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IIpeauciaoBue

[lenp HACTOSIIEW KHUTH COCTOMT B TOM, YTOOBI JAaTh JOCTYITHOE
BBEJICHUE B COBPEMEHHYIO (PU3MYECKYIO XUMUIO JJIsl CTYJCHTOB, MO-
Jy4Yaromux o0pa30BaHUE MO OCHOBHBIM XUMHUYECKUM JUCIUILUIMHAM
Ha OMOJIOTMYECKUX HWJIM IKOJOTUYECKHUX CIEIHATBHOCTSIX M HaIpas-
JICHUSIX TIOJITOTOBKU YHUBEPCUTETOB.

Baxueliliee HarpaBjieHUE HUCCIEAOBAHUN (PU3NYECKOU XUMUU —
poI1IeCcChl B OMOJIOTMYECKUX CUCTEMAaX. DTO 00JacCTh COMPSKEHUS 1ie-
JIOTO psiia CMEXKHBIX JAUCHUIUIMH: OMOPU3NKU, OMOXUMUU, XUMUYE-
CKOM KUHETHUKHU U T. J. ENVMHON YHUBEPCAIIbHOM CBA3KOW 3TUX HAYK U
SBJISIIOTCA METOJbI pu3nueckoil xumuu. [ToaroToBKa crenuanucToB —
OMOJIOTOB M 3KOJIOTOB — MPEJINOJaraeT OCBOCHUE ITUX METOJOB U
YMEHHUE MPUMEHSTh UX JJIsl PEIICHUS] MHOTOYMCIIEHHBIX 3a/1a4 B pas-
JUYHBIX cdepax HAyKH U TeXHUKH. [Ipu 3TOM NpUXOAUTCS KOHCTATH-
poBaTh, YTO CTYJEHTAM JOBOJLHO CJIO)KHO OCBOUTH BE€ChbMa HEMpPO-
CTOM U 00OBEMHBIN MaTepHall, YUTAEMbIH B TEUEHUE OJTHOTO CEMECTPA.

OnHa U3 OCHOBHBIX NMPHUYHH CIIOKUBILIECHCS CUTyalldd COCTOUT B
TOM, 4TO (U3UKO-MaTEeMaTHYeCKasi MOJATrOTOBKAa OOyYaloIIUXCsl Ha
OMOJIOTUYECKUX WIIM SKOJIOTUYECKUX CHEIUATIBHOCTSAX U HAPaBJICHHU-
X MOATOTOBKH YHHBEPCHUTETOB HE BCErJa JOCTATOYHA, BBUIY Orpa-
HUYEHHOCTH OTBOJIMMBIX Ha 3TH KYpChl 4acoB. B pe3ynbraTe BO3HHU-
KalOT MPOOJEMBbI C OCBOCHHEM HACHIIICHHBIX (DU3UKOM U MaTeMaTH-
KOM CIelMaibHbIX KypcoB (pu3nueckoi xumuu. K TakoMy BBIBOY aB-
TOPOB MPHUBEJI MHOTOJIETHUM OMBIT YTCHUS JEKIIUNA Ha XUMUYECKUX U
OMOJIOTUUECKUX CHEIUATBLHOCTAX YHUBEPCUTETOB IO TaKUM Kypcam,
KaKk «@uznueckas Xxumus», « DU3NKO-XUMUYECKUE METOJIBI UCCIEN0-
BaHU», « XUMUYECKasi KUHETUKA U KaTainuz», « CTpOeHHUE MOJICKYI»,
«KBaHTOBasI XUMHS».

[IpuBeneHHbIE COOOPAKEHUS W ONMPEACIIUIN CTPYKTYPY HACTOS-
niero ydeOHoro mnocodusa. Mbl mocTapainch M30€KaTh H3IUIIHEN
«MaTeMaTu3aluu» Kypca, pu 3TOM JaTh MpeAcTaBieHUE 00 OCHOB-
HBIX paznenax (U3nYecKorl XUMUHU.

ABTOpBI HE CTaBUJIM ce€0€ IEIbI0 HamMcaTh BCEOOBEMIIIOINIEE
ydeOHOe mocoOue MO paccMaTpuUBaeMbIM IpodiieMaMm: Jig 3TOTO
UMEIOTCSl COOTBETCTBYIONIME YUYECOHUKH MO (PU3NUYECKON XUMUU, TEO-
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pUU CTPOCHHUSI U KBAHTOBOM XUMHUHU, XMMHUYECKON KUHETHUKE U T. II
Ham kypc HOCUT BBOJHBIM XapakTep W, TyMaeM, MOCITYKHUT CTYy/ACH-
TaM HEKHUM OPHUEHTHPOM B MOpe (PU3UKO-XUMHUECKON HH(POpMAIUU.
MMeHHO TO3TOMY B JAHHOM IMOCOOWHU PsAJl pa3aesioB (GU3UUYECKON XH-
MUU JJA€TCSl B KpaTKOM H3yoxkeHUuU. Hegocraromue cBeieHus CTyIeH-
ThI BCETJIa MOTYT HallTH B yueOHUKaX U MoHorpadusx. s sToro mo-
coOue CHaOXKEeHO CMUCKOM PEKOMEHAYEMOU JIUTepaTyphl U aipecaMu
COOTBETCTBYIOIINX Web-CaiTOB U 3JEKTPOHHBIX OubOIHorek. Kpome
3TOr0, B KOHIIE KaKJIOW IJIaBbl MIPUBEJEHBI 3a/1aud ¢ MPUMEPAMHU TH-
MOBBIX PEIICHUN U TECTOBBIC 3aJIaHUS ISl CAMOTIPOBEPKHU.

Haneemcs, 4to gaHHOE mocoOue HE TOJBKO OYJET MOJIE3HO CTY-
JIEHTaM, HO ¥ BBI30OBET UHTEPEC y aCIIMPAHTOB, HAYYHBIX PAOOTHHUKOB,
CHEUUATU3UPYIOMMNXCS B 00JACTAX (PU3MUECKON XUMHH, a TaKXKe y
IIKOJIBHBIX MPEINoAaBaTesie XUMUU U OMOJIOTHH.
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1.T'a3bl

1.1. O6wue noHsIMUs 06 a2pe2amHbuiX
COCMOsIHUSIX eeuwjecmeda

ArperatHoe COCTOSIHME — COCTOSIHUE BEIIECTBa, XapaKTEpH-
3YIOIIIEECs ONpeeIEHHBIMI KaueCTBEHHBIMU CBOMCTBAMU: CIIOCOOHO-
CThIO WJIM HECHOCOOHOCTBIO COXpaHATh 00BEM W (HOpMY, HATMUHUEM
WM OTCYTCTBUEM JAJIBHETO W OJMKHEro mopsiaka u napyrumu. M3me-
HEHUE arperaTHOro COCTOSHHSI COINPOBOXKAACTCS CKAYKOOOpPa3HbIM
U3MEHEHUEM CBOOOJHOW SHEPruH, PHTPOMHUU, TJIOTHOCTH U JIPYTHUX
OCHOBHBIX (PU3UYECKUX CBOMCTB. ATPEraTHOE COCTOSIHUE — PE3yJIbTaT
¢dazoBoro nepexoja.

B coBpemeHHOl (pr3MKe BBIAEHSAIOT CIEAYIOIINE arperaTHbIe Co-
CTOSIHUSI: TBEPJIO€ TEJIO, KUJKOCTh, I'a3, Ia3ma.

TI'a3pl. BONBPIIMHCTBO TAa30B — KOBAJCHTHBIE COCAUHECHUS WIN
npocThie BemecTBa. Hanbosiee xapakTepHbIM CBOMCTBOM Ta30B SIBJIS-
€TCA UX C)KMMAEMOCTh M CLIOCOOHOCTh pacIIUpsThes. ['a3bl HE UMEIOT
cOOCTBEHHOUN (POPMBI M1 COOCTBEHHOTO 00BEMA, OHM PACIIUPSIIOTCS 10
TeX MOop, MOKA HE 3alOJIHAT PaBHOMEPHO BECh COCY/I, KyJla UX IMOMeC-
TUNU. ['a3bl CIOCOOHBI CMENIMBATHCS JPYT C APYrOM B JIHOOBIX OTHO-
meHusAx. ['a3pl — OeCopsI0YHO JIBMXKYIIMECS B MPOCTPAHCTBE U Clia-
00 B3aMMOJCHCTBYIOIINE MOJICKYJIBI.

Kuoxocmu. B X1IKOM COCTOSIHUM MOTYT HaXOJUThCS METaJUIN4e-
CKHE, MOHHBIC U KOBAJICHTHBIE COCIUHEHUsS (IIpUMEp: PTYTh, pa30aB-
JICHHAs COJIsiHas KuciaoTa, 6eHson). [lomo0Ho razaM *KUJIKOCTH HE HMeE-
10T onpenenaeHHoN (popMbl. CoKMMAeMOCTh KUJKOCTEH OYEHb Maja.
Kunkoe coctosiHME XapaKTepu3yeTcsl OOJIBIION PHEpPruei B3auMO;IeH-
CTBUS MOJICKYJI M 3HAUYUTEIHLHO MEHBIIIMM CBOOOHBIM IMPOOETOM.

Teepovie eeuiecmea. B TBEpJIOM COCTOSIHUU, KaK U B JKUJKOM,
MOTYT HAaXOJWUTHCS METAIIMYECKUE, MOHHBIE WM KOBAJIEHTHBIE CO-
equHeHusi. OHU 00pa3oBaHbl YaCTUIIAMM, KOTOPBIMU COBEPIIAIOT KO-
nebaTeNnbHbIC ABMYKEHUS OKOJIO TIOJIOKEHUN paBHOBECHUS B y3j1aX KpH-
CTAUIMYECKOW PEIIETKU. TBEpbIE TEIA OTIUYAIOTCS OT KUJIKOCTEH U
ra3oB HaJU4YUEeM COOCTBEHHOU ()OPMBI M ONPEACICHHOTIO 00BheMA.
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ITnazma — TMOJHOCTHIO WJIM YaCTUYHO HWOHU3UPOBAHHBIN Tas3.
[11azMa COCTOUT M3 MOJI0KUTEIIBHBIX HOHOB M HECBSA3aHHBIX AJIEKTPO-
HOB. OHa CyIIECTBYET, HAPUMEDP, B BEPXHHUX CIOSX aTMochephl 3eM-
au. Ceeiie 99% BemiecTBa BO Bceil BeeneHHOM CyIIECTBYET B BUJIE
IUIa3MBI.

[ToHsiTHE arperaTHOro COCTOSIHUS JIOCTATOYHO YCJOBHO: CYIIECT-
BYIOT aMOp(HBIE Tella, COXPAHSIOMINE CTPYKTYPY KUJIKOCTH M 00Ja-
JAlOIIEe HEOONBIION TEKY4YeCThI0; BBICOKOAIACTUYHBIE COCTOSHUS
HEKOTOPBIX IMOJUMEPOB, MPEACTABISIONIME HEYTO CPEeAHEE MEXKIY
CTEKJIOOOPa3HBbIM U KUJKUM COCTOSIHUEM, KUAKUE KPUCTAJUIBI U APY-
rue. Takke CyIeCTBYIOT IJIaBHBIE MEPEX0/bl MEXKITY HEKOTOPHIMU ar-
peratHbIMU COCTOAHUAM. C JIpyroil CTOPOHBI, CTOUT OTMETUTh HAJIH-
YUe HECKOJBKUX Pa3JIMUYHBIX COCTOSIHUM TBEPABIX TEJ, HAIPUMEP
rpaduT, aaMa3 U yrojb, OTHOCSIIHECS K OJHOMY arperaTHomMy co-
cTosiHUIO. {7151 ommcaHus pa3audHbBIX COCTOSHUM B (DM3UKE YaIle HC-
MOJIb3yeTCs 00JIee MUPOKOE MOHATHE (a3bl.

1.2. 'a3o086bie 3aKOHbI

TI'azo6vble 3aK0HBI — DTO MATEMATUYECKUE COOTHOILIECHUS MEXIY
TeMIepaTypoi, JaBJIeHUEM U 00beMoM ra3oB. Haunem ¢ oOCyxaeHus
€MHUI] U3MEPEHUS TEMIIEPATYPhI, 1aBICHUS U 00beMa.

Temnepamypa (T). B HaydHBIX HCCIENOBAHUSIX HCIOJB3YIOTCA
JIBE IIKAJIbl U3MEPEHUs TeMIiepatyp. AOCOJIIOTHAs IIKaja TeMIepa-
Typ, KOTOpyto npemtoxui Y. KeneBun B 1848 1., HCIONB3YyET B Kaue-
CTBe enuHUIIbI n3Mepenus kenbBuH (K). B m1060i1 abcomoTHOM mikae
VU3MEPEHUS CYIIECTBYIOT TOJIBKO IMOJOKUTEIIBHBIC 3HAYEHHUS, A HYJIb B
TAKOW MIKAaJE 03HAYACT IMOJIHOE OTCYTCTBUE U3MEPSIEMOW BEIWYHHBI.
B abcomoTHol mikane temmnepatyp Touka 0 K Ha3piBaeTcsi abCOMIOT-
HbIM HyJieM. TemnepatypHas mikana Llenscust He gBisieTcs abCONIOT-
HOW IIKaJIOW, T. K. B HEM JIOMYCTUMBI OTPULIATEIIbHBIC 3HAYECHUS TEM-
neparypsl. B mexnayHaponnoit cucreme enunun, CU enuHuiien TeM-
neparypbl ABISETCA KEIbBUH. JTa €JUWHUIIA HCIOJB3YETCA BO BCEX
BBIUHCJIEHUSX C y4acTHEM Temreparypsl. [lepeBon temmeparypsl U3
mkanbl [enberst B aOCOMIOTHYIO TIKaTy TpeOyeT H00aBieHUs K mep-
BOM YMCJICHHOM BeauuuHe 273,15.

Maenenue (p). B cucreme CU enuHuiniel JaBiICHUS SABJISAETCS
nackanb ([1a), kOTOphIN omnpenensieTcs Kak JIaBlICHHE, CO3/1aBacMOE
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CWJIOW B OJIMH HBIOTOH, JCUCTBYIOIIEU MEPIEHAUKYIAPHO K MOBEPX-
HOCTH ILIOMIA6I0 B | M™:

1Ta = 1u/M°,

latm = 101325I1a.

B kadecTBe eMHUIBI U3MEPEHUS JABJICHUS YaCTO UCIOIb3YIOTCS
atMocdepa (aT™M), MUJUTUMETPBI PTYTHOTO CTOJI0a (MM PT. CT., UJIU MM
Hg).

JlaBnenue, paBHoe 1 aTMm, co3maet 3eMHasi aTMocepa Ha ypOBHE
Mops nipu temmeparype 0° C, mogaepkuBasi CTONOMK PTYTH BBICOTOM
760 mm.

[Ipy u3MepeHnn HU3KUX JABICHUN YacTO MOJIb3YIOTCS €UHHUIICH,
KOTOpas Ha3bIBA€TCsl «TOPP» (10 UMEHHU UTAIBSIHCKOTO MaTeMaTHKa U
¢uzuka O. Toppuuemn). B 1643 r. Toppudesyin yCTaHOBUJ, 4TO aT-
Moc(epHOE JaBIICHUE OMNPENENseT BBICOTY, JO KOTOPOM >KHUIAKOCTH
MOJHUMAETCA B TpyOKe, MEPEBEPHYTON HaJ TapeaKOW C TOM K€ KU/I-
KOCTBI0. DTO IPUBEJIO K CO3JaHUI0 OapoMeTpa.

Oobvem (V). B cucreme CU enunuiieit oobeMa sIBIIETCS KyOnue-
CKUI METP (M3), a TMIPOU3BOJHBIMU €IUHUIIAMU: cM° 1 ,Z[M3I

la= II[MS, M= 103I[M3, 1]:[M3= 10°cm’.

Cmanoapmmuule (HopmanvHble) memnepamypa u 0asieHue

N3BecTHO, 4TO 00BEM raza 3aBUCUT OT €ro TeMIlepaTypbl U J1aB-
nenus. [loaromy, cpaBHUBasi 00bEMBI Ta30B, HEOOXOIMMO YPaBHUBATh
UX TEMIIepaTypy U JaBieHue. [IpuHATO yka3piBaTh 00BEM raza U Apy-
rue (puznyecKkue CBOMCTBA MPU OMPEACIICHHBIX YCIOBUAX — CTaHIapT-
HBIX TEMIIEpATYype U JIaBJICHUMU.

CranpaptHoit Temneparypor cumtaercs 273 K (0°C), a cran-
JapTHBIM JaBjieHueM 110 1984 r. cuurtanocs 3HaueHnue 101325 Ila
(. e. 1 at™, i 760 MM pr. cT.). OqHAKO B HACTOAIIEE BPEMS MPUHSI-
TO cunTaTh craHaapTHBIM AaBieHuem 100 klla.

3axon boiina — Mapuomma

KosnuecTBEHHOE COOTHOIIEHHE MEXAY O0OBEMOM U JIaBJICHUEM
rasza BnepBbie ycraHoBWI PooepT boitns B 1662 1. (3. Mapuortt ycra-
HOBWJI 3TOT 3aKOH B 1667 T.): npu nocmoannoii memnepamype 00b-
eM 2a3a 0OpamHo NPONOPUUOHATIEH €20 0AB1eHUID.
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DTOT 3aKOH MPUMEHHM K JIF0OOMY (UKCUPOBAHHOMY KOJIMYECTBY
raza. Kak BugHo u3 puc. 1.1, ero rpadguyeckoe nmpeacTaBieHUE MOKET
OBITH Pa3HBIM.

p p

T=const

AV 1/V
Puc. 1.1. I'paghuueckue gpopmwi npedcmasnenus sakona boinss — Mapuomma

MaremaTuuecku 3To 3anucbiBaercs Tak: Vocl/p. CinenoBaTenbHoO,
pV=const. OnHako oObI4YHO 3aKOH boiiyigs — MapuoTTa 3anuchIBalOT B
BUJIC:

p1'Vi=p2 V.

Takas 3anmuch MO3BOJIACT, HAPUMED, 3HASI UCXOHBIN 00BEM rasa
V| ¥ ero naBjeHUE P, BHIYUCIUTD JIaBJICHHUE P, B HOBOM 00BbeM V).

3axon I'eit-/Iroccaka (3axon Illapns)

B 1787 r. O.-I". lllapnb mokaszan, 4To npu HOCMOAHHOM O0A6/ICHUU
00vem 2a3a usmenaemca nPONOPUUOHAILHO €20 memnepamype.

DTa 3aBUCUMOCTh TpeJAcTaBieHa B Trpaduyeckoid ¢dopme Ha
puc. 1.2, u3 KOTOPOro BUAHO, YTO O0OBEM ra3a JIMHEUHO CBSI3aH C €ro
TeMmnepaTypoil. B MaremaTtuueckoi opme 3Ta 3aBUCUMOCTh BhIpaXKka-
ercs Tak: VocT.

\

p=const

273 T.K
Puc. 1.2. 3axon I'eu-Jlroccaka (Lllapns)
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vV, V
Onnaxo 3akoH Illapins Jame 3amUCBIBAIOT: | =—*.

1 T,

3akon [llapns ycosepmenctBoBan XK. I'eii-JIlroccak, KOTOpbId B
1802 r. ycTraHoBuI, 4TO 00bEM raza nIpu U3MEHEHUU €ro TEMIEPATYPHI
Ha 1° C uzmensiercsa Ha 1/273 dacth TOro o0bemMa, KOTOpPbI OH 3aHU-
man npu 0° C. Otcroga ciietyeT, 4To €Clid B35ITh IPOU3BOJILHBIN 00b-
em ro0oro raza npu 0° C v npu NOCTOSIHHOM JaBJICHUU YMEHbBIIHUTh
ero Temneparypy Ha 273° C, To KOHEUHBI 00BEM OKaKETCS PaBHBIM
HyI0. OT0 coorBercTByeT Temrmeparype -273°C, wm 0 K. Takas
TEMIIepaTypa Ha3bIBA€TCS aOCOJIIOTHBIM HyJieM. AOCOJIOTHBIA HYJIb,
CTpPOro ToOBOpsA, HeAOCTHXHM. OJHaKo B JIaDOPATOPHBIX YCIOBHSX
yAaeTcsl IOCTUYb TeMIEepaTyp, OTINYAIOLIUXCS OT a0COMIOTHOTO HYJIS
Bcero Ha 0,001 K. ITpu takux temneparypax OecrnopsiJOuHbIe ABUKE-
HUS MOJIEKYJI MIPAKTHYECKU MPEKPaIIatoTCa. ITO MPUBOJUT K MOSIBIIE-
HUIO YAUBUTEIBHBIX CBOMCTB. Hampumep, MeTasibl, OXJIaXICHHbIE 10
TEMIIepaTyp, OJU3KUX K aOCONIOTHOMY HYJIIO, MOYTH MOJTHOCTHIO YT-
PAaYMBAIOT BJIEKTPUYECKOE CONPOTHUBIEHUE U CTAHOBSTCS CBEPXIIPO-
BOJISILIAMHU.

B 1987 r. obHapykeHbI BellecTBa (KepaMHKa, CIICYECHHAs U3 OK-
CUJIOB JIAaHTAHOUJHBIX DJIEMEHTOB, Oapusi U M), KOTOpbIEe CTaHO-

BATCS CBEPXIPOBOIAIIMMH MPU CPABHUTEIHHO BBICOKHX TEMIIEpaTy-
pax, mopsiaka 100 K (—=173° C).

Ob0veounennslii 2a306vlil 3aKOH.
Ypasnenue Menoeneesa — Knaneiipona

OO0benaunsia 3akoH boiing — Mapuorra u I'eii-JItoccaka, MOXHO
MOJTYYNTh CIICIYIONIEe yYpaBHEHHE (3TO MaTEeMaTHUYECKOE BhIPAKCHUE
00bEeIMHEHHOT'O Ta30BOI'0 3aKOHA):

\Y \Y
P :pz Z WA %:const.

T1 T2

ToyHOE 3HAYEHHUE MTOCTOSTHHOM B MPABOM YaCTHU 3TOTO YPABHEHUS
3aBUCHUT OT KOJinuecTBa ra3a. Ecinu konudecTBo rasa n=1 mous, TO co-
OTBETCTBYIOIIAs MOCTOSIHHAsI 0003HayaeTcs OykBoM R u HazbiBaeTcs
«ra30Basi IOCTOSTHHAS»

me =R, V,, — 00beM 0JTHOrO MOJISL.
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J{14 n Mosel ra3za moJy4yaeTcsl ypaBHEHUE:
% =nR, unu pV = nRT.

B Takoil (opMe 0OBEIMHEHHBIM Ta30BbIA 3aKOH HA3bIBACTCS
YPABHEHUEM COCTOSIHHSI WJICAIBHOTO ras3a. YpaBHEHUE COCTOSHUS —
3TO ypaBHEHHUE, CBA3BIBAIOIICE MEXKIY COOOM MmapameTpbl COCTOSHUS
rasa (J1aBjaeHue, 00beM U TEMIIEPATYPy).

Hoeanvuoui 2a3 — ra3, KOTOpPbI IpU JIOOBIX TeMIepaTypax H
JABJICHUSIX MOJTHOCTBIO MOJYUHSACTCS YPABHEHUIO COCTOSTHUS MJ1€alTb-
HOTO Ta3a (IIpOCTHIM ra30BbIM 3aKOHAM).

OT0 runoreTuyeckuil (Booopakaemslil) ra3. [lonstue o0 uacanb-
HBIX ra3ax BBEJECHO JIsl TOTO, YTOOBI UMETh BO3MOKHOCTh CPABHUBATH
CBOMCTBA peajbHbIX I'a30B APYr C ApyroMm. PeanbHbie ra3pl XOpOILIO
MOJAYUHSIOTCS YPABHEHUIO COCTOSIHUSI MJICAIBHOTO Ta3a MPU HUBKUX
naByieHUsX (p — 0) ¥ BBICOKMX TeMIlepaTypax.

NneanbHbiil ra3 001aaeT ClASAyOIUMU CBOMCTBAMU: 00BEM MO-
JIEKyJ ra3a 0ECKOHEYHO MaJl; MOJICKYJIbl MEXKy COOOM HE B3auMO/IeH-
CTBYIOT (IIpU CTOJIKHOBEHUHU BEAYT €05 KaK yIpyrue maphi).

3akon Agozadpo

B 1811 r. utanpaackuii Gu3uk 1 XuMuK A. ABOTajipo BBIABUHYI
TUIIOTE3Y, KOTOpasi BIIOCIEACTBUHU TMOJy4YHJIa Ha3BaHHUE 3akoHa ABO-
rajipo: B PAGHBIX 00bEMAX PAZTUYHBIX 24308 NPU OOUHAKOBOI HeM-
nepamype u 00UHAKOBOM OABNEHUU COOEPHCUMCA 0OUHAKOBOE YUC-
J10 MOJIEKYL.

Yuciao MoyieKyal B OJHOM MOJIe€ JIFOOOrO Traza paBHO
NA=6,022-10" mons"' (mocrosiHHas ABorampo). IIOCKOIBKY OXHH
MOJIb JIFOOOTO Ta3a BCEraa COJACPKUT OJMHAKOBOE YHMCIIO MOJEKYJ, U3
3aKOHa ABOTaapo cieAyeT (cJaeAcTBHE U3 3aKOHA ABOTraJpo): 00UH
MOJIb 1100020 2a3a 6ce20a 3aHumaem 00Ul U mom iice o0vem.

DTa BeIMYMHA HA3bIBACTCS MOJISIPHBIM oO0BeMoM. IIpu HOopmab-
HBIX yCIOBUSX V, = 224 a’. B cucreme CU: Vi = 2,24°10'2
M>/MOJIB.

T'azoeasn nocmosannasn

Ecnu n=1 Monb, T0: pVm = RT, rae V,, — MOJISIpHBII 00BEM.
DTO ypaBHEHHE YMTAETCS TaK: IMMPOU3BEICHHUE JAaBICHUS Ha 00beM
MPONOPIIMOHATIBLHO a0COIIOTHOM TEMIIEpaType.
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Jlerko yctaHoBHTH CBs3b R ¢ paboToii pacimmpenus uacaibHbIX Ta-
30B. MiMeeM 1mumHp, NOpIIeHb (CHIIbI Tpe-
HUS HE YUUTHIBAEM).

ras (p, V, T) [ToBeicum Temnepatypy Ha AT u 3amnu-
IEM YPAaBHEHUE COCTOSIHUSI UACAIBHOTO Ta-
3a JUIsl ABYX CIIy4aes:

pVm=RT, (1)
p(Vi,+ AV)=R(T + AT), (2)

rae AV — usMeHenue oobema.

BbluutaeM 1mepBo€ ypaBHEHHME W3  BTOPOTO, IOJIY4YaeM:
p AV = RAT.

[IpousBenenue naBieHus Ha U3MEHEHUE 00bemMa ecTh paboTa, Co-
Bepiaemas cucteMon (u3 ruapoauHnamuku). Ecoiu AT=1, to A=R.

du3nueckuii cMbICI razoBoil noctosHHoM (R): 2azoean nocmo-
AHHAA PAGHA padome pPaAcuIuUPeHUus 00H020 MO UOEAIbHOZ20 2434 6
pe3ynvmame Hazpesanusn nHa 1° npu nocmoannom oaesienuu (uzooa-
puueckoe pacuiupenue).

YucnenHoe 3Ha4eHUE R 3aBUCHUT OT TOTO, B KaKUX €IMHUIIAX BbI-
pakaTh BEJIMYMHBI, BXOJASIIME B YPaBHEHHUE COCTOSIHUS HCATBLHOTO
raza. Kak paccuurarts R?

pVn=RT, orcrona R = PVa _ 1-22,4
T 1-273,15

B cucreme CH: R = 8,314 iK' mous ™,
1 kan = 4,187 JIxk, T. . R = 8,314/4,187 = 1,987 xan K -momns ™.

=0,082,[aT™ JI K'1°M0JIL'1].

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

B ra3oBeIx cMecsax KaxkJIpIM ra3 BeAeT ceOs1 He3aBUCHUMO OT ITOBE-
JICHHUS OCTaJIbHBIX I'a30B, BXOAAIINX B COCTaB CMECH.

3akon /lanbmona (3aKOH QJIIUTHUBHOCTH IapLMAIbHBIX JIaBJie-
HUW): oOuiee OasiieHue 2a3080il CMeCU PABHAECHICA CyMMe napuu-
AJIbHBIX OA6/ICHUIL KOMNOHEHM OB 2A30801 CMECU:

Posu. = PA +PB +Pc T... T Pi= 2 pi.
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Hapuyuanvnuvim oasienuem KOMROHEHMA 2A30601 cMecuU Ha3bl-
BaeTCs JaBJICHHE, KOTOPOE IMIPOU3BOAMI ObI 3TOT KOMIIOHEHT B OTCYT-
CTBHE OCTaJIbHBIX, HAXO/ISICh B TOM K€ KOJIMYECTBE, B TOM K€ 00BheMe
U TIpY TOM K€ TeMIepaType, Kak U B CMECH.

3akon Amaza (3aKOH aAAUTUBHOCTH MHaplUAIbHBIX OOBEMOB):
00Ul 00vemM 230601 cmMecu PaBeH CyMMe RAPUUATLHBIX 00beMO6
KOMNOHEHMO08:

Vo6m. = VA + VB + VC +.. .‘|’Vi = ZVI .

Hapuyuanvuvim 06vemom KoMnoHeHma 2az060i cmecu Ha3biBa-
eTCsl 00BEeM, KOTOPBIM 3aHUMaJl Obl ’TOT KOMIIOHEHT B OTCYTCTBHUE OC-
TaJIbHBIX, HAXOSACh B TOM K€ KOJMYECTBE, MOJ TEM K€ JIaBJICHUEM U
IIpU TOM ke TeMIepaType, Kak U B CMECH.

Cneocmeus u3 3axkona /lanemona u Amaza

NmeeM razoByro CMeCh:

paV = naRT, pgV =ngRT, p;V =nRT,

OTCIOJIA:
n RT n RT n RT
P = ) P = B s P.: ! ’
A VvV B Vv i VvV
n RT n RT n RT RT RT
=A 4+ B 4 o+ =""(m +n_+..4n), P =¥n —.
o0y vV vV VvV VvV A B i 00111 1V
o RT
Haiinem otHomenme: % _ iy _ M _
P RT sn b
o011 an v 2 i

riae N; — MoJIbHas 1O KOMIIOHEHTA «1».

OTHoIlIIeHHE Yuciaa MOJIeH TAaHHOTO KOMIIOHEHTA K 00IIeMYy YUCTTy
MOJIEd KOMIIOHEHTOB CMECH Ha3bIBACTCS MOJbHOU 00/1eil OAHHO20
KOMROHEeHma.

CymMMa MOJIBHBIX JI0JIE€A BCEX KOMIIOHEHTOB paBHa 1. [lomyyaem:

Pi = Ni*Poom.
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Cneocmeue u3 3axkona Jlaremona: napuyuaivbHoe OasjieHuUe
KOMHROHEHMA 2a3080l CMeCU PABHO NPOU3BEOCHUID MOJIbHOU 007U
IMO20 KOMNOHEHMA HA 00uiee 0asneHue 2az080i CMeECu.

Cneocmeue u3 3akona Amaza: napuyuaivHvlii 00beM KOMNO-
HeHma 2a3080ll cCMeCU PAGeH NPOU3BEOCHUI0 MOJIbHOU 001U IMO20
KOMROHEHMA HA 00wuil 00vem 2a3z080u cMecu:

Vi = Ni'Voﬁm .
1.4. PeasvHule 2a3bl

PeanpHble Ta3bl HE MOAUYUHSAIOTCS CTPOTO YPABHEHUIO COCTOSHUSA
ujeanbHOro raza. OTKIOHEHUS YBEIWYMBAKOTCS C TOBBIIICHUEM J1aB-
JIEHUSI 1 YMEHBIICHUEM TemIiieparypbl. OTKIOHEHUSI UX CBOMCTB OT
CBOMCTB HJICAILHOTO Ta3a 00OHAPYKUBAIOTCS, €CJIU MOCTPOUTH rpaduk
3aBUCUMOCTU Bean4uuHbl pV/NRT oT naBnenus p. st uaeanbHOTO ra-
3a TakoW TpaduK MpeACTaBISIET COOOW MPSAMYIO JIMHUIO, Mapajlielib-
HYIO OCH JaBjieHuit (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. Omknonenus ceoticme peanvHvix 2a308
om ceolicme uoeanvHo2o 2aza npu 273 K

CreneHpb OTKJIOHEHUS OT CBOMCTB MI€AJILHOTO ra3a U XapakTep 3TO-
rO OTKJIOHEGHHUSI 3aBUCAT OT MPHUPOJIBI KOHKPETHOTO PEaIhbHOTrO Ta3a,
naBjieHus U TeMriepaTypbl. CleIyeT OTMETUTh, YTO OTKJIOHEHHS CTaHO-
BATCs1 00Jiee BHIPAXKCHHBIMU MPH BBHICOKUX JIABJICHUSX U HU3KUX TEMIIC-
parypax. Jlns mHoroaromusix ra3oB (CO,) OTKJIOHEHHE BO3pacTacrT.
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OTKJIOHEHHS] CBOMCTB PEAIbHBIX T'a30B OT CBOWMCTB WACAJIBHOIO Ta3a
OOBSICHSIIOTCSl HAJIMYUMEM CHUJI MPUTSHKEHUST MEXKIY MOJIEKYJIaMH raza u
HaJIMYHEM OIPEICIICHHOTO COOCTBEHHOTO 00beMa y KaKI0H MOJICKYJIbI
ra3za. OTCTYIUIEHUI HET NPH MPEAECTBHBIX YCIOBUSX, T. €. p — 0.

[IpensioxeHO HECKOJIBKO COT YPABHEHHMM COCTOSIHUSI PEAJIbHBIX Ia-
30B. HanbosbImee pacnpocTpaHeHre BCIASACTBUE MPOCTOTHI U (pr3mde-
CKOM 000CHOBAaHHOCTH MOJIyunyio ypaBuenue f.-J1. Ban-nep-Baansca. B
1873 r. Ban-nmep-Baanbc yCOBEPIIEHCTBOBAI YpPAaBHEHHUE COCTOSHHS
WJICATBHOTO Ta3a C YY€TOM OTKJIOHEHHUM OT HErO0 CBOMCTB PEaJIbHBIX T'a-
30B. /{7151 0THOTO MOJIA pEaTbHOrO ra3a ypaBHECHUE UMEET BHI:

(p +a/V?)(V —b) =RT,

rie wieH a/V’ yunThIBaeT BHYTPCHHEE IABICHUE U XapaKTEPH3YeT CTe-
MIEHb MEXKMOJICKYJIIPHOTO B3aUMOJICHCTBUS; b — MOCTOSIHHASI, KOTOpas
YUUTBHIBAET COOCTBEHHBI 00bEM MOJIEKYJI, OHAa HE paBHA COOCTBEHHOMY
o0beMy, a paBHa, IPUOIM3UTEILHO, YUETBEPEHHOMY 00BEMY.

JI1s n MOJIen peanpbHOro rasa:

(p+ an’/V?)(V —nb) =nRT.

Koyppuyuenmot «a» u «b» 3aeucam om npupoowt 2aza, m. e.
YPasHeHue He ANAEMCA YHUBEPCANbHbBIM, M. K. 0718 KA}HCO020 2a3a
Cyuiecmeyom ce0u 3Ha4eHus1 NOCMOAHHBIX «a» u «by.

IIpumepui pewreHus1 3ada4

3aoaua 1. Tlapel oprannudeckoro BemiectBa maccou 1,17 r mpu
423 K u 1,00-10° ITa 3auumaior 06bem 0,447 1. Borauciute Mousp-
HYIO MAacCy COEJIMHEHHS.

P em e Hue MonsipHyto MacCy BEIIECTBA BBIUUCIISEM U3 YPaAB-

HEHUS:
n=pV/(RT) =m/M,

r7ie m — Macca BeliecTa; M — MojisipHas Macca BEIecTBa.
8,314-423-1,17

3 $=92 /MOJIb.
1,00-107-0,447-10

M =
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3adaua 2. Yepes auetoH mpu MOCTOSHHOM gasiennu 0,974-10° ITa
1 293 K ObL1 IpoIylieH cyXoi Bo3ayx o0beMoM 2,93 71, mpu 3TOM mac-
ca alleTOHAa YMEHbIIWIACh Ha 2,2 T. OnpeenunTe AaBICHHE HACHIIEHHO-
o napa aleToHa npu ATOM TeMIeparype.

P e e Hue. OnpenensieM KOJIUYECTBA BEMIECTB all€TOHA U BO3-
nyxa:

N,y = Nyy/My, = 2,2/58 = 0,038 Mob,
PV 0,974-10°-2,93-107
Mo T RT T 8,314-293

PaccuuThiBaeM MOJISIpHYIO JOJIIO alleTOHA B Ta30BOM cMecH, a 3a-

TE€M HapiuagbHOE JIaBJICHUE alleTOHA M0 ypaBHEHUIO [[anbToHa:

N M 0038
M+ 0,038+0,117

BO31

P, =PN,, =0,974-10°-0,245=2,38-10" Ila.

=0,117 MOJIb.

,245 Mo,

3adadu

1. [IpuBeauTe K HOPMAJIBHBIM YCJIOBUSIM Ta3, 3aHUMAIOIIUN MPU
373 K u p = 3,0-10% ITa 06bem 27 1.

2. Onpenenure MOJIEKYJISIPHYIO MacCy BeIlECTBA, €CJU MIIOTHOCTD
ero mapa npu 373 K u 1,013-10° ITa pasna 2,55 r/n.

3. Kakoe KoJIM4ecTBO IHOKCHIA YIJepoJa IMpHu 5,066-105 IIa n
323 K 3aHMMaeT OJIMHAKOBBIM 00BheM C 1 T renus npu 1,013-104 [Tan
273,15 K? Yemy paBHBI INIOTHOCTHU 3TUX T'a30B?

4. Temneparypa azora, HaXOJSIIErocs B CTAJIbHOM OajlIOHE MOJ
napienueM 12,5 Mlla, paua 20°C. IIpenenbHoe naBieHUE, KOTOPOE
BbIIIepKUBaeT OamnoH, 20,3 MIla. [1pu kakoi Temreparype naBicHUE
a30Ta JOCTUTHET IPeeIbHOTO 3HAYCHHSI ?

5. Cocyn HamoJIHEH CMEChIO KHciopoaa M a3zoTa. [lpu kakom
COOTHOIIICHUM MaplUHaIbHBIX JaBJICHUM Macchl 000MX Ta30B OyayT
OINHAKOBBI?

6. JIna razoBoii cmecu maccoBoro coctasa (%): Cl,— 67; Br, —
28; O, — 5, Beiunciute: 1) 00bEMHBIN COCTaB; 2) MaplUUAIbHBIE JaB-
JeHUsT KOMIOHEHTOB; 3) 00beM 1 kr cmecu. OOiiee AaBiICHUE
1,013-10° Ia, Temneparypa 373 K.
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7. PaccuuTaiiTe naBjieHUE, O] KOTOPHIM HAXOAsITCA 32 T' KUCIO-
poaa B o0wéMe 0,6 1 mpu temnepatrype 20°C, ucnons3ys: a) ypaBHe-
nue MenneneeBa—Kiamneiipona, 0) ypaBHenue Ban-nep-Baanbca. [1o-
SCHUTE PA3JIMYNE MEXKTY ABYMSI pE3yIbTaTaAMMU.

8. Kakoe konmuuectBo CO, MOXKET BMECTUTh CTaILHON COCy 00be-
mom 0,5-10° M’ npu Temneparype 473 K u naBnennn 162,1 MITa? Pac-
4eT MpoBEAUTE uepe3 KOADPUITMEHT CKUMAEMOCTH.

9. Beruncniute 1o ypaBHeHHi0 BaHn-nep-Baanbsca Temmeparypy,
npu KoTopod oObem 1 kr merana craner paBHbiM 0,1 M~ mpu
2,026 MlIa.

10. Beruucnure ¢ ucnosib30BaHueEM K03 PUIIUEHTA CKUMAEMOCTH
ooweM 1 kr xsopa ipu 450 K u naBnenun 80 Mlla.

Tecmoeauvlie 3adaHusAa

Bvioepume ooun npasunvnulit omeem

1. Marematrnueckoe BbIpaKeHUE 3aKOHAa Amara:
A. pV =nRT. b. p1V1 = p2V2.

B. Poom. = Zpl I. Vo6n1. = ZVI

2. CneacrtBue u3 3akoHa JlaabpToHAa:
A. V=224 107 M /monb. B. pi=N; * Posus

B. pV = const. I Vi=Ni " Voou
3. YpaBHEHUE COCTOSIHUS UICaIBLHOIO ra3a:
A. pV/T = const. b. V/T;=V,/T,.
B. prl/Tl = p2V2/T2. I. pV =nRT.

4. 3akoH boitns — Mapuotra:

A. Ilpu mocTosITHHOM JaBiICHUN 00BEM raza U3MEHSETCS MPOIop-
IIMOHAJILHO €T0 TEMIIEpaType.

b. Onua Monp Mr000ro raza BCErjaa 3aHMMAeT OJWH U TOT XKe
o0beM.

B. IIpu nocrossHHOM TeMIepaType 00beM raza 0OpaTHO HPOMOp-
IIMOHAJICH €T0 JABJICHUIO.

I'. B paBHBIX 00beMax pa3IMYHBIX Ta30B MPU OJUHAKOBBIX TEM-
nepaType 1 JaBJICHUH COJCPKUTCS OJMHAKOBOE YUCIIO MOJICKYIIL.
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5. Marematnueckoe BeipakeHue 3akoHa [ 'eit-JIroccaka:
A. pV =nRT. b. Vl/Tl = Vz/Tz.
B. p1V1 = p2V2. I. prl/Tl = p2V2/T2.

Buvioepume neckonvko npasuibHbiX 0meemos
1. YuuBepcasnbHas ra3oBasi nocrosHHas (R) moxer uMmers pas-

MEPHOCTb:
1, gl 1 -1 -1
A. Jlxkr - K - monp . b.atm - 1K™ - monp .
-1 1 -1 1
B. /Lx'K - monb . I'. JIx - xr' K™ - monp .

-1 -1
. xan' K™ - monb .

2. CBolicTBa HI€ATIBHOIO rasa:

A. He nmeer 3anaxa.

b. O6beM MoseKy1 OECKOHEYHO MaJl.

B. HeorpanuueHHO pacTBOpSETCS B BOJIE.

I'. MonekyJbl He B3aUMOACHCTBYIOT MEXKIY COOOiA.

3. Marematuueckoe BBIPAKCHUC 06’b€,Z[I/IHeHHOI‘O I'a30BOI'O 3aKOHaA.

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

B.pVi=p,V.,. I.piVi /Ty =po Vo /To.

4. MaremaTnyeckoe BbIpakeHue 3akoHa boira — Mapuorra:
A. V/T = const. b.p, V. =p,V..

B. V,/T, =V,/T,. I'. pV = const.

.V o 1/p. E.V < T.

5. MonbHas nons (N;) onpeaensieTcs COOTHOIICHUEM

A. Ni =m/M. b. Ni = ni/Zni.

B.N;=V/V,,. I'. N; = %Mo /100.

Yemanoseume coomeemcemeue

I. HopmanbHbie (cTaHIapTHBIC) yCIIOBUS: BenuuuHbL:

1. Temneparypa. A. T =298K.

2. JlaBieHue. b. p = 100kIIa.
B. T =25°C.
I'. p =760 Mmm.pT.cCT.
. T =273K.
E. P = laTtm.
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II. O0BexrT:
1. UneanpHEII ras.
2. UneanbHas razoBas CMECh.

3aKOHBI:

A. 3akoH Amara.

b. 3akon bors — Mapuotra.
B. 3akon I'ent-JIroccaka.

I'. 3akon [lanbToHa.

. 3akon ABoraapo.

IIl. PeasibHble Ta3bl MOAUYUHSIOTCS YPABHEHUIO COCTOSIHUSL UIE-
aJBbHOTO Ta3a IPHU CIEAYIOMNX YCIOBUAX:

1. Temneparypa.
2. JlaBieHue.

IV. I'a30BbI€ 3aKOHBI:;

['paduueckue GopmMbl IpeACTaBICHUS:
\Y

A. BBICOKOE J1aBJeHUE.

b. Hu3skas temneparypa.
B.p — 0.

I'. T=273K.

. Beicokas temrieparypa.
E.p = latm.

1. 3akon I'eii-JTroccaka p p=const |
2. 3akoH bounsa — Mapuor-
Ta
[
I
1
\Y% 273 T,K
A B
p \Y%
T=const
\Y T
B r

V. IlapameTpsl COCTOSHUS:

1. Temneparypa.
2. JlaBneHue.
3. O0bem.

Enuaunbel m3MepeHus B MEXIyHa-
poaHoit cucteme eaunuil (CH1):

A. aTtm.

b. 1.

B. KensBus (K).

| Ve

1. °C.

E. Ila.
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Bonpocul 045 cobecedo8aHUs

1. 3aKkoHBI HAEaNbHBIX T'a30B. ['a30Bas MOCTOsSIHHAsA, €€ (hu3nye-
CKUI CMBICII.

2. TloHaTHs MapuUaIbLHOIO JABJACHUS W MapIHaIbHOTO0 oObeMma.
3akoHsl JlanbTOoHA M AMara, CIIEACTBUS U3 HUX.

3. PeanbHble ra3pl. OTKIOHEHHUSI PEaJbHBIX T'a30B OT 3aKOHOB
UJIcalbHBIX Ta30B. Y paBHEeHUE Ban-aep-Baansca.
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2. [lepBbI 3aKOH TEPMOAUHAMUKU.
TepMmoxumus

XUMHYECKask TEPMOJMHAMUKA U3YUYaeT 3aKOHBI, OMMCHIBAOIIUE 00-
MEH DHEPrUEr MEXIY N3Yy4aeMOM CUCTEMOM U BHEIIHEN CPEZIOM, B YaCT-
HOCTU MpEBpaIllCHUE TEIJIOBOM 3HEPruu B Apyrue GpopMmbl 3Hepruil. B
OCHOBE €€ JIe)KaT JIBa 3aKOHA: IEPBOE U BTOPOE Hayajla TEPMOJAMHAMMU-
KU. B XuMH4eCckol TEpMOJAMHAMUKE HET MapaMeTpa BPEMEHH, MIOITOMY
OHA HE JAaeT OTBETA, KAK CKOPO HACTYIAET JAaHHOE COCTOSHHE. XUMUYE-
CKas TepMOJAMHAMHUKA pacCMaTpuBacT TPU OCHOBHBIX Bompoca: 1) co-
CTaBJICHUE TEIUIOBBIX 0AJaHCOB TE€X WJIM UHBIX XUMUYECKUX MPOIIECCOB;
2) pacuet (pa30BOro paBHOBECHSI; 3) pacueT XUMUYECKOTO PABHOBECHS.

Ona 1o3BoJIsieT, He npuberas K OmbITy, pellaTh CIAEAYIOIINE 3a-
nauu: 1) onpenenuTs yCIOBUSI, TIPU KOTOPBIX JAHHBIN MPOIECC CTAHO-
BUTCS BO3MOXKHBIM; 2) BBIICHUTH, KaKUM IIyT€M MOKHO YCTPaHUTb
WM BOOOIIEe M30eKaTh MPOTEeKaHWs MOOOYHBIX MPOIECCOB; 3) HANTH
ONTUMAaJbHBIE YCIOBUS (TEMIIEPATypy, NaBJICHUE, KOHIICHTPALIMU pea-
TUPYIOIIMX BEIIECTB) Mpoluecca; 4) BHIACHUTh HAIPaBICHUE U Mpeen
IIPOTEKAHUS IpoLecca.

2.1. OcCHOBHble NOHAMUS U onpedesieHUs

Cucmema — 3TO TENO WIU COBOKYHHOCTH Tel, 000COOJIIEMBIX
HaMHM OT OKPY KAIoIIEro MUpa WU CPeAbl JUisl pacCMOTpeHUs (peak-
TOp, KJIETKAa, OPraHU3M U T. II.).

PaznuyaroT cUCTEMBI TpeX TUIOB: M30JUPOBAHHBIE, OTKPHITHIC U
3aKPBITHIE.

Ecnu ene cucmemot nem meJi, ¢ KOMmopviMu OHA 83AUMOOEIIC-
gyem (Hem oOmena eewyecmeom u 3nepeueii, V=const), mo maxas
cucmema Hazvleaemcs u30auUposanHou. V301upoBaHHas cucTeMa —
3TO TOJBKO WJCaTU3aLIMS.

Cucrema Macca DHeprus
1. U3onupoBanHas HE U3MEH. HE U3MEH.
2. 3akpbITas HE U3MCEH. V3MEH.
3. OTkpbITas V3MEH. V3MEH.
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Ecau cucmema cocmoum uz 00noul ¢pazvt, mo cucmema 20mMo-
2eHHAsA, U3 HECKOIbKUX (ha3 — 2emepozeHHas.

Ecnu cocTosiHre cuCTeMbl HE U3MEHSIETCS B TEYEHUE JITUTEIBHO-
ro BPEMEHU M 3Ta HEM3MEHHOCTh HE 00YCIOBJICHA HUKAKUMU BHEII-
HUMM TPU3HAKAMU, TO ITO O3HAYACT, UMIO CUCHIEMA HAXOOUMCA 8
pasnogecuu.

CocTosiHHE CHCTEMBI XapaKTEPU3YETCS COBOKYMHOCTbIO HUHTEH-
CUBHBIX U 3KCTCHCHUBHBIX CBOWMCTB, HA3bIBAEMbBIX MeEPMOOUHAMUYE-
CKUMU napamempamu COCMOAHUA, UAU QYHKUUAMU COCHOAHUS
cucmemul.

Humencuenvimu nazulearomces ceoiicmea, YicCiICHHbIC 3HAYCHUS
KOTOPBIX HE MPONOPUUOHAIBHBI Macce (AaBlICHHE, TEMIEpaTypa, Mo-
TEHIIMaJl, MOJIbHBIN WJIU yACIbHbIA 00hEM, KOHIIEHTPAIIUS ).

IKCMeEeHCUGHbIMU HA3bI6AIOMCA CE0IICMEA, YNCIICHHbIC 3HaYe-
HUS KOTOPBIX MPOMOPLIMOHAIIBHBI Macce (00bEM, SHTPOIUA U JIp.).

N3MeHeHne CBOMCTB CUCTEMBI, CBA3aHHOE C UBMEHEHUEM XOTS Obl
OJIHOTO TEPMOJMHAMHUYECKOTO TMapaMeTpa, Ha3bIBACTCS MEPMOOUHA-
MUYECKUM NPOUECCOM.

Bbynem paccmarpuBath CIEAyIONIUME TEPMOAMHAMUYECKUE IPOIIEC-
cel: 1) uzorepmuueckuii (T=const); 2) uzo0apuslii (p=const); 3) uzoxop-
HeIi (V=const); 4) aqnadbatudeckuii (AQ=0, 6e3 TermiooOMeHa).

B3aumonencTBrue CUCTEMBI C OKPYKAIOIIEH CPENON CBI3aHO C Te-
rIonepeaadeii U copepiieHrueM padotel. Heo0XoaumMo oTMETUTD, YTO
menaoma, Kak u paboma, ecmv hopma nepeoauu Inepeuu om 00Ho-
20 mena K opyzomy, m. e. menjioma (U paboma) xapaxKmepusyom
npouecc, Ho He COCMOoAHUE CUCHEM.

TepmonuHamMuka pazinyaeT MOJOKUTEIBHYIO U OTPULATEIBHYIO
TEIJIOTY U paboTy: noaoxcumenvhana menioma (+Q) — TemioTa, No-
TJIOIIEHHAsA CUCTEMOW; ompuuamenvhaa menaoma (-Q) — Temiora,
OTIIaHHAasl CUCTEMOM.

Tepmoxumus (Q): TEIIOTA MONOXKHUTEIbHAS — €CIM OHA BBIJIE-
JS€TCS. CUCTEMOM, TEIJI0Ta OTPUIATEIbHAS — €CJIM OHA MOTJIOMAETCS
CUCTEMOM:

+Q = —6.

Honoscumenvnaa paooma (+A) — pabora, copepiaeMasi CUCTe-
MOW MPOTHUB BHEIIHUX CUJ (HapuUMep, IpU paclIMpeHuu rasa). Om-
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puuamenvnas paboma (-A) — pabora, coBepiiacMas BHECIIIHAMH CH-
JaMH HaJl CUCTeMo (IIpy C)KaTHU rasa).

2.2. [lepgoe HA4A/10 MepMOGUHAMUKU

[IepBoe HaYaJIO0 TEPMOAMHAMUKH SIBJISETCS KOJTUYECTBEHHBIM BbI-
PaXKEHUEM 3aKOHA COXPAHEHHS SHEPTUM NMPUMEHUTEIBHO K IPOLEC-
caM, CBSI3aHHBIM C TMPEBPAIICHUSIMU TEIUIOTHI W padoTel. B 1745—
1746 rr. mepBoe Havayo TepMoauHamMuku chopmupoBast M. B. Jlomo-
HOCOB, JlajJieeé OHO MoJy4msio pa3Buthe B pabotax I'. W. I'ecca,
J. I1. JIxxkoyia u ap. I1epBoiit 3aKOH TEPMOAUHAMUKHA SIBJISIETCS TOCTY-
JaTOM (MHOT'OBEKOBOI YEJIOBEUYECCKHUI OIIBIT).

2.2.1. [lepBoe Haya/10 TEPMOAUHAMUKU
AJISI KPYTrOBBIX IPOLECCOB

Kpyzo6vim npoyeccom Ha3bIBACTCS TAKOW MPOLIECC, IPU KOTOPOM
U3MEHEHUE JTI000r0 TEPMOAMHAMUYECKOTO TTapaMeTpa paBHO HYJIIO.

Eciu B psiie cucTeM MPOTEKAIOT KPYrOBBIE TEPMOJIUHAMUYECKUE
MPOIECCHl U ISl KaXKJIOT0 U3 HUX MOJACUYUTATh OajaHC TeIUIOThl U Oa-
JaHC paboThI, TO COTJIACHO OMBITY, HE3ABUCUMO OT XapaKkTepa Mmpoliiec-
Ca ¥ PUPOJIbl CUCTEMBI:

2Q, _2Q,
XA TA,

=...=const, i Q =const-
A
Ecnu Temioty u paboTy BhIpa3uTh B OAHUX €AUHUIIAX, TO

%:1, Q=A, wmm Q — A=0).

D10 MaTemaTuyeckas (popMyIUPOBKa MEPBOTO 3aKOHA TEPMOIH-
HAMHKH JIJI1 KPYTOBBIX MPOIECCOB (YCTaHOBUI [[)KOYIIb).

Otcroma popMyTUPOBKH IEPBOT0 HaYaIa TEPMOIUHAMUKHU:

1. He6o3mooicho nocmpoumsv makxyo mMawiuHy, Komopas, no-
6MOPAA NPOU3BGOSILHOE YUCIO PA3 00UH U MOM JHce NPOUEcc, Cno-
coona Ovina Ovl yeearuuusams KOAu4eCmeo IHEPeUU 6 U30IUpoeaH-
Hou cucmeme.

2. Beunwtit 0sucamensv nepeozo pooa HeBO3MOIHCEH, UTU HENb3A
cosepuiums padomy 0e3 3ampam IHePeUu.
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BeuHbil nBUratenbs mepBOro poAa — 3TO MEXAHU3M, KOTOPBIM
co3zaeT paboTy, HE 3aTpaurBas SHEPrUu.

2.2.2. [lepBoe Haya/I0 TEPMOAUHAMUKU
AJI1 HEKPYTOBbIX IPOLECCOB

[IpencraBum cebe, 4TO CHUCTEMA COBEPIIACT HEKPYroBOW (He-
3aMKHYTBIA) MPOLIECC U3 COCTOSIHUS A B cocTosiHue B mo nytu I, u
IIPU 3TOM COBEpIIaeT padoTy A U morjaomaeT Termiory Q.

AII’CJiI

Janee cucrema u3 coCTOAHUSA A B cocTossHME B MOXkeT nepenTtn
no niytu II, coBepiiast padboty A, u noraomnias temwiory Q,. Mbl umeem
HEKPYTOBbIE mpouecchl. HeKpyroBeie mpoueccsl Mbl 3aMEHUM KPYTo-
BbIMU. [IyCTh cucTema BepHETCs U3 COCTOsIHUS B B UCXO0QHOE COCTOS-
Hue A no mytu III. [IpumenuM nepBoe HavaIO0 TEPMOJUHAMUKH IS
KPYTOBBIX Mpo1eccoB: Q=A.

Honyunm: _ Q,+Q; =A, +A,

Qu+Qum=Ap+Ay ,
QI _QH :AI _AII
wm Q —A; =Q; —A; =const

Pa3HoCTh MEXy TEIJIOTOM, MOIJIONIEHHON CUCTEMOM, U paboToM
ABJISICTCSA BEJIMYMHOW IMOCTOSTHHOM U HE 3aBUCSIIEH OT ITyTH MPOTEKA-
HUs Tipolecca. Eciu kakasi-To BeIMYMHA HE 3aBUCUT OT IyTH MPOLIEC-
Ca, TO 3TA BEJIIMYUHA €CTh CEOUCHIE0 cucmembl ((PYHKUUA COCMOAHUA
cucmemsl). ITO CBOMCTBO CHCTEMbl HA3bIBACTCS GHYMPEHHEl IHep-
2uent 1 obo3HavyaeTcss OykBor «Uy». B KaXX1oM COCTOSIHUM CHUCTEMA,
HapsiAy C ONpeAciCHHBIMU 3HaueHus MU V, p, T u T. 1., obnagaer or-
peleIeHHOW BHYTpeHHeW sHepruen U.
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Moxno 3anucate: Q—A =AU, rne AU=U, -U,, A(zenbta)
O3HA4YaeT KOHEYHYK PAa3HOCTh CBOMCTBA CUCTEMBI. MBI HHUKOTAA HE
3HaeM a0COJIOTHOE 3HAYCHHE BHYTPEHHEW HSHEPTHHM KaKOW-HUOYIb
CUCTEMBbI (HET BO3MOXKHOCTH), HO MOKHO OIPEJEIUTh HU3MEHEHUE
SHEPTHU B TOM WJIM UHOM IPOLECCE.

Marematuueckas GopMyirpoBka | Hauaga TEPMOAMHAMHUKH IS
HEKPYTroBbIX ITponeccoB: Q=AU+A.

Opnna u3 QopMyIMpPOBOK MEPBOTO Hayana TEPMOJIWHAMHUKU: HO-
2JIOWEeHHAA CUCMEMOIl Menjioma pacxooyemcs Ha yeeaudeHue
6HYMPEHHell IHEPZUU CUCIEeMbl U HA COGEpUieHUe GHeulHell pado-
mbul.

BHyTpeHHSSI SHEprus CKIIAJbIBAETCS U3 PA3JIUYHBIX BHJIOB DHEP-
TUUW: SHEPTUsi MOCTYNATEIbHOTO U BPAIATEIHHOTO JIBUKEHUSI MOJIC-
KYJI, SHEpTrUsl KoJieOaTeIbHOTO IBUKEHHSI aTOMOB M aTOMHBIX TPYIM B
MOJIEKYJIE, SHEPIUs IBUKEHUS 3JIEKTPOHOB, BHYTPUSAEPHAS, SHEPTHUS
MEXMOJIEKYISIPHOTO B3aUMOACHCTBUS U T. 1.

BHyTpeHHsASI SHEprus B TEPMOJAMHAMHUKE COBMAAAET C IOJIHOMN
SHEPrueH, T. K. TEPMOJAUHAMHUKA PACCMATPUBAET HEMOJIBUKHBIE CHC-
TE€Mbl B OTCYTCTBUE BHEIITHErO MOJisi. BHYTpEHHsISI SHEPIrusi BKIOYAECT
KMHETUYECKYIO U OTEHIUAIbHYIO SHEPTHUIO CUCTEMBI B LIEJIOM.

Kunemuueckas snepeusi — 310 3HEprusi, CBsi3aHHAs C JBHKECHUEM
Tena (MOCTyNaTebHbIM, BpalllaTEIbHbIM, KOJIE0ATEIbHBIM):

2
E.=mW7/2,
rae m — macca, W — CKOpOCTb.
llomenyuanvnas suepeus — 3TO DHEPTHs, 3aMACEHHAS TEJIOM
(0OycyoBlIEHa 3JIEKTPOCTATUUECKUMH CHJIAMHU TPUTSKEHUST MEXKITY
YaCTULAMU U BHYTPU YACTULL; SHEPTUS CBSI3U U T. 11.):
E.=qi" qfr,
TA€ q1, 42 — 3apAIbl YaCTUILL, T — PACCTOSTHUE MEXKY HUMH.
2.2.3. IlepBoe Ha4Ya/I0 TEPMOAUHAMUKHU
AJ11 6€eCKOHEeYHO MaJIOr0 U3BMEHEHU CUCTEMBI

Ecnu cucrtema MCHBITRIBACT JIUIIL OECKOHEYHO Majoe HN3MCHCHUC,
To I-0€ Hayaso TCPMOANHAMUKHU 3aIIUCbIBAIOT B BUJIC:

0Q =dU + JA.
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B xumMudeckol TepMOIMHAMHKE paccMaTpuBaeTcsi paboTa TOIBKO
IIPOTHUB CHJI BHYTPEHHETO JaBiieHus (padoTa pacmmpenus): 0A = pdV.

[Tomyuaem: 6Q =dU +pdV.

31ech MOKa3aHo pa3Inure MKy PYHKIIUEH COCTOSHUS CUCTEMBI
«dU» (dyHKIMA HE 3aBUCUT OT MYTH IpoIlecca, 3TO O3HAYAET, YTO
OECKOHEUHO MAJIO€ €€ M3MEHEHME SIBJIACTCS MOJHBIM auddepeHnua-
oM d) ¥ MPOCTO OECKOHEYHO MaJIBIMU KOJIMYECTBAMH TEIJIOTHI U Pa-
00T1bI 0Q U 0A (HE ABISAIOIUMUCST (PYHKUUAMHU COCTOSIHUS CUCTEMBI,
T. K. 0Q 1 0A 3aBHUCST OT IMyTH IIpoOIIECcCa).

2.2.4. lIpuMeHeHU e IEePBOro HaYa/ia TePMOAUHAMUKHU
K OTAeJIbHBIM IpoLeccaM

5Q = dU +pdV

1. H30xopuwtii npoyecc: V=const, dV=0.
Ecnn o0beM cuctemsbl B XOZI€ MPOIECCA OCTAETCS MOCTOSIHHBIM,
TO paboTta He coBepiaercs, Toraa dV=0:

0Q =dU mm Q =AU.

Q, — TemnoBas 3HEprus mpoiecca, npu V=const, paBHa U3MEHE-
HUIO BHYTPEHHEN HEPTUU U, CJIEA0BATEIbHO, 3aBUCUT TOJBKO OT Ha-
YaJIbHOT'O M KOHEYHOI'0 COCTOSTHUM CUCTEMBI, T. €. 0QQ mpuoOpeTaeT B
OTJICJIbHBIX CJIy4dasiX CBOWMCTBa MmoJiHOro auddepeHnunana (0T MyTu
MpolIecca HE 3aBUCUT).

Takum 00pa3om, Ko 1UuUeCmE0 NO2IOWEHHONI Mena0msl nPu no-
CMOAHHOM 00beme uoem Ha yeenudeHue 6HympeHHel IHepul.

2. H3o00apusiit npoyecc: p=cons, dp=_0.
[Ipounterpupyem  ypaBHeHue | Havasia  TEpMOAMHAMUKMU:
8Q =dU + pdV, momyuum Q, =U, -U, +p(V,—V,), unu

Q,=U,-U,+pV,-pV,
['pynmnupyem ciaaraeMble ¢ OJHUM HHICKCOM:
Qp = (Uz +pV2)_(U1 +le) )

Tak kak, p u V — napametpsl coctosiausi, a U — QyHKIUsA COCTOSI-
Hud, To cymma (U + pV) sBasierca Takxke GyHKIIMEH COCTOSHUS CHUC-

31



TEMbl U €€ U3MEHCHUE HE 3aBUCUT OT IYTH NMPOTEKAHUA Ipolecca, a
3aBUCHUT JIMIIb OT HAYAJIbHOTO M KOHEYHOT'O COCTOSIHUMN. ITa (DYyHKIMS
HA3bIBACTCS SHTAIBIHEN U 0003HAYACTCS CUMBOJIOM «H»:

H=U+pV.

Tenﬂoma, noziouiaeman cucmemou npu noCmosaHHOM oaene-
HuUuu, paéHa U3MEHEHUI0O IHMA1bnUU CUCHEMDbL:

Q,=H,-H, =AH.

Ecnu sHTanenust OpoJyKTOB OKa3bIBAE€TCS MEHBILIE SHTAIBIINU
UCXOOHBIX PEareHToB, T. €. AH oTpunarenbHo, peakuuio Ha3bIBAIOT
IKzomepmuyeckou. Ecnv >HTaNbNUsS MPOIYKTOB BBHIIIEC SHTAIBIWU
peareHToB, T. €. AH MonoXuTenbHO, peakiusi Ha3bIBA€TCS IHOOMmep-
MUUECcKou.

Jnst GeckonewHo Manbix BenmnanH 6Q, =dH, 1. e. 6Q, mprodpe-

TaeT CBOMCTBO MOJIHOTO JuddepeHimaia.
3. Aouabamuueckuii npouecc: 6Q=0, T. €. cuicremMa HaX0AUTCA B
aTuadaTHIeCcKO 000JI0UKe, UCKITIOYAIONIEH BCAKUM OOMEH TEIIOTOU
c BHemHeu cpenou. B atom ciiydae p-dV =-dU
Hockonbky [pdV=A,T0 A=-U = ~(U -U)=U -U

9

T. €. padoTa coBepIIaeTCs 3a cueT YObUIM BHYTPEHHEW SHEPTHM CHC-
TEMBI.

2.2.5.IlepBoe Ha4Ya/I0 TEPMOJUHAMUKHA
U OMOJIOTUYeCKH e MPOoLLeCChl

[TepBbIif 3aKOH TEPMOAMHAMUKH — 3TO 3aKOH O COXPAHEHUU SHEP-
r'Md U 00 SKBUBAJICHTHOCTH PabOThl M TemioThl. Pabota u Temiora
MPEJICTABIISAIOT COO0W pa3Hbie (POPMBI PHEPTUU U MEPEXOJAT OJHA B
IpYry1o. 3aKOH YTBEPKAAET, YTO SHEPIHUIO HENb3 HU CO3/1aTh 3aHOBO,
HU YHUUYTOXKHUTb, OHA JIUIITH TIEPEXOAUT U3 OJHON (POPMBI B IPYTYIO.

Eme B 1780 r. A.JI. JlaByasse u II. C. Jlarac mpoBenu OIBIT: B
JEJITHON KaJIOPUMETP MOMECTUIIM MOPCKYIO CBUHKY U CIIEIUIIN, KaK 13-
MEHSII0TCA TETUI0BbIe (D (PEeKThl BHYTpU U BHE opranu3ma. OHu COBMAIM.

W3MmeHeHUsT B SHTAJIbIUU, CONMPOBOXKAAIONINE OKHUCIECHUE MHUTA-
TEJbHBIX BEIECTB, YKE C JaBHUX BPEMEH MPUBJICKAIN BHUMAHUE KaK
XUMUKOB, Tak U (pu3ukoB. Termnora cropanus (-AH.) oOb4HO onpene-

JSETCA KaJOPUMETPUUYECKU. Tak Kak mHrepec npencrasisger AH npo-
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1[ecca, Mpu KOTOPOM MPOAYKTAMHU CTOPAHUS SIBJISIFOTCS YTIJIEKUCIIBINA
ras3, BojJa, 3JICMEHTApHBIM a30T U Ce€pa, HY’)KHO BBOJUTH MOMPABKY Ha
oOpa3oBaHHE OKHCEH JBYX MOCICAHUX 3JEMEHTOB. B WMTOre MOXXHO
MOJIYYUTh C OY€HBb XOpollier TouHOCThI0 AH, Kak /1711 OMOXUMHUYECKUX
COCJIMHECHUM, TaK W JIJISI MHOTOKOMITOHEHTHBIX MHUILEBBIX MPOJAYKTOB.
B mocneanue roapl OonpenesieHue ¢ MOMOIIBIO MHUKPOKAJIOPUMETPA
JIOBOJILHO MaJIbIX 3HaueHu AH 17 pa3iuyHbIX XUMHYECKUX WIIA
OMOXMMHUYECKUX PEAKIUN CTAI0 PYTUHHOMN MPOLETYyPOl.

MOXHO 11 C YHCTO TEPMOXHUMHUYECKON TOUKHU 3PECHUSI PaCCMATPH-
BAaTh OPraHW3M YEJIOBEKA WM KUBOTHOTO KAK KAaTAIM3AaTOP MPOILIECCOB
CropaHusl MUIIEBBIX MPOAYKTOB? YUTOOBI OTBETUTH Ha 3TOT BOMPOC,
OBLITH MMOCTPOCHBI OOJIBIINE KAaJOPUMETPHI, B KOTOPHIE MOXKHO TTOMEC-
TUTh YEJIOBEKA WM KUBOTHOE. ECi 4enoBek, HaxXoAsCh B KAIOPUMET-
pe, He TepseT U He MPUOaBIISIET B BECE, TO BBIACIISIEMOE UM TEIUIO KakK
pa3 1 JIOJHKHO OBITH paBHO TemioTe cropanus (-H.) mumeBsIx mpoayk-
TOB, TpeBpamatomuxcsi B CO,, BOJly U MOUYEBHUHY. IDTO TOJ0XKEHUE
MIOJTBEPAMIIOCH SKCIIEPUMEHTAIBHO, YTO Y HAC YIMBJICHUS HE BbI3bIBA-
€T, OJIHAKO B Hadajie XX CTOJETHS, KOTJa TAKHE SKCIEPUMEHTHI CTa-
BWINChH BIEPBBIC, MHOTHE Y4YE€HBIE COMHEBAIMCh B MPUMEHUMOCTHU
IIEPBOT0 3aKOHA TEPMOJUHAMUKH K )KMBBIM OpPraHU3MaM.

Ha npakTuke xanopuMeTpruecKue MU3MEPEHMSI Ha >KUBBIX Opra-
HHA3MaX COMPSIKEHbI C MHOKECTBOM TPYJIHOCTEH, CBSI3aHHBIX C HEBO3-
MOKHOCTBIO TOYHO M3MEPUTH KOJWYECTBO BBLICIMBIICTOCS TEIJIA, C
HEOMNPEICIICHHOCThIO B KOJIMYECTBE 3AIIACEHHBIX ITUTATEIIbHBIX BE-
IIECTB, C HEOOXOUMOCTBIO BBE/ICHUS MomnpaBok B AH, B ¢Bsizu ¢ 00-
pa3oBaHHEM IPOAYKTOB oOMeHa. TeM He MeHee Takue H3MEpEeHUs
PHEProoOMeHa UMEIOT BAXKHOE 3HAYCHHUE JIJI OpraHU3alluK TUTaHUS U
MenuIuHbl. Pa3paboTaHbl KOCBEHHBIE KaJOPUMETPUUYECKUE METOJIbI,
MO3BOJISIOIINE HM3MEPUTh YPOBEHb OCHOBHOTO OOMEHA y YeIOBEKa.
OcHOBHO# 00OMEH, KaK MPaBUJIO, TPOMOPIIMOHAICH TUIOMIAAN TOBEPX-
HOCTH Tena. J{ns JeBymieK 3Ta BEJIMYMHA COCTABISIET B CPEIHEM
= 154KI[>I<'q'1°M'2, JUTSL FOHOIIIEH <~ 172KI[>I<°q'1-M'2.

[IpyuMeHUMOCTH MEPBOTO 3aKOHA TEPMOJMHAMUKU ITPU U3YUYEHUU
OMOJIOTUYECKUX M DKOJIOTUUECKHUX CUCTEM MOXKHO IOKa3aTh Ha MpHU-
Mepe poTtocuHTE3a!

6CO +6HO—" SCH O +60 .
2 2 6 12 6 2
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Jluctes copepkat xyopoduiia B BuAE XjaoporiactoB. s ¢orto-
CUHTE3a UCIOJIb3yeTca He 0osee 2 % OT majarolieil Ha JIMCT COJIHEY-
HOM sHeprunu. OHa OpeBpallaeTCsl B SHEPTHI0 XUMHUYECKUX CBSI3EH
CJIOKHBIX MOJIEKYJI OpPTaHMYECKHUX BeIIEeCTB (YMOpsAA0YCHHAs SHEp-
rus). bonbIas 4acTh COJTHEUHON PHEPrUe pacceuBaeTcs B BUJIE TeIl-
na. [lonyyaromascs mpu 3ToM OroMacca Mmocae0BaTeIbHO NEPEXOTUT
OT OJTHUX OPraHu3MOB K JApYruM (IHUILEBasi 1EMb: PACTEHUS — TPaBO-
SIIHBIC — TUIOTOSIIHBIC). Takoil mepexoj] SHEpTUU U BEUIECTBA U ONU-
CBIBAETCS MIEPBBIM 3aKOHOM TEPMOJIUHAMUKHU.

2.3. Paboma pacuiupeHusi udedabH0o20 2a3d

[Ipu pacmmpeHun rasza coBepiiaeTcsi paboTa, KOTOPYIO BBIYHC-
JISIFOT 110 ypaBHEHUIO dA =p-dV WM B HHTETpaibHOM dopme:

v,
A= [ pdV.
\Y

1

NuTerpupoBanue 3TOro ypaBHEHUsS BO3MOXKHO TOJBKO IJISL MPO-
1[ecca pacliupeHus WIM CKAaTHs ra3a B yCJIOBHSX, OJU3KUX K PaBHO-
BecHbIM. CoBepliaeMasi Mpu 3TOM padoTa SBJISETCS HauOOJIbIIEH U
HA3bIBACTCA MAKCUMANBLHOU PAOOMOIL.

YtoObl UHTETPUPOBAThH, HAJIO 3HATH 3aBUCUMOCTb MEXIY JaBje-
HUEM U 00BEMOM, T. €. YpaBHEHHE COCTOSIHUS rasa. g uaeaibHOTro
rasza 3To ypaBHeHne MenzaeneeBa — Kimaneripona: pV=nRT.

PaccmoTpuM BhIpaxkeHue JUisi MaKCUMabHOM paOOThI paciiupe-
HUS UJICAUTHHOTO T'a3a B PA3JIMYHBIX MTPOIIECCAX.

1. H300apnwtii npouecc, p=const.
\Y

2
WuTerpupys ypaBHenue A = | pdV,
\Y

1
nonyunm: A=p(V, — V).
B ypaBuennu pV=RT, npu n=1, 3amenum pV, Ha RT,, a pV; Ha
RT,, Torma MoXHO 3amuCcaTh:

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

v
2
A= | pdV, m3pV=RT; p _RT
\Y V.
1
2 RT Ve av Y
HMomyuum: A = [ =gV =RT [ — =RT [ dInV.
vV vY v
1 1 1
[Tocnie uHTErpUpPOBAHUS:
v
A =RTIn—2%.
\Y
1
V
Tak xak npu T = const, B —=,
P, Vi
p
TO A=RTln—L.
p

2
3. H3oxopnwtii npouecc, V=const.
dV=0, noatomy A=0.
4. Aouadamuueckuii npouyecc, 0Q=0.
CorynacHO TepBOMY Hayaly TEPMOJUHAMHUKHA paboTa MPOU3BO-
JIUTCS 32 CUET YMEHbIIICHUSI BHYTPEHHEN SHEPIruu (ra3 oxjaaxaaeTcs):

Q=AU +pdV,

A =-AU.

5. H300apno-uzomepmuueckuit npouecc: p=const, T=const.
B stom ciiyuae A=p(V, — V,)=pAV.
[Ipu p=const u T=const u3 ypaBuenus pV=nRT noxyunm:

pAV=AnRT,
otkyna A=AnRT,
rae An — npupalnieHrue Yrciia MOJIe ra3oB B pe3yJibTaTe PEAKIUHU.

2.4. Tepmoxumus

OTO pa3aen XUMUYECKON TEPMOJUHAMUKH, KOTOPBIM 3aHUMAETCS
U3YYEHHUEM TEIUIOBBIX J(P(EKTOB XUMUYECKUX peakiui, (U3MKO-
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XUMHYECKHUX TPOIECCOB M JAPYTUX CBS3AaHHBIX C HUMHU BEJIWYUH (Ha-
npuMep, TeI0eMKOCTH). OCHOBHOE MOHSITUE B TEPMOXUMUHM — TMOHSI-
THE TETUIOBOTO d(pdekTa.

Ecnu mporecc nmpoTekaeT mpy MOCTOSHHOM OObEeME WM JIaBJie-
HUH, TIPU 3TOM TEMIIEPATypa UCXOJIHBIX BEIIECTB U MPOJYKTOB PEaK-
WA OJWHAKOBA, TO KOJMYECTBO TEILIOTHI, KOTOPOE BBIAEISAETCS WIH
MOIJIONIAETCS MPU 3TOM IPOLIECCE, HA3BIBACTCSA MEn108bIM IPghek-
mom (IpU 3TOM MPUHUMAEM, YTO COOTHOIIICHUE PEAr€éHTOB CTEXHO-
METPUYECKOE U €AMHCTBEHHOU pabOTO, COBEpIIaEMOIl CHCTEMOM, SIB-
asieTcd paboTa paclIupeHus).

Tennosoii >ddexr npu p = const obo3nayaercs Q, = AH, a npu
V = const Q, = AU.

Bennunnel Q,u Q, CBA3aHBI MEX 1y COOOM:

Qp—Qy =AH - AU = AU + pAV — AU = pAV = AnRT (ans rasza).
Ecmu n>0, To Q, > Q,;
n<0, To Q, <Qy;
n=0, o Q, = Q,.
Jlist 6uosorudeckux mporeccoB Qp = Qv, T. K. B JKUBBIX CHCTe-
Max TEIUJIOBbIC MPOLECCHl UAYT 0€3 U3BMEHEHUSI 00bEMa CUCTEMBI.

2.4.1. 3akoH I'ecca. CareacTBusa n3 3aKkoHa I'ecca

B 1836 r. I'epman MBanoBuu I'ecc, npodeccop IlerepOyprckoro
HNHcTuTyTa KOpIyca ropHbIX HHKEHEPOB (¢ 1866 1. — ['OpHBINA UHCTH-
TyT), OTKpBLUI, a B 1840 r. omyOmMKoBaa OCHOBHOM 3aKOH T€PMOIMHA-
MUKU: MEn1060il IPhhekm xumuueckoil peakuyuu He 3a6UCUmM OM
NPOMENCYMOUHBIX CMAOUll, A onpedensaemcs Jaullb HA4aa1bHbIM U
KOHEUHbIM COCMOAHUAMU CUCMEMDL.

3akoH ['ecca He3aMeHUM MJI pacuera TeX TEIUIOBBIX 3()(PEKTOB,
KOTOPBIC HE MOT'YT OBITh U3MEPEHBI KAJTOPUMETPUUECKUM ITyTeM (IKC-
nepruMeHTaabHO). BeIBOBI U3 3akoHa ['ecca: 1) TemnoBoit adypekT 00-
Pa30BaHUsI XUMHUUYECKOTO COSAMHEHUS U3 UCXOAHBIX BEIIECTB HE 3aBHU-
CUT OT CIT0c00a, KaKUM 3TO COCIMHEHUE MOJYYEHO; 2) TEII0BOM (-
(GEKT pas3oKeHUs] XUMUYECKOTO COEIUHEHHUS JI0 ONpEe/IeTICHHbIX Be-
IIECTB PAaBEH M IPOTHUBOIIOJI0XKEH 10 3HAKYy TEIUIOBOMY 3P deKTy 00-
pa30BaHUs TOTO COCAMHEHUS U3 TEX K€ BEIIECTB.
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CnenctBus u3 3akoHa ['ecca — 3T0 pacuer TeroBoro 3ddekra
XUMUYECKOM peaKIuy Mo TeIIoTaM 00pa30BaHUs U CTOPaHUS.

Tennomoi oopazoseanua TAaHHOTO BEIIECTBA HA3bIBACTCS TEILUIO-
BoM 3 (eKT 0Opa3zoBaHMs OJHOTO MOJISI ATOTO CJIIOKHOT'O BEIIIECTBA U3
MPOCTHIX BEIIECTB, B3ATHIX B YCTOMUMUBBIX arpeTraTHBIX COCTOSHUSX.

Tennomoii czopanus Ha3bIBACTCA TEIIOBOM d(PHEKT OKHUCICHUS
OJIHOT'O MOJISI OPTaHUYECKOTO COEAUHEHHUS B MOJIEKYJIIPHOM KHCJIOPO-
7€ B U300apHBIX YCIOBUSX C 00pa30BaHUEM BBICHIUX OKCHJIOB (BOJIBI
U YTIJIEKUCIIOTO rasa).

Ilepeoe cneocmeue (pacuer TEmIOBOTO 3(P(heKTa XUMHUECKON
PEeaKIMK MO TeII0TaM 00pa30BaHusl):

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

IJIE N — YUCJIO MOJIEH.
CormacHo 3akomy IDecca: Y n(AH)P + AH, = > n(AH)®”

HCX npon °

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

poJ HuCx *

Tennoeoit r¢hhpekm xumuueckoii peakyuu pasen cymme men-
Jlom 00pazoeanus npoOyKmoe pPeaxKyuu 3a 6blY4emom CYMMbl men-
J1I0m 00pa308aHUA UCXOOHBIX 6EULECTE.

