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Mpeaucnosue

Llesb HACTOAIIEH KHUTH COCTOUT B TOM, YTOOBI ZIaTh ZIOCTYITHOE BBEJE-
HHUE B COBPEMEHHYIO GU3UYECKYIO XUMUIO JJI CTYZAEHTOB, MOJIYYalOIINX
obpa3oBaHUe IO OCHOBHBIM XUMHUYECKUM AUCIUIUIMHAM Ha XUMHYECKUX,
OGUOJIOTUYECKUX MU SKOJIOTUYECKUX CITETNaTbHOCTAX U HaTIPaBIeHUIX MO/
TOTOBKH YHUBEPCUTETOB.

XuMus — IeHTpaTbHasg HayKa O IPUPOJie, MaTepuaaax u ux QyHKIIU-
OHUPOBAHUU, 00 OCHOBAX JKMU3HU BCETO CAMOBOCIIPOU3BOAAIIETOCT MUPA.
JI1060# *KUBO¥M OpraHM3M — 3TO F'MTAaHTCKUN XUMHUYECKUN peaKkTop, B KO-
TOPOM TIPOTEKAIOT MUJUTMOHBI COTJIACOBAaHHBIX XUMUYECKUX peaknuii. Mo-
JIEKyJIsApHasd OWOJIOTUs, MOJIEKY/IsIpHAsA TeHEeTHKa U TeHHas WHXKeHepUs,
OMOTEXHOJIOTHS, MBIIIVIEHUE U WHTE/UIEKT — BCE 3TO XUMus. VI eAuHON
YHUBEPCAJbHOM CBA3KOW 3TUX HAYK U ABAAETCA pusmdeckas xumus. I1og-
TOTOBKA CITEIIUAIMCTOB — XMMHUKOB, OHMOJIOTOB U 9KOJIOT'OB — IPEATIOa-
raeT ocBoeHre GU3NKO-XUMUYECKON HIE0JOTUU ¥ METO/IOJIOTUU U YMEHUE
MIPUMEHATh WX JJIS PelIeHUs] MHOTOYHCIEHHBIX 3a/la4 B PA3IUYHbIX chepax
HayK! U TEXHUKU. KOMIIeTEHTHOCTHBIN TTOAXO0/ B 3TOU cdepe BKIIOYAET CIie-
aytoryie 6a30Bble TPUHITUTIHL.

1. Crtoco6HOCTD UCITOIB30BATh MOJMYIEeHHbIE 3HAHUS QYHAAMEHTATBHBIX
pasziesioB XUMUHU TIPU PEIIeHUH TPOdECCUOHATBHBIX 3a/a4.

2. BjageHre HaBbIKAMU IIPOBEJEHUS XUMUYECKOTO SKCIIEPUMEHTa, OC-
HOBHBIMU CHHTETUYECKUMU U AHATUTHIECKUMH METOAAMU TMOJTYIEHUS
U UCC/IEZIOBAHUSA XUMUYECKUX BEMECTB U PEAKITUIA.

3. CrTocoOHOCTD MCITOJIb30BAaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX
JUCIUIUTMH B TPOodeCcCHOHATbHOU eATeTbHOCTH.

4. BiazieHrie cCTeMOU QyHAAaMEHTATbHBIX XUMUYECKUX TTOHATUN.

5. Ctoco6HOCTh TPUMEHSTh OCHOBHBIE €CTeCTBEHHOHAYYHbIE 3aKOHBI
Y 3aKOHOMEPHOCTHY Pa3BUTHUA XUMHUYECKON HAyKU MPU aHAIU3€e TIOMydeH-
HBIX PE3YJIBTaTOB.

6. Obnazanue CIocOOHOCTHIO MCIMONb30BATh JKOJOTHYECKYIO IPAMOT-
HOCTh M 6a30Bble 3HaHUA B 006acTy GU3UKU, XUMUU, HayK 0 3emiie u 6uo-
JIOTHY B )KU3HEHHBIX CUTYaIlHsX; IPOrHO3UPOBATh IOCJIECTBHS CBOEH po-
dbeccroHaNbHOM 1eATETFHOCTH, HECTU OTBETCTBEHHOCTD 38 CBOU PEIIEHUA.

B pesysibrare M3yuyeHUs ZaHHOTO MTOCOOUSA CTYI€HTHI TOKHBI:

3Hamo

— OCHOBBI GUBUKO-XUMHYECKOTO aHaIN3a;

— OCHOBHBIE HaIIpaBJIeHUs U METOABI GU3NIECKON XUMUH;

— OCHOBHBIE TTOHATHUA U 3aKOHbI XUMUYECKON TEPMOJUHAMUKH,
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— OCHOBHBIE TTOHATHUA ¥ 3aKOHOMEPHOCTH 3JIEKTPOXUMUU;

— OCHOBHBIE ITOHATHUSA U 3aKOHOMEPHOCTH XUMHUYECKOH KUHETUKU U Ka-
Taan3a;

— OCHOBHBIE CBOHICTBA PaCTBOPOB U MPOIECCHI, IPOTEKAIOIIIE B PACTBO-
pax;

ymems

— TI0JIb30BAThCSI OCHOBHBIMU ITPUEMaMH U METOJaMU GpU3UKO-XUMUYE-
CKHX U3MEpPEeHUH;

— PacCUYUTHIBATh TEPMOJAUHAMUYECKHE QYHKIUU COCTOSTHUS CHUCTEMBI,
TerutoBble 3PPEKTH XUMUYECKUX ITPOI[ECCOB;

— PacCYUTHIBATh KOHCTAHTHI PABHOBECHSI, PABHOBECHbIE KOHI[EHTPALIH
peareHTOB, PABHOBECHBIH BBIXO/] IIPOAYKTOB PEeaKIIVN;

— ompeeNsaTh GU3NKO-XUMHYECKHE TTapaMeTPhl pACTBOPOB U TPe/CKa-
3BIBATh [TOBEJI€HIE PACTBOPOB;

enadems

— HaBBIKAMM pacyeTa OCHOBHBIX (PU3UKO-XMMUYECKUX [TIapaMETPOB;

— MeTOlaMH KOHAYKTOMETPHUYECKOTO U MTOTEHI[OMETPUYECKOTO TUTPO-
BaHUA;

— MeToZlaMU ONpeJeieHUs TTopsIKa U CKOPOCTH XUMHUYECKUX PeaKIIUi;

— HaBBIKAMM HMHTEPIIPeTaIlMy PaCCUMTAHHBIX 3HAYEHUH TePMOAUHAMU-
yecKuX GpyHKIIUH C [IeJIbI0 TPOTHO3UPOBAHS BO3MOXKHOCTH OCYIIECTBIEHUS
Y HaIlpaBJIeHMsI IPOTeKaHUA XUMUYECKHX MIPOI[ECCOB.

dopmuUpoBaHUe 3TUX KOMIIETEHIINH — OCHOBHAs 3aja4a IIperojaBare-
Jiell COOTBETCTBYIOIIMX KypCOB. [Ipy 5TOM MPUXOAMTCS KOHCTaTHPOBATh,
YTO CTYZIEHTaM JJOBOJIbHO CJIOXKHO OCBOUTDb BEChbMa HEMPOCTOU U 0OBEMHBIM
maTepuaj. OfHa U3 OCHOBHBIX IPHUYUH CIOKUBIIEHCS CUTYallud COCTOUT
B TOM, 4TO PU3UKO-MaTeMaTHUYECKAs TIOATOTOBKA O00yJaloNUXCs Ha XUMU-
YeCKUX, OMOJOTMYECKHX WIN DKOJOTUYECKHX CIEINaTbHOCTIX U HaIlpaBJe-
HUSX TIOATOTOBKY YHUBEPCUTETOB He BCET/ZA I0CTaTOYHA, BBUAY OTPaHUYEH-
HOCTH OTBOAMMBIX Ha 3TH KYPCHI 4aCOB. B pe3y/braTe BOZHUKAIOT IPOOIEMBI
C OCBOEHHMEM HACHIIIIEHHBIX GU3UKON U MaTeMaTHUKOM CITelaIbHbIX KypCOB
dusnyeckoi xuMun. K TakoMy BEIBOAY aBTOPOB MPUBE MHOTOJIETHUH OIIBIT
YTEHUS JIEKIIUH AJIT XUMAYECKUX U OMOJIOTUYECKUX CIIEITUaJTbHOCTEN YHU-
BEPCUTETOB 110 OCHOBHBIM M CIIEI[HaTU3UPOBAHHBIM KypcaM GpU3UIECKON
XUMHU U QUBNKO-XUMUYECKUM OCHOBaM OHMOJIOTUYECKUX MTPOIIECCOB.

[IpuBeseHHBIE COOOpaKEHUA U OIMPEAEeNUIN CTPYKTYPY HACTOSIIETO
y4e6HOTO MoCco6usA. MbI TOCTapaUCh U30€KaTh U3TUITHEN «MaTeMaTH3a-
LIMW» Kypca, IIPX 3TOM JaTh MpeAcTaBieHre 00 OCHOBHBIX paszenax Gpusu-
YeCcKol XMMHUHU.

ABTOpBI He cTaBUIM cebe 1ebio HammcaTh BceobbeMitolee yuebHoe 1I0-
cobue 1o paccMaTpUBaeMbIM ITpobieMaM; Jjisi 3TOI'0 UMEFOTCSI COOTBETCTBY-
folre yuebHUKN 10 GU3NYECKON XUMUM, TEOPUU CTPOEHUS U KBAHTOBOM
XUMUU, XUMUYECKON KMHETHUKE U T. 1. Hall Kypc HOCHUT BBOJHBINM XapaKTep,
U, IyMaeM, MOCAYKUT CTyZeHTaM HEKUM OPHEHTHPOM B MOpe QpU3UKO-XU-
MUYeCKOM MHPopMaIuu. VIMEHHO TTO3TOMY B IaHHOM IIOCOOWM PsiJ pas-
€108 PU3NIECKON XMMUU JaeTcs B KpaTKOM M3jIoxkeHuu. HegocTaromrme
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CBEJIEHUS CTY/IEHTHI BCETZla MOTYT HaWTH B y4eOHUKAX U MOHOTpaduax. st
3TOTro0 Mocobue cHabXeHO CITMCKOM PEKOMEH/TyeMO¥ JIUTEePaTyphl U ajipeca-
MM COOTBETCTBYIOIIUX BeO-CAiTOB M 3JIEKTPOHHBIX OHbroTek. Kpome aT0-
ro, B KOHIIEe KaXXIO! I7IaBbI IIPUBE/IEHBI IPUMEPHI TUITOBBIX PElleHUH 3a/1a4,
a Tak)Ke 33/IaYM JIJIs1 CAMOCTOSITE/IbHOTO pellleHus. B ainexTpoHHON 6M6IM0-
TEYHOU CHCTeMe U3ATeNbCTBA, BRITYCTUBIIETO JAHHYIO KHUTY, TI0 KaXKA0N
IJIaBe JJaHbl KOHTPOJIbHO-TECTOBBIE 3a/laHUsA, KOTOPbIE MOXKHO IPONTU B UH-
TEPAKTUBHOM PEXUME.

Hazeemcs, 94To ZaHHOe 1TocobuMe He TOJNBKO OyZeT IOIe3HO CTYZAEeHTaM,
HO Y BBI30BET UHTEPEC Y aCIUPAHTOB, HAYYHBIX PAOOTHUKOB, CIIEINATU3H-
pyooIuxcsa B obnacTax GU3NIecKol XUMUM, a TaKXKe Y IMKOJbHBIX MPETo-
JlaBaTesiell XUMUU U OMOJIOTHH.
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naBa 1
FA3bl

1.1. 06wwme NOHATUA 06 arperaTHbIX COCTOAHUAX BeLyecTBa

Azpezamnoe cocmosiHue — COCTOSIHHE BellleCTBa, XapaKTepUusylolieecs
OTIpe/ieIEHHBIMU KaueCTBEHHBIMU CBOMCTBAMU: CITIOCOOHOCTHIO MJIU HECIIO-
COOHOCTBIO COXPAHATb 00beM U GOPMY, HATUIUEM WU OTCYTCTBUEM /JajTh-
HEro U GIVKHEro MopsIIKa U Jp.

V3MeHeHMe arperaTHOTO COCTOSHUS COMPOBOKAAETCA CKauKOOOPa3HBIM
“3MeHeHUEeM CBOOOJHON SHEPTUM, SHTPOIIUU, TUIOTHOCTH U IPYTUX OCHOB-
HBIX GU3UIECKUX CBOMCTB. ArperaTHOEe COCTOSTHUE — Pe3yabTaT (pa3oBOTO
nepexoza.

B coBpeMeHHOW (U3MKe BHIZIESAIOT CIEAYIOIINE arperaTHble COCTOSTHUA:
TBepZoe TeJlo, KUAKOCTb, Ta3, IIa3Ma.

l'a3pl. BOJNBIIUHCTBO Ta30B — KOBaJIEHTHBIE COeAUHEHUs WU TIPO-
cThle BemecTBa. Hambosee XxapaKTepHBIMU CBOMCTBAMHU T'a30B SBJISAIOTCS
WX CKUMAaeMOCTb M CIIOCOOHOCTb PACHIMPATHCA. ['a3bl HE UMEIOT COOCTBEH-
HOI GOpPMBI ¥ COOCTBEHHOTO 006'beMa, OHU PACHIUPAIOTCS [0 TEX IOp, IMOKa
He 3aT0JTHAT PAaBHOMEPHO BECh COCYZ, KyZla UX MMOMEeCTWIN. [a3bl CITOCOOHEI
CMEIIUBATBHCA IPYT C IPYTOM B JIFOOBIX OTHOIIEHUAX. ['a3bl — 6eCropsaZ0IHO
JBIDKYIIUECS B POCTPAHCTBE U C1ab0 B3aUMO/EHCTBYIOIINE MOJIEKYJThI.

Kugkoctu. B :XKUAKOM COCTOAHUYM MOTYT HAaXOAUTHCA MeTa/IMYeCKue,
WOHHBIE Y KOBAJIEHTHBIE COeIMHEHUS (TIpUMep: PTYyTh, pa3baBieHHAas CO-
JITHas KUCIoTa, 6eH3oin). [1og06HO TazaMm, )KUAKOCTU He UMEIOT OIpe/iesieH-
HOU popmbl. C:KUMAEMOCTH KUAKOCTEN 04eHb Mana. JKugkoe cocTossHUE
XapakTepusyeTcss 6OIbIION SHepruel B3auMoeHiCTBUS MOJEKY/T U 3HAYU-
TeJIbHO MEHBIITUM CBOOOAHBIM TIPOOETOM.

TBepaple BellecTBa. B TBep/joM COCTOSIHMU, KaK U B XKUJKOM, MOTYT
HaXOAUTHCA MeTa/TniecKkre, MOHHbIe WIN KOBaJeHTHbIe coequHeHusA. OHU
06pa3oBaHbl YaCTUIIAMH, KOTOPBIE COBEPIIAIOT KOJiebaTebHbIE ABHUKEHUS
OKOJIO TIOJIOXKEHUM paBHOBECHA B y3/IaX KpUCTAUIMYECKOU peleTku. TBep-
ZIble TeJla OTJIMYAIOTCS OT XKUAKOCTEN U ra30B HaJTM4reM coOCTBeHHOU $Hop-
MBI U OIIpeZieJIEHHOTO 00beMa.

Ilnazma — TOJHOCTBIO WM YaCTUYHO MOHU3WPOBAHHBIM ra3. Ilmazma
COCTOUT U3 IOJIOKUTEIbHBIX NOHOB 1 HECBA3aHHBIX 3J1eKTPOHOB. OHa cy-
IIIECTBYET, HAIIpUMeD, B BEPXHUX C/I0sAX aTMochephl 3emiu. Ceeimie 99 %
BeIecTBa BO Bcell BcesleHHOM CyIecTBYeT B BU/E IIIa3MBbl.

10
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[ToHsATHE arperaTHOrO COCTOSIHHSA ZOCTAaTOYHO YCJIOBHO: CyI[€CTBYIOT
aMop¢HbIe Tela, COXPAHAININE CTPYKTYPY KUAKOCTH U 0bJaZiatoniue He-
OOJIBIIION TEKYYeCThIO; BHICOKOAIACTUYHBIE COCTOSTHUSA HEKOTOPHIX MOJIH-
MepOB, TIPe/ICTaBIAIINE COOON HEUTO CpeHEe MEXKAY CTEKIO0OPa3HBIM
U )KUZIKUM COCTOSTHUEM, JKUKUE KPUCTAJUIBI U Ip. TakKe CyIeCTBYIOT ILIaB-
HbIE TIEPEeXO0/Ibl MEXK/Ty HEKOTOPBIMU arperaTHbIMU COCTOSTHUAM. B TO ke Bpe-
MsI CTOUT OTMETHUTDb HaJTUYHE HECKOIBKUX PA3TUIHBIX COCTOSHUN TBEPABIX
TeJI, HapuMep rpaduT, aiMa3 U yrojib, OTHOCSIIHECST K OJHOMY arperaTHo-
MY COCTOSHUIO. J[JIsT ONMUCAHUSA PA3TUYHBIX COCTOSHUM B GU3UKeE Yallle UC-
mosb3yeTcst 6oJiee IHUPOKOE MOHATHE (A3bL.

1.2. [a30Bble 3aKOHbI

TI'azoevle 3akOHbL — 3TO MaTeMaTUUYeCKUe COOTHOIIEHUS MeX/Y TeMIle-
paTypoii, aBjieHreM U 06beMOM T'a30B.

HauyHeM c o6CyXAeHUs eAWUHUI] U3MEPEHUST TeMIlepaTyphl, AaBIeHUI
U obbema.

Temmnepatypa (T). B Hay4HBIX UCC/IeJOBAHUAX HUCIIOIb3YIOTCS BE IITKa-
JIbI U3MepeHUsA TeMIepaTyp. AGCONIOTHAS NIKaja TEMIEPATYP, KOTOPYIO
npezanoxun Y. KenpBruH B 1848 r., ncnionb3yeT B Ka4eCTBE €JUHULIBI U3Me-
penus kenbBUH (K). B 110601 abCOMIOTHOM IIIKajie U3MEPEHMUS CYIIECTBYIOT
TOJIBKO TIOJIOXKUTEIbHbIE 3HAUEHUs, a HyJIb B TAaKOU IIKaje O3HA4YaeT IOJ-
HOE OTCYTCTBHE U3MeEPSIEMOU BEIMYUHBI. B aOCOIOTHO IIKaJjIe TeEMIIEPATyP
Touka 0 K HaswpiBaeTcs abCOMIOTHRIM HyseM. TeMiepaTypHas mmkazia [lemsb-
cus He SIBJIsAeTcs abCOMIOTHOM IIKAJMOH, TaK KaK B HEW ZOMYCTUMBI OTPHU-
LIaTeJbHbIE 3HAUEHUs TeMIIePaTyphl. B MeXZyHapoAHOU cUcTeMe eVHMUI]
CHU exguHullel TeMIlepaTyphl ABJISAETCA KeIbBUH. OTa eJUHUIIA UCIIONb3YeT-
CS1 BO BCEX BBIYMCIEHUAX C yYaCTUEM TeMIIEpaTyphl. [lepeBo/ TeMIiepaTyphl
u3 mkasel Llesbcus B abCOMIOTHYIO KAy TpebyeT mobaBieHus K MepBoOH
4ycIeHHOH BesnunHe 273,15.

JaBnenue (p). B cucreme CU eauHulleil AaBieHUs ABAsSETCS MacKalb
(ITa), xOTOPBIN ompezeNsieTcs KaK JaBjleHre, CO3ZlaBaeMOoe CIIOA B OAWH
HBIOTOH, ZIEHCTBYIOIIEN TIEPIIEHAUKY/ISIPHO K IIOBEPXHOCTH ILIOMAAbI0 B 1 M2:

1T1la =1 H/Mm2.

B xauecTBe eANHUI] U3MEPEHU AaBlIeHUA YacTO UCIOAb3YIOTCA aTMOC-
¢depa (aT™m), MIWITUMETPHI PTYTHOTO cTOI6a (MM PT. CT. i MM Hg).

JaBneHue, paBHoe 1 aTM, co3zaeT 3eMHasa aTMocdepa Ha ypOBHE MOps
pu Temnepatype O °C, moazepKuUBasi CTOIOWK PTYTH BBICOTOH 760 MM:

1 atm = 101325 I1a;
1 Mm prt. cT. = 133,322 I1a.

[Tpu “3MepeHNM HU3KUX /IaBJIeHUHN YacTO MOIb3YIOTCA eINHUIIEH, KOTO-
past Ha3bIBaeTCs «TOpp» (110 UMEHU UTATbIHCKOTO MaTeMaThKa U GU3uKa

11
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O. Toppuuesuin). B 1643 r. Toppuuesuii yCTaHOBWI, YTO aTMochepHOe ZiaB-
JIEHUE OIpeZeiseT BRICOTY, 0 KOTOPOM KUAKOCTh MOAHUMAETCS B TPYOKe,
IepeBEPHYTON Ha/ TAPEJNKOM C TOM Ke KUJAKOCTbI0. DTO MPUBEJIO K CO3/a-
HHIO GapoMeTpa.

O61beMm (V). B cucreme CU egunHUIell 06beMa SBIAETCA KyOUYECKUN
MeTp (M3), a IPOM3BOAHBIMU €IUHUIIAMY JAM3 U CM3:

1 M3 =103aMm3, 1 am3 = 103 cm3.

Taxke McIonb3yeTcs JUTP (Mepa eMKOCTH; pyccKoe 0O03HaYeHre — JI;
MexzAyHaponHoe — L wim [) — BHecucTeMHas MeTpUYecKas eMHUIA 13-
MepeHUsa o6beMa ¥ BMECTUMOCTH, paBHas 1 ams3.

CrangapTHble (HOpMajabHbIE) TeMIIepaTypa U JaBjieHue. VI3BeCcTHO,
4yTO 00bEM T'a3a 3aBUCUT OT €ro TEMIIEPATYPHI U JaBjeHus. [loaToMy, cpaB-
HUBas 06beMBI ra30B, HEOOXOJUMO YpaBHUBATh UX TEMIIEPATYPY U JaBiie-
Hue. [IpUHATO yKa3bIBaTh 00beM raza u Apyrue Gpusndeckre CBOHCTBA IIPU
OTpeZieJIEHHBIX YCIOBUAX — CTAHJAPTHBIX TEMIIEPATYpPe U AaBIEHUM.

CranzapTHo# TemmepaTypoii cuutaercsa 273 K (0 °C), a craHZapTHBIM
masieHueM 70 1984 r. cuutanochk 3HadeHue 101325 Ila (1. e. 1 aT™m, win
760 MM pT. cT.). OfHAKO B HACTOsIIee BpeMs NMPUHATO CIUTATh CTAHAAPT-
HbIM gaBieHrem 100 kIla.

3akoH boitns — MapuoTTta. KosimuyecTBEeHHOE COOTHOIIIEHHUE MEXIY
06bEMOM U JJaBJIEHMEM ra3a BIepBble ycTaHOBWI PobepT Boitib B 1662 T.
(3. MapuoTT ycTaHOBWJI 3TOT 3aKOH B 1667 T.): npu nocmostHHoll memnepa-
mype 06seM 2a3a 06pamHo NPONOPYUOHAIEH €20 0AB8AEHUIO.

DTOT 3aKOH MPUMEHUM K JIFO60MY PUKCHPOBAHHOMY KOJMYECTBY rasa.
Kak sicio u3 puc. 1.1, ero rpadudeckoe mpezcTaBlIeHe MOXeT OBITh pas-
HBIM.

T = const

>
>

|4 /v

Puc. 1.1. Tpa¢uueckue ¢popmbl npeactaBnenus 3akoHa boiina — Mapuotra

MaTemaThU4eCcKH 3TO 3anucebiBaeTca Tak: V o< 1/p. CiiegoBaTenbHo, pV =
= const. OgHaKo 0OBIYHO 3aKOH Boiiia — MapHoTTa 3aMCHIBAIOT B BUIE

p1-Vi=pyV,

Takas 3anmuch IO3BOJIAET, HAllpUMep, 3Has HMCXOAHBIM oObeM rasa
V, ¥ ero JaByeHHe p,, BEIYUCIUTD /IaBJeHNE D, B HOBOM 00BeM V.
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3akoH leii-JIroccaka (3akoH llapnsa). B 1787 r. 3.-T'. lllapsas mokasai,
YTO NPU NOCMOSAHHOM 0a8JleHUU 06BeM 2a3d U3MeHSAemcst NPONOPUUOHANBLHO
€20 memnepamype.

OTa 3aBUCHMMOCTH IIpe/cTaBIeHa B rpadpudeckoit popme Ha puc. 1.2,
U3 KOTOPOIO SICHO, YTO 00'heM Ta3a JUHENHO CBS3aH C €ro TEMIIEPaTyPOH.
B maTemaTu4eckoi ¢popme sTa 3aBUCUMOCTD BhIpaykaeTcs Tak: Vo< T.

VA

p = const

2%3 T, K
Puc. 1.2. Tpaduueckan ¢popma npeactaBneHus 3akoHa leii-Jlioccaka (Llapnsa)

OpHako 3akoH Illapsd yaie 3aUCBIBAIOT B BUZE

i_V,
L T,

3axkoH Iapasa ycoBepieHcTBoBa JK. T'eif-/Itoccak, koTopsiit B 1802 r.
YCTaHOBWI, YTO 00'beM rasa Ipu M3MeHeHUU ero TeMmrepaTypsl Ha 1 °C us-
MeHseTcsa Ha 1/273 yacTh TOro ob6bema, KOTOphiii oH 3anuman mnpu 0 °C.
Orcroza ciefyeT, 9To, €C/IU B3ATh IIPOU3BOJIBHBIN 00beM JII0O0ro rasa Inpu
0 °C, 1 Ipy IOCTOSHHOM /IaBJIeHMH YMEHBIIUTh ero TeMIiepaTypy Ha 273
°C, TO KOHEYHBI 00beM OKaXKeTCsA paBHBIM HY/I0. DTO COOTBETCTBYET TeM-
neparype —273 °C, wiu 0 K. Takas TemnepaTrypa Ha3bIBaeTcs a6CONHOMHbIM
HyJzieM. AGCOMIOTHBIM HYyJb, CTPOTr'O rOBOPS, HeJoCcTKUM. OfHaKo B jabo-
PaTOPHBIX YCJIOBUAX YAAETCA ZOCTUYb TEMIIepaTyp, OTINYAOUIUXCA OT ab-
cosoTHOro HysA Bcero Ha 0,001 K. Ilpu Takux TeMrepaTypax 6ecropsizod-
HBle JBWXXEHHUA MOJIEKYJ, IPaKTUYeCKH, NIpeKpalaTca. OTO IPUBOAUT
K IIOAIBJICHUIO YUBUTEIbHBIX CBOMCTB. Hanpumep, MeTauibl, OXJIaXK/eHHbIE
JI0 TeMITepaTyp, OIU3KUX K aOCOTIOTHOMY HYJTIO, TIOYTH IIOJTHOCTBIO YTPaYH-
BaIOT 2JIEKTPUYECKOE COIIPOTUBJIEHNE U CTAHOBATCA CBEPXIIPOBOAAIIVMMU.

B 1987 r. oO6Hapy:xeHbI BellecTBa (KepaMyKa, cliedeHHas U3 OKCHU/OB JIaH-
TAHOW/IHBIX 2JIEMEHTOB, 6apysa U Me/I), KOTOPBIE CTAHOBATCSA CBEPXIIPOBOASA-
IIMU IIPYU CPaBHUTEIBHO BBICOKHMX TeMIlepaTypax, nopsazaka 100 K (=173 °C).

OG6beaMHEHHBII ra3oBbIii 3aKOH. YpaBHeHHe MeHgeneeBa — Kiia-
neiiporna. O6beuHAI 3aK0oH Boina — MapuorTta u leii-Jltoccaka, MOXKHO
MOJIYYUTD cilefylolllee ypaBHeHHe (3TO MaTeMaTH4ecKoe BhIpakeHue 00b-
€/IJMHEeHHOT'0 Ta30BOT'0 3aKOHA):

PV _PoVo oy PV o,
T, T T
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TouyHOe 3HaYeHHEe IIOCTOSTHHOU B HpaBOfI YacCTHu 3TOr'0 YypaBHEHHA 3a-
BHMCHUT OT KOJIMUecTBa rasa. Ecau kKosudecTtBo razan = 1 MOJIb, TO COOT-
BETCTBYMOIIad IMMOCTOAHHAA obo3HauaeTcs 6YKBOI‘/JI R 1 Ha3bIBaeTcs «ra3oBas
IIOCTOAHHAA»:

Vv

m— 006beM OZHOI'O MOJIA.

g n mosiei raza nojaydaeTcs ypaBHeHUe

% =nR, wiu pV = nRT.

B Tako# ¢popme 0O0beAMHEHHBIN ra30BbIN 3aKOH HA3bIBAETCS YPABHEHU-
eM COCMOSIHUSA UOedlbHO020 2d3d. YpaBHEHNE COCTOSHUA — 3TO YpaBHEHUe,
CBSI3BIBAIOIIEE MEXKY COOOH MMapaMeTphl COCTOAHUA Ta3a (AaBieHue, 06beM
U TEMIIEPATYPY).

HdeanvHblil 2a3 — ra3, KOTOPBIN ITPU JIIOOBIX TeMITepaTypax U JaBjieHu-
AX TTOJIHOCTBIO MTOJYNHAETCA YPaBHEHHUIO COCTOSHUA HiealbHOro rasa (mpo-
CTBIM T'a30BBIM 3aKOHAM).

OTO rUMOTeTUYECKUH (BOoOOpaskaeMbIii) ra3. [ToHATHE 00 MAeaTbHBIX ra-
3ax BBEJIEHO /IJI1 TOTO, YTOOBI UMETh BO3MO)XHOCTh CPAaBHUBATh CBOHCTBA
peasbHBIX T'a3oB APYT C APyroM. PeasibHble rasbl XOPOIIO MOAUYMHAIOTCSA
ypaBHEHUIO COCTOSHUSA HeaTbHOTO ra3a Ipyu HU3KUX AaBieHusax (p — 0)
U BBICOKUX TEMIIEpATypax.

VaeanbHBIN ra3 0byaZjaeT CaeAyOMUMU CBOHCTBAaMU: 0OBEM MOJIEKYIT
raza 6eCKOHEYHO MaJl; MOJIEKYJIbI MKy COO0I He B3aUMOAEUCTBYIOT (Tpr
CTOJIKHOBEHHU BeAyT cebs KaK yIpyTrHe Iaphi).

3akoH ABorazpo. B 1811 r. utanpaHCcKUM GU3UK U XUMUK A. ABOTaZipo
BBIZIBUHYJI TUIIOTE3y, KOTOPasA BIOCJIECTBUY TOJNydria Ha3BaHHE 3aKOHA
ABoOrazipo: 8 pagHbix 00%emMax pasaudHbLX 2a308 NPU 00UHAKOBOL memnepa-
mype u 00UHAKO0B80OM 0asJleHUL COO0epHCUMCsL 00UHAKO80€e ULCIO MOJIEKYL.

Yucsio MoJeKysa B OfJHOM MoJie jitob6oro rasa pasHo N, = 6,022 - 1023
Mosib~1 (mocTosiHHas ABorazpo). IToCKOIBKY OfMH MOJb JII0O0TO Ta3a Bcer-
[1a COZIEPXKUT OJMHAKOBOE YHCJIO MOJIEKYJI, MOKHO COOPMYIMPOBATh CJIes-
CTBUE U3 3aKOHA ABOTaZpo: 00uH MOJb 00020 2a3a 8cez0d 3aHuMdaem
00uH U mom Jce 06BeM.

OTa BeJIMYMHA Ha3bIBAETCA MOJIAPHBIM 00beMoM. [Ipy HOpMaIbHBIX yC-
noBusax V,, = 22,4 am3. B cucteme CU V,, = 2,24 - 102 M3/Mob.

l'azoBas nocrossHHasa. Eciu n = 1 mos, To pV,,, = RT, rae V,, — MosAp-
HEBII 00BEM.

DTO ypaBHeHUeE YUTAETCS TaK: MPOU3Be/IeHNe TaBleHUs Ha 00heM MPo-
MOPIIMOHATBEHO abCOMIOTHOM TeMIepaType.

JIerko yCTaHOBUTH CBf3b ra30BOM MOCTOSTHHOMU ¢ pabOTOM paciuIupeHus
YleaJIbHBIX Ta30B. ViMeeM ITWIWH/D, MOPIIEHb (CUIBI TPEHUA He YIUThIBA-
eM), Mo/, KOTOPBIM HaXoAUTCS 1 MOJb ufeanbHoro rasa (puc. 1.3).

14
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las (p, V, T)

Puc. 1.3. YcTpoiicTBO ANA NOACHEHNA (BA3M ra30B0i NOCTOAHHOI ¢ paboToil
paclumpeHns ngeanbHbiX ra3oB

IToBbICUM TeMIIEpaTypy Ha AT u 3amnuiineMm YpaBHE€HNE COCTOAHUA HUJe-
AJIbHOI'O rada AJid ByX C/Iy4acB:

pV,, =RT, (1.1)
p(V,, + AV) = R(T + AT),

rae AV — usMeHeHHe oO0beMa.
BbIunTaeM IepBoe ypaBHEHME U3 BTOPOTO, MTOIyYaeM:

pAV = RAT.

[TpousBeseHME aBlIeHUS Ha U3MEeHEHNE 00beMa eCTh paboTa, CoBepIa-
emas cucremont (u3 ruapoanHamuku). Ecmu AT = 1, ToA = R.

dusnuecKuit CMBICI Ta30BOM TOCTOSTHHOM R: 2a308as NOCMOAHHAA PABHA
pabome pacwupeHusi 00H020 MOJISL UOEAIbHOZ0 2A3d 8 pe3y/ibmaine Hazpesad-
Husl Ha 1° npu nocmosiHHoM OagaeHuu (usobapuueckoe pacluupeHue).

YuceHHOe 3HaYeHWe R 3aBUCHUT OT TOTO, B KaKUX €JUHUIIAX BBIPAXKATh
BeJIMYMHBI, BXOZAIINE B YpaBHeHUE COCTOSTHUA HJealbHOro rasa. Kak pac-
cyutath R? V3 (1.1) mosmyuaem

_pV,  1.22,4
T 1-273,15
B cucteme CU: R = 8,314 [/Ixx-K-1-monp-1].
YacTo ynoTpebisisgeTcsd BHECHUCTEMHAA €WHUIIA KOJIUYECTBA TETUIOTHI

(aHeprun) — Kanopus. Kanopus — KoJIM4ecTBO TeIuia, KOTOPoe HeoOX0oAU-
MO, YTOOBI HarpeTh OJMH I'PaMM BOJBI HA OJWH rpazyc Lleabcus:

=0,082 [aTm-1-K-1-Mosmb~1].

1 xan = 4,187 [k, T. e. R = 8,314/4,187 = 1,987 [kan-K-1-monb1].

1.3. la3o0Bble cmecu.
3aKOHbI ANA uAeanbHbIX ra30BbIX cMecel

B rasoBBIX cMecsaX KaXKAbIM ra3 BefeT cebs He3aBUCHUMO OT IIOBeJeHUA
OCTaJIbHBIX Ta30B, BXO/AIINX B COCTaB CMECH.

15
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3akoH /lanpTOHa (3aKOH aJJUTHUBHOCTHU Iapl[UaJbHbIX JaBJIeHUI):
obuee 0asnieHue 2a30801l CMecU pABHAEMCA CymMe NaApUUANbHbLX 0asaeHUll
KOMNOHEHMO8 2a306801l cMecu:

k
Posm =P1+P2+Ps+ ... +pp = _lej-
pu
Hapuua.nbubun dassieHueM KOMNOHEHMAa 2a30801il cMecu Ha3bIBAE€TCH
AaBJEHNE, KOTOPOE IIPOMN3BOANII OBI 3TOT KOMIIOHEHT B OTCYTCTBUE OCTaJib-
HBIX, HAXO4ACh B TOM K€ KOJIMYECTBE, B TOM Ke O6'beMe U 1ipu TOHU Ke TeM-
ImeparTrype, Kak 1 B CMECH.
3akoH Amara (3akoH aJIMTUBHOCTH MapIHaIbHBIX 00HEMOB): 06w Ul
O6‘6€M 2a308011 cmecl paseH cymme napuuajibHblx O5‘6€M06 KOMMNOHEHMOo8:

k
=Vi+V,+Vi+ ...+ V=3V,
j=1
Hapl;ua]lebLM 00B5eMOM KOMNOHEHMA 2a30801l cMecu Ha3bIBAETCHA
O6’b€M, KOTOprfI 3aHUMaJI OBl 9TOT KOMIIOHEHT B OTCYTCTBHE OCTaJIbHBIX,
HaXoZsACh B TOM K€ KOJIMYECTBE, 110 TEM KE AaBJICHHUEM U IIPpU TOI JKe TeM-
ImeparTrype, Kak 1 B CMECH.
CneacrBua U3 3akoHa JlanipToHa u Amara. limeeMm raszoByio cmech:

V

o6

p,V =nRT, p,V =n,RT, ..., p,V = nRT,

oTcroZia
_ mRT _nyRT _mRT
phh= % sP2= % s e P = v
mRT  nyRT nRT RT
Pobum = y + v +...+ y =7(n1+n2+...+nk),
k RT

=)n——.
poﬁm Ei Jj %

Hatizem oTHoIIeHKE:

RT
no_ My
Kk k )
po6m 2 nj ) RT 2 nj
j=1 |4 j=1

rae N; — MoJbHas 0/ KOMIIOHEHTA «i».
OTHoIlIeHe Yrcia MoJiel JaHHOTO KOMIIOHEHTa K 00IeMy YUCTy MoJiei
KOMITOHEHTOB CMECU Ha3bIBAETCS MONbHOU 0oell 0aHHOZ20 KOMNOHeHM .
CyMMa MOJIbHBIX /I0JIel BCceX KOMITOHEHTOB paBHa 1. [Tonydaem:

Pi = N;* Popmy,

CieacTBue U3 3aKOHA JlaJbTOHA: NAPUUANIbHOE 0d8JleHUe KOMNOHEH-
ma 2a3oeoll cmecu pagHo NpousgedeHUr0 MONbHOLU 001U 3MO020 KOMNOHEHMA
Ha obuwee dasieHule 2a308011 cMmecll.
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CiiezcTBHE U3 3aKOHA AMara: napyuanbHblil 06sem KOMNOHeHmd 2d30-
8011 cMeclU paseH NpousgedeHUd MONLHOLU 00U 3MO020 KOMNOHEHMA HA 06-
wutl 06%emM 2a3oeoil cmecu:

Vi = Nl ° V06H.I'

1.4. PeanbHblie rasbl

PeanbHbIe Ta3bl He IOAYMHAIOTCA CTPOr'0 YPaBHEHUIO COCTOSAHUA Ueab-
Horo rasa. OTKJIOHEeHUA YBeINYUBAIOTCA C TOBBIIIEHUEM [aBIe€HNA U YMEHb-
nieHueM TeMiepaTypbl. OTKJIOHEHU UX CBOMCTB OT CBOMCTB K/iealbHOI'O
raza o6GHapyKUBAIOTCH, €CJIN IOCTPOUTH I'PadUK 3aBUCUMOCTU BETUYNHBI
pV/(nRT) ot gaBnenwus p. i uiealbHOTO Ta3a TaKOU rpaduK MpeCTaBIIsA-
eT cob0 MPAMYIO JIMHUIO, TTapa/UIeJIbHYI0 OCcU JaBieHui (puc. 1.4).

pV/(MRT) A
Ny
0,
H,
1,5 I~ C02
VpeanbHBIN
1 ras
0,5+
| | | | | >

>

200 400 600 800 1000  p, at™

Puc. 1.4. 0TKNOHeHUA CBOWCTB peanbHbIX Fa30B OT CBOICTB MAeanbHoro rasa npu 273 K

CTerneHb OTKJIOHEHU OT CBONCTB HeaJbHOTrO Ira3a U XapakTep 3TOro
OTKJIOHEHMUS 3aBUCAT OT IIPUPOABI KOHKPETHOI'O PEaJbHOTO ra3a, JaBleHNs
U Temnepatyphl. CreyeT OTMETUTh, YTO OTKJIOHEHUS CTAaHOBATCS 6ojiee BhI-
Pa’KeHHBIMU IIPX BBICOKUX JaBJIE€HUAX U HU3KNUX TeMIlepaTypax. /lyia MHOro-
aToMHBIX ra3oB (CO,) oTkIOHeHMe Bo3pacTaeT. OTKIOHEHUA CBOMCTB pe-
aJIbHBIX T'a30B OT CBOMCTB WZEATbHOTO ra3a OOBICHAIOTCA HAIUYUEM CHJI
MPUTSDKEHUS MEX/Y MOJIEKYJIAMU ra3a U HaJudueM OTpe/eJIEHHOTO cob-
CTBEHHOTO 00beMa y KaXKA0W MOJEKY/Ibl ra3a. OTCTYIUIEHUH HET TPU Tpe-
JeJIbHBIX YCIOBUAX, T. €. Tpu p — 0.

[TpeznsiokeHO HECKOJbKO COT YpaBHEHUU COCTOAHUA pealbHbIX I'a3oB.
Hawuborbiee pacmpocTpaHeHHEe BC/IeACTBHE IIPOCTOTH U GU3UIeCKOH 000-
CHOBAQHHOCTH ITONy4w10 ypaBHeHue f.-/I. Bau-gep-Baansca. B 1873 r. Ban-
ZAep-Baanbc ycoBeplIeHCTBOBAI YpaBHEHUE COCTOSHUA HJealbHOIO rasa
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C y4eTOM OTKJIOHEHHUU OT Hero CBOMCTB peasibHbIX ra3oB. /ljigd 0JHOTO MOJIS
peasbHOr0 ra3a ypaBHeHHe UMeET BU/J

(p + a/V2)(V-b) =RT,

rae wieH a/V? yuuThIBaeT BHyTPEHHEE JaB/leHUE U XapaKTepU3yeT CTeleHb
MEXMOJIEKY/ISIPHOTO B3aUMOJENCTBUSA; b — MOCTOSTHHAsI, KOTOpas YUUTHI-
BaeT cOOCTBEHHBIN 06'bEM MOJIEKYJ, OHA He PaBHA COOCTBEHHOMY 00beMy,
a paBHa MPUOIU3UTENBHO YIeTBEPEHHOMY 00heMYy.

Jlnsi n MoJiei peaJibHOTO Tra3a UMeeM

(p + an2/V2)(V-nb) = nRT.

Koagpduyuenmot a u b 3agucsam om npupoost 2asa, m. e. ypagHeHue He 518-
JIS1emcsl yHUBEPCANbHbIM, MAK KaK 011 Kaxncdo20 2a3d cyujecmayom c8ou 3Ha-
YeHUSL NOCMOSIHHbIX a U b.

Mpumepbi pewenna 3apay

3azaua 1. ITapsl opranuyeckoro BelecTtBa Maccoit 1,17 r npu 423 K
u 1,00 - 105 [1a 3anumator o6bem 0,447 1. Beravciure MOJISIPHYIO Maccy
coeITHEeHV.

Peuwienue. MonApHyI0 Maccy BellleCTBa BEIYMC/IAEM U3 YPABHEHUSA

n =pV/(RT) = m/M,
re m — Macca BemecTBa; M — MoJIApHas Macca BelecTBa:

_ 8,314-423-1,17
1,00-10°-0,447-1073

=92 r/MOJIb.

3azada 2. Yepes alleTOH IIpU IOCTOSSHHOM AaBieHuu 0,974 - 105 [Ia
u 293 K 6bUI IPOIMyIeH CyX0l BO3AyX oobeMoM 2,93 J1, IpU 3TOM Macca
alleToHa yMeHbIIIWIach Ha 2,2 T. OnpejenuTe AaBjieHHe HAaCBIIIEHHOTO Tapa
alleToHa IPU 3TOUM TeMIepaType.

Peuwtenue. OnpesesnsieM KOJIMYeCTBa BelIeCTB alleTOHA U BO3JyXa:

Moy = My /My, = 2,2/58 = 0,038 morib,

PV 0,974-105-2,93-103
Ngogn = ===
RT 8,314-293

=0,117 moJb.

PaccuutpiBaeM MOJIAPHYIO A0JII0 alleTOHA B rasoBou cMecH, a 3aTeM I1ap-
qUa/JbHOE JaBJIEHHWE all€eTOHA II0 YpaBHEHUIO JanbroHa:

N Mag 0,038

au = = =0,245 moib,
Moy +Myos;  0,038+0,117

P, =PN,,=0,974-105-0,245=2,38-10*I1a.

18



http://chemistry-chemists.com

3afiaum Ana camoCTOATeNIbHOIO pelueHus

1. [IpuBeauTE K HOPMaJIbHBIM yCJIOBHUAM ra3, 3aHuMaromui mpu 373 Kup =
= 3,0 - 102 ITa 06beM 27 J1.

2. OmnpezieniiTe MOJIEKY/IAPHYIO Maccy BelllecTBa, €CIH IUIOTHOCTh €ro napa Ipyu
373 Ku 1,013 - 105 I'1a paBHa 2,55 r/71.

3. Kakoe K0JIM4eCcTBO AUOKCH/A yriepoa mpu 5,066 - 105 I1a u 323 K 3aHuMaer
OAVHAKOBBIM 00beM ¢ 1 r renud npu 1,013 - 104 ITa u 273,15 K? Yemy paBHBI IUIOT-
HOCTH 3THX ra3oB?

4. TeMmmepaTypa a3oTa, HaXOAALIETOCSI B CTAJIbHOM 6a/uloHe IO/ JaBjieHHeM
12,5 MIla, paBHa 20 °C. [IpefenbHOe [aBieHHe, KOTOpOe BBIZIEPXXKUBaeT Oa/UIoH,
20,3 MIla. I1Ipu kakoi TeMIepaType JaBjleHUe a30Ta JOCTUTHET IpeJe/bHOTO 3Ha-
4yeHUs?

5. Cocyz HamoJIHEeH cMechio KUCJIOpoZa U a3oTa. [Ipy KakoM COOTHOILIEHUY Iap-
LHaJbHBIX JaBJIeH!I Macchl 060X ra30B OyAyT OAUHAKOBHI?

6. 11 ra3oBoii cMecu MaccoBoro cocrana (%): Cl, — 67; Br, — 28; O, — 5, BHI-
yucauTe: 1) 06beMHBII cocTaB; 2) MapliaibHble JaBIeHNUss KOMIIOHEHTOB; 3) 06beM
1 kr cmecu. O6iee gapmenne 1,013 - 105 I1a, remnepaTypa 373 K.

7. PaccuunrTaiiTe AaBjieHUE, IO KOTOPHIM HaxXoAATcAd 32 T KUCIopoja B o6beMe
0,6 1 mpu Temmniepatype 20 °C, ucronb3ys: a) ypaBHeHHe MeHzieneeBa — KianetiipoHa,
6) ypaBHeHue BaH-zep-Baasbca. [TosicHUTE pasnuyune MeXAy AByMA pe3yabTaTaMH.

8. Kaxoe konuuectBo CO, MOXXeT BMECTUTb CTATBHOM cocys o6bemoM 0,5 - 10-3 m3
mpu Temneparype 473 K u gaBrenuu 162,1 MITa? Pacuer npoBezauTe depe3 K03d-
ULMEHT CKUMaeMOCTH.

9. BeIUMCIMTE 110 ypaBHEHMIO BaH-1ep-Baajibca TeMmiepatypy, Ipy KOTOpPOLi 06beM
1 xr MeTaHa craHet paBHbIM 0,1 M3 pu 2,026 MITa.

10. BBIYHCIUTE C UCITOIb30BaHUeM KO3 HUIIHeHTa CKUMaeMOCTH 06beM 1 KT XJ10-
pa npu 450 K u gasnenuu 80 Mlla.
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[naBa 2
NMEPBbIW 3AKOH TEPMOAUHAMUKMN.
TEPMOXUMUA

XuMuYecKkas TepMOJAMHAMUKA U3y4aeT 3aKOHBI, OMHCHIBAONIie 0OMeH
SHepruel MexJy U3ydaeMOl CHCTEMOU U BHeUIHel cpeZioil, B YaCTHOCTH
mpeBpallleHre TEIUIOBOM 3Hepruu B Apyrue GpopMsl s3Hepruii. B ocHoBe
ee JIleXxaT /iBa 3aKOHA: [lepBoe U BTOpOe Hadajla TEPMOJUHAMUKU. B XxUMu-
YecKOW TepMOAMHAMUKe HeT [lapaMeTpa BpeMeHH, I03TOMYy OHa He JaeT
OTBEeTa, KaK CKOPO HACTYIIaeT JAHHOE COCTOsiHMe. XUMudecKas TepMOJHa-
MHKa pacCMaTpUBaeT TPX OCHOBHBIX BOIIpOCa:

1) cocraBiieHHe TEIUIOBBIX OaJaHCOB TeX WIK MHBIX XMMUYECKUX NpoIiec-
COB;

2) pacueT $a30BOro paBHOBECHUS;

3) pacyeT XMMHYECKOTO paBHOBECHS.

OHa 1no3BoJsieT, He Ipuberas K OIbITY, peliaTh caeylonye 3aJaqu:

1) onpezaenuThb YCIOBUS, IPY KOTOPBIX ZAHHBIH NIPOIECC CTAHOBUTCS BO3-
MO>KHBIM;

2) BBISICHUTb, KAaKMM IIyTEM MOXXHO YCTPAHUTh WIX BOOOIIe n3bexaThb
IIPOTEKAHUS TOOOYHBIX IPOIIECCOB;

3) HalTH ONTHUMAaJIbHBIE YCJIOBUS (TeMIlepaTypy, JaBjeHre, KOHIIeHTpa-
MM pearupyloIINX BelllecTB) IIpoliecca;

4) BBIICHUTDH HallpaBjeHUe U IIpeZiesl IPOTeKaHUA Ipoliecca.

2.1. OcHOBHbIe NOHATUA U ONpeaeneHuns

Cucmema — 3TO TeJI0O WIM COBOKYITHOCTB TeJ, 060c006eMbIX HaMU
OT OKpY’KalOIlero MUpa WIKN CpeJbl ISl pacCMOTpeHUs (peakTop, KJIeTKa,
OpPraHU3M U T. [1.).

Pa3nyaloT CUCTEMbI TPeX TUIIOB: U30JMPOBaHHbIE, OTKPBIThIE U 3aKPbI-
THIE.

Ec/i BHE CUCTEMBI HET TeJI, C KOTOPBIMU OHa B3aUMOJEHCTBYeET (HET 00-
MeHa BeIllleCTBOM M 3Hepruei, V = const), To Takas chcTeMa Ha3bIBAE€TCs
U301UPOBAHHOIL. VI30TMpOBAaHHAs CHCTEMA — 3TO TOJIBKO HJeaau3alys.

CoCTOSTHUST MaCChl ¥ SHEPTUH /IS PA3/IMYHbIX TUIIOB CUCTEM IIPUBEZEHEI
B TaoOu. 2.1.
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Tabnuya 2.1
CocTOAHMA MaCCbl M SHEPTrUM ANA Pa3NNUYHBIX TUNOB CUCTEM
Cucrema Macca JHeprusa
H3onnpoBaHHasa He uameHserca He usmenserca
3akpbiTas He usmensercsa Hsmensercsa
OTkpbITas UsmeHsaerca Nsmensercsa

EwmM cucTeMa COCTOUT M3 OZHOM ¢asbl, TO CUCTeMa 20MO2eHHAsl, U3 He-
CKOJIbKUX da3 — 2emepozeHHas.

Eciu cocTosiHME CHCTEMBI HE M3MEHSIETCS B TeUYeHHeE JJIUTETbHOTO Bpe-
MEeHH U 3Ta HEM3MEHHOCTb He 00yC/IOBIeHa HUKaKMMU BHEITHUMU IIpU3HA-
KaMH, TO 3TO O3HAYaeT, YTO cUCmeMd HaxXo0umcs 8 pasHogecull.

CoCTOsIHME CHCTEMBI XapaKTEPU3YETCS COBOKYIMHOCTbIO MHTEHCHUBHBIX
U DKCTEHCHUBHBIX CBOMCTB, Ha3bIBAEMBIX MepMOOUHAMUUECKUMU napame-
mpamu cOCMOSIHUS, WX QYHKUYUSAMU COCMOSTHUS CUCMeMblL.

HHmeHCcUu8HbIMU HA3BIBAIOTCA CBOMCTBA, YMC/IEHHBIE 3HAYE€HUS KOTOPBIX
He MPOTIOPI[MOHABHBI Macce (JaBjeHue, TeEMITepaTypa, MOTeHIal, MOJIb-
HBII WIK yAENTbHBINA 00beM, KOHIlEHTpalus, paboTa, TOBEPXHOCTHOE HATA-
JKeHHUe U Jp.).

DKCMeHCUBHbIMU HA3BIBAIOTCA CBOMCTBA, YKMC/IEHHbIe 3HAaYEHUA KOTO-
PBIX MMPOMTOPLIMOHAIBHBI Macce (BHYTPEHHsIsI SHEPrus, SHTAIbINA, 06beM,
SHTPOIIHsA, TEIUIOEMKOCTH, 3Heprus ['mb6ca, sHeprus l'ebMrosbia u ap.).

V3MeHeHHe CBOMCTB CUCTEMBI, CBA3aHHOE C M3MEHEHNEM XOTs ObI OIHO-
ro TEPMOAMHAMHUYECKOTO [TapaMeTpa, Ha3bIBAeTCA MepmMoOUHAMUUECKUM
npoueccom.

Byzem paccMaTpuBaTh CIeAyIOIIre TEPMOAUHAMUYeCKUe IIPOLeCCHI:

1) uzorepmuueckuii (T = const);

2) usobapHslii (p = const);

3) usoxopHbi# (V = const);

4) agunabatuueckuii (AQ = 0, 6e3 TerroooMeHa).

B3aumozericTBHE CUCTEMBI C OKPYKaIOIeN cpeZiol CBsI3aHO C TeIllolepe-
Jaueii ¥ coBepieHrueM pabotsl. Heo6X0ANMMO OTMETUTD, YTO menioma, Kak
u paboma, ecms hopma nepedauu sHepauu om 00HO20 Mmeaa K Opy20oMy, m. e.
mennioma (u paboma) xapakmepusyom npouecc, HO He COCMOSIHUE CUCITIEM.

TepMoarHaMKKa pasjiMYaeT MOJIOXXUTENbHYIO M OTPULIATEIbHYIO TeIUIO-
Ty 4 paboTy: nonoxwumensvHas menaoma (+Q) — TeIUIOTa, NOIVIOIIeHHAsA
CHUCTEMOIT; ompuuamensvHas menioma (—Q) — TeIUIOTa, OTJaHHaA CHUCTe-
MO}. _

Tepmoxumus (Q): TeIIOTa MOJOKUTENIbHASA — €CJIM OHA BBIAEIAETCS CH-
CTEMOM, TeIUIOTa OTPHULAaTebHAsA — €CJIM OHA MOIVIOUIAeTCs CUCTEMOI:

+Q=-Q.

ITonoxwumensvHas paboma (+A) — paboTa, coBepiiaemMas CUCTEMOH
MIPOTHB BHEIIHUX CWJI (HampuMep, NpY paclivipeHuy rasa). Ompuuyamens-

21



http://chemistry-chemists.com

Haa paboma (-A) — paboTa, coBepiliaeMasi BHEIIHIMY CHJIaMU HaJ| CUCTe-
MOM (IIpU CXXaTHUU rasa).

2.2, llepBoe Hayano TepmMoANHaAMMKN

[TepBOe Hayaso TepMOJVHAMUKU ABJAETCA KOJUYECTBEHHBIM BHIpaXKe-
HHEeM 3aKOHA COXPaHEHHWs dHepruu IpUMEHUTENbHO K IIpolieccaM, CBA-
3aHHBIM C MIPEBpalIeHUsAMH TEIUIOTHL U paboThl. B 1745—1746 rr. nepsoe
HayaJio TepMOAUHAMUKU chopMyrpoBal M. B. JJIoMOHOCOB, Jajiee OHO IO-
Jy4wio pa3Butue B paborax I'. Y. T'ecca, [. I1. /bxoyna u Apyrux. [lepBoiit
3aKOH TEPMOAWHAMUKY SIBJISETCS MOCTY/IaTOM (MHOTOBEKOBOI 4desoBede-
CKHM OIIBIT).

2.2.1. [lepBoe HaYa 0 TEPMOJUHAMHKH /I KPYTOBBIX IIPOLIECCOB

Kpyzoebm npoueccom Has3bIBaeTCs TaKOH IIPOLieCC, TP KOTOPOM U3Me-
HeHHe JI060ro TepMOAMHAMUYECKOTO ITapaMeTpa PaBHO HYJIIO.

Ec/u B psifie CUCTEM IIPOTEKAIOT KPYTOBbIE TEPMOAUHAMUYECKHE IIPOLec-
CBI ¥ VIS KOK/JOTO U3 HUX MMOACYUTATh OaNaHC TEIUIOTH U 6anaHC paboTHL,
TO, COIVIACHO OIIBITY, HE3aBUCHUMO OT XapaKTepa Ipolecca ¥ IIPUPOALI CU-
CTEMBI

2% =& =...=const, Wix Q_ const.
2A XA A
Eciu TernoTy v paboTy BBIPa3UTh B OJHUX €MHUILAX, TO
Q

Z:L Q=AwmQ-A=0.

D10 MaTeMaTH4eckas GOpPMy/IMPOBKa MEPBOT0O 3aKOHA TePMOAMHAMUKU
JUIs1 KPYTOBBIX IIpolieccoB (ycTaHOBWI [KOYJb).

Ortciona GopMyIMPOBKH MEPBOrO Havyajaa TEPMOAUHAMUKM:

1. He803MO¥CHO nocmpoums makyio MauluHy, Komopas, n0emopsis npo-
U3B0J1bHOE UUCNO pA3 00UH U MOm Jce npoyecc, cnocobHa bvuna 6uL ysenuuu-
8amb KOJUUECMB0 dHep2UU 8 U30IUPOBAHHOLL cucmeme.

2. BeuHblil 08uzamesnb nep8ozo poo0a He803MONCeH, LU Heb3sl CO8epPUUUMb
pabomy 6e3 3ampam 3Hepauu.

BeuHblii ABUraTENb TEPBOTO POZla — 3TO MEXaHU3M, KOTOPHIHA CO3JaeT
paboTy, He 3aTpavyuBasi SHEPTUM.

2.2.2. IlepBOe Ha4Ya/I0 TEPMOAUHAMHMKH /JIs1 HEKPYTOBBIX IIPOLIECCOB

I[TpeacTaBuM cebe, YTO CUCTEMa COBepLIaeT HEKPYToBOU (He3aMKHYTHIN)
IpolLiecc U3 COCTOSHUA A B COCTOsIHME B 1o nyTH I 1 ipu 3TOM coBepliaeT
paboTy A, u noromaer TerwioTy Q; (puc. 2.1).

Jasee cucremMa U3 COCTOSTHUA A B COCTOSIHUE B MOXET IepelTH 110 IMyTH
II, coBepas paboTy Ay U noromas Terwiory Q. Mel UMeeM HeKpyroBhle
npolieccel. Hekpyrosele Iporjeccel Mbl 3aMEHUM KPYroBhIMU. IIycThb cucTe-
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Ma BepHeTcA U3 COoCTOSAHUA B B ncxoaHoe coctossHue A no mnytu III. Tlpu-
MeHUM IlepBoe Hayajlo TepMOAWHAMUKHU JJIA KPYTOBBIX IIPOLIECCOB: Q = A.

AIII’ QIII

III

I1
Ay, Qq

Puc. 2.1. UnniocTpauus K nepeomy Hayany TepMOAUHAMUKN ANA HEKPYToBbIX NPOLLECCOB

IMomyuum:
e _Q+Qu=A+Ay
Qu +Qu = Ay + Apy
WK Q _QII = A — Ay,

Q—-A;= Q;—A; = const.

Pa3HOCTh MEXZy TEIUIOTOMH, MOIOUEHHOHM CUCTeMOH, U paboToi ABIAeT-
cs BeJIMYMHOM ITOCTOSHHOM U He 3aBUCSIIEH OT ITyTH ITPOTeKaHU Ipoliecca.
Eciu kakas-TO BeJIMYMHA He 3aBUCHUT OT IyTH IPOIECCa, TO 3Ta BeJIMYMHA
ecTb ceolicmeo cucmembl (PyHKYUSA COCMOSAHUA cucmembl). DTO CBONCTBO
CHCTEMBI Ha3bIBaeTCs BHympeHHell aHepaueil u ob6o3HavaeTcs Oyksoi U.
B KaXXZIOM COCTOSIHMH CHUCTeMa HapsAy C ONpe/ieleHHBIMUA 3HaYeHUAMH V,
p, T u T. A. obajaeT onpezieleHHOW BHyTpeHHel sHepruei U.

Mo>xHO 3anucars:

Q-A=AU,

rae AU = U, — U;, A(zenbpra) o3HayaeT KOHEYHYIO Pa3HOCTb CBOMCTBA CH-
creMbl. MBI HUKOTZIA He 3HaeM abCo/II0THOE 3HaYeHe BHYTPEHHEHN SHEPIUU
KaKOH-HHOYZAb cUCTEMBI (HET BO3MOXKHOCTH), HO MOXKHO OIIPeJIe/IUTh U3Me-
HeHHe SHepryuy B TOM WIX MHOM IIpolLiecce.

Martemartundeckas GOpMY/JIMPOBKA IepBOro Hayajaa TeEpMOJUHAMUKY JJIA
HEKPYTOBBIX IMPOIECCOB:

Q=AU + A.

Oana 13 GopMyTMPOBOK IEPBOTO Havasa TEPMOAMHAMUKU: N0O2J0ULEH-
Has cucmemoti menioma pacxo0yemcs Ha yeeauueHue 8HympeHHell IHepeuu
cucmembl U HA cosepuleHue 8HelHell pabombL.
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BHyTpeHHSA SHEpPrus CKJIaAbIBaeTCs M3 Pa3jNYHbIX BUIOB SHEPrHMU:
SHEpPrus MOCTYNaTeJbHOTO Y BpaIlaTeJbHOr'O ABY)KEHUSA MOJIEKYJI, SHeprus
KoJIe6aTeIbHOTO ABIKEHHSI aTOMOB U aTOMHBIX I'PYIII B MOJIEKYJIe, SHEPTUS
JABIDKEHUSA 3JIEKTPOHOB, BHYTpHUsIepHAsI S9Heprus, SHeprusa MeXXMOJIeKyJAp-
HOI'O B3aUMOZEHUCTBUA U T. J.

BHyTpeHHSs 3HepTUs B TEPMOAMHAMUKE COBIIaJlaeT C MIOJHOM dHepru-
eif, Tak KaK TeEpMOAMHAMHKA PacCMaTpPUBAeT HellOABIKHbIE CUCTEMEI B OT-
CYTCTBHE BHEIITHETO IMOJIA. BHYTpPeHHA SHeprus BKIOYaeT KUHETUYECKYIO
Y TIOTEHIIMAJIbHYIO SHEPTHIO CUCTEMBI B II€JIOM.

Kunemuueckas aHepzausi — 3TO dHEPrusi, CBsI3aHHAs C JABIDKeHUEeM Tejla
(mocTymaTenbHbIM, BpalaTelIbHBIM, KOJIeOaTebHbBIM):

E, = mW2/2,

rae m — macca; W — CKOpoOCTb.

ITomeHyuansHas 3Hepausl — ITO DHEPTHUs, 3amnaceHHas TejaoM (06y-
CJIOBJIEHA 3JIEKTPOCTAaTUYECKUMU CWIAMU NPUTIKEHUA MEXAY YacTULIaMU
Y BHYTPH YacCTHI[; SHeprys CBA3U U T. A.):

E,=q,"qy/m,
e q,, o — 3apsAAbl YACTHII; I — PACCTOAHHE MeXAy HUMHU.

2.2.3. [lepBoe HaYaJI0 TEPMOJAUHAMHUKH /11 6€CKOHEYHO MAJIOTrO
H3MEHEHHS CHCTEMBI
Ecau cucTteMa HCIBITHIBAET JIMIIL OECKOHEYHO MaJjioe HM3MeHeHHe,
TO IIEPBOE HAYaJIO TEPMOJAMHAMUKY 3alIMCHIBAIOT B BUJE

dQ = dU + bA.

B xuMH4YecKoii TepMOAMHAMHUKE pacCMaTpUBAaeTcss paboTa TONBKO IPO-
THB CWJI BHYTPEHHero AaBienus (pabora pacummpenus): A = pdV.
[Tonyyaem:

8Q = dU + pdV.

34ech MOKa3aHO pas3inyue Mexay GyHKUHell COCTOAHHUA CHUCTEMBI
dU ($yHKIMA He 3aBUCHUT OT ITyTH IIPOILIECCa, ITO O3HAYAeT, YTO OeCKOHEYHO
MaJjioe ee U3MeHeHHe SIBJIsIeTCs MOMHBIM AuddepeHiranoM d) u npocro bec-
KOHEYHO MaJIbIMM KOJIMYeCTBAMH TEIUIOTHI U paboThl 8Q u dA (He ABJSIO-
MUMHUCA QYHKIMSIMU COCTOSTHUS CICTEMBI, TaK Kak 0Q 1 OA 3aBUCAT OT ITyTH
npoiiecca).

2.2.4. IIpuMeHeHUe IEPBOro Hayajia TepMOAUHAMUKY
K OTZeJIbHBIM IIpoleccaM

1. M3oxopHutil npoyecc: V = const, dV = 0.
Ecsir 06beM CHCTEMBI B X0/l IIPOIIECCa OCTAETCA IIOCTOSHHBIM, TO paboTa
He coBepuiaeTcs, Toraa dV = 0:
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dQ, = dU, wiu Q, = AU.

Q, — TeruIoBas 3Heprus npolecca, Mpu V = const paBHa U3MEeHEHHUIO
BHYTpPEHHEM 3HEPTUHU U, CJIe0BATENbHO, 3aBUCUT TOJBKO OT HAYaJbHOTO
¥ KOHEYHOI'O COCTOSTHHMI CHUCTEMBI, T. €. 8Q mpuobpeTaeT B OTAENbHBIX CIIy-
yasix CBOMCTBa mosHoro AuddepeHnuana (OT MyTH Ipolecca He 3aBUCHUT).

Takum 06pa3oM, KOAUUECMB0 NO2JI0ULeHHOL Menomyl NPU NOCMOSHHOM
0b6Beme udem Ha ysenuueHue 8HympeHHell IHepaUU.

2. M3o6apnulii npouecc: p = const, dp = 0.

[IpouHTErpHpyeM ypaBHEHHE IIEPBOro Havyajaa TePMOAUHAMUKU OQ =
= dU + pdV, momyyum

Qp =Uy —U; +p(V, —Vy), wu Q, =U, —U; +pV, — pVi.
['pynmupyeM caraeMble C OFHUM HHEKCOM:

Qp =, +pV,)—(U; +pV1).

Tak KaK p u V — mapaMeTphl cOCTOSIHUA, a U — YHKIMA COCTOSTHUA,
To cymma (U + pV) siBiseTcs Takke QYHKIEH COCTOSHUSA CCTEMBI U ee 13-
MEHEHHMe He 3aBHCHUT OT ITyTH MPOTEKaHUs IPOIECCa, a 3aBUCHUT JIUIIb OT Ha-
YaJIbHOTO ¥ KOHEYHOTO COCTOSHUH. DTa GYHKIMA HA3bIBAETCSA SHTAJIbIINEN
U1 obo3HauaeTcsa cuMBoJioM H:

H=U+pV.

Tensioma, noz2iaowaemas cucmemotl npu noCmMosAHHOM aaejleHuu, pasHa
U3MEHEHUI IHMAa1bnuu cucmemaul:

Q,=H,-H, = AH.

Ec/iy SHTaIBINSA IPOAYKTOB OKa3bIBAETCSA MEHBIIIE SHTAIBITUH UCXOAHBIX
peareHToB, T. . AH OTpHIIaTeJIbHO, PEaKLUHUI0 HA3bIBAIOT dK30mepmuye-
ckoil. Eciiv SHTaIbITHA IPOAYKTOB BhIIIE SHTAJIBIINY peareHToB, T. e. AH 11o-
JIOXKUTEJIbHO, PeaKIysi Ha3bIBaeTCs IH0OmepMuU1eckoll.

Jlns 6ecKOHEYHO MasIbIX BelduH 8Q, = dH, T. e. 8Q, mproGpeTaer cBOH-
CTBO mosiHOrO AuddepeHIMaa.

3. Aduabamuueckuii npoyecc: Q = 0, T. e. cucTeMa HaXoJWUTCA B aAua-
6aTHuuYecKol 060JI0UKe, NCKIIoYalolleli BCIKHUI 0OMeH TEIUIOTO ¢ BHEIIHEeH
cpezoi. B aToM ciydae

P-dV =-dU.
Tockombky [ pdV = A, To
A=-U=—(U,~U,)=U, -Us,
T. €. paboTa coBeplIaeTcd 3a cYeT yObUTH BHYTPEHHE SHEeprUH CUCTEMBI.

25



http://chemistry-chemists.com

2.2.5. [lepBoe HAaYaJI0 TEPMOANHAMUKH U OHOJIOTHYECKHE IIPOLIECCHI

[lepBBIii 3aKOH TEPMOAMHAMUKHN — 3TO 3aKOH O COXPaHEHHUU dHEpPruu
U1 06 3KBUBaJIEHTHOCTH paboOTH! U TelUIoThl. PaboTa U Terora mpeAcTas-
JITIOT cO60M pa3Hble pOPMEI SHEPTUU U N1epeXoJAT OfHa B APYrylo. 3aKOH
YTBEPXKJAET, YTO SHEPTHUIO HeJIb3s1 HU CO3/1aTh 3aHOBO, HU YHUUTOXXHUTD, OHA
JIUIIb TIEPEXOAUT U3 OAHOU GOPMEI B IPYTYIO.

Emie B 1780 r. A. JI. JlaBya3sbe u I1. C. JIatutac MpOBeJH OIBIT: B JIEASTHOU
KaJIOPUMETP ITOMECTWIN MOPCKYIO CBUHKY U CJIEAWIH, KaK U3MEHAIOTCA Te-
wioBble 3¢ deKTH BHYTPU U BHe opraHu3ma. OHU COBIaIHU.

VI3MeHeHUA B SHTAJIBIIUU, CONPOBOXKAAIOIINE OKUCIEHUE TUTaTeIbHbIX
BEIECTB, y)Ke C JaBHUX BpeMeH IpHBJeKall BHUMaHVe KaK XMMHUKOB, TaK
u ¢usukoB. Temnora cropanus (-AH.) oObIYHO ONpezensaeTcs KaJopuMme-
Tpudecku. Tak KaK HHTepec npezcTapisgeT AH npouecca, Ipy1 KOTOPOM IIpo-
OYKTaMU CTOPaHUs SIBJISIIOTCS YIVIEKUCIIBIM ra3, BoAa, 3JeMeHTapHbIN a3oT
¥ cepa, Hy>KHO BBOJIMThH IMOIMPABKy Ha 00pa3oBaHUe OKCH/OB ABYX IOCTIe-
HUX 3JIEMEHTOB. B MTOre MOXXHO IOJYYUTh C OY€Hb XOPOILIed TOYHOCTBIO
AH_ xakK Ay1s1 6MOXMMHUYEeCKHUX COeIMHeHHH, TaK U /I/II MHOTOKOMITOHEHTHBIX
MUIIEBHIX TPOAYKTOB. B mociegHue rofpl onpejeneHye ¢ IOMOLIbI0 MUKPO-
KaJIOpHMeTpa JOBOJIbHO MaJIbIX 3HaYeHui AH /i pa3TuyHbIX XUMUYECKUX
WM OHMOXMMUYECKUX PEAKLIMI CTaJO0 PYTUHHOM NpOoIefypoi.

MO>KHO JIU C YMICTO TEPMOXUMUYECKON TOYKU 3peHMs pacCMaTpUBaTh Op-
raHM3M YeJIOBeKa WJIH )KMBOTHOT'O KaK KaTaJIu3aTop IIPOIeccCOB CrOpaHUsA
MHUIIEBBIX TPOAYKTOB? YUTOOBI OTBETUTHh HA 3TOT BOIIPOC, OBLIN IOCTpOe-
HBI OOJIBIIINE KAaJIOPUMETPHI, B KOTOpble MOXXHO IIOMECTUTh YeJoBeKa WIN
’kuBOTHOe. Eciii yesioBek, HaxXoZsCh B KaJlopuMeTpe, He TepsieT U He NpU-
GaBJIsIeT B Bece, TO BbIZIE/IIEMOE UM TEeIUIO KaK pa3 U JO/DKHO ObITh PaBHO
TeioTe cropanus (—H,) mumeBBIX NPOAYKTOB, NpeBpamarmuxca B CO,,
BOZy U MOYEBHHY. DTO MMOJIOXKEHUE OATBEPAIOCH SKCIIEPUMEHTANIBHO, YTO
y Hac yAuBJIEHUsI He BBI3BIBAET, OJHAKO B Havyasie XX cToseTUs, KOrZia Takue
3KCIIEPHMEHTHI CTABWIKCH BIIepBble, MHOTHE yieHble COMHEBAINCh B IIPU-
MEHHMMOCTH IIEPBOT'O 3aKOHA TEPMOAVMHAMUKY K XMBBIM OpraHUM3MaM.

Ha nmpakTuke KajopuMeTprUyeckue U3MepeHUs Ha XKUBBIX OpraHu3Max
COIIPSDKEHBI C MHOXKE€CTBOM TPYAHOCTEH, CBA3aHHBIX C HEBO3MOXXHOCTBIO
TOYHO M3MEDPUTh KOJMYECTBO BBIJEIUBIIETOCs TeIUla, C HeolpeZeleHHO-
CTBIO B KOJINYECTBE 3allaCeHHBIX MUTATENbHBIX BELIECTB, C HEOOXOAMMOCTbHIO
BBeJIeHUs IIOIIPaBOK B AH, B CBs3U ¢ 06pa3oBaHHeM NIPOAYKTOB obMeHa. Tem
He MeHee TaKuhe U3MepeHHs SHeproobMeHa UMEIOT BaKHOe 3HaYeHue I
OpraHM3aliy MUTAHUS U MeJUIMHbL. PazpaboTaHbl KOCBEeHHbIE KaJlOpUMe-
TPUYECKHE METO/IbI, TI03BOJIAIOLINE H3MEPUTh YPOBEHb OCHOBHOI'O 0OMeHa
y dyenoBeka. OCHOBHOI 06MeH, KaK IpaBWIo, IPONOPLUOHAEH IUIOIaAU
MMOBEPXHOCTHU TeJsa. [l JeBylleK 5Ta BeJIMYMHA COCTaBIAeT B CpeJHEM
= 154 x/Px-9-1-M~2, A1a 1oHomei = 172 k/px-u-1-M-2.

