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Beenenue
TeHaeHIMsT K CHHXKEHUIO JIOJIM ayAUTOPHBIX 3aHATHA B MpPO-
necce oOy4eHHUsl CO37aeT HEOOXOAMMOCTh pa3pabOTKH METOoauyYe-
CKMX MaT€pHUaJIOB, MO3BOJISIIOIINX ONTUMU3UPOBATH CAMOCTOSITEIb-
HYyI0O paboTy CTylaeHTOB. VMMEHHO MOoATOMYy JaHHOE Yy4eOHO-
METOAMYECKOE TOCOOHE BKITIOYALT:
o y4eOHBIN MaTepual, KOTOPbIA CTyAeHTaM TPY/IHO ca-
MOCTOSITEIFHO BBIICTIUTh W3 00BheMa yYeOHUKAa W CUCTeMaTH-
3upoBath ( riaaBsl 1, 6, 7), 1100 MpeACTABIIAIOMNNA HAMOOb-
IIYIO CJI0KHOCTh B M3y4eHMH ( riaBsl 2, 3, 4, 5, 8).
J TEOPETUUYECKUI MaTepuai, IpeABapIONIMNA pa3Aebl Ja-
OOpaTOpPHOrO0 MPaKTUKyMa, CIIOCOOCTBYIOIIUN JIyYIIEMY OC-
MBICJIEHUIO PE3YJIbTAaTOB JIAOOPATOPHBIX OIBITOB;
o B MOCOOUM COJIEPKATCS TPUMEPHI PEIICHUST PACUETHBIX
3a/1a4, BBI3BIBAIOIIMX HAUOOJIbIIEee 3aTPYAHEHHUE Y CTYICHTOB;
o 3HAYUTEIBHBIA 00BEM 3aJaHUN NJII CaMOCTOATEIHHOMN
paboThl MO OCHOBHBIM pa3jeiaM JUCIUIUIMHBI CIOCOOCTBYET
3 PEeKTUBHOMY KOHTPOJIIO YPOBHS 3HAHUI CTYJACHTOB.
OueBUAHO, UTO HanOOJIEe AKTYyaJbHBIMU BBIIICYKAa3aHHBIE CO-
CTaBJISIOIINE SBJSIOTCS JJIsl CTYJAEHTOB 3a0YHON U JUCTAHIIMOHHOM
dbopM 00ydeHHUs, KOTOPBIE CTATIKUBAIOTCS C 3aTPyAHEHUSIMU B 00€C-
MEYEHHOCTH YYeOHUKAMU U KOHCYJIbTAIIMOHHBIMU YCIYyTaMu; C IPY-
roil CTOPOHBI, CTPYKTypa U COJEpKaHUE METOJAMYECKON pPabOThI
MpH3BaHbl  CIOCOOCTBOBAThH MOBBIICHUIO A()GHEKTUBHOCTH CaMO-

CTOSITENILHOM pabOThI CTYICHTOB OYHOM (POPMBI 0OyUECHUH.
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TpeOGoBaHMsI K YPOBHIO OCBOCHUS M CUUILIIMHBI

«XHMUD»

YuebHo-MeToIuuecKoe nocodue cocrariaeHo Ha ocHoBe De-
J€paIbHOIO TOCYJapCTBEHHOTO 00pa30BaTEILHOIO CTaH1apTa
BbICIIIETO 00pa30BaHMs 1O HampapieHuto noaroropku  44.03.04
IIpodeccnonanbHoe 00yueHne, B COOOTBETCTBUU C KOTOPHIM
BIMTYCKHUK JIOJDKEH 00J1a71aTh CACAYIONMMY KOMIETEHIIUSIMM
CIIOCOOHOCTBIO MCIOJIB30BAaTh OCHOBHI €CTECTBEHHOHAYYHBIX M 3KO-
HOMHUYECKHUX 3HAHUU TIPH ONeHKE d(PPEKTUBHOCTH PE3yIhbTaTOB

JCATCIBHOCTH B pa3audHbIX cepax (OK-3).
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IMPOI'PAMMA KYPCA
« XUMUS»

Pa3zBuTrie aTOMHO-MOJIEKYJAPHOIO y4eHust B XxuMuu. Oc-
HOBHBIC TTOHATHS: aTOM; MOJIEKYJA; OTHOCUTEJIbHAS aTOMHAas U OT-
HOCUTEJIbHAS MOJIEKYJISIpHAs Macca. MoJIb Kak €JMHUIIA KOJTMYECTBA
BeniecTBa. MoJsipHasi Macca.

Baxnenmme XuMHYeCKHEe 3aKOHbI. 3aKOH SKBHUBAJICHTOB.
ODKBHUBAJICHT MPOCTOrO0 M CIIOKHOTO BEIIECTBA. 3aKOH COXPAHEHMS
MAaCCBhI BEILECTB, €r0 3HAYCHUE B XUMHUU. B3anMOCB3b MEXK 1y Mac-
COM W 3Heprueu no A. DUHIINTENHY. 3aKOH ITOCTOSIHCTBA COCTaBa
BEIIECTBA; JAJbTOHUbI, OEPTOJUINABL. 3aKOH ABOrajpo; CIEICTBUE
13 3aKOHa ABOTaapo.

OCHOBHBIEC 3Tamnbl Pa3BUTHS MPEICTABICHUN O CTPOEHUU
aroma. KBaHTOBO-Me€XaHMYECKasi MOJEIb COCTOSIHHUSI 3JIEKTPOHA B
aToMe. DJIIEKTPOHHBIE U 3JIEKTPpOHHOTrpaduueckrue GopmyIibl aTOMOB
aneMeHTOB. [lpunnmn I[laynmu. IlpaBumo Xywpa. CtpoeHue sapa
atoma. M3otonsl. [IpuMeHeHne W30TONOB B OUOJIOTHUH.

IlepuoauuecKkuid 3aKOH U MEPUOAMYECKAsT CHUCTEMAa 3JJie-
MeHTOB .. MeHnaesneeBa. B3auMOoCBsA3b MEXKY CTPOCHUEM aTOMa
U CTPYKTYPOH MEPUOIUYECKON CUCTEMBI. DJIEMEHTHI TJIaBHBIX U MO-
OouHbIx ToArpymm. VM3MeHeHue Hambosiee Ba)KHBIX CBOMCTB 3Jie-
MEHTOB (JICKTPOOTPUIATEILHOCTh, METAINIMYECKUE U HEMETAJLIU-
YECKUE CBOMCTBA, OKHCIHUTEILHO-BOCCTAHOBHUTEIBHBIE XapaKTEPH-
CTUKH) B MEPUOJIaX U TPYIINAX MEPUOUUECKON CUCTEMbI. XapaKTe-
PUCTHKA 3JIEMEHTA 1O TTOJIOKEHUIO B IIEPUOIUUECKON CUCTEME.

XuMuuyeckas CBf3b KAk CII0CO0 B3aMMOJIEHCTBUS aTOMOB
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MEX Ty co00M, 3aBUCUMOCTh OT AJICKTPOHHOI'O CTPOSHHS aTOMOB.

KoBanenTHas xumudeckas cBs3b. Turbl (IoJspHas, HEMOISAP-
Hasl), MEXaHU3MBbI C ITO3ULIMI METO/la BaJICHTHBIX CBS3EH U MOJIEKY-
JSIPHBIX opOuTane (OOMEHHBIM, JTOHOPHO-AaKIENTOPHBbIN). Bax-
HEHIIMe XapaKTepUCTUKH (JUIMHA CBS3H; IPOYHOCTh; KPAaTHOCTB;
MOJISIPHOCTH). 3aBUCUMOCTh MEXK]1y MOJIIPHOCTBIO CBSI3M M PEaAKIIU-
OHHOM CIIOCOOHOCTBIO coenuHeHus. CBOMCTBAa COSIMHEHUN C KOBa-
JIEHTHBIM THIIOM CBSI3H.

HNonHas cBs3b Kak NpeAesibHbIA CIy4yall KOBAJIEHTHOM MOJISP-
HOU cBs3u. CBoOMCTBAa COEOMHEHHM C MOHHBIM THUIIOM CBSI3U. Ba-
JICHTHOCTD M CTCIIEHb OKHUCJICHHUS aTOMOB 3JI€MCHTOB.

Mertannuueckas cBsizb. CBOMCTBA METAIJIOB, OOYCIOBJICHHbBIC
0COOCHHOCTSIMU METAJUTMUECKOM CBSI3H.

MexMOJIEKYISIPHOE B3aUMOJEHUCTBUE. BoopoaHas CBsA3b Kak
BAKHEHUILINN TUII MEXMOJIEKYJISIPHOTO B3aUMOJIEHUCTBUSA, €€ MPUPO-
na. CTpyKTyphl BEIIECTB, 00YCIOBJICHHbIE HATUYUEM BOJIOPOJIHBIX
CBsi3el. BiMsiHME Ha CBOMCTBA COEIMHEHUN. buonoruueckas poJib
BOJIOpOAHBIX cBsizer. Cuibl Ban-nep-Baanbca.

KommieMeHTapHOCTh OMOTIOTMMEPOB.

Xumudeckasi CBA3b B KOMIUIEKCHBIX (KOOPJIWHAITMOHHBIX) CO-
enuHeHnaXx. CocTaB KOMIUIEKCHBIX COeOUHEHHU. THUIMHWYHBIE KOM-
miekcooOpazoBaTend M Juranabl. KoopJWHAITMOHHOE YHUCIIO KOM-
TJIeKCoo0pa3oBatesis, ero 3aBUCUMOCTh OT 3apsijia KoMILieKcooOpa-
30BaTeIsl M XapaKTePUCTHK JMranaoB . Kmaccudukaius v HO-
MEHKJIaTypa KOMIUJIEKCHBIX COCAUHEHUN. DJICKTPOIUTHYECKAs JIHC-

coumnanus. 3omepus. buonornueckass pojab KOMIUIEKCHBIX COEIH-
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HCHUU. [|[BOMHBIE COMIH.

TepMoaMHAMHKA U KHUHETHKA NPOTEKAHUS XUMHYECKHX
npoueccoB. BHyTpeHHsAs dHEPrUsl U HTAJIBINS BEUIECTBA. TeIio-
BbIe 2P (DeKThl XUMUYeCcKuX peakiuid. 3akoH ['ecca. [lousarue o0 3H-
Tponuu. [[BHXKyIMe CHIIBI XMMHYECKOro Ipouecca. Hampasienue
CaMOITPOM3BOJIBHOIO MPOTEKAaHUA XUMHUYECKUX PEAKIHUU. DHEPTUS
['u66ca (n306apHO-U30TEpMUUECKUM MoTeHIuan). [TonsTue 06 3H-
Tponuu. TepMOIUHAMUAYECKNE PACUETBHI.

Knaccudukaimus peakiuii B XUMUYECKOW KUHETHKE. ['OMO - U
reTeporeHHple peakuuu. CKOpOCTh XMMHUYECKOM pEakKIu, 3aBUCH-
MOCTh OT KOHLEHTPAlMM PEarupyrolnX BEIIECTB, TEMIEPATYPBHI.
Bimsinue npuponsl pearnpyrommx Beniects. Karamns. Karanmmzaro-
pbl, UX POJb B XMMHYECKOW pEakiuH. |'OMOTEHHBIA U TE€TEPOreH-
HBIM KaTann3. ABToKaranu3. GepMEeHThl Kak OMOJOTMYECKUEe KaTa-
JIM3aTOPBI.

OG6paTumMbie 1 HEOOPATUMBIE XUMUUYECKHE PEaAKIIUU. XUMHUYE-
ckoe paBHoBecue. Cmemenue paBHoBecus (nmpuniun Jle - Illarte-
nbe-bpayHa.

PactBopsl. lctunnsie pactBopsl. Knaccudukanus. Bona kak
YHUBEPCAIBHBIA PACTBOPUTEIb. T€OpHUS DIIEKTPOJIUTHYECKON IHUC-
COIIMAIIMU KUCJIOT, OCHOBAaHUI M COJIEd B BOJHBIX pacTBopax. Cre-
IIEHb DJIEKTPOJUTUYECKON nuccoruanyu. KoHcTanTa aucconuanum.

Nonnoe npousBeaeHue Boabl. Bomopoansiii mokazarens (pH)
BOJIHBIX PacTBOPOB. 3HaueHUe pH 11 XapaKTepUCTUKN NPUPOTHBIX
pactBopoB. Metonsl onpeaenenuss pH. 'maponus coneit. CreneHpb

rugponn3a. Koncranra runponu3sa. [Ipouecces runposnsa B Ipupo-
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Ie.

PacTBOpuMOCTh. 3aBUCUMOCTh PAaCTBOPUMOCTH OT (haKTOPOB.
TennoBbie 3PeKTHI pU PACTBOPEHUH.

Konnenrpanus pacrBopa. BaxHeiinie crnocoObl BhIpaKeHUS
COCTaBa PacTBOPOB (MaccoBas J0Jisg; MOJSpHAs; MOJSIJIbHAS; HOP-
MalibHas1). PacdeTsl 1o MPUrOTOBICHUIO PACTBOPOB 3aJaHHON KOH-
LHECHTPAIUH.

Ocmoc. OcmoTtrueckoe napiieHue. 30TOHMYECKUE pacTBOPHI.
OcMmoc B Ouosorudyeckux cucteMax. OOpaTHbIE OCMOC, €ro MpuMe-
HEHHUE.

JlaBneHnue mapa HajJ pacTBOopamu. Temmneparypbl KUNECHUS U
OTBEpJIEBAHUSI PACTBOPOB. DOYJUIMOCKOMUYECKAsS W KPUOCKOTHYE-
CKasi KOHCTAHTHI.

OKHNCINTEIbHO-BOCCTAHOBUTEIbHBIE peaknuu. CTeneHb
OKHUCJICHUsA. BaxkHenmure OKUCIUTENN U BoccTaHoBUTeNU. Kiaccu-
dbuKanus OKUCIUTEIbHO-BOCCTAHOBUTEILHBIX peakuuil. [IpaBuia
noadopa CTEXHOMETPUUECKUX KO3 (DUITMEHTOB.

OKHUCIUTETbHO-BOCCTAHOBUTENbHBIE ~ MOTEHIMANbL.  CBS3b
sHepruu ['mbbOca ¢ HIEKTPOIHBIM TOTEHIHANIOM. BomopoaHbIit
ANEKTPOA. Psia cTaHAapTHBIX AJMEKTPOAHBIX MOTeHIHaIoB. Juddy-
3MOHHBIA M MEMOpPAHHBIM MOTEHUUAJBI, UX OMOJIOTMYECKOEe 3Haye-
HUE.

CpaBHUTENBbHAS XapaKTEPUCTUKA METAJIJIOB UCXOSl U3 UX MO-
JIOXKEHUSI B PANY HaANpsKEHUW. B3auMoaencTBue KUCIOT ¢ METall-
namu. OCOOCHHOCTU OKHUCIUTEIBHBIX CBOMCTB a30THOM M CEpHOM

KHCJIOT.
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DnekTponn3. MexXaHu3M 3JIEeKTPOIn3a. DIEKTPOJIN3 PACIIAaBOB
AIEKTPOJIUTOB. DJEKTPOJIU3 PACTBOPOB 3NEKTPOIHUTOB. Komuyect-
BEHHBIC PACUETHI B AJICKTPOIHU3E.
Kopposus meramnoB. XuMmuyeckas KOPpO3us. DIEKTPOXUMU-
yecKkasi Koppo3usl. 3aluTa OT KOPPO3HH.

DJieMeHThl IJIaBHO# noarpynnsl | rpynnsl. [1{enounsie Me-

TaJUIbl. XapaKTepUCTUKA aKTUBHOCTH. B3auMoaelcTBUE ¢ KMCIOPO-
JIOM, BOJOPOJIOM, BOJOW. buosiornueckas pojb HaTpusd MU KaJIus.
Kanuiinble ynoOpeHus.

JJIeMEeHThI IJ1aBHOM noarpynnsl II rpynnsl. CpaBHI/ITe.]'II)-

Hadad XapaKTCPUCTHKA XUMHUYECKOM AaKTHBHOCTH. HaXO)KI[eHI/Ie B
IIpUpoac. buonornueckas POJIb KaJIbUA U Mardus.

DJieMeHThI rjaaBHoii noarpynnsl |l rpynnsl. bop. Coenu-

HEHUS C KHUCIOPOJOM, BOJAOPOJAOM. bOpHBIE KUCIOTHI, UX CONHU. by-
pa. AmoMuHuii. BzaumoaencTBue ¢ KUCIOPOJI0OM, KUCIOTaMu, Iiie-
godyamu. AM@oTepHbIe CBONCTBA OKCHJA U TUIPOKCUAA ATTFOMUHUSI.
[IpupoaHbIe aTFOMOCHIMKATHI.

DJIeMEHTBI IJIaBHOW noarpynnbl |1V rpynnel. Yraepoa. A-

JoTpornHbie Moaudukanuu. CoeMHEHUs ¢ BOJOPOIOM, KHCIOPO-
JIOM, MeTa/ulaMu. YTOJIbHas KucioTa, ee coiau. KapOboHaTel u rua-
pOKapOOHATHI, UX PACTBOPUMOCTh W TUAposn3. [[naHoBogopoHas
kucnorta. [{uaauasl. Cepoyrinepoa. Kapb6amua. Kpyrosoport yriie-
poja B IpUpoeE.

Kpemuuii. CoequHeHUsI ¢ KUCIOPOJIOM U BOJ0opoaoM. KpeM-
HEBBIE KUCIIOTHI, UX coyd. Cunukarens. Cunukatel B npupoze. [lo-

HATHE O HEOPraHMYEeCKHUX noaumepax. Crekna.
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JIeMEHThbI IJIABHOM HOAI'PVIIIIBI V I'PYIIIIBI. A3zot. buono-

rudyeckas pojb azora. IIpobnema dukcanum aTMOCc(pEepHOro aszoTa.
AMMMAK, €ero CBOMCTBA, MPOMBINUICHHBIMH cuHTe3. COJId aMMOHUS.
Okcunbl a3ota, UX CBOMCTBA. A30THas kuciota. Hutpatel. A3otu-
ctas Kuciotra. HUTpuThl. A30THBIC YI0OpEHMUS.

®docdop. buonoruueckas posb dhocdopa. AIIOTPOIHBIE MO-
nudukanuu. B3anmopelicTBue ¢ MeTaiaMM, HemMeTtauiamu. doc-
¢bun. Oxcuasl Pochopa. PochopHbie KUCTOTHI, UX coiu. Docdop-
HbIE YJ10OpEHHUS.

Mpibsk. CoeuHEHUsI ¢ BOAOPOAOM, KUCIOpoAoM. OKCHUIBI.
Kucimorel. Comn. TOKCUYHOCTH COEIMHEHUNW MBIMBIAKA. SITOXUMHU-
KaThl.

DJieMeHThl_IJaaBHOM _moarpynnbl VI rpymombl. Kucmopog.

buonoruueckass posib KHUCIOpoJa. AJUIOTPOIHbIE MOJAU(DUKALINH.
O30H, ero nonydeHue u cBorcrBa. Kucnopon, ero nomyuenue. Ox-
CUJbI, IEPOKCUABI, HAANEpOKCcHAbL. Tunbel okcuaoB. Kuciaopona kak
BAKHEHUIIINN OKUCIIUTEIb.

Cepa. CoennHeHne ¢ BOAOPOAOM, cBOMCTBA. OKCHIBI CEPBHI.
CepHucrast kucioTta, ee cBoiictBa. CepHas KHUCJIOTa, OCOOCHHOCTU
B3auMozeiictBus ¢ metasiamMu. Cynbdatel. TuocepHas U HEpOK-
CUIBYCEpHas KHCIOThL. KBaciipl, UX MpUMEHEHHUE.

Boaopoa. OcobenHoctu cTpoeHus aroMa. HaxoxkaeHue B
npupoje. CoeHEeHUs1 ¢ MeTallllaMu, HeMeTauiamu. Bona, ee ¢u-
3UYECKHME U XMMHUUYECKHE CBOMCTBA. AHOMAaJbHBIE CBOWCTBA BOBI.
buonorunueckas poJsib Bojbl. Boma kak yHUBEpPCAIbHBIM PaCTBOPH-

Tesb. JKEeCTKOCTh BOJIBI U CITIOCOOBI €€ YCTPAHECHMUSI.
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ITepoxcun Bomopona. CtpoeHue Moyekyiabl. OKHCIUTEIbHO-
BOCCTAHOBUTEIJIbHASA JBOMCTBEHHOCTh. [IprumMenenue.

dyieMeHThl _rjaaBHoM moarpynnbl VIl rpynnel. CpaBHu-

TeJbHAs XapakTepucTuka rajgoreHoB. OcobenHoctu ¢ropa. Bogo-
POJHBIC COSTUHEHMsI, CBOMCTBA TrajJOT€HOBOIOPOIHBIX KUCIOT. OK-
CUBI U KUCJIOPOACOIepkKaIue KUCIOThI. [Ipumenenue.

Ilepexoaubie MeTaLabl (d - 3aeMenTbI). OCOOCHHOCTH DIICK-

TPOHHOT'O CTPOEHHUS U CBOMCTB O - 3jeMeHTOB. MHOrooOpasue cre-
MeHEH OKHCIICHUS KaK OCHOBAa MHOrooOpa3us COSIUHEHMM, UX KH-
CIIOTHO-OCHOBHBIX M OKHCJIHTEIHHO-BOCCTAHOBUTEIBHBIX XapaKTe-
puctuk. Ilepexomaapie MeTaIbl KaK BaXKHEHUIIINE KOMILIEKCO00pa3o-
BaTeau. buonorudeckas pojib NepexoaHbIX METAJIIOB.

XpoM. Okcubl ¥ THAPOKCUIIBI XpOMa, UX CBOMCTBA. XPOMaThI
U JTUXPOMAThI KaK OKUCITUTEH.

Mapraunen. Okcuabsl ¥ THAPOKCUILI MapraHiia, UX CBOMCTBA.
MapraHiioBasi KUCJI0Ta, IEpMaHTraHaT KaJIUs KaK OKUCITUTEIH.

Kenezo. Okcuabl U TUAPOKCUABI kKeJie3a, UX CBoWcCTBa. bro-
JIOTUYECKasl pOJib JKeJesa.

AHaJIUTHUYECKAsA XUMHUSA

AHaJIUTHYECKAass XMMHSI Kak Hayka. OCHOBHBIE HCTOpHYE-
CKHME J3Tallbl Pa3BUTHUS aHAIUTHYEeCKOW xumuu. Knaccudukamnus Me-
ToHd0B aHaimm3a. KadecTBeHHBIN aHanu3. KoJmdecTBEHHBIM aHAJIM3.
duznyeckue, PU3MKO-XUMHYECKUE, XUMUYECKHE METO/Ibl aHaIu3a.
[IpuHIIMNIMATIbHBIE OCHOBBI HMHCTPYMEHTAIBHBIX ((DU3MYECKUX H
(U3UKO-XUMUYECKUX) METOJIOB aHalIn3a; 00JIaCTH UX MPUMEHEHUS.

AHAJIUTHYECKUU CUTHAJL.
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XuMHA4eCcKkrue MeTobl aHain3a. OCHOBHBIE MOHSATHUS: aHAJIU-
TUYECKas peakiiusi, aHATUTUYECKUN pPeareHT; CrocoObl BHIMOJIHECHUS
AHAJTUTUYECKUX PEAKIMM; YYBCTBUTEIBHOCTh; TOYHOCTh; HU30Hpa-
TEJIbHOCT.

I'paBumerpuyecknii Meton aHaam3a. CylniHOCTh METOJA.
Ocaxnaemass popma. YcioBue ocaxjaeHUs aMOpP(hHBIX U KpUCTa-
JUYECKUX ocaakoB. TpeboBaHus k ocaxgaemMon Gopme. Tumbl
¢bunbtpoB. IlpaBuna punsTpoBanus. BecoBas popma. TpeboBanus
K BecoBoi (popme. PacdeTsl B TpaBUMETPUYECKOM METOJE aHAJIU-
3a.

Turpumerpuyeckunii meron anaamsza. CynHOCTh METOJA.
OCHOBHBIE€ TIOHSTHUA: TUTP; TUTPOBAHUE; TOUYKA SKBUBAJICHTHOCTH.
PabGounii pacTBOp, TUIBI paboyux pacTBOpoB. OCHOBHBIE pacyeT-
Hble (popmysibl. Pa3HOBUAHOCTH TUTPUMETPUUYECKOTO METOAAa aHa-
Jv3a.

XuMu4Yeckass MoCyJa, HCIOJb3yeMasi B TUTPUMETPUYECKOM
METOJI€ aHaJIN3a. MeToIMKa TUTPOBAHMUS.

Kucnorno-ocnoBHoe tutpoBanue. O0nacth npumenenus. On-
pelIeJIEHNE TOYKU SKBUBAJICHTHOCTU. BakHeWMe MHIUKATOPbI K-
CJIOTHO-OCHOBHOT'O TUTPOBAHUSI, UX IPUPOJIA U XAPAKTEPUCTHUKHU.

OKuCIUTENbHO-BOCCTAHOBUTEIBbHOE THUTpoBaHue. (O0macThb
npuMmeHeHus. [lepmanranaromerpusi. Y ciaoBusi TuTpoBanus. Onpe-
JEJICHUE TOYKU SKBUBAJICHTHOCTH.

KommiiekconomeTpuueckoe TuTpoBanue. OOnacTh mpUMeEHe-
Hug. OnpeneneHne TOYKM SKBHBAJEHTHOCTH. Mcmonb30BaHUE IS

oTpeaesICHUs 00IIeH KECTKOCTH BOJIBI.
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TexHnuka 0e3o0macHOCTH
npu padore B XUMHUYECKOH JadopaTopuu

Bo n30exxaHne HECUaCTHBIX CIy4YaeB KaXKIbl CTYJIEHT 00s3aH
BBITIOJIHATH CJICIYIOIIME OCHOBHBIE MPpaBuUiia pabOThl B XUMHUECKON
1abopaTopuH:

1. K BbINOJIHEHUIO Pa00ThI (ONBITA) MPUCTYNATH TOJBKO C
pa3pewieHusi npenoaasareis. CTyJEHT JIOJKEH BBIIOIHATH pado-
Ty OCO3HAaHHO, MPEIBAPUTEIIBHO O3HAKOMHBIIMCH C IOCJEA0Ba-
TEJIbHOCTBIO 3TANOB €€ BHIMOJHEHHUS U 1IEJIbIO €€ MPOBEICHHUS.

