA W HE3BLI0EMEBIE a, Ha CaMOM JI€JI€, TAKUMU
He sBIAOTCS. B nmaHHOW paboTe Kak pa3 M MPEANpPHHATA MOMBITKA MOCTPOCHUS PEISTUBUCTCKON
TCPMOANHAMHKHU Ha OCHOBC OTKa3a OT HCKOTOPLIX A0I'M, IMMPUCYIIHUX HE TOJIBKO KJTAaCCUYECKOM (bHBI/IKG,
HO ¥ U3BECTHBIM PEIATUBUCTCKUM O0OOIEHHSM TEPMOIUHAMUKHY.

BBeaenue

Cuntaercsa, uro CTO cama mo cebe HE MPUBOAUT K OJHO3HAUYHOMY MOHSTHUIO TEMIIEPATYpHI,
OTHECEHHOM K ABmxkymemycs BemectBy [1; 12]. TIo3ToMy H3BECTHO HECKOJIBKO PEISTUBUCTCKUX
00001IeHNIT TepMOJIMHAMUKNA C JIOPCHII-MHBAPHAHTHBIM JaBlieHHeM. B mepByio ouepenp 3TO
pensituBucTckue tepmoanHamuku Ilnanka — Xazenopns [13; 15; 17] u Orra [16], koTOpBIE XOTA
OJIMHAKOBO M OCHOBBIBAIOTCSI HA JIOPEHI-WHBAPUAHTHOCTU OHHTPONIMM W [ABJICHHS, OJHAKO,
HCIOJIB3YIOT CYIIECTBEHHO OTIHYAIONIUECS PYT OT Apyra mpeoOpa3oBaHusl TEMIIEPaTyphbl U TEIIOTHI
[9; 12]. CornacHo Ilmanky u Xa3eHOPJIIO JBHKYILIEECS TEIO «XOJOMHEE» HENMOJBHKHOr0. COorjlacHO
ke mpeoOpazoBaHusM OTTa JBUXKYIIEECS TENO, HAO0OpPOT, «ropsdee» HemonaBwkHOro [1].
TepMoauHaMuKa ¢ JTOpPEHI-MHBAPUAHTHOM PEJSTUBUCTCKOM Temmnepatypoil [1; 18] mpusnekarenbHa
TEM, 4TO B HEll TemrepaTypsl (pa3oBBIX MEPEXOOB OCTAIOTCS BHYTPEHHUMH CBOMCTBAMHU BEIIECTB, KaK
U B OObMHOW (KJIaccu4eckoil) tepmoauHamuke. OpHAKO €€ ypaBHEHUS HE TMPUBOIAT K
MpeoOpa30BaHUI0 DHEPTHH U3TYUYEHUS, COOTBETCTBYIOIIEMY PEISTUBUCTCKOMY JOIICPOBCKOMY
CMELIEHUIO YaCTOThI U3ITy4YECHHUS.

B OonpmmHCTBE PENSATUBUCTCKUX OOOOIICHMI TEPMOAMHAMHUKH B KAadeCTBE JOIMOIHUTEIBHOTO
SKCTEHCHBHOT'O MapaMeTpa UCIOJIb3yEeTCsl UMITYJIbC JBUXKYIIErocs BemecTsa. OQHAaKo, B OTIIMYHE OT
MEXaHUKH, B PEISITUBUCTCKOM TEPMOAMHAMHUKE TMPUHITO CUUTATh, 4YTO HOTOT HMITYJIbC
nponopiuoHaieH >HTanbnuu H Bemectsa [1; 2; 10], a He BHyTpeHHEN 3Hepruu U, SKBUBAJICHTHON
COOCTBEHHOMY 3HAYEHHIO €ro Macchl. Ml mo3ToMy OH 00pa3yeT YeTHIPEXBEKTOpP C raMHJIBTOHHAHOM
SHTAJBIINH, a HE C TAMIIBTOHHAHOM 2Hepruu BemecTra [1; 10]. A Tak kak gaiamOepoBa MceBAOCHIIA
MHEPIUH® SBISCTCS BEIMYHHOM MPOM3BOJHON OT MMITyJIbCa, TO B KA4eCTBE MEpHl HHEPTHOCTH
BeIIECTBAa (PaKTUUECKH MpeAiaraeTcs CIOIb30BaTh HE MacCy, a SHTAJIBIINIO BEIECTBA.

' B OTO pasnuuaioT cTaHmapTHOEe U KOOpAMHATHOE BpeMeHa. AHanornyso u B CTO ciemyer pasinyarh peisTHBHCTCKOE
cTaHmapTHoe (myTunonoOHoe [6]) Bpems, omperdensiomee «HHIAWBHAyalbHBIE BO3pacTa» OOBEKTOB BEIIECTBA, H
KOOPJIMHATHOE BpeMsl, 33/1alolliee B IPOCTPAHCTBE KWHEMATHUKY U IMHAMHKY JBH)KEHHS 3TUX OOBEKTOB.

[TonHoe TepMOJMHAMHUYECKOE 3HAaYE€HHE MEXaHMYECKOW IICEBIIOCHIIBI WHEPIMH, YYUTHIBAIOLIEe B IIAHKOBCKOM
TEpPMOJMHAMUKE 3aTPaThl DHEPTHU HE TOJIKO Ha YBEJIMUYEHHE UMITYJIbCa BEIIECTBA, HO U Ha PENISTUBHCTCKOE COKpalleHHe
reOMETPUYECKOro o0beMa (IICEBJOCKATHE) STOrO BEIIECTBa, BOJM3M HYJIEBOIO 3HA4YEHHsS CKOPOCTH JBH)KEHHS BOOOIIe
nporniopuuoHansHo (2H-U). Hanpumep, y 0JHOaTOMHOTO HMIealbHOrO raza oHo Oojee ueM B 1Ba pasa (B 7/3 pas)
MIPEBBIIIACT 3HAYCHHE IICEBJOCHIIBI HMHEPIMH, YCTAaHABIMBAaEMOE KIIACCHMYECKOM MexaHukod. Tak kak 3To He



B HEKOTOPBIX PENATUBUCTCKUX OOOOMICHWSIX TEPMOIWHAMUKH, HaApsJy C WHBAPUAHTHBIM
JIaBJICHUEM, TIPEIJIOKCHBI U HE WHBApUAHTHBIC (DOPMBI PEISTHBHCTCKOTO JABJICHUS, YUUTHIBAIOIINE
HaJIM4YUe Y JIBHKYIIETOCS Tella, KaKk MEXaHWIeCKOro UMITyJibca [2], Tak u TeriooomeHa [3; 14].