[IpyMeHUMOCTD TIEPBOTO 3aKOHA TEPMOJWHAMUKY IIPU U3y4YeHUH 61O-
JIOTUYECKUX U SKOJIOTHYECKUX CHCTEM MOXXHO ITOKa3aTh Ha npumepe ¢oTo-
CUHTe3a:
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hv
6C02 + 6H20 - C6H1206 + 602

JIUCThs cofiepKaT XJIOpOoQWLI B BUZE XJIOpOIUIacToB. i doTocuHTEe3a
HCIIOIb3yeTcsl He 6osiee 2 % OT mazaoleil Ha JIUCT COMTHeYHOM SHepPrUMH.
OHa npeBpalaeTcs B SHEPTHIO0 XUMUYECKUX CBsI3el CJIOXKHBIX MOJIEKYJI Opra-
HUYECKUX BellecTB (YIopsiioueHHas SHeprys). Bosbias 4acTh COTHEYHOH
sHeprueil paccenBaercs B Buze Teruia. [loryyaromascs npu sToMm 6uomacca
IoC/IeIoBaTeNbHO MTEPEXOAUT OT OZHUX OPraHU3MOB K ApPyruM (IuieBas
I[ellb: PaCTeHUs] — TPaBOsiJHble — IUIOTOsAAHbIe). Takoi nepexos dsHepruu
Y BEI[ECTBA U OMMCHIBAETCS MEPBHIM 3aKOHOM TePMOJUHAMUKU.

2.3. Pa6oTa paciuMpeHuna uaeanbHoro rasa

[lpu pacminpeHUHU rasza coBeplIaeTcsi paboTa, KOTOPYI BBIYHCIAIOT
o ypaBHeHUIo dA = pdV, wiu B UHTErpasbHOM dopme

Va
A= [ pdv.
151
VIHTerpupoBaHue 3TOr0 YpaBHEHUs BO3MOXKHO TOJIBKO ZJIA IIpoliecca
paclUIMpeHHs WIM CXKATHs rasa B yCIOBUAX, OIU3KUX K paBHOBecHBIM. Co-
BeplllaeMasi IIpy 3TOM paboTa sB/IAeTCs HauboblIel U Ha3bIBaeTCsa MAKCU-
ManwvHoll pabomoii.
YTo6bl MHTErPHUPOBATh, HAZI0 3HATh 3aBUCHUMOCTb MEXY JaBjIeHHueM
1 06bEMOM, T. €. ypaBHEHHE COCTOSIHUA rasa. /i1 njeajbHOro rasa 3To
ypaBHeHue MeHzeneeBa — Kianeiipona: pV = nRT.
PaccMOTpUM BBIp@XXEHHE I MaKCHMAaJIbHOM paboThI pacliupeHus uje-
aJIbHOI'O ra3a B pas3/JIMYHBIX IIpoIieccax.
1. H306apHulil npouecc, p = const.

Va
WnTerpupys ypaBHeHUEe A = j pdV, nomyyum:
1%t

B ypaBHeHuu pV = RT, ipu n = 1, 3amenum pV; Ha RT,, a pV, Ha RT,,
TOIZIla MOXXHO 3aIucaTh:

2. Mzomepmuueckutl npoyecc, T = const.

Bripakas us ypaBHeHus pV = RT p= R—VT, MIOJIyYUM:

\%) Vo Vo Vo
A= [ pdv= jEdV=RT 4V _RrfdInv.
v %] 1% 14 %1
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ITocne HHTETrpHUpPOBAHUA HMEEM:

A:RTlnﬁ.
i
Tak kak npu T = const ﬂ=ﬁ, TO
P2 W
A=RTIn£2.
D

3. H3oxopHblil npouecc, V = const.

Hmeem dV = 0, moatomy A = 0.

4. Aduabamuueckuii npouecc, Q = 0.

CoryacHO MepBOMY Havajay TePMOAWHAMUKH paboTa MpPOU3BOAUTCA
3a cYeT yMeHbIlIeHUs BHyTPeHHe! SHepruu (ra3 oxJaKAaeTcs):

Q = AU + pdV, A = -AU.

5. U306apHo-uzomepmuueckuil npoyecc, p = const, T = const.
B atom ciiyuae A = p(V, — V;) = pAV.
[Ipu p = const, T = const u3 ypaBHeHuA pV = nRT noxy4dum:

pAV = AnRT,

oTkyzZa A = AnRT, rie An — mipupalleHue Yucia MoJjiei ra3oB B pe3y/bTaTe
peaxkuuu.

2.4. Tepmoxumus

Tepmoxumust — 3TO pasze]l XMMUYeCKOH TepMOANHAMUKU, KOTOPHIY 3a-
HUMaeTCs U3y4eHUEM TeIUIOBhIX 9P PeKTOB XUMUYECKUX peaKLUid, GU3UKO-
XUMMUYECKHUX IIPOLIECCOB U JPYT'UX CBSI3aHHBIX C HUMH BeJIW4YMH (HanpuMmep,
TEIUIOEMKOCTH).

OCHOBHOE€ TOHSATHE B TEPMOXUMHU — TIOHSTHE TEIUIOBOTO 3ddeKTa.

Ecsiu mpouiecc mpoTeKaeT NpU IIOCTOSSHHOM 00beMe WIH JaBjeH!uH, IPU
3TOM TeMIlepaTypa MCXOAHBIX BEIeCTB U MIPOAYKTOB peaKly OANHAKOBa,
TO KOJIMYECTBO TEIUIOTHI, KOTOPOE BBIJEJIAETCSA WM IOIVIOIIAeTCs IIPH 3TOM
mpoliecce, Ha3bIBAETCS Meno8vim 3P dexmom (IIpy 3TOM IPUHUMAEM, YTO
COOTHOIIIEHNE PeareHTOB CTEXMOMETPUYECKOE U eAMHCTBEHHOU paboToH,
COBepIIaeMOM CUCTEMOH, SIBJISIeTCsA paboTa paclIupeHus).

TeruoBoii addext npu p = const obosHavyaercss Q, = AH, anpu V =
= const Q, = AU.

BennunHbI Qp U Q, CBSI3aHBI MEeXZY COOOM:

Q,—Q,=AH-AU = AU + pAV - AU = pAV = AnRT (a5 rasa).
Ecmmin > 0,70 Q, > Q;ecmnn <0,70Q, < Q,;ecmun = 0,10 Q, = Q,.

28



http://chemistry-chemists.com

Jlst GMOJIOTHYECKUX ITPOLIECCOB Qp = Q,, TaK KaK B XXKMBBIX CCTEMAX Te-
IUTOBBIE MPOLIeCCHl UAYT 6e3 n3MeHeHUs 06beMa CUCTEMBL.

2.4.1. 3axoH I'ecca. CiieacTBusa U3 3akoHa I'ecca

B 1836 r. 'epman MiBanoBu4 I'ecc, mpodeccop ITetepbyprckoro MHCTUTY-
Ta KOpITyca FTOPHBIX UHXeHepoB (¢ 1866 r. — TOpHBINM UHCTUTYT), OTKPBLI,
a B 1840 r. ony6;IMKOBaJ OCHOBHOH 3aKOH T€PMOAUHAMUKU: mennogoil
adexm xumuueckoll peakyuu He 3a8UCUM OM NPOMENCYMOUHbLX cmaduil,
a onpedensiemcs AUULb HAUAIbHBIM U KOHEUHBIM COCTNOSAHUAMU CUCTEeMBbL.

3akoH ['ecca He3aMeHUM /IS pacyeTa TeX TEIUIOBBIX 3¢ deKToB, KOTOphIe
He MOTYT OBITh U3MePEeHbl KAIOPUMETPUYECKUM IyTeM (9KCIEepUMEHTAIb-
HO). BeIBozibI M3 3aKoHa ['ecca:

1) TerwtoBoii 3¢ deKT 06pa3oBaHUA XMMUYECKOTO COeJUHEHUA U3 UCXOJ-
HBIX BEIIEeCTB He 3aBUCHUT OT CIIocoba, KAaKUM 3TO COeJJHEHE MOy4YeHO;

2) TeIioBo# 3¢ }EKT pasioKeHUs XUMUYECKOT0 COeJUHEeHU JI0 olpejie-
JIEHHBIX BEIEeCTB PaBeH U MPOTUBOIIOJIOXKEH IO 3HAKy TeIUIOBOMY 3bdeKTy
006pa3oBaHUsA 3TOrO COeJUHEHUS U3 TeX JKe BeIleCTB.

CrnezxcTBuUA U3 3aKOHa ['ecca — 3TO pacyeT TEIUIOBOTO 3ddeKTa XuMuye-
CKOM peakIyH I10 TeIUIOTaM 00pa30BaHUA U CrOPaHUs.

Tennomoii 06pa3zoe8aHus JaHHOTO BeleCTBA HAa3bIBAETCS TEIUIOBOM 3¢-
¢dekT o6pa3oBaHUSA OZHOTO MOJISI 3TOTO CIOXKHOTO BeleCTBAa U3 IPOCTHIX
BEIIIeCTB, B3ATHIX B YCTONYMBHIX arperaTHbIX COCTOSTHUAX.

Tennomoii czopaHus Ha3bIBAETCSA TEIUIOBOU 3$dEKT OKUCIEHUS OJHO-
IO MOJIsi OPraHUYECKOTO COeJUHEHUs B MOJIEKYISIPHOM KUCJIOPOJE B U30-
GapHBIX YCJIOBUAX ¢ 06pa30BaHUEM BBICIIMX OKCHUZOB (BOZABI U YIVIEKHCIIOTO
rasa).

IMepBoe cieacTBue (pacyeT TEIIOBOro 3pdeKTa XMMUYECKOH peaKIuu
IO TeIUIoTaM 06pa3oBaHUA):

AB + CD o6

AH,, A,B,C,D
Y Zn(AH)ﬁggll
AC + BD

I7ie N — 4YMCJI0 MOJIEH.
CorytacHo 3akoHy l'ecca

S n(AHE +AH, , =Y n(AH)®
OTKyZa

AI_Ix.p = Z n(AH)ggga - 2 n(AH)gg)I(’ .

29



http://chemistry-chemists.com

CnoBecHasi GopMyIHPOBKa: menogoil aggexm xumuueckoll peakyuu pa-
8eH CyMMe meniom 06pasosanusi npodykmos peakyuu 3a 8bl4emom CyMmbl
menziom 06pa3o8aHusl UCXOOHbLX 8eujecma.

BTopoe caeacTBue (pacyeT TeIwioBoro a¢gpdexTa XUMHUIECKOH peaKuu
II0 TEIUIOTaM CrOpaHUA):

AB + CD
> n(AH)E
AHy p CO,+ H,O +ap.
ras XXHUAKOCTBh
v 2 n(AH)npoy
AC + BD

ITo 3akony I'ecca

AH, , = ¥ n(AH), " — ¥ n(AH) g,

TIpoZA *

CnoBecHas GopMyIUpOBKa: mennogoil agexm xumuueckoll peakyuu pa-
8eH CyMMe Meniom C20paHusl UCXOOHbLX 8elyecms 3d 8blUenoM CyMMblL me-
nJI0m c2opaHusi NpoO0yKmoe peakyuu.

2.4.2. CraHzapTHBIH TeIUI0BOM 3P dekT

TernoBbie 3pPeKTH XUMUYECKUX PEaAKIUi 3aBUCAT OT TeMIeparTy-
PHl ¥ MaJo 3aBUCAT OT JaBieHusA. OOBIYHO TeIUloBble 3$dEeKThl OTHOCAT
K 25 °C u gaBnenuto B 1 atM. Takoe cocTOssHME Ha3bIBaeTCs CTaHAAPTHHIM,
a TeIUTOBOM 3pPeKT — CcTaHAAPTHHIM TEIUIOBBIM 3¢pdekToM. O603HaYaeTCsa
AHZyg, UHAEKC «0» — IIPU3HAK CTAHZAPTHOTO COCTOSHMUA. TerioBoit adpdexT
Bmpmm[w],[ Zbx HWH Ka }

MOJIb | | MOJIb | | MOJIb | | MOJIb

K cTraHZapTHOMY COCTOSIHHIO IIPUMEHUM 3aKOH [ecca u ero cieacTBus,

IMO3TOMY MOXXHO 3aIliCaTh:

(AHDg dxp= Y. n(AH3gg )Eg‘éa - ZH(AHS%)SIZE )
(AH98)x p = X (AH08 ek — X1(AH58 )pon»

rZie n — cTexXxruoMeTpudeckre KoadduieHTh Ipy GpopMysiax 3TUX BellleCTB
B ypaBHEHUH XMMHUYECKOW peaKIHH, TaK KaK CTaHAAapTHbIE 3HaYeHUs NpU-
BOJATCA B pacyeTe Ha 1 MOJIb.
Tertora o6pa3oBaHUs IPOCTHIX BelleCTB B CTAHAAPTHOM COCTOSHHU
paBHa Hy/0. TeIuioTa cropaHus yIIeKUC/IOTo ra3a M BoAbl paBHA HYJIO.
3HaueHue 3akoHa Tecca: pacyeT TEeIUIOBBIX 3P GEKTOB XMMHYECKUX PeaKIuii,
He OTpeZesss SKCIIEPUMEHTAIBHO, TO3BOJISIET BHIYUCIIATH TEIUIOBbIE 3GEKThI
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MeZIJIEHHO MIPOTeKAloIIMX peaKIyi, TaKk KaK dKCIlepUMeHTaIbHbIe Ollpejesie-
HUS B TaKUX CIy4asx CBA3AHBI C 6OJIBIIOH ITOTPEIHOCTBIO; MTO3BOJIAET BIYUC-
JISITh TEIUIOBBIE 3GEKTHI peaKIiyii, KOTOpble IPAaKTHYeCKU He OCYIleCTBUMBI.

2.4.3. BausAune TeMIepaTyphl Ha TEIUIOBOH 3¢ deKT XUMHUUIECKOH
peaknuu. YpaBHeHus Kupxroda
TenoeMkoCmMbio Ha3bIBAETCA OTHOLIEHUE KOJUYECTBA TEIUIOTHI, COO6-
IaeMoii cucTeMe B KaKOM-JIMOO0 mpolecce, K COOCTBEHHOMY U3MeHEHUIO
TeMIepaTyphbl:

_Q
T

Ter10eMKOCTb MOXKET OBITh yZAeIbHOM, MOJIIPHOM.

YdenvHaa mennoemkocms geuiecmea — 3TO SHeprus, HeobxogUMas
JJIA TIOBBIIIEHUST TEMIIepaTyphl OZAHOTO KWJIOTpaMMa JaHHOI'0 BelllecTBa
Ha OAWH KeJIbBUH, pa3MmepHOCcTh — [k kr-1-K-1].

Monsapuas mennoemkocms (C,,) — 3T0 3Heprus, HeobxoguMas A1 Mo-
BBILIEHUS TEMIIEPATYPhI OHOI'O MOJIS JAHHOTO BellleCTBa Ha OAWH KeJIbBUH,
[Mx-momp-1-K-1].

Pa3nyaioT CpeZHIOI ¥ UCTHHHYIO TEIUIOEMKOCTH:

Q Q

E =———=——— Cpe€JHsA TCIUVIOEMKOCTb,
T,-T, AT

b
e AT - 0, ToC= d—? — HWCTHUHHAsA TEeIUIOEMKOCTb.

Pa3M4aloT TEIUIOEMKOCTH NPY MOCTOSAHHOM /AaBieHuu (C,) ¥ IOCTOSH-
HOM ob6beme (Cy):

o 20(), 2
oT ), " dT —dT \aT ),

Podr dr
TeroemkocTsb npu V = const (Cy) cBA3aHa ¢ U3MEHEHHEM BHyTpeHHeH
3HEPruM CUCTEMB, a C, — He TOJIbKO C H3MEHEHHEM BHYTPEHHe! SHepruH,
HO U ¢ paboOTO# IPOTUB BHEITHUX CUIL.
ITostomy C, > Cy:

:@_ d(U+pV) =d_U+ d(pV)

C
Par dT dT  dT

=CV +R.

Wnu ana vaeanbHBIX Ta30B:
Cp -Cy=R.

Tem0eMKOCTh peajbHBIX Ta30B B 00IeM ciIyyae 3aBUCUT OT TeMIlepa-
TYPBl ¥ YBEJIMYMBAETCSA C POCTOM IocjesHel. ONBITHbIE 3HAY€HUS 3aBUCH-
MOCTHU TEIUIOEMKOCTH OT TEMIIEPATyPhl OOBIYHO NPe/CTaBIAIOT B BUAE UH-
TEPIOJISIMOHHBIX ypaBHeHUH. O6pabaTeiBast SKCIIepUMeHTaIbHbIE JAHHbIE,
HallUTM 3aBUCUMOCTH:
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’

c

C,=a+ bT + cT2wm C, =a+bT+_—,
T2

rae a, b, ¢, ¢’ — smmupuveckue Ko3pPUIeHTH (3TH K03bPUIMeHTh Hall-
ZIeHbl METOZIOM HaMIMEHbIINX KBAJIPAaTOB), XapaKTepHU3yIollle 3aBUCHMOCTb
C, OT TeMIepaTypbl, X YUCIEHHbIE 3HAYEHNs IPUBOAATCA B CIIPABOYHUKAX;
a — DKCTPaNo/AMOHHAA BEJIMIUHA, HO He TEIIOEMKOCTb C,, TP abCoMIOT-
HOM HYJIe.

OTH ypaBHEHMs CIIpaBe/JIUBHI /I BCEX arperaTHbIX COCTOSIHUIM B MHTEp-
Basle 0—2000 °Cu npu p = 5 + 10 aT™ (morpemHocTs paBHa 1—3 %).

TertoBoi 3pPeKT XMMUYECKON peaKIuy 3aBHUCUT OT TeMIlepaTyphl
¥ MaJio 3aBUCHUT OT JaB/eHHsA. PacCMOTPUM peaKLHIo IIPU p = const:

AB + CD — AC + BD.
TeruoBo# 3dPeKT peakiuy pu p = const paBeH U3MEHEHUIO SHTAIbIINHU:
AH = Hrlpoz[ - Hucx = (HAC + HBD) _(HAB + HCD)'

Jlns naxoxxaeHua saBucumoctu AH = f(T) npoauddepeHupyeM nocies-
Hee ypaBHEHHUE:

] () () |2 2|

Tak kak (ﬁj :Cp, TO
p

dT

d(AH)
|:‘7T—:| = (CP,AC + Cp,BD)_ (Cp,AB + Cp,CD) = AC s
p
rae AC, = Y, nC,P*" — Y nChex,
IMoryywnu ypaBHeHue Kupxrodda B suddepeHnnansbHOM BUje, BEIpaxa-
Iolllee BIMSHHUE TEMIIEPATyPhl Ha TeIUIOBOM 3¢ deKT XMMUYeCKOM peaKIu:

d(AH)

22 =AC

] =
10 aHAJIOTUHN

d(AU)

22201 ZAGy.

[ dT }V v

1. [IpounTerpupyem BhipakeHue dAH = AC, - dT B mpezenax TeMmiepa-
Typhl OT T fio Ty

T
AHr, — AHp, = Tj AC,dT = AC,(T, - Th),
1
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Win
AHT2 =AHT1 +ACP(T2 _'I;l)'

YT06HI OIIpeeUTh TEIUIOBOH 3¢ deKT npu 060l TeMieparype, Hao 3HaTb
TEIUIOBOH 3¢ eKT MpU KaKOH-TO TeMIiepaType U 3aBUCHMOCTD TEIUIOEMKOCTH
pearvpyouux BelecTs oT 1. YpaBHeHHe IPUMEHUMO, eC/Id TeMIlepaTypHBIN
HMHTEPBAJI HEBEJIMK WY TEIUIOEMKOCTb MaJIo U3MEHSAETCs ¢ TeMIepaTypox.

2. Tlpounterpupyem ypaBHenune dAH = AC,dT, 6epsi Heolpe/ieIeHHbIN
UHTerpas u Bolpaxas C, 4epe3 HHTEPIO/SLMOHHbIE YPaBHEHUH, T. €. AC, =
= Aa + AbT + AcT?, oTKyza

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

[Tocjie MHTErpUPOBAHUA MOMy4aeM ypaBHeHe Kupxropda B UHTerpab-
HOM BHJIe, KOTOpPO€ IPUMEHUMO IS JIF0O0ro UHTepBasia TeMIlepaTyp, eciu
He MPOUCXO/IUT arperaTHLIX MpeBpallleHNni XUMUYeCKUX COeIMHeHUI:

AH = AH, +AaT+%AbT2 +%ACT3, (1.2)

rae AH, — TOCTOSIHHAs UHTEIPUPOBAHUS, KOTOPYIO OIPEAESIoT U3 AHYg
TI0 BBILIECTOSAIEMY YPaBHEHHIO, OTHeCs ero k remrneparype 298 K:

AHY95 = AHy + Aa- 298+%Ab(298)2 +%Ac(298)3,

Aa, Ab, Ac — crIpaBOYHbI€ BETUIUHEL, Ad = Y (N@)ypos — Y, (M@ yx , TO XK€ A1
Ab u Ac.

CraHzaapTHblii Terw1oBoi addext (AHSg) AJIs 3TOM peaKLUy PacCUUTHI-
BAaIOT, UCIIOJIb3YA CIeACTBUA U3 3aKoHa [ecca (1o Terwroram o6pa3oBaHuUA
w1y cropanus). OTcrioga HaxoAUM 3HaueHue AH,, ¥ TOACTaBJIsAeM €ro B ypaB-
HeHue (1.2).

NMpumepbl pewweHuns 3agay

3azaua 1. OfHOATOMHBIN HAEAJbHBINA ra3 06beMoM 10 J1 HaXOAUTCA HOJ,
nasnenueM 200 kIla u umeer temmneparypy 293 K. Paccuuraiite paboty
1 U3MEeHeHHe BHYTPEHHel SHepryu IpY paclIMpeHuH rasa o o6vema 20 1,
€CJIM Tpoliecc IpoTeKaeT: a) u3obapHo; 6) uzorepmudecku. Onpezenure
KOHEYHYIO TeMIlepaTypy ra3a B IepBOM CJIydae.

Peuwenue. OtpefiesiieM KOJMYECTBO BellecTBa (rasa):

pVi _2-105-10-10°3
RT,  8,314-293

a) B uzobapHoMm mporiecce (p = const) paboTa paclUIMpeHUs ONpeAesia-
eTcs 1mo popmyiie

=0,82 mob.

A=p{V,-V}) =2-105-(20-10-3-10-10-3) = 2000 [Ix.
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Vi3MeHeHMe BHyTpPEeHHeU SHEPTUU BIPAXKaeTCs Yepe3 U30XOPHYIO TeIUIO-
eMKOCTb (3/2R) 1 U3MeHeHUe TeMIlepaTyphl:

3
AU=nCy(T,-Tq) =§(P2V2 -pV)=

=%-2~105(20-10‘3 -10-10-3)=3000 [ix.

i V.
KoHeuHyI0 TeMIIepaTypy onpeessieM U3 COOTHOIIEHU Fl = T—z:
1 b2

_ VT, 20-10-3.293

T,
Ty 10-10-3

=586 K.

6) B usorepmuyeckom npouecce (T = const) u3MeHeHHe BHyTpeHHeM
sHepruu (AU) paBHO HyJII0, a paboTa pacmIMpeHus omnpegenseTcs no gop-
MyJie

A=nRTIn(V, /V;)=0,82-8,314-293-1n(20-10~2 /10-10-3) =1386 k.

3azaua 2. PaccuuraiiTe TemnoBoi 3¢pdeKT mpoliecca rujpoimn3a ca-
Xapo3bl, €CIM CTaHJApPTHBIE TEIUJIOTH CTOPAHUA CaxXapo3bl, (L-ITIIOKO3BI
u B-dpykTo3bl paBHBI 5644, —2802 1 —2810 k/I>k/MO0J/b, COOTBETCTBEHHO.

Peuserue. 3amuiiieM ypaBHEHHE peaKLMH THAPOIA3a Caxapo3bl:

C121_122011 + HZO = C6H1206(FJI}0K033) + C6H1206(¢py1<'r03a)'

Mo cnexcTBUIO U3 3aKoHa 'ecca TeroBol 3¢ deKT peakuuu (AHQ%)X.p
PaBeH Pa3HOCTH CYMM TEIUIOT CrOPaHWA MCXOAHBIX BeLeCTB U IIPOAYKTOB
peakuuu:

(AH 898 )x.p = (AH898 )gaxapo3b1 -[(a Hg98 )lc"moxoam + (AH 898 )(Ciypy}crosm] =
=-5644 - (-2802-2810) = -32 k/[>x/MOJb.

3apaum Ana camocToATeNIbHOrO pelueHus

1. I'as, pacmmpsAck oT 5 0 12 s npu nocTossHHOM AasieHuu 101,3 klla,
noryomaeT 300 Ik TerwioTel. OnpesenuTe U3MeHeHNe BHyTpeHHel aHep-
TUU rasa.

2. OnpegenuTe U3MeHeHUe BHyTpeHHel SHepruy, KOJIN4eCTBO TEIUIOTHI
1 paboTy, coBeplIaeMyo IMpU 06PaTUMOM H30TEPMUYECKOM paCIIMPEHUU
Kuciaopoga ot 1 10 5 M3 (HavanbHBIE yCIOBUA: Temneparypa 25 °C, fasie-
Hue 98 klla).

3. Kakoe KO/JIM4YeCcTBO TEIUIOTH HEOOXOAUMO /ISl IOBHIIIEHUS TeMIlepa-
Typhl 48 r kuciopoza ot 273 ao 373 K npu gasineHuu 1 atM? Kak ripu aTom
U3MEHUTCS BHYTPEHHSA SHepIrusa?

4. Onpegenvre KOHEYHYIO TeMIepaTypy U paboTy, HeoO6X0AUMYyIO A
azrabaTHYeCcKOro CXKaTHUA a3oTa oT 15 A0 2 1, ecyiu Haya/JbHbBIE TeMIlepaTy-
pa u gasieHue paBHel 20 °C 1 1 aTM.
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5. PaccuMTaiiTe KOJUYECTBO TEIUIOTHI, HEOOXOAUMOE Il HarpeBaHUs
BO3/Zlyxa B KOMHaTe o6muM o6vemom 400 m3 ot 15 g0 20 °C. IIpumure,
YTO BO3AYX — 3TO WJEaJbHBIN ABYXaTOMHBIN ra3, a aBjieHUue IpPU UCXOA-
HOU TeMIlepaType HopMasibHOe. Haliite u3aMeHeHe BHYTPpEHHE SHEPTUH
Y SHTAJIBIINU AJIA IIpoliecca HarpeBaHMA BO3ZyXa.

6. ITapsl 6eH3osa (2 Mosb) 06PaTUMO Y U30TEPMHYECKH CKOHAEHCHUPO-
Basi B XXuAKocTh mpu 80,1 °C. PaccuuTaiiTe paboTy, TEIUIOTY, U3MEHEHHE
BHYTPEeHHe! SHepruy ¥ SHTAJIbIIMU B 3TOM IIpoliecce. YielbHas TEIUIOTa UC-
napeHus 6ensosna npu 80,1 °C paBHa 394,4 Ik /T.

7. PaccuuTaiite sHTanbnuio obpasosanua H,SO, npu T = 298 K, eciu
HW3BECTHBI TeIUIOBbIE 2O (EKTH peaKIHii:

S + 0y = SO, (AHYgg)x p = —296,9 Kl /MOJIB;
SO, + 0,50, = SO3;) (AH39g)x p = —98,3 KJIx/Mob;
SOs(y + HyO s = HySO4 ) (AHDg)y p = ~130,3 K/IK/MOIB.

8. DHTaNBPIUs CcropaHus IIOKo3bl pu 25 °C paBHa —2816 k/[>X/MOJIb.
PaccyuTaiiTe SHTAJIBIINIO 0OPa30BaHMS IVIFOKO3BI U3 MIPOCTHIX BEIIECTB.

9. PaccuuraiiTe TeroBor aQppeKT peaKIUK OKUCIEeHHsI aMMHaKa KHUCJIO-
pozoM zo okcuga azoTta(ll) v Bozb! B )KUAKOM cocTossHUM 1pu 298 K 1o 3Ha-
YeHUSIM TeIUIOBBIX 3P PEKTOB peaKIuii:

1/2N, + 3/2H, = NH;, (AHg)y , = —46,2 KJIk/MOB;
H, +1/20, = H,0, (AHgs)y p = —285,8 KJI/MoIB;
N, + O, = 2NO, (AHg), , = 180,7 K/lx/MOb.

10. PaccumuTaiiTe TEIUIOTY AVCCOLUAIIMY XJIOPYKCYCHON KUCJIOTHI, €CIU
TeI1oBoi 3pPEKT ee HEMTpaTU3aIMH 1ET0YBIO cOCTaBsIeT —50 KK/ MOJIb,
a TerioBoi 3dpeKT HeHTpasIU3alry a30THOM KUCJIOTH IeJI0YbI0 paBeH
-55,9 k/I’k/MOJb.



http://chemistry-chemists.com



http://chemistry-chemists.com

2) Hecamonpou3eobHbLMU HA3BIBAIOTCS IIPOLIECCH], KOTOPHIE MPOTEKa-
IOT IIpM 3aTpare (CoBepiIeHUH) paboTHl WM IIPH MOABEJEHUH SHEPTHUU U3-
BHe (CKkaTHe rasoB U Jp.).

XapaKTepHBIMH OCOOGEHHOCTSIMM CaMOIIPOU3BOJIbHBIX IPOIECCOB SIBJIS-
I0TCA OHOCTOPOHHAA HaIpaBJIeHHOCTh (HeoOpaTHMble MIPOIECCH) U BO3-
MOXXHOCTb TOJIy4eHUA HEKOTOPOT'O KOJUYECTBA MOJIE3HOH paboTHI.

BTopoe Havajio TepMOJUHAMUKU TTO3BOJISET:

1) onpezenuTh HampapjieHUe MPOTEKAaHUS CAMOIPOU3BOJIBHBIX IIpOLiec-
COB, TEM CaMbIM YCTAaHOBUTH UX BO3MOXXHOCTh WJIK HEBO3MOXKHOCTD;

2) onpezAenuTh COCTOSTHME PAaBHOBECHs, KOTOPBIM 3aKaHYUBAaEeTCs MPO-
TeKaHHEe BCEX CaMOIIPOU3BOJIbHBIX IIPOIECCOB (Mpezes MpPOTEKaHUs IIPo-
mecca);

3) yCTaHOBUTD CTeleHb MpeBpalleHUsl TEIUIOTH B paboTy AT KPYTOBBIX
IIPOLIECCOB.

3.1. PaBHOBecHble U HepaBHOBECHbIe NPoLecchbl

B ocHOBe BTOpOTO Havajia TEPMOJUHAMUKHY JIEXKUT ITOHATHE O PAaBHOBEC-
HBIX nporieccax. Eciu cucrema, HaXoAsIIasCcs B yCTOMYUBOM T€PMOAUHA-
MUYECKOM PaBHOBECUH, IToABepraeTcs 6ECKOHEYHO MaJIbIM BO3/JIeHCTBUAM
BHeIITHeH cpebl, MPOXOAUT Yepe3 IMoC/IeZIoBaTeIbHbIH PsiZi pABHOBECHBIX CO-
CTOSIHWI Y COBEPIIAET IIPU 3TOM MaKCHUMaJIbHO BO3MOXHYIO paboTy, TO Ta-
KOU TpoI[ecC Ha3bIBAaeTCs PA8HOBECHbIM. EC/IM M3MeHeHUe COCTOSHUA CH-
CTEeMBI SIBJISIETCS PE3Y/IbTATOM KOHEYHOT'O BO3/IEHCTBUA CPEAbl HA CHCTEMY,
TO TAKOM MPOIeCC HAa3bIBAETCS HEPABHOBECHBIM.

PaccMOTpHM IPOIECC PACIIUPEHUS M CKATHA ra3a U CBI3aHHYIO C 3TUM
npoieccoM paboty. [TycTh B HWIMHAPe HaxoauTcs ra3 (puc. 3.2). BHyTpu
IWIMHZpPA JBKETCS TOpIeHb, COeJUHEHHBIH C Yalleii, Ha KOTOPyIo ImoMe-
IIeH MecoK (IopleHb HEBECOM U ABIKETCS 6e3 TPeHHs).

A
m\/ ITecok P
——TIlopiieHb
1 — Tas V;
Hwmnzp .
PaBHOBeCHBIN Ipo1iecc

Puc. 3.2. Npumep paBHOBECHOrO NpoLiecca

Ecmu 6yzieM cOpachiBaTh MO MTECYMHKE, TO ra3 6yZeT pacumpsaThCs, a mop-
IIeHb MoAHUMAaThCs. CrcreMa OyZieT coBepIiaTh paboTy paciIMpeHusi, paB-
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HYIO IUTOLAZIM IO KpUBOM (3Ta paboTa mosoxuTenbHas). [Ipu cxaTyuu rasa
(korga mecok 6yzeM BO3BpallaTh IO MEeCYMHKE Ha 4airy) pabora 6ygeT oT-
pULIaTeNbHasA, HO paBHAas MO abCOMIOTHON BelMYMHe. PaccMaTpuBaeMblit
TMpollecc SABJISETCS paBHOBECHBIM (CM. puc. 3.2).

3aMeHMM I1eCOK Ha Irpy3bl. ByZileM cHUMaTh ocieZloBaTeIbHO IPY3Hl, a 3a-
TeM BO3BpallaTh MX Ha 4Yamry. [IycTh B HaYaJbHbIii MOMEHT Ha vaiie OyaeT
HaXOAUTBHCA YeThIpe Irpy3a, 3aTeM 6epeM BOCeMb IPY3UKOB IIOMEHBIIIE U T. 1.
PaccmaTpuBaeMbIi nporiece (M30TepMUYECKOe paclIMpeHre U CKaTHe ra3a)
SBJISIeTCA HepaBHOBeCcHBIM (pHc. 3.3). Bce HepaBHOBECHBIE TTPOIIECCH B M30-
]II/IpOBaHHbIX CUCTEeMaxX ABJJIAOTCA HeO6paTI/IMbIMH U HpOTeKaIOT A0 YCTaHOB-
JIEHUS COCTOSTHUA paBHOBecHsl. [1pu paciripeHnu ra3 6yzeT coBepuaTh pabo-
Ty, BEJIMYMHA KOTOPOH ONpeJesieTCs IUIOMIAAbIO IO/ IOMAaHOM KPHUBOM.

\

A
P IIpouecc
cxaTus rasa
I'pyssl
I
[Ipouecc E
” , 57;{ pacipeHNus !
rasa ! '
Lwsap ITopireHs E E
~ a3 >
Vi V, vV
HepaBHoBecHBII npolLecc

Puc. 3.3. lpumep HepaBHOBECHOTO NpoLecca

TakuM o6pa3oM, IpHM HEPaBHOBECHOM IIpOIlecce CUCTEMAa COBepIIaeT
MeHbINYI0 paboTy, 4eM IpU paBHOBeCHOM. [Ipu BHeIIHEM BO3/eHCTBUU
Ha cucTeMy (CKaTue rasa) Ipu HepaBHOBECHOM Ipoliecce IoTpebyeTcs 3a-
TpaTUTh O6G/IbLIYIO pabOTy, YeM NPHU PaBHOBECHOM.

XapakTepHble CBOMCTBA pAaBHOBECHBIX IIPOLIECCOB:

1) 6eckoHEYHO Majias pa3HUIla CUJI, IeUCTBYIONINX Ha CUCTEMY U IIPOTH-
BOZIEHCTBYIOLIMX CO CTOPOHBI CAMOW CHUCTEMEI;

2) coBeplileHHe CUCTEMOI MaKCHMaJIbHO BO3MOXKHOM paboThl (OTCYyT-
CTBUE KaKUX-TUOO MOTEPB);

3) ABYCTOPOHHOCTD Ipoliecca (MpAMOM U 0OpaTHBIHM MyTh COBMAJAIOT,
TaK KakK HallpapJieHue Mmpoliecca olpezeseTcss 6eCKOHeYHO MaJIbIM BO3/eit-
CTBHEM HA CHCTEMY);

4) 6eckoHeYHas1 MeJIEHHOCTH Ipoliecca, KoTopas obycyioBieHa 6ecKo-
HEYHOI MaJIOCTBIO CHIT;

5) paBeHCTBO TeMIlepaTyp CUCTEeMBI U OKpYXKarolllell BHeIlTHel CpeJbl.

3.2, 06paTumble 1 HeoGpaTuMble NpoLeCchbl

Ecsiu mpoliecc MOXXHO OCYLIECTBUTH HE TOJIBKO B IIPSIMOM, HO M B 06paT-
HOM HallpaBJIeHHUHU U IIPYU 3TOM TaK, YTO He TOJIbKO caMa CUCTeMa, HO U OKpY-
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Karollas cpea BEpHyJIach B TOYHO INEpPBOHAYAJBHOE COCTOSIHUE, TO TaKOH
IIpoIlecc Ha3bIBaeTcss o6pamumsim. ECIU B crcTeMe WIH OKpY»Kalolle cpe-
Jle OCTa/INCh KaKKe-THO0 HercYe3HyBIIHE U3MEHEHHUs, TO NPOLecC Ha3bIBa-
eTcsi HeoOpamumbim.

B mpupoje mpoTeKarT HeobpaTuMbie Mmpolecchl. O6paTUMBIA Mpo-
1[ecc — 3To abCTpaKTHOE MOHSTHE, HO Ba)KHOE:

1) o6paTuMmBIii TIpoliecc — TpeAes MPOTeKaHUs HeoOpaTHMOro, K KOTO-
POMY MOXKHO TTPHUOIKATHCA KaK YTOAHO GJIU3KO;

2) TOJNBKO JyIsi OOpPaTHUMBIX MPOLIECCOB BO3MOXKEH pPacyeT TepMOAUHAMMU-
YeCcKUX GYHKIUI COCTOSTHUSA CCTEMBI.

PacueT u3MeHEeHHUA 3THX PYHKIUI A1 06PAaTUMBIX IIPOLIECCOB MOXET
OBITh IIEpEHECEH U Ha HeobpaTHMbIe MPOLECCHl (TIPU OZHOM U TOM JKe Ha-
YaJIbHOM U KOHEYHOM COCTOSITHHMHM CHCTeMBbI). Bce HeoOpaTHMEble Ipoliecchl
[IPOTEKAIOT B HAallpaBJIeHUH IPUOJIFDKEHUA K COCTOSTHUIO PAaBHOBECHS U TTpe-
KpaIllaloTCs, KOTZla 3TO COCTOSIHUE JZOCTUTHYTO.

CpaBHMBas MOHATHUS PaBHOBECHOTO M 06paTUMOrO Tpoliecca, Mbl He Oy-
JIEM TIPOBOZINTH MEXAY HUMHU Pa3IUyus, TaK KaK 3TU IPOIECCHl OTPAXKAIOT
CBOWMCTBA OZJHOTO M TOTO K€ Ipoliecca. Besikiie paBHOBECHBIE ITPOLECCHI SIB-
JIIIOTCSA 06paTUMBIMH, 2 HEpaBHOBECHbIE — HEOOPATUMBIMH.

3.3. DopmynupoBKU BTOPOro Hayana TepMOAUHAMMUKH

BTOpoii 3aKOH TEPMOJWHAMUKH, TaK K€ KaK M IepPBBIA, ObUT yCTAaHOB-
JIeH KakK nocTynat (pe3yabTaT 060611IeHIs YeJIOBe4eCcKOoro OnkbITa). ViMerores
pasinyHble GOPMYIUPOBKHA BTOPOTO 3aKOHA, KOTOPbIe 3By4YaT I0-Pa3HOMY,
HO TIPUBOZAT K OZHUM U TE€M K€ pe3y/bTaTaM.

1. lToctynar Kinaysuyca: menioma He mMoxem camonpousgoibHO nepe-
Xxodums om meHee Hazpemozo meaa K 6onee Hazpemomy meny (1850 r.).

2. IMoctynat TomcoHa (KeqbBHHA): HeB803MOXCHA nepuoduuecku Oeli-
cmeyrwas MauuHa, eOUHCMeEeHHbIM pe3yabmamom Oelicmeust Komopoil
6bL10 ObL NONYUeHUEe paboOMblL 3a cUuem OMHAMUSL MeNJIOMbL OM Menuio20 pe-
3epgyapa (1851 r1.).

[Nozx mepyoANYECKH AEMCTBYIOIIEH MAaIIMHON IIOHUMAIOT MHOTOKPAaTHO
TTOBTOPSIOUIUICA ITPOIIecC.

3. BeuHulil 08uzamens 8Mmopozo pooa He803MONMCEH.

BeuHblii ABUTaTENH BTOPOTO POAA — 3TO MEXaHU3M, KOTOPBII IIPOU3BO-
IUT paboTy 3a CcYeT TEIUIOTH! CUCTEMBI IIPY OMHAKOBOW TeMIlepaType.

Kak BUZHO U3 3TUX GOPMYIMPOBOK, UICTOPUYECKY pa3BUTHeE Npe/CTaBIe-
HUM 0 BTOPOM 3aKOHE TEPMOJUHAMHUKH OBUIO TECHO CBA3aHO C U3y4eHHEM
TEIUIOBBIX MAIlKH.

PaccMoTpuM paboTy TEIUIOBOH MaUIMHBI. Booblie mepexo/ TeIIOTHI
B paboTy, KOHEYHO, BO3MOXKeH. PaboTa MOXET IOyYaThbCsl IPH Iepexoze
TEIUIOTHI OT Tejia ¢ 6osiee BhICOKOM TemmnepaTypoit (T) K Teiy ¢ 6oyee HU3-
koii Temnepatypoii (T — dT), Tak Kak TaKOH IpoOLiecC MOXXeT COBEpLIaTbCs
CaMOMPOHU3BOJIBHO. DTO OCYIIETBJsAETCA NpU paboTe 060M TeIIoBOi Ma-
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IIMHBL, T. €. MaIIUHbI, IPOU3BOASAIIE paboTy 3a CYEeT TEIUIOTH, ITOIVIoae-
MO¥ OT KaKOro-To TeJsa (TeruioHarpeBatess). Ho B aToM ciydae (puc. 3.4)
He BcA TeluloTa Q,, mosyyaemasi pabo4uM TesoM, IpeBpaniaercsa B paboTy,
a uIb HeKoTopas 4acTb: A = Q; — Q,. JIpyras ke 4acThb TEIUIOTH Q, Ilepe-
XOZIUT K TeJTy, uMeloieMy 6oJiee HU3KYIO TeMIlepaTypy (TeIUIONPHUEMHUKY).
Takum obpasom, paboTa MalIWHBI 3aKJII0YAETCS HE TOJBKO B IOJIyYeHUU
TEIUIOTH Q; OT TEIUIOHArpeBaTesii U COBEpUIEHUH paboThl (A), HO U B OHO-
BpEMEHHOI IepeZiadye HEKOTOPOT'O KOJIMYEeCTBA TEIUIOTH Q, TEIUIONPUEeMHHU-
Ky c 60jiee HU3KOW TeMIlepaTypoi.

TernonarpeBarens (T)

Q
_ Pabora Pa6ouee
A= Ql _ QZ TEJI0
Q,
v

Terwnonpuemuuk (T — dT)

Puc. 3.4. Cxema nepexofa TennoTbi B pabory

OTHolIEeHHe KOJNYeCcTBa IPOU3BeZeHHOI paboThl (A) K KOIUYECTBY Te-
IUIOTHI Q;, TTIOJIy4eHHO! paboYuM TeJIOM OT TeIUIOHarpeBaTeis, Ha3blBaeTcs
mepmoduHamuveckum koagdgduyueHmom noneznozo deiicmeus (KI1/1):

n=A/Q; =(Q;-Q/Q;.

[Mob3ysich 3TOM BETMYUHOM, MOXXHO JaTh BTOPOMY Hadasly Takyto ¢op-
MYJIMPOBKY: Haubonbwiuil ko3agdduyuenm nose3Hozo delicmausi meniosoil
MAUUHbL He 3agucum om npupodsl U 8uda men U gew,ecms, yuacmayrouux
8 pabome MawuHbl, A MOALKO OM Memnepamyp menioHazpesamens u me-
nIoNpuemMHUKa:

n=I[T-(T-dD1/T =dT/T,
n=A/Q, =dT/T.

[Ipu o6patumMoM (paBHOBECHOM) IlepeHECEeHUU KOJIM4YeCcTBa TEeIUIOTHI
Q MOXXHO HOJYYUTh MAaKCUMaJIbHYIO paboTy:

8A,6, = QdT/T — maremarnyeckas GopMyIMpoBKa BTOPOro Havasa Tep-
MOJITHAMUKH JJIs1 0OOpaTUMBIX IIPOIIECCOB;

8Aeosp < QAT/T — maTemaTHyeckass GOpMyIMPOBKa /sl HEOGPATUMBIX
(peasibHBIX) MPOLIECCOB.

B o61em Buze:

dA < QdT/T.
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3.4. IuTponua

[TockosnbKy U3MeHeHUs1 BHyTpeHHel sHepruu (AU) u sHTanenuu (AH)
He ZaloT HHGOPMAIMKU O BO3MOXXHOCTH CaMOIIPOM3BOJBHOTO OCYIIIECTBIIE-
HUS XUMHUYECKOUM peaKuu Wi GU3NIeCKoro U3MeHeHUs, I 3TOH IeTn
HeobOXoZMMa JOMOJHUTEIbHAA TepMOANHAMUYECKas BeTUYNHA, KOTopast
BbIpaXkasia Obl HaIIpaB/IeHHE U TpeZes IIPOTEKaHUs Ipoliecca.

Takoil TepMOAWHAMHUYECKOU QYHKITMEH COCTOSHUA CUCTEMBI SIBJIAETCS
sHTponus. Jta ¢yHkuus 6su1a BBegeHa P. Kimaysuycom (1850 r.), B nepe-
BOZIE C IPEYECKOro SI3bIKa O3HAYaeT «IIpeBpalleHUe B», T. €. IIpeBpaleHe
SHepruy B MeHee LieHHble pOPMEI:

ds =dQ/T.

Hsmenenue sumponuu (dS) pasHo omHoweHut 6eCKOHEUHO MA020 KO-
JluYecmea meniomst, N02I0UjeHHOLL 8 0bpamumom npouyecce, k a6CONOMHOLL
memnepamype.

Tak kak dS — nosnHbIA AuddepeHIUa, TO U3MEHEHHE SHTPOIHMH B Ka-
KOM-JIN60 TpoIjecce 3aBUCUT TOJBKO OT KOHEYHOT'O M HAYaJbHOTO COCTOS-
HUI CHCTEMBI U He 3aBUCHUT OT IIyTH IlepexoAa, T. e. AS = S, - S;.

s usorepmudeckux npoueccos (T = const) AS = Q/T.

Eaununet usmepenust: [Lx-K-1-monb-1; kan-K-1-moms1] (1 kan = 4,184 /Ix).

BTOpoii 3aKOH MOXKHO MPECTaBUTh B YI00HOM hopMe, UCIIONb3ys TOHATHE
3HTponuUU. B kayecTBe nocTynata ¥ GOPMYIHMPOBKY BTOPOTO Havyaia TepMOJU-
HaMUKU MOXXHO IIPUHATD CJIEAYIOIIEE: Cyujecmayemn HeKomopoe 3KCmeHCUBHOe
c801icmaeo cucmembsl, Ha3bleaemoe aHmMponuell, UsmeHeHUe KOMOP020 Caedyro-
wum 06pasom c8s13aHo ¢ noanouwaemoll meniomoil u memnepamypotl cucmems:

dS = 8Q/T — B obpaTuMoOM mpolecce;

dS > 8Q/T — B HeOOpaTHUMOM IIpoliecce.

ITocnenHee BeIpaXKEHHE BBITEKAET U3 IEPBOr0 Hayala TEPMOAUHAMUKU:

dQ = dU + pdV — nepBoe Hayao A1 HeoO6pPaTUMOTO IpolLecca:

dQ = dU + A, — Ana obpaTrumoro mporiecca, Ho A, > pdV.

B obmem Buze MaTeMaTH4YecKoe BhIpaXKeHHe BTOPOTro Hadajia TepMOJM-
HaMUKH 4epe3 SHTPOIHIO UMeeT BUJ

ds = dQ/T.

ODTOT 3aKOH yTBEPXKZAET, YTO Bce HeobpaTHUMBble (CaMOIIPOU3BOJIBHO IIPO-
TeKalolye) IpoLecch 0053aTeNbHO COIPOBOXAIOTCA YBETUYEHUEM CyM-
MapHOM 3HTPOIIMHU CHUCTEMEI U ee OKPY)XeHHs. DTO YTBEP)KJEHUE AaeT KPH-
TepUii, MO3BOJIAIOIININ CyJUTh O BO3MOXXHOCTHU IIPOTEKAHUS XUMUYECKOH
peakuuu. TOJBKO TMOKa3aB, YTO 3TO HEPABEHCTBO MPUMEHUMO K JaHHOMY
W3MEHEHHIO COCTOSTHUA WIH JaHHOM XMMUYECKOM peaKIuu, MOXXHO YTBEPXK-
JlaTh, YTO 3TO U3MEHEHHE WIH 3Ta PeaKIysa MPOU30HeT CAMOIIPOU3BOJIbHO.

DHTpoNHUs KaK KPUTEPUii CaMONPOU3BOJIbHOCTH U PaBHOBECHS IPO-
mecca B U30JIMPOBAHHOM cucTeMe. BripakeHHe BTOPOTro 3aKOHa TepMO/IH-
HaMHKU Yepe3 SHTPOIHUIO YA06HO IPUMEHSATH K U30JIMPOBAHHBIM CUCTEMAM.
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H3zonupoeanHas cucmema — 3TO CUCTEMA, KOTOpasi He B3aUMOJENCTBY-
€T C BHEIIHEH cpeZioi, T. . He 0OMeHUBAeTCs ¢ HEH HU TeIUIOTOM, HU Bellle-
CTBOM:

U = const, V = const, dQ = 0.

Tak Kak dS = 3Q/T, ToO O4EBUAHO, YTO:

dS = 0 — ay1a o6paTUMOro mpoIecca;

dS > 0 — a1 HeoO6paTUMOTrO Ipoliecca.

B o611ieM ciy4ae /i1 U30JIMPOBaHHOI cucTeMbl: dS = 0.

Eciii B MI30IMPOBAHHOM CUCTEME COBEPIIAIOTCA TOJIBKO 0OpaTUMBIE TIPO-
I[eCCBI, TO SHTPOMMUS COXPAHAET IMOCTOSSHHOE 3HAaYeHWe U BO3pacTaeT MpU
BCSIKOM HeoOpaTHMOM Iipoliecce. Bo3pacTaHue SHTPOIUU B CaMOIIPOU3-
BOJILHOM (T. €. HeoOpaTMOM) TIpoIfecce MPOTEKAaEeT A0 TeX IOop, IoKa CHU-
cTeMa He IepeiileT B paBHOBECHOE COCTOSTHHE, B KOTOPOM SHTPOIIHS UMeeT
MaKCHUMaJibHOe 3HaueHue (puc. 3.5).

S A
S

max

>

CocTosiHuEe HM3MmeHeHHe COCTOAHUSA
paBHOBecUs CHCTEMBI

Puc. 3.5. U3meHeHue 3HTpoNMM B HeoGpaTuMom npovecce

TakuMm 06pa3oM, KpUTEPHEM CaMOIIPOU3BOJIBHOCTH IIpoLiecca B U30JIH-
POBaHHOH CHUCTEME SBJIETCS yBEJIUYEHHUE SHTPOIIMH, a KPUTEPUEM PaBHO-
BecHs Ipollecca — MaKCHMabHOe 3HaYeHNe SHTPOIHH.

3.5. (ratyeckan npupoaa BToporo Ha4yasna TepmoagnHaMUKKN

[lepBO€e HavYaja0 TEPMOJUHAMUKHU CIIPABEAINUBO IS IIOOBIX CUCTEM, CO-
CTOSAIIMX M3 OOJIBIIOrO WIKM MaJoOro YKcja 4acTHLl, U JaXKe I OTAeJIbHBIX
MoOJIeKy/Z. Bropoe Hayaso clipaBeAUBO TOJBKO JJII CUCTEM, COCTOSIIIUX
13 GOJIBIIIOTO YKC/IA YACTHUL, K KOTOPBIM MPUMEHHUMBI 3aKOHBI CTATHUCTHKH,
OCHOBaHHbIE€ Ha TEOPHUU BEPOSTHOCTEM.

[TpeacTaBUM COCYZ C MEPEropoAKOM, cofep>Kalui a30T U KUCIOPOA.
YaanuMm neperopoAKy — Ha4HeTCsl CAMOIPOU3BOJIbHBIN ITPOLIeCC CMeIleHUsT
ra3oB JI0 TeX IOp, MOKa KOHIIEHTPAIIUKX BO BCEX YACTAX COCyZa HE CTaHyT
OJVHAKOBHIMU. Bo3aMorkeH i 06paTHBIH mpoiiecc? OmnpezennM, KakoBa Be-
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POSITHOCTh TOTO, 4YTO ra3bl pasgendarcs. JJomycTUM, YTO B IIPaBOM U JeBOH
9acTAX COCyAa HAaXOAUTCA MO OAHOM MojieKyse. BEIYMCIMM BEpPOATHOCTD
TOT'0, YTO MOJIEKy/Ia a30Ta OyAeT HaXxOAUThCA IMOC/e pa3fesleHHUs B JIeBOU
9acTH, a MOJIeKy/la KUC/IOpoJa — B ITPaBOM:

P=(1/2)-(1/2) =1/4,

rae P — craTuyeckas BEPOATHOCTD.
BosbmMmeM 110 ABe MOJIEKYJIBI a30Ta U KUCJIOpOoAa, Torga

P=(1/2)%-(1/2)%2 = 1/16,

T. €. U3 16 BO3MOXXHBIX CIy4aeB TOJBKO B OJHOM CJIydyae MOJIEKY/IbI pasje-
JsiTcsi. Bo3bMeM o OZHOMY MOJIIO a30Ta M KMCJIOpo/a, TOrAa

P=(1/2)Na-(1/2)Na -0,

rae N, — gucio ABoragpo (N, = 6,022 - 1023 monp1).

BepoATHOCTH pa3jesieHns 6eCKOHEYHO Masia, HO BCe e BO3MOoXHa. Kax-
o€ COCTOSTHHME CHCTEMBI XapaKTePU3YeTCs ONpe/elIeHHON BepOATHOCTBIO.
B cBsi3u ¢ 3TUM aBCTpUiickuii GpusnkK JIroaBUT BosbliMaH npeI0XKI TUIoTe-
3y: BCE CAMOIIPOU3BOJIbHEIE MTPOIIECCH IPOTEKAIOT B HAlIpaBJI€HUU JOCTIDKE-
HUS COCTOSIHUSI PABHOBECHSI, TIOTOMY YTO 3TO COCTOSIHUE SIB/ISIETCS Hanboee
BEPOSITHBIM, T. €. €10 MOXKHO OCYIIECTBUTDb OOIBIINM YHCJIOM CIIOCOOOB.

Hampumep: nmoyemy rasel CMeNIMBalOTCA U TeMIlepaTypa BblpaBHHBa-
etcs? [TIoTOMy, YTO 3TO COCTOSTHHUE MOXXHO ZJIOCTHYb MHOTHMMU CIIOCOOaMH,
a UCXOZHOe COCTOSIHNE — OZHUM.

DHTpOIMHs, KaK OKa3aHo B paboTax BosblMaHa U pyTUX aBTOPOB, ABJIA-
€TCsI MEPOH BEPOSITHOCTU COCTOSIHUSA CUCTEMBI. IIpy 5TOM UMeIOTCA B BUAY
TepMOAUHaMU4ecKre BEPOATHOCTH.

TepmoduHamuueckoii geposmuocmeuto (W) HasbIBaeTCs YMCIO MUKPO-
COCTOSTHH, C IOMOIIIBIO KOTOPHIX OCYIleCTB/IAeTCA JaHHOE MaKpPOCOCTOsIHHE
CHCTEMBI.

MaKpOCOCTOSTHHE CHICTEMBI 33JIa€TCs1 TEPMOAMHAMUYECKMU ITapaMeTpaMu
(T, p, V, KOHLIEHTPALKA U T. I1.) U OIpe/eJIsIeTCsI COCTOSTHUEM 6OJIBIIOTo YHciIa
yacTUll. MUKPOCOCTOSTHUE CHCTEMBI OIpeZieIAeTCsl COCTOAHUEM KaXKJOW OT-
ZeJIbHOM MoJieKysibl. COCTOSIHUE KaXXI0U OTZeNTbHOM MOJIEKYJIbl OIIpeesisieTcs
TPeMs1 COCTABJIAIOIMMHU, XapaKTePU3YIOLIMH ee TI0JI0XKeHHe B IPOCTPAHCTBe,
Y TPeMs COCTaB/ITIOIMMH, XapaKTepPU3YIOLNMH ee JBIbKeHHe (CKOPOCTb U Ha-
MpaBJIeHUE JBIKEHUS). TakuM 06pa3oM, COCTOSTHUE KaXKI0M MOJIEKYJIbI OIpe-
JieJIsieTcs B IIECTUMEPHOM IIPOCTPAHCTBE, KOTOPOe Ha3bIBaeTcs (pa3oBbIM.

da3oBoe MPOCTPAHCTBO pacCMaTPUBAETCS KaK COCTOsILIee U3 OllpeZiesieH-
HBIX s1yeek (puc. 3.6):

W =NI/(N,! Nyt Nyt - ..,

rae N; — uucio Monekyn (37eMeHTOB) B i-ii ¢pasoBoii Adelike; N — obiee
yuco Mosiekyn (N = N; + N, + N5 + ...); | — onepanus B3aTus dakropuana.
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Q0O
QQ wy=6l/6! =1
QO

O |00

O O O W, = 6!/(2!-41) =15

8 8 8 Wy=61/(2!-2!-21) =90

Puc. 3.6. flueitku $pa30BOro NpoCTPaHCTBa

Haubonee BeposiTHOe COCTOSTHHE CUCTeMBI Ha puc. 3.6 W; — paBHOMeD-
HOe pacrpe/ieJieHre YacTULl B IPOCTPaHCTBe.

B xyaccuyeckol TepMoAMHAMUKe I10Ka3aHo, YTO B CaMOIIPOU3BOJIBHOM
mpoliecce 3HTpoIus Bo3pacTaeT. C TOYKYU 3peHUs CTaTUCTUYECKON TepMo-
AVHAMUKY 3TOT Ke IIPoliecc COIIPOBOXKJaeTcsA BO3paCTaHUEM BEPOATHOCTH.
ITpu paBHOBecuM S 1 W IPpUHUMAIOT CBOM MaKCHMaJjibHble 3HaYeHUS.

Eite oxHa ¢popMyMpoBKa BTOPOTro Havaja TEPMOAUHAMUKU: 106011 mep-
MOOUHAMUUeCKUTl npoyecc npomekaem 8 HANPAa8aeHUU 00CMUNEHUSL MAKCU-
MANbHO 8ePOSIMH020 MEPMOOUHAMUUECKO20 COCMOAHUA — KAKUM AB8JI1eMCsl
mepmoouHamuieckoe pagHoseclie.

JI. BonbliMaH czesan JomylieHre, YTO SHTPONUS eCTh HeKoTopas GyHK-
11 BeposiTHOCTH. By ¢yHkiuu S = f(W) BBIBOAAT UCXOAA U3 IPUHLMIA
aJINTUBHOCTH SHTPOIINH, COTVIACHO KOTOPOMY SHTPOIIUS CUCTEMBI, COCTaB-
JICHHOU M3 ABYX HE3aBHUCHUMBIX YacTell, paBHa

S=S,+85,

rae S; = f(W;) u S, = f(W,) — sHTpONUH 4YacTel, COCTaB/IAIINX JaHHYIO
cuctemy, win S = f(W) = fW,) + fW,).

BosbliMaH, UCIIO/Ib3ys MPUEMbI CTATUCTHYECKON TEPMOJUHAMUKY, yCTa-
HoBWI (popmyna Bosnbiimana), 4To

S=K-InW,

rae K — nocrosHHasa boabumana, K = R/N, (R — rasoBas IIOCTOSIHHas;
N, — uucio ABorazipo).

SHMpONuUI0 MOXHO 0XApaKmepu3o8ams Kak Mepy xaomuuxHocmu, becno-
pAOKa UnuU Heynopsi0oUeHHOCMU 8 cucmeme.

HampuMep, 4acTHIIbI ra3a B ropaszio 6osbliell Mepe He YIOpsAOYeHHl,
YyeM YacTuLibl TBepZoro Tesna. CiaeoBaTelbHO, SHTPOINMS I'a30B, Kak IIpaBU-
JIO, HAMHOTO 60JIblIle, YeM SHTPOIHS TBePABIX Tell. [IopAafoK cucTeMBbl yBe-
JINYMBAETCA B PALAY «I'a3 — XUAKOCTb — TBEPAOE TEJIO».

Eciu paccMaTpuBaTh UAeaIbHBINA KPUCTAJLUI IPU aGCOTIOTHOM HyJIe TeM-
repaTyphl, TO YaCTUIIEI B HEM 3aHHMMAIOT CTPOT'O OIIpe/ie/IeHHOe IOJIOKEHHUE.
JaHHOMY MaKpOCOCTOSIHHUIO CUCTEMBI COOTBETCTBYET OZHO MHKPOCOCTOA-
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HHe. OTO O3Ha4aeT, YTO TEPMOANHAMHUYecKas BEpOATHOCTb paBHA €IVHUILIE,
a DHTpONUA — HYJIIO.

OTo u3BecTHHIHN mocTynar M. [U1aHka: a3Hmponust uHOU8uJyalbHO20 Kpu-
CMaLIu4eckoz0 gelwecmsa npu abcoomHOM Hysle pa8HA HYJLO.

Takum o6pa3om, 3HTpomnuA ABasAeTcs GyHKIMeH TepMOANHAMUYIECKOU
BEPOSTHOCTU CUCTEMBI U UMeeT cTaThCTUYecKuii xapakrep. 1o JI. Boapima-
Hy, BTOpOe HayaJlo TepPMOAUMHAMUKH HOCUT BEPOATHOCTHBIN XapakTep. Tak
KaK 3TO BEpOSATHOCTHBIM 3aKOH, TO BTOpOe Hayajao TepPMOAMHAMMKH IIPH-
MEHHMO TOJIBKO K OOJIBIIIOMY YMCIIy YaCTHII.

3.6. XapakTrepucruyeckue GyHKumumn
W TepmoANHaAMUYECKNe NoTeHUnanbl

BTopoe Hava/mo TepMOAUMHAMUKH U MOHATHE 00 SHTPONUU ObUIN BBeZe-
HBI B pU3UKy IEPBOHAYAIBHO IIPU PACCMOTPEHUH U30TMPOBAaHHBIX CUCTEM.
s TaKUX CHCTEM YCJIOBHS CaMOIPOU3BOJBHOCTU U PaBHOBECHUSA MOIJIU
OBITH BHIpQYKEHBI OZIHO3HAYHO Yepe3 3MeHeHue 3HTponuu. Ho Ha mpakTu-
Ke IIPUXOAUTCS UMETD JIeJI0 C CHCTEMAMH, B3aUMO/IEHCTBYIOLIMMH C OKpY»Ka-
IOLIeH cpezioii. DHTpoNUs HeyAoOHa /I XapaKTEPUCTUKY Ipoliecca B 3TUX
yctoBusx. B pesysnbrate pa6ort [. Y. ['u66ca, I'. TenpMrosnbla ¥ Apyrux ObUTH
OTKPBITHI TEpMOAWHAMUYECKHEe QYHKIINH, U3MEeHEHU KOTOPHIX JaBai BO3-
MOXXHOCTh B MPOCTOM (pOpMe OIpeAeNUTh HallpaBleHHue CaMOIIPOU3BOJIb-
HOrO TeYeHHs Ipoliecca U YCIOBUS paBHOBecUs. Xapakmepucmuueckoil
dyHkuyueil Ha3pIBaeTCs Takass QYHKLIUA COCTOSHUA CUCTEMBI, TIOCPEACTBOM
KOTOPO¥ WIHU ee TPOMU3BOAHBIX MOTYT OBITh BHIDQXKEHHBI B ABHOH dpopMe Tep-
MOAMHaMHYECKHE CBOMCTBA CHCTEMEI.

Hau6oJsiee MMPOKO B TEPMOAMHAMMKE HCIIOIB3YIOTCA CAeAyIouye MATh
bYHKITHIHA:

1) sneprus 'm66ca — G (wu u306apHO-U30TEPMUYECKUIM TOTEHIUAN);

2) sHeprus lepMronbua — F (WM N30XOPHO-U30TepMUYECKUM TOTEH-
uan);

3) BHyTpeHH:AA sHeprua — U,

4) sHTanbnua — H;

5) suTponua — S.

[lepBbie YeThIpe U3 HUX OOBEAUHAIOTCA TaKKe OOLIUM Ha3BaHUEM Tep-
MOJAVHAMHYECKUX ITOTEHIINAIOB.

3.6.1. DHeprus l'ebMrosbia (M30XOPHO-U30TepPMUYECKHH TOTEHLINA)
BTopoe Hayasio TEpMOAUHAMUKH I 0OpPaTUMBIX IIPOI[ECCOB:

dS =dQ/T.
[To mepBOMY Hauary TepMoguHaMUKU: 0Q = dU + A, ,,, ToIy4aeM

dS = (dU + A, /T.
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Mo>xHo 3anucarb
T-dS = dU + 8A . WM A, = T-dS-dU.
VHTerpupyem 3To BeIpakeHUe IIpu V = const; T = const:
A.x =TAS-AU = T(S,-S,) - U,-U,) = (U, -TS;) - (U,-TS,).

BBezem ob6o3Hauenue F = U — TS u Ha3oBeM 3Ty yHKLUMIO SHEpruei
lenpMrosblia, WK U30XOPHO-U30TEPMUYECKUM ITOTEHIIATIOM.
[Tonyyaem:

Amax = Fl —Fz = —(Fz—Fl) = —AF.
A =-AF.

YmeHvwenue aHepeuu [enbM201bUa PABHO MAKCUMANLHOU pabome obpa-
MuMO020 U30MepMUUeCcKO20 NPoyecca, NpomeKaruje2o Npu NOCMOAHHOM 006%-
eme.

Oueprus ['esibMrosbla siBeTcs QyHKIpel cocrosHud cucreMsl F = f(T, V),
T. €. ee U3MeHeHMe He 3aBUCHUT OT IIyTH IIPOLIECCa, a ONpeAesAeTcs HadaJIbHbIM
¥ KOHEYHBIM COCTOSHUAMH CUCTeMBL: AF = F, — F;.

BHYTpeHHIOI0 5HEepruio MOXXHO BbIpa3uTb kak U = F + T - S, T. e. BHy-
TpeHHsAs SHeprys eCTb CyMMa /IByX BeJIMYMH. BesiuvHa F BeIpaXaeT Ty 4acTb
BHYTpPEHHel 3HEPI'HH, KOTOPYIO MOXXHO ITPeBPaTUTh B paboTy; Ipou3BesieHe
T - S — cBsi3aHHAsA SHEPIHs, TaK KaK ee HeJlb3s1 IPeBPaTUTh B pabory. OTcioAa
SHTPOIUSA — 3TO 0/ CBA3AHHOM SHEPryH, NPUXOAALIAACA Ha OAUH Ipagyc.

3.6.2. O6beAMHEHHOE YPaBHEHHE IIEPBOr0 U BTOPOro Ha4aJl
TepMOANHAMHUKH. MaKcMMaibHas U MaKCUMaJbHas Mojie3Has pabora
B ypaBHeHue mepBoro Hayana dQ = dU + OA BMecTO dQ NOACTaBUM
M3 BTOPOTO Havasa TepMOANHAMUKU T - dS U NMONyYUM aHAJIUTUYECKOe BbI-
paxeHUe IIePBOT0 1 BTOPOr'0 3aKOHOB TEPMOAVHAMUKHU:

T-dS=dU+ 8A, win dA = T - dS —dU.

B o6miem ciaydae dS = 8Q/T, wiu dS = (dU + dA)/T.
Otcroga 06'beIMHEHHOE YpaBHEHME TTEPBOTO U BTOPOT'O HavyaJsl TEPMOJH-
HaMUKU UMeeT BUJ

T-dS=dU+ 8A, wm dA < T-dS-dU.

Pabora, KOTOpas MOXeT OBbITb IpOU3BeJeHa CUCTEMOM, ABIAETCA Hau-
GosbLIel pyu 06paTUMBIX Mpolieccax. Ee Ha3bIBalOT MakCHUMaIbHOU pabo-
TOH (cUMBOJ A,,,). KpoMe MOHATUA MaKCUMaJlbHOM paboTEI, CylleCTBYeT
MTOHATHE MaKCUMAaJIbHOH M0Ie3HO# paboThl (cUMBOM A/ ,,). CBS3b MaKCH-
MaJIbHOH ¥ MaKCUMaJbHOM I0JIe3HOM paboThl BEIpaXkaeTcs ypaBHEHHEM

Alax = Amax — PAV.
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MaxkcuMasnbHas moje3Has pabora paBHa MaKCHMaJbHOU paboTe 3a BbI-
4eTOM paboThl BHEIIHETO JaBJIeHMUs.

3.6.3. DHeprusa 'm66ca (1306apHO-U30TEepMUYECKUNA TOTEHLINAI)

BepHeMcs1 K ypaBHEHHIO, CBA3BIBaOIEMY Al . UA ..t Al .. = A .x—DAV.
CoracHO U3JI0XKEeHHOMY, A .. = —AF, T. e.

rae G = F + pV — sHeprus 'n66ca, win n306apHO-U30TePMUYECKUI TI0-
TEHLIHAJ, T. €.

AL =—AG.

Ymenvuwerue anepeuu I'ub66ca pasHo MakcumanbHol none3Holl pabome 06-
Pamumoz20 u30mepmuUecKozo npoyecca, npomeKarwez0 Npu NOCMOSIHHOM
dassieHUU.

BennunHa G SABASETCS OAHO3HAYHOM QYHKIIMEH COCTOSHUS CHUCTEMBI.
Oneprus 'nb6ca, kak v 3Heprus [ebMrosblia, He UMeeT abCOMOTHOTO 3Ha-
yeHuA. PaamepHocTh F u G — [/I)x/Monb]. Vimeem:

G=F+p-V=U-T-S+pV=U+pV-T-S=H-T-S,
nin
H=G+T-S.

dyHkIMio H MOXXHO pacCMaTpUBaTh KaK OOIYI0 S9HEPTUIO, COCTOSAIIYIO
13 sHepruu ['n66ca U cBsA3aHHOM 3Hepruu. COOTHOIIEHHE MeXy OCHOBHBI-
MU TEPMOJUHAMHYECKUMU QYHKIUSAMU MOXXHO IPEJCTABUTH CJIEAYIOUIUM
obpaszom (puc. 3.7):

H=U+p-V;H=G+T-S;
F=U-T-S;U=F+T-S;

G=H-T-S;G=F+p-V.

H

A

A
Y
A
Y

TS F pv

A
Y
A
Y
A
Y

TS G

A
Y
A
Y

Puc. 3.7. COOTHOLIGHUE MEXKAY OCHOBHbIMY TEPMOAUHAMNYECKUMU GYHKLIUAMK
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Jlnst 6roxuMudecKux mpoueccoB AG = AF, Tak Kak 6MOXUMUYeCKUe Ipo-
1ecchl UAyT 6e3 u3MeHeHus ob6beMa.

3.6.4. Duepruu l'epmrosbia u M'n66ca kak KpUTEpUit
CaMOIPOU3BOJbHOCTH IIPOLECCOB 1 PAaBHOBECHS

Tak Kak OOJBITMHCTBO XUMHYECKHX IIPOLIECCOB MIPOTEKaeT B HeU30JIu-
POBaHHOU CHCTeMe, MCIIOJIb30BAHNE SHTPONUM KaK KPUTEPHA CAMOIIPOU3-
BOJIBHOCTH IIpoIecca HeyZ06HO, SHTPOIIMIO MOXKHO IIPUMEHSATD TOJNBKO IS
M30JIMPOBAHHBIX CHCcTeM. IS HEM30JIMPOBAHHOMN CUCTEMbI OOBIYHO HCIIOJb-
3yIOT TepMOAMHAMUYeCKHe oTeHnuans! F u G.

1. DHeprus l'eibMrosnna

dS = 8Q/T, wu dS = (dU + pdV)/T.
YMHOXUM 06e yacTH BhipaykeHus Ha T, Torga T - dS = dU + pdV, otkyza
dU < T-dS-pdV. 3.1

IMpeacraBum U kak U = F + T - S. luddepeHnupyem AaHHOe ypaBHEHUE,
oJIy4aeM

dU = dF + TdS + SdT. 3.2)
IMoacTapiisieM ypaBHeHUe (3.2) B BelpaxkeHue (3.1), 3anuceiBaeM:
dF + TdS + SdT < TdS — pdV.
CokpartaeM obe yactu Ha TdS:
dF < -SdT - pdV.
U1 obpaTuMoro npoliecca BhIpakeHue UMeeT BUZ
dF = -SdT - pdV.

JlaHHOe COOTHOIIeHHe PACCMOTPUM JJI1 PA3/IMYHBIX IIPOLIECCOB.
1. VizoxopHsiii nporiecc (V = const):

dV = 0, toraa dF = -SdT.

MOJKHO 3amucaTh BhIpaKEHHE YaCTHOM MPOM3BOAHOM MO0 06BbeMy (YacT-
HbIH guddepeHImaN€):

(9F/dT)y, = -S.

Takum obpasom, anmponus ecms Mepa YbvLiu 3Hepeuu lenvbmeonsya
C ysesquueHuem memnepamypst npu V = const.
2. NzotepMmuyeckuit mpouecc (T = const):

dT = 0, Torga dF = —pdV.
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BripakeHre YaCTHOM ITPOU3BOAHOM 110 TeMIEpaType UMeeT BUJ

Jaenerue signsiemcst mepoll yowLnu aHepeuu Ienbmzonbya ¢ yseauueHuem
ob6sema npu T = const.
3. N3oxopHo-u3otepmudeckuii npouecc (V = const, T = const):

dV=0,dT=0,T.e.dF = 0.
B ob6mem ciay4ae:
dF < 0.

3HaK paBeHCTBA OTHOCUTCA K OOpPaTHMBIM IIpoIieccaM, 3HaK «MeHb-
1Ie» — K HeOOpaTHUMBIM.

s cucreMm, korga T = const U V = const, KDUTEPHUEM CaMOIIPOU3BOJIb-
HOCTH IIpoliecca sBJsAeTcA yMeHbIIeHHe SHepruu ['eJIbMrosbla, B COCTOS-
HUU paBHOBecus QyHKIMA F MeeT MUHUMa/IbHOe 3HadeHue (puc. 3.8).

FA

min

> I3MeHeHMe COCTOSHUA

PaBHOBecue CHCTEME

Puc. 3.8. UsmeneHue 3Heprum fenbmronbua

2. Dueprus 'm66ca
PaHee OBUIO MOJTY4YEHO:

dF <-S-dT-p-dV, 3.3)
G=F+p-V.

JuddepeHiupyeM nocieaHee ypaBHeHue:

dG=dF +p-dV+V-dp.
BripasuM BennuuHy dF:

dF =dG-p-dV-V-dp. 3.4
[NoacraBuMm BrlpakeHue (3.4) B ypaBHeHUe (3.3):

dG-p-dV-V-dp<-S-dT-p-dV,

49



http://chemistry-chemists.com

OTKyZa
dG <-S-dT + V- dp.

PaccMOTPHUM 3TO BhIpaKeHUE JIs1 06paTUMBIX MTPOLECCOB (A1 HUX UMe-
€M 3HaK paBeHCTBA):

dG=-S-dT + V-dp.
1. M306apHblii npouecc (p = const):
dp = 0,dG = -S - dT, Toraa (3G/dT), = -S.

Snmponus ecmsb mepa ybwLnu aHepeuu Iubbea ¢ ygenuueHuem memnepa-
mypuL npu p = const.
2. zotepmuyeckuii mpouecc (T = const):
dT = 0,dG = Vdp, Toraa (0G/dp)r = V.

Ob6sem ssasemca mepoll so3pacmanusi 3Hepzuu Tubbca ¢ ysenuueHuem
dasnieHus npu T = const.
3. UzobapHo-u3oTepMuydeckuii npouecc (p = const, T = const):

dT =0;dp = 0;dG = 0.
B ob1iem Buze:
dG < 0.