2. Kareropuyecku 3ampemaercsi pa6oraTb 0JJHOMY B Jia-
OopaTtopuM, a TOJHKO B MPUCYTCTBUM NpPENojaBaTessl WU Jado-
paHTa.

3. Co0/01aTh YMCTOTY M MOPSAJAOK Ha paboueM MecTe, He
3arpoOMOXKJIas CYMKaMH U JIMYHBIMU MPEIMETaMHU.

4. OT60p HEOOXOAMMOTO PEAKTUBA IMPOBOJUTCS C MOMOIIBIO
IPpyUIN U MUNETKU (CTEKJISHHOW TPyOOUYKH) B HEOOXOIAUMOM KOJU-
YEeCTBE, YKa3aHHOM B METOAMKE MPOBEACHUS OMbITA. 3alpeliaeTcs
MEPEHOCUTH MMUMETKHU U3 OJHOMN CKJISIHKU B CKJISIHKY C IPYTUM peakK-
TUBOM (pa3pemaeTcs 10 OKOHYAHUS 3aHSATUM OCTaBUTH INMHUIETKY B
CKJISIHKE JIJI1 IOBTOPHOTO B3ATHUSI PEAKTUBA).

5. N30BITOK B3MITOr0 peakTHBAa HUKOIJIA He CJAMBATH 00-
PATHO B CKJISIHKY BO M30€XaHUE 3arpsi3HEHUS] BCETO peakThBa (13-
OBITOK CIIUTh B MPOOUPKY WIIM CTaKaH).

6. Jlna ompeneneHus 3amaxa BEIIECTBA OCTOPOKHO Halpas-
JSATh K cebe ero mapsbl JIETKUM JABUKEHUEM PYKH, HE Jenas riay0o-

KU BOOX.
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/. Ilpu HarpeBaHUHU B NPOOUPKE PEAKIIMOHHON CMECHU OTBEP-
CTHE NMPOOUPKHU HE HAIPABIATH B CBOIO CTOPOHY WUJIM B CTOPOHY CO-
cena. Bo uzbexxanue BbIOpOCca COAEPKUMOT0 TPOOUPKHU (KUJIKOCTH)
CHayaJia IIPOrpEeBACTCA BEPXHUM CIION KUJAKOCTH, a 3aTEM HUKHHUM.
Cnenuthb, 4TOOBl (PUTUIIL CIMPTOBKU MPU HArpeBaHUU HE COMPHU-
KOCHYJICS C Pa30orpeTor 4acThl0 MPOOMPKH — MPOOHUpPKA MOKET
JOTHYTh.

8. Ilpu MCHOJIb30BAHMU Ta300TBOAHON TPYOKHM, HUKHUU
KOHEIl KOTOpPO#l MOMeNaeTcsl B KUJKOCTh JJIsi MOTJIOIICHUSI Trasa,
BBIJCJISIFOILErOCS NP HarpeBaHUU PEAKUHUOHHOW CMECH, MO OKOH-
YAHUM ONBITA BHAYaJe 0CBO0O0XKIaeTCH KOHEL TPYOKH U3 KUAKO-
CTH, a 3aTE€M IMPEKPAILAETCS HAIPEB CMECH.

9. He BbLIMBATHL B PAKOBHUHBI OCTATKH KHUCJIOT, IIEJIOYEH,
CHWJIbHO-TIAXHYIIUX KUJIKOCTEH, a CIIUBATh B CIIEIIMAIbHBIC CKIISTHKH.

10. ITo okoHuaHun pabOTHI UCIOJIH30BAHHBIE MPOOUPKH, MH-
neTku (TpyOOYKH) CHOJIOCHYTh, paboyee MECTO MPUBECTH B MOPS-
TIOK.

11. Paborarp B xajarax.
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IIpaBuia okazaHusi NepBO MOMOLIM

. Ecnu mpowsomien TEniaoBOM OXKOT KOXH, TO IO-
BPEXKJEHHOE MECTO CMa3aTh CIIUPTOM M HAIOXKUTH CTEPUIIb-
HYIO TIOBSI3KY.

. KucnoTHble WM WMIEIOYHBIE 0KOTH Cpas3y ke Mpo-
MBITh IPOTOYHON BOJOMU. 3aTEM, €CIU KUCIOTHBIA OXOT, MPO-
MBITh 2%-HBIM pPacTBOPOM THApPOKapOOHaTa HaTpus (COAbI), a
HIeJI0YHON — 2%-HBIM PacTBOPOM YKCYCHON WM JTUMOHHOMN
kucinoToun. Ilocie oka3zaHus MEepBOM MOMOIIHM NPU CUIIBHBIX
XUMHUYECKUX OXKOrax HEoOXOIMMO OOpaTUThCA K Bpauy s
JaJIbHEUIIIETO JICUCHUS.

J [Ipy nomagaHuy MIEIOYA B TJa3a HEMEIJIEHHO
MPOMBITh UX MPOTOYHOW BOJOW M3-TOJ KpaHa, 3aTEM PacTBO-
poM OOpHOM KHCIIOTHI (MOJB30BaThCA TJ1a3HOM BAHHOYKOW).
Ecau B rmasa momana KUCIIOTa — HEMEMJIEHHO NMPOMBITh KX
MPOTOYHOM BOJIOW M3-TMOJI KpaHa, 3aTeM 2%-HbIM pAacTBOPOM
ruipokapOoHaTa Hatpus (conbl). M o0s3aTenbHO 00paTUTHCS
K Bpauy.

[Tocne 03HAaKOMIIEHUS C BBIIIEN3JI0KEHHBIMU MPABUIIAMHU
CTYAECHT 00s13aH paclucaThCsl B KypHAJEe MO TEXHUKE

0€30MaCHOCTH.
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Fnasa 1. OCHOBHBIE KJIACCHI HEOpPraHu4e-
CKHX COeTHHEHUH

Oxcuasbl
OKcuowl - 9mo cnoxcHble seulecmea, COCMOoAUUE U3 AMOMO8
08yX 3/1eMEHMO08, 00OUH U3 KOMOPBIX - KUCA0POO (CIIOBO «OKCHI»
MPOUCXOJUT OT JATUHCKOTO HA3BaHUS KHUCJIOPOJa «OKCUTCHUYM),
cybPukc «um» UCHOb3yeTCs B Ha3BAHUSX OMHAPHBIX COCIUHECHUI
HEMETAJVIOB C MEHEE DJIEKTPOOTPULIATEILHBIMU dJIeMeHTaMu). [1pu
TOM HEOOXOJHUMO YTOUHEHUE: 8 OKCUOAX AmOMbl KUCIOPOOA CB3l-
3aHbL C AMOMAMU OPY2UX INIeMEHIMO08 U He CEA3aHbl MedcOy CoOOU.
Ecnu atrombl KuCiIoOpoja CBsi3aHbl MEXay coboi (cBsa3b -0-0-), To
COCMHEHHUE SIBJIICTCS MEPOKCU/IOM.
Knaccudukaius okCuaoB BO3MOXKHA 10 HECKOJIBKUM TPU3HA-
kam. [Ipexne Bcero, UCXos U3 XUMHUUYECKOM aKTUBHOCTU, OKCHJIBI
MoApa3IeNIIIOTCS Ha ABa BUA:
¢ coJieoOpa3ymomue - o0pa3yrT COJIM TPH B3aUMOJICHCT-
BUM C KUCJIOTAaMU U Iejo4aMu (K HUM OTHOCSITCS OOJBIITUHCTBO
OKCH/IOB);

¢ HecojgeoOpasywimue (uHaHddepeHTHBIC, O€3pa3Iny-
HBIE) - He o0pasytot cojet. K aum otHocstcs CO, NO, N,O.

Coneobpasyrowue okcuovl, B CBOIO 04epeb, MOIPA3ACISIIOTCS
Ha KUC/IOMHble, OCHOBHble U am@omepHbie B 3aBUCUMOCTH OT Xa-
pakTepa COOTBETCTBYIOIINX UM T'HJIPOKCHUJIOB.

¢ KuHCJI0THBIMH Ha3BIBAIOTCS OKCHIBI, KOTOPHIM COOTBET-

CTBYIOT THIPOKCHJIBI KUCIIOTHOTO XapaKTepa, T.€. KUCHOThL. [Ipu
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ATOM COOTBETCTBYIOIIAS KUCJI0Ta MOXKET OBITh ITOJy4YeHa pacTBO-
pPEHHUEM OKCH/Ia B BOJE: P,Os + 3H,O0 = 2H3POq,
WJIM, €CJIM OKCHJ B BOJIC HEpACTBOPUM, KOCBEHHBIM ImyTeM. Ha-
npuMep, HEPaCTBOPUMOMY B BoJie AUOKcUay kpeMmHus SiO, cooT-
BETCTBYET MeTakpeMHueBas kucnora H,SiOs!
SiO, + 2NaOH = Na,SiO; + H,0T (cruiapnenue)
Na,SiO; + 2HCI = H,SiOsd + 2NaCl.

KucnotHeie oKCuabl 00pa3ytOT HEMETAIIbI, a TAaKKE HEKOTO-
pbIe MeTaUIbl (B MEPBYIO o4epe/b, 0-3JeMEHThI) B BBICIINUX CTEIIC-
HSIX OKHCIICHUSA).

%  OCHOBHBIMH HAa3BIBAIOTCS OKCHIbI, KOTOPHIM COOTBET-
CTBYIOT OCHOBaHHUs. COOTBETCTBYIOIIMUE OCHOBAHUS 0OpPa3yIOTCs
IpyU  HEMOCPEACTBEHHOM  pPAaCTBOPEHHMU OKCHJIAa B  BOJE:
BaO + H,O = Ba(OH),

WJIU KOCBEHHBIM IYTEM, €CJIM OKCHJI B BOJIE HEPACTBOPHUM:
CuO + HCI = CuCl,

CuCl, + KOH = Cu(OH),J+ + 2KClI.

OcCHOBHBIE OKCHJIbI 00Pa3yIOTCS METAJLJIAMHU.

s  AMdOoTepHBIMH HA3bIBAIOTCSA OKCH/IBI, COOTBETCT-
BYIOIIIHE TUJIPOKCH]IBI KOTOPBIX MPOSBISIOT B 3aBUCUMOCTH OT YC-
JOBUH (T.€. OT TOrO, C YEM pEarupyroT) KaKk OCHOBHBIC, TaK M KH-
CJIOTHBIE CBOMCTBA. AMQOTEpHBIC OKCHJIBI B BOJIE HEPACTBOPUMBI,
MIOATOMY COOTBETCTBYIOIIUE KHCJIOTHI U OCHOBAHUS OOpa3yrOTCS
KOCBEHHBIM IyTeM. Tak, okcuay 1uHka ZnO COOTBETCTBYET T'HJI-
POKCHJI, KOTOPBIM MOXXHO 3amucaTh Kak B BHAE OCHOBaHUS

Zn(OH),, Tak u B Buje (TOT K€ caMbIii cocTaB) KUCIOTHI HyZNO,.



24

AMGOTEpHBIMU SIBJISIFOTCS CICTYIOIINE OKCHUJIBIL:

Zn0, Aleg, Cr,0;, BeO, PbOz, SﬂOzI/II[p.

Huxe B Tabnuie npuBeaeHbl HOPMYJIbl THAPOKCUIOB, COOT-

BCTCTBYIOIIHUX Ba)KHEHIIIUM aM(i)OTepHBIM OKCHJaM, Ha3BaHUA HUX

COJIEH.
Amdo- | I'mapokcun | 'mapoxkcun Ha3zBanue HaszBanue conu
TepHBIﬁ OCHOBHOI'O KHUCJIOTHO- KHUCJIOTHI COOTBCTCTBYIO-
OKCHUJl | XapakTepa |TO Xapak- el KMCIOThI
(ocHoBa- | Tepa
HUE) (kuciora)
ZnO Zn(OH), | H,ZnO, | umHKOBas LMHKAT
Al,O3, | AI(OH); | H3AIO; | opToaitomu- OpPTOATIOMUHAT
HUCBas
HAIO, METaaTIOMHU- M€ETaaIlOMUHAT
HUCBas
Cr,03 | Cr(OH); | HsCrOs | oproxpomucrasi | OpTOXpOMHUT
HCrO, METaXpOMHUCTAsT | METAXPOMUT
BeO Be(OH), | H,BeO, | Oepumnnenas OepuiLiaT
PbO, | Pb(OH),; | H4PbO, | oprocBuHIIOBas | OpTOILIFOMOAT
H,PbO; METACBHUHIIOBas | METarIroMOaT
SnO, | Sn(OH), | H4sSNO, OpTOOJIOBSIHHAS | OPTOCTAHHAT
H,SnO; METAO0JOBSIHHAS | METAaCTaHHAT
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Kucjaorsl

Kucnomuwt - smo dJieKkmpoJjiumbsl, npu aﬂekmpOJmmuueCKoﬁ

Ouccouuauuu Komopblx 6 Kauecmee KamuoHa omuilenjiAaromcs

+ e
monbKo uonwvl 600opoda H . lnaue roBopsi, KUCIOTOM MOXHO Ha-

+
3BaTh JI000€ COeNUHEHNE, CIIOCOOHOE OTIIEIUISITL HOHBI H .

B nponecce XUMUUECKHX pPEaKIMM MOHBI BOAOPOAA MOTYT 3a-

MCUIATHCA HA MOHBI MCTAJIJIOB HJIM MHBIC KATUOHLI, IIPU 5TOM 06pa-

3YIOTCS COJIH.

o B 3aBrcuMOCTH OT 4YHclia aTOMOB BOJIOPOJA, CITO-
COOHBIX 3aMEIIAThCS Ha aTOMBI METaJlJIa, KUCIOTHI TIOApa3ie-
JSI0TCs Ha 00noochnoenble (Hanpumep, HNO;, HCI ) osyx-
ocnoeuvte (H,SO,4, H,CO3), mpexocnosnvie (H;PO,) u 1.1

o Kucnotrel mnonpasznensitorcss Ha Kucaopoocooep-
asrcamgue (nanpumep, H,Si03) u beckucnopoonsie (H,S, HCI )
KHCIIOThI. Ha3BaHMS BCeX KHCIOT MPOUCXOMIT OT_PYCCKOTO
Ha3BaHUA dJIeMeHTa, oOpasyroriero kuciory. [Ipu atoM B Hec-
KUCTOPOOHBIX KUCTOTaX K PYCCKOMY Ha3BaHHUIO 3JIEMEHTA JI0-
OaBJIsCTCS CIOBO «BOJOpOIHAs», Hanpumep: H,S - cepoBomgo-
poanas; HCI - xnopoBomopoaHas. B HazBaHUAX Kuciopooco-
oepoicauux KUCIOT, €CIM OHM 00pa30BaHbl aTOMaMH KaKOTO-
a100 3JIEMEHTA B Pa3HBIX CTEIICHSIX OKHCJICHHUS, HCIOJB3YIOT-
cs cypdUKChl «HCT» (peke «OBay) B HA3BAHMUSIX TEX KHUCIIOT,
I7Ic CTETICHb OKHCIICHHS DJIEMEHTA, 00pa3yroIero KHUCIOTY,
HIKE (KaK CJIEACTBUE, MEHBIIEE COJIEp)KAaHUE KUCIOPOJA).
Hampumep, H,SO, - cepnas, H,SO;3; - cepumcras; HNO;3 -

azorHast, HNO, - azoTucras.
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o Kucnopoacoaepxariyue KHCIOTHI MOXKHO paccMaT-
pUBaTh KaK PE3yabTAaT B3aHMOJICHCTBHS KHCIOTHBIX OKCHJIOB
(anzuopuooe xucnoT) ¢ ONpeacICHHbIM KOJIMYECTBOM MOJIC-
Kyl BoAbl. Eciam KakomMy-TO aHTHIPUIY COOTBETCTBYIOT KH-
CJIOTBHI C Pa3HBIM COAEPKAHUEM MOJICKYJ BOJBI B HX COCTaBe,
TO TaM, TJe COACpKaHHE BOJABI OOJBIIE, MUCIIOIB3YETCS IMPH-
CTaBKa «OpPTO», TJIe MEHBIIIE - MPHCTaBKa «MeTay. Hampumep:
P,Os + 1H,0 = 2HPO; meradocdhopnHas Kuciora
P,Os + 2H,0 = 2H3PO, opTodochopHas KUCIO-
Ta.

o Cmenenb oxuciexuss dJIEMEHTa, 00pa3yroIIero Ku-
CIIOPOACOACPKAIIYI0 KHCIOTY, B KHCJIOT€ M COOTBETCTBYIO-

IIEM aHTHUJIPHUJIEC T0JKHA OBITh 0OUHAKOBOI.

Huxe npuBeneHbl GopMyIibl U HA3BAHUSI BaXKHEUIIINX HEOpra-

HUYECKUX (MUHEPAJIBHBIX) KUCIIOT.

CreneHb dopmyna dopmyna | Ha3Banme KUCIOTHI

OKMCJICHUS KHCJIOTHOT'O KUCJIOTBI

9JIEMEHTA, OKCHJIa

oOpasyroliero | (aHruapuaa

KUCJIOTY KHUCJIOTHI)

KHCIIOPOJICOASPKAIINE KUCTOTHI

+6 SO, H,SO, | cepnas
+4 SO, H,SO; | cepuucras
+5 N,Osg HNO;3; | azoTHas
+3 N,O3 HNO, | azoTucras
+4 CO, H,CO; | yronbnas
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+4 SiO, H,SIO | meTakpeMHueBast
3 OpPTOKpPEMHHEBAs
H4SIO
4
+5 P,0s HPO3; | metadochopnas
HsPO, | opTrodochopHas
H4P,0 | mudochopnas
7 (mupodochopHuast)
+5 As,05 HA- METaMBIIILIKOBAS
sO3 OpPTOMBIIIBSIKOBAs
HsAsS
O,
+7 Cl,04 HCIO, | xnopHas
+5 HCIO; | xmopHoBaras
+3 HCIO, | xmopucras
+1 Cl,0 HCIO | xmopHoBatucras
+6 CrOs; H,CrO | xpomoBas
4 TUXPOMOBAsI
H,Cr,
O
+7 Mn,0O4 HMnNO | mapranmnesas
4
OECKHUCTIOPOAHBIEC KUCTOTHI
-2 H,S CEpPOBOJIOPOTHAS
-1 HF dbTOpoBOIOPOIHAS
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(TIaBUKOBAs)

-1 HCI XJIOPOBOJIOPOTHAS
(cosistHast)
-1 HBr OpOMOBOOPOTHAS
-1 HI VOJIOBOJOPOIHAS
HCN | mnaroBogopoHas

(cuHUIIBHASN)
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OcHoBaHuA

Ocnoeanus - Imo 31eKmpoaumsl, NPU I1eKMPOJTUMUUECKOT
ouccoyuayuu KOmopuvix 6 Kauecmee AaHUOHA OMUENAAIOMCA 2UO-
pokcuo-uonvt OH . CymectByeT 0ojiee MHUPOKOE MOHATHE KUCIOT
¥ OCHOBaHW ¢ mo3unuii Teopun JIptonca m bpercrena, Ho B 00Cy-
KJAEMOM paszeiie MOKHO OTPAHUYUTHCS BBIIICYKA3aHHBIM.

O6mas dopmyna ocHoBanuii Me(OH),, rae N - CTCHeHb
OKHCJIEHUS MeTaiuia. B mporecce xumuuecknx peakunit Honel OH
MOTYT 3aMEIaThCsl HA HOHBI KHUCJIOTHBIX OCTAaTKOB, IPU 3TOM 00pa-
3YIOTCS COJIU.

J OcHOBaHMs, MO CYTH, SIBJISIIOTCS THIPATHUPOBAH-
HBIMA OCHOBHBIMU OKCHJAaMH, HO C BOJOH pEarupyroT JUIIb
OKCHJIbl, 00OpA30BAHHBIE WETOUHbIMU U ULEIOUHO3EMENbHBIMU
MeTaJJIaMU: Li,O + H,0O = 2LIiOH.

[Ipu 3TOM 00pa3zyroTcs pacmeopumvle B BOJE OCHOBaHUS, Ha-

3pIBaemble wenouamu. LIOH, NaOH, KOH, RbOH,

CsOH, FrOH, Ca(OH),, Sr(OH),, Ba(OH),,

Ra(OH),. Ca(OH), mamopacTtBOpuM, HO €ro pacTBOP SBJISACT-

Cs IETIOYBIO.

° Hepacmeopumbie B BOJEe OCHOBaHUS TMOJTy4aroT
KOCBCHHBIM ITyTEM: CuSO, + KOH = Cu(OH),\ +
KZSO4.

. OcHoBaHUs1, COOTBETCTBYIOIIUE aM(pOTEPHBIM OK-
CUJIaM, SIBJISIIOTCS amgomepuvimu cuopokcuoamu (amdpou-
Tamu). B 3aBUCUMOCTHU OT yCIOBUN OHU MPOSBIISIOT KaK KU-

CJIOTHBIC, TaK 1 OCHOBHBIC CBOMCTBA:
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Zn(OH)g 2 HyZnO,; Al(OH)3<_—’ H>AIO:s.

J Kuc10THOCTL OCHOBAHHUSA OIPEACISIETCS YUCIOM
rugpokco-rpynn OH', Bxoasmux B cocTaB OCHOBaHUs. B cBs-
31 ¢ 3TUM pasznudaroT ogHokucioTHele  NaOH, KOH,

neyxkuciotaeie  Ca(OH),, Sr(OH),, TpexkuciIOTHBIC

Al(OH)3;, Fe(OH)3 U T.JI. OCHOBAHMSI.

Coan

Co/tb MOJMCHO paccmampusams.

1) kak MPOJYKT 3aMEIICHMS HOHOB BOJIOPOIa B MOJIC-
KyJie KUCIIOTHI Ha WOHBI MeTaiuoB: H,SO, - cepnas xucio-
ma; Na,SO, - HaTpueBas coJib CEpHON KUCIOTHI,

2) Kak mpoxykT 3amenienus woHoB OH™ B Moiekyie
OCHOBaHMs Ha KuciIoTHbIe ocTaTku: Fe(OH)s; - ocHoBaHue;
Fe(NO3); - coib COOTBETCTBYIOIIEIO OCHOBAHUSI.

Takum 00pa3oM, C MO3ULHUN CTPOCHUS, cpednue (uau Hop-

MaJleble) cotu - Imo 3jieKkmpoiumol, ()uccouuupymmue 6 600-

+
HOM pacmeope ¢ oopazoeanuem uonos memannos (uau NH,) u

KUCTIOMHbBIX OCIMAMKOG6.

Hwuxe B Ta6J'II/II_IC IMPUBCACHBI HA3BAHUS KUCJIOTHBIX OCTATKOB,

HCIIOJIB3YCMbIC B HA3BAHHUAX COOTBCTCTBYROIIUX coJIeH. HpI/I 9TOM

CICAYCT YUUTBIBATDL:

X/

¢ HazBanue KMCIIOTBI 00pa3yercs OT pyccKozo
Ha3BaHUs DJIEMEHTa, 00pa3yIoIIero KUCIOTY; Ha3BaHUE

COOTBCTCTBYHOIICTO KUCIIOTHOT'O OCTATKA - OT JIAMUHCKO-
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20 Ha3BaHUs JAHHOTO 3JeMeHTa. Tak, pycckoe Ha3BaHUE
aneMeHTa N «a30T», JJaTUHCKOE «HUTporeHuym». Ilo-
sroMy HazBaHue Kuciotbl HNO3 azomnuas, Ha3BaHnue Ku-
CJIOTHOTO OCTaTKa - HUmpam.

s Ecim B Ha3BaHUU KHCIIOTHI MPHCYTCTBYET
cybduxc «uct» (cm pasnen «Kucnorel»), To B Ha3BaHHU-
X cojiel OOBIUHBIN CYy(DPUKC «aT» 3aMEHSAETCS Ha «HT»,
HaIMpUMeEp, COJIb CEPHOM KUCIIOTHI Cyb(aT, a CEpHUCTOU

- Cyab(pHUT.

R/
0.0

Conn GeCKHCIOPOJIHBIX KHUCIOT, Kak Bce Ou-

HapHBIC COCANMHCHUA, UMCIOT Cy(i)(bI/IKC «Mm».

®opmyia kuciotsl | Hazpanue kucinorel | HazBanue
KHCJIOTHOTO OCTaTKa
H,SO, cepHas cynbdar
H,SO; CEepHUCTAs CyJbQUT
HNO; a30THas HUTpAT
HNO, a30TUCTas HUTPUT
H,CO3 yToJibHast KapOoHar
H,SiO; MeTaKpeMHHEBas MeTacCUJIKaT
H;SiO, OPTOKPEMHHEBAS OpPTOCHJIUKAT
HPO; MetadochopHas MmeTtadocdar
HsPO, optodochopHas optodocdar
H4P,0- mudocdhopHas
(mupodocdopHasn) nupodocdar

H3AsO, OPTOMBIIILAKOBAS opTOapceHar
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HCIO, XJIOpHas nepxjopat

HCIO; XJIOPHOBATAsI XJIopar

HCIO, XJIOPHUCTAsI XJIOPHT

HCIO XJIOPHOBATUCTas TUITOXJIOPUT

H,CrO, XpOMOBast Xpomar

H,Cr,04 JTUXPOMOBas IUXpoMar

HMnO, MapraHiieBas nepMaHraHaT

H,S CEpPOBOJIOPOIHAS cylbbu

HF dbTopoBOIOpOIHAS dbropun
(TuTaBUKOBAsT)

HCI XJIOpPOBOAOPOIHAS XJIOPUT
(constHas)

HBr OpOMOBOJAOPOTHAS opomua

HI MOJI0BOJIOPOTHAS WO

HCN IUAHOBOJIOPOIHAS [AAHU]
(cuHUIIbHAS)

Knaccupurkanus cosei

o CpeaHue coJiM - COCTOSIT U3 MIOHOB METAJIOB (MU
NH,") u KHMCTOTHBIX ocTaTkOB. MX MOXHO paccMaTpHBATh
KaK MPOJIYKT NOJIHO20 3aMEIeHHUs] HOHOB BOJIOPO/Ia B MOJICKY-
Jie KUCIIOTHI Ha MOHBI MeTauia uiau noHoB OH B monekyie
ocHoBanuss Ha kuciaotHele octatku: FeCls, Cry(S0,)s,
Baz(POy)s.

