Jleximusa 15
Tema: Tennonpoeoonocms, oudhghysus,
BHYymMpeHHee mpeHnue (6:A3K0OCmb).
Ocnoevt mepmoounamuxu. Ilepeoe
HAYA10 MEePMOOUHAMUKU



1.Tennonposoonocmes. Ecnu B 0OnHON 00JIaCTH ra3a CpeaHsid KHUHETUYECKAs SHEPTUs
MOJIEKYJT OOJIbIIIE, YEM B APYroil, TO C TEYEHHEM BPEMEHHM BCJIEACTBHE IMOCTOSIHHBIX
CTOJIKHOBCHUN MOJIEKYJ IMPOUCXOAUT IMPOILECC BBIPABHUBAHUSA CPEIHUX KHUHETUYECKHX

OHEPTUH MOJEKyN, T. €., WHBIMH CJIOBaMH, BBIpaBHHMBaHHWE Temmeparyp. llepeHoc
SHEPruu B (POpME TEIUIOTHI MOJUUHSIETCS 3aKOHy Dypoe:

. 2 dT 1

jE d/\. )
rae j, - IUIOTHOCTh TEIUIOBOTO TI0TOKA — BEIHMYUHA, ONpEJeIsieMas OSHEPrHei,
nepeHocumMor B (OpME TEIUIOThl 8 eOUHUYY BpeMeHU UYepe3 eOUHUYHYIO NI0uaoK),
NEPICHAUKYISIPHYIO OCH X,A — TEIUIONPOBOAHOCTh, d7/dx rpagueHT Temmneparypsbl,

pPaBHBIN CKOPOCTH W3MEHEHUS TEeMIEpaTypbl Ha €IWHUILY JJIMHBI X B HaIpaBJICHUU
HOpPMaJd K 3TOM IUIOMIAJKE. 3HAK MHUHYC IMOKAa3bIBACT, UYTO IMPHU TEIIONPOBOJHOCTH
SHEPrusl NEPEHOCUTCS B HANPABJICHUH YOBIBAHUSI TEMIIEPATyphl (II03TOMY 3HAKU j. U
d7/dx -- nporuBomoJiIOKHBI). TEemIONPOBOAHOCTH A YHCIEHHO paBHA ILIOTHOCTH
TEIUIOBOTO MOTOKA MPHU I'PAIUCHTE TEMIIEPATYPbl, PABHOM €IUHHUIIE.
MOo>KHO ITOKa3aTh, YTO

Z=1/30Vp<v><l> (2)
TOe C, - YOeNbHAs MENI0EMKOCHIb 2434 NpU HOCMOAHHOM 00beme (KOIMYECTBO
TEII0ThI, HEOOX0AMMOe JiJ1s HarpeBaHus 1 kr ra3a Ha 1 K nmpu noctosHHOM o0beme), p -
MJIOTHOCTh raza, < v > - CpeAHsd CKOPOCTh TEIJIOBOIO JBHKEHUS MOJICKYJ, <[> -
cCpeaHsisl JJInHA CBOOOHOTO mpodera



2. JMu¢ppgpyzua. Ssnenve muddy3un 3akiaroyaercs B TOM, YTO  IPOMCXOJIUT

CaMOIIPOU3BOJILHOC IPOHUKHOBEHHE U IIEPEMEIIMBAHHUE YACTHIl ABYX COIPHUKACAIOIIUXCS
ra3oB, )KUIKOCTEH U Ja)ke TBEpABIX Telr, AuBPy3ust CBOAUTCI K OOMEHY MacC YacTHIl dTHX
TeJl BO3HUKACT W IIPOJOJIKACTCSA, ITOKA CYIIECTBYeT TIPAAUEHT IUIOTHOCTH. Bo Bpems
CTAHOBJICHUS MOJICKYJISIPHO-KHHETHYSCKOM TEOpHUU 10 Bompocy Aud@Py3ur BO3HHUKIIH
npoTuBOpeurs. Tak Kak MOJEKYIbl JBHXKYTCSI C OTPOMHBIMH CKOPOCTSAMH, Iu(dy3us
IOJDKHA TIPOMCXOAUTHh OYE€Hb OBICTPO. Ecim ke OTKpBITh B KOMHATE COCYJ C MHaxy4duM
BEIIIECTBOM, TO 3aIlaX PacIpoCTpaHsIETCs JOBOJIbHO MeaieHHO. OTHAKO MPOTUBOPEUHS 3/1€Ch
HeT. Mosekynsl Tpu arMoc(EepHOM JaBIEHUM OO0JIalal0T Majol JJIMHONW CBOOOIHOTO
npobera M, CTaJIKUBAsCh C IPYTUMH MOJICKYJIaMH, B OCHOBHOM «CTOST» Ha MECTE.

