| MonekynsipHo-KUHemuYeckasi meopusi U0easnbHbIX 2a308 l

1. CTaTHCTHYECKHIi M TePMOTHHAMMIY €CKHii METO/IbI HCCJIETOBAHMS.

Monexkynapnas usuka u mepmoouHamurka — pa3aeiibl (UMK, B KOTOPbIX H3YYarOTCS
3a8UCUMOCMU CBOMCTB TeJl OT UX CTPOCHUS, B3aMMOJICHCTBUSI MEK Y YaCTHUIlaMU, U3 KOTOPbIX
COCTOSIT TeJIa, M XapaKTepa ABVKCHUS YaC THII.

s uccnenoBanuss (PU3NYECKUX CBOMCTB MAKpPOCKOMHMYECKUX CHCTEM, CBSI3aHHBIX C
OTPOMHBIM YHICJIOM COJEPKANIMXCS B HUX aTOMOB M MOJICKYJI, IPUMEHSIOT ABA Ka4eCTBEHHO
PA3IUYHBIX W 63AUMHO OONOJHAIOWUX JPYr Apyra MeToaa. cmamucmuyeckuil (WM
MONIEKYNAPHO-KUHEM UYeCKUil) 1 mepMOOUHAMUYECKU L.

CTaTHCTHYeCKHI MeTO — 3TO METOJI UCCTICOBAHMS CHCTEM M3 OOJIBIIIONO YK CiIa YaCTHIL,
OTIEPUPYIOIIUN cmamucmuyeckumu 3aKOHOMEPHOCTSAMU U cpedHumu (yCpeaHCHHBIMH )
3HaUEHUAMH (PU3MIECKUX BEIMYMH, XapAKTEPU3YIOIIUX BCIO CHCTEMY

OTOT METOJ, JICKHUT B OCHOBE MOJIEKY/IAPHOU husuku — pa3nena (GU3UKY, H3Y4Yaromero
CTPOCHHE U CBOMCTBA BEIIECTBA MCXOSI U3 MOJIEKYIAPHO-KUHEMUYeCKUX TIPeICTABJIEHUI,
OCHOBBIBAIOIIMXCS HAa TOM, YTO BCe TeJa COCTOSAT W3 arOMOB, MOJEKYJ WIH HOHOB
HAXOSIIIIMXCSI B HEMPEPHIBHOM Xa0THYeCKOM /IBUKEHUH

B nansHelineM Mbl OyJieM UCIIONb30BaTh TePMUH 'MosieKyna’’ iMest BBULy MeNbyaiiIIyto
CTPYKTYPHYIO €IMHHUITY (3JIEMEHT) JaHHOTO BEIIIECTRA.

TepMoauHAMHUYeCKHii METOJI — ATO METO] MCCIICIOBAHUS CUCTEM U3 OOJIBIIIOTO YK CIIa
YaCcTHUII, ONMEPUPYIOLMHA BEIWUYMHAMH, XapaKTEPU3YIOIIMMU CUCTEMY B LEJIOM (Hanpumep,
oaeneHue, 00vem, memnepamypa) TIPA Pa3IMUHBIX TPEBPAIICHUSIX YHEPIUHU, TIPOUCXOISAIINX B
CHCTEMEe, HE YUMTHIBAS IPH STOM BHYTPEHHErO0 CTPOCHHS HM3y4aeMbIX T M Xapakrepa
JIBMKCHUS OTJICTIBHBIX YACTHII.

DTOT METOJ| JICKUT B OCHOBE MEPMOOUHAMUKU — Dpa3nena (U3NKHA, W3yYaIoIero
o0mue  CBOMCTBA  MAaKpPOCKOMMYECKMX  CHCTEM,  HAXOMISIIUXCA B COCTOSIHUM
TEPMOAMHAMUYECKOTO PABHOBECHS, U MPOIIECCHI IIEPEX0/1a MEXKIY STUMH COCTOSHUSMH.

2. TepMoauHAMHYECKASI CHCTEMA.

TepMonuHaMiKa UMEET JEN0 C MepMOOUHAMUYECKOU CUCEMOl — COBOKYITHOCTBIO
MaKpPOCKOIMHUYECKHX TeJll, KOTOpPble B3aUMOJCHCTBYIOT W OOMEHUBAIOTCS DHEPTUCH KaK
MEXTy COOO0M, TaK ¥ C APYTUMH TeJIaMH (BHEIIIHEH CPEION ).

TepmommHamMiyeckue cucTeMbl, He OOMEHHUBAIOIINMECS C BHEIHEH cpeioil HU SHEpruei, Ha
BEIIICCTBOM, Ha3bIBAKOTCS 3AMKHYMbIMU.

OcHOBa TEPMOJMHAMUYECKOr0 METOJIa — ONPECICHUE COCH OAHUA TEPMOIMHAMUYECKON
CUCTEMBI.

CocrosHuE CHCTEMBI 33JaCTCSl M EePMOOUHAMUYUECKUMU hapamempamu {napamempamu
COCMOAHUA) — COBOKYITHOCTBIO (M3MYCCKMX BEJIMYMH, XapaKTCpU3YIOIMIMX CBOWCTBA
TEPMOTUHAMHUYECKOW cucTeMbl. OOBIYHO B KAadyecTBE I1apaMETPOB COCTOSHHS BLIOHPAIOT
memnepamypy, 0agienue u 00vem.

[TapamMeTpbl  COCTOSHHSI  CHCT€MBI  MOI'YT  H3MeHAThcs.  Jioboe  usmenenue B
TEPMOTUHAMHUYECKOM CHCTEME, CBS3aHHOE€ C UW3MECHEHHEM XOTs Obl OJIHOrO U3 ee
TEPMOTMHAMUYECKUX TapaMeTPOB, HA3bIBACTCS MEPMOOUHAMUYECKUM npoyeccom. Eciu
JUTSL TAaHHOW CUCTEMBI 8HeuHUe YCI1068UsL He USMEHAIOMCS |
COCmMosiHUe cucmemvl ¢ medeHuem epeMeHu He MeHsemcs, TO 3Ta CUCTeMa HaxOJUTCS B
M epMOOUHAMUYECKOM PAGHOBECUL.

3. Temnepatypa.

Temriepatypa— OJTHO M3 OCHOBHBIX ITOHSTHIA, HTPAIOIIHX BAKHEHUIITYIO POJIb B (DH3HUKE B IIEIIOM.

Temnepamypa — uzryeckas BeJIMUYMHA, XapaKTEPU3YIOLIAsl COCTOSHUE TEPMOIMHAMUYECKOTO
PaBHOBECHSI MAaKPOCKOIIMYECKOW CHUCTEMbI M OIMPENCISIONAs HalpaBJICHUE TEIIOOOMEHA MEXKTy
TEJIaMH.

B nacTos1ee BpeMst UCTIONB3YIOT ABE TEMIIEPATYPHBIE IIIKAJIbI.

MesxyHaponHasl MpakTuueckasl Ikana (mkana [lemscus ) rpaaydpoBaHHas B Tpagycax




Lenbcus (°C) o IBYM penephbvim moukam — TEMIIepaTypaM 3aMep3aHus U KUTICHUS BOJIBI TIPU
nasnenuu 1,013-10° I7a , koTopsle npuHUMaroTes cootsercteenno (0°Cu 100°C.

TepmonuHamuyeckasi TemmneparypHas 1mkana (1mmkana KenpBHHA), T'pajJydpoBaHHas B
rpaxycax KemsBuna (K) ompenensercs o OHOM pernepHOd TOUKE — MPOUHOU MOUYKe 800bl —
TeMIepaType, mpu KOTOPOH Jied, BoJla U HACKIIEHHBIM nap npu aaBieHuu 609 I1a Haxonsarcs B
TEPMOIUHAMHUYECKOM PaBHOBECHH. TeMrmepaTypa 3TOW TOUKU IO JJAHHOM 1mKane paBHa 273,16 K.
Temneparypa T = 0 K HazwsiBaercs nyiem Kenveuna.

Tepmoaunamuueckas temiepatypa (7) u Ttemnepatrypa (t) mo MexmyHapoHOM
MPAKTHYECKOM IITKATE CBSI3aHbI COOTHOIICHUEM

T =27315+t

Hopmanwnuste ycnosua. T,=273,15K=0°C, p, =1013251a .

4, UneaJnHbIH ras.

dusznyeckas MoAeb, COTJIaCHO KOTOPOii:

1) coOCTBEHHBIT 00BEM MOJIEKYJ Ta3a IPEHEOPEeKHMO MajJ [0 CpPaBHEHHMIO C

00BeMOM cocya;

2) MEX/Ty MOJICKYJIaMH I'a3a OTCYTCTBYFOT CHIIBI B3aMMOJICHCTBUS,

3) CTONKHOBEHHS MOJIEKYJI Ta3a MKy COO0# U CO CTEHKaMH COCY1a a0COTIOTHO YIIPYTHE.

Wcxons u3 3roro uaeanbHBI ra3 MOKHO PAcCMATpUBATh KaK COBOKYITHOCTH OECIOPSIIOUHO
JBHOKYIMXCSL MOJIEKYJI-IIIAPUKOB, MMEIOIIMX IPEHEOPE)KUMO Malblii COOCTBEHHBII 00bEM M HE
B3aMMOJICHCTBYIOIIMX APYT C APYTOM Ha PACCTOSIHU .

3akKonvl, onucvlearouiue noeeoeHUEe UOCANbHBIX 24306 —
3akonbl boiis-MapuorTa, ABoraapo, JlaabTona, I'eii-JItoccaka. 7
5. 3akon Boiiis-Mapuotra.

Jns nanHOM Macchl raza M Mpu MOCTOSIHHOM TEMIlEparype
T mnpousBeneHrue pgaBiieHUsS p Ha o0beM V ecTh BeIMYMHA
nocrosiHHas: pV = const npu T =constu m = const.

KpuBas, wuzobpakarom@as 3aBUCUMOCT Mex1y p UV, 5
XapakTepu3yromas  CBOMCTBA  BEIIECTBA  IPH  ITOCTOSHHOM
TeMIlepaType, Ha3bIBaeTCA M30TepMou. M30TepmMbl — rumepOosIbl, pacnoloKeHHbIe Ha rpaduke
TEM BBIIIIE, YEM BHIIIIE TEMITeparypa IMPOUCXOISIIEro Mporiecca.

6. 3akoH _ABoraapo.

KonndyecTBO  BemectBa V—  (u3nueckas BeIUYMHA, oONpeaeseMas YHCIOM
crenupUUYEeCKUX CTPYKTYPHBIX JIEMEHTOB — MOJEKYJ, aTOMOB WJIM MOHOB, U3 KOTOPBIX
COCTOHT BEIIIECTBO.

Eounuya konuuecmea 6euiecmeéa — MOJIb — KOJHUUYECTBO BEIIECTBA CHCTEMBI,

coJiepiKamed CTOJIBKO K€ CTPYKTYPHBIX DJIEMEHTOB, CKOJBKO cojaepxkutcs B 0,012 ke
uzorona yriaepoaa 2C,

B onnom mone pa3idyHBIX BEUIECTB COACPKUTCS OJHO U TO XK€ 4ucyo MoJieKyd Na ,
Ha3bIBaeMOE YHCJIOM ABOrajipo.

N, =6,022.10% L

MOJb
3akoH ABOraapo: Mmoau J00bIX 2A308 nNpU O00UHAKOBOU memnepamype U
0A6ICHUU 3AHUMAIOM 0OUHAKOBbIE 00bEMBL.
[Ipu HOpManbHBIX YenoBUSX (T=To, p= po) 3TOT 00beM V. (MONSAPHBI 00HeM) paBeH:

3
Vv, =224110° "

MOJIb

m
MoJjsipHasa macca M =——30TO MacCa OAHOT0 MOJII BCUICCTBA.
14




m
Orcropa: v =—.
Y7,
Eounuya monapnoi maccel— KWIOTPaMM Ha MOJIb (KI/MOJIb).

7. 3akon JIaJabTOHA.

Ilapuyuanvnoe oaenenue — naBleHUE, KOTOPOE MPOU3BOINUI OBl ra3, BXOIAIIMN B
COCTaB Ta30BOM CMECH, €ClIi Obl OH OJMH 3aHUMaJl 00beM, paBHBII 00bEMY CMECH IPH TOU
JKe TeMIleparype.

3akoH JlaJbTOHA, JaBJIEHHWE CMECH HJICAJIbHBIX Ta30B PABHO CyMMeE MapIAaIbHBIX

JaBJIeHUN P,, P,,..., P, BXOAAILUX B HEE ra3os;

P=P+ P+t P, =D P,

8. 3akon I'eii-JIroccaka.
1) JlaBneHnue p JaHHOM MacChl M rasa MNOpPH IMOCTOSHHOM
o0beMe HM3MEHsIeTCs JIMHEHHO ¢ Temmeparypoi
p=p,(1+a-t), mpu V =const,m = const

¥, = const

2) Obbem V  [maHHOM MacChl m Ta3a 0PH  IOCTOSHHOM
NaBJIEHUY U3MEHSETCS JIMHENHO C TeMrepaTypoi t: o h=%

V :V0(1+a't),HpI/I p=ConSt,m=COHSt, —1/ct O 1. °C

p, = const

rue o = 273K’l,Vo U Po — 00BEM W JABJICHHE IpU

t=0°C. p, = const

Ilpouece, mnpoTeKAOUMU HpU  NOCMOSAHHOM  OAGIEHUU,

P
Has3pIBaeTCs M300apHbIM. Ha mmarpamme B koopamHatax (V, t) a5 -
o o o _ ' % e

3TOT HpoLIeCC M300paxkaeTcsi MPsIMOM, Ha3biBaeMOil M3006apoii. Sie O I

[Mporecc, TpOTEKAOUMA  npuU  NOCMOSAHHOM — 0Oveme, _| . -
Ha3bIBaeTCs M30XOpHBIM. Ha muarpamme B koopaunartax (p,t) om @ 1o T K

u3o0paxkaeTcst MpsiMOil, Ha3bIBaeMON H30XOPOJ.

N3006apbl U M30XOpHI MEPECEKAIOT OCh TEMIEpPaTypbl B TOUKE t=_%=—273°C . Ecrm

Hayajlo OTCYETa CMECTUTh B ATy TOUKY, TO MOMy4YyuM IIKaidy KenbBHHA (TEpMOIMHAMHYECKYIO
Temreparypy): T =t+ % :
B TepmMomHaMuyeckoil 1IKA/Ie TeMIepaTyp:

V=V,(l+a-t)=V,-aT, p=p,d+a-t)=p,-a-T
OTkyna:
v, T, %
—=— uiu — =const npu p= const, m = const
v, T, T
T
P4 w2~ const npu V =const,m = const
p, T, T

r7e UHAEKCH 1 ¥ 2 OTHOCATCS K TPOM3BOJILHBIM COCTOSTHUSIM, JISKAIIMM Ha OAHOM n300ape 1M
H30X0pe.

9. YpaBHeHHe cOCTOSIHUS M/1€AILHOI0 r'a3a.

Ypaeuenuem cocmosanus tepMOIMHAMUYECKOM CHCTEMbl HA3bIBACTCS YPAaBHEHHE, KOTOPOE
CBSI3BIBACT JaBiieHUE P 00beM V u Temrieparypy 7 TepMOAMHAMUYECKOW CHCTEMBI, HAXONIAIICHCS B
COCTOSIHM Y TEPMOAMHAMAYECKOTO PaBHOBECHS:

f(p,V,T)=0
rJIe KaX/1asi U3 MepeMEHHbIX SBIseTCS QYHKIUEH ABYX APYTHX.




ITycth HekoTOpas Macca ras3a 3anHuMacT o0beM V1, IMeeT JaBJICHHE
p1, ¥ HaXOAUTCI IpHU TeMIleparype 1. DTa ke macca rasa B Jpyrom
IIPOHM3BOIEHOM COCTOSIHUH XapaKTePU3yeTCs rapamMeTpamMu
P2 V2 ,&o Ilepexon u3 cocrosHus 1 B COCTOSIHUE 2 OCYIIECTBISACTCS
HocCJeIoBaTeIbHO H30TepMudeckiM (1-1") 1 H30XOpHBIM
(1'-2) mporeccamu.

P> %22 1y 110 3akonam boita-Mapuorta u I'eit-JIroccaka.

/
p T
Pyt ky PV =p; -V, p_zzﬁ
e
vV

Uckirouast p; , IOJITyYUM ypaeHente COCHOARUA UOCTIbHOZ0 2a3a:

PV P Ve PV st
T, T, T

[To 3akoHy ABoragpo, mpu OJUHAKOBBIX p U T MOJM BCEX Ta30B 3aHUMAIOT OJIMHAKOBBIN
MOJISpHBIHA 00beM Vu. Ypasnenue cocmosanus jins mona uneansioro rasa p-V, =R-T, rae

koHcTaHTa R=8,31 /[o1c/(monw K) — Ha3bIBaeTCs YHUBEPCANbH O 2A30601 NOCH OAHH O,

m m m
O0bem rasza maccel m: V =v-V,=—V .Orcrioma p-V=—p-V,=—R-T=v-R-T
u u u
H H H
Ypaeuenue Menoeneesa - Knaneiipona— ypasnenue cocmosanus Ijis Maccol m 1ICaIbLHOTO
rasa.

