3AHATHUE Ne3
XUMHUYECKAS TEPMOANHAMHUKA
Bonpocsl k 3aHATHIO

1. Ilpenmer Xxumuueckoii TepMoaMHAMHUKHA. OCHOBHBIE TEPMOAWHAMUYECKHE MOHSATHSA
(cuctema, COCTOSIHUS, TapaMeTphl U GYHKIUU COCTOSHUS).

2. IlepBoe Hayano TepMOJUHAMUKU. BHYTpeHHs SHEprUsi. DHTAIBIUS.

3. 3akoH ['ecca u ero ciencTusl.

4. Brtopoe Hauajgo TepMOAMHAMUKH. DHTponus. DHeprus [ mboca.

5. Kpurepuu u HampaBieHHUs caMOIPOU3BOJIBHBIX MPOLECCOB. TepMOAMHAMUYECKUE YCIOBUS
PaBHOBECHSI.

6. KoHcTanTa XMMHYECKOTO PaBHOBECHUS U CIIOCOOBI €€ BRIPAXKEHUSI.

7. TepmoamHaMuKa npoLecca pacTBOPEHHUS.

8. HpI/IMeHCHI/IC OCHOBHBIX 3aKOHOB TCPMOAWNHAMUKU K KHUBBIM OPraHu3MaM U ouocHucTeMam.
§1. OcHoBHbIE NOHATHS TEPMOANHAMHUKHU

TepMonrHaMuKa U3ydaeT 3aKOHbI, KOTOPbIE OIMCHIBAIOT SHEPIETUYECKUE MPEBpalllEHus,
COIIPOBOKIAIOIIME (PU3HUECKUE, XUMUYECKHE U OMOJIOTUYECKUE TTPOLIECCHI.

IIponecc — 3TO nepexos CUCTEMBI U3 OJTHOTO COCTOSIHUS B JPYrO€, CONPOBOXKAAIOIINNICS
HEOOpaTUMbIM WM OOpaTUMbIM H3MEHEHHEM XOTs Obl OJTHOTO IapaMeTpa, XapaKTepU3yIOILero
JAHHYIO CUCTEMY.

TepmoaunamMuka wH3ydaeT Bce OOBEKTBI, paccMaTpuBas HX OCO0OH CTPYKTYpOH,
Ha3bIBAEMOU CHCTEMOM.

CucreMoii Ha3bIBAIOT TEJIIO WIM TPYHIY B3aUMOACHCTBYIOLIUX TeJ, (PAKTHUECKU HIIH
MBICJICHHO BBIACISEMBIX M3 OKpyXkatouied cpeabl. Mcxoass u3 xapakrepa B3auMMOJCHCTBHS
pa3IMYHBIX CUCTEM C OKpYXaroIleW Cpeloi, MX MOIPA3ACIAIOT Ha OTKPBITHIE, 3aKPBITHIE U
M30JIMPOBAHHbBIE CUCTEMBI.

OtkpbITasi cucTeMa OOMEHHUBACTCS C OKpYXKaroIllel cpesioif sHepruel 1 BeIeCTBOM.

3aKkpbITON Ha3bIBAIOT CHCTEMY, B KOTOpPOHl OTCYTCTByeT OOMEH BellecTBa C
OKpY’Kalollel cpesioi, HO OHa MOKeT 0OMEHUBATHCS C HEW YHEpruei.

HN3onupoBanHasi cucTeMa XapakTepU3yeTcs OTCYTCTBHEM OOMEHa OJHeprued u
BEILIECTBOM C OKPYXKAIOIIEH CPEION.

[lonsTe m3onMpoBaHHasl cUCTEMa SBISETCS HealbHBIM (a0CTPAaKTHBIM), TaK KaK Ha
IPaKTUKE HE CYLIECTBYET Marepuaia, KOTOPbI abCOIIOTHO HE MPOBOAWI Obl TemioTy. Takum
00pa3oMm, aOCOIIOTHO U30JIMPOBAHHBIX CUCTEM B IIPUPOJIE HET.

Cucrema MOeT OBITh TOMOT€HHO# (OTHOPOIHOI) UK reTeporeHHoii (HEOTHOPOIHOI).
Cucrema sBisieTCs TOMOI€HHOM, €CJIM BCE €€ COCTaBHBIE YAaCTU HAaXOJATCS B OJJHOM arperarHom
COCTOSIHUH, T.€. MEXJy HUMHU OTCYTCTBYET IOBEPXHOCTH paziena. IIpuMepom Takoil cuctemsl
ABJIIETCS TJIa3Ma KPOBU. B reTeporeHHoil cucteMe MOKHO BBIAEIUTH MOBEPXHOCTh paszena
MEXIY PA3IMYHBIMU COCTABJIIOIIMMU O3TOM CHCTEMBI, TaKMM CHCTEMaM XapakKTepHa
HEOJIHOPOJHOCTb, OHHU COJEpXkKaT HecKolbKo (a3. da3za — OIHOPOAHAS YACThb CHUCTEMBI C
OJINHAKOBBIMM XUMHUYECKUMH M TEPMOJMHAMHYECKMMM CBOMCTBAaMH, OTAEJIEHHAass OT IPYTHUX
yacTed BUAMMON TOBEPXHOCTBIO pazfiena, NMpU IEepexoje uepe3 KOTOpYK (QU3WYEecKue u
XMMHUYECKHE CBONCTBAa pe3KO M3MEHsIOTCs. PasnuuHble OMOJOrHMUYecKHe OOBEKThI, TaKHe Kak,
YeJIOBEK MJIHM KJIETKH KUBBIX OPTraHU3MOB SIBIISIFOTCS IPUMEPAMU T'€TEPOTre€HHBIX CHCTEM.

Peakiuu, mpoTekarone B TOMOI€HHOM CHUCTeMe, pa3BUBAIOTCS BO BCeM ee o0beme, U
HA3bIBAIOTCS TOMOTEeHHBIMU. Peakinu, mpoucxopsiue Ha rpaHule pas3zaena (a3, Ha3bIBarOTCS
TeTEPOr€HHBIMH.



COBOKYNMHOCTh BCEX (U3NYECKHMX M XHUMHYECKUX CBOHCTB CHUCTEMBI HAa3bIBACTCS
coctosinueM cucteMbl. COCTOSHHME CHUCTEMBbl XapakTepu3yeTcsi mnapamMeTpaMH, KOTOpbIE
NOJIPa3/eIIA0TCs Ha IKCTEHCUBHBIE 1 HHTEHCHBHBIE.

JKCTeHCHBHbIE MapaMeTpbl — MapaMeTpbl, 3HAYEHUS KOTOPHIX MPOMOPIHOHAIBHbI
YHCITy YaCTHII B ccTeMe (Macca, 00beM, KOJMUECTBO BemecTBa). MHTeHCHBHbIE TapaMeTphbl —
napaMeTpbl, 3HAYeHUs KOTOPBIX HE 3aBHCAT OT KOJIMYECTBA YACTHI[ B CHUCTeMe (TemrepaTypa,
JIaBJICHUE).

[TapameTpsl, ONMUCHIBAIOIINE COCTOSHUE CUCTEMbI, HA3bIBAIOTCS (PYHKUMAMH. OIHUM U3
CBOMCTB JTF000W (PYHKIIMH COCTOSIHUS SIBIISIETCS HE3aBHUCHMOCTh €€ H3MEHEHHS OT Crocoba, Wiy,
KaK TOBOPSAT, OT IyTH peanu3aiuu mnpouecca. DyHKIUU COCTOSIHUS MOTYT OBbITh HCIIOJIb30BAHbI
JUIsL CO3JAaHMsI ypaBHEHUS, OINMCBIBAIOILEIO TEPMOJMHAMUYECKUHM Ipouecc (3axkoH boisa—
Mapuorra, ypaBHenue Kuaiinepona—MeHnneneeBa). OTH ypaBHEHHUS TO3BOJISIIOT OIUCATh
KOHKPETHBIN TEPMOJAMHAMUYECKUI MPOLIECC, YTO U SIBJISIETCS KOHEYHOM 1I€JIbI0 TEPMOIMHAMUKHU.

§2. IlepBblii 3aKOH TEPMOAUHAMUKH. DHTAJIBIUA

B 1840r. nemenkuii Bpau FOnuyc Pobept Maiiep (1814 — 1878) paGotan Ha octpose SBa.
B Te roapl 0ObIYHOM MeETUIIMHCKON mpoueaypoit Obulo KpoBomyckaHue. Maiiep oOpaTui
BHHMaHUE Ha TO, YTO BEHO3HAas KPOBb MAaTPOCOB, KOTOPHIX OH JIEUWJI, CBETJIEE, YeEM ObLIa B
CEBEpHBIX LIUPOTAX, U OJIM3Ka IO 1BETY apTepualibHON. Maiiep 3Hai: U3MEHEHHE OKPACKU KPOBU
CBSI3aHO C IOIVIOIIEHWEM KUCIOpOJa (HAChILIEHHAs! KUCIOPOJOM apTepUalibHas KPOBb CBETIIEE
JUIIEHHON  KHUCIOpPOAAa BEHO3HOM). VY4eHbld CMOI JaTh IpaBWIbHOE OOBSCHEHHE
OOHapyXE€HHOMY UM sBJIE€HHMIO. B ’kapkom iMMare Juisi MNOAJEPKAaHUS IOCTOSHHON
TeMIIepaTyphl Teja OpraHu3M J0JKEH BbIpadaThIBaTh MEHBIIE TEIUIOTHI, I0ATOMY Ha OKHCIICHHUE
NUIIM PAacXoayeTcs MEHbIIE KHUCIopoJa M KpOoBb MOYTH He TeMmHeeT. B 1842r. Maiiep
chopMyIUpOBa BAKHEUIINH 1J11 TEPMOAMHAMUKYU BBIBOJl O TOM, YTO TEIUIOTa U paboTa MOTYT
npeBpauiarbest Apyr B japyra. Kpome TOro, OH BIEpBblE YCTAaHOBWJI KOJMYECTBEHHOE
COOTHOILIEHUE MEXAY TEIUIOTOM M paboTol, BBIYMCIUB TaK Ha3bIBAEMbI MeXaHMYeCKHi
IKBHMBAJIEHT TeIJIOThI.

dopmMynupoBaHHE IEPBOIO 3aKOHA TePMOAMHAMHUKHU 3aBepuiwsl B 1850 r. Hemeuxwuii
¢uzuk Pynoned FOmmyc Omanysne Kiaysuyc (1822-1888). M3 mpuHnuna 3KBUBaJI€HTHOCTH
TEIUIOTHl U PabOThl, 3aKIIOYWI OH, CIEAYeT, 4TO CHUCTeMa o0JiafjaeT OCOOBIM CBOWCTBOM,
M3MEHEHHE KOTOPOro paBHO alredpandeckoil cymme TemioTsl U paboTsl. [lo3aHee 3To cBolicTBO
NOJyYHUJI0 Ha3BaHUE BHyTpeHHeii 3Hepruu (U).

