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I'mABA 1
OCHOBBI TEPMOJUHAMHUKH

B x0/1e npoTekaHHs] XUMHUYECKOH PEaKIHH MIPOUCXOANUT Pa3phIB OJHHUX
XUMHYECKHX CBsi3el (COMPOBOXIAIOUIMICA TOTNONIEHHEM OSHEPrUH) U
obpazoBaHue Jpyrux (B 3TOM mporiecce Heprus BeiaenseTcs). [loaromy
JUIT TIPeCKAa3aHHsA HANPABICHUS MPOTEKAHHS XHUMHUYECKHX PpeaKIiui
Heo0X0/JUMO 3HATE 3aKOHBI 00MEHA DHeprUell MeXIy Pa3THUHBIMA TEIAMA
(cucremoli) W Okpyxaromield cpenoi. HMsyueHHeM OTHX 3aKOHOB
3aHUMAETCS TePMOJUHAMUKA. TepMHH «TepMOJWHAMHKA» BIEPBBIE
nosBuica B crathe B.TomMcona B 1854r. u B mepeBoje O3HAYAET
«remtora-pabora». Eme panpie (B 1849r1.) ToOMCOH Ipe/uTOKuUI TEPMHH
«TepMOTUHAMUYECKHUI TS XapaKTepucTHkH npuaymanHoi Camu Kapao
TEIUIOBOH MAIlIUHBI, IpOU3BOAAIIEH pabory. Knaccuueckad
TEPMOTHHAMUKA PACCMATPHBAET BELICCTBO C TOUYKH 3PEHHS H3MEHEHHs
MAaKpOCKOUUECKUX CBOMCTB, TAKUX KaK JaBJieHHe, TeMreparypa, o0bem,
noTeHnpan W T.0. OnHcaHWeM  BeIleCTBA C  TOYKH  3PEHHS
MHKPOCKOTHIECKHX CBOIICTB 3aHUMAETCS CTATHCTHYECKAS
TepMouHamMuKka. Hibke GyieT paccMOTpeH TOJIBKO KIIACCHYECKHH TOAXO/.

§ 1.1. OcHoBHBIC OnIpene/IeHUS

PaccMOTpUM HEKOTOPBIE BAXKHEHITHE MOHSATHS, KOTOPBIMH MEI OyIeM
MOJB30BATHCA B JAIBHEHIIIEM,

Cucrema — Teno WIM Ipynna Tell, MOTYIIUX B3aUMOJIEHCTBOBATH
MEXTy CO0OM W MBICIEHHO OTJCIEHHBIX OT OKpYXAoUIed Ccpesbl
rpaHUlied pazaena.

IMox B3auMoOAEHCTBHEM MOJApasyMeBaeTcss OOMeH OJHeprued u
BeecTBOM. Ecii oOMEH BeIIeCTBOM W 3HEPruell BO3MOXKEH HE TOJBKO
BHYTPH CHCTEMBI, HO U MEXJY CHUCTEMOU U OKpyXXalllel cpelou, To
CHCTEMA HA3BIBACTCS OTKPBITON. IIpuMepoM OTKPEITOH CHCTEMEBI MOXET
CIYXUThb CTAKaH FOPSYEro yas.

Eciu oOMeH BeImIECTBOM ¢ OKDYXAroIIeH cpelodl HEBO3MOXKEH,
CHCTEMA HA3BIBACTCS 3AKPBITOM. B KauecTBe mpuMepa 3aKpBITOH CHCTEMEI
MO>KHO MIPUBECTH HEBCKPBITYIO OAHKY KOHCEPBOB.

Eciu, HakoHEI, HEBOSMOXEH OOMEH HH BEIICCTBOM, HH 3HEpPTHEH,
CHCTEMA HA3BIBAETCSA H30JIMPOBAHHOI. ITpurectu mpuMep
H30JUPOBAHHOM CHCTEMBl 3aTpyJHUTENBbHO, T. K. Jaxe ComHeuHas
CHCTeMa SBISICTCS H30MUPOBAHHON JHINE B MEpPBOM MpuOmmkeHud. B
KaKOM-TO Mepe Takoh CHCTeMOM MOXXHO CUMTATh 3aKpBITBIA COCYJ
Hproapa.

DHeprus (OT rpeu. energeia — JEUCTBHE, NEITEIRHOCTE) — 0Omas
KOJIMYECTBEHHAS MePa JIBIKCHUS U B3aUMOJCHCTBHUS BCEX BHJIOB MATEPHH.
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OCHOBBI TEPMO/THHAMHKH

B COOTBeTCTBHH ¢ pAa3NmUYHBIMH (OpPMAMH JIBIKEHHS MATepHH
SHEPTHI0 PA3/esIoT HA MEXaHHUYECKYIO, 3JIEKTPOMATHHUTHYIO, S/IEpHYIO,
TEIUIOBYIO, U T. J. DTO JIEIEHHE 10 U3BECTHOH CTENEHH YCIOBHO.

Temnora (@) — Qopma OecnopsaouHOro (TEIIOBOrO) JABHKECHUS
00pa3yroNMX TeJI0 YacTUIl (MOJEKYJI, aTOMOB, JIEKTPOHOB U T. J.).

KousmruecTBeHHOH MepOl TEIUTOTHI CITY>KHUT KOJNIeCTBO TeIUIOTHI, T.
€. KOJMYECTBO JHEPrHH, MONTydaeMOH WU OTJAaBAEMOM CHCTEMOW mpH
terooOMere. Termora wsMepsercs B eauHHnAx osHeprum: Jx, Kan
(lxan=4,184 [Ix).

PaGora (4) — npousseneHrne 060OIIEHHOH CHITBI HA 00OOIIEHHYIO
KOOD/IMHATY.

MexaHuueckas paboTa OpeACTABISIETCS NPOU3BEJEHHEM CHIBI Ha
nepeMereHre.  JNeKTpuueckas  paboTa  paccMaTpHBaeTcs — Kak
IIPOM3BEJICHHE 3apsA/a Ha Pa3HOCTh HOTEHIHANoB. PaGora pacmmpeHus
WIeATFHOTO ra3a paBHA MIPOH3BEJICHHUIO JIABJICHUS HA H3MEHeHHe o0beMa.
3nech cuia, JaBleHHEe, PasHOCTH MMOTEHIHAIOB — 0000IIeHHas cHia, a
nepeMerneHne, n3MeHeHne o0beMa, 3apsii — 0000IeHHas KOOPIUHATA.

Temmora u paboTa SBISIFOTCS SKBUBAJIEHTHBIMH (DOPMaMH Mepeaadn
3HEPrUH.

IMapamMeTpbl €OCTOSIHUSI — 3TO BEIHYHHB], [O3BOJSIONINE
ONIPEJIEUTE COCTOSHHE CHCTEMBI, HEMOCPE/ICTBEHHO HW3MEPHB 3TH
BENUYNHBI. B XUMHH Halne BCero MCHoNB3YIOTCS CIEAYIOMIHE MapaMeTph
COCTOSIHHSI: IaBIICHHE, TEMIIEpaTypa, 00beM H JIp.

Paznnuarot:

IKCTEHCHBHBbIE  NapaMeTpbl  COCTOSHHS,  OPONOPIHOHANBHEBIE
KOJTHYECTBY BEUIECTBA CHCTEMEBI: Macca, 00beM, BHYTPEHHSS JHEPTHS U T.
0., ¥

WHTEHCHBHBbIE TIAPAMETPHI COCTOSIHUS, HE 3aBUCSIINE OT KOJIUYECTBA
BEIIIECTBA CHCTEMBI: IABJICHHE, TEMIIEpATypa, BI3KOCTh H T. 1.

CocrosiHHE CHCTEMBI ONpENENSeTCs PAa3THYHBIMH  (QYHKIHIMH,
HA3bIBAEMBIMH (DYHKIHSIMH COCTOSHHUS.

DyHKOUA COCTOSAHHA — (YHKIHS HE3aBHCHMEIX MapaMeTpoOB
CHCTEMBI, H3MEHEHHE KOTOPOH He 3aBUCHT OT ITyTH NEPEX0/Ia CUCTEMBI U3
HAYaJIbHOTO COCTOSHHS B KOHEYHOE, a 3aBHCHT TONBKO OT COCTOSHHS
CHCTEMBI B 3THX TOUKAaX.

Pa3nenenne mnepeMeHHBIX HAa Hapamempul COCTOSIHHUS W (yHKyuu
COCTOSIHHSI JIOCTATOYHO YCIOBHO, TaK KaK B JaHHOM ciydae ecid X
spasercss ¢yHKnpeld Y, copaBenmuBO M 00paTHOE YTBEpK/IEHHe. 3a
mapaMeTpel COCTOSHHS TPHHSUIH BEJNUYHHBL, a0CONIOTHOE 3HAYEHHE
KOTOPBIX MOXXHO HEMOCPEJCTBEHHO H3MEpHTH. J[11 (QyHKIHH COCTOSHHSA
MOXHO H3MEPHUTh HJIH PACcCYHTATh JHUIIEG ee usmenernue (A). smeHeHHe
(GYHKIMHM COCTOSIHHSI paccMaTpHBaeTCs KaK Pa3HOCTh €€ 3HaueHWd B
KOHEYHOM H HCXO/JTHOM COCTOSIHHSX CHCTEMEI, HAIpUMeEp,

AX=X,-X|,

[1]



§ 1.1. OcHOBHBIE ONpe/IeTIeHHUS

HNHaekcel «1» U «2» XapakTepu3ylOT HAYaibHOoe W KOHEYHOoe
COCTOSIHHA CHUCTEMEBI, COOTBETCTBEHHO.

Buyrpennsas sHeprusi (U) — 5SHeprus CHUCTEMEI, 3aBHUCAIIAA OT €€
BHYTPEHHETO COCTOsIHHA. BHyTpeHHAd 3Heprus BKIIOYAET SHEPTHUIO
Xa0THYECKOTO (TEIUIOBOr0) JABHXXEHHS BCEX MHKPOYACTHI] CHCTEMEI
(MOneKyn, aTOMOB, HWOHOB W T.J.), DJHEPIHI0 KOJCOATETBHBIX H
BpAIIATEABHBIX  JBIDKEHHMH AaTOMOB B MOJNEKylax H  JHEPrUIo
B3aUMOJICHCTBHS 3THX YACTHII, T. €. OJHBIHA 3amac PHEPrUU B BEIIECTBE.
EcrecTBeHHO, N3MEPHUTH U PACCUUTATH A0COTIOTHOE 3HAYCHHE BHYTPEHHEH
SHEPrHH HEBO3MOXKHO, MOXKHO JIUIIE ¢ JOCTATOUHOH TOUYHOCTBIO H3MEPUTH
€€ U3MEHEHHEe. DTO XapaKTepHO /T BCeX (PYHKINI COCTOSHHS CHCTEMBI.

ITockonbKy U1 HAaxXOXJeHHs H3MEHEeHUs QYHKIHH COCTOSHHS U
CpaBHEHHS HX MeXJIy co0ol HeoOXO0AWM €HHBIA ypOBEHb OTCUETa, TO
BBEIH TMOHATHE CTAHAAPTHOIO COCTOSIHUA BEIIECTBA (CHCTEMEI).
CraH/1apTHOE COCTOSTHHE BEIOHPAIOT U3 COO0pakeHHH y/J00CTBa pacyeTos;
OHO MOXET MEHIThCA NIPU Mepexoie 0T OJJHOM 3aAa4H K Ipyroi. 3HaueHHud
TEPMOAHHAMHUYECKHNX BEIHYHH B CTAHJAPTHOM COCTOSHHHM HA3BIBAIOT
CTaHAAPTHBIMH W O003HAYAIOT OOBIYHO C «HYJIEM» B BEPXHEM HHEKCE,
HanpuMmep, H, G° s XuMHYecKUX peakiuil AG®, AH® PpaBHBI
H3MEHEHHAM COOTBETCTBYIOUMX (, [ pearupytomiel CHCTEMEI B IPoIecce
nepexofa OT MCXOMHBIX BEIIECTB, HAXOAAIINXCS B CTaHIApPTHOM
COCTOSIHMH, K MPOAYKTAM PEaKlHH, HAXOMIIIHUMCS B CTaHIAPTHOM
COCTOSIHUH.

OnHO W3 BO3MOXHBIX CTaHAAPTHBIX COCTOSHHHA XapakTepu3yeTcs
CTAHIAPTHBIMH yC/IOBHSIMM: JapieHueM (p°), cocraBoM (MonspHas
KOHIIEHTpAIHA ¢*):

p’=101325Tla=1arm; ¢"= 1 Moas/n

Cucrema 3HakoB. B oskcnepuMmeHTe WM B pacueTax MONYdYaroT
n3MeHeHHss QYHKOMH coctosHU. OHH MOTYT NOPHHUMATH KAk
MOJOXKUTENBHBIE, TAK U OTPUIIATENIEHEIE 3HAUEHHs. B TepMonHaMuKe Juts
oGos3HaueHHss oOMeHa 3HEprHel MeXJy CHCTEMOM W BHEIIHeH cpenoi
IIPUHSTA CIIEAYIONIasl CHCTEMA 3HAKOB: SHEPTHs], OTyJaeMasl CHCTEMOH OT
BHEUIHEH Cpeibl, 0003HAYAETCs 3HAKOM ILTIOC», 4 OT/JAHHAs] CHCTEMON —
3HAKOM «MHHYCY.

+ () — TemyioTa, NOrJOLIEHHAS CHCTEMOI;

— (0 — TenyoTa, BBIIETEHHAs] CHCTEMOH;

—A — paGoTa, CoBepIIIeHHas] CHCTEMOI! TPOTHB BHEIIHUX CHIT;

+ A — pabora, coBepIlleHHAs] BHEITHUMH CHJIAMH HaJ1 CHCTEMOH.

DTy cHCTeMy 3HAKOB JIETKO 3alOMHHUTH HA CIIEAYIOUIEM MpUMEpE.
Ecau Bam gamu 100 pyOGmeii, Bel B mumoce. Ecmm y Bac oroGpamun 100
pyOuieii, BB B MHHYCE.



OCHOBBI TEPMO/THHAMHKH

§ 1.2. HyaeBoii 3ax0H (HA9A710) TePMOAHHAMHKH

Hse cucmempi, Haxo0swyuUecs 8 MePMUYECKOM PABHOBECUU C mMpembel
CUCIMEMOT, COCIMOAM 8 MEPMULECKOM PABHOBECUU OPY2 C OPY2OM.

HyJIeBOﬁ 3aKOH BCJCT K AHATUTUYCCKOMY KPUTCPHUIO TCPMHUYCCKOrO
PaBHOBECH, ONPEACTACMOrO PAaBCHCTBOM HCKOTOPOro CBOWCTBA CHCTEM.
Takoe CBOMCTBO BBOJUTCS KaK HX TEMIIEpATypa.

§ 1.3. IlepBolii 3aK0H (HA44J10) TEPMOAHHAMUKH

CyTh DEPBOrO 3aKOHA TEPMOJHHAMUKH 3aKITIOUYAETCsS B TOM, UTO Tela
MOTyT OOMEHHUBATECS MEXIY COOO0H SHeprueli B BUJIE TEIUIA U pabOTEI, MpH
3TOM 3HEPTHs HE HCUe3aeT U He BO3HUKAET HHOTKYAA. OTCIOJa BUAHO, UTO
3TOT 3aKOH MpPEJCTAaBIsIeT CO0OH OJHY U3 (GOPM 3aKOHA COXPAaHEHHS
3HEPrHUH.

Ilycte  Kkakas-TO  cHUcTeMa  COBEpIIAET  KpYyroBOMl  mpoiiecc,
MOCJIEIOBATENBEHO NEPEXO/I U3 UCXOJAHOTO COCTOHHS B coctosanus I, I,
IIT u T. 1. B KOHEYHOM HTOre OHA BO3BPAIIAETCS B UCXOJHOE COCTOSHHUE C
HAYAJIGHBIMH 3HAUEHHSMH gcexX CBOUX mapaMeTpoB. IIpeamonoxum, uto
CHCTEMA B 3TOM IpOIlecce MOTIOTHIA TEIIoTY O U COBEpIIMIA paboTy A.
T.xk. B caMoil cHcTeMe HHUEro HE H3MEHHIOCh, COTJACHO 3aKOHY
coxpanenus Heprun O +A4=0.

PaccMmoTpuM JApyrol BapuaHT: CHCTEMa COBEpIIAET HE3aMKHYTHIN
npotiecc, nepexois u3 cocrosHuss 1 B coctosuue II. Tlpu sTtoM oHa
HOTJIOMIAeT TeIoTy () W coepuiaeT pabory A. B oOmem ciyuae
coctosanud I u Il MOryT OTIIHYATECA 3HAYEHUSMH CBOUX MApaMETPOB, T. €.
B CAMOH CHCTEME MOTITH MPOH30WTH KAKHE-TO W3MEHEHHs, U B 00IIeM
ClIyvae CyMMa KOJIHUECTBA TEIUIOTEI, MOTJIOMIEHHOTO CHCTEMOM, U paboTEl,
KOTOPYIO CHCTE€MA MPHU 3TOM COBEPIINIA, HE PaBHA HYJIIO U IPHUBOJUT K
HU3MEHEHHIO 8HYMPEHHEU IHEPSUU:

AU=0+4

OcCHOBBIBasIC Ha 0JTOH (QOpMyJe MOXHO [aTh CIEAYIOIIYIO
(hOpPMYTHPOBKY NEPBOr0 HAYATA TEPMOTHHAMUKH

Konuuecmso snepeuu, komopoe vidensemcs unu noanowaemcs 6 popme
menaomul U pabomul, pAGHO USMEHEHUIO HYMPEHHEN IHEPLUU.

®opmyna [2] aBasercd MAaTeMaTHYECKOH 3alHCBIO NEPBOTO 3aKOHA
TePMOAHHAMUKH.

§ 1.3.1. TennoTa peaknuu U 3HTATBIAS

PazmuuHble XHMHYecKHe peaknmun  MOryT MpOTEKATH KAaK MpH
NOCTOAHHOM O6’LCM€, TaK U OpHA TOCTOIHHOM JABJICHHU. OHpeﬂeJII/IM,

6
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§ 1.3. TTepBelii 3aK0H (Ha9ano) TePMOTHHAMHKH

W3MEHEHHIO KAaKHX (YHKIHH COCTOSHHS COOTBETCTBYIOT HpPH 3TOM HX
TEIUTOBEIE 3()(hEKTHI.

Iycts cucreMa coBepmiaeT paGoTy TONBKO MPOTHB CHJI BHEMIHETO
JIABJIEHUS], TOT/Ia H3MEHEHHEe BHY TPEHHEH SHEeprHH Oy/IeT paBHO:

AU=Q—pAV,

I/ic p — BHEIIHEE JaBJeHHE, a A}) — H3MeHeHue o0beMa.

ITpouseenenue pAV =-4 — padora.

Ecnu peaknupsi mpoTekaeT HpH MOCTOSHHOM O0BeMe, TO H3MEHEHHE
o0beMa paBHO HYJIO, ClelOBaTeNnbHO, HpousBeaeHue pAV=0. Takum
o0pa3zoM, TemoBoH 3(PdeKkT XHUMHUYECKOH PEeakKIiH, NPOTEKAoeH Mpu
MIOCTOSTHHOM 00beMe, paBeH H3MEHEHHIO BHYTPEHHEH 3HEPTHH CHCTEMBI:

QV=AU.

Nanekc «V» 0003HayaeT, 4To peaknys MPOTEKAET HPH MOCTOSHHOM
obOneme.

Paccmotrpum, demy Oyner paBeH TeIuoBoi addekT peakmuu mpu
MOCTOSIHHOM JiaBiieHHH. B aToM ciyuae ypaBHenue [3] mpuMer BUJI:

UQ_ U1 = Qp—p . (VQ_ Vl)
Orcrona
O, =(Ur+pV)— (Ui +ph).

Bpime ormeuanock, 4TO MapaMeTphl CHCTEMBI MOJNAJAI0T  II0]
OIpeNieliCHHue PyHKyuu cocmoanusn, TaK KaK HX H3MEHEHHE 3aBHCHUT
TOJBKO OT 3HAYEHHH B HAYANFHOM W KOHEUHOM COCTOSIHHSIX CHCTEMBI.
IMTosToMy mpousBesieHHe NaBieHHUs HA 00beM OyaeT QYHKIIHEH COCTOSHHS
CHCTEMBI, 4 CyMMa 3TOr0 MPOH3BE/CHUS C BHYTpPEHHEH SHEpPrued Takxe
OyleT MNpeACTAaBIATE QYHKYUr0 COCMOAHUSA, KOTOpas HAa3BIBAeTCs
suTanbnueii (H):

H=U+pV.