1. He3KCTEHCUBHOCTD PEeIITUBUCTCKOT0 MOJISIPHOTO 00beMa

[TpuHIMIIHAIBFHO BO3MOXKHBI JBa «PaBHONPABHBIE» PENSATUBUCTCKUE 3HAYEHUS MOJISIPHOrO 00beMa
BEIIIECTBA, ABMXKYIIETOCS CO CKOPOCThIO V=dX/dt BO BHEIIHEH cHCTEME OTCYeTa MPOCTPAHCTBEHHBIX
koopauHat U BpemeHu (CO). Dto narpamxkeB o0beM V; = V/I, KOTOpBIA B OOBIYHOM TPEXMEPHOM
MIPOCTPAHCTBE 3aHMMAIOT MHUPOBBIE TOYKH JBUKYILIETOCS BEIIECTBA, COOTBETCTBYIOIIUME OJHOMY H
TOMY k€ MOMEHTY BpemeHHu ¢ BHemHed CO, W raMuIbTOHOB obbeM’ Vi'=VT, KOTOpPBI B 3TOM
MIPOCTPAHCTBE 3aHMMAIOT MHUPOBBIE TOYKH JBUXKYILIErOCS BEIIECTBA, COOTBETCTBYIOLIUME OJHOMY H
TOMY € MOMEHTY PEIATHBMCTCKOTO CTAHIAPTHOIO BPEMEHU [ (TOXKIECTBEHHOIO COOCTBEHHOMY
BPEMEHM f, BEILLECTBA) A, CJIEI0BATEIbHO, COOTBETCTBYIOIIUE U OJHOMY U TOMY XK€ KOJJIEKTUBHOMY
MPOCTPAHCTBEHHO-BPEMEHHOMY COCTOSIHMIO 3TOrO BemiecTBa [4; 5]. 3aech: V— 3HaueHHuE MOJISIPHOTO
oOBpema BemiecTBa B comyTcTByomeld emy CO (coOCTBEeHHOE 3HaUYe€HHE MOJSIPHOTO oO0bema); /=(1—
V/c*) " — pensITHBHCTCKOE 3aMeJICHHE TeYeHHs (HH3MUYECKUX MPOIECCOB U BPEMEHH B JIBIIKYIIIEMCS
BEIIIECTBE; ¢ — MIOCTOSIHHAA (COOCTBEHHOE 3HAYEHHUE) CKOPOCTH CBETA.

B knaccuueckoil TepMoMHaMUKE COOCTBEHHOE 3Hau€HUE MOJsIpHOTO oobema V(S, p) aBnsercs
CTPOTO SKCTEHCHBHBIM TMapaMeTPOM M €ro M3MEHEHHE CKa3blBaeTCd Ha W3MEHEHUHU JHTAJbIHNH a,
CIIeIOBaTEeIbHO, M Ha CKOPOCTH HPOTEKaHUs (U3MUECKUX [MPOLECCOB B  BEIECTBE HE
HEMOCPEACTBEHHO, a JIMIIb 4Yepe3 M3MEHEHHsS PHTPONUHU S U COOCTBEHHOTO 3HAYCHHs JABIICHUS p.
PeNSTUBUCTCKHE K€ 3HAYEHHS MOJAPHOro o0beMa Vi ¥ V' He SBISIOTCS CTPOTO JKCTEHCHBHBIMH
napaMeTpam M, 1Mo3TOMY, NPUHIUIHAIBHO HE MOTYT OBITh SKBHBAJICHTHBIMU HEPENATHBUCTCKOMY
(coOcTBEeHHOMY) 3HAUEHHIO MOJSPHOTO o0bema V. PensTHBHCTCKOE COKpalleHHe [JIMHBI a,
CJIeIOBATEeNIbHO, W MOJISIPHOTO oObema V), HampaBieHO Ha 00ecleYeHHe H30TPOMHOCTH YaCTOTHI
3JEKTPOMArHUTHOTO B3aUMOJCIHCTBUSL MOJIEKYJ, aTOMOB U 3JIEMEHTAPHBIX YACTHUIl BEIECTBA a, TEM
caMblM, M Ha oO0ecHeuyeHHe H3OTPOIMHOCTH CKOPOCTH MPOTEKaHUs (PU3UUYECKUX TIPOIECCOB B
nBrKytiemcs Bemiectse [4; 5]. [loaToMy ero u3sMeHeHue U BIIUSET HE KOCBEHHO, a HEMOCPEICTBEHHO
Ha PEJIATUBUCTCKOE 3HAUEHHE SHTAJIBIINU U HA TEMIIbl IPOTEKaHUs, Kak (PU3NUECKHUX MPOLECCOB, TaK U
COOCTBEHHOTO BPEMEHHM JIBUXKYIIErocs BemecTBa. K TOMy XKe pEIsITHBHCTCKOE YMEHBIICHUE
MOJIIpHOTO 00beMa BEIECTBA HE COMPOBOXKIAETCS MPEOJIOJIEHHEM KaKUX-THOO CUJI CONPOTHBICHUS
eMy” ¥, CIIe/IOBATENBHO, MPOUCXOAUT MHEPLHAILHO M CTPOTO COTIACOBAHHO C M3MEHEHHEM CKOPOCTH
NBUKEHMsI BenlecTBa. [103TOMy TO peNsTUBUCTCKOE COKpallleHUE JUIMHBI Tela M MOJSIPHOro o0bema
ero BemectBa u paccmarpuBaercss B CTO kak uuCTO KMHEMaTudeckud >PQexr, He
CONPOBOXKAAIOIINUNCA  3aTpaTOd HHEPruM HA  BBIIOJHEHHE pabdOThl 1O  PEISITUBUCTCKOMY
«caMockaTuio» BemiectBa. M ecnu Obl Heprus 3aTpaynBaiach HE TOJIBKO HA YBEIWYCHHE HMITYJIbCA

MOJTBEPIKAACTCS HUKAKMMHU OKCIIEPUMEHTaMH, TO OCHOBBIBAIOIIMECS HA JaHHBIX (PU3MYECKUX MPEACTABICHUSIX
PENIATUBUCTCKHE 000O0IIECHIS TEPMOIMHAMUKH HEJIb3s PACCMATPUBATh KaK COOTBETCTBYIONINE (PU3HMUECKON pPealbHOCTH.

