Задание для обучающихся с применением дистанционных образовательных технологий и электронного обучения

Дата 02.02.2021г. 

Группа Т-19

Преподаватель Глебова Анна Викторовна

Учебная дисциплина Физическая и коллоидная химия

Тема занятия Второе начало термодинамики.Термодинамические потенциалы.Энтропия как мера необратимости процесса.Энергия Гиббса.
Форма Лекция
Содержание занятия:

Повторение

[image: image1.png]6. Hammmumre dhopMyny Ans pacyeTd TCrUIoBOro sdubekTa XUMUHECKO# pe-
AKUMK TIO TEIUI0TaM 06pa3oRaHUsA MCXOJHBIX BEILECTB M MPOXYKTOB Peak-
11K, (10 TETUTOTAM CTOPAHUST MCXOXHBIX BELICCTB M MIPOLYKTOB.

7. Kak 3aBUCHT Tern10BoH 3 GheKT XMMUIECKOH peakuun OT TEMITepaTyphl
v YEM OMpeaesHeTcsa 9Ta 3aBUCHUMOCTR?




Изучение нового материала
 [image: image2.png]2.2. Bropoii 3aKOH TEepPMOJAHHAMHKH

2.2.1. @opmMy MPOBKH BTOPOTO 3aKOHA TEPMONNHAMMKH

[TepBBiii 3aKOH TEPMOIMHAMUKU (3aKOH COXPAHEHHUS IHEPTHH)
[QBOPUT 06 IKBHBAJICHTHOCTH PasfTUYHBIX HopM sHeprun. CorlacHo
1ICPBOMY 3aKOHY TEPMONHHAMWMKH SHEPTUSl MOXET NMpeBpallaThCsl
3 OHOM (GOPMBI B APYTYIO, HO HE MOXET BOSHUKATH WM UCYE3ATh.
C TOUKM 3pPEHUS TIEPBOrO 3aKOHA BO3MOXKHBI ¥ pABHOBEPOSTHEI JTIOOBIE
11POLIECCH], B KOTOPLIX BMECTO HCHUE3HYBLIETO OAHOTO BHIA JHEPTHH
MOSRIAETCS SKBUBANCHTHOE KOJIMMECTBO IPYFOro BUAA 3HepTun. Tak,
Nno 3TOMY 3aKOHY ONMHAKOBO BO3MOXEH TPOLECC TIEPEeXoa TEILTOThI
OT TOPSIYEro Tela K XoloaHoMy u HaoGopot. Ho He Beskuil npolecc,
He TIPOTHUBOPEYAIHIl NEPBOMY 3aKOHY TEPMOAMHAMUKY, OCYIIECTBUM
Ha NpakThKe, MBl MOCTOAHHO CTAIKUBAEMCS C TEM, YTO PEAIbHO IPO-
TeKaIOIUe B HPHPO/LE [IPOIECCH MMEIOT OPENEIEHHOE HallpaBIEHYE.

Ha ocHope BTOPOro 3aKOH2 TEPMOIJWHAMMKH BCE JOITYCKACMBIE TIEP-
BbIM 33aKOHOM TEPMOIMHAMHKH TIPOLIECCH MOTYT OBITh pasiesieHBl Ha
CaMOTIPOU3BOJIBHEIE W HECAMOIPOU3BONBHLBIE. KpoMe Toro, BTopoit 3a-
KOH TEPMOAMHAMHUKH YCTAHABNMBACT KPUTEPUH PABHOBECHS B CHCTEME.

B omInuMe OT fIepBOTO 3aKOHa BTOPOI 3aKOH TepMOIMHAMHUKH UMeE-
et Gofice OrpaHUYCHHYIO 00JIACTh IPUMeHeHHd. BTopoii 3aKoH TepMo-
AUHAMWKH TIPUMEHHUM K CHCTEMaM, COCTOSIIIUM 13 OYeHb Golbioro
"HCA HACTUU, T.€. HOCUT CTAaTUCTUHECKUI XapakTep.

HM3BectHo Gosee npagiiaTd GopMyRPOBOK BTOPOIO 33aKOHA TePMOIUHA-
MuKH. Ontu GopMyTUPOBKH HMEIOT CTPOTYIo GopMy, ApyTHe HOCAT Ka-
4eCTBEHHBIH XapaKTep, a HEKOTOPhIE MOTYT ITOKA3aThcst abCTPaKTHLIMHE.

o OHeprisi BeeneHHON MOCTOSSHHA, a €€ SHTPOITUST CTPEMHUTCS K
Makcumymy (P. Knaysuyc).

