OCHOBHBIE 3aKOHBI
TePMOAUHAMUKH
B re0JIOrN4eCKHuX

npoueccax




BHYTpEeHHSAS JHEPIrus

1. , BC€ CHCTEMBI,
HaXxoAAIlHecs B OJHOM M TOM K€ COCTOSIHUH,

HMEIOT OJIHY U TY K€ BHYTPEHHIOI YHEPrUi0, HE3aBUCUMO OT crioco0a,
KOTOPBIM CHCTeMa ObllIa IPUBEJCHA B 3TO COCTOSIHHUE.

2,

3. CnenoBarenbHO, BHYTpEHHss d3HEPTUS E popmanbHO onpenensiercss Kak QyHKIUs
COCTOSIHUSI CUCTEMBI M XapaKTEPU3YETCSI TEM, YTO IPU OECKOHEYHO MaJIOM
M3MCHEHHU COCTOSHUS, IPOTEKAIONIEeM 0e3 H3MEHEHNUS COCTaBa, BO3PAcTacT Ha
BEIIMYMHY, PABHYIO CyMME TeILIOThI dg, MOIIOICHHON CUCTEMOM, H padOThI dw,
MPOU3BEICHHON CUCTEMOI:

4. dE=dq+dw

5. Ecimn ke tipu nasieHnu P cuctema B MEXaHUYECKOM PABHOBECHUM C €€

OKpY’KEHHEM, TO pab0Ta, COOTBETCTBYIOIIAs U3MEHEHHIO 00bema dV, paBHseTCs
dw=-PdV.

6. Takum obOpazom, dE=dq-PdV.



OOpaTuMbIe IPoLECChI

Ecnu nen mumasurcs npu 0 °C u arMocepHOM JaBII€HUH, TO 3Ta PEAKIAS 00paruMma,
MTOCKOJIBKY O€CKOHEYHO MaJIO€ MaJIEHUE TeEMIEpaTyphl OyJIET BBI3bIBATH 3aMEP3aHUE

BOJIbI; Ta K€ peakius, nporekaromas npu 10 °C , HeoOparuma, moTtoMy, 4To BeCbMa

MaJIO€ MaJICHUE TEMIIEPaTyphbl HE MOBJICUET 32 COOOM 3aMEpP3aHUs BOJIBI.

Peakius CaCOs+S10:2 =CaSiO; +CO: obparuma npu 270 °C, korma gasienue CO:
paBHO 1 6ap, moToMy 4TO TH000E MaO€ YBEINUYCHUE I YMEHBIIICHUE JAaBICHUS
CO: 3acTaBUT T€Ub PEAKIIMIO CIIpaBa HAJIEBO WM CJIEBAa HAIIPaBO COOTBETCTBEHHO.

[MTapuk, KaTAMMACS MO TIIOCKOW MOBEPXHOCTH, OYAET MepeMelarbcs 00paTumMo, B
COOTBETCTBUU C 3TUM ONPEACICHUEM, €CIIU J11000€ OECKOHEUHO MAaJI0€ U3BMEHEHHE
HAKJIOHA 3aCTABUT €r0 KATUTHCS B MIPOTHUBOIIOJI0KHOM HAIMPABICHUU. JTO BEPHO
TOJIBKO B TOM CJIy4ae, KOIJla C CaMOro Hayajia HaKJIOH MOBEPXHOCTH OECKOHEUHO
MaJl, MPUYEM CKOPOCTH LIAPUKA TAKXKE OUYEHb MaJa.



JHTPONMS

1. OT rpedeckoro entropia — MOBOPOT, IIPEBPAIICHUE.
2. O0o03Hauaercy S.

3. DTO (PyHKLMS COCTOSHUS TEPMOANHAMMNYECKON CUCTEMBI,
M3MEHEHHE KOTOpOH (A S) B paBHOBECHOM IIPOIECCE PABHO
OTHOIICHUIO KOJIMYECTBA TEIIOTHI (AQ),

COOOIIIEHHOTO CUCTEME HJIU OTBEICHHOI'O OT HEE

K TeMmeparype cucteMsl (T).