Tenmoroit 3ddekr peaknuu NpH NOCTOSHHOM JAABJACHUH MOXHO
MIPEJCTABUTE B BUJIE U3MEHEHHSI CBOHCTBA CUCTEMEL, T. €.

0,=H,—H, =AH,

rae [} — »HTaNBNNs HCXOAHBIX BEIIECTB, a /1, — SHTAanbOHs NPOAYKTOB
PeaKIyu.

Weeivu cnoBamu, (,, Tak e Kak H Oy, HE 3dBHCHT OT IIyTH
MPOTEKAHHS PEAKIIHH.

W3 ypaeHenuil [4] u [5], yuuTelBasg ypaBHeHHe MeHeneepa-
Knanetipona:

13]

[4]

[5]

[6]

17]

18]



OCHOBBI TEPMO/THHAMHKH

pV=vRT,

MOJYYHUM COOTHOIIEHHE MEXIY TEIIOBBIMU ((PEKTAMH PEaKIiil MexTy
HWACATGHBIMA Tra3aMH, MOPOTEKAIONMX 0OpPH NOCTOSHHBIX JABJICHHH U
o0beme:

0,=0y+VRT.

TenmoeMKOCTh — KOJNHYECTBO TEILTOTHI, MOTNIOMIAEMOe TEIOM MpH
HarpeBanuu Ha 1 rpaayc (1°C mwiu 1 K).

TermmoeMKOCTh €IHHHUIEI MAacChl BENIECTBA HA3BIBAIOT Y/ETBHOU
TermoeMKocThio [JIx/kr - K]

TenmoemMkocts 1 Mons  BemectBa —  MoisipHas  (MOJBHAs)
TemoeMkocTh [Ix/mMons - K.

KousmruecTBO TEIUIOTH], MOMNIOMIEHHOE TEJOM MpPH H3MEHEHHH €ro
COCTOSIHHSI, 3aBHCHT HE TOJBKO OT HAYANHFHOTO M KOHEYHOTO COCTOSIHHH,
HO U OT YCIOBHH Iepexo/ia MeX/ly HUMH. Pa3miyaror TerroeMKoCTh Mpy
nOCTOSTHHOM 00BbeMe (Cy) U TEINIOEMKOCTH HPH HOCTOSHHOM JaBJIE€HHH
(Cp). 1lpn MOCTOAHHOM JaBAE€HWH HArPeBaHHE MPHBOJUT K TOMY, YTO
YacTh TEIUIOTH! HJIET HA COBEpIIeHHE PabOTHl paclIUpeHHs Tejia, a 9acTh
— Ha yBeJIHYEeHHE €ro BHYTPEHHEH JHEPIHH, TOrJa KaK MPH HarpeBaHHH
P TIOCTOSSHHOM OOBEMe BCs TEIUIOTAa PAcXoayeTcs Ha yBeNHYeHHe
BHYTpEHHEH SHEPruu.

Jist nneanbHBIX Ta30B:

C,=Cy+R.

Mo 3HaKy TennoBOro 3(Q(heKTa peakiuu AeNITCs Ha:
IHIAOTEPMUYECKHE — PEAKIIHUH, IPOTEKAIONINE ¢ MOTIOMIEHHEM TeILTa, 0
IK30TEPMUYECKHe — DPEaKklHH, B pe3ylbTaTe KOTOPBIX  TEILIO
BEIIENAETCS].

3anuck TEPMOXHMHUYECKUX VPABHEHHH OTAMYAETCS OT 3alHCH
VpaBHEHHH XUMHYECKHX peakiuid. TIpy HANHCAHWH TePMOXHMHYECKHX
VpaBHeHHH  peakiuii ~ Heo0XOAMMO  yKa3aTh  JIONONHHUTEIBHYIO
HH)OPMAIIHIO:

a) JUis BCeX YYACTHHKOB TOPOIecCa — W JUISl PEareHTOR (BEHIECTB,
BCTYMHBIINX B PEAKIIHIO), U JUIs IPOAYKTOB (BeIIeCTB, 00pa30BABIINXCS B
pe3yibTare Ppeakiuh), HCHONB3ys HIKHHE HWHJIEKCB], YKas3BIBAIOT HX
arperaTHele COCTOSHHUSA:

«K» — KPUCTAILTHYECKOE;

<«OK» — KHJKOE;

«r» — ra3006pa}3H0e;

«p» — pacTBop .

WHoraa Mcmonb3yloT H Apyrylo (GOpMy 3alHCH arperaTHbIX COCTOSHHIA.
BemiecTBo, yuacTByIOllee B PEAKIHH B KPHCTALIHYECKOM COCTOSHHH, Oepercs B
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§ 1.3.2. CrannapTHas TemwoTa (3HTANBIHA) 00pa30BaHUS COSTUHEHHS

0) B IpaBOM YaCTH YpaBHEHHNS YKA3BIBAIOT TEILTOBOH 3((EKT peakiyu.
Hanpuwmep:

2Na,+H,0,=2NaOH, + H, . + 368 xJ]x

B TepMOXUMHYECKHX Ta0MUIAX OOBIYHO TPHBOJSITCS TEILUIOBBIE
3((HeKTH peaknuii NpH MOCTOSHHOM JIaBJIICHHH, KOTOPEIE 0003HAYAIOTCS

AHY, rie mnxaMi HEAeke T COOTBETCTRBYET TEMIEPATYpe, K KOTOPOH

OTHOCHTCS JAHHOE 3HAUeHHE TEIoBOro ¢ dekra (06sr9n0 1t 7=298 K).
Bepxnnii unjekc «*» 03HAYAET, YTO BCE YUACTHHKH PEAKIMH HAXOIATCA B
CTAHJIAPTHBIX COCTOSHHSAX. JTOT TEIIOBOH 3((EKT peakiuu HA3BIBAIOT
H3MEHEHHEM PHTANBINN PEAKIHH HITH YAIle IPOCTO SHmMaibhel] peakyul.

DKCIEPUMEHTANBEHEIM  OOpeJeNeHHeM  TEeIJIOBBIX 3 (eKToB
pPasIUYHBIX ~ peakluil 3aHHUMaeTcsl pasjel XHMHH, Ha3bIBaeMEBIH
TepMoxumueid.  HalineHHble — BeTMYHMHBI  COCTAaBNAOT  OCHOBBI
CpaBOYHUKOB. C HUX MOMOIIBID MOXHO PACCUHTATH TEILTOBBIE 3(D(EKTHI
JPYTHX peaKinid, Jaxe TeX, KOTOPble MOPOBECTH HKCIEPHUMEHTATBHO
HeBO3MOXHO. Jlm1  »TOro  HeoOXOAMMO  COCTABHTH [HKI W3
TEPMOXHMHUYECKHX  PEaKI|ii,  KOTOpPble  MOXHO  OCYLIECTBHTH
IKCIIEPUMEHTATBHO U PE3YIBTATOM CIIOXKEHHs KOTOPBIX ABIAETCS HCKOMasi
peaknusa. s cocTaBieHHs MOJOOHBIX TEPMOXHMHYECKHX IHKIIOB
HeoOX0MMO  TO3HAKOMHTECS ¢ BOKHEHIIMMH  ONpejeNeHUs MY,
TpHBEICHHBIMH HIXKE.

§ 1.3.2. CranpapTHad TemIoTa (3HTAIBNUSA) 00PA30BAHUSA COCAMHEHUS

DTa BeJUMYHMHA SBISETCS OJHOM K3 KIOUEBHIX BEIHYUH B
TepMOIUHAMUKE.

CraHaapTHoil 3HTAAbLNNEH 00Pa30BaAHMA XUMUYECKOTO COSTUHEHHS
HA3BIBAIOT CTAHJIAPTHOE W3MEHEHUE JHTANBIHN B PE3YJIbTATE PEaKIUH
00paszoBaHus | MOJIA 3TOTO BEUIECTBA U3 MPOCTHIX BEIIECTB, B3ATHIX B TOM
arperaTHOM COCTOSIHUH, B KOTOPOM OHHM HAaxXOJATCA MPHU CTaHJAPTHBIX
YCIOBHSX U JAHHOW TeMIieparype.

CrapaapTHBIe  DHTANBNHWH  OOpa3OoBaHHS  MPOCTHIX  BEIIECTB
(paccMaTpHUBAIOTCSA AJUTOTPOIHBIC (POPMEI, YCTOHYHBEIE TIPH CTAHAPTHEBIX
yemoeusix U T=0K) nmpuaumMarorcs paBHBEIMH HyMr0. s o0o3HaueHHS
CTaHJIAPTHON SHTATBINN OOpA30BAHUS COCTHHECHHUS MPUHATA CIEAYIOMIas

dopma 3ammcH: ArH §987(KN03), rne Oykea f — nmepBas Oykea

AHTTUICKOTO CIIOBA formation — «00pa30BaHHUE», 3HAYEHHs BEPXHETO H
HuxHero uaaekcoB npu AH cm. § 1.3.1. Hua KNO; cranpaptHas
SHTANEOHUS 00pa3’OBaHHS COOTBETCTBYET W3MEHEHHIO DJHTANBIHH B
peaKIuu:

KBaJpaTHBIE CKOOKH, B °KHJAKOM — B KpyIJbie, a Tra3000pa3Hbie BENISCTBA
3aMHCHIBAIOT O3 CKOOOK.



OCHOBBI TEPMO/THHAMHKH

K+ 0,5N,,:+1,50,,=KNO;

DHTATBNHSA O6pa3OBaHI/IH HU3MEPACTCA B €AUHUIIAX I(I[)K/ MOJIb.

§ 1.3.3. CranpapTHas JHTANBNNSA CTOPAHUS

DTa BeNHYHMHA Yallle BCEro OMNpeAensieTcss OpU TEPMOXHUMHUYECKUX
H3MEPEHUAX B KATOPUMETPaX (CIEIUATBHEIX MPHOopax).

CTaHOapTHOIl DJHTAJbLNHMEeNl CropaHus HA3BIBACTCA SHTANBOHS
PEaKIMH CropaHus BEIIECTBA B KHUCIOpOJae ¢ 00pa3sOoBaHHEM OKCHJIOB
3JEMEHTOB, HMEIOIIUX BBICHIYIO CTENEHb OKHUCIEHHS, HWIA OPOCTHIX
BEIIECTB, €CJIH OHU 00JIee YCTOHYHBEI B TAHHBIX YCIOBHUSIX, YeM OKCHJEL.

TIpumepaMu MOTYT CITYKUTH CIIEAYIOLUINE PEAKIIUH:

CH4’1- +2 02’1- =2H,0, + COQ’F
NH;,+1,50,,=0,5N,,+1,5H,0,

§ 1.3.4. CranpnaprHas 3Heprus (JHTANbLINA) XUMHYICCKOH CBA3H

CTaHAapTHASA JHTAJBNNA XUMHYECKOIl CBSI3M — 3TO H3MEHEHHE
JHTANBIUY B PEAKIUH 0OPa30BaHUS OJTHOTO MOJS JIBYXaTOMHBIX MOJIEKYJT
(Wiu Apyrux JABYXATOMHBIX YACTHIT) U3 ATOMOB BEIIECTB, HAXOMAIINXCS B
ra3o00pa3sHOM COCTOSTHHU:

H; +Cl,=HCI,
C.+H,=CH;

OO0pas3oBaHne XHMHYECKOH CBSI3H — MPOIECC 3K30TEPMHUECKHH, H
[IO3TOMY OSHTANBIHS €ro BCErVIa HMMEET OTPHUIIATENFHOE 3HAuYeHHE.
DHTANBIHS 00paTHON peaKIHH, COOTBETCTBYIOUIAs] PEAKITHH JHCCOIHAIIIN
JIBYyXaTOMHOH MOJNEKYJBbl (YacTHIBI), HAa3bIBAETCS SHTANBIHEH pasphiBa
ces3d. B aTOoM ciyuae mporecc 3HAOTEpPMHYECKHH, M OHa HMeeT
HONIOXKUTENEHOE 3HAYCHHE.

Jist IByXaTOMHBIX MOJIEKYJ SHTANBIHS pa3phlBa CBA3H OINpe/essieTcs
KaK HTAJIBIHS JUCCOIHAIMH. [{J11 MHOrOATOMHBIX MOJIEKYJT 3Ta BENHYHHA
SBIISIETCS] YCIIOBHOW H OTBEYAET OJHTANBIHH TAaKOrO IMpoOIlecca, MpH
KOTOPOM OGHHAA XUMUYECKAS C6A3b PA3PBIBAETCS, 4 BCE OCTANBHEIE CBA3H
ocrarorcsi 6e3 u3MeHeHUs. PearbHO JT1 MHOTOATOMHBIX MOJEKYJI MOXXHO
OIpe/IeNIUTh JHUIIb CpedHee 3HaueHue SHTANBIUU Pa3pblBa XUMHYECKOH
CBSI3U, HOTOMY YTO 3HTAJIBIHH [10CIEI0BATENBHBIX Pa3pBIBOB CBsI3eH B HHX
He paBHONEHHBI. Hanpumep, 3HTANBIHNS OTPBIBA IEPBOTO aTOMAa BOJIOPOJIA
OT MOJIEKYJIBI METaHA He PABHA SHTAIBIIHH OTPHIBA BTOPOTO U T. JI.

XUMHYECKHE CBS3W YCIOBHO MOJPA3JIeNsIiOT HAa MpPOYHBIE, HIH
CHITBHBIE — 3HEprus paspbiBa cBsa3u > 500 k/[x/Monp; cnabere ot ~ 100 1o
~20k/[x/Monb, Bomopoanble ~ 15 k/x/Mone. MexmorekynspHble (BaH-
JIEp-BaabCOBBI) CHITBI HIMEFOT SHEPIHIO CBSI3H ~ 5 KJ[>X/MONb U MeHee.
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§ 1.3.5. CranmapTHas SHTANTBIHS CyONHMAIHN, HCTIAPESHUS U TUIABIICHHS

§ 1.3.5. CranpgapTHas 3HTANBOUSA CYOJIMMALINH, HCIAPCHUS U
TUIABJICHUS

CranpaprHass JHTATBOUA cy0nuManuuM (McnapeHusi) paBHA
CTaHJApPTHOMY HM3MEHEHHIO0 JHTAIBIOHH MHpPH MEpexojie OAHOrO MOd
TBEPAOro (XKMUAKOrO) BelllecTBa B ra3oo0pasHoe cocTogHHe. Tak Kak
GONBIIMHCTBO METAJUIOB MEPEXOANUT B ra3 B ATOMApHOM COCTOSIHHH, TS
METAIOB 3Ty BETHUYHHY €II1€ HA3EIBAIOT YHTANBNNEH aTOMU3AIIHH.

CTaHpapTHash DJHTAIBNHA IUIABJIEHNS paBHA CTaHJIAPTHOMY
W3MEHEHHIO JHTANBIHH MpPH MOEpexoje OAHOT0 MOJd BEIECTRA U3
TBEPJAOT0 COCTOSIHUS B JKHUAKOE.

IMpunsTa cnenyromas GopMa 3anuck >TuX Bemuund: A H°, A H° u

A, H°. BykBHl §, v U m ABIAIOTCA NEPBBEIMH OyKBaMH aHMIHHCKUX CIOB

sublimation — «cyOnuMarus (BO3TOHKA)», vaporization — «HACTAPEHUE»
U melting — «naBIeHne».

§ 1.3.6. CpoacTBo K 3J1eKTPOHY, NOTeHLHA] HOHU3ALUH,
IEKTPOOTPULIATEIHLHOCTD

I[MoTennmaja MOHM3AIMHA — JHEPrusa, KOTOPY HAJAO0 3aTPaTUTL I
OTpLIBA 1 monst QJICKTPOHOB OT OJAHOI0 MOJA ATOMOB B Fa3006pa3HOM
COCTOsAHHUHU C O6pa3OBaHI/I€M MOJIA F83006p83HI>IX MNOJOXUTCIBbHBIX HOHOB,
3apsaa KOTOPLIX YBEJIUUNBACTCA HA € JUHUITY

A—e =A%
A —e =4

3Ta 3Hepr1/151 paBHa NU3MCHCHUKO SHTAJIBIINNU yKaBaHHOﬁ peaI(HI/II/I l'IpI/I
0K.

PaBJ'II/I‘{aIOT HepBBIﬁ, BTOpOI71 u T. O. OOTCHIOHUATBI HOHH3AaIluH,
COOTBETCTBYIOIIIUEC YAAICHUIO MEPBOro, BTOPOro M T. A. JJCKTPOHOB U3
COOTBGTCTByIOIIII/IX qacTun,.

Crporo roBops, 10/bKHA OBITH OINpeseNeHa SHepPrusl HOHU3auu E —
MHUHHUMAJIBHAs 3Hepr1/1;1, HeO6XOI{I/IMaH A YIIaJ'IeHI/IH 3JI€KTpOHa U3

JaCTHUIbl Ha OeCKOHEeUHOE paccCrodHuce. 9H€pFI/IH HOHHU3AIIUN CBA3dHA C
MOTEHITHAIOM HOHHU3AUU U COOTHOIICHHUEM:

E=Ue,
L€ € — 3aps/1 DIEKTPOHA.

OTcrofa NOTeHIHA HOHU3AIIH:
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OCHOBBI TEPMO/THHAMHKH

DOHeprus. HOHHW3AIMH, BEIpAKEHHAas B 2B, YHCIEHHO COBOAJAeT ¢
HNOTEHIUAIOM HOHH3AIUH, BEIPAXKEHHEIM B B.

CpoacTBo K JIEKTPOHY — 3TO SHEPrHsl, KOTOpas BbIeNseTcs (Han
MOTJIOMIAETCs) TNPH  MPUCOEIWHEHHH OJHHM  MOJIEeM aTOMOB B
ra3zoo0pa3sHOM COCTOSHHH OJHOTO MOJs 3NIEKTPOHOB ¢ 00pa3oBaHHEM
OJIHOTO MOJISl OTPUIATENBHO 3apsAXeHHBIX HoHOB mpu T =0K:

Ate =4 .

B crnpaBouHHKAx 4acTO NPHBOASIT CPOACTBO K NEKTPOHY AN AaTOMOB,
BEIPAKEHHOE Uepe3 HEPTHIO HOHU3AHH A, T. €. Yepe3 PHEPTUio Peakiiii,
oGpaTHOM mpuBeneHHOH BhINIe. OHA, KaK MMPAaBUIIO, UMEET MOJOKUTETHHOE
3HAUEHHE (T. K. 3HEPTHS 3aTPAUHBAETCS HA OTPHIB JJIEKTPOHA).

DNIEKTPOOTPULIATEIBHOCTD. TouHOE ompejeaeHue
3NEKTPOOTPHIIATEABHOCTH €184 I BO3MOXXKHO. DJIEKTPOOTPHIATENLHOCTh
OIpeeNIAIOT KAK BEIMUYHHY, XapaKTe€pU3YIOIIYI0 CHOCOOHOCTh aToMa K
HOJISIPU3AINN KOBATEHTHBIX CBA3EH.

Ecnu B 1ByxaTOMHOM MoJekymre A—B 31eKTpoHbI, 00pa3yrolye CBsi3b,
HNPHUTATHBAIOTCA K aTOMy B cunbHee, ueM k aToMy A, To aToM B cunrtaercs
Oomee B3NEKTPOOTPHIATENBHEIM, 4YeM aroM A. [l KONHMYeCTBEHHOU
OLEHKH JIEKTPOOTPHIATENBEHOCTH aTOMOB JJIEMEHTOB PAa3HBIE ABTOPEI
(ITommar; Ommpen u  PoxoB; MaiukeH) MpeUIOXKUIH  HECKOJIBKO
PA3MUYHBIX MOJAXOAO0B K OIEHKE 3TOH BeIWYHHEL. UHCIEHHBIE 3HAUYEHHS
3IEKTPOOTPHUIATENBHOCTEH, PACCUUTAHHBIE MO PA3MHYHBIM METOAUKAM,
OTIHYAIOTCA, HO, HECMOTPs Ha 3TO, HOCAE008AMENbHOCHb PACIIONOKEHUS]
3JEMEHTOB M0 HIKaIe IEKTPOOTPUIIATENBHOCTEN NPAKTHUECKH HE 3aBUCUT
OT METOJA ONpe/eNeHUs 3TOH BeNTHYHHEIL.

