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IIpeauciaoBue

[lens HACTOSIIEH KHUTH COCTOMT B TOM, YTOOBI AaTh JOCTYITHOE
BBEJICHUE B COBPEMEHHYIO (PU3MYECKYIO XUMHUIO JJIsi CTYACHTOB, IO-
Jy4Yaromux o0pa30oBaHUE MO OCHOBHBIM XUMHUYECKUM JUCIUILUIMHAM
Ha OMOJIOTMYECKUX HWJIM IKOJOTUYECKUX CIEIUATBHOCTSIX M Halpas-
JICHUSIX TIOJITOTOBKA YHUBEPCUTETOB.

Bakueliiiee HarpapjiieHUE HUCCIEAOBAHUN (PU3NUECKOW XUMUU —
poILIeCChl B OMOJIOTMYECKUX CUCTEMAaxX. DTO 00JIacCTh CONPSKEHUS 1ie-
JOTO psAlia CMEXKHBIX NUCIUIUIUH. OMODU3UKH, OMOXUMHUHU, XUMHUYE-
CKOM KMHETHUKU U T. A. EAUHON YHUBEPCAIIBHOU CBA3KOW 3TUX HAYK U
SBJISIFOTCA METOJIbI Pu3nueckoil xumuu. [loroToBKa crenuanarucToB —
OMOJIOTOB M 3KOJIOTOB — MPEJIOIaraéT OCBOEHUE 3THUX METOJIOB H
YMEHUE MPUMEHATh UX ISl PEIICHUS MHOTOYHUCIICHHBIX 3a7a4 B pa3-
JUYHBIX cdepax HAyKU U TeXHUKH. [Ipu 3TOM NpUXOAUTCS KOHCTATH-
pOBaTh, YTO CTYAEHTAM JOBOJBHO CIIO)KHO OCBOUTH BECbMa HEIPO-
CTOM U 00bEMHBIN MaTepHall, YUTAEMbIH B TEYEHUE OJTHOTO CEMECTPA.

OnHa U3 OCHOBHBIX NMPHUYHH CJIOKUBIIEHCS CUTyallid COCTOMUT B
TOM, 4TO (U3MKO-MaTEeMaTHYecKasi MOJATrOTOBKAa OOYYaloIIMXCs Ha
OMOJIOTUYECKUX WM SKOJIOTUYECKUX CHEIUATBHOCTSAX U HAIPaBJICHU-
X TOArOTOBKH YHHBEPCUTETOB HE BCErJa JOCTATOYHA, BBUAY Orpa-
HUYECHHOCTH OTBOJAMMBIX HA 3TU KYPCHI 4acoB. B pe3ylibTaTte BO3HHU-
KaroT MpoOJEeMbl C OCBOCHHEM HACHIIMICHHBIX (DU3UKON M MaTeMaTu-
KOM CIleliMaibHbIX KypcoB (u3znueckor xumuu. K TakoMy BBIBOJY aB-
TOPOB MPUBEJI MHOTOJICTHAW OMNBIT YTECHUS JIEKIUN HA XUMUYECKUX U
OMOJIOTMYECKUX CHEIUATbHOCTAX YHUBEPCUTETOB IO TaKUM Kypcam,
KaKk «Duznueckas xumus», «OU3NKO-XUMHAYECKAE METOJIBl UCCIEN0-
BaHUA», «XMMUYECKasi KUHETUKA U KaTtanus», «CTpOeHUE MOJEKYID»,
«KBaHTOBast XUMUSI».

[IpuBeneHHbIE COOOPAKEHUS U ONMPEACIUIN CTPYKTYpYy HacTOs-
miero ydeOHoro mocobus. Mbl moctapaiuch H30€XKaTh W3JIMIIHEH
«MaTeMaTH3aluu» Kypca, TMpu 3TOM JaTh MpeAcTaBieHUE 00 OCHOB-
HBIX paznaenax (U3NYECKOr XUMHUH.

ABTOpBI HE CTaBWJIM ce€0€ IEIbI0 HamucaTh BCEOOBEMITIOINIEE
ydeOHOe mocoOue MO paccMaTpuBaeMbIM IpodjieMaMm: g 3TOTO
UMEIOTCSI COOTBETCTBYIOLIME YUYEOHUKH 1O (PU3NUECKON XUMUH, TEO-
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pUU CTPOCHHUSI U KBAHTOBOM XUMHUHU, XMMHUYECKON KUHETHUKE U T. II.
Ham kypc HOCUT BBOJHBIA XapakTep U, TyMaeM, MOCIYX UT CTyJCH-
TaM HEKUM OPUEHTHPOM B MOpe (PU3NKO-XUMHYECKON HHGOPMAIUU.
MMeHHO TTO3TOMY B JAHHOM IMOCOOUHM PsJ pa3AcioB GU3NUECKON XH-
MUHU JAETCs B KPaTKOM u3JliokeHuu. Hemocraromnme cBeieHus CTyeH-
ThI BCETJIa MOTYT HalTU B yuyeOHUKaX U MoHOTpadusax. st sToro mo-
coOue CHaOXKEeHO CMUCKOM PEKOMEHAYEMOU JIUTepaTyphl U aipecaMu
COOTBETCTBYIOIMINX WED-CAalTOB M 3JICKTPOHHBIX OMOMMOTEK. Kpome
3TOT0, B KOHIIE KaKJIOM TJIaBbl MPUBEJEHBI 3a/1aud ¢ MPUMEPAMH TH-
MOBBIX PEUICHU U TECTOBBIE 3aIaHUS JJISI CAMOIIPOBEPKH.

Haneemcs, 4to maHHoe mocoOue He TOJbKO OyAET MOJE3HO CTY-
JIEHTaM, HO ¥ BBI30BET UHTEPEC Y aCIIMPAHTOB, HAYYHBIX PAOOTHUKOB,
CHEUUATU3UPYIOMMNXCS B 00JACTAX (PU3MUECKON XUMHUH, a TAKXKE Y
IIKOJIBHBIX MperoaBaTesie XUMUU U OMOJIOTHH.
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1.T'a3bl

1.1. O6wue noHsIMUs 06 a2pe2amHbuiX
COCMOSsIHUSIX eeujecmeda

ArperaTHoe COCTOSIHHE — COCTOSIHHE BEIIECTBA, XAPAKTEPU-
3YIOIIIEECs ONpeeIEHHBIMI KaueCTBEHHBIMU CBOMCTBAMU: CITIOCOOHO-
CThIO WJIM HECHIOCOOHOCTBIO COXPaHATh 00BEM W (HOpMY, HATUUYHUEM
WM OTCYTCTBUEM JAJBLHETO U OJMAKHEro mopsiaka u apyrumu. M3me-
HEHUE arperaTHOr0 COCTOSHHS COIMPOBOXKAACTCS CKAYKOOOpPa3HBIM
U3MEHEHUEM CBOOOJHOM IHEPruu, PHTPONUH, TJIOTHOCTH U JPYTHX
OCHOBHBIX (DU3UUYECKUX CBOMCTB. ATPEraTHOE COCTOSIHUE — PE3yJIbTar
¢dazoBoro nepexoa.

B coBpemeHHON (u3UKE BBIJCIAIOT CICAYIOIIUE arperaTHbIe CO-
CTOSIHUA TBEPJIOE TENO, )KUIAKOCTh, ra3, IIa3Ma.

I'a3pi. BONBPIIMHCTBO Ta30B — KOBAJCHTHBIE COCAUHCHUS WIN
npocTble BellecTBa. Hanbonee XxapakTepHbIM CBOMCTBOM Tra30B SIBJISI-
€TCSA UX COKMMAEMOCTh M CLIOCOOHOCTh pacIIUpsThCs. ['a3bl HE UMEIOT
COOCTBEHHOUN (POPMBI U1 COOCTBEHHOTO 00BhEMa, OHU PACIIUPSIIOTCS J0
T€X TOP, MOKA HE 3aIOJHIT PABHOMEPHO BECh COCY, KyJa UX MOMeEC-
TuiU. ['a3bl CIOCOOHBI CMENIMBATHCS JIPYT C APYrOM B JIHOOBIX OTHO-
meHusAx. ['a3pl — OeCopsI0YHO JIBMXKYIIMECS B MPOCTPAHCTBE U Clia-
00 B3aMMOJCHCTBYIOIIUE MOJICKYJIBI.

Kuokocmu. B KuaKOM COCTOSIHUM MOTYT HAXOQUTHCS METaJINYe-
CKHE, WOHHBIC W KOBAJICHTHBIC COeIMHCHHS (pUMEp: PTyTh, pa30as-
JICHHAs COJIsTHas KucjoTa, O0eH30:1). [1og00HO ra3aM >KMIKOCTH HE UMe-
10T ornpeaencHHon ¢dopmbl. CKUMAEMOCTh JKHIAKOCTEH OYeHb Malia.
Kunkoe cocTosiHME XapaKTepHu3yeTcsl OONBIION PHEprued B3auMo/Iei-
CTBUSI MOJIEKYJI M 3HAUYUTEIHLHO MEHBIIIMM CBOOOIHBIM MPOOETOM.

Teepovie eeuiecmea. B TBepJIoOM COCTOSIHUH, KaK U B JKHUJIKOM,
MOTYT HAaXOJWUTHCS METANINYECKHE, MOHHBIC WM KOBAJIEHTHBIE CO-
equHeHusi. OHU 00pa3oBaHbl YaCTUIIAMM, KOTOPBIMU COBEPIIAIOT KO-
nebaTeNbHbIC ABMYKEHUSI OKOJIO TIOJIOKEHUN paBHOBECHUS B y3j1aX KpH-
CTAUIMYECKOW PEIIETKU. TBEpbIE TEIA OTIUYAIOTCS OT KUJIKOCTEH U
ra3oB HaJIM4YUEM COOCTBEHHOU (POPMBI U OTIPEICIICHHOTO 00BhEMA.
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ITnazma — TOJHOCTHIO WJIM YaCTUYHO HWOHU3UPOBAHHBIN Ta3.
[1ma3mMa COCTOUT U3 MOJIOKUTEIBHBIX HOHOB M HECBSI3aHHBIX JICKTPO-
HOB. OHa CyIIECTBYET, HAPUMEDP, B BEPXHHUX CIOSX aTMochephl 3eM-
au. Ceoeime 99% BemecTBa Bo Bceil BceeHHON CyIIeCTBYET B BHJIEC
IJIA3MBEL.

[ToHsITHE arperaTHOTO COCTOSIHHUS JOCTATOYHO YCJIOBHO: CYIIECT-
BYIOT aMOp(HBIE Tella, COXPAHSIONINE CTPYKTYPY KUAKOCTH M 00a-
JaoIIue HEOONBIION TEKy4eCThIO; BBICOKOAIACTUYHBIC COCTOSHUS
HEKOTOPBIX IOJMMEPOB, IPEIACTABISAIONINE HEUTO CPEAHEE MEXKTY
CTEKJIO00pa3HBIM U KHIAKUM COCTOSHHUEM, KHJIKHAE KPUCTAJIIBI U JIPY-
rue. Takke CyIecTBYIOT IJIaBHBIC TIEPEX0IbI MEXKIy HEKOTOPBIMH ar-
peraTHpIMH cOCTOSTHHSAM. C JIpyroi CTOPOHBI, CTOUT OTMETHUTh HaJIu-
YUe HECKOJIbKUX PAa3JUYHBIX COCTOSHHUM TBEPABIX TEJ, HaIpUMEp
rpaduT, aaMa3 M yrojib, OTHOCSAIIHECS K OJHOMY arperaTHOMYy CO-
cTostHUTO. {711 onMcaHus pa3audHbBIX COCTOSHHM B (DPM3UKE YaIle HC-
MOJIB3yeTCs 00JIee MHUPOKOE MOHATHE (Pa3bl.

1.2. 'a3086bie 3aKOHbI

TI'azo6vble 3aK0HBI — DTO MATEMATUYECKUE COOTHOILICHUS MEXIY
TeMIepaTypoi, JaBJieHHEM U 00beMoM ra3oB. Haunem ¢ oOcyxaeHus
€MHUIL] U3MEPEHUS TEMIIEPATYPhI, 1aBICHUS U 00beMa.

Temnepamypa (T). B HaydHBIX HCCIEIOBAHHUAX MCIOIL3YIOTCS
JIBE€ TIKAJIbl U3MEPEHUs TeMIleparyp. AOCOJIOTHAas IIKajia TeMrepa-
Typ, KoTopyto nipenoxun Y. KenpBun B 1848 r., ucnonb3yer B kaue-
CTBE eIUHUILI n3Mepenus keiabBuH (K). B mo0oii abcomoTHOM mIKaie
U3MEPEHUS CYIIECTBYIOT TOJIBKO IMOJOKUTEIIBHBIC 3HAYEHHUS, A HYJIb B
TaKOW IIKAaJE 03HAYAECT IMOJIHOE OTCYTCTBUE U3MEPSIEMOW BEIWYHHBI.
B abcomoTHol mikane temmnepatyp Touka 0 K Ha3eiBaeTcs abCcomOT-
HbIM HyJieM. TemnepatypHas mikana llenbcus He sBisieTcs abCoONIOT-
HOM IIKAJIOH, T. K. B HEM JIONMYCTUMBI OTPULIATEJILHBIC 3HAUYCHUS TEM-
neparypsl. B MmexayHaponHoit cucreme enquaun; CH enuHunen teM-
neparypbl ABISECTCA KEIbBUH. JTa €JUWHUIIA HCIOJB3YETCA BO BCEX
BBIUHCJIEHUSIX C y4acTHEM TemIeparypsl. [lepeBon temmepaTypsl U3
mikanbl Llenbcust B abComoTHYIO KAy TpeOyeT A00aBieHUs K mep-
BOW 4MCJIEHHOU Bennyune 273,15.

Jaenenue (p). B cucreme CHU enuHUICH IaBJICHUS SIBISCTCS
nackainb (I1a), KoTOpBIi ompeaeiseTcss KaK JaBlICHUE, CO31aBacMOe
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CWJIOW B OJIMH HBIOTOH, NCUCTBYIOIIEU MEPIEHAUKYIAPHO K MOBEPX-
HOCTH IUIOManbio B 1 M*:

1T1a = 1n/M2,

latm = 101325 ]a.

B kadecTBe eMMHUITBI U3MEPEHUS TABJICHUS YaCTO MCIOJIBb3YIOTCS
arMocgepa (aT™M), MIJUTUMETPBI PTYTHOTO CTOJ10a (MM PT. CT., WK MM
Hg).

JlaBnenue, paBHoe 1 aT™, co3maer 3eMHas aTMocdepa Ha YPOBHE
Mops nipu temmeparype 0° C, mogaepkuBasi CTONOUK PTYTH BBICOTOM
760 MMm.

[Ipu u3mMepeHnn HU3KUX AABJICHUN YacTO MOJIb3YIOTCS CIUHUIICH,
KOTOpasi Ha3bIBAETCs «TOPp» (110 UMEHHM UTAIBSHCKOIO MaTeMaTHKa U
¢uznka O. Toppuuemnnu). B 1643 r. Toppuuennu ycTaHOBHII, 9TO aT-
MochepHOe JaBJICHHE OMpeesieT BBICOTY, IO KOTOPOW >KUIKOCTH
MOJHUMAETCA B TPyOKe, MEPEBEPHYTON HaJ TapeIKOW C TOM Ke >KU/I-
KOCTBIO. DTO IIPUBEJIO K CO3/ITaHUI0 OapoMeTpa.

Oovem (V). B cucreme CH enunuieii o0beMa sBIICTCS KyOHue-
ckuii MeTp (M°), a IPOM3BOAHBIMY CIUHULAME, CM® U IM";

1n= 1)1M3, M= 103)_'[M3, 1I[M3: 10%em’.

Cmanoapmusie (HOpmanbHble) memnepamypa u 0asjieHue

N3BecTHO, 4TO 00BEM rasza 3aBUCUT OT €ro TeMIlepaTyphbl U J1aB-
nenus. [loaromy, cpaBHHUBas 00BEMBI Ta30B, HEOOXOIMMO YPaBHUBATh
UX TeMIIepaTypy U JaBiieHue. [[puHATO yka3pBaTh 00BEM Ta3a u JApy-
rue (puznyeckue CBOMCTBA MPU OMPEACIICHHBIX YCIOBUAX — CTaHIapT-
HBIX TEMIIEpaType U JaBICHUHU.

CranmaptHoii Temreparypor cuutaercs 273 K (0°C), a cran-
napTHbIM naBiaeHueM A0 1984 r. cumranock 3Hadenue 101325 Ila
(T. e. 1 arm, mmm 760 MM pT. cT.). OHAKO B HACTOSIIEE BPEMS TIPHHSI-
TO cuMTaTh cTaHAapTHHIM naBieHueM 100 klla.

3axon boiina — Mapuomma

KosinuecTBEeHHOE COOTHOIIEHHE MEXAYy O0OBEMOM U JaBJICHUEM
ra3a BHepBble ycTaHOBUI PoOept boitne B 1662 r. (3. MapuoTT ycra-
HOBHJI 3TOT 3aKOH B 1667 I.): npu nocmosaunnoit memnepamype 00%b-
eM 2a3a 0OpamHo nNPONOPUUOHATIEH €20 0ABIEeHUID.
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DTOT 3aKOH MPUMEHHUM K JIF0OOMY (DUKCUPOBAHHOMY KOJIMUYECTBY
ra3za. Kak BugHo u3 puc. 1.1, ero rpadpuueckoe npeactaBieHUE MOKET
OBITH Pa3HBIM.

p p

T=const

AV /v
Puc. 1.1. I'paghuueckue gpopmui npedcmasnenus sakona bouns — Mapuomma

Marematnuecku 3To 3amuchiBaetes Tak: Vocl/p. CrienoBarenbHo,
pV=const. Ognako 00b14HO 3ak0H boilnst — MapuoTTa 3anuchiBaloOT B
BUJIC!

p1-Vi=p2Vo

Takas 3anmuch MO3BOJIAECT, HAPUMED, 3HAsI UCXOJHBIN 00BEM rasa
V1 ¥ €ro JaBjeHUE P1, BBIYUCINUTD JIAaBJICHUE P, B HOBOM 00beM Vs,

3akon I'eu-JTroccaka (3axon Hlapns)

B 1787 r. O.-T". lllapas nokaszai, 4To npu ROCMOAHHOM 0A8/1eHUU
00veM 2a3a usMeHAemca NPONOPUUOHAIbLHO €20 memnepamype.

DTa 3aBUCUMOCTh TIpeJAcTaBieHa B rpaduyeckoid ¢dopme Ha
puc. 1.2, ©3 KOTOpOro BUJIHO, YTO 00BEM Ta3a JIMHEHHO CBSI3aH C €ro
TemnepaTypoil. B Marematuueckoi gopme 3Ta 3aBUCUMOCTD BbIpaxka-
ercs Tak. VocT.

\

p=const

273 T.K
Puc. 1.2. 3axou I'eu-Jlioccaxa ([llapns)
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VvV, V
Onnako 3akoH [lapJsist yare 3anvMchIBaroOT: T—1=—2.

1 T,

3akon [lapnsa ycosepmencrBoBan K. I'ei-JIroccak, KOTOpbIii B
1802 r. ycraHoBuII, 4TO 0O0OBEM ra3za MpU U3MEHEHHUH €T0 TEMIIEPATYPhI
Ha 1° C uamensercs Ha 1/273 gacts TOro 00beMa, KOTOPHIH OH 3aHH-
Mmai mipu 0° C. Otcrosa cieayeT, 4To €Ciu B3STh MPOU3BOILHBINA 00b-
em ro0oro raza npu 0° C v npu NOCTOSIHHOM JaBJIE€HUUA YMEHBIIUTh
ero temmeparypy Ha 273° C, TO KOHEUHBI 00hEM OKaXKETCS PaBHBIM
HyI0. D910 cooTBeTcTBYyeT Temmepatype -2/3°C, unu 0 K. Takas
TeMIrepaTypa Ha3bIBae€TCsl aOCONIOTHBIM HyJIEM. AOCOIIOTHBIM HYJIb,
CTPOro TOBOps, HeAOCTHXHUM. OJHAKO B JIaOOPATOPHBIX YCIOBUAX
yAaeTcsl 1OCTUYb TeMIepaTyp, OTANYAIOIIMUXCSA OT a0COMIOTHOTO HYJIS
Bcero Ha 0,001 K. ITpu takux temneparypax OecrnopsiJOuHbIE ABUKE-
HUSI MOJIEKYJI MTPAKTUYECKU MPEKPAIAIOTCsl. ITO MPUBOAUT K MOSIBIIE-
HUIO YIUBUTEIBHBIX CBOMCTB. Hampumep, MeTamibl, OXJIaXKIEHHbIE J10
TeMIepaTyp, OJM3KUX K aOCONIOTHOMY HYJIIO, TTOYTU MOJTHOCTHIO yT-
pauMBAIOT 3JEKTPUUYECKOE COMPOTUBICHUE U CTAHOBSTCS CBEPXIIPO-
BOSIIUMU.

B 1987 r. oOHapy»xeHbI BemecTBa (KepamMuKka, CliedeHHasT U3 OK-
CHUJIOB JIAHTAHOMJHBIX 3JICMCHTOB, Oapus W MeEIH), KOTOPhIC CTaHO-

BSATCS CBEPXIPOBOJISIIIMMHU TP CPABHUTEIHHO BBICOKHX TEMIICpaTy-
pax, mopsika 100 K (-173° C).

Oo0veounennbwlii 2a306blil 3aKOH.
Ypasnenue Menoeneesa — Knaneiipona

OO0benunssi 3akoH boitns — Mapuorra u ['eii-JIroccaka, MOXKHO
HOJIyYHTh CIEIyIONIee ypaBHEHUE (3TO MaTeMaTHYECKOE BhIPAKCHUE
00BbEIMHEHHOI0 Ta30BOr0 3aKOHA):

\Y/ \Y/
pl 1_ pz 2 WA ﬂ = const.
LT T

ToyHOE 3HAYEHHUE MTOCTOSTHHOM B MPABOM YaCTHU 3TOTO YPABHEHUS
3aBUCHUT OT KoJinuecTBa ra3a. Eciau konmuectBo raza N=1 moub, TO co-
OTBETCTBYIOIAsl MMOCTOSIHHAsI 0003HayaeTcs OykBoWM R u HazbIBaeTcs
«ra30Basi IOCTOSTHHASI»

pV
Tm =R, V,,— 00beM 0JHOTO MOJISL.
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J{1 N MoJien ra3a moJiy4acTcsi ypaBHEHUE:
g =nR, umu pV = nRT.

B Takoil (opMe 0OBbEIMHEHHBIM Ta30BbIA 3aKOH HAa3bIBACTCS
ypaBHEHUEM COCTOSIHUSI HACAIBHOTO Ta3a. YpaBHEHHE COCTOSIHUS —
3TO ypaBHEHHUE, CBA3BIBAIOIICE MEXKIY COOOM MmapameTpbl COCTOSHUS
raza (maBicHue, 00BEM U TEMITEPaTypy).

Hoeanvuoui 2a3 — ra3, KOTOpPbI MpU JIOOBIX TeMIepaTypax H
JABJICHUSIX MOJTHOCTBIO MOJYUHSACTCS YPABHEHUIO COCTOSHUS UJI€alb-
HOTO ra3a (IPOCTHIM Ta30BBIM 3aKOHAM).

OTo0 THIoTeTHUSCKHH (BooOpakaeMblil) ra3. [ToHsTHe 00 Hcalib-
HBIX razax BBEJICHO ISl TOTO, YTOObI UMETh BO3MOXKHOCTh CPABHUBATH
CBOMCTBa pealbHBIX Ta30B JPYr ¢ Ipyrom. PeasibHbIe Ta3bl XOPOIIO
MOJAYUHSIOTCS YPABHEHUIO COCTOSIHUSI MACAIBHOTO Ta3a MPU HUBKUX
naBieHusx (P — 0) ¥ BBICOKUX TEMIIEpaTypax.

WneanbHbll Ta3 00J1aa€T CAEAYIONIMMEI CBOMCTBAMH: 00bEM MO-
JIEKyJI ra3a 0ECKOHEYHO MaJl; MOJICKYJIbl MEXIy COOO0M HE B3auMO/IeH-
CTBYIOT (IIpH CTOJIKHOBEHUH BEAYT CeOS KaK YIPYTHUE Maphl).

3akon Agozadpo

B 1811 r. utaneaackuii U3k U XUMUK A. ABOTaJipo BBIABUHYI
TUIIOTE3y, KOTOpasl BIIOCIEICTBUU IMOJy4Hia Ha3BaHHE 3aKOHA ABO-
rajipo: B PAGHBIX 00BEMAX PATUYHBIX 24308 NPU O0OUHAKOBOU MeM-
nepamype u 00UHAKOBOM 0ABJICHUU COOEPHCUMCA 0OUHAKOBOE YHUC-
J10 MOJIeKY]L.

Yucino MoneKkyal B OJHOM MOJE JII0OOro Tras3a paBHO
NA=6,022:10®° wmomp™" (mocrostHHas ABorampo). IIOCKOIBKY OXHH
MOJIb JIFOOOTO Ta3a BCEr/aa COJACPKUT OJMHAKOBOE YHMCIIO MOJEKYJ, U3
3aKoHa ABoraapo ciacayer (cJeacTBHe W3 3aKOHA ABOraJpo):. 00uH
MOJIb 1100020 2a3a 6ce20a 3aHumaem 0OUH U mom iiee 00veMm.

DTa BeIMYMHA HA3bIBACTCSA MOJISIPHBIM oO0BbeMoM. Ilpu HOpMmaih-
HBIX ychmoBusx Vi, = 22,4 o, B cucreme CU: Vi = 2,24.10
M°/MOJIB.

T'azoeasn nocmosannasn

Ecnu n=1 mons, T0o: pVy, = RT, rae Vi, — MOJSIpHBINA 00BEM.
DTO ypaBHEHHUE YUTAETCS TaK. MIPOU3BEJICHHE JaBJICHUS HA 00BEM
IPONOPIHOHATIBLHO a0COMIOTHOM TeMmepaType.
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Jlerko ycTaHOBHTH CBs3b R ¢ paboTO# pacimpeHus uacabHbIX Ta-
30B. MIMeeM IWIMHAP, TOPIICHD (CHIIBI Tpe-
HUSI HE YYUTHIBACM).

ras (p, V, T) [ToBeicum Temneparypy Ha AT u 3anu-
IIIEM YpaBHEHHUE COCTOSHHS HJICAIBHOTO Ta-
3a 7151 IBYX CIIy4aes:

pVm =RT, (1)
P(Vm+ AV) =R(T + AT) , (2)

rae AV — usmeHenue ooneMa.

BbluutaeM 1mepBoe€ ypaBHEHHME M3  BTOpPOTO, IOJIy4YaeM:
p AV = RAT.

[IpousBenenue naBieHus Ha U3MEHEHUE 00bemMa ecTh padoTa, Co-
BepiaeMas cucremont (u3 ruapoauaamMuku). Eciim AT=1, to A=R.

dusnueckuii cMBICI ra3oBoil nocrosuHou (R): zazoeas nocmo-
AHHAA PABHA padome pacuiuperHus 00H020 MOJIsA UOEAIbHO20 2a3d 6
pe3yavmame nazpesanus na 1° npu nocmoannom oasrenuu (uzooa-
puueckoe pacuiupenue).

YucnenHoe 3Ha4eHUE R 3aBUCHUT OT TOTO, B KaKUX €IWHUIIAX BbI-
paXkaTh BEJIMYMHBI, BXOJASIIME B YPaBHEHHUE COCTOSIHUS HCATBLHOTO
rasza. Kak paccuutars R?

pVm=RT, orcioga R = pVy _ 1:224 _ 0,082, [arm 1 KMo ™.

T 1.27315
B cucreme CU: R = 8,314 I[)K-K'l-MonL'l,
1 kan = 4,187 JIx, 1. e. R = 8,314/4,187 = 1,987 kan K*-moms™.

1.3. 'azoaewvie cmecl.
3aKOHbI 015 Udea 1bHbIX 2a308bIX cMecell

B razoBbpIX cMeCSX KaXKObIi ra3 BeIeT ce0s He3aBHCHUMO OT IOBE-
JIEHUST OCTAJIBHBIX Ta30B, BXOJAIIMX B COCTaB CMECH.

3axon /lanvmona (3aKOH aJIUTHBHOCTH NapIHaIbHBIX JaBJIC-
HUI). oOwee Oaenenue 2a3080U CMeCU PAGHACHICA CYMMe RAPUU-
AIbHBIX 0ABICHUI KOMHOHEHMO08 2A30601 CMeCU

Posu. = PA +PB +Pc +...+ Di= 2 pi.
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Hapuyuanvnuvim oasienuem KOMROHEHMA 2A30601 cmecuU Ha3bl-
BaeTCsl JIaBJICHHE, KOTOPOE MPOU3BOINI OBl 3TOT KOMIIOHEHT B OTCYT-
CTBHE OCTAJIbHBIX, HAXOJSICh B TOM € KOJIMYECTBE, B TOM K€ 00beMe
U TIpY TOM K€ TeMIepaType, Kak U B CMECH.

3axkon Amaza (3aKOH QIIUTUBHOCTH IMAPIHATLHBIX OOBEMOB):
00Ul 00vemM 230601 cmMecu PABEeH CYMMe RAPUUATLHBIX 00beMO6
KOMNOHEHMOG.

Voo, = Va+ Ve + Ve +...+Vi =2 V.

Hapuyuanvuvim 06vemom KomMnoHeHma 2az060i cmecu Ha3bIBa-
eTCsl 00BEeM, KOTOPBIM 3aHMMaJl Obl ’TOT KOMIIOHEHT B OTCYTCTBHE OC-
TaJIbHBIX, HAXOSACh B TOM K€ KOJMYECTBE, MOJ TEM K€ JIaBJICHUEM U
IIpU TOM ke TeMrepaType, Kak U B CMECH.

Cneocmeus u3 3axkona /lanemona u Amaza

HNmeem ra3oByro cMeCh:

pAV = nART, pBV = nBRT, p|V = niRT,

OTCIOJIA:
n RT
o :nART 5 _ ' I:):niRT
A V ] B V 1 i V )
n RT n RT n RT RT
P =-A B 4 4+ :RT(n +n_+..+n), P_ =>n.—.
o0y V V V V A B 1 00111 | V
n RT
Haiinem otnomenne: & _ Ty M
P RT n. l,
o0 Zni'v Z i

rae Nj — MobHAast JOJIsT KOMIIOHEHTA I,

OTHoIlIIeHWE Yuciaa MOJIeH TaHHOTO KOMIIOHEHTA K 00IIeMYy YUCTY
MOJIEd KOMIIOHEHTOB CMECH Ha3bIBACTCS MOJbHOU 00]1eil OAHHO20
KOMnoHenma.

CymMmMma MOJIBHBIX J0JIEH BceX KOMITOHEHTOB paBHa 1. [Tomydaem:

Pi = Ni'Posm.
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Cneocmeue u3 3axkona Jlanemona. napuyuaivbHoe OasjieHue
KOMROHEHMA 2a30801 CMeCU PABHO NPOU3BEOCHUIO MOJIbHOU 00U
9MO20 KOMNOHEHMA HA o0uiee 0as1eHue 2a3060il CMeCu.

Cneocmeue u3 3axkona Amaza. napuyuaivHvlii 00beM KOMRO-
HeHma 2a3080ll CMeCU PAGeH NPOU3BEOCHUI0 MOJIbHOU 001U IMO20
KOMROHEHmMAa Ha 00uwuil 00bem 2a3060i cMecu.

Vi = Ni'Voﬁm.
1.4. PeasvHble 2a3bl

PeasibHble Ta3bl HE MOAYUHSAIOTCS CTPOTO YPABHEHUIO COCTOSIHUS
uaeanbHOro raza. OTKIOHEHUs YBEIWYUBAIOTCS C TOBBIIICHUEM J1aB-
J€HUST U yYMEHbIIEHWEM TemIiepaTypbl. OTKIOHEHUSI UX CBOMCTB OT
CBOWCTB MJICATLHOIO Ta3a 00HAPYKUBAIOTCSI, €CIIM TOCTPOUTH rpaduk
3aBucuMOocTH BenmuuHbl PV/NRT ot maBnenus p. s uaeansHOro ra-
3a Takoul rpauk MpecTaBisIeT cO00il MPAMYIO JIMHUIO, Mapajlieib-
HYI0 ocH naBieHui (puc. 1.3).

pV/nRT
N, 0,
1 H,
1,5 / C02
| HJicaJIbHBIN
1 ras
0,5 |

1
T

] 1
T 1 T

200 400 600 800 1000  P-a™

Puc. 1.3. Omxnonenus ceoticme peaibHvix 2a308
om ceoticma udeanvnozo 2aza npu 213 K

CrereHb OTKIOHCHHUS OT CBOMCTB MJICATLHOT'O ra3a M XapakTep 3To-
ro OTKJIOHEHHs 3aBUCAT OT MPHPOIbI KOHKPETHOTO PeajbHOrO Tasa,
naBjcHUS B TeMiepaTypbl. CleayeT OTMETHTh, YTO OTKJIOHCHHS CTaHO-
BATCSI 00JIee BBIPAKCHHBIMH IPH BBICOKHX JABJICHHUAX M HU3KUX TEMIIC-
parypax. Jlns muoroaromueix TazoB (CO,) OTKIOHEHHE BO3pacTacr.
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OTKJIOHEHHS] CBOMCTB PEAIbHBIX TI'a30B OT CBOWMCTB HMCAJIBHOTO Ta3a
OOBSICHSIIOTCS HAIMYHUEM CUJI MPUTSHKEHUST MEXKIY MOJIEKYJIaMH raza u
HAJIMYHEM OIPEICIIEHHOTO COOCTBEHHOTO 00beMa y KaXKI0H MOJICKYJIbI
raza. OTCTYIJICHU HET MPHU MPEACIIbHBIX YCIOBUSX, T. €. p — 0.

IIpensioxeHO HECKOJIBKO COT YPAaBHEHHUM COCTOSIHMSI PEAJIbHBIX Ia-
30B. HambosbIee pacnpocTpaHeHHe BCIACACTBUE MPOCTOTHI U (pr3mde-
CKOM 000CHOBAaHHOCTH MOayunsio ypaBuenue S.-J1. Ban-nep-Baansca. B
1873 1. Ban-gep-Baanbc ycoBepmieHCTBOBaN ypaBHEHHE COCTOSHHS
WJICATBHOTO Ta3a C YY€TOM OTKJIOHEHHUM OT HEr0 CBOMCTB PEaJIbHBIX T'a-
30B. /{7151 0THOTO MOJIS peaTbHOIO ra3a ypaBHCHUE UMEET BUJ;

(p + a/V)(V = b) = RT,

rie wieH a/\/° yauTeIBaeT BHYTPCHHEE IABICHHE H XapaKTEPU3YeT CTe-
IICHb MCKMOJICKYJISIPHOTO B3aUMOCHUCTBYS; 0D — mocTosiHHAs, KOTOpas
YUYUTBIBAET COOCTBEHHBIN 00bEM MOJIEKYJI, OHA HE paBHA COOCTBEHHOMY
00bEMY, a paBHA, NPUOJTUZUTEILHO, YYETBEPEHHOMY O00BEMY.

Jlns1 N MOJIeN peansbHOro rasa:

(p + an’/V¥)(V = nb) = nRT.

Koagppuyuenmeor «a» u «b» 3aeucam om npupoosl zaza, m. e.
YPaeHeHue He AGNAEMCA YHUBEPCANbHbIM, M. K. 0714 KaA}C0020 2a3a
Cyuecmeyom ceou 3Ha4eHUs NOCMOSHHBIX <a» u «<p».

IIpumepui pewreHus1 3ada4

3aoaua 1. Ilapel opranudeckoro BemiecTtBa Maccoi 1,17 r mpu
423 K un 1,00-105 [Ta 3anumaror oovem 0,447 1. Berauciaure moiisip-
HYIO MacCy COEJIUHECHUS.

P e e Hue. MonsipHyto Maccy BEIIECTBA BBIUUCIIAEM U3 YPaB-

HCHUA.
n=pVI/(RT) = m/M,

rae M — macca Beniectsa; M — MossipHas macca BEIIeCTBa.
8,314-423-1,17

= . — =92 1/MOIB.
1,00-10°-0,447-10
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3aoaua 2. Yepes aleToH Mpy NOCTOSHHOM JaBJICHUU 0,974-10° ITa
u 293 K Ob11 miporTyIieH cyxoi Bo3ayx oobemom 2,93 11, ipu 3TOM Mac-
ca aleToHa yMEHbIIIAch Ha 2,2 1. OnpeaenuTe TaBiIeHIE HACHIIICHHO-
IO Mapa aleToHa MpHu 3TOW TeMIepaType.

P emre nue. OnpenenseM KOJIMYECTBA BEIICCTB alleTOHA U BO3-
ayxa:

Nay = Nau/Mg,, = 2,2/58 = 0,038 mouts,
PV 0,974.10°-2,93.10°°
Mo TRT T 8314.293

PaccuuThiBacM MOJISIPHYIO JIOJIIO alleTOHa B Ta30BOM CMeECH, a 3a-

TeM TapIraibHOE JaBJICHHE alleTOHA 0 ypaBHeHUo [lanpToHa:

n
Ny =—"—= 0,038 =0,245 nomnp,
Mo+ Ny 0,038+0117

P, =PN,, =0,974.10°.0,245=2,38.10" IIa.

=0,117 MOJb.

3adadu

1. IlpuBenuTe K HOPMAJIBHBIM YCJIOBHUSM Ta3, 3aHUMAIOIIUNA TIPU
373 K u p = 3,0-10° I1a 06bem 27 1.

2. Onpenenute MOJEKYIISIPHYIO MacCy BEIIECTBA, €CIIU MNIOTHOCTh
ero mapa npu 373 K u 1,013-10° ITa pasHa 2,55 r/.

3. Kakoe komm4ecTBO AMOKCHAA YIJIepoja Ipu 5,066-105 [Ta n
323 K 3aHMMaeT OJIMHAKOBBIM 00beM ¢ 1 T renus npu 1,013-104 [la u
273,15 K? UeMy paBHBI INIOTHOCTH 3TUX ra30B?

4. Temmeparypa a30oTa, HaXOISIIETOCS B CTaJbHOM OaJIOHE IO
nasinenueM 12,5 Mlla, paBna 20°C. IlpenenbHoe AaBiIe€HUE, KOTOPOE
BbIZIepkUBaeT OamnoH, 20,3 MlIla. [1pu kakoi Temreparype JaBicHUE
a30Ta JIOCTUTHET MPEACIbHOTO 3HAUYCHHS ?

5. Cocyn HamoOJIHEH CMECBIO KHCopoaa M a3zoTa. [lpu kakom
COOTHOIIICHUM TapIUAIbHBIX JaBJICHUN MacChl 000HMX T'a30B OyayT
OJMHAKOBBI?

6. lns ra3oBoii cMecu maccoBoro cocrtasa (%): Cl, — 67; Br, —
28; O, — 5, Berunciure: 1) 00ObeMHBIN COCTaB; 2) HaplHaIbHBIC TaB-
JeHHs KoMIOHEHTOB; 3) o0beM 1 kr cmecu. OOlee maBlieHUE
1,013-10° ITa, Temmeparypa 373 K.
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/. PaccuuTaiite gaBiieHHE, TIOJ KOTOPHIM HaxoAsaTcst 32 T KUCTIO-
pona B 00béme 0,6 11 ipu Temneparype 20°C, ucnonb3ys: a) ypaBHe-
nue Menpeneea—Kiranelipona, 0) ypaBHenue Ban-nep-Baanbca. Tlo-
SCHUTE Pa3INUKMe MEXIY JBYMs pe3yJIbTaTaMHu.

8. Kakoe xommuectBo CO, MOKET BMECTHTH CTAIBHOM cocy 00be-
mom 0,5-107° m° nipu Temmeparype 473 K u nasnennn 162,1 MITa? Pac-
4eT MPOBEAUTE uyepe3 KOADPUIMEHT CKUMAEMOCTH.

9. Beriuncnure mo ypaBHeHHMiO Ban-nep-Baambca Temmeparypy,
mpu KOTOpoil oGbem 1kr Merama cramer paBHsiM 0,1 M° mpu
2,026 MIlIa.

10. Beraucnure ¢ UCMoab30BaHuEM KO3 PHUITHEHTA CKUMAEMOCTH
ooweMm 1 kr xsopa nipu 450 K u naBnenun 80 MITa.

Tecmoeauvlie 3adaHusAa

Bvioepume ooun npasunvnolit omeem

1. MaremaTnueckoe BbIpaXKEHHUE 3aKOHA Amara:
A. pV =nRT. b. p,Vi=p,V..

B. Po6m, = Zp, I. V06H1. = ZV,

2. CneacTBue u3 3akoHa JlanpToHa:
A.V,, =224 10° m*/mons. B. Pi= Ni * Posus,

B. pV = const. I'. Vi=Nj " Voo
3. YpaBHEHHUE COCTOSIHUS MI€aTHLHOTO ra3a:
A. pV/T = const. B. V/T{=V,/[T,.
B. p;V/T1 = p,V,[T,. I'. pV =nRT.

4. 3akoH boitns — Mapuortra:

A. Ilpu mocTosTHHOM JaBJICHUU 00BEM raza M3MEHSETCS MPOIOop-
ITMOHAIIBLHO €T0 TEMIIepaType.

b. Onun Monp Mr000Or0 Traza BCErjaa 3aHUMAeT OJWH U TOT XKe
00BbeM.

B. IIpu nocrossHHOM TeMIiepaType 00beM raza 0OpaTHO MPOIop-
IIMOHAJICH €T0 JABJICHUIO.

I'. B paBHBIX 00beMax pa3IUYHBIX ra30B MPH OJUHAKOBBIX TEM-
nepaType 1 JaBJICHUM COJEPIKUTCS OJMHAKOBOE YMCIIO MOJIEKY.
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5. Maremarndeckoe BbIpakeHUe 3akoHa | 'eit-JIroccaka:
A. pV =nRT. b. V]_/T]_ = V2/T2.
B. piVi=p,Vo. L. p1V1/T1 = paVoI T,

Buvibepume nHecko1bKo npasuibHbIX OMEEN 06
1. VuuBepcanpHas razoBas mnoctosHHas (R) MokeT mMeTh pas-

MEpPHOCTB:
1, g1 -1 -1 -1
A. Jlx'kr - K™ Monb . b. arm - 1K™ - monb .
-1 -1 -1 -1
B. /Lx' K™ - momb . I'. JIx - xr' K™ - monp .

-1 -1
. xam'K™ - momp .

2. CBOMCTBA HJICaJIBHOTO Ta3a;

A. He nmeer 3anaxa.

b. O6beM MoseKy1 OECKOHEYHO MaJl.

B. Heorpanu4ueHHO pacTBOpSETCS B BOJIE.

I'. MonekyJibl He B3aUMOAEHCTBYIOT MEXITY COOOM.

3. Maremarunueckoe BBIPAKCHUC O6’b€,Z[I/IHeHHOI‘O ra3oBOro 3aKOHa.

A. pV =nRT. b. pV/T = const.

B. p1Vi =p,Vo. L. pVi Ty =pVo [T,

4. MaremaTuyeckoe BblpaxeHue 3akoHa boiins — Mapuorra:
A. V/T = const. B. p1V; = p, V..

B. V.i/T{=V,/[T,. I'. pV = const.

.V o 1/p. E.V «T.

5. Mounbnas mons (N;) onpeaensieTcs: COOTHOIIICHHEM
A.N;= m/M. B. N, = ni/Zni.

B. Ni - V/Vm I. Ni = %mou /100.

Yemanoseume coomeemcemeue

|. Hopmanwhbie (crangapTHbie) yenoBus: BemuduHB:

1. Temneparypa. A. T =298K.

2. JlaBnenmue. Bb. p = 100xIIa.
B. T = 25°C.
I'. p = 760 mm.pT.CT.
N. T =273K.
E. P = larwm.
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1. O0BexT:
1. UneansHEIN ras.
2. UneanpHas razoBasi CMECh.

3aKOHBI.

A. 3axon Amara.

b. 3akon borns — Mapuotra.
B. 3akon I'ent-JIroccaxa.

I'. 3akon [lanbTOHA.

. 3akoH ABoraapo.

I1l. PeanpHble ra3pl MOAUUHSIOTCS YPAaBHEHHUIO COCTOSIHUS HJE-
aJIbHOTO Ta3a MpH CJICAYIOIMIMNX YCIOBUAX:

1. Temneparypa.
2. JlaBnenmue.

IV. "'a30BbIE 3aKOHBI.
1. 3akomn I'eii-JIroccaka p
2. 3akoH boiins — Mapuot-
Ta

o

V. [1apameTpsl COCTOSTHUS:

1. Temneparypa.
2. JlaBnenmue.
3. O0nem.

['paduueckue GopmMbl IpeACTaBICHUS
\Y

A. Bricokoe naBieHue.

b. Huskas temneparypa.
B.p— 0.

I'. T=273K.

. Beicokas temrmieparypa.
E. p = larm.

p=const

T=const

\Y% 273 T,K

<1

\% T
I

EnuHunel u3MepeHuss B MEXIyHa-
poanoit cucreme eauauil (CH):

A. atm.

b. .

B. KensBun (K).

| Y

. °C.

E. I1a.
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Bonpocul 045 cobecedo8aHUs

1. 3akoHbl HMACaTbHBIX Ta3oB. ['a3oBas mocrosiHHasA, ee (puzmye-
CKHM CMBICII.

2. TloHsATHS TApIUAIBHOTO JABJICHUS M TMapIHUAIBLHOTO O0BbeMma.
3akoHsbl [lanbToHa M1 AMara, CJI€CTBUS U3 HUX.

3. Peampabie ra3el. OTKIOHEHHS] pPeabHBIX Ta30B OT 3aKOHOB
WJicalbHbIX Ta30B. Y paBHEeHUE Ban-aep-Baansca.
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2. [lepBbI 3aKOH TEPMOAUHAMUKU.
TepMmoxumus

XUMHYECKass TEPMOJIMHAMUKA M3y4aeT 3aKOHBI, ONKCHIBAIOLIUE 00-
MEH DHEPrUer MEXIY U3Yy4aeMOM CUCTEMOM U BHEIIIHEN CPEZIOH, B 4aCT-
HOCTU MpEBpallleHUE TEIJIOBOW 3HEPruu B Apyrue Gpopmel 3Hepruil. B
OCHOBE €€ JIe)KaT JIBa 3aKOHA. [EPBOE U BTOPOE Hadyajla TEPMOJAMHAMMU-
KU. B XuMH4YECKOW TEPMOJAMHAMUKE HET MapaMeTpa BPEMEHH, ITOITOMY
OHA HE JAET OTBETA, KAK CKOPO HACTYIAET JAaHHOE COCTOSHHE. XUMUYeE-
CKas TepMOJIMHAMUKA paccMaTpHBaeT TPWU OCHOBHBIX Bompoca: 1) co-
CTABJICHUE TEIUIOBBIX 0aJaHCOB TE€X WJIM UHBIX XUMUYECKUX MPOIIECCOB;
2) pacdet $a30BOTO PaBHOBECHS; 3) pacueT XMMUIECKOTO PABHOBECHSI.

Ona no3BoJisieT, He npuberas K OmbITy, pPellaTh CIAETYIONIUe 3a-
nauu. 1) onmpenenuTh YCIOBHsI, PU KOTOPBIX JaHHBIN MPOIECC CTaHO-
BUTCS BO3MOXXHBIM; 2) BBIICHHUTH, KaKUM ITyTEM MOXXHO YCTPaHUTh
WK BOOOIIE M30ekKaTh MPOTEKaHUS MOOOYHBIX MPOLIECCOB; 3) HAWTH
ONTUMAJTBHBIE YCIIOBUS (TeMIIepaTypy, JaBicHNE, KOHIICHTPAIH pea-
THPYIOIIHUX BEIIECTB) IMpoliecca; 4) BRISCHUThL HAMPABJICHUE U MPEIe
IIPOTEKAHUS IIpoLecca.

2.1. OCHOBHble NOHAMUS U onpedesieHUs

Cucmema — 3TO TENO WIU COBOKYHHOCTH Tel, 000COOJISIEMBbIX
HaMHU OT OKPY’KaroIIero MUpa WX CPEeabl JUIsl pacCMOTpeHus (peak-
TOp, KJICTKA, OPraHU3M H T. JI.).

PaznuyaroT cUCTEMBI TpeX THUIIOB: U30JUPOBAHHBIE, OTKPHITHIC U
3aKpBITHIE.

Ecnu ene cucmemot nem meJi, ¢ KOmopwvimu OHA 63aUMOOEUCHI-
gyem (Hem obmeHna eewjecmeom u Inepzueii, \'=Const), mo makas
cucmema Hazvléaemcsa u3zonupoeannoil. VzonnpoBanHas cucrema —
3TO TOJBKO HJIeaTu3alusl.

Cucrema Macca DHeprus
1. U3onupoBanHas HE U3MEH. HE U3MEH.
2. 3akpbITas HE U3MEH. W3MEH.
3. OTkpbITas W3MEH. W3MEH.
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Ecau cucmema cocmoum uz 00noul ¢azvt, mo cucmema 20mo-
2eHHAA, U3 HECKOJIbKUX (ha3 — 2emepoceHHas.

Ecnu cocTosiHre cuCTeMbl HE U3MEHSIETCS B TEYEHUE JITUTEIBHO-
ro BPEMEHU U 3Ta HEM3MEHHOCTh HE 00YCIOBJICHA HUKAKUMHU BHEII-
HAMM TMPU3HAKAMH, TO ITO O3HAYACT, UMO CUCHIEMA HAXOOUMCA 6
pasHogecuu.

CocTosiHUE CHCTEMBbI XapaKTEPU3YEeTCsS COBOKYNMHOCTbIO WHTEH-
CUBHBIX U 3KCTCHCHUBHBIX CBOWMCTB, HA3bIBAEMbBIX MEPMOOUHAMUYE-
CKUMU Rnapamempamu COCMOAHUSA, UAU QYHKUUAMU COCHOAHUSA
cucmemul.

Humencuenvimu nazulearomces ceoiicmea, YiciIiCHHbIC 3HAUCHUS
KOTOPBIX HE MPONOPIIMOHATIBHBEI Macce (JaBlieHUe, TeMIepaTypa, mo-
TEHIIMAJl, MOJIbHBIA MJIN YICIbHBIN 00beM, KOHIICHTPAIIHS).

IKcmeHcusHbIMU HA3LIBAIOMCA CBOUCHMEA, YVCIICHHbIC 3Haue-
HUSI KOTOPBIX MPOMOPIMOHAIBHBI Macce (00BEM, SHTPOIHUS U JIp. ).

N3MeHeHne CBOMCTB CUCTEMBI, CBA3aHHOE C U3BMEHEHUEM XOTS Obl
OJIHOTO TEPMOJMHAMUYECKOTO MapaMeTpa, Ha3bIBACTCA MEPMOOUHA-
MUYECKUM NPOUECCOM.

Bbynem paccmarpuBath CIEAYyIOIIUME TEPMOAMHAMUYECKUE ITPOIIEC-
cel: 1) m3otepmuueckuii (T=const); 2) uzodapusiii (p=const); 3) nzoxop-
uelii (V=const); 4) aguadbatuueckuii (AQ=0, 0e3 TermnoooMeHa).

B3aumoaencTBrue CUCTEMBI C OKPYXKAIOIIEW CPEAOM CBSI3aHO C Te-
mIonepeaadyei U copepiieHueM padotel. Heo0XoaumMo oTMETUTh, YTO
menaoma, Kak u paboma, ecmv hopma nepeoauu Inepeun 0m 00OHO-
20 mena K opyzomy, m. e. menioma (U paboma) xapaxmepusyom
npouecc, HoO He COCOAHUE CUCHIEM.

TepmonuHamMuka pazinyaeT MOJOKUTEIBHYIO U OTPULATEIbHYIO
TEIUIOTY U paboTy: nonoxcumenvnas menioma (+Q) — Temnora, mo-
TJIOIICHHAS] CUCTEMOW; ompuuamenvhas menaoma (-Q) — terora,
OTIIaHHasI CUCTEMOMU.

Tepmoxumus (Q): TEIUIOTa IONOKUTENbHAS — €CIM OHA BBIJIE-
JSI€TCS CUCTEMOM, TEIJI0Ta OTPUIATENbHAS — €CJIM OHA MOTJIOMAETCS
CUCTEMOM:

+Q =-Q.

Ilonostcumenvnasn pavoma (+A) — pabora, coBepiiacmasi CucTe-
MO MPOTHB BHEUIHUX CHJ (HAIpUMep, IpU paclIupeHuH rasa). Om-
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puuamenvuasn paooma (-A) — pabota, coBepiracMas BHEITHUMH CH-
JaMu HaJl cucTeMoi (Tpu CKaTHH Tasa).

2.2. [lepgoe HA4A/10 MepMOGUHAMUKU

[IepBoe HaYaJIO0 TEPMOAMHAMUKH SIBJISETCS KOJTUYECTBEHHBIM BbI-
paKEHUEM 3aKOHA COXPAHEHWsI SHEPrUU MPUMEHUTENIBHO K IPOIleC-
caM, CBSI3aHHBIM C TMPEBPAIICHUSMU TEIUIOTHI M paboTel. B 1745—
1746 rr. nepBoe Hauajgo TepMoaMHAMHUKK chopmupoBai M. B. Jlomo-
HOCOB, Jajieeé OHO MoJy4msio pa3BuThe B pabotax I'. W. I'ecca,
J. I1. JIxkoyna u ap. [1epBoiit 3aKOH TEPMOAUHAMUKH SIBJISIETCS TOCTY-
1aToM (MHOTOBEKOBOI Y€JI0BEUECKHUI OIIBIT).

2.2.1. [lepBoe Haya/10 TEPMOSUHAMUKU
AJISI KPYTrOBBIX IPOLECCOB

Kpyzo6vim npoyeccom Ha3bIBACTCS TAKOW MPOLIECC, PU KOTOPOM
M3MEHEHHE JT000r0 TEPMOJAMHAMUYECKOI0 ITapaMeTpa paBHO HYJIIO.

Eciu B psie cucrtem MpoTEKarOT KPYroBbIE TEPMOJIUHAMUYECKUE
MPOIECCHl U ISl KaXKJIOT0 U3 HUX MOACYUTATh OajaHC TEIUIOTHl U Oa-
JaHC paboThI, TO COTJIACHO OMBITY, HE3ABUCUMO OT XapakTepa Impoiiec-
ca U NPUPOJibl CUCTEMBI.

2Q, _2Q

= =...=const, unu chonst-
XA XA,

Ecnu Temioty u paboTy BhIpa3uTh B OAHUX €AUHUIIAX, TO

%zl, Q=A, umu Q — A=0.

D10 MaTeMaTHyeckas (pOpPMYJIHUPOBKA IIEPBOrO 3aKOHA TEPMOJIH-
HAMUKH JIJIs1 KPYTOBBIX IporieccoB (yCTaHOBHII IKOYIIb).

Otcrona GopMyIUPOBKH IIEPBOro Havyasla TSPMOIMHAMHUKH:

1. He603mo021cHO nocmpoums maxkyio mMawiuny, Komopas, no-
8MOPAA NPOU3BOIbHOE UUC0 PA3 00UH U MOM Jice npouecc, Cno-
coOHa Oblna Obl yeeaUUUBAMb KOJIUYECHEO IHEPZUU 8 U30JIUPOBAH-
Hou cucmeme.

2. Beunwtit 0suzamenv nepeozo pooa He6O3IMONCEH, WU HElb3s
cosepuiums padbomy 6e3 3ampam Hepeuu.
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BeuHbil nBUratenbs mepBOro poAa— 3TO MEXAHU3M, KOTOPBIM
co3ziaet padoTy, HE 3aTpayrBasi SHEPTUU.

2.2.2. [lepBoe Haya/I0 TEPMOAUHAMUKU
AJI1 HEKPYTOBbIX MIPOLECCOB

[IpencraBum cebe, 9TO CHCTEMa COBEpIIACT HEKpyroBoin (He-
3aMKHYTBIN) MPOIECC U3 COCTOSHUS A B coctosHue B mo mytu |, u
IIPU ATOM COBEpIIAET paboTy A; U MOrJIOMAET TerIoTy Q.

AII’CJiI

Janee cucrema u3 COCTOAHUSA A B cocTOssHME B MOXkeT nepenTn
no iyt |1, coBepias padory A, u nornoiias Temwioty Q,. Mel umeem
HEKPYTOBbI€ Mporecchl. HeKpyroBbie Mpouecchl Mbl 3aMEHUM KpPYro-
BbIMU. [lycTh cucTeMa BepHeTCsl U3 cocTosiHusl B B cxoHOE coCTOSI-
Hue A no nytu lll. ITpumenum nepBoe Havallo TEPMOJAMHAMUKHU IS
KpYTroBbIX mporieccoB: Q=A.

Homyunm: _ Q,+Q,,, =A,+A,,

Qu+Qu=A,+A,, ,

Q| _Qu :A| _AII
um Q, —A, =Q, —A, =const.

Pa3HOCTh MEXAy TEIUIOTOM, MOTJIOMIEHHON CHCTEMOM, U paboToM
ABJISIETCS BEJIMYMHOW MOCTOSSHHOM M HE 3aBUCSIIEU OT IyTH MPOTEKA-
HUs Tipolecca. Eciu kakasi-To BeIMYMHA HE 3aBUCUT OT IyTH MPOLieC-
ca, TO 3Ta BEIMYMHA €CTh Cceolicmeo cucmemul (pynKkuus cocmosnus
cucmemst). ITO CBOMCTBO CHCTEMBI Ha3bIBACTCS GHYMPEHHEll IHep-
2uei v obo3nauaercs OykBor «U». B KakIOM COCTOSHHUU CHCTEMA,
Hapsly C onpenesieHHbIMU 3HadeHusmu V, p, T u T. A., obnagaet on-
pelleIeHHOM BHyTpeHHEW sHeprueit U.
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Moxno 3amucath. Q—-A =AU, roe AU=U,-U,, A(zensta)
O3HA4YaeT KOHEYHYK PAa3HOCTh CBOMCTBA CUCTEMBI. MBI HHUKOTAA HE
3HaeM a0COJIIOTHOE 3HAYCHHE BHYTPEHHEW HSHEPTHHM KaKOW-HUOYIb
cucTeMbl (HET BO3MOXKHOCTH), HO MOXHO ONPEIACIUTh H3MCHEHHUE
SHEPTHH B TOM WJIM HHOM TMPOIIecce.

Maremaruueckas ¢opmyiupoBka | Hauana TepMOIUHAMUKU JJIs
HEKPYTroBbIX MporeccoB: Q=AU+A.

Onna u3 GopMyIMPOBOK MEPBOTO Hayajga TEPMOJIWHAMHUKU. HO-
2JIOWEHHAA CUCMEMOUl MENn10ma pacxooyemcsa Ha yeeaudeHue
6HYMPEHHEll IHEP2UU CUCHEMbl U HA CO8epUIeHue 6HeulHell pado-
mol.

BHyTpeHHssI SHEprus CKJIAIbIBACTCS M3 Pa3IUYHBIX BUJIOB DHEP-
TUHU. DHEPTHsS IMOCTYIMATEeIbHOTO M BpaIlaTeIbHOTO JBUKEHUS MOJie-
KyJI, DHEPTHsI KOJIe0aTeIbHOTO JIBH)KEHUSI aTOMOB M @TOMHBIX TPYIII B
MOJIEKYJIe, SHEPIHUs JIBMKEHUS DJICKTPOHOB, BHYTpUSIACPHAs, SHEPTHUs
MEXMOJICKYISIPHOTO B3aUMOICHCTBHS U T. 1.

BHyTpeHHsIsT SHeprusi B TEPMOJAUMHAMUKE COBIIAJIa€T C TOJTHOM
SHEpruew, T. K. TEPMOJAMHAMHMKA pacCMaTpUBAET HEMOJBHKHBIC CHC-
TEMBI B OTCYTCTBHE BHEIIHETrO IMOJisi. BHYTpEeHHSsI SHEprus BKIIOYAST
KMHETUYECKYIO U MOTCHIIMATBHYIO YHEPTUIO CUCTEMBI B 1I€JIOM.

Kunemuueckas snepeusi — 370 3HEprusi, CBsi3aHHAsI C JBWKCHUEM
Tena (MMOCTymaTelIbHbIM, BpallaTeIbHbIM, KOJICOaTCIIbHBIM):

E, = mW?2,
rae m — macca, W — CKOpOCTb.
llomenyuanvnas suepeuss — 3TO DHEPTHs, 3aMACEHHAS TEJIOM
(oOycioBIIEHa DJCKTPOCTATHYSCKUMM CHIIAMH TIPUTSHKECHUS MEKITY
YaCTUIIAMU ¥ BHYTPH YACTHII, SHEPTHS CBS3HU M T. JI.):
E. =0 g,
rae g, gz — 3apsAIbl YaCTULI, I — PACCTOSIHUE MEXK]Ty HUMHU.
2.2.3. IlepBoe Ha4Ya/I0 TEPMOAUHAMUKHU
AJIsI 6€6CKOHEYHO MaJIOr0 U3MEeHEeHU A CUCTEMbI

Ecnu cucrema MCHBITRIBACT JIUMIIL OECKOHEYHO Majoe HN3MCHCHUC,
TO |-0€ Hayaso TECPMOJUHAMHMKH 3aIIMCHIBAIOT B BUJIC.

5Q = dU + SA.
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B xumMudeckol TepMOIMHAMHKE paccMaTpuBaeTcsi paboTa TOIBKO
NPOTHB CHJI BHYTPEHHETO JaBieHus (padota pacipenus). 0A = pdV .

[Monyuaem: 6Q =dU + pdV.

3/1ech OKa3aHo pa3andyue MexXay QYyHKIIMEH COCTOSTHUS CUCTEMBI
«dU» (dbyHKIMS HE 3aBUCHT OT MYTH MpOIlEcca, 3TO O3HAYAET, YTO
OECKOHEYHO MaJloe €€ U3MEHEHHE SBJISIETCS MOJHBIM Auddepenima-
oM d) u IpocTOo OECKOHEYHO MaJIBIMU KOJMYECTBAMHU TEILIOTHI U pa-
60Th 6Q U O0A (He ABISAIOMMMHECS (PYHKIMSIMH COCTOSIHHSI CUCTEMBI,
T. K. 0Q 1 6A 3aBHUCST OT IyTH MpOIIecca).

2.2.4. lIpuMmeHeHU e [IEepPBOro HaAYa/Ia TEPMOAUHAMHUKHU
K OTAeJIbHBIM IIpoLeccaMm

0Q =dU + pdV

1. H3oxopnuwtit npouecc: VV=const, dV=0.
Ecan 0o0beM cucTeMbl B XOJIe MpOIlecca OCTACTCS IMOCTOSHHBIM,
TO paboTta He coBepinaercs, Toraa dV=0:

0Q =dU mm Q =AU.

Qy — TermIoBas ’Heprus mporecca, npu V=CONSt, paBHa W3MEHE-
HUIO BHYTPEHHEHN dHEPTUU U, CJIEIOBATEIBHO, 3aBUCUT TOJIBKO OT Ha-
YaJIbHOT'O M KOHEYHOI'0 COCTOSTHUM CUCTEMBI, T. €. 0Q mpuoodpeTaeT B
OTJICIBHBIX Cy4asx CBoOWcTBa moyiHOTO auddepennmana (0T myTu
mpolrecca He 3aBUCHT).

TakuMm 00pa3oM, Konuuecmeo no2i10uieHHOI Meniomsl nPU no-
CMOAHHOM 00beme uoem Ha ysenudeHue 6HympeHHeu IHepeull.

2. H3o06apnutii npouecc. p=cons, dp=0.
[Ipounterpupyem  ypaBHeHue | Hayaia  TepMOJMHAMHKHU:
8Q =dU +pdV, momyunm Q, =U, U, +p(V,-V,), wm

Qp =U,-U, +pV, _pvl.
['pynmupyem ciaraembie ¢ OJHAM HHJICKCOM.
Qp = (Uz + sz) - (Ul + le) :

Tak kak, p u V — napametpsl coctosiausi, a U — QpyHKIus cocTosi-
Hust, To cymma (U + pV) sBisercs Takke QyHKIMEH COCTOSIHHS CHC-
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TEMbl U €€ U3MEHCHUE HE 3aBUCUT OT IYTH NMPOTEKAHUA Ipolecca, a
3aBUCHUT JIMIIb OT HAYaJIbHOTO M KOHEYHOT'O COCTOSIHUMN. ITa (DYyHKIMS
HA3bIBACTCS SHTAIBIHEN U 0003HAYAECTCSI CUMBOJIOM «H»:

H=U+pV.

Tenﬂoma, noziaouiaeman cucmemou npu noCmosaHHOM oaene-
HUuU, pasHa U3AMEeHEeHUI0 SJHMAIbRUU CUCHIEMDbL .

Q,=H,-H, =AH.

Ecnu sHTanenms OpoJyKTOB OKa3bIBAE€TCS MEHBILIE SHTAIBIINU
VUCXOOHBIX PEAreHToB, T. €. AH oTpunarenbHo, peakuuio Ha3bIBAIOT
IKzomepmuyeckou. Ecnyi >HTAIBNUS NPOTYKTOB BBIIIE SHTAIBIAU
peareHToB, T. €. AH monoxuTtenbHO, peakuus Ha3bIBa€TCS IHOOMmep-
MUYECKOU.

Jlinst Geckoneyno manbix Bennuud 6Q, =dH, T. e. 8Q, npuodpe-

TaeT CBOMCTBO MOJHOrO AudPepeHnuana.

3. Aouabamuueckuit npouyecc. 6Q=0, T. €. cucTemMa HaXOIUTCS B
agnadaTuyecKol 00O0JIOUKE, MUCKIFOYAIOIIEN BCIKUU OOMEH TEIUIOTOM
C BHelHeu cpenoit. B atoMm ciydae p-dV =-dU

Iockonbky [pdV =A, 0 A=-U = —(U1 — U2) = U1 — U2

T. €. padoTa coBepIIaeTCcs 3a cueT YObUIM BHYTPEHHEW SHEPIHH CHC-
TEMBI.

2.2.5.IlepBoe Ha4Ya/I0 TEPMOJUHAMUKHA
MU OMOJIOTUYeCKH e MPOoLLeCChl

[lepBbIii 3aKOH TEPMOJUHAMUKH — 3TO 3aKOH O COXPaHEHUH dHEP-
r'Md U 00 SKBUBAJICHTHOCTH PabOThl M TemioThl. Pabota u Temiora
NPEACTABISAIOT CO00M pasHbie (POPMBI PHEPTUU W MEPEXOAT OJHA B
ApYTryro. 3aKOH YTBEPKIAET, YTO SHEPTUIO HEJIb3sI HU CO3/1aTh 3aHOBO,
HU YHUUYTOXXHUTh, OHA JIUIITb IEPEXOAUT U3 OJTHON (POPMBI B APYTYIO.

Eme B 1780 r. A.JI. JlaByazwse u II. C. Jlamiac mpoBenu OMBIT: B
JICSTHON KaJIOPUMETP MTOMECTUIIM MOPCKYIO CBUHKY U CIEIWIIN, KaK W3-
MEHSIOTCS TeIUTOBbIE A (eKThI BHYTPHU U BHE opranu3zMa. OHU COBIAIH.

W3meHeHnsi B SHTAJBIIHMK, COMPOBOXKIAIOIINE OKHCICHUE MHUTa-
TEIBHBIX BEIIECTB, YK€ C IABHUX BPEMEH MPUBJICKATN BHUMAHUE KaK
XMMHKOB, Tak U (pu3ukoB. Temnora cropanus (-AH;) oObr4HO ompejie-

JSETCA KaJOPUMETPUUECKU. Tak Kak mHrepec npenacrasisier AH npo-
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1ecca, Npu KOTOPOM MNPOAYKTAMHU CrOpaHUs SBJSIOTCS YIJIEKUCIIBINA
ras3, Boja, 3JICMEHTApPHBIM a30T U Ce€pa, HY’)KHO BBOJUTH MOMPABKY Ha
oOpa3oBaHuE OKHCEH JBYX MOCJIEIHHMX SJEMEHTOB. B HTOre MOXHO
MOJIYYUTh C OY€HBb XOpOoIller TOUHOCThI0 AH, Kak 111 OMOXUMUYECKUX
COCJIMHCHU, TaK W JIJISI MHOTOKOMIIOHEHTHBIX MUILEBBIX MPOTYKTOB.
B mocnenaue roapl ONpeaesieHHEe ¢ MOMOIIBI0 MHUKPOKAIOPUMETPA
JIOBOJILHO MaJIbIX 3HaueHur AH 171 pa3inyHbIX XUMHYECKUX WIIA
OMOXMMHUYECKUX PEAKIIUNA CTaJI0 PyTHHHOMN MPOIIEAYPOi.

MOXHO 1 € YACTO TEPMOXUMHUYECKON TOUKHU 3PEHUSI paCCMATPHU-
BAaTh OPraHW3M YEJIOBEKA WM KUBOTHOTO KAK KATAJIM3ATOP MPOIIECCOB
CrOpaHMsl MHINEBBIX MPOAYKTOB? UTOOBI OTBETUTH HAa 3TOT BOIIPOC,
OBLITH TOCTPOCHBI OOJIBIINE KAaJOPUMETPHI, B KOTOPHIE MOXKHO TTOMEC-
TUTh YEJIOBEKA WIM KUBOTHOE. ECin 4enoBek, HaxXoAsCh B KAIOPUMET-
pe, He TepseT U He MPUOaBIISIET B BECE, TO BBIACISIEMOE UM TEIUIO KakK
pa3 M JIO0JDKHO OBITh paBHO TeI1oTe cropanus (-H.) MUIeBbIX MPOayK-
TOB, mpeBpamatomuxcsi B CO,, BOJly U MOYEBHUHY. IDTO TOJIOXKEHUE
MIOJTBEPAMIIOCH SKCIIEPUMEHTAIBbHO, YTO Y HAC YJIMBJICHUS HE BbI3bIBA-
€T, OJJHaKO B Haydajie XX CTOJIETHA, KOrJa TaKWe IKCIEPUMEHTHI CTa-
BWIKNCh BIEPBBIC, MHOTHE Y4YE€HBIE COMHEBAIMCH B MNPUMEHUMOCTHU
IIEPBOT0 3aKOHA TEPMOJUHAMUKH K KMBBIM OpPraHU3MaM.

Ha npakTuke xanopuMeTpuuecKue U3MEPEHMST Ha >KMBBIX Opra-
HUA3MAaX COMPSIKEHbI C MHOKECTBOM TPYIHOCTEM, CBSI3aHHBIX C HEBO3-
MOKHOCTBIO TOYHO M3MEPHUTH KOJWYECTBO BBIJICIMBIIECTOCS TEIJIA, C
HEOIPEACICHHOCTRI0 B KOJIMYECTBE 3aIllaCEHHBIX MMHUTATEJIbHBIX BE-
IIECTB, C HEOOXOUMOCThIO BBeIeHU nonpaBok B AH, B ¢Bsizu ¢ 00-
pa3oBaHHEM IPOJYKTOB oOMeHa. TeM He MeHee Takhe H3MEpEeHUs
AHEProoOMeHa UMEIOT BAXKHOE 3HAYCHHUE JIJI1 OpraHU3alluK TUTaHUS U
MenuiuHbl. Pa3paboTaHbl KOCBEHHBIE KaJOPUMETPUUYECKUE METOJIBI,
MO3BOJISIOIINE HM3MEPUTh YPOBEHb OCHOBHOTO OOMEHa y 4elIOBEKa.
OcHOBHO# 00OMEH, KaK MPaBUJIO, MPOMOPIMOHAJICH TUIOIAN ITOBEPX-
HOCTH Tena. J{ns JmeBymek 3Ta BEJIWYMHA COCTABISIET B CPEIHEM
= 154KI[>I<-q'1-M'2, JUI FOHOIIEH = 172KI[>K-q'1-M'2.

[IpyMEHMMOCTh TIEPBOTO 3aKOHA TEPMOJVMHAMUKHU MPU U3YyUYECHUH
OMOJIOTUYECKUX M DKOJIOTUYECKUX CUCTEM MOKHO IOKa3aTh Ha MpU-
Mepe poTocuHTE3a!

6CO +6H O—"_5CH O +60 .
2 2 6 12 6 2
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Jluctes copepkat xyopoduiia B BUAE XjoporiactoB. s ¢orto-
CHUHTE3a UCTOJIb3yeTcs He Oosee 2 % OoT majaroiiei Ha JUCT COJTHEY-
HOM sHeprun. OHa OpeBpallaeTCsl B DHEPTHI0 XUMHUYECKUX CBSI3EH
CIIO)KHBIX MOJICKYJl OPTaHMYECKUX BemlecTB (YIopsaoueHHas JHEp-
rus1). boiblas 4acTh COMHEYHOM DHEPTHEH paccenBacTCs B BHJE TCII-
na. [Tonyyaromasicst mpu 3ToM OroMacca Mmociae0BaTeIbHO MEPEXOIUT
OT OJIHAX OPTaHMW3MOB K JpyruM (TMIIEBas Ielb. PaCTCHUS — TPABO-
STHBIC — TIOTOSIHBIC). Takoi mepexoi SHEPTHH U BEIIEeCTBA M OITH-
ChIBAETCS MIEPBBIM 3aKOHOM TEPMOIUHAMUKHU.

2.3. Paboma pacuiupeHusi udeda1bH0o20 2a3d

[Ipu pacmmpenuyn rasa coBepinaercs pabora, KOTOPYIO BBIYHC-
JS0T 10 ypaBHEeHUI0 0A =p-dV uiu B HHTETpaibHOM dopme:

V2
A= [ pdV.
\Y

1

NuTerpupoBanne 3TOro ypaBHEHUS BO3MOXHO TOJBKO JJISL TIPO-
1[ecca paclIupeHus WIK CKaTHs ra3a B yCJIOBHUSX, OJIM3KUX K PaBHO-
BecHbIM. CoBepliaeMasi Mpu 3TOM padoTa SBISETCS HAauOOJIbIIEH U
Ha3bIBACTCA MAKCUMANLHOU PAOOMOIL.

YToObl MHTETPUPOBAThH, HAJIO 3HATH 3aBUCUMOCTh MEXKIY JaBJe-
HUEM U 00BEMOM, T. €. YpaBHEHHE COCTOsIHUS rasa. g uaeaibHOTro
rasza 3To ypaBHeHue MenjeneeBa — Knaneitpona: pV=nRT.

PaccmoTpuM BhIpaxkeHu€ JUIsi MaKCUMaIbHOM paOOThI paciiupe-
HUS UJICAUTHHOTO T'a3a B PA3JIMYHBIX MTPOIIECCAX.

1. H3006apnutit npouecc, p=const.

Vz

WuTerpupys ypasHenue A = | pdV,

\YJ

1
noinyunm: A=p(V, — V,).
B ypaBuenuun pV=RT, npu n=1, 3amenum pV; na RT;, a pV, Ha
RT,, Torga Mo>XHO 3aIucaTh.

A=R(T -T).
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2. H3omepmuueckuii npouyecc, T=const.

V
2
A= [ pdV, u3 pV=RT; p:E
V V.
1
2 RT 2 dV v
[Tomyuum: p — [ —dV=RT [ — =RT | dinV.
vV vY v

1 1 1
[Tociie nHTETPpUPOBAHUS:

V
A =RTIn—2.
V
1
T — pl _ V2
ak kak ipu T = const, — = —=,
p2 Vl
P
o A=RTIn-L,
p

2
3. H3oxopuwtii npouecc, V=const.
dV=0, moatomy A=0.
4. Aouabamuueckuit npouyecc, 6Q=0.
CornacHo mEpBOMY Hadaly TEPMOAMHAMHUKH padoTa MPOM3BO-
JTUTCS 33 CYCT YMEHBIIICHUS BHYTPEHHEH dHepruu (ra3 oxJja)maaeTcs):

Q=AU +padV,

A =-AU.

5. H300apno-uzomepmuueckuit npouecc: p=const, T=const.
B stom cityqae A=p(V;, — V1)=pAV.
[Tpu p=const u T=const u3 ypaBuenus pV=nRT nonyunm:

PAV=ANRT,
otkyaa A=AnRT,
rae An — npupanmeHne Yuciia MOJIEN Ta30B B PE3yJIbTaTE PEAKLIUU.

2.4. Tepmoxumus

OTO pa3aen XUMUYECKON TEPMOAMHAMUKH, KOTOPBIM 3aHUMAETCS
U3YYEHHUEM TEIIOBBIX J(P(EKTOB XUMHUYECKUX peakiui, (U3nKo-
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XAMHYECKHUX TPOIECCOB U JPYIHX CBSI3aHHBIX C HUMHU BEJIWYHH (Ha-
IpUMep, TEIIoeMKoCcTH). OCHOBHOE MOHSATHE B TEPMOXHUMHH — TIOHS-
THE TEII0BOTO A PekTa.

Ecnu mpouecc mpoTekaer Mmpu MOCTOSIHHOM OObeMe WU JaBiie-
HUH, TIPU ITOM TeMIIepaTypa UCXOIHBIX BEIIECTB U MPOJYKTOB peaK-
I OJIMHAKOBA, TO KOJUYECTBO TEIUIOTHI, KOTOPOE BBIJCISACTCS WU
MOTJIONIAETCSl MPU 3TOM MPOLIECCE, HA3bIBACTCS MEna106bim Ighex-
mom (IpU 3TOM NMPUHUMAEM, YTO COOTHOIICHHE PEarcHTOB CTEXHO-
METPUYECKOE U €AMHCTBEHHOU pabOTO, COBEpIIaeMOil CHCTEMOM, SIB-
nsieTcst paboTa paciIupeHus).

TenumoBoit addekt nmpu p = const obo3navaercs Q, = AH, a npn
V = const Q, = AU.

Bennunnel Qpu Qy CBA3aHBI MEXy COOOM:

Qp—Qv =AH-AU = AU + pAV - AU = pAV = AnRT (a5 raza).
Ecau n>0, To Q, > Qy;

n<01 TO Qp < QV1
n=0, 10 Q, = Q..

Jlist 6uonorudeckux mporeccoB Qp = QV, T. K. B JKHUBBIX CHUCTe-
Max TEIUIOBBIC MPOIECCH UAYT 0€3 M3MEHEHHUST 00beMa CUCTEMBI,

2.4.1. 3akoH I'ecca. CareacTBusa U3 3aKkoHa I'ecca

B 1836 r. I'epman UBanoBuu I'ecc, mpodeccop IleTtepOyprckoro
WMHucTuTyTa KOpIyca ropHbix nHxeHepoB (¢ 1866 r. — ['opHbIi HHCTH-
TyT), OTKpbLIL, a B 1840 r. omy0JMKOBaJl OCHOBHOM 3aKOH TEPMOIMHA-
MUKU. MEn1060ul Ihhekm xumuueckoil peakuyuu He 3a6UCUmM OM
HPOMENHCYMOYHDBIX CMAOUIL, a4 ONpedeIaemcsa AUb HAYATbHbIM U
KOHEeYHbIM COCHOAHUAMU CUCIEMDL.

3akoH ['ecca He3aMeHUM MJIs pacyera TeX TEIUIOBBIX 3((PEKTOB,
KOTOPBIC HE MOTYT OBITh U3MEPEHBI KAJIOPUMETPUICCKUM TTyTeM (dKC-
epUMEHTAIIbHO). BBIBoABI M3 3akoHa ['ecca: 1) TemnoBoii a3ddexT 00-
Pa30BaHUsI XUMUUECKOTO COSAMHEHUS U3 UCXOAHBIX BEIIECTB HE 3aBU-
CHUT OT CIoco0a, KaKMM 3TO COEIUHEHHUE IOJIyUYEHO; 2) TEIJI0BOH 3(-
(eKT pa3ioKeHUs XUMHUYECKOTO COCIUHEHHUsS 0 ONpEe/eJICHHBIX Be-
IIECTB PAaBEH M MPOTUBOIIOJIOKEH MO 3HAKYy TEIIOBOMY 3(PdeKkTy 00-
pa3oBaHUs TOTO COSAMHEHHUS U3 TEX YK€ BEIIECTB.
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CnenctBus U3 3akoHa ['ecca — 310 pacuer TeruioBoro 3¢ddexra
XUMUYECKOM peaKIuy Mo TEIIoTaM 00pa30BaHMs U CTOPaHUSI.

Tennomoit oopazoeanua TAaHHOTO BEIIECTBA HA3BIBACTCA TEILIO-
BoM 3¢ (eKT 0Opa3zoBaHMs OJHOTO MOJISI ATOTO CJIOKHOT'O BEIIIECTBA U3
MIPOCTHIX BEIIECTB, B3ATHIX B YCTOMUMBBIX arperaTHBIX COCTOSHHSIX.

Tennomoii czopanus Ha3bIBACTCA TEIIOBOM d(PHEKT OKHUCICHUS
OJIHOTO MOJISI OPTaHUYECKOTO COEUHEHHUS B MOJICKYJIIPHOM KHCIIOPO-
1¢ B M300apHBIX YCIOBHIX ¢ 00pa30BaHMEM BBICIINX OKCHIOB (BOIBI
U YTJICKHCIIOTO rasa).

Ilepsoe cneocmeue (pacuer TermioBoro 3¢p@dexra XUMHUYCCKON
PCaKIuy 10 TEII0OTaM 00pa30BaHus):

AB+CD .
> n (AH)™P e
AH AB,CD
X.p-
v 2 n(AH )06p npoa
AC+BD

r€e N — 4KuCIIO MOJIEH.
Cornacho 3akony Iecca: Y.n(AH)Y + AH, = > n(AH)®

HCX npon !

orkyna: AH, =3 n(AH):? - > n(AH) "

npon ucx *

Tennoeon r¢hghekm xumuueckoii peakuyuu paseen cymme men-
Jlom 00pa3oeanus nPOOYKMoE peaKkuuu 3a 6bl4emom CymMMbl men-
J1I0m 00pa308aHUA UCXOOHBIX 6CULECNE.