4. HepaBHOBECHBIE POLECCHI B U30JIMPOBAHHON CUCTEME
COIPOBOXKIAKOTCI POCTOM SHTPOIIHUH.

5. OHM NPUOIMKAIOT CUCTEMY K PaBHOBECHIO
(3HTpONHUS S MaKCUMaJbHa).



HNHTepnperanusa NOHATHSA
JHTPONUSA

CucreMa o01agaeT dHEPruei, €CJIM OHa:

1) ciocoOHa IPOU3BOAUTH MEXAHUYECKYIO
UJIA DJIEKTPUYECKYIO padoTy,

2) cnocoOHa U3Ty4arh,

3) COIEPKUT HEKOTOPOE KOJIUYECTBO TEILIOTHI.

Taxkum 00pa3zoM, BOBMOXKHOCTh OCYIIIECTBIIATh PEAKIIUNA 3aBUCHT:
1) OT 3MEHEHMS SHTPOIINH;

2) OT MPUTOKA WJIX PACXOJIa TEIUIA, YYACTBYIOIIETO B IIPOIIECCE;

3) OT BeIMUMHBI pa0OThI, KOTOpas JOJIKHA ObITh COBEPIIICHA HAJl
CHCTEMOM WJIU CaAMOMN CHCTEMOM.

IpuHoun bojablMaHa: SHTPONUIO MOXHO pacCMarpuBaTh,
KaK MEpy BEpPOSTHOCTH MPEObIBAaHUS CUCTEMBI B ITAHHOM COCTOSHUHU.



IlpaBuiio (a3

= 1. Uucno nepeMeHHBIX, TPEeOYIOIIUXCS IS IMTOJHOTO OMPEACICHUS 3aKPhITOM
CHUCTEMBI, PaBHO YHCIY IIEPEMEHHBIX, TPEOYIOIIUXCS JIJI OMPEACICHUS ¢
MHTEHCUBHBIX CBOMCTB, ILIIOC Yuciio (a3 (Teopema [rorema).

= 3. CnenoBarenbHO, €CJIM MACCHI TOPHBIX MOPO HAXOAATCS B YCIOBUAX U3MEHUYHUBBIX
TeMIIepaTyp U JABJICHUM, TO T100 COCTaB, TUOO OTHOCHUTEIbHBIC MAaCChl PA3IMYHBIX
(a3 T0IKHBI UBMEHATHCSA B 3aBUCUMOCTH OT U3MEHEHUU AABJICHUS U TEMIIEPATyPhI
1 HE3aBUCHUMO OT YHCJia KOMIIOHEHTOB U 4Mcia ¢as.

= 4. Ecnu HU cocTaB, HU CyMMapHbIi 00beM, HU Macca KoM (pa3bl HE U3MEHSIOTCS
C U3MEHEHHUEM JABJIEHUS U TEMIIEPATYPHI, TO MOKHO C YBEPEHHOCTBIO CKa3aTh,
4YTO CUCTEMa HE HAXOJIUTCS WK HE ObLla B PAaBHOBECHUH, UJIM YTO 3TO OTKPbHITAs
CHCTEMA, TO €CTh YTO BEIIECTBO BHOCHUTCS WJIM BBIHOCUTCS U3 HEE.



YCTONYUBOCTD

» 1. Crucrema onpenensercs Kak yCTOMYHBas,
€CJIM J1I000€ U3MEHEHHUE WIIN HAPYILICHUE
€€ XUMHUYECKOTO COCTaBA UCYE3ACT
CaMOIIPOU3BOJIBHO C TCUEHUEM BPEMEHHU.

= 2. CucreMa, B KOTOPOH HAPYIICHUE CTPEMUTCS
K YBEJIMYEHHUIO, HA3BIBACTCA HEYCTONYUBOM.