Bmopoe cneocmeue (pacuetr TemioBoro 3dpdexkra XUMHUUECKON
pEaKIUy MO TeTIOTaM CTOPaHHUs):

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

HACX npoxn *
Tennoeoit I¢hghexm xumuueckoit peakyuu paseH cymme men-
JIOM C20PAHUA UCXOOHBIX BCULECHI8 3d BLIUEHOM CYMMbl MEN10m
C2Opanus nPOOyKmoe peaxkyuu.

2.4.2. CTaHaapTHBIN TelioBoM 3¢ PpeKT

TennoBbie 3QHEeKTh XUMUYECKUX PEAKIIUN 3aBUCAT OT TeMIIepa-
Typbl U MaJIO 3aBUCAT OT JaBiieHus. OObIYHO TeTI0BbIe Y3P(DEKTHI OT-
HOocAT K 25° C m nmaBnenuto B 1 atMm. Takoe cOCTOSIHME Ha3bIBACTCS
CTaHJIApPTHBIM, a TEIJIOBOM 3(PPEKT — CTAaHIAPTHBIM TEIUIOBBIM 3(-
dbexktom. OO603HaUaeTCA AHg 0 — npu3Hak craHgapTHOCTH. Teruo-

>

BOM 3((PeKT BbIpaxkaroT B {Kﬂm} { A } [KKM} { = }

MOJIb MOJIb MOJIb MOJIb

K cranmapTHOMY COCTOSIHMIO MPUMEHUM 3aKOH ['ecca u ero cnen-
CTBUSI, IO3TOMY MOYHO 3aIHUCaTh:

(AH398 )X.p. =2 n(AH(z)% )06p -2 n(AHg% )06p

poJ UCX ?

(AH298 )X.p. =2 ”(AHg% Duer. — 2 ”(AH(2J98 Do,

HUCX mnpoxn?

r1€ N — CTeXHOMETpudeckue KOAdDPUUIMEHTH Nmpu (QopMysiax 3THX
BCIIIECTB B YPAaBHCHUM XUMHYECKOH pPEaKIMM, TaK KaK CTaHJIapTHBIC
3HAYCHMS IPUBOAATCS B pacueTe Ha 1 MOJIb.
Terutora 06pa3oBaHMs MPOCTHIX BEIIECTB B CTAHAAPTHOM COCTOS-
HUU paBHA HYJIIO.
(AH® )“*? =0, (AH® )*“* =0.

298° CO 298" HO
2 2

3nauenue 3axona I'ecca: pacyetr TemioBbIX 3PPEKTOB XUMHUUE-
CKHX PEaKIHil, HE ONpeaeisas SKCIEPUMEHTAIbHO, O3BOJISET BBIYUC-
JSTh TEIIOBbIE 3(PQPEKTHl MEIIEHHO MNPOTEKAIOIIUX PEaKLUHi, T. K.
IKCIIEPUMEHTAIbHBIE OMNPEACIICHUS] B TaKUX CIy4yasix CBS3aHbl C
OOJBLION MOrPEIIHOCTHIO; TO3BOJSET BBIYUCIISTH TEIUIOBBIE 3(P(EKTHI
peakLnii, KOTOPbIE MPAKTUYECKU HE OCYIIECTBUMBI.
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2.4.3. BiusiHUe TeMnepaTypbl Ha TENJIOBOH 3P PpeKT
XMMMYeCKOM peakuuu. YpaBHeHus: Kupxrodga

Tennoemxocmouro Ha3bIBAETCS OTHOIIEHHE KOJIMYECTBA TEIUIOTEHL,
coo0I111aemMoi cucteMe B KakoM-JIMOO Mpoliecce, K COOCTBEHHOMY H3-
MEHCHHUIO TEMIIEPATYPHI:

c-Q
T,

TenmnoeMKoCTh MOXKET OBbITh YJEIbHOU, MOJIIPHOM.

Yoenvnaa mennoemxocms eeuwyecmea — 310 dHEprusi, HeoOXo-
IMas JJisl TIOBBIMIEHUS] TEMIIEPATYPhl OJTHOTO KHJIOTpaMMa JaHHOTO
BEIIECTBA HA OJIMH KEJIbBUH, PA3MEPHOCTD — [I[)KKF'I'K'I].

Monapnaa mennoemkocmsp (C,)— 3TO 3HEprus, HeoOXoauMas
JJI. OBBIICHUSI TEMIIEPATyphl OJHOTO MOJISI JJAHHOTO BEIECTBA Ha
OJIMH KEJIbBUH, [I[)ICMOJIL'I'K'I].

PaznuyaroT cCpeaHIO U HICTUHHYIO TEMJIOEMKOCTH:

C= Q _Q _ CpeIHsAs TEIUIOEMKOCTD,
T -T AT
2 1
ecau AT— 0, o C= R _ WCTHUHHAS TEIIIOEMKOCTb.
dT

Pa3nnyaroT TEmI0EMKOCTH IIPU TOCTOSHHOM JaaBjienuu (C,) U 1mo-
ctostHHOM oo0wveme (C,):
R 4H oH Q  du U
=—=(—), Cv=—2=—"=(=—).
dT dT oT

Cp = ’
p dT dT oT v

TenmnmoemkocTs nipu V=const (C,) cBsi3aHa ¢ U3MEHEHUEM BHYT-
PEHHEW dHEpruu CUCTEMBI, @ C, HE TOJBKO ¢ U3MEHEHUEM BHYTPEHHEH
SHEPrUM, HO U ¢ paboTON NMpOoTHB BHEMHUX cull. [lootomy C, > C.:

~dH d(U+pV) dU N d(pV)

Cp =C +R.
dT dT dT dT v
N JJId NACAJIBHBIX I'da30B:
C,-C,=R.

TenmoeMKoCTh pealbHbIX Ta30B B OOIIEM Cly4ae 3aBUCUT OT
TEMIIEPATYPbI U YBEIIMYUBAECTCS C pOCTOM mocieaHe. OMbITHbIE 3HA-
YEHHUS 3aBUCUMOCTH TEIJIOEMKOCTH OT TeMIepaTypbl OOBIYHO TIpe-
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CTaBJSIIOT B BHUAEC HMHTEPHOJSALMOHHBIX YypaBHeHMH. OOpabatrbiBas
SKCIICPUMEHTAIbHBIC TAHHBIC, HAIIUIN 3aBUCUMOCTH:

!

Cp=a+bT+cT? mm Cp = a+bT+C—,
T2

rae a, b, ¢, ¢' — amnupuueckue Ko3PPUIUEHTH! (3TU KOAIDPUIIUESHTHI
HaWJIeHbl METOJIOM HAaWMEHBIINX KBAJpaTOB), XapaKTEPU3YIOLIUE 3a-
BUCUMOCTB C,, OT TeMIIepaTypsl, X YUCIECHHbIE 3HAYEHUS IPUBOJATCS
B CIIPABOYHUKAX;

a — DKCTPAIOJIALMOHHAs BEJIIMYMHA, HO HE TEIIOEMKOCTh C, npu
aOCOJIFOTHOM HYJIE.

OTH ypaBHEHMS CIPABENIMBBI JJI1 BCEX arperaTHbIX COCTOSIHUW B
untepBaie 0-2000°C u npu p=5-10 at™m (morpemHocTh paBHa 1-3 %).

TennoBoit 3pPekT XuMHUYECKO peakiiuu 3aBUCUT OT TeMIIepaTy-
PBI M MaJIO 3aBUCHUT OT AaBjieHus. PaccMoTpuM peakuuro npu p=const:

AB+ CD — AC + BD.

TennoBoit 3¢ ekt peakuuu npu p=const paBeH U3MEHEHUIO H-
TaJIbIINHN:

AH=H_, —H, =H, +Hg)-(H, +Hep).

poz

Jlns naxoxaenus 3asucumoctu AH = f(T) npoauddepenupyem
NOCJIEJHEE YPABHEHHUE:

dH dH dH dH
|:d(AH)j| — ( AC) +( BD) _ ( AB) +( CD)
dT dT '» dT '» dT '» dT '»
Tak kak (dH] -C ,TO
ar), °

{M} =(C +C )—(C +C )=AC ,
dT p.AC p,BD p,AB p.CD p
p

rae ACp=ynC" — an;CX

[Tonyunnu ypaBHeHue Kupxrodda B nuddepennuanrbHOM BUE,
BBIpaXKarollee BIMSHUE TeMIepaTyphbl Ha TEIUIOBOU 3P hEeKT Xxumuye-
CKOM pEaKI1u:
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dT

} =AC,.
§

1. IIpounterpupyem Boipaxkenue: dAH = AC,-dT B npeaenax
temrmeparypsl ot Ty 1o Tj:
T2
AHT2 - AHTl = 1£ AC,-dT =AC (T, -T)), nn
1

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

{M} _AC.

d(AU)

I10 aHAJIOTUH l:

YtoObl onpeseuTh TeoBoi 3d ekt mpu 000 TeMeparype,
HAJ0 3HATh TEIJIOBOW 3(PPEKT mpu KaKOW-TO TEMIIEpaType U 3aBUCH-
MOCTh TEIIJIOEMKOCTH PEArupyromux BEemecTs oT T. YpaBHEHUE Npu-
MEHHUMO, €CJIM TEeMIEPATYPHbIN HHTEPBAJI HEBEIUK WIN TETNIOEMKOCTh
MaJjio U3MEHSIETCS C TEMIIEPATYPOI.

2. Ilpounrerpupyem ypasuenue dAH = AC,dT, Gepsa neompene-
JICHHBIN UHTETpai U Beipaxkas Cp yepe3 MHTEPIOJISIIITUOHHBIE YpaBHE-
HUS, T. €.

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

[Tocne nHTErpUpOBaHUs MOTydaeM ypaBHeHHe Kupxrodda B mH-
TerpajibHOM BHJE, KOTOPOE MPUMEHUMO JIJIs1 JTI000r0 MHTEpBajia TeM-
neparyp, €Cli HE MPOUCXOAUT arperaTHhIX IPEBPAIICHUN XUMHUYE-
CKUX COCIUHCHUM:

AH:AHO+AaT+%AbT2+%AcT3, (1)

rae AHy,— mocTosiHHass MHTErpUPOBAHUA, KOTOPYIO OIPEICISIIOT U3
AHg98 10 BBIIIECTOSAIEMY YPaBHEHUIO, OTHECS €ro K TeMIleparype

298 K:
AH® = AH, +Aa-298+ TAB(298)” + 3 Ac(298)’,  (2).

Aa, Ab, Ac — cipaBOYHbIC BEJIMYUHBI,
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Aa =3 (ma),, — 2 (ma),., TO ke st Ab u Ac.

CrangaprHeii TernoBoit 3¢ dext (AH'»0g) 1mst 9T0# peakimu pac-
CUMTBIBAIOT, UCIIOJIB3YS CIEACTBUSA W3 3akoHa ['ecca (mo Termioram
oOpazoBanust wiu cropanusi). Otcroga Haxoaum 3Hadenue AHy u noa-
cTaBJisieM ero B ypaBHeHue (1).

IIpumepsl pewieHus 3aday

3aoaua 1. OnqHOATOMHBIA HWAcAIbHBIA ra3 oobemoM 10 1 Haxo-
nurtcs noa nasienueM 200 klla u umeer temneparypy 293 K. Paccun-
TaliTe paboTy W W3MEHEHHE BHYTPEHHEH YHEPTrUM MPU PaCIIUPEHUU
rasza 1o oobema 20 1, eclii npolecc nNpoTekaer: a) u3o0apHo, 0) uzo-
Tepmudecku. OmnpenennTe KOHEYHYI0 TEeMIepaTypy Ta3a B IEPBOM
ciyyae.

P e m e H u e. OnpenensieM KOJIUYECTBO BEIIECTBA (Ta3a):

_nh ~2-10°-10-107
RT,  8,314-293

=0,82 MOJIb;

a) B u300apHOM IIpoliecce (p = const) paboTa paclIUpeHHUs OIpe-
nensiercs mo dhopmye:

A=p(V,—V;)=210"(20-10" = 10-10) = 2000 [T

N3MmeHeHrne BHYTPEHHENW DYHEPTUU BBIPAKACTCS Yepe3 U30XOPHYIO
TeII0eMKOCTh (3/2R) u u3MeHeHne TeMIepaTyphl:

AU =nCy(T, - T}) =%(sz2 — V) :%-2 -10°(20-107 —10-107°) =3000 JIx.
Koneunytro Temniepatypy onpeaeiasieM U3 COOTHOLICHUS:

Vi Ve, p VT 20107293

- =586 K;
T, T, v, 10-10

0) B n3orepmuueckoM rmpoiiecce (T = const) u3MeHeHne BHYTPEH-
Hel sHepruu (AU) paBHO HYIIO, @ paboTa paclIMpeHUs: ONpeacIseTCs
o opmyie:

A =nRTn(V,/V;)=0,82-8,314-293-1n(20-107/10-10) = 1386 J[.

3aoaua 2. Paccuutaiite TerioBoil 3(pdeKT mporecca ruapon3a
caxapo3bl, €CJIM CTaHJApPTHBIE TEIUIOThI CTOPaHHUS Caxaposbl, O-
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IIOKO3bl U B-pykTo3bl paBHbl: —5644, —2802 u —2810 x/[>K/MO7b,
COOTBETCTBEHHO.
Pemenue. 3anumemM ypaBHEHUE PEAKLIUN THIPOIN3a CaXapo3bl:

C12H204;1 + HyO = CsH1206(rmoxosay T CeHi1206(¢pyxrosa)-
ITo cnencTBuio U3 3akoHa I'ecca temoBoi 3pdekT npoiecca pa-
BEH PA3HOCTHU CYMM TEIUIOT CTOPAaHUsI UCXOJHBIX BEIIECTB U MPOAYK-
TOB PEaKIUU:

A HY = (AHS% )c — [(AHggg )C + (AH§98 )c } N

caxapo3sl TJIFOKO3bI (bPYKTO3BI

= 5644 — [-2802 — 2810] = —32 KJI/MOIb.

3adayu

1. I'a3, pacmupssice or 5 10 12 1 nmpu MOCTOSSHHOM JIaBJICHUU
101,3 xIla, mormomaer 300 Ik TemmoTel. Onpeaenure U3MEHEHUE
BHYTPEHHEUW SHEPTUU rasa.

2. Onpenenure M3MEHEHUE BHYTPEHHEH DSHEPIHM, KOJIMYECTBO
TEIJIOTHI U paboTy, COBEpIIAEMYIO TIPH OOPATUMOM HM30TEPMHUUYECKOM
PACIIMPEHHH KHCIOPoaa OT 1 10 5 M° (HaualbHBIE YCIOBHS: TEMIIEpa-
Typa 25°C, naBnenue 98 klla).

3. Kakoe KOJIMYECTBO TEIUIOTHI HEOOXOIWMO [IJIsi TOBBIIICHUS
temmeparypsl 48 r kuciaopoaa ot 273 no 373 K npu naBiaenuun 1 atm?
Kak npu 3TOM U3MEHUTCS BHYTPEHHSISI DHEPTUs?

4. Onpenenure KOHEUHYIO TEMIIEpaTypy U paboTy, HEOOXOIUMYIO
IUIST aaua0aTUIEeCcKOro C)KaThg a30oTa OT 15 g0 2 1, eciid HadajlbHbIE
TemIieparypa u aasiieHue paBHbl 20°C u 1 atm.

5. PaccunTaiiTe KOJMYECTBO TEIUIOTHI, HEOOXOIUMOE JIJIsl HarpeBa-
HUA BO3IyXa B KOMHare oo0nmM oobemoMm 400 M or 15 1o 20°C. Ilpu-
MUTE, YTO BO3yX — 3TO UJICaJbHbBIN JBYXaTOMHBIN ra3, a IaBJIeHUE IPU
VMCXOQHOM TeMIepaType HOpMalibHOe. Halanure n3MeHeHHe BHYTpEH-
HEW SHEPI'UU U SHTAIBIUY IS IPOLIECCa HArPEBAHUS BO3/1yXa.

6. Ilapsr 6eHzoua (2 MoIb) 0OpPaTUMO M M30TEPMUUYECKH CKOH/ICH-
cupoBaiiu B xKuakocTh npu 80,1°C. Paccunraiite padoTy, TEMIOTY, U3-
MEHEHHUE BHYTPEHHEW SHEPIUM U SHTAIBIIUU B 3TOM Mpouecce. Y Aeib-
Has TeruioTa ucnapenus o6ensona mpu 80,1°C pasua 394,4 JIx/r.
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7. Paccuutaiite 3nTanenuio oopazoanus H,SO, ipu T = 298 K,
€CJIM U3BECTHBI TETUIOBbIE A PEKTHI pEAKIIHIA:

S +0,=80,, (AHy)  =-296,9 kJbK/Monb;

X.p.

SO, + 0,50, = SO3, (AH3ys)  =-98,3 k[lxc/mom;

X.p.

SO35) + HyOp) = HySO4, (AHS9s) = ~130,3 kJ/mom.

X.p.
8. DHTankus cropanus riroko3bl Ipu 25°C paBHa —2816 kJ[k/Mob.
PaccuuTaiiTe SHTANBINIO 00pa30BaHKs TJIFOKO3bI U3 MTPOCTHIX BEIIECTB.
9. Paccuuraiite TermoBoi d3PGEeKT peakiuu OKUCICHUS aMMHaKa
KUCJIOpOJOM 70 okcuaa azota (II) u BOJbI B KUJIKOM COCTOSTHUM MPHU
298 K o 3HaueHusAM TEII0BbIX 3 (PEKTOB peaKiuii:

1/2Ny + 3/2H, = NHy, (AHJy) = -46,2 w]Jlx/Mots;

X.p.

H, +1/20, = Hy04, (AH2098) = 285,8 KkJI%/MOJIb;

X.p.

N, + O, = 2NO, (AH§98) = 180.7 L/ vorts.

X.p.

10. Paccuunraiite TEMIOTy AUCCONMALIMN XJIOPYKCYCHOW KUCIIOTHI,
€CJIM TeIIOBOM 3(P(EeKT ee HeUTpaau3aluu 1mea04bto cocTaBiser —50
kJ[x/Monb, a TerioBoM 3(p(dEKT HeUTpaau3aluyd a30THONW KHUCIOTHI
eJI04YbI0 paBeH —55,9 k/[>x/MOIb.

Tecmoeuvlie 3adaHus

Bvioepume ooun npasunvnulit omeem

1. JIna 6unoxmmudeckux mpoueccoB Q, = Qy, Tak KaK B KMBBIX
CHUCTEMAX TEIUJIOBBIC MPOIIECCHI MPOTEKAIOT:

A. be3 u3MeHeHus 1aBJICHUS.

b. B y3xkoM auanazone temneparyp.

B. be3 usmenenus oonema.

I'. sMeHeHre 00beMa NpOonoOpPIUOHAIBHO TABJICHUIO.

2. AnnabaTUyecKui mporecc:

A. p = const. b. AQ=0.
B. V = const. I'. T = const.
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3. CtangapTHBIN TeroBOM 3(PPEKT OTHOCAT K YCIOBUSIM:
A. T=273K,p=100klla. b.T=20°C,p=1 arm.
B. T=298K,p=1 arm. I'. T=298K, p — moboe.

4. CornacHo MNEPBOMY 3aKOHY TEPMOJMHAMUKM IOTJIOIICHHAS
CHUCTEMOU TEIJIOTA PACXOYETCS Ha:

A. TlonnepxkaHue paBHOBECHUS CUCTEMBI.

b. YBennueHre BHyTPEHHEN SHEPTUU CUCTEMBL.

B. CogepiiieHue BHEIIHEH pabOTHI.

I'. YBennueHue BHYTPEHHEW JHEPIMM CHUCTEMBbl U COBEPIICHUE
BHEIITHEW pabOTHI.

5. ®opmynupoBka 3akoHa ['ecca:

A. TemoBoit 3¢deKT pazIoKEeHUS XUMUUECKOTO COCTUHEHUS 10
OTpeJICTICHHBIX BEIECTB PaBEH M MPOTUBOIIOIOKEH MO 3HAKY TEIIO-
BoMY 3¢ (dexTy oOpa3oBaHusi 3TOTO COSAMHEHUS U3 TEX K€ BEIIECTB.

b. TennoBoi 3¢ PeKkT XUMUUECKON peakiiui paBeH CyMME TEIIOT
CTOpaHUs MCXOJHBIX BEIIECTB 32 BHIYETOM CYMMBI TEIJIOT CTOpPaHUS
MIPOJIYKTOB PEAKIIUHU.

B. TennoBoit 3phekT XUMHUYECKOW peaKIIMu HE 3aBUCUT OT MPO-
MEXYTOUHBIX CTaJUH, a OTPEACIIACTCS JIUIIh HAYaIbHBIM U KOHEYHBIM
COCTOSIHUSIMU CUCTEMBI.

I'. TeroBoit 3 heKT XUMUYECKOIN peaKkIui PaBeH CyMME TEIIOT
oOpa3oBaHus MPOJYKTOB PEAKIIMU 32 BBIYETOM CYMMBI TEIUIOT CTOpa-
HUS UCXOJHBIX BEIIIECTB.

Buvioepume neckonbko npasuibHvix 0meemos

1. HazoBute yHKIIMU COCTOSIHUSI CUCTEMBI:

A. Baytpennss sueprusi. b, Pa0ora.

B. OHTanenus. I'. Tennora.

2. XapakTepUCTUKA U30JUPOBAHHON CUCTEMBI:
A.AQ =0. b. AV > 0.
B. U = const. I'. V= const.

3. YpaBHeHHE pabOTHl pacHIMPEHUs] UJICATBHOIO Tas3a sl HU30-
TEPMUYECKOTO MPOLIEcca UMEET BU/L:

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

I'A=0. A. A=RT Inp/p,. E.A=AnRT.
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4. YKEDKI/ITC IMPaBUJIbHBIC COOTHOCHHA MCKAY BCIINYUHAMMU:
A.C,—Cy=R. B. Qy = AH.
B. AH = AU - pAV. I.Q,—Qy=pAV.

5. VYpaBHeHue paOOThl pacHIMPEHUs] UJICaTBbHOIO Tras3a sl U30-
OapHOTo Tmpolecca UMeeT BU:
A. A =-AU. b.A=R(T,-T;). B.A=RTInV,/V,.

I-A=0. I[. A=RT lnpl/pz. E. A= R(V2 — Vl)
Yemanoeume coomeemcemeue

I. CBoiicTBa CUCTEMBEL: Bemmnuuner:

1. IHTeHCHUBHBIE. A. JlaBieHue.

2. DKCTEHCUBHBIE. B. O0newm.

B. TenmoeMKOCTb.

I'. XumMmnuecknii moTeHIIAAII.
. DHTponus.

E. Konuenrtpanus.

II. Cucrema: Oxkpy:xaromias cpena:

1. 3akpsiTas. A. OGMEH BeIIeCTBOM.

2. N3onupoBaHHasl. b. OOMeH sHeprueil.

3. OTkpeITas. B. Het 0OMeHa BelecTBoM.

I'. Het oOmena >Heprueii.

1. ITpouecc: XapakTepucCTHUkKa.
1. DK30TEpPMUYECKHUI. A.dT =0.
2. I30XOpHBIH. b. AH > 0.
3. DHAOTEPMUYECKHUIA. B.dV=0.
I'. AQ=0.
. dp =0.
E. AH < 0.
IV. TemnoBoit 3¢ dexr: OyHKUUS:
1. Q,. A. AU.
2. Qv. b. AH.
V. Ilpouecc: YpaBHEHHE NIEPBOr0 3aKOHA TEPMOIUHAMUKU:
1. Hexpyrosoii. A. Q=AU. b. Q=AU+ A.
2. Kpyrosox. B. Q=AU - A. I.Q=A.
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Bonpocul 045 cobecedo8aHUs

1. OCcHOBHBIE OHATUS TEPMOJAUHAMUKHU. Temiora u padora.

2. ®opMyIMPOBKY U YPAaBHEHHS MEPBOr0 Havajla TEPMOIAHAMMU-
KH.

3. BHyTpeHHsIs1 SHEprUs U SHTAJbIHUS.

4. IlpumeHeHre NEPBOro Hayajla TEPMOJUHAMUKHU K OTIEIIbHBIM
mpoiieccam.

5. IlepBoe HayaI0 TEPMOJUHAMHUKHU U OMOJIOTMYECKUE MTPOLECCHI.

6. Pabota pacumimpeHus UACabHBIX Ta30B MPU PA3TUYHBIX YCIIO-
BUSIX.

6. TermoBol 3¢ PekT peakuuu Mpyu NOCTOSSHHOM JIaBJICHUU U MPH
NOCTOSTHHOM 00Beme. CBsasb Q, n Q..

7. Pacder ctangapTHOrO TEIIOBOro 3((PeKTa XMMHUUECKUX Peak-
U 110 TEMI0TaM 00pa30BaHUS U CTOPAHUS.

8. Temmoemkocts. Ceasb C, u C,.

9. 3aBucUMOCTb TEIIOBOTO 3(dekTa OT TeMmneparypbl. YpaBHe-
Hus Kupxroda, nuddepeHimaibHoe U UHTErPAIbHOE BhIPAKEHUS.
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3. Bropo¥ 3aKOH TeEpMOAUHAMHUKHMU.
XapakrepucTuyeckue PyHKIUHU
U TEpMOAVMHAMUYECKHE NMOTEHIUA/IbI

Bce nporiecchl, B KOTOPBIX OAWH BUJ PHEPTUH MpeoOpazyeTcs B
JIPyTroi, CTPOro IOJYMHSIOTCS TEPBOMY 3aKOHY TEPMOJIUHAMMKH.
OnHako nmepBO€ Ha4ajlo HE JAET YKa3aHWUMl O TOM, BO3MOXKEH JIM JaH-
HBIH TpoliecC BOOOIIE U €CJIM BO3MOKEH, TO B KAKOM HaIpaBJICHUU U
C KaKOH IMOJIHOTOM OH ITPOTEKAET.

PaccMoTpuM M30JIMPOBAaHHYIO CUCTEMY, T. €. COAEPKUMOE COCy/Ia
M30JIMPOBAHO OT OKPY’KAIOIIEH cpeibl (Cocy ¢ AByMs CTaKaHaMH BO-
JIbl Pa3HOM CTEIICHW HarpeBa).

B cooTBeTCTBUM C MEPBHIM HAYAJIOM TEPMOJUHAMUKUA BO3MOMKHBI
TpHU cllyyas, OPUYEM BCE MPOLECChl pABHO3HAYHBI, TaK Kak [-e Haya-
JI0 — 3aKOH COXpaHeHus 3Hepruu: 1) Huyero He npousouiet; 2) 0° C u
100° C; 3) 50°C u 50° C. B neicTBUTEIBHOCTH BO3MOKEH TOJBKO
MOCJIEHUI BapUaHT, T. €. IEPBOr0 HaYaJla TEPMOJUHAMUKH HE 10CTa-
TOYHO JIJIsl IOJIHOTO ONMUCcaHus (U3NKO-XUMUYECKUX MpolieccoB. Kpu-
TEPUU OCYIIECTBUMOCTH TPOIECCa B TOM WM WHOM HaNpaBICHUU
JAFOTCS BTOPBIM HAYAJIOM TEPMOJIMHAMHUKHU.

B nipupoje npoTekarT Ba BUJA IPOIECCOB: 1) camonpouszeons-
HbIMU HA3BIBAIOTCS MPOIECCHI, KOTOPHIE MPOTEKAIOT O€3 BHEIIHETrO
BO3JICUCTBUSA, T. €. CaMH 110 ce0e (pacTBOpEHHE caxapa, CMEIICHUE ra-
30B U JIp.); 2) HECAMONPOU36801bHbIMU HA3BIBAIOTCS MPOLECCHI, KOTO-
pble IPOTEKAIOT MPHU 3aTpare (COBEPIICHUU) PAOOThI WK MPU MOJIBE-
JEHUH YHEPTUU U3BHE (C)KATUE Ta30B U JIp.).
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XapakTepHO 0COOCHHOCTHIO CaMOIIPOU3BOIBHBIX MPOLIECCOB SIB-
JISI€TCSl OJTHOCTOPOHHSISI HAMPABJIEHHOCTh (HEOOpaTUMBbIE TTPOIECCHI) U
BO3MO>KHOCTD IMOJYUYECHHSI HEKOTOPOT'0 KOJIMYECTBA MOJIE3HOM pabOTHI.

Bropoe Hauano TepMOAMHAMUKHU MO3BOJISIET: 1) onpenenuTs Ha-
MpaBJICHUE MPOTEKAHUSI CAMOIPOU3BOILHBIX MPOIIECCOB, TEM CaAMbIM
YCTaHOBUTh WX BO3MOXKHOCTh WJIM HEBO3MOKHOCTH; 2) OINpPEIEIUTh
COCTOSIHUE PaBHOBECHSA, KOTOPHIM 3aKAHUYMBAETCA MPOTEKAHHE BCEX
CaMONPOU3BOJIBHBIX IPOLIECCOB (IpeAen NPOTEKaHUs Ipolecca);
3) yCTaHOBUTH CTENEHb MPEBPAILCHUS TEIJIOTHl B pabOTy JJII KPYro-
BBIX ITPOIIECCOB.

3.1. PagHogecCHble U HepasHoB8eCHbIEe npoyeccol

B ocHOBe BTOpOro Hayajia TEPMOAVWHAMHUKHU JIEKHUT TOHSITHE O
PaBHOBECHBIX Mpoleccax. Eciu cucrema, HaxoAsascs B yCTONYH-
BOM TEPMOJMHAMHYECKOM PaBHOBECHH, MOABEPraercsi OCCKOHEUHO
MaJIBIM BO3JCUCTBHUSIM BHEIIHEW CPEIbI, MPOXOAUT YEpe3 MOCIEN0BA-
TEJIbHBIN PsiJi PABHOBECHBIX COCTOSTHMM M COBEPIIACT MPU 3TOM Mak-
CUMAaJIbHO BO3MOKHYIO pabOTy, TO TaKOW MpPOLIECC HA3BIBAETCA pas-
HOoGecHbIM. ECIu M3MEHEHHE COCTOSIHUS CHUCTEMBI SIBIIIETCS PE3YJib-
TaTOM KOHEYHOT'O BO3JCHUCTBUS CPEMIbl HA CUCTEMY, TO TAKOM MPOIIECC
HAa3bIBACTCSI HEPAGHOBECHBIM.

PaccMmoTpuM npornece paCMpeHust U CKaTUS ra3a U CBSI3aHHYIO C
ATUM TiporieccoM padboty. IlycTs B uauHApe HaXOAUTCS Ta3. BHyTpH
HWINHAPA IBUKETCSA MOPIIEHb, COCIMHEHHBIN C Yallled, Ha KOTOPYIO
MOMEIIEH TeCOK (MTOPIIeHh HEBECOM U JIBIKETCS 0€3 TpeHus).

MecoK P A
R

nopiueHb

ras

HHJIHHAP

PaBHOBecHBII npouecc

Puc. 3.1. [Ipumep pasnosecnozo npoyecca
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Ecnu 6ynem cOpachiBaTh MO MECUMHKE, TO a3 OyJeT paclIupsITh-
Csi, a moplieHb MnoaHuMathes. Cuctema OyJeT coBepiiaTth padoTy
pacuIupeHus, paBHYIO IUIONIAAN TOJ KpHUBOM (3Ta paboTa MOJIOXKHU-
tenbHas). [Ipu cxxatum rasza (korja nmecok OyJieM Bo3BpalllaTh IO Mec-
YUHKE Ha yairy) paborta OyJeT oTpuIlaTelbHAas, HO paBHas Mo adco-
JIOTHOW BeENWYMHE. PaccmarpuBaemblil MPOLECC SBISIETCS PaBHOBEC-
HbIM (puc. 3.1).

3aMEHUM TIECOK Ha Ipy3bl. byJeM CHUMAaTh MOCIE0BATENBLHO IPY-
3bl, @ 3aT€M BO3BpalaTh UX Ha yainry. [lycTh B Ha4aJbHBIF MOMEHT Ha
yare OyJIeT HaXOJUThCS YEThIpE Irpy3a, 3aTeM OepeM BOCEMb IPY3UKOB
NOMEHbIIIEe U T. . PaccMmaTpuBaeMblil mpoliece (M30TEpMUUYECKOE pac-
HIMPEHUE U CXKATHE Ta3a) SBISIETCS HEpaBHOBECHBbIM (puc. 3. 2). Bce
HEPABHOBECHBIC MPOIECCH B U30JIMPOBAHHBIX CUCTEMaX SIBIISIOTCS HE-
oOpaTUMbIMHU U MPOTEKAIOT JI0 YCTAHOBJIECHUS COCTOSIHUSI pPABHOBECHSI.
[Ipu pacmmpenuu ra3 OyaeT coBepiiaTh pabOTy, BEIUYMHA KOTOPOH
ONPENEIIAETCS TUIOIIABIO M1OJT JIOMAHOW KPUBOA.

PJL

npouece
A C/KATHSA rasa

rpy3bl | A /
Y
/ Y. S
Ly
npouecc

F; ” | EV} paclupenus 2

|
rasa l
|

»
>

HHJIHHO NopumeHb

~ ras >

V] V'i

HepaBHoBecHblii npouecc
Puc. 3.2. IIpumep nepasrnosecrnozo npoyecca

Takum oOpa3om, Ipu HEPAaBHOBECHOM IIPOIIECCE CUCTEMA COBEP-
[Ia€T MEHBIIYI0 padoTy, 4YeM IPU paBHOBECHOM. [Ipu BHeElIHEM BO3-
NEUCTBUM HA CHUCTEMY (CoKaTHE rasa) Mpu HEPaAaBHOBECHOM IPOILECCE
MOTpeOyeTCs 3aTpaTUTh OOJBIITYI0 pabOTy, YEM TP PABHOBECHOM.

XapakTepHble CBOMCTBA PABHOBECHBIX IIPOLIECCOB:

1) 6eckoHeYHO Maliasi pa3HULIA CUJI, ICUCTBYIOIIUX HA CUCTEMY U
MIPOTUBOJICUCTBYIOIIMX CO CTOPOHBI CaMOM CHUCTEMBI; 2) CUCTEMa CO-
BEpUIAET MAaKCUMaJIbHO BO3MOXXHYIO pabOTy (OTCYTCTBUE KaKUX-JIHOO
noTeps); 3) ABYCTOPOHHOCTH Tporecca (mpsiMOM M OOpaTHBIA MyTh
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COBITQJIAlOT, T. K. HaNpaBJEHHUE Mpollecca ompeaeasieTcss OECKOHEUHO
MaJIbIM BO3JCHCTBUEM Ha cUCTeMY); 4) OeCKOHEUHas MEJJICHHOCTb
mporiecca, Kotopas 00yciioBieHa 0€CKOHEUHOM MaJIOCThIO CHII; ) pa-
BEHCTBO TEMIIEPATYP CUCTEMBI U OKPYKAIOIIEH BHEIIIHEW CPEIBL.

3.2. Obpamumele U Heobpamumowie npoyeccsl

Ecnu npoiiecc MOKHO OCYIIECTBUTh HE TOJIBKO B MPSIMOM, HO U B
OoOpaTHOM HampaBJCHUU U TPU 3TOM TakK, YTO HE TOJIKO cama CHUCTe-
Ma, HO M OKpy>Karollas Ccpella BEpHYJach B TOYHO IMEPBOHAYAIBHOE
COCTOSIHUE, TO TAKOU ITPOLIECC HA3BIBACTCS oOpamumbvim. Ecinu B cuc-
TEME€ WM OKPY:Kalolllel Cpe/ie OCTAINCH KaKhe-IM00 HeUCUe3HYBIINE
U3MEHEHNS, TO IPOLIECC HA3BIBACTCS HEOOPAMUMBIM.

B npuposae npoTtekaror HeoOpaTuMble mporecchl. OOpaTUMBI Tpo-
1IECC — ATO aOCTPAKTHOE MOHATHE, HO BaXkKHOE: 1) 0OpaTUMBI Iporiece —
peiesl MPOTeKaHusi HEOOPATUMOr0, K KOTOPOMY MOKHO MPUOIMKATHCS
KaK yroJHO OJI3KO; 2) TOJBKO JJisi 0OpaTUMBIX MPOIIECCOB BO3MOXKEH
pacdeT TepMOJIUHAMUYECKUX (PYHKITUN COCTOSIHUS CUCTEMBI.

Pacuer u3MeHeHust 3Tux PyHKIMI 1711 OOpaTUMBIX MPOIECCOB MO-
XKET OBITh TIEPEHECEH U Ha HEOOpaTUMBbIEC TIPOIECCHI (TP OJJHOM U TOM
K€ Ha4YaJIbHOM U KOHEYHOM COCTOSIHUM CHCTeMbI). Bce HeoOpaTumbie
MPOLIECCHl MPOTEKAIOT B HAIPABICHUU MPUOJIMKEHUS K COCTOSHUIO
PaBHOBECHS U MIPEKPAIIAIOTCA, KOT/Ia 3TO COCTOSIHUE TIOCTUTHYTO.

CpaBHUBas TOHSATHS PABHOBECHOTO M 00paTUMOIO IIpoliecca,
MBI HE OyJieM MPOBOAUTH MEXKIY HUMH PA3JIUYMs, TAK KaK 3TU MPO-
LECChl OTPAXAIOT CBOWCTBA OJIHOTO M TOrO K€ mpoiecca. Beskue
PABHOBECHBIE TPOLIECCHl SABJSIOTCA OOpaTUMBIMU, a HEpPaBHOBEC-
HbIC — HEOOpATUMBIMH.

3.3. DopMyaupoB8KU mOpo20 Ha4Yaaa
mepmMoouUHAMUKU

BTopoii 3ak0H TepMOJIMHAMUKH, TAK K€ KaK U MEPBbIA, ObLT yC-
TAHOBJICH KaK MOCTYJaT (pe3yJbTaT 0000IIEHNS YEIOBEUYECKOTO OIbI-
Ta). IMeroTcsa paznuunbie GOPMYIUPOBKH BTOPOTO 3aKOHA, KOTOPBIE
3ByYar II0-Pa3HOMY, HO IPUBOJAT K OJTHUM U TEM K€ PE3YJIbTATAM.

51



1. Ilocmynam Knay3suyca: TeNa0Ta HE MOXKET CaAMOIPOU3BOJIb-
HO MEPEXOJUTh OT MEHEE HArpeToro Tejia K 0ojee HarpeTomMy Teiry
(1850 r.).

2. llocmynam Tomcona (Kenveuna): HEBO3MOXKHA IEPUOINYE-
CKM JCHCTBYIOIAasl MalllMHA, €UHCTBEHHBIM PE3YJIbTATOM JACHCTBUS
KOTOpO# OBLI0 OBbI MOJydeHHE PadOTHI 3a CUET OTHSATHUS TEIUIOTHI OT
Terioro pesepsyapa (1851 r.).

ITox meproguUecKn JEMCTBYIOMIEW MAIIMHOWM MOHUMArOT MHOTO-
KPAaTHO MTOBTOPSFOIIUKCS ITPOLIECC.

3. Beunwtii o6uzamenv 6mopozo pooa neeo3moiiceH.

BeuHblil nBurareinb BTOPOTO pPOJa — 3TO MEXAaHU3M, KOTOPBIM
IPOU3BOIUT PabOTy 3a CUET TEIUIOTHl CUCTEMBI IIPU OJMHAKOBOU TEM-
neparype.

Kak BuaHO u3 3TUX (QOPMYIUPOBOK, HCTOPUYECKU PA3BUTHE
MpEeACTaBICHUNA O BTOPOM 3aKOHE TEPMOJMHAMHKHU OBIJIO TECHO CBS-
3aHO C U3YYEHHUEM TEILJIOBBIX MAIIIHH.

PaccMmotpuM paboTy TemioBoi maiiuHbl. BooOiie nepexoa Ter-
J0THl B pabOTy, KOHEYHO, BO3MOXKEH. PaboTa MOXKeT moyy4aThCs Mpu
nepexo/ie TeMIOThI OT Tena ¢ Oosee Bbicokor TemnepaTtypoi (T) k Te-
ay ¢ 0onee Huszko Temmneparypoir (T—dT), Tak kak Takou mporecc
MOXET COBEPIIATHCS CAMOITPOU3BOJIBHO. DTO OCYLIETBIISIETCA MIPU pa-
0oTe 10001 TEMIOBOM MaIIWHBI, T. €. MAlllMHbI, MPOU3BO/IAIIEH pado-
Ty 3a CUET TEIUIOTHI, MOTJOMAEMON OT KaKOIro-TO TeJja (TerioHarpe-
Baressi). Ho B aTom cirydae (puc. 3.3) He Bca TermioTa Qq, moaydaemas
pabouuM TeJioM, MpeBpamiaeTcs B paboTy, a JIUillb HEKOTOpasi 4acTh:
A= Q; — Q,. Hpyras xe 4yacTh T€mIOThI (Q, MEPEXOJUT K TEILY, UMEIO-
meMy 0oJiee HU3KYIO TeMIleparypy (TerionpueMHuKy). Takum oopa-
30M, paboTa MaIlluHbI 3aKJIF0YAETCS HE TOJIBKO B MOJYYCHUHU TEILJIOTHI
Q; oT TemioHarpeBaTeisl U COBepUIEHUH padoThl (A), HO U B OJIHO-
BPEMEHHOM IIepe/laye HEKOTOPOro KOJWYECTBa TEIUIOThI Q, Temo-
MPUEMHUKY ¢ 00Jiee HU3KOU TeMIlepaTypoil.

OTHoOIlIEHHE KOJIMYECTBA MPOU3BEICHHOM paboThl (A) K KOJHUYe-
CTBY TEIUIOTHI Q1, HOJyYEHHOU pabo4YnM TEJIOM OT TEIJIOHArpeBaTes,
HA3bIBACTCS TEPMOJUHAMHYECKUM KOA()PUIMEHTOM MOJE3HOTO IeH-
CTBHUS (K.IL.JL.):

n=A/Q;=(Q:-Qy/ Q.
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Tennonarpesatens (T)

Qi
A 4
j Pabora Pabouee
) TENO
A=Q-Q,
Q,

Tenmnonpuemuuk (T—dT)

Puc.3.3. Cxema nepexooa mennomol 6 pabomy

[Tonp3ysCh 3TOM BEJIMYUHOW, MOKHO JaTh BTOPOMY Hadajiay Ta-
KYI0 (OPMYJUPOBKY: HAUOONbUIUIL KOIPPuyuenm nonezanozo oeii-
CMeus Menji080il MAWIUHbBL He 3A8UCUmM O NPUPOObL U 6U0A mel U
geuwecme, yuacmeyluwiux ¢ padbome Mawunsvl, A MoJjabKO Om mem-
nepamyp menjionazpesamens u meni0nPUEMHUKA:

n=[T — (T-dT)J/T = dT/T,
n=A/Q, =dT/T.

[Ipu oOpaTuMoM (paBHOBECHOM) TMEPEHECEHUH KOJMYECTBa TEM-
70Thl Q MOXHO MOJYYUTh MAKCUMAJIBHYIO PadoTy:

0A.6p. = QdT/T — maremarnueckas QOpMyJIMPOBKa BTOPOro Ha-
yajia TepMOJIMHAMUKH I 00OpaTUMBIX MTPOIIECCOB;

0Ayeosp. < QAT/T — MaTemaTnueckas GopMyaIMpOBKa Jj1s HEOOpa-
TUMBIX (PEaIbHbIX) IPOILIECCOB.

B o01em Bue:

0A < QdT/T.

3.4. IHmponus

[Tockonbky n3MeHeHus: BHyTpeHHel sHepruu (AU) u sHTanbnuu
(AH) e naroT uHbOpMalMd O BO3MOXXHOCTH CaMOIIPOU3BOJILHOTO
OCYIIIECTBJICHUSI XUMUYECKON peakiu Uinu (HU3n4ecKoro N3MEeHEHUs,
JUISL 9TOM 1M HeoOXOoAuMa JOINOJIHUTEIbHAS TEepMOJAMHAMUYECKas
BEJIMUMHA, KOTOpasi BbIpakajia Obl HAIpaBJICHUE W TIpees IMpoTeKa-
HUS IIpOoILIECCa.
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Takoil TepMOoIUHAMUYECKON (DYHKIIMEH COCTOSHHUS CHUCTEMBI SIB-
asiercst sHTponus. Ota ¢yHKua Obuia BBeAeHa P. Knaysuycom
(1850 r.), B mepeBojie C TPEUECKOro s3blKa O3HAYAET «IIPEBpallle-
HUE BY», T. €. PEBPAILICHUE SHEPTUN B MEHEE IIEHHBIE ()OPMBI:

dS = d8Q/T.

H3menenue snmponuu (dS) paeno omuouieHuro 0ecKoHeuHo
Ma1020 KOIU4ecmea menjiomeol, NO2J1I0U{EHHOI 8 00PAMUMOM NPO-
yecce, K a0CONOMHOU memnepamype.

Tax xak dS — monubl AuddepeHian, To 3MEHEHUE YHTPOIUU B
KaKOM-JTHOO0 TIPOIIECCE 3aBUCUT TOJBLKO OT KOHEUHOTO M HA4aJILHOTO CO-
CTOSIHUM CUCTEMBI M HE 3aBUCHUT OT IYyTH mepexoaa, T. €. AS =S, —S;.

Jlns mzorepmuyeckux nporeccoB (T = const): AS = Q/T.

Enuauier nu3mepenus: [Tk K -moms™; kamr K -moms '],

1 xan =4,184 JIx.

BTopoil 3aKk0H MOXXHO MpeICTaBUTh B yAOOHOH (Qopme, UCIIOJNb-
3ys TIOHATHE SHTponuu. B kadecTBe mocrynata u (HOPMYJIUPOBKH
BTOPOTO Hayaja TEPMOJIWHAMHKHA MOXKHO TPHUHSATH CIEIYIOIIee: Cy-
uiecmeyem HeKOmopoe IKCMEHCUBHOEe CBOIICME0 CUCHIEeMbl, HA3bl-
egaemoe IHMpoOnuell, UIMEHEHUe KOMOpo20 CAe0yIOuuUM 00pazom
C8A3AHO C NO2TIOWIAEMOTl MENTIOMOU U meMnepamypoil CUCHEMbL:

dS = 6Q/T — B 0OpaTrmMoM mpoliecce;

dS > 6Q/T — B HEoOpaTUMOM TIpoIIecCe.

[TocnenHee BhIpakK€HHUE BBHITEKACT M3 MEPBOTO Hadayla TEPMOJIH-
HAMUKHU:

0Q =dU + pdV — nepBoe Havao 11 HEOOPATUMOTO Tpollecca:

0Q =dU + A, — A1 06paTUMOro nporecca, Ho A . > pdV.

B oOmeM Bujie mMaTeMaTHUueCKOE BbIpa)KEHHUE BTOPOro Hayalsia
TEPMOAMHAMUKH Yepe3 IHTPOITHIO UMEET BUI:

dS = 6Q/T.

OTOT 3aKOH YTBEPXKIAET, YTO BCE HEOOpaTUMBbIE (CamMOMpou3-
BOJILHO TMPOTEKAIOIINE) MPOLECChl 00A3aTEIbHO COMPOBOKIAOTCS
YBEIMYEHUEM CYMMAapHOUW 3HTPOINHUHU CUCTEMBI U €€ OKPYKEHHS. ITO
YTBEPKACHUE J1a€T KPUTEPUI, MO3BOJISIOMIUNA CYAUTh O BO3MOXHOCTHU
IIPOTEKAaHUSI XUMHUUYECKOW peakiuu. TOoJIbKO MOKa3aB, YTO 3TO Hepa-
BEHCTBO NPUMEHUMO K JAHHOMY U3MEHEHHUIO COCTOSIHUS WM JAHHOMN
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XUMHUYECKON PEaKIuy, MOKHO YTBEPXKAAaTh, YTO 3TO U3MEHEHHE WIH
3Ta PeaKIus MPOU30iIEeT CAaMOTIPOU3BOIIBHO.

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

BripaxkeHue BTOPOro 3aKOHa TEPMOJUHAMUKHU 4Y€pe3 SHTPOIUIO
yA00HO IPUMEHATH K U30JUPOBAHHBIM CUCTEMAaM.

H3onuposannas cucmema — 310 CUCTEMa, KOTOpask HE B3aUMO-
JIEUCTBYET C BHEIIHEH Cpejoi, T. €. HE OOMEHHUBAETCS C HEW HM Tell-
JIOTOM, HU BEILICCTBOM:

U = const, V = const, 60Q = 0.

Tak xak dS > 6Q/T, To oueBUIHO, YTO:

dS = 0 — a1t oOpaTumoro mporiecca.

dS > 0 — ayst HEOOpaTUMOTro Mpolecca.

B o6miem ciyuae jyist u30aupoBaHHOM cucteMbl: dS > 0.

Ecnu B M30JMpPOBAHHOW CHUCTEME COBEPIIAIOTCS TOJIBKO 0O0paTH-
MBbI€ MPOLIECCHI, TO PHTPOIMUS COXPAHSIET MTOCTOSHHOE 3HAYCHUE U BO3-
pacTaeT mpu BCSIKOM HEOOpaTUMOM Tipolecce. Bo3pactanue sHTponuun
B CaMOMPOU3BOJIHLHOM (T. €. HEOOpAaTUMOM) MPOLIecCe MPOTEKAeT 0
TeX Mop, MOKa CUCTEeMa HE MepeiIeT B paBHOBECHOE COCTOSIHUE, B KO-

TOPOM SHTPOMUS UMEET MaKCUMaJIbHOE 3HaUeHue (puc. 3.4).
S

Smax

COCTOSIHHE H3MeHeHHe COCTOSTHUSI
PaBHOBeCHSs CUCTEMBI

Puc. 3.4. Uzmenernue sumponuu 6 Heoopamumom npoyecce

Takum 00pa3oM, KpUTEpPHUEM CaMOIPOU3BOJILHOCTH Mpoliecca B
W30JIMPOBAHHON CHUCTEME SIBIISIETCS YBEIMYECHUE DHTPOMUU, a KpUTE-
pHEM paBHOBECHS MPOIllecca — MAKCUMAIIBHOE 3HAY€HUE SHTPOIHHU.
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3.5. Cmamu4eckas npupoda
8Mopo20 HaA4a/1a MepMOJUHAMUKU

[lepBoe HavamoO TEPMOIMHAMUKH CHPABEIJIMBO ISl JIFOOBIX CHC-
TEM, COCTOSIIIMX W3 OOJIBIIOTO YMCA YaCTUIl U MaJIOro, M Jaxe s
OTJICJIBHBIX MOJIEKYJ. BTOpoe Hauano crpaBemIMBO TOJIBKO ISl CHC-
TEM, COCTOSIIIMX M3 OOJBIIOr0 YKCIIAa YaCTUIl, K KOTOPHIM MPUMEHHUMBbI
3aKOHBI CTATUCTUKH, OCHOBAHHBIE HA TEOPUU BEPOSTHOCTH.

[IpencraBum cocyzl ¢ MEPETOPOAKON, COAEPHKALIAN a30T U KUCIO-
poa. YmamMMm NeperopojiKy — HAYHETCA CaMONPOM3BOJIBHBIM MIPOLIECC
CMENIEHUS Ta30B J0 TEX IOp, MOKA KOHIEHTPALMK BO BCEX YACTAX CO-
CyJla HE CTaHyT OJIMHAKOBBIMU. Bo3MoskeH Jin oOpatHbii nponecc? On-
peaenM, KakoBa BEPOATHOCTh TOTO, YTO Ta3bl paznensatcsa’? Jlomyctum,
YTO B IIPABOM U JIEBOM YaCTH COCYJIA HAXOIWUTCS IO OJHOU MOJIEKYJIE.
Bbluucium BEpOSITHOCTh TOTO, YTO MOJIEKYJIa a30Ta Oy/leT HaXOAUThCS
MOCJIE PA3IEJICHUS B JIEBOM YaCTH, & MOJIEKYJIa KHCIIOpOa — B ITPaBOil:

P=(1/2) - (1/2) = 1/4, rne P — cratudeckast BEpOATHOCTb.

Bo3pMeM 1o 1aBe MOJIEKYJbl a30Ta M KHCJIOPOJA, TOTrIa
P = (1/2)° - (1/2)* = 1/16, T. ¢. u3 16 BO3MOKHBIX CIy4acB TOIBKO B
OJTHOM CJIIy4ae MOJICKYJbl pa3nensaTcs. Bo3pMeM 1O OJHOMY MOJIIO
a3oTa ¥ KUCIIOpoAa, Toraa

P=>1/2)"- (1724 >0,

e N, — ancio Asoraapo (N, = 6,022-10% mons™).

BeposiTHOCT pa3nesieHuss 0ECKOHEYHO Majia, HO BCE K€ BO3MOXK-
Ha. Kax/10€e COCTOsIHUE CUCTEMBI XapaKTEPU3YyETCs ONPEICICHHON Be-
pOSITHOCTBIO. B cBsI3u ¢ 3TuM aBcTpuiickuil pusuk Jlrogsur bosibiman
MPEJJIOKUIT TUTIOTE3Y: BCE CAMOIPOU3BOJIBHBIEC MPOIECCHI TPOTEKAIOT
B HAIIPABJICHUU JTOCTH>KEHUS COCTOSIHHSI PABHOBECHS], IOTOMY UTO 3TO
COCTOSIHUE SIBJISIETCSI HanOOJIee BEPOATHBIM, T. €. €r0 MOXHO OCYIIIEe-
CTBUTH OOJIBIIIUM YUCIIOM CIIOCOOOB.

Ilpumep: 1louemy ra3pl CMEMIMBAKOTCS U TEMIIEpATypa BbIPABHHU-
Baetcsi? [loToMy, 4TO 3TO COCTOSIHHE MOKHO JOCTHYh MHOTUMHU CIIO-
cobaMu, a ICXOJHOE COCTOSIHUE — OJTHHM.

DHTpomus, Kak MokKa3aHo B paborax boibIiMaHa U Ipyrux aBTO-
POB, SBJISICTCS MEPOM BEPOSITHOCTU COCTOSIHUSI cUCTEeMBI. Ilpu 3Tom
UMEIOTCS B BUIY TEPMOJIMHAMUYECKHAE BEPOSITHOCTH.
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Tepmoounamuueckoit eepoamuocmovro (W) Ha3bIBACTCS YMUCIIO
MUKPOCOCTOSIHUAM, C MOMOIIBI) KOTOPBIX OCYIIECTBISICTCS JAHHOE
MaKpOCOCTOSIHUE CHCTEMBI.

MakpocoCTOsSIHHE CUCTEMBI 3aa€TCsl TEPMOJMHAMHYECKUMH T1apa-
Metpamu (T, p, V, KOHIIEHTpaLUs U T. I1.) U ONPEACISIETCS COCTOSIHUEM
OO0JIBIIIOTO YKCIIa YacTUll. MUKPOCOCTOSIHUE CHCTEMBI OIPEIEsieTCs CO-
CTOSTHUEM KaXKJI0M OTACIBHON MOJIEKYJbl. COCTOSIHUE KaXIOW OTJIEIb-
HOM MOJIEKYJIbI ONPEAECHSAETCA TPEMS COCTABIISIIOIINMU, XaPAKTEPU3YIO-
IIMMU €€ TOJIOKEHHUE B MPOCTPAHCTBE, U TPEMs COCTABJIIOIIUMHU, Xa-
PaKTEPU3YIOIIUMHU €€ JIBUKEHHUE (CKOPOCTh U HAIIPaBJICHUE JBUKEHUSA).
Takum 00pa3oM, COCTOSIHUE Ka)KJIOH MOJIEKYJbl ONpPEAeIIeTCs B IIeC-
TUMEPHOM TIPOCTPAHCTBE, KOTOPOE HA3bIBAETCS (Pa30BBIM.

da30BO€ NPOCTPAHCTBO PACCMATPUBACTCA KAK COCTOSIIEE U3 OIl-
peneneHHbix sueek: W = N!/ (N;!-N,!-Ns!-...),
rae N; — 4ucio MoJieKyJ (371EMEHTOB) B Kaxk10H (pa3zoBoit sueiike, N —
obmee uncio MmoJiekys (N=N;+N,+N;+...), ! — dbakropuar.

30 W =61/61=1

100 Al

o 00

olols W,=61/(21-2! -21)=90

Haubonee BeposiTHOE COCTOSIHUE CUCTEMBI W3 — paBHOMEPHOE
pacInpeesieHue 4acTULl B IPOCTPAHCTBE.

B xilaccmyeckou TEpMOAMHAMHUKE ITOKa3aHO, YTO B CAMOIIPOM3-
BOJILHOM IIpolecce dHTpomus Bo3pactaeT. C TOUKU 3pEHHS] CTATUCTH-
YECKOW TEPMOJMHAMHUKHN ITOT K€ MPOLECC COMPOBOKIAECTCS BO3pAC-
TaHUEM BeposTHOCTH. [Ipu paBHOBecuu S 1 W NpuHHMAarOT CBOM Mak-
CUMAJIbHBIE 3HAYCHUS.

Eme ogHa gopMynupoBKa BTOpOro Hayajaa TEPMOAUHAMUKU: JIH0-
00l mepmoounHamuuecKu npoyecc npomexaem 6 HANPAGICHUU
OOCMUIICEHUA MAKCUMANLHO 6EPOAMHO20 MEPMOOUHAMUYECKOZ0
COCMOAHUA — KAKUM AGJIACMCA MEPMOOUHAMUYUECKOe PABHOBecUe.

JI. bospiMaH czenan IONyIIeHUe, YTO SHTPOIUS €CTh HEKOTOPAst
dbynkuus BepostHocTU. Bua ¢pynkuuu S = (W) BbIBOIAT HCXOas U3
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MPUHIMIA aJJIUTUBHOCTH SHTPOIUU, COTJIACHO KOTOPOMY SHTPOIHUS
CHUCTEMBbI, COCTaBJICHHON M3 ABYX HE3aBHCUMBIX YacTel, paBHA:
S=S5,+8S,,
rae S, = (W) u S, = f(W,) — sHTpOonMu yacTel, COCTaBISIONIUX JIaH-
Hy10 cucteMy, uiu S = f(W) = f(W,) + f(W,).
BonbrmMaH, MCIOIB3YysI MPUEMBbI CTAaTHCTUYSCKON TEPMOIUHAMU-
kH, yctaHoBui (popmyna bonbiimana), 4ro:

S = K- InW,

rae K — mocrosunas bonbsimana, K = R/N, (R — razoBas moctostHHas,
Na — uncio ABoraapo).

IHMPONUIO MONHCHO 0XAPAKMEPU306AMb KAK Mepy XA0MUYHO-
cmu, 0ecnopAaAOKa uiu HeynopAa00UeHHOCMU 8 cucmeme.

Hamnpumep, yacTuiipl raza B ropaszio 00JbIIEH Mepe HE yIops10ue-
HBI, Y€M YaCTHUIIBI TBEPIOro Teia. ClaeaoBaTenbHO, SHTPOIHNS Ta30B, KakK
MIPAaBUJIO, HAMHOTO OOJIbIIIE, YeM SHTPOIHUs TBepAbIX Teil. [lopsimok cuc-
TE€MBbI YBEIIMYUBACTCS B Py «ra3 — JKHUIKOCTb —> TBEPJIOE TEIO».

Ecnu paccmaTpuBarth uA€albHBIA KPUCTALT MpPU aOCOIOTHOM
HYyJIE TEMIIEPATYPHI, TO YACTUIIBI B HEM 3aHUMAIOT CTPOTO OMPENECIICH-
HOE MoJIoKeHUE. JJaHHOMY MaKpOCOCTOSTHUIO CUCTEMBI COOTBETCTBYET
OJTHO MUKPOCOCTOSIHME. DTO O3HA4Ya€T, YTO TEPMOJUHAMUYECKAS BE-
POSATHOCTB paBHA |, a SHTPONHUS — HYJIIO.

D10 u3BeCTHBIN moctynar M. [lnanka: sanmponus unoueuodyas-
HO20 KpUCMAIUYECKO20 Geuiecmea npu adcoiiomHoM HyJle pPaeHa
HYJ110.

Takum o0pazoM, PHTponus sBJsieTCs QYyHKIMEH TEpMOIUHAMMUYC-
CKOM BEPOSTHOCTH CUCTEMbI MU MMEET CTAaTUCTUYECKUU Xxapakrep. Ilo
JI. bonpliMaHy, BTOpOE HA4ajI0 TEPMOJIMHAMUKA HOCUT BEPOSITHOCTHBIN
xapakrep. Tak Kak 3TO BEPOSATHOCTHBIM 3aKOH, TO BTOPOE HA4yajo Tep-
MOJAVUHAMUKHA MPUMEHUMO TOJILKO K OOJIBIIIOMY YKCTY YaCTHII.

3.6. Xapakmepucmu4eckue (oyHKyuu u
mepMoouHamMu4yecKue nomeHyuaasl

BTopoe Hayano TepMOJMHAMUKHU U MOHATHE OO0 SHTPONUU ObLIU
BBEJICHBI B (DM3UKY MEPBOHAYATIBLHO MPU PACCMOTPEHUHN U30JUPOBAH-
HBIX CHCTEM. I TakWX CUCTEM YCJIOBHUS CaMONPOU3BOJIBLHOCTH U
PaBHOBECHSI MOTJIM OBITh BBIPaKEHbI OJHO3HAYHO YEPE3 M3MEHEHHE
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sHTponuu. Ho Ha mpakTuke MPUXOAUTCS UMETh JEI0 C CUCTEMaMH,
B3aMMO/ICUCTBYIOIIMMHU C OKPY>KaIOIIEH Cpeo. DHTPONUS HEY100Ha
JUTSL XapaKTEPUCTUKH TIpoliecca B 3TUX YCIOBUAX. B pesynbrate padbot
. V. T'ub6ca, I'. 'enbMronsia u Ipyrux ObLIM OTKPBITHI TEPMOIMHA-
MU4YeCKUE (YHKIUHM, U3MEHEHHUSI KOTOPBIX JlaBajud BO3MOXKHOCTH B
npoctoii ¢hopMe OMpeAcIUTh HAMPaBJICHUE CaMOIPOU3BOJBHOIO Te-
YeHusi Tpoliecca U YCJIOBHUS paBHOBECUA. Xapakmepucmuueckoi
¢ynkyueii Ha3bIBaeTCs Takasi PyHKIUSI COCTOSTHUSI CUCTEMBI, TIOCPE-
CTBOM KOTOPOM WJIM €€ MPOU3BOAHBIX MOTYT OBITh BHIPAKEHBI B SIBHOM
dbopMe TepMOJIMHAMUYECKHE CBOMCTBA CUCTEMBI.

Hanbonee mupoko B TEPMOJAMHAMUKE HCIIOJIB3YIOTCS CIEAYIO-
e nath Qynkuuid: 1) sneprust ['n66ca — G (wim u3o6apHO-U30TEP-
MUYECKUM TOTeHIaN), 2) sueprus ['ensmronsia — F (unu nzoxopHo-
M30TEPMUYECKUN TOTEHIMaN), 3) BHyTpeHHsis sHeprus — U, 4) sH-
tanenus — H, 5) sutponus — S.

[lepBbie YETHIpE U3 HUX OOBEIUHSIIOTCS TAKKE OOIUM Ha3BaHUEM
TEPMOJIUHAMUYECKUX MTOTEHIINAIOB.

3.6.1. 3ueprusa 'esibMroJsibna
(M30XOpHO-U30TEpPMUYECKHI NOTEHIMAJI)

Bropoe Hauasio TepMOAMHAMUKH I OOPATUMBIX MPOIECCOB:
dS =d8Q/T.
[1o mepBOMy Havary TEpMOJIUHAMUKMU:

0Q = dU+0A ,1ax, TOTYyUaEM
dS = (dU+0A ) / T.

Moskno 3anucath T-dS = dU + 0Aax WU 0A 0 =1-dS — dU. 1n-
TETPUPYEM ITO BhIpakeHue npu V=const; T=const:
Amax = TAS =AU =T(S; - S)) — (U, = Uy = (U; = TSy) — (U, - TSy).
Brenem o6o3nauenne F = U — TS u HazoBeM 3Ty (yHKIHIO SHEP-
rueu [ 'enpmMrosbia, uin U30XOPHO-U30TEPMUYECKUM TTIOTEHIIUATIOM.
[Tonygaem: A = F1 — F, =—(F, —F,) =-AF.
Anax = —AF.

Ymenvuenue IHepcuu FeJleZOJlbl(a PAGHO MAKCUMAIbHOIL pa-
oome oﬁpamumozo usomepmuieckozco npouecca, npomexKkarouieco
npu nOCmoOAHHOM ooveme.
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Oueprusa ['enpmrosnbia siBiaseTcs PyHKIHMEH COCTOSHHUS CHUCTEMBI
F =1{(T,V), T. e. ee u3BMeHEHHUE HE 3aBUCUT OT ITyTH IpoIecca, a Onpee-
JIsIeTCsl HauaJbHBIM M KOHEYHBIM COCTOsIHUEM cucteMbl: AF = F, — F.

BHYTpeHHIOI0 3HEPru0 MOXKHO BbIpa3uth kKak U = F + T-S, 1. e.
BHYTPEHHSISL SHEPIrUs €CTh CyMMa JIBYX BeJqnuuH. Bennunna F BeIpa-
aeT Ty 4acThb BHYTPEHHEN SHEPryuU, KOTOPYIO MOXHO MPEBPATUTH B
paboTy; npousBeneHre T-S — CBA3aHHAsl SHEPTUsl, TaK KaK €€ HEJIb3s
NpEBPATUTH B paboTy. OTCIO/1a SHTPOIHS — 3TO J0JIS CBA3AHHOU SHEP-
TUU, IPUXOASAIIAACS HA OJUH Ipagyc.

3.6.2. 06 beAUHEHHOE YPaBHEHHUeE [IePBOro
U BTOPOr'0 HA4aJia TepMOAUHAMUKM.
MakcuMasibHasg M MaKCUMaJIbHasA MoJIe3Has paboTa

B ypaBnenue nepBoro Haudana 6Q = dU + 6A Bmecto 6Q noxcra-
BUM U3 BTOPOro Hayajna TepMoauHamMuku T-dS u mogydynm aHamuTu-
yeckoe BolpakeHue I u Il 3aKkoHOB TepMOIMHAMUKMU:

T-dS =dU + dA, umu 0A = T-dS — dU.

B o0mem ciyuae dS > 0Q/T, wnu dS > (dU + 6A)/T.
Otkyna oObeIMHEHHOE ypaBHEHHME IEPBOIO M BTOPOTO Hadalia
TEPMOJIUHAMUKH UMEET BU/I:

T-dS > dU + dA, nm 6A < T-dS —dU.

Pabota, KoTopas MOKET OBITh MPOM3BEICHA CUCTEMOM, SBIISCTCS
HanOoJbIIeH Tpu 00paTUMBIX Tporeccax. Ee Ha3pIBalOT MaKCHMallb-
HOM paboToit (CUMBOI A,y ). KpoMe moHsATHS MakcuManbHON paboThI,
CYIIECTBYET TMOHATHE MaKCUMaJIbHOM TMO0JIe3HOM paboThl (CUMBOJI
A'ax). CBsI3b MaKCUMaJIBHOM M MaKCHUMaJIbHOW TOJIE3HOM PabOTHI
BBIPAYKAETCSl yPAaBHCHUEM:

A,max = Amax - pAV'
MakcumanpHas ToJie3Has padoTa paBHa MaKCHUMalIbHON pabote

34 BbBIYCTOM pa6OTBI BHCIIHCTO AAaBJICHUA.

3.6.3. JHeprua 'n66ca
(M3060apHO-U30TEPMHUYECKUI ITOTEHI A )

BepHemcsa k ypaBHeHHIO, CBS3bIBalOIEMY Ay U A
A’max = Amax - pAV
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CornacHo u3N0KEHHOMY: A .x = —AF, T. €.

A’max =_AF — pAV = —(Fz — Fl) — p(Vz — Vl) =
=(F, +pVy) - (F, +pVy) =G, -G =G, - G)) =-AG,

rne G = F + pV — sneprusa ['n66ca, nnu n300apHO-U30TEPMUYECKUI
MOTEHIIHAIL.

A max = -AG.

Ymenvwmenue snepeuu I'noo6ca pagno maxcumanvbHoii noJj1e3Hoil
padome 00pamumozo U30mMepMuYecKozo npoyecca, npomeKaru,ezo
npU NOCMOAHHOM OAG/ICHUU.

Bemnunna G gBisieTcss OJJHO3HAYHOM (PYHKIIMEH COCTOSIHUSI CHC-
Tembl. JHeprusa ['nb0ca, kak u 3Heprus ['eapMromnbiia, He UMEET adco-
moTHOTO 3HadYeHus. Pasmeprocts F u G [ [{x/Moib].

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

nwm H=G+ T-S.

Oynkuuio H MOXXHO paccMaTpuBaTh Kak OOIIYIO IHEPTHIO, CO-
CTOSIITYI0 W3 3Hepruu ['nb0ca u cBsizaHHON >HEpruu. COOTHOIIEHUE
MEK]ly OCHOBHBIMU TE€PMOJAMHAMUYECKUMU (PYHKIIUSIMHU MOKHO MpPeJ-
CTaBHUTh CIEAYIOMICH 00pa3om:

H
) U pVv | H=U+pV;H=G+TS;

TS F pV F=U-TS;U=F+TsS;
LN G . G=H-T-S;G=F+p-V.

s 6uoxumuueckux nporeccoB AG = AF, tak kak Omoxumuue-
CKHE MPOLIECCHl UYT 0€3 M3MEHEHMST 00beMa.

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

Tak kak OOJIBIIMHCTBO XMMHUYECKHUX IMPOIIECCOB MPOTEKACT B HeE-
V30JIMPOBAHHOW CUCTEME, WCIIOJIb30BAHME SHTPOIMU KaK KPUTEpHUA Ca-
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MOTIPOM3BOJIBHOCTH TIpoIiecca HEYTI00HO, SHTPOITUIO MOYKHO MPHUMEHSITh
TOJIBKO ISl U30JIMPOBAHHBIX CHUCTEM. JIJIs HEM3O0JIMPOBAHHOW CHUCTEMBI
OOBIYHO UCTIONB3YIOT TepMOIMHaMudeckue nmoteHuansl F u G.

1. Dneprus I'eabmrosbuna

dS > 6Q/T, umu dS > (dU + pdV)/T.

YMHOxkUM 00€ yacTu Beipaxkenust Ha T, Torpa: T-dS > dU + pdV,
OTKyJla

dU < T-dS — pdV. (1)

IIpeactaBum U kak: U=F+ T-S. Huddepenuupyem nanHoe
ypaBHEHHE, ITOTy4aeM

dU = dF + TdS + SdT (2)
[ToncraBnsiem ypaBHeHue (2) B BoipaxkeHue (1), 3anucsiBaeMm:
dF + TdS + SdT < TdS — pdV.

Coxkpamaem o6e yactu Ha TdS: dF <-SdT — pdV.
Jli1st oOpaTUMOTO MpoIecca BEIpaKECHNE NMEET BU/!

dF = -SdT - pdV.

JlaHHOE COOTHOIIIEHNE PACCMOTPHUM IS Pa3IMYHBIX ITPOIIECCOB.
1. M3oxopHsbIii mporecc (V = const)

dV =0, torma dF = —-SdT.

Mo>kHO 3amucarh BhIpaK€HHE YaCTHOM MPOU3BOJIHOMN IO 00BEMY
(uactHbil nuddepentran):

(9F/0T), = —S.

Takum obpaszoM, sanmponus ecmov mepa yovinu snepzuu I envm-
201buya ¢ ygeauyeHuem memnepamyput npu V=const.
2. N3orepmuyeckuii mporece (T = const)

dT =0, torna dF = —pdV.
BripaxkeHrne 4acTHOM NPOU3BOJIHOM MO TEMIIEPATYPE UMEET BUL:
(0F/0V)r=—p.

Jlaenenue saensemca mepoiut yovinu nepzuu I'envmeonvua c
yeenuuenuem oovema npu T=const.
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3. N3oxopHo-uzotepmudeckuii npouecc (V = const, T = const)
dV=0,dT=0,T1.e.dF=0.

B obmewm ciyuae: dF < 0.
3HaK pPaBEHCTBA OTHOCHUTCA K OOpaTUMBIM MpoIlecCaM, 3HAK
«MEHBIIE» — K HEOOpaTUMBIM.

F

min

H3IMEHCHHE COCTOAHHSA

PAaBHOBECHE CHCTEMBI

Puc. 3.5. Hsmenenue snepeuu ['envmeonvya

Jna cucmem, kocoa T = const u V = const, kKpumepuem camo-
NPOU3E0ILHOCMU  NPOUECCA AGNACMCA YMEHbUIEHUe IHepIuuU
I'envmzonvuya, 6 cocmoanuu pasnogecusn pynkyua F umeem munu-
MajibHOe 3HaueHue.

2. Dueprus I'm66ca

Panee O6b110 MOTy4EHO:

dF <-S.dT —p-dV. (1)
G =F + pV. duddepenuupyem 3To ypaBHEHHE:
dG =dF + p-dV + V-dp.
Bripazum Bennuuny dF:
dF =dG — p-dV — V-dp. (2)
[ToncraBuMm BeipakeHue (2) B ypaBuenue (1):
dG - p-dV - V.dp <-S-dT —p-dV,
OTKyJ1a
dG <-S.dT + V-dp.

PaccmoTpumM 3TO BhIpakeHHE sl OOpaTUMBIX TPOIECCOB (3HAK
paBeHcTBa it oOpaTuMbIx nponeccos): dG =—-S-dT + V-dp.
1. M306apusIii miporiece (p = const)
dp =0, dG =-S.dT, Torna:
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(6G/T), =-S.

Iumponusa ecmv mepa yoviaiu Inepeuu I'uooca c yseauuenuem
memnepamypsl npu p = const.

2. N3otepmudeckuii mporece (T=const)
dT =0, dG = Vdp, Torna:

(0G/dp)r=V.

Oovem aesnaemca mepoii eo3pacmanusn Inepzuu I'uéoca c yge-
auuenuem oaenenusn npu T=const.

3. N3obapHo-u3zorepmuueckuii mpoiecc (p = const, T = const)
dT =0;dp=0;dG=0.
B o0mem Bugze: dG < 0.

G

HU3MEHEHHE COCTOSTHUSA

paBHoBecue ~ CHCTEMBI

Puc. 3.6. Hamenenue snepeuu I'ubbca

Kpumepuem camonpouseonvnocmu npouyecca npu T = const u
p =const aenaemca ymenvuienue 3IHepeuu l'udoca, kpumepuem
pasHoeecuss — MUHUMAIbHOE 3HAYEeHUEe IMOTL PYHKYUU.

3.6.5. Cnoco6bl pacueTa u3aMeHeHUs SHepruu 'n66ca

CBoOonnas aHeprust (3Heprust [ mdboca) ectb PyHKIMS COCTOSHUS
CUCTEMBI, T. €. HE 3aBUCHUT OT IIyTH MPOLIECCa, & ONPEAEIACTCS JHUIIb
HaYaJIbHBIM U KOHEYHBIM COCTOSIHUSIMH.

1. CrangapTHoe u3MeHeHue sHepruu ['nboca peakiuu onpeaess-
€TCs TI0 YPABHEHHUIO:

AGOpeaKuun = Z(nAGO)HPOJJyKTOB - z:(nA(}O)ucx. BelleCTB.

2. Boluucnenue u3MeHeHusl 3Heprun ['nb0ca XMMHUECKON peak-
MU 10 3HAYCHUSM CTAHJAPTHBIX SHTAJIBIIUA U SHTPOIUM:
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AG’r = AH"; — TAS'r,
rae AH'p = ZnAHjpon, — ZnAH (.,
AS'; = ZnASOHPOH‘ — 3nAS’ yex. (Mo cTaHgapTHHIM TaOIUIIAM).

3. Ecnu yaaeTcst MpoBECTH PEAKIIUIO B TalIbBAHUYECKOM BJIEMEHTE
u onpenenuts ero I C, To:

G’ = —zFE",

IJIe Z — 3apsiJl pearupyroiiero HoHa B 3JIEMEHTE;
F —uucno ®apanes;
E’— cragaaptHas J/[C raapbBaHUYECKOrO 3JIEMEHTA, IOJyYaro-
ascsl TOrja, KOorjaa KOHIEHTPAIUSl pearupyroiidx HOHOB B DJIEMEHTE
paBHa lr-mMoib/m.

3.7. Xumuyeckoe cpodcmeo.
IIpunyun bepmso u e2o0 HecocMosAMe/IHOCMb

Kaxnas xumuueckasi peakiysi 0ObIYHO COMPOBOK/IACTCSI U3MEHE-
HueMm BHyTpeHHel sHepruu (AU). [Ipuunnoit namenenust AU BoO Bpe-
Msl PEaKIMM SIBJSETCS TaK Ha3bIBA€MOE XMMUUYECKOE CPOJICTBO pearu-
PYIOIIMX BEIIECTB. DTUM HE BIIOJHE YJIaYHBIM, HO OOIICHIPUHATHIM
TEPMUHOM BBIPaXXalOT CIIOCOOHOCTH JaHHBIX BEIIECTB BCTYMNaTh B XU-
MHUYECKOE B3auMoAerucTBue Apyr ¢ apyrom. B XIX cromeruun 3a mepy
XUMHUYECKOTO CPOJICTBA IPUHUMAJICS TETIOBOU 3P (DEKT.

Cornacuo npunuumny beptio (1867 r.), éce camonpouszeonvuvie
npouyeccel, npomekawowiue 6 npupooe, uOym 6 CHopoHy HaAudONb-
uie20 6vl0eNeHUA Mmeniomol.

OTOT NPUHLIMI HEBEPEH, TAK KaK OH OTBEPraeT BO3MOXHOCTb JH-
JTOTEPMUUYECKUX peakinii. B HacTosee BpeMs 3a MEpy XUMHUYECKOTO
CpPOJICTBAa MPHUHATO U3MEHEeHWe sHepruum ['mbbca (s m300apHO-
U30METPUUYECKUX MPOLECCOB) MM U3MEHEHUE 3HEpruu ['eapMromnbia
(111 ©3OXOPHO-U3OTEPMUUECKUX MTPOIECCOB).

Bennunnbl AF n AG nOKa3bpIBalOT OCYIIECTBUMOCTh XUMUYECKOU
peaKuuu:

AF = 0 — coctosinue paBHoBecusi; G = 0 — cOCTOSIHHE paBHOBECHS;
AF < 0 — mpo1iecc BO3MOXKEH; AG < 0 — nporiecc BO3MOXEH;
AF > 0 — mpo1iecc HEBO3MOKEH; AG > 0 — nporiecc HEBO3MOXKEH.
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MosxHo BocnoJib3oBaThesi cooTHomeHueM: AG = AH — TAS. Eciu
AG > 0, To mporecc HEBO3MOXKEH B JAaHHBIX YCIOBUSAX. UTOOBI peak-
M CcTaja BO3MOXHOHM, HEOOXOJMMO TOBBICUTH Temriiepatypy. llpu
YCIIOBUU, UTO | TAS|> |AH |, IPOLECC CTAHET BO3MOXKHBIM.

3.8. YpasHeHue I'u66ca - I'eabm2oavya

Panee nokasanu, uro (0G/0T), = —S. IloacTaBuB 5TO BBIpaKEHHE
B pynkuuio G = H —T-S, nonyunm: G = H + T-(0G/0T),.

PaccmoTpuM M30TEPMUYECKUN TEPEXO] CUCTEMBI U3 HAYAJIBHOT'O
COCTOSIHUS B KOHEUHOE, JJI1 KOTOPOrO:

G1 = H1 + T(@Gl/ﬁT)p, G2 = H2 + T(@Gz/aT)p
CiienoBaTenbHO, MOXKHO 3aIIMCATh:
G2 — G1 = Hz - H1 + T(@(Gz — Gl)/ﬁT)p
WM 119 U300apHO-U30TEPMUUYECKUX YCITOBUM
AG = AH + T(0AG/0T),,.

I[J'I}I nponoecca, MpoTeKaromero B K30XOPHO-U30TCPMHUICCKUX YC-
JJOBHAX

F=U-T:S, -S = (3F/dT),,
IOJIYYUM
AF = AU + T (6AF/0T),.

OTu ypaBHEHUSI, Ha3bIBaeMble ypaBHeHUAMU [ '100ca — ['enbMrosib-
113, XapaKTEePU3yIOT 3aBUCUMOCTh 3Heprun ['mb6ca mmu ['enbmrosbia
OT TeMmIreparypbl. YpaBHeHue [unb60ca— I'eabMrosibiia MOXKET OBITH

BBIPKEHO Y€pe3 MAKCUMAJIBLHYIO TI0JIE3HYIO0 padoTy: AG = —A' ..
MakcumanbHast noje3Has padota (A’ .x) MOXKET OBITH MEPOI XU-
MUYECKOI'0 CPOJICTBA:
A’ hax = 0 — COCTOSIHME XMMUYECKOTO PAaBHOBECHS,

A’ hax > 0 — mpoliecc BO3MOKEH;
A’ ax < 0 — mporiecc HEBO3MOXKEH B JIAHHBIX YCIOBHSIX.
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3.9. Xumuueckuil nomeHyuas

Xapaxrepuctuueckue gynknuu (U, H, F, G, S) sBisitorcst kpute-
pUSAMHU CaMOITPOU3BOJIBHOCTH MPOIECCA U PABHOBECHUSI NIPU MOCTOSH-
ctBe 1aByx mapametrpoB: U=f(V,S); H=A1(p,S); F=1{(T, V),
G=1(p, T); S=1(U, V) =1(H, p).

s U, H, F u G — paBHOBecHI0 0TB€YaeT MUHUMYM 3THUX (DYHK-
UM, a 111 S — paBHOBECUE XapAKTEPU3YETCI MAKCUMYMOM (PYHKIIUH.