Y7,

Ecnu ucnone3oBats nocmosaunnuyto boavumana: K = Ni =1,38-10% ’HTM
A

TO ypaernenue COCTOTHUSA TPUMET BUI:

R-T k-N,-T
p—y —_ A —_— n . k 'T y
Vu u
N N,
rae N= VARV KOHUEeHmMpPayus MoJ1eKys1 — YUCII0O MOJICKYJl B €AUHHIIC
u
o0BeMa.
Takum oOpazom:
1) oasnenue UJICATLHOrO rasa pu JTaHH O TEMIIEpaType npAmMo

RPONOPUUOHATBHO KOHUYEHMPAYUU €T0 MOJICKYIL,
2) mpu OJMHAKOBBIX TEMIlEparype M JABICHWM BCE Tasbl COJCpXKAT B  eOuHuye
00veMa 00UHAKOB0E YUCTIO MONEK)L.
Yucno MONEKyJ, comepkanmxca B_1MC ra3a npu HOpMANbHBIX YCIOBMSX, Ha3bIBACTCSA YUCTOM
Jowmuoma:

N, =P _268.10% L
K-T

0 M

10. OcHoBHOE YpaBHEHHE MOJIEKYJI PHO-KHHETHYECKOH TEOPHH MICATbLHLIX [A30B.
IIycts B cocynme oObemMoM V HaxOIWUTCS HMAeadbHBIM Ta3 Maccod M, cocrosmmi u3 N
MOJIEKYJI MacCOM Mo, ABMIKYIIMXCS C OJWHAKOBBIMU CKOPOCTAMH ». KOHIIeHTpaIus MOJIEKYII B

rase 1o onpeaciacHuo N = V .

Ecnu nipu coynapeHusx co cTeHKamu 3a Bpems At sjneMeHTapHOM momaake AS — CTCHKH



cocyla mepeaacTCa HMMITYIIbC AP ', TO Oasﬂel-lue rasa, OKasblBaCMOC€ MM Ha CTCHKY COoCyaa
AP
p:

At-AS

IIpy kaxkgoM coyaapeHHH MOJIEKYJa, IBHKYINAsCS MHEPIICHIUKYJISIPHO CTEHKE, IepeaacT el

umnynse 2mM, -v . B cpeHeM no HanpaBJICHUIO K CTEHKE JBHOKETCS % gacTh Bcex MoJekyl. (Ecmm
PacCMOTPETh TPH B3aMMHO IMEPIICHIUKYJISIPHBIC OCH, TO B CPSIHEM TOJIBKO % MOJIEKYJT IBUKETCS

BJIOJIb OJHOW M3 OCEd M TOJBKO ITOJIOBUHA W3 HUX %(%) BJIOJIb JTAHHOT'O HAalpaBJICHUSL.)

[MosTomy, 3a Bpemsi At mmomaaku AS TOCTHTHYT %n~AS~U-At —MOJIEKYJI U NepeaaayT eu

1
uMmItyJsisc: AP =§n-m-u2 -AS - At.
1 2
/lasnenue, oxazpIBa€MOE ra3oM Ha CTEHKY cocyaa: AP =—n-m-v°.

Ecm ra3z B oobeme V comepxuT N MOnekys, JBIDKYIIMXCS CO CKOPOCTAMHU Uy, U, ..., Uy , TO

1[€7I€CO00Pa3HO PACCMATPHBATE CPEOHIO KEAOPAMUYHYIO CKOPOCHLb, KOTOPast OIPEICIIIETCS KaK

2 1 N 2 l e 2
<UK6> = W Z Ui = W J. 1% d NU " XapaKTCPpU3yCT BCHO COBOKYITHOCTH MOJICKYII Ira3a.
i=1 0

Ocnoegnoe ypaeHenue MoOJIEeKy/APpHO-KuHnemu YyecKoll meopuu UOeabHBIX 2a306
1 2
p —énmo '<UK8>

pyrue BapuaHThl 3allCH 3TOTO YPAaBHEHHUS C YYETOM COOTHOIIEHH i

N
n=v u m=N -m,cnenyer:

p V :%N 'm0.<UK6>2
2
p-V _Lypll) _2g
3 2
PV =2m(o, )’
1

p-V, :§ﬂ<0m>2

3nece E — cymMMapHass KHHETHYECKas SHEPrUsl MOCTYMATEIBHOTO ABMIKCHHS BCEX
MOJIEKYJI Ta3a, Vu — MOJSpHBIH 00beM, 4 — MOJISIpHAsT Macca.

Ucnone3ys ypaBHenune Knanelipona—MenaeneeBa, noiayuum R-T =%,u<um>2 .

U

11.Cpeansissi KBaaApaTH4YHAA CKOPOCTH MOJIEKVJ HACAJIbLHOr0 rasa:
3R-T 3k-T

<UK8> = =
H My

R
rjie ucrnonp3oBano g =My -N, u k=—-.
A

Cpeonasa Kunemuueckas IHEPuUs NOCHMYNAM eAbH020 OBUNCEHUA 0OHOU MOJIEKYbl



uoeanvHozo 2aza:

2
<%%LE=EMEQL 3k T

N 2 2
Otcrona caenyer, 4To <€0> =0 mnpu T,=0K — mpekpamjaeTcss ABUXKEHUE MOJIEKYI
rasa.
MouiekyJasIpHO  KUHETHMYECKOE  TOJKOBAaHUE TEMIEpPaTyphbl: TEpMOJMHAMHUYECKas

TeMmIieparypa — €CTh Mepa CpeHEeH KMHETHYECKON HEPrUM MOCTYIATSIbHOIO ABUKCHUS
MOJIEKYJI rasa.

12.3akon MakcBesia 0 pacupeaeJeHn MOJEKYJ HAeaJdbHOr0 rasa mno

CKOPOCTSIM.
B ra3c, HaxogAmeMcCsa B COCTOSAHHHN PaBHOBCCHSA IIPU JaHHOM Aﬂv)

TeMIIepaType, YCTAHABIMBACTCS HEKOTOPOE CTAl[HOHApHOE, HE

MEHSIIOIIEECsT CO BPEMEHEM PaCIpe/IeeHHe MOIEKYJI O CKOPOCTSIM. Bi<T

OT1o pacmpenencHue omnuckiBaercs dyukuumein f(v), HasbBaeMoit

QynKyueir pacnpedenenus MoONEKYN RO CKOPOCHAM, KOTOpas

OIpeeIsieT OTHOCUTEIBHOE Y1 CII0 MOJIEKYII,

CKOPOCTH KOTOPBIX JICXKAT B HHTEepBale 0T v 10 v +dv, T.e. 0 ¥
dN(v) %

N f(v)do

3akon MakcBeaja:

m 2 .
f(v)=4n —2— | -0 -exp| ——2>—
©) ﬁ(2ﬂ~k~Tj R TR

DTa QYHKIHS yAOBICTBOPSET VCA08UIO HOPMUPOBKU J. f(U)ﬂU =1
0
13. HanGoJiee BeposiTHAsE CKOPOCTh MOJIEKYJ HIeaJbHOr0 rasa.
CxopocTh, MpU KOTOPOW (YHKIMS pacnpeneineHus: MOJIEKYJ HACaJbHOrO ra3a Io
CKOPOCTSIM MaKCHUMajlbHa, Ha3bIBACTCS Haubojiee 6epPOAMHONU CKOPOCHIbIO Vs.

df (u) 2k-T 2R-T
IlpupaBHsAB —— K HYJIIO, TOJyYaeM: U = o =
0 H

C noBbIlIEHUEM TEMIIEPaTyphl Vs pacmem.

14.Cpeansigs CKOpPOCTH MOJIEKYJbI ra3a (cpeansas apudMernyeckas CKOPOCTh)

<U>:%TudN(u):]EUf(U)d0= 8k-T _ [8R-T

0 7T - My T-H

15.CkopocTH, XapakTepu3VIOIIHe COCTOSHHE rasa.

Haubosiee BeposiTHasi
CKOPOCThb VB

Cpennsisi cKOpocThb <U>

Cpemmﬁ KBaJipaTuaHas
CKOpPOCTH <UM>

8R-T
T

()=

=113v,

?’R—'T =1,22v,
u

(V) =




16. bapomerpuyeckas dopmy.a.

B OJHOPOJHOM ITOJIC TATOTCHUA 3€MJII/I TCIJIIOBOC IBUXCHHNEC MOJICKYJ IIPUBOAUT
K HEKOTOPOMY CTAallMOHAPHOMY COCTOSHHMIO Ta3a, IPH KOTOPOM JaBJIEHHE rasa ¢
BBICOTOM yObIBaeT. /laBnenue Ha BhICOTE h raza ¢ MOISIPHOMW MacCOi g OTHOCHUTEIBHO
YPOBHS MOpPS, TJI€ JABJICHUE po CUMTACTCA HOPMAaJIbHBIM, PAaBHO

.a-h
0=, .exp(_ &j

R-T
17. Pacnpenenenue BoJanimMana.
Ucnonp3yst cootnHomenus pPp=n-kK-T,u=m,-N,,R=k-N,, morygaem:

m,-g-h
=n,-expl —-——|.
P =N p( k-Tj

Tak kaxk my,-g- h=W — NOoTCHOUAJIbHAadA SHCPrusd MOJICKYJIbI B ITOJIC

p=ng-exp| = — |

Takoe pacmpeneleHHe Ha3bIBAIOT paAcCHpedeeHuem
Bonvymana (pacupepelieHre YaCTUIl 110 3HAYECHUSIM IMOTEHI[MAILHON DHEPIHHU) IS
BHCIIIHETO HOMEHUUATIbHOZO0 TIOJIS

n = exp(_ W—1 —W, j
n, k-T

N3 Hero crnemyer, 4TO NpU MOCTOSIHHOW TeMIIepaType nI0OmHOCMb 843a DOnbULe MaM,
20e MeHbule NOM eHYUATbHAS dHepeUusl e20 MoeKyl. Ecian 4acTUIbl MMEIOT OAUHAKOBYIO
MacCy H HaxoJATCI B COCTOSHHU XaOTHYECKOTO TEIJIOBOTO JIBHIKCHHS, TO
pacnpedenerue borvymana cnpasednueo 6 11000m 6HewHeM NOM eHYUATbHOM NOJle, a HE
TOJIBKO B ITOJIE CHUT TSDKECTH.
18.Cpeausiss ajimHa CBOOOAHOr0 HpPodera MoOJIeKy.Jl.

[Iyts, KOTOpBIK B CpeIHEM MPOXOAAT MOJEKYJbl  MEXIYy JABYyMSA
MOCJICIOBATCIbHBIMH CTOJKHOBCHUSMHU HA3BIBACTCSA CPeOHell ONUHOU C80000H020
npooeca moneKy.

MuHMManbHOE PAacCTOSHUE, Ha KOTOPOE COJIDKAIOTCS TMPU CTOTKHOBEHWH IIEHTPBI JIBYX

MOJICKYJI, Ha3bIBACTCS oghhexmusHwvim ouamempom moexynoi d.

TATOTCHHS, CJIICAOBATCIIBHO:

Tak xak 3a /c MOJeKyIa MPOXOAHT ITYTh, PaBHBIA CpeHel apu(METUUECKOH CKOPOCTH <U> , 1
€civ <Z> — CpeoHee YUCIO CMOJKHOBeHUl, UCTIBITHIBAEMBIX OJHOM MOJIEKYJIONW Ta3a 3a Ic, TO
CpeaHsIs ITMHA CBOOOIHOTO Impobera

=2
(z)

MO3>KHO ITOKa3aTh, 4TO: <Z> =27-d? n- <U> ,OTKYy/1a: <|> !

“2zd?a’



19.9KkcnepuMeHTbI, MOATBEPKAAIOIIHE MOJEKYISIPHO-KHHETHYECKYI0 TEOPHIO.
1. Bpoynoeckoe oeuycenue JI1oOble 4YacTUIBI MaJIbIX pa3MEpPOB, B3BEIIEHHLIC B rase HIIH
JKHJIKOCTH, COBEPIIAIOT CIIOKHOE 3HUr3aroo0pa3Hoe JIBWIKCHHE. bBpOyHOBCKOE IBHIKCHHE
B3BCIIICHHBLIX YACTHI[ BBI3BIBACTCS YyJapaMHd MOJICKYJd CpeIbl, B KOTOPOM YacCTHIIbI B3BCIICHBI
Tloomeepoicoenue cunomesvi 0 XAOMUYECKOM MENI0B0M OBUNCEHUU
MONEKYIL.
2. Onbit_IllTepHa. JIBa KOAKCHAIBHBIX IMIMHIpPA CHHXPOHHO
BpaIIalOTCs B Bakyyme. ATOMBI cepebpa, McHapsach C IPOBOJIOKH,
PacnoJIOKEHHOW BJIOJb OCH BHYTPEHHETO IHJIMHPA, BHUICTAIOT Yepes
meab M OCCHAIOT Ha BHYTPEHHEH CTCHKE HAPYXKHOTO IHIMHIpA.
Uccnenyss TOMIMHY  OCaXJIEHHOTO CIOSl, MOXHO OIICHUTH
pacnpeoenenue MONeKYl NO CKOpOCMIM, KOTOPOE COOTBETCTBYET
MaK ceel08CcKomy PacpeICIICHUIO
3. Onvim _Jlammepma. Mexay UCTOYHHKOM MOJIEKYJISIPHOTO ITyYKa U
MPUEMHHUKOM CHHXPOHHO BPaIlIalOTCsA Ba IUCKA C
/"Mé’ﬂﬂﬂﬂfﬁ%ﬂiﬂ //Mngm palvanbHBIMKM  INedAMH. M3  4mMcoa  MOJIEKYI,
aYYOK ‘ " { MPOJETEBIIMX 4ePE3 MEPBYIO IENb, MPOMNETAT Hepes
- & - BTOPOI IHCK TOIBKO T€, KOTOPEIE MOMICTAT K HEMY B
TOT MOMEHT, KOI'JIa Ha My TH ITy4YKa BCTaHET MPOpe3b BO
BTOPOM
n— nucke. HM3MeHsis yriIOBYyIO CKOpPOCTh BpallleHHS,
MOYKHO HCCIICOBATh pacnpeoesieHue MOLeKyI N0 CKOPOCSM.
20.5IBJ1eHns nepeHoca.

AHsnenusimu  nepenoca Ha3BIBAIOTCA HEOOpaTWMbIE TIPOIECCHI B
MepMOOUHAMULECKU HEPABHOBECHBIX CUCMeMdX, B KOTOPBIX MPOUCXOIAT
IPOCTPAHCTBEHHBIN _ MEPEeHOC JHepauu  (TEIJIOMPOBOJHOCTE),  MACChl
(muddys3us), umnyrvca (BHyTpeHHEE TPEHUE).

J171s1 TpOCTOTHI OTPAHU YU MCST OOHOMEPHbIMU CITydasiMH, BBIOPaB OCh X TaK.
yToObl OHA OblJa HamlpaBJicHA B HanpasieHuu neperoca. bynem
paccMarpuBaTh MOTOKH SHEPIUH, BEIECTBA M MMITYJIECA YITOPSAOUYSHHOr O
JBUIKCHHUS YAaCTHIl Yepe3 CAMHHUHYIO TuTomaaky (S=1), mepreH IuKyIsSpHYIO OCH X,
JUIS UICAJTBHOTO Ta3a nIomHOCMbIO p, Y KOTOPOTO

<U> — CPeOHss CKOPOCb MENI08020 08UNCEHUS MOJIEKY I,

<|> — CpeoHsAs OnuHa c80600H020 npobeza.

21. TemionpoBoJIHOCTD.

Ecnu B ogHoOM oOiacTtu ra3a cpeAHss KHHETHYECCKAs SHECPrus MOJICKYIN OOJdbIIe, YeM B
I[perfI, TO € TCUYCHHUECM BPCEMCHHU BCICACTBHUC IIOCTOAHHBIX CTOJIKHOB €EHUH MOJICKYIJI
OpoOUCXOAUT HNPOICCC BbIPABHUBAHHWIA CPCAHHUX KHHCTHUYCCKHUX 3HGDFI/H71 MOJICKYJI —
BBIpaBHUBAHHUE TEMIIEpaTyp.