Bmopoe cneocmeue (pacuer TermioBoro 3pdekra XUMHUYECKOH
PCaKIUU 10 TEIIOTaM CrOPaHus):

AB+C[
Zn(AH) po?
AH, , CO2+H20+gp.
o ras XK.
v Tn(AH) °°P
npog,.
AC+B[
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ITo 3axony I'ecca: AH, =Y n(AH),¥ — > n(AH), >

15(0:4 npox "
Tennoeoit I¢hghexm xumuueckoit peakyuu paseH cymme men-
JIOM C20PAHUA UCXOOHBIX BCULECHI8 3d GbIUEHIOM CYMMbl MEN10m
C2OPAHUsL NPOOYKM OB PeaKyuu.

2.4.2. CraHAAQpTHBIX TelioBoM 3¢ PpeKT

TernnoBbie 3PHEKTHl XUMHUUYECKUX PEaKIMi 3aBUCAT OT TeMIepa-
Typbl U MaJIO 3aBUCAT OT JaBiieHus. OObIYHO TeT1oBbIe 3P (EKTHI OT-
HocAT K 25° C m manenuto B 1 arm. Takoe cocTossHME Ha3bIBaeTCs
CTAaHJIAPTHBIM, a TEIIOBOM A(DPEKT — CTAaHJAPTHBIM TEIUIOBBIM 3(-

dbexktom. Ob603HaUaeTCA AHE98 0 — mpusHak crangaptHocTu. Termo-
]

BOI 5P (EKT BBHIPAKAIOT B {KH}K} { Jox } [K‘W} { KaJl }

MOJIb MOJIb MOJIb MOJIb

K cranmapTHOMY COCTOSHUIO NPUMEHUM 3aKOH ['ecca u ero cien-
CTBUS, IO3TOMY MOXHO 3aIUCaTh:

(AHg%)x.p. =2 ”(AHggs)06p -2 ”(AHg%)OGp

IpoJ nuex !

(AH(2)98 )X.p. =2n (AHggs Jvew — 21 (AHggs )

HCX npon !

riae N — crexuoMmeTpudeckue KodDPUUIMEHTH Mpu (QopMysiax 3THX
BCIIIECTB B YPAaBHCHUM XUMHYECKON pPEAKIIMM, TaK KaK CTaHJIApPTHBIC
3HAUCHMS IPUBOAATCS B pacyeTe Ha 1 MoJb.
Temtora 06pa3oBanHms MPOCTHIX BEIIECTB B CTAHAAPTHOM COCTOSI-
HUY paBHA HYJIIO.
(AH? )“” =0, (AH? )“” =0.

298" CO 298" HO
2 2

3nauenue 3axona I'ecca. pacyetr TemioBbIX 3PPEKTOB XUMHUUE-
CKHX PEaKlHil, HE ONpeaenss SKCIEPUMEHTAIBHO, MO3BOJISIET BbIYMC-
JSTh TEIIOBbIE 3(PQPEKTHl MEIIEHHO MNPOTEKAIOIIUX PEaKLUH, T. K.
HKCIEPUMEHTAIbHBIE OMNPEACIICHUS] B TaKUX CIIy4yasix CBS3aHbI C
OOJIBIION MOrPEIIHOCTHIO; TTO3BOJISET BBIYUCIISTH TEIIOBBIE 3(P(EKTHI
peakuuid, KOTOPbIE NPAKTUYECKU HE OCYIIECTBUMBI.
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2.4.3. BiusiHUe TeMnepaTypbl Ha TENJIOBOH 3P PpeKT
XMMMUYeCKOM peakuuu. YpaBHeHus: Kupxrodga

Tennoemkocmapro Ha3pIBaeTCA OTHOILIEHHE KOJIMYECTBA TEILIOTHI,
coo0I111aemMoi cucTeMe B KakoM-JIMOO Mpoliecce, K COOCTBEHHOMY H3-
MEHEHHUIO TEMIIEPATYPHI.

c.Q
T,

TenmnoeMKOCTh MOXKET OBbITh YJEIbHOU, MOJIIPHOM.

Yoenvnaa mennoemxocms eeuwyecmea — 310 dHEprusi, HeoOXo-
IrMas JJIsl TIOBBIIIEHUS] TEMIIEPATYPhl OJTHOTO KHJIOTpaMMa JaHHOTO
BELIECTBA HA OJIUH KEJIbBUH, Pa3MEPHOCTD — [I[)K-Kr'l'K'l].

Monapuaa mennoemkocms (C.,) — 5TO dHEpPrus, HEOOXOoAUMas
JJI. TIOBBIIICHUSI TEMIIEPATyphl OJHOTO MOJISI JJAHHOTO BEIIECTBA Ha
OJVH KEJIbBUH, [I[)K-MOJIL'l'K'l].

PaznuyaroT CpeaHIO U HCTUHHYIO TEMJIOEMKOCTH:

C= Q = Q _ CpeIHsAs TEIUIOEMKOCTD,
T -T AT
2 1
ecau AT— 0, o C= gg — UCTUHHAS TEIUIOEMKOCTD.

Pa3nuuaroT TemnoeMKocTu npu noctostHHoM jasienun (Cp) u mo-
crostaaoM o0beme (C,):

% dH _ oH Q, du au

= ,CV: = - .
ar ot ot ar - ar ot

Temmoemkocts ipu V=const (C,) cBsi3aHa ¢ U3MEHECHHUEM BHYT-
peHHell sHepruu cuctemsl, a C, He TOJIbKO C U3MEHEHUEM BHYTPEHHEH
3HEPIHH, HO U ¢ paboToi NpoTus BHemHKUX cuil. [Toatomy Cp, > C,:

_dH _dU+pv) _dU  dpv)

Cp=

Cp =C +R.
dT dT dT dT v
N JJI nACaJIbHEBIX I'a30B.
C,—Cy=R.

TenmoeMKoCTh pealbHbIX Ta30B B OOIIEM Clydae 3aBUCUT OT
TEMIIEPATYPbI U YBEIMYUBAETCS C pOCTOM mocieaHe. OnbITHBIE 3HA-
YEHUsI 3aBUCUMOCTH TEIUIOEMKOCTH OT TeMIIepaTyphbl OOBIYHO IIpe-
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CTaBJSIIOT B BHUAEC MHTEPHOJSALMOHHBIX YypaBHeHMH. OOpabatrbiBas
AKCIIEPUMEHTAJIbHbBIC JJAHHBIC, HAIIUIN 3aBUCUMOCTH:
C!
Cp=a+bT+CcT? mmu Cp=a+bT +—,
T2
rae a, b, ¢, ' — smmupuyeckue KodpPuimeHTsr (3TH KOIHPHUITUSHTHI
HaMJICHbBI METOJIOM HAaMMCHBIIMX KBaJPaTOB), XapaKTCPU3YIOIIKE 3a-
BUCUMOCTB Cj, OT TemMIeparypsl, X YUCIECHHbIE 3HAYEHUS IIPUBOATCS
B CIPABOYHUKAX;
a — DKCTPaNOJIALMOHHAS BEJIMYMHA, HO HE TEIIOeMKOCTh C, npu
aOCOJIFOTHOM HYJIE.
OTU ypaBHEHUS CIIPaBEIJIUBHI JJIsl BCEX arperaTHbIX COCTOSIHUM B
uatepBasie 0—2000°C u npu p=5-10 aT™ (morpentHocTh paBHa 1-3 %).
TennoBoit 3pPexkT XMMHUYECKOW peakly 3aBUCUT OT TeMIepaTy-
pPBI M MAJIO 3aBUCHUT OT JIABJICHUA. PacCcMOTpuM peakiyio nmpu P=CONSt:

AB+CD — AC + BD.

TennoBoit 3¢dext peakuuu npu P=CONSt paBeH U3MEHEHUIO H-
TaJIbIINH;

AH=H _anx :(HAC+HBD)_(HAB+HCD)'

nposa

Jlns Haxoxnenus 3asucumoct AH = f(T) nponuddepennmpyem
nocjeHee ypaBHEHUE !

|:d(AH)j| — (dHAC) +(dHBD) _ (dHAB) +(dHCD)
dT ) dT ’p dT ’» dT ’» dT ’p
Tak kak (dH] -C ,TO

aT ), P

[d(AH)
dT

L :(Cp,AC +Cp,BD)—(C | +C )=AC,
rae ACp=y nC"™ —an;CX

[Tonyunnu ypaBHenue Kupxrodda B nuddepeHunuanbHOM BUIE,
BBIpaXXalollee BIMSHUE TeMIepaTyphbl Ha TEIUIOBOU 3P HeKT Xumuye-
CKOM peaKIuu:

40



{M} _AC
aTt |

| -ac,
v

1. Ilpounrterpupyem Bbipaxkenue: dAH = AC,dT B npenemax
temreparypsl oT Ty 1o Ty:
T2
AH; —AH; = 'Ii AC, -dT =AC (T, - T,), nm
1

AH-, =AHy +AC (T, ~T).

d(AU)

I10 aHAJIOTUH l:

Yto0bl onpeseuTh TeIoBoi 3d ekt nmpu ar000i TeMieparype,
HAJ0 3HATh TEIUIOBOW A(PPEKT mpH KAKOW-TO TEMIIEpAaType U 3aBUCH-
MOCTb TEIUIOEMKOCTHU PEArupyrolnx BEIECTB OT 1. YpaBHEHUE NPU-
MEHHUMO, €CJIM TeMIEPATYPHbIN MHTEPBAJI HEBEIUK WIN TETNIOEMKOCTh
MaJjio U3MEHSIETCS C TEMIIEPATYPOH.

2. Ipounrerpupyem ypasaenue dAH = AC,dT, Gepst Heompene-
JICHHBIN UHTETpan U Beipaxas Cp yepe3 MHTEPHOJIALMOHHBIE ypaBHE-
HUS, T. €.

AC,=Aa + AbT + ACT?, otkyma [dAH = [(Aa + AbT + AcT?)dT.

[Tocne nHTErpUpOBaHUS MOTydaeM ypaBHeHne Kupxrodda B uH-
TerpajibHOM BHJE, KOTOPOE MPUMEHUMO JIJIs JJI000r0 MHTEpBaJia TeM-
neparyp, €Clii HE MPOUCXOAUT arperaTHhIX IPEBPAIICHUNA XUMUYE-
CKUX COCIUHCHUU.

AH=AH_ +AaT+%AbT2 +%ACT3, (1)

rne AHp— mocTossHHAass MHTErpUpPOBAHUSA, KOTOPYIO OIPEACISIOT M3

AHg98 II0 BBIIECTOSIIEMY YPaBHEHUIO, OTHECS €ro K TeMIeparype

298 K:
AH® = AH, +Aa- 298+ ZAD(298)? + %Ac(298)3, 2),

Aa, Ab, Ac — cuipaBOYHbBIC BEIIMUHHEI,
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Aa =3 (ma),,, — > (na),,, To ke 1 Ab u Ac.

CrauzaprHsiii TerwtoBoit sddext (AH gg) mmst 910l peakiuu pac-
CUMTBIBAIOT, MCIOJB3Ys CIEACTBUS M3 3akoHa ['ecca (mo TeruroTam
oOpa3oBaHus wiu cropanus). Otcrona HaxoauM 3HadeHue AHg u mmoj-
cTaBisieM ero B ypaBHeHue (1).

IIpumepsl pewieHus 3aday

3aoaua 1. OnqHoaToMHBIA WaeaIbHBIA ra3 oobemoM 10 i1 Haxo-
mutcs o nasinenueM 200 kIla u umeet Temnepatypy 293 K. Paccuu-
TaliTe padoTy W M3MEHEHHE BHYTPEHHEH PHEPruu MpU paclIupeHUU
raza Jio oobema 20 J1, ecau mporiecc MpoTeKaeT: a) u300apHo, 0) H30-
TepMuuecku. OmnpenenuTe KOHEUHYI0 TEeMIepaTypy Tra3za B IEpPBOM
ciyJae.

P e mr e v u e. OnpenensieM KOJIMIECTBO BemiecTBa (ras3a):

SV 2-10°-10-10°°

=0,82 MOJIb;
RT, 8,314-293

a) B n300apHoM nporecce (p = const) paboTa pacuIupeHUs Ompe-
nensiercs mo hopmyie:

A =p(V,-V,) = 2:10°(20-10° - 10-10"%) = 2000 [x.

HN3MmeHeHrne BHYTPEHHENW DYHEPTUU BBIPAKACTCS Yepe3 U30XOPHYIO
TermioeMKocTh (3/2R) u u3MeHeHre TeMIiepaTyphl.

AU =nC, (T,-T)) = g( p N, — pVy) = g 2.10°(20-10°-10-107%) =3000 J[.
Koneunyro Temmiepatypy onpeaensieM u3 COOTHOIICHUS:

Vi Voo g _\V,T, _20-107°-293

I T
0) B m3orepmudeckoM mporecce (T = const) n3aMeHeHHe BHYTPCH-

Hel sHeprun (AU) paBHO HyJII0, a paboTa pacIIMPEHUS OIPEIeIsaeTCs
o ¢popmyie:

A =nRT In(V, /V;)=0,82-8,314-293-In(20-10°/10-10~°) =1386 [T

3aoaua 2. Paccuutaiite TerioBoil 3(pdekT mporecca TuapoIn3a
caxapo3bl, €CJIM CTaHJApPTHBIC TEIUIOTHI CTOPaHHUS Ccaxaposbl, O.-
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TIIIOKO3bI U B-bpykTo3bl paBHBL: —5644, —2802 u —2810 x/{»/MoJ1b,
COOTBETCTBEHHO.
PemeHnue. 3anuiieM ypaBHEHUE PEAKIIMN THAPOIIN3aA CaXapO3bl:

C12H22011 + HZO = C6H1206(rn}01<03a) + C6H12O6((1)pyKToza)-

ITo cnencTBuio U3 3akoHa I'ecca TemnoBoi 3¢ dekT mporecca pa-
BEH PA3HOCTHU CYMM TEIUIOT CTOPAHUSI UCXOJHBIX BEIIECTB U MPOIYK-
TOB PEaKI1HU:

c

0 \° 0 \°
- (AH298) +(AH298) =
caxapo3sl TJTFOKO3bI (hpyKTO3BI

= -5644 — [-2802 - 2810] = -32 x/[)x/mMo1b.

Ay Hggs = (AHS%)

3adayu

1. I'a3, pacmupsiacb OT 5 10 12 71 Opu MOCTOSSHHOM JIaBJICHUU
101,3 kIla, mormomaer 300 /[ TemmoTel. OmpeaenuTe U3MEHEHHE
BHYTPECHHEU SHEPTUU rasa.

2. OnpenenuTe W3MEHEHHE BHYTPEHHEW SHEPIrHH, KOJHUYECTBO
TEIJIOTHI U paboTy, COBEPIIAEMYIO TTPH OOPATUMOM HM30TEPMHUUECKOM
PACIIMPEHHH KHCI0poaa oT 1 10 5 M° (HaualbHBIC YCIIOBHS TeMIIepa-
typa 25°C, naBicuue 98 klla).

3. Kakoe konMuecTBO TEIUIOTHI HEOOXOIWMO [IJIsi TIOBBIIICHUS
temnepaTypsl 48 r kucinopoaa ot 273 no 373 K npu naBnenun 1 atm?
Kak mipu 3TOM H3MEHHUTCS BHYTPEHHSS SHEPTHUS ?

4. OnpenenuTe KOHECUHYIO TEMIIEpaTypy U paboTy, HEOOXOIUMYIO
UIg aguadaTUYECKOro C)KaTtusa a3zora oT 15 ;1o 2 1, eciiv HayaIbHBIE
TemmepaTtypa u aaBiaenne paBHbl 20°C u 1 aTm.

5. PaccunTaiiTe KOJTUYECTBO TEIUIOTHI, HEOOXOIUMOE JIJIsl HarpeBa-
HUA BO3yXa B KoMHare oouM oobremoMm 400 M ot 15 no 20°C. Ilpu-
MUTE, 9TO BO3yX — 3TO HJICAJbHBIN IBYXaTOMHBIN I'a3, a JTaBJICHHUE MTPU
VCXOOHOM TeMIepaType HOpMalibHOe. Hananure n3MeHeHHe BHYTpEH-
HEM PHEPTUU U SHTAJIBIINUU ISl POLIECCa HarpEeBaHUsI BO3AyXa.

6. Ilaper 6en3oma (2 MOJTB) OOPATUMO M H30TEPMHUIECCKH CKOHJICH-
cupoBaiu B xuakocth mpu 80,1°C. Paccuuraiite paboty, TEIIOTY, U3-
MEHEHHE BHYTPEHHEW HEPTUU U SHTAJIBIIMK B 3TOM Ipoliecce. Y 1elb-
Has TeruioTa ncnapenus oenzoina npu 80,1°C pasHa 394,4 Jx/r.

43



/. PaccuuTaiite sHTanbnu0 obpazoBanus H,SO, mpu T = 298 K,
€CJIM U3BECTHBI TETUIOBBIE 3 (PEKTHI pEaAKIIUA:

S+ 0, =50, (AHZg) =-296,9 kllx/Moms;

X.p.
SO, + 0,50, = SOy, (AHZss)  =-98,3 KJlx/moms;
X.p.
SOy + H2O(g = H2SOux), (AH20s) = -130,3 k/lc/mtoms.
X.p.

8. DHTanmbnus cropanus rmoko3bl mpu 25°C paBHa —2816 k/[x/MoIIb.
Paccuwnraiite 3HTaIBIINIO0 00pa30BaHUS TIIFOKO3bI U3 TIPOCTHIX BEIIIECCTB.

9. PaccuuTaiite TermmoBor dPGeKT peakiuu OKUCICHUS aMMHaKa
KHcIopoaoM J0 okcuja azota (I1) u Boasl B *KHAKOM COCTOSHUU TIPH
298 K 110 3HaueHHsIM TEIIOBBIX d(PPEKTOB peaKInii:

1/2N, + 3/2H, = NHy, (AHZ) = ~46,2 k/Lk/vome;

X.p.

H, +1/20; = H,Oyy, (AH 898) = —285,8 xJ[x/MOb;

X.p.

N, + O, = 2NO, (AHSQS) ) = 180,7 xJI>x/Mo0b.

X.p.

10. Paccuuraiite TEMIoTy AUCCOLMAIIMHN XJIOPYKCYCHON KUCIIOTHI,
ecu TerIoBoi G (PEeKT ee HEUTpaIU3alKH MEeT0Ybi0 cocTaBiseT —o0
k/x/Monb, a TemnoBor 3(G@dEeKT HEHTpaau3alue a30THOW KHCIIOTHI
1Ie049bto paBeH —55,9 kJIx/MoJIb.

Tecmoeuvlie 3adaHus

Bvioepume ooun npasunvnolii omeem

1. Ina onoxumuyeckux npoueccoB Q, = Qy, Tak Kak B JKUBBIX
CHUCTEMAX TEIJIOBBIC MPOIECCHI MPOTEKAIOT:

A. be3 usmMenenus naBieHUS.

b. B y3kom quana3zone temmneparyp.

B. be3 usmenenus oorema.

I'. sMeHeHre o0beMa NpOonoOpIUOHAIBHO TABJICHUIO.

2. AnnabaTuyecKkuil mporecc:

A. p = const. b. AQ =0.
B. V = const. I'. T = const.
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3. CtangapTHbIi Te10BOM 3(hPEKT OTHOCST K YCIOBUSM:
A. T=273K,p=100klla. b.T=20°C,p=1arwm.
B. T=298K,p=1arwm. I'. T = 298K, p — moboe.

4. CorjsacHO NEpPBOMY 3aKOHY TEPMOJIMHAMHUKH IOIJIOLIECHHAS
CUCTEMOMU TEII0Ta PACXOAyEeTCs Ha!

A. TlonnepxaHue paBHOBECHUS CUCTEMBI.

b. YBenuueHre BHyTpPEHHEN DHEPTUU CUCTEMBL.

B. CogepiiieHue BHEIIHEH pabOTHI.

I'. YBennueHue BHYTPEHHEU JHEPIMUM CHUCTEMBbl U COBEPIIECHUE
BHEIIHEN Pa0OTHI.

5. ®opmynupoBka 3akoHa ['ecca:

A. TemnoBoit 3¢deKT paszIoKEeHUST XUMUUECKOTO0 COCTUHEHUS 10
OTpEJICTICHHBIX BEIIECTB PaBEH W MPOTUBOIIOIOKEH MO 3HAKY TEIIO-
BOMY 3(pdexTy 00pa3oBaHMS ATOTO COSIUHEHUS U3 TEX K€ BEIICCTB.

b. TenmoBoi 3¢ PexkT XMMHUUECKON peakiiui paBeH CyMME TEIIOT
CrOpaHUs MCXOJHBIX BEIIECTB 32 BBIYETOM CYMMBI TEIJIOT CTOpPaHMUS
MPOJIYKTOB PEAKIUU.

B. TennoBoit 3phekT XUMHUYECKOM peaKIIMu HE 3aBUCUT OT MPO-
MEXYTOUHBIX CTaJUH, a OMPEIeIICTCS JINIIb HAa9aJIbHBIM U KOHEYHBIM
COCTOSIHUSIMU CUCTEMBI.

I'. TeroBo#t 3 heKT XUMUYECKON peaKkIui PaBeH CyMME TEIIOT
oOpa3oBaHus MPOJYKTOB PEAKIIMU 32 BHIYETOM CYMMBI TEIUIOT Cropa-
HUS UCXOJHBIX BEILIECTB.

Buvioepume neckonbko npasuibHvix 0meemos

1. HazoBuTte hyHKIIUM COCTOSIHUS CUCTEMBL:

A. Baytpennss sneprusi.  b. Pabora.

B. DHTanenus. I'. Teriora.

2. XapaKTepHuCTUKA U30JIUPOBAHHON CUCTEMBI:
A. AQ =0. b. AV > 0.
B. U = const. I'. V = const.

3. YpaBHeHHe palbOThl PACIIMPEHHS] WIEATBHOIO rasa Jjisi H30-
TEPMHUUECKOTO MPOIECCa UMEET BUJ!

A. A=-AU. B.A=R(T,-T;). B.A=RTInV,/V;.

I A=0. O. A=RT Inpi/p,. E.A=AnRT.

45



4. Yxaxure IMPAaBUJIbHBIC COOTHOIICHUA MCIKIAY BCJIIMYMHAMMU.
A. Cp—CV:R. b. QV:AH.
B. AH = AU — pAV. I'. Q,-Qu = pAV.

5. YpaBHeHue palbOThl PACIIMPEHHS] WIEATBLHOIO rasa Jjisi H30-
OapHOTO Mpolecca UMeeT BUJIL!
A. A=-AU. B.A=R(T,-T,). B.A=RTInV,/V;.

I'. A=0. . A=RTInpi/p,. E.A=R(V,-V)).
Yemanoseume coomeemcemeue

|. CBoiicTBa CUCTEMBI. Bemmuuner:

1. UHTeHCHUBHBIC. A. JlaBieHue.

2. DKCTEHCUBHBIE. Bb. O0bem.

B. TemioeMKoOCTb.

I'. Xumnueckuii moTeHIAA.
. DHTponus.

E. Konuenrtpanus.

Il. Cucrema: Okpy»xaromiasi cpena:

1. 3akpsbITas. A. OGMeH BeIeCTBOM.

2. N3onupoBaHHasl. b. OOMeH sHeprueil.

3. OTKpHITaS. B. Her 0OMeHa BelecTBoM.

I'. Het oOmena >Heprueii.

I11. IIpouecc: XapaKTepuCTHUKA:
1. DK30TepMUYECKHA. A.dT =0.
2. VI30XOpHBIH. b. AH > 0.
3. DHIOTEPMUYCCKUA. B.dVv =0.
I'. AQ=0.
I.dp=0.
E. AH <O0.
V. TemnoBoii 3¢ dexT: OyHKIHUS:
1. Qp. A. AU.
2. Qv. b. AH.
V. Ilpomuecc: YpaBHEHHE NIEPBOT0 3aKOHA TEPMOIUHAMUKU
1. HekpyroBoii. A. Q =AU. B.Q=AU+A.
2. Kpyrosoti. B.Q=AU-A. T.Q=A
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Bonpocul 045 cobecedo8aHUs

1. OcHOBHBIE NTOHATHSI TEPMOJIMHAMUKU. TeroTa u padora.

2. opMyJIMPOBKU W YpaBHEHHS MEPBOro Hadajia TEPMOJUHAMMU-
KH.

3. BHyTpeHHSss SHEprus U SHTAIBITHA.

4. IlpumeHeHne NEPBOro Hayalla TEPMOJUHAMUKHU K OTAEIbHBIM
poIeccam.

5. IlepBoe Hayamo0 TEPMOAMHAMUKHN U OUOJIOTHUYECKHUE TTPOIIECCHI.

6. PaboTta paciivpeHus UaeabHbIX a30B MPU Pa3IUUYHBIX YCIIO-
BHSIX.

6. TeruoBoii a3 PexT peakuuu Mpu MOCTOSHHOM JaBJICHUU U MPU
nocTossHHOM o0wveme. CBsasb Qp u Qy.

/. Pacuer crangapTHOro TEIIoBOro 3¢p(pexra XMMUUECKUX peak-
W 1O TeI10TaM 00pa30BaHUS U CTOPaHUS.

8. Terutoemkocts. CBsasp Cp, u C,.

9. 3aBucuMocTh TemoBoro 3dekra oT TemmnepaTyphl. YpaBHe-
Hust Kupxroda, nuddepeHimaibHoe U UHTErPAIbHOE BIPAKEHUS.
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3. Bropo¥ 3aKOH TeEpMOAUHAMHUKHMU.
XapakrepucTudyeckue PyHKIUHU
U TEpMOAVMHAMUYECKHE NMOTEHIUAIbI

Bce nporiecchl, B KOTOPBIX OAWH BUJ PHEPTUH MpeoOpazyeTcs B
JIpPYrod, CTPOro NOAYMHSIIOTCA IEPBOMY 3aKOHY TEPMOJIWHAMUKH.
OpnHako mepBOE Ha4ajo HE AAeT yKa3aHWM O TOM, BO3MOYKEH JIM JIaH-
HBIN TIPOIIECC BOOOIIE U €CJIM BO3MOKEH, TO B KAKOM HAIPABJICHUU U
C KaKOM MOJITHOTOM OH MPOTEKAET.

PaccMoTpuM M30IMpPOBAHHYIO CUCTEMY, T. €. COAEPKUMOE COCyAa
M30JIMPOBAHO OT OKPYKAIOMICH Cpesbl (COCY ¢ IByMS CTaKaHAMH BO-
JIbI Pa3HOU CTCTICHHW HarpeBa).

B cooTBeTCTBHM ¢ TIEPBBIM HAYAJIOM TEPMOJAMHAMHUKHA BO3MOYKHBI
TPH CiIydasi, IpUYeM BCE MPOIECChl paBHO3HAYHBI, TaK Kak |-¢ Hada-
710 — 3aKOH coXpaHeHus sHeprur. 1) Hudero He nmpousoiaet; 2) 0° C u
100° C; 3) 50° C u 50° C. B #eiCTBUTEIBHOCTH BO3MOKEH TOJIBKO
MIOCJICTHUH BapHaHT, T. €. TIEPBOT0 Hadaja TEPMOJIMHAMHUKHU HE JTOCTa-
TOYHO JISl TIOJTHOTO OIMCAHUs (PU3UKO-XUMHUYCCKUX IporieccoB. Kpu-
TEPUH OCYIIECTBUMOCTH IpoIiecca B TOM HJIM WHOM HAmpaBIICHUU
JAI0TCS BTOPHIM HA4aJIOM TEPMOIMHAMHUKH.

B nipupoe npoTekaroT 1Ba BUIA MPOIECCOB: 1) camonpouseon-
HbIMU HA3BIBAIOTCS TMPOIECCH, KOTOPHIE MPOTEKAIOT 0e3 BHEIIHETO
BO3JICHCTBUS, T. €. caMH 110 ceOe (pacTBOpeHHE caxapa, CMEIICHHE ra-
30B U Jp.); 2) HECAMONPOU3B80IbHBIMU HAZBIBAIOTCS IIPOIIECCHI, KOTO-
pBIE€ MPOTEKAIOT TIPH 3aTpare (COBEpIICHUH) PabOThI WU TIPH TOBE-
JICHWH SHEPTUU U3BHE (C)KaTHE ra3oB U JIp.).
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XapakTepHO 0COOCHHOCTHIO CaMOIIPOU3BOIBHBIX MTPOLIECCOB SIB-
JSETCS. OAHOCTOPOHHSISI HAIIPABJICHHOCTh (HEOOpATUMBIE MPOIIECCHI) U
BO3MO>KHOCTD MOJYYECHHSI HEKOTOPOTO KOJIMYECTBA MOJIE3HON pabOTHI.

BTopoe Havamo TepMOIMHAMUKH ITO3BOJISET. 1) OmpeneiauTh Ha-
MpaBJICHUE NPOTEKAHUSI CaMOIIPOU3BOJIBHBIX MPOILECCOB, TEM CaMbIM
YCTAaHOBUTh WX BO3MOXXHOCTh HMJIM HEBO3MOXKHOCTH, 2) ONPEACIUTH
COCTOSTHUE PaBHOBECHS, KOTOPHIM 3aKaHUMBAETCS MPOTEKAHHE BCEX
CaMOITPOM3BOJILHBIX TPOIECCOB (Mpeaen MPOTSKaHUsA IPOIecca);
3) YCTaHOBHUTH CTEIICHb MPEBPAICHUS TEILIOTH B PabOTy I KpyTo-
BBIX ITPOIIECCOB.

3.1. PagHogecHble U HepasHo8eCHbIe npoyeccol

B ocHOBe BTOpOro Hayajia TEPMOAMHAMHUKHU JICKUT IOHSITHE O
pPaBHOBECHBIX mporeccax. Eciu cucreMa, Haxonduascs B yCTOWYH-
BOM TE€PMOJAMHAMUYECKOM paBHOBECUH, IMOABEPracTcsi OECKOHEUYHO
MaJIBIM BO3JCUCTBHUSM BHEIIHEU CPEIbI, MTPOXOAUT Yepe3 IMOCIEeN0Ba-
TEJIbHBIA PsiZi PABHOBECHBIX COCTOSSHUM M COBEPIIAET IPU 3TOM MakK-
CUMaJIbHO BO3MOXHYIO paloTy, TO TaKOM MpOLECC Ha3bIBAETCS pag-
HOo6ecHbim. ECIIM U3MEHEHHUE COCTOSIHUS CUCTEMBI SIBISIETCS PE3YJib-
TaTOM KOHEYHOT'O BO3JECUCTBHUSI CPEIbI HA CUCTEMY, TO TaAKOM MPOLECC
HAa3bIBACTCS HEPAGHOBECHBIM.

PaccmoTpuM nporecc pacliMpeHus U CKaTUs ra3a U CBA3aHHYIO C
ATUM TporeccoM padoty. IIycTh B uIMHApE HAXOAUTCA Tra3. BHyTpu
LHWJIVMHIPA JIBWKETCS MOPUIEHb, COCAMHEHHBIA C Yalled, Ha KOTOPYIO
IIOMEIIEH MeCcOoK (TIOPIICHb HEBECOM M JIBUKETCS 0€3 TPCHHUS).

MecoK P A
R

nopiueHb

ras

HHJIHHAP

PaBHOBecHBII npouecc

Puc. 3.1. Ilpumep pasnosecrozo npoyecca
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Ecnu 6ynem cOpacbiBaTh MO MECUMHKE, TO ra3 OyJeT pacIIupsITh-
cs, a TopIlieHb MnoaHuMathes. Cuctema OyJeT coBepiiaTh padoTy
pacImupeHus, paBHYIO ILIOMAJAM TOJ KpuBOM (3Ta padoTa IMOJIOKH-
TenbHas). I1pu cxatum ra3a (Korma necok OyJeM Bo3Bpaliarh 10 Iec-
YMHKE Ha dYainy) pabora OyaeT OTpuIaTebHAs, HO paBHas MO a0co-
JIOTHOW BeNWYMHE. PaccmarpuBaemblil MPOLIECC SBJISIETCS PaBHOBEC-
HbIM (puc. 3.1).

3aMeHUM TeCOK Ha TPy3bl. byjeM cHUMaTh MMOCiIe10BaTeILHO TPY-
3bl, @ 3aT€M BO3BpalaTh UX Ha yanry. [lycTe B HauaabHbBIII MOMEHT Ha
qarre OyAeT HaXOAUThCS YEThIpe TPy3a, 3aTeM OEpeM BOCEMb I'PY3HKOB
IIOMEHbIIIe U T. I. PaccMarpuBaeMblii miporiece (M30TepMUYECKOE pac-
INIMPSHUE W C)KAaTUE Tasza) sABJSICTCS HepaBHOBECHBIM (puc. 3. 2). Bce
HEPABHOBECHBIE MPOIIECCHl B M30JIMPOBAHHBIX CHCTEMaX SIBJISIOTCS He-
O0OpaTUMBIMHU M MPOTEKAIOT JI0 YCTAHOBJICHUS COCTOSTHUSI PAaBHOBECHSI.
[Ipu pacmmpenuu ra3 OyJeT coBepiiaTh pabOTy, BEIUYHMHA KOTOPOH
OIPENEIIETCS TUIOIIABIO MOJT JIOMAHOW KPUBOMA.

PJL

npouece
A C/KATHSA rasa

rpy3bl | A /
Y
/ Y. S
Ly
npouecc

F; ” | EV} paclupenus 2

|
rasa l
|

»
>

HHUJIHH] HopIIeHb
~ ras >

V] V'i

HepaBHoBecHblii npouecc
Puc. 3.2. [Ipumep nepasnogecroeo npoyecca

Takum oOpa3om, mpu HEPABHOBECHOM IPOLIECCE CUCTEMa COBEP-
I1aeT MEHbBIIYI0 paboTy, 4YeM Ipu paBHOBECHOM. [Ipu BHemrHEM BO3-
JeicTBUM Ha cucTeMy (CkaTue rasa) mpu HEPaBHOBECHOM ITPOIIECCE
noTpeOdyeTrcs 3aTpaTUTh OOJIBIITYIO0 PadOTy, YEM IIPU PABHOBECHOM.

XapakTepHbI€ CBOKWCTBA PABHOBECHBIX ITPOLIECCOB!

1) GecKOHEUHO MaJiasl pa3HHMIIA CHJI, ICHCTBYIOIINX HA CUCTEMY M
IIPOTUBOICHCTBYIOIIMX CO CTOPOHBI CAMOM CHCTEMBI; 2) CUCTEMa CO-
BEpINAaeT MaKCUMAIILHO BO3MOXKHYIO padoTy (OTCYTCTBUE KaKUX-THOO
noTeps); 3) ABYCTOPOHHOCTH Tporiecca (MpsAMOil W OOpaTHBIN IyTh
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COBITQJIAlOT, T. K. HANpaBJEHHUE Mpollecca ompeaesieTcss OECKOHEUHO
MajbIM BO3JEHCTBUEM Ha cUCTeMY); 4) OeCKOHEYHas MCICHHOCTH
mpolecca, KoTopas 00ycioBieHa OCCKOHSYHOM MaJIOCThIO CUIT; 5) pa-
BEHCTBO TeMIIEpaTyp CUCTEMbI U OKPY’KAIOIIEH BHEIIIHEH CPEbl.

3.2. O6bpamumesle U Heobpamumbie npoyeccol

Ecnu nporiecc MOKHO OCYIIECTBUTH HE TOJBKO B MPSMOM, HO U B
OoOpaTHOM HampaBJEHUU U MPHU 3TOM TakK, YTO HE TOJBKO cama CHUCTe-
Ma, HO U OKpy’Karolas cpefia BEepHyJach B TOYHO IMEPBOHAYATBHOE
COCTOSIHUE, TO TaKOW MpoIlecC Ha3bIBaeTCa odpamumuim. Eciu B cuc-
TEME€ WM OKPY:Kalolllel Cpe/ie OCTAINCH KaKhe-In00 HeUCUe3HYBIINE
U3MEHEHHUs], TO IPOLIECC HA3BIBACTCS HEOOPAMUMbBIM.

B npuposae npoTtekaroT HeoOpaTuMeble mporecchl. OOpaTUMBI Tpo-
IIECC — 3TO a0CTPaKTHOE MOHATHE, HO BaykHOE: 1) 0OpaTHMBIH Tporiece —
npeies NpoTeKaHusl HeoOPaTUMOro, K KOTOPOMY MOYKHO MPUOIHKATHCS
KaK yroJHO OJM3KO; 2) TOJBKO JJIsi OOpaTHMBIX IMPOIIECCOB BO3MOXKEH
pacueT TepMOJIMHAMUYECKUX (PYHKITUN COCTOSIHUS CUCTEMBI.

Pacuer nsmeHeHus 3Tux QyHKIMM 11 0OpaTUMBIX TTPOLIECCOB MO-
KeT OBITh IMEPEHECEH M Ha HEoOpaTUMBbIC MPOIECCH (TIPH OJTHOM B TOM
K€ HavYaJIbHOM M KOHCYHOM COCTOSHMHM CHCTEeMbI). Bce HeoOpaTumbie
MIPOIIECChI TIPOTEKAOT B HAMPABICHUM TPHOIMKCHHUS K COCTOSTHHIO
PaBHOBECHS U MPEKPAILIAIOTCA, KOTJIa 3TO COCTOSTHUE JJOCTUTHYTO.

CpaBHHBasi TIOHATHS PAaBHOBECHOTO W OOPaTHMOTO IMpoIiecca,
MBI HE OyJeM MPOBOJUTH MEXKYy HUMH pa3inuus, TaK KaK 3TH MPo-
I[ECChl OTpakalOT CBOMCTBA OJHOTO U TOTO K€ mpoluecca. Besakue
PaBHOBECHBIE IPOIIECCHI SBIISIIOTCS OOpaTHMBIMH, a HEpPaBHOBEC-
HbIE — HEOOpPATUMBIMH.

3.3. DopMyaupoBKU mOpo20 HaA4Yaaa
mepmoouUHAMUKU

BTopoli 3ak0H TepMOJIMHAMUKH, TaK K€ KaK U MEPBbIA, ObLT yC-
TaHOBJICH KaK MOCTyJaT (pe3yJbTaT 0000IIEHUS YeI0BEUSCKOTO OIIbI-
ta). MIMerorcs pa3nuunbie HOPMYIUPOBKHA BTOPOrO 3aKOHA, KOTOPBIC
3ByYar II0-Pa3HOMY, HO IPUBOJAT K OJJHUM U TE€M K€ PE3yJIbTaTaM.
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1. llocmynam Knay3uyca. TerioTa HE MOXET CaMOIPOU3BOJIb-
HO TIEPEXOJIUTh OT MEHEE HArpeToro Teja K 0ojiee HarpeTomy Temy
(1850 r.).

2. ITocmynam Tomcona (Kenveuna). HEBO3MOXKHA IEPUOIHYC-
CKM JICUCTBYIOIAs MalllMHa, €IUHCTBEHHBIM PE3yJIbTATOM JCHCTBUS
KOTOPO# OBLI0 OBbI MOJydeHHE PadOThI 32 CUET OTHSATHUS TEIUIOTHI OT
Terioro pesepsyapa (1851 r.).

[Tox nmepuoauyecKky NEHMCTBYIONMICH MAIIMHOW MMOHUMAaKOT MHOTO-
KPaTHO MOBTOPSIOIIUKCS MPOLIECC.

3. Beunwtit 06uzamensv 6mopozo pooa He603M0}ceH.

BeuHbll nBuraresb BTOPOTO POJa — 3TO MEXAaHU3M, KOTOPBIM
MPOU3BOIUT PpabOTy 3a CUET TEIJIOTHl CUCTEMBI IIPH OJMHAKOBOU TEM-
neparype.

Kak BugHOo u3 3TuX (GOPMYJIUPOBOK, HCTOPUUECKH PaA3BUTHE
NpEeACTaBICHUNA O BTOPOM 3aKOHE TEPMOJIUWHAMHUKUA OBLJIO TECHO CBS-
3aHO C U3yYCHHEM TEIIJIOBBIX MAIIIHH.

PaccmoTpuMm paboty TeminoBoit mamumHbl. BooOiie mepexom Ter-
J0THI B pabOTy, KOHEYHO, BO3MOKEH. PaboTa MOXKeT moyy4aThcs Mpu
Tepexo/ie TEIUIOTHI OT Tena ¢ Ooiee BricoKoi Temmepatypoii (T) k Te-
ay ¢ Oonee Huskoi Temmeparypor (T—dT), Tak kak Takoi Iporecc
MOJKET COBEPIIATHCS CAaMOMPOU3BOILHO. DTO OCYIIETBISACTCSA TIPH Pa-
0oTe 1000H TETIOBOM MAaIIUHBI, T. €. MaIllUHbI, IPOU3BOAIICH pado-
Ty 3a CYeT TEIUIOTHI, MMOTJIOMAEMOM OT KaKoro-To Tejia (TerioHarpe-
Bateis). Ho B atom ciyuae (puc. 3.3) He Bes TemtoTa Qq, moayyaemast
pabounM TeJIOM, MpeBpaIaeTcs B padoTy, a JIUIIb HEKOTOPasl 4acTh.
A= Q; — Q,. [pyras xe dactb TermiaoTel Q, MEPEXoUT K TEIIy, UMEIO-
meMy OoJiee HU3KYIO Temreparypy (TemionprueMHuKy). Takum oOpa-
30M, paboTa MaIIMHBI 3aKII0YAETCS HE TOJBKO B MOJIYYEHUU TETUIOTHI
Q1 oT TemOHarpeBaTeNsl U COBEpIICHUU paboThl (A), HO U B OJHO-
BPEMEHHOM Tepeaue HEKOTOPOro KOJMYecTBa TEIioThl Q, Teruio-
PUEMHUKY C 00Jiee HU3KOM TeMIIepaTypou.

OTHOIICHUE KOJIMYECTBA IPOM3BEACHHOM padoThl (A) K Koauue-
CTBY TeIIOTHI Q1, MOTyYEHHOM pabourM TEJIOM OT TETUIOHATrpeBaTeds,
HA3bIBAETCS TEPMOJUHAMHYECKUM KOA()PHUIMEHTOM MOJE3HOTO JeH-
cTBUS (K.ILJT.):

n=A/Q:=(Q:-Q)/ Q1.
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Temnonarpesarens (T)

Q1
A 4
j Pabora Pabouee
TEJO0
A=Q1-Q,
Q.

Termmonpuemuuk (T-dT)

Puc.3.3. Cxema nepexooa mennomsi 6 pabomy

[Tonp3ysICh 3TOM BEJIMYHMHOW, MOKHO JaTh BTOPOMY Hadajay Ta-
KyI0 (OPMYJUPOBKY: HAUOONbUIUIL KOIPPuyuenm noneznozo oeii-
CMEUsA Men1080U MAUWUHBL HE 3A6UCUM OM RPUPOObL U 6UOA mel U
geuwiecme, yuacmeylouwiux ¢ padbome Mawlunovl, A MoOJabKO OmMm mem-
nepamyp menjionazpegamens U menji0nPUEMHUKA'

n = [T - (T-dT)}/T = dT/T,
n=AlQ;=dT/T,

[Tpu oOpaTriMOM (paBHOBECHOM) MEPEHECCHUM KOJIMYECTBA TEII-
70ThI Q MOKHO TIOJTYYUTh MAKCUMAJIBHYIO PA0OTYy !

0A.sp. = QAT/T — maremarnueckas (GopMyIHMpOBKa BTOPOro Ha-
JaJia TePMOIMHAMHMKH JJIT 00OpaTUMBIX MPOIIECCOB;

0Aeop. < QAT/T — maTemaTHyeckas GopMynIupoBKa Ui HeoOpa-
TUMBIX (peajIbHBIX) IIPOIIECCOB.

B o6miem Bue:

oA < QdT/T.

3.4. IHmponus

[TockonbKy M3MeHeHHs BHyTpeHHeH sHepruu (AU) u 3HTaIbINN
(AH) He nmator mHGOpMAIMK O BO3MOXHOCTH CaMOIIPOM3BOJILHOTO
OCYILIECTBJICHUS] XUMUYECKON peakuu Winu (pU3n4ecKoro n3MeHeHus,
JUISL 9TOM 1M HEeoOXoAuMa JOTOJIHUTEIbHAS TEepMOJAMHAMUYECKas
BEJIMUMHA, KOTOpasi BbIpakajia Obl HaIlpaBJICHUE W TpeJesl MpoTeKa-
HUS Ipoliecca.
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Takoil TepMOJIUMHAMUYECKON (DYHKIIMEH COCTOSHHUS CHUCTEMBI SIB-
asiercst sHTponus. Ota ¢yHKuua Obuia BBeAeHa P. Knaysmycom
(1850 T.), B mepeBojic C I'PEUYECKOTO s3bIKA O3HAYACT «IIPEBpaIllc-
HUE B», T. €. IPEBpAIlCHUE YHEPTUHN B MEHEE IIEHHbIC (POPMBI:

ds = 5Q/T.

Hzmenenue snmponuu (dS) pasno ommuowenuro 6Geckomneurno
MAN020 KOJIUUECMEA MEenaompl, NO2IOUWEHHOIL 8 00pamumom npo-
uecce, K abCconomHoll memnepamype.

Tak kak dS — monHeni AuddepeHIma, To U3MEHESHHE SHTPOINH B
KaKOM-JIH0O TIPOIECCE 3aBUCUT TOJIBKO OT KOHEYHOTO M HAYaJIbHOIO CO-
CTOSIHMII CHICTEMBI 1 HE 3aBHCHT OT IMYTH IIepexoa, T. €. AS = S, — S,.

Jlns uzotepmuyeckux npomecco (T = const): AS = Q/T.

EnunHuiel usmMepeHus: [I[)K-K'l-Monb'l; Kaﬂ-K'l-MOJIL'l],

1 xan = 4,184 JIx.

BTopoil 3aKk0H MOXXHO Mpe/CTaBUTh B yAOOHOU (opme, UCIIONb-
3ys MOHSATHE SHTpONHH. B KadecTBe mocTyjata U (POPMYIHPOBKH
BTOPOTO Hadaja TEPMOJWHAMHKU MOXHO TIPUHSATH CIICIYIOUIEE. Cy-
uwiecmeyem HeKomopoe IKCMEHCUBHOE CEOIICIE0 CUCHmeMbl, HA3bl-
eaemoe IHMPOnUeN, UIMEHEHUEe KOmOopoz2o Cledyiouium oopazom
C6A3AHO C NO2TIOWAEMOTL MENTIOMOU U MEMNEPAMYPOLl CUCHEMBbL '

dS = 8Q/T — B oOpaTuMOM mpoIiecce;

dS > 6Q/T — B HEOOpaTUMOM TIpoTIECCE.

[TociemHee BeIpaK€HUE BBITEKACT M3 MEPBOTO Hadaja TEPMOJIH-
HAMUKH

0Q = dU + pdV — nepBoe Havao AJ11 HEOOPATUMOTO TIpoIiecca:

0Q = dU + Ay — U1 00paTUMOro Imporecca, HO Ama > pdV.

B o0mem Bujae mareMaTHYeCKOE BhIpaKEHHWE BTOPOTO Hayania
TEPMOJIMHAMHKH Yepe3 SHTPOIIHIO UMEET BUI;

dS > 6QIT.

DTOT 3aKOH YTBEpXkJaeT, 4TO BCe HeoOpaTumblie (CamMoOIpou3-
BOJIFHO TPOTEKAIOIIKE) IMPOIECCH 00s3aTENFHO COMPOBOXKIAIOTCS
YBEIIMUCHUEM CYMMApHOW 3HTPONMUHU CUCTEMBI U €€ OKPYKECHHS. IDTO
YTBEPKIACHUE NACT KPUTEPUH, TTO3BOJISIOIINAN CYIUTH O BO3MOKHOCTH
IIPOTEKAaHUs XUMUYECKOU peakiuu. TOJIBKO IOKas3aB, 4TO 3TO Hepa-
BEHCTBO IIPUMEHMMO K JAHHOMY U3MEHEHMIO COCTOSIHUSA WA JaHHOU
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XMMHUYECKON pEaKIii, MOKHO yTBEPXAaTh, YTO 3TO U3MEHEHUE WJIU
ATa peaKus MPOU30UIET CAMOIPOU3BOJILHO.

3.4.1. JHTpONUA KaK KPUTEPUI CAaMOINIPOU3BOJILHOCTHU
U paBHOBeCHs Npolecca B U30JIMPOBAaHHOM CUCTEMe

BripakeHrne BTOPOTro 3aKOHA TEPMOJMHAMHUKH YE€pe3 SHTPOIHIO
yA0OHO MPUMEHATH K U30JUPOBAHHBIM CUCTEMAaM.

H3onupoeannasa cucmema — 310 CUCTEMa, KOTOpas HE B3aWMO-
JIEUCTBYET C BHEIIHEH Cpenoil, T. €. HE 0OMEHHUBAETCS ¢ HEH HM Tel-
JIOTOM, HA BEIIECTBOM:

U = const, V = const, 6Q = 0.

Tak xax dS > 6Q/T, To o4eBHIHO, YTO:

dS = 0 — ayis oOpaTEMOTO TIpOIIECCa.

dS > 0 — ms HeoOpaTUMOro mpoIecca.

B obmiem cirydae s uzosnmpoBanHoi cucteMsl: dS > 0.

Ecnu B M30JMpOBAaHHOW CHUCTEME COBEPIIAIOTCS TOJIBKO 00paTH-
MBIE TIPOIIECCHI, TO SHTPOIHUS COXPaHSIET MOCTOSHHOE 3HAUCHUE U BO3-
pacTraet MpHu BCSIKOM HeoOpaTuMoM mipoliiecce. Bo3pacrtanue sHTponuu
B CaMOIMPOM3BOJIBHOM (T. €. HEOOpaTHMMOM) TIPOIECCE MPOTEKACT JI0
TeX TOp, TTOKa CUCTEMa HE TepeiIeT B paBHOBECHOE COCTOSIHUE, B KO-

TOPOM SHTPOIHUS UMEET MaKCUMallbHOE 3HaueHue (puc. 3.4).
S

Smax

COCTOSIHHE H3MeHeHHe COCTOSTHUSI
PaBHOBeCHSs CUCTEMBI

Puc. 3.4. Uzmenernue sumponuu 6 Heoopamumom npoyecce

Takum 00pa3zoM, KpUTEpPUEM CaMOIPOU3BOJILHOCTH Mpoliecca B
W30JIMPOBAHHON CUCTEME SIBIISIETCS YBEIMYEHUE HHTPOMNUU, & KpUTE-
pHE€M paBHOBECHS MPOLECCa — MAKCUMAJIBHOE 3HAYEHUE SHTPOIIUH.
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3.5. Cmamu4eckas npupoda
8Mopo20 HaA4a/1a MepMOJUHAMUKU

[lepBoe HavamoO TEPMOIMHAMUKH CHPABEMJIMBO ISl JIFOOBIX CHC-
TE€M, COCTOSIIIMX W3 OOJIBIIOTO YMCIIA YaCTUIl U MaJIOro, M Jaxe s
OTJCJBHBIX MOJIEKYJ. BTOpoe Hayano crpaBemIMBO TOJIBKO ISl CHC-
TEM, COCTOSIIIIMX U3 OOJIBIIOr0 YUCIA YaCTHI], K KOTOPbIM MPUMEHUMBI
3aKOHBI CTATUCTUKHU, OCHOBAHHBIE HA TEOPUU BEPOSITHOCTH.

[IpencraBum cocyn ¢ EPErOPOAKOM, COAEPK AN a30T U KHUCIIO-
poa. YamMMm INeperopojKy — HAYHETCA CaMOIPOM3BOJIBHBIM MPOLIECC
CMEILIEHHUsS Ta30B 10 TeX IOp, MOKa KOHILIEHTPALMK BO BCEX YACTIX CO-
CyJla HE CTaHyT OJIMHAKOBBIMHU. Bo3MokeH i 0OpatHbIi mporiecc? Or-
penenuM, KakoBa BEpOSITHOCTh TOTO, UTO ra3bl pasaenarca? JlomycTum,
YTO B IMPABOM U JIEBOM YaCTU COCYJA HAXOIUTCS IO OJHOM MOJIEKYJIE.
Bbluucianm BEpOSITHOCTh TOTO, YTO MOJIEKYJIa a30Ta Oy/leT HaXOIUThCS
IIOCJIE Pa3ACIICHUS B JIEBOM YaCTH, 4 MOJIEKYJIa KUCIOPOAa — B IIPABOM

P=(1/2) - (1/2) = 1/4, rne P — crarnyeckasi BEpOSATHOCTb.

Bo3pMemM 1o gaBe MOJIEKYJBI a30Ta M KHUCJIOPOJQ, TOrIa
P = (1/2)* - (1/2)* = 1/16, t. e. u3 16 BO3MOXHBIX CIy4acB TOIBKO B
OJTHOM CJIy4a€ MOJICKYJbl pa3nensaTcs. Bo3pMeM 1O OJHOMY MOJIIO
a30Ta ¥ KUCIOpoJa, TOTAa

P=(12)"s- (112)N4 — 0,

e N — ancio Asoragpo (N = 6,022:10% moms™).

BeposTHOCTh pa3neneHns OECKOHEUHO Maja, HO BCE K€ BO3MOXK-
Ha. Kaxx/10e COCTOsIHUE CUCTEMBI XapaKTEPU3YyETCs ONPEIEICHHON Be-
POSITHOCTBIO. B ¢Bsizu ¢ 3TuM aBctpuiickuid pusuk Jlroasur bonbiman
IIPEUIOKWII TUIIOTE3Y. BCE CAMOIIPOU3BOJIBHBIE MTPOLECCHI TPOTEKAIOT
B HAIIPABJICHUU JTOCTUKEHUS COCTOSHUS PaBHOBECHS, IIOTOMY 4YTO 3TO
COCTOSIHUE SIBJISIETCA HauOoJyiee BEPOSTHBIM, T. €. €r0 MOYKHO OCYIIE-
CTBUTH OOJIBIINM YHUCIIOM CIIOCOOOB.

Ilpumep: 1louemy ra3pl CMEMIMBAIOTCS U TEMIIEpaTypa BbIPaBHU-
Baercs? [loToMy, 4TO 3TO COCTOSIHUE MOXKHO JTOCTHUYbh MHOTMMU CIIO-
co0aMH, a UCXOIHOE COCTOSHHE — OJTHUM.

OHTpomnusl, Kak Moka3aHo B pabotax bonpliMaHa u qpyrux aBToO-
POB, SIBISIETCS MEPOW BEPOSATHOCTH COCTOSIHHUS CHCTEMBI. [Ipn 3TOM
UMEIOTCS B BUAY TEPMOJINHAMAYECKHAE BEPOSITHOCTH.
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Tepmoounamuueckoii éepoamnocmuio (W) HasbIBacTCS YHCIIO
MHUKPOCOCTOSIHUH, C IOMOIIBIO KOTOPBIX OCYIIECTBISETCS JTaHHOC
MaKpPOCOCTOSIHAE CUCTEMBI.

MakpocoCTOsIHIE CHCTEMBI 3a1aeTCsl TEPMOIMHAMUYECKUMU T1apa-
metpamu (T, p, V, KOHIIEHTpALUS | T. I1.) U ONPEACIIACTCS COCTOSTHHEM
OOJIBIIIOTO YHCIIa YACTHIl. MUKPOCOCTOSIHUE CHCTEMBI ONIPEACIISACTCS CO-
CTOSIHHEM Ka)KIOW OTHCIbHON MOjeKynbl. COCTOSHHE KaXIO0H OT/ICIIb-
HOW MOJICKYJIbI ONPEIEIISICTCS TPEMsI COCTABIISIOIINMU, XapaKTePH3YIo-
IIAMHU €€ TIOJIOKECHUE B MPOCTPAHCTBE, U TPEMS COCTABJIIONIIMH, Xa-
PaKTEPHU3YIOIIMMU €€ JBMKCHHE (CKOPOCTh M HAlpaBICHHE JTBHKCHUS).
Takum 00pa3oM, COCTOSTHHE KaKJIOM MOJIEKYJIbl OIpEAeIsIeTCs B IIec-
TUMEPHOM MPOCTPAHCTBE, KOTOPOE Ha3bIBaeTCH (Pa30BBIM.

da30Boe NPOCTPAHCTBO PACCMATPUBACTCS KaK COCTOSIIEE U3 OII-
penencHHBIX staeek: W = NI/ (Ng!-No!-Ng!-...),
riae N — gnciao Monekys (3J1eMeHTOB) B Kax 10k (a3oBoit sueiike, N —
o6mree gncio Moiekys (N=N;+N,+Ns+...), | — dbakropua.

33 W,=61/61=1

100 T

o 00

o lao W,=61/(21-41)=1
olols W,=61/(21-2! -21)=90

Haubonee BeposTHOe cocTosinnue cucteMbl W3 — paBHOMEpHOE
pacupeaeneHre YaCTUIl B IPOCTPAHCTBE.

B knaccn4eckom TEpMOAMHAMUKE MOKA3aHO, YTO B CaMOIPOMU3-
BOJIBHOM TIpOIecCE IHTpoOMHUs Bo3pactaeT. C TOUKH 3PEHUS CTATUCTHU-
YECKOW TEPMOJMHAMHUKHU 3TOT K€ IPOLIECC COMPOBOKIAECTCA BO3pac-
TaHueM BepositTHocTU. [Ipu paBHOBecuu S 1 W npuHUMArOT CBOM Mak-
CHMaJIbHbIC 3HAYCHMUSI.

Eme omaa popMynrpoBKka BTOPOro Hadana TEPMOJIUHAMUKU. J1F0-
0ol mepmoouHamuyecKuii npouyecc npomeKkaem 6 HANPAGIEHUU
00CMUINCEHUA MAKCUMAIbHO GEPOAMHO20 MEPMOOUHAMUUECKO20
COCHMOAHUA — KAKUM AGNACMCA MEPMOOUHAMUYECKOE PABHOBeCUe.

JI. bonbuMman caenan JOMYIIEHUE, YTO SHTPOIUS €CTh HEKOTOpAst
dyskIms BepositHocTd. Bun dyakmuu S = f(W) BeBoasT ricxons w3
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NPHUHINIA aJJIUTHBHOCTH SHTPOIINH, COTJIIACHO KOTOPOMY SHTPOIIHS
CHUCTEMBI, COCTABJIIEHHOMN U3 JIByX HE3aBUCUMBIX 4aCTEH, paBHA!
S=35;+ S,
rae S; = f(Wy) u S, = f(W,) — sHTponuu yacTeil, COCTaBISIONINX JdaH-
Hyto cuctemy, uwiam S = f(W) = f(W,) + f(W,).
BoJsiblIMaH, WCIONIB3Ysl MPUEMBI CTATUCTHYCCKOW TEPMOIMHAMH-
kH, yctaHoBwI (hopmyiaa bonbimana), 9To:

S =K InW,

rae K — nocrosunas bombimana, K = R/Na (R — rasosast mocrosiHHas,
Na — gncio ABorampo).

IHmMpPoOnuI MONCHO 0XapaKmepuzoeams KaKk mMepy XaomuuHo-
cmu, 0ecnopAaOKa uiu Heynopa00UeHHOCmU 8 cucmeme.

Hanpumep, yactuiipl raza B ropaszio 0OJbIIEH Mepe HE yIops10de-
HBI, YeM YaCTHUIIBI TBEPIOro Teia. CiaeaoBaTenbHO, SHTPOIHS Ta30B, KakK
MIPABUJIO, HAMHOTO OOJIbIIIE, YeM SHTPOIHUS TBepAbIX Tei. [lopsimok cuc-
TE€MBbI YBEIIMYUBACTCS B PAY «ra3 — JKHUIKOCTb —> TBEPJIOE TEIIO».

Ecnu paccmaTpuBarh UACaNbHBIA KPUCTAI MPU aOCOTHOTHOM
HYyJIE TEMIIEPATYPBI, TO YACTULBI B HEM 3aHUMAIOT CTPOTO ONPEACIIEH-
HOE MOJIOKEeHUE. JJaHHOMY MakKpOCOCTOSTHHIO CUCTEMBI COOTBETCTBYET
OJTHO MUKPOCOCTOSIHME. DTO O3HAYAET, UTO TEPMOJUHAMUYECKAS BE-
POSITHOCTH paBHA 1, a SHTPONUS — HYJIIO.

D10 u3BeCTHBIN moctynar M. [lnanka: anmponus unoueuodyans-
H020 KpUCMAIIUYECKO20 6euiecmea npu adconiomHom Hyje pasHa
HYJ10.

Takum 00paszoM, >HTponusi sABJIsieTCs QYyHKIHUEH TEpMOIMHAMUYC-
CKOM BEPOSITHOCTA CHUCTEMBI U MMEET CTaTUCTUYECKuU xapakrtep. Ilo
JI. bonpiiMaHy, BTOpOE HA4aj0 TEPMOJAMHAMUKA HOCUT BEPOSITHOCTHBIN
xapakrep. Tak Kak 3TO BEPOSATHOCTHBIM 3aKOH, TO BTOPOE HAyajo Tep-
MOJIMHAMUKH MPUMEHUMO TOJIKO K OOJIBIIIOMY YHCITY YaCTHII.

3.6. Xapakmepucmu4eckue (oyHKyuu u
mepmMooduHamMu4yecKue nomeHyuaasl

BTopoe Hayano TepMOJMHAMUKHU U MOHATHE OO0 SHTPONUU ObLIU
BBEJICHBI B (DU3UKY MEPBOHAYAIBLHO MPU PACCMOTPEHUHU H30JUPOBAH-
HBIX CHCTEM. Il TakWX CUCTEM YCJIOBHUS CaMONPOU3BOJIBLHOCTH U
PaBHOBECHS] MOTJIM OBITh BBIPAKEHbI OJHO3HAYHO YEPE3 M3MEHEHHE
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HTponuu. Ho Ha MpakTHUKE MPUXOIUTCS UMETH JIEJIO C CHCTEMaMH,
B3aMMO/ICUCTBYIOIIMMHU C OKPY>KAIOIIEH Cpeol. DHTPONUS HEY100Ha
JUTSL XapaKTePUCTUKH MPOIlecca B ITUX YCIOBUAX. B pesynbrare pador
. Y. T'u66c¢a, I'. I'ennbmMrosibiia U Apyrux ObLINM OTKPBITHI TEPMOIUHA-
MUYEeCKHe (DYHKIIMH, U3MEHECHHSI KOTOPBIX JaBaJli BO3MOXKHOCTH B
pocToil (hopMe ompeneauTh HaIlpaBiICHUE CaMOIPOU3BOJIBHOTO Te-
YeHHUsS TIpollecca M YCJIOBHUS paBHOBECHS. XapaKkmepucmuueckoil
¢ynkyuei Ha3pIBacTCs Takas (PYHKIUSA COCTOSHUS CHCTEMBI, IIOCPE/I-
CTBOM KOTOPOW HJIM €€ TIPOU3BOJIHBIX MOTYT OBITh BBIPA)KEHBI B IBHON
dbopMe TepMOTMHAMHYCCKHE CBOMCTBA CUCTEMBI.

HaunbGomee mMMpoOKo B TEPMOJAMHAMHKE HCITOIB3YIOTCS CICTYIO-
mme 1Atk GyHkmit: 1) seprus ['m66ca — G (umm n300apHO-U30TED-
MUYCCKUN MOTeHInan), 2) sueprus ['enpmronbia — F (Mm n30xopHo-
U30TCPMUYCCKUHN TMOTeHIMAN), 3) BHYTpeHHss sHeprus — U, 4) sH-
tanbnust — H, 5) sutponms — S.

[TepBbic YeThIpe U3 HUX OOBECIMHIIOTCS TAaK)Ke OOIIMM Ha3BaHUEM
TEPMOJIMHAMHYECKHIX TTOTCHITHAIOB.

3.6.1. Jueprusa 'esibMroJsibna
(M30X0pHO-U30TEPMUYECKHI NOTEHIMAJI)

Bropoe Hauasio TepMOAMHAMUKY JJ11 OOpaTUMBIX IIPOLECCOB:
dS = 6Q/T.
[1o mepBoMy Hayany TEPMOJIMHAMHUKHU:

0Q = dU+8Aax, ToTyUaem
dS = (dU+6Ama) / T.

Moxuo 3anucath 1-dS = dU + 0A . Wikl 0Am=1T-dS — dU. 1u-
TErpUpyeM 3TO BbIpaxeHue npu V=const; T=const:
Amax = TAS = AU = T(S; - Sp) — (U2 = Uy) = (U1 = TSy) — (U= TSy).
Brenem o6o3nauenne F = U — TS u Ha3oBeM 3Ty (yHKIHIO SHEP-
rueit ['enbMrosbia, Uil H30X0pHO-U30TEPMUYECKUM TTOTEHITUATIOM.
[Monmyuyaem: Apax = F1 — F, =—=(F, - Fy) = -AF.
Amax = —AF.

Ymenvmenue IHepcuu FeJleZOJlbl(a PAGHO MAKCUMAIbHOIL pa-
oome 06pamumozo usomepmuiecKkozo npouecca, npomexKarouieco
npu nOCmMmoOoAHHOM oo0veme.
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Oueprus ['enbmronbua siBasieTcss (GyHKIMEH COCTOSIHUSI CHCTEMBbI
F =1(T,V), 1. ¢. ee I3BMEHEHHE HE 3aBHCHT OT ITyTH MPOIIECCa, a ONpeie-
JIIETCSl Ha4aJbHBIM M KOHEYHBIM COCTOSTHHEM cucTeMbl. AF = F, — F;.

BHYTpeHHIOI0 3HEprut0 MOKHO BbIpa3uth kak U = F + T-S, T. e.
BHYTPEHHSSI DHEPTUs €CTh CyMMa JIBYX BeluuuH. Benwuwnna F BhIpa-
KaeT Ty YacTh BHYTPEHHEN SHEPIruH, KOTOPYIO MOKHO MPEBPATUTH B
paboty; mpousBeeHue |-S — CBA3aHHAsS DHEPTUs, TaK KaK €€ Helb3s
npeBpaTuTh B paboTy. OTCI0/1a SHTPOMHUS — ITO JIOJIS CBSI3aHHOW dHEP-
YU, TPUXOAIIASACS HA OJIUH TPaaycC.

3.6.2. 06 beAUHEHHOE YPaBHEHHUeE [1IePBOro
U BTOPOr'0 HA4aJia TepMOAUHAMUKM.
MakcuMasibHasg ¥ MaKCUMaJIbHasA M0JIe3Has padboTa

B ypaBHenue nieporo Hadaina 6Q = dU + A Bmecto 6Q mojcTa-
BUM K3 BTOPOTO Hadana TepMoIuHAMUKA T-dS ¥ MOJyYyuM aHAIATH-
yeckoe BoipaxkeHue | u |l 3akoHOB TepMOAMHAMUKWY:

T-dS =dU + 0A, nim 6A = T-dS - dU.

B o6mem ciaydae dS > 6Q/T, wm dS > (dU + 5A)/T.
OTkyna oO0beIMHEHHOE ypaBHEHHE IEPBOTO M BTOPOro Hayasa
TEPMOJIUHAMHUKH UMECT BUJI;

T-dS>dU + A, nmu 6A < T-dS - dU.

Pabota, KoTopas MOKET OBITh MPOW3BEICHA CUCTEMOM, SBIISCTCS
HauOoJbIIeH pu oOpaTUMBIX Tpolieccax. Ee Ha3bIBalOT MakCUMalb-
HOM paboToii (CUMBOMI Anay). KpoMme moHsSITHS MakcHMalIbHOM padoThl,
CYIIECTBYET IOHATHE MAaKCHUMAaJbHOM ITOJIC3HOW paboOThl (CHMBOJI

A'max). CBsI3b MaKCHMAaJbHOM M MaKCHUMAJIbHOM ITOJIE3HOM pPabOThI
BBIPAYKACTCS YpaBHECHHUEM:

A,max - Amax - pAV-
MakcumanbpHas Tojie3Hass padoTa paBHa MaKCHUMaJlbHON pabote
32 BBIYETOM PabOTHl BHEIIIHETO JAaBJICHUS.
3.6.3. JHeprua 'n66ca
(u306apHO-U30TEPMUYECKUI ITOTEHIMA)

BepHeMcsi k ypaBHeHMIO, cCBs3bBarOleMY A'paw U Amax
A’max = Amax - p'AV-
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CornacHo U3NoKeHHOMY: Anax = —AF, T. e.

A’max =-AF - pAV = _(FZ - Fl) - p(VZ - Vl) -
= (F1+pV1) = (F2 + pV2) = G; -G, = —(G, - Gy) = -AG,

rae G = F + pV — sueprus ['ub0ca, nim n3006apHO-U30TEPMUUCCKUM
MOTEHITHAT.

A’max = _AG .

Ymenvwmenue snepzuu I'uo6o6ca pagno maxcumaivbHoul noae3noul
paoome 00pamumoz0 U30MePMUYECKO20 npoyecca, npomeKaru,ezo
npU NOCMOAHHOM O0AGJIEHUU.

Benuuuna G saBisieTcss 0HO3HAYHOM (PYHKIIMENH COCTOSIHUS CHC-
TeMmbl. JHeprusa ['nd0ca, kak u s"eprus ['enpbMronbia, He UMeeT adbco-
TrOTHOTO 3HaYeHus. Pasmeprocts F u G [[Ix/Mob].

G=F+pV=U-TS+pV=U+pV-T-S=H-TS,

nmmH=G+T-S.

Oynkuuio H MOXXHO paccMaTpuBaTh Kak OOIIYIO DHEPTUIO, CO-
CTOSIITYI0 W3 3Hepruu ['nd0ca u cBsizaHHON >Hepruu. COOTHOIIEHUE
MEXJy OCHOBHBIMHU TEPMOJUHAMUYECCKUMHU (PYHKIMSIMU MOXKHO Tpe/I-
CTaBUTH CIIEyIOIIEH 00pa3oMm:

H
) U oV | H=U+pV;H=G+TS;
TS . pV F=U-T-S;U=F+TS;
LN G , G=H-TS;G=F+pV.

Jns 6uoxumuueckux nponeccoB AG = AF, tak kak dnoxumuye-
CKHE TIPOIICCCHI UAYT 0€3 N3MEHEHUS 00BbeMa.

3.6.4. JHeprusa 'esibMroJsiba ¥ 'M66ca Kak KpuTepun
CaMONPOM3BOJILHOCTHY MPOLECCOB U PaBHOBECUS

Tak kak OOJIBIIMHCTBO XMMHUYECKHUX IMPOIIECCOB MPOTEKAECT B HE-
V30JIMPOBAHHOW CUCTEME, WCIIOJIb30BAHUE SHTPOIMU KaK KPUTEpHUs ca-
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MOMPOU3BOJIBHOCTH TIpoliecca HEYJ0OOHO, SHTPOIHIO MOYXKHO MPUMEHSITh
TOJIBKO JJI1 U30JIMPOBAHHBIX CUCTEM. J[JI1 HEM3OJIUPOBAHHON CHUCTEMBI
OOBIYHO UCTIONB3YIOT TEPMOIMHAMUYECKHUE oTeHIabl F u G.

1. Jneprus I'esbmMrosbna

dS > 8Q/T, wm dS > (dU + pdV)/T.

YMHOXHM 00€ yacTH Beipakenus Ha T, Torma: T-dS > dU + pdV,
OTKyJa

dU < T-dS - pdV. (1)

Ilpeactabum U kak: U=F+ T-S. Huddepenuupyem nanHoe
ypaBHEHHUE, MOJTyYaeM

dU =dF + TdS + SdT (2)
[Toncraisiem ypaBHeHue (2) B Beipaxkenue (1), 3arnuceiBacm:;
dF + TdS + SAT < TdS - pdV.

Coxkpamraem o6e wactu Ha TdS: dF <-SdT - pdV.
Jlnst oOpaTMOTro Iporiecca BIpaKeHUE UMEET BHI:

dF =-SdT - pdV.

JlaHHOE COOTHOIICHUE PACCMOTPUM JIJISl PA3JIMUHBIX POIIECCOB.
1. M3oxopHsrii mpomecc (V = const)

dV =0, torna dF = -SdT.

Mo>kHO 3anmucarh BbIpaK€HHE YaCTHOM MPOU3BOJIHOMN IO 00BEMY
(gactHbIi Tuddepeniman):

(OFI0T), = =S.

Takum oOpazom, sumponus ecmov mepa yoviiu snepeuu I'evm-
201bUa ¢ yeenuuenHuem memnepamyput npu \/=const.
2. N3orepmuueckuii mponecc (T = const)

dT =0, Torma dF = —pdV.
BripaxkeHre 4acTHOM NPOU3BOIHOM 10 TEMIIEPATYPE UMEET BUL!
(OF/oV)t = —p.

Jlaenenue aensemca mepoit yovinu snepzuu I'envmzonvuya c
yeeauuenuem oovema npu T=const.
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3. M3zoxopHo-u3orepmuueckuii mporecc (V = const, T = const)
dv=0,dT =0, 1.e.dF =0.

B o6mem cayuae: dF < 0.
3HaK paBEHCTBA OTHOCUTCSA K OOpaTUMBIM IMpoIeccaM, 3HakK
«MEHBIIIE» — K HEOOPATUMBIM.

F

min

H3IMEHCHHE COCTOAHHSA

PAaBHOBECHE CHCTEMBI

Puc. 3.5. Usmenenue snepeuu I enomeonvya

Jlna cucmem, koeoa T = const u V = const, kpumepuem camo-
HPOU3B0JIBHOCHU  NpOYecca AGNACHMCA YMEHbUleHUe IHePIUU
I'envmzonvua, 6 cocmoanuu pagnosecusn pynkuus F umeem munu-
MAaibHOe 3HaAUECHUe.

2. Jneprus I'nooca

Panee Ob1I0 MTOTYyYEHO!

dF <-S.dT - p-dV. (1)
G =F + pV. Juddepenuupyem 3T0 ypaBHEHHE !
dG =dF + p-dV + V-dp.
Bripaszum Bemmuuny dF:
dF =dG - p-dV - V-dp. (2)
[ToxcraBum Beipaxkenue (2) B ypaBaerHue (1):
dG - p-dV - V-dp <-S.dT - p-dV,
OTKy/Ia
dG <-S.dT + V-dp.

PaccMoTpuM 3TO BBIpaKCHHE i1 00paTHMBIX MPOIECCOB (3HAK
paBeHCTBa I 00paTuMbIX mporeccoB): dG = -S-dT + V-dp.
1. M3006apHsIii nporiecc (p = const)
dp =0, dG =-S.dT, Torna:
63



(6G/aT), = -S.

Iumponusa ecmv mepa yoviau Inepeuu I'uooca c ysearuuenuem
memnepamypsl npu P = CONst.

2. N3otepmuueckuii nponecc (T=const)
dT =0, dG = Vdp, Torna:

Oovem asnaemca mepoii eo3pacmanusn Inepzuu I'uboca c yee-
Jauuenuem oasnenus npu T=const.
3. U300apHo-n30TepMudeckuii mporecc (P = const, T = const)

dT=0;dp=0;dG =0.
B o0mem Bune: dG <0.

G

min

HU3MEHEHHE COCTOSTHUSA
CHCTCMbI

PaBHOBECHE

Puc. 3.6. Uzmenenue snepeuu I'uboca

Kpumepuem camonpouszeonvnocmu npoyecca npu T = const u
p =const sersemca ymenvuwenue snepeuu I'uboca, Kpumepuem
PaeHoBecUs — MUHUMAbHOE 3HAYeHUe IMOU PYyHKUUU.

3.6.5. Cnoco6bl pacueTa u3MeHeHUs SHepruu 'n66ca

CBoOonHas sHeprus (3Heprus ['m60ca) ecTh PYHKIUSA COCTOSHUS
CUCTEMBI, T. €. HE 3aBUCUT OT ITyTH MpoIiecca, a OMpPEAeIIeTCs JHIIb
HAaYaJIbHBIM U KOHEYHBIM COCTOSTHUSIMH.

1. CranpapTHOoe U3MeHeHUe YHepruu ['nd0ca peakiuu onpeaes-
€TCs IO YPaBHEHHUIO:

AGOpeaKuun = Z(nAGO)HPOZlyKTOB - z:(nAGO)ucx. BellleCTB.

2. Beruncnenue u3MeHeHus sHepruu ['mboca XuMHUUECKON peak-
LU 10 3HAYCHUSIM CTAHJAPTHBIX SHTAJIBIIUN U SHTPOIUH:
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AG’ = AH; — TASY;,
rae AH’r = ZnAH hor — ZNAHC,
ASY; = ZnASOHPOH_ —3nAS°,., (o cTaHIapTHBIM TaOIHIAM).

3. Eciin yiaeTcst MpoBECTH PEaKIMIO B TaIbBAHUUYECKOM DJIEMEHTE
u onpenenuts ero I/C, To:

G% = —zFE°,

TJI€ Z — 3apsi]l pearupyrouiero HoHa B dJIEMEHTE;

F — ancino ®apanes,

E’ - cragaapTHas J/[C raapBaHUYECKOrO 3JIEMEHTA, IOJydYaro-
11ascsi TOrJa, Korjaa KOHIEHTPAIUs PEearupyronux HOHOB B JIEMEHTE
paBHa 1r-Moub/I.

3.7. Xumuyeckoe cpodcmeo.
IIpunyun bepmso u e2o0 HecocMoOsAME/ILHOCMb

Kaxxnast xumuueckasi peakiiuss 00ObIYHO COMPOBOXKIAACTCS U3MEHE-
HueM BHyTpeHHer sHeprun (AU). Ipuunnoit u3menenus AU Bo Bpe-
Msl PEaKIMM SIBJSETCS TaK Ha3bIBAEMOE XMMUUYECKOE CPOJCTBO pearu-
PYIOIIMX BEIIECTB. DTHUM HE BIIOJIHE YyJAauyHBIM, HO OOIIECHTPUHSATHIM
TEPMHUHOM BBIPAXXAIOT CIOCOOHOCTh JaHHBIX BEIIECTB BCTYNaTh B XU-
MU4ecKoe B3auMozeicTeue apyr ¢ Apyrom. B XIX cronernn 3a Mmepy
XUMHYECKOr0 CPOJICTBA MPUHUMAJICS TEIIOBOU 3 (PEKT.

CornacHo npuniuny beprio (1867 r.), éce camonpoussoivrbie
npouyeccel, npomekawwiue 6 npupooe, udym é cCHmopoHy HAUOONb-
uie2o 8bl0e1eHUsL MEnI0mbl.

DTOT NMPUHIIMI HEBEPEH, TaK KaK OH OTBEPraeT BO3MOXKHOCTh JH-
JTOTEPMHUYECKUX peakiuid. B HacTosee BpeMs 3a Mepy XUMHYECKOTO
CPOJICTBA TIPHHATO H3MEHEHHE SHepruu [mo0Ca (mis wu3o0apHO-
MU30METPUICCKUX MPOIIECCOB) WIIM M3MEHEHHE dHepruu [ embpMrosbiia
(U1 M30XOPHO-U30TEPMUICCKUX MTPOIIECCOB).

Bemnuunbl AF u AG 1oka3bpIBatlOT OCyIIECTBUMOCTh XUMUYECKOM
peaKkIuu:

AF =0 — coctosinue paBHoBecus; G = 0 — cocTosiHME paBHOBECHS,
AF < 0 — mporiecc BO3MOXKeEH; AG < 0 — mporiecc BO3MOXKEH;
AF > 0 — mporiecc HEBO3MOXKEH; AG > 0 — mporiecc HEBO3MOKEH.
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MoskHo Bocmionbs3oBaTbesd cooTHolrenueM: AG = AH — TAS. Eciin
AG > 0, To mporiecc HEBO3MOXKEH B JJAHHBIX YCIOBUSIX. UTOOBI peak-
A CTaJla BO3MOKHOM, HEOOXOJAMMO TOBBICUTH TemmepaTrypy. Ilpu
YCIIOBUH, UTO | T AS | > | AH |, IIPOLECC CTAHET BO3MOKHBIM.

3.8. YpasHeHue I'u66ca - I'eabm2oabya

Panee moxasanu, uro (0G/0T), = —S. IloncTaBUB 3TO BBIpaKCHUE
B pynkuuro G = H - TS, nonyuum: G = H + T-(0G/0T)),.

PaccmoTpyuM M30TEPMUYECKUN TEPEXO] CUCTEMBI U3 HAYAJIBHOT'O
COCTOSIHUSI B KOHEYHOE, JUISI KOTOPOTO:

Gy =Hy + T-(0G1/0T)p; G2 = Hy + T-(0G,/0T),.
CiienoBaTenbHO, MOXKHO 3aIUCATh!
Gy, —G1=H;—Hp + T-(0(G, — Gy)/oT),
WM 119 U300apHO-U30TEPMUUYECKUX YCIOBUM
AG = AH + T(0AG/OT)p.

Jl1s mporiecca, NpPOTEKAIOMIEr0 B M30XOPHO-U30TEPMUUECKUX YC-
JIOBHUSX

F=U-T-S,-S = (oF/oT),,
MOJY4YUM

AF = AU + T (OAF/T),.

DTy ypaBHEHUSI, Ha3bIBaeMble ypaBHeHUAMU [ 100ca — ['enbMrosib-
113, XapaKTEePU3yIOT 3aBUCUMOCTh 3Heprun ['nb6ca wmu ['enpmrombia
OT TeMmreparypbl. YpaBHeHue [unb60ca— I'eabMrosibiia MOXKET OBITH

BBIPAKEHO Y€pe3 MAKCUMAIbHYIO T0JIe3HYI0 paboTy: AG = —A' .
A,maX = _H + T (aA’maX /aT)p .
MaxkcumaibHast mosie3Hast padota (A'max) MOXKET OBITH MEPOH XH-
MHUYECKOTO CPOJICTBA:
A'ax = 0 — cocTosiHME XMMHUYECKOT'O PAaBHOBECHS,

A’ ax > 0 — mmporecc BO3MOXKEH;
A'ax < 0 —mportecc HEBO3MOXKEH B TAHHBIX YCIIOBHSX.
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3.9. Xumuueckuil nomeHyuas

Xapakrepuctudeckue ¢pyukiuu (U, H, F, G, S) saBusroTcsa kpute-
PUSMH CaMOITPOM3BOJILHOCTH IIPOIECCa W PaBHOBECHUS IIPU MOCTOSH-
ctBe aByx mapamerpoB. U=1(V,S); H=1(p,S); F=1T,V);
G="1(p, T); S=1(U, V) =1(H, p).