® DHTPONMA — 3TO CTPEIKA, OTMEPSIOWast BpeMst (A. DIIMHTTOH).

o JIns pasHoBecusi moboll W30IMPOBAaHHON CHCTEMBI HEOOXOIUMO
W IOCTaTOMHO, YTOGH BO BCEX BO3MOXHBIX M3MEHEHMSIX COCTOSIHUS
CHCTEMBbI, TIPH KOTOPHIX He M3MEHSIETCS] e 3HEprus, U3MeHeHHe ee
IHTPOTINH ObII0 GBI HYNEBHIM M OoTpuLareabHbiM (x. Y. [m66¢c).

e Temora HE MOXeT cama Nno cebe NEepexoauTh OT XOJIOAHOrO K
6onee Termomy Teny (P. Knayanyc).

CyluecTBYIOT HECKOJIBKO OIIpeelieHU TOHATHs SHTponHH. Bee onu,
KaK M BTOpOE HauyaI0 TePMONMHAMUKY, HOCSAT XapaKTep MOCTYJIaToB,
W KaXIO0€ ONpeeIcHIe MOXKET PaccMaTpuBaThesl B KauecTe opmy-
JIUPOBKH BTOPOTO 3aKOHA TEPMOJAMHAMHWKH.

TlpriMenM B Ka4eCTBE [IOCTYNATA U OCHOGHOU HOPMYAUDUBKH 8MOPO2O
3aKOHA MepMOOUHAMUKY CITEIYIOIIEe YTBEPXKACHUE.

o CylecTsyeT HEKOTOpass IKCTEHCHUBHAs QYHKIUSA COCTOSHUs §,
Ha3wrIBacMas 3Hmponue11, H3IMEHECHHE KOTOpOf/I CBA3aHO C [Torjo1ae-
MOt TETUTOTOI M TEMTIEPATYPOH CUCTEMBI:
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[pU 3TOM 3HAK PABEHCTBA OTBEYAET OOPATHMBIM IIPOLIECCAM, 3HAK
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2.2.2. CeoiicTBa 2uTpOnNs

1. DuTponna apiasercd PyHKIMeH cocToaHua. CnenoBaTe/ibHO, U3~
MeHeHHe SHTPONUH 3aBACHT TOJIBKO OT HaYajlbHOTO ¥ KOHEYHOTO CO~
CTOAHWI CHCTEMBI M He 3aBUCHT OT NYTH Tipoliecca AS = S, - §), e
Sy, S) — IHTPOTIMS CUCTEMBL B HAYAIbHOM U KOHEYHOM COCTOSSHUH
COOTBETCTBEHHO. DTO CBOMCTBO IHTPOIINM HENAET €€ OCOOSHHO MoJes-
HOU JUIST ONMHCAHKA CaMOTIPOM3BONBHEIX, T. €. HEOOPATUMBIX, IPOLEC-
coB. I3MeHeHWe SHTPOIHY OAWHAKOBO, HE3aBUCHMO OT TOTO IIPOTEKAET
mpouecc ofpaTHMO WM HeoOpaTHMO, eCIM HAYalbHOE M KOHEYHOe
COCTOAHUS OAUHAKOBB.

2. DHTpONHUSL ABAAETCSH SKCTCHCHBHBIM CBOMCTBOM BELLCCTBA M A4fU-
THBHBIM CBOMCTBOM CJIOXHOU CUCTEMEI, BKLIOYRIOLIEH HECKOIBKO BE-
utects. 70 0O3HAYAET, YTO IHTPOTINA IIPONIOPLIMOHAILHA MAcce (UHCay
MoJieil) BeleCTBa ¥ TPH HATUYMM B CHCTEME HECKONHKHX KOMITOHEH-
TOB 3SHTPONMIO CUCTEMBI HAXONAT CyMMHpPOBAHMEM IMPOU3BEACHUN
MOJISIPHBIX 3HTPOMUI Ha YMCIIO MOJeH KaXIoro KOMIIOHEHTA:

5=3(0S).