Ilepenoc runepzuu (B hopmMe TEIIIOTHI) OMUCHIBACTCS 3aKOHOM Dypbe:

. dT

Jge =—A—

dk
3nech Je — naomuocmep mMenjoeozo nomoka —
TernjoBas SHEprus, nepeHocumas e eouHuyy 8pemenu yepes

COUHUYHYIO NAOUAOKY, NEPREHOUKYISAPHYIO OCU X, |
A — KoI(hpuuuenm mennonposoonocmu,

d%x — IpaAv eHT TEMIIEpaTypbl — CKOPOCTb U3MEH EHMS TEMIIEpaTyphl HA €IUHULLY
JUIMHBI X B HallpaBJICHUU HOPMaJM K TOW ILJIOLIAJKE,

Cv— yoenbHas menjioemMKoCmsb 2a3a Mpyu MOCTOSHHOM 00beMe (KOJIMYECTBO TEIIOTHI,
HeoOXxoauMoe I HarpeBaHus [xe rasza Ha /K).



22. Anddy3sus.

HAsnenue Oougpgpyzuu 3akinrodaeTcs B TOM, YTO IPOUCXOAMT CAMOIIPOM3BOJHHOE
IPOHMKHOBEHUE M IEePEMEIIMBAHNE YACTHUIL JBYX COIPHUKACAIOIIUXCS T'a30B, )XHJIKOCTECH U
Jnaxke TBepasIX Tel; MuPdy3us cBoAUTCS K 00OMEeHY dacTuiiamMu (IepeHoCc Macc) MEeXIy
STUMU TellaMH, BO3HUKAET W MPOJOJIKAETCS, TOKa cyujecmeayem epaouenm HniomHOCHU.

Ilepenoc maccor (muddys3us) IS XHMHYSCKH OJHOPOJHOTO Tasza ITOAYHHSCTCS

3aKoHY DuKa:

. dp

Jn=-D—

dx
3nech Jn — NJOTHOCThH NMOTOKA Macchl — Macca
BCINIECTBA, 1y pyromero 8 eOuUHUYY e8pemenu yepes

COUHUYHYIO NIOWAOKY, NEPReHOUKYIAPHYI0 OCU X,
D — koypdpuuyuenm ouggysuu,

d%x— rpagu€HT IIJIOTHOCTH, paBHBIﬁ CKOpPOCTH HM3MCHCHHA IIJIOTHOCTH Ha

€IUHHUIY JJIMHBI X B HAIIPaBJICHUU HOPMAaJId K 3TOM ILIOIIAJKE.
23. Buyrpennee tpenue (BA3ZKOCTH).

BcaencrtBue XaoTHMUYECKOTO TEIUIOBOTO JBHMIKEHHS MOJIEKYNI IIPOMCXOJHUT OOMEH
MOJIEKYJIaMHM _MEXKJAY CIOSMU Tra3a JBIJKYIIMMHCS C Pa3IMYHBIMH CKOPOCTSIMH, B
pe3yJibTaTe dYero HMIYJbC CIIOs, JBHUXKYIIErocs ObIcTpee, yMeEHbIIAeTcs, a
JBIKYILETOCS MeEIJICHHEEe — YyBEIMYMBaeTcsa (IIPOUCXOIAUT HEPEeHOC UMHYAbCAd OT
OJHOrO CJI0sA K JAPYromy). OTO IPUBOIUT K MOPMONCEHUIO CI0s, JIBUXYIIETOCS
OBICTpEe, W YCKOpeHuio CIIOs, IBMKYIIErocs MeJICHHEE.

Buympennee mpenue onucoiBactcs 3akoHoM HbloToHa:

. do

lo =71 dx
31€Ch jp— MAOMHOCHb NOMOKA UMNYAbCA — TOJHBIH HMIYJIbC, NePeHOCUMbLIL 6
COUHUYY épemenu 8 NOJIOHCUMELHOM

HAanpaenenuyu ocu X yepes eOUHUYHYI0 NIowWaoKy, NePHeHOUKVISAPHYIO OCU

§— Ounamuueckas 6aA3KOCMb 1) = %<u> (1) ,

d%x — TpaJUEHT CKOPOCTH, MOKa3bIBAIOLIMN OBICTPOTY H3MEHEHHUS CKOPOCTH B

HAMpaBJICHUU X, MEPIICHIUKYISIPHOM HAIpPaBJICHUIO JBHIKCHHUS CIIOEB Trasa.
BHewnee ¢X0ACTBO MaTeMaTHYCCKUX BBIPAKCHHUH, OIMUCHIBAOINX SBIICHUS MEPEHOCA,
00yC/106/1eHO 0OWHOCMBIO TICKAIETO B OCHOBE SIBJICHUH
TEIUION POBOIHOCTH, AU(G(GY3UHM U BHYTPEHHErO TPEHHUS MOJACKYIAAPHOZO MeXaAHU3IMA
MepeMEeNIMBaHUs MOJIEKYJ B MPOIECCEe MX XAaO0TUUECKOTO JIBUIKEHUSI.
Dopmynvl 05 kodpduyuenmos A, D, n cesasviearom kos@puyuenmuol nepenoca u
Xapakmepucmuxu menioe020 08UdICeHUs MONLEKYIL.

3aBucumoctu mexay 4, D, n: n=p-D, L =1.
n- Cv



| OCHO8bI MepMOOUHaMUKLUI. |

24 BHYTpeHHsASI YHEPrus TePMOIUHAMHYECKO#l CHCTEeMBI.

Buympennsaa snepecus U — »5TO DHEpPrus XaoTHUYECKOTO (TEIIOBOIO)
JIBUKCHU ST MHUKPOYACTHI] CUCTEMBI (MOJEKYJ, aTOMOB, DJIEKTPOHOB, SACp U T.1.) U
SHEPrHs B3aMMOACHCTBUS 3TUX YACTHII.

K enympenneii swepeuu ne ommuocamca KUHETHYECKAas DJHEPrusi JBUKEHUS
CHUCTEMBI KaK IIeJIOT0 W MOTEHIMaIbHas dHEPTHs CHCTEMbl BO BHEITHUX TOJIX.

Buympennsaa 3unepeus — 00HO3HAUHAS (DYHKYUS M EPMOOUHAMUYECKO2O
coCcmosHus cucmemvl — B KaXJIOM COCTOSHHHM CHCTeMa o00JagaeT BIOJHE
ONpPEACICHHOW BHYTPEHHEW SHEpPrueu.

[TosTOMYy, 6Hympennsas 3nepzus He 3asucum OT TOTO, KaKkum oOpa3zom CHCTeMa
MIPHIIUIa B JAHHOE COCTOSHHE.

Ilpu nepexooe cucmemvl W3 OIHOTO COCTOSHHUS B JPYroe u3MeHeHUe
GHYMPEHHell IHepZUU ONPEIEIICTCI MONbKO PA3HOCMbIO 3HAYEeHUl BHYTPEHHEH
SHEPTUHU 3TUX COCTOSHUN W HE 3asucum om nymu nepexood.
25.Yucao cremeHeii ¢Bo0OabI.

YQucno cmeneneil c60000bl — DTO HUCIO HE3ABUCUMBIX NePEMEHHDLX,
IMOJIHOCTBIO OIPEICISIONNX IOJ0KEHUE CHUCTEMBI B IIPOCTPAHCTBE.
Yucno cmenenel c6ob600bl 01 UOCANbHO20 2430 HCECMKUX MONEKVIL.

Yucjio creneHen OxHOAaTOMHBIM JIBYyXaTOMHBIH MHoroaTromMHbI#i
CB000BI ras ras ras
IlocTynaTejbHBIX 3 3 3
BpamareabHbIX — 2 3
Bcero 3 5 6

B peanvnpix Monekynax HET JKECTKOM CBA3M MEXKIYy aTOMaMU B MOJIEKYJIE,
MOSTOMY HEOOXOJAMMO YYHTHIBATh TaKKe CTENEeHH CBOOOIBI KoJeOaTeIbHOTO
JIBUKEHUSI aTOMOB BHYTPHU MOJIEKYJIBI.

He3aBucumo ot oOmero ymcia cteneHedl cBOOOIbI MOJIEKYNbI, mpu cmeneHu
Cc60000b1 6cezoa nocmynamenvHwvle. Ha Kaxnyro H3 HUX MNPUXOJUTCS TPETh

KUHEemUu4ecKoi I9HepcUuu nocmynameilbHo2o O08UIICEHUS MOJIEK)]1bl <€0>:

(&) = <Z°> = %.Sk'T zék-T

26.3axkoH BoabnMaHa 0 pPaBHOMEPHOM paclpeleJeHHH JHEPrHH IO CTENeHIM
cB0001bI (3aKOH paBHOpAacHpeaeJJeHns ).
s cucmemvul, Haxoosawelcs 6 COCMOAHUU MePMOOUHAMUYECKO20 PABHOBECUS HA
KaxcO0yio nOCmynamenbHyio U 8pauamenbHyio cmenetwsb c80000bl NPUXoOUmcs 6 cpeoHem

Kunemu4decKkas oHepeus, pacernas k '%, a Ha KCZD!COVIO K0ﬂ€5am€ﬂbHVIO cmenenv c60000bl

— 6 cpeonem smepeus, pasnasiK-T

DHepruss KoieOaTeIbHBIX CTEHEHEH CcBOOOABI  BABOC  OOJbIIE, IOCKOJBKY
KoyiebarenpHas CHCTeMa 00JIagaeT paBHBIMM IO BEIMYHHE CPEIHHMHU 3HAUYECHHSMH Kak
KMHETHYCCKOM, TaK U MOTCHIIMAIBHON JHEPrHH.

i
Takum o0pa3oM, cpeoHsas IHepzus MOJIEK)ibl. <g>:§k-T

rac |— CYMMa quciia HOCTyr[aTeJII)HI)IX, qucia BpamaTeanmx Hu YI[BOGHHOFO quclJia
KOJ'IC63T€J'IBHBIX CTCHGHCP'I CBO60,I[BI MOHeKy.]'IBIZ
i=i _+i 42
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B kiaccudeckoil Teopun paccMaTpHUBaOT MOJICKYIIBI C H#ceCm KOl CBS3bI0 MEXKly aTOMaMU;
JUIS. HUX | COBIIAJIaeT C YMCIIOM CTEIeHEW CBOOOIBI MOJEKYJIBL.

B wuaeanpHOM ra3ze MOJNIGKYNBI MEXJy CO0OW HE B3aMMOJACHCTBYIOT W UX
NOTEHIMAJIbHAS DHEPrusi paBHAa HyN0. [lodTOMy BHYTPEHHSSI SHEPIHS 00HO20 MO.JA
ujeanbHOro rasa Vyu u npousgonvHoli maccyl m raza U OyayT COOTBETCTBEHHO:!

U,=(e)-Ny=~k-T-N, =+ R-T u=""lr.r=viRT
2 2 u 2 2
27. IlepBoe Ha4aji0 TepMOJIMHAMHKHU.

[TepBoe HauasoO TEPMOIMHAMHKH - 3TO 3aKOH COXPaHEHHUS M MPEBPALICHHU S SHEPTUU B
TEPMOJAMHAMHYECKHUX IPOIIECCaX.

M3MeHUTh BHYTPEHHIOI SHEPrHI0 CHCTEMBl MOXKHO ABYMs croco0amu. cosepuias
HAO cucmemoli pabomy (HaIpuMep, CXKUMas Ta3 B LIHIKHIPE C MOMOIIBIO MOPIIHS) UIH
coobwasn cucmeme meniomy (HallpuMep, HarpeBas ra3 B TePMETUYHOM COCYIIE).

PaccMoTpuM  3aMKHYTYI0, MAaKpOCKONMYECKH  HEMOJBHUIKHYIO  CHCTEMy, HeE
HaXOSIIYIOCS BO BHEIIHUX CHUJIOBBIX MOJISIX M MPOAHAIM3UPYEM C JHEPT €TUUECKOW TOYKHU
3pEHHSI PABHOBECHBIU Npoyecc nepexoodd CUCTEMBI W3 KaKOT0-JIMOO HadaabHOIo
coctosiHusl 1 B Ipyroe cocTtosHue 2.

N3menenne BHyTpeHHeil sHeprum cucrembl AU =U,-U, B Takom mporecce paBHO

DPa3HOCTH MEXAY Koauyecmeom meniomust Q, MOTYyUYEHHBIM CHCTEMOH, u pabomou A,
COBEPIICHHOW CHCTEMOH IIPOTHUB BHEHIHUX CHII
AU=Q—-A wm Q=AU+A

IlepBoe HAYAJIO TEPMOAUHAMHUKH. MENI0MA, COOOULAEeMAs CUCHLEME, PACXO00YEmCS
HA U3MEHeHUe ee GHYMPEHHell IHepZUU U HaA CcOo6epuieHUe €W padomsl Npomue
6HEWIHUX CUJL.

B muddepenuunanbHoii popme: Q =dU + A,

rae dU (monubeiii nuddepeninuan) — OCSCKOHEUYHO Malioe M3MEHCHHUE BHYTpCHHEH
DHEPTHH CHUCTEeMbI, OA — dlieMeHTapHas pabota, &Q — OCCKOHEYHO Majoe KOJHUYECTBO

TEIIOTEl. OAU  &Q HE SBJISIOTCS TOJNHBIMH T PEepeHITHATaMU.

Jlesio B TOM, UTO GHYMPEHHAA IHEP2UA CUCHEMDbL 56]51emCsl 00HO3HAYHOU PYHKYU el
cocmoanua cucmemsl. OtTciOfa CIeIyeT, 4YTO TMPH COBEPUIEHUU CHUCTEMOU
MPOM3BOJBHOTO Tpollecca, B pe3ylbTaTe KOTOPOTO OHA BHOBH BO3BpallacTCcs B
HCXOJHOE COCTOSHHE, II0JIJHO€ M3MCHCHHUE BHYTPECHHEH DHEPrHHM CHCTEMBI PAaBHO HYJIIO

§ dU = 0. Hu paboTa, HU TemioTa He SIBISIOTCS QYHKIMSIMUA COCTOSIHHS CUCTEMBL

Bce BemmuuMHBl BXOAAIME B IEPBOE€ HAyaJlo TEPMOOMHAMMKM MOTYT OBITh Kak
NON0JICUmMeNbHLIMU, TAK U OM PUUANEIbHbIMU.
Ecnu k cucreme nodeéooumcea mennoma, 7o X > 0; ecm OT CUCTEMBI

omeooumcsa menaoma, 70 XQ < 0.
Ecrm cucmema coBepiaet pa®oTy Haj eHewmumu menamu, to OA>0 ; ecnmu ke Hao
cucmemou BHEIIHNE CUJTbI COBEpIaloT padory, To oA < 0.

JIpyras GopMyJIMPOBKA IIEPBOrO HAYAId TEPMOJMHAMUKH CBS3AHA C TEM, YTO €CIM CHUCTEMA
MIEPUOTNYCSCKH BO3BpAIlAeTCs B TEPBOHAYAIBHOE cocTosHue, u cinenoparensno AU =0, 10 A=Q,

T. €. 6eUHbUL 06UZAMENb NEPBO2O POOA — NePUOOULeCKU O0elucCmEYIoWuULl 08Ucamelsb, KOmopbli
cogepuian vl HoLULYIO pabOMY, Yem COOOWEeHHAsL eMY U3BHE SHEP2Usl, — HeBO0IMOICEH.



28.PaboTa rasa npu ero pacimpeHnm.

L
:_: Ecim Haxopsiumiics moa MOPUIHEM B LMJIMHAPUYECKOM COCYAE, Ta3,
p —> g PaclMpssch, TEPEeABHUracT IOPLICHP Ha PaccTOsHHUe dl, To
— MPOU3BOJUT HAJl HUM padomy
— oA =Fdl = p-Sdl = pdv
| dl rJe S— IIomaab MOPIIHS.
[Tomnas pabota A, coBepiaemasi ra3oM MPU U3MEHEHUH ero oobema oT Vi
mo Va,:

PaBHOBecHbIe MPOLECCHI — ATO MPOLIECCHI, COCTOSIIME U3 MOCIEA0BATEIIbBHOCTH PaBHOBECHBIX

cocTtosiHU. OHU MPOTEKAIOT TAK, YTO U3MEHEHUE TEPMOIMHAMUYECKUX MMapaMETPOB 32 KOHEYH bIil

MIPOMEXYTOK BpeMeHH OeckoHedHO Marno. Bee peanvhble mpoueccbl HepagHogecHbl, HO B Psiie

ciaydaeB (IOCTaTOYHO MEJJICHHBIE MPOIIECChI) HE PaBHOBECHOCTHIO PEATTBHBIX MPOIECCOB MOYKHO
MpeHeOpeYb.

iz PaBHOBecHBIE Tmporecchl MOXXHO H300paxaTh rpaduuyecku B

y xoopmHarax (p, V). Tak pabora A= pdV omnpenensercs IIOMIAIBI0

3aIITPUXOBAHHOM IMOJIOCKH, a IOJHAasA padboTa — ILIOIIAABIO IO KPUBOH
mexy Viu Va.