Hns U, H, F u G — paBHOBecHIO 0TBEYaeT MUHUMYM 3THX (DYHK-
UM, a JUIsI S — paBHOBECHUE XapaKTEPU3YETCSI MAKCUMYMOM (DYHKITHH.

Ha3zBanubie GYHKIIUHA SBASIOTCS SKCTCHCHUBHBIMH CBOMCTBAMH
CHUCTEMBI, T.€. UX YHCICHHBIC 3HAYCHHS IPOMOPIIMOHAIBHBI Macce.
OnHako KpHUTEpHEM CaMOIIPOM3BOJILHOCTH W PaBHOBECHS IIpoliecca
MOXET CIIY)KUTh U WHTCHCHBHOE CBONCTBO CHUCTEMBI — MM SIBIISCTCS
XuMHudecknil moTeHnuan. [loHATHEe XUMHUYECKOro IMOTeHIMaaa OTHO-
CUTCS K OTKPBITBIM CHCTEMaM, T. €. JOIyCKaIoImKUM 0OOMEH BEIeCTBOM
C OKpY>KaroIui cpesion, a HE TOJILKO 0OMEH TEIJIOTOM U paboTOiM.

Jlo cux mop MBI pacCMaTpUBAIN 3aKPBITHIE CUCTEMBI, B KOTOPHIX
BO3MOKEH OOMEH TEIUIOTOM M paboTOM, HO HET OOMEHA BEIECTBOM.
s 3akpeITBIX cucTeM 3Heprus ['mb0ca ecTh (yHKIUS TaBICHUS H
temneparypel: G = f(p, T).

OTkpbITasi cucTeMa JOIMyCKaeT OOMEH BEIISCTBOM C OKPYXKaro-
€N CPEZION, T. €. B OTKPBHITOU CUCTEME:!

G=f(p, T, ng, Ny, N3y n;),

rze N — YUCI0 MOJIEM KaXKJI0r0 KOMIIOHEHTA CUCTEMBI.
Panee 111 0OpaTUMBIX MPOLIECCOB MOJTYYEHO:

dG =-SdT + Vdp,
=S = (0G/aT),,
V = (6G/op)r.

Toraa moayuum ypaBaenue (1):

dG=(0G/0p)t, njxdp + (0G/OT), njxdT +
+ (0G/0n1)p. 1, njer ANy + (0G/ON)p, T, njienis

rae Nj— oOo3HayaeT Bce BeliecTBa, kpome i-ro (T.e. B 1-m ciyuae
KpoMme Ny, BO BTOPOM N, U T. 11.).

[TonsiTue XUMHUYECKOro nmoreHnuana (L;) ObUIO BBEIECHO B TEPMO-
auHamuky J1. T'ub0coM: Xumuueckum nomenuyuaiom KOMROHeHMA 6
pacmeope unu 2a3060l cmecu Ha3bIBACTCSA YacTHAs MPOU3BOIHAS OT
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JT1000r0 M3 TEPMOJMHAMUYECKUX MOTEHIIUAJIOB 10 YUCIY MOJICH JaH-
HOTO KOMIIOHEHTA IPU MOCTOSIHCTBE YKCJIa MOJIEH BCEX KOMIIOHEHTOB,
KpPOME JIaHHOTO.

Wi = (0G/on;)y, 1, nj = (OF/ONi)1, v, nj = (OHIONy)s, p, nj = (OUIONi)s v/ 1 -

Takum oO6pa3zoMm:

Wi = (0G/on;) 1 pnj — 9TO Mepa u3MeHeHus ooeil sneprun ['n66ca
JUIS BCEW CMECH TI0 YUCITY MOJISH TaHHOT'O KOMITOHEHTA TIPH ITOCTOSH-
CTBE JIaBJICHHS, TEMIIEPATYPhI ¥ TIOCTOSTHCTBE MOJICH BCEX KOMITOHCH-
TOB, KPOME i-T0, T. €. IOTCHIIUAI KOTOPOTO MbI OIIPEIEIISICM.

Hac unTepecyer uzmenenue sHepruu ['mbbca mpu p = const,
T = const. Eciu BepuyThes k ypaBHeHwuto (1), To dp =0, dT =0,
HOJTydaeM

dG = Mldnl + Mgdnz + ...+Midni , HIIN
dG = Zuidni.

Takum ob6pazom:

>u;dn; = 0 — yciioBue paBHOBECHS;

2uidn; > 0 — mpoliecc HEBO3MOKEH;

2uidn; < 0 — ycnoBre MIg CaMOIPOU3BOJIBLHOIO (HEOOPATHMOIO)
IIPOTEKAHMS MpoIlecca.

OTH ypaBHEHHUS HCIOJB3YIOTCS IS pacuera (Ga3oBOTO paBHOBE-
cusi. C TOUKM 3pEHUS TEPMOJMHAMUKHA XUMHUYCCKUHN TTOTSHITUA SBIIS-
€TCS MEpOM M3MEHEHHUsI SHEPTUU B JaHHOM (hpaze 3a CUeT M3MEHEHUS
TOJIBKO MAacChl OTPEIEICHHOT0 KOMITOHEHTA, BXOJSIIETO0 B COCTaB
3TOM (pa3bl.

Yro BIMSAET HA BEIMUYMHY XUMHYECKOTO ITOTEHITAIa?

(8G/ap)y = V.

K sTOMy BBIpakeHHIO TpUMeHUM L = 0G/on;, T. e. mpu N = 156G = .
Torpa (Ou/op)r =V, nmun

du=V-dp.

Ecnu ra3 uaeansusii, To du = V-dp = (RT/p)-dp.
WuTerpupyeM TaHHOE BBIpaKEHUE, MOIydacM

1 = o = RT-In(p/po).
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[Ipumem po = latm, Torma dhopmyna sl pacueTa XUMHUYECKOTO
MOTEHITMANA JJI1sl UICaJIbHOTO ra3a MMeeT BU/I.

U=y + RT:Inp,

I€ o — CTAaHIAPTHBIM XUMHUYECKUM TOTECHIMAN, T. €. XUMUYECKUHN MO-
TEHIIMaJI OJTHOTO MOJISl YMCTOro raza nmpu P = latm u temneparype T.

3.10. Xumuueckoe pasHogecue. KoHcmaHma
pasHogecus U cnocoobl ee 8bIpaAMHCeHUs

HccnenoBanus MOKa3bIBaKOT, YTO XMMHUYECKAsT PEAKIHS OJTHOBpE-
MEHHO IIPOTEKAeT B ABYX HAIMpPABIEHUSAX: B CTOPOHY 00pa30BaHUsI MPO-
JTYKTOB peakiuu (mpsmasi peakiys) U B CTOPOHY Pa3JIOKEHUS TTPOAYK-
TOB Ha UCXOJIHBIC BeliecTBa (oOpaTHas peakius). [To Mmepe nmporekanus
npoliecca CKOPOCTh MPSIMOM peaKIMi YMEHbBIIIAeTCsl, a 00OpaTHON yBe-
auuyuBaetcs. Korma o0e CKOPOCTH CpaBHSIOTCS, HACTYIA€T COCTOSIHUE
XUMHYECKOTO PABHOBECHUS — KOHLECHTPALMUA PEArMPYIOIINX BEIIECTB
CTAHOBSITCS BIIOJIHE OINPENCIICHHBIMA W IIOCTOSHHBIMHM BO BPEMEHU
(pu ycloBHH, YTO JABJICHUE U TEMIIEpaTypa HE MEHSIOTCS).

PaccMOTpuM XHUMUYECKYIO PEAKIIHIO:

W,
mA + nB < pC + gD.
W,

O0603HaYMB KOHIIEHTpAIMIO UCXOAHBIX BemiecTB Cp u Cp, Hamm-

IIIEM YpaBHEHUE CKOPOCTH MPSIMON peaKkIui U OOpaTHOU peaKIUu:

Wi =k; - CAm' CBn1
W, =k, Ccp' CDq,

rie Ky, k; — koHCTaHTa CKOpOCTH MPsAMO 1 0OpaTHOW PEAKITHIA.
B momenT paBHoBecus: W, = W,, 1. e.

K- CAm 'CBn =k;- Ccp' CDq,
OTKYyJla KOHCTAHTa paBHOBECUS:
KC = k]_/ k2 = Ccp' CDq/ CAm' CBn.

Benuuuna koncmanmeot PasHoeecusn He 3asucum om Kojiuue-
cmea peazupywuiux eeuiecme uU uUX KOHuyenmpauuu, a 3aeucum
moJibKo om memnepamypbnl.
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Konnentpanuto BemectB A, B, C, [ oOblYHO BBIpaXarOT B
MOJIB/JI, TOTIa JJIsI KOHCTaHThI PaBHOBECHS BBOIAT 0OO3HaueHme K.
WMHorga mpy BBIYMCICHUH KOHCTAaHTHI PaBHOBECHS YJI0O0HEE IOJIb30-
BaThCs HE KOHIIGHTpAIIMEH, a BeIMUYMHAMH, TTPOTOPIIMOHATILHBIMU €.
YucaoBoe 3HaUCHNE KOHCTAHTHI B 3TOM CiIydae OyJeT ApyTHM.

JInst Ta30BBIX peaknuil yA00HO NMPHUMEHEHUE MapIuaibHbIX TaB-
JICHUM, KOTOPBIC ITOJICTABIIIOTCS B YPAaBHCHUE BMECTO KOHIICHTPAIUH.
BennmunHy KOHCTAaHTBI PaBHOBECHS BBIPAKAIOT dYepe3 MapIidajbHOE
napieHue, o0o3HavaroT K,. YpaBHeHne OyeT MMeTh TaKOU BUA:

Kp=(pc® po ™)/ (pa™ ps").
Bemnuunel K, u K, 4nucieHHO He paBHBI APYT APYTY, HO MEXKIY
HUMM CYIIIECTBYET OINPEICTICHHOE COOTHOILICHUE!
in = n;RT,
pi = (ﬂ,/V)RT = CiRT,
rae Ci = ni/V — gucio Moselt B equHUIy 00beMa (KOHIISHTPALINS).
K, = (CcRT) P+ (CoRT) )/(CART) ™ (CgRT) " =
=[(Cc” CoH/HCA™ Cs")] - (RT) PH4- """ = K(RT) ™",
Kp = K(RT) *",
rae AN — pa3HOCTh CYMM CTEXHOMETPUUECKUX KOA(PGUIIMEHTOB Tpo-
JYKTOB PEaKIIMU U UCXOJHBIX BEIIECTB.
[TapumanpHOE JABJICHHE CBSI3aHO C OOIIUM JaBJICHUEM W MOJIb-
HOI nonel cootHomeHueM: P; = N Pyg,,, TOTIA
Kp=[(Nc® Np®)/ (Na™ Ng"1+ (Posu) "
O603HaunM [(Nc” - Np )/ (NaA™- Ng")] = Ky, Toraa
Kp =Ky (Posm) an,
Koncrante! K, 1 K 3aBUCAT TOJIBKO OT TEMIIEpATyphl, & KOHCTAH-
ta Ky 3aBHUCHUT OT JaBICHHUS.

3.10.1. YpaBHeHH e U30TEPMbI XUMUYECKOMN peaKuu

VYpaBHEHHE H30TEPMBI YCTAHABIMBAET COOTHOUIEHHE MEXIY W3-
MEHEHUEeM sHepruu ['nb0ca peakiuu U KOHCTaHTOM paBHOBecus. Pac-
CMOTPUM XUMHUYECKYIO pPEaKIMi0 B Ta30BOM (aze MpH MOCTOSHHBIX
JABJICHUH U TeMIIepaType B YCIOBHUAX, OTJIUYHBIX OT PABHOBECHS:

mA + nB < pC + gD.
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JlomycTuM, 4TO B CHCTEME MMEIOTCA HACTOJBKO OOJbIINE KOJIH-
yectBa BeulectB A, B, C, ]I, yTo B pe3yabTraTe B3auMOJIECHCTBUS M
MoJIeH BemecTBa A 1 N MoJieH BemecTBa B coctaB 1 o0I1iee naBieHUE
CHUCTEMBI HE MEHSIOTCS. Ecnu mpopearupoBalii 3TH KOJIWYECTBA BE-
IIECTB, TO M3MEHEHUe dHepruu ['mbOca cucTtemsbl OmpeseseTcs pa-
BCHCTBOM.:

AG =Xy N = P, + qup — Mpa — Ny, (1)

[Tpuuem AG < 0 u, ciemoBaTeIbHO, CHCTEMa COBEpIaeT paboTy
(XMMUYECKYIO) 32 CUET M3MEHCHHUS KOHILEHTPAIMH U yObUIM dHEPrHH
['u60ca.

[TonouM, 9TO K pearupyromuM BEIIECTBaM MPUMEHUMBI 3aKOHBI
UjcalIbHBIX Ta30B. Toraa, monb3ysach ypaBHeHHEM: L = Lo + RT:In p;,
IJIC Lo — CTAHJAPTHBIM XMMHUYECKUH MOTEHITHA OJHOT'0 MOJISI YUCTOTO
rasa npu AaBjicHuH 1 aTM U Temieparype T, MOKHO ITOJCTaBUTh 3Ha-

YCHHUS XMMHYECKHUX IMOTSHIHANOB (¢, Up, Ly, Ug) B ypaBHeHue (1).
['pynmupys ciaaraeMbie COOTBETCTBYIOIIMM 00pa3oM, MOIYUYHM:

AG = (puoc + quop — Mpga — Nugs) + RT -+ [plnpc + qlnpp — minp, — ninp;],

p — HapUHUalbHOE JABJIIEHUE, OTHOCUTCS K HEPAaBHOBECHOMY CO-
CTOSIHHUIO.
0_
O6o3naunm AG™ = (Pugc + quop — Mpoa — Niios).
YpaBHEHHE MOKHO 3aIIMCaTh HHAYE!

AG = AG” + RTIn(pc”  po)/(pa" - pe").
[Ipu paBHoBecuun AG = 0, Toraa noay4um:
AG® = -RT-In[(pc” - po)/(pa™ - pa")],
P 3TOM MapLHUAIbHOE JABJIEHUE «P» OTHOCUTCSA K COCTOSHUIO PaB-
HOBECHSI.

_ p q m n
IToncraBum K, = (pc" - po)/(Pa * Pg’) ¥ OTy4UM ypaBHEHUE IS
CTaHJIAPTHOT'O 3HAYCHHMSI CBOOOTHOM YHEPTHUU:

AG® = -RT - InK,.
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3a cmanoapmmnoe 3naueHue c60000HOI IHEP2UU NPUHUMACHICA
€20 3HaueHue npu 60N memnepamype npu KOHUEHMpPAyuu uc-
XO0OHbBIX geuyecme u npoOyKmoe, pagHou no eOuHuye.

Torna:

— P O\ M . n
AG = —RT'InKp + RTIn[(pC " Pp )/(pA ' PB )]
BrIpaXkeHue HEPABHOBECHBIX MAPIMANbLHBIX JABICHUNA MOXKHO 3a-
NUucaTh TaK.

In[(pc” - po?)/(pa™ - P&")] = InAp,

TOrJa MOJYYUM YPABHEHUE U30TEPMBI:

AG = -RT - InK, + RT - InAp, wm

AG = AG° + RT - InAp.

3.10.2. YpaBHeHHe U300apbl U U30XO0PHI

3aBUCUMOCTh KOHCTAHTBI PABHOBECHUSI OT TEMIIEPATyphl MOXKHO
NOJYyYUTh UCXOZS U3 YpaBHEHHs] M30TepPMBbI M ypaBHeHHUs ['n06ca —
['enbmronpua. 3anuiiem ypaBHeHue ['unb0ca— I'eapMmrosbia s
CTaHJAPTHOTO COCTOSHUA:

AG® = AH + T(dAGYdT).

3HaK YacCTHOW MPOW3BOJHOM I MPOCTOTHI CTaBUTH HE OYJIEM.
YpaBHEHUE U30TEPMBI AG’ = -RT - InK, moacraBum B ypaBHEHHE
['u66ca — TI'enmpmronpiia U mocie audb@epeHIIUpOBaHUS YpPaBHEHUS
M30TEPMBI TI0 TEMIIEPATYPE TOTYIUM:

—RT InK, =AH + [T-d(-RT InK,)]/dT =
= AH + [T - (-RT-dInK, J/dT + T - (-RINK,-dT/dT).

CoxkpamaeM ypaBHeHHe Ha BbipaskeHue —RTINK,, moxyuaem
dInK,/dT = AH/RT?,
WU ypaBHEHUE M300apbl B 1udPepeHIInaIbHOM BUIE UMEET BUL:
dInK, = (AH/RT*)dT.

[IpouHTErprpyeEM 3TO ypaBHEHUE IO TEMIIEPATYPE:
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[ dinK, =] (AH/RT*)dT,
InK, = (AH/R)-(-1/T) + const.

InKp
AH<0

AH>0

1/T

Puc. 3.7. 3asucumocms nocapugpma koncmanmuol pagHogecus
om 0bpamuol memnepamypbl

Jliis n3otepmuueckux peakiuii (AH < 0) xoHcTaHTa paBHOBECHUS
C TMOBBIIMICHUEM TEMIEpaTyphl MajaeT, i1 DHIAOTCPMHUUYCCKUX
(AH > Q) pacrer.

JI1s IpaKTHYECKHUX PacyeToB OepeM OnpeeIeHHbIH HHTETPAU:

In(szle]_) = (AH/R)(]./T]_ - 1/T2)

AHaAJIOTUYHO MOYKHO BBIBECTH ypaBHEHHE M30XOpHI B auddepeH-
IUAJILHOM BUJIE!

dinK; = (AU/RT?)dT.

VYpaBHEHUS M300apbl U M30XOPHl YCTAaHABIMBAIOT 3aBHCHUMOCTH
KOHCTAHTBI PAaBHOBECHSI OT TeMIIEpaTyphl MPH MTOCTOSHCTBE JIaBJICHHUS
WM 00beMa.

3.10.3. PaBHOBecue B peaJIbHBIX CUCTEMaXx.
IloHsaTHE O JIETYy4YECTH MU AKTUBHOCTH

Bce ypaBHEHHMS TEpMOJAMHAMUKN BBIBOJATCS C HUCIOJIB30BAHUEM
3aKOHOB JIJI UJI€alIbHBIX ra30B. UTOOBI COXpaHUTh MPOCTOTY ypaBHE-
HUW TEPMOJVMHAMUKHU UJICAUTHHBIX Ia30B U B TO K€ BPEMSI CHI€JIaTh 3TH
ypaBHEHHUs TPHUTOJHBIMH JUIS peanbHbIX razos, 1. JIpronc (1901 r.)
IPETOKIIT 3aMCHUTH JIaBJIcHUE P Ha BenuuuHy f, HaspiBaeMyto JeTy-
4ecThi0 ((PYyrHTUBHOCTHIO). DTUM (DOpMaNBHBIM MPUEMOM BCE TPY/-
HOCTH, CBSI3aHHBIE C YUYETOM OTKJIOHCHUS PEAIbHBIX ra30B OT UICAlb-
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HOTO COCTOSIHUSI, IEPEHOCSTCS Ha BBIYUCIICHUS JieTy4yecTu. JleTydecTs
onpeeNsieTcss Kak HeKoTopas (PyHKIUS JABJICHUS U TEeMIEpaTyphl.
OHa BhIpaXKAETCA B €AUHUIIAX JIaBICHUA.

Jlemyuecmb npeocmasnnaem codoit oasnenue, oOpmMaibHO uc-
npaeieHHoe mak, Ymo npu OAHHOU memnepamype u OGHHOM 00ve-
Me peaibHblil 2a3 NPpUodpemaem ceoIUCmea udeaibHo20 2asd.

JUist uieanpHOTo rasa uMeeM ypasaerue: G = G + RT - Inp,
WITH

AG = Gz - Gl =RT: |n(p2/p1)
s peanbHOTO rasa:
AG = RT - In(f,/fy),

riae f — neTydects, WM GyruTUBHOCTD.

[Ipu kaxxnoi TeMneparype JeTy4ecTh ra3a JI0JKHA UMETh OIpe-
JIeJICHHOE a0COIIOTHOE 3HAYEHHUE, MPOMOPIMOHAIBHOE (PaKTHIECKOMY
JABJICHUIO:

f=yp.
Ko unpeHT nponopuroHaibHOCTH (y) Ha3bIBaeTCs KO3(hOHIIH-
CHTOM JIeTy4ecTH. IIpr HU3KHX TemIiepaTypax U BBICOKHX JaBICHUAX

JIETY4YECTh CHUJIBHO OTJIMYAETCS OT JaBiieHus. 110 Mepe yMeHbIIeHus
naBjaeHus BeanuuHbl P u T commkarores, u npu p — 0 oHU coBmaaa-

IOT, T. €.

lim(f/p) = 1, cienoBarensHo: ¥ = 1.
p—0

[Tpu paccMOTpEeHUN PaBHOBECHH C y4aCTHEM KOHJICHCHPOBAHHBIX
(a3 BMECTO JIETY4YECTH HMCIIOJIb3YETCSl aKTUBHOCTh a (BEIMYMHA, pPaB-
Hasl OTHOLICHHUIO JIeTy4ecTH f B JAHHOM COCTOSIHHH K JIeTydecTH f° B
CTaHJapTHOM COCTOSHUH):

a=y-c,

rjae Y — K03 OUIMEHT aKTHBHOCTH, ITOKA3bIBACT CTCIICHb OTKIOHCHUS
pCAIBHBIX CHCTEM OT HACAIBHBIX (YUHUTHIBACT MEKHOHHOE B3aUMO-
AeHcTBHIE).

J1i1s pa30aBiIEHHBIX PAaCTBOPOB MOXKHO CUMTaTh: @ = C, T. €. Y = 1.

74



3.11. Bmopoii 3aKOH mepMoJUHAMUKU
U 6uos102u4ecKue npoyeccsl

Kak Oplmo moka3zaHo panee, ['mb0c BBen TEpMOAMHAMUYECKYIO
(GYHKIHIO, MO3BOJISIONIYIO TMOTYYUTh KPUTEPHUM CaMOINPOU3BOIBHOTO
Iporiecca U paBHOBECHs. DTO U3MEHEHUE CBOOOIHOM sHepruu ['uboca.
Teneps pazdepeMcst ¢ TeMH pa3IMuUsIMU B BHIOOpPE CTaHIAPTHBIX CO-
CTOSIHHH, KOTOPBIE UMEIOTCS B PU3NUSCKONM XUMHUHU U OMOXHMUH.

B ¢uzuueckon xumuu 3a cmanoapmmuoe 3nauenue c60000HOI
IHEpeUU NPUHUMAEMCA €20 3HaueHue npu ool memnepamype
npu eOUHUYHOU KOHUECHMPAUUU UCXOOHBIX 6eUleCce U nPoOyKmoe
peaxyuu.

B OnoxuMu#M HECKOJBKO MHBIE TOHSTHS CTaHAApTHOCTU. boiee
TOTO, OMOXMMHUKH HMCIOJIB3YIOT JBa CTaHIAPTHBIX COCTOSIHUS: OJIHO
oGosuauaror AG® 1, apyroe AG® 7.

AG® T cuumaemen cmanoapmuuvivm GuoxumMudeckum 3HaueHueM
C80000HOIL IHEp2UU npU 11000 memnepamype, K020a KOHUeHmMpa-
uuu ecex peazenmoe pasnuvt eounuye (1M), 3a ucknouenuem mozo,
YUMo KOHUEeHmMpPauuio UOH08 6000P00A 8 CHAHOAPMHOM COCHOAHUU
npunumaiom pasnoii 10'M (nockonvky snauenue pH ¢ opzanuzme
onusku K 7).

[TosToMy nmisi peakiuif, B KOTOPbIX MPUHUMAIOT y4acTHE HOHBI
Bomopoza, AG’t u AG? 1 6yayT pasnuuHbL.

PaccMoTpuM peakimio: A + B — C + xH™.

CranmapTHble cocrostHms Takossl: [A] = [B] = [C] = 1M; [H] = 107 M.

AG® '+ = AG% + RT - IN[HT* = AG® 1 + XRT - In10™".
Ecou T = 298K u x = 1 — ocBoOOkAaeTCsl OJMH MPOTOH, TO
AG® 1 = AG%; + 1,987-298-10.2,303-(-7) = AG’; — 9,54 [kxan/mous],

rae R = 1,987 [kax - K- moms™].

DTO 3HAYMUT, YTO JJIsi peaKIuid, B KOTOPHIX KaTHOHBI BOJOPOJ]IA
BBIIEIAIOTCS, AGOT 6ombure AG® 'T Ha 9,54 kxan/mons. CnenoBareib-
HO, peakIusi CTaHOBUTCS Oojee mpeanoyturenbHor npu pH = 7, yem
npu pH = 0.

B To e Bpemsd, ecu B X0Je peakimu noHel H' pacxomyrorcs B
kagecTBe pearenra: C + xH — A + B, o
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AG% = AG%'; + XRT - In10™.

Takum 00pa3oM, 3Ta peakius CTAaHOBUTCS Oojee MpearnoyYTu-
teapHoM npu pH = 0, uem nipu pH = 7. [{ns peakuuii, B KOTOPHIX HO-
HbI BOJOPO/Ia HE MPUHUMAIOT YYaCTHs, AG% = AGY .

Ceityac OMOXUMHUKHU JIJI1 UCCIEAOBAHUS SHEPTETUKHU KUBBIX KJIe-
TOK MCHOJIB3YIOT APYroe CTaHAAPTHOE COCTOSHHE, KOTOpoe 0003Ha-
qaror AG® 7. ITonarator, 4To (bU3MOTOTUUECKUE KOHIICHTpAIUU CY-
IIECTBEHHO HIKE 1M, XOTSI HUKTO HE MOXXET OTBETUThH HA BOIPOC, Ka-
KOBBI KOHIICHTPAIIMKU CYyOCTpaTOB B 00JACTH aKTUBHBIX LIEHTPOB (ep-
mentoB. Ho Guornoru cuumrator, uro Bemmunsa AG® 1 Gosee uHdpop-
MaTHBHA.

Jna smoii eenuuunsvt (AG® ) cmandapmnoe cmapoe cocmosn-
Hue coxpansemcs moavko 01 600vt (LM). /Ina opyzux peazenmogs 6
Kayecmee CmMaHOapmMHuIX yCa06uil evioupawomcea ooviuno pH = 7,
pacmeopennvie eeuiecmea — 0,01M; CO, npu oasnenuu 0,05 amm,
0, npu oasenenuu 0,2 amm.

B o6uem Buge AG? 1= AG® 1 + 2,303RT - IgQ,
rae Q 3aBUCUT OT XUMHUYECKOW peaknuu (KOHKPETHO JUIS KaXJIO0To
cirydas).

PaccmoTtpum peakiuio:

1/2ByTupart + 1/20, + KoA + 1/2H" — anerun-KoA + H,0,

rne KoA — kosu3uM A (kodepMeHT A — YHUBEPCAIBHBIN MTEPEHOCYHK
aIMIBHBIX TPYIII).
AG’r = 42,5 xxan/monb (10 CIIPaBOYHHKY),

AG®7 = AG’ - 2,303-RTIg[H']"* =
= 42,5 - 2,303-1,987-10°.298-Ig[10 ]2 =
= —37,7 kkan/mMoJb.
Q = ([anetrn-KoA] - [H,0]) / ([6YTI/IpaT]1/2 . [02]1/2_ [KoA] - [H+]1/2) _
= (0,01-1) / (0,01*%.0,2"2.0,01- (107)"%) = 7,1-10"
AG”7 = AG™y +2,303-1,987-10°-298197,1-10* = -35,9 xxan/mos.

Jlist peakuuid, rae ra3bl HE ABJISIIOTCS HU peareHTamu, HU MpOayK-
TaMH U YHCIIO MOJIEH peareHTa B COOTBETCTBHUU CO CTEXUOMETPHUEN
o O ’ _ 0 ”
paBHO umncity Mojel npoaykra, AG™ 1 = AG”™ .
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Ecnu ke Bce 9TH yCIIOBUS COOII0IAIOTCS M, KPOME TOTO, KATHOHBI
BOJIOPO/JIa HE SIBJISIFOTCS HU IIPOAYKTOM, HU pEareHTOM, TO:

AGOT = AGO 'T - AGO "T-

3.12. dazoeoe pasHogecue
68 00HOKOMNOHEHMHbBIX cucmemax

da3z06bimu HA3BIBAIOTCS TEPMOJUHAMUYECKHE PABHOBECHUS B Te-
TEPOTCHHBIX CHCTEMaX, B KOTOPBIX HE IPOUCXOJUT XHUMHUYECCKOTO
B3aMMOJICCTBHS KOMIIOHEHTOB, a HIMEIOT MECTO JIUIIb MPOIIECCHI IIe-
pexoaa KOMIOHEHTa U3 OJHOM a3kl B IPYTYIO.

TepMmonnHaMUYECKHE CHCTEMBI 1O (Pa30BOMY COCTaBy IOJpa3Jic-
JAIOTCS Ha

1) oAHOPOIHBIC, WM TOMOI'CHHBIC, BHYTPH KOTOPBIX HET IOBEPX-
HOCTH pa3ena;

2) pa3HOPOJHBIC, WU FeTEPOreHHbIE, T/Ie PA3IMYHBIC 110 COCTABY
JaCTH CUCTEMBI OTACJICHBI APYT OT Apyra MOBEPXHOCTHIO pa3jeia.

@aza (D) — oIHOPOHAS YACTh T'€TEPOTCHHON CHCTEMBI, OJWHa-
KOBasi 10 (PU3MKO-XMMHYECKOMY COCTaBy M OTHACIICHHAs OT JIPYTHX
JacTeW CUCTEeMBI IOBEPXHOCTHIO pa3jea.

CocraBisrolee BeIeCTBO — JIF00OE BEIIECTBO, KOTOPOE MOIKET
OBITH BBIZICIICHO M3 CUCTEMBI U CYIIIECTBOBAThH BHE HEE.

Kommonent (K) — HanMeHbIlIee YKCIIO COCTABJISIONINX BEIECTB,
JIOCTATOYHOE JjIsl 00pa3oBaHus Bcex (a3 maHHOU cucteMbl. B omcym-
cmeue Xumu4eckozo 63aumooeiicmeus Yucio KOMHOHEHMO8 PAGHO
YUCTIy COCIABIAIOUUX BEULECME.

[Ipy XMMUYECKOM B3aUMOJEHUCTBUU YHUCIIO KOMIIOHEHTOB paccuu-
THIBACTCS KaK YHCJIO COCTABIISIONIMX BEIIECTB MHUHYC YHCIIO ypaBHE-
HUM, CBA3BIBAIOIINX KOHIICHTPAIIUH 3THX BEIIECTB.

[Tpumep 1:
CaCQ «CaO+CQ,
K=3-1=2
Kp = Pco,
[Ipumep 2:

NH,Cl <> NH, +HClI
K=3-2=1
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Kp - PNH3 : PHC

PNH3 — MheL

Yucno cmeneneii c60600bt (C) — 3TO YUCIIO HE3aBUCUMBIX Iepe-
MeHHBIX (B OCHOBHOM P 1 T), KOTOpBIE MOKHO MEHSTH B HEOOJBIIMX
npejaenax 6e3 HapylieHus yucia (a3 CUCTeMbl, HAXOASIINXCS B pPaB-
HOBCCHMH.

3.12.1. YcaoBus paBHOBecus ¢a3

[TockoyibKy MEPEeHOC KOMIOHEHTa U3 OAHOM (ha3bl B IPYTryr0 MO-
KET OCYILECTBIISITHCSA TOJIBKO B OTKPBITHIX CUCTEMax, TO OyleT crpa-
BEJIJIUBO BbIpaKEHUE!

Z:,uidni =0.

Paccmorpum aByx(dazoByr0 cucTteMmy, IJe MPOUCXOIUT TEPEHOC
KoMIioHeHTa u3 (a3el 1 B pazy 2:

1 2
—u . dn + 4 .dn.=0.

[lepen xumMuyecKuM mOTEeHIHANIOM 1 (a3bl cTaBUM «—», Tak Kak
KOJINYE€CTBO KOMIIOHEHTOB B HEll yOBIBaET.

12
dn, (‘ﬂﬁ ﬂi) =0.

1 2

Hi = H;
OTOT BBIBOJ] MOKHO pPacCCMaTpUBaTh Ha JIIOO0E KOJIMYECTBO (as3.
1 2 3
Hi = Hi = Hi =...

T. €. YCJIOBHEM paBHOBecHs (pa3 sIBISETCS PABEHCTBO XUMHUYECKUX I10-
TEHIIMAJI0OB JAHHOTO KOMIIOHEHTa BO BCeX (pa3zax CUCTEMBI.

BpIBOI. €caMOINpPOU3BOJIBHBIA MPOLECC B OTKPBITBIX CHCTEMAX
npoTeKaeT u3 (Paspl ¢ OONBITUM XUMUUYECKUM MOTEHIIMAIOM B (azy ¢
MEHBIIINM XUMUYECKAM MOTEHIIHAIIOM JI0 T€X MOp, OKA 3HAYCHUS MO-
TEHIUAJIOB HE CPABHSIOTCS, T. €. HE HACTYIIUT COCTOSTHHE PABHOBECHSI.
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Ilpasuno ¢pa3 I'uooca

BriBoauTCs U3 ycaoBHs paBHOBecHs (a3 1 IJIacUT:

Yucio cmeneneil c60000bl PABHOBECHOU MEPMOOUHAMUYECKOTL
cucmemul, Ha KOMOPYIO U3 6HEUWIHUX (PAKmMOPO8 Oelicmeyom mob-
Ko P u T, paeno uuciy KOMnoHeHmMOo8 NaKC 08a MUHYC YUCTO (ha3:

C=K+2-09,

riae C — Ynuciio cTereHer cBOOO/IbI,

K — 4ncino KOMIIOHEHTOB,

@ — obmiee uncio ¢a3, HaXOIANINXCS B PABHOBECHH,

«2» — YHCI0 BHEITHUX HE3aBUCUMBIX mepeMeHHbIX (P u T), KoTo-
pbIe MOTYT TIOBJIMSITH HA CHCTEMY.

Ecau p = const unu T = const, To ynuca0 NEpEMEHHBIX 3aMEHSETCS
Ha«l», 1.e.C=K+1-®.

3.12.2. OfTHOKOMIIOHEHTHBbIE CUCTEMBI

Hns saux C = 3— @, tak kak K = 1. [lo ¢uzuyeckomy cMmbICITy
YHUCJIO CTeTNeHEH CBOOOABI HE MOXKET OBITh OTPUIIATEILHBIM, @ YHUCIIO
a3 MoxeT MeHATHCA OT 1 10 3 ¥ yucyo creneHei cBo6o bl oT 2 10 0.
[Ipu yucne creneneit cBo0ObI «2» P 1 T MOKHO MEHSATS, Iipu «0» p u
T MEHSTH HENB34.

PaBHOBeCcHE B OJJTHOKOMIIOHEHTHOM CHCTEME MOYKET OBITh pealiu-
30BaHO 3 crocobamu:

® KHKOE — TBEPJIOE,

® JKHJIKO€ — ra3000pa3HoeE,

® TBEpJI0€ — ra3000pa3Hoe.

B3anMoCBsI3b MEXJy XUMUYECKUM TMOTECHIHAIOM W DHEPTrHei

I'n60ca:
dG = Z an;.

Ero naTerpupoBanue sl OTHOKOMIIOHEHTHOM CHCTEMBI!
G, = wun;,

ecu Nj =1, o Gy = Wi, T. €. XUMUYECKUN MOTCHIIUAJ PAaBEH SHEPTUHU
I'n006ca 01HOTrO MOJIA YUCTOTO KOMIIOHEHTA.
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3.12.3. ®a3o0Bas guarpaMMa 0JJHOKOMIOHEHTHOMW CUCTEMbI

JIrob6as ¢a3zoBas auarpamma, WM JdarpaMma COCTOSIHHS, CTPOUT-
Cs1 TOJIBKO O DKCIIEPUMEHTAIILHBIM JTaHHBIM, ITPX 3TOM UCTOJIb3YIOTCS
JIBa MPUHIIUIIA’

1. TlpuHIMI HENPEPLIBHOCTHU. HPU HENPEPbIBHOM U3MEHEHUU
napamempoe cocmosinuna (P, T u cocmae) ceoiicmea ¢ha3 na oua-
zpamme MeHAIOMCA MaKHce HenPePovléHO, NOKA He USMEHAMCA YUC-
J10 u xapaxkmep ¢has.

2. IIpyuHIIUIT COOTBETCTBUS: YUCAY (ha3, 00OHOBPEMEHHO HAXO-
0AWUXCA 68 PaABHOBeCUU, HA duazpamme coomeemcmaeyem onpeoe-
JEéHHbLI 2eomempuueckuil oopa3. Jlunua — osee ¢pazvl, mouxa —
mpu ¢hasol.

[Ipu mocTpoeHnr AuarpaMmbl BHIOMPAETCS YKMCIIO OCEH KOOpAH-
HaT, COOTBETCTBYIOIIMX BBIOPAHHBIM TapaMeTpaM COCTOSHUS (IIs
OJIHOKOMITOHEHTHON CHCTEMBbI Ha IJIOCKOCTH MOTYT OBbITh HM300pake-
Hbl P U T; U191 IBYXKOMIIOHEHTHOW CUCTEMBI — P WK 1 U COCTaB; ISl
TPEXKOMIIOHCHTHOUM CHCTEMBI — TOJIBKO COCTaB).

[Ipumep — nuarpamMma COCTOSIHUS BOJIBI.

P| A B

AOQO — kpuBas IJIaBJICHUS,
BO — kpuBas kureHus,
CO — kpuBas BO3rOHKH;

T

st aTuX TpEX ciaydaeB, UCXO/As U3 mpaBuia ['mdbOca s oaHO-
KoMITOHeHTHOM cructeMbl (K = 1):

C=3-0;,d=2;C=1; T e MOXKXHO MCHSTh B HEKOTOPBIX TIpe-
nenax aubo p, 6o 7.

O — TpoitHast Touka, Bce 3 (a3bl HAXOASITCSA B PAaBHOBECHUHU.

Hgo>K 4_—> H20T4__> HZOF
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® = 3; C =0, 1. e, yToOBl HE HAPYUIUTh OJHOBPEMEHHOE COCY-
IeCTBOBaHHE BceX Tpex (a3, P u 1 JOKHBI ObITh 3a()MKCUPOBAHBI
(p =5,575 mm. prt. c1., T = 273,1576 K).

s moneit TBEpaont COA, xuakoii AOB u razoo6pasznoit BOC
da3, gncio creneneit ceoooanr C = 2.

3.12.4. PaBHOBecHe YUCTOI'O BellecTBa
B IBYX (pa3ax 0JHOKOMIIOHEHTHOM CUCTEMBbI.
YpaBHeHue Knaneitpona - Kitaysuyca

Takoe paBHOBecre (Kak BHIHO M3 BBINICTIPUBEIEHHOTO IIPUMEPA)
MOXET OBITh peaJn30BaHO TPeMsl BapuaHTaMU. TBEPIOE — KHUIAKOE;
KHUJIKOE — ra3000pa3Hoe; TBEPA0E — ra3000pa3HoeE.

Hanpumep, pazdepém paBHOBECHE «KUIKOCTh — map». Kak ObL10
MOKAa3aHO BHIIIE, PABHOBECHIO COOTBETCTBYET PABEHCTBO XUMHYCCKHUX
MOTEHIIMAIOB B 00eux (azax, T. €.

Ly = My, COOTBETCTBEHHO Uit = Uity
Wi = V,dp — S,dT,
Vydp — S, dT =V, dp — S,dT;

AV AS

VYpaBuenne Knaneiipona — Knaysuyca B auddepeHnmanbHOM
dbopwme:

dp AS .

dT AV @)

JI1st IpakTUYEeCKuX Ieeld 3TO ypaBHEHUE WHTETPUPYIOT, TIpUMe-

Hsg caenyrone gonymenus: AV =V, (o0béMoM xuakoi ¢as3sl mpe-

HeOperaror).
[Tap cunTaroT HIeaIbHBIM ra3oM, T. €.
pV =RT, V = RT/p — moacrasnsiem B ypaBaeHue (1);
L(i).n.

AS = K — mojcrasiseM B ypasHenue (1).

rae Ly, — TemioTa ¢pa3oBoro nepexoaa;
T4.n. — TeMIIEpaTypa (a3oBoro nepexosa.
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[Tpu noacranoBke B ypaBHeHue (1) moaydaem:
dp L dT
? - E ' -I-_z , HHTETpUPYyEM:

Tdp F L AT
3157

|n&:£.(£_iJ
p, RI\T, T,)

IIpumepsl peweHus 3aday

Bmopoii 3akon mepmoounamuku. Iumponus

3adaua 1. Briuncnure W3MEHEHHE SHTpoONUU mpu mnepexone 1r
BozbI, B3siToi Tipu 0°C, B coctosinue neperperoro napa mpu 200° C.
CpenHue yaeiabHbIe TEII0EMKOCTH BOJBI M Tapa cocTaBisioT 4,19 u
1,97 JIx/(r-K) cooTBETCTBEHHO; yaeabHas TEILIOTa MCIAPCHHUS BOJIbI
paBHa 2227 JIx/r.

P e m e v u e. JlaHHBII TIpoliecC CKIIaIBIBACTCS U3 HarpeBa BOJIbI
or 273 K no 373 K, ucmapenus Boas! npu 373 K u Harpesa mapa ot
373 K no 473 K. ITosToMy U3MEHEHHUE PHTPOIUU OMPEACISIETCS CyM-
MOM TpEX CJIaraeMbIX:

Tom  MAH, T
AS =mC I T + 4 MC ) IN—2-=
_1.419.1n383 12227 4 4 9710273 _ 7 75 Ji/k.
273 373

3aodaua 2. Paccunraiite uaMeHenue suepruu ['mb0ca nis npouec-
ca ¢orocuaTe3a npu 298 K. Onpenennre, BO3MOKHO JIH CaMOIIPOM3-
BOJIBHOE MPOTEKAaHUE 3TOro mnpouecca. CTaHAapTHas 3HTAIbIUA 00pa-
3oBaHus MrOK036! ipu 298 K paBna —1274,45 xJ{x/Mo1b, a SHTpOTHUS
paBHa 212,13 Jxx/(moib-K).

P e m1 e H u e. 3anuiemM ypaBHeHHE mpoliecca GOTOCHHTE3A!

6C02 + 6H20(>K) = C6H1206 + 602

HaxonuM B cIpaBOYHHMKE HEIOCTAIONIME 3HAYEHHUS SHTAJBIUN
0o0pa30oBaHMs U SHTPOIHUH.
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Pearentsl COZ HzO()K) Celeoe 02

f
(AHZg ) 1lx/moms, ~393,51  -28584 127445 0
S0, o/ (Mob-K) 213,6 69,96 212,13 205,03

Paccunutaem ctangapTHBIN TeraoBou addext peakiuu npu 298 K
KaK pa3sHOCTh CYMM TEILJIOT 0O0pa30BaHUs MPOAYKTOB PEAKIMU U HUC-
XOJTHBIX BEIIECTB C YYETOM CTEXHUOMETPUUYECKUX KOI(PHUITMEHTOB:

AH%G = (AHS%);HHOG + 6.(AH 298);2 —{6.(AH§98)::OZ + 6.(AH298);20($) } _

= —1274,45 + 6:0 — [6-(~393,51) + 6-(~285,84)] = 2801,65 xJ[k/MOb.

AHaJOTHUYHO PACCUUTAEM U3MEHEHUE SHTPOIUH B PEAKIIUU:

0 _ (g0 0 0 0 _
ArSyeg = (8298 )CeleOe +6- (8298)02 - {6 ‘ (3298 )002 +6- (8298)H20(&) } =
= 212,13 + 6:205,03 — [6:213,6 + 6:69,96] = —259,05 [x/(momb-K).

3Hasi U3MEHEHUS SHTAJIBIIUU U SHTPOIUU B PEAKIIMH, PACCUUTAEM
u3MeHeHue sHepruu ['nbdoca:

ArGggs — Anggs —TArSS% =
=2801,65—298 - (-259,05 -10_3) = 2878,85 xJI>x/Mob.

[Tockonbky u3mMeHeHue Hepruu ['mdbdca B 1aHHOM TpoIlecce Mo-
JIOXKUTENBHO, TIPOLIECC HE MOXKET UATH CaMOIPOU3BOJIBHO. B pacre-
HUSAX Tporiecc (POTOCHMHTE3a BO3MOXKEH TOJBKO TIOJI BO3CHCTBHEM
sHepruu u3nydenus ComHia.

Xumuueckoe PaesHoeecue

3aodaua 1. KoncTaHnTa paBHOBECHS PEAKIIUU:

CO(F) + ZHZ(F) = CH3OH(F)

npu 500 K paBuHa Kp = 6,09-10_3 aT™ . Peakimmonnas cmecs, co-
crosimast u3 1 monb CO, 2 mons Hy u 1 monb uneptHOTO rasza (N,),
Harpera g0 500 K. O6mee maBiaenue mapoB paBHo 20 atm. Paccum-
TaNTE COCTaB PABHOBECHOW CMECH.

P e m e H u e. [Iycts mpopearuposano X mosib CO. Torna
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COq + 2Hpny = CH3OHg,

HcxogHoe KOJINYECTBO: 1 2 0
PaBHOBeCcHOE KOJIMYECTBO:. 1-x 2 — 2X X
Bcero B paBHOBecHOM cMecu. 3 — 2X Monb + 1 mostb N, = 4 — 2X Monib
p o 1-x 2 —2X X
aBHOBECHAsI MOJISIpHAS JOJIA: .
P A 4-2x 4-2x 42X
CnenoBaTeibHO,
~ Newgon  x(4-2x)? - o x(4-2x)
N~ 2 7 1 Kp=Ky-P*"= 2p2 "
Neo - Ni, 1—x)(2-2x) 1—x)(2-2x)°P
X(4 — 2x)?

Takum o6paszom, 6,09-107 = Pemmas 3To ypas-

(1-x)(2-2x)220%
Henne, moaydaeM X = 0,294, CooTBETCTBEHHO MOJISIPHBIC JOJIH Be-
IECTB B PaBHOBECHOM cMecH paBHbL Ny oy= 0,207, Noo= 0,414,

Ny, = 0,086, XN, = 0,293.

3aoaua 2. Koncranta paBHoBecus peakuuu: H, + 1, = 2HI mipu
693 K pasna 50. Ob6pa3zyercs 11 UOAW BOJOPOAA MPHU HACATBHO 00-
paTUMOM TMPOBEJICHUH TPOIIeCcca, €CIM MCXOIHbIE MapIiiagbHbIe JaB-
nenust Hy, 1, u HI cooTBeTcTBEHHO paBHBI 2-105; 5.10° u 1-10° Ia.

Pem e nue Bocnomsiyemcs ypaBHEHHMEM H30TEpMbl BaHT-

[oddda:

p2
AG=RT|In—H_ _InK; |=
PH2 : P|2

(1.106)2
10°-5-10

=8,314-693| In 5 = —In50 | =-9273 Jlx/moss.

T. €. MCHBIIC HYJIS U IPOUCCC IMPOTCKACT CaAMOIIPONU3BOJIbHO B IIPAMOM
HaIIpaBJICHUU.

Da3zosoe PAaBHoeecue 6 O0OHOKOMNOHEHMHbBIX CUCMEMAX

3aoaua 1. Paccunraiite u3MeHEHHE NABJIEHUS, HEOOXOOAUMOE IS
U3MeHeHus Temneparypsl miasieHus japaa Ha 1°C. Ilpu 0°C sHTans-
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s IJ1aBjiacHUs jbaa paBHa 333,5 JIk/r, MIOTHOCTh KUIAKOH BOABI U
Japaa paBHBI P, = 1,000 rlem® u P = 0,917 rlem®,

Pemenwue H3menenme yaenpHOro odbema MpH IJIABICHUH
JbJa PaBHO

AVHJ'I :Vn( _VTB: - - e = - N -
o p.. 1000 0,917

—-0,0906 cm>/r =—9,06-1078 M3/r

dP  AH,, 333,5 _
dT  TAV,, 27315-(-9,06-107%)

=-1,348-10" ITa/K = —133 arm/ K.

[Ipu noBwimeHny naBieHus Ha 133 aTM TemIiepaTypa IIaBISHUS
apaa noHmwkaercs Ha 1 K. 3Hak «MUHYC» MOKa3bIBaeT, YTO MPH IO-
BBIIIICHUM JAaBJICHUS TEMIIEpaTypa IUIABICHUS TOHUXKACTCS.

3adaua 2. Berauciaute TEIUIOTY UCTAPECHUS ITUATWIOBOTO ddupa
no ypaBHeHusM Kianerpona — Knaysuyca u Tpyrona, eciu npu
HOpMaIbHOIT TeMneparype kunenus (307,9 K) dp/dT = 3,53-10° [a/K.
Onenure napnenue napa d¢upa npu 20°C.

P e m1 e H u e. BoluucisieM TENaoTy MCHapeHusi, IPUHAB, YTO Ma-
PBI IOAYMHAIOTCS 3aKOHY UAEANBHBIX ra3oB U AV ~ V..

dinP _dP 1 AH

HCI

dT dT P RT?2

2 2
AH . = RT® dP _ 8314 307,59
P dT 1,013-10
Tlo npasuiy Tpyrona AH,., = 88-307,9 = 2,71.10* Ix/monb. Pac-
yeT JaBiieHus napa s¢upa npu 20°C nmpousBoaum:
P2_2,74-104( 1 1

In—= —
1 8,314 | 307,9 2932

-3,53-10% = 2,74-10* TTx/mons

j: —0,938, orkyma p, = 0,58 arm.
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3adadu

Bmopoii 3akon mepmoounamuku. Inmponus

1. PaccuuTaiiTe M3MEHEHHUE SHTPOINUM MPU HArpeBaHUU 5,6 71 Ku-
cinopoaa ot 273 no 373 K u oJHOBpEMEHHOM YBEJIMUCHUH JIaBJICHUS
ot 1 at™m 710 5 aTMm.

2. PaccuurtaiiTe m3MeHEHHWE SHTPONUU TPU HArpeBaHUM 2 MOJb
HeoHa oT 273 1o 323 K u 0fHOBpeMEHHOM MATUKPATHOM YBEIUUYCHUU
o0beMa.

3. PaccuuraiiTe W3MEHEHHE SHTPOIHH IpH 0OpazoBaHHH 1 M
BO3JyXa U3 a3ota u kuciopoga (oowvemuas gois 20%) mpu Temmepa-
Type 25°C u gaBienuu 1 atm.

4. PaccunTaiiTe M3MEHEHUE PHTPOIMH MPU CMEIICHUH 1 KT BOJIBI
npu 90°C ¢ 2 xr Boasl ipu 10°C. VY aenbHas TEMIOEMKOCTh BOJIbI PaB-
Ha 4,184 JIx/(r-K).

5. Paccuuraiite u3meHeHnue 3HTporuu mpu nodaBiaenuu 200 T
nbaa, Haxosmerocs mpu remneparype 0°C, k 200 r soasr (100°C) B
W30JIMPOBAHHOM COCYJ€. YJlelbHas TEIUIoTa IJIaBJICHUs Jibjla paBHA
335 JIx/r, yaenbHas TernoeMkocTh Boabl 4,184 JIx/(r-K).

6. Paccuuraiite usmenenue sutponuu 1000 r Boabl B pe3yibTare
ee 3amep3anusg npu 270,15 K. MonsgpHas TemioTa IjiaBICHHUS JIbla
npu 273,15 K pasua 6008 J[>x/Mounb. Y 1eiabHbIe TEINIOEMKOCTH JIbIa U
Boabl paBHbl 2,12 u 4,18 JIx/(r-K) coorBercTBenHO. HeoOparmmblii
MPOIIECC 3aMEep3aHMs TMEePEOXJIAKICHHOW BOABI MPEACTABHTE B BHUJC
CYMMBI TpeX 00paTUMBIX MPOIECCOB: HarpeB Bojwl a0 273,15 K, 06-
paTtuMoe 3amep3aHue Bojabl npu 273,15 K u oxnaxaeHue nbaa 1o
270,15 K.

/. 3anummuTe BBIpOXXKEHHUE A pacyeTa aOCOJIOTHOM SHTPONUU
1 moab Boapl ipu Temmepatype 400°C u maBiaeHnH S aTM.

8. Paccumraiite u3meHnenuwe sHTpormu Tpu HarpeBanuu 300 T
onosa (T, = 231,8°C, AH? = 59,61 JI:x/r) ot 20 no 500°C. Y nenbHble
temoeMkoctu  onoa  Cpipy = 0,178+ 1,70-107*T Iox/(r-K);
Cpx) = 0,233 JIx/(r-K).

9. Ilonwp3ysCh CHPaBOYHBIMU JAHHBIMU, PACCUMTAUTE CTaHIApPT-
HOE U3MEHEeHHe 3HTponuu peakuuu Hyypy + Clypy = 2HCl ) mpu 25°C u
400°C.
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10. Omun moms Oy Cp= 29,36 JIk/(Monb-K), Spes=205,03
Jx/(monb-K) HarpeBator ot 298 no 500 K mpu p = 1 arm. Berumc-
JuTe U3MEeHeHue sHepruu ['md6oca B 3TOM mpoiiecce.

Xumuueckoe PasHoeecue

1. Koncranra pasuoBecus peakuun CO + H,O = CO, + H, nipu
800 K paBHna 4,12. Cmecs, conepxkamas 20% CO u 80% H,0, narpera
1o 800 K. Ompenenure cocTaB CMECH IIPH JIOCTH)KEHUN PABHOBECHS U
BBIXOJ] BOJAOPOA, €CIIX B3AT 1 KT BOASHOIO mapa.

2. Koncranra paBuoBecus peakuuu H, + 1, = 2HI npu 717 K pas-
Ha 46,7. Onpenenure Koau4ecTBO pasnoxusiierocs Hl npu narpesa-
g 1 mons HI no 717 K.

3. [Ipu 1273 K u o6mem naenenun 30 aTM B paBHOBECHOM CMeCH
CO;y + Crp) =2CO copepxkurcss 17% (nmo o6vemy) CO,. Ckombko
nporieHToB CO, OyaeT cojepKaTbCs B rase Nnpu oOIleM AaBJICHUU
20 atm? IIpu kakoM JaBieHUHU B Ta3e OyaeT coaepxkaTtbest 25% CO,?

4. Koncranra pasHoBecuss Kp peakumm NyOgupy = 2NOyry npu
25°C paBHa 0,143. PaccuuTaiite naBiieHHE, KOTOPOE YCTAHOBHUTCS B
cocyne ooreMoM 1 11, B kotopslit nomectuwsid 1  N,Oy4 ripu aT0M TEM-
neparype.

5. Koncranta papuoBecusi Kp peakmuu C,Hg = C,H,; + H, mpm
1000 K paBHua 0,344. PaccuuraiiTe cocTaB paBHOBECHOM pPeaKIIMOHHON
cMecH, o0pasyroIieicss pu JAeTUIPUPOBAHUN dTaHA TOJ JaBJICHHUEM
S aTM.

6. PaccunTaiiTe KOHCTaHTY PaBHOBECHS JIJIs TAHHOM pEeaKIINu.

2C2H5OH(F) = CH3COCH3(F) + 3H, + CO

npu T = 400 K, p = 1 arm. CranaapTHbIe SHTAIBIIUN U SHTPOIIUHU 00-
pazoBaHusl, KOADPUIMEHTH B YPAaBHEHUH TEIJIOEMKOCTH U KOd(Pu-
ureHTsl TemkuHa — [IBapiMaHa BO3bMUTE U3 ClIpaBOYHMKA. Paccuu-
TaliTe 00BEMHBIN COCTaB PaBHOBECHOM CMECH IIpH YKa3aHHOM JaBlie-
HUW TIPU YCJOBHH, YTO MCXOJIHBIEC BEIIECTBA OBUIM B3STHI B CTEXHO-
METPUYECKUX COOTHOIIICHHMSIX.

7. Onpenenure, Oyaet iau razoas cmech u3 CO u CO, B cooTHOIIIE-
aun 50:1 mpu 1200°C BoccranasiamBarh okcuj sxenes3a (1), ecmu xoH-
cranra pasHoBecus Kp peakimu FeO(,y + CO = Fe(,y + CO, pasna 0,3.
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8. Onpenenure, BO3MOXKHO Ji oOpazoBanue Merana npu 1000 K
no peakuuu Cgy + 2H, = CHy, ecim moctymaromas B peakTop cMech

comepsxut 80% H, u 10% CH, mo ob6wemy, a 3HaueHume A,Gly, =

19,27 xJIx/Moib.

9. Onpenenure, OyneT s npoucxoauth pasioxenue PCls B razo-
Boii cmecH, coaepxkamei PCls, PCls u Cl, mpu 298 K, mpu cienyro-
mux napruanbHeix  gaBnenumsx (I1a): PCls — 1,013-10% PCl; -
0,507-10* Cl, - 2,027-10" KoHCTaHTy paBHOBECHS BBIYHCIUTE IO
JAHHBIM U3 CIIPABOYHHKA.

10. ITpm 1000 K u 1,013 10° Ia u3 HUCXOJIHOM CMECH, CojepKa-
et 1 mons SO, u 0,6 Mmons Oy, npu ToCTUXKEHUN paBHOBECHs 00pa-
3oBasiock 0,22 monbs SOs. OmnpenenuTh KOHCTAaHTY PaBHOBECHS IS
JTAHHOW PEaKIIHH.

Da3zoeoe pasHosecue 8 00HOKOMNOHEHMHBIX CUCHIEMAX
1. Paccuuraiite naBieHue, npu kKotopoM jBe (opmbl CaCOj
f
(KaJIBLIIUT W aparoHMT) HaxoaATcs B paBHOBecuu mpu 25°C. (AGS%)

KaJblTa U aparonurta paBubl —1128,79 u —1127,75 x/[»x/Mo1b cOOT-
BETCTBEHHO. [IpuMuTe, 4TO MIOTHOCTH KaJBIIUTA U aparOHUTa PaBHBI
2,/1u293 r/cM® COOTBETCTBEHHO M HE 3aBHCAT OT TTaBJICHUS.

2. ITpu nnaBnenun denona (40,9°C) u3meHeHrne o0beMa COCTaB-
mser 5,34 cm°/monb.  DHTambmus  IUIAaBNCHHS  (DEHONA  paBHA
2,69 kkan/moinb. Onpeaenure TeMIIEpaTypy IUIaBJICHUS (eHOoJa IO
naBiaeaueM 50 aTm.

3. Ilpu 3amep3annm Oenzona (5,5°C) ero miIoTHOCTh U3MEHSACTCS
or 0879 nmo 0,891 rlcM®.  DHTanelug — IIABJICHUS paBHa
10,59 k/Ix/momnb. OnpeaenuTe TeMIepaTypy IUIaBAcHUS OSH30J1a TIpH
nasiieauu 1000 atwm.

4. Temmepatrypa kuneHus xjopogopma paBHa —5,9°C npu nasie-
Huu 200 mMm pr. ct. 1 9,8°C npu nasnenuun 400 mm pt. cT. Onpenenu-
T€ TEMIEPATYPY KUIEHUS XJI0podhopMa Mpyu HOPMAILHOM JIaBJICHHH.

5. NlaBnenue mapa Opomucroro Metuna npu —-20°C paBHO
275,8 MM pr. ct., a ipu —10°C — 435,1 mm pt. ct. Onpenenure MoJib-
HYIO SHTAJBIHUIO WUCIAPEHUS U HOPMATBHYIO TEMIEPaTypy KHUIICHUS
OpPOMHCTOrO METHUJIA.
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6. JaBnenue mapa tonyona npu 89,5°C paBuo 400 mm pr. cT., a
ero sHTanbnusa ucnaperus pasHa 38,0 x/[x/monb. Paccunraiite TeMm-
nepaTypy, Ipu KOTopoi aaBieHue napa oynaet paBHo 500 MM pT. CT.

/. HaBnenme mapa TBepaoro CO, paBHO 1mMM pT. CT. npu
—-135,2°C u 10 mm pt. cr. pu —119,9°C. PaccunraiiTe SHTAIBIHNIO
BO3TOHKH.

8. laBnenwue mapa (MM PT. CT.) XJOpOCH30JIa OIUCHIBACTCS ypaB-
HenueM: Ig P = 6,945 — 1413/(T - 57). PaccunTaiiTe SHTaIBIUIO, H-
TPOITHIO UCTIAPCHUS U HOPMAJIBHYIO TOUKY KHUTICHHUS XJIOPOCH3071a.

9. JlaBnenue mapa prytd (MM pT. CT.) B mHTEepBaie oT 298 mo
630 K BreIpaskaceTcs ypaBHenuem: Ig P =-3308/7- 0,8:1g T+ 10,373.
PaccumnTaiiTe HOpMaJIBHYIO TOYKY KUIICHUS PTYTH, YHTAIBIIHIO U JH-
TPOITHUIO UCITAPEHUS PTYTH B HOPMAJIBHON TOYKE KUTICHUS.

10. HopmansHas Touka kumneHus mukiorekcana pasHa 80,0°C.
OrneHUTE PHTATBIAIO UCTIAPCHUS, a TAaK)KE JABJICHUE Tapa IMUKJIOTEeK-
cana mmpu 25 u 60°C.

TecTOBBIE 3aJaHUSA
Buvibepume ooun npasunvnulit omeem

1. ®opmyna bonpumana:
A. dS =38Q/T. B. W = N!/N;INy! N3!
B. S = kInW. I'. A =QdT/T.

2. Kak um3mMmeHsieTcs SHTpomnus i HeoOpaTHMOIo mpoliecca B
W30JIMPOBAHHOM cUCTEME?

A.dS =0. b. dS > 0.

B. dS < 0. I'.dS<0.

3. Kakoe ycinoBue HEOOXOIUMO JJIsI CAMOIPOU3BOJIBLHOTO MPOTE-
KaHUs Mmporiecca?

A. Z],ll dni > 0. b. ZM, dni =0.

B. z“i dni > 0. I. ZHi dni <0.

4. DHTpOIHUS BO3PACTAET B PANY:

A. T'a3 = XUIKOCTh —> KPUCTAJLIL.
b. Kpucramn — )uakocte — ras.
B. I'a3 — kpucTaiul — KUIKOCTb.
I'. ’Kuakocte — raz — kpucraul.
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5. Kakas (yHKIUS B COCTOSIHUM PaBHOBECHS MMPUHUMAET MaKCH-

MaJIbHOE 3HAUYEHUE?
A.F b. H. B. S. I.G. . U.

Bblﬁepume HECKOJIbKO npasujlibHblX omeemoes

1. B camonpou3BoJbHOM IIpoliecce:

A. DHTpONUS YMEHBIIAETCS.

b. DHTponUs yBEIMUMBAETCH.

B. TepmoauHnamuyeckass BEpOATHOCTb BO3PACTAET.
I'. TepmoguuamMuueckast BEPOSITHOCTh YMEHBIIIAETCHA.

2. Bropoe Hayano TepMOAMHAMUKH TTO3BOJISIET:

A. Onpenenuth CTENEHb MPEBpAIICHUS TEIUIOTHI B paldOTy s
KPYTOBBIX IIPOLIECCOB.

b. Onpenenute CKOPOCTh TPOTEKAHUS MPOLIECCA.

B. Onpenenuts HampaBi€HUE MPOTEKAHUS CAMOIPOU3BOJIBHBIX
ITPOLIECCOB.

I'. OnpenenuTs KOIUYECTBO TEIMJIOTHI, MOTJOMIEHHOE CUCTEMOM.

J. Onpenenuts mpeest NpoTeKaHus mpoiecca.

3. Ykaxxute nmpaBuIbHbIE COOTHOLICHUSI MEXAY BETMYMHAMU:
A.G=F+pV. B.G=H+TS. B.F=U+TS.
IG=H-TS. O.G=F-pV. E.F=U-TS.

4. ITpu HepaBHOBECHOM MPOIIECCE:

A. Cuctema coBepIiaeT O0JIbIIyI0 padoTy, YEM B PABHOBECHOM.

b. CucrteMa coBepiiaeT MEHbIIYIO padOTy, YeM IpU pPaBHOBEC-
HOM.

B. Ilpu BHelIHEM BO3JCUCTBUM HAa CHUCTEMY IOTpeOyeTcs 3aTpa-
TUTbH OOJIBIIYIO pabOTy, YEM B PABHOBECHOM.

I'. Ilpu BHemIHeM BO3JCHCTBHMM Ha CUCTEMY IOTpeOyeTcs 3arpa-
TUTh MEHBIIIYIO pab0Ty, YeM MPU PABHOBECHOM.

5. YkaxuTe Kakas U3 BEJIMYMH SIBIAECTCS (YHKIMEH COCTOSTHUS
CUCTEMBI?

A. Pa6ora. b. DuTponus.

B. Dueprus ['nb0ca. I'. Ternora.

. DHeprus [ 'enbMronsua.
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Yemanoeume coomeemcmeue

|. ITpouecc (p =const, T = const): Kpurepuii (G):

1. CamonpoHn3BOJIbHBI. A. YBenunuenue sHepruu ['u6oca.

2. PaBHOBECHBIH. b. YMmenbmienue snepruu ['mooca.
B. MunumainbHoe 3HaueHune «G».
I'. MakcumanbHOe 3HaueHue «G».

I1. TepmoauHaMUueCKuil TOTEHIUAI: DyHKIUA:
1. 306apHO-U30TEPMUYECKHIA. A. H.
2. I30XOpHO-N30TEPMUYECKUH. b. F
B. U
Ir.G
A
I11. ITpomecc: ®dyukuus (F, S, G):
1. Bo3moxkeH. A. AF > 0.
2. HeBo3moskeH. b. AF <0.
B. AS <0.
I'. AS>0.
. AG > 0.
E. AG <0.
V. Cucrema: Kpurepuit 1151 XapakTepUCTUKY IPOTEKAHMS ITPOLIECCa:
1. U3onupoBanHas. A. DnHeprus ['udoca.
2. OTKpbITAS. b. DuTponus.
3. 3akpsITas. B. XuMndeckuii moTeHIuanl.
I'. DHeprus I'enbMrossblia.
V. Ilporecc: Kpurepuii (S):
1. CamMOnIpON3BOIBHBIH. A. YMEHBIIECHHE SHTPOIIHH.
2. PaBHOBECHHBIII. b. YBenuuenue 3HTpONUH.

B. MakcumajibHOE 3HaueHue S.
I'. MusumasipHOE 3HaUYeHue S.
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Bomnpocsl A1 co6ece0BaHUA

1. PaBHOBECHBIE U 0OpaTUMBIE TTPOIECCHI, NX CBOMCTBA.

2. opMyJIMPOBKY U YpaBHEHHUSI BTOPOTO Hadajla TEPMOIUHAMHU-
KH.

3. DHTponusa. M3MeHeHnne >HTponuu B 0OpaTUMBIX U HEOOpaTH-
MBIX MPOIECCax.

4. @usznveckuil cMbici dHTporuu. Popmyna bonsumana. Cratu-
CTHUYECKas MPUPOa BTOPOT0 Havajia TEPMOJIMHAMUKH.

5. Oueprus ['enpmronelia, €€ M3MEHEHUE KaK KPUTEPHUI HaIpaB-
JICHUS MIPOIIECCOB U COCTOSTHUSL PABHOBECHSI.

6. DOHeprus ['nb06ca, ee U3MEHEHUE KaK KPUTEPUU HaIMpaBICHUS
MIPOIIECCOB M COCTOSIHUSI PAaBHOBECHS.

/. Ypauenns [ mo6ca — I'enbmrombna.

8. MeTopl pacueTa CTaHIapTHOTO M3MeHeHus dHeprun [ mooca.

9. Xumudeckuii moTeHIMa I — HanboJiee OOl KpUTEpU camo-
MIPOU3BOJILHOCTH MTPOTEKAHUSI Mpolecca.

10. KoncraHnTa paBHOBECHS, CITIOCOOBI €€ BEIpaKCHUSI.

11. YpaBHeHUE U30TEPMbI XUMUUECKON PEAKIIUH.

12. VpaBHeHue wu300apbl U HU30XOPbl XUMHUYECKOM peaKIuu.
JudbdepeHnuanbHoe U UHTETPATIBHOE BBIPAXKEHUS.

13. PaBHOBecue B peaiibHBIX cHcTeMax. [loHSATHUS O JeTyuecTH,
aKTUBHOCTHU ¥ KOA()PUIIMEHTE aKTUBHOCTH.

14. TIpumeHeHne BTOPOro Havajaa TePMOJIUHAMUKHN B OUOJIOTHH.

15. YcnoBus paBHoBecus ¢as.

16. OgHoKOMIIOHEHTHBIE cUCTeMbl. Da3oBas auarpamMma OIHO-
KOMITOHCHTHOM CHCTEMBI.

17. PaBHOBecHe YHCTOrO BEIIECTBA B JBYX (hazax OIHOKOMIIO-
HEHTHOU cucTeMbl. Y paBHeHue Knaneripona — Kitaysuyca.
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4. PacTBOpHLI

Pacmeopamu HazwpiBaroTCs 0AHO(DA3HBIE CUCTEMBI TIEPEMEHHOTO
cocTaBa, 00pa30BaHHbBIC HE MEHEE YeM JABYMS KOMIIOHCHTAMH.

B 3aBHCHMOCTH OT arperaTHOro COCTOSIHUS MOTYT OBITh CIIEAYIO-
IIMe BUIBI pacTBOPOB: 1) ra3 — ra3 (Bo3mayx); 2) ra3 — )KuaKocTh (pac-
TBOP KHCJIOpOJaa B BOAE); 3) KUIKOCTh — JKHJIKOCTh (pacTBOp TIIHIIC-
puHa B Boje); 4) ra3 — tBepaoe Teno (pacTBOp BOAOPOIa B MaLIaAMH);
5) TBepAoe Tea0 — TBepAoe Teao (HEKOTOphIe METAIIMUECKHE U COJie-
BBIC CIIaBHI); 6) TBEpAOE TEJIO — KUIKOCTH (caxap B BOJE).

Pacmeopumens — 510 cocTaBHas 4acTh pacTBOpa, KOTOpas Ipe-
obiamaer (s ABYX JKuUIKOCTeH). IS ra30B M )KUAKOCTEH pacTBOpH-
TEJIEM CUMTAETCS JKHUIKOCTb.

PasmuyaroT MOHATHS JIETy4ero u HeJeTy4ero BeliecTpa. Berect-
Ba HA3bIBAIOTCS JICTYYHMH, CCIIM JABJICHUE HACBIIICHHOIO Iapa Haj
pacTBOpOM — OOJIbIlIasi BEJIMUMHA MPU KOMHATHOW Temiieparype. Eciu
JIABJICHHEM MOJKHO MpeHeOpedh — HeJIeTyuee BEIIeCTBO.

4.1. /lasseHue HACbIWEHHO020 napa HAJ
pacmeopom. 3aKoH Payas

JlaBlieHHEe HACBIIICHHOTO TIapa SBJIIETCS BaXHBIM CBOMCTBOM
pactBOpoB. JIJIss TIPOCTOTHI OyjaeM CYMTATh, YTO K Tapy MpUMEHSIEM
3aKOHBI HJICaJIbHBIX ra30B. PacCMOTpUM YIIPOIIEHHYIO CXEMY IPOIIEC-
ca ucrapeHus (nMeeM 3akpbIThii cocyn). O6o3naunm: 0 — pacTBOpH-
Tenb (A); X — pacTBOpeHHOE BerecTBo (B).

P ———

©® Y ® oW
— —
loerere) ® 0o
® OO
—2) —Y
Hucmuiu pacmeopumens pacmeop

Puc. 4.1. IIpoyecc ucnaperus
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[Tap, HaxoAIIMIKCS B pAaBHOBECHUM C KUJIKOCTHIO, HA3bIBACTCS HA-
CblUieHHbIM napom. J[aBieHue napa, HaxXOAsSIIErocsi B paBHOBECUU C
KHUIKOCTBI0 (MJIM TBEPIBIM TEJIOM), HAa3bIBACTCS OA61ACHUEM HACHI-
UW{eHHO20 napa.

p A’ — JJaBJICHIE HACHILICHHOTO napa HaJl YUCThIM PACTBOPUTEIIEM,

Pa — JABICHHE HACBHIIIEHHOrO Mapa pacTBOPUTENS HaJl PacTBO-
pOM.

PacTBOpsis BELIECTBO B JIaHHOM PACTBOPUTENE, MbI MOHUKAEM
KOHIICHTPAIIMIO MOJIEKYJI MOCIIETHEr0 B €AMHUIE 00heMa U yMEHbIIIA-
€M 3TUM YHUCJIO MOJICKYJI, BbUICTAIOUIMUX B €UHUILY BPEMEHU U3 KU]I-
KO cpelibl B apooOpa3Hyo. B pesynbTare 3TOro paBHOBECHE MEKITY
KUJIKOCTHIO U MAPOM YCTAHOBUTCS NP MEHBIIEH KOHLUECHTpAlUU Ma-
pa, T. €. IpU MEHbIIIEM ero JaBiieHuu. CreoBaTeIbHO, 0a61eHue na-
pa pacmeopumensn HAO PACMEOPOM 6Ce20a MEHbUle, YeM HAO HUc-
muim pacmeopumeniem. llpu 3ToM nonuscenue oasnenusn napa 0y-
oem mem Oonvuwie, uem 00abUIE KOHUESHMPAUUA DACHEOPEHHO20
eewecmea 6 pacmeope.

e [lepBhIii citydaii (pacTBOpPHTENb JIETYd, & PACTBOPCHHOE BEIIle-
CTBO HEJIETy4e).

AOCOJIIOTHOE TTOHWKEHUE JIaBJICHUSI HACBIIIEHHOIO Mapa pacTBO-
pUTENIS HAJl paCTBOPOM IMPOIMOPIIMOHATIEHO MOJIBHOM J10J1€ pacTBOPEH-
HOT'O BEIIECTBA!

0 _
pa —Ppa =K Ns.
®.-M. Paynp ycTaHOBMII, 4TO KOA(DDHUIIMEHT MPOHOPIIMOHATHLHO-

CTH YMCJICHHO PaBEH JIABJICHUIO HACBIIICHHOIO Mapa HaJ YUCTHIM pac-
.o — 0
TBOPUTETIEM: K = Py -

MO>HO Hanucarth 3aK0H Pays: pOA+pA N
Pa
3akon Payna:. omuocumensnoe nonudicenue 0asjieHus HACbI-
WeHH020 napa pacmeopumens Had pacmeopom HUCIEHHO PAGHO
MOJIbHOTL 0071 PACMEOPEHHO20 6ELEeCHIEa 6 PACIEOPE.
e Bropoii ciyuaii (pacTBOpUTENb JETyd, paCTBOPEHHOE BEILIECT-
BO — JICTyYe).

B .

PAO —Pa= pAO'NB-
Jlist nBykommnioHeHTHOTO pactBopa: Na+ Ng =1,
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PAO —Pa- PAO(]- —N,) = pAO - pAO'NA-

Torma pa = pAO-NA, AHAJIOTUYHO pPg = pBO-NB.

3akon Payna. napuuanvnoe oOaenenue napoe KOMHOHEHM OB
HAO PACMEOPOM PAGHO NPOU3BEOCHUIO MOJIBHOU 001U IMO20 KOM-
HOHEeHma 6 pacmeope Ha 0aeieHUe IM020 KOMHOHEHMA 6 YUCHOM
euoe.

PaccuuTaem oO1miee gaBiieHHE OOOWMX BEIECTB HAaJl PacTBOPOM.
Bocnonb3zyemcs 3akoHom JlanbToHA:

Poom = Pat+ PB = pAONA + pBONB = pAO(l —Npg) + pBONB =
= pAO - pAONB + pBONB = pAO + NB(pBo — pAO), T. €.
Po6u. = PAO + NB(pBO — pAO),

e pa’, Ps. — HOCTOSHHBIC BEIMYMHBI P NAHHOM TEMIEpaType W
paBHOBecuu (0003HAUMM WX a U D);

N, Ng — He3aBHCHMBIE TIepeMeHHBIC (0003HAYUM X);

Yy = aX — ;i1 BellecTBa A;

y = bX — g BemecTna B;

Yy = a+ CX — 1j1s1 000MX BEIIECTB, IAe C = pBO -p N

3aBUCUMOCTh MApIHAIBHOTO JABJICHUS OT COCTaBa U OOIIEro
JNABIICHUSI OT COCTAaBa BBIPAXKAeTCsl NpsIMOM JMHUEW. 3akoHy Payis
MOJYUHSIOTCS TOJILKO HJEalibHbIE pacTBOpHI. J(Marpamma «coctaB —
JaBJICHUE Tlapa» IpejcTaBiieHa Ha puc. 4.2.

Pae
P = Pa+ + PB
/
Pg°
PA?PAO'NA
Pe = Pe%NB
~

B
Na=1 A cocTtaB NB=1
Ne=0 Na=0

Puc. 4.2. Dazosasn ouazpamma uoeanbHo2o 08yKOMNOHEHMHO20 pacmeopa,
noouuHswe20cs 3akony Payns
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BripaBo Bo3pactaer MoiibHas 10Jisi KOMIIOHEHTa B. BiieBo BO3-
pacTaet MOJIbHas 10JIsI KOMIIOHEHTA A.

Hoeanvnvim pacmeopom Ha3bIBACTCA PACTBOP, B KOTOPOM CHIIBI
B3aUMOJICUCTBUSL MEXKAY MOJIEKYJIAMH Pa3HbIX BHUJOB PAaBHBI CHJIAM
B3aMMOJICUCTBUSL  MEXJY  MOJIEKyJaMd  OJHOro  BUJa, T.E€.
Faa = Fag = Fgp. CMellleHHe AByX KOMIIOHEHTOB pacTBOpa MPOUCXO-
auT Oe3 morsomeHus win Beiaenenns temiotel (AH=0) u 6e3 n3mene-
HUsI 00beMa Kaxaoro kommnoHeHnTta (AV=0). O0beM cMecu ABYX KOMIIO-
HEHTOB (pacTBOpa) B TOYHOCTH PaBEH CyMME UX 00OBEMOB JI0 CMEIICHHS.

K maeanbHBIM pacTBOpaM OTHOCAT: 1) OECKOHEYHO pa30aBiICHHBIC
pPacTBOPBI; 2) COBEPIICHHBIC PACTBOPHI — COCTOSIIHE M3 BEIIECTB,
OJTU3KKX MO CBOMM XUMHUYCCKUM U (PU3HUSCKUM CBOMCTBAM (M30MEPHI
U OJIvKaiIIre roMOJIOTH).

4.2. Pea/s1bHble pacmeopbl

B peanbHbIX pacTBOpax HaOI0/1aeTCsl OTKJIOHEHHE OT 3aKOHOB
Payns. OcHOBHOHM (paKTOp, BBI3BIBAIOIIMI OTKIOHEHHE CBOWCTB pe-
TBHBIX PACTBOPOB OT CBOMCTB HJCAJIbHBIX PACTBOPOB, — pa3IMYHAS
CTENEHb B3aMMOJCUCTBUA MEXKIY MOJIEKYJIaMH y YUCTBIX KOMITOHEH-
TOB U B pacTBOpE.

1. [TonoxkuTenbHbIE OTKIOHEHUS OT 3aKOHa Paysi.

Ecnu Fo o>FA g<Fg.g, TO B pacTBOpe MOIKEH MPOXOJIUTH pacmal
ACCOITMUPOBAHHBIX MOJICKYJI, T. €. YHUCIIO YacTHI[ B PacTBOPE CTaHO-
BUTCSI OOJIbIIIE YWCIIa MOJEKYJ B YHUCTHIX KOMIIOHEHTaX. Bo3Moxk-
HOCTh TaKOro Tpoliecca TMOATBEPKIACTCS YBEJIMUYCHHEM 0ObeMa
(AV>0) mpu oOpa3oBaHHHM PACTBOPOB MW IIOTJIOMICHUEM TEILIOTHI
(AH>0), xoTOopasi, OYEBUAHO, 3aTPAUYNBACTCSA HA pa3beAMHCHHUE acCo-
IIUMPOBAHHBIX MOJICKYJI, UMEBIIIMXCS B YUCTHIX KOMIIOHCHTAX.

BcnencrBue yBeandeHus yncia YacTUIL B pacTBOPE MaplHaIbHbIC
naBieHus (v oOllee JaBJICHHWE Iapa) OKas3bIBalOTCS OOJIbIIE BBIYHC-
JeHHBIX TI0 ypaBHeHUIO Payns (puc. 4.3). [Ipumep: ciupThI — yriieBo-
JOPOJIBI MIPEISTLHOTO P,
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p
P = Pa+Ps
PA® =
“"-\“ ‘h“-"‘-_, PB0
\)_-' -
PB ,"’ \\\
”‘a \.“‘ PA
B
A cocTaB

Puc. 4.3. Jluacpamma «cocmae — oasnenue napa»
(nonosrcumenvroe omrnonenue)

2. OTpuniatenbHOE OTKJIOHEHHUE OT 3aKoHa Payis.

Ecmu Fpa<Fsp>Fp., TO pa3Hbie BHUJBI MOJIEKYJ CTPEMSTCS K
B3aMMOJICHCTBHMIO THIIA MPUTSHKEHUS (COIbBATAIMs, KOMILUIEKCOOOpa-
30BaHKe, B3aUMOJICHCTBUE auIoiei u 1. 1.). OOpa3oBaHKe pacTBopa
conpoBokaaeTcs BbiaenenreM Temiothl (H<0) u yMeHblmieHHeM 00b-
ema (V<0). YMmeHblIIeHHE YuciIa YaCTHI[ B paCTBOPE IO CPABHEHHIO C
X YHCJIIOM B YHCTBIX KOMIIOHCHTAX MPHUBOIUT K YMCHBIICHUIO Map-
IUaJIbHBIX JaBJICHUI mapa komrnoHeHToB (puc. 4.4). [Ipumep: pacTBop
cnupTa B BoJ€; 3(up — Xaopodopm.

