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MDJTEH}#’HFIPHG-HUHEIHU Yeckad meopusa udeasnbHblX 2a3086

1. CTaTUCTUYECKUA U TEpMOoAMHAMWYECKWA MeToAbl MCcNeaoBaHWUA.

MonekynapHasa gusuka u mepModuHamMuka — pasfenkl hUauKK, B KOTOPLIX
Way4alTcA 3aBUCMMOCTM CBOWCTB TeN OT WX CTPOEHWUA, B3auMOOEWCTBUA Mexay
YyacTULAMK, U3 KOTOPLIX COCTOAT Tena, U XapakTepa ABWKEeHWA YacTuL.

OnA wuccnenoBaHWA  (DU3MYECKUX CBOWCTB  MaKpPOCKOMMYECKMX CUCTEM,
CBA3AHHLIX C OMPOMHLIM _YWCMOM COOSpPXalUMXCH B HUX aToMOB WM MOMekyn,
NPUMEHAIOT ABa KAYECTBEHHO pasfuyHbIX W 83auMHO OOMOMHIIOWUX OpYr apyra

MeToga: cmamucmudveckui (1nu MONekynNApHoO-KUHemMuYeckull) 1]
mepmoduHamuveckud.

CTaTUCTUYECKMA MeTod — 3TO MeTo[ WccrnefoBaHuA cucTem w3 BonbLluoro
yncna dactau, Oonepupylwuin  cmamucmu4yecKuMu  3aKOHOMEpPHOCTAMK W
cpedHuUMU (ycpeHEeHHbIMW) 3HAYEHUAMKW (PU3NYECKUX BENUYUH, XapakTepuayHLLnX
BCH) CUCTEMY.

ITOT MEeToO NEXWT B OCHOBE MOMEKYAAPHOUO ¢husuky — pasgena uanku,
Mayyalwllero CcTpoeHWe W CBOWCTBa BellecTBa WCXOAA U3  MOJIEKYIAPHO-
KUHemuU4Yeckux npegcTaBneHW, OCHOBLIBAKWMWXCA Ha TOM, 4YTO BCe Tena
COCTOAT M3 aTOMOB, MONEKYNn WM MOHOEB HaXOOAWWXCA B HenpepbiBHOM
Xa0TUYECKOM ABWMXKEHUN.

B pancHerwem mbl byaoem ucnonb3osaTe TepMuH "Monekyna” vmes BBUOY
MenbYanLy CTPYKTYPHYH equHULY (3NeMeHT) OaHHOro BellecTea.

TepmogWHAMUYECKMA MeTog — 93T0 MeTO[ MCCnedoBaHuA cucTem K3
Oonbworo u4uicna JacTul, ONepUpPYIOLLWA  BenuuMHaMK, XapaxkTepuayolwnumMm
CUCTEMY B Uenom (Hanpumep, dasneHue, obkemM, memmnepamypa) Npu pasnuuHbIX
NpeBpalleHNAX SHEpPrik, MPOMCXOOAWMX B CUCTEME, He YJWThbIBad Npu 3TOM
BHYTPEHHEro CTPOEHWA M3ydyaeMblX Ten W XapakTepa ABWKEeHWA OTOeNbHbIX YacTUL.

3T0T MeTod neXWT B OCHOBe mepmoduHamMukuy — pasfgena (UanKu,
Mayyawwero oblune CcBOWCTBA MaKpPOCKONWYECKUX CUCTEM, HaxoOALWMXCA B
COCTOAHWW TEPMOOWHAMWYECKOTD paBHOBECWA, WM NMPOLECCH! Nepexona Mexny 3TuMm
COCTOAHWAMM.

2. TepmognHamMu4eckas cUCTEMA.

TepmoavHamuka wWMeeT Oeno ¢ mepmoduHaMudeckold cucmemod —
COBOKYMHOCTEH) ~ MAKpPOCKOMWYECKWX  Ten, KOTOpblE  B3aWMOOEWCTBYHT W
0BMeHNBaKOTCA 3Hepriel Kak Mexny cobol, Tak W ¢ OpyrumMi Tenami (BHeLLHEeR
cpenoi).

TepMoguHamuyeckme cucTembl, He 0DMeHUBaKILLUWEeCA C BHelWLHel cpefol HW
3HEepPr1en, HW BeLLeCcTBOM, HasblBalTCA 3aMKHYMbIMU.

OcHoBa TepMoguMHaAMW4YecKOro MeToda —  OnpefeneHne CcocMmOoSHUA
TEepMOAUHEMWYECKON CUCTEMBI.

CocToAHWE cUcTeMbl 3anaeTcA  mepmoduHaMuYeckuMu napaMempamu
(mapamempamu  CcOCMOAHUA) —  COBOKYMHOCTBEH  (DM3WYECKMX  BENWYMH,
XapakTepuaylLlWWx CBOWCTBa TepMoguHaMmudeckod cucTembl. OBbIMHO B KayecTBe
napameTpOB COCTOAHWA BolDWpalwT memnepamypy, dasfieHue U obbem.

[NapameTpbl COCTOAHWMA CWUCTEMBI MOMYT W3aMeHATLCeA. Jlwboe wu3ameneHue B
TepMOgUHaMWYECKOW CUCTeMe, CBA3aHHOE C W3MeHeHWeM XoTA Dbl ogHoro W3 ee
TepMogUHaMUYECKMX napameTpoB, Ha3sblBaeTCA mepModuHaMU4YecKUM
npoyeccoM. Ecnv ONA OaHHOW CWCTEMBbI 8HeWHUE YCMOBUA HEe U3IMeHAHIMCA W
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cocmoAHUe cucmeMsl ¢ medYeHueM speMeHU He MeHASmCA, TOo aTa CcWUCcTemMa
HaxodWTcA B mepmoﬂtmamuwecmm pasHoegecul.

3. TemnepaTypa.

TemnepaTypa — OOHO W3 OCHOBHLIX MOHATWIA, UrPaKLWKWX BaXHEWLYH ponb B
(h13MKe B Lienom.

Temnepamypa — GU3MdecKan BenuuMHa, XapakTepuaylllaa CcocToAHWe
TEPMOANHAMWYECKOTO PABHOBECWMA MaKPOCKOMWYECKOW CUCTEMEl W ONpegenswLlan
HanpaeneHne TennoobmeHa mexny TenamMmm.

B HacToAulee BpemMA UCNONbL3YHT OBE TeMNepaTypPHLIE LKaNb.

MexayHapoOHaa NpakTndeckas Wwkana (wkana Llenscua ) rpafgyvpoBaHHan B
rpagycax LUenecwa (*C) no OByM penepHeIM mModykaM — Temnepatypam
JamMep3aHuA U KMNeHWA BoObl MpW OaBneHuu 1;D‘I3-1ﬂ5 lNa, koTopble NpPUHUMAKTCA
cooTBeTcTEeHHo 0°C 1 100°C.

TepMogMHaMUYecKan TeMneparypHan LUKana (lKkana KensBWHa),
rpagyvpoBaHHan B rpagycax KenweBwHa (K) onpegendAeTcA No 0gHOR penepHor ToYKe
— mpoUHol moYyke eodbl — TemnepaType, NpPW KOTOPOW ned, Boga W
HackIWEHHEIW Map npy gaenedHun 609 [la HaxogATcA B TepMOOWHaMWYECKOM
paBHoBecHMW. TemnepaTypa 3STOW TOYKM N0 JAHHOW WKane paBHa 273,16 K.
Temnepatypa I' =0 K nHasblBaeTca HyneMm KenbeuHa.

TepmoguHaMmudeckas Temnepatypa (7)) w  Temnepatypa (f) no

MexoyHapoOHOW NPakTUYeCKON WKane cBAsaHbl COOTHOLWEHNEM
I'=27315+¢

HopmanbHble yenosus: I, =27315K = 0°C, py=1013251Ia .

4. NoeanbHbIA ras.

Puanyeckand MoOenk, COrMacHO KOTOPOK:

1) cobcTeBeHHEIR 0BBLEM MONEKYN raza npeHebpexrmMo Man no cpaBHEHWH C

obbemMom cocyaa;

2) meway monekynamu rasa oTCYTCTBYHOT CUIMbl B3aUMOOEACTBUA;

3) CTOMKHOBEHWA MONEKyNn raza mexagy cobol W co cTeHKkaMmWu cocyia

abconTHO yNpyrve.

McxogAa wa aToro vMaeanbHbld ra3d MOXHO paccMaTpuBaTk Kak COBOKYMHOCTb
DecnopAnoYHO OBWMKYLLWXCA MOMNEKyN-lapukoB, UMelWwnxX npeHebpexnmMo Manbli
coBcTBEHHBLIA 00bEM M HE B3aUMMOOeNCTBYIOLWWX OPYTr ¢ APYTroM Ha pacCcTOAHWA.

3akoHbl, onucklearouwjue noeedeHue udeanbHblx 2a3oe — 3akoHbl Bonnga-
MapuoTtTa, ABoragpo, JaneToHa, Ned-Joccaka.

5. 3akoH Bouna-MapwoTTa.

OnNA [OaHHOW Maccel rasa 1 NpWU NOCTOAHHOW
Temnepatype I npouaBefeHwe faeneHnA p Ha obvem 7 p
€CTk BENWYWHA NOCTOAHHEAA:

pV =const npn I =const w m = const
KpuBan, naobpaxalowad 3aBUCUMOCTE Mexgy p u V7|

XapakTepuaylllaa CBOWCTBa BewlecTBa NpPW MOCTOAHHON
TemnepaType, HaselBaeTcA U30TepMoil. M3oTepmbl —
rMnepbonkl, pacnono#eHHsle Ha rpauke Tem Bbille, Yyewm
BLILLE TemnepaTypa NpoMcXodALLero npouecca.

T pacrter




6. 3akoH ABoragpo.
KonwyecTBo BellecTBa V — uandeckana BenuuuHa, onpefenAeman 4ncrom

crneunduYecknx CTPYKTYPHLIX 3MeMEHTOB — MOMEeKyrn, aTOMOB WM WOHOB, W3
KOTOPLIX COCTOWT BELLecTBO.
EduHuua konuyecmea eeujecmea — MONb — KONMWYECTBO BellecTBa

CUCTEMBI, COAEpXaLLle C.TGJ'II::HIO e CTPYKTYPHBIX 3MEMEHTOB, CKONMBKO COLEpHWTCA
B 0,012 kr naotona yrnepo,u,a C.

B ogoHom mone pasnuYHbIX BELWECTB COAEPKWUTCA N =6.022-10% 1
I’y —_— . i
OOHO W TO Xe yncno monekyn N, HazclBaeMoe YMCIoM 4 MOIE
ABoragpo.

3akoH AsBoragpo: Mosu nrobbix 2asoe npu oduHakoeol memnepamype u
daeneHuu saHUMarom oduHakKoabie o6 beMbl.

[F¥]

M

Mpu_HopmanebHbix yenoewax (I' =T, p = p,) 3T0T V,=2241 107

MOITB
obLem Va (MonApHBIA 06=EM) paBeH:

m m
MonspHas macca = — 3To Macca ofHoro Mona eewectsa. OTcoga: vV = —

1% i
EduHuya MonsapHoli Maccbl — KUNorpaMmm Ha Monb (Kr/Mmonb).

7. 3akoH JanbToHAa.

MapyuanbHoe JaeneHue — [JaBnNeHWe, KoTopoe npowasogun Obl ras,
BXOOAWMWMA B COCTAB ra3oBoW cMecW, ecni Dbl OH OOWH 3aHuman obbem, paBHLIR
0BLEMY CMECH NpU TOKW Ke TeMmnepartype.

3akoH [JanbToHa. [OaBnNeHWe CMecu WaealnbHbIX T[a30B pPaBHO CyMme

napuWaneHLIX JaBneHWi PraPrseeens P, BXOOAWWX B Hee Ia30B.

p=pht+p,t...+tp, WA p=2pﬁ,

8. 3akoH len-NMwccaka.

. P A
1) [daeneHwe p paHHOW maccel 1 rasa npv NOCcTOAHHOM by = const
0bbeEME M3MEeHABTCA NUHENHOD ¢ TeMNepaTypor [
p=py(1+at), npu ¥V =const, m=const . Vi = const
2) Obvem F padwHOW macckl 1 rasza npuv NOCTOAHHOM /
OAaBneHun M3MEHAETCA NIMHERHO C TEMNEPAaTYPOR 7! ,/: I
- -
V=V,(1+act), npn p=const; m=const. L iy
| o O LeC
roe Cr::}{;?,h , Vo v p, — obbem u pasnexve npw VA
b, = const
F=0"C:
Mpouecc, NpoTekakWWA [Apu NOCMOAHHOM dasneHuu, - const
HasbiBaeTcA wm3obapHbiM. Ha awarpamme B KoopawHartax iy
(V.t) atoT npouecc w3obpaxaeTcA NPAMON, HasbIBAEMOA /
- #
n3obapon. ‘A
. L P, >p,
Mpouecc, NpoTekawWWA Apuy nocmoAHHoOM obkeMe, l;“’ > -
—_ [+]
HasblBaeTcHd WM30XOpHbIM. Ha auarpamme B KoopawHartax @ b °C
(p.t) oH nzobpaxaeTca NPAMON, HA3LIBAEMON U30XOPOW. el T I-T K

N30bapbl 1 M30X0pbl NEpecekalwT otk TeMnepaTypbl B
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Touke ¢ =—J%,=—273°C. Ecnu Hauano oTcyeTa CMECTUTL B 3Ty TOUKY, TO MOMy4YnM
Wwkany KenbeuHa (TepmoguHamudeckyto Temnepatypy): T =7+ ¥,
B TepMoaMHaMW4YeCKOW WWKane TemMnepaTyp:
V=V,1+at)=V,oT, p=p(l+ot)=pol

OTkyna:
n_n
—=— WM — =const npw  p = const; m = const
V, I T
I P _
Pi_ Fl N — = const npn V =const; m=const (3-H Wapna),
P> 2

roe MHaekcel 1 1M 2 OTHOCATCA K MPOWM3BONBHLIM COCTOAHWMAM, NeXallum Ha
OfHOW Maobape UMK naoxope.