OpHa U3 OCHOBHBIX (DYHKUIMH COCTOSHHUS CHCTEMbI — IIOJIHAsl JHEpPrust cuctemsl E,
KOTOpasi MpeACTaBiIseT cO0OW CyMMY TpeX COCTaBISIONIUX: KUHETUYECKOH HHEepruu Egy,
JBIDKYIICHCS CHUCTEMBI, MOTEHUUATBbHON sSHepruu E,;, 00yCIOBICHHOW BO3JEUCTBHEM Ha
CHUCTEMY BHEIIHMX CHJIOBBIX IIOJIEH, U BHYTPEHHEN 3HEpruu cuctemsl U:

E = EKL{H+ EnomeH+ U

IIpy TepMOIMHAMUYECKOM OINMCAHMM MPEAINOJIAraloT, 4YTO CHCTEMAa HAXOAWUTCA B
COCTOSTHUM OTHOCHUTEIBHOTO MOKOS (E«uy=0) M Bo3neiicTBHE BHEIMIHUX MOJEH MpeHEOPEKUMO
Maiio (Eqor=0). Torna nmonxas s3Heprusi CUCTEMBI OINPEEIIIETCS 3a1acoM €€ BHYTPEHHeH SHeprun
(E=U). HOns TepMOAMHAMUYECKOTO aHajdn3a XapaKTEPUCTHYECKOW  BEITUYUHOMN SIBIISETCS
WU3MEHEHNE BHYTPEHHEN JHEPTUM IIPU IEPEXOAE CHUCTEMBI U3 OJHOTO COCTOSHUS B JPYTO€.
BHyTpenHsis sHeprus, Kak U J1000€ TEpPMOAMHAMHYECKOE CBOMCTBO CHUCTEMBI, SBIISETCS
¢dyHKIuell cocTOsiHMS, T.e. M3MEHEHHE ee He OyAeT 3aBHCeTh OT TOro, dYepe3 Kakue
MIPOMEXKYTOUHBIE CTaJIMU UJIET MPOLIECC, a OyIEeT ONpPEaeNsIThCs TOIbKO UCXOTHBIM U KOHEUHBIM
COCTOSTHUEM CHCTEMBI. JTO IOJIOKEHHE BBITEKAET U3 3aKOHA COXPAHEHUS DHEPIHM, COIJIACHO
KOTOPOMY JHeprusi He HMc4Ye3aeT M He BO3HHUKAaeT BHOBb, a JIMIIb TePeXOJUT U3 OJHOI
(opMBI B APYIYI0 B CTPOr0 3KBHMBAJICHTHBIX COOTHOLICHHUSIX. B COOTBETCTBUM C 3TUM



3aKOHOM, BBIPKAIOIINM TEPBOE HAYAIO TEPMOJUHAMUKH, OOILIUI 3armac BHYTPEHHEU >HEpPTUu
OCTaeTCsl TIOCTOSIHHBIM, €CJIM OTCYTCTBYET TEIUIOBOM OOMEH C OKpYXalomeWd cpeiou, T.e. B
M30JIMPOBaHHBIX CHUCTEMAaX, B XOJAE IPOLECCOB BO3MOXHO JIMIIb IepepacrpeaeieHue
BHYTpPEHHEH SHEPTUU MEX1Y OTACIbHBIMU COCTABJISIOIIUMU CUCTEMBI.

[lepBbIil 3aKOH TEPMOJUHAMHKHU SIBISIETCS YACTHBIM CJIy4yaeM 3aKOHA COXPAHECHHS
SHEPruu NPHUMEHUTENIbHO K MAaKpOCKONMMYeckuM cucremMaM. CorjacHO MEepBOMY 3aKOHY
TCPMOANHAMHKNU
CoolOmeHHasi cucTeMe TeIIOTa PacxoJyercsi HA NMpUpallleHHe BHYTPEeHHel 3Heprum U Ha
coBepleHHe padoThI MPOTUB BHEIIHUX CHJI:

Q= AU+A

VYpaBHeHHe  IMpeAcTaBiIsieT  co00Ml  MaTeMaTHYecKoe  BBIpaKEHHE  IepBOro  Havaia
TEPMOJAVHAMUKH.

BeipaxkxeHue paGoThl IPOTUB BHEIIHUX CUJI, B YACTHOCTHU, IPOTUB BHELIHETO JAaBJICHUS, B
1300apHO-U30TEPMUUECKUX YCIOBHUAX, B KOTOPBHIX (DYHKIIMOHUPYIOT >KUBbIE OPTaHU3MBI, MOXKET
OBbITH 3aMKCaHO:

A =pAVrorma Q= (U, =U,)+ p(V, = 1)
Qp =U,-U)+pV,-V)=U,+pV))-U,+pV)=H,-H =AH

Yepes Uj;,U, oOo3HaueH 3amac BHYTPEHHEM OHHEPruM B HCXOJHOM U KOHEYHOM
cocTosIHUSAX, V1,V, — 3HaueHusi 00beMa B UCXOAHOM M KOHEYHOM COCTOSIHHMSIX CUCTEMBI. BBojs
¢yuknuto cocrosiHus cuctembl H = U + pV, Ha3biBaeMylo 3HTaNbIUeH (TemjiocoaepKaHueM)
CHUCTEMBI I0JIy4aeM:

AH=H, — H; =Q
Ha3zBanue »HTaNBIUA (OT TPEY. «PHTAIBIIO» — «HATPEBAIO») BBEJT HUAEPIAHICKUN (pu3uk Xeiike
Kamepmunr — Onnec (1853 — 1926).

KomnyecTBO TEmIOTH, KOTOPOE BBIACISAECTCS WIH IOIVIOLIACTCS NPH NPOBEICHUU
XUMHYECKHX peaklnii B M300apHO-U30TEPMUUYECKUX YCIOBUSX, XapaKTePU3yeTCs U3MEHEHUEM
DHTAJIBIIMU CUCTEMBI ¥ HAa3bIBACTCS IHTANbIUENH peakuuu AH,,.

XHUMUYECKUE PEAKLMHU, COIPOBOKIAIOIINECS MOTJIOMIEHUEM WM BBIIEICHUEM TEIUIOTHI,
MOAPA3ICIIAIOTCS Ha IK30TEPMUYECKHE U IHAOTEPMUYECKHE.

JK30TepMHUYECKHE MPOLECChl CONMPOBOKIAIOTCS BBIICICHUEM IHEPIrUU U3 CHCTEMBI B
OKPYKalIYI0 cpely. B pe3ynbrare Takux NpOLECCOB SHTAIbIUSA CHCTEMBl yMEHBUIAETCS
(AH<0).

JHA0TEepMHUYECKHEe MPOLecChl CONPOBOXKIAAIOTCS IMOTJIOIIEHUEM YHEPTUN CUCTEMON U3
OKpYKaroIlIel CpeJibl, CIeT0BATENbHO, SHTAIBINS CUCTEMBI MoBbIaeTcs (AH>0).

DOHTaNBIUSI CUCTEMBI SBIISIETCS SKCTEHCUBHBIM MapaMeTPOM U 3aBUCUT OT KOJIMYECTBA
BEILIECTBA, TEMIEpPaTypbl M JABJICHUS, II03TOMY MW3MEHEHHE OJHTAIBIUU B PE3YJIbTATe
XAMHUYECKOW PEAKIMU OMPEAEISIOT MPHU CTAaHAAPTHBIX YCIOBUSIX.

CrangaprHble ycJaoBus: dagnenue — 760 mm pm. cm.=101325 Ila
Temnepamypa — 298 K =25°C

3Hauenuss AH 3aBuUCAT OT MpUPOJBI BEIIECTB, U OT YCJIOBHI HMX CYLIECTBOBAHMS, U OT
XapakTepa paccMaTpuBaeMoro mpoiecca. [loaromy ux npuHsATO YHUPUIHMPOBATH, OTHOCSA K TaK
Ha3bIBAEMOMY CTaHAApPTHOMY COCTOsiHMIO. [lox mocinegHuM noapa3syMeBarOT CTaHIAPTHBIC
3HAYEHUS JABJICHUS U TEMIIEPATYPHI, 111 KPUCTAINYECKUX U KUJIKUX BEIIECTB UX YCTOMYMBOE
cocTtossHUE Tpu p=1 aTM., a ISl Ta30B MX COCTOSHUE IMOJ aTMOC(HEPHBIM JaBICHUEM U TPHU
YCJIOBHH, YTO OHHM O0JIaJIal0T CBOMCTBAMH, MPHUCYIIIUMU UM MPU OYCHb HU3KHUX JABJICHUAX, T.C.
SBIISIOTCS UICaTbHBIMU Ta3aMu. J[J1s1 BELIECTB B pacTBOpE MPUHUMAIOT MX KoHIEeHTpamuio C(X)
= 1 Monb/1, IprYeM IperoiaraeTcs, 4YTo pacTBOp BeleT cels, Kak U MpH BecbMa HEOOJBIINX
(TouHee mpu OECKOHEUHO MAaJIbIX) KOHIICHTPAIHSIX, T.€. SIBISETCS UISATbHBIM PACTBOPOM.



CranpaptHas oSHTanbnua peakuuu (AH®p) mpencraBiaser co0oit  3HEPreTHYECKyIO
XapaKTepUCTUKY XMUMHUYECKON peakluy, MPOBOJUMON B CTAHIAPTHBIX YCIOBHSIX. XUMHUYECKUE
YpaBHEHUs pEaKLMH, Il KOTOPBIX YKa3aHO 3HAUYEHHE DSHTAIBIHMM PEAKIMH, Ha3bIBAIOT
TePpMOXMMHYECKMMH YpaBHeHusiMu. Hanpumep:

CS, (%) +30, ™= CO, ot 2SO0, ot 1101,8 x/Ix,
CaC03 () = CaO (B) + C02 ) — 157,16 KZ[)K
B TtepMoamHamuyeckux pacuerax sl OIEHKM SHEPreTUYECKOro COCTOSIHUSI BELIECTB
UCIOJIB3YIOT TIOHATHE CTAHAAPTHBIX IHTAJIbIIMI 00pa30BaHMsI STUX BEILECTB.

CrannapTHas JHTAIbIMSA 00pa3oBaHus NMPOCThIX BemecTB (AH®05) B ux Hambosee
TEPMOJMHAMHYECKH YCTOMYMBOM arperaTHOM U aJUIOTPOITHOM COCTOSIHUU MPU CTaHIAPTHBIX
YCJIOBHSIX IPUHUMAETCSI PABHOU HYIIIO.

CranpapTHasi JHTAJbNUs o0pa3oBaHus CJ0kHOTo BemecTBa (AH®g) paBHa
SHTAIBIUU PEAKUUU TMOJydeHUss | MOJIb JaHHOTO BEIIECTBAa M3 MPOCTHIX BEIIECTB IpHU
CTaHJAPTHBIX YCIOBUAX (Tabmuma 1).

Tabmuma 1
3HaueHUe CTaHJAPTHBIX TEIUIOT 00pa3oBanus AH®,9g, KJ[5K/MOJIb I HEKOTOPBIX BEIIECCTB B
ra3oBOM COCTOSIHHUU.

I;foc;nhiizgﬂpHaﬂ AH®f 298, KJIK/MOIIB gdozﬁiggﬂp}laﬂ AH°®¢ 593, KJI>K/MOTTB
HI 26,04 H,0O —242.76

CH4 —74,85 CeHe 83,76

CO, —393,51 Cl, 0

CO -110,5 CHCl, 100,4

H, 0 HCI 92,3

3HayeHHe CTaH,Z[apTHOI‘/'I OHTAJIbIINU 06pa3OBaHI/IH CJIOKHOI'o B€IICCTBA 3aBHCUT OT
npupoansl BCIIECTBA MW €TI0 arp€raTHoOro COCTOSHUA. YucnaoBeie 3HAYCHHS CTaHJAPTHBIX
SHTAJIBITHI O6pa3OBaHI/I$I ABJIAIOTCA CIIPAaBOYHBIMUA BCJIMYMHAMU.