KpureprieM caMOIIpOM3BOJIBHOCTH IIporecca Ipu T = const ¥ p = const
SIBJIIETCS yMeHbllleHre sHepruu ['mb6ca, KpuTepreM paBHOBeCHUs — MUHU-
MaJibHOe 3HayeHue 3Toi PyHkuu (puc 3.9).

GA

min

—> lI3aMeHeHHe COCTOSHUSA

PaBHOBecue CHCTEMEL

Puc. 3.9. U3smeneHue 3Heprum [n66ca

3.6.5. Cioco6sI pacuyeTa u3MeHeHHs 3Hepruu I'm66ca

CBob6oaHas sHeprus (3Heprusa ['m66ca) ecTh GyHKIMA COCTOSHUA CUCTe-
MBI, T. €. He 3aBHCHUT OT ITyTH IIPOIIECCa, a ONpe/eseTCs JHUIIb HaYaJIbHBIM
Y KOHEYHBIM COCTOSTHUSMU.
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1. CranzapTHOe M3MeHeHUe 3Hepruu I'mb6ca peakUuu ompezesseTcs
110 ypaBHEHUIO

- 2(nAG9)

HCX. BEL|ECTB*

(AGO) peakuuu 2 (nAGO) NPOAYKTOB

2. BoluncieHre U3MeHeHUs 3Hepruu ['mb6ca XMMHYECKON peaKINu
TI0 3HaYEHUSM CTaHAAPTHBIX SHTAJIBINI U SHTPOIIHIA:

AG9 = AHY —TASY,

rae AHP =3 n(AH) ., — ¥ n(AH), 5 ASP =3 n(AS°)p0, — X 1(ASO) 0y
(1o cTaHZAPTHBIM TabIULIAM).

3.7. Xumnyeckoe cpoacrso. MpuHyun beptno u ero
HeCOCTOATENbHOCTD

Kaxzas xyuMuyeckas peakius OOBIYHO COINPOBOXAETCS U3MEHEHHEM
BHyTpeHHell aHepruu (AU). IIpuunHoil n3ameHeHus AU BO BpeMs peakIuu
SIBJIIETCSA TaK Ha3bIBaeMOe XHUMHYECKOe CPOJACTBO pearupyoliix BellecTs.
OTUM He BIIOJHE YAAYHBIM, HO OOIIENPUHATHIM TEPMHUHOM BBIP)XXAIOT CITO-
COOHOCTD JaHHBIX BEUIECTB BCTYIIATh B XUMUYECKOE B3aUMO/JENCTBHE APYT
¢ Apyrom. B XIX cToseTnu 3a Mepy XMMUYECKOT'O CPOACTBA IIPUHUMAJICSA Te-
IUIOBOM 3 deKT.

CornacHo npuHuuiy beptio (1867 r.), sce camonpousgonbHble npoyeccel,
npomexaroujiie 8 npupode, udym 8 CMmopoHy HaubOoNbLULE20 8blOEIEHUS MENOMbL.

OTOT IPUHIUII HEBEPeH, TaK KaK OH OTBEpPraeT BO3MOXXHOCTb SHZAOTEP-
MHUYEeCKHX peaklUUil. B HacToslee BpeMa 3a Mepy XMMHUYECKOT'O CPOZACTBA
MPUHATO U3MeHeHHe sHepruu I'mb6ca (Ana M306apHO-U30METPUYECKUX
IIPOIIECCOB) WX MU3MeHeHUe 3Hepruu ['ebMrosbua (411 U30XOPHO-U30Tep-
MHYEeCKUX MPOLIeCCOB).

Benuuunb! AF 1 AG TOKa3bIBaIOT OCYIIeCTBUMOCTb XMMHYECKOM peaKIuu:

AF = 0 — cocToaHue paBHOBecusa; G = 0 — cocTOssHHe paBHOBECHS;
AF < 0 — mpo1iecc BO3MOXKEH; AG < 0 — mporjecc BO3MOXKEH;
AF > 0 — mpoliecc HEBO3MOXX€EH; AG > 0 — mpouecc HeBO3MOXX€EH.

MOo>KHO BOCIIO/Ib30BaThcsA cooTHoureHneM AG = AH — TAS. Eciu AG > 0,
TO IMPOLIECC HEBO3MOXKEH B JAHHBIX YCJIOBUAX. YTOOBI peakuus cTaja BO3-
MOYKHOM, He06XOAUMO ITOBBICUTD TeMIiepatypy. [1pu yciaosuu | TAS| > |AH|
MPOIIECC CTaHET BO3MOXKHBIM.

3.8. YpaBHeHue [M66ca — lenbmronbua

Panee 6bU10 MOKa3aHo, 4T0 (9G/9T), = —S. [10ACTaBUB 3TO BHIPXKEHUE
B ¢yHkumio G = H- T - S, mosy4um:

G=H +T- (3G/dT),.
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PaCCMOTpI/IM HBOTepMI/I‘{eCKHﬁ nepexoa CUCTEMbBI U3 HA49a/JIbHOI'O COCTO-
AHWUA B KOHEYHOE, U1 KOTOPOro

Gy =H; + T (3G,/0T),; G, =H, + T~ (3G,/dT),,
CJIe,Z[OBaTeJII:HO, MOXXHO 3aIliCaThb:
Gy-Gy =Hy~H; + T+ (3(G,~Gy)/aT),
I 11 U300apHO-U30TEPMHUYECKUX YCIOBUM
AG = AH + T(3AG/aT),.
ﬂ,JIH Impoiecca, NIpoTEKamwIlero B U30OXOPHO-N30TEPMHUYECKUX YCIIOBUAX,
F=U-T-S,-S = (3F/dT)y,
MTOJIyYUM
AF = AU + T (3AF/dT),.

OTH ypaBHeHHs, Ha3blBaeMble YpaBHEHUAMU ['mb66ca — lenbpMrosbia,
XapaKTepHu3yI0T 3aBUCMMOCTb 3Hepruu 'nb6ca wiu ['ebMrosnbLa ot TemMie-
paTyphl. YpaBHeHHe ['166ca — I'eJIbMrosiblia MOXKeT ObITh BBIPQ)XKEHO Yepe3
MaKCHMAaJIbHYIO ITOJIE3HYI0 paboTy:

AG = -Afax; Anax = —H + T(3AfRax /9T),,.

MakcumasnbHas nose3Has pabora (Af.,) MOXeT ObITb MEPOH XUMHUYe-
CKOI'O CPOZCTBA:

Alax = 0 — cocTosiHMEe XMMHYECKOro paBHOBECH;

Al,ax > 0 — mporjecc BO3MOXXeH;

Al.x < 0 — mpoliecc HeBO3MOXKEH B JaHHBIX YCJIOBUAX.

3.9. Xumnueckuit noTeHuuan

Xapakrepuctudeckue ¢yHkiyu (U, H, F, G, S) SIBIAIOTCS KPUTEPUSIMU Ca-
MOIIPOM3BOJILHOCTH IIpoLiecca ¥ paBHOBECHA IIPU IIOCTOSAHCTBE /IBYX IlapaMe-
tpoB: U = f(V, S); H = f(p, S); F = (T, V); G = f(p, T); S = f(U, V) = f(H, p).

Jna U, H, F u G paBHOBeCHIO OTBeYaeT MUHUMYM 3TUX QyHKIUH, a A1
S paBHOBecHe XapaKTepu3yeTcss MaKCUMyMOM QYHKIIUH.

HasBaHHbIe QYHKIUU ABJIAIOTCA SKCTEHCUBHBIMU CBOMCTBAMU CUCTEMBI,
T. €. UX YMCJIeHHble 3Ha4yeHUs IPONopLUHoHaAbHEl Macce. OZHAKO KpUTe-
pHieM caMOIIpOM3BOJIBHOCTH U paBHOBECHA MPOLIECCa MOXKET CIYXKUTb U UH-
TEeHCHUBHOE CBOMCTBO CUCTE€MBI — WM SBJIAETCA XMMUUYECKUI NMoTeHLHaJ.
[ToHATHE XMMHYECKOTO MOTeHI[hala OTHOCUTCA K OTKPBITHIM CHUCTEMAaM,
T. €. ONyCKaIoMKUM OOMeH BellleCTBOM C OKPYKAIOIUI CpeZIoH, a He TONbKO
0o6MeH TeIUIoToMH U paboToi.
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JIo CHX TTOp MBI paCCMaTPHUBAJIM 3aKPBIThIe CUCTEMBI, B KOTOPBIX BO3MO-
’KeH 00MeH TEeIUIOTOM M paboToi, HO HET 0OMeHa BelleCTBOM. [l 3aKpHI-
THIX CHCTeM dHeprus I'mb6ca ecTh QYHKIUA AaBJIEHUA U TeMIepaTyphl: G =
=flp, D.

OTKpBITas CUCTEMA JIOTyCKaeT 0OMEH BEIIeCTBOM C OKpYy»Kaloleil cpe-
JIOH, T. €. B OTKPHITOM CHCTEME

G =f(p’ T’ nl: n2’ n3’ sees le),

raen;, i = 1, ..., k, — 4nuCI0 MOJIE} KaX/I0r0O KOMIIOHEHTa CHCTEMBI.
PaHee /17151 06paTUMBIX MPOIECCOB IOJTyYEHO

dG = -SdT + Vdp,
-S = (8G/aT),,
V = (0G/ap)y.
Torza mosyyuM ypaBHEHUE
dG =(9G / 9p)r,n, dp+(9G / OT),, », dT +
+ (0G /0m), 1 7y:is1 Ay +...+(0G / ON;j)p 1 7 Ay,

TZe 71j BCe BEIECTBA, KPOMe j-ro (T. e. B 1-M ci1ydae KpOMe 1y, BO BTOPOM 1,
UT 1.).

[ToHsiTHe XUMHYecKoro noreHuuana (U;) 6pUI0 BBEJEHO B TEPMOAMUHA-
MuKy JI. Tu66coM: XumMuueckuM nOmMeHUuuUaIoM KOMNOHEHMA 6 pacmeope
wau 2a3oeoil cmecu Ha3bIBAeTCS YaCTHAs MPOU3BOAHAA OT JIIOOOTo U3 Tep-
MOAMHaAMHUYECKUX IOTEHIMAIOB 10 YTy MoJielt (n) JaHHOTO KOMIIOHEHTa
TP ITOCTOSTHCTBE YHCJIa MOoJiel BceX KOMIIOHEHTOB, KpOMe JaHHOIO:

M= (0G/ ani)p,T,ﬁ,-:const =(dF / ani)T,V,ﬁ,:const =
=(0H / ani)s,p,r'l,-:const =U/ ani)S,V,ﬁ,-zconst’

rae i; =const o603HayaeT 0603HAYaeT IOCTOSTHCTBO YKC/IA MOJIeH I Bcex
KOMITOHEHTOB, KPOMe i-TO.

Taxum 06pasoM, W; =(0G / 9n;)p, 1,7 ~const — STO M€pa U3MEHEHUs 00Lmen
sHepruu 'nb66ca A1 Bcel cMecH 10 YUCTy MOJIel J]AHHOT'O KOMIIOHEHTa ITpU
ITOCTOSTHCTBE /IaB/IEHMSI, TEMITEPATyPhl ¥ ITOCTOSTHCTBE MOJIEH BCeX KOMIIO-
HEHTOB, KpOMe i-T0, IOTEHI[AJ KOTOPOT'O MBI OIIpe/iesiieM.

Hac uHTepecyeT n3aMeHeHue sHepruu ['nb66ca npu p = const, T = const.
Ectm BepHYThCA K ypaBHeHUIo (3.5), To dp = 0, dT = 0, u nony4yaeM

3.5)

dG = wydn, + pydn, + ... + wdnj, wim dG = Zpdn,.

Takum o6pasom:
2w, dn; = 0 — ycjioBUe paBHOBeCHS;
2w dn; > 0 — mpolecc HeBO3MOXEH;
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Zu,dn; < 0 — ycoBHe /19 CaMOIIPOU3BOJIbHOTO (Heo6paTHMOro) mpo-
TeKaHUs Ipoliecca.

OTH ypaBHEHHsA HCIIOJB3YIOTCS JJIs1 pacdyeTa $pa3oBOro paBHOBECHUS.
C TOYKM 3peHUsl TePMOJVHAMUKU XUMHUYECKUN MOTeHIMal ABIAeTCA Me-
pO¥i U3MeHeHHUsI SHepruU B JaHHOH ¢a3se 3a cueT U3MEeHEeHMs TOJIbKO MacChl
OTpeJeIeHHOTO KOMIIOHEHTA, BXOZSIIEro B COCTAB 3TOH (asbl.

YTo BiIMsET HAa BeIMYMHY XMMUUYECKOr0 IIOTeHuuana?

Nmeem

(aG/ap)T =V.

K sTomy BeIpa)keHHIO IpUMeHUM W; = 0G/on;, T.e.mpun =1 —- G = .
Torza (duw/dp)y = V, wmm du = V - dp.

Ecsu ra3 uaeanbHbii, To du = V- dp = (RT/p) - dp.

VIHTerpupyeM ZaHHOe BhIpaXeHUe, NToIydyaeM

H—Ho = RT - In(p/py).

[IpumeM p, = 1 atm™, Torza popmysna A1 pacyeTa XMMHYECKOTO ITOTEH-
1yasa /s uleaJbHOro rasa uMeeT BUJ,

W= Wo + RT - Inp,

e |, — CTaHZapTHBIM XMMHYECKUI MOTEHIHall, T. €. XUMUYEeCKUH ITOTEH-
IIMaJI OAHOTO MOJIS1 YUCTOrO rasa npu p = 1 atMm u temmepartype T.

3.10. Xumuueckoe paBHoBecue. KoHcTaHTa paBHOBecuA
U cnocobbl ee BbipaXKeHnA

VicceZioBaHUA MOKA3bIBAIOT, YTO XMMHYECKasi peaKLisi OZHOBPEMEHHO
MIPOTEKAeT B IBYX HAIIPaB/JIEHUAX: B CTOPOHY 00pa3oBaHus NPOAYKTOB peak-
uu (psiMas peakiys) U B CTOPOHY Pa3jIo)XeHHs MPOAYKTOB Ha UCXOAHbBIE
BellecTBa (oO6paTHas peakius). [To Mepe mpoTekaHUs IIpoIiecca CKOPOCTh
IpSIMOM peaKIMH yMeHbIIaeTcs1, a 0OpaTHOU — yBenuuuBaercs. Korza obe
CKOPOCTH CPaBHAIOTCA, HACTYIIAeT COCTOHNE XMMUYECKOTr0 PaBHOBECHU —
KOHIIEHTPAI[UK PearrupyroLiux BellecTB CTAHOBATCA BIIOJIHE OIIpe/ieIeHHBI-
MM U TIOCTOSTHHBIMM BO BpeMeHH (IIpY YCJIOBUU, YTO JaBjeHUe U TeMIlepa-
Typa He MEHSIOTCH).

PaccMOTpUM XMMUYECKYI0 peaKIUIo

W
mA + nB&pC + gD.
Wy
O603HaYMB KOHIIEHTPALNIO UCXOAHBIX BemlecTB C, U Cp, HANUIIEM ypaB-
HEHHA CKOPOCTeH MPsAMOI 1 06paTHON peaKIuii:

Wy =k, -CJ-CB, Wy =k, -C2-C,
rzae k,, ko, — KOHCTaHTBI CKOpPOCTel IPAMOM 1 06paTHOM peaKLui.
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B momeHT paBHOBecusa W, = W,, T. e.
- P.c4
ky-C}-Ci=k,-CE-Cp,
OTKyZia KOHCTaHTa PaBHOBECHA

_k _CE-Ch
¢ ky, Cm.cy’

Benuuuna kKoHCmManmast pagHoBecust He 3agucum om Koauuecmasa peazupy-
OWUX 8ewecms u UxX KOHYeHmpayuu, d 3asuciim moJbko om memnepamypbl.

KonnenTparuio BeliecTB A, B, C, D 06bIYHO BHIp@XXalOT B MOJIb/JI, TOTZAA
ZJI1 KOHCTAHTHl paBHOBecHs BBOAAT obo3HavyeHUe K, . VIHorza npu BhIUHKC-
JICHUY KOHCTaHThI paBHOBeCHA yI00Hee MoMb30BaThCA He KOHIIEHTpaIuei,
a BeJIMYMHAMU, IIPOMOPLMOHAIBHBIMY e€il. YHC/IOBOe 3HaYeHe KOHCTAHTEI
B 3TOM CJIy4ae OyJeT APYTHM.

LA ra3oBBIX peakUui yA0OHO MpUMeHeHUe MaplhalbHbIX JaBIEHUMH,
KOTOpHIE NOACTABIAIOTCA B ypaBHEHNE BMeCTO KOHIleHTpaluu. Beiuuuny
KOHCTaHTBI paBHOBECHS BhIpaXKalOT Yepe3 MmapluaibHOe JaBieHne, 0603Ha-
qaroT K,. YpaBHeHue 6yZeT UMeTh TaKOH BUZ:

P .4
K = Pc ' Pp
PT _m.pn°
Pa "PB
BesnuuHb Kp U K, 4rc/IeHHO He paBHBI IpYT APYTY, HO MEXAY HUMHU Cy-
IIeCTBYeT OIpeZieieHHOe COOTHOILIIeHNe, OCHOBAHHOE Ha paBEeHCTBaxX

rae C; = n;/V — 4ucio mMoneii B eAnHULe o6beMa (KOHIIEHTpalys):

_ (CcRT)P-(C,RT)? _ C2-C}
P~ (C4RT)™-(CxRT)* C7-CB

. ( RT) p+q—-m-n — Kc ( RT)An ,

rae An — pasHOCTh CyMM CTEXHOMETPUYECKHX KO03()PUITMEHTOB MMPOAYKTOB
PeaKIMH U UCXOAHBIX BEIIEeCTB.

[TapuuanbHOeE AaBIeHHE CBSI3aHO C OOIIMM JaBJIeHNEeM U MOJIbHOMU JoJeH
COOTHOIIEHUEM p; = N; * Doy, TOTAQ

_NE-Np A
K, _W'(po&u) .
N2 N3
O6osnaunm —<—2L = Ky, Torzia UMeem
NA .NB

Kp = KN '(poﬁm)An'

KoHcranTh K, 1 Kp 3aBHCAT TOJILKO OT TeMIlepaTyphl, a KoHcTaHTa K 3a-
BUCHUT OT JaBJIEHMUS.
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3.10.1. YpaBHeHHEe U30TEPMbI XMMHYECKOH peaKIuu

YpaBHeHUe M30TepMBl YyCTaHABIUBAET COOTHOIIEHHE MeXAy H3MeHe-
HUeM dHepruu 'mb6ca peakiuu ¥ KOHCTaHTOI paBHOBecuA. PaccMoTpuM
XMMHYECKYIO PEAKIUIO B ra3oBoi ¢ase IMpU MOCTOAHHBIX JAABJIEHUH U TEM-
nepaType B YCJIOBUAX, OIMYHBIX OT PABHOBECHS:

mA + nBz pC + gD.

JlomycTHUM, YTO B CUCTEME MMEIOTCS HACTOJbKO 6oJblIe KOTUYecTBa
BelecTB A, B, C, D, 4To B pe3y/ibTaTe B3aUMO/EHCTBUA m MoJlel BelecTBa
A ¥ n MoJie# BelecTBa B cocTaB 1 ob1iee jaBJIeHue CUCTEMbBI HE MEHAIOTCA.
Ec/iv mpopearupoBaiy 3TH KOJIMYECTBa BEIIECTB, TO U3MEHEHUE dHepruu
I'u66ca crcTeMBl OTIPeeIsieTCs PaBEHCTBOM

AG = 2y n; = pu¢ + qup — Mty — . (3.6)

[Tpuuem AG < 0 u, cJleJoBaTeIbHO, CHCTEMa CoBepIlaeT paboTy (XMMH-
YEeCKYI0) 3a CYeT U3MEeHEeHHs KOHIEHTpaIuy U yosuti sHepruu I'ub6ca.

[Mos10’kKMM, YTO K pearupyroluM BellecTBaM IPUMeHUMBI 3aKOHHI H/ie-
asbHBIX ra3oB. Torza, monb3ysach ypaBHEHHEM W; = W, + RT - Inp;, rae o —
CTaHJapTHBIM XMMHUYECKHUH MOTEHIAJI OZHOT'O MOJISI YHMCTOT'0 ra3a IIpH JjaB-
snennu 1 atm u Temrieparype T, MOXKHO MOJCTaBUTh 3HAUYEHUS XMMUYECKUX
noteHuuanoB (Ue, Wp, e, Ug) B ypaBHeHHe (3.6).

['pynmupys cjiaraeMble COOTBETCTBYIOLIMM 06pa3oM, IOIyYUM

AG = (pUoc +qUop —Miga —Niop) +
+RT- (plnp; +qlnpp, —mlInp, —nlnpg),
P — mapuuaabHOe JaBjieHre, OTHOCHUTCSA K HEpaBHOBECHOMY COCTOSHHIO.

O603HauuM AG? = (ppoc + qUop — Miga — MHgR)-
YpaBHeHHEe MOXXHO 3anucaTh HHaye:

5P .54
AG=AGY +RT - In2CPD
Pi P8
[Tpu paBHOBecuu AG = 0, Torza noay4Yum

P .pnd
AGO=-RT-InPC D
DPa "PB
IIpH 3TOM IMapUHUaJIbHOE IaBJICHUE P OTHOCUTCA K COCTOAHUIO PaBHOBECHA.

P .9
[oacraBum K, :% Y MOJIyYUM YpaBHEHHeE /ISl CTAaHAAPTHOTO 3Ha-
Pa Ps
YeHUs: CBOOOLHOM SHEPrUH:

AGO = -RT InK,,

3a cmaxndapmHoe 3HaueHue c80600HOIL IHep2UL NPUHUMAEMCSL €20 3HA-
yeHue npu 060l memnepamype npu KOHUEHMPAYUSIX UCXOOHBLX 8el,ecms
u npodyKkmos, pasHuLx eduHUle.
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Torga

P¢ - pp
AG=-RT-InK +RT‘lnf.
p m . pn
Pa " Pp
Bpra)KeHI/Ie HepaBHOBECHBIX IMapIHUaJIbHBIX ﬂaBJIeHI/Iﬁ MOXXHO 3aIliucaTb
TakK:

=P 59

In Pc 'Pp

DX P

TOT/Ia TIOJIYYMM YPAGHeHUe U30Mmepmbl

=InAp,

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

AG = AG® +RT -InAp.

3.10.2. YpaBHeHHA U300apbl M U30X0PbI

3aBHCUMOCTb KOHCTAHTHI pABHOBECHSI OT TEMITEpaTyphl MOKHO ITOTYyYUTh
HCXO/Is U3 YpaBHEHUsI U30TePMbI U ypaBHeHUs ['nb6ca — lenbmrosbia. 3a-
nuiieM ypaBHeHre ['m66ca — [ebMrosbIia yisi CTAaHAAPTHOT'O COCTOSHUA:

AGY = AH + T(dAGY/dT).

3HaK YaCTHOM MTPOMU3BOAHOM /ISl IPOCTOTHI CTAaBUTh He OyzeM. YpaBHe-
Hue u3oTepMbl AG = -RT - InK,, moacraBuM B ypaBHeHue ['n66ca — lesb-
MroJiblia 1 nociie AuddepeHIMPOBaHUA BEIPAXKEHUA IS CTaHAAPTHOTO 3Ha-
yeHUs sHepruu ['nb66ca TemmepaType MOJIydruM:

~RT-InK, = AH + [T+ d(-RT - InK,)]/dT =
= AH + [T+ (-RT - dInK,1/dT + T (-RInK,, - dT/dT).

Cokpalllas ypaBHEHHE Ha BbIpaXKeHUe —RTanp, IoJiy4yaeM
dInK,,/dT = AH/(RT?),
TOTZA ypasHeHue u3obapel B subdepeHnaIbHOM BUe UMeeT BU/,
dInK, = [(AH/(RT?)]dT.
[TpouHTErprpyeM 3TO ypaBHEHUe 110 TeMIlepaType:
[dInK, = [[AH / (RT?)]dT,
InK,, = (AH/R) - (-1/T) + const.

st uzorepmuyeckux peakuuii (AH < 0) KOHCTaHTa paBHOBECHA C IIO-
BBHIIIEHHEM TEMIIEpPATypPHI MajaeT, Ay sHAoTepMudeckux (AH > 0) pacreT
(puc. 3.10).
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anp A

1T
Puc. 3.70. 3aBuCcMMOCTD Jlorapudma KOHCTaHTbI paBHOBecUs OT 06paTHOIi TemnepaTypbl

JU1s1 IpaKTUYECKUX pacyeToB OepeM olpesie/ieHHbII NHTerpal:
ln(sz/Kpl) = (AH/R)(l/Tl - 1/T2)-

AHaJIOTUYHO MOXKHO BBIBECTH YpasHeHUe U30xopbl B nddepeHaIbHOM
BUZIE:

dInK, = (AU/RT2)dT.

YpaBHeHMS 1300aphl U U30XOPhl yCTAHABIMBAIOT 3aBUCHMOCTb KOHCTaH-
THI PAaBHOBECHUSA OT TEMIIEPATYPhI IIPH TIOCTOSTHCTBE JJaB/IeHUsA WK o6beMa.

3.10.3. PaBHOBecHE B peajlbHbIX CUCTEMAaX.
ITonsATHE O JIeTy4yecTH ¥ aKTUBHOCTH

Bce ypaBHeHUA TEPMOAMHAMUKY BBIBOZSATCS C UCIIONIb30BaHNEM 3aKOHOB
JUISA iieaJIbHBIX ra30B. YTOOB! COXPAHUTh IIPOCTOTY YPaBHEHUM TepMOAMHa-
MUKH WJieabHBIX Ta30B U B TO JKe BpeMs cZejaTh 3T ypaBHEHUA IIPUTOA-
HBIMH JUIS1 peayIbHBIX ra3os, I. Jistouc (1901 r.) npeAsoxui 3aMeHUTh JaB-
JIEHVEe P Ha BeJIMYUHY f, Ha3bIBaeMYyIO JIeTy4ecTbio (pyrUTHBHOCTBIO). DTUM
dopMasbHBIM IPHEMOM Bce TPYZHOCTH, CBA3aHHBIE C y4€TOM OTKJIOHEHUs
peasIbHBIX I'a30B OT WleaIbHOTO COCTOSHUS, IIEPEHOCATCA Ha BHIYMC/IEHUA
JeTydecTd. JleTydecThb OnpezessieTcs Kak HeKoTopasd QyHKLIUA JaBlIeHUa
u TemnepaTypbl. OHa BelpakaeTcsl B €JUHUIAX [aBJIeHNUs.

Jlemyuecms TnipefcTaBisgeT coboii JaBneHne, opMaIbHO UCIIpaBlIeHHOe
TaK, YTO MPH AAaHHOM TeMIlepaType U AaHHOM oObeMe peasbHBIN ra3 npu-
obpeTaeT CBOMCTBA H/leaJbHOTO rasa.

U1 naeaapHOro ra3a MMeeM ypaBHEHHe

G=G°+RT-Inp,
WIn
AG = G, — G, = RT - In(p,/py)-
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Z[JIH peajbHOI'O ra3a
AG = RT - In(f,/f)),

rae f — neTydecTb, WK GyrUTUBHOCTD.
[Ipu KaXXJ0H TeMIlepaType JeTy4ecTb ra3a Jo/DKHA UMeTh Ollpeie/IeHHOoe
abCoMIOTHOE 3HaYeHKe, IPOIOPIUOHANTBHOE GpaKTHUYeCKOMY JaB/leHUIO:

f=v-p.

KoadduireHT nponopvoHasbHOCTH Y Ha3blBaeTCsA K03dPuyueHmom
nemyuecmu. IIpy HU3KUX TeMIlepaTypax U BBHICOKUX JaBJIEeHHAX JeTy4ecTb
CWIBHO OTJIMYAETCs OT AaBieHusd. [1o Mepe yMeHblIeHUA AaBleHUA BeJu-
YUHBI p U f cOmKaloTes, ¥ pu p — 0 OHU COBIAZAIOT, T. €. lil‘I(l)( f/p)=1,

p—>

ciefoBaTeNbHO, ¥ = 1.

[Ipy paccMOTpeHHUU PaBHOBECHH C y4acTHeM KOHAEHCHPOBaHHBIX ¢a3
BMECTO JIETYYECTH HCIIOIb3yeTCsl aKTUBHOCTh a (BeIuW4YrHa, paBHasA OTHO-
IIEHUIO JIETYYECTH f B JAHHOM COCTOSIHUU K JieTydecT fO B CTaHAapTHOM
COCTOSIHUM):

a=y-c,

rae y — koagduyuenm akmusHocmu, IOKasbIBaeT CTEIIeHb OTKJIOHEHHUA pe-
aJIbHBIX CUCTEM OT HZEIbHBIX (YIUTHIBAeT MeXXHOHHOE B3aUMOZENCTBYE).
Jlnst pa3b6aBieHHbIX PACTBOPOB MOXXHO CYUTaTb d = C, T. €.y = 1.

3.11. Bropoii 3aK0OH TepMOAUHAMUKMN U Guonornyeckue npoueccbl

Kak 6bU10 IOKa3aHO paHee, ['MO6c BBes TepMOAMHAMUYECKYIO GYHKIIMIO,
MIO3BOJIAIONIYIO MOTYYUTh KPUTEPHUH CaMOIIPOU3BOJIBHOTO Ipoliecca U paB-
HOBecusi. DTO U3MeHeHHe cBo6ogHO aHeprun ['mb6ca. Tenepsb pasbepemcs
C TEMH pa3IMYUsAMU B BRIOOpE CTaHAAPTHBIX COCTOSTHUM, KOTOPbIe UMEIOTCSA
B GU3UYECKON XUMHUU U OUOXUMUH.

B ¢usuueckotl xumuu 3a cmaHdapmHoe 3HaueHue c80600HOIL IHepauU Npu-
HUMaemcs e20 3HaueHue npu Ji0boil memnepamype npu eOUHUUHOU KOHUEH-
mpayuu ucxo0HbLX seujecmas u NpodyKmos peakyuu.

B GMOXMMHU HECKOJIBKO MHBbIE MOHATHUA CTaHZApTHOCTU. Bosee Toro,
OMOXMMHKH KCIIONB3YIOT /IBa CTAHAAPTHBIX COCTOSHUA: OAHO 0003HAYaIOT
AGY', npyroe AGY”.

AGY' cuumaemcs cmaHOapmHbIM GUOXUMUUECKUM 3HAUEHUeM C80600HOI
3Hepeuu npu a0boil memnepamype, k020a KOHUEHMPAyUU 6Cex peazeHmos
pasHbl eduHuye (1 M), 3a ucknroueHuem mozo, 4mo KOHUEHMpayu UOHO8
8000p00a 8 cMaHOAPMHOM COCMOAHUU npuHumarom pasHoli 107 M (no-
ckobKy 3HaueHue pH e opeanusme 6au3ko K 7).

[ToaTOMYy 1 peaKIuii, B KOTOPIX IPUHUMAIOT y4acTHe HOHBI BOJOPOZA,
AGY v AGY 6yayT pasiTuyHBbIL.
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PaccmoTpuM peakuuio
A+ B—C+xH*
CranzapTHble cocTosiHUs TakoBel: [A] = [B] = [C] = 1 M; [H*] = 107 M.
AGY =AG? + RTIn[H** = AG° + xRT In10~7.
Ecm T = 298 K u x = 1 — ocBob60XAaeTcs OANH MPOTOH, TO
AGY =AGY +1,987-298-10-3-2,303-(-7) =AGP —9,54 [kxan/Mob],

rae R = 1,987 [kan-K-1-monp1].

OTO 3HAYUT, YTO IS peaKInii, B KOTOPhIX KATUOHBI BOAOPO/A BBIAEIAIOT-
cs1, AGY 6onbiie AGY Ha 9,54 kkasn/Moinb. CliefoBaTeIbHO, peaKIys CTaHo-
BUTCA OoJsiee mpeanodTUTeabHo npu pH = 7, yem npu pH = 0.

B To xe BpeMA ey B X0oZie peakiuu MOHBL Ht pacxozyroTcsa B KauecTBe
peareHra:

C+xH*+—>A+B,

TO
AGY =AGY +xRT-In107.

Takum o6pa3oM, 3Ta peakuus CTaHOBUTCA Oosiee NMpeANOYTUTENbHON
npu pH = 0, yem nipu pH = 7. [lna peakiiuii, B KOTOPbIX HOHBI BOJOPO/a
He IPUHUMAIOT ydacTtus, AGY = AGY'.

Ceityac GMOXMMUKH JJIs1 UCCIEJOBaHMUA SHEPTeTHUKH JKUBBIX KJIETOK HC-
TOJIb3YIOT JIPYTOE CTAHAAPTHOE COCTOSIHUE, KOTOpOoe o6o3HavyaT AGY”. Tlo-
JIaraoT, 4YTo GU3NONIOTUYEcKUe KOHIEHTPALMH CyLIeCTBEHHO Hinke 1 M,
XOTSI HUKTO He MOXXET OTBETUTh Ha BOIIPOC, KAKOBHI KOHIIEHTpAaIUHU CyO-
CTpaToB B 06JIaCTH aKTUBHBIX IIEeHTPOB pepmeHTOB. HO 6MOIOTM CYMTAIOT,
4o BemuuHa AGY” 6osiee nHGOpPMATHUBHA.

Jna eenuuunst AGY” cmandapmhoe cmapoe cocmosiHue coXpaHsiemcs
monwbko 02151 8006t (1 M). Zlnst Opyaux peazeHmoe 8 kauecmee CMaHOApmMHbLX
ycnosutl evtbupatomes obvtuno pH = 7, pacmeopentsle seujecmea — 0,01 M;
CO, npu dasnenuu 0,05 atm; O, npu dasnenuu 0,2 aTM.

B o6iem Buze

AGY’ = AGY +2,303RTIgQ,

rae Q 3aBUCUT OT XUMHYECKOM peaKlny (KOHKPETHO ISl KAK/JOTO CIydas).
PaccmoTpuM peakiuio

1/2Bytupar + 1/20, + KoA + 1/2H+ — anetwi-KoA + H,0,

rae KoA — kosH3uM A (kodpepMeHT A — yHUBepCaJIbHBIH ITePEeHOCUUK
alWIbHBIX I'PYTII).
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VmeeM AGY = —42,5 kxas/Moib (110 CIIPaBOYHUKY),

AGY =AGQ -2,303RTIg[H*]V2 =
=42,5-2,303-1,987-10-3-298-1g(107)¥/2 =-37,7 KKas/MOJIb;

Q = ([auetmn-KoA] - [H,0]) / ([6yTupat]?/2- [0,]1/2- [KoA] - [H*]1/2) =
= (0,01-1) /(0,011/2-0,21/2- 0,01 - (10-7)1/2) = 7,1 - 104,

AGY" = AGY +2,303-1,987-1073-2981g(7,1-10%) =-35,9 KKa1/MOJb.

Jlns peakuyid, I7ie rassl He ABJIAIOTCA HU peareHTaMH, HU IPOAYKTaMu
Y 4KCJIO MOJIEM peareHTa B COOTBETCTBUM CO CTEXMOMETPHUEN PaBHO YHMCIY
Morteit ipoaykTa, AGY = AGY”.

Ec/u »xe Bce 3TH YCJIOBHA COBMIOAAIOTCA M, KPOME TOr0, KATUOHBI BOZIO-
po/ia He ABJIAITCA HU IPOAYKTOM, HY PeareHToOM, TO

AGY = AGY = AGY” .

3.12. ®a3oBoe paBHOBeCHEe B ORHOKOMNOHEHTHDIX CHCTeMaX

®a306bIMU HA3BIBAIOTCSA TEPMOANHAMUYECKHE PABHOBECHS B reTepOreH-
HBIX CHCTEMaX, B KOTOPBIX HE MPOUCXOAUT XMMUYECKOTO B3aMMOEHCTBUS
KOMIIOHEHTOB, @ UMEIOT MECTO JIUIIb MPOLIECCH Mepexoa KOMIIOHEHTA
13 OZHOM a3kl B JPYTYIO.

TepMoAWHAMHYECKHE CUCTEMBI IT0 $a30BOMY COCTABY IOAPA3AETIAIOTCA:

1) Ha oAHOPOAHBIE, WIN TOMOTeHHbIe, BHYTPU KOTOPHIX HET ITOBEPXHO-
CTH pasziena;

2) pa3HOpOZAHbBIE, WIH I'eTEPOTeHHbIE, I7le Pa3JIMYHbIE [0 COCTABY YaCTH
CUCTEMBI OTZEIEHHI IPYT OT pyTa IMTOBEPXHOCTHIO pasziena.

®aza (®) — oaHOPOAHASA YACTh reTepPOTeHHOM CHUCTEMBI, OJUHAKOBAs
Mo GpU3NKO-XUMHYECKOMY COCTaBy U OTZAe/NeHHasA OT APYTHX YacTell cucTe-
MBI IOBEPXHOCTBIO pasziena.

Cocrapssmolee BelllecTBO — Ji060e BelecTBO, KOTOPOe MOXET OBITh
BBIZIEJIEHO M3 CUCTEMBI U CyLIECTBOBATh BHE Hee.

Komnonent (K) — HauMeHbIIIee YHCJIO COCTAB/AIONINX BEIlleCTB, ZOCTa-
TOYHOe /I 00pa3oBaHus Bcex ¢a3 JaHHON CUCTEMBI. B omcymcmeue xumu-
Yeck020 83aumo0elicmaus Ulucai0 KOMNOHEHMOo8 PABHO YUCILY COCMABIIOWUX
seujecms.

[Ipu XUMHUYECKOM B3aUMOJEHCTBUH YHUCJIO KOMIIOHEHTOB PaCCYUTHIBAET-
¢S KaK YHCJIO COCTABJIAIONIYX BEI[eCTB MUHYC YHCIO YPaBHEHUH, CBA3BIBAIO-
[IMX KOHIIEHTPAI[UU 3TUX BelleCTB.

Hanpuwmep:

CaCO5; 2 Ca0 + CO,
K=3-1 =2,Kp=pco2;
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NH,Cl & NH, + HCl
K =3-2=1, K, =Pnu, *Prci» PNH; = PHal-

Yucno cmeneteii c80600bt (C) — 3TO YHMCJIO HE3aBUCUMBIX ITIePEeMEeHHbIX
(B ocoBHOM p u T), KOTOpble MOJXKHO MEHATh B He6OIbIINX Npejenax 6e3
HapyleHus Yucia ¢pa3 CUCTeMbl, HaXOAALIMXCSA B PABHOBECHUHU.

3.12.1. YcioBusa paBHOBecus ¢pa3

[ToCKOJIbKY IIepeHOC KOMITOHEHTA U3 OAHOM ¢da3bl B PYTYI0 MOXET OCy-
HIECTBJIATHCSA TOJMBKO B OTKPHITHIX CHCTEMaxX, TO OyZeT clipaBeAJUuBO BhIpa-
KeHHe

2udn; =0.

PaccMoTpuM ZAByX}a30ByI0 CUCTEMY, IZle IPOUCXOAUT IIEPEHOC KOMIIO-
HeHTa U3 dasel 1 B pazy 2:

1 2
—l.,li dni + ui dni =0.

[Tepes xuMUYeCKUM NoTeHIMaNOM 1 $passl CTaBUM 3HAK «—», TAK KaK KO-
JINYECTBO KOMITOHEHTOB B Heil yObIBaeT. Jlanee:

1 2 1 2
dn; [—u,-w,- ]=0, Wi =M.

OTOT BHIBOZ MOXXHO paccMaTpUBaTh Ha JI060e Koln4ecTBo das:

1 2 3
M =M =H; =

T. €. YCJIOBUEM paBHOBecHs (a3 ABJIAEeTCS pAaBEHCTBO XUMUYECKUX IIOTeHIIU-
aJIoB JaHHOTO KOMIIOHEHTa BO Bcex $a3ax CUCTEMBI.

Bb1800: caMOIIPOM3BOJIbHBIN MPOIECC B OTKPHITHIX CUCTEMAaXx NpPOTeKaeT
n3 ¢$a3bl ¢ 6GIBIIUM XUMUYECKUM IIOTEHIMAIOM B pa3y ¢ MEHbIIUM XUMU-
YEeCKUM MOTEHIHAJIOM, 10 TeX MOp [TOKA 3HaueHHUA NIOTEHIIMAIOB He CPaBHsA-
IOTCA, T. €. He HaCTYIIUT COCTOSIHHE PaBHOBECHS.

IMpaBuio ¢pa3 I'm66ca BHIBOAUTCA U3 YCJIOBUS paBHOBecus a3 M Iva-
CHUT: 4ucs0 cmeneHetl c80600bl paABHO8eCHOLL MePMOOUHAMUUECKOL cCUCMeMbL,
Ha KOMopy u3 8HewHUX akmopos deticmeyrom monavko p u T, pasHo uucty
KOMNOHEHMO08 NIC 08a MUHYC YUCNO $a3:

C=K+2-9,

rae C — uuco creneHeil cBo6ozpl; K — yncino komrnoHeHToB;  — obiee
yuciao ¢a3, HaXOAAIIUXCA B paBHOBECUH; 2 — YKCJIO BHENIHUX HE3aBUCHU-
MBIX NTepeMeHHBIX (p u T), KOTOpble MOTYT IIOBJIUATDh HA CUCTEMY.

Ecu p = const wiu T = const, TO YMCIO IepeMEHHBIX 3aMeHAeTcAd Ha 1, T. e.

C=K+1-9o.
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3.12.2. OAHOKOMIIOHEHTHbIE CUCTEMBI

st vux C = 3 — @, Tak kak K = 1. ITo pu3nu4ecKoMy CMBICIY YHUCIIO
cTerneHel cBOOOALI He MOXET OBITh OTPUIIATENbHBIM, a YUCIO (a3 MOXKET
MeHAThcA oT 1 o 3, Torza 4uciIo creneHei cBoboabl MeHsAeTcs ot 2 1o 0.
[1pu yucie cTeneHeil cBo6oAbI 2 JaBleHNe U TeMIIepaTypy MOXKHO MEHATD,
nipu O p u T MEHATD HeJb34.

PaBHOBecHE B OZJHOKOMIIOHEHTHOM CHCTEME MOXKET OBITh Peajn30BaHO
TpeMs criocobaMu:

1) xugKoe — TBepZoe;

2) )XHIKOe — ra3000pa3Hoe;

3) TBepzoe — razoobpasHoe.

B3anMOCBsS3b MEX/IY XUMUYECKHUM MMOTEHIINAJIOM U 3Hepruei 'nb6ca:

dG= 2 uidni .
I/IHTerI/IpOBaHI/Ie 9TOI'0O YpaBHECHUA JIA OHHOKOMHOHEHTHOﬁ CHUCTEMBI:

Gy = wny,

ecmn; = 1, 70 G; = Uy, T. €. XUMHYECKUI NIOTEHIIMa paBeH aHepruu I'n6-
6ca 0ZIHOTO MOJI1 YHCTOrO0 KOMIIOHEHTA.

3.12.3. ®a3zoBas guarpaMma OAHOKOMIIOHEHTHON CHCTEMbI

Jlro6as ¢paszoBas AuarpaMma, Wi AarpaMMa COCTOSIHUSA, CTPOUTCA TOIBKO
T10 3KCIIEPUMEHTAJIbHBIM JaHHBIM, TIPY 3TOM MCIIOJIb3YIOTCA ABa IPUHIMIIA.

1. IIpyHIMI HENIPEPBIBHOCTHU. [Ipu Henpepul6HOM U3MeEHEHUU napame-
mpoe cocmosHus (p, T u cocmas) ceoticmea ¢as Ha duazpamme MeHSIOMCS
maxce HeNpepbIBHO, NOKA He USMEHSMCS YUCI0 U Xapakmep $as.

2. [IpuHnun coorBeTcTBUA. Jucny $as, 00HOBPeMEHHO HAXO0OAULUXCS
8 pasHosecuu, Ha duazpamme coomeemcmayem onpeoesieHHbLi 2eomempuue-
ckuil obpas: auHus — 08e asvl, mouka — mpu Pasol.

[1py MOCTPOEHUH AUarpaMMbl BBIOHPAETCs YUC/IO OCell KOOPAUHAT, COOT-
BETCTBYIOLIMX BHIOpaHHBIM ITapaMeTpaM COCTOSHUA (211 OJHOKOMIIOHEHTHOM
CHCTEMBI Ha IUTOCKOCTH MOTYT ObITh M300pakeHsbl p U T; 1A AByXKOMIIOHEHT-
HOIi crcTeMbl — p WK T ¥ COCTaB; JIs1 TPEXKOMIIOHEHTHOM CCTeMBI — TOJIb-
Ko coctaB). [[pumep — auarpamMma cocTosiHusA Bogw! (puc. 3.11).

p

Puc. 3.71. lnarpamma coCTOAHUA BOABI:
AO — xpuBas 1wiasjeHus; BO — kpuas kunieHus; CO — KpHUBas BO3TOHKHU
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Jlnst KpUBBIX, UCXOAS U3 MpaBwia 'nb6ca 11 OZHOKOMIIOHEHTHOU CH-
creMmbl (K = 1), umeem: C = 3 -®; & = 2; C = 1; T. e. MOXKHO MEHATDH B He-
KOTOPBIX Tipeeiax Jubo p, oo T.

O — TpoiiHas TOYKa, Bce TpU a3kl HAXOAATCA B PABHOBECHU:

H,0,. = H,0, = H,0,

Torga ® = 3; C = 0, T. e., YTOOBI HE HAPYIIUTh OJHOBPEMEHHOE COCY-
IecTBOBaHUeE Bcex Tpex ¢a3, p u T ZO/DKHBI OBITh 3adUKCUPOBaHH (p =
= 5,575 mmMm prt. ct., T = 273,1576 K).

Ilnst moneit TBepaoit (COA), xuzakoii (AOB) u razoobpasHoii (BOC) a3
YUCIIO cTereHel ceoboasl C = 2.

3.12.4. PaBHOBecCHE YHCTOrO BelllecTBa B ABYX ¢pa3ax
OZHOKOMIIOHEHTHO cucteMsbl. YpaBHeHue Kinaneiipona — Kiraysuyca

Takoe paBHOBecue (Kak OYeBHZHO U3 BHIIENPUBEJEHHOTO IIpUMepa)
MOXKeT GBITh PeaJ30BaHO TPeMs BapUAHTAMU: TBepAOe — XHUJKOe; JKU7-
Koe — ra3oobpa3Hoe; TBepZioe — razoob6pasHoe.

Hamnpumep, pazbepeM paBHOBECHE «KUAKOCTh — map». Kak 6bUI0 MmoKa-
3aHO BbIllIe, PABHOBECHIO COOTBETCTBYET PABEHCTBO XUMUYECKUX ITOTEHIIU-
anoB B obeux daszax, T. e.

U, = Wy, COOTBETCTBEHHO, di, = dl,,;
W, = Vidp - SdT;
V,dp-S,dT = V,dp - S,dT;
V-V, dp = (S, - S,)dT;

\A \!
AV AS

YpasHenue Knaneiipona — Knaysuyca B audpdepeHnransHoit dopme:

dp AS
—_—=— 3.7
dT AV 3.7)
JUtst IpaKTUYECKUX IeJIeid 3TO ypaBHEHHE UHTETPUPYIOT, IPUMEHAA CJle-
ayroue gonymenus: AV = V (o6beMoM xuzkoi ¢a3sl npeHebperaor);

L
rap CYMTAIOT WJeanabHBIM ra3om, T. e. pV = RT, V = RT/p; AS =£, rae

b
Ly, , — Temwnora dasoBoro nepexoaa; Ty , — TeMneparypa $asoBoro mnepe-

xXoja.
[pu moacTaHOBKE BBIpaXkKeHM# 211 AV 1 AS B ypaBHeHHUe (3.7) momy4aem
dp_L dT
p R T?
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VHTerpupyeM:

?dp L L dT
B D TlR T2’

IH&ZL(L_L}
n R\ T,

Mpumepbi pewexns 3apay

BTopoii 3aKOH TepMOANMHAMHKH. DHTPONHA

3azaua 1. BelyncinTe U3MEHEHHWE SHTPOIIMHU IIPU Ilepexofe 1 I' BOAHI,
B3aTou npu 0 °C, B cocTossHMe neperperoro napa npu 200 °C. CpegHue
yZeJlbHbIE TEIUIOEMKOCTH BOZBI M Mapa cocTasisawoT 4,19 u 1,97 x/(r-K)
COOTBETCTBEHHO; y/ieJIbHas TeIUIOTa UCllapeHUA BOAbI paBHA 2227 JLK/T.

Peuterue. JJaHHBIM IIpoliecC CKJIaJbIBaeTCs U3 HarpeBa BOAHBI OT 273
Zio 373 K, ucnnapenus Bozs!l npu 373 K u HarpeBa napa ot 373 10 473 K. Ilo-
3TOMY U3MeHeHHe SHTPOIUH OINpeZessieTCs CYMMOM TpeX cllaraeMbIX:

AS =mCp(yq | Lo P+ MCp( In =
KHIT KHIT
=1-419-In— 373 12227 +1-1,97-1n 473 —=7,75Ix/K.
273 373 373

3agaua 2. PaccuuraiiTe nusMeHeHue sHepruu 'nb6ca Aas mporiecca
¢dorocunTesa npu 298 K. Omnpezennre, BO3MOXXHO JIU CAMOIPOU3BOJIb-
HOe NMpOoTeKaHue 3TOro mnpouecca. CTaHAapTHasA 3HTaJXbNUA o6pa3oBa-
HuA MIoko3el Ipyu 298 K paBHa -1274,45 k/»)X/MoJib, @ SHTPONIMS paBHA
212,13 Ix/(moab-K).

PeweHue. 3anuiieM ypaBHeHUe mpoliecca GOTOCHHTE3a:

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

Haxoaum B CIIpPAaBOYHUKE HEZOCTAIOIINE 3HAYCHHUA SHTaIBITHUHI O6p330-
BaHUA U SHTPOHHﬁZ

PeareHTbI CO, H,0 CeH;,0¢ 0o,
AHYgg, K[IK/MOTB -393,51 -285,84 -1274,45 0
SSog, hx/ (MONBK) 213,6 69,96 212,13 205,03

PaccunTaeM cTaHZApTHHINA Te1oBo# 3ddexT peakuuu (A.HYg) mnpu
298 K kak pasHOCTb CyMM TEIUIOT 0Opa30BaHUs IIPOAYKTOB PeaKIUH U HC-
XOZHBIX BEIIECTB C yYETOM CTEXHOMETPUYECKUX KO3GPUIIMEHTOB:

ArHRog = (AHS58) cetiy,06 +6° (AHD9g)0, —[6- (AHD5g)co, +
+6-(AH%98)u,0060]1=—1274,45+6-0—[6-(-393,51) +
+6-(-285,84)]1=2801,65 /> / MOJIb.
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AHaJIOTUYHO paccyuTaeM U3MeHeHMe SHTPOIIUU B peaKIuu (A,sggs):

A, 8% = (5898)C6H1206 +6'(5(2)9s)02 -[6- (5898)C02 +6- (8(2)98)H20(>K)] =
=212,13+6-205,03-[6-213,6+6-69,96]=-259,05 Ik /(monb-K).
3HaA U3MeHeHUA SHTaJbIIUU U S3HTPONUU B PEaKIUU, pacCUUTaeM U3-
MeHeHHe 3Hepruu ['mb6ca:
ArG898 = ArH(z)gs - TAr5898 =
=2801,65-298-(-259,05-10-3) =2878,85 k/[>x/MOJIb.
TMockonbKy U3MeHeHHe 3Hepruu ['M66ca B JaHHOM IPOIIECCE TTOJIOKUTEb-
HO, TIpoIlecc He MOXKEeT UATH CaMOIIPOU3BOJIbBHO. B pacTeHusx mporiecc GoTo-
CHHTe3a BO3MOXXeH TOJIBKO I10/] BO3/lelicTBUeM 3Hepruu usiaydeHusa CosHIa.
XuMu4eckoe paBHOBecue
3azada 3. KoHCcTaHTa paBHOBECHUS peaKuu

CO(r) + 2H2(I‘) = CHBOH(F)

npu 500 K paBHa K, = 6,09 - 10-3 aTM~2. Peak1jiOHHas CM€Ch, COCTOSIIANA
u3 1 moss CO, 2 mons H, u 1 mosb nHepTHOro rasa (N,), Harpera g0 500 K.
O6ee papneHue napoB paBHO 20 atM. PaccuuTaiiTe cocTaB paBHOBECHOM
CMecCH.

Peuwenue. Ilycth mpopearupoBaio x moiub CO. Toraa

HcxoaHoe KOu4ecTBO: 1 2 0
PaBHOBeCHOE KOJIMYECTBO: 1—x 2 — 2x b

Bcero B paBHOBecHOM cMecu: 3 — 2x Mosib + 1 Mosib N, = 4 — 2x MoJIb

PaBHOBecHasa MoJsIpHasA 1-x 2-2x X
RO 4-2x 4-2x 4-2x
CienoBarespHO,
N, —2x)2 —9%)2
Ky = cHoH _ x(4-2x) K,=Ky-p2= x(4-2x)

" Neo-NZ,— (1-x)(2-2x)? 5 (1-x)(2-2x)2p2’

Takum o6pa3om, UMeeM

6,09.10-% = X(4—2x)°
’ (1-x)(2-2x)2202"

Pemias aTo ypaBHeHUe, nonydaeM x = 0,294. COOTBETCTBEHHO, MOJISAP-
Hble IO/IU BELIECTB B PABHOBECHO# cMecH paBHbL: Ney,op= 0,207, Ngo=
= 0,414, Ny,= 0,086, Ny, = 0,293.

3azaya 4. KoHcTaHTa paBHOBECUs peaKIuu

H, + I, = 2HI
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npu 693 K pasHa 50. O6pasyeTcst 11 HOAKW/ BOZOPOAA IIPHU HAeaIbHO obpa-
THMOM IIPOBeZIEeHUH Ipoliecca, eC/IM UCXOAHble apliabHble JaBneHusa H,,
I, u HI cooTBeTcTBeHHO paBHH 2 - 105; 5+ 1051 1 - 106 I1a.

Pewerue. Bocronp3dyeMcst ypaBHeHHEM U30TepMbl BanT-Todda:

p2
A,G=RT|In—L—_InK, (=
PH, "DP1,

(1-109)2
2-105-5-10°
T. €. MEHBIIIE€ HYJIA, U IPOLECC IIPOTEKAET CaMOIIPOMN3BOJIbHO B IIPAMOM Ha-
IIpaBJICHHH.

=8,314-693(ln —ln50)=—9273 JI>XK/MOJIb,

dazoBoe PaBHOBECHE B OAHOKOMIIOHEHTHBIX CHCTEMax

3azaua 5. PaccuuTaliTe U3MeHeHHe JaBIeHs, HeoOX0AUMOe JJId U3Me-
HEeHHSA TeMIlepaTypsl IwiaeaeHus abga Ha 1 °C. I1pu 0 °C sHTa/ibNNA IUIaBIIe-
HUYA JbJa paBHa 333,5 JIXK/T, IWIOTHOCTH XXUAKOW BOABI U JIbAA PaBHEL P, =
= 1,000 r/cm3 u p; = 0,917 r/cm3.
Pewenue. ViameHeHUe yeJbHOTO 06beMa MpH IUIaBJIEHUH JIbJja PAaBHO
1 1 1 1

AV =V, Vo=~ 2L
e T Ty Pes 1,000 0,917

=-0,0906 cm3/r=-9,06-10-8 m3/r;

gB: Ay, _ 333,5 =-1,348-107 [Ta/K =-133atm/K.
dT TAV,, 273,15-(-9,06-1078)

[Tpu noBbieHUY AaBiaeHud Ha 133 aTM TeMmIiepaTypa IUIaBIeHUA Jbja
noHmwxkaerca Ha 1 K. 3Hak «MUHYyC» ITIOKa3bIBaeT, YTO IIPU MOBHIIIEHUY [aB-
JIeHUs TeMIlepaTypa IUIaBJAeHUsA TIOHWXaeTcs.

3apaum Ana CaMoCTOATENIbHOTO pelieHun

BTopoii 3aKkOH TEpPMOAMHAMUKHU. DHTPOIIHUA

1. PaccyuTaiiTe U3MeHeHHe SHTPOIMY IIpU HarpeBaHuu 5,6 JI KUCIOpO-
Zaa ot 273 go 373 K ¥ ofHOBpeMeHHOM yBeJIWYEHUU JaBlIeHUs OT 1 aTM
Zo 5 aTM.

2. PaccuuTaiiTe u3MeHeHHe SHTPONIMHU [P HarpeBaHUHU 2 MOJIb HEOHA
oT 273 g0 323 K u 0fHOBpeMeHHOM MATUKPAaTHOM yBeJIMYeHUH obbeMa.

3. PaccuuTaiiTe U3MeHEHHEe SHTPONUY IpU obpa3oBaHuu 1 M3 Bo3ayxa
13 a3oTa 1 Kuciopoza (o6vemuas 1o5s 20 %) npu Temneparype 25 °C U aaB-
JeHuu 1 aTM.

4. PaccuuTaiiTe U3MeHeHHWEe SHTPONUU NPU CMelmleHUU 1 Kr BOAHI
npu 90 °C c 2 kr Bogsl npu 10 °C. YzenbHada TEIVIOEMKOCTb BOJABI pPaBHaA
4,184 Ix/(r'K).

5. PaccuuTaiiTe M3MeHeHHe SHTPONUH npu Aobapnenuu 200 r ibAa, Ha-
xoxsamerocsa npu temmnepatype 0 °C, k 200 r Bogsr (100 °C) B U3011poOBaH-
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HOM coCyZe. YenbHas TeIUIOTa IUIaBaeHud Jbja paBHa 335 Jx/T, yaeabHas
TeIUIOEMKOCTb BoAkl 4,184 /x/(r-K).

6. PaccuuTaiiTe nsmeHenue sHrponuu 1000 r Bozbl B pesysbTaTe
ee 3amep3aHua npu 270,15 K. MoisapHas TemioTa IUIaBJleHUA JbJa IIPA
273,15 K paBHa 6008 /I>)x/MoJib. YelbHblE TEIUIOEMKOCTH JibZla U BOJBI
paBHbI 2,12 u 4,18 Ix/(r-K) cooTBeTcTBeHHO. HeobpaTuMmelii mpoiiecc 3a-
Mep3aHUsA MepeoxIaXKJAeHHOM BObI IpeCTaBbTe B BU/JE CYMMBI TpexX obpa-
THMBIX ITPOLIECCOB: HarpeB BoAsl 0 273,15 K, o6paTrMoe 3amMmep3aHue BOJBI
npu 273,15 K u oxnaxgenue jpza go 270,15 K.

7. 3anuiunTe BHIpAXKEeHUE AU pacdyeTa abCOMIOTHOM SHTponuu 1 Moib
Bozsl Ipu TeMneparype 400 °C u gaBieHuH 5 aTMm.

8. PaccuuTaliTe U3MeHeHUe 3HTponuu npu HarpeBaHuu 300 r onoBa
(T, = 231,8 °C, AH?, = 59,61 Jix/T) oT 20 zo 500 °C. YzaenpHbIe TEIUIOEM-
KocTH 0710Ba Cp(py = 0,178 + 1,70 - 10-4T [Ix/ (rK); Cpyy = 0,233 [Ix/(rK).

9. ITonp3ysich CIPAaBOYHBIMY JAHHBIMU, PACCYMTANTE CTAaHJAPTHOE U3-
MeHeHHe SHTPONUM peakimu Hy ) + Clyqy = 2HCl, mpu 25 °C u 400 °C.

10. Ozus moib O, (Cp = 29,36 /Ixx/(monb-K), 5898= 205,03 Ixx/(momnb-K))
HarpeBatoT oT 298 70 500 K pu p = 1 atm. Beruucinte nusMeHeHUe SHepruu
T'u66ca B 3TOM mpoiiecce.

XuMH4eckKoe paBHOBecHe

11. KoncranTa paBHoBecus peakuuu CO + H,0O = CO, + H, npu 800 K
paBHa 4,12. Cmecs, cogepxaias 20 % CO u 80 % H,0, Harpera g0 800 K.
OmnpezenuTe cocTaB cMeCH IpU JOCTIKEHUN paBHOBeCHs U BBIXOJ, BOZOPO-
Za, eciy B3AT 1 KT BOASAHOrO I1apa.

12. KoHcraHTa paBHOBecus peakuuu H, + I, = 2HI npu 717 K pas-
Ha 46,7. OnpezennTe KOIU4YeCTBO pasioxusuierocsa HI npu HarpeBaHuu
1 moss HI 70 717 K.

13. IIpu 1273 K u obumem zaBieHnu 30 aTM B paBHOBECHOM CMecH
CO, + C(y) = 2CO coaepxurca 17 % (1o o6vemy) CO,. CKONBKO IPOIIEH-
toB CO, 6yzeT cozepxaTbcA B rase npu obmeMm AapneHuu 20 atMm? [Ipu ka-
KOM JlaBJIeHUH B rase OyzeT cogepxatbes 25 % CO,?

14. Koxcranra paBHoBecus K, peakuuut NyOyy = 2NO, i, ipu 25 °C pas-
Ha 0,143. PaccuuTaiiTe flaBlieHHE, KOTOPOE YCTAaHOBUTCA B cOCy/le 06beMOM
1 11, B koTOpHIM momecTwiu 1 r N,O, Ipy 3TOM TemIneparype.

15. Koncranra paBHoBecus K, peakuuu C,Hg = C,H, + H, npu 1000 K
paBHa 0,344. PaccuuTaiiTe cCOCTaB paBHOBECHOM peaKIIMOHHOW CMecH, 00-
pasylolieiics Ipu AeryprupoBaHUM 3TaHa M0 aBjeHrneM 5 aTm.

16. Omnpegenute, 6yzeT nu razopas cmech U3 CO u CO, B COOTHOLIEHUH
50 : 1 npu 1200 °C BoccTaHaBnuBaTh okcuy xene3a(ll), eciu koHCTaHTa
paBHOBecus K, peakuyuu FeO(,y + CO = Fe(,y + CO, paBHa 0,3.

17. OnpezenuTe, BO3MOXKHO i ob6pa3oBaHue MeTaHa mpu 1000 K o pe-
akuuu Cy + 2H, = CHy, eciu nocTynarias B peakTop CMeCh COAEPIKUT
80 % H, u 10 % CH, no o6bemy, a 3HaueHue A,Gy oo = 19,27 k/[X/MOb.

18. Omnpegenute, 6yzeT v IpoUCcXoaUTh pasnoxkeHue PCl; B razoBoii cMme-
cu, cogeprkameit PCl,, PCls u Cl, npu 298 K, npu ciefyromux napuuaabHbIX
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papnenusx (ITa): PCl; — 1,013 - 104; PCl; — 0,507 - 104; Cl, — 2,027 - 104.
KoncraHTy paBHOBecyA BBIYUCINUTE 110 JaHHBIM U3 CIIPABOYHUKA.

19. ITpu 1000 K u 1,013 - 105 ITa u3 UCXOAHON CMecH, cOoAeprKalleit
1 monb SO, u 0,6 Mmosb O,, IpU JOCTHXKEHUH PaBHOBeCHUs 06pa3oBajIoch
0,22 monb SO5. OnpezieIUTh KOHCTAHTY PABHOBECHA /A JAHHOM PeaKIuu.

®dazoBoe pPaBHOBeCHE B OTHOKOMIIOHEHTHBIX CUCTEMAaxX

20. PaccuuTaiite faBiaeHue, npu kKotopoM g8e Gpopmbl CaCO; (KanbLUT
Y aparoHUT) HaXoZATcA B paBHOBecuu npu 25 °C. (AG§98 )f kanbIMTa U apa-
roHura paBHbl —1128,79 1 -1127,75 k/[>)k/MOJIb COOTBETCTBEHHO. [IpuMuTe,
YTO IUIOTHOCTH KaJIbI[UTa U aparoHuTa paBHH 2,71 u 2,93 r/cm3 cooTBeT-
CTBEHHO U He 3aBUCAT OT AaBJeHUA.

21. IIpu wiaBnenuu penona (40,9 °C) usameHeHHe o6beEMa COCTABIAET
5,34 cM3/Mosb. DHTANMBNNSA IUIaBleHUs ¢peHosa paBHa 2,69 Kkaa/MOJb.
OrmpezesuTe TeMIiepaTypy IUviaBaeHus peHosa moz gapiaeHueM 50 aT.

22. IIpu 3amep3anuu 6eHsona (5,5 °C) ero mIOTHOCTb U3MeHAETCA
ot 0,879 mo 0,891 r/cm3. DHTanbNUA IWIaBieHua paBHa 10,59 k/Dx/MoJb.
OrmpezienuTe TeMIepaTypy IulaBaeHusa 6eH3osa npu gasieHuu 1000 aTM.

23. TemnepaTypa KuneHus xjaopopopma paBHa —5,9 °C mpu JaBieHUU
200 MM pr. cT. 1 9,8 °C npu gasieHuu 400 MM pT. cT. Onpeseure TeMIIe-
paTypy KuIeHUs xjopodpopMa Ipyu HOPMaJIbHOM AaBI€HUMU.

24. lanenue napa 6pomucroro Metwia rmpu —20 °C paBHo 275,8 MM pT. CT.,
anpu —10 °C — 435,1 MM pT. cT. OnpeseiuTe MOJIbHYIO SHTAIBIINIO UCIIAPEHNA
¥ HOPMAJIbHYIO TEMITEPATYpy KUIIEHUsI GPOMUCTOrO MeTHIa.

25. JlaBneHue napa tosnyona npu 89,5 °C pasHo 400 MM pT. CT., a €ro
SHTaNbIUA ucnapenus paBHa 38,0 k/)k/Monb. PaccunTalite TeMiiepartypy,
IIPH KOTOPO# AaBjieHue mnapa 6yzer paBHO 500 MM pT. CT.

26. laBnenue napa tBepzaoro CO, paBHO 1 MM pT. cT. ipu —135,2 °C
1 10 MM pT. cT. mpu —119,9 °C. PaccuuTaiiTe SHTaIbIINIO BO3TOHKHU.

27. JlaBneHue napa (MM pT. CT.) XJIOpOeH30J1a ONUCHIBAETCsI ypaBHEHEM
lgp = 6,945 - 1413 /(T — 57). PaccunTaiiTe sHTaJIbIINIO, SHTPOIIUIO UCIIape-
HUS ¥ HOPMAJIbHYIO TOYKY KUIIEHUA XJI0op6eH30a.

28. JlaBeHue nmapa pTyTd (MM PT. CT.) B uHTepBaje oT 298 z0 630 K BrI-
paxaeTcs ypaBHeHueM lgp = -3308/T - 0,8 - 1gT + 10,373. PaccuuTaiite
HOPMAaJIBHYIO TOYKY KUIIEHUS PTYTH, SHTAJIBIIUIO U SHTPOIIMIO HCIIapeHHUs
PTYTH B HOpPMaJbHOU TOYKE KUIIEHNS.

29. HopmasnbHas TOYKa KUMeHus nukiorekcana pasHa 80,0 °C. Oue-
HUTE SHTAJBIIUIO UCIIAPEHUs, a TaKKe ZiaBjieHue rapa LIUKJIOreKcaHa pyu
25u 60 °C.
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naBa 4
PACTBOPbDI

Pacmeopamu Ha3bIBAOTC OAHOPA3HbIE CUCTEMBI IIEPEMEHHOr'0 COCTa-
Ba, 00pa3oBaHHbIE HE MEHEE YeM ByMsI KOMIIOHEHTaMHU.

B 3aBHCHMOCTHU OT arperaTHOTO COCTOSHUS MOTYT OBITh CJIeAyIOIIHe
BU/IbI PACTBOPOB:

1) ra3 — ra3 (Bo3ayXx);

2) raz — XXHAKOCTb (pacTBOp KHUCJIOpPOZAA B BOJE);

3) XHUAKOCTb — JKUAKOCTD (pacTBOp INIUIIEPHHA B BOJE);

4) ra3 — TBepZoe Teo (pacTBOp BOZOPOZA B Ma/UTaZiul);

5) TBepaoe Teno — TBepAoe Teslo (HeKOTOphle MeTa/UIMYecKue U cojie-
Bbl€ CIUIaBhI);

6) TBepAoe Teo — XUAKOCTH (caxap B BoZe).

Pacmeopumens — 3TO COCTaBHas YaCTh pacTBOpa, KOTopasi npeobiajaer
(mnsa aByx xugKocreit). [l ra3oB U XKUAKOCTEH pacTBOPUTEIEM CUMTAETCS
SKHUJKOCTb.

PasinyaroT NOHATHA JIETY4Yero U HejleTy4yero BellecTBa. BemecTBa Ha3bl-
BalOTCA Jlemy4uumu, €CIv JaBjieHre HaChIIeHHOTo [1apa Ha/J paCTBOPOM —
6oJibIlias BeJIMYMHA IIPU KOMHATHOM TeMItepaTtype. Eciiv 1aBieHreM MOXKHO
npeHebpeyb — Heslemyuee BEUIECTBO.

4.1. laBneHue HacbILWEHHOro Napa Haj pacTBopom. 3akoH Payna

JlaByieHyie HaChIIEHHOTO N1apa ABJAETCA BaXKHBIM CBOMCTBOM PacTBOPOB.
s mpocToThl 6yAieM CYMTaTh, YTO K NTapy NIPUMEHSIOTCA 3aKOHBI H/eallb-
HBIX ra3oB. PacCMOTPUM YTIPOILEHHYIO CXeMy IIpoliecca UcrapeHus (umeeM
3aKpHBITHIH cocys). O603HauuM: 0 — pacTBOpUTesb (A); X — pacTBOPEHHOe
BemecTBO (B) (puc. 4.1).

YHCTHIA pacTBOPUTEND PactBOp
Puc. 4.1. Mpouecc ucnapenua
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[Map, HaXOAAUIMICA B PABHOBECHH C )KUKOCThIO, HA3bIBAETCA HACHIULEH-
HbM napom. JlaBieHue mapa, HaXO/AIIerocs B paBHOBECUH C KUIKOCTBIO
(w1iu TBEpABIM TEJIOM), Ha3bIBaeTCs 0aeleHUeM HACbIUWEHHO20 napa:

P9 — ZaBjieHHe HaChIIIEHHOTO Mapa Haj YUCThIM PaCTBOPHUTENEM,

P4 — AaBJieHHe HACBIIIEHHOTO 11apa PAaCTBOPUTEJIA HaJ, pACTBOPOM.

PacTBOpsis BeleCcTBO B JaHHOM pacTBOpUTeJie, Mbl IOHMXaeM KOHIIEH-
TPAaIHIO0 MOJIEKYJI ITOCIEIHETO B eJUHHUILIe 0ObeMa U YMeHbIllaeM 3TUM YHC-
JIO MOJIEKYJI, BBUIETAIOIINX B eJUHUIy BpEMEHHU U3 XUAKOM cpe/bl B apo-
o6pa3Hyw. B pesysbprare 3TOro paBHOBecHe MeXAY XUAKOCTBIO U TapoM
YCTAHOBUTCS TPU MEHbIIEH KOHIEHTPAMU 1apa, T. €. IIPU MeHbIlIeM ero
nmaBneHuu. CiefoBaTeNlbHO, ddsleHUe Napa pacmeopumens Ha0 pacmeopom
8cez0a MeHbvlle, YemM HAO HUCMbLM pacmeopumesiem. IIpyu 3TOM noHuxceHue
OasnierHust napa 6ydem mem 6oabule, uem 6oNbULE KOHUEHMPAYUS pACMBO-
DEHHO20 8eujecmaa 8 pacmeope.

1. [lepBrIii cay4ait (pacTBOPUTEND JIETYY, 2 pACTBOPEHHOE BellleCTBO He-
JieTy4dee).

AB6COMIOTHOE TTOHMXKEHUE JaBJIeHUs] HachIIeHHOT'o IIapa pacTBOPUTEA
Ha/l paCTBOPOM IIPONOPLIMOHAIBHO MOJIBHOM ZI0jle pacTBOPEHHOTO Bellle-
cTBa:

P9\ —pa = kNp.

®.-M. Paynb ycTaHOBII, YTO KO3$GHUIIMEHT IPONOPLHOHATBHOCTH YHC-
JICHHO paBeH JIaBJIeHHIO HACHIIIEHHOro I1apa HaJ, YUCTBIM PaCTBOPUTEJIEM:
k = pS.

Mo>xHo HanucaTh 3aKOH Payiia:

Pi —Pa
pi

CioBecHass GOPMY/IUPOBKA: OMHOCUMeNbHOe NOHUNeHUe 0a8NleHUs Ha-
CblWEHHO20 NAapa pacmeopumens Ha0 pacmeopom UUCIeHHO PABHO MONbHOU
JoJie pacmeopeHHO20 geuiecmaa 8 pacmeope.

2. Bropoii ciaydait (pacTBOpUTeNb JIETYY, pACTBOPEHHOE BeIeCTBO JIETy-
yee).

Nmeem

B-

Pi—Pa = PaNp.
JU1s1 AByXKOMIIOHEHTHOTO pacTBoOpa:
Ny+Ny=1,
PR —pa=pi(1 =Ny = p3-p3 - Ny

Torzaa p, =p3 - N, aHaJIOTHYHO pg = p3 - Np.
Takum o6pasom, I 3TOro ciay4yas GopMyIHpOBKa CAeAyromas: napyu-
anbHOe 0asieHue Napo8 KOMNOHEHMO08 HA0 pACMBOPOM PABHO NPOU3BE0eHUIO
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MOJIbHOUL 001U 3020 KOMNOHeHMd 8 pacmeope Ha dasnieHue 3mozo0 KOMNo-
HeHma 8 yucmom suode.

Paccuuraem 0611[66 AaBJICHHE oboux BE€LIECTB HaZ paCTBOPOM. Bocnons-
3ye€MCA 3aKOHOM ﬂ;aJIbTOHai

Posw =Pa+Ps=PAN4 +PpgNp=p)(1-Np)+pgNp =
=pa —PaNs + pgNg =p} + Ng(p§ - p2),

rae p%, pY — MOCTOsIHHBIE BEJIMYMHBI IIPU JAHHOM TeMIepaType U PaBHO-
BecuH (0603HauuM ux a u b); N, Nz — HesaBHUcHMBble lepeMeHHble (060-
3HauuM x). Torza nmeem:

Yy = ax — AJid BelecTBa A;

y = bx — pans BemecTtBa B;

Yy =a + cx, rae c=p$ — p) — Ans 060uX BeIeCTs.

3aBHUCHUMOCTb MapIUaJbHOTO AABJIEHUS OT COCTaBa U OOIEro JAasie-
HUS OT COCTaBa BhIpa)kaeTcs NMPSIMOM JIMHUEH. 3aKOHy Pay/isi MOAYUHAIOT-
cs1 TOJIBKO WZieajibHbIE pacTBOPHI. J[uarpaMMa «COCTaB — JiaBJIeHUE Mapa»
IpeAcTaBIeHa Ha puc. 4.2.

P
DP=DPa+Ps
p3
Pa=DP3 Ny
ps=p3-Np
A CocTas B
N; =0 Ny=1

Puc. 4.2. Da30Ban guarpaMmma uaeanbHoOro ABYXKOMMOHEHTHOrO PacTBopa,
noAuvMHAILWeroca 3akoHy Payna

Bnpaso Bo3pacTtaeT MosibHaA A0 KOMIIOHEHTa B. BieBo Bo3pacraer
MOJIbHAA 0/ KOMIIOHEHTa A.

