BeeneHue
B TEPMOANHAMUKY HEODPATUMbIX
npoueccoB
(nekuun o moaensx)

KHazeBa AHHa 'eoprueBHa — 4.¢.-M.H., npodeccop

Nekuusa 1

DEeHOMEHOJOTUUECKUI U CTaTUCTUYCCKUH METO/I.

Onpenenenust (TepMOJUHAMHUYECKAs CHCTEMa, BHEITHUE U BHYTPEHHHE TTapaMeTphbl, TEIO;
(YHKIIMU COCTOSTHUS; OHOPOAHOE M HEOJHOPOTHOE TEJI0; PaBHOBECHOE U HEPABHOBECHOE
COCTOSIHHMS; TIPOLIECC; BPEMsl PEIaKCalluK; CHCTEMbI OTKPBITBIC, H30JMPOBAHHBIC U
3aMKHYTBIE).

[Ipuznaku TC. Buap! peakiuy cpepl Ha BHEIIHEE BO3ACHCTBHE.

HexoTopsie ¢popMynupoBKH 3aKOHOB TEPMOJIMHAMUKN DHTponus. YpaBHenue ['no0ca.
[IpuBenenHas Terora U npUBeACHHas padora.

Teopus TepMOIUHAMUYECKIX OTCHIINAIOB

IMpumepsl HeoOpaTHMBIX ImporeccoB. Obmme nonoxeHus Teopuu OH3arepa.

ITonsiTue 0 TOKATBLHOM PaBHOBECHU. Y CIOBHS MPUMEHUMOCTU. OrpaHUueHUs
TEPMOAVHAMUYIECKON TEOPUH U TIOHATHS CIUIOMIHON cpenbl. [IpuMeps! CrTonIHbIX cpea.

BBepneHue

Ilpeomemom u3ydeHUs NAHHOTO Kypca SBISIIOTCA IMepMOOUHAMUYECKUE meopuu HU
MoOdenu, oONAfAOIe CBOHCTBOM HEHNPOTHBOPEUUBOCTH 3aKOHAM TEPMOJUHAMHUKH H
CIIOCOOHBIC OIHCHIBATH PA3INYHBIC HEOOpaTUMBIE IPOLECCHI M TIOBEACHUE CIOXKHBIX CpeJl

IMoaxox x M3y4eHHIO MOBENECHHUS PA3IMYHBIX CPEJ 3aKJII0YAETCS B MEPEXOJE OT PeabHbIX
cpei K HX HAEATM3MPOBAHHOMY MPEACTABICHHIO M COOTBETCTBYIOIEMY CHMBOJIBHOMY
omucanuro. I[lox MaTepralbHBIM TEJIOM, HE3aBUCUMO OT €T0 arperaTHOro COCTOSHHSA, OyaeM
MOHUMATh CHCTEMY MAaTepHANbHBIX YacTHI[, KOTOpas 3aKII04eHa B HEKOTOPOH 00IacTé
IpocTpaHcTBa D, nuMeroniell 00beM V1 OrpaHn4eHHOI TOBEPXHOCTHIO S .

BoNBIIMHCTBO peanbHBIX COCTOSIHUI Pa3IMYHBIX BELECTB — TBEPAOI0, KUIKOTO,
ra3000pa3HOro, CHITYy4ero MOTYT OBITh OIHCAHBI B pAMKaX MOJEJNEH CIUIONIHBIX CPex.
MexaHuKa CIUIOIIHBIX Cped — (YHOAMEHT pPa3BUTUS pPa3IHYHBIX HAyK, TEXHHKH U
TEXHOJOrHX. Ha OCHOBHBIX 3aKOHAaX M MOZENSAX MEXaHUKH CIUIOLIHBIX cpel 6a3upyroTcs
OONBIIMHCTBO TEOPHH, ONMCHIBAIONIMX IIOBEICHHE PEalbHBIX CpPEl: TEOPHUs YHPYTOCTH,
TEOpHUsl INIACTUYHOCTH, TEOPUs BA3KOYNPYTOCTH, THAPOJUHAMUKA, Fa30AMHAMHIKA, JUHAMUKA
FeTEPOreHHbIX CTPYKTYp U JIp.

C/10BO «MEXaHHKA» NPOUCXOIUT OT rPeYecKoro KOPHs «MeXaH?3», epeBo/isi Lerocs
KAaK «yXHUIPEHHEe».

CyIecTBYIOT [1Ba OCHOBHBIX METOJOJIOTHYECKHX MOJIXOAa K H3YyYCHHIO IOBEICHUSA
MaKPOCKOTIMYECKUX CHCTEM — (DEHOMEHOJI0THYeCKHIi M CTATUCTHYECKHIA.

B cmamucmuueckom memode mnpuMeHsETCS BEPOATHOCTHBIM IOAXOA K M3y4aeMbIM
SIBIICHUSIM M BBOJATCA CPEOHHE XApAKTEPUCTUKH IO OOIBIIOMY aHCAMOIIO YaCTHII.
OCHOBHYI0 3aJjady CTaTHCTUYECKOH (H3UKH MOXXHO CGHOPMYIHPOBATH CICAYIOIIAM
0o0pa3oM: 3Hasl 3aKOHBI MOBEJICHHS M B3aHMOJACHCTBHS YaCTHIl, U3 KOTOPBIX IIOCTPOCHA
CHCTEMa, yCTAaHOBUTH 3aKOHbI IIOBEACHUS MAKPOCKOIIIMYECKOTO KOINYECTBA BEIIECTBA.
OJHAKO TPH CIOXKHOM CTPOSHHM MOJEKYT HCHOIb30BAHHE CTATUCTHYECKHX METOJ0B
3aTPyJHEHO, TaK KaK HEJOCTaTOK MH(OPMAIMH HE MO3BOJSIET ChOPMYITHPOBATH THIIOTE3Y
0 B3aHMMOJIEHCTBUH MOJIEKYJI, a TIOTyJaeMbIe YPaBHEHHS YPE3MEPHO CIIOXKHEL

Knaccuueckuit ¢penomenonozuneckuii. memoo HE UCIOJIb3yeT HUKAKMX MOJENBHBIX
IpeICTaBIeHU 00  aTOMHO-MONEKYISAPHOH  CTpPYyKType  BemecTBa.  3agadeil
(heHOMEHOIOTIECKOr0 METO/Ia ABISIETCS. YCTAaHOBIECHHE CBA3EH MEXKIy HEOCPEICTBEHHO
HaOII0JaeMbIMH (M3MEPSIEMbIMH B MAKPOCKOIMMYECKHX OIBITAX) BEIUYMHAMH, TAKUMH KaK
JaBleHue, o0beM, TeMIepaTypa, KOHIIGHTpAIHs  pacTBOpPa,  HANpPSIKEHHOCTh
9NIEKTPUYECKOT0 MM MATHUTHOTO HOJIA U Jp. B OCHOBY (heHOMEHOIOTHYECKOro MOAX0qa
MOJIOXKEHBI IIOHATHE MAaTE€PHAIbHOTO KOHTHHYYMa M COOTBETCTBYIOIIAs 3TOMY HOHSTHIO
runore3a cmiaomHocTu. [log dYacTuiel, COCTaBiIsIOIIEN MaTepualbHBIA KOHTHHYYM,
MOHMMAETCS YacTh Tela, Majas IO OTHOLICHHIO K T€OMETPHYECKHUM pa3MepaM Tena, HO
Oonblas IO CPAaBHEHHIO C pa3MepaMd MoOJeKyld Takum o0pa3soM, B paMKax
(heHOMEHOIOTMYECKOr0 MOAX0Ja UMEET MECTO abCTparupoBaHHE OT PEaTbHOTO ATOMHO-
MOJICKYISIDHOTO CTPOSHHS Tel M IepexoJ K HICAIM3UPOBAHHOMY IIPEACTABICHUIO
BEIIECTBA B BUIE MATEPHAILHOTO KOHTHHYYMA.