= 3. Cucrema Ha3bIBaeTCsA METaCTaOMILHOM, €CJIU B
HEH YBEINYHNBAIOTCS TOJBKO HEKOTOPHIE HAPYIICHUS
KOHECYHOI'0 pa3Mepa.



OTianyus yCTOUYUBOIO U
HEYYTOMUYHUBOI0 COCTOSIHUSI

= |. MeTtacTtabunpHas paza ycToH4MBa 110 OTHOIICHHUIO
KO BCEM «CMEKHBIM» (pazam, TO €CTh KO BCEM (pazam,
KOTOPHBIE 110 CBOMM CBOMCTBAM OTJIMYAKOTCS TOJIBKO
OECKOHEYHO MaJIO OT IIEPBOHAYaAJIbHOM, HO OHA
HEYCTOMYHMBA 10 OTHOIIEHUIO IO KPAaHEN MEpPE K OAHOU
(pa3e co CBOMCTBAMH, OTIANYAIOIIUMHUCS Ha KOHCUYHBIC
BEJIMYUHBI OT €€ CBOMCTB.

s 2. «YcTonuuBas» (haza yCTOMYMBA IO OTHOILUCHHIO KO BCEM
(azaM, CMEKHBIM HJIM HE CMEKHBIM.

= 3. HeycronumnBas (paza He ycTOMYHMBA Ja)K€ OTHOCUTEIBHO
CMEXKHBIX (Pa3.



DyKTYaAllUA

= 1. MecTHBIC U BpEMEHHEBIE KOJICOAQHUS CBOMCTB
B MaJIbIX YYaCTKaX OJHOPOJHON (ha3kbl
OTHOCHUTEIBHO HEKOTOPOU CPETHEN BEIIUYUHBI
11 a3kl B 1IEJIOM HA3bIBACTCS (DIIYKTYALUEH
(komeOaHMsI JaBJICHUS T'a3a B Pa3HBIX y4acCTKax
3aHUMAaeMOT0 UM 00bEMA).

= 2. BenmmunHa Quykryanuit OOBIYHO Malia.

= 3. IMeHHO HannuueM (QpIyKTyaruy U OTINYaCTCS
MeTacTaOWIbHas (Pa3a OT HEYCTOMYHUBOM.



s 1. CymiecTBeHHAas pa3HULA MEXKITY
METACTAOWJILHBIMU U HEYCTOMYHUBBIMH COCTOSHUSIMUA
3aKJII04A€TCS B TOM, YTO B HEYCTOMYHUBBIX
COCTOSIHHUSIX O€CKOHEYHO MaJIbIC (DIYKTYallud MOTYT
IIPUBECTH K 00PA30BAHUIO MAJIOM NOPIAM (Pa3bl
C MEHBIIIEW CBOOOHOM SHEPrueu, KoTopas OyaeT
MMETh TCHIACHIINIO YBEITUYHNBATHCA.

= 2. B MeTacTaOMILHOM K€ COCTOSIHUM, KOTOPOE
MOXKET COXPAHATHCS B TCUCHHUE IJIMTEIBLHOTO
BPEMEHH, IS MOIYUYCHHUS TAKOro K€ pe3yJbTrara
TPEOYIOTCS 3HAUMTEIBHO OOJIbIINE (PIYKTyal1H.



Hpunoun Jle Hlareane
(TeopeMa TOPMOKECHMS )

1. TemneparypHbIi 3Q(HEKT peaKIuu CTPEMHUTCS
KOMIICHCUPOBATh TEMIIEpaTypHOE U3MECHEHHE,
KOTOPOE €€ BhI3BAJIO.

2. Eciin naBieHue NOBBICUTCS CBEPX €r0 PAaBHOBECHOIO
3HAYEHUS, TO HAYHETCS PEaKIUs, KOTOpasi IIPUBEACT
K YMEHBIIICHUIO 00bEMa CUCTEMBI.