COoCTaB

Puc. 4.4. Jluacpamma «cocmas — oasnerue napa»
(ompuyamenvroe omxnonenue)

B HekOoTOpbIX cucTeMax, rjae KOMIIOHEHTbl OYEHb CUJIBHO OTJIH-
YAKOTCS MO0 CBOCH XMMHUYECKOM MPUPOJIE, HO MUMEIOT OJIU3KUE JaBiie-
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HUS HACBIIIEHHOTO Iapa, OTKJIOHEHUS OT 3aKoHa Payiist BeIpaxkaroTcs
0COOE€HHO CUJIBHO.

Torna Ha kpuBO# 00IIETr0 AaBIEHUS MOSIBISETCS TOYKA MaKCH-
MyMa (TIIpH MOJIOKUTEIBHBIX OTKJIOHCHUSX) WJIM MHHHUMYyMa (IIpU OT-
PHIATEIBLHBIX OTKIOHEHHSX), COOTBETCTBYIOIIHME ONPEICIICHHOMY CO-
ctaBy cmecH (puc. 4.5). He3aBucumMo 0T 3HaKa OTKJIIOHEHHUS 3T TOYKHU
HA3BIBAOTCS SKCTPEMAIBHBIMU, UJIH MPOCTO IKCTPEMyMaMH.

P max

Pa° Pa®

A A min B
cocTaB cocTaB

Puc. 4.4. Omxnonenus om 3axona Payns

4.3. Cocmas napa pacmeopos.
3akoHbl KoHoegas108a

XapakTep OTKJIOHEHHM PA3JIMYHBIX KUJIKUX CHCTEM OT 3aKOHA
Payns moapoO6HO wu3yvancss B KoHue XIX B. pPycCKUM yYeHbIM
J1. I1. KonoBanoBsiM. OH HCCIEIOBA TaKXE€ COCTAaB Iapa, paBHOBEC-
HOTO C JKMIKUM pPacTBOpoM. PaccMoTpum pacTBOp, COCTOSIIHAN M3
nByx KOMnoHeHTOB A u B. CormacHo 3axkony Payos:

— 0 xK - 0 K
Pa=pa~Na" 1 ps =ps Np".
[IpumeHuM K mapam CIeICcTBUE U3 3aK0oHA J{anbToHA:

PB = NBm'pBO = Ng" Pogu (1)
Pa = NA)K'pAO = NA"Posi - (2)
Pasznenum ypaBaenue (1) Ha (2):
n .0 K
NB _ Py NB
LN
A Pa Na



Jomyctum, 4To KOoMnoHeHT B 6onee neryunii. O003HaYUM MOJIb-
HYIO JI0J110 OoJiee JIeTy4ero KOMIIOHEHTa B IapoBoOi (aze uepes Y, a
MOJIBHYIO JIOJIIO O0Jiee JIeTy4ero KOMIIOHEHTAa B KUAKON (a3e yepes X.
Pa3 xomnoneHnt B Oonee neTyuuid, To pBO>p N

0

p
B — o — x03pdUIUEHT pa3iencHus, WK OTHOCUTEIIbHAS JIETY-

p
YeCTh.

Torga MOXKHO 3alMcaTb MaTEMAaTHYECKOE BBIPAKEHHUE IIEPBOrO
3akoHa KoHoBajioBa:

A

y X
1—X_a1—x'

Tak kak 0>1, To U3 ypaBHEeHUs cieayer, uyTto Y>X. CiaemoBaTesb-
HO, B Mape HaJl paCTBOPOM Bcerja OoJibllie KOHIIEHTpalus OoJiee Jie-
Ty4ero KOMIIOHEHTA, YEM B JKHUJIKOCTHU.

Ilepewiit 3akon Konoeanoea: HacvluieHHblIL nAp NO CPAGHEHUIO
C PABHOBECHBIM PACHIBOPOM OTHOCUTEIBHO 002aue J1emyqyum Kom-
NHOHEeHmOoM,
W

yeenuuenue KOMNOHEHMAa 8 HCUOKOU (paze e1euem 3a codoi
yeenuuenue KOHYeHmpayuu KOMROHEeHma u 6 napoeoil ¢gase.

[IepBomy 3akoHy KoHOBaJiOBa MOJUUHSIIOTCS KaK peajbHbIE, TaK
U UJIcaJIbHBIE PACTBOPHI.

Bmopou 3axkon Konosanoea. mouku maxcumyma u MuHumMyma
Ha Kpueou oduiezo 0asnenus omeeuaom maxKkomy cocmagy, npu Ko-
MOpOM cOCMaeg napa u PagHO8eCHOIl ¢ HUM HCUOKOCHU 0OUHAKOE.

Bropomy 3akoHy KoHOBaJIOBa NMOJUUHSIIOTCS TOJBKO pPEATbHBIC
pacTBOPBI, KOTOPbIE CUJIBHO OTJIMYAIOTCS OT HcalbHbIX. BTOpol 3a-
kKOoH KoHOBaJIoBa OTHOCUTCS K a3€0TPOIHBIM CMECSIM.

Kunkue cMecHu, cOCTaB KOTOPBIX COOTBETCTBYET IKCTPEMYyMaM,
HAa3bIBAIOTCS A3€0MPONHBIMU CMECAMU, VIV TIPOCTO A3€0MpoOnamu.

Y a3e0TpONnHOM CMECH PABHOBECHBIE MAp U KUAKOCTb HUMEKOT
OJMHAKOBBIK cOoCTaB. PazneneHue a3eoTpOIHBIX CMECEH HAa OTHAEIb-
HbIE KOMIIOHEHTHI ITOCPEICTBOM ITPOCTOM NEPETOHKH HEOCYIIIECTBUMO,
T. K. TIpH TIEPETOHKE 00pa3yeTcs KOHJIEHCAT TOro K€ cocTaBa (Hepas-
JICIIBHO KUIISIIHE CMECH).
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4.4. luazpamma «cocmae - das.ieHuUe napa»

COBOKYITHOCTh PABHOBECHBIX COCTOSSHUM B JIBOMHOM KMIKOCTHOM
CHUCTEME OOBIYHO HM300pa)kaeTcsi M30TEPMUUYECKON auarpamMmoil, Ha
KOTOPOM HAHOCSITCS KPUBBIC 3aBUCUMOCTH OOIIEro JaBJICHUS Mapa Kak
OT COCTaBa XHUJIKOCTH, TaK M OT cocTaBa mapa (puc. 4.6).

= T=const
XNOKOCTb
PAO ___________ N

l I Pg°
: MO 1 i
, Mep 'm :

A B

cocTaB

Puc. 4.5. Dazosasn ouacpamma «cocmas — dasienue napa» 08OUHBIX cmecell
0 0
(p4 u pp — Oasrenus napa Hucmvix KOMNOHEHMOB)

BepxHsist kprBas (2) COOTBETCTBYET JABJICHUIO IMapa Kak QyHKITUsA
cocTaBa KHIKOCTH, a kpuBas (1) — kak ¢pyHkmus cocraBa mapa. Kpu-
Bas (2) Ha3pIBACTCS KPMBOW YKUAKOCTH, a KpuBas (1) — kpuBoii mapa.
Huxe kpuBoit (1) o61acTk cyxoro mapa, Bbllie KpuBoi (2) — 00acTh
KUJKOCTH; 00JIACTh MEXAY KPUBBIMHU SIBJIAETCS] TETEPOTEHHON Cpesion
’KUJIKOCTH | Mapa (HACBIIIECHHBIA WK BIAXHBIN T1ap).

PaccmoTpum Ha nuarpamme cocrosiHue napa B T. M. Ilpu moBbI-
[IEHUU JaBJIEHUS 3Ta TOYKa Oyner aBurathea mo npsamoi MN. Ilpu
JOCTH>KEHUU T. P, T. €. KpUBOM mapa, HAYHETCA KOHJCHCAIMs Mapa,
MpPUYEM COCTaB MEPBBIX Kallellb XUIAKOCTH BbIpakaeTcss Toukou Q.
Korga naenenne yBenuuutcs A0 T. B, cuctema Oyaer cocTtodTh W3
xunkocty (touka C) m mapa (Touka A). OTHOCHTEIbHBIC WX KOJIUYE-
CTBA MOKHO OIPEJICIIUTh MO NPABUITY pblUara:

KoIMuecTBo kuakoctd _ AB
KOJINYECTBO I1apa BC’

100



Hakonern, korna naBjieHHe BO3pacTeT A0 BeauduHbl N, CKOHICH-
CUPYIOTCSl OCcTaTKu mapa. [locneanuii my3sipek napa OyJeT UMETh CO-
cTaB, cooTBeTcTBYrOIMMK T. R. [Ipy nanpHeleM MOBBIIEHUN JaBJie-
HUSI TOYKA CUCTEMBI IEPEXOAUT B TOJIE KHUJIKOCTH,

PaccmoTtpuM nuarpammy «COCTaB — AABIICHUE IMapa» ISl CUCTE-
MBI KOMITOHEHTOB, KOTOpBIE 00pa3yroT azeorport (puc. 4.7).

T=const N
M
P XXUOKOCTb
Pg°
Pa° nap
A B
cocTaB

Puc. 4.71. Dazosas duacpamma «cocmas — oasnenue napa»
0J151 a3e0MpPONHOU cMecU

B Touke M KpuBbI€ KUJIKOCTH U Mapa KacaroTcs. Eciu B3ATh
xuakui azeorpon (1. N) M MOHMXKATh JaBJICHUE HAJ HUM, TO B T. M
HAaYHET 0Opa30BBIBATHCS Map (KUICHUE NMPU 3aJaHHOW IMOCTOSHHOU
temieparype). CoriaacHo BTopoMy 3akoHy KoHoBaoBa map M Kuj-
KOCTh B 3TOM TOYKE OyIyT UMETh OJIMHAKOBBIN COCTAaB.

4.5. luazpamma
«cocmaes - memnepamypa KuneHusi»

N306apHble  auarpaMMbl  «COCTaB — TEMIIEpaTypa  KHUIICHHS»
BHEIIIHE IIOXOXKH Ha «OOpaTHBIC» AHAarpaMMBbl «COCTaB — JIaBIICHHE
napa». JT0 OOBSICHAETCS OOpAaTHOW MPONOPIHUOHATIBHOCTBIO MEXIY
JaBJICHHEM mapa u Temmeparypoi kuneHus (puc. 4.8). Cmech AByX
KUIKOCTEH KUITUT B HEKOTOPOM HMHTEpBaJIe TeMIEpaTyp, 100 1o Mepe
KHUITICHUS €€ COCTaB U3MEHSIETCSI.
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P=const

KNOKOCTb

cocTtaB

Puc. 4.8. @azosasn ouacpamma
«cocmas — memnepamypa KuneHus1» 080UHbIX cmecel,
TAO, TBO —memnepamypvl KUNEeHUs YUCNblX KOMNOHERMOB

Kpusas (1) — xpuBas KUIKOCTH — H300pakaeT TeMIIepaTyphbl Ha-
yajia KMIICHUS PacTBOPOB Pa3HBIX cocTaBoB. KpuBas (2) — uHMS ma-
pa— u300pakaeT TeMmepaTypbl KOHIA KHUMICHUSA. MexXay KpUBBIMU
paBHOBECHAs CMECh JKMJIKOCTH M mapa. Huxke kpusoi (1) moie xuj-
KOCTH, BBIIIe KpuBOH (2) — moJie mapa. B ocTaibHOM JuarpaMMbl «CO-
CTaB — JAaBJICHHE Tapa» U «COCTaB — TEMIIepaTypa KUTICHUS» CXOIHBI,
TaK KaK OHU OTPaXarOT PaBHOBECHE M MPOIIECC MEePexoia MEXIAY OJ-
HUMH ¥ TEMH XK€ da3amMu. )KUJIKUM PacTBOPOM U MmapoM. Tak, ucrape-
HUE pacTBopa (T. M) coctaBa M HauwHaeTcs npu Temneparype P. Io
Mepe HCTIapEeHHS COIPSKEHHBIE COCTaBbl paCTBOpA M Tapa U3MEHSIOT-
Csl BAOJIb KPUBOM >KMAKOCTH M Tapa. KoinuecTBo XKUAKOCTH YMEHb-
IIaeTCs, a KOJIMYECTBO Mapa yBeianuuBaercs. [Ipu Temmnepartype, coot-
BeTcTBYIOIIEH Touke N, ucrapeHue 3akaHuMBaeTCs, Mpu 00JIee BHICO-
KOW TeMIiepaType CyImecTBYeT TOJIbLKO OUH Tap.

Eciu KOMIIOHEHTHI CUCTEMbl 00pa3yrOT a3eoTpoIl, TO AUarpaMmma
umeeT Bu (puc. 4.9). Heo6X0auM0 OTMETHTB, YTO a3€OTPOIHBIC CHC-
TEMbI HE SBJIAIOTCS XUMUYECKUMHU COCAUHEHUSAMH. DTO MOXKHO JOKa-
3aTh TEM, YTO C U3BMEHEHUEM JaBJICHUS U3MEHSIETCSI HE TOJIBKO TeMIIe-
paTypa KUIIeHHsI a3€0TPOITHOM CMECH, HO U €€ COCTaB, T. €. 3TO y)KE He
XuMu4Yeckoe coenuHenne. CreaoBaTelbHO, BapbUpys JdaBJICHUE,
MOKHO U3MEHUTH COCTaB a3€0TPONHOU cmecu. Hampumep, npu noHu-
»keanu gasieHus 10 100 mm pt. ct. cmech C,HsOH-H,O xunut npu
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TeMIIepaType TOI<PIH = 34,2° C u BBIACHACTCS a3€0TPOI, COJCPIKAIIUM
99,6 % MoNsApHBIX CIIUPTA.

P=const
T

nap

Ta° N

E Te
XUOKOCTb E M
A B
cocTaB

Puc. 4.9. ®azosasn ouacpamma «cocmae — memnepamypa KUneHus»
A3€0MPONHOU CMeCU, UMeroujel MUHUMAIbHYI0O MeMnepamypy KUneHusl

4.6. Jlucmuaasayusa u pekmugukayus

Jucmunnayusa — 3T0 TPOLECC pa3lieJICHUus pacTBOpa Ha COCTaB-
HbIE YaCTH MYTEM IMEpPEroHKU, OCHOBAHHBIM Ha Pa3JUYUU COCTABOB
KUJKOCTH U Mapa MpHu PaBHOBECHUHU.

Pa3nuyaroT OMHOKPATHYIO AUCTHJUISIIMIO U MHOTOKPATHYIO
(bpaknmoHHyI0) TIEperoHKy, Wwin pektudukanuro. [Ipocras neperox-
Ka TIPOU3BOIUTCS ITyTEM YaCTHYHOTO MCTIAPEHUS KUIISIICH KUIKOCTH,
HEMPEPHIBHOTO OTBOJA W KOHACHCAIMU oO0pa3oBaBiuxcs napos. [lo-
JYyYEHHBIA KOHJIEHCAT HAa3bIBAIOT JUCTUJUISITOM, @ OCTaTOK HEWCIa-
PEHHOM KUIAKOCTH Ha3bIBAIOT KyOOBBIM ocTaTkoM. [Ipocras meperon-
Ka MPUMEHSIETCs, KorJa He TpeOyeTcs MOJTHOTO pa3eieHNs CMECH.

bonee »¢pdextuBHa (pakimoHHAs MEPEroHKa, OHA CBOAMUTCS K
MHOTOKPAaTHOMY ITOBTOPEHHUIO IIPOCTHIX TIEPETOHOK C IOJyYCHHEM
MPOMEXYTOUYHBIX (PpaKkIuii W WX TOCIEAYIONMEeH meperoHke. MoxXHO
COCIMHUTh ATH MHOTIOYHWCIICHHBIE ONEpalid B OJUH HEMNPEPHIBHO
MPOTEKAIOIINKI MPOIECC «HUCIApEHHE — KOHAeH canus». Takas Herpe-
pBIBHAs aBTOMAaTHM3UpPOBaHHAas JNPOOHAs MEpPEeroHKa Ha3bIBACTCS pPekK-
mugukayuei, a anmnapar, B KOTOpOM OHa MPOU3BOAUTCS, peKmugu-
KauuoHHOU KOJIOHHOU.

103



PaccMoTpuM  amarpamMmy — «COCTaB — TEMIIEpPAaTypa  KHUIICHHS»
nBOMHBIX cmecel (puc. 4.10).

Ta®
T2 ;
i o
T1 ____:____:
Ts -———'r——-—:r———l- ——————
: : | XKWAKOCT
P f L
A N4 N3 Ns B

N2 N1
CcOCTaB

Puc. 4.10. ®@azosasn ouacpamma «xcuokocms — nap», NOACHAOWASL NPUHYUN
DPaKyuoHHOU nepecoHKU 08YXKOMNOHEHMHOU CMeCu

Ecnu HarpeBaTh pacTtBop coctaBa Np, TO KMUIIEHHE €r0 HAaYHETCH,
Korja temmneparypa oyaet Ti. I1ap, paBHOBECHBII C 3TUM PacTBOPOM,
oOiagaer coctaBoM N;. On 0osee Oorat KOMIIOHEHTOM B, ueM kun-
KUl pacTBOp, MOITOMY IIOCTE MCHAPEHUs] HEKOTOPOrOo KOJIMYECTBA
pacTBOpa OCTAIOIIASICA YaCTh €r0 CTAHOBUTCSI OOraye KOMIOHEHTOM A
u uMmeet, Hanpumep, coctaB Np. PacTBop Takoro cocraBa OyaeT Ku-
neThb npu rtemreparype T,. [lap, HaxoxsAMKCS B paBHOBECUU C 3TUM
pactBOopoM, obaanaeT cocraBoM Ny OH O6osee 6orat KOMIOHEHTOM B,
yeM pactBop. [loaToMy ocTaTok pactBopa oOoramaercs KOMIIOHEH-
TOM A U TeMrepaTypa KUINEHUs MOBbIIaeTcs. B pe3ynbTaTe B ocTaTKe
OyJZIeT coepKaThCAd MPAKTUYECKH YUCTHI KOMIIOHEHT A U TeMIiepa-
Typa Kunerus gocturaet T, .

O6patumcs teneps k mapam. Ecnu nap cocraBa N3 ckoHAeHCHPO-
BaTh U MOJYYEHHBIA KOHAEHCAT MOJBEPIHYTh, B CBOIO OUY€pE/lb, JIHUC-
TUJUISIIIUKU, TO OH OyJIeT KUIeTh npu temmneparype T3 u map ero cocra-
Ba Ns Oyzner emie Oosnee 6orar kommnoHeHToM B. Ilpogoimkas Takoit
MPOLECC KOHACHCAUUU U JUCTHILIALMU, MOXKHO JOCTHYb TOTO, YTO
BBIJICJISIONIMNCS Tap OyJeT MPEeACTaBIATh COOON MPAKTHUYECKU YHUC-
ThIi KoMIIOHEHT B. Takum 00pa3oM, 100y ABOMHYIO CMECh MOYKHO
pa3AeUTh MyTEM NUCTUIUIS AN HA YUCTHIE KOMIIOHEHTHI.
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PaccMoTpuM Tpoliecc JUCTHULIIIAM PacTBOPOB, 0Opa3yIOIIHX
azeotpor (puc. 4.11).

.
TN\ Te°
Taf =====

I
1
1
]
1
|

B
A N1 N2 C N4 N3

Puc. 4.11. Jluacpamma «cocmag — memnepamypa KuneHus»
cucmembul ¢ a3e0mponHol Mmo4Kou

Ecnu pactBop, UMEIOIIMI COCTaB, TPOMEKYTOUHBIN MexTy A u C
(T. €. OTIMYHBIA OT cOCTaBa a3eoTpona, Hampumep coctaB N;), mox-
BEPrHYTh JAUCTWJUISILIMM, TO Tap, HAXOJAIIHNIICI B paBHOBECUM C pac-
TBOpOM, OynieT umeTh coctaB Ny, T. €. OyzeT coaepxkaTh O0JIbIIE KOM-
noHeHrta B, yem pactBop. OcTatok e, odoramiasch KOMIOHEHTOM A,
Oyner kumeTh npu 0ojee BHICOKOUW Temmneparype, Hanpumep To. IIpo-
JOJDKast TUCTUILISALINIO, MOKHO IOCTUTHYTH TOTO, UTO B OCTaTKe OyeT
COAEPKAThCA YUCTHIM KOMIIOHEHT A. UHCTBIN ke KOMMIOHEHT B u3
pactBopa coctaBa N; MOTYyYWTh AHAJIOTMYHBIM MYTEM HE YJIaeTCsl.
[Ipyr NOBTOPHON KOHAEHCALIMU U AUCTUIUISIIUM Mapa MOXXHO JOCTHT-
HyTh coctaBa C. [lap Takoro cocraBa Ipu KOHACHCALMHU JAET KUM-
KOCTh Takoro ke cocraBa C, U HOBasi TUCTUILIALUS IPUBEIIET OMSTh K
napy Toro e cocraBa C, Tak KaKk B a3€0TPOIHBIX pacTBOpPax COCTAaB
rapa paBeH COCTaBY XKHUJKOCTH. Takum oOpa3om, pacTBop coctaBa N
MOKHO Ppa3/IeIUTh MEPErOHKOMW TOJBKO Ha YHUCTHIA KOMIIOHEHT A U
azeoTpornHbld pacTBOP C. DTOT BBIBOJI OTHOCHUTCSI KO BCEM PAaCTBOPaM,
IIPOMEXKYTOYHBIM 10 cocTaBy Mexay A u C.

Paccyxmas mogoOHBIM 00pa3oM, MOXKHO ITOKa3aTh, YTO JIFOOO
pacTBOp, 00JIaaloIMil cCOCTaBOM, MpoMexXyTouHbiM Mexay C u B,
MyTEM TaKOW JAUCTWIISALMU MOXKHO Pa3JeIUTh TOJIBKO Ha YHUCTHIN
KOMITIOHEHT B 1 azeorponHsiil pacTBop coctana C.
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4.7. /lasseHue HacvlWeHHo20 napa
8 cucmemMax ¢ 02paHuU4eHHoOU 83auUMHOU
pacmeopumMocmsio KOMNOHEHMOBE.
Ilepe2oHKa ¢ 800SAHbLIM NAPOM

Ecnu Mbl iMeeM JIB€ B3aMMHO HEPACTBOPUMBIE KUJKOCTH, TO OHU
BeyT ce0si HE3aBUCUMO APYT OT Apyra. Mcmapenune Kakaou *Kujako-
CTH WJET TaK, KaKk OyATO BTOpasi *KUAKOCTh OTCyTCTBYeT. IlosaTomy
CyMMapHOE€ JlaBjicHuE OyAeT:

Posu = PA”+ Pp -

Temnepamypa Kunenus ecex cmeceil 8 mMakxoil cucmeme no-
CMOAHHA, NOKA UMEEemcsA XOmb He00buioe Koauvecmeo o0oeux
HCUOKUX (ha3, u memnepamypa sma Oyoem Hu3ce memnepamyp Ku-
HeHUsA YUCMBIX KOMNOHEHM08.

PaccMoTpuM cuHCTeMy B3aMMHO HEPAaCTBOPUMBIX KHUJIKOCTEH
(6poMOeH3011 — Bofa).

N3 rpaduka (puc. 4.12.) BumHO, YTO TEeperoHka cMecH (Pogu)
npoucxoauT npu temneparype Mensiie 100° C. 31o sBiaeHuUE JISKUT B
OCHOBE NEPErOHKH C BOJSHBIM IMapaM, KOTOpPAasl 4acTO UCIOJIb3YyETCs
JUIS TIEPETOHKH OPraHWYECKHUX BEIIECTB C BBICOKON TeMIepaTypou
KUIIEHUS ¥ Pa3flaraloiiuxcs Mpyu HarpeBaHuUH.

Puoo POpombenson

1 atmm

100°0C  156° T

Puc. 4.12. Jluaepamma «cocmas — dasnenue napa» 8 cucmemax
C 02PAHUYEHHOU 83AUMHOU PACMBOPUMOCTbIO KOMNOHEHMO8

bynem cunrtath, 4TO MeperoHseMble Mapbl MOAYUHSIIOTCS 3aKOHY
uaeanbHbIX Ta30B: pAV = NART; pgV = NgRT.
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Pa = pAO Upp = pBO — TaK Kak )KUJAKOCTH HE CMEIIUBAIOTCH,
pAV =naRT (1); ps’V = ngRT 2).

Paznenum (1) Ha (2):
0
A:nA g ,M
0B ng MA g

p

p

r7e § — Bec KOMIOHeHTa, M — MoJisipHas Macca.
Ecnu xommoHeHT A — BoJia, a B — BeliecTBo, neperoHsemMoe ¢ Bo-
ISTHBIM TIapOM, TO:

0

9 p

HZO _ HZO. 18 .
0

9% ) Mg

JleBas yacTh ypaBHEHHUS BBIPAXKAECT TAK HA3BIBAEMbBIN PACXOIHBIN
KO3 GUITUSHT BOJISIHOTO ITapa — KOJUYECTBO BOJSHOTO Tiapa (BOJIbI) B
BECOBBIX €JMHUIIAX, HEOOXOAUMOE JIJIsi MEPETOHKHW OJHOM BECOBOM
€AUHULIBI TIEPETOHSAEMOro BellecTsa. M3 ypaBHEHHsT BUIHO, 4YTO ITO
KOJIMYECTBO OyJEeT TeM OOoJibllie, YeM HUXKE JaBJICHHE HACBIIICHHOTO
rapa IeperoHsIeMou KUJAKOCTU U YEM MEHBIIIE €€ MOJISIPHAs Macca.

4.8. Pacmeopumocmsb 2a308 8 HCUIKOCMSIX.
3akoH I'eHpu

ITo cBoel mpupoae U CBOWCTBAM PacTBOPBI I'a30B B KUJIKOCTAX
HUYEM HE OTJIMYAKOTCA OT APYTUX KUAKUX pacTBOPOB. OOBIYHO KOH-
LEHTpalys ra30B B 3THX PACTBOPAX HE3HAUMUTEJIbHA U PACTBOPHI SIB-
JS0TCS pa30aBiIeHHBIMU. VICKITIOUEHHE COCTAaBISIOT OTAEJIbHBIE CHC-
TE€MbI, B KOTOPBIX PAacTBOPUMOCTH OKAa3bIBAECTCS BeChbMa OOJBIION
BCJICJICTBHE XMMHMUYECKOTO B3aUMOJECHCTBUSI pPacTBOPSAEMOro rasza c
pacTBOpHUTENIEM, Kak, Harpumep, B pactBopax NH; wm HCI B Bose.

PacTBOpeHune raza B :KMIKOCTH 4acTO Ha3bIBAIOT adcopoyuen za-
3a. PacTBOpUMOCTh Ta30B CHJIBHO 3aBUCHUT OT JIaBJICHUS U TEMIIEpPaTy-
PBI, OT IPUPOIBI ra3a U PACTBOPUTEIIA.

3akon I'enpu. npu nocmoanHoOU memnepamype pacmeopu-
MOCHIb OAHHO20 234 6 OAHHOM pAcmeopumese nPAMO RPONOPUUO-
HAIbHA 0A6ICHUIO 2a3a HAO PACHEOPOM:
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C=K-p,

r7ie C — MOJISIbHAs KOHIICHTpAIMs ra3a B )KHJIKOCTH (rpaMM-MOJIb Ha
1000 r pactBOpHTENA); K — KOIDPHUIUSHT IPOMOPIHOHATBHOCTH, Xa-
PaKTEpPU3YIOUIMIA PACTBOPUMOCTh; P — MapUUAIBHOE JaBJICHUE Tra3a
HaJl pACTBOPOM.

3akoH ['eHpU NMPUMEHHM TOJILKO K CHUJIBHO pa30aBJICHHBIM pac-
TBOpaMm. [[s1 OosbIIMHCTBA ra3oB npu P<1 aTM. OTKIIOHEHHUE OT 3aKO-
Ha ['enpu coctaBisgeT 1-3 %. DToT 3aK0H crpaBeIUB TOJBKO JIJIs HE-
BBICOKUX JaByicHuM. [Ipu moBbIIEHWU AaBJICHUS HAOJIOJAIOTCA OT-
KJIOHEHUS OT 3aKOHA ['€HpH, KOTOpbI€ BBHIPAXKAIOTCA B TOM, YTO C POC-
TOM JIaBJICHUSI PAaCTBOPUMOCTh PACTET, HO HE BCErJa MPONOpLIHUOHATb-
HO JaBjeHuro. [Iporecc pacTBOpeHUs: COMPOBOKIACTCS YBEIMUCHUEM
o0beMa W TOTJIOIMICHHEM WM BBIACICHUEM Teria. B OOJbIIMHCTBE
CJIy4yaeB PacTBOPEHUE Ta30B €CTh SK30TEPMHUUYECKHUI MPOIIECC COJIbBa-
TallMy MOJICKYJ Ta3a MOJieKyJiaMu pactBoputeis. [loaTomy, cormnacHo
npunnuny Jle-IllaTtense, pacTBOPUMOCTh Ta30B YMEHbIIIAETCS MIPU Ha-
IPEBaHUU U YBEIMYMBACTCA MpU oxJaxaeHuu. HexoTopele rasbl, Ha-
pUMEpP BOJOPO/I, PACTBOPSIOTCS C MOTJIONIEHUEM TEMIIEpaTyphl; pac-
TBOPUMOCTH BOJIOPO/Ia C MOBBIIIIEHUEM TEMIIEPATYPHI YBEJIUUNBACTCA.

HenosnsipHbie ras3pl JydIlle pacCTBOPSIOTCS B HEMOJSPHBIX PacTBO-
pUTENISX, a MOJISIPHBIC — B MOJISIPHBIX. B pacTBOpax 3JeKTPOIUTOB, Kak
nokasaHo B paborax M. M. CeuenoBa (u3ydan pacrBopumocth CO;, B
KpPOBH), paCTBOPUMOCTh I'a30B MCHbIIE, YeM B YHMCTOH Boje. PacTBo-
PUMOCTh Ta30B YMEHBIIIAETCS B IPUCYTCTBUU COJIEH, TaK KakK MPHU pac-
TBOPEHUHU COJM OOpa3ylOTCs THUAPATHBIE OOOJIOYKU BOKPYT MOHOB U
KOJINUECTBO CBOOOHOM BoAbl yMeHbIaeTcs. M. M. CeueHoB ycTaHo-
BWJI BaXXHOE COOTHOIIICHUE, BBIPAXKAIOIIEE BIIMSHUE KOHIICHTPAIIUU
9JIEKTpOJIUTA (COJIM) B pacTBOPE HA paCTBOPUMOCTH rasa.

|n(80/8):K ' C,

r7e So — paCTBOPUMOCTD JAHHOTO Ta3a B BOJIE; S — paCTBOPUMOCTD ra-
3a B pacTBOPE 3JIEKTPOIUTA (COJN); C — KOHIICHTPAIUS COJH; K — M-
MUpUYECKasi TTOCTOSTHHAS, 3aBUCAILAS OT MPUPOJBI Ta3a, dIAECKTPOIUTA
U TEMIIEPaTyPBHl.

SBneHrne MOHMKEHHUS PACTBOPUMOCTH Ta30B B PacTBOpax dJICK-
TPOJIUTOB Ha3bIBaeTCs YP(HEKTOM BhICAIMBAHUA. DTOT 3PHEKT yBeIU-
YUBAETCS MPU YBEIIMUCHUH 3apsijia HOHA.
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4.9. 3akoH pacnpedesaeHust HepHcma.
JIKcmpakyus u3 pacmeopos

Eciy B3sTh JIBe HeCMENIMBAIOIIMECS KUAKOCTH (Boga U 3hup) u
N00aBHTh K CMECH TPETHH KOMIIOHEHT (YKCyCHasi KHCJIOTa), TO JTOT
TPETHUH KOMIIOHEHT Paclpee/IUTCsA B 00€HX JKUIKOCTIX, IPHUYEM OT-
HOIIICHUE KOHIIEHTPAIM YKCYCHOW KHCJIOTHI B BOJHOM CJIO€ K KOH-
ICHTPAIUH YKCYCHON KHCIIOTHI B 3()UPHOM CIIo€ HEe OyIeT 3aBUCETh
OT OOIICH KOHIICHTPAIIMHA KHCIIOTHI.

Ecnu ¢, ¢', c", ¢ — KOHIIEHTpaIui YKCYCHOM KUCIOTHI, TO

!/ " n

CA CA CA CA
c = o = o = " = const.
B B B B

OtHomenue obo3Havaercs K — koappuuinent pacnpeneneHusl.

3akon pacnpeoenenua Hepucma:. omuowenue Konyenmpayui
mpembvezo KOMROHEHMA 6 08yX PAGHOBECHBIX HCUOKUX (hazax npu
ROCMOAHHOI meMnepamype ecmp 6eIUYUHA NOCIOAHHAA.

T. €. CA U Cg MOT'YT MEHATHCS, HO UX OTHOILIECHHE €CTh BEJIWYMHA TO-
CTOSIHHASI.

DTO OTHOIIIEHUE CIPABEJIUBO, KOTJa BEIUYMHA MOJIEKYJ TPEThE-
ro KOMIOHEHTa B 000UX PAcTBOPUTENSIX OAHA U Ta ke. B ciyuae ac-
COITMALIMM ¥ JUCCOIUAIMU ypaBHeHUE HepHcTa mpuoOpeTeT BU/I:

Cn
_A:K
C

B

0 CpPEeIHMI MOJIEKYJISIpHBIN BeC 3-T0 KOMIIOHEHTa B pacTBope B

CpeaHUN MOJISKYJISIPHBIN Bec 3-T0O KOMIIOHEHTa B pacTBope A

3aKoH pachpeiesieHUs] UMEET Psijl BaXHbIX npuMmeHeHui. Hanbo-
Jee BaXKHbIE U3 HUX — XuAKOo(dazHas xpomaTorpadus U 3KCTPaKIUS
PacCTBOPHUTEIIEM.
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IKcmpaxkyusa — npoyecc u3eneueHus pacmeopeHHozo eeuiecht-
6a u3 pacmeopa nymem o0paboOmKu pacmeopa Opyum pacmeopu-
menem (IKCmpazenmonm).

[Tycth B 00Bbeme pacTBopa Vi HaXOIUTCS (g TpaMM pacTBOPEHHO-
ro BEIIECTBA, KOTOPOE HAJIO M3BJICUb APYTUM PACTBOPUTEIEM 00beMa
V,. Toraa mocie nmepBoi AIKCTPAKIMK B PACTBOPE OCTAHETCS (J; TpaMM
BEIIECTBA, a OyAEeT MPOIKCTPArupoBaHo (o — J; BEIIECTRA.

[Tpumenum 3akoH pacnpenencHus HepHcra:

9 9o =9

Cp =—, Cp =
A » Cp ,
Vl V2
Ca — KOHIIGHTpAllUs BEIIECTBA B PACTBOPE MOCJE JKCTPaKIUU,
Cp — KOHIICHTpAIIMs BEIIECTBA B PACTBOPUTEIIE.

C 9

\%
A_"1 2

v, @9,-9)

B

PemuMm 3T0 ypaBHEHUE OTHOCUTEIIBHO (1

le

g, =0, ——-
150 kv +v
1 2

Ecnu npoBeneM BTOPYIO SKCTPAKIUIO TEM K€ 00BEMOM pPacTBO-

pI/ITeJI}I Vg, TO 92 — KOJIMYCCTBO BCIICCTBA, KOTOpOC OCTaJIOCh B pac-

TBOpPE MOCII€ BTOPOW SKCTPAKIIUU:

le - le )
%%y, %% )
12 12
[IpoBeneM N 3KCTpaKIUi,
le ]
gn —90'(m) :
12

rae g, — KOJIMYECTBO BEILIECTBA, KOTOPOE OCTAJIOCh B PacTBOPE IOCIIE
N DKCTPAKLIUI:

kv,
=g -g =g _-1-(—L)".
9 ey = 90 79, g, (kV1+V2))
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Hauobonee r¢phpekmueno nposooums 3IKcmpaxuuio He cpasy
6cemM KOUYeCmEoOM pAcmeopumei, a MaavlMu ROPUUAMU OO0b-
uiee Yucio pas.

4.10. Temnepamypa 3amep3aHusi pa36ae/1eHHbIX
pacmeopos

PactBOp, B OTIIMUKE OT YHUCTOM KUJIAKOCTH, HE OTBEPACBACT LICIIU-
KOM MIpH OJHOM TemiepaTrype. OTBepAeBaHUE PaCTBOpPA MPOUCXOIUT
Ha MPOTSKEHUU HEKOTOPOIo MHTepBajia Temneparyp. Kpucramibl Ha-
YUHAIOT BBIICIATHCS MPU KAKOU-TO OJHOW TEMIIEpaType; MO MEpE I0-
HIDKEHUS TEMIIepaTyphbl KOJIMUECTBO UX PACTET, MOKA BECh PaCTBOP HE
OTBEpEET.

Temneparypold Havana KpHUCTaJIM3allMM pPacTBOpa Ha3bIBACTCS
TeMmrepaTrypa, Mpyu KOTOPOM KPHUCTAIbl PACTBOPUTEINSI HAXOJIATCS B
PaBHOBECHHM C PACTBOPOM JIAHHOIO COCTaBa. lemreparypy Hadaia
KPUCTAJIJIM3AlIMM HA3bIBAIOT TAaKXKE TEMIEpaTypod 3aMep3aHusi pac-
TBOpA.

OnbIT MOKa3bIBAET, UTO Pa30aBIICHHBIN PacTBOp 3aMep3aeT MpHU
TeMIiepatype 0ojiee HU3KOM, YeM YHCThIM pacTBOpuTeNb. Tak, Mop-
ckas Bojia 3amep3aeT He nipu 0° C, a mpu GoJiee HU3KOM TeMreparype.
Jns XapaKTEepUCTUKM TeMIIepaTypbl 3aMep3aHusl BBEJIEM BEIUUYHHY
MOHM>KEHUST TeMIlepaTypsl 3amep3anus ATs, ompenensds ee Kak pas-
HOCTb MEXJy TeMIepaTypamMu 3aMep3aHUsl YUCTOTO PACTBOPUTEIIS T3
u pactBopa: AT; = T30 - Ts.

Paccmotpum nuarpammy (puc. 4. 13):

OA — 3aBUCHMOCTb JAaBJICHHUSI HACBHIIIEHHOI'O Mapa YKMCTOW BOJIbI
OT TEMIEpaTypHl,

OB — temniepaTypHas 3aBUCUMOCTH JIaBJICHUS HACBHIIICHHOTO T1a-
pa HaJ JIbJOM,

C1, Cp, C3 — KPUBBIE MPEJCTABIISIIOT IABJICHUE HACBIIIEHHOTO mapa
HaJI pacTBOpPaMH Pa3IUYHBIX COCTABOB (C1<C,<C3),

T. O — paBHoBecue xuakoctu (H,O) u npna.
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Puc. 4.13. [lonudsxcenue memnepamypsl 3amMep3anusi pacmeopos

B 1882 r. ®.-M. Paynb ONBITHBIM MyTEM YCTAaHOBHJI, YTO B JIOC-
TATOYHO pa30aBJICHHBIX PACTBOpax MOHMKEHUE TEMIIEPaTyphl 3aMep-
3aHus (AT3) IPONMOPIIMOHAIBLHO MOHMKCHHUIO JTABJACHHS Iapa |, clie-
JI0BAaTENIbHO, MPOMOPIIMOHATEHO KOHIIGHTPAIlMU PacTBOPEHHOTO Be-
IIeCTBa B pacTBOPE:!

ATz =K:'m,

r7e M — KOHIIGHTpAIlMs PacTBOPEHHOTO BEIIECTBA, OOBIYHO BBIpaXka-
ercst B Mmoyisix Ha 1000 r pactBopurens (T. e. MOJsLIbHOCTB), K — KO-
3 PUIMEHT TPOMOPIIMOHATLHOCTH, SBISETCS BEIMYMHOW ITOCTOSH-
HOHW, XapakTepu3ywuied npupoay pactBopurens. OH Ha3bIBaeTCs
KPUOCKOTIMYECKOW ITOCTOSIHHOM (MOJICKYJIIPHOE TOHM)KCHHE TEMITC-
paTyphl 3aMep3aHus).
Tax, nns Boast K;,,,=1,86 K - MOJIb © + KT, 171 GeH30/1a

Keemson=5,12 K - MOJIB © * KT.

J71s1 6eCKOHEYHO pa30aBIIEHHBIX PAaCTBOPOB:
R(T)2

K=__ 3"

1000-L

0
Ts™ — Temnepatypa 3amep3anus pactsopurens [K],
L. — yIeapHas TeIioTa IjIaBjiIeHUs pacTBopuTes [kan/r].
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4.11. Temnepamypa KuneHus
pa36ae/ieHHbIX pacmeopos

Yucras )KUIKOCTh WIIM PACTBOP KHUIIAT IPU TOW TEMIIEpaType, IpH
KOTOPOH /JaBlicHHE HACBHIIICHHOIO Mapa CTAHOBUTCS PAaBHBIM BHEII-
HeMy aaBiieHuio. Eciau paccMarpuBaTh pacTBOPHI HEIETYYEIo Bellle-
CTBa B JICTYYUX PACTBOPUTEIISIX, TO TEMIIEpaTypa KHIICHHUS TaKUX pac-
TBOPOB BCEI/ia BBIIIEC TEMIIEPATYPbl KUIMICHHUS YHUCTOI'O PaCTBOPHTEIIS
IIPH TOM K€ JIaBJICHUU.

Paccmotpum nuarpammy (puc. 4.14):

P

760
MM PT.CT.

Trknn® T1kun Tokun T

Puc. 4.14. Tlosviuenue memnepamypul KuneHust pacmeopa
npu ammocgeprom 0asieHuu

[lycth BHemHee napineHue paBHo /60 MM pt. ct. Touku mepece-
YeHHUS KPHUBBIX JaBJICHUH mapa u3obapoi (p =760 mm pt. cT.) OyayT
TEMIEpaTypaMy KHUICHUS JKUIKOCTeW pa3Horo coctama. J[ms pactBo-
POB ATH TEMITEPaTypPhl ABJISAIOTCS 00JIee BEICOKHMMH, Y€M JUISI YUCTOTO
pPacTBOPUTENS, U Pa3HOCTh MEXKIYy HUMH OyaeT TeM OOIbIIeH, uem
BBIIIIE KOHIICHTPAIUS pacTBOPA.

OTBITHBIM ITyTEM YCTAHOBJICHO, UYTO B JIOCTATOYHO Pa30aBIICHHBIX
pacTBopax IMOBBIIICHUE TEMIIEPATYPhl KHUIICHHS IMPOTOPIHOHATBHO
NOHIKEHUIO JABJICHUS HACBHIIIEHHOTO TMapa W, CJIeJ0BaTelbHO, KOH-
IICHTPAIIUU PACTBOPECHHOTO BEIIECTBA:

ATKI/IH = TKI/II‘[ - TKI/IHO = E'm;
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r€ M — MOJISIIBHOCTB pacTBopa; E — ko3 duiimeHT nponopuuoHaib-
HOCTH, Ha3bIBae€TCS 30YJIMOCKONMUYECKOW MOCTOSHHOM WM MOJEKY-
JISIPHBIM TOBBIIICHUEM TEMIIEPATYPhl KUTICHUS.

s Bonwt E,,=0,52 K - MOJIB L+ KT} Juist Gensona
Eserson=2,64 K - MOJIB © * KT.

Mo3>kHO ToKa3aThb, 4TO

R(TO )2
E = KUII ’
1000 - Lucn

0
riae Ty, — TeMreparypa Kunenus yuctoro pacrsopurens [K],
Lcn — YACTBHAS TETUIOTA UCTIAPCHUS pACTBOPHUTEIS [Kan/T].

4.12. Kpuockonus u 36y1uockonus

YpaBHEHUAMH, BBIPAKAOINMA 3aBUCUMOCTh TOHWKEHUS TEMIIE-
paTyphl 3aMep3aHusi U MOBBIIIEHUS] TEMIEPaTypbl KUIMECHUS, YJIO0OHO
MOJIb30BATHCS ISI ONPEAECICHHUS MOJSPHOM MacChl PACTBOPEHHOTO
BemiecTBa. JlJisi mpoBeIeHUsT ONbITa BEIOMPAIOT MOIAXOJSIINI PacTBO-
pUTEIIb C U3BECTHOM KPUOCKOIUYECKON WU 30YJIMOCKOIMYECKOMN T0-
CTOsTHHOM. Jlasee mpUroTaBIMBAIOT PACTBOP HE CIUIIKOM OOJIBIION
koH1eHTparuu (He 6osiee 0,5 M) 1 TOUHO M3MEPAIOT MOHIKEHUE T,y
Uiy noseiieHue T, -

Mo . 9-1000
G-AT,

rie §—BeCc pacTBOpeHHOro BemiectBa, (G —Bec pacTBOPUTES;
M — mossipHas macca; K — kpuockonnueckas moCTOSTHHAS.

Memoo onpedenenus MOAAPHOU MACCHL RO HOHUNCCHUIO MOYKU
3amep3anusn Ha3bl6aemcs KpUoCKonueil, a Memoo, 0CHOBAHHbLI HA
uzmepenuu nogvtuienusn T,,, , — 30yauockonueil.

Kpuockonus ucnosib3yercs yaiile, Tak Kak Jerdye TOYHO U3MEPUTh
MOHKEHUE TeMIIepaTyphbl 3aMEp3aHusl, YeM IOBBIIICHUE TeMIepaTy-
PbI KUTICHUS.
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4.13. Ocmoc. OcmMmomu4deckoe daegJ/ieHue

Ocmoc — caMOTIPOU3BOJIBHBIN TIEPEXO]T PACTBOPUTEINSI B PACTBOD,
OTJCIICHHBIA OT HETrO IMOJYIPOHHUIIAEMOM MeperopoaKoi (KUBOTHOTO,
PaCTHTEIHLHOTO WJIM HCKYCCTBEHHOTO IMPOMCXOKICHHS).

OcMoTHUECKOE TaBICHUE ONPENEIAETCS B OCMOMETPE, OCHOBHOMN
YaCThIO KOTOPOTO SBIISIETCS MOJYIIPOHUIIAEMAs TIEPETOPOJKA U3 MaTe-
puaia, criocoOHOTO MPOIYCKaTh TOJIBKO MOJIEKYJIbl PACTBOPUTEINS, HO
HE PACTBOPEHHOTO BENIECTBA.

pacTBop

nonynpoHuuaemas _  _- \
neperopoaka \

pacTBopuTesb

Puc. 4.15. Ocmomemp

B 1848 r. XK.-A. Hosute BriepBbie OOHAPYKUJI 3TO SIBJICHUE: TIEpe-
X0J1 BOJIbI B PacTBOP caxapa uepe3 Obrumii my3sipb. [1o ogHy cTopony
MEPETOPOJKU HAXOJIUTCSA STYEHKa C PACTBOPOM, IO JIPYTYIO — C YUCTHIM
pactBoputeneM. BcenenctBue nuddysum pacTBOpUTENb MPOHUKAET
yepe3 MOoMYNPOHUILIAEMYIO TTEPEropoAKy B 00€ CTOPOHBI, HO CHaYasia —
ObIcTpee — B TYCHKY C pacTBOpOM. PacTBopuTesns OyaeT mOAHUMATHCS
no TpyOKe, COEIMHEHHON C BHYTpEHHUM cocyloM. [lpu HekoTopoi
BbICOTE h cTO)NI0A pacTBOpa HACTYNHUT PaBHOBECHE U TOIBEM JKHIIKO-
CTH B TpyOke mpekpatutcs. [laBieHue, KOTOpOE OTBEYAET TAKOMY
PaBHOBECHIO, HA3bIBAETCSI OCMOTUYECKUM JIaBJICHHUEM.

Ocmomuueckoe oasnenue (0003Hauaemcss <m») PAGHO MOMY
0a6J1eHUI0, KOMOPOE HYHCHO NPUTIONCUMD K PACMEOPY, YmOo0bl npu-
6ecmu e2o 6 pagnogecue ¢ YUuCmvlm pacmeopumenem, 0moej1eHHbIM
OMm He20 NOJIYRPOHUUAEMOIL NEPe2OPOOKOIL.
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OcCMOTHYECKOE JTaBJICHHE 3aBUCUT OT KOHILIEHTpPALlUM pacTBOpa U
MOXET OBITh OUeHb OonbmnM. Tak, 6%-HbBIN pacTBOp caxapa MMeEeT
ocmotnueckoe nasinenue 0,6 at™m.; Mopckas Bojia — 28 aTM., pacCoJbl
HekoTopbix 03ep — 200 atM. OcMOTHYECKOE TaBICHHUE KPOBH BBICIIMX
KUBOTHBIX 7,5 — 8 atM. OcMocC Wrpaer BaXKHYIO POJIb B KU3HEES-
TEJIIBHOCTH JKUBOTHBIX M PACTHTCIBHBIX OPraHW3MOB (JBYDKEHHE CO-
KOB B PacTEHHUSAX, OCMOTHYECKOE JTaBJICHUE O0ECIIeUnBACT yIPYTroCTh
KJICTKH — TypOop).

B 1887 r. 4. Baut-I'od¢ npurien K BRIBOIY, YTO MEKIY COCTOSHU-
€M BEIIeCTBa B OUEHb CHJIPHO Pa30aBIICHHOM PAacTBOPE M Ta30BBIM CO-
CTOSIHUEM TOTO >K€ BellecTBa mMMeercs (opMaabHOE KOJIMYECTBEHHOE
CXOJICTBO, HECMOTpPSl Ha TO YTO XapakTep JBMKEHHUS MOJIEKYJ PacTBO-
PEHHOTO BEIECTBA B )KUIKOCTH OTJIMYACTCS OT JBMYKCHUS MOJISKYJI ra3a.

B vactHoctu, Bant-I'od ¢ nmokazan, uro:

1) mpu T=const ocMoTHYecKOE IaBJICHHWE MPSIMO IPOIOPIIHO-
HaJIbHO KOHIICHTPAIIMH PAaCTBOPEHHOT'O BEIIECTBA MIJIM OOPAaTHO TPO-
HOPIMOHATILHO MOJIIPHOMY 00BEMY PacTBOPSHHOI'O BellecTBa (aHa-
JIOTHSI ¢ 3aKOHOM boitiis);

2) Ipu JaHHOW KOHIICHTPAIlMd OCMOTHYECKOE JIaBJICHUE TPOIOP-
IIMOHAJILHO a0COIIOTHON Temmepatype (aHayorus ¢ 3akoHoM [ eii-
JIroccaka);

3) mpu OAMHAKOBOM TeMIlepaType W OJMHAKOBOH KOHIICHTpAIIUH
pa3HbIe BEIIECTBA MMEIOT OJHO M TO XK€ OCMOTHYECKOE JaBJICHUE
(aHajorus ¢ 3aKOHOM ABOTaapo).

Takum 00pa3oM, OCMOTHYECKOE JIaBJICHUE Pa30aBICHHBIX PACTBO-
POB MOTUHUHSIETCS 3aKOHY TSI HI€aIbHBIX Ta30B, U COCTOSTHUE ITHX pac-
TBOPOB BbIpaxkaeTcsi ypaBHeHueMm Bant-T'odda, xotopoe mo dopme
COBITIAJaeT C ypaBHeHHEeM MeHpeneeBa — Kiarnetipona (pV=nRT):

7=""RT =cRT,
v

I7Ie T — OCMOTUYECKOE JIaBJICHHUE PAcTBOpA; N — YMCJIO MOJIEH pacTBO-
PEHHOTo BemiecTBa; V — 00beM pacTBOpa; ¢ — KOHIICHTPALIUS PacTBO-
PEHHOTO BeliecTBa; R — razoBas mocTosiHHAS.

Ocmomuueckoe oOasieHue pPaeHO MOMY 2A3060MYy OA6JICHUIO,
KOmMopviM 0011a0ano 0vl pacmeopeHnoe eeuiecmeo, eciu 0vl, Haxo-
05Cb 8 2A3000PA3ZHOM COCMOAHUU RPU MOUL Jce memnepamype, OHO
3AHUMATIO MOM Jice 00bemM, KOmOopbvlil 3aHUMAem pacmeop.
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B pa30aBiieHHBIX pacTBOpax OCMOTHYECKOE JIABJICHUE HE 3aBUCHUT
OT MPUPOJABI PACTBOPEHHOTO BEILIECTBA U PACTBOPUTEIIS, & ONPEAEIIS-
€TCA TOJIbKO €ro KOHIIEHTpauuei. Eciin pacTBOpEeHHOE BENIECTBO B
pacTBOpe IUCCOLMUPYET, TO ypaBHeHUe Bant-I'odda 3anuceiBator

T = ICRT,
| — MI30TOHHYECKHH KOIPPUIIUCHT:
i = 72.7—1615.71 .
pacyem

N3oTonnyeckuit K03QPUIUEHT MOKET OBITh BHIYKCIICH U 110 JIPY-
MM CBOMCTBaM pa3daBieHHBIX pacTBopoB (AT, AT.,,). g pactBo-
POB cI1a0BIX AIIEMEHTOB | OIIPeIeTSETCS 110 YPaBHEHUIO:

1 =1+ a(v-1),

TJIe 0 — CTEMeHb JUCCOIMAINH; V — YHCIO HOHOB, HA KOTOPOE JTUCCO-
[IUUPYET MOJIEKYJIa PACTBOPEHHOTO BEIIECTRA.

VYpaBuenne Bant-I'odda ncnonb3yercs B ocMOMETpUd sl OM-
peneNieHuss MOJISIPHOHM MAacChl Pa3jUYHBIX HEIJEKTPOJIUTOB, B TOM
YHUCJIe BBICOKOMOJICKYJIIPHBIX COCIUHEHHH. B 3TOM ciydyae KOHIEH-
Tpanus ¢ B ypaBHeHuu Bant-I'odda 3ameHseTcs Ha MOJISUTBHOCTD!

91000

MG

rae g — Bec pacTBopeHHoro BemiectBa; G — Bec pactBoputens, M —
MOJISIpHAsi Macca pacCTBOPEHHOTO BEILIECTBA.

[Tonyuaem 7 _9-1000 RT, orkyna
M-G
m=9"2 1000 RT.
7-G

4.14. KoaauzamuegHble ceolicmea pacmeopoes

Konnueamuenvimu nazviearomes ceoiicmea, Komopwle He 3a6u-
cam om npupoosbl pPacmEopPeHHO20 6euiecmeda, a Onpeodensaomcs
MOSIANLHOU KOHUEeHmpayueil.

K HUM OTHOCSITCSI OCMOTUYECKOE JIaBJICHUE, OTHOCUTEILHOE MOHU-
JKEHUE JaBJICHUS Tapa HaJl PacTBOPOM, MOHIKEHUE TeMIIepaTyphl 3a-
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MEp3aHus, MOBBIIEHUE TEMIIEPATYPbl KUIMEHUA. BelndnHbl KOJuIura-
TUBHBIX CBOWCTB MPSIMO MPOMOPLUOHANBHBEI JIpyr Apyry. Kaxnoe us
ITUX CBOMCTB MOXKET OBITh MCIIOJIB30BAHO ISl ONPEACTICHUS MOJISIPHOMN
MacChl paCTBOPEHHOr0 BeUleCTBa. HYalle nenoab3yeTcss KpUOCKOIHS.

IIpumepui pewreHus1 3ada4

3aoaua 1. Paccuuraiite cocTaB pacTBopa «0€H30J1 — TOJIyOJ», KO-
TOPBIN MPU HOPMAJIBHOM JIaBi€HUU KUNUT nipu Temnepatype 90° C, a
TaK)Ke COCTaB 00pa3yromierocs mnapa (pacTBop CUMTANTE HICATbLHBIM).
JlaBneHus mapoB yucThiXx OeHzosia u Tosyosa npu 90° C pasus 1021
u 407 MM PT. CT. COOTBETCTBEHHO.

Pemenwue: Momipayo noit0 OEH30Ja B PacTBOpPE HAXOIUM
1o 3aKkoHy Payiist ipu ycioBuu, 4To 00I1iee JaBjeHHEe Napa B MOMEHT
KUIIEHUS] paBHO aTMOC(HEpHOMY:

760 = 407 + (1021 — 407):Ny,, otkyaa Ny, = 0,575.

MounspHas nosis Tosryosia B pactBope paBHa No, =1 — Ny, = 0,425.
Mounspnas nosst 6eH30J1a B Mape paBHa
R _N,R’ 0,575-1021

N, =-L= = =0,772.
P P 760

COOTBETCTBEHHO, MOJISIpHAs J0JII TOJyoJla B IIape paBHA
NZH =1- N]_H = 0,228

3aoaua 2. Bpraucianre TeMIiepatypy 3aMep3aHus, TeMIIepaTrypy
KHIICHUS B ocMoTHueckoe nasicHue (mpu 298 K) pactBopa, comepika-
mero 18 r raroko3sl Ha 1 kr Boapl. Kprockommueckass KOHCTaHTa BOJIBI
K = 1,86 K-Momp 1k, s0ymmockonmueckas E = 0,52 K -MOJIBb KT

P e m e H u e. OnpeaenseM MOJISIIbHYIO KOHIICHTPAIIMIO pacTBOPA.

_g,,-1000 _0,018-1000
Y 180-1

=0,1 moJb/Kr.
FHgBOIl

OrnpenensaeM NOHMKEHHUE TEMIIEPATYpPhbl 3aMEP3aHUs U MOBBIIE-
HUE TEMIIEPATYPhl KATIEHUS PacTBOPA:

AT, =K-m_ =186-0,05=0,18C,
AT, =E-m_ =0,52-0,05=0,051°C.
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Takum oOpaszom, pactBop 3amepsaeT npu —0,18°C, a kunut npu
100,05°C. HOns pacdyeTa OCMOTHYECKOTO JABJICHUS MPUMEM, YTO MO-
JspHAs KOHIICHTpAIUs pacTBOpa paBHA €ro MOJISUIBHON KOHIICHTpA-
muu, T. €. ¢ = 0,1 Moss/mv = 100 Moss/MC. [Tpu 3TOM TIOJTy4aeM:

n = cRT =100-8,314-298 = 248000 I1a = 248 «I]a.

3adauu

1. laBnenus mapa uucteix CHCl; u CCly; nmpu 25°C paBHBI
353 MM pT. cT. 1 215 MM pt. cT. [lomaras, 4ro oHu 00pa3yrOT UacaTb-
HBIA PacTBOp, pPacCUUTAMTE NaBJCHHE Tapa U cocTaB (B MOJIIPHBIX
J0JIX) mapa HaJ pactBopoM, coctosumM u3 1 moiabs CHCIl; u 1 moub
CCl,.

2. PaccunTaiiTe cOCTaB pacTBOpa «3TAHOJ — METAHOJ», KOTOPHIN
IPY HOPMAJILHOM JIaBJICHUU KUIIUT IpU Temreparype 63,5°C, a Takxe
cocTtaB oOpasyrolierocss napa. PactBop cuuraiite uaeaidbHbIM. [lpu
JTAHHOM TeMIlepaType AaBjeHue napa staHona paBHo 533 klla, a me-
tanojsa 1059 klI1a.

3. JlaBnenus mapa yucThiX OeH3osa u Tosyosia mpu 60°C paBHBI
51,3 u 18,5 klla. IIpu xakom naBnenuu 3akunut npu 60°C pactBop,
coctosiuid u3 1 monp O6eH3oma u 2 Mok Tonyosia? KakoB Oyner co-
CTaB mapa?

4, Koncranra I'enpu st N, B Boge npu 20°C paBHa 6,12-107 MM
pT. cT. PaccumuTaiite pactBopuMocTh (B enuHMIIAX MOJISUIbHOCTH) N B
Bojie npu 20°C B yCJOBHUSAX €€ KOHTaKTa C BO3IYXOM IPU HOPMasb-
HOM JIaBJICHUH, CUMTas OOBEMHYIO JIOJI0 a30Ta B BO3AYyXE pPaBHOU
80%.

5. ITnoraocte 50% (mo macce) pacTBopa 3TaHOJIA B BOAC IpHU
25°C pasra 0,914 r/cm’. Paccunraiite mapruaibHbIA MOJSIPHBIA 00b-
€M JTaHOJa B 3TOM 3paCTBope, €CJIM MapUUaIbHbI MOJSPHBIN 00bEM
BOJbI paBeH 17,4 cM™/MoOIIb.

6. MonsipHyt0 Maccy JIMIKIAa ONPEIEISIOT MO MOBBIIICHUIO TEM-
nepaTypbl KumneHus. JIumua MOXHO pacTBOPUTh B METAHOJE WIIH B
xsnopodopme. Temneparypa kuneHuss Mmeranona 64,7° C, remiora uc-
napenus 262,8 kan/r. Temmeparypa kuneHus ximopodopma 61,5° C,
teriora ucnaperus 59,0 kan/r. Paccuuraiite 30yIHOCKONIMYECKHE
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MOCTOSIHHBIE MeTaHoJIa U XyopodopMa. Kakol pacTBOpUTENb Jydllle
UCIIOJIb30BaTh, YTOOBI OMPEACTUTH MOJISIPHYIO MAacCy ¢ MaKCUMaJIbHOM
TOYHOCTHIO?

/. PaccuuTaiiTe MOHM>KEHHE TEMIIEpaTypbl 3aME€pP3aHUS U OCMO-
THYECKOE AaBiieHHe Gusnoiaorndeckoro pactropa (0,9%-Hb1i BOIHBIH
pactBop NaCl), npu ycioBum, 4To KaKyIascs CTCIeHb JTUCCOIMAIIAN

xJjiopusia HaTpusa B pactBope paBHa 0,9. Kpuockonuueckas 1mocToss-

Has BosI 1,86 K - MOJIb © * KT.

8. PactBop, conepxamuii 1,632 r TpUXIOPYKCYCHOM KHUCIOTHI B
100 r 6en3omna, kpuctasusyercs npu temneparype Ha 0,350°C uu-
Ke, 4eM 4YucCThld Oen3oi. Onpenenute, TPOUCXOIUT JU JAUCCOLIMA-
Al WM acCOUMAIlUsl TPUXJOPYKCYCHOM KHCIOTBHI B OCH30JbHOM
pacTBOpe W B Kakou crenenu. Kpuockomuueckas mocTossHHas OCH-
3o1a 5,12 K - MOJIb © - KT.

9. benok ChIBOPOTOUHBIN aIbOYMUH YEJIOBEKA UMEET MOJISPHYIO
maccy 69 kr/moisb. Paccumraiite 0CMOTHYECKOE JaBJICHHE pacTBOpa
21 6enka B 100 cm® BombI npu 25°C B mackaisix U B MUJUIUMETPAX
cTo6MKa pacTBopa. [IpuMuTe MWIOTHOCTH pacTBopa paBHoii 1,0 r/em’.

10. Ilpu 288 K BOaHBIM pacTBOp SHTAPHOM KHCIOTHI, COAEpKa-
i 12,1 /1 KMCIOTHI, HAXOAUTCS B PABHOBECUHU C 3(UPHBIM PacTBO-
poM, coaepkamum 2,2 1/ kucinoTel. KakoBa koHICHTpaIus 3pupHo-
T'O pacTBOpa SHTAPHOW KUCJIOTHI, KOTOPBIM HAXOUTCS B PABHOBECHH C
BOJHBIM PacTBOpOM, coaepskamuM 4,84 r/in kuciaorer?

Tecmoewsle 3adaHus

Buvioepume ooun npasunvnulit omeem
1. Marematuueckoe BbIpakeHUE 3aKoHa Pays:

A. = cRT. B. pi = Ni Pysur-
B.pV =RT. I. p; = Ni p°.

2. MaremaTndeckoe BhIpakeHHue 3akoHa [ eHpu:
A. calcg = k. B.c=kp.

B. In(S¢/S) =k c. L. Posu = ZPi.

3. PacTBOpeHme ra3a B )KUJIKOCTU HA3bIBAIOT:

A. DKCTpakuusi. b. AncopOrus.

B. AGcopOriusi. I'. Iudbdysus.
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4. D0yIMOCKOIHKS OCHOBaHAa HA U3MEPECHUU:
A. IloHmxeHust TeMnepaTypbl 3aMep3aHHUsL.

b. IloHmxeHns TeMneparypbl KUTICHUS.

B. IToBbIlIEHUs TEMIIEPATYPBI 3aMEP3AHMUS.

I'. IloBpIIeHUA TEMIIEPATYPHI KUIICHUS.

5. CamMonpou3BOJIbHBIN NIEPEXO] PACTBOPUTENSL B PACTBOpP, OTHE-
JICHHBIW OT HEro MOJIYIPOHUIIAEMOU NIEPETOPOJIKOU, HA3BIBACTCH:

A. Muddysus. b. OcmMmoc.

B. PactBopenue. I'. Dnexrpodopes.

Bvioepume necko1bko npasuibHolX 0meemaos

1. CBolicTBa HUeabHBIX PACTBOPOB:

A. AV > 0. b. AH < 0. B. AH=0.
I'. AV <O. . AH > 0. E. AV =0.

2. KonnuratuBHbie CBONCTBA pacTBOPOB:

A. 3aBUCAT OT NPUPOBI PACTBOPEHHOIO BEIIECTBA.

b. OnpenensroTcss MOJSUIBHOW KOHIEHTPAUE pPacTBOPEHHOTO
BEILICCTBA.

B. Onpenpensitorcsi MOJISIPHOM KOHUEHTpAIMEW PacTBOPEHHOTO
BEILIECTBA.

I'. He 3aBucsAT OT npupoibl pACTBOPEHHOTO BEILIECTBA.

3. Ileperonka ¢ BOASHBIM MMAPOM JBYX B3aUMHO HEPACTBOPHUMBIX
KUIKOCTEU XapaKTEPU3yETCH:

A. Temneparypa kunenus Boie 100°C.

b. posu- = pa T PB-

B. Temneparypa kunenus Huxe 100°C.

L. pooue =P A +P's:

4. ITpu AUCTUILISALIMK a3€0TPOIHON CMECHU MOYKHO!
A. Tlosmy4uuTs a3€0Tporl.

b. [TosryunTh 1Ba YUCTHIX KOMITOHEHTA.

B. [TonyunTh OIWMH YUCTBIA KOMIIOHEHT.

I'. He nony4yuThs HA OJHOTO YUCTOTO KOMITOHEHTA.
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5. IonoxuTenbHOE OTKJIOHEHHE PEAIbHBIX PACTBOPOB OT 3aKOHA

Pays:
A. Faa<Fag>Fge. b. Fan=Fas=Fgs.
B. FA-A > FA-B < FB-B- I' AH =0.
1. AH < 0. E. AH > 0.

Yemanoseume coomeemcemeue

|. MeTon onpeneneHus W3meHeHune TeMneparypsl.

MOJIIPHOM MacChl paCTBOPEH-

HOTI'O BEIIECTBA:

1. D0ynuockomnus. A. IloBblIEHNE TEMIIEPATYPBI KATICHHUS.

2. Kpuockonus. b. I1oBbllIeHME TEMIIEpATYPBI 3aMEpP3aHUs
B. IToHnxenue remieparypsl KUIIEHUS.
I'. ITonnxenue reMneparypsl 3aMep3aHUsL.

Il. OTkioHEeHUs peanbHbIX pacTBOPOB OT 3akoHa Payns:  [lapamerpsr:

1. [TonmoxutenbHEIE. A. AV <0.
2. OTpurnaTeabHbIE. b. AV > 0.
B. AV =0.
I'. AH > 0.
J. AH < 0.
E. AH=0.
I11. 3akonbI MaremaTn4eckoe BbIPaKCHHUE!
1. 3akon 'enpu. A. calcg = K.
2. 3axoH HepHucra. B. pi = Ni Posus-
3. 3akoH Pays. B.c=xp.
I'. t = cRT.
I[. Pi = Ni poi.
E. pV =RT.
V. Konnenrpanus: N3menenne napamerpa:
YBenuuenue koHreHTpanuu — A. [loBblllieHre gaBiaeHUs napa.
pacTBOPEHHOTIO BEIECTBA b. [loBellIeHME TEMIIEPATYPBI 3aMEP3AHUSL.

B. [loBellieHME TEMIIEPATYPHI KUIICHUS.

I'. Ilonmxkenue naBieHus napa.

. IlormxeHne TeMnepaTypsl 3aMmep3aHus.
E. IloHmxenue temeparypsl KUIIEHUS.
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V. 3aKoHBbI:

1. I1epBblii 3aKOH
Konosasosa.

2. 3akoH Pays.

3. 3akon HepHucra.

POpMYyIUPOBKHU:
A.Ilpy mnoCTOSSHHOM TeMmmeparype pacTBOPUMOCTH

JaHHOI'O I'a3a B JdaHHOM PaCTBOPHUTCIIC IIPAMO IIPO-
MNopHuOHAaJIbHA JABJICHHUIO I'a3da HaJl paCTBOPOM.

b. HacellieHHbIl map 0o CpaBHEHUIO ¢ PABHOBECHBIM

pacTBOpOM OTHOCHUTCIIBHO ooraue JCTY4YUM KOM-
ITOHCHTOM.

. HapI_II/Ia.HBHOC JaBJICHUC ITapOB KOMIIOHCHTOB Ha/l

PacTBOPOM PaBHO IPOM3BEJACHUIO MOJIBHOW JOJH
ATOr0 KOMIIOHEHTa B PacTBOPE W JABJICHHUS 3TOIO
KOMITOHEHTa B YMCTOM BHJIEC.

I'. Toukn MakcuMymMa U1 MUHUMYMa Ha KpUBOH 00I111e-

ro AaBJICHUA OTBCYAKOT TAKOMY COCTaBy, IIPpU KO-
TOPOM COCTaB IIapa U paBHOBGCHOﬁ C HUM XKHNIKO-
CTH OAHUHAKOB.

. OTHOIICHNE KOHOCHTpAalluKU TPECThETO0 KOMIIOHCHTA

B JIBYX PaBHOBECHBIX >XHAKUX (ha3ax MpU IMOCTO-
SHHOM TEMIIEPATYpPE €CTh BEINYNHA OCTOSHHAS.

Bonpocwl 0415 cobecedo8aHuA

1. 3akon Payns. UneanbHble pacTBOPHI.
2. TlonoxxutenbHbIE M OTPUIIATENILHBIE OTKJIOHEHHUS OT 3aKOHA

Payiist 1 uX npU4UHBL.

3. 3akonsl KoHOBaiOBa. A3€0TPOITHBIE CMECH.
4, Buapl auarpaMM «COCTaB — TEMIIEpaTypa KHUIICHUS» U «CO-

CTaB — JaBJICHHC».

5. JlnarpamMmbl «cocTaB — TEMIIEpATYpa KUIIEHUs». JIUCTULIs U

U peKTU(DUKALIMS.

6. Cmecu IByX B3aUMHO HEPACTBOPUMBIX JKHAKOCTEH. JlaBieHue
HACBIIICHHOIO IMapa U TEMIIEpAaTypbl KUIIEHUS Takux cmeceu. [lepe-
TOHKA C BOJSTHBIM MTapOM.

/. PacTBOpUMOCTH T'a30B B KUJKOCTIX. 3aKoH ['eHpu.

8. Ocmoc. OcMoTHYECKOE TaBJICHUE.

9. 3akon pacnpenenenus Hepucra. [Ipomecch skcTpakiuy.

10. Temnepatypa 3amep3anusi pa30aBICHHBIX PACTBOPOB.

11. Temnepatypa KuneHus pa30aBJIeHHBIX PACTBOPOB.

12. Kpuockomnus u 30ynuockonus. KoimuraTuBHBIE CBOWCTBA

pacTBOPOB.
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5. JJIEKTPOXUMHUA

DIIEKTPOXUMUS U3YUYAET 3aKOHBI B3aUMOJICUCTBUS U B3aUMOCBSI3U
XUMHUYECKUX U JIEKTPOXUMUYECKHUX SIBJICHUM, BKIIOYAET JIBA pa3jena:
1) pacTBOpBI DJICKTPOIMTOB, 2) 3JIESKTPOIHBIC MPOLECCHI U DIICKTPO-
JIBUKYIIME CUIIBI.

5.1. Pacmeopbl 31eKmpo.1umos

B nepBoM pazzene Mbl TO3HAKOMUMCS CO CBOMCTBaMU CJIa0bIX U
CUJIBHBIX 3JIEKTPOJIMTOB M MPOLECCAMHU, MTPOUCXOIAINIMMHA B HUX IIPU
MPOITYCKAHUU AJICKTPUYECKOTO TOKA.

5.1.1. [IpOBOAHMKHU 3/IEKTPUYECKOI'0 TOKA

[IpOBOAHUKHN 3JIEKTPUYECKOTO TOKA JICJISTCS Ha JIBa THUMA: IPO-
BOJIHMKH IIEPBOTO POJAA, WIH AJIEKTPOHHBIE TPOBOJIHUKH; IIPOBOJHUKHA
BTOPOTO POJAA, WIM HOHHBIE NPOBOAHUKHU. [IpoBOAHWMKHM mepBOro u
BTOPOT'0 POJia OTJIMYAKOTCA KAK M0 MEXAHU3MY SJIEKTPOINPOBOJIHOCTH,
TaK U IO DJIEKTPONPOBOASAIIAM CBOMCTBaM. B IIpOBOJHUKAX IEPBOTO
poJia MEPEHOC IIEKTPUUECTBA 00YCIIOBIICH IBMKEHUEM DJIEKTPOHOB; B
MMPOBOJIHUKAX BTOPOr0 pOJa — IBUKECHUEM HOHOB IIOJ JEHCTBHEM
BHEIIHETO 3JIEKTpUUEeCKOro noiisi. K mpoBogHMKaM nepBoro poja or-
HOCATCSI METAJUIbl M UX CIUIABBI B TBEPJAOM U PACIUIABIIEHHOM COCTOSI-
HUSIX; K IMPOBOJHUKAM BTOPOTO pPOJia — BOIAHBIC PACTBOPHI KHUCIIOT,
LIEJIOYEN, COJIEW; PACTBOPBI 3TUX BELIECTB B PACTBOPUTEIAX C JIEK-
TPONPOBOASAIIMMHU CBOMCTBAMH; PACIUIABJICHHBIE COJIM M IIECJIOYH.
DIIEKTPONPOBOAHOCTh MPOBOJHUKOB MEPBOr0 POJIa HA HECKOJIBKO IO-
PAIKOB BBILIE, YEM IPOBOJHUKOB BTOpOro pona. Ilpm mosbimieHun
TEMIIEPATYPbl BIEKTPONPOBOJHOCTh MPOBOJHHKOB IEPBOrO poja
YMEHBIIIAETCA, @ BTOPOro poAa yBennuupaercs. Kpome nmpoBOAHUKOB
IIEPBOTO W BTOPOTO POJa, MMEIOTCS CMEMIaHHBIC MPOBOIHUKHU (pac-
TBOPBI IIEJIOYHBIX METAJIOB B KUIKOM aMMHAKe): MePEHOC IJICKTPH-
YECTBA B HUX OCYILIECTBIIAETCS IBUKEHUEM MOHOB U JIEKTPOHOB.

Inekmpoaumst — 3T0 XUMUYECKUE COEAUHEHHUS, pACTBOPBI KOTO-
phIX 0071a7al0T MOHHOW MPOBOJUMOCTBIO, T. €. SIBJISIFOTCS TTPOBOJIHU-
KaMH BTOPOTO pO/Ia.
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5.1.2. OCHOBHbIE M0JIOKEHUA TEOPUH
3JIEKTPOJIMTUYECKOM AU CCOLMalluU AppeHuyca

MHOTrO4YUCIEHHBIE 3KCIIEPUMEHTAIBHBIE JAaHHBIC MOKAa3bIBAIOT,
YTO B PACTBOPAX AJIEKTPOJMTOB WCTUHHAS KOHIECHTpAIUs YaCTHUIl HE
COOTBETCTBYET MOJIIPHOW KOHIICHTPAIIUH, BCIEICTBUE YETO PACTBOPHI
AJICKTPOJIUTOB HE NOMuuHAKOTCA 3akoHaMm @.-M. Payns, 4. Bant-
l'opdba u apyrum. IlpuurHa NOAOOHBIX OTKIOHEHUM OOBSCHSIETCS
Teopuei anekTpoauTrueckoi nucconmanuu C. Appenunyca (1887 r.).

1. OcHoBHasa unes teopun C. AppeHuyca 3aKIIOYAETCS B TOM,
YTO B PACTBOPUTENSAX C BBICOKOM JUIIEKTPUUECKOM ITOCTOSSHHOMU
AJIEKTPOJUTHI CAMOIPOU3BOJIBHO PACIaIaloTCs HAa MPOTHUBOIOJIOKHO
3apsHKCHHBIC HOHBI (ITPOIECC SICKTPOIUTHUSCKOHN TUCCOIMAIINN).

2. DJEKTPOIUTHI JUCCOIMUPYIOT HE TMOJHOCTHIO, a YAaCTUYHO.
[Ipu 5TOM B pacTBOpE YCTAHABIMBAETCA NMHAMUYECKOE PABHOBECHE
M€Ky HOHAMU U HEJIUCCOILMMPOBAHHBIMU MOJIEKYJIAMMU:

BA A +B”

JI1st 3JIEKTPOJIMTOB KOHCTAHTa PAaBHOBECHS HA3bIBACTCS KOHCTAH-
TOW JTUCCOIMAITNHU, KOTOPYIO MOXKHO BBIPA3HUTh Yepe3 KOHIICHTPALIUN 1
AKTUBHOCTH:

K, = [AT][B")/[BA] - ycnoBHas KOHCTaHTa AUCCOLMUALIUH,

K. = axag /agy — TepMOJMHAMUYECKAs. KOHCTAHTA IHCCOIMA-
007078

AppeHnycC BBEN MOHATHE cmenenu ouccoyuauyuu (0), KoTopas
paBHA OTHOIICHHMIO YHCJIa JUCCOIMUPOBAHHBIX MOJIEKYJI K OOIIEMY
YHCIY PACTBOPEHHBIX MOJICKYII.

Ecnu 0011ast KOHIIGHTpAIUs paBHA C, & CTEIICHb JAMCCOIHAINH O,
TO PaBHOBECHBIE KOHLIEHTPAIUK PABHEL: Co~ = Cg = c-0; Cpa = c(1—av).
Torma KOHCTaHTAa JUCCOLMALIMK  BBIPAXKAECTCS COOTHOIICHHEM:
Ky = (c-a)(c-a)/c:(1 — o), unm

Ky = ca’/(1 - o).

Ota (opMmysa SBISCTCS AHAIUTUYCCKUM BBIPAKCHUCM 3AKOHA
pazeedenusn Ocmeanvoa, COTIACHO KOTOPOMY KOHCTaHTa JUCCOLMA-
MU IPH IOCTOSHHOM TeMIlepaType HE 3aBHUCUT OT KOHIICHTPALUU

pactBopa. Jljisi cinalbIX 3JIEKTPOJIUTOB CTEINEHb JUCCOLMAIUA Ha-
T = a2
CTOJILKO MaJIa, 4TO €0 MOKHO IIpeHeOpeys, ciienoBaTenbHo: Ky = ca’.
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JlJis pacTBOPOB AJIEKTPOJUTOB BEIMYMHA OCMOTHYECKOTO JaBJIe-
HUS, TIOHUKEHNE TEMIIEPATyphl 3aMEeP3aHHsl, TIOBBIIICHUE TEMIIepaTy-
pBI KumieHus (KOJUTMTaTHBHBIC CBOMCTBA) OINPEACISAIOTCS CyMMapHOU
KOHIIEHTpAIMei yacThIl (HOHOB M HEAMCCOMUPOBAHHBIX MOJICKYI). B
1886 r. f. Bant-I'odd BBEn moHsATHE U30TOHMYECKOTO KOd(PHUIINCH-
Ta i. JIy1s pacTBOPOB 3JICKTPOJIUTOB:

T = ICRT, Tpaeq = cRT;
AT?n’:lM. - iKm! AT3aM.pva. = Km;
ATKI/IH. = IEm’ ATKHn.pacr{. =Em.

OTKYyZla I = TcHa6n./ Tpacu. = AT3aM.Ha6n./ AT:s.alM.pva. - ATKI/IH./ ATKI/IH.paC‘I.

N3oTonnyeckuii koadduiment 1 > 1, nanpumep | ~ 2 (NaCl),
I = 3 (CaCl,).

C. AppeHnyc 3aHUMAJICS M3YYCHHEM DJICKTPOIIPOBOJIHOCTH pPac-
TBOPOB M YCTaHOBHJI, YTO PACTBOP TEX BEIICCTB, Y KOTOPHIX I>1, 00-
JaJlaeT 3JICKTPONPOBOJIHOCTHIO, IPUYEM YeM Oouibiie i, TeM OOoJbIIe
AJIEKTPOIIPOBOTHOCTh. APPEHUYC TTOKa3all, YTO CTEIICHb JUCCOIUAIINN
AJIEKTPOJIUTA MOYKHO CBSI3aTh C U30TOHMYECKUM KodddurmenTom. Ec-
T 10 JUCCOIHMAIINK B PacTBOpe Haxoauiaoch N MoJieKy a5ieKTponTa
U CTCTICHb JHUCCOIMAIMN €ro paBHA O, TO YUCIIO JUCCOIMUPOBAHHBIX
MOJIEKYJT paBHO o-N, a 9MCIIO HEAMCCOMMUPOBAHHBIX MOJICKYJ OyneT
N — o-N = N(1- a). B obmem ciydae kaxmass MOJIEKYJia PaCTBOPCH-
HOTO BEIECTBA JWCCOLMHUPYET HAa V HOHOB, CIEAOBATCIIBHO, YHUCIIO
BCeX JacTuil (MOJICKYJI U HOHOB) Oy/IeT:

N(1-a)+ v-o-N =N[1+ a(v-1)],

Il V — YUCJIO MOHOB, Ha KOTOPOE AMCCOLUUPYET MOJEKYJa PacTBO-
PEHHOTO BEIIIECTBA.

OcMOTHYECKOE JaBJACHUE IMPOIMOPIHMOHAILHO YHCIY YaCTHII, T. €.
HAOII0JaeMOe OCMOTHYECKOE HaBICHUE (T..6,) HPOIOPIHUOHAILHO
N[1+oa(v-1)], a pacueTHOE (7pacq) TponopuuoHansHo N. OTcrona:

| = Tyae/Tpace. = (N[1 + (v =1)])/N =1+ a(v-1),
a = (i— D)/(v-1).