§3. 3akon I'ecca

BaknelmmM noctysnaToM TEpMOXMMUH SBISETCS 3aKoH I'ecca, wim 3aKOH NOCTOSHCTBA
CYMM TeIUIOBBIX 3(PPeKToB peakuuii, ycraHoBiaeHHbIH B 1840 r. pycckum xumukom ['epmanom
HBanosuueM I'eccom

TemsoBoii 3(pPeKT XMMHYECKOH peaKUUH  3aBUCUT TOJbKO OT MPHPOABI H
COCTOSIHMSI MCXOAHBIX BelIECTB M KOHEYHBIX NMPOAYKTOB PEAKIHMH M He 3aBHCHUT OT IYTH
peajM3anuu npouecca, T.e. 0T IyTH Mepexoa 0T HAYAJIbHOI0 COCTOSHUSA K KOHEYHOMY.
3akoH ['ecca MOKHO POMIIITIOCTPUPOBATH CXEMOM:

A +B=AB (AH)
A AB

A+C=AC (AH)) AC+B=AB+C (AH,)
AC

ObpazoBanue coenuHeHuss AB mnpencraBieHo AByMsl MYTSAMHU: HEMOCPEICTBEHHBIM
CHUHTE30M M3 KOMIOHEHTOB (AH) wnm depe3 craguio o00pa3oBaHUS NPOMEKYTOYHOTO
coenunenuss AC (AH,), koropoe, pearupys ¢ B (AH,) maer ToT ke KOHEYHBIH MpOayKT. B
COOTBETCTBUHM C 3akOoHOM Il'ecca TemuoBoil »ddexT mpsimoro cuHTtesa AB paBeH cymme
TEIUIOBBIX 3((HEKTOB peakiuil ¢ yuacTueM npomekyTouHoro npoaykra AC, T.e.

AH = AH; + AH,.




3axoH ['ecca, xoTs 1 O6bUT chOpMyIHPOBaAH paHbIlIEe NEPBOrO 3aKOHA TEPMOJUHAMUKH, TIO CYTH,
SBIIIETCS €r0 CIEACTBHEM U OTpakaeT TOT (DakT, 4TO TErioBoW APQPEKT peakiuu paBeH
M3MEHEHHUIO BHYTPEHHEW SHEPruu WJIM JHTAJIBIUHU, KOTOpbIe eCTh (YHKUUU COCTOSHUS, HE
3aBUCSIIME OT IYTH IEepexoia M3 OJHOIO COCTOsHUSA B Jpyroe. 3akoH ['ecca mo3BossieT
BBIUUCIIATh TEIUIOBbIE 3(PQEKThl peakluii, ecau Mo KaKoH-T1M00 MPUYUHE ATO HEBO3MOXKHO
CIENaTh IKCIEPUMEHTAIBHO. J[JIs1 3TOTO «HEU3MEPSIEMYIO» PEaKIUI0 HY)KHO CKOMOHMHHPOBATH U3
HECKOJIbKUX «H3MepsieMblx». Hampumep, HENOCpPeICTBEHHO W3MEPUTh TEIUIOBOM 3(deKT
peaxiuu

Cln) + 7202 —>CO )
IpU CKUTAaHUM TBEPJIOTO YIiepoAa B SKBUBAICHTHOM KOJMYECTBE KHUCIOpOAAa HE YAAaeTcs,
nockonbKy Hapsay ¢ CO Bcerna oopasyercs u CO,. OgHako TemioBor 3QEeKT JaHHON peakun
MOJKHO PacCUYHUTaTh, H3MEPHB €T0 Y IBYX IPYTUX PEaKIUii:

Cln) + 02— COo)

AH°=-393,5 x/]»x/M0Jb

COu + 7202 ¢y — CO 5
AH®°=-283,0 x/I>x/M0I1b

BelunTas ¥3 MepBOro ypaBHEHHs BTOPOE, MOJYYMM MCKOMOE YPaBHEHHE M UCKOMBIN TEILIOBON
s dekr:

Cisy + 72020) = CO )

AH°=-110,5 xJ]/M0JIb.

§4. CaencrBus u3 3akona I'ecca.

JHTANbIHUA peakuuu o0pa3oBaHHMSA pPaBHA Pa3HOCTH AajaredpamvyecKoil CyMMBbI
JHTAJIBNNH 00pa30BaHMs BCeX MPOAYKTOB PeaKIUM U AJIredpanvecKoil CyMMbl SJHTAJIbIHUI
0o0pa3oBaHus BceX HCXOJHBIX BelleCTB:

-&HD = Z (yg-&Hojf)products - Z (yé'&HDJ-g)TBﬂCEﬂﬂES
rae AH®;, AH®; — sHTanenun oOpa3oBaHus MPOJYKTOB PEAKIUH U MCXOJHBIX BEHIECTB, Vj, Vi
COOTBETCTBYIOIIME CTEXUOMETPUUYECKHE KOA(PPHUIIMEHTH B YPABHEHUU XUMHUECKON PEeaklnu.
[Tpuuem crnenyer yuecTs, uTo AH® 00pazoBaHus IPOCTHIX BEIIECTB PaBHA HYIIIO.

JHTANBINA PEAKIUH CTOPAHUS PABHA Pa3HOCTH ajaredpamvecKoil CyMMbl TEII0T
CrOpaHusl MCXOAHBIX BelleCTB M ajredpamyeckoid CyMMbI TeIJIOT CTOPAHMS KOHEYHBIX

NPOAYKTOB PeaKIuu:

AH® = Z (Vz'&H,::g)ﬂsacmnfs - Z (Vé&Hzg)wodmfs
rae AH®;, AH®; — TerIoTsl cropaHusi MCXOJIHBIX BEIIECTB U ITPOAYKTOB PEAKIINH,
Vi ,Vj — COOTBETCTBYIOIIUE CTEXUOMETPHYECKHE KOO((MHUIMEHTHI B YPaBHEHHMHM XMMHYECKOMH
peaKIuH.
[Tpuyem cremyeT ydecTb, 4TO TEIUIOTa CropaHHs BbICIIMX OkcuaoB (Hampumep, H,O, CO»)
IIPUHUMAETCSI PAaBHOM HYJIIO.

OTO CEeICTBHE MO3BOJIET BBIYMCIATH SHTAIBIUM PA3IMUHBIX pEakiil (B TOM 4yHCIe U
OMOXMMHYECKHX, OCYIIECTBIIEHUE KOTOPBIX in Vifr0 HEBO3MOXXHO), HCIOJbB3YyS TaOJIWYHbIE
JTAaHHbIE CTaHAAPTHBIX SHTAJIBIMKA 00pa3oBaHMs IMPOJYKTOB PEAKLUU M HCXOJHBIX BEIIECTB
(Tabmuma 2).

Tabmnma 2
3HauYeHHe CTAH/IAPTHBIX TEIJIOT CTOPAHUS I HEKOTOPHIX BEHIECTB B TA30BOM COCTOSIHUU.
MonekynspHas AH®. 298, KJ5K/MOITB MonekynsapHas AH® ;. 298, KJI>K/MONB

opmya dbopmyna

CH4 802,32 H, 241,84




CO, 0 H,O 0

CO 283,00 CeHs 3298,4

JHTAJBINNA NPAMOIl peakuuy YMCIEHHO PABHA YHTAJBLIMHN 00PATHON peakuu, HO
NPOTHBOMOJI0KHA [0 3HAKY.
AHonp. peakmu . AHc‘06p. peaxkuuu
Hanpumep, paccuntaeMm CTaHIApPTHYIO SHTAJBIHNIO peakuuu (POTOCHHTE3a TIIOKO3bI, KOTOpas
ABJII€TCS OOpPaTHOM peaklMel FOpeHHsl TITF0KO3bI:
dboTocuHTE3
6COy () + 6H2O(n<)<—t6H1206 () 7602 ()
ropeHue
AH(bOTocuﬂTesa = _AHropenym; AHropem/m(c6H1206 (TB))= _1273K.Z[)K/ MOJIb
AHgorocunresa(C6H1206 (1m))= —(—1273)= +1273k 1 x/MO11b.

3akoH ['ecca u ciencTBHs, BBHITEKAIOIIME U3 HETO, MHUPOKO HCIONB3YeTCs JUIsl BEICHUS
TEPMOXUMHUYECKHUX PACYETOB PA3TMUHBIX XUMUYECKUX PEaKLIUM.

Pacrnionarast 3Ha4eHHsIMH TEIUIOBBIX 3((EKTOB 00pa3oBaHMs, CrOpaHHs, PAaCTBOPEHUS,
napooOpa3oBaHusl M T.A., MOXHO C IOMOINBIO 3aKkoHa ['ecca paccuMTaTh TEIUIOTHI CaMbIX
pa3HooOpa3HBIX MPOIECCOB, B YACTHOCTH TaKUX, SKCIEPUMEHTAILHOE H3YYCHHE KOTOPBIX
3aTPYJHUTENHLHO WU BOOOIIIE HEBO3MOXKHO.

§5. Bropoii 3aK0H TepMOANHAMMKH. JHTPONHS

[lepBpiii 3aKOH TEPMOJUHAMHUKU HE TO3BOJIAET CYIUTh O CIIOCOOHOCTU (DU3MUECKHUX U
XUMHYECKHX IIPOLECCOB K CAaMOIPOU3BOILHOMY NIPOTEKAHMUIO.

CamMonpon3BoJIbHBIM, WK CIIOHTAHHBIM, SBJISIETCS IPOLECC, KOTOPBIM COBEPIIAECTCS B
cucteme 0e3 3arpaThl pabOThI M3BHE M KOTOPHIA yYMEHBIIAET PabOTOCIIOCOOHOCTH CHCTEMBI
MOoCJIE CBOEro 3aBepllieHus. Ha OCHOBaHMM TIEpPBOr0 3aKOHA TEPMOJUHAMUKH MOXKHO
c(hopMyJIMpPOBaTh OJAUH U3 IPUHIMIIOB CAMOIIPOU3BOJIBHOCTH IIPOTEKAHUSI ITPOLIECCOB B CUCTEME,
3aKJIHOYAIOIIUNCA B CTPEMJIEHUH CUCTEMbl K MUHMMYMY 3HEpPIUU 32 CUET BbIIEJICHUS YHEPIUU B
OKpPYXXAaIOILYI0 cpely. DTOT SHEPreTUYeCKU MPUHIMUI 0COOEHHO Ba)KEH JUISl MPOCTBIX CHUCTEM,
KOTOpbIE MOXHO paccMaTpuBaTh Kak €AuHyr dactully. Hambosee xapakTepHOW yepTol uis
MaKpOCHUCTEM SIBJISIETCS TO, YTO MPOCTPAHCTBEHHOE PACIIONIOKEHUE U ABMXKEHUS 00pa3yloInX ee
MHUKPOYACTHI] B OOJIbILEH UM MEHbILEH CTENEHU SABIISIOTCS OeCTIOpsJOYHBIMH.

