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Or aBTOpa 3adaHusd

D10 33/1aHKME TPETHA3HAYCHO JUIS MOBTOPEHUSI MOJICKYJISIPHON (DH3HKU
Y TEPMOJMHAMHUKH. 3aJJaHUE CIICTaHO JIBYXYPOBHEBBIM: OCHOBHON YPOBEHB
U TIOBBIIICHHBIA YPOBCHb. B TEKCTEe 3amaHWsl MaTepHasi IMOBBINICHHOTO
YPOBHSI BbIJICJICH 3BE30YKON. DTOT MaTepHal MOXET NOHAJOOUThCS MPU
paboTe ¢ mpeaHa3HAYCHHBIME Ui CAMOCTOSITEIIFHOTO PEIICHUSI KOHTPOJIb-
HBIMH BOTIPOCaMH U 3a/1a4aMHM MOBBIIICHHOTO YPOBHs (OTMEYEHBI 3BE3/104-
KOM).

§1. OcHOBBI MOJIEKY/ISIPHO-KHHETHYECKOI Teopuu

[Tox uaeanbHBIM Ta30M MOHUMAIOT T'a3, COCTOSIIUN U3 MOJEKYN, yIO-
BJIETBOPSIOIIMX JBYM YCJIOBUAM: 1) pa3Mepbl MOJIEKYJl Majibl IO CpaBHe-
HUIO CO CPETHUM PACCTOSHHEM MEXAYy HUMH; 2) CHIIBI TIPUTSDKEHUS U OT-
TaJIKUBAaHUA MCKIY MOJICKYJIaMH IMPOABIIAIOTCA TOJIBKO Ha PACCTOAHUAX
MEXy HUMHU, CPABHUMBIX C pa3MepaMH MOJICKYIL.

MornekyIbl HearTsHOTO Ta3a MOTYT COCTOSITh U3 OJHOTO aroMa, IBYX H
OOJBIIIEr0 YHCIIO ATOMOB.

[ns mpocreiiiiel MoJaeIM OJHOATOMHOTO MAEAIBHOTO ras3a, Mpe/cTaB-
TSIOIIe OO0 COBOKYITHOCTh MAJEHBKHX TBEPIBIX MIAPUKOB, YIPYTO CO-
YAApSIONIMXCS APYT C IPYrOM M CO CTEHKaMH COCYZa, MOKHO BBIBECTH,
HCIIOJNIb3YsI 3aKOHBI MEXaHUKU HBIOTOHA, ocHOGHOE ypasHeHue MOAeKYaap-
HOKUHEMUYeCcKol meopuu U0edibHo20 2a3d.

P= % nE. @

3,[[805 P - JAAaBJICHUC ra3a, n — KOHICHTpAalus MOJICKYII (LII/ICJ'IO MOJICKYII B

eauHALle 00bEMa), E — cpenHsist knHeTHYecKas SHEPTUs MMOCTYNATEEHOTO
JMBIDKCHUS OJTHOM MOJIEKYJbI (CyMMa KHHETHYECKOHW SHEPTHH IOCTYyIIa-
TEIHHOTO JBM)KEHHUS BCEX MOJIEKYJ B COCYE, IeJIEHHAs Ha YHCIO MOJIEKYJT
B cocyjie). BeiBoj 3TOrO ypaBHEHUS 1aH B IIKOJIBHOM YUeOHUKE.
YpaBuenue (1) okaswpiBaeTCsl CIpaBeUIMBBIM U I MHOTOATOMHOTO
WJEaTBFHOrO Ta3a, MOJIEKYJIbI KOTOPOTO MOTYT Bpamiarbcs M 001aaarth, Mo-
3TOMY, KHHETUYECKON sHepruel BpaimieHud. [lomHas KuHeTHYECKast SHep-
U MHOTOATOMHOM MOJEKYJIbI CKJIaJbIBACTCA U3 KUHETUYECKON >HEpruu

MOCTYMATEIbHOTO JBWXKEHUs E = m0712/2 (m,— Mmacca MOJIEKyNBI, U—
CKOPOCTH IIEHTPA MacC MOJIEKYJIbl) U KHHETUIECKOW DHEPTUH Bpamienus. B

ClIy4ae MHOTOATOMHOTO HiaeanbHOTO ra3a B (1) mox E mompasymeBaercs
TOJIBKO CPEIHsSI KHHETUUECKasi SHEPrusl MOCTYNATENIbHOTO JABMKEHHUS MO-
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aekynsl: E=m v*/2, rne v*— cpemHee 3HAUEHHWE KBaapaTa CKOPOCTH
Y h

MOIJICKYJIbI.
HyCTL €CTh CMCCh HCCKOJIBKHMX HACAJIBbHBIX I'a30B. I[J'I?I Ka)Xa01ro rasa

2 —
MOJKHO 3aIucaTb YpaBHCHUC PI = gni Ei' rac ni — KOHLCHTpAUUA MOJICKYJI

I - ro rasa, P — napyuanvroe daenenue 31oro raza (IaBjeHHE IPU MBIC-

JICHHOM yJAJIEHHH U3 COCyJa MOJIEKYJN ApYrux ra3oB). [lockoibKy maBie-
HHE Ha CTEHKY cocyzaa oOyCJOBJIEHO yAapamMH O He€ MOJIEKyJ, TOo obiiee
JaBJICHHE CMECU HMJICaJIbHBIX I'a30B PaBHO CyMME MapLUAIbHBIX aBICHUM
OTJIENBHBIX Ta30B:

P= z P — saxon /Janemona.
i

TemnepaTypy MOKHO BBECTH pa3HbIMH criocobamu. He octaHaBinBasich
Ha HUX, OTMETHUM, YTO y UACATHLHOTO Ta3a CpeIHss KHHETUIeCKasi YHEPT U

NOCTYNaTEIbHOTO ABMKEHUSI MOJieKyl E cBs3ana ¢ Temmnepatypoit T co-
OTHOIICHHUEM:
E= 3 KT, 2
2
rae k=1,38-10% JIx/K — mocrosunas Bonsumana. Ilpu 5ToM MBI cuuta-
€M, 4TO JBIKEHHE MOJICKYJl OMHUCHIBACTCS 3aKOHAMH MeXaHWKH HbroToHa.
B cucreme CU temnepatypa T usmepsiercs B rpagycax KemsBuna (K). B
OBITY TeMIiepaTypy 4acto u3MepsoT B rpaxycax Llenscus (°C). Temnepa-
Typsl, u3Mepsiemble 1o mkaine KensBuna T wu mo mkane Llenscust t, cBs-
3aHbI YHCJIEHHO COOTHOIIEeHUeM: T =t +273.
Urak, TemnepaTypa sBISE€TCS MEPOMl CpeHEH KMHETUYECKON SHEPruu

_2 3
HOCTYIATEeIBHOTO ABM)KEHUSI MOJISKYI: M, 0" /2 = E kT. Benuuuna

o, =\ = [T 3)

My

Ha3bIBAETCS CpeHell KBaIpaTHUHOH CKOpPOCThIO. SIcHO, uTo v2, =v° . OHa

XapaKTEpU3yCT CKOPOCTh XaOTUUYCCKOI'0 ABMIKCHUA MOJICKYJI, HA3bIBAEMOT'O
emé TCIIJIOBBIM JIBHKCHHUCM. I/IHTepeCHO 3aME€TUTh, YTO CpPCOHASA KBaapa-
TUYHAsA CKOPOCTb MOJICKYJ HWACAJIBHOI'O ra3da IHO4YTH HC OTINYACTCA OT

Cpe/iHel apupMETHIECKOH CKOPOCTH MOJIEKYT U, (CPENHEE 3HAYEHHE MO-

myns ckopocth): U, 1,085, . [losToMy moj cpesiHeii CKopOCTBIO TETLIO-
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BOTO JIBIKCHHS MOJIEKYJI HI€aJHHOTO Tra3a MOXKHO MOHHMMATH JIIOOYIO W3
3THUX CKOPOCTEH.

§2. YpaBHeHHe COCTOSTHUS U/1€aJILHOT0 raza

CBs3b MCKAY OaBJICHUEM, KOHHCHTpaHHeﬁ u TeMnepaTypoﬁ I uac-

AIBHOTO T332 MOKHO ITOJTyYUTh, UCKITIOUMB E u3 paBeHcTB (1) U (2):
P =nkT. 4)

N
ITockombky N =V (N — ugmcno Monekyn B cocyae oobémom V), To pa-

BEHCTBO (4) IpUHUMACT BHII:
PV = NKT. (5)
ITycts M— Macca rasa B cocyje, 4 — MOJSpHas Macca JaHHOTO Tasa, TO-

m o
raa V=— ecTh YHCIIO MOJIei ra3a B cocyzae. Uncno monekyn N B cocyne,
y7,
4uciIo Molsel raza V U noctosiHHasg ABoraapo N, CBsS3aHBI COOTHOLIEHH-
eMm N=VN,. IlogcraBnsas sto BhpakeHue mit N B (5), momydaem:
PV =vN KT . [Iponssenenune MTOCTOSTHHOM ABoranpo
N, =6,02-10® monp " Ha mocrosHHyto Bonbumana K HaseiBaror yrusep-
canvnoti 2azoeoti nocmosnnou: R=N,-k~8,31 x/(monb-K). Taxum
obpa3zom,
PV =vRT. (6)
OTo ypaBHeHHE, CBsi3bIBaroliee naBieHue P, o0wvém V, Temmeparypy
T (mo mkane KenbBrHa) 1 4nCI0 MOJIEH HAEabHOTO ra3a V, B 3aIUCH

pv =Rt )
Y7,
Ha3bIBaeTcs ypasHenuem Menodeneesa — Knanetipona.