CreneHb AUCCONHAIN MOXKCT IIPUHHUMATh PAa3JIMYHbIC 3HAUYCHUAI,
OHa YBCIIMYMUBACTCA 110 MCPC YMCHBIICHHA KOHLCHTpAOUMU W CTAHO-
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BUTCSl paBHOM €IMHUIIC B OECKOHEUYHO pa30aBIICHHOM PacTBOpE, T. €.
o — 1lopuc— 0.

[lo AppeHuycy, B 3aBUCUMOCTH OT BEJIMYHUHBI O JIEKTPOJUTHI
JENATCS Ha clladble W CUJIbHBIE. JTO JieJIeHHue YCJIOBHO. K CUIbHBIM
AJIEKTPOJIUTAM OTHOCSITCS BEIIECTBA, MOJIEKYJIbl KOTOPBIX MOJHOCTHIO
JTUCCOIMUPYIOT HAa UOHBI HE TOJILKO B pa30aBJIC€HHOM, HO U B KOHIICH-
TPUPOBAHHOM pacTBope (CHIIBLHBIC KHUCIIOTHI, CHUIBHBIC OCHOBAaHUS U
OobIIast 9acTh cojieit). CnaObIMHU HAa3bIBAIOTCS SJEKTPOJIUTHI, Y KOTO-
PBIX B PacTBOPE JUCCOIMHUPYET TOJIBKO YacTh MOJIEKYJ (ciaObie KH-
CIIOTHI, ciabble ocHoBaHus W Hekotopwsie comu— HQCl,, HQCN,
OOJIBIIIMHCTBO OPTaHUYECKUX KUCIOT, (DEHOJIbI, U3 HEOPTAHUYECKUX —
H,CO3;, HCN). Crenenp aucconpaiuyd HE SIBISETCS XapaKTEPUCTH-
Koi. CHUJIbHBIE U CJIA0BIC DJICKTPOJIUTHI PA3IMYAIOTCSl KAUECTBEHHO.

3. TpeTbe monoxkeHne He OBLIO CHOPMYITHPOBAHO APPEHUYCOM,
HO BBITEKAET U3 ero pabot. Teopus 3AEKTPONUTHUUECKON AUCCOIUA-
MU AppeHuyca HeJIOCTaTOYHO OOBSICHSJIAa MHOTHE CBOMCTBA PacTBO-
POB DJIEKTPOJUTOB, OCOOEHHO PACTBOPOB TEX BEIIECTB, KOTOPHIE
UMEIOT MOHHOE CTPOCHHE B TBEPJOM COCTOSHHM (HAIpuUMep, rajiore-
HUIBI IICIIOYHBIX METAILTIOB).

He yuuThIBanoch Takx e, 4TO HaAXOJAIINECS B PACTBOPE MOHBI MO-
I'yT B3alMOJIEUCTBOBATh C OOpa30BAHUEM CIIOKHBIX accouuaroB. M3
paboT AppeHuyca BBITEKAJIO0, YTO MEXIy MOHAMU OTCYTCTBYIOT CHJIbI
B3aMMOJCHCTBHS (CHJIBI MPUTSHKCHHS TPOTHBOIIOIOKHO 3apsyKCHHBIX
MOHOB), T. €. HOHBI BEAYT ce0s KaK MOJICKYJIbI HICaIbHBIX T'a30B — Ha-
XOJSITCA B OECHOPSAIOYHOM, XAaOTUYECKOM JBHXKEHUU. DJIEKTPOIPO-
BOJHOCTH PACTBOPOB AJIEKTPOJUTOB OMpPEAeNsIeTCs TpeMs (haKTOpaMH:;
1) KOHIICHTpALIMEH HOHOB; 2) CKOPOCTBIO MX JBMXKCHHMS, 3) TeMIIepa-
Typoil. M3 TeopuH HNEKTPOIUTUYECKOM JHCCOLMAalnU AppeHuyca
CJIEAYET, YTO CKOPOCTH JIBUKEHHS NOHOB SIBJIIETCS BEJIUYMHOMN MOCTO-
SHHOM, He3aBucuMO oT KoHueHntparuu (W, + W_ = const). CoriacHo
TEOPUU DJICKTPOJUTHYECKON JUCCOLMUAIIMU PACTBOPHI DJICKTPOJIUTA
MPEJCTABIISIIOT COOOM MEXaHMYECKYI0 CMECh, COCTOSAIIYIO U3 3apsi-
YKEHHBIX MOHOB, HEIMCCOIMUPOBAHHBIX MOJIEKYJ U MOJEKYJ pacTBO-
putens. Takum o0pa3oM, HE OOBACHIETCS OCHOBHASI CYIIHOCTb 3JIEK-
TPOJIMTUYECKOUN TUCCOLUALINY.
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5.1.3. [Ipy4vHBI 1 MEXAaHU3M
3JIEKTPOJIMTUYECKOMN AUCCOL AL UUA

. 1. MenpneneeB yrBepkaai: «I JTaBHBIM TOPOK TEOPUU DIIEKTPO-
JUTUYECKOW TUCCOLUUALIMN — UTHOPUPOBAHUE B3aUMOJIEHCTBHS HOHOB C
NOJSIPHBIMM  MOJIEKYJIaMH pacTBOpuTens». CyllleCTBEHHBIM BKJIAJI B
pa3Butus 3toit Teopun BHec M. A. KaGiaykoB. OH mpHIlIen K 3aKjIrove-
HUIO, UTO B PACTBOPAX JOJIKHBI IPUCYTCTBOBATh HE CBOOOIHBIE UOHBI,
a MOHBI C COJIbBATHOM O0OJIOUKOM M3 MOJIEKYJ PACTBOPUTEINS], KOTOPBIE
Ha3bIBAIOTCS COIbBaTaMHu (TUAPATHI — TP B3aUMOJICHCTBHH C BOJIOM).

IlepBoii craaueit siBasgeTcss 0Opa3oBaHUE MPOYKTa B3aUMOICHCT-
BHSI PACTBOPEHHOI'O BEIIECTBA U PACTBOPHUTEIS — IIPOLIECC COJIbBATA-
nuu (B BOAHBIX pacTBOpax — mporiecc ruapaTanuu). MHorue BemecT-
Ba, Harpumep Heopranmdeckue coiau (KCI, NaCl u T. 1.), B TBepaom
COCTOSIHUM MMEIOT IMPUPOJHOEC MOHHOE CTPOCHUE, U KPUCTAILI B LiE-
JIOM MOKHO paccMaTpuBaTh Kak OJHY MOJIEKYJy. Takue BelecTsa Ha-
3pIBAlOTCA HOHO(oOpamMu. B pesynbraTe conbBaTallud B MOJIEKYJIE
ANEKTPOJIUTA IMPOUCXOJUT IEPEPACHPEACICHUE TIOTHOCTH SJIEKTPO-
HOB, YTO IIPUBOJUT K Pa3bEeIVMHEHNIO HOHOB, a HE pacmnal MOJIEKYJIbI C
oOpa3zoBaHueM MOHOB. Jlajiee yacTuua, coAeprkailas UOHHYIO CBS3b,
muccounupyer. MoHbpl nmepexonsT B pacTBOp B BUAE T'MIAPATUPOBAH-
HBIX UHOB (THIPATOB).

3axon Kynona. Cuna 3I€KTPUYECKOTO MPUTSHKEHUS MEXIy Ka-
THUOHAMU U aHUOHAMU B KPUCTAJUIMYECKOM PELIETKE JIEKTPOIUTA 00-
PaTHO NPONOPUMOHAIBHA JIUIIEKTPUYECKON IMOCTOSSHHOM € BELIECTBA
(pacTBOpHTEIS).

F=e;e,/r%,

I7ie €1, €, — BEJIUYUHBI 3apsJI0B MOHOB, I — PAaBHOBECHOE PACCTOSHUE
MEXy HOHAMH.

Tak Kak pa3auIHBIC PAaCTBOPUTEIN UMEIOT Pa3HbIC JTHAJICKTpHUE-
CKHE TOCTOSIHHBIC, TO MOXHO TOBOPHUTH O PA3TUIHOUN JHCCOIMUPYIO-
EH CUJIE PACTBOPUTEIIEH.

Ilpaeuno Kaobnyxkosa — Tomncona: BenmuurHa TUCCOMUUPYIOMICH
CUJIbI PACTBOPUTENIS MPSIMO MPOMOPIMOHATIBHA €T0 AUAICKTPUIECKON
MMOCTOSIHHOM.

[ToaroMy B pacTBOpHTENAxX C Oojbiieci € (Boma, xuakuii HF,
dbopMaMuI U Jp.) SACKTPOJIUTHI JIETKO paciaaaloTcs Ha HoHbl. 1o Be-
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JVUYUHE JUAJICKTPUUECKOW MOCTOSHHOW pPAa3jiudarT pPacTBOPHUTENN
Hu3kon (e>12), cpeaneii (¢ = 12-40) u Boicokoi (¢ > 40) nuanekTpu-
YECKOW IMPOHUIAEMOCTH. MEXaHU3M BJICKTPOJUTHUYECKON TUCCOIMA-
IIUU MOYKHO YIIPOIIEHHO MPEICTaBUTh CICIYIONUM 00pa3oM: Kax bl
U3 MOHOB, HAXOJIIMXCS HA MOBEPXHOCTH KPHUCTAUIa JJICKTPOJIHTA,
CO3/aeT BOKpYT cebs anekTpocrarndeckoe moste. [lomsipapie MoeKy-
JIbI PACTBOPUTEJIS, TIOMANast B CPEAy JCHCTBHS 3TOIO IOJIS, OPHCHTH-
pyIOTCs, 00pa3ys BOKPYT MOHA COJIbBAaTHYIO 000J10UKy. B pesynbrare
MEXUOHHASI CBSI3b B KPHUCTAJIJIE OCJIA0JISETCS B € pa3 MO CPAaBHEHUIO C
B3aMMOJICHCTBHEM 3apsJIOB B IMyCTOTE. TEIIOBOE IBMKCHHE MOJICKYJI
PacCTBOPHUTEIS CIIOCOOCTBYET OTPBIBY COJIbBATHPOBAHHBIX HOHOB JAPYT
OT Apyra, T. €. MPOUCXOJUT PAaCTBOPEHUE C nuccounanuet. MiMeHHo
COJIbBATAIIMSI HOHOB IMPEIATCTBYET 0OPaTHOMY COCAMHCHHIO MOHOB B
MOJICKYJIBI.

Jlucconmanusi 2JIEKTPOIUTAa B PACTBOPE 3aBUCUT HE TOJIBKO OT Be-
JTMYHUHBI TUAJICKTPHUCCKONM TIOCTOSTHHOM CPEJIbl, HO U OT MPUPOJIbI XH-
MHUYECKOTO B3aUMOJCHCTBHUS PACTBOPEHHOTO BEIIECTBA C PACTBOPHTE-
nem. ConbpBaTaIys MPOUCXOIUT 332 CUET HOH-AUIOILHOTO B3aUMO/ICH-
CTBUA. BonpInyto poiib MpH 3TOM HUrpaeT oOpa3oBaHHE IOHOPHO-
aKIENITOPHBIX W BOJOPOJHBIX CBsi3er. Ocoboe 3HAUCHHE MMEET yda-
CTHE B MpOIECCe MPOTOHA. B CBsI3W € 3THM paznuyaroT IPOTOHHBIC 1
alPOTOHHBIC pacTBOpHUTEIU. K MEepBBIM OTHOCSTCS BOJAQ, CIHUPTHI, KO
BTOPBIM — O€H30J1, TOIYOJI, YETBIPEXXJIOPUCTHIN YIIIEPO/I.

B 3aBHCHMOCTH OT pacCTOSHHUSA, HA KOTOPOM ICHCTBYIOT CHJIBI,
pa3IuYaroT OJMKHIOK (MIEPBHYHYIO) M JAbHIOK (BTOPUYHYIO) COJIb-
BaTaIlMi0. bIVOKHSSA conMbBaTaAIlUs COCTOUT B 00Opa30BaHUHU COJBBATHO-
ro KOMILICKCa, B KOTOPOM MOJICKYJIbI PACTBOPUTENS MPOYHO CBS3aHBI
C MOHOM M IIEPEMEIIAIOTCA BMECTe ¢ HHMM (COJIbBaTHas 000JIOYKa).
JlaJbHSISL coNTbBAaTAIMs XapaKTePU3YeTCs SJICKTPOCTATHYSCKHM B3aHM-
MOJICCTBHEM O0pPa30BaBIIETOCS COJBLBATHOTO KOMIUIEKCA C MOJIEKY-
naMu pacTBoputeis. Takum oOpa3oM, MPOIECC COJbBATAIIMK IIPHBO-
TUT K N3MEHEHHIO CBOMCTB HE TOJIBKO MOHOB, HO 1 PACTBOPHTEIIS.

CocTaB COJIBBATHOIO KOMIUICKCA 3aBHCHT OT IIPHPOABI MOHA, OT
ero 3aps/a, KOHIICHTPAIMM pacTBOpa, NMPHPOABI pacTBOpHTENs (JIu-
DJIEKTPUYECKas MPOHUIIAEMOCTh) U XMMHYECKHUX CBOMCTB PacTBOPH-
Tes (CIIoCOOHOCTh OT/IaBaTh MM IPHHUMATh IPOTOH).
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5.1.4. Iluccoumanusa Boabl. NOHHOe npou3BeeHre BOAbI.
BoaopoaHbiii moKa3aTe b

Bonma sBasercs THUNWYHBIM MPUMEPOM CJIA0OTO JJIEKTPOIUTA.
YacTto ee paccMaTpuBarOT KakK BEIIECTBO, HE JAUCCOLMUPYIONIEE HaA
MOHBI, OJHAKO B JICUCTBUTEIBLHOCTH BOJAa B OYEHL MAJIOM CTEIICHH
JTACCOIUUPYET:

2H20 <> H30+ + OH".

+
Bonopoansie nonsl H™ 00pa3yioT B BOJI€ MOHBI THIPOKCOHMS
+ +
H30", HO a1t mpocTOTHI OyIeM TOBOPUTH O BOJIOPOIHOM MoHE H', uTo
HE OTPa3UTCs Ha BHIBOJAX:

H,0 <> H" + OH".

. _ + -
Jnsa storo mponecca: Ky, = ay aoy/azon. 1 pa30aBieHHBIX
PacTBOPOB WJIM JJIsl YACTOM BOJIbl aKTUBHOCTH MOTYT ObITh 3aMEHEHBI
KOHILICHTPAIASIMU:

KI[ = (CH+'COH-)/CBoua-

IIpu mucconumanuu BOAbI paBHOBECHUE OUYE€Hb CHIIBHO CMEIIECHO B
CTOPOHY HEIMCCOLIMMPOBAHHOM BOJIbI. TaK KaK CTEIEHb JAUCCOLAAIINU
BOJIbI MaJla, TO aKTUBHOCTD (MJIM KOHIIEHTPAIIHIO) MOYKHO CUMTATh I10-
CTOSIHHOM, TOr1a BhIpAXEHUE Ky a0, = ay Aoy HA3bIBACTCS] HOHHBIM
npousBeaeHueM Bobl (Ky):

Ky = a4 aoy .
Ipu 25° C nonHoe npoussenenne Boasl Ky = 1,008-10™,
ag = aoy = (K\/)ll2 =1,004-10"" r-non/n.
CrnemoBaTebHO, CTEIICHb TUCCOIUAIINH BOJIBI.
o =107 (1000-d)/18) = 18-107/1000-d = 107/55,5 = 1,8-10°°,

T. €. BEJIMYMHA HAYTOKHO MaJas.

KucnoTHble ¥ 1IET0YHBIE CBOMCTBA PACTBOPOB XAPAKTEPUYIOTCS
aKTUBHOCTSIMH aj U aoy COOTBETCTBEHHO. I1OCKOIBKY 3TH BEIMYHHBI
B3aMMOCBSI3aHBbI, TO JJII XaPAKTEPUCTUKHA KACIOTHOCTH U IIEJIOYHOCTH
pacTBOpa HCHOJIB3YETCSI AKTUBHOCTHh BOJIOPOAHBIX MOHOB. B KHCIIBIX
cpedax aKTUBHOCTh KATUOHOB BOJIOpO/a OOJIbIIIE, YEM B UUCTOU BOJIE,
B IIEJIOYHBIX — MEHbIIEe. OOBIYHO MOJB3YIOTCA HE CaMOUW BEITUYUHOMN
ay', a TaK HA3bIBAEMBIM BOJOPOAHKIM MoKa3aTenaeM. [1oHATHE 0 BOJO-
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poxHoMm noka3sarene BBegeHo C.-I1. 3epencenom (1909 r.), xoTOpHIit
M0J] BOJIOPOJAHBIM MOKAa3aTeJleM IMOHUMAal OTPUIATENIbHBIN JeCsITHY-
HBI  Jorapud™M MOJIIPHOM KOHIIEHTpAllUM HOHOB BOAOpOJA!
pH = -Ig[H"].

B Hacrosiiee BpeMst 6000poO0HbIM noKazamenem Ha3bIBACTCA Be-
JUYWHA, XapaKTEepU3ylolas aKTUBHOCTh BOJAOPOJHBIX MOHOB U YHC-
JIEHHO paBHAas OTPULIATEILHOMY JECATUYHOMY Jorapudmy 3Toi ak-
TUBHOCTHU:

pH=-lgaq" =-lgcy™ v4".

Jlns pa36aBiIeHHBIX PacTBOPOB Yy = 1, MO3TOMY s pacuera
pH Takux pacTBOPOB MOKHO TOJIb30BATHCS KOHIEHTPAIUSIMU:
pH = -lgcy;”. Hamo momuuth, uyto pH sBiserca morapuMHUYEcKOit
(dbyHKIMEW KOHIIEHTpAIlMM MOHOB BOJIOpoaa U u3MeHeHue pH Ha enu-
HUIY COOTBETCTBYET JIECATUKPATHOMY HM3MEHEHHIO KOHIICHTpAIlUU
MOHOB Bojiopona. B kucioii cpene pH < 7; pH = 7 (HeliTpayibHas cpe-
na); pH > 7 (menounas cpema). C yBenudeHueMm Ttemriepatypbl pH
YMEHBIIIAETCA.

Bonopoanslii mokaszaTenb u3MeHsieTcs B mpeaenax ot —1 go 19.
Bennuunael pH Hmwke Hyns (oTpumarelibHas BEIWYHMHA) M Bbime 14
BO3MOKHBI JIJIsl paCTBOPOB, 00JIe€ KOHIICHTPUPOBAHHBIX, YeM 1M pac-
TBOP CUJIBHOW KHUCJOTBHI U CWJIBHOTO OCHOBaHus. OjHako Haubosee
4acTo BcTpeuaromuecs: 3HaueHust pH nexart B nmpegenax ot 0 1o 14. B
HACTOSIIIEE BpEMs TPYIHO HAWUTH OTPaACb HAYKW WA MPOU3BO/JICTBA, B
KOTOPOH HE UCIOJb30BaIiCh Obl BenmunHbl pH. Bennunna pH xapak-
TEPU3YET MPOIIECCHI JKUZHEACATEIBHOCTH KUBOTHBIX U PACTCHUM, KU-
CJIOTHOCTH ITOYB. BemnunHoit pH moisib3yroTcs B TUAPOXUMUU U TUJI-
POJIOTHH.

5.1.5. bBy¢gepHble pacTBOpHI

Ha npakTuke HepelIKo BO3HUKAET HEOOXOUMOCTh UMETh PACTBOP
C YCTOMYHBBIM BOJAOPOJIHBIM ITOKA3aTENIEM, HE U3MEHSIOIIUMCS CUJIb-
HO OT T€X WJIH APYTUX BO3JICUCTBUHU.

bygepnwvie pacmeopvt — pacTBOphI ¢ YCTOMYHMBON KOHIICHTpAIIU-
€l BOJOPOJIHBIX MOHOB, T. €. C MOCTOAHHBIM 3HaueHueM pH, koropoe
MOYTH HE M3MEHSIETCS NPHU pa30aBICHUU U OYECHb MO HM3MEHSAETCS
npu J00aBJICHUM HEOOJBIIUX KOJUYECTB CUJIBHOW KHUCIOTHI WIH
CHUJIBHOTO OCHOBaHMUS.
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K O0ydepHbIM pacTBOpaM OTHOCSITCS:

1) pacTBOpPHBI, 00OpPa30BaHHBIC CIA0BIM OCHOBAHHUEM M COJIBIO STOTO
OCHOBaHUS C CWIbHOW kucioToil. Hampumep, ammuaunsiii Oydep:
NH;OH u NH,CI;

2) pacTBOpHI, 00pa3oBaHHBIC CIA00M KUCIOTOM U COJIBIO ATOM KH-
CIIOTBI C CHJIBHBIM OCHOBaHHMEM (IIpUMEp — areTaTHeid Oydep:
CH3;COOH u CH3;COONa).

Paccmotpum 11 mpuMepa pacTBOp, cCoAepKaliuil ciadyroo Ku-
CJIOTY U €€ COJIb.

HA - ciabas kuciora, HA <> H + A~
BA —ee conb, BA <> B+ A™:
Ky = ay -an [ aga, OTKYyZIA

+ —_—
ag = KH-aHA/aA .

[IpucyTcTBHE COJIM, KOTOpast AUCCOLMUPYET B CUIILHOM CTEIICHHU,
HACTOJIbKO YBEIIMYUBAET KOHIICHTPALMIO aHUOHOB (A”), YTO IHCCO-
IUAAIMs. CAMOM KHCJIOThI MOJABJISETCS MPAKTUYECKH MOYTH IOJIHO-
cthio (neiictByeT npasuio Jle-lllatenne). [TosToMy B BEIIIECTOSIIEM
BBIPAXKCHUHU AKTHUBHOCTh HEIUCCOIMUPOBAHHBIX MOJIEKYJ KHUCIIOTHI
MO>KHO 3aMEHHTH OOIIEeH KOHIICHTPAI[MEeH KUCIOThI B pacTBOpE:

+
ay = Ky [kucnora] / [cons].
JlorapudmMupyem n1aHHOE BBIpAKCHHE!
+
lgay” = IgKj; + Ig[xucnora] / [conb]
178105
+
—lgay = -IgKjy + g [comnp] / [kucnoTa],
+
rae pH = —lgay , pK = -I1gK;.
[Tonyuaem:
pH = pK + Ig[coas]/[xucaora].

N3 3TOro COOTHOMIEHHSI BUJAHO, YTO BOJOPOJIHBIN MOKA3aTENb 3a-
BHUCUT TJIaBHBIM 00pa30oM OT OTHOIIECHUS! KOHIIEHTpAllUi COJIU U KH-
cnotel. [lpu pazbaBiaeHUM 3TO OTHOIIEHHE HE M3MeHsiercs. Ilpu mo-
OaBJIEHUM HEOOJIBIINX KOJIUYECTB CUILHOM KUCIOTHI WM Ienoun pH
OydepHOro pacTBOpa MEHSETCS HE3HAUUTEIbHO. JTO CBS3aHO C TEM,
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410 700aBIICHHAS KUCJIOTA WU IIEJI0Yh PEarupyroT COOTBETCTBEHHO C
COJIbIO WJIM KUCIIOTOM Oy epHOl cMecH:

CH3COONa + HCI = CH3COOH + NaCl unu
NaOH + CH3;COOH = CH3;COONa + H,0.

CooTHOIIIEHHE MEXITY KOJTMYECTBOM KHCIOTHI U COJIM B PacTBOPE
U3MEHUTCA, HO 3TO MPUBOJUT K HE3HAUUTEIbHOMY M3MeHeHuto pH 1o
cpaBHEHHIO ¢ HeOy(epHBIM pacTBopoM. KoianyecTBeHHON Mepoit Oy-
(dbepHOro neicTBus ABisieTcs OypepHas eMKOCTb.

Bygepnaa emxocms onpenensieTcss KOJIMYECTBOM TI-AKBUBAJICH-
TOB CHUJILHON KHUCIIOTHI WJIW IEIO0YH, J0OABIICHHE KOTOPHIX K OJTHOMY
autpy OydepHoro pactBopa Bbi3biBaeT u3meHenue pH OydepHoro
pacTBOpa Ha €AMHUILY.

BbydepHbie pacTBOpHI UTPaAIOT BaXKHYIO POJIb BO MHOTHX TEXHOJIO-
rU4ecKux mnporeccax. OHM HUCIOIB3YIOTCS, HalpuMep, NMpU HaHece-
HUUW 3allUTHBIX MOKPBITUH, B MPOU3BOACTBE Kpacuresneu, poromare-
puanoB u koxu. Kpome Toro, OydepHbie pacTBOPhI MIUPOKO UCIIOIb-
3YIOTCSl B XUMHUYECKOM aHaJIM3e U Tl KaruOpoBku pH-MeTpoB.

Tab6muma 1

3nauenua pH 015 nekomopwvix 0uo102uueckux cucmem
u Opy2ux pacmeoes

Cucmema (pacmeop) pH
Kemynounsrii cox 1,6-1,8
ATIeIbCHHOBBIN COK 2,6-4.,4
CToIOBBI YKCYC 3,0
TomaTHBINA COK 43
Moua 4.8-75
Crmrona 6,35-6,85
Moioko 6,6-6,9
KpoBsb uenoBeka 7,35-7,45
Cressl 7,4
benox kypunoro siita 8,0
Mopckas Boga 8,0

MHorve OMOJIOTMYECKUE U JIPYTHE CUCTEMBI 3aBUCAT OT COJIEp-
KaIUXCs B HUX Oy(epHBIX pacTBOPOB, KOTOPbIE MOIACPKUBAIOT IO~
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crossHcTBO pH. HopManibHbie 3HaueHust pH 11t HEKOTOPBIX U3 TaKUX
cucteM ykazansl B Tabmnuie. Hanpumep, pH kpoBu B opranusme ue-
JOBEKa MOJAEPKUBAETCS B Tipeaeax oT 7,35 mo 7,45, HeCMOTps Ha TO
YTO COAEp)KaHWE HUOKCHAA yriiepoAa W, CJIEAOBATEIbHO, YTOJbHOM
KHUCJIOTHI B KPOBU MOKET BapbUpOBaTh B MUpPOKUX mpeaenax. Coaep-
Kaluics B KpoBu Oydep npeacrasisieT codboir cmech docdara, ru-
pokapOoHarta u O6enkoB. Hamuuue 6enkoBoro 0ydepa B cocTaBe cies
noaaepxkuBaeT ux pH npubnusurensHo paBHbiM 7,4. B OakTepuoso-
TUYECKUX HCCIENOBAHUIX JUISl MOJJIEpKaHusl ocTosiHCTBA pH Kyiib-
TYPHBIX CPE€Jl, UCTIOJIb3YEMBIX C 11€JIbIO BhIpAIIMBAHUS OAKTEPU, TOXKE
MPUXOJUTCS PUMEHATH OyPEepHBIE PACTBOPHI.

5.1.6. PacTBOpbI CUIbHBIX 3JIEKTPOJIUTOB

CuibHBIC BJIEKTPOJUTHI KAYECTBEHHO OTIMYAIOTCA OT CIa0bIX
JIEKTPOJIUTOB.

1. N3ydyeHue CBOWMCTB CWJIBHBIX 3JIEKTPOJMTOB IOKAa3ajio, 4YTO
CWJIbHBIC AJIEKTPOJIUTHI HE TOJBKO B pa30aBICHHBIX pacTBOpax, HO U B
pacTBOpax 3HAYMTEIbHON KOHIICHTPAIIUH MOJHOCTBIO JUCCOIUUPYIOT
Ha WOHBI, T. €. a=1 (mactymuposamu I1. [{e6aii, E. I'tokkens, I'. JIbto-
uc, 1923 r.). Ha 310 yKka3pIBaIoT: a) OTCYTCTBHUE B CIIEKTpax KOMOWHA-
[IMOHHOTO pacCesiHusl CBETa MOJIOC, OTBEUYAIOIINX HEAUCCOIMUPOBAH-
HBIM MOJICKYJIaM; 0) CTPOroe BBHITIOJHEHHE 3aKOHA TOCTOSHCTBA TETI-
JIOT HEUTPATU3ALIUH.

B CHIIBHBIX 3JIEKTpOJIMTAX, BCIICACTBUE TIOJTHOM TMCCOIMAIINH, YBE-
JIMYMUBAETCS YUCIIO YaCTHII B €IMHUIIC 00beMa U YMEHBIIIAETCS pacCTOsI-
HUE MEXIy MOHAMH. DTO MPUBOAUT K MPUTSHKEHUIO MPOTUBOIIOJIOKHO
3apsHKCHHBIX MOHOB. B pacTBOpax CHIIbHBIX 3JIEKTPOIMTOB KAKIbIA HOH
OKpY’eH cBoel nOHHOU aTMocdepoit. Hamnure nonusix atmocdep cka-
3bIBAETCSl HA PSI€ CBOMCTB CHJIBHBIX JJIEKTPOJUTOB. CHIKAETCS CKO-
pPOCTb ABMXKEHMSI HOHOB, YTO, B CBOIO OUYEPE]lb, IPUBOIAUT K MOHUKEHUIO
AJIEKTPOTIPOBOTHOCTH. B KOHIIEHTPUPOBAHHBIX PACTBOpPaxX CHUIIBHBIX
AJIEKTPOJIUTOB MEXKY 3apsSKEHHBIMA MOHAMU BO3HUKAET B3aUMOJCICT-
BHE HE TOJBKO AJIEKTPUUYCSCKOT0, HO M XMMHUYECKOro mopsiaka. Bemeact-
BHE 3TOr0 00pa3yrOTCs MOHHBIC acCONMaThl (IBOMHHMKH), KOTOPhIC UME-
10T OOIIyI0 CONbBaTHYIO (THAPATyI0) OOOJOYKY W TEPEABUTAIOTCS Kak
onHo uenoe. Ho accouuar He siBAsieTCs MOJEKyJIoW, mostomy o=1.
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HonHHble ABOMHUKM MOTYT acCOLIMMPOBATh CO CBOOOJHBIMU HOHAMH,
00pazyst 3apsHKEHHBIC aCCOIMATHI (TPOMHHKH).

2. B Teopun CUIBHBIX 3JEKTPOIH-

@ TOB YYUTBHIBAETCS B3aUMOJICHCTBUE Ka-

@ @ KJOr0 MOHA CO BCEMH OCTAJIbHBIMHU OK-
@ . @ PYXaIIAMU €r0 HOHAMHU OJHOTO H

@ napyroro 3Haka. OOpa3oBaHHE HOHHBIX

@ @ @ atMoc(ep U €CTh MPUHIUIIUAIIBHOE OT-
@ @ Iu4ue CUJIbHBIX AIEKTPOJIUTOB
@ @ (puc. 5.1).
Hounaa ammocghepa — 310 chepa,
B KOTOPOU KaXIbIM HOH IPEUMYIIECT-
BEHHO OKPY>XEH HOHaMH NPOTUBOIO-
JIOKHOTO 3HAKAa.

HNonusie atmocdepsl NEpeKpbIBa-
I0TCS, TaK YTO LIEHTPaIbHBIM MOH OJHOM MOHHOM aTMoc(dephbl BXOIUT
B COCTaB MOHHOM aTMOoC(ephl IPyroro HEHTPpAILHOI0 HOHA. B noHHOM
atMocdepe HeT (PUKCUPOBAHHBIX MMOJOKEHHN HOHA, KaK 3TO HMMEET
MECTO B MOHHBIX KPUCTAJIIaX, MO3TOMY MOHBI HENPEPHIBHO OOMEHU-
BAIOTCSI MECTaMU JIpyT ¢ ApyroM. [loHsitue noHHOM aTMoc(epbl HOCUT
CTAaTUCTUYECKUHN XapaAKTED.

CpaBaum Teopun Appenuyca u [debas — ['tokkens. DaeKTporpo-
BOJHOCTH PAaCTBOPOB JICKTPOJIUTOB OMNpEesieTcs IByMs (haKTOpaMH:;
1) KOHIICHTpallMEe HOHOB, 2) CKOPOCTBIO HMX ABWXKCHHA. M3 Teopuu
JIEKTPOXUMHUYCCKON aucconuanuu AppeHuyca (s ciaObIX dJIeK-
TPOJIMTOB) CJICIYET, YTO CKOPOCTh JIBHKCHHS HMOHOB SIBJISCTCS BEIIU-
YHHOW MOCTOSIHHOM, HE 3aBUcsAIIeH oT koHueHTpanuu (W=const). Ho
CTENEHb JUCCOIMAIIMA HE SBJSETCS MOCTOSHHOM BEJIMYUHOMU
(aCconst), oHa yMeEHbIIAeTCS ¢ POCTOM KOHIICHTPAITUH, YTO MPUBOIHT
K YMEHBIIICHHUIO 3IEKTPOonpoBoHOCTH. 1o Teopun Jlebas — ['tokkens
(st CHITBHBIX 3JICKTPOJIUTOB), CKOPOCTh 3aBHCHT OT KOHIICHTPAIMH
(W=const): ¢ pocToM KOHIIEHTPAIIMH YMEHBIIAETCS CKOPOCTh JBHKE-
HUSI MOHOB, YTO MPUBOAUT K YMEHBIICHUIO 3JICKTPOINPOBOJHOCTH.
[Tpu 5TOM CTENCHb TUCCOIMAIINN — ITOCTOSIHHAS BeanunHa (a=1).

PaccMoTpuM 3IE€KTPOIPOBOIHOCTD CUJIBHBIX 3JICKTPOIUTOB. M3-
MEHEHHE MOJABUKHOCTU MOHOB C KOHIEHTpale 00yCIOBICHO IBYMS

Puc. 5.1. Mooenw
UOHHOU amMmocghepbl
no /lebaro — ['oxkkento
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saddexramu (puc. 5.2): anexkrpodoperudeckuii (karohopeTHUSCKHA) U
pemakcarmoHHbIN (3G(HEKT aACUMMETPHH).

DnekTpodoperndeckuii 3pdexTt PenakcaumoHHbIH dpdexT

+ . + -

Puc. 5.2. Topmooicenue osudicenus paccmampugaemozo uoHa

B pacTBOpe Bce MOHBI IBMKYTCS XaOTHYHO (€CJIM HET TOKA), IpH
HAJIO)KEHUH BHEIIHETO 3JIEKTPUYECKOrO IO MOJy4YaeM Mpeumyllie-
CTBEHHOE HalpaBJieHUE ABWXEHHUA. BelnunHa mpeuMyIlIeCTBEHHOIO
JBIXKCHUS MOHOB K COOTBETCTBYIOIIEMY JIEKTPOJY HA3BIBACTCS CKO-
POCHBIO O8UIICEHUS UOHOE.

Inekmpoghopemuueckuii Igpghexm 3aKIOYACTCS B TOM, UTO TOJ
JENUCTBHUEM DJIEKTPUUYECKOTO MOJIsl HOHBI, COCTABJISIONINE HOHHYIO aTMO-
cdepy, caMu MepPEMENIAOTCS B MPOTUBOIOJIOXKHYIO CTOPOHY BMECTE C
COJIbBATUPYIOIIMMHA WX MOJIEKYyJaMU PAaCTBOPHUTENS], YTO CO3JAET JI0-
MOJIHUTEIILHOE TOPMOKEHHE MEPEBUKEHUIO PACCMATPUBAEMOIO OHA.

Penaxcauuonnutit 3¢hghekm — 310 HAPyIICHUE CUMMETPUN MOHHOM
atMocepsl TIpU ABMKEHUHM HMOHA. VMIOH 4aCTUYHO BBIXOAMUT U3 CBOETO
OKPYKEHHS, HO OHO BOCCO3JIa€TCSI B HOBOM IOJIOXKE€HMU HOHA. Cko-
POCTh, C KOTOPOM MIPOUCXOJUT BOCCTAHOBIIEHWE MOHHON aTMOC(ephl B
HOBOM MECTE, Ha3bIBACTCs 8pemenem penaxcauuu. Vlonnas atmocdepa
BOCCO3/Ia€TCSl HE MTHOBEHHO. ClieIoBaTeNbHO, MPU JIBXKCHUM HOHA
C3aJI1 HETO B KaXK/IbI JAHHBIA MOMEHT KOHIIEHTPALIUSI HOHOB, HECYIIIUX
MIPOTUBOIIOIOKHBIN 3apsi]l, HECKOJILKO BBIIIIE, UeM BIEpean Hero. Takas
aCUMMETPHSI HOHHOUM aTMoc(hephbl TOPMO3UT JIBHKEHHE HOHA.

Teopust CUIBHBIX JJEKTPOJIUTOB IO3BOJISIET KOJIUYECTBEHHO
ydecTb 3TU 3(PdekThl. PeanbHOCTh MOHHBIX aTMocdep Joka3zaHa 3(¢-
¢exkramu Buna u [le6as. Dddext Buna qokassiBaeT CylniecTBOBAHUE

136



anektpodoperndeckoro ddpdexra. Ecnm nmpuiiokuth K 3IEKTPOJIUTY
oonpmyro pasHocTs noreHimanos (~100 teic. B/cM), To snekTponpo-
BOJHOCTH ITOBBIIIACTCS, TaK KaK MPU OOJIBIITUX HAMPSHKEHUSX HA MOHBI
JICHUCTBYIOT CHJIBI, KOTOpPBIE JOCTATOYHBI JUIsI pa3pylIeHUS HOHHOU
aTMoc(epbl, IO3TOMY HOHBI JIBUKYTCS Kak Obl CBOOOTHO.

Dddekr Jlebas (moka3zaTeNbCTBO pellaKCallMOHHOTO 3¢ deKTa):
€CJIM HAJIOXKHUTh NIEPEMEHHOE I10JIe BBICOKOW YacTOTOM, TO BpeMs O/I-
HOTO KOJICOAHHSI CTAHOBUTCSI MEHBIIIE BPEMEHU pelaKcalii 1 HOHHAs
aTMocepa He ycleBaeT U3MEHHUTHCS TP KOJIeOaHUSIX HOHA, TTO3ITOMY
HE MPOMUCXOJUT HAPYIIEHHNE €€ CUMMETPUYHOCTH U TOPMOKEHHUE HO-
HOB TIaJ]aeT. DTO MPUBOIUT K YBEIUUYEHHUIO DJICKTPOIPOBOTHOCTH.

5.1.7. [loHsATHE 06 aKTUBHOCTSX M KO3 PunreHTax
AKTUBHOCTHU B TEOPHUHU CUJIbHBIX 3JIEKTPOJIUTOB

B pactBOpax HE3JIEKTPOIMTOB MEXIY MOJIEKYJIaMH B OCHOBHOM
NEUCTBYIOT cwiibl Ban-nep-Baanbca, KoTopbie Majibl U OBICTPO yObI-
BAIOT C YBEJIMUCHUEM PaCCTOSTHHUS (0OpaTHO MPOIMOPIUOHAIBHO IIIec-
TOW cTereHu). B pacTBopax 3JCKTPOJMTOB CHJIBI B3aUMOJICHCTBUS
yObIBatoT, 1Mo 3akoHy KyioHa, 0OpaTHO MpoONOpIMOHANIBHO KBaApaTy
paccrosHusi. [loaToMy OHM 00JIbIIIE U OTKJIOHEHUS OT UJICTBHBIX pac-
TBOPOB HAOIIOAOTCS MPU TOPa3/i0 MEHBIINX KOHLEHTPAIUAX, YeM
JUTsl pAaCTBOPOB HEAJIEKTPOIUTOB. TakuM 0o0pa3oM, B T€pMOAMHAMUYE-
CKMX YPAaBHEHUSX I PACTBOPOB SJICKTPOJUTOB YKE NPU MAIBIX
KOHICHTPAIUSIX HAJO MOJIb30BAaThCS HE KOHIIEHTPAUAMU, & AKTUBHO-
CTAMH. B pacTBOpe CHIBHOrO 3JIEKTPOJIMTA MOJIEKYJa MOJHOCTBIO
JTUCCOLIMUPYET Ha MOHBI, U TOBOPST 00 aKTUBHOCTSIX MOHOB.

DHEPreTU4eCKOe COCTOSIHME BELIECTBA B PACTBOPE CHIIBHOTO
DJICKTPOJIMTA OIMCHIBACTCS YpaBHEHHEM (IS pealibHOM CHCTEMBI):

= po + RTlna,

TI€ a; — CPEIHAS AKTUBHOCTh PACTBOPA DIIEKTPOJIUTA, Ay = Y4°C;

Ly — CTAaHIaPTHBIN XUMHUYCSCKUH MOTeHIMAN (1P aKTUBHOCTH a;=1).

AKTHUBHOCTH OTJMYAKOTCS OT KOHIEHTPAIMM TOJIBKO TEM, YTO B
HUX YUYUTBIBAIOTCA CUJIbl B3aUMOJIEUCTBUS, CYIIECTBYIOIIUE B PACTBO-
pax ¥ HE 3aBUCALIMAE OT IMPUPOIBI PACTBOPEHHBIX YACTHUI] U UX KOH-
ueHTpauu. [1oToMy akTUBHOCTH NPEICTABISAIOT KaK IPOU3BEICHUE
KOHIIEHTPALMX HAa HEKOTOPBIN NepeMEHHBIN (PaKkTOp, HA3bIBAEMBIN KO-
3 PUIIMEHTOM aKTUBHOCTH:
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ac = Yc'C; Am = Ym'M; ay = yn-N,

TZI€ Y. — MOJISIPHBIH, Ym — MOJISUIBHBIN, YN — PAllMOHAIBHBIA KOA(Pdu-
IIUEHTHl aKTUBHOCTH.

KoaddurmeHT akTUBHOCTH BKJIIOYAET B C€Os1 TTOMPABKY Ha CHJIbI
B3aUMOJICHCTBYSI. BBIYHCINTE aKTUBHOCTH OMNPEEIEHHOTO BHA HO-
HOB, a CIEOBATEIbHO, U €ro KOd(PPHUIIUEHT aKTUBHOCTH U3 OMBITHBIX
TaHHBIX HEBO3MOXKHO, T.K. YpaBHEHHUS, KOTOPbIE MOXHO OBLIO OBI HC-
M0JIH30BaTh ISl HAXOXKACHUS aKTUBHOCTEH, COAEPKAT HE aKTUBHOCTH
KaKOTO-JIM00 OJIHOTO BHJIa MOHOB, a IPOU3BEICHUE aKTUBHOCTEN BCEX
MOHOB JJAHHOTO dJIeKTpoiauTa. [103TOMY BBENM MOHATHE O CPEIHEH aK-
TUBHOCTH KaK CPeTHEM IreOMEeTPUYECKOM W3 aKTUBHOCTEH MOHOB, CO-
CTaBJISIOIINX JTAHHBIN AJIEKTPOJIUT.

JI71st prIeKTpoauTa, pacnagaromerocs Ha V4 MOJOKUTEIbHBIX U V_
OTPHUIIATEIILHBIX HOHOB, CPEJIHSISI aKTUBHOCTH OYJIeT paBHA:

a, = (a+v+ ) a_v—) l/v’

rpe v=vytv..

JUist Guuaproro snexrpomura (NaCl): a; = (a,-a.)"%

[lo anamorum st cpeaHero ko3¢ @uieHTa aKTUBHOCTHU:
ve = (" Y—V_)llv-

JUtst Guuaproro snexrpoiura (NaCl): y: = (v, v.)2.

[Ipu GeckoHEUHO OOJIBIIOM pa30aBICHUU CUJIBI B3aUMOACHCTBUS
MEXy YacTHIIaMH PaCTBOPEHHOT'O BEIIECTBA CTAHOBATCS OCCKOHEUHO
MajbIMU. B 3THX yCIOBHAX aKTUBHOCTh MOHOB COBIAJAET C KOHIIEH-
Tpaiuei, a KodPpUIMEHT aKTUBHOCTH PaBEH €IMHUIIC HE3aBUCHUMO OT
crocoba ero BbIpakeHHs. Tak Kak KOd(PQUIIMEHTHl aKTUBHOCTU Xa-
PaKTEpU3yIOT CHJIBI B3aUMOJICUCTBUS B YCIOBUSX PAaBHOBECHS, JIJIST X
pacyeTa cleayeT MoJIb30BaThCsl pe3yJIbTaTaMu U3MEPEHUM, POBEICH-
HBIX B PAacTBOpaX, HAXOJAIIUXCS B COCTOSIHUM PaBHOBECHS. DTOMY
YCJIOBUIO OTBEYAIOT JAHHBIE MO OMPEACIICHHIO BEIWYUH OCMOTHYE-
CKOTO JaBJICHUS, TEMIIEpaTyp KUIICHUS W 3aMep3aHus, JaBJICHUS Ha-
CBIIIICHHOTO Mapa u T. TI.

5.1.8. UoHHaA cuyia pacTBOPOB

N3ydeHue 3aBUCUMOCTH BEIWYUH KOA(D(PUIIMEHTa aKTUBHOCTH, a
TaK)K€ aKTMBHOCTEW OT cocTaBa pacTtBopa mpuseno I'. JIsrouca u ero
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COTPYAHUKOB K YCTAHOBJICHUIO PsAJla BaXKHBIX SMIIMPUUYECKUX 3aKOHO-
MEPHOCTEN U IIPABUIL:

1) B 00JacTH HHM3KUX KOHIIEHTpAIUH CpeaHue Kod3()(HIIMECHTHI
AKTUBHOCTH DJICKTPOJIUTA OIPEACISAIOTCS BaJCHTHOCTHIO 00pasyro-
IIIUXCS MOHOB M HE 3aBUCAT OT JIPYIMX CBOWCTB (Hampumep, B 3THX
ycIoBusX cpeanue koaddumentsl akTuHOcTH KBr, NaNO;z; u HCI
OJIMHAKOBEI);

2) cpeanue Kod(D(PHIIMEHTh aKTMBHOCTH JJI1 OYCHb pa30aBJICH-
HBIX PacTBOPOB 3aBUCAT OT OOIEH KOHIICHTPAIIMU BCEX MPHUCYTCT-
BYIOIIIUX 3JIEKTPOJIUTOB U OT MX BAJCHTHOCTEH, HO HE OT XUMHYECKOMN
IPUPOIBI DIIEKTPOIUTOB.

B cBs3u ¢ atum I'. JIptonc u I1. Penndiun BBENU NOHATHE UOHHOU
cunvt» pacmeopog (J), KoTopas ompeseNIeTcs Kak MmoJaycyMma Impo-
V3BEJACHUN KOHICHTPALMK HOHOB Ha KBaJpaT 3aps/I0B:

J=1/2-3¢z°

bblI0  yCTAHOBJIEHO Takke, 4YTO B pa30aBJICHHBIX pPacTBOpax
CUJIBHBIX JJIEKTPOJIUTOB Jiorapudm cpeaHero kodp@uiiueHra akTUB-
HOCTH BJICKTPOJIUTA JUHEUHO 3aBUCHUT OT KBAJIPATHOTO KOPHS U3 UOH-
HOW CHUJIBI:

lgy, =-hJ 2.

DTO ypaBHEHHUE BBIPAXKACT NPAGUIO UOHHOU CUIbL. CPETHUIN KO-
3G (PUIMEHT aKTUBHOCTH JIOOBIX AJEKTPOJIMTOB B PaCTBOpaX C OJUHA-
KOBOM HMOHHOW CHWJIOH OJuHAKOB (CIpaBeAJIMBO JJIsi pa30aBICHHBIX
pactBopos 1ipu J = 0,02+0,05).

DJIeKTpocTaTUUeCKasi TeOpUs pa30aBICHHBIX PACTBOPOB CUIIBLHBIX
aleKTpoauTOB, pa3putas I1. [ledbaem u E. ['tokkeneM, mo3posisiiaa T€O-
PETUYECKU BBIYUCIUTH CpeAHUN KOA()PUIIMEHT aKTUBHOCTH, MOJISP-
HYIO 3JICKTPOIIPOBOIHOCTh CUJIBHBIX 3JIEKTPOJIMTOB, a TAKXKE TEOPETH-
4eCK1 000CHOBATH MPABUIIO MOHHOM CUJIbl. [Ipu 3TOM OBUI clienan psif
MPEANOJIOKEHUHM, CIIPABEIJIMBBIX ISl IPEAEIbHO pa30aBICHHBIX pac-
TBOPOB:

1) eAMHCTBEHHON MPUYHMHOM, BBI3BIBAIOIICH OTKIIOHCHHE CBOMCTB
pacTBOpa 3JIEKTPOIUTA OT HACATBHOIO PAacTBOPA, ABJISIOTCS BJIEKTPO-
CTaTUYECKUE B3aUMOJICMCTBUSA MEXK]y HOHAMHU;

2) pa3Mep MOHOB HE YYHUTBIBAJICSH, T. €. PACCMATPUBAIHM HMX KaK
0e3pa3MepHbIe TOYCUYHBIE 3apsIbl;
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3) 2JIEeKTPOCTAaTHUECKOE B3aMMOJICHCTBHE MEXKIy HOHAMH pac-
CMaTPUBAJIOCh KaK B3aMMOJICUCTBUE MEXKY MOHAMU U MOHHOU aTMO-
chepot.

JI71s1 cusibHO pa30aBIICHHBIX PACTBOPOB AJICKTPOIUTOB:

lgy, =—A-z,-2,J 12,

rae A — KOHCTaHTa, OIpeneisieMas TEMIIEPATYpOu W IAUBJICKTpUYe-
CKOM MTPOHUIIAEMOCTBIO CPEJIbl; Z1, Z, — 3apsAJibl HOHOB.

Jlst pazbaBiaeHHoro BogHoro pactBopa €=/8,3 u A=0,509. D10
ypaBHEHHE IPUMEHUMO K CHJIbHO pa30aBjICHHBIM pacTBOpaM (HE BBI-
e 0,01-0,05M) 371eKTpOJINTOB M HAa3bIBACTCS HPEOeabHbIM 3AKOHOM
Jeoasa u I'iokkena. 1lpu BIBOJIE 3TOr0 yPaBHEHHSI BMECTO PEATBHOTO
[EHTPAJIBLHOTO MOHA PACCMATPUBAJICA TOUCHYHBIN 3apsi/l.

Ecnm ydectp pasmep HEHTPAJIbHOTO MOHA, TO IMOJYYUTCs Ooliee
TOYHOE ypaBHeHHUE (BbiBeaeHO JleOaeM m I'FOKKeIeM U CIpaBeJIMBO
1 koHneHrpanuid ¢=0,1+0,5M):

lgy, = —(A-z1-2, 3 ¥)I(1 + aB J ¥?),

r]Ic a — cpeAHuil 3P GEKTHUBHBIN TUaMETp HOHOB, HAXOIUTCS U3 OIIBITA;
B — teopetnueckuii  koddpuiiueHT (B:O,33-108 — JUIA BOJIHBIX
pacTtBopoB 1pu 25°C).
Jlns Gojee KOHIIEHTPHPOBAHHBIX PACTBOPOB HCIIOJB3YIOT ypaB-
HEHUE:.

lgy, = —[(A-z1-2, I ¥¥)/(1+aB J )] + ¢J,

rae ¢ — KodpOUIMEeHT, onpeaeaseMblid SKCIIEPUMEHTAIbHO, YUYUThIBA-
€T MOJIAPU3ALNIO JUMOJBHBIX MOJEKYJ PACTBOPUTENS W THUIPATHBIC
000JI0YKH UOHOB.

5.1.9. CKopoCTh ABUKEHUSI HOHOB

B oTCyTCTBHE BHEUIIHETO JIEKTPUUECKOTO MOJISI HOHBI B pACTBOPE
KOJICOIOTCSA WJIM JABUXKYTCS MOCTyNaTEIbHO OECHOPSIA0YHO, T. K. BCE
HanpasJICHUs NIepEeMELECHUs] PaBHOBEPOATHBI. [Ipu HanokeHnu BHEII-
HEro MoJisi OECHOPSAI0YHOCTh 3TOr0 JABMKEHUSI B OCHOBHOM COXpaHs-
€TCs, HO OJHO W3 HANpPaBJICHUWA CTAHOBUTCS IMPEUMYIIECTBEHHBIM —
3TO JBUKEHHUE K COOTBETCTBYIOLIEMY JIEKTPOIY.
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BennunHa NpeMMyIISCTBEHHOIO IBMKCHHUS HMOHA K COOTBETCT-
BYIOIIIEMY 3JICKTPOAY INPH HAJIOXKCHHM BHEIIHErO TOJIS Ha3bIBACTCS
ckopocmbio osudicernus uonoe W [cm/c].

CKOpOCTh JBMIKCHUS MOHOB 3aBHCHT OT HANPSIKCHHOCTH DJICK-
TPUYECKOTO IOJIsA, T. €. OT I'PaJUeHTa MMOTCHIIMAIa, KOTOPHIN ompee-
nsercst otHomenueM (E/l), tnme E — pa3HOCTh MOTEHIMATIOB MEXITY
anekTponamu [B], | — paccrosuue mexxay Humu (cMm). B cTanmapTHBIX
YCIIOBHUSIX IPAIUCHT MOTeHIMAaIa paBeH 1 Bl/cwm.

CKOpOCTH JBWKCHHSI MIOHOB, OTHECEHHBIC K CIMHMIIC TPaJHCHTa
MOTEHIIMAA, HA3BIBAIOTCSA AOCOIIOMHBIMU CKOPOCMAMU O6UINCEHUS
uonoe. O6o3navarotr ux W, u W_. PazaMepHoCTbh abOCOJIFOTHOM CKOPO-
et — em/c : Blem = [em?/B-c].

AOCOIIOTHBIE CKOPOCTH JIBMKCHMS HEBEIUKH U KOJEOIIOTCS B
unteppaie 0,0004--0,0008 cM?/B-c. VCKITIOUEHHEe COCTABJISAIOT a6co-
JIOTHBIE CKOPOCTH JBMIKEHHS HOHOB BOJopoaa (THIPOKCOHHMS) U TH/I-
pokcuita (Ha IOPSIOK BEIIIIE):

Wy =0,00362 cM*/B-c; Woy = 0,00205 cm?/B-c.

5.1.10. Yucsia nepeHoca

[lepeHOCUMKaMK TOKAa B pacTBOPaX AJIEKTPOJIUTOB CITy>KAT HOHHBI,
HO TaK Kak aOCOJFOTHAsi CKOPOCTh JIBWKCHHSI aHHOHOB M KaTHOHOB B
JTAaHHOM PacTBOPE HEOJWHAKOBA, TO OOJBIIYIO JOJTI0 TOKA BCET/a Iie-
peHocsT 0oJiee ObICTPhIC HOHBI.

Yucna nepenoca mokas3pIBAIOT, KaKas JIOJS DJICKTPUYECTBA TIepe-
HOCUTCSI MOHaMH JaHHOTO Buja. OOo3HayeHwue: U, — YuCiIo mepeHoca
KaTuoHa, {_ — yuciio mepeHoca aHnoHa. OHM OMPENEISIIOTCS COOTHO-
IIICHACM:

t, = W/(W, + W), L=W_J/(W, +W.), npu stom t, + t_ = 1.

Paznuune B CKOpPOCTSAX JIBUKEHUSI KATHOHOB M AHMOHOB ITPHUBO-
AT K TOMY, YTO OHHM MEPEHOCAT Pa3Hble KOJIMYECTBA DJICKTPUUECTBA,
HO ATO HE BJICYET 3a COOOM HapYyIIECHUS 3JICKTPOHEUTPAILHOCTH pac-
TBOpPA, 4 JIMIIb W3MEHSAECT KOHUECHTPAIMIO A3JICKTPOJIUTA y KAaToda W
aHoja. Yucia niepeHoca OnpeAessioTcs MO0 M3MEHEHUIO KOHIIEHTpa-
LM BJICKTPOJINTA B KATOJHOM WU aHOJHOM IPOCTPAHCTBAX:

t+ - CaHOZl/(CaH. + CKaT.)! t— = CKaT./(CaH. + CKaT.)'
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5.1.11. /1eKTpPONPOBOAHOCTb PACTBOPOB 3JIEKTPOJIUTOB

Anexmponposoonocmuio (L) Ha3pIBaIOT CLIOCOOHOCTH PACTBOPOB
AJIEKTPOJIUTOB MPOBOJUTH JICKTPUUYECKUN TOK IO ACHCTBUEM BHEIII-
HEro AJIEKTPUYECKOr0 MOJs. DJIEKTPOMPOBOJHOCTh €CTh BEIWYHMHA,
oOpaTHas AJIEKTPUIECKOMY COMPOTUBIICHUIO:

L=1/R[Om" = CM].

EnuHuIel 351eKTponpoBoIHOCTH sABJsieTcs cuMeHe (CM).

JIiist onpeiesieHnst 3JSKTPOITPOBOAHOCTH MOKET HCIOJB30BaTHCS
KOHJIYKTOMETpHUYECKas sYciika — CTeKJITHHBIA cocy 0€3 JIHA C IBYMs
9JIEKTPOJIaMU HM3BECTHOW IuTomiamu (S), MPOYHO YKPEIUICHHBIMH Ha
(GukcupoBaHHOM paccTosHuM Apyr otT apyra (l). DaexTpoabl BBIIOI-
HEHBI U3 IUIATUHOBOU YEpHHU. AYerKy NOrpyKaroT B paCTBOP AJIEKTPO-
nuta. CONpoTHUBIICHUE KOHAYKTOMETPHUYSCKON TUYCHKU N3MEPSIOT MPH
IIOMOIIY CIICIIMAJILHOTO YCTPOMCTBA — MOCTHKAa YHUTCTOHA (puc. 5.3).
CKOJB3SIIHMA KOHTAKT IMEPEMEIIACTCS 10 MPOBOJIOYHOMY COTPOTHB-
JICHUIO JI0 TeX IOp, MOKa ocuuuiorpad He 3aperucTpupyeT MHHH-
MaJIbHBIA CHTHAJI. B 3TOM IOJIOKEHUU KOHTaKTa (To4ka X) COIPOTHB-
JICHUE SYeWKU orpenensercs cooTHomenueM: R; =BX - Rp/AX, rae
R, — conporuBieHue peocrara.

Vv / \ HUCTOYHUK IICPEMCHHOIO TOKa

N

A X B

ocruiorpad

N

R %

j! peocTar

KOHTyKTOMETpHYECKast
sTYerKa

Puc. 5.3. Mocmux Yumcmona

142



[Tocne TOro Kak HaMJACHO CONMPOTHUBIICHUE SYEHKHA, MOXKHO BbI-
YUCJIMTh 3JCKTPOIPOBOIHOCTE pacTBopa. OtHomenue (I/S) nmpencras-
JsieT coO0M MOCTOSIHHYIO BEJIUYMHY, XapaKTePHYIO ISl TaHHOW suei-
ku. OHa HA3bIBACTCS MMOCTOSHHOM, MJIM KOHCTAHTOH, siueiiku (cocyaa).
[Moctostauas cocyna (K) siBiasieTcst oueHb Ba)KHOM XapaKTEPUCTHUKOM
sueliku. OHa 3aBUCUT OT IUIOIIAJM 3JIEKTPOIOB, PACCTOSHUS MEXIY
HUMH, OT (OpMBI cocyla M oObeMa pacTBOpa, MPOBOISIIECTO TOK.
BcenenctBue Toro, 4To B MEPEHOCE JICKTPUIECTBA YIACTBYET 3aMETHO
OonpIIMK 00BbEM pPACTBOpPA, YE€M TOT, KOTOPBIM 3aKIIOYEH MEXITY
AIEKTPOJIaMH, YPOBEHB JKUJKOCTH, KOTOpPasl 3JIMBAETCA B COCY IS
U3MEPEHUS DJICKTPONPOBOAHOCTH, JOJDKEH MPEBBIMIATh Kpall AJICK-
TPOJIOB MPUMEPHO Ha J[Ba PACCTOSHUS MEXY JIEKTPOJIAMHU.

[TocTostHHYIO COCyZla HAXOAT DKCIIEPUMEHTAIBHO TI0 AJIEKTpUYe-
CKOM MPOBOJMMOCTH CTaHAAPTHBIX PACTBOPOB C XOPOIIIO U3BECTHBIMHU
3HAYCHUSMH YJICIbHOM 3JIEKTPONPOBOIHOCTH () B IIUPOKOH 00JIaCTH
TeMIIepaTyp U KoHreHTparui. OOBIYHO B KaUeCTBE CTaHAPTHBIX pac-
TBOPOB MCIOJIB3YIOT BOJHBIE PacTBOPHI XJlopuaa kanus. J{ms onpene-
JIEHUsI KOHCTAHTHI cocyna u3mepstor conporusieHue 0,02 M pactso-
pa KCI. Y aenbnas snexkrponpoBogHocts KCI mpuBeaeHa B Tadmure 2.

Tabauma 2

Yoenvnan anekmponposoonocms 0,02 M pacmeopa KCI
npu PazniuyHbLIX Menepamypax

0 7 Temnepamypa, ya
Temnepamypa, C Coreni™ 0c Coneni
0 0,001521 20 0,002606
10 0,001994 25 0,002765
14 0,003193 30 0,003036
18 0,002397 35 0,003320

5.1.11.1. Yoenvnaa snexmponpogoonocms

Paznuyaror yAenbHYI0 U MOJISIPHYRO JJIEKTPOIPOBOJHOCTH. Y AENb-
Hasl 3JIEKTPONPOBOJHOCTD SIBJIACTCS BEIUYMHOM, OOpaTHOU YJIEITbHOMY

COIIPOTHUBIICHUIO, H 0003HaYaeTcs cUMBOJIOM 7 (karma). Takum oOpa-
30M, ¥, =1/p, e p — yAeIbHOE CONPOTHUBICHUE (M3MEPSACTCS B ¢IMHHU-
ax Om-Mm).
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Ecmm R=p-l/S, rae R - conporuBnenue npoBogauka (Om);
| — mHa npoBoxHuKa (M), S — ILIOMA MOIEPEYHOro cedeHust (M),
To p= R-S/I.

Orkyma y = I/S R, pasmeprocts [Om 'M™1] mu6o [Om oM.
BMeCTO 9TOr0 MOTYT HCIIONB30BaThest [CMM ] 1160 [Cu - oM.

Yoenvnou nexmponpoeoonocmvro nazvigearom 3IneKmponpo-
800HOCMb CHMOJIOUKA pacmeopa Inekmponuma oaunoi 1 cm u no-
nepeunvim ceuenuem 1 cm”.

Ecin otnomenue 1/S 0603maunts K [cM™] — mocrosiHHAs cocya,
KOTOpas XapaKTepHU3yeT TeOMETPHUIO JICKTPO/a, TO:

v = K/R.

DIIEKTPONPOBOAHOCTh PACTBOPOB 3JIEKTPOJIMTOB 3aBUCHUT OT CKO-
POCTH JIBU>KEHUS MOHOB, TEMIIEPATYPHI U KOHIIEHTPALIMU NOHOB.

A. 3aBHCHMOCTD Y1€JIbHOM JIEKTPONPOBOAHOCTH
OT CKOPOCTH JABUKEHHUS] HOHOB M TeMIIePaTypbl

ITyCcTh 3MEKTPUUECKUN TOK MPOXOIUT YEPE3 PACTBOP JIEKTPOIIH-
Ta, TOMEIICHHBIH B CTCKISHHYIO TPyOy C IOINEPEYHBIM CEUCHHUEM
1 e, MIPU PACCTOSIHUU MEXY SJIEKTpoJUTaMu 1 CM M pa3HOCTH TO-
TeH1uaiaoB E BOJIBT.

O6o3naunm uepe3 W_ u W, abCONIOTHBIE CKOPOCTH JIBUKEHHUS
KaTHOHOB ¥ aHMOHOB, a Yepe3 C — KOHIIEHTPAIMIO pacTBOpa JIEKTPO-
auTa [Monb/n]. Eciii cTeneHp AMCCONMAuy 3JISKTPOJINTA paBHA O, TO
KOHIICHTPALMS KaTHOHOB M aHHOHOB paBHa a.-¢/1000 [moms/cm’].

[loncunTaeM KOJIMYECTBO AJIEKTPUYECTBA, KOTOPOE MEPEHOCUTCS
Yepe3 HonepeyHoe ceueHne Tpyoku 3a 1 cexyray. Uepes ceuenne 1 cm?
KaTHOHOB 3a 310 Bpems rnpoiaer W,-o-c-E/1000 Moib 1 oHM epeHecyT
W.,-a-c-E-F/1000 xynonoB anekrpryectBa (1 MOJIb TIEPEHOCUT KOJIHIE-
CTBO 3JICKTpuYecTBa, paBHoe umciy PDapazaes, F =96500 Ki/moin).
Annonsl B oOparHoM Hampariieaun repenecyt W_-a-c-E-F/1000 xyio-
HOB JJICKTPHYECTRA.

Cuna Toka |, T. €. 00111€€ KOJIMYECTBO DJICKTPUUECTBA, MPOXOIs-
miee depes HaHHOE morepednoe cedenne (1 cm®) pactBopa B 1 cekyH-
1y, paBHa CyMME KOJIMYECTB AJICKTPUIECTBA, IEPEHOCHMOTO HOHAMU B
000MX HaNpaBJICHUIX:

| = (W, + W_)c-o.-E-F/1000.
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3akoH OMa, B pacyeTe Ha €UHUILY TUIOIIAX MOIEPEYHOTO ceue-
Hus1, MokHO 3amucath. | = E/p = x-E. Torna:

% = c-a. F (W, + W_)/1000. (1)

YenbHas 3JEKTPONPOBOAHOCTH ITPOIIOPLUHMOHATIBHA KOHIEHTpA-
AU PACTBOPA, CKOPOCTHU JBUAKECHUS MOHOB U IEPEHOCUMOMY KaXbIM
VOHOM 3apsify.

[Tpu NOBBIIICHUH TeMIIEpaTyphl Ha OJMH TPAIYC ¥, BO3pACTET HA 2—
2,5 %, 3a cyeT MOHIKEHUS BSI3KOCTH PACTBOPA M YMEHBIIICHUS CTETICHH
TUJpaTai HOHOB (TTOBBIICHUSI CKOPOCTH JBYDKEHHS HOHOB). [1pu mo-
BBIIIICHUH JIABJICHUS YI€JIbHAS 3JICKTPOIPOBOJHOCTH MTOHUXKAETCH.

b. 3aBucuUMOCTD yeJbHON JIEKTPONPOBOAHOCTH
0T KOHIEHTPALUHU JJICKTPOJIUTA

B pa3baBiieHHBIX pacTBOpax
CaObIX W CWIBHBIX D3JIEKTPOJIH-
TOB yJielbHAas 3JICKTPOIPOBO/I-
HOCTh C yBEJIWYEHHWEM KOHIICH-
TpalMyu pacTeT, HO MPHU HEKOTO-
pOM JIOCTAaTOYHO BBICOKOM KOH-

CH3;COOH OEHTpaUHU JOCTHUIAaCT MaKCUMY-
——— Ma ¥ 3areM magaer. Ha puc. 5.4
C  mpuBeacHBI THIHYHBIC MPUMEPHI
Puc. 5.4. Hsmenenue ydenonoii ATOM 3aBUCUMOCTHU. JEKTpHUYE-
SeKmpPOnpPoGoOHOCIL CKas MPOBOJMMOCTb  CJ1abO0TO
INIEKMPOIUMOE C KOHYEHMpayuell snexrpornuta (CH3;COOH) s3Ha-
YUTEIHPHO HUXKE COOTBETCTBYIO-

e BemmauHbl 11 pactBopoB H,SO, mmm KOH.

Bo3pactanue 3J1eKTpUUecKod MPOBOAUMOCTH C POCTOM KOHIICH-
Tpaluy B PacTBOPaX MPOMCXOIUT BCICACTBUEC YBEIUUCHHUS YUCIIA HO-
HOB. OJIHaKO B KOHIICHTPUPOBAHHBIX PACTBOPAX BO3HUKAIOT U JAPYTHE
3¢ PEKTHI, IPUBOISAIINE K YMEHBIICHHUIO AJICKTPOTIPOBOTHOCTH.

B KOHIIEHTPHUPOBAHHBIX PACTBOPaX CHUIIBHBIX 3JICKTPOIUTOB (0=1)
ypaBHenue (1) mpuaumaer sua: y = k'-c(W, + W), rne ¥’ = aF/1000.
C pocTOoM KOHIIGHTpAIIMU BO3PACTAIOT CHJIBI MEKHOHHOTO B3aHWMO-
JEHUCTBHS, BCIICIICTBHE YEro IMPOMCXOIUT OOpa30BaHHE MEKHOHHBIX
acCOITMaTOB, WJIM MOHHBIX TAP, YTO MPUBOJUT K CHUKEHHIO CKOPOCTH

H,SO,

KOH
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newkenns noHo (W, u W_) u, cienoBaTelIbHO, YMEHBIIICHHIO 3JICK-
TPUYECKOU POBOJIUMOCTH.

Tak xak s cnadsix snexkrponautoB W, + W_ = const, To ypaBHe-
aue (1) mpunumaer Bux: y = k'’ca, rae k' = F(W, + W_)/1000. B
KOHIICHTPUPOBAHHBIX PACTBOpAX YJENIbHAsA AJIEKTPONPOBOIHOCTh Ma-
JaeT, TaK KaK yMCHBIIASTCS CTEICHb Juccoruanuu (deM Oouiblie
KOHIICHTPAIIHS, TEM HIDKE ).

5.1.11.2. Monapuas 3nekmponpoeooHocmb

MomsipHas 3JIeKTpOIPOBOAHOCTD SABISETCS Oojiee ya0O0HOM Beu-
YUHOM, TaK KaK OHAa OTHOCHUTCS K OOBEMYy pacTBOpa, COJepXKaiiemMy
1 MoJIb BelllecTBa.

Monapuou nekmponposoonocmoio (\) Ha3bpIBaeTCS 3JIEKTPO-
IIPOBOJIHOCTH PacTBOpa, cojaeprKkaiiero 1 Moiab pacCTBOPEHHOTO Bellle-
CTBa M HAXOJAIIETOCS MEXKAY ABYMS MapalIeIbHBIMHU DJICKTPOIAMHU,
paccTostHue MEXTy KOTOphIMH 1 cMm.

YaenpHas U MOJISIpHAsS JICKTPOIPOBOJHOCTH B3aUMOCBSI3aHBI CO-
OTHOIIICHUEM

A= X/C =%,
IJle ¢ — KOHICHTPALWS PACTBOPA, BHIPOXKCHHAS B MOJB/IM’; @ — pas-
BeJicHUE, 00bEeM pacTBOpa B MUJUIHIIMTPaX, coaepkamui 1 Moib Be-
IIeCTBA.
Tak kak pa3sMEpHOCTb YACIBHON AJIEKTPONPOBOIHOCTH (Y) —
[OMeMm™Y], To pasmepHOCTH

A MOJIIPHOM  DIIEKTPOIIPOBOIHO-
cru (L) — [OM *-cm?/monb].

CUITbHBIE MouJisipHast ~ 3JIEKTPOITPO-

CKTPOITMTEL BOAHOCTh KakK JJs1 CHIIBHBIX,

TaKk U JJIs1 CIa0BIX AJIEKTPOJIHU-
TOB BO3PACTACT C YBEIMUCHUEM

ciadble
SeKTPOMHTH pa3BeJicHHs, T. €. C YMCHBIIIC-
HHUCM KOHLOCHTpPALUH, U JOCTH-
0) ract HCKOTOPOro OoIpcaciiCH-
Horo 3HaueHus (puc. 5.5).
Puc. 5.5. Usmenenue sxeusanenmmnoui ITO OOBICHIETCS TEM, YTO
2N1EKMPONPOEOOHOCIU y CIA0BIX DJIEKTPOJIUTOB 10 Me-

¢ pazbasnenuem pacmeopa
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pe pa30aBJICHUs pacTeT CTCIECHb JTUCCOIUAIMH (OL), T. €. YBEIMUHUBACTCS
YHCI0 WOHOB; y CHJIBHBIX 3JICKTPOJIMTOB YBEIUYHMBACTCS PACCTOSHHE
MEXTy MOHAMH, OCTAOJISIOTCS CHIIBI B3aMMHOTO TIPUTSIKCHHUS MEXKTY
HUMH U, CJIC0OBATEIIHHO, YBEITUUNBAIOTCS CKOPOCTH JIBU)KCHUS HOHOB,
Pa3Benenue, mpu KOTOPOM JTOCTUTAETCS MaKCHMAJIbHOE 3HAYCHHE
MOJIIPHOHM 3JIEKTPONPOBOJHOCTH, YCJIOBHO HA3BIBACTCS MOJISPHOU
3JIEKTPOIIPOBOTHOCTHIO IIPH OECKOHEYHOM pa3BeACHHUH (A,).

5.1.12. [ToagBUXKHOCTb HOHOB. 3aKOH KoJsibpaymia

Panee ObUIO MOKa3aHO, YTO YJEIbHAS 3JIEKTPONPOBOAHOCTh BbI-
PakaeTcsl COOTHOIICHUEM

% = F-c-ou(W,, + W_)/1000.

Benuuunbl A+ U A _ Ha3bIBAIOTCS MOABUXKHOCTSIMH HOHOB, WU
MOHHBIMHU 3JIEKTPONPOBOAHOCTAMU. [I0ABMKHOCTH MOHOB paBHa aod-
COJIFOTHOM CKOPOCTH JIBMJKEHHSI MOHA, YMHOXEHHOM Ha umucio Dapa-
nes: A =W -FuA_=W_F. Torna:

¥ = C-a (A++A _)/1000.
MousipHasi 3JIeKTPONPOBOJHOCTh PACCUUTHIBAETCS 1O hopMyJie:
A = [c-a (A++A_) /1000]-1000/c = a(As+A ).

OTHeceM 3Ty 3aBHCHMOCTh K OCGCKOHEYHOMY pa3BeacHHIO (Mpu
aToM o=1). Ilomyunm MaTeMaTHYEeCKOE BBIpaKCHHE 3akoHa Koiib-
payma (3aKOH HE3aBHCHMOCTH JIBMDKCHHS HOHOB B pa30aBlICHHBIX
pacTBopax):

Ao = (M)ao + (Ao

Monapnas 31eKmponpoeooOHocmb NPU 0eCKOHEYHOM PA36e0eHUN
PAasHa cymme noo0GUICHOCHEN UOHO8 NPU DECKOHEYHOM PA36E0CHU.

Benuuuna A, Jyis1 JAHHOTO AJIEKTPOJIUTA 3aBUCUT OT MIPUPOIBI pac-
TBOpUTENSA. OIHAKO MPU MEPEXOJE OT OJHOTO PACTBOPUTEIIS K APYTOMY
COXPAHSETCA MOCTOSIHHBIM MPOU3BEIECHUE. Ao = CONSt, T1ie 1o — Bs3-
KOCTb pacTBOpuUTENs. DTO npaBuiio Bansaena — [TucapkeBckoro.

[Io 3TOMy COOTHOIIEHHIO MOKHO HAWTH MOABH>KHOCTH MHOTHX
MOHOB B HEBOJHBIX cpenax. [IpaBuio nmpumMeHnMo B TEX Ciaydasx, KO-
rja Opu Nepexoae OT OJJHOTO paCTBOPUTENS K IPYroMy HE U3MEHSET-
Cs1 XapaKTep COJIbBATAIIUH UOHOB.

147



5.1.13. BeluMC/IEHHEe CTeNI€eHU AUCCOUaAluH
U KOHCTAHThI AU CCOLMALMU Yepes 3JIEKTPONPOBOAHOCTb.
KoadPpuueHT 3/71eKTPONPOBOAHOCTH

Paccmotpum crialblie ¥ CHITBHBIC SJIEKTPOJIUTHI.
1. CnaGble 3JIeKTPOJIUTHI.

MossipHasi 3JIEKTPOIIPOBOIHOCTD MPHU OMPECICHHOM pa3Bejie-
auu (V):

v = ay(re + Ay . (1)
MossipHast 3JIEKTPOITPOBOIHOCTD JJIs OECKOHEYHOTO Pa3BEICHUS:
Moo = Oloo[ (M) + ()] - (2)

Pazgenum (1) na (2):
Ml Ao = ay(Ms + A v T Ol (M) + (A D))
B c1a0bIX 37EKTPOINTAX CTEINEHb OUCCOIHAIMU MPU OCCKOHCY-

HOM pa3BEJICHUU O, = 1, @ HOHBI ABMXKYTCSI C MMOCTOSIHHON CKOPOCTHIO
HE3aBUCHMO OT UX KOHIEHTPAIUH, TOATOMY

(A + AV = (M) + (A )
Otkyna:
Oy = 7\.\//7\.00 .

Cmenensv Oouccoyuauuu €CTb OTHOLICHHE MOJISIPHOW 3JIEKTPO-
MPOBOJIHOCTHU TPHU JJAHHOM Pa3BEACHUU K MOJIAPHOM 3JIEKTPOIPOBO/I-
HOCTH MpU OECKOHEYHOM Pa3BE/ICHUHU.

3akoH pa3BeneHuss OcTBasibia JjIsi OMHAPHOTO JICKTPOJIUTA:

Ky = o-c/(1-o),
TaK Kak oy = A/ ,
10 K = M/*C/[Ae (1 = A/ Aor)], 1t
- 2
Ki = M0/ eo(heo — M)
[TosryueHHOE BBIpAXKEHHUE 3aKOHA Pa3BEICHUS OcTBasibia gaetr
BO3MOJKHOCTb CBA34aTb KOHCTAHTY AHUCCOLNHALIMH C 3JICKTPOIIPOBOJIHO-

CTBIO.
2. CWIIbHBIE JIEKTPOIIUTHI.

}\‘V/}\foo = OLV(7\4+ + K—)V / OLoo[OW)oo + (7\' —)00]-
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Tak Kak 1151 CUIIbHBIX AJIEKTPOIUTOB Oy = 1 1 o, = 1, TO
f;\‘ = Kvﬂ\,w = (7\,4. + K—)V/ (7»4. + 7L_)oo,

rie T, — ko duIHeHT 371eKTPONIPOBOIHOCTH, XapaKTEPU3YET CTCIICHb
MEXHOHHOTO B3aUMO/ICHCTBUSI.

Koyppuuuenmom rnexkmponposoonocmu 1ias CUIbHBIX DJIEK-
TPOJUTOB HA3bIBACTCSI OTHOILICHUE MOJIIPHOM D3JIEKTPONPOBOIHOCTH
IIpU TAaHHOM Pa3BEACHUU K MOJISIPHOW 3JIEKTPOIPOBOIHOCTU TIpH Oec-
KOHEYHOM pPa3BEIACHUMU.

[Ipn naHHOM pa3BECHUU CyMMa IMOJIBHUKHOCTE MOHOB MEHBIIIE,
4eM Mpu OECKOHEYHOM Pa3BEICHUH, TaK KaK B MOCIEIHEM ClIydac HET
HMOHHBIX aTMocdep, T. e. <1,

5.1.14. KoHaAyKTOMETpHA.
KoHayKTOMeTpHUYeCKoe TUTPOBAHUE

Konoykmomempusn — MeTOJi onpeelieHus pa3InyHbIX (HU3HKO-
XUMHYECKUX BEJIMYMH, OCHOBAHHBIM HA M3MEPEHHUH SIJIEKTPOIPOBOA-
HOCTH.

1. MeToa KOHAYKTOMETPUM IO3BOJISIET OINPEACIUTh PaCTBOPHU-
MOCTbh MAJIOPACTBOPUMBIX COJIEH:

v =c-o (A + 1) /1000.

Tak kak pacTBOPUMOCTbH Majia, TO PaCTBOpP OUYE€Hb pa30aBICHHBIH,
no3ToMy a=1, CKOpOCTh IBUKEHUSI HOHOB TIpEIeJIbHAS:

Ae A= (M) + (M) = A
Torma y = ¢-A,/1000, oTkyna
¢ = %-1000/\,,

A€ A, — MOJSIPHASL 3JIEKTPONPOBOAHOCTH JJIsi OECKOHEYHO pa30aB-
JICHHBIX PacTBOPOB (MpHBEICHA B CITPAaBOYHHUKAX);

¥ — YAEIbHAs 3JIEKTPOIPOBOIHOCTD JICKTPOIUTA.

Ha npaxTtuke a1 onpeaeneHus paCTBOPUMOCTH TPYJIHO PaCTBOPHU-
MBIX COJIEM B BOJE, CHayajga U3MEPSAIOT SJIEKTPOIPOBOJHOCTbh YUCTOU
BOJbI, a 3aT€M BJIEKTPOIPOBOJAHOCTh HACHIIIEHHOIO PACTBOpPA COJIU.
[Iycth yzaenbHas 31€KTPONPOBOAHOCTh BOJABI PABHA Ypomas & YACIbHASA
AJIEKTPOIIPOBOJIHOCTh HACHIIIEHHOTO pacTBopa BemiectBa AB paBHa
Y pactsop- CIIET0BATENBHO, DJIEKTPOIIPOBOIHOCTE BenlecTBa AB Oyer:
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XAB — XpaCTBop — Asoxa-

2. HanlOounpliee npakTUYECKOe 3HAYCHUE UMEET KOHIYKTOMETPHU-
YEeCKOe TUTPOBAHKE, TO3BOJIIOIICE OMPECIUTh KOHIIEHTPAIMIO Be-
IIECTBA B PACTBOPE IMMyTEM MU3MEPECHHS JIEKTPOIPOBOTHOCTH TIPH TUT-
poBaHuU. MeTo1 0COOEHHO YI00€H MPHU aHATU3€ MYTHBIX UM CUIIBHO
OKpalIeHHBIX PACTBOPOB, KOTJa HEJIb3s MCIIOJH30BaTh OOBIUYHBIC HH-
JTUKATOPBI. DTOT METOJI JJaeT 00Jiee BHICOKYIO TOUHOCTb.