3. DHTpONMS — MepPa XdO0THYHOCTH (OecItopsiiKa) CHCTEMHB. DH-
TPOMUA BELECTBA B TBEPIOM COCTOSHUYN MEHBUIE, YEM FHTPOTHS 3TO-
TO BELECTBA B XMIKOM, M MEHBLIE, YeM B ra3000pa3HOM COCTOAHUM!
S < Sy < S,

PasmepHocts srTponm [[1x/K] coBnagaer ¢ pasMepHOCTBIO TEILTO-
eMKOCTH. 3HaYeHHe SHTPOMHU MPHHATO OTHOCHTH K OTHOMY MOTIO Belle-
CTBa, TAKUM 06Pa3cM IOIydaeM pasMepHOCTh 3HTpoIThH [k /(Monb- K).

4. CBOHCTBO 3HTPONMUM OHITh KPUTEPHEM HANIPABJIEHHOCTU U PaB-
HOBECHSI NPOLecCOB OOHAPYXXKUBACTCH NPU PACCMOTPEHMH M30JUPO-
BaHHOM cucteMbl. B usomuposanHoi cucreme U = const, V' = const,
caenoBarenapHo, dU =0, dV= 0.

CoryacHO NEpPBOMY 3aKOHY TepMoAMHaMUKY (8Q = dU + pdV) B
VU30TUPOBAHHOM CUCTEME TETUTOOOMEH € BHELIHEH CPenoit HCKITIOUEH,
T.€. §Q = 0. CnexosatensHo, Wik M30NUPOBAHHOM cCUCTEMbE Npr 3Q =0
CaMOTIPOU3BOJIBHBIC (HEOOPAaTUMBIE) TIPOLECCHE IPOUCXONST B HANIPAB-
JIEeHUW YBENUYCHUS SHTPOTIHH chcTeMBL: d.S > 0. OYeBHAHO, YTO B U30-
JMUPOBAHHON CHCTEME CaMOTIPOU3BOJIBHEIN MPOLIECe TPOTEKAET 10 TEX
fiop, NOKa CHCTEMa He TIEpeiieT B paBHOBecHOe cocToaHue (dS = 0),
KOTOPOMY OTBe4aeT MaKCUMAJBHOE 3HaueHue sHTpomvy (d2S < 0).
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CocrosHie CUCTEMBI

Puc. 2.4. MismeHenue IHTPOMUM M30IMPOBAHRON cHeTeMul npu U = const,
¥ = const

Ecny B u30n1pOBaHHON CUCTEME COBEPLUACTCS TONBKO OBPaTHMbBIH
npouecce, To d.S= 0, T.¢. B 05paTHMOM NPOLECCE IHTPONHUA COXPAHAET
Nxocrosumoe 3HaYCHUE.
“ st 11060ro mpouecca, MpoTeKaoWero B H30IUPOBAaHHON CHCTE-
) Me, BHTPOMUA He HIMEHSETCS B 06PaTUMOM TIpoLiecce (MM PK paB-
;\‘uonecuu) ¥ BO3pAcTaeT B CaMOINPOM3BOJIBHOM (HeoOpaTuMOM) Ipo-
uecce: dS 2 0 win AS 2 0. Ipadwdecky 310 NoscHAET puc. 2.4.
'3) B HEH30/MPOBAHHEIX CHCTEMAX, JUTSt KOTOPLIX BOSMOXEH OGMEH
JHEPTHEH M MacCoM, U3MEHEHUe SHTPOITUY MOXeT GbITh Kak Gonpie,
TaK U MEHbLIE HYIS.

2.2.3. Csi3p SHTPONNY ¢ NAPAMETPAMH COCTONHHA B MpoUeccax
€ Y9aCTHeM HACANBHOTO rasa

W3 onpemesncHUst SHTPONUU OBPATUMOTO TEPMOTMHAMHUECKOTO
npouecca dS = 8Qqg,/ T 0UEBUAHO, YTO MIMEHEHHE BHTPOMUM TIPH
JI060M U3MEHEHMM TEMIIEPATYPHE MOXHO BBIMHCIANTD, ONpeaenss Ten-
70Ty OBpaTHMOro Mpotiecea.