HoeanvHbiM pacmeopom Ha3bIBaeTCsI paCTBOP, B KOTOPOM CHUIBI B3aH-
MOZeMCTBYA MeX/y MOJIeKyJlaMU Pa3HBIX BUZOB PaBHBI CIWIaM B3auMoZeu-
CTBUA MeX/Y MOJIEKYJIaMU OAHOro BUAa, T. €. Fy , = F, p = Fp 5. CMellleHue
JIByX KOMIIOHEHTOB PacTBOPA NPOUCXOAUT 6e3 IOIVIOIEHUS WU BbIe/IeHUS
TernoTsl (AH = 0) u 6e3 u3aMeHeHUs o6beMa KaXXZ0ro KoMIoHeHTa (AV =
= 0). O6beM cMecH ABYX KOMIIOHEHTOB (pacTBOpa) B TOYHOCTH PaBEH CyM-
Me UX 0O0BbEMOB IO CMEIIEHUS.

K upeanpHBIM pacTBOpaM OTHOCAT:

1) 6eckoHeYHO pa3baBleHHBIE PACTBOPHI;
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2) coBepllIeHHbIE PACTBOPHI — COCTOSIINE U3 BELIECTB, OJIU3KUX IO CBO-
MM XUMHUYECKUM U U3NYECKHUM CBOMCTBaM (M30Mephl U Oirkaiiime ro-
MOJIOTH).

4.2, PeanbHble pacTBOpbI

B peasbHBIX pacTBOpax Hab/I0AaeTCs OTKJIOHEHHE OT 3aKOHOB Payiis.
OCHOBHO# (aKTOp, BHI3BIBAIOIIUIA OTKJIOHEHHE CBOMCTB pPeaJbHbIX PaCTBO-
POB OT CBOMCTB HZiealbHbIX PaCTBOPOB, — pa3/NYHas CTelleHb B3auMoze-
CTBUS MEX/Y MOJIEKYJIaMH y YUCTHIX KOMIIOHEHTOB U B PacTBOPE.

1. TTonoxxkuTenpHBIE OTKJIOHEHHA OT 3akoHa Payss.

Ecm F, 4, > F, 5 < Fgp, TO B pacTBOpE AOJDKEH MPOXOAUTh pacnaz acco-
IIMMPOBAHHBIX MOJIEKYJI, T. €. YUCJIO YaCTHI] B paCTBOpe CTAHOBUTCA OOJb-
1Ie Y1cjla MOJIEKY/I B YUCTHIX KOMIIOHEHTaX. BO3MOXXHOCTB TaKoro mpoiecca
MOATBEPXKAAeTCA yBeauieHueM obbema (AV > 0) nmpu o6pa3oBaHUU pac-
TBOPOB U IOIVIoNIeHueM TelwoTH (AH > 0), koTopasi, 0O4eBUIHO, 3aTpayu-
BaeTcA Ha pa3beJUHEHHE acCOIMMPOBAaHHBIX MOJIEKY/, UMEBIINUXCA B YU-
CTBIX KOMITOHEHTaX.

BeneacTBue yBenuyeHUA YKUCIa YacTUL, B pacTBOpe MapLUalbHbIE JaB-
neHusa (4 oOuiee JaBjieHUe Mapa) OKa3bIBAIOTCA OOJblIe BBIYHUCIEHHBIX
1o ypaBHeHuto Paynsa (puc. 4.3). [IpuMep: ciupTH — YIVIEBOJOPOZAHI IIpe-
JAEJIbHOIO psaja.

p

A CocTas B

Puc. 4.3. lnarpamma «CocTaB — faBneHue napa» (NONoXUTeNbHoe OTKIOHeHHe)

2. OTpuuaTe/sbHOE OTKJIOHEHUE OT 3aKOHa Payid.

Ecmu F, 4, < Fyp > Fg g, TO pa3Hble BUABI MOJIEKY/ CTPEMATCA K B3aUMO-
JEUCTBHUIO THUIIA MPUTHKEeHUA (CoMbBaTallysa, KOMIUIEKCOOOpa3oBaHUe, B3a-
UMO/IeHiCTBYE AUTIOJEH U T. 1.). O6pa3oBaHHe pacTBOpa COMPOBOXKAAETCS
BblgesleHreM TeIuloThl (H < 0) u ymeHbIlneHreM o6beMa (V < 0). YMeHblIe-
HUe 4YKCIa YaCTUI] B pacTBOPE 10 CPABHEHHUIO C UX YHUCJIOM B YHUCTBHIX KOM-
[IOHEHTaX NPUBOJAUT K yMeHbIIEHUIO TapIHaabHbIX JaBleHul 1apa KOMIIO-
HeHTOB (puc. 4.4). [Ipumep: pacTBOp criupTa B Boze; 3¢up — X10podopM.
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A Cocras B

Puc. 4.4. lnarpamma «cocTaB — fAjaBneHue napa» (orpuuarenbHoe OTKNOHeHHe)

B HeKOTOpHIX cHCTEMAX, IZle KOMIOHEHTH OYeHb CHJIBHO Pa3jIN4aloTCs
[0 CBOEN XMMUYECKOH NpUpoJe, HO UMEIOT OIM3KHe aBieHus HachllleH-
HOTO T1apa, OTKJIOHEHUs OT 3aKOHa Paysia BEIpa)KaloTCsl 0COOEHHO CHJIBHO.

Torga Ha KPUBOH OOILETO JaBJIEHUS MOSABIAETCI TOYKAa MaKCUMyMa (Tipu
TIOJIOXKUTENbHBIX OTKJIOHEHUSX) WIM MUHUMYyMa (TIPY OTPULIATENbHBIX OT-
KJIOHEeHUSIX), COOTBETCTBYIOIIAs ONpe/ieIeHHOMY cocTaBy cMecH (puc. 4.5).
He3aBucumo OT 3HaKa OTKJIOHEHUS 3TU TOYKU HA3bIBAIOTCSA SKCTPEeMaJIbHbI-
MM, WIH IIPOCTO 3KCTPEMYMaMHU.

p max p

Puc. 4.5. OTknoHeHua or 3aKoHa Payna

4.3. CoctaB napa pacteopoB. 3akoHbl KoHoBanoBa

XapakTep OTKJIOHEHUN pa3/JNYHBIX XXUJAKUX CUCTEM OT 3akoHa Paynsa
moApo6HO u3ydasics B KoHue XIX B. pycckuM ydeHbIM /JI. I1. KOHOBaJIOBBIM.
OH uceIefioBall TaKKe COCTaB I1apa, PABHOBECHOTI'O C XKUJKUM PacTBOPOM.
PaccMOTpUM pacTBOp, COCTOSIIMI U3 ABYX KOMIIOHEHTOB A U B. CoriacHO
3axoHy Payna

Pa=DPaN v pg = ppNi.
[IpuMeHUM K ITapaM cjleAcTBHE U3 3aKOHa JlaibToHa:
Ds =p2N§( :poﬁmNg: (41)
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Pa = PANY = Pogy Ni- (4.2)
Pazgenum ypaBHeHue (4.1) Ha (4.2):

i1 0 XK
N _ps Ni
vy 0 '
N3 pa Ni

JlomycTuM, 4TO KOMIIOHEHT B Gosee yseryunii. 0603HaYUM MOJIBHYIO
Joio 6osiee JieTydyero KOMIIOHEHTa B apoBoii ¢a3e yepes y, a MOJIBHYIO
Z0Tt0 GoJtee JIeTy4ero KOMIIOHEHTA B XXKUIKOH ¢a3e yepe3 x. Pa3 KOMIIOHEHT
B 6ogee neTy4uii, To p3 > pl.

i—g = o, — k02 PUIMEHT pa3zesieHus, WK OTHOCUTE/IbHAS JIETYIeCTb.

A

Toraa MOXKHO 3amycaTh MaTeMaTHYeCKOe BhIpaXKeHUe IepBOro 3aKOHA

KonHoBajoBa:

x
X%y

Tak kak o0 > 1, To U3 ypaBHeHHs cileAyeT, yTo y > x. CiefoBaTeNIbHO,
B IIape HaJZl pacCTBOPOM Bcerza 6osblile KOHIeHTpalys 6osee JieTy4ero KoM-
MIOHEHTA, YeM B JXKUAKOCTH.

IepBrIii 3aKk0H KOHOBa/IOBA: HACHlWEHHDBLI NAP NO CPABHEHUIO C PABHO-
8€CHbIM PACMBOPOM OMHOCUMENbHO bo2aue lemyuum KOMNOHEHMOM, WU
yeesiuueHue KOMNOHeHmMa 8 #uokol gase seuem 3a coboil ygenuueHue KOH-
yeHmMpayuu KOMNOHeHmMa u 8 naposoll gase.

[TepBomy 3akoHy KOHOBasOBa NOAYMHSIOTCA KaK peajbHble, TaK U HJe-
aJIbHble PaCTBOPHI.

Bropoii 3akoH KOHOBaJIOBa: MOuKu MAKCUMYMA U MUHUMYMA HA KPU-
801l 06We20 0aseHsL OMBeuam makomy cocmagy, npu Komopom cocmas
napa u pagHoBecHoll ¢ HUM HUOKOCMU 00UHAKOS.

Bropomy 3akoHy KoHOBasoOBa MOAYUHSAIOTCA TOJIBKO peasbHble PacTBO-
PHI, KOTOPBIE CWIBHO OTIMYAIOTCA OT H/ealbHbIX. BTopoii 3akoH KoHoBaso-
Ba OTHOCHUTCS K a3€0TPOIHBIM CMECSAM.

JKvakuve cMecH, COCTaB KOTOPBIX COOTBETCTBYeT SKCTpeMyMaM, Ha3blBa-
IOTCSA d3e0MPONHbBLMU CMECAMU, WIH IIPOCTO d3eomponamu.

Y a3e0TpomnHOI cMecH paBHOBECHBIE ITap U XXKUAKOCTb UMEIOT OJMHAKO-
BHIf cocTaB. Pa3jesieHre a3e0TPOITHBIX CMeceli Ha OTJe/IbHble KOMIIOHEHThI
ITOCPEACTBOM IIPOCTO# IEpPeroOHKY HEOCYLIeCTBUMO, TaK KaK [P IIeperoHKe
o6pasyeTcsi KOHAEHCAT TOTO JKe CocTaBa (HepasZe/NbHO KUIIAIYe CMeCH).

4.4. lnarpamma «CocTaB — flaB/ieHUe napa»

COBOKYITHOCTh PAaBHOBECHBIX COCTOSAHUM B JBOMHOM >KMAKOCTHOM CH-
cTeMe OOBIYHO M300pakaeTcsl U30TeEpMUYECKOM AuarpaMMoi, Ha KOTOpPYIO
HAHOCATCS KPUBBIE 3aBUCHMOCTH OOIIero AaBjieHus Iapa Kak OT COCTaBa
JKUJKOCTH, TaK M OT cocTaBa napa (puc. 4.6).
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p T = const
2 KuakocTb

A CocraB B

Puc. 4.6. Da3oBan guarpamma «CocTaB — fAaB/ieHHe Napa» ABOMHbIX C(Mecel:
P ¥ p} — AaBieHUs mapa YMCTHIX KOMIIOHEHTOB

BepxHss kpuBasi (2) COOTBETCTBYET JaBIE€HUIO Mapa Kak QYHKIMA COCTa-
Ba JKUJKOCTH, a kpuBad (1) — kak ¢yHKuMA cocTaBa napa. Kpusas (2) Ha-
3BIBAETCA Kpueoll wudkocmu, a kpubas (1) — kpusoil napa. Hike KpuBoit
(1) obacThb cyxoro mapa, Bblllle KpUBOH (2) — 06J1aCTh KUAKOCTH; 061aCTh
MEXAY KPUBBIMH SIBJIAETCS T€TEPOTeHHOM CPeIoi XKUAKOCTH U mapa (Hackl-
IeHHBIN WIN BIXHBINA n1ap).

PaccMoTpyM Ha AuarpaMMe COCTOsSIHUE mapa B Touke M. IIpu moBsiie-
HUH JIaBJIeHUA 3Ta TOYKa OyeT ABUraThCA 1Mo mpsiMoii MN. [IpH A0CTKEHUH
TOYKH P, T. e. KpUBOH mapa, HAYHETCS KOHJEHCAIMs 1apa, IpUYeM COCTaB
MEePBBIX KaIelb KUAKOCTH BeIpaXkaeTcsa Toukolr Q. Korga gaBieHue yBesu-
YUTCS JI0 TOYKU B, cucteMa OyZeT cOCTOATh M3 XUAKOCTHU (Touka C) U mapa
(Touka A). OTHOCUTE/IbHBIE UX KOJMYECTBA MOXXHO ONPEJEIUTh 110 IIPABIILY
pbIyara:

KonmnyecTBO XXUAKOCTU AB
KonuyectBomapa  BC '

HaxkoHel, korza aBieHre BO3pacTeT 40 BeTUYUHbI N, CKOHAEHCUDPYIOTCSA
ocTtaTKu napa. [TocieaHuii my3sipek napa 6yeT UMeTh COCTaB, COOTBETCTBY-
fouuii Touke R. [Ipu ganbHeHIIeM MOBHIIIEHUH AaBJIeHUS TOYKA CUCTEMBI
MePeXOIUT B I10JI€ XKUAKOCTH.

PaccMOTpUM AUarpaMMy «COCTaB — JaBJI€HUE Mapa» AJIsi CUCTEMbI KOM-
IMOHEHTOB, KOTOpPhIe 00pa3ytoT azeorpor (puc. 4.7).

B Touke M KpHBBIE XXHAKOCTH M Iapa KacaloTcA. ECu B3STh KUAKUMA
azeorpor (Touka N) U MOHWXATh JaBjleHue HaJl HUM, TO B TOUKe M HayHeT
obpa3oBbIBaThCA Map (KUMeHUe IpU 3aJaHHOM IOCTOAHHOM TeMIlepaTtype).
CorstacHO BTOpoMy 3aKOHY KoHOBasioBa map ¥ *KHZAKOCTb B 3TOU TOYKe Oy-
JyT UMeTb OAHAKOBBIHM COCTaB.
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T = const

p
M
KuakocTb
K+1I
P8
P ITap

A CocTaB B

Puc. 4.7. Da30Ban guarpamma «cocraB — AasfeHue napa» ANA a3e0TPONHON CMecH

4.5. lnarpamma «CocTaB — Temneparypa KuneHus»

Vi3o6apHble AuarpaMMBl «COCTaB — TeMIlepaTypa KUIIeHHs» BHELIHe I10-
XOXKU Ha «00paTHbIe» JUAarpaMMbl «COCTaB — JaBjeHHe Hapa». JTO 00bsc-
HsieTCcsT 00paTHOMN MPOMOPIMOHAIBLHOCTBIO MEX/Y AaBjieHUeM Iapa U TeM-
meparypoii kumenus (puc. 4.8). CMech AByX XKUAKOCTEeN KUIIUT B HEKOTOPOM
HWHTepBaJie TEMIIEPATYP, U060 IO Mepe KUIIEHUs ee COCTaB U3MEHAeTCH.

T T=const N
|
|
i 18
|
1
1
1
1
1
1
i
. i
. i
| |
8 b i
JKuzakocTtb ' !
I 1
! |
A m B
Cocras

Puc. 4.8. ®a30Bas Auarpamma «cocTaB — Temneparypa KuneHus» ABOMHbIX cMeceil:
TS, T — TemmepaTypsl KUIIEHHS YUCTHIX KOMIIOHEHTOB

KpuBas (1) — KpuBasi XKHAKOCTH — H300pakaeT TeMIlepaTyphl Hauaaa
KHUIIEHUs PacTBOPOB PasHbIX cocTaBoB. KpuBad (2) — yMHUA n1apa — HU30-
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OpakaeT TeMIlepaTyphl KOHLIA KUIleHUs. Mex/y KpUBBIMU paBHOBeCHad
cMech XXUAKOCTH U mapa. Hike kpuBoi (1) mose XXUIKOCTH, BbIlIe KPUBOM
(2) — mone mapa. B octaspbHOM guarpaMMEl «COCTaB — JaBJjieHUe Iapa»
U «COCTaB — TeMIlepaTypa KUIIeHWs» CXOAHBI, TaK KaK OHU OTpaKaroT pas-
HOBeCHE U IPOLIECC ITepexoia MeXAY OAHUMU U TeMU ke dpazamMu: KUAKUM
pactBopoM u mapoM. Tak, ucnapeHue pactsopa (Touka M) cocTaBa m Ha4u-
HaeTcsl IPY TeMIlepaType, COOTBEeTCTBYlolIeli Touke P. [To Mepe ucnapeHus
COTIpsKEHHBIE COCTaBBl PACTBOPA U Mapa U3MEHAIOTCS BJI0JIb KPUBOU KU/ -
KOCTU ¥ mapa. KomudecTBo XKUAKOCTU YMEHbIIAeTCs, a KOJIUYECTBO Mapa
yBenuuuBaeTcs. [Ipu TemIiepaType, COOTBETCTBYIOIIEN TOUKe N, HCllapeHue
3aKaHYMBaeTCsA, pU 6oJiee BBICOKOH TeMIlepaType CyIeCTBYET TOJIbKO ONH
nap.

Ec/iu KOMIIOHEHTHI CUCTeMBI 00pa3yloT a3eoTpoll, TO AUarpaMMa uMeeT
BU/JI, IpeCTaBJIeHHBINA Ha puc. 4.9. Heo6X0AUMO OTMETHUTD, YTO a3€0TPOII-
HBIE CHCTEMBI He SBJISIOTCA XUMUYECKUMHU COeJUHEeHUAMU. ITO MOKHO
ZIOKa3aThb TE€M, YTO C U3MeHEeHUEM JaBJIeHUsA U3MEHSeTCA He TOJIbKO TeM-
reparypa KUIIeHUs a3e0TPOIHOM CMeCH, HO U e COCTaB, T. €. 3TO yXKe He XU-
MHuYeckoe coegrHeHre. CeZ0BaTe/IbHO, BapbUPYA JaBleHue, MOXXHO U3Me-
HHUTh COCTAB a3e0TPOIHOM cMecu. Hampumep, npy NOHW>XEHUHU AaBI€HUs
n0 100 MM pr. cT. cmecb C,H;OH—H,0 kunut npu temneparype To,, =
= 34,2 °C ¥ BbIAEJISIETCS a3€0TPOII, coAepKauit 99,6 % MOIAPHBIX CIIMPTA.

T P = const
ITap
T N
: 9
|
1
1
U
i
KuakocTb ! M

I
1

A CocTaB B

Puc. 4.9. Da3oBas guarpamma «cocTaB — Temneparypa KuneHus» a3eoTponHon cmecH,
UMeloLLeli MUHUMaNbHYI0 TemnepaTypy KuneHua

4.6. Iuctunnauma u pekTudukaumsa

Aucmunayua — 3To mpoliecc paszie/ieHus pacTBopa Ha COCTaBHBIE
YacCTH MyTEM IepPEerOHKH, OCHOBAHHBIN Ha Pa3/JIMYUU COCTABOB XXKUAKOCTH
Y napa Mpy paBHOBECHH.

Pa3nyaoT OJHOKPATHYIO AUCTWUIALIMIO M1 MHOTOKpaTHYyIo (dpakunoH-
HYIO) ITEPETrOHKY, Wi peKTHdUKaIuio. [IpocTas neperoHka Npou3BOAUTCA
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MyTeM YaCTUYHOT'O MCIapeHUs KUIIALIEH KUJKOCTH, HelIpephIBHOT'O OTBOAA
¥ KOHZIeHCAllM1 06pa30BaBUIMXCS MApOB. IT0oydyeHHBIH KOH/IeHCaT Ha3biBa-
10T AUCTWUIATOM, a OCTATOK HEUCIIapEHHOH KUJKOCTH Ha3bIBAIOT KyOOBBIM
ocratkoM. [IpocTas meperoHka mprUMeHseTcs, Korza He TpebyeTcs IOJHOTo
paszeneHus CMecH.

Bosee adpdexkTrBHA PpaKIMOHHAS ITeperoHKa, OHa CBOJUTCA K MHOTO-
KpPaTHOMY IIOBTOPEHHIO IPOCTHIX MEPErOHOK C IOJyYeHHEeM IPOMeXYy-
TOYHBIX QpaKIuii U UX MocIeaymolel meperoike. MOXXHO CO€AMHUTD 3TU
MHOTOYHC/IEHHbIE Ollepal[iy B OAWH HENpPEPHIBHO MPOTEKAIOIUI Ipolecc
«HCIIapeHre — KOHZeHcalus». Takas HelpepbIBHAs aBTOMATH3UPOBaHHAsA
Apo0OHas MmeperoHKa HasbIBaeTcs pekmudgukayueil, a anmnapar, B KOTOPOM
OHa MPOU3BOAUTCS, — PeKMUPUKAUUOHHOIL KOJIOHHOIL.

PaccCMOTpUM AHarpaMMy «COCTaB — TeMIlepaTypa KUIeHUsA» ABOWHBIX
cMmeceit (puc. 4.10).

ey
1
1
1
1
R
U

CocTaB

Puc. 4.10. Da30Bas anarpamma «KUAKOCTb — Nap», NOACHAIOLLAA NPUHLMN GPaKLMOHHON
neperoHK! ABYXKOMNOHEHTHOI cMeck

Eciu HarpeBaTh pacTBop cocTaBa N;, TO KUIIEHHEe ero HayHeTcs, Korja
temneparypa 6yzet T;. [1ap, paBHOBECHBI} C 3TUM pacTBOPOM, 061alaeT co-
craBoM N;. OH 6osee 60raT KOMIOHEHTOM B, 4yeM XUAKUHA pacTBOP, IO3TO-
My IIOCJIe MCTTapeHUsI HEKOTOPOro KOJIM4ecTBa pacTBOPa OCTAIOIAACA YacTh
ero CTaHOBUTCA 6oraye KOMIIOHEHTOM A U MMeeT, HalpuMep, cocTaB N,.
PacTBOp Takoro cocraBa 6yzeT kurneTb npu Temneparype T,. [1ap, Haxozas-
IIKICA B PABHOBECUY C 3THUM pacTBOpoM, obiazaeT coctraBoM N,. OH 6oiee
foraT KOMIIOHeHTOM B, yeM pacTBop. [ToaToMy ocTaToK pacTBopa oborara-
eTCcs KOMIIOHEHTOM A U TeMIlepaTypa KUIIeHUs MOBbIIaeTcs. B pesynbrare
B OCTaTKe OyZieT colep)KaThCsl MIPaKTUYeCKH YUCThIM KOMIIOHEHT A U TeMIle-
parypa KuneHus gocruraet Ty.
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O6paTtuMcs Tenepb K napaMm. Eciu nap cocraBa N; CKOHIEHCHPOBATh
U MOJIy4eHHBIM KOHZAEHCAT IIOABEPrHYTh, B CBOIO OYepeb, AUCTILIALUH,
TO OH OyZeT KuIeTh Npu TeMneparype T; U nap ero cocrasa N 6yzer eme
6onee 6orat koMmmoHeHTOM B. [Ipojoimkas Tako# mporecc KOHAEHCAUH
U JUCTWUIALIMY, MOXHO JOCTHYb TOT'O, YTO BhIAENAIOMMIiCA nap Oyzer
NIpe/CTaBIATh COOOM MPaKTU4YEeCKH YUCTHIM KOMIIOHEHT B. Takum o6pasom,
J00y10 IBOMHYIO CMeCh MOXKHO pasZie/IUTh IMyTeM AUCTWUIALUYA Ha YUCThIE
KOMIIOHEHTHI.

PaccMoTpHM npolece AUCTWUIALIMN PaCTBOPOB, 06Pa3yIOIUX a3e0TPOI
(puc. 4.11).

2
T,
TO
T, B
1
1
i
1
A B

N, N, C N, N,

Puc. 4.11. lnarpamma «cocTaB — Temneparypa KUneHusA» CUCTeMbI ¢ a3e0TPONHOMN TOUKOM

Ecnu pacTBOp, HMeloLU cocTaB, IPOMeXyTOuHbIN Mexay A u C (T. e.
OTJINYHBIM OT COCTaBa aseoTpoIa, Hampumep cocTtaB N;), IOABEpPTrHYTh
AUCTWUISAILUM, TO Map, HAXOAAIUICA B paBHOBECUH C pacTBOpoM, Oyzer
uMeThb cocTaB N,, T. e. 6yzeT cogepxaTh Oosblile KOMIIOHEHTa B, yem pac-
TBOp. OcTaToK e, oboramiasick KOMIIOHEHTOM A, OyZeT KUIeTh npu 6osee
BBICOKOU TeMmmepaTtype, Hanpumep T,. [Ipogomkas AUCTUUIALIUIO, MOXXHO
JOCTUTHYTH TOTO, YTO B OCTaTKe OyJeT cogep)KaThCsl YUCTHIA KOMIIOHEHT
A. YucTBI jXe KOMIIOHEHT B u3 pacTBopa cocTaBa N; IOJIy4UTh aHAJOTU4-
HBIM IIyTeM He yZaeTcA. [Ipy mOBTOPHOU KOHJEHCAIlUM U AUCTUUIALUU
rmapa MOXXHO JOCTUT'HYTb cocTaBa C. Ilap Takoro cocraBa IIpu KOHJEHca-
LIVM JJaeT XUJKOCTh TaKOI'o »Ke cocTaBa C, U HOBadA AUCTWUIALYA IPUBEJET
OIfITh K Iapy TOro e cocTaBa C, Tak KakK B a3e0TPOITHBIX pacTBOPax COCTaB
1apa paBeH COCTaBY JKHUAKOCTU. TakuM o6pa3oM, pacTBOp cocraBa N; MOX-
HO paszenuThb IIePErOHKOM TOIBKO Ha YUCTHIN KOMIIOHEHT A U a3€0TPOIIHBII
pactBop C. OTOT BBEIBOJ OTHOCUTCA KO BCEM pacTBOpaM, IPOMEXXYTOYHBIM
o cocTaBy Mexzay A u C.

Paccyxzas nofo6HBIM 06pa3oM, MOXHO IT0Ka3aTh, YTO JIOOOH pacTBoOp,
obnazaouIuii COCTaBOM, IPOMEXYTOYHBIM MeXxzy C U B, yTeM Tako# guc-
TWUIALIMYA MOXXKHO Pa3/ie/IuTh TOJIbKO Ha YUCTHI KOMIOHEHT B u azeoTpor-
HBIM pacTBOp cocTaBa C.

80



http://chemistry-chemists.com

4.7. laBneHue HacbILLEHHOrO Napa B cucremax
C OrpaHNYeHHON B3aNMHOI PacTBOPUMOCTbIO KOMMOHEHTOB.
Meperoxka ¢ BOAAHBIM NapoMm

Ecii MbI UMeeM /]Be B3aMMHO HEPACTBOPHUMBIE XXUAKOCTH, TO OHU BeZAyT
cebs HE3aBHMCHMO JIPYT OT Apyra. VicmapeHue KaXI0H XUAKOCTH UAEeT TaK,
Kak 6yATo BTOpas KUAKOCTb OTCYTCTBYeT. [I03TOMy CyMMapHoOe JaBleHHe
OyzeT:

Po6w = P2 + Pg-

Temnepamypa KuneHus 8cex cmecell 8 makoil cucmeme nOCMoOSHHA, NOKA
umeemcs xoms HebonbULOE KOUUeCMB0 06eux Hudkux $as, u memnepamypa
ama 6ydem Huxce memnepamyp KuneHusk YuUcCmslx KOMNOHEHMO8.

PaccMOTpHUM CcHCTEMY B3aUMHO HepacCTBOPHMBIX XKHUAKOCTel (6poMbeH-
30J1 — BOZA).

W3 rpaduka (puc. 4.12) ACHO, YTO NEPEroHKa CMeCH (p,g,,) TPOUCXOAUT
npu TeMieparype MeHbie 100 °C. 3To sABlIeHMe JIeXXUT B OCHOBE IEPErOHKU
C BOZSIHBIM I1apaM, KOTOpas YacTO MCIOIb3yeTCs JJIA IEPETOHKU OpraHuye-
CKUX BELIECTB C BHICOKOI TeMIlepaTypou KUIIeHUA U pasjaramliuxcs IpU
HarpeBaHUM.

Pobw Pn,o Pépom6enzon
P A

1 arm

>
>

100°C 156°C T

Puc. 4.12. inarpamma «cocTaB — AaBneHue napa» B CUCTEMAX ¢ OrpaHUYEHHOI B3aUMHOM
PacTBOPUMOCTbI0 KOMMOHEHTOB

ByzeMm cunTath, 4TO NI€pEroHseMsble Iaphl IOAYNHAIOTCA 3aKOHY Healb-
HBIX Ta30B: p,V = n,RT; pgV = ngRT. iMmeeM p, = p3 U pg = p) — Tak Kak
JKUIKOCTH HE CMEIINBaIOTCs,

pQV =n,RT; 4.3)
p9V =ngRT. 4.4
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Pazgenum (4.3) Ha (4.4):
Pi_Ma_28x My

Pg ng My gB,

rie g — Bec KOMIOHeHTa; M — MoJisIpHas macca.
Eciu koMIioHeHT A — BOZia, a B — BelecTBo, lIeperoHaeMoe ¢ BOASHBIM
napom, To

81,0 _ pﬁzo 18
&8 pg Mg

JleBas 4yacTh ypaBHEHUA BBIPAXAET TaK Ha3bIBaeMBIH pacXOAHBINA K03d-
bUIEeHT BOASHOrO NMapa — KOJIWYeCTBO BOASHOrO napa (BoAbl) B BECOBBIX
eAVHUIIAX, HeoOXoAMMOe /IS TIeperoHKU OJHOM BEeCOBOM eJWHMIIBI Iepe-
TOHSIEMOTO BelecTBa. /13 ypaBHEHUS SCHO, YTO 3TO KOJIHNYECTBO OyzeT TeM
Oosiblile, YeM HIDKE JaB/ieHHe HaChIIeHHOTO ITapa IeperoHAeMOo XKUAKOCTU
Y 4eM MeHbllle ee MOJIIpHasA Macca.

4.8. PacTBOpMMOCTb ra30B B XXUAKOCTAX. 3aKOH [eHpu

[To cBoell mpupoje U CBOMCTBaAM pacTBOPHI I'a30B B >KUAKOCTAX HU-
YeM He OTIMYAIOTCS OT APYTUX JKUIKUX pacTBOPOB. OOBIYHO KOHIIEHTpa-
I[Us ra30B B 3TUX PacTBOpax He3HAyUTeJIbHA U PaCTBOPHI ABJIAIOTCA pas-
6aBieHHBIMU. VICK/IFOUeHUe COCTaBJIAIOT OTAeIbHble CUCTEMBI, B KOTOPBIX
PacTBOPUMOCTh OKa3bIBAaeTCsl BeCcbMa OOJIbIION BCIeACTBHE XUMUYECKOTO
B3aUMOJIEHICTBYSA PaCTBOPAEMOrO rasa C pacTBOpUTeleM, KaK, HallpuMep,
B pactBopax NH, wiu HCI B Boze.

PacTBOpeHHMe rasa B XXUAKOCTU YaCTO Ha3hbIBAIOT abcopbyueii 2za3a. Pac-
TBOPHMOCTH I'a30B CIJIBHO 3aBUCHUT OT AaBJIeHUA U TeMIlepaTypkl, OT IIpH-
pOZBI ra3a ¥ pacTBOPHUTEJIA.

3akoH 'eHpH: npu nocmosiHHOIl memnepamype pacmeopumocms 0AHHO20
2a3a 8 0AHHOM pacmeopumeJsie NPSIMO NPONOPYUOHANBHA 0A8NEHUI 2a3a HAO
pacmeopom:

c=k-p,

r7ie ¢ — MOJISUTbHAS KOHI[EHTpaIYs ra3a B )KUAKOCTH (rpaMM-Mosib Ha 1000 T
pactBopures); k — ko3dduUIeHT IPONOPLIHUOHATbHOCTH, XapaKTepU3yIo-
LIMH pacTBOPHUMOCTD; p — MapLyajIbHOe JaBjleHue ra3a HaJ paCTBOPOM.
3akoH ['eHpH NMPUMEHUM TOJBKO K CHJIBHO pa3baBleHHBIM pacTBOpaM.
Jlns 6OMBIIMHCTBA ra30B npu p < 1 aTM OTKJIOHeHUe OT 3akoHa ['eHpH co-
craBisAeT 1—3 %. OTOT 3aKOH CIIpaBe/JIUB TOJIbKO JJI1 HEBLICOKUX JaBJie-
Huii. [Ipy OBBIIIEHUH AaBIeHUA HabII04al0TCs OTKIOHEHUA OT 3aKoHa ['eH-
PpH, KOTOpbIe BBIPAXKaITCA B TOM, YTO C POCTOM J]aBJI€HUS paCTBOPUMOCTD
pacTeT, HO He Bcerza NpONOpLUOHAIBHO JaBieHuro. [Ipouecc pacTBOpeHUs
COTPOBOXZAAETCA YBeIMYeHHeM o6beMa U NOIVIoLIeHUeM WIH BblieJIeHueM
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Tervia. B 60/bIIMHCTBE CTydaeB paCTBOPEHHE Ia30B €CTh S9K30TEPMUYECKHI
IIpolLiecC COIbBATALIMK MOJIEKY/I Ta3a MOJIeKyJlaMU pacTBopuTesid. [ToaTomy
comiacHo npuHuny Jle [IlaTesbe pacTBOPUMOCTD ra30B yMEHbUIAETCSA NIPU
HarpeBaHWM U yBeJMYMBaeTcsA NPU oxJIaxAeHuu. HekoTopsle rassl, Halpy-
Mep BOJOPOZ, PACTBOPAIOTCA C MOIIOIIeHHeM TeMIlepaTyphl; PaCTBOPHU-
MOCTb BOZIOPOZIA C IIOBBIIIEHHEM TeMIlepaTyphl yBeIUIMBAETCA.

HemnonsapHsle rassl jgydille pacCTBOPAIOTCA B HEINOJAPHBIX pacTBOpUTe-
JIIX, a MOJIAPHBIE — B NOJIAPHBIX. B pacTBOpax 3/7eKTPOJIUTOB, KaK MOKa-
3aHo B paborax U. M. CeueHoBa (usyyan pacrBopumoctb CO, B KPOBH),
pacTBOPUMOCTD ra30B MeHblIle, 4YeM B YUCTOM BoZe. PacTBoprMOCTh ra3oB
yMeHbIIIaeTcsl B IPUCYTCTBUU COJIEH, TaK KaK IPU pacTBOPEHUH colu obpa-
3YIOTCA THAPATHBIE 000I0YKU BOKPYT MOHOB U KOJIMYECTBO CBOOOJHO BOABI
ymeHbiaercs. V. M. CeueHOB yCTaHOBWI BayKHOE€ COOTHOLIEHHUeE, BhIpaXka-
Iolllee BIMAHNE KOHLIEHTPALUU 3JIeKTPOINTA (COM) B pacTBOpe Ha pacTBO-
PHMOCTb rasa:

In(Sy/S) = k - [cons],

rze S, — pPacTBOPUMOCTH IaHHOI'O rasa B BoZie; S — pacTBOPUMOCTbH rasa
B pacTBOpe 3jeKTposuTa (Comn); k — sMIUpudecKast IOCTOsTHHAsA, 3aBUCH-
Iast OT IPUPOZBI ra3a, JMEKTPOIUTA U TEMIEPATYPHI; [CO/b] — KOHIIEHTpa-
YA COJHU.

fIBNeHVe TIOHIXKEHUS PaCTBOPUMOCTH I'a30B B PaCTBOPAx 3JIEKTPOJIHUTOB
HasbiBaeTcs 3¢¢deKToM BhicasuBaHUA. DTOT 3pPeKT yBeInunBaeTcs npu
yBEeJIMYEeHUHU 3apsja NOHa.

4.9. 3aKkoH pacnpenienenua HepHcra. IKcTpakuma u3 pacTBopoB

Eciu B34Th iBe HeCMeIIMBaIuecs XUAKOCTH (Boxa u a3dHUp) U J0-
6aBUTPb K CMECH TPeTHUIl KOMIOHEHT (YKCyCHas KHUCJIOTA), TO 3TOT TPETHM
KOMIIOHEHT pacIIpeZeIUTCA B 00eUX KUAKOCTSAX, IPUYEeM OTHOIIEeHMe KOH-
LIEHTpaluU YKCYCHOM KUCJIOTHI B BOJHOM CJIO€ K KOHI[eHTpaluy YKCYCHOM
KHCJIOTHI B 3pUPHOM cJIoe He OyJIeT 3aBUCETh OT 0011l KOHI[EHTPaI[UU KHC-
JIOTHI.

Ecom C, ¢, C”, C"” — KOHLEHTpPaLUH YKCYCHOH KHUCJIOTBI, TO

Ca_Ca_Ci_CA
Cg Cp C; Cg

OtHoueHne o6o3HavyaeTcss K — k03 dUIMeHT pacnpeseneHus.

3akoH pacnpegenenusa HepHera: omHoweHue KoHUeHmpayuil mpemue-
20 KOMNOHEHMA 8 08YX PABHOBECHBIX HUOKUX HA3aX NPU NOCMOSHHOU mem-
nepamype ecmbs 8eUYUHA NOCMOSHHAS,

=const.

T.e.C Rl CB MOTI'YT MEHATBHCA, HO UX OTHOIII€EHHE €CTh BEJIMYHMHA IIOCTOAHHAA.
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OTO OTHOLIEHUWE CIpaBeJIMBO, KOrZa BeJWYHHA MOJIEKYJ] TPEThero
KOMIIOHEHTa B 000MX PaCTBOPUTEIISIX OJHA U Ta XKe. B ciyyae acconuanym
U Auicconyanyiv ypaBHeHrue HepHcera mpuobpeTeT Buj

__ CpeHMI MOJIEKYJIAPHBIN Bec 3-T0 KOMIIOHEHTaB pacTBope B
CpeHUI MOJIEKY/IAPHBIH Bec 3-T0 KOMIIOHEHTAaB pacTBope A

3aKoH pacrpezie/ieHUs UMeeT psZl BAKHBIX IpuMeHeHui. Hanbosnee Bax-
HbIE U3 HUX — XXuZKodasHas xpoMaTtorpadus ¥ SKCTPAKIIMS paCTBOPUTETIEM.

dkcmpakyus — npoliecc U3BJIedyeHNs paCTBOPEHHOT'O BelllecTBa U3 pac-
TBOpA ITyTeM 06pabOTKU pacTBOpa APYTUM PacTBOPUTEIEM (SKCTPAreHTOM).

ITycTb B 06beMe pacTBopa V; HaxXOAUTCA g, FPAMM PaCTBOPEHHOTr'O Bellle-
CTBa, KOTOpOe HaJo M3BJeyb JPYTUM pacTBopuresneM obbvema V,. Torza mo-
CJle IepBOM 3KCTPaKLIMU B paCTBOPE OCTAHETCA g; 'PaMM BelllecTBa, a OyzeT
IIPO3KCTPAarupoBaHoO g, — g; BEIeCcTBa.

[TpumeHUM 3aKoH pacrpezeneHus HepHera:

C, glc gOgl
Vi Vy

rae C, — KOHILIEHTpALKA BeleCTBa B pAaCTBOpe IOcJIe dKCTpakuuu; Cy —
KOHIIEHTpaI[is BelllecTBa B pacTBopurese. imeem

Cg VI &-&
PemnimM 3T0 ypaBHeHHE OTHOCUTEJIBHO g;:

kvy

81=go‘mo

Ecii mpoBezieM BTOPYIO SKCTPAKIUIO TeM XXe 06beMOM pacTBopuTess V,,
TO g, — KOJINYECTBO BelleCTBa, KOTOPOE OCTAJIOCh B PACTBOPE I1OCJIe BTOPOH
3KCTPaKIUH:

kvy
KV, +Vy’

(e Y
82=80 AR .

[TpoBezeM n 3KCTPaKLIMIA:

_ v Y
gn gO kV1+V2

8&2=81-

Win
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rae g, — KOJIM4eCTBO BellecTBa, KOTOPOe OCTaJIoCh B paCTBOPE IIOCJIE N 3KC-
TPaKIMH:

cgo—g =g 1-[K_T
gBKCTp &0 —&n=&o le+V2

Haubonee agppexkmugHo npogodums IKCMpaKyuro He cpa3y 8cem Koauue-
CMeoM pacmeopumensi, @ MAAbIMU nopyusmu 60abuL0e YUCIO PaA3.

4.10. Temneparypa 3amep3aHuA pa3baBneHHbIX pacTBOPOB

PacTBOp, B OTVIMYME OT YMCTOM KUAKOCTH, HE OTBepZieBaeT L[eJIMKOM IIpU
oxHoM Temneparype. OTBepZeBaHKe pacTBOpa IPOUCXOAUT Ha IIPOTIXKEHUHU
HEKOTOPOT0 MHTepBaja TeMnepaTyp. Kpucrauisl HaUMHAIOT BBIAEIATHCA
MPYU KaKOM-TO OZHOU TeMIlepaType; 10 Mepe MOHWXeHUA TeMIlepaTyphl KO-
JINYECTBO UX pacTeT, I0Ka BeCb PacTBOP HE OTBepZeeT.

TeMmnepaTypoii Hauajsia KpUCTa/UIM3alli pacTBOpa Ha3blBaeTCs TeMIle-
partypa, pyu KOTOPOU KPUCTAJUIbI PAaCTBOPUTE/IA HAXOAATCA B PAaBHOBECUU
C PacTBOPOM JIaHHOTO COCTaBa. TeMIlepaTypy Havyaja KpUCTa/UIM3alluu Ha-
3BIBAIOT TAK)Ke TeMIlepaTypoli 3aMep3aHUs pacTBOpa.

OmbIT MOKa3bIBAET, YTO pa36aBIeHHbBIN pacTBOp 3aMep3aeT pU TeMIlepa-
Type 6oJiee HU3KOM, YeM YHCThIM pacTBOpUTeb. Tak, MOpcKas BozAa 3aMep-
3aet He nipu 0 °C, a mpu 6osiee HU3KOM TeMiiepaType. /i XxapaKTepUCTUKU
TeMIlepaTyphl 3aMep3aHusA BBeJeM BeIW4YMHY ITOHW)XEHUA TeMIlepaTyphl
3aMmep3aHusa AT, onpeZesas ee KaKk pasHOCTb MEX/y TeMIlepaTypaMH 3a-
Mep3aHus yucToro pactBopurens T u pactBopa: AT, =T —T,.

PaccmoTpuM AuarpaMmy Ha puc. 4.13. Ha Heii:

OA — 3aBHCHMOCTb JIaBJIEHUS HACHIIIEHHOrO I1apa YUCTON BOABI OT TEM-
repaTyphbl;

OB — TeMIlepaTypHas 3aBUCHMOCTb JiaBjIeHHs HaCBIEHHOTO apa Haj
JIBZIOM;

C;, Cy, C3 — KpUBHIe, IPEACTaB/IANIINE JaBJIeHUe HACHIIEHHOIO I1apa
Ha/ pacTBOpaMH pa3/Jn4HBIX cocTaBoB (C; < C, < Cy);

Touka O — paBHoBecue xuzakoctd (H,0) u ipja.

pA A

Puc. 4.13. TloHmxeHUe TemnepaTypbl 3amep3aHnA pacTBOpPoB
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B 1882 r. ®.-M. Paysnp ONBITHBIM IIyTEM YCTAHOBWJI, YTO B ZJOCTaTOYHO
pa3baBleHHBIX pacTBOpax NOHMXEHUe TeMIepaTypsl 3aMmep3aHusa (AT,)
MPOIOPIIMOHANBHO MMOHWXEHUIO AaBIeHUA Mapa U, CIeA0BaTelbHO, IIPO-
MMOPLIMOHAIBHO KOHILIEHTPAaIK PaCTBOPEHHOIO BellleCTBa B paCcTBOpE:

AT,=K-m,

rZie m — KOHLIEHTpAI|s PaCTBOPEHHOIO BellecTBa, OOBIYHO BhIpAXKAeTCA
B MoJisx Ha 1000 r pacTBopuTess (T. €. MOJSIBHOCTD); K — KoadduiueHT
IIPOIOPIIMOHAIBHOCTH, SIBJIIETCS BEJIMYMHOU ITIOCTOSTHHOM, XapaKTepu3yo-
et npupoay pacTBoputesia. OH Ha3bIBA€TCA KPUOCKONUUECKOU NOCMOsH-
Holl (MOJIEKy/IIpHOE TTOHMXEHNE TeMIIepaTyphl 3aMep3aHus).

Tak, ana Boasl K., = 1,86 K-Monb~1:kr; ansa 6eH3ona Kgeyson =
= 5,12 K'monp1-Kr.

st 6eckoHeYHO pa3baBeHHBIX PACTBOPOB

_ R(T?)?
1000-L,,’

rae T — temnepartypa 3amep3anus pacrBopureis [K]; L, — yaenbHad Te-
IUTIOTA IUIaBJIEHUs pacTBOpUTess [kan/r].

4.11. Temneparypa KuneHus pa3baBneHHbIX pacTBOPOB

Yucras KUAKOCTh WIM PAacTBOP KUIIAT IIPH TOM TeMmuepaType, IIpU KO-
TOPOM ZiaBjieHHe HACHIIEHHOTrO ITapa CTAHOBUTCs PaBHBIM BHEIIHEMY /JaB-
snenuio. Ecau paccmMaTpuBaTh pacTBOPH HeJIETy4ero BellleCcTBa B JIETYYMX
pacTBOpUTENIAX, TO TeMIlepaTypa KUIIeHUA TaKUX PACTBOPOB BCEr/a BHILIE
TeMIlepaTyphbl KUIIEHUA YUCTOT'O PaCTBOPUTEJIA IIPY TOM Ke JaBJIEHUM.

PaccmoTpuM auarpamMmy Ha puc. 4.14.

pl\

760 MM pT. CT. [~ """ ~~""~""~"~""f-""----T---o--gmoo--

3>
>

Tigm Tl KMI T2 KHIT T
Puc. 4.14. NoBblweHne Temnepatypbl KuneHua pacTreopa npu aTMO(d)epHOM AaBNeHun
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I[TycTh BHeIIHee faBieHue paBHO 760 MM pT. cT. TOUKM nepeceyeHNs KpU-
BBIX JlaB/IeHUi apa usobapoii (p = 760 MM pT. €T.) OyAyT TeMIepaTypamMmu
KHUIIEHUs XUAKOCTEH pa3Horo cocrasa. Jis paCTBOPOB 3TH TeMIIEPATYPhI
ABJISIIOTCA 60Jiee BBICOKUMU, YEM /IS YUCTOTO PACTBOPUTEJNS, U Pa3HOCTh
MeXJy HUMU OyZeT TeM GoJbleli, YeM BhIIle KOHIIEHTpAIKs pacTBOpa.

ONBITHBIM ITyT€M YCTAaHOBJIEHO, YTO B IOCTATOYHO pa36aBlIeHHBIX pac-
TBODPAX MOBBIIIEHNE TEMIIEPATYPHl KUIIEHUS IIPONMOPIUOHAIBHO OHMXKe-
HUIO JIaBJIeHUs] HaChILEHHOTO Ilapa U, CJIel0BaTelbHO, KOHLIEHTPAINH pac-
TBOPEHHOTO BellleCTBa:

AT,

— 0 —F.
mn_Tmn_Tmn_E m,

I7Zie m — MOJIUIBHOCTb pacTBopa; E — k03dPULIMeHT NPONopLIHOHAIbHO-
CTH, Ha3bIBaeTcs 30yU0cKonuUeckoil NOCMOoAHHOU WIA MOJIEKY/IIPHBIM IIO-
BBIIIEHHEM TeMIlepaTyphl KUIIEeHHUA.

s Bozel Ey = 0,52 K-Mob~1-KT.

Jnsa 6ensona Eg,,,, = 2,64 K-Monb1-Kr.

Mo:HO NOKa3aTh, YTO

_ R(T4,)?
1000 L,

rzae T,9,,— Temmeparypa kuneHus yucroro pacrsopureis [K]; L., — yaenb-
Has TeIUIOTa MCIIapeHus pacTBOpUTeNA [Kan/T].

4.12. Kpuockonua u 36ynuockonus

YpaBHEHUAMH, BBHIPAKAIOIIUMU 3aBUCUMOCTD IIOHM)KEHUA TEMIIEPATYPhI
3aMep3aHus U MOBBILIEHNUS TEMIEPATyphl KUIeHUs, YA06HO M0Ib30BaThCs
JUISL OTIpe/ieJIeHHsI MOJIIPHOM MacChl paCTBOPEHHOTO BellecTBa. Jlisi mpoBe-
JIEHVS OTIBITa BEIOUPAIOT MOAXOAAIINM PACTBOPUTED C U3BECTHOM KPUOCKO-
IUYeCKON WK 30yIMOCKONUYECKON ITIOCTOSIHHOM. /lajiee IPUTOTaBIUBAIOT
pacTBOp He CIUIIKOM 6OJbIIoi KOHIeHTpanuu (He 6onee 0,5 M) u TOUHO
M3MepAIOT NoHKeHue T, Wiy nossiueHue T,

g-1000

M=K- )
G-AT,

I7le g — BeC PacTBOPEHHOrO BelllecTBa; G — Bec pacTBopuTess; M — Mo-
JsipHast Macca; K — KpUoCKonuJecKasi MOCTOSTHHAs.

Mertoz onpezeneHHs MOJIIPHOM Macchl 11O MOHIKEHUIO TOYKY 3aMep3a-
HHA Ha3bIBAeTCs Kpuockonueil, a METO/, OCHOBAHHBI HA U3MEPEHHUH ITOBHI-
meHus T, , — d6ynruockonueil.

Kpuockonus ucnosnb3yeTcs yalle, Tak Kak jerde TOYHO U3MEPHUThH I10-
HIDKEHHe TeMIlepaTyphl 3aMep3aHus, YeM MOBhIIIeHHe TeMIlepaTyphl KuIle-
HUA.
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4.13. Ocmoc. OcmoTHyecKoe faBNeHue

Ocmoc — caMONPOM3BOJIBHBIN IepexoZ pacTBOPUTEA B pacTBOp, OT-
JleIEHHBIN OT HEero MOJIyIIPOHUIIAeMOM Neperopofkoi (>KMBOTHOIO, pacTH-
TEJIbHOTO WJIM UCKYCCTBEHHOI'O IIPOUCXOXKAEHNUA).

OcmoTHYecKoe JaBjieHue omnpeensercsa B ocmoMmetpe (puc. 4.15), oc-
HOBHOHM 4YaCThI0O KOTOPOTO fBJsAETCS MOJYIPOHUIlaeMas Ieperopojka
M3 MaTepHasa, ClIOCOOHOro MPOIYCKaTh TOJbKO MOJIEKY/Ibl paCTBOPUTES,
HO He pacTBOPEHHOI0 BellecTBa.

PacTtBOp — >

[Nonynponunae-
Mas 1eperopojxa

= -

|

PacTBopuTens

Puc. 4.15. OcmomeTp

B 1848 r. JK.-A. HoJsiie BriepBble 0OHAPYKWI 3TO SBJIEHHUE: ITepexo/, BOJbI
B pacTBOp caxapa 4yepe3 Ob4uii mMy3bIpb. [0 OZHY CTOPOHY IeperopojKu
HaXOAUTCS siYeliKa ¢ paCTBOPOM, IO APYTYI0 — C YUCTHIM PACTBOPUTEJIEM.
BeneactBue auddysuu pacTBOpUTENb IPOHUKAET Yepe3 IMOTyTIPOHUIIAeMYIO
[IepPEeropoAKy B 06e CTOPOHEI, HO CHavasa — ObIcTpee — B TYEHKY C pacTBO-
poM. PacTBopuTenb GyzeT mogHUMAaThCA MO TpybOKe, COeAMHEHHOM C BHY-
TpeHHUM cocyzioM. [Ipu HeKoTOpoii BbicoTe h cTonba pacTBOpa HACTYIIUT
paBHOBecCHe U IOABEM JKUIKOCTH B TpyOKe npekpaTturcs. JlaBieHue, KOTo-
poe OoTBevyaeT TaKOMY PaBHOBECHIO, Ha3bIBAETCA OCMOTUYECKUM /IaBJIEHUEM.

Ocmomuueckoe daeneHue (0603HaYaeTCA «T») PAaBHO TOMY AABJIEHUIO,
KOTOpOE HY>KHO IIPWIOXKUTh K PaCTBOPY, YTOOBI IPUBECTH €r'0 B paBHOBeCHe
C YHCTHIM PacTBOPUTEJIEM, OTZe/IEHHBIM OT HEero IoJylpOHULIaeMOoH nepe-
TrOPOZKOI.

OcMmoTuyeckoe ZiaBjieHre 3aBUCUT OT KOHIIEHTPAIMKU pacTBOpa U MOXKET
OBITH OYeHb 60bIINM. Tak, 6%-HbIM pacTBOp caxapa UMeeT OCMOTHYECKOe
nasnenue 60 klla; mopckas Boga — 2840 klla, paccosibl HEKOTOPBIX 03ep —
20260 kIla. OcMoTHYECKOE JaBjieHre KPOBH BBICHINX KUBOTHBIX — 760—
810 kIla. OcMmoc urpaeT Ba)XHYIO POJib B XXU3HEZEeATEIbHOCTH XUBOTHBIX
U PaCTUTENbHBIX OPraHU3MOB (ZBIXKeHHEe COKOB B PaCTE€HUAX, OCMOTHYE-
CKoOe JaBjieHue obecrieynBaeT yIpyrocTh KJIETKU — Typrop).
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B 1887 r. 1. Baut-T'odd npuien K BIBOAY, YTO MEXAY COCTOSHHEM Be-
IecTBa B OY€Hb CIJIBHO pa3baBJIeHHOM PAacTBOpe U Ia30BBIM COCTOSIHUEM
TOTO JKe BelllecTBa uMeeTcs1 GopMalbHOE KOJUYECTBEHHOE CXOACTBO, He-
CMOTPS Ha TO YTO XapaKTep ABXEHU MOJIEKY/ PaCTBOPEHHOI'O BellleCTBa
B JKUZIKOCTY OTJIM4AeTCA OT ABIKEHUs MOJIEKYJI ra3a.

B yactHocTH, BanT-Todd mokasas, 4ro:

1) mpu T = const oCMOTHUYECKOe JaBjleHHe NPAMO IIPONOPLHMOHAIBHO
KOHIIEHTpaI[H PaCTBOPEHHOT'O BeLIECTBAa WIX 0OpAaTHO MPONOPIIMOHATIBHO
MOJIAPHOMY 00'beMy PacTBOPEHHOr0 BellecTBa (aHasIorus ¢ 3akoHOM boii-
nq);

2) npu ZaHHOU KOHIleHTpPalUu OCMOTHYECKOe ZaBjieHHe IIPOIOpLMO-
HaJIbHO abCo/IOTHOM TeMItepaType (aHasorus ¢ 3akoHoM leii-Jlroccaka);

3) mpu OAMHAKOBOM TeMIlepaType U OAMHAKOBOM KOHI[EHTpaLlUK pasHble
BelllecTBa UMEIOT OJHO U TO YK€ OCMOTHUYECKOe ZiaBjeHue (aHajlorus c 3a-
KOHOM ABOTaZipo).

TakuMm 06pa3oM, OCMOTHYECKOe JiaBjieHHue pa3baBiIeHHbIX PAaCTBOPOB
MMOAYUHAETCS 3aKOHY [JIA UJeaJbHBIX Ia30B, U COCTOAHUE ITHUX PacTBO-
POB BhIpaXkaeTcsi ypaBHeHHeM BaHT-Todda, koTopoe 1o dopme coBnazaer
¢ ypaBHeHreM MeHzeneeBa — Kianetipona (pV = nRT):

n=2LRT =CRT,
v

IZie T — OCMOTHYECKOe ZiaB/IieHHe PACcTBOPA; N — YUCJIO MOJIel pacTBOPEH-
HOTO BelllecTBa; V — o6beM pacTBopa; C — KOHI[eHTpalUsA PACTBOPEHHOTO
BeI|eCTBa; R — ra3oBast MOCTOSTHHAA.

Ocmomuueckoe 0agJieHue pagHO MOMY 2a3080MYy 0ABNEHUN), KOMOPbIM
06iadano 6bL pacmeopeHHoe Belecmaso, ecau bbl, HAX005Cb 8 2a3006pasHOM
COCMOSHUU NpU MOl Xe memnepamype, OHO 3AHUMAJO Mom Jce 06veM, Ko-
mopulil 3aHUMaem pacmeop.

B pa36aBieHHBIX paCTBOpax OCMOTHYECKOe JjaB/leHHe He 3aBUCUT OT IpU-
POABI PACTBOPEHHOI'O BELIECTBA U PACTBOPUTEJIS, a ONpeenseTcs TOJbKO
€ro KOHIIEHTpalueH.

YpaBHeHue Bant-T'opda rcnonbsyercs B OCMOMETPUH JJIA OIIPeJe/IeHUs
MOJISPHOM Macchl pa3JUYHbIX HE3JEKTPOJIUTOB, B TOM YMCJI€ BHICOKOMO-
JIEKYJISIPHBIX coeiMHeHUN. B aToM ciydyae koHIeHTpalusa C B ypaBHEHUHU
Bant-Todda 3ameHseTcss Ha MOJIUIBHYIO KOHIIEHTPALMIO PaCTBOPEHHOTO
BemecTBa (m,)

g-1000
M=

I/le g — BeC pacTBOPEHHOTO BellecTBa; M — MOJIApHAsA Macca paCTBOpEH-
HOTrO BelllecTBa; G — BeC pacTBOPUTEJIA.
[Tonyyaem

81000 -

T,
M-G

89



http://chemistry-chemists.com

OTKyZa

M =8:1000
-G

4.14. KonnuratuBHble CBOWCTBA pacTBOPOB

KonnuzamueHnbimu Ha3BIBAIOTCS CBOMCTBA, KOTOPHIE HE 3aBUCHT OT IIPH-
POZbI PACTBOPEHHOTO BEIIECTBA, a OMpeAesAI0TCI MOJISUIbHONM KOHIIEeHTpa-
IUeH.

K HHMM OTHOCATCA OCMOTHYECKOE ZlaBJIEeHHE, OTHOCUTENbHOE ITOHKEHNE
JlaBJIeHYs Mapa HaJl paCTBOPOM, ITOHIKEHUEe TeMIlepaTyphl 3aMep3aHus, Mo-
BBILIIEHHE TeMITepaTyphl KUIIeHHA. BeTMYNHBI KOJUIMTaTUBHBIX CBOMCTB IIpsi-
MO IPOIMOPIMOHANBHEL APYT ApyTy. KaXkzioe U3 3TUX CBOMCTB MOXXET OBITh
HCII0JIb30BAHO AJIA Olpe/ie/ieHUs MOJIAPHOM MacChl paCTBOPEHHOTO Bellle-
cTBa. Yarile uUConb3yeTcss KPUOCKOIIHS.

Mpumepbl pewuenus 3apay

3azaya 1. PaccymTaiiTe coCcTaB pacTBOpa «OEH30JI — TOJIYOJI», KOTOPBIH
MPY HOPMAaJIbHOM JIaBJIEHUH KUIUT py TeMiiepatype 90 °C, a Takxe cOCTaB
obpasyromierocs napa (pacTBOp CYMTaiTe WAeanbHBIM). JlaBieHUs MapoB
yucTHIX 6eH3oma u Toryosna npu 90 °C paBubl 1021 u 407 MM PT. CT. COOT-
BETCTBEHHO.

Pewenue. MomspHyto foiio 6eH30/1a B pacTBOPe HaXxOAMM IO 3aKOHY Pa-
Y1 TIpY YCJIOBUY, YTO Oflllee JaBjeHre Tapa B MOMEHT KUIIeHUs PaBHO aT-
MochepHOMY:

760 = 407 + (1021 - 407) - Ny,

orkyza N, = 0,575.
MossipHas Ao Toiayosa B pacTBope paBHa N,, = 1 — N, = 0,425.
MonspHas fosnsa 6eH3071a B Tape paBHA

B _ NP 0,575-1021
P P 760

CoOTBeTCTBEHHO, MOJIApHAaA /10j14 ToNyosa B nape paBHa Ny, = 1 —-N; =
= 0,228.

3azaya 2. BeruuciuTe TeMIlepaTypy 3aMep3aHusi, TeMIlepaTypy KUIeHUs
U ocMoTHh4deckoe AasieHue (rpu 298 K) pactBopa, cozepkaiiero 18 r riroko-
36l Ha 1 Kr Boabl. Kprockonuyeckass kKoHcTaHTa BoAbl K = 1,86 K-mosb kT,
36ynmockonuyeckas E = 0,52 K-momp1-Kr.

Pewenue. OnpezaensieM MOJSUIbHYIO KOHIIEHTPAILMIO pacTBOpa:

Ny, =

=0,772.

_ &»-1000 0,018-1000
- Mr.ngBoz( 1801

=0,1 MOJIB/KT.
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OrmnpesiesifieM MOHMXEHNE TEMIIEPATYPhl 3aMep3aHUs U MOBHIIIEHHE TEM-
mepaTypsl KAIIEHUS pacTBopa:

AT, =K-m,, =1,86-0,05=0,18 °C,
AT,y =E-m,,; =0,52-0,05=0,051 °C.

TakuMm ob6pasom, pacTBop 3amep3aer npu —0,18 °C, a KUIUT IpHU
100,05 °C. [ljia pacyeTa OCMOTHYECKOT'0 AaBJIe€HUA IIPUMEM, YTO MOJIApHasA
KOHIIeHTpall¥s pacTBOpa paBHa ero MOJIsUIbHOM KOHLIEHTPAaLUH, T. €. C =
= 0,1 monb/am3 = 100 monb/M3. [Ipu 3TOM noxydaeM:

7t = cRT = 100 - 8,314 - 298 = 248 000 ITa = 248 kIla.

3apaum Ana camoCToATENIbHOrO pelueHuA

1. laBnenus napa yuctsix CHCl; u CCl, mpu 25 °C paBHBI 353 MM PT. CT.
u 215 MM pr. cT. [Tosaras, 4To OHU 06pasyIoT HZleabHbIN pacTBOP, paccyu-
TaliTe AaBJeHUe MMapa U cOCTaB (B MOJISIDHBIX J0JIAX) Iapa HaJ pacTBOpPOM,
cocrosamuM u3 1 momp CHCl; u 1 moab CCly.

2. PaccyuTaiiTe coCTaB pacTBOpa «3TAHOJ — MeTaHOJI», KOTOPBIM IIPU
HOPMAaJIbHOM JIaBJIeHUM KUIIUT IpU Temnepatype 63,5 °C, a Takxe cocTaB
obpasytoierocs napa. PactBop cuuraiite nzgeanbHeIM. [Ipu faHHOM TeMIle-
paTtype ZaBjeHue napa ataHosa paBHO 533 kIla, a metaHosa 1059 klla.

3. JlaBeHus mapa YMCTBHIX 6eH3oia U Tonyosa mpu 60 °C paBHH 51,3
u 18,5 kIla. [Tpu KaKoM JaBjieHuH 3aKkunuT npu 60 °C pacTBOpP, COCTOAIINI
13 1 mosb 6eH3oj1a 1 2 MoJb Tosyosa? KakoB OyzeT coctas mapa?

4. Koncranra I'erpu a1 N, B Bozie pu 20 °C paBHa 6,12 - 107 MM PT. CT.
PaccuuTaiiTe pacTBOPpUMOCTD (B eIUHHUIIAX MOJsUIbHOCTH) N, B BOZe NpU
20 °C B ycnoBUAX €e KOHTaKTa C BO3AYXOM IIpU HOPMaJIbHOM JaBJI€HUH,
cuuTas 06bEMHYIO IOJII0 a30Ta B Bo3zAyxe paBHOM 80 %.

5. [LmotHOCTb 50 % (10 Macce) pacTBopa 3TaHoia B Boge npu 25 °C pas-
Ha 0,914 r/cm3. PaccuuTaiiTe mapuuaabHblii MOJAPHBIH 06bEM 3TaHO-
Jla B 9TOM pacTBOpeE, eC/IU MapuHralbHBIA MOJISIPHBIH 06beM BOZABI paBeH
17,4 cM3/MOJb.

6. MosApHy10 Maccy JTUMKIZAA ONpeAesAioT 10 NOBBIIIEHUIO TeMIIepaTyphl
kuneHus. JIMIIUA MOXXKHO PaCTBOPUTH B MeTaHOJIe WIH B xJaopodopme. Tem-
repaTtypa KureHus: MeTaHosna 64,7 °C, Terwiora ucnapenus 262,8 kain/r. Tem-
mepaTtypa KureHus xjopodopma 61,5 °C, Teruora ucnapenus 59,0 kau/T.
PaccuuTaiiTe 36y/IHMOCKONINYECKHE TOCTOSTHHBIE MeTaHoIa U Xj1opodopma.
Kakoii pacTBOpUTEJIb JIyYllle UCIIOIb30BaTh, YTOOBI OIIPe/IeIUTh MOJIIPHYIO
Maccy ¢ MaKCUMaJbHOM TOYHOCTBIO?

7. PaccuuTaiiTe MOHKEHNE TeMIepaTyphl 3aMep3aHUa U OCMOTHYECKOe
JaBjeHue ¢pusnonoruieckoro pacrsopa (0,9%-Hbiii BogHblid pactBop NaCl)
IIPU YCJIOBUM, YTO KQXKYILAACA CTeNleHb AMCCOIIMAlMK XJIOpK/a HaTpUA B pac-
TBOpe paBHa 0,9. Kpuockonudeckas rmocrossHHas Bozsl 1,86 K-mMonb1-Kr.
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8. PacTBOp, cozepx)amuii 1,632 r TPUXJIOPYKCYCHONH KHCIOTHI
B 100 r 6eH3051a, KpucTauIu3yercsa npu Temneparype Ha 0,350 °C Huxe,
yeM YHCTHIH O6eH30s1. OnpezenuTe, IPOUCXOAUT JU AUCCOLMALIUA WIH ac-
COIMaIMA TPUXJIOPYKCYCHOH KUCJIOTH B 6€H30JIbHOM PacTBOpe U B KaKOH
creneHu. Kprockomnuyeckas mocrosiHHas 6ensona 5,12 K-monp1-Kr.

9. BeJIoK CHIBOPOTOYHBIN aJbOYMHUH YeloBeKa UMeeT MOJIAPHYIO Maccy
69 kr/mosb. PaccuuTaiiTe 0OCMOTHYECKOE JaBjlieHue pacTBopa 2 r Oenka
B 100 cm3 Bozp! pu 25 °C B macKajsix 1 B MIJUIMMETPax CTOJNOUKA pacTBO-
pa. [IpuMuTe IWIOTHOCTH pacTBOpa paBHoM 1,0 r/cm3.

10. [Tpu 288 K BOAHBIA pacTBOpP STHTApPHOW KUCJIOTHI, COAepKal[Uil
12,1 r/7 KUCIOTHI, HAXOAUTCA B PABHOBECHU C 3PUPHBIM PacTBOPOM, CO-
JAepkamum 2,2 r/71 KACAoThl. KakoBa KoHLIeHTpanusa 3gupHoro pacrsopa
SIHTAPHOW KHCJIOTHI, KOTOPBIM HAaXOZAUTCS B paBHOBECUM C BOAHBIM PacTBO-
poM, coziepKaium 4,84 r/a1 KUCIOTHI?
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naBa 5
NEKTPOXUMUA
PACTBOPDI SIEKTPOJIUTOB

dnekmpoxumus u3ydaeT 3aKOHBI B3aUMO/JEHCTBUA U B3aMOCBSA3U XU-
MUYECKUX U IeKTPOXUMHYECKUX SBJIEHUH U BKIIOYAET Ba pasjena:

1) pacTBOPHI 3JIEKTPOJIUTOB;

2) 3/1eKTPOAHBIE MTPOLIECCH Y SJIEKTPOABIDKYIIUE CHUIBL.

B 3Toi1 I/1aBe Mbl TO3HAKOMHUMCS CO CBOHMCTBAMHU CJIAOBIX M CHIBHBIX
3JIEKTPOJIUTOB U MPOIECCAMH, TPOUCXOJAIUMHU B HUX TIPU MPOIyCKaHUH
3JIEKTPUYECKOr'0 TOKa.

5.1. "pOBOﬂHMKM JJIeKTPpUyeCKoro TokKa

[IpOBOAHUKY 3JIEKTPUYECKOTO TOKA JAEIATCA Ha ABA TUIIA: IPOBOJHHU-
KM [IepPBOT0 po/ia, WU 3JIEKTPOHHBIE TPOBOJHUKH; IPOBOAHUKH BTOPOTO
poJa, Wi MOHHBIE TPOBOAHUKH. [IpOBOAHUKY IIEPBOTO U BTOPOTO poja
OTJIMYAIOTCA KaK M0 MEXaHU3MY 3JIEKTPOIIPOBOAHOCTH, TAK U 10 3JIEKTPO-
MIPOBOASAIINM CBOMCTBAM. B MpOBOAHMKAX IIEPBOrO poZa IMEPEHOC dJIeK-
TpHUYeCTBA 0OYC/IOBJIEH JABI)KEHHEM 3JIEKTPOHOB; B IIPOBOAHUKAX BTOPOTO
pozia — JABMXKEHHUEM HOHOB IO/ JeHCTBHUEM BHEIIHETO 3JIEKTPUYECKO-
ro nosA. K npoBogHUKaM NepBOro poja OTHOCATCA META/IBl U UX CIUIa-
BBl B TBEPJIOM M PaCIUIaBJIEHHOM COCTOSIHHSAX; K IIPOBOAHUKAM BTOPOTO
poJa — BOZHBIE PAaCTBOPHI KUCJIOT, IleJI04ei, coyleil; pacTBOPHI 3TUX Be-
IIECTB B PAaCTBOPUTEJIAX C SJEKTPONPOBOASAIIMMU CBOHCTBAMH; pPacIliaB-
JIEHHBIE COJIY U LIEJI0YH.

OJIeKTPONIPOBOAHOCTh MPOBOAHUKOB MEPBOrO poja Ha HECKOIBKO ITO-
PSAAKOB BBHIIIE, YeM IIPOBOAHUKOB BTOPOTO poza. [Ipu NOBHIIIEHUU TeMIle-
paTyphl 3JIeKTPOIIPOBOAHOCTD IIPOBOAHUKOB IIEPBOTO POJa YMEHbIIAETCH,
a BTOpOro poza — yBelnduBaeTcs. Kpome NpoOBOAHUKOB IEPBOTO M BTOPO-
r0 poZia, UMEIOTCS CMEIIaHHbIE TPOBOAHUKU (PAacTBOPHI LIEIOYHBIX METaJ-
JIOB B XXUJIKOM aMMHUAKe): IEPEHOC 3JIeKTPUIECTBA B HUX OCYIE€CTBIISETCA
JBIDKEHUEM HOHOB U 2JIEKTPOHOB.

Onekmpoaumst — 3TO XMMUYECKUe COeJUHEHUs, PaCTBOPbl KOTOPBIX
001a1a10T MIOHHOM NIPOBOAVIMOCTHIO, T. €. ABJIAIOTCA IPOBOAHUKAMM BTOPO-
ro poza.
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5.2. OCHOBHbIe NON0XKEeHNA TeOpUMN JNEKTPONUTUYECKOM
Avccoumanuu AppeHuyca

MHorounc/IeHHbIe SKCIIepUMEHTAIbHBIE JaHHbIE ITOKA3bIBAIOT, YTO B pac-
TBOpAaX 3JIEKTPOJUTOB UCTUHHAA KOHIIEHTpAaIYa YacCTUI] He COOTBETCTBY-
eT MOJISIPHOUM KOHLIEHTpAllUuH, BCIeJCTBHE Yero pacTBOPHI 3JEKTPOJIUTOB
He noayuHsoTcs 3akoHaMm ®.-M. Payns, f. Baut-Todda u gpyrum. Ilpuunna
MMOJOOHBIX OTKJIOHEHUH OOBSCHAETCS TEOPUEHN JIEKTPOIUTUIECKOU JHCCOo-
nuanuu C. Appenuyca (1887 r.).

1. OcHoBHaA uzesa teopuu C. AppeHuyca 3aKI04aeTcs B TOM, YTO B pac-
TBOPHUTEJISIX C BRICOKOM JV3IeKTPUYeCKON TIOCTOSTHHOM 3JIEKTPOJIUTHI CaMO-
IIPOM3BOJILHO PACHaZalOTCsA Ha NIPOTUBOIOJIOXKHO 3apshKeHHble HOHBI (TIpo-
1[eCC JIEKTPOJIUTUIECKOHN AUCCOLMAIIUN).

2. DJIeKTPOJIUTHI AUCCOLMUPYIOT He MOJHOCTBIO, a YacTU4YHO. [Ipyu aToM
B pacTBOpe yCTaHaBJIWBaeTCAd AUHaAMHU4YeCKOe paBHOBeCHE MeXy MOHaMU
U HeZVICCOLIMMPOBAHHBIMU MOJIEKY/IaMU:

BAZ2A- + Bt

151 37IeKTPOIUTOB KOHCTAHTA PAaBHOBECHS Ha3bIBAeTCsI KOHCTAHTOM AMiC-
COLIMAIMH, KOTOPYIO MOXXHO BBIPA3UTh Yepe3 KOHIIeHTPaIlU ¥ aKTUBHOCTH:

K, = [A"][B*]/[BA] — yci0BHast KOHCTaHTa JUCCOLHAIINY,

K,,=a, -ag /agy — TepMOAMHAMHUYECKAsA KOHCTaHTAa AUCCOLHUALNU
(a — aKTUBHOCTHU BeleCTB).

AppeHuyc BBeJn MOHATHE cmeneHu duccoyuauuu (0), KOTopas paBHa
OTHOIIIEHUIO YUCJIa AUCCOIMUPOBAHHBIX MOJIEKY/ K 001eMy YHCIY pacTBO-
PEHHBIX MOJIEKYIIL.

Ecwtu o6111asi KOHLIEHTPAIMsA paBHa ¢, a CTeNeHb AUCCOIUAU (L, TO PaB-
HOBeCHbIe KOHIIEHTpAlluU PaBHHI ¢z =cf =c-0; cgy = ¢(1 — o). Toraa xoH-
CTaHTa JVCCOLIMALIMY BhIpA)KaeTCsA COOTHOIIEHUEM

K= (ca)lc-1-0)],
Win
K, = ca2/(1- ).

Ora popmysna ABIAETCA AaHAIUTUYECKHUM BHIpOXKEHHEM 3aKOHa pasBeje-
HHA OCTBAJIBAA, COIVIACHO KOTOPOMY KOHCMAaHma ouccoyuayuu npu nocmo-
SIHHOUl memnepamype He 3agucum om KOHYeHmpayuu pacmeopa. i cia-
OBIX JIEKTPOJIMTOB CTENEeHb AMCCOLMAIIY HACTOMBbKO MaJla, YTO €10 MOXKHO
npeHebpeyb, cief0BaTeNbHO, K; = co2.

JU11 pacTBOPOB /IEKTPOJIMTOB BEIMYMHA OCMOTHYECKOTO JaB/IeHNs, IOHHU-
JKEHHe TeMIIEpaTyphbl 3aMep3aHys, MOBbIIIEHe TeMIepaTypbl KUIeHUA (KoJI-
JIUTaTUBHBIE CBOMCTBA) OINpeJEIAIOTCA CyMMapHOM KOHIEHTpalKeH YacTHI]
(MIOHOB U HEIMICCOLTMMPOBAHHBIX MoJeKy). B 1886 r. /1. Baur-T'odd BBen nonsa-
THE U30TOHUYECKOro KoadduiyenTa i. /11 paCTBOPOB 3/IEKTPOJIUTOB MeeM
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T = icRT, Tpyeq = CRT;

= iKm, AT,

3am.pacy

AT,

3aMm

AT, = iEm, ATKMPWI =Em.