* TaMHIIBTOHOB 06BEM SIBIACTCS OTOOPAKEHHEM Ha OOBIYHOE TPEXMEPHOE MPOCTPAHCTBO 0OBEMA, 3aHUMAEMOTO OJHUM
MOJIEM BEIECTBA HA TPEXMEPHOU MPOCTPAHCTBEHHO-I0JO0OHON THIIEPIIOBEPXHOCTH, SIBIISIOIICHCS CCUCHHEM ITPOCTPAHCTBA
MHUHKOBCKOTo Ipu £ =const. Ero 3HaueHue onpejenseTcs CKOPOCThIO paclpocTpaHenus u=c’/v Bo BHemHei CO dponTa
COOCTBEHHOTO BPEMEHHU f, IBIKYINErOCs BellecTBa. 10, YTO B PEIATUBUCTCKHX OOOOMICHUSX TEPMOIUHAMUKH
MPEUMYIIECTBEHHO HCIONB3yeTCs HE TaMIUIBTOHOB, a JIarpaHkKeB O0bEM, SBISCTCS CICACTBUEM KIIACCHYECKUX
MIPECTaBIeHUH 00 aOCOIIOTHOCTH OJHOBPEMEHHOCTH COOBITHI M CBSI3aHO C MTHOPHPOBAaHHUEM HEOJHOBPEMEHHOCTH B
Pa3HBIX TOYKaX MPOCTPAHCTBA HECOMyTCTBYyromiel BemecTBy CO OXHOTO W TOTO K€ KOJUICKTHBHOTO MPOCTPAHCTBEHHO-
BPEMEHHOTO COCTOSIHUS 3TOTO JBIDKYIIETOCS BEIIECTRA.

* JecTkoe TeNno, MPAKTHYECKH He MOAJaiomeecs IeOpPMHPOBAHHIO B CTATHKE CKOMb yrogHo OONBIION CHIION,
MTOJIBEPKEHO PEISTUBUCTCKON JeOpMAaLH IO AEHCTBHEM yCKOPSIOIIEH ero IBMKEHNE 3HAUNTENIFHO MEHBINEeH Ciibl. U,
CJIC/IOBATENILHO, PENISITUBUCTCKOE CaMOCOKpAallleHHE MOJIEKYJISIPHOTO 00beMa BelIeCTBa SIBJISIETCS HE pe3yJbTaToM
ﬂeﬁCTBHH Ha HEro KaKux-Inbo CHJI, a a,uanTauneﬁ MOJICKYJI, aTOMOB W D3JIEMCHTApPHBIX YaCTHUIl OTOr0 BEHICCTBA K
U3MCHUBIIUMCA YyCI0BUAM ux BSaHMOﬂeﬁCTBHH. 9t0 TaKXeE MOXKET paccMaTpuBaTHCA nu KakK pcakuus
CaMOIIOJICPKUBAIOIINXCS ~ BOJHOBBIX ~ IAKETOB  (COJNUTOHOIOMOOHBIX  CIIMPAILHOBOJIHOBBIX  OOpa30OBaHHN),
COOTBETCTBYIOIIMX 3JIEMEHTAPHBIM YaCTHIaM BEILIECTBA, HA BO3pACTaHHE CKOPOCTU UX PACIPOCTPAHEHHUS.
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BEIIECTBA, HO JIONOJHUTENIbHO €II€ U Ha pPEJSITUBUCTCKOE €ro «CaMoCKaTue», TO IMPU YHUCTO
JTUHAMHYECKOM PAaCCMOTPEHUHU JIBHYKEHUS, HE YUYUTHIBAIOIIEM 3TUX JOMOIHUTENBHBIX 3aTpaT SHEPTHH,
3aKOH COXPaHEHUS YHEPTUU B MEXAHUKE HE BBITIOJTHSJICS OBI.

Bce 310 siBRsieTCs JOCTAaTOYHO BECKUM OCHOBAHHEM JJISi MCIIOJIB30BAHUS M B PENSATUBHCTCKHUX
YPaBHEHUSX PABHOBECHOTO COCTOSIHHS BEIIECTBA JIUIIL CTPOTO SKCTCHCHUBHOTO 3HAYECHUSI MOJISIPHOTO
oobeMa: (V3" Vz)*=V, ToxKIEeCTBEHHOTO COOCTBEHHOMY 3HAYEHHUIO MOISPHOTO 00beMa B KIaCCHUECKOI
TepMoauHamuke’. CIEACTBHEM  JIOPCHI-HHBAPUAHTHOCTH CTPOTO  SKCTCHCHBHOTO  3HAYCHHS
MOJISIPHOTO 00BEMa SBISIETCS M JIOPEHI-MHBAPHAHTHOCTh, KAK IUIOTHOCTH OJHEPIHH’ & Tak W
SKBHUBAJICHTHOW € TUIOTHOCTH Macchl f=&/c’.