9. YpaBHeHWe COCTORHWA WOeanbHOro rasa.

YpaeHeHUeM COCMOAHUA TepMOOMHaMWYecKol CcUCTeMbl HasblBaeTcA
ypaBHeHWe, KOTOpoe cBA3biBaeT Oasnedue p, obwem F w Temnepatypy 1

TEPMOOMHAMWYECKON CWMCTEMBLI, HAXOOALWEWCA B COCTOAHUW TEepMOOMHAMWYECKOro

pPaBHOBECUA®
f(pV.T)=0
rOe Kaxgan ua nepeMeHHbIX ABNAeTCA OyHKUWER OBYX OPYTUX.
rA MycTb HekoTopasa macca rasa saHumaeT obbem V7,

WMeeT [aBfeHne p, W Haxo[uTcA Npu Temnepatype 1.
JTa ¥e macca rasza B OpYyrom NpPoOW3BONEHOM COCTOAHWKW
xapaktepusyeTcA napametpamu p,.F5.1,. Tllepexon ua
cocToAHMA 1 B cocToAHMe 2 ocyllecTBnAeTcA
nocnenoBartenkHo M3oTepMmudeckuM (1-1") U WM30XOPHLIM

(1'-2) npoueccamu.

o zakoHam bonAa-MapwotTa 1 ['eld-Ilioccaka.
n_L
p I
Wcknouan pf , NONYy4YnM ypaeHeHue cocmosaHUA udeanbHozo 2asa:

Py _ Py MK 2 const
T T, T

Mo 3akoHy ABoragpo, nNpyv O4WMHAKOBLIX P2 H I monu BCcex rasoB 3aHMMalT

O0WHAKOBLIW  MONAPHLIA  0OLEM V#_ YpaeHeHue cocmosHUA ONA  MONA

naeansLHoro rasa: pVH = RT , rge koHcTanTa R =831 Ox/(monk-K) — HasbiBaeTcA
YHUegepcanbHoU 2asoeoll MocmosHHoU.

m m m
Obbem rasa maccel m: V =vV, =—VF,. Otciopa pV = —IpV# =—RT =vRT

H ! H
YpaeHeHue MeHOeneeea-KnanelljpoHa — ypaeHeHUe CcOCMOSHUA AnA
Macchl 71 WaeansHOro rasa:

= PIV}

pv ="LRT

M



R _ . N
Ecnun ucnoneaoBaTe MocmMosHHYK BonbymaHa: E(ZT—]SS 1075 I[
TO ypasHeHUE COCMOAHUA NPUMET BUL:
RT kN ,T
p=——="= kT
iy u
N N,
roe H—?Z s KOHUEeHmMpayusa MofseKyn — 4YUACNO MOMeKyn B equHuLe
7]

obrema.
Takum obpa3zom:
1) ©JdaeneHue wOeanbHOro rasa nMpW [adHHOW Temnepatype MpAMO
nponopyuoHanbHO KOHUeHmMpayuu ero Monekyn,
2) nNpW OOWHAaKOBLIX TEMMepaType W AaBNeHWn Bee rasbl cogep#ar & eduHuye
obbema oQuHaKog0e YuCio MoneKyn.
Unucno mMonekyn, cogepxawmxcA B 1m® rasa npu HopManbHbIX YCNOBWAX,
HaablBaeTcA YucnoM Jlowmudma:

N, =2 —268.10% L

'U M

10.0cHOBHOE YpaBHEHWE MONEeKYNAPHO-KMHETUYECKOW TeOopMM uaeanbHbIX
raszoB.

MycTe B cocyge obbemom V7 HaxoguTcA WOeanbHbld ras maccol i,
cocToAWMA n3 N Monekyn Maccod 17,, [OBWKYLWMXCA € OOWMHAKOBLIMK

CKOPOCTSIMK U . KOHLIEHTpaLUsA MONeKyn B rase no onpegenexuio 1= N/V .

Ecnu npu coygapeHWax co cTeHkaMmu 3a BpemAa Al aneMeHTapHOR nnollagke
AS cTeHkm cocyna nepepaetca umnynsc AP, To daeneHue rasa, okasblBaeMoe UM

Ha CTeHKy cocyga p AAS

MpW KaxaoM coygapeHu Mornekyna, ABWAKYLIAaAcA nepneHOuKynApHO CTeHKe,
nepefaet e umnynsc 2im,U . B cpegHeM No HanpasneHuo K CTEHKe ABWKeTCA ¥
yacTb Beex Monekyn. (Ecnu paccMoTpeTb TpU B3aUMHO NeprneHauKyNApHLIe OCK, TO
B CPe[lHeM TOMBKO ¥ MONekyn ABWXKETCA BAOMb OAHOM M3 OCed 1 TOMbKO NoNoBvHa

M3 HKX }é(%j BOONb AaHHoro Hanpaenedwa.) MoaTomy, 3a Bpema A7 nnowagku
1 1
AS pocTurHyT E}I&S‘U&r MOnekyn w nepefagyT el umnynse AP = E}IHJ'DUE,&S'&I.

1 .
HaeneHue, okasbiBaeMoe razoM Ha CTEHKY cocyaa: p = EH.FHDU
Ecnu ras B obweme V' cogepsnt N MONekyn, OBUKYLLMXCA CO CKOPOCTAMM
Uy.Us,.... Uy, TO Uenecoobpa3Ho paccmaTpuBaTe CpPedHH Keadpamu4vHyH
cKOpoOCMmb, KOTOpas onpeaenaeTca Kak

2 1 A 2 1 l’mi-{x 7
(V) :QZU; = Jvdn,
NS N+
W XapakTepuayeT BCH COBOKYNHOCTE MONeKyn ra3a.
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OcHoeHoe ypasHeHUe MOoNeKynApHo-KUHemMuU4Yeckol meopuu udeanbHbix
24308a;

1 2 _1 :
p= —mu,:}(u,,e> pV= 74'1"5*‘?D<Uﬁ_-s>
- K 3
Opyrve BapwaHTbl 3arnvcl 3TOro ypaBHEHWA C 2
- 1 o m.:}(um> 2
yyeTom cooTHolleHuwid = N/V v m= Nm, —> pV=—N2———=—FE
3l -‘! 3l
2 2
3peck £ — cymMmapHaa KMHeTMYecKaa SHeprus -
o 1 2
NOCTYNaTenbHON OBUAEHWA BCEX MOMEeKyn rasa, V# pV = TF”(UM)
MONAPHLIA 0ObeM, U — MOonApHaA Macca. J
Mcnoneaya  ypaBHeHue  Knanedpoda-MeHpe- _ 1 2
pV,u - Tlu<ur:s)
2

1 2
neeea, nonydmm RT =§,u(um> , OTKyaa 2

11.CDEJJ,HFIFI KEaapaTWUYHAaA CKOPOCTbE MONekKyn naeanbkHOro rasa.
_ [3RT _ (3T
(Ur6> - -

u my

rae ucnonb3oBaHo U =myN  u k=R{N .
CpedHAA KuHemu4eckada 3Hepzus nocmynamenbHozo deuxeHUs odHoll
Monekynbl udeanbHo20 2a3a:

N 2 2
OTcioga cnenyeT, 4yTo (ED)ZO npu T =0K — npekpalwaeTca OBWKEHWe
MOMeKyn rasa.
MonekynapHo-kKMHeTUYeCKoe ToNKoBaHWe TeMNepaTypbl: TepMoauHaMudeckan
TeMnepaTypa — €CTb Mepa cpefHeld KMHETMYECKOW SHEpPrMM NOCTYNaTenbHOro
OBWXEHWA MONEeKyn rasa.

{En>:£:mD(UEB)_ —%ﬁrf

12.3akoH MakcBenna o pacnpegeneHvd MonNekyn woeanbHOro rasa no
CKOPOCTAM.
B raze, HaxooAwemMcA B COCTOAHWMW paBHOBECWA MPW AaHHOW TemMnepartype,

YCTaHaBnueaeTcA HeKoTopoe CTauuoHapHoe, He MeHAwWweecd CO0  BpemMeHeM
pacnpegeneHie MONeKyn nNo CKOpPOCTAM. 3TO pacnpefeneHle onuckiBaeTcA

yHkumenn  f(U), HasbiBaeMoW d¢byHKyuel pacnpedeneHus Monekyn Mo
ckopocmsaAM, KOTopaa onpefendeT OTHOCUMTENbLHOE 4YUCNO MOMNeKyn, CKopocTU

KOTOpPLIX NeXaT B MHTepBane oT U o v+ du, T.e. fv)
dN(V)
—2 = f(u)dv
N f)dv, L<T,

3akoH Makceenna:

m
2mkT

fu)=4r

3Ta hyHKUNA YOOBNETBOPAET YCI08UI0 HOPMUPOBKU: Jf(ujdu =1
0
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13.HanBonee BepoATHAR CKOPOCTb MONEKYNn uaeanbHOro rasa.

CKOpOCTh, MPW KOTOPOI hyHKUMA pacnpefeneHUsa MOMekyn uaeansHoro rasa
Mo CKOPOCTAM MaKcuMmarkbHa, Ha3kiBaeTcA Haubosiee eepPoAMHOU CKOPOCMEBH U, .

df (v)

MNpvpaBHAB ———— HyNI0, Mofydaem: U, =

dv

2kT _ (2RT

my

C noBbllleHnemM TemnepaTypbl U, pacmem.

u

14.CpenHAas cKOPOCTb MONeKynbl rasa (cpenHsasa aputbMeTUYecKaa CKOPOCTh)

{vy= iTwIﬁ-’(uj = Tuf(ujdu =
N g ]

15. CKOpoCTH, XapakTepuUsyHLNE COCTOAHWE rasa.

8kT  [8RT

Ty U

Hawnbonee pepoATHaA
CKOpPOCTL U,

CpeOHAA cKopocTb (U)

CpenHana keagpaTUdYHan
CKOpOCTh (Uw>

2RT
i

(v)= E:1.13u

B Tl

E

{v,)= SRT 1.22v,

u

16. BapomeTpudveckaa chopmMyna.

B ogHopogHOM none TArOTEHMA 3emMnu Tennosoe [ABWXKEHWEe MOnekyn
NPUBOOUT K HEKOTOPOMY CTalMOHApPHOMY COCTOAHWMIO rasa, NpyM KOTOPOM AaBrneHue

rasa ¢ BbICOTOW yObiBaeT. [laBneHwe Ha BbicOTe /1 rasa ¢ MONAPHOW Maccod U

OTHOCHWTENBHO YPOBHA MOPA, rae asnedne p, cHATAEeTCA HOpMalnkeHeIM, PABHO

Ugh
P=Po®Ep| ——/——
RT
17.PacnpeneneHne bonbumaHa.
WcnonbayA cooTHowenwa p=nkl, H=myN B ' mygh
R=IVN ] n=nyexp| —
= kN 4, nonyyaem: kT
Tak kak mygh=W — noTeHyManbHaa SHepruA 5%
MOIEKyIbl B NOrie TATOTEHWA, CnefoBaTellbHO: 1= Mo EXp| T
Takoe pacnpefeneHve Ha3biBawT pacnpedeneHuem i
BonbymaHa (pacnpefeneHve 4YacTuu MO  3HAYEHUAM ﬂ:exp _W1 —
NnoTeHUManbHo SHEepruu) ana BHELLHEro | ., kT

nomeHyuanbHO20 Nons..

3 Hero crneayeT, YTo NpW NOCTOAHHOA TeMnepaType nNAomHocme 2asa Gonble
mam, 2d0e MeHblUe NomeHyuansHas sHepaus e2o monekyn. Ecnu yacTuusl nmeroT
OJMHAKOBYIO MAaccy W HAXOOATCA B COCTOAHMM XAOTMYECKOro TENnoBOro [ABMMKEHWA,
To pacnpefenedue bonsymara cnpaeednueo & N0boM eHElHEeM MoMeHUyUansHoM
f1o/1e, a He TOMLKO B MoMne CUM TAXECTH.

18.CpeaHaa anuHa ceo6oaHoro npobera Monekyn.

MNyTb, KOTOpbIW B CpefHeM MPOXOAAT  MONeKynkl
nocnegoBaTenbHbIMM CTONKHOBEHWUAMM HasblBaeTcA
ceobodHozo npobeza MosIeKy.

MEXOY  OBYMA
cpedHel dnuHol
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MWHMUManNLHOE paccToAHWe, Ha KoTopoe cbnukakwTcA nNpu  CTONKHOBEHWMM
LEeHTPbI ABYX MONEKyn, HasblBaeTcA aghghexmueHbiM duamMmempom MoeKyns! d .
Tak kak 3a 1c mMonekyna npoxoOuT NyTb, PaBHLIA cpefHeld apuiMeTUYecKon

CKOpOCTH (U) M ecnm (:) — cpedHee YUCMo cMonKHoeeHull, UCNbIThIBaeMblX
OQHOW MOMeKynoW rasa 3a 1c, To cpefiHAA OAnvHa ceobogHoro npobera

_{v
=)

Mo3KHO NokasaTh, YTo: (:) = ﬁ:r(fzn(u), oTKyOa: (f} = ﬁ
wd “n

19. 3KCcnepuMeHThl. NoATEEPXOaAWME MONEKYNAPHO-KMHETUYECKYIO TEOPUID.

1. BpoyHOBCKoe ABWXeHWe . [TOble YacTULLl MankIX pasMepoB, BaBelleHHbIe
B rase WM KWOKOCTWM, COBEpLAaKT CchoXHoe aursaroobpasHoe [OBWHeHWe.
BpoyHoBCcKOe [OBMXEHWEe B3BelleHHbIX 4YacTWL, Bbi3biBASTCA yaapaMu MONeKyn
cpedbl, B KOTOPOA 4acTWUbl B3BelleHbl. [ModmeepwdeHue zunomesbl O

Xaomu4eckoM mennosoM deuxeHuu Monekyn.

2. OneiT_WTepHa. [Iea KoakcwanbHbIX UWMAHOPA CUHXPOHHO
) BpallawTcA B Bakyyme. ATOMEI cepebpa, wucnapace ¢

NPOBONOKKW,  PAachoONOXeHHOW BAONb OCWM  BHYTPEHHEro
LMNWMHAPa, BhiNeTalT Yepes LWenb U OCeaalnT Ha BHyTpeHHe
CTEHKE  HapykHoro  uunuHopa. Wecneoysa  TONWMWHY
OCaKOEHHOr0 CNofA, MOXHO OLEHWTL pacnpedeneHue
MoOMleKyn Mo  CKOPOCMAM, KOTOpPOE  COOTBETCTBYeT
MaKCeennoacKkoMy pacnpeneneHuio.

3. OnbIT_JlammepTta. Meway WCTOYHMKOM MOMEKYNAPHOrO My4Yka M MPUEMHUKOM

.’a

JTm— N Jofyuwe CVIHXPOHHO  BpallaloTca fsa aucka ¢
=5 paguancHeiMM - wenamu. M3 uucna

{U MOMeKyn, nponeTeBlIMX 4Yepes MnepByk

f; lens, MNPoONeTAT 4Jepe3 BTOpPOW AWMCK

TONLKO Te, KOTOpble MOANETAT K Hemy B

TOT MOMEHT, KOra Ha NyTu Nydka BCcTaHeT
L npopesb BO BTOPOM gucke. WKameHas
YITIOBYK CKOPOCTb BpalLleHWA, MOXHO WCccnefoBaTk pacrnpedeneHue MosieKyn no
cKkopocmsaM.

20.AsneHna nepeHoca.

HeneHusamMu  nepeHoca  HasblBawTcA  Heobpatumble  npoueccel B
mepModuHamMuyecku  HepasHO8EeCHLIX  clucmemax, B  KOTOPbIX  MNPOWMCXOOWT
NPOCTPaAHCTBEHHLIA NepeHoC 3Hepauu (TennonpoBOOHOCTL), Macck! (aOuddyana),
umMnynbca (BHyTpeHHee TpeHne).

[nA npocToThl OrpaHUMYUMCA O0HOMEpPHbLIMU ChnydYaAamMmun, Belbpas
OCb X Tak, 4ToObl OHa Dbina HanpaeneHa & HanpaeneHuu nepeHoca.
byoem paccmaTtpueate NOTOKW 3HEPrvW, BellecTBa W MMMynbeca
YNOpALOYEHHOro [OBMAKEHWA dJacTul 4depe3 eOWMHWYHYHD nnowanky
(S=1), nepneHOMKynApHylO ocM X, [ANA WAeankHOro rasa

MIOMHOCMEBD 2, Y KOTOPOro

(U) — CpedHAs CKOPOCMb MEenioso20 08uUMKeHUs MONeKyn,

(! ) — cpedHAA dnuxa ceobodHozo npobeza.
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21. TennonpoBoAHOCTD.

Ecnu B ogHoi obnacTy rasa cpeHAA KMHETWYECKanA 3Heprua Monekyn bonblue,
yeMm B Jpyroi, TO ¢ TeYeHWeMm BpeMeHW BCNeACTBUE MOCTOAHHLIX CTONKHOBEHWI
MOMeKyn MPOWCXOOWT MpoUect BblpAaBHUBAHWA CpPeOHWX KMHETUYECKUX SHEepruil
MOMeKyn — BbipaBHUBaHWe TEMNepaTyp.