TepmoguHamuka
MexaHuka crnoLHou cpeabl

Teopus ynpyrocTtu Wcnonb3yeTcst cBOAKa 3aKOHOB
TepmMoaMHaMUKL U
["a3oBasa AnHamuka .
TepmMoaMHaMUYECKNX OrpaHNYeHmni
r'mapomexaHuka

Xvmudeckasi TepmogmHamuka
MakpoknHeTrka

TepmogumHamuka + MCC = TepmomexaHmka

Ba:kneiinneii nesabo Mexanuku criomHoii cpeabl (MCC) sBisieTcs yCTaHOBICHUE 0OIINX
CBOICTB u 3aKOHOB JIBIKEHUS nedopMHupyeMBbIX Tel.
C Touku 3penuss ¢usuku B ocHoBe MCC nexaT METoIbl TEOPHU  IOJIA.
C MaTeMaTH4eCcKOW TOYKH 3pPEHUS B €€ OCHOBE JISKUT Teopus AuQepeHIHaIbHbIX
YpaBHEHHH B YaCTHBIX IIPOM3BOIHBIX M POJICTBEHHBIC €1 METOIbI MATEMATHUECKOM (DU3HKH.

BaxHelimmass  3agaua  TepMOAMHAMHMKHM  HeoOpatuMmbix  mpoueccos (THII):
YCTaHOBIICHHE Hamboiee OOIIMX 3aKOHOB PAa3BUTHA IPUPOIBI M B3aHMOCBS3EH MEXmy
pasubiMu  siBneHussmMH. THII sBinsercs pa3BUTHEM KIACCHMYECKOW TEpMOJMHAMUKHU
IPUMEHUTEIBHO K Pa3IHYHBIM 00JIACTAM Pa3BUTHS (HH3UKH, XUMUH, OHOTOTHH U TEXHHUKH.
B Hacrosiee BpeMsl CyLIECTBYET MHOKECTBO PA3IMUYHBIX TEPMOJUHAMUYECKUX TEOPUH, B
OCHOBE KOTOPBIX JIEXKAT Pa3Hble CUCTEMBI IOCTYJIATOB.

1.0npepeneHuns

1. Bcsikunm maTepumanbHbii 060BEKT, BCAKOE Teno, coctosuee u3 6onbLlioro yncna
YyacTuu, HasblBaeTcs mepmMoluHamudeckoli cucmemoli. Obnactb
TepMOAMHaAMUKN OrpaHMyeHa pasmepamu Ten

2. Tesio — BelLeCTBO, B35TOE B onpeneneHHom obbeme u Xapakrepusytoieeca
(bI/I3VI'~leCKI/IMI/I Nnpu3HakamMu, KOTopble MOryT ObITb n3mMmepeHbl (MaCCﬁ, obbem,
nasrneHve, TeMHepaTypa). Knaccuueckas TepMmoanHaMUKa paccMmaTpuBaeT Takme
Tena Kak uernoe.

3. MaKpOCKOI'II/ILIeCKI/Ie NPpU3HaKK, Xxapakrepusyrwme MakpoCKONMN4eCKyto CUCTEMY
N ee OTHOLWIEeHUEe K OKpPYy>KakLWuM Tenam, Ha3blBaloTCA MaKpOCKornu4YecKumu
napamempamu. COBOKyI'IHOCTb He3aBUCUMbIX MaKpOCKOMMYeCcKnx napameTpos
onpenendeT cocmosiHuUe cucmembl

4. PaanuyatoT napamempsi e HewHuUe u eHympeHHue. MNepsble —
onpenensoTcs NofoXeHWeM Ter, He BXOASALLMX B M3y4aeMytlo CUCTEMY; BTOpble
— onpeaensaTCa COBOKYNHbLIM ABUKEHWEM U pacnpeaeneHeM B NpoCTpaHCTee
BXOAALUMX B CUCTEMY YacTuL.

5. Habop napameTpoB COCTOSIHWS M X YACNO pa3nnyHbl NSt pasHbIX Mogenen
cnnoLHbIX cped. PrkcrpoBaHue CUCTEMbI NapaMeTpoB SABMSIETCS
nepBoHaYyanbHbIM 3TaroM B NOCTPOEHUM Nioboi Modenu peanbHol cpeabl. Ecnn
Npu OQHKX U TEX Xe NapameTpax ABe CUCTeMbl (UN1 ABa COCTOSHUS) YEM-TO
OTnMYarTCs, TO BblOpaHHbIA HAbop NapamMeTpoB — HEMONOH!

6. BenmuunHbl, He 3aBUCSALLME OT NPEALICTOPUN CUCTEMbI U MOSTHOCTLIO
onpegensiemMble ee COCTOSIHUEM B AaHHbI MOMEHT, Ha3blBalOTCS OYHKYUAMU
cocmosiHusi. TepMoOUHaMUYEeCKUMU NepeMeHHbIMU Ha3blBalTCS BEMUYMHLI,
KOJIMYECTBEHHO BbIpaXxatoLime TepMoaMHaMUYecKMe CBONCTBA CUCTEMBI.
MepemeHHble, 3HaYEHNA KOTOPbLIX (PUKCUPOBAHBI MPY PACCMOTPEHUN KOHKPETHO
3afaun, HasbIBaTCA MepMoOUHaMuUyYecKUMU napamempamu. HaGop
TEPMOANHAMUYECKMX NEPEMEHHbBIX COCTOSIHUSA ONPEeaesAeTcs He TOMbKO PU3NYECKOoi
NpYpOoZON 13y4aeMon CUCTEMbI U ee Npeobpa3oBaHNSMU, HO TakKe CXEMOW,
NPVHATON ANS ee OMNncaHus, T.e. B HEKOTOPOM CMbICHE SIBMSIETCH CYObLEKTUBHBIM.

7.Ecnu BCe Npu3Haku, xapakTepusytoLme n3ydyaemoe Teno, OANHaKoBbl BO BCEX
€ro YacTsix, TO FOBOPAT, YTO mesio — 00HopodHo. Ecnu Teno npeacrasnsaeTt
cob0oit cMecb BeLEecTB, TO FOBOPAT, YTO OHO XMMUYECKM HeoagHopoaHo. O
XMMUYECKN 0OOHOPOAHOM Terne (MaTepuare) roBopAT N1Lb TOraa, ecnv Bce
BELLECTBA B Pa3HbIX YacTAX Tena NpUCYTCTBYIOT B PaBHbIX NPOMNOPLUSAX.