A. TurpoBaHue CHJIbHON KUCJI0ThI CUJIbHOU LIEJ0YbI0
(puc. 5.6)

Hammmem peakuuo B
HOHHOM BHJIE:
H*+ClI'+Na"+ OH —
— Na" + CI + H,0
DJIEKTPONPOBOJHOCTh 3a-
BHUCHT OT KOHIIEHTpAIlUU HO-
HOB M moaBmxHOCTH (B 00-
: miem ciydae). Jlo mpubasiie-
! HUS IIEJI0YH JIEKTPOIPOBO/I-
g HOCTh OIpeesiach IoA-
lEin V neok, M BIKHOCTBIO HoHOB H™ m CI™.
JIo TOUKH SKBHBAJICHTHOCTH
(T.D.) npomcxoauT 3aMeHa
noaBwkHOro mona H' Ha wme-
Hee TOMBMKHBIA woH Na’
(371K TPOIIPOBOIHOCTD MAJAET 33 CUST YMEHBIIICHHMS ITOABUKHOCTH). B
MOMEHT ITOJTHOM HEHTpalHM3aluk B PACTBOPE OCTAIOTCS TOJIBKO MOHBI
Na" u CI".

[Tocme TOYKM SKBUBAJICHTHOCTH HAYMHACTCS IMOIBEM DJICKTPO-
IIPOBOJIHOCTH, TaK KaK B pacTBOpe OyJeT HapacTaTh KOHIICHTPAIIHS
wonoB Na* u OH™. OxnHako BO3pacTaHue OyaeT OoJiee MOJOTUM, TaK
KaK TOABMKHOCTh noHa OH™ moutm B 2 paza MeHbIIE MOABMKHOCTH
HMOHA BOJOpO/a.

Puc. 5.6. Kpusas xonoykxmomempuueckoeo
MUMpPOBAHUSL CULLHOU KUCTIOMbL
CUTTbHBIM OCHOBAHUEM
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b. TurpoBanue ¢jaa00l KUCJIOTHI CHJILHON 11104950
(puc. 5.7)

CH3COOH + NaOH —»
x — CH3COONa + H,0

Ecium kucnora cnabas,
TO DJIEKTPONPOBOAHOCTH HC-
XOJTHOTO pacTBOpa Maja, TaK
kak noHoB H* maio. ITo Mepe
n00aBJIeHHs PacTBOpa CUJIb-
HOTO OCHOBAaHHS DJIEKTPO-
VNaoH, M1 IIPOBOJIHOCTH YBCJIMYMBACTCS

U3-3a HAKOIIJICHUS MOHOB CO-
Puc. 3.7. Kpueas konoykmomempuuecko20 g, Tak KakK COJIb JUCCOIMU-

MUmpoearnus ciaboi KUciomol pyer monHoCThIO.  Ilocie
CUTTbHBIM OCHOGARUEM JTOCTHKECHHSI TOYKU SKBUBA-
JCHTHOCTH DJIEKTPOMIPOBO/I-
+
HOCTh PacTET 3a CUET YBEIMUYCHHUS KOHICHTpanuy noHOB Na~ ¥ MOHOB
OH™ ¢ BBICOKOH ITOABHUKHOCTBIO.

T.9.

B. TurpoBaHue cMecH KMCJIOT

I[Ipu TUTpOBaHUMU CMecHU

% CWIBHOM # cmaboll  KHUCIOT
CUJIbHBIM OCHOBaHHMEM B TMeEp-

BYIO OU€pe/lb OTTUTPOBBIBAETCS

CWJIbHASI KHUCJIOTA, TAK KaK JIHC-

colranusa ciaabo KUCIIOTHI I10-

JaBJICHA TPUCYTCTBUEM CHJIb-

, Hou. Ilpu panmpHenmiem npu-
OaBIICHUU IIIEJI0YU IPOUCXOIUT
¢ TUTPOBAHUE CIA00N KHUCIOTHI.
.

o
T.9.4 T.3. Vneow, Mn  KpuBast TutpoBanus (puc. 5.8)
MMEeT JiBa M3JI0Ma, COOTBETCT-
Puc. 5.8. Kpusas BYIOIIME JIBYM TOYKam DKBHUBa-

KOHOmeOMempMLl€CK020 mumpoearusl JIEHTHOCTH. HepBaﬂ [MOKa3bIBaET
cMecu CUNbHOLL U CIADO0L KUCIom O6'BCM IIEJI0UH, HOHICI[HICﬁ Ha
TUTPOBAHUC CHHBHOﬁ KHCJIOTHI,
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a BTOpas JaeT oOIMi O00BEeM IEJI0YH, U3PACX0JOBaHHBIA HA THUTPO-
BaHUE 00EUX KHUCIIOT.

Crnenyer y4yuThIBaTh, YTO B XOJ€ TUTPOBAHUS HCXOJIHBIA 00bEM
JOJDKEH OCTaBaThCs MPAKTUYECKH MOCTOSHHBIM. [l momyueHust mpsi-
MBIX JHHUNA HEOOXOJMMO, 4TOObI 00BbEM MPUOABIIIEMOTO0 TUTPAHTA B
HKBUBAJICHTHOM TOUYKE HE MpeBbIal 2 % OT aHAIM3UPYEMOro 00beMa.
OT10 nocturaercs pazdoaBieHUeM UCXOAHOTO pactBopa B 15-20 pas, nu-
00 KOHIIEHTpAaLMsi TUTPAHTA JOJDKHA OBITh Ha MOPSIIOK BBIIIE KOHIICH-
TpalMU aHAJTM3UPYEMOTO PacTBOPA.

IIpumepui pewreHus1 3ada4

3aoaua 1. YnenwvHas snextponpoBogHocts 0,1 M pactBopa yk-
cycHOi kucmotel paHa 4,79-107° Cwm/m. Paccumraiite MOISPHYIO
AJIEKTPOIIPOBOTHOCTH PACTBOPA, KOHCTAHTY JAMCCOLUAINUA KUCIOTHI U
pH pactBopa, eciu npenensasie nogsmxHocTd HY 1 CH3COO™ paBHEI
349,8 Cm-cm?/Moitb 1 40,9 CM-cM*/MOJIb COOTBETCTBEHHO.

Pemenwue. OnpenensieM MOJIPHYIO 3JIESKTPOINPOBOJIHOCTD
pacTBopa.

v 4,79-107°

"1 ¢ 101 =4,79-10* Cm-M*/MOJB.

PaccunteiBaem CTENeHb JUCCOUMALNN KaK OTHOILIEHUE MOJISPHOM
3JIEKTPOIPOBOJHOCTH K MOJISIPHOM 3JIEKTPOIPOBOJHOCTH IpHU OECKO-
HEYHOM pPa3BEJICHUH

A 0_ 10 0
o T 50 AT =R +}\'CH3COO_ =
= (349,8+40,9) -10™* = 390,7-10"* Cm-M*/MO1IB;
4,79-107*
o= —=0,0123.
390,710

OnpenensieM KOHCTaHTY JAHWCCOLMAIMU IO 3akoHy OcTBanbplaa u
paccuuTbhiBaeM PH pactBopa:

a’C _0,0123%.0,1

= = = . -5
l1-a 1-0,0123 15210
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[H] = -C =0,0123.0,1 = 1,23°10°° mos/r;
pH = —Ig[H"] = -Ig 1,23107* = 2,91.

3aoaua 2. Vicnonb3ys mepBoe mpuOmmkeHue teopuu Jlebas —
['tokkenst, paccuuTaite KOI(POUIIMEHTH AaKTHUBHOCTH HOHOB Fe3+,
NO;3™ u cpenauit monHsii ko3¢ punmeHt akrupHoctd B 0,001 M pac-
tBOope Fe(NOs); pu 25°C.

P e m1 e H u e. 3anuieM ypaBHEHHE Mpolecca TUCCOIUALNU:

Fe(NO3); — Fe** + 3NO; .

Halinem koHIIEHTpaliiu HOHOB B PACTBOPE:

C(Fe*") = C(Fe(NO3)3) = 0,001 mous/,

C(NO3") = 3-C(Fe(NOs)3) = 3-0,001 = 0,003 moub/m.

HNonnas cuna pacrsopa:

= ¥.0Z =2 (C(Fe™) -3 + C(NO3)-T°) -

:%(0,001-32 +0,003-1%) = 0,006,

ITo ypaBuenuto Jlebas — I'rokkens:

lgy =-AZ,Z,\1;

lg y(Fe>*) = -0,509-3°,/0,006 = —0,35; y(Fe>*) = 0,44;

lg y(NO5") = -0,509-1%,/0,006 = —0,039; y(NO3") = 0,91
lg v+ =-0,509-3-1,/0,006 =-0,12; v, = 0,76.

3adayu

1. Paccuurtaiite yaelIbHYI 3JIEKTPONPOBOJHOCTh a0COIIOTHO
gucToil Boasl mpu 25°C. MonHoe npoussenenue Bogpsl npu 25°C pas-
Ho 1,00-107

2. MousipHasi 3JIeKTPONPOBOAHOCTh OECKOHEYHO pa30aBICHHBIX
pactBopoB NaBr, NaNO; u AgNO; nipu 25°C paBHa COOTBETCTBEHHO
126,0, 121,5 n 133,3 Cm-Mm?/Mois. Kakosa MOJIIpHAsi JEKTPOIPOBO/I-
HOCTh OECKOHEUHO pa3daBieHHOro pactBopa AgBr mpu 25°C?

3. Yaenwnasa snexrponpoBoaHocts 0,05 M pactBopa azotuctoi
kuciotel ipu 25°C pasna 0,175 Cm/m. PaccuunTaiite MONSIpHYIO dJICK-
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TPONPOBOJHOCTh PACTBOPA, KOHCTAHTY JIMCCOLMAIMKU KUCIOTH U PH
pacTBopa.

4, KoHCTaHTa AMCCOITMAIIMU XJIOPYKCYCHOM KHCIOTHI mpu 25°C
paBHa 1,36-107°. Paccunraiite KOHIIEHTPALHIO KUCIIOTHI, IPA KOTOPOH
cTeneHb aucconuanuu pasHa 0,05, 1 MOJISIpHYIO 3JIEKTPONIPOBOAHOCTH
pacTBOpa IpH TOU KOHIICHTPAIUH.

5. MosisipHas 3JeKTpONpPOBOAHOCTh BOAHOTO PacTBOpa CUIBLHOTO
snextpouta mpu 25°C pasHa 143,1 CM-cM/MOIIb IIPH KOHIICHTPALUH
5.10° mons/m u 138,2 Cwm-cMm/Moib IpU  KOHIICHTPAIlUH 1,5-107
MoJie/n. KakoBa MoJIsspHas 3J€KTPONPOBOAHOCTh pacTBOpa mpu Oec-
KOHEYHOM pa30aBICHUN?

6. Paccuuraiite uncno neperoca H' B pactBope HNO; ¢ koHmeH-
Tpauuen 2.10™ mons/n. KakoBo 6ymer umcio mepeHoca H', ecim
stomy pactBopy nob6aButh NaNO; no konnentparuu 1,0 Moas/n?

7. Paccunraiite cxopocts napmwkeHns noHa K’ B pas6aBieHHOM
BOJIHOM pactBope npu 25°C, ecim paszHocTh noreHiuanos 50 B npu-
JIO’)KE€HA K DJIEKTPOJaM, HaXOAIIMMCS Ha PacCTOSHUU 2 CM APYT OT
pyra.

8. PaccuunTaiiTe akTUBHOCTH DJICKTPOJIUTA & U CPEAHIOI MOHHYIO
aKTUBHOCTBH a. B pactBope, conepxkamieM 2 mMois/kr Ca(NOs),, mpu
25°C, ecnu . = 0,347,

9. PaccuuraiiTe HOHHYIO CHJIy pacTBOpa, COJEpIKaIlero
0,20 moabs/xr NaCl u 0,10 mons/xr BaCl..

10. Mcnonb3ys nepBoe npubnuxenue teopun Jledas — ['tokkens,
paccuuTaite K03(Q(PUIMEHTHI aKTUBHOCTH HOHOB Al**, NOs u cpen-
HUW uoHHBIM Kod(pdunuent axtuBHoctH B 0,001 M pactBOpe
Al(NO3); mpu 25°C.

Tecmoeauvlie 3adaHusA

Buvioepume ooun npasunvnolit omeem

1. B xakoM MHTEpBaJIe MOXKET U3MEHSTLCS BOJAOPOJHBIN MOKa3a-
TENb?

A. pH =0+14. b. pH = 0+109.

B. pH = -1+14. I'. pH =-1+19.
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2. CTeneHb qUCCOLMAlUU JIJIs PACTBOPOB CJIA0BIX 3JIEKTPOJIUTOB:
A. YMEHbBIIAETCA 0 MEPE YMEHBIICHUS KOHIICHTPAIUH.
b.a=1

B. YBennuuBaercs 1o Mepe yMEHbIIECHUS KOHLIEHTPALIU Y.

I'. o = const.

3. 3aBUCUMOCTD YICIBHOHN AJIEKTPOTPOBOIHOCTH () OT TeMIiepa-
TYPBI:

A. Tlpy IOBBIIIEHUN TEMIIEPATYPHI Y, YMEHBIIACTCS.

b. IIpu noBeIlIEHNN TEMIIEPATYPhl HA OJMH TPAyC ¥ YBEJIUUHUBa-
ercs Ha 2+2,5%.

B. [Ipu moHM»XeHUN TEMIIEPATYPHI ¥ YBEIUIUBACTCH.

I'. [Ipu noBbIlIEHUH TEMIIEPATypPbl HA OJIUH TPAIYyC Y, YBEJIUYMBA-
eTcs B 2 pasa.

4. EnMHULIBI K3MEPEHUS DJIEKTPOIPOBOIHOCTH:
A. Owm. B.Om ‘oM™
B. Cumenc (Cwm). I. OM "cM*MOIb .

5. 3aBUCUMOCTh YJEIbHOW 3JEKTPOIPOBOJIHOCTH OT KOHIIEHTpa-
105178

A. YBeIM4UUBAETCS C POCTOM KOHLIEHTPALIUH.

b. YBenmnuuBaercss ¢ poCTOM KOHIEHTPAILMHU, TOCTUTAET MAKCH-
MaJIBHOTO 3HAYEHHSI, 4 3a4TEM YMEHbBIIACTCS.

B. YMeHbmaercs ¢ poCTOM KOHLIEHTPALUH.

I'. YBenuunBaeTcsi ¢ pocTOM KOHIIEHTPALMH, TOCTUTAET MAKCH-
MAJIBHOTO 3HAYEHUS U 3aTEM HE U3MECHSCTCH.

Buioepume Hecko1bK0 RPABUILHBIX OMEEM 08
1. 3akoH pa3BeneHus OcTBaIbA:

A.K,=[AT][B*]/[BA] b. K, = co’/ (1-o0).
B. K, = ¢’a / (1-a). . K, = A A (A o — Ay).

2. MaTtemaTruyeckoe BhIpaKEHHUE IS YIAEIbHON 3JIEKTPOIPOBOI-
HOCTHU:

A.y =R S/l b. y =1/p.
B.x=I/RS. I'. ¢y =1/R.
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3. Y nenbHas 3J€KTPOMPOBOTHOCTh 3aBUCHUT
A. OT CKOpPOCTH NBUKEHUST HOHOB.

B. Ot naBnenwus.

B. Ot TemMnieparypsl.

I'. OT KOHIIEHTpaLMK AJICKTPOJIUTA.

4. JIns pacTBOPOB CHIIBHBIX 3JIEKTPOJIMTOB XapAKTEPHO!
A.a=1 b.a=1. B. W = const.
I' a<l1. . W= const.

5. Bogopoublii nokasatenb 0yQepHbIX pacCTBOPOB:

A. 3meHnseTcs npu pa30oaBiIeHUU.

b. Ouenb Mano U3MEHSETCSA MpU 100aBICHUU HEOOJIBIIUX KOIH-
YECTB CUJIbHOM KUCJIOTBI WJIM CUJIIBHOT'O OCHOBAHUSI.

B. He usmensiercst ipu pa3z0aBiieHUH.

I'. U3mensercs npu 100aBiIeHUU HEOOJIBIINX KOJIUYECTB CUIILHOM
KHUCJIOTBI WJIA CUJIBHOTO OCHOBAHUH.

Yemanoeume coomeemcmeue
|. DnexTponpoBOAHOCTS: Ennnuie1 usMepeHus:
-1
1. YaenwvHas A.Om™.
4 -1
2. MonsapHas b.Om™ cMm .
B. Cwm.
A4 2 -1
I'.Om “-cM™MoO1B .

I1. PacTBOpBI 2JIEKTPOJIUTOB:
1. CunbHBIE SJIEKTPOJIUTHI

2. Cria0pble 3JIEKTPOIUTHI

I11. 3akoHsr:
1. 3axon Konbpayiia

2. 3akoH Kynona

CreneHb qUCCOIMAIINN
A. o> 1.

b. o = const.
B.oa=1.
I'. o # const.

MaremMaTHueckoe BI)Ipa)KCHI/IC:
A. K, =ca’/ (1-o).
B.F=q.q,/r’ <.

B. 1 =1/23c 7"

I 2= (M) + (A _ ).
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V. PacTBOpBI 3JI€KTPOIUTOB:
1. CunbHbBIE ANEKTPOTUTHI
2. Cna0Obie 2JIEKTPOJIUTHI

V. KOHIyKTOMETpHUYECKOE TUTPO-
BaHME KUCJIOT MIEI0YBIO!

1. Cnabas kuciora

2. CunpHas KMCIIOTa

A.
X
V WMaOH, M
B.
X
T.9.
VNaoH, MN

XapaKkTepPUCTUKU:
A. o # const.
b.a=1.

B. W = const.

I'. W = const.

Kpusbie TurpoBanus (0OBICHUTE):

b.
XL
°
T.3. V NaoH, MNT
I.
XL
¢ ®
T.9.4 Taz ViaoH, MN

Bonpocwl 045 cobecedo8aHus

1. [IpoBOJTHUKHU PTIEKTPOHHBIE, MOHHBIE U CMEIIIaHHBIE.

2. OCHOBHBIC TOJIOKEHUS TEOPHUH DJICKTPOTUTHYECKON JHCCO-
unanuu Appennyca. CTeneHpb JUCCOIUAIUH.

3. [IprunHBI U MEXaHU3M DJICKTPOJIUTUYECKOUN TUCCOIUAIIIH.
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4. TepMmoguHaMHuuecKas, YCJIOBHAasT KOHCTaHTBHI JUCCOILMALINU
c1a00ro 3JIEKTpoInTa. 3aKOH pa3BeneHust OCTBaIbA.

5. OCHOBBI TeOpUM CWIBHBIX 3JeKTponuToB Jlebas u ['tokkens.
Karadopernueckoe u pesiakcalluOHHOE TOPMOKEHHUE.

6. [TonsiTe 00 aKTUBHOCTAX DJICKTPOJIUTOB U MOHOB, KO uIin-
€HTaX aKTUBHOCTH. MIOHHas cuia pacTBOPOB.

/. Bogoponubiii nmokazatenb. bydepHble pacTBopsl U OydepHas
€MKOCTb.

8. AOCOIIOTHBIE CKOPOCTH JABUXKEHHS UOHOB. Yncia nepeHoca.

9. VenbHas JIeKTPONPOBOIHOCTh. 3aBUCUMOCTh YIECIbHOM 3JIEKT-
PONPOBOAHOCTA OT KOHIIEHTPAIMH, MOJIBMX)KHOCTH MOHOB M TEMIIEpa-
TYPHI.

10. MonsipHast 3IE€KTPONPOBOJHOCTh U 3aBUCUMOCTH €€ OT KOH-
IIEHTPaIIUH.

11. IToxBuxHOCTH HOHOB. 3aKoH Konbpayia.

12. BeruncieHne CTENEHH AUCCOIMAIMU W KOHCTAHTHI JIUCCOIIHMA-
UM Yepe3 AIIEKTPOIIPOBOAHOCTb. Ko3(ppuiineHT 31eKTponpoBOJHOCTH.

13. Konaykrometpusi. KoHIyKTOMETpUUECKOE TUTPOBAHUE KHU-
CJIOT U UX CMECH.

5.2. InekmpodHbie npoyeccol
U 3/1eKmpodesudcyujue cu/ibl

DNEKTPOHBIC MPOIECCHl COCTOST W3 ABYX TPYIMI IPOIECCOB,
TECHO CBSI3aHHBIX OPYT ¢ Apyrom: 1) mporecchl BOSHHMKHOBCHHS pa3-
HOCTH TIOTEHIMAJIOB MEXAY JJEKTPOJaMH H, CIEI0BaTEIbHO, dJIeK-
TPUYECKOTO TOKAa B PE3yjbTaTe MPOTEKAHWUS XUMHUYECKUX PEaKIIui;
2) oOpaTHbIE UM COBEPIIAIOIINECS IPU DICKTPOJIN3E XUMHUUYECKUE
MPOIIECCHI, KOTOPHIC BBI3BIBAIOTCSA IPOMYCKAHHUEM JJICKTPUUECKOTO
TOKa Yepe3 pacTBOP JICKTPOJIUTA UK PacCIljiaB.

Ba)kHOCTB 371€KTPOTHBIX MIPOIIECCOB:

1. DneKTpoaHBIC MPOIIECCHI — UCTOUYHUK AJIEKTPHUUECKOTO TOKa, pas-
paboTKa MpoOJIEMbl TOIUIUBHOTO AJIeMeHTa (3JIEKTPOMOOMIIb: XHUMHYE-
CKasi SHEPrusl HEITOCPEACTBEHHO IIPEBPAIIIAETCS B DJIEKTPUUECKYIO).

2. Ilpm wm3ydeHUH HTUX MPOIECCOB MOXKHO CO3/1aTh YCIOBHS,
MPaKTUYCCKU OTBEUYAOIINE COCTOSHHUIO PAaBHOBECHS, M HA dTOH OCHO-
BE€ OIPEICIIUTh OCHOBHBIC TEPMOJIMHAMUYCCKHAE (PyHKITUU:

158



AG’; = —zFE°,

: . 0
rae Z— 3apsaa woHa; F— uucno ®apanes; E° — crangapthHas OJIC
rajJbBaHUYECKOTO 3JIEMEHTA.

AS’; = zF-dEY/dT,
AH%; = AG%; + T-AS%;.

3. N3ydeHne saeKTPOXUMUYECKUX TMPOIIECCOB MO3BOJSET HA OC-
HOBe u3MepeHus OJIC BBISICHUTH MPUYUHBI KOPPO3UU METAIIIOB U
HaWTH crocoObl ee ycrpaneHud. Jlo 15 % wmeramwna, noObiBaemoro
€XEHEBHO, TEPSIETCS 3a CUET KOPPO3HUH.

5.2.1.TajibBaHUYEeCKHUH 3JIEMEHT

I'anveanuueckum 3nemenmom Ha3piBaeTCs J1I000E YCTPOHCTBO, B
KOTOPOM DJHEPIrus XHMHUYCCKON peakiMM HEIOCPEICTBEHHO IpeBpa-
IIaeTCS B DJCKTPUYECKYIO. B KaKIOM TrajlbBaHUYECKOM DJIEMEHTE
IPOTEKAET OKUCIUTEILHO-BOCCTAHOBUTEIbHAS peakiys. [Ipu aToM Ha
OTPHUIIATELHOM 3JIEKTPOJIEC MPOUCXOIUT IMPOIECC OKUCICHHS, a Ha
IIOJIO)KMTEIILHOM — BOCCTAHOBJICHHE. OmMpuuameibHblmM CUATACTCS
3JIEKTPOJ, TOCHUIAIOIINI DJICKTPOHBI BO BHEIIHIOI IICIb; HOI0MCU-
meibHblM — IPUHUMAIOIIMN 3JIEKTPOHBI U3 BHEITHEH LIETIH.

Kaxxaplii ranbBaHUYECKUH DJIEMEHT COCTOMT W3 JIBYX MOJIy3Jie-
MEHTOB, COJAEPIKAIIUX COOTBETCTBYIOIIUN 3JICKTPOA. DJIECMEHT Ha3bl-
BACTCS HPAGUILHO PA3OMKHYMBbIM, CCIIH Ha KOHIAX (II0JI0Cax) HAX0-
JUTCS OJIMH U TOT K€ METAJUNIMYCCKUM MPoBOIHUK (00bruHO CU).

Anexkmpoosusicywieir cunou (I/C) Ha3pIBacTCS Pa3HOCTH TI0-
TEHIIMAJIOB Ha IMOJI0Cax MPaBHIBHO Pa3oOMKHYTOro siaementa. DJIC
raJlbBaHMYECKOr0 JJIEMEHTAa PAacCMATPUBACTCI KaK CyMMa CKauKOB
NOTEHI[HAa Ha BCEX I'PaHMIaX paszaeia ¢a3 paBHOBECHOM DJICKTPO-
XUMHUYECKON CHCTEMBI. JIJIs1 raJbBaHUYCCKUX BJICMEHTOB XapaKTep-
HbI TPY OCHOBHBIX CKayka IOTeHIHaNa (pa3HOCTH IOTCHIIMAJIOB): Ha
IpaHUIle pa3jeia «METaJlll — PacTBOP», «PacTBOP — PACTBOP», «Me-
Tajl — METAJLII».

PaccMOoTpriM B KadecTBE IIpUMEpa T'allbBAHHMUYECKOrO JJIEMEHTA
aneMmeHT Skoou — Jlanwais (puc. 5.9).
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Kaxxip1ii 13 METaNIOB MOKET BBIJEIATH B PACTBOP TO KOJIMYECTBO
HOHOB, KOTOPOE OTBEYaCT
€0JIeBOH MOCTHK PaBHOBCCHUIO €TI0 C PacCTBO-
poMm. IluHk oOnamaer Oosee
BBICOKOH CIIOCOOHOCTBIO BBI-
JIEISATh MOHBI B PACTBOP, UYeM
. MeJllb, U TI0O3TOMY IpHUOOpe-
- TaeT Oojiee BBICOKHI OTpH-
. nareabHbId 3apsa. [luakoBas
- i = IJIACTUHKA pacTBOpsIETCS
iR (mporiecc OKHMCIIEHNU):
- _ - Zn — Zn*" + 2¢".
. Ha mennou ruractunke pas-
pspxarotcst HoHbl CU®™ U BBI-
JeNsIeTCs METaJUTHIEeCKast
MeEJb (BoccTaHOBIICHHE):
Cu* +2e” — Cu.
CymmapHasi OKUCITUTEIIbHO-BOCCTAHOBUTEIbHAS PEAKITHS.

Zn + CuSO, =Zn SO, + Cu,

3.|'IEKTpH‘IECKHrI TOK

Zn - + Cu

Puc. 5.9. Dnemenm Axobu — anusns

NiIn
Zn + Cu®** = zZn** + Cu.

OOBIYHO MPUHSTO 3aMUCHIBATH IEMH TaK, YTOOBI OTPUIIATEIHHBIN
AIEKTPOJ PACIIOJIArajcCs CJIEBa, a MOJIOKUTEIBHBIM CIIpaBa. 3anuileM
CXEMY TaJIbBAHMYECKOTO djieMeHTa SIkoou — Jlanuams:

(-)Cu | zn| znSO,: CuSO, | Cu (+)
Pk (PZn/Zn2+ Orug (PCu2+/Cu

| - rpaHulia pas3jena TBepbiX (a3 uiu TBEP/IOW U KUAKOHU (a3;

. —TpaHuIla pas3jesna 2-X pacTBOPOB.

Kaxxnomy paszgeny COOTBETCTBYET OINPEACIEHHBIA CKAYOK MOTEH-
nuaia.

Ckauoxk nomenuyuana (pazHocmv NOMEHUUAN08) HA ZPAHUUE
«memani — memann» (@) — KOHTaKTHAsA Pa3HOCTh IIOTCHIIMAJIOB 00Y-
CJIOBJICHA PA3IMYUEM padOT BBIX0/Ia JIEKTPOHA U3 3TUX TBEPJBIX (Pas.

PaboToil BbIX0/1a 2JIEKTPOHA HA3bIBACTCS SHEPTHS, KOTOPYIO HAJ/I0
3aTPaTUTh JJISl OTJEIICHUS SJICKTPOHA C TOBEPXHOCTH METAJIIA.
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Cxkauox nomenyuana (paznocms HOMEHUUAN08) HA ZpaHuUUE
«Memail — pacmeop» ((PZn/Zn2+; (pCu2+,Cu) 00YyCJIOBJIEH BO3HHKHOBE-
HUEM JIBOMHOIO 3JIEKTPUUYECKOTO CIIOSI.

Hugppyzuonnviii ckawox nomenyuana (@ ) — 1ddy3noHHas
pa3HoCcTh mnoTeHuMana. Jud@y3uoHHBIH TOTEHIMAT HEOOJbIION
(0,03-0,04B), Bo3HUKaeT MPU COMPUKOCHOBEHUH JIBYX pPacTBOPOB (Ha
TPaHHUIIC), PA3INYAIOIIMXCS JTUOO 0 KOHIICHTPAIUIM, JIUOO 0 BUAY
PacTBOPEHHOTO BEIIECTBA.

5.2.1.1. Bo3nuknoeéenue ckauka nomenyuana
Ha ZpaHuye <Memasi — PACmeEop COau»

KaTnonsl MeTamia nepexojsiar B pacTBOP B BUJE TMAPATUPOBAH-
HBIX MOHOB. DTO MPOUCXOJUT IO TEX IMOP, NOKA HE YCTAHOBUTCA JIH-
HaAMUYECKOe paBHOBecHe (IIOCTOSHHAs Pa3HOCTh MOTeHIHaaoB). Ha
IPaHUIIE «METAJI — PAcTBOP» 00pa3zyeTcsi NBOMHOW AJIEKTPUUYECKUM
ciou. Pa3HOCTh NMOTEHUMAIOB ISl KAXKAOTO METajjla CBOsSl, OHA OIpe-
aensercs: 1) MPOYHOCTHIO KPUCTALIMYECKOW PEIICTKH; 2) dHEpPTrHUeH
T'HJIpaTallid HOHOB B PacTBOpe; 3) KOHIICHTPAILIMEH HOHOB B PacTBOPE.

CaMoO JBMKEHHME MOHOB W HaIpaBJlieHHWE JBUXKEHHS 00YCIIOBJICHBI
TEM, UYTO padoTa BbIXOJa MOHA WJIK 3JIEKTPOHA U3 METajlla OTJIMYHA 110

cnoit BEJIMYMHE OT SHEPTUU B3aUMO/ICUCT-
FenbMronbua BUS OTOM YacTUIIBI C PacTBOPOM
(conbBaTars, MEXKHOHHBIC KYJIO-

'—H

_ n HOBCKHE CHJIBI U T. II.).
e — + JIBOMHOM JJIEKTPUYECKUN CIIOU
E* _|Tt __|_ + 4 MOYKHO pacCMaTpHMBAaTh Kak IJIOCKHI
v — + - KOHCHCATOp, B KOTOPOM BHYTPCH-
o + + n Heil OOKJIagKO SIBISETCS TOBEPX-
5 |+ + HOCTh Me€Tajljla, a BHELIHEH — MpH-
o S o o~
E — |4+ I + MBIKAIOIIUU CJIIOU pacTBOpA.
S — 4 4 Bremrnss o0kiIazKa COCTOUT U3
g I nByx gacteit (puc. 5.10): 1) mioTHOM
= + —+ o

\ ) gactu (ciori ['enpMmroiblia), Hero-

CPEICTBCHHO MPUMBIKAIOMICH K II0-
cnow MNon

BEPXHOCTU METAJUIA U COCTOSAILEN U3
MOHOB OJHOTO 3HaKa; 2) auddy3Hou
yactu (cioit I'ton), B KOTOpO# n30bI-
TOYHAS KOHIICHTpAIUs WOHOB IPO-
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THUBOIIOJIOKHOTO 3HaKa MOCTENEHHO YOBIBAET 0 HYJISI IO MEpE yaje-
HUS OT ITIOBEPXHOCTU METAJLIA.

TennoBoe NBMKEHUE U B3aUMHOE OTTAJIKMBAHUE OJHOWMEHHO 3a-
PSUKEHHBIX MOHOB Pa3MBIBAIOT IUIOTHBINA cioil. [Toatomy cymmapHsblii
3apsi HOHOB B 3TOM CJI0€ MO aOCOJFOTHOW BEIMYMHE MEHBIIIE, YEM 3a-
pAI TIOBEPXHOCTH METajia. B 1ENIOM JTBOMHOW BIEKTPUUYECKHAM CIIOU
AJNIEKTPOHENTPAJICH, TaK Kak MOHBI AU((PY3HON YacTU TaKKe MPUHU-
MaroT y4acTUe B KOMIICHCALIMU 3apsia [IOBEPXHOCTU METAILIA.

5.2.1.2. IIpuuunsl 603HUKHOGECHUS
ougpgysuonnozo ckauka nomenyuana

Juddy3uoHHBIN TOTEHIIMAT BO3HUMKAET HaA TI'paHUIE JBYX pac-
TBOPOB, Pa3IMYAIOIIMXCS JUOO MO KOHILEHTpALMIM, JTUOO MO BUIY
PacTBOPEHHOTO BEIIECTBA.

1. Paznuynbie CKOPOCTH B3aUMHOU AU Y3UH MOHOB U3 OTHOTO
pacTBopa B JpYroil, 00yCIOBJIEHHBIE Pa3IMYHBIMU TOJABUKHOCTIMU
KaTUOHA U aHMOHA. PaccMOTpUM LieTb!

()Ag| AgNO; : AgNO; | Ag (+)

a1 < A2

Ha rpanuiie n1Byx pacTBOpoB Bo3HUKaET AUG(PY3HOHHBIA MOTEH-
1yaj, Tak Kak noAaBmwKHOCTh MoHa NOjz Oosbiie, 4eM MOJBHKXHOCTH
Ag’. Bonee pa36aBieHHBIH PacTBOP 3apsKAeTCsl OTPHIATENBHO, a 60~
Jiee KOHIEHTPUPOBAHHBIN — MOJOKUTEIBHO. JTO 3aMEIJIIET MePexo
nonoB NOs3 ', U B pe3ynbTare MOHBI 000MX BHJIOB UGG YHIUPYIOT C
OJINHAKOBOM CKOPOCTHIO MPU COXPAHEHUH CKauKa MOTEHIMaja.

Ilpu eo3nuxknosenuu oughyzuonnozo nomenyuana 6o1ee pas-
OaeseHnblil pacmeop npuodpemaem 3apad moz20 rce 3HAKA, YMo U
UOH, 001a0arowuil 6o01buiell NOOBUIHCHOCHIBIO.

2. Indy3uoHHBIN NOTEHIIMAT BO3HUKAET HA T'PAHULIEC JIBYX pac-
TBOPOB, Pa3IMYAIONINXCS 10 BUYy PACTBOPEHHOTO BEIIeCTBa (IICTb U3
IBYX XJOp-cepeOpsHbIX 3jeMeHTOB). KarnoH Bojopoma oOnamaer
aHOMAJIbHO OO0JIBIIION MOABUKHOCTHIO MO CPABHEHUIO C HIOHOM KaJlu4l.

(-) Ag, AgCI | HCI : KCI| AgCl, Ag (+)

Hudby3noHHbIN TOTEHITMAT MEIIAET, OH MOXXET ObITh 3HAUUTEIIb-
HO YMCHBIICH WM YCTPAaHEH YCTAHOBKOH COJIEBOrO MOCTHKa (WM
ANeKTprUecKoro kimtoda). ColleBOM MOCTHK 3allOiHEH TeleM arap-
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arapa, B HeM pactBopeH 3jaekTpoinut (KCI, NH;NO;, KNO; u np.).
[ToaBMKHOCTh KaTHOHA M aHWOHA Y JIAHHBIX 3JICKTPOJIUTOB OJMHAKOBA,
T. €. CKOPOCTH B3auMHOM Au(dy3un U yucia nepeHoca OJU3KH.

Uckmouenne aud@py3MoHHOTO MOTEHIHANa 0003HAYArOT || -
HUSAMU (Harpumep, sJeMeHT SIkoou — Januaiis):

(-) Cul zn| ZnS0O, || CuSO, | Cu (+)
O« Qznizn o’ cu

_ 2+ 2+
E=0¢x+ 0zn/zn" + 0cu” /cu

Ponb cosieBOro Moctuka — 00€CIEeUnTh IEKTPUUECKYIO MPOBO-
JTUMOCTh BHYTPH IIETH U MIPENSATCTBOBATH B3auMHOU quddy3um pac-
TBOPOB.

3a MOJIOKUTEIbHOE HAMNPABICHUE NMPUHUMAIOT HAIMPAaBJICHUE OT
pacTBOpa K METaJLy:

E = 2+ + 2+ _ —
= Qx —Ozn/zn Ocu 7cu = Pcu = Pzn = Pupaswii — Preswiii-

OJ1C ranpBaHMYECKOTO 3JIEMEHTA MOKHO pACCMATPUBATh KakK all-
reOpanyecKyr0 CyMMy TPeX pa3HOCTEW MOTEHIMAJOB, OJHA U3 KOTO-
PBIX (0 KOHTAKTHBIM U JIB€ — HA TPAHHUIAX «METAJUI — pacTBop». B mo-
HATHE Qrpapiii M Preppit BXOJUT KOHTAKTHAS. PA3HOCTH MIOTEHIIMATIOB.

3HaYeHHE OJJIEKTPOJHOrO IMOTEHIMAJa OIPEAEISIETCS AKTUBHO-
CThIO (KOHIIEHTpALKEH) MOTEHIIMATONPEACIIAIOMUX HOHOB. [ToaTomMy
L[ETb MOKHO 3aIUCaTh!

(-) Cul zn| zn*[| cu®*| Cu (+).

5.2.2. O6paTuMbie 1 HeOOpaTUMBbIE Lenu

["anbBaHMYECKUI 3JIEMEHT paboTaeT 0OpaTUMO TMPU COONIOJICHUHN
YCJIOBUM:

1) ecm 3/1C rajapBaHUYECKOTO 3JIeMEHTa HA OECKOHEYHO MAaJTYIO
BEJIMYMHY TPEBBINIAET MPUIOKEHHYI0O K HEMY HM3BHE W MPOTHUBOIIO-
noxHo HampasieHHyo DJ1C (ycimoBue oOpatumMocT pabOTHI TajibBa-
HUYECKOTO 3JIEMEHTA);

2) eciau peakiys B TaJlbBAHWYCCKOM DJIEMEHTE MOXET OBITh Ha-
IpaBjieHa MPOTUBOIIOJIOKHO MPHU MPUTOKEHUU K HEMY W3BHE MPOTH-
BOIOJIOXKHO HampasieHHoH DJIC, koTopas Ha OECKOHESYHO Majylo Be-
anuuny npepbimaetr DJIC ganHoro snemeHTa (yCIIOBHE 00paTUMOCTH
caMou IIeTIH).
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[Ipumep oOpaTuMOCTH 1enu — dieMeHT Skoou — Jlanusmsa: mpu
MOJBEJICHUN DHEPTHHM W3BHE peakius UIET B OOpaTHOM Harpaslie-
HUU — MEJIHasl TIacTUHA OyAEeT pacTBOPATHCA, a HA IIMHKOBOM OyAeT
BBIJICIIATHCS [IMHK.

HeobOpatumas 1ienp oTJIMYaeTcsl OT paCCMOTPEHHOU TeM, 4TOo 00a
AJIEKTPOJIa MOTPY>KEHBI B pacTBOP cylbdaTa Meau:

(-) Zn | CuSO4|| Cu S04 Cu (+).

B sToM cityuae peakius npu paboTe 3JIEMEHTa Ta K€, HO MpHU Ha-
JokeHun o0paTtHO HampaBieHHou JJIC, mpesblmaromiei Ha Oecko-
HEYHO Mallyto BennunHy JD/IC sneMeHTa, Ha JIEBOM 3JIEKTPOJIE TPOUC-
XOJUT BBIICJIICHUE MEJU, a HE IIUHKA, T. €. IPOTEKAET NPOIIeCC, HE SB-
JSIOIIMICS 0OpaTHBIM TOMY, KOTOPBIM MPOUCXOAUT TIPU padboTe 3iie-
MeHTa. MBI OyieM paccMaTpuBaTh TOJIBKO OOpaTUMbIC TaJibBaHUYE-
CKHE DJIEMEHTHI.

5.2.3. CBsA3b MeXKAy XMMHUYECKOHN
U 3JIEKTPUYECKO IHEePrusiMu

XuUMUYecKasi SHEPrusi ONMPENEACTC BEIMYMHON MAaKCUMAaJIbHOM
M0JIE3HON paboThl. YMeHbllIeHne sHepruu ['nb6ca paBHO MaKCUMab-
HOM paboTe 00paTHMOTO H30TEPMHUUECKOT0 mporecca: A’max = —AG.

DnekTpuueckas paboTa paBHA MPOM3BEACHUIO KOJIMYECTBA DJICK-
TpUUYECTBA HA Pa3HOCTh MoTeHuaioB: A’'max = —-AG = zFE.

PaccMOTprUM OKMCIMTENBHO-BOCCTAHOBUTEIBHYIO PEAKITUIO, MPO-
TEKAIoI[yl0 00paTUMO B AJIEKTPOXMMHUYECKOM JJIEMEHTe, M Hailjaem
st aroro anementa DJIC (E):

m;A + m,B < m;C + m;D
CoriacHo ypaBHEHHUIO M30TEPMbl XMMUYECKOW PEaKIIUU SHEPrus
['u66ca »Toi#t peakiuy paBHa:

ag?;ar[r)m

— 7).
aAla’E‘Q‘2

_AG =RT(InK,

rae K, — koHcTaHnTa paBHOBeCHS.
C yuerom ypaBHeHus (-AG = zFE) momyduM TepMoaMHAMHYC-
ckoe BrIpaxenue mist IJ[C anemeHra:
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amap?

ml.m27°

EszIUnKa—In
ZF Adp

OJ1C anemMeHTa, OTHOCAIIYIOCA K CTaHJAPTHBIM YCJIOBHUSM, KOTIAa
BCE aKTUBHOCTH PaBHBI €IMHHUIIEC, 0003HAYAIOT Yepe3 E°, maseiBaror
cmanoapmnoi, unu nopmaiovroii, I/C.

[Ipy aKTUBHOCTSIX YYaCTHUKOB PEAKIIMH, PABHBIX €AUHUIIE, TIOJTY-
YUM.

o_ RT
E = zFIan

Torna ypaBuenue Hepucera miist 9J1C raabBaHMYECKOTO JIEMEHTA
UMEET BU/I:

m3 ., m4
_RT, acag

zF  aflal?’

E =E"°

s peakiuu B aneMmenTe Sxkoou-/lanmas:
CuSO,4 + Zn =Cu + ZnSO,,
MOJTYYUM
2+
_RT, ac,az,

E=E"° Zn
zF aZnaCu

Tak Kak aKTUBHOCTH TBEPJBIX BEIIECCTB MEAW U I[IUHKA PABHBI 110
€IMHUIIC, TO YPABHECHUE TPUHUMAET BUJ!

2+
B RT In azn

E=E"° Zn
ZF acy

JUist onemenra SIko6u —Janmoms E° =1,1 B, tax kak EOZ(pCu—q)Zn=
0,337 -(-0,763) = 1,1 B.

5.2.4. JNeKTpOAHBIN NOTEHLUAJI

B Hacrosiiee BpeMsi OTCYTCTBYIOT TEOPETUUYECKHE M IKCIEPH-
MEHTAJIbHBIE METOJBI OIpeelCeHUsI aOCOTIOTHBIX 3HAYCHUN ITOTEH-
IAAJIIOB, COOTBETCTBYIOIINX OTACIBHBIM 3JIEKTPOJaM. MOXKHO TOYHO
onpenenuTh Tojabko DJIC 1enu, COCTaBICHHONW U3 JAHHOTO 3JIEKTPOAa
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Y HEKOTOPOT'O CTaHAAPTHOIO AJIEKTPOAA, MOTEHIMAIl KOTOPOI0 YCIIOB-
HO NIPUHUMAIOT PABHBIM HYJIIO.

Inekmpoouvim nomenyuanom HaspiBaetrcss I/[C raapBaHUYECKO-
IO DJIEMEHTA, COCTABIEHHOIO U3 TAHHOTO M CTaHAAPTHOI'O BOJOPOJHO-
r'0 3JICKTPOAOB, MOCIEAHUN YCIOBHO MPUHUMAETCS PABHBIM HYIIIO.

B.T. HepHer nmpemnokun B Ka4eCTBE CTAHAAPTHOIO JJIEKTPOJIA
(MM 2JEKTpOJa CpPaBHEHUS) MCIOJIL30BAaTh CTAaHIAPTHHIA BOJIOPOI-
HBIU JJIEKTPOJI, TaK KaK JIETYE BCETO MOJYYUTh YUCTHIA BOJOPO/I.

CrangapTHbI BOJOPOAHBIN 3JEKTPOJ — 3TO BOAOPOIHBINA SJICK-
TpoA, paboTalIMMi TP aKTUBHOCTU MOHOB BOJIOPOJa, PaBHOU €au-
HUIlE, ¥ TP (QPYrUTUBHOCTH (MapIMabHOM JaBICHHUEM BOJIOPOA),
paBHoi1 1 aTm.

— — 0 _
E= (PnpaBLIﬁ — Queppnit — (PnpaBLIP“I —Q H2= (PnpaBbH‘/’I-

HaHpI/IMCp, AL HAXOXKACHUA JJICKTPOJHOI'O IIOTCHIHMAJIA MCIU
COCTAaBJIAIOT UCIb.

(=) Pt, Hy| H* || Cu %] Cu (+),

E= (PnpaBHﬁ = Qrnepmit — Pcu — (POHZ = Qcu= +01337 B.

I[J'I}I OIIPCACIICHUS JJICKTPOAHOI'O IIOTCHIHAIA HTWHKA COCTABJIAKOT
3JICMCHT.

(+) Pt, Hy| H* || Zn % Zn ().

OJIC aTOro sjaeMeHTa OTpUIATENIbHA, TaK KaK CJIe€Ba HAXOJUTCS
MTOJIOKUTENBHBIA 3JIEKTPOJ. 3a MOJOKUTENbHOE HampasieHue JC
IMPUHUMAIOT HAIIPaBJICHHE, KOTAA JJICKTPHUYCCKHH TOK BHYTPH ILICIIH
IIpPOTEKaeT clieBa HampaBo (B cllydae MEIHOIO 3JIeKTpoja). B cioydae
IIUHKOBOTO 3JIEKTpoaa Ha000poT (@7, = -E):

~E = ¢z0— ¢°n2 = 920 = 0,763 B.

Bce peaknum, nporekaromme Ha 3iekTpoje, no JKeneBckon KoH-
Beniuu (Konsernmms FOITAK — MexyHapoIHBIN COI03 110 YHCTON U
IPUKJIATHON XMMHUN) 3alMCHIBAIOT KaK PEaKIIMH BOCCTAHOBJICHHS.

Zn*" +2e"=Zn (IOIIAK)

Ha camom zene: Zn = Zn®* + 2¢™,
Torma ypaBHeHue HepHera Uit 3JIEKTPOHOTO MMOTEHIIAATIA UMEET
BUJI;
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— .0
=0 — (RT/ ZF) In(aBOCCT. dopma / Aokuea. q)opMa)s
@° — CTaHJAPTHBIM JJIEKTPOAHBIN ITOTCHITHMAJ, T.€. ITOTCHITHAT

JTAHHOT'O JJICKTPOJIa NMPHA AKTUBHOCTHM PEArCHTOB, YYAaCTBYIOIIMX B
AJIEKTPOJIHOM PEAKIIMU, PABHOM €IUHUIIE.

5.2.5. Knaccupukanusa 3j1eKTpoaoB

DJIIEeKTPOoibl B 3aBUCUMOCTU OT YCTPOWMCTBA M THUIIA JIEKTPOIHOMN
PeAKIMK ACIATCS Ha 3JCKTPObI MEPBOr0 poja, BTOPOTro poja, razo-
BbIC, aMaJlblraMHBIC W OKHCIUTECIHHO-BOCCTAHOBUTCIBbHBIC (MM pe-
TOKC-3JIEKTPOJIBI).

Dnekmpoovl nepeozo pooa — STO SICKTPOJBI, 0OpAaTHUMBIE OTHO-
CUTEJIbHO KaTHOHA, T. €. paboTarolue Ha OCHOBE OOMEHa KaTHOHOM
MEXK]y AJIEKTPOJIOM U PACTBOPOM.

JIaHHBIN 3JIEKTPOJ MOMKHO ITPEJICTABUTH B BUJIE CXEMBI: Me | Me”",

EMy OTBeYaeT peakiys; Me *" + ze” = Me

¢+ = (p+o - (RT/ZF) In(aBOCCT. ¢dbopma /aOKI/ICJ'I. cbopMa)-

Tak Kak aKTHBHOCTH BOCCTaHOBJIEHHOW (DOPMBI 8pocr gopwa =1, TO
ypaBHEHHUE UMEET BU/L:

¢.=¢.°+ (RT/zF)Ina, .

Hanpumep, MeIHBIN 3JIEKTPO B COJIM MEU:
cxema: Cu®| Cu;
peaKkIusi: Cu?* +2¢ = Cu;
24, _ 0 2+ 2+
Ocu” lcu=@ et lcu+ (RT/ZF) Inag,”™.

Inekmpoovl 6mopo2o pooa — 3T0 SIEKTPO/bl, 00paTUMbIE OTHO-
CUTENBbHO aHuOHa. COCTOAT U3 MeTauia, MOKPBITOTO CIOEM Majopac-
TBOPUMOU COJIM METAJLIA, U OIYILIEHbI B PACTBOP PACTBOPUMOU COJIH,
UMeEIOIIeH 00NN aHMOH C MaJIOPaCTBOPHUMOM COJIBIO.

Cxema: MeA, Me| A%~

peakuus; MeA + ze' = Me” + A™;

Q. = (p_0 — (RT/zF) Inayaps- / a pea.

Tak kak aKTMBHOCTh OKHUCICHHOW (opMmbl (ayes) paBHAa 1
ave = 1, TO

90.= 9 - (RT/zF) Ina_.
Hampumep, xsop-cepeOpsiHbIN 3JeKTPOI:
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cxema: AgCl, Ag| CI™;
peaxmmst: AgCl +e = Ag’ + CI;

OPx.c. = (POX. c. — (RT/F) In aCI_-

TI'azoeble r1eKkmpoobl COCTOAT W3 MHEPTHOTO Metauia (0OBIYHO
TUTaTHHA, TPaguT), KOTOPHI OMBIBAETCS TOKOM Ta3a WU IOTPYXKEH B
pacTBOp, coAepIKalIuii MOHBI 3TOTO ra3a. ['a3 BCTymaeT B PEaKIUIO
oOMeHa MOHAMU C PACTBOPOM.

["a30BBIC 37EKTPOABI MOTYT OBITH AJIEKTPOJAaMHU IEPBOTO POJa
(BOIOPOIHBIN DJIEKTPOJI) M BTOPOTO Pojia (XJIOPHBIN, KUCIIOPOIHBIN).

Harmprumep, BOIOPOIHBIN 3IEKTPOI:

cxema: H'| H,, Pt;

peaknus: H + e =1/2 H,.

OKucaumenbHo-60ccmanosumenvhovle  3jaeKkmpoovt  (pernokc-
AJICKTPOBI) — ICKTPOJIBI M3 UHEPTHOTO MeTauta (0OOBIYHO TIIaTHHA),
KOTOPBII HE BCTyIMaeT B OOMEH MOHAMH C PACTBOPOM U IOTPYKECH B
pacTBOp, COJAEp KAl KaK OKHUCICHHYIO, TaK W BOCCTaHOBJICHHYIO
dbopMy pacTBOpeHHOTO BermecTBa. CiyKaT JUIsl TIOJIBOJIa MJIM OTBOJIA
AJIEKTPOHOB JIJIS1 OKUCIUTETHHO-BOCCTAHOBUTEIHFHOM PEAKIUH, ITPOTE-
KaloIlel B pacTBOPE MEXJy PACTBOPEHHBIMH BEIECTBAMH Ha IIO-
BEPXHOCTH AJICKTPOJIOB.

Cxewma anekrpona: OX, Red| Pt.

Peakmus: Ox + ze™ = Red.

IIpumep: Fe**, Fe**| Pt;

Fe® +e =Fe ™,

Ore Tre = e Tre” = (RT/F) Inape” fage .

5.2.6. BogopoaHbIH 3JIEKTPO/,

BoaopoaHblil 3IIEKTPO SABJIAETCS OCHOBHBIM JJIEKTPOJIOM CpPAB-
HeHus. Ero moreHuuanm OpUHUMAOT PaBHBIM HYJIO. DTO Ta30BbIH
AIEKTPOJ NEPBOTo poAa. Mcmnonb3yercs B mape ¢ UCCIAETYEMBIM JJIEK-
TPOJAOM JUISI U3MEPEHUA BIECKTPOAHOr0 noreHnuana. CocTouT u3 Iia-
TUHOBOM TUTACTUHKH, SJICKTPOJMTHUECKH TOKPHITOM MEIKO pa3apo0-
JICHHOM YepHbIO (IUTATHHOBOM YepHbI0). Takas MmIacTUHKA OIyCKaeTCs
B PACTBOD, COZEPIKAINi MOHBI BOJOPOJA C aKTHBHOCTBIO 3y = 1, U
HETPEPBIBHO OMBIBACTCSI TOKOM YUCTOTO Bojgopoza ¢ yerydecthio (f),
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paBHoii 1. Bogopoa aacopOupyeTcsi Ha TiaTUHOBOM yepHU. OHa sB-
JSI€TCA KaTaln3aTOPOM S3JIEKTPOJHOTO IMPOLECCa: YCKOPSIET MPOLECC
azcopOIMy BOJIOPO/IA, JUCCOIMAIIMUA MOJIEKYJ BOJOpPOa Ha aTOMBI U
MOHU3AIIMU aToMa BOAOpOoAa ¢ 00pa30BaHUE MIPOTOHA U AJIEKTPOHA.

Cxema BogoposHOro anekrpona: Pt, H, | H. DIIEKTpOAHAs peaK-
1M, IPOTEKAOIIask Ha BOJOPOIHOM JIEKTPO/IE:

H" +e = 1/2H,.
YpaBuenne HepHcTa 1)1 BOAOPOIHOTO 3JIEKTPOIaA:
o2 = ¢'n2~ (RT/F) In [(@2)™ /2],
TaK Kak (pOHz =0,aq=fx =1, pH=-lgay", To
oz = (RT/F) Inay” = 2,303 (RT/F) Ig ay" = -2,303 (RT/F) pH.
Ecmu T =298 K; F = 96500 Ki1 /mons; R = 8,314 JIx K mons™, To
o2 = — 0,059 pH.

Takum 00Opa3oM, BOJOPOIHBIN 3JIEKTPOJ SBISETCS OOpaTUMbBIM
+
OTHOCUTENBHO MOHOB H'. Ero MOXXHO HMCHosIb30BaTh ISl Ompenesie-
Hus pH:

(-) Pt, HJ HCII | KCI| AgCI, Ag (+),
E = Qup. = Puen. = Pagcl — Pz = Pager — 0,05919 ay” = @ager + 0,059pH,
PH = (E — @agar) / 0,059.

BoaopoiHbiil 371eKTpo 001a/1aeT BBICOKOM TOYHOCTBIO, XOPOIIEH
BOCITPOM3BOJIUMOCTBIO PE3YJbTATOB, MOXET padoTaTh B HHTEpBAE
pH ot 0 no 14 npwu 1r00BIX aBIEHUSIX BOJOPOAA U MPH JIFOOBIX TEM-
neparypax. HegoctaTku: paBHOBECHME MEXKY 3JIEKTPOAOM M PaCTBO-
pom ycraHaBnuBaetrcs B TeueHue 20-30 muH., TuiaTuHa OBICTPO OT-
paBIISIETCA KAaTAIUTUYECKUMHU SIITaMH, B TIPUCYTCTBUU OKUCIUTENCH U
BOCCTAHOBUTEIIEH JAE€T HEBEPHBIN PE3YJIbTAT.

5.2.7.3/1eKTpoAbl CPaBHEHUA

[Torenunan 3neKTpoAa CpaBHEHUS JOJKEH OCTAaBaThCS MOCTOSH-
HBIM HE3aBHCHMO OT MPOTEKAHHUS KaKUX-JTHMOO peakiuil B aHAIU3H-
PYEMOM paCTBOpPE. DIIEKTPOAbl CPABHEHUS JIOKHBI 00J1a1aTh yCTOM-
YUBBIM BO BPEMEHHU BOCIIPOM3BOJMMBIM IOTECHIMAIIOM, HE MEHSIO-
ITUMCSI TIPU TIPOXOKICHUH HEOOIBIIIOTO TOKA.
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Ha npakTrke B Ka4eCcTBE JJIEKTPOJIOB CPABHEHHS HCIIOJIb3YIOTCS
3JIEKTPOJIbI, MOTEHI[HAI KOTOPBIX MO OTHOIICHUIO K BOJOPOIHOMY
(cTaHIapTHOMY) TOYHO M3BECTEH (XJIOpPCEPEOPSHBIA U KaJIOMEIIBHBIN).

XJopcepeOpsHbI 3JEKTPOI

XJ1opcepeOpssHBIM AJICKTPOJI IPEJICTABISIET COO0OM cepeOpsHYIO
IPOBOJIOKY WJIM TUIACTUHKY, MOKPBITYIO ciioeM AJCl n momemennyro
B pactBop KCI mm HCI onpenencnnoi koHeHTpauu (00patuM OT-
HOCHTEIILHO HOHOB XJIOpa).

Cxema nonyaiemenra: Ag, AgCl| KCI nu Ag, AgCl | HCI.

DeKTpoHas peakiys, MPOTEKaroIIas Ha XJIopcepeOpsSHOM dJIeK-
TpoJie:

AgCl +e =Ag +ClI".
VYpaBaenue HepHcTa 1151 X10pcepeOpsHOTO AIEKTPo/Ia:

Ox.c. = (Pox. .. — (RT/F) In (aaga ¢ / aagc),
TaK KaK aag = 1, dagcl = 1, mosyyaem
Px.c. — (POX. c. (RT/F) In a CI—-

KanomenbHBIH 3JI€KTPO

B kayoMenpHOM 3JIeKTpojie nacta u3 prytd u kamomenu (HQ,Cl,)
nometieHa B pactBop KCI (oOpatum 0THOCHTEIIEHO HOHOB XJI0PA).

Cxema nonysnementa: Hg, Hg,Cl, | KCI.

Emy otBeuaer peaknums: 1/2 Hg,Cl, + e"=Hg + CI".

[ToTeHIMaM KAJTOMEIILHOTO JIEKTPO/Ia PaBEeH:

Pxs. = (POK.a. - (RT/F) In aCI_-

[ToTeHmmanbl Xja0pcepeOpsHOTO, KATOMEIBLHOTO W Psjaa JAPYTrHX
DJICKTPOJIOB CPAaBHCHMS HM3YyYCHBI IPH Pa3IMYHBIX KOHIICHTPAI[HOH-
HBIX U TEMIIEPATYPHBIX YCIOBHUAX, M UX BEIUYHHBI MO OTHOIICHHUIO K
CTaHJIAPTHOMY BOJIOPOJHOMY 3JIEKTPOIY XOpPOIIO H3BECTHHI (crpa-
BOYHBIC JaHHBIC).
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5.2.8. OKHC/IMTE/TbHO-BOCCTAaHOBHUTE/IbHbIE 3/IEKTPOAbI
(peaokc-asiekTpoabl)

B npuHIune ar000W 3JEKTPOJ B TaTbBAHUICCKOM 3JIEMEHTE SIB-
asieTcss MO0 OKHCIUTEIbHBIM, JHO0 BOCCTAHOBUTEIBHBIM (IJIEMEHT
SIkoOu—/laHuas).

OTIM4re OKUCIUTEIEHO-BOCCTAHOBUTEIBHBIX 3JICKTPOIOB:

1) metamn snektpoaa (0OBIYHO TUTATHHA) HE MPHHUMACT YYaCTHS
B 3JICKTPOJHOW pPEaKIMH, a CIYKMT JIMIIb IS TOJBOJA WM OTBOJA
3JICKTPOHOB JIJISl OKHUCIIMTEILHO-BOCCTAHOBUTEIBHON PEaKIuH, MPoTe-
Karoleld MeXy pacCTBOPEHHBIMH BEIIECTBAMH Ha MOBEPXHOCTH JJICK-
TPOJIOB;

2) TPOIYKTHI 3JCKTPOIHOTO TPOIEcca HE BBIICISAIOTCS Ha 3JICK-
TPOJax, a OCTAIOTCS B PaCTBOPE;

3) B BJIGKTPOJHOMN pPEakIiyd MOT'YT MPUHUMATh yU4aCTHE KAaTHOHBI,
AHWOHBI U HEUTPaJIbHBIC MOJICKYITHI.

Pa3muyaroT mpocThie U CIIOKHBIC PEAOKC-3JIEKTPOAbl. B mpocThix
PEIOKC-RIICKTPOIaX IMPOIIECC 3aKI0YacTCs B M3MEHCHHUU 3apsijia Ho-
HOB. B CJIOHBIX — B HI3MCHCHHH 3apsiia MOHOB M B U3MECHEHUU COCTa-
Ba 3JIEKTPOAOB. DJCKTPOJ ¢ 00jiee BHICOKMM IOTCHIIMAJIOM HECeT Ha
ceOe mporiecc BoccraHoBiIeHus (cM. TaOmuiy «CTaHIApTHBIC JICK-
TPOZHBIC TOTEHIHANBI B BOIHBIX PACTBOPAX»):

(POSn4+/Sn2+ = +0,15B, (POFe3+/ Fe2+ =+0,771B.
(-) Pt] sn?*, sn** || Fe**, Fe**| Pt (+)
Sn®* = Sn** + 2e” (okucnenue)

2Fe® + 2e” = 2Fe®' (BoccranoBIEHUE)
Sn?* + 2Fe** = Sn** + 2Fe?*

B »TOM ciyyae KOHTaKTHasi pa3HOCTh MOTEHIMAIOB ¢, = 0. Diek-
TPOJABHKYIIas CUJa BO3HHUKAET 3a CUET PA3HOCTH MOTCHIHUAIOB Ha
IPAHUIIE «METaJl — PacTBOP», Pa3HOCTh MOTEHIMAIOB OOYCIOBJIEHA
BO3HHUKHOBEHMEM JIBOMHOTO JJIEKTPUYECKOro cios. llmatuny wnum
OpyTroi 3MeKTpo (MpU 3aMEHE 3JICKTPOJIOB AJICKTPOIHBIA MOTCHITHAI
u DJIC He u3MeHATCs) HEOOXOOUMO paccMaTpuUBaTh KaK pe3epByap
CBOOOJHBIX JIEKTPOHOB. MOHBI Sn** ormaror AJIEKTPOHBI IJIATUHE, KO-
TOpas UX NPUHUMAET, U IEPEXOJAT B PACTBOP B BUJE HOHOB sn**. 06-
pa3yeTCs NIBOWHOW 3JICKTPUUECKUAM CIIOM.

171



— 0
Pok-socer. = Pok-pocer. (RT/ ZF)In(aBOCCT. (bopMa./ Aokucn. cpopMa)1

(@° — CTaHJAPTHBINA AICKTPOIHBIA MOTEHIIMAN, KOTJa aKTUBHOCTH
BOCCTaHOBJIEHHOM (DOPMBI paBHA aKTHUBHOCTH OKHCIIUTEIIHFHON (POPMBI
¥ paBHa 1 wim Korjaa oHU OYIyT OAMHAKOBHI,

Z — I3MCHEHHE 3aps/ia HOHa.

KaxxapIii 13 37€KTPOJIOB MOXKET SBIISTHCS M OKHUCIUTEIIEM M BOC-
CTAaHOBUTEJIEM B 3aBHUCHMOCTH OT CBOETO MapTHEpa. DJIEKTPO SBIIS-
€TCS OKHCIHMTEIEM 110 OTHOIICHHIO K BBIMIEC PACIIOI0KECHHOMY JJICK-
TPOAY M BOCCTAHOBHUTEJIEM IO OTHOIICHHUIO K HIKE PACTIOIOKEHHOMY
aekTpoay. Her aOCOMOTHBIX OKHCIUTENCH W BOCCTAaHOBUTEJCH.
Kucnas cpena cmocoOCTBYyeT OKHCIICHHUIO, IIETOYHAs — BOCCTAHOBIIE-
Huto. [loaToMy MoH Bojiopoaa sBisieTcs Jarre okuciauteaeM, noH OH
— BOCCTAHOBUTEIEM.

XUHIUAPOHHBIH YJIEKTPOI

[TpruMepOM OKHCIINTEIbHO-BOCCTAHOBUTEILHOTO AJIEKTPOIA SIBIIS-
eTCSl XUHTHUAPOHHBIN 3JIeKTpoa. XHHTHAPOH — SKBUMOJIEKYJIIPHOE CO-
enuHeHre xuHoHa U ruapoxuHoHa: CeH,O,-C¢Hs(OH),. B Bome mano
PacTBOPHM, YaCTUYHO IIPH 3TOM JHMCCOLMUPYET Ha UCXOJIHBbIC Belle-
CTBa:

CsHsO, CgHa(OH), <> CeH40, + CgH4(OH)o.

XHHOH TUAPOXUHOH

CxeMa XuHTHApoHHOTO 31ekTpona: HY, CgH,0o, C6H4(OH)2| Pt.
Dnekrpoanas peaknusa: CgHsO, + 2H™ + 26 = CgH4(OH),

N Ay aH-i) ar.x.

oKkucieHHas ¢opMa  BOCCTaHOBIIEHHas (popma
[ToreHnumasn ero BeIpakacTcs ypaBHCHUEM:

Pxr. = (Pox.r. - (RT/ZF)In(ax.r./ax'aH+2)’

W Q° . = Oyr. + (RT/2F)IN(asap:/a,. ),
€ ay ¥ 4., — aKTUBHOCTH XMHOHA U TUAPOXUHOHA B PACTBOPE.

Tak Kak KOHIIEHTpALKs XUHOHA M TUAPOXUHOHA B PACTBOPE OJIH-
HAKOBA U UX dKTUBHOCTHU HpI/I6JIPI3HTeJIBHO paBHbI KOHHGHTpaHI/I}IM, TO
MOXHO HpI’IHHTB, qToO

Cx. lexr = ay fay . =1,
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TOorJa.

(Px.r. - (Pox.r. + (RT/F)InaH+ y

uia @y . = ¢©°x . — 0,059pH.

Takum 00pa3oM, XUHTUAPOHHBIN AIEKTPOJI SIBISECTCS 00OpaTHUMBIM
+
OTHOCHUTENIBHO MOHOB H'. Ero MOXHO HMCIIOJIB30BaTh I Ompeee-
Hus pH:

(-) Ag, AgCI | KCI|| H*, CgH40,, CoHa(OH), | Pt (+),

E= Prp. = Pres. = Qxr — Pagcl - (poxr - 0,059PH — QagCl
OTKYya

pH = (¢°xr — @agc1 — E)/0,059.

JlocToMHCTBa 3TOrO 3JeKTpoja: 1) MpocToTa HM3rOTOBIICHUS:
B cTakaH4MK ¢ kuciotor (Harmpumep, HCI) noGaBuTh mienoTky XuH-
THIPOHA, OMYCTUTh IJIaJKYI0 IUIATUHOBYIO IUIACTHHKY WJIM IIPOBOJIO-
Ky; 2) paBHOBECHE MEXKIY JJICKTPOJIOM M PAacCTBOPOM HACTyHaeT ObI-
ctpo (<1 muH); 3) OH B MCHBIICH CTEINEHU IOABEPIKEH ICHCTBHUIO
SJI0B, YEM BOJIOPOJIHBIH 3JICKTPOI.

Henocratku: 1) paboraeT Tojabko B KHCIBIX cpeaax (pH=1-8);
2) maeT HEBEPHBIC MOKAa3aHUs B NMPUCYTCTBUU OKUCIIUTEICH HIIM BOC-
CTaHOBUTEJICH M B MPUCYTCTBUU HEKOTOPBIX COJICH, TaK KaK THAPOXH-
HOH OKMCJISICTCS B XMHOH WJIM XWHOH BOCCTAHABIIMBAeTCS 10 THMJPO-
XWHOHA ¥ HE BBITIOJHACTCS COOTHOIICHHUE a,/a, . = 1.

5.2.9. Kitaccupukanus raJibBaHU4YeCKHMX 3JIEMEHTOB

Bce ranbpBaHMYecKHE 3JIEMEHTHI KJIACCH(PHUIIUPYIOTCS IO JIBYM
npu3HakaMm. 1) 1mo xapakTepy Ipoliiecca, MPOTEKAIOMEro B T'aJIbBaHM-
YECKOM DJIEMEHTE; 2) 10 HAJUYHMIO WM OTCYTCTBHIO AU(PHY3UOHHOTO
MOTCHITHAIA.

[To mepBOMy TpPU3HAKY TAIbBAHUYECKHUE DJIEMEHTHI Pa3aeisIIOTCS
Ha XUMHYECKHUE W KOHIICHTPAITMOHHBIC SJICMEHTHI.

Xumuueckue nemeHmsl — TATbBAHNYECKUE DJIEMEHTHI, B KOTO-
PBIX PHEPTHS XUMHYECKUX PEAKIIMNA HEMOCPEACTBEHHO MPEBpaIacTcs
B DJICKTPUIECKYIO (ds1eMeHT SIkoou — JlaHuai1s).
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Konuyenmpauyuonnvle 3iemenmost — TAIbBAHUYECKUE DJIEMEHTHI, B
KOTOPBIX 3JIEKTPUYECKAsE SHEPIUs IMOJY4YaeTCs 3a CUET BBIPABHUBAHUSA
KOHLICHTPALMK MEXY OTJIEIbHBIMHA YaCTAMU TAJIbBAHUYECKOU LIETIN.

KoHlleHTpallMOHHBIE 3JEMEHTHl Pa3AC/SIOTCS Ha JBa THIA!
1) 37eKTPOBI M3 OAHOTO M TOTO K€ MeTalljla OMYIICHBI B PacTBOPBI
COJIEM ATOr0 METaJIa Pa3JINYHON KOHUECHTPALNH,

() Agl AgNO; || AgNO;| Ag (+)
N ) N )

a <

(PAg/Ag+ = ([)OAg/Ag+ + (RT/ZF) In aAg+,

E:(P+_(P—,

E = (¢°aglag” + (RT/ZF) Inay) — (¢ aglag” + (RT/ZF) Inay) =
= (RT/zF)In(ay/ay),

E = (RT/zF)In(a,/a,)

2) B OZIMH ¥ TOT € PAcTBOP OIYIIEHBI 3JICKTPOJIbI U3 OJHOTO Ma-
Tepuana, HO C Pa3IMYHON KOHIEHTPAIMEH aKTUBHOIO BEIIECTBA. JTO
amMaJibraMHbI€ 3JIEKTPOIbl (PACTBOP METAJLIOB APYT B ApPYyTe).

AManbraMHbI€ 3JIEKTPObI, COCTOSAT U3 aMalibIaMbl TAHHOTO Me-
TaJlJla B KOHTAKTE C PacTBOPOM, COAECPKAILIUM HOHBI 3TOI'0 MeTalljia
(pa3nuuHOE CcojepIKaHME ITUKIIA B aMalibrame):

(=) Hg, Zn(a;)| ZnS0O, | Zn (a,), Hg (+)

a;>a, .

JuddysrnonHoro moreHmana Her (MMeeM OJWH PAcTBOP), KOH-
TaKTHOTO CKaYKa IMOTCHIIMAIA HEeT, TaK KaK MCITOJIb3YETCS OIMH METAJLI.
Ha oTpumarensHOM 3JIEKTPO/IE — MPOIIECC OKUCIICHUS:

HgZn = Zn** + 2™+ Hg.
Ha nonoxxureanrHoM SJICKTPOAC — IIPOUCCC BOCCTAHOBJICHMUA.
Zn* + 2e + Hg = HgZn.

AKTHBHOCTbH a; YMEHBIIACTCS, dy YBEIMYUBACTCA. DTO MPOUCXO-
JIAT 10 T€X MOP, IOKA OHU HE BBIPABHAIOTCS.

174



E :(Pr[p. — Qres. = [(POZn/Zn2+ - (RT/ZF) In(aZ/aZn2+)] -
— [0°2n/2n"" = (RT/zF)In(as/azy’ )] = (RT/zF)In(as/ay).

E = (RT/zF)In(a,/a,).

5.2.10. [ToTeHIMOMeETPHUA.
[loTeHIMOMeTpUYECKOE TUTPOBAHUE

Ilomenyuomempus — 5T0 METOJ| ONPEACICHUS Pa3IUYHBIX (U-
3UKO-XUMHUYECKUX BEJIWYMH, OCHOBAHHBIM Ha W3MEPEHUHU DJIEKTPO-
JBIOKYIIEN CUIIbl OOPAaTUMBIX rajJbBaHUUYECKUX AJIEMEHTOB.

E= 01— P2,
rae E — anexrpoasmwkymast cuna (31C); @1 U ¢y — MOTEHIIUATBI JICK-
TPOJOB UCCIIEYEMOM LICTIN.

[To 1aHHBIM MOTEHIIMOMETPHUCCKUX U3MEPCHHUH BBIYUCIISIOT KOH-
CTaHThI PAaBHOBECHS, KOHCTAHThI JTUCCOLMALIMN KHCIOT U OCHOBaHUH,
KOHCTAHTBI YCTOMYMBOCTH KOOPIMHAIMOHHBIX COCIUHCHHM, IPOU3BE-
JICHUE PACTBOPHMOCTH, OTIPEICIIAIOT AKTUBHOCTh W KOA(PPUITUCHT aK-
TUBHOCTH 3JICKTPOJINTOB, BOJOPOAHBIN mokazarensb (PH) u T. 1. Eciu
yJIaeTCsl MPOBECTH PEAKIUIO B TaJIbBAHUYCCKOM 3JICMCHTE M OIpejie-
muth ero DJIC, To MOKHO paccUuTaTh 3HAYCHUS OCHOBHBIX TEPMOJIH-
HaAMHUYECKMX QYHKIUH M XapaKTePUCTHK:

AG? = —z-F-E”;
AS° = z.F-dE° /dT;
OTCHO/J1a
AH %= AG® + T-AS";
E? = (RT/zF) In K,,

rae AG’ - m3meneHue CTaHJIApTHOW MOJIIPHOW CBOOOJIHOW SHEPIuHU;
Z — YWCJIO 3JEKTPOHOB, MPUHUMAKOIINX YYACTHUE B NEKTPOJIHOMN peaK-
uu; F— nocrosunas ®apazes, paBaas 96500 Ki/monsb; E° - cram-
naptHas JJIC rambBaHUYECKOTO DJIEMEHTA; AS® — u3MeHeHue CTaH-
JAPTHOM MOJIIPHOM SHTPOINMHU pPeakiuu; | — aOCoI0THAs TeMIieparTy-
pa, K; AH? — u3meHenue CTaHJAPTHOU MOJIIPHOM DHTAJIBIIUU pEak-
nuu; R — yHuBepcanbHas ra3oBas noctosiHHas; K, — koHcTaHTa paB-
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HOBECHUSI OKUCIUTEIIbHO-BOCCTAHOBUTEIIBHON PEAKLIUH, IPOTEKAOIIEH
B DJICMEHTE.

[ToTeHUMOMETPUUECKOE TUTPOBAHUE NPUMEHSIOT I PEAKUUN
HEUTpaIU3alNK, OCAKIACHUS, KOMIUIEKCOOOpa30BaHUSI U OKUCIUTEIb-
HO-BOCCTAHOBUTEIIBHBIX. BO BCEX CIydasx WHIUKATOPHBIN 3JIEKTPOL
JOJKEH OBITh OOpaTUMBIM MO OTHOIIEHHIO K MOHaM BOJOPOJA B pac-
TBOpE JUOO MO OTHOIICHWIO K MOHAM, O0Opa3yIoIUM KOMIUIEKCHOE
WJIA TPYJTHOPACTBOPUMOE COCIMHEHHE, BBITAAAONIEE B OCAOK.

Hnoukamopuwtit 31eKmpoo — 3NEKTPOJI, KOTOPBIM CITYKUT IJIs
ONpPENECICHUS TOUYKH SKBUBAICHTHOCTH TP TUTPOBAHUM.

1. JIsis OKUCIUTENBHO-BOCCTAHOBUTEIIBHOTO TUTPOBAHUS B Kaye-
CTBE HMHAMKATOPHOI'O AJIEKTPOJA HCIOJB3YETCA WHEPTHBIM METAIIN-
YECKHUI 3JEKTPOJI, B KAYECTBE JIEKTPOJIAa CPABHEHUS — KAJTOMEIIbHBIN
AIEKTPOI.

2. JIns ocaguTenbHOTO TUTPOBAHUS UCIIONB3YETCS MOHCEIICKTUB-
HBIN 3JIEKTPOJI B COUYETAHUU C KAKUM-JIMOO AJIEKTPOJOM CpPaBHEHUS.
Hanpumep, ajist TATpoBaHMs XJIOpUJIA Kajdusi HUTPATOM CeEpedpa mpu-
MEHSIIOT CepEOPSIHBIN JIEKTPO/I, CEJIEKTUBHBIN K HOHAM cepedpa.

3. s KHUCJIOTHO-OCHOBHOTO THUTPOBAHUS HCIOJB3YETCA CTEK-
JITHHBIN DJICKTPOJI B COUETAHHH C XJIOPCEPEOPSHBIM WU KaJOMEThb-
HBIM 2JIeKTposoM. [lokazanust mpubopa MOTYT CUUTHIBATHCS B BOJIb-
Tax 0o, eciu ucnoianzyercss pH-mMeTp, B eaunuiiax pH.

[IoTeHUHMOMETPHUUECKOE TUTPOBAHUE IIUPOKO HUCIOIB3YETCS IS
OIpPEICIIEHUSI KOHIICHTPALMM KHUCJIOT, OCHOBAHUM U uX cmeceu. [Ipu-
MEHSIETCS JUISl THTPOBAHUSI OKPAIICHHBIX WJIM MYTHBIX PaCTBOPOB, KO-
rja MPUMEHEHUE UHAUKATOPOB 3aTPyAHEHO. CyIIHOCTh €ro COCTOUT B
TOM, YTO TOYKA SKBUBAJICHTHOCTH HAXOJMUTCS HE IO MEPEXOAY OKpa-
CKM WHJIMKATOPA, a MO PE3KOMY U3MEHEHHIO MOTECHIIHAaNa UHIUKATOP-
HOT'O 3JIEKTPOJA.

[IpakTH4YEeCKHM MOTEHIHMOMETPUYECKOE TUTPOBAHHE KHUCIOT OCY-
HIECTBIJISIETCA CJAEAYIOMIMM O0pa3oM. COCTABJISIOT TallbBAHUYECKUM
AJIEMEHT, y KOTOPOTO OJWH JJIEKTPOJ — WHAUKATOPHBIN, IPYrou —
3JIEKTPOJ CpaBHEHHUs (XJIopcepeOpsHbIH, KaloMelnbHbIH). s skcme-
pUMEHTaJIbHOrO ompeaeneHus PH MoryT ObITh HMCHOJIB30BaHBI pa3-
JIMYHBIE UHAVUKATOPHBIE AJIEKTPOAbL: BOJOPOIAHBIN, CTEKIISIHHBINA, XUH-
TUAPOHHBIN W np. HaumOonbliliee npakTUUEeCKOE MPUMEHEHHE B TIO-

176



clie/THee BpeMs HaIlle] CTCKJISHHBIN 3JIEKTPOJI, UCIIONh3yEMbIA B IIIH-
poKoM uHTepBaIEe pH U B IpUCYTCTBUU OKUCIIUTETIEH.

B wu3BecTHBII 00bEM THUTPYEMOro pacTBOpa NpPUOABISIOT He-
OOJIBIIMMH TTOPIHMSIMH MPH ITOCTOSTHHOM IIEPEMEIIMBAHUN TUTPAHT U
Kaxapii pa3 uaMmepsaroT I/C smemenrta. [{ns HaXO0XKIACHUS TOYKU K-
BHUBAJICHTHOCTH CTPOSAT KPUBYIO TUTPOBAHUS, HAHOCS 110 OCU OPJIMHAT
D/1C rampBanmueckoro siementa (puc. 5.11a) wiam moTCHIMANBI HH-
JTUKAaTOPHOTO AMekTpoaa (puc. 5.116), a mo ocu abciuce — KOJTUIECT-
Bo peareHta (mi). Ckadok MOTEHIIMAjJa OTBEYAET HSKBUBAJICHTHOU
touke (T.3.). Turpyrommii pacTBOp (TUTPAHT) MOKEH OBITH IPUMEP-
HO B 10 pa3 Gosiee KOHIIEHTPUPOBAHHBIM, YEM TUTPYEMBIH.

¢ =Tpk)

¥ (NaOH), mn V(MNaOH), s

(a) (6)
Puc. 5.11. Kpugvie nomenyuomempuyecko2o mumposaHus

Kak BuaHO, B X0/1€ TUTPOBaHUS MPOUCXOAUT yMeHbleHue IJC
rajibBAHMYECKOTO AJIEMEHTa WJIM PE3KOE YBEJIMUYEHUE MOTEHIIMAIa UH-
JTUKATOPHOTO 3JieKTpoaa. [lo KpuUBBIM TUTPOBAHUS MOXKHO OIpese-
JUTH TOYKY SKBUBAJICHTHOCTH. CTPOSIT KacaTeIbHbBIC K TPEM ydacTKaM
KPUBOM TUTPOBAHMS, HAXOMAT CEPEIUHY OTPE3Ka, OMyCKAIOT MepIeH-
TUKYJISIp HA OCh a0CIMCC U OMPEACNSIOT YKCIO0 MUJUIMIIUTPOB MPH-
OaBIsIEMOr0 THUTPaHTA. 3HAasA 00bEM TUTpaAHTA, M3PACXOJOBAHHOIO Ha
TUTPOBAHUE O TOYKH SKBUBAJICHTHOCTU, KOHIIEHTPAIIMIO THUTPAHTA,
MO>XHO PaccyuTaTh COJIEpKaHWE aHAJIU3UPYEMOI'o BEIleCTBa BO B3s-
TOM Tpooe.
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[TOTeHIIMOMETPUUECKOE TUTPOBAHUE MOXKET IPUMEHATHCS HE
TOJIBKO JIJIsI ONPEEICHHS] OTHOTO KOMIIOHEHTA, HO U 1 nuddepen-
IAPOBAHHOTO TUTPOBAHUSI CMECH KHCJIOT U OCHOBaHuil. [loTeHimo-
METPUUYECKUM METOJ| MO3BOJISIET MPOBECTH KOJMYECTBEHHOE OMpeje-
JIEHUE KOMITIOHEHTOB B CMECH KHUCIIOT, €CJIM KOHCTAHThI TUCCOLIUAIIUN
B BOJIC pAa3MYalOTCId HE MEHEE YeM Ha YEThIpe nopsjaka. Ecim Kon-
CTaHThI JIBYX KHCIIOT B BOJIC OTJIMYAIOTCS Ha 2—3 MOpPsAKa, TO OHU HE
MOTYT OBITh pa3JeIbHO OTTUTPOBAHbI B BOAHOW cpene. Ha kpuBoii
TUTPOBAHUS UMEET MECTO OJWH CKauyOK IMOTEHIIMala, KOorja o0e Ku-
CJIOTBI OTTUTPOBAHBI COBMECTHO.