MepeHoc sHepzuu (B (opMe TennoTel) OMWCLIBAETCA o ’ldf
3akoHoOM Qypbe: Jg = n
30ecb jp— nANomMHocmMb mMmensoeo2o nomoka —

TENnoBas SHeprua, nepeHocMMan e eduHuUly speMeHU 4Yepes

eOUHUYHYIO MNoWAadKy, nepneHduKynapHyr ocu X 1
A — Koappuyuenm mennonpoeodHocmu, A= Ecyp(u)(f}
I/ — TpagMeHT TemnepaTypbl — CKOPOCTb WM3MEHEHWA i

TeMnepaTtypbl HA eQWHULY ONWHLI X B HAnpaeneHWW HoOpManu K 3ToW nnoulanke,
¢, — ydenbHaa mennoeMKkocmb 2asa npu NnocToAHHOM obbemMe (KonuyecTBo
TENMNoTel, HeobXoQuMMoe ANA HarpeeaHMa Tkr raza Ha 1K).

22. Oundhchysung.

AenerHue Audbchbysuu 3aKMoYaeTCA B TOM, YTO NMPOWUCXOOUT CaMONpPOW3BOIb-
HOE MPOHWKHOBEHWE W MepeMellMBaHWe YacTUl [ABYX COMPUKACANLWMXCA rasos,
HWOKOCTEM W faxe TeBepAblx Ten; AudpdyauAa cBoauTcA K oOMeHy dacTuuaMmu
(nepeHoc Macc) Mexay 3TUMWM Tenamu, BO3HMKaeT W NpoforkaeTcs, rloka
cyujecmeyem apadueHm MAoMHOCTIU.

MepeHoc macce! (OMdhdoyana) ANA XMMUYECKW OfHOpOoM- _ f?r_P
HOMo rasa Nnog4MHAeTCA 3akoHy Ouka: Jm = v
30eck j,— MNOTHOCTE MNOTOKa Maccbl — Macca
BelllecTea, OudpbyHoupyrolero e eduHuly epemMeHu depes
eduHuYHY nnowadky, neprneHoUKynAapHYw ocl X | 1
D — koagppuyueHm dugpghysuu, D :§<U)(f)

@/ — rpammMeHT NNOTHOCTH, PaBHLIA CKOPOCTU W3MEHEeHMUA
MIOTHOCTW Ha eQUHWLY ONWHBI X B HanpaeneHWW HopManu K 3ToW nnollagke.

23.BHyTpeHHee TpeHWe (BA3KOCTL).

BcnencTeme xaoTWUYecKoro TENNOBOTO ABWKEHWA MOMEeKyn npoucxoguT obmeH
MONeKynamMmu _Mexay CrNoAMK rasa OBWHYLMMWCA C PasnuYHbLIMA CKOPOCTAMM, B
pesynbTate 4Yero WMMNYNbC CcnNos, ABWKyllerocA ObicTpee, yMeHblaeTcA, a
OBWKYLLErocA MefneHHee — yBenuuMBaeTcA (NMPOWCXOOUT MepeHoc UMMAyabca OT
OOHOrO CHNoA K OpYromy). 3TO NPUBOOWT K /MOPMOMXEHU CIOA, OBWKYLerocs
ObiCTpee, U YCKOPeHUo CNOA, ABWKYLLErocs MeaneHHee. dv

BHympeHHee mpeHue onucbiBaeTcA 3aKoHOM HbloToHa: Jp="N—

3peck jp— nAomHocme NOMoOKa UMnyneca — NOJMHLIA dx

UMIMYILC, MepeHoCcUMbIl & eQuHULY epeMeHU 8 MoMoXUMmensHoM

HanpasneHuu  ocu X yepes  eOQuHUYHYK  rnouwadky, 1

nepneHOUKYNAPHY oclU X, n=— p(u)(f }
1] — QuHaMu4eckas es3Kocmb, 3

du/ — rpagueHT CKOPOCTU, MOKAa3blBaLWA BLICTPOTY U3MEHEHNs CKOPOCTU B

HanpaesneHy x|, NnepnedguKynApHoM HarnpaeneH ABMAHeHWA CIoes ra3a.
BHewHee cxodcmeo MaTteMaTuydeckux BbipaXeHWH, onuchbiBakoWKWX ABNEHWA
nepeHoca, oﬁycnoﬂnEHo GEMHGCMEW nexawero B OCHOBe ABNEHWI
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BHYTPEHHEero

TpeHus

MOnNeKynApHozo

MeXaHu3Ma nepemMelliMBaHnAa MONeKyn B npoLecce MX XaoTUYeCcKoro JBUHKEHUA.
@opmynsl dna koaghguuueHmoe A, D u 1) ceAssigarom KosghghuuueHmMs!

nepeHoca U xapakmepucmuKu mennogozo dalxeHus MoneKkyi.

A
3aeucumocTn mexay A, D n1: n=pD —=1
e
OcHOoebl mepMoGUHaMUKLU.
24.BHyTpEeHHAA 3Heprva TepMogUHaMUYECKOW CUCTEMBI.
BHympeHHAa 3Hepzua U — 3T0 3HeprMa XaoTW4eckoro (Tennosoro)

OBWAEHWA MUKDPOYacTWL CUCTEMBI (MONEKyn, aTOMOB, 3MNeKTPOHOB, Afdep W T.4.) u

3Heprus BaaMModeACcTBUA STUX YacTHL.
K sHympeHHel 3Hepauu He OMHOCAMCA KWHETUYECKaA 3HEepruA OBWKeHWA

CUCTEMbI KaK LIeNoro U noTeHUMansHas sHeprns cUCTeMbl BO BHELLIHWX MOMAX.
BHympeHHAA 3Hepaus — o00HO3HaAYyHasa yHKUUS mMepModuHaMUYecKo20

cocmoAHUA cucmeMbsl —

onpefeneHHon BHYTPEHHER 3HEPIMEN.
MoaToMy, @HYMPeHHAR 3Hep2uA He 3asucum OoT TOro, Kakum obpazom
CUCTEMA NpULLINa B JjaHHOE COCTOAHMUE.
lpu nepexode cucmemsl W3 OOHOIC COCTOAHWMA B [Opyroe U3MeHeHue
eHympeHHel sHepauu onpeaenaeTca MOLKO PazHoCMbi0 3HAYeHUd BHYTPEHHEH
AHEPTUM 3TUX COCTOAHWIA W He 3aaucum om Nymu nepexoda.

25.4Y9ucno cteneden ceoboabl.

Hucno cmeneHeil ceobodbl —
NONHOCTLH ONPEOENAKLLWMX NONOKEeHWE CUCTEMBbI B NPOCTPAHCTBE.
Yueno cmeneHeli ceobodkl dnA udeansHo20 2838 MECMKUX MONEKYI.

B Ka¥[OoM COCTOAHWMW cucTema obnagaer BMonHe

ITO YUCHOo He3dasUcUMbIX MepeMeHHbIX,

Uwucno cTeneHen

OnHoaTOMHLINA ras

[ByXaTOMHGLIA ras

MHoroaToMHbIA ras

ceobofkl
5 +
MNocTynarenbHbIX 3 3 3
BpalwlaTtensHsIx — 2 3
Becero 3 5 6

B peanebHbix MONekynax HeT MeCTKOW CBA3W Mexdy artoMmamu B MOIekyne,

nostoMmy HeobXoOWMo YUYWMTEIBATE TakKe CcTeneHu cBobogbl

OBWXEHWA aTOMOB BHYTPW MONeKynbl.
HesaBucumo ot obulero yncna cteneHei ceobofbl MONeKynesl, mpu cmeneHu
ceobodbl ece2da nocmynamenbHble. Ha Kaxaoylo W3 HUX NPUXOOUTCA TPeTb

KUHemuYecKol sHepauu nocmynamensHo20 JelKeHUA MomeKy b (EG> Z

@1):@:@:%&;

3

b

KonebarenbHoro
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26.3akoH BonbumMmaHa o paBHOMEPHOM pacnpeaeneH 3Hepruv No cTeneHam
cBoBoabl (3aKkoH paBHopacnpeaeneHua).

Hna cucmeMsl, HaxodaweldcA 6 COCMOAHUU — MepModuHaMUYecKozo
pasHosecUs Ha Kaxdyk nocmynamenbHy U spaujamefsHyro cmeneHs caobodsl
npuxodumcA e cpedHeM KUHemu4yeckas 3HepauUdA, pasHas k%, a Ha_ Kawoyw
KonebamensHyo cmeneHs ceobodsl — & cpedHem sHepaud, pasHas kT .

JHepruA  KonebaTenbHblX cTeneHeW ceoboabl BOBOe DoMblUe, NOCKONBKY
konebaTenbHaa cucTeMa obnanaeT paBHLIMK NO BENUYMHE CPefHUMKW 3HAYEHWUAMM
KaK KWNHETWYECKOW, TaK U NOTeHUWANbLHOW 3HEPTUK.

Takum obpasom, cpedHAs sHepaua MoJIeKy bl (E) = kT,

rae i— CcyMma 4ucna nocTynaTenbHbIX, Yucna BpallaTenbHbiX U YOBOEeHHOro
yncna konebarenbHbiX cTeneHei cBobofbl Monekynbl: 1=1_  +i . +2 7 B

Earmn EoIen -~
KNacCcWMYecKoW TEOpWK pacCcMaTpUBaKT MOMNEKyNbl © JXecmkoill CBA3LKD Mexay
aromamu; OAnA HMX I coBnagaeT ¢ YMCNOoM cTeneHel ceobobl MoONeKynbl.
B woeankHOM raze monekynsl Mexfy cobOW He B3aWMOOEWCTBYHOT WM WX
NoTeHUWANbLHAA 3HepPruA paBHa HyN. [Mo3TOMY BHYTPEHHAA 3IHEPIMA 00H020 MOMA

upeansHoro rasa U, w npouseonsHol macce! m rasa U ByfyT COOTBETCTBEHHO!

U, ={e)N, =ZkIN , = ZRT U="LRT=viRT
2 2 o2 2

27.MepBoe Ha4Yano TepMoaAWHAMWKM.

MNepBoe Hauyano TEpPMOAWHAMWKMA — 3TO 3aKOH COXpaHeHWA W npeBpalleHWs
3HEPTUW B TEPMOJMHEMWYECKUX NpoLeccax.

MN3MeHUTL BHYTPEHHIO SHEPTrMi0  CUCTEMbl MOXHO [ABYMA crnocobamu:
cosepluas Had cucmemol pabomy (HanpumMep, cxXUMas ras B UUIMHAPE C NOMOLLLH
nopwHA) wnu coobwad cucmeme menomy (HanpuMmep, HarpeBaA ras B
repMeTHUYHOM cocyae).

PaccMOTPUM  3aMKHYTYI, MaKpPOCKOMWYECKW HEMOOBWKHYK CUCTEMY, He
HaXOAALLYHOCA BO BHELWHWX CWMNMOBLIX MONAX M NpoaHanuMavpyem ¢ SHepreTuyecKoil
TOYKW 3peHWA pasHoeecHsl(l npouyecc nepexoda CcUCTEMbl W3 Kakoro-nubo
HayanbHOro COCTOAHMA 1 B ApYroe cocTOAHWE 2.

M3meHeHne BHyTpeHHeW 3Heprum cuctemel AU =0U,;-U; B Takom
npouecce paBHO DPA3HOCTU Meway Konuyecmsom mennoms! (), NOMyYeHHLIM
cucTeMon, v pabomold A, coBeplIeHHOW CUMCTEMOW NPOTUE BHELLHWUX CKI

AU=0-4 Unm O=AU+A4
MNepBoe HavYano TepMoAWHaMMWKW mensoma, coobujaemasa cucmeme,

pacxuayemcn Ha UsMeHeHue ee eHympeHHel 3Hepauu U Ha coeepuieHue er
pa&omm nmpomue eHelUHUX cunm.

B auddepeHumansHoii chopme: 00 =dU + 64,
roe dU (nonmueiit guddpepedHuman) — OeckoHeYHo Manoe WaMeHeHwe
BHYTPEHHEI! 3Hepri cucTembl, 04— anemenTapHas pabota, 00— 6ecKoHeuHo

Maroe KonuyecTso Tennotel. 04 u 00 He ABNAWTCA NOMHLIMKU AUcbdepeHLmanamm.

[leno B TOM, YTO @HYMpPEeHHAA 3Hepaus cucmeMbl A8nqemca 0OHo3HayYHou
¢yHKkyuell cocmosHua cucmembl. OTcloga cnefyeT, 4YTo MPU  COBEPLUEHWM
CMCTEMOM MPOW3BONBLHOIO TMpolecca, B pesynbTaTe KOTOPOr0 OHa BHOBb
BO3BpalLlaeTcA B WCXOOQHOE COCTOAHWE, MOMHOe W3MeHEeHMe BHYTPeHHEeH 3Hepriu
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CUCTEMBI paBHO HYIO (j:dU: D). Hu paboTa, HM TennoTa He ABNATCA hYHKLNAMMN

COCTOAHWUA CUCTEMBbI.

Bce BenuuMHLI BXOAALLIWE B NepBoe Hadano TepMOOWHaAMMKW MOryT ObiTb Kak
nosioxumMenbHbIMU, Tak U ompuyamenbHbIMU.

Ecnn Kk cucteme nodeodumecs mennoma, 1o 00 >0; ecnn oT CUCTEMBI

omeodumca mensnoma, 1o 00 < 0.

Ecnu cucmema coBepluaeT paboTy Haf eHewHuMu menamu, To a4 >0, ecnn
e Had cucmemoll BHELLHWe CUMbl coBepluatoT paboTty, To a4 < 0.

Opyraa opMynUpoBKa NepBoro Havyana TepMOAWHaMUKW CBA3aHa ¢ TeMm, 4To
ecnu cucTema nepuoJuyeckn BO3BpallaeTcA B NepBOHaJanbHOEe COCTOAHWME, W

cneposatensHo AU =0, mo 4A=0, 7. e. ee4HbIli deuzamene nepeozo poda —

nepuoduyecku Oelcmeyrowul dsuzamens, Komopell cosepwan Obl 60nNbWYH0
pabomy, yem coobleHHanA eMy U3BHE 3HEP2UA, — HEBO03MOMEH.

28.PaboTa rasa npw ero paclwuvpeHum.
Ecnn HaxogAwMAcA nog nopluHem B UWNWHAPWUYECKOM

» cocyde, ras, paclupasck, MepeaBwraeT noplweHs Ha
paccTosHue d/, TO nNpPoOW3BOOUT Hag HUM pabomy
P § §4=Fdi = pSdl=pdV rge S
4 = = pSdl = pdV | roe §— nnowagb NOPLIHA.
—_— 7
Z MonHana pabota 4, coBepliaeman razom 4 ; o
A= | pa
|. d/ Mpy U3meHeHun ero obrema ot V) go V- jp
2 f-i
PaBHOBEecHble Mpoueccbl — 3TO MPOLUECChl, COCTOALME W3
nocneqoBaTensHOCTM  PaBHOBECHLIX COCTOAHMIA. OHWM  NpoTeKawT Tak, 4To
A M3MEeHeHWe TepPMOAUHaMMUYECKUX NMapamMeTpoB 3a KOHEeYHbI

NpoMeXyTOoK BpemeHW OeckoHeuyHo Mmano. Bce peanbHbie
npoyeccbl HepaeHOSEeCHbI, HO B pAde chydyaes
(QoCTaToOYHO MefneHHble NpoLUecchbl) HepaBHOBECHOCTLH
peanbHLIX NPOLECcCOB MOXHO NpeHebpeys.

PaBHOBecHLIE Mpolecchkl MOXHO W30DpakaTb epagu-
yecku B KoopamHatax (p.V). Tak pabora 0O4= pdV

v » OnpegenAeTcA nnowage 3alTpUXoBaHHOW MNOMOCKW, a
dy ? V' nonuas paboTa — nnowlageo nod Kpusod mexay V; u 7 .