[Ipu HEpaBHOBECHBIX IPOILICCCAX 3HAYCHHUS IIAapaMETPOB B Pa3HBIX

Y4aCTSX CUCTEMBI PA3JINYHbI U HE CYIIECTBYET
;,‘ : V. » (p, V)- TO4EK, XapaKTEPU3YIOIMX COCTOSHHUE Beeil cucreMsbl. IToaToMy
dav rpaduyeckoe n300pakeHM e HEPABHOBECHOI'O IMPOIIECCa HEBO3MOYKHO.

29.TemwioeM _KOCTb.

Yoenvuas mennoemxocms 6eujecmea ¢ — BENMUNHA, paBHASI KOJIMYECTBY
TEIJIOTHI, HEOOXOMMOMY I HarpeBaHus /xe BemectBa Ha 1K. Eounuya yoenbHot menioemkocmu
— JIx/xr-K

=R
mdT
Monsapnasa mennoemxkocmsy C, — BEIMYMHA, PABHASI KOIMYECTBY TEIMJIOTHI, HEOOXOMMOMY st
HarpeBanust [vous Beectsa Ha 1K. EQunuya monsproti mentoemkocmu — JIk/moib - K

C R
u :
vdT
Ceazv mexncoy Cuuc: C, =C-u
Pasnuuarot mennoemxocmu (yIenbHYIO U MOJSIDHYI0) npu nocmosaunom ooveme (cv u Cv ) u
npu nocmosnrnom oaenenuu (cp u Cp), el B IPOIECCEe HArPEBAaHMSI BEIECTBA €0 00BEM HIIHA

JIaBJICHHE MOIICPKMBAIOTCS TIOCTOSHHBIMH.
30. MoJasipHasi TeIIOEMKOCTL IIPH MOCTOSHHOM 00beMe.

U3 mepsoro navana tepmoguHamukn - Q =dU + A, ¢ yuetom oA=pdV u C, :% VISt
v

Imonb raza momyuum: C,dT =dU , + pdV,,.
ITpu V =const pabora BHEmIHKX CHJI OA paBHA HYJIO W cooOIaeMasi rasy M3BHE TEILIOTA
UJIET TOJIbKO Ha YBEIMYCHUE €TI0 BHY TPCHHEH SHEPrUu.
du,
C, =—+
dT

Cv paBHa M3MECHEHUIO BHYTPEHHEH SHEPrur [Mob Ta3a TP MOBBIIICHUH €r0 TeMITepaTyphl Ha
IK.



Hockoneky dU, = % RdT ,to:

i
C, =—R.
Vo2

31. MoasipHas TeILIOEMKOCTh IIPH MOCTO HHOM JaBJieHuH. Y paBHenue Maiiepa.
Ecim raz narpesaercanpu p = const, To

RQ _du+pdv _dU, pdv,

vdT vdT dT dT

C, =
du

7

HE 3aBUCHUT OT BH/Ia IIpoliecca (BHYTPEHHSISI SHEPIHs UICaIbHOTO ra3a
HE 3aBUCHUT HH OT p, HH OT V, a onpenensercs Toubko 1) u Bceraa paBHa Cy.
Auddepernmpys  ypasuenne Knaneiipona—Menneneesa pV, =RT mo T mnpu p=const ,

MMOJyYUM
C, =C, + R— ypaBHenne Maiiepa

Crceraa 6ombiie Cv,- Ha BEIMYNHY YHUBEPCATHHOM ra30BOM MOCTOSIHHOM.

DTO OOBICHSETCS TEM, YTO IPH HArpEBaHUHM Ta3a MPU HOCHOAHHOM Odaeénenuu TpeOyeTcs
elle JOMOJHUTEIBHOE KOMMUECTBO TEIJIOTHI Ha COBEpPINEHHE PaOOThI PacIIMpEHHs ras3a, Tak Kak
MTOCTOSIHCTBO JIaBJICHUS] 00ECTICUMBACTCS YBETHICHUEM 00heMarasa.

C, = tRr+r=1"2pg
2 2
[Tpu paccMOTpeHNH TEPMOIMH AMHIECKUX MTPOIIECCOB BAKHYIO POJIb UTPAST BETMUMHA
Cp 1+2

c, 2

KOTOpas Ha3bIBaeTcs Koahghuyuenmom Ilyaccona

N30IPOLIECCHI. Paccmorpum PAaBHOBECHBIE TIPOLIECCHI, IIPOUCXOSIIE c
TEPMOJIMHAMUYECKUMU CUCTEMaMH, NIPU KOTOPHIX OJWH M3 OCHOBHBIX HapaMeTPOB COCTOSHUS
COXPaHSETCs TOCTOSHHBIM.,

32.Mizoxopusiii npouece (V = const).

JluarpaMMa 3TOro mpolecca — HM30X0pa — B KoopauHarax (p, V)
n300paXkaeTcs MPSIMOiA, MapajuIeIbHON OCH OpINHAT
(ock p). Ipomecc 2-1 — M30XOpHBIA HArpeB, MPOLECC 2-3 — H30XOPHOE
OXJIXKIICHHE.

Ilpu usoxopnom npouecce 2az He coeepuiaem padoomy HaJ BHCUTHUMA
temamu (0A=pdV =0) u Bcs Temmora, coobuiaeMas rasy, WeT Ha

yBenuueHne ero BHyTpenHeit oHeprum Q=AU . Ilockomeky dU, =C,dT , to mnsa

MPOM3BOJIBHOM MACChI rasa:

K ="c¢,dT.
u

33.U300apHbIii 1Ipoliecc (p = const).

JluarpaMMa 3TOTO Ipolecca — H300apa — B KoopJuHarax (p,V) u300pakaercs MmpsMOu
napauiensHoi ocu aocrmce (och V). Ilpu m306apHOM Iporiecce paboTra rasa Nnpu yBeMYEHHH
oobema ot V1 10 V2 paBHa:

VZ
A= [pdV = p(v,-V,)

Vi



H OoNIpCaAC/IACTCA IIJIOIIAJIbI0 3alITPUXOBAHHOI'O IIPAMOYTI'OJIBHUKA.

A .
pl 1 ) Hcnonwiys ypaBaenue Kianeiipona
m mR
pV =—R-T ,nonydaem V, -V, = —(T2 —Tl), oTCIO1a
H pu
> m
ViV, Vv A=—R(T,-T,).

: H

DusnyecKnili CMbICI VHHBEPCAJLHOM ra3oBoil  mocTrossHHONM: R
YHCIEHHO paBHA paboTe M300apHOTO pacIIUupeHus /Mo UACATHHOIO Ta3a P HarpeBaHUM €ro Ha
IK.

34 Mizorepmuyeckuii_npouece (T = const).

JluarpamMma 3TOro mporecca — HM30TepMa — B KOOpJauHaTax (p,V) mpeacraBisieT co0oit
runepboy. M3oTepMudeckuii mporiecc omuchiBaeTcs 3akoHoM boimsi-Mapuorra (p V= const).

‘e PaboTa H30TepMUUYECKOr0 PACIITUPESHUS ra3a

v, v,
A=J.pdV :IER.Td_Vsz.T.|n\£=ER.T.|n&,
vV

U Vi u P,

2 Tak xak npu T =CONSt euympennss suepaus udeanbHo2o 2aza
He U3meHsaemcs, ToO u3 nepBoro Ha4daJia TepMOI[I/IHaMI/IKI/I cnenyeT, qTO
'V A& = OA, TO €CTb BCE KOIUUECM 80 M ENTIOMbl, COOOUiaemoe 2asy,

P

Vi

pacxooyemcs Ha cosepuieHue UM padomst RPOMUE 6HEUIHUX CUL
ITosToMy, ISt TOro, YTOOBI IIPH PACIHIMPEHUHN Ta3a memMnepamypa He NOHUNCATACH, K Ta3y B
TEUCHHE H30TCPMHUYECKOr0 MpOoIecca HeoOX00uUMO  NOOBOOUMb  KOJIUHeCHmE0 — MeEniomvl,
HKBUBAJIEHTHOE BHEIITHEH paboTe paciipeHus.
35. AinadaTnyeckuii npouece (&) = 0).

Aouabamuueckum HA3BIBACTCS MPOIECC, TIPA KOTOPOM OMCYMCmMeyem menio0OMen MEKIY
CHCTEMOM M OKpY KaroIIel cpeioi (éQ = 0).

K amabatdeckuM mporieccaM MOXKHO OTHECTH Gce  OblCmponpomeKarowue Nnpoyeccol
(TemmooOMEH HE YCIIEBA€T COBEPIIMTHLCS), HAPUMEP, PACIpOCTpaHEHHE 3BYKAa B CpElC, HUKIBI
pacUIMpeHys U CKATUS B IBUTATEISAX BHYTPEHHETO CTOPaHUs, B XOJIOIMJIbHBIX YCTAHOBKAX U T. 1.

W3 miepBoro Havajia TEPMOMHAMUKH CJIEIYET, UTO MPH aauabarraeckoM mpouecce oA =—dU .

Hcnonszys 6A= pdV u dU =mCVdT , moiyuum pdV — Myt (1). C npyroii cropoHsl, u3
H 7

p-VvV = m R-T caenyer pdV +Vdp = m RAT (2). Paznenus (2) Ha (1) mosywm:
7 H
pdv+vdp R C,-C, dp dv

—= unu —=—y—,

pdV C, C, p \

rae y = C—p —Ko09ppuyuenm Ilyaccona. VInrerpupoBaHue 3TOr0 ypaBHEHHS 1acT
V

InV” =Inp=Inconst , orkyma cuenyer ypaBHeHue IlyaccoHa — ypaBHeHHe
aqua0aTHYECKOro mpoiecca

pV7” = const



A 3 80=0 Ucnone3yst ypaBHeHne MenpeneeBa—Kuaneiipona pV _Mp.1,

p
I'=const monyuaem:
T-V”* =const

2 T7.VY¥7 =const

~ JluarpamMmma ajpabaTUyeckoro mpolecca — aagadara — B

KoopmiHarax (p, V) wu3o0Opaxkaercs rumepbonoi. Apjmabara
pV7 =const Gomee kpyra, 4yem uzorepma pV =const ). ITo OOBACHSETCA TEM, YTO IpH
aanadaTHUeckoM Ckatiu 1-3 yBelMyeHHUe JaBJieHUs ra3a 00YCIIOBJIGHO HE TOJIBKO YMEHBIICHHEM

ero o0beMa, HO ¥ TTOBBIIIICHUEM TeMIICpaTy PhI.
36. PaGora raza B aiMadaTHyecKoM IIPOLIeCcCe.

B agnabatuueckom npomecce A=—dU mostomy SA = _m C,dT.Ecmras

anuabaruuecku pacmmpsiercst or oobema Vi 10 V2, To ero Temneparypa yMeHbIIaercst oT 1170 T2 u
paboTa pacHMpeHust UAeaTbHOro ra3a

T
m m
A=-—C, IdT :_CV(TI _Tz)'
AR "
V|, (v,Y | R, m|, (v,)"
Otkyma mnomydaem A= PV | =—L—|1-| -1 JACIIOJIE3Ysl  yPABHEHME
y=1 VY, y—lu Vv,

MenneneeBa—Kuaneiipona pV = m R-T.

Pabora ammabatuueckoro pacumpenus 1-2 (3amTpuxoBaHHAs IJIOIIAAb) MEHBIIE, YeM IIPH
M30TEPMHUYECKOM TIPOIECce. ITO OOBSACHSETCS TEM, YTO TpU aaua0aTHYEeCKOM pacIMpEeHUN
MIPOUCXOJUT OXJaXIEHHE Trasza, TorjJa Kak NP HM30TEPMUUYECKOM paCIIUPEHUM TeMriepaTypa
MOJICPKUBACTCS ITOCTOSTHHOM 3a CUET MPUTOKA M3BHE SKBUBATEHTHOTO KOJTUUECTBA TETUIOTHI.

37. Hoaurponnyeckue Mnpouecchl

IIpomecc, B KOTOPOM TEINIOEMKOCTh octaercs mocrosauoi (C = const) HasbBaeTcs
ROJIUMPONUYUECKUM

PaccMoTpeHHBIE BBINIE HM30XOPHBIM, HM30TEPMUYECKUH, H300apHBIA M  aauMadaTHYecKuit

MPOIIECCHI — ATO YACTHBIE CITydar OTUTPOITHOTO TIpoIiecca.
Ypasuenue nonumponut

pV" =const,

c-C

rae kodddumuenT N = c P

HAa3bIBACTCs ROKA3améeiem nojitmponbl.

3HaYeHUs TEIIOEMKOCTH M IOKa3aTelisd MOJUTPOIBI JUIS Pa3HbIX MPOIECCOB IPUBEJICHBI B
Tadauie.

IIponecc C n
Aouabamuyeckuil C=0 n=y
H3zomepmuueckuil C=w n=1

H3zo06apuueckuii C=C, n=0
HszoxopHutil C=C, N=+—o0

TeroeMKOCTh MK K30TEPMUIECKOM MpoIiecce OECKOHEHO BenmKa, mockoibky dT =0, B To
Bpems kak & #0.



TennoemxocTsb mpy ajmadaTHUECKOM MPOLIECCE PaBHA HYJIO, MOCKOIBKY & =0, B TO BpeMs

kak dT #0.

38. Kpyrooii npouecc (HKI).

Al (A) Al (B) Kpyzoebim npoueccom (W yuKiom) Ha3bIBAETCS IIPOIIECC,

p " p b IpH KOTOPOM CHCTeMa, MPOHIS dYepe3 Psia COCTOSHHUIA,
BO3BpalaeTcss B HcxoaHoe cocrtosHue. Ha  (p,V)-
JarpaMMme MK n300pakaeTcsl 3aMKHYTOW KPHUBOH, TIC

a 2 y4acCTOK

» 1-2 cooTBeTcTBYET pacumpennio, a 2-1 — cxaruroraza.

V' Paboma pacwupenus A1 (nnomams Gurypel 1la2v,Vv,1)

by,

R 4

""1 ’2 J "'1 | )

nonoxurensHa: A >0.

Paboma corcamua A2 (nnomans durypst 2b1CV,V, 2) orpunarensna: A, <0.
Pabooma 3a yuxn A onpenensercs IIOMAIBI0, OXBAaTEIBAEMOM 3aMKHY TOM KPUBOIA:

A=A +A,.
Takum oOpazom, padoma — 310 HYHKIWMS He MONbKO COCMOSHUSL
MepMOOUHAMULECKOU CUCMeMbl, HO U 8U0a Npoyeccd, KOTOPBIN IPOUCXONT.
[Toatomy paboma ne asnsemcsa o0no3naunoul hynkyueii cocmoanus (Takomu,
KaK BHYTpEeHH:s 3Heprus). 3 mepBoro Hayana TepMoIMHAMUKH CIIEAYET, 4TO
mennoma Q, Tak e Kak U pabota A, aensemcs ynkyueil npoyecca, KOTOPBIA
MPOUCXOIUT C CUCTEMOIA.
[{ukn HazpIBaeTCs MpAMbIM, €CIM 32 IMKI COBEPIIACTCA TMOJIOKHUTENbHAs padoTa

A= § pdV >0 (UMK IPOTEKACT [0 YaCOBOM CTPEIKE — PUCYHOK (A)).

]_II/IKJ'I Ha3bIBACTCsA 06pa]11Hbl.M, €M 3a MUK COBCpIIACTCA OTpUlarcibHas pa60Ta

A= § pdV <0 (IKKJI MPOTEKAeT IPOTHB YaCOBO# cTpeaku — pucyHok (B)).

[IpsiMoli TMKIT MCIIONB3YETCSI B MIEN106bIX Oeuzamensax (COBEPIIAIOT padoTy 3a CUeT
MOJYYEHHOW W3BHE TEIIOTHhI). OOpaTHBIN UK UCIOIB3YETCS B XO0M00UTbHBIX MawuHax (3a
cyeT padoThI BHEIIHUX CHJI TEIIOTA IIEPEHOCHTCS K TENTy C 00Jiee BEICOKOM TEMITEPaTypoii).

39. KI1/1 kpyrosoro npouecca.

B pesynsrare KkpyroBoro mpolecca CHCTEMa BO3BPAILAETCS B HCXOAHOE COCTOSHUE,

CJIEIOBATEIIBHO, TIOJHOE U3MEHEHHE BHYTPEHHEN 3HEprun paBHo Hymro0. ITosromy Q=AU + A=A,

T.€. paboTa, coBepllaeMas 3a LUK, paBHA KOJUYECTBY MOJYYCHHOM M3BHE TEIIOTHL Eciu B xome
KpPYyroBOro Iporecca CUCTeMa He TOJIBKO MOydYaeT KOIMYeCTBO TEerIoThl Q1, HO U TepsieT (0TIaeT)
KOJIMYECTBO TEILIOThI Q2,
10 Q=Q, - Q,.