DT0 MO3BOJIAET IaTh HanboJiee MPOCTOE ONMpeAeNiCHUE Jarpamkuana (CoriaacHo [2], mepeHoCuMOit
TEJIOM BHYTpeHHEW sHepruu BemiectBa Uy): L=—U,=¢V=¢&V/I"n ramunbTOHHaHa (COXpaHSIONIEHCS
IPY MHEPLUAIBHOM [BW)KEHUU Teja MOJHOU YHEPTUHU €ro BeIJ_leCTBa7)2 US=eV,=eVT. Jlarpanxuan
SIBJIICTCS KOHTPaBapUAHTHOM, a TaMIJIbTOHHAH — KOBAPUAHTHOW KOMIIOHEHTAMHU YETHIPEXHMITYJIbCA
BemecTBa. OHM COOTBETCTBYIOT COMPSDKEHHBIM IPOCTpaHCTBaM. JlarpaHkuaH COOTBETCTBYET
KOHTPaBapUAHTHOMY TICEBJOEBKIUIOBY MPOCTPAHCTBY MMHKOBCKOTO M XapaKTEPHU3yeT 3aMeJJICHHE
(dt=ITds)y=Tdt =ITdt,)x,) TpOTEKaHHs (U3NUECKUX MPOLECCOB B BEIIECTBE a, CICIOBATENBHO, U B
TOYKAaX COMyTCTBYIOIIETO BEIECTBY mpocTpaHcTBa® (dx,=0). I'aMHIBTOHHAH € COOTBETCTBYET
KOBAapUAHTHOMY €BKIHUAOBY YETBIPEXMEPHOMY MPOCTPAHCTBY, B KOTOPOM CKOPOCTh JBMKCHHUS
BEIIECTBA U CKOPOCTH MPOTEKaHHUsS B MOcienHeM (U3UYECKUX IMPOLIECCOB OIMPENESIOTCS BHEIIHUM
HaOJIto1aTeNieM He TI0 CBOMM 4acaM, a Mo COMyTCTBYIOIIMM BemlecTBY yacaM. [1o gacam ke BHEIIHETro
HaOroaTeNsl OH XapakTepu3yeT yckopeHue ((dr) ’=(ds)X=dt*/1') MpOTEeKaHUsI (PU3MUECKUX IPOIIECCOB
HEMOCPEACTBEHHO B IIPOCTPAHCTBE, B KOTOPOM MoKouTcs Habmoaarens (dx=0). Benp, nucxoas us toro,
YTO DJIEMEHTAapHBIE YACTHIIBl BEIIECTBA  SIBIAIOTCS HEMEXaHWYECKH CaMOBO30YKJIEHHBIMU
MHUKPOCOCTOSIHUSIMH HEYBJIEKAaeMOTO JBIKEHHEM (u3nYecKoro Bakyyma («mops» upaka) [4—6], Bce
(u3HUYecKre TPOIECChl, H B TOM YHCIIE CaMO JIBIDKEHHUE (paccMaTpuBacMoOe B KBAHTOBOW (DHM3HIKE KaK
KBaHTOBBII  Mpolecc MOCNHeAOBAaTEIbHOM CMEHBI  IPOCTPAHCTBEHHO-BPEMEHHBIX  COCTOSIHHIA
MHUKpPOOOBEKTOB BEIIECTBA a, CJICIOBATEIILHO, U MHUKPOCOCTOSHUN (DU3MUYECKOTO BaKyyma) MOIYKHO
paccMaTpuBaTh KakK TMPOUCXOJAININE HEMOCPEICTBEHHO TaK)Ke€ M B HECOMYTCTBYIOIIEM BEIIECTBY
pocTpaHcTBe. 371ech (ds)y, — MpHpalleHe HHTEepBala MEXy MUPOBBIMU TOYKAaMHU COOBITHI, paBHOE,
BBUY dx,=0, MpUpALIEHNI0 COOCTBEHHOI'O BPEMEHHU BEILECTBA a, CIEAOBATEIbHO, U NPUPAILEHUIO
df =dt/I" peNSITHBHCTCKOrO CTAaHZAPTHOTO BPEMEHH, OTCUHTHIBAEMOro BO BHemHelr CO 110
COIyTCTBYIOIIMM BEIIECTBY yacam, a (ds)y — MpHpaIIeHHe WHTEpBalla MEXIY MHUPOBBIMH TOYKAMHU
coObITHH, paBHOe, BBULY dx=0, mpupamienuto BpemeHu ¢ CO, B KOTOpO HaAOIIOMAETCs ABUKCHUE
aToro BemecTBa. CreayeT OTMETUTh, YTO 3((DEeKTUBHBIE 3HAUEHUS TIOTHOCTEH PACCMOTPEHHBIX 3/1€Ch

° DT0, 0IHAKO, BOBCE HE O3HAYAET, YTO DENATHBUCTCKHE 3HAYEHHSA MONAPHOTO obbema Vi u V' sBisiorcs
HEBOCTPEOOBAaHHBIMH B PEJIATUBHCTCKON TepMoiuHamMHKe. OHHM HCIIONB3YIOTCSl MPU IIEPEXO/e OT IMPOCTPAHCTBEHHBIX
IUIOTHOCTEN TEPMOAMHAMUYECKUX XaPAKTEPUCTUK K MHTETPAIIbHBIM 3HAYCHUSAM 3THX XapakKTepUCTUK. IIpu 3TOM, Tak Kak
CaMOOpraHu3anus PaBHOBECHBIX TEPMOJIMHAMHYECKUX COCTOSIHUM MPOMCXOANT KBAa3UCHHXPOHHO B COOCTBEHHOM BPEMEHHU
ty nBUKymierocs Bemectsa, To B OTO, paccMmarpuBarorieil nponecchl U pe3yabTaThl CaMOOPTaHU3aluy [TPOCTPAHCTBEHHO
HEOJIHOPOJIHBIX PABHOBECHBIX COCTOSHMI BEIECTBA, MHTErPUPOBAHME, KaK IIPaBWio, BeaeTcs mo V', a He 1o
paccMaTpuBaeMOMy OOBIYHO B PEISATHBHCTCKOI TEpPMOAWHAMUKE JIArPAH)KEBY PENIITHBUCTCKOMY 00beMy V. Tem cambiM
OIIPEJIENSIETCA UHTETPAILHOE 3HAYEHUE TMOJNHOM 3Heprum Ug', COOTBETCTBYIONIEE OJHOMY M TOMY K€ KOJUIEKTUBHOMY
IIPOCTPaHCTBEHHO-BPEMEHHOMY COCTOSIHHIO BEIECTBA.

® JlopeHI-HHBAPHAHTHBIMH SIBJISIOTCA HMEHHO TIOTHOCTH PENATHBUCTCKON SHEPIHH H SKBUBAIICHTHOM e PeIATHBHCTCKOI
Macchl, a He INIOTHOCTh KOJIMYECTBA BEIecTBa. Benb B pa3HbIX 10 BEIMUYMHE JArpaHKeBOM M FAMHJIBTOHOBOM MOJISIPHBIX
00beMax COJIEPKUTCA OJHO U TO e KOJIHMUECTBO MOJIEKYJI BELIECTBA.

" PaccMaTpuBaHHE B KadecTBE MONHOW SHEPrHM HE KOHTPABAPHAHTHOMN, a KOBAPHAHTHOH BPEMEHHONH KOMIOHEHTBI
YeTBIPEXUMITYJIbCa M03BoIsIeT u3bexath B OTO nmpobiieMbl HECOXpaHEHHS MOJHOM 3HEPTUU U HE PAacCMATPUBATh Pa3HUILY
KOHTpaBapHaHTHOT'O U KOBAPUAHTHOI'O O6LlIepeJ'lHTI/IBI/ICTCKl/IX 3HAYCHU I OHEPIrur KakK S3HECPTHUIO, KOJUJICKTUBU3UPOBAHHYIO B
rpaBUTalIMOHHOM TioJIE [8].

¥ Cnenyer ormmuath HabmomaeMoe Bo BHermHeir CO CTOPOHHMM HAGIIOATEIEM COMYTCTBYIOIIEE ABHKYIIEMYCS BEIIECTBY
(T.e. mBWXyIIeecss BMECTE C HHM) IPOCTPAHCTBO OT HEMOJBIKHOTO B comyTcTByomei BemiectBy CO coOCTBEHHOTO
IIPOCTPAHCTBA 3TOTO BEIIECTBA.



penstuBucTckux sHepruil: e=U,/V=¢I u &, =U,/V=&l, KOHeuHO 3Ke, He SBIAIOTCS JIOPEHII-
MHBAapHAHTHBIMH.