[py HepaBHOBECHLIX Mpoueccax 3HayeHWs napaMeTpoB B pasHbiX YacTaAx
CUCTEMbI PasNWuHbl U He cyllecTByeT (p.F)-ToUeK, xapakTepuaylLlWMX COCTOSHWE

Bcei cucTembl. MoaTomy rpacudeckoe wzobpaxeHuwe HepaBHOBECHOTNO npouecca
HEBO3MOKHO.

n

29. TennoemMKocTb.

YdenbHaAa mennoeMKkocmb eewecmea ¢ — BenuuMHa, 80
paBHaA KOMWYecTBY TennoTel, HEODXOOWMOMY ANA HarpeBaHuA 1kr | ¢ =
BelwecTea Ha 1K. Eduruya ydensHol mennoemkocmu — [/ (kr K) mdT

MonsapHaa mennoeMmkocme C# — BeNW4MHa, paBHaa Korm- | ~ _ oQ

L
YyecTBY TEMMNOTLI, HEODXOAMMOMY ONA HarpeeaHnA 1MONk BellecTBa vdT

Ha 1K. Edurula monaprod mennoemkocmu — [/ (mone K).
Cessb mexdy C, u c: C,=cu
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PasnuuawT mennoemkocmu (yOENbHYK W MONAPHYH) Npu MocmMoAHHOM
o6beme (c;; u Cp;) M Npu NocmosHHoM dasneHuu (c, u C'z), ecnn B npoLecce

HarpeeaHWA BelwlecTea ero obbem Unn gaeneHne NoAAePHUBaKTCA NOCTOAHHBIMMW.

30.MonapHaa TeNNoeMKoCcTb NPW NOCTOAHHOM obLeme.
M3 nepsoro Havyana TepmogmHamukn 00 =dU + 04, ¢ yuetom 04 = pdV w

C, =7, ana 1mons rasa nonyunm: C,,dT =dU,, + pdV,.

Mpu ¥V =const paboTa BHelWHWX cun O4 paBHa Hymw W coobliaeman raay
W3BHe Tennota WOET TONbLKO Ha YBENWYEHWe ero BHYTPEeHHEN 3HEPIvK.

du,

- dTr
Cf" paBHa W3MEeHEeHWH BHYTPEHHel 3Heprin TMonb raza NpW NOBLILWLEHWW ero

TeMmnepaTtypbl Ha 1K.
Mockoneky dU, = 4 RdT , To

31.MonapHasa TennoeMKoOCTb NPW NOCTOAHHOM gasneHWW. YpaBHeHwe Mawnepa.
Ecnu ras HarpesaeTcA npu p = const , 10

C = 60 dU+pdV _ du, +pdV#
Foovdr vdT dT dT

(EU-
n He 3aBWUCWUT OT BWOaA npouecca I:BH‘_I,I'T[JEHHFIFI 3HeprvA WieanebHOro rasa

He 3aBMCWT HW OT P, HM oT V', a onpegenaeTca Tonbko I') W Bcerga paBHa C.
OudbdepeHunpya ypasHeHwe Knaneipona-MeHaeneesa pV# =RT no I npu
P = const , Nony4nm

C'p =} + R — ypaBHeHue Manepa

C‘p Bceraa bonswe C); Ha BENUYWHY YHMBEpCcarnsHOW ra3oBoi NoCTOAHHOM.

JT0 OOBLACHAETCA Tem, 4YTO MNpPW HarpeBaHWW rasa npu MOCMOAHHOM
daeneHuu TpebyeTcA elle OONOMHWUTENLHOE KONMWYECTBO TENMOThLlI Ha COBEepLUeHWe
paboTkl paclWwMpeHWA rasza, Tak Kak MNOCTOAHCTBO OaenedHwA obecnedumeBaeTcA

yBenuyeHnem obbema rasa.
i+2

R

C,=—R+R=
2

MpW paccMOTPEeHWM TepMOJWHaAMWYECKUX MPOLIeCCOB BaXHYW ponb Wrpaet
BENUYMHA

},:&:H-Z
CI? ?- I

KOTOpaA Ha3blBaeTcA koaghcpuyueHmon lNMyaccoHa.
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M30MNPOLUECCEI. PaccmoTpum paBHOBECHbIE MNpPOUECCHl, MNpoOMCXogAulne ¢
TEpMOOUHAMWUYECKMMIW  CUCTEMAMW, NPW  KOTOPLIX OOWH W3  OCHOBHBIX
napaMmeTpoB COCTOAHWA COXPAHAETCA NMOCTOAHHLIM.

32.UsoxopHbivi npouecc (V' = const).

A [duarpamma 3Toro npouecca — usoxopa — B KOOp-
r . ovHaTax (p.V) waobpaxaeTcAa NpAMOIA, napannensHol ocu
) opauvHaT (ock p ). Npouecc 2—1 — WM3OXOPHLIW Harpes, npouecc

- 2—3 — W30XOpHOE OXNa¥eHWe.
3 Mpu usoxopHoM Npouecce 2a3 He coeepilaem pabomy

Hag BHewHumMn Tenamu (04= pdV =0) wn BeA Tennota,
cooblwaeman rasy, WOeT Ha YBEeNWYeHWe ero BHYTPEeHHel
aneprun (60 = dU) . MockonbKy dUﬂ = CpdT , TO ANA NPOW3BONLHOW Macchl rasa:

v

so="c,dr

u
33.U306apHbii Nnpouecc (p = const).

Nwarpamma aToro npolecca — wsoBapa — B koopauHaTtax (p.F) uaobpa-
}aeTcA NpAMOR napannensHol ock abcumce (ock V). MNpu uwaobapHom npouecce
paboTta rasa npw yBenuyeHun obbema ot V) go V, pasHa:

8
A _{ —
A= | pdV = p(V, —1})
15
" onpefenseTcA nnowaaso 3alUTPUXOBAHHOIO
npAMoyronsHWka. WMcnonb3yA  ypaBHeHWe  KnanelpoHa
pV = %RT; nonyuaem ¥, — ¥ z’”%ﬂ (I, — 1), otcropa

% 7 ul m
1 1 ¥V A——R{T T)
H
DU3MYeCcKUA cMbICN YHWBepcanbHOW rasoBol NocTodHHoW: R 4WcneHHo

paBHa paboTe naobapHoro pacwupeHua TMonA WaeankHOro raza nNpw HarpeeaHum
ero Ha 1K

34.UsoTepmuyeckuin npouecc (I = const).

A Huarpamma aToro npouecca — M30TepMa — B Koop-
p 1 auHaTax (p.V) npenctaenAeTr  cobow rmnepbony.

M3oTepMUYECKM npouectc ONMWCkIBAaeTCA 3akoHoMm bolns-
MapwuotTta (pV =const) .
F'aﬁc-Ta u:smepmuuecmrm paclUMpeHnn rasa

[ S

‘|

i .FH
> A= J' AV = j RT—:—RTln meTIn L
V H V1 H P
Tak kKak npu T:FOT?ST GHymﬂEHHHH IHepzUuA deansHoz20 2a3a He
UaMeHsemcsa, TO W3 NepBoro Hayana TepMoguHaMWKW criegyeT, uyto 00 =04, To

ecTb ece Konudyecmeo mennombl, coobujaemoe =2a3y, pacxodyemcsa Ha
coeeplueHUe UM pabombl Npomue eHeWHUX CUl.
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MoaToMmy, anA Toro, 4ToBbl MpW paclWUpeHWW rasa memnepamypa He
MOHUXanack, K rasy B TeueHue W3oTepMuYeckoro npouecca Heobxodumo nodsodums
Konu4yecmso merniomsl, 3KBUBaneHTHoe BHeluHel paboTe pacluMpeHus.

35.AnuabaTuyeckuin npouecc (60 =0).

AduabamuyeckuM HasblBaeTcsa npouecc, NPW  KOTOPOM omcymcmeyem
mennoobMeH Mexay cUCTEMOR W OKpyxXatLled cpenon (00 =0).

K agnabaTuueckum npoueccam MOXHO OTHECTW ece Obicmporpomekaroujue
npoyeccs! (TennoobMeH He ycneBaeT COBEpPLUMTLCA), HanpuMep, pacnpocTpaHeHue
3BYKA B cpefe, UMKIbl pacluMpeHna W CXaTuA B ABWraTenax BHYTPEHHEro cropaHus,
B XONOAWINbLHLIX YCTAHOBKaX W T. 1.

M3 nepBoro Hadyana TepmMogWMHaAMKWKM cnegyeT, 4To npu aavabaTuyeckom
npouecce O04=—dU. Wcnonbaya O04A=pdV wn dU= %C‘Fdfi MOMy4nM

pdV = —% CydT (1). C pgpyroit  cTopoHel, w3 pV ="/ RT cneayer
pdV + Vidp = AR@’T (2). Pasgenus (2) Ha (1) NOMy4YnM:
pdV+Vdp _ R _ C,—Cy dp ___dv C,
4

=— I —, Tmey=— —
pdV Cy Cp D / 4 / C

KoadhbdpmumeHT lNyaccoHa. MHTerpupoBaHne 3Toro ypaBHEHWA OaeT

In¥? + In p = Inconst , oTkyna cneagyet ypasHeHwe MyvaccoHa — | pV" = const

ypaBHeHWe aguabaTuyecKoro npouecca.
Ucnonbays yasHenne Mexpeneesa- | 171 _ const

ALY 00=0 "
P \ Knaneiipona pV' = —RI , nonysaem: | T7p'7 = const
1 T = const H
‘*\( Nwarpamma  agwabaTuyeckoro  npouecca  —
- aguabata — B kKoopauHatax (p.F) wsobpaxaetcA
. ¥ ,
= runepbonon. Aguabata (pl? =const) Gonee kpyta,

T
>

7 V, 3 dem usotepma (pV =const) . 370 0BbACHAETCA TEM, UTO

npy aguabaTtuyeckom cxkaTui 1-3 yBenuuyeHwe gasneHus
raza oDYyCNOBMEHO He TOMbKO yMeHblleHeM ero obbema, HO W MOBbILEeHWEeM
TeMnepaTyphl.

36.PaboTa rasa B aguabaTW4eckom nNpouecce.

. i . m
B agwabatuueckom npouecce 04 =—dU , noatomy 04 =——C,,dT . Ecnm ras

U
TO ero TemnepaTypa

agwabaTwyeckw pacwupAeTca oT obvema V, po F,
ymeHbluaeTcA oT 1; go I, u paboTa pacluMpeHua ngeanbHoro rasa

I
4=-"c, Jar=2c, - 1)
T

-1
p; 5]” _RLm 1_[?1

OTKyOga nonyd4aem =—— 1—[

¥—1
— . McrnonbayA
y-1 g y—-1lu
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ypaBHeHne MeHgeneesa-KnaneipoHa szERT.
i
Pabota apgwabatudeckoro pacwuvpedHusa 1-2 (3aWwTpuxoBaHHadA nnouwank)
MeHbLIE, YeM NPW WM30TEPMMYECKOM npouecce. IT0 0DLACHAETCA Tem, 4To Npwu
agnabaTMyecKkoM paclUMpeHuK NpoMUCXOAWT OXNakOeHwe rasa, Toraa Kak npu
M30TEPMWYECKOM paclUMpeHun TeMnepaTypa nogaep#uBaeTcA NOCTOAHHOW 3a CUYeT
NPUTOKA W3BHE 3KBWBANEHTHOIO KONWYECTBa TENNOTHI.

37.NonuTponuyeckue npouecchl (C = const).

Mpouecc, B KOTOPOM TemnnoemKocTk ocTaeTcA nocTosHHol (C =const)

Ha3bIBAETCA MOJIUMPONUYEeCKUM.
PaccMOTpeHHbIE  BbilWE  W30XOPHBLIA, W30TEpPMUYECKMR, W3oDapHeId W
agumabaTUYecknid Npouecckl — 3TO YacTHbIe cny4Yan NONUTPONHOND Npouecca.
YpaeHeHue noaumponbi

pV" =const

C-C
rae KoaduuMeHT 1= ———~ Ha3sbiBaeTcA Mokasamesnem noaumponsbi.

_Cr-’

3HaYeHua TennoemKocTH W MoKasaTena MonuTponsl AMA PasHbiX MpoLeccos
npuBedeHsl B Tabnuue.
TennoeMKocTb MNpU  WU30TEpMUYe-

lpouecc C n CKOM rMpouecce OeckoHeuyHo Benuka,
Anwabatndeckmi | C =0 n=y nockoneky d7 =0, B TO Bpema Kak
WaoTtepmuyeckmnii | C =oo n=1 00 #0.
Maobapuuecknid C:Cp n=10 TennoemkocTe NpU agnadatude-
» _ _ CKOM MPpOLUEcCe paBHa HYMH, NOCKOMNLKY
MNaoxopHsbii C=0C, 1= too ﬁ
P ! 80 =0, B 10 Bpema kakdT = 0
38.Kpyroeon npouecc (UMKn).
AL (A) AL (E) KpysoebiM npouyeccoM (MNW UYUKIOM)
p » HasbIBAEBTCA MNpouecc, TNpW  KOTOpPOM
a b cucTema, NpoiaA 4epes pAd COCTOAHWUA,
BO3BpallaeTCA B WCXOOQHOE COCTOAHWUE.
A Ha (p.V)-guarpamme uuvkn u3obpaxa-
2 a 2 eTCA 3aMKHYTOW KpWBOW, raoe ydacTok 1-2
> > COOTBETCTBYET pacwuvpeHuw, a 2-1 —
I_/I ]'_;_} f: ]-_;I p_,-_] I"; ‘.Illr p p ]

cKaTuio rasa.
PaGoma pacwupenus A, (nnowage urypel 1la2l, V1) nonoxutensha: 4, > 0.

Pa6oma cwamusa 4, (nnowane durypel 2617V, 2) otpuyatensha: 4, < 0.

Paboma 3a yukn A onpefenaeTcA NNowansb, OXBaTbiBAeMOi 3aMKHYTOW KPUBOWA:
A=4,+ 4,

Takum obpasom, paboma — 370 OYHKUMA HEe MOMLKO COCMOAHUA
mepmModuHaMuyeckod cucmems!, Ho U euda npouecca, KOTOPLIA NPOUCXOOWT.
Moatomy paboma He sensemcs 00HO3Ha4YHoU hyHKUUel cocmosHUS (Takow,
Kak BHYTPEHHAA 3HepruAa). W3 nepeoro Hadana TepMoguHaMWKW cnegyeTt, 4dTo
mennoma (J, Tak Ke KaKk U pabota 4, AsndemcA pyHKyuel fnpoyecca, KOTOpPbIi

NPOMCXOOWNT C CUCTEMON.
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LIukn HaswlBaeTcA MNpAMbIM, €CnN 3a LUWKN COBEplasTcA NoNoMWUTENbLHAA
pabota 4= g:pdV = () (UWKN NpoTekKaeT NO YacoBOW CTPENKe — PUCYHOK (A)).

Liukn HasbiBaeTcA o6pamHbiM, eCnA 3a UWKN coBepluaeTcs oTpuuatensHas

pabota 4= {’f@pdV < () (UMKN NpoTekaeT NPOTMB YacoBOW cTpenkn — pucyHok (B)).

MpAMOW UMK UcnonbayeTcA B mennoebix deuzamenax (coBepluakwT paboTy
3a CcuYeT MNoNy4yeHHOW W3BHe TennoTtkl). ODbpaTHBIA  UWMKN  WCMNONL3YeTCA B
xonodunbHbix MawuHax (3a cueT paboTbl BHELWHUX CWUI TENNOTa NepeHocuTcA K
Teny c bonee BLICOKOW TEMNEPATYPOR).

39.KMNAO kpyroeoro npouecca.