[IpencraBienue o cTeneHyu Oecropsiika MOYKHO IMOJIYYUTb, €CJIM MBICIEHHO BBIJIEIUTDH B
peleTke TBEPAOro Teina o00beM, 3aHMMaeMbli aTOMOM, KOJIEOJIOIMIMMCS OKOJO CBOETrO
PaBHOBECHOIO MOJOXEHUS (y371a KPUCTAIIIMYECKON pEelIeTKH) U (PUKCUPOBATh aMIUIUTYAbI €ro
KoJleOaHHUs OT CaMbIX HH3KHMX TeMIepaTyp 1O TeMIlepaTypsl IUlaBieHus. UYeM Huxke
TeMIeparypa, TeM 3Ta amIuinTyna Menbuie. [Ipu temneparype adcomtotrHoro Hyns (0°K) atom
3aliMeT IOJIO)KEHUE Y3JIa KPUCTAIIIMYECKOM PEIIETKH U, KaK TOBOPAT, «3aMEP3HET» B 3TOM
nojio)keHnu. OcTalbHbIE aTOMbl TakXke NPUMYT T0J00HOEe cocrosiHue. Yucio Takux
MUKPOCOCTOSIHUM CUCTEMBI, KOTOPBIE OCYILECTBISAIOT JAHHOE MAaKpOCOCTOSIHUE, HA3bIBAETCS €TI0
BeposiTHOCTRIO W. Ilpu 0°K 4ncio MHUKPOCOCTOSHMM CHUCTEMBI MUHUMAJIBHO, T.€. aTOMBI
3aHMMAIOT €IMHCTBEHHOE, TOUHO OIPEIEICHHOE MTOJIOKEHNE — Y3€Jl KPUCTAUNINYECKON PEIIETKH,
U BEPOSTHOCTh JAHHOTO MakpococTtossHusa W=1. Takoe cOCTOSTHME CHUCTEMBI HAa3BIBAIOT
yrnopsoYeHHbIM. HarpeBaHue COMpPOBOXKIACTCS YBEJIWYEHHUEM KOJICOATENbHOTO JBHKEHUS
aTOMOB OKOJIO PaBHOBECHBIX TMOJIOKEHHH, CHCTEMa OCYIIECTBIsIETcs OO0JbIIUM HabopoM
MHUKPOCOCTOSAHUHM (OonbmuM  GecriopsakoMm), TeM cambiM W>1. [l omucaHus cTeneHd
Oecriopsiika UCHONB3YyeTCsl ocobasi TepMOAMHAMHUYECKass (YHKIIUS, Ha3blBaeMasi JHTponuei, u
o0o3Hauaemast OykBOH S. DTO MOHATHE (OT IPEU. «IH» — «B», KBHYTPb» U «TPOIIE» — «IIOBOPOT»,
«mpeBpailieHrne») BBen Hemenkuil pusuk Pynonsd Kmaysuyc B 1865 r.

MonexysipHyI0 IPUPOIY SHTPOIHMM PACKPBUT aBCTpuiickuil ¢usuk Jlrogsur bombiman
(1844-1906). CBs3b SHTPONUHU C MOJIEKYJIIPHBIM Xa0COM OH OIHCAaJl YPAaBHEHUEM:




S=k-InW, rne
k — mocrositHHas BeNMMYWHA, Ha3BaHHAs KOHCTAHTOM boibliMana, KOTOpas CBsi3aHa C Ta30BOM
IMOCTOAHHON cooTHoIlIeHueM: k =R/N,= 1.38-107% Jx/K.

[Ipu Temneparype abcomornoro Hyns W =1, S=0. Ilmank (1912r.), JIstouc u Penman
(1923r.) BBIABUHYIM MOCTYJAT O TOM, 4YTO Npu abcomoTHOM Hyne (0°K) suTporus Sy uncroro
KPUCTAJJIMYECKOro BemlecTBa 0e3 /edeKToB B KpHCTaUIMYecKoil pemierke paBHa (. IJtor
nocryaar IlnaHka HAcTONBKO BaXHBIM, YTO TIOJYYWJI Ha3BaHHE TPeThbero 3aKOHAa
TepMoaAMHAMHUKH. C TMOBBIIICHUEM TEMIEPATYpPhl U YBEIUYEHHUEM 00BbEMa CUCTEMbI SHTPOMUS
BO3pAaCTaer.

DHTpPOIUSL CUCTEMbI CKaukooOpa3HO M3MEHsieTcs npu (a3oBbIX Mepexojax BeIlecTBa.
OHa moBBIIIAETCS TMpU IUIABJICHUHU, TaK KaK pa3pylIaeTcs YIOPsAOYEHHAs KpUCTAJUIMYeCKas
pelieTka, u, 0COOCHHO, IPU UCIIAPEHHHU, MTOCKOJIbKY PE3KO BO3pacTaeT 00beM, JOCTYIHBIN s
XAa0THUYECKOTO JABMXKEHUsT MOJeKyl. CompoBOXKAAIOTCSA POCTOM SHTPONUU U  IPOILECCHI
pacuupenusi (Harpumep, ra3a) U pacTBOPEHUS KPUCTAILJIOB, U XUMHYECKOE B3aHMOJICICTBHE,
MpOTEKalollee C YyBEJIMYEHHEM oO0beMa (Hampumep, ITUCCOIMAIUsl COEIMHEHHS), KOorja
BCJIE/ICTBHE POCTa YHUCJIa YaCTUIl HEYNOPSAJOUYEHHOCTh Bo3pactaeT. [Ipoiecchl ke KOHIeHCauu
U KPUCTAJUITM3ALMKA BEIIECTBA, XMMHUYECKasi PEaKIIUs, MPOTEKAIoIlas ¢ YMEHbIIEHHEM o0bheMa
(Harpumep, moIuMepu3aIrs) HA000POT, MPUBOJIAT K CHUKEHUIO SHTPOITUU CUCTEMBI.

N3menenune sHTpONUU Jjisl U30TEPMHUECKHUX MPOIIECCOB OMPEACIISICTCS] YPABHEHUEM:

AS > %, PIS

Q — TemoTa U30TEPMUIECKOTO Ipollecca, OTHECEHHAs K aOCOMOTHOM Temneparype T mporecca.

3HaK HEpPAaBEHCTBAa OTHOCUTCS K HEOOpAaTHMMBIM IpoIleccaM, a 3HAaK PaBEHCTBA — K
00paTHMBIM MPOIIECCAM.

UToOBl SHTPOIMU BEIISCTB OBUTM CPaBHUMBI (JUISI COTIOCTABJICHHS W OIPEICICHUS
SHTPOMUU B PA3IMYHBIX MPOIECCAX, B TOM YUCIIE U XUMUYECKHUX PEaKIUsIX), X, KaK U TEIJIOBbIE
3¢ (}eKTH TPUHATO OTHOCHUTH K OTPEJICIICHHBIM yCIOBHAM. Yale Bcero 3HaUeHUs S ompeaessor
npu t =25°C u p=1at™ (4TO COOTBETCTBYET CTAaHIAPTHBIM YCIOBHUSAM); MPU 3TOM ra3bl CYUTAIOT
UJeATbHBIMH, a JUIsi PAacTBOPOB (M HMOHOB B PACTBOpPax) MPUHUMAIOT HMX COCTOSHUE TpHU
KOHIIEHTPAIlUH, PAaBHOU eIMHUIIE, PEAToaras, 4YTo pacTBOp 00j1a1aeT CBOMCTBAMU OECKOHEUHO
pa30aBJIEHHOTO pacTBOpa. DHTPOMHS MPU ITHX YCIOBUAX 0003HayaeTcsi S°9g M HA3BIBACTCS
cTaHAApTHOH JHTpomuel S°g (k/Monp'K) Uacto monb3yroTcs M YCIOBHBIM Ha3BaHHUEM
sHTpomnuitHas eauHuna (3.e.): 1 s.e. = lkan/monp K (1kan =4,18]1x). 3HaueHne SHTPONUU IS
CTaHJAPTHBIX COCTOSIHMM BEIIECTB IMPHUBEIAECHBI B CIIPABOYHHMKAX TEPMOJUHAMUYECKHX BEJIMYMH
U CpaBHUMBI 1O 3HAa4eHHIO C S°og (H+(p_)), MPUHATON paBHOM HYIIO (YTO OOBSICHSET
OTpHUIaTeNbHbIE 3HAUCHUS S°)9g 111 HEKOTOPHIX HOHOB).

Hapsiny co 3HaueHmsiMmu S°9g MONB3YIOTCA U BenuunHamu S°p. VX TOXKe Ha3BIBAIOT
CTaHJApPTHBIMU, OJHAKO BBICOKOTEMIIEPATYpHbIE 3HAYEHUsI M3BECTHBI [JIi CPABHUTEIIBHO
HEeOOJIBIIIOTO YKCIIa BemecTB (Tabnuma 3).

Tabnuia 3.
OTHOCUTENBHBIC 3HAYCHUST S )98 I HEKOTOPBIX COCTUHEHUM.
Mosekyatpuan | o Joxomk | MOISMPI o onionk
O ) 205,04 HF(r) 173,67
HCl 186,79 Hl 206,48
H>O ) 69,95 CHy 186,27
COyy 213,66 CeHeox) 173,26
CO¢p 197,55 NO; 240,06
NO 210,64 NH; 192,66
HCNg, 201,71 H ) 0




3Ha4YeHUEe SHTPONUU PEAKIIMUA MOXKET OBITh HAMJIEHO C MCIOJIB30BAaHMEM CJEICTBHS M3 3aKOHA
I'ecca, mo dhopmyre:

AS = sz SKOH - zvi Suaq
1€ S°kon, SCuay — 3HAYCHUS SHTPOIIUU 00pA30BaHUS MPOJIYKTOB PEAKIIMU U UCXOJIHBIX BEIIECTB,
Vj ,Vi — COOTBETCTBYIOIIUE CTEXUOMETPUYECKHE KO3()(HULUEHTHI B YPaBHEHHM XUMUYECKOM
peaxIuu.

Kpurepuii caMONpOM3BONIBHOCTH IIpOLECCAa YCTaHABIMBAETCA BTOPBIM  3aKOHOM
TEPMOJIMHAMHUKH, KOTOPBI ObLT chopmynupoBan Kiaysmycom B 1850r. Bropoii 3akoH (Hadaso)
TEPMOJIMHAMHKH OTIPENIENIeT HANpPaBICHHOCTh M MpPENeNibl MPOTEKAHUS CaMOIPOU3BOIBHBIX
MIPOLIECCOB, B TOM YHCJI€ U OMOXMUMHYECKUX:

B M30MpPOBaHHBIX CHCTEMAaX CAMONPOU3BOJBbHO MOIYT COBEpPLIATHCS MPOLECCHI,
MPH KOTOPBIX IHTPONUS CHCTEMbI BO3pacTaert, T.e. AS>0.