2. HeuHBapUAHTHOCTH JAABJICHUSI

B cootBerctBuu ¢ teopemoir Hérep [11] 3akOH COXpaHEHUS PHEPTHM SABISETCS CIEICTBHEM
HAJIMYHMST CUMMETPUHU Y BPEMEHH U €ro COOII0IEHHEe BO3MOXKHO JIMIIb MPU OJHOPOJHOCTH BPEMEHH.
OTa OHOPOAHOCTH BPEMEHHM MPOSIBISIECTCS B MHBAPUAHTHOCTH (PU3UYECKUX 3aKOHOB OTHOCHUTEIHHO
W3MEHEHHMsS Hadajga ero oTcueTa W O00eCleYMBaeTCsl MCIONb30BAaHMEM JJIsi €ro W3MEHEHHUs
PaBHOMEpHOM MIKaNbl, MO KOTOPOM TEMIMBbl MPOTEKaHHUA (PU3UUECKHX MPOLECCOB B BEIIECTBE B
UACHTUYHBIX €ro TEPMOJMHAMUYECKUX COCTOSHHUSX B JIIOOOH MOMEHT BpPEMEHH SBIIAIOTCS
OJIMHAKOBBIMH. B COOTBETCTBMM € 3THM HMEET MECTO B3aWMHAas JONOJHUTEIbHOCTh SHEPrUH U
BPEMEHH, JIeKJIapupyemas MPUHIUIOM JOMOIHUTENbHOCTH bopa M mposBisomascs B HAIUYUU
reifi3eHO0eproBa COOTHOILLIEHUS HEOIIPEIEICHHOCTEHN 3TUX (PU3NUECKUX XapaKTEPUCTHUK.

B cucreme enunun usmepeHus (GU3MUECKUX BEIWYMH, Oasupyromieics Ha Oe3pa3MepHOCTH
noctostHHOM [1nanka 4 1, TeM cambIM, OTpakarollel HAIMYKME B3aMMHOM JOTIOTHUTEIIBHOCTH YHEPTUU
U BPEMCHH, Pa3MEPHOCTh IaBJICHHs [CeK 'M°| yKa3blBaeT Ha Clieayroliee. B HECOMyTCTBYIOMICH
BemectBy CO cTopoHHEro HaOMIOAaTeNs €ro 3HadeHWe, KaKk M 3HA4YCHHE HHEPruu (MMeEromein
pasMepHOCTh [CeK ']) HEMPEMEHHO MOJDKHO 3aBHCETh OT TeMmia TeueHus BpemeHd B 31oi CO. Tak
corstacHo OTO B xectkux CO BO3MOXKHA JIMIb MPONOPIMOHAIbHAS CUHXPOHU3AIMS 4acOB, TEMIIbI
TEYEHUsI BPEMEHU MO KOTOPBIM B TOYKAX MPOCTPAHCTBA C Pa3HBIMU 3HAYECHUSMH TPaBUTALUOHHOTO
MOTEHIINaja SBIAIOTCS HE OJMHAKOBBIMU. B COOTBETCTBHM C 3TUM 3HAUYCHHE JABJICHUS B KaKOH-INOO
OJTHOW W TOW XK€ TOYKE j TAKOro (PU3MUYECKH HEOAHOPOJHOTO MPOCTPAHCTBA OINPENENIAETCS TeMIIaMU
NPOTEKaHUs (PU3MUECKUX MPOLECCOB HE TOJILKO B OTOM TOYKE, HO M B TOYKE i, U3 KOTOPOH BENETCH
HabOmozienue [6]: /p= /vep=(ve/ve)p. 30€ch p — COOCTBEHHOE 3HAYCHHE AABJICHHS B COIYTCTBYIOLICH
BemectBy CO, a v, U v, — 3alaBacMble I'PaBUTAllHOHHBIM MOJIEM HECOOCTBEHHBIE TPABUOAPHYECKHE
(koopaunatHbie [10]) 3HaAYeHUS CKOPOCTH CBETa COOTBETCTBEHHO B TOYKaX j M I BEIIECTBA,
HaXOJSIIET0Cs] B MPOCTPAHCTBEHHO HEOJHOPOIAHOM PAaBHOBECHOM TEPMOJMHAMUYECKOM COCTOSIHUM
[7; 8]. [To9TOMY, €CITH MBI XOTHM, YTOOBI JABICHHE B BEIECTBE OCTATOCH HHTCHCHBHBIM T1apaMeTpOM’,
€ro pEeJIATUBUCTCKOE 3HAYEHUE JOJDKHO ObITh HEOAMHAaKoBbIM B pasHbix MCO, aBmwxymmxcs
OTHOCHUTEIFHO 3TOTO BEIIECTBAa C HEOAMHAKOBBIMU CKOPOCTSIMU, U JOJKHO MPEeoOpa30BLIBATHCS TOYHO
TaK)Ke KaK M BCE OCTaJbHbIE NHTEHCUBHBIE MMapaMeTpsbl. M, cienoBarenbHO, pENSTUBUCTCKOE 3HaUCHHE
JABJICHHUS B JBIDKYIIEMCS BEIECTBE, OIMpEAeNsieMOe B MPOCTPAHCTBE MHMHKOBCKOTO M TPU 3TOM
(aKTHYECKH OTHOCHMMOE K COMYTCTBYIOIIEMY 3TOMY BEIIECTBY HPOCTPAHCTBY, JOJDKHO OBITH BO
CTOJIbKO JK€ pa3 MEHbIE €ro COOCTBEHHOTO 3HAYEHHs, BO CKOJIBKO pa3 MeHblle HalOironaemMas
CTOPOHHHUM HaOJII0JIaTeIEM CKOPOCTh MPOTEKaHUS (PU3NYECKUX IPOLECCOB B 3TOM BEILIECTBE a,
CIIeIOBATEeNbHO, U B COMYTCTBYIOIIEM €My MpPOCTpaHCTBe: p,=p/l. PenaruBucTcKOe e 3HAUYCHUE
JaBJIEHUsS B BEIIECTBE, OINPEAEIAEMOE B KOBAPHMAHTHOM MHPOBOM IIPOCTPAHCTBE M IIPU 3TOM
OTHOCHMOE K IMOKOSILIEMYCSI TPEXMEPHOMY IPOCTPAHCTBY HaOI0OaTelNsl IBUXKEHHUSI STOTO BEIIECTBA,
JIOJKHO OBITh, HA0OOPOT, BO CTOJBKO € pa3 OOINbIIE ero COOCTBEHHOTO 3Ha4eHHs: p; =pl. Benb B
HeconmyTcTByomei Bemectsy CO cTopoHHEro Habmomarenst (pu3nMuecKue Mpouecchl B TOYKaX ITOTO
MPOCTPAHCTBA MPOTEKAIOT ObIcTpee, ueM B comyTcTBylomiei BemectBy CO. M 3To mpoucxoauT BO
CTOJIBKO K€ pa3 ObIcTpee, BO CKOJBKO pa3 MEUIEHHEE STH IMPOLECCHl MPOTEKAIOT B BEIIECTBE IS
CTOpPOHHEro HabmrofaTens, yeM JUisl HaOmoaaTens, MoKosmerocs B comyTcrBytomeii BemectBy CO.
[IpencraBnenue xe 00 JOPEHI-MHBAPUAHTHOCTU JaBJICHHS CBSI3aHO C 3aMEHOM B PEISTHUBUCTCKUX
muddepeHIaTbHbIX YPaBHEHUSX PAaBHOBECHOTO COCTOSHHS BEIIECTBA SKCTECHCHBHOTO 3HAUEHUS €ro
MOJIIpHOTO 00beMa }J/ Ha HE CTPOTo 3KCTEHCUBHOE JIArPaHKEBO 3HaU€Hue };3Toro oobema.