= Km;

OTKy,ZI;ai = 7.I:Haﬁn/ npacq = ATsaM.HaﬁJI/ ATaaM.pacq = ATKHn/ ATKHn.pacq'

V3zoToHmyeckuir koapounuenT i > 1, Hanpumep aua NaCl i = 2, ana
CaCl,i = 3.

C. AppeHmycC 3aHUMAaJICA U3y4YE€HHEM dJIeKTPOIPOBOAHOCTH PacTBOPOB
Y YCTAHOBWI, YTO PACcTBOP TE€X BEIIECTB, Y KOTOPHIX i > 1, ob6yazaeT ayiek-
TPONIPOBOAHOCTBIO, IpUYeM 4YeM OoJblie i, TeM 6oJbllle 3JIeKTPOIPOBOJ-
HOCTb. AppeHHUYC IT0Kasajl, 4YTO CTENEHb AUCCOLMALIMYU JIEKTPOIUTA MOXHO
CBAI3aTh C U30TOHUYECKUM Koaddunuenrom. Eciu o gucconyanuu B pac-
TBOpPE HaxoAwIocb N MOJIEKYJI 3JIeKTPOJINTa U CTENIeHb JUCCOLUALUU €ro
paBHa 0., TO YUCJIO JUCCOLIMMPOBAHHBIX MOJIEKYJ paBHO 0. * N, a 4YMCJIO He-
JVICCOLIMMPOBAHHBIX MoJiekys 6yaeT N — o - N = N(1 — o). B obmiem ciaydae
Ka)klad MOJIeKy/la PaCTBOPEHHOTO BellleCTBa AUCCOLUMPYET Ha V UOHOB,
cjie[oBaTeIbHO, YUCJIO BeexX yacTul] (MOJIeKys M MIOHOB) OyzeT:

NA-o)+v-a-N=NI[1+a(v-1)],

rZie V — 9MCJI0 MOHOB, Ha KOTOPOe JUCCOLMUPYET MOJIEKY/Ia pACTBOPEHHOTO
BellecTBa.

OcMoTHY€eCKOe aBjIeHHe IIPOITOPIIHOHAIBHO YHUCIY YaCTHII, T. €. HabJIio-
JlaeMoe OCMOTHYecKoe JaBieHue (T,,s,) NponopuroHanbHo N[1 + a(v —

- 1)], a pacueTHOE (npacq) nponopuuoHanbHo N. OTcroza:

L= nHa6Jl/npacq = (N[]- + O('(V_ 1)])/N =1+ o(v- 1),
oa=(@{-1)/(v-1).

CreneHb JUCCOLMALMYA MOXeET IPUHUMATh pa3jN4yHble 3Ha4eHUA, OHa
YBeJIMYMBAETCA II0 Mepe yMeHbIIeHUs KOHLIEHTPAaIlul U CTAHOBUTCS paBHOM
eanHMIE B 6eCKOHEYHO pa3baBIeHHOM pacTBOpE, T. €. 0. — 1 mpu ¢ — 0.

[To Appenuycy, B 3aBUCUMOCTHU OT BEJIUYUHBI O 3JTEKTPOIUTHl JENAT-
cs Ha c1abble U CHIbHBIE. DTO eJiIeHHe YCIOBHO. K CUbHbLM 3IEKTPOTH-
TaM OTHOCATCS BellleCTBA, MOJIEKY/Ibl KOTOPBIX IIOJTHOCTBIO AUCCOLUUPYIOT
Ha MOHBI He TOJBKO B pa3baBieHHOM, HO ¥ B KOHIIEHTPUPOBAHHOM pac-
TBOpe (CHIbHbIE KUCJIOTHI, CUIbHbIE OCHOBAHUA U O6O/IbIast 4acTh COJEit).
Cnabvimu Ha3BIBAIOTCS JIEKTPOJIUTHI, Y KOTOPHIX B PACTBOPE AMCCOLIUUPY-
€T TOJIbKO YacTh MOJIeKy/ (cy1abble KUCJIOTHI, cj1abble OCHOBAHUA U HEKOTO-
pule conu — HgCl,, HGCN, 601bIIMHCTBO OPraHUYeCKUX KUCIOT, GEHOJIH,
u3 Heopranudeckux — H,CO3;, HCN). Crenens Aucconaluy He ABIAETCA
XapaKTepUCTUKOW. CHUIbHBIE U cabble 3JIeKTPOJIUTH Pa3jINYaloTCcs Kaye-
CTBEHHO.

3. TpeTbe nosokeHHe He ObUIO CHOPMYIUPOBAHO APPEHUYCOM, HO BHI-
TeKaeT U3 ero pabort. Teopus 3/1eKTPOTUTUYECKOH AUCCOLMALIMY AppeHryca
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HEZOCTAaTOYHO OOBSICHSIa MHOTHE CBOKMCTBA PacTBOPOB 3JIEKTPOJIUTOB, OCO-
6GEeHHO pacTBOPOB T€X BEIIECTB, KOTOPble UMEIOT HOHHOE CTPOEHUE B TBEP-
JIOM COCTOSTHUM (HampuMep, TaJIoreHU/IbI IIeJIOYHBIX METaJLIOB).

He yumnTeIBajsioch Takxe, YTO HAXOAALIMECS B pacTBOpe HOHHBI MOTYT B3a-
MMO/IEHCTBOBATh ¢ 06pa3oBaHUeM CJIOXKHBIX acconuaToB. M3 paboTt Appe-
HUYyCa BBHITEKAJIO, YTO MEX/JYy MOHAMH OTCYTCTBYIOT CHJIBI B3aUMOZAENCTBHUS
(crThI IPUTSKEHUS TTPOTUBOIIOJIOXKHO 3apKEHHBIX HOHOB), T. €. HOHBI Be-
AyT cebs1 KaK MOJIEKYJIbl UieaIbHBIX I'a30B — HAXOAATCS B OeCIIOpA0YHOM,
XaOTUYECKOM JABMXEHHUH. DJIEKTPONPOBOAHOCTh PACTBOPOB 3JIEKTPOJUTOB
ompegensieTcs TpeMs pakTopamu: 1) KOHIIEHTpaLKeil HOHOB; 2) CKOPOCTBIO
WX ABWKEHUS; 3) TeMIlepaTypoul. VI3 TeoOpuu 3/IeKTPOJUTUIECKOHN JUCCO-
nuanyu AppeHuyca cjefyeT, YTO CKOPOCTh JBM)XEHUS HUOHOB SIBJISIETCS Be-
JIMYMHOM NMOCTOSIHHOM, HE3aBUCHUMO OT KOHI[eHTpanuu. COrJIacHO Teopuu
3JIEKTPOJIUTUYECKOM ANCCOLIMAIIUU PACTBOPHI 3JIEKTPOJIUTA IPEACTABIISIOT
co60if MeXaHUYECKYIO CMECh, COCTOSIIYIO U3 3apsDKEHHBIX MOHOB, HEJUCCO-
IIUMPOBAHHBIX MOJIEKYJI M MOJIEKYJ pacTBopuTesisa. Takum o6pa3oMm, He 00b-
SICHSIETCSI OCHOBHAS CYLTHOCTh 3JIEKTPOJTUTUYECKOHN AVCCOITUALIH.

5.3. MpuunHbI N MEXaHN3M INEKTPONUTUYECKON AUCCOLUALIUM

. U. MenzeneeB nucai B «OCHOBax XMMUU», YTO TEOPUS 3TeKTPOJUTU-
YeCKOH JUCCOLUAIIMY UTHOPHPYeT B3aUMOZEMCTBIE YaCTUL, PACTBOPEHHOT'O
BeIl[eCTBA MeXy co00i U ¢ MOJIeKy/laMU PacTBOPUTEJISA. DTOT HEAOCTATOK
ucnpaBui U. A. KabiykoB. OH npuiien K 3aKJI0YeHUI0, YTO B pacTBOpax
JIOJDKHBI TIPUCYTCTBOBATh HE CBOOOJHBIE MOHBI, @ HOHEI C CObBATHON 000-
JIOYKOM M3 MOJIEKYJl PaCTBOPUTEJISI, KOTOPhIE HAa3bIBAIOTCS CONbBaTaMu (T'u-
ZpaThl — IIPU B3aUMOJENCTBUU C BOJOH).

[lepBoii cTazuell aBiaseTca obpa3oBaHUe MPOAYKTA B3aUMOJEUCTBUSA
PacTBOPEHHOr'0 BelleCcTBa U PaCTBOPUTEJSI — IPOIiecC coabBaTaluu (B BO-
JHBIX pacTBOpax — Ipoliecc ruparanuu). MHorue BellecTBa, HapuMep
Heopranuyeckue conu (KCl, NaCl u 1. .), B TBepZIOM COCTOSHUU UMEIOT
MIPUPOAHOE MOHHOE CTpPOeHMe, U KPUCTA/UI B LIEJIOM MOXHO paccMaTpH-
BaTh KaK OJHYy MoJieKysy. Takue BelljecTBa Ha3bIBalOTCs uoHodopamu. [Tpu
VX PacCTBOPEHUHU JUIIOIN BOABI OPUEHTUPYIOTCS BOKPYT IOJOXUTENBHOTO
U OTpUIIATeIbHOI'O MOHOB. Mexy MOHAaMU U AUIOIAMU BOAbI BO3HUKAIOT
CUJIBI B3aUMHOTO NIPUTSKEHUS. B pesysbTaTe CBf3b MeX/Jy MOHAMHU OCJIa-
6eBaeT, IPOUCXOAUT Iepexos, MOHOB U3 KpUCTa/Ia B pacTBop. [Ipu aTom
06pasyroTcs rugpaTUpPOBaHHBIE UOHBI, T. €. MOHbI, XUMUYECKHU CBsI3aHHBIE
¢ MoJsieKy/amu Bogsl (puc. 5.1).

d ¢ Ml e g

O P Y O
Puc. 5.1. UnniocTpauna MexaHn3mMa 3neKTPoNTUYEeCcKoln Anccoynanmm
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AHaJIOTUYHO AMCCOLMHUPYIOT U 3JIEKTPOJIUTHI, MOJIEKY/IBl KOTOPBIX 00-
pa3oBaHBbI 110 TUITY NOJIAPHON KOBaJE€HTHOM CBA3U (IIOJAPHBIE MOJIEKYJIbI).
BOKpyT Ka)KI0M MOJISIPHOM MOJIEKYJIBI BellleCTBa TaKKe OPUEHTUPYIOTCA Y-
TIOJIX BOZIBI, KOTOPBIE CBOMMHU OTPULIATETbHBIMU [10/II0CAMY IPUTATUBAIOTCA
K ITOJIOXKUTEIHHOMY TIOJIFOCY MOJIEKYJIBI, a ITOJI0XKUTeIbHBIMU MOTI0CaMy —
K OTpHUIlaTebHOMY IOJIOCY. B pesysnbraTe 3TOro B3auMoZeNCTBUA CBA3Y-
Iolllee 2JIEKTPOHHOEe 001aKo (3IEKTPOHHAs Mapa) MOJHOCThIO CMellaeTcs
K aToMy C GoJbIIIel 3JIeKTPOOTPHULIATENLHOCTHIO, IIOJIIPHAsA MOJIeKya Iipe-
BpalljaeTcsi B MOHHYIO M 3aTeM JIETKO 06pa3yIoTcsl THAPAaTHPOBAHHbBIE HOHBI.

3akoH KyJsioHa: cuna anekmpuuecko2o NpuUmsiceHUst mexcdy KamuoHamu
U QHUOHAMU 8 KPUCMALIUYeCKOU peutemke 3iekmpoauma o6pamHo nponop-
UUOHAIbHA 0UaNleKmpuUecKoll NoOCMosiHHOlL € gewecmsea (pacmeopumens):

F=q,"qy/ (r2-¢),

20e q;, §, — BeIUUUHBL 3aPS008 UOHOB; I — DABHOBECHOE PACCMOSHUE MY
uoHamu.

Tak KaK pa3JUnYHble pACTBOPUTEN UMEIOT pa3Hble JUITeKTpUYeCcKyUe 110-
CTOSIHHBIE, TO MOXXHO TOBOPUTbH O Pa3IMYHOM JUCCOLMUPYIOIeH cule pac-
TBOPUTEJIEN.

IMpaBwio KaGimykoBa — TomiicoHa: gesiuuuHa ouccoyuupyroujell Cuibl
pacmeopumesnsi NPAIMO NPONOPYUOHANBHA €20 OUINeKMPUUECKOl NOCMOAH-
HOLlL.

[TosTOoMy B pacTBOpHUTESX ¢ 6osbieii € (Boga, xugkuii HF, popmamuz
Y Zp.) 3JIEKTPOJIUTHI JIETKO PAaCHaZialoTcs Ha UOHBL [1o BeIuyuHe Auajiek-
TPUYECKO} NOCTOSIHHOM pas3jnyaloT pacTBOPUTENH ¢ HU3KOU (¢ > 12),
cpeaneii (¢ = 12 + 40) u BbIcOKOH (€ > 40) AU3IEKTPUYECKOMN IIPOHUIIAe-
MOCTBI0. MeXaHU3M 3JIEKTPOJTUTHIECKOH AUCCOLMALMA MOXKHO YIIPOIIeH-
HO IIPeJCTaBUTh CIEeAYIOMUM 06pa3oM: KaKAbli U3 MOHOB, HAXOAALIUXCSA
Ha TIOBEPXHOCTH KPUCTaJUIa 3JeKTPOJIUTA, CO3JAaeT BOKPYT cebs 31eKTpo-
cTaTudeckoe 1ose. I[TosipHble MOJIEKY/IBI PACTBOPHUTEIA, MTONIaZas B Cpeay
JeHACTBUS 3TOTO I0JIs, OPUEHTUPYIOTCsA, 06pa3yss BOKPYT MOHa COJbBAT-
HYI0 000JI0YKy. B pe3ysbTaTe MeXXHOHHAs CBSI3b B KPUCTa/UIe OcaabseTcs
B € pa3 [0 CPaBHEHUIO C B3aUMO/JeNCTBUEM 3apsZoB B IycToTe. TeruioBoe
JBIDKEHHE MOJIEKY/I PACTBOPHUTENS CIIOCOOCTBYET OTPHIBY COJIbBAaTHPOBaH-
HBIX MOHOB JIPYT OT JpyTa, T. €. IPOMCXOJAUT PaCTBOPEHUeE C AMccoluanyeil.
VIMeHHO coJIbBaTalVsi HOHOB MPENATCTBYET 0OpaTHOMY COeJTHEHUIO MOHOB
B MOJIEKYJIBL.

Jlucconanys 3IeKTPOIUTA B PACTBOPE 3aBUCUT He TOJIBKO OT BEJTMYMHBI
AVDJIEKTPUYECKOM TIOCTOSTHHOM CpeZibl, HO Y OT IPUPOJBI XUMHUYECKOTO B3a-
MIMOZEMCTBYSA PacTBOPEHHOr0 BelllecTBa ¢ pacTBopuTeneM. CosbBaTanus
IIPOMCXO/IMT 3a CYET UOH-JUIIONBHOTO B3aUMOZEHCTBUA. BosblIyio posb IpU
3TOM UrpaeT 00pa3oBaHUe JOHOPHO-AKILENTOPHBIX U BOJOPOAHBIX CBA3eH.
Ocob6oe 3HaYeHKEe UMeET yJacTHe B IIpoliecce MPOTOHA. B cBA3M ¢ 3TUM pas-
JIMYAIOT MPOTOHHBIE M alIPOTOHHBIE PAaCTBOpPUTENU. K mepBBIM OTHOCATCA
BOJIa, CIIUPTHI; KO BTOPBIM — OGEH30J1, TOTYOJI, YeThIPEXXJIOPUCTBIN YIIEPOA.
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B 3aBHCHUMOCTH OT PacCTOSIHUs, Ha KOTOPOM J€HCTBYIOT CWIbI, pa3Jjiu-
YarT OMMKHIOK (MEPBUYHYI0) U JaJbHIO (BTOPUYHYIO) COJTbBaTalHIo.
BvKHsAA coMbBaTalMsA COCTOUT B 06pa30BaHUU COJIHBATHOI'O KOMILIEKCA,
B KOTOPOM MOJIEKYJIBI PACTBOPUTEJISI MTPOYHO CBSI3aHBI C HOHOM U IlepeMe-
1jaloTcd BMecTe ¢ HUM (coJbBaTHasA 060ji04uka). JlaabHAS coJbBaTalud Xa-
pPaKTepU3yeTCs 3JIEKTPOCTAaTUYECKUM B3aMMOZAEHCTBIEM 06pa30BaBIIerocs
COJIbBAaTHOT'O KOMIUIEKCA C MOJIEKyJIaMH pacTBoOpuTess. Takum obpas3om,
MPOIIECC COMbBATAlKM MPUBOJAUT K U3MEHEHHUIO CBOMCTB HE TOJBKO HOHOB,
HO ¥l PAaCTBOPUTEIA.

CocTaB COJIbBATHOTO KOMIUIEKCA 3aBHCUT OT MPUPOABI HOHA, OT ero 3a-
psiZia, KOHIIEHTpaI[K1 pacTBOPa, IPHUPO/BI PACTBOPUTENA (AM3IeKTpHUYecKas
MIPOHUIIAEMOCTh) YU XUMUYECKUX CBOMCTB pacTBOpUTENs (CITOCOOHOCTD OT-
JlaBaTh WIX MPUHUMATh POTOH).

5.4. iuccoumnauusn soabl. MoHHOe npousBefeHne BOAbI.
BogopopaHbiit nokasarenb

Boaa siBasieTCA TUNWUYHBIM InIpuMepomM ciaaboro SJIEKTPOJINTA. YacTo
€€ paCCMaTpUBAIOT KaK BEIIECTBO, HE AUCCOLIUMHUPYIOILIEE HA NOHBI; OJHAKO
B AeﬁCTBHTeﬂbHOCTH BO/ZIa B OYE€Hb MAaJIOH CTeIeHU AUCCOIUUDYET:

2H,0 < H;0* + OH-

Bozopozausie noHsl H* o6pasyloT B Bozie MOHBI rufipokconus H;O0+,
HO JJIs1 TIPOCTOTHI O6yZieM rOBOPUTh O BOAOPOAHOM MOHe H*, yTo He oTpa-
3UTCA Ha BBIBOJAX:

H,O <> H* + OH-

1 aTOrO0 Mporiecca KOHCTaHTa AUCCOLMALUN BOABI K 1, = Ay, Aoy~ / 4,0
st pa3baBieHHBIX PacCTBOPOB WJIM AJI1 YHUCTOM BOABI aKTUBHOCTHU MOTYT
OBITh 3aMeHEeHbI KOHIIEHTPAIHUSIMH:

K, = [H+] - [OH-] / [H,0].

[ToCKOJIBKY CTeneHb AUCCOLMALMHU BoAbl ouyeHb Masa (1,8 - 10-9), To KoH-
LIEHTPaLUI0 HeJUCCOLMUPOBAHHBIX MOJIEKYJI MOXKHO NMPUHATH PaBHOH MO-
JIIPHOM KOHIIEHTPaLUU XKUAKOU Bozbl. [ToaTomy npu T = const uMmeeM
[H*] - [OH"] = K, - [H,0] = const.

[TpousBeseHue koHLeHTpauuii noHoB [H+] u [OH-] HaspiBaeTca uoH-
HbM npou3eedeHuem 800bl U SIBJIAETCA IOCTOSSHHOM BEJIMYUHOU IIPH He-
H“3MeHHOMU TeMIeparype; npu 298 K oHo coctasisaer [H*] - [OH-] = K, =
= 10-14,

HoHHoe nnpousBeZieHNe BOAHI Ky, yBEIMYUBAETCS C POCTOM TeMIIepaTyphl,
TaK Kak Juccolpanysa BoApl — dHAOTepMUdeckuil npouecc: Ky, (100 °C) =
=6-10-13,
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KucoTHbIe U 1IeJI0YHBIE CBOMCTBA PACTBOPOB XapaKTEPU3YIOTCS aKTUB-
HOCTAMM @y, Y ;- COOTBETCTBEHHO. [IOCKOJIbKY 3TH BEJIMYUHBI B3aMMOC-
BsI3aHBI, TO /1T XapaKTEPUCTUKU KUCJIIOTHOCTH U IIEJIOYHOCTH pacTBOpa HC-
MOJIb3YeTCsI AKTUBHOCTH BOZOPOAHBIX HOHOB. B KHCIIBIX cpeZiaX aKTUBHOCTh
KaTHMOHOB Boziopoja 6osibllle, YeM B YMCTOM BOZie, B IEJIOYHBIX — MEHb-
me. OOBIYHO TOJMB3YIOTCS HEe CaMOM BEJIMYHMHON G+, @ TAaK HA3BIBAEMBIM
BOZIOPOZHBIM ITOKa3aTesieM. IIoHATHe 0 BOZOPOAHOM ITOKa3aTejle BBeJEeHO
C.-I1. 3epeHcerom (1909 r.), KOTOpPBIH 1107 BOAOPOAHBIM ITOKa3aTeseM I0-
HUMAaJ OTPUIATEIbHbIN AECITUYHBIHN JorapudM MOJSAPHON KOHIIEHTpaI[UU
HMOHOB Boziopoza: pH = -Ig[H*].

B HacTosIee BpeMs: 6000pPOOHbIM NoKa3amesiem Ha3bIBaeTCs BETUYHU-
Ha, XapaKTepU3yIoIasi aKTUBHOCTh BOAOPOAHBIX HOHOB U YUCJIEHHO pPaBHAsI
OTpUIATETBPHOMY JAECATUYHOMY JIOTapudMy 3TOH aKTUBHOCTH:

pH = -lga,;. = -1gc¢y. Yy

J1st pa3baBIeHHBIX PACTBOPOB Yy =1, Mo3TOMY /1 pacdyera pH Takux
PacTBOPOB MOXXHO TI0JIb30BaThCsA KOHUeHTpauuamu: pH = —lgc,,. Hazo
IIOMHUTbD, 4TO pH sBnsAeTcsa sorapudpmudeckoit pyHKIMeH KOHIIEHTpaIuy
HOHOB BOAOpOZA U usMeHeHUe pH Ha eJVHUIly COOTBETCTBYET AeCATUKpPAT-
HOMY U3MEeHEHUIO KOHIIeHTpalluy MOHOB BoZopoja. 3HadyeHue pH < 7 cooT-
BETCTBYeT KUCJIOH cpefie; pH = 7 — HelTpanbHasa cpeja; pH > 7 — mesnoy-
Hada cpeza. C yBeindyeHHMeM TemiepaTypsl pH yMeHbIIaeTcs.

BozopozaHbIil oKasaTenb U3MeHseTcs B pezenax ot —1 g0 19. Benuyu-
HbI pH Hike HynA (oTpuliaTesapHas BeJIMYKWHA) U Bhille 14 BO3MOXKHBI JJIA
pacTBOpoOB, 6oyiee KOHIIEHTPUPOBAHHBIX, 4eM 1 M pacTBOp CHIBHOM KHC-
JIOTHI ¥ CWIBHOTO OCHOBaHMsA. OZHAKO Haubosiee 4acTO BCTPeYarOIUecs
3HayeHuA pH sexar B npegenax oT O Ao 14. B HacTos1lee BpeMs TPyAHO
HalTH OTpac/b HayKU WIW IIPOU3BOJCTBA, B KOTOPOIl He UCIIOJIb30BAINUCh
65l BemunHel pH. Bernunta pH xapakTepu3yeT MPOIEeCCH KU3HeeATe b-
HOCTH KMBOTHBIX U pacTeHUH, KUCJIOTHOCTD 1OYB. BesinunHo pH nosb3y-
I0TCA B TUJPOXUMUU U TUAPOJIOTUH.

5.5. bygepHble pactBopbl

Ha mpakTuhke HepeJKO BO3HHUKaeT HEOOXOAUMOCTb MMETh PacTBOP
C YCTOMYUBHIM BOZOPOJHBIM IIOKa3aTejeM, He U3MEeHSIOUUMCSA CUIbHO
OT TeX WIU IPYTUX BO37eNCTBUH.

BydepHble pacmeopsbl — pacTBOPHI C YCTOMYUBOHN KOHI[EHTpAIMENH BO-
ZIOPOZHBIX UOHOB, T. €. C IOCTOIHHBIM 3HaYeHUeM pH, KOTOpoe ITI0YTH He U3-
MeHseTCs pu pa3baBjeHuu U OYeHb MaJjIo U3MeHsieTcs MpHU Aob6aBieHUuU
HeOOJIBIINX KOJIMYECTB CHJIbHON KHUCIOTHI WM CWIBHOTO OCHOBAaHUS.

K 6ydepHBIM pacTBOpaM OTHOCATCS:

1) pacTBOpHI, O6pa3oBaHHbIE CIAOBIM OCHOBAHHUEM U COJIBIO 3TOTO OC-
HOBaHUA C CWIBHOHM KUC/IOTOH. Hanpumep, amMmuaunblii 6ydep: NH,OH
u NH,CI;
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2) pacTBopbl, 06pa3oBaHHbIE CTA00UM KUCIOTOM U COJBIO 3TOH KHCIO-
TBl C CUJIBHBIM OCHOBaHUeM (TpuMep — aneraTHboi 6ydep: CH;COOH
u CH;COONa).

PaccMOTpUM 151 IpuMepa pacTBOp, cogepKamui caabyro KHUCIOTY
U ee COJIb:

HA — cnabas kucinora, HA < Ht + A-
BA — ee conp, BA & Bt + A-
K,=ay: -a,_ / ayp,
OTKyZa
Ay =K -ayp 7/ a,-.

[IpucyTCTBUE COJH, KOTOpasi AUCCOLMMPYET B CHJIbHOM CTENEHH, Ha-
CTOJIbKO YBEIMYUBAET KOHI[EHTPALIUIO aHUOHOB (A-), YTO AMCCOLMAIIMS Ca-
MO} KHUCJIOTHI ITOABJISETCS MMPAKTUYECKH MOJHOCThIO. PeanuayeTcs MpuH-
nun Jle [llatense — BpayHa (1884 r.): ecau Ha cucmemy, Haxo0AWyOCS
8 ycmotluugom pasHosecuu, 8030elicmeosams U3eHe, U3MeHSSL Kakoe-1ubo
u3 ycaosuii pagHogecus (memnepamypa, 0asieHue, KOHUeHMpPAyus, BHeuHee
3NleKMPOMAZHUMHOe NoJie), Mo 8 cucmeme ycuau8armesk NPoyeccol, HaNpas-
JleHHble 8 CMOPOHY NPOMuB00elicmeus 3mum U3MeHEeHUIM.

[103TOMY B BHIIIECTOAIIEM BhIPQKEHUH aKTUBHOCTh HEAMCCOIIMMPOBAH-
HBIX MOJIEKY/I KUCJIOTBI MOXXKHO 3aMEHUTD O0IIell KOHIIEHTpaIlel KUCIOThI
B pacTBOpeE:

a,+ = K, - [kucinora] / [conb].

JlorapudmMupyeM JaHHOE BBIpQ)XXEHUE:

Iga,;, = 1gK, + lg([xucmnora] / [conb]),

WIN

-lga,;, = -1gK, + lg([comp] / [kucmoral).

B o6o3Hauenusx rae pH = -lgay,,, pK = -1gK, monyyaem
pH = pK + 1g([conb] / [kucnoTal).

VI3 2TOro COOTHOIIEHUA SCHO, YTO BOAOPOJAHBIN IOKa3aTelb 3aBHUCUT
IJIaBHBIM 00pa3oM OT OTHOIIEHUS KOHIIEHTPAIMi COMU U KUCIOTHL. [Ipu
pa3baBieHUM 3TO OTHOIIEHHe He u3MeHseTcsa. [Ipu go6aBieHUU He6OIb-
IIUX KOJIMYECTB CWIBHOU KUCIOTH Wiu 1ienouu pH 6ydepHoro pactsopa
MeHSeTCA He3HAaYyuTeJIbHO. OTO CBA3AHO C TeM, 4TO Aob6aBieHHas KUCIOoTa
WM 1IeJI0Yb PearupyloT COOTBETCTBEHHO C COJbIO WM KUCIOTOU 6ydepHOM
cMecH, HallpuMep:

CH;COONa + HCl = CH;COOH + NaCl
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WIn

NaOH + CH;COOH = CH;COONa + H,0

CooTHoOLIEHHE MEX/Y KOJTUIECTBOM KHUCJIOTHI U COJIU B PACTBOpE U3Me-
HUTCS, HO 3TO NIPUBOJAUT K HEe3HAYUTEJIbHOMY M3MeHeHUI0 pH 1o cpaBHe-
HUIO ¢ HebydepHbIM pacTBopoM. KosmdecTBeHHOM Mepoi 6ydepHoro aei-
CTBUA sBJIsIeTCs OydepHast eMKOCTb.

Bydepras emxocms ompeessieTcsi KOTMYECTBOM IPaMM-3KBUBAJIEHTOB
CWIBHOM KUCJIOTHI WIH Ie/Io4H, ZobaBieHre KOTOPBIX K OJHOMY JUTpPY Oydep-
HOT'O pacTBOpA BhI3bIBaeT u3MeHeHue pH GydepHOro pacTBopa Ha eAMHHUILY.

BydepHble pacTBOpHI UIPAIOT Ba)XHYIO POJIb BO MHOTHX TEXHOJIOTHUYE-
CKUX mporeccaXx. OHU UCIOJIB3YIOTCS, HAPUMED, IIPU HaHEeCEeHUH 3alllUT-
HBIX ITOKPBITHUM, B IPOU3BOJACTBE Kpacuresuel, poTomaTeprasoB U KOXHU.
Kpome Toro, 6ydepHble pacTBOPHI LIMPOKO HCIOIB3YIOTCS B XUMHYECKOM
aHau3e u i KarubpoBky pH-MeTpoB.

MHorue 6uosorudeckie U Apyrue CUCTEMbI 3aBUCAT OT COAEepPKalIUX-
cs1 B HUX OydepHBIX pacTBOPOB, KOTOphIe MOAAEPXXUBAIOT MOCTOSHCTBO
pH. HopmasnbHble 3HaueHusA pH 11 HEKOTOPBIX U3 TAKUX CUCTEM YKa3aHBI
B Tabs. 5.1. Hampumep, pH KpoBU B OpraHu3Me 4ejioBeKa Mo/iep)KUBAETCs
B mpezenax oT 7,35 #o 7,45, HeCMOTpsI Ha TO YTO COAepKaHHe AWOKCHZAA
yriepoza Y, cieZloBaTelbHO, YTOJIbHOMN KUCIOTH B KPOBU MOXXET BapbUPO-
BaTh B IIMPOKUX npezenax. Cogepxauiuiicsi B KpoBu 6ydep npeacrapiseT
coboii cmech dpocdata, rugpokapboHaTa u 6eskoB. Hanune 6e1KoBoro 6y-
depa B cocTaBe cie3 nojzAepxuBaeT ux pH npubIU3UTENTPHO PAaBHBIM 7,4.
B 6aKTepHOJIOrUYeCKUX UCCAEA0BAHUAX AJIA MOAJIepKaHUsA MOCTOSHCTBA
PH KyZBTYypHBIX CpeJi, UCIIOJIb3YEMBIX C LiebI0 BBIpAIIMBAaHUA GaKTepUi,
TOXe TIPUXOJUTCS IPUMEHATDh OydepHble paCTBOPHI.

Tabnuya 5.1
3nauenus pH ana HeKoTOpbIX GMONOTUYECKMX CUCTEM U APYTUX PaCTBOB

Cucrema (pacTBop) pH
KenyzmouHbiii cOk 1,6—1,8
ATneJIbCHOBBIM COK 2,644
CTOJIOBBIH YKCYC 3,0
TomaTHBIH COK 4,3
Moua 4,8—7,5
CoHa 6,35—6,85
Mosoko 6,6—6,9
KpoBb uenoBeka 7,35—7,45
Cre3pl 7,4
Besok KypuHOro sina 8,0
Mopckas Boza 8,0
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5.6. PacTBOpbI CUNBbHBIX IN1EKTPONUTOB

CWIbHBIE 3JIEKTPOJIUTH KAY€CTBEHHO OTIMYAIOTCA OT CIaObIX 3/IEKTPO-
JINTOB.

1. Vi3yyeHue CBOWMCTB CHJIbHBIX 3JIEKTPOJUTOB II0Ka3ajo, 4YTO CUIbHbIE
3JIEKTPOJIUTHL HE TOJIBKO B pa3baBlIeHHBIX pPacTBOPaX, HO U B pacTBOpax
3HAYUTEJbHON KOHIIEHTPAILMU MOJHOCTBIO JUCCOLIMUPYIOT Ha HOHHI, T. €.

= 1 (moctynupoBanu I1. [le6aii, E. I'okkens, I. JIptouc, 1923 r.). Ha ato
YKa3bIBaIOT:

a) OTCYTCTBHE B CIEKTpax KOMOMHAI[MOHHOTO paccesiHUs CBeTa I0JIoC,
OTBEYAIOIIMX HEeIMCCOLIMMPOBAaHHBIM MOJIEKY/IaM;

6) CTporoe BBIITOJHEHNE 3aKOHA [TOCTOSIHCTBA TEIUIOT HEHTPalIU3alyH.

B CHJIBHBIX 3JIEKTPOJIMTAX BC/IEACTBHE MIOTHOM AUCCOLIMALIMY YBeIUIMBa-
€TCs YKCJIO YaCTHI] B eIMHUIE 06beMa U YMEHBIIAeTCsl paCCTOSTHUE MEXAY
HOHAMHU. DTO MPUBOAUT K NMPUTHKEHUIO IIPOTUBOIOIO0XKHO 3apsKEHHBIX
HMOHOB. B pacTBOpax CHJIbHBIX 3JIEKTPOJIMTOB KaXK/bIH HOH OKPYXXE€H CBOEH
HMOHHOU aTMocdepoii. Hammyne HOHHBIX aTMochep CcKa3blBaeTcs Ha pAaje
CBOYCTB CWIBHBIX 3JIEKTPOJIUTOB: CHUXKAETCSA CKOPOCTh ABMXKEHUA HOHOB,
YTO, B CBOIO O4Yepesb, IPUBOAUT K IOHIKEHUIO DJIEKTPOIPOBOAHOCTH.
B KOHIIEHTPHMPOBAHHBIX PACTBOPAX CHUJIBHBIX 3JIEKTPOJUTOB MEXAY 3aps-
J)KEHHBIMU MOHAMU BO3HUKAaeT B3aUMOZEHCTBHE He TOJNBKO 3JIeKTPUYECKO-
ro, HO ¥ XUMHYECKOTO TOpsiZKa. BeieacTBre 3Toro o6pasyoTcs HOHHBIE
accoruatel (IBOMHUKH), KOTOPblE UMEIOT OOIIYIO CONMbBATHYIO (TMAPATYIO)
000J10YKy U IIepeBUraloTCs Kak ogHO Liesioe. Ho acconyar He AB/IAeTCA MO-
JIeKyJoii, moaToMy o = 1. VIoHHBIe ABOMHUKU MOT'YT aCCOLIMMPOBATh CO CBO-
GOZHBIMU MOHAMU, 00pa3ys 3apsHKEHHbIE aCCOLUATHI (TPOMHUKH).

2. B TeopuM CUIBHBIX JIEKTPOJUTOB YUUTHIBAETCA B3aUMOZENCTBHUE
Ka)XJOr0 MOHA CO BCEMHU OCTAJIbHBIMU OKPYXXaIOIIMMH €r0 HOHAMHU OZHOTO
U gpyroro 3Haka. O6pa3oBaHue UOHHBIX aTMocdep U eCTb MIPUHLIUIHNAb-
HO€ OTJINYME CWIbHBIX 3JIEKTPOJIUTOB (pHC. 5.2).

Puc. 5.2. Mopenb noHHoit atmocdepbl no le6ato — lokkento

Honnasa ammocgepa — 3710 cdepa, B KOTOPOH KKK MOH NTperMyIIie-
CTBEHHO OKpPY>Xe€H MOHAaMHU ITPOTHUBOIIOIIO}KHOT'O 3HAKA.
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VonHsle aTMOcdephl IEPeKPHIBAIOTCA, TaK YTO LEHTPaJIbHBINA HOH OAHOM
HOHHOU aTMocdephl BXOAUT B COCTaB MOHHOH aTMocephl APyroro IeH-
TPaJIbHOTO MOHA. B MOHHOH aTMocdepe HET GUKCUPOBAHHBIX MOIOXKEHUH
HOHa, KaK 3TO MMeeT MeCTO B MOHHBIX KpPHUCTaJUIaX, IO3TOMY MOHBI Helpe-
PBIBHO OOMEHHMBAIOTCS MECTAMU JPYT C ApyroM. [IoHATHe HOHHOM aTMocde-
PBI HOCUT CTaTUCTUYECKUM XapaKTep.

CpaBHuM Teopuu AppeHuyca u Jlebas — I'IokKesd. DIE€KTPOIPOBOJ-
HOCTb PaCTBOPOB 3JIEKTPOJIUTOB ONpeZessaeTcs AByMa pakTopaMu: 1) KOH-
LIeHTpaLKel NOHOB; 2) CKOPOCTBIO UX JBHKeHMs. 113 TeOpHH 3/1€eKTPOXUMH-
YecKoH Auccoranuu AppeHuyca (/1 caabbix 31eKTPOIUTOB) CIeAyeT, YTO
CKOPOCTbH ABM)XEHUS NOHOB ABJIAETCA BEJIMYMHOM IIOCTOSHHOM, He 3aBUCA-
meii ot koHeHTpanuu (W = const). Ho creneHs Aucconyaluy He ABIAeTCA
MTOCTOSTHHOM BeJIMYMHOU (O # const), OHa YMeHbIlIaeTcs C POCTOM KOHIIEH-
TpalMM, YTO NMPUBOAUT K YMEHbIIEHUIO 3JIEKTPONPOBOAHOCTHU. ITo Teo-
puu Jle6ast — T'tokkesns (A1 CUIBHBIX 3JIEKTPOJIUTOB), CKOPOCTb 3aBUCUT
oT KoHLleHTpanuu (W # const): ¢ poCTOM KOHIIEHTpPalUH YMEHbIIAaeTcsa
CKOPOCTB /IBVDKEHUS HOHOB, YTO IPUBOAUT K YMEHbIIEHHUIO 3JIEKTPONPOBO/-
HoCTH. [Ipy 3TOM CTeneHb AUCCOLMALIMYI — MTOCTOSIHHAA BeanynHa (o = 1).

PaccMOTPHUM 3JIEKTPOIPOBOAHOCTD CHJIBHBIX 3/IEKTPOIUTOB. Vi3aMeHeHUe
MTOZBMKHOCTH MOHOB C KOHIIEHTpauuei obyciosieHo AByM:a addekramu
(puc. 5.3): anmekTpodopeTriyeckuM (KaTopopeTUYeCKUM) U pesaKCcalioH-
HBIM (3PPEKT aCUMMETPUH).

DnekTpodopeTuyecKuit PejakcalliOHHBIN

addexT apdekT
H O -

<O O -
Con

Puc. 5.3. TopmoxeHne ABMKEHUA PacCMaTPUBAEMOro MOHA

B pacTBOpe Bce MOHBI ABIXKYTCS XaOTUYHO (€C/IM HeT TOKa), IIPU Haso-
YKEHUY BHELIHETo 3JIEKTPUYECKOrO 1101 [oTy4aeM IperMyliecTBeHHOe Ha-
IpaB/leHHEe JBKEHUA. BelnurHa MperuMyIlecTBeHHOTO ABM)XEHHUS HOHOB
K COOTBETCTBYIOIIEMY 3JIEKTPO/Y Ha3bIBAETCS CKOPOCMbIO 08UNEHUS UO-
Hoe.

dnekmpogopemuueckuil agddexm 3akyioyaeTcs B TOM, YTO M0J JeH-
CTBHEM 3JIEKTPUYECKOTO II0JIS1 HOHBI, COCTABJIAIOIINE HOHHYIO aTMocdepy,
caMH TepeMeIaloTcsl B IPOTHUBOIIOIOKHYIO CTOPOHY BMECTe C COJIbBAaTUPY-
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IOIIMMU UX MOJIEKY/IAMU PacTBOPUTEJIA, YTO CO3/AET JOMOTHUTETbHOE TOP-
MOXXEHHeE IepeIBIKEHHUI0 pacCMaTpPUBaeMOro HOHaA.

Penaxcayuonhbwlil agppexkm — 3To HapylleHHe CHMMEeTPUM UOHHOM aT-
Mocdeps! py ABIKEHUU MOHA. VIOH YaCTUYHO BBIXOJUT U3 CBOETO OKPY-
JK€HUsI, HO OHO BOCCO3/IaeTCsl B HOBOM ITOJIOKeHUHM HOHA. CKOpPOCTh, C KO-
TOPO# MPOUCXOAUT BOCCTAHOBJIIEHHE NOHHOM aTMocdepbl B HOBOM MecCTe,
Ha3bIBaeTCsl 8pemMeHeM penakcayuu. VloHHas atMocdepa Bocco3gaercs
He MTHOBeHHO. C/leZIoBaTeIbHO, IIPU ABIKEHUH HOHA C3aZU HEro B KaX-
ZIbIA JAaHHBIN MOMEHT KOHIIEHTPAI[Us NOHOB, HECYIIMX IIPOTHBOIIOJIOXHBIN
3aps/, HECKOJIbKO BBIIIe, YeM BIlepegu Hero. Takasd acMMMeTpUS HOHHOU
aTMocdepbl TOPMO3UT ABIDKEHUE HOHA.

Teopusl CWIBHBIX 3JIEKTPOJIUTOB IT03BOJISIET KOJUYECTBEHHO yYeCThb 3TU
addexThl. PeasbHOCTh HOHHBIX aTMocdep Aoka3aHa addekramu Buna u Jle-
6as. pgexm BuHa AOKa3bIBAET CylleCTBOBaHHE 31eKTpodopeTniecKkoro ad-
dekra. Ecyii IPIWIOKUTH K 3JIEKTPOIUTY OOJNBIIYI0 Pa3HOCTh IIOTEHIIMAIOB
(~100 TBIC. B/CM), TO 37I€KTPOIIPOBOAHOCTD MOBHILIAETCS, TaK KaK IPU 60JIb-
VX HAaNPSDKEHUAX HAa MOHBI IEHCTBYIOT CHJIBI, KOTOPBIE IOCTAaTOYHBI /IS Pa3-
pYyLIeHUA HOHHOU arMocdepbl, T03TOMY HUOHBI ABIKYTCA KakK Obl CBOOOIHO.

dpdpexm /lebas (moKa3aTeIbCTBO pPeNaKCAallMOHHOTO 3¢ ¢deKTa) COCTOUT
B CJIeyIolleM: eCIM HaJIOXKUTh IlepeMeHHOe II0Jie C BBICOKOH 4acTOTOM,
TO BpeMs OJHOTO KojebGaHUs CTAHOBUTCS MeHbIlle BpEMEHHU peslaKcalliy
¥ MOHHAasA aTMocdepa He yclieBaeT U3MEHUTHCA NPU KoebaHUAX MOHA, I10-
3TOMY He IPOUCXOAUT HapyILIeHUs ee CUMMETPUYHOCTH U TOPMOXKeHHe HO-
HOB IaZiaeT. 3TO NIPUBOAUT K YBETMYEHHUIO SJIEKTPOIPOBOAHOCTH.

5.7. MoHATHe 06 aKTMBHOCTAX U KOIPPULIMEHTAX AKTUBHOCTH
B TEOPUN CUNbHbBIX NEKTPONUTOB

B pacTBOpax He3JIeKTPOJUTOB MeX/y MOJIeKy/laMi B OCHOBHOM /JIeHiCTBY-
10T CIbl BaH-lep-Baasibca, KOTOphle Majbl ¥ OBICTPO YOBIBAIOT C yBeIHUYe-
HHEM paccTossHUs (06paTHO IPOMOPIMOHAIBHO MIECTOH cTeneHu). B pac-
TBOPAX JIEKTPOJIUTOB CHJIBI B3aUMO/IEHCTBYS YOBIBAIOT 1O 3aKOHY KysioHa,
o6paTHO MPOMTOPLMOHANIBHO KBaZpaTy pacCTossHusA. [IoaToMy OHU Gosiblile
Y OTKJIOHEHUSI OT W/Iea/IbHBIX PACTBOPOB HAOJIIOAAOTCS MPU IOpa3/i0 MeHb-
IINX KOHIIEHTPAIUAX, YEM ISl paCTBOPOB HeaNeKTpoIuTOB. Takum o6pa-
30M, B TepMOAMHAMHUYECKHUX YPaBHEHUAX AJISI PAaCTBOPOB 3JIEKTPOJIMTOB
yKe IIPU MaJIbIX KOHIIEHTPAIUAX HaJl0 MOJb30BaTbCA HEe KOHIIEHTPAIIUSIMH,
a aKTUBHOCTSMHU. B pacTBope CHJIBHOTO 3JIEKTPOJIMTA MOJIEKYJIA TIOJTHOCTHIO
JYICCOLIMMPYET Ha UOHBI, ¥ TOBOPAT 00 aKTUBHOCTAX HOHOB.

DHepreTUYecKoe COCTOSTHYE BellleCTBa B paCTBOPE CWIBHOTO 3JIEKTPOJIU-
Ta ONMCHIBAETCA YpaBHEHUEM (11 peaJIbHON CHCTEMBI)

W= WUy + RTIna,,

IZie a, — CPeAHss aKTUBHOCTb PACTBOpPA JIEKTPOJIUTA, d. = Y. * C; Uy —
CTaHZAPTHBIA XMMHUYECKUI oTeHIHas (IpY aKTUBHOCTH q; = 1).
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AKTHUBHOCTH OT/IMYAIOTCS OT KOHIIEHTPALUI TOJBKO TeM, YTO B HUX y4H-
THIBAIOTCST CHUIBI B3aMMOZENCTBHA, CyLIeCTBYIOIME B PACTBOPAx U He 3aBU-
CsILMe OT IIPHUPOJBI PACTBOPEHHBIX YACTHIL ¥ X KOHIleHTpauuu. [ToToMy ak-
THBHOCTD IIPEACTAB/IAIOT KaK IPOU3Be/leHHe KOHIIEHTPAllUM Ha HEKOTOPBIH
nepeMeHHbIi GaKTop, Ha3bIBaeMblit KO3QPUIINEeHTOM aKTUBHOCTH:

. =Y € Ay =Yy "M ay =Yy N,

TZie Y, — MOJIIDHBIH, Y,,, — MOJIUIBHBIH, Yy — paljMOHaIbHBIN KO3 duIieH-
Thl aKTUBHOCTH.

KoadduirieHT aKTUBHOCTU BKJIIOYaeT B ceOs1 MONpaBKy Ha CHJIbI B3au-
MOZIEHCTBUA. BEIMMCIUTE aKTUBHOCTh OIIpeZieJIeHHOrO BHZIa UOHOB, a CJie-
JIOBaTeIbHO, U ero Ko3$QULIMEHT aKTUBHOCTH U3 OINBITHBIX JaHHBIX HEBO3-
MOJXHO, TaK KaK ypaBHEHHs, KOTOPble MOXXHO OBLIO OBbI MCIIONIb30BATh IS
HaXO0X/E€HUs aKTUBHOCTEM, COlep)KaT He aKTUBHOCTb KaKOT0-TMO0 OZHOTO
BH/Ia HOHOB, a TIPOU3Be/IeHNe aKTUBHOCTEN BCEX MOHOB JAHHOI'O 3JIEKTPO-
suTa. [Io3ToOMy BBeJIM MMOHATHE O CpeJHel aKTHBHOCTU KaK CpeJjHEM reo-
METPUYECKOM M3 aKTUBHOCTEH MOHOB, COCTABJIAIONUIVX JAHHBIM 371eKTPOJINT.

J1s1 371IeKTPOIUTA, paclaZlalollerocs Ha V., TIOJI0KUTEIbHBIX U V_ OTpULIA-
TEeJIbHBIX MOHOB, CPeZIHSAsA aKTUBHOCTH OyZeT paBHA

a, = (a:*' -av- )1/\"

rmev=v, +v.

Jlnsa 6unapHoro anekTpoauta (Hanpumep, NaCl) a, = (a, - a_)l/2.

[lIo aHanorum Aas cpegHero KoadpduumeHTa aKTHBHOCTU HMeeM
Ve = (O -y

s 6unapHoro anektponuta (NaCl) v, = (v, - y)V2

[1pu 6eckOHEeYHO 6OJBIIOM pa3baBieHUN CHIbl B3AUMOZAEMCTBUA MEXAY
YaCTUI[AMU PAaCTBOPEHHOIO BeIeCTBa CTAHOBATCA 6€CKOHEYHO MaJbIMHU.
B 3THX YCIOBHAX aKTUBHOCTh MOHOB COBIA/IaeT C KOHI[EHTpauuei, a Koad-
GUIMEHT aKTUBHOCTU PaBeH eAMHMUIIE HE3aBUCHMO OT criocoba ero BhIpa-
eHuA. Tak KaK K03¢$UILIMEeHThl aKTUBHOCTH XapaKTepU3yIOT CIIbl B3AMO-
JIeCTBUSA B YCJIOBUAX PaBHOBeCHUs, /IS UX pacyeTa cjefyeT I0J1b30BaTbCs
pe3y/ibTaTaMUi U3MepPEHU, IPOBEIEHHBIX B paCTBOPaX, HaXOAAIIUXCA B CO-
CTOSTHUM PaBHOBECHS. DTOMY YCJIOBHIO OTBEYAIOT AHHBIE TIO OIpeZie/IeHUI0
BEJIMYMH OCMOTHYECKOTO JaBJeHHs, TeEMIIepaTyp KUIleH!s U 3aMep3aHus,
JlaBJIeHUs HachbIIIeHHOro napa U T. II.

5.8. NoHHaa cuna pactBopoB

Vi3yyeHue 3aBUCHUMOCTH BeJIMYUH K03pduIleHTa aKTUBHOCTH, a TaKxKe
aKTUBHOCTEH OT CcOCTaBa pacTBopa Ipuseso I. JIblonca u ero COTpyJHUKOB
K YCTaHOBJIEHUIO Psiia BOXKHBIX SMIIUPUYECKUX 3aKOHOMEPHOCTE! Y IIPABUI:

1) B o6acTy HU3KUX KOHILIEHTpaIuii cpesjHue Ko3pPpuIieHTs aKTUB-
HOCTH 3JIEKTPOJINTA ONPEAESAIOTC BaJIEHTHOCTBIO 0Opa3yloluxcs HOHOB
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U He 3aBUCAT OT JPYTHX CBOHCTB (HampuMep, B 3TUX YCJIOBUAX CpeJHUE KO-
addurments akTuBHOCTH KBr, NaNO; 1 HCl oguHakoBhI);

2) cpeanvie KO3QPUIMEHTH aKTUBHOCTH /JIs1 OYeHb pa3baB/eHHbIX pac-
TBOPOB 3aBUCAT OT OOIIel KOHIIEHTPANH BCeX IPUCYTCTBYIOMIUNX 3JIE€KTPO-
JINTOB M OT MX BAJIEHTHOCTEH, HO HE OT XUMUYECKOU ITPHUPO/BI S/IEKTPOIUTOB.

B cBasu ¢ atuMm I. JIprouc u I1. PeH3/1 BBEIU ITOHATHE UOHHOU CUIbl
pacmeopos (J):

1
J=§Zci -22.

BBUIO yCTaHOBJIEHO TaKXe, YTO B pa30aBiIeHHBIX PacTBOpPax CUJIbHBIX
3JIEKTPOJIUTOB Jlorapudm cpesHero kodpduureHTa aKTUBHOCTH 3J€KTPO-
JIUTA IMHENHO 3aBUCUT OT KBaIpaTHOTO KOPHS U3 UOHHOMW CHJIBL:

lgy. = —hJ12.

OTo ypaBHeHUe BbIpa)kaeT MPaBIWIO HOHHOM CHIBIL: cpedHull kKoadPuyu-
eHm akmuseHocmu J06bLx 31eKMpoUmos 8 pacmeopax ¢ 00UHaAKoB0U UOH-
Holl cunoti o0uHakog (CrpaBeIuBO sl pa3baBIeHHBIX PacTBOPOB IIpH J =
= 0,02 + 0,05).

DJIeKTpocTaTH4eCKask TeOpus pa3baBlIeHHBIX PACTBOPOB CIJIBHBIX JJIE€K-
TpOIUTOB, pa3uTas I1. Jle6aeMm u E. 'toKkkeseM, MO3BOJIAET TEOPETUYECKU
BBIYKMC/IUTD CPEeAHUI KO3PPUIMEHT aKTUBHOCTH, MOJISIPHYIO 3JIEKTPOIIPO-
BOJIHOCTb CHJIbHBIX 3JIEKTPOJIMTOB, a TAaKXKe TEOPETHYEeCKU 000CHOBATH IIpa-
BIWIO MOHHO¥ CIbL. [Ipy 3TOM GBUT CAiesIaH psif, IPeATIoNOoKeHU H, cripaBes-
JIUBBIX JUIs TIpEZIe/IbHO pa3baBIeHHbIX PAaCTBOPOB:

1) eAVHCTBEHHOU MPUYUHOM, BBI3BIBAOIIEl OTKJIOHEHHE CBOMCTB pac-
TBOpA 3JIEKTPOJIUTA OT UAEaJbHOTO PacTBOPA, SABJIAIOTCA 3JIEKTPOCTaTHYe-
CKHie B3aUMOJENCTBUSA MEXY HOHAMU;

2) pa3Mep MOHOB He YYUTHIBAJICS, T. €. paCCMAaTPUBAIU UX Kak be3pas-
MepHbIe TOUEeYHBIE 3aps/Ibl;

3) aseKTpoCcTaTUYECKOe B3aMMOZEHCTBIE MEX/Yy HOHAMU paccMaTpuBa-
JIOCh KaK B3aUMOZEMCTBHE MeXy MOHAMU U MOHHOU aTMocdepoi.

JUtst clIbHO pa36aB/IeHHBIX PACTBOPOB 3JIEKTPOJIUTOB UMEEM

ngt =—A'Z1'22'J1/2,

rae A — KOHCTaHTa, ompezesieMasl TeMIIepaTypol U AU3JIeKTPUYeCcKOn
IIPOHUIIAEMOCTbIO CPeJbl; 2, 25 — 3apsAbl HOHOB.

Ina pa3baBieHHOTO BOZHOro pactBopa € = 78,3 u A = 0,509. 3to
ypaBHeHHE MPUMEHUMO K CWIBHO pa3baBjeHHBIM pacTBopaM (He BBIIIE
0,01—0,05 M) 3/1eKTPOIUTOB M Ha3bIBaeTCs npedenbHbM 3akoHom [Jebas
u I'‘oxkens. TIpy BEIBOZle 3TOT'O ypaBHEHUA BMECTO PeaJbHOrO LIEeHTPaJIbHO-
ro MOHa pacCMaTPUBAJICS TOUYEeYHBIN 3apsz.

Eciu yyecTh pasmep LeHTPaJbHOTO HOHA, TO MOMy4UTcs 6ojiee TOYHOE
ypaBHeHUe (BbIBeZeHO [lebaeM u ''oKKesleM U CIpaBeZIMBO JJIs KOHIIeH-
tpauuii ¢ = 0,1 + 0,5 M):
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1gy. = —(A-2,-2,-J/2) /(1 + d - B-JV/2),

rae d — cpeguuii 3dppeKTHBHBIN AaMeTp NOHOB, HAXOAUTCS U3 OIbITa; B —
Teopetuyeckuil koadpdunuent (B = 0,33 - 108 a1 BOAHBIX paCTBOPOB IIPU
25 °Q).

s 6071ee KOHIIEHTPUPOBAHHBIX PACTBOPOB UCIOJIb3YIOT ypaBHEHUE

18y, = —(A- 2,2, JV/2) /(1 +d - B-J2) + qJ,

rae q — K03GPUIMEeHT, onpeensieMblii 3KCIIEpUMEHTANIbHO, OH YUUTHIBAET
NOJIIPU3ALIMIO AUTIONBHBIX MOJIEKY/T PACTBOPUTEA U I'MpaTHbIe 000I0YKU
VIOHOB.

5.9. CKopocTb ABMKEHNA MOHOB

B oTCcyTCTBHE BHENIHEro 3JIeKTPUYECKOr'o ITOJIsI HOHBI B PacCTBOpE KO-
JIeOII0TCA WK ABMIKYTCA MOCTYNaTeTbHO O6eCcIopsAL0vYHO, TaK KaK BCe Ha-
IpaBJieHUs IlepeMellleHUsI PaBHOBEPOATHHI. [Ipy Ha/lOo)XKeHUU BHEIIHEro
moJis 6ecrnopsAAOYHOCTh 3TOTO ABMKEHUS B OCHOBHOM COXPAHAETCSI, HO OJHO
13 HampapJeHUH CTaHOBUTCA IPEUMYIeCTBEHHBIM — 3TO JBWXKEHUE K CO-
OTBETCTBYIOIIEMY 3JIEKTPOAY.

BenvyuHa npeuMylleCTBEHHOI'O ABXXEHHA UOHA K COOTBETCTBYIOILIEMY
3JIEKTPOAY IIPH HaJIOXKEHUM BHEIIIHETO IT0JIs Ha3bIBAETCA CKOPOCMbIO 08U-
wceHust uoHos W [cm/c].

CKOpPOCTh [ABM)KEHUSA HMOHOB 3aBHUCUT OT HANpPSXKEHHOCTU 3JIeKTpuYe-
CKOTO II0JIfl, T. €. OT I'PaZiueHTa MOTeHIMaNa, KOTOPhI omnpeesseTcs OT-
HomeHnueM E/l, tae E — pa3HOCTh ITOTEHIIUAIIOB MEXKAY 3/eKTpogaMu [B];
[ — paccrosiHue MeXXay HUMH (cM). B cTaHZapTHBIX YCJIOBUSX I'PAZUEHT I10-
TeHI[Uazna paseH 1 B/cm.

CKOpOCTH IBI)KEHHUA NOHOB, OTHECEHHEBIE K eJUHUIIE IPaIleHTa IIOTeHIIU-
ajia, Ha3bIBAIOTCA AOCOMOMHBIMU CKOPOCMAMU 08UXceHUS UOHO8. OO03Ha-
qaroT ux W, u W_. PaamepHocTb abcomoTHO# ckopocTi — [cM/c : B/cM] =
= [em2/(B-0)].

AGCOIOTHBIE CKOPOCTH JBIKEHUS HEBEIMKHU M KOJIEOIIOTCS B UHTEpPBAJIe
0,0004—0,0008 cm2/(B-c). VicKioueHe COCTABISIOT abCOMOTHBIE CKOPO-
CTHU ABIDKEHUS MOHOB BOZOPOAA (TMAPOKCOHMA) U TMAPOKCIIA (Ha MOPAL0K
BHIIIIE):

W+ = 0,00362 cm2/(B-c); W~ = 0,00205 cm2/(B-c).

H-

5.10. Yucna nepenoca

[lepeHOCYHMKAMH TOKa B PAaCTBOPAX JJIEKTPOJUTOB CIY)KAT MOHBI, HO TaK
KaK abCOIOTHasA CKOPOCTh JBIKEHUS aHHOHOB M KaTMOHOB B JaHHOM pac-
TBOpe HEOJMHAKOBA, TO OOJIBIIYIO OJI0 TOKA BCErAa MmepeHocaT 6oiee ObI-
CTpbI€ UOHBI.

107



http://chemistry-chemists.com

Yucna nepeHoca rnoKasbIBarT, KaKada A0JIA JIEKTPHUYIECTBA IIEPEHOCUTCA
HWOHaMHU JaHHOTI'O BHJaA. O6o3HaueHue: t, — YMCJIO IIepeHoca KaTHOHa, t_ —
YHCJIO I€pe€HOCa aHHNOHaA. OHu OIpeAe/sAITCA COOTHOILIEHUAMHU

t+ = W+/(W+ + W_),
t.=W_/(W, + W),

npustomt, +t = 1.

Pazinyue B CKOPOCTAX ABUXKEHUA KaTUOHOB M aHMOHOB NPUBOAUT
K TOMY, YTO OHM IIEPEHOCAT pasHble KOJIMYECTBA 3JIEKTPUYECTBA, HO 3TO
He BJIe4eT 3a cob60i HapyllleHHs 371eKTPOHEUTPaIbHOCTH pacTBOPa, a JIMIIb
M3MeHAeT KOHLIEHTPAIUIO 3JIEKTPOJIMTA Yy KaToAa U aHoza. Yucsia mepeHo-
ca OIpeJesIAI0TCA 10 U3MEHEHUIO KOHIIEHTPALMK 3/IEKTPOINTA B KATOAHOM
Y aHOZJHOM IIPOCTPaHCTBaxX:

Ly = Cay / (Cau + CKaT)’

t_ = Cyar / (CaH + CKaT)'

5.11. IneKTponpoBOAHOCTL PacTBOPOB NEKTPOSIUTOB

dnekmponpoeodHocmuto (L) Ha3BIBAIOT CIIOCOOHOCTH PACTBOPOB JJIEK-
TPOJIUTOB TIPOBOAUTD IEKTPUIECKUI TOK 110/ JE€HCTBHEM BHEIIHETO 3JIeK-
TPUYECKOTO IOJIS. DJIEKTPONIPOBOJHOCT €CTh BeJIMYMHA, OOpaTHas dJIek-
TPUYECKOMY CONPOTHUBJIEHUIO:

L=1/R

EZWHUIIEH 3/IEKTPONIPOBOAHOCTH sABsAeTcs: cuMeHc (Cm), [CM] = [Om-1].

Il ompefeneHNs1 3J1EKTPOIPOBOAHOCTU MOXKET MCII0/Ib30BaThCA KOH-
AYKTOMEeTpHYecKas siuelika — CTEeKJITHHBINA cocyZ 6e3 ZIHa C BYMs JIeKTPO-
JlaM¥ M3BECTHOM IUIomaau (S), MPOYHO YKPEeIUIEHHBIMU Ha pUKCUPOBaH-
HOM PacCTOSTHUM APYT OT Apyra (I). DeKTpo/b! BEITOTHEHB] U3 IUIATUHOBOM
yepHU. f4elKy MOrpyKaloT B pacTBOP 3neKTponuTa. COpoTHUBIEeHNE KOH-
JYKTOMETPUYECKOM TYEHKN U3MEPSIOT IPYU OMOIIY CITelIaJbHOT'O YCTPOi-
CTBa — MOCTHKa YUTCTOHA (puc. 5.4). CKONMb3AUUIN KOHTAKT IepeMela-
€TCsI 110 MPOBOJIOYHOMY COTIPOTHBJIEHHIO ZI0 TeX IOp, MOKa ocumuiorpad
He 3aperucTpUpyeT MUHUMAJIbHBIN CUTHAI. B 3TOM IOJI0)keHMH KOHTaKTa
(Touka X) cONpOTUBJIEHVE STUYelKU OollpeZieeTcss COOTHOMIEHUEM

R, = BX - R,/AX,

rze R, — COIpoTHB/IEHNE peocTara.

[Tocne TOro Kak HalZieHO CONPOTHUBIIEHHUE AYEeUKH, MOKHO BBIYUCIUTD
3JIEKTPONPOBOAHOCTH pacTBopa. OTHomeHue (1/S) npeacrapiseT coboii mo-
CTOSTHHYIO BEJIMYMHY, XapaKTepHYIO s JaHHOU sA4yeliki. OHa HasbIBAeTCA
MMOCTOSIHHOM, WINM KOHCTaHTOM, stuelku (cocyza). [TocrosHHasn cocyza (K)
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Ecmu R = pl/S, rae R — compoTubieHye npoBoganuka (Om); | — anuHa
mpoBoAgHUKA (M); S — IUIOLIA/b MONepevYHoro cedyeHus (m2), To p = RS/,
otkyzaa y, = l/(SR), paamepHocTb [OM-1-M-1] 160 [Om-1-cm-1]. BmecTO 3TO-
ro MOTYT UCHoab30BaThesa [CM-M-1] 6o [Cm-cm1].

Y0envHoil 31ekmponpo8oOHOCMbI0 HA3bIBAIOT 3JIEKTPOIPOBOJHOCTD
cTosibrKa pacTBOpa 3JEKTPOJIUTA AJUHOM 1 CM U IOMEepPEeYHbIM CeYeHUeM
1 cm2.

Ecsin BMecTo oTHoleHus [/S ucmonb3oBaTh BeinunHy K [cM-1] — mo-
CTOSIHHYIO COCy/la, KOTOpas XapaKTepU3yeT FeOMEeTPHIO 3JIEKTPOJA, TO

x = K/R.

DJIeKTPONPOBOJHOCTb PACTBOPOB 3JI€KTPOJUTOB 3aBUCUT OT CKOPOCTHU
ZBIDKEHUA UOHOB, TeMIIEPATyPhl U KOHLIEHTPALlUi NOHOB.

3aBHCHMOCTD yZeJIbHOMH 3JIEKTPOIIPOBOJHOCTH OT CKOPOCTH ABHKeE-
HHUA HOHOB U TeMmeparypsl. [IycTh 37eKTpUYecKUii TOK IPOXOAUT depe3
pPacTBOp JIEKTPOJIUTA, TIOMEIIEHHBIH B CTEKISIHHYIO TPYyOy € IONepeyHbIM
cedeHHeM 1 cM2, Ipy pacCTOSSTHUU MEXJY 3J1eKTPOJUTaMU 1 CM U pa3HOCTHU
noteH1xanoB E (BobT).

ITyctb W_u W, — abCOMIOTHBIE CKOPOCTH ABM>XEHUS KaTUOHOB U aHUO-
HOB, a ¢ — KOHIIEHTpallHs pacTBOpa 3/IeKTPoauTa [Mob/i]. Eciu cTeneHp
JAUCCOLMALINY 3JIEKTPOJINTA paBHA O, TO KOHIIEHTpalysA KaTUOHOB U aHHO-
HOB paBHa 0.c/1000 [monb/cMm3].

[MoacynTaeM KOJIMYECTBO 3/eKTPHUUECTBa, KOTOPOe IIEPEHOCUTCA 4epe3
morepevyHoe ceyeHue TpyOku 3a 1 c. Yepes ceyeHue 1 cM2 KaTHOHOB 3a 3TO
BpewMms Ipoiizier W, ocE/1000 mons, u onu nepeHecyT W, ocEF /1000 kyiio-
HOB dJIeKTpruyecTBa (1 MOJIb IEPEHOCUT KOJUYECTBO 3/IEKTPHUYECTBA, PaB-
Hoe uncry Papazges F = 96 500 Kii/mosb). AHHOHBI B 06paTHOM HarpasJie-
Huu nepeHecyT W_ocEF /1000 Ky/JIOHOB 3/IeKTpUYeCTBa.

Cwia Toka I, T. e. ob1jee KOTMYeCTBO 3/IeKTPUUECTBA, IPOXOAAIIETO Je-
pe3 JaHHoe norepeyHoe cedeHue (1 cM2) pacTBopa B 1 ¢, paBHa cymMe KO-
JINYECTB 3JIEKTPUYECTBA, IEPEHOCUMOr0 HOHAMHU B 060MX HalpaBIeHUAX:

I= (W, + W.)ocEF/1000.

3akoH OMa B pacyeTe Ha eAMHUILY IUIOIIA/Y TI0NIEPEYHOr0 CeYeHUA MOX-
HO 3amucaTh Kak

I=E/p=%E.
Torza
x = acF(W, + W_)/1000. (5.1)

YoenvHas anekmponpo8oOHOCMb NPONOPYUOHAILHA KOHUeHmpayuu pac-
meopa, ckopocmu 08U eHUS. UOHO8 U NePEHOCUMOMY Kan#ObLM UOHOM 3aps10y .
[Tpu noBHBILIIEHUY TeMITepaTyphl Ha OAWH Ipafyc ), Bo3pacTeT Ha 2—2,5 %
3a cyeT IMOHMKEHUS BA3KOCTH pacTBOpA U YMEHbIIEHUs CTelleHU rujpara-
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LMY MOHOB (ITOBHIIIEHUS] CKOPOCTH JABMXeHUA UOHOB). [Ipu NOBHIIIEHUN
JlaBJIeHUA yAelIbHasA 3JIeKTPOIPOBOAHOCTD ITOHWXKAETCA.

3aBUCHUMOCTD yZeTbHOU 3JIEKTPONPOBOAHOCTH OT KOHII€HTpaLuU
3JIEKTPOJINTA. B pa3baBieHHBIX pacTBOpax CJMabbIX U CUIBHBIX 3J€KTPO-
JIUTOB yZleJIbHasl 3JIeKTPOIPOBOAHOCTD C yBeJIM4YeHHeM KOHIIEHTpalluu pac-
TET, HO TIPU HEKOTOPOU JOCTATOYHO BHICOKONW KOHILIEHTPAIMU JOCTUTAET
MakchUMyMa U 3aTteM Iazaet. Ha puc. 5.5 npuBeseHbl TUIIMYHBIE IPUMEDPHI
3TOM 3aBUCUMOCTH. DJIeKTpUYecKasi IPOBOAUMOCTh C/1a60oro 3JeKTPOIUTa
(CH;COOH) 3Ha4MTeIbHO HHXKE COOTBETCTBYIOLIEH BEIUYMHBI /I PACTBO-
pos H,SO, mmm KOH.

A
X H,S0,

KOH

CH,COOH

N

.
>

Cc

Puc. 5.5. U3meHeHue yaenbHOl INEKTPONPOBOAHOCTH SNEKTPONMTOB ¢ KOHLLEHTpauueil

Bo3pacTaHue 37eKTpUu4ecKoi IIPOBOAUMOCTH C POCTOM KOHIIEHTpaluu
B pacTBOpax IPOUCXOAUT BCJIEACTBUE yBeIHMYEeHUS Yucaa MOHOB. OfHAKO
B KOHIIEHTPUPOBAHHBIX PaCTBOPAxX BO3HUKAIOT U Apyrue 3¢deKTsl, IPUBO-
JAIIYMe K YMEHbIIEHHIO 3JIEKTPOIPOBOAHOCTH.

B KOHIIEHTPUPOBAHHBIX PAaCTBOPAaX CUJIBHBIX 3JIEKTPOIUTOB (o0 = 1)
ypaBHeHHe (5.1) npuHUMaeT BUJ

x =KW, + W),

rae k' = F/1000.

C poCTOM KOHLIEHTPALM¥M BO3PaCTAIOT CHJIbI MEXWOHHOT'O B3aMMOZEeN-
CTBWSI, BCJIEZICTBHE Y€T0 MPOUCXOAUT 0Opa3oBaHHe MEeXXHUOHHBIX aCCOIUATOB,
WIM MOHHBIX T1ap, YTO NPUBOJAUT K CHIKEHHUIO CKOPOCTH JBHKEHHA MOHOB
(W, 1 W.) u, cneaoBaTesIbHO, YMEHBILEHHUIO 37IEKTPUYECKOM IIPOBOAUMOCTH.

Tak xak 1a c1abbix anekrponuToB W, + W_ = const, To ypaBHeHHe (5.1)
npuHUMaeT Bug X, = k”co, rae k” = F(W, + W_)/1000. B KOHLIEHTpUPOBaH-
HBIX PACTBOpPax y/ZeJbHasi 3JIEKTPOIPOBOJHOCTD IaZIaeT, TaK KaK YMEeHbIIIaeT-
¢S CTeleHb Aucconyanuy (4eM 60JIblile KOHIIEHTPALIVS, TEM HIDKE ).

5.11.2. MossipHas 3J1eKTpOIPOBOAHOCTh

MouisipHast 37IeKTPONPOBOAHOCTD SABJsieTcs 6oee yA0O0HON BETMYUHOM,
TaK KaK OHa OTHOCHUTCA K 06eMy pacTBOpa, cozepkaiieMy 1 MoJib BelecTBa.
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MonsapHoii anekmponpogodHocmsio (A) Ha3bIBAETCS 3JIEKTPONPOBOA-
HOCTb PacTBOpA, COAepkallero 1 Mojb pacTBOPEHHOTO BelllecTBa U HaXo-
JALIETOCST MEXAY ABYMS NapaJUleIbHBIMU 3JIEKTPOAAMU, PACCTOSTHHE MEXY
KOTOPBIMHU 1 cM.

YaenbHasA ¥ MOJIIPHAs 3JIEKTPOIPOBOJHOCTH B3aUMOCBA3aHbI COOTHOLIIE-
HUeM

A=x/c=%0,

rZie ¢ — KOHI[EHTpAaLUs pacTBOpa, BhIpaKeHHasA B MOJb/AM3; () — pasBe-
JieHre, 06beM pacTBOpa B MIWUTIIMTPAX, cojepKaluii 1 Mob BellecTsa.

Tak KaK pa3aMepHOCTH yAeIbHOH dneKTponpoBogHocTH () [Om1-ecm1],
a KOHIIEHTpalus BbhIpaXeHa B MOJIb/CM3, TO Pa3MEepPHOCTb MOJIADHOM dJI€K-
TponpoBoaHOocTH (A) [OM-1-cM2/Monb].

MosisipHast 3/IeKTPOIIPOBOAHOCTb KaK /ISl CWIBHBIX, TaK U I CITa0bIX SJIeK-
TPOJIUTOB BO3PACTaeT C YBeJIMYeHNEM pasBeJieHu, T. €. C yMeHblIeHHeM KOH-
LEHTpAaIH, ¥ JOCTUTaeT HEKOTOPOTO OIpeZie/leHHOro 3HaueHus (puc. 5.6).

A A

CuibHbBIE
3JIEKTPOJIUTHI

Cnabsle
3JIEKTPOJIUTHI

>
>

o

Puc. 5.6. U3meHeHHe MONAPHOIA 3NeKTPONPOBOAHOCTY ¢ pa3GaBneHnem pacTeopa

OTO OOBACHAETCA TEM, YTO Y CJIa6GBIX SJIEKTPOJUTOB IO Mepe pa3babie-
HUA pacTeT CTelleHb gucconuanuu (o), T. €. yBeJIUIMBAETCA YMCJIO NOHOB;
y CWIBHBIX 3JIEKTPOJIUTOB YBEJIMYMBAETCA PACCTOAHNE MEX/Y MOHAMM, OC-
JIabJIAIOTCS CYUIBI B3BAUMHOTO NIPUTSKEHUA MeXAy HUMU U, CJIeZloBaTeIbHO,
YBEJIMYMBAIOTCA CKOPOCTH ABH)KEHUS MOHOB.

PasBezenue, Ipu KOTOPOM JOCTUTaeTCs MaKCUMaJbHOE 3HaYeHHE MO-
JIIPHOU 3JIEKTPOIIPOBOJHOCTH, YCJIOBHO Ha3blBaeTCsl MOJISIPHOM 3J1€KTPO-
MPOBOAHOCTHIO NPU 6ECKOHEYHOM pa3BefieHuH (A,,).

5.12. MoaBmxHOCTL MOHOB. 3aKoH Konbpaywa

Panee 61O IIOKa3aHo, YTO yAeJIbHaA 3JICKTPOIIPOBOAHOCTD BbhIpAXKA€TCA
COOTHOIIEHHUEM

x = Fea (W, + W_)/1000.
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BeMYuHBL A, ¥ A_HAa3bIBAIOTCSA NOOJBUNCHOCMAMU UOHO8, WIV NOHHBI-
MU 3JIEKTPOIIPOBOAHOCTAMH. [10ABI)XHOCTh HOHOB PaBHa abCOMIOTHOM CKO-
POCTH ABWKEHUs MOHA, YMHO)KeHHOU Ha yucio Papazesa: A, = W, Fui_=
= W_F. Torza

x = co(A, + A_)/1000.
MorssipHast 37IeKTPOIIPOBOAHOCTb PACCYUTHIBaETCA 1o Gpopmyste
A = [co(r, + A)/1000] - 1000/c = au(h, + A.).