Tepmuueckuit ko’ hpuuuenm nonesnozo oeiicmeus 011 Kpyz06020 RPOUECcad— STO BEINUHHA,
paBHasi OTHOUIEHHWIO pabOThl, COBEPIICHHON CHCTEMOW, K KOIMYECTBY TEIJIOTHI, MOTYYEHHOMY B
3TOM IUKJIE CUCTEMOM:

n:A:Ql_QZ :1_%
Ql Ql Ql

40. O0paTUMBI 1 HEOOPATUMBIM IPOLECCHI.

TepMoaHAMHYCSCKHI TIPOLIECC HA3BIBACTCS 0OpPAmMUMbBIM, €CIIU OH MOXKET IPOUCXOIUTH KaK B
IpsIMOM, TaK M B _00OpaTHOM Hanpaesienuu IIpudueM, ecau Takoi IPOLIECC IMPOMCXOAUT CHAyalla B
MpsSIMOM, a 3aTe€M B OOpAaTHOM HAIlPaBJICHUU W CHCTEMA BO3BPAIAETCS B ICXOITHOE COCTOSIHUE, TO B
OKpY KaIoIle cpele U B 3TOM CHUCTEME HE IIPOM CXOOUT HUKaKUX U3MeHeHu. Besakuii npolecc,
HE YIOBJICTBOPSIOIIMIA STUM YCIIOBHSM, SIBIISICTCS HeoOpamumblMm.

PeanbHbie mporiecchl HEOOpPATUMBI, B HUX BCET/AA MPOMCXOAUT MCCUMAKS (TOTeps) SHEPrur
(u3-3a TpeHusl, TEIJIOPOBOIHOCTH H T.11.). QOpamumble npoyeccvl — 3TO huzuyeckas Mooeib —
3TO UACATU3ALMA PEeaIbHbIX NPOUECCOB.




41. SHTponmsi.

Konugectso Tenna &Q, KOTOPOE JOIKHO OBITH JOCTaBJIEHO CHCTEME MJIU OTHSATO Yy HEE IpH
Mepexojie OT OJHOrO COCTOSIHUS B APYroe, HE ONMPEACISACTCS OMHO3HAYHO HAYATBHBIM H KOHCUHBIM
COCTOSHHSIMH, HO CYIIECTBEHHO 3aBHCHT OT cllocoba OCYyIIeCTBJIEHHs 3Toro mepexoma (K He

ABIISICTCS (PYHKIIMEH COCTOSHUSI CUCTEMBI).
OHaKo, npugedenHoe Kouuecmeo meniomsl — omuouleHue meniomusl & K memnepamype

T cucmemvl npu 6€CKOHEUHO MAbIX UBMEHEHUSIX COCMOSIHUSL CUcmemMbl — eCTh (DYHKIMSI COCTOSHUS
crucTeMbl. B mro0oM 00paTiMOM KPyTrOBOM ITPOLIECCE

§£=

CnenoBarTenbHO, MOJBIHTETPANbHOE BBIPAXKEHHE €CTh TOMHBIL IuddepeHnuan HeKoTopoil
QyHKIMH, KOTOpas OTpenenseTcss TOJAbKO HAyadbHBIM M KOHEYHBIM COCTOSHUSIMU CHCTEMBl M HE
3aBUCUT OT MYyTH, KAKUM CHCTEMa IPHUILIA B 3TO COCTOSHHE.

Jurponueii S HaspBaercs (YHKIHS COCTOSHUS CHCTEMBI, AuddepeHIuaroM KoTopoi

SIBIISETCS R ;
T
dS = @ .
T
T.o. nepoe Hauano tepmoguHaMukun AQ =dU + HA MOKHO 3amucath B BUJE

TdS =dU + A,
otkyma oA=TdS —dU =d(T-S)-SdT -dU =—-d(U -T -S)—SdT = —dF —SdT .

Oyuxuus F=U —T-S saBasercs (QyHKUHEH COCTOSHHS CHCTEMBl W Ha3bIBACTCA IHeplu el
T'envmzonvya naum ce0600HoIll IHepzueil.

42. 3MeHeHM e JHTPOMUH.

B 3amkHyTO# cucTeme st 0Opat MbIx mporeccoB AS =0 ; nis HeodpaTumbIx mHHKIA0B AS > 0.
HepaBenctBo Kaay3myca: SHTpomusi 3aMKHYTOH CHCTEMBI Modcem 1ub0 Bo3pacTtarh (B ciyuae
HEOOpaTHMBIX IIPOIIECCOB), JubO OCTaBAThCA IOCTOSHHOW (B coydae OOpaTHMBIX IPOIECCOB)

AS >0.
Mockonbky dS u KQ WMEKT OIMH M TOT XK€ 3HAK, TO [0 XAPAKTEPy M3MEHEHHS JHTPOIHH

MOXHO CYJUTh O HampaBieHHH mpoiuecca rtennooOmena. Ilpu HarpeBanum Ttena &Q >0 u ero
sutponus Bospacraetr dS >0, npu oxnaxkaennn Q<0 u

sutpomus Tena yosmaer dS >0.

W303HTPONMIHBIM Ha3bIBACTCA npoyecc, NPOMeKawui npu NOCMOSHHOU _SHMPONUU
(S = const).

B o6parumom axmabarnueckoM mporecce &Q =TdS =0, rak yto dS=0 n S =const,

II0ATOMY aJMa0aTHYeCKMi MPouecc SBJISETCS M309HTPOHUIHEBIM .
PaccMoTpum 11 mpumepa uaeanbHBIA Ta3, KOTOPBI COBEPIIAECT PABHOBECHBIH Mepexoa U3
coctosHus 1 B cocTosHue 2. I3MeHenue €ro sHTPOIMUH

:jﬁzjdu_ﬂ%

AS, ,, =3,
Ucnons3yst dU ——C dT; A= pdV——R Td—V R=C,-C, u TV, &,
u 2 \Y TV P,
S, , = cvde m jdv M, nlziranYz| =M, inPic,
T Vi H P V1

W3MeHeHMe YHTPONMHU B IpoLieccax MaeajbHOro rasa




HN3oxopHbIH HN306apuvecknii HN3oTepmudeckui AnnadaTudeckui
(V = const) (p = const) (T = const) (S = const)
m T Vv \Y,
as="c 2 | as=""c In2 AS =RIn2 AS =0
H T H A H Vi

43. CTaTHCTHYEeCKOE TOIKOBAHNE YHTPOIUH

Tepmoounamuueckasn eeposmnocms \N cocmosinus mena uau cucmemol
— 3TO YMCJO CIIOCOOOB, KOTOPBIMH MOXKET OBITh pEaJM30BaHO JIaHHOE KOHKPETHOE
TEPMOJIMHAMUYECKOE COCTOSIHUE (Makpococmoanue). VIHaue TOBOPS, STO YUCIO BCEBO3MOXKHBIX
MUKpoOpacnpeoeeHuil 9aCTUIl 110 KOOPJAUHATAM B CKOPOCTSM (MUKPOCOCH 05HUIL), KOTOPHIMH MOKET
OBITH OCYILIECTBIIEHO JTAHHOE
MaKpOCOCTOSIHHE.

dopmyaa Boabivana: S =K -InV |, roe K— nocrosunas bonbsimana.

DHTPOMHUS CHCTEMBI OTIPEICIISIETCS JIorapy (PMOM YHCIIa MUKPOCOCTOSTHUM, C TIOMOIITBIO KOTOPBIX
MOET OBITh PEaTN30BaHO JAHHOE MaKPOCOCTOSHHE.

Sumponusn aensemca Mepoil HeynopA0OYeHHOCMU CUcmembl, —m 4YeM OOJbIle YHCIIO
MUKPOCOCTOSTHUH, peaTU3YIOIIN X JAHHOE MAaKPOCOCTOSTHHE, TEM OOJIBIIIE YHTPOIIHSI.

44. TIpUHIMII BO3PACTAHMS YHTPOIMH.

Bce npoueccot ¢ 3amxnymoil cucmeme eedym K yeenuuenHuio eé ynmponuu. B 3amxHyTOM
CHCTEME UIYT B HAIPABJICHUN OM MeHee 6epOsImHbIX COCTOSHUN K Ooiee 6eposimubiM, 10 TEX TIOp,
IOKAa BEPOSITHOCTh COCTOSTHMS HE CTAHET MaKCUMAIIbHON. B coCcTOSIHUM paBHOBECHS — HauOoee
BEPOATHOTO COCTOAHUA CHCTEMbI — YHCIIO MI/IKDOCOCTOHHI/Iﬁ MaxKkCuMajJbHO, IIPpHU 3TOM
MaKCUMaJIbHA 1 SHTPOIIH A.

45, BTopoe Haya10 TEPMOTMHAM MKH.

JIro00ii HeoOpaTHMMBbIii Mpouecc B 3aMKHYTOIl cucTeMe MPOUCXOAUT TaK, YTO IHTPOIHSI
CHCTEMBI TIPH ITOM BO3PACTAET {3aAKOH 803PACHAHUS SHMPONUU).

Ilepsoe Hauano TEPMOJTUHAMUKUA BBIPAKAET 3aKOH COXPAHEHU S U IMPEBPAILCHUS SHEPrUU
NPUMCHUTCIIBHO K TCPMOJHUHAMHWYCCKHUM ITPOLICCCaM.

Bmopoe nauano TepMOIMHAMUKH ONMpENEsSeT HAMPABICHUE MPOTEKAHHS TEPMOIMHAMUYIECKIX
MPOIIECCOB, YKa3bIBas, KAKUE MPOLIECCHI B IPUPOJI€ BOBMOXHBI, & KAKUE — HET.

CymectByror eni¢ e (GOpMYJMPOBKA BTOPOro Havalla TEPMOJMHAMUKH, SKBHUBAJICHTHBIX
3aKOHY BO3paCTaHHs YHTPOMUHU

1) mo Kenveuny: HEBO3MOXKEH KpPYT'OB O poiiecc, COUHCMBEHHBIM
pe3yibmamom KOTOPOTO SIBIISICTCSI MIpEeBpaIIcHIC TEIUIOTHI, ITOJTyYCHHOM
OT HarpeBares, B 9KBUBAJICHTHYIO eif paboTy;

2) mo Kaayzuycy: HEBO3MOKEH KPyTOBOMH poriece, €0UHCIM BEHHbIM
pe3umamom KOTOPOT O SIBIISICTCST nepenada TEILJIOTHI oT MeHee

HarpeToro Tejlak Teay 0oJiee HarpeToMy.
46. TpeTbe HAYAJIO0 TEPM OTHHAMHKH.

Tpemve Hauano mepmoounamuxuy — TeopeMa Hepucra-Ilnanka—1oCcTyIMpyeT TOBEICHUE
TCPMOANHAMUYCCKUX CUCTEM npu HYJIC
KensBuHa (abcomoTHOM HYyJIIe): IHTPOMNMUSI BCex TeJ B COCTOSTHUH
paBHOBeCcHS CTpEeMMUTCS K HYJII0 no Mepe NMPUOJIAKEHUs

TeMIepaTypsl K Hy 110 KejibBuHa
limS=0.

T-0
Tennoemkoctu Cy-u Cpnipu T = 0K paBHBI HYJT10, TOCKOJIBKY:

ds :Q'C :d_Q’ S(p =const,T) :J.Cp(::_-—)d-r, S(V =const,T) = J.CV(-_II_-—)dT

T dT

47.TenjioBble ABUTATEC/IM U X0J10/IMJIBHBIC MAIIIMHbI.




Tennoeoii osucamens — 3TO NEPHOIMUCCKH TCHCTBYIOIMIMIA IBUTATEIb, COBEPIIAIOIMN padoTy
3a CUET MOJYYEHHON U3BHE TEIUIOTHI.

TepMmocTtaroM Ha3bBaercsl TepMOJMHAMUYECKAS CHCTEMa, KOTOpas MOXKET OOMEHHBAThCS
TETJIOTOM C TEaMH MPAKTHIECKH 0€3 N3MEHEHUsI COOCTBEHHOH TeMITepaTyphbl.

PabGouee Tel0 — 3TO TENO, COBEpIIAIOIICEe KPYroBOH Ipolecc M OOMEHHBArOIIeecs
SHEPTHEH C IPYTUMU TETaMH.
Ipunyun _pabomvl_mennoso2o osucamens: om TEpMOCTaTa C OOliee BBICOKOM Temmeparypou i,
Ha3bIBAEMOTO  Hazpesamenem, 32 IUKI
T, omHumaemcsi KOIW4eCcTBO Termiorel Qi, a

TEPMOCTaTy C 0oJiee HU3KOM TeMriepaTypord 12,

IQ1I TQT Ha3bIBAEMOMY  XOAOOWIbHUKOM, 33  IHUKII

= | % A nepedaemcst KOMUYECTBO TeIioThl Q2 IpH 3TOM
ennosoun onogunsHas A
A BAFETERD G coeepwaemc;zupa@ma A=Q -Q,.
.. Tepmuuecknii KIIJI nBuraresis:
3
Il @ Q poA_Q=Q O
T,<T, Tz Ql Ql Q1

Uroosr KIIJ[ Obu1 paBen 1, mHeoOxommmo,
yto0bl Q, =0, a 3T0 3aIpeIIeHo BTOPHIM Ha4aJloM TEPMOMHAMUKH.

[Iporiecc, 0OpaTHBIN TPOUCXOAIIEMY B TCIUIOBOM JIBUTATEIIE, UCHONL3YEMCSL 8 X0J100UTIbH Ol
MawuHe: OT TepMocrara ¢ 0oJiee HU3KOW Temmeparypoid 72, 3a IMKI OTHHMACTCS KOJMYECTBO
teriotel Q2 M oTmaeTcs TepMmoctary ¢ Oosjee BBICOKOH Temmeparypoir Ti. Ilpu sToM
Q=0Q,-Q,=Aum Q, =Q, +A.

Konuwecmseo mennomer Q1, omoannoe cucmemori mepmocmamy T1, Oonvue Koauwecmea
menaomer Q2, nomyuennoco om mepmocmama To> Ha eruuuHy pabomvl, COBEPUICHHOU HAO
cucmemoi.

Ipphexkmusnocmp XOTOTWIBHON MAIMHBI XapaKTePU3YET X0JI00UTbHBLI KOI(hpuyuenm —
OTHOIIICHUE OTHSATOM OT TEpMOCTaTa ¢ OoJiee HU3KOW TEeMIIepaTypoll KOJMYeCTBA TEIIOTH Q2 K
pabote A, KoTopas 3aTpaurBacTCs Ha IIPHBEICHUE XOJIOIMIHLH O MAIIIMHBI B ICHCTBHC:

,_Q,_ Q
T ATQ-qQ,

48. Teopema Kapuo

N3 BceX mNEpHOAMYECKH JACHCTBYIOLMX MENJA06bIX MAWUH, VMCIOIIUX O00UHAKOGbLE
TeMIepaTypbl HarpeBareieid 11 U XonouIbHUKOB 12, Haubonvwum KII/] odnanarotr obpamumvle
mawunel. [pn 31om KIIJ| oOpatimbix MamnmH, paOOTarONMX MPHA OIWHAKOBBIX TEMIIEparypax
HarpeBareieil M XOJIOMIILHUKOB, PABHBI IPYT IPYTY U HE 3A6UCSIN Om RPUpoObl padouezo meid, a
OIIPEICIIIOTCS TOJIBKO TEMITEpaTypaMy HarpeBaTess U XOJIOIHJIbHUKA.

49. Iluxa KapHo.

pA I Hsorepmb Haubonee skonomuumnwiti 0Opamumwlii Kpy2o60oti
npoyecc, COCTOSIINN U3 IBYX U30Tep IBYX aiuadar.

Anuabars! Paccmotpum npsivon yuxn Kaprno, B KOTOPOM B

KadecTBe  pabouero Tena HCIIOJIB3YyeTCS

UIeaNbHbIl  Ta3, 3aKIIOYEHHBIH B COCYI

TTOJIBHKHBIM ITOPIITHEM.