C TOYKHM 3peHHs TEPMOJWHAMHKH  YJI00HEe  MONB30BATHCS
ompeneneHueM MallukeHa, 10 KOTOPOMY JNIEKTPOOTpUIIATENBHOCTE (D0)
paBHa noiaycymMme norernuana nornszaruy (ITH) u cposcTBa K 3MeKTpoHY
(C3). PasHple mKagel MOXHO YHCIEHHO YBS3aTh MEXIy COOOH: eciu
HOJIENUTh 3MEKTPOOTPUIATENRHOCTE 0 ManmukeHy Ha 3,15, To noxyunm
3NEKTPOOTPHIATEABHOCTE N0  IlomuHAry.  DIXEKTpOOTPHIATEIBHOCTH
HEKOTOPHIX 3IE€MEHTOB, PACCUHTAaHHEBIE MeToAoM IlomiuHra, NpUBEeHE! B
Tabmue 1.

Tabauua 1

Buauenusn anexmpoompuyamensbHOCmel HeKOMOPLIX AMOMOE
I II 111 v Vv VI VII

Li Be B C N O F

1,0 1,5 2,0 2,5 3,1 3,5 4,1
Na Mg Al Si P S Cl
0,9 1,3 1,6 1,8 2,1 2,6 3,1
K Ca Ga Ge As Se Br
0,8 1,0 1,7 1,9 2,0 2,5 2,9
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§ 1.3.7. 3akon I'ecca

§ 1.3.7. 3akon lecca’

B ocHOBe BCcex TEPMOXUMHUUYCCKUX PACUCTOB JIC)KUT 3aKOH Tecca:

Tennosoti  ¢hhexm  XUMUYECKOU Ppearyul 3aeUCUM  MONLKO OM
HAYAnbHO20 U KOHEUHO20 COCHMOSHUL CUCIEMBL U HE 3A6UCUM OM NYymU
nepexooa (0m nPoMeICYMOUHbIX COCMOSTHUTL).

DTOT 3aK0H CNpaBeIUB JUIsl PeaKui, MpoTeKaomuX JIH00:
U HOCHMOAHHOM 0Obeme — B 3TOM CITydae TeImIoBOH 3G (EKT peakiuy
paBeH U3MEHEHHIO BHYTPEHHEH 3HEPTHH CHCTEME,
au00 TPH HOCMOAHHOM Oaenenuy — TOTJA TEeIIOBOH >ddekT peakunu
paBeH M3MEHEHUIO SHTANBIHH, T. €. PA3HOCTH MEXKIY anreOpandyecKuMH
CYMMaMH 3HTANBIHE 00pa3oBaHUS OPOJAYKTOB U HCXO/HBIX BEIIECTB:

0 0 0
A Hios= zVi “AyHyog; — sz “ArHog, 5 5
npo. HCXOA.
rae AH 398 — TEIIOoTa PeaKiuy, ¥ — nepsas OyKBa CloBa reaction, V; 1

V,— KomuuecTBa (MOJEH) BEHIECTB, BCTYNHMBIIMX B PEaKIHIO, H
MPOAYKTOB PEAKIIHU.

Pa3MepHOCTE SHTANBINHN peakiuu — KK,

C nomompl 3akoHa T'ecca MOXHO ONPEJENUTH SHTAITBIUH
o0OpasoBaHus BEIIIECTB, KOTOpPBIE HEBO3MOXHO H3MEPUTH
HENOCPE/ICTBEHHO, HAIPUMEP, TIIFOKO3EI. JIeHCTBUTETBHO, OCYIIECTBUTE B
KAJTOPUMETPE PEaKITHi0 0Opa30BaHUs TJIFOKO3BI U3 MPOCTHIX BEIISCTB:

6C+6Hy +30,,=CsHpO¢

HEBO3MOXHO, 4 USMCPUTHL SKCICPUMECHTAIBLHO TEIIOBOH 3(1)(1)GKT peaknun
€€ Cropanmns J0BOJBHO JCTKO:

C6H1206,1< + 6 02’1- = 6 COQ’F + 6 HQO;K

Tennoeoili addext oTol peaknuu, CcoraacHO 3akoHy I'ecca,
OIpe/IeNseTcs YPABHEHHEM !

0 _ 0 0 0
A H3o3=6 A rHjog co, 1O A rH3og 1,0 — A pH308 0 H,,0,

U3 sToro YpaBHEHH MOXHO ONPCACTUTL JSHTAIBLIINIO O6pa3OBaHI/ISI
[JIFOKO3BI:

0 _ 0 0 0
A H39g.0,H,,0, =0 A pH2og.co, TO A fH0311,0 — ArHoog

> Tecc I'epman Hpamomu (7.VIIL1802 — 12.XIL.1850) — pycckHii XHMHK,
akajeMuk [letepOyprckoit AH (¢ 1830 r.). Bmepssie B Poccun mpenyoxun
CHCTEMATHKy XHMHUecKHX 27eMeHToB (1849). OTkpbin  OCHOBHOH 3aKOH
Tepmoxumud (1840).
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OCHOBBI TEPMO/THHAMHKH

DOHTATBEIHH O0pa30BaHHA BOJABI M YIVICKHCIOTO rasa OIpe/eNICHBI
SKCIIEPUMEHTATBPHO W 3aHECEHBI B CIOPABOYHEIC TAOJHIBI, TEILIOBOH
3 (HEKT peakIiu CropaHusl MIFOKO3EI ONPECSIOT SKCIIEPUMEHTATBHO.

Hpyrum npumepoM MpUMEHEHHS 3aKOHA lecca MOXeT CIYXUTh
HAXOXJICHUE SHTATBITHH 00pa30BaHUs ITHICHA.

M3BeCcTHBI 3HTANBIUHN PEAKIINN
ruapupoBanus atuirera (— 136,8 kIx/mMonp),
cropanus 3rasa (— 1559,8 kJIx/Monb),

U DHTAJTBITHAH 00pa30BaHUS YIJIEKUCIIOTO I'a3a U BOJIBI;

A rH3s co, . =—393,3 kIlx/moms,
A rHos 1.0, =—285.8 KIDK/MOIT.

Sanumem TepMOXI/IMI/I‘{eCKI/Iﬁ OUKIT U3 YKA3aHHBIX peaKHI/Iﬁ TaKHUM
O6p830M, yTOOBI UX CyMMOI71 ABUNTACH PCAKINA O6p830BaHI/IH OJHOr'0 MOJIsA
OTHJICHA:

2C+20.,=2C0,, A, HY%g=2(—393,3)=—786,6 k]Ix
3Hy 41,50, =3 Hy0, A,H35=3(~285,8) =— 8574 k]lx
CoHer=CoHyr + Hypr A, HYs=+136,8 kI
2CO05;+3Hy0,=CoHg+3,50,, A, HY%s =+1559,8 k][

2 Cpp +2H,,=CHy, A, Hsg =+ 52,6 KDk,

T. k. peakuus 3ampMcaHa  JId OJIHOTO MOJIS C,H,, TO

AH3s ¢ u, =52,6 K]lx/MOT.

§ 1.3.8. Huka bopua-T'adepa

DHeprus KPUCTAUTMIECKOH PEemIeTKH paBHA 3Hepruu o0pa3oBaHUS
OMHOTO MOJSl KPHCTAJIA K3 T[a3000pasHbIX KATHOHOB W AHHOHOB.
DOKCIEPUMEHTATBEHO ONPEACTUTE ATY BEIHYHHY HENB3s, HO €¢ MOXKHO
paccunTarh, HCHONB3YysS MHKI bopHa-T'aGepa. B kavecTBe mnpumepa
PACCMOTPHM CIIENYIOUTYIO PEAKIIHIO:

Na, +Cl, =NaCl, + E,

st 3T0ro n300pasuM UK
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§ 1.3.8. Uukn Bopra-T"abepa

AH 398
Nay + 0,5Cly,; »NaCl,
O’SALMCC.HSQS
AH, Jo_cE Ep
\ ]
Na, m > Na/

TepMOXI/IMI/I‘{CCKI/Iﬁ OUKIT JJId pacueTa SHEPruu KpHCTaJIJIH‘iCCKOﬁ
PEHICTKU XJIOpUJa HATPUA CKIAABIBACTCA U3 CICAYIOINNX peaKHPIﬁI

Nay+0,5ClL, , =NaCl, —414,2 xIx
Na,=Na, —108,8 kIx
Na*,+e =Na, —489,5 kJTx
CL=0,5Cl; —242,7-0,5xIx
Cl.=Cl+e +368.2 xJIx
Na';+CI':=NaCl, E,

Orcrona
Ey= A fHYuo1— A Hyy — Auee. Ho, —CE-TIH =

=-414,2-108,-8—0,5-242,7—(—368,2)—489,5=—765,6 k[ x/M01b

HHoraa 3HEPTHIO PEIIETKH OIpPEJeNsoT Kak JHEPruio o0paTHOro
npolecca, T. €. 3HEPrHIo, NMOMIOUIAEMYI0 NPH Pa3pyLICHUH OJHOIO MOJS
KPUCTAJUIMUECKOr0  BellecTBA ¢ 00pa3oBaHHEM  ra3000pa3HBIX
OJIHOATOMHEIX HOHOB, YJAANEHHBIX JpYyr OT Jpyra Ha OeCcKOHeuHoe
paccrosHHe. U, cienoBaTenbHO, 3TH BEIHYHHBI OTIHYAIOTCA JAPYr OT
JpYyTa MoabKO 3HAKOM.

TTockonbKy MOTEHITHAT HOHHU3AIUH, CPOACTBO K ANEKTPOHY M HEPTUs
JICCOIIHANNH OTHOCATCS K Temneparype 0 K, To Hayo GpaTh U 3HTATBINH
obOpa3zoBaHus W cyOmuManuu mpH 3Tod Temmeparype. Ho Bo MHOrmx
COpaBOYHUKAX OHHM OOBIYHO NpHBeAeHs! s T=298K. B cBs3u ¢ 3THM 1pH
pacuetax mno mHKIy bopHa-T'aGepa moNBE3YyIOTCS  NPHOIIKEHHEM

AH!~AH]

298 *
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OCHOBBI TEPMO/THHAMHKH

§ 1.3.9. 3akon Kupxroda

Ha npakTtuke TemnoBele 3(QQeKTBl peaknuil onpeneNsoTces Mpy
Pa3MUYHBIX ~ TEMIEpaTypaXx, a Uil CONOCTABIEHHS HeO0O0XOJIUMO
HepecynTarh X K OJHOH W TOH ke Temreparype. DTO HEBO3MOXHO 0e3
3HAaHUS 3aBHCUMOCTH TEIUIOEMKOCTH OT TEMIEpaTypel. XapakTep
HU3MEHEHHS TEIIOEMKOCTH OT TeMIEpaTyphl NpeACTaBlIeH Ha pUCYHKe 1.
Teopust TemmoeMKOCTH, OCOOEHHO [UII TBEPJABIX TeN W >KHUJIKOCTEH,
pa3paboTaHa  HEJOCTATOYHO  Xopomo.  [loaToMy — HCHOAB3YIOT
aMnupHueckue GopMynbl. JKCIEpHMEHTABFHBIE 3HAUEHHS TEMI0OEeMKOCTEH
IOpH pa3AUYHBIX TEMIEPATypax CTAPAlOTCs ONHUCATh CTENEHHBIM PJIOM,
OpPHYEM B 3aBHCHMOCTH OT >KE€JIAE€MOH CTENEHH TOYHOCTH HCHONB3YIOT
PAABI C Pa3THYHBIM YHCIOM WieHOB. B o0mem Buze:

Co=a+bT+cT"+...

—

3

0 Tom Teum, T

Puc. 1. 3asucumocms menioemMkocmu om memMnepamypal.

Yem OGoumblie YJI€HOB, TEM TOYHCC OIHUCBIBACTCA 34aBHCHMOCTDH
TCIUIOCMKOCTU OT TEMICPATYPHI. KOS@)@)I/IHI/IGHTH a, b, C I KaXaoro
BEHICCTBA CBOU © OHNPEACTAOTCA JKCHECPUMCHTAILHO. Tlmomane moj

v 0
KPUBOH Ha pHCyHKe | paBHA TenmoTe, KOTOPYIO HaJ0 JOOABUTH K AcH |,

yToOBl MONYYHTHh 3HAYEHHE OHTANBONH O00pa3oBaHUS MpH JHOOOH
TeMmneparype. MareMaTHYecKH 5Ta MIOMAJbL PpaBHA OMNPEAEICHHOMY
HHTETpaily, U pacueTHas (OpMyJia BBITIISIIHT TaK:

Ty T, T
AHE=AHG + ICKdT"‘ AHY jcdeJr AH+ ICFdT"‘
0 T,

. L.

+ z AH dazosvix nepexodoe 6—e6a [ 15 ]
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§ 1.4. Bropoii 3ak0oH (Ha4aao) TepMOTHHAMHUKH

Hanpuwmep, nns peakuuu:

K+1N,+3 0,=KNO;

0
npu pacuete A H_. nna T Beime Tp; Kamusd HeoOXOAUMO YUHTEHIBATH
7T ot

SHTATBIHIO MIABJICHHS METAUINYECKOTr0 KaIus.

Ecnu coenuHeHHE NpeTepHeBacT NONMUMOpP(HBIE NpPEBPAIIEHHS, TO
HEO0OX0IMMO YUHTHIBATH U TEILIOTHI 3THX MEPEXOJIOB.

Ilonctarue B ypaeHeHue [13] ypaBHeHue [15], moxyuuM BEIpaxeHHE
JIs IepecueTa SHTATBIUN peakiuid 0T OAHON TeEMIEPATYPhl K APYTOM:

0_ -
AHP= 1, (A FHos, + ICp,idt) > (A 7H g+ .[CP’ jdt) =
T

= (z niAfH;)%,i - znjAfH;)%,j)Jr I(z n,C,, _z n,C,; )dT

298

TlepBas pasHOCTB, coOrgacHO ypaBHeHuro [13], mpenacrapiaseT
SHTaNbNHIO peaknuu npu  7=298K, a Bropas — H3MEHEHHE
TEIUNIOEMKOCTH B Pe3yIbTATE PEaKIHU:

AC=Y"nC,,=> n,C,,

Ilpu pacuere A.C, Takxe HEOOXOAUMO YUWTBIBATE H3MEHEHHE
TEIUIOEMKOCTH TIPH (ha30BBIX MPEBPAIIEHHUIX MPOCTHIX BELIECTB, €CIH B
pacueTHOM HHTEpBANe TEMIOEPATyp OHH MPETEPIEBAOT  (DAa30BHIE
Hepexosl.

N3 ypaBHeHus [16] mosyunM BeIpakeHHe 3akoHa Kupxroda mis
XUMHYECKOH PEaKIiu:

T
A HY =A, Hjog + IACP dt
298

§ 1.4. Bropoii 3aK0H (Ha4a/10) TEPMOAMHAMUKH

OrpaHuueHHOCTh MEPBOr0 Havyajga TEPMOJHMHAMHKH 3aKITIOYAETCS B
TOM, YTO OHO HE OINpejeNdeT HalpaBlIeHHUs oOMeHa TEIIOBOH >Hepruei
Mmexay Tedamu. Ileppoe Hauano He 3amlpelaeT Hepexoj] Tella OT MeHee
HArperoro teia k 6oxee HarperoMy. CyTb 6m0opo20 Havana COCTOUT B TOM,
YTO OHO OMpejeNseT HANpapIeHHE CaMOMNPOU3BOJIBHOIO IPOTEKAHUS
IIPOIIECCOB, B TOM YHCIIE€ H XHMHUYECKHUX PEaKIHH.

CaMonpou3BOJBHBIM HA3BIBAETCS MPOIECC, KOTOPBIH IPOTEKaeT
CaMOCTOSATENBHO O€3 BO3/IEHCTBHS BHEIIHUX (DAKTOPOB.
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OCHOBBI TEPMO/THHAMHKH

Hanpumep, ecnyu coeWHHUTH ABAa COCyJa — 3aNOJHEHHBIH Ta30M H
IIYCTOM, TO ra3 CaMOIIPOU3BONEHO 3aII0JTHAT Bech 00beM. B3anmoneticTeue
METAITHYECKOTO HATPUS C BOJAOH MNpPH H. y. TaKke MNPOUCXOTUT
CaMONpOU3BOJbHO. OOpaTHBIE NPOIECCHI MOXHO OCYIIECTBHUTH, OKa3aB
sHneuinee Bo3seicTeue. s nccnenosarens HeoOX0AUMO HMETH KPHUTEPHH,
C MOMOWIBI0 KOTOPOro MOXXHO OBUIO OBl IpeACKa3aTh HallpaBJeHHe
CaMOIIPOU3BOJIBHOTO IPOTEKAHHUS MPOIIECCa.

CymecTByeT emnie onHa (QYHKIHS COCTOSHHSA, KOTOpas € y4YeTOM
[EPBOTO HAavalla TEPMOJAWHAMHUKH TO3BOJISIET MPEJACKAa3aTh HAIlpaBIeHHE
IIPOTEKaHHsl MpoIecca B H3OJHPOBAaHHBIX cHcTeMax. Takod (yHKimer
COCTOSIHUS SIBIsieTCS IHTponus (S).

HHTeppeTHpoBaTh SHTPONHIO MOXHO KaK C TOYKH 3pEHHS
MAKPOCKONUYECKo20 COCTOSIHASL CHCTEMBI, TaK W C TOYKH 3pEeHHs
MUKPOCKONUYECKO20.

§ 1.4.1. Onpene/ieHre SJHTPONHNH € NO3ULUHA KAACCHYECKON
TePMOTUHAMHKH

Ecnn paccMaTpuBath CHCTEMY B IETOM, TO B OOpaTHMOM Iporiecce,
MNPOTEKAIONIEM TPU MOCTOAHHOM TeMIepaType, H3MEHEHHE 3SHTPOIHU
OyJeT paBHO:

I[JIH H€O6paTI/IMOFO nponecca 35TO PABCHCTBO IMPCBpAIIACTCA B
HEPABCHCTBO:

IMockonpKky »HTponus siBuseTcs (QYHKIHEH COCTOSHHS, TO €€
HW3MEHEHHE He 3aBHCUT OT IIYyTH NEePEeX0/Ia CUCTEMBI U3 OJIHOTO COCTOSHHS
B JIPyroe, a OIpeeNnseTcs TOJbKO 3HAYSHNUSIMH 3HTPOIIHH ISl CHCTEMEI B
HUCXOJHOM W  KOHEYHOM  COCTOSHHSAX. Pa3sMepHOCTH  3HTPOIHH
[S] = Mx/moxs - K.

CymiecTByeT MHOTO (hOPMYJIHPOBOK BTOPOr0 HAaUaIa TEPMOJIUHAMHUKH.
ITpuBenem oHY U3 HHX.

B u30]lup08t1HH012 cucmeme CaAMonpou3B8oabHO NPOMEKAIOM MOJIbKO me
npoyeccol, KOmopule conpoeoafcdaiomwz yeenudernuem SGHmponuu.

B caMonpou3BOIBEHOM Mporiecce AS>0;
B PAaBHOBECHOM MpOIIECCE AS=0;
B HE CaMOIIPOU3BOJIEHOM NpoIiecce AS<0.
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§ 1.4.3. CtatHucTHYeCKas HHTEPIPETANHS MOHATHS SHTPOIIHH

B cioywae w3oTepMHuecKOro mporecca Uil WAEATFHOTO  rasa
W3MEHEHHe BHYTpEHHEH OJHEPruH paBHO HYNIO, OTCIO/a, COTJIACHO
ypaBHEHHIO [3]:

Q06pA = _ApacumpA

Yy
Apacump = IP av
4

Hcnonesys ypaBHeHne Menaeneepa-Kinanelipona, noxyyum:

Ay =~ [RT %V = RTIn %
1

CrkomOuHUpoBaR BEIpaxeHus [19], [21] wu [23], momyumm jns
HW3MEHEHHS SHTPONHH B M30TEPMHUECKOM IPOIECCE PACHIMPEHHS OJTHOTO
MOJIs HACABHOTO ra3a;

AS=RIn "2 .
"
W3 onpenenenna C, u ypapHeHmid [19] m [18] MoxHO mOXy4HTH
3aBHCUMOCTE H3MEHEHHs] JHTPOMHH OT TeMIEpaTyphl:
T
AC
A, Sp=A. S50+ I—PdT
T
0

WU B YACTHOM CIIy4ae, ecli AC, HE 3aBHCHT OT TEMIEPATYPHI:

AS=ACP-1n% :

1

§ 1.4.3. CraTucTH4ecKass HHTePOPETALISA HOHATHSA JHTPONUH

BosmpiMaH  BEIBET  COOTHOIIEHHE, CBSI3BIBAIOIIEE  AOCOIOTHYIO
SHTPONHI0O € YHCIOM  MHUKPOCKOMUYECKHX COCTOSIHHUM  CHUCTEMEI,
COOTBETCTBYIOIUX JAHHOMY MAaKpPOCKOITHUYECCKOMY COCTOSHHIO (WIH
TEPMOAUHAMHYECKON BEPOSITHOCTERIO):

S=k-InW,
rie

k=—=1,38-10"c-K' —

r
N,
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OCHOBBI TEPMO/THHAMHKH

noCTOAHHAA BOJ’IBHM&H&, a W — aucno MUKPOCKOIINYCCKUX COCTOSIHUH
CHUCTEMEI.