HaszBanuble (QyHKIUMUA SBISIOTCS 3KCTEHCUBHBIMU CBOWMCTBAMH
CUCTEMBI, T. €. UX YHCICHHBIE 3HAYCHHUS MPONOPIMOHAIBHBI Macce.
OpHako KpUTEpHEM CaMONPOU3BOJILHOCTH M PaBHOBECHS IIpoliecca
MOXET CIIY)KUTh U MUHTEHCUBHOE CBONCTBO CUCTEMbI — UM SIBJISIETCS
XUMH4YeCKnil noTeHuuan. [loHsTHE XMMUYECKOro MOTEHIMana OTHO-
CUTCSI K OTKPBITBIM CHUCTEMaM, T. €. IOMyCKaIOINM OOMEH BEIIeCTBOM
C OKpY>KaloIllui Cpejioi, a HE TOJIBLKO OOMEH TEIIOTON U pabOTOM.

Jlo cux mop Mbl pacCMaTpHUBAJIU 3aKPBITHIE CUCTEMBI, B KOTOPBIX
BO3MOXEH OOMEH TEIIOTOM M paboToM, HO HET OOMEHa BEIIECCTBOM.
Jnst 3akpeIThIX cucteM 3Heprusi [ mboca ectb QyHKIUS J1aBICHUS U
temrneparypsl: G = f(p, T).

OTkpbITas cuUcTeMa JIOMyCKaeT OOMEH BEIIECTBOM C OKpYIKaro-
€N CPEJION, T. €. B OTKPBITOU CUCTEME:

I7e N; — YUCIIO MOJIeH KaKA0Tr0o KOMIIOHEHTA CUCTEMBL.
Panee jy1s1 00paTUMBIX POILIECCOB MOTYYEHO:

dG = —SdT + Vdp,
_S = (6G/eT),,
V = (6G/dp)r.

Torma momyuum ypaBHenue (1):

dG=(8G/ap)r. wxdp + (OGIAT), wxdT +
+ (0G/0ny)p, 1, nje1 Xdn; + (0G/01)),, 1, njiznis

rae n; — o0O3Ha4aeT BCE BEIECTBA, Kpome 1-ro (T.e. B 1-M ciaydae
KpOME n{, BO BTOPOM N, U T. 11.).

[TonsiTe XuMHUUYecKoro noreHmnuana (L) ObUI0 BBEICHO B TEPMO-
nuHamuky [1. Tub6coM: Xumuueckum nomenyuaiom KOMHOHeHMA 6
pacmeope uiu 2az060l cmecu HA3BIBACTCS YacTHAs MPOU3BOJHAS OT
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11000r0 M3 TEPMOJUHAMUYECKUX MOTEHIIMAJIOB MO YHCITy MOJICH JaH-
HOTO KOMIIOHEHTA IIPU MOCTOSIHCTBE YKCJIa MOJIEH BCEX KOMIIOHEHTOB,
KpPOME JTaHHOTO.

Wi = (0G/0ny)p, 1,nj = (OF/Ony)t, v, nj = (OH/ONi)s . nj = (OU/ON)s, v, nj -

Takum oOpazoM:

Wi = (0G/0n;) 1ppj — 5TO Mepa U3MeHEHHA o0mel sHeprun I'mb0ca
JUTSE BCEH CMECH TI0 YHUCITy MOJIeH TAaHHOTO KOMIIOHEHTA MPH MOCTOSH-
CTBE JaBJICHUS, TEMIIEPATypPhl U MMOCTOSHCTBE MOJIEH BCEX KOMIIOHEH-
TOB, KpOME 1-TO, T. €. MOTEHIIUA] KOTOPOTO MBI OTIPEICIIAEM.

Hac untepecyer mamenenue sHeprum ['mbbca mpu p = const,
T = const. Eciiu BepHyThCs K ypaBHeHuto (1), o dp =0, dT =0,
noJiy4yaem

dG = uldnl + Mzdnz + .. .+uidni , HJIN
dG = Zuidni.

Takum oO6pazoMm:

> u;dn; = 0 — ycinoBue paBHOBECHS;

>u;dn; > 0 — mporiecc HEBO3MOXKEH;

>udn; < 0 — ycioBue it caMOIIPOU3BOIBLHOIO (HEOOPaTHMOTO)
pOTEKaHuUs Mpoliecca.

OTHU ypaBHEHUS UCIOJNB3YIOTCS N1 pacyeTa (a3oBOro paBHOBE-
cus. C TOUKH 3peHUsI TEPMOAMHAMUKA XUMHYECKHUIN MOTCHIUAT SIBIISI-
€TCS MEpON M3MEHEHHUsI SHEPTruu B JaHHOM (hpaze 3a cueT U3MEHEHUS
TOJIBKO MAaCChl OMNPEJEICHHOr0 KOMIIOHEHTA, BXOJSIIEro B COCTaB
3TOM (pa3bl.

YTto BIMSET HA BETMUYMHY XUMUYECKOT0 TOTEHIIHaa?

(0G/op)r = V.

K sToMy BeIpakeHHI0 npuMeHuM L; = 0G/on;, T. €. npu n = 1 -G = .
Torna (OW/op)r =V, unu

du = V-dp.

Ecnu ra3 upeansubiit, To du = V-dp = (RT/p)-dp.
HNHTerpupyeM TaHHOE BBIpAKEHUE, ITOTydaeM

1 — 1o = RT-In(p/py).
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[Ipumem py = latMm, Torma dopmyisa sl pacueTa XUMUYECKOTO
NOTEHIMAaNa JJIsl UACATBHOIO ra3a NUMEET BU:

1= o + RT-Inp,

TIE Lo — CTAHJAPTHBIM XUMHUYECKUM MOTCHIUAI, T. €. XUMUYECKUHU TO-
TEHIIMAJI OJJHOTO MOJI YACTOrO Ta3a npu p = larm u temneparype T.

3.10. Xumuueckoe pasHogecue. KoncmaHma
pasHogecus U cnocoobl ee 8bIpaAMHCEeHUs

HccnenoBanus MOKa3bIBAIOT, YTO XUMUYECKasl pEaKius OJIHOBpE-
MEHHO IIPOTEKAeT B ABYX HAIMpPABJIEHUSAX: B CTOPOHY 00pa30BaHMsI TIPO-
JTYKTOB peakiuu (TpsiMasi peakiysi) 1 B CTOPOHY Pa3IOKEHUs MPOIYK-
TOB Ha UCXOJHbIC BemecTBa (oOpatHast peakuus). [Io Mepe mporekanus
mpoliecca CKOPOCTh MPSIMOM peaKIMi YMEHbBIIIAeTCsl, a OOpaTHON yBe-
nnuuBaetcs. Korma o0e CKOpoCcTH CpaBHSIIOTCS, HACTYMHAEeT COCTOSTHUE
XUMUYECKOTO PABHOBECHS — KOHIEHTPALUM PEArvpyrolnuX BEIIEeCTB
CTAHOBATCSI BIIOJIHE ONPEACIICHHbIMU WU TOCTOSIHHBIMU BO BPEMEHU
(Mpu yCIIOBUH, YTO AABJICHUE U TEMIIEpaTypa HE MEHSIOTCS).

PaccMOTprUM XUMHYECKYIO PEAKIIUIO:

W,
mA +nB < pC + gD.
W,
O0603HaYMB KOHIIEHTPAIIMIO UCXOAHBIX BemiecTB C, u Cp, Hamm-
IIIEM YpaBHEHUE CKOPOCTH MPSIMON peaKkui U OOpaTHOU pEeaKIIU:
Wi=k;-C4" Cp,
W, =k;- C- Cpl,
rae ki, k, — koHCTaHTa CKOPOCTH NPAMOM U 0OpAaTHOM peakiiuii.
B momenT paBHOBecusi: W= W, T. €.

ki - CAm 'CBn =ky- CCp’ CDq:
OTKYZa KOHCTAHTAa PaBHOBCCHSI:
Kc = kl/ k2 = Ccp ) CDq/ CAm ) CBn.

Benuuuna koncmanmeot PasHoeecusn He 3asucum om Kojiuue-
cmea peazupyrwuiux eeuiecme uU uUX KOHuenmpauuu, a 3aeucum
moJibKo om memnepantypaul.
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Konnentpanuto BemectB A, B, C, [ oOblYHO BBIpaXarOT B
MOJIB/J, TOTJIa JJIsi KOHCTaHThI PaBHOBECHS BBOAAT oOo3HaueHue K.
WMHorna npu BBIYMCICHUH KOHCTAHTHI PAaBHOBECHUS yI00OHEE MOJIb30-
BaThCsl HE KOHIEHTpaIMEl, a BEJIUUYMHAMU, TPONOPIUOHATILHBIMU €.
YucnoBoe 3HaYeHNE KOHCTAHTBI B 3TOM cliydae OyIeT APyTruM.

JIJist Ta30BBIX peakuuii yA0OHO MPUMEHEHUE TMaplyaibHbIX J1aB-
JICHUM, KOTOPBIE MOJICTABIAIOTCSA B YPABHEHUE BMECTO KOHIICHTPAIUH.
BenuurHy KOHCTaHTHI PAaBHOBECHUSI BBIPAXKAIOT uepe3 MapiuaibHOE
nasjenue, 00o3nagaror K. YpaBHenue OyaeT UMeTh TaKOH BHJL;

K= mc" pp™)/ (p4™ ps")-

Bennuunsl K, u K, uncieHHo He paBHBI APYr APYry, HO MEXIY
HUMU CYILECTBYET ONPEAEICHHOE COOTHOILICHUE:

piV =nRT,
Pi— (HI/V)RT = CiRT,
rae C; = n/V — uucno moneit B enuHUITY 00beMa (KOHIICHTPAIIHS).
K, = (C¢RT) P (CpRT) H/(C4RT) ™ (CxRT) "=
=[(CcP- CpHAC,™ Cp")] - (RT) P97 "=K(RT) ™",
K, = K.(RT) *",

riae An — pa3HOCTb CYMM CTEXHOMETPHUYECKUX KOA(D(HUITMEHTOB Mpo-
TyKTOB PEaKIINU U UCXOIHBIX BEIICCTB.

[TapunanpHOE JaBJICHUE CBSI3aHO C OOIIUM JAaBJICHUEM W MOJIb-
Hou nonen coorHomienueM: P; = Nj - Pygy, TOTIA

Ky, =[(NeP Np®)/ (N4 Ng™)] * (Pogu) ™
O603naunM [(Ne- Np 1)/ (N4 ™ Np")] =Ky, Torna
I(p = I<N ) (Poﬁm) An.
Koncrante! K, 1 K, 3aBUCAT TOJIBKO OT TEMIEpPATyphl, @ KOHCTaH-
ta Ky 3aBUCHUT OT JaBJICHUSL.
3.10.1. YpaBHeHU e U30TEPMbI XUMUYECKOMN peaKuu

YpaBHEHHE U30TEPMBI YCTAHABJIMBAET COOTHOLICHHE MEXKIY W3-
MEHEHUEeM sHepruu ['nb0ca peakiuu U KOHCTaHTOW paBHOBecus. Pac-
CMOTPUM XHUMUYECKYIO0 PEaKIHI0 B Ta30BOM (aze MpH MOCTOSHHBIX
JABJICHUU U TEMIIEPATYPE B YCIOBUSX, OTIMYHBIX OT PABHOBECHSI:

mA +nB < pC + gD.
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JlomyCcTuM, 4TO B CHCTEME MMEIOTCS HACTOJBKO OOJBIINE KOJIH-
yectBa BeniectB A, B, C, /I, yTo B pe3ynbTraTe B3anMMOJICMCTBUS M
MOJICH BelllecTBa A M n MoJieH BemecTBa B coctaB u o0I1iee naBieHUE
CHUCTEMBI HE MEHSIOTCS. Ecnyu mpopearupoBalii 3TH KOJIWYECTBA BE-
IIECTB, TO M3MEHEHHEe ZHeprur I'mb0ca cucTeMbl Oompeacisercs pa-
BCHCTBOM:

AG = Zp; - n; = pl, + qup — MLy — npp. (1)
[Ipuuem AG < 0 u, ciaemoBaTelbHO, CHCTEMAa COBepIaeT padboTy
(XMMHUYECKYI0) 3a CUeT M3MCHEHHS KOHIIEHTpAIlMU U YOBUIN dHEPTUU

['n60ca.

[Tomoxum, 4TO K pearupyrommM BelecTBaM NPUMEHUMBbI 3aKOHBI
UJeadbHBIX Ta30B. Tormaa, moab3ysach ypaBHeHUEM: L; = Ly +~ RTIn p;,
TIE Lo — CTAaHAAPTHBIA XUMHAYECKUM MOTEHIIHAT OJHOTO MOJISI YACTOTO
rasa npu aasiicHuu 1 at™ u temneparype T, MOXKHO MTOJACTABUTH 3HA-

YEHUS] XUMUYECKUX TTOTEHINANOB (L, Wp, Ly, Lp) B YpaBHeHHE (1).
['pynnupyst cinaraeMble COOTBETCTBYIOIIMM 00pa3oM, MOTYyUHM:

AG = (puoc + quop — mpgs — npop) + RT - [plnpc + glnpp — minp,, — nlnpp],

p — mapuuaibHOE AaBJIEHUE, OTHOCUTCA K HEPABHOBECHOMY CO-
CTOSIHUIO.

0_
O6o3naunm AG™ = (pHoc + qlop — Milo4 — Nop).
VpaBHEHHE MOKHO 3aIIMCaTh HHAYE:

AG = AG' + RT-In(p” - pp")/(p4™ - P"):
[Ipu paBHOBecuu AG = 0, Toraa noxydnm:
AG’ =—RTIn[(p" - ppV(p4™ " P5")],
IIPU 3TOM NApLHUAIbHOE JABJIEHUE «P» OTHOCUTCA K COCTOSHUIO PaB-
HOBECHSI.

[oxncrasum K, = (pc” - pp )/ (P4 * Pp’) ¥ OIYyIUM ypaBHEHHE 151
CTaHIAPTHOT'O 3HAYEHMSI CBOOOIHON SHEPIUU:

AG’=-RT - InK,,
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3a cmanoapmmnoe 3naueHue c60000HOI IHEP2UU NPUHUMACHICS
€20 3HaueHue npu 60N memnepamype npu KOHUEHmMpPAyuu uc-
XO0OHbBIX geuyecme u npoOyKmaoe, pagHoil no eOuHuye.

Torna:

AG =-RTInK, + RT-In[(pc” - pp)/(p4™ - p&")]-
BripaxkxeHre HEpaBHOBECHBIX MApPLUUAIBbHBIX TABJICHUN MOMXHO 3a-
IIUCaTh TakK.

In[(pc® - pp)/(p4™ - ps")] = InAp,
TOTJ1a NOJIY4YUM YpPaBHCHHUE U30TCPMBI:

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

AG = AG® + RT - InAp.

3.10.2. YpaBHeHHe U3006apbl U U30XOPHI

3aBUCUMOCTh KOHCTAHTBI PABHOBECHUSI OT TEMIIEpPATyphl MOXKHO
NOJYyYUTh UCXOMS U3 YpaBHEHHsI M30TEPMBbI M ypaBHeHHUs ['n06ca —
['enbmronpua. 3anuiieMm ypaBHeHue ['unb0ca— I'eapMmrosbia st
CTaHIaPTHOT'O COCTOSTHUSL:

AG® = AH + T(dAG/dT).

3HaK YacCTHOW MPOW3BOAHOM IS MPOCTOTHI CTaBUTh HE Oyaem.
YpaBHEHUE U30TEPMBI AG’ = —RT - InK,, moacraBuM B ypaBHEHHE
['u66ca — TI'enmpmronpiia u mocie aud@epeHIIUpoBaHUsS YpPaBHEHUS
M30TEPMBI TIO TEMIIEPATYPE TOTYUUM:

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

Cokpaiaem ypaBHeHue Ha Beipakenue —RTInK,,, momygaem
dInK,/dT = AH/RT?,
WU ypaBHEHUE 1300apsl B 1udPepeHIInaIbHOM BUIE UMEET BU/L:
dInK, = (AH/RT?)dT.

[IpouHTErpUpYyEM 3TO YPABHEHUE MO 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. 3aeucumocms nocapugpma koncmanmuol pagHogecusi
om 0bpammuol memnepamypbl

st mzorepmuueckux peakiuid (AH < 0) koHCcTaHTa paBHOBECHUSA
C TIOBBIICHUEM TEMIIEPATYphl TMaJaeT, ISl SHIOTEPMUUYECKUX
(AH > 0) pacrer.

JI71s1 mpaKTUYECKUX pacyeToB OepeM OIpeeIeHHBIM HHTErPaT:

1H(Kp2/Kp1) = (AH/R)(I/Tl - 1/T2)

AHAJIOTUYHO MOKHO BBIBECTH ypaBHEHHE M30XOPHI B AudepeH-
MaJIbHOM BU/IE:

dInK, = (AU/RT?)dT.

VYpaBHEHUS M300apbl U M30XOPHl YCTAaHABIMBAIOT 3aBHCHUMOCTH
KOHCTAHTBI PAaBHOBECHS OT TEMIIEpaTyphl IPH IMOCTOSHCTBE JIaBJIICHUS
WA 00beMA.

3.10.3. PaBHOBecue B pea/IbHBIX CUCTEMaXx.
IloHaTHE 0 JIeTYy4YeCTH U aAKTUBHOCTH

Bce ypaBHEHHMS TEPMOJMHAMUKH BBIBOJSTCS C MCIOJb30BAHUEM
3aKOHOB JUISl UJI€AbHBIX Ta30B. YTOOBI COXpaHUThH MPOCTOTY YpaBHE-
HUW TEPMOJIMHAMUKH UJEATbHBIX Ta30B U B TO k€ BPEMS CHIEJIaTh 3TU
ypaBHEHUSI MPUTOJHBIMU [ pealbHbIX razoB, [. JIerouc (1901 T.)
IPEIIOKUI 3aMEHUTh JaBJeHUE P HA BeIWUYUHY f, Ha3pIBaeMyIo JIETy-
4eCThI0 ((PYTUTUBHOCTHIO). DTUM (POPMAIBHBIM MPUEMOM BCE TPY/I-
HOCTH, CBSI3aHHBIE C YYETOM OTKJIIOHEHHS PEaJbHbIX I'a30B OT UJ€allb-
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HOTO COCTOSIHUSI, IEPEHOCSTCS Ha BHIYUCIICHUS JieTy4yecTu. JleTydecTs
onpeaessieTcss KaKk HeKoTopas (QPyHKIUS JABJICHUS U TEeMIEpaTyphl.
OHa BhIpaXXaeTcs B €IMHULIAX TABJICHUS.

Jlemyuecms npedocmasnnaem cobdoit oasénenue, opmaibHoO uc-
npaeieHHoe mak, Ymo npu OAHHOU memnepamype u OGHHOM 00be-
Me peaibHblil 2a3 NPpUodpemaem ceOUCmMea udeanbHo20 2asa.

=0 o
Jlns uneansHOro raza uMmeeM ypaBsuenue: G = G- + RT - Inp,
W

AG =G, — G; =RT - In(py/py)-
s peanbHOTO rasa:
AG =RT - ln(fz/fl),

rjae f — neryuyects, uau (GyruTUBHOCTD.

[Ipu kaxxnou TemMieparype JeTy4eCcTh ra3a J0JDKHA UMETh OIpe-
JeJIEHHOE a0COIIOTHOE 3HAaYEHUE, MPOMOPIHMOHATIBHOE (DAKTUUECKOMY
JABJICHUIO:

f=v-p.
Koaddurment nponoprmoHaabHOCTH (YY) Ha3bIBaeTCs Kodhuim-
eHTOM JieTydecTH. [Ipn HU3KHX TeMmIlepaTypax U BBICOKHX JIaBJIICHHSIX

JIETY4YECTh CHJIBHO OTJIMYaeTCs OT AaBiicHud. [lo mepe yMeHblIeHUs
naBlieHUs BeIM4UHBI p U f conmxkarorcs, U pu p — 0 OHU coBmaja-

IOT, T. €.

lim(f/p) = 1, cnenoBarenbHO: y = 1.
p—0

[Ipu paccMOTpeHHH paBHOBECU C yYaCTUEM KOHAEHCUPOBAHHBIX
(a3 BMECTO JIETYYECTH HCIOIb3YETCSI aKTUBHOCTh a (BEJIMYMHA, PaB-
Hasl OTHOLICHHMIO JIeTydecTH f B JAHHOM COCTOSIHHH K JIeTydecTH f B
CTaHJAPTHOM COCTOSIHHUM):

a=1y-ec,

rjae Y — K03 UIMEHT aKTUBHOCTH, IMOKA3bIBAE€T CTEIICHb OTKIOHCHUS
peabHBIX CHUCTEM OT MJICAJIbHBIX (YUUTHIBAET MEKHOHHOE B3aWMO-
JEUCTBUE).

J11s1 pa3baBiaeHHBIX paCTBOPOB MOXKHO CUMTATh: A =C, T. €.y = 1.
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3.11. Bmopoii 3aKOH mepMoJUHAMUKU
U 6uos102u4ecKue npoyeccel

Kak Oplmo moka3zaHo panee, ['mO60c BBen TepMOAMHAMUYECKYIO
(GYHKIMIO, TTO3BOJISIFOUIYIO TMOJIYYUTh KPUTEPUN CaMOIPOU3BOJBLHOTO
npolecca U paBHOBECHUS. DTO U3MEHEHUE cBOOOAHOM 3Heprun ['nboca.
Tenepnr pazdepemcst ¢ TeMH Pa3IUYUsSIMH B BBIOOpE CTaHIAPTHBIX CO-
CTOSTHUM, KOTOPbIE UMEIOTCS B (GPM3UIECKONM XUMUU U OMOXUMHUM.

B ¢uzuueckon xumuu 3a cmanoapmuoe 3nauenue c60000HOI
IHEPZUU NPUHUMAEmCA €20 3HA4YeHue npu 6ol memnepamype
npU eOUHUYUHOU KOHUEHMPAUUU UCXOOHBIX 6euiecme u npooyKmoe
peaxuuu.

B OnoxuMum HECKOJBKO WHBIC TOHSTHS CTaHIAPTHOCTH. boiee
TOro, OMOXMMUKH HUCIIOJB3YIOT JBa CTaHAAPTHBIX COCTOSHHS: OIHO
o6ozunagarot AG’ 1, apyroe AG 7.

AG’ 't cuumaemen cmandapmuuvim Guoxumuueckum 3nauenuem
C60000HOIL IHEpzUU nNpu 11000 memnepamype, K020a KOHUeHmMpa-
yuu ecex peazenmos paeunt eounuye (IM), 3a ucknrwuenuem mozo,
Umo KOHUEeHmMpauu uoOH08 6000p00a 8 CMAHOAPMHOM COCHOAHUU
npunumaiom pasnoii 10°M (nockonvky 3nauenue pH ¢ opzanuzme
onu3Ku K 7).

[TosToMy 1j1s peakiuii, B KOTOPHIX MPHUHUMAIOT Y4acTHE HOHBI
Bomopona, AG'r u AG” 1 6y1yT pasinuHsL.

Paccmotpum peakimio: A + B — C + xH'.

CraHzapTHbIE COCTOSHUA TakoBbl: [A] = [B]=[C] = 1M; [H'] = 107 M.

AG? 1 =AG’ + RT - In[HT*=AG" 1 + xRT - In10™".
Ecou T =298K u x = 1 — ocBOOOXk1a€TCsI OJIUH TPOTOH, TO
AG’ 1= AG’; + 1,987-298-107-2,303-(—7) = AG’t — 9,54 [kKai/mMois],

roe R = 1,987 [kan - K- moms™'].

DTO 3HAYUT, YTO JJISI PEAKIUMi, B KOTOPBIX KaTHOHBI BOJIOPOJA
soiensiorest, AG'r Gombiie AG” ' Ha 9,54 kkan/mounb. ClieoBareisb-
HO, peakIusi CTaHOBUTCS Oojee mpeanouturensHor npu pH = 7, yem
pu pH = 0.

B To Xe BpeMmsl, ecliu B Xoje peakiuy HoHsl H' pacxomyroTcs B
kagecTBe pearenta: C +xH — A + B, 1o
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AG’r=AG"' 1 +xRT - In10”.

Takum 00pa3oM, 3Ta peakius CTAaHOBUTCS Oojee MpearnoyYTHu-
tesbHOM Tipy pH = 0, yem nipu pH = 7. JIng peakuuii, B KOTOPBIX HO-
HbI BOJOPOJa HE IPUHUMAKOT Y4YaCTHs, AGOT = AG’ 'T.

Ceityac OMOXUMUKH 11 UCCIIEAOBAHUS YHEPIE€TUKHU KUBBIX KIle-
TOK MCHOJIB3YIOT JIPYroe CTaHIApTHOE COCTOSIHHE, KOTOpoe 0003Ha-
qaror AG’ 1. Tlomarasor, 4o (bU3HMOTOTUUECKUE KOHIICHTPAIUU CY-
IIECTBEHHO HIKE | M, XOTSI HUKTO HE MOKET OTBETUTh Ha BOIPOC, Ka-
KOBBI KOHIICHTPAIIMKU CYyOCTpaTOB B 00JAaCTH aKTUBHBIX LIEHTPOB (ep-
menToB. Ho 6uororu cumrator, yro Beamanta AG’ 't Gonee uudop-
MaTHBHA.

Jna amoii eeruvunst (AG” ”T) cmanoapmuoe cmapoe coCmosi-
Hue coxpansaemcsa moJbko 0.1 600wt (I1M). /[na opyzux peazenmoe 6
Kauecmee CMAaHOAPMHBIX YCA06UIL evlouparomcea 0oviuno pH = 7,
pacmeopennvie seuwecmea — 0,01M; CO, npu oaenenuu 0,05 amm;
O; npu oasnenuu 0,2 amm.

B o6mem Buge AG’ '+ =AG" 't + 2,303RT - 1gQ,
rae Q 3aBUCUT OT XMUMHUYECKOM peakiuuu (KOHKPETHO IS KaXKIOro
cirydasi).

PaccmoTrpum peakiuio:

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

rae KoA — kosH3um A (kopepMeHT A — yHUBEpCATbHBIA IEPEHOCUHK
AlWIIbHBIX TPYIIN).
AG’; = 42,5 kxan/monb (10 CIPABOYHHKKY),

AG”t = AG"; —2,303-RTIg[H]"* =
=42,5-2,303-1,987-107-298-1g[107']"* =
=—37,7 KKaa/MoJlb.
Q = ([anermn-KoA] - [H,0]) / ([6yrupar] ™ - [0,]* [KoA] - [H]"?) =
= (0,011) / (0,011/2,0,21/2.0,01. (10-7)1/2) _ 7’1104

AG”' ;= AG"t +2,303-1,987-107-2981g7,1-10* = —35,9 kxan/MoIb.

JInst peakiuid, rae ra3bl HE SBJISIIOTCS HU peareHTaMu, HU MPOIYyK-
TaMU W YHUCJIO MOJIE peareHTa B COOTBETCTBHUU CO CTEXHMOMETpHUEH
o 0 ’ 0 n
paBHO yuciy MoJier mpoaykra, AG™ 1 =AG" 1.
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Ecnu ke Bce 3T ycnoBUs COOIIOIAI0TCS U, KPOME TOT0, KATUOHBI
BOJIOPO/Ia HE SIBJISIIOTCSI HU MTPOAYKTOM, HU PEareHTOM, TO:

AG':=AGY 1= AGY .

3.12. dazoeoe pasHogecue
68 00HOKOMNOHEHMHbBIX cucmemax

da306bimMu HAZBIBAIOTCS TEPMOIUHAMUYECKUE PABHOBECHUS B Ie-
TEPOr€HHBIX CHUCTEMAaX, B KOTOPBIX HE IPOUCXOJUT XUMHYECKOTO
B3aMMOJICHCTBUSI KOMIIOHEHTOB, & UMEIOT MECTO JIWIIIb MPOIECCHI TIe-
pexoaa KOMIOHEHTAa U3 OJHOM (ha3bl B APYTYIO.

TepMoauHamMudyeckue cucTemMbl o (a3oBOMY COCTaBY Mojpasje-
JISIFOTCS HA

1) oqHOpOHBIE, UM TOMOT'€HHBIE, BHYTPH KOTOPBIX HET MOBEPX-
HOCTH pa3jiena;

2) pa3HOPOJIHbIC, UJIK IeTEPOreHHBIC, T/IC Pa3JIMUYHbIE MO COCTaBY
YaCTH CUCTEMBI OTJECJIEHBI APYT OT APYyTa IMIOBEPXHOCTHIO pas3jiena.

@Da3za (@) — onHOPOAHAS YACTh TETEPOTEHHOM CHUCTEMBI, OJIMHA-
KOBasi MO (PU3MKO-XUMHUUYECKOMY COCTaBY W OTACJICHHAas OT JPYrux
4acTel CUCTEMbI TOBEPXHOCTHIO pa3jela.

Cocrapysiolniee BEIIeCTBO — JIIO00OE BEIIECTBO, KOTOPOE MOXKET
OBITH BBIJICJICHO M3 CUCTEMBI U CYIIICCTBOBAThH BHE HEE.

Komnonent (K)— HauMeHblIllee 4MCI0 COCTABJISIONIUMX BEIIECTB,
JIOCTATOYHOE JIsl 00pa3oBaHus Bcex (pa3 maHHOM cuctembl. B omcym-
cCmeue XumMu4eckoz2o 63aumooeiicmeus Yucio KOMNOHEHmMOo8 PABHO
YUCTTY COCMABTIAIOUWUX 8EU|eCE.

[Ipy XMMHUYECKOM B3aUMOAECHCTBUM YHUCIIO KOMIIOHEHTOB PaCCUH-
THIBACTCA KaK YHUCJIO COCTABJISIOIIMX BEIIECTB MUHYC YHCJIO ypaBHE-
HHM, CBA3BIBAIOIINX KOHIICHTPAIIMU 3TUX BEIIECTB.

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

NH,Cl <> NH, + HCI
K=3-2=1
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KU:PNHg Bia
P]\,H3 =P

HCL

Hucno cmeneneii c60000bt (C) — 5TO YNUCIIO HE3AaBUCUMBIX TEpE-
MEHHBIX (B OCHOBHOM P U T), KOTOpbIe MOKHO MEHSITh B HEOOJIBIIINX
npeaenax 0e3 HapylieHus yucia (a3 CUCTEeMbl, HAXOASIIUXCS B PaB-
HOBECHH.

3.12.1. YciaoBust paBHOBecus ¢pas

[TockoyibKy MEpEeHOC KOMIOHEHTa U3 OAHOM (ha3bl B IPYTyH0 MO-
KET OCYILECTBIISITHCSA TOJILKO B OTKPBITBIX CHCTEMax, TO OyIeT crpa-
BEJIJIUBO BBIPAKEHUE:

Z:,uidni =0.

Paccmorpum aByx($a3zoByro cucTeMy, TJe MPOUCXOIUT TEPEHOC
KOMITOHEeHTa 13 (a3wl 1 B a3y 2:

1 2
—udn +u,;dn =0.

[lepen xumMuyeckuM moTeHUHAIOM 1 (a3bl cTaBUM «—», TaK Kak
KOJIMYECTBO KOMIIOHEHTOB B HEH yOBIBAET.

1 2
dn; (_:ui"' ﬂij =0.
1 2
M, = H,
DTOT BBIBOJ] MOKHO PacCMaTpuBaTh Ha JIFOOOE KOJIMYECTBO (as3.
1 2 3
M =H; = H; =...

T. €. YCJIOBHEM paBHOBECHS (a3 SBISICTCS PABEHCTBO XUMHUYECKUX T10-
TEHIIMAJIOB JJAHHOT'O KOMIIOHEHTA BO BCeX (ha3aX CHUCTEMBI.

BbIBOZI: CcaMOIIPOM3BOJIbHBIA TIPOIIECC B OTKPBITHIX CHCTEMaXx
poTeKaeT u3 (Paspl ¢ OONBITUM XUMUUYECKUM MOTEHIIMAIOM B (hazy ¢
MEHBIIIUM XUMHUYECKUM TOTSHITMATIOM JI0 TEX IOp, IOKa 3HAYCHUS T10-
TEHIIMAJIOB HE CPABHSIOTCS, T. €. HE HACTYIIUT COCTOSTHUE PAaBHOBECHSI.
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Ilpasuno ¢pa3 I'uooca

BriBoauTCs U3 ycaoBUs paBHOBecHs (a3 1 IJIaCUT:

Yucio cmeneneil c60000bl PABHOBECHOU MEPMOOUHAMUYECKOTL
cucmemuol, Ha KOMOPYIO U3 6HEUWIHUX (PAKmMOPO8 Oelicmeyom moib-
ko p u T, paeno uucity KOMROHEHMOG NAIOC 084 MUHYC YUCIO ha3:

C=K+2-,

rae C — uuciio crerneHer cBoOOEL,

K — ynciio KOMIOHEHTOB,

® — oOwree uncno a3, HaXOAAUIMXCS B PABHOBECHH,

«2» — 4UCIO BHEUIHUX HE3aBUCUMBIX niepeMeHHbIX (p u T), koTo-
pbI€ MOT'YT TIOBJIUATh HAa CUCTEMY.

Ecmu p = const mimn T = const, TO 4KCI0 NEPEMEHHBIX 3aMEHACTCA
Ha «I», T.e.C=K+1-®.

3.12.2. OfTHOKOMIIOHEHTHBbIE CUCTEMBbI

Hns saux C = 3 — @, tak kak K = 1. 1o ¢uzuyeckomy cMmbICity
YUCJIO CTETeHEH CBOOOJBI HE MOXET OBITh OTPHIIATEIBbHBIM, a YUCIIO
dha3 MoxkeT MeHAThCA OT 1 710 3 1 yucio creneHei cBo6o b1 oT 2 10 0.
[Ipu uucne creneneit cBOOOAbI «2» p U T MOXKHO MEHSTH, TIpu «0» p U
T MCEHSITH HEAB3A.

PaBHOBecHE B OTHOKOMIIOHEHTHOM CHCTEME MOXXET OBITh peal-
30BaHO 3 CIIOCOOAMMU:

® KHJIKOE — TBEPJOE,

® JKHJIKOE — ra3000pa3Hoe,

® TBEpJI0€ — ra3000pa3Hoe.

B3anMoCBsi3pb MEXIy XUMHUYECKMM IOTEHIIMAJIOM W JHEpPrucu

['nb0ca:
dG = Z u;dn,.
Ero unTerprpoBaHue Ijis 0JJTHOKOMIIOHEHTHOW CHCTEMBI:
Gi = Hn;,

eciu n; = 1, To G| = Y, T. €. XUMHYECKUN MMOTCHIIUAJ PABEH SHEPTUU
I'm606ca oTHOro MOJISI YUCTOrO0 KOMIIOHEHTA.
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3.12.3. da3oBas guarpaMMa 0JHOKOMIOHEHTHOMW CUCTEMbI

JIrob6as da3zoBas nuarpamma, WM JuarpaMma COCTOSIHHS, CTPOUT-
CS TOJIBKO IO 3KCIIEPUMEHTAIIBHBIM JJAHHBIM, IPH 3TOM UCTOIb3YIOTCS
JIBa MIPUHIUIIA!

1. IlpuHIMIT HENPEPBIBHOCTU: HPU HENPEPLIGHOM U3MEHEHUU
napamempoe cocmosanusn (p,T u cocmae) ceoiicmea ¢haz na oua-
pamme MEeHAIOMCA MAKHCe HENPEPbIGHO, NOKA HE UMEHAMCA YUC-
J10 u xapaxkmep ¢has.

2. [IpuHun COOTBETCTBUS: UUCAY (ha3, 0OHOEPEMEHHO HAXO-
0AWUXCa 6 pagHosecuu, Ha ouazpamme coomeemcmaeyem onpeoe-
JEéHHbLI 2eomempuueckuil oopas. Jlunus — ose ¢hazvl, mouxa —
mpu ¢hasei.

[Ipu moctpoeHnn AuarpaMmbl BHIOMPAETCS YKMCIIO OCEH KOOpAH-
HAT, COOTBETCTBYIOIIMX BBIOPAHHBIM IapaMeTpaM COCTOSHUSA (IS
OJIHOKOMITOHEHTHOM CHCTEMbI Ha IUIOCKOCTH MOTYT ObITh HM300pake-
Hbl p U T, U191 IBYXKOMIIOHEHTHOW CUCTEMBI — P WK I U COCTaB; ISl
TPEXKOMITIOHEHTHOM CUCTEMBI — TOJILKO COCTaB).

[Ipumep — nuarpamma COCTOSIHUSL BOJBI.

P| A B

AOQO — KpuBas IJIABJICHUS;
BO — xpuBas KuteHus;
CO — kpuBasi BO3TOHKH;

T

s aTuX TpEX ciaydaeB, UCXOAs U3 mpaBuiia ['mbOca 1y OJIHO-
KoMmIioHeHTHOM cuctemsbl (K = 1):

C=3-P0;d=2;C=1; T. €. MOKHO MEHATh B HEKOTOPKIX Ipe-
nenax oo p, auoo 7.

O — TpoitHas Touka, Bce 3 (a3bl HAXOAATCA B PAaBHOBECHH.

H2O>1< < H20T < H2Or
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® =3; C =0, T.e., uTOOBl HE HAPYIIUTH OJHOBPEMEHHOE COCY-
IeCTBOBaHHE BceX Tpex (a3, p U 1 JOKHBI ObITh 3a()MKCUPOBAHBI
(p=15,575 mm. pt. cT., T =273,1576 K).

s moneit TBEpuont COA, xuakoii AOB u razoo6pasznoit BOC
(a3, uncio creneneit ceoooapr C = 2.

3.12.4. PaBHOBecHe YUCTOI'O BellecTBa
B BYX pa3ax 0JHOKOMIIOHEHTHOM CUCTEMBbI.
YpaBHeHue Knaneitpona - Kiraysuyca

Takoe paBHOBecue (Kak BUIHO W3 BBIIICTPUBEAEHHOTO TTPUMEPA)
MOXET OBITb PEaNM30BAaHO TPEMSI BapUaHTaMU: TBEPAOE — KUIKOE;
KHUJIKOE — ra3000pa3Hoe; TBEPAOE — ra3000paszHoe.

Hanpumep, pazdepém paBHOBECHE «GKUIKOCTh — mapy». Kak ObLI0
MOKA3aHO BBIIIE, PABHOBECHIO COOTBETCTBYET PABEHCTBO XUMHUYECKHUX
MOTEHIINAIOB B 00eux (azax, T. €.

Uy = [, COOTBETCTBEHHO dt; = dl.
= Vidp — SidT;
Vidp — S:dT = V,dp — S, dT;

AV AS

VYpaBuenne Knaneiipona — Knaysuyca B auddepeHnmanbHOM
dhopme:
dp AS
_ = 1
aT AV 1)
JI1st IpaKTUYEeCKuX Iejiel 3TO ypaBHEHUE WHTETPUPYIOT, IPUMeE-
Hss caeayromme aonymenus: AV = V, (00bEMoM kuakoit da3bl mpe-

HEOperaroT).
[Tap cuuTaroT UaeanbHBIM Ia3oM, T. €.
pV=RIT, V' =RT/p —noacrasnsiem B ypaBuenue (1);
L(i).n.

AS = K — mojcransieM B ypasaerue (1).

rae Ly, — TemnoTa ¢a3oBoro nepexona;
T4 — TeMIIEpaTypa (pa3oBoro nepexosa.
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[Tpu nmoacraHoBke B ypaBHeHHE (1) momydaem:
dp L dT
? - E ' F , THTETPUPYEM:

IIpumepsl pewieHus 3aday

Bmopoii 3akon mepmoounamuku. Inmponus

3adaua 1. Bprarcnure M3MEHEHUE DHTPONMU MpuU nepexone 1 r
BOJibl, B3siToM nipu 0°C, B cocrosinue meperperoro napa npu 200° C.
Cpennue yaenbHbIE TEIUNIOEMKOCTH BOJBI U Tapa cocTaBisaoT 4,19 u
1,97 JIx/(r-K) coOoTBETCTBEHHO; yJieJbHasl TEIJI0Ta UCHAPEHUSI BOJIbI
paBHa 2227 JIx/T.

P e m1 e H 1 e. /laHHBIN TTpOLIECC CKIIAIBIBACTCS U3 HArpeBa BO/IbI
ot 273 K no 373 K, ucnapenns Boasl npu 373 K u HarpeBa mapa OT
373 K no 473 K. Ilo3TOMy M3MEHEHUE SHTPONMUU OIPEIEISIETCS CyM-
MOM TPEX CJIAra€MbIX:

I.. mAH, T
AS = me()K) ln T + & + mcp(n) 111—2 -
1 KHII KHII
141910203 12227y 0723 29 95 ek
273 373

3aoaua 2. Paccuuraiite usmMmeHenue >Hepruu [' mboca 1151 nporec-
ca gortocunTtesa npu 298 K. Onpenennre, BO3MOXKHO JIU CaMOIPOU3-
BOJILHOE MTPOTEKaHKE ITOro mnpoiecca. CTanaapTHas SHTaJIbIIUS o0pa-
30BaHMs 0K03bl Tipu 298 K paBHa —1274,45 kJ>/Mo11b, @ SHTpONHS
paBHa 212,13 JIx/(monb-K).

P e m1 e H u e. 3anuiiem ypaBHeHHUE mpoiiecca GOTOCUHTE3A:

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

HaxonuMm B CIpaBOYHHMKE HEIOCTAIONIME 3HAYCHUS HSHTAIBIIUI
00pa30BaHMs U SHTPOITUM.
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Pearentnl C02 HzO()K) C6H1206 02
(AH g )f , kJlk/MoIb 393,51 285,84 127445 0
S%¢» Jox/(monb-K) 213,6 69.96 212,13 205,03

PaccuuTtaem ctanmapTHbIi TernoBor 3¢ dext peakuuu npu 298 K
KaK pa3HOCTh CYMM TEILJIOT 00pa30BaHUs MPOAYKTOB PEaKIMU U HUC-
XOJIHBIX BEIIECTB C YUYETOM CTEXHOMETPUUYECKUX KOA(DPUIIMEHTOB:

f
CsHi204

= _1274,45 + 6:0 — [6:(-393,51) + 6-(—285,84)] = 2801,65 K JIx/MOIb.

AHaJOTUYHO PACCUUTAEM U3MEHEHUE SHTPOIUH B PEAKIIUU:

A, Syos = (8398 )Cﬁleoﬁ + 6'(S§98 )02 _{6 ‘ (5398 )coz +6- (5398 )Hzo( J =
=212,13 +6:205,03 — [6:213,6 + 6:69,96] = 259,05 JIx/(moi1b-K).

3Hast U3MEHEHUS SHTAJBIIUU U SHTPOIUU B PEAKIIMH, PACCUUTAEM
u3MeHeHue sHepruu [ 'nodoca:

ArGg98 — Ang% - TArSg98 =
=2801,65-298-(-259,05- 10_3) = 2878,85 kJI>x/MOIIb.

A, Hos = (AHS%) +6- (AHS% )gz - [6 ' (AHS% )202 o (AHS% );0(@) } )

[Tockonbky M3MeHeHue 3Hepruu ['modca B JaHHOM MPOIECCE TMO-
JIO’KUTEINIBHO, TIPOILIECC HE MOKET WUJITH CaMOIPOM3BOJILHO. B pacte-
HUAX Tporecc (POTOCHMHTE3a BO3MOXKEH TOJBKO O] BO3ICHCTBHEM
sHepruu usnydeHus CosHia.

Xumuueckoe PasHoeecue

3adaua 1. KoncTaHTa paBHOBECUS PEAKLINH:

CO(F) + 2H2(F) = CH3OH(F)

npu 500 K paBHa Kp = 6,09-10_3 at™ . Peakrmonnas CMECh, CO-
crosimas u3 1 monp CO, 2 monb H, u 1 mons uneptHoro raza (N,),
Harpera g0 500 K. O6mee maBiaenue mapoB paBHO 20 atMm. Paccum-
TANTE COCTAB PABHOBECHOW CMECH.

P e m e H u e. [Iycts mpopearuposano x mosib CO. Torna
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COq + 2H,y = CH;3;0H,

HcxomHoe KoJIM4ecTBO: 1 2 0
PaBHOBECHOE KOJIMYECTBO: 1 —x 2 —2x X
Bcero B paBHOBecHO# cMecu: 3 — 2x MoJb + 1 mosib Ny =4 — 2x Mob
1—x 2—-2x X
PaBHOBecHast MoJIsIpHAst AOJIA: .
4—-2x 4—-2x 4 —-2x
CnenmoBaTenpHO,
Ncu.on x(4—2x)? x(4—2x)*
KN _ 3 _ ( ) u KP — KN . P—2 _ ( )

Neo Ni,  (1-x)(2-2x)° C(1-x)(2-2x)*P*°

x(4-2x)*
(1-x)(2-2x)220%"
HeHue, noiydaeM x = 0,294. COOTBETCTBEHHO MOJISPHBIE JOJIM BE-
IECTB B PABHOBECHON CMECH PaBHBL: Ncyop= 0,207, Ngo= 0,414,

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

Takum o6pazom, 6,09-107° = Penrast 510 ypas-

3aoaua 2. Koncranra paBHoBecusi peakuuu: H, + [, = 2HI npu
693 K pasna 50. O6pa3zyercst 11 HOJIU]T BOJOPOAA MPH HACATHLHO 00-
paTUMOM TPOBEICHUU Tpoliecca, €CIU UCXOJIHbIC MapiluajbHbIC J1aB-
nenust H,, I, u HI cooTBETCTBEHHO paBHBI 2-105; 5.10°u 1-10° Ia.

Pem e Hue BocnomsiyemMcss ypaBHEHHMEM H30TEpMbl BaHT-

INodda:

P2
AG=RT|In—H——InK, |=
PHz.Plz
2
(1-10°)

=8,314-693| In————
2:10°-5-10

—1In50 |=-9273 [Ix/M0mb.

T. €. MCHBIIC HYJISA U IPOUCCC IPOTCKACT CaAMOIIPONU3BOJIbHO B IIPAMOM
HaIIpaBJICHUH.

Da3zosoe PAaBHoesecue 6 O0OHOKOMNOHEHMHbBIX CUCMEMAX

3aoaua 1. Paccuuralite U3MECHEHHUE IaBJICHHS, HECOOXOIUMOE IS
U3MEHEHUs1 TeMnepatypsl miasieHus Jbpaa Ha 1°C. [Ipu 0°C sHTANB-
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nys TIaBJieHus Jbjaa paBHa 333,5 JDK/T, IIIOTHOCTh KUJIKOM BOJIBI U
JIbIA PABHBI Py = 1,000 r/cM’ 1 pyy = 0,917 T/en.

Pem e nwue. H3menenwme yaenpHOro obbema MpH IIJIABICHUHU
JbJIa PaBHO

AVHJ‘I:V}K_VTB: ! o 1 = 1 - 1
Py Pmp 1,000 0,917

=—0,0906 cM’/r =—9,06-107% M /r

dP AH,, 333,5 _
dT  TAV,, 273,15-(-9,06-107%)

=—1,348-10" IMa/K =—133 atm/K.

[Ipu noBeiIeHUM AaBiieHUd Ha 133 aTM TemmepaTrypa IiaBJICHUS
apga noHmwxkaercss Ha 1 K. 3Hak «MUHYC» MOKa3bIBa€T, YTO MPHU IO-
BBIIICHUHU JIABJICHUS TEMIIEpaTypa IJIABJICHUS TOHMKAETCS.

3adaua 2. Bpruucnure TEIUIOTY MCHAPEHUs] TUATUIOBOTO 3(upa
no ypaBHeHusiM Kianerpona — Knaysuyca u TpyroHa, eciu npu
HOPMaJIBHOH Temmeparype kumerns (307,9 K) dp/dT = 3,53-10° a/K.
Onenure napienue napa ddupa npu 20°C.

P e mr e H u e. BeiuncisieM TEIUIOTY UCIIApEHUS, IPUHSB, YTO Ta-
PBI HOJUUHSIOTCS 3aKOHY MICANBHBIX Ta30B U AV ~ V.

dinP _dP 1 AH

HCII

dT  dT P RT?

2 2
AH, = RT” 4P 8,314 307,59
P dr 1,013-10
Tlo mpasuny Tpyrora AH,., = 88-307,9 = 2,71-10* Jix/mounb. Pac-
4eT JaBiieHus napa s¢gupa npu 20°C nmpousBoauM:
PP 274000 1
1 8,314 (307,9 293,2

-3,53-10° =2,74-10* /Mo

j =-0,538  orkyma p, = 0,58 arm.
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3adadu

Bmopoii 3akon mepmoounamuxku. Inmponus

1. Paccunraiite n3MeHEHUE SHTPONUU ITPU HATPEBAHUU ,6 JI KU-
cinopona ot 273 no 373 K u oqHOBPEMEHHOM YBEJIWYCHUU JTABJICHUS
ot 1 atm 10 5 aTwm.

2. Paccunraite u3aMEHEHUE 3HTPOIUM IIPU HArPEBAaHUHU 2 MOJIb
HeoHa oT 273 1o 323 K 1 0oqHOBpEMEHHOM MSATUKPATHOM YBEIUYCHUU
o0bema.

3. Paccuuraiite U3MEHEHHE SHTPONUU NpU 00pa3zoBaHuu | M
BO3JlyXa U3 a3oTa U kuciaopojaa (oovemuas aoius 20%) npu Temmepa-
Type 25°C u gaBnenuu 1 atwm.

4. PaccuuTanTe U3MEHEHHUE SHTPOIHU TP CMEMIECHUU | KT BOABI
pu 90°C ¢ 2 xr Boas! pu 10°C. Y nenpHas TEIIOEMKOCTb BOJIBI PaB-
Ha 4,184 JIx/(r-K).

5. Paccuuraiite u3MeHeHue 3HTporuu Tpu nodasiaeHuu 200 T
apaa, Haxomsierocs npu temneparype 0°C, k 200 r Boast (100°C) B
V30JIMPOBAHHOM COCYJ€E. YJIeJIbHAs TEIUIOTA IUIABJICHUA JibJd PaBHA
335 JIx/r, ynenbHas TeII0eMKOCTh BoAbI 4,184 JIx/(r-K).

6. Paccuuraiite nsmenenue sutponuu 1000 T Boasl B pe3yibprare
ee 3amep3anus npu 270,15 K. MonsipHas Temiora IiaBJICHUS JibAa
npu 273,15 K paBra 6008 JI:x/MoJb. Y neIbHBIC TEINIOEMKOCTH JIbJIa U
BOJIbI paBHbI 2,12 u 4,18 JIx/(r-K) cooTBercTBeHHO. HeoOpaTumpbiii
MPOLIECC 3aMEP3aHUs MEPEOXJIAKICHHON BOJBI MPEIACTABBTE B BUJIC
CYMMBI TpeX 0OpaTHUMBIX MPOIecCOB: HarpeB Bojwl a0 273,15 K, 06-
patumoe 3amep3anne Boabl mpu 273,15 K u oxnaxaeHuwe npaa 1o
270,15 K.

7. 3anumuTe BbIpaKeHUE IJIS pacuera aOCOJIIOTHOM SHTPONUU
1 mons Boabl pu Temneparype 400°C u naBneHuun S5 aTM.

8. Paccuuraiite msmenenue sHrponuu npu HarpeBanuu 300 r
onosa (T, = 231,8°C, AH? = 59,61 JIx/r) ot 20 1o 500°C. Y nenbHbIe
TemioeMkoctd  onoBa  Cpypy = 0,178 + 1,70-10°*T JIx/(r-K);
Cp(m) = 0,233 I[)K/(FK)

9. ITonb3ysCh COPABOYHBIMU JIAHHBIMHU, pacCUMTANTE CTaHIAPT-
HOe U3MeHeHue >HTponuu peakuuu Hyq + Clyry = 2HCl ) npu 25°C u
400°C.
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10. Oguas moap O,: Cp= 29,36 JIx/(Monb-K), S§98=205,03
Jlx/(monw-K) Harpesatot ot 298 no 500 K npu p = 1 atMm. Briuuc-
JuTe u3MeHeHue sHepruu ['md6oca B 3TOM mpoiiecce.

Xumuueckoe PasHoeecue

1. Koncranra paBaoBecust peakiuu CO + H,O = CO, + H, npu
800 K paBna 4,12. Cmecs, conepxamas 20% CO u 80% H,O, narpera
1o 800 K. Onpenennte cocTaB CMECH MIPU TIOCTUKECHUU PABHOBECHS U
BBIXOJI BOJIOPO/JIA, €CJIM B3AT | KT BOJAHOTO mapa.

2. Koncranra paBHoBecus peakuuu H, + 1, = 2HI npu 717 K pas-
Ha 46,7. Onpenenure Kom4ecTBO paznoxusiierocs HI nmpu Harpesa-
Huu 1 mosis HI no 717 K.

3. IIpu 1273 K u o6mem nasiennu 30 aTM B paBHOBECHOM CMeCH
CO; + Czg) =2CO copepxurca 17% (mo o6wvemy) CO,. Ckonbko
nporieHToB CO, OyaeT cojepKaTrbCs B rase npu oOlleM JaBJICHUU
20 atm? IIpu kakoM J1aBJieHHH B Ta3e Oynaet coaepxkatrhbes 25% CO,?

4. Koncranta pasHoBecus Kp peakuun N,Oyuqy = 2NO, 1pu
25°C paBHa 0,143. Paccuuraiite AaBlieHHE, KOTOPOE YCTAaHOBUTCS B
cocyae oobeMoM 1 11, B kotophiii momectunid 1 T N,Oy4 1Ipu 3TOM TeM-
neparype.

5. Koncranta paBHoBecuss Kp peaxkuum C,Hg = C,H; + H, npu
1000 K paBna 0,344. Paccunrante cOCTaB paBHOBECHOU PEAKIIMOHHOU
cMecH, oOpasyromencsl Ipu AeTUAPUPOBAHUN dTaHA TMOJI JABJICHUEM
5 atMm.

6. PaccunTaiiTe KOHCTAaHTY paBHOBECHS JJIs1 TAHHOM PEAKIIMU:

2C2H50H(r) = CH3COCH3(F) + 3H2 + CO

npu 7 =400 K, p = 1 atm. CrangapTHbIe SHTaJIBIIUA U SHTPOIIUU 00-
pazoBaHus, KOADPUIIMEHTH B YPaBHEHUHM TETIOEMKOCTH U K03 Pu-
nreHTsl Temkuna — IlIBapiiMaHa BO3bMUTE U3 CpaBOYHUKA. Paccuum-
TailTe OOBEMHBIN COCTAaB PABHOBECHON CMECH NPHU YKa3aHHOM JIaBJie-
HUU TIPU yCJIOBHU, YTO MCXOJIHBIC BEIIECTBA ObUIM B3SITHI B CTEXHO-
METPUUYECKUX COOTHOIICHUSX.

7. Onpenenure, 0yaet au razoBas cmech U3 CO u CO, B COOTHOIIIE-
Huu 50:1 nmpu 1200°C BoccranaBnuBath okcuj xenesa (I1), ecinu koH-
cranTta paHoBecust Kp peakuuu FeOy + CO = Fe(,, + CO, pasna 0,3.
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8. Onpenenure, BO3MOKHO Ji oOpazoBanue Mmerana mpu 1000 K
no peakuuu Cgy + 2H, = CHy, eciu mocrynaroimas B peakTop cCMecCh

comepxkur 80% H, u 10% CH; mo o6wemy, a 3HadeHHE A, Gy =

19,27 k]J1X/MOIb.

9. Onpenenute, OyaeT Ju mpoucxoauts pasznoxenue PCls B razo-
Boil cMmecu, coaepxkaieit PCl;, PCls u Cl, pu 298 K, nipu crneayro-
mux mapouaneHblx  gasnenmsx  (ITa): PCly—1,013-10% PCls—
0,507-104; Cl, - 2,027-104. KoHcTaHTy paBHOBECHS BBIYMCIUTE IO
JTAHHBIM U3 CIIPABOYHHUKA.

10. ITpu 1000 K u 1,013 10° Tla u3 MCXOMHON CMecH, coaepxa-
mieit 1 monb SO, u 0,6 Moas O,, npu TOCTUXKEHUN paBHOBECHUS 00pa-
30Banoch 0,22 monb SO;. OnpenenuTs KOHCTAHTY PABHOBECUSA IS
JTAHHOW PEaKIIHHU.

dDa3zo060e pasnosecue 6 00HOKOMHOHEHMHBIX CUCEMAX
1. Paccuuraiite naBieHue, npu kKotopoM jBe (popmbl CaCO;
f
(KaJbLIUT U aparoHUT) HAXOAATCA B paBHOBecuu mpu 25°C. (AGS%)

KaJbliUTa U aparoHuTa paBHbel —1128,79 u —1127,75 x/Mo0ib COOT-
BETCTBEHHO. [IpriMuTe, YTO INIOTHOCTH KaJbLIUTA U AParOHUTA PABHBI
2,71 12,93 r/cM® COOTBETCTBEHHO M HE 3aBUCAT OT JABJICHHUS.

2. IIpu nnaBnenun ¢enona (40,9°C) usmenenne oobeMa COCTaB-
aser 5,34 cM’/Monmb.  DHTAIbIMs  IUIABICHHS  (eHOTa  paBHA
2,69 kkan/moinb. Onpenenure TeMmiepaTypy IUiaBiaeHHUs (eHoJia IO/
nasienueM 50 aTm.

3. ITpu 3amep3anuu Oenszona (5,5°C) ero mioTHOCTb U3MEHSETCS
or 0,879 ngo 0,891 r/eM’.  DHTa bNUS  TUIABJICHHS paBHa
10,59 xJI>x/monb. OnpenenuTe TeMIepaTypy IUIaBieHUs OEH30Ja MpU
nasineann 1000 aTm.

4. Temrepatypa kunenus xjiopodopma paBHa —5,9°C npu nasie-
Hun 200 mm pr. ct. u 9,8°C npu gaBnennu 400 mMm pr. ct. Onpenenu-
T€ TEMIIEpaTypy KUIEHUs XJI0podopma Ipu HOPMAIBHOM JIaBJICHUH.

5. HaBnenue mapa Opomucroro Metuna mnpu —20°C paBHO
275,8 MM pT. cT., a ipu —10°C — 435,1 mm pr. c1. Onpenenure Moib-
HYIO DHTAJBIHUI0 UCIAPEHUS U HOPMAJIbHYIO TEMIEPATypy KHUIEHUS
OpOMHCTOr0 METHJIA.
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6. /{aBnenue napa Tonyona npu 89,5°C paBao 400 mMm pT. CT., @
ero sHTaNbIUA ucnapeHus paBHa 38,0 k/[x/Mosnb. Paccunrtaiite TeM-
nepaTypy, Ipu KOTOpo# gaBieHue rnapa oynet paBHo 500 MM pT. CT.

7. [HaBnenme mapa tBepmoro CO, paBHO 1 MM pr. cT. npu
—135,2°C u 10 mm prt. cr. npu —119,9°C. Paccunraiite 3HTAIBIUIO
BO3TOHKH.

8. /laBnenue mapa (MM pT. CT.) XJIOPOEH30JIa ONMKUCHIBACTCS ypaB-
HenueM: lg P= 6,945 — 1413/(T— 57). Paccuuraiite >HTaNbIINIO, H-
TPOMUIO UCTIAPEHUSI 1 HOPMAJIbHYIO TOUKY KUIIEHUS XJI0pOeH3017a.

9. JlaBneHue mapa pryTd (MM pT. CT.) B UHTEpBaje oT 298 1o
630 K Beipakaercs ypaBHenueM: lg P=-3308/7— 0,8-1g T+ 10,373.
PaccuunTalite HOpMaJbHYIO0 TOYKY KUIIEHHS PTYTH, SHTAJBIHIO U 3H-
TPOIHUIO UCTIAPECHUS PTYTH B HOPMAJIBHOM TOUKE KUIICHHUSI.

10. HopmanbeHas Touka kuneHus mukiorekcanHa pasHa 80,0°C.
OueHuTe SHTATBIUI0 UCIIAPEHUS, & TAKKE JABICHUE TMapa [UKIOTEK-
cana ripu 25 u 60°C.

TecTOBBIE 3aJaHUSA
Buvioepume ooun npasunvnulit omeem

1. ®opmyna bombimana:
B. S =kInW. I'. 6A =QdT/T.

2. Kak u3MeHseTCsl SHTpONMs [JIi HEOOpaTUMOro Impoiecca B
M30JIMPOBAHHOM cucteme?

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

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

3. Kakoe ycnoBre HEO0OX0AUMO ISl CaMOTIPOU3BOJIBHOTO MPOTE-
KaHus nporuecca’?

A. ZHI dIli > 0. b. Z]Jl dIli =0.

B. 2.u; dn; > 0. I'. 2u; dn; < 0.

4. DHTpONYS BO3PACTACT B PALY:

A. T'a3 = XUIKOCTh —> KPUCTAILIL.
b. Kpucramn — )uakocte — ras.
B. I'a3 — xpucramn — »KUIKOCTb.
I'. Kuakocte — raz — Kpucraul.

89



5. Kakas ¢byHKIMS B COCTOSHUU PAaBHOBECHS NMPUHUMAET MaKCH-

MaJIbHOE 3HayeHue?
A.F b. H. B. S. I.G. 1. U.

Bblﬁepume HECKOJIbKO npasujlibHblX omeemoes

1. B camonpou3BOIBHOM MpoLIECCE:

A. DHTpONHUS YMEHBIIIAETCS.

b. DHTponUs yBEIMUMBAETCH.

B. TepmoauHamuueckasi BEpOSITHOCTh BO3PACTaET.
I'. Tepmoauuamuueckasi BEPOSTHOCTb YMEHBIIIAETCS.

2. Bropoe Hayano TepMOJAMHAMHKH MMO3BOJISIET:

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

b. Onpenenuth CKOPOCTh MPOTEKAHUS MPOLIECCA.

B. Onpenenuts HampaBi€HUE MPOTEKAHUS CAMOIPOU3BOILHBIX
IIPOLIECCOB.

I'. OnpenenuTs KOJIUYECTBO TEIJIOTHI, MOTJIOMIEHHOE CUCTEMOM.

. Onpenenuts npeaen NpoTeKaHus MpoIiecca.

3. Yxkaxure MNPpaBUJIbHBIC COOTHOIICHUA MCKY BCIINYNHAMMU:
A.G=F+pV. B.G=H+TS. B.F=U+TS.
I.G=H-TS. Jd.G=F-pV. E.F=U-TS.

4. [Ipu HEPaBHOBECHOM IPOILIECCE:

A. Cuctema coBepIiaeT O0JIbIIyI0 padoTy, YEM B PABHOBECHOM.

b. CucteMa coBepiiaeT MEHbIIYIO padOTy, YeM IpPU PaBHOBEC-
HOM.

B. Ilpu BHemIHEM BO3JICEUCTBUM Ha CUCTEMY IOTpPEOyeTCs 3aTpa-
TUThH OOJIBIIYIO pabOTy, YEM B PABHOBECHOM.

I'. Ilpu BHenIHEM BO3JIEHCTBHMU HAa CUCTEMY IOTpeOyeTcs 3arpa-
TUTh MEHBIIIYIO pab0Ty, 4UeM MPU PABHOBECHOM.

5. YkaxuTe Kakas U3 BEJIUYMH SIBIAETCS (YHKIMEH COCTOSTHUS
CUCTEMBI?

A. Pabora. b. DuTponus.

B. Dueprus ['n66ca. I'. Temnora.

. Oueprus I 'enbMronsiia.
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Yemanoeume coomeemcmeue

I. IIpouecc (p =const, T = const): Kputepuii (G):

1. CaMmOnTpOU3BOJIbHBIN. A. YBenuuenue snepruu ['uoboca.

2. PaBHOBECHBIM. Bb. YMmenbmienue snepruu ['nooca.
B. MunumManbHoe 3HaueHue «G».
I'. MakcumanbHOe 3HaueHue «G».

II. TepMoaHAMUYECKUH MOTEHIINAIT: DOyHKIMA:
1. 306apHO-N30TEPMUYIECKHUH. A. H.
2. I30XOpHO-U30TEPMHUYECKUH. b. F.
B. U.
I'.G.
. .
I1I. ITporecc: Oynkuus (F, S, G):
1. BosMoxeH. A. AF > 0.
2. HeBo3mookeH. b. AF < 0.
B. AS <0.
I'. AS>0.
J. AG > 0.
E. AG <0.
IV. Cucrema: Kpurepuit 1151 XapakTEpUCTUKY IPOTEKAHUS ITPOLIECCA:
1. U3onupoBanHas. A. Dueprusi [ ud0ca.
2. OTKpbITaS. b. DHTponus.
3. 3akpsITas. B. XuMn4deckuil moTeHIInaml.
I'. Dueprus I'enbMromsua.
V. IIponecc: Kpurepwuii (S):
1. CamOnIpOU3BOJIBHBIN. A. YMEHBIIEHHE SHTPOIIHH.
2. PaBHOBECHBIN. b. YBennueHue SsHTpONUH.

B. MakcumanbpHOE 3HaUeHUE S.
I'. MuauMabHOE 3HAYEHHUE S.
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Bomnpocsl A1 co6ece0BaHUA

1. PaBHOBeCHBIC U OOpaTUMBIE MPOIIECCHI, UX CBOMCTBA.

2. ®opMyJIUPOBKH U YPaBHEHHUSI BTOPOTO Hayajga TEPMOJUHAMU-
KH.

3. Durponusa. M3MeHeHne >HTponuu B 0OpaTUMBIX U HEOOpaTH-
MBIX TTPOIIECCaXx.

4. ®usznveckuil cMmbici d3HTponuu. @opmyna bonsumana. CraTu-
CTUYECKas MPUPOJA BTOPOTO HAYAIA TEPMOJUHAMHUKH.

5. OHeprus ['enbmroibia, €€ UBMEHEHUE KaK KPUTEPHUM HaIpas-
JIEHUSI TIPOLIECCOB U COCTOSIHUS PaBHOBECHS.

6. Dueprus ['n60ca, ee U3MEHEHUE KaK KPUTEPUN HampaBICHUs
MPOLIECCOB M COCTOSIHUSI PABHOBECHSI.

7. YpaBuenus [ m66ca — I'enpmrobia.

8. MeTtoibl pacyeTa CTaHAapPTHOTO M3MEHEeHUs dHepruu [ 'nooca.

9. XuMu4eckuil moTeHIuail — Haubosee oOIUi KpUTepuid camo-
MIPOU3BOJILHOCTHY MPOTEKAHUSI ITPOIIECCa.

10. Koncranta paBHOBECHS, CITIOCOOBI €€ BHIPAKCHHUSI.

11. YpaBHEHHE N30TEPMBI XUMHYECKOW PEAKIIHH.

12. VYpaBHeHune wu300apbl U H30XOPhl XMMHUYECKON pPEaKIIUH.
JuddepennuaibHoe U UHTETPATIBHOE BBIPAKEHUS.

13. PaBHOBecue B peayibHbIX cuctemax. [loHSTUS O JeTyudecTH,
aKTUBHOCTHU ¥ KOA(PUIIMEHTE aKTUBHOCTH.

14. [IpumeHeHne BTOPOTO Havasia TEPMOJIMHAMUKU B OMOJIOTHHU.

15. YcnoBus paBHOBecus ¢as.

16. OgHOKOMIIOHEHTHBIE cUCTeMBbl. Da3oBas JauarpaMma OJIHO-
KOMITOHEHTHOU CUCTEMBI.

17. PaBHOBecHE 4YMCTOTO BEHIECTBA B JIBYX (ha3ax OJHOKOMIIO-
HEHTHOU cucTembl. Y paBHeHue Knanevpona — Kitaysnyca.
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4. PacTBOpHLI

Pacmeopamu HazpiBaloTCs OAHO(A3HBIE CUCTEMBI MEPEMEHHOTO
cocTaBa, 00pa30BaHHBIC HE MEHEE YEeM JABYMSI KOMIIOHCHTAMH.

B 3aBUCUMOCTH OT arperaTHOTO COCTOSIHUSI MOTYT OBITh CIEIYIO-
1[Me BUJIBI pacTBOPOB: 1) ra3 — ra3 (Bo3ayx); 2) ra3 — )KUJIKOCTh (pac-
TBOP KHUCJIOPOJA B BOJIE); 3) KUIKOCTb — KUJKOCTh (pacTBOp TIIUILIE-
pUHa B BOJie); 4) ra3z — TBepJ0e TeJo (pacTBOP BOJAOPO/Aa B HaLIAINN);
5) TBepAOe TeNO — TBEPIOE TEJIO (HEKOTOPhIE METAINIMYECKUE U COJle-
BbIC CIUIABKI); 6) TBEPAOE TEJIO — KUJKOCTh (caxap B BOJIE).

Pacmeopumens — 3T0 COCTaBHasi 4acTh pacTBOpa, KOTOpasi mpe-
obnamaet (s ABYX KuUJAKocTei). JJis ra30B M )KUJAKOCTEH pacTBOPHU-
TEJIEM CUMTAETCS KUIKOCTb.

Pa3nuyaroT moHATHS JETY4Yero U HeJeTy4ero BemiecTra. Bemect-
Ba HA3bIBAIOTCS JIETYUYUMH, €CJIM JIaBJICHUE HACBHIIMICHHOTO Tapa Haj
pacTBOpOM — OOJIbllIasi BEJIMUMHA MMPU KOMHATHOW Temrieparype. Eciu
JABJICHUEM MOKHO MPEHEOPEUb — HEJIETYyU€e€e BEUIECTBO.

4.1. /lass1eHue HACbIWEHHO020 napa HAJ
pacmeopom. 3aKoH Payas

JlaBneHrue HACBHIIMIEHHOTO Iapa SBISETCS BaXKHBIM CBOWCTBOM
pacTBOpoB. JlJis MpOCTOTHI OyAeM CUWUTaTh, YTO K Mapy MPUMEHSIEM
3aKOHBI UJCATBHBIX Ta30B. PacCMOTpHM yIIPOIIEHHYIO CXEMY IPOIIeC-
ca ucnapeHus (UMeeM 3aKkpbIThiid cocyr). O0o3HauuM: 0 — pacTBopHU-
Tenb (A); X — pacTBOpeHHOE BeliecTBo (B).

P ———

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

Puc. 4.1. Ilpoyecc ucnaperus
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[Tap, HaxXOAAIIMIKCS B pAaBHOBECHUM C KUJIKOCTHIO, HA3bIBACTCS HA-
CblUeHHbIM napom. J[aBieHUE mapa, HaXOMAIIETOCs B PAaBHOBECHUU C
KUJKOCThIO (WJIM TBEPABIM TEJIOM), HAa3bIBACTCS OdG/1eHUEM HACHI-
WeHHO20 napa.

pa’ — IaBIICHHE HACHILCHHOTO apa HaJ| YHCTHIM PACTBOPUTENEM,

Pa — JABIICHUE HACBIIIEHHOTO Mapa pacTBOPUTENS HaJ PacTBO-
pOoM.

PacTBOpsis BElIECTBO B JIAHHOM PACTBOPUTENEC, MBI MOHUKAEM
KOHIICHTPAIIMIO MOJIEKYJI MOCIEHEr0 B €AMHUIE 00beMa U YMEHbBIIIa-
€M 3TUM YHUCJIO MOJICKYJI, BBUICTAIONIUX B €IUMHUILY BPEMEHU U3 JKUJI-
KOU cpejipl B apooOpa3Hyro. B pe3ynbTaTe 3TOr0 paBHOBECUE MEXKITY
KUJIKOCTHIO U MApOM YCTAHOBUTCS MPU MEHBIIEH KOHILIEHTpalWH Ma-
pa, T. €. Ipu MEHbIIEM €ro AaByieHun. CiaenoBaTenbHO, das1eHue na-
pa pacmeopumensn HAO0 PACMEOPOM 6Ce20a MeHbUle, YeM HAO HUC-
muim pacmeopumeniem. 1lpu 3ToM nonuscenue oasnenusn napa 0y-
oem mem Oonvuwie, uem 00abUIE KOHUEHMPAUUA DACHEOPEHHO20
eeuwecmaea 6 pacmeope.

e [lepBhIil ciaydail (paCTBOPUTEIIb JIETYY, & PACTBOPEHHOE BEIIE-
CTBO HEJIETyyYe).

AOCOJIIOTHOE TIOHWKEHUE JIaBJICHUSI HACBIIIEHHOTO Mapa pacTBO-
pUTENS HaJ paCTBOPOM IMPOMOPIHUOHATBLHO MOJIBHOM JI0JI€ paCcTBOPEH-
HOT'O BEIIECTBa:

0
pa —Pa=KNp.
®.-M. Paynp ycTtaHOBWI, 4TO KOA(DPHUIHMEHT TPOMOPIIHMOHATBHO-

CTH YMUCJICHHO PaBCH JAaBJICHUIO HACBIONICHHOI'O ITapa Ha/l YUCTBIM pac-
0
TBOPHUTCIICM: K = Pp .

MO>HO HanucaTth 3aK0H Pays: pg;opA =Ny,
Pa
3akon Payna: omunocumensnoe nonudicenue 0asjieHus HACbl-
WEenn020 napa pacmeopumens Had pacmeopom HUCIEHHO PAGHO
MOJIbHOTL 00/1€ PACMEOPEHHO20 6EUEeCHIEa 6 PACHEODE.
e Bropoii ciyuaii (pacTBOpUTENb JETyd, PACTBOPEHHOE BEILIECT-
BO — JIETyuYe).

0 0
Pa —Pa=pa ‘Ns.
J{nst IByKOMIIOHEHTHOTO pacTtBopa: Ny + Ng =1,
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Pa’ = Pa=Pa(1 —=Na)=pa’ = paNa.

Tormapa=p A0°NA, AHAJIOTUYHO P = pBO'NB.

3akon Payna: napuuanvhoe oOaenenue napoe KOMHOHEHMOE
HAO pacmeopom pPAasHO NPOU3BEOCHUIO MOJIBHOU 001U IMO20 KOM-
noHeHma ¢ pacmeope Ha 0asieHue ImMo20 KOMHOHEHMA 8 YUCHOM
euoe.

Paccuutaem oO1miee gaBiieHHME OOOMX BEIECTB HaJl PacTBOPOM.
Bocnoinb3zyemces 3akoHOM JlanbToHA:

Poouw = PAT PB = pAONA + pBoNB = pAO(l —Np) + pBONB =
= pa’ — pa Ng+ ps'Ng = pa’+ Ng(ps’ — pa’), 1. €.
Pobu. = PAO + NB(pBO - PAO),

e Pa’, Ps. — MOCTOSHHBIC BEIMYHHBI TP JAHHOH TEMIEpaType H
paBHOBecHM (0003HAUMUM HX a U b);

Na, Ng — He3aBHCUMBIE ITIEpeMEHHBIE (0003HAYUM X);

y = ax — JIJId BellecTBa A;

y = bx — 114 Beniectra B;

y =a + cX — JUIs1 000UX BEIIECTB, TAE C = Pg’ — Pa -

3aBUCUMOCTh MapUUAIbHOTO JABJIEHUS OT COCTaBa M OOUIETro
JABIICHUSI OT COCTAaBa BBIpAXKaeTcs NpsIMOM JUHUEW. 3akoHy Payis
NOJYUHSIOTCS TOJIBKO HJI€alIbHbIE pacTBOpHI. Jlnarpamma «cocTaB —
JaBJICHUE TIapay» MpeCcTaBlIeHa 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. ®azosasn ouazpamma udeanbHo2o 08YKOMNOHEHMHO20 pacmeopad,
nOOUUHAIOUe20Cs 3aKOHY Payns

95



BripaBo Bo3pactaer MoJibHas 10Jisi KOMIIOHEHTa B. BiieBo BO3-
pacTaeT MOJIbHAs JOJIs1 KOMIIOHEHTA A.

Hoeanvnvim pacmeopom Ha3bIBACTCA PACTBOP, B KOTOPOM CHIIBI
B3aMMOJICICTBUSL MEXIY MOJIEKYJAMU pa3HbIX BHJIOB PaBHbBI CHUJIaM
B3aMMOJICUCTBUSL ~ MEXJY  MOJIEKyJaMd  OJHOrO0  BHAQ, T.E€.
Faa =Fag= Fgp. CMenienue nByX KOMIIOHEHTOB pacTBOpa MPOHCXO-
IUT O3 MOIJIOMICHHS Win BeiaenaeHus TermioTel (AH=0) u 6e3 n3MeHe-
HUs 00beMa Kax1oro komnonenta (AV=0). O0beM cMecu JByX KOMIIO-
HEHTOB (PacTBOPA) B TOUHOCTU PABEH CyMME X 0OBEMOB JI0 CMEIIICHUSI.

K upeanbHbIM pacTBOpaM OTHOCAT: 1) OECKOHEUHO pa30aBIICHHbBIE
pacTBOpbI; 2) COBEPIICHHBIE PACTBOPHI — COCTOSIIIME U3 BEIIECTB,
OJIU3KUX MO CBOMM XUMHUYECKUM U (PU3HUYECKHUM CBOMCTBAM (M30MEPHI
1 OJIvKaMIe roOMOJIOTH).

4.2. Peas1bHble pacmeopbl

B peanbHbIX pacTBOpax HaOJI0/aeTCsl OTKJIOHEHHE OT 3aKOHOB
Payns. OcHOBHOHM (pakTOp, BBI3BIBAIOIIMI OTKJIOHEHHE CBOWCTB pe-
aJbHBIX PACTBOPOB OT CBOWCTB HJICAJIBHBIX PACTBOPOB, — pa3iMYHAas
CTENECHb B3aUMOJCHUCTBUS MEXIY MOJEKYJAMHU Y YHUCTBIX KOMIIOHEH-
TOB U B pacTBOPE.

1. IlomoxxuTenbHbIe OTKJIIOHEHUS OT 3aKOHa Paysi.

Eciiu Fy ,>F g<Fp_p, TO B pacTBOpE JIOKEH MPOXOIUTH Pacla,l
aCCOIMMPOBAHHBIX MOJIEKYJ, T. €. YUCJIO YacTHIl B PacTBOpPE CTaHO-
BUTCSl OOJIBIIE YUCIIA MOJIEKYJ B YHUCTHIX KOMIOHEHTax. Bo3mox-
HOCTh TaKOro Tpoliecca TMOJATBEPKIACTCS YBEIMUYCHHEM 0Obema
(AV>0) mpu o00pa3zoBaHUM PACTBOPOB U TIOIJIOIICHUEM TEIIOThI
(AH>0), xoTopas, O4eBUHO, 3aTPAYMBACTCSA HA Pa3bEIUHEHUE ACCO-
HUUPOBAHHBIX MOJIEKYJI, UMEBIIUXCS B YACTHIX KOMIIOHEHTAX.

BceneacTBue yBennueHHs 4yucia 4acTUI] B paCTBOPE MapiivaibHbIe
napieHus (M oOlee JaBjeHHE IMapa) OKa3bIBAKOTCS OOJbIlEe BBHIYHC-
JEHHBIX TI0 ypaBHeHuto Payins (puc. 4.3). [lpumep: ciupThl — yTiieBo-
JOPOJIbI TIPEJEIBLHOTO psijia.
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p
P = Pa+Ps
PA® =
“"-\“ ‘h“-"‘-_, PB0
\)_-' -
PB ,"’ \\\
”‘a \.“‘ PA
B
A cocTaB

Puc. 4.3. Jluacpamma «cocmas — dasnenue napa»
(nonoocumenvHoe OMKIOHEeHUe)

2. OTpuiiaTesIbHOE OTKJIOHEHHE OT 3aKOHA Payis.

Ecin Fy A<F, pg>Fgp, TO pa3Hble BUIBI MOJIEKYJ] CTPEMATCA K
B3aUMOJICHCTBHIO THIA MPUTHKEHHS (CONbBaTaIMs, KOMIUIEKCOOOpa-
30BaHME, B3aMMOJICHCTBUE aumosiel u T. A.). OOpa3oBaHHE pacTBOpa
conpoBoXxaaeTcs BbiaeaeHueM TermnoTel (H<0) u ymeHblieHuem o0b-
ema (V<0). YMmeHbllIeHHE Yucia YacTUI] B pACTBOPE MO CPABHEHHUIO C
WX YUCJIOM B YHCTHIX KOMIIOHEHTaX MPUBOJIUT K YMEHBIIICHHUIO Tap-
UATBHBIX JIaBJICHUH MMapa KOMIIOHEHTOB (puc. 4.4). [Ipumep: pacTBop
cnipTa B Boje; aup — xsopodopm.

COoCTaB

Puc. 4.4. Jluacpamma «cocmas — dasnenue napa»
(ompuyamenbHoe OMKIOHeHUE)

B HEKOTOpBIX cuUCTEMAX, IJI€ KOMIIOHEHTBI OUYE€Hb CUJIBHO OTJIH-
YaKOTCS MO CBOEH XMMHUYECKOM MPUPOJIE, HO UMEIOT OJIM3Kue JaBlie-
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HUS HACBIIIEHHOTO Tapa, OTKJIOHEHUs OT 3aKoHa Payiist BeIpaxkaroTcs
0COOEHHO CUJIBHO.