Jlisi HeW30IMPOBAHHBIX CUCTEM HY)KHO YYUTBIBATh HE TOJIBKO U3MEHEHUE SHTPOIHHU, HO
u u3MeHeHue sHepruu. [loaToMy HeoOX0IMMO paccMaTpUBaTh JBE TEHICHIUH, OMPEICIIAIONINe
HaIpaBJIEHUE CAMOIIPOU3BOJIBHO IIPOTEKAIOLIUX ITPOLIECCOB!

e CcTpeMJIeHHE CHCTeMbI K I0CTHKeHHI0 MUHMMYMA JHEPrum;
e CcTpeMJIeHHE CHCTeMbl K MAKCMMYMY JHTPOIINH, T.e. K HEYNOPS104YeHHOCTH.
Takum  oOpa3oM, H3MEHEHHE OHHTPONMM  SIBISETCS  OJHO3HAYHBIM  KpUTEPHUEM
CaMOIIPOU3BOJILHOCTH PEAKIUH, IPOTEKAIOIICH B U30JIMPOBAHHON CUCTEME:
AS>0 — peakius IpOTEKAeT CaMONPOU3BOJIBHO;
AS=0 — peakIisi HAXOJAUTCS B COCTOSIHUM PAaBHOBECHS;
AS<0 — peakiusi cCaMOIIPOU3BOJIBLHO HE IPOTEKAET.

§6. Dneprust 'nd6ca n HanpaB/JIeHNe XUMHYECKHX PeaKLMii.

bruoxumuueckue peakuuu OOBIYHO MPOUCXOJAT MPH W300apHO —HM30TEPMHUUECKUX YCIOBUAX. B
9THX YCJIOBHUSX SHEPreTUYECKOE COCTOSHUE CHUCTEMbI XapaKTepHU3yeTCs SHTalbIHUel, a Mepoi
HEYIOPSAIOYEHHOCTH CHUCTEMBbl OyJeT MpOU3BENEHUE TemIepaTypbl U SHTponuu. DyHKIMEH,
YUUTBIBAIOIIEH 00€ 3TH XapaKTEPUCTUKU M IMPOTHBONOJIOKHOCTh B TEHACHLUUHU UX U3MEHEHHUs
P  CaMOIIPOM3BOJIBHBIX  Ipolieccax, sBIsfeTcs cBoOoAHas JHeprusa I'mGdca wu
HEYNOPSAAOYCHHOCTh CHCTEMbI IPH H300aPHO — H30TEPMUYECKHX YCIOBHAX.

JHeprusi I'no6ca (wim u300apHO — M30TEPMUYECKUH MOTEHUIHAJ) sIBJIsAETCH 00001eHHOM
(yHKIHEH COCTOAHHUSA CHCTEMBI, YYUTBHIBAIOIIEH JHEPIeTUKY

Ha3Bana ona B 4ecTh OJTHOTO U3 OCHOBATEJIeH XMMHUECKON TEPMOIMHAMHUKH, aMEPUKAaHCKOIO
yuenoro J[xo3aitn Yumnapaa ['m66ca (1839 — 1903).

W3menenne sHeprun ['mb0ca uis OMOXMMHYECKHX IPOLIECCOB B YCIOBHSX, OTJIMYHBIX OT
CTaH/IapTHBIX, MOXKHO pacCUMTaTh HA OCHOBE DKCIEPUMEHTaNbHbIX 3HaueHU AH n AS nns atux
IIPOLIECCOB 10 YPaBHEHUIO:

AGy1=AH—TAS

rae AH — xapakrtepusyeT IOJIHO€ U3MEHEHHME SHEPruM cucTeMsbl npu p,T = const u orpaxaer
CTpeMJIEHHE CUCTEMbI K MUHUMYMY SHEpPIUu (SHTAJIBNUIHBIN (pakTop);
TAS — xapakTepusyeT Ty 4acTb SHEPruHu, KOTOPYIO HENb3sl IPEBPATUTh B pabOTy, U OTPa’KaeT
CTpEMJIEHHE CUCTEMbI K MAKCUMYMY HEYIOPAI0YEHHOCTH (SHTPONHUIHBIH (hakTop);
AG — xapakrepusyeT Ty 4YacThb SHEPIuUH, KOTOPYIO MOXKHO IEpEBECTH B paboOTy, M SBISETCS
TEPMOJIMHAMUYECKUM KPUTEPHEM CAMOIPOU3BOJIBHOTO MPOTEKAHMs JTIOOBIX MPOLECCOB MpH p, T
= const.

Ecnn B ypaBHeHHe A7 pacueTra cBoOOIHOM sHeprun I'mb6ca BBecTn 3HayeHune AH®, u
AS°;, HaliIcHHBIE C UCIIOJIB30BAHUEM CIIEACTBHS M3 3aKOHa I'ecca, TO MBI oiydaeM (GopMyiy
Uit pacuera AG peakuuu, NpOTEKaoIed B CTaHAAPTHBIX YCIOBUSX:

AG =)V GOK()H - 2.Vi GOHa‘I
]



riae AG°con, AG®uay— 3HadeHUs dHepruu ['mb0ca NpOTyKTOB PeakUH U MCXOAHBIX BEILECTB, Vi
Vi — COOTBETCTBYIOIIHE CTEXHOMETpUYECKHE KOI(D(UIMEHTHI B YPaBHCHHH XUMHUYECKOU
pEaKIIHH.

B TepMoamHaMHUeCKHUX pacderax MCIONb3YIOT 3HaueHus 3Heprun [ mbOca, nsMepeHHbIC
npu cTaHaapTHeIX yeroBusx (AG®, k/[x/mMoub). JlaHHbIC BETUYMHBI TPUBEICHBI B CIIPABOYHHKAX
TEPMOJMHAMHYECKUX BeMHYWH. J[JI TPOCTHIX BEMIECTB B TEPMOJAMHAMHYECKU YCTOHYMBON
dbopme crannapTHas sHeprus [ m66ca nx oO6pazoBaHus MpUHITA paBHOU HYIO (Tabnuna 4).



Tab6muna 4.
3HaueHue AG°¢r93 HEKOTOPBIX COCAUHEHHMIA.

MonnekynsapHas AG°¢ 208, | MoJeKynsapHas AG°®f298, KJIK/MOITB
dbopmyna kJ[x/Momb dbopmyna

) 0 HF(r) -275,41

HCl -95,3 Hl 1,58

H,O¢x) -228.,61 CHi4 () -50,85

COxp —394,37 CeHex) 124,38

COq -137,15 NO; 52,29

NOw 87,58 NH; () -16,48

HCN(F) 121,58 NaCl(Kp) -3 84,13

PaccunraB AG XUMHYECKOM peaklMK, MOXKHO HE IIPOU3BOJIS SKCIIEPUMEHTOB, aTh OTBET
0 MPUHLUUIHUAIBHOW (TEPMOAMHAMHUYECKOM) BO3MOXKHOCTH (MM HEBO3MOXHOCTH) €€
IIPOTEKAHUS:

AG<0 — peakuusi IpOTEKAET CaMOIPOU3BOJIBLHO;

AG=0 — peak1ysi HAXOJIUTCS B COCTOSIHUM PaBHOBECHUSI,;

AG>0 — HecaMOINpOU3BOJIbHAS peakius (CaMONpOM3BOJbHA OOpaTHas
peakius).

3Hak AG, a 3HauuT, M CAMONPOM3BOJBHOCTh PEAKLMU 3aBHUCUT OT BEJIUYMHBI
cootHoweHuss AH u TAS. CamonpousBoabHoe ocyuiectBieHue peakiuuu (AG<0) BO3MOXKHO B
CJICAYIOUIMX CITy4asix:

AH<0 (sx30TepMuueckuid mpomecc) M B To ke Bpems |[AH [>| TAS |, T.e. npu
sK30TepMuueckux mporeccax 3Haku AH um AG coBmajaroT, 4YTO O3HAYaeT BO3MOXKHOCTb
IPOTEKaHUs Ipolecca HE3aBUCUMO OT 3Haka AS;

AH>0 (supmorepmuueckuii mporecc) u |AH|<| TAS |, Torma Bo3pacTaHue SHTaJIbIHH
KOMIICHCUPYETCSl 3HAUUTEIBHO OOJBIIMM POCTOM SHTPONMHMHOTO (PaKTOpa, YTO OCYIIECTBHMO
IIPY BBICOKUX TEMIIEpaTypax WM IIPU PeaKkIMsIX C y4acTHEM razoBoi (hasbl, Korjia HabIoaaeTcs
3HAYUTEIBHOE YBEIMYCHHUE ODHTPONHUH. IJTUM M OOBICHIETCS BO3MOXKHOCTH MPOTEKAHUS
OHAOTEPMHUUYECKUX PEAKIHI, YTO HE COIIaCyeTCsl C MPUHLIMIIOM bepTiio 0 caMonpou3BOIBHOCTH
TOJIBKO 3K30TepMuUeckux peakuuid. CyauTh O HampaBiI€HHM Ipolecca MO 3HAKy HM3MEHEHUs
SHTAJBIIUMA B COOTBETCTBHM C 3TUM IPU3HAKOM MOXKHO JIMIIB: @) MPHU HU3KUX TeMIepaTypax
(mpu T—0, TAS—0, u TAS<<AH), xorja 3Hak1 U3MEHEHHUs CBOOOIHON PHEPIHH U SHTAIBIINU
COBIMAAT; 0) B KOHACHCHUPOBAHHBIX CHCTEMAaxX, B KOTOPHIX B IpOIecce B3aUMOACHUCTBUS
SHTPONUST MEHSETCSI HE3HAUUTEIbHO (OECropsiIoK HE MOMKET CYIIECTBEHHO BO3pPACTH, €CIH,
HanpuMep, OJHO KPHUCTAJUIMYECKOE BEIIECTBO IPEBpAIACTC B JPYroe KpPUCTAIIIMYECKOE
BeniecTBo). [IoaTOMy npu HU3KHUX TemIepaTypax U B KOHJAEHCHPOBAHHBIX CUCTEMAax BO3MOKHO
JMIIB MpOTEeKaHue dKk30TepMudeckux peakiuii (AG<0, korna AH<O0).