Asnenne quddy3un 11 XUMHYIECKHA OMHOPOAHOIO ra3a MOAYHHICTCS 3akony Duka:

Fini, =0 IS (3)

rae j - IUJIOTHOCTh IIOTOKA MAacChl - GeUYUHA, Onpedensemds MAccoil eewjecmed,
ouggynoupyroweco 6  eounuuy - 8pemeHu - uepes - eOUHUUHYI0  NI0UWAOKY),
nepneHouKyiapuyrw ocu x, D - nuddy3usa (koapdunment nuddysumn), dp/dx - rpagueHt
IJIOTHOCTH, PaBHBIA CKOPOCTH U3MEHEHHUS IIJIOTHOCTH HA €AWHUIY JJIMHBI X B HAIPaBJICHUHN
HOPMAaJIM K 3TOM TUIOIIAJIKE.

3HaK MHUHYC IOKa3bIBA€T, YTO IMEPEHOC MACChl MPOUCXOJUT B HAIPABICHUU YOBIBaAaHUSA
IUIOTHOCTH (1I03TOMY 3HaKH j u dp/dx nporuBononoxHsr). JJuddysus D ducieHHO paBHa
IUIOTHOCTH TIOTOKAa MAacChl IpU TpagueHTe IUIOTHOCTH, paBHOM eauuuile. CoriacHo
KUHETUYECKON TEOPHUU T'a30B,

D=1/3<p><[> (4)



3. Buympennee mpenne (6a3xocms). MexaHu3M BO3HUKHOBEHHS BHYTPEHHETO TPEHUS
MEXKYy MApAUICIBHBIMA CIOAMU Tra3a (KUIKOCTH), NBWKYIIUMHUCA C Pa3IdYHbIMU
CKOPOCTSIMH, 3aKJIIOYAaeTCd B TOM, YTO H3-32 XAOTHYECKOTO TEIUIOBOTO JBUKCHUS
MPOUCXOIUT OOMEH MOJIEKYJaMH MEXIY CJIOAMH, B pe3yibTaTe 4Yero HMIMYJIbC CIOs,
JBIDKYIIETOCsl OBICTPEE, YMEHBIIIACTCS, JBUKYIIETOCS MEIJICHHEE - YBEIMYMBACTCS, UTO
MPUBOAUT K TOPMOKEHHIO CIIOSI, ABMXKYIIETOCS OBICTPEE, M YCKOPEHUIO CIIOS, IBUKYIIETOCs
MEJIJICHHEE.

Cuita BHYTPEHHETO TPEHUSI MEXKIY JIBYMsI CJIOSIMU ra3a (5KUJKOCTH) MOAUUHACTCA 3AKOHY

HnroToHa:
d

F = n‘g s 6
dx

de

rJe # - TUHAMUAYECKAsl BA3KOCTh (BSI3KOCTb), _dx — TPAJAUEHT CKOPOCTH, MOKA3BIBAIOIIUN
OBICTPOTY HM3MEHEHHUSI CKOPOCTH B HaNpaBICHUM X, MEPIECHAUKYJISIPHOM HaIPaBICHUIO

JIBUKECHUS CIIOEB, S - IJIONIA/Ib, HA KOTOPYIO AEUCTBYET Criia F!