Torma Ha KpWBOM OOIEro AaBJICHHS IOSBISETCS TOYKA MaKCH-
MyMa (MpH TOJOKUTEIBHBIX OTKJIOHEHMSIX) WJIM MUHUMyMa (TP OT-
pULIaTeNIbHBIX OTKJIOHEHHUSX), COOTBETCTBYIOIIME ONPEACICHHOMY CO-
ctaBy cMmecH (puc. 4.5). HezaBucuMo OT 3HaKa OTKJIOHEHMS 3TH TOUKHU
Ha3bIBAIOTCS SKCTPEMATIBHBIMU, HWJIM ITPOCTO SKCTPEMYMAMHM.

P max

Pa° Pa®

A A min B
cocTaB cocTaB

Puc. 4.4. Omxnonenus om 3axona Payns

4.3. Cocmas napa pacmeopoas.
3akoHbl KoHoeas108a

XapakTep OTKJIOHEHHM PA3JIMYHBIX KUJKUX CHCTEM OT 3aKOHA
Payns moapoO6HO wu3ydancss B KoHle XIX B. PYCCKUM YYEHBIM
J1. I1. KonoBanoBsiM. OH HCCIEIOBA TaKXE€ COCTAaB Iapa, PaBHOBEC-
HOTO C KUIAKUM pPacTBOPOM. PaccMOTpUM pacTtBOp, COCTOSIIUNA W3
nByX koMnoHeHTOB A u B. CornacHo 3akony Payis:

_ .0 xK _ .0 x
pa=pa ‘Na" upg=pp Np".
[IpumeHuM K mmapam CIeICTBUE U3 3aKOHA JanbTOHA:

PB = NBm'pBO = Ng"“Posu » (D
PA = NA)K'pAO = Na"“Posi - (2)
Paznenum ypaBHenue (1) Ha (2):
I 0 K
NB _ Py _NB
NI 0 NX
A Pa Ta



Homyctum, 4to KOMIoHeHT B Oosee netyunii. O603Ha4YUM MOJIb-
HYIO JI0J10 OoJjiee JIeTydero KOMIIOHEHTa B IapoBO# (haze uepes y, a
MOJIBHYIO JIOJIIO OoJiee JIeTy4ero KOMIOHEHTa B KHUIKOU (pa3e uepes X.
Pa3 komnoneHT B Goiee neryuuii, To pBO>p A

0
p
B — ¢ — k03 unMeHT pasznenaeHus, Wil OTHOCUTEIbHAS JIETY-

p
YeCThb.

Tornga MOXKHO 3alMCcaTh MAaTEMAaTHYECKOE BBIPAKEHUE IIEPBOrO
3akoHa KoHoBa10Ba:

0
A

Yy —a X .
I-x  1-x

Tak kak o>1, To U3 ypaBHeHus cienyer, yto y>x. CienoBarenb-
HO, B TMape HaJl pacTBOPOM Bcerja OoJibllie KOHIIEHTpaIus OoJiee Jie-
Ty4ero KOMIIOHEHTA, YEM B JKHJIKOCTH.

Ilepeviit 3akon Konosanoea: nacvlujeHHbll nap no cpagHeHuro
C PABHOGECHBIM PACHIBOPOM OTHOCUTEIBHO 002aue J1emyqyum KoM-
HOHEHMOM,
W

yeenuuenue KOMNOHEHMAa 68 HCUOKOU (paze e1euem 3a coooil
yeeauuenue KOHUeHmpayuu KOMnOHeHma u 6 napoeoi gase.

[TepBomy 3akoHy KoHOBajioBa MOJUUHSIIOTCS KaK peajbHbIE, TaK
U UJIealIbHbIE PACTBOPBI.

Bmopout 3axkon Konosanosa: mouku maxcumyma u MUHuUMyma
Ha Kpueoii obuieco 0aenenus omeeuarom makomy cocmagy, npu Ko-
mMopoM cocmaeg napa u pagHo8eCHOIl ¢ HUM HCUOKOCHU 0OUHAKOB.

Bropomy 3akoHy KoHOBaJiOBa NMOJUUHSIIOTCS TOJBKO pPEATbHBIC
pPacTBOPBI, KOTOPbIE CUJILHO OTJIMYAIOTCS OT HcalbHbIX. BTOpon 3a-
kKoH KoHOBaJIoBa OTHOCUTCS K @3€0TPOITHBIM CMECSIM.

Kunkue cMecu, cOCTaB KOTOPBIX COOTBETCTBYET IKCTPEMYyMaM,
Ha3bIBAIOTCS A3€0MPONHBIMU CMECAMU, UV TIPOCTO A3€0mMponamu.

Y a3e0TpONHOM CMECH PABHOBECHBIE MMApP U KUAKOCTb HUMEKOT
OJMHAKOBBIK cOCTaB. Pa3zneneHue a3eoTpPONHBIX CMECEW Ha OTIENb-
HbIE KOMIIOHEHTHI ITOCPEICTBOM ITPOCTOM NEPETOHKH HEOCYIIIECTBUMO,
T. K. TIpU TIEPETOHKE 00pa3zyeTcsl KOHAEHCAT TOTO ke cocTaBa (Hepas-
JEIBbHO KUIISAIIUE CMECH).
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4.4. luazpamma «cocmae - das.ieHuUe napa»

COBOKYIMTHOCTh PABHOBECHBIX COCTOSSHUM B JIBOMHOM KUIKOCTHOM
CHUCTEME OOBIYHO HM300pa)kaeTcsi M30TCPMUUECKON auarpaMmoin, Ha
KOTOPOM HAHOCSITCS KPUBBIC 3aBUCUMOCTH OOIIEro JaBJICeHU Mapa Kak
OT COCTaBa KUJKOCTH, TaK U OT cocTaBa napa (puc. 4.6).

= T=const
XNOKOCTb
PAO ___________ N

l I Pg°
: MO 1 i
, Mep 'm :

A B

cocTaB

Puc. 4.5. ®azosas ouacpamma «cocmae — oasieHue napa» 0BOUHBIX cMecell
0 0
(P4 Upp — 0aBleHUs NAPA YUCTBIX KOMINOHEHMO8)

BepxHsst kpuBast (2) COOTBETCTBYET JAaBJICHUIO Mapa Kak PyHKIIUS
cocTaBa KHUIKOCTH, a KpuBas (1) — kak ¢pyHKuMs cocraBa napa. Kpu-
Bas (2) Ha3bIBAETCS KPUBOM KUJIKOCTH, a KpuBas (1) — kpuBol mapa.
Hwxe kpuBoii (1) o61acTh cyxoro mapa, BbIlle KpuBoi (2) — 0061acThb
KUJIKOCTH; 00JIaCTh MEXKIY KPUBBIMU SIBIISIETCSI T€TEPOTEHHON Cpeaoit
KUJIKOCTH U Tapa (HACHIILIEHHBIN WU BIAXKHBIN Map).

Paccmorpum Ha nuarpamme coctosiHue napa B T. M. IIpu moBbI-
IIEHUU JaBJIEHUS 3Ta TOYKa Oyner aABurathea mo npsamoi MN. Ilpu
JIOCTHXKEHUN T. P, T. €. KpUBOM mapa, HAYHETCA KOHJCHCALMs Mapa,
IPUYEM COCTaB MEPBBIX Kallellb KUJKOCTU BBIPaXaercss TOYKOM Q.
Korna paBnenue yBenuuuTcs 10 T. B, cuctemMa OyaeT COCTOSITH M3
xugkocTu (Touka C) u mapa (Touka A). OTHOCUTENIbHBIE UX KOJIUYE-
CTBA MOKHO OIPEJICIIUTh IO MIPABUITy pblUara:

KoJIMuecTBo kuakoctd _ AB
KOJINYECTBO Iapa BC’
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Haxkonen, korma gaBiaeHue BO3pacTeT A0 BEIWYUHBI N, CKOHJICH-
CHUpYIOTCS ocTaTkM mapa. Ilocimennuit my3sipek mapa OyJeT UMeTh CO-
CTaB, COOTBETCTBYOMMM T. R. IIpn nanpHenIeM NOBBIIEHUN JaBJIe-
HUSI TOYKA CUCTEMBI MTEPEXOIUT B MOJIE )KUJIKOCTH.

PaccmoTpum guarpaMmy «COCTaB — JIABJICHUE Mapa» ISl CUCTE-
MBI KOMIIOHEHTOB, KOTOPBIE 00pa3yroT azeoTpor (puc. 4.7).

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

Puc. 4.7. ®azosasn duacpamma «cocmas — oasienue napay
07151 A3e0MpPONHOU CMeCU

B Touke M KpuBbI€ KUJIKOCTHM U Mapa KacaroTcs. Eciu B3ATh
XKUJkui azeotporn (T. N) U MOHMXXATh JaBJICHUE HAJ HUM, TO B T. M
HAayHET O00pa3OBBIBATHCS Map (KUIEHUE TPU 3aJaHHON MOCTOSHHOU
temneparype). CorinacHo BTopomy 3akoHy KoOHOBajgoBa map U KWJ-
KOCTh B 3TOM TOYKE OyIyT UMETh OJIMHAKOBBIN COCTaB.

4.5. luazpamma
«cocmaes - memnepamypa KuneHusi»

N306apHble  auarpaMMbl  «COCTaB — TEMIIEpaTypa  KHUIICHHS
BHEITHE TIOXO0KHM Ha «OOpaTHBIE)» IUarpaMMbl «COCTaB — JIaBJICHUE
napa». IT0 OOBSICHSAETCS OOpAaTHOW MPOMOPIHUOHATIBHOCTBIO MEXIY
JaBJICHUEM mapa u temneparypoil kuneHust (puc. 4.8). Cmech IBYyX
KUJKOCTECH KUIUT B HEKOTOPOM HMHTEpBaJIe TeMIepaTyp, H0o mo Mepe
KHUTICHUS €€ COCTaB U3MEHSICTCSI.
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P=const

KNOKOCTb

cocTtaB

Puc. 4.8. ®azosasn ouacpamma
«cocmas — memnepamypa KUnenus» 080UHbIX cMecell,
TAO, TBO —memnepamypbl KUNEeHUA 4YUCniblX KOMNOHREHN OB

Kpuast (1) — kpuBas )KUIAKOCTH — U300pakaeT TEMIIEPATyphl Ha-
yaja KMIEHUsI paCTBOPOB pa3HbIX cocTaBoB. KpuBas (2) — nuHuUs na-
pa — u300pakaeT TeMIlepaTypbl KOHIA KUMNEHUS. Mexay KpUBBIMU
paBHOBECHAsl CMECh KMAKOCTU M mapa. Hmwke kpusoit (1) mone xu-
KOCTH, BbIlIIe KpHUBOM (2) — moJie mapa. B octaiibHOM JuarpaMmsbl «cCo-
CTaB — JABJICHUE Mapa» U «COCTaB — TEMIIEpaTypa KUIIEHUSD CXOJHBbI,
TaK KaK OHH OTPa)Kar0T PABHOBECHE M MPOIIECC MEPEX0Ja MEXKIY OI-
HUMH U TeMU k€ (azaMu: )KUJIKHUM pacTBOPOM U mapom. Tak, ucmnape-
Hue pactBopa (T. M) coctaBa m HaumHaetcst ipu temmeparype P. Ilo
Mepe UCIIapEHHUS CONPSKEHHBIE COCTABBI PACTBOPA U Mapa W3MEHSIOT-
Csl BJIOJIb KPUBOM KUJKOCTH W mMapa. KoJnuecTBO KUAKOCTA YMEHb-
1I1aeTcsl, a KOJIMYECTBO Mapa yBenuuuBaetcs. [Ipu temneparype, coot-
BETCTBYIOIICH Touke N, UCIIapeHHe 3aKaHYMBaEeTCs, MpU 00JIee BHICO-
KOM TemIiepaTrype CylIeCTBYET TOJbKO OJUH Tap.

Eciu KOMIIOHEHTHI CHCTEMbl 00pa3yrOT a3eoTpoIl, TO AUarpaMma
umeeT Buj (puc. 4.9). HeobxoauMo oTMETHUTh, YTO a3€0TPOITHBIE CHUC-
TE€MbI HE SIBIIIIOTCA XUMUYECKUMHU COCIMHEHUSMU. DTO MOXKHO JIOKa-
3aTh TE€M, YTO C U3MEHEHUEM JIABJICHUSI U3MEHSIETCA HE TOJIBKO TEMIIE-
paTypa KMIIEHHS a3€0TPOIHON CMECH, HO U €€ COCTaB, T. €. 3TO YK€ HE
xuMuueckoe coenuHeHue. (CrenoBarenbHO, BapbUpys JaBJICHHUE,
MOKHO U3MEHUTh COCTaB a3€0TPONHON cMecu. Hanpumep, npu noHu-
»keHuu aasiieHusd a0 100 mm pt. ct. cmech C,HsOH-H,O kunwut npu

102



0 N
temneparype T i = 34,2° C u BbLAENsSETCS a3€0TPOM, COJCPIKAIIUM
99,6 % MOIApHBIX CIUPTA.

P=const
T

nap

Ta° N

E Te
XUOKOCTb E M
A B
cocTaB

Puc. 4.9. ®azosasn ouazpamma «cocmae — memnepamypa KUneHus»
A3e0MPONHOU CMeCU, UMeIoU el MUHUMAIbHYI0O MeMnepamypy KUneHusl

4.6. Jlucmuaasayusa u pekmugukayus

Jucmunnayus — 310 NPOLIECC pa3IeICHNUs pacTBOpPa Ha COCTAB-
HBIC YaCTH IYTEM IIEPETOHKH, OCHOBAaHHBIM Ha Pa3JIMYUMU COCTABOB
YKUJIKOCTH U I1apa NPU PAaBHOBECUMU.

PaznuyaroT OAHOKpPAaTHYX JUCTWUISIUUIO Y MHOTOKPATHYIO
(ppakuroHHYI0) MEpETOHKY, Wiau pektudukaiuio. [Ipoctas neperon-
Ka MPOU3BOJUTCA IIyTEM YACTUYHOTO UCIIAPEHUS KUIISIIIEN KUIKOCTH,
HEMPEPHIBHOTO OTBOJIa M KOHJAECHCAIIMU 00pa3oBaBIIuXcs napos. [lo-
JYYEHHBIM KOHJIEHCAT HA3bIBAIOT JUCTUIUISTOM, & OCTATOK HEUCIIA-
PEHHOM >KUJAKOCTH Ha3bIBAIOT KyOOBBIM ocTaTkoM. [IpocTas meperon-
Ka IPUMEHSIETCS, KOT/1a HE TPEOYEeTCs IMTOTHOTO Pa3/ieiCHUs CMECH.

bonee »¢pdextuBHa (pakimoHHAs MEPEroHKa, OHa CBOAUTCS K
MHOT'OKPaTHOMY ITOBTOPEHHUIO IMPOCTBIX IEPETOHOK C ITOJYYEHUEM
MPOMEXKYTOUYHBIX (Ppakiuii U UX MOCIEAyIolIe neperonke. MoxHO
COCIMHUTH 3TU MHOTOYHCJICHHBIE ONEpalMid B OAUH HENPEPBIBHO
MPOTEKAOIIUN MPOLECC «UCIApEHUE — KOHJECH caus». Takasa Herpe-
phIBHAs aBTOMATU3WPOBAaHHAs JAPOOHAsl MEpPEeroHKa Ha3bIBACTCSl PeK-
muguxayueil, a annapaTr, B KOTOpOM OHA MPOU3BOJIUTCS, peKmugu-
KAUuUOHHOU KOJIOHHOU.
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PaccmorpuM  amarpamMmy  «COCTaB — TeMIieparypa  KHIICHHS
JIBOMHBIX 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. @aszosas ouazpamma «H#cUOKOCMb — NAP», NOACHAIOWASL NPUHYUN
@DpaKyuoHHoU nepe2oHKU 08YXKOMNOHEHMHOU CMeCU

Ecnu narpeBaTth pactBOp coctaBa N, TO KUIIEHUE €r0 HAYHETCH,
korja temmneparypa oyaet T,. I1ap, paBHOBECHBII C 3TUM PacTBOPOM,
oOnamaer coctaBoM N;. OH Oosiee Oorat KOMIoHEHTOM B, yem xuj-
KMH pacTBOp, MOATOMY IIOCIE HMCMApPEHHUs] HEKOTOPOro KOJIWYECTBA
pacTBOpa OCTAIOIIASICA YaCTh €r0 CTAHOBUTCS OOraye KOMIOHEHTOM A
U UMeeT, Hampumep, coctaB N,. PacTBop Takoro cocraBa OyJeT KH-
neThb npu rtemreparype T,. [lap, HaxoasAIMKCS B paBHOBECHUU C 3TUM
pacTBOpoM, o0jaaeT cocraBoM Ny. OH Oosiee 6oraT KOMIOHEHTOM B,
yeM pactBop. IloaTomMy ocTaTtok pacTBopa oOoraiaercsi KOMIIOHEH-
TOM A U TeMIepaTypa KUIICHUs MOBBIIIAETCS. B pe3ynbTraTe B OCTaTKe
OyJleT colepKaThCAd MPAKTUYECKU YUCThIA KOMIIOHEHT A W TeMIiepa-
Typa KUIIEHUs AocTturaer T A

O6patumcs teneps k mapam. Eciu nap coctaBa N3 CKOHAEHCUPO-
BATh W MOJYYEHHBIM KOHJACHCAT MOJABEPTHYTh, B CBOK OYEpElb, TUC-
TUJUISIUU, TO OH OYyJIeT KUIeTh Npu Temnepatype T3 u map ero cocra-
Ba N5 Oyzer emie O6osiee 6oratr kommnoHeHToM B. Ilpogoimkas Takoit
MPOLIECC KOHJECHCAMUA W JUCTWUISILIUN, MOXHO JOCTHYb TOTrO, YTO
BBIJICJISIONIMNCS TIap OyJeT MpeACTaBiIATh COOON MPaKTHUUYECKU YHC-
ThIi KoMIOHEeHT B. Takum 00pazoM, 1100yI0 ABOMHYIO CMECh MOYKHO
pa3nennTh MyTeM AUCTUILISIIAA HA YUCThIE KOMIIOHEHTHI.
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PaccmorpuM mporiecc IUCTHILISAIMA PAcTBOPOB, 00pa3yrOIIUX
azeotpor (puc. 4.11).

.
TN\ Te°
Taf =====

I
1
1
]
1
|

B
A N1 N2 C N4 N3

Puc. 4.11. [luacpamma «cocmag — memnepamypa KuneHus1»
cucmembul ¢ a3e0mponHol Mmo4Kou

Ecnu pactBop, UMEIOIINI COCTaB, TPOMEKYTOUHBIN MexTy A u C
(T. €. OTIIMYHBIN OT COCTaBa a3eoTpoOIlla, Hampumep coctaB N;), Toj-
BEPTrHYTh JAUCTUJUISILIMM, TO Tap, HAXOJAIINIICI B PaBHOBECUU C pac-
TBOPOM, OyJIeT UMETh cocTaB N, T. €. OyJIeT cofiepKaTh OOJIbIIE KOM-
noHeHrta B, yem pactBop. OcTaTok e, odoramiasch KOMIIOHEHTOM A,
OyJzeT KumeTh npu 0ojee BBICOKOUW Temmeparype, Hanpumep T,. [Ipo-
JOJKast TUCTUILISALINIO, MOYKHO JIOCTUTHYTH TOTO, UTO B OCTaTKe OyJeT
COAEPKATHCA YUCTHIM KOMIIOHEHT A. UHCTBIN k€ KOMMNOHEHT B u3
pacTtBopa coctaBa N; MOJIYyYUTh AHAJIOTMYHBIM MYTEM HE YJIaeTcsl.
[Ipyr NOBTOPHON KOHAEHCALMU U AUCTUJUISIIAMA Mapa MOXKHO JOCTHI-
HyTh coctaBa C. [lap Takoro cocraBa mpu KOHIECHCALHUH NAET KU-
KOCTh Takoro e cocraBa C, 1 HOBasl TUCTHILIALUS IPUBENIET OMSTH K
napy Toro e cocraBa C, Tak KaKk B a3€OTPOIHBIX pacTBOpax COCTAaB
napa paBeH COCTaBY >XKMAKOCTU. TakuM oOpa3oM, pacTBOp cocTaBa N
MOKHO Ppa3JIeJIUTh MEPErOHKOMW TOJBLKO Ha YHUCTHIA KOMIIOHEHT A U
azeoTponHbld pacTBOp C. DTOT BBIBOJI OTHOCHUTCSI KO BCEM PAaCTBOpaM,
IIPOMEXKYTOUYHBIM IO cocTaBy Mexay A u C.

Paccyxmass mogoOHbIM 00pa3oM, MOXKHO TOKa3aTh, YTO JIFOOOH
pacTBOp, 00JIaAIOIINIT COCTaBOM, MPOMEXKyTouHbIM Mexay C u B,
MyTeM TaKOW JUCTWIISALMM MOXKHO Pa3JeluTh TOJBKO Ha YUCTHIN
KOMIOHEHT B u azeorpomnHsiii pactBop cocTtaBa C.
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4.7. /lass1eHue HacvlWeHHo20 napa
8 cucmemMax ¢ 02paHuU4eHHoOU 83aUMHOU
pacmeopumMocmsvio KOMNOHEHMOaE.
Ilepe2oHKa ¢ 800SAHbLIM NAPOM

Ecnu Mbl iMeeM JIB€ B3aUMHO HEPACTBOPUMBIE KHUJKOCTH, TO OHU
BeyT ce0si He3aBUCUMO APYT OT Apyra. McrnapeHue KakKaoil KuaKo-
CTH WJET TakK, KaKk OyATO BTOpasi KUAKOCTb OTCyTCTBYeT. IloaTomMy
CyMMAapHOE€ JIaBjieHuE OyIeT:

Posu =P’ + P’

Temnepamypa Kunenus ecex cmeceil 6 MAKOU cucmeme Ho-
CMOAHHA, NOKA UMeemcsa XOmb HeDOoIbuioe KOaudecmeo obdeux
HCUOKUX (ha3, u memnepamypa sma 0yoem HuU3Ice memnepamyp Ku-
HEeHUA YUCMBIX KOMNOHEHN08.

PaccMoTpuM cucTeMy B3aMMHO HEPAaCTBOPUMBIX KHUJIKOCTEH
(6bpoMOeH301 — BO/IA).

N3 rpaduxa (puc. 4.12.) BUAHO, UTO TEPErOHKa cMECU (Posu.)
npoucxoaut npu temmneparype Menbine 100° C. 9To aBiIeHHUE JEKUT B
OCHOBE TNEPErOHKH C BOJSHBIM IMapaMm, KOTOpPasl 4acTO UCIOJIb3YyeTCs
I TIEPETOHKHA OPTaHMYECKHUX BEUIECTB C BBICOKOW TEMIIEPATypOU
KUIICHUS ¥ Pa3Jlararoluxcs Mpyu HarpeBaHUM.

Puoo POpombenson

1 atmm

100°0C  156° T

Puc. 4.12. Jluacpamma «cocmag — 0agnenue napa» 6 Cucmemax
C 02PAHUYEHHOU 83AUMHOU PACMBOPUMOCHILIO KOMIOHEHMO8

bynem cuutarh, 4TO MEPErOHSIEMBIE NAPbl MOIUYUHAIOTCA 3aKOHY
useanbHbIX Ta30B: poV = naRT; pgV =ngRT.
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PA =~ pAO Upp = pBO — TaK KakK >KMJIKOCTH HE CMCLIMBAIOTCH,
pa’V=naRT (1); pp’V=nsRT (2).
Paznenum (1) Ha (2):

p

0
A__A .
0

PB nB MA g

rJe g — BeC KOMIIOHEeHTa, M — MOJIsIpHas Macca.
Ecnu xommoHeHT A — BoJia, a B — BelecTBo, neperoHsemMoe ¢ Bo-
JSHBIM [TapOoM, TO:

JleBas yacTh ypaBHEHHUS BBIPAXKAET TAK HA3BIBAEMbIN PACXOIHBIN
KOd(HUITMEHT BOJSHOTO Mapa — KOJWYECTBO BOJSHOTO Tapa (BOJbI) B
BECOBBIX €JMHUIIAX, HEOOXOAUMOE JJii MEPErOHKU OJIHOM BECOBOM
€JIMHUIIBI TIEPETOHSAEMOro BemiecTBa. M3 ypaBHEHHS BHIHO, 4TO 3TO
KOJINYECTBO OyZeT TeM OOoJibllle, YeM HHUXKE JaBJICHHE HACBHIIICHHOTO
rapa NeperoHIeMoun KUIKOCTH U YEM MEHBIIIE €€ MOJISIpHAs Macca.

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

ITo cBoel mpupoae U CBOWCTBAM PacTBOPBI I'a30B B KUJIKOCTIX
HUYEM HE OTJIMYAKOTCA OT APYTUX KUAKUX pacTBOPOB. OOBIYHO KOH-
LEHTpalMs Ta30B B OTUX PACTBOPAX HE3HAYMUTEJIbHA U PAaCTBOPHI SIB-
JSI0TCA pa30aBlIeHHBIMU. VICKIIOYEHUE COCTABISIOT OTIEIbHBIE CHUC-
TEMbI, B KOTOPBIX PaCTBOPUMOCTb OKa3bIBAETCSI BeCbMa OOJIBIION
BCJICICTBME XMMMYECKOIO B3aUMOJCHUCTBUS PACTBOPAEMOrO rasa ¢
pacTBOpuUTENEM, Kak, Hanpumep, B pactBopax NH; nnu HCI B Boze.

PactBopeHue raza B )KUJIKOCTH 4acCTO HA3BIBAIOT adcopobyuen 2a-
3a. PacTBOpUMOCTb I'a30B CWJIBHO 3aBUCUT OT IABJICHUS U TEMIIEPATY-
PBI, OT PUPOJBI I'a3a U PACTBOPUTEIS.

3axkon I'enpu: npu nocmoanHHOU memnepamype pacmeopu-
MOCmb 0AHHO20 2a3a 6 OAGHHOM PACmeEopumene nPAMo nponopuuLo-
HAbHA 0A6JICHUIO 2a34 HAO PACMEOPOM:
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C=K"D,

II€ C — MOJIsUTbHAs KOHLIEHTpAls ra3a B KHAKOCTU (rpaMM-MOJIb Ha
1000 r pactBopuTens); K — KO3POUIMEHT TPONOPLIHUOHATBLHOCTH, Xa-
PaKTEpPU3YIOUIUNA PACTBOPUMOCTh; P — MApPUUAIBHOE JaBJICHUE Tra3a
HaJl paCTBOPOM.

3akoH ['eHpH NPUMEHHUM TOJBKO K CHUJIBHO pa30aBJICHHBIM pac-
TBOpaMm. [[1s1 OOJBIIMHCTBA Ta30B OpHu p<l aTM. OTKJIIOHEHHUE OT 3aKO-
Ha ['enpu coctaBisieT 1-3 %. DTOT 3aKOH CIpaBEIJIUB TOJIBKO JIJII HE-
BBICOKUX JaByicHuM. [Ipu MoBbIIEHWU AaBJICHUS HAOJIOJAIOTCA OT-
KJIOHEHUS OT 3aKOHa ['€Hpu, KOTOpbIE€ BBIPAXKAIOTCA B TOM, YTO C POC-
TOM JABJICHUSI PACTBOPUMOCTh PACTET, HO HE BCET/ia MPOMOPIIMOHAIb-
HO JaBjeHuro. [Tporecc pacTBOpeHUs: COMPOBOKIAETCS YBEIMUCHUEM
o0beMa M MOTJIOIICHUEM WJIM BbIJEJIEeHHEM Teruia. B OOonbIIMHCTBE
CIIy4aeB pacTBOPEHUE T'a30B €CTh YK30TCPMHUUYECKUN MPOIIECC COJIbBA-
TallMM MOJICKYJ Ta3a MOJIeKyJiaMu pactBoputeis. [loaTomy, cormacHo
npunnuny Jle-IllaTense, pacTBOPUMOCTb Ta30B YMEHBIIIAETCA IIPU Ha-
IPEBAHUU W YBEIWYMBACTCS MPU OXJaxJIeHuU. HekoTopwlie rasel, Ha-
IpUMEP BOJIOPO/]I, PACTBOPSIOTCS C MOTJIONIEHUEM TEMIIEpaTyphl; pac-
TBOPUMOCTH BOJIOPO/Ia C MOBBIIIEHUEM TEMIIEPATYPHI YBEIUUNBAETCS.

HenonsipHble ras3pl jydille pacCTBOPSIIOTCA B HEMOJISIPHBIX PacTBO-
pUTENISIX, a MOJISIPHBIE — B TIOJISIPHBIX. B pacTBOpax 3J€KTPOIUTOB, Kak
noka3ano B paborax M. M. CeuenoBa (u3ydan pactBopumocts CO, B
KPOBH), paCTBOPUMOCTh T'a30B MEHbBIIIE, YEM B YHUCTOM Boje. PacTBo-
PUMOCTh Ta30B YMEHBIIIACTCS B MIPUCYTCTBUU COJIEH, TaK KakK MPHU pac-
TBOPEHUHU COJM OOpa3yrOTCsl THAPATHBIE OOOJOYKU BOKPYT MOHOB U
KOJINUECTBO CBOOOHOM BoABI yMeHbIaeTcs. M. M. CeueHOB ycTaHo-
BWJI BaXHOE COOTHOIIICHHUE, BBIPAXKAIOIIEE BIIMSHUE KOHIICHTPAIUU
ANEKTPOJUTA (COJIM) B PACTBOPE HA pACTBOPUMOCTD rasa:

In(S¢/S)=x - c,

rae Sy — pacTBOPUMOCTh JIAHHOTO ra3a B BOJE; S — paCTBOPUMOCTH Ta-
32 B PacTBOPE DJICKTPOJUTA (COJIM); C — KOHLICHTPALUS COJIH; K — M-
NUpUYECKas MOCTOSIHHASI, 3aBUCAINAsl OT MPUPOABI ra3a, JIEKTPOIUTA
Y TEMIIEPATYPHL.

SBiieHNE TOHMXXEHHUS PACTBOPHMMOCTH Ta30B B pacTBOpax 3JeK-
TPOJIUTOB Ha3bIBaeTCs 3(PHEeKTOM BbIcamuMBaHus. ITOT 3PHEKT yBeIu-
YUBAETCA MMPU YBEJIMYEHUH 3apsiia NOHA.
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4.9. 3akoH pacnpedesaeHust HepHcma.
JIKcmpakyus u3 pacmeopos

Ecnu B3sTh 1B€ HECMENIUBAIOIIUECS KUJIKOCTH (Boaa U dPup) u
100aBUTh K CMECH TPETH KOMIIOHEHT (YKCyCHasi KHCJ0Ta), TO TOT
TPETUH KOMIIOHEHT PACHPENCIUTCS B 00CHX JKHIKOCTIX, MPUYEM OT-
HOIIICHUE KOHIEHTPAIMU YKCYCHOM KHCJOTHI B BOJHOM CJIO€ K KOH-
HEHTPAlMd YKCYCHON KHUCIOTBHI B 3(UPHOM clioe HE OyAET 3aBUCEThH
OT OOIIEl KOHIIEHTPAIIUU KUCTIOTHI.

Ecnu c, ¢', c", ¢'"' — KOHIIEHTpAIlUX YKCYCHOM KUCIIOTHI, TO

!/ " "

A CA CA CA
- = o = o = o = const.
B B B B

OtHomenue obo3Havaetcst K — koappuuuent pacnpeaenaeHus.

3akon pacnpeoenenusa Hepucma: omuowienue Konyenmpayui
mpembvezo KOMROHEHMA 6 08yX PAGHOBECHBIX HCUOKUX hazax npu
ROCMOAHHOI meMnepamype ecmp 6eIUYUHA NOCIOAHHAAA.

C
Box
B

T. €. CAo U Cg MOTYT MEHSTHCS, HO UX OTHOIICHUE €CTh BEJIMYMHA I1O-
CTOSIHHAS.

DTO OTHOIICHUE CIPABEIIMBO, KOTJIa BEIUUYNHA MOJICKYJI TPEThE-
ro KOMIIOHEHTa B 000MX pAacTBOPHUTENSAX OAHA W Ta ke. B cimydae ac-
COITMAIIMM U JUCCOIMAIMY ypaBHeHHe HepHcTa mpruobpeTeT BUa:

n
C

A
A K,
C

B

CpEIHUI MOJICKYJISIPHBIN BeC 3-r0 KOMIIOHEHTA B pacTBope B
n-=

CpEIHUH MOJICKYJISIPHBIN BeC 3-T0 KOMIIOHEHTA B pacTBOpe A

3aKoH pacnpeiesieHus] UMEeT Psijl BaXHbIX npuMeHeHuil. Hanbo-
Jee BaKHBbIE U3 HUX — XuAKOo(Da3zHas xpomaTorpadus U dKCTPAKIUS
PaCTBOPHUTENIEM.
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IKcmpakyus — npoyecc u3enedeHus pacmeopeHHozo euiecm-
6a u3z pacmeopa nymem 00padomKu pacmeopa Opyzum pacmeopu-
mesiem (IKCMpPazeHmom).

Ilycth B 00BbeMe pacTBopa V| HAXOIUTCS gy TPaMM PacTBOPEHHO-
ro BEIIECTBa, KOTOPOE HAJI0 U3BJIEYb JIPYTUM PaCTBOPUTENIEM O00bEeMa
V,. Torma nociie mepBou 3KCTPAKIIUU B PACTBOPE OCTAHETCA g TPaMM
BEILIECTBA, a OYAET MPOIKCTPArupOBaHO g( — g BEIIECTBRA.

[IpumenuM 3akoH pacnpeaencuns HepHacra:

_ 8 8o 8
)

C, = Cp =
A B ’
Vi V,
Ca — KOHIIGHTpallUs BEIIECTBA B PACTBOPE MOCJIE JKCTPAKIUU,
Cp — KOHIICHTpAITUs BEIIECTBa B PACTBOPUTEIIE.

K:C_A_gl V2

¢g V) (g, ~g)
PewmyM 3T0 ypaBHEHHE OTHOCHUTEILHO g;:
_ kV,

Ecnau mpoBeneM BTOPYIO SKCTPAKIIUIO TEM K€ 00BEMOM PacTBO-
purenst V,, TO g — KOJWYECTBO BEIIECTBA, KOTOPOE OCTAJIOCh B pac-
TBOPE TOCJIE BTOPOU SKCTPAKIINU:

— le NJIn _ kvl 2
L8y, B8 Gy
12 12
[IpoBenem n 3KCTpaKIUK,
g =¢ -(—kvl )"
noT0 KV + V) ’

rae g, — KOJMYECTBO BEIIECTBA, KOTOPOE OCTAJIOCh B PacTBOPE IOCIIE
N BKCTPAKIUN:

kV

—g —g —o0 (1— 1 n
8 ey~ 808, & -G
1 2
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Hauobonee r¢phpekmueno nposooums 3IKcmpaxuuio He cpasy
6cem KOU4YeCmeoM pacmeopumeni, a MAaablMu ROPUUAMU OO0b-
uiee Yyucuo pas.

4.10. Temnepamypa 3amep3aHusi pa36ae/1eHHbIX
pacmeopos

PactBOp, B OTIIMUKE OT YHCTOM KUJIAKOCTH, HE OTBEPACBACT LICIIHU-
KOM Ipu OJHOW TemmnepaType. OTBepAeBaHUE pacTBOpPa MPOUCXOIUAT
Ha MPOTSKEHUU HEKOTOPOTO MHTEpBana temneparyp. Kpucrawisl Ha-
YAHAKOT BBIACIATHCS MPU KAaKOM-TO OJHOW TEMIIEPATYPE; MO MEPE MO-
HVDKEHUS TEMIIEPATyPhbl KOJMYECTBO UX PACTET, IOKA BECH PACTBOP HE
OTBEPJICET.

Temneparypord Hadana KpPHUCTAJUIM3alMM PACTBOPA HA3BIBACTCS
TeMIeparypa, Mpyu KOTOPOM KPHUCTAJIbl PACTBOPUTEINSI HAXOIATCS B
PaBHOBECHHM C PACTBOPOM JAHHOIO COCTaBa. lemieparypy Hadaia
KPUCTAJUIA3AllMM HA3bIBAIOT TAKXKE TEMIEPATypOW 3aMep3aHus pac-
TBOpA.

OnbIT MOKa3bIBAET, YTO Pa30aBIICHHBIN PacTBOpP 3aMep3aeT IpHU
TeMmIiepatype 0ojiee HU3KOM, YeM YHUCTBIM pacTBOpuUTeNb. Tak, Mop-
ckast Boja 3amep3aeT He npu 0° C, a mpu Oojiee HU3KOU TeMIiepaType.
JIng XapakTEepUCTUKU TEMIIEpATYpPbl 3aMEP3aHUsI BBEIEM BEJIUYHHY
IIOHM>KEHHST TeMIlepaTypsl 3amep3anus AT;, onpenernsas ee Kak pas-
HOCTh MEXy TEMIIEpAaTypaMu 3aMEP3aHUsl YUCTOTO PACTBOPUTENS T
u pactBopa: ATz = T3O —Ts.

PaccmoTrpum nuarpammy (puc. 4. 13):

OA — 3aBUCHMOCTbH JIaBJICHHS HACBHIIICHHOIO Mapa YMCTOW BOJIbI
OT TEMIIEPATYPHI,

OB — TeMnepaTypHasi 3aBUCUMOCTb JABJICHHSI HACBIIIEHHOTO Ma-
pa HaJ JIbAOM,

C1, Cp, C3 — KPHUBBIC MPEACTABISAIOT JABJICHUE HACBIIICHHOrO Iapa
HaJl paCTBOPAMU PA3JIMYHBIX COCTABOB (C;<C,<C3),

T. O — paBHOBecue xuakoctu (H,O) u nbaa.
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Puc. 4.13. [lonusicenue memnepamypuvl 3amMep3aHus pacmeopos

B 1882 r. ®.-M. Paynp ONBITHBIM IyTEM YCTaHOBWJI, YTO B JIOC-
TaTOYHO pa30aBJICHHBIX PACTBOPAX MOHMKXEHUE TEMIIEpaTyphl 3amep-
3aHus (AT;3) nOponoOpIHUOHATIBHO MOHWKEHUIO JIaBJICHUA Tapa u, Clie-
JOBATEJIbHO, MPOMOPIMOHATIBHO KOHILIEHTPAlMd PAacTBOPEHHOTO Be-
IIECTBA B PaCTBOpE:

AT3 = K°m,

I7Ie M — KOHLEHTpAlLMsl PACTBOPEHHOI'O BEIECTBA, OOBIYHO BbIpaXa-
erca B moysix Ha 1000 r pactBoputens (T. €. MOJIsUIbHOCTB), K — Ko-
3G PUIHEHT TPONOPIMOHATBHOCTH, SIBJISETCS BEIWYMHOW IMOCTOSH-
HOM, XapakTepU3ylollen npupoay pactBoputenss. OH Ha3bIBaeTCA
KPUOCKOITUYECKON TMOCTOSIHHOW (MOJICKYJISIPpHOE TMOHWKEHHUE TeMIIe-
paTypsl 3aMep3aHusl).
Taxk, nys Boast K;,,,=1,86 K - MOJIb | * KT JUist GeH30/1a

Koemzon=3,12 K - MOJIb | * K.

Jl71s1 6eCKOHEYHO pa30aBIIEHHBIX PACTBOPOB:
K=—3"

1000 L
T1JI

b

0
T; — Temnepatypa 3amep3anust pacteopurens [K],
L., — yIenbHas TeIioTa MJIaBJIeHUs pacTBOPUTENS [Kayl/T].
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4.11. Temnepamypa KuneHus
pa36ae/ieHHbIX pacmeopos

Yucras )KUAKOCTh WIM PACTBOP KUIST IPU TOU TEMIIepaType, pu
KOTOPOW /IaBJICHUE HACHIIIEHHOTO Mapa CTAaHOBUTCS PaBHBIM BHEIII-
HEMY JaBiieHUI0. Eciu paccMarpuBaTh pacTBOPHI HEJIETYYEro Belle-
CTBa B JIETY4YHMX PAaCTBOPUTEIIAX, TO TEMIEPATypa KUIIEHUS TAKUX pac-
TBOPOB BCETJa BBIIIEC TEMIEPATYPhI KUTIEHUS] YHUCTOrO PaCTBOPHUTENS
IIPU TOM K€ JIaBJICHUMU.

PaccmoTrpum nuarpammy (puc. 4.14):

P

760
MM PT.CT.

Trknn® T1kun Tokun T

Puc. 4.14. Ilosvluenue memnepamypvl KUNEHUS pACMBOPA
npu ammocgeprom 0asieHuu

[Iycts BHemHee maBiaeHue paBHo 760 mM pT. cT. Touku nepece-
YeHUs1 KPUBBIX JaBJIEHUN mapa u3zobapoil (p =760 MM pT. CT.) OyayT
TEMIIEpaTypaMu KUIICHHS KUIKOCTEW pa3HOro cocrama. [[ns pacTBo-
POB 3TH TeMIIEpPaTyphl SBIAIOTCS 00Jiee BHICOKMMU, YEM JIJII YUCTOTO
pacTBOpPUTENS, U PAa3HOCTh MEXKJY HUMH OyneT TeM OoJblIei, yem
BBIIII€ KOHIIEHTpALKs PacTBOPA.

ONBITHBIM TyTEM YCTAaHOBJIEHO, YTO B JIOCTATOYHO pa30aBICHHBIX
pacTBOpax TMOBBIIIEHUE TEMIIEPATyphl KUIIEHUS MPONOPIMOHAIBHO
NOHI>KEHHIO JIABJIICHHSI HACBILIEHHOTO Mapa U, CJIelI0BaTeIbHO, KOH-
LEHTpallMd PACTBOPEHHOI'O BEIIECTBA!

ATKI/IH = TKI/II‘[ - TKI/IHO = E°m9
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r7Ie M — MOJISIIBHOCTh pacTBopa; E — koadduimeHT nponoproHaib-
HOCTH, Ha3bIBaeTCs 20YJIMOCKOMUYECKOW MOCTOSHHOW WM MOJICKY-
JISPHBIM TOBBIIICHUEM TEMIIEPaTypbl KUTICHUS.

Js Boast E,,.=0,52 K - MOJIb | * KT JUist GeH30ia
Egers0n=2,64 K - MOJIb | * K.

Mo3XHO TTOKa3aTh, 4TO

E = KA ,
1000 - Lucn

e T — TeMIepaTypa KAMNEeHus YucToro pacrsopureis [K],
L,c: — Y€JIbHas TEIJIOTa UCIIApEHUS paCTBOPUTENS [Kaj/T].

4.12. Kpuockonusi u 36y1uockonus

YpaBHEHUAMU, BBIPAKAOIINMA 3aBUCUMOCTh TOHWKEHUS TEMIIE-
paTtyphl 3aMep3aHusi U MOBBIIIEHUS] TEMIEPaTypbl KUMECHUS, YJIO0OHO
MOJIb30BATHCS JISI ONPEAECICHUS MOJIIPHOM MacChl PaCTBOPEHHOTO
BemiecTBa. JlJisi mpoBeIeHUsT OIbITa BHIOMPAIOT MOIAXOJSIINI PacTBO-
pUTEIIb C U3BECTHOM KPUOCKOMUYECKON MU H0YJIMOCKOMUYECKON TO-
CTOsTHHOM. Jlasee mpUroTaBIMBAIOT PACTBOP HE CIUIIKOM OOJIBIION
KoHIleHTpauuu (He 6osiee 0,5 M) U TOUHO U3MEPAIOT OHUKEHUE T,y
WX NoBbILICHUE T,

g-1000
G-AT3

M=K-

rI€ g—BeC pacTBOPEHHOro BemiecTBa; (G —BEC PacTBOPHUTEIIS;
M — mossipHas macca; K — kpuockonudeckas mocTOsSIHHAS.

Memoo onpeoeneHuss MOAAPHOU MACCHL RO NOHUNCEHUIO MOUKU
3amep3anus HA3bleaemca KpUuockonueil, a Memoo, 0CHOBAHHbLIL HA
usmepenuu noevtwenus T,,, , — r0yauockonueii.

Kpuockonus ucrnosnp3yeTcs yaiiie, Tak Kak jJerde TOUHO U3MEPUTh
MOHWKEHUE TeMIIepaTyphbl 3aMEp3aHusi, YeM TMOBBIIIICHUE TeMIepaTy-
PbI KUTICHUS.
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4.13. Ocmoc. OcMmomuueckoe daegJ/ieHue

Ocmoc — caMOTIPOU3BOJIBHBIN TIEPEXO]T PACTBOPUTEINSI B PACTBOD,
OTJICJICHHBIN OT HETO MOJYINPOHUIIAEMON MEPErOPOAKON ((KUBOTHOTO,
PACTUTENBHOTO WM UCKYCCTBEHHOT'O ITPOUCXOXKICHUA).

OcMOTHUECKOE TaBICHUE ONPENEIAETCS B OCMOMETPE, OCHOBHOMN
YaCThIO KOTOPOTO SIBIISIETCS MOJYIIPOHUIIAEMAas IIEPETOPOJKA U3 MaTe-
puaia, CriocoOHOTO MPOIYCKaTh TOJBKO MOJEKYJIbl PACTBOPHUTEINS, HO
HE PACTBOPEHHOT'O BEIIECTBA.

pacTBop

nonynpoHuuaemas _  _- \
neperopoaka \

pacTBopuTesb

Puc. 4.15. Ocmomemp

B 1848 r. XK.-A. Hosute BriepBbie 0OHAPYKUJI 3TO SIBJICHUE: TIEpe-
X0J1 BOJIbI B PacTBOP caxapa uepe3 Obrumii my3sipb. [lo ogHy cTopony
MEPErOPOJKN HAXOJIUTCS SUYE€HKa C PACTBOPOM, IO JIPYTYIO — C YHUCTHIM
pactBoputeneM. BceneactBue nuddys3uu pacTBOpUTENh MPOHUKAET
yepe3 MOTYNPOHUIIAEMYIO TIEPEropoAKy B 00€ CTOPOHBI, HO CHavasia —
ObICcTpee — B siYEHKY ¢ pacTBopoM. PacTBopuTenb OyAeT MOAHUMATHCS
no TpyOKe, COeIMHEHHOW C BHYTPEHHUM cocyqoM. [Ipu HekoTopoi
BbIcOTE h cTo)I0a pacTBOpa HACTYNUT PaBHOBECHE U MOJBEM KUJIKO-
CTH B TpyOKe mpekpatutcs. JlaBieHue, KOTOPOE OTBEYAET TaKOMY
PaBHOBECHIO, HA3bIBAETCSI OCMOTUYECKUM JTABIICHUEM.

Ocmomuueckoe oOasienue (0003HAYACMCA «T») PAGHO MOMY
0a6J1eHUI0, KOMOPOE HYHCHO NPUTIONCUND K PACHEOPY, YmOo0bl npu-
6ecmu €20 6 pagnogecue ¢ YUuCmbvlm pacmeopumenem, 0moe1eHHbIM
OMm He20 NOJIYRPOHUUAEMOUL NePez2oPOOKOil.
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OcCMOTHYECKOE JTaBJICHHE 3aBUCUT OT KOHILIEHTpPALUM pacTBOpa U
MOKET ObITh OYeHb OONbIIUM. Tak, 6%-HbI pacTBOp caxapa MMEET
ocMoTHuecKoe aasiieHue 0,6 aTM.; MOpCKas BoAa — 28 aTM., paccoJibl
HEKOTOpbIX 03ep — 200 atM. OCMOTHYECKOE TABIEHNUE KPOBHU BBICIIIUX
)KUBOTHBIX 7,5 — 8 atM. OCMOC WIpaeT BaXXHYI POJIb B >KHU3HEACS-
TEIbHOCTH >KUBOTHBIX W PACTUTEIBHBIX OPTraHU3MOB (JABUKEHHUE CO-
KOB B PacTEHHUAX, OCMOTHYECKOE JABJICHUE O0ECIEeUNBAET yIPYroCTh
KJIETKU — TypOOp).

B 1887 r. 4. Baut-I'od¢ npurien K BEIBOTY, YTO MEKIY COCTOSHU-
€M BEILECTBAa B OUYE€Hb CWJIbHO pa30aBJICHHOM PACTBOPE U ra30BBIM CO-
CTOSIHUEM TOT'O K€ BEIECTBA MMEETCS (hOpMATbHOE KOJUYECTBEHHOE
CXOZCTBO, HECMOTPSI Ha TO YTO XapakTep ABUKEHUS MOJIEKYJ pacTBO-
PEHHOTO BEIIIECTBA B KUIKOCTH OTJIMYAETCS OT ABUKEHUS MOJIEKYJI rasa.

B vactHocTtu, Bant-I'od¢d nokazan, uro:

1) npu T=const ocMOTHYECKOE MaBJICHHUE MPSIMO IPOIOPIHO-
HaJIbHO KOHIICHTPAIlUM PACTBOPEHHOTO BEIIECTBAa MM OOpPATHO IPO-
MOPIMOHATIBLHO MOJISIPHOMY OOBEMY PAacCTBOPEHHOTO BelllecTBa (aHa-
Jorusi ¢ 3aKkoHoM boiins);

2) npu JTaHHOW KOHILIEHTPAIlMM OCMOTHYECKOE JaBJICHHUE MPOIOp-
IIMOHAJIBLHO a0COJIOTHOM Temmeparype (aHajorus ¢ 3akoHOM I'eii-
JIroccaka);

3) mpu OJMHAKOBOUW TeMImepaType W OJIMHAKOBOW KOHIIEHTpAIIUU
pa3HbIe BEIIECTBA MMEIOT OJHO M TO K€ OCMOTHYECKOE JaBIICHHE
(amajorus ¢ 3akOHOM ABOTapo).

Takum 00pa3oM, OCMOTHYECKOE JIaBJICHUE Pa30aBICHHBIX PAaCTBO-
POB MOIUMHAETCS 3aKOHY IS UJI€ATIbHBIX Ta30B, U COCTOSIHUE ITUX pac-
TBOPOB BBIpaxkaeTcsi ypaBHeHuem Bant-I'odda, xotopoe mo dopme
COBMajaeT ¢ ypaBHeHHUeM MenpeneeBa — Knanetipona (pV=nRT):

7=—-RT =cRT,
\Y
r€ T — OCMOTHYECKOE JaBJIECHHUE PACTBOPA; N — YHCIIO MOJIEN pacTBO-
PEHHOTO BelecTBa; V — 00beM pacTBOpa; ¢ — KOHIICHTPAIIUs pacTBO-
PEHHOTO0 BellecTBa; R — razoBas MoCTOSHHAS.

Ocmomuueckoe oOasieHue pPAeHO MOMY 2A3060MYy OA6JICHUI),
KOmMopuim 001a0a10 0bl pacmeopeHHoe eeuiecmaeo, eciu 0vl, Haxo-
0ACb 8 2A3000PA3ZHOM COCMOAHUU RPU MOUL Jce memnepamype, OHO
3AHUMATI0 MOM )Hce 00beM, KOmOPbLil 3aHUMAEm PACHEOP.
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B paz06aBieHHBIX pacTBOpaX OCMOTHYECKOE JABJIICHUE HE 3aBUCUT
OT IIPUPOJBI PACTBOPEHHOTO BEMIECTBA U PACTBOPUTENS, & ONPEHAEIS-
€TCSl TOJIBKO €ro KOHIEHTpamueun. Eciam pacTBOpEHHOE BEIIECTBO B
pacTBOpE AUCCOIMUPYET, TO ypaBHeHHe BanT-I'odda 3anuceiBaroT

n =1cRT,
1 — UI30TOHUYECKUN KOIPPUIIHECHT:
j= 72.7—1615.71 .
pacuem

N3oToHnyeckuit K03(HPUIUEHT MOKET OBITh BHIUUCIICH U MO APY-
UM CBOMCTBaM paszbaBieHHBIX pacTBopoB (AT,, AT.,,). i pactBo-
POB CJ1a0bIX 3JIEMEHTOB 1 ONPENIETAETCS 110 YPABHEHUIO:

1=1+a(v-1),

TJie 0. — CTeNEeHb AUCCOIMAINH;, V — YACIO UOHOB, HA KOTOPOE JTUCCO-
IUUPYET MOJIEKYJIa PACTBOPEHHOTO BEIIECTRA.

VYpaBuenne Bant-I'odda ncnonb3yercs B oCMOMETpUU JjIsl OTI-
peleNieHusT MOJISIPHOM MAacChl Pa3jUYHBIX HEIJIEKTPOJIUTOB, B TOM
YHCJIe BBICOKOMOJICKYJIAPHBIX COSIWHEeHHMH. B 3TOM ciydae KOHIICH-
Tpaius ¢ B ypaBHeHuu Bant-I'odda 3ameHsieTcss Ha MOJISUTbHOCTD:

1000
I
P MG
rJ€ g — BeC pacTBOpeHHOro BemiecTBa, G — Bec pactBoputens, M —
MOJISIpHAsi Macca pacTBOPEHHOT'O BEIIECTBA.

[Tonmyyaem 7= MRT , OTKy1a
M =21000 o
-G

4.14. KoaauzamuegHble ceolicmea pacmeopos

Konnueamusnvimu HA36186a10mca C80UCMEA, KOMoOpbvle He 3a6U-
cAm Om NpuUpooOvl pacmeopeHHO20 6euiecmed, a OnpeoeArmcs
MOJIAIbHOU KOHUEHmMpayueu.

K HMM OTHOCSTCS OCMOTHYECKOE HAaBJICHHUE, OTHOCUTEIHLHOE MOHU-
YKCHHUE JTaBJICHUS Tapa HaJl pacTBOPOM, MOHIKEHHUE TEMIIEpaTyphbl 3a-
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MEp3aHusl, TMOBBIIICHUE TEMIIEpaTypbl KUIMEHHs. BenuunHbl Koyuvra-
TUBHBIX CBOWCTB MPSIMO MPOMOPLUOHANBHBI JIpyr Apyry. Kaxnoe us
TUX CBOMCTB MOXKET OBITh MCIIOJIB30BAHO JJISl ONPEACTICHUS MOJISIPHOMN
MaccChl paCTBOPEHHOIO BelecTBa. Yalle Uernoab3yeTcss KpUOCKOMUSL.

IIpumepui pewreHus1 3ada4

3aoaua 1. Paccuuraiite cocTaB pacTBopa «0€H30J1 — TOJIYOJD», KO-
TOPBIM MIPY HOPMAIBHOM JIaBJICHUM KUNUT Tipu Temreparype 90° C, a
TaK)K€ COCTaB 00pa3yrollerocs napa (pacTBop CUUTANTE UJI€aTbHbBIM).
JlaBneHus mapoB 4UCThIX OeH3oja u Tosyosa npu 90° C paBubl 1021
1 407 MM pT. CT. COOTBETCTBEHHO.

Pem e nue: MomsgpHyto oo O€H30j1a B pacTBOPE HAXOIUM
1o 3akoHy Payins nipu ycimoBuu, 4To oOliee JaBiaeHHE Tapa B MOMEHT
KUIIEHUs] paBHO aTMOC(HEpHOMY:

760 = 407 + (1021 — 407)-N,,,, otkyzna Ny, = 0,575.

MoxnsipHas 1o Toryosna B pactBope paBHa Ny, =1 — Ny, = 0,425.
Mounsipaas 1oJis1 6€H30J1a B Iape paBHA

B N,R 05751021
PP 760

COOTBETCTBEHHO, MOJISIpHAss JIOJg TOJyoJia B Iape paBHA
Ny, =1 —-N;,=0,228.

3adaua 2. Bpraucidre TEMIIEpaTypy 3aMep3aHus, TEMIEPaTypy
KUIIEHHS U ocMoThuueckoe aasieHue (mpu 298 K) pactBopa, coaepika-
uiero 18 r rmoko3sl Ha 1 kr Boabl. Kprockonnyeckass KOHCTaHTa BOJbI
K=1,86 K‘MOJII)_I'KF, s0ymuockonuyeckas E = 0,52 K-MOJIb K.

P e m1 e H u e. OnpenesnsgemM MOJSUTbHYIO KOHIICHTPALIMIO PACTBOPA:

851000 _ 0,018-1000
M 180-1

N, =0,772.

=0,1 MOJB/KT.
FHgBOIl

OrnpenenseM NOHMKEHHE TEMIIEPATYpPhbl 3aMEP3aHHs U TOBBIIIE-
HUE TEMIIEPATypPhl KAIIEHUS pacTBOpA:

AT, =K-m, =1,86-0,05=0,18"C,

3aM

AT, =E-m., =0,52-0,05=0,051°C.

KHII
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Takum obOpaszom, pactBop 3amep3aer npu —0,18°C, a kunut npu
100,05°C. g pacuera OCMOTHYECKOTO JABJICHUS IPUMEM, YTO MO-
JsipHasi KOHIIEHTpAIUsi pacTBOpa paBHA €ro MOJISUIBHOM KOHIIEHTpa-
muu, T. €. ¢ = 0,1 MOJIB/,Z[M3 = 100 MoaB/M". [Ipu 3TOM MOTydaeMm:

= cRT =100-8,314-298 = 248000 I1a = 248 xIIa.

3adauu

1. HaBnenus mapa uucteix CHCl; m CCly; nmpu 25°C paBHBI
353 MM pT. cT. 1 215 MM pr. cT. [lonaras, 4to oHM 00pPa3yIOT UjIeAlb-
HBI pacTBOpP, PAaCCUMTANTE JaBJI€HUE Mapa U COCTaB (B MOJSPHBIX
TOJIsIX) Tapa Haj pacTBopoM, coctosiuM u3 1 Mmoas CHCl; u 1 moinb
CCly.

2. PaccuuranTe cocTtaB pacTBOpa «3TAaHOJ — METAHOI», KOTOPBIU
IIPY HOPMAJIBHOM JABJICHUM KUITAT npu Temreparype 63,5°C, a takxke
cocTaB oOpasyrolierocs mnapa. PactBop cuuraiite uaeaidbHbIM. [lpu
JTAHHOM TEMIIEpaType AABJIICHUE Mapa 3taHona paBHo 533 klla, a me-
tanona 1059 klla.

3. JlaBneHust mapa 4yucThiX OeH30/1a U Toxyosna mpu 60°C paBHBI
51,3 u 18,5 kIla. [Ipu xkakom naBnenuun 3akunut npu 60°C pactBop,
cocTosiuid U3 1 Mok OeH3oa u 2 Mok Tonyosna? KakoB OyaeT co-
CTaB napa?

4. Koncranta enpu 11 N, B Boge mpu 20°C pasra 6,12-107 MM
pT. cT. Paccunraiite pacTBOPUMOCTD (B €AMHUIIAX MOJISUTbHOCTH) N, B
BoJie ipu 20°C B yCIIOBUSIX €€ KOHTaKTa ¢ BO3JAYXOM IPU HOPMAJIb-
HOM JIaBJICHUH, CUMTas OOBEMHYIO JIOJI0 a30Ta B BO3AYXE pPaBHOM
80%.

5. IInotHocth 50% (Mo Macce) pacTBOpa 3TaHOJIa B BOJAE IIpHU
25°C pasna 0,914 r/cw’. Paccunraiite mapuuanbHbIi MOISPHEIL 005
€M 3TaHoja B 3TOM PACTBOPE, €CJIM NaplUalbHbI MOJISPHBIN 00bEM
BOZIBI paBeH 17,4 cM’/MOIIb.

6. MoJsipHy10 Maccy JUIKIA ONPEACIISIOT 1O MOBBIIIEHUIO TEM-
neparypsl KuneHus. JIunua MOXXHO pacTBOPUThH B METAHOJE WIH B
xynopodopme. Temneparypa kuneHuss Metanona 64,7° C, temiora uc-
napenusa 262,8 kan/r. Temneparypa kunenus xjiopodopma 61,5° C,
terota ucnapeHuss 59,0 kan/r. PaccuuraiiTe 30yJIMOCKONMUYECKUE
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MIOCTOSIHHBIE MeTaHoJIa U XJopodopMma. Kakol pacTBOpUTENb Jydllle
UCIIOJIb30BaTh, YTOOBI OMPEACIUTH MOJIIPHYIO MacCy ¢ MaKCUMaJIbHOM
TOYHOCTBIO?

7. PaccunTaiiTe MOHWXKEHUE TEMIIEPATYPhI 3aMEP3aHUSI U OCMO-
TUYECKOE JlaBjieHue puszunosnorndeckoro pactsopa (0,9%-Hbiii BOAHBIM
pactBop NaCl), npu yclioBUH, YTO KaKyIIasics CTENEHb JUCCOIUAIIUN

xJiopuaa Hatpus B pactBope paBHa 0,9. Kpuockonuueckasi mocTosiH-

1
Hasg BoJbI 1,86 K - Mot~ * KT.

8. PactBop, conepxamuit 1,632 r TpUXIOPYKCYCHOW KHCIOTHI B
100 r 6enzona, kpuctaumizyercs npu temmneparype Ha 0,350°C Hu-
&Ke, 4eM 4YuCThli OeH3on. Onpenenute, TPOUCXOIUT JU JAUCCOLIMA-
U WIM acCOLMalMs TPUXJIOPYKCYCHOM KHCJIOTHI B OEH30JbHOM
pacTBOpe U B Kakou creneHu. Kpuockomnuueckas MocCTOsSiHHAsE O€H-
30ij1a 5,12 K - MOJIb © * KT.

9. benok ChIBOPOTOUHBIA aIbOYMHH YEJIOBEKa MMEET MOJIIPHYIO
Maccy 69 kr/monb. PaccuuraiiTe OCMOTHYECKOE JAaBJICHUE pacTBOpa
21 Genka B 100 cM’ Bozbl npu 25°C B mackamaX ¥ B MUJUIMMETPAX
cTonbuka pacTBopa. [IpEMHTE IIOTHOCTB pacTBOpa paBHOM 1,0 r/cv’.

10. I[Tpu 288 K BOAHBIN pacTBOpP SHTAPHOW KHUCJIOTHI, COACPHKa-
i 12,1 1/1 KUCaoThl, HAXOAUTCS B paBHOBECHH C A3(DUPHBIM pacTBO-
pom, conepxamium 2,2 /1 kucaotel. KakoBa koHIleHTpanus dpupHo-
IO pacTBOpa SHTAPHOU KHUCIOTHI, KOTOPBIA HAXOJIUTCS B PABHOBECHUU C
BOJIHBIM PacTBOPOM, cojepkamuM 4,84 /1 KUCIOTHI?

Tecmoewsle 3adaHus

Buvioepume ooun npasunvnulit omeem
1. MaremaTrnueckoe BeIpaxxeHue 3akoHa Payns:

A. = cRT. B. p; = Ni posu-
B.pV =RT. I. p;=Nip’.

2. MaremaTtn4eckoe BbIpaKEHUE 3aKOHA [ eHpu:
A. cp/cg = k. b.c=kp.

B. In(Sy/S) =k c. L. Posu- = 2Pi.

3. PacTBOopeHue ra3a B KUJIKOCTH HA3bIBAIOT:
A. DKCTpakius. b. AncopOuusi.

B. A6copOmms. I'. Juddyszus.
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4. D0yIMOCKOIKS OCHOBaHa Ha U3MEPECHUMU:
A. IloHmxeHust TeMnepaTypbl 3aMep3aHHsl.

b. IloHmxeHns TeMneparypbl KUTICHUS.

B. IToBbIlIEHUSs TEMIIEpPATyPhI 3aMEP3AHUS.

I'. IloBpIICHU TEMIIEPATYPBI KUIICHUS.

5. CamMonpou3BOJIbHBIN NIEPEXO] PACTBOPUTENSL B PACTBOpP, OTHE-
JICHHBIW OT HETrO MOJIYIIPOHUIIAEMOW NIEPETOPOIKON, HA3bIBACTCH:

A. Tudbdysus. b. OcmMmoc.

B. PactBopenue. I'. Dnexrpodopes.

Buvioepume necko1bko npasuibHolX 0meemaos

1. CBoiicTBa u€AIBHBIX PACTBOPOB:

A. AV > 0. b. AH < 0. B. AH=0.
I'. AV <0. . AH > 0. E. AV =0.

2. KoyuturatuBHbI€ CBOMCTBA PACTBOPOB:

A. 3aBHCAT OT NPUPOJBI PACTBOPEHHOTO BEILIECTBA.

b. Onpenendrorcss MOJSIBHOW KOHIIEHTPAlUEW PaCcTBOPEHHOTO
BEILIECTBA.

B. Onpenpensitorcsi MOJISIPHOM KOHUEHTpAMEW PacTBOPEHHOTO
BEILIECTBA.

I'. He 3aBucAT OT pupO/ibl pACTBOPEHHOTO BEIIECTBA.

3. Ileperonka ¢ BOJSIHBIM MMapoM JBYX B3aUMHO HEPACTBOPHUMBIX
JKUJKOCTEU XapPAKTEPUYETCS:

A. Temneparypa kunenus Boie 100°C.

b. Posu- = Pa * Pa.

B. Temnieparypa kunenus Huxe 100°C.

L. p’ogue =P'A D B-
4. [Ipy TUCTAIIIALIMY a3€0TPOIMHON CMECU MOKHO:
A. Tlosy4nTh a3€0TpOII.
b. [TosryunTh 1Ba UMCTHIX KOMIIOHEHTA.
B. [ToystyunTh OIUH YUCTHIA KOMIIOHEHT.
I'. He nony4YuTs HU OHOTO YMCTOTO KOMITIOHEHTA.
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5. IlonoxuTenbHOE OTKJIOHEHHE PEAIbHBIX PACTBOPOB OT 3aKOHA

Paymns:
A. FA-A < FA—B > FB—B- b. FA—A = FA-B = FB-B-
B.Fs o> Faop <Fgp. I' AH=0.
1. AH < 0. E.AH > 0.

Yemanoseume coomeemcemeue

I. Meron onpenenenus N3MeneHne teMnepaTypsl:

MOJIIPHOM MacChl paCTBOPEH-

HOI'O BEILIECTBA:

1. D0ynuockomnus. A. TloBblllIEHUE TEMIIEPATYPHI KUTIEHUS.

2. Kpuockomnus. b. I1oBbllIeHME TEMIIEpATYypPBI 3aMEP3aHUs
B. IToHnxenue remreparypsl KUIIEHUS.
I'. [Tounxenue teMneparypsl 3aMEP3aHUSL.

I1. OTKIOHEHUS pealIbHBIX pacTBOPOB OT 3akoHa Payns:  [lapametpsr:

1. [TosoxkuTENBHBIE. A. AV <0.
2. OTpunaTenabHbIE. B. AV > 0.
B. AV =0.
I'. AH > 0.
. AH < 0.
E. AH=0.
II1. 3akoHbl MaremaTnyeckoe BbIpaKCHHUE:
1. 3akoH ['eHpw. A. cp/cg = K.
2. 3axoH HepHcra. B. pi = Ni Posu-
3. 3akoH Paymns. B.c=xkp.
I'. t =cRT.
L. pi=Nip’.
E. pV =RT.
IV. Konuenrparus: N3menenue napamerpa:
YBenuuenue koHueHTpanuu — A. [loBblllieHUE JaBieHus napa.
pacTBOPEHHOTO BEIIECTBA b. [loBelllIeHME TEMIIEPATYPBI 3aMEP3aHU.

B. [loBellIeHME TEMIIEPATYPHI KUTICHUS.
I'. Ilonmxkenue naBneHus napa.

. [loHmxkeHne TeMneparypbl 3aMep3aHusl.
E. IloHmxenue temieparypsl KUIIEHUS.
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V. 3aKOoHBHI:

1. IlepBbIii 3aKOH
KonoBanoga.

2. 3akoH Paymnsi.

3. 3akoH HepHcra.

DOpMYyIUPOBKU:
A.Ilpy mnocTossHHON Temmeparype pacTBOPUMOCTH

AaHHOI'O I'a3a B IAHHOM PaCTBOPHUTCIIC IIPAMO IIPO-
MNOpHHOHAJIbHA JAaBJICHHUIO I'a3da HAJl paCTBOPOM.

b. HacellieHHb1i map 0o CpaBHEHUIO ¢ PABHOBECHBIM

B.

pPacTBOPOM OTHOCHUTEJIBHO Oorade JICTYYUM KOM-
IIOHEHTOM.

[TapimanpHOE TaBICeHWE MAPOB KOMIIOHEHTOB HaJ
PacTBOPOM PABHO MPOU3BEACHHUIO MOJILHOM JOJH
ATOTO KOMIIOHCHTA B PACTBOPE M JIABJICHHUS ATOTO
KOMIIOHEHTA B YHCTOM BHJIE.

I'. Toukun MakcuMymMa 1 MUHUMYMa Ha KpUBOH 00I111e-

ro JABJIEHHUS OTBEYAIOT TAKOMY COCTaBY, IPHU KO-
TOPOM COCTAaB Iapa U PaBHOBECHOM C HUM >KHUJIKO-
CTH OJJMHAKOB.

OTHOIIIEHNE KOHIIEHTPALMU TPETHEr0 KOMIIOHEHTA
B JIByX PaBHOBECHBIX XHUJKUX (Da3zax Mpu MOCTO-
SHHOM TEMIIEpATypEe €CTh BEINYMHA OCTOSHHAS.

Bonpocwl 0415 cobecedo8aHuA

1. 3akon Payns. UneanbHbie pacTBOPHI.
2. IlonoXuTenpHbIE W OTPULATEIIBHBIE OTKJIOHEHHUS OT 3aKOHa

Payiist u ux npU4uHEL

3. 3akonsl KoHOBasiOBa. A3€0TPOIHBIE CMECH.
4. Buapl nuarpaMMm «COCTaB — TEMIIEPATYpa KHUIIEHUS» U «CO-

CTaB — JaBJICHHUC).

5. lmarpaMMbl «COCTaB — TeMIieparypa KUneHus». Juctumnsuns

U peKTUPUKALIMSL.

6. Cmecn IBYX B3aMMHO HEPACTBOPUMBIX KUAKOCTEU. J[aBieHue
HACBHIIIEHHOTO Tlapa U TeMIlepaTypbl KumneHus takux cmece. [lepe-
TOHKA C BOASHBIM ITapOM.

7. PacTBOPUMOCTB Ta30B B XKUJAKOCTAX. 3ak0H [ eHpH.

8. OcMoc. OcMOTHYECKOE JTaBIICHHUE.

9. 3akoH pacnpenenenus Hepuera. [Iporieccrl skCTpakiym.

10. TemnepaTypa 3amep3aHus pa30aBICHHBIX PACTBOPOB.

11. Temnepatypa KureHus pa30aBIeHHBIX PaCTBOPOB.

12. Kpuockonusi u »0ynuockonusi. KomiMratuBHbele CBONCTBA

PacTBOPOB.
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5. JJIEKTPOXUMHUA

DIEKTPOXUMUS U3YUYAET 3aKOHBI B3aUMOJICUCTBUS U B3aUMOCBSI3U
XUMHUYECKUX U DJICKTPOXUMUUYECKUX SBJICHUM, BKIIFOYAET JIBa pa3jielia:
1) pacTBOpHI 3JIEKTPOIUTOB, 2) NEKTPOJHBIE MPOLECCHl U DIIEKTPO-
JBHOKYIIIHE CUJIBI.

5.1. Pacmeopbl 31eKmpo.1umos

B nepBoM pazzgene Mbl TO3HAKOMUMCS CO CBOMCTBaMHU CJIa0bIX U
CUJIBHBIX 3JIEKTPOJIMTOB M MPOLECCAMHU, IMTPOUCXOIAIIMMHA B HUX IIPU
MPOITYCKAHUU AJICKTPUUECKOTO TOKA.

5.1.1. [IpOBOAHMKHU 3/IEKTPUYECKOI'0 TOKA

[IpoBOHUKU SJIEKTPUUYECKOTO TOKa ACATCS Ha JBa THUIA: MPO-
BOJTHUKHU MEPBOTO POJIA, WIH AJIEKTPOHHBIE TPOBOAHUKH; MPOBOIHUKH
BTOPOTO POJAA, WIM HOHHBIE NMPOBOAHUKHU. [IpoBOAHWMKHM mEepBOro u
BTOPOr0 poJa OTINYAIOTCS KaK MO MEXAHU3MY AJIEKTPONPOBOJIHOCTH,
TaK ¥ MO 3JIEKTPONPOBOISAIIMM CBOWMCTBaM. B mpoBOAHMKAX MEPBOIO
pOJia IEPEHOC IEKTPUUECTBA O0YCIIOBIICH IBUKEHUEM DJIEKTPOHOB; B
MPOBOJHUKAX BTOPOrO poOJia — ABUKEHUEM HOHOB TMOJI JEHCTBUEM
BHEIIIHETO 3JIEKTPUUYECKOTo noJid. K mpoBojHUKaM MepBOro pojaa oT-
HOCATCSI METAJUIbI M UX CIUIABBI B TBEPJOM U PACIUIABIIEHHOM COCTOSI-
HUSIX; K MPOBOJIHUKAM BTOPOTO poOja — BOJHBIE PacTBOPHI KHUCIOT,
HIEJI0YEeH, COJEH; paCTBOPHI ATUX BEILIECTB B PACTBOPUTENSAX C IJIEK-
TPONPOBOASIIMMH CBOMCTBAMU; PACIUIABJICHHBIE COJIM WU IIEJIOYH.
DNEKTPONPOBOJAHOCTh MPOBOAHUKOB MEPBOIO POJia HA HECKOJIBKO IO-
PAIKOB BBIIIE, YEM MPOBOJAHUKOB BTOpPOro poja. Ilpyu moBblIEHUN
TEMIIEPATYPhl JJIEKTPONPOBOJHOCTh TMPOBOJHUKOB IMEPBOrO poOja
YMEHBIIIAETCsl, @ BTOPOro poAa yBenanuuBaercsa. Kpome mpoBOJIHUKOB
MIEPBOr0 W BTOPOrO poOjAa, UMEIOTCS CMEIIAHHBIE MPOBOJHHUKU (pac-
TBOPHI IIEJOYHBIX METAJJIOB B JKMJAKOM aMMHUAKE): MEPEHOC DIICKTPH-
YeCcTBa B HUX OCYIIECTBIISIETCS IBUKEHUEM MOHOB U 3JIEKTPOHOB.

Inekmpoaumspl — 3T0O XUMUYECKUE COCUHEHHUSI, PACTBOPBI KOTO-
pBIX 00JaJal0T MOHHOM MPOBOJUMOCTBIO, T. €. SIBJISIOTCS MPOBOIHU-
KaMHU BTOPOT'O poja.
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5.1.2. OCHOBHBbIE M0JIOKEHUA TEOPUH
3JIEKTPOJIMTUYECKOM AU CCOLMalluy AppeHUyca

MHOrO4YMCIEHHBIE 3KCIEPUMEHTAIBHBIE JAaHHBIC MOKAa3bIBAIOT,
YTO B PaCTBOpAX JJIEKTPOJIUTOB MCTUHHAS KOHIICHTpAaUWs YaCTHI] HE
COOTBETCTBYET MOJIIPHOW KOHIICHTPAIlUU, BCIEICTBUE YETO PACTBOPHI
AJEKTPOJIMTOB HE MNOMUMHAKOTCS 3akoHaMm @.-M. Paynsa, . Baut-
I'opdba u apyrum. IlpuurHa MOAOOHBIX OTKIOHEHUM OOBSCHIETCS
Teopuel rnekTponuTuueckon auccounanuu C. Appennyca (1887 r.).

1. OcHoBHas unaes teopun C. AppeHHyca 3aKIIIOYAeTCs B TOM,
YTO B PACTBOPUTENSAX C BBICOKOM JIUIJIEKTPUUECKOM ITOCTOSSHHOU
AIEKTPOJUTHI CAMOIPOU3BOJIBHO PACIaIaloTCs HAa MPOTHBOIOJIOKHO
3apsiKEHHBIE HOHBI (ITPOLECC AMEKTPOJIUTUYECKON TUCCOIUALINHN ).

2. DIEKTPOJUTHI JUCCOUMHUPYIOT HE MOJHOCTHIO, @ YaCTHYHO.
[Ipu 3TOM B pacTBOpE YCTAHABIMBAECTCSA JTUHAMUYECKOE PAaBHOBECHE
M€Ky MOHAMU U HEJIUCCOLIMMPOBAHHBIMU MOJIEKYJIAMM:

BA <A + B

JI71s1 3EKTPOIUTOB KOHCTAHTA PABHOBECHUSI HA3bIBACTCS KOHCTAH-
TOW IMCCOLMAIIUM, KOTOPYIO MOYKHO BBIPA3UTh Y€pe3 KOHIICHTPALIUU U
aKTUBHOCTH:

—“1ro-+
K,=[A][B J/[BA] — ycioBHast KOHCTaHTa JUCCOLUALINH,
- %

K. = an -ag /apy — TepMOAMHAMUYECKasd KOHCTAHTa JUCCOLMA-
IIHH.

AppeHuyc BBeN IOHATHE cmeneHu ouccouuauuu (o), KOTopas
paBHa OTHOIICHHUIO YHCJIa JUCCOLMUPOBAHHBIX MOJIEKYJ K 0OIIemMy
YUCJTy PAaCTBOPEHHBIX MOJIEKYII.

Ecnu obmras KOHIIEHTpaIds paBHa C, a CTEICHb JAUCCOIHAINH O,

- +
TO PAaBHOBECHBIC KOHIICHTPAIIUU PABHBI: C4 = Cg = C-Ql; Cga = c(1—av).
Torma KoHCTaHTa JUCCOLMAIIMM  BBIPAXKAETCS  COOTHOIICHHUEM:
Ky = (c-a)(c-a)/c(1 — a), nnn
2
Ky =ca’/(1 - o).

Ota Qopmysia SBISETCS AHAUIUTUYECKUM BBIPAXKECHUEM 3AKOHA
pazeedenusn Ocmeanvoa, COTJIACHO KOTOPOMY KOHCTaHTa JHUCCOLMA-
MU TPU TIOCTOSSHHOW TeMIlepaType HE 3aBUCHUT OT KOHIICHTpAIlUH

pactBopa. Jlyis cnaObIX 3JIEKTPOJUTOB CTENEHb AMCCOLMAIMU Ha-
2
CTOJIbKO MaJIa, 4TO €0 MOKHO IIpeHeOpeyb, cienoBaTenbHo: Ky = ca’.
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JIJist pacTBOPOB 3JEKTPOIUTOB BEJIMUMHA OCMOTHYECKOIO JaBJie-
HUSI, IOHM>KEHUE TeMIEpaTyphl 3aMep3aHusi, MOBBIIICHUE TEMIEpaTy-
pbl KUMNEHUs (KOJUIUTaTHBHBIE CBOMCTBA) OMPENECISIOTCS CyMMapHOM
KOHIIEHTpalKeil yacTull (MOHOB U HEMCCOLIMUPOBAHHBIX MOJIEKYN). B
1886 r. A. Baut-I'ohd BBEN moHsATHE U30TOHUYECKOTO KO3 PUIeH-
Ta 1. JIJ1s1 pacTBOPOB 3JIEKTPOJIUTOB:

7 = 1cRT, Myaeq = CRT;
ATS&M. = le) AT3aM.pva. = Km;
AT, = 1IEm, AT g pace. = Em.

OTKyZaa 1= 71:}1216n./ Tpacu. = AT3aM.Ha6n./ AT:s.alM.pacr{. = ATKI/IH./ ATKI/IH.pva.

N3otonnueckuit kodpdunment 1 > 1, manpumep 1 = 2 (NaCl),
1= 3 (CaCl,).

C. AppeHnyc 3aHUMAaJICS U3YYEHUEM DJIEKTPOINPOBOJHOCTH pac-
TBOPOB W yCTaHOBWJI, YTO PACTBOP T€X BEIIECTB, y KOTOPHIX 1>1, 00-
JafaeT dJAEKTPONPOBOJAHOCTHIO, MPUUEM 4YeM OOJbIle 1, TeM OOoJIblie
IEKTPOIPOBOIHOCTh. AppPEHUYC MOKa3ajl, YTO CTEIEHb IUCCOLMAITIN
AIIEKTPOJUTA MOKHO CBSI3aTh C M30TOHMYECKUM KOd(PunreHTom. Ec-
JM 710 TUCCOLMAIIMU B PAaCTBOPE HAXOAMIOCHh N MOJICKYJT 3JIEKTPOIUTA
U CTEIEHb JUCCOLMAIIMU €r0 PaBHA O, TO YUCIIO THUCCOIMUPOBAHHBIX
MOJIEKYJI paBHO o-N, a YHCIIO HEUCCOIMUPOBAHHBIX MOJIEKYJ OyIEeT
N —o:N = N(1 — o). B o0uiem ciyuae kaxxaas MoJeKyja pacTBOPEH-
HOTO BEILECTBA JMCCOLMUPYET HAa V HOHOB, CIEJOBATENIbHO, YUCIIO
BCEX YacTHUIl (MOJIEKYJ U HOHOB) OyJIeT:

N(I —a) + v-o-N =NJ[1 + (v —1)],

IJIe V — YUCJIO MOHOB, Ha KOTOPOE JHUCCOIMUPYET MOJIEKYJa pPacTBO-
PEHHOT'O BEIECTBRA.

OcMoTHYeCcKOe TaBiICHNE MPOIOPIIMOHAIBHO YHCIYy YacTHIl, T. €.
HaOJII0JJaeMO€ OCMOTHYECKOE JIaBICHHUE (Tyag,) HPOMOPIHUOHATBLHO
N[1+o(v—1)], a pacueTHOE (TTpycq.) TpOTIOpIMOHATBLHO N. OTCIOAA:

1= TEHa6J'I./TEpaC‘I. = (N[l + O(‘(V - 1)])/N =1+ OL(V - 1)3
a=(—-1iv-1).