N3 paBenctsa (7) JIeTKO MOIYYUTH 3aBUCHMOCTh MEXIy JaBieHHEM P,

m o
INIOTHOCTBYO O (,D = vj " TCMIICPATypOHr T HACAJIbHOTO Ira3a

p=LRT. 8)

U

Kaxnoe u3 ypaBuenwuii (5), (6) u (7), CBI3BIBAIOMNX TPH MaKpPOCKOIH-
yeckux mapamerpa raza P,V wu T, Ha3piBaeTcs ypaBHEHHEM COCTOSHHS
UJEATBHOrO ra3a. 371ech, KOHEUHO, peub UAET TOJIBKO O rase, HaXoAAIEMCs
B COCHMOSHUU MEPMOOUHAMUYECKO20 PAGHOBECUsl, KOTOPOE O3HAYaeT, YTO
BCE MaKpPOCKOIMUYECKUE TAPAaMETPBI HE U3MEHSIOTCS CO BPEMEHEM.
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Heckonbko cnoB o pasnogecnvix npoyeccax. Ecau mponecc ¢ uaeanb-
HBIM Ta30M (HJIH JIFOO00H TEPMOIUHAMUYIECKON CUCTEMON) HAET TOCTATOYHO
MeJIEHHO, TO NIaBJeHHE W TeMIlepaTypa ra3a Bo BcEM 00bEMe ras3a ycre-
BAIOT BBIPOBHATHCA M MPUHUMAIOT B KKABIH MOMEHT BPEMEHH OAMHAKO-
BbIe 110 BceMy 00BEMY 3Ha4eHHA. DTO O3HAYaeT, YTO ra3 MPOXOIUT depes
MOCIIEIOBATENIbHOCTh PABHOBECHBIX (TIOYTH PAaBHOBECHBIX) COCTOSHUHN. Ta-
KO Tmpoliecc ¢ ra30M Ha3bIBaeTCsl paBHOBECHBIM. J[pyroe Ha3BaHUE paBHO-
BECHOTO Tpoliecca — Kkeasucmamuyeckui. Bce peagpHbIe MpoLeccs MpoTe-
Kar0T ¢ KOHEYHOW CKOPOCTHIO M TTO3TOMY HepaBHOBECHEI. Ho B psize ciayuae
HEPaBHOBECHOCTBIO MOXKHO MpeHeOpeub. B paBHOBECHOM mporecce B Kax-
IBbIi MOMEHT BpeMEHH TemiiepaTypa T, naBmeHue P u o0bém V rasa
UMEIOT BIIOJIHE OTpeNelEHHbIe 3HAYeHHS, T. €. CYNIECTBYET 3aBHCHMOCTH
Mexay PuT,V uT, P uV.3T10 03Ha4aeT, 4TO paBHOBECHBIH MpoIiecce

MOKHO M300pakaTb B BHIE TpaMKOB ITHX 3aBUCHUMOCTeil. HepaBHOBeC-
HBII TIPOIECC N300pa3UTh TpaPUIecKd HEBO3MOXKHO.

Hamomuuwm emé pas, uto cootHorenus (4) — (8) crupaBeauBbI TOIBKO
JJIA UACAJIBHBIX I'a30B. B cMecHn HeCKOJIBKHX HNACAJIBbHBIX I'a30B YpaBHCHUA
Buaa (4) — (8) crmpaBemnuBBI A KAXKJIOTO ra3a B OTACIHHOCTH, MPHUEM
00béM V u Temmeparypa T y BceX ra3oB OJIMHAKOBEHI, a MaplHUaIbHBIC
JTABJICHUS OTACIBHBIX Ta30B M O0IIee JaBIICHUE B CMECH CBSI3aHBI 3aKOHOM
JlanbToHa.

[Mokakem, 4TO [T CMecH UICTBHBIX ra30B odliee gaBieHue P, 00bEM
V, temneparypa T W CyMMapHOE YHCIIO MOJIEH V CBSI3aHBI PABEHCTBOM

PV =VRT, 9)
KOTOpOE BHEIITHE COBITAJIaeT C PAaBEHCTBOM (6) /ISl OJTHOTO Ta3a.
3anuuieM ypaBHEHHE COCTOSHHUS JJIsl KaXKJIOrO copTa rasa:
PV =v,RT,
PV =v,RT,

CnoxuB Bce ypaBHEHUs U yuTd, 4yTo V=V, +V, +--- u P=P + P, +--

(o 3akony JlanmpToHa), momy4duM (9).
st cMecH neaIbHbIX ra30B MOKHO 3aIMCATh YpaBHEHUE

pv = M Rr, (10)

ﬂCp
aHajorngHoe ypaBHeHuto (7) mis omHOro rasa. 3aech P — nmaBnenue B
cMmecH, V — 00bEM cMmecu, M=mMm +mMm,+---— macca cMecu, | — Temilepa-
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m .
Typa CMECH, ycp =—— Cp€aHsAsa MOJIApHas Macca CMECH, COCTOSAIICU U3
Vv

V=V, +V,+--- MOJ€M.
JeticTBUTEIRHO, paBEHCTBO (9) Iy CMECH HIeaTbHBIX Ta30B MOXHO 3a-

m m
nucath B Buae PV :—/RT. Y4uteiBas, YT0 — €CTb A, , HOIY4YUM
mi/v \'

(10). Hanpumep, cpemHsist MOIsIpHas Macca aTMOC(EpHOTO BO3AyXa, B KO-
TOPOM  a30T ( Ly, =281/ MOHB) npeodyiafjacT  HajJ ~ KUCIOPOJOM

(,Lz02 =32 F/MOJ‘IL), paBHa 29 r/Mob .

IToBeneHue peasbHBIX T'a30B IPU JOCTATOYHO HU3KHMX TeMIIepaTypax U
OOJBIINX TIOTHOCTSIX Ta30B YK€ IUIOXO OIMUCHIBAETCS MOJIENBIO HI€AIbHO-
ro rasa.

3agauya 1. B cocyne o6vémom 4 1 HaxomuTcs 6 T raza moJ JaBIEeHHEM
80 xITa. OueHUuTh CPEeTHIOI KBaIPATHIHYIO CKOPOCTh MOJIEKYJI r'a3a.

Pemenne. B  3amaue V=41=4-10°M’, m=6r=6-10" kr,
P =80 kIla =8-10* I1a. 3anumem ypaBHeHne coctosiaus raza PV = NKT .

m
Ecou uepes m, 0003HauuTh Maccy MoneKyabl, To N =—;
mO
mo> 3
%zEkT . Uckmouas u3 3anucanusix ypaHenuit N u T, Haxogum
CPEIHIOI KBAaJIPATUYHYIO CKOPOCTh
3PV
L =.]—— =400 m/c.
m

3agaya 2. VaeanbHbli ra3 M30TEPMUYECKH PACIIMPSIOT, 3aTEM H30XO-
pPHYECKH HAarpeBaroT M N300apHyeCcKy BO3BPAIIAIOT B ICXOJAHOE COCTOSIHUE.
HapucoBatb rpaduku 3Toro paBHOBECHOTO Ipoliecca B koopauHarax P,V;
V,T; P,T.

Pemenne. I[Tocrponm rpaduk B koopamnarax P,V . B mpomecce u3o-
TEPMHYECKOT0 PACIIUPEHUS M3 COCTOSHUS | B COCTOSIHHE 2 3aBHCUMOCTH

.. VRT
nasiaeHus raza P or oobéma V wumeer Bum: P :T’ 9TO CIEAyeT U3

YpaBHEHUS COCTOSIHUS MieanbHoro rasa. Ilockonbky Ttemmeparypa T 1o-
const

cTostHHA, TO P = , T. €. m3otepMma 1 — 2 sBisercs runiepbosoit (puc. 1).

B panpHelimeM mpu m3oxopuyeckoM HarpeBanun V =CONSt, U 3aBHCH-
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% P
P 2 3 1 3

2
Puc. 1 Puc. 2 Puc. 3

MocTh P oT V m3obpaxkaercs B koopauHaTax P,V oTpe3koMm BepTHKaIb-
HOW Tipsimoit 2 — 3. Mzobapuueckuii mporecc n300pakaeTcsi OTPE3KOM TO-
pusoHTanbHOU nipsmMoii 3 — 1. I'paduku 3TOTO MpoIecca B APYyrux KOOPAU-
HaTax CTPOSITCS AHAJIOTMYHO U MPUBEIEHBI Ha pUC 2 U 3.

3agauya 3. B cocyne naxoaurca cmech 10 r yrimekucnoro raza u 15 1
azora. Haiitu miioTHOCTB 3TOM cMecH Tipu Temmeparype 27°C u naBieHuH
150 kITa. I"a3bl cunTaTh UaCAIHHBIMH.

Pemenne. m=101r=10" kr — macca yriaekucioro rasa, m, =15r=

T KT T

=44.10° . 1,=28

MOJIb MOJIb MOJIb

=15-10"° kr — macca azora; s,=44

—28.10° &

— MOJIAPHBIE MacCChl YIJICKHCJIOTO rada U a3oTa, TEMIIEpa-
MOJIb

Typa u nasienne T =300K, P=1,5-10° [1a. 3anumiem ypaBHEHHE COCTO-
m m

sHMS U Kaxaoro raza: PV =—RT, PV =—2RT. CnoxuB 3TH ypaB-
M A,

HEHUsT W yuTsd, 4ro no 3akoHy Jlamprona P=PF +P,, mnomyuum

PV = (ﬂ + ﬂj RT .
Mo
CﬂeﬂyeT OTMCTUTDH, YTO IMOCJICAHCC ypaBHeHHe MOXXHO GBIJ'IO 6]31 3aliu-
caTb U Cpa3y, €CJIM BOCIIOJIB30BAaThHCA I'OTOBBIM pe3yﬂLTaTOM (9)
BeIpasum u3 MONy4eHHOro ypaBHEHHUs 00bEM cMmecd V U MOJICTaBUM

€ro B BBIP)XEHUE I IIIOTHOCTU cMecH p = (M, +m,)/V. OkoHUaTenbHO,

p= M ~1,97 xr/m® = 2,0 kr/m°.

(ml 4 ij RT
HoM
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3anaua 4. [Ipy KOMHATHOH TeMIepaType YeTHIPEXOKUCH a30Ta JacTHY-
HO Jucconuupyer Ha aByokuch azora: N,O, —2NO,. B orkauanHsIi co-

cyn oosémom V =250 cM’ BBoguTCs M=0,92 T KUIKOH YETBIPEXOKHCH
azota. Korma Temmeparypa B cocyzae yBenuuuBaercs no0 t=27°C, xunu-
KOCTh TIONTHOCTHIO HCIApSIeTCS, a JaBJeHHE CTAHOBHUTCA PaBHBIM
P =129 kIla . Kakas 9acTh 4eTBIPEXOKICH a30Ta IIPH STOM JHCCOIMHUPYET?

Pemenne. Ilycte nqucconmupyer macca m, . Toraa mapnuanpHOe AaBie-

m _
Hue aByokucu azora P, =—LRT, rae g =46-10° xr/mons. [lapuumans-
1
. m-— m1
HOE JIaBJIECHUE YETBIPEXOKUCH a3oTa P,= —V RT , rae
H,

1, =92-10"° kr/moub.
Ilo 3akony [anpToHa P =P, +P,. IloacTtaBus B nocieqHee paBeHCTBO
BeIpaxkeHus 41 P, u P, , momydaem:

M(Pvu mj
-
RT Jloor

Ho—

m, =

§3. BHyTpeHHsIsI JHeprust

Bo3pMEéM MakpoCKONMYECKOE TENO M NEpEeHAEM B CHCTEMY OTCUETA,
CBSI3aHHYIO C 3TUM TE€JIOM. B cocTaB BHYTpEHHEN 3HEPIUU Tena BXOIAT KU-
HETHYECKasl SHEPTHs MOCTYNATENBHOrO JABIKEHHUS M BpallaTeIbHOIO JBU-
KEHHSI MOJIEKYJI, SHEPIusl KoneOaTelnbHOro JBIKEHUS] aTOMOB B MOJIEKY-
Jax, TOTEHIMAJIbHAs SHEPTUs B3aUMOJEHCTBHS MOJIEKYN APYT C JIPYTroM,
SHEPTHs 3JIEKTPOHOB B aTOMaX, BHYTPUSAEpHAs SHEPTUS U JIp.