8. CocTosiHME cMCTEMbI Ha3blBaeTCA cmayuoHapHbIM (ycmaHoeuewUMcn), ecnn
napamMmeTpbl CUCTEMbI C Te4EHNEM BpeMEHN HE UBSMEHAIDTCA. Ecnu ceonctea
CUCTEMbI MOCTOSIHHbLI B K&XK4,0M TOUKE (He 3aBUCAT OT KOOpAUHATbI, HO 3aBUCAT OT
BpeMeHI/l), TO COCTOSIHWE TaKOW CUCTEMbI Ha3blBAETCS OAHOPOAHbIM.

Ecnu, B cucteme He TonbKo Bce napamMmeTpbl He N3MEHAKTCA BO BpEMEHU, HO U HET
HUKaKUX CTaluMOHaAPHbIX MOTOKOB 3a cYeT OEeNCTBMA Kakux-nnbo BHELIHUX
NUCTOYHMKOB, TO TaKO€ COCTOAHNE CUCTEMbI Ha3biBaeTCA paeHOBECHbIM.

9.Ecnn HEKOTOpble NapaMeTpbl CUCTEMblI MEHAIKOTCA CO BpeMeHeM, TO roBOPAT, YTO
B Takol cucteme npoucxodum npouyecc.
ﬂpou,ecc nepexoga n3 HepaBHOBECHOIO COCTOAHUA B paBHOBECHOE Ha3blBaeTCcA
penakcauuea. ﬂpomemyTOK BpeMeHU, B Te4eHne KOToOporo cncrtema
BO3BpallaeTca B COCTOAHUE paBHOBECUA, HA3biBaeTCA epeMeHeM periaKkcayuu.
ﬂpouecc, BKIOYaKoLWmMiA B cebs Tonbko paBHOBECHbIE COCTOAHUA,
Ha3blBaeTCA paBHOBECHbIM. WHave, pasHoB8eCHbIM (KsasucmamuquKUM)
Ha3bleaemcs rnpouecc, I'IpOTeKaPOLLIMVI ©6eCcKkoOHeYHO MeAneHHO No CpaBHEHUIO CO
BpemMeHeM penakcaynum CUCTeMbl K TepMmognHaMmn4eckoMy paBHOBECUIO.
CTaumoHapHbI NPOLLECC MOXET ObiTb HEPAaBHOBECHLIM.

10. PasnnyaioT usosiupoeaHHbIe cucmembl, KOTOPble HE 0GMEHMBAIOTCS C
BHELLHeW Cpefon HU SHepruen, HX Maccon; 3akpbimaie (LN 3aMKHYTbIE)
TepMoaMHaAMUYECKME CUCTEMbI, KOTOPble 0OGMEHUBAIOTCS C OKPYXatoLLeln cpeaom
3Hepruen, Ho He Maccom, U OMKpPbIMble TEPMOANHAMMUYECKNE CUCTEMBI,
obmMeHMBatoLLMecs Co Cpeaon U SHeprnemn, 1 Maccom.

Knaccuueckasi TepmoamMHamMuka, udyyarollas paBHoBeCHble (06paTumMble) npouecchl,
Ans HeobpaTUMbIX NPOLECCOB YCTaHaBMUBAET NiLLb HEPABEHCTBA, KOTOPbIE
YKa3bIBalOT BO3MOXHblE HAMPaBreHUsi 3TUX NPOLLeCCOoB.

B repmoanHamuke Heobpatumblx npoueccos (THIT) cuctemsl, B KOTOPbIX Takue
npoLecchl MPOTeKatT, pacCMaTPUBAIOTCS Kak HernpepbleHbie cpedbl, a NxX
napamMmeTpbl COCTOSIHUS — KaK HEMPEpPbIBHbIE (PYHKLUM KOOPAMHAT U BPEMEHM.




2.TepMOAM HaMun4yeckas cucrema

YrtoOBbI cucTeMy MOXHO OBUIO Ha3BaTh TEPMOJIUHAMHYECKOI, OHA JOJDKHA 001a1aTh
onpeodeneHHbIMU NPUSHAKAMU

1. Oto cucmema 6onvut020 yucna wacmuy. Yucno Asoranpo

Ny =6,022045...10%

2. CyImecTByeT cocmoAanus pagHogecus — COCTOSIHAE, KOTOPOTO OHa JOCTHTaeT MpH
HEM3MEHHOCTH BHEUIHUX YCIIOBUH. DTO COCTOSIHUE 001a1aeT Ba)KHBIMH CBOMCTBAMU:
A)nonBIKHOE COCTOsIHKE; B)crucrema B paBHOBecHH 00J1a/IaeT CBOMICTBOM TPaH3UTUBHOCTH
— CYILECTBYET CBS3b MMAPAMETPOB COCTOSIHUS TEMIIEpaTypoil.

[ousTHe TemnepaTypsl B TEPMOANHAMHKE, BOOOIIE TOBOPS, HOCTYIUPYETCS.

3. Ilo oTHOMIEHHIO K TEPMOJMHAMUYIECKOH CHCTEME UMEET MECTO TEPMOAMHAMUYECKHUNA
npunyun adoumuenocmu. Bee BeMM4NHBI, OMUCHIBAIOIINE CBONCTBA TEPMOIMHAMUYECKUX
CHCTEM, MOKHO OTHECTH K OJTHOMY U3 JIByX THIIOB: 8 JUTUBHbIC (HATIPUMED, YHCIIO YACTHUL,
00BeM) U HeaJJIUTUBHBIC (TEMIIEpaTypa, JaBICHUE U BCE YIENbHbIC BEIMYHHBI).

4. Tlo OTHOIICHHUIO K TEPMOJUHAMHUUECKOMH cucteMe cnpasednuswt 1, 11 u 11l nauana
mepmoounamuky. 110 TpaAuMy UX CUUTAIOT OCHOBHBIMH aKCHOMAaMH TEPMOJUHAMUKH.
[puHsTHE NX MPUBOIUT K (POPMYIHPOBKE MAKPOCKOIIMYECKOTO aIlIapaTa TePMOJINHAMHKH.