. Kuciable €Ol - TPOAYKT HENnoaHo20 3ameujenus

UOHO8 8000POOA B MOJIEKYJIE KHUCIIOTHl HA MOHBI METalla, T.C.
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comepxaT B cBoeM coctase nonsl H'. Hannume B cocraBe Ku-
CIIOTHOTO OCTAaTKa He3aMelleHHBbIX HoHOoB H' ykaswiBaeTcs
MIPUCTaBKON «2uopo», a UX KOJINYECTBO (B COCTaBE 00OH020 KH-
CJIOTHOTO OCTaTKa) - IPEUYECKUMU YUCIUTEIbHBIMU: 2 - TU; 3 -
Tpu; 4 - Tetpa u T.4. Hanpumep, KHCO; - ruapokapbonar ka-
s, Ca(H,PO,), - muruapooprodocdat kanpuus, Ba(HSIO3),
- TUJIPOMETACIIIMKAT Oapusl.

° OCHOBHBIE COJIU - IPOAYKT HENOAHO20 3AMeujeHUs.
uonoe OH B cocTaBe OCHOBAaHUA HA KUCIIOTHBIE ocTaTku. Ha-
anyue B coctaBe coyii HOHOB OH'  yka3piBaeTcsi MpuCTaBKOM
«2UOpPOKCO», A UX KOJIUYECTBO (B COCTABE 0OHO20 OCTATKA OC-
HOBaHMS) - TPEYECKUMHU YUCIUTEIBHBIMU: 2 - 1H; 3 - TpH; 4 -
terpa u T.4. Hanpumep, MQOHNO3 - ruapokconuTpar mar-
ausa, (AlI(OH),),SO, - muruapokcocyibdar alrOMUHUA,
CrOHCI, - ruapokcoxmopu xpoma(lll).

o J{BOMHBIE COJIM - COAEPKAT KaTHOHBI ABYX Pa3HBIX
METAJJIOB U aHUOHBI OJJTHOM KUCJIOTHI. IX MOXHO paccmarpu-
BaTh KaK pe3yJbTaT B3aUMOJIECHCTBUS OJHOW MHOTOOCHOBHOM
KHUCJIOTBI C JABYMsI pa3HbIMH OCHOBaHUsIMU. Hampumep, aito-
MOKajaueBble W xpomkanueBbie kBaciel  KAI(SO4), wu
KCr(SO,), - nBoliHble cynbdaThl Kalus-aTIOMAHAS U KaJHs-
xpoma(lll) cooTBeTCTBEHHO.

. CMemaHHbIe COJIM - COJIEP)KAT KATHOHBI OJIHOTO
MeTaJlJla U aHUOHBI JIByX pa3HbIX KUCIOT. MIX MOXKHO pac-
CMaTpUBaTh KaK pe3yJibTaT B3aUMOJCHCTBUSI MHOT'OKHCIIOT-

HOT'O OCHOBAHHA C JABYMSA PAa3HbIMH KHCJIOTaMH. TaK, COJIb
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CaCIOCIl moxHO paccMaTpuBaTh Kak pe3ysibTaT B3auMOJCH-
ctBus ocHoBanus Ca(OH), ¢ xwmcimoramu: consuoii HCl u

xnopaoBatucroi HCIO.

® KoMiuiekcHbI€ €0JIM - CM. T71.8.

Cnoco0HOCTH BeliecTB B3aMMOAeiCTBOBATH
MeXKIy co00i

B03M0XHOCTh OCHOBHBIX KJIACCOB HEOPTaHUYECKHX COECJIMHE-
HUW BCTyNMaTh B XMMUYECKOE B3aUMOJICHCTBUE ompeaesercs (B ca-
MOM OOIIIEM IIJIaHE) PSJIOM OCHOBHBIX MOJIOKECHUI:

% MeXK1y coDoii pearupyroT BellecTBa, MMeIOIIUe

Pa3sHyl) NPHUPOAY, T.C. BEIIECTBA KUCIOMHO20 XAPAKTEpA
B3aNMOJICUCTBYIOT C BEIIECTBAMU OCHOBHO20 XapaKTepa U Ha-
o0oporT; (6ewecmsa kucromno2o xapaxmepa: KACIOTHBIE
OKCHJbI, KUCIIOTBI, 8eujecmea OCHO8HO20 XapaKkmepa: OCHOB-
HBIE€ OKCHU/IbI, OCHOBaHMUS);

¢ B pe3yJibTaTe B3aWMOJICUCTBUS YyKa3aHHBIX Be-
IIIECTB pa3HOM MPUPOALI 00Pa3yIOTCS COJIH;

X8 [Ipu B3aMMOJIEMCTBUM C BOJOW KHUCJIOTHBIE OKCH-
bl 00pa3ylT TUAPOKCHUILI KHUCIOTHOTO XapakTepa, T.e. KH-

CJIOTbI, @ OCHOBHBIC OKCHUAbI — THAPOKCUIBI OCHOBHOI'O XapakK-

Tepa, T.€. OCHOBAHMS;

o%

% COJIM BCTYNAIOT B 0OMeHHble PEaKUUU C THUIIPO-
KCHJIaMH KHUCIIOTHOTO M OCHOBHOT'O xapakrtepa (Ipu 3ToM 00-
Pa3yloTCsl HOBasi KMCJIOTa U HOBAsl COJIb MJIM HOBOE OCHOBAHHUE

Y HOBas COJIb), a TAK)KE B 0OMEHHOEe B3aUMOJICCTBUE MEXIY
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co00i1 (00pa3yroTCs ABE HOBBIC COJIM). Y CIOBUEM IIPOTECKAHUS

yKa3aHHBIX OOMEHHBIX PEaKIUil SIBISETCS OOpa3oBaHUE B pe-

3yJAbTAaTe PEAKIUU HEPACTBOPHUMBIX, MAaJIOIUCCOMMHUPYIONTIX

BEIIIECTB, a TAaK)KE BEIICCTB, YXOIAIINUX M3 Chephl PEaKIud B

BHU/IC Ta30B.

Takum 00pa3oM, ¢ y4€TOM BBIMICH3I0KEHHOTO0, MOKHO BBIJIC-
JUTh BaXKHEHINIME PEaKIUU, XapaKTCPHBIC IS MPEACTaBUTEICH OC-

HOBHBIX KJIACCOB HCOPIraHUYCCKUX COGHHHGHHﬁ.

XUMUYECKHE CBOMCTBA OKCHUJIOB
1. B3aumopgelcTBHE C BOAOI

OcHosnbie OKCHUIbl, OOpa30BaHHBIE HIEJIOYHBIMU U IIETOYHO-
3eMEeJIbHBIMU METaJlllaMH, [PU B3aUMOJIECHCTBUM C BOJON 00pa3yroT
COOTBETCTBYIOIIUE OCHOBAHUSL:

Li,O + H,O = 2LiOH

BaO + H,O = Ba(OH),

Okcubl UHBIX METAIIJIOB, B TOM YHUCIE am@pomephsbie, C BOAOU
HE B3aUMOJICUCTBYIOT U B HEN HE PACTBOPSAIOTCS.

BOJIBIIMHCTBO KuUCIOMHBIX OKCUJIOB B3aUMOJIEHCTBYIOT C BO-
noi. [Ipu 3ToM 00pa3yroTCsi KUCIOPOACOAECPIKAIINE KUCIOMbL, B KO-
TOpbIX (cM. pa3a. «KucinoTel») CTENeHb OKUCIEHUS JIEMEHTa, 00-
pPa3yIoIIEro KUCIOTY, Ta KE, YTO U B OKCUJE:

P205 + 3H20 - 2H3PO4

Cl,07 + H,O = 2HCIO,

[Tpu pactBopenuu B Boje okcugoB NO, u ClO, mpotekator

peaKLMU JUCTTPONIOPLUUOHUPOBAHUSA, B PE3YJIBTATE KOTOPBIX HU3MeE-
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HAIOTCA (OJHOBPEMEHHO MOBBIIAIOTCS M TOHUXKAIOTCS) CTEICHU
OKHCJICHUS] KUCII0TOOOPa3yIOIIUX JIEMEHTOB:
2NO, + H,0 = HNO3; + HNO,
2ClO0, + H,O = HCIO; + HCIO,
N3 uncna BaXHEUINIMX KUCIOTHBIX OKCUIOB HE B3aUMOJIEUCT-
BYeT ¢ Bojo# umb okcu kpemuus(1V) SiO..
2. BzauMoaeicTBHE OKCU/I0B IPOTUBOIOJI0KHOI0 XapaKTepa
MEKIYy CO00H
c 00pa3oBaHUEM COJICH KUCJIOT, COOTBETCTBYIOIINX KUCIOTHBIM OK-
CUJIaM:
CaO + NyOs = Ca(NOs),
Li,O + SiO, = Li,SiO3 (¢ HepacTBOPUMBIMH B BOJIC

OKCHAaMH pCaKuusd INPOTCKACT IIPpU CHJIaBJ'IeHI/IH).

3. B3aumoaeucTBHe ¢ THAPOKCUAAMM MPOTUBOIOJI0K-
HOI'0
Xxapakrepa
c o0pa3oBaHUEM COJICH:
Kucnorueiii okcua + ocuoBanre SOz + Mg(OH), = MgSO; + H,0O
OcuoBHbIl okcupg + kucinota 3Ba0 + 2H3;PO, = Baz(PO,), +
3H,0

4. BzauMoaelicTBHeE ¢ COJISIMHU
B3anmMmonencTBue KHCIOTHOTO OKCHAA W COJH BO3MOXKHO B
TOM ClydYae, €ClIM B pe3yJbTaTe peakiuu oOpa3yeTcs COJib MEHEe

JIETY4Eer WIM MAJTOPACTBOPUMON KHUCIIOTHI:



37

SS|02 + Cag(PO4)2 = 3C&S|03 + P,0Os

SiO; + Na,CO3; = Na,SiO; + CO,T

Peakiuu 5TOro Buja MpOTEKAOT PEAKO M TOJIBKO MPHU Harpe-
BaHHH.

5. OcobenHocT aM(pOTEPHBIX OKCHI0B

Kak yka3piBajoch BbIlIe, aM(pOTEpHbIE OKCHIBI B 3aBUCHUMO-
CTH OT YCJIOBHM MPOSBIAIOT JIMOO KUCIOTHBIN, TUOO OCHOBHBIN Xa-
paktep. B maHHOM cilydae MOHSATHE «YCIOBHUS» O3HA4YaeT MPHUPOIY
TOTO BEIIECTBA, KOTOPOE B3aUMOJCHCTBYET C aM(POTEPHBIM OKCH-
nom. MHaue roBopsi, B peakiiuu ¢ BEIIECTBOM OCHOBHOI'O XapaKTepa
(menoubto) aMmGOTEPHBIM OKCHJ MPOSBIISIET CBOWCTBA KUCIOTHOTO,
a B pPEaKkIMM C BEIIECTBOM KHUCIOTHOTO XapakTepa (KUCIOTOM, KH-
CJIOTHBIM OKCHJIOM) — OCHOBHOT'O OKCHJIA:
a) ocnoenute croiictBa Al,O3 + 3S0O; = Aly(SO,);3

(HarpeBaHKE WM CIJIABJICHUE)

0) kucnomnuwte cooiictea Al,O3 + 2NaOH;, = 2NaAlO; + H,0
- TIpH CIIJIAaBJIEHUM 00Pa3yIoTCs CPEIHUE COTTU
Al,O3 + 2NaOH,.,, + 3H,0 = 2Na[Al(OH),] - npu B3aumoneiict-

BHUU B PACTBOpPE 00Pa3yIOTCs KOMILJIEKCHBIE COJIH.

6. OTHOLIEHHE K MeTaJlJIaM
BzanMonencTBrue OCHOBHBIX OKCHAOB C METAJUIAMU MTPOTEKAET
npu BbICOKOUW Temmeparype. [Ipu 3Tom 0OoJiee akTUBHBIA MeETAII
BBITCCHSIET MEHEE aKTUBHBIM METAJI U3 €TI0 OKCHUA:
3Fe;0, + 8Al = 4A|203 + 9Fe
Mg + CuO = MgO + Cu



38

Ha ykazaHHOM CBOMCTBE OKCHJOB OCHOBAaH OJIMH M3 CIIOCOOOB
MOJIYYEHUS METAUIOB, HA3bIBAEMbIA MeTaJlioTepMuen. B ponu me-
TaJIJIOB-BOCCTAHOBUTEICH OOBIYHO HCIIOJB3YIOT aIFOMUHUMN (anro-
Momepmusl), MarHUM (MacHuiimepmusl) WA HEKOTOPbIC HHBIC aK-
TUBHBIC METAJUIbI. MarHuMTEPMUIO UCHOIB3YIOT TAKXKE JIJIsI BOCCTA-

HOBJICHHA HCMCTAJIJIOB U3 UX OKCHUI0OB, HAIIPUMCP:

SiO, + 2Mg = 2MgO + Si

7. OTHOLIEHHE K HEMeTa/lJIaM
HexoTopsie HeMeTaiibl, 00Jialatolie BOCCTAHOBUTEILHBIMU
ceorictBamu (H,, C u apyrue), pu BBICOKON TeMIepaType BOCCTa-
HABJIUBAIOT METAJJIbI U HEMETAJUJIBI U3 UX OKCUJIOB:
P,Os +5C = 2P + 5CO
CuO + H, = Cu+ H,O
5803 + 2P = 5802 + P205

8. OTHOLICHUE K HATPEBAHU IO
BOJBIIMHCTBO OKCUJIOB YCTOWYUBBI K BO3JACHCTBUIO BBHICOKHX
temmnepatyp. [Ipu HarpeBaHuu pasyararoTcs JUIIb OKCHABI Oiaro-
POJHBIX METAJIJIOB, cepedpa M PTYTH, a TaKKE OKCHJIBI HEKOTOPBIX
HEMETAJIJIOB B BEICOKOU CTEIIEHU OKUCJICHUS:
2AQ,0 = 4Ag + O,
2803 = 2802 + 02
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XUMHWYECKHUE CBOUCTBA KUCJIOT
1. OTHoleHHE K BOje

BOABIIMHCTBO KUCIOT PAacTBOPSIOTCS B BOJAC, IPH 3TOM s
HEKOTOPBIX KHCIIOT BO3MOIKEH IIEPEX0]1 U3 Mema- B opmomMoaudu-
KaIlHIo:

HP03 + Hzo = H3PO4

B BOAHBIX pacTBOpax KHUCJIOTHI MOABEPraiOTCsS 2J1eKmpo.iu-
muuecKkou ouccouuayuu, BCICJICTBHE YE€r0 B PacTBOP IOCTYIAIOT
cBOOOIHBIE (TOYHEE, THAPAaTHpoBaHHKIE) HoHBI H' | croco6cTByIO-
IIMC HU3MCHEHHUIO OKPACKH KHCJIOTHO-OCHOBHBIX HHIUKATOpPOB. B
3aBUCUMOCTH OT 3HAYCHHUS CTEIECHHU DJICKTPOIUTUYCCKOU JTUCCO-
IUALUKA KUCIOTHI MOAPa3IeIIIOTCSA Ha CHIIbHbBIC, CJ1a0ble U CPEeIHEH
cwibl (moapoOHee cM. B mimaBe «['maponms coseii»). Cuna KUCIOT
yosiBaet B psaay: HI, HCIO,, HBr, HCI, H,SO4, HNO3;, HMnO,,
H,SO3;, HsPO,, HF, HNO,, H,CO3;, H,S, H,SiOs.

2. B3aumoaeiicTBue KHCJI0OT ¢ MeTAJJIaMHA
O DHeKTUBHOCTD U pe3yIbTAT B3aUMOJACHCTBUS 3aBUCST KaK OT
dKTUBHOCTH ME€TaJllla, TaK U OT HpHpO}IBI n KOHHCHTpaHI/II/I KHCJIOTHI.
[TogpobHOE 00OCYXKIEeHHE ATOTO BOMpoca CM. B pazi. 6.2 «Bzaumo-

ﬂeﬁCTBHC KHCJIOT C MCTaJlJLIaMM).

3. BzaumopeiicTBue ¢ BeliecTBAMH MPOTHBOMOJIOKHOTO
xapakrepa (0OCHOBAHUAMHU, OCHOBHBIMHU OKCHIAMH)
Kak yka3piBanoch BblllI€, NMPU B3aUMOJECHUCTBUU BEIIECTB pa3-

HOM TpUpOJbl 00pa3yeTcsl BEIECTBO HEUTPaAIbHOIO XapakTepa -
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coJib (M BOJIa):
Kuciiora + ocHoBHbIM okcug 2H3;PO, + 3Li,O = 2LisPO, + 3H,0

KHCJIOTA + OCHOBAHHE HCl + NaOH = NaCl + H,0

4. B3aumopgeicTBHE C COJISIMH

KucnoTel B3auMOAEHCTBYIOT C pacmeopamiu CoJie, o0pa3o-
BaHHBIX OoJiee crabvimu, Wi Oosiee Jiemyuumu, Uid MEHEE pac-
TBOPUMBIMHU KHCJIOTAMH:

K;SiOz + 2HCI = 2KCI + H,SiOsl

FeS + 2HBr = FeBr, + H,ST

[Ipu 3TOM Henemyuecms KUCIOTHI UMEET OOJIbIIIEE 3HAYCHHUE,
4yeM ee cuia. B cBs3M ¢ 3TUM HE caMasi CUJIbHAs, HO HeJIeTy4as cep-
Has kuciora H,SO,4 BEITECHSIET BCE KUCIOTHI U3 PacCTBOPOB MX CO-
JIeH, a €€ He MOXKET BBITECHUTh HU OJ[HA JIpyTas KuciaoTa (MCKIoue-
HueMm sBisgetcs H,S, koropas BeiTecHser H,SO4 u3 cynbdaroB He-
KOTOphIX MeTaioB). Kwucnora cpegnerd cuinbl H3PO,4 BeiTecHsIET
cuibHble, HO Jetyurne HCl u HNO;3 u3 pacTBOpoB uX coJjicit mpu yc-
JIOBMU, 4YTO B pe3yJibTaTe peakiuu oOpa3yeTcs HepacTBOpHUMas
coJib. M, HaKOHEI, CUIIbHBIC KUCIIOTHI B3aUMOJICUCTBYIOT C PacTBO-
paMu COJIe NPYTuX CUJIBHBIX KHCJIOT, €CJIM B pe3yJibTaTe peakiuu
oGpasyercst HepactBopuMast comb:  AgNO; + HCI = AgCH +
HNO; .

5. OTHolIeHHe K HATPEeBAHUIO
BoJbIIMHCTBO KUCIOT OpW HarpeBaHuu pasznararorcs. K Ha-

IpPEBAaHUIO YCTOMYMBHI JiMilb cepHas kuciora H,SO, u oprodoc-
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dbopnas HzPO, . Kuciotsl, KoTOpbie pasiiaratoTcs Mpyu HarpeBaHUH,
o0pa3yroT JieTydue npoayKThl. CaMbIM JIETYYUM KUCJIOTOMW SIBIISICT-
cst aHrugpuy yroasHou kucinotel HyCOg3. Ilpu HarpeBanuu oHa o0-

paTMO pasjiaracTcs Ha yFJIeKI/ICJIHﬁ ras 1 BoOay:
H,CO; 2 CO, + H,0.

Jleryunmu SBASFOTCS MPOMYKTBHI PA3JIOKEHUS A30THOM, a30THCTOM,
CEPHUCTOM U PANA APYTUX KHUCIIOT:
4HNO;3; = 4NO,T + O,T + 2H,0.

K co6ctBerHO aeTyunM kuciiotam otHocstes HCI, H,S u ap.

XUMHUYECKUE CBOMCTBA OCHOBAHUI

1. B3aumojgeiicTBHe ¢ BelIeCTBAMH INPOTHUBOIO-
JIOKHOTO Xapakrepa (KHCJI0TaAMH, KHCJIOTHBIMH OKCHA-
mn). OOpa3zyroTcs cob U Boja:

c kucinotor  3Ba(OH), + 2H3;PO, = Baz(PO,), + 6H,0

¢ kucnotHeM okcuaom  Ba(OH), + N,Os = Ba(NOs3), + H,O

2. B3anmMoaeiicTBue ¢ COJIAMH
Peakunn ocHOBaHU C CONMAMM (KaK U KUCIOT C COJSIMH) SIB-
JSIOTCSL 0OMeHHbIMU, CIAEA0BATEILHO, B PE3yJIbTaTe peakiuu o0pa-
3yeTcsi HOBO€ OCHOBAHME M HOBasi coJib. [Ipr OOBIYHBIX YCIOBHUAX
OOMEHHBIEC PEAKIIMH MPOTEKAIOT TOJILKO 8 pacmeopax W MPU YCIO-
BUM, YTO B PE3yJIbTATE PEAKIIUN 00PA3YIOTCSl Hepacmeopumvle B BO-
JIe BEILECTBA WJIM BEUIECTBA, SIBJSIONIUECS CAObIMU IAeKMPOIUMA-

mu ( B yactHoctu, NH,OH):
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NH,Cl + NaOH = NH,OH + NaCl
CuCl, + KOH = Cu(OH),J4 + 2KCI

3. CnoiicTBa aM(OTepHBIX OCHOBAHUIA
(amdoauToB)
[Tono6HO aM@oTepHBIM OKCUIaM, aM(POTEpHBIE TUAPOKCUIBI B

3aBHCHMOCTH OT MPHUPObI BEIIESCTBA, C KOTOPHIM OHH B3aUMOJICH-
CTBYIOT, MOT'YT IIPOSIBIIATh HE TOJBKO OCHOBHBIC, HO U KHMCJIOTHBIC
CBOMCTBA, CJCI0BATEIbHO, B3aUMOJICHCTBOBATh C BEIICCTBAMH KaK
KHACJIOTHOrO (KUCJIOTBI, KUCIIOTHBIC OKCHUJIBI), TAK U OCHOBHOTO (OC-
HOBAaHMs, OCHOBHBIC OKCHIbI) XapakrTepa. IIpw B3auMOaeHCTBUU
aM(pOJUTOB C OCHOBAHHSIMH B pacmeopax 00pas3yroTCs KOMNIEKC-
note conu. Zn(OH), + 2KOH,.,, = K;[Zn(OH),],

B pacniasax - CPEIHNUE COJU U BOJA:

Zn(OH), + 2KOHy, = K,ZnO, + H,0T.

OcnoBanust Cr(OH); u Fe(OH); oGmamaror ciaaboBBIpakeH-
HBIMUA aM()OTEPHBIMH CBOWCTBAMH, II0O3TOMY OHHM B3aUMOJIECHCTBYIOT
TOJBKO C pacilaBaMH INEJI0YeH WM HMX KOHIEHTPHUPOBAHHBIMU

pacTBOpaMHu.

4.  OTHOIIIEHWE K HATPEBAHUIO
K HarpeBaHuiO yCTOMYHMBHI JIMIIL OCHOBaHMS, OOpa30BAHHbBIC
mienouHbiMA MeTaiamMu (kpome LIOH). OcHoBanwms, oOpa3oBaH-
HbIE UHBIMHU METaJIJIaMU, TIPU MPOKATUBAHUHN pa3jIararoTcs Ha COOT-
BETCTBYIOIIUM OKCHJI U BOZLY:
2LIOH = ngo + HZO
2Cf(OH)3 = Cr,03 + 3H,0

HekoTopeie OCHOBaHMS pasjlaraloTcs Aake P OOBIYHOM
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temneparype. K aum ornocsares NH,OH, AgOH, Hg(OH),:
NH,OH = NH,T + H,0
AgOH = Ag20 + H,0.

XUMHUYECKHME CBOMCTBA COJIEH
1. OTHoLIEeHME K BOJE

a) pacmeopumocmsb coiicii B Bojie pazindHa. [Ipu sToM xo-
pouio pacmeopumou SIBISIETCST COJb, PACTBOPUMOCTb KOTOPOHU
npu OOBIYHBIX ycioBusAx Ooisbiie 1T Ha 100 T BOABI, Mmanopac-
MEOPUMOU CUUTAETCS COJIb, PACTBOPUMOCTb KOTOPOM COOTBETCT-
ByeT uHTepBany 0,01-1,0 r va 100 r Boasl; HEPACTBOPUMOM - Me-
Hee 0,01 rHa 100 r BOJBI;

b) Kucnavie comu, kKak MpaBUIIO, JyUIlle PACTBOPUMEI B BOJIE,
4YeM COOTBETCTBYHOIIHE cpeaHue. (OCHO6Hble CONV, HANPOTUB,
PacTBOPHUMBI XYK€, YEM COOTBETCTBYIOIIUE CPETHHE.

C) TMpu pacTBOPCHUH MHOTHX COJIeH B BOJIC TMPOUCXOIUT
MPOLECC 2UOPOIU3A, KOTOPHIM COMPOBOXKIAETCS MOJHBIM WU

YaCTUYHBIM Pa3JIOKEHUEM CONU (CM. T, «['UIpoau3 coieit»).

2. B3aumojgeiicTBHe ¢ KHCJIOTaMH

- CM. «XMMHMYECKHE CBOMCTBA KMCIOT».

3. B3aumopeiicTBue ¢ OCHOBAHUSIMH

- CM. « XMMHMYECKHE CBOMCTBA OCHOBAHUI.
4. B3anMogelicTBue ¢ OKCHIAMU

- CM. « XMMHYECKHE CBOMCTBA OKCUIOBY.
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5. B3aumojelicTBue ¢ COJIAMHU

Peakuyu B3auMOAEHCTBUSA COJIEH MEXITy cOO00M - OOMEHHBIE,
MOATOMY MPHU OOBIUHBIX YCIOBHUSX OHU MPOTEKAIOT TOJBKO B pac-
TBOpax, MPU 3TOM YCIIOBHEM MPOTEKAHUSI peakiuu sABjsieTcsl oOpa-
30BAHUE MAJIOPACTBOPUMOM MIIM HEPACTBOPUMOM COJIU:

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

AgNO; + KCI = AgCH + KNOs.