B3aumonencTBue IByX CI0€B COMNIACHO BTOPOMY 3aKOHY HbIOTOHA MOXKHO paccMaTpUBaTh
KaK IPOLIECC, IIPU KOTOPOM OT OJHOTO CJIOsl K APYrOMYy B €IWHUIY BPEMEHU NEPENACTCs
UMIYJIbC, MO MOIYJII0 pPaBHBIA JEWCTBYyIomeH cuie. Torma BeipakeHue (21) MoxkHO
IPEICTABUTH B BUJIE



J=-n a9 (6)

dx

e jp - IUIOTHOCThH IIOTOKa MMIYJIbCA - BEJIMYMHA, OMNpeAcasieMas MOIHBIM
UMITYJIbCOM, TIEPEHOCUMBIM B €IMHUILY BPEMEHH B MOJIOKUTEIILHOM HallPaBJICHUU
OCH X YEpe3 CAUHUYHYIO IIOMIAJIKY, HEPIICHIUKYIISIPHYIO OCH X, Zf IrpagueHT
CKOPOCTH. 3HaK MHHYC YKa3bIBA€T, YTO HMMIIYJILC MEPEHOCUTCS B HAIPaBICHUU
yOBIBaHUSI CKOPOCTH (ITOATOMY 3HAKH jp 17| d;_ POTHUBOITOJI0XKHBI ).
JlnHaMuyeckass BSI3KOCTh # YHMCJICHHO paBHA IUIOTHOCTH MOTOKA UMMYJbCa MPH
IpaJMEHTE CKOPOCTH, PABHOM €IMHUIIC; OHA BEIYUCIICTCS 10 (hOopMyIie

n=1/3p<v><l>.  (7)

N3 comoctaBinenus ¢dopmya (1), (3) u (6), onuchIBalOIINX SIBICHUS IEpeHOca,
CIEAYyET, YTO 3aKOHOMEPHOCTH BCEX SIBICHMH MEPEHOCa CXOAHBI MEXKIY COOOM.
DOTHU 3aKOHBI OBUIM YCTAHOBJICHBI 3aJI0JIT0 O TOr0, KaK OHU ObLIM 0OOOCHOBAHbI U
BBIBEJCHBI U3 MOJICKYJSIPHO-KMHETUYECKOM TEOPHUH, MO3BOJUBIICH YCTAaHOBUTb,
4YTO BHEIIHEE CXOJCTBO MX MaTeMaTHYECKUX BBIPAXKEHHUN OOYCIIOBJICHO
OOIIIHOCTBIO JIEXKAIIETO B OCHOBE SIBJICHHMH TEIJIOMPOBOAHOCTH, AUDPYy3un u
BHYTPEHHETO TPEHUS MOJICKYJISIPHOTO MEXaHM3Ma MEpEeMEIIMBaHUS MOJICKYJ B
MPOIECCE UX XaOTUYECKOrO ABMIKEHHUS M CTOJIKHOBEHUH JIPYT C APYTOM.



BaxxHOM  XapakTEepUCTUKOM  TEPMOAMHAMUYECKOM  CHUCTEMBbl  SIBISAECTCS €€
BHYTPeHHsisi JHepruss U — DHEPrusi XaoTHYECKOro (TEIUIOBOTO) JBUKCHUS
MUKPOYACTHUI] CUCTEMBI (MOJIEKYJ, aTOMOB, 3JEKTPOHOB, SIACP U T. NI.) U DHEPrus
B3aUMOJICMCTBUSA ATUX YacTull. M3 3TOro onpenenseHus Ciaeayer, YTo K BHyTPEHHEN
SHEPTUU HE OTHOCATCS KUHETUYECKAS DHEPIrUsl JBUKCHUS CUCTEMBI KaK LIEJIOTO U
MMOTCHUUAJIBHAS SHEPTUS CUCTEMbBI BO BHEIITHUX TTOJISX.

BHyTpeHHSs1 SHEprusi — 00HO3HAUHAs DyHKYUs TEPMOIUHAMUYECKOTO COCTOSIHUSA
CUCTEMBI, T. €. B KaXXJIOM COCTOSIHUHM CHUCTEMa O0JaJacT BIIOJIHE OIPEICICHHOM
BHYTPEHHEUN 3HEprueil (OHa HE 3aBUCUT OT TOTO, KaK CUCTE€Ma IpHUIILIa B JAHHOE
COCTOSIHME). DTO O3HAYAET, YTO MPHU MEPEXOJE CHUCTEMBI U3 OIHOTO COCTOSIHUS B
IpYyro€ HW3MEHEHUE BHYTPEHHEW JHEPTUM ONPEHCISICTCA TOJBKO PA3HOCTHIO
3HAYCHUW BHYTPEHHEN YHEPTUU ITUX COCTOSHUN U HE 3aBUCUT OT MIYTH NEPEXOAA.