Bo3moxHOCTE MpoTeKaHMs peakuu B 3aBUCUMOCTH OT 3Haka AH u AS u Temneparypsl
CYMMapHO MOKHO BBIPa3UTh B Ta0iuIe 5:

Tabmuma 5
Bo3MOXHOCTE IPOTEKAHUS peaKIMK B 3aBUCUMOCTH OT 3Haka AH u AS u TemnepaTypsl
3nak | 3Hak | 3Hak AG CaMonpou3BOJIBHOCTh [Tpumep
AH AS peakuuu
Camornpon3BoJIbHA pH
- + Bcerna «» p p 203 1= 302 (1
TOOBIX TeMIIepaTypax
HecamomnpousBoinsHa pH
+ — Bcernma «+» p p 0O, (r)—>203 )
TOOBIX TeMIlepaTypax
«» mnpu Hu3KEX | CaMONpOU3BOIbHA pu
TeMIeparypax HHU3KHX TeMIeparypax
_ _ " | 2ZHoy MO0 —2H2 Oy
«+» TpH BBICOKHX | HECAMOIIPOHU3BOJIbHA pH
TeMIIepaTypax BBICOKHX TEMIepaTypax




«+» npu Huskux | HecamomponsBoibHa pu
TeMIEpaTypax HU3KHX TeMIeparypax
«» TpU BBICOKUX | CAMOIPOU3BOJIbHA npu
TeMIEpaTypax BBICOKHMX TEMIIEpaTypax

JUist 3aKpBHITBIX TEPMOJMHAMHMYECKHX CHUCTEM Hapsiay co cBoOoaHO# »Heprueil ['mbbca
AG (1300apHO-U30TEPMUYECKUI MOTEHLIAN) B U30XOPHBIX YCIIOBHSIX
(V = const) mpuUMEHSIOT (QYHKIMIO COCTOSIHHS cucTeMbl JHeprurw Ieabmroabuna (F)
(M30X0pHO-U30TEpMHUYECKHUIl moTeHHuAal). B xumuu sHeprus ['m66ca umeer Oosiee MMpPOKOe
IPUMEHEHHUE, YeM 3HEprus [ enbMrosplia, Tak Kak XMMHUUYECKHE MIPOLIECCH] Yallle MPOTEKA0T IIPU
MOCTOSIHHOM JIaBJICHHUHU, a HE MIPU MOCTOSIHHOM 00beMe.
Oueprus ['enbMmronbua HaxoguTes o popmyse:

F=U-T-S,

rae U— BHYTPEHHSISI SHEPTUs CUCTEMBI

Oueprus ['enbMrosbia xapakTepusyeT paboTOCIOCOOHOCTh CUCTEMBI, T.€. ONIPEACISeT Ty
YacTh SHEPTUH, KOTOPas B U30XOPHO-U30TEPMHUYECKOM MPOIIECCE MPEBPAIIAETCS B padoTy.
Ouepruto ['u60ca MOXKHO BBIPA3UTh UYepe3 FHEPTUIO [ enbMroblia cieayomuM 00pazom:

G=U+p-V—T-S=Fip-V

O0a pacCMOTPEHHBIX TEPMOJWHAMUYCCKMX IOTCHIMANA SBJSIOTCS  (YHKIUSIMHU
COCTOSIHUSI, 3aBUCAT OT MPUPOJIBI BEIIECTB — YYACTHUKOB PEAKIIMU, UX MACChl M TeMIIepaTyphl.
Kpome Toro, sHeprus I'mbOca 3aBUCHT OT AaBieHHs, a dHeprus ['enpmroipia — oT o0bema
CUCTeMbl. AOCOTIOTHBIE 3HAYECHHS] TEPMOJAMHAMUYECKUX MOTEHIMAIOB HEWU3BECTHBI, a JUIS
pacyeToB MOJIb3YKOTCS OOBIYHO U3MEHEHUSIMU 1TOTeHIINANIOB (AG u AF).

§7. XumMnueckoe paBHOBecHe

XUMHUYECKUE PEaKIK OBIBAIOT OOPATHMBIMH U HEOOPATUMBIMH.
He06paTanan Ha3bIBAlOTCA pPCaKIHHU, KOTOPBIC IIPOTCKAKOT TOJBKO B OJHOM
HaIIpaBJICHUHA OO IIOJHOTO U3PpacXOod0BaHUA OJHOr0 N3 PCarupyrommnx BEOICCTB.
2Ca + Oy — 2CaOyp,)
Ca+ HZSO4 (pas6.) — CaSO4 + HZT
4Ca + 5H2804 (xomIL.) 4C8.SO4 + st + 4H20
NH4NO3 — 2H20 + NQOT
KpI/ITepI/ISIMI/I HeO6paTI/IMOCTI/I nmpogecca MOXHO CUHHTATh BBIACJICHUEC rada B IIPOLECCE
peakiuu, o0pa3oBaHUE TBEPABIX M MAJIOJUCCOIUMUPYIOMMX coeauHeHuid. OgHaKo B TPHUPOJE
HeO6paTI/IMBIX peaKI_II/Iﬁ MCEHBIIC, YEM O6paTI/IMLIX.
OﬁpaTI/IMblMI/I Ha3BIBAIOTCA ITIPOLECCHI, B KOTOPBIX OJHOBPEMCHHO IIPOTCKAIOT JBC
B3aMMHO IIPOTHUBOIIOJIOKHBIC PCAKIINU — IIpAMasa 1 06paTHa$I. HaanMep,
Hz + Iz «— 2HI
CH3COOH + C2H5OH > CH3COOC2H5 + HzO
I'maBHass 0coOEHHOCTH MPOTEKaHUs OOPATUMBIX pEaKLUH 3aKIIOYAeTCsl B CTPEMIICHUU
AOCTUYDb JUHAMHUYCCKOTO PABHOBECHSA, TaK KaK 3TO COCTOSHHUE BO3HHKACT U IMOAACPKUBACTCA
BCJICACTBHUEC IMPOTCKAHUA peaKuHﬁ B JIBYX IPOTHBOIIOJIOXHBIX HAIIPABJIICHHUAX C OJHMHAKOBBIMH
CKOPOCTAMMU.
Xumudaeckoe PaBHOBECHOEC COCTOSIHUEC CUCTEMBI XapaKTCPU3YCTCA:
® DPABCHCTBOM CKOpOCTeﬁ HpHMOﬁ u O6paTHOI71 peakuu;
® OTCYTCTBUEM U3MEHEHUN BEIUYHH mapaMeTpoB H (I)YHKLIHP'I COCTOSAHUA CHUCTCMBI.
KOHIEHTpaluK pPEarcHTOB, OHTAJBIIMKU, DHTPOIIMHM W BSHEPIHUHU I'ub6ca JJIsL HpHMOﬁ u
00paTHOM peaxIui.
HOCKOJ‘ILKy B COCTOAHUM XHUMHUYECKOT'O PABHOBECUA CHUCTEMaA JOCTUTACT MHHHMAJIbHO
BO3MOXKHOT'O 3HaueHus 3Hepruu ['ub0ca, To peakiius, KOTopasi MPUBOJIUT B IaHHBIX YCIOBUAX K
COCTOAHHIO PaBHOBECHUA, BCErja CaMOIIPpOM3BOJIbHA. PaCCMOTpI/IM Ha rpaq)mce HU3MCHCHHUC




sHeprun ['mbbOca B 3akpbITO cucreMe B oOpaTuMol XMMUYeckod peakuuu (p, T=const)
(pucynoxk 3.1):
Pucynok 3.1
I'paduk n3menenus snepruu ['m606ca B 3aKphITON cCUCTEME
B 00paTuMoi XuMu4eckoi peakuuu (p, T=const)

KuneTnueckuit Kpurepuii: TepMoaHHaAMHYECKHI KPHTEPHH:
V=V AG=0

GHa‘-l

==
Hexonmpie PaBHOBECHBIH COCTaR CMECH IMponykrs!
BEILECTBA HCXO/HBIX BEILECTB M NPO/IYKTOB PeakLUHH  peakluH

= =
AF =0, AT=0 AS=0

B stom cinyuyae n3menenue sHepruu ['ub0ca B cucreMe XapakTepu3yeTcsi MUHUMaIbHbIM
3HaYeHHEM, K KOTOPOMY BO3MOXKEH IMOIXOJ, KaK CO CTOPOHBI MCXOAHBIX BEIIECTB, TaK U CO
CTOPOHBI IPOAYKTOB PEAKIIUH.

Tak kKak B COCTOSHUM pPaBHOBECHsS] CKOPOCTH MpsIMOW M OOpaTHOM peakiuu paBHBL, TO,
WCIIOJIB3YsI 3aKOH JIEUCTBYIOIIUX MAaccC, BHIPa3uM 3HaYeHUE CKopocTel npsmoit (V) u oOpatHoi
peakuuii (V3) :
aA +bB < cC +dD
Vipsw. p =K [AT*[BI°, Vospar. p=k-[C]*[D]*
I'me [A],[B],[C],[D] — paBHOBEecHBIE KOHIIEHTPAllUM PEAreHTOB M MPOAYKTOB OOpaTUMOM
peakiuuy, a,b,c,d — crexuomerpuueckre ko3hPUIMEHTHI B ypaBHEHUU PEAKIUH.

PaBHOBeCHLIMI/I KOHHeHTpaHI/IﬂMI/I HaA3bIBAKOTCsI KOHHeHTpaHI/II/I BCECX BCIICCTB
CHUCTEMBI, KOTOpI)Ie YCTaHaBJ'II/IBaIOTCSI B HefI HpI/I HaCTyl'IJ'IeHI/II/I COCTOAHHUA XHUMHYCCKOTIO
paBHOBECHS.

CooTHecst cKOpOCTH OOpaTHOM M MPSIMOI peakiyu, MOoTydaeM:
v, k-[C]*[D]*

Vi k[A]YB

Tak kak paccmMaTpuBaeMble PEaKLMH SIBJISAIOTCS MPOTHUBOMOJIOXHBIMUA APYT APYTY, TO U
3HAQYCHHE OTHOIICHMS] KOHCTAHT HUX CKOPOCTEH M PABHOBECHBIX KOHIICHTPAIIMM PEareHToB W
MIPOJIYKTOB PEAKLIUH €CTh BEJIMUYMHA TOCTOSTHHASL.

[CT*[D]
Ke—
[A]“[BI"
(st peaknuu aA + bB«> c¢C +dD)

Benmnunna K. paBHas OTHONIEHWIO TPOU3BENCHHUM PABHOBECHBIX KOHLEHTpALUN K
MPOU3BEJICHUIO  PABHOBECHBIX  KOHIIEHTPALlMM  PEareHToOB, B3SATBIX B  CTENEHH  UX
CTEXMOMETPUUYECKHX KOI(D(PHUIIMEHTOB, HA3bIBAETCS KOHCTAHTOM PpPaBHOBeCUsl 0O0paTHMOM
peaKkiuu.

Koncranra xumuyeckoro paBuoBecus (K.) obparnmoro mporecca paBHa OTHOIICHUIO
MPOU3BE/ICHUS PABHOBECHBIX KOHUEHTPAIMI KOHEYHBIX NPOAYKTOB K IPOU3BEACHUIO



PaBHOBECHBIX KOHIIEHTPALMH HMCXOJHBIX BEHIECTB B CTENEHW, PAaBHOM CTEXHMOMETPUUYECKUM
K03 (UIIMEHTaM COOTBETCTBYIOUINX XMMHUECKHUX BEIIECTB B XUMUUECKON pEeaKIINH.

Koncranra paBHoBecus (K;) Ui 0OpaTUMBIX peakiMii, IPOXOAAIIUX B ra3oBoi dase,
MOXKET OBITh TaKKe€ BBIpAKEHA OTHOILICHHWEM MPOU3BEICHUN MaplUHUaIbHOTO JIaBIICHUS
MPOJYKTOB PEAKIUU K MPOU3BEICHUIO MAPIUAIBHOTO JIABJICHUS PEAareHTOB, B3STHIX B CTEICHU
UX CTEXHOMETPUUYECKUX KOI(DPHUIIMEHTOB.