6. B3aumopaeiictBue ¢ MeTAJUIAMM

B pacmeopax coneit  Oosee akTUBHBIM MeTama (CM. TL.
«B3anmopelcTBUEe KUCIOT C METa/laMH) BBITECHSET MEHEE aKTHB-
HBIM U3 COCTaBa COJIU:

Zn + FeSO, = ZnSO, + Fed

Fe + CuSO, = FeSO, + Cul

[Ipu 3TOM HEOOXOAUMO TOMHHUTH, YTO MOJOOHBIE PEAKIIUU
HEJB3sl MHUCATh C YYACTHEM WENIOYHbIX U WeN0UHO3EMENbHbIX Me-
TaJIJIOB, KOTOPbIE B PACTBOPE B3aMMOJICHCTBYIOT MPEXKIE BCErO C
BOJIOM:

2Na + 2H,0 =2 NaOH + H,T
U, CJIeJIoBaTEeJIbHO, BHITECHSATh APYTOM METaJIJI U3 €ro COJIU yKe HE
MOTYT.

B pacnnasax (peakuus ocyuiecTBiseTcs 0€3 J0CTyna Bo3ayxa
BO M30€XaHHe 0Opa3oBaHMS OKCUIHBIX (pa3) B3aUMOACHCTBHE CO-
Jed ¢ MeTajjlaMdM HMMEET CBOM OCOOEHHOCTH, ITOCKOJIbKY MHOTHE
COJIM IIpY HarpeBaHUM pasziiararorcs. Kpome Toro, psja cTaHIapTHBIX

AIIEKTPOJHBIX MOTEHIMATIOB (Psii aKTUBHOCTH METAJIJIOB) CHpPaBE/I-
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JIUB TOJIBKO JJIs1 BOJHBIX pacTBOPOB. B pacmiaBax ImocCie10BaTeb-
HOCTh M3MCHCHHUS aKTMBHOCTM MHasd. Tak, B 4aCTHOCTH, B pacIuia-
Bax Al oxasbiBaercst 0oJjiee aKTHUBHBIM, YEM IMIEJIOYHO3EMEIILHBIE

METAJIJIbI, U MOXXET BBITCCHATH ITOCICIAHUE U3 HUX COJICH.

7. OTHOLIEHUE K HATPEBAHMIO
Tepmuuecku ycmoniyugnt (IU1aBITCA 0€3 pa3lIOKEHUA) Cle-
JYIOLIUE COJIH:

. OOJIBIIMHCTBO COJICH MIETOYHBIX METAIIOB;

. coiii, OoOpa3oBaHHbBIE KHUCIOTaMHU: METaKpEeMHHE-
BOM (MeTacwinkathl), oprodocdopHoit (opTodocdars), rano-
T'C€HOBOJIOPOIHBIMH ((DTOPHIBI, XJIOPHIbI, OPOMHUJIBI, HOTUIBI),
CEpPOBOAOPOIHOM (CyNb(UIBI), A30TUCTOMN (HUTPHUTHI).

Ilpu nacpeeanuu paznazaromes.

. BCE COJIU azomHou kuciomsl (HUTpathl). [Ipu aToM
COCTaB TPOJYKTOB PAa3JI0KCHHS 3aBUCUT OT aKTHBHOCTH Me-
Tajuia, 00pa3yroIIero Cojib, HO BO BCEX CIydasX BBIJIEISACTCS
kuciaopoa Oy:
2AgNO; = 2Ag + 2NO,T + O,T.

. Bce cosi aMMoHus. [Ipu 3TOM, Kak MmpaBWIO, BHI-
nensercst NHs;, maorma N, nimm N,O:

NH,Cl = NH3;T + HCIT
NH,NO; = N,OT + 2H,0
NH,NO, = N,T + 2H,0
" BC€ COJU cepHucmot Kuciomsl (CyabpuTHI) ¢ 00pa-

30BaHUEM CYIbOHUIAOB U CyJIb(haTOB B pPe3ylbTaTe pEaKIu
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JACTIPOTIOPIIMOHUPOBAHMUS:
4K2803 = KzS + 3K2804

. IIOYTH BCE COJIU V20IbHOU KUCAOMbL C BBIJICIICHUEM
CO;: CaCO; = CaO + CO,T
He pasznaratorcs aumb kKapOOHATHI IIEIOYHBIX METAJIOB
(kpome KapOoHaTa JIUTHS).

= MHOTHE COJIU cepHoll kuciomol (CyabdaThl) Ipu
TEMIIEPATYPE BBILIE 700°C:
2CuSO, = 2Cu0 + 2S0,T + 0,1
He paznararorcs cynb(harsl MIETOUYHBIX U IETOYHO3EMETbHBIX
METaJlIOB.

. HEKOTOPBhIE COJH pasjaraloTcs I0J JICHCTBUEM
CBETa:
2Agl = 2Ag + |,

Takue pCakurn Ha3bIBAIOTCA (Z)OI%OXMMMU@CKMMM.
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KOHTpOJ’IL YCBOCHUA TEMBI

1. Ilo xakuMm npu3HaKam (KpUTEpHUsSIM) HEOpraHuYe-
CKHE COCIMHEHUS MOpa3AeisitoTcs Ha kinaccbl? HazoBure oc-
HOBHBIC KJIACChI HEOpPraHuvyeckux coeaumHeHuul. [IpuBenute
IIPUMEPBI.

2. [IpencraBuTenn Kakoro Kjacca COCIMHCHUW Hau-
0oJiee MIUPOKO pacnpocTpaneHsl B ipupoae? [louemy?

3. Kak oneHnTh B NMPUHIUIIHAIHHOM IIAHE CIIOCO0-
HOCTh BEIIECTB B3aUMOJICHCTBOBATh MEXIy co00i1? Hamumu-
T€ B KA4ECTBE MPUMEPA YPABHEHHUSI COOTBETCTBYIOIIMX pEaK-
MAN.

4, B gem ocobeHHOCTh aM(DOTEPHBIX OKCHUIOB U TH/I-
pokcuioB? [IpoUIIIIOCTpUPYHUTE ATy OCOOEHHOCTh COOTBETCT-
BYIOIIIMMM YPABHEHUSIMU PEAKIIMKA HAa TMpPUMEPE OKCHJIA
xpoma(lll).

5. Mexny npeAcTaBUTENSIMU KAKHUX KJIACCOB COEU-
HEHHI BO3MOXHO MPOTEKAHUE OOMEHHBIX peakuuii? B kakom
Cllydae NMpOTEeKaroT oOMeHHbIe B3aumojencTBus? IlpuBegute
IIPUMEPBI COOTBETCTBYIOLIUX YPABHEHUMN PEAKIIUAM.

6. Kakue okcmapl Ha3bIBAlOTCA KUCIOTHBIMU? Hamm-
muTe GOPMYJIbl BaXKHEUIIIMX KHUCIOTHBIX OKCHJIOB U COOTBET-
CTBYIOIIMX UM KHUCIIOT. UTO SIBISIETCS KPUTEPUEM COOTBETCT-
BUSI KUCIIOTBI U KUCIIOTHOTO okcuaa? Iloareepaure npumepa-
MH.

/.  KonkperusupyiTe Mnporecc B3aUMOJEHUCTBUSA CO-

Jier ¢ MetayuiaMu. B yeM 0COOE€HHOCTH IEIOYHBIX U IIEI0Y-
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HO3EMEIIbHBIX ~MeTAUIOB? Hamumure COOTBETCTBYIOIIUE
YPaBHEHUS PEAKIIUN.

8. Kakwme comm yCTOMYMBBI K TEPMHYECKOMY Pa3iio-

kenuto? Kakue coiu pasznararorcs HanboJiee Jerko?
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Ii1aBa 2. XHMHYECKHUH DKBUBAJICHT

ITonsATME SKBUBaJCHTA BBEICHO B XUMHIO JIJISI COITOCTABJICHUS
COCAMHUTEIIBHOW CIIOCOOHOCTH Pa3IUYHBIX JIeMEHTOB. M3ydas Be-
COBBIE€ KOJIMYECTBA JIEMEHTOB B pa3IM4HbIX coeauHeHusx (1803 r),
JlaJIbTOH BBEJI B XMMHIO MOHATHUE O COCAWHUTEIBHBIX BECAX DJIE-

MCHTOB, BITIOCJICACTBHUHN HA3BAHHBIX OKBHUBAJICHTAMMU.

XUMHYECKHUH IKBUBAJICHT MPOCTOI0 BellecTBA UJIH
XUMHYECKOI'0 JIEMEHTA B COCTABE CJ0KHOT0 BellleCTBAa

OKBHUBAJIEHTOM MPOCTOr0 BEMIECTBA WJIM XUMHUYECKOIO 3Jie-
MEHTa B COCTaBE€ CJIOKHOTO BEIIECTBA HA3BIBAIOT TAKOE €0 KOJHUYe-
CTBO, KOTOpoe TpucoeauHseTr 1 Moab aroMoB Bogopoaa (1,008 r),
3aMemaeT | Moiap aTOMOB BOJAOpPOAA WJIM COOTBETCTBYET | MOJIb
aTOMOB BOJIOpOJIa B XHUMHUYECKOW peakuuu (IJs KuUCIOMHO-
OCHOBHbBIX B3aMOJICHCTBUM ).

st oxucaumenvHo-60cCmano8uUmMenbHuIX PEAKIUNA  SKBUBA-
JIEHT OKUCJIUTENSI WJIA BOCCTAHOBUTENSI COOTBETCTBYET KOJIMYECTBY
BCIIIECTBA, MPUCOCIUHSIONIEMY (OKUCIUTENb) WU OTJIAIOIIEMY
(BoccTaHOBUTEH) 1 MOJIB 3JIEKTPOHOB (CM. TJ1. 6).

DOKBHUBAJICHTHl XUMHUYECKUX 3JIEMEHTOB MOTYT ObITh HAWJICHBI:

1. 10 XMMHUYECKOMY COCTaBY COEIMHEHHUS C BOAOPOJIOM (METOJ
PSIMOTO ONPEACIICHUN);

2. 10 XMMHUYECKOMY COCTaBY COCJIUHEHUS C JPYTUM DJIEMEHTOM,
SKBUBAJICHT KOTOPOTO U3BECTEH (KOCBEHHBI METO)

3. MO peakiusaM 3aMmenieHus (METO/ BEITECHEHUS BOJIOPOJA).
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Hanpumep, 8 HCl  oauH Moib aTOMOB XJiOpa COECAMHEH C
OJIHUM MOJIb aTOMOB BOJIOPOJIa, CIAEA0BATEIbHO, SKBUBAJIEHT XJIO-
pa paBeH 1 mons. B H,S oauH Moab aTOMOB cephbl COCIMHEH C
JBYMsI MOJIb aTOMOB BOJIOPOJia, CIE0BATEIbHO, SKBUBAJICHT CEPbI
paseH 0,5.

B ZnO oaun mMoyib aTOMOB ITUHKA COCJAMHEH C OJHUM MOJIb
aTOMOB KHCJIOPOJIa, OTCIOJIa, €r0 SKBUBAJICHT OJMHAKOB C DKBHUBA-
JIEHTOM Kuciiopoja u paseH 0,5.

Tpetuit MmeTos onpeesieHus SKBUBAJIEHTa OyEeT MPUMEHEH B
JTaHHOH nabopaTopHOM padoTe.

MoJasipuasi Macca XMMHYECKOr0 3KBMBAaJieHTa 0003Haya-
ercs M1/zZ u BeIpaxkaercs B I/MOJb(3KB), TJI€ Z - YUUC/I0 IKGUGBA-
JICHMHOCMuU, PAaBHOE YHCIYy HSKBUBAJICHTOB BEIIECTBA, COJEPIKa-
mmxcsa B 1 MOJIb DTOTO BEIECTBA.

Tak, MOJISIpHBIE MacChl SKBUBAJICHTOB 3JIEMEHTOB:

M1/z(H)= 1 r/monb(3KB), M1/z (O) = 8 r/mo1b(3KB),

M1/z (Cl)= 35,5 r/monb(skB) M1/z (S) = 16 r/mMmonb(3KB),

M1/z (Zn) = 32,7 r/Monb(3KB) B MPUBEIACHHBIX BBIIIC IIPHME-
pax.

B maremaruueckoil ¢opme CBSI3b MOJISIPHOW MacChl 3KBUBA-
nenta (M-3kB) ¢ MomsipHod Maccor (M) XMMHYECKOTO 3JIeMEHTa

OIIPELIENAETCSA OTHOLLIEHUEM:
M

M1l/z =

rnez=1,2,3...- CTCNCHb OKUCJICHUS DJICMEHTA.
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XUMHYECKHH IKBUBAJIEHT CJI0KHOI0 BelleCTBA
OKBHUBAJICHTOM CJI0KHOTO BEIIECTBA HA3bIBAETCA TAKOE €ro

KOJINYECTBO, KOTOPOE B3aUMOAEUCTBYET C 1 MOJIb SKBUBAJIEHTA BO-

nopoja win 1 MoJib SKBUBaJIEHTa JIO00TO APYroro BEIIECTBA B XU-

MHUYECKOU PEAKIIHHU.

e Kuciorsl
MousipHas Macca dKBUBAJIEHTa KUCJIOTHI paBHA €€ MOJISIPHOU

Macce, JeIICHHON HA OCHOGHOCHb KUCIIOTBL, KOTOpas ONPEAECIACTCS:
a) YMCIIOM aTOMOB BOJIOPOJIa, CIIOCOOHBIX 3aMeIaThCsl Ha HO-

HBbI METAJIJIOB (€CIM pacyeT BBIMOIHACTCS UCXOAS U3 POopMysbl Ku-

CJIOTBI);

0) 4MCIIOM aTOMOB BOJOPOJa, KOTOPBIE 3aMENIaloTCs Ha aTo-

MBI METaJlJIa B OaHHOU peakyuu (€CIA pacyeT BBIOIHSAETCS UCXOs

U3 KOHKPETHOM peaknuu). Tak, MakcumaiabHass OCHOBHOCTb OpPTO-

dbochopuoii kucnorsl H3PO4 paBrHa 3. Ho B peakiusax oOpa3zoBaHus

kucibix cosien KoHPO,4 1 KH,PO4 OCHOBHOCTH KMCIIOTHI paBHA, CO-

OTBETCTBEHHO, 2 M |, MMOCKOJBKY MPOUCXOAUT HEMOJHOE 3aMellle-

HHUC aTOMOB BOAOPOJa HA aTOMbI MCTAJLJIA.

M (KHCJI0TBI)

M1/z(kucaoTbl) =
OCHOBHOCTb KHCJIOTBI

e  OcHoBaHus
MousipHass Macca SKBMBAJICHTa OCHOBAHUWS paBHA MOJISIPHOU
Macce OCHOBaHMWS, JEJICHHOW HAa KUC/AOMHOCHIbL OCHOBAHUS, KOTO-

past onpenensercs:
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a) yuciioMm rpynn OH', crmocoOHBIX 3ameniaTbCs Ha MOHBI KH-
CJIOTHBIX OCTaTKOB (€CJIM pacyeT BBIMOIHSACTCS UCXOAS U3 (POPMYIIbI
OCHOBaHMS);

0) uuciaoM rpyrnn OH', koTopble 3amelarOTCs Ha HOHBI KH-
CIOTHBIX OCTAaTKOB B OaHHOU peakyuu (€CIM pacyeT BBIOIHICTCS
UCXOJ M3 KOHKPETHOM peakiuu). Tak, MakCUMayibHas KHCJIOT-
Hocth AI(OH); paBua 3. Ho B peakmusx oOpa3oBaHHS OCHOBHBIX
coimeri AI(OH)(NO3), AI(OH),(NO3) knuciaoTHOCTh paBHA, COOTBET-
CTBEHHO, 2 M |, MOCKOJIbKY MPOUCXOJUT HEIMOJIHOE 3aMEIICHUE

rpyrnn OH™ Ha KMCIOTHBIE OCTaTKH.

M (ocHOBaHUA)

M1/z (ocHoBaHus) =
KHCJIOTHOCTH OCH-SI

e Coumn
MomnsipHas Macca SKBHBAJICHTA COJIM paBHA MOJIIPHOM Macce
ATOM COJIM, ACJICHHOW Ha IPOM3BEJCHHE 4YHCJIa aTOMOB MeTajla
+
(wmm xatuona NH, ') Ha BajeHTHOCTh MeTaiia. PacueTHas dopmyia

DKBUBAJIEHTA COJIEH:
M (coun)

M1/z (coamn) =
Yucsio aT. MeTajiIa - CTel. OKHCJI. METAJIA

Hampumep, MonsipHas Macca 3KBHBAJEHTa XJIOpWIa HATpHUS
NaCl paBua 58,5 r/monb(9kB) (Ipou3BeneHue unciaa atomoB Na Ha
€ro BaJICHTHOCTh paBHO 1), xiopuaa kampmms CaCl, paBna 55,5

r/MoJib(3KB) (TIpou3BeacHUE uncia aToMoB Ca Ha ero BaJIeHTHOCTh
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paBHO 2), MoysipHast Macca cynbdara amomuaus Aly(SO,); paBHa
57 r/monb(kB) (mpom3Bemenwe umcia aromoB Al Ha ero
BAJICHTHOCTH PaBHO 6).
° Oxcuabl
MounsipHast Mmacca 3KBHBAJICHTA OKCHJIA PaBHA MOJISIPHOW Mac-
Ce OKCHJa, JACICHHOW Ha NPOU3BEIICHHE YHCIIa aTOMOB JJIEMEHTA,

06p213y}OHI€FO OKCH, HAa €TI0 BAJICHTHOCTD.

M(oxcuma)

M-3kB(0KCHAA) =
Yuciio aT. 3J1IeMeHTa - CTell. OKUCJL. 3JIEMEHTA

Hanpumep, MomsipHas Macca SKBUBAJICHTa XJOpHUAa HATpUs
P,0Os5 paBHa 14,2 r/monb(3kB) (NMpOM3BEICHUE YHUCTIa aTOMOB (hoc-
dopa Ha ero BasieHTHOCTH paBHO 10), okcuaa kaneius CaO paBHO
28,0 r/monb(3kB) (TIpou3BeAeHUE Yuciaa aToMmoB Ca Ha ero BajeHT-

HOCTb PaBHO 2).

3aK0H YKBHBAJIEHTOB
DJIEMEHTBI COEIUHSIOTCSA APYT C IPYTOM B KOJIMYECTBAX, MPO-
HOpI_II/IOHaJ'IBHBIX X 3KBHUBAJICHTAM. BTO ITIOJIOKCHHUEC N3BCCTHO KakK
3aKOH AKBUBAJICHTOB. COTrJiacHO 3aKOHY 5KBHBAJICHTOB BCE€ B€IIC-
CcTBa B3aHMOIlef/'ICTByIOT MEKAY co00ii B MacCCOBBIX KOJHUYECT-
Bax, HpOHOpHHOHaJIBHBIX HX IKBUBAJICHTHBIM MaccaM, MaTcMa-
THYCCKOC BBIPAKCHHUC DTOI'O 3aKOHA:

m; - Ml/z; mp; :Ml_/Zl
my M1/z, m; M1/z,
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r7e My 1 M, - MacChl BEUIECTB, BCTYIUBIINX B PEAKIIUIO,

M1/z, u M1/Z,— monsipHbIE MacChl SKBUBAJICHTOB BEIIECTB.

Takoe COOTHOIIIEHHE O3HAYaeT: [JIsi TOro, 4TOObI BEIIECTBA
pearupoBajid MexXay coboil 0e3 ocraTka, UX HY>XHO OpaTh B DKBH-
BAJICHTHBIX Maccax (uim oobeMax). Eciu BemiecTBa razooopasHbie
(WM OJTHO M3 BEIIECTB Ia3000pa3HOE), TO B BhIPAKEHUHU 3aKOHA K-
BHUBAJICHTOB BMECTO 3HAYECHHMI MacChl BEIIECTB Y/I00HEE UCIIOJIH30-
BaTh 00BEMBI BelecTB. Mcnonb3ys 3akoH ABOrajpo (BTOpoe Clie-
CTBHE), COTVIACHO KOTOpOMY | MOJIb JIF0OOOTO Tra3a Npu HOPMaIbHbBIX
YCIOBUAX (TeMIepaTrype 0°C (wmm 273 K) u naBinenuun 760 mMm
pT. CT.) 3aHUMAIOT 00beM 22,4 I, TmojaydaeMm, 4To 1 MOJb ra3o00-
pazHoro Bojopojaa (H,) 3anumaer oobeM 22,4 71, a SKBUBAJICHT BO-
nopona (1 Moms atomapHOro Bojaopoja), coctasiss 1/2 moins Hy,
3aHUMaeT oowveM 11,2 1.

@dopmysia 3aKkOHAa SKBHUBAJIECHTOB TOTJIa MMEET CJICAYIONTUN

BUIL: vV, _ Vlz,
V2 Vl/Zz

V- 00beM ra3000pa3HOro BEIIECTBA,
V1/z - sxBuBajeHTHBIH 00bEM Ira3000pa3HOI0 BEIICCTBA
[IpumeHsisi 3aKOH JKBUBAJIECHTOB ISl BBIUYHUCJICHUS SKBHBA-
JIGHTHBIX MACC CJIOKHBIX COeAUHECHUN (KHCIOT, OCHOBAHHUM, CONCHi),
YYaCTBYIOIIIUX B PEakIluu, HEOOXOIMMO YUYUTHIBaTh COCTaB oOpa-
3YIOIIUXCS MTPOAYKTOB peakiuu. Kak ObUIO yKa3aHO BHIIIE, B HEKO-
TOPBIX PEAKIUAX C YYACTUEM KHUCJIOT U OCHOBAHUM 3aMEIIAKOTCS HE

BCE aTOMBI BOJIOpoJAa B KucioTe win ruapokcorpynmsl (OH) B oc-
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HOBAHUSX, a 00Pa3yIOTCs KUCIIbIE UM OCHOBHBIE COJTH. B aTOM ciy-
Jae TPH pacueTe MOJSPHBIX MacC JIKBUBAJCHTOB YYHTBHIBAIOTCS
TonbKo 3amermennasie H mmm ~OH. Tak, B peakmuu:

H,SO, + NaOH = NaHSO, + H,0O
H,SO, pearupyer ¢ 1 monexkynoii NaOH, oOpa3ys ruapocynsdar
HaTpus, B | MOJb KHCIIOTHI 3aMeIIaeTCs JIUIIL 1 MOJIb aTOMOB BO-
nopona. MomsipHass Macca SKBHBAJICHTA CEPHOM KHUCIOTHI B ITOM
ciydae OyneT paBHa €€ MOJISPHOW Macce, JEJICHHOM Ha YUCIIO BHI-
TECHEHHBIX aTOMOB BOAOpoAa, T.c. Ha 1. M1/z(H,SO,4)= M(H,SO,)
/1 =98 r/monb(3KB).

B peakiiun H,SO, + 2 NaOH = Na,SO, + 2 H,0
H,SO, pearupyer ¢ 2 mons NaOH, ob6pa3ys cynabdar Hatpus, B 1
MOJIb KHCJIOTHI 3aMellaeTcs yke 2 MOJIb aTOMOB Bojopoaa. Mo-
JspHAs Macca SKBHBAJICHTa CEPHOM KHCIOTHI B 3TOM cliydae Oymer
paBHa ee MOJISIPHOM Macce, JCICHHOW Ha YMCIIO BBITECHCHHBIX aTo-
MOB Bojopoaa, T.e. Ha 2. M1/z2(H,SO,4) = M(H,SO4) /2 = 49

I/MOJIb(2KB).
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KoHTpoJb YyCBOCHUS TEMbI

1. Ompenenenue SKBUBAJICHTa, (DAKTOpa SKBUBAJICHTHOCTH,
MOJISIDHOM MAaCChl AKBUBaJCHTAa. B KakWxX €IuHUIIAX BBIPAKACTCA
MOJIIpHAsi Macca SKBUBAJIEHTA?

2. Kak paccuuThIBalOTCS MOJISIPHBIE MAacChl SKBHUBAJIEHTOB
MPOCTHIX BEIIECTB U SKBHUBAJICHTOB XUMHYECKHUX 3JIEMEHTOB B CO-
CTaBE CJI0XKHBIX BEILIECTB?

3. MonsgpHas mMacca 3KBHBAJEHTA KaKOTO 3JIEMEHTA paBHa
IT/MOIB-3KB?

4. OnpenenuTb MOJSPHBIE MAacChl SKBUBAJIEHTOB METa/lIa U
cepel, eciim 3,24 r Mertamia oopasyroT 3,48 r okcuga u 3,72 T
cynbdua.

5. PaccunTarh MOJSIpHBIE MAcChl 3KBHUBAJCHTOB CJICIYHOIIUX
BEIIECTB: MarHus, TMAPOKCHIa Maruus, cyjb(ara Maraus.

6. BIYHCIUTh MOJISIPHYIO MAacCy SKBUBAJICHTAa 3JIEMEHTA, OK-
CHJI KOTOPOTO COAECPKUT 22,2% KUCIOPOA.

7. Uto Takoe SKBHUBAJICHTHLIA 00BhEM ra3a?

8. BprYuciInTh aTOMHYI0 MacCy JABYXBAJIECHTHOTO METaJLla H
ONPEJICINTh, KAKOM 3TO METalI, e€ciu 8,34 © MeTajuia B3auMOIC -
ctBytoT ¢ 0,680 11 kuciaopoaa (H.y.).

9. IlpuBectu pacyeTHy0 (HOPMYITYy MOJISIPHON MacChl SKBUBa-
JeHTa KACHOT. OnpeaeanTb MOJSIPHYIO MAacCy SKBHBAJICHTa CEPO-
BOJOPOJHOM, A30THOU KUCJIOT.