OTHeceM 3Ty 3aBUCIMOCTb K 6€CKOHEYHOMY pa3BeZieHUIO (TIpU 3TOM QL =
= 1). [ToryyuM MaTeMaTH4ecKoe BeIpaXeHHe 3akoHa Kosbpayia (3akoH
HE3aBHCHMOCTH JBIKEHUS MOHOB B pa30aBjeHHBIX PACTBOPAX):

Ao = A )0 + Ao

MonsipHas anekmponpogodHocms npu 6ecKOHeUHOM pa3eedeHUU PABHA
cymme nodsuxcHocmell UOHO8.

BenuuuHa A, A1 JaHHOTO 3JIeKTPOJIMTA 3aBUCUT OT IIPUPOZBLI PacTBO-
purtena. OZHAKO IIPU NepexoZe OT OJHOIO PaCTBOPUTEJIA K APYTOMY COXpa-
HSETCS TIOCTOSTHHBIM IIPOU3BEJEHUE: A, * My = COnst, rze 1, — BA3KOCTb
pacTBopuTessi. 3To npasuno Banrsdena — ITucapiesckozo.

[To 5TOMy COOTHOLIEHHIO MOXXHO HAaWTH NMOJABWXXHOCTHU MHOIMX MOHOB
B HEBOZHBIX cpefax. [IpaBwiIo NIpUMEHMMO B Te€X CJIydasX, KOIrZa IpH 1epe-
XoZle OT OZHOT'0 PaCTBOPHUTEIA K JPYrOMy He U3MEHAETCs XapaKTep COlIbBa-
Taly NOHOB.

5.13. BbluMcnieHure cTeneHn AUCCOLMALIMN U KOHCTAHTbI ANCCOLMALIMM
yepes 3NeKTPonpoBOAHOCTb. K03 puLMeHT 3neKTponpoBoAHOCTH

PaccMOTpuM c1abble U CHIbHBIE 3JIEKTPOJIUTHL.
1. Crabble 31eKTPOIUTHI.
MorssipHas 31IeKTpOIIPOBOAHOCTD IIPH OIpejesieHHOM pasBeseHu (V):

Ay = oy Ay + Ay (5.2)
MorssipHast 371eKTPOIIPOBOAHOCTD /11 6ECKOHEYHOTO pa3BeJeHHs:
A = Ol [(A)) e + (A ] (5.3)
Pasgenum (5.2) Ha (5.3):
M/ A = O(Ay + A) /{0, [(A) o, + (A1) 5.4)

B cy1abBIX 3IEKTPOIUTAX CTENeHb JUCCOLMALMY TPY 6€CKOHEYHOM pa3-
BeJIeHUHU (L, = 1, @ HOHBI JBWXKYTCA C IOCTOSTHHOM CKOPOCTBIO HE3aBUCHMO
OT UX KOHIIEHTPaLUH, TI03TOMY
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(}\‘+ + }"_)V = ()V-{-)oo + ()V—)oo;
OTKyZa
oy = Ay/Ae -

CmeneHb duccoyuayuu eCTb OTHOIIEHHE MOJISIPHOM 3JIEKTPOIIPOBOAHO-
CTH IIPU JAHHOM pa3BeZIeHUH K MOJIIPHOM 3JIEKTPOIIPOBOAHOCTH MPH Gec-
KOHEYHOM pa3BeeHUH.

3akoH pa3BezieHus OcTBajbJa i1 GUHAPHOTO 3JIEKTPOJIUTA:

K, =0o2c/(1-a);
TaK KaK Oy = Ay/Aq, TO K; =A% -c/[A2(1-Ay /L)), win
K;=A%-c/[A(he. —Ay)]

[ToryyeHHOe BHIpaXKe€HHe 3aKOHa pa3BeZeHuA OcTBajlbZa AaeT BO3MOX-
HOCTb CBA3aTh KOHCTAHTY AMCCOLMALIMY C 3JIEKTPOIIPOBOAHOCTHIO.

2. CWIbHBIE 3JIEKTPOJIUTHI.

Tak Kak JJ1 CWIbHBIX dJIEKTPOJIUTOB Oy = 1 U O, = 1, TO BEIpaXXeHUE
(5.4) npeobpa3syeTcs K BULY

f}» = }\'V/)\'oo = (}\'+ + )\-_)V/()\'-f- + }\'_)oo’

rze f;, — ko3bUIMEHT 3IEKTPONPOBOJHOCTH, XapaKTePU3YeT CTelleHb Me-
’KUOHHOTO B3aMMOZEHUCTBUS.

Koagdduuyuenmom anekmponpo8oOHOCMU IS CHIBHBIX 3JIEKTPOJIUTOB
Ha3bIBaeTCsI OTHOLIIEHHE MOJIIPHOM 3JIEKTPOIIPOBOAHOCTH IIPU JaHHOM pas-
BeZIEHUU K MOJISIPHOH 3JIEKTPOIIPOBOAHOCTH ITPH OECKOHEYHOM pa3BeJeHUH.

[Ipu faHHOM pa3BeJeHUM CyMMa IMOABHXXHOCTEH MOHOB MEHbIIE, YeM
pu 6ECKOHEYHOM pa3BeZIeHUH, TaK KaK B [TOCJAEJHEM CIy4ae HET MOHHBIX
armocoep, T. e. fi < 1.

5.14. KonpyktomeTtpus.
KonpyktomeTpuyeckoe TUTpOBaHue

Kondykmomempus — MeToZ, onpeziesieHusl Pa3JINdHbIX GU3UKO-XUMU-
YeCKUX BeJIMYMH, OCHOBAHHBIM Ha U3MepPEeHUU dJIEKTPOIIPOBOJHOCTH.

1. MeTozA KOHAYKTOMETPHH MO3BOJIAET ONpesieIUTh paCTBOPUMOCTD Ma-
JIOPACTBOPUMBIX COJIEH:

x = ca (A, + A_)/000.

Tak Kak pacTBOPUMOCTb MaJIa, TO paCTBOp OYeHb pa3baBjIeHHbIH, II03TO-
My 0. = 1, CKOPOCTb ABWXXEHUS UOHOB IIpeZieIbHas:

Ay A=A, + (A, = A,
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Torzma % = ¢ - A,,/1000, oTKyza
c =y -1000/A,

rae A, — MOJISIpHAs 3JIEKTPOIPOBOJHOCTD i1 O€CKOHEYHO pa3baBeHHBIX
pacTBopoB (IIpHMBeZ€eHa B CIIPaBOYHHUKAX); ) — YAeJIbHAasA 3JIEKTPOIPOBOJ-
HOCTbD 3JIEKTPOJIUTA.

Ha mpakTuke A omnpezeseHrs paCTBOPUMOCTU TPYAHOPACTBOPUMBIX
coseii B BoZie CHa4Yasia U3MePSIOT JIEKTPOIIPOBOJHOCTh YHUCTOM BOJBI, a 3a-
TEM 3JIEKTPOIIPOBOAHOCTb HACHILIEHHOTO pacTBopa cond. IIycTh yzaenbHas
37IEKTPOIPOBOAHOCTD BOABI PABHA X0, @ YAEJbHAS 3JIEKTPONPOBOAHOCTD
HaChIILIEHHOTO PaCTBOPA BeleCTBA AB PaBHA Ypycrpop: C/IEAOBATENBHO, JIEK-
TPOIPOBOAHOCTD BelecTBa AB Gyzer:

XaB = Xpacmop ~ Xsoma-

2. Haunbosbllee MpaKTUYECKOE 3HAYEHNE UMEET KOHAYKTOMETPUYECKoe
TUTPOBAHME, MMO3BOJIAIOLIEe ONPeJeIUTh KOHIIEHTPALMIO BelllecTBa B pac-
TBOpE IIyTeM U3MepeHUs JIeKTPOINPOBOAHOCTU IIPU TUTPOBAHUHU. MeToz
0COOeHHO yZI00eH P aHAJM3€e MYTHBIX WIH CHIBHO OKpalleHHBIX pacTBO-
POB, KOT/ZIa HeJIb3s UCIIOIb30BaTh OOBIYHBIE UHANKATOPH. DTOT METO/, JaeT
6oJiee BHICOKYIO TOYHOCT.

A. TuTpoBaHME CHWIBHOU KUCJIOTHI CWIBHOM 1eoublio (puc. 5.7).

Xl\

>
>

VNaon> MII

Je----

T

Puc. 5.7. KpuBas KOHAYKTOMETPUYECKOTrO TUTPOBAHMUA CUIbHOI KUCNOTbI CUNIbHBIM 0CHOBaHUEM

Hanuiem peakijyioo B MIOHHOM BU/JE:
H* + ClI- + Na* + OH-— Na* + Cl- + H,0

DJIEKTPOIIPOBOAHOCTD 3aBUCUT OT KOHIIEHTPALIMA MOHOB U IIOABWXXHOCTH
(B obuiem ciryyae). Jlo mpubaBieHUs IeI0YH 3/1eKTPOIIPOBOAHOCTD OIpese-
JIsIach MOABMXKHOCTBHIO MOHOB Ht u Cl-. Jlo Touku sKkBUBajeHTHOCTH (TO)
IIPOMCXOAUT 3aMeHa MOABKHOTO HoHa Ht Ha MeHee moABW>XHBIN HOH Na*
(371eKTPONIPOBOAHOCTD NAZIAeT 3a CYET YMEHbIIEeHU NMOABKHOCTH). B Mo-

115



http://chemistry-chemists.com

MEHT IOJHON HeMTpanau3aluu B pacTBOpE OCTAIOTCA TOJbKO MOHBI Na+
u Cl-.

[Tocsie TOYKM S3KBUBaJEHTHOCTU HaYMHAETCS NIOABEM 3JIEKTPOIIPOBOAHO-
CTH, TaK KaK B pacTBope OyzeT HapacTaTh KOHIleHTpauus noHoB Na+ u OH-.
OaHako Bo3pacTaHue OyzeT 6oJee MOJIOrUM, TaK KaK MOABIXHOCTb UOHA
OH- nouTu B 2 pasa MeHbllie IOABUXXHOCTU MOHA BOAOPOZA.

B. TurpoBaHue c1aboii KUCIOTH CHJILHOH HIesioubio (puc. 5.8).

xl\

1

1

:

I

& >
T3 VNaon» M

Puc. 5.8. KpuBas KOHAYKTOMETPUYECKOro TUTPOBaHUA (Naboii KNCNOTbI CUAbHBIM 0CHOBaHHEM
VimeeM peakuuio

CH,COOH + NaOH — CH;COONa + H,0

Ecnu xuciora cnabas, TO 371€KTPONPOBOAHOCTh MCXOAHOIO pacTBoOpa
Majia, Tak Kak noHoB H* Mayo. [To mepe no6aBieHUs pacTBOpa CHJIBHOTO
OCHOBAHUS 3JIEKTPONPOBOJHOCTD YBEIUYMUBAETCA HU3-3a HAKOIUIEHVS NOHOB
COJIY, TaK KakK COJIb JUCCOLMUPYET MOJHOCTBIO. [Tociie JOoCTIKEHN TOUKH
SKBUBAJIEHTHOCTU 3JIEKTPONPOBOAHOCTD PacTeT 3a CYET yBeIUYEeHHs KOH-
neHTpauuy HoHOB Na+t u noHOB OH- ¢ BEICOKOM ITOABUKHOCTBIO.

B. TutpoBanue cMecu KUcIoT (puc. 5.9)

XA
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T3, T3, VNaon» M

Puc. 5.9. KpuBas KOHAYKTOMETPUYECKOTO TATPOBAHUA CMeCH CUNIbHOI U cnaboil Kucnor
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[Ipu TUTPOBAHUHU CMECH CHIBHOHN M CI1a00¥ KUCIOT CHWIBHBIM OCHOBA-
HUEM B TIEPBYIO O4Yepe/ib OTTUTPOBHIBAETCSA CHIbHAs KUCJIOTA, TaK KaK JUC-
conpanus caboi KUCIOTH MoZaBieHa MPUCYTCTBUEM CHWIbHOMU. [Ipu Jajib-
HelileM npubaBIeHUuH IIeJI0YH IPOHUCXOAUT TUTPOBaHUE C1a60i KUCIOTHI.
KpuBasi TUTPOBAHUSA UMeET JBa M3/I0Ma, COOTBETCTBYIOUIUX JBYM TOYKaM
SKBUBAJIEHTHOCTHU: TTepBas MOKa3bIBaeT 00beM IEJI0YH, MOIIeAIIel Ha TH-
TPOBaHUE CWIBHOM KHUCJIOTHI, a BTOpas aeT 001U 06beM IeI0uHr, U3pac-
XOJOBaHHBIM Ha TUTpOBaHUe 06erx KUCIOT.CilelyeT yYUTHIBATh, YTO B X0OZ€
TUTPOBAHUS UCXOAHBIN 06bEM JOKEH OCTABAThCA MPAKTHYECKH MOCTOSTH-
HBIM. JIJIS1 TTOJTyYeHUs IPSAMBIX JIMHUM He0OX0ANMMO, YTOOkl 06beM IIpubaB-
JIIEMOT'0 TUTPAHTa B SKBHUBAJIEHTHOM TOYKEe He IpeBHIIIan 2 % OT aHaJIu-
3upyeMoro o6bema. OTO AOCTUTAETC pa3baBIeHUEM HCXOAHOTO pacTBopa
B 15—20 pa3, 1160 KOHIeHTpallisi TUTPAHTa JOJPKHA OBITh Ha MOPAL0K
BhIIIIE KOHIIEHTPAIIMK aHAJM3UPYEMOT'O PacTBOpa.

lMpumepsbl pewuenus 3apay

3azaya 1. YaenpHas snekTpornpoBogHocTh 0,1 M pacTBopa yKCyCHOU
KUCIOTHI paBHa 4,79 - 10-2 CMm/M. PaccunTaiiTe MOJISIPHYIO 3JIEKTPOIPOBO/I-
HOCThb pacTBOpa, KOHCTaHTy AUCCOLMAIMU KUCJIOTH U pH pacTtBopa, eciu
npezenbHble noaswxHOocTH HY m CH;COO- paBHBI 349,8 CM-cM2/MoOJb
1 40,9 CM-cM2/MOJIb COOTBETCTBEHHO.

Pewenue. OnpegesnsieM MOJISIPHYIO 3JIEKTPOIIPOBOJHOCTDL PacTBOpa:

X 479102
103¢  10%.0,1

=4,79 - 10-4 CM-M2/MOJIb.

PaccuuTeiBaeM CTelneHb AUCCOLMALMM KaK OTHOLIEHHEe MOJIAPHOM 3/IeK-
TPOIPOBOAHOCTH K MOJIIPHOH 3JIEKTPOIIPOBOAHOCTH TP 6€CKOHEYHOM pa3-
BeJIeHUU:

A
M. q0=_90 0 =
o= 20’ A 7\'H+ + xcngcoof

= (349,8 + 40,9) - 104 = 390,7 - 104 Cm-M2/MOJIb;
.10-4
a=n72 107 ¢ 5103,
390,7-10~4

OmpezensgeM KOHCTAHTY JUCCOIIUAIINM 10 3aKOHY OcCTBajb/a U paccyu-
TeiBaeM pH pacrBopa:
K= 02C 0,0123%2.0,1
1-ao 1-0,0123

=1,52 - 10°5;

[H*t] =o-c=0,0123-0,1 = 1,23 - 103 Mosb/;
pH = -Ig[H*] = -1g(1,23 - 10-3) = 2,91.
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3agaua 2. Vcronb3ys nepBoe npubnmxeHue Teopuu Jle6as — I'lokkesnd,
paccuuTaiite K03$OUIMEeHTh aKTUBHOCTH HOHOB Fe3+, NO; u cpesHui HOH-
HbIH Ko3ddunment aktuBHOocTH B 0,001 M pactBope Fe(NO3); mpu 25 °C.
Pewenue. 3anuiieM ypaBHeHHe MIpoliecca AUCCOLUALMN:

Fe(NO;); — Fe3+ + 3NO3
HaiizeM KOHLIEHTpalli HIOHOB B pacTBOpe:
[Fe3+] = [Fe(NO3)5] = 0,001 monb/m,
[NO5;] = 3[Fe(NO;);] = 3 - 0,001 = 0,003 mosb/J1.

HonHada cuia pacTBopa:

J==3 cz? :%([Fe3+]-32 +[NO31-12) =%(o,001-32 +0,003-12) =0,006.

1
2
Ilo ypaBHeHuto Jle6as — I'tokkens

lgy = -Az,2,J1/2;
Igy[Fe3+] = -0,509 - 32 - /0,006 = —0,35; y[Fe3+] = 0,44;
1gy[NO;3] = -0,509-12 - \/0,006 = —0,039; Y[NO3] = 0,91;

Igy. = -0,509 - 3-1-./0,006 = -0,12;y, = 0,76.

3apaumn Ana caMoCToATeNIbHOIO peLueHus

1. PaccyuTaiiTe yAenbHYIO 3J1€KTPOINPOBOJHOCTh abCOMIOTHO YHCTOM
Bozbl pu 25 °C. FloHHOe npousBezieHue Bozbl Ipu 25 °C pasHo 1,00 - 10-14.

2. MosifipHasi 3J€KTPONPOBOJHOCTh OECKOHEYHO pa3baBleHHBIX pac-
tBOpoB NaBr, NaNO; u AgNO; npu 25 °C paBHa cooTBeTcTBeHHO 126,0,
121,5 u 133,3 Cm-M2/Mosb. KakoBa MoJIsspHast 3/€KTPOIPOBOAHOCTD Oec-
KOHEYHO pa3bapyieHHOro pactsopa AgBr npu 25 °C?

3. YaenbHas anekTponpoBogHocTh 0,05 M pacTBopa a30THUCTOM KUCIIO-
ThI ipu 25 °C paBHa 0,175 Cm/M. PaccuuTaliTe MOISPHYIO 3JI€eKTPOIIPOBO/-
HOCTb pacTBOpa, KOHCTAHTY AYCCOLMAMK KUCIOTH U pH pacTBoOpa.

4. KoHCTaHTa AWUCCOIMALIMU XJIOPYKCYCHOM KUCIOTH npu 25 °C paBHa
1,36 - 10-3. PaccyuTaiiTe KOHI[EHTPAIUIO KHUCJIOTHI, IIPU KOTOPOI CcTerneHb
auccoumranuu pasHa 0,05, ¥ MOJIPHYIO 2JIEKTPOIIPOBOAHOCTD pacTBOpa Ipu
3TOM KOHLIEHTPaLUH.

5. MosispHas 37eKTPOIPOBOJHOCTh BOAHOTO PacTBOpA CHJIBHOI'O 3JIEK-
tTposuta npu 25 °C paBHa 143,1 CM'cM2/MOJIb IPU KOHLIEHTPALUU 5 X
X 10-3 mosb/n1 u 138,2 CM-cM2/Mob TTpU KOHIleHTpauu#u 1,5 - 10-2 Mosb/J1.
KakoBa MossipHast 3JIeKTPOIIPOBOAHOCTb PAaCTBOpA NMpH 6eCKOHEeYHOM pas-
6aBieHUM?
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6. Paccunraiite uyncio nepeHoca H* B pactBope HNO; ¢ KoHLIeHTpanuen
2 - 10-3 mosnb/n1. KakoBo 6yzeT ymciio nepeHoca H+, eciii K 3ToMy pacTBOpy
Ao6aButh NaNO; 110 koHIleHTpauuu 1,0 Mosib/n?

7. PaccunTaiiTe CKOpOCTb JBIXeHUA MoHa K+ B pa3baBieHHOM BOJHOM
pactBope 1pu 25 °C, ecid pa3HOCTh NoTeHIInanoB 50 B mpriokeHa K 371ek-
TpOZaM, HaXOAIMMCA Ha PaCCTOSHUU 2 CM ZpYT OT Apyra.

8. PaccuuraliTe aKkTUBHOCTb 3JIEKTPOJIMTA a Y CPEJHIOI0 MOHHYIO aKTUB-
HOCTb a, B pacTBope, cogepxaieM 2 Moiab/Kr Ca(NOs),, npu 25 °C, ecnn
Y. = 0,347.

9. PaccyuTaiiTe MOHHYIO CUIy pacTBopa, cogepxaimiero 0,20 Mojb/Kr
NaCl u 0,10 monb/kr BaCl,.

10. Vcnonb3ys nepBoe npubmmkenue teopuu Jebas — I'Iokkess, pac-
cunTaiite K03pPHUIIMEHTH aKTUBHOCTH HOHOB Al3+, NO3 1 cpeiHMIT MOHHBIHM
koa¢pdunueHT akTuBHOCTU B 0,001 M pactBope Al(NO3)5 pu 25 °C.
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[naBa 6
NEKTPOAHDIE NPOLECCHI
U INEKTPOABUXYLLUUE CUJDI

DJIEKTPOZHbIE TIPOLIECCH COCTOAT U3 JIByX I'PYIII IIPOLIECCOB, TECHO CBA-
3aHHBIX JPYT C IPYTOM:

1) mpoiecchl BOSHUKHOBEHUS PAa3HOCTH NOTEHIINATIOB MeXAy JIeKTpPO-
JlaMH U, CJIeZIoBaTeNbHO, dJIEKTPUYECKOr0 TOKA B pe3yJbTaTe NPOTeKaHUsd
XUMHYECKUX PeaKIIHii;

2) obpaTHble UM COBepLIAOIIUECS IPU JEKTPOIN3e XMMUYeCKHe Ipo-
L[ECCBI, KOTOPBIE BBHI3BIBAIOTCS MPOIyCKAHHEM 3JIEKTPUYECKOT'O TOKa yepe3
pacTBOP 3JIEKTPOJIUTA WIN PACIUIaB.

Ba)XHOCTb 3/IEKTPOAHBIX IIPOLIECCOB 3aKJII0YAETCA B CIeAYIOLIEeM.

1. DNeKTpOAHbIE IPOIECCHl — MUCTOYHHUK 3JIEKTPUYECKOro TOKa, pa3pa-
60TKa mpobyieMBl TOIUIMBHOTO 3jieMeHTa (3/IeKTPOMOOWIb: XUMHYecKas
SHEeprus HEMOCPEACTBEHHO NPEBPALIAETCsA B 3JIEKTPUYECKYIO).

2. [Ipu U3y4eHUHU 3TUX IIPOLECCOB MOXHO CO3/IaTh YCIOBUS, IIpaKTH4de-
CK{ OTBEYAIOI[{i€ COCTOSTHUIO PABHOBECHS, M HA 3TOM OCHOBE ONpeZeIUTh
OCHOBHBIE TepMOANHAMUYECKHe GYHKIINU:

AGQ =—2FED,

rae z — 3apsag uoHa; F — gucio ®apages; EO — crangaprHas J/IC raibsa-
HHUYECKOI'0 3JIeMeHTa;

AS9 = zF -dE° / dT;
AHQ = AGQ +T-ASQ.

3. V3yyeHue 3/1eKTPOXUMUYECKUX IIPOLIeCCOB I03BOJIAET HA OCHOBE MU3-
Mepenusi D/IC BbISICHUTH TPUYMHBI KOPPO3UHM META/UIOB U HAWTU CIIOCOOBI
ee ycrpaHenus. Jlo 15 % meTasuia, J0ObIBaeMOro eXXeJHEBHO, TepAeTCS
3a CYET KOPPO3UH.

6.1. lanbBaHMuYecKuit 3neMeHT

TanseanHuvecKkum 3neMeHmoM Ha3bIBaeTCs J0060e yCTPOMCTBO, B KO-
TOPOM SHEPIus XMMHYECKOU peaKIIMy HEIOCPeACTBEHHO IpeBpalaeTCs
B DJIEKTPUYECKYI0. B KaXX/I0M rabBaHUYeCKOM JJIEMEHTe IIPOTEeKaeT OKUC-
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JINTEJIbHO-BOCCTAHOBUTENbHAA peakuud. [Ipyu 3TOM Ha OTpULIaTETbHOM
3JIeKTpO/ie IPOUCXOAUT MPOLIeCC OKUCIeHN, a Ha MOJI0XKUTEeIbHOM — BOC-
cTaHoBJeHHe. OmpuuamensHbLM CIUTAETCA 3IeKTPO/, TIOChUIAIONINHI 3JIeK-
TPOHBI BO BHEITHIOIO LIEITh; NONOMUMENbHbIM — IIPUHUMAIOIINI 3JIEKTPO-
HBI U3 BHETHe Ielu.

Kaxxapiii ranbBaHN4eCKUN 3/IeMEHT COCTOUT U3 ZIByX ITOJIy3JIEMEHTOB, CO-
Jlep>KallliX COOTBETCTBYIOMIMI 3/IeKTpo/,. DjleMeHT Ha3blBaeTCs NPABUWIbHO
PA30MKHYmMbLM, €CI Ha KOHIax (IoJrocax) HaXOAUTCS OAUH U TOT JKe Me-
TaJUIMYeCKUH MPoBOAHUK (06b14HO Cu).

Anexmpodsuncyweil cunoii (3/1C) Ha3bIBaeTCs1 pa3HOCTD IMOTEHINAJIOB
Ha MOJIIOCAaX NMPaBUJIbHO Pa3OMKHYTOro syneMeHTa. J/IC rajbBaHUYECKO-
ro 3jJleMeHTa paccMaTpUBaeTcs KaKk CyMMa CKa4KOB IIOTeHIIMajga Ha BCex
rpaHuLax paszena ¢a3 paBHOBECHOM 37IeKTPOXMMUYECKOU CUCTEMBI. JIis
raJjbBaHU4YECKUX 3JIEMEHTOB XapaKTepHBI TPU OCHOBHBIX CKayKa MOTEHIIM-
asa (pa3HOCTH MOTEHIIUAJIOB): HA IPaHUIIAX pa3jesa «MeTajUl — PacTBOpP»,
«pacTBOpP — PacTBOP», «METaUT — MeTasUl».

PaccMoTpuM B KayecTBe IpUMepa raJbBaHUYECKOI'O 3JIEMEHTa dJIEMEHT
Axobu — Jauwuana (puc. 6.1).

DJIeKTPUYECKUI TOK .
CoJieBON MOCTHK

Zn - Cu

znso, ~ |1  cuso,

Puc. 6.1. InemenT AKo6u — [lauuana

Kax/plii U3 MEeTaJUIOB MOXXET BBIIEJIATH B PACTBOP TO KOJIMYECTBO HOHOB,
KOTOpOe OTBeYaeT PaBHOBECUIO ero ¢ pacTBOpoM. LluHk obiazaer Gosee
BBICOKOM CITIOCOGHOCTBIO BHIAESATH HOHBI B PACTBOP, YEM MeZb, U IO3TOMY
npurobpeTaet 6oJiee BEICOKHI OTPULIATEbHBIN 3apsz. L[UHKOBas IUTaCTUHKA
pacTBopsieTcs (IpoIecc OKUC/IEHU):

Zn — Zn2+ + 2e-
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Ha megHO# mutacTUHKe pa3psrkaioTcesd MOoHBI Cu?+ U BbIEAETCA MeTall-
Ju4eckas MeZb (BOCCTaHOBJIEHUE):

Cu2+ + 2e-— Cu
CyMMapHas OKUCIUTENIbHO-BOCCTAHOBUTEIbHAA peaKIMA:
Zn + CuSO, = ZnSO, + Cu
WA
Zn + Cu2+ = Zn2+ + Cu

OG6BIYHO MPUHATO 3aMMKUCHIBATh ENH TaK, YTOOBI OTPUIATENbHBIH dJIeK-
TPOZ pacIiojiarajcs cjeBa, a IMOJOXUTENbHBIN clIpaBa. 3anUllIeM CXeMy
raJbBaHUYECKOTr0 djeMeHTa fIkobu — JlaHuaA, eC/ik CONIeBON MOCTHK OT-
CYTCTBYeT:

(-)Cu|Zn | ZnSO, : CuSO, | Cu(+)
Px ®zn/zn2+ aad Pcu2+ /cu

B cxeme:

| — rpanuna pasaena TBepAbx da3 WM TBepAOH U XKUAKON das;

: — rpaHUIa paszea JByX pacTBOPOB.

KaxzioMmy pasziesrly COOTBETCTBYET OIpe/ieIeHHBINM CKayoK IOTeHI[aIa.

Ckauok nomenyuara (pasHocms NOMEHUUAN08) HA ZpAHUUE «Me-
mann — memawn» (@,) — KOHTAKTHAsA pa3HOCTh MTOTEHLIUAIOB, 0OyCIIOB-
JIEHHasi pa3jinyreM paboT BbIXOZA JIEKTPOHA U3 3TUX TBePABIX das.

PaboToi1 BEIXO/IA 3JIEKTPOHA HA3bIBAETCsA SHEPIUs, KOTOPYIO HaZ0 3aTpa-
TUTD JJIs1 OTJieJIeHNs 3JIeKTPOHA C IOBEPXHOCTH MeTaJlla.

Ckauox nomenyuana (pasHocms NOMEHUUAN0B8) HA 2pAHUUE «Me-
mann — pacmeop» (@, 7 2+ 0c,2+ ,c,) 00yC/IOB/IEH BO3HUKHOBEHUEM /IBOM-
HOT'O 3JIEKTPUYECKOro CJI0s.

AudPysuonnsiil ckawok nomenyuana (@,,,) — AnddysroHHas pas-
HOCTh moTeHnuana. JudpdysnoHHslil noreHuan — Hebopmoi (0,03—
0,04 B), BO3HUKAET IPU CONMPUKOCHOBEHUHU /IBYX PaCTBOPOB (Ha IpaHuIle),
pa3IUYyaoIMXcs U060 Mo KOHLIEHTPALUAM, 100 110 BUAY pacTBOPEHHOTO
BelllecTBa.

2+ /Cu

6.1.1. Bo3HHKHOBEHHE CKavyKa MOTeHIaIa
Ha rpaHuUIle «<MeTaJUl — PacTBOP COJIH»

KaTroHBI MeTajU1a IepexoJAaT B pacTBOP B BUZe T'MPaTHPOBAHHBIX HO-
HOB. DTO MPOHUCXOJHUT 0 TeX IOp, IIOKA He YCTAaHOBUTCA JUHAMHUUYECKOe
paBHOBecHe (ITOCTOSIHHAA Pa3HOCThb oTeHNanoB). Ha rpanulie «MeTaws —
pacTBOp» 0bpa3yeTcs JBOMHOM 3IeKTpUYeCcKUi ¢I0. Pa3HOCTD NOTeHIMa-
JIOB I KQ)X/IOTO MeTalla CBOsi, OHa OIpeZiesIsieTcs:

1) MPOYHOCTBHIO KPUCTAUINYECKOH pelIeTKH;

2) sHepruei rugpaTaliii HOHOB B PaCTBOPE;

3) KOHIIEHTpallleil HOHOB B pacTBOpe.
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CaMo ABMKEHHE MOHOB U HallpaBJieHUe ABKEHUS OOYCIOBIEHBI TEM,
YTO paboTa BBIXOJa MOHA WIU 3JIEKTPOHA M3 MeTa/Ula OTIMYHA TI0 BEJIUYH-
He OT 3HEepTyUY B3auMO/IEHCTBUSA 3TOU YaCTHUIIbI C pACTBOPOM (COJbBaTalUS,
ME)XXUOHHBIE KYJIOHOBCKWE CHJIBI U T. A.). JIBOMHOMN 37eKTPUYECKUN CII0H
MOXXHO pacCMaTPHBaTh KaK IVIOCKUHA KOHZEHCATOP, B KOTOPOM BHYTPEHHEH
00KJIaIKOM ABJIAETCA MMOBEPXHOCTh MeTalla, a BHEITHEH — MPUMBIKAIOIIHI
CJIo pacTBopa.

BHemrHsA 0O6KIaZIKa COCTOUT U3 ABYX YacTei (puc. 6.2):

1) wioTHOM YacTH (coii ['enbMrosnbia), HemoCpeACTBEHHO TPUMBIKAIO-
el K MOBEPXHOCTHU MeTajUla M COCTOsIIIeil U3 HOHOB OJHOTO 3HAKA,

2) nuddysHoii wactu (cioit I''on), B KOTOpPOi M36BITOYHASA KOHIIEH-
TpauMs HOHOB IIPOTHBOIIOJIOXXHOTO 3HAKA IOCTEIIEHHO yObIBAeT J0 HY/IA
0 Mepe yZiaJieH!s OT MMOBEPXHOCTU MeTaJjlla.

Cioit
l'enbMroabLa
(_L\
—_ + +
% -7 _+ *
+
e -+ _
g _ _
& + +
a - +
3] + *
o -_— —_
E + -
s +
% o+ *
= _ _ +
N\ J
Y
Cioii T'ron

Puc. 6.2. [\BOiiHOI 3neKTpNYECKUIA CNO

TerioBoe ABMKEHNE U B3aUMHOe OTTaJIKHUBaHKe OJHOMMEHHO 3apsKeH-
HBIX MOHOB Pa3MbIBaIOT IUIOTHBIM C10i. [ToaTOMy CyMMapHbIi 3aps/ HOHOB
B 3TOM CJIO€ 110 a6COMIOTHOM BeIMYMHE MeHbIlle, YeM 3apsA/ II0BEPXHOCTH
MeTa/U1a. B nesioMm ABOMHOM 3/IeKTPUYECKUI CJIOM 3JIeKTPOHEUTpaseH, TaK
KakK MOHBI Anby3HOM YacTU TakkKe IPUHUMAIOT y4yacTHe B KOMIIEHCAlluU
3apszia OBEPXHOCTH MeTasUla.

6.1.2. [IpuunHbI BO3HUKHOBEHUS AP Py3MOHHOTrO CKavyKa MOTeHI[HaIa

JuddysnoHHBINM MMOTEHIMal BO3HUKaeT Ha I'PaHUIlE JBYX PacTBOPOB,
pasnuyaromuxcs 160 1Mo KOHLEHTPAUAM, JH60 10 BUAY PacTBOPEHHOTO
BeIlecTBa.

1. PaccMOTpHUM 3/1eMEHT, B KOTOPOM /IBa pPacTBOPa Pa3INyaroTcs 1O KOH-
LeHTpanuAM (aKTUBHOCTAM d;, d,).
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Hanpuwmep:

(-) Ag | AgNO; : AgNO; | Ag (+).
ay<ag

Ha rpaHwuiie AByX paCTBOPOB BO3HHUKaeT AUPPY3NOHHBIN OTEHI[AAI, TaK
KaK NOABMXXHOCTb MoHa NO; Gosblile, yeM NOABMXKHOCTD Ag+. Boiee pas-
GaBJIeHHBIH pacTBOP 3apsKaeTcs OTPUIIATENBHO, a 60J1ee KOHIIEHTPHUPOBaH-
HBII — IOJIOKUTENIbHO. JTO 3aMezIseT nepexos HoHOB NO;, U B pe3ysbTaTe
HOHBI 0600MX BUOB AUPPYHAUPYIOT C OAUHAKOBOM CKOPOCTHIO IIPU COXpa-
HEHUU CKayKa IOTeHIHaIa.

IIpu 8o3HUKHOBeHUU JuPPy3UOHHO20 nomeHyuana bonee pazbasneHHbll
pacmeop npuobpemaem 3apsi0 moz0 Je 3HAKA, YMO U UOH, obaadarowyuil
6onbuLell NO0BUNCHOCMBIO.

2. PaccMOTpHUM 3JIEMEHT, B KOTOPOM ZIBa pacTBOPa Pa3IN4aroTCs 0 BUAY
pactBopenHoro BermectBa (HCl u KCI):

(-) Ag, AgCl | HC1: KCI | AgCL, Ag (+).

JuddysmoHHbIN oTeHIIMaI 00YC/IOB/IEH T€M, YTO KaTUOH BoZOpoza 06-
JIalaeT aHOMaJIbHO GOJIBILION ITOABIKHOCTBIO 110 CPABHEHUIO C HOHOM KaJIU.

Jnbdy3noHHBIN TOTEHIMAI MellIaeT, OH MOXKET ObITh 3HAYUTEbHO YMEHb-
IIeH WIN yCTPaHeH YCTaHOBKOM COJIEBOrO MOCTHKA (WIN 3/IEKTPUYECKOTO KITIO-
4a). Posb cosleBOro MocTuka — 06eCIeqnTh SIeKTPUYECKYI0 IIPOBOMMOCTD
BHYTPH LIeITH U MPENSITCTBOBATh B3aUMHOM 1 dy3uu pacTBOpoB. ConeBoi MO-
CTUK 3aIl0JIHEH reJieM arap-arapa, B HeM pacTBopeH anektpoaut (KCl, NH,NO;,
KNO; 1 zip.). [ToABDKHOCTb KATHOHA Y aHHMOHA Y ZIJAHHBIX 2/IEKTPOJIMTOB OZlIHA-
KOBQ, T. €. CKOPOCTH B3aUMHOM AuPy3urn U Yrcia nepeHoca OIM3KU.

VckmoueHue a1bdy3MOHHOTO NOTeHIIMana 0603HaYaoT ABOMHBIMU JIH-
HuAMH (||), HampuMep 31eMeHT fko6u — JlaHMAIIA:

(A)Cu| Zn | ZnSO,||CuSO, | Cu(+).
P Pz zn2+ Pcu2+ /cu
S/IC rapbBaHUYECKOTO 3JIEeMEHTa MOXXHO pacCMaTpUBaTh KaK ajarebpa-
HWYeCKyI0 CYMMY TpeX pasHOCTel IIOTeHIIHaJIOB, OfHAa U3 KOTOPHIX — KOH-
TaKTHBIN @, U [B€ — HA IPaHUIIAX «MeTaUI — PacTBOP»:

E=0xt+ 9z 7020 T P2+ sy

3a MOJIOXKUTENIbHOE HallpaBJIEHHWE IIDPUHUMAIOT HAllpaBJI€EHHWE OT paCTBO-
pa K Me€TaJuny, I03TOMY

E= (e (pZn/Zn2+ + (ch2+/cU = OQcyu—Pzn = (pnpaBblﬁ = Qrepit

B IOHATHA Qg ¥ Qrepyyis BROAUT KOHTAKTHAs PA3HOCTD MOTEHIMANIOB.

3HavyeHHe 3IeKTPOAHOTO MMOTEHIIMAIA ONpeAeISIeTCs aKTUBHOCTBIO (KOH-
[[eHTpalyeil) MOTEeHIHAIONPeAeISAIOIUX HOHOB. [103TOMY 1ielb MOXXHO 3a-
MmKcaTh Tak:

(=) Cu | Zn | Zn2+* || Cu2+ | Cu (4).
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6.2. 06paTtumble U HeoOpaTUMble Lenu

lajibBaHUYECKUH 3/IEMEHT paboTaeT 06paTUMO IIPU COBIIOEHUY ClIefy-
IOIINX YCJIOBUIM:

1) eciu 3/IC rasibBaHUYECKOTO dJIeMeHTa Ha 6€CKOHEYHO MaJlylo BeslU-
YHHY IIpeBbILIaeT IPWIOXKEHHYIO K HeMY U3BHE U IIPOTHBOIIO/NIOKHO HallpaB-
nennyto D/IC (ycioBre 06paTUMOCTH pabOThI TaIbBAHUYECKOT'O JIEMEHTA);

2) ec/IM peakiys B raJlbBAaHUYECKOM 3JIeMeHTe MOXKeT OBITh HallpaB/ieHa
MPOTHBOIIOJIOXKHO MPU MPWIOXKEHUU K HeMy U3BHe IIPOTHUBOIIOJIOXKHO Ha-
npasieHHO# 3/IC, KoTopas Ha 6eCKOHEYHO MaIyl0 BeJUYMHY IpeBbIIIaeT
D/IC manHOrO 2/eMeHTa (yc/I0OBHEe 0OpaTUMOCTH CaMOH LIETIH).

[Iprmep 06paTUMOCTH IENU — 3eMeHT SIkoOu — JlaHW3IA: IpY NoZBe-
JIEHUY SHEPTYH U3BHE peakysa uAeT B 0OOpaTHOM HalpapieHUU — MeJgHasd
IUIacTHHA OyZeT pacTBOPATHCSA, a Ha IIMHKOBOM OyZieT BBIENATHCA IIUHK.

Heob6patumas 1iellb OT/IMYAeTCsA OT PAaCCMOTPEHHOU TeM, YTO 00a 3Jek-
TPOZA MOTPYXEHBI B PaCTBOp Ccy/IbdaTa MeZu:

(<) Zn | CuSO, || Cu SO, | Cu (+).

B aTOM city4yae peakiius npu paboTe 3jieMeHTa Ta JKe, HO IIPU HAJIOXKEeHUU
ob6paTHOoHanpasneHHOM J/IC, mpeBbIIaNeil Ha 6€CKOHEYHO MAJIyIO BeIU-
yuHy J/IC aseMeHTa, Ha JIEBOM 3JIeKTpOZie IIPOUCXOAUT BhIZIeJIEHNE MEJY,
a He IIUHKa, T. €. IPOTEKAaeT IMPOILECC, HE ABJIAIOIUNICI 06paTHBIM TOMY, KO-
TOPBIiA IIPOUCXOAUT NP paboTe 3meMeHTa. MBI 6yeM paccMaTpUBaTh TOJIb-
KO 00paTHMble TaJIbBAHMYECKUE 3JIEMEHTHI.

6.3. (BA3b MeXAY XMMMUYECKON U INEKTPUYECKON JHepruaMU

XyMH4YecKas SHEPTHys OIpeAessieTCs BETMYUMHON MaKCHMAaJIbHOU MoJie3-
HOI paboThl. YMeHbIlleHHe dHepruu ['M66ca paBHO MaKCUMaJIbHOM paboTe
06paTHMOro U30TepMUYECKOro Ipoliecca: Ay ., =—AG.

OJeKkTpuueckas paboTa paBHA IPOU3BeJEHUIO KOJIMYECTBA dJeKTpUde-
CTBa Ha Pa3HOCTh MMOTEHI[AAJIOB:

Al =—AG = 2FE. (6.1)

PaccMOTPUM OKHC/IUTENbHO-BOCCTAHOBUTEIBHYIO PeaKIHIo, IpoTeKa-
IOLIYI0 0O6paTUMO B 3JIEKTPOXUMUYECKOM 3JIeMeHTe, U HalZieM JJIs 9TOTrOo
anemenTa J/IC (E):

m;A + my,B2=2m;C + myD

Cor/iacHO ypaBHEHUIO U30TEPMbI XUMUYECKOM peakiuu s3Heprus ['nb66ca
peakIyu, poTeKalolel B XXKUAKON da3e, paBHA
amant
~AG=RT|InK,~In—-—2-
a, ag
rae K, — KOHCTaHTa paBHOBecCHs, BBIpa)KeHHasA yepe3 aKTUBHOCTH.
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I[Ipu aTOM aKTUBHOCTH (a,, ag, A, Ap) BO BTOPOM CJIaraeMoM, CTOALIEM
B CKOOKax, OTHOCATCA K HEPAaBHOBECHOMY COCTOSTHHIO.

C yueTroM ypaBHeHHUs (6.1) mogydYrM TepMOANMHAMHUYECKOe BhIpaKeHHe
s O/IC anemeHTa:

m3 My

E
2F a"Anl ang

3/IC anemeHTa, OTHOCSIIYIOCS K CTAHZAPTHBIM YCJIOBHSIM, KOTZA BCe aK-
TUBHOCTU PaBHBI eIUHUIlE, 0003HaYaloT Yepe3 EO, Ha3pIBalOT cmaxHdapm-
HOIl, W1 HOpmanbHoli, D/IC.

[Tpu aKTUBHOCTAX YYaCTHHUKOB peaKIMU, PaBHBIX eUHUIIE, TTOJTyYUM
Eln K,.
zF

EO=

Torza ypaBHeHue HepHcra 11 3/IC ralbBaHU4ECKOr'o 3JIeMEHTa UMEET BUJ,

m m
E=EO° —EIHM.
gF aleaZQ

st peakiuu B asteMeHTe SIko6u — JJaHUAIIA
CuSO, + Zn = Cu + ZnSO,

MOJTyYUM

_RT | acdf
zF  az,az

E=E°

Tak Kak aKTUBHOCTU TBEPAbIX BEUIECTB ME€AW U TMHKA paBHbBI €JVHUILIE,
TO YpaBHE€HHE IIDUHUMAET BUJ

Jist anementa SIkoou — Jlanuana EC =1,1 B, Tak kak

E0 = @, — 0z, = 0,337 - (-0,763) = 1,1 B.

6.4. IneKTPOAHDIN NOTEHUMaN

B HacTosiIee BpeMsi OTCYTCTBYIOT TEOPETHUYECKUE U SKCIIEPUMEHTAb-
Hble MeTOZBI OnpeJeieHNs abCOMIOTHBIX 3HaYeHUH NMOTEeHIINAaIOB, COOTBET-
CTBYIOLIUX OTAENbHBIM 3JIeKTpoZaM. MOXXHO TOYHO OIpeAeTUTh TOMbKO D/IC
I[elM, COCTaBJIE€HHOM M3 JaHHOTO 3JIEKTPOa U HEKOTOPOro CTAHAAPTHOTO
3JIEKTPOZAA, MOTEHIIMaI KOTOPOT'O YCJIOBHO MPUHUMAIOT PaBHBIM HYITIO.

B. I. HepHCT npeAJoXXWI B Ka4yeCTBEe CTAaHJAPTHOTrO 3JeKTpozAa (Wiu
3JIEKTPO/Jia CpaBHEHHA) UCITOJIb30BaTh CTaHAAPTHBIN BOJJOPOJHBIH 3IEKTPO/,
TaK Kak Jierdye BCero MOJyYUTh YHUCTHIH BOJOPO/.
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CTaHAapTHHIA BOZOPOAHBIN JIEKTPOJ, — 3TO BOAOPOJHBIH 3/1eKTPOZ, pa-
OoTarolIMii IPY aKTUBHOCTU MOHOB BOJOPOJA, PaBHOM eZIMHHULIE, U IIPU dy-
TUTUBHOCTHU (TTapLMaJbHOM JaBjieHueM BOZOpOZa), paBHOM 1 aTMm.

— — 0 —
E= (pnpaan‘fl = Prepriit = (pnpasmﬁ - (sz - (pﬂpaBblﬁ'

OnekmpoOHbIM nomeHyuanom HaswiBaercs J/IC rabBaHUYECKOTO dJIe-
MEHTa, COCTABJIEHHOTO U3 JAHHOTO M CTAaHAAPTHOTO BOAOPOAHOIO 3JIEKTPO-
JIOB, TIOCJIEIHUM YCIIOBHO IIPUHUMAETCS PaBHBIM HYJTIO.

Hanpumep, A1 HaX0XKJEHUA JEKTPOAHOrO MOTEHIaia MeIl COCTaB-
JISIIOT DJIEMEHT

(=) Pt, H, | H* || Cu2* | Cu (+).

Torza

— — 0 — —
E= (pnpaan‘i ~ Qrepuiir = (pCu_(pH2 =Qcu= +0,337 B.
Il ompeziesieHUs 3JIEKTPOJHOTO MOTEHIIMAA IIMHKA COCTaBIAIOT dJle-
MEHT

(+) Pt, Hy| H* || Zn2+ | Zn ().

3/IC aToro aneMeHTa OTpULiaTelbHa, TaK KaK cjleBa HaXOAUTCA IIOJIO-
JKUTEJIbHBIN 3JIEKTPOZ,. 3a MOoMoXKUTeNbHOe HanpasaeHue J/IC npuHUMAIOT
HaIlpaB/ieHHe, KOT/Jla 3JIEKTPUYECKUN TOK BHYTPU LellU NIPOTeKaeT cjieBa
Harmpago (B cIydyae MeJHOTO 3JIeKTpo/a). B ciyyae IMHKOBOrO a/1IeKTpoAa —
HaobopoT (¢, = -E):

~E = 9z, — 9}, = 9z, = -0,763 B.

Bce peakuuu, npoTekaroliye Ha 3l1eKTpoze, 1o JKeHeBCKOM KOHBEHIIUU
(KouBennusa UIOTIAK — MexayHapoZHOro coro3a 110 YUCTOM U IpUKIaj-
HOM XMIMMM) 3alIMCHIBAIOT KaK peaKIMi BOCCTAHOBJICHHUS:

Zn2+ + 2e- = Zn (UIOITAK).
Ha camomM gene umeem
Zn = Zn2+ + 2e-
YpaBHeHue HepHcTa A/ 371eKTPOAHOIO IOTEHIala UMeeT BUJ,

RT, a .
0= (PO + In okuci. popma ,
zF pocer. dopma
rae (po — CTaHZ[apTHbIﬁ BHEKTPOAHbIﬁ IIOTE€HLIUaJ, T. €. IOTEHIIhaJI JAHHOI'O
3JIEKTPO/JIa IPU aKTUBHOCTSX PEareHTOB, yYaCTBYIOIINX B 3JIeKTPOAHOM pe-

aKI[MY, PaBHBIX eIUHUIIE.
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6.5. Knaccupukauma snektpogos

OneKTpOZAbl B 3aBUCHMOCTH OT YCTPOMCTBA U THUIIA 3/IEKTPOJAHOM peak-
LIWY JesIATCA Ha 3JIeKTPOABI IEPBOr0 poja, BTOPOro poza, ra3oBble, aMaJlb-
raMHbIe ¥ OKHCJIUTENbHO-BOCCTAHOBUTEIbHBIE (WIN PEJOKC-2JIEKTPO/BL).

OnekmpodvL nepeo20 poda — 3TO NEKTPOAbI, 06paTUMble OTHOCUTEb-
HO KaTHOHa, T. €. paboTarolye Ha OCHOBe 0O6MeHa KaTHOHOM MeXAy dJIeK-
TPOJOM U PacTBOPOM.

JlaHHBIN 2IEKTPOJ MOXKHO IIPEACTABUTD B BUJE cxeMbl Me | Mez+.

EMy oTBedaeT peakuua

Mezt + ge- = Me

RT . Qoxucn o
_ .0 .dopma
¢+ =05 +—Fln_~
2z pocer. dopma
Tax KaK aKTMBHOCTb BOCCTAHOBIEHHON QOPMBI Gyoer gopua = 1, TO YPaB-

HEHHE UMEET BU/
o, RT
¢, =0 +—Ina,.
zF

Hanpumep, MeZHBI 3IEKTPOZA B COTM MEJH:
cxema: Cu? | Cu;
peakuus: CuZ+ + 2e- = Cu;

: =0 +RT1 =2
YPaBHEHHUE: Q2+ /o, = Ociov oy F nag, ., A€ 2 = 2.

dnekmpoosl 8MOpP020 po0a — 3TO IEKTPOABI, O6paTHMble OTHOCH-
TeJbHO aHWOHA. COCTOAT U3 MeTalIa, TOKPBITOTO CJI0EM MaJopacTBOPHU-
MOI#1 COJIM MeTaJUla, U OMyIleHbl B PACTBOP PACTBOPUMOM COJIH, MMeloIeH
00IIMI aHMOH C MaJIOPACTBOPUMOM COJbIO. J|JIT HUX UMeeM:
cxema: MeA, Me | Az
peakiusa: MeA + ze- = Me0 + Az
RT a
ypaBHeHue: @_ =% +——In—2A
2F Gyl -
Tak KaK aKTUBHOCTb OKHCJIEHHOM $opMBI (ay,.,) PaBHA 1 U ay = 1, TO

RI
—0° - lna .
o_=¢° na_

T'azoevle 31ekmpodbl COCTOAT U3 UHEPTHOTO MeTasUia (0OBIYHO IUIATHHA,
rpaduT), KOTOPBIII OMBIBA€TCA TOKOM ra3a U IOTPY:KeH B pacTBOD, cozepka-
MM HOHBI 3TOrO ra3a. [a3 BCTymaeT B peakiyio 0OMeHa MOHaMH C PaCTBOPOM.

T'a30BbIe 3JIEKTPO/BI MOTYT OBITH JIEKTPOAAMU IEPBOTO poja (BOAOPOA-
HBIH 3JIEKTPO/]) U BTOPOTO pozia (XJIOPHBIN, KUCJIOPOJHBIM).

Hampumep, BOAOPOAHBIH 3/1€KTPOJ;:

cxema: H* | H,, Pt;

peakuua: Ht + e- = 1/2H,.
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OKUCAUMENbHO-80CCMAHOBUMENbHBLE 31eKMPOObL (PeZOKC-3IEKTPO-
[Ibl) — 3JIEKTPOABI U3 UHEPTHOTO MeTasia (06BIYHO IIaTHHA), KOTOPBIi
He BCTyIaeT B 0OMeH MOHaMU C PaCTBOPOM U IOTPYKeH B PacTBOp, CoZep-
JKAIIUM KaK OKUCJIEHHYIO, TaK U BOCCTAHOBJIEHHYIO GOPMY PaCTBOPEHHOT'O
BemectBa. CIy)art Ui MOZBO/A WIH OTBOZA 3JIEKTPOHOB I OKUCIUTEb-
HO-BOCCTAHOBUTEJIbHOM peaklnH, IIPOTEKAIoIell B paCTBOpe MeXAy pac-
TBOPEHHBIMH BEI[ECTBAMU Ha TIOBEPXHOCTH 3JIEKTPOAOB. /Il TAKUX dJIEK-
TPOZIOB:

cxema: Ox, Red | Pt.

peakuus: Ox + ze- = Red.

IIpumep:

cxema: Fe3+, Fe2+ | Pt;

peakiius: Fe3+ + e~ = Fe2+;

ElnaFi

. — 0
YpaBHEHHE: (ppe3+ JFe2+ — (pFe3+ /Fe2+ + F a
Fe2+

6.6. BogopoaHbii aneKTpos

BOZOPOAHBIN 3JIEKTPOJ ABIAETCA OCHOBHBIM 3JIEKTPOZOM CPaBHEHMUS.
Ero moreHuuas MpUHUMAIOT PaBHBIM HYJ/II0. DTO ra30BbIi 3/IEKTPOZ MIEPBO-
ro poza. VMcmosnb3yeTcs B mape ¢ UCC/IeZlyeMbIM 3/IEKTPOJOM /JI U3MePeHUs
3JIEKTPOAHOTO MoTeHnuana. COCTOUT M3 IUIATUHOBOM IUTACTUHKH, JI€KTPO-
JIMTUYECKU MMOKPBITOM MeJIKO pa3ZpobieHHON YepHbIo (IUIATUHOBOM yep-
Hb10). Takas IUTaCTMHKA OIyCKaeTcs B pacTBOP, COZAepKallliii HOHBI BOZO-
PO/ia C aKTUBHOCTBIO Qyy, =1, ¥ HENPEPHIBHO OMbIBAETCA TOKOM YHCTOTO
BozopoJa c yetydectsio (f), paBHoi 1 (puc. 6.3).

Puc. 6.3. BopgopoaHbIi aneKkTpos

Bozopoz agcopbupyercs Ha IIaTUHOBOM yepHU. OHa sIB/IAeTCA KaTalu-
3aTOPOM 3JIEKTPOAHOTO IMPOolLiecca: YCKOpseT MPoIiece aJcopOIIUU BOAOPO/a,
JVICCOLIMAIIMN MOJIEKYJl BOZOPOJA HAa aTOMBI U MOHU3ALIMM aTOMa BOAOPOAA
¢ obpa3oBaHMe IPOTOHA U JIEKTPOHA.

129



http://chemistry-chemists.com

CxeMma BoOpOAHOro a1eKkTpoza: Pt, Hy | H+.
DNeKTpOAHAsA peaklys, IpoTeKawlas Ha BOAOPOAHOM JJIEeKTPOJe:

H+ + e =1/2H,
YpaBHeHue HepHcTa 11 BOZOPOAHOIO 3JIEKTPO/A:

RT aH+
Prz (PH2+T (ag )1/2’

TaK KaKk (pg[2 =0, ay, = fu, =1, pH = -lgay,, T0

RT RT RT
(sz :?h’l(ll_I+ =2,303?lgaH+ = —Z,BOSTPH

Ecmu T = 298 K; F = 96500 Ki/momb; R = 8,314 /x-K-1-Monb-1, TO
¢u,=—0,059pH.

TakuM 06pa3oM, BOAOPOAHBIN 3JIEKTPOA SABJISAETCS 00paTUMBIM OTHOCH-
TeJbHO UOHOB H+. Ero MOXXHO UCIIONB30BaTh AJ14 onpefeneHus pH:

(=) Pt, H, | HCl|| KCI | AgCl, Ag (+);

E= (pHpaBbIﬁ_ Orepriit — (pAgCI - (pH2= (pAgCI_ 0’059 lgaH+ = (pAgCI + O’OSQPH)
H = (E— (pAgCI) / 0,059.

BogopozaHbIH 37eKTpoj obsaZiaeT BBHICOKOH TOYHOCTBHIO, XOPOIIEMH
BOCIIPOM3BOJMMOCTBIO Pe3yJbTaTOB, MOXeT paboTaTb B HHTepBaje
pH ot 0 0 14 npu 1100bIX AaBIEeHUAX BOAOPOJA U MPU JIOOBIX TeMITepaTy-
pax. HegocTaTku: paBHOBecHe MeXAY 3JeKTPOAOM U PacTBOPOM YCTaHaB-
nuBaetcs B TeueHne 20—30 MUH, IUIaTMHA OBICTPO OTPABJISIETCA KaTalU-
THYECKUMH A1aMHU, B IIPUCYTCTBUH OKHUCIHTEEH U BOCCTAHOBUTEJIEH JlaeT
HEeBEpPHBIN pe3y/bTar.

6.7. neKTpoAbl CpaBHEHUA

[ToTeHI[MaN 3/IEKTPOZAA CPAaBHEHMS JJOJKEH OCTAaBAThCA MOCTOSHHBIM
HEe3aBHCHMO OT IPOTeKaHUA KaKUX-TU60 peaKkluuil B aHaIU3UPyeMOM pac-
TBOpe. DJIEKTPOJBI CPaBHEHUA JO/DKHEI 06/1aZ1aTh YCTOWYUBBIM BO BpEMEHHU
BOCIIPOM3BOANMBIM IIOTEHIIMAIOM, He MEHAIOMUMCSA IIPU ITPOXOXKJEeHUHN He-
60IBIIOTO TOKA.

Ha mpakTuke B KayecTBe 3/IEKTPOZIOB CPaBHEHHUS HCIOJNIb3YIOTCS dJIEK-
TPOZBI, MOTEHIHA KOTOPHIX 10 OTHOIIEHUIO K BOZOPOAHOMY (CTaHZAPTHO-
My) TOYHO U3BeCTeH (XJopcepe6OpsHbIA U KaJOMeIbHBIH).

XsropcepeGpsAHbIiA 3JIEKTPOJ,. XI0pcepeOpsHbIN 31eKTPOo/, IpeCTaBIIA-
eT coboii cepebpsAHYI0 MPOBOJIOKY WIH IUIACTUHKY, MOKPHITYIO cioeM AgCl
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1 nomenieHHyIo B pactBop KCl wiu HCI onpezieneHHo# KoHIleHTpauuu (06-
paTUM OTHOCHUTEIbHO MOHOB XJIOpA).
Cxema monyanemenTa: Ag, AgCl | KCl wiu Ag, AgCl | HCL
OJIeKTpOoAHAsA peakIys, IpoTeKaNias Ha XJIopcepe6psHOM 3IeKTpoZe:

AgCl + e~ = Ag + Cl-

YpaBHeHue HepHcTa a1 xjopcepe6psaHOro anekTpoaa (271eKTpoA BTO-
poro poza):

RT aAgCl
Py = (pgc + F In .
a Agacl_

Tak KaK apg = 1, apgqy = 1, mosyyaem

QOrc =09 . — Hln a
X.C X.C F cl-"

KasiomenbpHBIN 371IEKTPOA. B KajloMelIbHOM 3/IEKTPOZe NacTa U3 pTYTH
u kanomenu (Hg,Cl,) momemena B pactBop KCl (06paTuM OTHOCUTEIBHO
HMIOHOB XJIOpa — 3JIEKTPO/], BTOPOT'O poJa).

Cxema nonyanemenTa: Hg, Hg,Cl, | KCL

EMy oTBeuyaeT peakuusa

1/2Hg,Cl, + e-= Hg + CI-

[NToTeHIMaM KaJIOMEJIBbHOTO 3JIeKTPOZA paBeH

RT
—n0
(px.a - (pl(.a F hl aCl‘ .

T[ToTeH1MaIBl XJI0pCEPEBPSHOTO, KAJTOMENIBbHOTO U Ps/ia APYTUX JIEKTPO-
[IOB CpPaBHEHUS U3y4€HbI PU Pa3IMYHBIX KOHLIEHTPALIMOHHBIX U TeMIlepa-
TYPHBIX YCJIOBHUSX, X UX BEJIMYMHBI 110 OTHOIIEHUIO K CTaHZAPTHOMY BOZO-
POAHOMY 3JIEKTPOZY XOPOLIO U3BECTHEI (CIIPAaBOYHbIE JaHHbBIE).

6.8. OKNCNUTENbHO-BOCCTAHOBUTENbHDIE JNEKTPOADI
(pemoKc-3neKTpoabl)

B mpuHIuIe J1060H 3/1eKTPOA B raJibBAaHUUYECKOM 3JIeEMeHTe fABJSAeTCA
JM60 OKMCIUTENBHBIM, JIMOO BOCCTAHOBUTENBHEIM (371eMeHT fkobu — Jla-
HUDJIA).

OT/IMYre OKUCIUTETbHO-BOCCTAHOBUTEIBHBIX 3JIEKTPOJOB:

1) MeTaut anekTpoga (06BIYHO IUIATHHA) He IPUHUMAET y4acTHs B AJIeK-
TPOAHOM peaKIyy, a CAYXKUT JIMIIb I IOABOJA WIHA OTBOJA 3JIEKTPOHOB
JUIS OKHCJIUTEIbHO-BOCCTAHOBUTENbHON peaKIuy, poTeKatolleil Mexay
PacTBOPEHHBIMH BeL]ECTBAMU HA IIOBEPXHOCTHU 3JIEKTPO/IOB;
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2) IpOAYKTHL 3JeKTPOAHOTO Ipoliecca He BBIAENATCA Ha dJIeKTPOJax,
a OCTaloTCA B pacTBOpE;

3) B 2JIeKTPOZHOM peakLMu MOTYT IPUHUMATh yJacTHe KaTUOHBI, aHUO-
HBl U HEUTPaJIbHbIE MOJIEKYJIBI.

Pa3nuyaroT MpoCcThie U CI0XKHBIE PEeJOKC-3IEKTPOABL. B MPOCTHIX pefoKe-
3JIEKTPO/IaX MPOLIeCC 3aKJII0YaeTcsl B U3MEeHEHUM 3apsAfa MOHOB, B CJIOX-
HBIX — B M3MEHEHUH 3apsja MOHOB U B U3MEHEHUU COCTaBa 3JIEKTPO/OB.
OnekTpoz ¢ Gosee BHICOKMM IIOTEHIIMATIOM HeceT Ha cebe Ipoljecc BOCCTa-
HOBJIEHUA.

Hanpuwmep:

(p(s)n4+/3n2+ = +0,15 B, (pge3+/Fe2+ =+O,771 B;

(-) Pt | Sn2+, Sn4+ || Fe3+, Fe2+ | Pt (+);
Sn2+ = Sn4+ + 2e- (OKHC/IEHHE)

2Fe3+ + 2¢- = 2Fe2* (BoccTaHOBIEHME)
Sn2+ + 2Fe3+ = Sn4+ + 2Fe2+

B 3TOM ciydyae KOHTaKTHasA pa3HOCTb OTEHLUAIOB @, = 0. DJIeKTPOABH-
XyIas cruia BO3HUKaeT 3a CYeT PasHOCTH IOTEHIIMAIOB Ha I'PaHUILle «Me-
Ta/Ul — PacTBOP», Pa3HOCTh IIOTEHIINAJIOB 00yCIOB/IeHa BOSHUKHOBEHHEM
JIBOMHOT'O 3JIEKTPUYECKOTo c10A. [1aTuHy Wiu Apyroi anekTpo (1pu 3a-
MeHE 3JIEKTPOZIOB JIEKTPOAHBIM moTeHuan u J/IC He U3MEHATCA) HeobXo-
JYMMO pacCcMaTpHUBATh KaK pe3epByap CBOOOAHBIX 371eKTPOHOB. MoHBI Sn2+
OTJAIOT JIEKTPOHBI IUIaTHHE, KOTOpas UX IIPUHUMaeT, U IIepexoJAaT B pac-
TBOP B BUZle HOHOB Sn*+. Obpa3yeTcs ABOMHOM 2/IeKTpUYECKUH CJION. YpaB-
HeHue HepHcra:

E In Qoxucn. dopma

=0
Qok-socer = Pox-socer s

Agocer. dopma

rae @0 — cTaHAAPTHHIN 3JIEKTPOAHBIN MOTEHIIMAa, KOr/la akTUBHOCTb BOC-
CTaHOBJIEHHOM (OPMBI paBHA aKTUBHOCTH OKUCIUTENbHOM GOPMBL; 2 — U3-
MeHeHUe 3apsa UOoHA.

Kaxzip1i1 13 3/1eKTPOJIOB MOXKET ABIATHCA U OKUCIUTEIEM, ¥ BOCCTAHOBH-
TeJIeM B 3aBUCHMOCTH OT CBOETO MapTHepa. DNEeKTPOJ, ABIAETCA OKUCIUTe-
JIEM I10 OTHOIIEHHUIO K BBIIIEPACIIONOKEHHOMY 3JIEKTPOAY M BOCCTAHOBUTE-
JieM TIO OTHOILIEHHUIO K HI)KepacIoNIoXKeHHOMY aleKTpoay. HeT abcomoTHBIX
OKHCJIUTENIel U BoccTaHoBUTeTel. Kuicmas cpezia crioco6CTBYeT OKMCIEHUIO,
IIeJIoYHasi — BOCCTaHOBJIEHUIO. [109TOMYy MOH BOZOpOJA ABIAETCA yalle
okuciauTeneM, noH OH- — BoccTaHOBUTEJIEM.

XUHTHAPOHHBIN 3/IEKTPOA. [IprMepoM OKHUCIUTETbHO-BOCCTAHOBUTEIb-
HOTO 3JIEKTPOZA SIBIAETCA XUHTUAPOHHBIN 3/1eKTPOJ. XUHIHUAPOH — 3KBU-
MOJIEKY/IIPHOE CoeJuHEeHUe XUHOHA U rugpoxuHoHa: CgH,O, - CgH,4(OH),.
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B BOoze oH MajJopaCcTBOPUM, YaCTUYHO IIPpU 3TOM JUCCOLIMUDPYET HA UCXOA-
HBbIE€ BellecTBa:

C6H402 * C6H4(OH)2 (:> C6H402 + C6H4(OH)2

XWHOH T'uapoxrHOH

Cxema xyHruzpoHHoro anekrpoga: H*, C¢H,O,, C¢H,(OH), | Pt.
DNeKTpOoAHAaA peaKIlys:

C6H402 + 2H+ + 26‘ = C6H4(OH)2

a, Ay Ay
\_—_W——/ \____.q,—_—_l
OKHC/IEHHAA BOCCTaHOBJIEHHAs
dopma dopma

[ToTeHuuasn ero BBIDA’KA€TCA YpPaBHCHUEM

o . RT. &a
Our =Pxrt oF In >
X
IZe a, U d,, — aKTMBHOCTH XWHOHA ¥ IMAPOXUHOHA B PACTBOPE.
Tak KaK KOHLEHTPALUH XUHOHA ¥ THAPOXMHOHA B PACTBOPE OAUHAKOBBI
Y X aKTUBHOCTH IPUOTHU3UTEIHHO PABHBI KOHIIEHTPALMAM, TO MOXHO IIPH-
HSTB, 9TO

C/Crx = Ay /0y = 1,
TOorZa
_.o RT 1
Pxr =O@xr +T Nay+,

WA Qy , = (pgr - 03059PH
Takum 06pa3oM, XMHTUAPOHHBIH 3JIEKTPO/ ABIAETCS 0OpaTUMBIM OTHO-
cuTebHO MOHOB H*. Ero MOXXHO HCII0/1b30BaTh 14 onpezeneHus pH:

() Ag, AgCl | KCl || H+, C4H,O,, CsH,(OH), | Pt (+);

E= (pl'IpaBbIﬁ = Qrepriit = Pxr— (pAgCI = (Pgr - 0,059pH - (pAng
OTKyZa
PH = (@8 — @pgc1 — E) / 0,059.

JIOCTOMHCTBA 3TOrO 3JIeKTpoJa:

1) mpocToTa U3rOTOBJIEHHUA: B CTAKAaHYMK C KUCIOTON (Hampumep, HCI)
A06aBUTh LIETIOTKY XUHTUAPOHA, OMYCTUTh IMIAZKYIO IUIATUHOBYIO TUIACTHUH-
Ky WIU IIPOBOJIOKY;

2) paBHOBecHe MEXAY 3JEeKTPOJAOM M PacTBOPOM HacTymaeT GBICTPO
(< 1 muBH);

3) OH B MeHbIIIel CTeNeHU NoABEPXKEeH JeMCTBUIO AI0B, YeM BOJOPOAHBIM
3JIEKTPOL.
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HenocTratku:

1) paboraeT TOIBKO B KUCIBIX cpesax (pH = 1 + 8);

2) AaeT HeBepHBIE MOKa3aHUs B IPUCYTCTBUU OKUCIUTeNIeN WIK BOCCTa-
HOBUTEJIEH U B IPUCYTCTBUM HEKOTOPHIX COJIel, TaK KaK TMJIPOXUHOH OKHUC-
JIieTCSA B XMHOH WM XWHOH BOCCTaHABIMBAETCA [0 TMAPOXUHOHA U He BHI-
MOJHAETCA COOTHOIIeHue a,/a,, = 1.

6.9. Knaccupumkauusa ranbBaHNYeCKUX I1eMEHTOB

Bce rajibBaHMYECKHE /IEMEHTHI KJIacCUUIMPYIOTCA 110 ABYM IIPU3HAKaM:

1) 1o xapakTepy Ipoliecca, IPOTEeKAIOIIEro B raJIbBAHUYECKOM 3/IEMeHTe;

2) HaJIMYMIO WIH OTCYTCTBUIO AudPy3rnoHHOro noTeHnuana.

I[To mepBOMY IIpU3HAKY raJbBaHUYECKHE JI€MEHTHI Pa3/ie/IAI0TCA Ha XU-
MHYECKHEe U KOHILIEHTPAI[OHHBIE 3/IEMEHTHI.

Xumuueckue 3nemeHmsl — rajbBaHUYECKHUE 3JIEMEHTHI, B KOTOPBIX
SHeprus XMMUYECKUX peaKIUi HelocpeJCTBEHHO IpeBpaljaeTcsa B 3JeK-
TpU4ecKyro (ameMeHT SIko6u — JJaHUdJIA).

KoHuenmpauuoHHble 3emMeHMbl — rajbBaHU4YeCKHe 3JIEMEHTH], B KO-
TOPBIX JIEKTPUYECKas SHePI'Us MMOMydaeTcs 3a cieT BbIpaBHUBaHUA KOHIIEH-
Tpaluuii MeXAy OTAENbHBIMU YaCTAMU raJbBaHUYeCKOH LIelH.

KoHILIeHTpaI[MOHHBIE 3/IEMEHTHI pa3JesAoTCs Ha Ba TUIA.

1. DneKTpoAsl U3 OAHOTO U TOTO XK€ MeTa/Ula OIyIleHbl B paCTBOPHI CO-
JIel 3TOro MeTa/Ula pa3/IMYHON KOHIIEHTPALUU:

(-) Ag | AgNO3; P AgNO; | Ag (+);

a; < ay;

_o0 LR
(pAg/Ag+_(pAg/Ag+ zF IlaAg+’

E=(p+_(p—’

RT RT RT. a
=° —| @° - =—In-2
E—(pAg/Ag++ZF Ina, [(pAg/Ag++zF lnaI) oF nal.

2. B oIvH ¥ TOT XK€ pacTBOP OIYIIeHHI 3JIEKTPOAbI U3 OZHOI'0 MaTepHaa,
HO C pa3JIMYHOM KOHLIEHTpaIell aKTUBHOIO BelllecTBa. JTO aMajbraMHbIe
3JIEKTpoAbl (PacTBOP METAJUIOB APYT B ApyTe).

AMasibraMHbIe 3JIEKTPOZABI COCTOSAT U3 aMajibraMbl JaHHOTO MeTajuia
B KOHTAKTe C pacCTBOPOM, COZEPKaINM HOHBI 3TOr0 MeTa/ula (pasjIndHoe
coziep>kaHue IIMHKA B aMaJibrame):

(-) Hg, Zn(a,) | ZnSO, | Zn (ay), Hg (+);
a, > a,.

Judpdy3noHHOro NMoTeHIaxa HeT (MMeeM OAUH pacTBOp), KOHTaKTHOT'O
CKayKa [OoTeHI[Maja HeT, TaK KaK UCIOAb3yeTCsl OAWUH MeTaJLl.

134



http://chemistry-chemists.com

Ha oTpuijaTesIbHOM 3/1€KTpOZie — IPOLiecC OKUCTeHHA:
HgZn = Zn2+ + 2¢- + Hg

Ha nonoxuTespHOM 3/1eKTPOZie — IPOLiecC BOCCTAHOBJIEHHA:
Zn%+ + 2e- + Hg = HgZn.

AKTHBHOCTb a; YMEHbIIAETCs, d, YBEIUINBAETCA. DTO IPOUCXOAUT O TeX
TIOp, TIOKa OHU He BBIPABHSIIOTCA:

E= Prpasrit ~ Prepoiit =

RT RT RT
=) Jzn2+ ~ 10 2__ ; Jgn2e ~ I A==
n/4n 2F  ay 0. n/4n 2F  a; 0. zF  ay

6.10. MNoteHyuometpus. MoTeHUMOMETPUYECKOE TUTPOBAHKE

ITomeHyuomempus — 3TO METOZ ONpeAeeHUs PAa3TUIHBIX GUUKO-XU-
MHYECKUX BEJIMYMH, OCHOBAHHBIN HAa M3MepPEeHUM 3JIeKTPOABIDKYILEH CHIbI
00paTHMBbIX raJibBAHNYECKUX 2JIEMEHTOB:

E=(pl_(p27

rae E — anextpogskyman cuwia (3/C); ¢, ¥ ¢, — MOTEHIUAJIBI SJIEKTPO-
JIOB MICCJIEZTyEMOM IIEITH.

[To AaHHBIM MOTEHIITMOMETPUIECKUX U3MEPEHUN BEIYUCIIAIOT KOHCTAHTHI
PaBHOBECHSA, KOHCTAHTHI AUCCOIIUAIIUY KUCJIOT U OCHOBAaHUHN, KOHCTAHTHI
YCTOMYUBOCTH KOOPAUHAIMOHHBIX COeANHEHUH, IPOM3Be/leHle pPacTBOpH-
MOCTH, OTIPEZAEAIOT aKTUBHOCTb U KO3PPUIIMEHT aKTUBHOCTHU 3JIEKTPOJIH-
TOB, BOJOPOAHKIN noka3areib (pH) u T. 4. Eciu yzaeTcsa mpoBecTH peaKLio
B raJiIbBaHM4eCKOM 3JIeMeHTe U onpeAeauTsb ero 3/1C, To MOXXHO paccyuTaTh
3HAYEHNs] OCHOBHBIX TEPMOAUHAMHUYECKUX QYHKIIUA U XapaKTepUCTUK:

AGO = —z - F-EY;
ASO = z F-dE9/dT,

OTCroZa

AHO = AGO + T - ASY;
E = RT/(zF)InkK,,

rae AG? — u3MeHeHHe CTaHAAPTHON MOJISIPHOUM CBOOOZHOM SHEpPruu; z —
YHCJIO 3JIEKTPOHOB, MIPUHUMAIOLIMX yJacTHe B 3JIEKTPOAHOM peakiuy; F —
noctossHHasg Dapages, paBHasa 96 500 Kin/monb; E0 — crangaptHas 3/IC
raJbBaHUYeCKOro anemMeHTa; ASO — M3MeHeHUe CTaHAAPTHOM MOJIAPHOMN
sHTpomnuu peakuu; T — abcomoTHas TeMiepaTypa, K; AH? — n3meHeHue
CTaHZAPTHOM MOJIIPHOM SHTAJIBIINY PEaKINH; R — yHHUBepcaibHas razoBas
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nocTosiHHaA; K, — KOHCTaHTa paBHOBECHA OKHCIUTEIbHO-BOCCTAHOBUTEIb-
HOM peaklluH, IIpoTeKalolleil B dJileMeHTe.