Bynem paccmarpuBaTh SBJIECHHUS, B KOTOPBIX MOJEKYJIBl HE MU3MEHSIOT
CBOET0 CTPOEHHMs, a TEMIEpaTypa emé He Tak BeJHKa, YTOObl OblIa HEO0O-
XOJIUMOCTh YUHUTHIBATh SHEPTHIO KoJieOaHU aToMOB B MoJekyie. [Ipu ta-
KHX SIBJICHUSAX MU3MEHEHHE BHYTPEHHEH DHEPIHU Tella MPOUCXOAUT TOJIBKO
3a CY4ET M3MEHEHHUS KUHETUYECKOW SHEPrUM MOJEKYJI WU NMOTEHIHaIbHON
SHEPrHM MX B3aUMOAEHCTBUS Apyr ¢ apyrom. s obmero GanmaHca sHEp-
MY MMEET 3HAYEHUE HE caMa BHYTPEHHsIS dHeprus, a e€ nsmeHenue. [lo-
3TOMY IOJl BHYTPEHHEW 3HEpPruel MakpOCKOIMYECKOIO Tejla MOXKHO MOJ-
pa3yMeBaTh TOJNBKO CyMMY KHHETHYECKOW 3HEPTrUH TEIUIOBOTO JBHKEHUS
BCEX MOJIEKYJ ¥ IOTEHIINATLHOW SHEPTHH UX B3aNMOZIECHCTBHUA.
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BHyTpeHHSIS1 SHEPTHSA €CTh (YHKYUS COCMOAHUSA mead, U ONpeaesieTcs
MaKpOCKOIIMYECKHMH NapaMeTpaMHy, XapaKTepU3YIOIUMHU COCTOSIHUE Tep-
MOJVMHAaMHUYECKOTO pAaBHOBECHSI TeTa.

[lorenumansHasg 3Heprus B3aMMOACHCTBHSA MOJEKYJ HAEaIbHOrO rasa
IpUHUMaeTcsl paBHOH Hyito. IloaTomy enympennss snepeus udeanbHo2o
2a3a COCTOWUT TOJBKO M3 KMHETHYECKOW SHEPIHH MOCTYNATENBHOTO U Bpa-
LIATEJIBHOTO JBUKEHUS MOJIEKYT U 3A6UCUM MOJbKO OM MeMnepamypbl.
BHyTpeHHss1 SHEprusi WAEaNbHOrO ra3a oT 00bEéMa raza He 3aBHCHT, IO-
CKOJIBKY PpAacCTOSHHUE MEXIy MOJIEKYJIaMH HE BIIHASET Ha BHYTPEHHIOIO
SHEPTHIO.

[lorenumanbHasg 3Heprus B3aMMOACHCTBUS MOJEKYJ PEajbHBIX Ta30B,
JKUAKOCTEN M TBEPIBIX TEIN 3aBHCUT OT PACCTOSHUA MEXIy MOJEKylIamu. B
9TOM CJIy4ae BHYTPEHH:S SHEPIHsl 3aBUCUT HE TOJIBKO OT TEMIIEPATYpPBI, HO
U OT 00BEMa.

Haiiném BeIpaskeHMsl U1l BHYTPEHHEH SHEPTUU OJAHOATOMHOIO MIEAJIb-
HOro rasza. CpeHss KHHETHYECKas dHEPrus OJAHON MOJEKYJBI 3TOTO rasa
naércs BelpakenneM (2). IlockonbKy B ra3e Maccoil M U MOJISIPHON Maccoit

m . m o
M COOCPKUTCA V=— MOJICU U — NA MOJICKYJ, TO CyMMa KUHCTHYCCKOU

H
PHEPIHMH BCEX MOJEKYJ, COJCpKallMXcs B Macce M rasa, paBHA
m 3 3m
—N,-=KT ==—RT, rne R=KkN, — yHuBepcaibHas ra3oBas IIOCTOSH-
u "2 2 p
Hasl.
Urak, BHyTpeHHSS SHEPTHsI OJJHOATOMHOTO HJICalbHOTO T'a3a
3m 3
U=——RT =—VRT.
2u 2

Ananu3 3Toit GpopMyIBl OATBEPKIAAET BhICKA3aHHOE BBIIIE YTBEPKIC-
HUE, YTO BHYTPEHHSAS SHEPT Ul HEKOTOPOU MacChl KOHKPETHOTO HIEAIBHOTO
ra3a 3aBUCHUT TOJIBKO OT TEMIIEPATYPHL.

§4. PaGoTa B TepMoauHaAMUKe

PaGora, coBepmraemasi TEpMOAMHAMHUYECKONW CHCTEMOI (TeIOM) Hanx
OKpY>KalOIIMMH TEJIaMH, PaBHA MO MOJYIIO U NPOTHUBOIOJIOKHA T10 3HAKY
pabote, coBepIIaeMoii OKPYKAIOIIMUMH TEIaMU HaJl CUCTEMOH.

[pu coBeprreHun pabOTHI YacTO BCTpEYaeTcs Crydai, Korja o0bEM Te-
na mensietcs. [lycTs Teno (00BIYHO — ra3) HAXOAMTCS IOJ JaBlieHHeM P u
IpY IPOU3BOJIBHOM M3MEHEHHU (OPMBI U3MEHSET CBOM 00BEM Ha Malylo

© 2013, 30T MPTU, Yusunés Bukrop MBanosny
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BennuuHy AV. Pabota, coBepiiaemasi TeIOM HaJl OKPY>KAIOIIMMH TeJlaMH,
paBHa
AA=PAV. (11)

[Tpu monoxurensHoM AV (yBenmueHue oObéMa raza) pabota MmoaoxKu-
tenpHa, IpH AV <0 — orpunarenpHa. BeIBoI 3TOT0O BEIpayKeHUS 17151 pado-
THl JaH B IIKOJHHOM Yy4eOHWKE ISl YacTHOTO
ciydasi paclIMpeHusl ra3a, Haxojsmierocss B nu- P 2
JUHApPE MOJ MOPIIHEM IPH MOCTOSHHOM JIaBJie-

HUU.
JItoOo#t paBHOBECHBIM IMPOIlECC, B KOTOPOM 1
JaBJIeHUE OyIeT MEHATHCS M0 HEKOTOPOMY 3aKO-
HY OT 00Bb&Ma, MOXXHO pa30HWTh Ha MOCIEAO0Ba- /
TETBHOCTh 3JEMEHTAPHBIX MPOIECCOB C JIOCTa- Z
4 h ¥

TOYHO MaJbIM HM3MEHEHHEM O00BEMa B KaKIOM
NpoIlecce, BHIYUCIUTH dIEMEHTapHbIE PadOTHl BO Puc. 4

BCEX Mpolleccax W 3aTeM BCe UX CIOXUTh. B pe-

3yJibTaTe MONyduTCs paboTa Tena (Ta3a) B mMporecce ¢ IepeMeHHBIM JaBiie-
HueMm. B koopnunatax P,V abOconroTHas BeauurMHA 3TOM pabOThI paBHA
TUTOIIAIM TI0J] KPUBOH, M300pakaromiei 3apucuMoct P ot V mpu mepe-
xo7ie U3 cocTosiHusA 1 B cocrosiaue 2 (puc. 4). Marematudecku paboTa BbI-
paxkaeTcs HHTETPaJIOM:

A:VfP(V)dv.

B m306apHOM mporecce, korna aaeienue P =const, pabora Tema Han
okpyxaromumu Tenamu A= PAV , rne AV — u3meHeHne o0bEMa Tena 3a
BECh Ipoliece, T. €. AV yxke He 00s13aTeIbHO MaJIo.

3amauya 5. ['a3 mepexoAWT U3 COCTOSHUA C P

oopémom V| u nasnennmem P B cocrosHue ¢ 1

. 1 i
oobémoM V, u masnenueMm P, B mpomecce, mpu

KOTOpPOM ero jasieHue P 3aBucur or oovéma b -

V muaeliHo (puc. 5). Haiitu paboty rasa (Haz

OKPYKaIOIIUMH TEJIAMH). %
Pemrenne. Pabota raza paBHa 3aiITpuxoBaH- /i

HOI Ha pHC. 5 TUIOIAI TPAELUH: U4 nv

1
A= E(Pl +P)(V, - V). Puc. 5

© 2013, 30T MPTU, Yusunés Bukrop MBanosny
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§5. KotnuecTBo Teminothbl. TemioéMkocTs

Dnepeusi, nepedasaemas meny okpyscaroujei cpedou (Opyeum menom)
be3 cosepuienuss pabomul, HA3LIBAECMC KOAUYECMEOM menaombl. Takon
NpOILIeCC MepeJadd SHEPrUU Ha3bIBACTCS Menio00MeHoM.

Coo0mmMm Tery (TepMOIUHAMHYECKON CHCTEME) B HEKOTOPOM IPOIIECCe
HebobIoe KonudecTBo TermioTel AQ . bynem cuntate AQ >0, ecnu Temo

nosryyaeT Temioty, u AQ <0, ecnu otmaér teroty. Temmeparypa Tena

NpU 3TOM M3MeHsieTcs: Ha BenuurHy AT . [Ipu MOBBIIEHUN TeMIepaTypsl
AT >0, npu nonmxennn temnepatypsl AT <0. Tennoémxocmoio Tena B
JIAHHOM MPOIIECCEe HA3hIBACTCSI BEJTMYMHA

A
= _Q (12)
AT
N3 onpeneneHus: TEMIOEMKOCTH HE CIEIYET, YTO OHA JI0JKHA OCTAaBATh-
C4 MOCTOSAHHOW B JAHHOM Ipouecce. TemIo€MKOCTh MOKET U3MEHATHCS B

TCUCHUEC MIpoLecca.

SIcHO, 4TO TEImIOEMKOCTh OJHOrO M TOro |, . . . U
e Tena MOXET OBITh MOJOXKHUTEIBHOW, OTpU- | + * .. 2
[ATeNbHOW, HYJIeBOH M Jake OECKOHEYHOH B . . j
3aBUCHMOCTH OT Xapakrepa mporecca. llpu- '. : . 7

BeJIEM Ipumepsl. I1IycTh ecTh ra3 B LWIMHIPE
¢ mopmHeM (puc. 6). OCyIecTBUM C 3THM
ra3oM YETBIPE Pa3IMYHbIX MIPOLECcCa.

Ilepeblii mpouece. bynem nmoporpesars ras, 3aKpenus MOpIIEHb. B Ta-
KOM TIpoIiecce, korjaa o0béM rasza nmocrosined, AQ >0 u AT >0. Cnenosa-

tenbHo, C=AQ/AT >0.

Bropoii npouecc. [lepeapuraem nopuieHs BlIeBO, yMEHbIIast 00bEM Ta-
3a. ['a3 Oyzer HarpeBathbes, T. €. AT >0. JlaguM BO3MOXKHOCTh Ta3y OT/a-
BaTh TEIIO Yepe3 CTEHKH IUIMHIPA OKPYXKAIOIIEH cpesie TaK, YTOObI TeM-
nepaTypa ra3a Bc€ e MOBBIIANACh (IOMECTHM LWIMHIP B OoJiee XOJ0-
HYIO Cpeny).