10. dns pactBopenus 16,8 r Metamia norpedoBanoch 14,7 r

cepHOM KUCIOTHI. OnpenenuTh MOJSIPHYIO MacCy SKBUBAJICHTA Me-
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Tajljla U 00bEM BBIJICIMBIIETOCS BOJIOpoja (H.Y.).

11. Yemy paBHa MoJjisipHasi Macca dKBUBaJeHTa opTodochop-
HOU KUCOTHI, eciu 1 mosis H3PO,4 ipopearuposain ¢ 2 moss KOH?

12. HanrcaTh BbIpaXX€HUE 3aKOHA SKBUBAJICHTOB.

13. Ha BoccTanoBnenue 1,80 r okcuaa Metaiia u3pacxo10Ba-
HO 883 MJI BOJOpOJIa, UBMEPEHHOTO MPU HOPMAIBHBIX YCIOBHSX.
BrIuuciuth MOJISIpHBIE MAacChl 9KBUBAJICHTOB OKCH/JIa U METaJlja.

14. IIpuBectu pacueTHyro (HOPMYTy MOJISIPHOM MacChl SKBU-
BaJieHTa coyi. OnpenenuTh MOJSIPHYIO MacCy dKBUBaJIeHTa KapOo-
HaTa HATpHs.

15. Kakoit 06bem kuciopoa (H.y.) moTpedyercs sl peakiuu
c 15 r snemeHnTa, MoJIsipHasi Macca YKBUBAJICHTa KOTOPOTO paBHa 3
I/MOJIb(2KB)?

16. IIpuBectu pacueTHyr0 HOPMyTy MOJISIPHOM MacChl SKBUBAJICHTA
ocHoBaHMM. OnpeeTuTh MOJISIPHYIO MAacCy SKBUBAJICHTa THAPO-

keuga ceunna (1V).
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Inaga 3. OCHOBBI TEPMOAMHAMUKH XUMHUYe-
CKHUX IPOLECCOB

IoHsAiTHE XUMHYECKOH TEPMOAUHAMMUKH
XuMuYecKkasi TEPMOAUHAMHUKA - OJIHA U3 HanbOOJiee BaXKHBIX
HAay4YHBIX JUCUHUIUIMH, KOTOpAas MO3BOJISIET OCMBICIUTH TAKHUE TJIO-
OabHBIE MTPOOJIEMBI, KaKk (opMupoBaHue BceneHHOM, OCHOBBI  MU-
po3AaHusi, OIEHUTh YCTOMYMBOCTh MAKpPO- U MHUKPOCHUCTEM, MPE-
CKa3aTh BEPOSATHOCTh W HAMPABICHUE MPOTEKAHUS MPUPOJHBIX U
MPOMBIIIJICHHBIX TPOLECCOB. TepMOIMHAMUKA N3yYaET:
% Iepexoj JHEPruM M3 OJHOTO BHUIA B JPYIOH, OT
OJTHOM YaCTH CUCTEMBI K APYTOW;
% sHepreTudeckue 3G(PEKTHI, CONMPOBOXKIAIOIINE XH-
MUYECKHE U (PU3UIECKUE TTPOIECCHI;
¢ BO3MOXXHOCTHh W HAIPABJICHUE CAMOIIPOU3BOJIBHOTO
MPOTEKAHUS MPOLIECCOB.
Cucmemoit Ha3bIBAIOT TEJIO WJIW TPYINY TEN, OTACICHHBIX OT
OKpY>Karolie cpeapl BOOOpakaeMoil WM pealbHON T'paHUIIeH pas-

nena. B 3aBUCMMOCTH OT ClIOCOOHOCTH CUCTEMBI K OOMEHY SHEPTHU-

€l Y BEIIECTBOM C OKPYXKAIOIIEH CPENOM, pa3IndatoT TPU TUIIA CUC-

TEM:
. U30JIMPOBaHHAas
. OTKpBITasI
. 3aKphITas

B wu3onuposannoit cucreme omcymcmeyem OOMEH U

SHEPrUE€M U BEIIECTBOM C OKpYXKawlleu cpenou. B omkpsimoii
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CHUCTEME BO3MOKEH OOMEH M DHEPTHEH U BelecTBOM. B 3akposimoit
CHCTEME BO3MOKEH OOMEH PHEprueil 1 HEBO3MOXKEH OOMEH Bellle-
CTBOM.

Cocmosnue cucmembl U U3MeHeHUe ee C8OUCME OIPENEAeTCs
mepmoounamudeckumu napamempamu — napienueM (P), xonyen-
mpayueti (C), temneparypoit (T), oobemom (V), maccou (M), a
TaKXKE XAPAKMEPUCMUYECKUMU (DYVHKYUAMU COCMOSHUS UIU MAK
Ha3zvigaemMvbiMu TEPMOJAMHAMUYECKUMH MOTEHUHAJAMU — BHYT-
penHnei 3Hepruei (U), suraasnueit (H), 3nTponuen (S), 3Hepru-
e I'n00ca (G).

[Io M3MEHEHHIO ITUX CBOMCTB CHCTEMBI MOXKHO CYIHUTH 00
IHepreTuke mporeccos. [Ipu a3ToM xapakTepucTudeckue (yHKITUN
COCTOSTHHS 3aBHCSIT TOJIHKO OT HAYAJABHOI0 WU KOHEYHOI0 COCTOS-
HUS CHCTEMBI, a HE OT IYTH, WU CI0c00a, KOTOPBIM 3TO COCTOSTHUE

JOCTUTHYTO.

BHyTpeHHSsIs1 JHEPIHUsi CUCTEMbI

DHepretudeckuii 23pHEeKT XUMHUIECKOW peaKIii BO3HUKAET 3a
CYET MU3MEHEHHS B CUCTEME BHYTPeHHel dHeprum U. Bnympennsis
sHeprust U — 310 3anac snepzuu cucmempl, Clararonimiucs u3 Ku-
HETUYECKON PHEPrur JABHKEHHSI COCTABJISIIONIMX €€ YacTHI[ M MO-
TEHUHUATbHON DHEPTUU UX B3aUMOJICHCTBHUS.

AOCOIOTHOE 3HAYCHUE BHYTPEHHEW 3HEPTUM ONpPECIUTh He-
BO3MOKHO. MOXHO OINpENEeNauTh TOJBKO U3MEHeHUe BHYTPEHHEHN
SHEPTUU MPU MEPEX0JIE CUCTEMBI U3 OJHOTO COCTOSIHUS B IPYTOE.

Ecmu B X0€ XUMHYECKOU pPCaKIuMn menjioma nocioua-
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emcs (aHo0omepmuueckue peaxyuu), TO BHYTPCHHSS DHEPTUS CHC-
Tembl Bo3pactaeT (AU > 0), ecnu mennoma evidensiemcss B OKpY-
KAOIIYI0 cpeny (9x3omepmuueckue peakyuu), B ITUX CIIydasx
BHYTpEHHsIs dHeprusi cucteMbl yMenbinaercs (AU < 0). (B tepmo-
XUMUH, B OTJIUYUE OT JPYTUX NPUIOKECHUN TEPMOJAUHAMUKHU, TEII-
JOTa CUUTAETCS TMOJIOKUTEIbHOM, €CJIM OHA BBIICISIETCS B OKpY-
KAIONIYI0 cpeay. BblJieeHre TeIOThl B OKPYKaroUIyto cpeay 000-
3HA4aroT 3HAKOM +(Q ISl SK30TEPMUYECKUX PEaKIUd, a MOTJIONIEe-
HUE€ TEIUIOThI U3 OKPYKAIOIIEH cpeaibl 3HAKOM - JIsl SHIO0TEPMU-
YECKUX PEAKIIHIN).

B nr060M U3 3TUX MPOLIECCOB cobit00aemca 3aKoH coxXpaHe-
HUA IHEp2UU — 3anac 6HYMpPEHHell IHEPZUU U30TUPOBAHHOI CUC-
memupl ocmaemcsa NOCMOAHHBIM, €Clu OMCYmcmeyem menjio8ou
obmen ¢ oxkpydicaiowetl cpedoii (MepBbIii 3aKOH TEPMOAHUHAMMKH).
JI71s1 130 IMPOBAHHBIX CUCTEM YpaBHEHHE MEPBOro 3aKOHA TEPMOIH-
HaMukH umeeT ciaeayromuid Bua: Q = AU + A; (Q — moaydeHHas
TEIIoTa, A — Mpou3Be/ieHHas paboTta, AU — u3MeHeHue BHyTpeHHEN
SHEPIun).

XUMUYECKUE pPeaKIUi OOBIYHO MPOBOJAT MPU HOCHIOAHHOM
oasnenuu (B omxpulmotl Kojube) Wi IPpU ROCMOAHHOM 00veme (6
asmokase), TAKue peakiuu OTHOCAT K U300apHbiM WA U30XOPHLIM
IpoIeccaM COOTBETCTBEHHO. M3 mepBOro 3akoHa TEpMOJMHAMUKU
CIEAYET, YTO MPH ITUX yCIOBHUAX TeroTa (Q) sBisieTcs QyHKImEH
COCTOSTHUSI.

B wuzoxopnom npouecce (V = const) TemnoTa, MorjiomeHHas

CHCTCMOﬁ, HACT TIOJIHOCTBXO HaA YyeeluderHue szanaca 8Hymp€HH€MV
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9Hepauu, TOCKOJIbKY padoTa paclIupeHus: IPU NOCTOSIHHOM 00beMe

paBHA HYJIIO:
A=P-AV=0; Q,=AU.

B m3o0apnom npouecce (P = const) cosepmaercs pabora

IpOTUB BHEMIHETO (atMocdepHOro) aaBieHusd. Terora, MOrJo-

meHHas B XoJe peakiuu (Qp), pacxopyeTcss Ha ysenuueHue GHym-
pennetl suepeuu AU u cosepuierue pabomol:

A=P-AV, Q=AU+P-AV um Qp,=(U;—Up)+P (V-
Vi)

IIpeoOpazoBaHHoe BbIpaxkeHHe Qp (pacKpbITHs CKOOOK H
IPYNIUPOBAHUS YJICHOB BBIPAXEHUS C OJUHAKOBBIMU HHICKCAMM)
UMEET BU:

Qp = (U2 +PV;) — (U + PV)).
Cymmy U + PV Ha3zbIBaloT 3Hmaibnueil CucTeMbl 1 0003Ha-

garoT OykBoit H (H= U + PV).

IHTAJBIHNA CHCTEMbI

Inmanvnusa - 3TO 3HEPrOCOACPKAHUE CHUCTEMBI, XapaKTepH-
3yI0IIee BHYTPEHHIOK SHEPTHIO U padoTy.

Kak cnenyer u3 Beimensnoxkensoro, Q, = Hy —H; = AH, 1. e.
TeII0Ta, MOTJIOIIEHHAs CUCTEMOM TIPU NOCMOAHHOM OAGIeHUU, PAC-
XOAYy€TCs Ha pUpaIlleHHuEe YSHTAIBITUNA CUCTEMBI.

IIpu 3HOOmMepmuueckux peakusaX HSHTAIBINS CHCTEMbI
yBeanuuBaercas 1 AH > 0 (H, > H,), a npu axzomepmuueckux pe-

aKIUSX sHmanbnus CicTeMsl ymenvutaemes u AH <0 (Hy < Hy).
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Taxum obpazom, B uzoxopruom npoyecce (V = const) rtemio-
BOM 3(deKT peakiuu paBeH U3MEHECHUIO GHYMIPEHHEll IHepeuu
CHUCTEMBI, a 8 uzobapnom mnpouecce (P = const)—u3MeHEHUIO IH-
manbnuu CUCTEMBI.

[Tpy XUMHYECKUX MPEBPAIIECHUSIX MPOUCXOIUT MEPECTPOUKa
AJIEKTPOHHBIX CTPYKTYp aTOMOB, HOHOB M MOJIEKYJI pearupyroiux
BEIIIECTB, @ 3TO COMPOBOXKAACTCS BBIJCICHUEM WU TOTJIONICHUEM
TEIUIOTHI, CBETA, DJICKTPUUYECTBA - XUMUUYECKasi DHEPTUS MIpeBpaliia-
€TCs B APYroi BUJ dHEPruu. BuijieieHNe WM TOTJIOUIEHUE dHEP-
MU B XOJI€ PEAKIMU 3aBUCUT OT COOTHOIIEHHUS KOJMYECTBA DHEP-
MU, 3aTPAYCHHON Ha Pa3pblB XMMUYECKUX CBS3€d B UCXOIHBIX BE-
IIECTBAX M DHEPTUHU, BBIJCIAIONMICHCS MpU 00pa30BaHUK HOBBIX XU-
MUYECKHX CBSI3€M B MPOJYKTaxX peakuuu. Yaie BCEro XMMUYECKUE
pEeaKUU COMPOBOKIAIOTCS TEMIOBBIMU SIBJICHUSIMHU.

KonnuecTBO BBIICICHHON WJIM MOTJIOIMIEHHOW JHEPIUU MpH
MPOTEKAHUU PEAKIIUM HA3bIBAIOT TEIUIOBBIM 3 eKTOoM peaxiuu.
TennoBo#t »dext npuHATO 0003HaYaTh yepe3 3HaueHue AH, BbI-
paxatb B KJ[>)kK 1 OTHOCUTBH K TOMY YUCJTy MOJICH BEIIECTBa, KOTOPOE
onpejieneHo ypaBHeHueM peakuuu. 3HadeHue AH TermmoBoro 3¢-
(deKTa peakiyu Ha3bIBAIOT MPOCTO «IHTAIBIIUEN PEAKIIUN.

Eciu B ypaBHEHUH XUMHUYECKOU PEAKIIMUA yKa3aH TEILUIOBOU
3¢ eKT, TO OHO HA3BIBACTCS TEPMOXUMHUYECKHM YPABHEHHUEM.

B TakoMm ypaBHEHHH, B PABOM €ro 4acTH, YKa3bIBAIOT TEILIO-
Boi 3(P(deKT peakuuu; yka3zblBaeTCA Takke (a3oBO€ COCTOSIHUE
KOMIIOHEHTOB PEaKIUH: I — ra30BOE, K — KHUJIKOE, K — KPUCTAILIU-

4yeckoe, T — TBEpHoe, p — pacTBOpeHHOe U Jip. OOBIYHO TEIJIOBBIC
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3¢ heKThl peakiuii YKa3bIBaloT B pacyeTe Ha 1 MOJIb OJTHOTO U3 pea-
T€HTOB WJIM MPOJAYKTOB PEaKIMU, MOITOMY B TEPMOXUMHUYECKUX
YpaBHEHUSX JOMYCTUMBI TPOOHBIE KOA(PPUIIMEHTHI.

3HAK SHTAJIBIUU CUUTAIOTCS HOJIOHCUMENbHBIM V IHOOMED-

muneckux peaxkyuti (AH > 0), , u ompuyamenvnoim y s3x30mepmu-

yeckux npoyeccos ( AH < 0).

Kpowme Toro, 1711 cpaBHEHUS TEIIOBBIX d3(P(HEKTOB Pa3IMUHBIX
MPOIECCOB PacyeThl OOBIYHO OTHOCST K YCJIOBHSM, MPUHSATHIM 3a
crangaptabeie: nasienue 101,3 klla (1 atm.), Temmneparypa 298 K
(25 °C). CrangaptHble SHEepreTnyeckue 3GGeKThl MPUHIATO 0003HAa-
gath AH%gg, AU%08 (xpatko AH®, AU®).

Hamnpumep, aiist 5K30TepMUYECKONW pPEaKIMu TOpeHuss poMOu-
4EeCKOM cepbl S(pom6) + O, (r) = SO, (1) +296,9 x/Ix
AH0298 = —296,9 x/Ix, T.k. cucteMa TepsieT TEILUIOTY, OTAAaBas €€ B
OKpPY>KaIOIIYI0 CPELy.

TepMoxuMHUUEeCKOE€ YpaBHEHHE B CTaHAAPTHBIX YCIOBHUSIX
UMEET BU/I;

S(pomG) + O, () = SO, (1), AH 5 = — 296,9 kJI%

Crenyromnui mpuMep 3alucH IK30TEPMUUECKON peaKIuu

H,(r) + Cly(t) = 2 HCI(r) + 184 x/Ix

TepMOXUMHUYECKOE YPABHEHUE 3TON PEAKIIUU:

1/2 Hy(r) + 1/2 Cly(r) = HCI(r) + 92 xJIx;  AH505 = —92 Ik

CrangapTHble SHTAJIbIIUM OOpPA30BaHUSI  MHOTHX BEIIECTB
MIPUBEICHBI B CIIPABOYHUKAX.

TepMoxuMHUUYeCKHE BEJIMYHUHBI UCIOJB3YIOT IS yCTaHOBIIE-

HHUA CBA3U MCKAY SHCPICTUUYCCKUMHU XAPAKTCPUCTHKAMU XHUMHYC-
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CKMX COCJUHECHUU M MX CTPOCHUEM, YCTOMYMBOCTHIO U PEAKIIMOH-
HOM CIOCOOHOCTBIO; BBIXOJIa MPOAYKTA U MPOTHO3UPOBAHUS ONTHU-
MaJIbHOTO pEKHMa IPOIECCa; BO3MOMXKHOIO CAMOIPOHU3BOJIBHOTO
IpOTEKaHUsI peakiuuu. HecmMoTpst Ha COBEPIIEHCTBOBAHUE U3MEPH-
TEJIbHOM TEXHWUKHU, TEPMOXUMHUUYECKHUMN IKCIIEPUMEHT OCTACTCS TPY-
JIOEMKHM, [MO3TOMY HapsAy C MPSIMBIM ONIPEACICHUEM TEPMUUYECKUX
BEJIMYMH B TEPMOXHMMUHU IIUPOKO MPUMEHSIOT PACUECTHBIE METOBI.
Yaiie BCEro MCHOIB3YIOT 3MIUPUUYECKUE METObI, 0a3UpyOIIHecs
Ha YCTAaHOBJICHHBIX TEPMOXHUMHUYECKUX 3aKOHOMEPHOCTSIX.

B ocHOBE TEpMOXMMHUYECKHMX pacueTroB JISKHUT 3akoH ['. U.
I'ecca (1840): mennosou 3ghghexm peaxyuu ne 3a8ucum om nymu ee
npomexauus, a 3asucum Judb Om NpuUpoobl U QU3UYECKO20 CO-
CMOSIHUSL Pea2eHmo8 U NPOOYKMO8 PeaxKyuu.

[Ipumenenne 3akoHa l'ecca MOXKHO pPAacCMOTPETh Ha CXEME
oOpa3oBaHusl YTJIEKUCIIOr0 Ta3a MpU OKUCIeHUWU rpadura. Yrie-
kucibiid ra3 (CO;,) MOXET MOTYyYEeH B OJIHY CTaAMIO (TEIIOBOU 3(h-
dekT stoi cranuu paBeH AH). JIByx- cTaauiiHblil myTh IpeBpalie-
HUS TpaduTa B YIJICKUCIIBIN Ta3 COCTOUT M3 MpeBpalieHus rpadura,
cHayana, B CO (temnoBoi 3¢ dext 3Toil ctanuu paBeH AH;), a 3a-

Ttem ctagusa okuciienuss CO no CO, (TernoBoi 3P ekt 3Toi cTaguu

paBeH AH)).
Crpagur AH »CO2 )
NI~ AT,
CO

Kak BUIHO U3 CXCEMbI, CUCTEMA IICPCXOAUT U3 HAYAJIBHOI'O CO-
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CTOsIHUSI (B JaHHOM ciydae rpadura) U MpUXOJAUT B KOHEUYHOE (B
nanHoMm ciydae CQOj), 1 HET HEOOXOJAUMOCTH yKa3blBaTh , KaKUM
00pa3oM ObLI MPOBEEH MEPEX0 CUCTEMBI U3 OJIHOTO COCTOSIHUS B
Jpyroe- IJIaBHOE 3TO €€ COCTOsiHUE.  JI[pyruMu CjloBaMH, TEIIO-
BOM 2 (PEKT XMMUUECKON pEeaKIUM PAaBEH U3MEHEHUIO (PYHKIIMH CO-

crosHus AH.

Cormacno 3akony I'ecca: AH = AH; + AH, = AH, o - AHyaq.

U3 3axona ['ecca evimexkaiom adicHvie Cle0CMBUs, KOMopble
NO3BOJIAIOM PACCHUMBIBAMb IHMATbAUU XUMUUECKUX PEeaKYUl.

Il pacuera TEmIo0BBIX (D(PEKTOB XUMHUUYECKUX PEaKIHil HC-
MOJIB3YIOT CIEJACTBUE W3 3akoHa l'ecca: cmandapmuas snmanvnus
XUMUYECKOU peakyuu pasHa pazHocmu CMAHOAPMHbIX IHMALIbNUL
00pa308aHuUsl NPOOYKMo8 peaxkyuu u peazeHmos (WCXOJHBIX Be-
IIECTB) C yuemom cmexuomempuyeckux kodpguyuenmos. Pac-

CMOTPpHUM CXCMY:

AH
HNCXOOHBIC BCIIECTBA — > IIPOAYKTLI PCaKIIUU

m /Asz

IMPOCTBLIC BCIICCTBA

N3 cxeMbl BUIHO, YTO UCXOJHBIE BEIIECTBA U MTPOJAYKTHI HEKO-
TOPOM peakiny, UMEIOIIeH UCKOMBIN TeraoBoi 3¢ ekt AH, mox-
HO TIOJIYYUTh M3 OJHUX W TEX K€ MPOCTHIX BEIIECTB C TEIJIOBBIM
adpdpextom AH; /it UCXOAHBIX BEHIECTB M TEIJIOBBIM 3(PdeKkTomM
AH, nna nponyktoB peakuuu. [IpumenuB 3akoH ['ecca, momydaem:
AH, = AH;+ AH, otrcrona AH = AH,— AH;

AH® xum. peakuuu = EAHO(,ﬁp (OpOyKTOB) — ZAHooﬁp (peareHToB).
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TepMoxuMHUUECKHUE PacyeThl MPOBOJAT, UCIIOIB3YSI CTaHAApPT-
HBIE PHTAJBINU (TEIJIOTHI) 0Opa30BaHUs BEIIECTB.

Cmanoapmuou sumanvnuel 00pa30BaHUs BEIIECTBA AHO(,ﬁp
IpH 3aJaHHOM TeMIepaType Ha3viearom SHTAIBIIAIO peakiuu oopa-
30BaHus I mMo0/a1a BEWIECTBA U3 MPOCTHIX BEIIECTB, HAXOMSIIIUXCS B
HanboJiee YCTOWYMBOW (popMe MpH CTAaHAAPTHBIX yCIOBUsX. M3me-
pserca B kJDx/Monb. CorjlacHO 3TOMY OMNPENEICHUIO, DHTAIbIHUS
oOpa3oBaHusi HauOoJee YCTOMUMBBIX TMPOCTHIX BEIHIECTB B CTaH-
JApPTHBIX YCIIOBUSIX paBHA HYJIO IpH Jr0Ooi Temnepatype. Ctas-
JTApTHBIE PHTAJIBIIUK 00pa30BaHUs BEMICCTB IpU TemrepaType 298
K mpuBeneHbl B CIIPAaBOYHUKAX M UCIOJB3YIOTCS JJIsl PEIICHUS 3a-
nad..

Ilpumepl.

Boeruucnoute Temnoty oOpaszoBanusi marHetuta Fez;O4 (okcun
coctraBa FeO ' Fe,03) , ucxoas U3 ypaBHEHHUS:

8Al + 3Fe;0, = 4A1,05 + 9Fe, AH’x.p. =— 3326 kJIx.
OHTanenusi OoOpa3oBaHUS OKCHJA allOMHUHMS paBHa 1669,8
K J[>K/MOJIb.

Pemenue.

[Iporecc BOCCTaHOBJICHUS METAJJIOB A TFOMUHUEM HA3bIBACTCS
aMtOMUHOTEpMUS. B pe3ynbTare peakinu BOCCTAaHABIMBAETCS Ke-
ne30. PazBuBaeTcs Temieparypa OKoJjo 3000°C.

J11st pacuera UCIONB3yeM CIIEICTBUE U3 3aKoHa ['ecca:

AH? xum. peakuuu = EAH006p (OpOyKTOB) — EAHOo6p (pea-
T€HTOB) WJIU C YKa3aHUEM PEareHTOB:

AH? x. p. = [9 -AH’(Fe) + 4 -AH°(Al,0;)] —[8- AH’(Al) +
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3-AH"(Fe;0,)]

Y4YuTBIBas, YTO DHTAIBIIHK OOpPa30BaHUSA IPOCTHIX BEIICCTB
paBHbl Hymio (B narHoM ciaydae: AH(Fe) =0, AH’(AIl) = 0), nony-
qaeM: — 3326 =[9 -0+ 4 - (—1669,8)] —[8- 0 + 3 - AH’ (Fe504)]

3AH’ (Fe;0,4) = 4 - (~1669,8) +3326 = — 3353,2 kJIk/MOIb
AHP (Fe304) = — 1117,7 xJlx/mMoub

IHpumep 2

BbI4ncanTh, Kakoe KOJIUUECTBO TEIUIOTHI BBIJCIUTCS MPH BOC-
cTaHoBiieHnn Fe,03 MeTalMuecKuM alfOMHUHHEM, €Cli OBLIO T10-

aydeHo 335, 1 r xenesa.

Pemenue.
Cxema peakrmuu:  2Al +Fe,03 = Al,O5 + 2Fe

Hcnonws3ys ypaBHEHHE pEaKIMd W 3HAYCHHE CTaHJApPTHBIX
SHTANBNUN s oOpazoBanusa Fe,03 u Al,Os, onpenenum AH s
nannoi peaxumi. (AH’(Fe,03) = - 822,2 xJIx/momns; AH® (Al,O3) =
- 1669,8 x/I>x/mMoinb; (cTaHmapTHBIE YHTAIBIIUK OOpa30BaHMS IPO-
cThiX BemecTB Fe u Al paBHBI HYIIO).