3. Eciu 3Ta peakius ueT Ipyu IIOCTOSHHOM 00beMeE,
TO TEM CaMbIM JIaBJICHHUE B CUCTEME OYIET U3MEHSThCS
B HaIlpaBJICHUH, IPOTHUBOIIOI0KHOM

TOMY U3MEHEHUIO JaBJICHUS, KOTOPOE €€ BhI3BAJIO,

TO €CTb 37IeCh OyJIeT UMETh MECTO CHMI>KCHUE JABJICHHUS.

4. B atoMm cyTh nipuHiuna Jie Il1arense.



MexaHHU3M peakIuH

JIro0o1 mpoliecc Ha MOBEPXHOCTHU paszjieia ABYX Cpeld 3aBUCHUT OT:
1) CKOpOCTH, C KOTOPOH UAET PEAKIIUS;

2) CKOPOCTH MPUBHOCA PEAT€HTOB U CKOPOCTHU BBIHOCA MPOIYKTOB
pEaKIMy Ha 3TOM MOBEPXHOCTH pasjeia.

Kpucramr He MOXKET paCTBOPUTHCS 0 TEX IMOP, IMMOKA €TI0 YaCTHUIIbI,
OCBOOOXKIECHHBIC U3 PEIIETKHU, HE BBIHECYTCS B PacTBOP.

TBepnoe Teno He MOKET MIABUTHCSA OBICTPEE, YEM OHO MOJIYYAET
HEOO0XOAMMOE JIJI 3TOr0 KOJIWYECTBa TEIlIa.

I'a3 HE MOXKeET KOHACHCHUPOBATHCS C 3aMETHOU CKOPOCTbBIO, CCJIN HCT
6BICTpOI‘O OTBOJ4a TCIIJIOTHI €I'0 KOHJACHCAIIUH.

SIcHO, 4TO 00I1asi CKOPOCTh MPoIecca, IPOXOASIIECTO B HECKOJIBKO
CcTagui, OyJIeT ONpeAcasIThCI CKOPOCThIO HAaN0O0JIee MEIJICHHBIX
CTaJIUM.

DaKTOpOM, ONPEACIISIIONIAM CKOPOCTh MHOTHX MPOIECCOB,
MMEIOIIUX OOJBIIOE 3HAYEHHUE B T€OJIOTUH, CY>KUT CKOPOCTh
i@ @y3un pearecHToB U NPOAYKTOB PEAKIHM.



Jnddy3usa

1. JIudpdy3us - caMmonpor3BOIbHBINA IPOLIECC, KOTOPhIM CTPEMUTCS
NOAJEP>KUBATh IIOCTOSHHYIO KOHIIEHTPAIIMIO BO BCEM 00BbEME.

2. XMMHYECKHUM MOTEHIIHAJ JF0OOro KOMIIOHEHTA B OJTHOPOAHOM (paze
IIPU MOCTOSHHBIX TEMIIEPATYPE Y JABACHUN BO3PACTACT C
YBEIIMYEHUEM €TI0 KOHIICHTPALIYH.

3. BemecTBo CTpeMHUTCS CaMONPOU3BOJIbHO MOHMKATh CBOM
MOTEHIIMAJ, CIIEA0BATEIbHO, KaXKIbli KOMIIOHEHT OYIET CTPEMUTHCS
MUTPUPOBATh U3 YUACTKOB BHICOKOM KOHIICHTpAIIUU K Y4aCTKaM
HU3KOM KOHIIEHTpAILMH, 1 PABHOBECHUE MOXKET OBITh JOCTUTHYTO
TOJIBKO TOTJA, KOTJa KOHIICHTpAIUs KaXK10T0 KOMIIOHEHTa OydeT
OJIMHAKOBA I10 BCcel (ase.

4. KoadpduumeHT nuddy3un B TBEPABIX T€IaX OOBIYHO NPEICTABISICT
co00M OYeHb Majlyro BeanuuHy nopsaka ot 10-5 mo 10-20 cm2 /cek.