CreneHb AUCCOIHAINN MOXKCT IIPUHHUMATh PAa3JIMYHBIC 3HAYCHUSI,
OHa YBCIIMYUBACTCA 110 MCPC YMCHBIICHUA KOHLCHTpAaIWMU W CTAHO-
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BUTCSl paBHOHM €IMHUIIE B OECKOHEUYHO pa30aBIICHHOM pacTBOpE, T. €.
o—> lopuc—0.

[Io Appenuycy, B 3aBUCHMOCTH OT BEJIIMYHUHBI O AJIEKTPOJIUTHI
JeNATCSA Ha clladble W CUJIbHBIC. JTO JieJieHHue yClIOBHO. K CUIIbHBIM
AJIEKTPOJIUTAM OTHOCSITCS BEIIECTBA, MOJIEKYJIbl KOTOPBIX MOJHOCTHIO
JTUCCOIMUPYIOT HAa UOHBI HE TOJIBKO B pa30aBJIC€HHOM, HO U B KOHIICH-
TPUPOBAHHOM PACTBOPE (CUJIBHBIE KHUCJIOTHI, CUJIbHBIE OCHOBAaHUS U
OoJibias yacTh coseit). CinabbIMU HA3bIBAKOTCS AIEKTPOIUTHI, Y KOTO-
PBIX B PacTBOpPE AUCCOIIMUPYET TOJIBKO YaCTh MOJIEKYJ] (ciadble Ku-
CJOTHI, ciabble ocHoBaHMsi U HekoTopble coiu — HgCl,, HgCN,
OOJIBIIIMHCTBO OPTaHUYECKUX KUCIOT, (DEHOJIbI, U3 HEOPTaHUYECKUX —
H,CO;, HCN). Crenens auccouuanvi HE SIBISETCS XapaKTEPUCTH-
Koi. CUJIbHBIE U CJIA0bIE DJIEKTPOJIUTHI PA3IMYAIOTCS KAaU€CTBEHHO.

3. TpeTbe monoxeHue He ObUIO CHOPMYIUPOBAHO APPEHUYCOM,
HO BBITEKaeT M3 ero pador. Teopus IEKTPOTUTHUECKON AUCCOIIHNA-
MU AppeHuyca HeJOCTaTOYHO OOBACHSIa MHOTHE CBOMCTBA pacTBO-
POB 3JIEKTPOJUTOB, OCOOEHHO PACTBOPOB TEX BEIIECTB, KOTOPHIC
UMEIOT MIOHHOE CTPOEHHUE B TBEPJOM COCTOSIHUU (HAIpUMeEp, rajaore-
HUJIBI IIEJIOUYHBIX METAJIJIOB).

He yuuThIBaIOCh TaK»ke, UYTO HAXOJSAIINECS B PACTBOPE MOHBI MO-
I'yT B3aWMOJICUCTBOBATh C OOpa30BAHUEM CIIOKHBIX accouuaroB. M3
paboT AppeHuyca BbITEKaI0, YTO MEXIY MOHAMU OTCYTCTBYIOT CHUJIBI
B3aMMOJICUCTBUS (CUJIBI MPUTSIKEHUS MPOTUBOMOJIOKHO 3aPIKEHHBIX
MOHOB), T. €. HOHBI BEyT ce0s1 KaK MOJEKYJIbl HACAIbHBIX ra30B — Ha-
XOMISITCS B OECMOPSAI0YHOM, XAOTHYECKOM JBMXKEHUU. DJICKTPOIPO-
BOJITHOCTb PaCTBOPOB JICKTPOIUTOB OnpeaesieTcs TpemMs hakTopaMu:
1) KOHIIEHTpaIMEel MOHOB; 2) CKOPOCTHIO UX JIBUXKCHUS, 3) TeMIepa-
Typoil. M3 TeopuH HNEKTPOIUTUYECKOM HCCOLMAaUnU AppeHHuyca
CIEAYET, YTO CKOPOCTh JIBUKEHUSI UOHOB SIBJISIETCA BETUYMHOU MOCTO-
SHHOU, He3aBUCUMO OT KoHIeHTpauuu (W, + W_ = const). CornacHo
TEOPUU DJICKTPOJUTHYECKON JUCCOIUAIIMU PACTBOPHI DJICKTPOJIUTA
MPEJCTABISIIOT COOOM MEXaHMYECKYIO0 CMECh, COCTOSAIIYIO U3 3apsi-
KEHHBIX MOHOB, HEJIMCCOLMUPOBAHHBIX MOJIEKYJ U MOJIEKYJ PacTBO-
putens. Takum o0Opa3oM, HE OOBSACHSIETCS OCHOBHAS CYLIHOCTH 3JIEK-
TPOJIMTUYECKON TUCCOLIUALINH.
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5.1.3. [Ipy4YvHBI 1 MEXAaHU3M
3JIEKTPOJIMTUYECKOMN AUCCOL AL UU

. 1. MenpneneeB yrepxkaain: «l JTaBHBIM TOPOK TEOPUU DIIEKTPO-
JUTUYECKON TNCCOLUALMN — UTHOPUPOBAHUE B3aUMOICUCTBUS HOHOB C
NOJSIPHBIMM  MOJIEKYJIaMH pacTBOpUTEs». CylIeCTBEHHBIM BKJIAJA B
pasButus 3toi Teopun BHec WM. A. KabGiaykoB. OH mpHIlesn K 3aKiroue-
HUIO, YTO B PAaCTBOPAX JOJKHBI IPUCYTCTBOBATh HE CBOOOHBIE MOHBI,
a MOHBI C COJIbBATHOM O0OJIOUKOW U3 MOJIEKYJ paCTBOPUTEIS], KOTOPBIE
Ha3bIBAIOTCS COJIbBATAMH (IMAPAThI — IPHU B3aUMOACHCTBUU C BOJIOK).

IlepBoii cTagueit sBisieTcs oOpa3oBaHUE MPOIYKTA B3AUMOCHUCT-
BHsI PACTBOPEHHOI'O BEIIECTBA U PACTBOPUTEIS — IPOLIECC COJIbBATA-
My (B BOAHBIX PACTBOPAX — MpPOLECC TuapaTanun). MHOrue BemecT-
Ba, Hanpumep Heopranmyeckue conu (KCl, NaCl u T. 11.), B TBepaom
COCTOSIHUM MMEIOT NPUPOJHOE MOHHOE CTPOCHHUE, U KPUCTAIII B IIE-
JIOM MOKHO paccMaTpuBaTh Kak OJHY MOJIEKYJy. Takue BelecTsa Ha-
3pIBAOTCA HOHO(oOpamMu. B pe3ynbTaTe coibBaTallud B MOJIEKYJIE
ANEKTPOJIUTA IMPOUCXOIUT IEPEPACHPEACICHUE TUIOTHOCTH JJIEKTPO-
HOB, YTO IIPUBOJUT K Pa3bEeIMHEHNIO HOHOB, @ HE pacnal MOJIEKYJIbI C
oOpa3zoBaHueM MOHOB. Jlasiee yacTuua, coaeprkailas UOHHYIO CBS3b,
nuccouuupyeT. MoHbI mepexoasT B pacTBOpP B BUIE TMIPATHPOBAH-
HBIX UHOB (THUIPATOB).

3axon Kynona. Cuna 3IE€KTPUYECKOTO MPUTSHKEHUS MEXKIY Ka-
THUOHAMU U aHUOHAMU B KPUCTAJUIMYECKOM PELIETKE JIEKTPOJIUTA 00-
PaTHO IMPONOPUMOHAIBHA JIUIIEKTPUYECKON IMOCTOSSTHHOM € BELIECTBA
(pacTBOpHUTENSA).

2
F=e;e,/ 1,

I €;, € — BEJIUYUHBI 3apsJI0B MOHOB, I — PABHOBECHOE PACCTOSHUE
MEXy HOHAMH.

Tak xak paznuyHble PACTBOPUTEIH UMEIOT Pa3HbIE TUAJICKTPUYE-
CKHE€ MOCTOSHHBIC, TO MOXHO TOBOPUTH O Pa3IMYHON AUCCOIUUPYIO-
IEH CUJIE PACTBOPUTEIIEH.

Ilpasuno Kaonykoea — Tomncona: BeIu4rHa JUCCOLMUPYIOLIEH
CWJIbI PACTBOPUTENS MPSAMO MPOMOPIUOHATIBHA €r0 JTUAJIEKTPUUECKOM
IMOCTOSIHHOU.

[TosTomMy B pacTBOpuTENsiX C¢ Oosbiiei € (Boaa, >kunkuii HF,
dbopMaMua U Ap.) MMEKTPOIUTHI JIETKO pacrajaaroTcs Ha noHbl. [1o Be-
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JUYUHE [HUDJIEKTPUYECKON ITOCTOSHHOM pa3inyarT PacTBOPUTEIH
Hu3koi (€>12), cpeanent (¢ = 12—40) u Boicokoit (¢ > 40) ausnexrTpu-
YECKOU TMPOHULIAEMOCTH. MEXaHU3M SJICKTPOJUTUYECKON JTUCCOIMA-
I MO>KHO YIIPOILIEHHO MPEICTABUTH CIETYIOIUM 00pa30M: KaxKIbIi
U3 HMOHOB, HAaXOJSIIMUXCS HAa MOBEPXHOCTH KpHUCTala SJEKTPOJIUTA,
CO371aeT BOKPYT ceOs aekTpocTaTudeckoe mnose. [lonsapHbie Moieky-
JIbl PACTBOPUTENA, MONaAasi B CPEAY JIECUCTBHS ATOTO IMOJIA, OPUCHTH-
pyroTcsi, 00pa3ysi BOKPYT MOHA COJbBaTHYIO 000J10uKy. B pesynbrare
MEXHOHHAs CBSI3b B KpUCTAJJIE OCHA0JISIETCsl B € pa3 MO CPABHEHUIO C
B3aKMMO/JICCTBUEM 3aps/IOB B MyCTOTE. TEIIOBOE IBUKEHUE MOJICKYJI
pPacTBOPUTEISI CHOCOOCTBYET OTPHIBY COJIBBATUPOBAHHBIX UOHOB JIPYT
OT Jpyra, T. €. MPOUCXOJUT PACTBOPEHUE C nuccounanuer. MiMeHHo
COJIbBATAaIlMsl MOHOB MPEIMSITCTBYET OOPAaTHOMY COCJAMHEHHIO MOHOB B
MOJIEKYJIBI.

Jluccounanus 3JIeKTPOJIUTA B paCTBOPE 3aBUCUT HE TOJIBKO OT Be-
JUYUHBI TURJICKTPUUECKON MOCTOSIHHOM Cpe/ibl, HO U OT MPUPOIbI XU-
MUYECKOT'0 B3aUMO/JICUCTBUS PACTBOPEHHOTO BEIIECTBA C PACTBOPUTE-
neM. ConpBaTalysi MPOUCXOAUT 33 CUET MOH-JUIIOJIBHOTO B3aUMO/ICH-
CTBUs. BOJbIyI0 poJib MpPU 3TOM UIpaeT 0Opa3zoBaHUE JOHOPHO-
aKIENTOPHBIX U BOJOPOAHBIX CBsizeil. Ocob0e 3HAUECHHE UMEET yda-
CTHE B Mpoliecce MPOTOHA. B CBSI3M C 3TUM pa3iMvarOT NPOTOHHBIE U
anpoTOHHBIE pacTBopuUTer. K mepBbIM OTHOCSTCSI BOJA, CIIUPTHI; KO
BTOPBIM — O€H30J1, TOJIYOJI, YETHIPEXXJIOPUCTHIN yriepo.

B 3aBuCMMOCTH OT paCCTOSIHHS, HA KOTOPOM JIEMCTBYKOT CHIJIBI,
pa3IMyaroT OJMXKHIOW (MEPBUYHYIO) U JabHIO (BTOPUYHYIO) COJIb-
Baranuio. bivbkHss conbBaTanys COCTOUT B 00pa30BaHUM COJIBBATHO-
ro KOMIUIEKCA, B KOTOPOM MOJIEKYJIBI PACTBOPUTEIISI POYHO CBSI3AHBI
C MOHOM U TEpEeMEIIAloTCs BMECTE ¢ HUM (COJbBaTHas 000JIOUKa).
JanbHsis conbBaTalUsl XapaKTEPU3YETCsl AJIEKTPOCTATUYECKUM B3au-
MOJEHCTBUEM 00pPa30BaBIIETOCS COJIbBATHOTO KOMILIEKCA C MOJIEKY-
JaMu pacTBoputelisi. TakuM 00pa3oM, MPOIIECC COJIbBATAIIMU TPUBO-
JUT K U3BMEHECHUIO CBOMCTB HE TOJIKO MOHOB, HO U PACTBOPUTEISL.

CocTaB COJIBBATHOTO KOMILUIEKCA 3aBUCUT OT MPUPOABI MOHA, OT
€ro 3apsiia, KOHIEHTPAIIMU PACTBOpA, MPUPOJLI PACTBOPUTENS (JIH-
ANIEKTPUYECKAs] MPOHUIIAEMOCTh) U XUMHUYECKUX CBOMCTB PaCcTBOPHU-
Tens (CMOCOOHOCTh OT/IaBaTh WM MPUHUMATH IIPOTOH).
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5.1.4. Iluccounanusa Boabl. VOHHOe npou3BeeHre BOAbI.
BoaopoaHbliii moKa3aTe b

Bonma sBasercs THUNWYHBIM TMPUMEPOM CJIA0OTO JJIEKTPOIUTA.
YacTo ee paccMaTpuBalOT KaK BEIIECTBO, HE JUCCOIMUPYIOIIEE Ha
WOHBI, OJHAKO B JICUCTBUTEIBLHOCTH BOJA B OYEHL MAJIOM CTEIICHH
JTACCOIUUPYET:

2H,0 & H;0" + OH".

J’_
Bonopoansie nonst H' 00pa3yioT B BOJIE MOHBI THJIPOKCOHHS
+ -
H;0", HO a1t mpocTOTHI OyIeM TOBOPUTH O BOJIOPOIHOM MoHE H', uTo
HE OTPA3UTCS HA BBIBOJAX:

H,O <> H + OH..

+ -
Hns storo mponecca: Ky, = ap apon/agom. 11 paz0baBieHHBIX
PacTBOPOB WJIM JJISI YUCTOM BOJIBI AKTUBHOCTH MOT'YT OBITh 3aMEHCHBI
KOHIICHTPALHSIMH:

KI[ = (CH+'COH-)/CBO)13-

[Ipu mucconumanuu BOAbI paBHOBECHUE OYE€Hb CHIIBHO CMEIICHO B
CTOPOHY HEIMCCOLIMMPOBAHHOM BOJIbI. TaK KaK CTEIEHb JAUCCOIAAIINHT
BO/JIbl Majla, TO aKTUBHOCTh (WJIM KOHIIEHTPAIIMIO) MOXKHO CUUTATh MO-
CTOSIHHOM, TOT1a BhIpaXEHUE Ky 507, = ay oy HA3BIBACTCSI HOHHBIM
npousBeaeHueM Bojbl (Ky):

Ky = ay -aogq -
IIpu 25° C norHoe mponsseneHue Boxst Ky = 1,008-107,
an = aon = (Kv)"?=1,004-10"" r-nou/m.
CrnenoBaTeabHO, CTEIIEHb JUCCOILIMAIINH BOJIBI:
a=10":(1000-d)/18) = 18-107/1000-d = 107/55,5 = 1,8-10~,

T. €. BEJIMUYNHA HUYTOKHO MaJiasl.

KucnoTHble ¥ 1IET0YHBIE CBOMCTBA PACTBOPOB XAPAKTEPU3YIOTCS
AKTUBHOCTSAMH 3y U Aoy COOTBETCTBEHHO. [10CKONBKY 3TH BETHUMHBI
B3aMMOCBSI3aHBbI, TO JJII XaPAKTEPUCTUKHA KUCIOTHOCTH U IIEJTOYHOCTH
pacTBOpa HCHOJIB3YETCSI AKTUBHOCTH BOJIOPOJHBIX MOHOB. B KHCIIBIX
cpeaax aKTUBHOCTh KATUOHOB BOJIOpO/a OOJIbIIIE, YEM B UUCTOM BOJIE,
B IIEJIOYHBIX — MEHbIIE. OOBIUHO TOJIB3YIOTCS HE CaMOW BEJIUYUHOU
ay , a TaK Ha3BIBAEMBIM BOJIOPOJIHBIM TTOKa3aTteneM. IToHATHe 0 BOJIO-
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poanom mnoka3zarene BBeAaeHo C.-I1. 3epencenom (1909 r.), KOTOpPBIN
MOJI BOJIOPOJHBIM TMOKa3aTeIeM MOHUMAaJl OTPUIATEIbHBIA JeCATHY-
HBIM  JorapudM MOJIIPHOW KOHILEHTpPAllMM HOHOB BOJOpOJA:
pH = -Ig[H'].

B Hacrosmiee BpemMsi 6000po0HbimM noKa3amenem HA3bIBACTCS Be-
JWYWHA, XapaKTEepU3ylolas aKTUBHOCTh BOJAOPOJHBIX MOHOB U YHC-
JIEHHO paBHAasl OTPULIATEIILHOMY JIECATUYHOMY Jiorapudmy 3ToM ak-
TUBHOCTH:

pH=-lgay =-lgcy vu'.

Jlnst pa36aBiIeHHBIX PacTBOPOB Yy = 1, TOITOMY JUIs pacuera
pH Takux pacTBOpPOB MOKHO MOJB30BATHCS KOHIECHTPALUSIMU:
pH = —lgcy' . Hamo momuuTh, uto pH sBIseTcs morapupMHUEcKO
dbyHKIIMEW KOHIIEHTpAIlMM MOHOB BOJIOpoIa U u3MeHeHue pH Ha enu-
HUIy COOTBETCTBYET JCCITUKPATHOMY HM3MEHCHUIO KOHIICHTPAIUU
MOHOB BojJiopoaa. B kucnoit cpene pH < 7; pH =7 (welitpanbHas cpe-
na); pH>7 (wenounas cpena). C yBenuueHueM temnepatypsl pH
YMEHBIIIACTCA.

BonopoaHbiii mokazaTesib U3MEHAETCS B mpeaenax or —1 go 19.
Benuuunel pH Huke Hyns (oTpuliaTesibHAs BEJMYMHA) U Bbilie 14
BO3MOKHBI JIJIs paCTBOPOB, 00Jie€ KOHIIEHTPUPOBAHHBIX, ueM 1M pac-
TBOP CHUJIBHOW KHUCJIOTBHI U CWJIBHOTO OCHOBaHus. OjHako Hambojee
4yacTo BeTpeuaromuecs 3HadyeHus pH nmexar B nipenenax ot 0 no 14. B
HACTOSIIEE BPpEMS TPYJHO HAUTH OTPACib HAYKH WJIW MPOU3BOJACTBA, B
KOTOPOH HE UCIOJb30Balch Obl BenmnunHbl pH. Beanuuna pH xapak-
TEPU3YET MPOLIECCHI KUZHEACATECIBHOCTH KUBOTHBIX U PACTECHUM, KH-
CJIOTHOCTh ITOYB. BemnmunHoit pH moisib3yroTcs B TUAPOXUMUAU U TUI-
POJIOTHH.

5.1.5. bBy¢gepHble pacTBOpHI

Ha npakTuke HepelIKo BO3HUKAET HEOOXOUMOCTh UMETh PACTBOP
C YCTOMYHBBIM BOJAOPOJHBIM ITOKA3aTENIEM, HE U3MEHSIOIINMCS CUJIb-
HO OT T€X WJIH APYTUX BO3JIEUCTBUMU.

bygepnwvie pacmeopst — pacTBOpbI ¢ YCTOMYHMBON KOHIICHTpAIIU-
€l BOJOPOJIHBIX MOHOB, T. €. C MOCTOAHHBIM 3HaYeHueM pH, kortopoe
MOYTH HE M3MEHSIETCS TIPU pa30aBICHUU U OYECHb MO HM3MEHSACTCS
npu J00aBJICHUM HEOOJBIIUX KOJUYECTB CHUJIBHONW KHUCIOTHI WIH
CUJIBHOT'O OCHOBAHHSI.
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K O0ydepHbIM pacTBOpaM OTHOCSTCS:

1) pacTBOpHBI, 0Opa30BaHHBIE CIAOBIM OCHOBAHUEM U COJIBIO 3TOTO
OCHOBaHMS C CHJIBHOW KuclIoToM. Hampumep, ammuadneiii Oydep:

2) pacTBOpPBI, 00pa30BaHHBIC CJIA00M KHUCIOTOM M COJIbIO ATOM KH-
CJIOTBI C CHWJIBHBIM OCHOBaHHMEM (IIpUMEp — aleTaTHbld Oydep:
CH;COOH u CH3COONa).

Paccmotpum 11 mpuMepa pacTBOp, cCoAepiKaliuil ciadyroo Ku-
CJIOTY U €€ COJIb:

HA — cnabas kuciora, HA <> H + A™;
BA —ee coms, BA &> B '+ A7
KI[ = aH+'aA_ / apa, OTKYa

+ —
ag — KH-aHA / aa .

[IpucyTcTBUE COMA, KOTOpast JUCCOLMUPYET B CHIIBHOM CTETICHH,
HACTOJIbKO YBEJIIMYMBAET KOHIIEHTPALMIO aHUOHOB (A'), 4TO JIHCCO-
A CaMOM KHCJIOThI TOJABJISETCS MPAKTUYECKU MOYTH IOJIHO-
cThio (neiictByer npaBuio Jle-Illatense). [loaToMy B BhIIIECTOSIIEM
BBIPAKCHUU AKTHUBHOCTh HEIUCCOIMUPOBAHHBIX MOJIEKYJ KHUCIOTHI
MOYHO 3aMEHUTH OOIII€H KOHIICHTpAIIUE KUCIOThI B paCTBOPE:

+
ay = Kjr[kucnora] / [conb].
JlorapudmMupyem q1aHHOE BBIpaKCHHE:
+
lgay = 1gKj + Ig[xucnora] / [comns]
178105
+
—lgay = —1gKy + g [cons] / [kucnora],
+
rae pH = —lgay , pK=-1gKj.
[Tosyuaewm:
pH = pK + Ig[coab]/[xucioTal.

N3 3TOro COOTHOIIEHUSI BUAHO, YTO BOJOPOHBIN MOKa3aTeNb 3a-
BHUCUT TJIaBHBIM 00pa3oM OT OTHOIIECHUSI KOHIIEHTpAllUi COJU U KH-
cnotel. Ilpu pazbaBiaeHUM 3TO OTHOIIEHHE HE M3MeHsercs. Ilpu mo-
O0aBJIEHUM HEOOJIBIINX KOJIUYECTB CUIBHOM KUCIOTHI WK Ienoun pH
OydepHOro pacTBopa MEHSETCS HE3HAUYMTEIbHO. DTO CBS3aHO C TEM,
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410 700aBIICHHAS KUCJIOTA W IIEJI0Yh PEarupyroT COOTBETCTBEHHO C
COJIbIO WJIA KUCIIOTOM Oy epHON CMeCH:

CH3;COONa + HCl = CH3COOH + NaCl wiu
NaOH + CH;COOH = CH;COONa + H,0.

COOTHOIIIEHHE MEXIY KOJIMYECTBOM KUCIOTHI U COJIM B PACTBOPE
WU3MEHHTCS, HO 3TO MPUBOJIUT K HE3HAYUTEIbHOMY M3MeHEeHUI0 pH mo
cpaBHEHHIO ¢ HEOy(epHBIM pacTBopoM. KomnuecTBeHHONW Mepoil Oy-
dbepHoro neicTBus spisieTcs OypepHas eMKOCTb.

byghepnaa emxocmo onpenensiercss KOJIMYECTBOM T-3KBUBAJICH-
TOB CWJIbHOM KHUCJIOTHI WJIU IIEJI0YH, TI00ABJICHUE KOTOPBIX K OJTHOMY
auTpy OydepHOro pactBopa BbI3biBaeT u3MeHeHue pH OydepHoro
pacTBOpa HA €AUHUILY.

BydepHbie pacTBOpHI UTPAIOT BAXKHYIO POJIb BO MHOTUX TE€XHOJIO-
rudyeckux mnpoiueccax. OHM UCMOJNB3YIOTCS, HapuUMep, MpHU HaHece-
HUUW 3alUTHBIX TMOKPBITUNA, B TIPOU3BOJICTBE Kpacureneu, poromare-
puanoB u koxu. Kpome Toro, 0ypepHsie pacTBOpPbI IMUPOKO UCHOJb-
3YIOTCA B XUMUYECKOM aHAJIN3€ U JIJIs1 KaauOpoBku pH-mMeTpoB.

Tab6mauma 1

3nauenusa pH 0151 nekomopwvix 0uo0102uvecKux cucmem
U Opy2ux pacmeoes

Cucmema (pacmeop) pH
Kenynounslid COk 1,6-1,8
ATneJIbCUHOBBIN COK 2,644
CTon0BBIN YKCYC 3,0
TomaTHBIN COK 4.3
Moua 4,8-7,5
Carona 6,35-6,85
Mojioko 6,6-6,9
KpoBb uenoseka 7,35-7,45
Cresnl 7.4
benox kypunoro sina 8,0
Mopckast Boga 8,0

MHorve OMOJIOTMYECKUE U JIPYTHE CUCTEMBI 3aBUCAT OT COJIEP-
XKaIUXcsl B HUX OydepHBIX pacTBOPOB, KOTOPHIC MOIACPKUBAIOT MO-
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crossHcTBO pH. HopManibHbie 3Hauenust pH 11t HEKOTOPBIX U3 TaKUX
cucTeM yka3anbl B Tabnune. Hanpumep, pH kpoBu B opranuzme ue-
JIOBEKA MOAAECPKUBACTCS B Iipeaenax ot 7,35 no 7,45, HECMOTpS Ha TO
4YTO COJIEPKAHHUE IHOKCHJIA YTIIEpOJa W, CJIEAOBATEIbHO, YTOJbHOU
KHMCJIOTBI B KPOBM MOKET BapbUPOBATh B MUPOKUX npeaenax. Couep-
xKaruica B KpoBu Oydep npeacTasiser coboit cmeck ocdara, ru-
pokapOoHara u O6enkoB. Hamuuue 6enkoBoro Oydepa B cocTaBe cies
nojAepxxuBaeT ux pH npubnusurensHo paBHbiM 7,4. B OakTepuoso-
TUYECKUX MCCIEAOBAHUIX ISl MOAJAEpKaHusl mocTosiHcTBa pH Kyb-
TYPHBIX CPE€JI, UCTIOJI3YEMBIX C I1€JIbIO BBIPAIIMBAHUS OAKTEPUH, TOXKE
MPUXOJAUTCSA MPUMEHATH Oy(epHBIEC PACTBOPHI.

5.1.6. PacTBOpbI CUIbHBIX 3JIEKTPOJIUTOB

CuibHBIC DJIEKTPOJUTHI KAYECTBEHHO OTIMYAIOTCA OT CIa0bIX
ANEKTPOIUTOB.

1. M3yyeHne CBOMCTB CHJBHBIX JJIEKTPOJIMTOB II0OKA3aJ0, YTO
CHWJIBHBIC AJIEKTPOJIUTHI HE TOJBKO B pa30aBICHHBIX pacTBOpax, HO U B
pacTBOpaX 3HAYUTEIBHON KOHIIEHTPALMH MOJHOCTHIO JUCCOLUUHUPYIOT
Ha UOHBIL, T. €. a=1 (mactynupoBanu II. /le0aii, E. ['tokkens, I'. JIbto-
uc, 1923 r.). Ha 10 yka3pIiBatoT: a) OTCYTCTBHE B CIIEKTpax KOMOMHa-
[IMOHHOTO PAaCCEsHUSI CBETA MOJIOC, OTBEYAKOIINX HEIMCCOLUHUPOBAH-
HBIM MOJIEKYJIaM; 0) CTpOTo€e BBINIOJHEHHE 3aKOHA MOCTOSIHCTBA TETl-
JIOT HEUTpaAIU3alHH.

B CUIIBHBIX AIEKTPOIUTAX, BCIECICTBUE MOJTHON AUCCOLUALINH, YBE-
JMYMBACTCS] YUCJIO YACTUIl B €IMHUIIE OOBEMA U YMEHBIIIAETCS pacCTOs-
HUE MEXJy MOHAMHU. DTO MPUBOAUT K MPUTSKEHUIO MPOTHUBOIIOIOKHO
3apsHKEHHBIX MOHOB. B pacTBOpax CHUIIBHBIX AJEKTPOJIUTOB KAXK/IbII MOH
OKPY>KEH CBOeH MOHHOU atMocdepoit. Hannune noHHbIx arMmocdep cka-
3bIBACTCA Ha PSAJE CBOMCTB CWJIBHBIX 3JIEKTPOJIUTOB: CHHKAETCS CKO-
POCTh JIBU>KEHHSI HOHOB, YTO, B CBOKO OYEPE/Ib, TPUBOJNT K OHMKEHHIO
AIIEKTPOIPOBOIHOCTU. B  KOHIICHTPUPOBAHHBIX PACTBOPAX CHUJIBHBIX
AIIEKTPOJIUTOB MEXKY 3apsHKEHHBIMU MOHAMU BO3HHMKAET B3aUMOICHCT-
BHE€ HE TOJIBKO AJIEKTPUYECKOr0, HO U XUMHUYECKOT0 Topsiika. Benener-
BHE ATOr0 00pa3yrTCs MOHHBIC aCCOIMATHI (JIBOMHUKH), KOTOPhIC HME-
10T OOIIYIO0 COJBBAaTHYIO (THIIpaTyr0) 00O0JOUKY U MEPEIBUTAIOTCS KaK
onHo nenoe. Ho accomumar He SBISIETCS MOJIEKYJIOH, MOATOMY O=l.
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HonHble ABOMHUKM MOTYT acCOLIMMPOBATH CO CBOOOJHBIMU HOHAMH,
oOpa3ysi 3apsKEHHBIE aCCOLUATHI (TPOMHUKH).

2. B Teopun CWIBHBIX 3JIEKTPOJIH-

@ TOB YYHTHIBAETCS B3aHMMOJCHCTBUE Ka-

@ @ KO0 MOHA CO BCEMH OCTAJIbHBIMHU OK-
@ . @ PYXaIIAMU €r0 HOHAMHU OJHOTO H

@ apyroro 3Haka. OOpa3oBaHME HMOHHBIX

@ @ @ aTMoc(ep U eCTh NMPUHIUIIHAIBHOE OT-
@ @ JIAYHE CUJIBHBIX AIEKTPOJIUTOB
@ @ (puc. 5.1).
Hounaa ammocghepa — 310 chepa,
B KOTOPOU KaXKIbIM HOH IMPEUMYIIECT-
BEHHO OKPY)XEH HOHAMU MPOTUBOIIO-
JI0’KHOTO 3HaKa.

HNonusie atmocdepbl MNepeKphIBa-
I0TCSI, TAK YTO LUEHTPAJIbHBIA MOH OJJHOM MOHHOW aTtMoc(epbl BXOIUT
B COCTaB MOHHOM aTMoC(ephl IPyroro NEHTPpaIbLHOI0 HOHA. B noHHOM
atMocdepe HeT (PUKCUPOBAHHBIX IMOJOKEHUN HMOHA, KaK 3TO HUMEET
MECTO B MOHHBIX KPHUCTAJIJIaX, MO3TOMY HOHBI HEMPEPHIBHO OOMEHHU-
BAIOTCSI MeCTaMu JIpyT ¢ ApyroM. [loHsiTue noHHON aTMoc(epbl HOCUT
CTAaTUCTUYECKUHN XapaKTED.

CpaBaum Teopun Appenuyca u [lebas — ['tokkens. DaeKTporpo-
BOJTHOCTb PaCTBOPOB AJIEKTPOJIUTOB onpeAeisieTcs: AByMsl (hakTOpaMu:
1) koHIIEeHTpalelt MOHOB, 2) CKOPOCThbIO MX JBHXeHus. U3 Teopuu
ANEKTPOXUMHUYECKONU Aucconranuu Appenuyca (st cilalObIx 3JeK-
TPOJIUTOB) CIIEIYET, YTO CKOPOCTh JBMXKEHHUS WOHOB SIBJISIETCS BEJIU-
YUHOM MOCTOSIHHOM, HE 3aBHUcAIIEeH oT koHIeHTpanuu (W=const). Ho
CTENEHb JUCCOIMAIIMA HE SBJISETCS TMOCTOSHHOMW BEJIMYUHOU
(a#const), OHa YMEHBIIAETCA C POCTOM KOHIEHTPALIH, YTO TPUBOJIUAT
K YMEHBIIICHUIO 3JIEKTPOonpoBoaHOCTH. 1o Teopun Jlebas — ['rokkens
(W11 CUJIBHBIX DJIEKTPOJIUTOB), CKOPOCTh 3aBHUCUT OT KOHILICHTpAIUU
(W=const): ¢ pocTOM KOHIIEHTPAIlMU YMEHBIIAETCS CKOPOCTh JBUKE-
HUSI MOHOB, YTO NPUBOJIUAT K YMEHBIICHUIO 3JIEKTPOIPOBOJHOCTH.
[Ipu 5TOM cTEeneHb TUCCOIMAIUY — MOCTOSIHHAS BeauyuHa (a=1).

PaccMoTpuM 3I€KTPOIPOBOIHOCTD CHIIBHBIX 3JEKTPOJUTOB. M3-
MEHEHHE MOJABUKHOCTU MOHOB C KOHIEHTpalMei 00yCIOBICHO IBYMS

Puc. 5.1. Mooenv
UOHHOU amMmocghepbl
no /lebaro — I'oxkento
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adextamu (puc. 5.2): anekrpodopeTudeckuii (kKaTohopeTUUESCKUN) U
penakcaluoHHbIN (3P (HEKT acUMMETpUHN ).

DnekTpodoperndeckuii 3pdexTt PenakcaumoHHbIH dpdexT

+ . + -

Puc. 5.2. Topmooicenue 08udicenus paccmampusaemozo UoHa

B pactBOpe BCce MOHBI ABUKYTCS XaOTUYHO (€CJIM HET TOKa), IIPH
HAJIO)KEHUH BHEIIHETO 3JIEKTPUYECKOTO IMOJS MOJIYyYaeM MpPEeUuMyllie-
CTBEHHOE HaIpaBJi€HUE ABWXKEHHUS. BelnunHa mpeuMylIeCTBEHHOTO
JBW)KEHUS MOHOB K COOTBETCTBYIOIIEMY AJICKTPOJY HA3BIBACTCS CKO-
POCHBIO OBUNHCEHUS UOHOB.

Inekmpoghopemuueckuii Igpghexm 3aKIOYACTCS B TOM, UTO O]
JEHCTBUEM DJIEKTPUUYECKOTO MOJIsI HOHBI, COCTABJISIONINE HOHHYIO aTMO-
cdepy, caMu MEePEMEIIAIOTCS B MPOTUBOIIOIOKHYIO CTOPOHY BMECTE C
COJIbBATUPYIOIIMMH MX MOJIEKYJIAMH PACTBOPUTENSL, YTO CO3AAET JIO-
MOJIHUTEIILHOE TOPMOKEHHE MEPEBUKEHUIO PACCMATPUBAEMOI0 OHA.

Penakcauyuonnwtit 3¢hghekm — 310 HapylIECHUE CUMMETPUN MOHHOM
atMoc(epsl Ipu ABMKEHUHM HMOHA. MIOH 4aCTUYHO BBIXOAMUT U3 CBOETO
OKPY’KEHHS, HO OHO BOCCO3/Ia€TCSI B HOBOM IOJIOKE€HMU HOHA. CKo-
POCTh, C KOTOPOI TIPOUCXOJNT BOCCTAHOBIICHHE MOHHON aTMOC(hephl B
HOBOM MECTE, Ha3bIBacTCs gpemenem penaxcayuu. Vlonnas atmocdepa
BOCCO3/Ia€TCSl HE MTHOBEHHO. (ClieoBaTeNbHO, MPU JIBMXKCHUM HOHA
C3aJI1 HETO B KaXK/bI TAHHBIA MOMEHT KOHIIEHTPALIMSI HOHOB, HECYIIUX
MIPOTUBOMOJIOKHBIN 3apsii, HECKOJBKO BBIIIE, UeM Briepeaun Hero. Takas
aCUMMETpPUSI MOHHOW aTMOC(Ephl TOPMO3UT JIBHXKEHHUE UOHA.

Teopusi CUIBHBIX 3JIEKTPOJUTOB IMO3BOJISIET KOJIUYECTBEHHO
ydecTb 3TH 3(PdekThl. PearbHOCTh MOHHBIX aTMocdep JoKka3aHa (-
dbexrtamu Buna u Jlebas. Dddext BuHa q0Ka3bIBaeT CyIIeCTBOBAaHUE
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anektpodoperndeckoro ddpdexra. Ecnm nmpuiiokKuth K SIEKTPOJIUTY
00mbIIyI0 pa3HoCTh noTeHIuanoB (~100 Teic. B/cM), To amexTpomnpo-
BOJHOCTH MOBBIIIACTCS, TAK KaK MPH OOJIBIITUX HANIPSKEHUAX Ha HOHBI
JNEUCTBYIOT CHJIbI, KOTOpBIE JOCTAaTOYHBI JUIsl pa3pylIeHUs HOHHON
aTMoc(epsl, MOITOMY MOHBI JBHXKYTCS KaK Obl CBOOOIHO.

Oddexr Jlebas (moka3zaTenbCTBO penakcarmoHHOro s dexra):
€CJIM HAIOXUTh MEPEMEHHOE MOJIE BEICOKOW 4aCTOTOM, TO BPEMSI OJI-
HOTO KOJICOAHHSI CTAaHOBHUTCSI MEHBIIIC BPEMEHH PelaKCallii 1 HOHHAsS
aTMocdepa He ycreBaeT U3MEHUTHCS MPU KOJICOAHUSX HOHA, IOATOMY
HE MPOUCXOJIUT HAPYIIECHHE €€ CUMMETPUYHOCTH U TOPMOKCHHUE HO-
HOB TIaJjaeT. DTO MPUBOIUT K YBEIUUYEHHUIO DJICKTPOIPOBOTHOCTH.

5.1.7. [loHsATHE 006 AKTUBHOCTSX M KO3 PunureHTax
AKTUBHOCTHU B TEOPHUHU CUJIbHBIX 3JIEKTPOJIUTOB

B pactBopax HE3JIEKTPOJIMTOB MEXKIY MOJIEKYJIaMU B OCHOBHOM
NENUCTBYIOT cwiibl Ban-nep-Baanbca, KOTOpbie Masibl M OBICTPO yOBI-
BAIOT C YBEJIWYEHUEM PACCTOSHUS (0OpaTHO MPOMOPIIMOHAIBLHO IIeC-
TOM creneHu). B pacTBopax 3JIEKTPOJMTOB CHJIbI B3aUMOJICHCTBUS
yObIBaloT, 1Mo 3akoHy KyioHa, 0OpaTHO MpOMOpIMOHANIBHO KBaApaTy
paccrosiHusi. [loaToMy OHM 00JIbIIIE U OTKJIOHEHUS OT UJICTHHBIX pac-
TBOPOB HAOIIO/IAIOTCS] MPU TOpa3/i0 MEHBIIUX KOHLECHTPAIUAX, YeM
JUTsl pAaCTBOPOB HEAJIEKTPOJIUTOB. TakuM oOpa3oM, B TEpMOJUHAMUYE-
CKMX YpaBHEHHUAX IS PACTBOPOB JJICKTPOIUTOB YK€ MPU MajbIX
KOHIIEHTPALUSIX HAJI0 MOJIb30BATHCA HE KOHIICHTPAIUSIMU, & aKTUBHO-
CTIMU. B pacTBOpe CHJIBHOrO 3JEKTPOJIHMTA MOJEKYJa MOJHOCTHIO
JTUCCOLIMUPYET Ha MOHBI, U TOBOPAT 00 aKTUBHOCTSIX MOHOB.

DHEPreTU4ecKoe COCTOSIHME BEIIECTBA B PACTBOPE CHIIBHOIO
AJIEKTPOJIUTA OMKCHIBACTCS YpaBHEHUEM (ISl peaJIbHOM CUCTEMBI):

K= Uo + RTlnaia

rJ€ a; — CPEeNHsAs aKTUBHOCTh pacTBOpPA DJIEKTPOJIUTA, A1 = Y+°C;

Lo — CTAaHAAPTHBIA XUMUYECKUI OTeHIMAJ (TIPU aKTUBHOCTH a;=1).

AKTHUBHOCTH OTJMYAKOTCS OT KOHUEHTPAIM TOJIBKO TEM, YTO B
HUX YUYUTBHIBAIOTCS CUJIbl B3aUMOJICUCTBHUS, CyIIECTBYIOIIUE B PACTBO-
pax ¥ HE 3aBUCALIAE OT IPUPOIBI PACTBOPEHHBIX YACTHUI] U UX KOH-
neHTpauu. [1oToMy akTUBHOCTH NPEICTABISIOT KaK IPOU3BEICHUE
KOHIIEHTPAIMX HA HEKOTOPBIN NepeMEeHHBIN (PakTop, Ha3bIBAEMBIN KO-
3 PUIIMEHTOM aKTUBHOCTH:
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Ac = Ye'C; Am = Ym'M; an = YN,
TJI€ Y. — MOJIAPHBIH, Y, — MOJSUIBHBIN, YN — PALMOHAIBHBIN KOA(Pdu-
IUEHTHI AKTUBHOCTH.

KoaddurmeHT akTUBHOCTH BKJIIOYAET B C€Os1 TTOMPABKy Ha CHJIbI
B3aMMO/JICUCTBUSI. BBIUMCINUTh aKTUBHOCTH OIPEJICICHHOTO BHUAA HO-
HOB, a CJIEJ0BATEIbHO, U €ro KOd(PPUIIUEHT aKTUBHOCTH U3 OMBITHBIX
JAHHBIX HEBO3MOXHO, T.K. YPaBHEHHUSI, KOTOPbIE MOXKHO OBbLIO OBI HC-
MOJI30BATh JJIs1 HAXOXKJICHUSI aKTUBHOCTEM, COZIEpKaT HE aKTUBHOCTD
KaKOTO-JI1M00 OJTHOTO BHJIa MOHOB, a IPOU3BEICHUE aKTUBHOCTEN BCEX
MOHOB JJAHHOTO 3JIEKTpoJuTa. [103TOMy BBEIM MOHATHE O CPEIHEN AK-
TUBHOCTH KaK CPEIHEM I'€OMETPUUYECKOM W3 aKTUBHOCTE MOHOB, CO-
CTaBJISIFOLIUX JTAHHBIA 3JIEKTPOJIHT.

JI1s1 3NEeKTpoauTa, Paciajaromerocs Ha V. MOJIOKUTEIIBHBIX U V_
OTPHUIIATEIbHBIX HOHOB, CPEJIHSISI AKTUBHOCTh OY/IET paBHA:

a, = (a+v+_a7v—)l/v,

raev=vy+tv.

Jlnst 6unaproro snexrpomuta (NaCl): a, = (a,a)">

[lo anamorum st cpeaHero ko3 UIIMEHTa aKTUBHOCTHU:
¥y = (Y+V+' ,Y_v—)l/v.

Jlist Gunapuoro snektpoauta (NaCl): y. = (y+ y_)m.

[Ipu GeckoHEUHO OOJIBIIIOM pa30aBICHUU CUJIBI B3aUMOACHCTBUS
MEXTy YaCTUIIAMU PACTBOPEHHOTO BEIIECTBA CTAHOBSITCS OECKOHEYHO
MaibIMU. B 3THX yCIOBHSIX aKTUBHOCTh MOHOB COBIIAJIa€T C KOHIICH-
Tpanuen, a KodQpUIMEHT aKTUBHOCTH PaBEH €IMHUIIE HE3aBUCUMO OT
croco0a ero BblpaxkeHusa. Tak kak KO3(Q(UIIMEHTHl aKTUBHOCTH Xa-
PaKTEepPU3YIOT CUJIbI B3aUMOJICUCTBUS B YCIOBUSX PABHOBECHS, TSI UX
pacyeTa cleayeT MoJIb30BaThCsl pe3yJbTaTaMi U3MEPEHUH, MPOBEICH-
HBIX B PAcTBOpPAX, HAXOMAIIMUXCS B COCTOSHHHM PaBHOBECHUS. DTOMY
YCIIOBUIO OTBEYAIOT JAaHHBIEC MO OINPEICICHUIO BEJIMYUH OCMOTHYE-
CKOTO JaBJICHUA, TEMIIEpaTyp KUICHUS U 3aMep3aHusi, JaBJCHUS Ha-
CBILIIEHHOTO Tapa u T. 1.

5.1.8. UoHHaA cuyia pacTBOPOB

N3ydeHue 3aBUCUMOCTH BEIWYUH KOA(D(PUIIMEHTa aKTUBHOCTH, a
TAaKK€ aKTMBHOCTEW OT cocTaBa pacTtBopa mpuseno I'. JIprouca u ero
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COTPYAHUKOB K YCTAHOBJICHUIO PsAJIa BaXKHBIX SMIIMPUUYECKUX 3aKOHO-
MEPHOCTEN U IIPABUIL:

1) B 00iacT HU3KUX KOHIEHTpalui cpenHue Kod(PphUIHUEeHTHI
AKTUBHOCTH DJICKTPOJIUTA OMPEICISAIOTCS BaJ€HTHOCTHIO 00pasyro-
IIUXCS MOHOB M HE 3aBUCAT OT APYTMX CBOWCTB (HAIpUMEP, B ITUX
ycnoBusix cpeanue koagduimentsl aktuBHocTu KBr, NaNO; u HCI
OJIMHAKOBBHI);

2) cpeanue k03GPUIMEHTh aKTUBHOCTH JJIsI OY€Hb pa30aBIICH-
HBIX PacTBOPOB 3aBUCAT OT OOIIEH KOHIIEHTPAIIMM BCEX MPHUCYTCT-
BYIOIIUX 3JIEKTPOJUTOB U OT UX BAJICHTHOCTEN, HO HE OT XUMHUYECKOM
MPUPOABI IEKTPOJIUTOB.

B cBs3u ¢ atum I'. JIptonc u I1. Pera3iun BBENU NOHATHE «UOHHOU
cunvly pacmeopoe (J), koTopasi onpenessieTcs Kak Mmojaycymma Ipo-
M3BEJICHUM KOHIICHTPAIIMK MOHOB HA KBAJPAT 3apsI0B:

J= 1/2'201'212.

bbl10  yCTAaHOBJIEHO Takke, 4TO B pa30aBJICHHBIX pPacTBOpax
CUJIbHBIX 3JIEKTPOJUTOB Jiorapudm cpeaHero kod3h@puireHTa akTUB-
HOCTH JJIEKTPOJIUTA JIMHEHHO 3aBUCUT OT KBAJPATHOI'O KOPHS U3 MOH-
HOW CHUJIBI:

lgy.=-hJ "

DTO ypaBHEHUE BBIPAXKACT NPAGUIO UOHHOU CUJIbL: CPETHUIN KO-
3G PUIMEHT aKTUBHOCTH JIOOBIX AJEKTPOJIMTOB B PACTBOpAaX C OJUHA-
KOBOM MOHHOM CHJION OJMHAKOB (CIpaBeIJIMBO Il pa30aBICHHBIX
pactBopoB npu J = 0,02+0,05).

DJieKTpocTaThuecKasi Teopus pa30aBICHHBIX PACTBOPOB CUIIBLHBIX
aneKkTpoauToB, pa3zputas I1. Jledbaem u E. ['tokkenem, mo3Bossiiaa Te€o-
PETUYECKH BBIYUCIHUTH CPeAHUN KOAI(PPUIHUEHT aKTUBHOCTH, MOJISIP-
HYIO 3JICKTPOIPOBOJHOCTD CUJIBHBIX 3JIEKTPOJIUTOB, a4 TAKKE TEOPETH-
4eCcKU 000CHOBATh MPAaBUIIO MOHHOU cuiibl. [Ipu 3TOM OBLI clienian psif
PEANOIOKEHUM, CIIPABEITIMBBIX JJIsI PENeIbHO pa30aBICHHBIX pac-
TBOPOB:

1) eTMHCTBEHHOW MPUYUHOM, BHI3BIBAIONIEH OTKJIOHEHUE CBOMCTB
pacTBOpa JJIEKTPOJIMTA OT UACATBHOIO PACTBOPA, SIBIISIKOTCS JJIEKTPO-
CTATUYECKHE B3aMMOJCHCTBUS MEXIY HOHAMU;

2) pa3Mep HMOHOB HE YUYUTBHIBAJICS, T. €. paCCMaTPUBAIU HX KaK
0e3pa3MepHbIe TOUCUHBIC 3apsibl;
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3) BIEKTPOCTATUYECKOE B3aUMOACHCTBUEC MEXIY HOHAMHU pac-
CMaTPUBAJIOCh KAK B3aUMOJECHUCTBUE MEXIAY MOHAMU U MOHHOU aTMO-
chepoti.

JI71s1 cunmbHO pa30aBiICHHBIX PACTBOPOB JICKTPOJUTOB:

12
J

lgy: =—A-z,-2, )
rae A — KOHCTaHTa, OMpenaensieMas TEMIIEPATypOu U IOUAJICKTpUYE-
CKOW MPOHMUIIAEMOCTBIO CPEJIBL; Z1, Z; — 3aPsJIbl HOHOB.

Jlist pazbaBiaeHHOro BogHOrO pactBopa €=78,3 u A=0,509. D10
ypaBHEHUE MPUMEHUMO K CHUIIbHO pa30aBIICHHBIM pacTBOpaM (HE BbI-
e 0,01-0,05M) 31eKTpOIUTOB 1 HA3BIBACTCS NPEOeabHbIM 3AKOHOM
Jeoasa u I'iokkena. 1lpu BbIBOJIE TOTO0 ypaBHEHHSI BMECTO PEATBHOTO
LHEHTPAJIBHOTO MOHA PACCMATPUBAIICS TOUECUHBIN 3apsI.

Ecnm yuyecth pasmep LEHTPAJIbHOIO MOHA, TO MOJIy4UTCs Ooliee
TOYHOE ypaBHeHue (BbiBeAeHO Jlebaem u ['tokkeneM U crpaBeIuBO

17151 koHuentpauui ¢=0,1+0,5M):
lgy: =—(Azrz T )1 +aBJT'?),

r7e a — cpeaauii 3GGOEKTUBHBIN THaMETp HOHOB, HAXOAUTCS U3 OIIBITA;
B — teopernueckuii  ko3hPuiiueHT (B=O,33-108 — JUIA BOIHBIX
pactBopoB npu 25°C).
Jlns Gojee KOHIEHTPUPOBAHHBIX PACTBOPOB HCHOJB3YIOT ypaB-
HEHHUE:

lgy: =—[(A-z;-z, T "2)/(1+aB T ") +cJ,

rae ¢ — KO3 PUIKUeHT, onpeaeasieMbli SKCIIEPUMEHTAIBHO, YUUThHIBA-
€T TMOJAPU3ALNIO JUMOJBHBIX MOJEKYJ PACTBOPUTENS W THIPATHBIC
000JI0YKH UOHOB.

5.1.9. CKopoCTh ABUKEHUS HOHOB

B oTCyTCTBUE BHEITHETO JIEKTPUIECKOTO TOJISI HOHBI B PaCTBOPE
KOJICOIOTCSA WJIM JABUXKYTCS MOCTyNaTeIbHO OECHOPSII0YHO, T. K. BCE
HAIIPABJICHHSI TIEPEMEIICHHSI PAaBHOBEPOATHEI. [Ipy HaIOKEHUN BHETII-
HETo MOoJisi 0ECOPSAA0YHOCTh ATOTO JIBIKCHHUS B OCHOBHOM COXPaHs-
€TCsl, HO OJIHO M3 HAMpaBJICHUN CTAHOBUTCS MPEUMYIIECTBEHHBIM —
3TO JBMKEHUE K COOTBETCTBYIOIIEMY AJICKTPOSLY.
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BennurvHa npeuMyIecTBEHHOTO JBHXKEHHS MOHA K COOTBETCT-
BYIOIIIEMY JJICKTPOJYy NMPU HAJIOKCHHHM BHEIIHETO TMOJIsi Ha3bIBACTCS
cKopocmbuio osudicenus uonoe W [cm/cl.

CKOpOCTh ABWKEHHUSI MOHOB 3aBUCUT OT HANPSHKEHHOCTH dJIEK-
TPUUYECKOTO MOJIA, T. €. OT IPaJMeHTa NMOTEHIINaNa, KOTOPhI onpee-
nsierca otHomeHueM (E/l), rme E — pa3HOCTh MOTEHIMANIOB MEXIY
anektpoaamu [B], [ — paccTosiHue Mexay HUMH (cM). B crangapTHBIX
YCJIOBUSX TPAJMEHT MOTeHIInana paseH 1 B/cwm.

CKopocTH IBUKEHHUS MOHOB, OTHECEHHBIE K €MHUIIC TPaJueHTa
MOTEHIINAala, HA3bIBAIOTCS AOCOIOMHBIMU CKOPOCHIAMU OBUNCEHUA
uonoe. O6031avyar0T ux W, u W_. PazMepHOCTh aOCOJIFOTHOM CKOPO-
cTi — em/c : B/em = [em*/B-c].

AOCOIIOTHBIE CKOPOCTH JBWKCHHUS HEBEIMKH U KOJEOIIOTCS B
untepBaie 0,0004-+-0,0008 cM’/B-c. VICKITIOUeHre COCTABIISAIOT abco-
JIOTHBIE CKOPOCTH JBUKEHHSI HOHOB BOAopoAa (TUAPOKCOHMS) U THUI-
pokcuia (Ha IOPSIOK BBIIIIE):

Wy = 0,00362 cM*/B-c; Woy = 0,00205 cm?/B-c.

5.1.10. Yucsia nepeHoca

[lepeHOCUMKaMH TOKAa B pacTBOPAX AJIEKTPOJIUTOB CIy)KAT HOHBI,
HO TaK Kak aOCOJIFOTHAsl CKOPOCTh JIBWKCHHSI aHHOHOB M KaTHOHOB B
JTAaHHOM PacTBOPE HEOJWHAKOBA, TO OOJBIIYIO JOJTI0 TOKA BCET/a Iie-
peHocsT 0oJiee ObICTPHIC HOHBI.

Yucna nepenoca nokas3pIBAIOT, KaKas JIOJIS DJICKTPUIECTBA TIepe-
HOCUTCS MOHaMH JaHHOTO Buja. OO03Ha4YeHHe: t, — YUCIO TepeHoca
KaTHOHA, t_— YKCIIO MmepeHoca aHnoHa. OHU OMPECISIFOTCS COOTHO-
IICHUCM:

t. =W /(Wi+ W), t.=W_/(W,+W_), npustomt, +t =1.

Paznuune B CKOpPOCTSAX JIBUKEHUSI KATHOHOB M AHWMOHOB ITPHUBO-
AT K TOMY, YTO OHHM MEPEHOCAT Pa3Hble KOJIUYECTBA AJICKTPUUECTBA,
HO ATO HE BJICYET 3a COOOM HaApYIICHMS SJICKTPOHEUTPaIbHOCTH pac-
TBOpA, a JHWIIb W3MEHAECT KOHUECHTPAIMIO 3JICKTPOJIMUTA y KaToja U
aHoja. Yucia nepeHoca ONpeAessioTCs MO0 M3MEHEHUIO KOHIIEHTpa-
UM 3JICKTPOJINTA B KATOJTHOM U aHOJTHOM MPOCTPAHCTBAX:

t+ - CaHoz[/(CaH. + CKaT.)9 t= CKaT./(CaH. + CKaT.)'
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5.1.11. d/1eKTpONPOBOAHOCTb PACTBOPOB 3JIEKTPOJIUTOB

Anekmponposoonocmuio (L) HA3bIBAIOT CIIOCOOHOCTH PACTBOPOB
AJIEKTPOJIUTOB MPOBOJUTH JICKTPUUECKUN TOK IO ACHCTBUEM BHEIII-
HEro 3JIEKTPUYECKOTO MOJs. DJIEKTPONPOBOJHOCTh €CTh BEIUYMHA,
oOpaTHas JIEKTPUUECKOMY COMPOTUBIICHUIO:

L=1/R[Om ' =Cwm].

Enuuuniiei 31eKkTponpoBOIHOCTH sBIAEeTCS cuMeHe (Cm).

Jlns onpeneneHusi 3IEKTPONPOBOIHOCTH MOKET MCIIOJIb30BATHCS
KOHJIYKTOMETpUUYECKas sueiiKka — CTEKJISTHHBINA cocya 0e3 JIHa ¢ ABYMS
ANEKTPOJAMH HM3BECTHOW IIomanau (S), IPOYHO YKPEIICHHBIMU Ha
(UKCUPOBAaHHOM PACCTOSHUM APYT OT apyra (/). DNeKTpoabl BBINOJ-
HEHBI U3 MJIATUHOBOM YEPHU. AUYEHKY MOTPYKAKOT B pACTBOP BIIEKTPO-
auta. CONpOTUBICHUE KOHIYKTOMETPUUYECKON AUEUKHA U3MEPSIOT MPH
MOMOIIM CIEHHUATIBHOTO YCTPOMCTBA — MOCTUKA YUTCTOHA (puc. 5.3).
CKONB3SIUNA KOHTAKT MEPEMENIAeTCsl MO0 MPOBOJOYHOMY COMPOTHUB-
JIEHUIO JI0 TeX MOp, MoKa ocuuuiorpad He 3aperucTpupyeT MHUHU-
MaJIbHBIM cUTHaJ. B 3TOM moJio)keHnu KoHTakTa (To4yka X) COMpPOTHB-
JIeHHE SYEUKU ompenensercs coorHomenueM: R, =BX - Ry/AX, rae
R, — conpoTuBIieHre peocTara.

A\ / \ HUCTOYHUK IICPEMCHHOIO TOKa

A X B
ocuuorpad
N
A 4
. L R %
j! peocTar
KOHIyKTOMETpHYECKast

sTuerKa

Puc. 5.3. Mocmux Yumcmona
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[Tocne TOro Kak HaMAECHO COMPOTHMBIICHUE SYEHUKH, MOYKHO BBI-
YUCJIUTH DJIEKTPONPOBOAHOCTh pacTBopa. OTHolieHue (//S) npencras-
asieT coO0M TOCTOSIHHYIO BEJTUYMHY, XapaKTEPHYIO ISl TaHHOW sueii-
k. OHa Ha3bIBAETCS MOCTOSIHHOM, WJIM KOHCTAHTOM, sIYEHKH (cocynaa).
[ToctosinHas cocyna (K) siBisieTcs o4eHb Ba)XKHOM XapaKTEPUCTUKOM
sueiikd. OHa 3aBUCUT OT IUIOIIAAM 3JIEKTPOAOB, PACCTOSHUSI MEXKITY
HUMH, OT (POpMBI cocyla M 00bEMa pacTBOpa, MPOBOJIAIIECTO TOK.
BceneacTBue TOro, 4To B MEPEHOCE JIEKTPUUECTBA YUYACTBYET 3aMETHO
OonpIIMK 00BEM pAcTBOpa, YE€M TOT, KOTOPBIM 3aKIIOYEH MEXKITY
ANEKTPOJIAMH, YPOBEHb KUJIKOCTH, KOTOpasl 3aJIMBACTCSI B COCY]l JJIS
U3MEPEHUS AJICKTPONPOBOJAHOCTH, JIOKEH MPEBBIIATH Kpail 3JeK-
TPOJAOB IPUMEPHO HA JIBA PACCTOSHUS MEK]Y JIEKTPOJAMH.

[TocTosIHHYIO COCYy/la HaXOAT IKCIIEPUMEHTAIBHO T10 JIEKTpUYe-
CKOM MTPOBOJUMOCTH CTAHJIAPTHBIX PACTBOPOB C XOPOIIO U3BECTHHIMU
3HAUYCHUSIMU YJI€IbHOMN 3JIEKTPONPOBOAHOCTH () B IIUPOKON 001acTH
TeMmrepaTyp U KoHIeHTpaluii. OOBIYHO B Kau€CTBE CTaHJAAPTHBIX pac-
TBOPOB UCHOJIB3YIOT BOJAHBIE PACTBOPHI XJopuaa kanus. s onpene-
JIEHUSI KOHCTaHThI cocyaa udmepsaroT conporusiieHue 0,02 M pactso-
pa KCl. Y nenbnas snexrponpoBogHocts KCl mpuBeneHna B Tabdmnuiie 2.

Tabauma 2

Yoenvnaa snekmponposoonocms 0,02 M pacmeopa KCI
npuU paznuyHbLIX menepamypax

0 y2 Temnepamypa, y2
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. Yoenvnasn 31eKmponpoeooHoCHLb

Paznmnuarot yAenbHy0 U MOJISIPHYIO 3JEKTPONPOBOAHOCTH. Y IEITb-
Hasl 3JIEKTPONPOBOJHOCTh SIBJIIETCSI BETMYMHOM, OOpaTHOM y/IEeTbHOMY
COMPOTHUBJICHUIO, U 0003HAYaeTCsl CUMBOJIOM Yy (Karma). Takum oOpa-
30M, { =1/p, Tae p — yeJIbHOE CONPOTUBIICHUE (M3MEPSETCA B €AUHU-
nax Om-Mm).
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Ecim R=p-//S, rne R —conporusnenue mpoBoanuka (Om);
| — muHA TPOBOAHHUKA (M); S — ILIOM[A/b MOMEPEIHOrO CEUeHHS (M),
Tto p= R-S/I.

Ortkyma y = //S R, pasmeprocts [OM M '] mu6o [Om '-cm ']
BMecTo 3TOro MoryT UCnojb30BaThCA [CM'M_l] 1160 [CM - CM_l].

Yoenvnou snexmponpoeoonocmvro naszvigarom 3IneKkmponpo-
600HOCMb CMOJIOUKA pacmeopa nekmpoauma onunoi 1 cm u no-
nepeunvim ceyenuem 1 cm”.

Eciu otHOmreHune //S o6o3naunts K [cM '] — mocTosiHHAS cocya,
KOTOpas XapakTepru3yeT T€OMETPHIO JICKTPOa, TO:

r = K/R.

DIEKTPONPOBOAHOCTh PACTBOPOB 3JIEKTPOJIMTOB 3aBUCHUT OT CKO-
POCTH JBUKEHUSI MOHOB, TEMIIEPATYPHI M KOHIICHTPAIIUX KOHOB.

A. 3aBHCHMOCTB YIeJbHOM 3JIEKTPONPOBOTHOCTH
OT CKOPOCTH IBHKEHHUS HOHOB U TeMIIEPATYyPbI

ITyCcTh 3MEKTPUUECKUN TOK MIPOXOJIUT YEPE3 PACTBOP JIEKTPOIIH-
Ta, TMOMEUICHHBIM B CTEKJISIHHYIO TPyOy C MOMNEPEYHBIM CEUYCHUEM
1 e, IPA PACCTOSHUU MEXY BJICKTPOIUTaMu | CM M pa3sHOCTH IIO-
TeHuaiaoB E BOIbT.

O6o3naunM uvepe3 W_ u W, aOCONIOTHBIE CKOPOCTH JIBUKEHHUS
KaTUOHOB M aHHOHOB, a Yepe3 C — KOHIEHTPALIMIO PACTBOPA IIEKTPO-
auTa [Moab/n]. Ecnu cTenenb AUCCOIMAalUU 3JIEKTPOJIUTa paBHa O, TO
KOHIICHTpaIlUs KaTHOHOB ¥ aHHOHOB paBHa o-¢/1000 [MOJIL/CM3].

[logcunTaemM KOJWMYECTBO AJIEKTPUUECTBA, KOTOPOE MEPEHOCUTCS
depe3 HOMepedHoe cedeHne Tpyoku 3a 1 cexynay. Uepes cedenue 1 cm’
KaTHOHOB 3a 3To BpeMs npoitneT W.-a-c-E/1000 Mosib 1 OHU TepeHecyT
W.-a-c-E-F/1000 xynonoB snekrpuuectsa (1 Moib MEPEHOCUT KOIUYE-
CTBO 3JIeKTpuyecTBa, paBHoe uuciay Dapazaes, F=96500 Ki/moinsb).
AHHOHBI B 00patHOM Hampassienuu neperecyt W_-o-c-E-F/1000 kyio-
HOB 3JIEKTPUYECTBA.

Cuna Toka I, T. . oOuiee KOJIMYeCTBO ANEKTPUUYECTBA, MPOXOsi-
miee Yepes JaHHOE momepedHoe cedeHue (1 cM”) pacTBopa B 1 cekyH-
1y, paBHa CyMME KOJIMYECTB AJIEKTPUUYECTBA, IEPEHOCHMOI0 HOHAMU B
000OMX HampaBJICHUAX:

= (W, + W )c-a-E-F/1000.
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3akoH OMa, B pacueTe Ha €UHUILY TUIOIIAX MOMEPEYHOTO ceue-
HUsI, MOKHO 3ammcath: | = E/p = y-E. Torna:

v =c-a F (W, + W_)/1000. (1)

YenbHas 3JIEKTPONPOBOAHOCTh IPOMOPLUHUOHAIBHA KOHIIEHTPA-
AU PACTBOPA, CKOPOCTH JBUAKECHUS MOHOB U IEPEHOCUMOMY KaXIbIM
VOHOM 3apsiay.

[Ipy MOBBIIIEHUN TEMIIEPATYPHI HA OJWH IPAAyC ) BO3PACTET HA 2—
2,5 %, 3a CYET MOHMKEHUS B3KOCTU PACTBOPA U YMEHBIIECHUS CTEIICHU
rUpaTald MOHOB (MOBBILIEHUS CKOPOCTH ABM>KEHUSI HOHOB). [Ipu mo-
BBIIIIEHUU JIABJICHUS YAEIbHAS 3JIEKTPONPOBOJHOCTh MOHUKAETCA.

b. 3aBucumocTsh yneJbHOM 3J1EeKTPONPOBOIHOCTH
OT KOHLIEHTPAIMHU IJIEeKTPOJINTA

B pa3baBiieHHBIX pacTBOpax
CHa0bIX W CWIBHBIX 3JEKTPOJIHU-
TOB yJElbHAasl BJIEKTPONPOBOJI-
HOCTb C YBEJIWYEHHEM KOHIICH-
TpalMy PacTeT, HO MPU HEKOTO-
pOM JOCTAaTOYHO BBICOKOM KOH-

CH3;COOH EHTpaUHU JOCTHUIAaCT MaKCHUMY-
) Ma U 3areM nagaer. Ha puc. 5.4
C  mpuBeacHBI THIHYHBIC MPUMEPHI

Puc. 5.4. Usmenenue yoenvrou OTOH 3aBMCHMOCTH. INCKTPHUC-

SeKmpPOnpPOGoOHOCIL CKas MPOBOJUMOCTb  CJ1ab0TO
INIEKMPOIUMOE C KOHYeHmpayuetl snekrpoiura (CH;COOH) 3na-
YUTEJIbHO HUXE COOTBETCTBYIO-

men BenrunHsbl 11 pactBopoB H,SO, miim KOH.

Bospactanue 371eKTpu4ecKoi MpOBOJUMOCTA C POCTOM KOHIICH-
Tpallui B pacTBOpax MPOUCXOJUT BCJICACTBUE YBEIMUYCHUS YUCIIA HO-
HOB. OJITHaKO B KOHIIEHTPUPOBAHHBIX PACTBOPAX BO3HUKAIOT U APYTHE
3 PEeKThI, MPUBOAAIINE K YMEHBIICHUIO 3JICKTPOIPOBOHOCTH.

B KOHIIEHTPUPOBAHHBIX PACTBOPAX CHJIBHBIX 3JEKTPOJUTOB (0=1)
ypaBHenue (1) npunumaet Bua: y = k'-c(W. + W), roe k' = aF/1000.
C pocTOM KOHIEHTpallMd BO3PACTAIOT CUJIBI MEKHOHHOTO B3aMMO-
JNEUCTBUS, BCIEICTBHE YEro IMPOUCXOAUT OOpa3oBaHUE MEKHOHHBIX
acCOIMATOB, WJIM UOHHBIX AP, YTO MPUBOJUT K CHUKEHUIO CKOPOCTHU

H,SO,

KOH
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nBukeHus noHoB (W, u W_) U, clieoBaTebHO, YMEHBIICHUIO 3JIEK-
TPUYECKOU POBOJIUMOCTH.

Tak xak mms ciadwix 2nmexkTpoautoB W, + W_ = const, To ypaBHe-
Hue (1) mpunumaer Bua: y = k''ca, rae k' = F(W. + W_.)/1000. B
KOHIEHTPUPOBAHHBIX PACTBOPAX YJEIbHAsA 3JECKTPOIPOBOIHOCTh Ia-
JaeT, TaK KaK YMEHBIIAETCS CTENEeHb OUccolManuu (4eM OoJblie
KOHIICHTpAIIUsI, TEM HIKE Q).

5.1.11.2. Moaapnas 31eKmponpo8ooOHOCHLb

MomsipHas 3JIeKTPOIPOBOAHOCTD SABISETCS Oojiee ya00HOM Belu-
YUHOM, TaK KaK OHAa OTHOCHUTCS K O0OBEMYy pacTBOpa, COJepKaiiemMy
1 Monp BemecTna.

Monsapnoii 3nekmponpogoonocmuio (A) Ha3BIBACTCSA DIICKTPO-
IIPOBOJIHOCTH PacTBOpa, CojAeprKaiiero 1 Moiab pacCTBOPEHHOTO Bellle-
CTBAa M HAXOJSAIIETOCS MEXKIY ABYMS MapajlIeIbHBIMHU JJICKTPOIAMHU,
paccTosTHUE MEXKIY KOTOPBIMH 1 CcM.

YaenpHas ¥ MOJISIpHAsS JICKTPOIPOBOJHOCTH B3aMMOCBSI3aHBI CO-
OTHOIIICHUEM

A=yle=y,
IJie ¢ — KOHICHTPALWS PACTBOPA, BHIPAXKCHHAS B MOJB/IM; @ — pas-
BeJIeHHE, 00BEM pacTBOpa B MUJLUIMJIMTPAX, coAepKamuii 1 MoJib Be-
IIECTBA.
Tak Kak pa3MEpHOCTh YIEIbHON HSJIEKTPONPOBOTHOCTH () —
[OM cM '], TO pasmepHOCTE

A MOJIIPHOM  DIIEKTPOIIPOBOIHO-
cri (L) — [Om '-cm”/monb].

CUITbHBIE MouJsipHast ~ 3JIEKTPOITPO-

CKTPOITMTEL BOJHOCTb KaK JJis1 CHWJIbHBIX,

TaKk U JJIs1 CIa0BIX AJIEKTPOIH-
TOB BO3paCTaeT C YBEIUUCHUEM

ciadble
SIEKTPOTHTSI pa3BENeHUs, T. €. C YMEHbIIIE-
HUCM KOHICHTpAalluU, U JOCTHU-
0) ract HCKOTOPOro OnpcaciiCH-
HOTO 3HaueHwus (puc. 5.5).
Puc. 5.5. M3menenue sxeusanenmuoi DTO 00BACHICTCS TEM, YTO
2NEKMPONPOBOOHOCHIU y CJIa0bIX 3JIEKTPOIUTOB MO MeE-

¢ pazbasnenuem pacmeopa
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pe pa30aBieHuUsI pacTeT CTENEeHb AUCCOLUALMU (Q), T. €. YBEIUUYUBACTCS
YHCJI0O WOHOB; y CHJIBHBIX DJJICKTPOJHMTOB YBEIWYUBACTCS PACCTOSHUE
MEXIy MOHAMH, OCJIAOJISIOTCS CHJIbl B3aMMHOTO MPUTSHKCHUST MEXKTY
HUMH U, CJICIOBATEILHO, YBEJMUNBAIOTCSI CKOPOCTH JIBUKCHHS NOHOB.
Pa3Benenue, mpu KOTOPOM JOCTUTAECTCS MaKCHUMAJIbHOE 3HAUYCHUE
MOJISIPHOM  3JIEKTPONPOBOAHOCTH, YCIOBHO HAa3bIBAETCS MOJISPHOMN
AJIEKTPOIPOBOHOCTHIO MPU OECKOHEYHOM pa3BeIeHUH (A,).

5.1.12. [ToagBUXKHOCTb HOHOB. 3aKOH KoJsibpaymia

PaHee ObLIO MOKA3aHO, YTO YZAENbHAS 3JIEKTPOINPOBOJIHOCTH BBI-
pa)xaercs COOTHOIICHUEM:

v =F-c:o(W,+ W_)/1000.

Benuuunbl A, U A _ Ha3bIBAIOTCS MOJABUXKHOCTSIMH HOHOB, WU
MOHHBIMHU 3JIEKTPONPOBOIHOCTAMU. [10ABMKHOCT, MOHOB paBHa a0-
COJIFOTHOM CKOPOCTH JIBMYKCHUS MOHA, YMHOKEHHOM Ha uncio Dapa-
nes: Ay =W, -Fuh _=W_F. Torga:

v = c-a (A +A_)/1000.
MoutsipHas 3JIeKTPONPOBOJHOCTh PACCUUTHIBAETCS 1O hOopMyJie:
A =[c-a (A++A ) /1000]-1000/c = ou(AFA ).

OTHeceM 3Ty 3aBUCUMOCTh K OECKOHEYHOMY pa3BEICHHIO (MpHU
atoM a=1). Tlomyuyum martemaTnueckoe BbIpakeHUE 3akoHa Koib-
payma (3aKOH HE3aBUCUMOCTU JABUXKEHHS HOHOB B Pa30aBIICHHBIX
pacTBopax):

Ao = Ao T (A e

Monapnas 31eKmponpoeooOHoCcHb HPU 0ECKOHEYHOM PA36EOeHUN
PAasHa cymme noo0BUICHOCHEN WOHO8 NPU DECKOHEYHOM Pa36e0eHUlU.

Benuuuna A, Jyist JAHHOTO AJIEKTPOJIUTA 3aBUCUT OT MIPUPOIBI pac-
TBOpUTENA. OTHAKO TP MEPEXOAE OT OJHOIO PACTBOPUTEINS K IPYTOMY
COXPAHSETCS MOCTOSIHHBIM MPOU3BEACHUE: A, T)o = const, TJIe My — BsI3-
KOCTb pacTBopuTENs. ITO npaBuiio Bansaena — [Tucap:xkeBckoro.

[To 3TOMy COOTHOIIEHHIO MOKHO HAWTH MOABH>XHOCTH MHOTHX
MOHOB B HEBOJHBIX cpenax. [IpaBuino npumMeHMMO B TeX Ciaydasx, KO-
r/1a MpU MEPEXOAE OT OJHOTO PACTBOPUTENS K APYrOMY HE U3MEHSET-
Cs1 XapaKTep COJIbBATALIMN MOHOB.
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5.1.13. BeluHMC/IEHHE CTEeNI€eHU AUCCO AU
U KOHCTAHThI AUCCOLMALMHU Yepes 3JIEKTPONPOBOAHOCTb.
KoadPpuiueHT 3/71eKTPONPOBOAHOCTH

Paccmotpum craGbie M CUITBHBIC DJICKTPOJIUTHI.
1. CnaOble 3IEeKTPOJIUTHI.

MousipHasi 3J€KTPONPOBOIHOCTh MIPU OMPEACICHHOM pa3Belie-
Hu (V):

Ay = ay(As + A )y . (1)
MOJ‘IHpHaSI SJICKTPOIIPOBOAHOCTD IJIA OECKOHEYHOTO pa3BCACHUS:
?\*oo - OCOO[(}\”r)oo T (}\' 7)00] : (2)

Paznenum (1) Ha (2):
M/ Ao = Ov(As + A )y / O] (M) + (A D)oo
B cmabpIx aleKTpOaMTaxX CTENEHb TUCCOIMAIMKA MpH OECKOHEU-

HOM Pa3BCACHUUN O, = 1, d MOHBbI IBHUIKYTCS C MOCTOSIHHOM CKOPOCTBIO
HC3aBHUCHUMO OT UX KOHLCHTpPALIUU, ITIOITOMY

(7\'+ +A f)V - (K+)oo T (K f)oo-
Otkyna:
Oy = kv/}\.w .

Cmenensv Oouccoyuayuu €CTb OTHOILIEHUE MOJISIPHOW 3IJIEKTPO-
MPOBOJIHOCTHU TMPHU JAHHOM Pa3BEACHUU K MOJISPHOM 3JIEKTPOIPOBO/I-
HOCTH MpU OECKOHEYHOM Pa3BE/ICHUMU.

3akoH pa3BeneHuss OcTBasiba 11 OMHAPHOTO AJIEKTPOJIUTA:

Ky= a’-c/(1-o),
TaK KaK Oy = Ay/Aw ,
10 Kii = Av™-¢/[hs (1 — Ay/A)], mTHE
Kz = M ¢/ [oo(Aes — AV)]-

[TonyueHHOe BbIpakeHHE 3aKkoHa pa3BeneHuss OcTBajbla NaeT
BO3MOKHOCTbB CBSI3aTh KOHCTAaHTY AMCCOLMALMU C 3JIEKTPOIPOBOIHO-
CTBIO.

2. CUJIBHBIE JJIEKTPOJIUTHI.

M/ = Ay + A )y / Oloe[ (M) T (A o).
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Tak kak IS CUJIBHBIX 3JIEKTPOJUTOB Oy = 1 U 0, = 1, TO
B =AM/ A=A T A v/ (A + A ),

riae f; — ko3 OUIMEeHT ANEKTPONIPOBOIHOCTH, XapPAKTEPU3YET CTETICHD
MEKHUOHHOTO B3aUMO/ICHCTBHUSI.

Koyppuuuenmom snexkmponposoonocmu 1 CUIbHBIX DJIEK-
TPOJIUTOB HA3bIBACTCS OTHOUIEHHWE MOJSPHON 3JIEKTPONPOBOIHOCTH
pU JAaHHOM Pa3BEJICHUH K MOJISIPHOM 3JE€KTPONPOBOJIHOCTH MpH Oec-
KOHEYHOM pa3BeJICHUHU.

[Ipu naHHOM pa3BelleHUH CyMMa MOJIBMYKHOCTEW MOHOB MEHBIIIE,
4yeM npu OECKOHEYHOM pa3BEACHUH, TaK KaK B MOCICAHEM ClTydae HET
MOHHBIX aTMochep, T. €. f)<1.

5.1.14. KoHAyKTOMETpHA.
KoHayKTOMeTpHUYeCKOoe TUTPOBAHUE

Konoykmomempusn — MeTo]i onpeiesieHUus: pa3IndHbIX (HU3UKO-
XUMHYECKUX BEJIUYMH, OCHOBAHHBIN HAa M3MEPEHHUH JJIEKTPOIPOBOI-
HOCTH.

1. Meron KOHAYKTOMETPHUM IO3BOJSIET OMNPEACIUTh PacCTBOPHU-
MOCTb MaJIOpaCTBOPUMBIX COJICH:

v =c-a (A +A_)/1000.

Tak Kak pacTBOPUMOCTbH Majia, TO PAaCTBOP OUYE€Hb pa30aBJICHHBIN,
OATOMY 0=1, CKOPOCTh ABUKEHUSI HOHOB MPEACIIbHAS:

At A=A T (Ao = Ao
Torma y = c-A,/1000, oTkyna
c =%-1000/A,

rae A, — MOJSPHAS JJIEKTPONPOBOJHOCTh JJIsi OECKOHEYHO pa30aB-
JIEHHBIX PacTBOPOB (MPUBEJIEHA B CITPABOYHUKAX );

Y, — YAeIbHas 3JEKTPOIPOBOJIHOCTD JIEKTPOIIUTA.

Ha mpakTtrke ajis ornpeneneHus: paCTBOPUMOCTH TPYIHO PaCTBOPH-
MBIX COJIEl B BOJIE, CHadajla U3MEPSIOT AJIEKTPOIPOBOIHOCTh YUCTOU
BOJIbI, @ 3aT€M OHJICKTPOMPOBOJHOCTh HACHIIIEHHOTO pPacTBOpa COJIH.
[TycTs ynenbHas 3JIEKTPOIPOBOJAHOCTD BOABI PABHA Ypoma, & YJIEJIbHAS
AJIEKTPOIIPOBOJIHOCTh HACHIIIEHHOTO pacTBopa BeimiectBa AB paBHa
Y pactsop- CAET0BATENBHO, DJIEKTPOIIPOBOAHOCTE BelecTBa AB Oyier:
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XAB — XpaCTBop — Asona-

2. HaunbonbIee npakTUYECKOe 3HAUCHUE UMEET KOHAYKTOMETPH-
YECKOE€ TUTPOBAHUE, MO3BOJISIONIEE ONPENCIINTh KOHUECHTPAIUIO Be-
1IECTBA B PAaCTBOPE MYTEM U3MEPEHUS IEKTPONPOBOJHOCTH MPH TUT-
poBaHuU. MeTo1 0COOEHHO YI00€H MPHU aHATN3€ MYTHBIX UM CUIIBHO
OKpallIeHHBIX PAcTBOPOB, KOTJa HEJIb3s UCIIOJIb30BaTh OOBIYHBIC MH-
JUKATOPbl. DTOT METOJI JA€T 00Jie€ BHICOKYIO TOUHOCTb.