3. Peakuus cpeabl HA BHeIIIHee BO3/IeiicTBHE

B xiaccuyeckoil TepMOJIMHAMIKE PEAKIMU CHCTEMbI Ha BHEITHEE BO3JeiicTBIE pa3OUBAIOT
Ha JIB€ TPYIIIBL

HepBas{ — OTO p€aKUus CUCTEMBI 110 OTHOIICHUIO K UBMEHEHUIO €€ «MEXaHUYECKUX
nmapaMeTpoB», C KOTOPBIMH CBA3BIBAIOT MOHATUE p(lﬁt’mbl mep./nm)uua./nultecm)ﬁ cucmemasl

2nemenmapuas paboma,

BBINIONHSEMAs TENOM B [IPOLIECCE W = pdV (€]
PABHOBECHOIO PACIIMPEHNUS
[pu HEPABHOBECHOM PACIIUPEHUI OSW < pdV (2)

Pabora TepMOANHAMIYIECKOH CHCTEMBI 6 MEXAHUUECKOM NOHUMAHUU — €CTh paboTa
MIPOTUB BHEIIHUX CHUJI, HOAJEP>KUBAIOIINX OIMIPEAEICHHbIE 3HAYEHUS TEPMOANHAMUUECKUX
napameTpoB. MHade, paboTa — 3T0 KOJIMYECTBO SHEPTHUH, [IEpeaBaeMOM CUCTEMOM
OKPY>KaIOIUM €€ TeJaM IIPH U3MEHEHUH €€ MaKPOCKONUYECKUX apaMeTPOB {Zl-}

P1 sws0 Pl 3W<0 oW =Biz=Y Bdz ()
()
PabGora IOJIO’KUTEIbHA, €CJIM OHA

coBepuiaeTcst CHCTeMO¥ HA/I BHEIIHUMH
TeJIaMHu

IIpumepol 3nemenmapuvix pabom TC
W =pdVl; B=p; Z=V

Pabora pacmupeHus:

Pabora cut MOBEpXHOCTHOTO

SW =—odY | O - HOBEPXHOCTHOE HATSDKCHHE

HATSIKCHHS

OnemeHTapHas padoTa 1

aeKTpudecKoro mons (ana | OW = —4—EdD D - BEeKTOp 3IEKTPHUYECKOI HHAYKIIUH

yI

JIMIICKTPUKA)

Pabora monsgpusanuy AUAIEKTpUKa £2

(6e3 paboThl BO30YX/ICHUS MOJIS B W, =3W —d| —— |=-EdP
BaKyyMe) 8m

P - BEKTOp MOIApU3ALUN

OnemeHTapHas padoTa IPH U3MCHCHUH - 1 HJB
HAIPSDKEHHOCTH MarHUTHOTO 1015 T an

Pabora namarauunBanwus (6e3 H

OW,; =W —d| —— |=-HdJ

paboThl 0 HAMAarHUYUBAHHIO J 8

BakyyMa)

3
OnemeHTapHas padoTa gehopManuu
oW = —ZGid&:f
eIMHULBI 00BbeMa TBEPJOro Tena vy
l’/

KOHerTI/ISaHI/IH CHUCTEMBI 110 €€ PEAKIINY Ha U3MCHECHHUE BHEIIHUX ITapaMETPOB Z cBOIHTCS
K 33JIJaHUI0 BEJIMYHMH B Kak nmapaMeTpoB TEPMOANHAMHUYECKOTO COCTOSTHUS

B; = Bi(Z},Z550es 21, TN ) 4)
3710 ecTb mepMu4YeckKoe ypasHeHUe cocmosiHuUsi

KOHI/I‘IGCTBGHHVIO MEpPY TEIJIOBOTO BO3Z[€ﬁCTBI/I$I CBA3BIBAIOT C ITOHATHUEM KoJiudecmea menja

Ten10 H0/I0KHTEILHO, eCJIH YHEPTHs HepeJaeTcsi CHeTeMe 0e3 H3MeHeHNs ee BHENIHUX
napaMeTpoB

OG6BIgHO Harp€BaHUEC U OXJIAXKJACHUE CBA3BIBAIOT C U3BMECHEHUEM TEMIIEPATYPBI U

IIOHATHUEM MenjioemKocmu
80 = CdT

Czn ZG% =Cz n(T,Z,N)=Necz y(T,Z) 5)
Z,N

3OT0 — Tak Ha3blBaemoe KaJiopu4ecKoe ypageHeHuUe COCMOsIHUs.

OrpaHn4YeHns Knaccu4eckomn Teopun:

1.00beKT nccnegosaHns — Tonbko TC

2.0TKa3 OT onucaHusl nyKTyaLmMOHHbIX NPOLECCOB

3.paccmatpuBaloTcst ToNbKo 6ECKOHEYHO MeAeHHble NPOoLEeCChl (Bpems kak
napameTp BbiNagaeT U3 Teopum). ATO — He pearbHble NPOLLECChI, @ UX
cneumarnbHble NpeaenbHble cryyaun




4. HexoTtopsbie popMyTHPOBKH 3aKOHOB TEPMOANHAMUKHI

1. IlepBoe Hauano. Termo, MoABEJCHHOE K CHCTEME , TPATUTCS HA U3MEHEHUE €€
BHYTPEHHEH JHEPTHU U Ha COBEPILECHUE PadOTHI

80 =dU +8W
U=U(Z,Z3)

(6)

BHYTPEHHSAS DQHEPTUA CUCTEMBIL

SIBJISIETCS OZAHO3HAYHOW (QyHKIMEH
€€ COCTOSTHUSI

Temno U pabora ecTb (PyHKUUH HE COCTOSIHUS, a MPOLIecca; H3MEHEHHE ITUX BEJIMUUH 3aBUCHUT OT
TOr0, 10 KAKOMY ITyTH OCYLIECTBILJICS EPEXOJ] CHCTEMbI U3 COCTOSHUS 1 B COCTOSIHUE 2

2. Bropoe Hauajo. HeBo3MoXeH TepMOAMHAMUYECKHIT POIiecC, MMEIOLTHIA
€IMHCTBEHHBIM CBOMM CBOWMCTBOM MpEBpaIleHUE TeIia B paboTy.
DakTHUECKU BTOPOE HA4ajlI0 TEPMOAUHAMUKH 0/14 PAGHOGECHBIX NPOUECCOE TIOCTYINPYET
CYIIIECTBOBAHUE IHMPONUU
ds =32 89 %)
T T

Bennunny §Q/T  Ha3hIBalOT MPUBEACHHOU TEIIOTON

80 =TdS (hakTHYECKH TOJOOHO MPEICTABICHHUIO PAOOTHI B BUJE NPOU3BEICHHUS
00606menHoit cuibl (T) 1 3eMeHTapHOT0 U3MEHEHHS BHEIITHETO TTapaMeTpa

| 3W/B - npuBesieHHas paboTta

B paBHOBECHBIX yCIIOBHUSIX: W, = B,dZ, 8Q, =TdS,
B HepaBHOBECHBIX YCIIOBHSIX OW = BdZ 80 <TdS wm dS> 67Q

B paBHOBECHOM npoLiecce cucTemMa NpoxoauT Yyepes psia Becbma Bnn3knx Apyr K apyry
cocTosiHui. [pn 3TOM cuctema nponssoauT HaM6OJ'IbLLIy}0 pa60Ty, KOTOPYO MOXeT
npons3eBecTun, T.e.

SW,>3W  (3mo meopema o maxcumanbroi padbome)

B mepmoounamuke 0okazvieaemcs meopema: KOraa BCe IPOLECCH, NPOTEKAIOLUINE B
annabaTU4eCcKy H30JIUPOBAHHON CHCTEME, PABHOBECHBI, TO SHTPOIHUS TAKOU CHCTEMBI
0CTaeTCsl HeM3MEHHOMU; €CIIM XOTs OBl OUH U3 3THX IPOIECCOB — HEPABHOBECHBIH, TO
SHTPOIHMS CUCTEMBI BO3PACTAET.