\ B psae 3amay MoeKysly 0JHOATOMHOIO Tasa (puc.
1, @) paccMaTpuBalOT KaKk MaT€pUATBHYIO TOYKY,
KOTOPOM MPUIIMCHIBAIOT TPH CTEIEHU CBOOOIBI
MOCTYIATEIbHOTO ABWXEHUS. [Ipn 3TOM 3HEpruto

BpAIllaTeIbHOTO JIBMIKCHHUS MOXKHO HE YUYHUTHIBATh
(r—0,J =mr’'— 0, TBp=Ja)2/2—>0).

a) 6) 8/

Pucynok 1



B knaccuueckou mexamuxke MONeKYIAd O08YXAMOMHO20 2a3d 6 NepeoM
NPUOTUINCEHUU  PACCMAMPUBAEMC KAK COBOKYNHOCMb 08YX MAmMepudibHbLX
MOoUeK, HCeCmKo CEA3AHHBIX Hedepopmupyemoul cesa3vio (puc. 1, 6). ITa cucrema
KpOME TpeX CTeleHeM CBOOOABI MOCTYIATSIbHOTO ABMKEHHS HMEET €Ile JIBE
CTENICHH CBOOObI BpalllaTeIbHOTO JIBHKCHHUA. BpallleHre BOKPYT TpeThei ocu
(ocu, mpoxopsdileil uepe3 oOa aroma) JHUIIEHO CMbIcIa. TakuMm 00paszom,
JIBYXaTOMHBIM ra3 o0jaJaeT MAThI0 CTeNeHsIMH cBOOOoAbI (i = 5). TpexaromHas
(puc. 1, 8) U MHOrOaroMHasl HEJIMHEWHBIC MOJIEKYJIbl MMEIOT IIECTh CTEICHEH
CBOOOJIBI: TpPU MOCTYMAaTeIbHBIX M TPH BpalllaTelbHBIX. ECTECTBEHHO, 4YTO
KECTKOM CBS3M MEXJIy aToMaMH HE cymecTByeT. IloaToMy s pealbHBIX
MOJICKYJI HEOOXOAWMO YYUTBHIBAaTh TAaKXKE CTEIEHU CBOOOJIBI KOJIEOATEIbHOTO
IBUKCHMUSL.

He3aBrucuMo oOT 0OIIero 4ucja CTeneHed CBOOOJbI MOJIEKYJ TpPU CTEIEHU
cBOOO/BI Bceraa IocrynareibHble. Hu ogHa M3 INOCTynmarelbHBIX CTEHEHEH
CBOOOJIBI HE UMEET MPEUMYIIECTBA Ieped APYTUMH, ITIOATOMY Ha KaXKIYIO M3 HUX
IPUXOAUTCS B CpEeIHEM OJMHAKOBas SHEPrus, paBHas 1/3 3HaueHus <e.> B

‘ 0
(<& = E/N = my(n)?/2 = 3/,kT)




B kiaccuyeckol CTaTUCTHUYECKOM (PU3HMKE BBIBOAUTCS 3aKOH bojabmMaHna o
PABHOMEPHOM pacnpeaejeHUd JHEPTrUd 10 CTeNeHsAM CBO0OAbI MOJIEKYJI: JIUIS
CTaTUCTHYECKOM CHUCTEMBI, HaXOAAIIECHCS B COCTOSHHHM TEPMOJIMHAMHUYECKOTO
PaBHOBECHS, HAa KaXJIYyH ITOCTYIIATCIbHYIO M BpalllaTeIbHYH CTEIEHH CBOOOJBI
IPUXOJUTCS B CPEIHEM KHHETHYECKas SHEprus, paBHas k71/2, a Ha Kaxaylo
KOJICOATEIbHYI0 CTENEHb CBOOOABI — B CpEAHEM DJHEprus, paBHas k7.
KonebarenbHas cTeneHb «o0JiagaeT» BABOE OOJbIIEH SHEPrUe MOTOMY, 4TO Ha
HEC MPUXOAUTCA HE TOJbKO KHMHETHYECKas »dHeprus (Kak B  ciydae
IIOCTYIIaTEJIbHOIO W BpAallaTeIbHOTO ABMXKCHHUM), HO M MOTCHIMAJbHas, MPUYEM
CpEAHME 3HAYCHUSI KMHETUYECKON U IIOTEHIMAJIbHOU SHEPTUH OJIMHAKOBBI. TakuM
00pa3oM, CpeaHsIs YIHEPTUS MOJICKYJIbI _