B pesynbTarte KpyroBoro npouecca cucTeMa Bo3BpallaeTcds B MCXofHoe
COCTOAHWE, CNenoBaTensHO, NoMHoe W3MeHeHWe BHYTPeHHEeR SHepriu paBHO HYMo.
Moatomy =AU+ 4= 4, 7.e paboTa, coBepluaeman 3a LIMKI, paBHa KONW4YecTBy

nony4eHHoM M3BHe TennoTel. EcnK B Xoge kpyroeoro npouecca cucTemMa He TONMbKO
nonyyaeT KonuuecTBo TennoTel O, HO U TepAeT (oTAaeT) KoNMYecTBO TennoTel O,

T00=0-0,.
Tepmuveckuil koaghchuyueHm nonesHozo dJelicmeus OnNA Kpyzoeozo
npoyecca — 3T0 BENWYWHA, PABHAA OTHOLLEHWID paboThkl, COBEPLUEHHOW CUCTEMON,
K KONWYEeCTBY TENNOTLI, NOMYYEHHOMY B 3TOM LMKNE CUCTEMOR:
n= A = M =1- Q_2
O, o) O

=

40.06paTuMbIi W HeEoBpaTUMbIW NpoLUecthbl.

TepMmoguHaMWYECKWA Npolecc Ha3swlBaeTcA ob6pamuMbIM, eCn OH MOXKEeT
NPOWCXOOWTL KaK B NpAMOM, Tak U B obpaTtHoM HanpasneHuu. Npuyem, ecnn Takon
npouecc NpoWUCXoguMT cHayana B NpAMOM, a 3ateMm B obpaTHOM HanpaeneHuu W
cCUCTEeMa BO3BpallaeTcA B UCXOQHOE COCTOAHWME, TO B OKpYXawLlen cpeie n B 3TON
cUCTEME  He  NpoMCXoOWUT  HUKAKMX  W3MeHeHWW. BcecAkMiA  npouecc, He
YOOBNETBOPALLWA 3TUM YCNOBUAM, ABNAETCA HeoBpamuMbIM.

PeaneHele npoueccel HeobpaTUMbl, B HWX BCerga npoucXogut guccunauna
(noTepA) sHepruk (M3-3a TPeHWA, TennonpoBogHocTH W T.0.). O6pamumbie
npoyeccbl — 3mo guluyeckaa modens — a3mo udeanusayus peanbHbIX
npoyeccos.

41. SHTpOoNUSA.
Konw4ecTeBo Tenna 5Q; KOTOpOe [ON#HO ObITk OO0CTABNEHO CUCTEME WMWK

OTHATO Yy Heé MpW nepexofe OT OJHOTO COCTOAHWA B ApYyroe, He onpefensAeTcA
OJHO3HAYHO HayanbHbIM M KOHEYHbIM COCTOAHMAMM, HO CYLIECTBEHHO 3aBMCWUT OT

cnocoba ocyllecTeneHna atoro nepexoga (00 He ABNAETCA (OYHKUMER COCTOAHUA

CUCTEMBI).
OpHako, npueedeHHOe Konu4Yecmeo mennomsl — OMHOLWEHUe Mernnomal
00 k memnepamype T cucmemsl Npu GECKOHEYHO MarbixX U3MEHEeHUAX COCMOAHUS

cucmemsl — ecTb (PYHKUMA COCTOAHWA cucTembl. B niobom obpaTMMomM KpyroBom

npolecce
ﬂ;
T

=0
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CnenoeaTensHo, NoAbIHTErpansHoe BelpaX)eHue ecThb NOMHbIA auddepeHuman

HEKOTOPOW OYHKLKK,

COCTOAHWAMKM CHMCTEMEI

COCTOAHWE.

KOTOopaa onpeenAeTcA TOJIbKO HadvalleHeBIM W
M He 3aBWMCUT OT MyTHW, KakMuMm CcUCTemMa Mnpulina B 37O

KOHEYHLIM

3HTponuen S HazbiBaeTcA (DYHKUWA COCTOAHWA cUCTEMEI, AnddepeHLnanom
koTopoii aenaAetca 60/ T -

00

ads=—=
T

T.0. nepBoe Hayano TepmoguHaminkn 00 = dU + 64 moxHo 3anucaThb B BUaE
TdS =dU + 64,

otkyaa 04 =TdS —dU =d(TS)— SdT — dU =—-d(U —

IS) = SdT =—dF — SdT

dyukuna F =U — TS asnaetca dyHKUMEH COCTOAHWA CUCTEMBLI M HaskIBaeTcA
aHepauell lenbMaonbya UNK ceobodHol aHepauell.

42 . MsMmeHeHWe SHTPONUK.

B samkHyTOA cucTeme AnAa obpaTumblx npoueccoe AS =0; ana HeobpaTUMBIX

unknoe AS = 0.

HepaeeHcTtBOo Knaysuyca: aHmMponus 3aMkKHymoa cucmembl

Moxem nubo BoapacTate (B crnyd4ae HeobpaTuMmbix npoueccoB) Aubo

ocTaBaTbeA NOCTOAHHOW (B chy4ae obpaTUMeIX NPoLEeccoB).

AS =0

Mockoneky dS v 60 MUMEKT OfWMH U TOT e 3HaK, TO M0 XapakTepy W3MeHeHUs
SHTPONWM MOXHO CYOMThL O HanpaBneHuW npouecca TennoobMeHa. Npu HarpesaHum

Tena 00 >0 W ero sHTponuAa BospacTaer @S >0, npu oxnaxgeHun 00 <0 n

3HTpONKUA Tena youigaeT dS < 0.
M303HTPONWWMHBIM Ha3LIBaeTCA fpouecc, MpomeKarowul npu MocmogHHod

aHmponuu (S = const) .
B obpatumom apgmabatuyeckom npouecce 00 =TdS =0, Tak yto dS=0 n

S = const , noatomy aguabaTtvdecknii Npouecc ABMAETCA M303HTPONUAHLIM.

PaccMoTpyMM Onsa npuMepa wieanbHbli ras, KoTopbli cOBeplIaeT paBHOBECHbIN
nepexo/ U3 coCTOAHWA 1 B cOocTOAHKE 2. MameHeHme ero SHTPOMUK

[ U+ 04
ASi =5, -
e
d T‘\V 1
Wcnoneaya dU ——{I,(ﬂ" 04 = pdV—ERT P R=C,—Cpn = 1_f2
H H v LV, m
TQ
AS, 5 = EC'F Jd—T ERJ av_m Cy 111—+R111— = Cy 111—+C ln—
L o5 M I, " H P "
MsmeHeHue sHmponuu e npoueccax udeanbHo20 2asa
WaoxopHbIi WNaobapuyeckui MaoTepMUdeckui Annabatnyeckmin
(V' = const) (p= cmzsr) (T = const) (S = const)
As="c iz As=2C,In2 As=""rm”2 AS =0
M I H Vl M V1




20

43.CtaTMcTUYECKOE TONKOBaHWE 3HTPOMNWMA.

TepmoduHamuyeckasa eeposmHocmb W cocmosHUA mena unuy cucmemsl
— 370 YKCNO cnocoBoB, KOTOPLIMU MOXKET BbITb peanns3oBaHo [aHHOe KOHKpPEeTHoe
TepMouHaMU4Yeckoe cocTOoAHWEe (MakpococmosHue). MHadye roBops, 3TO 4YMCMO
BCEBO3MOXHbLIX MUKpopacrnpedeneHull 4JacTul, Mo KOOpAMHaTaM W CKOPOCTAM

(MUKpocoCMOAHUL), KOTOPBIMKH MOXET DObITE  OCYLWECTBNEHO  OaHHoe
MakKpOCOCTOAHME .
®opmyna BonbumaHa: S=klnWw

roe & — noctoAxHaa bonbumana.

JHTpONWA CUCTEMbl onpedenAeTcs norapudMoM 4Yuciia MMKPOCOCTOAHWMIA, C©
MOMOLLLIO KOTOPbIX MOXET ObiTh peanua3oBaHo JaHHoe MaKpoCcoCTOAHWE.

3HmMponua f[ensemca Mepoil HeynopAdoYeHHOCMU cucmeMbl, — YeMm
fonblle YUCNO MWKPOCOCTOAHWIA, PeannaylollmMx OaHHOe MakpocOCTOAHME, Tem
fonblle SHTPOMUA.

44 MpuHUWN Bo3pacTaHWAE 3HTPOMNUMN.

Bce npouyeccbl e 3aMkHymol cucmeme eedym K yeenu4vyeHur eé
sHmponuu. B 3aMKHyTOW cuUcTemMe WOYT B _HanpaBneHWW om MeHee eepoamHbIX
COCTOAHWIA K Gorlee sepoAmHLIM, 00 TeX Mop, NoKa BepOATHOCTL COCTOAHMA He
cTaHeT MaxkcuMmaneHoi. B cocToAHWMM paBHoBecud — Hawbonee BepoATHOIO
COCTOAHWMA CUCTEMBI — YMCNO MWKPOCOCTOAHWIA MaKCUMAansHO, NpWM  3TOM
MakcUMarkHa WU IHTPOMNKA.

45. Btopoe HavYano TepMoguHaMUKN.

NMwbon HeoOGpaTUMbBIA Npouecc B 3aMKHYTOW CUCTEME MPOWMCXOOMT Tak,
YTO IHTPOMNWUA CUCTEMBI NPU 3TOM BO3pacTaeT (akoH soapacmaHiuA 3HmMponuu).
lepeoe Havano TepMOOWHAMWKKA  BblpaxaeT 3aKoH COXpaHeHuA W
npeepaLleHna 3Heprn NPUMEHNTENBHO K TEPMOQMHAMMYECKUM NPOLECCaM.
Bmopoe Havano TepMoOOMHAMWMKW oOnNpefenAeT HanpapeleHue npoTekaHuA
TepMoaMHaMWYeCcKMX NpoLEeccoB, YKassbiBan, Kakme npouecchkl B NPUPoae BO3MOXHLI,
a Kakume — Hert.
CywecTteytoT ewé aee OpMyNnAPOBKKM BTOPOr0 Havana TepMoguHamMnkm,
3KEBWBANEHTHLIX 3aKOHY BO3pacTaHWA 3HTPOMWK:
1) no KeneeuHy. HEeBO3MOXEH KpPYroBOW npouecc, eduHcmeeHHbLIM
pesynsmamom KOTOpOoro ABMAETCA NpeBpalleHne TennoTbl, Nony4YeHHoW
OT HarpeBaTenA, B 3KBMBANEHTHY el paboTy;
2) no Knaysuycy. HEBO3MOMEH KpPYroBoW npouecc, eduHCMmBeeHHLIM
pesynsmamom KOTOpOro ABMAETCA nNepefada  TennoTel OT MeHee
HarpeToro Tena K Teny bonee HarpeTomy.

46. TpeTbe HaYano TEpMOOMHAMUWKM.

Tpembe Havyano mepmoduHamuky — Teopema HepHeTta-TlnaHka
— MOCTYNupyeT noBedeHWe TepMOAMHAMWYECKWX CUCTEM MPWU HYNe | ;1S =0
KeneBuvHa (abCoONKOTHOM HyMe). 3HTPOMUWA BCeX Ten B COCTOAHWM T—0
paBHOBECUA CTPEMMTCA K Hynw no ™Mepe npubnuxeHus
TemnepaTypbl K HyNn KenbBuHa.

Tennoemkoct Cj, W Cp npw I' =0 K paBHbI HYyNtO, NOCKOMNLKY:

) LC (I)dT
dS:b_"-OI C:d_QI 5’(}):5@;33{__?):]&
T dT g

C,(T)dT

T
; S(V:mmr.l’"):j
g T
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47.TennoBble ABUraTen U XxonoauibHble MallWHbI.

Tennoeoli deuzamens — 3TO NEpPUOOMYECKW [EWCTBYIOLWWA OBWMraTens,
coBepllawmid paboTy 2a cyeT NoNyYeHHoN M3BHE TennoThl.

TepMocTatoMm HasblBAaeTCA TepMoOWMHaAMWYECKad cucTema, KoTopad MOWeT
obMeHMBaTLCA TEnNoOTOW ¢ Tenamu npaktudecku 0e3 MaMmeHeHWA cobcTBEHHOW
TeMnepaTyphbl.

Paboyee Teno — 370 Teno, CcOBeplakwllee KPYyroBow npouscc W
0bMeHWBaKLLEECH JHEPTUEN ¢ APYTUMK TENaMK.

lpuruun pabomel mennosozo dauzamend. om TepMmocTaTta ¢ bonee BbICOKOW

TeMnepaTtypomn T, , HaablBaemMmoro HaepeeamesneM, 3a UWKN omeuUMaemcd Konuye-

CTBO TeNnnoThl !_:_}1, a TepMmocTaTty ¢ bonee

Tf:"Tz Tj‘ - ¥
HW3KOW TemnepaTypod I,, HaabiBaeMoMy
Q, ‘T—QiT xonodunbHUKOM, 3a UWKN nepedaemcsA
Tennosoit |4 XonoauneHas [(A  KOnMuyecTBo Tennotel (J,, nNpu  3TOM
MallkHa C:l
ABHTATEND cosepuiaemca paboma A=0, — 0, .
U Q; H Q- Tepmuyecknn KIMNO osuratens:
T<Ty Tz ”:i:MZI_&
O O O

Ytobel KMNA 6ein paseH 1, Heobxogumo, 4tobel O, =0, a aTo sanpelleHo

BTOPLIM HAYanom TEpMOOUHAMWKN.
[Mpouecc, obpaTHLIW NpoUcXoddAlleMy B TENNOBOM ABUratene, ucnonesyemcs

e xonodunbHoll MawuHe: OT TepMocTaTta ¢ Donee Hu3kol Temnepatypoi I, 3a

UMK OTHAMaeTcA KonudecTBo Tennotel ¢, W oThaeTcA TepmocTary ¢ Oonee
BbicOoKoW Temnepatypoi I; > 1, Mpuatom O=0, -0, =4 wim ), =0, + 4
Konuyecmeso mennome! (J;, omdaxHoe cucmemol mepmocmamy 1, bonbwe

Konudyecmea mernnomes! Q], fonyyeHHoO20 om mepMocmaima ‘?—2 Ha egefiudury

pabomesl, coeeplleHHoU Had cucmemod.
SgppexmueHOCmMb XONOAWNBEHON MalWHLl XapakTepuayeT xomaodufibHbIL
KoadghcpuyueHm nf — OTHOLWEHWEe OTHATOW OT TepmocTata ¢ Donee HW3KOW

Temrlepawpﬂlﬁ KONnU4eCcTBa TelNnoThl _‘_02 K ﬂaﬁﬂ'Te A, KOTOpaA 3aTpavYyueaeTcA Ha
nprueeeHWe XDJ‘IG,EI,HJ‘IbHOFI MallHEl B HBHCTBHEZ
L Q] _ Q]

N =
4 O -0

48. Teopema KapHo

M3 Bcex nepuogudeckn OeWCTBYHLWWMX meroeblx MaliuH, WMEHLLWX
oduHakoeble TeMneparypsl Harpesateneit I; u xonogunesHukos I, , Hau6onbUwUM
Krng ob6nadarmom obpamumeie mawudHsl. [pyw atom Kl obpatumelx MaluuvH,
paboTawlmnx npyv OOWHaKOBLIX TemnepaTtypax HarpeeBaTened W XonogunkHWKOB,

paBHbl APYT OApYrY U He 3aeucaAm om npupodsl pabovyezo mena, a onpegenalTcA
TONLKO TEMNepaTypamu HarpesaTena U XoNoauNbHWUKA.