’ B IIaHKOBCKOH TEPMOIMHAMHKE PE/ISTHBHCTCKHE MOJSPHBIA 00bEM ¥ JaBieHHMe (AKTHUECKH KaK Obl MOMEHSIIHCH
poisiMu. B mpomecce penATHBHCTCKHX IPEeoOpa3oBaHUM MOJSIDHBIA 00BEM CTal «BECTH ceOs» KaK HHTCHCHUBHBIA
rapamerTp, a JAaBJIeHHE CTAJI0 «BECTH CeOs» KaK SKCTEHCHBHBIN Mapamerp.
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3. OcHoBHble au(pdepeHINAIbLHbIE YPABHEHUS] PEJIATHBHCTCKOH TePMOAMHAMMKH B
KOHTPAaBAPHAHTHOM IPeCTABJICHUH

OOBIYHO  ypaBHEHHUs  PENATUBUCTCKOM  TEPMOAMHAMUKHM  3aJal0TCs B KOOpAHMHATaX
KOHTPAaBapPUAHTHOTO MHUPOBOrO MPOCTPaHCTBA (MPOCTpaHCTBA MUHKOBCKOTO) U, TOXTOMY,
KOBApUAHTHOE PEJISATHUBUCTCKOEC 3HAYEHHE OHEpPruu (raMWIbTOHUAH) BBIpAXKAETCS HE dYepes
KOBapUaHTHOE pPEIATUBUCTCKOEC 3HAYCHHUE DHTANIBIINU H,=HI, a yepe3 KOHTPABAapUAHTHBIC
PENATUBUCTCKUE 3Ha4YeHUs1 HTanbnuu H,=H/I, nmiynbca P U TEepMOIUHAMUYECKUX TapaMeTpPOB,
OTHECEHHBIX K JABIKYIIEMYCS BEIIECTBY:

Uy = Uy + Pv=(Hy— Vpy)+Pv, U, dt—Pdx=U, dt=(HVpy)dt=Udr .
31ech, ¢ y4eTOM BCEr0 HAMM paHee W3JI0KEHHOTO, MONHAs peNsTUBUCTCKas sHeprus U, =UI
(raMHJIBTOHHAH) W MEXAHMYECKUH  HMITYJIbC pemectpa '’ P=(0U/ov)sy=wiv=UIV/c>=U,"vIc*,
AQHAJIOTUYHO €r0 BHYTPEHHEU 3Hepruu U, HanpsMyIO HE 3aBUCSAT OT JABJICHUS U, TIOITOMY, SIBIISTFOTCS
CTpPOTO DSKCTCHCHBHBIMHU XapakTepuctukamu. [lpu >TOM mpupainieHne TraMHIbTOHMAHA, Kak U
MpUpPAIICHUE BHYTPEHHEW HHEPTUH, OMPENENSeTCs MNPUPANICHUSMU JIMIIL CTPOTO SKCTEHCHBHBIX
MapaMeTpoB:

AU, =(TdS-pdV)I" +U, dinI’=TydS- pr d(I'V)+vdP= TyxdS— p:dV+vdP
U HUKakas paboTa Mo pelsTUBUCTCKOMY «CaMOCYKATHIO» BEIIECTBAa HE BBINMOJIHSIETCA. 3A€Ch: w=vP=
UI3V/c* — BuemHsis sHeprust (dHeprusi mepeHoca [2]) BemiectBa, a 7,=7/] — KOHTpaBapuaHTHOE
PENATUBUCTCKOE 3HAUCHHUE Temnepatypsl (Temreparypa [Inanka [1; 12; 17]) aBuxyierocs BemecTna.

B oTnauunme OT MJIAaHKOBCKOTO HWMITYJIbCA, HEMOCPEICTBEHHO HE 3aBUCHUMBIM OT JaBICHUS
MEXaHUYECKHI UMITYJIbC P= U, v/c* COBMECTHO ¢ TaMuIbTOHHaHOM Uy 00pa3yoT YEThIPEXUMITYIIBC.
N s atoro He TpeOyeTcss HANOXKEHHS KaKUX-IHOO OCOObIX OrpaHMYEeHHN Ha 3aBUCUMOCTH
KoopauHaTHOTO (TpaBuOapmueckoro [8]) 3HaueHWs CKOpPOCTM CBeTa V. B  BEMIECTBE OT
TepPMOIMHAMUYECKHX MTAPaMETPOB STOr0 BemecTsa' . JamaMGepoBa ke MCEBIOCHIA HHEPLHH TAKKE,
KaKk ¥ B MEXaHUKE, HEMOCPEJICTBEHHO HE 3aBUCUT OT JABJICHHS B BEIECTBE U MOXET OBITh
Mpe/ICTaBjlIeHa B KAIMOPOBOUYHO-MHBAPUAHTHOM BUJIE:

Fi=— (OP/01)sy=— (0Urg 101 )s.py.-dITdx= —(Uyg )dInITdx,
KaK ¥ rpaBUTALIMOHHAS TICEBIOCHIIA
Fo=—(0Uyq 10Ve)sy.r-gradve=—U,, -grad(lnv,),

rue: URg*ZUR*vc/c: Ulv./c — coxpansemast (/V.~=const) B mporecce cBOOOHOTO MaJACHUS TeJa IMoTHas
sHeprusi - (OBIIEPETATHBHCTCKOE KOBAPHAHTHOE 3HAYCHHE TaMHUIBTOHHAHA) €O  BEIIECTBA.
Bo3moxHOCTh KamuOpOBOYHO MPEOOPa3oBbIBATh, KaK V., TAK U / HE TOJILKO MO3BOJSET aJJTUTUBHO
CKJIa/IbIBATh IMCEBIOCHIIBI TSATOTEHHS] U MHEPIMH, HO M 0o0ecrevyrBaeT B3aUMHYIO0 HE3aBUCHUMOCTh MX
raMUJIbTOHHAHHBIX HANIPSHKEHHOCTEH.