Torma xonmuecTBO TEIOTHI, coodménHoe Trazy, AQ <0, u Ternoém-

Puc. 6

KOCTB Ta3a B TAKOM IIPOIIECCEe OTPHUIIATENIbHA.

Tpertnii mpouecc. IIpomecc cxarus raza npopenéM aanadaTHUECKH, 3a-
KITFOYMB WIVHIP B TEILUIOHEIPOHUIIAEMYIO 000J0YKY U TEIJION30JIMPOBAB
MMOBEPXHOCTH MOPIIHS OT raza. B takom mpomecce AQ =0, AT >0 u ten-

JIOEMKOCTb Iraza paBHA HYJIIO.

© 2013, 30T MPTU, Yusunés Bukrop MBanosny
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YerBépThlii mpouecc. bynem coolmate rasy TemioTy, IBUTas MpU
3TOM IOPILIEHb BIIPABO TaK, YTOOBI TeMIEpaTypa OCTaBajlach IIOCTOSHHOM
(m3oTepmuaeckwii mporiecc). Torma AT =0 u C =0,

BBeném noHATHA yACTBHON U MOJISIPHOM TEIIOEMKOCTEH.

Yoenvnaa mennoémrxocms — TEIIIOEMKOCTD €ITMHULIBI MACChI TeJa:

AQ
c, =—0. 13
wm (13)
Monsapuas mennoémkocms — TEMIOEMKOCTb OJHOTO MOJISI TEJa!
AQ
c,=—0. 14
VAT (14)

3meck V— 9HCIIO MOJICH Tejla, M — Macca Tena.

OueBUIHO, YTO 3HAKU YAEIBHOM M MOJSPHOM TEIIOEMKOCTEH COBIIA-
JTAIOT CO 3HAKOM TETUTOEMKOCTH Tella B JaHHOM Tiporiecce. JIerko mokasars,
4qTo

C= mc,, =VC,; C, = uC,,.
§6. IlepBblii 3aKOH TEPMOTUHAMUKH

BHuyTpennss sHeprus Tena (TepMOANHAMHYECKOH CHCTEMBI) MOXKET Me-
HSTBCS [IPHU COBEPIICHUH pabOThI M B IpOLIEcce TEIUIonepeadd. 3aKoH Co-
XpaHEeHUs U NPEBpaIlCHUs SJHEPIUU, PACIPOCTPAHEHHBIM HA TEIUIOBBIE SIB-
JICHWsI, HAa3bIBACTCS NePBbiM 3AKOHOM MepMOOUHAMUuKY (MIEPBBIM HAYAIOM
TEPMOJMHAMUKH) M 3aIIHCHIBACTCS B BH/IE

Q=AU +A (15)
3nece Q— KONMYECTBO TEIUIOTHI, cOOOImEHHOE cucteme. Q cumraercs

MOJIOXKUTENBHBIM, €CITH CHCTEMa B IMPOIECCE TEIUIONEpeNadd IMoIydaeT
3Heprmo, nu OTpI/IIIaTeHLHLIM, €CIINn OT):[aéT 3Heprmo, AU — H3MCHCHHC
BHYTPEHHEH dHEPTruM CUcTeMbl, A— paboTa, coBepIIaeMasi CHCTEeMON Ha
OKpY)XalIIUMHU TellaMu. B 3aBucumocTu oT xapakrepa npoiecca Q, AU
u A MoryT OBITh JTFO0OTO 3HAKA U JTaXKe HYJIEBBIMHU.

[Mokaxem, 4To i JIt0OOro HAEaIbHOrO raza (OAHOATOMHOTO, ABYX-
aTOMHOT0, MHOTOaTOMHOT0) U3MEHEHHE BHYTpeHHEH sHeprun AU B Jtro-
00M mpoIecce MOKHO HAXOAUTh 10 (hopMyJie

AU =vc, AT. (16)
3neck AT — U3MeHEHHe TeMIIepPaTyphl B 3TOM IMpoiiecce, V — YHUCI0 MOJIeiH
rasa, C, — MOJIpHas TEINIOEMKOCTb Ta3a IPU IMOCTOSHHOM 00BEME.

© 2013, 30T MPTU, Yusunés Bukrop MBanosny
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*
Hns noxaszaTenbcTBa MPOBENEM C TazoM IPOLECC HPHU MOCTOSHHOM

00béme, m3menuB Temneparypy ot T, go T, (AT =T,—T,). Toraa xomnu-

4ecTBO TEMIO0Thl Q =VC, - AT , COrImacHO ONpeNeNeHUI0 TEIUIOEMKOCTH, a
paboraraza A=0, 1. k. 006éM V =const . [To mepBoMy 3aKOHY TEpMOIU-
HamMukn Q=AU + A, u nosromy VC,AT =AU . IlockonbKky BHYTpEHHsS
SHEPTUsl WACATBHOTO ra3a 3aBHCUT TOJNBKO OT TEMIIEPATYpPhl, TO B JIIOOOM
JpYroM IpoLecce, Korjaa TeMieparypa MeHsercs or 1, 10 T,, U3MeHeHHe
BHYTPEHHEH SHEPTUU HAXOAUTCS MO GopMylie, MOTYyYSHHOW B Mpoliecce ¢
V =const.

VY uneansHoro raza npu T =0 3HaueHHe BHYTPEHHEH SHEPIUU IoJara-
ercst paBHBIM Hyito. Ecin cunrats emg, uro C, He 3aBHUCHUT OT TeMIIepary-

pBL, T. €. G, =CONSt, TO MOXHO 3aIIMCaTh, YTO
U=vcT. 17)
Haiiném 3HadeHne MOISPHOHN TEINIOEMKOCTH MPHU MOCTOSHHOM 00BEME
y OJIHOaroMHOro uaeampHoro rasa. Ilockomeky AU =vC,AT u

AU =%RVAT , TO C, =gR . laTEpecHO 3aMETUTH, YTO MOJISAPHA TEILIO-

€MKOCTh IIpyU MOCTOSSHHOM 06’LéMe Y BCEX OAHOATOMHBIX UACAIBHBIX I'a30B
MMOoJIy4ynjiaCb OAHA U Ta XKC:

3

¢, =—R. (18)
2

Oxka3zpIBaeTcs, YTO MOJISPHBIC TEINIOEMKOCTH TPU TIOCTOSTHHOM 00BEME

5 .
Y BCEX ABYXATOMHBIX HJACAJIBHBIX I'a30B PABHbI ER , @ Y TpEXaTOMHBIX U

MHOTOaTOMHBIX (aTOMBI y KOTOPBIX PAcIIOIOKEHBI HE Ha OAHOM MPsIMOM) —
3R. YnenbHbIe XKe TEIUIOEMKOCTH Y BCEX OJHOATOMHBIX HIEaJIbHBIX Ira30B
pa3IUyYHbIE M 3aBHCAT OT MOJIIPHON Macchl. AHAJOTMYHO JAJISI JBYXaTOM-
HBIX ¥ MHOTOATOMHBIX Ta30B. 3aMETUM, YTO yKa3aHHbIC 3HAYECHHS MOJISp-
HOW TEMJI0EMKOCTH BEPHBI, €CIIM TEMIIEpaTypa raza He CIMIIKOM BelHKa, U
MO3TOMY KOJIeOaHHsI aTOMOB B MOJIEKYJIC HE YUUTHIBAIOTCS.

[IpuBeném mosne3Hyro TabiHIly C BBIPAKEHUSMH IS MOJISIPHOM TEIIo-
€MKOCTH C, W CpeIHEH KMHETUYECKOW DHEPIHH E mocrymarensHOTO M

BpAaIIaTeIbHOTO JIBIKCHUU MOJIEKYJIBI ¥ OJHOATOMHOIO, TBYXaTOMHOTO H
MHOI'0aTOMHOTO H/IeaIbHOTO ra3a (B 3Toi Tabnie K — nocrosHHas BonbiMana):

© 2013, 30T MPTU, Yusunés Bukrop MBanosny
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I'a3
OJTHOATOMHBIN JBYXaTOMHBII MHOT'0aTOMHBIHI
E 3 KT > KT 3kT
2 2
3 5
°R =R 3R
“ 2 2

B 3akmouenue BoiBenieM ypaBHeHue Pobepra Maiiepa
C, =G, +R, (19)
CBA3bIBAIONICC MOJIAPHBIC TCIIOEMKOCTH IIpU MOCTOSAHHOM JaBJICHUU CP u

IOCTOSIHHOM 00BbEME C, UIsl JII0OOro MIeaabHOrO rasa.
*

Jyis BRIBOAA MPOBEIEM M300apUUECKHIA MPOILIECC C V MOJIIMHU HJICalTb-
HOI'O rasa, nepeBesis rasz u3 cocrosHus ¢ napamerpamu P,V,, T, B cocros-
Hue c¢ napamerpamu P,V,,T,. Ilo mepBoMy 3akoHy TepMOAMHAMUKHU
VC,AT =vC, AT + PAV . 3anumeM ypaBHeHus cocrosnus raza PV, =VRT,
u PV,=VRT,. Bblurs u3 omHOro ypaBHEHHs Jpyroe M yuTs, YTO
V,-V,=AV u T,-T, =AT. nonyunm PAV =VRAT . Takum oOpazom,
VC,AT =ve, AT +VRAT . Otcrona ¢, =¢, +R.

3amauya 6. Temmon30MMpoOBaHHBIA COCY pa3ei€H Ha JABE YaCTH Mepe-
ropoAkoi. B o1HOI 9acTH HaXOOMTCS V; MOJEH MOJIEKYISPHOIO KHCIOPO-
na (O,) npu temneparype T,, a B apyrom —V, mouneit asora (N,) mpu
temneparype T,. Kakas temmepaTypa yCTaHOBUTCS B CMECH ra3oB IIOCIIE
TOTO0, KaK B IIEPETOPOJIKE MOSIBUTCS OTBEPCTHE?