F 4
<{e>) = 5 kT,

I7e [ — CyMMa 4YKclia IOCTyIaTelbHBIX, YMCIIa BpAIIaTeIbHBIX B YIBOCHHOTO
qucia KojaebdaTebHbIX CTEINEHEW CBOOOIbI MOJICKYJIBI:

i = gy + bapam + 26zancs-
B xiaccuueckod TEOpUH pacCMATPUBAIOT MOJICKYJBI C YKECTKOM CBSI3BIO MEXIY
aTOMaMu; JJIsl HUX I COBITAJAET C YUCJIOM CTEIIEHEW CBOOOIBI MOJICKYJIBI.
Tak xkak B ujcalibHOM ra3e B3aWMHasl MOTCHIHUAIbHAS PHEPTUS MOJIEKYJ paBHA
HYJIIO (MOJIEKYJIbI MEXIYy COOOM HE B3aMMOJCHCTBYIOT), TO BHYTPEHHSSI SHEPTUs,

OTHECCHHAs K OIHOMY MOJTIO ra3a, Oy[eT paBHa CyMMe KHHETHYECKUX SHEepruit N,
MOJICKYII:



F 4 4

BHYyTpeHHss SHEPTHs IS IIPOM3BOIBLHON MACChI 71 ra3a.
r — 7 % o Z 7
AL = - Y = -

rie M — MossipHas Macca, Vv — KOJIMYECTBO BENIECTBA.
PaccMOTpUM TEPMOAMHAMUAYECKYIO CUCTEMY, JJIsI KOTOPOM MEXAaHUYECKasl SHEPTUS

HE H3MEHSAETCA, a M3MEHSIETCS JUIIb €€ BHYTPEHHSA SHEprus. BHyTpeHHss
SHEPrUsl CUCTEMbl MOXET H3MEHSATHCA B PE3YJIbTATE PA3JIUYHBIX ITPOIECCOB,
HaIlpUMeEp COBEPIICHUS HAaJl CUCTEMOM PadOThI WJIM COOOIIEHUS €1l TEIIoThI. Tak,
BJIBUTAs MOPIIEHb B LMJIMHJIP, B KOTOPOM HaXOJUTCS ra3, Mbl COKUMAEM 3TOT a3, B
pe3yabTare 4ero €ro TeMreparypa MOBBIMIAETCA, T. €. TEM CaMbIM H3MEHSETCA
(yBeIMYHMBAETCSl) BHYTPEHHSA 3Heprus rasa. C Apyrod CTOPOHBI, TEMIEpPATypy
raa U €ro BHYTPEHHIOIO SHEPTUI0 MOXHO YBEIWYHUTH 3a CUET COOOIICHUS €My
HEKOTOPOTO KOJIMYECTBA TEIUIOTHI — JHEPIUH, MEPEIaHHON CUCTEME BHEIIHUMH
TeJlaMu MyTEM TeIIo0OMeHa (mporecc OoOMEHa BHYTPEHHUMHU HSHEPTUSIMH TIPU
KOHTAKTE TEJ C pa3HbIMU TEMIIEpAaTypamu).

Takum 00pa3zoM, MOXKHO TOBOPUTH O JIBYX (hOpMax Mepeadyd SHEPrurd OT OJHUX
TEJl K JIPyruM: paboTe€ W TEIIOTE. DHEPrus MEXAHUYECKOTO JBHKEHUS MOXKET
MpeBpaiaThCsi B HHEPrUI0 TEIUIOBOTO JBWXKEHHS, U HaoOopoT. Ilpm »THX
MPEBpPAIICHUAX COOIMIONAETCS 3aKOH COXPAHEHHMSI W TPEBPAIICHUS DSHEPTHMU;
MPUMEHUTEIHLHO K TEPMOJUHAMHYECKHUM MPOIECCAaM 3TUM 3aKOHOM M SIBJISIETCA
NEpBOE€ Hayajl0 TEPMOAWMHAMHUKH, YCTAHOBJIECHHOE B pe3yjbTare 000ONICHUS
MHOTOBEKOBBIX ONBITHBIX JAHHBIX.