49.Uwnkn KapHo.
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pj, Haubonee SKOHOMUYHbIU obpamumeid
Kpyaoseol npoyecc, COCTOALWA W3 OBYX W30TepMm W
neyx anguabar.
PaccmMmoTpum npaMod yukn KapHo, B KOTOpPOM
B KadecTBe pabodyero Tena  MCNOMNbL3yeTCA
noeanbHbIA  ras, 3aknw4yeHHbld B cocyd C
NOOBMKHBEIM MOPLUHEM.
MocnedoesamenbHbie mepmModuHamMuvecKue
npoyecchl B UMKNe KapHo
1-m3orepMma-2-agnadara-3-m3orepma-4-aanadara-1:
Mamepr-.;—v-l_em{oe F)aCI.IJHpE:HHE 1—2 A, ZERTI lnﬂz 0,
=const. V, >V, u 7
Aqnaﬁam;;cioﬂel pa;mupeHme 2—3 Ay = —ECV (T, - T1)
0=0. T, <I 2 T
MaoTeE';_:JTnuecu?e cKatne 3—4 4y = ERE} lni -0,
=const: V, <V, TR A -
nabaTtudeckoe cxaTue m
i 00=0; T, >T, Ay == G (L = 1) =~
x 1 2 u

PaboTa, coBepluaeMan B pe3ynbTaTe KpyroBoro npoLecca,
A=A+ Ap+ A+ 4y =0 +4y3 -0, +4,3,=0, -0,

. 1_ -1 -1 _ -1
OnsA agwaGar 2-3 w 4-1 ypasHenun MNyaccona: TV~ =LV~ T~ =LV,

otkyna M /1, =V3 [V,

Mcnoneaya ato, mepmuveckull KN4 uyukna KapHo:

v, V.
ERTI In-2—"RT,In—2
”_Ql_ﬂz H now oV I -T,
= = > =
Ql ERI} In— 'Ti
u "

OEACTBUTENLHO ONpenenAeTcA ToONbLKO TemMmnepartypamu HarpesaTena W

XONoWNeBEHWKE.

PeanbHbie 2a3bl, Xudkocmu u meepobie mena.

MpW paccMOTPEeHWW peanbHbIX ra3os HeobXoOUMO YUYUTLIBaTbL cobcmeeHHbIL
06BeM MOMEKYIT W CUMbI MEXMONeKYNAPHO20 e3auModelcmeus.

Cunei MexXMoneKkynAapHo2o esaumModelicmeus — KOpPOTKOOEWHCTBYOWNE —
OHW NPOABMAITCA Ha paccToAHMAX MeHee 10~°M. Cuna B3aMMoOeicTBMA MoNekyn

— 3TO paBHOAEWCTBYIOWAA cUn NpuTsSkeHna F (oHW npeobnapaloT Ha GonblUMX

paccTOAHUAX) M CUN oTTankueBaHuA F, (OHW OOMWHUPYIOT Ha MarnbIX pacCTOAHWAX).

Ha pacctosnum 7 =1, 3Tu cunbl ypaBHOBeluMBaloT Apyr Apyra u F =0. Takum

obpasom, paccTofHWe 7; — 3TO pagHO8ECHOE PacCMOAHUE MeXY MoMekynamu,
Ha KOTOpoM ©Obl OHW HaxoOWNUCbk B OTCYTCTBWME TENNOBOMO  [OBMKEHWA.
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[MoTeHuWanbLHaA 3Heprua BaanMoOencTBUA MONeKyn U MuHUManbHa B COCTOAHUW
YCTOWYWMBOrO paBHOBECUA NpKU 7" = Ty -

, CootHowenue mexay U_.. v kT AenaeTca kpumepuem

h,
AY - T
F \FD pasnu4HbiX _aspesammbix cocmoaHdul. U min ONpedendseT

paboTy, KOTOPYK HYXHO COBEPLUMTL MPOTUE CUI NMPUTAKEHWA,
yToDLI pasLEAUHWTL MOMNEKYNbI, HaxogALMeca B paBHOBECHN

(r=1,). KT onpegenfeT YOBOEHHYID CPEOHIOK 3HEPTUIO,
NPUXOOALLYIOCA Ha oOfHYy cTeneHs ceoboabl Tennoeoro
OBWKEHWA MOTEKYI.

Mpu U, <<kl  eeujecmeo Haxodumca e
2a3006pa3sHOM COCMOSHUU, T.K. TennoeBoe [OBWKEHWE

MONeKyn  MpenATcTBYeT  COedWHEeHWH  (KoHOeHcaluu)
MONeKyn.

Mpu U, >> kT eewecmeo Haxodumcs e meepdom

COCMOAHUU, T K. TENNOBOW SHEPrMi HefoCTATOMHO, JYTODLI
"oTopEaTE" MOMNEKYNLI ApYr OT Apyra.

Npn U, =kT eewecmeo Haxodumcs € #udKOM

cocmosHUU, T.K. B pe3yneTate TenmoBoro ABMAeHWA MONekynel nepemellatdTcAd B
npocTpaHcTee, oOMeHMBaACL MecTamMM, HO He pacxogAck Ha paccTOAHWA,

npesbllLadWLNeE T7j .

50.¥YpaBHeHWe BaH-nep-Baanbca.

BHecem B ypaBHeHWe COCTOAHWA waeansHoro rasa pl, = RT nonpaeky,

YUUTbIBAKOWWe CcOOCTBEHHLIW 0DbEM MoONekyn W CUNbl  MEeXMONeKynApHOoro
B3aMMOoOelCcTBUA.

dakTuyeckmii obbem peaneHoro raza oyaoer V# —b, roe

! “ b — obbem, 3aHMMaeMblii camrUMKU Monekynamu. [1se Monexkynsbl
“a I paguyca 7 He MoryT cONMW3aWTLCA Ha paccToAHWe MeHblue 27,
;

\ i /4 clhepoBaTenbHO, ONA UEHTPOB [OBYX MONEKyn HegocTymneH
- cchepuuecknini obbem paguyca 27 . IT1oT obbem b B Bocemb pas
bonblwe obkema OOHOW MONEKYNLl W B pacyeTe Ha OOHY

MOMNEeKyny paBeH y4eTBEpEHHOMY 0BDbLeMY MONEKYNbI.
YueT cun  MeXMONekynApHoOro rMpUTAMEHWA OCYLLUeCcTENAETCA BBedeHWEM

A0NONHUTENEHONO gaeneHwA _pr Ha rai, HasclBacMoro eHympeHHuUM daeneHuem:

- 2
p = n/V ., rme a— noctoAHHan Ban-nep-Baankca.
YpaBHeHWe BaH-gep-Baanbca onA monA rasa — ypaeHeHUe COCMmOAHUSA
2 -
peanbHbIX 2asoe: (p+ ﬁ/V#' J(V# —Z;r)z RT . [1InAa npou3BonLHOI Macckl rasa:

L'za m
p+—— | (V—=vb)=VvRT me v=—, V=vV,.
| U
51.soTepMbl peanbHbIX rasos.
MaoTepma peancHOoro rasa npeactaendeT cobol 3aBMCUMOCTE MONAPHOIO

obbema rasa oT AaBneHuA Npy NOcTOAHHOW TemnepaTtype.
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Mpu Beicokmx Temnepatypax (I >T,) w3oTepMma peankHOro rasa oTnuyaeTcs
OT M30TEPMbI UOeanbLHOro rasa TONbLKO HEeKOTOPLIM UCKaxeHWeM (hopMbl.
Mpn HekoTopo# Temneparype I,— KpuTuue-

CKOW_ TemnepaTtype — Ha U30Tepme MNOABNAETCA
ToYka nepernda K — Kpumuyeckaa movyka. CooT-

BETCTBYHOLME 3TOA Touke obvem V. W gaenexne

T pacmem

P HasblBaloTCA KpUTMYeckumu. Maotepma npu 71,

HasbIBaeTCA KpumMuUYeckol usomepmMod.
Mpu T <7, vypaeHeHwlo BaH-gep-Baankca

COOTBETCTBYET Kpueaa 1-2-3-4-5-6-7. OpgHako, Ha
y4yacTke 5—3 cHaTue BellecTBa COMPOBOXOAETCA
» YMeHblleHueM [aBneHus, crefoBaTenbHO B 3TON
Fu obnacTh BeuwlecTeo pacnagaeTcA Ha ABe dasbl —

AHMOKOCTE W Nap.

$a3a — COBOKYNHOCTL BCEX 4acTeld CUCTEMbI, obnagawllux OOWHAKOBLIM
XMMUYECKMM COCTABOM W HaxofAWMXcA B OOWHAKOBOM TEpMOOWHAMWYECKOM
COCTOAHWMK

WMCTWHHBIE OOKPUTWUYECKWME W30TEpPMbl peansLHoro rasa WmelT Bug 1-2—6—7
ABMNAKITCA KPUMBLIMW  HEMNPEPLIBHOTO MNepexofa BellecTea W3 rasocobpa3sHoro
cocToAHMAa (/) (ydacTok 6-7) B muokoe (AR) (ydactok 2-1). YyacTok 6-2
COOTBETCTBYET PABHOBECHOMY COCYLLUECTBOBAHWIO HWAKOCTW U rasa.

BeulecTeo B razoobpazHOM COCTOAHWW NPpW TemnepaType HWHE KPUTUYECKOW
HaablBaeTcA napom (7)), a nap, HaxoOAWWACA B pAaBHOBECWW CO CBOEM KWOKOCThIO,
HaablBaeTcA HacblweHHbIM (A + I7). lMap npM M30TEPMUYECKOM  CKaTWK

npeTepneBaeT Npouece CxWkeHwsa. a3 npu Temnepatypax I > 71, He MOXeT BbiTb

NpeepalleH B XWOKOCTE HX NpU Kakom gaenedun (1),

MpW HeKoTOpLIX YCNOBWAX MOMyT ObITh peann3oBaHbl MemacmabullbHbie
COCTOAHMA 5-6 1 2-3. YyacTok 2-3 naobpaxaeT nepezpemyro Mudkocmb, 56 —
nepeckiweHHbLIU nap.

52. BHYTpeHHSAA 3Heprua peanbHOro rasa.

BHYTpeHHAR 3HeprvA peanLHoro rasa cknaibiBaeTcA U3 KWHeTUYECKON SHepriu
TennoBoro  ABwxkenuAa  monekyn  (Cp7) WM noTeHUWanbHOW  3HEPrUM

MeXMONeKynApHOro BaauMoaencTena (— H/V# ): U

a
u :CF’T_V_

u
Ecnn raz pacwwpretcAa Dea TennoobMmeHa C©  OKpy#awlwew cpeor
(aguabaTtuueckn, T. e. 00 =0) M He coBepwaeT paboTel (Tak HasbiBaemoe

pacluMpeHne rasa B Bakyym, T. e. A4 =0), U3 nepBoro Hayana TepMOOUHAMWUKM
(60 =(U, —U,) + 64) cnenyert, uto: U, =U,.

Mpu aduabamuyeckom pacwupeHuu 6es coeeplleHUs eHewHell pabomsbl
EHYMpPEeHHAN 3Hepaus 2asa He MeHemcs.

[inA udeanbHozo rasa 3to o3vadaeT I; =71, (TemnepaTypa He U3MEHAETCA).

a |l 1
nA peanbHozo raza U =C,. T —afV  noatomy I, - 1, =—| — ——
e o RN F A7

PeanbHbli raa npu aduabamuyeckoM paclUMpeHnin B BaKyyM oxaxdaemcs.
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53. KMOKOCTH U UX oNUCaHWe.

AHnOKocTe ABNAETCA arperatHbiM COCTOAHWMEM BellecTBa, MPoMeXyImoYHbIM
Mexay raszoobpasHeim M TBepAbiM. B razax HeT 3akOHOMEPHOCTW BO B3aMMHOM
pacnonoxeHWn Monekyn (xaoTwdeckKoe pacnonoxeHwe). B TeBepObix  Tenax
HabnwgaeTcA ganbHMA _ NOPSAAOK — MOMeKkynsl o00pasylT KpWUCTanmUYeckyr
peweTky. B MWOKOCTAX OanbHWWA NOPAOOK OTCYTCTBYET, a MMeeT MecTo BAWXHUNA
NopafoK B pAacnoNoXeHUW Mofekyn — WX YNopAgoYeHHoe pPAacrnonoXeHue
NOBTOPAETCA Ha PACCTOAHWAX, CPABHUMLIX C MeXaTOMHbLIMW. TennoBoe ABUMHeHue
MOMNEeKynbl B MMOKOCTWM 3TO ee KonebaHwe oKoOMo onpefeneHHoro nonoxeHuA
paBHOBECWA B TeYeHWe HEeKOTOpOro BpemMeHW, nocne 4ero Monekyna CcKadkom
nepexoguT B HOBOE MONOXeHWe, OTCTOALWee OT MCXOQHOMo Ha paccToAHWe nopAdka
MEKATOMHOrO.

Paduyc r monexkynapHozo delicmeus — paccToaHWe (nopsaaka 107° M), Npu
KOTOPOM MOMHO nNpeHebpedyb cunamu NpUTAXEHWA MeXOy MOMekynamu HUOKOCTW.
\ Cdepa paguycom 7 HasblBaeTcA cghepol
MOneKynapHozo delcmeus.

Cunbl, JgencTeywllMe Ha wMonekyny A4
BHYTPM 0BbEMa KWOKOCTW CO CTOPOHLI OKpYXak-
LMX MOMeKyn, B cpedHeM CKOMMeHcHpoBaHsl. [nA
Monekynel B, pacnonoXeHHOW Ha NOBEPXHOCTM,

paBHoAelCcTBYOWanA ckun R HanpaeneHa BHYTPb
HKUOKOCTU. PeaynbTUPYIOLKWE CUMNbl BCEX MONEKYD
NMOBEPXHOCTHOIO CMNOS O0KasblBalT Ha HWOKOCTb
MonekynapHoe (eHympeHHee) daeneHue.

54.NMoBepXHOCTHOE HATAXKEHWE.

Monekynkl  NOBEPXHOCTHOIO  CNOA  #uMakocTw  obnagawTt  DOnNbLUER
NoOTEHUWANBLHOW 3HEPIMER, YeM MONEKYNLl BHYTPU HWOKOCTW. 3Ta OONOMHUTENEHAR
3HEPIUA, Ha3blBaeMana noeepxHoCMmHOoU 3Hepauell, NponopuMoHansHa nnowanm
nosepxHocT: AE =0AS | roge 0 — noeepxHOCMHOE HaMsAXeHUe.

TaKk Kak  paBHOBECHOE  COCTOAHWE  XapakTepuayeTcA  MUHUMYMOM
NOTEHUWANBLHOW 3HEpPrMu, TO HUOKOCTE MPW OTCYTCTBMM BHELIHWX cun Byaet
NPUHUMAaTE Takyr dopmy, YToBEI NpW 3agaHHOM 0DLeME OHa MMena MUHWMANLHYH
NOBEPXHOCTL, T.€. hopmMy Wapa.

lNoBepPXHOCTHBIA  CMOW  MWOKOCTWM  aHanorvyex
PACTAHYTOW YNPYrol NNeHKe, B KOTOPOW OeWCTBYHT CUMbI
HaTAMEHNA.

[MycTe Nog AeACTBMEM CWUMN NOBEPXHOCTHOMD HATAME-
HWA NOBEPXHOCTEL HMWAOKOCTW CTAHYNACE (CM. PUCYHOK), Npwy
3TOM CcuUnbl, JeicTBylolwme Ha anement Al KoHTypa,
coeepuwatoT paboty Ad= fA/Ax, rope f— cuna nosepx-
HOCTHOMO HaTAMEHWA, OelcTBYHLAaA Ha efuHMLY ONMWHGI
KOHTYpa NOBEPXHOCTW XUAKocTW. [lockoneky aTta pabota
coBeplUaeTcA 3a C4YeT YMEHBLLIEHWA MNOBEPXHOCTHON
aHeprim Ad=AFE  To 0 =f 6 T.e noeepxHocmHOe Hams¥eHue 0 PaBHO cUne
NOBEPXHOCTHOMO HaTAXEeHUA NPUXoAALLEeRcA Ha eQUHMLY ANWHBI KOHTYpa, orpaHuyuM-
BalOLLEND NOBEPXHOCTL.