AS:S—SG:I67Q>O ®)
«Hexomnencuposannoe npeodpaszosanuey (Knaysmyc)

CornacHo (HopMyIHpOBKE BTOPOTo Havana, AaHHO# Kiay3nycom, HEeKOMIIEHCHPOBAHHBIE
mpeoOpa3oBaHus MOTYT OBITH TOIBKO HOJIOKUTEIBHBIMH, T.€. B HEPAaBHOBECHBIX CHCTEMAX
SHTPOMHSA MOXET TOJIBKO Bo3pacTaTs HepaBeHCTBO (8) ecTb Hepagencmeo Kaaysuyca.

80 =dU +8W

= dU=TdS-BdZ (MHIEKCHI OITyCKaeM)
oW,=B,dZ,; 80,=T,dS,

o dU=TdS -y BdZ; ©)
@ ™~

Ot0 — ypasnenua I'uboca

Ecnu cuemema moscem
cosepuiams MobKo pabony dU =TdS — pdV (10)
pacuupenus:

B paBHoOBecHoIi cucTeMe ¢ nepeMeHHbIM Y1 CJI0M YaCTHIY
Mpu nobasneHun

n
BeLLecTBa B CUCTEM
oW = _Z 8kdCy, pagi)Ta coaepLuaeTc);
k=1 Hag cuctemonm
n
dU:TdS—PdV+ngde (11)
k=1

B HepaBHOBecHOI

Y
cucreme s> T u dU <TdS — ZBidZi (12)

1
10 — HepaBeﬂngO I'ud6ca

3.Tperbe Ha4Ya10 TEPMOJUHAMHKY JUIS HAC UMEET HE CTOJIb IPHHIUNNATBHOE 3HAYCHHE
Kak IepBbIe 1B 1 MOKET OBITH chopMyaupoBaHo Tak: «Ilo Mepe mpubmmxeHus
TeMIepaTypsl K aOCONIOTHOMY HYIIO SHTPOIHSA BCAKOI PAaBHOBECHOH CHCTEMBI IIPH
M30TEPMHUYECKHX IPOIIECCaX MEePecTaeT 3aBUCETh OT KaKUX-ITH00 TePMOANHAMUIECKUX
IapaMeTpoB coCTOSIHUA U B nperene (pu 0 K ) nmpuHMMaeT ofHy U Ty e A BCeX CHCTEMe
YHHUBEPCATbHYIO IOCTOSHHYIO BEIUYHHY, KOTOPYIO MOKHO IPHHSATH PAaBHOH HYITIO»

ATHTHBHOCTH T.J1. BEJINYHH: U=U; +Uy +Ux +... - €CII CHCTEMA COCTONT 13
HECKOJIBKUX MOJCHCTEM

U =CU, +CUy +C3U3z +... - AN MHOTOKOMIIOHEHTHON CHCTEMBI

B knmaccuueckom BUae TEPMOJANHAMHUKA HE ITO3BOJIIET OIIMCHIBATH HEPABHOBECHBIC
TIIPOLECCHI. OHa TOJIbKO YKa3bpIBACT HAIIPABJICHUA UX NMMPOTECKAHUA. .

bonpiyM marom B pa3BUTHU TEPMOAMHAMUYECKON TEOPUU CTajda TEOPHS MOTEHUHAJI0B
I'nubca u Teopus Ou3zarepa




5. Qnementsl THII u Teopus Onsarepa
IIpumepsl HEOGPATUMBIX MPOLIECCOB

CyuwecTByeT 60MbLUOe KONUYECTBO (DEHOMEHONOMMYECKNX (T.€. OCHOBAHHbIX Ha
onblTe) 3aKOHOB, ONUCLIBAIOLLMX HEOBPaTUMbIE NpoLecch! B hopme
nponopLmoHansHocTel

3aKoH dypbe g=-AVT (D)

3aKoH ®uka I =—Dve; (D)

3akoH Oma Jo=-x.Vo (Ill) V..=grad.—
npoussoaHas no

3akoH fapcu Jp=—k;Vp (V) HanpasneHuno

3aKoH HoromoHa F=m/vr (V)

Bce 311 npouecchr No ceoeli NpUpoae ABNAFOTCS HEObpAaTUMBIMU,
ITO O3HAuaeT, YTO OHWU He MOTYT CAMOMPOU3BOSIBHO NMPOTEKATb KAK B
NPSAMOM, TaK U B O6PATHOM HampasrieHUax

CyluecTBy+OT NepeKpecTHbIe 3(PPEeKTbI UMW 3PPEKTLI HANOXeHUa - ClleAcTBUe
B3AMMOACUCTBUA HeO6PATUMBIX NPOLIECCOB PA3HOM (PU3NYECKOM NPpUPOALI

IloTokH U CHJIBI

ds > %2 dS:AS:S—Se:IB—Q>O
T T
ITpoussoxcreo sutponuu 8 TC:  dS =dS,, +dS;, (13)
3a cuer o6MeHa ¢ ()(tj Beiencreue HeoOpaTUMBIX

npoueccos BuyTpu TC

B coBpemeHHO! TepMOJHMHAMUKE HEOOPATHMBbIE IPOLECCH JOMIYCKAIOT ONUCAHUE Ha
SI3BIKE TEPMOAMHAMHUUYECKUX CUII U TEPMOJHHAMUUECKHUX ITOTOKOB

s ds;, = (OSI'” )dz = XdZ (14.2)
COOTBETCTBHU CO BTOPBIM aZ
3aKOHOM TepMOAUHAMHUKMU . .
ds; _ 0Siy \dZ =XJ>0 (14,0)
dr \ 0z )dt

s,
X =a—”’ - 00001IeHHAs TEPMOANHAMUYECKAS CUJIA
4

dZ

J= 7 - 000011IEHHBIN TEPMOIMHAMUYECKUI TOTOK
t

[pu HanMUNK HECKOIBKUX HEOOPATUMBIX IPOIECCOB HMEEM:

dS;y = Y XydZ; >0 (15,)
(k)
ds;, ds; 88y, \dz; 0S;,
i _ ok RN X320, Xp=—12 (15,6)
i dt (Zk):(azk dt (Zk): KTk oz,

Hepasencmea (14) unu (15) ecmv naubonee obwas gopmynuposka mopoeo Havaia
MepmMoOUHaMuKy. Ima Gopmynupoexa npumMeHumMa He moabKo Ko 6cell cucmeme 8 Yeaom, HO
U K Kadcooti omoensHou noocucmeme.