Jli1g pacuera KUcCIob3yeM clie[ICTBUE U3 3aKkoHa [ecca:
AH’x. p. =[ 2-AH"(Fe) + AH(A1,05)] -[2-AH’(Al) + AH’(Fe,05)]

Y4YuThiBas, YTO SHTAJIBIIMK OOpPa30BaHMS IPOCTHIX BEIICCTB
paBHBI HYIIO (B gaHHOM ciydae: AH(Fe) =0, AH’(Al) = 0), mouny-
4aeM:
AH’x.p.=[ 0+ (-1669,8] — [2- 0 + (- 822,2] = — 847,6 kJ[/MOIb

Takum oO6pa3zom, B pe3yJibTaTe peakiuu oopasyercs 2 Moib Fe

(112 r) u Beigensiercs sHeprus (—847,6) k. Ecnm xe oOpasyercs
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335,1 r xenes3a, 1O MPOIMOPIUUA OMNPEACIIEM KOJIWYECTBO BBIJIE-
JIMBIIECHCS TEIIOTHI.

CocraBisiem nponopiuto: 112 Fe ------------ —847,6 x/Ix

LRI [ O = J— AHC kJTx
AH® = 335,1 " (—847,6) / 112 = —2536K k.

JHTPONUS CUCTEMBI

Peakiuto, mpoTekarolryro 0e3 BO3JAeHCTBUS BHENTHUX (haKTO-
POB, HA3BIBAKOT CcaMOnpou3eovbHou. HanpasieHne, B KOTOPOM ca-
MOIIPOU3BOJILHO TPOTEKAET XUMHYECKAas PEAKIUS, OINPEHCISeTCs
COBMECTHBIM JIEHCTBUEM JIBYX (PAKTOPOB:

1) TeHaeHUMENH K MEPEeXOo/ly CHUCTEMBI B COCTOSHUE C HaH-
MEHBIIIEH BHYTPEHHEN DHEPTUEH;

2) TEHJIEHIIMEN K JOCTUKEHHUIO Hanbojee BEPOSITHOIO COCTOSI-
HUS, T. €. COCTOSHUSI HaNOOJIbIIIEro OECIopsiIKa.

[TepBoil Mepoil U3 3TUX TEHACHUUN JJIs1 M300apHBIX MPOILIEC-
COB CITy’KUT YMEHbIIIeHUe dHTaidbnuu cuctembl (AH peakuuu < 0).
Eme B npouutoM Beke beptiio u ToMceH yTBepKaainu, 4To camo-
NPOU3BOIbHO MO2YM NPOMeEKamsb 3K30mepmMudecKue peakyuu, KOTo-
pBIE COnposoHcOaromcs 8vioeneHuem meniomol, T. €. YMeHblUeHUeM
SHMALNUU.

OHaKO HEKOTOPBIE CAMONPOU3BOJIBHBIE MPOLIECCHI SABIISIOTCS
snoomepmuueckumu. Hanpumep, pacTBOpeHUE COJEN B BOJE, TUIAB-
JIEHHWE JIbJia, UcnapeHue BoAbl. CieoBaTelbHO, YMEHBIICHUE HDH-
TaJIbIIUU — HE C€IUHCTBEHHBIA (DaKTOp, ONPEACIISAIONIUNA BO3MOXK-

HOCTb IMPOTCKAHUA PCAKIHU. Bce IMPUBCACHHBIC BbLIIIC CAMOIIPOMN3-
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BOJIBHBIE TIPOIIECCHI COMIPOBOXKIAIOTCS nepexodom u3 0ojiee yrnops-
JIOYEHHOT'O COCTOSIHUSI YacTHUIl B ME€Hee ymopsaoueHHoe. CmeneHsb
HEYNOPSOOYEeHHOCMU 8 CUCmeMe Xapakmepuzyemcs QyHKyueu co-
CMOSAHUSL CUCTEMDbL, HA3bLBAEMOU IHMPONUEIL.

CocTtosiHuE BEIIECTBA MOKHO OXapaKTEPU30BaTh JBOSIKO:

1. JlaTb XapakTEpUCTUKU MAKPOCOCHMOAHUA, YKa3aB
3HAYEHUE H3MEPSEMBIX CBOMCTB, HANpUMEpP, TEMIEpaTyphl,
JaBJICHUS, 00beMa.

2. JlaTb XapaKTEpUCTUKH COCTOSIHHUS KaXJ0W YacTH-
I[bI BEIIECTBA — €€ IOJIOKEHUE B IPOCTPAHCTBE, CKOPOCTb,
HaIpaBJICHUE TIEPEMEIIICHUS , T.€. 0XapaAKTEPHU30BATh MUKPO-
cocmostue.

Tak kak Tena COCTOAT U3 OTPOMHOTO KOJMYECTBA YacCTHII, TO
JAHHOMY MAaKpPOCOCTOSIHUIO COOTBETCTBYET KOJIOCCAIBHOE YUC/IO
PA3IUYHBbIX MUKPOCOCTOSTHUM. TO YHCIO HA3bIBACTCS MepMOoOu-
Hamuuecxou eeposmuocmoro W. C Hell cBsizaHO OJHO U3 GyHIA-
MEHTAJIBHBIX CBOMCTB BelecTBa — oumponusi (S) .

DHTpOMNHUS SABISIETCS MEPOU HEYNOPSATOUYEHHOCTH CUCTEMBI, €€

BEJIMYMHA MPOTIOPIIMOHAIbHA JIOTapu(My TEPMOIUHAMUYECKON Be-
posrtrocTi: S =k InW, rae k = R/Na = 1,38 - 10722 JI/K;

OHTpOMHUs UMEET Pa3MEPHOCTh YHEPTUH, JEICHHON Ha TEMIIe-
patypy: S = Q/T; o00bYHO €€ OTHOCAT K 1 MOJIIO BelIecTBa
(MoJIbHAs PHTPOIKS) U BbIpaxkaroT B J[>x/monb - K.

PaccunThiBalOT M3MEHEHNE CTAaHAAPTHOM SHTPOMUHU MO YpaB-

HCHUIO

AS° X.p. =ZA8005P (IPOAYKTOB) — >AS? o6p(MICX. BEILECTB)
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JI7is OTHOTO W TOTO K€ BEIIECTBA dHMPONUs AMEET HAubOolb-
Wee 3HAUCHUE B 2d3000pA3HOM COCTOSHUU U HAUMeHbuilee — B
meepooM COCTOSTHUM, a JUISl PA3HLIX @euyecme B OJTHOM U TOM JKE
arperaTHOM COCTOSTHUM OMPEJEISCTCS CIONCHOCHbIO CTPYKTYPHI
MOJIEKYI.

JIrobast cucreMa WMEET TEHJCHIUIO K CaMOIPOW3BOJIEHOMY
pocty arTponnu (AS >0).

B uzonupoeannoii cucmeme camonpouseoinbno npomeKaron
MOIbKO me npoyeccol, KOMopvle CONPOBOHCOAIOMCA yEeTUeHU-
eM IHmponuu — 1O OJIHA W3 POPMYIUPOBOK BTOPOTO Hayalia Tep-
MOJIMHAMUKH, OTPEACIISIONIETO HAMPABICHUE CaMOIPOU3BOIHHOTO
NPOTEKaHUs Mpoliecca. DHTPOIHUS BO3PACTAET MIPH TUIABIICHUH, Pac-
TBOPEHWH, JUCCOIUAITMKN MOJIEKYJ Hu T.1. IIporieccsl, B pe3ynbrare
KOTOPBIX YIOPSAIOYEHHOCTh CHCTEMBI BoO3pacTacT (KOHICHCAIU,
HOJIMMEPU3aIIHs, C)KaTHEe, YMEHBIICHUE YHCiIa YaCTHII), COMPOBOXK-

HaCcTCs YMCHBIICHUCM SHTPOIINH.

Jueprusi I'md0ca cucreMbl

(300apHO-U30TEPMHUYECKHUIT ITOTEHI[HAJ)

C omHO¥ CTOpPOHBI, JIF0OAss CHUCTEeMa MMEET TeHJACHIIUIO K ca-
monpouszeonvhomy pocmy snmponuu (S >0). C npyroit CTOpoH®HI,
COTJIaCHO TPHUHIUITY beprTio, mMmeeTcs TEHICHIUS K CHUMNCEHUIO
snmanvnuu (AH <0). Otn nBa dakropa — U3MEHEHHUS YHTAIBIIHHA U
SHTPOINHUH — BaXKHBI B OIICHKE BO3MOXKHOCTH COBEpIICHUS (hu3ude-
CKOTO U XUMHUYECKOTO MPEBPAIICHUS U YUYUTHIBAIOTCS B YPaBHCHHUH

N300apHO - H30TEPMUIECKOT0 MTOTCHIIAANA:
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AG = AH - TAS,

rae T - abcomorHas temmneparypa, AG - sHeprus ['m66ca
(1300apHO-U30TEPMUUECKHUI TTIOTEHIIUA), AS - SHTPOIHSI.

Ha nampaBiieHre NpOTEKaHUSI XUMUYECKOT0 TIPOIIECCa BIUSET
U3MEHEHHUE BHYTPEHHEN SHEPTUU CUCTEMBI.

BHyTpeHHsIs1 SHEprusi COCTOUT U3 ABYX yacteil: 1) u3 cBoOo-
HOM SHEPruu, KOTOpast MOKET ObITh MpEBpaIleHa B padoTy U 2) CBS-
3aHHOM PHEPTrHUM, KOTOpAsk B XOJI€ MPOIECCAa HE MOXKET MPEBPATUTH-
cs B paboTy. DTy CBOOOIHYIO SHEPTHIO CHCTEMBI IIPH IMOCTOSHHOM
TABIICHUU M TEMIIEPATyPe U HA3bIBAIOT N300apHO- U30TEPMUUECKUM
MOTEHIINAIOM W dHepruei [ mooca .

Oneprusi ['nb6ca G sBisercs OAHUM U3 BAKHEUIINX TEPMO-
JTWHAMHUYECKUX TMOTEHIHanoB. DHepruto ['mbbca obpazosanus Be-
IIECTBA OTHOCAT K [ Moab geujecmeéa W OOBIYHO BBIPAXKAIOT B
K J[x/Monb; mpu 3ToM AG° 06pa3oBaHHs IPOCTOrO BEIIECTBA MPH-
HHUMAOT PaBHOM HYIJIIO.

N3meHnenne cBOOOJHON SHEPruM pPaBHO TOJIE3HOM MaKCH-
MaJlbHOM paloTe, KOTOPYIO COBEpIIaeT cucteMa B HU300apHO-
HU30TepPMHUYECKOM Tipoliecce. Bce camonpoussonvhble gpuzuueckue

U xumuuecKue npeepauieHusn udym 6 HanpaejiecHUU_YyMEHbUICHUA

anepauu I'uoo6ca. OH MOTYT CONMPOBOXKAATHCS YBEIMYEHUEM WIIU
YMEHBIIIEHUEM SHTAJIBIIMU U SHTPONUU, HO 3Heprus ['mbOca npu
TOM BCErJla YMEHbBIIAETCS.

Peakuun, B kotopbix AG < 0, ugyTt camonpousgonvbHo 6 npsi-
mom nanpasnenuu. Ecnmu AG > 0, To camonpouseonbrho npomexaem

oopamuas peaxyus, a ipu 3HadeHun AG = 0 — cucmema naxooum-
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Csl 8 COCMOSIHUU PABHOBECUS.

Uccnenosanus 3aBucumoctu AG OT TeMmeparypbl U OT 3Ha-
koB AH u AS npuBenu K BbIBOJAM:

% 1npu AH <0 u AS > 0 mporecc IpoTeKaeT camo-

IPOU3BOJILHO TIPU II0ObIX MeMnepamypax;,

s 1pu AH >0 u AS <0 mnporecc B nmpsMOM HarpaB-
JICHUW TPUHUUIIUAIBHO HEOCyUecmeum,

% ccmm 3Haku AH u AS coBmamaroT, TO peakius Mo-
KET MPOTEKATh CaMOIPOU3BOJIBHO B HEKOMOPOM UHmMEpEae
memnepamyp:

a) AH>0; AS > 0 - sggoTepMuYecKuiil Iporiece, mpoTe-

KalOIIMH C YBEJIMYEHUEM DSHTPONUU (HApPUMEp, Pa3I0KECHHE

BelecTBa). Peakiust npotekaet npu TeMneparype, yAOBJIETBO-

PAIOLIEN YCIIOBUIO |TAS| > [AH], Te. IIPY BBICOKUX TEMIIE-

patypax,

06) AH <0; AS <0 - sk30TepMUUeCcKUii MpoIecc, mpo-
TEKAIONUH ¢ yMEHbIIeHHeM YHTporuHr. COOTBETCTBEHHO, pe-
aKIMs MOXET MPOTEKaTh MPU HU3KUX TeMIlepaTypax MpH yc-
nosun | AH| > | TAS|;

s ecmu AH = 0 (peakius HE CONPOBOXKIACTCS TEII-
J0BbIM 3G (PEeKTOM), TO BO3MOXKHOCTh MPOTEKAHMS MpoIliecca
TIOJTHOCTBIO OTIPEIEIIICTCS SHTPOIHCH.

s korma AS = 0, onpeAcisIONIy0 pOJib BBITIOJTHICT

SHTANBNUIHBIN (DakTop (cobnogaeTcs npuHuun beptiio).

JI1s1 Hax0XKJIeHUsT U3BMEHEHHUS CTaHaapTHOM sHepruu ['ndoca B
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pP€aKn OOJIKHBI OBITH M3BECTHBI HM3MEHEHMS CTaHAAPTHBIX OSH-

TaJbIIMU U SHTPOIINH, a TAK)KE TEMIIepaTypa:
AG® xum. p-uuu = AHC xuwm. p-Luu — T-AS° xum. p-1UH
Kak u B ciiyuae ¢ AH xum. p-iimu u AS XuUM. p-1IUM, U3MEHE-
HUE CTaHJapTHOM sHepruu ['Mb0Oca B XMMHUECKON peakiud MOYKHO
paccyuTaTh M0 YPaBHEHUIO

AG® xuMm. p-1iuu = ZAGoo6p(npoz[yKTOB) — ZAGoo6p(ch. BEILIECTB).

Ilpumep 5
BpryucimTh n3MEHEHUE SHTPOIINU B PEAKIIMU TOPECHUA 3TaHA:
C2H4(I‘) + 302(F) = 2C02(F) + 2H20(F)

Pemienne. DHTponus, Kak M DHTAIbIUA, SBISCTCS (QyHKIHUEH
COCTOSIHHUS, T. €. IOJYHUHSETCA 3aKOHY | ecca U CIIEACTBUIO U3 HETO:

AS° X.p= ZA8006p MPOIYKTOB — ZASOOGPI/ICXOI[HI)IX B-B.

ITo ycnoButo 3aa4n HYKHO BBIUUCIIUTH AS? pEaKIU TOPEHUS
sTaHa. J[Js 3TOro W3 TaOJIUIIBl BBIMHUIIEM SHTPONUM O00pa30BaHUS

BCIICCTB U MOACTABUM HUX B YPABHCHHUC!

BemiectBo CoHy(r), Oy(r), CO,(r), H,0O
(r)

A8006p, Jlx/Monb - K 219,45 205,03 213,65
188,72

AS%x.p = [2S° (H,0) + 2S° (CO,)] — [S° (CHa4) + 3S° (0,)] =

= (2 - 188,72 + 2 - 213,65) — (219,45 + 3 - 205,03) = —29,80 Jlx/K.

Ilpumep 6. Bo3MmoxHa I B CTaHAAPTHBIX YCIOBUSIX PEAKIIHS
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AHCI + O, = 2H,0 + 2Cl,?

Pemenue. AG — sneprusi ['nb6ca (1300apHO-U30TEPMUUECKUM
MOTEHIIMAN), ONPEACIISET BIUSHUE DHTAIBIIUU U SHTPONUU HA XOJI
peakuuu. DHeprus ['nb0ca siBisieTcs QYHKIHMEH COCTOSIHUSI CUCTE-
MBI, pacyeT €€ BeayT 1o Gopmyrie

AG? xum. p-tiun = AH® xum. p-tiun — T-AS° xum. p-
105051

[To 3Haky u BenuuuHe >Hepruu ['m6O6Ca MOKHO CyIUTHh O Ha-
IIPABJICHUU peakiuu. Eciau AG® < 0, BO3BMOKHO CaMOITPOU3BOJIBHOE
MpOTEKaHUE PEAKIIUU B IPSIMOM HaIlPaBJICHUHU.

Paccuuraem suepruto I'mb6ca peaknum ropenus HCl. Haxo-

JANM HCO6XOI[I/IMBI€ CIIPABOYHBIC JAHHBIC :

BemecTBo: HCI(r), O,(r), Cl,(r), H,O (1)

AH’ 5, klx/Moms  —92,31 0 0 —241,83

AS°06p, Jlx/mons - K —186,68 205,03 222,95 188,72

AH® x.p = [2 AH® (H,0) + 2 AH® (Cl,)] — [4 AH® (HCI) +AH"
(02)] =

=[(2-(-241,83)+2-0]—[4 - (-92,31) + 0] = —112 x/Ix;
AS*x.p =[2 AS® (H,0) + 2 ASY (Cl,)] — [4AS® (HCI) + AS® (0,)] =
(2 - 188,72 + 2 - 222,95) — (4 - 186,68 + 205,03) = —130 Jix/K =
—0,13 xJIxx/K;

AG® xum. p-1Iiu = AH® xum. p-1IUH — T-AS° xum. p-1I1H;

AG® xum. p-rum = (—112) — 298 - (-0,13) = —73,36 kJIx.

N3menenue >Hepruu ['n60ca B XUMHUUECKON pEeaKIIMi MEHBIIIE
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HYJIA, CIICAOBATCIBbHO, B CTAHAAPTHLIX YCIOBHUAX 3Ta PCAKIHA BO3-

MOZKHa.

Ipumep 7. IIpu kakoi TeMneparype HaCTyIIUT PAaBHOBECUE B

CUCTEME
BaO(xp) + 0,5 Oy) S BaOy(xp),

ect AH® xum. p-mum = —81,51 x/x, a AS? xum. p-mun =
—0,11 xJIx/K?

Pemenue. B cocrossHum paBHoBecus sHeprusi [ mb0ca paBHa
HYJIIO,

AG = AH — TAS; ecniu AG = 0, o AH = TAS. U3 storo pa-
BEHCTBAa MOXHO PaccyuTaTh TEMIEpPaTypy, IPU KOTOPOM HACTYMHHUT

PaBHOBECHEC B CUCTCMC:

Tpamn: = AHYAS®; Tpn, = -85,61/-0,11 = 731,9 K.
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KOHTpOJ’Ib YCBOCHHUSA TEMbI

1. Kakue u3 ciaeayronmx TepMOAMHAMUYECKUX (DYHKIUNA OT-
HOCSITCA K (PYHKUMSIM COCTOSIHUSI CHUCTEMBI: TEIJIOTa, SHTAJIBIIHS,
SHTPOMHS, paboTa pacuimpeHus ra3a, cBoooxHas sHeprus [ m66ca?

2. Kako#l CMBICII UMEIOT 3HAKH «IUTOC» WJIN «MHUHYC» TEPEN
TEPMOJMHAMUYECKUMU (DYHKIUSIMU: SHTAIBIUEHN, TEIIOTOU, pado-
TOW, SHTPOTIUECH?

3. Tlouemy nisi U3y4yeHUS XUMUYECKUX PEaKIUU 1EerIeco00-
pa3zHee ucroib3zoBath AH , a He AU?

4. ChopmynupoBaTh 3akoH I'ecca, ciaeacTBusi u3 3akoHa ['ec-
ca.

5. Ilpm obpazoBarmu 1 momns razoob6pazHoro HF Beimenumoch
270,7 xkIx TtemnoTel. YeMy paBHA cTaHAApTHAS YHTAJBINS 00pa3o-
BaHUs (pTopoBomopoaa?

6. BeruuciauTe U3MEHEHUE CTaHAAPTHON SHTAIBINU CIETYI0-
IIUX PEeaKIUM:

a) CoHg(r) + 3,5 Oy(1) = 2CO,(T) + 3H,0(k)
0) CoHs0H(k) + 30,(1) + 2CO,(r) + 3H,0(K)

7. B cmecwu, cocrosment u3z 22,4 1 dropa u 44,8 1 Bogopoa,
npousonuia peakius. OnpenennuTs U3MEHEHUE CTaHAAPTHOW SH-
TaJbINKU PEaKINU.

8. YKa3arh 3HaK U3MEHEHUS SHTPOINHUH B CIAETYIOMIMNX MPOILEC-
cax: a) CropaHue BOJAOpO/Ja;

0) pas3oKeHHE BOJIbl Ha BOJOPO M KUCIOPOI;

N 3HAK UBMCHCHHUA DHTPOIIMHU B CICAYIOIIUX PCAKIUAX:

a) NH3(r) + HCI(r) = NH4CI(TB)



6) COCl,(r) = CO(1) + Cly(1)
B) PCl3(r) + Cly(1) = PCl5(T)
r) Na(T) + 3Hp(r) = 2NH3z(r)

9. B KakMX COCTOSIHUSIX CHUCTEMBI CIIpaBCJIMBO COOTHOIICHHC

AH = T-AS? Jlyis kakuX peakuuii 3T0 COOTHOIIEHUE HEBBIITOJTHUMO

HU NIPU KAKHUX YCIOBUSIX?

10. Bo3MoxHa 11 TpU CTAaHJAPTHBIX YCIOBUAX PEAKIIUS

Hy(r) + Cly(r) = 2HCI(r), ecimn AH,_yy = — 185 xJk/Monb 1
ASp = 20 JIx/(moib - K.

11. BeluUCIUTh BETUYHMHY U3MEHEHUSI CTAHJIAPTHOW SHEPruu
['u66ca u onpeaenuTh BO3MOKHOCTh CAMOIIPOU3BOJIBHOTO MPOTEKa-
HUS PEeAKIIUU

2Fe(TB) + 3H20(r) = F9203(TB) + H2(r)
pu temmeparypax 300 u 800 K.

12. U3MeHeHneM Kakoil TEpMOJUHAMHUYECKON (PYHKIIUM OTMpe-
JENSETCS] BOBMOXKHOCTh CaMOIPOU3BOJBHOTO MPOTEKAHUS MPOILEC-
ca:

a) IPY TTOCTOSTHHOM JIaBJICHUU U TEMIIEpaType;

0) B U30JIMPOBAHHOU cUCTEME?

13. ChopmynupoBaTh yCIOBUS CAaMOTIPOU3BOJILHOTO MPOTEKa-
HUS PEAKIINH, COMPOBOXKIAIOIINXCS

a) YBEJIUYECHUEM DHTPOIUHU U SHTAIBITUY;

0) YMEHBIIICHUEM SHTAIBIIMU U SHTPOIIUY;

B) YBEJIMUYCHUEM SHTPOIUU U YMEHBIICHUEM SHTAIIBIIUY;

I') YMEHBIIICHUEM SHTPOIUU U YBEJIMYECHUEM DHTATBIIUU



78

Faaga 4. CKOPOCTh XUMHMYECKUX PeaKIU

IHoHsiTHE CKOPOCTH XUMHYECKOU PeaKIuu

Xumuueckaa Kunemuxka — pasjiell XUMUU, KOTOpasi M3y4yaer
CKOPOCTb U MOJIEKYJISIPHBIM MEXaHU3M XUMHUUYECKUX peakuuil. Cko-
POCTH XMMHUYECKUX PEAKIMi MOTYT 3HAUUTENBbHO pa3znnyaTbesd. Ha-
KOIJIEHO HeMalio (PaKTUUYECKOro MaTepualia M0 XUMHUYECKOMY
B3aUMOJCHCTBUIO MEXJy BellecTBaMH. HeKoTopbie peakuuu co-
BEpUIAIOTCS B THICAYHBIE JIOJM CEKYH/bl, HAIPUMEP, B3aUMOACICT-
BHE€ BOJIOPOJia C XJIOPOM Ha CBETY IIPOUCXOJUT MTHOBEHHO (B3pHIB),
a TaKoOM Mpoliecc, KaKk KOPpPO3us METAIJIOB, MOXKET JIJIUTCS TOJIaMH.
CKOpOCTh peaklMy 3aBUCUT OT (PAKTOPOB, OCHOBHBIMH U3 KOTOPBIX
SBIISIIOTCA TPUPOJA PEATUPYIOMINX BEUIECTB, KOHLIEHTPALMS B3au-
MOJICHCTBYIOIIIUX BEILIECTB B PACTBOPE U TEMIIEpATYpa.

CKopocmblo Xumuueckoil peakyuu HaA3blealom uMeHeHue
Konuuecmea (KOHUEHMPAYUU) peazupyrouiezo eeujecmea uiu
npoOyKma peakyuu 3a eOUHUUY 6PeMEHU 6 eOUHUUE PeaKUUOH-
H020 npocmpancmea. B comozennou cucreme peakuMOHHBIM MIPO-
CTPAHCTBOM CIYKHUT 00bem cocyod, B KOTOPOM MPOTEKAET peaKkiusl.
B reTeporenHoii cpeqe — moBepxXHOCTH paszfena ¢as (Hanbosee pac-
POCTPAHEHHBIE BapHaHTHI: JKUJIKOCTh-TBEPIOE BEIIECTBO, Ta3-
TBEPJI0€ BEILIECTBO, )KUAKOCTh-Ta3, IB€ HECMEIINBAIOIIUECS KUIKO-
cth). CuMBOJI 0003HAYEHUSI CKOPOCTH U, AUHUIIBI U3MEPECHHUSI:

MOJIB/JI * CeK — JJIsl TOMOT'€HHOM peaKIuu;
MOJIB/M® * CeK WM MOJB/CM’ * CeK — IJisl reTEpOreHHOM pe-

akuu (yYUTHIBACTCS TUIOMIAAh TOBEPXHOCTH pasjena ¢asz).



79

B X¥MH4YECKOW KMHETHUKE PA3JIMYAIOT CPEIHIOK M UCTUHHYIO
(MrHOBEHHY10) CKOpPOCTh peakuuu. CpenHsisi CKOpOCTh paBHA OTHO-
meHuo AC/At (AC =Cy— Cq; At =15 - T9).