Makpockomuyeckoe COCTOSIHHE BKIOUaeT B ce0d MHOXECTBO
MHKPOCKONHYECKUX COCTOAHUN. VX 4HCa0 N4 pa3AHYHBIX CHCTEM MOXET
HOJICUUTBIBATECS  MO-pasHOMy. Ilo BomabrMaHy MaKpOCKONHUYECKOE
COCTOSIHHE  OmpefiensieTcd  KOMMYECTBOM  4acTHUI[ Ha  KaXJOM
SHEPreTHYecKoM ypoBHE. UacTHIBI HMEIOT CBOH HOMEp, a MOJTHAS 3HEPTHs
CHCTE€MBl NMOCTOSTHHA. MUKPOCKONHUYECKHE COCTOSHHA OTIHYAIOTCA JpYT
OT Apyra pachpefelleHHeM YacTHI 10 ypoBHsAM >Heprui. Hampumep,
CHCTEMAa H3 TpeX MOJEKyNl, KOTOpBIE PAacloNararoTcsi Ha  TpéX
SHEPreTHUYeCKUX YPOBHSX, a IONHAd 3HEPrus CHCTEMBl pPaBHA IISITH
YCIOBHBIM  €HHHUIIAM, ONHCHEIBAETCS JBYMA  MAaKpOCKONHYECKHUMH
COCTOSIHUAMU:

1 2
3y.e. —m—mmm8 3y.e.L
2y.e.—lo—20— 2y.e.
]y.e.J— 1y.C.M

KaxxnoMy ©3 HHX COOTBETCTBYIOT [0 TPH MHKPOCKOMHUYECKHX
cocrostaus (W=3, W,=3):

B TepMoanHaMuKe MBI UMEEM JIEN0 C CHCTEMAMH, COCTOSIIUMH U3
OFPOMHOI0  YHCJIA YacTHI, € MHOXECTBOM MAaKpOCOCTOSHHH ¢
pasmuuHBIMH W.

N3 hopMymHpOBKH BTOPOro Hayaga TEPMOJIHHAMHKH CIEIYET, UYTO B
H30JUPOBAHHON CHCTEME IPH CaMOMpPOU3BOIBHOM IPONECCE HTPOMUS
Bo3pacTaeT. CuctemMa OyJeT  CaMONPOU3BONBHO  CTPEMUTBCS K
MaKpOCOCTOSIHHIO C MAaKCHMAJIBbHEIM W. OTCIoJa 3HTPOIHIO MOXKHO
paccMaTpUBaTh KaK Mepy Xa0ca CHCTEMEL.

ITpu aGcomotHOM Temmeparype 7=0K dncThle XHMHYecKHe
BellecTBA OOpasylOT HJEANbHBIE KPHCTAJUIBl, W WX COCTOSHHE MOXXHO
OIINCATEH TONBKO 0OHuM cnocobom (W=1), a norapudm eaUHHIBI paBeH
Hyat0. COracHO BBIpAXEHHUIO [27], U 3HTpONHs IpH 3TOH TeMmmeparype
paBHa Hymo. [ToaB3ysACH 3THM, MOXHO CHOPMYIHPOBATH TPeThe HAYAJI0
TePMOAWHAMUKH KaK:

DHmponus xumuieckux eewecms npu abCorIOMHOM HYAE PABHA HYTIO.

Takum o0pazoM, OBHTpONHs SBIAETCS €AWHCTBEHHOH (yHKIHeH
COCTOSHHA, JUI1 KOTOPOH MOXKHO PacCUMTATh aGCOMIOTHOE 3HAUCHHE:
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§ 1.4.4. CBobomHas sHeprusa 'ndoca

T,

na.

Sr= j Crome. g+
T

L. o T
0 c AH C
AH I P gp 4 v I J’ B2 T
TM' T, T T;cun. Tan. T

Bropoli  3akoH = TEpMOJWHAMHKH  JaeT  KPHTEpHUH  JUIA
CaMOTIPOU3BOJIBHOCTH MpoTeKaHus: mporieccoB (AS>0) u paBHOBecHs
(AS=0) B wuzomupoeanHbIX CHCTEMAX, KOTOPBIC TMPAKTHYSCKH HE
CYIIEeCTBYIOT. MOXXHO NpPHMEHHTH BTOPOH 3aKOH TEPMOJMHAMHKH K
HEHM30JIUPOBAHHBIM CHCTEMAaM, MOJJEPKHBAEMBIM [PH  [OCTOSHHON
Temnepatype. KpoMe TOro, mpeamoiaraercd, 4ro CHCTEMAa COXPaHSAET
MIOCTOSTHHBIH 00BEM HITH [TOCTOSHHOE /TABIEHHE.

§ 1.4.4. CeoGonnas >neprus I'n6oca

CornacHO BTOpPOMY HAa4aly TEpMOAHHAMUKH (ypaBHeHus [19] u [20]),
IpH NOCTOSHHOM JIaBJIEHHH H TeMIepaType A1 00paTHMOro Impouecca:

0,— TAS=AH—TASy=0,
a ajasda H€O6paTI/IMOFO npomnecca
AHy—TAS7<0.

PazHocTh, ommceiBaeMas ypaBHenueMm [30], mpencraenaser coOoit
HOBYIO (DYHKIIMIO COCTOSIHHS, TaK KaK SIBJISIETCS Pa3sHOCTHIO ABYX (DYHKITHHA
COCTOSIHHSI: DHTANBIIUM H 3HTPOIWHM, YMHOXXEHHOM HAa TeMIepatrypy,
KOTOpasi, B CBOIO Ouepenb, MNOANANAET MOl OnpeneneHHe (OYHKIHH
coctosiHus. HazpiBaetcs a1a dyHKIMS cBoGoaHOI YHeprueii Tndéca (nwmm
n300apHO-H30TEPMHUYECKHM TOTEHIHATOM), 0003Haudaercss OykBoll G H
HMeeT pasMepHOCTH KJ[/MOJb.

N3menenne cBoGOIHOI SHEPTHH B MPOIIECCE PABHO:

AG=AH—-TAS—-SAT.

Ilpu nocrosHHOW Temnepatype, koraa AT=0, ypaBHeHue [31]
OPEBPALIAETCS B CIESAYIONIEE PABEHCTBO:

AG=AH-TAS.

CornacHo nepBOMY HaUaTy TEPMOJAHHAMHKH, H3MEHEHHE BHYTPCHHEH
SHEPIHH CHCTEMBI PABHO CYMME TEILIOTHI, BEIICIEHHON WITH NOTJIOMICHHOH
B pPE3yNbTATe XUMHUYECKOU PEAKIMH WIH APYroro Mporecca, W MONHOH
pabGotel, coBepmieHHOM cucremoii [2]. Tlommas paGorta mpomecca,
MPOTEKAIOIIECr0 MpH  NOCTOSHHEIX  JIABICHWH W TEMIEpaType,
CKJIAJIBIBACTCS U3 PAOOTHI MPOTHE CHJI JIABJICHHS U MONE3HOH paboThL:

A=—pAV+ Anorean.
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(OCHOBBI TEPMOJHHAMHKH

Ilonctapue B ypaBHeHHe [32] 3HaueHHe H3MEHEHUs SHTAIBIONH [7],
HOIYYUM:

AG=AU—-TAS+pAV [34]

KomOuanpys ypaenenus [2], [19] u [33] ¢ ypaBHeHuem [34], nus
HW3MEHEHHs CBOOOTHOM 3Hepruu ['udoca noxyanMm:

AG=—pAV+ Apopess + TAS+pAV—TAS.

COKpaTI/IB HOIIO6HBIC YWICHDI, MMOJYYNUM BLIPAKCHUEC!

AG=Apomemm. [35]

W3 BelpaxeHus [35] BeITekaeT (U3NYECKHH CMBICT W3MEHEHHS
cBoOOHOM 3HEepruu ['udoca:

Hsmenenue ce0600HOU dHEPSUU PABHO MAKCUMATLHOU NOAE3HOU pabome,
KOMOPYIO CO8EPUIAEM CUCEMA 8 U306aPHO-U30MePMULecKom npoyecce.

WHBIMA  CTOBAMH, 3TO DSHEPrUs, KOTOPYID MOXHO «HIBATHY» U3
CHCTEMBI B BHJe mONe3HOH pabGorel. TTo3TOMYy OHa W Ha3BIBAETCA
«CBOOOOHOU.

§ 1.4.5. Xumu4eckuil moTeHHaN

ITo onpenenenuro paGoTa — 3TO NPOU3BEEHHE 00OOIIIEHHOH CHITBI Ha
0000IIeHHY 0 KOOPAUHATY., B XUMHUYECKOH peakiuy TakoH «IBHXYIICH
CHIION» MOXKET CIY>KHTh TaK Ha3BIBAEMBIH XuMuueckui nomenyuanr |, a
KOODPJIMHATOH - YuCA0 MOAEH n:

G=pn [36]

Ecim uncno Moneli paBHO €TUHHIE, TO XUMHYECKHH IOTEHIIAAT PaBEeH
cBO0OAHOW 3HEpruH. MIHBIMH CTOBAMH, XUMHYECKHIl MOTEHIHAN — 3TO
MOJIbHAsA CBOOOJHAs 3HEprHus BellecTBa. DTO YTBEpXKICHHE OIpejester
ero (OU3NYECKHUH CMBICI.

Ilepexoas k cMecaIM YHCTBIX BEIIECTB, HAPUMEP, CMECH HECKOIBKHX
HIeATbHBIX T'a30B, KOTOPHIE HE B3aHMOJIEHCTBYIOT MeXTy COOOH, MOXHO
3aMucaTh BEIpaXKE€HHUE /U1 XUMHUYECKOr0 MOTEHIHAIA OAHOT0 U3 ra30B KakK:

M= u? + RTInp;, [37]

rjae u? — XHMHYECKHUI OOTCHIUAT YUCTOI0O KOMIIOHCHTA, & p; — €ro
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§ 1.4.6. XumH4eckoe paBHOBECHe

napnuajJLHOC IIaBJ'IeHI/I€3.
AHATOTHYHBIM 06pa30M MOXHO 3alIUCaTh I UACAIBHBIX pAacTBOPOB
3aBUCUMOCTE XUMHUYCCKOTrQ MOTCHOHUAIA OT KOHICHTPAIUN:

W=u; +RTInc;, [38]

r7ie ¢; — KOHNEHTPAI|s i-r0 KOMIOHEHTA.

Ja cMmeceli, B KOTOPBIX MPOUCXOAUT B3aHMOJAECHCTBHE KOMIIOHEHTOB,
B ypaBHEHHH [38] KOHIIEHTpAIHIO HEOOX0JUMO 3aMEHHUTH aKTHBHOCTBIO,
WITH aKTUBHOH KOHIIEHTpAarHel KOMIOHEHTA, KOTOPas ONpeeaeTcs Kak

a;=YiCs, [39]

e Y; — KO (HUITHEHT aKTHBHOCTH i-T'0 KOMITIOHEHTA.

AKTHBHOCTH KOMIIOHEHTA B >KHJIKOH CMECH MOXHO HaWTH Kak
OTHOILIEHHE MapIHUaNbHOrO JaBACHHA ra3a Haj 3TOH SKHUAKOCTBIO K
JABICHUIO HACHIIIEHHOTO Mapa YHCTOr0 KOMIIOHEHTA MpH TOH ke
TEMIIEpaType:

a= i, [40]
Pi

§ 1.4.6. Xumu1eckoe paBHOBecHe

Heo0XoauMBIM MPHU3HAKOM XHMHYECKOTO (TePMOJAHHAMHUYECKOTO)
PABHOBECHSI CHCTEMEI SBISE€TCS HEM3MEHHOCTH €€ COCTOSIHHS BO BpEMEHH
TPH 33IaHHBIX BHEIIHUX YCIOBHSIX.

XUMHYECKOE PAaBHOBECHE HOCHT JIMHAMHYECKHH XapakTep: Kakoe
KOJIUYECTBO HCXOJHBIX BEHIECTB BCTYNAET B PEAKIHIO, TaKoe XKe
oOpasyercs B pesyiapTare  oOpartHOW  peakiuu.  J{ocTaTrouHBIM
JIOKA3aTEeTHCTBOM CYIIIECTBOBAHNS XHMHYECKOTO PABHOBECHS SIBISIETCS
JIOCTHXXEHHE €ro ¢ 00€HX CTOPOH, T.€. B pe3yJbTare HpPOTEKaHUS Kak
IpsSMOTO, TaK U OOpaTHOTO MPOIECCOB. XHUMHUYECKHE PABHOBECHS dYallle
BCEro H3YYAIOTCs NPH MOCTOSHHBIX JABIEHHH M Temmneparype. Cucrema
CTpeMHTCS K MHHUMYMY CBOOOJHOM >HEpPruH, KOTOPHIH HaONojaeTca B
COCTOSTHHH PaBHOBECHSI.

Hcnonme3ys 3akoH I'ecca B mpUMEHEHHH K CBOOOJHOHW BHEPrHH
I'n66ca, MOXHO MOMYYUTH CHEAYIOUIMH KpUTEpUH XHUMHUYECKOTO

PaBHOBECHS:
AG=Y G- nG,, [41]

? MapuuanbHOE JABIEHHE - TAKOE JARIEHHE, KOTOPOE IPOM3BOIHI GBI KaKIbIi
H3 KOMIIOHEHTOB ra30BOH CMECH, €CIH Obl OH OBLT OJTHH M 3aHUMAJI TOT e 00beM,
9TO H CMECh ra3oB HPH TOH XKe TeMmepaType.
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OCHOBBI TEPMOJTHHAMHKH

e 7;, H; — CTeXHOMEeTpHUecKHe KO3 (GUIHEHTHI A MPOJYKTOB PEaKIuH
U UCXOJIHBEIX BEINIECTB COOTBETCTBEHHO, a4 G; U G; — MONBHAsg cB0OO/HAS
SHEPrHs i-To NMPOIYKTA PEAKITHH U j-T0 UCXOJHOTO BEIIECTRA.

3aMEeHUB MOJEBHOE 3HAUCHHE CBOOOJHOW DSHEPIHH XHMHYECKUM
MNOTEHIIHAIOM  (TIPABOMEPHOCTH 3TOH  ONEpalliH  CIEAyeT W3 €ro
(hHU3UUECKOr0 CMBICITA), TIOTYYUM:

A,G=Zniui —anuj .

TToncraBuB BMECTO XMMHUYECKOTO MOTEHIIMANA B [42] ero 3HaUeHHe U3
BBIpaxkeHus [37], noayuum:

A,G=Zni(}1? +RT1nPi) _Z"j(}lg +RTlnpj),

rjae u? R u? — CTAHJAPTHOC 3HAUCHUC XUMHUUYCCKOr0 MMOTCHOHATA
KOMITIOHCHTA. PaCKpBIB CKOOKH U OEperpynnupoBaB UJICHLI, IOTYUUM:

A,G=(Zniuf’ —anuﬁ)— (ZniRTlnpi —anRTlnpj).

Pa3sHOCTE CYyMM CTAHJAPTHBIX XUMHUYECKHX [OTEHIIHAIOB DPaBHA
CTAHAAPTHOMY  HM3MEHEHHI0  ¢BOOOAHOM  sHepruu.  BcenomnwuB
MaTeMaTHueckne felicTBHs ¢ morapudmamm®, mpeoGpasyeM BTOpyO
pPa3HOCTH 3TOrO ypaBHeHHA. B pesympTaTe DONYyYHM CHEAYIOLIee
BEIpAXKEHHUE:

p
AGr=A.G} +RﬂnL

[I2

ITpn foCTIKEHWH pAaBHOBECHS B CHCTEME H3MEHEHHE CBOOOIHOU
aHeprun ['n60ca XUMHYECKOH peakIliy paBHO HYIIIO, U ypaBHeHuUe [45] B
3TOM CITyuae NPHHUMAET BUA:

? 2) cymMa TorapH(MOB UHCEN PABHA TOrapH(My NPOM3BEACHHS STHX UHCET
Ing+Inb+Inc+...=Ina-b-c... uau B 0OEM BUAE: Zlnni = 1ani ;

0) pasHocTh JOTapH$MOB YHCEN paBHA JIOTapH(MY OTHOIIEHHS 3THX UHCEI:
Ina—lnb=m<

B) MPOU3BENIEHHE YUCTA a Ha Jorapudm yucna b paBHo Jorapudmy uucia b B

CTENEHH J'
a -Inb =1nb°
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§ 1.4.6. XumH4eckoe paBHOBECHe

A, Gy =—RTn+1—"_ Hp - [46]

Hp/

M3Menenne cBOOOTHON SHEPTUH NPH MOCTOSHHON TeMIEpaType paBHO
MOCTOSIHHOM BeJIMYMHE. DTO BO3MOXKHO TOJBKO B CIIyYae, €CJIM OTHOLIEHHUE
OpPOU3BEACHHUS  NapIUATBHBIX  JIABIEHHA MPOJYKTOB  peaklud K
NPOU3BEACHUIO NAPIUANBGHBIX  JaBAEHHM HCXOJHBIX  BEIIECTB B
COOTBETCTBYIOUIMX CTENEHSIX — TAaKKe BEJMYMHA [OCTOSIHHAS.
HazpiBaeTcsi OHa KOHCTAHTOI PABHOBECHS:

Hp : [47]
G

HNHnekc — OykBa p B KOHCTaHTE paBHOBECHS — O3HAYAET, 4UTO
KOHCTAaHTA PaBHOBECHS 3alIHCaHa Yyepe3 NaplHaIbHEIE 1aBIeHHs.

Ecnu peakiusi IpoTeKaeT B TOMOT€HHOM cUcTeMe H 6e3 yJacTusl ra3oB
(B pactBOpe), TO KOHCTaHTa PAaBHOBECHs 3allUCHIBAETCS  Uepes
KOHIIEHTPAIIH PEarupyoNuX BEIeCTB:

[T
Ke=gd, [48]
c;’
[1<
rje ¢; i ¢; — KOHIEHTPAIUH {-TO MPOJYKTA PEAKIUH H j-TO HCXOJHOrO
BEIIECTBA, COOTBETCTBEHHO.
PaccMOTprM HECKOJIBKO NPUMEPOB 3alUCH KOHCTAHT PABHOBECHUS IS

KOHKPETHBIX PEaKIyi.
1. /I peaknuu, MpOTEKAIOIIEH B ra30Boii (ase:

aA,+bB,=cC,+dD,
KOHCTAaHTA PaBHOBECHS OY/IET ONPEIESITECS CIEAYIONINM BEIPAKEHHEM:

K,= PC PD
P PB

2. I[JIH FCTCpOFCHHOﬁ peaknuu, B KOTOpOﬁ YUaCTBYIOT BEIICCTBA B
PA3HLIX ArperaTHbIX COCTOAHUAX, HAIPUMED:

2CU(NO;)s, = 2CuO, +4NO,, + O,

KOHCTAHTAa paBHOBECHUA JOJKHA OBITH 3aNHCaHa TaK:
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4
Ao - .
K= Cu0 “Pno, PO,

P 2 ’
4CuNOs),
Tae deyno,), B deyo — AKTHBHOCTH COOTBETCTBYIOMIMX COEIMHEHNI],

KOTOpBIE PABHBI €TUHHUIIE, TAK KAK OTH COEJHMHEHS B JAHHOM Cliyuae He
PacTBOpSIFOTCS JAPYT B JApyre, a o0pasyloT MeXaHHUYeCKyl cMech. B aTom
cliyyae KOHCTAHTA PABHOBECHS JUISl PEaKIHH TEPMUUECKOTO Pa3IOKeHUs
HHTPATA MEJIU MPUMET CIIEAYFONTHI BH/T:

_ 4
Kp—PNo2 * Po,

3. Jlns TOMOreHHBIX peaknui, MpOTEKAIOMUX 0e3 yJacTHs
ra3000pasHbIX BEIIECTB, HAIIPUMED:

aA+bB=cC+dD,
KOHCTAHTA PaBHOBECHs 3aMUIIETCS:

[C°- [D)Y

K.= .
C AN B

VcnopHas 3anuck [X] O3HAYAET, UTO PABHOBECHAS KOHYEHMPAYUs]
BellecTBa X BBIpAXEHA B €IHHHIIAX MOJB/I. B o0mmem ciryyae KoHCTaHTa
paBHOBecus K. nobkHA OBITH BBEIpaXKeHa uepes akmugnocmu (cM.[39])
pearupyromux BemectB. [ uoeanvnwix pacTBOpOB KO3QQHUITHEHTHI
AKTHBHOCTH PAaBHBI €IUHHUIE, U AKTUBHOCTH OYIYT PAaBHBEI MOJSPHBIM
KOHIICHTPAITUSIM.