B cocmosanuu PpaeHosecus IHMPONUA MAKCUMATIbHA U Mbl UMeeM

2
_O8in _ u é)i<0
Me=%7.70 02,02 (16)

(YcioBue 3xkcTpeMymMa (MaKCHMyMa) KaK B TeOPpUH (YHKIUH MHOTHX NepeMeHHbIX —
OCHOBHOI1 annapaTt TepMOJAMHAMUKH; B TOM 4ucJje, ypaBHeHus1 MakcBeJia )

TepMoanHaMuYecKre HOTOKH BO3HUKAIOT IPH OTKJIOHEHUHU CHCTEMBI OT PAaBHOBECH, T.C. B
paBHOBECUH

3=k )
ot
B HEPAaBHOBECHBIX YCIOBHSX Jip=J k(X _/) (18)

Ho u 3TOr0 HemoCTaTouHO AJIs OMUCAHHs HEOOPATHMBIX IPOLIECCOB M BO3HUKAIOLIHX
nepexpecTHbIX 3 exToB nmm 3¢ pexToB Hanoxenus. s Hayana TpedyeTcs BBIICHUTD, KAk
CBSI3aHBI MEX/1Y C000i1 TepMOIUHAMUYECKUE TOTOKH M BBI3bIBAIOIIME UX CHIIbl. OTBET Ha
3TOT BOIPOC JaeT meopus Onzazepa

OH3arep NPEATNIOIIONKUII, YTO NPU MATOM OMKIOHEHUU CUCHeMbl OM COCMOAHUS pABHOBeCUs]
JIOCTAaTOYHO MPEATIOJIOKUTH HHHCfIHyIO CBS3b MEXIY ITOTOKAMU U BBI3BIBAIOIIMMHU UX CUJIAMHU

3 :ZleXm (19)
p m
AY
TT:ZLImXIXm 20 (20)
I,m

Daxkruuecky, (19) ects pasnoxenue (18) B pan Teitnopa B OKpeCTHOCTH PABHOBECHBIX
3HAYEHHH ¢ TOYHOCTBIO JI0 CIIATA€MBIX BTOPOTO MOPSIKA MAJIOCTHU:

oJy 1 %3,
Je=dpo+ 1Sk | x| S5k | x4
kmko %:(axil) : 2!121; axox; ) 1




Yucno He3aBUCHMBIX K0P GULMEHTOB B (19) MOKHO CyHIECTBEHHO YMEHBIIHUTH, €CITU
y4ecTb COOOpaKeHHUS MPOCTPAHCTBCHHOI U BPEMEHHOH CHMMETPHUHI

1. B ob6nactu muHEHHOCTH HEOOPATHMBIX IPOLECCOB MATPHUIIA KOI(PPHUIIUCHTOB -
CHMMETpHYHA
Ly =Ly

2. IIpou3BOACTBO SHTPOIMH NPEACTABIAECT COOOH IOIOXKUTEIBHO ONPEIEICHHYIO
KBaJIPaTHUIHYIO (GopMy

ds;

— = E Ly X1 Xy 20

dt
I,m

Heo6xoauMbIM U JOCTaTOYHBIM yCJIOBHEM IIOIOKUTENbHOH OIpeeIeHHOCTH
KBaPaTUYHOH (hOPMBI ABISIETCA HOTOKHUTETHHOCTh MATPHIIBI KO3 (HUIMEHTOB U e

TJIaBHBIX MUHOPOB

3. JlanpHelIee yIpouieHne MaTpUIbl (JeHOMEHOIOTHYECKUX KO PUINEHTOB
JIOCTUTAeTCs y4eTOM CUMMETpUH cpenbl. limeet Mecto npunyun Kiopu: nuaeinsIMU
cooTHOLIEHHUAMH (19) MOTYT OBITH CBSI3aHBI TOJILKO BEIMYHHBI OJJUHAKOBOH TEH30PHOI
pasmepHoctH (uepe3 1). PakTuuecku 3T0 IPOCTO CICAYET U3 IUHCHHOU anzeOpbl.

Hanpumep, ckansipHBINi MPOLECC MOKET BBI3BIBATHCS CKATSIPHON T cHitoif u cuioi
TEH30PHOW IPUPOBI paHra 2, 4 u T.1.

Pa3MepHOCTl/I HEKOTOPBIX TCPMOTHHAMHUYCCKUX BCJIUYUH

Oneprus Jx U

PaGora Hyvellx W 380 =dU+3W (6)
Tenno Jlx o)

DHTpOTHS Jix/K S ds = 67Q
JlaBnenne H/m2

O6BemM M3

B mxoynsx noimkHa U3MepsThes padoTa il Jr000# (usnueckoit npupois!

[MoTtok x O6oOmEeHHAs cHTa Ix/(K-c)  Jlnst HeoOpaTHMBIX IIPOLECCOB
000 (U3UIECKOi IPUPOIbI!

6. Teopuﬂ TepMmoaAuMHaMU4YeCKUX noTeHUMnanoB

Bboubiyto posb B pa3BUTUH TEPMOANHAMHKH ChITPajia TeOPHs TEPMOJUHAMHYECKHX
norenuuanoB I'mé6ca. CornacHo 3Tol TEOpUH, BCE CBOMCTBA PABHOBECHBIX
TEPMOJUHAMHIECKHX CHCTEM MOTYT OBITh IOIy4€HBI, €CIIH H3BECTEH XOTS ObI OZUH
TEpPMOJMHAMHUYECKHI TOTEHLUA.

Oput 13 HuX — enympennss suepeus U =U(S,V,Cy.)

Hpyroii — ceobo0nan snepzusa I'enomzonvya, - UTpaeT B TEPMOJAUHAMUKE TY K€ POJIb,
YTO U MOTCHUUATbHAS SHEPTHS B MEXaHHKE.

(dF)p =W
F=F(T,V,C,)=U-TS (22)
dU =TdS — pdV (10) == dF=dU-TdS-SdT (23)
n
dU =TdS - PdV + ) g4dC; 1)
k=1
n
dF ==SdT~ PdV + ) " gdC; 24
k=1

JIONONHUTENBHO B Ka4eCTBE TEPMOIMHAMUYECKHIX MOTEHINaI0B [ uO0C BBeN aHmansnuio
unu mennogyro Qynkyuio H u snepzuro I'uooca G

H=H(S,P,Cy)=U+PV (25)
(dH)p =30 (26)
G=G(S,P,C})=F +PV 27

B yCIoBHAX OCTOSHCTBA TEMIIEPATYPhI U JABICHHUSA H3MCHEHHE 3Hepruu [ no6ca Moxer
OBITh 00YCIOBICHO H3MECHEHHEM XUMUUCCKON SHEPTUH

(dG)r,p=—(8W ) = ngdck 28)
k=1

OHeprus ['m66ca TepMoOANHAMUYECKOH CHCTEMBI IPECTAaBIAET COO0H CyMMy 3HEpTHI
I'n66ca Bcex ee COCTaBIAIOMUX:

n
MpuHumn G =ngck (29)
aaaMTUBHOCTM =1

W3 1ByX MmocieaHNX paBeHCTB HETIOCPEACTBEHHO cieayeT ypaBHenue ['mo6ca-/lrorema :

n
Zdegk =0, dP=0,dT=0 (30)
k=1




Hcnonp3ys pa3nuuHble TEPMOANHAMUYECKUE NOTEHIUATIBI U BBINOIHSIS BPEOOPaA306anus 7. MoHATME 0 NoKanbHOM paBHOBECUU
Jlesxcanopa, OCHOBHOE ypaBHEHUE TEPMOJAUHAMUKY MOKEM IIPECTABUTh €LIE B IBYX

bopmax. B cospemennoii mepmoounamuxe cpesl pacCMaTpUBAIOT KaK HENPepblgHble, a UX
F= F(T,V,Ck ) =U-TS 11 IapaMeTpsl Kak [OJIEBbIC IIEPEMEHHBIC, T.€. HenpepulgHble PYHKYUU KOOPOUHAM U 6PEeMEHI.
G=U-IS+PV G OBOJIOLUS 3THX CPeA U MPOTEKaHNE PA3IMYHBIX IPOLIECCOB OMUCHIBAIOTCA