Bennunna AC = C,— C; uMeeT 3HaK «+», €CJIM PacCUUTHIBAThH
110 U3BMEHEHUIO KOHIICHTPALIMK MPOAYKTA PEAKIIMHU, U 3HAK «-»,ECIIU
pPACCUUTHIBATh MO U3MEHEHUIO KOHIUEHTpAIMU pearcHTa. B cBsA3u ¢
TUM, YTOOBI BEIMUMHA CKOPOCTH OBbLIA BCET/Ia MOJOKHUTEIHHOM,

nepea IpoOblo CTaBsT 3HAK =

>

U= = <

At .

CpenHsst CKOpOCTh peaKlMy HEOJMHAKOBA B MHTEpPBAJE Bpe-
MeHU At. I1o3TOMy HaXoIAT CKOPOCTh B KaXJblii MOMEHT BPEMEHH:
OHA ONpPEAEISIETCS MPENEIOM, K KOTOPOMY CTPEMHTCS OTHOLIEHHE
AC /Ar, ipu At— 0. VcTuHHasA CKOPOCTh PEaKIUU B KaXKIbIi MO-

MCHT BPCMCHU OIIPCACIIACTCA KaK IICpBasd IIPOU3BOJHAA OT KOHICH-

Tpaiuu (C) o BpeMeHHU (T): Uyep = i‘;i.

T

BiiusiHMe KOHIEHTpalUii pearupyrIIMX BellecTB Ha
CKOPOCTh XMMHUYECKOI peakiun
3aBUCHMOCTb CKOPOCTH PEAKIUU OT KOHIEHTpalui pearu-
PYIOIIMX BELIECTB ISl AJIEMEHTAPHBIX MPOLECCOB BBIPAKAETCS OC-
HOBHBIM 3AKOHOM XUMUYECKOU Kunemuku, cHOpMyJIUPOBAHHBIM
HOpBEKCKUMH yueHbiMU ['ynbnoeprom u Baare B 1864-1867 rr.:
Ckopocmp xumuueckoil peakyuu npamo nponopuuoOHaIbHA
npou3eedenui0 KOHUEeHmMpayuil peazupyrouiux eeuiecm 6 cmene-

HU ux cmexuomempuiuecKkux Koaqbqbuuueumoe.
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VYpaBHeHUE, CBA3BIBAIOIIEE CKOPOCTh PEAKIMU C KOHIICHTpa-
IUASIMA PEAreHTOB, HA3BIBACTCA YpABHEHUeM CKOPOCMU VI KUHe-
muyueckum ypaeuenuem peaxkyuu. OO0mIas 3aBUCUMOCTb CKOPOCTH
OT KOHIIGHTpallMM peareHToB aisa ypaBHeHus A + B — C + D BbI-
pakaeTcsi COOTHOIIEHUEM:
v= K CA'CB,
rae Ca u Cg — MOJISIpHBIC KOHIICHTPAIIUU MCXOJJHBIX BEHIECTB, K —
K03 puyuenm nponopyuoHarbHOCmu.
JIiisi KOHKPETHON peakiuu K Ha3bIBalOT KOHCHAHMOU CKOPO-
cmu xumuueckoii peaxyuu. Ovznueckuii cmpich K 3akmrodaercs B
TOM, 4T0 K paBHa CKOpOCTH peakiuu (V), IPH KOHICHTPAIIUU HC-
XOJIHBIX peareHTOB paBHbIX 1 Monb/1. KoHCTaHTa CKOPOCTH peax-
U K He MEHSETCS MPY U3MEHEHUSIX KOHIICHTPAIIWA, HO 3aBUCHUT OT
TemnepaTtypsl. sl peakiiuii, B KOTOPHIX y4aCTBYET HECKOJIBKO MO-
JIEKYJI, KOHIIEHTpaluu OepyTCs C COOTBETCTBYIOIIUM MOKa3aTEIeM
CTEIICHH, T.€. I peaKIuu, 3alMCaHHOM B 001ei hopme:
mA + nB —» qC + pD
KMHETUYECKOE YPaBHEHUE CKOPOCTU UMEET BUI:
v= k CAm 'CBn
[Ipu ucronp30BaHUM B pacyeTax 3aKOHa JEHCTBHUS MaccC Clie-
JyE€T YUUTHIBATD:
1) ecnu B peakiiuu y4acTBYIOT T'a3bl, TO BMECTO KOHIICH-
Tpaluii MCIOIL3YIOT BEJIMYWHBI MaplIHaTbHBIX JaBJICHHUM Ta-
30B;
2) Macchl TBEPABIX BEIIECTB HE BIMSAIOT HA CKOPOCTh XU-

MHYECKOW PEAKIMU U, CJIEA0BATEIIbHO, HE BXOJST B BBIPAXKE-
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HUE€ 3aKOHA JICWCTBUS MAcCC, T.K. pEaKIUs MPOTEKAET JUIIb Ha
MOBEPXHOCTU TBEPJBIX BEHIESCTB (MX KOHIIEHTpALlUM HE U3MeE-
HSIOTCSH).
3aKOH JEUCTBYIOIINX MAaCC CIIPABEJJIMB TOJBKO JJII MPOCTHIX

110 CBOEMY MEXAHU3MY B3aUMOJICUCTBUM.

B XMMH4YECKOW KMHETHUKE PEAKIMM IOJPa3ACIISIIOTCS HA MPO-
CThIC U CJIOXKHbIC. IIpocmule peakyuu ipoTekaroT 6€3 00pa3oBaHUs
MPOMEKYTOUYHBIX COCIMHEHUU (B OJHY CTaIHI0), a CAOMHCHbBIE — C
00pa3oBaHUEM MTPOMEKYTOUHBIX TPOJAYKTOB (B HECKOJIBKO CTagui).
Cpenu nocreoosamenbHbix CTAIANA CIOKHOW PEAKIIMHU BCETIa MMe-
€TCs OJIHA CTaJihsi, CKOPOCTh KOTOPOM MUHUMAJIbHA U OHA JIMMUTH-
pyeT CKOPOCTh PEAKIUU B eaoM. Takasd craaus Ha3bIBACTCS JAUMU-
mupyrowet cmaoueti CI0XKHON XUMHUYECKOU peakuuu. Maremartu-
YECKOE BBIPAKCHUE 3aKOHA JEHCTBUS MacC, 3alIMCAHHOE JJIsl CAMOM
MEJIJICHHOU (Tumumupyroweti) CTaauyu mpoiiecca, MOXeT ObITh MPHU-

MCHCHO OTHOBPCMCHHO U KO BCceU peakuunu B LCJIOM.

MoJ1eKyJISPHOCTH U MOPAAOK XUMHUYECKOU peakunu

B xuMu4eckoi KMHETUKE BCE B3aMMOJCHCTBUS KJacCUDUITHU-
PYIOT WJIY MO TMPU3HAKY MOJIEKYJAPHOCTH, WM 10 MPU3HAKY TTOPSI/I-
Ka peakuun. Moaekyaaphocms PEAKIUN OMPEACTICTCS YUCIOM
MOJIEKYJI, OTHOBPEMEHHBIM B3aUMOJEUCTBUEM KOTOPBIX OCYIIECTB-
JII€TCSL aKT XUMUYECKOro npeBpaiieHus. [lo atomy npusHaky peax-
WU JIEJATCS HAa OJHO -, JIByX- W TPEXMOJIEKYJISIPHBIE.

K monomonexynapuvim (0qHOMOJICKYISIPHBIM) PpPEaKIUSIM

OTHOCAT pPEaKIuu, B KOTOPBIX B AJIEMEHTAPHOM aKT€ B3aHMOJICUCT-
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BUSI yYaCTBYET OJHA MOJIeKyJa. K HUM OTHOCAT peakiuu pas3noxe-
HUSI U1 BHYTPUMOJICKYJIAPHBIE MEPErPYNITUPOBKHU, HAIPUMED, JTHAC-
comuanus razooopasnoro moxa: I, — 21 wnm pacnan quazomerana:

CH3— N=N- CH3—) C2H6 + N2
KuHeTHueckoe ypaBHEHHE JUIS TaKUX peakiuii umeeT Bua: v = KC,

K oumonexkynapnoim peakiysiMm OTHOCSIT PEAKIIMU, B KOTOPBIX
B 2JIEMEHTAPHOM aKT€ B3aUMOJICCTBUS YUYACTBYIOT JIB€ MOJICKYJIbI.
Hamnpumep, obpazoBanue ioauctoro Bogopoaa H, + 1, — 2HI
Kunetnueckoe ypaBHEHHE ISl TAKUX PEAKIIUN UMEET BUJL:

U = kC1C2.

K mpumonexynapunvim peakuusiMm OTHOCIT peakiMd, B KOTO-
PBIX B BJIEMEHTAPHOM aKT€ B3aUMOJICUCTBUS YYACTBYIOT TPU MOJIE-
KYJIBl OJTHOTO WJIM PAa3JWYHBIX BUJIOB BeHIeCTBA. YacTO HM3y4CHHUE
TAKOI'0 TUIMAa PEaKlMil MPOBOAATCS B Ta30BOM (aze, HapUMeEp, pe-
aKIuu ¢ yuyactueM okcupa azota (11):

2 NO + 02 —> 2N02
2 NO + Cl, —» 2NOCI.
OTmeuaercsi, 4TO TPUMOJEKYJSIPHBIC PEAaKIUU BCTpEUa-
FOTCSI CPABHUTEIIBHO PEIIKO, YACTO MPOTEKAHUE TAKUX PEaKIUu Je-
JAT HA MPOMEXKYTOUYHBIE CTauU, U3y4dasl CKOPOCTh PEAKIINU JINMU-
TUpyole craauu. Peakuuu ¢ 0ojiee BHICOKOW MOJIEKYJISIPHOCTBIO
HEU3BECTHBI.
Ilopsaook peakyuu ONpenensieTcss 3aBUCUMOCTBIO CKOPO-

CTH PEaKIMHU OT KOHIICHTPALUU KAXKJOTO U3 MCXOJIHBIX BEIIECTB B
YCJIOBUSX MOCTOSIHCTBA TEMIEPATypbl U MOXKET ObITh YCTaHOBJICH

9KCNepuUMeHmanbHo, O0BIYHO epaghuueckum memooom (CM. HUXKE).
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OKCNEPUMEHTAIIBHO TTOJYYEHHBIE 3aBUCUMOCTH IIO3BOJIAIOT 3aIu-
cCaTb KHWHETUYECKUE YpaBHEHUS peakuuu. BuJl KUHETHYECKOrO
YPaBHEHUS U ONPEAEIAECT MOPAJOK PEAaKUUU: OH PABEH CymMme no-
Kazameneu cmenenel KOHLECHTPAUN B 3 TOM KUHETUYECKOM ypaB-
HCHUU.

JIJIsi KHHETHYECKOI'0 ypaBHEHUs 00IIero Bujga v = K Ca" -Cg"
MOPAJIOK PEAKIIUU PaBEH CyMMe M +N.

KaxnoMmy Tuiy peakinuid COOTBETCTBYET CBOE€ KMHETHYECKOE
ypaBHeHHE. OUeHb OOJIBIIIOE YHUCIIO PEaKIMil UMEET HYJIEBOMU, Mep-
BBIM WJIM BTOPOM TMOPSJIOK PEAKIIUH.

Ecnu peakuusi uMeeTr Hysesoli MOPSAO0K MO KaKOMY-HUOYIb
peareHTy, TO U3MEHEHUE €r0 KOHIEHTPAIlMH HE OKA3bIBACT BIUSHUE
HAa CKOPOCTh PEaKUMHU N0 TE€X IOp, IMOKA HE U3PACXOAYETCS BECH
ATOT PEareHr.

B peakuusax HyneBOro mopsaka CKOPOCTh PEAaKIHUU OCTACTCS
MOCTOSIHHOU. ['paduk 3KCIepUMEHTaNIBHBIX AaHHBIX ISl TaAKOW pe-
aKIMu B KoopauHaTax V(CKOpOCTh) — C(KOHIIEHTpAIMs) MPEICcTaB-

JSeT TPAMYIO JTUHUIO, TTapaJIIEIBLHYI0 OCH adciucc (puc.2-a).
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C. MoJIB/11 C. MOJIB/JI C., MOJIB/TI

Puc.2 3aBucumocts ckopocTH (V) oT koHueHTpanuu (C) B peakusax
HyJeBOTO (a), mepBoro (6) u BToporo (B) mopsiaka
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Ecnu peakuuss uMeeT nepBbId NMOPSJOK MO HEKOTOPOMY pea-
IEHTY, TO €€ CKOPOCTb MPsIMO MPOMOPIIMOHATbHA KOHIEHTPAIIMU
ATOTO BEIIECTBA: MPHU YABOCHUM €T0 KOHICHTpAIUS yABAaUBACTCS U
CKOpOCTb peakuuu U T.1. Ha rpaduke nponopioHaIbHOCTh CKOPO-
CTU Y KOHIEHTpAIIMU PEaKIMU MEPBOTO MOpPsJIKa MOKa3aHa Ha puC.
2-0.

B peaknusx, mopsgoK KOTOPBIX OOJIbIIIE €TUHUIIBI, MEXKIY U U
C HaOmomaeTcs SKCIOHEHIIMaIbHas 3aBUCUMOCTD (puc. 2-B). Ecnu
peakiysi UMEET BTOPOM MOPSJIOK MO KaKOMY-JIU0O peareHry, To yi-
BOCHHE €0 KOHICHTPALINU IPUBOUT K BO3PACTAHUIO CKOPOCTH 2° =
4 pa3a, a Ipu yBEJIMUCHUHU KOHIIEHTPAIIMU B TPU pa3a CKOPOCTb BO3-
pacTaeT B 32=9 pas.

Kazanoch Obl, MOPAIOK peaKIMU JIETKO MOYKHO ONIPEAEIIUTh 10
BUJIYy CTEXHOMETPUUECKOTO ypaBHEHUS. OMBIT MOKa3bIBAET, YTO IMO-
PANIOK, 10 KOTOPOMY MPOTEKAET pPeakiihs BO BPEMEHH, 4acTO HE
COBIAJAET C MOPSIAKOM, OMPEACNISIEMBIM MO CTEXHMOMETPUUECKOMY
YPaBHEHUIO, T.€. OPSIOK PEaKlUd HE BCETJa COBIA/IAET C €€ MOJIe-
KYJISIpHOCTBIO. {11 mpocmuix peaxkyuii 4acTHBIE TIOPSIKHU IO pac-
yeTaM 4acTO COBMAJAOT CO CTEXHMOMETPUUECKUMHU KO3 duiireHTa-
MU TIepe]l peareHTaMu B XMMHYECKOM YpPaBHEHHMH pPEaKIMH, a 00-
U TOPSAJIOK ISl TAKOM PEeaKlMyu paBeH cyMMe Kod3(P(UIIUMEHTOB B
JICBOM YaCTH YPABHEHUS PEAKIIUMU.

Hnst cnoscnoit peakyuu OO KUHETUYECKUN TIOPSIAOK HE
COBIaiaeT ¢ koddduimenTamu mepes peareHTaMM, 4acTo OH COB-
najaeT ¢ MOPSAIKOM €€ aumumupyrowiei ctaguu. Horaa nmopsaok

pPEeaKIy BBIpaKaeTcCs HE IIEJIbIM, a IPOOHBIM YnCIIOM. Peakiiust Mo-
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XKET OBbITh OUMOJICKYJISIPHOM, HO MPOTEKaTh IO KUHETHUYECKOMY
YPaBHEHUIO PEAKIIMU MIEPBOTO MOPSIAKA U T.II.

[IpyurHa HecoBHa[eHUS TMOPSJAKA PEAKIMU U MOJEKYJSIPHO-
CTU OOBACHSET, Mo4yeMy Mo Kod(DuUIMEHTaM peakiuu OOBIYHO
HEJb3sl YCTAHOBUTH YpaBHEHHE CKOPOCTU PEaKIMU, TaK KaK CTe-
XMOMETPUUYECKOE YpPaBHEHUSI PEaKIIMU OMMUCHIBAECT IMPOLIECC B IIe-
JIOM, HE OTIpEeNIeIIsisi MEXaHU3Ma PeaKIui — XapakTep €€ MPOTEeKaHUs
BO BpEMEHU. Y PaBHEHHUE CKOPOCTH PEAKIIMH 3aBUCHUT HE OT BCEH pe-
aKIMU B I1I€JIOM, @ OTHOCHUTEJIBHBIX CKOPOCTEH €€ 3JIEMEHTaApPHBIX
ctaguid. [Ipu ycTaHOBIEHUM MEXaHU3Ma XMMHYECKOM PEaKI[uu CHa-
yaja SKCIEPUMEHTAIbHO OMNPEACIISIIOT €€ YpaBHEHHE CKOPOCTH, a
3aTeM MOCTYJUPYIOT OJHY WM HECKOJIbKO 3JIEMEHTAPHBIX PEaKIUi,
KOTOpPBIE YIOBJIETBOPSIOT HAWJEHHOMY YPaBHEHHUIO U JIPYTHUM 3KC-
MEepUMEHTAIbHBIM (hakTaM. DKCIIEPUMEHTAIBHOE YPaBHEHHUE CKOPO-
CTH pEaKIIMU BCErJa BKJIIOYAET TOJHKO TE€ BEIIECTBA, KOTOPHIC MPHU-
CYTCTBYIOT B U3MEPUMBIX KOHIICHTPAIIHSIX.

PaccMoTpuM B KauecTBe MpUMepa CICAYIONTYIO 3a7auy.

Ycnoeue 3a0auu: nns HEKOTOPOU TMIOTETUYECKON PEAKIIAN
A + B — C, u3zMepena HayaipHasg CKOPOCTb IPU HECKOJBKUX HC-

XOJHBIX KOHIIeHTpalusaX A u B. JlaHHbIe 3aHECEHBI B TAOJIHITY.

No KOHIEHTpanus A | KOHIeHTpanus B HaydajbHas
OTbITa Ca, MOJIB/JT Cg, MOJIB/TI CKOPOCTh

U, MOJIB/TI - CEK

1 0,100 0,100 40-107

2 0,100 0,200 40-107
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3 0,200 0,100 16,0 - 10

OnpenenuTh MO 3TUM JIaHHBIM: @) YPaBHEHHE CKOPOCTH peak-
11y, 0) 3HaYEHHWE KOHCTAHTBI CKOPOCTH, B) CKOPOCTh PEAaKIMU MPU
C4 = 0,05 mons/n u Cg = 0,100 Mmonb/m.

Pewienue. a) CpaBHEHHE TTOTYYEHHBIX PE3YIbTATOB ISl OTIbI-
TOB | 1 2 mOKa3bIBAET, UTO KOHIIEHTpAIIUs peareHTa B He BiuseT Ha
CKOpPOCTb peakiiuu (CKOPOCTh OCTajach TaKOM ke, Kak B OmbITe 1
npu Cg = 0,100 monsw/a, Tak 1 B onbite 2 nipu Cg = 0,200 Mob/11),
nops100K peakyuu Mo peareHTy B — Hynesou. CpaBHEHUE MOJIyUYECH-
HBIX pE3yJIbTATOB ISl ONMBITOB 1 M 3 MOKa3bIBAET, YTO YJIBOCHUE
KOHIICHTpAIlUM peareHTa A NMpUBOAUT K BO3PACTaHUIO CKOPOCTHU B 4
pasa, T.e. CKOPOCTb PEaKLH MporopLuonatsa Ca° UMEeT 6mopoi
nOps100K TIO peareHTy A, oOIIni MOPSI0K PEeaKIuU TakKe BTOPOM (2
+ 0 = 2) noanoe ypasnenue ckopocmu peaxyuu:. v = K Ca’ -Cpl=
Ca’

0) Jlns Berunciaenus (K), MCHOIB3Yys BBIYMCIICHHOE B IPEIIbI-
IyIIeM yHKTE YpaBHEHHE CKOpOCTH: U = K Ca%, HAXOLHM:

k=0/Ca® =4,0- 107 monb/1 - cex/(0,100 moms/n)” = 4,0 - 10
3 /Monb-cex

B) YCTaHOBHUB, UTO MOPSAAOK PEAKIMKU BTOPOU IO peareHry A u
HYJIEBOM MO peareHTy B, a ypaBHEHHE CKOPOCTH pPEaKIIMU UMEET
BeIpaxkeHne: U = KCa°, HETPYIHO PACCUUTATH 3HAYCHHE CKOPOCTH
peaKkuy Npyu KOHLEHTpAIUU

A = 0,05 monw/n, ucmonw3dys 3HadeHue K = 4,0 - 1072
J1/MOJIb-CEK

CxopocTh peakiiuu paBHa:
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v=k Ca%=4,0- 10 w/™monb-cex - (0,05 mons/m)* = 1- 107
MOJIB/J-CeK (0Opamume 6HUMAaHUe, YTO YMEHBIIIEHUE KOHIIEHTpa-
uu pearenta A B a8a pasa (ot 0,100 mo 0,05 mosb/i) mpuBesno K
YMEHBIICHUIO cKopocTH B 4 paza (ot 4,0 - 10 go 1- 107
MOJIB/JI-CEK), KaK M CJICIOBAJIO OKHUJIaTh OT YCTAHOBJIECHHOTO ypaB-
HEHHSI CKOPOCTH peakiui: U = K Cp?).

Konnenrpanus peareHta B He BIuseT Ha CKOPOCTh PEaKIINH,
TaK KaK peakIys UMeeT HyJEBOU MOPSJIOK IO TOMY peareHTy, IIo-
TOMY TPOBOJMTH PacyeThl M0 peareHTy B HeT HeoO0XoauMocTH,
HY’KHO JIMIIb, YTOOBI peareHT B mprCcyTCTBOBA B CHCTEME U pearu-

pOBaJI ¢ peareHToM A.

Bausinue TeMnepaTtypbl Ha CKOPOCTh XUMHY€CKOI peak-
1107001
CKOpPOCTH  XMMHUUYECKHUX PEaKIMi TMOBBIMIAIOTCS C POCTOM
Temrepatypsl. B ypaBHeHmn ckopocTtu peakiuu: v = K Ca-Cp
BIIMSTHUE TEMIIEPATYPhl CKa3bIBACTCS HA BEIMUMHE KOHCTAHTHI CKO-
poctu peakiuu K. C Bo3pacTaHHeM TEMIIEPaTyphl pacTeT BEIUYHMHA
K, cienoBaTenbHO, YBEIUUYMBACTCS M caMa CKOPOCTh PeaKIuu. 3a-
BUCUMOCTb CKOPOCTH pEaKIIMM OT TEeMIIepaTyphl OIpeaeseTcs
npasuwiomMm Bautr-TI'opda (1884 r.), cornmacHo kotopomy npu no-
eébluieHuU memnepamypsl Ha Kaxcowvle 10 zpadycoe ckopocmov xu-
Muueckou peakuyuu eozpacmaem 6 2-4 pasa.
MaremaTuuecKy 3Ta 3aBUCUMOCTh BBIPAKAETCSI OTHOIICHUEM

-t
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TJIC U1 U U, - CKOPOCTH peakuuy npu HadanbHoi (f;) 1 KoHedHOH(t) )
TeMIIepaTypax;

Y- memnepamypHulil KoIppguyuenm peaxyuu, NOKA3bIBAIO-
UM, BO CKOJIBKO pa3 BO3PACTaeT CKOPOCTh PEAKIIUH NP YBEIHYC-
HUM TEeMIIEpaTypbl peakiuu Ha 10 rpaaycoB, T.c. U3MEHSETCS B WH-
TepBaJie 3HaUCHU 2 - 4.

TemmepaTypa yBeIMYUBAET KOHCTAHTY CKOPOCTH peakiuu K.
Ecin 0003HAYWTh KOHCTAHTY CKOPOCTH JIAHHOM PEaKIUU MPH TEM-
neparype tuepe3 ki, a nmpu temneparype (t+10) gepes Ky1g, TO OT-

nomenue (Kiy1o/ki) 1 ectb memnepamypnonii kosppuyuenm cxopo-

k
cmu peakyuu vy :‘k;“’(y u3Mensiercst ot 2 1o 4) . CoryacHO npaBu-

ny Baut-T'odpda temneparypubiii K0O3QQGUIIMEHT CKOPOCTH PEAKIIUU
YOI KOKJIOW XMMUYECKOW PEaKIMU JOKEH ObITh BEJIMYUHOW TO-
CTOSIHHOW. B JeHCTBUTENHHOCTH TPHU MOBBIILIEHUH TEMIIEPATYpPhI
MPOUCXOJUT €ro U3MEHEHHUE, Mo3TomMy npaBuiio Baut-I'odda Hocut
OPUEHTUPOBOYHBIN XapaKkTep U CIEAyeT NPUMEHATh €ro B CPaBHU-
TEJIBHO Y3KUX MHTEpBAJIaX TEMIIEPATYP.

Jlnst 6ojiee TOUHOM 3aBUCUMOCTH KOHCTaHTBI CKOPOCTH peak-
WA OT TEMIEpaTypbl HCIOJIB3YIOT ypaBHEHHE AppeHuyca. Appe-
HUYCOM OBbIJIO OOpallleHO BHHMaHHWE Ha TO OOCTOSITEIHCTBO, UTO
BO3pAaCTaHHE CKOPOCTH OOJBIIMHCTBA PEAKUHUM MPU TMOBBIIICHUU
TEMIIEpaTypbl MPOUCXOJUT HEJIMHEHMHO, OH YCTAHOBWJI, YTO KOH-
CTaHTa CKOPOCTH PEAKLUHU MOJUUHAETCS YPAaBHEHHUIO:

_Ea
k = Ae RT
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rre K — KoHcTaHTa CKOPOCTH PEaKIuy;

A — nocTosHHas, HE 3aBUCALIAsl OT TEMIIEPATyphbl BEITUYNHA,

€ - OCHOBaHUE HATypajbHbIX Jiorapudmos (e = 2,71828); Ea—
IHEPrUs aKkTUBalMu; R — razoBas OCTOsIHHAS

Bennunna A Ha3bIBaeTCA cmepuyecKkum MHOdiCUmenem, CBs-
3aHa C YaCTOTOM MOJEKYJISIPHBIX CTOJKHOBEHUN U BEPOSTHOCTHIO
TOTO, YTO OPHUEHTAIUsI MOJIEKYJI SIBJISIETCA OJaronpuUsTHON ISl pe-
akuuu. CoriacHoO meopuu akmugayuu B XUMUYECKOE B3aUMOJICH-
CTBHE BCTYHAIOT TOJIbKO AKTHUBHBIE MOJEKYJbl (YacCTHIIbI), T.€. T€
YaCTHUIbl, KOTOPbIE 00JIaIal0T YHEPTUEH, TOCTATOYHOMN AJI OcylIe-
CTBJIEHUA AaHHOU peakuuu. [lepenaya sHeprum NpoucxXoAUT B pe-
3yJbTaTE CTOJIKHOBEHUHN MEXy MojekyjaaMu. JItoO0yt0 HEaKTUBHYIO
YaCTHUILy MOXHO CJIeJIaTh aKTUBHOM, COOOIIUB €l JOTIOJHUTEIbHYIO
DHEPruu. DTOT MPOLIECC HA3BIBACTCS aKTUBALMEW. DHepauro, Komo-
DPYIO HYIHCHO COOOWUMb MOLEKYAAM (Yacmuyam) peazupyroumux ee-
wecms, umobvl npespamums Ux 6 aKmuenvie ,m.e. CNOCOOHble K
83AUMOOEUCEUIO, HA3bIBATOM IHEPUEl AKMUBAUUU.