5. Koadgdumuent nuddysuu cepedpa B 3010te npu 100 °C

umeeT nopaaok 10-20, Tak 4To B TEUEHUE BCETO I€0JIOTUUECKOTrO
BpeMeHH (5x109 JeT) cpeaHee pacCTOSHUE, Ha KOTOPOE MPOHUKHET
cepeOpo B 30JI0TO, OyAeT MEHbIIE 1 MM.




3axkoH CToKkca

1. Tak xak ckopocTh IU(DHY3Un 3aBUCUT OT COIMPOTUBIICHUS TPEHHUS,
MCIBITBIBAEMOTO IBHKYIIIUMHUCS YaCTUIIAMH, TO CYIIIECTBYET
HEKOTOpasi 3aBUCUMOCTb MEX1y KOd(DhUIIUEHTOM AudPy3uu B
pacTBOpE U BA3KOCTHIO pacTBOpA.

2. D10 3ak0oH Crokca: ko3 PuuueHThl JuhPy3un JTOIKHEI
YMEHBIIIATHCS C BO3PACTAHUEM BSI3KOCTH PAcTBOPA.

3. Kuakoctu ¢ 00JbIION BA3KOCTHIO B TOUKE IIABJICHUS OYdyT
KpUCTAIIM30BaThCsl MEJICHHEE, YEM MEHEE BA3KHUE KUIKOCTH.

4. DM 00CTOSATEIBCTBOM OOBSICHSICTCS 00pa30BaHHUE CTEKJIA:
KpHUCTaIInU3aIs IPOTEKAeT BEChMa MEIJICHHO BCISACTBUE TOTO, YTO
JaCTHULBI IOCTYNAOT HAa FPAaHU PACTYIIEro KpHCTalllla C 04YCHb MoK
CKOPOCTBIO.

5. JI1st )KHAKOCTEW C HU3KOM BSI3KOCTBIO HAJIMYKE TYpOYyJIECHTHOIO
JIBUKEHHUS CIIOCOOCTBYET CMECHUMOCTH.

6. OTUM U OOBACHSECTCS, MOYEMY NEPEMEIIMBAHUE HHOTTIA
OKa3bIBA€TCs 3P PEKTUBHBIM CIOCOOOM MOBBIIICHHUSI CKOPOCTH
pEaKkIi B pacTBOpPaXx.



OcMmoc

1. OT rpedeckoro 0Smos — TOIYOK, TaBJICHUE.

2. DTO OJHOCTOPOHHSS AU(P(DY3HUs paCTBOPUTEIIS YEPE3
OJTYIPOHHUIIAEMYIO IIEPErOPOJKY (MEMOpanHy),
OTACIISIONIYIO paCTBOP OT YHCTOI'O PACTBOPUTEIS HJIH
pPACTBOPA C MEHBILIEU KOHIIEHTPAIUEH.

3. OcMoOC 00YCIIOBIIEH CTPEMIIECHUE CUCTEMBI K
TEPMOAMHAMHYECKOMY PAaBHOBECHUIO M BIPABHUBAHUIO
KOHIICHTpAIMK pacTBOpa I10 00€ CTOPOHBI MEMOPAHHI.

4. XapaKTepu3yeTcsa OCMOTHYECCKUM JABJICHUEM.

5. OHO paBHO M30BITOYHOMY BHEIITHEMY JIABJICHUIO,
KOTOPOE CIEAYET NPUIOKUTH CO CTOPOHBI PACTBOPA,
4TOOBI MPEKPATUTH OCMOC.