JlonmycTtum, 4TO HEKOTOpas cucTtema (ra3, 3aKI0OUYCHHBIN B [IUIMHJP MO/ MOPIIHEM),
obnmanas BHyTpeHHEH sHeprueit U, Oomyduia HEKOTOPOEe KOIUYECTBO TEIIOTHL ()
, Neper/is B HOBOE COCTOSIHUE, XapaKTepH3ylolleecs BHyTpeHHer sHeprueit U,
coBepiiuiaa padbotry 4 Haja BHELIHEH Cpeaor, T. €. INPOTHB BHEIIHUX CHIIL.
Komn4ecTBO TEIUIOTHI CUUTAECTCS IOJIOKUTEIIBHBIM, KOIZA OHO IIOJABOAMTCS K
cucTemMe, a paboTa — MOJIOKUTEIBHOM, KOTJAa CHUCTEMa COBEPIIAET €€ MPOTHUB
BHEIIHUX CWJI. ONBIT MOKA3bIBAECT, UTO B COOTBETCTBUU C 3aKOHOM COXPAHCHUS
SHEPTUM IPH JOOOM CIIOCO0€ MePEX0a CUCTEMBI U3 MIEPBOIO COCTOSTHUS BO BTOPOE
M3MEHCHHE BHYTpeHHed sHepruum AU=U,-U, OyAeT OJAWHAKOBHIM H DaBHBIM
Pa3HOCTH MEXY KOJUYECTBOM TEIIOTHI (J, MOJYYEHHBIM CUCTEMOM, U pabOTON A4,
COBEPILICHHOU CUCTEMOW MTPOTUB BHEUTHUX CHUII:

AU=Q—A4,
Q=AU+A. )

VYpaBHenue (9) BbIpaxkaer mepBOe HAYAJ0 TEPMOAUHAMMKH: TEIUIOTA,
cooO1aeMasi CUCTEME, PACXOMYyeTCsl HA U3MEHECHUE €€ BHYTPEHHENW PHEPTUU U HA
COBEpIICHUE €K padoThl MPOTHUB BHEIMHUX CcuiI. Beipaxenue (9) B
nuddepennnanbHo GopmMe OyaeT UMETh BUT

d0=4U+d4,

NIIN

U B 00JIee KOPPEKTHOM (popme
8Q=dU+54, (10)



rne dU — OeCKOHEYHO MaJIO€ M3MEHECHUE BHYTPEHHEH DHEPrUU CUCTEMBbI, 04 —
aneMeHTapHas padora, 00 — OECKOHEYHO MaJio€ KOJIMYECTBO TEILUIOTHI. B 3TOM
BbIpakeHUU dU aBisieTcs NOJHBIM JuddepeHnuanom, a o4 u 0Q TaKOBBIMU HE
aBIsitoTCs. B nmanbHeiimeM OyaeM HUCHOJIb30BaTh 3alldCh IEPBOrO  Havasa

TepMoauHaMuku B popme (10).
Ecnu cucrema mepuoguyecKyd BO3BpaIaeTCsl B MEPBOHAYAIBLHOE COCTOSHUE, TO

M3MEeHEeHHE €€ BHyTpeHHeu sHeprun AU=0. Torga, comiacHO NEpBOMY Hadaly
TEPMOAMHAMUKHU,

A=0,
T. €. BEYHBIM [ABUrare/ib MEPBOIr0 Poaa — MECPUOAUYECCKHU JICHCTBYIOIIAMN
JIBUTATElIb, KOTOPBIA COBepInaj Obl OOJbIIyI0 pPadOTy, YeM COOOIICHHAs €My
W3BHE DHEPIus, — HEBO3MOXEH (ogHa u3 (POpPMYIMPOBOK IIEpPBOIO Haudana
TEPMOAUHAMUKHU).