Pemenne. Paccmorpum cuctemy u3 AByx ra3zoB. O0a rasza JByXaToOM-
HbIe. Y HUX OJMHAKOBAas MOJSPHAS TEINIOEMKOCTh IPH MOCTOSHHOM 00BE-
Me C,. Cucrema n3 AByX ra3oB HE MMOJy4aeT TeIuia OT JPYrux Ted u pado-
THI HaJ| TEJIAMH, HE BXOIINMH B CHCTEMY, He coBepmiaeT. [loaTomy BHYT-
PEHHSSL SHEPTUSI CUCTEMBI COXPAHSIETCSI:

vie, T, +v,¢, T, =v,c, T +v,C,T.
vl +v,T,
v, +V,

Ortcroa TemmiepaTypa cMecu 1 =
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3amaua 7. UneanpHbli Ta3 Maccoii M =1 Kr HaXoAgWUTCs MOJ NaBJICHUEM
P =1,5-10° I1a . I'a3 Harpenu, naBas eMy pacmmpsThcs. Kakosa yaenbHas
TEIUIOEMKOCTh T'a3a B 3TOM IPOIECCE, ECIIM €r0 TeMIIepaTypa MOBBICHIACH
Ha AT =2K, a 06séM yBemmumca Ha AV =0,002 M*? Viensnas Temo-
EMKOCTb ITOr0 rasa HpU MOCTOSHHOM 00béme c,,, =700 [Lx/(kr-K) .
[Ipenmonaraercs, YT0 U3MEHEHHS TAPaMETPOB Ta3a B Pe3yIbTaTe MPOBeJIe-

HUS TIpoLIecca Majibl.
Pemenue. YenbHas TEIIOEMKOCTb B IAHHOM MpoOLiecce

c, = —AQ
2 mAT
Ilo nepsomy 3akoHy Tepmonunamukn AQ =mc,,, AT + PAV . Urax,
PAV
Cyﬂ = Ctu + m =850 I[)K/(KF . K)

3apava 8. B muiuHape moj MOpLIHEM HAXOAUTCS HEKOTOpas Mmacca
BO3ayxa. Ha ero HarpeBanue mpu NOCTOSIHHOM JaBJICHHH 3aTPAuyeHO KOJIH-
yectBo TemwioTel Q=10 k/[x. Haiitu paboty, coBepmi€HHYIO mpu 3TOM

razoM. YJenbHass TEIUIOEMKOCTh BO3JyXa IPU IIOCTOSHHOM [IaBJICHUU
3
¢,p =10° Jx/(xr - K) . Monsipuast Mmacca Bosnyxa =29 1/mMOIb .
Pemenne. 1 cnoco6. Ilycth Ta3 nepeBenn U3 COCTOSHUS C TapaMeTpamu
P,V,,T, B cocrosuue ¢ mapamerpamu P,V,,T,. 3anumem ypaBHeHHE

MengeneeBa — KianeiipoHa myiss 000MX COCTOSHUI W BBIYTEM M3 OJTHOTO
ypaBHeHHs jpyroe. YumteiBag, uro V,—-V,=AV, T,-T =AT, umeem

PAV =mRAT . Ho PAV = A—pabora raza. [losTomy AszAT . [Ipu
Y7

)7
u3o0apuueckom npouecce Q =mc, AT . OKoHYaTENbHO,
A= RQ 2,74-10° Ik = 2,74 xJx.
/uCyuP

2 cnoco6. CornacHo ypaBHeHHIo P. Maiiepa ynenbHbe TEIIOEMKOCTH
TIPH TIOCTOAHHOM JaBJICHUH C,,, U IIPH TIOCTOSHHOM 00BbEME C,\, CBS3AHbI

COOTHOIICHHUEM CynV :CynP —;. Ilo IIEPBOMY 3aKOHY TCPMOAMHAMUKU
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Q

Q=mc, AT + A. Iloacrasisis B ocieHee paBeHCTBO M = AT U BBI-
C
yoP

paxenue 1y C Haxoaum A.

yav !
§7. KpyroBsie npoueccol (I{HKIbI)

Kpyeoevim npoyeccom (M yuxiom) Ha3bIBaeTCsl TEPMOIUHAMUYECCKUN
NPOILIECC C TEJIOM, B pe3yJbTaTe COBEPUICHUS] KOTOPOTO TeJ0, MPOHAS depes
PsLI COCTOSIHMIM, BO3BPAILIAETCsl B UCXOAHOE cocTosiHME. Ecim Bce mporecchl
B IIUKJIE PABHOBECHBIE, TO IMKII CYUTACTCS PaB-  p
HOBecHBIMHU. Ero MoXxHO m300pa3uth rpaduue- 1
CKH, M TIOJNyYUTCSl 3aMKHyTasi KpuBas. Ha puc.

7 moka3aH rpaduK 3aBUCHUMOCTH JaBieHus P
ot 00béma V (muarpamma P —V ) mist HekoTo-
poro nukna 1-2—-3-4—1, coBepiraeMoro ra3om.
Ha yuactke 4-1-2 ra3 pacmupsieTcs ¥ COBep-
AT MOJOKUTEIBbHYI0 paboTy A, YHCIEHHO 0

o,

LA
LR
RRARALZLRR

paBHyto iomanu ¢urypst V,412V,. Ha ygact-
ke 2—3—4 ra3 cKuMaeTcs M COBEpIaeT OTpHUIla- Puc. 7

TEIBHYIO paboTy A,, MOAYyIb KOTOPOH paBeH Iutomanu Gurypsr V,234V,.
INonnas pabora rasza 3a mukn A=A + A, T. €. IOJOKUTENbHA U paBHA
wiomanu ¢urypsl 1-2-3-4-1, wuzoOpaxaromieil IMKJI Ha Juarpamme
P-V.

Tpsimbiv yuxiom Ha3bIBAa€TCS KPYroOBOHM MpoIlecC, B KOTOPOM TEJO CO-
BEpILIACT MOJIOKHUTEIbHYIO Pa0OTy 3a UK. [IpsMoii paBHOBECHBINM LUK HA
muarpamme P —V wu3o0pakaeTcst 3aMKHYTOW KPUBOW, KOTOpasi 00XOAUTCS
0 4acoBoii cTpenke. [Ipumep mpsiMoro muKIiIa 1aH Ha puc. 7.

Obpamuvim yuxiom Ha3bIBAETCS KPYroBOH Ipoliecc, B KOTOPOM TEJIO
COBEpIIIaeT OTPHUIIATEIILHYIO padoTy 3a nuki. Ha amarpamme P -V 3a-
MKHYTasi KpHBasi paBHOBECHOTO OOPaTHOTO HHKJIA 00XOAWUTCS MPOTUB Ya-
COBOM CTPEJIKU.

B mo6oM paBHOBeCHOM IHKIIe paboTa 3a UK paBHA 10 MOJYJIIO ILIO-
maau GUrypsl, OrpaHMYeHHON KpHUBOil Ha tuarpamme P —V .

B kpyroBom mpoiiecce Teino BO3BpAIASTCS B UCXOJHOE COCTOSIHUE, T. €.
B COCTOSIHUE C MEPBOHAYAILHOW BHYTPEHHEH SHEprueil. DTO 3HAYUT, 4TO
M3MEHEHHE BHYTpPEHHEH 3Hepruu 3a Uk paBHo Hym0: AU =0. Tak kxak
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10 MEPBOMY 3aKOHY TEPMOAWHAMHKH Ui Bcero mukia Q=AU + A, To
Q = A. Urak, anrebpandeckas CyMMa BCE€X KOJIMYECTB TEIIOTHI, TOIYIeH-

HOM TEJIOM 3a UK, paBHa paboTe Tesa 3a IHKII.
Ha HeKOTOpBIX yJacTKax MPSAMOTO IHKJIA TEJIO MOAYYaeT OT OKpPYKaro-

X Te komuuectso Ternotel Q° (Q >0), a Ha HekoTOpBIX oTHAéT Q,

T. €. MOJIy4aeT OTPUIATEILHOE KOIUYECTBO TEIUIOThHl « —Q ™ » (Q~ >0). 3a
UKI meno cosepuiaem noaoxcumenvuyro pabomy A. Kosppuyuenmom

NOJNe3H020 Oelcmaus NnpAMO20 Yukjia Ha3bIBA€TCA BCIIMYUHA 7] = - ITo-

ckoneky A=Q" +(-Q7), To

Q-Q _, Q@
Qe Q"
st oOpaTHOTO 1UKiIa KOA((UIMEHT MOJIE3HOTO JACHCTBUS HE BBOJUT-

csl.

n= (20)

§8. TensioBbIe MALIMHBI

Ilycte ecTh Temo, Ha3bpIBAEMOE paboyum meniom, KOTOPOE MOXKET CO-
BepIIaTh LUKJI (HEe 00s53aTelIbHO PaBHOBECHBIH), IEPHOANICCKN BCTyNas B
TEIIOBOM KOHTAKT ¢ JBYyMs TeiaMu. Tesio ¢ Ooiee BEICOKOH TeMIiepaTypoi
HA30BEM YCIIOBHO Hazpesamenem, a ¢ 60iiee HU3KON TeMIiepaTypoit — xoio-
OunbHUKoOM. 3a UK pabodee TeIo COBepIaeT MOJOKUTENBHYIO WU OTPU-
nareibpHyro padoty A. Takoe ycTpoHCTBO OyneM Ha3bIBaTh Menio80u Ma-
wunot. TemnoBasi MalllMHA, KOTOPAsl CIY>KUT JUIsl TIOJNyYeHHsT MEeXaHHYe-
CKON pa0oThI, HA3BIBACTCS MeNI08blM Ogucamenem. TeroBas MaIlWHA,
CITyKamas JJisi epe/iadd KOJIWYecTBa TEIUIOTHl OT MEHee Harperoro Tela
(xononunbHUKa) K OoJjiee HarpeToMy (HarpeBartesio), HCIOJb3ys pabdoTy
OKPYKAIOIIUX TENI HaJl padO4YrM TeIIOM, Ha3bIBAETCS /MeNni08blM HACOCOM
WIH X0A00UbHOU YCMAaH08KoU (XOMOMWIBHUKOM). JleleHne Ha TerioBbie
HACOCHI ¥ XOJIONWIBHBIE YCTAHOBKH YCIIOBHOE, CBSI3aHHOE C MpeIHa3Have-
HUEM 3THX TEIUIOBBIX MallMH. TemIoBOM HAcOC MCIOJIB3yeTcs Ui HOA-
JIepKaHUS B TIOMEUICHHHM TEMIEPaTyphbl, KOTOpas BBIINIE TeMIIEpPaTyphl
OKpyKatoled cpezpl. XOoJIOoAuIbHAS YCTAHOBKA HCIIONB3YETCS YIS TIO-
JiepKaHusi B HEKOTOPOM 00BEME (Kamepe) TemIeparypbl 0ojee HHU3KOH,
4yeM CHapyXu. B TeruioBom aBuratene pabouee TeJO COBEpLIAET MPSIMOM
[UKJI, & B TETJIOBOM HAacoce U XOJOAUIBHON yCTaHOBKE — OOPATHEIH.

© 2013, 30T MPTU, Yusunés Bukrop MBanosny
18



2013-2014 yu. rox, Ne2, 11 k1. dusuka. TepmMoauHaMuKa 1 MOJIEKYIIsipHast pU3nKa

B TemnoBom aBurarene pabouee TeNo MOMydYaeT 3a MUK OT HarpeBare-
JI Koan4ecTBO TemwioThl Q° (puc. 8) M OTAAET XONOJMIBHUKY TMOJIOMKH-

TCIBHOC KOJIMYCCTBO TCIIJIOTHI Q7 (nonyqaeT OT XOJIOAWJIbHHMKA OTpUlia-

TENhHOE KOJIIMYECTBO TEIUIOTHI « —Q~ »). [Ipm 3TOM 3a 1uKi pabouee Teno
cosepiiaer pabory A. Koagppuyuenmom nonesnoco oeiicmeus (KIIA)

P,
1

HarpeBareinb | 2

1 o oo
pabodee Teo |iQ+>_—Q 2

1y o 3

| XOJIOIUIBHUK | 0 V
Puc. 8 Puc. 9

menniogoeo Osueamens HazpiBaercs KIIJ| cooTBeTcTByIOIIEro mNpSMOro
IIUKJIA, T. €. OTHOIICHHE COBEPIIACMOM 3a IUKJI padoThl A K MOJy4YECHHOMY

A
Q"

[To nepBOMY 3aKOHY TEPMOAMHAMUKH, IPUMEHEHHOMY K pabodeMy Teny

3a IMKJI OT HAarpeBaTels KOJIMYECTBY TEIIOTh Q' 77 =

TemoBoro asurartens 3a ki, Q" + (—Q~) = A. Tlostomy

Q' -Q Q
T =1- E .