6. OcMOC UrpaeT BaXXHYIO POJIb B ONOXHUMHUYECKHX
Ipoleccax U mpoleccax MUrpaiy pacCTBOPOB B 36MHOM
KOPE.



Ckopocrhb oOpazoBaHus
HOBBIX (hpa3

= 1. CKOpOCTh KpHUCTAIIN3ALMN 3ABUCHAT HE TOJIBKO
OT CKOPOCTH, C KOTOPOU MOJIEKYJIbI, HOHbI 1 aTOMBI
IIPOHUKAIOT K TPAHSAM PACTYIIETO KpUCTaJlia,
HO TaK>K€ OT CKOPOCTH OOpA30BAHUS SACP WIIH
3apOBIIIEN KPUCTAJIOB.

s 2. OCHOBHOU NPUYUHOK BO3HUKHOBEHUS
3apOAbIIICH HOBOU (pa3bl B HEKOTOPON OJHOPOTHOM
(paze ABIICTCA HATU4Iue (PIYKTyalui, TO €CTh
MECTHBIX BPEMEHHBIX OTKJIOHEHHUM OT HOPMAJIbHOTO
COCTOSIHMS.



IIpuurHa oOpa3oBaHus
HOBBIX (ba3

» 1. Eciiu ucxognas pasa ycTon4mBa,
BPEMEHHBIEC OTKJIOHCHHS CAMOIIPOU3BOJILHO
MCUYE3aI0T B TECUYCHHUE OYCHb KOPOTKOTO BPEMEHH,
HO €ciu (pa3a HEyCTOMYMBA, OHU MOT'YT PacTH,
00pa3ysi 3apOAbIIIM HOBOU (Da3Hl.

= 2. Eciim ncxonHas a3a MeractaOHIbHA, TO PACTH
OyIyT TOJBKO (PIYKTyalluu UCXOIHOW BEIUYHUHAEI.

» 3. bonbmme QiIykTyanuyu O4€Hb PEIKH, 4aCTOTa UX
MTOSIBJICHUS YMEHBIIAETCS YKCIIOHEHIINAIBHO-TIO
MEPE BO3PACTAHUSA UX BEJIUYKHBI.



= 1. HoBas (a3a Hukorga He oOpa3yeTcs Opu TaKuX
K€ TOUHO TEMIIEpaType U JaBIICHUH, IIPU KOTOPBIX
OHA HAXOOUTCS B PABHOBECHUU C POAOHAYAIBHOU
(pazoi.

= 2. Bcerma gomkeH HaOMOOATHCI HEKOTOPHIM
nepexo (onyckaHue) B 00J1aCTh METACTa0MILHOCTH
WJIM HEYCTOMYMBOCTH POAOHAYaIbHOM (ha3hl.

= 3. [IpnuunHa 3aKir04aeTcss B TOM, YTO BEPOSITHOCTD
IOA00OHOI0 IIPEBPAILCHUS PABHO HYIIIO B TOUKE
PABHOBECHSI, COINIACHO OIPEICICHUIO ITOHSATHS
pPaBHOBECHS.



CkopocTh peakiuu

1. CKOpOCTH peakui BO3PACTAIOT SKCIIOHEHIIUAIBHO
C IIOBBIILICHUEM TEMIIEPATYPHI.

2. BusiHue naBiieHUs HAa CKOPOCTh PEAKIIUA CPABHUTEIIBHO
HEBEJIUKO.

3. OnHU ¥ T€ K€ pEaKIM JOIKHBI IPOTEKaTh ObICTpee (IpHU
ITOCTOSIHCTBE BCEX MPOYUX (PAKTOPOB), KOI/1a
OHHU MIYT B HAIIPpABJICHUM, JJI KOTOPOIO SHTPOIIHS
AKTUBALIMA UMEET HAaMOOJIbIIIEE 3HAUCHHUE.

4. D10 HaIpaBJICHUE OOBIYHO COBIIAJAAET C HAIIPABJICHUEM,
B KOTOPOM BO3PAacCTAECT SHTPOIMS CAMOW CUCTEMBI:
MCITAPEHUE JOJDKHO UITH CKOPEE, YEM KOHIACHCAIIHSI,
IJIABJICHUE JIOJKHO UIATH CKOPEE, YEM KPHCTAIIN3AIUS.