EduHUUya noeepxHOCMHO20 HamMs¥eHUs — HLTOH Ha meTp (H/m) wnm
[KOYIE HA KBAOPaTHLIA METP {ﬂm‘mz)_




26

55.CmavmBaHwne.

CMavueaHueM Ha3blBAaeTCA ABNEHWEe UCKPWUBNEHWA ceobodHol nosepxHocmu
AHUOKOCTW MPW CONPUKOCHOBEHWKW MWOKOCTH C NOBEPXHOCTLID TBEPAOIO Tena.

[NoBEpXHOCTE MWOKOCTWU, WCKPWMBMNEHHAA Ha [paHuUe ¢ TBepObIM  TEMNOM,
Ha3LIBAETCA MeHUCKOM.

JIMHWA, NO KOTOPOW MEHWCK NepeceKkaeTcA ¢ TBepAblM TENOM, Ha3blBAETCA
nepuMempomM cMaqleaHus.

fBneHnMe cmauynBaHWA XapakTepuayeTcA kpaeebiM yariom 6 mexay
NOBEPXHOCTLH) TEEPOOro Tena M MEeHWCKOM B TOoYKax WX nepecedeHnA (B Toukax
nepuMmeTpa  cMadmBaHuA). HUOKOCTL
HasblBAETCA cMaduearwuweld Teeppoe
TENO, ecnyu KpaeBOW yron OCTPLIA:

0=6 {?1‘/2 (puc.a) n HecMmavuearowed,

ecnn T/2<0 <7 (pwc.6).

Ecnu 6 =0, cmaunBaHue cuutaeTca
udeaneHbIM (nonHbIM). Cnyyain 8 =1 —
aT0 udeanbHoe (NONHOE) HecMaYueaHuUe.

Ecnn  cunel  npumaxerua Mexdy
Monekynamu meepdozo mena u Xudkocmu Bonblle, 4Y4em CUNbl NPUTAMEHWA
MOMEeKyn XWOKOCTW OpYyr K Apyry, TO XKMOKocTe ©OyaeT cmauvBawwen. Ecnm
MOMeKynApHoe NpuUmMAXeHUue 8 XudKocmu NPeBLIWAET CUNbI NPUTAXEHWNA MOMNEKYN
AHUOKOCTW K MOMNEKynam TBepaoro Tena, To XUOKOCTE He CMadYuBaeT TBepoe Teno.

56.[lagneHve Nnog WCKPUBNEHHOW NOBEPXHOCTBH XKUOKOCTH.

Chepudeckasds  ebimyknad  MOBEPXHOCTb  MPOM3BOOMT  Ha  KWOKOCTh
OOMNONHUTENLHOE [JaBfeHWe, Bbi3BAHHOE CUIMaMM  BHYTPEHHErD  HaTAKeHWsA,

]
HanpaBNeHHLIMW BHYTPb KWIOKOCTH, i&pzZE; rme R— paguyc cdepol. Ecnn

NOBEPXHOCTb HWOKOCTM €02Hymas, TO pPe3ynbTUPYHLLEaas cuna noBepXHOCTHOro

a
HaTAXEeHWA HanpaeneHa 13 XMOKOCTH KU JaBnedHwne BHYTPW AHKWOKOCTH ,ﬁp = —ZE

HN3boimoyHoe OJaeneHue eHympu MbIIbHO20 nNy3bipA pagwyca R
Bbl3bIBAETCA [OeWCTEMEM 0DOMX NOBEPXHOCTHEIX CNOEE TOHKOW CcOEepWYEeCcKon
MbIMbHOM nnevkn: Ap =40 /R .

B obwem cnydyae wW3beITOYHOE [aBneHwe OnA
NPOW3BONLHOW  MOBEPXHOCTHM  MWAKOCTW  ONWCbIBAeTCA
chopmynon NMannaca:

1 1
Ap=0c| —+—
Ry R,
rae Ry u R, — paguycbl KPMBM3HbI [BYX mOObIX

B3anuMHO nepneHguKyIApHBIX ceyeHun NoBEpRXHOCTH
HMWOKOCTW B OaHHOW TOYKE.

Paguyc KpWBW3HLI NOMNOXMTENEH, €Ccnu UEeHTP KPWBW3HbBI COOTBETCTBYHLLEro
ceYeHMA HaxXoOWTCA eHympd HWAKOCTW, W oTpuuatTeneH, ecnv UeHTp KPWBW3HGI
HaxXoOWTCA eHe AMOKOCTH.

‘ >3
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57. KanunnapHble ABNEeHWUA.
KanunnAapamu HasblBakOTCA Y3KMe UWNMHOpW4Yeckne TpyDku © guameTpom
MeHee MUNNUMeTpa.

KanunnapHocmero Ha3biBAaeTCA ABMNEHWE W3MEHEHWA YPOBHA MWOKOCTU B
Kanunnapax.

UOKoCcTb B KanwnnApe NogHUMaeTcsd WNKM onycKaeTcs Ha Takyl BbicoTy /1,
NPy KOTOpoW AaeneHue cTonba xuakocTu (eudpocmamuveckoe daeneHue) peli

ypaBHOBelUMBAETCA W3DLITOUYHLIM AaBneHuem ,ﬁ_p :
20

—=peh

BbicoTa nogHAaTWA (rnyBuvHa onyckaHwus)
Lh HKMOKOCTA B KAanUnnape:

2 2
' 1= =9 _ —gcosﬁ
pgR  pgr

roe P — MNOTHOCTL MWUOKOCTW, 7”— paguyc

AR |
”IIF

I
NP

1
IIIIE:iIIIIrJIII
I

i

NN

kanunnapa, R — paguyc KpUBM3HLI MEHUWCKa, £ — YCKOpeHue cBoDOQHOro NageHns.

Beicota nogHATWMA  (OonNyckadHuA)  AHWOKOCTWM B KanunnApe  obpaTHo
nponopuUnoHansHa ero paguycy.

58.Kpuctannuyeckue M aMmopdHbIe TBepAbIe Tena.

TeepAblM ___ TENOM  Ha3klBAeTCA  arperaTtHoe  COCTOAHWE  BellecTea,
XapakTepuayrllleecd MNOCTOAHCTBOM opMbel W 0Dbema, npudem TennoBble
OBWXEHWA 4acTul, B HWX NpeactaBnAlT cobol xaoTudeckue KonebaHuA 4dacTuy
OTHOCWTENLHO NOMNOXEHWA PABHOBECHA.

Teepable Tena nogpasaenAlTcA Ha KpUcTannuueckme U amopHIe.

KpucTtannuyeckue Tena — 370 TBepdble Tena, MMelulMe ynopaaovyeHHoe,
nepyuoau4yeck NOBTOPAKLLEECH pacnonoXeHWe YacTKL.

CTpyKTypa, OANA KOTOPOW XapakTepHO perynApHoe pacnonoXeHue dacTul c
nepuoau4yeckon NOBTOPAEMOCTEID B Tpex N3MepeHunAx, Ha3bIBaeTCA

O @ 0 @ 0 @ o Kpucmannuyeckol pewemkod.

ToukKn, B KOTOpPLIX pacnOnNOMeHkbl YAcTUULI, a TOYHee
— CpefHAe pAaABHOBECHLIE MONOXEHWA, OKOMO KOTOPLIX
YyacTUUbl COBepwawT konebaHuA, HasbiBalTCA Y3namu
Kpucmannudeckol peliemeu.

XapakTepHol o©coDeHHOCTEH) KPWCTANMOB HABNAETCA
X aHW3OTPOMHOCTL — 3aBMCUMMOCTE PM3MYECKWMX CBOWCTB
(ynpyrx, MexaHWJdeckKWX, TEennoBblX, 3NeKTPUYECKMX,
MarHWTHEIX, ONTWUYECKWX) OT HanpaeneHwa. AHW30TpONWA
KpUCTannoB O0DBLACHAETCA TEM, YTO MMNOTHOCTE PAaCcNONOMEeHWA YacTWl Mo pas’HbIM
HanpaBNeHWAM He OIMHAKOBA.

Ecnu Kpuctannuueckoe Teno cocTOMT M3 eduHCMeEeHHO20 KpucTanna, OHO
HasbiBaeTCcA MOHOKpWUcTannom. Ecnu TBepooe Teno CcOCTOMT M3 MHOXecTBa
DecnopAOo4YHO  OPWEHTUPOBAaHHLIX  KPUCTANNMWYEeCKMX 3epeH, OHO HasblBaeTcA
nonukpucTannoMm. B nonukpucTannax adHw3oTponuA HabnwpaeTcA TOMbKo OnA
OTAENBHLIX MENKWUX KPWUCTaNNUKOB.

Teepable Tena, (W3anWdeckne CBOWCTBA KOTOPLIX OOWHAKOBLI MO BCEM
HanpaBneHWAM (M30TPONHL!), HaskiBawTeA amopHbeIMK. [1NA amopdHLIX TEN, Kak K

® O @ O

o @ O @& O ® O
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ONA AKWOKOCTel, xapaktepeH 6MuxHUL nopAdok B pacnonoxeHWW YacTul, HO, B
OTNUYME OT KUOKOCTEH, ModeLHOCME YaCcTUL, B HUX 1OBONLHO Mara.
OpezaHudeckue aMmopchHble Tena, Monekynbl KOTOpbIX COCTOAT U3 Gonblioro
yucra OfWHaKOBLIX ANMWHHBLIX MONEKYNAPHLIX Lenodek, coeduHEeHHbIX XMMUYeCKUMM
CBASAMW, Ha3LIBAKTCA NoauMepaMy (HanpuMmep, Kaydyk, NonusTUNeH, pesuHa).

59. Tunbl KPUCTANNOB.

B zaBMCcHMMOCTW OT pofa YyacTul, PacnoNoOXeHHbLIX B yanax KpucTannuyeckow
pelleTK, W Xapaktepa CWN  B3aMMOOeWCTBMA  MeXOy HWUMK  KpucTann.
nogpasfenArTcA Ha MeTbhbipe TWha. WOHHbLIE, artoMHble, MeTannuyeckme,
MOMNEeKYNAPHLIE.

MoHHble kpucTannbl. B yanax KpucTannuMueckoW pelueTkM pacnonaratTcA
nooyepedHo WOHbLI MNPOTUBOMNOMOMHONO 3HakKa.
CTpyKTYpbI peleToK OBYX Hanbonee
XapakTepHbIX WOHHBLIX KpucTannoe — NaCl
(pelleTka npeacTaenAeT coboW NBe OfWHAKOBLIE
rpaHeueHTpPUpoBaHHble KyDWYeCcKMe pelueTKM,
BMOXEHHLIE OPYr B Apyra; B yanax oqHOW M3 3TUX
peleTok HAaX04ATCA MOHLI Na™, B yanax gpyron —
WOHBI CI') W CsCl (kybuwyeckad obbLEMHO-
UeHTpUpOBaHana pelleTka — B UEHTpe KaXOoW snemMeHTapHOW AYelkW HaxoguTtcA
WOH) — MoKasaHbl Ha pWUcyHKe. CBA3b, 0DyCcnoBMeHHaA KYNOHOBCKMMKW cunamu
NPMTAMEHWA MeXQy pazHOMMEHHO 3apAMeHHLIMW NOHAaMWU Ha3biBAETCA WOHHOU.

ATOMHble KpucTannbl. B yanax kKpuctannuueckon pelueTkM pacnonararTcaA

HeWTparneHble aToMbl, YOEepAKUBAKLWMECA B Yanax peleTKu
KoeaneHmMHbIMuU ceAasaAMuU KBaHTOBO-MEXaHWYeCcKoro
NPoOUCXOXAeHWA (y cocedHUXx artomoB 0B0DLEeCcTBNAKTCA
BalneHTHLIE 3MNeKTPOHLI, HAaMMeHee CBA3aHHLIe ¢ aTOMOM).
[MpuMep aToOMHBIX KpWcTan-
noB — anma3s W rpacur.
B anuaze kawObidi aTtom
yrnepoga CBA3aH ¢ JYeTklpbMA
TakMMn ¥e aroMmamu, KoTopble
pacnonaralTcA Ha OQUHAaKOBLIX PacCTOAHWAX OT HEro B
BEplUMHAaX TeTpasnpa. B rpadwte atomel yrnepona
ynakoBaHel B MMOCKWE Crow, CBA3aHHble Mexdy cobow
cnabbiMK BaH-Oep-BaanbCOBLIMKA CUNaMK.

MeTtannuyeckme Kpuctannbl. B yanax KpucTannMueckon  pelleTku
pacnonararTcA NoONOXKUTENBHBIE WOHbI MeTanna. Mpw obpasoBaHun
KpUCTannMYecKon pelleTKn BaneHTHbIe 3NeKTPOHLI, cnabo CBA3aHHbIE ¢ atoMamm,
OTOENATCA OT aTOMOB WU KOMMEKTUBUMIWPYIOTCA. OHW YXe NpuHagnemxar He ogHOoMY
aroMmy, Kak B cny4yae WOHHOW CBA3W, W He nape cocefHUX aTOMOB, Kak B cnydae
KOBaneHTHOW CBA3KW, a BCeMY KpUCcTanny B Lenom.

MonekynfpHble KpucTannel. B yanax KpucTtannuuyeckol  pelieTku
pacnonararTcA HeWTpankHele MOMeKynkel BelwecTea, CUMNbl B3anMogencTBUA Mexay
KOTOPBIMKW 0DYCNOBMNEHLI HE3HAYMTENBHBIM B3aWMHLIM CMEeLleHWeM 3MNEeKTPOHOB B
3NeKTPOHHLIX oDonoYkax aToMoB. 3TW CUMNbl HA3bLIBAOTCA eaH-dep-eaanbcoebiMU,
TAT Kak OHW MMEKT Ty Xe npupody, YTo WU CUMNbl NPUTAXKEHWA Mexdy Monekynamm,
NPMBOOAWLMMKW K OTKMOHEHWKD Ta30B OT waeanbHOCTU. [Npumepkl MONeKynApHbIX
KpWCTannos — opraHnyeckue coefuHeHWA (Hanpumep, napaduH), MHEepPTHLIE rasbl
(Ne, Ar, Kr, Xe) u atmocdepHble rasbl CO->, Oz, N2 B TBEpOOM COCTOAHWUW, Ned, U T.4.
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60.0edcdekTbl B KpUcTannax.

Nedektamn  KpUCTannUYecKoW pelleTKM HasbIBalTCcA  OTKNOHEHWA  OT
YNOPAQOYEHHOID PACNONOMKEHWA YacTUL B yanax peweTkn. [edekTel OenATcA Ha
MakpocKonuYyeckue, BO3HWKaKLIWe B npouecce obpa3zoBaHWA U pocTa KpUCTannos
(HaNpuMep, TPeWWHL!, NOopkl, WHOPOAHLIE MAKPOCKOMWYECKWE BHKMKOYEHWA), W
MUkpockonuyeckue, 0DYCNOBMNEHHbIE MWKPOCKOMWYECKMMKA  OTKIOHEHWAMKM  OT
NepUoaUYHOCTH.

MukpogedekTel OENATCA HA MoYeyHblie W NuHelHble. TodeyHsle OedeKThl
DblBaOT Tpex TWNOB. 1) BakaHCUA — OTCYTCTEBWME aToma B Yane KpWcTannuyeckon

peleTkn (a); 2) MexgoysienbHbIA_aToMm

(a) (b) (c) i
— aTom, BHEQPUBLUWACA B
MewxnoysensHoe npocTpaHcTeo (b); 3)
NPUMMECHBIA _aToM — artoM TMpPUMECH,
nubo 3amelaruMiA  atoMm  OCHOBHOIO
BelllecTBa B KpUCTaNNWYECKOW peLleTHe

(Mpumece  s3amewjeHus (c)), nunbo

BHEOPWBLLWIACA B  MeXOoy3enkHoe nNpOcTPaHCTBO (MpuMeck eHedpeHUs).
TouyeyHble nedekTel Hapywarnm ToNeKo ONuXHUG MoPAJoK B KpUucTannax.