</

4

l 3

0, Ilocneoosamenvuvie mepmoounamuueckue
npouyeccot B nukie Kapuo

1 - mzorepma - 2 -amabara - 3 - u3orepma — 4 -

<Y

amyabara m



H3zomepmuueckoe pacuupenue 1—2 m V,
=—R-T,In—==
T =const;V, >V, 4t SEavA %
Aouabamuueckoe pacuwupenue 2—3 m
_ p P A23=__CV(T2 _Tl)
R =0T, <T, U
=Yl <l
H3zomepmuueckoe cocamue 3—4 m Vv,
=—R-T,In—==-Q
T =const;V, >V, Az P 2V, 2
Aouabamuueckoe cocamue 4—1 m
N A41 :__CV(Tl _Tz):_Azs
&2 0T, <T U
=Uhi<h

Pabora, coBepmiaemasi B pe3yibTaTre KpyroBOro Imporiecca
A=A, +Au+ A+ A =Q + A —Q, + A =Q, - Q,.
Jns ammabat 2-3 u 4-1 ypaBHenus [lyaccona nmeer BUI:
TV =T, VTV =T, V)

Vl VS
OTKyJa — = —>,
Vv, V,

Hcnonw3ys ato, mepmuueckuii KII/l yuxna Kapno pasen:.

m V, m Vv
—R-T,In-2-—R-T,In-2
n:Ql_szﬂ Vi u V4:T1_T2
\Y
Q U AT T
H Vi
JENCTBUTEIHLHO OIPENENAETCS TOIBKO TEMIIEPATY PaAMH HATPEBATENS U XOJIOIHIHHHKA.

I PeanbHbie 2a3bl, Xudkocmu u meepobie mena. I

[Ipu paccMOTpeHUH peanbHblx Ta30B HEOOXOMMO YUUTHIBATH COOCMBEHHbIU 00BEM MONEK)L
U CUJIbL MEHCMONLEKVIAPHO20 83AUMOOCTIC BUSL.

Cunvt  mexHcMoONeKyIAPHO20  63aumodeiicmeus — KOPOTKOJICHCTBYIOIIME — OHU
NposBIAIOTC Ha paccrosHusx Menee 10° m. Cua B3auMOIEHCTBHS MOJEKYI — 3TO
paBHOZEHCTBYIOIIAs CUJT TpUTsHKeHus Fi7 (oHM mpeoOnatatoT Ha GOJBIIMX PACCTOSHUSAX) U CUIT
oTTajkuBaHus Fo (OHM TOMUHUPYIOT Ha MaJlbIX paccTosHUAX). Ha paccTosHuu I =, 3TU CUJIBI

ypaBHoBemmBaT Apyr apyra u F =0. Takum o0pa3om, pacctosHHE 0 — 3TO pPa6HOBECHOE
paccmosiHue MEXIy MOJEKyJaMmH, Ha KOTOPOM Obl OHM HaXO/MJIMCh B OTCyTCTBHUE TEIJIOBOrO
JBUKCHUSL.

[ToTennuanpHast SHEpPIus B3auMoAeicTBUs Mosiekyll U Munumansna B COCTOSHUM

YCTOHYHMBOTO PAaBHOBECHS IpU I = I .




i CootHomreare Mexay Umin U ¢ sSBIICTCS Kpumepuem pa3iudHbix
F| \Fo aepecamupix _cocmosuuti. Umin ompezenser paboTy, KOTOPYIHO HYXHO
COBEPIIMTh MPOTUB CHJI MPHUTSHKEHUS, UYTOObI Pa3beMHUTH MOJIEKYJIBI,
HAaXOJAIMECs B PaBHOBECUU (r = ro) . kT onpenmensier yaBOeHHYEO

\
FQEO-Q-Fn

¥o \\ 1*0__9
=3 CpEIHIOI0 DHEPrHI0, IPUXOMAIIYIOCS Ha OJHY CTeNeHb CBOOOJIBI

F; M TemmoBoro ABMKECHHS MOJICKY L

7~
//F Ilpu U, <<KT eewecmeéo maxooumcs 6 2az000paznom
/’ A COCMoOAHUU, T.K. TEIUIOBOE JBUKEHHE MOJIEKYJl T PEMSITCTBYET
COEMHEHUIO (KOHICHCAIIUH) MOJIEKYIL
uh Ipu U, >> KT eewjecmeo naxooumcs 6 meepoom cocmoanuu, Tx.
: 9 o
\ rp 1P TEIUIOBOM 3HEPrHy HEIO0CTAaTOYHO, YTOObI "OTOpBATh" MOJIEKYJBI APYr OT