Hanpumep, s peakuyu:
N, ot 3H, O 2NH; o)
KoHcTaHTBI paBHOBECHUSI MOTYT OBITh 3aMUCAHBI CICIYIOIIMM 00pa3oM:
P* (NH) [NH5]’
K= ——— Ke=——
P(N2)-P(Hy) [NaJ-[Ho]®
CBs3p MEXIy KOHCTAaHTAMH DPABHOBECHS, BBIPAKCHHBIMH Yepe3 BEIUYHHBI IMAPIHAIBHOTO
JABJICHHUST W PABHOBECHBIX KOHIICHTpAIMil pEeareHTOB W NPOAYKTOB pPEaKIuu, OTpakeHa B
dbopmyre:
Kp = Ko(RT)™
rae Av=>vj->v;

B ciydae rereporeHHBIX peakiuil B BBHIPAKEHUE KOHCTAHThl XMMUYECKOTO PaBHOBECHUS
BXOJIAT TAapIUAIbHBIE JaBicHHUS (WIM KOHIEHTPAIMU) TOJIBKO Ta3000pa3HbIX YYaCTHHKOB
peakiuu. [lapunanbHbie qaBiaeHHUs] M KOHIICHTPAIIMU BEUIECTB B TBEPAOM U KUIKOM COCTOSHHSIX
NPUHUMAIOTCS 32 CIUHHILY, TaK KaK WX XHMHYECKHE IMOTCHIIMAIBI paBHBI. Hampumep, mis
peaxkuu

C syt 02y CO 1y

V= =k[0] V< = k[COy]
[CO]
KC =_
[02]

s BelpaxkeHus: KOHCTaHTHI paBHoBecus (K,) oOpatumbix peakiuii pacTBOpOB
AJIEKTPOJINTOB, 3HAUEHUSI PABHOBECHBIX KOHLICHTPAL[UI 3aMEHSIOT HA PABHOBECHBIE AKTUBHOCTH:
aCC . aDd
K=————r1nea=C(x)y
aAa A aBb
Y — ko3¢ unreHT akTuBHOCTH (7151 peakiuu aA + bB« cC +dD)

3HaueHUE KOHCTAHTbl PABHOBECHSI ONPENEISIET IOJIOKEHHE PAaBHOBECHA, T.C.
OTHOCHUTEIIbHOE COJIEp’)KaHUE HCXOJHBIX BEUIECTB W KOHEUYHBIX MPOAYKTOB pEaKIIHH,
HaXOJAIIEHCS B COCTOSIHUM PAaBHOBECHS.

Ecim K> 1,70 B cucTeme BBIIIE COJIEPKAHME KOHEYHBIX MPOAYKTOB pPEAKIHUH, T.€.
II0JIO’KEHNE PABHOBECHUS CMEILIEHO B CTOPOHY MPSIMON PEAKIUH.

Ecmn K< 1, To B cucreme BblllIe COAEPKAHWE HCXOIOHBIX BEIIECTB, T.€. MOJIOKECHHE
pPaBHOBECHSI CMEIIIEHO B CTOPOHY OOpaTHON peakluu.

Benuunna wusmeHeHusi cBoOomHoi sHeprum [nb06ca (AG®) cBsi3aHa ¢ KOHCTaHTOM
paBHOBecHsl 0OpaTUMOW peakIMM ypaBHeHHEM, BbiBeleHHbIM Bant ['oddom B 1885r. OH
J0Ka3aja, 4TO MEXKJy KOHCTaHTOM paBHOBecusi W sHeprueid I'mbbca oOparumoil peakuuu
CYIIECTBYET JIOTapru(pMHUUecKasi 3aBUCUMOCTb:

AG=—-RTInK

rae R — yauBepcanpHas razoBas nocrosiuas, T — remmnepatypa (K).
Jlis ynpoIlieHuss MaTeMaTHYeCKHUX pacdyeToOB 3aBHCHUMOCTh KOHCTAHTHI PaBHOBECHUS U
sHeprun ['m66ca 3anucaTh CieIyronmM 00pa3oMm:

AG =-2,303RTIgK



OTO ypaBHEHHE JaeT BO3MOXHOCTb, 3Hast AG, BBIUMCIUTh KOHCTAHTY PaBHOBECHS, W,
HA000pOT, MO AKCIIEPUMEHTAIFHO HAMICHHOMY 3HAYCHUIO KOHCTaHTHI PABHOBECHS PAaCCUMTATh
AG peakuuu.

[Tonp3ysich ypaBHEHHEM H30TEPMbl XUMUYECKOM PEaKIHH:



[CT*[D]*
AG = AG" + RTIn
[A]“[B]"
(mnst peakuu aA + bB «» cC +dD)

MOYKHO OIPEJIENINTh, B KAKOM HAIPABJICHUU U J0 KaKOTO Mpejesia MOKET MPOTEKaTh PEaKIUs B
KOHKPETHBIX YCIIOBHUSX MPHU 33JJaHHOM COCTaBE MCXOHBIX PEareHTOB U MPOAYKTOB PEAKIIHH. DTO
K€ ypaBHEHHE IO3BOJISICT ONPEACINTh, KAaKUMHU JIOJDKHBI OBITh YCIIOBUSI PEaKIMU H COCTaB
UCXOJHOW CMECH, 4TOOBI peakilvs MPOTEeKalla B HY)KHOM HANpPaBICHUU U JI0 PACCUYUTAHHOTO
npezena.

KoHcTaHThl paBHOBeCcHS OOpAaTUMBIX PEAKIUN 3aBUCAT OT TEMIICPATyphl H MPUPOIIBI
pearupyroux BeIecTs, HO He 3aBUCAT oT KoHueHTpauuu (K.), akrusnocru (K,), napnenuns (Kp)
pearupyronmx BemecTB.

Takum 0Opazom, B citydae MpOTEKaHUsI OOPATHUMBIX PEAKIMiA CHCTEMa CaMOIIPOU3BOIBHO
NPUXOJUT K COCTOSHUIO XHWMHYECKOTO pPaBHOBECHs, M3 KOTOPOro OHAa ©€3 BHEIIHEro
BO3/ICHICTBUS HE MOXET BBIMTH, IIOCKOJIBKY 3TO TpeOyeT yBenuueHus suepruu [ nbdoca.

Brnusinue n3MeHEHHs YCIOBHI Ha XMMHUYECKOE PAaBHOBECHUE OMPECIIICTCS MPHUHIIUIIOM
Jle Hlareasne:

Eciim Ha cucremMy, HaXoAsIIyIOC B COCTOSIHMM XHMHYECKOr0 pPaBHOBeCHUs,
O0Ka3bIBATh BO3/1elCTBHE MYTeM H3MEHEeHHsl KOHUEHTPAIMM PeareHToB, JaBJeHUsl W
TeMIIepaTyphbl B cHCTeMe, TO PABHOBeCHe BCerJa cMellaeTcsi B HaNpaBJIeHU! TOi peaKkuuu,
NpOTeKaHue KOTOPOii ocjiadisieT 3TO BO3AelcTBHeE.

Biausinne m3mMeHeHMs] KOHLEHTPAlUM peareHToB. B cooTBercTBUM ¢ npuHuunom Jle
[[laTtenbe BBeJEHHE B PaBHOBECHYIO CHCTEMY JOIMOJHUTEIBHBIX KOJUYECTB KaKOTO-THOO
peareHTa BbI3bIBAET CIBUI PAaBHOBECHS B TOM HaIlpaBJIEHUH, IIPU KOTOPOM €r0 KOHIIEHTpAIUs
ymeHbinaercs. [1o3Tromy H30BITOK HCXOJHOTO BemlecTBa (MCXOIHBIX BEIIECTB) BBI3BIBAET
CMEIIIEHHE pPAaBHOBECUS BIIPAaBO, YBEJIWYUBAs CTENEHb IPEBPALLEHUS JPYTrUX pEarcHTOB;
no0aBieHHe MPOAYKTa (MIPOAYKTOB) pPEaKLMU BBI3BIBAET CMEIICHHE PABHOBECHUS BIIEBO, T.€.
YMEHbILIEHUE CTETIEHU MOJIHOTHI €€ MpoTekaHus. Tak, n30bITOK KHCIOPO/1a YBEINYMBAET CTEIIEHb
npespauieHust SO, B SOz NpU KOHTAKTHOM IIOJIyYEHHH TPHOKCHZA CEPbl — BO3pacTaHHE
KOHIEHTPAllUU MOJIEKYJl BELIECTB YCKOpSIET Ty peaklrio, KoTopas MX u3pacxoayeT. B memsx
MOBBIIICHHUS BBIXOJA IPOAYKTOB PEAKIMH, BO MHOIMX CIy4yasX CMEILEHUE DPaBHOBECHS B
CTOPOHY IPOJYKTOB B3aWMOJEUCTBUS MOXHO OCYIIECTBUTh U UX yJIaJICHHEM U3 PEaKIMOHHOMN
30HBI, CBS3BIBAasl X B MAJIOAUCCOLUUPYIOLIUE, TPYJHOPACTBOPUMBIE UM HEJIETYYHE BEILECTBA.
Tax, BBeZIeHHE B PABHOBECHYIO CUCTEMY:

CH;COOH + CH;0H « CH;COOCH; + H,O

BOJIOOTHUMaOIIKX BemecTB (Hampumep, H>SO4) mo3BONSET CMECTUTh paBHOBECHE ATOM
pEaKIMU BIPABO, T.€. B CTOPOHY 00pa30BaHMsI MPOAYKTOB PEAKIIMH.

Takum oOpa3om, Npu U3MEHEHUU B PaBHOBECHON CHCTEME KOHLIEHTPALUU JHOOO0ro u3
peareHToB, MCXOJHOE COOTHOUIEHME KOHILIEHTpPAllMi pEeareHTOB W BEIMYMHA KOHCTaHTHI
paBHOBECHSI B COCTOSIHUM TIOCJTIEAYIOIIEr0 paBHOBECHS HE H3MEHSTCA, XOTS I0JIOKEHHE
PaBHOBECHSI CMECTUTCS B TY WJIM UHYIO CTOPOHY.

Biausinne H3MeHeHHA JAaBJICHUSA B CHCTEME. I[aBJ'IeHI/IC HC HU3MCHACT BCIIMYHHBI
KOHCTAaHThI paBHOBECUA 06paTI/IMOI\/'I p€aKkru, TaKk KaK OHa 3aBUCHUT TOJIBKO OT TEMIICPATYpPhbl U
mpupoAbl pearupyromunx BCUECTB, CJIICA0BATCIBHO, C JABJICHUCM MCHSCTCS AG pCaKkIuu.

IloBbrmieHme JaBJICHUSA B CUCTEMEC CMCIIACT XMMHUUYCCKOEC PaBHOBECHUC B HaAIIPaBJIICHUU
pCaKkuuu, Hnylueﬁ C O6p8.30BaHI/ICM MEHBIIIETO YHCJIa MOJIeH I‘a3006p8.3HBIX B€IICCTB, T.C. B



CTOPOHY YMEHBIIIEHUsI 00beMa, a TIOHMKEHUE IaBIICHUSI B CUCTEME BBI3BIBACT CIIBUT PAaBHOBECHS
B IIPOTUBOIIOJIOKHYIO CTOpOHY. [Ipn paBHOM 4mcie Moiel ra3000pa3HbIX UCXOIHBIX BEIIECCTB U
MPOJAYKTOB PEaKIMM W3MEHEHHWE MJaBIICHUS HE CMEIaeT XMMHUYECKOoe paBHOBecue. BrusHue
JIABJICHUS] HA XMMUYECKOe paBHOBecue mpu T = const MoKa3zaHO CXEMOH, Iie B IIEPBOM cllydae
paccMOTpeHa peakiusi, COMPOBOXKIAIOIIANCS YMEHBIICHHEM 00beMa; a BO BTOPOM — pEaKIus,
COTIPOBOXKIAIOIIASCS YBEIUYCHHUEM 00beMa (PUCYHOK 3.2).