Vpapaenus [47] u [48] npeacraBnsror coGoii oaHy H3  hopMm
BEIPAKCHUS 3AKOHA MeHCTBYIOIIAX MACC,

Ilonctarue ypasHenus [47] u [48] B [46], noryunm:

A, Gj =—RTInK,

A, GY =—RTInK,

B cBsi3m c TeMm, 4TO KOHCTaHTa PAaBHOBECHS CTOHT MOJ 3HAKOM
aorapudMa, BCTaeT BOMPOC O ee pasMepHocTH. B BeIpaxxennsx and K, u K.
, TIPUBEJEHHBIX BBIIE, Pa3MEPHOCTH WX OIPEENSIeTCs] COOTHOUIEHHEM
cymMm (a+b) u (c+d). B cayuae paBeHCTBA ATHX CyMM KOHCTAHTEI HE
uMeroT pasmepHocTH. Ho 310 yacTHEIH ciydaid. B omem cioydae cyMME
HE PpaBHBl MeXAy co0OH U, CclenoBaTeNbHO, KOHCTaHTH HMEIOT
pasMepHOCTb, a4 HX UHCIEHHBIE 3HAYEHHs OYAyT HW3MEHSAThCA C
W3MEHEHHEM BHIOOpa €HMHUII W3MEpPEHHs JaBJIeHHS W KOHIEHTpalnu.
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§ 1.4.6. XumH4eckoe paBHOBECHe

JlorapudmupoBaTe  BETHYHHBEL, HUMEIOIIHE  Pa3MEpHOCTh,  HENB3s.
Jlorapudmupyemass BeTHUHHA JIOJDKHA OBITE  OespasMepHOi. [Jlns
HONTy4eHHs Oe3pasMepHBIX KOHCTAHT WX BBIYHCISIOT HE B aOCONIOTHBIX
€/IMHHIIAX, 4 B OTHOCHUTENHHBIX, OTHOCSA aGCOJIOTHBIE 3HAYEHHS K OJHOU
aTMocepe M OJHOMY MONIO Ha JHTP (T.€. HCHONB3YIOT OOBEMHYIO U
MOJBHYIO JI0JH). B 3TOM ciywyae BemWYWHA KOHCTAaHTHI PaBHOBECHs He
Oyner 3aBHCETh OT BBIOOpa enWHWIT W3MepeHHs. IloaToMy aBTODEI
OPHAEPKUBAIOTCA TOUKH 3pEHHS, UYTO KOHCTAHTA PABHOBECHS ABISETCA
BENUUNHON 6e3pasmepnoti. Ho Ha 3TOT BOIPOC CYIIECTBYET M Jpyras
TOUYKA 3pEHU.

@D aKTOpHIL, BIUAIOINEC HA KOHCTAHTY PABHOBECHS.

1. OCHOBHBIM (AaKTOpOM, BIHSIOIIUM HA KOHCTAHTY PaBHOBECHS,
SBISIETCS] Npupoda peazupyowux sewjecms. Iloa mpupooH pearupyroumx
BEIIECTB MpPEXJE BCEr0 MOHHUMAKOT MPOYHOCTE XHUMHUYECKHX CBs3ed B
COETMHEHUSX, TaK KaK B Pe3yJIbTaTe PEaKIMH IPOUCXOIUT PasphlR OJHHX
W 00pa3oBaHHE JIPYTHX CBS3EH, YTO U ONpe/esieT H3MEHEHHsS SHTAIBIHN
U DHTPONHH JAHHOH PEeaKIHu.

2. Jlpyrum (haxkTopoM, ONIpEAeNsIONM 3HAYeHHE KOHCTAHTEHI
PaBHOBECHs, CIyXXUT memnepamypa. Jnsd NOXydeHHs 3aBHCUMOCTH
KOHCTAaHTBl PaBHOBECHS OT TeMOeparypsl oObeJHHHM ypaBHeHHus [32] u
[49] nns BEIpaskeHHs U3MEHEHHUS CBOOOAHON Hepruu [ ub0ca B peakusix:

—RTInK,=A, Hy —TA, Sy..
Pa3nenuB oGe wactu ypaBHeHus [51] Ha RT, moryunm:

0 0
anp=_ Ar]—]T + ArST
RT R
B npeanonoxenun, uto A, H }) uA, S}) HE 3aBHCAT OT TEMIOEPATYPHI, 4

3TO JIOMYIIEHHE CHOPaBe/UTHBO /T OTHOCHTENFHO Y3KOrO0 HHTEpBaja
temneparyp (100— 200°), ypaBHeHune [52] Ierko NpHBECTH K YPABHEHUIO
npsmoii. Eciiu puHATE 3a y Jorapu(M KOHCTAHTHI PaBHOBECHS, 4 38 X —
oOpaTHyIO TeMIIepaTypy, yparHeHue [53] npuHUMaeT BH:

y=ax+b,
i
a=-AH} /R,
a
b=A.S% /R.
N3 aHanuTHUecKOW reoMeTpud cleayeT, YTO ¢ — TaHTeHC YIia

HAKJIOHA MpAMOH K ocH abcrucc: a=tga , a b COOTBETCTBYET OTpE3KY,
OTCEeKaeMOMY MpsIMOI Ha OCH OPAHHAT (CM. PHC.2) , OTCIONA:
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AHY =R -tga [53]
A, SP =hR [54]

InK A

AN

0 /T

Puc. 2. Temnepamypnaﬂ SAGUCUMOCHTID KOHCIAHNIbL PABHOGECUA

IIpsamas «1» Ha puc.2 oTpakaeT 3aBUCHMOCTh KOHCTAHTEI PABHOBECHS
OT TeMIEPaTypsl I HAOTEPMHUUECKON peakiuu, a mpaMas «2» — g
9K30TEPMUYECKOH PEeaKIHu.

Takum o0GpazoM, YTOOBI HAMTH W3MEHEHHS SHTANBIHH H 3HTPOIHH
peaKIMH ONBITHBIM MyTe€M, HEOOXOJAHMO OMNPEJENUTh KOHCTAHTHI
paBHOBeCHs ~ IpH  Pa3dMYHBIX  TeMOepaTypax W MOCTPOUTh
cooTBeTCTBYIOImMN rpaduk. [msg onpeneneHds BeNWYWHBI H3MEHEHHs
SHTATBNMH HE HMeEeT 3HAUeHHUs, B KAKUX BEIHYHHAX BBIPAKAIOTCS
HnapOyagbHbIe JARIEHHA, TAK KaK TAHT€HC YIJIa HAKJIOHA NPAMOHA MEHSThCA
He Oyner. Bribop enuHHIT W3MEpEHUS MOBIHSET JIUIIL HA MapalieTbHOe
cMelieHre OpaMod. OH MOBAMSET HA BEIHUHHY «OTCEKAEMOr0» OTpe3Ka
Ha OCH OpJIMHAT, U OCHOBHAas omHOKa Oy/ieT B ONpejeNneHHH H3MEHEHHS
snTponuH. UroOs H30exars 3TOH OMHOKH, KOHCTAHTY PaBHOBECHs HAJ0
PacCUNTHIBATE Yepe3 0OBEMHBIE HITH MOJIBHBIE JIOJH, COOTBETCTBEHHO, T. €.
HCTIONIE30BATH Oe3pa3sMepHbIE BEJTHYHHEL.

CMelnenne papHOBECHS.

KoHncTanTa paBHOBecHs HE 3aBHCHT OT NapIUAIBHBEIX JAABICHHH U
KOHIEHTpAIUl pearnpyonux eemiecTs. Ux H3MeHeHHE BIHAET TOIBKO Ha
CMEUICHUE 1010%CenYs PABHOBECHS U CTENEHb IMPEBPAIlEHHs BEHIECTB.
ITon cTeneHBI0 MpeBpameHUs BellecTBa Oy/1eM MOHUMATh OTHOIIEHHE
KOJIMYECTBA BEIIECTBA B PABHOBECHOH CMECH K HCXOAHOMY KOJIHUYECTBY
3TOTO BEIIECTRA.

Ecnu koHCTaHTa paBHOBECHs MHOrO OOJBIIE €AWHHIEL, TO U3
ypaBHeHHH [47] u [48] ciaexyer, 4TO paBHOBECHE CMEIIEHO B CTOPOHY
OpsAMOU peakivy, T.€. B CTOpPOHY OOpa3oBaHHS HPOJAYKTOB peaknuu. B
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§ 1.4.6. XumH4eckoe paBHOBECHe

3TOM CITy4ae FOBOPAT, UTO PABHOBECHE CMELIEHO BIpaBo. Eciu KoHCTaHTA
PaBHOBECHS MHOTO MEHBIIIE €JIJUHHUIIB], TO PABHOBECHE CMENIEHO B CTOPOHY
HCXOMHBIX BELIECTB, T.€. BIEBO.

Tak kak a7 JOOOH peakluu HMeeTcsl OmpeJeNeHHOe 3HAYCHHE
KOHCTAHTBI PABHOBECHS MpPH JAHHOH TeMOepaTypel, TO TOBOPHTH O
HEOOPATHMEBIX peakiuaX He UMeeT cMbIcia. Peus MoxeT HATH JHIIB O
NPAKMUYECKOU HEOOpaTHMOCTH. IMTpuznakaMu NPAKMUYECKOU
HEOOPATHMOCTH PEaKIUiA SBISIFOTCS

1) BBIIETEHHE ra3000pa3HOr0 BENIECTBA

Na,CO; +2HCl =2NaCl+H,0 + CO,T;

2) BBINAJICHHE 0CA/IKA

BaCl, + Na,SO, =BaSO, +2NaCl;

3) o6pa3oBaHue MIOXO JUCCOMHUUPYIOLIEr0 BEUIECTBA

NaOH + HCl=NaCl +H,0;

4) BBIJCIICHHUC OOJIBIIOrO KOJTHYECTBA JHEprun

H, +CL=2HCI+Q

(nocnemHss peakiys OPOTEKAET CO B3PHIBOM).
OO0ImKM TPHHIUINOM CMEIIEHHs TONO0XEHHs PABHOBECHS B CHCTEME
spisiercd npuHnun Jle Mlateane:

ecnu Ha cucmemy, HAXOOAWYIOCS 6 COCMOSHUU PABHOBECUS, OKA3AMb
sHewinee 6o30elcmeue, Mo PABHOBECUE CMECIMUMCS 8 CHOPOHY MOl
peakyuy, KOmopas, KOMREHCUPYEm Do 8030eliCaue.

a) Tlpu MOBBIIEHWH KOHIIEHTPAIIMH OJHOTO U3 BEIIECTB PABHOBECHE
CMelIaeTcs B CTOPOHY TOH PEeaKIliH, KOTOpas YMEHBIIAET KOHIIEHTPAIHIO
3TOTO BEIIECTBA;

6) Ilpu yBequueHHUH NaBIEHUS PaBHOBECHE B CHCTEME CMECTHTCS B
CTOpPOHY TOH pEakiiH, B pe3yJbTaTe KOTOPOH YMeEHBIIaeTcs oObeM
cHCTEMBI (I pPeakIMi, NPOTEKAIHUX C YYacCTHEM Tra3000pasHBIX
BEIIECTB - B CTOPOHY TOH peaklHH, KOTOpas BeleT K OOpa3oBaHHIO
MEHBIINX KOJMYECTB ra3000pa3HBIX BEIIECTB);

B) IloBBIlIEHHE TeMIepaTyphl BBI3BIBAET CMENIEHHE DPABHOBECHS B
CTOPOHY 3HJIOTEPMHYECKOH PEaKITHH.

KnaccuueckuM OpUMeEpoOM, HLTFOCTPUPYIOUIMM — 3TOT  HPHHIHAI,
SIBIISIETCS] PEAKIUsl CHHTE3a aMMHUaKa:

N2 + 3 H2 i, p, KaTanus. 2 NH3 + Q
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B peakumio BcTynaroT 4 MoJs ra3000pa3HBIX BEIIECTB, a 00pasyoTCs
2 MO, T.. PEaKHus CONPOBOXIAETCA YMEHBIIEHHEM KOIHNYECTB
razoo0pasHbIX BeIIeCTB (WM yMeHbIIEHHEM 00BeMa, OpH  YCIOBHH
MIOCTOSTHHOT'O JIABJIEHHUS), CIIEIOBATENBHO, MPOIECC MONYyYeHHs] aMMHaKa
HaJ10 IPOBO/INTH IPH BHICOKOM JIaBIIEHHH.

Peakuus siBisieTcss 5K30T€PMHYECKONH — MPOTEKAET C BBIJAEIEHHEM
TEeIUIa, MO3TOMY 3TOT HPOIECC HAJO0 MPOBOAHUTH HPH 603M0OCHO Oomee
HHU3KOH Temmeparype. OTHAKO OpH HU3KHX TEMIIEpaTypax peakIHOHHEIE
CHOCOOHOCTH BOJOpPOAAa W a30Ta OYEeHb HH3KH. [losToMy mpomecc
IPOBOJST MPH HEKOTOPOH ORMUMAIBHOU TEMIIEpAType H 00sS3aTeNIbHO B
NPUCYTCTBUM Karanu3aropa. Karamuszarop ue énusgem Ha CMeIIeHHE
MIOJIOKEHHS] PABHOBECHS, TAK KaK YBEIHYHUBAET CKOPOCTH KaK MPAMOH, TakK
u o0paTHOH peakiuii, OH COKPAIIAET 8pemst QOCHUNCEHUS PABHOGECUS.

IIpu ycroBHAX, HCHOAB3YEMEBIX HAa OpakTHKe: AariaeHHe p=30Mna,
Temneparypa f¢=500°C, karanu3arop — BOCCTAHOBIEHHOE JKENE30,
akTuBupoBaHHOe okcugamu K,0O, AlLQO;, Ca0O, — paBHOBecHas
KOHIIEHTPAIUsl aMMHAaKa B ra30BOi cMecH cocTaBisieT ~ 30 %.

YBenmuueHre oOIIEro JMAaBJIEHHS NPHBENO K CMEUJCHUIO NORONCEHUS
pasHosecus, HO TIPU 3TOM HUKAK He HOGAUANO HA KOHCIAHMY PAGHO8eCUs,
KOTOpasl OpH 3TOM ocTajach HeM3MeHHOH. M3MeHHmach JTUIIb CTEreHb
IpeBpalleHns BemecTB. [IpowiuFOCTpHpYEM CBA3b MEXAY OTHMH
BENYNHAMH HA IPUMEPE PEAKITHH JAUCCOIHAIIY TAIOTEHOB:

T2 T

Ilycte HauanbHOE KOMHYECTBO I paBHO # MOJIEKYJd, 4 CTENEeHb
IpeBpaIlleHHs Y|, TOTAa PABHOBECHOE KOJHUYECTBO MOJEKYN TrajoreHa
Ooyner paBHa
n(1—1), a KoaMYecTBO 0Opa30BaBIIMXCS aToMOB — 2nx. OOmmee 4ucio
YAaCTHIl B PABHOBECHOM COCTOSIHUH cocraBuT #(1+m). MonsHas nois

Mosekya ranoreHa (I';) Oyner paBHa l—n, a atomoB rayorena (I') —
+M

2 .
]71’] . U3 3akoHa I[aJ'IBTOHa CJICAyeT, YTO o0Inee JaBleHHE ra30BOH cMecH
1M

PaBHO CYMME MNAapHHATLHLIX JIaBJICHUH ra3oB, COCTABIAOINNX 3TY CMECD.
3Has O6III€€ JIaBJICHHE Ta30BOH CMECH U MOJIBHYKO JOJKO KaXI0ro
KOMIIOHCHTA, MOXHO PACCUUTATL MNApHOHUATLHLIC JAaBJICHHA  rasoB,
COCTABIAIIHUX CMECH!:

1-1
Pr, = Pomm

_ 2n
Pr = Pobm. 1+'I‘].
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§ 1.4.7. HampapneHue mpoTeKaHus peakmuit

HOﬂCTaBI/IB NOTYUCHHLIC 3HAUCHHA NapIHUAIBHBIX ﬂaBJ'IeHI/Iﬁ B
BBIPAKCHHUE I KOHCTAHTEI PABHOBECHS, MMOJYUUM:

2
5" Pobur.

kPR _ 04 pl, 4
14
pr, (4N (1-M) Posw,  1-M

TToCKOMBKY KOHCTAHTA PABHOBECHS MPHU MOCTOSHHOW TeMmeparype —
BeIMUNHA MOCTOAHHAS, H3MEHEHHE 00MIero JaBieHus OyAeT IPUBOAUTE K
HW3MEHEHHIO CTeNeHH npeppalieHus. s paccMaTpHBaeMoro ciydas 3TO
03HAYAET, UTO YBeIHUYeHHe OOLIErO JABIEHHs MPUBEIET K YMEHBIIEHHUIO
CTENEHH TUCCOIHAINH TaIOTeHOB. AHAIOTHYHBIN BBIBOJT MOXHO C/IENATh,
MpUMEHUB K nanHoi cucteme npunnun Jle Hlatense.

Hcnone3ys  Takol MOAXOM, MOXHO MONYYHTH AHATOTHUIHYIO
3aBUCHUMOCTE K, OT 00Imero oonema:

__4m?
C -1 Fgu

Beipaxernus [55] u [56] copaBeasuBBl TOABKO Ui CiIydas
JUCCOIMAIUN TOMOSIAEPHBIX JBYXaTOMHBIX MOJEKyd. Jnd aucconpaiiu
reTeposJIepHBIX MoJeKyJT, Hanpumep, HCI:

2 HCL, &> Hy, + Cly,r

3aBUCHMOCTH K, OT 00miero nasnenHns U K. oT o0miero o0beMa BBITISAAAT
TaK:

2
K,= Lpo&m
l—n2

nz

-1 Vg

WNHpIME coBamu, 11 KaXAO0H PABHOBECHOM CHCTEMBI CYIIECTBYET
CBOE BEIpAXXCHHE, CBI3BIBAIOIIECEC KOHCTAHTY pAaBHOBecHS U oOIiee
JaBJIcHHE,

§ 1.4.7. HanpasieHue NpoTekaHus peakmuii

PaccMoTpuM  BO3MOXXHOCTH ~ CAMOIIPOU3BOJBHOTO  MPOTEKAHHS
XUMHUYECKOH peakluu B 3aBUCHMOCTH OT 3HAKa OHTAIBNHUNWHOTO H
SHTPONHUHUHOTO WICHOB B BBIPAXECHHH H3MEHEHHS CBOOOJHON >HEPruu.
Ecmu u3sMeHeHHe CBOOOJMHON DJHEPrHH MEHBIIE HYJA, TO PEaKIUS
NpOTEeKaeT CaMOmpou3BoJabHO. Ecau AG=0, HavanbHble U KOHEUHEIE
COCTOSIHHS MOTYT CYIIECTBOBATH B PAaBHOBeCHH. EciH ke H3MeHEHHE
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cBOOOJHOM »3Heprud Ooubllle HyJIs, CAMOIPOM3BOJBHO MPOTEKAET
oOpaTHast peaknus. A Tak Kak, CONIACHO ypaBHeHHIO [32], naMeHeHHe
CBOOOZIHOH DJHEPrHH BBIDAXKAETCS Uepe3 HW3MEHEHHs OSHTAIBIHH U
SHTPONHH (B MPEANOI0XKEHHH, YTO OHH HE 3aBUCST OT TEMIIEPATYpPhl), TO
HX 3HaKH OyayT onpenensTs 3HaK AG. B Hike paccMOTpeHHBIX PHMEPax
OPUHUMAETCS, YTO [NApOHaJbHBIE JAaBJIEHHS BCeX ra3000pa3HBIX
VUYACTHHKOB peakiuii paBHBI MO OfHOU aTMocdepe, T.e. AG, =AGY. B

OTOM ClIydyda€ MOXKHO HUCHOJTL30BATH B pacqéTax CTAHJAAPTHBIC U3MCHCHUA
OHTAJBIUA U SHTPOINUN. Bo3MoxHBI YCTBIPE CIyvas.

HepBbIﬁ: KOTJla U3mererue dHmdanbvnu OTPULATCILHO, 4 UdMerHernue
OHmponuy TNOJOXUTCIBHO, TO HU3MCHCHUC CBO6OI{HOI>1 JQHEPrun BCEraa
OTpUIATCILHO. Takue PeaKun CaMOMpOU3BOJLHO NMPOTCKAOT B MPAMOM
HalpaBJICHNUH. HpI/IMepOM MOXET CIYXUTH PECAKIHA TOPCHUSA YCPHOro
nopoxa, KOTopasd NpoTEKACT 10 CICAYIOIIEMY CYMMAPHOMY YPABHCHUIO!