H=H(S,P,C;)=U+PV
G=G(S,P,C;)=F +PV

dG = dU —TdS — SdT + PdV + VdP i depeHnnanbHPIMU ypaBHEHHUSIMH B YaCTHBIX TIPOU3BOAHBIX

T,P,V,S=T,P,V,S(tr)

n
dU =TdS~PdV + ) g;dC,
8kdCy (1 U,F,G,H =U,F,G,H(t,r)
k=1 .
YToOBI 3TO CTaNIO BO3MOXKHBIM, IPHMEHSIOT C1e0VIoujuti n00X00
n
— dG =-S8dT +VdP + Zg 1dCy (32 TepMOAMHAMHYECKYIO CHCTEMY TIPEACTABISIIOT COCTOSIIEH M3 IEMEHTAPHBIX 00HEMOB,
k=1 KOTOPBIE BCE XK€ Ha CTONBKO BEJMKHU, YTO COJIEPIKAT OUEHb GOJBIIOE YUCIIO YACTHIL, TAK YTO

UL KXKJIOTO TAKOT'O 3JIEMEHTApHOT0 00beMa MOXKHO BBECTH T€PMOIUHAMUYECCKUE
MOTEHNHUANBl ¥ TEPMOANHAMUYECKUE apaMeTpbl. KaxIyio Takyro BBLIEICHHYO 001acTh
MO>KHO PacCMaTpUBATh KaK PaBHOBECHYIO (HIIH, TOYHEE, KaK KBa3HPABHOBECHYIO)
TEPMOJMHAMUYECKYIO CUCTEMY, IJIsl KOTOPOH CIIpaBeIIMBBI 3J1EMEHTAPHBIE 3aKOHBI
COXPaHEHHS MacChl, IMITYIIbCa, SHEPTUH, 3apsAna, OalaHca SHTPOIUH U
(heHOMEHOIOTHYIECKHe yPaBHEHHS UL PACCMAaTPHBAEMBIX IIPOLIECCOB.

AHaJIOruyHO HalgEM:

n
dH =TdS +VdP+ ) gdCy 33)
k=1

0514461}[ meopust nojiydaem ceoe «3asepuienuey nocie moeo, Kaxk 68600UMCSL NOHAMUE O
JIOKAJIbHOM paeHO6eCUU.

B ycnosusx, koz0a donycmumo npeocmasienue o 10Ka1bHOM PA6HOGECUU, T.€.
CIIpaBeUIMBEI 00a HEPABEHCTBA, MOXKHO MOCTPOUTH IOCIEJOBATEIBHYIO
(heHOMEHOIOTMYECKyI0 TepPMOJMHAMUIKY HeOOpaTHMBbIX IponeccoB. CBOHCTBa
HEPaBHOBECHOH CHCTEMBI IIPH 3TOM OIPEAEISAIOTCS JTOKAIbHBIMI TEPMOANHAMHYECKUMHU

00beM, IPUXOISIIUICS (usmuecku sneMeHTapHbIH

3
Ha OJIHy YaCTHILY Wo <<79 (6eckoneuHO Manblil) 06beM

MaKpOCKOIHMIECKHIE [apaMeTphI Zi(r) MOTEHIMATIAMH, KOTOPBIE 3aBUCAT OT KOOPMHAT M BDEMEHHU TOJLKO YEPE3
XapaKTePUCTUIECKHE TEPMOTHHAMHYECKHE TAPAMETPHI, U JIT KOTOPHIX CIPABETUBEI BCE
loz; /orlny << Z; ypaBHEHUs TEPMOJMHAMHKH. Bce 10KanbHbie mepMOOUHAMUYECKUE ROMEHYUATbE U IHIMPONUSL

ABGTIAIOMCA memu dnce d)yHKL;Mﬂ]MM JIOKAbHbIX MAKPOCKONUYECKUX napamempos, umo u ons

OOBenuHsIs 3T JIBa HEPABEHCTBA, HallIeM cucmembl, PA6HOBECHOT 6 YELOM.

1/3 1 0Z; ! 34) JlokanbHOE U3MEHEHUE SHTPOIIMU MOXKET OBITH OIPEAENICHO C HOMOIIBIO INIOTHOCTH
wi” <<ry <<|——+
0 0 Z; or SHTPOIUHU S, TOT/IA
. S=|spdV 36
B03M0OXHOCTB BBEICHHS JIOKAJIbHO-PABHOBECHOTO pacpeeleHusl Kakoi-nu00 BeIUIHHBI P (36)
00YCIOBIMBAETCSA HAIMYHEM CYIIECTBEHHO Pa3IMYHBIX MACIITA00B BPEMEHHU IS PA3INIHbBIX 14
IPOIIECCOB. p=plt,r) - mroTHOCT CpemBI
aM . AM
tp <<Af <<tp (3%5) p(r,t)=""= lim ~— 37)
dV av—0 AV
ITepBoe HepaBeHCTBO o0ecnednBaeT UCKIIOUEHNE MUKPOUH(OPMANUH (U JOIIyCKaeT
ds=ds;, +ds,., ds;; =20 (38)

OCpeAHEHHE [0 MEIKOMACIITa0HBIM (IYKTyallHsM); BTOPOE — COXPaHIeT BO3ZMOKHOCTb
OTIUCHIBATH MaKPO3BOIIONHIO U epeHINaNbHBIMU yPABHEHUAMH.




JlokansHOE TIPOU3BOACTBO SHTPOIINHU €CTh

dsin
c,=—21>0 (39)
N dt
dj;‘ - j oypdV 20 (40)
14

B HOKaJ’ILHO—paBHOBeCHOﬁ TEPMOJANHAMUKE MTPOU3BOACTBO DHTPOIIMN BBIYUCIACTCA ABHO.

3anumeM ypaBHEHUS IEPBOr0O 3aKOHA TEPMOAUHAMUKY M OCHOBHBIE ()OPMBI ypaBHECHUS
I'u66ca myst JIOKaIbHOrO 00beMa.
8q = du+dw
du =Tds + ZbidZi, du=Tds — pdy
)
g=r+py, f=u-Ts, h=u+py

G:IgpdV, U:Iupdv, H=_[hpdV, szfpdV, @1
14 V Vv V

8. OrpaHn4yeHnsa TepMOANHAMMUYECKON TEOPUUN
1)CucteMsl, faneKkue OT paBHOBECHS
2)O4enb OBICTpHIE MIPOLECCH], BEICOKHUE IPaIUCHTHI, MaJlble XapaKTePHbIC BpeMEeHa

3)CTpyKTypHO-HEOTHOPOAHBIE CPEIBI

; A kaT = .1023
4)Pa3pesKeHHbIC Ta3bl Kn=7 = —= 2 & kg = 1,38:10% JlwK.