Bunum, uro KII/ TemioBoro apurarens MEHbINe eaUHUIBL. [IpruanHoit
3TOTO SIBJIAETCS TO, YTO JIJIsi OOECIICUEHUS TIEPUOJIUIHOCTH B pab0OTe TEILIO0-
BOTO JIBUTATENs HEOOXOMMO YacTh TEIUIa, B3ATOTO y HArpeBaTens, 00s3a-
TETHHO OTAATh XOJIOAMILHUKY.

C. Kapno (1796 — 1832) ycranosui, uto MmakcumanbHbiii KITJ[ Terto-

BOI'0 ABHIaTciid, pa60Tanmero C HArpeBaTeJICM TEMIICPATYPbI Tl n XO0J0-

77:

JWIBHUKOM TeMIIepaTypsl T,, HE3aBUCUMO OT pabodero Teja ecThb

n=1- -_I;—Z (21)
1
OT0 AOCTHTraeTcs, ecinu paboyee Teno coBepmaeT yuki KapHo, T. €. paBHO-
BECHBIH LIUKJI, COCTOSIINN U3 ABYX aanadaTr u ABYX M30TEPM C TEMIIEpaTy-
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pamu T, u T,. Ha uzorepme ¢ T, pabouee Teno noiyyaeT TEMIO OT Harpe-
BaTesld, a Ha u3oTepMe ¢ T, — oTAaéT Temio xonoauneHuKy. Iukn Kapro

JUTSL UeabHOTO ra3a m3o00paxeH Ha puc. 9: 1 — 2 u 3 — 4 — u30TCpPMBI,
2 -3 u4-1- amuabarel. TerioBas mamuHa, paboTaOMAs MO IPIMOMY
wm oOparHoMy KTy KapHO, Ha3bIBaeTCsS udeanvbHol meniosou mMauiu-
HOI.

3agaya 9. I'a3, copepmaromuii nukia KapHo, OTAAéT XONOAMIBHUKY
70% TerIoTHI, MONyYeHHOW OT HarpeBaTelns. TemmepaTypa HarpeBatems
T, =400 K. Haiitu TemnepaTypy XOJ0AHIbHUKA.

Pemenne. IlycTe ra3 momydaer 3a IUKJI OT HarpeBaTelsl KOJIMYECTBO
termnoThl Q. Torza XonoqUIbHUK MOTyYaeT OT Ta3a KOJHMYECTBO TEILIOTHI

0,7Q,. IlpumeHnB nepBblii 3aKOH TEPMOAWHAMUKH Ul BCETO LUKIA, I10-
ayunm, uto Q, +(—0,7Q,) = A. Otcrona pabota 3a mukn A=0,3Q,. KIIJ

A T
nukina 17 =— =0,3. [Tockoneky s nuxia Kapuo 7 =1— ?2 , TO TEMIIepa-
1 1
Typa xonoamneauka T, =T, (1-7)=0,7T, =280 K.
3agauya 10. KI1/I reroBoit mamuHb!, paboTatorieit mo mukiry (puc. 10),
COCTOSIIIEMY U3 M30TepMBbI 1 — 2, H30X0pHI 2 — 3 U aAnadaTHIeCKOTo Mpo-
Pa 1 necca 3 — 1, paBeH 77, a pa3HOCTb MaKCHMallb-

HOM ¥ MHHUMAJIBHOM TeMIeparyp ra3a B LUKIIE
2 paBHa AT . Haiitn paboTy, COBEpHIEHHYIO V
MOJISIMH OJTHOQTOMHOTO HJI€aJIbHOTO T'a3a B U30-
TEPMHYECKOM TIpOIIecCe.

Pemenne. [Ipu pemennu 3amgad, B KOTOPBIX
¢urypupyer KIIJ| nukma, mone3Ho mpensapu-
TENIBHO NPOAHAIN3UPOBATh BCE YYACTKU IIMKIIA,
WCTIONB3YS TEPBBIA 3aKOH TEPMOJMHAMHUKH, W

Puc. 10 BEISIBUTH YYaCTKH, T1ie pabodee Teno MmoixydaeT u
rje OTAaéT TeIlo.

[IpoBeném MbICTIEHHO psia n30TepM Ha nquarpamme P —V . Torma craner
SICHO, 9TO MaKCHUMaJIbHAs TEMIIepaTypa B IUKIe OyaeT Ha n3ortepme 1 —2, a
MHMHHUMaNbHas B Touke 3. O003HaunM ux yepe3 T, U T, COOTBETCTBEHHO.

4

Jns ygactka 1 — 2 m3menenne BHyTpenHed sHeprun U, —U, =0. Ilo
riepBoMy 3aKoHy TepmonuHamuku Q, =(U, —U,)+ A, . Tak kak Ha y4act-
ke 1 — 2 ra3 pacmmupsuicsi, To pabota raza A, >0. 3Hauut, u noaBeEHHOE
K a3y TeIulo Ha 9ToM y4yactke Q, >0, npuuém Q, =A,.
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Ha yvactke 2 — 3 pabora rasa pasHa Hymo. Ilostomy Q,; =U,—-U,.
Bocnons30BaBIINCh 3aNMCAHHBIMU BbINIe BhIpaskeHUsMH it U, u U, u
TeM, uto T, —T, =AT , monyuum Q,, =-VC,AT <0. D10 03HaYaer, 4ro Ha

ydacTke 2 — 3 ra3 mojyyaeT OTpHUIATEeIbHOE KOJWYECTBO TEIIOTHI, T. €.
(hakTHUECKH OTHAET TEIIO.

Ha yuactke 3 — 1 temnooOmeHa Her, T. €. Q;; =0 u mo 1-my 3akoHy
tepmogunamuku 0= (U, —U;)+ A, . Torna pabora rasa
Ay =U; -U, =vg, (T, -T)) = -vg, AT.
HWrak, 3a mukn raz cosepmmn pabory A, + A, =A, —VvC,AT n nomy-
YT TETUTO TOJIBKO Ha ydactke 1 — 2. KIIJI mukma

Alz +A31 — A12 _VCVAT

77 =
Q12 A12
Tak kak ¢, = % R, TO pabota rasza Ha m30TEpME
3VRAT
Ap=
2(1=1)

§9. ®a3oBble npeBpalIeHUs

CocTosiHHS, B KOTOPBIX MOKET HAaXOJHUTHCS TO WM HHOE BEIIECTBO,
MOYKHO pa3JeNIUTh Ha TaK Ha3bIBa€MbIC acpecamHbvle COCMOAHUS: TBEPOE,
KHUJIKOE, Ta3000pa3Hoe. Y HEKOTOPBIX BEIIECTB HET PE3KOM TPAHMIIBI MEXK-
Jly Pa3IMYHBIMU arperaTHBIMHM COCTOSIHHSAMH. Hanpumep, nmpu HarpeBaHUU
CTeKJIa (WK IPYroro aMop(HOT0 BEIecTBa) MPOUCXOUT OCTETIEHHOE €T
pa3MsryeHue, ¥ HEBO3MOXKHO YCTAaHOBUTh MOMEHT Tiepexojia U3 TBEPAOTO
COCTOSIHUS B )KUKOE.

BemiecTBo MOXET NMEpexXOAUTh W3 OJHOTO COCTOSHHSA B Apyroe. Ecim
IPY 3TOM MEHSIETCSI arperaTHOEe COCTOSIHUE BEIIECTBA WIIM CKAYKOM MEHS-
IOTCS HEKOTOPBbIE XapaKTepUCTUKH W (HU3MUYECKHE CBOWCTBA BEIECTBA
(00BEM, IIIOTHOCTH, TEIIONPOBOJHOCTD, TEINIOEMKOCTD U JIP.), TO TOBOPSIT,
YTO MPOM301IEN (Ha30BbIi MEPEX01 — BEUISCCTBO MEPEIUIO U3 OJHOM (ha3bl B
apyryto. @azoil nazvieaemcs uzuuecku OOHOPOOHAS HACMb Beljecmsd,
omoenénnas om opyeux uacmeti epanuyeti pazoena. Ilycts B cocyne 3a-
KJIIOUEHa BOJa, HaJl KOTOPOH HaXOJUTCs CMECh BO3yXa M BOASHBIX IapOB.
Orta cucteMa siBisieTcst IByX($a3HOU, cocTosImel U3 )KuaKkoi (asbl u razo-
o0pa3Hoil. MOXHO clienaTh CHCTEMY M C JIByMsl Pa3IMYHBIMU JKHIKUMH
(azamu: Kamenbka pTYTH B cocyne ¢ Bonoi. Kamensku TymaHa B Bo3ayxe
00pa3yIoT ¢ HUM JBYX(Da3HYI0 CUCTEMY.

© 2013, 30T MPTU, Yusunés Bukrop MBanosny
21



2013-2014 yu. rox, Ne2, 11 k1. dusuka. TepmMoauHaMuKa 1 MOJIEKYIIsipHast pU3nKa

VYcnoBus paBHOBecHs (a3 17151 MHOTOKOMITOHEHTHBIX BEIECTB, T. €. BE-
MIECTB, COCTOAIINX M3 OJHOPOAHONW CMECH HECKOJBKHUX COPTOB MOJEKYI,
JIOCTaTOYHO CIIOXHBI. Hampumep, st cMecH Bojia — CIUPT Ta3000pa3Has u
JKuAKas ¢a3pl STOW CMECH NMPHU PAaBHOBECHH HMEIOT PAa3INYHbIE KOHIICH-
Tpamuy CBOMX KOMIIOHEHT, 3aBHUCAIINE OT IaBICHHS U TeMrepaTypsl. Himke
OyIyT pacCMOTpPEHBI (ha30BbIC MPEBPAIICHHUS TOIBKO I OJHOKOMITOHCHT-
HBIX BEILECTB.

[Ipu 3amaHHOM JABICHUU CYIIECTBYET BIIOJHE OMpeneiaEHHas TeMIepa-
Typa, IPpHU KOTOPO# JBe (ha3bl OJJHOKOMIIOHCHTHOTO BEIIECTBA HAXOIATCS B
paBHOBECHM UM MOTYT MEPEXOJIUTh APYT B Jpyra Mpu 3TOH TeMIepaType.
IToka ogHa (a3a MOTHOCTHIO HE MEPeHAéT B Apyryro, TeMieparypa OyaeT
OCTaBaThbCAa HOCTOﬂHHOﬁ, HECMOTpA Ha IOABOA MJIKW OTBO/J TCILJIA. TTosicaum
3TO Ha MPUMEpPaAX.