A. TurpoBanue CHJIbHON KUCJI0ThI CUJIbHOM LIEJI0YbI0
(puc. 5.6)

Hammmem peakuuo B
MOHHOM BHJIE:
H +ClI'+Na"+OH —
—Na' + ClI' + H,0
DJIEKTPONPOBOAHOCTD 3a-
BUCHT OT KOHIICHTpAIlUH HO-
HOB M TOJABMKHOCTH (B 00-
. mem ciydae). Jlo mpubasie-
! HUSI 1EJI0YU JIEKTPOIPOBO/I-
gl HOCTh OIpelesiiach IOJ-
s V NaoH, M BkHOCTBIO noHoB H™ u CI .
JIo TOYKHM SKBHBAJICHTHOCTH
(T.D.) npoucxoautr 3ameHa
noaBwKkHOro mona H'™ Ha me-
Hee TOABWKHBIA #OH Na'
(?JIEKTPONPOBOIHOCTD T1AJIACT 3a CUET YMEHBIIICHUS MMOIBMKHOCTH). B
MOMEHT TIOJTHOM HEWTpalnU3allii B PACTBOPE OCTAIOTCS TOJIBKO HMOHBI
Na" u CI.

[Tociie TOYKM SKBUBAJICHTHOCTH HAYMHAETCS MOJBEM JJIEKTPO-
MPOBOJHOCTH, TaK KaK B pacTBOpe OyJeT HapacTaTh KOHIICHTpAITUs
rouoB Na' u OH . Oxuako BO3pacTaHue OyaeT OoJiee MOJOTUM, TaK
KaK TOABMKHOCTh noHa OH™ moutm B 2 paza MeHbIIE MOABMKHOCTH
HMOHA BOJIOPO/A.

Puc. 5.6. Kpusas kondykmomempuueckozo
MUMpPOBAHUSL CULLHOU KUCTIOMbL
CUTIbHBIM OCHOBAHUEM
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b. TurpoBanue ¢ja00l KACJIOTHI CHJIBLHON 1110950
(puc. 5.7)

CH;COOH + NaOH —
X — CH;COONa + H,0

Ecmu xwmcmora cnaOas,
TO BJIEKTPONPOBOAHOCTH HC-
XOJTHOTO pacTBOpa Maja, TaKk
kak noHoB H' maino. ITo mMepe
n00aBJIEHUs PacTBOpa CUJIb-
HOTO OCHOBAaHHSI DJIEKTPO-
VNaoH, M1 IIPOBOJIHOCTH YBEJIMYMBACTCS

M3-3a HAKOIUICHUSA MOHOB CO-
Puc. 5.7. Kpusas konoykmomempuueckoeo JIM, TaK KaK COJb JUCCOLUU-

mumpoeaHuﬂ C]la601/7 Kuciaomsi pyeT MOJIHOCTBIO. HOCHC
CUTTbHBIM OCHOGARUEM JTOCTHKCHHSI TOYKH SKBUBA-
JICHTHOCTH  DJIEKTPONPOBO/I-
+
HOCTb PacTeT 3a CYET YBEIMUYCHUS KOHILIEHTpallMd UOHOB Na U1 MOHOB
OH ¢ BBICOKOI ITOABUKHOCTBIO.

T.9.

B. TurpoBaHue cMecH KHCJIOT

I[Ipu TUTpOBaHMU cCMecHU

% CWJIBHOM # cIaboll  KHUCIOT
CHUJIBHBIM OCHOBaHHWEM B TIep-

BYIO OYepe/ib OTTUTPOBBIBACTCS

CUJIbHAs KUCJIOTA, TaK KakK JHC-

coluranusa ¢iaaboil KUCIOTHI I10-

JaBJieHAa MPUCYTCTBHEM CHJIb-

, Hou. Ilpum panmpHEWmeM npu-
OaBJICHUHU IIIEJIOYH POUCXOIMUT
¢ TUTPOBAaHUE CJa00H KHCIIOTHI.
2.

¢
T.9.4 1.9, Voo, M1 KpuBast TuTpoBanus (puc. 5.8)
HMEET JBa M3JIOMa, COOTBETCT-
Puc. 5.8. Kpueas BYIOIIIME JBYM TOYKaM SKBHBa-

KOHOmeOMempull€CK020 mumpoearusl JICHTHOCTH: MEPBas MOKA3bIBACT
K v

cMecu CUNbHOLL U CIa0O0L KUCiom O6'B€M IIIEJIOYH, TOIISAIICH Ha

THUTPOBAHUC CUJIbHOU KHCJIOTHI,
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a BTOpas JlaeT oOIMi O00BEeM IEI0YM, U3PACXOJOBaHHBI HA THUTPO-
BaHHE 00€UX KHUCIIOT.

Crnenyer ydumThIBaTh, YTO B XOAC TUTPOBAHHUS HCXOJHBIN 00BEM
JOJDKEH OCTaBaThCSl MPAKTUYCCKU MOCTOSHHBIM. JIJIsI mosydeHus mpsi-
MBIX JIMHUM HE0O0XOJIUMO, YTOOBI 00BbEM IPHOABISIEMOr0 TUTpPAHTA B
AKBUBAJICHTHOM TOYKE HE MpeBbIaT 2 % OT aHAIM3UPyEeMOro oObema.
OT0 nocturaercs pazdoaBieHUEM UCXOAHOTO pactBopa B 15-20 pas, nu-
00 KOHIIEHTpalUsl TUTpaHTa JOJDKHA OBITh Ha IMOPSIOK BBIIIE KOHIICH-
Tpalyy aHATU3UPYEMOTr0 pacTBOpA.

IIpumepui pewreHus1 3adau

3aodaua 1. YnenvHas snektpornpoBoaHocTs 0,1 M pactBopa yk-
cycHOM KuciaoTsl paBHa 4,79-107° Cm/M. PaccumTaiite MOISpHYIO
ANEKTPONPOBOJHOCTh PACTBOPA, KOHCTAHTY AUCCOLMALIMU KUCIOTHI U
pH pactBopa, eciu npenensHble nogsmkaoctd H' u CH;COO™ paBHBI
349,8 Cm-cM*/M0tb 1 40,9 CM-CM*/MOJTB COOTBETCTBEHHO.

Pemeunwue OnpenensieM MOJSPHYIO SJICKTPOIPOBOJHOCTh
pacTtBopa:

v 4,79-107°

== =4,79-10"* Cm-M*/MOIIB.

PaccuntbiBaem cTeNeHb JUCCOUMALNN KaK OTHOILIEHUE MOJISPHOM
3JIEKTPOIPOBOJHOCTH K MOJISIPHOM 3JIEKTPOIPOBOJHOCTH HpU OECKO-
HEYHOM pPa3BEJICHUU

A 0_140 0
o= 20 AT =Ryt }‘CH3COO‘ =
= (349,8+40,9) -10* = 390,7-10*Cm-M*/Mo011b;
4,79-107*
= —=0,0123
390,710

OmnpenensieM KOHCTAaHTY JAHCCOLMAIMU IO 3akoHy OcTBanpla U
paccuutbiBaeM pH pactBopa:

a’C 0,0123%.0,1
l-o  1-0,0123

K= =1,52-10"".
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[H']=a-C=0,0123-0,1 = 1,23'10 mons/x;
pH=—-Ig[H]=-1g 1,2310° =2,91.

3aoaua 2. Vicnonb3ys mepBoe mpuOmmkeHue teopuu Jledas —
TIOKKens, paccuuTaiite KoO(GQUIMEHTEl AaKTHBHOCTH HOHOB Fe ',
NO; u cpennuit nonssii ko3pduuuent akrusaoctu B 0,001 M pac-
tBOpe Fe(NOs3); mpu 25°C.

P e m1 e H 1 e. 3anuieM ypaBHEHHE Mpolecca TUCCOIUALNU:

Fe(NO;); — Fe’" + 3NO5 .

Harinem koHIIEHTpalliu HOHOB B PacTBOPE:

C(Fe’") = C(Fe(NO;);) = 0,001 momb/m,

C(NO; ) =3-C(Fe(NO;)3) = 3-0,001 = 0,003 mosb/1.

HNonnas cuna pactsopa:

1 2 _ 1 3y 2 .12 =
I—EZCZ-ZZ- —E(C(Fe *)-3% +C(NO3) 1*) =

=%(o,001-32 +0,003-12) =0,006.

ITo ypaBuenuto Jlebas — I'rokkens:

Igy=—-AZ\Z,1;

lg y(Fe’") =-0,509-3%,/0,006 =—0,35; y(Fe’") = 0,44;

lg y(NO;3") = —0,509-1%,/0,006 =—0,039; y(NO;) =0,91;
lg v+ =—0,509-3-1./0,006 = —0,12; v, = 0,76.

3adayu

1. Paccumraiite yAeIbHYI 3JIEKTPOINPOBOAHOCTh aOCOJIOTHO
gucToit Boasl pu 25°C. MonHoe npousBenenue Boasl mpu 25°C pas-
o 1,00-107"*,

2. MomsipHasi 3J€KTPOIPOBOJHOCTh OECKOHEUYHO pa3z0aBICHHBIX
pactBopoB NaBr, NaNO; u AgNO; npu 25°C paBHa COOTBETCTBEHHO
126,0, 121,5 u 133,3 Cm-M*/mob. Kakosa MOJIIpHAsi JEKTPOIPOBO/I-
HOCTh 0€CKOHEUYHO pa3zbaBiaeHHOTr0 pacTBopa AgBr mpu 25°C?

3. YaenbHasa anextporpoBoaHocTs 0,05 M pactBopa a30TUCTOU
kucyioTel ipu 25°C pasHa 0,175 Cm/M. PaccunTaiite MOJIIPHYIO JICK-
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TPONPOBOJHOCTh PACTBOPA, KOHCTAHTY JIHUCCOLUMALMU KUCIOTH U pH
pacTtBopa.

4. KoHCTaHTa IHCCONMALNKU XJIOPYKCYCHOM KUCIOTHl mpu 25°C
paBHa 1,36-107. PaccunTaiiTe KOHIICHTPALHMIO KUCIOTHI, IPH KOTOPOH
cTerneHs gucconuaiuu pasia 0,05, 1 MOJIPHYIO 3JIEKTPOIPOBOHOCTD
pacTBOpa NpH 3TOM KOHLIEHTPAIUH.

S. MounsipHast 3JIEKTPOIIPOBOAHOCTh BOJHOTO PacTBOPa CHUIIBHOIO
snextponuta mpu 25°C pasHa 143,1 CM-cM*/MOIb IPH KOHLCHTPAIH
5.10° momp/n u 138,2 CM-cM>/MOJIb IIpY KOHIICHTPAIUU 1,5-10_2
Mouib/n. KakoBa MomsipHas 3i€KTpONpPOBOJHOCTh pacTBOpa mnpu Oec-
KOHEYHOM pa30aBjIeHUH?

6. Paccunraiite yncno nepenoca H' B pactBope HNO; ¢ koHIIeH-
Tparmeit 2-10~° mons/n. KakoBo Gymer umcno mepexoca HY, ecin
aToMy pacTBopy n100aBuTh NaNO; 10 koHneHTpamuu 1,0 Mojb/n?

7. Paccumraiite ckopocTh ABIKeHHS MoHAa K' B pa36aBIcHHOM
BOJIHOM pactBope mnpu 25°C, ecnu pa3zHOCTh noteHuuanos 50 B mpu-
JI0’)KEHA K 3JIEKTPOJIaM, HAXOJSAIIUMCS Ha PACCTOSIHUM 2 CM JpYr OT
apyra.

8. PaccuuraiiTe akTUBHOCTB JJIEKTPOJIUTA @ U CPEIHIOID MOHHYIO
aKTUBHOCTh . B pactBope, cojepxkaiieMm 2 moub/Kr Ca(NOs),, npu
25°C, ecim v = 0,347.

9. PaccuurailTe HMOHHYIO CHJIIy pacTBOpa, COIEPIKAIIECTO
0,20 mois/kr NaCl u 0,10 mons/kr BaCl,.

10. Vicnonp3ys nepBoe npubnuxenue teopun Jledas — ['tokkerns,
paccunTaiite Ko3bdummenTs aktuBHocTH HoHOB Al', NO5™ u cpen-
HU WOHHBIN Ko3pdunuent axktuBHoctu B 0,001 M pactBOpe
AI(NO3)3 IIpu 25°C.

Tecmoeauvlie 3adaHusA

Buvioepume ooun npasunvnolit omeem

1. B xakoM uHTEpBaJie MOXKET U3MEHSITHCA BOJOPOHBIN TMOKa3a-
TEJIb?

A.pH =0+14. b. pH = 0-+19.

B. pH=-1+14. I'.pH=-1+109.
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2. CteneHb IUCCOLMALIMM [T PACTBOPOB CJIAOBIX 3JIEKTPOJIUTOB:
A. YMEHbBIIAETCA 110 MEPE YMEHBIICHUS KOHIICHTPAIUH.
b.oa=1.

B. YBennuuBaercs 1o Mepe yMEHbIIEHUSI KOHLIEHTPALUH.

I'. o = const.

3. 3aBUCUMOCTb YACIBHON JIEKTPONPOBOIHOCTH () OT TeMIlepa-
TYPBI:

A. Ilpy OBBIIIEHUY TEMIIEPATYPHI Y YMEHBIIAECTCH.

b. [Ipu noBbIlIEHNHA TEMNIEPATYPHI HA OJUH TPAAYC ¥ YBEINUYUBA-
ercs Ha 2+2,5%.

B. [Ipu moHM»XeHUHU TEMIIEPATYPHI ¥ YBEIUUUBACTCH.

I'. IIpu noBbIllIEeHNH TEMIEPATYPHI HA OJUH TPAAYC ¥ YBEIUNUYUBA-
eTcs B 2 pasa.

4. EnuHAIBI U3MEPEHUS dJIEKTPOIPOBOTHOCTH:
A. Owm. B.OM ' cm .
B. Cumenc (Cm). I.Om '“cM*Moms .

5. 3aBUCUMOCTh YJEIbHOW 3JEKTPONPOBOJHOCTH OT KOHIIEHTpa-
107058

A. YBenM4UuBaeTCs C POCTOM KOHILICHTPALIUU.

b. YBenmuuuBaercs ¢ poCTOM KOHIIEHTPAlMWH, JTOCTUTAeT MAKCH-
MaJIBHOTO 3HAYEHUSI, 4 3aTEM YMEHBIIIACTCS.

B. YMeHb1IaeTcs ¢ poCTOM KOHLIEHTPALKH.

I'. YBenuunBaeTcss ¢ poCcTOM KOHIIEHTPALMU, JTOCTUTAeT MAKCH-
MaJIBHOTO 3HAYEHHUS U 3aTE€M HE U3MEHSIETCS.

Bbtﬂepume HECKOJIbKO npasujibHvlX omeemoes

1. 3akoH pa3seaenus OcTBasbAA:

A.K,=[A][B']/[BA] B. K, =ca’/ (1-a).

B. K, =c’a/(1-o). T. Ky =AW Ao (Ao — AY).

2. MaremaTh4eCcKO€ BBIPAXKEHUE I YAECIBHOU SJIEKTPONPOBOJI-
HOCTHU:

A.x =R S/ B. v =1/p.

B.x=[//RS. I'.y=1/R.
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3. YaenbHas 3J€KTPOIPOBOJHOCTD 3aBUCHT:
A. OT CKOPOCTH JIBUKEHUS HOHOB.

b. Ot naBnenus.

B. Ot Temnieparypsl.

I'. OT KOHIIEHTpaUK NEKTPOJIUTA.

4. JI51s pacTBOPOB CHUJIBHBIX AJIEKTPOJIUTOB XapaKTEPHO:
A.a=1. b.a=#1. B. W = const.
I'na<1. . W= const.

5. BogopoiHblii nokazarenb 0yQpepHbIX paCTBOPOB:

A. U3meHnseTcs npu pa30oaBiIeHUN.

b. Ouenb Mano U3MEHSETCS MpU J100aBICHUN HEOOIBIINX KOJIH-
YECTB CUJIbHOW KUCJIOTHI WM CUJIBHOTO OCHOBAHUA.

B. He usmensieTcst mpu pa3z0oaBieHUN.

I'. I3mensiercs nipu 100aBJI€HUU HEOOIBIINX KOJIMYECTB CHIILHOMN
KHCJIOThI WJIM CUJIBHOTO OCHOBAHMUSI.

Yemanoeume coomeemcmeue
I. DaeKTpOnPOBOIHOCTD: Ennnuie1 usMepeHus:
1. YaenpHas A. Om,
2. MonsipHas B. Om™' em™
B. Cwm.
I. Om-em*momp ™.

I1. PacTBOpBI DIIEKTPOIIUTOB:
1. CunibHBIE SJIEKTPOJIUTHI

2. CnaOble 3JIEeKTPOJIUTHI

II1. 3aKkoHbI:
1. 3akon Kosbpayiia

2. 3akoH KynoHna

CremneHb TUCCOIMAIINN:
A.a>1.

B. o = const.
B.a=1.
I'. o # const.

MaremaTn4yeckoe BbIpaKCHHUE:
A. K, =ca’/ (1-a).

B.F=q q /¢

B.1=1/23%c 7.

Fede =) T (A )
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IV. PacTBOpBI 21EKTPOJIUTOB:
1. CunbHbBIE 3JIEKTPOIUTHI
2. CnalOpbIe 2JIEKTPOJIUTHI

V. KonaykToMeTpruueckoe TUTPO-
BaHHE KUCJIOT IIEIOYBIO:

1. Cnabag xucnora

2. CuiibHas KUCI0TA

A.
X
V WMaOH, M
B.
X
T.9.
VNaoH, MN

XapaKkTepUCTUKU:
A. o # const.
b.oa=1.

B. W # const.

I'. W = const.

KpuBsie TuTpoBanus (0OBICHUTE):

T.3. V NaoH, MNT

o
2.

© §--m-

1 T.9.2 VNaoH, M

Bonpocwl 045 cobecedo8aHus

1. IIpOBOTHUKHM 3JIEKTPOHHBIE, MIOHHBIE U CMEIIAHHBIC.

2. OCHOBHBIEC TMOJOXEHUS TEOPUHU BJIECKTPOIUTHUYECKOU JUCCO-
nranuu Appennyca. CTerneHp JUCCOUHalyu.

3. [IpyyurHBI 1 MEXAHU3M BJIEKTPOITUTAYECKON TUCCOLNAIINH.
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4. TepmoauHaMHU4YECKasi, YCJIIOBHAs KOHCTAHTHl JIMCCOLMALINU
C1a00r0 2JIEKTPOJIUTA. 3aKOH pa3BesieHuss OCTBaIbA.

5. OCHOBBI TEOpUU CHIIBHBIX 3JeKTponuToB Jlebas u [tokkens.
Karadopernueckoe u pesiakcalluOHHOE TOPMOKEHHUE.

6. [ToHsiTue 00 aKTUBHOCTSX JIEKTPOIUTOB U MOHOB, KOA(Pduiiu-
€HTax aKTUBHOCTHU. MlOHHasI cuia pacTBOPOB.

7. Bomoponnslii mokaszatenb. bydepHbie pacTBopsl u OydepHas
€MKOCTb.

8. AGCOIIOTHBIE CKOPOCTH JIBM)KEHUSI HOHOB. Yuclia rnepeHoca.

9. YnenbHas 3JIEKTPOIPOBOJHOCTh. 3aBUCUMOCTD YJICTTbHOW AJIEKT-
PONPOBOAHOCTA OT KOHIIEHTPAIIMH, MOJIBM)KHOCTH MOHOB M TeMIIEpa-
TYpBL.

10. MonsipHast 3€eKTpPONPOBOJAHOCTh U 3aBUCUMOCTh €€ OT KOH-
LEHTpALUH.

11. IToaBuxkHOCTH MOHOB. 3akoH Konbpayia.

12. BbluuciaeHUe CTENEeHU JUCCOIMAIIMM M KOHCTAHTHI JIUCCOIMA-
1IAH Yepe3 AIEKTPONPOBOAHOCTh. KoahpHUIMeHT 31eKTpOnpOBOTHOCTH.

13. Kongykromerpus. KOHAYKTOMETPUUECKOE THUTPOBAHUE KH-
CJIOT Y UX CMECH.

5.2. InekmpodHbie npoyeccol
U 3/1IeKmpodsuxcyujue cuJibl

DIIeKTPOAHBIE MPOIIECCHl COCTOSIT W3 JABYX TPYIIT IMPOLECCOB,
TECHO CBSI3aHHBIX JAPYT C APYroM: 1) Mmpoliecchl BOBHUKHOBEHUS Pa3-
HOCTH TMOTEHLMAIOB MEXAY DJCKTPOJaMH W, CJIEAOBATEIbHO, JJICK-
TPUUYECKOTO TOKA B pe3ysibTaTe MPOTEKaHUS XWMHYECKUX PEaKInif;
2) oOpaTHbIE MM COBEpIIAIOIIMECS IPH DJICKTPOJIH3E XUMHYECKHE
MPOIIECCHI, KOTOPBIE BBI3BIBAIOTCS MPOMYCKAHUEM DJIEKTPUYECKOTO
TOKa 4epe3 pacTBOP AJEKTPOJIUTA WIH PACIIaB.

BaXHOCTB 3J€KTPOIHBIX IIPOIIECCOB:

1. DaeKkTpoaHbIE MPOLIECCHI — UCTOYHHUK AJIEKTPUUYECKOTO TOKA, pas-
paboTka MpoOJieMbl TOTUIMBHOTO 3JIEMEHTa (JIEKTPOMOOWIIb: XUMUYE-
CKasl SHEPTHUsl HETIOCPEACTBEHHO MPEBPAIIIACTCS B JIEKTPUUECKYIO).

2. Tlpyn u3yyeHHH S3THX MPOILECCOB MOXHO CO3/1aTh YCIJIOBHS,
MPAKTUYECKU OTBEUAIOIIUE COCTOSIHUIO PABHOBECHSI, M HA 3TOM OCHO-
BE€ ONPECIUTh OCHOBHBIEC TEPMOJAMHAMUYECKHUE (DYHKIINU:
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AG’; = —zFE,

0
rae z— 3apan woHa; F — uucino ®apanesa; E° — crammaptHas D/1C
rajgbBaHUYECKOTO 3JIEMEHTA.

AS’; = zF-dEY/dT,
AH’; = AG%; + T-AS;.

3. N3ydeHue 3IeKTPOXMMHUYECKUX ITPOLECCOB IMO3BOJIAET HA OC-
HOBe u3MepeHus J/IC BBIACHUTH NPUYMHBI KOPPO3HUH METAILIOB H
HaWTH crocoObl ee ycrpaneHud. Jlo 15 % Meramwia, moObiBaeMoro
€XKEJITHEBHO, TEPSAETCS 3a CUET KOPPO3HH.

5.2.1.TajibBaHUYEeCKHUH 3JIEMEHT

I'anveanuueckum Inemenmom Ha3pIBaCTCA JIIOOOE YCTPOMCTBO, B
KOTOPOM DHEPTUsl XUMHUYECKON peaklui HEMOCPEJACTBEHHO IpeBpa-
IAeTCs B DJICKTPUYECKYI0. B KaXJI0M TajdbBaHUYECKOM HJIEMEHTE
MPOTEKAET OKUCIUTEIbHO-BOCCTAHOBUTENIbHAS peakius. [Ipu sToM Ha
OTPUIIATEIILHOM DJIEKTPOAEC MPOUCXOAUT MPOIECC OKUCICHMS, a Ha
MOJIOKUTEITBHOM — BOCCTAHOBJIEHUE. OmpuyamenvpHbiM CUATACTCS
AJIEKTPOJI, MOCHUIAOIIAN 3JEKTPOHBI BO BHEIIHIOW IIE€Ib; HOJOMCU-
menbHbIM — TIPUHUMAIOIIUM 3JICKTPOHBI U3 BHEITHEH IETH.

Kaxxaplii raibBaHUYECKUH 3JIEMEHT COCTOMT W3 JBYX MOJIYy3JIe-
MEHTOB, COJIEpPKAIIUX COOTBETCTBYIOLIUM 3JIEKTPOJ. DJIEMEHT Ha3bl-
BACTCSl NPABUILHO PAZOMKHYMbBIM, €CIIU Ha KOHI[aX (MOI0cax) Haxo-
JTUTCSI OJTMH M TOT )K€ METaJTMIECKUi MpoBOIHUK (00b1dHO Cu).

Inexmpoosuxcywieii cunoii (3/]C) Ha3pIBAETCS PA3HOCTH I10-
TEHI[MAJI0B Ha IOJIIOCAaX MPAaBUIILHO Pa30OMKHYTOTO 3jieMeHTa. /(C
rajJbBaHUYECKOTO 3JIEMEHTa pacCMaTPHUBACTCS KaK CyMMa CKadyKOB
MOTEHIIMAa Ha BCEX IpaHuIlax pasjaeia (a3 paBHOBECHOU 3JICKTPO-
XUMUYECKON CUCTEeMBI. [[JIsl raJibBAHUUYECKUX DJIEMEHTOB XapakTep-
Hbl TP OCHOBHBIX CKadykKa MOTEHIIMaja (pa3HOCTH MOTEHIIMAIOB): Ha
IrPaHUIIE pa3/ieia «METaJLl — PacTBOP», «PacTBOP — PACTBOP», «ME-
TaJJT — METAJLIDY.

PaccMoTpuM B KadecTBe NpuMepa TrajJbBaHMYECKOTO 3JIEMEHTA
aneMeHT Slkoou — Jlanuans (puc. 5.9).
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Kaxxnplit U3 METaIOB MOKET BBIJEISATH B PACTBOP TO KOJIMYECTBO
MOHOB, KOTOPO€ OTBEYaET
€OJIeBOIi MOCTHK PaBHOBCCHIO €TI0 C PacCTBO-
pom. IluHk oOnamaer Oosee
BBICOKOUM CITIOCOOHOCTBIO BBI-
JIEJISATH UOHBI B PAaCTBOP, YEM
. Mellb, U TI0O3TOMY TIpHOOpe-
- TaeT 0o0Jiee BBICOKUU OTpH-
1 aTeNbHbIN 3apsa. [{uakoBas
. e = MJIACTUHKA pacTBoOpsIeTCS
_| |- (TIpo1ecc OKUCIICHUS):
i _ H- Zn — Zn*" +2¢’.
. Ha mennou ruractuHke pas-
psoxaroTes nousl Cu”' 1 BbI-
NenseTcs MeTaJlTHYecKast
MeJlb (BOCCTAHOBJICHUE):
Cu”" +2e — Cu.
CymMmmapHasi OKUCITUTEIbHO-BOCCTAHOBUTEIbHAS PEAKIIUSL:

/n + CuSO4=7n SO, + Cu,

3.|'IEKTpH‘IECKHrI TOK

Zn - + Cu

Puc. 5.9. Dnemenm Hxobu — anusns

UJIA
Zn + Cu*" = 7n*" + Cu.

OOBIYHO MPUHSTO 3aMUCHIBATH MK TaK, YTOOBI OTPUIIATECIHHBIN
ANEKTPOJ PACIIOJIArajcCs CJIEBa, a MOJIOKUTEIBHBIM CIIpaBa. 3anuileM
CXEMY TaJIbBAHMYECKOTO djieMeHTa SIkoou — Jlanuais:

(-)Cu | Zn| ZnSO,: CuSO, | Cu (+)
()% QPzn/ anJr (szld) (PCu2+/ Cu

| — rpaHulia pasjena TBepbiX (a3 uiu TBEPJIOW U KUAKOHU (a3;

! —TpaHuIla pasjena 2-X paCTBOPOB.

Kaxxnomy paszaeny COOTBETCTBYET ONPECIEHHBIA CKAYOK ITOTEH-
nyaia.

Ckauok nomenyuana (pasHocmp NOMEHYUAI08) HA pAHUYE
«memann — memann» (Q,) — KOHTAKTHAsT Pa3HOCTh MOTEHIIMAIIOB 00Y-
CJIOBJICHA PA3IMUUeM padbOT BBIXO/IA AJIEKTPOHA U3 ATUX TBEPABIX (ha3.

PaboToi1 BbIX0/1a 3JIEKTPOHA HA3bIBACTCS SHEPTHS, KOTOPYIO HAJI0
3aTPATUTh JJIS1 OTAEIEHUS SJIEKTPOHA C IOBEPXHOCTH METAJIA.
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Ckauok nomenyuana (pazHocmvb NOMEHUUAN08) HA ZPAHUUE
«memani — pacmeop» (Ozwzn’ 3 Ocu’ /cu) OOYCIOBICH BOSHHKHOBE-
HHUEM JIBOMHOTO 3JIEKTPUYECKOTO CIIOA.

uppysuonnviii ckauox nomenyuana (Qyg ) — 1GPy3nonnas
pa3HoCcTh mnoTeHuMana. Judbdy3uoHHBIH TOTEHIIMAT HEeOOJbIION
(0,03—-0,04B), BO3HUKAET MPU COMNPUKOCHOBEHHUH JIBYX PACTBOPOB (HA
I'PAaHUIIC), PA3TUYAIOMIMNXCS JTUO0O0 MO KOHIICHTPAIUSIM, JTMOO O BUAY
PacTBOPEHHOTO BEIIECTRA.

5.2.1.1. Bo3nuknoeenue ckauka nomeHuuana
Ha 2paHuye «KMemaii — pacmeop coau»

Katnonsl MeTamna nepexonsar B pacTBOP B BUJIE TMIPATUPOBAH-
HBIX MOHOB. JTO MPOUCXOJUT IO TEX MOP, MOKA HE YCTAHOBUTCA M-
HAMHUYECKOE paBHOBecHE (MOCTOSIHHAsl pa3HOCTh MOTEHIManoB). Ha
TpaHULIE «METAJUT — PAcTBOP» 0OOpa3zyercsi ABOMHOM 3JIEKTPUUECKUM
ciou. Pa3HOCTh MOTEHIMANIOB UISI KAXKAOTO METajla CBOsl, OHA OIpe-
nensiercsi: 1) mMpOYHOCTBIO KPUCTAJUITMYECKON PEIIeTKU; 2) dHEeprueu
rUJpaTalii MOHOB B pacTBOPE; 3) KOHIIEHTpAI[ME HOHOB B PaCTBOPE.

Camo JBMKEHHME MOHOB W HaIlpaBJIEHUE JIBUKEHHS 00YCIIOBJICHBI
TEM, 4TO padoTa BbIXOJa MOHA WJIU 3JIEKTPOHA U3 METalia OTJIUYHA 1O

cnoii BEJIMYMHE OT SHEPTUH B3aUMOJICUCT-

lenbMmronsua BHUA 3TOM 4YaCTUIblI € PACTBOPOM
(conmpBartaiusi, MEXHUOHHBIC KYJIO-
HOBCKHE CUJIBI U T. ]I.).

JIBOMHOM 3JIEKTPUUYECKUN CIIOU
MOKHO pacCMaTpUBaTh KakK IMIOCKHUI
KOHJEHCATOpP, B KOTOPOM BHYTPECH-
HEeW OOKJIaIKOM SIBISETCS TMOBEPX-
HOCTh M€Tajula, a BHELIHEW — Npu-
MBIKAOIIUKM CJIOM pacTBOPA.

Bremrnss o0kiIazKka COCTOUT U3
nByx vacteit (puc. 5.10): 1) nnotHow
yactu (cioi ['enbmronblia), Hemo-
CPEACTBEHHO MNPUMBIKAIOIIECH K MO-
BEPXHOCTU METAJUIA U COCTOSAILIEN U3
MOHOB OJTHOTO 3HaKa; 2) nuddy3Hoi
yacTtu (cyoi ['ron), B KOTOpOit U30bI-

TOYHAsl KOHLIEHTpALUs WOHOB IIPO-
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THUBOIIOJIOKHOT'O 3HaKa MOCTENEHHO YObIBAET A0 HYJIA MO MEpPE yaalie-
HUS OT TIOBEPXHOCTH METAJLJIA.

TerioBoe NBMKEHUE U B3aMMHOE OTTAJIKUBAHUE OJHOMMEHHO 3a-
PSKEHHBIX MOHOB Pa3MbIBAIOT IUIOTHBIM CIOM. [IoaTOMY CymMMapHBIi
3apsA]l HOHOB B 3TOM CJIO€ MO a0COIIOTHOW BEJIMYMHE MEHBIIIE, YEM 3a-
AN TIOBEPXHOCTH METajia. B 1EJIOM JTBOMHOW 3IEKTPUUYECKHAM CIIOU
ANEKTPOHEUTPAJICH, TaK KaK MOHBI IU(PQy3HON YacTH TakKe MPHUHHU-
MaroT y4acTHE€ B KOMIICHCALIMH 3apsA1a MOBEPXHOCTH METAILIA.

5.2.1.2. IlIpuuunst 603HUKHOGCHUA
ougpgysuonnozo ckauka nomenyuana

JHuddy3rnoHHBIN NOTEHIIMAT BO3HUKAET HA TPAaHUIIE JIBYX pac-
TBOPOB, Pa3IMYAONIUXCS JUOO MO KOHIICHTpAIMAM, JIMOO MO BHUIY
pPacTBOPEHHOT'O BEILIECTBA.

1. PaznuyHbie CKOpPOCTH B3auMHOU THU((Y3Ur MOHOB U3 OJIHOTO
pacTBOpa B ApYroil, 00yCIOBJICHHBIE PA3IMYHBIMUA TOJABUKHOCTIMU
KaTHOHA U aHMOHA. PaccMOTpUM 11eTib:

()Ag| AgNO; : AgNO; | Ag (+)
ad; < A2

Ha rpanuiie n1ByX pacTBOpOB BO3HUKAET AUGPY3UOHHBIN MOTEH-
MaJl, TaK KaK MOJBMKHOCTh MoHa NO; 0o0Jibllie, YEM MOJIBUKHOCTD
Ag". bonee pa36aBlIcHHBIH PacTBOP 3apsKaeTcs OTPULATENBHO, a 60-
Jee KOHIEHTPUPOBAHHBIN — MOJOKUTEIBHO. JTO 3aMEIJIAET MEePeXo
noHoB NOs ', U B pe3ysibTaTe MOHBI 000UX BUAOB AUPOYHAUPYIOT C
OJINHAKOBOM CKOPOCTHIO MPU COXPAHEHUU CKAuKa MOTEHIMAA.

Ilpu eo3nuxknosenuu oughgyzuonnozo nomenyuana 6o1ee pas-
Oae1eHHbll pacmeop npuodpemaem 3apa0 mozo0 rHce 3HAKA, YMO U
UOH, 001a0arowuil 601buLell ROOBUICHOCHIO.

2. Iuddy3uoHHbIN TOTEHIIMAT BO3HUKAET HA TPAaHUIIE JIBYX pac-
TBOPOB, PA3TUYAIOIIUXCS MO BUAY PACTBOPEHHOIO BellecTBa (1EMb U3
JBYX XJIOp-cepeOpsiHbIX 3jeMeHToB). KaTtuoH Bomopoma obiamaet
aHOMAJIBHO OOJIBIION MOABUKHOCTBIO IO CPABHEHUIO C HOHOM KaJlusl.

(-) Ag, AgCl| HC1 : KC1| AgCl, Ag (+)

HudPy3roHHBIN TOTEHITMAT MEIIAET, OH MOXXET ObITh 3HAUUTEIIb-
HO YMEHBIIICH WM YCTPAaHEH YCTAaHOBKOM COJICBOTO MOCTHKA (WU
anekTpudeckoro kioda). CosieBOM MOCTUK 3arojHEH TejleM arap-
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arapa, B HeM pactBopeH 3iektpoiauT (KCI, NH4;NO;, KNOs; u ap.).
[ToaBMXHOCTh KaTHOHA M aHUOHA Y JTAHHBIX JIEKTPOJIUTOB OJMHAKOBA,
T. €. CKOPOCTH B3auMHOM Au(dy3un U Yucia nepeHoca OJu3KH.

Hckmouenne audPy3MOHHOTO MOTEHIMAIa 0003HAYaroT || Y-
HUsIMU (Hanpumep, 3yieMeHT Axkoou — [lanuais):

) Cul Zn| ZnSOy || CuSO, | Cu (+)
2+ 2+

Ox @Pzn/zZn Pcu /cCu

_ 2+ 2+
E=0cT0z/zn T0cy /cu

Ponb cosieBOro Moctuka — 00€CIEeUnTh IEKTPUUECKYIO MPOBO-
JTMMOCTh BHYTpPH II€TIM U MPENSATCTBOBAThH B3auMHOU auddy3un pac-
TBOPOB.

3a MOJIOKUTEIbHOE HAMNPABICHUE MPUHUMAIOT HAIMPAaBJICHUE OT
pacTBOpa K METaJLLy:

E = 2+ + 2+ _ —
= Qx —Qzn/zn Ocu /cu = Pcu — Pzn = Pupaswii — Pressiii-

O/J1C raibBaHMYECKOT0 3JIEMEHTAa MOXHO pacCMaTpUBaTh Kak aj-
reOpanyecKkyro CyMMy TpeX Pa3HOCTEH MOTEHIMAJIOB, OJIHA U3 KOTO-
PBIX (0 KOHTAKTHBINA U JBE — HA TPAHUIAX «METAJ1 — pacTBop». B mo-
HATUE Qppappii X Preppit BXOAUT KOHTAKTHAS PA3HOCTH MOTEHIMAJIOB.

3HaueHHUE JJIEKTPOJHOrO IMOTEHIMAIa OINPEACNSIETCS aKTUBHO-
CThIO (KOHILIEHTpalMel) MOTeHIHaNOnpeaeasIomnX HoHoB. [loaTomy
LEIb MOKHO 3aMUCaTh:

(-) Cul Zn| zn* || Cu*" | Cu (+).

5.2.2. O6paTuMbie 1 HeOOpaTUMBbIe Lenu

["anbBaHWYECKUI 3JIEMEHT paboTaeT 0OpaTUMO MPU COONTIOICHUHN
YCIIOBUM:

1) ecmn D/IC raqibBaHUYECKOTO 3JIEMEHTAa Ha OECKOHEYHO MAJIYIO
BEJIMYMHY TPEBBINIACT MPUIOKEHHYIO K HEMY U3BHE U MPOTHUBOIO-
noxHo HanpasieHHyo DJ[C (ycioBue oOpaTUMOCTH padOTHI rajabBa-
HUYECKOI'0 AJIEMEHTA);

2) eclii peakiys B rajJbBaHUUYECKOM 3JIEMEHTE MOXKET OBbITh Ha-
npaBjieHa MPOTUBOIIOJIOKHO MPHU MPUTIOKEHUU K HEMY W3BHE MPOTH-
BOMOJIOKHO HampasieHHo DJIC, koTopas Ha OECKOHEYHO Malylo Be-
anuuHy npesbimaeT DJIC naHHOro siaeMeHTa (ycilioBUe 00paTUMOCTH
CaMOM 1IeTN ).
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[Ipumep oOpatumMoOCTH 1enu — 3ieMeHT Skoou — Jlanudms: mpu
MOJBEJICHUN DHEPTUHM W3BHE peakius UIET B OOpaTHOM Harpasle-
HUU — MEJIHasl TIacTUHA OyAEeT PacTBOPATHCA, a HA IIMHKOBOM OyAeT
BBIICTIATHCS IIMHK.

HeoOpaTumas nienp oTau4aeTcst OT paCCMOTPEHHOU TeM, 4To 00a
AJIEKTPO/Ia MOTPY>KEHBI B pacTBOP CcyJbdaTa Meau:

(-) Zn | CuSO4|| Cu SO4] Cu (+).

B sTOoM ciydae peakuus rpu paboTe 3JI€MEHTa Ta ke, HO IpU Ha-
JoXeHun o0paTHO HampaBieHHou JJIC, mpeBblmiaromei Ha Oecko-
HEeYHO Manyro Bennuuny DJ1C aiemenTa, Ha JIEBOM AJIEKTPOJE MPOUC-
XOJIUT BBIJICJICHUE MEJIH, @ HE LIUHKA, T. €. IPOTEKAET MPOLIECC, HE SIB-
JSIIOLIUICSA OOpAaTHBIM TOMY, KOTOPBIM MPOUCXOIUT MpHU padboTe 3Je-
MeHTa. Mbl OyzneM paccMaTpuBaTh TOJBKO OOpaTUMBbIE TaJibBaHUYE-
CKHE DJIEMEHTBI.

5.2.3. CBA3b MeXKAYy XMMHUYECKOH
U 3JIEKTPUYECKOU IHEePrusiMu

XUMUYeCcKasi SJHEPrusi ONMPEHEACTCA BEIMYMHON MAaKCUMAaJbHOM
M0JIE3HON paboThl. YMeHbllIeHne sHepruu ['nb6ca paBHO MaKCUMalb-
HOM paboTe 00paTUMOro H30TepMHIECKOro nporecca: A’max = —AG.

DnekTpuyeckas paboTa paBHA MPOU3BEIICHUIO KOJIUYECTBA DJICK-
TPUYECTBA HA PA3HOCTH MOTEHIMAaN0B: A’max = —-AG = zFE.

PaccMOTpuM OKHCIUTEIbHO-BOCCTAHOBUTEILHYIO PEAKIIUIO, MPO-
TEKAIOIIYI0 O0paTUMO B AJIEKTPOXUMHYECKOM BJIEMEHTE, U HahJeM
st atoro anementa IJIC (E):

mlA +m,B <& m3C + myD
CoriacHo ypaBHEHHUIO M30TEPMbl XUMUYECKOW PEAKIIUU SHEPTruUs
['u66ca »Toit peakiuy paBHa:

am3 am4
~AG =RT(InK, — In—-25)
a ml,_m?2
ap ap
rae K, — koHcTaHnTa paBHOBECHS.
C yuerom ypaBHenus (—AG = zFE) nonyuyum TepMoauHamuye-

ckoe Bbipaxkenue g JJ1C amemenra:
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m3_ m4
E = E(ana _n2c @p_
zF

ml_m2 7’
ap ap
OJ1C anemeHTa, OTHOCAIIYIOCA K CTaHJAPTHBIM YCJIOBHUSM, KOTAA
0
BCE€ aKTUBHOCTH pPaBHBI €AWHUIIEC, 0003HayaroT uepe3 E’, Ha3bIBalOT
cmanoapmuoi, uau Hopmanwvuoit, I/JC.
[Ipy aKTUBHOCTSIX YYaCTHUKOB PEAKIIMH, PABHBIX €AUHUIIE, TTOJTY-
YUM:
o RT
= InK,.
zF
Torna ypaBuenue Hepucera miist 9J1C ragibBaHMYECKOTO AJIEMEHTA
UMEET BU/I:
m3,_ m4
~RT. ac ap

7F hl ml_m2°

dp dp

E=E"°

Jlns peakiuu B anemenTe Sxkoou-/lanmas:
CuSO,4 + Zn = Cu + ZnSOy,,

IIOJTY4YUM
2+
RT a~.a
E=E’-—In—Ce"Z0
ZF aZnaCu

Tak Kak aKTUBHOCTH TBEPJBIX BEIIECCTB MEAW U I[IUHKA PABHBI 110
€IMHUIIC, TO YPABHECHUE TPUHUMAET BUJ:

2
popo_ RT, az
zF aé;

JUnst onementa SIko6u —Tammmst E° =1,1 B, tak kak E'=@c—@z=
0,337 -(-0,763) = 1,1 B.

5.2.4. JNeKTpOAHBIN NOTEHLUAJI

B nacrosiiee Bpemsi OTCYTCTBYIOT TEOPETHUECKHE U DKCIIEpHU-
MEHTaJIbHbIE METOJIbl OMpejiefieHrus aOCOMIOTHBIX 3HAYCHUN MOTEH-
I[MAJIOB, COOTBETCTBYIOIIUX OTJIEJIbHBIM 3JIEKTpoAaM. MOXHO TOYHO
onpeaenuTh Toiabko JJ[C 1enu, cocTaBieHHON U3 JAHHOTO 3JIEKTPO/1a
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Y HEKOTOPOTO CTaHJIAPTHOIO 3JIEKTPOJIa, MOTEHIHAI KOTOPOTO YCIIOB-
HO NPUHUMAIOT PABHBIM HYJIIO.

Inekmpoouvim nomenyuanom HaspiBaetrcs I/[C raabBaHUUYECKO-
IO 3JIEMEHTA, COCTABIIEHHOTO M3 JAHHOI'O U CTAHJAPTHOIO BOJOPOIHO-
r'0 3JIEKTPOAOB, MOCIEAHUN YCIOBHO PUHUMAETCS PABHBIM HYJIIO.

B.T. HepHeTr mpemnoxun B Ka4eCTBE CTaHAAPTHOIO JJIEKTPOJA
(WM 3JeKTpoAa CpaBHEHHUSA) UCIOJIb30BaTh CTaHAAPTHBIA BOJOPO/I-
HBIU 3JICKTPOJI, TAK KaK JIETYE BCETO MOJYYUTh YUCTHIM BOJOPOI.

CrangapTHbI BOJOPOAHBIN 3JEKTPOJ — 3TO BOJAOPOIHBIN SJICK-
TpoA, paboTaromuil TP aKTUBHOCTU MOHOB BOJIOPOJa, PaBHOU €1u-
HUIIE, U NpU (PYrUTUBHOCTH (MAplMaIbLHOM JABJICHUEM BOJOPOAA),
paBHOU | atm.

— — 0 _
E = (PnpaBLIﬁ — Onepuiit — (PnpaBLIP“I —Q0m= (PnpaBLIﬁ-

HaHpI/IMep, AJIL HAXOXKACHHUA JJICKTPOJHOI'O IIOTCHIHMAJIA MCIU
COCTAaBJIAAIOT LICIIb:

(-) Pt, Hy| H' || Cu *| Cu (+),

E= (PnpaBLnZ ~ Quepwiit = Pcu — (POHZ = Pcu= +09337 B.

I[J'I}I ONIPCACIICHUSA JJICKTPOAHOI'O ITOTCHIHMAIAa TWHKA COCTABJIAKOT
DJICMCHT.

(+) Pt, H,| H || Zn *] Zn ().

OJIC sTOro sjneMeHTa OTpUIATENIbHA, TaK KaK CJeBa HAaXOJUTCS
MIOJIOKUTENBHBIA 3JEKTPOI. 3a MOJIOKHUTENbHOE HampasieHue JC
MPUHUMAIOT HaIpaBJICHHE, KOT/a JICKTPUYCCKUM TOK BHYTPU ICTH
POTEKAET clieBa HampaBo (B ciiydae MEIHOTO 3JeKTpoja). B ciydae
IIMHKOBOI'O JIEKTPOJa Ha000poT (7, = -E):

“E =@z — 0t = ¢z = 0,763 B.

Bce peaknum, npoTtekaromme Ha 3iekTpoe, no JKeneBckon KoH-
BeHnM (Kousennus FIOITAK — MexayHapoHbIi COI03 MO YUCTON U
MPUKJIATHON XMMHUHM) 3alIMCHIBAIOT KaK peaKIuyd BOCCTAaHOBJICHMUS.

Zn* +2¢ =Zn (IOIAK)

2+ -
Ha camom nene: Zn=7n" + 2e .
Torna ypaBHenne HepHcTa 1711 37€KTPOIHOTO TOTEHIINATIA UMEET
BUJI:
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_ 0
=0 — (RT/ ZF) ln(anoccT. dopma / Aokuean. (bopMa)a
(@° — CTAaHJAPTHBIM HSJIEKTPOJAHBIM IMOTEHIMAN, T. €. MOTCHIIHA

JTAHHOT'O JJICKTPOJIa IMPU AKTUBHOCTH PEAr€HTOB, YYaCTBYIOIIUX B
AJIEKTPOIHOM PEAKIIMU, PABHOM €IUHUIIE.

5.2.5. Kinaccupukanusa 3j1eKTpoaoB

DJIIeKTPOibl B 3aBUCUMOCTU OT YCTPOWMCTBA M THUIIA JIEKTPOIHOMN
PEAKIIMHU ACATCS Ha DJCKTPOJbI MEPBOr0 poja, BTOPOro poja, raso-
BbIe, amMajblraMHbIE U OKHCJIUTEIbHO-BOCCTAHOBHUTEIbHBIC (MU Pe-
JIOKC-2JICKTPOJIbI).

Anekmpoovl nepeozo pooa — TO SICKTPOJBI, 0OPATHUMBIE OTHO-
CUTEJIbHO KaTHOHA, T. €. paboTarolue Ha OCHOBE OOMEHa KaTHOHOM
MEXK]Ty AJIEKTPOJIOM U PACTBOPOM.

JIaHHBIN 3JIEKTPOJ MOMKHO ITPEJACTABUTH B BUJIE CXEMBI: Me | Me”',

EMy oTBedaer peakius: Me * +ze” = Me

_ 0
O+ =0+ — (RT/ ZF) ln(aBOCCT. ¢dbopma / Aokucr. q)opMa)-
Tak Kak aKTHBHOCTH BOCCTaHOBJIEHHOW (DOPMBI 8pocr gopwa =1, TO
ypaBHEHHUE UMEET BUL:
¢: ="+ (RT/zF) In a, .

Hanpumep, MeIHBIN NEKTPO B COIMU MEIU:
2+
cxema: Cu’’| Cu ;
2+ -

peakuust: Cu™ + 2e = Cu;

24, _ 0 2+ 2+
®cu /Cu — P cu /Cu + (RT/ZF) In dcy -

Anekmpoosl 6mopo2o pooa — 310 3IEKTPOAbI, 00OpaTUMbIE OTHO-
CUTENIbHO aHUOHA. COCTOAT U3 METAJUIA, MOKPBITOrO CIOEM Majopac-
TBOPUMOU COJIM METAJIA, U OIYILIEHBI B PACTBOP PACTBOPUMOU COJIH,
UMEIOIIEeH OO aHMOH C MaJIOPaACTBOPUMOM COJIBIO.

Cxema: MeA, Me| A%

- 0 _
peakiys: MeA +ze”=Me + A”;
0
¢.= @. — (RT/zF) Inaye'an,- / @ pea-
Tak kak aKTMBHOCTb OKHUCICHHON (opMmbl (apes) paBHa 1 u
ame = 1, TO
0
¢o.=¢. —(RT/zF) In a_.
Hanpumep, xjiop-cepeOpsiHbIN 3IEKTPO/I;
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cxema: AgCl, Ag| Cl;
peakums: AgCl+e = Ag’ + CI';

Px.c. = (POX. c. (RT/F) ln aCl_-

TI'azo6ble 31eKkmpoOdbl COCTOST U3 UHEPTHOrO MeTaia (OOBIYHO
IJIaTHHA, TPpauT), KOTOPbIA OMBIBAECTCSI TOKOM Ta3a W IMOTPY>KEH B
pacTBOp, COJAEpKAIIMN HOHBI 3TOr0 raza. ['a3 BCTymaeT B peakiuio
oOMeHa HOHAMU C PACTBOPOM.

["a30BbI€ AIEKTPOJBI MOTYT OBITH AJEKTPOJAMHU IEPBOTO poja
(BOOOPOIHBIN 3JEKTPOJT) ¥ BTOPOTO pojia (XJIOPHBINA, KUCIOPOIHBIN).

Hanpumep, BOJOpOIHBIN SJIEKTPOI:

cxema: H'| H,, Pt;

peaKIus: H +¢ =1/2 H,.

OKucnumenvHo-60occmanosumenvuvle  31eKmpoost  (PeIoKC-
ANEKTPOJIbI) — AIEKTPOJIbl U3 UHEPTHOrO MeTalia (0OBIYHO IJIaTUHA),
KOTOPBI HE BCTYMAaeT B OOMEH MOHAMHU C PACTBOPOM M TOTPYKEH B
pacTBOp, COJEpKAIIUM KaK OKHCJICHHYIO, TaK M BOCCTAHOBJICHHYIO
dbopMy pacTBopeHHOTO BemlecTBa. CiaykaT Jyisl MOJIBOJIa MM OTBOJIA
3JIEKTPOHOB JJISl OKUCIUTEIIbHO-BOCCTAHOBUTEIBHOW PEAKIUH, IIPOTE-
Kalollle B pacTBOpPE MEXIy PAaCTBOPEHHBIMHU BEIIECTBAMHU Ha TIO-
BEPXHOCTH DJIEKTPOOB.

Cxema anextpoja: Ox, Red| Pt.

Peakmms: Ox + ze = Red.

[pumep: Fe', Fe*'| Pt;

Fe ™" +e¢ =Fe 2+;

(PF62+/ Fe3Jr = (POF62+/ Fe - (RT/ F) In a Fez+/ a Fe3+-

5.2.6. BogopoaHbIH 3JIEKTPO/,

BonopoaHblii 3JIEKTPO SBISETCS OCHOBHBIM JJIEKTPOIOM CpaB-
HeHus. Ero moreHuuanm OpUHUMAOT PaBHBIM HYJIO. ODTO Ta30BbIH
AIEKTPOJ NEPBOTo poAaa. Mcmonb3yercs B mape ¢ UCCIAETYEMBIM JJIEK-
TPOJOM ISl U3MEPEHUA BIECKTPOAHOr0 noreHnuana. CocTouT u3 ria-
TUHOBOMW TUTACTUHKH, SJCKTPOJMTHUYECKHA TOKPHITOM MEIKO pa3apo0-
JICHHOU YepHbIO (TJTATUHOBOM YepHBI0). Takas miacTUHKA OIMyCKaeTCs
B PAacTBOP, COIEPXAIIHiI HOHBI BOJOPOJA C AKTUBHOCTBIO ay = 1, U
HETMPEPHIBHO OMBIBAETCS TOKOM YHMCTOTO BOJIOpoJia ¢ jieTyuecThio (f),
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paBHoi 1. Bogopoa aacopOupyeTcsi Ha TIaTUHOBOM yepHU. OHa sB-
JSI€TCSl KaTaJru3aTOPOM 3JIEKTPOJHOIO IPOLECCA: YCKOPSET IMPOLECC
ajcopOIMy BOJIOPO/IA, JUCCOIUAIIMHA MOJIEKYJ BOJAOpOJa Ha aTOMBI U
MOHU3AIIMU aToMa BOJAOPO/Ia ¢ 00pa30BaHKe MPOTOHA U AJIEKTPOHA.

Cxema BogoposHoro ’nekrpoaa: Pt, H, |H". DIIEeKTpOAHAs peaK-
1Y, IPOTEKAKONIasi Ha BOAOPOJHOM BJIEKTPO/IE:

H +e = 1/2H,.
YpaBaenune HepHcTa 11711 BOJIOPOIHOTO 3JIEKTPOA:
P2 = (POHz — (RT/F) In [(am )1/2 / aH+],

TaK KaK (pOHZ =0,ap =T =1, pH=-Ig aH+ , TO
o2 = (RT/F) In a” = 2,303 (RT/F) Ig ay’ = —2,303 (RT/F) pH.
Ecmu T =298 K; F = 96500 Kt /mons; R = 8,314 Jix K 'monb ', T0
o =— 0,059 pH.

Takum 00pa3oM, BOJOPOIHBIN AIEKTPOJ SBISETCS OOpPaTUMBIM
OTHOCHUTCIIBHO HMOHOB H+. EFO MOKHO HCIIOJIB30BATh JIA OIIPCHCIIC-
Hus pH:

(=) Pt, H) HC1|| KC1| AgCl, Ag (+),

E = @up. — Pren. = Pagct — P2 = Pagcr — 0,0591g ag” = Pager + 0,059pH,
pH = (E — @agc1) / 0,059.

BoaopoiHbIi 371eKTpo] 001a71aeT BBICOKOM TOYHOCTBIO, XOPOIIEH
BOCIIPOM3BOJIMMOCTBIO PE3yIbTaTOB, MOXET padOoTaTh B HHTEpBAJIC
pH ot 0 1o 14 npu nr00BIX JaBJICHUAX BOJOPOJAA U MPU JIFOOBIX TEM-
neparypax. HegocraTtku: paBHOBECHME MEXKIY DJIEKTPOJOM U PaCTBO-
poMm ycraHaBiauBaeTcs B TeueHue 20-30 MuH., TaTHHA OBICTPO OT-
paBJISICTCS KaTAUIMTUYECKUMU SIITaMU, B MIPUCYTCTBUUA OKHUCIUTEIICH U
BOCCTAHOBUTEJIEH JTACT HEBEPHBIN PE3YJIbTAT.

5.2.7.3/1eKTpoAbl CPaBHEHUA

[Torenuman 3aeKTpoaa CpaBHEHHUS JOJKEH OCTaBaTbCSl MOCTOSH-
HBIM HE3aBHCHMO OT MPOTEKAHMS KaKUX-JIMOO peakiuii B aHAIU3H-
pyeMoM pacTBOpe. DJIEKTPOAbl CpaBHEHMS JIOJKHBI 00J1aaTh YCTOM-
YHUBBIM BO BPEMEHHM BOCIIPOM3BOJIMMBIM MOTEHIIMAJIOM, HE MEHSIO-
IITUMCSI TIPU TIPOXOXKICHUHN HEOOJIBIIIOTO TOKA.

169



Ha npakTuke B KauecTBE 3JEKTPOJOB CPABHEHUSI MCIOJIb3YIOTCS
ANEKTPOJIbI, MOTEHIMAT KOTOPBIX MO OTHOUICHHIO K BOJOPOJIHOMY
(cTanAapTHOMY) TOYHO U3BECTEH (XJIOPCEPEOPSIHBIN U KATOMEJIbHBIN ).

XJopcepeOpsiHbIN 3J1EKTPOI

XJ1opcepeOpssHBIM AJIEKTPOJI IIPEJICTABIISIET COO0OM cepeOpsHYIO
MIPOBOJIOKY WJIU TJIACTUHKY, MOKPHITYIO ciaoeM AgCl u nmoMenieHHyo
B pactBOop KCl nnu HCI onpenenenHoi kKoHUEHTpauu (00paTum OT-
HOCHUTEJILHO MOHOB XJIOPa).

Cxema nonyanemenTa: Ag, AgCl| KCl unn Ag, AgCl | HCL

DieKTpoHas peakius, MPOTEKAroIIas Ha XJI0pcepeOpsSHOM dJIeK-
TpoJie:

AgCl+e =Ag+Cl.

YpaBuenne HepHcta 115 XimopcepeOpssHOTO AIEKTpoa:

Px.c. = (POX. . — (RT/F) In (axga ¢ / angcn),
TaK KaK Az, = 1, apgc = 1, mosryuaem

Px.c. = (POX. c. (RT/F) Ina Cl_ .

KanomeabHBIH JI€KTPO

B xamomMensHOM 3J1eKTpojie macTa u3 prytu u kanomenu (Hg,Cl,)
nomenieHa B pactsop KCl (o6paTuM 0THOCUTENBHO HOHOB XJI0pa).

Cxema nonyanemenTa: Hg, Hg,Cl, | KCL

Emy otBeuaet peakuus: 1/2 Hg,Cl, + ¢ = Hg + CI'.

[ToTeHuan KaJIOMeNbHOTO JEKTPOa PABEH:

Pxo. = (POK.a. T (RT/F) 11’1 aCl_-

[ToTeHmuambl XJI0pCEPEOPSIHOTO, KAIOMEIBHOTO W pSAfa APYTUX
JIEKTPOJIOB CPaBHEHHUS M3YYCHBI MPH PaA3INYHBIX KOHIIEHTPAI[HOH-
HBIX ¥ TEMIIEPATYPHBIX YCIOBUAX, U X BEIMYUHBI 10 OTHOIICHUIO K
CTaHAAPTHOMY BOJIOPOJHOMY 3JICKTPOAY XOPOIIO H3BECTHHI (CIpa-
BOYHBIC IaHHBIC).
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5.2.8. OKHC/IMTE/TbHO-BOCCTAaHOBHUTE/IbHbIE 3/IEKTPOAbI
(peaokc-asiekTpoabl)

B mpunnune at000# 37€KTpoj] B FaJbBaHUUYECKOM JJIEMEHTE SB-
JsieTcsl MO0 OKUCIUTENbHBIM, JTUOO BOCCTAHOBUTEIBHBIM (3JIEMEHT
SAxoou—Jlanuams).

OTan4ne OKUCIUTEILHO-BOCCTAHOBUTEIBHBIX 3JIEKTPOIOB:

1) mMetann smekTpoja (0ObBIYHO IJIATUHA) HE MIPUHUMAET y4acTus
B DJICKTPOJHON PEAKIUM, a CIYXKHUT JIUIIb ISl TOJBOJA WJIM OTBOJAA
JIEKTPOHOB JIJIs1 OKUCIUTEIHHO-BOCCTAHOBUTEIBLHON peaKIuu, MpoTe-
KaroIeld MeXIy paCTBOPCHHBIMH BEIIECTBAMU Ha TIOBEPXHOCTHU DJICK-
TPOJIOB;

2) TPOIYKTHI JIEKTPOTHOTO MpOoliecca HE BBIACISIOTCA Ha dJIeK-
TPOJIax, a OCTAIOTCS B pacTBOPE;

3) B 2JIGKTPOJIHOM PEAKIIUA MOTYT IPUHUMATh y4acTHE KaTHOHBI,
AHUOHBI U HEUTPAJIbHBIE MOJICKYJIBI.

Pa3nugaroT mpocThie U CIOXKHBIE PEIOKC-3JIeKTPOIbl. B mpocThIX
PEIOKC-AIEKTPOIaX MPOIECC 3aKII0YACTCs B M3MEHEHHMH 3apsja Ho-
HOB. B CIOXHBIX — B I3MEHEHUH 3apsi/ia HOHOB U B U3MEHEHUU COCTa-
Ba 3JICKTPOJIOB. DIIEKTPOJ ¢ O0jee BHICOKMM ITOTEHIIMAIOM HECeT Ha
cebe mpoiecc BoccTaHOBIEHUs (cM. TaOiuiyy «CTaHIapTHBIEC 3JIEK-
TPOJIHBIC MOTEHIINAJIBI B BOJHBIX PACTBOPAX»):

®'sn” 5o =+0,15B, ¢’k 5" =+0,771B.
(=) Pt| Sn*, Sn*"|| Fe*", Fe’"| Pt (+)
Sn*" = Sn*" + 2¢~ (oxucienue)

2Fe’" + 2¢ = 2Fe’" (BoccTaHOBIICHNUE)
Sn®" + 2Fe®" = Sn*" + 2Fe*"

B 3TOM ciy4yae KOHTakTHasg pa3HOCTh MOTEHIIMAIIOB (O, = 0. Dnek-
TPOABWIKYIAs CHJIAa BO3HMKAET 3a CYET PA3HOCTH MOTEHIIMAJIOB Ha
IrpaHUIIE «METAJUI — PACTBOP», Pa3HOCTh MOTEHIIMAIOB OOYCIIOBIICHA
BO3HUKHOBEHUEM JBOWHOTO JJIEKTPUYECKOro cios. [lmatuHy winm
JIpYyrou 37eKTpo1 (IIpY 3aMEHE DJIEKTPOJAOB IEKTPOIHBIN MOTEHIINAI
u D3JIC He u3MeHsTCsA) HeoOXOAUMO paccMaTpUBaTh KakK pe3epByap
CBOOO/IHBIX HIEKTPOHOB. oHbI Sn°" OTAAIOT 3IIEKTPOHBI [IATHHE, KO-
TOpasi UX MPUHUMACT, ¥ IIEPEXOMAT B PACTBOP B Br/e HOHOB Sn” . O6-
pa3yeTcs IBOWHOU 3JCKTPUUECKUM CIIOM.
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0
Pok-socer. = Pok-pocer. (RT/ ZF)ln(aBOCCT. (bopMa./ Aokuc. cpopMa)a

(° — CTaHJAAPTHBIM JIEKTPOJHBIM MOTECHIIMAJ, KOT/1a AaKTUBHOCTh
BOCCTAaHOBJIEHHOW (DOPMBI paBHA aKTHUBHOCTH OKHCIUTEIIHFHON (POPMBI
¥ paBHa | WM Koraa OHU OYIyT OAMHAKOBHI;

Z — U3MEHEHHUE 3apsijia MOHA.

Kaxxapii U3 37€KTPOIOB MOXKET SIBIISITBCA U OKUCIIUTEIIEM U BOC-
CTAaHOBHUTEJIEM B 3aBUCUMOCTH OT CBOETO MapTHEpa. DIEKTPOJ SBJIS-
€TCSl OKMCJIUTEJIEM MO OTHOILICHUIO K BBIIIE PACIOJIOKEHHOMY 3JICK-
TPOJy ¥ BOCCTAHOBUTEJIEM I10 OTHOIIEHHUIO K HUXKE PACIOJIOKEHHOMY
anekTpoay. HeT aOCOMIOTHBIX OKUCIHUTENEH M BOCCTAaHOBUTEIICH.
Kucnas cpena cnocoOCTBYET OKHCIICHHIO, IIEJIOYHAs — BOCCTaHOBIIE-
Huto. [ToaToMy MOH Bogopoa ABJIsETCA Yalle okucauTeaem, non OH
— BOCCTAaHOBHUTEIIEM.

XUHIUAPOHHBIH JIEKTPOI

[IprMepoM OKHMCIUTEIbHO-BOCCTAHOBUTEIBHOTO AJIEKTPOAA SIBJIS-
€TCsl XUHTUAPOHHBIN AJIEKTPOA. XUHTUIPOH — SIKBUMOJIEKYJIIPHOE CO-
eMHeHrne XuHoHa u ruapoxuHona: C¢H40,-CsHy(OH),. B Boae maio
PacTBOPUM, YaCTUYHO MPH 3TOM JUCCOLMUPYET HA MCXOJHBIC BEllle-
CTBA:

C6H402 C6H4(OH)2 <> C6H402 + C6H4(OH)2

XHHOH TUAPOXUHOH

CxeMa xuHrHApoHHOTO 31ekTpona: H', CsH,0,, C6H4(OH)2| Pt.
Dnexrpoanas peaknus: CqH,O, + 2H' + 2e¢” = C¢Hy(OH),

Ay A+ arx.

N J

okucieHHas ¢opMa  BOCCTaHOBIIEHHas (popma
[Torenumas ero BeIpakacTcsa ypaBHCHUEM:

Pxr. = (Pox.r. - (RT/zF)ln(ax.r./ax'aH+2)a

ZR1851 (Pox.r. = Oxr. + (RT/zF)ln(axaH+z/ar.x.)a
'aiC ay U arx, — AKTUBHOCTHU XMHOHA U THAPOXWHOHA B PaCTBOPC.

Tak kak KOHLOCHTpaAIUA XHMHOHA U THAPOXUHOHA B paCTBOPC OOU-
HaKOBa U UX aKTUBHOCTH HpH6J’H/I3HT€J’IBHO paBHbI KOHICHTPpAIUAM, TO
MOKHO IIPUHATBH, YTO

Cx. /Cxr. = ax /Ay r =1,
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TOT/A:

Oxr. = O°xr. T (RT/F)lnay;, ,

WA @y . = % . — 0,059pH.

TakuMm 00pa3om, XUHTUAPOHHBINA AJIEKTPOJI SIBISECTCS 00paTHUMBIM
+
OTHOCHUTENIBHO MOHOB H'. Ero MOXHO HMCIIOJIB30BaTh I ONpeeie-
Hus pH:

(-) Ag, AgCl| KC1|| H", C¢H40,, C¢H4(OH), | Pt (+),

E = (Pnp. - (PneB. = (er - (PAgCI = (Poxr - 0,059pH — (PAng
OTKYyaa
pH = ((Poxr - (PAgCI - E)/0,059

JlocTomHcTBa 3TOrO 3JeKTpoaa: 1) mpoctora HM3rOTOBJICHUS:
B CTakaH4YUK ¢ KucinoTou (Hampumep, HCI) n1o0aBuTh 1mMENOTKY XWH-
TUJPOHA, OMYCTUTh TJIAJIKYIO TJIATUHOBYIO IUIACTUHKY WJIM MPOBOJIO-
Ky; 2) paBHOBECHE MEXK]y 3JIEKTPOJOM M PAacCTBOPOM HACTyMHaeT Obl-
ctpo (<1 MwuH); 3) OH B MEHBIIECH CTENEHU IMOJABEPKEH ACHCTBUIO
SII0B, YEM BOAOPOIAHBIN JJIEKTPO.

Henocrarku: 1) paboTtaeT Toiabko B KUCHBIX cpepax (pH=1-8);
2) 1aeT HEBEPHBIE MOKA3aHUsSI B MPUCYTCTBUU OKUCIUTEIIEH WU BOC-
CTAHOBUTEJIEH U B MPUCYTCTBUU HEKOTOPHIX COJIEH, TaK KaK TUJIPOXHU-
HOH OKHUCIII€TCSI B XMHOH WJIM XMHOH BOCCTAHABIIMBAETCA JO THUJIPO-
XUHOHA U HE BBITIOJIHAETCSI COOTHOILICHHE a,/ay . = 1.

5.2.9. Kitaccupukanus raJibBaHU4YeCKHX 3/IEMEHTOB

Bce ranpBaHMYeCKHE 3JEMEHTHI KJIACCU(DUIIMPYIOTCS MO JIBYM
npu3HakaMm: 1) mo xapakrtepy Ipoliecca, TpOoTEKaIIEero B rajibBaHu-
YECKOM 3JIEMEHTE; 2) MO0 HAJUYHUIO WU OTCYTCTBUIO AU (PY3UOHHOTO
NOTEHIMANA.

[To nmepBomMy NpuU3HAKY TralbBAHUUYECKUE DJIEMEHTHI Pa3/IeIIsItOTCs
Ha XMMHUYECKHE U KOHIIEHTPALIMOHHBIE 3JIEMEHTHI.

Xumuueckue nemenmpl — TajlbBAHUYECKUE DJIEMEHTBI, B KOTO-
PBIX PHEPrUsl XUMUYECKUX PEAKINI HEMOCPEACTBEHHO MpPEeBpaIlaeTCs
B DJICKTPUYECKYIO (3JIeMeHT Skoou — Jlanuais).
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Konyenmpayuonnuwle 31emenmobt — TAIbBAHUYECKUE DJIEMEHTHI, B
KOTOPBIX JJICKTPUYECKAS] SHEPIusl MOJY4YaeTCsl 32 CUET BbIPABHUBAHUS
KOHIICHTPAIUH MEKTy OTJICJTbHBIMH YaCTSIMU TAJIbBAHWUYECKOM 1ICTIH.

KoHIleHTpallMOHHBIE 3JEMEHTHI Pa3ACSAIOTCS HaA JBa THIA:
1) a51eKkTpOJIbl M3 OJIHOTO M TOI'O K€ METalljla OIYIIEHBI B PacTBOPHI
COJIEW ATOTr0 METaJjla PA3JINYHON KOHIICHTPALIUY;

(-) Agl AgNOs|| AgNO;| Ag (+)
N ) N )

a; < d)

(PAg/Ag+ = ([)OAg/Ag+ + (RT/ZF) In aAg+,

E:(P+—(|)_,

E = (¢°ag/ag + (RT/ZF) Inay) — (¢ ag/ag + (RT/ZF) Ina;) =
= (RT/zF)In(ay/a,),

E = (RT/zF)In(a,/a,)

2) B OUH U TOT € pacTBOP OMYIIEHbI JIEKTPOJIbl U3 OJHOTO Ma-
Tepuaia, HO C Pa3IMYHON KOHIEHTPAlMEH aKTUBHOIO BEIIECTBA. JTO
aMaJIbraMHbIE AJIEKTPOJIbI (PAaCTBOP METAJLIOB JIPYT B JIpyre).

AMajibramHbl€ 3JEKTPOIbI, COCTOSAT M3 aMmajbraMmbl JJAHHOTO Me-
TaJJla B KOHTAaKT€ C PacTBOPOM, COJAEPKAIIAM HOHBI 3TOr0 METAJLIA
(paznuuHOE coAeprKaHue IMKIIa B aMaibraMe):

(-) Hg, Zn(a;)| ZnSO,| Zn (a,), Hg (+)

a;~>a .

Huddy3noHHoro noreHuyaza HET (MMEEM OJUH PacTBOp), KOH-
TAKTHOT'O CKauKa MOTEHIIMAJIA HET, TaK KaK UCIIOIb3YETCS OJIMH METaJLL.
Ha oTpuniatenbHOM 3JIEKTPOJI€ — IPOLIECC OKUCICHUS:

HgZn = Zn*" +2e+ Hg.
Ha mosoXuTenbHOM 3JIEKTPOAE — MPOLIECC BOCCTAHOBIICHHUS:
Zn*" +2e + Hg = HgZn.

AKTHUBHOCTb a; YMEHBIIAECTCS, A, YBEIUUYMBACTCSA. DTO MPOUCXO-
AT 70 TEX MOP, MOKA OHU HE BBIPABHSIOTCA.

174



E :(Pnp. — Ques. = [(POZn/ Zn2+ - (RT/ ZF) ln(aZ/ aZn2+)] T
— [0zl z0- " — (RT/zF)In(ar/az, )] = (RT/zF)In(a,/a,).

E = (RT/zF)In(a,/ay).

5.2.10. [ToTeHMOMeETpHUHA.
[loTeHIMOMeTpUYECKOE TUTPOBAaHUE

IHomenyuomempusn — 5T0 METOJ| ONPEACIICHUS PA3IUYHBIX (-
3UKO-XMMUYECKUX BEJIWYMH, OCHOBAHHBIA HA W3MEPEHUU DJJIEKTPO-
JBIDKYIIEN CUIIbI OOpAaTUMBIX FaJIbBAHUYECKUX IJIEMEHTOB.

E=¢— ¢y,
rae E — snexkrpoaswkymas cuna (31C); ¢; 1 ¢, — NOTEHIUABI dJIEK-
TPOJIOB UCCIEAYEMOM LIEIIH.

[To mTaHHBIM MTOTEHIIMOMETPUUYECKUX U3MEPEHUIN BBIUUCIISIIOT KOH-
CTaHThl PAaBHOBECHS, KOHCTAHTHI IMCCOLMAIIAN KUCIOT U OCHOBAHUMU,
KOHCTaHThl YCTOMYMBOCTH KOOPAWHAIIMOHHBIX COCIUHCHUHN, TPOU3BE-
JIEHUE PACTBOPUMOCTH, OMPEACIISIIOT aKTUBHOCTh U KOA((PUITUEHT ak-
TUBHOCTH 3JIEKTPOJIUTOB, BOAOPOAHBIN noka3arens (pH) u T. 1. Eciou
YIAeTCsl MPOBECTU PEAKIMIO B TaJIbBAHMYECKOM JJIEMEHTE U OIpeJie-
muTh ero DJIC, To MOKHO paccuuTaTh 3HAYEHUSI OCHOBHBIX TEPMOIU-
HAMUYECKUX (QYHKIUN U XapaKTEPUCTHUK:

AG’=-z-FE%;
AS’ = z-F-dE" /dT;
OTCroaa
AH ° = AG’ + T-AS";
E’ = (RT/zF) In K,,

rae AG’ — usmeneHue CTaHJIApTHOW MOJIIPHOW CBOOOJHOW SHEPIUU;
Z — YHCJIO 3JIEKTPOHOB, MPUHUMAIOIIAX YYACTHUE B NEKTPOJIHON PEaK-
nuu; F — mocrosinnas ®apanes, paBHas 96500 Ki/mornb; E’ - cran-
naptHas JJIC rajbBaHUYECKOTO BJIEMEHTA; AS’ — u3MeHeHHWe cTaH-
JAPTHOM MOJISIPHOM 3HTpONUU peakiuu; T — abCoJioTHas TeMIepary-
pa, K; AH’ — m3meHeHne CTaHJAPTHOW MOJIIPHOM JHTAJIBIIMU PEaK-
uuu; R — yHHUBepcasibHas razoBasi mocTosHHas; K, — KoHCTaHTa paB-
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HOBECHSI OKHCIIUTEIBbHO-BOCCTAHOBUTEIBHON PEAKIIMU, TPOTEKAOIIEH
B DJIEMEHTE.

[ToTeHIIMOMETPUYECKOE TUTPOBAHUE MPUMEHSIOT ISl pEeaKIui
HEUTpaIN3aliK, OCAKICHUS, KOMIIJIEKCOOOPAa30BaHUsI U OKUCIUTEIb-
HO-BOCCTAHOBUTEIIBHBIX. BO BCEX Clydasx MHIUKATOPHBIN 3JIEKTPO/I
JOJKEH OBITh OOpaTUMBIM IO OTHOIIEHHIO K MOHAM BOJOPOJA B pac-
TBOpE JUOO MO OTHOIICHHWIO K MOHAM, OOpa3yIoIIMM KOMIUIEKCHOE
WJIA TPYJTHOPACTBOPUMOE COCIMHEHHE, BBIMAAAIONIEE B OCAOK.

Hnoukamopuwtit 31eKmpoo — 3NEKTPOJI, KOTOPBIM CIIYKUT IJIs
ONpeICICHUS TOYKU YKBUBAICHTHOCTH MPU TUTPOBAHUMU.

1. Ins OKHCAUTEIbHO-BOCCTAHOBUTEIBHOTO TUTPOBAHHS B Kade-
CTBE MHJWKATOPHOTO 3JIEKTPOJA UCIOJIb3YETCS MHEPTHBIA METaJlIH-
YECKHUI 3JIEKTPOJI, B KAYECTBE JIEKTPOJIa CPABHEHUS — KAJTOMEIIbHBIN
DIEKTPOL.

2. JInst ocaguTebHOrO TUTPOBAHUS UCIIOIB3YETCS HOHCEIEKTUB-
HBIN 3JIEKTPOJI B COUETAHUU C KAKUM-JTHOO 3JIEKTPOJOM CpPaBHEHUS.
Hanpumep, ajist TATpOBaHMS XJIOPUJA Kajdusi HUTPATOM Cepedpa mpu-
MEHSIOT CEPEOPSIHBIN IEKTPOJI, CEJICKTUBHBIA K HOHAM cepeopa.

3. JIiI1 KHUCIOTHO-OCHOBHOTO THUTPOBAaHUSI HCHOJIB3YETCA CTEK-
JISTHHBIA BJIEKTPOJ B COYETAHUM C XJIOPCEPEOPSAHBIM WU KaJOMEJb-
HBbIM 3JieKTposoM. [Tokazanus nmpubopa MOTYT CUMTHIBATHCS B BOJIb-
Tax Jaubo0, eciu ucnoiaszyercs pH-metp, B eaunuiax pH.

[ToTeHIHMOMETPHUUECKOE TUTPOBAHUE IIUPOKO HUCIOJIb3YETCS IS
ONPEICTIEHUSI KOHIICHTPALMU KHUCJIOT, OCHOBAHUM U ux cmecer. [Ipu-
MEHSIETCS JJIs TATPOBAHUS OKPAIICHHBIX WJIM MYTHBIX PacTBOPOB, KO-
rJa MPUMEHEHUE UHINKATOPOB 3aTPpyAHEHO. CyIIHOCTh €r0 COCTOUT B
TOM, YTO TOYKAa SKBHUBAJIECHTHOCTH HAaXOAUTCA HE MO MEPEXOHY OKpa-
CKM WHJIMKATOPA, a MO PE3KOMY U3MEHEHHUIO MOTCHIIAAIA UHIUKATOP-
HOT'O DJIEKTPOJA.

[IpakTHYECKM MOTEHIMOMETPUYECKOE THUTPOBAHUE KHCIOT OCY-
IIECTBIISIETCA CJEAYIOIIMM O0pa3oM: COCTABJISIOT TallbBAaHUYECKUM
AJIEMEHT, Y KOTOPOTO OJWH DJIEKTPOJ — WHIAUKATOPHBIN, IPYroOM —
ANIEKTPOJ CpaBHEHUS (XJIOpCEepeOPSHBIN, KaloMeNIbHbIN). s aKcrie-
pUMEHTaIBLHOTO omnpenaeeHuss pH MoryT ObITh HCMOJB30BaHBI pas-
JUYHBIE UHJIUKATOPHBIE 3JIEKTPOAbL: BOJAOPOIAHBIN, CTEKIISIHHBIN, XUH-
TUAPOHHBIN W Jip. HamOosplinee mnpakThyeckoe MPUMEHEHHE B TO-
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cleAHEee BpeMs Halled CTEKJISIHHBIA 3JIEKTPOJ, UCIIOIb3YEMBbIN B IIIH-
pOKOM uHTEpBAIE pH U B IPUCYTCTBUUA OKUCIIUTENEH.

B wu3BecTHBII 00bEM THUTPYEMOro pacTBOpa MNpPHUOABISAIOT He-
OOJBIIMMU TOPLMSAMU MPU MOCTOSSHHOM MEPEMENIMBAHUM TUTPAHT U
Kaxapid pa3 uamepsaroT IC snemenrta. [[nd HaXO0XICHUS TOYKHA K-
BHUBAJICHTHOCTHU CTPOST KPUBYIO TUTPOBAHMS, HAHOCSI IO OCU OPJUHAT
O/1C ranbBaHuueckoro sneMenta (puc. 5.11a) unm nmoreHuuaibl HH-
JTUKATOPHOTO 1ekTpojaa (puc. 5.110), a mo ocu adCIuce — KOJIUYeCT-
BO peareHTa (Mi). Ckadok MOTEHIMAJa OTBEYAET HSKBUBAJICHTHOM
touke (T.92.). Tutpyromuii pacTBOp (TUTPAHT) OIKEH OBITh MPUMEP-
HO B 10 pa3 Oosiee KOHIIEHTPUPOBAHHBIM, YEM TUTPYEMBIH.