2KNO3;+3 C+S=N,+3C0O,+K,S

Tabauua 2
Iumanshuu 06PAZ06aHUA U IHMPONUU YHACTHHUKOE PEAKYUU.
Bemecteo AdT (2)98 , KJI>X /MOJTh S (2)98 , Jx/(mome - K)
KNO; —-492,17 132,93
Crpapur 0 5,74

S 0 31,88
N, 0 191,5
CO, —393,51 213,6
K,S —3873 113,0

Jnd aToll peaknyu:
A, Hiog =ArH 398,N2 +3AH 398,C02 A H 398,1(25 -
2 ANH 398,KN03 3 AH 398,C —ArH 398,5 =
—0+3-(=393,51)+(=387,3)—2 - (~492,71)— 0— 0 =—582,41 k]I,
AS= S§98,N2 + 3S398,C02 + S§98,Kzs - 2S2098,KN03 _3S398,c - S§98,S =

=191,5+3-213,6 +113-2-132,93-3-5,74-31,88=630,34 /K

CnenoBares-HO,

A, Glog=—582,41-298- 630,34 - 103 =—770,25 kIl <0,
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§ 1.4.7. HampapneHue mpoTeKaHus peakmuit

U PeaKIysl MPOTeKaeT CaMOTIPONU3BONEHO.

Bropoii: xorna usmenenue dumanonuy NONOXKHUTENBHO, a U3MEHEHUE
9HMpoOnuY OTPUIATENEHO. OTH peakiud B OPsSMOM  HaOpaBlIeHHH
CAMOTIPOU3BONEHO HE WAYT, CAMOMpPOU3BONBHO MPOTEKAaeT OOpaTHAs
peakuus. B KkavuecTBe mOpuUMepa MPUBEAEM PEAKIHIO TEPMUUECKOTO
PpasnIokeHns XJOPUCTOrO BOJAOPO/A HA IPOCTHIE BELECTRA:

2 HClr = HQ’F + CIQ’F

H3aMeHeHHe HTANBINH 3TOH PEaKiuH PaBHO JBYM 3HEPTHSAM Pa3phIBa
ceszeii H-Cl u cocraemster 92,3 X 2 = 184,6 x/[x. I3MeHeHHe 3HTPOIHH
paBHO:

0 _ o0 0 0 — —
Ar 8308 = 2081, T S298,01, = 25208 mc1 = 130,6 +223 -2 - 186,7 = —

19,8 Iix/K

A, Gog = 184,6 —298 x (— 19,8) x 107 = 190,5 kJIx > 0

TpeTHﬁ: KOrJla KAaK U3MeHeHue OHmdalvbhnuu, TAK WU OHmMponuu

OTpULATCILHEL. B »tom CJIyuac HaMnpapBJcHUC CaMOIPOU3IBOJILHOTO
mporecca  ompesensieTcs Temmepatypod. IIpu Hu3KOH Temmeparype
CaAMOTIPOU3BOJNILHO HJET MpsMas pPeaknusa, TaKk Kak 1o aOCONFOTHOU
BCIINUYUHEC U3MCHCHHUEC 3HTAJIBIINNA 6OJ'IBIH€ OPOU3BCACHUA TEMIICPATYPLI HA

n3MeHeHHe BHTponud. Hampumep, B peakiuu oO0pa3oBaHHS XJIOPHIA
aMMOHH U3 ra3000pa3HbIX XJIOPUCTOrO BOJOPOIA U aMMHUAKA!

NH;,; + HCI, <> NH,CI,
A H 3o =ArHyog wirer— ArH g = A Hos iy, =
=—315,4—(-92,3)—(-46,2)=—176,9 k]l
AS= Sag, NH,Cl — S298,NH; — So8 1ol = 94,6 —192,5 - 186,7 =—
284,6 kJIx
A, Gog=—176,9-298 X (—284,6) X 10 =—92,1 kJTx <0
A, Gihoo =—176,9—1000 x (—284,6) x 107 =107,7 kx> 0
T. k. opu paBHOBCCUH U3MCHCHHC CBO6OIIHOI71 JQHEPrun paBHO HYIHO

(AG=0), To Temmeparypa, IpH KOTOPOH CHCTeMa HAXOAUTCI B
PaBHOBECHH, PaBHA

T= ArH?"

59
AS) [59]
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176,9

== =6216K
284,610
YeTBepThlil:  KOT/AA  U3MEHEHUe  DHmMATbhuu U IHMPOnuU
HNoI0XkUTeNbHEIe. HanpaBneHne peakiiuy Takke 3aBHCHT OT TEMIIEPATyPHI:
IIPH HU3KOH TeMIlepaTrype CaMOIPOH3BOJBHO OyJeT MpoTeKaTh oOpaTHas
PeaKkIuH, a OpH BBICOKOH — mpaMasd. OTO XapaKTepHO AN peakiui
JIUCCOIHAIIHN:

N,O0,=2NO;

Hns maHHOM peaknuu A, H§98 =573xllx; A, S§98 =176,6 Ix/K u

A, Gog =47 k]IIx.

Temneparypa, IpH KOTOPOH yCTaHABINBAETCA COCTOSHUE PABHOBECHS:
T=324,5K. Huwxe >ToH TeMmeparypbl CaMOIPOU3BOJLHO MPOTEKAET
peakiys JUMEPU3AIINY, a BBILIE — PEaKIHUs JUCCOIHAIINH,
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['JIABA 2
OCHOBBI KHHETHUKHA

B npeneinymem pasmene ObtH  CDOpPMyNHpPOBAaHBI  KPUTEPHH
CaMOTIPOU3BOJBHOTO MPOTEKaHHs XHMHUYeckHx peaknuil. Ho »10 He
03HAYAET, YTO €CIH PEaKIHs C TOUKH 3PEHHUs TEePMOAWHAMUKH MOXET
WITH CaMOIIPOH3BOJNIFHO, TO OHA MIHOBEHHO OCYIIECTBHUTCS. [IpumMepom
MOXET CIYXKHTh CYLIECTBOBAaHHE UEIOBEKa B OKpYXalomleH cpene.
Yenopeueckne TKAaHH B OCHOBHOM COCTOSIT M3 Pa3lHUYHBIX OPraHHYECKHX
coenuHenuii. Ilpomecc  B3aMMOAEHCTBHS  MPaKTHYECKH  JIFOGOTO
OPraHHYECKOr0 COEJHHEHHS C KHCIOPOJIOM SIBIAETCS CAMOIPON3BOJIBHBIM
MIPOIIECCOM C TOYKH 3peHHus TepMoanHaMuKd. Ho dermoBek Ha BO3Iyxe He
CrOpaeT, a CyLIECTBYeT JOCTATOUHO JOJNroe BpeMs, obecreuHBas CBOeE
CYIIIECTBOBaHHE 33 CUET PEAKIMH OKHCIEHHS] OPraHHYECKHX COEHHEHHH.
B To xe BpeMs mponecc CropaHus HOPHPOJHOTO rasa IPOTEKAeT
JIOCTATOYHO OBICTPO, 4 HEKOTOPBIE PEAKITHH COIPOBOXKAAIOTCS B3PHIBAMH,
T. €. BBIIENCHHEM OONBIIOr0 KOJHYECTBA JHEPIHH B JIONH CEKYHBI.
WHBIMH CTOBaMH, CYIIECTBYET KaKOH-TO Jpyrod Oapbep NpoTEeKaHHS
XMMHYECKHX PEAKITHH, TOMUMO TEPMOJIUHAMHYECKOTO,.

N3yueHneM CKOpOCTEH NPOTEKaHHS XHMHYECKHX Ppeaknuid H HuX
MEXaHH3MaM{ 3aHHMAeTcsl XUMHUYecKas KHHeTHKa. Bce xumuueckue
pEaKIMH HMEIOT CIOXHBIH MexaHu3M. [lon MeXaHHW3MOM peakmuu
MOHUMAIOT MOCHEI0BATENFHOCTE NPOTEKAHUS NPOMEXYTOUHBIX CTaJIHH
peaKknuy, B pe3ynbTaTe KOTOPOH MPOHCXOAUT 00pa3oBaHHE KOHEUHBIX
BEIIECTB. YPaBHEHHE PEAaKIUH MPAKTHUECKH HHUKOIJAa HE OTpaxkaer eé
MEXaHH3M, & CKOPOCTh MPOTEKAHHUs PEAKIIMH B 3TOM CIIydae Olpeemsercs
CKOPOCTBIO HanOoJlee MeUTEHHOH CTa/IUH, Ha3bIBAEMOH JIMMHUTHPYOIIEH
cTaamen.

§ 2.1. CxopocTh XUMHYECKOIl peakuun

Sanumem YpaBHCHHUC 3JI€M€HTapHOI>i XHMHYECKOH peaKnun B O6III€M
BUIC:

aA+bB=dD+eE,

rne A, B — wucxoanele BemectBa, D, E — nOpoAyKTBl peakium,
cTpouHbIMH OykBamMH (a, b, d, €) 0003HaYeHBl CTEXHOMETPUYECKHE
K03 QUIHUEHTEL.

HamoMmHHM, UuTO peaknus, MNOPOTEKAIOIAS ClieBAa HANPABO U
OTpaXaroIas MPOLECC B3aUMOAEHCTBHA UCXO/HBIX BEIECTB, HA3HIBACTCS
npamoii  peaknueil. Peakrmsa, wuaynias B OOpaTHOM —HANpPaBIEHNH,
HA3BIBAETCS OOPATHOM.
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OCHOBBI KHHETHKH

IMoctpouM  rpaduk, HA OCH OPJAHHAT KOTOPOrO  OTIOXHM
KOHIICHTPAITUIO OJHOro (JTIF00Or0) U3 KOMIIOHEHTOB CHCTEMBI, 4 HA OCH
abcrpcc — BpeMs.

IMTo Mepe TpOTEKAHNS XUMHUECKOH PEAKITHH KOHIIEHTPAIIMH HCXOTHBIX
BEIIECTB  YMEHBIIAIOTCA, 4 KOHIEHTPAUHH NPOJAYKTOB  PeakKiuu
yBenuuuBaroTcs. BeibepeM JBa MOMeHTa BpeMeHH f; U t. UM Oyayr
COOTBETCTBOBATh KOHIEHTpAMA ¢; U ¢;. CKOPOCTH XHMHUECKOMH
PEaKIMH OOpeleNseTcss KaK UBMEHeHue KOHYeHmpayuu mobo2o u3
sewecme 6 eOUHUYY 8peMent, UTO MATEMATHIECKH MOXHO BBIPA3HUTH TaK:

p_fza __Ac
HL—4 At
cA
\ 2
C2(2) \
C12)
Ciny
Co(1 / 1
0 e
0 Ho ot b P

Puc. 3. 3aeucumocme konyenmpayuii 00H020 U3 UCXOOHBIX
sewgecms (1) u 0onozo uz npodykmoe peaxyuu (2) om epemenu.

Ecnu CKOpPOCTh peaknue ONpejensTh MO OJHOMY H3 HCXOJHBIX
BENIECTB, TO MBI OMYYUM OTPHIATENBHOE 3HAYEHHE, T.K. Ca(1y<cia). Ho
9TO HE 03HAYAET, YTO CKOPOCTH PEaKIMHU OTpUIIATENbHAd BEIHYHHA, YEero
HE MOXeET OBITh N0 (H3HYECKOMY CMBICHTY. 3HAK «MHHYC» IOKA3HIBAET,
YTO KOHIIEHTPAIHs HCXO/THOTO BEIIECTBA BO BpEMEHH yYMeHbIaeTcs. B o
Ke BpeMdA CKOpPOCTh OOpaTHOH peakiuy OyJIeT CO 3HAKOM «ILTIOCH, T.€.
KOHIIEHTpAallUsl MPOAYKTa yBelIHuUMBaeTcs. YpasHeHHe [60] ompenenser
CPEIHIOI0 CKOPOCTE PEAaKIIUU 3a BEIOPaHHEBINA npomescymok epemenu. Ecin
BEIOpaTh ApPYroil BpeMEHHOW HWHTEpBAN, TO €My OYyJeT COOTBETCTBOBATH
Jpyras cpeiHdas cKopocTh. HcciepopaTend ke HHTepecyeT «UCTHHHAs
CKOPOCTE» PEAKITUH B IaHHBIH Momenm BpeMeHH. K ee moTyueHHI0 MOXXHO
OpUOJIH3HUTRCS, YMEHBIIAas BPEMEHHOW uWHTepBal. Torja HCTHHHAS
CKOpPOCTh peakiuy OyJeT paBHA TMpeAeny OTHOLIEHHs H3MEHEHHS
KOHIIEHTPAIHH K POMEXYTKY BpeMeHH npu Ar — 0:
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§ 2.2. dakTOpHI, BIMAIOIIME HA CKOPOCTh XHMHUECKOH PeakIuu

DToT mpejen paBeH NPOU3BOAHON, KOTOPYIO MOXHO HANTH Kak
MAH2EHC Yeaa HAKIOHA KACATENLHON B TOUKE, COOTBETCTBYIOIIEH TAHHOMY
Mmomenmy BpeMmenn. ITO3TOMY HCTHHHYIO CKOPOCTH HA3BIBAIOT €IlE U
M2HOBEHHOI.

OueBUIHO, UTO ITO ONpe/eNeHne He OMHO3HAUHO. Ecnu onpenenaTs
CKOPOCTH PEAKITHH M0 KOHIEHTPAIUAM PA3THUHBIX BEIIECTB, MBI MOy YHM
pa3Hble Pe3yNbTATHI, MOITOMY HEOOXOJUMO YKA3BIBATH, MO KAKOMY H3
BellecTB GbITa ONpe/ielieHa CKOPOCTh PEAKITHH, UITH UCTIOIB30BATE IPYroe
COOTHOIIIEHHE:

1 dc

Vi= o
v, dt

>

rJe V; — CTEXHOMETPUUYECKUH K03 QUINEHT B YPAaBHEHHH PEAKIHH.

§ 2.2. ®akTOpHI, BAUAIOINNAE HA CKOPOCTh XUMHYECKOH peakiun

CKOpOCTh XUMHUECKOH peakIuy 3aBUCHT OT YCIOBHUI, B KOTOPBIX OHA
nporekaeT. PaccMarpuBaeMble HiXe (DAKTOPHI, BIHSIOIMINE HA CKOPOCTH
MIPOTEKaHHs PEAKIHUI, OTHOCITCS K 20MO2EHHbIM PeaKyam

I. IIpupona pearupyromux Bemects. [loa Opupoaoi pearupyoommx
BEIIECTB MOHUMAIOT MPHPOJY XUMHUECKOH CBA3H B MOJIEKYJIAX PEareHTOB
W ee NpoyHOCTh. PasphlB cBsi3ed MW 00pasoBaHHWE HOBEIX CBsI3eid
OnpeeNsioT BeIUYHHY KOHCTAHTHI CKOPOCTH, H TEM CaMbIM BIHSIOT Ha
MPOLIECC NPOTEKAHUS PEAKIINH.

I1. KonuenTpamus pearnpyomux Bemects. HeoOxoauMeiM (HO He
JIOCTATOYHEIM) YCIOBHEM JJIs TOTO, YTOOBI MOJEKyTa A popearnpoBaia ¢
MOJIEKYIOH B, sBISeTCS CTONKHOBEHHE 3THX MOJIEKyld. BeposTHOCTB
CTONKHOBEHHUS MOJEKYN HAaNpsAMYIO 3aBHCHT OT KONHYECTBA MOJEKYI B
eluHUNE 00BEMa, a OHO OMpeJeNsIeTcs KOHIEHTPAIHSIMH pPearHpyOMmNX
BEIIECTB.  BeposATHOCTE  CTONKHOBEHHs  JBYX  MONEKyld  paBHa
MPOU3BEJCHUIO BEPOATHOCTEH HAXOXK/EHHS KaXJO0H U3 MOJEKYN B TOUKE
cronkHoBeHHA. (CeN0BATENBHO, CKOPOCTH 3JAEMEHTAPHONH XHMHYECKOH
PeaKIUH MPONOPIHOHATBHA IPOHU3BECHHIO KOHIIEHTPAIHI pearupyromnx
BEIIECTB B CTENEHSX, YKA3BIBAOIINX KOMHYECTBO MOJIEKYN JAHHOTO COPTAa,
YYACTBYIOUIMX B  peakImuH (CTEXHOMETpHUEeCKHEe KO3 UIUEHTH).
3aBHCHMOCTB CKOPOCTH JIEMEHTAPHON XUMHYECKON PEaKIiu:

aA+bB=dD+eE

OT KOHIEHTpalMd pearupyiolHx BeIIECTB OMHCBIBAETCS CIEAYIOIIHM
YpaBHEHHEM:

V=k-[A]"-[B]’,
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OCHOBBI KHHETHKH

rne k — KOHCTaHTa MNPONOPIHOHATHHOCTH, HA3bIBaeMas KOHCTAHTOM
CKOPOCTH XUMH4eckoil peaknun, [A], [B] — koHneHTpanuu Bemiects A
n B, BEIpaxXeHHBIE B €HHHUIAX MONB/N, a, b — cTeXHOMETpHUYEcKHe
K03()QUIUEHTEL.

Ecniu B ypaBHeHuu [63], CBS3BIBAIOIIEM CKOPOCTh PEAKIUH C
KOHIIEHTPAIUSIMH, OPUPABHATh UX K €UHHIE, TO NOIYYHUM, UYTO CKOPOCTh
peaknuu Oyner paBHa mocrosHHOW BemnunHe k. M3 aroro paBeHCTBa
crenyer QU3NIeCKHH CMBICT KOHCTAHTH! CKOPOCTH XUMHUYECKOH PEeaKiiny.
Koncmanma cxopocmu xumuueckoll peakyuy YUCIEHHO PasHa CKOPOCmu
pearyuu npu KOHYeHmpayusax peasupyrouux 8euecms, pasHvix O0OHOMY
MORIO HA TUMP, M. €. KOHCHAHMA CKOPOCHMU PAGHA YOenbHOU CKOpocmiu
peakyuu.

OnHaKo, KaKk yX€ OTMEYAIOCh BBINIE, MMOAABISIONIEE OONBIIHHCTBO
peakiuii BAET B HeCKOJIbKO craauii. HampuMmep, ans peakyu:

nepeas crtaaus (BCGFO HUX OKOJIO IIGCHTI/I) BBIITIAAUT TAK:

H, + 0, = 20H.

a CIeTYIONIAsl, IPUBOJISANIAS K HAYATY ETHOH peakiiy, TaK:

OH. +H2 = H20+Ho HUT.AO.

HO3TOMy KHHETUUCCKOC YpABHCHUE OOBIUHO HMEET BUO:

m

v=k-[A] - [B],

TJI€ 71, 71 — BETHIHHBI, OTIpe/IeNisIeMble 3KCIIEPHMEHTAIBHO.

CyMma mokazaTenedl cremeHell KOHIEHTpAlid  peareHToOB B
KHHETHYECKOM YPAaBHEHHH PEaKINH HA3BIBAECTCS HOPSAKOM XHMHYECKOH
peakumn. /{1 ypaBHEHUs], IPUBEAEHHOTO BEIIIE, OPS/IOK PEAKITUH PABEH
(m+n). Tlopanok ©TO JAaHHOMY BEIIECTBY (uwacmmuelli  nopsook)
ompejensercss Kak I0Ka3aTelb CTENEeHH NPH KOHIEHTPAIHH 3TOro
BelecTBa. Tak MOpsIOK MO BEIIECTBY A paBeH m.

Hanpumep, oOmmii mopsiioK peakium:

H2+12=2HI

paBeH JBYM, YaCTHBIE TOPSIJIKH [0 BOJIOPOJIY U MO HOXY PABHBI €JHHUIIE.
XUMHYECKHE PEaKIUH MOXHO KIACCH(HUI[IPOBATH M0 YHCIY YACTHII,
YYaCTBYIOUIMX B  OJHOM 3J€MEHTapHOM XHMHYecKoM akre. B
COOTBETCTBHUH C 3THM NPH3HAKOM PEAKIHH JeNsTCS Ha:
MOHOMONEKYAApHble — PEAKIUH, B KOTOPBIX TAKOH aKT Ipe/CTaBIsIeT
co00Oll  XMMHYECKOe TMpeBpalleHHe OJHOH  MOJEKYJNBl  (peakiiu
HN30MEPHU3AIHH, JUCCOITHAIUS MOJIEKYJI, paTHOaKTHBHEBIHN pacman);
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§ 2.2. dakTOpHI, BIMAIOIIME HA CKOPOCTh XHMHUECKOH PeakIuu

bumonexyasipubie — PEAKIUH, B KOTOPBIX 3JEMEHTApHBIA aKT
OCYIIECTBIISCTCS MIPH CTONKHOBEHHH JIBYX MOJICKYJT;
MPUMOREKYApHble — PEAKIHH, MPOTEKAIOIINE TPH CTOJKHOBEHHH

Tpex MOJEKYII.