Pucynok 3.2

BnusiHre u3MeHeHus JaBieHHs B CHCTEME

Ucxonuste ' IMpopyktst Mcxoarste IpogyrTH
peareHTsI peakoum PeareHTs pPeaknEn

Uem MeHblIe abCONIOTHOE 3HAUYEHUE H3MEHEHUss o0beMa B CHUCTEME, TEM MEHBIIe
BIIUSTHUE NIaBJICHUS Ha paBHOBecwe. [1oaToMy mipm HEOONBIIMX 3HAYCHHSX JABJIICHUS OHO HE
BIMSIET HAa PAaBHOBECHE CUCTEMBbl. B reTeporeHHbIX mporeccax 00beMOM KOHICHCHPOBAHHON
¢da3pl MOXKHO TIpeHEOpeYb, OJHAKO, IIPH CBEPXBBICOKUX JABJICHHUSIX OOBEM Ta30B CTAHOBHUTCS
COM3MEPUMBIM C 00BEMOM TBEpABIX Ten M >KuAKocTtei. Ecmu paccmarpuBarh peakiuu, B
KOTOPBIX CpPEIM pPEAarcHTOB HET Ta3000pa3HbIX TNPOAYKTOB, HAIMpUMEp, IPOIECC
MoaupukanoHHoro npeBpameHus Copagur) — Clammas), TAK KaK B JaHHOM CIIy4ac U3MEHEHUE
00beMa HUYTOXKHO MaJio, TO JaKe JJII HE3HAUYUTEIHLHOTO CIIBUTa paBHOBECHS BIPABO TpeOyeTCs
BeChMa 3HAYUTEIbHOE U3MEHEHUE (TIOBBIIICHNE) 1aBIICHUSI.

JI71st TOYHOTO yueTa BIUSHUS JaBJICHHUS HA PAaBHOBECHE PEaKIUii, 0COOCHHO MPU BBHICOKUX
JABJICHUSIX, CIeIyeT MPUHUMATh BO BHUMaHNUE U3MEHEHNE BEJTMYUHBI 00beMa C JIaBIeHHEM; TakK,
€CJIM 110 MEpPE TTOBBIIICHUS JaBJICHHS a0COIIOTHOE 3HAYCHHE M3MEHEHUs 00beMa yMEHBIIIaeTCs,
TO OyneT ymMeHbIaThes ¥ ((HEKT nelCTBUS JaBICHUS B CUCTEME.

BimsiHue M3MeHeHMsl TeMIlepaTypbl B cucTeme. B cooTBercTBuM ¢ npuHimnom Jle
IMTaTense Harp€BaHMEC BLI3BIBACT CMCIHICHHUE PAaBHOBECHUA B CTOPOHY TOro M3 JIBYX BCTPCUHBIX
IPOIIECCOB, MPOTEKaHHUE KOTOPOIrO COMPOBOXKJACTCS IOIJIOLUIEHUEM TEIUIOTHI, T.€. B CTOPOHY
3HJIOTepMHUUYECKON peakuuu. IloHmkeHue TeMmepaTypsl MPUBOAUT K TMPOTHUBONOIOKHOMY
3¢dexTy: paBHOBECHE CMENIAeTCs B CTOPOHY TOrO IIpoliecca, IPOTEKaHWE KOTOPOTO
COITPOBO’KIAETCS BBIJICJIEHUEM TEIlIa, B CTOPOHY 9K30TEPMUYECKOM peakuuu. M3 aToro cienyer,
YTO JUJISl CY’KJEHHUS O BIMSHUU TEMIIEpAaTypbl HEOOXOIMMO 3HATh TEIIOBOM 3(h(PEKT n3yyaeMoro
nporecca. Kak yxe ropopuiiock paHee, TEIUIOBOH 3((eKT peakluu MOXKeT ObITh OIpenesieH
OTIBITHBIM TyTeM WIIK 110 3akoHY ['ecca. HampaBieHne cMemeHus U ero CTENeHb OMpeessioTCs
3HaKOM U BEJIMYMHON TeruioBoro 3¢ ¢dekra; yem Oosbiie AH, TeM 3HauMTenbHee BIUSHHE
TeMIepaTypbl; HA000poT, eciar AH OIM3K0 K HyIN0, TO U TeMIlepaTrypa IpakTHUYeCKU He BIIUSET
Ha paBHOBecue. Ha cxeme oTpakeHO BIHMSHHME TeMIepaTypbl HA XMMUYECKOE paBHOBECHE IIPU p
= const, rj1e TepBas 3aBUCHMOCTH MPHUBEICHA IS SHJOTEPMUYECKON pEaKIMH, BTOpas — JUIS
HK30TEPMHUECKON peakuuu (pUcyHok 3.3.) .



Pucynok 3.3

Bnusinue n3aMeHneHus TemnepaTyphbl B CUCTEME

) [
HMcexonunre IMpomykTH Hexopubre Ipony T
pearea'rm peam.um PeareHTHL Peaxknuu

3aKOHEBI HACTYIUICHUA, COXpaHCHHMA W CMCHICHUA JUHAMHUYCCKOI'O PaBHOBCCHUA
CIIPAaBCJIMBbI HC TOJIBKO IJII XHMHYCCKUX H (1)I/I3I/IKO-XI/IMI/I‘ICCKI/IX mpoueccoB, HO U HMCHOT
aHaJord B JKUBOH npupone. CO6JIIOI[€HI/I€ 9TOro MpUHIOUIIA B JXUBBIX CUCTEMAX IMO3BOJIACT UM
NoAACPIKUBATL COCTOSAHHUEC TIOMEOCTAa3a. OCHOBy romMeocrasa COCTaBJIEICT CTAaMOHAPHOC
COCTOSAHUEC CUCTCMBI, IIPUYEM OAJICKOC OT PAaBHOBECH:, N3-3a YCTO JKUBBIC CUCTCMBI CIIOCOOHEI K
3BOJIFOIIHUH.

§8. OcHoBBI OHOdHEpPreTHKH

[Iporekanue KU3HEHHBIX MPOIIECCOB TPeOyeT 3aTpaT 3Hepruu. MIcTOYHNKOM SHEpruu Ass
KUBBIX OPTaHU3MOB CIYXKUT MHIIA. | TaBHBIMA KOMIIOHEHTAMH UMM SIBIISIOTCS KHUPBI, OCITKU U
VIJIEBOMbI, OKHCJICHHE KOTOPBIX COMPOBOXKIAETCA BBbIICICHUEM OSHEprud. B wmeaunune
HHEPreTHUUECKYI0 XapaKTEPUCTUKY NPOAYKTOB NUTaHMUsI MPHUHATO CUUTATh B KaJOpHX.
[TockonpKy muIIa — pa3HOPOAHAS CMECh, €€ KaJIOPUWHOCTb, KaK MPaBUJIO, IPUBOJSAT B BHIE
cpennux 3HadyeHuit Ha 100 T.

KanopniiHOCTbI0 NHUTATEJbHBIX BEIECTB — HA3bIBACTCS JHEPrus, BbIACIAEMas IPH
MIOJIHOM OKUCJIEHUH (CropaHuu)] r. mUTaTeabHbIX BEIECTB.

B3anmocBA3p MEXy €QUHULIAMU SHEPTUN BBIPAXKAETCS COOTBETCTBUEM:
1 xanopus = 4,18 Ik

XOopoIo u3BECTHas BCEM KaJOPUMHOCTh MUIIEBBIX NPOAYKTOB — HE YTO MHOE, Kak
TEIUIOTa UX CTOPAHUS, KOTOPYIO MOXKHO U3MEPHUTH SKCIIEPUMEHTAIIBHO.

Havano takum usmepenusm nonoxwim AntyaH JlaByasse u IIbep Cumon B 1780r.
Omnpenensist Ipu MOMOIM  KaJIOPUMETPa KOJIMUYECTBO TEIUIOTHI, BBIJIEJIEHHOE MOPCKOW CBUHKOM,
OHM YCTaHOBWJIM, YTO OKHUCIIEHHE MUIIM B OpraHU3Me W BHE €ro, JaeT OJIM3KHE TEIIOBbIE
a¢¢dekTsl. Ha ocHOBaHMM 3THX ONBITOB ObUI CJIEIaH BaYKHBIM BBIBOJ: KUBOM OpPraHu3M BbIIEISET
TEIUIOTY 3a CUET OKUCIIEHUS B HEM MHUIIM KHUCIOPOAOM BO3/yXa. OTO MO3BOJIMIO OOBSCHUTH
pasznuyue B IBETE€ apTEepHaTIbHOM M BEHO3HOW KpOBH, a B JaJIbHEHIIEM MOCIYXHUJIO UCXOIHBIM
IIYHKTOM K OTKPBITHIO IIEPBOIO 3aKOHA TEPMOJAMHAMUKH.

KoneuHo, okuciieHne NUTaTeabHbIX BEIIECTB B OPraHU3Me NMPOTEKAET COBCEM HE TaK, KaK
B KaJlopuMeTpe. OTO CIOXKHbIE MHOTOCTAJMUHBIE TPOLECCHl € YYacTHEM OHMOIOTHYECKHX
karanuzaTopoB (pepmentoB). OmHako, corjacHO 3akoHYy l'ecca, TemioTa, BbIACIsIeMas IMpU
OKHUCJICHUU THTATEIbHBIX BELIECTB, HE 3aBUCUT OT TOTO, OKUCIIETCS OHA B OpPraHU3ME WIH B
KaJIOpUMETpe, €CJIU MPOAYKThl €€ OKHUCICHHS OJMHAKOBbl. HauOoblnyi0 3HEpreTudyeckyro
[IEHHOCTh UMEIOT KHPHI, IPU OKUCIEHUN KOTOPbIX BhiAensercs 37,7-39,8x/x/r (9,3kkan/r). B
MpOIIeCCe YCBOEHHWs VYIJEBOJOB B OpraHu3Me denoBeka Beyiensercs 16,5-17,2 xJx/r
(4,1xkan/r). Ha aToM e ypOBHE HaXOJUTCS M KAIOPUHHOCTH OEJIKOB.



Nudopmanus o BBIAEICHUH TEIUIOTHI OYEHb BaXKHA IS TMOHUMAHHS TyTel
npeoOpa30BaHMsl Pa3IMYHBIX BEIIECTB B DHEPTHUIO B KUBBIX OpraHU3MaX.

B ocHOBe Hay4HOW JUETONOTHUH JIEKUT COOTBETCTBUE KAJOPUMHOCTH MUILEBOTO pallMoOHa
SHEpro3arparaMm 4esioBeKa. buosHepreTuky opraHm3ma MOKHO PEryJupoBaTh HE TOJBKO C
MOMOII[bIO BEIOOpPA OTIENBHBIX MPOIYKTOB, HO, TJIABHBIM 00Pa30M, UX COUYCTAHUEM.

3Hasg OCHOBHBIE TEPMOJUHAMUYECKUE 3aKOHOMEPHOCTH, XUMUUYECKHUI COCTaB MPOYKTOB
MATAHUSL U DHEPIETHUYECKHUE XAPAKTEPUCTUKHU MUTATEIbHBIX BEUIECTB, Bpay JOJKEH YMETh C
Y4E€TOM CYTOYHOH MOTPEOHOCTH YeJIOBEKa B YHEPTUH U HA OCHOBE DHEPTreTUUECKOro OajaHca ero
JKU3HEACSTEIIbBHOCTU COCTAaBUTh ONTUMAIbHBIA PAllMOH MUTAHUS (PHEPrOMEHIO).