[IpupalieHre KOHTPABAPHAHTHOTO PENSTHBICTCKOTO 3HAYCHHUS SHTANBITHN

' 31y BRIpaXKEHHS [T SHEPTHH U HMITyJIhca ObLIM paHee momyuensl bporacom [3; 14]. OHAKO OH X PacCMATPHUBAN He
KaK IOJIHBIC PEJIITHBUCTCKUE 3HAUEHMs SHEPTUM M UMITyJbca, a JIMNIb KaK OIpeAeiseMble B COOCTBEHHOM BPEMEHH
BEIIIeCTBAa KOMIIOHEHTHI COOTBETCTBYIOIINX MTOJHBIX 3HAYEHUH 3TUX XapaKTEPUCTHUK.

"' BBy 5TOr0 pacCMOTpEHHBI B [8] MIECTHMMITYIIBC, OCHOBBIBAIOIIHMIICS HA TIAHKOBCKOM PEISTHBUCTCKOM O0OGIICHHH
TEPMOAMHAMMKH, CIEAYyeT pacCMaTpHUBaTh JIMIIb KaK MCKyCCTBEHHOE IOCTPOEHUE, BBI3BAHHOE M3HAYAIbHO HEBEPHBIMU
MIPEANOCHIIKAMU B (PU3MYECKUMHU TIPEACTaBICHUSIMH.

"2 3jiech rpaJMeHT OT HATYpaNbHOTO JOTapH(Ma HeCOOCTBEHHOTO 3HAYEHHsS CKOPOCTH CBETA ONPEIENSETCS C Y4eToM
KPHBH3HBI COOCTBEHHOT'O IPOCTPAHCTBA BEIIECTBA, TO €CTh 10 METPHUYECKHUM, a HE MO (POTOMETPHUECKUM MPHUPALIECHISIM
KOOpIHHAT.

" B COOTBETCTBMM C STHM IOJHAS JHEPrUs SKBMBAICHTHA HE KOHTPABAPMAHTHON OOIIEPEIATMBUCTCKOM Macce
mpg=mlc/v., a KOBAPUAHTHOH Macce ng*:mF V. /c, onpenensromel He BpEMEHHYIO, 2 OTHOCHTEIBHYIO MPOCTPAaHCTBEHHYIO
WHEPTHOCTh BEILECTBA, I'Zle /1 — COOCTBEHHOE 3HaUYeHHEe Macchl. [IponopunoHaNbHOCTD K€ MMEHHO HOJIHOW SHEPIUH, Kak
IPaBUTAllMOHHON IICEBJOCWIIBI, TaK M JAanaMOepoBOIl ICEBIOCHIBI WHEPIMM J€NIaeT HEaKTyaJbHOH mpoliemy
SKBUBAJICHTHOCTH I'PABUTALIMOHHON U MHEPTHOW Macc.

' Bazapos [1] npuBOAKT MOJOGHOE BHIPAKEHHE, HE COEpIKAIIee IPHUPAIICH S CKOPOCTH JABIKCHNs, A auddepeHiuana
JIOPEHI-WHBAPUAHTHOW OHTAJBIIMM MW, TEM CaMbiM, (PakTHUECKH paccMaTpHBaeT TEPMOAMHAMUYECKOE COCTOSHUE
JBIDKYyIIErocs BemiectBa He Bo BHemHed CO, B KOTOpoil HaOmoqaeTcs ABMKEHHE, a B COITYTCTBYIOLIEH 3TOMY BEILIECTBY
Co.



dH=(TdS+Vdp)/ I"—HydIn[ =Ty dS+V [dp,—Pdv=Ty dS+Vdp;—Pdv,
KaKk M IpHUpalieHue OOBIMHOM JHTANbNUU [, ONpenenseTcs: NMPUPAIICHUSMHU JIMIIb MHTEHCHBHBIX
IapaMeTpoB (3a UCKIIIOUEHUEM, KOHEYHO, IIPUPAILEHUS SHTPOIHH).

4. OcHoBHble auddepeHIHATbHbIE YPAaBHEHUS PEISITHBUCTCKOH TEPMOJAMHAMMKHU B
KOBAPHAHTHOM MPeICTABJICHUN

B CO, B xotopoil HaOmomaeTcs JBMIKEHWE BeliecTBa, aAuddepeHInaibHble ypaBHEHUS
PENSATUBUCTCKONW TEPMOJIWHAMUKMA MOTYT OBITh TaKXkKe 3aJaHbl M B KOOpAWHATaX KOBapHUAHTHOTO
MHPOBOT'O IPOCTPAHCTBA:

Updt +P dx =U, dt =(H, —Vpy )dt =Udt.
[Ipu >TOM KOHTpaBapHaHTHOE PEISITUBUCTCKOE 3HAaueHWe dHepruu (narpamwxkuad) U, = U/T” =ur
MOJKET OBITh TOXKE BBIPAKEHO HE Uepe3 KOHTPABAPUAHTHOE PENATUBUCTCKOE 3HAUYCHUE YHTATBIUN H=
H/=HT, a yepe3 KOBAPUAHTHBIC PEIIITUBUCTCKUE 3HAYCHUS DHTAJIBIIUU H,=HI=H/T", HMnan,ca15
P*Z(GUR*/GV*)S,VZUﬁ ViI=Uvic* n TEPMOJMHAMUYECKUX TapaMeTPOB BEIIECTBA, OTHECEHHBIX K
3aMOTHEHHBIM 3TUM ABMKYIIHMCS BEIIECTBOM y4acTKaM MPOCTPAHCTBA:

U=Us — PV =H, —Vp, - PV,
rne: I =(1+v2c) " =1/I" ; v'=(0x/ds)y= dx/df =V — IPOCTPAHCTBEHHAs KOMIIOHCHTA YETBIPEX-
CKOpOCTH, (haKTHUeCKH SBISIOMIASCS CKOPOCTHIO JBIKEHHs BellecTBa, omnpenensemoir B CO
HaOJroIaTeNiss HE 1O COOCTBEHHBIM €ro dYacaM, a II0 PEJIATUBHCTCKHM CTAaHJIAPTHBIM dYacam,
JBUKYLIIMCS] BMECTE C ATHM BEIIECTBOM. B COOTBETCTBUU C 3THUM:

P=Uv/c, PV=Pv, a U"-cP=U+cP?=U,U ="