r, m Apyra.

~~~~~~ Lo Upmin Ipu U, = KT BemecrBo naxooumcsa B
HCUOKOM

cocmosiHuu, T.K B pe3yJIbTaTe TEIJI0BOI0 JBUKEHUS MOJICKYJIbI IIEPEMEIAIOTCS B

MIPOCTPAHCTBE, 0OMEHHMBASCH MECTAMM, HO HE PAaCXO/ICh HA PACCTOSHUS,

IpeBbIIAtonme I,

50. YpasHenue Bau-nep-Baajbca.

BrecemM B ypaBHeHHE COCTOsHUs wnpaeanbHoro rasa pV, =RT nompaBku, y4uThBarolpe

COOCTBEHHBII 00HEM MOJIEKYJI M CHITBI MEKMOJICKYJIIPHOTO B3AUMOJICHCTRYISL.
dakTruueckuii 00beM peanbHOro rasa oyzaer V s b,

TSN TN

," ,’A\ \\ riae b — o6weM, 3aHMMaeMblii caMMMU MOJIEKyJIaMU. JIBe MONEKyJIbI

4 \ Pamiyca I He MOTyT COIM3MTECS Ha pPacCTOsSHME MeHblE 2f,

| cienoBarenbHO, U1 LEHTPOB  ABYX  MOJIEKYN  HEIOCTYIIEH

A I chepuuecknii o0beM pamayca 2r. D1or 00beM b B Bocemb pas

% o ,/ Oosblue o0bema OJHON MOJICKYJbI M B pacyeTe Ha OJHY MOJEKYIy
o e pPABEH VUETBEPEHHOMY 00BEMY MOJIEKYJIBI.

Yaer cun MCKMOJICKYJIAPHOTO  MPUTSLKCHHUA ~ OCYILCCTBIIACTCA

-

\
/

BBCACHUEM
JOIIOJIHUTEJILHOI'O JaBJICHHUA ) /Ha ra3, Ha3bIBACMOI'O 6HYM DEHHUM oagenHuem:

a
p' = Ve rjae a—unocrosgHHas Ban-nep-Baankca.

7
YpaBHe}me BaH'}IeD'Ban'lbca JJI1 MOJIA ra3a — YPAeHEeHUe COCMOAHUA PedlbHblX 2A306.

a
P+o7 (v, -b)=R-T.
)7
JInst mpou3BOJIBHOM MAcChl rasa:
a-v? m
P+ vE V—-v-b)=v-R-T,rge v:;,v =V-V,.

51.A30TepMBbI peATLHLIX FA30B.

H3oTepMa peansHOro rasza MpeAcTaBiIsieT coOOM 3aBUCHUMOCTh MOJISIPHONO oOBeMa rasa OT
JIABJICHHS [TPY TOCTOSIHHOM TEMIIEPATYPE.

[Ipu BBICOKHX TeMIiepaTypax (T >Tk) M30TE€pMa PEATLHOTO r'a3a OTIMYACTCS OT M30TECPMbI

UJICaJIbHOTO I'a3a TOJIbKO HEKOTOPHIM HCKaxeHHeM (hOpMBI.



IIpu Hekoropoil Temrneparype Ti— KPUTHYECKO# TemIiieparype
— Ha M30TepMeE MOsIBIIsieTCsl ToUKa nepernbda K — xkpumuueckas mouxa.
CoorBercBytomue 3Toi Touke 00beM Vk U 1aBJIEHUE px Ha3bIBAIOTCA
kpurndeckumu. HMszorepma mnpu Tk Ha3bIBACTCS  KpUMUUECKOU
u3omepmoil.

[Tpu (T <T, ) ypaBHeHHI0 Ban-gep-Baansca cooTBeTCTBYET

kpuBas 1-2-3-4-5-6-7. OpgHako, Ha ydJacTke 5-3 C)KaThue BeEIICCTBA
COIPOBOJKIACTCS YMEHBIICHUEM JIaBJICHUS, CIIEJOBATEIBHO B AITOU
00JIaCTH BEIIECTBO pacafaeTcs Ha ABe ha3bl — KUIAKOCTH U Tap.

@®a3za — COBOKYIIHOCTb BCEX YacTell CUCTEMbl, 0O0JaJarOLIMX
OJIMHAKOBBIM XHMHUYECKMM COCTaBOM W HAaXOIAUIMXCS B OJMHAKOBOM TEPMOJUHAMUYECKOM
COCTOSTHUH.

HctuHHBIE JOKPUTHYECKHE H30TEPMBl pEabHOro rasa uMmerT Buja 1-2-6-7 u sBistoTcs
KPUBBIMU HEMPEPHIBHOTO TMepexo0/ia BelecTBa U3 razoodpasnoro cocrosaus (1) (ydacTok 6-7) B
xuakoe (JK) (yuactok 2-1). YuacTok 6-2 COOTBETCIBYET PaBHOBECHOMY COCYILNECTBOBAHHIO
KHUJIKOCTH U raza.

BemiecrBo B ra3000pa3HOM COCTOSHUM TPU TEMIEpaType HIDKE KPUTHUYSCKOM Ha3bIBAETCS
napom (I1), a nap, HaxoUMICSA B PABHOBECHH CO CBOEH JKUJIKOCTBIO, HA3bIBAECTCS HACbLU4EHH bIM
(K+I1). Tlap mpm WM30TEPMHYECKOM CKaTHM MpPETEepreBaeT Ipolecc CxXKeHus. [a3 mpu
TEeMITepaTypax (T > Tk) HE MOXKET OBITh ITPEBpAILEH B KU AKOCTh HU IIPU KakoM AaBieHuH (7).

ITpyr HEKOTOPBIX YCIOBUSIX MOI'YT OBITH PEaIM30BaHbI Mem ACm AOUIbHble COCTOSHUS 5-6 u 2-3.
VY4actok 2-3 u300pakaeT nepezpemyio #cuoKocmn, 5-6 — nepecoliiieHHblilt nap.

52. BHYTpeHHSIs1 S)HepIHsl PeaIbHOIO ra3a.
BHyTpeHHSSI SHEpTHS peaTbHOro ra3a CKIAIBIBACTCA W3 KHMHETUYCCKONM SHEPIHH TEIUIOBOTO

ABUIKCHHA MOJICKYIL (CVT) U TIOTEHLUAJIBHON OHEPrun MEXKKMOJICKYJIAPHOI O B3aUMO/JIEH CTBUS

a

\

7]

a
U,=CT-.

u

Ecnu ra3 pacmmpsiercs 0e3 TemaooOMeHa ¢ OKpyKaromieh cpeaoi (ammabaTUudecKH, T.€.
& =0) u He coBepinaeT paboOThI (TaK Ha3bIBAEMOE PACIIMPEHHE T'a3a B BakyyM, T. ¢. A =0 ), u3

nepeoro Hauana epmouHamuku (5Q = (U, —U, )+ 5A) cnenyer, uro: U, =U,.

Ilpu aduadbamuueckom pacuwmupenuu 0e3 coeepuieHuss GHeuwiHell padomvl GHYMPEHHAA
IHEP2UA 2a3a He MEHAEMCA.
st udeanvnozo razasto o3Havyaer I, =T, (TeMeparypa He U3MEHSETCS).

s peansbHoro raza U =C, T —3, nostomy 1, =T, = apt 1
C, M\ VY,

PeanbHbli Ta3 1Ipu aduadamuyeckom paciiipeHNy B BAKYYM 0XJ1AXHCOAecsl.
53. ZKuaxocTd ¥ X ONMCAHYE.

KuJKocTh SBIISISTCS — arperardblM — COCTOSIHUEM — BCIICCTBA,  NPOMENHCYWIOYHbIM —~ MEKIY
ra3000pa3HpIM U TBEpABIM. B razax HET 3aKOHOMEPHOCTH BO B3aMMHOM PACIOJIOKEHUH MOJIEKYJ
(xaoTuueckoe pacnoyoxenue). B TBepapiX Tenax HaOmogaeTcs AaJdbHHI MOPAT0K — MOJICKYJIbI
00pa3yloT KPUCTALIMYECKYIO PEIICTKY. B JKHMAKOCTSX MATBHUM TOPSJAOK OTCYTCTBYET, a MMEET
MECTO OJIIDKHHIA MOPSAJAOK B PACIHOIOKCHHA MOJIEKYJ — HUX YIIOPSIOYCHHOS PACIOI0KCHHE
MOBTOPSIETCS HA PACCTOSHMSX, CPABHUMBIX C MEKATOMHBIMH. TEIJIOBOE [BMIKEHHE MOJICKYJIBI B
JKUJIKOCTH 9TO €€ KoJieOaHHE OKOJIO OMPEEICHHOTO TIOJIOKEHUSI PAaBHOBECHS B TEUYCHHUE
HEKOTOPOr0o BPEMEHH, TOCIIe Yero MOJIEKYyJia CKauKOM TepPEeXOJUT B HOBOE TOJIOKEHUE, OTCTOSIIEE




OT UCXOTHOT'O Ha PACCTOSHHUE ITOPSIKA MSKATOMHOTO.
Paouyc r monexkynapnozo deiicmeus — paccrosHue (mopsaka 10° ), mpu KOTopoM MOKHO
peHeOpedb CUIIAaMHU ITPUTSDKEH Ul MEXKTy MOJICKYJIAMH KU IKOCTH.
Cdepa pagrycoM I Ha3bIBACTCS Chepoil MONEKYIAPHOZ0 OelCHBUs.
Cunbl, AeicTByIOIME Ha MOJEKyldly A BHyTpu oObeMa
KUJKOCTH CO CTOPOHBI OKPYKAIOIMX MOJICKYJI, B CpEIHEM
CKOMIICHCHpOBaHbl. [l  Monekynbl B, pacnoloXeHHOW Ha

¥

MOBEPXHOCTH, PpaBHOJCHCTBYIOMAs cWil R HampaBieHa BHYTPb
JKUJIKOCTU. Pe3ynbTupyromme Cuiibl BCEX MOJIEKYN MOBEPXHOCTHOTO
CI0sl OKas3plBAIOT HA JKUJIKOCTb MOJIEKYIAAPHOEe (6HYmpeHHee)
oaeneHue.

54.I1oBepXHOCTHOE HATSIZKEHHE,

Monekynbl MOBEPXHOCTHOTO CIIOSI JKUJAKOCTH 00mamaroT OoNbIIed MOTSHIMATHHOM
SHEPruer, 4YeM MOJIEKYJAbl BHYTPH JKHIKOCTM Ta JIONOJHUTEIbHAs SHEPIus, Has3bIBacMas
NO6EPXHOCMHOIL IHepeuell, TIPOITOPIMOHANBHA TUTOMIAN MoBepxHOCTH: AE =0-AS, rne o —
no6epxXHoCmHOe HamAdCeHuUe.

Tak Kak pPaBHOBECHOE COCTOSHHE XapaKTEpU3yeTCs MHHHUMYMOM TOTEHIIMATIBHON
SHEPTUH, TO KHUJIKOCTh MPU OTCYTCTBUM BHEIIHUX CUJI OyJEeT NMPUHUMATh Takylo (GopMy, YTOOBI
MPH 33JJaHHOM 00beMe OHA MMeJIa MUHUMATTEHYIO TIOBEPXHOCTB, T.€. (JOopMy HIapa.

[ToBEepXHOCTHBIA  CJIOM KUJKOCTH aHAJOTMYEH PaCTSIHYTOM
YIIPYTrOH IIJICHKE, B KOTOPOU IEUCTBYIOT CUJIbI HATSDKEHUSL

Ilycth moj  AGHCTBMEM  CHUJI  MOBEPXHOCTHOTO  HATSDKEHUS

A/ TIOBEPXHOCTD JKUIKOCTH CTSHYJACh (CM. PUCYHOK), IIPH STOM CHIIBL

JICHCTBYIOILINE Ha 3JEMEHT KOHTYpa, COBEpLIAIOT

paboty AA= f -Al-Ax ,rae f — cuIa MOBEpXHOCTHOrO HATSKECHHS,

JIWCTBYIOIAsl Ha €IMHUILY JUIMHBI KOHTypa MOBEPXHOCTH KUJIKOCTH.
[Tockompky 9Ta paboTa cOBEpIIAETCS 32 CYET  YMEHBINCHUS
MOBEPXHOCTHON 3Heprum AA=AE , To o= f , T.e. nosepxnocmnoe
HamsiceHue G PABHO CUJIE TIOBEPXHOCTHOI'O HATSDKEHU S TTPUXOISIICH CSl Ha SMHUITY UTMHBI KOHTYPa,
OT'PaHMYMBAIOIIETO MTOBEPXHOCTb.

Eounuua noeepxmocmmnozo Hamsadycenus — HBIOTOH Ha Merp (H/m) WM JDKOYJIbh Ha
KBaJIPaTHBIA MeTp (/orc/m?).
55. CmMaunBanme.

Cmauueanuem Ha3bIBACTCS SBJICHUE HCKPUBJICHUSI C8OOO0OHOU NOBEPXHOCMU KUJKOCTH TIPU
CONPUKOCHOBEH MU KU IKOCTH C TOBEPXHOCTHIO TBEPJIOTO TEIa.

IToBepxHOCTh JKHUAKOCTH, HWCKPUBJICHHAs Ha TpaHUIle C TBEPJbIM TEJIOM, HAa3bIBACTCS
MEHHCKOM.

JIMHYS, Mo KOTOpOH MEHHCK IIEPECEKACTCS C TBEPIbIM TEIOM, HA3bIBACICS HeEPUMEHmpPOM
cMauueanus.

SBieHrEe cMauyMBaHUsI XapaKTEPU3YETCS Kpaesvim yeiom 6 MEXIy OBEPXHOCTHIO TBEPIOTO
TeJla U MEHHUCKOM B TOYKaX UX MepeceueHus (B TOUKax
IepuMeTpa  CMAuyMBaHUSA). KungkocTs Ha3bIBACTCS
cmauuearowjeni TBEPAOE TEJO, €CIM KpacBOM  yroi

o T .
octpeiii: 0 < 6 < > (puc.a) 1 Hecmayugarouieil TBEPIOC

Ecmu 6 =0 ,cmayuBanue
cuuTaetcs uodeanvhovim (noanvim). Ciydait @ = 71 — 310
udeanvnoe (monHoe) Hecmauwueanue. Eci  cuibl
MPUTSDKEHUST MEXKIy MOJIEKYJIaMUA TBEPJIOTO TeJla U KUJKOCTU OOJIbIIE, YeM CHJIbI MPUTSKEHUS




MOJIEKYJ >KUAKOCTH JIPYT K JPYTy, TO KHAKOCTb Oyaer cmayusaroweri. Eci MonexymsipHoe
MIPUTSDKEHUE B KUJAKOCTH MTPEBBIIIAET CUJIbI ITPUTSDKEHU S MOJIEKYJT KU IKOCTH K MOJIEKyJIaM TBEpIoro
TeJa, TO XKUJKOCTh He cMayusaem TBEpoe TEIO.
56. laBJeHne moa MCKPUBJICHHOH TOBEPXHOCTHIO JKUIKOCTH.

Cohepuueckasi 6binyKaas TOBEPXHOCTh IPOU3BOAUT HA KUJIKOCTH JOMOJHUTEIHHOS
JIaBJICHHE, BEI3BAHHOE CHUJIAMH BHYTPEHHETO HATSDKECHUS,

o
HaIPaBJICHHBIMU BHYTPb )KUJIKOCTH, Ap = 2 R rae R— paauyc chepsol. Ecnu
MOBEPXHOCTD KUJIKOCTU 802HYM A, TO PE3YIBTUPYIOIIAs CUJIa TOBEPXHOCTHOIO
o
HaTSDKEHUs HalpaBJIeHa U3 )KUIKOCTH U JaBJIEHHE BHYTPH KUIKOCTH Ap = —2—.

H30bimounoe oasnenue Hympu MbliabHO20 RY3bIlps pajryca R BBI3bIBAeTCS JIEHCTBHEM
000X IMMOBEPXHOCTHBIX CIIOEB TOHKOW C(epUUESCKON MBLIbHOM IICHKH :

4o
Ap=—"2.
R
B o0miem ciayuae W30BITOYHOE [ABJIEHHE IS ITPOM3BOJIBHON

R3<( TOBEPXHOCTH KHMIKOCTHU OIMMCHIBaeTcs hopmyqioii Jlamiaca:

1 1
Ap=o| —+—|,
Rl R2
rie Ri mw Ro— pamychl KpuBH3HBI JBYX JIOOBIX B3aMMHO

MePIEHIUKYIPHBIX CEY4SHUI TTOBEPXHOCTH KU IKOCTH B TAHHOM TOUKE.
Paguyc KpUBM3HBI _IOJOXKUTEIEH, €CAH IEHTP KPUBH3HBI

COOTBETCTBYIOIIEI'O CCUCHHUS HAXOMUTCS  GHYMPU IKUJIKOCTH, U

OTPUIIATEIICH, €CITU IEHTP KPUBU3HBI HAXOUTCS BHE KU IKOCTH.

57. Kanuaasipuble iBJICHUS .

Kanunnapamu Ha3bIBAFOTCS y3KUE IAJIMHIPHIECKIE TPYOKH C AHAMETPOM MEHEE MIJUTUMETPA.

Kanunnapnocmaio Ha3pBaeTCs SIBJICHAE N3MCHEHUS YPOBHS J)KUIKOCTH B KaITAJUISIpaXx.

JKuakocTs B KamuiuisIpe MOJAHMMACTCS WJIM OIYCKAaeTCs Ha TaKylo BBICOTY h, mpu KOTOpoOii
TaBJIEHUE CTONI0A )KUAKOCTH (eudpocmamuueckoe oaenenue) p-g-h

YPaBHOBCIINBACTCA HU30bITOYHBIM JaBJICHUEM Ap :

20
R
h Boicora momHaTua  (rIyOMHA  ONYCKAHMSI) KHUIKOCTA B
KaITuJuspe:.
20 20
h= = cosd .
p-9-R p-g-r
rJie p— IUIOTHOCTh XHUAKOCTH, I — paadyc Kamwuigpa, R— paauyc KpUBHU3HBI MEHHCKA, J—

YCKOpEHUE CBOOOTHOTO TaJICHUSL.

Bricota momHsTHS (OMyCKaHWS) KHAJKOCTH B KalMJUIIpe OOpaTHO IPOMOPIMOHAIBHA €ro
paaunycy.
58. Kpucrauimyeckue u aMmopdHbIe TBep/ble Tema.

TBepAbIM _TeJIOM Ha3bIBACTCA arperatHoe COCTOSIHME BEIIECTBA, XapaKTepU3YIOIIeecs
MOCTOSIHCTBOM (DOpMBI M 00BbEeMa, IMPUYEM TEILIOBBIC ABWDKCHUS YAaCTHIl B HUX IPEICTaBIISIOT
c000i1 Xa0THYeCKHE KOIeOaH Usl YaCTUI] OTHOCUTEIIBHO ITOJTOKSHUI PABHOBECHSL.

TBepablie Tena noApa3AeISIOTCs Ha KpUCTALIMYSCKIE U aMop(HBIE.
Kpucrajumyeckue Teia— 3TO0 TBEP/bIC Tejid, UMEIOLIME YHOPSIOUYEHHOE, MEPUOIMYECKU
TTOBTOPSIIOIIEECS PACTIONIOKEHIE YACTHUII,




CtpyKTypa, 1 KOTOPOH XapaKTEPHO PETYIISPHOE PACIOIOKEHHUE YaCTHUI] C TTEPH O YSCKOM

O ® 0 ® 0 e o OBTOPAEMOCTHIO B TPEX H3MEPEHUAX, HA3BIBACTCS KpUCmanm4ecKkoil

& peuemKon.

5 TOYkH, B KOTOPBIX PACIONOKEHBl YaCTUIIBl, a TOUHEE — CpPEIHUE
® © paBHOBecHBIC TONOKEHHS, OKOJO KOTOPHIX HYACTHIIl  COBEPIIAIOT

® 9 © @ goseOaHusl, HA3bIBAKOTCS Y3JIAMH KPUCHIAIIUYECKOU PEeUlemKIL.

o e o ® O XapakrepHoll ~ OCOOEHHOCTBIO  KPHUCTAJLIIOB SBIIIETCSL WX

e O @ 0 @ AHM30TPOMHOCTL — 3aBUCHUMOCTh (PM3UYECKHX CBOWCTB (YIPYrux,

0O ® 0 @ 0O ® o MECXaHWYECKUX, TEIJIOBBIX, DJIEKTPUUECKUX, MArHUTHBIX, ONTHYECKUX) OT

HalpaBJICHU . AHU30TPOIHS KPUCTAILIOB OOBSACHSETCS TEM, YTO INIOTHOCTh
PacCIIOI0KEHHS YaCTHI] IT0 PAa3HBIM HATPABIICHUSIM HE O[HAKOBA.

Ecmm  xpucralymmyeckoe TENO COCTOMT W3 eOUHCHIGEHHO20 KPHCTALIa, OHO HAa3bIBACTCS
MOHOKPHCTAJLUIOM. Eciin TBep/oe TeI0 COCTOMT M3 MHOKECTBA OSCIOPSAIOYHO OPHUEHTHPOBAHHBIX
KPUCTAUTMYECKUX 3€PEH, OHO HA3hIBACTCS MOJMKPHCTA/LIOM B mommkpucraniax aHu30TpOIHs
HaOJTI01a€TCs TOJIBKO TS OTACIIHbHBIX MEJIKMX KPUCTAJUTUKOB.

Teepaple Tena, ¢uU3MYECKHME CBOICTBA KOTOPBIX OJWUHAKOBBI IO BCEM HalpaBJICHHSM
(M30TPOITHEI), HA3BIBAIOTCSI AMOP(MHLIMMU. J1J151 aMOP(hHBIX TEJI, Kak 1
JUISL JKUIKOCTEH, XapaKTepeH OJIUMNCHUI NOPA0OK B PACIONOKEHHH YacCTHIl, HO, B OTIMYHE OT
KU IKOCTEH, 100BUNCHOCMb YaCTHUI] B HUX JIOBOJILHO MaJia.

Opzanuueckue avop(HBIE Tela, MOJICKYJIBI KOTOPBIX COCTOST U3 OONBIIIOrO YMCiIa OJMHAKOBBIX
JUIMHHBIX ~ MOJICKYJISIDHBIX — IICIIOYEK, COCAMHEHHBIX XUMHUCCKMMM  CBS3SIMH, HAa3bIBAIOTCS
noaumepamu (HarpuMep, Kayayk, MOJUITUIICH, PE3UHA).

59. Tunbl KPUCTALIOB.

B 3aBucHMOCTH OT poja YacTHIl, PACIIOIOKEHHBIX B y31aX KPUCTAUIAYECKOM PEIIETKH, U
XapakTepa CHJI B3au MOZCH CTBUS MEXKAy HUMH KPUCTAJUIBI TIOPa3/ICIAIOTCS Ha YeThbipe THIA:
HWOHHBIE, aTOMHBIE, METAJUIMYECKUE, MOJICKYJISIPHbIC

HoHHbIe KPUCTAJLIBI. B y371aX KpUCTALIMYECKON PELIETKH PACTIONAratoTCst
MMOOYEPETHO HOHBI IMPOTHBOMOIOKHOIO 3HaKa. CTPYKTYpPHI

Chy &l pemeToKk  AByX Hamboysiee  XapakTEepPHBIX  HMOHHBIX
h . . S 9

P Jt- N2 kpucramioB — NaCl (pemrerka mnpencraBiser coOoil JIBe