BeposTHOCTH  CTOJNIKHOBEHHS TpeX MOJEKYJT 0OpPH HOPMATBHOM
JIABJICHUH Majla, TO3TOMY TPHUMOJEKYJSIPHBIE PEakidH BEChbMa PEJIKH.
Peaxnnu GonbIiell MOJIEKYIIPHOCTH NPAKTHYECKH HE BCTPEYAIOTCS.

CTexHOMETpHYECKOe YPAaBHEHHE PEAKIHMH OTPaXaeT MaTepHalbHBINA
GaraHc, HO HE MEXAHHU3M PEAKIHH. BOJBITHHCTBO PeakIUid MPeICTABISIOT
co00l COBOKYITHOCTh HECKOJBKHX MOCIEIOBATENBHBIX CTAUH, Kaxaas u3
KOTOPBIX MOXXET OTHOCHTECS K JIFOOOH W3 YKa3aHHBIX BBIIIE KHHETHUECKUX
rpyrn. U Tombko mis HEGOJBIIOrO YHCIA PEAKIHH MeXaHW3M PEaKIHH
COBIIA/IAET CO CTEXHOMETPUUIECKHUM YPABHEHHEM.

MonekyasSpHOCTh peakIuH — TeopeTHueckoe moHsTte. [lns toro
YTOOBl  ONpPEAENTHTH MOJEKYIIPHOCTh PpEAaKIUH, HEOOXOJUMO 3HATh
Mexanu3m ee IPOTEKAHHsL.

ITopsiiok  peaknuu  sBIAETCA OKCIEPUMEHTATBHOW BENHUYNHOH U
ompejiensieTcsl Mo 3aBUCHMOCTH CKOPOCTH PEaKIHUH OT KOHIEHTpAIui
BEIIECTB, HAWIEHHOH W3 ONBITHEIX JaHHBIX. TONBKO /IS OPOCTBIX
peaKnuii, MeXaHW3M KOTOPHIX COOTBETCTBYET CTE€XHOMETPHUYECKOMY
YPaBHEHHUIO, MOPSJOK PEAKIUH M MOJEKYJSIPHOCTh HUMEIOT OJIHHAKOBOE
sHaueHWe. Hanpumep, peakmus CHHTE3a HOJOBOJOPOJAA (OPMATBHO
SBIISIETCS] OMMOJIEKYIIPHOH peakIeii, U MOpsIOK ee COrNTAcCHO YPaBHEHHIO
paBeH JnByM. B OGombmmHCTBE XK€ CIydaeB MOPSJIOK pPEaKIHH U
MOJIEKYJIIPHOCTE HE COBIA/IAIOT.

OO0muii NOpSNOK peakiiH Oompesensercss MopsAKoM Hauboiee
MEUTEHHO HAyIIeH cTaauu. Takux CTajud MOXeT OBITh HECKONBKO, U
MIO3TOMY IKCIEPUMEHTAIBHO OIpPE/IETeHHBIH MOPSAOK PEaKIMH MOXKET
OBITH APOOHON BETHYHHOM.

Peaknus B3aMMO/IEHCTBHS XJIOpa C BOJIOPOJOM (POpMAibHO SBISIETCS
peakuyel BTOPOro nOoOpsAKa. XOpPOIIO H3BECTHO, 4YTO 3Ta PEAKIUs
MIPOTEKAET MPH OCBEIIEHHUH I10 [EMMHOMY MEXAHHU3MY CO B3PHIBOM.

3amoJHAM COCYJlT CMECBIO BOJIOpOJA € XJIOPOM H OINYCTHM €ro
OTKPBITHIM T'OPJIOM B 3KCHKATOP ¢ BOJIOH. ['MIIOTETHYECKH TPEANONOXKHUM,
YTO 3Ta peaknus OyJer TMpOTeKaTh C HW3MEPHUMOH CKOPOCTHIO.
O0pasyromuiics XJIOPOBOJOPO MTHOBEHHO PACTBOPSETCS B BOJE. 3a CUET
3TOr0  BOJA  HAYHET  3alONHATH  KoJAOy, yMeHelIas  oOBeM
HENpOopearupoBaBIllell CMECH BOJIOpPOAa M xiopa. Tak Kak B PEaKIHIo
BCTYHAalOT [/Ba o00BbeMa peareHTOB U 00pasyloTcs JBa o0beMma
XJIOPOBOJIOPO/ia, HA KOTOPBIE YMEHBIIAETCs 00BEM PEaKIMOHHOH cMecH,
KOHIIEHTPAIIMH PEearupyIoMnuX BEHIeCTB MEHATbCs He Oyayr. HHBIMH
CITOBaMH, peakis Oy/eT IpOTEKATh C IOCTOSHHOH CKOPOCTBIO H He Oyer
3aBHCETh OT KOHIEHTPAIlHH pPEarupyroulux BelecTB. Takoe BO3MOXXHO
JIUIIB B TOM CITydae, Kor/ia o0l MOpsIOK PeakI|uy paBeH HYJO.

Peaxkiiy, npoTtekaromye ¢ NOCTOSHHOW CKOPOCTBIO, HE 3aBHCAIIEH OT
KOHIIEHTPAIIHH, SIBISIFOTCS PEAKIHUSIMH HYJIEBOTO ITOPS/IKA:
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OCHOBBI KHHETHKH

V=k-C’=k

ITII. Temnepatypa. C yBeqUUeHHEM TEMIEPATYyphl YBETHUHBAETCA
KUHETHYECKasd 3HEPrHs MONEKYJ, a CIeJOBaTelbHO, M CKOPOCTH HX
JBIDKEHHSI. YBEIHYEHHE CKOPOCTH MPHBOJAHT K YBEIWUYEHHIO 4YHCIA
CTOJIKHOBEHHI MONEKYI U, KaK CIEACTBHE 3TOr0, K YBEINUYEHHIO CKOPOCTH
peaknuy. DKCHepUMEHTAIBHO OBUTO YCTAaHOBIEHO, YTO NPH YBEIHYCHHH
TEMIIEPATYPEI Ha KaXble 10° CKOPOCTE XUMHUUECKOM PEAKIINN BO3PACTAET
B JIBa-UETHIPE pasa:

L4
V2 = I/l . 'Y 10 ,
rae ¥V, — CKopoCTh peaknuu npu temnepatype 7y, V, — CkopocTh mpH

temneparype 7, Koaddummerr 7Y HaspBaeTCd TeMIEpPaTyPHBIM
K03 PUIHMEeHTOM CKOPOCTH PEAKINH, H €ro 3HAYEHHE /TSl OONBIIHHCTBA
HEOPraHHYECKUX BEIIeCTB BapbHpyeT OT JBYX JO 4YeThlpex. Jra
3aKOHOMEPHOCTH HOCUT Ha3BaHHe npasuiia Bant-I'odda.

ITpu yBeaHMYEeHUHN TEMIEpaTyphbl CKOPOCTh PEAKIHH YBEITUIHUBAETCS, U
OpH  3TOM KOHIEHTPAIllMH PpEAarHpyoNX BEIIeCTB HE MEHSIOTCS.
CrnenoBarerbHO, KOHCTAHTA CKOPOCTH OYA€T M3MEHSTHCS ¢ M3MEHEHHEM
TEMIIEPATYPHl. DKCIEPUMEHTATBHOE H3YyUYeHHE 3aBUCHMOCTH CKOPOCTH
peakmuH OT TEMOEpaTypsl MO3BOJHIO AppeHHYCY MpPeUIOKHUTH
ypaBHEHHE, HA3BAHHOE €70 HMEHEM:

mk=—24 B
T

W3 3TOr0 ypaBHEHHS CIEJYeT, YTO KOHCTaHTAa CKOPOCTH PEaKIHH
3KCMOHEHIHANBHO PACTeT C YBEIHYECHHEM TEMIEpaTyphl. AppeHHyC
HPEANOIOXWT, 4YTO KOHCTaHTa A, Qurypupyromas B 3MOHPHYECKOM
ypaBHeHHH [66], paBHA OTHOIIEHHIO DJHEPrHM  aKTHBAIMH K
VHHBEPCATFHOM Tra30oBOM IIOCTOSHHOH, a KOHCTaHTa B, ee daine
oGo3HauatoT uepe3 Inkp, yuuTeIBaeT uHcno 3((GEeKTHBHBIX (TO €cCTh
HNPUBO/SIIINX K XUMHYECKOH peaKInH) CTOJKHOBeHHH. C y4ueToM 3Toro
ypaBHeHHe [66] MOXHO NPHUBECTH K BUAY:

E(l
k :ko -e RT

Ecnim  moctpouth  rpadMK  3aBHCHMOCTH — 3KCIEPHUMEHTAIBHO
Hal/IeHHBIX BeMWYWH Ink oT OOpaTHOW TeMmepaTyphbl, TO MOJYyYHM
npsamMyto JHHUO (puc. 4). OTpe30K, KOTOPHIH OTCEKAaeT 3Ta mpsMas Ha OCH
opaunar npu 1 /T — 0, pareH In ko, a TaHT€HC yri1a () HAKJIOHA PSIMOH

E
t —__4a
&9 R
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§ 2.2. dakTOpHI, BIHAIONINE HA CKOPOCTh XHMHUECKOH PeakIuH

U3 BemnuuHBI TaHreHca yria HakJOoHa HpHMOﬁ MOXHO OHNpEeacinThb
JQHEPruro aKTUBAIINA.

Ink A

lnk()

0 /7

Puc. 4. 3asucumocme 102apugma KOHCMAHMbBL CKOPOCHIU XUMUNECKOU PeaKyul
om 00pamuol memMnepamypul.

HaiiTi 3Hepru© akTUBAIUMM MOXHO, U3MEPHUB CKOPOCTH PEAKIITUH MPH
JIBYX Ppa3HBIX Temmeparypax. OTHOLIEHHE CKOPOCTeM peakiuid paBHO
OTHOIIIEHUIO KOHCTAHT CKOPOCTEH WIH Pa3HOCTH HX JOrapu(MOB, UYTO
MO3BOJIAET UCKIFOUUTE In ky:

Ink, —Ink, :M
RE [69]
g RET |k
AT k

Be3ycnoBHO, CKOpOCTh XHMHYECKOH PEAaKIWH 3aBHCHT OT YHCIA
CTOIKHOBEHHH MOJNeKyad pearupyiommx Bemects. Ho He Bcakoe
CTONKHOBEHHE TMPHBOJAUT K NPOTEKaHWIO peaknun. (OOpa3oBaHHe
MIPOJYKTOB PEAKIUH MPOHUCXOJUT JIUIIL IPH CTOJKHOBEHHH «aKTHBHBIX»
MOJIEKYIN, T.€. MOJEKYJN, OONaJarolIUX 3HEprueil BHIIE ONpPEAEIeHHOrO
sHepreTHuYecKoro 6apeepa. Ipu 1000i 3a1aHHON TeMIlepaType MOJIEKYJIBI
o0mafaloT  pa3IUuHBIME  3HeprusMu. CyllecTByeT paclpefeleHue
MOJIEKYIL MO 3HEPrUsM. 3aBHCHMOCTH YHCIA MOJEKYJI OT CaMOH 3HEpruH
MpHBEJICHA HA PHUC. 5.
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dNgy

T

>

0 E, E
Puc. 5. Kpusan pacnpedenenus Monekyn o KUHEMULECKUM IHEPLUIM.

Ha puc.5 npuseneHsl JBe KpHUBBIE pacOpeielicHHS MOJEKYI MO
SHEPrUsM IIpH pa3HBIX Temmeparypax, npuueM 7,> 7). U3 pucyHKa BUJHO,
YTO CpeAHAd KHHETHUYECKAs HEPrHd YBEIHUHMBAETCS, 4 YHCIO MOIEKYI,
obmanaromux cpeHeH KHHETHYECKOH »JHEprued, yMmeHbIIaeTcs. ITo
OPOUCXOAUT U3-3a TOTO, YTO MIOMAIL MOJ KPHBOH, COOTBETCTRYIOIIAd
o0LeMy YHCITy MOJEKYI, He MEHseTcs, TAK KaK YHCIO MOJNEKYJ OCTaeTcs
HOCTOSIHHBIM. IIycTh E, — 3HEeprus, COOTBETCTBYIOIIAd SHEPreTHUECKOMY
Gaprepy Hauana peakuud. Torna miomanae, 3alTPHXOBAHHAS IO KPHBOH,
OyZeT OoNpeAeNaTh YHCIO MOJEKY, CIOCOOHBIX BCTYIHTE B PEAKIUIO, T.€.
«aKTHBHBIX» MOJIEKYJI. OHEprusa, COOTBETCTByIOmAd FE, Ha3bIBaeTcd
Heprueil aktuBamuu. C yBEIHUYEHHEM TEMOEPATYypPHl YBEIHUHUBAETCA
IUIOMIA/b, COOTBETCTBYIOHIAs KONHYECTBY MOJEKYN, OO0JaJaroIiux
JHepruerd OOJBIIE 3HEPIHH AKTHBAMH PEAKIHH, YTO H OIpEIeNnseT
YBEIMYEHHE CKOPOCTH peaknud. JlaHHOEe yTBEpKAEHHE CNPAaBEINBO s
HIPeNON0XKEHUs, UYTO SJHEPTUs aKTUBAIMH HE 3aBHCHUT OT TeMIepaTypsl. B
olmeM cilyuae 3TO He TaK, HO 3TO JIONyIIEHHE KOPPEKTHO JUIs
OrpaHHUYEHHUs] HHTEPBAIa TEMIIEPATYD.

®U3NUeCKA CMBICI 3HEPrUH aKTHBAlMH JIETKO MOHATH U3 pHC. O,
€CIIH IO OCH OPJHMHAT OTJIOXKUTH U3MEHEHHE SHTANBINY, a 110 0CH a0CIHCC
— HalpaBJIeHHE X0/a PEAKIHH.
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§ 2.2. dakTOpHI, BIHAIONINE HA CKOPOCTh XHMHUECKOH PeakIuH

AH?Y 0
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0
Z mApHr; \|/
HCX.B—Ba \/ Ang
0
Z"jAfH T.j
OpoA. P-UMH /|\

>
0 HanpapieHue npoTeKaHHs peaKi iy,

Puc. 6. Quzuneckuti cmoict NOHAMUSA FHEPSUY AKMUCAYUU.

B 3TOM citydae pasHOCTE MeXy CYMMOH 3HEPIHH HCXO/HBIX BEIIECTB
W MaKCHMyMOM KpHBOH 1 /1acT BeIWUHMHY SHEPrHH aKTHBAIUH MPSIMOU
PeaKIuy, a pa3sHOCTh MEXJTy CYMMOH 3HEPruii MpoJyKTOB PEAKIIUH U 3TUM
e MAKCHMYMOM — 3HEPIHIO aKTHBAIIMH 00paTHOH peakiyu. Beuny Toro,
YTO CyYMMa D3HEPrHH HCXOJHBIX BEIIECTB OOJIbIIE CYMMBI 3HEPrHH
IPOJYKTOB pEaKIuH, TpadUK, NPHUBEJACHHBI Ha pHC.6, OTHOCHUTCI K
SK30TEpPMUUECKON peaknuu. W3 Hero cieayer, 4Tto Adsd HOpIMOH
3K30TEPMHUYECKON PEaKIMU PHEPrHs aKTHBAIIUH BCETJd MEHbBIIE SHEPrUH
aKTHBAIMHM oOpaTHOH. [l SHIOTEPMHYECKOH pPEaKIHH XapaKTEpHO
00paTHOE UX COOTHOILIEHHUE.

IV. Karamu3aTtop. Karamms npejacraBiser co0oli pacnpocTpaHeHHOE
SIBJIGHHE, KOTOPOE€ COCTOHUT B TOM, YTO BBEJEHHE B CHCTEMY MAJBIX
KOJIMYECTB MOCTOPOHHUX BEHIECTB, MOTYUYHBIIHX HA3BAHHE KATAIN3aTOPEI,
CYIIECTBEHHBIM 0O0pa3oM H3MEHSET CKOPOCTh XHMHYECKOH peakIluu.
KatanusaTtopamMu Ha3BIBAIOT BEIIECTBA, KOTOPHIE HU3MEHSIOT CKOPOCTH
XUMHUYECKOH peakiiu, HO HE BXOJAT B CTEXHOMETPUUECKOE YpaBHEHHE
PeaKIyu.

KaranuzaTopbl MOryT Kak YBEIHWYHBATH CKOPOCTH pPEaKIUH, TaK H
YMEHBIIATE €. B COOTBETCTBUM € 3THM Pa3IHYAIOT HOJOXKUTENBHBIN U
OTpUIIATENBHBIN  KaTamu3. Kak nOpaBuio, TEpMHH — «KATATU3aTOP»
OPUMEHSIOT K TEM BEIIeCTBAM, KOTOPHIE VBEIUYHBAIOT CKOPOCTH
XUMHUYecKol peaknuy. BemecTtBa, KOTOpBlE YMEHBIIAIOT CKOPOCTH
peakinu, Ha3bIBAIOT HHTHOMTOPAMU.

KaranuzaTopsl OpUHHUMAIOT CaMO€ HENOCPEACTBEHHOE YyuacTHe B
mporecce, HO MO OKOHYAHHWH €r0 MOTYT OBITh BBIJENCHBI U3 PEAKITHOHHOU
CMECH B HCXOJHOM KOIH4ecTBe. JINd KaTanu3aTopoB XapaKTepHa
CENICKTUBHOCTh, T.€. CIOCOOHOCTH BJHSTH HA MPOXOXKJCHHUE PEAKIUH B
onpe/IeNEHHOM HaIpaBjieHud. M3 OJHUX U TeX K€ HCXOJHBIX BEUIECTB
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OCHOBBI KHHETHKH

MOTYT OBITH TONYYEHHl pAa3MUYHBIE NPOAYKTHI B 3aBUCHMOCTH OT
HCIOJIB3yEMOr0 KaTaIu3aropa.

Hanpumep, okcua yraepoaa (II) u BogOpoa B 3aBHCHMOCTH OT
NpPUMEHSIEMOr0 KaTalu3aTopa, TEMIEpaTyphl Peaklid H COOTHOUICHHS
PeareHToB MOTYT AABATh PAa3lHYHEIE NPOAYKTHl PEAKIUN: METAHON, CMECh
Pa3IHYHBIX CIUPTOB (CHHTOJT), METaH, CMECH YTIIEBOJOPOJIOB:

ZnO; ZnCryO4 CH-OH
3

CH,;CH,CH,0H + CH3(|3HCH3 +
OH

CO +2H,
Co; Rh

BzaumMojelicTBe amMMHaka ¢ KHCIOpOJAOM 0e3  KaTamu3aropa
TPOTEKAET CASAYIONIMM 00pa3om:

4 NH; +30,=2N, + 6 H,O,

a B IPUCYTCTBUH KaTanuszaropa (Pt) — B COOTBETCTBHH ¢ ypaBHEHHEM:

4NH; + 5 0,=4NO + 6 H,0.

Ocoboe Mecro 3aHMMAarOT OHWOKAaTamu3aTopel — (epMeHTHI,
npeacTapisiiome coboi Gemky. PepMeHTH OKA3BIBAIOT BIHSHHE HA
CKOPOCTH CTPOTO ONPE/IENEHHBIX PEaKINi, T. €. 00Ja/Iaf0T OYeHb BBICOKOH
CENIEKTUBHOCTHI0. (DEPMEHTH YCKOPSIIOT pEaKIuH B MHUTHAPAB U
TPAIIHOHBI pa3 NOpH KOMHATHOH Temmneparype. IIpu NOBBIIIEHHOH
TEMIIEpaType OHH TEPSIIOT CBOIO AKTHBHOCTH, TaK KaK [MPOHCXOJNT
JIEHATYpaIys OENKOB.

Paznpuator saBa THNA KaTaiu3a: TOMOTEHHBIH Karaihs, KOraa
pearupyrolne BeIecTBa HAXOITCI B OJHOU (Dasze, U reTeporeHHbId —
PEaKIUH MPOUCXOAAT Ha MOBEPXHOCTH KATAM3aTOpa, T.€. KaTalu3arop
HCXOJIHFIE BEIIECTBA HAXO/ITCS B PasHBIX (Dazax.