Jlns cucTeM, B KOTOPBIX OCYLIECTBAAIOTCS 00OpaTUMBIE MpeBpauie-
HUA MIPY NOCTOSHCTBE AAaBACHUA VI 00beMa, MOXKHO 3arlHCaTh

8Q,=dH=TdS, 8Qy=dU=TdS,

TaK Kak
dH = ¢, dT, dU=cydT,
TO
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TlocKOnBKY TETUIOEMKOCTH WHAUBMAYANBHBIX BELECTB UMEIKOT 110~
JIOXKUTEJIBHbBIE 3HAYCHUSI, TO SHTPOIUSI BELECTBA BCETIa BO3PAcTaeT ¢
AOBBILIEHUEM TEMOEPATYDHL.

Jns viaeanbHOTO Ta3a MHTETPHPOBAHME MOMYYEHHbIX YPABHEHWI
TIPUBOAMT K BBIPAXEHHHM, OTTUCHIBAIOILNM U3MEHEHHE SHTPOIMH NIPU
u300apHOM (p = const) HarpeBaHUU:

M ne, ne, T,
[ﬁl:TP,AS (S5 -S7), j "dT—nc,,lnT‘

Tpu u30xopHoM (V' = const) HarpeBaHuu:

EAY ney % ney T
(ﬁl = AS = (S5 -Sp), =7_];TdT=chln7,l~,

£Ie n — YHCIIO MOJIEHt ra3a, YYacTBYIOLIMX B MpPOLECCE.

PaccMoOTpUM TeTlephb 3aBHCHMOCTb SHTPOIMH MACAJBHOTO rasa oT
obbeMa K JaBJIeHNA NP OCTOSHHOMN TeMrniepatype. TloacTaBnsia Bbi-
paxeHue 8Q = TdS mng o6paTUMBIX TIPOTIECCOB B YPABHEHHE IEPBOro
3aKoHa TepMoauHaMuky (§Q = dU+ pd V), noayyaem TdS=dU+ pdV.
Pa3nenus npasyio U JEBYIO YACTH NOMYYCHHOIO YPaBHEHUS HA TEMIIe-
paTypy W ucnonw3ys cootnouenue dU = ¢pd7, Haxoaum

¢dT | pdV
T T

Toraa mng ogHOro MoJIsT UAEANBHOTO rasa TP OCTOAHHOM TeMMlepa-

Type AMeeM
dS:ﬂ WK [El =£=£

ds =

T v TV

Moce pasgeneHNns NepeMeHHbIX U MHTEPUPOBaHUs B Tipefenax ot V)
oo V; nomryvaeM

12 R P
AS =(Sy, = Sy), = [ 5dV = RinZ2 = g2
1 4 Vl n
Orcroma CJICAYET, YTO SHTPONUS HACAILHOTO ra3d BO3pacTaeT C yBe-
NMyeHyeM obbema u YMCHBUIAETCA IIPY YBEIMYCHHMH NaBJICHUSA.

B cllydae €CJ/I B XO€ Ipolecca U3MCHSIOTCA ABa NapaMeTpa COCTO-
AHUA ONHOBPCMEHHO, HANMPUMEP ra3d paclINpsEeTCAd U HArpeBaetcs,
TIePEeXOfis U3 COCTOSTHMA ¢ rapamerpamu V), 7| B COCTOSHME C napa-




[image: image6.png]merpaMu ¥y, Th, TO, yYUTHIBAS HE3ABUCUMOCTD M3MEHEHHUS SHTPOILIK
OT TyTH TpoIIecca, Pe3yNbTaT MOXHO MPEACTABUTh KaK CyMMY M3Me-
HCHUIT HA JTalax WIOTEPMUYECKOTO PACUIUPEHMs! W U30XOPHOTO Ha-
I'PEBaHAS UAH HAOBOPOT:

Va 2]
AS =S8y, 1, —Svg = RIHT/— +op ln?A
[ 1
Ecan B rpolecce MPUHUMAIOT yYACTHe 1 MONet ra3a, To pesylbTaT
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CmellnBaHMe ra30B ~— TUITHYHEI NPUMep CaMOMIPON3BOILHO NPO-
Tekaowero npouecca. [IpeacTaBuM, YTO B IBYX COCYHAx, pa3leieH-
HbIX IEPErOPOAKOil, HAXOAATCS ABA HOeambHbIX rasa. IycTh oGpeM ra-
30B B EPBOM M BTOPOM COCY/IaX W YMCIO MOJEN ra30B B COCYHaX pas-
HEl V|, ny K V), ny. (MHDEKCHL 1, 2 OTBEYAIOT NEPBOMY U BTOPOMY rasy
cooTBetcTBeHHO.) Korna neperopoaky yonpalor, ra3bl cMe1LHBAIOTCS
W SHTPOIKUS BO3PACTAET.