‘ varoiPL
rje A — cpeHsist JUInHa CBOOOIHOT0 Ipodera MoJIeKy B ra3e, L — XapakrepHblil pa3Mep TedeHuUst
(Hampumep, 1MHa 00TEKaeMOro Tejia, IMaMeTp TPyOOoIpoBoia, AMaMeTp CBOOOAHOM cTpyH), ky —

nocrosiHHas bonbimana, P — nasnenne, T — Temneparypa, 6 — MonepeuHslil pa3Mep Y4acTHULIbI.
HasBano B uecTs narckoro ¢usznuka Maprtuna Kuyncena (1871—1949).

Yucnennas BenuunHa Kn xapakTepusyer CTeleHb pa3pexeHHOCTH ra3oBoro noroka. Eciu Kn >> 1
(TeopeTHuecKy Ipu —> o), a3POJUHAMUYECKUE XapaKTEPUCTUKHU 00TEKAEMBIX Pa3pPEKEHHBIM Ia30M Tel
(111 Te4eHUE B BAKYyMHBIX TPyOOIIPOBO/IaX ) MOXKHO PAacCUUTHIBATh, HE PACCMATPUBAs CTOJIKHOBEHUIT
MOJIEKYJI MEeX]y COOOH, a y4UThIBas JIUIIb YAApbl MOJIEKYJ O TBEP/YIO IOBEPXHOCTH (CBOOOAHOE
MOJIEKY/IIpHOE TeueHue). [IpakTuuecky Takie METO/Ibl CTAHOBATCS IIPUMEHUMBIMU U UCTIONb3YIOTCS
yxe npu Kn ~ 1. Eciin Kn<<1 (teoperuyecku — npu —0 ), cipaBelyInBO OCHOBHOE IPE/IOI0KEHHE
THAPOA3POMEXAHUKH O CIUIOMIHOCTH (KOHTHHYAJIBHOCTH) CPEMIbl U IIPU PACUETE TEUEHUS MOKHO
I0JIb30BaThCsl YPABHEHUSAMHU MEXAHUKHU CIUIOLIHOM CPeJibl ¢ COOTBETCTBYIOLIMMU IPAHUYHBIMH
ycnoBusiMH. [IpaKTHYECKU 9TH METO/BI CIIPABEUIMBBI M KCIIONB3YIoTCs ipu Kn ~ 1073,

B o6sactu 3HaueHuit yncna Knyacena 10 < Kn < 1 peanusyroTcs pasindHble IPOMEKYTOUHBIE MEKLY
CBOOOZXHOMOJIEKYISPHEIM M KOHTUHYAJIBHBIM PEKUMBI TCUCHUS PA3PEKEHHOrO ra3a ¢ HOBBIMU
IPAaHUYHBIMU yCIOBUIMU.

O HenpepbieHOCMU (hU3UYECKUX 8€/TUYUH

B chopmynax, 06o6LiaoLmx 3KCNepUMEHTanbHO YCTaHOBEHHbIE 3aKoHb!, NpearnonaraeTcs,
4TO TemnepaTypa, KOHLEHTPaLM KOMMNOHEHTOB, 3MeKTPUYECKUi NoTeHumarn, AaBneHue,
CKOPOCTL (KOMMOHEHTHLI BEKTOPA CKOPOCTM) U T.4.— HenpepbiBHbIE (DYHKUMM koopamHaT. Ho
HaCKOJbKO MOHSATUE «HENPEPLIBHOCTMY MPUMEHUMO K pearnbHbIM 06bekTam?

Ha camom ferne noHsiTe HenpepbIBHON BENUYMHBI oGO NPUPOAbI €CTb B AEACTBUTENBHOCTU
abcTpakuus. Habniogaemble BenmymHbl NGO UCKPETHBLI MO CBOEW CYTU, HO MPUBIIMIKEHHO
NPeACTaBMAOTCS Kak HENpepbiBHbIE, ECAV BENIMUMHA «KBAHTa» UCCEAYEeMOl BEIMYMHbI
OTHOCUTESIbHO Mana, NMBo NPEeANooXeHNe O HeMPEPLIBHOCTU AaHHON BEMUYMHBI SBAETCS
M3nYeckoi rMNoTe3omn, OCTAaTOUHON UM NOME3HON ANS PELLEHNS TEeX UMK UHBIX 3aaad.
TUNMYHBIMU NPUMEPAMU TaKMX TMMOTES O HEMPEPLIBHOCTU, HE BbI3bIBAIOLMX COMHEHMIA B
6bITOBOM CO3HAHMM (M Kak MMNoTes Aaxe He BOCMPUHUMAIOLWMXCS), ABMAOTCA NPeacTaBneHus
0 HenpepbLIBHOM NPOCTPAHCTBE (PACCTOSAHUMN) U BPEMEHMN — MOHATUSAX, KOTOPbIE OAHOBPEMEHHO
OTHOCHATCA U K PyHAAMEHTanbHbIM (OU3NYECKUM MOHATUSIM.

Ouametp anektpoHa 101" cm

MOXHO N1 BBECTU NOHATME MEHbLUEro paccTosiHUA? - BOMPOC OTKPbITbINA

MuHUManbHbIA KBaHT BpeMeHM MOXHO OnpeaenuTb Kak BpeMsl, 3a KOTopoe CBeT
(MMeloLMit MaKcMManbHYIo U3BECTHYIO B npupoae ckopoctk 31010  cm/cek) npoxoaut
MUHMMarnbHO U3BECTHOE B NPUPOAE paccTosiHue

1011/3.1010 ~3.1072!
cle.leCTByl'OT JIN MéHblluune npOMe)KyTKVl BpeMeHU, " UMeKOT JSIK OHU CMbICH ?

KBaHT (0T nat. quantum — «CKOmnbKO») — Heaenumas nopums Kakon-nmbo BenuymHbl B puanke

OCHOBHble 0603Ha4YeHUA

Usu BHyTpeHHsAs1 3Heprus
G,g OHeprusa M'b6ca
H,h OHTanbnus
F,f OHeprus MenbmMronbLla (cBobogHas aHeprus)
Cy, KoHueHTpaumm KOMNOHEHTOB
T Temnepatypa
S,s SHTponus
V,y O6bem, yaenbHbI 06bem
M,My,m; Macca, monsipHas mMacca
P [asneHne

TeH30p HanpsKeHUI, OEBUATOP TEH30Pa HaMPSKEHWI
TeH3op aedopmauuin, oesnatop TeH3opa aecdopmaumn

v BekTop ckopoCTU LieHTpa Macc

8k XuMunyeckmne noteHumnarnsl KOMNOHEHTOB

VioWk  VHguemayanbHble CKOPOCTM KOMMOHEHTOB, UX AN ®dY3NOHHbIE CKOPOCTH

Cy6cTaHumoHanbHbIe 1 foKarnbHble NOTOKU Macchl
Macca, Macca KOMMNOHEHTOB, MOJISIPHbIE MacCbl KOMMOHEHTOB
CKOpOCTM peakLuii, ICTOYHMKA U CTOKN KOMIMOHEHTOB

p MnoTtHocTb
MapumnanbHble BENUYUHDI
Mpoun3BoacTBO SHTPONUM