¢ =Tpk)

¥ (NaOH), mn V(MNaOH), s

(a) (©)

Puc. 5.11. Kpusvie nomenyuomempuuecko2co mumposamus

Kak BuaHO, B X0/i€ TUTPOBaHUS MPOUCXOAUT yMmMeHbleHue IJC
rajlbBAHMYECKOTO AJIEMEHTA WJIM PE3KOE YBEJIMUYEHUE MOTEHIIMAIa UH-
JTUKATOPHOTO AyekTpoaa. [lo KpuUBBIM TUTPOBAHUSI MOKHO OIpeJie-
JUTHh TOYKY SKBUBAJIEHTHOCTH: CTPOST KacaTeIbHbIC K TPEM ydacTKaM
KPUBOM TUTPOBAHMS; HAXOMAT CEPEIMHY OTPe3Ka, OMyCKAIOT MEPIICH-
TUKYJISIp Ha OCh aOCIMCC U OMPENEsSiOT YUCIO MUJUIIIMTPOB TPHU-
OaBIsIeMOro TUTpaHTA. 3HAas 00bEM TUTPAHTA, U3PACXOJOBAHHOIO Ha
TUTPOBAHUE O TOYKH AKBUBAJICHTHOCTU, KOHIIEHTPAIIUIO THUTPAHTA,
MOKHO PacCYUTaTh COJICPKAHUE aHAJTU3HPYEMOI'o BEIlleCTBa BO B3Si-
TOM Tpooe.
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[ToTeHIMOMETPUYECKOE TUTPOBAHHWE MOXKET MPUMEHSATHCS HE
TOJIBKO JIJII ONPEEICHHS] OJTHOTO KOMIIOHEHTa, HO U 1 nuddepen-
IMPOBAHHOTO TUTPOBAaHMS CMECHU KHCJIOT M OCHOBaHuUi. [loTeHimo-
METPUYECKUN METOJ MO3BOJISIET MPOBECTHU KOJUYECTBEHHOE OIpeie-
JIEHUE KOMIIOHEHTOB B CMECH KHUCIIOT, €CJIM KOHCTAHThI IUCCOLIMAIIUU
B BOJIC pA3JMYaAIOTCAd HE MEHEE YeM Ha 4YeThipe nopsaka. Eciu KoH-
CTaHThI JIBYX KHCJIOT B BOJIC OTJIMYAIOTCS Ha 2—3 MOpPsIKa, TO OHU HE
MOTYT OBITh pa3JeIbHO OTTUTPOBAHBI B BOAHOUW cpene. Ha kpuBoii
TUTPOBAHUSI UMEET MECTO OJWH CKAauyOK IMOTEHIIHaa, Korja o0e Ku-
CJIOTBI OTTUTPOBAHBI COBMECTHO.

Cy1iiecTByeT rpyina pacTBopurtenei (HeBOAHbIE), KOTOphIe 00J1a-
naroT audepeHIupyomuM 1eicTBUeM. Tak, eclii KOHCTAHTHI JIBYX
KHUCJIOT B BOJIHOM pacTBOpe OJIM3KH, TO B cpeie auddepeHupyroiie-
0 pPAaCTBOPUTENS pa3IM4YUe B BEIMYMHAX KOHCTAHT JIUCCOILMAIIUU
YBEIUYUBAETCS: KOHCTAHTa IUCCOLUAIINK CTA00M KUCIOTHI yMEHbIIIa-
eTcsa B Oosblielt crenenu. Hampumep, ornpeneneHue coaepkaHus co-
JSTHOW U MOHOXJIOPYKCYCHOM KHCJIOT B CMECH TUTPOBAHHEM BOJIHOTO
pacTBoOpa SIBIIECTCS CIOXKHOM 3ajayeil B CBSI3U C TPYAHOCTHbIO OOHa-
pY>XEHHUS ABYX CKauKOB TUTpoBaHUs. [Ipy TUTpOoBaHUM B alleTOHE 00a
CKAuKa BBIPAXKEHBI IOCTATOYHO YETKO M COAECPKaHUE KaXJOU KHUCIO-
Thl B CMECHU MOXKET OBITh paccurTaHo. HeKoTopbie ABYXOCHOBHbBIE KHU-
CJIOTHI HE YIA€TCs CTYIEHYaTO OTTUTPOBATH B BOJIE, TOT/Ia KaK B Cpe-
JIe¢ KETOHOB Ha KPUBBIX TUTPOBAHUS HAOIIOAAIOTCS J]BA CKAUKa.

B obmem cnyuyae nuddepeHupyoiiee ASHCTBUE SIBISCTCS pe-
3yJbTaTOM KOMIIJIEKCHOTO BJIMSHUSI CBOMCTB PAaCTBOPUTENS Ha KOH-
CTAHTBl JUCCOLMAIMA U OTHOLICHHE KOHCTAHT JUCCOLUAIUU 3JIEK-
TPOJIUTOB. B KaXXJI0M OTJIETLHOM Clly4ae MOKET MpeobiiagaTh TO UIU
WHOE JICVCTBHE PaCTBOPUTEIIS HA DJCKTPOJIUT: BEIIMUUHA JUIJICKTPU-
YECKOM MPOHUIIAEMOCTH (&), COIBBATUPYIOIIAsl CIIOCOOHOCTH, KUCIIOT-
HO-OCHOBHBIE CBoMcTBa. Hampumep, auddepeHuupyroiiee aeicTBre
aleToHa OOBSICHACTCS OUCHb HU3KUMU KUCJIOTHO-OCHOBHBIMU CBOMCT-
BaMU.

CTeKJIsIHHBIN JJIEKTPO

CrexnaHHbIN 251ekTpos (puc. 5.12) mpeacrapisieT co0oil TOHKO-
CTEHHBIN CTEKJISHHBIN Mmapuk (1), 3anmonHenHslii pactBopoM HCI
(0,1M) nu6o O6ydepHbIM pacTBOpoM (2). BHYTph mIaprka MmoMemaroT
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BCIIOMOTaTENbHBIN XJIOpcepeOpsHbIi 31eKTpo (3). DTO yCTpOMCTBO
0OBIYHO 3aKPHIBAIOT 3AIUTHOM TPYOKOH (4).

[lepen paGoTO CTEKIISTHHBIN JEKTPOJ] HEKO-
Topoe Bpems BbeiMaunBaroT B 0,1 M pactBOpe
HCI. ITpu 3TOM MOHBI BOJIOpOAA M3 pacTBopa 00-
MEHUBAIOTCSI HAa HOHBI HATpPUA M3 CTEKIISTHHOU
MeMOpaHbl U B CUCTEME YCTAaHABJIMBAETCS HEKO-
TOpoe paBHOBecHuE. [1oAroTOBIEHHBIN TakUM 00-
pPa3oM 3JIEKTPOJ, B KOTOPOM MPOTOHBI MOBEPXHO-
CTU CTEKJIa HaXOJMSITCS B PABHOBECHUM C MPOTOHA-
MU pacTBOPa, MOXET ObITh UCIIOIB30BaH JIJIsI OI-
penenenusa pH. Bennunna ckadka nmoreHuuaia Ha
IPaHUILIE «PACTBOP — BHEIIHSS MOBEPXHOCTh MEM-
OpaHbl CTEKJISIHHOTO 3JIEKTPOJIa» 3aBUCHUT OT aK-
TUBHOCTHM HMOHOB BOJIOPOJA B UCCIEIYEMOM pac-

Puc. 5.12. TBOpE.
Cmexnsannblil OT paHee PacCCMOTPEHHBIX DJICKTPOIOB CTEK-
INeKMpoo JISTHHBIN 3JIEKTPOJI OTJINYACTCS TEM, YTO B MOTEH-

[IAAJIONPEICIIAIONICH pPEeaKIUh DJSKTPOHBI  HE
IMPUHAMAIOT y4acTHsl. DJIEKTPOAHAS PEaKIdsg Ha CTEKISHHOM JJICK-
TpoOJE TMpeCTaBIsieT co00l 0OOMEH MOHAMHU BOJIOPOJa MEXKIY aHaIH-
3UPYEMBIM PAaCTBOPOM M CTEKJIOM (CTEKJISSTHHOM MeMOpaHOoH):

H+ (p-p) S H+ (cTekno).

CTEeKJIAHHBIN DIEKTPOJ SBJISETCS HOHOOOMEHHBIM JJIEKTPOJIOM.
JI1s1 ero M3roTOBJICHUS MCIOJB3YIOTCS CIIelIMalbHbIe COPTAa MOHUTOB.
Ilepexoa noHa Bojopoaa U3 oHOM a3kl B APYTYIO SKBUBAJICHTEH I1e-
peHocy eauHuIlbl 3apsaaa (z = 1). CTeKISTHHBIN 3JIEKTPOj] OOBIYHO HC-
MOJIB3YIOT B Mape € XJOPCEPEOPSHBIM 2JIEKTPOAOM cpaBHeHus. [Ipu-
MEHSIEMYIO IIPU ATOM DJJIEKTPOXMMHUUYECKYIO IIEIb MOXKHO 3aIlucaTh
CIEAYIOIIUM 00pa3oMm:

¢ P2 Ps3
(-) Ag, AgCl | HC1| crexo| HCCIIEAYEMBIN PacTBOP || KCl |_AgC1, Ag (+)

CTEeKJISIHHBIHN 3JIEKTPO/ XJIOpcepeOPSIHbIN JIEKTPO/I

HOTGHI_[I/IEUI CTCKIEIHHOI'O JJICKTPOAA BKIIHOYACT TPHU CKAYKa:
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(0 — CKA4OK IMMOTEHI[Maa Ha TPaHUIIe pa3jiesia «METal BHYTPEH-
Hero sekTpoaa — Oydepusrit pactopy» (wiu 0,1 M HCI), ¢, — const;

(P, — CKa4OK TMOTEHI[Majla Ha TpaHulle «O0ydepHbIii pacTBop (MiIu
0,1 M HCI) — BHyTpeHHSsISI TOBEPXHOCTh MEMOpaHbI» (CTEKJO), () —
const;

(3 — CKA4YOK IMOTEHIMalla Ha TPaHUIIE «BHEUIHSSA MOBEPXHOCTH
MeMOpaHbl (CTEKJIO0) — UCCIIEAYEMBII pacTBOP», (3 # const.

[ToTeHmMan CTEKJISIHHOTO 3JIEKTpOJa BBIpAXKaeTcsl ypaBHEHUEM
HepHcra:

© or = 0cr. T (RT/F) In (ay+).

CTaHIapTHEI MOTEHIHAT CTEKIITHHOTO 371eKTPoa (¢, ) 3aBHCHT
OT COpTa CTeKJIa MeMOpaHbl, COCTaBa BHYTPEHHErO0 pacTBOpa U TeM-
neparypsl. Paccunrars €ro HEBO3MOXKHO, TAK KaK OH BKJIOYAET IO-
TEHIIMAJl ACUMMETPHUH, OOYCIIOBJICHHBIN pa3IuYueM 3JIEKTPOXHUMUYEC-
CKMX CBOMCTB BHYTPEHHEHM M BHEIIHEU ITOBEPXHOCTEW CTEKISIHHOU
MeMOpanbl. C 11€JIbI0 YMEHBIIIECHUS TOTEHIMada aCUMMETPUHU CTEK-
JSIHHBIN 251ekTpo1 BeiMaunBatoT B 0,1M pactBope HCI u nmocie atoro
XPaHAT B JUCTUIUIMPOBAHHOU BOJIE.

BJ1C ranpBanndeckoro sj1eMenTta paeHa (mpu 25°C):

E :(PnpaBLIﬁ — Queppiit — Px.c. = Per. = Pxc — (POCT. - (RT/F)]H (aH+) =
= Qxec— (POCT. + 0,059PH

TakuM 00pa3oMm, CTEKJSHHBIM 3JEKTPOJ SIBISETCS OOpPaTUMBIM
OTHOCHUTEIHFHO MOHOB H' (3JIEKTpOA MepBOro posa), ero MOKHO HC-
MoJIb30BaTh 11 onpenenenus pH. Tak kak paccuurarhb (pOCT, HEBO3-
MOXHO, 3Ta ONepalus 3aMeHseTCs HacTpoikoi npudopoB (pH-Met-
pOB) MO CTaHAAPTHBIM OyQepHBIM pacTBOpaM, TaK Kak IIKaia
pH-meTpoB nporpagynpoBana HENOCPEACTBEHHO B eaqnHUIIAX pH.

[Ipy MOTEHIIMOMETPUUECKOM TUTPOBAHUU CO CTEKJISIHHBIM JJICK-
TPOJOM HE TpeOyeTCs KaJUOPOBKH IMOCJIEIHETO, TaK KaK OTYET BEAYT
He no mkane pH, a no mxkane 3/1C.

OCHOBHBIE JOCTOMHCTBA CTEKJISTHHOTO 3JICKTPOAA: MPOCTOTa pa-
0O0TbI, YCTOMYUBOCTh K JICUCTBUIO SIJIOB, IPUMEHUMOCTh B IIUPOKOMN
obnactu pH, ObICTpOE yCTaHOBJIEHNE PABHOBECHS M BO3MOKHOCTD OII-
penenenuss pH B OKHCIMTEILHO-BOCCTAHOBUTENIBHOM cHUCTEME (Tak
KaK 3JIEKTPOHBI HE Y4YacTBYIOT B 3JIEKTpoJHOM mporecce). K Hegoc-
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TaTKaM OTHOCSIT XPYINKOCTh UX KOHCTPYKIIMH U YCJIOKHEHHE PabOThI
IIPU MEPEXOAE K CUIBHO MICJIOYHBIM U CHIIBHO KUCIIBIM PACTBOPAM.

IIpumepsl peweHus 3aday

3adaua 1. 3anumnTe CXEMy TaJlbBAHUYECKOTO JJIEMEHTA, CO-
crosiero u3 meaHoro (+0,34 B) u nuakoBoro (—0,76 B) anekTpoaoB.
3anummTe MoJypeakiu, MPOUCXOIAIINE Ha KaKIOM U3 JIEKTPOJIOB,
a Takxke oO0Illee ypaBHEHUE peakiuu. PaccuuTaiiTe CcTaHAApTHYIO
DJIC, a taxxke DJIC, sHepruro I'mbdbca M KOHCTAaHTY PaBHOBECHS pe-
aKIUK IpH cleayommx yenosmsix: a(Cu™) = 0,1 M, a(Zn™") =2 M.
P e m1 e H u e. CocTaBisieM cxeMy TaJIbBAaHUYECKOTO 3JIEMEHTa
(5) Zn | Zn*" || Cu™" | Cu (+)
Anop (-): Zn—2¢ =Zn*"
Karox (+): Cu* +2¢ =Cu
O61mas peakuwst: Zn + Cu”" = Zn*" + Cu

E'= 2y~ 9) = 0,34 = (-0,76) = 1,10 B

[ToTeHIuambl JIEKTPOAOB MPHU 3aJaHHBIX 3HAUYCHUSX aKTUBHOCTH
paccunuThIBa€M Mo ypaBHeHuto HepHcra:

2+ ICu

0,059 0,059

_ 0 5 24N _ s _ .

Peyicy = Poyticu T ” lga(Cu™)=0,34+ 1g0,1 = 0,31 B;
iz = o2 0.09 16 4202y = 0,76 + 222152 = 0,75 B;

E=E=0,3 0, ~ 02 pn=0,31-(~0,75)=1,06 B;

AG =-—nFE=-2-96487-1,06 = —204,6-103 Jx =—-204,6 xJI>x/MOJIb;

AG=-RThh K;
3
K=exp(—£j=exp _204.6-10° =7,5-10%,
RT 8,31-298

3aoaua 2. Onpenenure NPOU3BEAECHUE PACTBOPUMOCTH U PACTBO-
pUMOCTh OpoMHza cepedpa Ha OCHOBAaHUM 3HAYECHUH CTaHAAPTHBIX
AIIEKTPOJHBIX MOTEeHIMANOB 1t OpomMcepeopsinoro (+0,071 B) u ce-
pebpsiroro (+0,799 B) anekTponos.

Pem e Hwue CocraBUM rajilbBAHUYECKUM AJIEMEHT U3 Opomce-
peOpSTHOTO U CEPEOPSHOTO JIEKTPOIOB:
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() Ag| AgBr|Br || Ag'| Ag (+)
Anon (—): Ag+Br —e = AgBr
Katon (+): Ag' +e =Ag
B ranpBaHM4eCcKOM 37€MEHTE MPOTEKAET PEaAKITUSL:

Ag + Br = AgBr.

KoncTtanTa paBHOBecHs 3ToM peakiuu oopatHa I7TP(AgBr):

1 nFE°
K=—————=¢xp
1IP(AgBr) RT

— 0 0 — —
B’ = 0] im0 paine= 0799 — 0,071 =0,728 B

_1-96487-0,728]::439-10_3.

nFE"
IIP(AgBr) =exp| — =eX
(Aghn) p[ RT’] p( 8,314-298

3adayu

1. 3anummuTe cXxeMy raabBaHUYECKOTO 3JIEMEHTA, COCTOSIIErO U3
xJjiopHoro (+1,36 B) 1 BOJOPOAHOTO JIEKTPOJOB. 3aMUIINTE MOType-
aKIMU, MPOUCXOSAIIME Ha KaXJAOM U3 JJIEKTPOJOB, a Takke oOlee
ypaBHEHME peakiuu. Paccuuraiite 3HaueHUs E’, E,AGuK, IIpH clie-
JTYIOIIUX YCIOBUSX:

p(ClL) =2 arm, a(C1) =0,1 M, p(H,) =1 arm, a(H") = 0,001 M.

2. Paccunraiite CTaHIAPTHBIA OKHUCIUTEIbHO-BOCCTAHOBUTEIb-
HBEII IIOTEHIIMAT CUCTEMBI Pb4+|Pb2+, €CJIA U3BECTHBI CTaHIAPTHHIE
3nexTpoHble moteHmanst Pb* |Pb (+0,77 B), Pb*'|Pb (—0,13 B).

3. Onpenenure NMpor3BEICHUE PACTBOPUMOCTH U PACTBOPUMOCTH
OpoMuaa cepedOpa Ha OCHOBAaHUM 3HAYCHMU CTaHJAPTHBIX DJIEKTPOJ-
HBIX MTOTEHIMAIOB I XjopcepeopsHoro (+0,222 B) u cepedbpsiHoro
(+0,799 B) anexTpoaos.

4. Onpenenure CTaHAAPTHBIA OKHCIUTEIbHO-BOCCTAHOBUTEIb-
HBIA moTeHuan g npouecca MnO4 + 2H,0O + 3e = MnO, + 40H,
€CIIM CTaHJApPTHBIN OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIM MOTEHIIUAI
ms nporiecca MnO, + 4H™ + 3¢” = MnO, + 2H,0 pasen +1,69 B.
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5. OnpenenuTe KOHCTAHTY HECTOMKOCTH MOHA TETPAXIJIOPOILIATH-
Hara(Il) [PtCl4]2_ HAa OCHOBAHWM 3HAYEHHM CTaHAAPTHBIX BJICKTPOJI-
HBIX OTEHIIAAJIOB:

Pt*" +2¢ =Pt; ¢’ =+1,20 B;

[PtCl,]* + 2¢ =Pt +4Cl; ¢’ =+0,73 B.

6. PaccunTaliTe KOHCTAaHTY PaBHOBECHUS PEAKIIUU JTUCIIPOIIOPLHO-
auposanmst 2Cu” — Cu®’ + Cu mpu 25°C.

7. PaccumnraiiTe KOHCTaHTy paBHOBecus peakuun ZnSQO4 + Co =
= CoSO4 + Zn nipu 25°C 1o AaHHBIM O CTAHAAPTHBIX SJIEKTPOJIHBIX
MOTEHIINAIax.

8. OJIC »nemeHnta, B KOTOPOM OOpaTUMO MPOTEKAET PEAKIIMS
0,5Hg,Cl, + Ag = AgCl + Hg, paBaa 0,456 B mipu 298 K u 0,439 B
ipu 293 K. Paccuuraiite AG, AH u AS peakiun.

9. Bpiuuciure TtemnoBoil 3ddext peakumu Zn + 2AgCl=
=7ZnCl, + 2Ag, mnpoTekaronied B TaJbBaHUYECKOM DJIEMEHTE IpHU
273 K, ecnu DJIC snementa £ = 1,015 B u temnepatypubiii kKo3pdu-
ument DJIC = —4,02-10 B/K.

10. Usmenenue sutanenuu peakuuu Pb +2AgCl = PbC(Cl, + 2Ag,
MPOTEKAIOIIEeH B rajlbBAHUYECKOM djieMeHTe, paBHO —105,1 kJ[k/M0b.
OJIC »toro snementa paBHa 0,4901 B mpu 298,2 K. Paccuuraiite
DJ1C snementa nipu 293,2 K.

Tecmoauvie 3adaHusA

Buvioepume ooun npasunvnolit omeem

1. Ykaxunre MHAUKATOPHBIN JJIEKTPOJ, TPUMEHSIEMbIA HAa IpaK-
THUKE NPU MOTCHIMOMETPUUECKOM TUTPOBAHUH KHUCJIOT:

A. XnopcepeOpsiHbIH. b. BogopoaHbiii.

B. CrexIIsiHHBIN. I'. KammoMenbHBIN.

2. YKaxure, CKOJbKO OCHOBHBIX THIOB CKA4KOB IIOTCHI[MAJIa
BO3HUKAET B raJiIbBAHUUECKUX AJIEMEHTaX (HA30BUTE UX TPUUYUHBI):

A. OnuH. b. /IBa.

B. Tpu. I'. Yetripe.
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3. HazoBuTe mpryYMHBI BO3HUKHOBEHHUSI CKa4yKa MOTEHIMAIa Ha
rpaHulie pazzaena a3 «MeTajlil — paCTBOP»:

A. PaznmnyHbpIie KOHICHTPAILIMU 3JIEKTPOJIUTOB.

b. Paznuune paboT BhIX0Ja 3JEKTPOHA.

B. BO3HMKHOBEHHE JBOMHOTO BJIEKTPUUECKOTO CJIOS.

I'. Paznuuume no Buy paCTBOPEHHOT O BENIECTBA.

4. Ha xmopcepeOpsiHOM 3JIEKTPO/I€ MPOTEKACT PEAKIIUS:
A.H +e¢ = %H,. B. AgCl+e =Ag+CI.
B. Ox +ze¢ =Red. I'. 2Hg,Cl, + e =Hg+ CI.

5. DnexTpoa cpaBHEHUs I ONPENEIICHUS IEKTPOIHOIO MOTEH-
nuAaia:

A. XiiopcepeOpsiHbI. b. X¥HruIpOHHBIN.

B. KanomenbHbIi. I'. Bonopoanslii.

Buvibepume neckonvko npasuibnvlx omeemos

1. VkaxuTte npuurHbl BOSHUKHOBEHUSI NU(P(PY3UOHHOTO MOTEH-
uana:

A. BO3HUKHOBEHHE JBOWMHOTO 3JICKTPHUYECKOTO CIIOS.

b. PaznnyHbie KOHIEHTpALIUU 3JIEKTPOJIUTOB.

B. Paznuune paboT BeIX0/1a 3JIEKTPOHA.

I'. Paznuuue no BUIy pacCTBOPEHHOIO BELIECTBA.

2. HazoBute 31eKTpojibl, 00paTHMbI€ OTHOCHUTEIBHO KATHOHOB
BOJOpOAA:

A. XWHTHUIPOHHBIN. b. XnopcepeOpsHbIii.
B. BonopoaHsblii. I'. KasiomeanHBIN.
1. KucinopoaHblid. E. CTexsiHHbIN.

3. YkaxuTe 3JeKTPO sl BTOPOTO POJIa:

A. Kucinopoassii. b. Bogopoauslii.
B. XnopcepeOpsHbIii. I'. XvHTUIpOHHBIN.
. CTeKIITHHBIN. E. Xn0pHBbIN.

4. XapakTepuCTHKa BOJOPOJIHOTO AJIEKTPOJA:

A. DIEKTPOJ HE MOABEPKEH JAECHUCTBHUIO SJI0B.

b. PaBHOBECHE MEXKTY IIEKTPOAOM M PACTBOPOM YCTAHABIINBAECT-
csa B Teuenue 20—-30 mMuH.
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B. [linatuna ObICTPO OTpaBIAETCS KATATUTUUYECKUMU SITIAMU.

I'. PaBHOBECHE MEXKTY 3JIEKTPOJIOM U PACTBOPOM yCTAHABIIMBACT-
Cs. MTHOBEHHO.

. Pabotaer B untepnane pH ot 0 10 14.

E. B ipucyTcTBUM OKHUCIUTENIEN U BOCCTAHOBUTEIICU TAET HEBEP-
HBIWA pE3yJbTar.

5. Koraa nosty4aroT JB€ TOYKM SKBUBAJICHTHOCTH MPH MOTCHIIHO-
METPUYECKOM TUTPOBAHUY CMECH JBYX KUCJIIOT:

A. PacTBOpHUTEIIEM CITYKUT BOJA.

B. KHCI/IH. /Kﬂcna6. > 104

B. Mcnonb3yroT OpraHn4ecKuid paCTBOPUTEb.

T. KHCI/IH. /Kﬂcna6. > 4.

Yemanoeume coomeemcmeue
I. Dnextponasr (3aeMeHT AAkobu — lanmans):  [Iporekarommii mpoiecc:

1. MenabIii. A. OKHUCJICHUE.

2. [IUHKOBBIM. b. BoccranoBienue.

I1. DnekTpo: Cxewma:

1. BoiopoiHbIH. A. Ox, Red | Pt.

2. XUHTUAPOHHBIN. b.H | Hy, Pt.
B. H', CsH,0,, CsH4(OH), | Pt.
I'. Ag, AgCl | CI.

II. DnexTpon: IIporekarouuii mpouecc:

1. KanoMmenpHBEI. A.H +e¢ = %H,.

2. CTEeKIISIHHBII. b. 2Hg,Cl, + e =Hg + CI".

B. AgCl+e¢ =Ag+CI.
I. H+paCTBop <> H+CTCKJ’IO'

IV. PasHocte mnoreHnua- I[IpuynHa BOZBHUKHOBEHMS:
JIOB Ha TPAHULIC pa3Jielia:
1. Merann — pactBop. A. Pa3zHble KOHIEHTPALMU JJIEKTPOJIUTOB.
2. MeTamn — MeTasI. B. PaGoTa BbIX0/1a 3JIEKTPOHA.
B. Pa3Hbie BUIbI SIEKTPOJINTA.
I'. /IBOMHOM 3JIEKTPUYECKHUM CIOM.

V. Tun snekrpona: Twum 3neKTpoaHON peaKkuuu:
1. ITepBoro poga. A. OOMEH aHHOHOM MEXAY JIEKTPOJIOM U PaCTBOPOM.
2. Broporo poma. Bb. OOMeH KaTHOHOM MEXKIY IEKTPOAOM U PacCTBOPOM.
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Bonpocul 045 cobecedo8aHUs

1. T'anbBaHnmveckuii smeMeHT. CKayku MOTEHIMAjda Ha TPAHUIIC
pasnena da3. [IpuurHb BOBHUKHOBEHHUS Pa3HOCTH MOTECHIIMAJIOB.

2. JIBoitHOM anekTpudeckuii cioil. J{ndy3Hbiii moTeHIman.

3. DIEKTPOAHBIA NOTEHINAT. THIIBI JIEKTPOJIOB.

4. ®opmyna Hepuera g DJIC u 2JI€KTpOJHBIX MOTEHIIMAJIOB.
Bonopoansiii anexktpo. CTaHaapTHBIE JIEKTPOAHBIE TOTEHIINAIBI.

5. Dnextpoasl cpaBHeHus. M3mepenune I /1C.

6. KoHllEeHTpallMOHHBIE AJIEMEHTHI.

7. OKHCIUTENBLHO-BOCCTAHOBUTEIIBHBIE JJIEKTPOABI U 1ENN. XUH-
TUJIPOHHBIN JJIEKTPOL.

8. [lorenmmomerpus. [lorenuuomerpuueckoe TurpoBanue. CTek-
JISHHBINA 3JIEKTPOJL.
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6. XuMMYecKasa KMHEeTHUKa
M KaTaJ/Iu3

Jlaneko He Bcerga TEPMOJMHAMUYECKH BO3MOXKHBIE pPEaKIIMU
OCYILIECTBISIFOTCA B JIEMCTBUTEIBHOCTH. JTO CBSI3aHO C TEM, YTO B
TEpPMOJIMHAMUKE HET MapaMeTpa BPEMEHH, ITOATOMY OHa HE J1aeT OT-
BET, KaK CKOPO HACTYIHT JJaHHOE cocTosiHuE. OnpeneneHne yCcaoBuid,
IpU KOTOPBIX TEPMOAMHAMUYECKH BO3MOXHBIE peaKkiuu OyIyT Mpo-
TEKaTh C IOCTATOYHOU CKOPOCTHIO, COCTABIIAET OJIHY U3 OCHOBHBIX 3a-
a4 XUMHUYECKON KUHETHKU. B KuHeTHnke BBOAUTCA (akToOp BpeMeEeHH,
KOTOPBIN B TEPMOJIMHAMUKE HE PACCMATPUBAETCSI.

Xumuueckana KuHemuKa — y4€HUe 0 XMMHUYECKOM MPOLECCEe, €ro
MEXaHU3ME U 3aKOHOMEPHOCTSIX MPOTEKAHUS BO BPEMEHH. XUMHYE-
CKasl KHHETUKA — UHCTPYMEHT [JIsl YCTAaHOBJICHUS MEXaHHW3Ma XUMHU-
YECKUX PEAKIIMM, CBSI3U CTPOCHUS U PEAKIIMOHHOW CIIOCOOHOCTH pea-
TUPYIOIIMX YaCTHII.

6.1. CKopocmb Xumu4eckol peakyuu

Ckopocmb npocmoii 20m02eHHoU Xxumuueckou peakyuu W pas-
Ha YUCIIY DJIEMEHTApHBIX XMMHUYECKUX AKTOB, IPOTEKAIOIIUX B €IHU-
HuULEe 00beMa 32 EIUHUILY BPEMEHH.

B 3amMkHYyTOH cucTeMe IpH MOCTOSSHHOM 00BbEME U paBHOMEPHOM
pacnpeieJIEHUU peareHTOB M0 BCEMY 00bEMY pPeakTopa CKOPOCTh XH-
MUYECKOM pPEaKLUU IPSAMO IIPONOPLUOHATIBHA W3MEHEHUIO KOHILIECH-
Tpaluu peareHToB BO BpeMeHu. ClieyeT pa3nudarb CKOPOCTh pacxo-
JOBaHUsSl peareHTa Wwin o0pa3oBaHUs MPOAYKTa U CKOPOCTh XUMHUYE-
CKOU peakuuu. Eciim B cucTeMe IIPOTEKAET peaklyst B COOTBETCTBUU
CO CTEXHUOMETPUUYECKUM YPaBHEHUEM

VAA + vgB — wY + v,Z,
TO CKOPOCTb 3TOM PEaKIINH paBHA

wo_ldc, __1dc, _1dc, 1 dc,

v, dt v dt vy dt v, dt”’
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T. €. OHa HE 3aBUCHUT OT TOr0, 10 KakoMy BemiecTBYy (A, B, Y, Z) skc-
MEPUMEHTATOP CJIEAMUT 3a MporeccoM. TOJMBKO MPU CTEXUOMETpUYE-
cKkoM Kod(pdunneHte v, paBHom eaunuie, W=W,. Crexuomerpuue-
ckre KOA((PUIMEHTHl JTOJKHBI COXPAHATHCA MOCTOSHHBIMU B XOJE
BCETO MpOIEcca, B MPOTUBHOM Cllydae HEOOXOJIUMO MPUHUMATH BO
BHUMaHUE MX W3MEHEHHWE BO BPEMEHHU, UYTO MOXKET UMETh MECTO B
CJIy4ae CJI0KHbBIX PEaKIUM.

JIJIsl CTIOKHBIX peakIuil cleayeT pa3indaTh CKOPOCTh Ipoliecca B
I[EJIOM U CKOPOCTb OTACJIBHBIX COCTABISAIONINX €T0 CTaJHi; CKOPOCTh
JIEMEHTAPHON CTaJMM MOXKET OBITh M OOJBIIIE M MEHBIIE CKOPOCTH
COBOKYITHOTO XHMHUYECKOTO TMpeBpamieHus. CKOpOCTh XUMHUYECKOM
PEAKIIHH BBIPAKACTCS B MOJIB/(JI°C) MM MOJIB/(IM*C), HO MOXKET OBITH
BBIpa)KCHA U B JPYTUX CAUHUIAX.

Ecnm peareHThl HEpaBHOMEPHO pacmpeiesieHbl o 00beMy V, TO
peaKIusl MOXKET MPOTEKATh B Pa3HbIX TOUYKAX PEaKTOpa C pa3HOM CKO-
pocThIO. B 3THX cilyyasx Halo OTIMYaTh UCTHHHYIO CKOPOCTh peak-
MU B JaHHOM Mukpoooseme W(X, y, z) = dC(X, y, z)/dt oT cpenueit
CKOPOCTH

wzv-‘jd—cdv.
) dt

Ecnu cuctema 3aMKHyTa, HO €€ 00bEM U3MEHSETCS B XOJI€ peak-
U (peakiuio MPOBOJAT MPU MOCTOSTHHOM JaBJICHUH), TO KOHIICH-
Tpanus OyJeT M3MEHATHCS 3a CUET XMMHUUYECKOW pEeaKkIuu M M3MCHE-
HUS 00BbeMa CUcTeMbl. B 3TOM ciydae AJ1st ICXOHOTO BEIeCTBA

B Cc1oXHOM XMMWYECKOM pPEaKIMU, TJI€ YYaCTBYIOT AKTHUBHBIE
MIPOMEXXYTOUYHBIE TPOJAYKThI, CKOPOCTh PEAKIIMU HEJIb3sl BBIYUCIISTH
KaK CKOPOCTh U3MEHEHHUS KOHICHTPAIlUU TPOMEKYTOUHOTO MPOJTYKTA.

6.2. Kunemuueckas Kaaccuipukayusi XumMu4eckKux
peakyutl

BceneacTBrue orpoMHOro pazHooOpas3us XUMHUYECKUX PEaKIUi €]1-
Ba JIM BO3MOXXHA WX eauHas kiaccudukamus. JleneHue peakuuii Ha
TPYNITBI BO3MOXKHO C PA3JIMYHBIX TOYEK 3PCHMUSI.
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1. ITpocThie U CIIOKHBIC XUMHUYECKHUE PEAKITUH.
Ilpocman (3neMeHTapHas) peaxkyus COCTOUT W3 OJHOTHUITHBIX
AJIEMEHTAPHBIX aKTOB, HAPUMED:

(CsHs),CH-CH(C¢Hs), — 2(CgHs),CHe.

B npocToli XMMUYECKON pEakUUu pPEarcHTbl HEIMOCPEACTBEHHO
peBpamaloTcs B MPOAYKTH 0e3 00pa3oBaHUsl MPOMEKYTOUHBIX Yac-
tull. [Ipocras peakuusi mporekaer 0e3 y4dacTus Karajiu3aTopa M HE
TOPMO3UTCS UHTHOUTOPaMHU.

Cnoswcnaa (MHOTOCTAIMNHAS) peaKyusa COCTOUT U3 HECKOIbKUX
(uHOTMA OOJIBIIOrO0 YHMCJA) MPOCTBHIX pPEaKIUil — JIEMEHTAPHBIX CTa-
Ui, CBSI3AHHBIX JIPYT C IPYTOM Yepe3 peareHThl WM MPOayKThl. Yac-
TO TPOIYKT OAHOM CTaJAMM CIYKUT pPEareHTOM MJis IPYTUX CTaIuM,
SIBJISISICH TIPOMEKYTOYHBIM MPOAYKTOM. ECIM mpoMeXyTOYHBIN Tpo-
KT OY€Hb OBICTPO MOABEPTaeTCs MOCIEAYIONTUM MPEBPAIICHUSIM, TO
OH SIBJISICTCSl JIAOWJIBHBIM TPOMEXKYTOYHBIM MPOAYKTOM U OOBIYHO
IIPUCYTCTBYET B CUCTEME B BeChMa HH3KOW KBa3MpPaBHOBECHON KOH-
IIEHTPAaIIUH.

2. C TOYKM 3peHHUsI YUCIa YaCTHIl, BCTYMAIONINX B PEaKIUI0 U 00-
pa3yIOIMMXCs B PEaKIMU, IPOCThIC PEaKIMK JISTSATCS Ha MOHO-, OU- U
TPUMOJICKYJISIPHBIC PEAKITUH.

Monomonekynapuasa peakyus — NpocTas peaxiys, B dJIEMEHTap-
HOM aKTe KOTOPOM MpeBpaliacTcs ogHa yacTuiia (MoJeKyJsa, paauKkal,
WOH), HAIIpUMEP Aucconmanus nepokcuaa mo O — O-cpszu:

ROOR — RO+ + ROe.

bumonexynapnaa peakyus — npocrasi peakus, B KOTOPOH Ipe-
BpAILlAIOTCS IBE YaCTHUIIbI (MOJIEKYJIbI, paJUKalibl, HOHbI), HAIIPUMED:

C,Hs" + Br — C,H;Br.

Tpumonexkynapuas peakyus NIPOTEKAET ¢ Y4aCTUEM TPEX YACTULL
IpU UX OJHOBPEMEHHOM CTOJIKHOBEHHMH. MHOrnma OumMomnekynspHoe
IIpEBpALllCHUE IPOUCXOIUT C yYaCTUEM TpeThbeu yacTulbl. Hampumep,
pEeKOMOUHAIIMS aTOMOB B ra3e BCErja MPOTEKAET B TPOMHBIX CTOJIKHO-
BEHMSX, TaK KaK TOJBKO B 3TOM CJIy4dae JOCTUTAETCS CTAOMIM3ALMS
IBYXaTOMHOM MOJIEKYJbl MyTE€M MEpelauyd 3HEpruu peKOoMOWHAlUU
TPEThEN YACTULIE:

He+H+M — H,+ M.
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3. B 3aBUCMMOCTH OT TOT0, KaK MPOUCXOIUT Mepepacipe/iesieHue
AJIEKTPOHOB U XUMHUUYECKUX CBSI3€H B XUMHUYECKHUX PEAKIUAX, UX MOXK-
HO pa3feiuTh Ha OKHCIMTEIbHO-BOCCTAHOBUTEIbHBIC, TOMOJIUTHYE-
CKHE, T€TEPOJUTUUYECKUE U CHHXPOHHBIE.

OKucaumenvHo-60CCManOBUmMeEIbHAA PeaKyus — PEaKIus, B
KOTOPOM OJIMH PEarcHT (8occmanoeumesiv) TEPSAET, a APyrou (okuc-
Jiumens) IpUOOPETAET OJIUH WIH JIBA AJICKTPOHA, HAITPUMED:

Cr¥* + Co(NH;)s™" — Cr* + Co(NH,)e>",
Fe’ + HO* — Fe*"+ HO'.

I'omonumuueckumu Ha3bIBAIOT PEAKIINH, B KOTOPBHIX Pa3pbIB XHU-
MUYECKOU CBS3U COMPOBOXKIACTCS PA3beIMHECHUEM Maphl AJICKTPOHOB,
ee o0pa3yrolux, a BOBHUKHOBEHHE HOBOHM CBS3M MPOTEKAET KakK CO-
eAMHEHNEe IBYX (parMeHTOB, KaXKIbI M3 KOTOPBIX SBIISICTCS HOCHUTE-
JIEM OJIHOTO HECIAPEHHOTO 3JIEKTPOHA. B TOMOJUTUYECKUX PeaKIUsIX
BCETJIa YYaCTBYIOT WM OOpa3ylOTCs YaCTHUIIbI C HECIIAPEHHBIM JJICK-
TPOHOM: CBOOOJIHBIC paJMKaibl, HOH-PAAUKAIIbI, COJIbBATHPOBAHHBIN
AJIIEKTPOH.

I'emeponumuyeckumu Ha3bIBAIOT PEAKIIUU, B KOTOPBHIX pa3pbiB
CYIIECTBYIOIIUX M 00pa30BaHKME HOBBIX CBSI3EH MPOMCXOIUT C COXpa-
HEHHEM 2JICKTPOHHOM Mapbl (reTePOJIUTHUYECKH).

I'emeponuz (reTepoNMTUYECKUN pacriajl MOJEKYJ) MPOUCXOAUT
10 PEaKIIUU THIIA:

XY >X+Y wmA-H—> A +H".

4. XUMUYECKHE PEAKIIUM YaCTO OCYLIECCTBIISIOTCS MPU BO3JACHCT-
BUM TOTO WJIM UHOTO (PU3UUYECKOTO areHTa Ha XUMUYECKYIO0 CUCTEMY.

Tepmuueckasn peakuyusa TPOUCXOOUT TMPHU BO3JACUCTBUM TEILIA,
KOTJIa PEareHThl aKTUBUPYIOTCSI TOJBKO 32 CUET TEIIOBOTO JBUKCHUS
MoJieKy1. Peakuus npotekaer usomepmuiecku, €Ciid B TCUCHUE BCETO
onbiTa T = const, U Heuzsomepmuuecku, €CI TEMIEpPATypa MEHIETCS B
X0JIe TpoIiecca; MpU OTCYTCTBUM TEIJIOOTBOAA PEaKIUs HACT aoua-
bamuyecku.

domoxumuueckue peakyuu NPOTEKAIOT IIPU BO3ICHCTBUU CBETA
Ha XUMHUYECKYIO0 cucTeMy. CBET MOXKET BbI3BATH JUCCOIMALIMIO MOJIE-
KyJl Ha pagukayibl (TOMOJIUTUYECKHUE PEAKIINK), HOHU3ALIUI0 MOJICKYI
C MOCJIEAYIOIINM MPEBPALICHUEM UOHOB, HOH-PAUKAIIOB U ATOMOB C
MOJICKYJIaMH U JPYT C APYTOM.
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InekmpoxumuuecKue peakyuu NPOUCXOAAIT B 00bEME U Ha MO-
BEPXHOCTH JJIEKTPOJOB MPU MPOIYCKAHUHU YEpPEe3 CUCTEMY (pacTBOP
WM TBEPAYIO (aszy) AIEKTPUUYECKOro TOKaA.

Mexanoxumuyeckue peakyuu BO3HUKAIOT B TBEPJIOM Telie MPH
€ro MEXaHWYECKOM pa3pyIIeHUH, BKIIOYAIOT pachaj MOJIEKYJ] Ha
CBOOOJIHBIE PAJMKAIbl 1 HOHU3AIIUIO MOJICKY L.

5. XUMHUYECKHE PEAKIINH PA3INYaIoTCs 1Mo (Ha30BOMY COCTOSHUIO
pearupyronen CUCTEMBI.

I'omoghaznan peaxkuyusn tiporekaeT B omgHON (asze, romoda3HbIe
peaKIu IeNaTcs Ha eazoghasnvle (B ra3oBoit dase), scuoxogasmvie (B
KuUjakon (aze) u meepoogasuvie (B TBepJIoN Pasze, HO HE COMPOBOK-
Tal0TCs 00pa3oBaHUEM HOBOM (pa3bl).

I'emepogaznan peaxyus BO3HUKACT Ha TpaHUIIC pazjiesia JIBYX
da3 (ra3 — XUJIKOCTb, KMIAKOCTh — >KHUJKOCTb, a3 — TBEPJOE TEJO,
KUJIKOCTh — TBEPJIOE TEIIO, TBEPJIOE TEIO — TBEpPJOE Telo). I'erepo-
(ha3HBIMU SBIISIOTCS PEAKIIMU MPEBPAICHUS] TBEPJBIX T, COMPOBO-
XKIaronmecs o0pa3oBaHUEM HOBOU (pa3bl.

6. B 3aBHCMMOCTH OT TOTO, KAKME€ PEarcHThl BCTYIAIOT B PEaK-
IIUU, TIPOCTHIC PEAKIIUU JCIISIT HA MoaeKyaapHble (YIaCTBYIOT TOJIBKO
MOJICKYJIbI), padukaivHvle (IO KpallHeW Mepe, OAUH U3 PEarcHTOB —
aToM, CBOOOJHBIA pajMKal WM HOH-pAIUKall), UOHHble (OAUH WU
0oJiee MOHOB), peakyuu 8030yHcOeHHbIX MOAEKY (B POTOXUMUYECKUX
Ipoleccax), peakyuu CoNb8AMUPOBAHHO2O INEeKMPOHA, pPeaKkyuu ¢
yuacmuem KOMNJIEKCOS.

7. CioxHbIE peakuu MO Croco0y, KOTOPBIM MPOCThIE pEeaKLIUu
COWICHSIIOTCSL B CJIOXKHBIM XUMHUYECKHUI MPOIECC, MOXKHO Pa3JeIuTh
Ha oOpamumble (PAaBHOBECHBIE), napanieivHble (BKIIOYASl KOHKYPU-
pyowue), nocredosameibHvle, N0C1e008ameNlbHO-NaApalielbhble, HO-
credogamenibHvle ¢ 0OpamuUMbiMU CIMAOUSMU, CONPANHCEHHbIE U CAMO-
CONpsdHCEeHHble PEAKIIIH.

[To nuHMM KaTaIu3aTopa CIOXKHBIC PEAKIIUM MOKHO Pa3/iesIuTh Ha
Hekamanumuyeckue, xamanumudeckue (KaTaau3aTop Y4YacTBYET B
IpoIIeCCE C CaMOI0 Hayajla €ro NpOBEACHUS) U Ad8MOKAMAIUMUYECKUE
(katayi3aTop 00pa3yeTcsi B Ka4eCTBE KOHEUHOT'O WJIM IPOMEXYTOY-
HOT'O MPOJYKTA).

Oco00e MeCTO cpelid CIOXKHBIX PEaKIUil 3aHUMAIOT YyenHvle pe-
axKyuu, TPOXOAAIINE C yIaCTHEM aKTHBHBIX IMPOMEKYTOUYHBIX YACTHI]
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(aToMOB, CBOOOJHBIX PaAUKAIOB, BO30Y)KJACHHBIX MOJIEKYJ, HecTa-
OWJIBHBIX MOHOB) B IIMKJIMYECKUA TTOBTOPSIIONTUXCS CTAAUSIX, HATTPUMED
IETHasl peaKIys Xjaopa ¢ BOJOPOIOM.

C ToukM 3peHUs] y4acTHs MHTHOWTOpA CJIOXKHBIC PEaKIUU JEIIST
Ha HeuH2ubuposanHvie, uHeUOUposartsvle (MHTMOUTOP MPUCYTCTBYET B
HUCXOQHON CMECH), agmouneubuposanuvlie (AHTUOUTOP OOpaszyeTcs B
XOJ€ PEAKIIUM ).

8. Bo3aMOkHO JiefieHre peakiuil (MPOCThIX U CJIOXKHBIX) MO CKO-
POCTH MX MPOTEKAHUS Ha MedieHHble U Ovicmpble. CKOPOCTh OBICT-
pBIX (Oughy3uorHHO-KOHmMpOAUPYeMblX) PEAKIIUN 3aBUCUT OT CKOpPO-
CTH BCTpPEY YaCTHUI-PEarceHToB. MeIJICHHbIC PEaKIuu JTUMUTUPYIOTCS
XUMHAYECKUM B3aUMOJICHCTBHEM YacTHIl, KOTOPOE MPOTEKAeT 3HAYU-
TEJIbHO MeJICHHEee CKOpocTH AU Py3un (BCTPEUHN) PeareHTOB.

6.3. Dopmyauposka 3aKkoHa delicmausi Macc

Ecmu B 31€MEHTapHOM aKTe€ MPOCTOW PEAKIHUM YYACTBYIOT JIBE
gacTullbl (A+B—TpOAyKThl), TO YUCIO DJIEMEHTAPHBIX aKTOB OyJeT
PsIMO MPOMOPIUOHAIBHO YKUCITY BCTpey yacTuil A u B, a 310 uucio B
eAUHUIe O0beMa 3a E€IUHUIY BPEMEHU MPsIMO MPOMOPLIHOHAIBEHO
npousBenieHnio Cy-Cg. CreoBaTenbHO, 111 OMMOJICKYJISIPHOM peak-
unu A + B — npoaykter, W ~ C,Cs.

3aKoH Oelicmeus macc: CKOpoCms NPOCMON 20MO2EHHOU XUMU-
YecKoll peakyuu NpAMO NPONOPUUOHATbHA NPOU3EEOCHUN) KOH-
UeHmpayuil peazupyrouiux 6euiecme 6 CImeneHax, PagHvlX ux cme-
Xuomempuueckum KoIgppunuenmam.

Jlns peakiuu (npA + ngB — NpoayKThl) KWUHETUUECKOE ypaBHE-
HUE UMEET BUJL:

W =kC*C.® i W =kIIC",

rae I1— cumBon mpousBenenus; C;— KOHIEHTpalus i-r0 pearcHTa;
k — KOHCTaHTa CKOPOCTH PEAKIIUH.

3aKOH JEHUCTBUS MACC BBITIOJIHACTCS MPH OMPEAECICHHBIX YCIOBUSX:

1. XuMnueckass peakuusi MPOTEKAET TOJIBKO 3a CUET SHEPTUU TEM-
JIOBOTO JBWKEHUSI MOJEKYJ. ECIIM peakiyio BbI3bIBAIOT CBET, SJICKTPU-
YECKUM TOK WJIM IMPOHUKAIOIIEE W3IYYCHHE, TO 3aKOH JEHUCTBHUS Mace
BUJIOU3MEHSIETCSI, CKOPOCTh ITPEBPAILICHHS 3aBUCHUT HE TOIBKO OT Cyu, Cp
U T. 1., HO M OT XapaKTepa MoJABOJIMMOMN SHEPTUU U €€ KOJINYECTBA.
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2. llporekanne peakuuy HE HAPYLIAET PABHOBECHOE (MaKCBEILI-
O0JILIIMAaHOBCKOE) pacHpeeeHUe YHEPruyd IO CTEHEHSM CBOOO/IbI
pearupyrommnx 4acTull. ITO YCIOBUE BBINOIHAECTCS B TEX CIydasiX, KO-
I1a CKOpPOCTh NepeAauyu dHEpruu (MOCTyINaTelbHOM, BpalllaTeIbHOMH,
KOJIeOaTeJIbHOM) OT YACTHUIIbI K YaCTHUIIE MHOT'O OOJIbIIE CKOPOCTH XU-
MHYECKOIro TpeBpaiieHus. HapyiieHus 3Toro yciioBUsi OTpa)KaroTcs
Ha KMHETUKE peakunu. Hanmpumep, MOHOMOJIEKYISIpHAs peakius mpo-
TEKaeT MO 3aKOHY OMMOJIEKYJISIPHON peakiiu, €CJIM MPoIecC TUMUTH-
pyercs nepenavyen SHEPTUMm.

3. PeareHTbl paBHOMEPHO pacipeesieHbl 0 00bEMY pPEaKTopa.

4. I3MeHeHne KOHIIEHTPAIMKA PEareHTOB HE MEHSET CBOMCTB Cpe-
IbI M (PU3UYECKOTO COCTOSTHUSA YaCTHI] PEareHTOB. DTO YCIOBHE YaCTO
HapyIaeTcs sl KUAKO(Pa3HbIX PEaKIuil ¢ y4acTUEM MOHOB U MOJISIP-
HBIX MOJIEKYJ. M3MeHeHue KOHIIEHTpalluM peareHTa, AUCCOLUUPYIO-
IIEro Ha WOHBI, MOKET U3MEHUTh MOHHYIO cuiy U pH pactBopa, 4to
OTPA3UTCS HA CKOPOCTH PEaKIINH.

IHlopaook peaxkyuu 110 JAaHHOMY pearceHTy (YacTHBIA MOPSJIOK)
PaBEH MOKA3aTEN0 CTEIEHU, B KOTOPOW KOHIIEHTpAIlUsI peareéHTa BXO-
JTUT B KUHETUYECKOE YpaBHEHUE JIJIsI CKOPOCTH peakinu. Hampumep, B
peaKiuu, CKOPOCTh KOTOpOU W = kaA, MOPAZIOK peaKIu 0 pearcH-
Ty A paBeH nu. i1 npocToii peakiuu mopsioK 1Mo JaHHOMY peareHTy
PaBEH YMCJYy YAaCTHUI[ PEareHTa, YYacTBYIOIIUX B OJTHOM 3JIEMEHTap-
HOM aKT€, U COBNAJAET C MOJEKYJSIPHOCTBIO peakiuu. Tak, 1id peak-
nuu 2NO + Cl, — 2NOCI nopsinox peakuuu o Cl, paBen 1, a no
NO -2.

Oowuit nopadok peakyuu (n) paBeH CyMMe NOKa3aTelieu crene-
HEW KOHILIEHTPAIMi BCEX PEAreHTOB, KOTOPHIE BXOJSIT B KHHETUYECKOE
ypaBHEHUE JJIs CKOPOCTH PEaKIINU.

Eciu W =KkIIC™, To n=Xn;. Jlns npocToii peakiuu oouuii mopsi-
JIOK — 3TO YHCJIO BCEX YACTHUI], yYACTBYIOIIUX B OJTHOM 3JIEMEHTAPHOM
akrte. Jnsa peakmm 2NO + Cl, o0muii opsI0K peakiiny paBeH 3.

[Topsiiok peakiuu MMEET HECKOJBKO PA3JIMYHBbIE CMBICIBI IS
IPOCTBIX M CJHOXKHBIX peakuui. [lopsAmok mpocTo peakuuud paBeH
YUCITy YacTHll, YYACTBYIOIIMX B AJIEMEHTApPHOM aKT€; OH BCErja Io-
JIOKUTENIEH U LIEJIOYUCIICH. Ecnu clloKHas peakuus MpecTaBisieT co-
001 psiJl MOCIEAOBATENbHBIX CTAJUNA, U3 KOTOPBIX MEpBasi ONMpeAesieT
CKOPOCTh BCEIro MpoIecca, TO MOPSI0K CYMMapHOW peakiuu 0ObIYHO
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paBeH TMOPSAJKY ITON OMpeAesIoniel CKOpPOCTh cTaauu. B obmem
claydae TOPSJIOK CIOXHOM pPEaKIMU MOXKET OBITh IEIOYUCICHHBIM,
TpOOHBIM, MTIEPEMEHHBIM 1 AK€ OTPUIIATEIBHBIM (JIJISI aBTOKATAINTH-
YECKHUX M IEMHBIX aBTOMHUIIUMPOBAHHBIX TTPOIIECCOB).

6.4. Peakyuu pa3Au4HbiX NOPpsA0K08

Ckopocmb peakuyuu nepeoz2o nopaoka A — 7. NpsiMO TPOIOP-
IIMOHAJIbHA KOHIICHTPAIlUU pearcHTa:

_4C, 4G e
dt  dt

Kunernueckue kpusbie nuameHeHusi C, u C; onucoiBator Gopmy-
JaMu

Cp=C Aoe_kt i In Ca=In C,, — kt,

C
k=lm—o
t C,

pa3MepHOCTb KOHCTAHTHI — [BpeMsT ]
—kt
Cz=CzetCao(l-€ ),

rae Co=Cuo u Cz=Cy, pu t=0.

[lepuon nonynpeBpatieHus 1, = In2/k = 0,69/k, 1. e. He 3aBucur
OT MCXOJHOM KOHIICHTpAIIMH PEareHTa M SBISETCS XapaKTePHCTUKOM
PEeaKIIUy IIEPBOTO MOPSIKA.

JUist  oumonekynapuoiu  peakuyuu  6mopozo  NOPAOKaA

A + B —f—> Z , ecu cXoqHblE KOHIIEHTPAIUH PEaTeHTOB PABHEL,
C A:CB:

dc, dc, dc, ., . 1 .
B B
Pa3MEpHOCTD — [KOHIEHTpaLust -BpeMs |
1201041 CA:CB:CA0(1+2CAOkt)_1, €ClIn t:O, CA:CAoa CB:CBO n CZ:CZO-
Ckopoctb peakiuu W A=Wp=W,=k(C? = kC? Aao(112C Aokt)_z.

[Tepuon nmonaynpeBpaiieHus T,,=1/2Cx.k, T. €. TeM MeHbIIE, YeM
ooibIre Cy,.
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Ckopocmb Xumuueckol peakyuu Hyj1e8020 Nopsoka HE 3aBUCUT
OT KOHIICHTPAIMK PEarupyroiux BEMIECTB (PEaKIMKi Ha TPaHUIIE pa3-
nena ¢as, TMMUTHPYIOIINUM SIBJIsieTCA npornece 1uddy3un):

_%: kC; wm —dc = k dt.

HNuterpupyem, nonydaem: —C = kt + const.
ITpu t = 0 — const = —C,,. [Tonyuaem: —C = kt — Cy;
k=(Cy—C) /t=x/t,
Pa3sMEPHOCTD — [KOHIICHTPALIUS BpeMs ' |.
ITepuoxa monypacnana: t;, = Coy /2k.

Buvisedem obwee svipasicenue koHcmanmol cKopocmu OJisl peak-
Yuu n-20 NopsoKa

Al+A+ . A AT AL L HAL
Ecnu ycnoBusMHU peakiuu SIBJISIIOTCS MOCTOSSHCTBO 00beMa CHC-
TEMBI /' M1 PaBEHCTBO YMCJIA MOJIEN KaXJOTO YYACTHUKA PEAKIIUU B

UCXOJHBI MOMEHT, TO AU PepeHInAIbHOE YPABHEHUE CKOPOCTH 3a-
MUIIETCS TaK:

dx
—=k(a—x)", 1
" fa-x) (1
IJI€ X — CTENEHb NPEBPAICHUS, @ — HAYaJIbHAs KOHIICHTPALIU,
k‘
k= 2)

Kak BuHO U3 BhIpakeHus (2), k 3aBucut ot oOiiero oorema V.
Tak xak 00BeM HAcaNbHOrO rasa mo 3akoHy boiins — Mapuotra
IpU TMOCTOSIHHOM TemIiepaType oOpaTHO MPONMOPLUOHATEH JaBJie-
HUIO0, TO

k _ pn—l

Cornacho (2) a1 peakiuii IepBoro nopsijika KoJu4ecTBO pearu-
PYIOIIIETO B €AWHHILY BPEMEHM BEIIECTBAa HE 3aBUCUT OT OOIIEro
JABJICHUS, 111 OMMOJICKYJISIPHBIX PEAKIMi — MPSMO MPOTOPIIMOHAIb-
HO 00IeMy AaBJICHHIO, a I TPHUMOJCKYJSIPHBIX — MPSIMO IPOIIOP-
IIMOHAJIFHO KBaJIpaTy OOIIEro JaBICHUS U T. .
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Paznensas nepemennsie u unterpupys (1) B npeaenax ot 0 g0 ¢
U COOTBETCTBEHHO OT O 10 X

T & _ jkdt, (3)

o(@—x)" 3

MOy UM

_l 1 a}’l—l _ (a _ x)n—l

k I )
tn=1 a" (a—x)"

4)

[loncraBnsis x = a/2 u t = 7 (rAe T UMEET CMBICJI BPEMEHU IO-
Jaypacrazia), HaXOdUM:

R 1_:1 5)

kn-1 q"
T. e. Bpems nostypacnaga oOpaTHO MPOMOPIUOHATBLHO KOJIUYECT-
BY HUCXOJHOI'O BCIICCTBA, B3ATOMY B CTCIICHH, HAa CANMHHUIY MCHb-
ek, 4eM IOPSAIOK peakImuu. DTa 3aBUCHMOCTh MOXET OBITH I10-
JIO’)KCHAa B OCHOBY MCTOHA ONPCACICHUA IMOPAIKA PCAKIIUU. TaK, J0-

rapumupys (5), nosyunm

2
k(n-1)

lgt=1Ig —(n-1lga. (6)

B xoopnunarax 1g T — lga 310 ypaBHEeHHE BBIpa)KaeTcsl MPSIMOi,

MpEe/ICTaBJICHHON Ha pHucC. 6.1.

g7

N

2™y
g k(7-1)

Puc. 6.1. 3asucumocmo Ig 7— Iga

tg o =n-1
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6.5. Memodul onpedesieHUus1 nopsidka peakyuu

1. Ilopsaook peakuyuu ny no 0anHomy peazenmy A MOXKHO OIIpe-
JIeJNTh, B35IB OCTaJIbHBIC PEareHThl B TAKOM HM30BITKE, YTO UX W3MCHE-
HHEM B X0JI€ OIbITa MOXXHO TIPEHEOpEYb.

B stom ciyuae

W=k'C}*,
k'=v,kCpr .

YToObl HANTH OOIIUI MOPSAJIOK PEaKIMU N = n, + ng, EIECO00-
Pa3HO B3SITh PEareHThl B CTEXUOMETPUYECKOM COOTHOIIICHUH.
Ecnu ctexuoMeTpruyeckoe ypaBHEHUE PEAKIIMU UMEET BU]T

VAA + vgB — mpoaykThl,

a KHHETUYECKOE ypaBHEHHUE — NpA + ngB — npoaykThl,
TO TIPH

CAO/CBO = WA/WBa
W, = kVACZA ﬁ)nB =k'C,,
Va

k’ :WA(WB/WA) s k.

2. Onpeodenenue (n) no KUHEMUUECKOU KPUBOU pPACX0008aHUSA
ucxoonozo eewgecmea (memoo Ilaysnna).
B o0miem ciryuae

—dCA/dt =k’ CHA,

rac k'= kVACBO.

[II1poKO HUCMONB3YIOT TAKOW MNpHUEM: MO SKCIHEPUMEHTAIbHBIM
JAHHBIM CTPOSIT 3aBUCUMOCTh B KoopauHatax f(x)— t, rae Bux f(x)
COOTBETCTBYET KOHKpPETHOMY (n).

Hanpumep, mist n=1 nomkHA BBINOJHITHCSA JUHEWHAs 3aBHCH-
MOCTb B KOOpJAHMHATax lg X—t s n=2—-B KOOpAuHaTax )(1 —tu
T. 1. JlJI1 HafeXHOTro OmpeAesieHUus MOpsAJIKa PEakiuu HEeOO0XOIUMO
BECTH PEaKIIUIO Ha JOCTATOUYHYIO INTYOUHY (CM. puc. 6.2).
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(CAO_CA) In (CAO_CA)
tga =K

tgo =k

o o

t
HYJIEBOU MOPSAIO0K IIEPBBIN NOPSIOK
1lc,

tga =k

e

BTOPOM MOPSAIOK

Puc. 6.2. U3menenue konyenmpayuu 60 epemeHu
OJ151 peaxkyull paziuyHvix nopsioKo8

3. Ilo epemenu npespawienus na 1/p uacme.
Bpems mpespalieHus Bemiectsa Ha 1/p wacte tj, OZHO3HAYHO
cBs3ano ¢ C, u n:
eciun =1, 1o
t1p=2,3k 1g [p/(p-D];
eciun+ 1, 1o

n—1
t,,= (Lj —1|C K (n-1).
p—1

4. Ecnu nposecmu ceputo onvimoe ¢ pasnvimu C,, mo nopaook
peaxkyuu Haxooam u3 zpaguxa (memoo Hoiica u Ocmeanvoa):

t C
lg—"=(n-1)lg—>.
g ( )gC

1/p o

MO’XHO UCHOJIL30BaTh U OJIVH OIIbIT, U3MCPHUB CO IIpHU pa3HbIX t:

by _[pAp=DI"' —1
tg [q/(q_l)]nil -1
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5. Ilo 3a6ucumocmu HauaIbHOU CKOPOCMU PEaKyUU OM UCXO00-
HOUl KOHUeHmMpPauUuu peazenma.

HauanpHas ckKopocTh peakuuu mpsiMo mnpornopiroHanbHa C,.
[IpoBensi cepuio OMBITOB C Pa3HBIMU HCXOJHBIMU KOHIEHTpALUSIMU
peareHTa, CTpoAT Jorapumudeckyro anHamopgo3sy:

lg W, = const + n Ig Cy,,
3aTeM I10 HaKJIOHY IPSIMOM HaXOMST IMOPSIIOK PEaKIIMH
n = Alg W/lg C,.

JIJIsi HaJle’)KHOTO OMpEACNICHHs] MOpsAIKa PEaKIuu HEOoOXOAUMO
MeHsATh C, B JOCTAaTOYHO IHMPOKOM Auamna3zone. Hampumep, ecnu
MIPOBEJICHBI JIBA OMBITA, B KOTOPHIX KOHIICHTPAIIMU peareHTa oTjnya-
I0TCS B JIBa pa3a, a omubKa B U3MEPEHUU CKOPOCTHU cocTaBisieT S5 %,
TO CpeliHss olKOKa B onpeiesieHnH n paBHa 22 %.

6. Ilo 3a6ucumocmu usMeHAIOWENCA 60 6PEMEHU CKOPOCHU pe-
akuyuu om KoHyenmpauuu peazenma (Mmeron Bant-I'odpda).

B mporiecce peaknuu pacxoayeTcs peareHT U yMEHbIIAeTCs CKO-
POCTh pEaKIuu, MPUYEM CKOPOCTb PEAKIIUU B TaHHBIM MOMEHT W, 0]1-
HO3HAYHO CBs3aHa ¢ KOHIeHTparuel Bemectsa Cy:

lg W, = const+n Ig C..
Jlis HaXOXKACHUS TOpSJIKAa PEaKlUy OIMpPEAeNaiOT B pas3InyHbIC

MOMEHTBI BPEMEHU CKOPOCTh peakiuuu W 1 KOHIEHTPALUIO PEAreHTa
C; 1, TOCTpOUB JlorapuPpMuuecKyro aHaMopho3y, HaxosT (n).

6.6. KoHcmanma ckopocmu
XuMu4ecKoll peakyuu

CornacHo 3aKOHY JIEWCTBUSI MAacC CKOPOCTh IMPOCTOM peakuuu
paBHa

W =kTIT,CP".

Koncmanma ckopocmu peakuuu (k) — xodpduuneHT mponop-
IIAOHAJIBHOCTH MEXAY CKOPOCTbIO XMMHUYECKON pEeakiui U MpOou3Be-
JICHUEM KOHIIEHTPAIMK pearupyrommx BemecTs. Koncranra ckopoctu
YUCJIEHHO paBHA CKOPOCTH XMMHYECKOW pEaKIMM, KOrja KOHLUECHTpa-
IIMU BceX peareHToB paBHbI equHuiie: W =k pu C, = Cg = 1.
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Ecnu peakuust A ¢ B mo cBoeMy MexaHU3My ciioXHas (B HEH y4da-
CTBYIOT aKTHUBHBIEC IMPOMEXKYTOUHBIE MTPOAYKTHI, KaTAIU3aTOpP U T. 1I.),
noguunsercs ypaBHenuto W =k[1; C", To k Ha3pBawoT aghpexmusnoii
koHcmanmot ckopocmu peaxyuu, ITUPAC pekoMmeHayeT Ha3bIBaTh k B
3TOM CIIy4ae Koaguyuenmom cKopocmu peaxyuu.

YacTo peakuui0 MPOBOJIAT B YCJIOBHUSX, KOTJa KOHLIEHTPALUU
BCEX PEAreHTOB, KPOME OJHOTO, B3SIThl B M30BITKE M B XOJI€ OIbITa
MIPaKTUYECKU HE MEHAIOTCA. B 3TOM ciydae

W= kCAC =k C

Habn

a K0dPPUIMEHT K,.6, = kC,» Ha3pIBaIOT 3¢hhexmusnoi, UM HaAOIIO-

Odaemoti, koncmarmot ckopocmu peakyuu ipu Cg>>C,.

st ciyyast ny=1 Takoit kKo>(PUIMEHT YacTo Ha3bIBAIOT KOA(-
(UIIMEHTOM CKOPOCTH PEAKLMM TCeBAONEpBOro mnopsijaka. Koncranra
CKOpPOCTH PEaKIIUU MOPSIKA N UMEET Pa3MEPHOCTH:
(BpeMH)_l‘(KOHHGHTpaHI/IH)_(n_l). YHucieHHoe 3HAYCHUE 3aBUCUT OT
SMHUII, BEIOPAHHBIX JJIsI K3MEPEHHsI BpEMEHU U KOHIICHTPAITUH.

CyliiecTByeT psji METOJIOB BBIUMCICHUS KOHCTAHTBI CKOPOCTH
XMMHUYECKOU PEAKIINH.

Ilo kunemuueckou kpueoi. Eciv n=1, To k=t"In 10-1g (Cpo/Cp).
Ecnu cyMMmapHBIi TTOPSJIOK PEAKIIMU — N, a MOPSA0K PEaKIUM IO JaH-
HOMY KOMIIOHEHTY paBe€H | M Bce peareHThbl, Kpome A, B3STHl B U3-
OBITKE, TO

k=In101g(C,,/C /]| Cs.
i=2
Jlist peakiuu A + B — mpoaykTel k HaxXoasT U3 ypaBHEHUS

L __ Inl0 @CA_%CM
t(CAo _CBo) CB CBo

Ilo nepuoody nonynpespauienusa. llepron nonynpeBpamieHus OJ1-
HO3HAYHO CBSI3aH C KOHCTAHTOM CKOPOCTH M MCXOJIHOM KOHIIEHTPAL-
el peareHTa, 4To Mo3BOJIsIeT BEIYUCIUTD k. Tak, 11 peakiiuu nepBoro
nopsiaka k=In 2/1,,, 17151 peakiuu BTOpOro nopsiaka k=C07111 n UT. 1.

Ilo nauanvnoii cxkopocmu peaxuyuu. 110CKOJbKY B HayaJIbHBIN
MOMEHT BPEMEHHU PACXOJ0OBAHUE PEATCHTOB HE3HAYNUTEIBHO, TO
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n.
— l n.
W=kIC" uk=w/TIC" .
l i o
Ilo uzmenenur ckopocmu peakyuu 60 epemenu. VIsmMmepuB KOH-

LEHTpaluu peareHToB B MOMEHT BpemeHu t' ut (C' u C''), MOXKHO
BBIYUCIIUTH CPEIHIOI0 CKOPOCTh PeakIuy U HaiTu k, mpu v=1 umeem

- C-C" = 1 . il

W:T’ C:E(C-FC ), k=w/C .

-t

6.7. YpasHeHue AppeHuyca. IHep2usi akmusayuu

[IpeBpaliieHre UCXOAHBIX YACTHUIl B MTPOAYKTHI PEAKIIMH, KaK Ipa-
BUJIO, CBSI3aHO C MPEOJIOJICHUEM MOTEHIIMAILHOTO Oapbepa, KOTOPHIH
HA3bIBAIOT JHepzuell akmusayuu xumuueckou peaxkyuu (E).

Hanuune moTeHnunanpHOro 6aphepa 00yCIOBICHO TEM, YTO KaxK-
nasi yactuia (MojeKyJa, paadKall, MOH) — SHEpreTUYecku 0oJiee WUIu
MEHee ycTolunBoe oOpazoBaHue. llepecTpoiika pearupyronmx yac-
TUIl TpeOyeT pa3pbiBa WM OCIA0JICHUS OTACIbHBIX XUMUUYECKUX CBS-
3eM, Ha YTO HEOOXOAUMO 3aTPATUTh YHEPTHIO. [{0JIs1 YacTHIl ¢ SHEPTrH-
eit Gonpire E paBHa ¢ "' (3akon BonsiMana). B xummdeckoM mpe-
BpAIllCHUU YYacCTBYIOT TOJBKO TaKHE€ YaCTUIIbI, SHEPTUs KOTOPHIX
Gonbure E, 109TOMy KOHCTAaHTa CKOPOCTH peakuuu k~e = . BriepBble
3aBucuMOCTb k oT T BeiBemena C. A. AppeHHYCOM U3 IKCIEPUMECH-
TaJbHBIX JaHHBIX. OHA UMEeT BUJ

k=Ae ™™, wm Igk = lgA—il.
23R T

B a1y dopmyny BXOIAT ABa mapamMerpa: SHEprusi aktupaiuu E u
MPEIPKCIOHEHIIMATBHBIA MHOXKUTENb (IPEIPKCIIOHEHTA) A. DHeprus
aKTUBAIlMM €CTh TOT MHUHUMAJbHBIA M30BITOK SHEPIUH, KOTOPHIM
JOJKHA 00J1a/1aTh YacTula (WK Mapa pearupyromux 4acThll), YTOObI
BCTYIINTh B XMMHUYECKYIO PEaKIIMI0. DKCIIOHEHTa € = MpEeICTABIIAET
coOOM JT0JIF0 aKTUBHBIX YaCTHI[ WU aKTUBHBIX CTOJIKHOBEHHUM YaCTHII,
OPUBOASAIINX K peakuuu. [lpedsxcnonenmy A MOXHO paccCMaTpUBaTh
KaK KOHCTaHTY CKOPOCTH, C KOTOPOM PEarupyroT aKTUBHBIE YAaCTULBI.
Kaxk nerpynno Bunetb, k= Anpu E=0uk - Anpu T — .
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3akoH AppeHuyca MOKHO BBIBECTH TEOPETHUYECKUA U3 TEPMOJMHA-
MUKH XMMHAYECKOT0 PAaBHOBECHSI IPU CIICTYIOIINX ITPEATOIOKEHUIX

1) mpeBpamieHr0 MOJIEKYJIbl A B MPOAYKTHI MPEALIECTBYET €€ Iie-
PEX0J1 B aKTUBHYIO MOIU(PUKAIINIO, UTO TpeOyeT 3aTpaThl sHeprun E;

2) 9Ta aKTUBHAS MOAM(UKALIHASI MONEKYT A, oOpa3zyercs mo o0-
patumomy mporeccy: A < A,

Kaer = [Alar/ [A]; THE Koy — KOHCTAHTA paBHOBECHS;

3) KOHIEHTpaIus aKTUBHOW MoAW(UKAIMU MOJEKyJl A OYeHb
Majia, TaK 4TO X 00pa30BaHHE MPAKTUYECKH HE MEHSIET KOHIICHTpa-
A0 UCXOJHBIX MOJIEKYII, MO3TOMY A, = Ky [A];

4) akTHBHAs MOAU(DHUKAIUS MpeBpaIiaeTcs B KOHSYHBIN ITPOTYKT
CO CKOPOCTBIO, HE 3aBUCSIICH OT TEMIEPATYpPHI, T. €. KOHCTAHTa CKO-
POCTHU XUMUYECKOU peakiuu

k = const[A ] = const-K,[A];

MOCKOJIbKY, corjiacHO TepmoanHamuke, dInK,./dT =+ E/RT?,
dInk/dT = d InK,/dT = E/RT? , womn

Ink = — (E/RT) + const.

ITomoxxuB const = InA, rme A — IOCTOSIHHAs, HE 3aBHCSIAs OT
TeMIepaTyphbl, UMEEM

Ink = InA — (E/RT), wm k = Ae ™},

M3 3TOr0 BRIBOJA SICHBI YCIOBUS, IPH KOTOPBIX MPOCTas XUMHUYE-
CKasl peakuus CIEeAyeT 3aKOHy AppeHuyca. Bo-mepBbiX, akTuBaIus
MOJIEKYJI IIPOUCXOIUT TOJIBKO 3a CYET TEIUIOBOU dHepruu. Ecim mone-
KyJbl BO30YXAAIOTCS CBETOM, 3apSKEHHBIMM YACTULIAMH W T. 1., TO
3aKOH AppEHNyCa MOKET HE BBINOIHATHCS. BO-BTOPBIX, MPOTEKAHUE
pEaKIUK HE JOJDKHO HApyLIaTh PAaBHOBECHOT'O PACHPEACIICHUS DHEP-
T'MH 110 CTENEHSM CBOOOIbI pEarupyromux yacTul (ycaoBue 2).

3aBUCUMOCTbh CKOPOCTH PEAKIIMU OT TEMIIEPAaTypbl MHOT1a BbIpa-
XKAIOT 4epe3 TemrepaTypHbid koddduiment. TemnepaTypHbiii K03¢-
¢unmeHT o(T) MoKa3pIBaET, BO CKOJIBKO Pa3 YBEIMYUBAETCA CKOPOCTh
XUMHAYECKOM PEAaKUMU IPH yBennueHnn temneparypsl Ha 10 K:

_wW(T+10)
owW(T)
E=0,1T(T+10) RIna(T).

JIJIs1 HEKOTOPBIX JIEMEHTAPHBIX PEAKIINMA, TAKUX KaK peKoMOUHa-
1Sl aTOMOB, PaJuKaioB U HOHOB, E= ().
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6.8. C/100icHbIE peaKyuu

CrnoxHble peakIuu ACNSITCS Ha oOpaTUMble (paBHOBECHHIE), Ma-
pajuienbHbIe (BKIIIOYAs KOHKYPEHTHBIE), MOCJIEA0BATEIbHbIE, MOCIE-
JOBaTEIbHO-NIapaJUIEIbHBIE, MOCIE0BaTEebHbIE C OOpAaTUMBIMU CTa-
JTUSAMU, CONPSKEHHBbIE W caMocompsbkeHHble. [lo nmHUM KaTanusa
CJIO’KHBIC PEAKIUU JICJISITCA HA KaTATUTUYECKUE U HEKATATUTUYECKUE.
Oco000€e MeCcTO 3aHUMAIOT IIEMTHBIE PEAKIIUH.

6.8.1. O6paTuMbie (paBHOBECHbIE) peaKI U

OOGpaTumas peakiysi IpOTEKAET KaK B MPSIMOM, TaK U B 00OpaTHOM
HaNpaBJICHUU:
k
npA + ngB == n.C + n4D.
ko
Yepes HEKOTOPOE BpEMS B 3aMKHYTOW CHCTEME yCTAHABIMBAECTCS
PAaBHOBECUE MEXJYy HCXOJHBIMU BEIIECTBAMH M MPOAYKTaMH pEak-
uu. [IpsiMast u oOpaTHas peakiuu UAYT C PABHOW CKOPOCTHIO.
Ecnunay =ng=n.=ny= 1, To Ipu paBHOBECHUH:

W1 = kch CB = W_1 =k -1CC CD.

Koncranrta paBHoBecus: K =k /k | = Cc Cp/ Cy Cg.

XapakTepuCTUKH 00paTUMOMN peaKIui: KHHETUUECKOE YPaBHEHHE
U KOHCTaHThI CKOPOCTH MPSIMOM M OOpaTHON peakIuu; HCXOJIHBIE
KoHreHTpauun peareHToB (Cp=a, Cg=Db, U T.d.); paBHOBECHBIC
KOHIIEHTpaluK pearupyromux BemectB Cp = a,, Cg = b, U T. 1.; KOH-
ctaHTa paBHOBecuss K, OHrampnms paBHOBECHOIO  IIporiecca
AH = RT*dInK/dT, AH = E, - E ; sHeprusi I'mdoca AG =—-RTInK,

SHTpoONUs paBHOBecHs AS°.

6.8.2. [lapa/uienbHBIE peaKUU

B mapannenbHbIX peakiusx HUCXOJHOE BEIIECTBO IMPEBPAIACTCS
OJIHOBPEMEHHO B HECKOJIBKO MPOAYKTOB:

kin;
— » X — 3 X
A— k2n2 WiIn A+tB—
L L = Y
a 0
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ITpu u30bITKE peareHTa B cxema (6) OyAeT MOTYUHATHCA KMHETH-
YECKUM YPAaBHEHUSIM CXEMBI ().

6.8.3. KoHKypupymouue peakuuu

B KOHKypHUpYIOIIMX peaklMsIX OJHO BEIIECTBO pEearupyer napai-
JeJIBHO C HECKOJIBKUMU peareHTaMu, KOTOpble TAKUM 00pa3oM KOHKY-
PUPYIOT APYT C ApyroM. Takue peakiuu MHUPOKO UCTIOIB3YIOTCS IS

VM3MEPEHUS OTHOIICHUM KOHCTAHT CKOPOCTH PEAKIIUN.

I. A%X; A+BL>Y.

2. A+BLX;A+CL>Y.

6.8.4. IlocneaoBaTe/ibHbIE pEeAKIIUUA

B mocnenoBatenbHbIX peaKMsAX MPOAYKT OJTHOM PEaKIMU BCTY-

MaeT B CJICAYIOLIYIO PEAKIIUIO U T. .

A—K > X K >Y (puc. 6.3)

—dCA/dt =kCy, Cp = Cpoe ™", dCx/dt = k,C, — k,Cx,

X_kz k(_‘ e ).

C
A Y

X

0 t

Puc. 6.3. Kunemuueckue Kpusvie npooyKkmos
8 npocmoti nociredosamenvhou peakyuu A—X—Y

6.8.5. KBasucTranuoHapHbie KOHIEHTPalLuU

[IIupoko pacmpocTpaHEHBbI PEaKIMH, B KOTOPBIX 00pa3yroTcs U
pearupyroT aKTUBHBIC TPOMEXKYTOUHBIE YACTHUIIBI: aTOMBI, CBOOOIHBIE
paavKaibl, JaOWUJIbHBIE KOMILIEKCHI, XMMUYECKH AKTUBHBIC HOHBI U
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MOHBI-paUKaJIbl. JTHU YaCTUIIbl HACTOJIbKO aKTMBHO BCTYIAIOT B pe-
aKIMIO, YTO B CHUCTEME OYEHb OBICTPO YCTAHABJIMBACTCS JUHAMUYE-
CKoe paBHOBecue. HaunHasi ¢ HEKOTOPOro BpEMEHU — BPEMEHU yCTa-
HOBJICHUS JMHAMUYECKOTO0 PABHOBECHS — KOHIUEHTpAlUs TaKUX aK-
THUBHBIX YaCTHI] KBa3UCTAIlMOHAPHA, T. €. OYCHb OJIN3Ka K KOHIIEHTpa-
IIMH, KOTOpas ONpeJesieTcss PaBEHCTBOM CKOPOCTEl oOpa3oBaHUs U
Pacx0/I0BaHUS ITUX YACTHII.