[ToTeHIIMOMETPUYECKOE TUTPOBAHNE IPUMEHSIOT /I peaklui HelTpa-
JIU3ALMH, OCAKAEHUS, KOMILUIEKCOOOpa30BaHUA M OKUCIUTEIbHO-BOCCTA-
HOBUTENIbHBIX. BO BcexX Cclydasx MHAMKATOPHBIN 3JIEKTPOA AOKeH OBITh
06paTUMBIM TI0 OTHOLIEHHUIO K HOHAM BOZOpPOJA B PacTBOpe JIMOO 110 OTHO-
IIEHUIO K MIOHaM, 00pa3yroIUM KOMIUIEKCHOE WIHM TPYAHOPacTBOPHMOe CO-
eZIMHEeHNe, BhIMaZalollee B 0CaZI0K.

HHoukamopHblil 31eKkmpoo0 — 3JEKTPOJ, KOTOPHIN CIIY>KUT JJIA oIlpeje-
JIEHUS TOYKH SKBUBAJIEHTHOCTH IIPU TUTPOBAHUU.

1. /11 OKUC/IUTETbHO-BOCCTAHOBUTEIBHOT'O TUTPOBAHUSA B KaueCcTBe UH-
JUKATOPHOTO 3JIEKTPOZAA HCIIOJb3yeTCs MHEePTHBIM MeTa/UTnieCcKUil dJIeK-
TPOZ, B Ka4eCTBe 3JIEKTPOZa CPaBHEHUS — KaJIOMeJIbHBIH 27IeKTPO/,.

2. Ins1 0OCafAUTENBHOIO TUTPOBAHMA HCIIONb3yeTCs MOHCEIeKTUBHBIN
3JIEKTPOZ B COYETAHUHU C KAKMM-THOO 3/1eKTPOZOM cpaBHeHusA. Hanpumep,
[V TUTPOBAHMS XJIOpH/Ja Kaus HUTPAaTOM cepebpa IpHMeHAIOT cepebps-
HBII 3JIEKTPOJ, CEJIEKTUBHBINM K HOHAM cepebpa.

3. Jl11 KUCJIOTHO-OCHOBHOTO TUTPOBAHMA HCIIONb3YyeTCs CTEeKIAHHBIN
3JIEKTPO/I B COUYETAaHUU C XJIOpcepeOpsSHBIM WIH KaJIOMeJIbHBIM 3JIeKTPOJOM.
[MokasaHus MpUOOpa MOTYT CYUTHIBATHCA B BOJIBTAX JINOO, €CITN UCIIONIb3YeT-
cs1 pH-MeTp, B eamHMLIaX pH.

[ToTeHIIMOMETpUYECKOe TUTPOBAaHUE HMIMPOKO UCIOJb3yeTcs AJIA OIpe-
JleJieHUs KOHI[eHTpallMi KHCJIOT, OCHOBAHUM U UX cMeceil. MeTtoz mpu-
MeHSeTCsA AJIs TUTPOBAHUS OKpaUIeHHBIX WIM MYTHBIX PacTBOPOB, KOrza
IIpUMeHeHNe UHAUKATOPOB 3aTpyAHeHO. CYIIIHOCTb €ro COCTOUT B TOM, YTO
TOYKAa SKBUBAJEHTHOCTH HaXOJUTCS He I10 ITlepexo/ly OKpacKu WHAWKATOpa,
a [0 pe3KOMy M3MeHeHUIO NoTeHIIMala HHANKATOPHOIO 3/IeKTPOzAa.

[IpaKTUYeCKH MOTEeHIIMOMeTPHUYeCKOe TUTPOBAHUE KHUCJIOT OCYIeCTBIIA-
eTcs CIeAYIOIUM 06pa3oM: COCTABJIAIOT rajlbBaHUYeCKUl 31eMeHT, y KOTO-
POTO OJVH 3JIEKTPOJ, — WHAUKATOPHBIN, PYroil — 3/IeKTPOA, CpaBHEeHUA
(xs0pcepeOpsAHEINA, KaJOMeIbHBIHN). I 5KCIIepUMEeHTalIbHOTO OIpeJere-
Hus pH MOTYT OBITh HCIIOJIb30BAHBI PA3/IMYHble MHANKATOPHBIE SJIEKTPOABbI:
BOZIOPOZAHBIM, CTEKIAHHBIN, XUHIHMAPOHHBIN U Ap. Haubosbiee npakTuye-
CKOe MpHMeHeHHe B IOc/IeJHee BpeMs Halllesl CTeKJITHHBIN dJIeKTPOoJ, UC-
MOJIb3yeMBIH B IIMPOKOM HHTepBajie pH U B IPUCYTCTBUM OKUCIUTENEH.

B M3BeCTHBIN 00bEM TUTPYEMOIrO pacTBOpa MpUOaBJIAIOT HebOMbIIN-
MU MOPUMAMHU MPHU INOCTOSHHOM IlepeMellMBaHUU TUTPAHT U KaXKABIHI
pa3 usmepsawT J/IC anemenTa. /g HaX0XAeHUA TOYKU SKBUBAJIEHTHOCTH
CTPOSAT KPUBYIO TUTPOBAHMA, HAHOCA 1O ocu opauHaT J/IC raspBaHUYe-
CKoro 3neMeHTa (puc. 6.4, a) WM MOTEHIMAIbl UHAUKATOPHOTO 3JIEKTPO-
na (puc. 6.4, 6), a mo ocu abciycc — KOJIU4YecTBO peareHTa (). Ckadok
IIOTEHIIMAa/Ma OTBeYaeT dKBUBaJeHTHOU Touke (T3D). Turpyrouuii pacTBop
(TuTpaHT) AO/DKEeH ObITH mpuUMepHO B 10 pa3 6osiee KOHIIEHTPUPOBAHHBIM,
YeM TUTPyEeMBIH.

Kak BUzHO, B X0l TUTPOBAHUSA IIPOUCXOAUT yMeHblleHue J/IC raabBa-
HUYECKOTO 3JIEMEHTa WM pe3Koe yBeJIMYeHHe MMOoTeHIaaa HHANKaTOPHO-
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ro anekTpoza. [1o KpUBBIM TUTPOBAHUA MOXKHO OIPEJETUTh TOUKY SKBUBA-
JIEGHTHOCTHU: CTPOSIT KacaTeJbHbIE K TPEM y4acTKaM KPHUBOW TUTPOBAHMSA;
HaXOAAT CepeANHYy OTpe3Ka, OIyCKAIOT MepIeHAUKYIAp Ha och abciucc
U OTIPEZIEJISAIOT YMCI0 MWUTHJINTPOB IPUOABJIsIEMOro TUTPaHTa. 3HasA 06beM
TUTPaAHTa, U3PACX0ZI0OBAaHHOTO Ha TUTPOBAHUE IO TOUYKU SKBUBAJIEHTHOCTH,
KOHIIEHTPAIMIO TUTPAHTa, MOXXHO PacCUUTATh COZiepXKaHNe aHATU3UPyeMO-
'O BellleCTBa BO B3ATOH Ipoode.

E,B A ¢ = f(pH) A

I
I_
<-r

1

>
>

VNaon> M T3 ViNaow> M

>
>

R
1

-1
a W

Puc. 6.4. Kpuble NOTEHLMOMETPUUECKOTO THTPOBAHUA

[ToTeHIIOMEeTPUIECKOE TUTPOBAHHE MOXKET IIPUMEHATHCA He TOJIbKO
ZUISL OTIpe/ie/IeHUsI OZHOTO KOMITOHEHTa, HO U A AuddepeHInpoBaHHOrO
TUTPOBAHUA CMeCH KUCJIOT U OCHOBaHUMU. [IoTeHIIMOMEeTpUYEeCKU METOZ
MIO3BOJISIET NIPOBECTU KOJIMYECTBEHHOE OIpeZiejieHHe KOMIIOHEHTOB B CMe-
CH KHCJIOT, €CTH KOHCTAHTHI AUCCOIMAMY B BOJE Pa3IMyYaloTCsa He MeHee
YeM Ha YeThIpe MopsAKa. Ec/ii KOHCTaHTHI AIByX KUCJIOT B BOZle OTIMYAIOTCA
Ha 2—3 mops/aKa, TO OHU He MOTYT OBITh pa3/ieJIbHO OTTUTPOBAHEI B BOAHOM
cpezie. Ha KpuBO# TUTPOBaHMA HMeEET MECTO OAIUH CKayOK IOTeHIMaIa, KOr-
Zia 06e KUCIOThl OTTUTPOBAHBI COBMECTHO.

CyliecTByeT rpyIna pacTBOpuTesneil (HeBOAHBIE), KOTOPble 061aZaloT
auddepennupyromum gericteueM. Tak, eci KOHCTAHTHI AByX KUCJIOT B BO-
JHOM pacTBope OJU3KH, TO B cpeZie AuddepeHIIUpYIoUero pacCTBOPUTEA
pasjiyre B BeIMYMHAX KOHCTAHT AMCCOIUAIMY YBeJIUYUBaEeTCA: KOHCTaH-
Ta AMCCOLHALNK C1ab0¥ KUCIOTHl yMeHbInaeTcs B 6osbiiel cteneHu. Ha-
IIpUMED, ONpeJeIeHHe COAEPKAaHUA COITHON ¥ MOHOXJIOPYKCYCHOM KHUCJIOT
B CMECH TUTPOBAHHEM BOJHOT'O PacTBOPA SIBJIAETCS CJIOXKHOM 3aZiayeil B CBA-
3 C TPYZHOCTbIO OOHApYXeHHUA JBYyX CKAaYKOB TUTpoBaHuA. [Ipu TUTpOBa-
HUM B alleTOHe 06a CKayKa BbhIpa)XeHBI JOCTATOYHO YETKO U COZep)KaHue
Ka)kJJOM KHCJIOTHI B CMECH MOXKeT ObITh paccyuTaHo. HekoTopele AByxocC-
HOBHBIE KHUCJIOTHI HE yJaeTcs CTyIIeHYaTo OTTUTPOBATh B BOJE, TOrja Kak
B Cpe/le OPraHUYeCKOro pacTBOPUTEA Ha KPUBBIX TUTPOBaHUA Habmoza-
IOTCA ZIBa CKAyKa.

B obmem ciyyae auddepeHnmpylolee feiicTBUE ABIAETCA Pe3yIbTaTOM
KOMIUTIEKCHOTO BJIMSTHUS CBOMCTB PacTBOPUTENA HA KOHCTaHTHI AMCCOLIMA-
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CTeKJITHHBIH 3JIEKTPO/ IBJISIETCS MOHOOOMEHHBIM 3JIeKTpoAioM. Jia ero
M3rOTOBJIEHHUS HCIIOJIb3YIOTCS ClIelMalbHbIE COPTa MOHUTOB. [lepexoz MoHa
BOZOPOZA U3 OZHOM $a3bl B IPYTYIO SKBUBAJIEHTEH NIePEHOCY eUHHULIbI 3a-
psaaa (z = 1). CTEeKJIAHHBIN 3JIEKTPO/ OOBIYHO UCIIONB3YIOT B I1ape C XJIOop-
cepebOpsHBIM 3JIEKTPOZOM CpaBHEHUs. [IpUMeHsIeMyI0 IPU 3TOM 3JIeKTPO-
XMMHYECKYIO IIellb MOXXKHO 3aIMCcaTh CIeAYIonM o6pa3oM:

(-) Ag, AgCl | HCl | crekno | uccnenyemsiii pactsop || KCl |AgCl, Ag (+)
%’—/
N AL 92 3 Xiopcepe6psHbIi
CTeK/IAHHBIH 2/IEKTPOZ, JEKTPOJ,

[ToTeHIMa CTEKJITHHOTO 3JIEKTPOZA BKJIIOYAET TPU CKaydKa:

(; — CKayYOK IOTeHI[Haja Ha rpaHMIle pasfiesia «MeTall BHyTPEHHEro
anekTpoaa — 6ydepHsiii pactBop» (wiu 0,1 M HCl), ¢, = const;

@, — CKayoOK NOTeHIMasna Ha rpaHune «bydepHsiii pactBop (uau
0,1 M HCI) — BHyYTpeHHs TOBEPXHOCTb MeMOpaHbl» (CTEKJIO), ¢, = const;

()3 — CKAYOK ITOTEHIIMaIa Ha IPaHMUIle «BHEIIHAA II0BEPXHOCTh MeMbpa-
HBI (CTeKJI0) — HuccIeAyeMblii pacTBOP», (03 # CONSt.

[ToTeHLIMAa CTEK/ITHHOTO 3JIEKTPOZA BhIpaXkaeTcsl ypaBHeHHeM HepHcra

o0 + BT
Ocr _(pCT+T naH+’

CraHgapTHHIN MOTEHIMAJ CTEKJITHHOTO 3JIEKTPOoZa O, 3aBUCUT OT COpTa
CcTeKJIa MeMOpaHbl, COCTaBa BHYTPEHHEro pacTBopa U Temneparypsl. Pac-
CYMTATh €ero HEBO3MOXKHO, TaK KaK OH BKJIIOYAeT IOTeHI[Hal aCUMMETPHH,
06yC/IOBJIEHHBIH pa3JIMYMeM 3JIeKTPOXUMUYECKUX CBOMCTB BHYTPEeHHeH
Y BHEIIHE! MMOBEPXHOCTEH CTEK/ISTHHON MeM6paHsl. C I1e/Ibl0 YMeHbIIeHUs
MTOTEHIMa/Ia ACHMMETPHUHU CTEKJITHHBIN 371eKTpo/ BeiMauuBaioT B 0,1 M pac-
tBope HCI u mocsie 3TOro XpaHAT B JUCTWLUINPOBAHHOM BoZe.

S/IC raipbBaHUYECKOTO 37eMeHTa paBHa (1pu 25 °C):

— — — 0 RT =
E= (pnpanmﬁ = Prepriit — Pxc — Per = Pxc —Per __F_ln Ay+ =

= @, . — 0% + 0,059pH.

Takum 06pa3oM, CTEKITHHBIN 3JIEKTPOZ ABIAETCS 06paTUMBIM OTHOCH-
TeJbHO MOHOB H* (3/1eKTpoZ nepBoro pozia), ero MoXHO HUCIOIb30BATh AJIA
onpegenenus pH. Tak kak paccyuTaTh @2, HEBO3MOXKHO, 3Ta OIeparus 3a-
MeHseTCsI HaCTPOKoit mpubopoB (pH-MeTpoB) 1o cTaHAApTHHIM OydepHbIM
pacTBOpaMm, TakK Kak Ikaja pH-MeTpoB nporpazyrpoBaHa HelocpeJCcTBeH-
HO B eguHUIaxX pH.

[Ip1 NOTEeHIHMOMETPUYECKOM TUTPOBAHUM CO CTEKJIAHHBIM 3JIEKTPOZAOM
He TpebyeTcs KaTMOPOBKHU MOC/IEAHEr0, TaK KaK OTYeT BeAyT He IO LIKale
pH, a o mkasne 3/IC.

OCHOBHBIE JOCTOMHCTBA CTEKJISHHOT'O 3JIEKTPOZA: IPOCTOTa paboTHI,
YCTOMYUBOCTh K AEHCTBUIO 0B, IPUMEHUMOCTh B LIIMPOKOH o6sacTu
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pH, 6BICTpOe ycTaHOBJIEeHHE PAaBHOBECHA M BO3MOXXHOCTb OINpe/e/eHUs
PH B OKMCINTEIbHO-BOCCTAHOBUTENIBHON cUCTeMe (TakK Kak 3J1eKTPOHBI
He y4YacCTBYIOT B 3JIEKTPOJHOM Ipolecce). K HegjocTaTkaM OTHOCAT XpyII-
KOCTb UX KOHCTPYKIIUHU U YCJIOXKHEHHE paboThI ITPU Ilepexozie K CHIBHO Iie-
JIOYHBIM U CHJIBHO KMCJIBIM pacTBOpaM.

Mpumepbi pewexns 3agay

3azaya 1. 3amuinTe cCXeMy rajbBaHUYECKOI'O 3JIeMeHTa, COCToslle-
ro u3 megHoro (40,34 B) u uuHkoBoro (-0,76 B) anekTpofoB. 3anuimmure
MIOJIypEeaKI|H, IPOUCXOAAIINE Ha KOKAOM U3 3JIEKTPOZOB, a TaKKe obiiee
ypaBHeHUe peakiuu. Paccuutaiite crangaptHyo J/IC, a Taxke 3/IC, sHep-
ruio ['n66ca 1 KOHCTAaHTY PAaBHOBECHS PeaKIuy IPU CIeAyIONX yCIOBUAX:
a(Cu2t) = 0,1 M, a(Zn2+) = 2 M.

Pewenue. CocTaBiisfieM cXeMy raJlbBAaHUYECKOI'O 3JIeMeHTa:

() Zn | Zn2+ || Cu2* | Cu (+).

AHoz (-): Zn — 2e- = Zn2+;
Kartozg (4): Cu2t + 2e- = Cu;
Ob61as peakuus:

Zn + Cu?* = Zn2* + Cu
— o0 — o0 - o _
E0 = (pCu2+/Cu (pZn2+/Zn_ 0,34-(-0,76) = 1,10 B.

[ToTeHIUABI SJIEKTPOZOB IIPHU 3aJaHHBIX 3HAYCHHUAX aKTUBHOCTU pac-
CYHUTBIBAE€M I10 YPABHEHUIO HepHCTaZ

0,059 0,059
- 0 5 - b —_ .
Pcwz+ /cu = Pouz+cu T " lga(Cu?+)=0,34+ 5 1g0,1 = 0,31 B;
0,059 0,059
— 0 > 24 — | > - _ .
©y2+ /70 = Pgn2s jzn ¥ " lga(Zn?)=-0,76+ 3 lg2 = -0,75B;

E=Qc. 2+ 0y ~ Pzn2+ 20 = 0,31-(-0,75)=1,06 B;

AG = —nFE = -2 - 96487 - 1,06 =
= -204,6 - 103 Ik = —204,6 x/I>x/MOJIb;

AG = -RT InK;
. 3
RT 8,31-298

3azaua 2. Onpegenute nmpousBeseHue pacrsopumoctu [1P (o mpousse-
JIEHUH PaCTBOPUMOCTHU CM. Kypc 06Iell XMMHUH) U pacCTBOPUMOCTb 6pomuza
cepebpa Ha OCHOBaHMH 3HAYeHMI CTaHAAPTHBIX 2/IEKTPOAHBIX TOTEHIIMAIOB
[t 6pomcepebpsioro (40,071 B) u cepebpsiroro (40,799 B) anekTposoB.
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Pewenue. CocTaBUM rajJbBaHUYECKU 31eMeHT U3 6poMcepeOpsSHOro
Y cepeOpsIHOTO 2JIEKTPO/IOB:

(-) Ag | AgBr | Br-||Ag* | Ag (+).

Anoz (-): Ag + Br—e- = AgBr;
Katog (+): Agt + e = Ag;
B rajpBaHUYECKOM 3JIEMEHTE MPOTEKaeT peaKIus

Ag* + Br- = AgBr
KoHcTraHTa paBHOBecus 3Toi peakiuu obpatHa [TP(AgBr):

nFEO
K=——————=exp ;
TIP(AgBr) RT

=0,799-0,071 = 0,728 B;

0 = 0 — 0O
E (pAg+/Ag (pAgBr/Ag, Br-

nFE° ) ( 1-96487-0,728
=exp| -

TTP(AgBr) = exp| — —4,9.10-13,
(AgBr) EXP( RT 8,314-298 )

3afiaum Ana camoCTOATENIbHOIO pelueHun

1. 3anumuTe cxeMy raJbBaHUYECKOI'O 3JIEMEHTA, COCTOSAIIEro U3 XJI0p-
Horo (41,36 B) ¥ BOZOPOAHOTO 3JIEKTPOAOB. 3alUIINTE MOJypeaKIUu,
MIPOUCXO/AIINE Ha KaXIOM U3 2JIEKTPO/JOB, a TaKkKe obliee ypaBHeHHe pe-
aknuu. Paccuuraiite 3HaueHus EO, E, AG u K, Ipu c/leyIOUX yCIOBUAX:
p(CL) = 2 arm, a(ClH) = 0,1 M, p(H,) = 1 atm, a(H*) = 0,001 M.

2. PaccuunTaliTe CTaHAAPTHBIN OKHUCIUTENbHO-BOCCTAHOBUTENBHBIN I10-
TEHIMa ccTeMbl Pb4+ | Pb2+, ecyi M3BECTHBI CTaHAAPTHBIE 3IE€KTPOAHBIE
noreHuuasnsl Pb4+ | Pb (40,77 B), Pb2+ | Pb (-0,13 B).

3. OnpegenuTe pou3BeeHNE PAaCTBOPUMOCTH M PaCTBOPUMOCTD Opo-
Muza cepebpa Ha OCHOBAaHMU 3HAYeHUHN CTAHZAPTHBIX dJI€KTPOAHBIX IIO-
TeHIIMANOB AJisA XjopcepebpsiHoro (40,222 B) u cepebpsanoro (+0,799 B)
3JIeKTPO/OB.

4. OmpezenyTe CTaHAAPTHBINA OKUCIUTETbHO-BOCCTAHOBUTEIBHBIN I10-
TeHLMaJI i Impolecca

MnOg + 2H,0 + 3e- = MnO, + 40H-

€CJIM CTAaHAAPTHBIM OKHUCIUTENbHO-BOCCTAHOBUTENBHBIN MOTEHIUAN 1A
mpotecca

MnO; + 4H* + 3e- = MnO, + 2H,0

paBeH +1,69 B.
5. OmnpezenvTe KOHCTAHTY HECTOMKOCTU MOHA TeTpaxsioporuiatiuHaTa (II)
[PtCl,]2- Ha ocHOBaHMM 3HaY€HUH CTaHAAPTHHIX 3/IEKTPOAHBIX IIOTEHIIMATIOB:
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Pt2+ 4+ 2e- = Pt; 99 = +1,20 B;
[PtCl,]2- + 2e- = Pt + 4Cl; ¢° = +0,73 B.

6. PaccunTaliTe KOHCTaHTy pPaBHOBeCHs peaKIM{ AUCIPOIIOPIHOHUPO-
BaHua 2Cu*t — Cu?+ + Cu npu 25 °C.

7. PaccuuTaliTe KOHCTAaHTy paBHOBecus peakuuu ZnSO, + Co =
= CoSO,4 + Zn mpu 25 °C 10 JaHHBIM O CTaHAAPTHBIX 3/JIEKTPOJAHBIX II0-
TeHI[halax.

8. J/IC anemeHTa, B KOTOpOM 0b6paTuMO npoTekaeT peakuus 0,5Hg,Cl, +
+ Ag = AgCl + Hg, paBHa 0,456 B nipu 298 K u 0,439 B npu 293 K. Pac-
cuuTaiite AG, AH u AS peakium.

9. Beiyucure TerwioBoi addekT peakiuu Zn + 2AgCl = ZnCl, + 2Ag,
MIPOTEKAIIel B ralbBaHNYecKOM ayeMeHTe nipu 273 K, eciiu 3/IC anemeH-
ta E = 1,015 B u TemnepaTypHbiii koapdunuent /C = —4,02 - 104 B/K.

10. M3ameHeHue aHTanbNMM peakiuu Pb + 2AgCl = PbCl, + 2Ag, npoTe-
Kalolllell B ralbBaHU4eCKOM 3jieMeHTe, paBHO —105,1 k/[x/moinb. O/IC sToro
anemenTa paBHa 0,4901 B npu 298,2 K. Paccuyuraiite 3/]C aneMeHTa IpU
293,2 K.
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naBa 7
XUMUYECKAA KUHETUKA U KATAJTU3

Jlajieko He Bcerza TeEpMOAMHAMHYECKH BO3MOXKHbBIE PEAKI[UH OCYIIECT-
BJISIIOTCS B IECTBUTENBHOCTH. DTO CBS3aHO C TEM, YTO B TEPMOAMHAMUKE
HeT IIapaMeTpa BpeMeHH, II03TOMY OHa He JJaeT OTBET, KaK CKOPO HACTYIIUT
JaHHOe cocTosHUe. OnpeeneHye yCIOBUH, IIPU KOTOPHIX TEPMOAMNHAMMU-
YeCKU BO3MOXKHBIE peaKUuu OyAyT IpOTeKaTh C JOCTATOYHOM CKOPOCTHIO,
COCTaBJISIET OJHY U3 OCHOBHBIX 3aZIa4 XUMUYECKON KMHETHUKHU. B KUHETHKe
BBOAMUTCA GpaKTOp BpeMEeHHU, KOTOPHIH B TEPMOJAMHAMUKE He paccMaTpUBa-
eTcsl.

Xumuueckas kuHemuka — y4eHre O XUMHUYECKOM IIPOIIeCCe, ero Mexa-
HU3Me ¥ 3aKOHOMEPHOCTAX NMPOTEKAHMUSA BO BpeMeH!. XuMHudecKasi KUHe-
THKa — UHCTPYMEHT /IJI1 YCTAHOBJIEHU MeXaHM3Ma XUMUYECKUX PeaKIUi,
CBSI3M CTPOEHMS ¥ PEAKIMOHHOM CITOCOOHOCTH pearupyroinx YacTHIl.

7.1. CKopocTb XMMHUYECKON peaKuumn

Ckopocmb npocmoii 20M02eHHOIL xumuueckoil peaxyuu W paBHa 4uc-
JIy DJIeMEeHTapHBIX XUMHYEeCKUX aKTOB, IPOTEKAIOIINX B eUHUIle 06BeMa
3a eJMHUIly BpEMEeHU.

B 3amMKHyTO! cucTeMe IIpU IIOCTOAHHOM OObeMe M paBHOMEPHOM pac-
IpeJie/IeHUH PeareHToB 110 BceMy 00'beMy PeaKTOpa CKOPOCTb XUMHYECKOH
peakIyy MPpsSMO IPOMOPLIUOHATbHA U3MEHEHHUIO KOHI[EHTPAI[UY PeareHToOB
BO BpeMeHU. CieAiyeT pa3indyaTh CKOPOCTh PACXOZOBAHUSA peareHTa WIN
obpa3oBaHusA MIPOAYKTA ¥ CKOPOCTh XUMUYeCcKol peakuuu. Eciu B cucreme
MPOTEKAET PeaKIUs B COOTBETCTBUHU CO CTEXUOMETPUYECKUM ypaBHEHHUEM

VA + VgB = VY + v, Z,
TO CKOPOCTb 3TOM peakIuy paBHa

_1dc, 1dCs_1dc, 1 dc,

W= = ,
v, dt vg dt vy dt v, dt

T. €. OHA He 3aBUCUT OT TOTO, II0 KAKOMY BellecTBy (A, B, Y, Z) akcnepumeH-
TaTOp CJIEAUT 3a mpoliieccoM. TONBKO IIPH CTEXMOMETPHUYECKOM KO03PPHITH-
€HTe V,, paBHOM eanHUIe, W = W,. CrexuomeTpudeckue Ko3pPpUiureHTsI
ZJOJDKHBI COXPAHATHCSA OCTOSIHHBIMU B X0/le BCETO IIpollecca, B IPOTUBHOM
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cydyae Heo6XOAMMO NIPUHUMATh BO BHUMaHHe UX U3MeHeHHe BO BpeMeHH,
YTO MOXXeT UMeTb MeCTO B CIydae CJIOXKHBIX PeaKLUi.

JUTsi CJIOXKHBIX peaKIUi CIeAyeT pa3jIndaTh CKOPOCTh Ipoljecca B 1IeJIOM
U CKOPOCTh OT/JIEIbHBIX COCTABJISIONINX €ro CTaZui; CKOPOCTb dJIeMeHTap-
HOH CTaZuU MOXeT ObITh U OoJsbllle, U MeHbIlle CKOPOCTU COBOKYITHOTO
XUMUYECKOro npeBpameHus. CKOPOCTb XMMHYECKOHW peaKLMi BbIpaXkaeT-
csi B MoJib/ (J1-c) win Mojib/ (AM3-C), HO MOXKeT OBITh BBIpa)KeHa U B PyTUX
eMHUIIAX.

Ecii peareHTHI HepaBHOMEPHO paclipeZiesieHs! 1o o6bveMy V, To peakius
MOJXET IPOTeKaTh B Pa3HbIX TOYKAX peaKTopa ¢ pa3Hol CKOPOCThIO. B aTnx
CIy4yasix HaZlo OT/IMYaTh UCTHHHYIO CKOPOCTD PeaKLUH B JAHHOM MUKPOOOB-
eme W(x, y, 2) = dC(x, y, 2)/dt OT cpesHel CKOPOCTH:

Cav.

4

d
W=v-1[—
v gdt

Ewmm crctema 3aMKHYTa, HO ee 06beM M3MeHseTcs B XoZle peakuuu (pe-
aKIIMIO IPOBO/SAT ITPH MIOCTOSHHOM JIaBJIEHUHU), TO KOHLIEHTpalus OyaeT u3-
MEHATHCA 33 CYET XMMUYECKON peakIUU U U3MeHeHUs 06beMa CHUCTEeMBI.
B 3TOM CiTy4yae A1 KCXOZAHOTO BellecTBa

B CJIOKHOM XUMUYECKOM peaKIUH, IZie YYaCTBYIOT aKTUBHEIE IIPOMEXY-
TOYHBIE MPOAYKTHI, CKOPOCTb PEAKIIMH HEJb3s1 BEIYUCIATh KaK CKOPOCTD U3-
MeHeHHS KOHI[EHTPAI[UU IPOMEXYTOYHOT'O IPOAYKTA.

7.2. KuHeTueckas Knaccupukauma Xumuueckux peakuuii

BciescTBre OTPOMHOTO pa3HOOoOpa3us XMMHUYECKUX peakIvii efBa
JI1 BO3MOXKHA UX efvHas Kiaccupukanus. JleseHre peaklUil Ha TPYIIILI
BO3MOJKHO C Pa3JIMYHBIX TOYEK 3pEHU.

1. IIpocThie U CIOKHBIE XUMUYECKHE PeaKLIUH.

IIpocmas (371eMeHTapHas1) peakyus COCTOUT U3 OJHOTUIIHBIX d/I€eMeH-
TapHBIX AKTOB, HAIIPUMED:

(C¢Hs) ,CH-CH(C¢Hs), — 2(C¢Hs),CH®

B nmpocToit xuMI4yecKkoi peakliy peareHThl HelIOCPeACTBEHHO IIpeBpa-
IIAIOTCA B MPOAYKTH 6e3 o6pa3oBaHusA NPOMEXYTOUHbIX JacTull. [IpocTas
peaxiys nmpoTeKaeT 6e3 y4acTus KaTaau3aTopa U He TOPMO3UTCA UHTHOU-
TOpaMH.

CnoxcHast (MHOTOCTAIUITHAS) peakyus COCTOUT 13 HeCKONbKUX (MHOrZa
6O0IBIIOro YKC/Ia) MIPOCTHIX PpeaKlUii — dJieMeHTapHBIX CTaAN, CBA3aHHBIX
ZPYT C APYTOM 4Yepe3 peareHThl WK NMPOAYKTHl. YacTo MPOAYKT OAHOM CTa-
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JUY CIYXKUT PeareHTOM ISl APYTUX CTaJUM, IBJISISACh IPOMEXXYTOYHBIM IIPO-
AyKTOM. EC/IM MpOMEXYTOYHBIHM MPOAYKT OYeHb GBICTPO MOZABEPraeTcs Io-
CJIEZIyIOIUM TIPEBPALEHUSAM, TO OH SIBJIAETCA JIAGWIbHBIM IIPOMEXXYTOYHBIM
MPOAYKTOM M OOBIYHO NMPUCYTCTBYeT B CICTEMe B BecbMa HHU3KOM KBa3uUpaB-
HOBECHOM KOHIIEHTpalVu.

2. C TOYKM 3peHHs YHC/IA YaCTHUL], BCTYTAOUIUX B PeaKLUio U obpa3syro-
IIMXCA B PEAKI[UH, ITPOCThIE PEAKIINH AeJIATCA Ha MOHO-, 6U- U TPUMOJIEKY-
JIIpHBbIE PEAKIIUM.

MoHoMmonekynapHas peakyus — IpocTas peaklysd, B 3JIeMEeHTapHOM
aKTe KOTOPOI IpeBpaljaeTcs ofHa YacTula (MoseKyna, pagrukai, UOH), Ha-
npuMep Aucconranus nepokcuga no O-0O-cBa3u:

ROOR — RO* + RO*

BumonekynsapHas peakyus — MpocTasi peakiys, B KOTOPO IpeBpala-
IOTCS IBE YaCTHUIBI (MOJIEKYJIbI, paZIUKaJIbl, MOHBI), HAIIpUMEp:

C,Ht + Br— C,H;Br

TpumonekynsipHas peakyus MpoOTEKAET C yIacCTHUeM TpeX YacTHI] IPU
HUX OJHOBPEMEHHOM CTOJIKHOBEHHH. VIHOTZIa GMMOJIEeKy/IApHOe IpeBpalle-
HUE IIPOUCXOAMT C yYaCTHEM TpeThel yacTulbl. Hanpumep, pekomObuHanus
aTOMOB B rase Bcer/ia IIpOTeKaeT B TPOMHBIX CTOJKHOBEHUAX, TaK KaK TOJb-
KO B 3TOM CJIy4yae JOCTUTaeTCs: CTabIn3anus AByXaTOMHON MOJIEKYJIBI I1y-
TEM Iepeiad SHepTUU peKOMOWHAIUY TPeThel JYacTulle:

He + He + M H, + M

3. B 3aBUCUMOCTH OT TOTO, KaK IIPOUCXOAUT Ilepepaclpe/ie/ieHHe dJIeK-
TPOHOB M XUMHYECKHUX CBA3€H B XMMMYECKHX peaKIUAX, UX MOXXHO pasJe-
JIUTh Ha OKUCIUTENbHO-BOCCTAHOBUTEIbHEIE, TOMOJIUTHUYECKHE, FeTE€POJIH-
TUYeCKHe U CUHXPOHHEIE.

OKucaumensHO-860CCMAHOBUMENbHAA PeaKyus — peaKlyda, B KOTOPOi
O/IVH peareHT (8occmaHosumens) TepsieT, a Apyroi (okucaumens) npuood-
peTaeT OZUH WM /iBa 3JIeKTPOHA, HallpuMep:

Cr2+ + Co(NH,);" — Cr3+ + Co(NH,)Z*
Fe2+ + HO® — Fe3+ + HO-

TomonumuyueckumMu Ha3bIBAIOT PEAKLHH, B KOTOPHIX Pa3pblB XUMMUe-
CKO¥ CBSI3U COIIPOBOXK/]A€TCs pa3beJUHEHNEM Iaphl 3JIeKTPOHOB, ee obpa-
3yIOLIMX, a BOSHUKHOBEHNE HOBOM CBfI3M IPOTEKAET KaK CoeJUHEHHE JBYX
$parMeHTOB, Kbl U3 KOTOPHIX ABJIAETCA HOCHUTENEM OAHOrO HecllapeH-
HOTO 3JIEKTPOHA. B rOMO/MIUTHYECKHUX PeaKIUAX BCcerza y4acTBYIOT WK 06-
PasyroTCcs YaCTULBI C HECITApDEHHBIM 3JIEKTPOHOM: CBOOOJHBIE PaJiUKaJIbI,
HOH-PaJUKaJIbI, COJIbBATUPOBAHHBIN IEKTPOH.
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TI'emeponumuueckumu Ha3bIBAIOT peaKLMHU, B KOTOPHIX pasphIB Cyllle-
CTBYIOILINX U 06pa3oBaHMe HOBBIX CBA3€l MPOUCXOAAT C COXpaHEHUEM dJIeK-
TPOHHOU Naphl (reTepoINTUIECKH).

TI'emeponus (reTeposUTHYECKUI pacraz MOJIEKy/) IIPOMCXOAUT IO peak-
IIUY THTIA

X-Y—>X+Y* wiu A-H— A-+ H*.

4. XuMHYecKye peaKIMy 4acTO OCYLIECTBIAIOTCA IPYU BO3JIeHICTBUU TOrO
WM MHOTO PU3UYECKOro areHTa Ha XUMUYECKyI0 CUCTEMY.

Tepmuueckasn peakyus IIPOUCXOAUT IIPU BO3/IEHCTBUU TeIUIa, KOrja pe-
areHThl aKTUBUPYIOTCS TOJIBKO 32 CYET TEIUIOBOTO JABIKEHUS MOJeKyl. Pe-
aKIus MpOTeKaeT u3omepmuyecku, €cii B TedeHHe Bcero oneita T = const,
1 Heu3omepMuuecku, eCJIi TeMIlepaTypa MeHseTCs B XOZe Ipoliecca; pu
OTCYTCTBHH TEIUIOOTBOZA PeaKIus uzieT aduabamuuecku.

domoxumuveckue peakyuu IPOTEKAIOT IIPU BO3AEUCTBUM CBeTa Ha XU-
MHYECKYIO cucTeMy. CBET MOXXET BBI3BaTh JMCCOIIMAIIMIO MOJIEKY/I HA pajyi-
KaJibl (TOMOJIMTUYECKHE PEeaKI[MN), HOHU3AIUIO MOJIEKYII C TIOC/IeAYIOIINM
MpeBpaleHueM HOHOB, UOH-PAZINKAJIOB U aTOMOB C MOJIEKYJIaMU U APYT
C IpyroMm.

dnekmpoxumuueckue peakyuu IPOUCXOJAT B o6beMe U Ha IIOBEPXHO-
CTH 3JIEKTPOZIOB IIPU MPOIYCKAHUU Yepe3 cUcTeMy (PacTBOp WIH TBEPAYIO
¢dasy) a/eKTpUIECKOro TOKA.

MexaHoxumuueckue peakyuu BO3HUKAIOT B TBEPJOM TeJjle IIPH ero Me-
XaHUYeCKOM pa3pylIeHHH, BKIIOYAIOT paciaz MOoJIeKysl Ha CBOOOJHbIE paju-
KaJIbl 1 HIOHU3ALIHUIO MOJIEKYIL.

5. XMMHUYeCcKHe PeaKI[UU pa3IuvaroTcs o $pa30BOMy COCTOSHUIO pearu-
pymolIeli CHCTeMBI.

TomodazHas peakuyus IpoTeKaeT B OZHOU ¢ase, romodasHble peaKIu
JIeNIATCA Ha 2a30¢asHble (B ra3oBoi ¢ase), wuodkogpasHule (B xuzakoi dase)
1 meepdogasHole (B TBEpAOH pase), HO He COPOBOXKAAIOTCA 0Opa3oBaHuEM
HOBOI Qasbl.

T'emepoga3Han peakuyus BO3HHKaeT Ha IpaHuUlle paszena AByX ¢as
(ra3a — XUAKOCTb, XXUAKOCTb — XXKUAKOCTb, Ta3 — TBEpZAOe TeJO, XUJ-
KOCTb — TBEpZO€e TeJIO, TBEPAOE TeJI0 — TBepAoe Teso). leTepodasHbIMU
SBJIAIOTCS PeaKI[MU MpeBpalleHus TBEPABIX TeJl, CONPOBOXAAIIHECcs 00-
pa3oBaHHEM HOBOU ¢a3bl.

6. B 3aBUCMMOCTHU OT TOT'0, KAKHe peareHThl BCTYNAIOT B PeaKI1H, Ipo-
CThble peaKUHH JAeJNAT Ha MOJeKyNsipHble (YIaCTBYIOT TOJIBKO MOJIEKYJIBI),
padukanvHble (10 KpaiiHei Mepe OAWH U3 peareHTOB — aToOM, CBOOOAHBIN
paaviKag WIA UOH-PaZiuKai), uoHHble (OAUH WK 6ojlee NOHOB), peakyuu
8030yn0eHHbLX Monekyn (B POTOXMMHYECKUX IPOIeccax), peakyuu conbed-
MUPOBAHHO20 3/IeKMPOHA, PeaKyUU ¢ yuacmuem KOMNIeKcos.

7. CJIO)KHbIE peaKIUH 10 Cocoby, KOTOPBIM IIPOCTBIE PeaKLUK COWIeHs-
IOTCA B CJIOXKHBIM XUMHUYECKHUI ITPOLECC, MOXKHO paszelUuTh Ha obpamumole
(paBHOBECHBIE), napaiiebHble (BKIOYas KOHKypupyruwue), nociedosa-
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meJibHble, N0CNe008aAMeNbHO-NAPALIeNbHble, NoCedo8amenbHble ¢ obpamu-
MbIMU CMAOUAMU, CONPANCEHHbBLE U CAMOCONPSANCEHHble PEAKITIH.

[To TMHWH KaTalu3aTopa CIOXKHbIE peaKIIMH MOXKHO pa3/eIuTh Ha He-
kamanumuueckue, kamaaumuueckue (KaTaau3aTOp y4acTBYeT B Ipoliecce
C caMOro Hayajia ero MpoBeZieHUs1) ¥ agmokamanumuueckue (KaTaau3aTop
obpasyeTcsl B KaueCTBe KOHEYHOT'O WIH IIPOMEXYTOYHOT'O IPOAYKTa).

Oco6oe MecTo cpefu CIOXKHBIX peaKIUi 3aHUMAIOT UenHble peakyuu,
IIPOXOZASAIINE C YIaCTHEM aKTUBHBIX IPOMEXYTOYHBIX YacTHIL] (ATOMOB, CBO-
OOAHBIX PaJUKAJIOB, BO30Y)KJEHHBIX MOJIEKYJI, HECTAOWIBHBIX IOHOB) B LIU-
KJIMYECKH TTOBTOPSIOIIMXCA CTAJUAX, HAIPHUMep IelHasA peakiusa XJopa
C BOZOPOZIOM.

C TOYKH 3peHHUs yI9acTUsA UHTUOUTOpA CIOXKHBIE PeaKI[UU JeNIAT Ha He-
uH2ubuposamHsle, uH2ubUPOBaHHble (MHTUOUTOP MPUCYTCTBYeT B UCXOAHOU
cMecH), agmouH2ubuposaHHtvle (MHTUOUTOP 06pa3yeTcsi B XOZle PEaKINH).

8. BO3MOXKHO JiejieHre peaKIuid (IIPOCTHIX U CJIOXXHBIX) 1O CKOPOCTH
HX TIPOTEeKaHUs Ha medneHHble U Obicmpble. CKOPOCTb GBICTPBIX (Quddysu-
OHHO-KOHMPOAUPYeMblX) PEAKIUN 3aBUCUT OT CKOPOCTH BCTpPeY YacTHIl-pe-
areHToB. Me/jIeHHbIe peaKI[UH JUMUTHUPYIOTCS XUMUYECKUM B3auMOZen-
CTBMEM YacCTHII, KOTOPOE MPOTEKAET 3HAYUTEIbHO MeZJjIeHHee CKOPOCTHU
audoy3un (BCTpeuu) peareHToB.

7.3. DopmynupoBKa 3aKOHa AeHCTBUA MaCC

Ecnu B a1leMeHTapHOM aKTe IMPOCTOM peaklUy Y4acTBYIOT BE€ YaCTHIIBI
(A + B — IpOAYKTHI), TO YUCJIO 3/IEMEHTAPHBIX aKTOB OyZeT NpsAMO IIpo-
MOPI[MOHAJIBHO YMCJIY BCTpeY YacTull A U B, a 3To yucio B eauHuIe 06b-
eMa 3a eJJMHUIly BpeMeHU IPsMO IIPONOPLMOHAIBHO NMpou3BeAeHuo C,
Cg. CnefoBaTenbHO, A GMMOJIEKYIAPHON peakiuu A + B — IMPOAYKTHI
W ~ C,Cj.

3aKoH AeHCTBUS MACC: CKOPOCMb NPOCMOLl 20MO2eHHOU XUMUUECKOTL pe-
aKyuU NpsiMo NPONOPUUOHANbHA NPOU3BedeHU) KOHUeHmpayuil peazupyro-
Wux 8ewjecma 8 cmeneMsix, pagHbLX UX cmexuomempuueckum koddduyuen-
mam.

s peakiuu
n4A + ngB — NpOAYKTHI
KMHEeTHUYeCKoe ypaBHeHHe UMeeT BUJ
W =kc;ACEE wiu W =k[[C}",

rae IT — cumBon npousBeseHus; C; — KOHIEHTpALUA i-ro peareHra; k —
KOHCTAaHTa CKOPOCTH peaKIIuH.

3aKOH JeMCTBUA MacC BHITOIHSETCS IIPU ONpe/ieIeHHBIX YCIOBUAX.

1. XuMudecKasi peakiysa IIPOTEeKaeT TOJbKO 3a CYET SHEPTUU TEIUIOBOT'O
JBIDKEHHS MOJeKy/. Ecii peakijyio BhI3BIBAIOT CBET, dJIeKTPUYECKUI TOK
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WIY NPOHUKAIee U3ydeHre, TO 3aKOH JeHCTBUS MacC BUAOU3MEHSETCS,
CKOPOCTb IIpeBpallleH!s 3aBUCUT He TOJIBKO OT Cy, Cg U T. [., HO U OT Xapak-
Tepa MOABOAMMOI SHEPTUU U €€ KOJIMYECTBa.

2. [IpoTekaHue peakIMyd He HapyllaeT paBHOBeCHOe (MaKCBeJUI-60b-
IIMaHOBCKOE€) paclipe/ieJieHre SHEPTHH TI0 CTeleHsAM CBOOOAbI pearupylo-
[IYMX YaCTHUL. JTO YCJIOBUE BBHIMIOJHIETCA B TEX CIy4Yasx, KOrJa CKOPOCTh
nmepejayy 3Hepruu (MOCTyMaTeJIbHOMN, BpallaTeIbHOM, KOIebaTeabHOM)
OT YaCTHULI K YacTHLe MHOTO OOJIbIlIe CKOPOCTH XMMHUYECKOT0 IIpeBpalle-
HUA. HapylieHus 3TOro ycjIOBUS OTPaXKalOTCS Ha KMHETHKe peakunu. Ha-
MpUMep, MOHOMOJIEKY/IIPHAsA peaKLys IPOTeKaeT [0 3aKOHY OMMOJIEKYIAp-
HOM peakKIlhy, eCIy MPOIeCC JUMUTUPYETCS nepejayeil SHEPryH.

3. PeareHTHI paBHOMEPHO pacIipeZieJIeHbI IT0 00beMY peaKTopa.

4. laMeHeHUe KOHILIEHTpAIlUNl peareHTOB He MeHseT CBOMICTB cpeZbl
U PU3NYECKOTO COCTOSHHUA YaCTHUIl peareHToB. DTO yCJIOBHE YacTO Hapylla-
eTcs U1 XXKUAKO(DA3HbIX PEAKIMU C y9aCcTHeM MOHOB U MOJISIPHBIX MOJIEKYII.
V3aMeHeHMe KOHIIEHTPAIlUK peareHTa, JUCCOIUUPYIOIIEr0 Ha MOHBI, MOXKET
U3MEHUTDh UOHHYIO CIIy ¥ PH pacTBopa, YTO OTPA3UTCSI Ha CKOPOCTH peak-
ITHH.

ITopsidok peakuuu 10 JaHHOMY peareHTy (YacTHBIM MOPSZOK) paBeH
MOKa3aTeJi0 CTENEHH, B KOTOPOI KOHIIEHTpALMs peareHTa BXOAUT B KHUHE-
THUYECKOe YpaBHEHHUeE JJI1 CKOPOCTH peakuunu. Hanpumep, B peakuuu, CKo-
pocts KoTopoit W =kC};*, TIOPAZOK peaKL{u 110 peareHTy A paBeH n,. s
MPOCTOM peaKLMH MOPSAOK MO JaHHOMY peareHTy paBeH YHCIy YaCTHUIL pe-
areHTa, y4acTBYIOIIUX B OAHOM 3JIEMEHTapHOM aKTe, U COBIIAJAaeT C MoJle-
KYJIAPHOCTBIO peakuuu. Tak, A peakiuu

2NO + Cl,— 2NOCl

nopsziok peakiuu 1o Cl, paseH 1, a mo NO — 2.

O6wuii nopsdok peakyuu (n) paBeH cCyMMe IOKa3aTejlel CTemeHel
KOHIIEHTpaLUil BceX peareHTOB, KOTOpPhIE BXOAAT B KUHETHYECKOe ypaBHe-
HUe JJI1 CKOPOCTU peaKlUH.

Ecmu W =k[]c?, To n = In;. JiiA IPOCTO# peaKiuy OBLIHiA TOPAAOK —
3TO YHUCJIO BCEX YAaCTHILI, YIAaCTBYIOIIUX B OJHOM 3JIeMEHTApHOM akTe. Jlis
peakuuu 2NO + Cl, o6muii NopsAoK peakuu paBeH 3.

[TopsiZAOK peakIUM MUMeEeT HEeCKOJbKO Pa3JIMYHBINA CMBICI JJI MPOCTHIX
U CJIOXKHBIX peakiuil. [Topsazok MpoCTON peaKIMU paBeH YUCJIY YacCTHII,
y4YacTBYIOUINX B 3JIEMEHTAPHOM aKTe; OH BCET/A MOJIOXKUTENIEH U IeI0YUC-
neH. Eciu ciioxxHas peakuus npezAcTaBiseT cobo0il psj mociesoBaTeIbHbIX
CTa/ui, U3 KOTOPBIX IEPBasi OIpeZielisieT CKOPOCTh BCEro Ipoliecca, TO Mo-
PAZOK CyMMapHOM peakIuy 0OBIYHO paBeH MOPSAKY 3TOH onpeensomen
CKOPOCTBh CTa[uu. B 06111eM ciyyae MOpsIoK CJIOXKHOU peaKIuy MOXeT OBITh
[[eJIOYHCIEHHBIM, IPOOHBIM, IIePEMEHHBIM U JaXKe OTPULIATeIbHBIM (/1S aB-
TOKATaJIUTUYECKUX U LIeITHBIX aBTOMHUIIMMPOBAHHEBIX IIPOIIECCOB).
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7.4. Peakuuu pasnuyHbIX NOpAAKOB

Cxopocms peakyuu nepeozo nopsadka A — Z npsaMo NpOoNOpIHOHAIbHA
KOHIIEHTPAI[UU peareHTa:
dC, dC,

—4 =kC,.
dt  dt A

Kunernueckue kpussle usmeHeHus C, 1 C, ONUCHIBAIOT GOopMyIaMU
CA = CAOe—kt nin lnCA = ].nCAO _kt,

k=11nCa0

t Ca

(pa3aMepHOCTb KOHCTaHTHI k — [Bpemsa1]);
CZ = CZO +CAO(1 —E‘kt),

raneCy,=CpouC,=Cyymput = 0.
ITeproz monynpeBpameHus T,,, = In2/k = 0,69/k, T. e. He 3aBUCUT
OT UCXOJAHOU KOHIIEHTPALIUU peareHTa U sIB/IIeTCS XapaKTEPUCTUKOH peak-
LMY TIepBOTO TOPSAAKA. k
I 6umonekynspHoil peakyuu emopoz2o nopsdka A+B—Z, eciun
CXOZHble KOHLIEHTpalluM peareHToB paBHbL, C, = Cp:
dC, dCyz dC,

dt dt dt

=kC% u k =2lt(C;;1 -Ca8)

(pasmepHoCcTh k — [KOHIeHTpauusa 1-Bpema1]); wiu C4, = Cg = Cyo(1 +
+ 2C 0kt)-1.
B HayanpHBIM MOMEHT BpeMeHH (t = 0) C, = Cyg, Cg = Cgo U C; = Cyy,.
CKOpOCTB peakijuu

WA = WB = WZ = kC% = kCiO (1 + chokt)—z.

[Tepuoz nomynpeBpameHus T, ,,=1/(2C40k).

Ckopocmb xumuueckoil peakuyuu Hy/ne8020 nNOps0Kka He 3aBHUCHUT
OT KOHIIEHTPAIlUM pearupylollux BelecTB (peaklUy Ha TpaHUlle paszea
¢$as, TMMUTHPYIOIUM SIBJISIETCS mporiece ANGPy3un):

—d—C=k, wimi —dC = kdt.
dt

VnTerpupyem, noaydaem: —C = kt + const.
ITpu t = 0 umeeMm const = —-C,,. I[Tosyyaem:

-C = kt-Cy;
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k= (Cy-C)/t=x/t

(pa3mepHOCTh — [KOHIlEHTpaIus - BpeMsi—1]).

ITepuoz moynpeBpaIeHts: T, = Cuo/ (2k).

BriBezieM ob11ee BrIpa)KeHHe KOHCTAaHThl CKOPOCTH /ISl PEAKIIMH N-TO T0-
pAzKa

Aj+Ay+..+ A, > A+ A +.. .+ A

Eciu yc/IoBUSIMH peaKIUU SIBJISIOTCSA ITOCTOSIHCTBO O6BEMa CHCTEMBI
V ¥ paBeHCTBO YMC/Ia MOJIEH Ka)X/JOT0 YYaCTHUKA PEAKIH B UCXOAHBIA MO-
MeEHT, TO JuddepeHInaTbHOEe YPaBHEHHE CKOPOCTH 3aIUIIETCS TaK:

dx
—=k(a-x)", (7.1)
dt
rae X — CTEIICHb IIpEBpALllCHUA; d — Ha4Ya/IbHaA KOHIICHTpalyA.
Tak kak 06beM HZIeaIbHOTO ra3a 1o 3aKoHy Boiiiss — MapuoTTa npu mno-
CTOSIHHOM TeMIepaType 06paTHO IPONOPLMOHAJEH AaBIEHHIO, TO

k —~ pn—l. (7-2)

CornacHo (7.2) Ana peaklyil mepBoro nopszaka KOJIN4ecTBO pearupy-
IOLIETr0 B eJUHUILY BpEMEHH BeEIIeCTBa HE 3aBHUCUT OT OOLIETro JaBjeHUs,
JUIST GUMOJIEKY/ISIPHBIX peaKIMii — IIPSIMO IIPOMOPIIHOHAIBHO 00IIeMy JaB-
JIEHUIO, a ISl TPUMOJIEKYJIAPHBIX — IPSIMO MPOMOPIIMOHAIBHO KBaJpaTy
001Iero AaBjeHUs U T. A.

Pazzensas nepemeHHble U uHTerpupys (7.1) B npegenax ot 0 Zo t U, COOT-
BETCTBEHHO, OT 0 J10 X:

TIOJTyYUM

11 avl-(a-x)"!
tn-1 a*(a-x)1 °

[MoacraBnsasa x = a/2 u t = T (rge T UMeeT CMBIC] BpEMEHH IoJIypaciiaja),
HaXOAUM:

11 2v1-1

“kn1 @t 73

TakuMm o6pa3oM, BpeMs HoIypaciaja o6paTHO IMPOIOPLHUOHAIBHO KOIHU-
YE€CTBY UCXOAHOr'0 Be€UIECTBA, B3ATOMY B CTECII€CHU, HA €AUHULY MEHbmeﬁ,
YeM MOPSAZOK PeaKIuy. DTa 3aBUCMOCTb MOXKET OBITh ITOJIOXKEHA B OCHOBY
MeToZa olpejesieHus MopsiZika peakuuu. Tak, sorapudmupys (7.3), nomy-
YUM
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lgt= lgk( ) —(n-1)lga.

B xoopauHarax «lgt — lga» 3TO ypaBHEeHUe BBIpa)kaeTcsl NPSMOM, IIpeJ-
cTap/lleHHOU Ha puc. 7.1, taetg oo = n— 1.

lgt A
[

k(n-1)
AL

2m-1-1

lga

Puc. 7.1. 3aBucumoctb Igt — lga

7.5. MeToabl onpefeneHus nopaaKa peakuum

1. ITopsidok peakuyuu n, no OAHHOMY pedazeHmy A MOXXHO OIIPeZeUTb,
B35IB OCTa/IbHblE PeareHThl B TAKOM M30BITKe, YTO UX U3MEHEHUEM B XOZie

OTIbITa MOXKHO IpeHebpeyb.
B aTom ciiygae

W=Kk'C', k' =V ,kCIB.

YT10o6B! HalTH OOLIMI NOPAAOK peakLUUu n = n, + ng, lierecoobpasHo
B3fITh peareHTHl B CTEXMOMETPUIECKOM COOTHOIIEHUHU.
Ec/in cTexroMeTpuYecKoe ypaBHeHNe peaKIMy UMeeT BUJ

V,A + VB — IIPOAYKTHI,
a KMHeTU4YeCKoe ypaBHeHHe

—nyA + ngB — NPOAYKTHI,
TO IpU C 4 / Cpo =W, / Wy

g
WA = kVACZA (:’/_B) = k’ng k, = WA(WB / WA)nB k'
A
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2. Memo0 Ilayaina. MeToz COCTOUT B OIpeZiejieHUH 110 KUHeTUYeCKOH
KPUBOM pacXoZIoOBaHUS MCXOAHOTO BelllecTBa. B obiieM ciryyae

-dc, /dt=kC?,

rae k' =kv ,Cgo.

[IIMpOKO MCIONB3YIOT TAaKOH MPHUEM: IO SKCIIEPUMEHTAJIbHBIM JaHHBIM
CTPOSIT 3aBUCHUMOCTD B KOOpAUHATAX «f(x) — t», rZie BUA f(X) COOTBETCTBYET
KOHKDETHOMY .

Hampumep, /g n = 1 JO/DKHA BBHIIOJHATHCA JIMHEHHAsA 3aBUCUMOCTD
B KOOpAMHATAaX «lgx — t», yiA n = 2 — B KOOpAUHATaX « 1 — t» U T. A. Jlna
Ha/IeXXHOTO OIpeJeIeHus TopsAAKa PeaKIIMu HeOOX0AMMO BECTH PEAKIIHIO
Ha ZIOCTaTOYHYIO IIybuHy (puc. 7.2).

Cao=Ca In(Cao-C,) 1/C, A
tga = k tgo = k tga = k
1o
o . 1/CA0{
> 5
Hynesoit t lepBbiii  t Bropoit t
HOPSZOK MOPSZIOK MIOPSZIOK

Puc. 7.2. U3meHeHUe KOHLLGHTpaLUM BO BpeMeHM ANA peaKuuit pa3nuyHbIX NOpAAKoB

3. Onpedenerue no spemeHu npespauieHus Ha 1/p wacme. Bpems npe-
BpallleHVs BelecTBa Ha 1/p 4acTs t, ,, OAHO3HAYHO CBA3aHO ¢ Cj U Nn:
ecaun = 1, To

t1,, = 2,3Kiglp/(p - D];

ecamn # 1, T

o [L)"'l_l C-kt
1/p — .
p-1 n-1

4. Memoo Hoiica u Ocmeansvda. Eciii IpoBecTU CepuIo OIBITOB C pas-
HbeIMU C), TO TIOPAZIOK PeaKI[Uy HaXOAAT U3 rpaduka:

typ Co
lg===(Mn-Dig—.
ti/p Co

MO’KHO KCIIOJIb30BaTh U OAUH OIBIT, U3MepUB C, IPY Pa3HBIX t:
typ _[p/(p-DI-1
tiq [q/(@-DI1-1

5. Ilo 3asucumocmu HaA4aNbLHOI CKOPOCMU peakuuu om ucxoOHoll
KOHUeHmpauuu peazenmd. HavanpHasi CKOPOCTb PeaKIMH IIPSIMO IIPOTIOp-
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ruoHanbHa C,,. [IpoBe/isi CEpHIO OMBITOB C Pa3HBIMU UCXOAHBIMU KOHIIEHTPA-
UMY peareHTa, CTPOSIT JIorapu$pMUIecKyo aHaMOpdo3y

lgW, = const+nlgC,,,
3aTeM II0 HAKJIOHY MPSIMOM HaXOZSAT MOPSAOK PEaKINH
n = AlgW/1gC,.

JU1s1 HaZleXKHOT'O OmpezieIeHNs TOPsAAKA PeaKIMi Heo6XoAuMO MeHATh Cy
B JOCTaTOYHO IIKPOKOM Auana3oHe. Hanpumep, eciiu IpoBeZieHE! 1Ba OIIbI-
Ta, B KOTOPHIX KOHIIEHTPAIIMU peareHTa OTINYaloTcA B [Ba pa3a, a ommbka
B U3MEePEeHUH CKOPOCTHU cocTaBisAeT 5 %, To cpefHAs omnbKa B olpezee-
HUU n paBHa 22 %.

6. Memoo Banm-Togppa. MeToa COCTOUT B OIpeAeIeHUU MOpsaAKa pe-
aKLIMU II0 3aBUCUMOCTU U3MeHdlollelcs BO BpeMeHU CKOPOCTH peaKIuu
OT KOHIIeHTpAllUU peareHTa.

B npornecce peaklinM pacXoAyeTcs peareHT ¥ YMeHbIIAeTCsl CKOPOCTb pe-
aKIMu, IpUYeM CKOPOCTb PeaKLUU B JaHHBI MOMeHT W, OZHO3HAYHO CBf-
3aHa ¢ KOHIIeHTpauueii Bemecrtsa C,:

1gW, = const + nlgC,.

Jl1s1 HaXOXXA€HUS TTOPSAKA PEAKI[UU ONIPEeAEIISIOT B pa3IMYHble MOMEHTHI
BpeEMEHH CKOPOCTb peakiuu W, u KOHLIeHTpauuio peareHTa C, ¥, IOCTPOUB
sorapupmMuIecKyro aHaMmopdo3y, HaXOJAT M.

7.6. KoncTaHTa CKOPOCTM XMMUYECKON peakuuu

CoracHO 3aKOHY e ICTBUS MacC CKOPOCTDb IIPOCTOM peaKIUy paBHa

W =KkIICFt. (7.4)

Koncmanma ckopocmu peaxkyuu (k) — x03¢dULMEHT TPONOPLHOHAIb-
HOCTU MeX/y CKOPOCTbIO XMMHY€ECKOM peaKIuy 1 Ipou3BeZileHueM KOHIIeH-
Tpaluii pearupymoouux BemecTB. KoHCTaHTa CKOPOCTH YHMCIEHHO paBHa CKO-
POCTH XMMHMYECKON peaKLMH, KOIZa KOHLIEHTPAlLMH BCeX peareHTOB PaBHBI
egunune: W =knpuC, = Cz = 1.

Ecnu peakius A ¢ B 1o cBoeMy MeXaHU3My CJI0Has (B Hel y4acTBYIOT
aKTHUBHBIE IIPOMEXYTOYHbIE NTPOAYKTHI, KaTaau3aToOp U T. [.) ¥ IIPU 3TOM
MMOAYMHSAETCsA ypaBHeHUIO (7.4), TO k Ha3bIBAIOT 3 PexmueHoil KOHCMaHmou
ckopocmu peakyuu; MIOITAK pekoMeHZyeT Ha3bIBaTh k B 9TOM ciIy4yae K03¢-
duyuenmom ckopocmu peakyuu.

YacTo peakLMIO IPOBOAAT B YCJIOBUAX, KOIZA KOHLIEHTPALIMU BCEX pe-
areHToB, KpPOMe OZHOTO, B3fTHl B U3OBITKE U B XOZ€e OIBbITa IPAKTHUYECKU
He MeHAITCA. B aToM ciyyae
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W= kCZA CgB = kHaﬁnCzA >

a kKoabdunKeHT k., = kC* HasbIBaIOT adhexmusHoil, wiu Habrrodaemotl,
kKoHcmanmot ckopocmu peakyuu pu Cg > Cy.

Jna crydas n, = 1 Takod koaduimeHT yacTo HaspBaOT KoaduimeH-
TOM CKOPOCTH PeaKI[H IICEBAONEPBOro Mopsizika. KoHcTaHTa CKOPOCTH pe-
aKI[M¥ TopsiIKa N UMeeT pa3MepHOCTh [(Bpems)-! - (koHieHTpanusa)-(-1)],
YrceHHOe 3HaYeHHe 3aBUCUT OT €IMHUL], BHIOpAHHBIX AJI1 U3MepeHUs Bpe-
MEeHHU U KOHIIEHTPALIUH.

CylecTByeT psii METOZOB BBIYMCIEHUA KOHCTAHTHI CKOPOCTU XUMMYe-
CKOM peakIuu.

ITo kunemuueckoii kpueoii. Ectu n = 1, To k = t-11n10 - 1g(C,,/C,)-
Eciii cyMMapHBIi OPSZ0K pPeaKLUu — N, a MOPSAJOK PeaKIUHU 0 JaHHOMY
KOMITOHEHTY paBeH 1 U Bce peareHTHl, KpOoMe A, B3AThI B U36BITKE, TO

n
k = lnlOlg(CAO / CA) / (tHClo ].
i=2
s peakiuu A + B — IPOAYKTHI k HAXOAAT U3 YpaBHEHUS

t(Cao—Cpo)\ " Cp Cgo

ITo nepuody nonynpespauierus. Ilepuoz nosynpeBpalieHus OZHO-
3HAYHO CBfA3aH C KOHCTAHTOM CKOPOCTU M UCXOAHOM KOHIIeHTpaluen pea-
TeHTa, YTO M03BOJIAET BHIUUCAUTD k. Tak, /i peaklUU MepBOro Mmopszaka
k = In2/t, 5, AnA peakuuu BToporo nopsazgka k=Cylty, U T. 4.

ITo HauanwvHOll ckopocmu peakyuu. [IOCKOIbKY B Ha4aJIbHBIE MOMEHT
BpEMEHU pacXoZl0BAHUE peareHTOB HE3HAYUTENBHO, TO

W=kIIC{ u k=W /TIC{.
i i

ITo usmeHeHUlO cKOpOCMU peakyuu 80 8pemeHU. VI3MepUB KOHIEH-
TpaluM¥ peareHTOB B MOMeHT BpeMeHU t’ U t” (C' u C”), MOXXHO BBIYHCJIUTH
CPEJHIOI0 CKOPOCTh PeaKIUU U HaUTH k, Ipu v = 1 uMeeM

S Cl _ CII _
We=Te 7

%(C'-i-C”), k=w/C"

7.7. YpaBHeHue AppeHuyca. JHeprus aKTuBauuu

[IpeBpanieHre UCXOAHBIX YACTUL] B IPOAYKTHl peakKlUU, KaK IpaBUio,
CBSI3aHO C MPeoZ0JIEHUEM MOTEHLUATIBHOrO 6apbepa, KOTOPHI Ha3bIBAIOT
aHepzueil akmusayuu xumuueckoil peaxuyuu (E,).

Hanuyre moTeHnuaabHOTO 6aphepa OOYC/IOBIEHO TEM, UYTO KaXkaas
yactuia (MoJieKysia, paiukaj, NOH) — SHepreTH4ecKku 6osiee WIK MeHee
ycToitunBoe obpasoBaHue. [lepecTpoiika pearupymoIiux 4acTul] Tpebyer

154



http://chemistry-chemists.com

pasphiBa WK OCIa0JeHNs OTAEIbHBIX XMMHYECKUX CBs3eil, Ha YTO HeoOo-
XOZIMMO 3aTPaTUTh dHEPru. Jlojiss 4acTHLl ¢ 3Heprueit 6oibuie E, paBHa
e Ea/(RD) (3akoH BosbiMaHa). B XMMHYeCKOM IpeBpalleHUH Y4acTBYIOT
TOJIKO TAaKWeE YaCTHUIIbl, SHEPTHsI KOTOPBIX GoJibiie E,, T03TOMy KOHCTaHTa
CKOpOCTH peakiuu k ~ e~Fa/(RT), BriepBble 3aBucuMOCTh k oT T BeIBeZeHA
C. A. AppeHHyCcOM U3 3KCIIepUMEHTaJIbHBIX JaHHbIX. OHa UMeeT BUJ,

E, 1
23RT’

k=AeE/RD) ynu lgk=1gA-

B a1y dopmyny BxoAAT ABa IapaMeTpa: 3Heprusa akTusauuu E, u npes-
SKCIIOHEHIIMAaJIbHbIN MHOXUTENb (TIpeJj9KCIIOHeHTa) A. DHeprys aKTUBaLUuu
€CTh TOT MUHUMAJIbHBIA U30BITOK SHEPTHH, KOTOPHIM ZI0JDKHA 001a1aTh Ya-
ctuia (WId mapa pearupyouyx YacTUL]), YTOObl BCTYIIUTh B XUMUYECKYIO
peaknuio. Ty GOPMYJIUPOBKY IIPUHATO Ha3blBaTh 3aKOHOM AppeHmyca.
OkcroHeHTa e~Fa/(RT) mipezcTaBisieT co60# 010 aKTUBHBIX YaCTHUI] WIH aK-
TUBHBIX CTOJTKHOBEHUM YaCTHI], IPUBOAAIIUX K peakIuu. [IpeIsKCIIoOHeHTY
A MOXHO paccMaTpuBaTh KaK KOHCTAaHTYy CKOPOCTH, C KOTOPOH pearupyroT
aKTHBHBIE YacTHlbl. Kak HeTpyaHO BuzgeTh, k = Anpu E, = O u k — A nipu
T — oo,

3akoH AppeHHyca MOXXHO BBHIBECTU TEOPETUYECKU U3 TePMOAWHAMHUKU
XMMHYECKOTO PaBHOBECHS IIPU CIEAYIOUINX IPEATON0KEeHUAX:

1) mpeBpalieHUI0 MOJEKY/Ibl A B IPOAYKTHI IIPEAIIECTBYET ee IePeXoz,
B aKTHUBHYIO MOAU(UKALIMIO, YTO TpebyeT 3aTpaThl dHepruu E,;

2) 3Ta aKTUBHAasA MoANUKaIMA MOJIEKY A, . 06pa3yeTcs 1o o6paTUMO-
My npoueccy: A & A, Ky = [Al,/[Al; The K, ., — KOHCTaHTa paBHO-
BECHS;

3) KOHIEHTpALMs aKTUBHOM MoAndUKalMY MOJIEKy A oueHb Maja, TaK
YTO UX 0Opa3oBaHUe MPAKTUYECKU He MeHseT KOHLEHTPAIUIO MCXOAHBIX
MoseKys, noatoMy [Al, . = K, [Al;

4) akTuBHas MoAuUKaLKA NIpeBpallaeTcs B KOHeYHBIH IPOAYKT CO CKO-
POCTBIO, HE 3aBUCAIIEN OT TeMIepaTyphl, T. €. KOHCTaHTa CKOPOCTU XUMHU-
YeCKOM peakLuu

k = const - [A],,, = const * K.

aKT

[A];
IIOCKOJIBKY, COIVIaCHO TepMoguHamuke, dInkK, ./dT = +E,/(RT?),
dlnk/dT = dInK,,,/dT = E,/(RT?),
WU
Ink = -E,/(RT) + const.

IMomoxuB const = InA, re A — MOCTOAHHAsA, He 3aBUCAIIAs OT TeMIIepa-
TypBI, UM€eM

Ink = InA-E,/(RT), win k= Ae Fa/(RD),
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V13 3TOrO BHIBOZA SICHBI YCJIOBUS, P KOTOPBIX MPOCTasi XUMUYeCKas pe-
aKIus caeAyeT 3aKoHy AppeHuyca. Bo-miepBbIX, aKTUBAIMA MOJIEKY/T MPO-
HICXOZIUT TOJIbKO 3a CYET TEIUIOBOM 3Hepruu. Eciim MoseKy/sl BO30YyKAAr0T-
Cs1 CBETOM, 3apsSXKeHHBIMM YaCTHUIIAMU M T. [I., TO 3aKOH AppeHHyca MOXKET
He BBIMTOJHATHCA. BO-BTOPHIX, IPOTEKaHWE peaKLUUK He JO/DKHO HapylIaTh
PaBHOBECHOT'O pacIpe/ieIeHUs: SHepruH 110 CTeleHsIM CBOOOAbI pearupyro-
X yactul (ycoioBue 2).

3aBUCHUMOCTh CKOPOCTH PeaKLUH OT TeMIepaTypbl MHOIZA BhIPAXXAIOT
yepe3 TeMIlepaTypHbIi kKoadduineHT. TemmeparypHbii koadounpeHT o(T)
IIOKa3bIBAET, BO CKOJIbKO Pa3 yBEJIMYHUBAETCS CKOPOCTh XUMHUYECKOH peak-
LMY [IpY yBeJIWYEeHUU TeMneparypsl Ha 10 K:

_W(T+10),
WM

E, = 0,1T(T + 10)RIno(T).

o(T)

I HEKOTOPBIX dJIEeMEHTAapHBIX PEeaKluii, TAKUX KaK peKOMOWHAaIUs
aTOMOB, paJMKaJoB U UOHOB, E, =~ 0.

7.8. CnoxHble peakuyum

CJIO)KHBIE PeaKIIUH JeJIATCI Ha o6paTHMble (paBHOBECHHIE), MTapaUIesib-
Hble (BKJIIOYasi KOHKYpPEHTHEBIE), [10c/Ie/loBaTeIbHble, IocaeZ0oBaTeIbHO-TIa-
paJUtesibHbIE, TIOC/IeZI0BaTeNbHbIE C 0OpAaTHUMBIMU CTaAUSIMU, CONPSKEHHBIE
U caMocoIpsDKeHHbIe. [10 JUHUY KaTaau3a CI0XKHBIE PeaKIUU AeATCA
Ha KaTaJuTHU4YecKue U HekaTajmuthudeckre. Ocoboe MecTo 3aHHMMAIOT Ilell-
HbIE PEeaKIUH.

7.8.1. O6paTumble (paBHOBECHbIE) peaKLHU
ObpaTumasi peakiys MpoTeKaeT KaK B MPSIMOM, TaKk U B 0OpaTHOM Ha-
IIpaBJIeHUM:

k
n,A + nBBﬁlnCC + npD
kg
Yepes HeKOTOpOe BpeMsA B 3aMKHYTOM CUCTeMe yCTaHaB/IUBaeTcs1 paBHO-
Becue MeX/Jy HCXOZAHBIMM BellleCTBaMHU U IPOAYKTaMHU peakiuu. IIpamasn
¥ obpaTHasA peaKLUU UAYT C paBHOM CKOPOCTBIO.
Eciu ny = ng = n.= np = 1, To IpU paBHOBECUHU

Wl = kchCB = W—] = k—ICCCD'

KoHcTaHTa paBHOBeCHS:
ki _CcCp

K= = .
k—]. CACB
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XapaKTepUCTUKH OOpaTHMOM peaKIMU: KHHETHYeCKOe ypaBHeHHUe
¥ KOHCTAHTBI CKOPOCTH MPSIMOM ¥ OOPaTHOM peakIuy; UCXOAHbIe KOHIIeH-
Tpauuu peareHtoB (C, = a,, Cz = by U T. .); paBHOBECHble KOHIIEHTPAIIU1
pearupymouux Bemects C, = d,, Cg = b, U T. A1.; KOHCTAaHTa PaBHOBECHS
K, sHTanpnus paBHOBecHoro mnporecca AH = RT2dInK/dT, AH = E; - E_j;
aHeprus 'mb66ca AG = —-RTInK, sHTponus paBHoBecus ASO.