OcHoBHble Au]QepeHnanbHble YpaBHEHUS PEISTUBUCTCKOM TEPMOIMHAMHUKU B KOBapHAHTHOM

WX MPEACTABICHUN UMEIOT CICAYIONIUI BUI:

dH, =(TdS+Vdp)/["-H, dinI" =T, -dS+Vdp, +P"dv",

dU, =(TdS-pdV)I"" +U,dInI”" =T -dS— p; dV—v"dP".
3necw: Ty =T/=TI" — penaruBuctckas temneparypa Otra [1; 9; 12; 16], coorBercTByrOLIas
YCKOPEHUIO TMPOTEKaHMsI (U3MYECKUX TPOIECCOB B TOYKAX IMPOCTPAHCTBA, B KOTOPBIX BEHIECTBO
HAaXOJUTCSI B COCTOSIHMM JBWXKEHHUS. TakuMm o00pa3oM, Y4YaCTKHM MPOCTPAHCTBA, 3aMOJIHEHHBIC
JBIDKYIIIUMCST BEIIECTBOM, JIEUCTBUTEIILHO CTAHOBSITCS KaK ObI «rop;mee»16 [1], yem coBmagaromme C
HUMH Y4YacCTKH COOCTBEHHOTO MPOCTpaHCTBa BemiecTBa. JoOas mapa CKOppeTupOBaHHBIX (DOTOHOB,
MMEIOIUX B conmyTcTBYIomIer BemectBy CO onnHakoBYyI0 dHEpTrHi0 Uy H pacCIIpOCTPAHSIONIUXCS B HEH
CTPOTO B MPOTHBOIIOJIOKHBIX HAIMPABICHUAX, UMEET B HecomyTcTBYIomIel BemecTsy CO cymMMapHyo
sHepruio B / pa3 Oonbiyto, yeM B conytcrBytomien Bemectsy CO: U AU, =2U, /=2 UCO/I“* , Tre:
U=Ua I [1=(v/ic)cosg] ' = U [1+(vic)cosgy]; U =Und” [1=(vic)cos @] = Ul [1H(vic)cos(gitm)];
@ U (@ytm) — yrasl B comyTcTBytomeil Bemectsy CO MeXIy HampaBlIEHUSMU PacCIpOCTPaHEHUS
(OTOHOB ¥ HaIpaBJICHWEM JBW)KCHUS BEUIECTBA; ¢ H (' — COOTBETCTBYIOUIME WM YTIJbl B
HECOITyTCTBYIOIIeH aBrokymemycsi Bemectsy CO, B KOTOPOW HampaBJICHUS pPACIPOCTPAHCHHUS
CKOpPENHUPOBAHHBIX (POTOHOB B 0OIIEM ClTydae HE SIBISIFOTCS B3aUMHO MapaieIbHBIMU.

D10, Kak W MHOrouucieHHeie pabotsl [9; 10; 12; 16], moxareepxaatonme 00OCHOBAHHOCTh
paccMaTpuBaHus, Hapsjay C IUJIAaHKOBCKOM Temneparypoit 7,=7/1, Takxke U pPEISATUBUCTCKOM

> B ommune or paccmarpusaemoro B OTO [10] KOOPAMHATHOrO KOBAPHAHTHOTO 3HAUYCHHMS MMITYJIbCa, PENSTHBHCTCKOS
CTaH/JapPTHOE KOBAPMAHTHOE 3HAYCHUE HUMITYJbCa OMNPENENSAETCSs HE M0 KOOpAMHATHBIM yacam BHemHed CO, a 1o
PEISITUBUCTCKUM CTaHIAPTHBIM 4acaM, COIYTCTBYIOIIMM JIBUKYIEMYCs BEIIECTBY M, IOITOMY, HaOII0JaeMbIM BO
BHemHe CO ABIKYIIMMECS. BbIpakeHue Ui ero Onpe/esieHUs] CTPOro COBIANaeT ¢ COOTBETCTBYIOIIUM BBIPAKEHHEM
KJIACCHYIECKOM (DU3UKH.

e Bepuee, «ropsdee» CTaHOBUTCS HEyBJIEKAEMbId JBW)KEHHEM (QHU3MYECKUI BaKkyyM, €CIlM, KOHEYHO, JBH)KECHHE
HaOmromaetrcst B ero ynmamentanbHoi CO. Benp 31eMeHTapHbIC YacTHIBI BEIISCTBA 3TO BCErO JIMIIb HEMEXaHUYECKU
B030YK/IEHHbIE MUKPOCOCTOSIHUS (PU3NYECKOTO BaKyyMa, IPOSIBISIONIMECS KaK NPOCTPAHCTBEHHO-BPEMEHHbBIE MOLYJISILIU
€ro OCHOBHBIX XapaKTCPUCTHK B BHUJIE CAMOOPTAaHH30BABIIHMXCS COJUTOHOIOIOOHBIX CIHPATLHOBOJHOBBIX 00pa30BaHUIMA
[4-6].



%
temrniepatypel Otra T, =7/, yka3plBaeT Ha II€JI€COOOPa3HOCTh paccMaTpPUBAHUsS, HapALY C
KOHTPaBapUaHTHBIM, TaKK€ U KOBAPHAHTHOT'O PEISTUBUCTCKOTO 0000IICHNUS TEPMOJMHAMUKHY.

3aKjao4eHue

PaccMoTpenHoe 371ech penaTuBUCTCKOE 0000IIEHHE TEPMOJUHAMUKUA CO CTPOTO 3KCTEHCUBHBIM
MOJIAPHBIM OGBeMOM " JIOPCHI-UHBAPHUAHTHBIMU 3HTpOHHCﬁ " MJIOTHOCTBIO SHCPIrvU JIMIIICHO MHOTHUX
HEJOCTAaTKOB PEJIATUBUCTCKUX OOOOIIEHUN C JIOPEHL-MHBAPUAHTHBIM JABJICHHEM M TO3BOJISET IMO-
HOBOMY HHTEPIPETUPOBATh BOCHPUATHE NPOTEKAHUS (PU3HMUECKUX TIPOLECCOB B JIBUKYIIEMCS
BemecTBe H3 HeconyTcTByrommx emy CO. Bo03MOXHOCTh, Kak KOHTpaBapMaHTHOIO, TaK U
KOBapHaHTHOTO NpeicTaBiIeHUN Au(QepeHInanbHbIX ypPaBHEHUNH PENSATUBUCTCKON TEPMOJMHAMUKU
pemaer npobieMy HaIU4Yus B HEW JBYX albTEPHATHBHBIX PEIATUBUCTCKHX TEMIlepatyp —
temneparypsl [Inanka u temnepatypsl OtTa.
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