CylmecTByeT Ipymia pacTBopureici (HeBOIHbIC), KOTOpPhIC 00JIa-
naot auddepeHIupyommumM 1eicTBueM. Tak, eclii KOHCTAHThI JIBYX
KHUCJIOT B BOJIHOM pacTBOpe OJIM3KH, TO B cpeje auddepeHuupyronie-
ro pacTBOPUTENS PaA3IMYME B BEIMYMHAX KOHCTAHT JUCCOLMAIIUU
YBEIUYUBACTCS. KOHCTaHTa JUCCOIUAINK CIa00M KUCIOThl yMEHbIIA-
eTcsa B Oosbiielt crenenu. HampuMmep, omnpeneneHue coaep:kaHus Co-
JISTHOM ¥ MOHOXJIOPYKCYCHOM KHCJIOT B CMECH TUTPOBAHHEM BOJIHOTO
pacTBOpa SIBIISETCS CIOXHOM 3ajaueil B CBSI3U C TPYAHOCTbIO OOHA-
pY>XEHHUS JBYX CKauyKOB TUTpoBaHuA. [Ipu TUTpOoBaHUM B alleTOHE 00a
CKAuKa BBIPAXKEHBI IOCTATOYHO YETKO M COJAEPKaHUE KaXJO0N KHUCIIO-
Thl B CMECH MOKET ObITh paccunTaHo. HekoTopbie 1ByXOCHOBHbBIE KH-
CJIOTHI HE YIA€TCs CTYyIEHYaTO OTTUTPOBATH B BOJIE, TOT/Ia KaK B Cpe-
Jie KETOHOB Ha KPUBBIX TUTPOBAHMS HAOIIOAAIOTCS IBA CKAaUKa.

B obmem cnyyae nuddepeHnupytoiiee ACHCTBUE SIBISETCS pe-
3yJIbTAaTOM KOMILJIEKCHOTO BJIMSIHUSI CBOWMCTB PACTBOPUTENST HA KOH-
CTAaHThl JUCCOLUMAIMA U OTHOUICHHE KOHCTAHT JAUCCOLMALMU HJIEK-
TPOJIUTOB. B KaXJIOM OTJIETLHOM CiIy4ae MOKET Mpeo0JiaaTh TO WU
WHOE JICVCTBHE PaCTBOPUTEIISI HA DJICKTPOJIUT. BEJIIMUUHA JUDJIEKTPU-
YECKOM MPOHMIIAEMOCTH (€), CONMBBATUPYIOIIAS CIIOCOOHOCTh, KHCIIOT-
HO-OCHOBHBIC CBoOMcTBa. Hanmpumep, muddepeHuupyroiiee necTBue
aleToHa OOBSICHACTCSI OUCHb HU3KUMU KUCJIOTHO-OCHOBHBIMU CBOMCT-
BaMU.

CTeKJISIHHBIN JJIEKTPO

CrexissHHBIN 351ekTpoa (puc. 5.12) mpencraBiser co00l TOHKO-
CTCHHBIN CTeKISIHHBIN I1mapuk (1), 3amonHenHbii pactBopom HCI
(0,1M) nmubo O0ydepubiM pacTBOopoM (2). BHYTph Iiapuka IOMEIIAI0T
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BCIIOMOTATEILHBIA XJIOpCepeOpsHbIA 31eKTpo (3). DTO yCTpOKCTBO
OOBIYHO 3aKPBIBAIOT 3AIIUTHON TPYOKOH (4).

[lepen paGoTOM CTEKIISIHHBIN JEKTPOJ HEKO-
Topoe Bpemsa BbiMauuBaroT B 0,1 M pacTtBOpe
HCI. TIpu 5ToM HOHBI BOJOPOa U3 pacTBopa 00-
MEHHUBAIOTCSI HA HOHBI HATPUS W3 CTEKIIHHOMN
MeMOpaHbl U B CUCTEME YCTAHABJIMBAECTCS HEKO-
Topoe paBHOBecHe. [[0ATOTOBIEHHBI TaKUM 00-
Pa3oM 3JIEKTPOJ, B KOTOPOM IMPOTOHBI IOBEPXHO-
CTU CTEKJIa HaXOJSITCS B PABHOBECHUM C MPOTOHA-
MU pacTBOpa, MOXKET OBITh MCIIOJIB30BaH JIJIsl OIl-
penenenusa pH. Bennunna ckadka nmoreHuuaia Ha
IPaHUILIE «PACTBOP — BHEIIHSS MIOBEPXHOCTh MEM-
OpaHbl CTEKJIIHHOTO 3JIEKTPOJIa» 3aBUCUT OT aK-
THBHOCTHM MOHOB BOJIOPOJa B UCCIEIYEMOM pac-

Puc. 5.12. TBOpE.
Cmexasannblil OT paHee pacCMOTPEHHBIX JJCKTPOIOB CTEK-
INeKMpoo JISHHBIA 3JIEKTPOJ OTJIUYAETCS TEM, YTO B IOTEH-

[IUAJIONIPEICTIAIONICH PEaKIuh DJICKTPOHBI  HE
IPUHUMAIOT y4acTUs. DJICKTPOAHAs pPEaKIrs Ha CTCKISHHOM OJJICK-
TpOJE MpeJCTaBIsieT coO00i 0OOMEH MOHAMH BOJIOPOJa MEXy aHaJIH-
3HPYEMBIM PACTBOPOM U CTEKJIOM (CTEKJISTHHOM MeMOpaHOM):

H+ (p-p) S H+ (crekio).

CTEeKJIAHHBIN AIEKTPOJ SBJISETCS HOHOOOMEHHBIM JJICKTPOJIOM.
JIns1 ero M3roToBJICHUS MCIOJB3YIOTCS CIICIUAIIBHBIE COPTa HOHUTOB.
Ilepexon noHna Bojopoaa U3 oaHOM a3kl B APYTYIO SKBUBAJICHTEH II€-
peHocy enuHHMIB 3apsaaa (Z = 1). CTEeKISHHBIN 3JeKTPo i 0OBIYHO HC-
MOJIB3YIOT B Mape ¢ XJIOPCEPEOPSHBIM JIEKTPOAOoM cpaBHeHus. [Ipu-
MEHSEMYIO IIPH 3TOM SJICKTPOXMMHUYECKYIO II€Mb MOYKHO 3amucaTh
CIEAYIOIIUM 00pa3oMm:

®1 P2 P3
(=) Ag, AgCI | HCI| crexio | ncenenyemsrit pacteop || KCI| AgCl, Ag (+)

CTEeKJISIHHBIH 3JIEKTPO/ XJIOpcepeOPsSIHbIN JIEKTPO/I

HOTCHI_[I/IEUI CTCKJIAHHOT'O 2JICKTPOAa BKIIKOYACT TPU CKavKa.
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(P — CKAYOK ITOTCHITMAIA Ha TPaHUIIC pa3jeiia «KMETaJlJl BHYTPCH-
Hero 3JiekTpoja — oydepnsiid pactBop» (vm 0,1 M HCI), ¢, — const;

(P — CKAUOK MOTCHIIMAJa Ha TpaHulle «OydepHbIi pacTtBop (Min
0,1 M HCI) — BHyTpeHHSIS MOBEPXHOCTh MEMOpPAHBI» (CTEKIIO), (P —
const;

(p3 — CKAYOK ITOTCHIMAJa Ha TPAHMIIC «BHEIIHSS TTOBEPXHOCTH
MeMOpaHbI (CTEKJI0) — HCCIIEAYyEeMBIH PacTBOP», (3 # CONSt.

[loTeHIIMan CTEKISTHHOTO AJICKTPOJA BBHIpAXAeTCs ypaBHEHHUEM
HepHcra:

P cr = (POCT. + (RT/F) In (aH+)'

CTaHIapTHBIN IOTEHIHAN CTEK/IIHHOTO 31eKTpoza (9 ., ) 3aBUCHT
OT COpTa CTeKJIa MeMOpaHbl, COCTaBa BHYTPEHHEIO0 PacTBOpa U TEM-
neparypsl. Paccunrars €ro HEBO3MOXKHO, TaK KaK OH BKIIOYAET IO-
TEHI[MAJ AaCUMMETPHUH, OOYCIIOBJICHHBIN pa3IuyueM 3JIEKTPOXHUMUYE-
CKMX CBOMCTB BHYTPEHHEW M BHEUIHEU IOBEPXHOCTEU CTEKIIHHOU
MeMmOpaHbl. C 11€JIbI0 YMEHBIIIEHHUS MOTEHI[Mala aCUMMETPUU CTEK-
JSHHBIA 35ekTpos BeiMaunBaroT B 0,1M pactBope HCI u mocne storo
XpaHAT B IUCTUIUIMPOBAHHOU BOJE.

B/1C ranpBanndeckoro saementa pasHa (mpu 25°C):

E :(PnpaBLIﬁ — Quepiit — Px.c. = Per. = Pxc — (POCT_ - (RT/F)In (aH+) =
= Px.c — (POcT. + 0,059PH

TakuM 00pa3oM, CTEKJSHHBIM 3JEKTPOJ SBISETCS OOpPaTUMBIM
OTHOCHUTEIHbHO MOHOB H' (3/eKTpox mepBOro pona), ero MOXKHO HC-
MoJIb30BaTh 11 onpeneneHuss pH. Tak kak paccuurarhb (pOCT_ HEBO3-
MOJKHO, 3Ta OIeparys 3aMeHsSeTcs HacTpoiikoi mpubopoB (pH-mer-
POB) IO CTaHAAPTHBIM OydepHBIM pacTBOpaM, TaK Kak IIKajia
pH-meTpoB nporpagynpoBana HENOCPEACTBEHHO B eaqnHULAaX pH.

[Ipy MOTEHIIMOMETPUUECKOM TUTPOBAHUU CO CTEKJISIHHBIM JJICK-
TPOJIOM HE TpeOyeTcsl KaTMOPOBKHU MOCJIEIHETO, TaK KaK OTYET BEIYT
He no mkane pH, a no mxkane 9/1C.

OCHOBHBIE JOCTOMHCTBA CTEKJISTHHOT'O 3JICKTPOAA: MPOCTOTa pa-
0O0TBI, YCTOMYUBOCTh K JICUCTBUIO SIJIOB, IPUMEHUMOCTh B IIUPOKOMU
obnactu pH, ObICTpOE yCTaHOBJICHUE PABHOBECHS U BO3MOYXHOCTH OII-
penenenns pH B OKHMCIMTEIbHO-BOCCTAHOBUTEIBHOM cUCTeMe (Tak
KaK DJICKTPOHBI HE YYacTBYIOT B 3JICKTPOJAHOM mporiecce). K Hemoc-
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TaTKaM OTHOCSIT XPYINKOCTh UX KOHCTPYKIIMHU U YCJIOKHEHHE PabOThI
IIPU NMEPEXOAE K CUIBHO MIEJIOYHBIM U CHIIBHO KUCJIBIM PACTBOPaM.

IIpumepsl pewieHus 3ada4

3adaua 1. 3anumuTe CXEMy TajJbBaHUYECKOTO 3JIEMEHTa, CO-
crosiero u3 meaHoro (+0,34 B) u nuakoBoro (—0,76 B) saexrponos.
3anummTe MoJypeakiivy, MPOUCXOAIINE Ha KaXXJIOM U3 DJIEKTPOIOB,
a Take oOllee ypaBHeHUE peakiuu. PaccuuTtaiiTe cTaHAapTHYIO
DJ1C, a taxxke DJIC, snepruro I'mb0ca M KOHCTAaHTY paBHOBECHS pe-
aKIMH TIpH crenyomux yeaosmix: a(Cu®) = 0,1 M, a(Zn®") =2 M.
P e m e v u e. CocraBisieM cxeMy TaJIbBaHHYSCKOTO dJIEMEHTA
(-) Zn| Zn* || Cu*" | Cu (+)
Anox (-): Zn - 2e” = Zn**
Karox (+): Cu?* + 26" = Cu
O61wast peakuust; Zn + Cu®* = Zn*" + Cu

EC= =0,34-(-0,76) = 1,10 B

0
P ICu Pzn2+ |Zn

[ToTeHIuaIbl JIEKTPOAOB MPHU 3aJaHHBIX 3HAUYCHUSX aKTUBHOCTH
paccunThIBaeM Mo ypaBHeHuto HepHcra:

0 0,059 0,059

— 2+
Peuzticu = Pouticu T —Iga(Cu™)=0,34+ —IQO 1=0,31B;
0,059 . 0, 059
Ot = Ogpirgn - 108(Zn*") =-0,76 +=-=1g2 = -0,75 B;

E = E=0g 0, = Ppyrppy =0.31- (- 0,75)=1,06 B;
AG = —nFE = —2.96487-1,06 = —204,6-10° [l = —204,6 kJ[x/MOIb;
AG = -RTIn K;
3
K = exp(—ﬁ}exp _204,6-107 =7,5-10%.
RT 8,31-298

3aoaua 2. Onpenenurte MPoOU3BEACHUE PACTBOPUMOCTH U PACTBO-
pUMOCTh Opomuaa cepedpa Ha OCHOBAHWM 3HAYEHUM CTaHIAPTHBIX
SJIEKTPOJIHBIX MOTCHIMAIOB it OpomMcepedpsinoro (+0,071 B) u ce-
peopsiaoro (+0,799 B) siektpoios.

Pem e nue CocraBUM rajlbBaHHYECKUM 3JIEMEHT U3 Opomce-
PEOPSHOTO M CEPEOPSHOTO IICKTPOIOB:
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(-) Ag| AgBr | Br || Ag” | Ag (+)
Anon (-): Ag+ Br —e = AgBr
Katon (+): Ag” + e = Ag
B ranbBanmnueckoMm dJieMeHTe IMPpOTCKACT peaKHI/Iﬂ:
Ag’ + Br = AgBr.

KoncTanTa paBHOBecHs 3ToM peakiuu ooparna [7P(AgBr):

1 nFE®
K=———=exp
1IP(AgBr) RT

0_ o0 0 — —_
E” = 00 g P pgarag = 0799 — 0,071 = 0,728 B
0
HP(AgBr):expE—nFE ]:exp(_1.96487.0,728j:4’9-1013.
RT 8,314 298
3adadu

1. 3anumuTre cxeMy rajibBAHUYECKOrO0 3JIEMEHTA, COCTOSIIETO U3
xsopHoro (+1,36 B) 1 BoIOpOIHOTO 3JIEKTPOAOB. 3alMIINUTE TOIype-
aKIMy, MPOUCXOIAIIME Ha KaXJOM U3 JJIEKTPOJOB, a TaKxke oOliee
ypaBHEHUE peakunu. Paccuuraiite 3HaUeHU E° E, AG u K, IIpH Cclie-
TYIOITUX YCIIOBUSX:

p(Cl) =2 arm, a(Cl) = 0,1 M, p(H,) = 1 arm, a(H") = 0,001 M.

2. PaccumtaiiTe CTaHIAPTHBIM OKHCIUTEIbHO-BOCCTAHOBUTEIIb-
HBIA ITOTEHIIAAJI CUCTEMBI Pb4+|Pb2+, €CJIM W3BECTHBI CTaHJIApTHHIS
snexTpoHble norernuans: Pb*|Pb (+0,77 B), Pb*|Pb (-0,13 B).

3. Omnpenenure MPOU3BEACHUE PACTBOPUMOCTH M PaCTBOPUMOCTD
OpoMuaa cepedpa Ha OCHOBAaHUM 3HAYCHMM CTaHJAPTHBIX DJIEKTPOJ-
HBIX MMOTCHIMANOB 1 xjopcepeopsuoro (+0,222 B) u cepedpsHoro
(+0,799 B) anekTpomaos.

4. Omnpenenure CTaHIAPTHBIA OKHUCIUTEIBHO-BOCCTAHOBUTEIIB-
HBIN moTeHman 1 npouecca MnO, + 2H,0 + 3¢ = MnO, + 40H",
CCIM CTaHJAPTHBIM OKHUCIWUTEIbHO-BOCCTAHOBHUTEIIBHBIA TOTCHITHAI
ns mponiecca MnO,~ + 4H™ + 3e” = MnO, + 2H,0 pasen +1,69 B.
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5. OnpenenuTe KOHCTAHTY HECTOMKOCTH MOHA TETPAaXJIOPOIIaTH-
nata(ll) [PtCl,]* Ha ocHOBaHWM 3HauYeHMII CTAHIAPTHBIX SICKTPOI-
HBIX MOTEHIIUAJIOB:

Pt™" + 2e” = Pt; ¢’ = +1,20 B;

[PtCI,)* + 2" = Pt + 4CI"; ¢’ = +0,73 B.

6. PaccunTaiiTe KOHCTaHTY PaBHOBECHUS PEAKIIMHU THUCTIPOIIOPIINO-
auposanus 2Cu” — Cu®* + Cu mpu 25°C.

/. Paccuuraiite koHCTaHTy paBHOBecus peaknuu ZnSO, + Co =
= C0S0O4 + Zn npu 25°C 10 JaHHBIM O CTAHJAPTHBIX SJICKTPOJTHBIX
NOTEHIMAaJaX.

8. DJIC nsnemeHTa, B KOTOpPOM OOpaTMMO MPOTEKAET peaKius
0,5Hg,Cl, + Ag = AgCIl + Hg, pasna 0,456 B npu 298 K u 0,439 B
npu 293 K. Paccuuraiite AG, AH u AS peakiuu.

9. Bomuciure TtemmoBoit addekr peakmuu  Zn + 2AgCI =
=2ZnCl, + 2Ag, npotekaromeli B TaJbBaHUYCCKOM JJIEMCHTE IPH
273 K, eciu D/IC snemenra E = 1,015 B u temneparypusblii koa3ddu-
nuent DJIC = ~4,02.10™* B/K.

10. Usmenenue saranenuu peakiuu Pb + 2AgCl = PbCl, + 2Ag,
IIPOTEKAIOIICH B raJlbBAHMUECKOM 3jieMeHTe, paBHO —105,1 kJI>x/MOIb.
OJIC sroro snementa paBHa 0,4901 B mpm 298,2 K. Paccuwmraiite
OJ1C snementa nipu 293,2 K.

Tecmoauvie 3adaHusA

Buvioepume ooun npasunvnolit omeem

1. VkaxxuTe MHAMKATOPHBIN 3JIEKTPOJ, PUMEHSIEMbIM Ha MpaK-
THUKE MPU MOTCHIIMOMETPUUECKOM TUTPOBAHUU KUCIIOT:

A. XnopcepeOpsiHbIH. b. BogopoaHsliii.

B. CTexknsaHHBIMN. I'. KanomenbHbIN.

2. YKaXHTe, CKOJIBKO OCHOBHBIX THIIOB CKa4yKOB IOTEHIIMAJA
BO3HHKACT B TaJIbBAHMUYCCKHUX dJIEMEHTaX (HA30BUTE UX IMPHUYUHBI):

A. Onun. b. /IBa.

B. Tpu. I'. Yetnipe.
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3. HazoBuTe mpuymHbl BOZHMKHOBEHMSI CKauka IMOTEHIMAIa Ha
rpaHulie pazzaena a3 «MeTal — pacCTBOP»:

A. PazinyHble KOHIEHTPAILMU 3JIEKTPOJIUTOB.

b. Paznuune paboT BeIXO/a AIEKTPOHA.

B. BO3HMKHOBEHHUE JBOMHOTO BJIEKTPUUECKOTO CJIOS.

I'. Paznuuue no By paCTBOPEHHOTO BELIECTBA.

4. Ha xmopcepeOpsiHOM 3JIEKTPO/Ie MPOTEKAET PEAKIIUS
A H" +e = %H,. B. AgCl +e = Ag + CI".
B. Ox + ze =Red. I'. Y2Hg,Cl, + e = Hg + CI".

5. DIEKTpOI CpaBHEHUS Uil ONPEAEIEHUS 3IEKTPOAHOrO TOTEH-
nuana:

A. XnopcepeOpsiHbIH. b. XUHruapoHHBbIN.

B. KanomennHbBIN. I'. BonopoaHsin.

Buvibepume neckonvko npasuibnvlx omeemos

1. VkaxuTe npuurHbl BOSHUKHOBEHUSI NU(P(PY3MOHHOrO MOTEH-
nuAana;

A. BO3HUKHOBEHHE JBOMHOTO JIEKTPUUECKOTO CIIOA.

b. PaznnyHbie KOHIEHTPALIUU YJIEKTPOJIUTOB.

B. Paznunune paboT BeIXO/1a 3JIEKTPOHA.

I'. Pasznuyue no BUy pacCTBOPEHHOTO BELIECTBA.

2. HazoBurte 351€KTponibl, 0OpaTUMbIE€ OTHOCHUTEJIBHO KaTHOHOB
BOZOpOJA:

A. XWHTUIPOHHBIN. b. XnopcepeOpsHbIii.
B. BonopoaHsliii. I'. KamoMmesnHBIIA.
. KucinopoaHblid. E. CrekngaHubIi.

3. YKaxuTe 31eKTpOoAbl BTOPOro poAa:

A. KuciopoiHbIi. b. Bomopoanslii.
B. XnopcepeOpsHbIil. I'. XvHTUIpOHHBIN.
. CTEeKIITHHBIN. E. XnopHbIH.

4, XapakTepuCTUKa BOAOPOTHOTO JIEKTPOA:

A. DIEKTPOJ HE MOABEPKEH ACUCTBUIO SIIOB.

b. PaBHOBECHE MEXKTY IIEKTPOJIOM M PACTBOPOM yCTAHABIIMBAECT-
ca B Teuenue 20-30 muH.
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B. [Inatuna ObICTPO OTpaBISAETCS KATATUTUUECKUMU SITaMU.

I'. PaBHOBECHE MEXKY 3JIEKTPOJIOM U PACTBOPOM yCTAHABIIMBACT-
Cs. MTHOBEHHO.

. Pabotaet B untepraie pH ot 0 mo 14.

E. B ipucyTCcTBUM OKUCIUTENEH U BOCCTAHOBUTEIIEN 1AET HEBEP-
HBIW PE3yJbTaT.

5. Korjia mosny4aroT AB€ TOUKK 3KBUBAICHTHOCTH MTPU MOTEHIHO-
METPUYECKOM TUTPOBAHUU CMECH IBYX KUCJIOT:
A. PacTBOpUTENIEM CITYXKHUT BOJA.
CHIL. ciad. 4
b. K™ /K, > 10"
B. Mcnonb3yr0T OpraHndecKui paCTBOPUTEIb.
CHIL cna.
K7 /K7 >4

Ycemanoeume coomeemcmeue
|. Dnexkrpossl (3memenT SAxodu — danmsns):  [Iporekaromuii mporecc:

1. MenHbIi. A. OKHUCJICHUE.

2. I lMHKOBBIH. b. BoccranoBienue.

Il. DnexTpon: Cxewma:

1. Bomopoaubiid. A. Ox, Red | Pt.

2. XUHTUAPOHHBIH. B. H" | H,, Pt.
B. H", CgH,0,, CgH4(OH), | Pt.
I'. Ag, AgCl | CI'.

I11. DaexTpon: [IpoTrekaromuii mpouecc:

1. KayioMeNbHBIIA. A.H +e =%H,.

2. CTeKJISTHHBIH, b. Y2HQ,Cl, + e = Hg + CI".

B. AgCl +e = Ag + CI".
r. H+paCTBOD (_) H+CTGKJ’IO'

IV. Pasnocte mnoteHnua- IlpuymHa BO3HUKHOBEHMUS:
JIOB Ha TPaHULIE pa3aena:
1. Mertann — pacTBop. A. Pa3HbIe KOHIEHTPAUH 3JIEKTPOJIUTOB.
2. Metamn — MeTall. Bb. PaGota BbIX0/1a 3JI€KTPOHA.
B. Pa3zHbie BUIBI 3JICKTPOJIATA.
I'. /IBOMHOM 3JIEKTPUYECKHUM CIOM.

V. Tun snektpona: Turm 30€KTpOTHON pEaKIUU:
1. ITepBoro poma. A. OOMEH aHHOHOM MEXAY IEKTPOJAOM U PacCTBOPOM.
2. Broporo poga. Bb. OOMeH KaTHOHOM MEXIY IEKTPOAOM U PacTBOPOM.
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Bonpocul 045 cobecedo8aHUs

1. I'anbBaHnueckuii 3neMeHT. CKaukyd MOTEHIMaia Ha TpaHUle
pasnena da3. [IpuurHbl BOSHUKHOBEHHUS PA3HOCTH MOTEHIINAJIOB.

2. JIBoitHOM anekTpruueckuid cioi. {uddy3Hbiil moTeHIHal.

3. DIEKTPOIHBIN MOTECHITHA. THIIBI DIEKTPOIOB.

4. ®opmyna Hepucra nma 3/IC U 3HEKTPOIHBIX MOTEHIIUATIOB.
Bopoponnsiit anexktpoa. CTaHgapTHBIE 3JIEKTPOIHBIC TOTEHITUAIBI.

5. Dnexkrpoael cpaBHeHus. M3mepenue I]1C.

6. KoH1leHTpallmOHHBIEC SJIEMEHTHI.

7. OKUCIUTETBHO-BOCCTAHOBUTEIIBHBIC AJICKTPOIBI U 1eMU. XUH-
TUJIPOHHBIN 3JIEKTPOSI.

8. [lorenunomerpus. [lorenunomerpuueckoe TurpoBanue. CTek-
JISHHBIN 3JIEKTPOA.
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6. XuMMYecKasa KMHEeTHUKa
M KaTaJIu3

Jlaleko HEe Bcerga TEepMOAWHAMHYECKM BO3MOYKHBIE PEAKIUHU
OCYIIECTBIISIFOTCS B JAECUCTBUTEIBHOCTH. DTO CBA3aHO C TEM, YTO B
TEPMOJMHAMUKE HET MapaMeTpa BPEMEHH, ITOATOMY OHA HE JAeT OT-
BET, KaK CKOPO HACTYIHUT JAHHOE COCTOsiHUE. OnpeaeeHne yCIOBUH,
IIpU KOTOPBIX TEPMOJUHAMUYECKHA BO3MOXHBIE Peakiuu OyayT Ipo-
TEKaTh C JIOCTATOYHOU CKOPOCTBIO, COCTABIIAECT OJJHY U3 OCHOBHBIX 3a-
a4 XUMHAYECKON KMHETUKU. B KnHEeTHKe BBOAUTCS (haKTOp BPEMEHH,
KOTOPBI B TEPMOJIMHAMUKE HE pACCMATPUBAETCS.

Xumuueckasa KunHemuka — y4eHUE 0 XUMAYECKOM MPOIECCE, €TO
MEXaHU3ME M 3aKOHOMEPHOCTSAX MPOTEKAaHUA BO BPEMEHH. XUMHUYE-
CKasi KHHETHUKA — MHCTPYMEHT ISl YCTAHOBJICHUS MEXAaHU3Ma XHUMHU-
YECKUX PEaKINi, CBSI3U CTPOCHUSI U PEAKIIMOHHOW CIOCOOHOCTH pea-
TUPYIOIIUX YaCTHII.

6.1. CKopocmb XumMu4eckol peakyuu

Ckopocmo npocmoii 2omozennon xumuyeckoii peaxkyuu \N pas-
Ha YUCIY DJIEMEHTApHBIX XUMHWYECKUX AKTOB, MPOTEKAOIINX B €IU-
Hule 00beEMa 32 EUHUILY BPEMEHH.

B 3amMkHYTOH cucTEeMe IPU MOCTOSSHHOM O0OBEME U PAaBHOMEPHOM
pacnpesieJIeHUU peareHTOB M0 BCEMY 00bEMY PEAKTOpa CKOPOCTh XH-
MHUYECKOM pEAKUMU MPSIMO IMPOINOPLUOHATIBHA U3MEHEHUIO KOHIICH-
Tpaluu peareHToB BO BpeMeHu. CiieyeTr pa3nudarb CKOpPOCTb pacxo-
JOBaHUs peareHTa Win o0pa3oBaHUsl MPOAYKTa U CKOPOCTb XHUMHUYE-
CKOM peakiuu. Eciim B cucTteMe IpOTEKAET peaklyss B COOTBETCTBUU
CO CTEXUOMETPUUYECKUM YPaBHEHUEM

VAA + VBB — VyY + sz,
TO CKOPOCTDH ATOU pCaKIM1 paBHA
1dc, 1dc, 1dc, 1dc,

v, dt vg dt v, dt v, dt

W =—
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T. €. OHa HE 3aBHCHT OT TOT0, [0 KakoMy BemectBy (A, B, Y, Z) skc-
MEPUMEHTATOP CJIEAMUT 3a MPOoIecCOM. TOJbKO MpHU CTEXHOMETpUYe-
ckoM K03 duinerte va, paBHoMm eaunuie, W=W,. Ctexuomerpuue-
cKre KOd(PPUIMEHTHI MOJDKHBI COXPAHATHCA TMOCTOSHHBIMH B XOJI€
BCEro TpoIlecca, B MPOTUBHOM Cliydae HEOOXOIUMO IPHHUMATh BO
BHUMaHHE WX W3MCHECHHE BO BPEMEHH, YTO MOXET WMETh MECTO B
CIIy4ae CIIOKHBIX PEAKLIUHM.

JIJ1s1 CIIOKHBIX pEAKIMU CIEMYET pa3indaTbh CKOPOCTh Mpoliecca B
IIEJIOM U CKOPOCTh OTJICIBHBIX COCTABJISIFOIINX €r0 CTaIril; CKOPOCTh
DJICMEHTAPHOM CTaJIMM MOXKET OBITh M OOJIBIIC M MEHBIIEC CKOPOCTH
COBOKYITHOT'O XHUMHYECKOTO MpeBpamieHuss. CKOpOCTh XUMHUYECKOH
PEaKIMK BBIPAXaeTCs B MOIb/(J1-C) Ml Moib/(fiM°-C), HO MOKET OBITH
BBIPQKCHA U B APYTHX AUHHUIIAX.

Ecnu peareHThl HEpAaBHOMEPHO pacripeiesieHbl o o0bemy V, TO
peakiusi MOKET TIPOTEKaTh B Pa3HBIX TOYKAX peaKkTopa ¢ pa3HOU CKO-
pocThio. B 3THX cllydasx HaJ0 OTIMYaTh UCTHHHYIO CKOPOCTh pEak-
Uy B 1anHoM mukpoooseme W(X, y, z) = dC(X, Yy, z)/dt ot cpenueii
CKOPOCTH

tdcC
W=V*[==dV.
» dt
Eciu cucrema 3aMKHyTa, HO €€ 00BEM U3MEHSETCS B XOJIE peak-
05051 (peaKI_[I/I}O OPOBOJAT IIPU IOCTOSIHHOM I[aBJ'IeHI/II/I), TO KOHIICH-
Tpaius OyJeT U3MEHAThCA 32 CUET XMMHUUYECKOW peakiuu U U3MeHe-

HUS 00beMa cucTeMbl. B aToM ciydae aJist ICXOHOTO BEIIeCTBA

B Cc1oXHOM XMMUYECKOM pPEaKIUH, TIJI€ YYaCTBYIOT aKTHUBHBIE
MIPOMEXKYTOYHBIE TMPOAYKThI, CKOPOCTh PEAKIIMU HEJIb3sl BBIYUCIISTH
KaK CKOPOCTh U3MEHEHHUS KOHIIEHTPALMA TPOMEKYTOUYHOTO MPOAYKTA.

6.2. Kunemuueckasa Kaaccupukayusi XumMu4eckKux
peakyutl

BcaencTBrue orpoMHOro pa3HooOpa3usi XUMHUYECKUX peakiuil en-
Ba JIM BO3MOXKHA WX e€auHas Kiaccudukanus. [lemeHne peakmuii Ha
TPYNITBI BO3MOKHO C PA3JIMYHBIX TOYEK 3PCHUS.
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1. TIpocThic U CI0KHBIE XUMHYECKHE PCAKIUH.
Ilpocmas (>nemeHTapHas) peakuuss COCTOMT W3 OJHOTHITHBIX
3JIEMEHTAPHBIX aKTOB, HAIIPUMED:

(CeHs),CH-CH(CgHs), — 2(CgHs),CHe.

B nmpocToli XMMUYECKON pEakUUu pPEearcHTbl HEMOCPEACTBEHHO
peBpamalTcs B MPOAYKTH 0e3 00pa3oBaHUs MPOMEKYTOUHBIX Yac-
tul. [Ipocras peakuusi mporekaer 0e3 y4yacTusi KaTajau3aropa U He
TOPMO3UTCS UHTUOUTOPAMHU.

Cnoscnana (MHOrOCTaauiiHAS) peaKkyus COCTOUT M3 HECKOJIBKUX
(nHOTIa OOJIBIIOrO YMCIIA) MPOCTHIX PEaKIUK — 3JIEMEHTApPHBIX CTa-
UM, CBSI3aHHBIX JIPYT C IPYTrOM depe3 peareHThl WM MPOayKThl. Yac-
TO TPOIYKT OAHOW CTaJMM CIYXKUT pPEareHTOM i JIPYTUX CTaJuM,
SBJISISICH TIPOMEXYTOUYHBIM MPOAYKTOM. ECIHM mpoMeXyTO4HBIA Mpo-
OYKT OY€HBb OBICTPO MOABEPTaeTCs MOCICAYIONINM MPEBPAIICHUSIM, TO
OH SBJISIETCSl JIAOWJIBHBIM TPOMEXKYTOYHBIM MPOAYKTOM U OOBIYHO
IIPUCYTCTBYET B CUCTEME B BeChMa HU3KOW KBa3MpPaBHOBECHON KOH-
IIEHTPaIIUH.

2. C TOYKHU 3pEHUS YKCIIa YaCTHI], BCTYNAIOIIMUX B PEAKIUIO U 00-
pa3yIoIMMXCs B PEeaKIMy, IPOCThIC PEaKIMK JIeTSATCS Ha MOHO-, OU- U
TPUMOJICKYJISIPHBIE PEaKITUH.

Monomonekynapuaa peakyus — NpocTasi peakuus, B dJIEMEHTap-
HOM aKTe KOTOPOH MpeBpaniacTcs oJiHa yacTuiia (MoJIeKyJia, paJuKall,
WOH), HapUMEP aucconuanus nepokcuaa mo O — O-cBs3u.

ROOR — ROe + ROQe.

bumonexynapnaa peakyus — npocrtasi peakius, B KOTOPOH Ipe-
BPAIAOTCS ABE YaCTHIIBI (MOJICKYIIBI, PaIMKAIIBI, HOHBI), HAIIPUMED:

C2H5+ + Br — C,H3Br.

Tpumonexynapuaa peakyusa NPOTEKACT C YUACTUEM TPEX YACTUIL]
IpU UX OJITHOBPEMEHHOM CTOJIKHOBEHUHU. MHOrma OuMomekyspHOe
IIPEBPALICHUE IPOUCXOAUT C YYACTUEM TPEThEM dacTulbl. Hanpumep,
PEKOMOUMHAIIMS ATOMOB B T'a3€ BCET/1a MPOTEKACT B TPOUHBIX CTOJIKHO-
BEHMSIX, TAK KaK TOJIKO B 3TOM CIIy4ae JOCTUTAETCS CTaOMIM3aIus
JIBYXaTOMHOM MOJIEKYJIbl MyTEeM MepeAadd dHEPruu PEeKOMOWHAIIUU
TPETHEN YACTULIE!

He+He+M — Hy+ M.
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3. B 3aBHCHMOCTH OT TOT0, KaK IPOMCXOIUT IIEPEPACIIPEIEIEHUE
3IIEKTPOHOB M XUMHYECKHMX CBA3CH B XMMHUYECKHX PEAKIUAX, UX MOK-
HO pas3felnuTh Ha OKHCIMTEIbHO-BOCCTAHOBHUTEILHBIEC, TOMOJIHUTHYE-
CKH€, TETEPOIMTUIECKHE U CHHXPOHHEIE,

OKucaumenbHo-60CCMAHOBUMENbHAA PeaKyus — PEaKIvs, B
KOTOpPOH OIMH pearcHT (6occmanosumenty) TepseT, a apyroi (okuc-
Jiumestp) IproOpETaET OMH WK JBA DJIEKTPOHA, HAIIPHMED:

Cr** + Co(NH3)s™ — Cr’* + Co(NH;)e™",
Fe*" + HO* — Fe** + HO'™.

I'omonumuueckumu Ha3bIBAIOT PEAKIINHU, B KOTOPHIX pa3pbiB XU-
MHUYECKOH CBSI3U COMPOBOKIACTCS Pa3beIUHCHUEM Maphl 3JICKTPOHOB,
ee 00pa3yroIuX, a BOSHUKHOBEHUEC HOBOW CBSI3HM IPOTEKAET KaK CO-
¢IMHEHUE NBYX (PparMEHTOB, KaX bl M3 KOTOPHIX SIBIISIETCSA HOCHUTE-
JIEM OJIHOTO HECIIAPCHHOI'O 3JICKTPOHA. B TOMOJUTHYECKHUX PEaKIHIX
BCETJIa YYaCTBYIOT HJIM OOpA3yIOTCS YaCTHIIBI C HECITAPSCHHBIM 3JICK-
TPOHOM: CBOOOJHBIC paauKajbl, HOH-PAJUKAJIbI, COJbBATHPOBAHHBIN
3JICKTPOH.

I'emeponumuueckumu Ha3bIBAIOT PEAKIIMH, B KOTOPBIX Pa3phIB
CYIIECTBYIOIIUX U 00pa30BaHUE HOBBIX CBS3CH MPOMCXOIUT C COXpa-
HEHHEM 3JICKTPOHHOM Mapbl (FeTEPOTMTHYECKN).

I'emeponus (reTeponMTHYCCKUI pacmaj MOJICKYJ) IPOHUCXOIUT
10 PEaKIUH THIIA:

X=Y - X + Y um A-H - A"+ H".

4, XuMHYECKHE PEaKIIMU 4acTO OCYIIECTBISIOTCS MPH BO3ACHCT-
BUM TOTO WJIM UHOTO (DU3UUYECKOTO areHTa Ha XUMUYECKYIO0 CUCTEMY.

Tepmuueckasn peakyusa TPOUCXOAUT TMPH BO3JACUCTBUM TEILIA,
KOTJIa PEareHThl aKTUBUPYIOTCSI TOJBKO 32 CUET TEIIOBOTO JBUKCHUS
MoJieKya. Peakuus npotekaer usomepmuiecku, €Cid B TCUCHUE BCETO
onbiTa T = CONSt, U Heuzsomepmuuecku, €CI TEMIEPATypa MEHIETCS B
X0Jie TpoIliecca; Mpu OTCYTCTBUM TEIJIOOTBOAA PEaKIus UAET aoua-
bamuuecku.

domoxumuueckue peakyuu NPOTEKAIOT IIPU BO3ICHCTBUU CBETA
Ha XMMHUYECKYIO0 cucTeMy. CBET MOXKET BbI3BaTh JUCCOILIMALIMIO MOJIE-
KyJ Ha pajaukaibl (TOMOJMTHYECKHE PEaKIMH), HOHU3AIMI0 MOJICKYII
C MOCJIEAYIOINM MPEBPALICHUEM UOHOB, HOH-PAJUKAIIOB U aTOMOB C
MOJICKYJIaMH U JPYT C APYTOM.
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Anekmpoxumuueckue peakyuu MpoucxoasT B oObeMe U Ha Io-
BEPXHOCTH JJICKTPOJOB IPH MPONMYCKAaHWU Yepe3 CUCTeMy (pacTBop
WA TBEPAYIO (ha3y) JICKTPHUSCKOTO TOKA.

Mexanoxumuueckue peakyuu BO3HUKAIOT B TBEPAOM Telle MPHU
€ro MEXaHWYEeCKOM pa3pyIICHWH, BKIIFOYAIOT pacraj MOJICKYJ Ha
CBOOOHBIC PaAMKAIbl 1 HOHU3AIINIO MOJIEKYII.

5. XuMUYeCKre peakIuy Pa3InvaroTcs 1Mo (Ga3oBOMY COCTOSHHUIO
pearupyroneu CUCTEMBI.

I'omoghaznan peaxkuyusn tiporekaeT B ogHON (haze, romoda3HbIe
peakImm JIeiATCs Ha eazogasnule (B ra3oBoi (Base), scuokoghasmnvie (B
x)unakon (Basze) u meepooghasuvie (B TBepAOH (pase, HO HE COIMPOBOXK-
Jar0TCs 00pa3oBaHUEM HOBOMU (ha3bl).

I'emepoghaznan peaxkyus BO3HHWKACT Ha TPAHUIE pasjiena JIBYX
¢da3 (ra3z — XKUIAKOCTh, JKUIKOCTb — JKHUIKOCTh, Ta3 — TBEPAOE TEIIO,
KHUJIKOCTb — TBEPAOE TEJIO0, TBEPAOE TEJIO — TBEpJoe Tejo). [erepo-
(a3HBIMU SIBJISIOTCS PEAKIUU MPEBPAIICHHUS TBEPABIX TEJ, COMPOBO-
XKIaromuecs: oOpa3oBaHUEM HOBOH (has3bl.

6. B 3aBHCHMOCTH OT TOrO, KaKWe peareHThl BCTYIMAIOT B Peak-
UM, TIPOCTBIC PEAKIIMH JEIAT Ha MoaeKyasaphble (yIacTBYIOT TOJBKO
MOJICKYJIBI), paduxanvisie (0 KpallHEH Mepe, OJMH U3 PEarcHTOB —
aToM, CBOOOIHBIN pajJMKaJl WU WOH-PAJMKAI), uoHHble (OIUH WIIHA
0o0JjIee MOHOB), peaxyuu 8030yaicoenHbix MoaeKy1 (B POTOXMMHUICCKUX
IPOIECCaX), PeaKyuu CONb8AMUPOBAHHO20 JJIeKMPOHA, PeaKkyuu c
yuacmuem KOMNIEKCO8.

/. CroxHble peakiuu Mo crnoco0y, KOTOPBIM MPOCThIE peaKIuu
COWICHSIOTCS B CIIOKHBIM XUMHUYCECKHHA TPOIIECC, MOXKHO Pa3IeinuTh
Ha obpamumble (PaBHOBECHBIC), napasienvhble (BKIIOYAS KOHKYDU-
pyrowiue), nociedosamesibivie, NOC1e008amMelbHO-NAPALIeNbHbIe, NO-
cedosameibHvle ¢ 00pamuMbiMU CMAOUIMU, CONPANCEHHbIE U CAMO-
CconpsicerHvle PEaKInu.

I[To TMHMM KaTaM3aTOpa CIOKHBIC PEaKIIUH MOKHO Pa3/C/IuTh Ha
Hekamanumuyeckue, Kamaiumuyeckue (KaTanm3atop y4acTBYeT B
IPOIIECCE ¢ CaMOT0 Hadaja ero MPOBEACHUS) U d8MOKAMATUMUYEeCKUE
(katamu3aTop oOpa3yeTcs B KauyeCTBE KOHECYHOTO HMIIM IIPOMEKYTOY-
HOTO MPOJIYKTa).

Ocoboe MecTO cpelr CIIOKHBIX PeaKIHid 3aHUMAIOT yenHble pe-
axkyuu, TIPOXOAAIINE C YIACTHEM aKTUBHBIX IMPOMEKYTOYHBIX YACTHII
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(aTomMOB, CBOOOJHBIX PAIUKAIIOB, BO30YXJICHHBIX MOJICKYJ, HECTa-
OWJIbHBIX MOHOB) B ITUKJIMYCCKU MTOBTOPSIONIUXCS CTAIUAX, HATIPUMED
IIEITHAS PEAKIINS XJI0pa C BOJIOPOIOM.

C TOYKHM 3pCHHUS Y4aCTHS MHTHOMTOpA CIOXKHBIC PCAKIIMH JCIISAT
Ha HeuHeubuposanuvie, uHeUOUposamivie (AHTUOUTOP IPUCYTCTBYET B
UCXOJTHOM CMECH), asmourneubuposanuvie (AHTHOUTOP OOpa3yeTcs B
X0/ PEaKIUN).

8. Bo3MmoykHO jeneHHe peakiuii (MPOCTBIX M CIOXHBIX) MO CKO-
POCTH WX MPOTEKAaHUs Ha MmedneHHvie U Ovicmpobie. CKOPOCTh OBICT-
peIxX (Oughghyzuonno-xonmponupyemvix) peakiuii 3aBUCUT OT CKOPO-
CTH BCTPEY YaCTHI[-pEeareHTOB. MeIJICHHbIC PEaKIIMK JTUMUATHPYIOTCS
XUMUYECKUM B3aUMOJICCTBHEM YaCTHIl, KOTOPOE MPOTEKAaeT 3HAYM-
TEJNBHO MeJICHHEee CKopocTh auddy3un (BCTpedn) peareHToB.

6.3. Dopmyauposka 3aKkoHa delicmausi Macc

Ecmu B 31€MEHTapHOM aKT€ MPOCTOW PEAKIHUHU YYACTBYIOT JIBE
gacTuipbl (A+B—TpoayKThl), TO YHCIO DJIEMEHTAPHBIX aKTOB OYICT
MPSIMO MPOMOPIUOHAIBHO YUCTY BCTpey yacTuil A u B, a 310 uucio B
eAUHUIE O0BbeMa 3a E€IUHUIY BPEMEHU NPsIMO MPOMOPLHUOHAIBEHO
npousBeneHnio Ca-Cg. CiienoBatenbHO, 71 OMMOJIEKYJISIPHON peak-
uuu A + B — npoaykrsr, W ~ CACp.

3aKoH Oelicmeus macc. CKOpoCms RPOCHOU 20MO2EHHOU XUMU-
YecKoll peakyuu NpAMO NPONOPUUOHATLHA NPOU3EEOCHUN) KOH-
UEeHmpayuil peazupyrouiux 6euiecme ¢ CIeneHax, pagHvlx ux cme-
Xuomempuueckum Koyppuuuenmam.

Jliis peaknuu (NaA + NgB — IPOaYKTHI) KUHETHYECKOE ypaBHE-
HUE UMEET BUJL:

W = kCZAC;B wm W = kHCini ,

rae I1— cumBon mpousBenenus; Cj— KOHIGHTpamMs I-r0 pearcHra;
K — KOHCTaHTa CKOPOCTH PEaKIIHH.

3aKOH JEUCTBUS MACC BBINOJIHAETCS PH ONPEIAEIEHHBIX YCIOBUAX:

1. Xumuueckasi peakiusi MPOTEKAET TOJBKO 3a CUET SHEPIHH Tel-
JIOBOTO JIBMKCHUSI MOJIEKYJ. ECIIM peakinio BBI3BIBAIOT CBET, 3JICKTPU-
YECKUM TOK WJIM IPOHUKAIOIIEE H3IYUYCHHE, TO 3aKOH JEHUCTBHUS Mace
BUJIOU3MEHSIETCS, CKOPOCTh MTPEBPAILICHUS 3aBUCUT HE TOIBKO OT Ca, Cp
U T. JI., HO U OT XapaKTepa MOABOIMMOUN SHEPTUHU U €€ KOJIMYECTBA.
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2. IIpoTekanne peaknuu HE HapyIlaeT paBHOBecHOE (MakKCBEII-
00JIBIIMAHOBCKOE) pacHpeiejiCHUE SHEPTUU TO CTETICHSIM CBOOOJIBI
pearupyrommx 4acTull. ITO YCIOBUE BBIMOIHIETCS B TEX CIy4YasixX, KO-
I7la CKOPOCTh Iepenayn sHepruu (IOCTYIATeIbHOM, BpallaTeIbHOM,
KOJICOATEIIbHOM) OT YaCTHIIBI K YACTHIIC MHOTO OOJIbIIIE CKOPOCTH XH-
MHYECKOTro TIpeBpaiieHus. HapyiieHuss 3Toro ycioBHs OTpaaroTcs
Ha KMHETUKE peakiuu. Hampumep, MOHOMOJIEKYIsIpHAs peakiys mpo-
TEKaeT MO 3aKOHY OMMOJIEKYJISIPHON peakiuu, €CJIM MPpouecc TUMUTH-
pyeTcd nepenayen YHeprum.

3. PeareHTbl paBHOMEPHO paclpeesieHbl 0 00BEMY peaKTopa.

4. '3MeHeHue KOHLIEHTpalMid peareHTOB HE MEHSIET CBOMCTB Cpe-
IbI U (PU3UYECKOTO COCTOSTHUSA YaCTHI] PEareHTOB. DTO YCIOBHE YaCcTO
Hapymaercst il AKUJK0(pa3HbIX PEaKIuid ¢ y4aCTUEM MOHOB U TOJISIP-
HBIX MOJIEKYJ. M3MeHeHue KOHIIEHTpalluk peareHTa, AUCCOLUUUPYIO-
IIEr0 Ha WOHBI, MOKET U3MEHUTh MOHHYIO cuiy U pH pactBopa, 4to
OTPA3UTCS HA CKOPOCTU PEAKIIMH,

Ilopsook peaxkyuu 10 TaHHOMY pearcHTy (YacCTHBIH TOPSIIOK)
PaBEH MOKA3aTEN0 CTENEHU, B KOTOPOW KOHIIEHTPALHUs peareHTa BXO-
JTUT B KUHETUYECKOE ypaBHEHUE JIJIsI CKOPOCTH peakinu. Hanmpumep, B
peaKuuu, CKOpocTh KoTopon W = kC,rjA , TIOPSIIOK pEaKLMK 110 pearcH-
Ty A paBeH Na. [l7s mpocToi peakiiuy mopsiAoK Mo JAHHOMY peareHTy
PaBEH YMCJy YAaCTHUI[ PEAareHTa, YYacTBYIOIIUX B OJTHOM 3JIEMEHTap-
HOM aKT€, U COBNAJAET C MOJIEKYJSIPHOCTBIO peakuuu. Tak, s peak-
muu 2NO + Cl, — 2NOCI nopsimox peakruu mo Cl, paBen 1, a mo
NO - 2.

Oo6wuit nopaoox peaxyuu (N) paBeH CyMMe TIOKa3aTeliel crere-
HEW KOHILIEHTPAIMi BCEX PEAreHTOB, KOTOPHIE BXOMSIT B KHHETUYECKOE
ypaBHEHUE ISl CKOPOCTH PEAKIIHH.

Ecm W = KIIC™, o n=Zn;. Jlst npocToii peakuu obuumii mopsi-
JIOK — 3TO YUCJIO BCEX YACTHUI], yYACTBYIOIIUX B OJTHOM 3JIEMEHTAPHOM
akre. Jlnsa peakuuu 2NO + Cl, o0muii mopsIok peakiuyuy paBeH 3.

[lopsiiok peakiuu MMEET HECKOJBKO PAa3JIMYHBbIE CMBICIBI IS
IPOCTBIX U CJHOXKHBIX peakuui. [IopsAmoxk mpocTor peakuuud paBeH
YUCITy YacTHIl, YYACTBYIOIIUX B 3JIEMEHTAPHOM aKTE€; OH BCErja Io-
JIOKUTEJICH U 1IeJIourciieH. Eciu clio)kHas peakiiysi npeicTaBisieT co-
001 psiJl MOCIEA0BATENbHBIX CTAJUN, U3 KOTOPBIX MEpBas ONpeAesieT
CKOPOCTh BCEro MpOoIecca, TO MOPSI0K CYMMapHOW peakiuu 0ObIYHO
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paBeH TMOPSAJKY ITON OMpeAesIoniel CKOpPOCTh cTaauu. B obmem
ciaydae IOPSJOK CIOXKHOM pEakIMh MOXKET OBbITh IE€TOYHCIICHHBIM,
JIPOOHBIM, IICPEMEHHBIM M JakKe OTPULIATEIbHBIM (I aBTOKATaIUTH-
YECKUX M IICITHBIX aBTOMHUIIMMPOBAHHBIX MTPOIIECCOB).

6.4. Peakyuu pa3Au4HbiX NOPsA0K08

Ckopocmb peakuyuu nepeoz2o nopaoka A — Z npsMo NpoIop-
IIMOHAJIbHA KOHIICHTPAIIMY pearcHTa.

4G _9C; o
dt ot

Kunernueckue kpusbie nzmeHeHusi Cp u C; onuceiBatotr hopmy-
JamMu

CA:CAOe_kt unn In Ca=In Cp, — kt,

C
k=1t
t C,

Pa3MEpHOCTh KOHCTAHTHI — [BpeMst ]
_ —kt
Cz=CztCao(l-€7),

rae Ca=Cpo 1 Cz=Cz, mipu t=0.

[Tepuon monymnpesparienus 11, = In2/k = 0,69/k, T. e. He 3aBHCHT
OT MCXOJHOW KOHIICHTpAIlUU PearcHTa M SIBISICTCS XapaKTePUCTUKOU
pEaKInK MEePBOTO TOPsIKA.

His  Oumonekynapuoii  peakuyuu - 6mopoz0  HOPAOKA

A+B—F*>7Z , €CJIA CXOJIHbIC KOHLEHTPALIUXA PEAr€HTOB PaBHHI,
Ca=Cg:
dC, dC, dC, ) 1 1 ~a
dt dt  dt A 2t0 4 A

Pa3MEPHOCTB — [KOHIEHTpALHs - BpeMs ]
i Ca=Cg=Cao(1+2Cackt) ™, ecint t=0, CA=Cpo, C=Cgo 1t C;=Cj,.
CKOpOCTb peakIiu W =Wg=W,=kC?,= kC2A0(1+2CA0kt)_2.

[Mepuon momynpeBpamenus T1,=1/2CpcK, T. €. TeM MeHbIIIe, YeM
oonbire Cpo.
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Ckopocmb Xumu4eckou peakyuu Hy1e8020 NOpPsAOKA HE 3aBUCUT
OT KOHIICHTPAIIMK PEarupyromux BEMIeCTB (peakinu Ha TPaHMIIC pa3-
nena a3, TMMATHPYIOIINUM SABJIsIeTCS mporiece quddy3un):

-d%: KC® i —de = K dt.

WNuterpupyem, nomyusaem: —C = kt + const.
ITpu t = 0 — const = —C,. IToayuaem: —C = kt — Cy;
k=(Co-C) It =xh,
Pa3sMEpHOCTb — [KOHIEHTpALHS BpeMst .
[Tepuona monypacnana: 11, = Cqy /2K.

Buvisedem obwee svipasicenue kKoncmaunmol ckopocmu OJisi peax-
yuu N-20 nopsoKa

A1+A2+ +An—>AI1+A'2+ +A'n.

Ecnu ycnoBusMu peakiuu siBJISIIOTCS TOCTOSIHCTBO 00beMa CHUC-
TeMbl V U PaBEHCTBO YMCJIa MOJIEH KaXJOT0 yYaCTHUKA PEaKIUU B
UCXOJHBI MOMEHT, TO AU PepeHInATbHOE YPAaBHEHUE CKOPOCTH 3a-
MUIIETCS TaK:

dx
~=k(a-x)", 1
k@ @
IJie X — CTEIeHb IIPEBPAICHHS, & — HauajbHask KOHIICHTPAIHS,
K
K=yt 2)

Kak BumHO u3 BeIpaxkenus (2), K 3aBucut ot obmiero oobema V.
Tak kak 00BeM HjacaNbHOrO rasa mo 3akoHy boins — Mapuotra
IpU TMOCTOSIHHOW TemIiepaType oOpaTHO MPOMOPIMOHAJNEH AaBiie-
HUIO, TO

K ~ pl’l—l

CornacHo (2) nis peakiyii IepBOro MopsiaKa KOJIUYECTBO pearu-
PYIOIIETO B €AMHUIY BPEMEHHU BEIICCTBA HE 3aBHUCUT OT OOIIEro
IaBIICHUS, JUII OMMOJIEKYIISIPHBIX PEAKIHIM — MPSMO IPOIOPIHOHAIE-
HO OOIIEMY ABJIEHMIO, a JJIS TPUMOJEKYSIPHBIX — MPSAMO IIPOIIOP-
[{HOHAILHO KBaJApaTy OOIIEro JaBICHHS U T. 1.
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Paznenss nepemennsie u uHTerpHpys (1) B nmpenenax ot 0 mo t
1 cooTBeTcTBEHHO OT O 110 X

f ax__ jkdt , (3)

p@=x" g

MOy UM

11 a“‘l—(a—x)“‘ll @)

tn-1 a"*a-x)"*

[Moacransas x = al2 u t = 7 (rae T ©UMeeT CMBICT BPEMCHH I10-
JTypacrajia), HaXOJuM:

1 1 21
ko1 at )

T. e. Bpems mousypacmaja oOpaTHO MPOMOPIUOHATEHO KOTUYECT-
By MCXOJTHOTO BEIECTBA, B3ATOMY B CTEIIEHHU, HA €IUHHILY MEHb-
mieil, 9eM MOpSIJ0K peakiuu. ITa 3aBUCUMOCTh MOXKET OBITH TIO-
JT0KeHa B OCHOBY METO/a OMpeiesieHus] mopsaka peaknuu. Tak, jio-
rapupmupys (5), moayanm

n-1

Igrzlg2 —(n-Dlga. (6)

k(n—1)

B koopmunatax Ig t— Iga 310 ypaBHEHHE BBIpa)kacTcsl MPSIMOH,
npecTaBIeHHON Ha puc. 6.1,

g7

N

2™y
g k(7-1)

Puc. 6.1. 3asucumocms 1g 7— 1ga

tga=n-1
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6.5. Memodul onpedesieHust nopssdka peakyuu

1. Ilopsaiook peakuyuu Ny no oannomy peazenmy A MOXHO ompe-
JIeJINTh, B35IB OCTaJbHBIC PEareHThl B TAKOM HM30BITKE, YTO UX W3MEHE-
HHEM B X0JI€ OIbITa MOKHO MPEHEOPEYb.

B stom ciiyuae

W=K'C»
K'=v.KCpe .

YtoObl HANTH OOIIUI MOPSAJIOK peakiuu N = Np + Ng, 1I€I€C000-
Pa3HO B3SITh PEAreHThl B CTEXUOMETPUUYECKOM COOTHOIIICHUH.
Ecnu ctexuoMeTpuyeckoe ypaBHEHHE PEAKIIMM UMEET BU]T

vaA + vgB — npoaykTsl,

a KHHETUYECKOE ypaBHEHHUE — NAA + NgB — npoaykThI,
TO TIPH

Cao/Cpro = Wa/Wsp,
W, =kv,CA (22)" =k'C"
VA

K =Wa(Wa/W,) k.

2. Onpeoenenue (N) no KunemuuecKkoi Kpusoil pacxo008amnus
ucxoonozo eewecmea (memoo Ilayinna).
B o0miem ciryuae

—dCA/dt = k\CnA,

rac k' = kVACBo.

[Iupoko HCMONB3YIOT TaKOH MPHUEM: IO SKCIEPUMEHTATHHBIM
JaHHBIM CTPOAT 3aBHCHMOCTh B koopauHaTax f(X) — t, roe Bug f(X)
COOTBETCTBYET KOHKpeTHOMY (N).

Hampumep, mist N=1 nomkHA BBIMOTHATHCA JUHEHHAS 3aBUCH-
MOCTh B KoopauHaTax lg X — t, mius N= 2 — B KoopJMHATaX X1—tu
T. A. JMs HaAEeKHOTO OMpeAeICHUs] TOpSAKa PEaKIUh HEeOO0XOIUMO
BECTH PEaKIMIO Ha JOCTAaTOYHYIO TI1yOuHy (cM. puc. 6.2).
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(Cao—Ca) In (Cac—Ca)

tga =K
tgo =k
o o
t
HYJIEBOU MOPSI0K IIEPBBIN NOPSIOK
1lc,
tga =k

e

BTOPOMU MOPSAIOK

Puc. 6.2. U3menenue konyenmpayuu 60 epemeHu
0J1s1 peakyuii paziuiHuIX NOPSIOKO8

3. Ilo épemenu npespawienus na 1/p uacme.
Bpems npeppamienus BemiecTBa Ha 1/p yacth ty, OIHO3HAYHO
cBs3ano ¢ C, u N:
eciun=1 1o
tp=2,3k Ig [p/(p-1)];

eciun# 1, To
n-1
— p —(n-1),-1
t,= [EJ -1|C™" k™ /(n-1).
4. Ecnu nposecmu ceputo onvtmog c pasuvimu C,, mo nopaook
peaxyuu Haxooam u3z zpagurxa (memoo Hoitca u Ocmeanvoa):

t C'
g =(n-1)lg—=.
th, C

o]

MO’KHO UCHOJIL30BaTh U OJINH OIIbIT, U3MCPHUB Co IIPpHU pa3HbIX t:

typ _[p/(p-DI"" -1
tye [A/@-D]"" -1
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5. Ilo 3asucumocmu HAUAILHOU CKOPOCMU PEAKUUU OM UCXO00-
HOUl KOHYEHMPAYUU PeazeHma.

HaganpHast CcKOpOCTh peakmuu mnpsMo mpomnopiroHanbHa C,.
[TpoBenst cepwro OMBITOB C Pa3HBIMH HCXOIHBIMH KOHIICHTPAITUSIMU
peareHTa, CTpoAT Jlorapu@mMudeckyro anamopgo3sy:

lg W, = const + n Ig Cx,,
34TCM 110 HAKJIOHY HpHMOﬁ HaXOIAT IOPAOOK pCaKIIKn
n = Alg W/lg C,.

JIns HaeKHOTO OIpeAeNeHUs] MOpsAIKa peakIuu HeoOXOANMO
MeHSITh Cap B JIOCTaTOYHO HIMPOKOM nuamna3one. Hampumep, ecnu
TIPOBEJICHBI J[BA OIBITAa, B KOTOPHIX KOHIIEHTPAIUU peareHTa OTInYa-
IOTCS B JIBa pas3a, a OMMOKa B U3MEPEHUHN CKOPOCTU COCTaBisieT 5 %,
TO cpeHss omuOKa B oripejiesienun N paBHa 22 %.

6. Ilo 3a6ucumocmu usmeHnaOueiica 60 pemMeHu CKOPOCmMuU pe-
akyuu om Konuyenmpayuu peazenma (Metoq Bant-I'odda).

B mporiecce peaknuu pacxoayeTcs peareHT U YMEHBINASTCS CKO-
POCThH peaKIy, MPHUIeM CKOPOCTh PEAKIUU B NaHHBIM MOMEHT W, 0j1-
HO3HAYHO CBs3aHa C KOHIIEHTpanuei Bemiecta Cy

lg W, = const+ n Ig C..
I[JIH HaXOXIACHUA IIOpAAKA PCAKIHUH OIIPCACIAIOT B PA3JIMYHBIC

MOMEHTBI BpEMEHHU CKOpOCTh peakiuu Wy 1 KOHIIGHTpAIIO peareHTa
C 1, moctpou Jiorapudmudeckyro anamopdosy, HaxoaaT (N).

6.6. KoHcmanma ckopocmu
XuMu4ecKoll peakyuu

CornacHo 3aKOHY JIEWCTBUSI MAacC CKOPOCTh IMPOCTOM peakuuu
paBHA

W =KkIT,C".

Koucmanma cxopocmu peaxuuu (K) — xo3pduuerar npomnop-
IIMOHATBLHOCTH MEXJY CKOPOCTHI0 XMMHUYECKON peakIuu U Mpor3Be-
JIEHWEM KOHIIEHTpaIlUid pearupyromniux Bemiects. KoncTtanta ckopoctu
YHCIICHHO PaBHA CKOPOCTU XMMHUYECKOW peakiud, Korja KOHIEHTpa-
1y Beex peareHToB paBHbI eauauIe: W = K npu Cp = Cg = 1.
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Ecmu peakmust A ¢ B o cBoeMy MexaHu3My ciioxHas (B HEH y4a-
CTBYIOT aKTHBHBIC IPOMEKYTOUHBIC MPOIYKTHI, KaTaIu3aTop H T. 1.),
noquunsercss ypaBaenuto W =KIT, C", To K HasbBaroT a¢hghexmuenoii
koncmanmotu ckopocmu peaxyuu; |UPAC pekoMeHyeT Ha3bIBaTh K B
ATOM CIy4dae KOd@P@OUYUeHMOM CKOPOCIU Peakyuu.

YacTo peaknuio IPOBOAAT B YCJIOBHUSAX, KOTJa KOHIICHTPAILIMH
BCEX pEareHTOB, KpOME OJHOTO, B3SThI B M30BITKE M B XOJI€ OIBITa
IPAKTUYECKU HE MEHSIOTCs. B 3TOM cityuae

W =KkC,ACg? =K,,;,CaA
A B A

Habn

a kodpduruent K, = KC)A HaspIBaIoT 2¢hhexmusnoil, unu Habmo-

oaemoti, koncmarmoti ckopocmu peaxyuu Ipu Cg>>Ca.

st cnyyast Na=1 takoit ko3(PUIMEHT YacTO Ha3bIBAIOT KO3(]-
(GUIIMEHTOM CKOPOCTH PEakIMH IceBaoIepBoro nopsaka. Koncranra
CKOPOCTH PEaKIIUH MOPsIKa N UMEET pa3MEePHOCTb.

(Bpemst) “e(konuentparms) ", UucneHHOE 3HAYEHHE 3aBHCHT OT
CMHUII, BEIOPAHHBIX ISl U3MEPECHHS BPEMEHH U KOHIICHTPAITUH.

CymecTByeT psJ METOJOB BBIYMCICHHS KOHCTAHTBHI CKOPOCTH
XAMHYECKON PEAKIVH.

ITo kunemuueckoii kpusoii. Ec n=1, 1o k=t"1n 10:1g (C/Cp).
Ecau cymmapHBIi OpSIAOK peakiuu — N, a MOPSAOK PEaKInH 110 J1aH-
HOMY KOMIIOHEHTY paBeH 1 M BCE peareHThI, KpoMe A, B3STHI B H3-
OBITKE, TO

n
k=1In101g (C,, /CA)/tl_[Ci0 :
i=2
Jlns peakiuu A + B — npoaykThl K HaX0IAT U3 ypaBHEHUS

In10 Ca C

k = Ig—A — g2

g
t(CAO _CBO) C:B C:Bo

Ilo nepuoody nonynpespauwienusa. llepro nonynpeBpamieHus OJ1-
HO3HAYHO CBSI3aH C KOHCTAHTOM CKOPOCTH M MCXOJIHOM KOHIIEHTpALU-
eil peareHTa, 4TO MO3BOJISCT BHIUUCIUTE K. Tak, Ij1s peakuu mepBoro
nopsiaka K=In 2/ty,, s peakium BToporo mopsiika k=C, M typu . 1.

Ilo nauanvnoii cxkopocmu peaxyuu. 110CKOJbKY B HaYaJIbHBIN
MOMEHT BPEMEHH PACXO/I0BAaHUE PEAr€HTOB HE3HAYUTEIBHO, TO
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N

0]

W =KIIG wk=wiIC].
i o

ITo usmenenuro ckopocmu peakyuu 60 gpemenu. VIamepus KoH-
[ICHTpaIMK peareHToB B MOMeHT BpeMmenu t” u t (C” u C ), MOKHO
BBIYHCIIUTH CPEIHIOI0 CKOPOCTh peakinu 1 Haitu K, mpu v=1 umeem
C-C" =< 1,.. ... — —n
t—, C:E(C-FC ), k=W/C .

AN ~

—

6.7. YpasHeHue AppeHuyca. IHep2usi akmusayuu

[IpeBpalieHre UCXOAHBIX YACTHUI] B MTPOAYKTHI PEAKIINH, KaK Ipa-
BUJIO, CBSI3aHO C MPEOJI0JIEHUEM MOTEHUIUAILHOTO Oapbepa, KOTOPBIN
Ha3bIBAIOT JHepeuell akmuesayuu xumuueckoii peaxyuu (E).

Hanuuue noreHuuanbHOro 6apbepa oOyCIOBIEHO TEM, YTO Kax-
nast yactuia (MOJIeKyJia, paJuKall, HOH) — SJHEPreTUUECKU 0oJiee HiIH
MEHee ycTolunBoe oOpazoBaHue. llepecTpoiika pearupyronmx yac-
THUIl TPEOYET pa3pbiBa WU OCIA0JIEHUS OTIACIbHBIX XUMUUYECKUX CBSI-
3€#, Ha YTO HEOOXOIUMO 3aTPATUTh PHEPTHIO. [{0JIs1 YacTHIl ¢ SHEpTru-
eit Gonsiue E paBrHa ¢ ="' (3akoH BonbiMana). B xuMuueckoM mpe-
BpAIllCHUM YYaCTBYIOT TOJBKO TAKUE YACTHIIbI, SHEPTUsl KOTOPBIX
oosibiie E, MOATOMY KOHCTaHTa CKOPOCTU pEaKIuu k~¢ ERT, Briepsrie
3aBucuMOCTh K ot T BbIBemeHa C. A. AppeHHYCOM H3 3KCIEPHUMCH-
TaJbHBIX JaHHBIX. OHA UMEET BU

k=Ae™, umi Igk =IgA B 1
23RT

B a1y dopmyny BXOIAT JBa mapamerpa: sHEprusi aktupaiuu E u
IPEIPKCIIOHCHIINAIBHBIA MHOXKHUTEIb (IIPEIPKCIIOHEHTa) A. DHEprus
aKTUBAIlMM €CTh TOT MHUHUMAJbHBIA M30BITOK SHEPIUH, KOTOPHIM
J0IbKHA 00J1a1aTh yacTuna (Win mapa pearupyroniux YacTUIl), YTO0BI
BCTYIIUTh B XMMHUYECKYIO PEAKIIUIO. DKCIIOHEHTA e N7 IPEACTABIISAECT
coOO0M JT0JTF0 aKTUBHBIX YaCTHI[ WU aKTUBHBIX CTOJIKHOBEHHMM YacTHII,
MPUBOJSIINX K peakuuu. [lpedskcnonenmy A MOXHO pacCMaTpUBATh
KaK KOHCTaHTYy CKOPOCTH, C KOTOPOW PEATUPYIOT AKTHUBHBIC YACTUIIBL.
Kak HerpyaHo BujieTh, K= Anpu E=0uk - Anpu T — oo,
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3akoH AppeHuyca MOKHO BBIBECTH TEOPETHUECKH U3 TEPMOJIMHA-
MHUKH XHMHYECKOTO0 PAaBHOBECHS MPH CIICIYIONMINX MPE/TOIOKCHUSIX

1) mpeBpalllcHHIO MOJIEKYJIBI A B MPOIYKThI IPEIIIECTBYET €¢ IIe-
PEXO0JI B aKTUBHYIO MOJIU(PHUKAIINIO, YTO TpeOyeT 3aTrpaThl sHepruu E;

2) 9Ta akTHBHAs MOIU(DHKAIUI MOJIEKYI A, 00pasyeTcs mo o0-
patumMomy mnporeccy: A < A,

Kacr = [Alacr/ [A]; T Kyor — KOHCTaHTa paBHOBECHS

3) KOHIIEHTpalUs aKTUBHON MOIM(HKAIIMKA MOJEKY]I A OYCHBb
Majia, TaK 4TO X 00pa30BaHHE MPAKTUUYECKH HE MEHSET KOHIICHTpa-
ITUIO MCXOJIHBIX MOJICKYI, TOATOMY A,r = Kae[A];

4) akTHBHAs MOAM(HUKALNS MPEBPAIIACTCS B KOHCUHBIA MPOIYKT
CO CKOPOCTBIO, HE 3aBHUCSIICH OT TeMIIepaTyphl, T. €. KOHCTaHTa CKO-
POCTH XUMHUUYECKON pEeAKIUU

k = const[A]... = const-K,[A];
IIOCKOJIBKY, coriacHo TepmoauHamuke, dInK,,./dT = + E/ RT?

dink/dT = d InK,/dT = E/RT? , un

Ink =— (E/RT) + const.

[Tonoxus const = InA, roe A — DOCTOsSIHHAA, HE 3aBUCALIAA OT
TEeMITepaTypbl, UMEEM

Ink = InA — (E/RT), wu k = Ae ="

N3 3TOTO BHIBO/A SICHBI YCIOBHUSA, IPU KOTOPBIX MPOCTas XUMUYE-
CKasl peakiusl clieayeT 3akoHy AppeHmyca. Bo-TiepBbIX, aKTHBaIIUS
MOJIEKYJI TPOUCXOIUT TOJIBKO 3a CUET TEIJIOBOM sHeprun. Eciu Mose-
KyJbl BO30YXIAIOTCS CBETOM, 3apSHKEHHBIMH YAaCTUIIAMH M T. ., TO
3aKOH AppeHnyca MOXKET HE BBITOIHATHCS. BO-BTOPBIX, MPOTEKAaHUE
peakuuyd He AOKHO HapyllaThb PAaBHOBECHOTO pacHlpeleieHUsl dHEep-
THH TI0 CTEIIEHSM CBOOOIBI pearupyromux yactull (yciosue 2).

3aBHCUMOCTh CKOPOCTH PEaKIIMU OT TeMIepaTypbl HHOTJAa BBIpa-
KAIOT 4Yepe3 TemrepaTypHbiidi koddduiment. TemnepaTypHbiii K03¢-
¢urment a(T) moka3piBaeT, BO CKOJBKO pa3 YBEIUIHBACTCS CKOPOCTh
XUMUYECKOU peaKIuu IpH yBeIHMIeHUH TemmepaTtypsl Ha 10 K:

W (T +10)
w()
E=0,1T(T+10) RIna(T).

JIJIs1 HEKOTOPBIX AJIEMEHTAPHBIX PEaKIUM, TAKMX KaKk peKoMOuHa-
IIMs aTOMOB, paJuKaioB U HOHOB, E=0.
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6.8. C/100icHbIE peaKyuu

CJ0XHBIC PeaKIMK JCNATCA Ha oOpaTumblie (paBHOBECHBIC), Ia-
payienbHble (BKITIOYas KOHKYPEHTHBIC), IMOCIEI0BATEIbHBIC, MOCIIC-
JI0BaTENIbHO-TIapaJUICIbHbIC, MOCCIOBATEeIbHbIE ¢ 0OPaTUMBIMU CTa-
JTUSIMH, COMPSDKCHHBIE M caMOCOIpsDKeHHbIe. [lo JuHMM KaTaau3a
CJIO>KHBIC PEAKITUH JCIIATCSA Ha KaTATUTHYCCKHE M HEKATATUTHICCKUE.
Oco00e MeCTo 3aHMMAFOT IICITHBIC PEaKITUH.

6.8.1. O6paTuMbie (paBHOBECHbIE) peaKI U

OOpaTtumas peakiysi IpOTEKAET Kak B MPSIMOM, TaK U B 00OpaTHOM
HaNpaBJICHUU:
ki
NAA + NngB = n.C + nyD.
K1
Yepes HEKOTOPOE BpPEMS B 3aMKHYTOM CHCTEME YCTAHABIMBAECTCS
PABHOBECHE MEXIY HCXOJHBIMU BEIIECTBAMM W IPOJYKTAMH pEak-
uu. [IpsiMast u oOpaTHas peakiuu UAyT C PABHOU CKOPOCTHIO.
Eciam Ny = Ng=Nn;=nNyg= 1, To npu paBHOBECHUHU:

W]_ - k]_CA CB - W-l =k -1CC CD.

Koncranta paBHoBecusi: K = ki/k .1 = Cc Cp/ Cp Ce.

XapaKTepUCTUKHA 00PaTHUMOM peakIui: KHHETUYCCKOE ypaBHEHHE
U KOHCTaHTBHI CKOPOCTH MHpPSMOW M OOpaTHOH peakIuH; HCXOIHBIC
KoHIeHTparuu peareHToB (Ca=a,, Cg=Db, ¥ T.1.); paBHOBECHBIC
KOHIICHTpAIuu pearupyromux BemectB Ca = a,, Cg = b, u T. 11.; KOH-
craHTa paBHOBecHs K, OHTajbOMs PaBHOBECHOIO  IIpoliecca
AH = RT?dInK/dT, AH = E, - E_i; sneprus I'mooca AG =-RTInK,

HTponus paBHOBecus ASP.

6.8.2. [lapasuienbHBIE peaKUU

B nmapaienbHBIX peakiusX MUCXOJHOE BEIIECTBO MpEeBpallaeTCs
OJTHOBPEMEHHO B HECKOJIBKO MPOTYKTOB:

king
— » X —» X
A— k2n2 I A+B—
. L Y
a §)
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[Tpu n30bITKE pearenTa B cxema (0) OyaeT MOAUMHATHCS KHHETH-
YECKUM YPABHCHHIM CXEMBI ().

6.8.3. KoHKypupymouue peakuuu

B KOHKypHUpYIOIIMX peaklMsIX OAHO BEIIECTBO pEearupyer napai-
JIEJIBHO ¢ HECKOJIbKUMU peareHTaMu, KOTOpble TAKUM 00pa30oM KOHKY-
PUPYIOT APYT C ApyroM. Takue peakiuu MHPOKO UCTIOIB3YIOTCS IS

VU3MEPEHUS OTHOIIEHNN KOHCTAHT CKOPOCTH PEAKIIHM.

1. A K ox-asB_Ke vy,

2 A+B_K x:-arc—Ke Ly,

6.8.4. IlocneaoBaTe/ibHbIE pEeAKIIUUA

B mocnenoBatenbHbBIX peaKMsAX MPOAYKT OJHOM PEAKIMUU BCTY-

IMacT B CIACAYIOIIYIO pCAKIWUIO U T. I.

A Ky > X K, >Y (puc. 6.3)

—dCA/dt =KCp, Ca = Cae ™', dCy/dt = k;Ca — koCx,

C, =S e —¢*)
kz B k1

C
A Y

X

0 t

Puc. 6.3. Kunemuueckue kpugvle npooyKkmoa
8 npocmoti nociredosamenvhou peakyuu A—X—Y

6.8.5. KBasucranuoHapHbie KOHIEHTPaLuU

[IIupoko pacmpocTpaHEHBI PEaKIMH, B KOTOPBIX 00pa3yroTcs U
pearupyroT aKTUBHBIC TPOMEXKYTOUHBIE YACTHUIIBI: aTOMbI, CBOOO IHbIE
pajavKaibl, JaOWUJIbHBIE KOMILUICKCHI, XMMUYECKH AKTUBHBIC HOHBI U
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MOHBI-paJIMKaJIbl. JTHU YaCTUI[bl HACTOJBKO aKTUBHO BCTYIAIOT B pe-
aKIMIO, YTO B CHUCTEME OYEHb OBICTPO YCTAHABIMBACTCS JUHAMUYE-
CKoe paBHOBecue. HaunHas ¢ HEKOTOpOro BpEMEHU — BPEMEHU yCTa-
HOBJICHUS JMHAMUYECKOTO PABHOBECHS — KOHIUEHTpAlUs TaKUX aK-
THUBHBIX YaCTHI] KBa3UCTAIIMOHAPHA, T. €. OYCHb OJIM3Ka K KOHIICHTpA-
IIMH, KOTOpasi OMpeJesieTcsl paBEHCTBOM CKOPOCTEl oOpa3oBaHUsI U
pPacxoJI0BaHMs ATUX YACTHIL.

6.8.6. ConpsiokeHHbIE peaKIuu

XUMHUYeCcKass HHIYKIMS — SBJICHHWE, KOT/Ia OJIHa XMMHUYECKas pe-
aKIUs BBI3bIBACT (MHIYIMPYET) MPOTEKAHUE B CUCTEME JIPYTOM XUMHU-
YECKOW peakiMu, HE OCYIIECTBUMOW B OTCYTCTBUE MEPBOM. [[BE peak-
IIMH, U3 KOTOPHIX OJHA MHAYLIHUPYET MPOTEKAHUE IPYroM, Ha3bIBAIOT
conpsoicenHvimu. TIpuMepoM CONPSKEHHONW PEaKIIMM MOXKET CITYKHUTh
COBMECTHOE OKHCIIEHUE MOJIEKYJISIPHBIM KHUCIOPOJOM CYIb(PUT- U ap-
ceHUT-UOHOB. CyNb(pUT-UOH B BOJHOM PACTBOPE OKHUCIISAETCS KHUCIIO-
POJIOM; apCEHUT-UOH HE oKucisgeTcs. OHaKo €Clu B BOJJHOM pacTBO-
pe IPUCYTCTBYIOT U CYJb(UT- U apCEHUT-UOHBI, TO MPOUCXOAUT HX
COBMECTHOE OKHUCJICHHUE, T. €. OKHCIICHHE CYJIb(UT-HOHA UHIYIIUPYET
OKHCJICHHE apCEHUT-NOHA.

BemectBo, KOTOpOE, pearupysi ¢ OAHUM U3 MCXOJHBIX BEIECTB,
UHAYLHPYET MpPEBpaICHUE APYroro, Ha3eIBalOT unoykmopom (1); wmc-
XOJIHO€ BEIIECTBO, CAMOIIPOU3BOJILHO PEarupyroliee ¢ HHIyKTOPOM, —
axmopom (A), a BEIIECTBO, BCTYIAIOIIEE B PEAKIIUIO C aKTOPOM TOJIb-
KO B MPUCYTCTBHU UHAYKTOPA, — akyenmopom (C).

B mpuBeneHHOM MpuMepe 3TH POJIU PaCHpPEACNISIOTCA CIeAyIo-
IITUM 00pa3oM:

O,(aktop) + 2505% (uaaykTOp) — 250,
O,(axtop) + 2AsO;” (akuenrop) — 2AsO,”.