7.8.2. [IapasuienbHBIE peaKu
B mapasuiesbHBIX peaKIUaxX UCXOAHOe BeleCTBO NpeBpallaeTca OAHOBpe-
MEHHO B HECKOJIBKO ITPOAYKTOB:

kn
1M x > X

A — wim A+ B ——
kany

Y L—> Y

ITpu u3bbITKe peareHTa B npaBas cxeMa OyJeT NOAYUHATHCA KMHETUYe-
CKHM ypaBHEHUAM JIeBOM CXeMBbL

7.8.3. Koukypupyrolue peakimu

B KOHKypHUPYIOLIUX pEeaKIUAX OLHO BEIEeCTBO pearupyeT napauvleJIbHO
C HECKOJIbKMMU peareHTaMu, KOTOpble, TAKUM 00pa3oM, KOHKypUPYIOT ApyT
C Apyrom. Takue Pe€aKy IIHPOKO UCIIOJb3YIOTCA JJIA U3MEPEHUA OTHOIIE-
HHM KOHCTAHT CKOPOCTH PeaKIui.

ky 2
1.A—>X; A+B->Y.
ky ky
2.A+B->X; A+C—Y.

7.8.4. IlocienoBaTesibHbIE peaKIiy
B mociezoBaTeNbHBIX peakUUsaX MPOAYKT OJHON peaKIUM BCTyIaeT

2
B CJIEAYIOIIYIO0 peakuuio U T. 4.: A—>X—Y (puc. 7.3).

A
¢ Y

A

t

0

Puc. 7.3. KueTuyeckme Kpusble NPOAYKTOB B NPOCTON NoCnef0BaTeNbHON
peakuun A — X — ¥ (cm. naparpa¢ 7.4)

157



http://chemistry-chemists.com

YPaBHeHI/IH B 3TOM CJIyda€ UMEIOT BUJ

—dCA/dt = kCA, CA = CAOe_klt, dCX/dt = kch - k2CX’

kC
Cy =—A (ekat —ekat),
X kz—k1( )

7.8.5. KBasucranoHapHble KOHII€HTpaluH

[[TpOKO pacIpoCTpaHEHbI PeaKIU, B KOTOPHIX 00pa3yloTcs U pearupy-
0T aKTHBHbIE IIPOMEXKYTOYHbIE YaCTUIIBI: aTOMBI, CBOOOAHBIE PaJUKAIBL, JIa-
OWIbHbIE KOMIUIEKCHI, XUMUYECKHA aKTUBHbIE HOHBI U UOHBI-PAIUKANIbl. DTH
YaCTUIIBI HACTOJIBKO aKTUBHO BCTYTIAIOT B PEAKIIUIO, YTO B CICTEMe OYeHb
OBICTPO yCTaHABIWBaETCS AMHAMUYECKOe paBHOBecHe. HaunHasa ¢ HeKOTo-
pOro BpeMeHU — BPEeMEHH YCTAaHOBJIEHUsI JUHAMUYECKOTO PAaBHOBECUSA —
KOHIIEHTpaI[Us TaKMX aKTUBHBIX YaCTHUL] KBA3UCTAIIMOHAPHA, T. €. OYeHb
6/M3Ka K KOHI[EHTPAI[MH, KOTOpasi ONpeZessieTcss paBeHCTBOM CKOpOCTeH
06pa3oBaHuUA U PACXOZOBAHUA 3TUX YACTHII.

7.8.6. ConpsizkeHHBIE peaKInHi

Xumuueckas UHAYKIUA — fIBJIeHHe, KOrZja OZlHA XUMHUYecKas peakIus
BBI3BIBaeT (MHAYLMPYET) MPOTEKaHUe B CUCTeMe APYyrod XMMUYecKOl pe-
aKIMY, He OCyIeCTBUMOI B OTCYTCTBHE ITepBoOi. /IBe peaKlnu, U3 KOTOPBIX
oAiHA UHZAYLUPYeT NpOoTeKaHue JPYrod, Ha3bIBaIOT conpsdceHHbimu. I1pu-
MepOM CONPSKEHHOW peaKLIMM MOXET CJIY>KUTb COBMECTHOE OKHMC/IEHHE
MOJIEKY/IIPHBIM KUCJIOPOZOM CylIbQUT- U apCeHUT-UOHOB. CynbGUT-MOH
B BOJHOM pacTBOpPE OKUCIAETCA KUCIOPOJOM; apCEHUT-UOH He OKUC/IAETCH.
OzHAaKO ec/iu B BOZHOM PacTBOpE NPUCYTCTBYIOT U CylIbUT- U apCeHUT-HO-
HBI, TO IIPOMCXOAUT UX COBMECTHOE OKUCJIeHHeE, T. €. OKUCIeHHe CylbUT-
HOHA UHAYLMPYeT OKKCIeHNEe apCeHUT-UOHA.

BemecTBO, KOTOpOE, pearupys ¢ OZHUM K3 MCXOAHBIX BELIeCTB, UHAYIIU-
pyeT IpeBpalleHue Apyroro, HassBAlOT UHOyKkmopoMm (I); ucxogHoe Bele-
CTBO, CaMOIIPOU3BOJIBHO pearupyolee ¢ UHAYKTOPOM, — akmopom (A),
a BellleCcTBO, BCTyHamlllee B Peakijiio ¢ aKTOPOM TOJIBKO B IPUCYTCTBUU
UHAYKTOpPa, — akuenmopom (C).

B npuBeZEHHOM IpPUMepe 3TH POJIA PACIPEeAENAIOTCI CIeAYIOMUM 00-
pasoM:

0, (axTop) + 2S0% (unAykTOp) — 2503~
0, (axTop) + 2AsO3~ (akuenTop) — 2AsO3~

[MpyuyriHa XUMUYECKOH UHAYKIMY — BO3HUKHOBEHUE B MPOLIECCE Peak-
LMY aKTUBHBIX YaCTHII, KOTOPble B3aUMOJEHCTBYIOT KaK C UHAYKTOPOM, TaK
U C aKIIENITOPOM, BBI3BIBasl pacXoZioBaHUe MocyeaHero. TakuMu ak TUBHBIMU
IIPOMEXKYTOYHBIMU IIPOAYKTAaMHU MOTYT OBITh CBOOOZHBIE PAZAUKAJIBI, IIPO-
MEXXYTOYHbIE OKHCJIE€HHbIE GOPMbI HOHOB, JIAGMIbHbIE KOMIUIEKCH U T. J.
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B IIpUBEACHHOM IIpDUMEPE B KAQYE€CTBE TAKOI'O aKTHBHOI'O ITPOMEXYTOYHOT'O
IIPpOAYKTA BBICTYIIAE€T WOH-paJUKAJI:

SO3™ + uon-okucauTeNs — SO3
SO; + 0,— SO;
SO; + S03 — SO, + SO;
SO, + SO3” — SO; + SO;
SO: + AsO; — SO, + AsOj

[NocienHsAs peakuys U 00yCIOBIMBAET UHAYKIIUIO.

Peaxnua 2CO + O, — 2CO, UAET TONBKO NPU AOCTATOYHO BHICOKUX TEM-
nepaTypax. B cucreme, rae nporekaer peakuua 2H, + O,— 2H,0, okucia-
erca u CO. 3aecy O, — aktop; H, — ungyktop; CO — akuenrop. UHAyK-
1y o6ycyioB/ieHa 06pa3oBaHUEM paJyKaja I'MAPOKCIIA B LIEITHOM peaKIuu
OKMCJIEHUS BOAOPOAA, KOTOPHIH okuciseT CO:

HOe* + CO — CO, + He

KosmyecTBEHHON MepOi XMMHUYECKOW MHAYKIUK CIYKUT hakmop uH-
Jdykuyuu (P), npeacrapisaoUril cOO0I OTHOIIIEHHE CKOPOCTH PacXOAOBaHUs
aKIenropa K CKOpOCTH pacxofioBaHuA UHAyKTopa: ® = W,/W,.

7.8.7. lleniHble peakIuu

OtkpoiTel B 1913 r. M. boaeHmreiiHoM. [locieayomiee OTKPBITHE
H. H. CeMeHOBHIM pa3BeTBI€HHBIX LEMHBIX peakiuii (1926—1927 rr.) 6pu10
oTMmeuyeHO HobesneBckoii npemueii B 1956 r. (coBMecTHO ¢ C. XUHIIENbBY-
JoM). BakHOe MeCcTO B 3TOM paszieie XMMHU 3aHUMAIOT pa3HOOOpa3HbIe
Lle[THble PaZUKaJIbHbIEe peakui. CBOOOAHO-paKaIbHbIE PEAKIIHI UTPAIOT
BQ)KHYIO POJIb B TAKUX TEXHOJIOTMYECKHUX IIpolieccax, KaK MoJydeHue IOoIH-
MepOB, COIIOJIMMEPOB U OJIMTOMEepPOB, KPEKUHT, OKHUCJIEHHE U XJIOPUPOBaHUe
yI1eBOA0POA0B. OKUC/IUTEIbHBIE IPOLECCH! IPUBOAAT K CTAPEHUIO IOIMe-
poB. PasukanbHble IpoIecch MPOTEKAIOT B 3KUBOM OpraHU3Me.

Hepa3BeTBjieHHbIE IlelTHbIE peaKIuU. llenHas peakuus COCTOUT, Kak
IIPaBWIO, U3 OOJIBIIOTO YKC/IA dJIEMEHTAapHBIX CTaAUi. DTU CTaZUH, B 3a-
BHCHMMOCTH OT HUX POJIM M MeCTa B COBOKYIIHOM IIEITHOM Ipoliecce, AeAT
Ha CTaZNH 3apoxc0eHUsl, NPOO0KeHUS. Y1 00pblea yeneil.

3apoxcderue yenu. s ocyIieCcTBIEHHs LEITHOTO Ipoliecca HeoOX0AUMO
HeIpephIBHOE TeHEPUPOBAHUE B CUCTEME CBOOOAHBIX PAZIUKAJIOB. DJIeMEH-
TapHBIE PeaKIuu, WK GU3NIECKHE MTPOolecChl 00pa3oBaHus CBOOOIHBIX pa-
JVIKQJIOB U3 MOJIEKYJI, Ha3bIBAIOTCA CTAAUAMU 3apOXKJeHUA LieTel.

ITpodonxnceHue yenu. llemHas peakiys MOXXET BO3HUKHYTh B TAaKUX pea-
TeHTaX, IZie CBOOOAHBIM pafiuKaj WIX aTOM BBI3BIBAET I[UKJI IpEBpaLeHUH
C pereHepailiyei NICXOAHON paJuKaIbHONH GOPMBI.

159



http://chemistry-chemists.com

Hampumep, B cMecH XJiopa ¢ 3TWIEHOM peanusyeTcs IocjaeoBaTesb-
HOCTb peaKIui

Cle + CH, = CH, — CICH,CH,*
CICH,CH,* + Cl, — CICH,CH,CI + Cle

B pe3y/IbTaTe KOTOPOM XJIOP U 3TWIEH NpeBpallaloTcs B AUXJIOPITaH C pe-
reHepanuei aToMa xjopa, HauMHalllero nenHoy npouecc. LUk pagu-
KaJIbHBIX PeaKIINii, B KOTOPhIX COXpaHAeTcs: CBOOOAHAsA BaJIEHTHOCTD, a pe-
areHTHI IPEBPAIAIOTCA B IPOAYKTHI U pereHepupyeTcsl UCXOAHBINA paJuKal
(aTom), HAUMHAIOUIUN 3TOT MPOLIECC, U SABJISIeTCSA 3BeHOM LIETHOM peaKLHH.

O6pubis yeneil. Peakuys (WIK COBOKYIIHOCTb peakiiyii), B pe3ybTaTe Ko-
TOPO¥ MOrubarT BeAylve IelHYI0 peaKlUIo paJAlKaibl, HA3bIBA€TCA CTa-
Jivei o6phIBa 1erei.

Zlnuna yenu. OT COOTHOIIEHUS CKOPOCTH PEAKLIM MPOJOKEHUA U 006-
pBIBa IieTleli 3aBUCUT TaKas BaXKHAs XapaKTePUCTHKA LIETHOro Ipolecca,
KaK JUIMHa 1end. JUTMHa Ieny peCcTaBisieT coboi cpeZiHee YUCIIO 3BEHbEB,
TIPUXOAAIIUXCA HA KOKABIA pasuKal (aToM), UHUIUMUPYIOUIUH LIeITHYIO pe-
aknuo. JyiMHa Leny noka3blBaeT, CKOJIbKO pa3 (B cpefHeM) YCIeBaeT pere-
HEPUPOBATHCS JAaHHBIN aTOM WIM paZiuKajl C MOMEeHTAa 3apOoXJeHUA Leln
J10 ero obphIBa.

Jlumumupyowas cmadust npooosxeHusl uyenu. B Tex ciaydyaax, Korga
MIPOJO/DKEHNE LIENTH COCTOUT U3 JABYX WIM Oojee cTajuil, BeAyliue Lielb
aKTUBHbIE [[EHTPBI OOBIYHO PA3IMYAIOTCA IO CBOEH aKTUBHOCTH. JIUMUTHU-
pYIOIel SABJISIETCS TaKas CTaJusA POJO/DKEHNU 1IelH, B KOTOPOU y4acTByeT
aKTUBHBIM I[EHTDP, OTBETCTBEHHBIH 3a rubenpb neneil. OGBIYHO 3TO IEHTD,
HauMeHee aKTUBHBIM B IpoZo/DKeHUM Lenu. C u3MeHEeHHEM COOTHOLIEHHUs
KOHIIEHTPALIM{ peareHTOB MeHseTCs COOTHOLIeHHe MeXAy KOHIleHTpalu-
SIMU aKTUBHBIX LIEHTPOB, & 3TO MOXXeT IIPUBECTU K CMeHe JMMUTUPYIOLei
cTazuy. JIMMUTHUPYIOLIAs CTaAUA 3aBUCUT U OT TeMIlepaTyphl.

Pa3BeTBJ/IEHHBIE LIENTHbIE peaKIuH. l]erHas peakiys ABIsAETCA pa3BeT-
BJIEHHOM, eC/IM B Hell MpoTeKaeT Takas CTajus, B KOTOPOH OAWH paJuKai
WIN aTOM TreHepHpyeT o6pa3oBaHHe HECKOJIbKUX aTOMOB U PaZUKaJoB.
B pe3ynbTaTe mpu 6JaronpUsATHHIX YCIOBUAX B XOJ€ peaKLMy HapacTaeT
KOHIIEHTpAIYsd aKTUBHBIX LIEHTPOB U, COOTBETCTBEHHO, YBEIUYUBAETCSA
CKOPOCTb PeakIUy. ITO YacTO IMPUBOJUT K BOCIUIAMEHEHUIO WIHN B3PHIBY.
Ecsu pa3BeTB/IeHHE IPOUCXOAUT B pe3y/bTaTe B3auMozeicTBuA aToma (pa-
JMKaJsia) C MOJIEKYJIOH, TO B CIUIYy COXPaHEHM HEUEeTHOTO YHMCJIa 3JIEKTPOHOB
B PaZIMKAJIbHBIX PEAaKUMAX B CUCTEME U3 OZHON BO3HUKAIOT 3 YaCTUIIBI C He-
CIIapeHHBIM 3JIEKTPOHOM (B 0obmiem ciaydae 2n + 1).

BaxcHoll kuHemuueckoli 0cO6eHHOCMbIO PA368EMBIEHHBLX UeNHbLX peak-
yuil, komopas omauudaem ux om Opyaux peakyuil, 8 Mom 4ucae U YenHslx,
ABJAIOMCA Kpumuueckue, Unu npedesibHble, I8JEHUS.

1A cucTeM, KOTOpBIE MPEBPALAIOTCS MO MEXAaHU3MY LIEMHbIX pa3BeT-
BJIEHHBIX PeaKIMi, XapaKTepHO HaJu4ue yCIOBUM, KOrJa peakius npoTe-
KaeT ObICTPO, YaCTO CO B3PhIBOM. [lepexo/; OT OZHOTO peXuma K ApyromMy
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MIPOMCXOUT TPYU HE3HAUYNUTENTbHOM U3MEHEHUU YCIOBUI B 061aCTH KPUTHU-
YECKOT0 MX 3HAYeHUs.

B 1[eMHO¥ Hepa3BeTBJIEHHON peaKI[Uh KOHIIEHTpAalMs aKTUBHBIX IIeH-
TPOB N 3aBUCUT TOJIBKO OT CKOPOCTei MHULIMKpoBaHusa W; u obpeiBa W,:

Wt = gn’
Ile g — yZAeJbHas CKOpPOCTb 0OphIBa Liemel,
n=Wwy/g.

B 1[eMTHOM pa3BETBJIEHHOM peaKIM{ CUTYyalusa MPUHIUIHUAIbHO WHAs.
AKTBHI pa3BeTB/IeHHs 06eCIIeurBalOT BO3MOXKHOCTb IIPOTPECCUBHOTO YBEJIU-
YeHHUs KOHIIEHTPAIX aKTUBHBIX IEHTPOB BO BpEMEHH.

[Tpu oOpbIBe U pa3BeTBIEHUH LieTeif 10 peaKUu 1-ro mopsjgKa C yAesb-
HBIMH CKOPOCTSIMH g U f COOTBETCTBEHHO CKOPOCTh M3MEHEHHsI KOHI[EHTpa-
I[MY aKTUBHBIX IIEHTPOB N OMKCHIBAETCSA YPaBHEHUEM

dn/dt = W, - (g-Hn.

Bo3moxxHBI Ba IPUHIUITHAIBHO Pa3JIWYHbIX peXUMa IIPOTeKaHUs peak-
IIUHU:

— KB8a3UCMAyYUOHAPHbLIL, KoTZa g > f, T. e. O6pHIB IpeobiajaeT HaZ pa3-
BeTBJIeHUeM; Toraan = W;/(g—-f) = const HaunHasa c t > (g—f)1;

— HecmayuoHapHwlii, Korza f > g, T. e. npeobyaZiaeT pa3BeTBIEHUE.

B 5TOM ciydae KOHLIEHTpaLUs aKTHBHBIX LIEHTPOB HENPEepPhIBHO Hapac-
TaeT BO BPeMEeHH, U eC/Ii He IPUHUMAaTbh BO BHUMaHUe pacXoZ0BaHUA pea-
TeHTOB U U3MEeHEeHHUs BO BpeMeHHU W, u f, TO

n=W(f-g)1(ef-8-t-1).

KpUTHYeCKUM yCIOBHEM IT€pexXoJja CUCTEMBI U3 OAHOTO COCTOSIHUA B APY-
roe sIBJIIeTCS paBeHCTBO f = g. TakuM 06pa3oMm, LielTHasA peaKIys C pa3BeT-
BJIEHHEM IIPOTEKAeT KaK CaMOYCKOPSoWulics TIpoLiecC TOJIbKO TOTAA, KOraa
aKTUBHBIE IIEHTPHI GBICTPee BCTYIAIOT B aKThl Pa3BETBJIEHHS, YEM B aKThI
0o6OphIBa.

7.9. Teopun XMMMYECKON KNHETHKN

OcHOBHAas 3a/jaya TEOPU XUMUYECKON KUHETUKN — IPEAJIOKUTD CIIO-
cob pacyeTa KOHCTAHTHI CKOPOCTH 3JIEMEHTapHOM peaKLUU U ee 3aBUCHMO-
CTU OT TeMIIepaTypPhl, UCIIONb3ys pa3JIUYHbIe IIPEACTaBIEHUSI O CTPOEHUH
peareHToB U IIyTU peaKLiuu.

JlIs1 TEOpPEeTUYECKOTO pacyeTa KOHCTAHT CKOPOCTEH UCIIONB3YIOT /IBE Te-
opuu:

1) TeopuIO aKTUBHBIX COyZJapEHUH, HIU TEOPHUIO OMMOJIEKY/IAPHBIX peak-
uuit Appenuyca (1889 r.);
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2) MeTo/, aKTUBUPOBAHHOI'0 KOMIUIEKCA, WJIN TEOPHUIO NIEPEXOAHOrO CO-
crostHuA (OvipuHr u [lonsanu, 1935 r.).

7.9.1. Teopus aKTUBHBIX COyAapeHU

Teopus coyapeHHi OCHOBaHa Ha MO/J[CUeTe YKC/Ia CTOTKHOBEHUN MEXAY
pearvpyoimyMy YaCTUI[aMH, KOTOPbIE MPEACTABIISIOTCS B BU/E YTIPYTHX Ila-
poB. IlpeamnonaraeTcs, YTO CTOJIKHOBEHHE TIPUBEJET K PEaKI[UH, €C/IU BhI-
MTOJTHSIIOTCS /IBA YCJIOBUS:

1) mocTynaTesbHas SHepPrus YacTHUL] IIPeBhIIIaeT SHEPrUIo aKkTUBaluu E, ;

2) yacTulbl IPaBWIHHO OPUEHTHPOBAHBL B IPOCTPAHCTBE OTHOCUTEIHHO
ApyT Apyra.

[TepBoe yc/i0BHE BBOAUT B BBIpAXKEHHUE /JIsT KOHCTAHTBI CKOPOCTH MHOXU-
tenb exp(-E,/(RT)), KOTOpBIH paBeH /10j1e aKTUBHBIX CTOJIKHOBEHUH B 0011[eM
YHCJIe CTOJIKHOBEHUH. BTOpOe yciioBre jaeT TaKk Ha3pIBa€MBbIA CTEPUYECKUN
MHOXHUTETb P — KOHCTaHTY, XapaKTEPHYIO I JAHHOM peakiuu (CM. HIDKE).

st mprMepa pacCMOTPHM 3HEPreTHYECKyI0 AUarpaMMy YCJIOBHOM 9K30-
TepMU4YecKoU peakuuu (puc. 7.4).

A
E

Y

KoopanHaTta peakiuu

Puc. 7.4. JHepreTnyeckas guarpamma

Ha guarpamme: E; — cpefHAs 3HePruA UCXOAHBIX YacTull, E, — cpesHaa
dHeprus KOHeYHbIX JacTull, AH — TemwioBoi adpdext, AH = E, - E; < 0, E,
¥ E 5, — SHEPIuM aKTUBALMH MPSMOM 1 06PaTHOI PeaKIiK COOTBETCTBEHHO.
Yem Gosbuie pasuuna B E,, 1 Eg,, TEM CWIbHEE DABHOBECUE CABHHYTO
B CTOPOHY peaKIU C MEeHbIIUM 3HaYeHUEeM DHEPruu aKTUBAllUM.

KuHeTH4eckoe ypaBHeHHe i1 GUMOJIEKY/ISIPHOM peaKIuu:

A + B — IPOAYKTHL.

Eciu ckopocTh peakuiii W ¥ YMCJI0 aKTUBHBIX COyAapeHUi Z, BHIPA3UTh
B OZIMHAKOBOM pa3MepHOCTH, TO UX MOXHO NpUpaBHATb: W = Z,. g yucia
aKTHUBHBIX COyZapeHUN uMeeM

Zy= Zy-e Eon/(RD),
rze E,, — onbiTHOe 3HaveHue E,; Z, — oblljee YHCIO COyAapeHuit.
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3amnwuiieM s JAaHHOM peaKLy 3aKOH JIeHCTBYIOIIUX Macc:
W = kC,Cg.
Torma
Z, =kC,CaukC,Cp= Z - e Eon/(RT),
MpuCy, =Cg=1
k= Z - e~Eon/(RT),

rae Z, — obliee YUCJIO COyJAPEHUM NPU €IMHUYHBIX KOHLIEHTPaLMAX pea-
TUPYIOMIKX YaCTHII.

[To 3TOMy ypaBHEHHUIO MOXXHO OBUIO GBI TEOPETUYECKH BBIYMCIUTD KOH-
CTaHTy CKOPOCTH, OZHAKO TEOPHsI UMeeT YIIPOIlleHHBIN XapaKTep, IIpe/CTaB-
JISTIOMIM, 9TO coyZapeHue MOJIEeKY/ IIPOTeKaeT IO 3aKOHY CTOJKHOBEHHA
ynpyrux mapoB. Ha caMoMm Jiesie 5To He Tak, ¥ ypaBHEHHUe ClIpaBeIuBO AJIA
OY€Hb MPOCTHIX MOJIEKYJ. [I03TOMY B HErO BBOAWUTCA SMIIMPUYECKHII napa-
MeTp P — cTepudeckuii $aKTOp, KOTOPHII yUUTHIBAET BEPOSTHOCTH Osaro-
MIPUATHOTO COyAApEHHUS MOJIEKYJI CJIOXKHON KOHPUTypanuu:

k= PZ,-e"Eon/(RT) | P =1 + 10-8.

ITo ypaBHeHuI0 Appenuyca k = Ae~Fa/(RT),
OnbITHOE 3HAaYE€HHE S3HEPTUU aKTHUBAIUM CBSI3aHO C apPeHUYCOBCKOM,
WIN UCTUHHOM, SHepruei akTUBallid COOTHOIIEHUEM

E,, = E,-RT/2.

Bo MHOTMX C/ry4asix BeIMYuHOM RT/2 MoxHO nipeHebOpeub. Torga A = PZ.

CxeMa MOHOMOJIEKY/ISIPHOM peaKIIlUi Ha OCHOBaHUY TEOPUM aKTHUB-
HBIX coyZapeHuii. Vicxoas M3 cka3aHHOro J00as peakius, B TOM YHCIe
Y MOHOMOJIEKYJIIpHasdA, JOKHA UATH 110 BTOPOMY NOPAAKY, TaK KakK JJjd
ee TPOXOXKIeHUs He0OXOANMO CTOJIKHOBEeHMe AByX yacTull. Ha camom zese
MHOTHEe MOHOMOJIEKY/IIPHBIE peaKLIMU UMeIOT I1ePBBI NOPsAAOK, IPU 3TOM
MOPSIZZOK OZHOM U TOM JKe peaKIud MOXXET MEHATHCA OT IEPBOI'O 10 BTOPOr'o
MIpY U3MEHEeHUH JaBJIeHUs WIX KOHIIEeHTpalyH.

Jlnsa o6bsacHenusa B 1922 r. ®. JIunzeMaHOM ObUT IIPEJIOKEH CIIEAYIOMINH
MeXaHU3M.

Cxema JIuHAeMaHa. B pesysbTaTe cOoyflapeHUU MOJEKYIBl MOTYT
He TOJIbKO aKTUBUPOBAThCSA, HO U TEPATH JHEPrUi0 NPU MOCIEAYIOIIUX CO-
yAapeHUsX, 1 MeXaHU3M MOHOMOJIEKY/ISIDHOM peakLMU paccMaTpUBAETCA
KakK /IByCTalUIHBIN:

m
A+AT A +A
—
W Ly,
[IpoayKThI
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B pe3synbraTe 6;1aronpUATHOrO CTOJKHOBEHUA ABYyX MOJIEKYI A CO CKOPO-
cTbio W, obpasyeTcsl akTUBHasA MojieKy/sa A", KOoTopas, B CBOIO O4epe/ib, MO-
KeT pacraZiaThCs Ha MPOJYKTHI CO CKOPOCThI0 W5 b0 B pesysbraTe Hebaro-
MIPUATHOTO COyZApeHus C MOJIEKY/IOi A Zile3akTUBUpOBaThcA (CKopocTb W,):

W =k1C%,
W2 =k2CA*CA’
W3 =k3CA*.

Jbia craimonapHoro npouecca W, = W, + W, win
k,C? = k,C*C + k3C* = C*(kyC + k3),
OTKyZa
C" =k C2/(k,C + ks),

rae C*° — KOHLIEHTPALMA aKTUBHBIX MOJIEKYIL.
[TogcTaBuM B 3HaueHue Wi:

PaccMOTpUM IipezesibHbIE CIIydau.
1. C wiu P maino:

k,C < kg, T. €. k,C = 0, W5 = k,C2.

BBy HU3KOH KOHIIEHTpalMU (ZaBjieHusI) MOJIEKY/Ibl COyAapAIOTCa pe-
KO, ¥ INMUTHUPYIOIIel Oy/ieT mepBas CTaZus, peakiysa NIpoTeKaeT 110 BTOPO-
My MTOPSAJKY.

2. C wiu P 10CTaTOYHO BEJIUKO:

sz > k3, T. €. W3 = (kskl/kz)c, k3kl/k2 = k3¢, W3 = k3¢C.

B 3TOM csyyae JUMUTHUpYIOLIAs CTagusd — pacnaj A" Ha IPOAYKTHI
10 TIepBOMY HOPSAAKY. B ciry4ae cpefHUX JaBieHUH WIK KOHLIEHTPAlHii mo-
PSIZIOK MOHOMOJIEKY/ISIPHOM peakuuu 6yzeT Apo6HBIM.

7.9.2. Teopus aKTUBUPOBAHHOI'0 KOMIUIEKca (IIepexoJHOr0 COCTOSHHSA,
WIN abCOIOTHBIX CKOPOCTEH peaKIuii)

[To 3TO¥ TeopuM NpeBpalleHNe HCXOAHBIX BelleCTB B IIPOAYKTHl peak-
IIUU MPOTEKaeT yepe3 MepecTPOMKY HadyaJbHBIX KOHQUrypaluil aTOMOB
B KOHQUTYpaIHIO TPOAYKTOB IIPY HelpepbIBHOM M3MEeHEHUH MeXaTOMHBIX
paccTosAHUN. B Teopru aKTMBUPOBAHHOIO KOMIUIEKCA 3/IEMEHTapHYIO pe-
aKIMIO MPEe/CTAB/IAI0T KaK MOHOMOJIEKY/IIPDHBIN paciaj, akTHBUPOBAHHOT'O
KOMIUIEKCA 10 cXeMe

A+BCx[A...B...C]* > AB + C.
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[Ipeamnosaraercsa, 4TO MeXJy peareHTaMHd U aKTUBUPOBAHHBIM KOM-
IUIEKCOM CYIeCTByeT KBasupaBHOBecre. KOHCTaHTy CKOpOCTH MOHOMOJIE-
KYJIIDHOTO pacraja pacCYUTHIBAIOT METOJAMU CTaTUCTUYECKON TePMOAU-
HaMUKHU, IPeCTaB/IAsA pacnaj, KaKk OfHOMEPHOe IOCTyNaTelbHOe ABIKEHNE
KOMIUIEKCa Mo KoopAuHaTe peakiuu. [Io Mepe xoza mpouecca HayuHaeT
ocyabeBaThb CBSI3b MeXAy atomamMu B u C B Mosiekysie BC U 0fHOBpEMEHHO
bopMHpPOBaThCA CBA3b MEX/AY aToMaMu A U B. B pesynsrarte ob6pasyercs ak-
TUBUPOBAHHBIN KOMILIEKC, B KOTOPOM aTOM B OfHOBpeMEHHO ITPUHAZJIEXKUT
K aToMaM A u C:

[A...B...C]*.

B manbHeiileM 3TOT KOMIUIEKC pacliafiaeTcs Ha IpoAyKThl. OH He fABJA-
€TCsl IPOMEXYTOYHBIM COeIMHEHHEM, TaK KaK BHe CHCTEMBI CyIleCTBOBaTh
He MOJKeT. PeaKIlis ¢ aKTUBUPOBAHHBIM KOMILJIEKCOM CYHUTAETCA OZHOCTA-
JUMHOM; ec/ii peaKIusa MHOTOCTaJUiHA, TO y KQXKA0H CTaZiuM CBOM aKTHBU-
POBaHHBIN KOMILIEKC.

O6pasoBaHre aKTUBHPOBAHHOTO KOMIUIEKCA Bcerza TpebyeT 3aTpaThl
HEKOTOPOT'O KOJIMYECTBA SHEPI'HH, YTO BbI3BAaHO, BO-II€PBHIX, OTTAJIKUBaHU-
€M 3JIEKTPOHHBIX 000/I09€eK U aTOMHBIX fi/iep IpU COMM>KeHUH YacTHl] U, BO-
BTOPBIX, HEOOXOAUMOCTBIO ITOCTPOEHMUSI OIpeZie/IeHHOM IIPOCTPaHCTBEHHOM
KOH}UTypaluy aTOMOB B aKTUBUPOBAHHOM KOMIUIEKCe U Ilepepaclipesie-
JIEHUS 3JIEKTPOHHOM IUIOTHOCTH. TakuM 06pa3oM, o MyTH U3 HaYaJbHOTO
COCTOSIHUA B KOHEYHOE CHCTeMa JI0JDKHA IPeoZoJeTh CBOero poja SHepre-
TUYECKUI 6apbep. DHEPrysA aKTUBALUU peaKlIUU IPUOIKeHHO paBHa Ipe-
BBIIIIEHUIO CPeJHEH dHEPTUM aKTUBHUPOBAHHOI'O KOMIUIEKCAa HaZ, CpPeAHUM
YPOBHEM SHEpPruM peareHToB. OUeBUHO, YTO €CIM IIpsMas peaklys sBJd-
eTcs 9K30TEPMUYECKOM, TO SHEPTUSA aKTUBALMKU OOPAaTHON peaKIUy BhILIe,
HEeXXeJIM SHePrus aKTHUBAI[UM MPSIMOU peakuy. DHepruy aKTUBalLUM Ips-
MO ¥ 0O6paTHO¥M peaKIMU CBS3aHBI PYT C IPYTOM uYepe3 U3MeHeHue BHY-
TpeHHel SHepruy B XOZle peaKLUH.

OCHOBHO€ ypaBHEHHE TEOPUH aKTHBHPOBAHHOI'O KOMIUIEKCA UMeeT BUJ,

k = x(kgT/h)K*,

rae kg = 1,38 - 10-23 JI)xx/K — mocroaHHaa Bonpumana; h = 6,63 X
X 10-34 Jbx-c — nocrosiHHas [L1aHka; K* — KOHCTaHTa paBHOBecHs 06pa3o-
BaHUA aKTUBHPOBAHHOI'O KOMIUIEKCA, BBIDA)KEHHAsA yepe3 MOJIApPHbIE KOH-
[eHTpauuu (B MOJIb/J); ¥, — TPAHCMUCCHOHHBIA KO3$OUIMEHT, yIUTHIBA-
FOLIMH ZI0JTI0 aKTUBMPOBAHHBIX KOMIUIEKCOB, PaclaalolINXCsl Ha TPOAYKTHI.

DHTAJIbIIHSA U SHTPONUSA aKTUBAIU. PU3NIeCKUN CMBICT
cTepudeckoro ¢pakropa

YpaBHeHnue uszorepmel: AG* = —RTInK#,
K#* = e—AG*/(RT)’
AG* = AH* - T - AS*#,
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K# = e—AH*/(R’I‘) -eAS’e/R’
k=" -(kgT / h)-e~AH"/(RT) .gAS* /R

rae AH* u AS* — 3HTaJIbIIUS U SHTPONMA aKTUBALIVH.
3 TeopyM aKTUBHBIX COy/lapeHUH ypaBHEHUE JJisi KOHCTAHThI CKOPOCTH:

k =Pp7 - e—E/(RT)’

orcioga P=y-(kgT / h)-e2S"/R / Z, 1. e. crepudeckuii pakTop P ABIAETCS 3H-
TPONUKMHBIM.

7.10. KuHeTuKa peakuuit B pactBopax

Teopus abCOMIOTHBIX CKOPOCTEH peakIuii, CTPOro roBops, NIpUMeHNMa
TOJIBKO JIJI1 pAaCCMOTPEHUS peaKLMi B WealbHBIX Ia3ax, Korja UCXOAHbIe
YaCTHUILBI ¥ aKTUBUPOBAHHBIA KOMIUIEKC MOXXHO PacCMaTpUBaTh U30JIUPO-
BAHHO OT OKPYXKarollei cpeJsl.

B pacTBOpe o6pa3oBaHNe aKTUBUPOBAHHOTO KOMIUIEKCA M3 UCXOAHBIX
YacCTUI] CONIPOBOXKAAETCA TEMU WIHM UHBIMU U3MEHEHUS MU MOJIEKYIAPHBIX
B3aMMO/EMICTBUI pearupyronyx YacTUL C MOJIEKYIaMU PacTBOPHUTEJIA.

JKuzakoe cocTossHUe BelllecTBa ABIAETCSA IPOMEXYTOYHBIM MEXAY TBEp-
ABIM U ra3o06pa3HbIM. OT/IMYasACh OT ra3a U TBEPAOTO TeJa, XXKUAKOCTb UMe-
€T YepThI CXOZCTBA C KAK/ABIM U3 3TUX COCTOSTHUH.

7.10.1. IlpuMeHeHMEe TEOPUU aKTUBUPOBAHHOr0 KOMILIEKCA
K KHHETHKe peaKIyuii B pacTBOpax

U1 npUMeHeHUs 3TOM TeOpUH K XKUIKOCTH HEOOXOAUMO y4eCcTb MeXMO-
JIEKy/IApHBIE B3aUMOZENCTBUA UCXOAHBIX YaCTHULl U aKTUBUPOBAHHOI'O KOM-
IUIeKca C MOJIeKy/IaMHU OKpY»Kalolllei cpezibl.

PaccmoTpuM ypaBHEHHE IEPEXOAHOTO COCTOSHUSA

kgT
= #
k= XTKC .

PacTBOp Heb3s CYUTATDh WEAIBHBIM, TaK KaK UMeeTCs MeXMOJIEKy/IAp-

HOe B3aUMO/IeiiCTBHE, IIO3TOMY Heobxoaumo BMecTo K. BBecTH K;:

a=1c;
C# Y#
K,=K_.-K,= .
¢ o Ca-Cg Ya'YB
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[Ipu y = 1 cuctema ugeanbHa.
Eciu nepeiiTy kK n306apHOMY IOTEHIUAY, TO

k=y——
h Y Y
rie G§ — n300apHbIii TOTEHIMA IPY AKTUBHOCTH, paBHOM eAuHHUIE; k) —
KOHCTaHTa CKOPOCTH B cpeZie, AJid KOTOpoil K03ddULINEeHTh aKTUBHOCTH
WICXOAHBIX YaCTHUL, U aKTUBUPOBAHHOTO KOMIUIEKCA IPUHATHI PaBHBIMU €/1-
Huile. Jlanee,

_4G
kgT ¢ RT YAZB =k, YAZB,

Ink = Ink, +ln[M].
»Y¢

OTO coOTHOILIEHUE Ha3bIBaeTcsi ypasHeHuem Bpencmeda — Bveppyma.
JlaHHOe ypaBHeHVE B MPHHIIMIIE PEIIaeT BOIPOC O BIUSHUU CpeZibl Ha CKO-
POCTh 3JIEMEHTAapHOM XMMUYECKOU peakIlUy, CBOAA 3aZady K OIpeZe/IeHUIO
K03QQUIMeHTa aKTUBHOCTH MICXOJHBIX BElIeCTB ¥ aKTUBUPOBAHHOI'O KOM-
wiekca. OZHAKO B TO BpeMs KaK CyILECTBYeT PsiZl METOZOB, O3BOJIAIOLINX U3-
MepHuTh K03 PULIHEeHT aKTUBHOCTY UCXOAHBIX BElleCTB, BeJIMUMHY Y* He yJa-
€TCs DKCIEePUMEHTAJbHO U3MEPUTh U3 HE3aBUCUMBIX AaHHBIX. [ToaToMy
ypaBHeHHe BpeHcTesa — BreppyMa MMeeT JIMIIb TeOpeTH4ecKoe 3HaueHue.

7.10.2. BausaHue cpeZbl HA CKOPOCTh TOMOJIUTUYECKUX peaKIIHii

B roMOJIMTHYECKUX peaKIusax 06pa3oBaHye aKTUBUPOBAHHOT'O KOMILIEK-
ca He COIIPSDKEHO C CylIeCTBEHHBIM IlepepaclipeZie/ieHueM JIeKTPHYEeCKUX
3aps0B MeXZAy pearupyroluMy aToMaMuy. [109ToMy OHO He ZJOJDKHO COIpO-
BOXXZAThCsS CWJIBHBIM M3MEHEHHEM MeXMOJIEKYIAPHBIX B3aUMOJeHCTBUIA.
B CBsI3U C 3TUM MOXXHO OXXKHZATh, YTO IIepeXxoZ, OT ra30BOi ¢asel K XKUAKOU
He JJO/DKEH CHJIBHO CKa3bIBAaThCA HA BeJIMYMHE KOHCTAHTBI CKOPOCTHA F'OMOJIH-
THYeCcKou peakiuu. Kak nmpaBuwio, U3MeHeHUe k JIeXUT B NpeZieslaX OAHOro
nopsizka.

Haubosiee 3aMeTHO BIUSHUE CPeZbl B TOMOJIMTHYECKUX IIPOLECCax pe-
aJM3yeTcs P HaJUYUU KJIeTOYHOro 3¢dekra. B obmem ciydae siBIeHUe
KJIeTOYHOTrO 3¢deKTa COCTOUT B TOM, YTO JB€ YACTUIBI PACTBOPEHHOTO
Bell|eCTBAa, OKa3aBUIMCh BOIM3U APYT Apyra, Kak Obl NONazaloT B KJIETKY
M3 MOJIEKYJl paCTBOPUTeEJIA ¥ He MOTYT cpa3dy Pa3oWTHUCh Ha 3HAYUTENbHOE
paccrosiHpe. [Toka YyacTHIIBI HAaXOAATCA B KJIETKe, CyllleCTByeT IOBBIIIeHHAsA
BEPOSITHOCTDb UX CTOJIKHOBEHUA U, CJIe[0BaTEIbHO, B3AUMOZAEHCTBUA MEXAY
HUMHU. OCOGEHHO 3TO MPOABJISETCA B TOM CIy4dae, eCJIM 4acTHUIBI 00pa3yroT-
cs B OJHOM KJIETKE.

Haubonee sipkuii mpuMep — peakLU¥ FOMOJIUTUYECKOro pacaza:

R-R —> Re*,R*
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BeposTHOCTh BBIXOZIA paZIUKaIOB B 00beM (e) paBHa

ook 1 ke

7.10.3. BiusiHHe cpejbl Ha CKOPOCTh reTEPOIMTHYECKUX peaKIui

B pas6aBieHHbIX pacTBOpax 3aBUCUMOCTh K03 duiimeHTa akTUBHOCTH
HMOHa OT MOHHOM CHJIBI OTIUCHIBAaeTCs ypaBHeHUeM Jle6as — ['tokkes:

Iny; =-AY 227,

rae z; — 3apsj UOHA.
Eciu pearupylor 2, U 2, TO 2* = 2, + 2,

(2%)2 =(24 +25)% =23 +22,425 + 23,
23 +23 =(2%)? 22,25,
2? =23 +23 —(2%)? =—22,23,

In (h?h]: ~A- (23,35 )VJ =2A-2525\/J .

OTO BIMSIHYE MOHHOM CHJIbI HAa3bIBAIOT NEPBUUHBIM COJLEBbIM IPPHeKmom.
Torza KOHCTaHTa CKOPOCTH OIIpeZiesisieTcs ypaBHEeHueM

lnk=1nk0+2A-zAzB\/7,

e k, OTHOCHUTCA K peakIMy B H/eallbHOM PacTBOpe.

VpaBHenue Jle6ast — 'OKKes SBIAETC NPUOIKEHUEM U BEPHO JIUIIb
JUIsi pa3b6aBIeHHBIX PacTBOPOB. Mi3MeHeHMe NOHHOW CHJIBI IPUBOZAUT K U3-
MEHEHHMIO CTEeIeHH JUCCOIMAUU ¢JIaboro 3JeKTPOoIuTa:

HAZ HY*+A-

=NA_’CH+ "YA— 'YH+ .

K,=K.-K
‘ ‘ Cha YHA

Y

C pOCTOM MOHHO¥ CUJIbI BEJIUYMHBI Y4 U Yy yOBIBAIOT, Tak Kak K, mazgaer,
K, = const. B pesynbraTe K, pacTeT 1 KOHCTaHTa CKOPOCTH PeaKLIUU yBeIu-
YuBaeTcs. DTO sIBJIEHUE Ha3bIBAIOT 8MOPUUHBLM COJIeBbIM 3P PHeKmom.

7.11. BBepenue B poTOXMMMIO

7.11.1. ®oToxuMUYeCcKHe peaKkiu

domoxumuueckle peakyuu — XUMHAYeCKUe peakly, KOTOpble UHUIU-
HUPYIOTCA BO3JEHCTBUEM 3JIEKTPOMArHUTHBIX BOJIH, IPEMMYIeCTBEHHO —
CBETOM C JJIMHOI BOMHBE ~100—1500 HM (BuauMas u YP-o6sacts), 4eMy
cootBeTcTByeT aHeprusa 0,8—12,4 3B (80—1200 x/bx/morb). [Ipumepamu
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GOTOXMMHYECKUX PeaKIUi ABIAIOTCA GOTOCUHTE3 B PAaCTEHUSX, paclaz
6pomuzaa cepebpa B CBETOUYYBCTBUTEIBHOM cjioe HOTOILTAaCTUHKH, TIPEBpa-
IIeHHe MOJIEKY/ KKUCIOpOZia B 030H B BEPXHUX CJIOAX aTMocdephl, GOTOH30-
MepHu3alya U T. II.

Bce poToxmMHYecKre peaKlyy MPOTEKAIOT B IBE CTaHU.

1. ITepsuuHble peakyuu MPOTEKAIOT HEMOCPEACTBEHHO IO A€HCTBHEM
cBeTa (BO3HUKHOBEHME aKTHUBHBIX YacTHUII). K 3TUM mpolieccaM OTHOCATCS:

a) AyccouManys MoJIeKy/l Ha aTOMBI WM pagukaibl (GoTonus)

AB + hv > A + Be

npumep: Cl, + hv = 2Cl°;
6) BO30yX/eHre MOJIEKY/I WK aTOMOB ¢ 0O6pa3oBaHWEM aKTUBHOM 4a-
cTHIIBI (3HEPTUH KBaHTa He XBaTaeT AJIS JUCCOLMALUK MOJIEKY):

M + hv — M,
rae hv — cBeTOBO# KBaHT; M* — B030yKZIeHHAasi MOJIEKYIa;
M+ hv - Mt + e,

npuMep — 3Myabcus AgBr B xxenatuHe (pu ¢potorpadupoBanum). CBerT,
JENUCTBYs Ha MOJIEKY/IY, B KOTOPOH CPaBHUTEIBHO JIETKO OCYILECTBIISIETCS
OKHCJIUTETbHO-BOCCTaHOBUTENBHBIM MPOIECC, MOXKET UTPaTh PoJib paKTopa,
CIIOCOOCTBYIONIETO IEPEHOCY 37IeKTpoHa. BpoMucToe cepebpo noz AeicTBy-
€M CBeTa pasjiaraeTcsi TAKUM 00pa3oM, YTO JIEKTPOH TraJIoTeHa IepeXOJuT
K MOHY cepebpa, BHI3bIBasi €r0 BOCCTAHOBJIEHHE:

Br-+ hv =Br + e
Ag* + e = Ag (KpUCTaJLIBI)
Br + Br = Br,

2. BmopuuHble peakyuu — He Tpebymolye cBeTa (B3auMOJeUCTBUE aK-
TUBHBIX YaCTHI] C JPYTUMH MOJIEKYJIaMU WIH PYT C APYTOM). AKTUBHEBIE Ya-
CTHUIIBI, 0Opa30BaBIIMECS B IEPBUYHBIX IIPOIECCAX, MOTYT ITepeiaBaTh CBOIO
SHEpruio MOJIEKyJiaM JpPYroro BelecTBa, KOTOphIe 3aTeM MOTYT BCTYIaTh
B XMMHYECKYIO peakiuio. Takoi mporecc Ha3bIBaeTCsl CEHCUOWIN3aLe.

Hanpuwmep, aucconnanyiss BoZopoza B IPUCYTCTBUY NTapoB PTYTH (Iapbl
PTyTH — POTOCEHCUOIU3ATOPBI, YCKOPSoLIe GOTOXMMHUYECKYIO PEAKIIHIO):

Hg + hv — Hg"
Hg* + H,— Hg + 2H*

Eciu 06y4aTh MOJIEKY/ISIPHBIN BOAOPOJ, MOHOXPOMATHYECKUM CBETOM
C JUTMHOU BOJTHBI, COOTBETCTBYIOIIEN OZJHOM U3 CIIEKTPAJIbHBIX PE30HAHCHBIX
JIMHUH PTYTH, TO HUKAKOM JyiccoLIMaii Bogopoza He mpoucxoaut. Ho zo-
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CTaTOYHO Z06aBUTh K BOZOPOAY HE3HAYUTETHHOE KOJIMYECTBO IapOB PTYTH,
KaK HaYMHAeTCs JUCCOLMALIUA.

7.11.2. 3akoHbI GOTOXMMHU

3akoH Byrepa — Jlam6epta — Beepa (3akoH IOIVIOIEHUS CBeTa, UC-
MIOJIb3YETCS B CIIEKTPOCKOIIMH): KOJIUUECMB0 c8emoeoll IHepaUU, NO20ULeH-
HOUl pacmeopom, NPONOPUUOHANILHO KOHUEHMPAayul pacmeopeHHoz0 eeuje-
cmea u O/lUHe Nymu ceema 8 no20uaruem geujecmae:

I == Io' 10_8(:1,

rae I, — MHTEeHCUBHOCTh NaZaloLIero cBera; I — MHTEHCUBHOCTD IIPOIIe/-
mero cBeta; | — paccTosiHUe, 4yepe3 KOTOpoe NPOXOAUT CBeT (J/IMHa KO-
BETHI); ¢ — KOHIIEHTPAIUA BEIIeCTBa; € — MOJIAPHBIA KO3)OUIIUEHT JKC-
TUHIMM (XapaKTepu3yeT ONTHYeCKHe CBOMCTBA PACTBOPEHHOTO BEl|eCTBa).

3akoH I'porTyca — /lpenepa: xumuuecku aKmueHbM ABAEMCS AUULDL
mom cgem, KOMopbLil N02N0UAeMCS. PeAKYUOHHOTL cpeooil.

[IpuMep: AuicconMalyisg BOAOPOJa B IPUCYTCTBUU NTAPOB PTYTH.

3akoH ¢oToxumMudeckoii sxkBuBasieHTHOCTH lllTapka — DiiHIITEliHA:
Kaxc0as MoJieKynd, peazupyrowas nod delicmauem cgema, nozioujaem oOuH
KeaHm paduayuu, 8bl3bl8aUUL peakyuro.

CneoBaTeIbHO, KOJTMYECTBO SHEPTUH, NOIVIONIaeMOe OZHUM MOJIEM Be-
IecTBa:

rae N, — gucio ABorazpo; h — nocrosgHHas IiaHka; v — 4acToTa Koneba-
HWI; A — JUTMHA BOJIHBI, ¢ — CKOPOCTb CBETa.

[Ipu OMBITHOM MpOBEPKe 3aKOHA GOTOXMMUYECKOMN 3KBUBAJIEHTHOCTHU
4acTo 0OHAPY)KMBAIOTCA PACXOXJEHUA C Teopuel, a UMEHHO KOJIN4YeCTBO
MpOpearupoBaBLIETO BeNIeCTBA OKa3blBaeTcs OOJbllle WIM MeHbIIe KOJH-
YecTBa MOVIOMIEHHOM SHEPIHH. DTU PACXOXKAEHUA OOBACHAIOTCA TeYeHUEM
BTOPHYHBIX ITPOLIECCOB M XapaKTEPUIYIOTCA 8eIUUUHOLL KBAHMOB020 8bLX00A
¢ (usmensieTcs B uHTepBase oT 10-3 1o 109):

¢ = (Yucno mpopearupoBaBIINX MOJIEKY) /
/ (UUC10 IOIIOIEeHHBIX KBAHTOB).

1. Peakyus ¢ k8aHmMo8bIM 8blx00om @ = 1. ITO peakLus, NIpoTeKaroIas
B OZHY CTaZnio (OTCYTCTBYIOT BTOPHYHBIE Ipolecchl). Hampumep, ob6paso-
Banue H,0, u3 cmecu O, u H, WK pasyoxeHue cepoBoopoja B 6eH30/b-
HOM pacTBope.

2. Peakyus ¢ kKBAHMO8bIM 8blx00oM @ < 1. Hampumep, BakHeMIIasA peak-
LU CUHTe3a YIVIEBOAOB B PACTEHUAX:

CO, + H,0 + hv — 1/6 CgH,,0¢ + O,

Peakiusi ceHCUOWIN3UPYETCS XI0POGIUIOM B BUZIE CIIOXKHBIX OHOIOTH-
YECKUX CTPYKTYP — XJIOPOIUIACTOB.
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3. Peakyus ¢ K8aAHmosbim 8blxodom @ > 1. IlpuMep — peakuusa GoTonu3a
HJ (¢ = 2):

HJ + hv > He + Je
He + HJ > H, + Je
Jo +Je U,
2HJ + hv = Hy + J,

4. Peakuyus ¢ k8aHmMosbiM 8blxodom @ > 1. DTo PoToKaTaIUTUYECKAA
peakius, B KOTOPOU CBET BBITOMHAET QYHKIMIO KaTanu3aTopa. Hanpumep,
nenHas peakuus obpasosanus HCI (H, + Cl, —» 2HCI) umeer ¢ =~ 105. Pa-
JIMKaJ XJI0pa, TMOJyYUBIIUICA HEITOCPEACTBEHHO B GOTOXMMHUYECKOM IIPO-
1iecce, MOXXeT 3aTeM pereHepHUpOBaThCA BO BTOPUYHBIX IIPOLIECCaX, YTO IIpU-
BOZUT K GOJIBIIIOMY KBAHTOBOMY BBIXOZY.

7.12. OcHoBbI KaTanu3a

[ToHsTHE KaTanu3a 6bUI0 BBeZeHO V.-51. Bepuenmnycom (1836 r).

Kamanus — naMeHeHUe CKOPOCTU PeaKLIMH B IIPUCYTCTBUU HEKOTOPBIX
BellleCTB, Ha3bIBa€MbIX KaTaJIM3aTOpaMy, KOTOPBIE CaMU B IIpolLiecce peak-
LMY OCTAIOTCA HEM3MEHHBIMU U II0 COCTaBy, U 10 KOJIUYECTBY.

Pa3u4aioT MOJOXUTENbHBIM U OTpULIATeIbHBIN KaTanus. B HacTosAlee
BpeMs 10 70 % XMMHUYECKHUX peaKLUH — 3TO IPOLIECCHl KaTAIUTUYECKHe.
KaTanu3aTopsl CWIBHO BAUAIOT Ha CKOPOCTD peaKIlyy, yBeJIU4nuBasd ee B CIIy-
Yae IT0JIOKUTENIbHOT'0 KaTajan3a U MOHWKAaA B CIydyae OTPULIATEIbHOrO.

BeliecTBa, yMeHbIIAIONINE CKOPOCTb PEeaKI[UH, Ha3bIBaeTCs uHaubumo-
pamu. Eciy xkaTaan3aTopoM SBISETCS OAWH U3 MIPOAYKTOB PEAKLMHU, TO Ta-
Kasi peaKIys Ha3bIBaeTCs agmokamanumuueckoil. Hanpumep, BoccTaHOBIIe-
Hue FeO BOZOpPOZOM KaTalau3upyeTcs Kele30M:

FeO + H, — Fe + H,0

7.12.1. Oco6eHHOCTH KaTaJIu3aTOpOB

1. Katanuzarop He BiusgeT Ha N0J0XXeHHe TepMOJUHaMU4YeCKOr'0 paBHO-
BecHus, T. €. Ha BeJINYMHY KOHCTAaHThHl PaBHOBECHS, a TOJIbKO YCKOpAET JO-
CTIDKEeHUEe COCTOSIHUA PaBHOBECH.

2. Karanuzatopsl 06/1a1al0T U36MPaTeTbHOCTHIO (CeeKTUBHOCTBIO) Aet-
CTBHUS, T. €. KOK/JIbIA KaTaJU3aTOP YCKOPsIET JIUIIb ONlpeZie/leHHble PeaKIuun:

CH,CHO + H,
/(04

CH,~OH —> GCH,+ 2H,0
203

Cmech \T> (C,Hy),0 + H,0
MgOuZnO X c,H, + 2H,0 + H,
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Ho cymecTByIOT yHUBepCcaIbHble KaTanu3aTopsl, Hanpumep AlCl; — kara-
JIM3aTOP XJIOPUPOBAHMUs, U30MEPHU3alNH, AIKWIMPOBAHUS, IOTUMEPHU3alIUH.

3. KaTasM3aTop IpUBOAUT K YMEHbBUIEHHUIO SHEPIUU aKTUBALIUMY KaTaIH-
3MpyeMOil peaKIiH 10 CPAaBHEHUIO ¢ peakiueii 6e3 katanuzaropa. Tak Kak
SHEeprys aKTHUBAIMH BXOAUT B IIOKa3aTesb CTENIEHU B ypaBHEHUU AppeHU-
yca, To Jaxxe HeOOJIbIIOe ee IOHWKEHHE BeZleT K CHJIPHOMY YBEJIUYEHHIO
CKOPOCTH.

B mepBOoM npuOIIKEHUH SIBJIEHHE KaTalu3a OOBSICHAETCS CeAYIOUMMU
coobpakeHUAMH. B xoze peakuuu obpasyercss HEyCTOHYHMBOE IIPOMEXY-
TOYHOE COeJVHEeHHe KaTajau3aTopa C pearupyrolUuMy BellecTBaMH (MH-
TepMeJuaT), KOTOPOoe 3aTeM PACIaZlaeTcsl ¢ pereHepanyeil KaTaau3aropa.
Ha puc. 7.5 mpuBeseHa cxema NpOTeKaHUSA HEKaTAaTUTHYECKONW peaKIu
Y TOU )K€ peaKL[M{ B IPUCYTCTBUU KaTalIu3aTopa.

A+B

Puc. 7.5. IHepreTnueckuii npodunb HeKaTaNMTUYECKON U KaTanUTUYECKOH peaKuuii

PaccmoTpum peakiuio A + B — AB (E; — sHeprus akTUBaLlMM peakuu
B OTCYTCTBHE KaTaanu3aTopa).

B npucyrcTBruu katanusaropa (K) mpoliecc IIpoTeKaeT o cTagauaM (ka-
TaJIM3aTOp He Y4aCTBYeT B CTEXMOMETPUYECKOM YPaBHEHUHU PEaKIVN):

A + K — AK (uHTepMezuar, S5Heprus akTuBauuu — E,),

AK + B — AB + K (sHeprusa aktuBauuu — Ej),

E,>E, +E,.
[Ipumep:
CH3;COH < CH, + CO

OHeprusa akTUBaLUU AaHHOU peakuuu: E = 190,4 x/I>x/Monb. B pucyt-
cTBUU Hoza peakuus uzaet B 1000 pa3 6wicTpee (E = 136,1 x/[)K/MOJb):

CH,CHO + 1, — CH,I + HI + CO

CH,I + HI - CH, + I,
CH,CHO + I, —» CH, + CO + 1,
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4. YcKOpeHHe peakKIuy NPONOpIHMOHAJIbHO KOHIIEHTPALMK KaTalu3aTo-
pa.

5. Katanusatop uMmeet ¢pusnyeckoe U XUMHYECKOe CPOACTBO K peareH-
TaM.

JUtst peakIuii THAPUPOBAHUA U JETUAPUPOBAHUSA MCTIONb3YIOT Pt, Pd, Ni,
KOoTOpble 061azaroT crienuduyeckoi aacopbiyeit Bogopoga. i peakuuu
TUpaTalyy U JerupaTaliy UCIonb3yloT Al,O, KOTOPBIH CKIOHEH k o6pa-
30BaHUIO TUAPATOB. I peaKLMil OKUCIEHHs UCIIONb3YIOT cepebpo, Mep,
CKJIOHHBbIE K 00pa30BaHUIO HECKOJIBKUX CTeleHel OKUC/IeHHU .

7.12.2. Tunsl KaTajanu3a

Vcxoast u3 0cO6eHHOCTEN KaTaTUTUIECKUX PeaKILIMii, MOXXHO BBIIEINUTD
Cleyrolye TUIBI KaTaau3a.

TomozeHHbLIl KaManu3 — KaTaJIU3aToOp U BCe pearvpymolye BelecTa
06pasyoT oAHy o061y ¢pa3y. OH noppaszenseTcs Ha KUCJIOTHO-OCHOBHOH,
OKHCJINTE/JIbHO-BOCCTAHOBUTE/JbHBIA, KaTalNU3 KOMILUIEKCAMH MeTaJlJIOB
Y depMeHTaTHUBHBIH.

MuxkpozemepozeHHblll KAMANU3 KOJUIOUZHBIMU YacTHULIAMU B XKUJKOM
¢daze 3aHMMaeT MPOMEXYTOYHOE MOJIOXKeHNe MeXy TOMOT'eHHBIM U reTe-
POTeHHBIM KaTajau3oM. Ero paszensiorT Ha KaTalu3 B MULle/UIaX U KaTalus
Ha MHOTOATOMHBIX KJIacTepax.

TemepozeHHblll U MexasHblll KamMaiu3 — pearupyoliye BellecTBa
Y KaTaJIM3aTop HAXOJATCA B PA3/IMYHBIX da3ax, a peaklysa IpoTeKaeT Ha Io-
BepxHOCTH pasgena ¢as. [Tog MexxdasHbIM KaTaJIU30M IPUHATO IIOHUMAaThb
KaTa/Ju3 Ha TPAHMIIE JBYX HECMELIMBAIOIIUXCA XXUJKOCTEH; IIPU 3TOM pOJIb
KaTaJIM3aTopa COCTOUT B IIEpPEHOCe peareHTOB MeXJy dpazamu.

OctanoBuMcs 6ostee ToApPOOHO Ha pepMeHTATUBHOM KaTtanuse. Pepmen-
mamuseHblil Kamanu3 — KaTaJuTAYeCKUe peakIyy, IpoTeKalouye ¢ yda-
ctueM GpepMeHTOB — OHUOJIOTHYECKUX KATaIN3aTOPOB OeKOBOM IPUPOJBI.
depMeHTAaTUBHBIN KaTaJlu3 UMeEeT TPU XapaKTepHble 0COOEHHOCTH.

1. Bbicokasi akmueHOCMb, Ha HECKOJbKO MOPSAKOB IIpeBbIIIaoas
AKTUBHOCTh HEOPTaHWYECKUX KaTaJHU3aTOPOB, YTO OOBACHAETCSI OYeHb
3HAYUTEIbHBIM CHHMKEHHEM 3HEPTHH aKTUBAIMU Ipolecca pepMeHTa-
Mu. TaK, KOHCTaHTa CKOPOCTH peaKI[UU pa3jIoXXeHHs IepeKUCH BOJOpO-
Ja, KaTajusupyeMoi moHamu Fe2+  cocrapiseT 56 c-1; koHCTaHTa CKOpO-
CTU 3TOH K€ peaKI[uM, KaTaau3upyeMmMoil ¢epMeHTOM KaTajna3oii, paBHa
3,5 107 cl, T. e. peakius B IPUCYTCTBUU pepMeHTa IPOTEeKaeT B MIWUIMOH
pa3 6bicTpee (3HEPTUU aKTHUBAIUY IIPOIIECCOB COCTAB/IAIOT COOTBETCTBEHHO
42 u 7,1 xI>x/Moinb). KOHCTaHTH CKOPOCTU T'UAPOIKN3a MOYEBUHEI B IIPU-
CYTCTBUHU KHUCJIOTHI U ypeasbl pa3jIMyaloTcad Ha TPUHAZALATh NOPAAKOB, CO-
crapsid 7,4 - 107 u 5 - 106 ¢! (BesiMyrHa SHEPTUU aKTUBALUM COCTaBJAET
cooTBeTcTBeHHO 103 1 28 K/[’K/MOJIb).

2. Boicokas cneyuguurocms. Hanmpumep, amunasa KaTaausupyeT Ipo-
I[eCC pacleIUIeHHUs KpaxMaJia, IpeJCTaB/IAIIEero coboi 1enb oMHaKOBbIX
IJIIOKO3HBIX 3BEHbEB, HO He KaTaJU3UpyeT T'HJPOJIN3 caxapo3bl, MOJIeKy/a
KOTOPO# COCTaB/IeHa U3 IIFOKO3HOTO U PPYKTO3HOTrO HpparMeHTOB.
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CoracHO O6IIENPUHATHIM [TPEACTABIEHUAM O MeXaHU3Me GepMeHTaTUB-
HOTO KaTayin3a, cyocTpaT S U depMeHT F HaXoAATCs B paBHOBECHH C O4YEHb
6BICTPO OOpasyromuMces GpepMeHT-CyOCTpaTHBIM KOMILUIEKCOM FS, KOTOPBIH
CPaBHUTEIbHO MEJIEHHO paclaZlaeTcs Ha MMPOAYKT peaKUuu P ¢ BbliesIeHu-
eM cBobozaHoro pepmenTta. TakuM 06pa3oM, cTaaus pacrnajga depMeHT-cyo-
CTPaTHOrO KOMIUIEKCA Ha MPOAYKTHI PEAKINH SBIAETCA TUMUTUPYIOIIEH:

F+S<FS—F+P

ViccrenoBaHUe 3aBHCHMOCTH CKOPOCTH ¢pepMeHTAaTUBHOM peaKLHu
OT KOHIIEHTpanuu cybcTpara npyu HeM3MeHHOM KOHIleHTpanuu pepMeHTa
[IOKa3ajo, YTO C yBeJIMYEeHUEM KOHIIEHTpalUu cybcTpaTa CKOPOCTh peak-
LMY CHaYyajla yBEJIMYMUBAETCSA, a 3aTEM IlepecTaeT U3MeHATbcA (puc. 7.6).

1/2Wmax

.
>

Km CS

Puc. 7.6. 3aBUCUMOCTb CKOPOCTH GepMeHTaTUBHOI PeaKLum OT KOHLIeHTpaLuy cy6cTpata

JaHHas 3aBUCHUMOCTb ONUCHIBAeTCA ypaeHeHuem Muxasauca — Men-
meH — OCHOBHBIM ypaBHEHHEM GepMEHTaTUBHOU KUHETHKMU:

W =W 1+ K,,CsD) L.

3zxech K,, — KOHCTaHTa Mwuxasiuca, YUCI€HHO pDaBHasA KOHIEHTpa-
uu cyberparta mpu W = 1/2W,_ ... KoHcTaHTa Muxasnuca CIyXXUT Mepoi
CPOACTBA MeXAy cyocTpaToM U depMeHTOM: 4eM MeHblle K, , TeM 6osblie
HX CIIOCOOHOCTH K 06pa3oBaHUI0 GepMEHT-CyOCTPaTHOIO KOMIUIEKCA.

3. XapakTepHO# 0COOGEHHOCTBIO JeHCTBUA GepMEHTOB fABIAETCA TaKkKe
8bLCOKASL UYBCMBUMENLHOCTbL AKMUBHOCMU hepMEHMO8 K BHEWHUM YC108U-
am — pH cpegsl u Temmnepatype. PepMeHTHI aKTUBHBI JIULIb B JOCTATOYHO
y3KOM uHTepBajie pH u Temnepartypsl, mpuieM /i1 pepMEeHTOB XapaKTep-
HO HaJIM4Kie B 3TOM MHTEpPBaJie MAaKCMMyMa aKTUBHOCTHU IIPU HEKOTOPOM
ONTUMAaJIbHOM 3HauYeHWH pH WK TeMIiepaTypsl; 10 06e CTOPOHBI OT 3TOTO
3HaYeHUs aKTUBHOCTb (pepMEHTOB OBICTPO CHHUKAETCA.

Ycmexu cOBpeMeHHOM TeOpyuU OGHOJIOrMYecKOoro KaTaau3a U TeopeTude-
CKO¥M XMMUHM TOKa3aJId, 4YTO GpepMeHTaTUBHbIe PeaKIuy IIPU BCeH UX CJIOXK-
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HOCTH IIPOTEKAIOT B MMOJTHOM COOTBETCTBUU C OOIIUMHU 3aKOHOMEPHOCTAMH
O6GBIYHBIX XUMHYECKHUX HpeBpaileHnii. O6bsACHeHHe OrPOMHBIX IIpeuMy-
IIEeCTB, KOTOPHIMU pepMEeHTAaTUBHBIN KaTaIU3 OTINYAeTcs OT Hebrooruye-
CKOT'O TeTepo- ¥ TOMOT€HHOTO KaTalu3a, 3aJI0)KeHO GaKTUYeCKU B UCKIIIO-
YUTEJIbHO CJIOXKHOM CTPYKTYpe MaKpOMOJIEKYJ OeKa.

Mpumepbi pewexns 3agay

3azaya 1. KoHcTaHTa CKOPOCTH peaKLuu
CH;COOC,H; + NaOH — CH3;COONa + C,H;OH

paBHa 7 Jji/(Mosb-MUH). Beraucauts gomo (%) adupa, koTopas npopearu-
pyeT 3a 5 MuH, ecyin:
a) HUCXOJHbIe KOHIIEHTpAaLUH Iuenouu u 3¢upa pasusl 0,05 Moib/1;
6) rcxogHas KoHIleHTpanus menoun 0,1 Mo/, a adupa 0,05 moib /1.
PeweHue. PaccmaTpuBaeMasi peakiiysa UMeeT BTOPOM MOPAZOK.
a) B ciyuyae, KOrZa UCXOAHbIE KOHLIEHTpALlUU peareHTOB paBHBI, CIIpa-

BeJJIMBO ypaBHEHUE 1 = +kt, Torma
3 03
1 1
C, = = = =0,018 monn/,
1/Ny+kt 1/0,05+7-5
0, = C0s=Co 100052 0050018 10 (o,

03 D)
6) B ciyyae, Korja MCXOAHblE KOHI[EHTPALUM PEareHTOB Pa3jUYHBI,
CIIpaBeJIMBO YpaBHEHUE
1 Comy —Xx)C
k= 1n Con =)o
(Com = Cos) 't Coy(Cos —x)

(Cow —X)Cos — ek(Cou-Cos)t
COI.I.I (COS -X)
0,1-x0,05 _ 7. 01-005)5 — 5,75.
0,1(0,05-x)
Peiras 5To ypaBHeHUe, HaxoauM: x = 0,045 Moib/J1,
X 0,045

1100 % =——>.100 % =90 %.
o 0,05

o, =

3azava 2. [To 3HaYeHUAM KOHCTAHT CKOPOCTel IIpH BYX TeMIlepaTypax
oIpeZieIUTh SHEePrulo aKTUBAaLMM, KOHCTAHTY CKOPOCTH IIpH TeMIlepaTrype
T; ¥ TeMnepaTypHbiii KO3GOHUIIMEHT CKOPOCTH PeaKlui B ypaBHEHUH BaHT-
Todda: T, = 599,0 K; k; = 0,00146 n/(Monb-MuH); T, = 672,0 K; k, =
= 0,0568 n/(monb-MuH); T3 = 648,2 K.
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Pewenue. SHeprmo AKTUBAIIlUX HAXOAWM H3 YypaBHCHUA

e E(1_ 1
kk R\, T,/

ITonygaem
Rinke g1 00568
= 1 = 2 = . 3 =
E T 1 (l_lj 167,8-103 /I)x/Mob
T, T, 599 672
= 167,8 k/I>k/MOJIb.

[MoacraBuM 3HaueHus E, k; u T; B ypaBHeHHe AppeHUyca U BbIpa3uM
NpeA3KCIOHEHITHANBHBIA MHOXXUTEb:

E 167,8103
A=keRl =0,00146-¢ 831599 =6,3-1011.

PaccuuThiBaeM 3HadeHUe k3 TI0 ypaBHEHHMIO AppeHuyca:

_E _167,810%
ks = Ae RT3 =6,3-10!1 .¢ 831648.2 =(0,0191 11/ (MOJb-MUH).

TemnepaTypHbii K0oaddunuent Bant-Iopda paccuutsiBaem 13 ypaBHe-
HUA

-1
Z-y 10,
ky

[TposnorapudmMuUpoBas, MOIyIaeEM:

10  k__ 10 . 00568
T,—T, °k, 672-599 ©0,00146

lgy= =0,218,

oTKyzZay = 1,65.

3apaumn Ana caMoCToATeNIbHOIO pelueHun

1. CkopocTtb o6pasoBanusa NO B peakuuu 2NOBr, — 2NO, + Bry,
paBHa 1,6 - 10-4 mosnb/(Ji-c). UeMy paBHa CKOpPOCTb pPeaKIUH U CKOPOCThb
pacxozoBanusa NOBr?

2. B peakiuu 2-ro nopsgka A + B — D HayajbHble KOHLIEHTPaLUuU Be-
1ecTB A 4 B paBHBI, COOTBETCTBEHHO, 2,0 Moib/1 U 3,0 Mosb/1. CKOPOCTh
peakuuu paBHa 1,2 - 10-3 mosb/(1-c) npu [A] = 1,5 monb/n. Paccuuratite
KOHCTAHTY CKOPOCTH U CKOPOCTb peakuuu npu [B] = 1,5 moinb/J1.

3. Bo ckosIbKO pa3 BO3pacTeT CKOPOCThb peaKLMy IPU MOBBIIIEHUH TeMIIe-
patypsl oT 27 fo 77 °C, eciv sHeprus aktuBanuu peakiyuu 30 000 kan/Monb?
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4. BpeMms nosynipeBpallieHys BelleCTBa B peaKI[MU IEPBOTO MOPSiKa pU
323 K cocrasnger 100 muH, a npu 353 K — 15 mMuH. Beryuciaure TeMiepa-
TypHBIH K03 PUITMEHT CKOPOCTH peakiuu Y (koadounment Bant-Todpda).

5. Bo CKOJIBKO pa3 yBeJIMYUTCA CKOPOCTh ra3odasHoii aeMeHTapHO! pe-
akuuu A = 2D npu yBeJIW4YeHUH JaBieHud B 3 pas3a?

6. B HEKOTOPOI1 peakiuy Lenoro nopsaaka (nA — B) KOHIeHTpaluusa Uc-
xozHoro BemectBa 0,5 Mosb/n1 6bUIa OCTUTHYTA 32 4 MUH IIPU Hadalb-
HOU KOHIIEHTpauuu 1 Mojb/JI ¥ 3a 5 MUH IIpM HaYaJIbHOM KOHLIEHTpaI[Uuu
2 MoJb/71. YCTaHOBUTE NOPAJOK peaKIHH.

7. Peakiiusa oMbUleHUsA MeTwialeTaTta npu 298 K onuceiBaeTcs ypaBHe-
HUEM

CH,;COOCH; + NaOH = CH;COONa + CH;0H

st 3TOM peaKuuy MOy4YeHH! cleAylole KUHeTHYecKue JaHHbIe:
Bpems, muH 3 5 7 10 15 25
CNaoH» MMOJIB/JT 7,40 6,34 5,50 4,64 3,63 2,54

VcxozHble KOHLIEHTpAUUHU Lieno4Yd M 3pupa OJWHAKOBH U PaBHBI
0,01 mosb/n1. OnpezieIuTe NOPAAOK peaKLMy U KOHCTAHTY CKOPOCTH.

8. B HEKOTOpOU peaKuuy NMpU U3MEHEHUH HadaJbHOM KOHLEHTpALUU
ot 0,502 1o 1,007 mosb /a1 mepuo moypaciaza ymeHbiwicsa ¢ 51 go 26 c.
Onpeaenute MOPAAOK peaKLiMd U KOHCTAaHTY CKOPOCTH.

9. KoHCcTaHTa CKOPOCTU peakuuu

CH,COOG,H; + NaOH <= CH,COONa + C,H;OH

paBHa 5,4 MuH"!-(Mosib/n1)-1. CKOJBKO MPOLEHTOB 3$Upa mpopearupy-
eT 3a 10 MUH, eciM HayajJabHble KOHIEHTpALMU 3¢Upa U LIeJT0YH PaBHbI
0,02 monb/n?
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