IIMHeWHble aedpekTbl Hapywarom dansHud nopAadok. Ocoboe MecTo cpenw

NMUHEWHLIX OedpeKToB  3aHMMaT AWCNOKAUMM —  NWHeWHble  OedekThl,

Hapylwawime  npaBunbHOE yepegoBaHue

9 6 aToOMHbIX nnockocTen. PaanuvyawT kpaeebie
(Kkpal amomHOL nnockocmu, obpelsawuedcs &
Kpucmanne (a)) W euHmoeble (amoMHkle
nnockocmu obpaayrom 8UHIMOBYH

nosepxHocme (6)) Qucnokayuu.

61. TennoeMKOCTb TBEpAbIX Ten.

PaccMoTpMM  WOeanbHYH KPWUCTANNUUECKyld pelleTky, B yanax KoTOpOoW
YyacTUULI, NPMHUMaeMBIE 38 MaTepuankHele TOYKK, KonebnwTea BBNWaKM NoONoXeHWA
paBHOBECMA B  TpeX B3auMHO NepneHAWKYNApHbIX  HanpaeBneHwAx  (Tpwu
konebaTtencHble cTenedn ceobobl, Kaxaaa us KotTopeix obnagaet audepruein k717).

BHYTpeHHAA sHeprua MondA Teepforo Tena U, = 3N kT =3RT

rae N ,— uucno Asoragpo, R — mMonApHaA ra3osas NocTOAHHaA.
MonAapHaa TennoemkocTk TBepaoro Tena:

(f[rr -3
= = =3R=25i — 3aKkoH [onodra u Nt —
dT MOIE - K
MONIAPHas MenoeMKoCcmb XUMUYeCKU NpocmbiX mes & Kpucmaniu4yecKom
cocmosHUU oduHakoea (paBHa 3R) u He 3aeucum om memMmnepamypsbi.
Ecnu TBepaoe Teno ABNAETCA XMMUYECKMM COeMHEeHneM (Hanpumep NacCl), To

YWcno vYacTuy B Mone paBHO 72V ,, FAe 77— 4YWCMO aToMOB B Monekyne (AnA NaCl

Cy

4Mcno yacTuy B mone pasHo 2V, nockoneky B ofHoM Mone NaCl copepxutea NV,
atomos Na n IV, atomos Cl).
MonapHaa TennoemkocTe meepdbix XUMuYeckux coeduHeHul

C,=3nR=25 n 2%
] MOIB - K
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T paBHa CYMMe aTOMHBLIX TENMOEMKOCTER 3MNEMEHTOB, COCTABNAKLWMWX 3TO
COEqUHEHMWA.

OTKNOHEHWA OT 3aKkoHa [wonodra v INTK (ocobeHHo NpW HU3KKMX TeMnepaTypax)
0BLACHAKTCA UCX0OA U3 KBAHTOBLIX NpefcTaBNeHWi.

62.NsMmeHeHWe arperaTHoro cocToaHuA.

M B MMOKOCTAX W B TBEpOblXx Tenax Bcerga ecTb
HEKOTOPOE YMCMO MOMEKYN, IHEPrMA KOTOPLIX AOCTaTodHa
ONA NpeofoneHud MNPUTAMEHWA K OpyrMMm  mMonekynam, w
KOTOpLIE CNOCODHLI NOKWHYTE MOBEPXHOCTL KWOKOCTWU WMWK
TBepgoro Tena. TakoW npouecc ANA MWMOAKOCTW Ha3bliBaeTcA
ucnapeHuem (UnNw NnapoobpasoeaHuemM), ANA TBEPObIX TN
— cybnumauyuel (WNn eo32oHKOL).

KoHdeHcayuell Ha3biBaeTcA Nepexon BellecTBa
BCNeACTBUE ero OXNamaeHWA WNK cHaThA M3 raaoobpasHoro
COCTOAHWA B MWOKOE.

Ecnn uucno monekyn, nNoKMgarwwmnx XKMOKOCTL 3a
eauHULY BpeMeHW 4depes edWHWYHYH NOBEpPXHOCTb, PaBHO
YWCNY MOMEeKyn, nepexodAlwux Wa napa B XWOKOCTb, TO
| TBEPJOE TENO HacTynaest duHamMuYecKoe paeHoegecue Mexay

npoueccamu ucnapeHna M KoHgeHcauwn. Map, Haxoaawmwica
B pABHOBECWMW CO CBOEW XUOKOCTLIO, Ha3biBAeTCA HacbiWeHHbIM.

MnaeneHuem HasblBAETCA Nepexol BewecTBa W3 KpuUcTannuyeckoro
(TBepOoro) cocToAHWA B #uakoe. [naBneHwe nNpoucXoguT Mpu onpedeneHHol,
BO3pacTalLlen C yBENUYEHneMm
BHELUHEro OaeneHwWA, memMmnepamype

nnasnenus I__.

B npouecce nnaeneHwsa TennoTa
O, coobulaeman BellecTBY, WaeT Ha

coBeplueHne pabomsl N0 paspyleHU
Kpucmannuyeckol peLuemxu, W

nostomy I__=const (puc.(a)) po

pacnnaeneHusa BCero Kpuctanna.
KonuuecTeBo Tennotel [, Heobxogumoe Ana pacnnaenedHua 1kr BellecTea,
HasbIBAeTCA yOeNnbHOW TeNNOTOW NNaBnNeHus.
Ecnu ®uOKocTe OXNawOaTb, TO npouecc noiaeT B obpaTHOM HanpasBneHuw

(puc.(B), Qr— KONMWYECTBO TENNOThI, OTOaBAaeMOe TENOM MNpW KpWCcTannuaauuun):
cHayana TewmnepaTypa HKWOKOCTHM MOHMMaeTcA, 3aTeMm nNpu  NOCTOAHHOW
TemnepaType, paBHoW I __, HaUMHAeTCA Kpucmannusayus.

I ?

OnAa  KpucTannuaauuMw  BelwlecTea  Heobxooumo  Hanuuve  yeHmpoe
Kpucmannusayuu — KpUCTannWueckux 3apofbllled, KOTOPkIMA MOMYT DbIThk Kak
KpUCTannukn obpasylllerocA BellecTBa, Tak W NOble WHOPOOHLIE BHIMHOYEHWA.
Ecnn B 4YMCTOWM MMOKOCTW HET UEHTPOB KpUCTannu3auuK, TO OHA MOMET DbITh
oxnaxaeHa 00 TeMnepaTypebl, MEHbLUEW TemnepaTypel KpucTannuaauuw, obpaaya
Npw 3TOM nNepeoxnaxdeHHYr Kudkocmb (pUc.(B) — NYHKTUP).

AmopbHble Tena ABNAKTCA NepeoXnakaeHHBIMW KUOKOCTAMMA.

Z

KOHABHCAUMA

HCNapeHwe

HUOKOCTE

CYBNUMAaLMA | BO3IMOH Ka)

JATREPOERAHKE

NNAagneH We

T a) T
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63. DasoBble Nepexodbl.

Da30M Ha3biBaeTcA TepMOOMHAMWYECKW PABHOBECHOE COCTOAHWE BellecTea,
oTnuyakwuleeca No (UINYecKMM CBOWCTBaAM OT APYrMX BO3MOMHBIX pPaBHOBECHLIX
COCTOAHWIA TOIO e BelllecTBa.

MNepexon BellecTBa W3 ofHOW dhasel B Opyrywo — ¢pasoebil nepexod —
BCEerfa CBA3aH C KAYecTBEHHLIMW M3MEHEHWAMU CBOWCTE BELLECTB.

Das3oBbIA_nNepexon NepEore poja — 3TO Nepexof, CONpOBOXOaLWACA
NornoLueHnem Wnm BhIAENEHUEM TENNOTHI (Hanpumep, nnaeneHne,
KpucTannuaauua). OH  XapakTepuayeTcA  focmosHcmeoM  memniepamypsi,
UsMeHeHUAMU 3Hmponuu u obbema.

Das3oBbIA Nepexoq BTOpPOro pofa — Nepexof He CBA3aHHbIA ¢ NOrMoueHneM
WNKW  BbliOeNeHWeM TennoTel W WaMeHeHWem obwema. OH xapakTepuayeTcA
nocmoaHcmeoM obkemMa « 3HMpoONuU, HO cKadykoobpasHbiM - U3MeHeHueM
menmnoeMKocu.

@azoskle nepexodbl emopozo poda ceA3aHbl C U3MeHeHUeM CcuMMempuu:
BbllLE TOYKW Nepexoda cucTema obnagaeT bonee BLICOKOW CUMMETPUEN, YEeM HUME
TOYKKW Nepexoaa.

[MpumMepkl ha30BLIX NepexofoB BTOPOro pofa: nepexol (eppoMarHUTHLIX
BELIECTB MPW ONpefeneHHLIX [aBneHWAX W TemnepaType B NapamarHWTHoe
COCTOAHWE, Mepexol MEeTannoB W ChNNaeoB [MPW  HW3KMX TemnepaTtypax B
cBepXnpoeodAllee COCTOAHWE, MpeBpalleHWe ODLIKHOBEHHOID XWAOKOMo renuvsa B
CBEPXTEKYYNIA.

64.dwarpamma cocTORHWA.

Ecnu cucTema ABNAeTCA 0OHOKOMMOHEHMHOU, T.€. COCTOALLEA M3 XMMUYECKM
O[IHOPOOHOIO BEUlecTBA WNKW ero COefWHEeHWA, To MoHAmue ghaskl coenadaem c
MOHAMUEM aspesamH{o20 COCMOAHUA.

InAa  HarnAgHoro  waobpameHwA  a30BbIX
npeepalLleHni UCNonkL3yeTcA duazpamma
COCMOSAHUA, Ha KOTopol B KoopauHatax (p.T)

3afaeTcA  3aBUCUMOCTE  Mewdy  TemnepaTypon
thazoBoro nepexofa W OaBlNeHWeM B BWOE KpUBkIX
vcnaperua (KH), nnasnesus (KIT) w cybnumauuu
(KC), pasgenfswowux none aguarpaMmmMel Ha  TpwW
obnacTtw, COOTBETCTEYHLLINE YCIOBUAM
CyllecTBOBaHWA Teepgon (7T), xuakon (AK) w
razoobpasHon (I cas.
? KpvBble Ha OwarpaMme Ha3sblBaKTCA KpushiMU
chaszosoz0  pasHosecUd, KawOaA Toudka Ha HWX
COOTBETCTBYET YCNOBWAM paBHOBECUA OBYX COCYLUECTBYHUWMX has.
TPpOWHOW TOYKOW HA3LIBAETCHA TO4YKa, B KOTOPOW MNEpPeceKkawTcA KpWBble
thaz0BOr0 paBHOBECWA W KOTOpaA, CNefoBaTenkHO, ONpefensAseT YCMNoBWA

(Temnepatypy I, W paBnedne  p.) OOHOBDEMEHHO20  PaBHOBECHOZO

cocyujecmeosaHua mpex ¢ghas eeujecmesa.

TpoiiHaa mouka eodb! COOTBETCTBYET Temnepatype 273,16 K (unu 0,01°C no
Wwkane LenscuAa) v ABNAETCA OCHOEHOU penepHol MmMoYkKold ONA NOCTPOEHWA
TEPMOOUHAMWYECKOR TEMNEePaTYPHOW LUKATLL.
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65.¥paeHeHne KnanewpoHa-Knaysuyca

dp L
ar 1, -"n)

VYpasrneHue KnaneiipoHa-Knaysuyca: Nno3sonAeT
onpenennTe HaKNoHbl KPWUBLIX paBHOBECHA.
3necs L — TennoTa cha3oBoro nepexoga (Hanpumep, B crydyae nNnaBneHna —

yaeneHas Tennota nnaenenws), (V, —F,)— uameHeHne obbema BellecTBa Npw

nepexode ero W3 nepeod dasbl BO BTOpyw, 1 — TemnepaTypa nepexoaa
(Hanpwumep, B cnyyae NNaBNeHWA — TemnepaTypa nnaenexuua 7, ).

Mockoneky L w I Bcerga NONOXUTENbHLI, TO HaKMAOH Kpueol pasHO8ecus
onpedensemcA 3Hakom (V, —V,) . Tak npu ucnapexuu u cybnumayuu obbem Beerga

BospacTaet, noatomy dp/dT > 0.

[pu nnaeneHquu y BoNbLUMHCTBA BelllecTB 00beM Bo3pacTaeT, cleoBaTenbHO
dp/dT >0, T.e. yeenuuerue OasneHus MPueodUM K MOBLILUEHLIO MeMAepamypb

nnaeneHuA (cnnowHas Kl Ha pucyHKe).
Adna Hexomopbix eewjecme (Boga, Ge, yyryH) obbem KUOKoW hasbl MeHbLLe
obbema TeepOon dasbl, T.e. dp/d]‘" < (); cnegoBaTensHo, yeenuyeHue dasneHus

conpoegoxdaenca MoHWXeHUeM memnepamyps! nnasneHud (WTpUXoeas NMUHWMA Ha
PUCYHKE).

66. AHanwW3s gnarpamMmMbl COCTOAHMWA.

NwarpaMmMa CcOCTOAHWA, MO3BOMAET CYAWTb, B KAKOM COCTOAHWW HaxoOWTCH
AaHHoe BelllecTBO NpU onpefeneHHblx p W I, a Takke kakue chaszoBble nepexofs

OyayT NPOMCXOAUTE B TOM UMM MHOM NpoLEcce.
Hanpumep, npw ycnoBuAx, 0B03HAYEHHLIX:

F* TOYKOW 1 BEWECTBO — B TBEPOOM COCTOAHMMK (TT), 2—
B razoobpasHom (), 3— OoQHOBPEMEHHO B XUOKOM ()
W razoobpazHom.

lNpn wacbapHoMm HarpeBe 4-5-6 B Todke 5
HAYWMHAETCA NNaeneHue, 6— KUNeHne.

lNpn waobapHom Harpeee 7—8 TBepOoe Teno
NpeBpallaeTcA B ras, MUHYA HMuakyw caay.

lNpn wzoTepmudeckom cxatum 9-10 BeuwecTBO
NporaeT TPW COCTOAHMA. ra3—HUOKOCTe—KpUCTanmn.

Kpuean ucnapeHus 3aKaH4Yueaemcs
Kpumu4yeckold modkold (K). [lloatomy BO3MOMEH
HenpepblBHLIA Nepexol BewecTBa W3 WWWOKOrO COCTOAHWMA B rasoobpasHoe W
obpaTHO B 0DXOO KPWTWUYECKOW TOYKWM, De3 nepecedyeHWA KPWBOW MWCNapeHWA
(nepexon 11-12), T.e. TakoW mepexod, KOMopkld He conposoxdaemca ¢hazoesIiMu
npespaLyeHuamu.

3TO BO3MOXKHO MOTOMY, YTO paznvunve Mexay rasom W XWOKOCTLH ABMAETCH
YMCTO KONMWYECTBEHHLIM (0Da 3TW COCTOAHWA, HANPUMED, ABMAKTCA W30TPOMNHBLIMK).

MNepexon #e KpUCTaNNMMYEeCcKoro COCTOAHWUA B MWOKOE UNKW ra3oobpa3Hoe MoXeT
ObITe mMoneKko ckaykoobpasHsiM (B pe3yneTarte (pazoBOro nepexofa), nosTomy
KPMBLIE MNaBneHWA W cybnumaumn He mozym obpsigamescd, Kak 3T0 MMeeT MecTo
ONA KPUBOW UCNAapeHWA B KPUTUYECKOW TOUKE.

Kpuveaa nnaeneHWAa yxoauT B DeCKOHeYHOCTh, a KpueaAa cybnumauvn WoeT B
Touky, roe p=0wn I'=0.