[IprunHa XMMUYECKOW MHAYKIMU — BOSHUKHOBEHUE B IPOLIECCE
PEAKIIMM AKTUBHBIX YACTHI], KOTOPBIE B3aUMOJICMCTBYIOT KaK C HH-
JYKTOPOM, TaK U C aKLENTOPOM, BBI3bIBASI PACXOIOBAHUE TTOCIIEIHETO.
TakuMu aKTUBHBIMU MPOMEXYTOUHBIMU MPOAYKTAMH MOTYT OBIThH
CBOOOJIHBIC paJNKaJIbl, MPOMEKYTOUYHbIC OKUCIICHHBIC (DOPMBI MOHOB,
Ja0WIbHBIE KOMILJIEKCH U T. JI. B MpuBEACHHOM IpUMEpPE B KaueCTBE
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TAKOTO AaKTUBHOIO IPOMEXKYTOYHOIO MPOAYKTa BBICTYNACT WOH-
paauKa:

SO5* + non-okucautens — SO57; SO; + O, — SOs ™
SO:™ + SO;> — SO, + SO,%; SO, + SO — SO, + SO5™;
SO:™ + AsO;> — SO, + AsO,>.

[Tocnennsist peakuust 1 00yCIOBIMBAET UHIYKIIHIO.

Peakuus 2CO + O, — 2CO, uaeT ToabKOo MpU JOCTATOYHO BHICO-
KHX TemImepaTtypax. B cucrteme, riae nmporekaet peakmnus 2H, + O,—
2H,0, oxucnserca u CO. 3aecwy O, — akrop; H, — unnykrop; CO — ak-
nentop. MHaykiusa o0yciaoBiaeHa 00pa30BaHUEM pajJvKalia THIPOKCH-
J1a B LIEMTHOM PEAKIIUY OKHUCIIEHUS BOJIOPOAa, KOTOpbIi okucisieT CO:

HOe® + CO — CO, + He.

KosmmuecTBEHHON MEPOW XWMHUYECKOW HHAYKLIHWH CIIYXKUAT (hak-
mop unoykyuu (D), OpeacTaBIAOMUNA COO0H OTHOIICHHE CKOPOCTH

pacxoaoBaHMA aKOCIITOpa K CKOPOCTH pPacXOIOBAHHA HMHIYKTOpAa.
CD:WA/W [

6.8.7. llenHble peaKuuu

Otkpeitel B 1913 1. M. bonenmreitnom. [locnemyromiee OTKpbI-
tie H. H. CeMeHOBBIM pa3BEeTBIICHHBIX IeNMHBIX peakmuin (1926—
1927 rr.) 0b110 oT™MeueHo HoOeneBckoit npemueit B 1956 r. (coBme-
ctHo ¢ C. XUHIIEIbBYI0M). BakHOE MECTO B 3TOM XUMHUH 3aHUMAIOT
pa3HoOOpa3Hble IIEMHbIE paauKaibHble peakiuu. CBOOOIHO-pa-
JTUKaTbHBIC PEaKIUd UTPAIOT BAXKHYIO POJIb B TaKUX TEXHOJOTHYE-
CKHX TIpolieccax, Kak MOJy4YeHHE MOJTMMEPOB, COMOJIMMEPOB U OJIUTO-
MEpOB, KPEKUHT, OKHCIIEHHE U XJIOPUPOBAHUE YIIIEBOAOPOA0B. OKuC-
JUTENIbHBIE TIPOIIECCH IPUBOJAT K CTAPCHUIO TIOJUMEpOB. Paankans-
HBIE TIPOLIECCHI MTPOTEKAIOT B dKUBOM OPTaHHU3ME.

6.8.7.1. Hepa3zeemenennuvle uenHole peakuyuu

[lermnass peakmusi COCTOUT, KaK MPaBUIIO, W3 OOJIBIIOTO YHCIIA
JIEMEHTAPHBIX CTaUM. DTU CTAIWH, B 3aBUCUMOCTH OT UX POJH U
MeCTa B COBOKYITHOM IIEITHOM MpOIecce, AT Ha CTaIUU 3apodicoe-
HUsL, NPOOOJIICEHUs. U 00pbIBA Yenell.
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3apoorcoenue yenu. JIJig OCyILIECTBICHUS LIEMHOTO MpoIecca He-
00X0JMMO HEMPEPHIBHOE TC€HEPUPOBAHUE B CHUCTEME CBOOOIHBIX pa-
JTUKAJIOB. DJIEMEHTAPHbBIE PEeaKIU, WK (PU3UYECKHUE TTPOIIECChl 00pa-
30BaHUsl CBOOOJIHBIX PAJMKAJIOB U3 MOJIEKYJl Ha3bIBAIOTCS CTAIUSIMU
3apOKICHUS 1CTIEH.

IIpoooncenue yenu. llenHas peaxkiys MOXXET BOSHUKHYTb B Ta-
KHX peareHTax, rje CBOOOJHBIN paJuKal WJIA aTOM BbI3BIBAECT LIMKJI
MIPEBpAIICHUI ¢ pereHepanueii NCXOAHON paauKanbHON (HOPMEL.

Hanpumep, B cMecH XJtopa ¢ 3TUIEHOM PEANU3YyeTCA MOCIEN0BA-
TEJIbHOCTh PEAKIUN:

CI. + CH2 = CH2 — ClCH2CH.2,
CICHZCH.Q + C|2 — CICHQCH2CI + CI.',

B PE3YJIbTAaTE€ KOTOPOM XJIOP U 3TUJICH IPEBPAIIAIOTCS B IUXJIOPITAH C
pereHepamnyen aromMa XJiopa, HAYMHAIOMIETO LENnHOM mpouecce. [ukn
paarKaIbHBIX PEAKIINM, B KOTOPBIX COXpaHSAETCs CBOOOHAS BaJCHT-
HOCTh, @ PEAareHThl MPEBPAIIAIOTCS B MPOJIYKTHI U PETECHEPUPYETCS
UCXOIHBIN pagukai (aToM), HAYUHAIOIIUK STOT MPOILECC, U SABISETCS
36€HOM YENnHOU peaKyuu.

Obpuis yeneti. Peakius (W11 COBOKYITHOCTh PEAKINi), B PE3yiIb-
TaTe KOTOPOH MOruOar0T BeAyIre IEMHYI0 PEaKIMI0 paguKaiibl, Ha-
3bIBAETCS CTaguel 0OphIBa IETICH,

Jlnuna yenu n. OT COOTHOIICHUSI CKOPOCTH PEAKIIUN MPOIOJIKE-
HUS 1 0OpBIBA IIETIEeH 3aBUCUT TaKas BakHasl XapaKTEPHUCTHKA IIEITHOTO
mpoliecca, Kak JjiMHa Ienu. JJinHa 1enu npejacraBiser codoi cpea-
HEC YHCJIO 3BCHBLEB, NPUXOMAIINXCS HAa KaKIbIH pagukan (aTom),
VHULUUPYIOIIUN HENHYI0 peakuuro. /[yinHa 1enu rmokaspBaeTt, CKOJb-
KO pa3 (B cpeaHEM) yCICBAaeT PEreHEPUPOBATHCS JAHHBIM aTOM HIIH
paJyKail ¢ MOMEHTA 3apOKACHUS LIENHU JI0 €ro 00phIBa.

Jlumumupyrowas cmaous npooondxcenuss yenu. B tex ciaydasx,
KOTJia MPOJAOJKEHHUE 1IN COCTOUT M3 JIBYX WM Oojiee CTaauid, Be-
IyIIUE MEeNb aKTUBHBIE LIEHTPhl OOBIYHO PA3IMYalOTCA IO CBOEH ak-
TUBHOCTH. JIMMUTHUPYIOIIEH SABJSAETCS Takas CTaaus MNPOJOJHKECHUS
LIETIM, B KOTOPOM Y4YaCTBYET aKTUBHBIN LIECHTP, OTBETCTBEHHBIN 3a T'U-
oenp neneid. OOBIYHO ATO LIEHTP, HAMMEHEE AKTUBHBIN B MPOI0JIKE-
HuM 1nenud. C M3MEHEHHMEM COOTHOIICHHUS KOHIEHTpallUil peareHTOB
MEHSETCS COOTHOIICHUE MEXKIY KOHIIEHTPAUMUSIMU AKTUBHBIX IICH-
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TPOB, & 3TO MOXKET HNPUBECTU K CMEHE JUMUTHUPYIOLIEH cTaauu. JIu-
MUTHUPYIOIIAs CTaAus 3aBUCUT U OT TEMIIEPATYPHL.

6.8.7.2. PazeemenenHble uenHnole peakyuu

[lenHas peakuus sIBASETCA PA3BETBICHHOM, €CIIM B HEW MPOTEKAET
Takas CTajus, B KOTOPOW OJWH pajJuKal WA aToOM TeHepupyeT oOpa-
30BaHUE HECKOJIBKHX aTOMOB M paauKkayioB. B pesynbTaTe npu Oiaro-
NPUSATHBIX YCIOBUSX B XOJAE PEAKIUHM HAPACTACT KOHUEHTpAlUs aK-
THUBHBIX IIEHTPOB M, COOTBETCTBEHHO, YBEIIMUMUBACTCS CKOPOCTh PEaK-
IMU. ITO YacCTO MPUBOJUT K BOCIUIAMEHEHUIO WX B3pbIBY. Ecnu pas-
BETBJICHHE MPOMCXOJMUT B pe3yJbTaTe B3aUMOJICHCTBHS aToMa (paiu-
Kaja) ¢ MOJICKYJIOM, TO B CHJIY COXPAaHEHHS HEUETHOrO YMCIa DJICK-
TPOHOB B PAJMKAJILHBIX PEAKIUAX B CUCTEME U3 OJHOW BO3ZHUKAIOT 3
YJACTHIIBI C HECTIAPSHHBIM 3JICKTPOHOM (B 0011IeM cirydae 2n + 1).

Basicnoni kunemuueckou 0cobOeHHOCMbIO PA38emeE1eHHbIX
UENnHBIX PeaKyuil, Komopasa omjiudaem ux om Opy2ux peakuuil, 6
mMOM Yucie u YenHvlx, AGNAIOMCA KpumuueckKue, uiu npeoeib-
Hble, A6/1eHUA.

JIJist cucteM, KOTOphIE MPEBPAIIAOTCA MO MEXaHU3MY IEMHBIX
Pa3BETBJICHHBIX pPEaKIMi, XapaKTepHO HAJIMYUE YCIOBUM, KOrjaa pe-
aKIMs TPOTEKaeT OBICTPO, YacTO CO B3pbIBOM. llepexos oT omHOrO
pexuMa K JIPyroMy MHPOUCXOAUT MPHU HE3HAYUTEILHOM H3MEHEHUU
yCJIOBHUH B 00JIaCTH KPUTHIECKOTO X 3HAYCHHUS.

B 1enHo¥ HEpa3BETBICHHOW PEAKIIMU KOHIICHTpAIUs aKTHUBHBIX
HEHTPOB N 3aBUCHUT TOJIbKO OT cKopocTel uHuuuupoBanus W; u o0-
poiBa W,

W, =gn,
rae g — yaenabHast CKOPOCTh O6pI>IBa emneu,
n = Wil/g.

B nenHoM pa3BETBICHHOM PEAKIMU CHUTyalldsl MPUHIUINAIBHO
nHasg. AKTbI pa3BETBICHUS 00ECIIEYUBAIOT BO3MOXKHOCTh MPOrPECCUB-
HOT'O YBEJIMYCHUS KOHIICHTPAIIMNA AKTUBHBIX [ICHTPOB BO BPEMEHH,

[Ipu oOpbIBe M pa3BETBICHUHM LICTIEH MO peakiuu 1-ro mopsaka ¢
yICTBHBIMUA CKOPOCTSMU § U f COOTBETCTBEHHO CKOPOCTh M3MEHEHUS
KOHIICHTPAIlUX aKTUBHBIX [IEHTPOB N OMUCHIBACTCS YPABHEHUEM:

dn/dt = W; - (g — f)n.
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Bo3MoXHEBI ABa IMPUHOUIIMAJIBHO PA3JIMYHBLIX PCEKHMMa IPOTCKA-
HHA pCaKIHUU.

Keasucmayuonapnwiii, korga g > f, 1. €. 00psIB npeobiiagaeT Haj
paBBeTBJIeHI/IeM; TOT' 14

n=W,/(g—f)=const, Haunuasic t > (g - ),

necmayuonapnwiil, Korga f > g, 1. e. mpeobiagaeT pa3BeTBICHHE.

B »>Ttom ClIydac KOHLCHTpalUsA AKTUBHBIX IHCHTPOB HCIIPCPBIBHO
HapacTacT BO BPCMCHH, U CCJIM HC IPUHHUMATb BO BHUMAHHUC PACXOJ0-
BaHMS PEareHTOB U m3MeHeHus Bo Bpemenu Wi, u f, To

n=W; (f-g) " (e"9™).

Kputnueckum ycrnoBueM mepexojia CHCTEMbI U3 OJHOTO COCTOS-
HUS B JIpyroe sBisieTcs paBeHCTBO f = §. Takum oOpa3om, merHas pe-
aKIUs C PA3BETBICHUEM ITPOTEKAET KAK CAMOYCKOPAIOWUNCA TIPOLECC
TOJBKO TOTJA, KOTJla aKTUBHBIE LEHTPHI OBICTPEE BCTYHAIOT B AKTHI
Pa3BETBIICHHUS], UEM B aKThl OOpHIBA.

6.9. Teopuu xumu4yeckoi KUHEMUKU

OcHOBHas 3aj1a4a TCOPUH XUMHUYCCKON KUHETHKHU — MPEII0KUTH
croco0 pacueTa KOHCTAHTHI CKOPOCTH 3JIEMECHTApHON pEakind U e
3aBHCHMOCTH OT TEMIIEpPaTyphl, UCIOJbL3YS pa3jIHuHbIe IpECTaBIIC-
HUS O CTPOCHUH PEarcHTOB U IyTH PEaKIIUH.

JIsil TEOpEeTHYECKOro pacuera KOHCTAHT CKOPOCTEH HCIOJB3YIOT
JIBE TCOpHUH. 1) TeOpHI0 aKTUBHBIX COYAapEHUM, WK TEOPUI0 OUMOJIe-
KYJIIpHBIX peakiuii Appennyca (1889 r.); 2) MeTo akTHBUPOBAHHOTO

KOMIUIEKCA, WM TEOPHUIO MEePeXOoAHOTr0 cocTossHus (Dvpunr u Iloms-
Hy, 1935 1).

6.9.1. Teopusa aKTUBHBIX COYAapeHUM

Teopust coynapeHul OCHOBaHA HA MOJCYETE YUCIA CTOJIKHOBEHUM
MEXKy PearupyrondMy 4aCTUIIAMHU, KOTOPbIE MPEACTABIAIOTCSA B BHU-
ne yrnpyrux mapos. [Ipeamnonaraercsi, 4To0 CTOJKHOBEHUE MPUBEIET K
PEAKIMH, €CIIA BBIOJIHAKOTCS JIBA YCIOBHS:

1) mocTymnareapbHas dHEPrHs YaCTHI[ MIPEBBIINIACT YHEPIUIO0 aKTH-
Baruu Ex;

2) 4aCTHIIbI MPABUILHO OPUEHTUPOBAHBI B IIPOCTPAHCTBE OTHOCH-
TEJILHO JIPYT JIpyra.
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[lepBoe ycnoBHE BBOAUT B BBIPAKEHHUE JJII KOHCTAHTBI CKOPOCTH
MHOKUTENb eXP(—E/RT), KOTOpHIN paBeH J0j¢ aKTHBHBIX CTOJIKHO-
BEHHI B OOIIIEM YHCIIe CTOJKHOBEHUU. BTOpoe ycinoBue gaeT Tak Ha-
3bIBAEMBIN CTEPUUECKUNA MHOXKUTENIb P — KOHCTaHTy, XapaKTEpHYIO
JUIS TaHHOW peakiuu (CM. HIDKE).

[Ipumep: DHepreTudeckas AuarpaMma YCIOBHOM 3K30TE€pMHUYE-

CKOM PEaKI1H.

»
>

KOOpJIMHATA peaKIuu

E, — cpennsist 3HEPrUs UCXOAHBIX YACTHII,
E, — cpenHsis sHEprusi KOHEYHBIX YaCTHII,

AH — teruoBoii apdext, AH = E, — E; <0,

Eqp. B Eogp. — DHEPTMM aKTHBALMK NPSAMOM M OOpaTHOM PEaKIUu

COOTBCTCTBCHHO.
YeM OoJIbIIIe pa3HHIIA B 3TUX SHCPIHUAX, TCM CHIIbHCC PABHOBCCHUC

CABUHYTO B CTOPOHY PEAKLIUH C MEHBIIUM 3Ha4YeHUEM E.
Kunernueckoe ypaBHeHUE [ OUMOJIEKYISIPHOM peaKIuu:
A + B — npoaykThl.
Ecimn cKOpOCTh peaknuu M YMCIO AKTUBHBIX COYJIAapEHUN BbIpA-
3UTh B OJJTMHAKOBOW Pa3MEPHOCTH, TO UX MOYKHO NMPUPABHSATD.
W = Z, — 4iCII0 aKTUBHBIX COYJapEHUM.

ZA - Zo ‘€
E,. — onbiTHOE 3HaueHue E,; Zy — ob111ee 4ucio coyaapeHuil.
3anuineM JiId TaHHOW PEeaKIMy 3aKOH JEUCTBYIOIIUX MAcCC:

W = kCACB
Torna:
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Ip= kCACB, u kCA 'CB: ZO 'e_EOH/RT.
HpI/I CA = CB =1,
k=Z, g EanlRT.

rae Zo— olliee Yuciio COyJapeHuil Mpu eIMHUYHBIX KOHIEHTPALMSIX
pearupyromnx 4acTHil,

[To aTOMYy ypaBHEHHIO MOXKHO OBLIO OBl TEOPETHYECCKH BBIUHC-
JIUTh KOHCTAaHTY CKOPOCTH, OJHAKO TEOpHUsl UMEET YIPOILUECHHBIM Xa-
pakTep, NPEACTABIIAIONMN, YTO COYIApPEHUE MOJIEKYJI MPOTEKAET I10
3aKOHY CTOJIKHOBEHUS ynpyrux mapoB. Ha camom neine 3To He Tak, u
YPaBHEHUE CHPABEIIIMBO I OYEHb IPOCThIX MOjEeKyl. [loaTtomy B
HEro BBOAMUTCS AMIIUPUYECKUI mapameTp P — crepuueckuil ¢akrop,
KOTOPBIN YUYUTHIBAET BEPOSITHOCTH OJArONPUSTHOTO COYAAPEHUS MO-
JIEKYJI CJI0KHOM KOH(UTypalnu:

k= PZO . e—EOH/RT
P=1...107°

ITo ypaBreHuro Appennyca k= A-e
OnbITHOE 3HAYEHUE DPHEPIUU AKTUBAIUM CBSI3aHO C apPEHUYCOB-
CKOM MJIM UCTUHHOM, JHEPTUEN aKTUBALIUU COOTHOLICHUEM

Eox = Ea— RT/2.

Bo mHorHX cinydasx BenmmuuHou RT/2 moxxHo nipeneOpeus. Torma
A =P-Z

Cxema MOHOMONEKYIAPHOU peakyuu HA OCHOBAHUU Meopuu dax-
mueHnblx coyoaperuti. ICXolis U3 CKa3aHHOTO Jit00asi peakiiusi, B TOM
YKCJIe 1 MOHOMOJIEKYJISIpHAs, TOJDKHA UITH 10 2-My MOPSIKY, TaK Kak
JUIsl €€ TIPOXOXKACHUS HEOOXOJUMO CTOJIKHOBEHME JIBYX YacTull. Ha
CaMOM JIeJIe MHOTME MOHOMOJIEKYJISIPHBIE pEaKIMU UMEIOT 1-U mops-
JIOK, TIPH 3TOM TOPSAJIOK OJTHOM U TOM K€ PEAKIIUA MOYKET MEHATHCS OT
1-ro 10 2-T0 NpY U3MEHEHUH JIaBJICHUS WM KOHIEHTPALIUH.

s o0bscHeHus B 1922 1. @. Jlungemanom ObUT IpEIIOKEH
CJIEIYIOIINN MEXAHU3M.

Cxema Jlundemana. B pesynbrare coyaapeHUl MOJIEKYJIbI MOTYT
HE TOJIBKO aKTUBUPOBATHCA, HO U TEPSATHh SHEPTUIO MPH MOCIIEAYOIINX
COY/IApECHUSX, U MEXAHU3M MOHOMOJICKYJISIPHON peakiuu pacCMaTpH-
BAETCS KaK JBYCTAUHAHBIN:

—~E,/RT
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MIPOLYKTHI

B pesynbpTaTe 6JaronpusaTHOTO CTOJKHOBEHHUS 2-X MOJIEKYJ A CO
ckopocthio W; oOpasyercst akTuBHasi Mojiekyjia A*, KoTopasi, B CBOIO
ouepeib, MOXKET pacnaaaThCs Ha NPOIYKTHI o ckopocThio W3 0o B
pe3ynbTaTe HeOIAronpUsITHOTO COYAapEeHUs C MOJIEKYJIOH A Je3aKTH-
BUpoBatbes (ckopocTh W)):

W, = k1CA2,
W, = k,CaxCa,
W3 = k3CA*.

Jlns craumonapHoro nponecca Wy, = W, + W,
W kyC? = k,CC + ksC™ = C'(k,C + k3), oTkyna
C™ = k;C(k,C + ks),
rae C* — KOHIIEHTpaIusl aKTUBHBIX MOJICKYI.
IToncraBum B 3HaueHmne Wa!
W3 = ksk;C?/(k,C + k).

IIpenenbHbIe Cyyau:
1. C yu P mano:

k2C<< k3, T. €. k2C R O, W3 - k1C2.

BBuy HU3KOW KOHIIEHTparnuu (IaBICHUSI) MOJEKYJBI COyIapsi-
IOTCSL PEIKO, U TUMUTHPYIOIIe OyaeT 1-a ctanus, peakinus mpoTeKa-
€T M0 2-My MOPSAJIKY.

2. C niu P noctaTtoyHO BEIUKO:

k2C>> k3, T. €. W3 = (kgk]_/ kz)C, (kgk]_/ kz) = k3fb’
W3 - kaq)C.

B sToM ciydae nuMuTHpyIolas ctaaus — pacnag A* Ha MpoayK-
ThI 110 1-My nopszky. B ciydae cpeaHux JaBJIeHUN WA KOHLIEHTpa-
U TTOPSIAOK MOHOMOJIEKYJIIPHOM peakiuu OyJeT APOOHBIM.,
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6.9.2. Teopua aKTUBUPOBAHHOI'0 KOMILIEKCa
(mepexoaHOr0 COCTOSIHMA,
HUJIU aGCOJTIOTHBIX CKOPOCTEH peaKIuin)

[To 3TOM Teopum MPEBPALICHUE MCXOJHBIX BEIIECTB B MPOIYKTHI
peaKIuu MPOTEKAET Yepe3 MepecTPOlKy HaudadbHBIX KOH(UTypauui
aTOMOB B KOH(UTypaluio NPOAYyKTOB IIPU HEMPEPHIBHOM U3MEHEHUU
MEKATOMHBIX PAaCCTOSIHUM. B TeopuM akTMBHUPOBAHHOTO KOMILIEKCA
AJIEMEHTAPHYI0 PEAaKUUI0 MPEACTABISIIOT KaK MOHOMOJEKYJISIPHBIN
pacnaji aKTUBUPOBAHHOTO KOMILJIEKCA MO CXEME:

A+BC «— [A...B...C]” — AB+C.

IIpenmnonaraercs, 4To MEXKAYy pearecHTaMM U aKTUBUPOBAHHBIM
KOMIUIEKCOM CYIIECTBYET KBa3WpaBHOBecHEe. KOHCTaHTy CKOpoCTH
MOHOMOJIEKYJISIPHOTO pacnaja pacCUUThIBAIOT METOAAMU CTATUCTUYE-
CKOWM TEPMOAUHAMMKH, MPEACTABIASL pacnal Kak OJHOMEPHOE IOCTY-
IaTeJbHOE JABUKEHUE KOMIUIEKCAa N0 KoopauHare peakuuu. I1o mepe
X0/J1a Mpoliecca HaYMHAEeT 0ciadeBaTh CBA3b Mexy aromamu B u C B
moiiekysie BC u onHOBpeMeHHO (hOpMHpPOBATHCSA CBSI3b MEXIY aTo-
Mamu A u B. B pesynbrare 00pa3yeTcss akTUBUPOBAHHbBI KOMILIEKC,
B KOTOpOM aToM B 0JlHOBpeMEHHO MpUHALIECKUT K atoMam A u C:

[A..B...C..T.

B nanpHenem 3TOT KOMIUIEKC pacnagaeTcst Ha MpoayKTel. OH He
SABJIACTCS POMEKYTOUYHBIM COCIUHEHUEM, TaK KAK BHE CHUCTEMBI CY-
IIECTBOBaTh HE MOXKET. Peaknus ¢ akTMBHUPOBAHHBIM KOMILIEKCOM
CUMTAECTCA OJHOCTAAUNHOW, €CIIM PEAKIIASI MHOTOCTaIUIHA, TO y KaxX-
JIOM CTaJNY CBOM aKTUBUPOBAHHBIN KOMILJIEKC.

OOpa3oBaHNe aKTUBHUPOBAHHOTO KOMILIEKCAa Bcerga TpeOyeT 3a-
TPaTbl HEKOTOPOIO KOJMYECTBA JHEPIHH, YTO BBI3BAHO, BO-TIIEPBBIX,
OTTAJIKMBAHUEM DJIEKTPOHHBIX 000JOUYEK M aTOMHBIX sJ€p NpU COJIH-
KEHUU YaCTHUIl ¥, BO-BTOPBIX, HEOOXOAMMOCTBIO ITOCTPOCHUS OIpe/ie-
JIEHHOW MPOCTPAHCTBEHHOM KOH(UTypallud aTOMOB B aKTHBUPOBAH-
HOM KOMIIJIEKCE U IIepepacIpeiesIeHUs dIEKTPOHHOU IUIOTHOCTU. Ta-
KUM 00pa3oM, MO MyTH U3 HAYAJIIBHOTO COCTOSIHUSI B KOHEUHOE CUCTE-
Ma JIOJDKHA MPEO0JI0NIETh CBOETO PoJia IHEpreTUYecKuil oapbep. DHep-
T'Ysl aKTUBAIIMHU PEAKIIUU MPUOTMAKEHHO PaBHA MIPEBBIIICHUIO CpeaHEN
DHEPrUY AKTUBUPOBAHHOTO KOMIUIEKCA HAJl CPEIHUM YPOBHEM JHEP-
ruv peareHToB. O4YEBHUIHO, YTO €CIU NMpsMast PEAKIUs ABISIETCSA K30~
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TEPMUYECKOM, TO SHEPrUsl aKTUBALIMK OOPATHOW pEaKIMu BBIIIE, He-
KEJIM DHEPrus AKTUBALMU MPSIMOW PEAKIUU. DHEPTUHM AKTUBALAH
psIMOM M 0OpaTHOM peakiMK CBSI3aHbI APYT C APYrOM yepe3 U3MeHe-
HU€ BHYTPEHHEW YHEPTUU B XOJ€E PEAKIIUU.

OCHOBHO€ ypaBHECHME TEOPHUH AKTHBUPOBAHHOTO KOMILJIEKCA
UMEET BUJL!

k = y(k, T/h)K7,

IDI(S kB:1,38-1O_23,[[>1</K — [OCTOsTHHAS bopiMana, h:6,63-10_34,[[>1< c—
noctosinnas [Tnanka, K* — koHcTaHTa paBHOBecUs 0Opa30BaHHS AKTH-
BUPOBAHHOI'O KOMILIEKCA, BRIpAKCHHAS Yepe3 MOJIIPHBIC KOHICHTpA-
uu (B MOJb/I), Y — TPAaHCMHUCCHOHHBIH KO3()(DHIMEHT, yYHUTHIBaIO-
U JIOJIFO aKTUBHPOBAHHBIX KOMIUICKCOB, paclaJaloluxcsi Ha Mpo-
IOYKTHL

JHTAJBIUA M FHTPONUS AKTUBALUU.
DuU3NYeCKUHN CMBICJI CTEPUYECKOro gpaxkropa

Vpasuenue uzorepmel: AG” = —-RTInK?,
Ki — e—AGi/RT

AG” = AH” - T-AS7,

# _ —AHz/RT _AS#/R
K'=e - e ,

k = X(kBT/h) e—AH;t/RT. eAS;t/R,

rae AH” u AS” — HTaNBINS ¥ SHTPOIIUS AKTUBALIHMH.
N3 Teopun aKTUBHBIX COYJIAPECHHUN ypaBHEHHUE IS KOHCTAHTHI
CKOpOCTH:

k=PZ e~

orciona; P = (x-(k, T/h)- €2 'R) 1 Z, 1. e. crepuueckuit paxrop P sBsi-
€TCSl SHTPOIIUUHBIM.

6.10. Kunemuka peakyuli 8 pacmeopax

Teopust aOCONIOTHBIX CKOPOCTEW peaklMii, CTpOro roBoOps, MpH-
MEHUMa TOJIBKO Il paCCMOTPEHUS PEAKLIUM B UJICANbHBIX ra3ax, Ko-
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I1a UCXOJHBIE YaCTULBI U AKTUBUPOBAHHBIM KOMIUIEKC MOHO pac-
CMATPUBATh U30JIUPOBAHHO OT OKPYKAIOWIEH CPEIBI.

B pactBOope 00pa3zoBaHHE€ aKTMBUPOBAHHOI'O KOMILUIEKCA M3 HC-
XOJHBIX YaCTHUI[ COIMPOBOXKIACTCS TEMH WJIM WHBIMH W3MEHCHUSIMH
MOJIEKYJIIPHBIX B3aUMOJICVCTBUI pearupyronux 4acTUll ¢ MOJIEKYJia-
MU PaCTBOPUTENS.

Kunkoe cocTosiHuEe BEIIECTBA SIBIACTCS NPOMEKYTOUYHBIM MEXKITY
TBEPJbIM U Ta3000pa3HbiM. OTiauYasch OT Ta3a M TBEPAOro Tena,
KUJKOCTh UMEET YEPTHI CXOJCTBA C KAXKIBIM U3 3TUX COCTOSHUM.

6.10.1. [I[puMeHeHU e TEOPUHU AKTUBUPOBAHHOI'0 KOMILJIEKCA
K KHHeTHKe peaKIMii B pacTBopax

JIJisi mpUMeHEeHUs 3TON TEOPUM K >KUIAKOCTH HEOOXOIUMO Y4eCThb
MEXMOJIEKYJISIPHBIC B3aUMOJICMCTBUS UCXOJHBIX YACTUIl U aKTUBUPO-
BAHHOTO KOMIIJIEKCA C MOJIEKYJIAMHU OKPYKAIOIIEH CPEbI.

PaccMmoTpuM ypaBHEHHE TTEPEXOTHOTO COCTOSIHUS:

kT
h
PaCTBOp HEJIb3s CHUTATh HMJACAJIbHBIM, TAK KaK HMECTCA MEKMO-

JEKYJIIPHOE B3aUMOJICHCTBHE, MO3TOMY Heobxoaumo BMecTto K. BBe-
ctu K.

k=yx KS .

a=yC:
K, =K, K, = ¢ _ 7
CaCg 7a7s’
K” .
K;: a :K:7/A Z/B
K . yoooo
k:XkBTK:VAZB
h Y

ITpu y =1 cucrema uaeanpHa.
Ecnu nepeittu k n300apHOMY NOTEHIMATY, TO
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AGj
k= KeT 7T Ya¥e _ | Ya¥s
=X h < 0 #
Y Y
rae G; — n300apHbIil OTEHIMA PH aKTUBHOCTH, PABHOM €HHHIIE.

AN
Yy

Ko — KOHCTaHTa CKOPOCTH B Cpefie, sl KOTOPOoil KodI(DPUIHEHTHI
AKTUBHOCTH MCXOIHBIX YaCTHWI[ U aKTUBUPOBAHHOTO KOMILJIEKCA MpPH-
HSTHI PABHBIMU €JIUHULIE.

DTO COOTHONICHWE HA3bIBACTCSI YpaBHEHHEM bpeHctena — bbep-
pyMma. JlaHHOE ypaBHEHHE B MPHUHIMIIE PEIIAET BOMPOC O BIUSHHUU
Cpelbl Ha CKOPOCTh 3JIEMEHTapHOW XMMHUYECKOW pEaKlUH, CBOAS 3a-
Jady K onpeneneHuio KodhPuimeHTa akTHBHOCTH UCXOIHBIX BEIIECTB
Y aKTUBUPOBAHHOTO KOMILIEKca. OJTHAKO B TO BPEMS KaK CYIIECTBYET
P METOJIOB, IMO3BOJISIIOUIUX H3MEPUTH KOIP(PUIMEHT aKTUBHOCTH
MCXOJHBIX BEIIECTB, BEJIMYMHY Y HE YAAETCSA DKCHEPHUMEHTAIBLHO H3-
MEpUTh U3 HE3aBHUCUMBIX HaHHbIX. [loaTOMy ypaBHeHue bpeHcrena —
bbeppyMa nMeeT JuIlb TEOPETHYECKOE 3HAUCHHUE,

Ink =Ink, +1In

6.10.2. Biusanue cpeabl
Ha CKOPOCTH r'OMOJIMTUYECKHUX peaKI U

B romonuTudeckux peakiusx oOpa3zoBaHHWE AKTHBHPOBAHHOTO
KOMIUJIEKCa HE COMNPSHDKEHO C CYHIECTBEHHBIM IEpepaciipesiesieHueM
AIIEKTPUUYECKUX 3apsiIOB MEXIY pearupyroummu aromamu. [lostomy
OHO HE JOJDKHO CONMPOBOXKAATHCS CHJIBHBIM HM3MEHEHHUEM MEXMOJIe-
KYJISIPHBIX B3aUMOJEHCTBUN. B CBSI3W ¢ ATUM MOXKHO OKHJIaTh, YTO
nepexoj OT ra3oBoi (a3bl K )KUJIKOW HE OJKEH CHIIBHO CKa3bIBaThCS
Ha BEJIMYMHE KOHCTAHThI CKOPOCTHM TOMOJUTHYECKON peakuuu. Kak
NpaBUJIO, K3MEHEHHUE K JISKUT B Mpejiesax 0JJHOro OopsIKa.

Haubosnee 3aMeTHO BIUsIHUE Cpellbl B TOMOJIMTUYECKUX IPOIIEC-
cax peajqu3yeTcsl Ipu HaJIU4uM KieToyHoro 3¢ dexra. B oOmem ciy-
yae SIBJICHUE KJIETOYHOTO 3((eKTa COCTOUT B TOM, UTO JBE YACTHIIBI
pPacTBOPEHHOTO BEIIECTBA, OKA3aBIIMCh BOJM3U JPYTr Apyra, Kak Obl
MOMAal0T B KJIETKY U3 MOJIEKYJl pAaCTBOPUTENISI U HE MOTYT Cpasy pa-
30UTUCh Ha 3HAUMUTENbHOE paccTosiHue. [loka yacTHIbl HAXOIATCSA B
KJIETKE, CYIIECTBYET MOBBIIIEHHAS! BEPOSITHOCTh UX CTOJIKHOBEHUS H,
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CJI€0BATENIbHO, B3aUMOJCUCTBUS MeXTy HUMU. OCOOEHHO 3TO Mpo-
SIBJIIETCS B TOM CJIy4ae, €CJIM YaCTHUIIbl 00pa3yroTCsl B OJIHOM KIIETKE.

Haubomnee sipkuii nmpuMep — peakiuyd roMOJUTUYECKOr0 pacnajia;
Kp : .
— R + R

RR — R,R —

Kp
—— > R-R

BeposTHOCTh BBIXO/Ia pauKajioB B 00beM (&) paBHa:
ko, 1 k

_:1+_P
Ko

e=——-
ko +k, ' e

6.10.3. Biiusaaue cpeabl
HA CKOPOCTb rreTepoJIMTUYECKUX peaKum

B pa30aBieHHBIX pacTBOpax 3aBUCUMOCTh KO PHUIIMEHTA aKTHB-
HOCTH HOHA OT HWOHHOW CHJIbI OINMCHIBAeTCS ypaBHeHHeM J[leOas —
['rokkes:

Iny, :_AZziZ\/j’

€ Zi — 3apsl MOoHa.
Eciu pearupyior Za U Zg, T0 Z~ = Zp + Zg.

(27) =(z,+2,)° =25 +22,2, + 2%
Zi+128 =(27) 22,2,

22 =22+ 22— (') =-22,2,,

In [%] = —A-(—22AzB)\/— =2A. zAzB\/j_

v

OTO BIMSIHUE MOHHOM CHJIBI HA3bIBAIOT NEPBUUHBIM CONEBbIM (-
gexmonm.

Ink =Ink, +2A-2,2,~/J

VYpaBuenune [lebas — ['tokkens siBasieTCa MPUOIMKEHUEM U BEPHO
Wb 1J1 pa30aBIICHHBIX pacTBOPOB. VI3MEHEHNE HOHHOW CUJIbI MPHU-
BOJMT K U3MEHEHHUIO CTETIEHH IUCCOLUAIMU CIA00T0 IIEKTPOIUTA.
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HA=—H"+ A",

K =K -K :CA"CH*.yA*.yH*

a c y
Ciia 7 HA

C poCTOM MOHHOM CHJIBI BETMYHMHBI )a U )4 yOBIBAIOT, Tak Kak K,
nagaet, K, = Const. B pesynbpraTte K. pacTeT u KOHCTaHTa CKOPOCTH
pPeaKIny yBEIWYHUBACTCSI. DTO SIBJICHHEC HA3BIBAIOT 6MOPUUHBIM COJle-
8bIM Ighhexmonn.

6.11. BeedeHue e homoxumuio

6.11.1. PoToOXMMHUUYECKHUE PEaAKIUH

dDomoxumuueckue peakyuu — XVMUYECKHE PEAKIIUHU, KOTOPHIS
WHUIIMAPYIOTCS BO3JICHCTBUEM AJIEKTPOMArHUTHBIX BOJIH, IPEUMYIIECT-
BEHHO — CBeTOM ¢ auuHOM BojHBI ~100-1500 M (Bugumas u Y-
obmacts), uemy coorBerctByer oHeprus 0,8-12,4>B (80-1200
k/x/Mons). Tlpumepamu POTOXMMHUYECKUX PEaKIUN SBIISIOTCS (OTO-
CHHTE3 B PaCTECHUSX, pacmaj OpoMua cepedpa B CBETOUYBCTBUTEILHOM
cioe (HOTOIIaCTHHKH, TPEBpAIlleHHEe MOJIEKYJ KHCIOpoJa B O30H B
BEPXHHUX CJI0sIX aTMocdepsl, (hoTonsoMepu3alus u T. 1.

Bce poroxumuueckue peakiuy mpoTeKaoT B JIBE CTATUU:

1. Ilepsuunsie peaxyuu POTEKAOT HEMIOCPEACTBEHHO IO JEHCT-
BHEeM cBeTa (BO3HMKHOBEHHE aKTHUBHBIX 4acTil). K 3TUM mporeccam
OTHOCSITCHS:

a) JTUCCOIMAIUS MOJICKYJI Ha aTOMbI MJIH pafukaibl (poroims)

AB+hv— A +B,
npumep: Cl, + hv = 2CI';
0) BO30YIKJCHHE MOJICKYJI HJIM aTOMOB C 00pa30BaHHEM aKTHBHOM
JacTHUIIBI (FHEPTUHU KBAHTA HE XBATaCT JUIsSI TUCCOIMAIINN MOJICKYJI)

M + hv — M*,

riae hv — cBeToBoO# KBaHT, M* — BO30Y KIcHHAS MOJICKYJIa;
B) MOHHU3ALMS MOJIEKYJ MJIM aTOMOB C BBIICICHHEM 3JICKTPOHA

(boToaddexr)
M+ hv > M"+¢,
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npuMep — smyiascus AgBr B kenatune (mpu doTtorpadupoBaHHUH).
Cger, IEUCTBYSI HA MOJIEKYIY, B KOTOPOU CPABHUTEIBHO JIETKO OCY-
IIECTBISCTCS OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIN MPOIECC, MOXKET
UTpaTh poib GakTopa, CIOCOOCTBYIOIIETO MEPEHOCY AJIEKTpOoHA. bpo-
MHUCTOE cepeOpo MoJ JEHCTBUEM CBETa paszjiaraercs TakuM o0pas3om,
YTO AJICKTPOH TrajoreHa MepexoJUT K HMOHY cepeOpa, BbI3bIBAsl €ro
BOCCTaHOBJICHHUE:

Br + hv =Br + ¢,
Ag” + & = Ag (kpucTaisl),
Br + Br = Br..

2. Bmopuunvie peakyuu — He TpeOyromme cBera (B3aUMOICHCT-
BUE aKTUBHBIX YAaCTHI[ C APYTUMHU MOJICKYJIAMH WM JIPYT C JPYTOM).
AKTHBHBIE YaCTHUIIbI, 0OpPa30BaBIIMECS B MEPBUYHBIX MPOIIECCaX, MO-
T'yT MEPEeIaBaTh CBOK YHEPIUI0 MOJIEKYJIaM JIPYroro BEIIECTBa, KOTO-
pbI€ 3aTEM MOTYT BCTYNAaTh B XMMUYECKYIO peakiuio. Takou mpouece
HA3bIBAETCSl CEHCUOUITU3AIUEN.

Hanpumep, nuccornuanus BOAOpOJia B MIPUCYTCTBUU MAPOB PTYTH
(mapel pTyTH — (HOTOCEHCHOMIIN3ATOPHI, YCKOPSIOmUe (POTOXUMUYEC-
CKYIO PCaKIIHIO):

Hg + hv — Hg*,
Hg*+ H,— Hg + 2H".

Ecnu 00mydars MOJEKYJSIPHBIM BOJOPOJT MOHOXPOMATHYECKUM
CBETOM C JJIMHOW BOJIHBI, COOTBETCTBYIOIIEH OJTHON W3 CIIEKTPATbHBIX
PE30HAHCHBIX JIMHUM PTYTH, TO HUKAKOW AUCCOLMAIMU BOAOPOJA HE
npoucxoauT. Ho gocratoyHo 100aBUTH K BOAOPOY HE3HAUUTEIBHOE
KOJIMYECTBO MAPOB PTYTH, KAK HAUMHAETCS TUCCOLHAIIAS.

6.11.2. 3aKoHbI POTOXUMUMU

3axon byzepa — Jlambepma — Beepa (3aKOH IOTIIOIICHUS CBETA,
UCIIOJIb3YETCS B CIICKTPOCKOIIMH): KOJIMYECTBO CBETOBOM DHEPTUH, I10-
TJIOIMIEHHON PacTBOPOM, IPOHOPIMOHANRHO KOHIIEHTPAIIMH PacTBO-
PEHHOTO BEIIeCTBA U JIJTMHE MYTH CBETA B ITOTJIOMIAIOIIEM BEIIIECTBE.
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F N
Y

/

J=13y10",

rae Jo — MHTEHCHUBHOCTH MAJIal0IIET0 CBETA, J — MHTEHCUBHOCTD MPO-
Ie/Iero ceera, | — paccrosiaue, 4epe3 KOTopoe MpOXOAuT cBeT (1ITu-
Ha KIOBETHI), C — KOHIICHTPAIIHUS BEIIECTBA, € — MOJISIPHBIN KOd(hdHuUIn-
CHT AKCTUHIMU (XapaKTepU3yeT ONTUYCCKHE CBOHCTBA PaCTBOPECHHO-
IO BEILIECTBA).

3axkon I'pommyca — /[penepa. XUMUYECKU aKTUBHBIM SIBIISICTCS
JIMIIIb TOT CBET, KOTOPBIKA MOTJIOMIAECTCA PEAKIIMOHHON CPEOH.

[Ipumep: qucconmanys BOJOPOIa B MPUCYTCTBUMU NIAPOB PTYTH.

3axkon  pomoxumuueckou Ikeusanenmnocmu Illmapka —
Ditnwmernina: Kaxaas MOJIEKYJIa, pearupyromast Moj IeiCTBUEM CBE-
Ta, MOIJIOMIAET OJIMH KBAaHT PaJualliy, BbI3bIBAIOIINI PEAKIIUIO.

CrnenoBaTenbHO, KOJIMYECTBO 3HEpPruu, mnoriomaemoe 1 monem
BEILIECTBA!

E = NA'hV = NA'h'CD\,,

rie Na — uncio ABoraapo, h — nmocrosiHaas [lnanka, v — gacTtoTa Ko-
ne0aHui, A — JJIMHA BOJIHBI, C — CKOPOCTh CBETA.

[Ipu omnbITHOM TIpOBEpPKE 3aKOHA (POTOXMMUYECKON SKBUBAJICHTHO-
CTH 9acTO OOHAPYKMBAIOTCS PACXOXKICHUS C TeOprel, a IMEHHO KOJIU-
YEeCTBO IIPOPEardpoBaBIIIETO BEIIECTBA OKA3bIBAETCS OOJbBINEC WU
MEHBIIIE KOJUYECTBA IMOTJIOMIEHHOW SHEPTUU. DTH PACXOXKIACHUS O0b-
SICHSIOTCSI TCUEHUEM BTOPHUYHBIX MPOIECCOB U XapaKTEPU3YIOTCS Bell-
YUHOU K8AHMOB8020 6b1X00a (¢ (M3MECHSIETCS B MHTEPBAJIC OT 107 1o 106):

¢ = (4ucimo mpopearupoBaBIIMX MOJEKY) / (YUCIIO TOTIIONICH-
HBIX KBaHTOB).

1. Peaxyus ¢ xeanmosvim 6bixo0om ®=1. DTO peakiys, TpoTe-
Karomas B OJHY CTaJuio (OTCYTCTBYIOT BTOpHWYHBIC Tporiecchl). Ha-
npumep, oopazosanue H,0, u3 cmecu O, u H, unu paznoxenue cepo-
BOJIOpOJia B OEH30JILHOM PacTBOPE.

2. Peaxyus ¢ keanmosvim évixooom ¢ < 1. Hampumep, BakHEMH-
I1asi peakiys CHHTE3a YIJIEBOJAOB B PACTCHUSX
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C02 + HZO +hv — 1/6 C6H1206 + 02.

Peakius cencuOunusupyercss XJopoduioM B BUJIE CIIOXKHBIX
OMOJIOTUYECKUX CTPYKTYP — XJIOPOILJIACTOB.

3. Peakyus ¢ keanmogvim gvixooom ¢ > 1. Ilpumep — peakuus
dorommza HJ (9=2):

Hl+hv—>H+J

H +H]—>H,+J

J+J —>J

2HJ + hv = H2+ Jg.

4. Peaxyus c keanmogvim @vixooom @ >> 1. 910 doTOKaTAIUTU-
YyecKasi peakiiys, B KOTOpOil CBET BBINMONHSIET QYHKIUIO KaTalu3aTopa.
Hanpumep, nennas peakius obpaszosanus HCl (H, + Cl, — 2HCI)
MeeT (p2105. Pagukan xiiopa, MOJIyYMBIIMICS HENOCPEICTBEHHO B
(hOTOXMMHUYECKOM MPOIECCE, MOKET 3aTEM PEreHepUPOBATHCS BO BTO-
PUYHBIX MTPOIIeCcax, YTO MPUBOIAUT K OOJIBIITOMY KBAHTOBOMY BBIXOY.

6.12. OcHoB8bI Kamaau3a

Tonsitre KaTanusa ObuI0 BBeaeHo U.-51. bepuennycom (1836 ).

Kamanu3 — n3MeHeHne CKOPOCTH Peaklry B IPUCYTCTBUHU HEKO-
TOPBIX BEIIECTB, HA3bIBAEMBIX KaTaJM3aTOpaMH, KOTOpPHIE CaMU B
pOLIECCe PEAKIMK OCTAIOTCSI HEU3MEHHBIMU U 110 COCTaBY U IO KOJIH-
YECTBY.

Pa3znmuuaror monoKUTENIbHBIA U OTPULIATENBHBIN KaTanu3. B Ha-
ctosiee Bpems 10 /0% XUMHUYECKUX PEeaKIHUii — 3TO MPOIECChI KaTa-
mutndeckue. Karanm3aTtopbl CUIBHO BIMSIIOT HAa CKOPOCTh PEaKIIMH,
yBEJIMYMBAs €€ B Clydae MOJOXKUTEIBbHOTO KaTaiu3a W TOHMXKas B
clly4ae OTpHUIaTEeIbHOTO.

BemiecTBa, yMEHbIIIAIONIUE CKOPOCTh PEAKIIUU, HA3BIBACTCS UHIU-
oumopamu. Ecnu Kxataau3zatopoM sIBISETCS OAUH U3 TPOIYKTOB peak-
MU, TO TaKas peakius Ha3bIBaeTCA agmoxamanumuyeckou. Hampu-

Mep, BOCCTAHOBIJICHUC Feo BO,HOPOI[OM KaTaJ'II/I3I/IpyeTC$I JKeJIe30M.
FeO + H2 — Fe + Hzo

6.12.1. 0CO6GEeHHOCTH KaTa/IN3aTOPOB

1. Kamwm:eamop He ejiusem Ha nojlodiCcerue mepjwoduHaMuquKo-
20 pasHoeecust, m. €. Ha 6eJlUYUHY KOHCMAaHnbl padeHO6ECUs, A MOJIbKO
ycKop:#em docmudicerue coCmosiHus PABHOB€ECUAL.
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2. Kamanuzamopwvl obradarom uzdoupamenvrocmoio (cerexmus-
HOCMbIO) Oeticmaust, T. €. KaXJIbli KaTaJlu3aTop YCKOPSIET JIUIIb OTpe-
JICJICHHBIC PEeaKIUU:

Cu CH,CHO + H,
H,SO,
C,Hs-OH —* C,Hs+2H,0
AlLO;
cMech \ (C,H;5),0 + H,O
MgO u ZnO

C,Hg + 2H,0 + H,

Ho cymiecTByIOT YHHBEpPCAJIbHBIC KaTaJIM3aTOPBI, HAIPUMEP
AICl; — kaTanuzatop XJIOpHpOBaHUS, H30MEPH3AIINH, ATKHINPOBAHN,
TOJIUMEPH3ALIVIH.

3. Kamanuzamop npusooum K yMeHbUeHUIO Hepauu aKkmusayuu
Kamaausupyemou peaxkyuu no CpagHeHUuro ¢ peaxkyuei 6e3 xamaiusa-
mopa. Tak Kak SHEPrus akKTHBAIIMKA BXOJUT B IOKa3aTelb CTCIICHH B
ypaBHEHNN AppeHuyca, TO Jaxe HeOOJBIIOE €€ MOHMKECHNUE BEIET K
CHIIbHOMY YBEJIMUCHHUIO CKOPOCTH.

B nepBoM mnpuONMIKEHUHM SIBIICHUE KaTalu3a OOBSICHSICTCS Clie-
AYIOIUMHU cooOpaxkeHUsIMH. B Xozae peaknuu oOpa3yercs HEyCTOM-
YMBOE IPOMEKYTOUHOE COCAMHEHUE KaTalu3aTopa ¢ pearupyronumMu
BerecTBaMu (MHTEpMEHAT), KOTOpPOe 3aTeM paclajaeTcsi ¢ pereHe-
parueit katanmzaropa. Ha puc. 6.4 mpuBeeHa cxema MpoOTEKaHUS He-
KaTaJIMTHYCCKON PeaKkIMy U TOM K€ peakliy B MPUCYTCTBUU KaTalld-
3aTopa.

PaccmoTrpum peaknuto: A + B — AB (E; — sHeprus akTuBanuu
pEaKIui B OTCYTCTBHE KaTaau3aTopa).

B npucyrctBun karamusaropa (K) mporiecc nmporekaer mo crajim-
sM (KaTaau3aTop HE y9acTBYET B CTEXHOMETPUUICCKOM YpaBHEHUH Pe-
aKIINHN).

A + K — AK (unTepmenuar, sHeprus aktTuBanuu — E»),

AK + B — AB + K (sHeprus akruBaiuu — Ejy),

E,>E, +E.
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A+B

E1-E2
El| | ) o~ N

E2-E3

Puc. 6.4. Dnepeemuueckuii npoghuns Hekamarumuyeckou
U Kamanumuyeckou peaxyuti

[Tpumep: CH3;COH <« CH, + CO.

DHeprust aktuBauu ganHod peakmuu. E = 190,4 x/Ix/mons. B
npucyTcTBuM #ona peakius uaer B 1000 pa3 owictpee (E = 136,1
kJ>x/MOJB).

CH3CHO + Jz — CH3J +HJ+ CO

CHE\J + H\] —> CH& + \]2

CH;CHO + J, —» CH, + CO + J,.

4. Vckopenue peakyuu nponopyuoHaibHO KOHYEHMpayuu Kama-
auzamopa.

5. Kamanuzamop umeem ¢huzuueckoe u xumuueckoe cpoocmeo K
peazeHman.

Jlns peakmuii THAPUPOBAHUS M IETUAPUPOBAHUS UCTOJIB3YIOT Pt,
Pd, Ni, kotopsle 001a1ar0T crieH(PUIESCKON aacopOIeri BoI0poa.
JIJIs peakiuu ruApaTalny | aeruaparanus ucnoib3yoT Al,Oz, koTo-
pBIl CKJIOHEH K 00Opa3oBaHHUIO TuapaToB. s peakuuii OKUCIEHUs
UCIIOJIL3YIOT cepeldpo, Me/lb, CKIOHHBIE K 0Opa30BaHUIO HECKOIbKHUX
CTeneHe OKHUCIICHUS.

6.12.2. Tunsbl KaTajau3a

Hcxons u3 0ocoOeHHOCTEN KaTaIUTUUECKUX PEaKIuid, MOKHO BbI-
JEIUTH CIICAYIOIINE TUITBI KaTaau3a.

l'omocennwlll kamaauz — KaTaau3aTop U BCE pearupyromne Belie-
cTBa 00pa3yroT oHy 001Iyio ¢aszy. OH moapa3aenseTcss Ha KHCIOTHO-
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OCHOBHOM, OKHMCIIUTEJIbHO-BOCCTAHOBUTENBHBIN, KaTaln3 KOMILIEKca-
MU METAJIJIOB U (hepPMEHTATUBHBIH,

Muxkpocemepocennviti kamanu3 KOJUIOUIHBIMU YacTUIIAMU B
KUJIKOU (paze 3aHMMAET MPOMEKYTOUHOE IMOJIOKEHUE MEXKIY T'OMO-
TeHHBIM M T€TePOTCHHBIM KaTaau3oM. Ero pasnmensroT Ha Karaiu3 B
MHUILIEJIJIaX ¥ KaTajau3 Ha MHOTOATOMHBIX KJIacTepax.

[I'emepocennviii u medxcghaznvli Kamaniusz — pearupyroume Bele-
CTBa U KaTaJIu3aTOp HAXOMATCS B pa3lIUyHbIX (azax, a peakius mpo-
TEKaeT Ha MOBEpXHOCTH pasznena da3. Iloxg mexdasHbIM KaTaIUu3oM
NPUHATO TIOHMMAaTh KaTaJlu3 Ha TPaHUIIE JIBYX HECMEITUBAIOIIUXCS
AKUAKOCTEH; MPU 3TOM POJIb KaTaln3aTopa COCTOUT B MEpPEHOCE pea-
TEHTOB MEXIy (azamu.

OcranoBumcst Oonee noApoOHO HAa (EPMEHTATUBHOM KaTalu3e.
Depmenmamuenvili Kamaiu3 — KaTAIUTUYECKUE peaklud, MpoTe-
Kalolue ¢ y4acTueM (PEepMEHTOB — OMOJIOTMYECKUX KaTaJlu3aTOPOB
0esIKoBOi Mpupoibl. DepMEHTATUBHBIN KaTalu3 UMEET JIBE XapaKTep-
HbIE OCOOEHHOCTHU:

1. Bvicokasa akmuenocmb, Ha HECKOJIBKO MOPSIAKOB IPEBBIIIAIO-
mas aKTUBHOCTh HEOPTraHMYECKUX KaTajln3aTOpPOB, YTO OOBSICHIECTCS
OYCHb 3HAYUTEIBHBIM CHHXEHHEM OHEPrMH aKTHUBAIlMU IIpoliecca
dbepmenTtamu. Tak, KOHCTAaHTa CKOPOCTU PEAKIMU PA3JIOKEHHUS Tepe-
KHCH BOJIOPOJa, KaTalu3upyeMOl HOHaMU Fez+, cocraBisieT 56 c_l;
KOHCTAaHTa CKOPOCTH 3TOM K€ PEaKIu, KaTaTu3upyeMoi pepMeHTOM
KaTanasoi, pasHa 3,5:10' ¢!, T. e. peakuus B IPHCYTCTBHE (epMeHTa
IpPOTEKAaeT B MUJUIMOH pa3 ObIcTpee (SHEPrHMHM aKTHBAIMH IIPOIIECCOB
COCTaBJIsAOT cooTBeTcTBeHHO 42 u 7,1 x/I/Moib). KoHCTaHThI CKO-
POCTH THIPOJIN3a MOYEBUHBI B MPUCYTCTBUU KUCIOTHI U Ypeasbl pa3-
JUYAIOTCS HAa TPUHAAIATH MOPSIKOB, COCTABIISIS 7,4-10'7 u 510° ¢
(BeMUYMHA 3HEPIMHM aKTHBALMK COCTaBJIsACT cooTBeTcTBeHHO 103 M
28 xJI>x/Moib).

2. Bvicoxas cneyugpuunocms. Hanpumep, amMuiiaza KaTaau3upyeT
IpOLECC paclIeIUICHUsT Kpaxmana, MNpeACTaBISIoUEro coboi Iemnb
OJIMHAKOBBIX TTIOKO3HBIX 3BEHbEB, HO HE KaTalM3UPYET THUAPOIU3 Ca-
Xapo3bl, MOJIEKYJIa KOTOPOM COCTaBJIEHAa M3 TJIIOKO3HOTO U (PPYKTO3-
HOTO (hparMeHTOB.

CoryiacHO OOMIEIPUHATHIM MPEACTABICHUAM O MeXaHusMe (ep-
MEHTAaTHBHOTO KaTaym3a, cyocrpar S u pepment F naxonmarcs B pas-
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HOBECHMH C O4YE€Hb OBICTPO OOpazyromumcs (pepMeHT-CyOCTpaTHBIM
KOMILUTIEKCOM FS, KOTOpBIN CpaBHUTEIHLHO MEJICHHO pacrajgaeTcs Ha
MPOAYKT peakuuu P ¢ BbIeIeHHEM CBOOOJHOrO (epMeHTa. Takum
oOpa3omM, cramus pacmana (epMeHT-CyOCTpaTHOTO KOMILIEKCa Ha
MPOIYKTHI PEAKINH SBIIACTCS JIMMUTUPYIOIICH:

F+S <—> FS —> F+P.

HccnenoBanne 3aBUCHMOCTH CKOPOCTH (PEPMEHTATHBHOM peak-
MM OT KOHIICHTpaIuu cyOcTpaTta NMpU HEM3MEHHOW KOHIICHTpAIluu
(depMeHTa Moka3ano, 4TO C yBEJIMYECHUEM KOHIIEHTpaluu cyOcTpara
CKOPOCTb peaKIMK CHayalla YBEJIMYMBAETCSA, a 3aTeM IepecTaeT u3Me-
HaThCs (puc. 6.5).

max

W1

max

K Cs

m

Puc. 6.5. 3asucumocmov ckopocmu ghepmenmamusHotl peakyuu
om Konyenmpayuu cyocmpama

JlaHHas 3aBHUCUMOCTb OIMCHIBACTCA ypasHeHuem Muxasnuca —
Menmen — OCHOBHBIM ypaBHEHUEM (PEPMEHTATUBHOM KUHETUKHU:

W = Wiax(1 + KnCs ™)™

3neck K, — koHcTaHTa Muxasnuca, YHCIEHHO paBHas KOHIICH-
Ttpanuu cyoctpara npu W = ¥2W,.«. KoHcTanTa Muxasiauca CiiyXuT
MepOoM CpoJICTBA MEXKYy cyOcTpaTtoM U (pepmMeHTOM: ueM MeHble Ky,
TeM OO0JIbIIIE UX CIIOCOOHOCTh K 00pa30BaHUI0 (DEPMEHT-CYyOCTpPaTHOTO
KOMILJIEKCA.

3. XapakTepHoil 0COOCHHOCTBIO JEHCTBUSA (DEPMEHTOB SIBIISETCS
TAKXKE BbICOKASL YYBCMBUMENbHOCMb AKMUBHOCMU (hepMeHmos K
sHewHum ycaoseuam — pH cpene u temneparype. @epMeHTHl aKTHBHBI
JUIIL B JIOCTaTOYHO Y3KOM HMHTepBaje pH u Temmeparypsl, mpudem
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JUIst PEPMEHTOB XapaKTEepHO HAJMYKE B ATOM MHTEpBaJie MAaKCHMyMa
AKTUBHOCTH MPU HEKOTOPOM ONTHMAJIbHOM 3HaueHuu pH wau temme-
paTypbl; IO 00€ CTOPOHBI OT ATOI'0 3HAYCHUS] AaKTUBHOCTH (PEPMEHTOB
OBICTPO CHUKAETCH.

Ycnexu cOBpeMEHHOM TEOpUHM OMOJIOTMYECKOTO KaTajau3a U Teo-
PETUYECKOM XUMHUU IOKa3ajid, 4To (DEepPMEHTATUBHBIE PEAKLUH TPU
BCEH MX CIIOKHOCTH MPOTEKAIOT B MOJHOM COOTBETCTBUU C OOUTUMU
3aKOHOMEPHOCTSIMU OOBIYHBIX XMMHUYECKHX MpeBpaiieHnii. O0bsicHe-
HUE OTPOMHBIX MPEUMYIIECTB, KOTOPHIMUA (PEPMEHTATUBHBIM KaTau3
OTJIUYAETCS] OT HEOMOJIOTUYECKOTO TeTepO- U TOMOTEHHOTO KaTaju3a,
3aJI0KEHO (PAKTHMUECKH B MCKIIOYHUTEIIBHO CIOKHOU CTPYKTYype Mak-
POMOJIEKYJT OeTKa.

IIpumepui pewreHus1 3ada4

3adaua 1. KoHcTaHTa CKOPOCTH peaKIuu
CH3;COOC;,Hs + NaOH — CH3;COONa + C,HsOH

paBHa 7 a/(Moab-MuH). Berauciute momo (%) sdupa, koTopas mpo-
pearupyer 3a 5 MHH., €CJIM. a) MCXOJHbIC KOHICHTPAIIUU IIEIOYH U
a¢upa pasasl 0,05 Mob/;

0) wucxomHas koumeHtpanus iemoun 0,1 moaw/n, a sdwupa
0,05 mous/i.

P e wm e H u e. PaccMarpuBaemas peakuus UMEET BTOPOW MOps-
TIOK.

a) B ciIydae, KOrja MCXOJHbBIC KOHIICHTPAIUd PEarcHTOB PaBHBI,

1 1
CTIPAaBEZIIMBO YPABHEHHE: =~ —+ kt,

) 0>

oo 1 1
> 1/Cy+kt 1/0,05+7-5

=0,018 MoJIB/1I,

o = C0=C5 1000, %.05-0,018

TG, 0,05

-100% =64% ;

6) B ciIydae, KOTrJ[a HCXO/HbIC KOHIIEHTPAIHU PEareHTOB Pa3ind-
1 |n(C0m ~x)Co,
(Cow=Cos) 't Cou(Coy — )

HBI, CIIPABEIJINBO YPaBHEHHUE: K =
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(COm - X)C03 = oK(CouCoy )t

Cou (C03 - X) ,

(0,1— X)0,05 _ e7.(o,1_0,o5).5 = 5.75.
0,1(0,05— X)

Pemas 3To ypaBHeHue, Haxoaum: X = 0,045 moms/n

o, =—-- 100%:% 100% =90%.

Cy, 0,05

3aoaua 2. 1lo 3Ha4eHUSIM KOHCTAaHT CKOPOCTEH MpU JIBYX TeMIle-
paTypax ONpEeACeTUTh SHEPTUIO0 AKTUBALIMHM, KOHCTAHTY CKOPOCTH IpHU
TeMrieparype Tz U TeMIepaTypHbIi KO3(P(UIMEHT CKOPOCTH PEAKIIUU
B ypaBHeHuu Banr-T'odda: T, = 599,0 K; k; = 0,00146 n/(mMonb-MuH.),
T,=672,0 K; k, = 0,0568 n/(monb-MuH.); T3 = 648,2 K.

P e mr e H 1 e. DHEPruro0 aKTUBALMKU HAXOJAUM U3 YPaBHCHHS:

nke _E[1 1}

k
Rlnk—2 8,31-In 0,0568
E= ! 11 = 7 0’010146 =167,8-10° JIxx/Monb = 167,8 xJ{x/MoIb.
in) (e

[ToxcraBum 3HaueHus E, k; u Ty B ypaBHeHue AppeHuyca U BbI-
pa3uM NpeadKCIOHEHIIUAIbHBIA MHOXKHUTE!

E 167,810°
A=ke " =0,00146-¢ %59 ¢ 3.10",

PaccunTteiBaeM 3HaUeHHE K3 10 ypaBHEHUIO AppeHuyca:

_E ~ 167,810°
ks =Ae R =6,3.10' e 831642 — 0 0191 11/(MOIB-MHH.).

Temnepatypusiii koaddunuent Bant-I'ohda paccuutsiBaeMm u3
ypaBHEHUS:

T2 _Tl

K
2_y 10

k
[IponorapudmMupoBas, nosydyaem:
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__10 k10 00568
T,-T, k_ 672-599 * 0,00146

0,218.

gy
Otkyna y = 1,65.

3adadu

1. Cxopocts o6pasoBanua NO B peakuun 2NOBI—2NOyy+Bryp
paeHa 1,6:10™ mouns/(i1-c). YeMy paBHA CKOPOCTH PEAKIMM U CKOPOCTB
pacxonoBanusi NOBr?

2. B peakuuu 2-ro nopsinka A + B — D HauanbHble KOHIIEHTpA-
muu BemectB A u B paBubl, coorBerctBeHHO, 2,0 MOIB/T U
3,0 moms/n.  Ckopocts peaxuuu  paBHa 1,2:10° mons/(c) mpu
[A] = 1,5 monb/n1. Paccunralite KOHCTAHTY CKOPOCTH M CKOPOCTH pe-
akiuu nipu [B] = 1,5 mouns/m.

3. Bo ckonbko pa3 Bo3pacTeT CKOPOCTh PEAKIMK NP MOBBIIICHUN
TemmepaTypsl oT 27 go 7/7°C, eciu >HEprus aKTHBAIMH PEaKIIHH
30000 kan/mounp?

4. BpeMs TOJIyIpeBpaIlleHUs BEIIECTBA B PEAKIIUU TIEPBOTrO TI0-
psaaka ipu 323 K cocrasnsier 100 mun., a mpu 353 K — 15 mun. BoI-
YHCITUTE TeMITepaTypHBIA KOA(PGUIIMEHT CKOPOCTH peakiuu Y (Kodd-
dbunment Baut-I'odda).

5. Bo CKOJIBKO pa3 yBEJIMUYUTCS CKOPOCTh ra3odazHOW 3JIeMEH-
TapHoil peakiuu A = 2D npu yBenuueHuu JaBiieHus B 3 paza?

6. B HekoTopoit peaknuu 1enoro nopsaka (NA — B) koHmeHTpa-
1y ucxoHoro Bemiectsa 0,5 Monb/i1 OblIa JOCTHTHYTA 332 4 MUH. TIpH
HavaJIbHOM KOHIIEHTpanuu 1 MoJIb/1 ¥ 32 5 MUH. TTpW HaYaIbHOW KOH-
IICHTPAITUU 2 MOJIb/T. Y CTaHOBHUTE MOPSIOK PEAKIIHH.

/. Kunetnka peakiyu mepBoro mopsjika, B KOTOPOU MPOUCXO/IH-
J10 00pa3oBaHUE KUCJIOTHI, U3ydallach IMMyTeM OTOOpa Mpo0 peaKuoH-
HOW CMECH M UX TUTPOBAHUS OJIHUM U TE€M € PACTBOPOM IIICJIOYH.
OOBEMBI MIET0YH, KOTOPBIE MO Ha TUTPOBAHUE:

Bpewmsi, MuH. 0 27 60

O0BeM, MIT 0 18,1 26,0 29,7

JIoKa)xuTe, 4TO peakius MMEET NEPBbIM NMOpIAOoK. Paccunraiite
MEpHOJI MOJIypacaia.
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8. Peakuus ompblieHus metuinanerara npu 298 K omnmceiBaercs
ypaBHCHUEM

CH3;COOCH3; + NaOH = CH3;COONa + CH;0H.

JIJIst 5TOM peakmuu TOJIYYCHBI CIICAYIONNe KUHETHYECCKUE JTaH-
HBIE:

Bpewmsi, Mun 3 5 7 10 15 25

CNaOH, MMOJIB/JT 7,40 6,34 5,50 4,64 3,63 2,54

HcxomHble KOHIIEHTpAIUH MIEN0YN U 3(Pupa OJJMHAKOBBI U PaBHBI
0,01 momw/n. OnpenenuTe MOPSIOK PEAKIIMH U KOHCTAHTY CKOPOCTH.
9. B HekoTOpoM peakiuy MpU W3MEHEHWH HAYaJIbHOW KOHIICH-
tparuu ot 0,502 mo 1,007 Monw/n neproy monypacnana yMEHBIIHIICS
¢ 51 10 26 c. Onpenenure MOPSAAOK PEAKIIMK U KOHCTAHTY CKOPOCTH.
10. KoHcTaHTa CKOpPOCTH peakivu

CH3;COOC;,H;5 + NaOH «» CH3;COONa + C,Hs0H

1 1
paBHa 5,4 muH. " (Mosb/11) . CKOJIBKO MPOIICHTOB 3(Hpa mpopearupy-
et 3a 10 MuH., ecii HavabHBIC KOHIIEHTpauy d(rpa U IIeJI0UN paB-
ubI 110 0,02 mouw/n?

Tecmoauvlie 3adaHusA

Buvioepume ooun npasunvnolit omeem

1. Ins peakuuu Kakoro Mopsjika Mepruo/l moiaypacnana sBisieTcs
XapaKTePUCTHKOM peakIuu (mouemMy):

A. Bropon. b. Hyneoi.

B. Ilepaerii. I'. IpoOHbrii.

2. Pa3MepHOCTh KOHCTaHTBI CKOPOCTH JIJIsi PEAKIIUU MEePBOTO TO-
pAlKa:

A. BpeMsI_1 " KOHLICHTpaLUs. b. BpeMﬂ_l.

B. BpeM;I_l : KOHHGHTpaI_II/ISI_l. I'. Bpewms - KOHHCHTpaHI/I}I_l.

3. Ilo 3HaYEeHMIO PHEPrUU AKTUBALIMU BBIOEPUTE PEAKIUIO, IS
KOTOPOM Ha CKOPOCTb PEAKIMU CUJIbHEE BIMUSECT U3MEHEHUE TEMIlEpa-

TYPHI.
A. 15 xJI>x/Monb. b. 10 x/Ix/Mo0b.
B. 5 xJI>x/MOIIb. I'. 45 x/]x/Mo11b.
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4. 3akon byrepa — Jlambepra — beepa:

A. XMMWYECKH aKTUBHBIM SIBJISIETCA JIUIIb TOT CBET, KOTOPBIN IO-
IJI0IAETCA PEAKIIMOHHOM CPEeIOu.

b. Kaxnmas moiekyna, pearupyromiasi noj JICMCTBUEM CBETA, MO-
TJIOMIAET OJMH KBAHT PAIMAlliH, BBI3BIBAIOIIAN PEAKIIUIO.

B. KoimnyecTtBO CBETOBOM SHEPTUH, IMOTJIOMIEHHOW PAacTBOPOM,
MPOIOPIIMOHAIBLHO KOHIIEHTPAIIMM PACTBOPEHHOT'O BENIECTBA U JIJIMHE
IyTHA CBETA B MOTJIOMIAIOIIEM BEIIECTBE.

5. Kak wu3MEHHMTCS CKOpPOCTh pEaKIMM CHHTE3a aMMHaKa
1/2 N, + 3/2 H, = NHj3, ecniu ypaBHEHHE peakIMM 3alicaTh B BHUJIC
N2 + 3H2 - 2NH3')

A. YBenmuuurcs B 2 pasa. b. He usmenurcs.

B. YmMmensbimuTcs B 2 pasa. I'. YBenuuutcs B 3 pasa.

Buvibepume neckonvko npasuibnvlx omeemos

1. XapaktepHble 0COOCHHOCTH KaTaTUTHYECKUX MPOIIECCOB!

A. KaranuzaTop u3MeHSIET BETUUYUHY KOHCTAHThI PABHOBECHS.

b. Karanuzatop He BIUAET HA BEJIUYNHY KOHCTAHTBI PABHOBECHS.
B. KaranusaTrop yBeIMYMBaET SHEPTUIO AKTUBALMH PEAKIIUU.

I'. KaranuzaTop yMeHbIIAET SHEPTUIO AKTUBAIIUU PEAKIIUH.

2. KoHcTanTa CKOpOCTH 3aBUCHT:

A. Ot Temmeparypsl.

b. Ot npucyTCcTBUSA KataiIm3aTopa.

B. Ot xOHLIEHTpauH.

I'. Ot npupoI1bl pearupyromuyx BEIECTB U pACTBOPUTEIS.

3. OCHOBHBIE CTaIMM KATATUTUYECKOU PEaKIUU:

A. OTBOA MOJIEKYJI pEarupyrolMx BEMIECTB C ITOBEPXHOCTH
paszena.

b. 3apoxnenue.

B. OOpsIB.

I'. IlogBox MOJNEKy pearupyroIInUX BEIIECTB K IMIOBEPXHOCTH Pa3-
Jena.

/. Pa3Butue.

E. BzaumopencTBue Ha MOBEPXHOCTH pa3jiea.
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4. BelpaxkeHHs1 CKOPOCTH peakuuu A — B:
A. W = —dca/dt. b. W = —dcg/dt.
B. W = dca/dt. I'. W = dcg/dt.

5. TermoBoit a3 pexT peakiuu:

A. AH > 0 — sx30TepMudecKast peakifusi.
b. AH < 0 — 3x30Tepmudeckas peakius.
B. AH > 0 — sagorepMudeckast peakiiusl.
I'. AH < 0 — sHmoTepMuuecKkas peakiiusi.

Ycemanoeume coomeemcmeue

|. ITopsinok peakiuu:

Kunernueckoe ypaBHEHUE:

1. HyneBoti. A. k= (1/t) Inco/c.
2. [1epBbii. B.k=x/tcyc.
3. Bropoii. B. k = x/t.
1. Peakmus: [Topsinok:
1. Cl + H, = HCI + H. A. Tperuii.
2. 2NO + Cl, = 2NOCI. b. Bropoii.
B. IlepBniii.
I'. Hyneson.
I11. ITopsimok peakuu: [Tepuon nomypacnaza:
1. Hynegoti. A. 110 = In2/K.
2. ITepBbiid. B. t1 = 1/kcy.
3. BTOpOﬁ. B.tp= C0/2k.
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IV. I'paduueckue uHTErpaibHbIe METOABI

1. Iepsriit nopsaok. 2. Bropoi nopsaaok. 3. HyneBoi mopsiiok.

(CAo_CA) In(CAo_CA) 1/c
A
- tga =k
tga =k
o
. . 1,’cA0
t t t
A b. B
V. Peakuus: DHepreTuYecKuil myTh Peakinu:
A.
1. DHpoTepmuueckas Es
2. DK30TepMUIecKas
Eu(]p

X0 peakuuM
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Bonpocul 045 cobecedo8aHUs

1. Knaccudukarusa xumuueckux peakinuil. CKOpOCTh XUMHUE-
CKOM peakIuu. 3aKOH JICHCTBHUS Macc.

2. KoHctanTta ckopocTtd. MeToabl BHIYMCICHUS KOHCTaHThI CKO-
POCTH pEAKIIUHU.

3. MoJieKyJISIpHOCTh M MOPSAI0K peakiuu. OOmuii 1 4acTHBIN MO-
panku. MetoJibl onpeaeneHrs NopsIKa PEaKInH.

4. Peakuyu nepBOro, BTOPOTO U HYJIEBOTO MOPSIKOB.

5. CHoXHBIE XMMHYECKHE PEAKIUH. MapAIUICIbHbIE U KOHKYpPH-
PYIOILHE,

6. Ci10)KHBIE XUMHUYECKHUE PEAKITUU: 00OpaTHMBIE.

/. CHoXHbIE XUMUYECKUE PEAKIIUN: TIOCJIE0BATEIbHBIE.

8. ConpspkeHHbIE XUMHYECKHE PEAKITHH,

9. lenHble peakuuu. 3apoxaAeHHUE, MPOJOIKEHHUE, PA3BETBICHUE
1 OOPBIB IICTIH.

10. Meton KBa3WCTAIIMOHAPHBIX KOHIIEHTpalnuii. KuHeTnka He-
Pa3BETBJICHHBIX I[EMMHBIX PEAKIIU.

11. KuHeTrKa pa3BEeTBICHHBIX IEITHBIX PEAKIU.

12. 3aBUCUMOCTh CKOPOCTH PeakiMH OT TemIiepaTypsl. [IpaBuiio
Bant-T'odhda. YpaBHenue Appenuyca. JHeprusi aktuBauuu. ['padu-
YECKHUI M aHATMTUYECKUM CTIOCO0 OTpe/IeTICHUS.

13. Teopust akTUBHBIX coyaapeHnui. OU3HMUECKUI CMBICIT SHEPTUH
aktuBaiuu. Crepuueckuit haxkTop.

14. Teopust aKTUBUPOBAHHOT'O KOMILIEKCA.

15. BimstHue cpelibl Ha CKOPOCTh XUMUYECKUX Peaklnil. YpaBHe-
Hue bpeHcrena — beeppyma. BisiHue cpeabl Ha CKOPOCTh TOMO- U T'e-
TEPOJIUTUYECKUX PEAKITUH.

16. ®oToxuMUYeCKHe peakiuu. 3aKOHbI (POTOXUMHUH.

17. Karanus. [1on0XUTENBHBIN U OTPULIATENBHBIN KaTain3. ['eTe-
POTE€HHBIN, TOMOTE€HHBIN U (DEpMEHTATUBHBIN KaTaJIM3.
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YyeO6HUKU U y4eOHble nocoous

1. Baiipamos, B. M. OcHoBsl 3nekTpoxumun / B. M. baiipamoB. —
M.: Axagemus, 2005.

2. benuk, B. B. ®usuueckas u xomwtouanas xumus / B. B. benuk,
K. . Kutenckas. — M.: Axkagemus, 2005.

3. I'opuikos, B. 1. OcHoBsl pusuueckoii xumuwn / B. . T'opiikos,
. A. Ky3nenos. — 3-¢ u3a1. — M.: MI'Y, 2006.

4. lleancos, E. T. Xumnueckas kuHetnka: ydeOnuk / E. T. Jle-
arcos, O. M. Capkucos, I'. . Jluxtenmreid. — M.: Xumust, 2000.

5. UtmosutoB, E. I'. ®usuueckas xumus [/ E.I'. Unnonurtos,
A. B. Aptemos, B. B. barpakos. — M.: Akagemusi, 2005.

6. Kapskun, H. B.  OCHOBBI =~ XUMHYECKOM  TEPMOAWHAMHUKH
/ H. B. Kapsikun. — M.: Axanemus, 2005.

7. Kuraes, JI. E. 3agaun u BOnpockl Mo (PU3NYECKON XUMHUU: Me-
TOAMYECKOE IMOCOOME ISl CTYJIEHTOB OMOJOTMYECKOTO (akyabTeTa
MI'Y (mampasienue «Oo6rias ouonorus») / JI. E. Kuraes, T. M. Po-
nHa, E. b. Pynssii, JI. A. Tudnosa. — M.: OOIIN Xumdbaka MI'Y,
1999.

8. Kuraes, JI. E. YuebHoe mocobue 1nmo Qpu3mdecko XUMUM IS
CTYJICHTOB Omojorudeckoro ¢akynprera MI'Y (Hampasinenne «OO0-
mas Owuonorus») [/ JI. E. KuraeB, T.M. Pomuna, E.Bb. Pyanbii,
JI. A. Tudnona. — M.: OOITN Xumdaka MI'Y, 2000.

9. KpaTkmii crnpaBOYHUK (PU3UKO-XUMHYECKUX BEIMYMH [ IO
pen. A. A. Pasnens, A. M. ITonomapesoit. — JI.. Xumus. 1983.

10. Cemuoxun, 1. A. @Pusuueckass XuUMHI 9 TI'€OJIOTOB
[ 1. A. Cemnoxun. — M.: MI'Y, 1991.

11. ®usuueckas xumus / mox pea. K. C. Kpacuosa. — M.: Beicl,
k., 1982.

12. Omanysn1s, H. M. Kypc Xxumudeckod KUHETHKU: y4YEOHHK
[ H. M. Omanyais, /1. I'. Knoppe. — M.: Beicm. mik., 1984,
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Adpeca 31eKmpoOHHbBIX 6UGAUOMEK
u web-caiimoe

1. Karayor nayunoi 6uoimorexku MI'Y: http://nbmgu.ru/

2. Katamor  OuOIMOTEKH eCTeCTBEeHHbIX  Hayk  PAH:
http://www.benran.ru/

3. Karanor xypHaioB OHMOJMOTEKHM XUMHUYECKOTO (haKyJbTeTa
MI'Y: http://www.chem.msu.su/rus/library/

4. DnekTponHas oudauorexa POOU: http://elibrary.ru/

5. DmextponHas OuoOimoreka 1o xummuu (ChemNet.Ru):
http://chemnet.ru/

6. MTHWOH: http://www.inion.ru/

7. BUHUTU: http://fuji.viniti.msk.su/

8. BHUTLentp. ba3za mannbix «TepMuueckue KOHCTAHTHI Be-
mrects»: http://www.vntic.org.ru/

9. bank nanaeix PAJIDH: http://www.chem.msu.su/rus/chinfo/
raden/welcome.html

10. ChemWeb: http://www.chemweb.com/
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