PaccmoTpum nBYX(azHyro cucTeMy Boja — Map, HaXOMASALIYIOCS B 3a-

MKHYTOM cocyze. Ilpu nasnenun P, =1arm~10°Tla paBHOBecHe MEXIy
napom u Bojoit HactynuT nipu 100°C . Ilogsox k cucTeMe Teria BhI3bIBACT
KHUIIEHUE — NMEPEXO0J] )KUKOCTH B Ta3 MpU MOCTOSHHON Temnepatype. OTBoA
OT CHUCTEMBI Telljla BhI3bIBAET KOHJIEHCAIMIO — TIEpeXo/1 Mapa B KUAKOCTb.
ITpu nasnenun 0,58P, (mouTtu BIBOE MEHbIIE HOPMAILHOTO aTMOC(hepHO-

r'0) paBHOBECHE MEX]y mapoM H Bojoi Hactynaet npu 85 °C . [Ipu nasne-
Hun 2P, paBHOBecue ¢a3 nocturaercs npu temmneparype =120 °C (Taxue

YCIIOBHUS B CKOPOBApKe).
Hpyroit nmpumep. dazoBoe paBHOBecHE MEXAY JbAOM U BOJOHW INpuU

BHCIIHEM JJaBJICHHUH F% =1at™m OCYIICCTBJIACTCA, KaK U3BECTHO, IIPpU 0°C.

YBennueHue BHELIHErO NaBJICHUs HAa OAHY arMoc(epy HOHIKAeT TeMIle-
parypy ¢aszoBoro nepexona Ha 0,007°C. D10 3Ha4MT, YTO TeMIeparypa

IJIaBJICHUA JIbJIda ITIOHU3UTCA Ha 3TY K€ HC3HAUUTCIIbHYIO BCIIMYUHY.

®dazoBbic nepexoapl Ajid OAHOKOMIIOHCHTHOI'O BCHICCTBA, COIIPOBOK-
JAaromurecs nNepexo0oM U3 OAHOI'O arpe€raTHOTro0 COCTOAHUA B APYTOC, UAYT C
NOTJIOIICHUEM WM BBIICICHHUEM TCILJIA. K HuUM OTHOCATCS IUIaBIICHHE H
KpucCTajuin3anus, UCIIapCHUC U KOHACHCALU. HpI/I‘{éM, €CJIM IIpu nepexone
nus3 O,Z[HOfI (1)3,3};1 B APYTYIO TCIUIO BBIACIACTCA, TO IIPU O6paTHOM nepexonc
IorjIonacTCs TaKO€ XK€ KOJIMYCCTBO TCIIJIIOTHI.
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YTo05I paciijiaBuUTh KpUCTAJUIMYCCKOC TCJIO Maccord m Hago0 IMOoABCCTH
KOJIMYECTBO TCIIJIOTHI

Q=4-m. (22)

KoaddutmenT npomopunonanbHOCTH A Ha3BIBACTCS YOEIbHOU Menio-
motl niaenenusi. BooOie roBopsi, A 3aBHCUT OT TOH TeMIEparypsl, MPH
KOTOpOW MPOUCXOMUT (Da3oBbIM Tepexoj (TemmepaTypa IutaBieHus). Bo
MHOTHX PEAIbHBIX CUTYAIUSAX 3TOW 3aBHCUMOCTBIO MOXKHO TPEHEOPEYb.

Jlns mpeBpanieHus B map KUAKOCTH MacCOl M HaJ0 MOJBECTH KOJUYe-
CTBO TETUIOTHI

Q=r-m. (23)

KoaddummerT nponopiinoHaIbHOCTH I HA3BIBACTCS VOelbHOU Menio-
motl napoobpasosanus. I 3aBUCHT OT TEMIIEPATYPbl KUIICHUS, T. €. OT TOU
TeMIlepaTypsl, IPU KOTOPOH ocymiecTBisieTcs: (pa3oBoe paBHOBECHE KH-
KOCTb — Iap JUIs 3aJaHHOTO JaBJICHUSL.

3navyeHuss A ¥ ' JJIs pa3HBIX BEUIECTB JAIOTCS B TaOIHIIAX OOBIYHO JIS
TeX TemIepatyp (a3oBbIX MEPEX0J0B, KOTOPBIE COOTBETCTBYIOT HOPMaib-
HOMY aTMoc(epHOMy aaBieHHto. [Ipy 3ToM B BenmMuuHBl A U 0COOEHHO I
BXOJIUT HE TOJBKO M3MEHEHHE BHYTPEHHEH SHEPIuH BELIECTBA MU ITepe-
X0/1e OJIHOH a3kl B IpyTrylo, HO ¥ paboTa 3TOro BEIIECTBA HaJl BHEIIHUMHU
Tenamu npu ¢azoBom nepexoxne! Hanpumep, ynenbHas Teruiora napooodpa-
3oBanus Bojbl mpu 100°C u P ~10°TTa Ha 9/10 COCTOMT M3 W3MEHEHUs
BHYTpPEHHEW 3Hepruu Bojaa — rnap ¥ Ha 1/10 (4yTs MeHbIIe) U3 paboThI, KO-
TOPYIO COBEpIIAET PACIIUPSIONIMICS Map HaJ OKPYKAIOIIUMH TEIaMH.

3apava 11. B natynHom kanopumerpe Maccoir m, =200r HaxoauTcs

Kycok sbaa maccoil m, =100r npu Temneparype t =-10°C. Ckoabko
napa, umetouiero temneparypy t, =100°C, Heo6XoaMMO BIIyCTHTh B Ka-
JOpUMETp, 4YTOOBI OOpa3oBaBmiascs Boja wmena Temmeparypy 40°C?
VY aenbHbIE TEIUIOEMKOCTH JIaTYHH, JIbAAa U BOIBI C =0,4-10° Jox/(kr - K) ,

¢, =2,1-10° i/(xr- K), c, =4,19-10° JIx/(xr - K) COOTBETCTBEHHO;
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yZeNbHas TEMIOTa MapoodpasoBanus Boasl I =22,6-10° JLx/Kr ; yaenbHas
TemoTa miasiaeHus abaa A =33,6-10" Jix/kr .

Pemenue. Ilpm xonmencanmm mapa wMaccor m mpu  100°C
(T, =373 K) BbimensieTcst KomudecTBo TeIioTel Q =rm. Ipu oxmaxne-
HuH nonyuuBieiics Boxsl or T, =373 K 1o =313 K (40°C) Beimemnser-
cs Kon4ecTBo Temnotsl Q, =c¢,m(T, —6).

Ipu HarpeBannu sipaa ot T, =263 K (-10°C) mo T, =273 K (0°C)
nornomaercss Koiaudectso Termiotel Q, =c,m, (T, —T,). Ilpn nnasnexuu
JbJa MOTJIOIIAETCS KONINYECTBO TemnoThl Q, = Am,. Ilpu narpesanuu mo-
JTy4uBIIEHcs BOABI OT T, A0 € TIOMJIOMIACTCS KOJIMYECTBO TEIIOTHI
Q, =c;m,(@—T,) . Jna narpeBanus kamopumerpa ot T, 1o 6 tpebyercs
KOJNU4YECTBO TemnoThl Q, =C¢,m, (6 —T,) . Ilo 3akoHy coXpaHEHUs SHEPIUH

Q+Q,=0Q,+Q, +Q, +Q,, mm
rm+c,m(T, —6) =c,m, (T, —T,) + Am, +c;m, (€ -T,) +¢cm (6 -T)).
C,M, (To —T,) + Am, +¢;m, (0 —-T) +em (0 -T,)
r+c,(T, —0)
~22-10° kr=22r.

OTtcroma m=

§10. Hacbimennsiii map. Kunenue. BiiaxkHoctb

Hacvuyennviv (HaChILAIOIINM) napomM Ha3bIBACTCS Map, HAXOAAIIUNACS
B INHAMUYECKOM PaBHOBECHHU CO CBOEH KUAKOCTBIO: CKOPOCTh MCIAPEHUS
paBHa CKOPOCTH KOHJICHCAMU. J|aBIeHNE U TUIOTHOCTh HACBHIIIEHHOT O ITapa
JUIsl TaHHOTO BEIIECTBA 3aBUCAT OT €r0 TEMIIEPATypbl M yBEINYUBAOTCS
IIPH YBEJIMYEHUN TEMIIEPATYPBI.

VYcnoBue KUMNEHHs )KUIKOCTH — 3TO YCIIOBHE pPOCTa IMy3bIPHKOB HACHI-
IIEHHOTO Tapa B XHUIKOCTH. Ily3pIpék MOXKET pacTH, €ciu JaBlIcHHE
HACBHIILIEHHOTO Mapa BHYTPU HEro OyJeT He MEHBIIE BHEIIHEro JaBJICHHS.
Urak, orcudkocms kunum npu moii memnepamype, npu KOmopou 0aeieHue
€€ HacblueHHbIX NApo8 pasHo eHewHemy oasnenuro. IlpuBeném none3HsIi
IpUMED.
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M3BecTHO, UTO MpU HOPMaTbHOM aTMochepHoM nasinennn P, ~10°Ila
Boga kumuT npu 100 °C . 310 03HaYaET, 4TO MaBlIeHNE HACKHIIEHHBIX TTapOB
Bozel ipu 100 °C pasro P, ~10° [a.

[Maper Bogp! B aTMOchepHOM BO3AyXe OOBIYHO HEHACHIIEHHBIC. AOCO-

JFOMHOU 8IANCHOCHIBIO BO3yXa Ha3bIBACTCA IUIOTHOCTH BOJAAHBIX I1apOB
P - OmuocumenbHoll 81ANCHOCHbIO BO3QyXa Ha3bIBA€TCs BEJIMINHA

=5 (24)

Hac

3necy P — maprumanbHOe AaBJICHHE MMapOB BOJBI MPU JAHHOW TeMIIEpaType
B CMECH BO3/yX — Mapbl BOJbI, P__— mapruanbHOe JaBIeHHE HACHIIICHHBIX

Hac

BOJSIHBIX TMApoB MpH TOM ke Temmeparype. OnbIT moka3epiBaer, 4ro P

Hac
3aBUCHUT TOJIBKO OT TEMIIEPATyphl U HE 3aBUCUT OT INIOTHOCTHU M COCTaBa
BO3/yXa.