Na — s} OJIMHAKOBBIC TPAHELICHTPUPOBAHHBIC KYyOWUYECKHE PEIIETKH,

) i BJIOKEHHBIEC JPYr B JIPyra; B y3JlaX OJHOW M3 3THX PEIICTOK

NaCl CsCl Haxoxsarcs nonel Na¥, B y3max apyroit — wonsl Cl~ u - CsCl

(xyOnueckast 0OBEMHO- LICHTPUPOBAHHAS PELIETKa — B LEHTPE
KaXKJIOH 3JICMEHTAPHOM SUCHKHA HaXONHMTCS MOH) M— ITOKa3aHbl Ha pucyHKe. CBs3b, 00YCIIOBICHHAS
KYJIOHOBCKUMH CHJIAMH TIPUTSDKCHHST MEXy pPa3HOMMEHHO 3apsHKCHHBIMM HOHAMHM Ha3bIBACTCS
UOHHOIL.
ATOMHBIE KpPHCTA/LILL. B  y31ax KpUCTALIMYECKONH PEHISTKH
pacrionararorcss HEWTpalbHbIe aTOMbI, YACPKMBAIOLMECS B y3Jax
PELIETKH  KOGAIEHMHBIMU  C8A3AMU  KBAHTOBO-MEXAHHYECKOT O
MIPOUCXOXKIEHUS (Y COCETHMX aTOMOB OOOOINECTBIISIOTCS BATCHTHBIC
3JIEKTPOHBI, HAUMEHEE CBS3aHHBIE C aTOMOM).
IIpuMep arOMHBIX KPHUCTIJIOB — amMa3s u
rpadur.
B anMase kaxnplit aroM yriepoja cBsa3aH
C YETHIPbMS TaKUMH K€ arOMaMH, KOTOpBIC
pacrionararoTcsi Ha OJIMHAKOBBIX PACCTOSHUSX
OT HEro B BEpIIMHAX Terpadpa. B rpadmTe aroMbl yriepoia ynakoBaHbl B
TJIOCKHE CIIOH, CBSI3aHHBIC MEXKIy COO0OH CTaObIMH BaH-IEp-BaaIbCcOBBIMU
CUJIaMU.
MeTannyeckue KpUucTamibl. B y351aXx KpUCTAUIMYECKON PENIETKH
pacmoyiaraloTCsl TOJIOKUTEIbHBIE HOHBI MeTauia [lpu 00pa3oBaHHWU KPUCTALIMYECKON
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pCIIETKH BAaICHTHBIE DJCKTPOHBLI, C1a00 CBS3aHHBIC C aTOMaMH, OTACISIOTCA OT aroMOB M
KOJUICKTUBH3UPYIOTCS, OHH Y K€ IPUHAJIEKAT HE OJHOMY aTOMY, KaK B CIy4ae MOHHOHN CBSI3U, U HE
1ape COCEHMNX aTOMOB, KaK B CJTy4yae KOBAJCHTHON CBS3H, @ BCEMY KPHCTALITY B IICIIOM.

MoJiekyasipHble  KPHUCTALIbI. B  y31ax KpHUCTAIIMYECKON pEHIETKH PacroaraloTcs
HEWTpaJlbHbIE MOJICKYJIbI BEIIECTBA, CUJIBI B3aMMOICHCTBHS MEXKIAY KOTOPBIMH OOYCJIOBJICHBI
HE3HAUNTENBHBIM B3aUMHBIM CMEILEHHEM DJIEKTPOHOB B DJIEKTPOHHEIX 000JI0YKAX arOMOB. DTH CHJILI
Ha3bIBAIOTCS 6AH-0€P-6AAIbCOGbIMU, TAK KAK OHU MUMECIOT Ty K€ IIPUPOY, YTO M CHJIbI IIPUTKCHHUS
MKy MOJIGKYJaMK, TPUBOIAIIMMA K OTKJIOHCHHMIO Ta30B OT HICATBHOCTH. [Ipumepsl
MOJIEKYIISIPHBIX KPHCTAJIJIOB — OPraHUYecKue COEAUHEHHUs (HarmpuMep, mapaguH), HHEPTHLIE Ta3bl
(Ne, Ar, Kr, Xe) u atmochepusie razsl CO2, O2, N2 B TBEpIOM COCTOSHHUHM, JIE]T, U T 1.

60. JedeKThI B KPHUCTAJLIAX.

JleexTaMy KPUCTAUIMYECKOW PEIIETKH Ha3bIBAIOTCS OTKJIOHEHMS OT YIOPSIOYEHHOrO
PACITOJIOKEHHS YACTHI[ B y3Iax pemerku. JIedeKTsl IeIITCsS Ha MAKPOCKORUYEeCKUe, BO3HUKAIOIIIIE
B IIpolecce o00pasoBaHMsl M POCTAa KPUCTAUIOB (HalpuMep, TPENMHBL, ITOPbI, HMHOPOIHBIE
MaKPOCKOITMYCCKHEC BKJIIOUCHHS), W MUKPOCKORUUeCcKUe, O00YCIOBICHHBIC MHKPOCKOITMYSCKUMU
OTKJIOHCHHSIMH OT IEPUOMIHOCTH.

MuxkponeheKTsl IeIATCs Ha moueynble N iuneinble. Todeunble 1e(eKThl OBIBAIOT TPEX TUIIOB:
1) BaKkaHCHsI — OTCYTCTBHE aTOMa B y3J1€ KPUCTATUTHYECKOM

() pemietkn (a); 2) MEKAOY3eIAbHBII aTOM—aToM,

(a) (b)
BHEJIPUBIIHICSA B MEXI0y3eapHoe poctpanctBo (b);
3) NpHMeCHBIi aTOM — aTOM MPHMECH, JIHOO
3aMEIIaoIMii  aroM OCHOBHOI'O  BeIecTBA B
KPUCTAUIMYECKON PEIIETKE (npumect 3ameuieHust
(c)),

mi00 BHEIPHUBIIMHCI B MEXKJIOY3CIBHOC

IIPOCTPAHCTBO (npumecst éneopernus). Toueunbie 1eEKThl Hapyuiaion TOINBKO ONUNCHUL NOPSOOK
B KpHCTaJUIax

Jlunelinple aedeKThl Hapywaiom oanbHull nopsook. Ocodoe MeCTo cpeu JMHEHHBIX Ie(heKTOB
3aHUMAIOT AUCJIOKANMU — JIMHEHHbIE JI€PEKTHI,
HapylIaIIme MIPaBUJIBHOE YepeIOBaHu e
aTOMHBIX  IJIOCKOCTel. Pasmiyalor  kpaeevie
(Kpaii amoMHOU  NJIOCKOCU, 00pbléalowelicsi 6
Kpucmarnne {a)) i 6uHmOGbLE (AN OMHbIE
niocKoCmu  00pazyiom GUHMOosYo nogepxtocms (0))
ouciokayuu.

61. Teny10eMKOCTh TBEpPABLIX TeJI.

PaccMoTpuM uaeanpHyr0 KpPUCTAJUIMYECKYIO pELIETKY, B y3JIaX KOTOPOH YacTHIIbI,
PUHIMaeMble 32 MaTepUaTBHBIC TOYKH, KONEOMIOTCS BOJM3HM TOJOYKEHWI DPaBHOBECHS B TpeX
B3aMMHO TEpIeH JUKYISAPHBIX HampaBieHUSIX (TpH KoyiedaTelnbHbIE CTEMEHH CBOOOJBI, KaXKaas
13 KOTOPbIX 00nanaet sHeprueii K -T).

Buytpennsis sueprus mons tBepzoro tena U =3N, -K-T ,rme Na — umcio ABoragpo, R—

MOJIApHAas ra3oBas IOCTOsTHHAS.
MOHﬂpHaﬂ TEIJIOEMKOCTb TBEPJOI'0 TE€Jaa:

du
C, =—*=3R= ZSﬂ—M — 3akoH {rononra u ltu —
dT Mmonb- K

MOJIAPHAA M ENTI0EMKOCIb XUMUYECKU HRPOCMbIX Mel 6 KPUCHANTUYECKOM COCHOAHUU
oounaxosa (paBua3 R) u ne 3aeucum om memnepamypot.

Ecnu tBep0€e TENo smiisiercst xumudeckuM coeuaenreM (Harpumep NaCl), To wmcno gactar B
morte pasHo N- N ,, rae n— uncino aromoB B Mosekyine (st NaCl umcio yactui B Mosie paBHO 2Ny,

nockouibKy B oH0M MoJjie NaCl cogepxures Nsaromos Na m Na aromos Cl).
MoJisipHasi TEeILI0eMKOCTb H6EPObIX XUMUUECKUX COCOUHEHUIL.



C, = WV, _grops Ao
dT monw- K
T.€. PaBHA CyMME aTOMHBIX TEIUIOEMKOCTEH JIEMEHTOB, COCTABJIIONINM ATO COSIMHECHHSL.
OtkitoHeHus oT 3aKkoHa J[rojonra u Ilti (0cOOEHHO MPHM HU3KUX TEMIIEPATypax) OOBICHIIOTCS
MCXO/I K3 KBAHTOBBIX ITPE/ICTABIICHHI .
62. I3MeHeHHe arperaTHOr0 COCTOsI HUS.

J s KHUIKOCTAX W B TBCPABIX TECJIaX BCCrjga €CTb HCEKOTOPOC YHUCIO

mi, MOJIEKYJ, HEPrusl KOTOPBIX OCTaTOYHA JUIsl NMPEOJOJICHUS NPUTSKEHUS K
¢ g JPYTUM MOJIEKYJIaM, U KOTOPbIE CIIOCOOHBI TIOKMHYTh TOBEPXHOCTh KU JKOCTH
g g WA TBEPAOro Teja. TakoW MpOoLece Ul KUIKOCTU Ha3bIBACTCA UCHAPEHUeM
g 8 [ (o nap“ooﬂpaa'oeanue/u), VI TBEPIBIX Tel — cybaumayueinr (WM

g BO3IrOHKOM).
e £ Konoencayuein HazplBaercsi IEpeXoJ BELIECTBA BCIEACIBHE  €r0
§* 3| OXJIaXKJICHUS UM CHKATHS M3 Ta3000pa3HOr0 COCTOSIHHSA B JKHUIKOE.
% g § Ecin 4ncno mosekyn, NOKUIAOIUX JKUAKOCTh 3a €IMHHLYY BPEMEHH
g B &| 4epe3 €NMHUYHYIO IIOBEPXHOCTb, PABHO 4YUCIy MOJIEKYJI, IEPEeXOAUMX M3
E \"’7 napa B JKUIKOCTb, TO HACTyNAeT OUHAMUUECKOEe pa6HO6ecue MEXIY
TBEPAOE TERO | TTPOLIECCAMH HCTIAPEHH A M KOHIEH CALH. Ilap, naxonAumiics B paBHOBECHU CO

CBOEH JKHIKOCTEIO, HA3bIBAETCS HACHLUCHHBIM.

ITnasnenuem Ha3pIBACTCS TIEPEXO/T BEIIECTBA U3 KPUCTAUTHIECKOTO (TBEPAOT0) COCTOSHHUS
B kujKoe. [11aBiieHre NpouCXOmUT IPU ONPedeieHHO,
= a) ™ 6) BO3pacTalollell C yBEIWYEHWEM BHEIIHENO JaBJICHUS,
memnepamype niaenenus T ..

B mnpouecce mmaBnenuss temwiora Q, coobiaemas

0 R BEIECTBY, HJCT Ha COBEpIICHHE pabomvl  NO
oo Pa3pyuenuro Kpucmauiuieckoil peuemxu, 1 TTI03TOMY
an ! s
ST fomen X L L T,, = const (prc.(a)) 10 pacruIaBIeHHs BCETO KPHCTaLIA.
Q Q KomuuectBo Ttemmotsl L, HeoOXoMOe  JUIS

paciuiaBiieHusi [ke BELIECTBA, HAa3bIBACTCSA Y/AeJbHOM
TeIJIOTOM IJIABJIEHMSI.

Ecm >xuaKocTh OXJTaXIaTh, TO TPOIECC MOMAET B oOpaTtHOM HampaBieHuu (puc.(0), Q'—
KOJIMYESCTBO TEILIOTHI, OTIaBAEMOE TEJIOM ITPH KPUCTAUIM3AIMH . CHaYajaa TeMIepaTypa KUK OCTH
IIOHM’KAETCA, 3aTE€M IIPU IOCTOSHHOW TEMIIEPATYpPe, PABHOU 11y, HAUUHACTC KPUCMAIU3AUUAA.

Jlnst KpucTayuM3alui BEIIeCTBAa HEOOXOJUMO HAIMYNE WYEHMPO8 KPUCMAIU3AUUU —
KPUCTAUIMYECKUX 3apO/IbIIIICH, KOTOPHIMUA MOT'YT OBITh Kak KPHUCTAJUTMKA 00pa3yrOIIErocs BEIIecTBa,
TaK U J'IIO6I)I€ HHOPOAHBIC BKIIIOYCHU A Ecnu B yucron KHUIOKOCTHU HET HCHTPOB KpUCTAJIJIM3alluH,
TO OHA MOJXET OBITh OXJIAXKJICHA JI0 TEMIICPAarTyphbl, MEHBIICH TEMIIEPATyphl KpPHUCTAJLIM3aIlUH,
00pasys pu 3TOM nepeoxIaicOeHHYI0 HcudKkochy (puc.(0) - TyHKTHD).

AwmopHBIe TeNna SIBISIOTCS MePeOXIIaXKACHHBIMU YKUTKOCTSIMH.

63. da3oBbIe mMePEXoabl.

®a30ii Ha3BEIBACTCS TEPMOIMHAMIYECKH PaBHOBECHOE COCTOSIHHE BEIICCTBA, OTJIMYAIOIIIEESCS TI0
(hM3UYECKUM CBOMCTBAM OT APYTHX BO3MOKHBIX PABHOBECHBIX COCTOSTHHI TOTO YK€ BEIIICCTRA.

[Tepexon BemecTBa M3 OAHOM (a3bl B IPYryi0 — ¢hazoewlii nepexod — Bcerna CBS3aH C
KauyeCTBEHHBIMU N3MEHEHU MU CBOVICTB BCIIICCTB.

Da30Bblii NePEXo/1 MEPBOro Poaa — 3TO IEPEXO, COMPOBOKIAFOIIMICS IOTIOIICHN €M HJTH
BBIJICJICHUEM TEMJOTHl (Hampumep, MIaBjeHUe, Kpucrtawmsamus). OH xapakTepu3yercs
HOCHM OAHCIM 60M MeMNepamypol, U3MEHEHUAMU DHMPONUU U 00bemd.

@a30Bblii _1MEpexo] BTOPOr0 pPoAa — IIEPEXOJl HE CBI3aHHBIM C IIOrJIOIICHUEM WJIN
BBIJICIICHHEM TEIUIOTH U U3MEHeHHeM o0bemMa. OH XapaKTepusyeTcss HOCH OAHCIEOM 00bema U
oHmMponuu, Ho CKAYKO0OPA3HBIM UZMEHeHUEM MENI0eMKOCHIU.

Daszoevie nepexodbl 6mMmopoco poda C6A3aHbl C U3BMEHEHUeM Ccummempuu. BbIIIC TOYKU




nepexojia cucrema ooanaet 6osee BHICOKOM CHMMETPUEH, YeM HIDKE TOUYKH ITEPEX0/1a.

[TpriMepnl (ha30BBIX IEPEXOI0OB BTOPOIO POJid: Mepexo)i (heppOMarHUTHBIX BELISCTB IPH
ONPENIETICHHBIX JIaBJICHUSIX U TEMIIEPAType B MapaMarHUTHOE COCTOSHUE; MEPEXO0/ METAIJIOB U
CIUIaBOB MpUW HU3KUX TEMIeEpaTypax B  CBEPXIPOBOJSIINEE COCTOSHHE, IPEBpaIlCHUE
OOBIKHOBEHHOTO KU IKOTO T'eJIM I B CBEPXTEKyIHH.

64. JlImarpamMma coCTOSIHHSL.

Ecnu cucrema siBisieTcst 00HOKOMROHEHM HOIL, T.€. COCTOALIEH U3 XUMUYECKU
OJIHOPOJ/IHOTO BEIIECTBA WJIM €TI0 COSANHEHHUS, TO noHAmue hazvl cognaoaem ¢
NOHAMUEM A2Pe2AMHO20 COCMOSHUA.

J1yist HarasHOTO M300paKeH s (Pa30BBIX MPEBpAIICHUI

UCTIOIE3YETCS  OUAZPAMMA COCH OAHUA, HA KOTOPOH B KoopanHaTax (p,

T) 3amaeTcsi 3aBUCUMOCTb MEXAY TeMIlepaTypoii (a3oBOro repexozna u

JTaBJICHUEM B BUJIE KDUBBLIX

ucnapenus (KH), naasnenus (KII) v cyonumayuu

(KC), pasmensronmx ImoJie JuarpaMMbl Ha TpU 0OJacTH,

COOTBETCTBYIOIIME YCIOBHSM cyiiecTBOBaHUS TBepaol (T T), sKuakoi
(#K) m razoo6pasnoii (IN) das.

T 7, KpuBbie Ha gauarpaMMe Ha3bIBAIOTCA  KPUBbIMU _ DA308020
pasHosecus, Kaxias TOUKa Ha HUX COTBETCTBYET YCJIOBUSIM PaBHOBECHSI

JIBYX COCYIIECTBYIOIIMX (ha3.

TpoiiHo# TOYKOH Ha3bIBACTCS TOUKA, B KOTOPOM MEPECEKAIOTCS KPUBbIE
(ha30BOTr0 PaBHOBECHSI 1 KOTOPAsi, CIISAOBATEILHO, ONIPEICISIET YCIOBHUS
(temmepatypy Tnp M J@BICHHE Pup) OOHOBPEMEHHO20 PABHOBECHO20 CYUECMBEO6AHUs mpex (a3
gewjecmaa.

Tpoitnas mouka 600wt cootBercrByer Temieparype 273,16 K (wm 0,01° C mo mkaine Ll enscunst)

pﬂ

s

U SIBIISIETCS. OCHOBHOU PEenepHoll MOYKOU ISl TIOCTPOCHUS TEPMOJMHAMHUYECKON TEMITIEpaTypHON
HIKaJIbI.
65. YpaBuenue Kianeiipona- Kiay3uyca

. d L
Ypasuenue  Knaneupona- Knaysuyca @P__t MIO3BOJISCT OINPENEIUTh HAKJIOHBI
ar - T(V, -V,)
KPUBBIX PAaBHOBECHSI.
3neck L— temoTa (hazoBoro nepexoa (HampuMep, B CIyyae MIIaBJICHUS — y/AebHasl TEIoTa

TUUTaBJICHHUS), (V2 —Vl) — M3MEHEeHHe 00beMa BEIIeCTBA MPHU MEPEXOe €ro U3 MepBoi (asbl BO

BTOPYIO, T— Temn cpaTrypa rnepexoaa (Hanpmep, B CJIyYac IJIaBJICHU A — TEMIICpATypa IJ1aBJICHUA
Tur).
HOCKOHBKy LuTf BCCriaa IIOJIOXKUTCIIbHbI, TO HAK/IOH KpHBOfI PaBHOBECUA onpe()ejmemc;z

dp

3HAKOM (V2 —Vl). Tak npu ucnapenuu u cybrumayuu 06beM Beera BO3pacTaeT, I03TOMY a7 >0.

d
Ilpu nnasnenuu 'y OONBIIMHCTBA BEIIECTB OOBEM BO3PACTACT, CJIEIOBATEIBHO _dp >0, T.€.
Vyeenudenue 0agieHuss npusooum K nosvluienuio memnepamypvl niaeienusi (crommas KIT wHa
PHUCYHKE).
Jlns nexkomopwix eeujecme (BoAa, IYyryH) 00bEM KUIKOH (ha3bl MEHbIIIE 00beMa TBEPIOi (assl,
dp

Te. —<0 ; CJICAOBATCIIbHO,  yeeiuderue oaenenust conpoeoofcdaemc;z NOHUIICEHUEM

dT
memnepamypul niasieHus (IITPUXOBast TUHUS Ha PUCYHKE).
66. AHAJIN3 THATPAMMBI COCTOSITHHSL.
JluarpamMMa COCTOSHHS, T103BOJISIET CYyAUTh, B KAKOM COCTOSHHMU HAXOJUTCS JAHHOE BEILECTBO
Ipu onpeneneHHbIX p U 1, a Takxke Kakue (a3oBble Iepexoabl Oy IyT MPOUCXOAUTh B TOM WM HHOM
npoiiecce.




Hampumep, npu ycnoBusix, 0003HAYCHHBIX: TOUKOM
1 BemectBo — B BepaoM coctosuu (TT), 2— B rasooopasuom (I),
3— 0JJHOBpeMEHHO B kU KoM (7K) 1 ra3000pazHOM.

I[Ipu wu3ob6apuom HarpeBe 4-5-6 B Touke 5 HaumHaeTcs
TIJIaBJICHUE, 6— KUTICHHE.

ITpu n300apHoM HarpeBe 7-8 TBep10€ TEIO MPEBPaIACTCs B ras,
MUHYSI )KHJIKYO (hazy.

IIpu wusorepmuueckom cxxarnu 9-10
BEIIECTBO IPOKJIET TPU COCTOSIHU S T'a3-)KUIKOCTh-KPHUCTAIIL.

Kpueasa ucnapenus 3akanuugeaemcsa KpUmMu4eckou
mouxou (K). IloosToMy BO3MOXEH HEOPEPBIBHBIA IEPEXOL]
BEIIIECTBA W3 KUJIKOrO COCTOSHHS B Ta3000pa3HOE U 0OpaTHO B 00XOJ KPUTHYECKOW TOYKH, O€3
nepeceyeHuss KpuBoh wmcnapeHus (mepexon 11-12), T.e. Takol nepexod, Komopwiii He
Cconposodicoaemcs hazo8biMu NPEBPAUCHUSIMU.

DTO BO3MOXXHO TOTOMY, YTO pa3jMuie MEXKIy Ta30M U JKHAKOCTBIO SBJISIETCS YMCTO
KOJMYECTBEHHBIM (00a 3TH COCTOSIHUSI, HATIPUMED, SIBJISFOTCS U30TPOITHBIMHU).

Ilepexon ke KpUCTAIIMYECKOrO COCTOSIHUS B KHIKOES HJIM Ta3000pa3HOE MOKET OBITh TOJIBKO
ckaukoobpasznvim (B pesyiabTaTe (a3oBoro Imepexoda), IMOITOMY KpUBBIC IUIAaBJICHHUS |
CyOImMMaIiuu He Mo2ym 006pbleamuvcs, KaK 3T0 UMEET MECTO ISl KPHBOM MCIIapEHUs B KPUTHYECKON
TOYKE.

KpuBas nnaBnenns yxoguT B O€CKOHEUHOCTb, @ KpUBasl CyOIMMaluy UAeT B TOUKy, rae p=0

u p=0