6.8.6. ConpsioKkeHHbIE peaKIuu

XuMHUYecKasi HHIYKIHS — SBJICHUE, KOT/Ia OJIHA XMMHUYEcKas pe-
aKIMs BbI3BIBACT (MHIYIUPYET) MPOTEKaHUE B CUCTEME APYrOol XHUMHU-
YECKOW peakiMu, HE OCYIIECTBUMOW B OTCYTCTBUE MEPBOM. JIBE peak-
IIMW, U3 KOTOPHIX OJHA WHAYLIHUPYET MPOTEKAHUE IPYroi, Ha3bIBAIOT
conpsoicenHvimu. IIpuMepoM CONPSKEHHONW PEaKIIMM MOXKET CITYKHUTh
COBMECTHOE OKHUCJICHHUE MOJEKYJAPHBIM KHUCIOPOJIOM CYIb(PUT- U ap-
ceHUT-UOHOB. Cylb(UT-UOH B BOJHOM PACTBOPE OKHUCISAETCS KHUCIIO-
POJIOM; apCEHUT-UOH HE oKucisaeTcs. OHaKo eClIu B BOJJHOM pacTBO-
pe TPUCYTCTBYIOT U CYJb(HUT- U aPCEHUT-UOHBI, TO MPOUCXOIUT UX
COBMECTHOE OKHUCJICHHUE, T. €. OKHCIICHHE CYJIb(UT-HOHA UHIYIIUPYET
OKHCJIEHHE apCEHUT-NOHA.

BemecTBo, KOTOpOE, pearupysi C OJJHUM U3 MCXOJHBIX BEIIECTB,
MHAYLUPYET MpeBpallleHue Apyroro, Ha3piBaroT undykmopom (I); uc-
XOJIHOE€ BEIIECTBO, CAMOIIPOU3BOJIBLHO PEATHPYIOIIEE C UHIYKTOPOM, —
akmopom (A), a BelleCTBO, BCTYMNAIOIIEE B PEAKIIUIO C aKTOPOM TOJIb-
KO B IIPUCYTCTBUHU UHAYKTOpA, — akyenmopom (C).

B mpuBeneHHOM mpuMepe 3TH POJId PACHPEACNAIOTCS CIEeaylo-
UM 00pa3om:

O,(axtop) + 2SO5> (uHIyKTOP) — 250,47,
O(axtop) + 2As05” (akuerrop) — 2AsO4” .

[IprurHa XMMUYECKOW MHAYKIMU — BOZHUKHOBEHHUE B IPOLIECCE
PEAKIIMM AKTUBHBIX YACTHUIl, KOTOPbIE B3aUMOJICMCTBYIOT KaK C HH-
JTYKTOPOM, TaK U C aKLENTOPOM, BBI3bIBASI PACXOIOBAHUE TTOCIIEIHETO.
TakuMu aKTUBHBIMU NPOMEXYTOUHBIMU MPOAYKTAMH MOTYT OBIThH
CBOOOJIHBIE PaJNKaJIbI, IPOMEKYTOUHbIC OKUCIICHHBIC (DOPMBI MOHOB,
1a0WIbHBIE KOMIUIEKCH U T. JI. B MpUBEICHHOM IpUMEpPE B KaueCTBE
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TaKOTO aKTHBHOTO MPOMEXKYTOYHOI'O MPOJIYKTa BBICTYIIA€T HOH-
paauKan:

SO32_ + nou-okucnureiabr — SOz ; SO; + O, — SO5 ;
SOs + SO;* — SO, + SO,~; SO, + SO — SO,” +S0;;
SO5 + AsO;”” — SO, + AsO,”>".

[Tocnenuss peakius U 00yCI0BINBACT HHIYKITHIO.

Peaknus 2CO + O, — 2CO; uaet TOAbKO MPHU JOCTATOYHO BBHICO-
KuX Temreparypax. B cucreme, rae nporekaer peakuus 2H, + O,—
2H,0, oxucnsercsa u CO. 3aech O, — aktop; H, — nuaaykrop; CO — ak-
nentop. MHaykiusa o0yciaoBiaeHa 00pa3oBaHUEM pajiKalia TUIPOKCH-
Jla B LIEMHOM PEaKu OKHUCIEHUST BOAOPOoaAa, KOTopbid okucisieT CO:

HOe+ + CO — CO, + He.

KosmmuecTBEHHON MEPOW XWMHYECKOW WHAYKLIHUH CIIYXKUAT (hakx-
mop unoykuyuu (D), mpeACTaBIAIOMNA COO0M OTHOIIIEHHE CKOPOCTH
pPacXOZOBaHMs akLenTopa K CKOPOCTHM pPAacXOJOBaHUs HMHAYKTOpA:
CD:WA/ WI.

6.8.7. llenHble peaKuuu

Otkpertel B 1913 r. M. boaenmreitnoMm. Ilocienyromiee OTKpPbI-
tie H. H. CeMeHOBBIM pa3BETBICHHBIX IEMHBIX peakiuid (1926—
1927 rr.) Ob110 0TMeueHo HobOeneBckoi mpemueit B 1956 r. (coBme-
ctHO ¢ C. XuH1enbBy0M). BaxkHoe MeCcTO B 3TOM XMMHHU 3aHUMAIOT
pa3HoOOpa3Hble IIEMHbIE paJukaibHble peakiuuu. CB0OOIHO-pa-
JTUKAJIbHBIE PEaKIMU WUrpaloT Ba)KHYIO POJIb B TaKUX TEXHOJOTHYE-
CKHX TIpolleccax, KaK MOJydYeHHE MOJIUMEPOB, COMTOJTMMEPOB U OJIUTO-
MEpOB, KPEKUHT, OKUCIIEHHE U XJIOPUPOBAHUE YIIIEBOA0POaA0B. OKuC-
JUTENbHBIE TIPOLIECCHI MPUBOJAT K CTAPEHUIO MOJIUMEPOB. Pagukab-
HBIE TIPOLIECCHI MTPOTEKAIOT B )KUBOM OPTaHHU3ME.

6.8.7.1. Hepazeemeiennvle yenHuvle peakyuu

[lermnass peakiusi COCTOUT, KaK MPaBUIIO, W3 OOJIBIIOTO YHCIIA
JIEMEHTAPHBIX CTaJUi. DTU CTaIWH, B 3aBUCUMOCTH OT UX POJH U
MeCTa B COBOKYITHOM IIEITHOM IMpoIlecce, AT Ha CTaIuu 3aporcoe-
HUSL, NPOOOJIdICEHUs U 00pblEa yenell.
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3apoorcoenue yenu. JIJig OCyIIECTBICHHS LIEMHOTO MpoIecca He-
00XO0JMMO HEMPEPHIBHOE TE€HEPUPOBAHUE B CHUCTEME CBOOOIHBIX pa-
JUKAJIOB. DJIEMEHTAapHbIE peaKkny, WK (U3NIECKHUE MTPOIIECChl 00pa-
30BaHUSl CBOOOJIHBIX PAJMKAJIOB U3 MOJIEKYJl HA3bIBAIOTCS CTAIUSIMU
3apOKICHUS LIECTIEH.

IIpooonxcenue yenu. llenHas peakuusi MOKET BO3HUKHYTh B Ta-
KHX peareHTax, rje CBOOOJHBIN paJuKal WJIA aTOM BbI3BIBACT LMK
IpeBpaIeHUu ¢ pereHepamueil ICXOIHON paauKaaIbHON (HOPMBI.

Hanpumep, B cMecH XJtopa ¢ 3TUIEHOM PEAU3YyeTCs MOCIEN0BA-
TEJILHOCTb PEAKIIUA:

Cl' + CH, = CH, — CICH,CH,
ClCHzCH.z + C12 — CICHZCHZCI + Cl..,

B pPE3yJIbTaTE€ KOTOPOM XJIOP U 3TUJICH MPEBPAIIAIOTCS B IUXJIOPITAH C
pereHepanyen atoMa XJjopa, HAYMHAIOMIEro LEMHOM mporecc. Lukin
paIuKAIbHBIX PEaKIUi, B KOTOPBIX COXpaHSAETCS CBOOO/HAS BaJICHT-
HOCTb, @ PEareHThl MPEBPAILAIOTCS B MPOJYKThI U PEreHEepUpyeTCs
UCXOJHBIN pajuKan (aToM), HAUMHAIOIINI ATOT MPOLECC, U SBISETCS
36€HOM YENnHOU peakyuu.

Obpvis yeneti. Peakuys (WM COBOKYITHOCTh PEAKIIUI), B PE3YJib-
TaTe KOTOPOW MOrM0aroT Beaylue MEMHYI PEaKIUI0 paguKalibl, Ha-
3bIBAETCS CTaJuel 0OphIBa IIETICH.

Jlnuna yenu n. OT COOTHOIIECHUSI CKOPOCTH PEAKIIUK TPOIOJIKE-
HUS U 00pbIBa IIETIEH 3aBUCUT TaKas BayKHasl XapaKTEPUCTUKA LIETTHOTO
mporiecca, Kak JijiiHa 1ienu. JJinHa 1enu npejactaBiser codoi cpea-
HEE YHUCIIO 3BEHBEB, MPUXOISIIMXCS HA KKABIM paaukan (aTtom),
VHUILIMUPYIONINN HEMHYI0 peakiuto. JinHa 1[eny noka3bIiBaeT, CKOJIb-
KO pa3 (B CpeaHEM) yCIleBaeT pPEreHepHUpOBaThCS JAHHBIM aTOM WIIH
pazKail C MOMEHTa 3apOXKIACHUS 1IEIU JI0 €ro 0OphIBa.

Jlumumupyrowas cmaous npooondxcenus yenu. B Tex ciaydasx,
KOTJia MPOJIOJKEHHUE 1IN COCTOUT W3 JIBYX WM Oojiee CTajauid, Be-
IyIIUe 1eMb aKTUBHBIE IIEHTPHI OOBIYHO PA3JIMYAOTCS MO CBOEH ak-
TUBHOCTHU. JIMMUTHpYIOIIEH SIBIISIETCA Takas CTaausl MPOJOKEHUS
1[ETH, B KOTOPOM y4aCTBYET aKTHUBHBIN LIEHTP, OTBETCTBEHHBIN 32 T'H-
oenb nene. OOBIYHO 3TO LIEHTP, HAUMEHEE AKTUBHBINA B MPOAOJIKE-
Hun uenu. C M3MEHEHUEM COOTHOIIEHUS KOHIICHTpAallUil PEareHTOB
MEHSIETCSI COOTHOIIEHHE MEXAY KOHIIEHTPAIUSIMU AaKTUBHBIX IICH-
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TPOB, 4 3TO MOXKCT INIPUBECTU K CMCHC JII/IMI/ITI/IPYIOHIeﬁ CcTaauu. JIu-
MUTHUpYIOIIAA CTaaus 3aBUCUT U OT TCMIICPATYPHI.

6.8.7.2. Pazeemeniennvle yenHvle peakyuu

[enHas peakuus sBISIETCS pa3BETBIECHHOM, €CIIM B HEM IPOTEKAET
Takasi CTajus, B KOTOPOIl OJMH paauKall WIh aTOM reHepupyeT oopa-
30BaHHE HECKOJIBKHUX aTOMOB M paJuKanoB. B pe3ynbrare npu Osaro-
OPUATHBIX YCIOBUSAX B XOJE PEaKIUMU HapacTaeT KOHLEHTpaLus ak-
TUBHBIX LIEHTPOB M, COOTBETCTBEHHO, YBEJIMUYMBAETCSI CKOPOCTh PEaK-
UU. DTO YacTo MPUBOAMT K BOCIUIAMEHEHHIO WU B3pbIBY. Eciu pas-
BETBJICHUE MPOUCXOJUT B pe3yJbTaTe B3aMMOJICUCTBUS aToMa (paju-
Kaja) ¢ MOJIEKYJIOW, TO B CHJIy COXPaHEHHUS HEUETHOrO YMciia dJIeK-
TPOHOB B PaJIMKAIbHBIX PEAKIUAX B CUCTEME M3 OJIHON BO3HUKAIOT 3
YaCTHUIbI C HECTIAPEHHBIM 3JIEKTPOHOM (B 0011eM ciryyae 2n + 1).

Basicnoit kunemuueckon 0codeHHOCMbIO PA36EME1EHHBIX
UENHbIX PeaKyuii, Komopas omauduaem ux om Opy2ux peaxyuil, 6
MOM uucjie U YEenHovlX, AGAAIOMCA KpUumuueckue, uiu npeoesn-
Hble, A61EHUSL.

JUia cucteM, KOTOpbIE MPEBPAIIAIOTCS MO MEXaHU3MY LEMHBIX
Pa3BETBIICHHBIX PEaKIINi, XapaKTepHO HaJU4He YCJIOBH, KOTJa pe-
aKIusl MpoTeKaeT OBICTPO, YacTo co B3pbIBOM. Ilepexon oT ogHOro
peXuMa K JpyromMy MPOUCXOAMWT MPU HE3HAYUTEIBHOM W3MEHEHHU
yCIJIOBUM B 00JIACTH KPUTUYECKOTO UX 3HAUCHHUS.

B nenHol Hepa3BETBIEHHON peakIMU KOHIIEHTPALMs aKTUBHBIX
LEHTPOB 7 3aBUCHUT TOJBKO OT CKOpOCTEW MHUIMUPOBAaHHUS W; U 00-
peiBa W,

W, =gn,
rje g — yAenbHas CKOPOCTh 0OpBIBA IIETICH,
n=Wjg.

B menHoM pa3BETBICHHOM PEAKIMU CHUTyalldsl MPUHIUIINAIBHO
nHasg. AKTbl pa3BETBICHUS 00ECIIEYUBAIOT BO3MOKHOCTh MPOTPECCHUB-
HOT'0 YBEJIMYECHHUS KOHLIEHTPALUU AKTUBHBIX [IEHTPOB BO BPEMEHHU.

[Tpu 0OpbIBE U pa3BETBICHUM IIETIEH MO PEAKIMU 1-ro mopsaka ¢
YACIBbHBIMU CKOPOCTSIMU g U f COOTBETCTBEHHO CKOPOCTb M3MEHEHUS
KOHLEHTPAIMU AKTUBHBIX [IEHTPOB 71 OIIUCHIBAETCA YPABHEHUEM:

dn/dt = W; — (g — Hn.
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B03MOKHBI J1Ba NMPUHIUIHAAILHO Pa3IUYHBIX PEKMMa ITpOTEKa-
HUS pEaKIUu.

Kesazucmayuonapmwiii, koraa g > f, T. €. oOpbIB peobIagacT Ha
pa3BETBIICHHEM; TOT' /1A

n=W,/(g—f)=const, naunnasic t > (g —f) ',

HeCcmayuoHapHwlil, KOTaa f> g, T. €. mpeodagacT pa3BeTBICHHE.

B 3TOM ciydae KOHIIEHTpaIlsl aKTUBHBIX IICHTPOB HEIPEPHIBHO
HapacTaeT BO BPEMEHH, M €CJIM HE MPUHUMATh BO BHUMaHUE PacxoJ10-
BaHHS PEarcHTOB M M3MCHECHHS BO BpeMeHH W; H f, TO

n=W;(f~g) (")

KputnueckuM ycioBHeM Iepexo/ia CUCTEMbl M3 OJIHOTO COCTOSI-
HUA B IpyToe SIBJIAETCS paBeHCTBO f = g. Takum oOpa3om, 1ienHas pe-
aKIUs C Pa3BETBICHUEM MPOTEKAET KaAK CAMOYCKOPAIOWULCS TIPOLIECC
TOJIbKO TOTJIa, KOTJa aKTUBHBIC IIEHTPHI OBICTpEE BCTYMAIOT B aKThI
Pa3BETBIICHUS, YEM B aKThI OOPHIBA.

6.9. Teopuu xumu4yeckoil KUHEMUKU

OcHOBHas 3ajlaya TEOPUN XUMHUUYECKOW KUHETUKU — MPEIJIOKUTh
croco0 pacyeTa KOHCTAHTBhI CKOPOCTH AJIEMEHTApHON pEaklMu U €€
3aBUCHUMOCTH OT TEMIIEpaTypbl, UCIOJIb3Yys Pa3IUYHbIC IPECTaBIIC-
HUSI O CTPOCHHUU PEAareHTOB U IMMYTH PEAKIINH.

JI1s1 TEOpEeTUYECKOro pacuyera KOHCTAHT CKOPOCTEN HCIOJIb3YIOT
JIBE TEOPHUU: 1) TEOPUIO AKTUBHBIX COYAAPEHUMN, WIIK TEOPUIO OMMOJIe-
KYJIApHBIX peakiuid Appenuyca (1889 r.); 2) meToq akTUBUPOBAHHOTO
KOMIUIEKCA, WM TEOPHIO MEPEXOMAHOr0 cocTosiHuA (Dvipunr u [los-
Hu, 1935 ).

6.9.1. Teopusa aKTUBHBIX COYAapeHUMN

Teopus coynapeHnil OCHOBaHa Ha MOJCYETE YMCJIa CTOJIKHOBECHUM
MEXKy PEarupyronuMyd 4YaCTUIIAMUA, KOTOPBIE MPEACTABIAIOTCA B BU-
ne yrnpyrux mapos. [Ipeamnonaraercsi, 4To0 CTOJIKHOBEHUE MPUBEIET K
pEaKIUM, €CIIN BBIMOJIHAIOTCS BA YCIOBUS:

1) mocrynarenbHas SHEPTHUsl YACTHUI] MPEBBIIIACT YHEPTUIO AKTHU-
Banmu E4;

2) 4acTHIIbI PABUJIBHO OPUEHTUPOBAHBI B IIPOCTPAHCTBE OTHOCH-
TEJILHO JIPYT JIpyra.
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IIepBoe ycnoBHE BBOJUT B BBIPAXKEHUE JJI1 KOHCTAHTBI CKOPOCTH
MHOXuUTENh eXp(—E,/RT), KOTOpBI paBeH H0j€ aKTUBHBIX CTOJKHO-
BEHMI B OOIIIEM YHClIe CTOJKHOBEHUM. BTOpoe yciaoBue AaeT Tak Ha-
3bIBAEMBIN CTEPUYECKUM MHOXKHUTEIb P — KOHCTaHTy, XapakTEpHYIO
JJIs1 TaHHOM peakuuu (CM. HUXKE).

[Ipumep: DHepreTudeckas AuarpaMma YCIOBHOM 3K30TEpMHUYE-
CKOM PEaKIUH.

»
>

KOOpJIMHATA peaKIuu

E, — cpennss sHeprus NCXOIHBIX YaCTHIL,

E, — cpenHss sHeprust KOHEYHBIX YaCTHLL,

AH — TermmoBoii adpdext, AH =E, — E; <0,

Eqp. ¥ Eogp. — DHEPTMHM aKTHBALMK NPSAMOM M OOpaTHON PEaKIUH
COOTBETCTBEHHO.

Yewm OoJiblIe pa3HULA B 3TUX SHEPTUAX, TEM CHUIIbHEE PABHOBECHE
CIABHHYTO B CTOPOHY PEaKLMH C MEHBIINM 3Ha4eHUEM E.

Kunernyeckoe ypaBHEeHUE 711 OUMOJIEKYISIPHOM peaKIuu:

A + B — npoayKTsl.

Ecimi cKOpOCTh peaknvu M YMCIO AKTUBHBIX COYJIAapEHUN BbIpA-
3UTh B OZJMHAKOBOU Pa3MEPHOCTH, TO UX MOXKHO IIPUPABHSATS.

W = Z A — 4UCII0 aKTUBHBIX COYJIapEHUMN.

_ —Eop/RT
E,. — onbITHOE 3HaueHue E,; Z, — ob1iiee 4ucio coyaapeHui.
3anuiieM JJId JTaHHOW PEeaKIuy 3aKOH JECUCTBYIOIINX MAcC:

W= kCACB
Torna:
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—Egn/RT

ZA = kCACB, u kCA .CB:ZO -C

HpI/I C A~ CB = 1,

k=27, e o™t
rae Zy— oOlliee YUCao CoyJapeHui Mpu €IUHUYHBIX KOHIICHTPAIUsIX
pearupyromuyx 4acTuil.

[To sTOMYy ypaBHEHHIO MOXKHO OBIIO OBl TEOPETHYECCKH BBIUHC-
JIUTh KOHCTAHTY CKOPOCTH, OJHAKO TE€OPHsS UMEET YHPOIIECHHBIM Xa-
paKTEpP, MPEACTABIAIOUINNA, YTO COYJIAPEHUE MOJIEKYJ MPOTEKAET IO
3aKOHY CTOJIKHOBEHMS YIIPYrux mapos. Ha camom gene 1o He Tak, U
YPAaBHEHHE CIPABEMIMBO U1 OYEHb MPOCThIX MOJIeKyd. [loatomy B
HEro BBOAMUTCS AMIIMPUYECKUI mapameTp P — crepuueckuil ¢akrop,
KOTOPBIN YUUTHIBAET BEPOSTHOCTH OJArOMPUSATHOTO COYJApPEHHS] MO-
JIEKYJI CJI0KHON KOH(UTYpaIiu:

k=PZ,-e '™
P=1...10"

ITo ypaBuenuio Appennyca k=A-¢e
OnbITHOE 3HAYEHUE DPHEPIrUH AKTHUBAIIMM CBS3aHO C ApPEHUYCOB-
CKOM WJIM UCTUHHOM, SHEPTUEN aKTUBALIMU COOTHOILLICHUEM:

E,, = E, - RT/2.

Bo muorux cinydasx BenuunHot RT/2 moxHo nipenedpeus. Torna
A =P-Z.

Cxema MOHOMONEKYIAPHOU peakyuu HA OCHOBAHUU Meopuu aK-
muenblx coyoapernut. ICXolid U3 CKa3aHHOTO Jit00asi peakius, B TOM
YUCIIE U MOHOMOJIEKYJISIPHAS, TOJKHA UIITH MO 2-MYy MOPAJIKY, TaK KaKk
JUIsl €€ TIPOXOXKJACHUS HEOOXOIUMO CTOJIKHOBEHME JIBYX dacTull. Ha
CaMOM JI€JI€ MHOTME€ MOHOMOJICKYJISIPHBIE PEAKIIMA UMEIOT 1-ii mopsi-
JIOK, TIPH 3TOM TTOPAJAOK OJTHOM U TOHU JKE PEAKIIUA MOKET MEHSITHCS OT
1-ro A0 2-ro npu U3BMEHEHUH JABJICHUS WIN KOHIICHTPALIAH.

s o0bsicHenus B 1922 1. @. Jlungemanom ObUT IpEIIoKEH
CHEAYIOIINNA MEXAHU3M.

Cxema Jlundemana. B pe3ynbrare coyaapeHUl MOJIEKYJIbI MOTYT
HE TOJIbKO aKTUBUPOBATHCA, HO U TEPSATHh SHEPTUIO MPU MOCIIECAYIOIINX
COYJIApEHUSIX, U MEXAHU3M MOHOMOJICKYJISIPHON peakIMu pacCMaTpH-
BAETCS KaK JBYCTaIMHNHBIM:

9

E,/RT
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MIPOAYKTHI

B pesynbpTaTe 6JaronpusaTHOTO CTOJKHOBEHHUS 2-X MOJIEKYJ A CO
ckopocThio W 0Opa3yeTcs akTUBHasI MojieKyjia A*, koTopas, B CBOIO
ouepeib, MOXKET paclaaThCs Ha MPOIYKTHI CO CKOpOCThI0 W3 10O B
pe3yabpTare HeOJIaronpusTHOIO COYIapeHUs ¢ MOJICKYJION A Je3aKTu-
BUPOBAThCS (CKOPOCTh W)):

W, = kchZ,
W, =ky,CpxCa,
W3 = k3CA*.

s crarmonapHoro npouecca Wi = W, + Wj,
N k,C* = k,C 'C + k;C ™ = C (koC + k3), oTkyza
C =k, CY/(k,C +ks),

rae C* — KOHIIeHTpalus aKTUBHBIX MOJIEKYII.
IToncraBum B 3HaueHuEe Wji:

W; = k;k, C*/(koC + k).

IIpenenbHbIE Cilyyau:
1. C wim P mano:

k2C<< k3, T. C. sz ~ O, W3 = k1C2.

BBuay HU3KON KOHUEHTpauuu (AaBI€HUS) MOJIEKYJIBI coyaaps-
I0TCS PEKO, M TUMUTUPYIOIIeH OyneT 1-s cranus, peakuust npoTeKa-
€T 10 2-My HOPSIIKY.

2. C um P noctaTtouHO BEIUKO:

k2C>> k3, T. €. W3 = (k3k1/ kz)c, (k3k1/ kz) = k3fb’
W3 = kach.

B sToM cityyae nuMuTHpYIOIIAs cTaausa — pacrnaa A* Ha mpoayk-
THI 110 1-My mopszaky. B cimydae cpegHux naBiIeHUM WIM KOHILIEHTpa-
Ui TOPSAI0K MOHOMOJIEKYJISIPHON peakuuu OyaeT IpOOHBIM.
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6.9.2. Teopua aKkTUBUPOBAHHOI'0 KOMILIEKCa
(mepexoaHOro COCTOSAHMA,
HUJIU a6COJTIOTHBIX CKOPOCTEM peaKiui)

[To 3TOM Teopum MPEBPALICHUE MCXOJHBIX BEUIECTB B MPOAYKTHI
pEeaKIuu MPOTEKAET Yepe3 MepPecTPOKy HaudadbHbIX KOH(UTypauui
aTOMOB B KOH(UTYpaluiO MPOAYKTOB IIPU HEMPEPHIBHOM HW3MEHEHUU
MEKAaTOMHBIX PACcCTOSTHHM. B Teopnn akTMBHUPOBAHHOTO KOMILIEKCA
AJIEMEHTAPHYI0 PEAKUUI0 MPEACTABISIIOT KaK MOHOMOJEKYJISPHBIN
pacraj akTUBUPOBAHHOTO KOMIUIEKCA IO CXEME:

A+BC «— [A..B...C]* — AB+C.

[Ipennonaraercs, 4To MEXKIYy pearecHTaMu U aKTUBUPOBAHHBIM
KOMIUIEKCOM CYIIECTBYET KBa3upaBHOBecue. KOHCTaHTy CKOpocTH
MOHOMOJIEKYJIIPHOT'O pacnaja pacCUUThIBAIOT METOAAMU CTATUCTUYE-
CKOWM TEPMOAUHAMMKH, MPEACTABIAL pacnal Kak OJHOMEPHOE MOCTY-
IaTeJIbHOE JABUKEHUE KOMIUIEKCAa N0 KoopauHare peakuuu. ITo mepe
X0/Jla Mpolecca HaYnHaAeT ociabeBaTh CBsI3b Mexay aromamu B u C B
moiiekysie BC u onHOBpeMeHHO (POpMHPOBATHCSA CBSI3b MEXIY aTO-
Mamu A u B. B pe3synbprare 00pa3yeTcss akTUBUPOBAHHBIA KOMILIEKC,
B KOTOpOM aToM B 0HOBpeMeHHO IpuHAIIEeKUT K atoMaMm A u C:

[A..B...C...T".

B nanpHe#Iem 3TOT KOMIUIEKC pacragaeTcs Ha npoayKThl. OH He
ABJISIETCA MIPOMEXKYTOUHBIM COEIUHEHUEM, TAK KaK BHE CUCTEMBI CY-
IIECTBOBAaTh HE MOXKET. Peaknusi ¢ akKTMBHPOBAHHBIM KOMILIEKCOM
CUUTACTCA OAHOCTAAUNHON, €CII PEAKIIASI MHOTOCTaINMHA, TO Y KaxX-
JIOW CTaJINM CBOM AKTUBUPOBAHHBIN KOMILIEKC.

OOpa3oBaHKe aKTHBUPOBAHHOTO KOMILIEKCA Bcerja TpeOyer 3a-
TpaTbl HEKOTOPOTO KOJIMYECTBA 3HEPTUHU, YTO BBI3BAHO, BO-IIEPBBIX,
OTTAJIKUBAHHEM JJICKTPOHHBIX 000JIOUEK M aTOMHBIX siiep Mpu cOIu-
KEHUU YaCTHUIl U, BO-BTOPBIX, HEOOXOAUMOCTBIO TOCTPOCHUS OIpe/ie-
JICHHOW TIPOCTPAHCTBEHHON KOH(PUTYypallid aTOMOB B aKTHMBHUPOBAH-
HOM KOMIUIEKCE U MEPEPACIIPENCIIEHUS INEKTPOHHON IUIOTHOCTHU. Ta-
KUM 00pa3oM, MO MyTH U3 HAYAJIIbHOTO COCTOSIHUS B KOHEUHOE CUCTE-
Ma J0JKHA TIPEOJI0JIETh CBOET0 POJa dSHEPreTHYECKU Oaphep. JHep-
TUSl AaKTUBAIIUU PEaKIUU NMPUOTUKEHHO paBHA MPEBBIIICHUIO CpeaHEN
SHEPIrUM AKTUBUPOBAHHOTO KOMIUIEKCA HAJl CPEIHUM YPOBHEM HSHEP-
rud peareHToB. OYEeBUIHO, UTO €CIIN MPpAMas PEAKIHS SBISIETCS IK30-
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TEPMUYECKOM, TO SHEPTUs aKTUBALIMK OOpPaTHON peakuu BBIIIE, HE-
KEJIM DHEPrus AKTUBALMU MPSIMOW PEAKIUU. DHEPTrUHM AKTUBAIUH
psIMON M 0OpaTHOM peakiMK CBSI3aHbI APYT C APYTrOM yepe3 U3MeHe-
HU€ BHYTPEHHEW SHEPTHUU B XOJI€ PEAKIINH.

OCHOBHO€ ypaBHECHME TEOPHUH AKTHBUPOBAHHOTO KOMILJIEKCA
MMEET BUJL:

k = y(k, T/h)K7,

rIe kB=1,38-10_23I[>1</K — noctosgaHas boasimana, h=6,63- 10_34,[[)1( c—
nocrosinnas [Tnanka, K* — koncTanTta paBHOBECHSI 00pa30BaHUsI aKTH-
BUPOBAHHOT'O KOMILJIEKCA, BRIPAKCHHAS Yepe3 MOJISPHBIC KOHIIEHTpa-
1My (B MOJIB/JI), Y — TPAHCMUCCHOHHBIA KOA(DPUIIMEHT, YUUTHIBAIO-
IIMH JTOJIF0 aKTUBUPOBAHHBIX KOMILJIEKCOB, pacnaJaroluxcs Ha Mpo-
JTYKTHI.

JHTAJBIUA M FHTPONHUS AKTUBALUU.
DuU3nYeCKUH CMbBICJI CTEPpUYECKOro gpaxkropa

Vpasuenue uzorepmel: AG” = —-RTInK”,
Ki — e—AGi /RT

M

AG” = AH” — T-AS",

—~AH=/RT S#/R
K;t:eA;t 'GA¢

5

k= X(kBT/h) e—AH;t /RT. eAS;t / R’

rae AH” u AS™ — SHTaNBINS ¥ DHTPOIUS aKTUBAIH.
N3 Teopun aKTUBHBIX COYJIApPCHUN YPABHEHUE IJISI KOHCTAHTHI
CKOPOCTH:

k=PzZ ¢

orcroza: P = (-(k, T/h)- ¢*¥'®) / Z, 1. e. crepuuecknii paxrop P sBsi-
€TCSl SHTPOIIUNHBIM.

6.10. Kunemuka peakyuii 8 pacmeopax

Teopust aOCONIOTHBIX CKOPOCTEW Peakiii, CTPOro TOBOps, MpH-
MEHUMa TOJIBKO I paCCMOTPEHUS PEAKLIUN B UJCANbHBIX ra3ax, Ko-
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I71a UCXOJHBbIE YACTUIBl U AKTUBUPOBAHHBIM KOMILJIEKC MOXHO pac-
CMaTpUBaATh U30JIMPOBAHHO OT OKPYKAKOIIEH CPE/IbI.

B pactBOpe 00pa3oBaHKME aKTMBHPOBAHHOI'O KOMILIEKCA U3 HC-
XOJIHBIX YaCTHI[ COMPOBOXKIAETCA TEMH WJIM WHBIMU W3MEHEHUSIMU
MOJIEKYJIIPHBIX B3aUMOJICVCTBHI pearupyronux 4acTUll ¢ MOJIEKYJia-
MU PaCTBOPUTEIS.

Kunkoe cocTostHuE BEIIECTBA SIBIASETCS TPOMEKYTOUYHBIM MEKTY
TBEPJABIM U Ta3000pa3HbIM. OTianYasch OT ra3a W TBEPAOro Teia,
KUJIKOCTh UMEET YEPThI CXOJCTBA C KAXKIBIM M3 3TUX COCTOSIHUM.

6.10.1. [I[puMeHeHH e TEOPUHU AKTUBUPOBAHHOI'0 KOMILJIEKCA
K KHHeTHKe peaKIMii B pacTBopax

JIJist mpUMeHEeHUs dTON TEOPUM K >KUIKOCTH HEOOXOIUMO Y4eCThb
MEXXMOJIEKYJISIPHBIC B3aUMOJICMCTBUS UCXOJHBIX YACTHUIl U aKTUBHUPO-
BAHHOTO KOMILJIEKCA C MOJIEKYJIAMH OKPYKAIOIIEH CPELBI.

PaccMoTpuM ypaBHEHHME NTEPEXOHOTO COCTOSTHHUS:

k,T

+
k=y Ke.

PacTBOp Henb3sl cuuTaTh UACATbHBIM, TaK KaK UMEETCS MEKMO-
JEKYJISIPHOE B3aMMOJICHCTBHE, TOATOMY HE00XO0JIMMO BMecTO K. BBe-
ctu K,;:

a=yc;
K =K K=" .7
CA'CB ViV’
K; ViV
* a __ /A B
K _K—_Ka—i,
- /4

[Ipu y=1 cucrema uaeanpHa.
Ecnu nepeititu k n300apHOMY MOTEHIUATY, TO
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Y Y

rae G; — n300apHbIil OTEHIMA IPH aKTUBHOCTH, PABHOM EAMHUIIE.

AG§
k=7 kET o kT Ya¥B _ k, NG

Ink=Ink,+In 7//1%73
y )

ko — KOHCTaHTa CKOPOCTU B Cpeie, A KOTOPOor KOI(P(DUIIMEHTHI
AKTUBHOCTHU MCXOJIHBIX YACTHI] U aKTUBUPOBAHHOI'O KOMILJIEKCA IPH-
HSATBI paBHBIMU €IMHUIIE.

DTO COOTHONICHWE HA3bIBACTCSI YpaBHEHHEM bpeHctena — bbep-
pyMa. JlaHHO€ ypaBHEHHE B MPHUHIUIIE PEMIAET BONPOC O BIUSHHUHA
Cpellbl Ha CKOPOCTh 3JIEMEHTAPHOM XMMHYECKOM pEaKIuy, CBOJS 3a-
a4y K onpeaeseHnio Ko3hpuiimeaTa akTHBHOCTH MCXOJHBIX BEIIECTB
Y aKTUBUPOBAHHOTO KOMILIEKca. OJTHAKO B TO BPEMS KaK CYIIECTBYET
Pl METOJOB, TMO3BOJISIONIUX HU3MEPUTHh KOIPDUIIMEHT aKTUBHOCTH
MCXOJHBIX BEILECTB, BEJIMYMHY Y HE YAAETCSA DKCHEPHUMEHTAIBLHO H3-
MEPUTh U3 HE3aBUCHUMBIX AaHHbIX. [loaTOMYy ypaBHeHue bpeHcrena —
breppyMa uMeeT UMb TEOPETUYECKOE 3HAUYCHHUE.

6.10.2. Biusanue cpeabl
Ha CKOPOCTH r'OMOJIMTUYECKHUX peaKI U

B romonuTudeckux peakiusx oOpa3zoBaHWE AKTHBHPOBAHHOTO
KOMIUJIEKCa HE COMPSHKEHO C CYHIECTBEHHBIM IIepepaciipesiesieHueM
AIEKTPUUECKUX 3aPSAI0B MEXIY pearupyronmmu atomamu. [lostomy
OHO HE JOJHKHO COMPOBOXKAATHCS CHJIBHBIM HM3MEHEHHUEM MEXMOJIe-
KYJSIPHBIX B3aUMOJICUCTBUN. B CBSI3M C 3TUM MOXHO OKHJIaTh, YTO
nepexo/l OT ra3oBoi ¢as3bl K KUJKOW HE TOJDKEH CUIIBHO CKa3bIBAThCS
Ha BEJIMYMHE KOHCTAHThI CKOPOCTH TOMOJUTHYECKON peakuuu. Kak
IPAaBUJIO, U3BMEHEHHE K JICKUT B MpeJenax OJHOr0 MOpsiiKa.

Haubonee 3ameTHO BIMSIHUE CPElbl B TOMOJUTUYECKUX IPOIIeC-
cax peajiu3yeTcsl Ipu HaJIu4YuMu KieToyHoro 3¢ dekra. B obmem ciy-
yae SBJICHHUE KIETOYHOIo 3¢ (eKTa COCTOMT B TOM, YTO JBE YACTHIIBI
PacTBOPEHHOI'O BEIIECTBA, OKA3aBIIMCh BOJU3M JIPYT JApyra, Kak Obl
MOMA/Ial0T B KJIETKY M3 MOJIEKYJl pACTBOPUTENISI M HE MOTYT Ccpasy pa-
30UTUCH Ha 3HAUMUTENbHOE paccTosiHue. [loka yacTHIbl HAXOIATCSA B
KJIETKE, CYIIECTBYET MOBBIIIEHHAS BEPOSITHOCTh UX CTOJIKHOBEHHMS H,
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CJIEIOBATENIbHO, B3aUMOACHCTBUS Mexay HUMU. OCOOEHHO 3TO Mpo-
SBJISIETCS B TOM CJy4dae, €Clii YacCTHUIIbl 00pa3yloTCsl B OJHOM KIIETKE.
Haubonee sipkuii npuMep — peakiiui roMOJIMTHYECKOTO pacnaja:

kp L
— R + R
R-R — R,R ——
kp

—— R-R

BeposiTHOCT BBIXO/1a paguKaioB B 00beM (e) paBHa:

e:k—D, l:1+k_P
kp +ky’ e ky

6.10.3. Biiusaaue cpeabl
HA CKOPOCTb reTepoJIMTUYECKUX peaKum

B pa3z0aBieHHBIX pacTBOpax 3aBUCUMOCTh KO PHUIIMEHTA aKTHB-
HOCTH HOHA OT WOHHOWM CHJIBI OIMCBIBAETCS ypaBHeHHeM JleOas —
['rokkes:

Iny,=—A> z\J
TJIe z; — 3apsiJl HOHa.
Ecilu pearupyror z, 1 zg, T0 Z = z5 + zp.

(Zi)z =(z, +ZB)2 = Zi +2z,z, +2123 ,

24z, =(2") -2z,2,,

2
Z. =

]

24z - =22,

1n[‘yA—éyB j =4 (2z,2,)WT =24-2,2,7
4

OTO BIMSIHUE MOHHOM CHUJIBI HA3bIBAIOT NEPBUUHBIM CONEBbIM (-
Gexmonm.

Ink=Ink,+24-z,z,\J

VYpaBuenue [lebas — ['tokkens siBiasieTca MPUOIMKEHUEM U BEPHO
Wb Ui pa30aBIEHHBIX pacTBOPOB. VI3MEHEHNE HOHHOW CUJIbI MPHU-
BOJMT K U3MEHEHHUIO CTETIEHH IUCCOLUAIMYU CIIa00T0 3JIEKTPOJIHTA.

217



HA=—H"+4

Kk gk S Cu ViV

a c ¥
Chy Y b4

C poCTOM MOHHOM CHJIBI BETMYHMHBI Y4 U Y yOBIBAIOT, TaK Kak K,
namaet, K, = Const. B pe3ynbrare K. pacTeT U KOHCTaHTa CKOPOCTH
pEaKIM YBEIUYMBACTCS. JTO SBJICHUE HA3BIBAIOT 8MOPUYHBIM COJle-
8biM I¢hhexmom.

6.11. BeedeHue e homoxumuio

6.11.1. PoTOXMMHUUYECKHUE PEaAKIUH

Domoxumuyeckue peaxyuu — XUMHUYECKUE PEaKIUU, KOTOpPhIC
UHUIUUPYIOTCS BO3JICHCTBUEM DJIEKTPOMArHUTHBIX BOJH, PEUMYIIIECT-
BEHHO — CBeTOM ¢ jimHOM BOJHBI ~100—1500 HM (Buaumas u Y ®-
o0nacTth), yemy cooTBeTcTByeT »dHeprus 0,8-12,43B (80-1200
k/[x/mMomp). TlpuMepamu (OTOXMMHUYECKUX PEAKIUM SBISIFOTCS (HOTO-
CUHTE3 B PACTEHUSX, pacnaja OpoMuja cepedpa B CBETOUYBCTBUTEILHOM
cioe (POTOIUIaCTUHKHU, TMPEBpAIEHUE MOJEKYJ KHUCIOpoja B O30H B
BEPXHHUX CJ0sIX aTMocdepsl, (hoTonsoMepu3aius u T. 1.

Bce ¢poToxuMuueckue peakiiui IpoTeKaroT B IBE CTaAUM:

1. Ilepsuunsle peakyuu NPOTEKAIOT HEMTOCPEICTBEHHO IO/ JICUCT-
BHUEM CBeTa (BO3HUKHOBEHHME aKTUBHBIX yactuil). K 3TuM mpoueccam
OTHOCATCS:

a) TUCCOLMAITUS MOJICKYJI Ha aTOMBI WU paauKaisl (PoToaus)

AB+hv— A"+ B,
npumep: Cl, + hv =2CI’;
0) BO30y:k/IeHHE MOJIEKYJ UM aTOMOB ¢ 00pa30BaHUEM aKTUBHOU
YacCTHUIIbI (PHEPTUU KBAHTA HE XBATACT JJIsl JTUCCOIMALIMKM MOJICKYJI)

M + hv — M*,

rae hv — cBeroBoit kBaHT, M* — B030yKIeHHAS MOJICKYJIA;
B) MOHHU3AIMS MOJIEKYJI WM aTOMOB C BBIJICJICHHEM D3JICKTPOHA

(boToaddekr)

M+hv— M +8,
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npuMep — sMmyJibcusi AgBr B kematune (ripu ¢oTorpagupoBaHUM).
CBer, A€iCTBYsSI HA MOJIEKYIY, B KOTOPOW CPAaBHHUTEIBLHO JIETKO OCY-
IIECTBISCTCS OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIN MPOIECC, MOXKET
UTpaTh poib GakTopa, CIOCOOCTBYIOIIETO MEPEHOCY AIEKTpoHA. bpo-
MHUCTOE cepeOpo MoJ JEHCTBUEM CBETa pa3jiaraercs TakuM o0pa3om,
YTO BJIEKTPOH TrajioTeHa MEePeXOAUT K HOHY cepeOpa, BhI3bIBas €ro
BOCCTaHOBJICHHE:

Br + hv=Br + ¢,
Ag' + &= Ag (xpucramisi),
Br + Br = Br,.

2. Bmopuunvle peakyuu — He TpeOyIOIIHe cBeTa (B3aUMOACHCT-
BHUE€ aKTHUBHBIX YACTHUIl C JPYTUMH MOJICKYJIaMHU WIH JIPYT C IPYyTroM).
AKTHBHBIE YaCTHUIIbI, 0OpPA30BaBIIIMECS B MEPBUYHBIX MPOIIECCaX, MO-
TyT MEepeIaBaTh CBOK YHEPIUI0 MOJIEKYJIaM JIpYroro BeIlecTBa, KOTO-
pBIE 3aTEM MOTYT BCTYIaTh B XMMHUUYECKYIO PEAKIHI0. Takou mpouecc
HA3bIBAETCS CEHCUOWIN3AIUEH.

Hanpumep, nucconuanusi BOAOpOJia B IPUCYTCTBUU MAPOB PTYTH
(mapsl pTYTH — (OTOCEHCUOMIN3ATOPHI, yCKOpsIomue (poToxmumuye-
CKYIO PEaKIIHUIO):

Hg + hv — Hg*,
Hg*+ H, — Hg+ 2H".

Ecnu o0iydath MOJEKYJSIpHBIM BOJOPOJT MOHOXPOMATHYECKUM
CBETOM C JJIMHOW BOJIHBI, COOTBETCTBYIOIIEH OJTHON M3 CIIEKTPATbHBIX
PE30HAHCHBIX JIMHUM PTYTH, TO HUKAKOW AUCCOLHAIMU BOAOPOJA HE
npoucxoauT. Ho pocratoyHo 100aBUTH K BOAOPOJY HE3HAUUTEIBHOE
KOJIMYECTBO MApPOB PTYTH, KAK HAUMHAETCS TUCCOLAAIMS.

6.11.2. 3aKoHbI POTOXUMUMU

3akon Byzepa — Jlamoepma — beepa (3aK0H MOTJIOLICHUS CBETA,
UCITONIB3YETCS B CIIEKTPOCKOIHH): KOJTUYSCTBO CBETOBOM DHEPTHUH, T10-
TJIOMICHHON PacTBOPOM, IIPONOPIIMOHAILHO KOHIICHTPAIIUH PaCcTBO-
PEHHOTO BEIIECTBA U JJIMHE MyTH CBETA B MOTJIOMIAIOIIEM BEIESCTRE.
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J=1Jy107,

rae Jo — MHTEeHCUBHOCTH IMAaJIaloIIero CBeTa, J — MHTEHCUBHOCTD IPO-
HIE/IIIETO CBeTa, I — pacCTosIHUE, Yepe3 KOTOPOe MPOXOAUT CBET (-
Ha KIOBETHI), C — KOHIEHTpAIKs BEIECTBA, € — MOJISIpHBIA KO3 Puiu-
€HT AKCTHHIIMHU (XapaKTepU3yeT ONTUYECKHE CBOMCTBA PACTBOPEHHO-
IO BEIIIECTBA).

3axkon I'pommyca — /[penepa: XUMUYECKU aKTUBHBIM SIBIISICTCS
JIUIIH TOT CBET, KOTOPHIN MOTJIOIIAETCS PEAKIIMOHHON CPEeoi.

[Ipumep: nqucconmanusi BOAOPOAa B MPUCYTCTBUU MAPOB PTYTH.

3axkon  pomoxumuueckou Ikeusanenmnocmu Illmapka —
Diinwmentna: KaxJasi MOJIEKyJia, pearupyroias noj JeMCTBUEM CBe-
Ta, MOTJIONIACT OJIMH KBAHT pajUalliy, BbI3bIBAIOIINN PEAKITHIO.

CrienoBarenbHO, KOJIMYECTBO JHEPrUM, MOTJIOMIAeMoe 1 moseMm
BEIIIECTBA:

E =Na-hv=Nyu-h-c/A,

rae Ny — unciio ABoranpo, h — nocrosinnas Ilnanka, v — yactora ko-
nebaHuil, A — JJIMHA BOJHBI, C — CKOPOCTh CBETA.

[Ipu omnbITHOM TIPOBEpKE 3aKOHA (POTOXMMUYECKON SKBUBAJICHTHO-
CTH 4acTO OOHAPYKUBAIOTCSI PACXOXKIEHUS C TEOPHUEH, a UMEHHO KOJIH-
YECTBO MPOPEArupoBABIIETO BEIIECTBA OKa3bIBACTCA OOJBINE WIN
MEHBIIIE KOJUYECTBA MOTJIOMIEHHOM ASHEPTUU. DTH PACXOKIACHUA O00b-
SICHSIFOTCS. TEUEHUEM BTOPUYHBIX IPOIIECCOB M XapPaKTEPUBYIOTCS 8eli-
YUHOU KBAHMOB020 8b1X00d ¢ (U3MEHSIETCS B MHTEPBAJIEC OT 10 o 106):

¢ = (4UCIIO MPOpPEearupoBaBIIMX MOJEKYJ) / (YACIO MOTJIOIIECH-
HBIX KBaHTOB).

1. Peaxyus ¢ xeanmosvim 6bixo0om (O=1. DTO peakuus, IpoTe-
Karomasi B OAHY CTaJaui0 (OTCYTCTBYIOT BTOpUYHBIE Mpolecchl). Ha-
npumep, oopazosanue H,O, u3 cmecu O, u H, unu pasnoxenue cepo-
BOJIOpOJia B OEH30JILHOM PacTBOPE.

2. Peakyus ¢ keaumosvim 8vixooom ¢ < [. Hanpumep, BakHEH-

1as peakius CUHTE3a YIiIeBOAOB B PACTCHUSAX:
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COz + H20 +hv — 1/6 C6H12O6+ 02.

Peakius ceHcuOunmu3upyercss XJopoduioOM B BUJIE CIIOXKHBIX
OMOJIOTUYECKUX CTPYKTYP — XIJIOPOILIACTOB.

3. Peaxyus ¢ xeanmosvim evixooom ¢ > I. Ilpumep — peaxkuus
dborommza HJ (¢=2):

HJ+hv - H+J

H +HJ] - H,+ T

e e )

2HJ + hv = H2+ J2.

4. Peakyus ¢ K8aHmMogvbiM 6blx00oM ¢ >> 1. 10 (poTOoKaTaIuTH-
Yyeckasi peakiiys, B KOTOpOM CBET BBHIMOIHSIET QYHKIUIO KaTalu3aTopa.
Hampumep, nennas peaxuus obpazosanus HCl (H, + Cl, — 2HCI)
uMeer @~10°. Pagukan XIopa, HONYYHBIIHICS HENOCPEICTBEHHO B
(hOTOXMMHUYECKOM MPOIECCE, MOXKET 3aTEM PEreHEPUPOBATHCS BO BTO-
PUYHBIX MPOIECCaX, YTO MPUBOAUT K OOIBIIOMY KBAHTOBOMY BBIXOJTY.

6.12. OcHoB8bI Kamaau3da

TTonsiTie Katanusa Osu10 BBeneHo W.-S1. Beprenuycom (1836 r).

Kamanu3 — n3MeHeHre CKOPOCTH PEAKINHU B TPUCYTCTBUU HEKO-
TOPBIX BEIIECTB, HA3bIBAEMBIX KaTaJIM3aTOpaMH, KOTOphIE CaMu B
MPOIIECCE PEAKIIMU OCTAIOTCS HEU3MEHHBIMU U IO COCTaBY M IO KOJIU-
YECTBY.

Pa3nmuuaroT mosoKUTENIbHBIA U OTPULIATENBHBIM KaTanu3. B Ha-
crosee BpeMs 10 70% XuMHUYECKUX PEaKIIMK — 3TO MPOIECChl KaTa-
autrdeckre. Kartann3atopel CUIBHO BIMSIIOT Ha CKOPOCTh PEAKIIHH,
yBEIIMUMBAs €€ B CIydac IMOJIOKUTEJIBHOTO KaTajin3a W TOHUXKas B
CJly4ae OTpUIIATEIBHOIO.

BemectBa, yMEHbIIAIOMIAE CKOPOCTh PEAKIIUM, HA3BIBACTCS UHU-
oumopamu. ECu KaTanyu3aTopoM SBJISETCS OJWMH U3 MPOAYKTOB pPeak-
I, TO Takasi peakius HA3bIBACTCS asmokamaiumuyeckou. Hanpu-
Mep, BoccTtaHoBJIeHME FeO BOIOpPOAOM KaTAIM3UPYETCA KEIE30M:
FeO + H2 — Fe + Hzo

6.12.1. OCO6GEeHHOCTH KaTa/JIN3aTOPOB

1. Kamcmwamop He ejiusaem Ha nojlodiCcerHue mepModuHaMuquKo-
20 pasHoeeCcusl, m. €. Ha 6€JUHYUH)Y KOHCMAHmMblL pA6HOBECUA, d MOJIbKO
ycKop:sem docmudicerue coCmosHus PAaABHOBECUAL.
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2. Kamanuzamopwvr obnaoarom uzbupamenbHocmvio (ceiexmus-
HOCMblo) Oeticmausl, T. €. KOKJIbII KaTaau3aTop YCKOpSET JUIIb OIpe-
JIEJICHHBIC PEAKIUU:

Cu CH,CHO + H,
H,SO,
C,H;-OH —* C,Hy+2H,0
ALO;
cMech \ (C2H5)20 + H,O

MgO u ZnO
C4sHg + 2H,O + H,

Ho cymecTByloT yHUBEpCAIBbHBIE KaTajdu3aTOpPbl, HAIPUMEP
AlCl; — kaTanuzaTop XJIOPUPOBAHUS, U30MEPU3AINH, AJTKUIUPOBAHUSI,
MOJIMMEPHU3ALIHH.

3. Kamanuzamop npusooum K yMeHbUleHUIO dHepeUul aKkmueayuu
Kamanusupyemou peakyuu no CpasHeHuro ¢ peaxyuei 6e3 kamaiusa-
mopa. Tak Kak 3HEprusi aKTUBAIIMM BXOJUT B MOKAa3aTellb CTEIICHU B
ypaBHEHUH AppeHHyca, TO Jaxxe HEOONbIIOE €€ MOHMKEHUE BEIET K
CUJILHOMY YBEJIMYEHUIO CKOPOCTH.

B nepBoM mnpuOIMKEHHM SIBICHHE KaTalin3a OOBSICHSETCA Clie-
OYIOUIMMUA COOOpakeHUsIMU. B xone peakuuu oOpaszyercs HEyCTOM-
YUBOE MPOMEKYTOUHOE COCJIMHEHHUE KaTalu3aTopa ¢ pearupyrommnumMu
BelllecTBaMU (MHTEpPMEIUAT), KOTOPOE 3aTeM paclajiaeTcsi ¢ percHe-
paumen katanuszaropa. Ha puc. 6.4 npuBeneHa cxema npoTeKaHus He-
KaTaJIUTUYECKON PEaKIMU U TOW ke peakIlMu B MIPUCYTCTBUU KaTaJIM-
3aropa.

Paccmorpum peakiuto: A + B — AB (E; — sHeprus aktuBanuu
pEeaKIy B OTCYTCTBUE KaTAJIM3aTopa).

B npucyrctBum karanm3zaropa (K) mponecc nporekaer mo craju-
M (KaTaau3aTop HE Y4acTBYET B CTEXHUOMETPUUYECKOM YpaBHEHUHU pe-
aKIuu):

A + K — AK (unTtepmenuar, sneprust aktupauuu — E,),

AK + B — AB + K (aHeprus aktuBamuu — Es),

E,>E, + Es.
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A+B

E1-E2

El| | ) N\
E2-E3
E2 AK+B

Puc. 6.4. Dnepeemuueckuii npoghuns Hekamaiumuyeckou
U Kamaaumuyeckou peaKyui

[Tpumep: CH;COH «<» CH,4 + CO.

OHeprusi aktuBauuu gaHHou peakuuu: E = 190,4 x/[>/monbs. B
npucyTcTBUU Mona peakuus uaetr B 1000 pa3 Ovictpee (E = 136,1
kJ[>K/MOJIB).

CH;CHO +J, — CH3J + HI + CO

CH&J +HJ — CH;_; + JZ

CH3CHO + J2 — CH4 +CO + Jz.

4. Vckopenue peakyuu nponopyuoHaibHO KOHYeHmpayuu xama-
auzamopa.

5. Kamanuzamop umeem ¢huzuueckoe u Xumuueckoe cpoocmeo K
peazeHmam.

Jns peakuui TUAPUPOBAHUS U AETUIPUPOBAHUS UCIIONB3YIOT Pt,
Pd, Ni, kotopbie obsanaroT crienudpuuecKon aacopoimei Bogopoa.
Jlnst peakuuu rugpaTaiv U Aeruaparanuu ucnoiab3yor Al,Os, koTo-
pBIl CKJIOHEH K o0Opa3oBaHUIO ruapaToB. g peakuuil OKUCIEHUs
UCIIOJIB3YIOT cepedpo, Meb, CKIOHHBIE K 00pa30BaHUIO HECKOJIBKUX
CTEIICHEN OKUCJICHUS.

6.12.2. Tunsl KaTajau3a

Hcxoast u3 0coOEHHOCTEN KaTaTMTUUECKUX PEaKIuii, MOKHO BBI-
JCIUTH CIICAYIOIINE TUITBI KaTaau3a.

l'omocennvlll Kamaauz — KaTaau3aTop U BCE pearupyrolne Belie-
cTBa 00pa3yroT oHy o01Iyio ¢gaszy. OH moapasaenseTcs Ha KHCIOTHO-
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OCHOBHOM, OKHMCIIMUTEIIbHO-BOCCTAHOBUTENBHBIN, KaTaln3 KOMILUIEKCA-
MU METAJIJIOB ¥ ()e€pPMEHTATHUBHBIMN.

Mukpozcemepocennvi kamanu3 KOJJIOUAHBIMUA YacCTUIIAMU B
KUJIKOU (paze 3aHUMAET MPOMEKYTOUHOE IMOJOKEHUE MEXKIY TOMO-
T€HHBIM M TF€TEPOr€HHBbIM KaTain3oM. Ero pasjensitoT Ha KaTaiau3 B
MUILIEJUIAX U KaTalli3 HAa MHOTOATOMHBIX KJIACTEpax.

l'emepocennwiii u medcghaznvlil kKamaniusz — pearupyroumye Belle-
CTBa U KaTaJu3aTOp HAXOMATCS B Pa3IUUYHBIX (azax, a peakius Mnpo-
TEKaeT Ha MOBEpXHOCTH pasznena da3z. Iloxg mexdasHbIM KaTaIM30M
MPUHSTO MOHUMATh KaTali3 Ha TPAaHUIE JBYX HECMEIIMBAIOLIUXCS
AKUJKOCTEW; TIPU 3TOM pOJIb KaTaau3aropa COCTOUT B IMEPEHOCE pea-
TEHTOB MEXy (azamu.

Ocrta"oBuMcst Oojiee OAPOOHO Ha (PEpMEHTATUBHOM KaTaju3e.
Depmenmamuenbll Kamaiu3 — KaTaIMTUYECKUE PEAKUUH, IpOoTe-
Kalolue ¢ y4JacTueM (PEepMEHTOB — OMOJIOTMYECKUX KaTaJlu3aTOPOB
0eskoBOi Mpupoibl. DepMEHTATUBHBIN KaTalau3 UMEET JIBE XapaKTep-
HbIE OCOOEHHOCTHU:

1. Bvlcokas akmuéHocms, Ha HECKOJIBKO MOPSAKOB MPEBBIIIA0-
1[asi aKTUBHOCTh HEOPTraHUYECKUX KaTaJu3aTOPOB, UTO OOBSCHIETCS
OYEHb 3HAYUTEIBHBIM CHMKEHHEM DJHEPIUU aKTUBAIIMU IIpoIecca
dbepmenTamu. Tak, KOHCTaHTa CKOPOCTHU PEAKIIUU PA3IOKECHUS Tepe-
KUCHA BOJOPOJA, KaTAIU3UPYEMOW MOHAMU Fe®*, cocraBmsier 56 ¢ ';
KOHCTAaHTa CKOPOCTH 3TOM K€ PEaKIu, KaTaTu3upyeMoi pepMeHTOM
KaTanasoi, paBHa 3,5-10" ¢!, T. e. peakuus B MPUCYTCTBHH (epMEeHTA
MPOTEKAET B MUWIJIMOH pa3 ObIcTpee (PHEPTUHM aKTHUBAIMU ITPOIIECCOB
COCTaBJISAIOT coOoTBeTCTBeHHO 42 u 7,1 kJ[>x/Monb). KoHCTaHTHI CKO-
POCTH THIPOJIM3a MOYEBUHBI B MPUCYTCTBUM KUCIOTHI U Ypeasbl pas-
JMYAIOTCSl HAa TPUHAJUATH MOPSAIKOB, COCTABIISSA 7,4-10'7 u 510° ¢!
(BeIMYMHA SHEPTUMU aKTHUBALIMU COCTaBJISIET COOTBETCTBEHHO 103 u
28 kJIx/Mo7b).

2. Buvicokas cneyuguunocms. Hanipumep, amuiasza KaTau3upyeT
IpoLECC paclIeIyIeHUsl Kpaxmana, MPEeACTaBISIoUEro cobol Ienb
OJIMHAKOBBIX TTIOKO3HBIX 3BEHbEB, HO HE KaTaJU3UPYET THAPOJIU3 Ca-
Xapo3bl, MOJIEKYJIa KOTOPOWM COCTaBJI€HA U3 TIIOKO3HOTO U (PYKTO3-
HOTO (hparMeHTOB.

CorynacHO OOHIENPUHATHIM MPEACTABICHUSIM O MEXaHU3Me Qep-
MEHTaTUBHOT'O KaTaiau3a, cyoctpar S u ¢epmeHT F Haxonarcs B paB-
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HOBECHMU C OYE€Hb OBICTPO oOOpazyromumcs (pepMeHT-CyOCTpaTHBIM
KOMIUIEKCOM FS, KOTOpBIN CpaBHUTEIBHO MEIJIEHHO PACIAIACTCA Ha
MPOAYKT peakuuu P ¢ BbigeneHneM cBOOOJHOTO (epMeHTa. Takum
oOpa3omMm, crTamus pacmana (epMeHT-CyOCTpaTHOro KOMILIEKca Ha
MPOIYKTHI PEAKIINH SBJISACTCS JIMMUTUPYIOIICH:

F+S <—> FS — F+P.

HccnenoBanne 3aBUCHMOCTH CKOPOCTH (hepMEHTAaTUBHOM peak-
MM OT KOHIICHTpAIuu cyOcTpaTa NMpW HEM3MEHHOW KOHIICHTPAIUU
dbepMeHTa MoKa3ajo, 4TO C yBEJIWYEHUEM KOHIIEHTpalluud cyOcTpaTa
CKOPOCTh PEaKIIMU CHaydajla YBEJIMYUBACTCS, a 3aTeM IepecTaeT u3Me-
HATBCS (puc. 6.5).

max

W1

max

K Cs

m

Puc. 6.5. 3asucumocms ckopocmu hepmenmamugnou peaxyuu
om KoHyeHmpayuu cyocmpama

JlaHHas 3aBUCUMOCTb OIUCHIBA€TCA ypagHenuem Muxadsnuca —
Menmen — OCHOBHBIM ypaBHEHUEM (PEPMEHTATUBHON KUHETUKHU:

W = W1+ KCo ™

3neck K, — koHCcTaHTa Muxasnuca, YHCIEHHO paBHas KOHIICH-
Tpanuu cyocrpara npu W = oW, ... Koncranta Muxasnuca ciryxut
MepOoM CpoJICTBA MEXKYy CyOcTpaTtoM U pepmeHTOM: yeM MeHble K,
TeM OO0JIbIIIE UX CIOCOOHOCTh K 00pa30oBaHUI0 (DEPMEHT-CYyOCTPaTHOTO
KOMILIEKCA.

3. XapakTepHOil 0COOEHHOCTBIO NEWUCTBUS (DEPMEHTOB SIBISETCS
TAKXKE BbICOKASL YYBCMBUMENbHOCMb aAKMUBHOCMU (hepMeHmos K
gnewnum ycirosuam — pH cpene u temneparype. @epMeEHTHl aKTUBHBI
JUIIb B JIOCTaTOYHO Y3KOM MHTepBajie pH u TemmepaTypsl, Npuyem
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Ul PEPMEHTOB XapaKTEepHO HAJMYME B ATOM MHTEpBaJie MaKCHMyMa
aKTUBHOCTH MPU HEKOTOPOM ONTHUMAJIbHOM 3HaueHuu pH wau temme-
paTypbl; IO 00€ CTOPOHBI OT ATOI'0 3HAYEHUS] AaKTUBHOCTH (PEPMEHTOB
OBICTPO CHUKAETCSI.

Ycnexu COBpeMEHHONW TeOpHH OMOJOTUYECKOTO KaTajlu3a U Teo-
PETUYECKOM XUMHUM TOKa3ajiu, 4TO (DEepMEHTATUBHBIE PEAKLIUH TPHU
BCEH MX CIIO)KHOCTH MPOTEKAIOT B MOJTHOM COOTBETCTBHM C OOIIMMU
3aKOHOMEPHOCTSIMU OOBIYHBIX XMMHUYECKHUX MpeBpaiieHnii. O0bsicHe-
HUE OTPOMHBIX MPEUMYIIECTB, KOTOPHIMUA (PEPMEHTATUBHBIM KaTalu3
OTJUYAETCS] OT HEOMOJOTUYECKOTO TeTepO- U TOMOTEHHOTO KaTajau3a,
3aJI0KEHO (PAKTUUECKH B MCKIIOUHUTENIBHO CIOKHOU CTPYKTYypE MaK-
pOMoJIeKyJT OerKa.

IIpumepui pewreHus1 3ada4

3adaua 1. KoHCTaHTa CKOPOCTH PEAKIINHU
CH;COOC,H;s + NaOH — CH;COONa + C,H;OH

paBHa 7 11/(Moab-MuH). Beraucnute nomto (%) adupa, kotopas mpo-
pearupyer 3a 5 MUH., €CJIM: a) UCXOJIHbIC KOHIICHTPAIMH IIEJI0YH U
a¢upa paubl 0,05 MOJB/IT;

0) ucxomHas koHueHTparusa 1enoun 0,1 monw/n, a sdupa
0,05 Monb/m.

P e mw e H u e. PaccMarpuBaeMas peakius MMEET BTOPOU MOPs-
TIOK.

a) B Cily4yae, KOrJla UCXOJHbIE KOHIICHTPAIIMU PEareHTOB PaBHBI,

1 1
CTIpaBE/ITHBO YPABHEHHE: ——=—~—+ kt,

) 0>

c-_ L _ 1
> 1/Cy+kt 1/0,05+7-5

=0,018 MOJIB/II,

o =076 000, = 050,018

3
COa ’

100% = 64% ;

0) B ciaydae, KOrJa UCXOIHbIE KOHIEHTPALlUU PEAreHTOB pa3iny-
1 ln(COHl_x)C03
(Cou=Co5) 1 Cou(Cos —x)

HEBI, CIIPaBEIJINBO YPaBHECHUE: k =

226



(COm - X)C03 :ek(com—c%)-z

Cou (Cos =) ’
(0,1-x)0,05 _ 010095 _ 5 75
0,1(0,05— x)

Pemas 5To ypaBHenue, Haxoaum: x = 0,045 mosb/n

o, == .100% = 2% 100% = 90%.
C,, ,05

3adaua 2. 110 3Ha4YE€HUAM KOHCTAHT CKOPOCTEM MPHU JIBYX TEMIIE-
paTypax ONpEeAeNUTh SHEPTUIO0 aKTUBAIIMHM, KOHCTAHTY CKOPOCTH IpHU
TeMriepatype 73 U TeMIepaTypHbIi KO3(POUIIMEHT CKOPOCTH PEaKIIuU
B ypaBHenuu Bant-I'odda: T = 599,0 K; & = 0,00146 n/(Mosb-MUH.);
T, =672,0K; k, = 0,0568 n/(moab-MuH.); T3 = 648,2 K.

P e m1 e H 1 e. DHEPrurO aKTUBAIIMYA HaXOAUM U3 YPaBHCHHUS:

k, E(1 1
n=2==] ——— |,
k R\T T,

k
Rlnf 8,31-ln00’000516486
E= 1 11 = =167,8-10° Jx/Momab = 167,8 kJ[/MOIIb.
) (wen)

[TogcraBum 3Hauenus E, ky u 7| B ypaBHeHUE AppeHUyca U BbI-
pa3suM MPEIAKCIIOHECHIIUATBHBIA MHOKHUTEND:

E 167,810°
A=ke™ =0,00146-¢335% =6,3-10".

PaccuuTheiBaem 3HaU€HUE k3 110 ypaBHEHUIO AppeHuyca:

_E 167.810°
ky=Ae 5 =6,3-10"" . ¢ 8316482 —0,0191 1/(MOMB-MHH.).

Temnepatypusiii koaddunuent Bant-I'ohda paccuutsiBaeMm u3
ypaBHEHHUS:

kl

[IponorapupmMupoBas, Moaydaem:
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10 k10 00568
T,-T, "k 672-599 ~0,00146

lgy=

Otkyna vy = 1,65.

3adadu

1. Cxopocts obpasoBanust NO B peakumu 2NOBr—2NO By
paeHa 1,6:10™ mounb/(rc). YeMy paBHa CKOPOCTh PEAKIMH U CKOPOCTB
pacxonoBanust NOBr?

2. B peakunu 2-ro nopsigka A + B - D HavanbHbIe KOHIIEHTpA-
mun BemiectB A m B paBHBL, cooTBeTcTBeHHO, 2,0 MOJIB/T W
3,0 Mons/1. CkopocTs peakimu paBHa 1,2:107 moms/(Jc) mpu
[A] = 1,5 momnb/n. PaccuntaiiTe KOHCTaHTY CKOPOCTU M CKOPOCTh pe-
akruu 1pu [B] = 1,5 moms/mm.

3. Bo CKOJIBKO pa3 BO3pACTET CKOPOCTh PEAKIIMU ITPU MTOBBIIICHUN
temrepatrypbl oT 27 nmo 77°C, eciu >HEprusi akTHBALIMA PEAKIUU
30000 kayn/monb?

4. BpeMms moJryrnpeBpallleHusl BEMIECTBA B PEAKIIMU MEPBOIO IO-
psanka mipu 323 K cocrasmsier 100 mun., a pu 353 K— 15 mun. BeI-
YUCJIUTE TeMIIepaTypHbI K03(h(PUIIMEHT CKOPOCTH peakuuu Yy (Kodd-
dbunment Bant-I'odda).

5. Bo CKOJBKO pa3 yBEJIUUYUTCS CKOPOCTh razodasHON 3JIeMEH-
TapHOU peakuuu A = 2D npu yBeJIM4YEHUHU J1aBieHus B 3 pa3za’?

6. B HexkoTopoit peakumu 1enoro nopsiaka (nA — B) kKoHueHTpa-
1yst ucxoaHoro Bemiectsa 0,5 MoJib/11 OblJIa JOCTUTHYTA 3a 4 MUH. IPU
HaYaJIbHOM KOHIIEHTpaMK 1 MOJIB/ ¥ 3a 5 MUH. PU HAYAJIbHOW KOH-
HEHTpalKU 2 MOJIb/JI. Y CTAHOBUTE MOPSIIOK PEAKIIUU.

7. KuneTnka peakiuu mepBoro mopsiaka, B KOTOPOM MPOUCXOAU-
70 00pa3oBaHUE KUCIIOTHI, U3ydallach ITyTeM OTOOpa MpoO peakiMOoH-
HOM CMECH M MX TUTPOBAHUS OJHUM U TEM YK€ PACTBOPOM WIEIOYH.
OOBeMBbI 1IEST0YH, KOTOPBIE MOILUIM Ha TUTPOBAHMUE:

Bpewms, MuH. 0 27 60

O0BeM, MII 0 18,1 26,0 29,7

JIoKa)xuTe, 4TO peaKius MMEET INEPBbIM NMOpSIAOK. Paccunraiite
MepHO/I MOJIypacnaja.
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8. Peakuus ompblieHus metuiaierara npu 298 K onmceiBaercs
YpPaBHEHHUEM:

CH;COOCH; + NaOH = CH;COONa + CH;OH.

JInst 9TOM peakiuy MOJYyYeHbl CICAYIONINEe KMHETUYECKUE JaH-
HBIE:

Bpewms, muH 3 5 7 10 15 25

CNaOH> MMOJIB/J 7,40 6,34 5,50 4,64 3,63 2,54

HcxonHble KOHLIEHTPALMK TIEN0YU U 3(hUpa OJIMHAKOBHI U PABHBI
0,01 momnb/n. OnpenenuTe MOPsIOK PEAKIIMA U KOHCTAaHTY CKOPOCTH.
9. B HEKOTOpOW peakuuu NPU U3MEHEHWH HAYAIBHOW KOHIICH-
tpatuu oT 0,502 1o 1,007 monb/a nepuoa moiaypacnaga yMEHBITUIICS
¢ 51 go 26 c. Onpenenure NOPsAIOK PEAKIIUU U KOHCTAHTY CKOPOCTH.
10. KoncranTa ckopocTu peakiuuu

CH;COOC,H;s + NaOH <« CH;COONa + C,HsOH

-1 -1
paBHa 5,4 MuH. (MoJib/i1) . CKOJBKO MPOIIEHTOB d(upa mpopearupy-
eT 3a 10 MUH., eciIM HaYaJIbHbIE KOHIICHTpAIMy d(hupa U meaoun paB-
HbI 110 0,02 MoJn/11?

Tecmoauvlie 3adaHusA

Buvioepume ooun npasunvnolit omeem
1. {15 peakiyyu Kakoro Mopsjika mepyuo/] moiaypacnaa sBiaseTcs
XapaKTEPUCTUKOMN peakiuu (moyemy):

A. Bropon. b. Hyneou.

B. IlepBriii. I'. IpoOHbIii.

2. Pa3zMepHOCTh KOHCTAHTBI CKOPOCTH I PEAKIIMHA NEPBOTO MO-
pAIKa:

A. BpeMsf1 * KOHLICHTpaLUS. B. Bpems .

B. BpeMsI_1 : KOHHGHTpaI_II/ISI_l. I'. Bpewms - KOHHCHTpaHI/I}I_l.

3. 1o 3Ha4YeHUIO PHEPrUM AKTUBALMU BBIOEPUTE PEAKLUIO, AJIS
KOTOPOM Ha CKOPOCTb PEAKIMU CUJIBHEE BIMUSACT U3MEHEHUE TEMIIEpa-

TYPBI:
A. 15 kJI:X/MOJIb. b. 10 xJ[>x/M0b.
B. 5 xJI>x/M0b. I'. 45 x/I>x/MoI1b.
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4. 3akon byrepa — Jlambepra — beepa:

A. XMMHWYECKH aKTUBHBIM SIBJISIETCA JIMIIIb TOT CBET, KOTOPBIHU IMO-
TJIOIIAETCS] PEAKLIIMOHHOM CPENION.

b. Kaxnas mosekyna, pearupyromas moj JeWCTBUEM CBETa, IO-
[JIOIIAET OJIMH KBAHT PaJMallvu, BbI3bIBAIOIINI PEAKITHUIO.

B. KosmyecTtBO CBETOBOM 3HEPTUH, MOTJIOMIEHHOW pPAacTBOPOM,
IPONOPIIMOHATBHO KOHILIEHTPAMA PACTBOPEHHOIO BELIECTBA U JIJINHE
IyTH CBETA B MOTJIOMIAIOIIEM BEIIECTBE.

5. Kak U3MEHHUTCS CKOPOCTh PEaKIMU CHUHTE3a aMMHuaKa
1/2 N, + 3/2 H, = NHj, eciiu ypaBHEHHE peaklMU 3amucaTh B BHUJIE
N2 + 3H2 = 2NH3?

A. YBemnuutcs B 2 pasa. b. He u3smenurcs.

B. YMmenbimuTcs B 2 pasa. I'. YBenuuutcsa B 3 pasza.

Buvibepume neckonvko npasuibnvlx omeemos

1. XapaktepHble 0COOCHHOCTH KaTaTUTUYECKHUX MPOIIECCOB:

A. KartanuzaTop u3MeHSIeT BEIMYNHY KOHCTAHThI pAaBHOBECHSI.

b. Katanusatop He BIUAET HA BETMYNHY KOHCTAHTBI PABHOBECHS.
B. KaranusaTop yBeIMYMBAET SHEPTUIO AKTUBALMU PEAKIIUU.

I'. KaranuzaTop yMeHbIIAET SHEPTUIO AKTUBAILIUMU PEAKIIUH.

2. KoHcTaHTa CKOPOCTH 3aBUCHT:

A. OT Temrmieparypsl.

b. Ot npucyTcTBUA Karanuzaropa.

B. Ot KOHIIEHTpaunH.

I'. OT mpupobl pearupyronyx BENECTB U PACTBOPUTEIIS.

3. OCHOBHBIE CTaUN KATaJUTHYECKON PEAKIINH:

A. OTBOJ MOJIEKYJ PEArUPYIOIINX BEMIECTB C MOBEPXHOCTH
paszena.

b. 3apoxnaenue.

B. O6pnbiB.

I'. IlogBox MOJNEKy pearupyroIInX BEIIECTB K IMIOBEPXHOCTH Pa3-
nena.

/. Pa3zButue.

E. B3anMoelicTBUE Ha MOBEPXHOCTH pasjea.
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4. BeipaxeHus ckopoctu peakunu A — B:

A. W =—dc,/dt.
B. W =dc,/dt.

5. TennoBoit 3 ekt peakumu:

b. W = —dcg/dt.
I'. W = dcg/dt.

A. AH > 0 — sk30T€pMHUUECKasi PEAKIIUSL.
b. AH < 0 — sx30Te€pMHUECKast peaKIusl.
B. AH > 0 — sagorepmuyeckast peakuusl.
I'. AH < 0 — sHIIOTEepMUYECKas PEaAKIIUs.

Ycemanoeume coomeemcmeue

I. ITopsanok peakuuu:
1. Hyneson.

2. IlepBpii.

3. Bropon.

I1. Peakmus:
1. Cl + H, = HCI] + H.
2. 2NO + Cl, = 2NOCI.

II1. TTopsinok peakuumu:
1. Hyneson.

2. IlepBe1i.

3. Bropon.

Kunernueckoe ypaBHeHHUE:
A. k = (1/t) Incy/c.
B.k=x/tcgc.

B. k = x/t.

[Topsinok:
A. Tpertuii.
b. Bropoii.
B. IlepBbiit.
I'. Hyneson.

[Tepuon nonypacnana:
A. Tin = In2/k.
b. Tip = l/kC().
B. Tip = Co/2k.

231



IV. I'paduueckue nHTErpaIbHbIE METOIBI

1. IlepBb1ii mopsnok. 2. Bropoi nopsaok. 3. HyneBoi nopsaox.

(CaiCa) In(Cy~C) e
A
tam=k tga =k
tga =k
o
5 . 1,’cA0
t t
A b. B
V. Peakuus: DHepreTuYecKuil myTh Peakivu:
A.
1. DHnoTepMuyeCcKas Es

2. DK30TEepMUYECKas

Eu(]p

X0 peakuuM

b.
E; \
EoGp
E, 77 -
Eq

X0/l peaKuuu
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Bonpocul 045 cobecedo8aHUs

1. Knaccudukanus xumudeckux peakiuid. CKOpoCcTh XUMUYE-
CKOM peaKklHu. 3aKOH JECUCTBUS MacC.

2. KoHcranTta ckopoctd. MeTo/ibl BBIYMCICHUSI KOHCTAHTBI CKO-
POCTH PEaKLnH.

3. MoJieKyJIIpHOCTD U MOPSAA0K peakiuu. OOIInid U YaCTHBIN MO-
pAnku. MeToibl onpeaeneHus MOPsAIKa PEAKIUU.

4. Peakuyn nepBoro, BTOPOro 1 HyJIEBOTO MOPSIKOB.

5. CHoXHbIE XMMHYECKHE PEAKIUH: MApAIUICIbHbIE U KOHKYpPH-
PYIOILHE.

6. CJ10)KHbIE XUMUYECKHUE PEaKIINU; 00OpaTUMBIE.

7. ClOXHBIE XUMUYECKHUE PEAKIIUN: TT0CIEA0BATEIbHBIE.

8. ConpsiKEHHbIE XUMUYECKUE PEAKIUN.

9. LlenHble peakuuu. 3apOKIACHUE, MPOJOTIKECHUE, PA3BETBIICHUE
U 0OpBIB 1IETIH.

10. Meron kBa3ucTallMOHApHBIX KOHUEHTpanui. KuHeTnka He-
Pa3BETBJIICHHBIX LEIHBIX PEAKIUN.

11. KuHeTrka pa3BeTBIICHHBIX 1IEMHBIX PEAKIIUM.

12. 3aBUCHMOCTh CKOPOCTH peakuuu OT Temrneparypsl. [IpaBuio
Bant-I'ohda. YpaBHenue Appenuyca. JHeprus axkruBanuu. ['padu-
YECKUH U aHAJIMTUYECKHUI CITIOCOO OmpeIeIeHus.

13. Teopust akTuBHBIX coynapeHud. OU3NUECKNU CMBICIT SJHEPTUH
aktuBanuu. Ctepuaeckuii (hakTop.

14. Teopus akTUBUPOBAHHOTO KOMILIEKCA.

15. BrustHue cpeapl Ha CKOPOCTh XMMUYECKUX PEaKIHil. Y paBHe-
Hue bpeHcrena — beeppyma. BinsiHue cpeabl Ha CKOPOCTb TOMO- U I'e-
TEPOITUTUUECKUX PEAKIUN.

16. ®oTOXMMHYECKHE PEAKIINH. 3aKOHBI (POTOXUMUHU.

17. Karamm3. [1omoXATENbHBIA U OTPULIATENBHBIN KaTanus. ['ere-
POTE€HHBII, TOMOTE€HHBIN U (DEpMEHTATUBHBIN KaTaJIN3.
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Adpeca 31eKmpoOHHbBIX 6UGAUOMEK
u web-caiimoe

1. Karamor nay4yHoit omommorexku MI'Y: http://nbmgu.ru/

2. Karanor OMOIMOTEKU €CTECTBEHHBIX HAYyK PAH:
http://www.benran.ru/

3. Karanor >xypHamoB OMOJMOTEKHM XMMHUYECKOro (akynabTeTa
MI'V: http://www.chem.msu.su/rus/library/

4. DnextporHas oudanoreka PODU: http://elibrary.ru/

5. Dnexkrtponnas OuoOmmoreka mno xumuu (ChemNet.Ru):
http://chemnet.ru/

6. UHUOH: http://www.inion.ru/

7. BUHUTMU: http://fuji.viniti.msk.su/

8. BHUTLenTp. baza nmamsbix «TepmMuyeckue KOHCTAHTHI Be-
mecTBy»: http:// www.vntic.org.ru/

9. bank nannbix PAJIOH: http://www.chem.msu.su/rus/chinfo/
raden/welcome.html

10. ChemWeb: http://www.chemweb.com/
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