Ecnu map cumrarth maeanbHbIM Tra3oMm, To P :ERT , P — Puac RT,

Hac

H JZ
rac L u pH’dC_ INIOTHOCTU HCHACBIIIICHHOI'O WM HACBINICHHOTO BOIAHOIO

napa, u=18r/mMonb. JleneHue OMHOrO YypaBHCHHMS Ha JApyroe naér

i -2 . Uraxk,

PHaC p Hac

TR @)

3agaua 12. Bo3nyx umeer temneparypy 60°C u aOCOMIOTHYIO BIIax-
nocts 50 r/M°. Kakoii Oyser aGconmoTHas BIaKHOCTh 9TOTO BO3/LyXa, €CIIH
temneparypa nonusutcs no 10°C? UzsectHo, uto npu 10°C namienue

HaCBIIIEHHOT O mapa Boasl P =123011a.
Pemenne. ITpu 10 °C (T =283 K) mIoTHOCTh HACHIIICHHBIX MAPOB BO-

P
ITBI p:;Rl—_I_:9,4-10’31<r/M3 =9.4r/M°. DTa BeIMUMHA MEHbIIE, YeM
50 r/m’. Tlo3TOMy 4YacTh mapa CKOHIEHCHDPYETCS, W aOCONFOTHAs BIIAX-

HocTh Oyner 9,4 r/m’.
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KoHTpoJbHBIE BONIPOCHI

1. VneanpHblil Ta3 B TEPMETHYHOM COCYIE HATPENH, U €ro IaBICHHE
Bo3pociio Ha 90% . Ha ckoibKO MPOLIEHTOB YBEIUYMIACH CPEIHSAS KBaIpa-
THYHAs] CKOPOCTH MOJICKYJI ra3a?

2. Ha puc. 11 moka3zan mponecc A1 HEKOTOPOI Macchl HIealbHOTO Ta3a
B koopauHatax |, P . M3o6pasure ero B koopaunatax V, P u T,V .

3. Hekoropast Macca UIeaibHOTO ra3a IepeBe/ieHa u3 COCTOsHUs | B co-
crosiaue 2 (puc. 12). Kak usmensica 00bEM raza B 3ToM nporecce?

P P

Puc. 11 Puc. 12

4. B armocdepHOM BO3ayXe Ha JOJMI0 Kuciaopoxaa npuxomurcs 21%
MAaccChl, a OCTaIbHOE — a30T (€CJIM MPEeHeOpeYh MPUMECSIMHU JPYTUX T'a30B).
BBIUHCINTD CpeHIOI0 MOJISIPHYIO Maccy BO3IyXa.

5. Teruton3omMpOBaHHBIN COCYT Pa3/IeIHIA Ha JBE HEpaBHbIC YaCTH Iie-
peropoakoil. B o1HON 4acTu cocyla HaXOAUTCS WACAIBHBIN Ia3, a B ApPY-
roil — BakyyM. Kak u3MeHUTCS TeMriepaTypa rasa rnocje pa3repMeTH3aium
neperopoaku?

6. B mpsamom nmkie KapHo aOconroTHas Temreparypa HarpeBaTess B
1,4 pasa Bbillic aOCOJIOTHOM TeMIIEpaTyphbl XOJoawibHUKA. Kakas mouns
TETJIOTHI, MMOJYYEHHOW pabovnM TEJIOM OT HarpeBaTels, MepeaacTcsi X0o-
JIUIBHUKY?

7. Kak BbI3BaTh kurenne Boasl pu 33° C?

8. Temnepatypa Bo3nyxa 18°C, a Touxa pocel 10° C. Haiitu oTHOCH-
TEJIBHYIO BIaXKHOCTH Bo3ayxa. HeoOXxonumele JaHHbIE B3STH U3 TaOIHLI.

9. OLEHNUTH IIOTHOCTH HACKIIEHHOrO BOAsHOro napa npu 100° C.

10*. B unnmHape noj MOpIIHEM HAXOAUTCS BOASHOW Nap Ipu TeMIepa-
type 100°C u nmasnenun 60 kITa. Kakum craHer jnaBieHue mapa B Id-
TUHpPE, ecu 00BEM €ro N30TePMUYECKH YMEHBIIUTH B 4 pa3a?
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3agaun

1. IIpu noBblmIeHHH TemIepaTypsl uiaeanbHoro raza Ha AT, =100K
CpenHssl KBaJpaTU4IHAsi CKOPOCTh €ro MOJEKyJl yBenuuunachk ¢ v,= 400 m/c

no v, =500 m/c. Ha xakyio Bennuuny AT, HaJo MOBBICUTH TEMIEPATypy
9TOrO ra3a, YTOObI YBEINYUTH CPEHIO0 KBAJAPATHIHYIO CKOPOCTH MOJIEKYIT
¢ U, =600 wm/c mo U, =700 m/c?

2. Cmech coctout u3 16T monekymsiproro kucinopoga u 11r yrimekwc-
noro rasa. Haiitu miotHocTs cMecu mipu Temneparype 16° C u maBnenuu

100«ITa.

3. WneanbHelil Ta3 pacmmpsieTcss 10 YABOSCHHOT0 00bEMa B Tpoliecce
1-2 ¢ nuHEHOMN 3aBUCUMOCTBIO JAaBlieHUs 0T 00béMma (puc. 13). 3ateMm ero
M300apUYECKH CKUMAIOT B TIpoIiecce 2—3 10 MepBOHAYAIBLHOTO OO0BEMA.
Haiitn oTHOIIEHNE paboT, COBEpIIAEMbIX Ta30M B MPOIeCcCax pacuIMpeHHS
U ckatus. MI3BecTHO, yTO TemrmepaTypa B COCTOSHUAX 1 1 2 oMHAaKoBa.

P PA

3 2

1 >

@) \Y; O \

Puc. 13 Puc. 14 Puc. 15

4. Tenuit B KONMUYECTBE V = 2 MOJISI PaCUIUPSIETCS B MPOIIECCE C MOCTO-
ssHHOM TeroémkocThio C . B pesynbrare K rasy mojBed KOJMIECTBO TEll-
aotrer 3000 Ik, u BHYTpeHHsIst sHeprust raza ymenbinmiack Ha 2490 Jx.
Haiitu paGoty, coBepmiénnyto raszom. Ompemenuts Ttermioémkocts C .
(M®TH, 1996)

5. TeruoBast MamuHa ¢ pabOYUM TEJIOM B BUJE WACATBHOTO OJHOATOM-
HOro Tasza paboraeT mo mukiy (puc. 14), cocrosiemMy U3 U30TepMbl 12,
M30X0phl 2—3 u aamabdatudeckoro mnporecca 3—1. PasHocTh MakcUManbHOM
¥ MUHUMAJILHOM TeMrepaTyp ras3a B iukie pasaa AT . PaGora, coBepiae-
Masi V MOJISIMH ra3a B U30TepMHUYeCKOM mpoiiecce, paBHa A . Haiitu KITJ]
MaIlHbI.

* o .
6”. T'a3000pa3Hblii Tenuii HAXOAMTCS B IMIUHIPE IO TOJBIKHBIM
nopiHeM. ['a3 oxna)xaaroT NpU NOCTOSHHOM JABIIEHUH, IEPEBOJISI €r0 U3
cocrostHus 1 B coctostame 2 (puc. 15). Ilpu 3ToM OT ra3a oTBOAUTCA KOJHU-

YECTBO TEIIOTH Q (Q > O) . 3aTeM ra3 pacuupsiercs B mnporecce 2—3, Ko-
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raa ero gasienue P mpsiMo mponoprmonansHo 06béMy V , coBepiras pa-
ooty A,,. Hakowren, ra3 pacummpsercs B aguadatudeckoM npouecce 3—1.

Haiitu paGory A, , coBepuIéHHYIO Ta3oM B Hpolecce ananabaTHyecKoro
pacuupenns. (MOTH, 2000)
7. B Boxy maccoit M, =600r npu remmeparype t, =10°C 6pocaror

Kycok sbaa maccoit M =800 r npu temneparype t, =—20" C. IIpenebperas
TEMIIOOOMEHOM C OKPYXKAIOWIEH CPENOii, ONpEeNeauTh YCTAaHOBHUBIIYIOCS
TeMrepaTypy € CMecH M COCTaB CMeCH. YelbHas TEIIOEMKOCTb BOJIBI
¢, =419 xlx/(xr'K), npna C, = 2,1 x/[x/(kr'K), yaenbHast Terwiora mas-
nenns mpaa A = 336 kJIx/kr.

8%. Touxas MpoOHpKa YacTUYHO 3alOJIHEHA BOJOW M PACIOJIOKeHa
BEPTHKAIILHO OTKPBITHIM KOHIIOM B atMmocdepy. Benencreue nuddysnn B
npoOupKe YCTaHaBIMBAETCS JIMHEHHOE M3MEHEHUE KOHIICHTpAIUU Iapa ¢
BBICOTOI: BOIM3H IMOBECPXHOCTHU BOJABI ITap OKA3bIBACTCA HACBINICHHLIM, a Yy
BEPXHEr0 OTKPHITOIO KOHIA MPOOUPKH €ro KOHLEHTpalus B 3 pa3a MEHb-
ure. [IpoOGupKy cBepxy 3aKphIBAIOT KPBILIKOH U YBEIHYHBAIOT TEMIICPATYPY
Ha AT =1K. Ha ckonbko U3MEHUTCS JaBJCHHE BIAXXHOTO BO3IyXa BHYTPH
NpOoOUPKH MOCE YCTAHOBJICHHSI PAaBHOBECHS IO CPaBHEHMIO C aTtMocdep-
HbIM JaBieHneM? AtmocdepHoe napienune Py =760 mm pr. cr., HavanpHas

temneparypa 1 =300K, naBieHue HACBHIIEHHOTO Mapa MPH 3TOM TEMITe-

parype B =27 mm pr. cT. 3BeCTHO, 4TO Malible OTHOCUTENILHBIE H3MEHE-

HUs JaBjienust Hacklennoro napa AP /P cBsasansl ¢ manbiMu otHOCH-
TENBHBIMA ~ M3MeHeHusMu  ero  temneparypsl AT /T popmyioii
AP /P =18AT /T . 3aMeHeHueM ypOBHsI )KUIKOCTH B IPOOUPKE BO BPEMsI
omnbITa npenedpeys. (MDTH, 2003)

9*. B cocyne o6bémom V =151m HaxoauTes BO3AYX mpH Temepa-
type T =290K u orHocutenpHO# BiaxHoctH @ =50%. Kakoe xonmnue-
CTBO POCHI BBINAJIET MPU M30TEPMUYECKOM YMEHBIIEHHH 00beMa B N =3
paza? IlmotHOCTh HackimeHHbIX BoAsHbIXx mapoB mpu 290K pasna

oy =14,51.

10*. K HJiealbHOMY OJHOATOMHOMY ra3y, 3aKJIOUEHHOMY BHYTpPHU Mac-
JITHOTO ITy3bIpsl, HOJABOAUTCS Terio. HaTh MOJSIpHYIO TEMIOEMKOCTh Ia3a
B 9TOM IIPOLIECCE, €CIIN JABIEHHEM CHAapYXH ITy3bIps MOKHO NpeHeOpedb.
Yxazanue. V3-3a TOBEpXHOCTHOTO HATSKEHUS JABJICHUE BHYTPH MacIIIHO-
TO Iy3BIPsl 00PaTHO MPONOPIIMOHAIBHO PAJANYCY ITY3bIPA.
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