Karanusarop He BIHseT Ha COCTOSIHHE PABHOBECHS B CHCTEME, a JIUIIH
H3MEHSIET CKOPOCTh, ¢ KOTOPOH JIOCTHUTAeTCA 3TO COCTOSHHE. DTO CIEAYET
W3  TOr0, YTO PABHOBECHIO OTBEYAET MHHHMYM  H300apHO-
HN30TEPMHUYECKOTO MOTeHIHWana (sHeprum [mdOca), W KOHCTAaHTA
paBHOBECHs HMeeT OAWHAKOBOE 3HAYEHHE, KaK B [PHUCYTCTBHH
KaTaJIM3aTopa, Tak U 0e3 Hero.

Heticmeue 2omoeenno2o kamanuzamopa 3aKIIOYAeTCsl B TOM, YTO OH
pearmpyer ¢ OJHHM H3 HCXOJHBIX BEIIECTB C OOpa3oBaHHEM
MPOMEKYTOUHOTO COEMHEHHUS, KOTOpOe, B CBOIO OuYepeab, BCTYNAaeT B
XMMHYECKHE PEAKIIHH C JAPYTUM HUCXOJHBIM BELIECTBOM, /aBasl KelaeMbIi
IPOJYKT PEAKIMH H «OCBOOOXJas» KarainuzaTop. Takum oOpasom, mpu
TOMOT€HHOM KaTaldH3e MpOIecC MPOTeKaeT B HECKONBKO CTAJaui, HO ¢
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§ 2.2. dakTOpHI, BIHAIONINE HA CKOPOCTh XHMHUECKOH PeakIuH

MEHBIIUMH 3HAYCHUSMH HEPrUH AKTHBAIMH IS KAXJIOH CTaJuH, 4eM
JUTS TIPSIMOTO HEKATATHTHYECKOTO MPOTIECCa.

ITycTe BemecTBO A pearupyer ¢ BEMIECTBOM B, o0pasys coenuHeHne
AB:

A+B=AB

Peakuus npoTekaeT ¢ HE3HAYHTENHFHOH CKOpocThio. T1pu J00aBieHHH
KaTanu3atopa K MpoTekaroT ciieiyrolye peaknyu:

A+K=AK
AK+B=AB+K

CaoxuB 3TH JIBa YpaBHECHUs, NIOTYUUM:

A+B=AB

KoHneHTpanus kaTaqu3aTopa Malda H HE MEHAeTCs A0 OKOHYAHUS
mporecca.

BansHNe KaTanM3aTOpa HA CKOPOCTH PEAKIHH XOPOIIO HILTOCTPHPYET
kpuBas 2 Ha puc.6. OHa HMeeT ABa MaKCHMyMa, HMEPBBIM M3 KOTOPBIX
COOTBETCTBYET SHEPruu AKTHUBAIUH peakuu oGpazoBaHus
MPOMEKYTOUHOTO COEANHEHHS, 4 BTOPO — PHEPIrUH aKTUBAIUH PEAKIHH
OPOMEXYTOUHOTO COEAMHEHHd C JAPYIHM HCXOJHBIM BEIIECTBOM C
o0pa3zoBaHHEM HYXXHOTO MPOAYKTAa PEAKIHH M Karamusartopa. [Ipumepom
PeaKIyy, NpOTEKAOMIel ¢ yUacTHeM TOMOT€HHOTO KaTaau3aTopa, MOXKET
CITy>KUTH peakIus oKucieHns okcua ceprl (IV) no okcnaa cepsr (VI):

SO, +0,50,=S0;
¢ KatamuzaTopoM NO;:
SO, +NO,=S0;+NO
NO+0,50,=NO,
OTH peakIuy JeKaT B OCHOBE HUTPO3HOT'O METO1a TOTYUCHHUS CEPHOL

KHUCJIOTHI.

s obvacHenus Mmexanusma oeticmeus 2eMePOeHHO20
KAMAau3amopa PacCMOTPUM  CBONCTBA 4aTOMOB WM MOJEKYN Ha
MOBEPXHOCTH JIOOOr0 KPHUCTAJUTHUECKOTO BellecTBa. Ha moBepxHOCTH
(ha3el CBOWCTBA ATOMOB OTIHYAIOTCA OT CBOKMCTB aTOMOB, HAXOMAIIUXCS
BHYTPH KPUCTALTAYECKOH peméTkn. KpHCTALT KaXJI0ro BeIecTBa
obmafaer npucyiieii eMy TpexXMepHOH MEPUOUYHOCTHIO PACTIONOXKEHHS
MOJIEKYJ, aTOMOB HJIH HOHOB. JIjisi MPOCTOTHI H3MOXKEHHS PACCMOTPHUM
JIBYXMEPHYIO PelIeTKY, H300paXXeHHYIO Ha puc. 7.

W3 pucyHka BHIHO, YTO CHJIBI, KOTOPbIe JEHCTBYIOT HA aroM «A»,
HAXOJIAMINKCA BHYTPHU (ha3bl, €O CTOPOHBI JIPYTHX ATOMOB, MONHOCTBEO
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OCHOBBI KHHETHKH

CKOMIIeHCHpoBaHBl. Jlpyras kapTuHa HaONIOJAaeTCsd, €CIH  aToM
pacmonio’keH Ha TMOBEPXHOCTH Kpuctamia (aroM «B»). B atom ciyuae
CHUIBI, JIEHCTBYIONHE HA aTOM, HE CKOMIEHCHPOBAHEL. B skuakoctax 3ro
NPUBOJMT K HOSBIEHUIO MMOBEPXHOCTHOI'O HATshKeHHs. B TBepnpIx Temax
IOBEPXHOCTHBIE ATOMBI CTpeMsTCs KOMIIEHCHPOBATH CBOIO
HEHACBIIIEHHOCTh ~ B3aUMOJIEHCTBHEM C MOJEKYJaMH Ta3oB (WM
KHUJKOCTEH), OKPYXAIOMUX KpHCTALT. Monekyssl raza (MM SKHAKOCTH)
aJicopOUpyrOTCS HAa TOBEPXHOCTH KPUCTANIA, 4YTO MPHUBOJUT K
HepepacrpeeeHHI0  3IeKTPOHHOH IUTOTHOCTH B aJCOpOHPOBAHHBIX
MOJIEKYJIaX U OCNAOJEHHUI0 XHMHYECKOH CBS3H B HHX BIUTOTH /IO MOJHOH
JIICCOIMAIINN  MOJEKYJNBl Ha aTOMEL. OTO 3HAYHTENBHO Oo0yerdaer
B3aUMOJIEHCTBHE aJICOPOMPOBAHHBIX MOJIEKYJ (ATOMOB) PpE€arHpyIOIIHNX
BEIIECTB MEXy coboii. EcrecTBeHHO, YTO UueM GOJbIIe TOBEPXHOCTD, TEM
3¢ (heKTHBHEE KaTAIH3aTOP.

Puc. 7. Mexanusm deticmeus 2emepo2eHH020 KAMmanu3amopd.

B kauecTBe KaTanu3aTOPOB LIUPOKO HUCHOMB3YIOTCS METAJIBL, TAKHE
KaK HHUKeJTb, INIATHHA, TAJLIaTHH, MeJTb U JIp. DTH METAJUTHEl UCIONB3YIOT B
PEAKIMAX THAPUPOBAHHUS U JICTHAPUPOBAHHUS, ITATHHY NPUMEHSIOT TAKXKE
B PEAKIUIX KATAIUTHUYECKOTO OKHCIECHHS, HAMPUMEp, MPH OKUCICHHU
amMMuaka Jo okcujga asora (II). OueHb XOPOIIMMH KaTalu3aTOpamMH
SIBJITEOTCSL  KPUCTAUTHYECKHE ATIOMOCHIIHKATEI — TeomuThl, Al,Os,
Alx(SOy);. OTH BemecTBa 00pasyOT KPUCTAIUIOTHAPATHEIE COSJHHEHHUS C
BOAOH, MHO3TOMY HX HCHOONB3YOT KAaK KAaTadu3aTopbl B PEAKIUAX
THJIPATAIUN U JACTHPATAINY.

YacTo B KauecTBe (PAKTOPOB, BAUSIONINX HA CKOPOCTH FETEPOTE€HHBIX
XUMHYECKUX  peakinuii, YKa3bIBAIOTCI MOBEPXHOCTh PEArHPYIOIINX
BEIIECTB U JaBlICHHE.

B reTeporeHHBIX peakiuax B3auMOJICHCTBHE BEIECTB MPOUCXOAUT HA
MOBEPXHOCTH paszjiesia (a3, U yeM OONbllie MIOAb 3TOi MOBEPXHOCTH,

46



§ 2.3. DKcnepHMeHTATbHBIE METO/IBI ONPE/IeTIeHHs. KOHCTAHT CKOPOCTH
XUMHUYECKOH peakiuu.

TeM BBIIIE CKOPOCTH PEAKIHH. DTO MONOKEHHE XOPOIIO HILTFOCTPHPYET
peakius B3auMOAEHCTBHS TBEP/BIX CYIb(hAaTa MEAU U HOU/IA KaJHs:

2 CuSO, +4KI=2Cull + 1L, + 2 K,SO,

O mpoTeKaHWH ATOH PEAKIHH MOXHO CYAWTH MO TOSBICHUIO
KOPUYHEBOH OKpackd, OOYCIOBNCHHOH oOpasoBaHHeM wHoja. Eciu
CMelaTh 3TH BEIIECTBA B CTYMKe 0Oe3 pacTHpaHus, MOSBIAETCS ciadas
KOPUYHEBAs OKpacka. 1o Mepe pacTHpaHHsS CMECH OKpacKa CTAHOBHUTCS
Oonee HHTEHCHBHOMH, [Ipu 10OABIEHNH K CMECH HECKOJIBKHX KANe b BOJIEI
cMech MTHOBeHHO Oypeer. HalOmonaemple sBICHHSA JIETKO OOBSICHUTH:
pacTupaHue YBEIUIHBACT MOBEPXHOCTH COTIPUKOCHOBEHHS,
CIIEJIOBATENIEHO, CKOPOCTH peaknuu Bospacraer. IIpu mo0aBIeHHUH BOJEI
KOMIIOHEHTEI CMECH UYAaCTHYHO PACTBOPSIOTCS, UTO MNPHBOJAUT K
MPAKTUISCKA MTHOBEHHOMY MPOTEKAHUIO peakiuu. OTCIo/1a BUAHO, UTO B
TeTePOr€HHBIX PEAKIUAX YBEIHUCHHE MOBEPXHOCTH CONPUKOCHOBEHUS
COOTBETCTBYET YBEIHUCHHIO KOHIICHTPAIIHH PEarupyrOIHX BEIIeCTB.

Ha ckopocThk peakmuii ¢ ydyacTHeM Ta3000pa3HBIX BEIIECTB BIIHACT
HW3MCHEHHE JABJICHHUS, YMEHBIICHHE UITH YBETHUCHHUE JABJICHUS TPUBOIUT
K COOTBETCTBYIOIIUM H3MEHEHHAM O0BbEeMa, a MOCKOJNBKY KOJHYECTBA
BEIIECTB MPH 3TOM HE H3MEHSIOTCS, OYAYT HU3MEHSITHCA KOHIEHTPAIHU
PEarupyrOINX BEIIECTB.

Takum 00pa3oM, BBIACHSTH HOBEPXHOCTH PEATHPYIOMINX BEIIECTB U
JABICHHE B OTMAENBHEBIC (DAKTOPBI, BIUSIOMIAE HA CKOPOCTH XHMHYECKHUX
peaKkuy, BpsSA JH [edecoo0pasHOo, TaK Kak WX H3MEHEHHE B
COOTBETCTBYIOIIUX PEAKIUIX PABHOCHIBHO W3MECHEHHIO KOHIIEHTpAIUH B
TOMOTEHHOH PEeaKIuu.

§ 2.3. DkcepuMeHTAJIbHbIE METOAbI ONpeae/ieHUs KOHCTAHT
CKOPOCTH XUMHYECKOH peaKium.

Peaknmm mepBoro mopsaka. ITpuMepoMm TakoH peakii sABISETCA
PaAHOAKTHBHEIA pacmaj aTtomoB. o peaknuil mOepBoro mnopsaaxa
KHHETHYECKOE YPABHEHHE HMEET CIEeYIONUINMN BHA:

r=—9_c
dt

Pome  KOHIlEHTpamMu 0OpH  PajHOAKTHBHOM  pacmaje Hrpaer
KOIHYECTBO PAJHOAKTHBHBIX aroMoB N. 3ameHHR B ypaBHeHHH [70]
KOHIIEHTPAIUI0 HA KOJIHYECTBO ATOMOB M MEpeHecs WIEHBl YPaBHEHHS,
BKIIOUarolHe N, BICBO, BpPeMs — BIPaBO (3Ta OIepanus Has3bIBAaETCA
pas/ielleHHeM MEPEMEHHBIX ), OXYIHM:

d_N:_k.dt
N
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OCHOBBI KHHETHKH

Haterpupysa ypasHeHue [71] mo BpemeHu oT (0 10 ¢ M IO YHCIY
aToMoB OT Ny 10 N,, noxyuum:
N, ¢
[ = Fota
N
No 0

InN,—InNy=—k - ¢

/R [72]
N

0
HOTGHHI/IpyH 9TO YpaBHEHHE, TMOJYUUM 34dKOH PAJUOAKTUBHOTO
pacnana:

N,=N,-e " [73]

B ypaBHeHMH paJHOaKTHBHOIO pacnaja NPHHATO KOHCTAHTY k
06o3Hauate OykBodl A. BaXHON XapaKTEPUCTUKOW PpaJHOAKTHBHOLO
H30TONA ABISETCA BEJIMYHMHA, Ha3plBaeMas mepuoa moaypacmaga T ;.
Ilepuonom momypacnaja Ha3BIBAaeTCA MPOMEXYTOK BPEMEHH, 3a KOTOPBIH
pacmagaercs MOJOBHHA aTOMOB. IlycTe HCXOMHOE KONHYECTBO ATOMOB
paBHO Ny, TOra uepe3 NpOMEXYTOK BpeMeHH T 2, N, =%N0. Tloacrasup

STH JJaHHEIE B ypaBHEHHE [72], mOIyunMm:

LN,
111@=—7VT1 > n2=A-T), = A= 02 o a= 563 [74]
N, Y h T, Ty

VYpaBHeHue [72], 3amHcaHHOE uepe3 PasHOCTH  JOTapH(MOB,
Ipe/ICTaBIsIET YpaBHEHHE NpsAMOH B KoopauHatax In N — Bpems. B
o0ImeM cirydae Tl peakliy [IEPBOTO MOPsIIKa BEIIONHSAETCS aHATOTHYHAS
3aBUCHMOCTh In C—¢. TlocTpoHB cOOTBeTCTBYIONMH Trpaduk (pHC.8),
Hali/ileM 3HaYeHHe KOHCTAHTHI CKOPOCTH JUIS PEAKIHH MEPBOr0 HOPS/Ka,
KaK TAaHT€HC yIiia HAKIIOHA MPSIMOH.

Inc A

Incy

Y

0 t
Puc. 8. Onpeodenenue KOHCMAaHMbL CKOPOCMU PEAKYUU NEPEO20 NOPAOKA.
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§ 2.3. DKcnepHMeHTATbHBIE METO/IBI ONPE/IeTIeHHs. KOHCTAHT CKOPOCTH
XUMHUYECKOH peakiuu.

Ha puc. 10 npuBesneHa 3KCIIOHEHIHANBHAS 3aBHCHMOCTH W3MEHEHHS
KOHIIEHTPAIlMH PEeareHTa OT BPEMEHH. JTa 3aBHCHMOCTH OITHUCHIBAETCS
ypaBHeHHeM [73].

Peakuuu BTOpOre mopsinka. Peakums AuMepH3aldl OKCHAA a30Ta
av)

2 N02 = N204

ABIIACTCA peaI(HPIeﬁ BTOPOr0 mnopsaka. Kunetnueckoe YpaBHCHHUC 3TOH
PeaKiuy UMEET CIAEAYIOUINH BU:
dc
=k [75]
dt

ITpoBens pasneneHHe NEPEMEHHBIX M MPOHHTETPHUPOBAB 00€ YaCTH
ypaBHEHHs B T€X Ke Opefenax, uTo U ypaBHeHHe [71], moryunm

ol [76]
G &

Ecimu BReCTH cheayromye 0003HAYCHHS: Y = Ci s x=tA=k;B= CL N
t 0
TO ypaBHeHHUe [76] mpencrasaser coboli ypaBHeHHE npsiMoii y = A - x + B,

1
OTnoXuB MO OCH opanuHaT E, a mo ocu adcnuce BpeMs, U NIOCTPOHUB

SKCHEPUMEHTAIBHYIO MPAMYIO, aHAJIOTHUYHYIO MpsIMOH, NpHBEeACHHOH Ha
puc. 8, HalileM 3HAauY€HHE KOHCTAHTBI CKOPOCTH AN peaknuu Il-ro
HOpsJKa, KaK TAHTE€HC yria ee HakiaoHA. HaknoH mocTpoeHHOH mpsaMoid
OyneT NpOTHBOMOJOXEH HAKJIOHY NpsIMOH Ha pHc. 8, Tak Kak MpH
YMEHBIIEHHH KOHIIEHTpallud €O BpeMeHeM oOparHas eH Bean4YHHa
BO3pAcTaer.

1/cA

1/Cy

L
>

0 t
Puc. 9. Onpeodenenue xoncmanmet ckopocmu peaxyuu I1-20 nopsaoka

Paccmarpupate peaknmu IlI-ro nopsiaka He Oynem. Te, koro 3rto
3aUHTEPECYET, MOTYT MONYUYHTh COOTBETCTBYIOIIHE COOTHOIIEHHS,
HCTONB3Y4 NPUBEAECHHBIA BBIIIE MOIXO.
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N3 puc. 10, HA KOTOPOM MPHBEAEHB 3aBUCHUMOCTH H3MEHEHHS
KOHIIEHTPAITUH OT BPEMEHH NPOTEKAHHUSA PEAKIUA JUId  Pa3THYHBIX
MOPSI/IKOB, BHJTHO, YTO HauGOJIee PE3K0 KOHIIEHTPAI[HUS BEIECTBA MEHIETCS
CO BPEMEHEM B PEAKIIHH MEPBOro NOpsA/Ka, 6oiee MeIeHHo B peakimn 11-
ro MOPS/IKA U T.J. 37€Ch IPUHUMAETCS, YTO 3HAUEHHUA KOHCTAHT CKOPOCTH
JUT BCEX TOPSIKOB YHCIIEHHO PABHBIL

cl}

111

-
Coutl

0 t
Puc. 10. Hamenenue xonyenmpayuy peazenma @ peayusx
I-20 — 1lI-20 nopadkoe ¢ 3a6ucumocmuy om epemenu NPOMEKAHUS PeaKyul.

Pa3MepHOCTL KOHCTAaHTBI CKOPOCTH. B 3aBucumoctu ot nopsaaKa
PEAKIIUN MCHICTCA U PA3MEPHOCTHL KOHCTAHTLI CKOPOCTH. I[J'IH PeaKnun I-
ro mnopsajaka, OoJACTaBUB PASMCPHOCTL CKOPOCTH W KOHICHTpAlUU B

ypaBHeHHe [69], noryunm:
|:M0/lb:| — [k] X |:M0/lb:| ,
-t a

)=

OTCroJa

TTo anamoruu, Uconb3ys ypaBHeHHE [75], nMeeM:

Monb :[k]. Monb |,

>

JA-C

14 = [ﬁ}

MeTo0M MaTEMATHUYECKOH HHIYKIIHHA MOXHO BBIBECTH PAa3MEPHOCTH
k MTA peakiyu #-ro nopsajaka, Kotopas OyaeT paBHa:

OTKyJd TOJTy4YaeM:

[kn] = mons' ™" - 2" - ¢!
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§ 2.3. DKcnepHMeHTATbHBIE METO/IBI ONPE/IeTIeHHs. KOHCTAHT CKOPOCTH
XUMHUYECKOH peakiuu.

OTcro/Ia CleNyeT BBIBOJ, YTO €CIHM B 3aj1a¥e YKa3aHa Pa3sMEPHOCTD
KOHCTAHTBl CKOPOCTH, TO ABTOMATHYECKH 3a/laH MOPANOK PEaKiuu, U
HA000POT.

B 3akiroueHne cieyeT yKka3aTh, YTO pa3oOpaHHBIE 3aKOHOMEPHOCTH
COPABE/UTHBBI IS 3aKPBITHIX CHCTEM, B KOTOPBIX HEBO3MOXEH 0OMeH
BEIIECTBOM ¢ OKPYXAIOIIEH Cpefoll W Ppeaknud MNpOTEKAT Mpu
MOCTOSIHHOM 00BEME.
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