TTonHoe M3BMeHEHWEe SHTPOITHH [IPH CMEIIUBAHUH AS,,, IByX HICATb-
HbIX [A30B MOXHO MPEACTABATH KaK CYMMY JBYX TIPOLECCOB U30TEPMHU-
MECKOTO PACTITPEHWS:

Vith 2RInV+V2

1 2

AS,, = A8 +AS, =mRIn—=

IMocKONBKY IOJIY4eHHBI 00beM (V; + V,) Bomnblie mo6oro U3 nepso-
HAYAJIBHBIX, SHTPOITHS CUCTEMBI IIPU CMELIMBAHUH JOJKHA BO3PACTH.

OTHONIEHWE O6BHLEMOB MOXHO 3aMEHUTHh OTHOILUECHHEM YHCEN MO-
el CMELIUBAIOLIMXCS Fa30B:

Vi+Vy, (mRT/p)+(mRT/p) m+nm _ 1

4 mRT/p n X’

roe X] — MOJIbHAA J0M MEPBOTO Ta3a B CMECH.
Ins BTOPOT0O rasa noJyuyuMm

h+y, 1
RS
VYpaBHeHYe U3MEHCHUA 3HTPOIIMM MPH CMENTHBAHMW Ta30B MOXHO
TeTepb NMpeCTaBHTh B hopMe

ASew = _anln/‘,l - mRinX,.
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IMocite AENeHNs Ha CYMMApPHOE YHCIIO MONEH 3 7; KOMIIOHEHTOB, 06-

i
Pa3yIOIIUX ra3oByKO CMECh, NOJTYUMM U3MCHCHUC SHTPOIHH IUIs1 OAHOIO
MOJIST CMECH:

ASp = -RY (X, IX,). (2.16)

2.2.5. H3sMeneHHe HTPOMHA NP 0OPATHMBIX (a30BBIX Nepexoaax.
TIpasuno Tpyrona

®a3oBble Tiepexoabl (UIABNEHHE, TapoObpasoBaHue, CybarMaLMs,
nomuMopdHble TpeBpallieHnss U 06paTHbIe M) POUCXOAAT TIPH IO~
CTOSIHHBIX 3HAYCHUAX AaBNeRNs U TemnepaTypsl. ClexoBaTe/IbHO:

TyndS = 8Q, = d(AHy )

WIH
AH,
ASpy = =0T
B, , 2.17
o T¢.n ( )
e AHy,, — M3MEHCHHE SHTANLINU NPH (ha3oBoM mepexone; Ty, —

TeMnepartypa $azoBoro mepexoza.
B ciyyae HHOAMBAZYATBHEIX BELLIECTB BHIMOTHAESTCA COOTHOLIEHUE:

ASep < ASjr < Spap-

Ecnn paccmarpnBath JaHHBIE O 3HAYEHMAX AS,,, IIPY HOPMAJIbHOI
TeMneparype KuneHust 7., (Mpu BHELIHEM AaBIeHWM 1 aTM), TO B
COOTBETCTBHU C TPaBIUIOM TPYTOHA ISl HEMOSIPHBIX U HEACCOUMHU-
POBAaHHBIX XUIKOCTEH SHTPONUS NapooBpasoBaHUsl U3MCHAETCS B CPAB-
HUTEABHO Y3koM uHTepBayie (10,5—11,0)R u cocTapnseT

AH,,

ASpap(p =1atm) = = 89 Ix/(Mob - K).

HTK

DTO NMpaBWIO MO3BONSIET OLEHUTH TEILIOTY MapooOpasoBaHUA MHAH-
BUAYATLHOIO BELIECTBA, €CM M3BECTHA TEMITEPATYPa €10 KUICHUs! TPU
ZIAaBJEHUU | aT™.

Ha ocHoBaHUY [IepBOTO M BTOPOro 3aKOHOB TEPMOIMHAMUKH MOXK-~
HO OTIPEAEUTD JIUIIb U3IMCHEHUE HTPOITHH AS B PasiiHUHBIX MPOLIEC-
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Конспект 

[image: image10.png]ABTSETCH JIK 3HTDOITUY OVHKIUOHUEH COCTOAHHWSA !,