Basicneiimue cnocoowvt akmueayuu eeujecme:.

. pacTBOpeHuEe (peke IUIaBJICHUE, BO3TOHKA); Kak

U3BECTHO, OOJIBIIMHCTBO TBEPJBIX BEUIECTB HE B3aUMOJICUCT-

BYIOT B CYXOM BHJI€ U aKTUBHO B3aMMOJIEUCTBYIOT B PacTBO-

pax (pacmuiaBax, ra3oBoil ¢ase);

. u3MeNbueHUe; 0c00eHHO 3¢ (eKTHBHA TaK Ha3bI-
BaeMasi MEXaHOXMMHUYECKas aKTUBALMS, T.€. H3MEIbUYCHUE

BC€IIECTB B CIICHHUAJIBbHBIX KOJIJIOMJAHBIX MCJIbBHHUIIAX

J ocBelleHue (st GOTOUYBCTBUTEILHBIX BEILIECTB);
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o TeMmImeparypa.

BennurHa sHEpruM akTUBAIUM OMPEISIISIOTCS OIBITHBIM ITY-
TeMm, obo3Havaercs E,, BeipakaeTcs B k/[>x/monb. Ee BenmuunHa 3a-
BUCHUT OT HPHUPOALl PEArMPYIOIIUX YaCTHI[ M SBIISICTCS XapaKTepH-
CTUKOM peakiuu. UToObl 1Ba peareHTa (Hanpumep, A u B), oOpazo-
By npoaykT peakiuu (C + D), oHM TOJKHBI IIPEOI0IETh dHEPIe-
Thueckuii Oapbep AB™*, Ha mpeooneHue Takoro 6aprepa 3arpadu-
BaeTCsl sHeprus aktupanuu E,. IMEHHO Ha ATy BEJIUYUHY BO3pac-
TaeT PHEPrus CUCTEMBI B 1ej0M. Bee pearupyroiue 4acTuilsl B Ta-
KOM CHCTEeME HaXOJATCS B OCOOOM COCTOSIHHH, KOTOPOE IIPHUHSITO
Ha3bIBATb NEPEXOOHbLIM COCMOAHUEM WA COCMOSHUEM AKMUBHO20
Komniaexkca. B cucteMe yxe HET UCXOIHBIX PEareHTOB, HO €lle He
00pa3oBaIMCh MPOTYKThI PEAKIIUH.

DHeprus akTuBaluu E, — 0JIMH U3 OCHOBHBIX MTapaMeTPOB, KO-
TOPBIM XapaKTEPU3yeT CKOPOCTh XMMUUECKON peakiuu |, KaK yxkKe

OBLIO OTMCYCHO, 3aBUCHUT OT IIPUPOAbI PCArUPYIOIINX COGI[HHGHHﬁ.

AKTHUBHPOBAHHBIN
KoMmIuiekc A...B*

DHEprus

Puc.3. U3mMenenue sHeprun
pearupyroumen CMeCH JJs
AK30TEPMHUYECKON PEaKLIUU

Teuenue peakuuu
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YeM OouibIlie HEPrus aKTUBAIUM, TE€M MEHbIIE (IIpU MPOIUX
PaBHBIX YCIOBUAX) CKOPOCTh PEAKIIMH.
Bemnunna E, XuMHU4eCKOU pEaKIMU JIETKO paCCUUTHIBACTCS 110
ypaBHEHHIO AppeHuyca, €CJIM W3BECTHBI 3HAUYCHUS KOHCTAHT CKO-

poCTel Mpu pa3HbIX TEMIIEpaTypax.

lgk= IgA Ea_
9= AT S5 RT

A — TIOCTOSIHHAS, HE 3aBUCSAIAS OT TEMIIEPATyphl BEIIU-
yuHa, npu Ea = 0, Benmnunna A = K (KOHCTaHTE CKOPOCTH pEaKIuu);
Ea — sHeprus aktuBaumu; R — razoBas mocTosiHHas, (OHa paBHa

8,314 x/>x/monb-K), T — abcomoTHas Temmeparypa.

KoHTpoJ1b YCBOCHUSA TeMBbI

1. TTo xkakOMy NpHU3HAKY PEAKIHNU MOAPA3AECISAOTCS HA TOMO-
TE€HHbIEC U TeTeporennbie? [IpuBenuTe nmpumepsl.

2. Kakue peakuuy Ha3bpIBarOTCs clokHbIMH? Kakas crtamus
MHOTOCTaQAUMHOW CI0KHOW PEAKIINU ABISECTCS JIUMUTHPYIOIIECH?

3. JlaliTe onpeeIeHUEe CKOPOCTH XMMHUYECKON PEAKITUH.

[Tepeuncnute (GakTOPHI, BIUSIONIME HA CKOPOCTh PEAKIINH.

4. ChopMynupoBaTh M 3alucaTh B MaTeMaTHYECKOM BHJIE
npasuio Bant-I'odda.

5. Uro mompaszyMeBaroT moja mnopsakoM peaknuu? Kak ero
MOKHO OIPEACIUTH?

6. KakoB u3nueckuii CMbICI KOHCTAHTBhl CKOPOCTU XUMHYE-

ckoit peakruu K? Ot kakux ¢akropos 3aBucUT K?
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7. OKUCIIEHME aMMHUAKa UAET MO YPABHEHUIO!

NH; ) + 50,1 = 4N,Ory + HoOry
3anucaTh MaT€MaTHYECKOE BBIPAXKEHHUE 3aBUCUMOCTH CKOPO-
CTH 3TOM PEAKIIUU OT KOHLEHTPALUN PEArUPYIOIINX BELIECTB.

8. IIpu yBennueHun TeMneparypsl Ha 80° CKOPOCTb pEaKLUU
Bo3pociia B 256 pas. Paccuurath TemmepaTypHbi Kod(]duimeHt
CKOPOCTH JTaHHOW XMMHWYECKOU PEaAKIUU

9. Hanucath KHHETUYECKHUE YPABHEHHUS I CIEAYIOUIUX pe-
aKIWH:

a) 2COy + Oy 1y—=2C0;5¢y  6) CHy (1 + 20, () =>CO; 1y + 2H20(; B)
CaCOs() — CaO(y) + COyy ) Cip) T COypy — 2COy

Kakue u3 BbIIENIEPEUNCIIEHHBIX PEAKIIAN TOMOTEHHBIE, KAKUE
— TETEPOTrCHHBIC?

10. Koncranra ckopoctu peakiuu A + 2B — AB, paBhHa
2 - 10 * 1/Monb-cex; ONPENECTUTh CKOPOCTh PEAKIINU B HAYAIbHBIN
MOMEHT, €CJIM KOHIIEHTPAIUA BEIIECTBA A, paBHAsA KOHIIEHTPALUU
BeniectBa B, cocrtapnsier 0,4 MOJIB/JI; ONIPENECIUTh CKOPOCTh Yepe3
HEKOTOpOe Bpemsi t, eclii K 3TOMYy BpeMeHH oOpa3oBaioch 0,1
Moub/1 AB,.

11. Kunernueckoe ypaBHEHUE XHUMHUYECKOW PEAKIIMUA HMEET
BUaA U =k - Cp- Cg. Kak H3MEHHUTCS CKOPOCTh PEaKlMH IpPH yBe-
JIMYECHUM KOHIIEHTpalui BemecTB A u B B 2 paza? M3menurcs im
IIPY 3TOM KOHCTaHTa CKOPOCTH PEAKINU?

12. Kak u3MEHUTCSI CKOPOCTh PEAKIIUU

2NO @+ Oy y— 2 NOy(p), ecnn:

a) YBEJIMYUTH JIaBJICHUE B CUCTEME B 2 pa3a;
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0) YMEHBIIUTh O0BEM CUCTEMBI B 2 pasa;
B) MoBbICUTH KoHIIeHTpaluo NO B 2 pa3sa;

I') MOBBICUTH KOHIIeHTpaluio O, B 2 pa3a?
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FaaBa 5. XHUMHYECKOE paBHOBeCHE

ITonsiTHE XUMHYECKOI'O PaBHOBECHUSA

Peakuuu, KOTOpble MPOTEKAIOT B OJHOM HAMNPABJIECHUH MO
MOJIHOTO MPEBPAILIECHUS] UCXOIHBIX BEIIECTB B MPOIYKTHI PEAKIIUHU,
Ha3bIBAIOTCA XUMUYECKU HeoOpamumbimu. 1Ipu 3TOM TeopeTnye-
CKasi BO3MOXXHOCTh MPOTEKAHUsI 0OOpaTHOTO Mpoliecca, XapaKkTepHas
JUTST BCEX pPEaKlUi, B Cllydae XHMHUYECKH HEOOpaTUMBIX pPEaKIHii
CBOJUTCS K MUHUMYMY. DTO MPOUCXOIUT, €CIIM MPOTEKAHUE PEaAK-
IIMA COTIPOBOXKJAETCS yIaJeHUEM BeIIecTBa M3 cepbl peakiuu B
BUJIE MAIOPACMEOPUMO20 UIU MATOOUCCOYUUPYIOU{e20 BEIECTBA,
eaza WM BBIACIECHUEM 00.1bUl020 Koaudecmea sHepauu. Bo Becex
OCTaJIbHBIX CIIy4asiX PEaKIHUH SIBIAIOTCS XUMUYECKU OOpaTUMBIMH.

Xumuuecku o0pamumpimu Ha3bIBAIOTCS PEAKLIUH, KOTOPBIE,
HayMHAas MPOTEKATh B OJHOM HAIPABJICHUH, 3aTEM IMPOTEKAIOT B
000OUX HaNpaBJICHUSIX.

[Ipu mporexkanuu JrOOOTO0 OOPAaTUMOTO MpOIEcca HACTYIAET
0co00€ COCTOSIHHE, KOTOPOE HA3bhIBACTCSI XMUMHUYECKUM PaBHOBECHU-
eM.

XuMHYecKoe paBHOBeCHEe - 3TO TAKOE TEPMOJUHAMHUYECKOE
COCTOSIHUE CHUCTEMBI, KOTOPO€ HACTYIMAET MPU MPOTEKAaHUU 00pa-
MuUMpIX TPOLECCOB U XapPAKTEPU3YETCS OOUHAKOBOU CKOPOCHbBIO
MPOTEKAHUS KaK NPAMOIL, TAK U 0OpamHoul peakiuu

Konyenmpayuu peazupyrowux sewecms, xomopwle yCmaHag-
JIUBAIOMCSL NPU XUMUYUECKOM PABHOBECUU, HA3bIBAIOM PAGHOGECHDbI-

mu. Takue KOHOCHTPAIWH IIPUHATO 3aKJIK04YaTb B KBaJAPaTHLBIC

ckoOku: [l5], [Hy], [HI] B oTnuuue ot nepasrosecnvix konyenmpa-
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yutl, obo3Hauyaembix Cy, uam C(HI).

Ha cocTosiHre XMMHYECKOT0 PAaBHOBECHUS OKa3bIBAIOT BIIUSHUC
KOHIICHTPAIIMK PEarnupyromnux BEIIeCTB, TEMIIepaTypa; s ra3o00-
Pa3HBIX BEIECTB - JaBJICHUE.

V3MeHEeHHEe OJTHOTO M3 3THUX IapaMeTPOB HapyIlaeT pPaBHOBE-
CHe, T.C. YBEIIMUUBAET CKOPOCTH MPSIMOT0 WJIK 0OpaTHOTO IpoIiecca,
a 9TO MPUBOJIUT K M3MCHCHHMIO PAaBHOBECHBIX KOHIICHTPAIIMHA BCEX
pearupyronmx BemecTB. Uepe3 Kakoe-TO BpeMs HACTYIHT HOBOC
paBHOBECHE C HOBHIMH PaBHOBECHBIMH KOHIICHTpAIlUSIMH pearu-
PYIOIIMX BEIIECTB, OTIIMYHBIX OT IPEKHUX. Tako#l mepexoj oT 00-
HO20 PABHOBECHO20 COCMOSHUS K OPY2OMY PABHOBECHOM) COCHOSL-
HUO HA3BIBACTCS CMeu|eHUueM Uil CO8U2OM XUMHUUIECKOTO paBHOBE-
cHsl.

s xumuueckoi peakiuu: |, + Hy 2 2HI

CkopocTh npssMoit peakiuu vy (oopasoBanue HI)

CkopocTh 00paTHOM peakiuu v, (pasznoxenue Hl)

v, = Ki[H][l2], (kK- xoHCTaHTa CKOPOCTH pEaKIum)

vy = Ko[HIT%;
IIpu vy =vy, Ki[Ho][l2] = k2[HI]2 Hin %:[Hlj]l“z]

ki m K, 1 maHHOW peakIuu Mmpu OJHON M TOW Ke TeMItepa-
Type SBJSIOTCS BEIWYMHAMHU TOCTOSHHBIMHM H, CJICIOBATEIbHO, WX

OTHOIIIEHHE OYAET BEITUYNHON TOCTOSHHOM.

KoHcTaHTa XMMHY€CKOI0 PaBHOBECHUA

_ [HIP

A : =
O0o03HaYUM Ky yepes K, Toraa ypaBHeHnue npumet Bul: K [Ho1[15]

B 00m1eM Buje Ajisi 0OpaTUMON peakiuu
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mA+nB S pC + gD

_ [T’ [OT
™ (A [B]"

K
Kpapn (KOHCTAHTAa paBHOBECHS) IIOKa3bIBAET OTHOLIEHHE
CKOPOCTH MPSIMON PeaKIUM K CKOPOCTH 0OpaTHOM peakiuu, B aToM
(bU3NYECKUI CMBICT KOHCTAHThI PABHOBECHS.
Kpasn 3aBHUCHUT OT TeMmmepaTypsl, (T.K. K3 1 K 3aBHCAT OT t°),
OT MPUPOJIBl pEarupyroNX BEMIECTB, HO HE 3aBUCUT OT UX KOHIICH-
TpaIUH.
KoHcTanTa paBHOBECHsI — Ba)kKHasl XapaKTEPUCTHKA PEAKIIMU.
[To ee 3HAYEHHUIO MOKHO CYJUTh O HAMPABICHUU MPOTECKAHUS pEaK-
AW TPU HUCXOJHOM COOTHOUICHUH KOHIEHTPAlUM pPEArupyrommx

BCIICCTB, O MAKCUMAJIbHO BO3MO’KHOM BbIXOJC IIPOAYKTOB PCAKIINN

B TCX WJIN UHBIX YCJIIOBUAX.

CMe]_[IEHI/Ie XMMHYECCKOI'0O paBHOBECHUA

CocTosiHME XHUMHYECKOr0 paBHOBECHUsI 0€3 M3MEHEHHUS YCJo-
BUH COXPAHSETCS JJIMTEIbHOE BpeMs. OUECHUTHh BIUSHUE HW3MEHE-
HUS YCJIOBHH, T.e. ()aKTOPOB, BJIUSIOIMIMX HAa COCTOSIHME pPaBHOBE-
CUsl, MOXHO C IOMOIIbIO NPUHIMIA CMEIIEHUS MOABUKHOIO
paBHoBecus (npunyuna Jle-Illamenve- Bpayna).

Ecnu na cucmemy, Haxo0auwyroca 6 COCMOAHUU ROOBUNCHO-
20 paeHoeecusl, 6030€lUCmME08amsb U36HE, UBMEHAA KAKOe-TUu00 U3
ycnoeuil, OnpeoeAuwUx COCMoaHue paeHoeecusl, mo 6 cucmeme
ycuaumesa HanpaeieHue npouecca (npamoe uau oopamuoe), Ko-

mopoe ocnaonaem Iphexm eHeutHe20 6030eUCmBUsl.
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Konkpernzanus npunuuna Jle-1llarense:

% BJHMSIHHE TeMIePaTypbl: IPU TOBBIIICHUN TEMIIC-
paTyphl YBEIUYUBAECTCS CKOPOCTh SHIOTEPMUUECKON PEaKInu,
U PaBHOBECHE CMECTUTCS B TOM >K€ HANpPaBJICHUM; MIPU MOHU-
YKEHUM TEMIIepaTypbl pABHOBECUE CMEIIAETCS B HANPABJICHUU
AK30TEPMUYECKON PEAKIINY;

%  BJMsSIHME JaBJeHHMs (TOJBKO JJII CHCTEM C yda-
CTHEM Ta30B): IIPU MOBBIIICHUH JIaBJICHUS YCUIUBACTCS TO Ha-
npaBjeHUE Mpolecca, MPU KOTOPOM O00pa3yeTcsi MEHbIIHUE
00beMBbI (KOJIMYECTBA) Ta3000pa3HbIX BEIIECTB; MPU MOHUMKE-
HUU JaBJICHUS PAaBHOBECHUE CMEIAETCS B HAMpaBJICHUU O0Opa-
30BaHUs OOJBIIUX 00HEMOB (KOJIMYECTB) Fa30B;

%  BJHsSIHME KOHUEHTPauWil pearupymomux Be-
IIECTB: YBEJIWYECHHE KOHIIEHTPAIMU KaKoro-jiuOo BEIIeCTBa,
YYaCTBYIOLIETO0 B PEaKlMM, CMEIIAET PaBHOBECHE B TOM Ha-
IpaBJEHUHU, B KOTOPOM 3TO BELIECTBO PACXOyeTcs; U Ha000-
pPOT, YMEHBIIIEHUE KOHIICHTPAIIUU BEIIECTBa yCHUJIMBAET Ha-
paBJieHUE MPOIIECCa, B KOTOPOM BELIECTBO 00pa3yeTcs.

OrneHKa BAMSHUS pa3InyHX (PAaKTOPOB HA XMMHUYECKOE PaBHO-

BCCUC MOJKCT BBIIOJHATHCA KAaK HAa Ka4YCCTBCHHOM YPOBHC C HUC-

nojib3oBanueMm mnpuHnumna Jle-lllarense, Tak W ¢ npuBIEeYECHUEM

pacyeTHBIX (HOpPMYIL.

Ipumep. Paccuurars, Kak U3MEHUTCSI CKOPOCTh MIPSIMOU U

0oOpaTHOM peaknuii, MPOTEKAIOIINX 110 YPABHEHHIO:

2802 ras + Ozrag : 2803ra3
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IIPY YBEJIMYCHHU JABJICHUS B JIBa pa3a?’
Pemenue: CKOpocTh MPSMOM peakiuu: Uy = kl[SOg]2 [O,],
oOpaTtHOl peakuuu: vy = K, [803]2
YBenuueHue JaBieHUs B 2 paza MPUBEIACT K YMEHBIICHUIO
o0bema B 2 pasza U, KaK pe3ysibTaT, K YBEJIMYCHUIO KOHIIEHTPALNU
BEIIECTB B 2 pasa.
Torna, CKOpOCTh NMPSIMOMN peaAKIHU: 'y = k1[2-802]2 [2-0,],
CKOPOCTh OOpaTHOM pEeaKIUU: v'5 = Ky [2 -SO3]°
N3MeneHue ckopocTed mpsiMOM M 00paTHOM peakiuii Oyner

KaK OTHOIICHUC:

V_'l |2802! |202| V’2 k2 2803 _
L [SOF [0,] ~ “k, [SO5)° ~ 4

CkopocCTh NpsIMON peakiuy yBEIUUYUIIach B 8 pa3, oOpaTHOU —

B 4 pa3za, paBHOBECHE CMECTHUTCSI B CTOPOHY 0OpazoBanus SOs.
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KOHTpOJIb YCBOCHUA TEMBbI

1. JaTte onpenenenre oOpaTuMoi U HeoOpaTuMoii peakiuu. B
KaKOM CJTy4yae peakiiys SBISETCS MPaKTUYECKH HEoOpaTUMOn?

2. Yto Ha3pIBaeTCSI XMMUYECKUM paBHOBecuem? llouemy OHO
Ha3bIBaeTcs TUHaMUdeckuM? Kakue KOHILIEHTpalMyu pearupyronmx
BEILIECTB HA3bIBAIOT PABHOBECHBIMHU?

3. UTo Ha3bIBalOT KOHCTAHTOM XUMUYECKOTO paBHOBeCcH:? Kak
3aBHUCHUT OHA OT MPUPOJbl PEATHPYIOMINX BEIIECTB, X KOHIIEHTpa-
IIMU, TeMIIepaTyphl, naBieHus? KakoBbl 0COOCHHOCTH MaTeMaTHYe-
CKOW 3aIllyCH i1 KOHCTAHThl PABHOBECHSI B T€TEPOTCHHBIX CHUCTE-
Max?

4. Kak noBnusier yBeJIMUYEHHE JIaBJI€HUS HAa paBHOBecHUE oOpa-
tuMoi peakiuu Fe,03 (k) + 3CO(r) S 2Fe(x)+ 3 CO, ? Hanucats
BBIPAXKEHHE JIJISI KOHCTAHThI PABHOBECUSI JAHHOW PEaKIIHH.

5. Kak moBiusieT MOBBIICHHE TEMIEpaTypbl HA PAaBHOBECHUE
obopatumoii peakiuu CaCOs3 (k) S CaO(x) +CO; (r); AH®° = 171,4
KJ1x.

6. Chopmymnupyiire npunnumn Jle-lllarense. O0bsicHUTE, B Ka-
KOM HaIpaBJICHUU CMECTUTCSA PABHOBECHUE B CUCTEME

2SOZra3 + OZra3 S 2803ra3 ; AHO <0

a) MPU yBEJIUUYCHUHU TEMIIEPaTyPhI; 0) TIpy yMEHBIIICHUHU
JIaBJICHUS; B) IpY YMEHbBIIIEHUH KOHIIeHTparuu SO,.

7. O00CHYWTE, B KAKOM HaIlpaBJICHUN CMECTUTCSI PaBHOBECHE

B cucteme CO,,, + HyOry 5 COoay + Hopy ;' AH’< 0

a) IpY YBEJIMYEHUHU JaBJieHUus;  0) MpU YMEHBIIICHUH TeMIepaTy-
pBIL; B) Ipu yBeInueHuu KoHreHtpauuu CO,.
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Iaasa 6. PacTBOpbI

6.1.2JIeKTPOJUTHYECKAS TUCCOIUALUA KHUCJIOT,
OCHOBAHMI M COJIEH B BOJAHBIX pacTBOpax

Kiaaccupukanuss TUCnepCcHbIX CUCTEM

B npupoje u TeXHUKE MIUPOKO PaCIpPOCTPAHEHbI AUCIIEPCHbBIC
cucteMbl. JlucrepcHble CUCTEMBI — (PU3UKO-XUMHUYECKUE CHCTEMBI,
COCTOSIIME U3 MEJIKOpa3apoOICHHBIX YacTull (aucnepcHas ¢asa),
KOTOpBIE paclpe/iesieHbl B OKpYKarolieh cpeae (aucnepcuoHHast
cpena) — rase, *KHJIKOCTH WM TBEPJOM TEJIC B BHJIE MEIKUX YACTHI]
(aTOMOB, HOHOB, KPUCTAILIOB, YaCTUL[ aMOP(PHOTO CTPOCHUSI, Kare-
JIEK WM My3bIpbKOB). K AUCHIEpCHBIM CHCTEMaM OTHOCSITCS CYCIEH-
3UM, 3MYJIbCUU, TYMaHbl, JbIMBI, MEHbI. Paznuyator 9 TUNOB auc-
nepcHbIx cucteM. Hanbolibiliee 3Hau€HHE UMEIOT TUCTIEPCHBIE CUC-
TEMBI C KHUIKOU TUCTIEPCUOHHOU CPEIOH.

B 3aBUCMMOCTH OT CTENEHU pa3ipOoOICHUS JUCTIEPCHOM (ha3bl
pazInyaroT rpyoOAUCIEPCHBIE CHUCTEMBI, KOJUIOUJHBIE PACTBOPHI
(KOJUIOUTHBIE CUCTEMBI) U UICTUHHBIE PACTBOPHI.

Hcmunnvie pacmeopwt - pa3Mepbl 4acTUI TUCTIEPCHOM (a3bl
(aTOMBI, MOJIEKYJIbI, HOHBI) HUKE 1 HM;

Konnouonwie cucmemut (Ko110u0Hble pACmEOpbl) — PAa3MEPHI
meepovix YacTull aucrepcHoi gaszel ot 1 HM 10 100 HM

I'pybooucnepcuvie cucmemsl (CyCIICH3UM W SMYJIBCUH) —
pa3Mepbl yacTull aucnepcHoit ¢a3pl Buime 100 HM. DTH cUcTEeMBbI
HEOJHOPOJIHBI U HEMpo3pauHbl. HEoTHOPOAHOCTh BUJIHA HEBOOPY-

YKEHHBIM TJIa30M (HampuMep, IIMHA B BOJIE - CYCIIEH3Us, MOJIOKO -
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AMYJIBCHUS).

Kosutouanble cucTeMbl Ha3bIBAIOT 30JAMH. 301 001aJaf0T
PSJIOM CIEIM(PUUESCKUX CBOMCTB, KOTOPHIE MOJAPOOHO M3Y4YaeT KOJi-
aouonas xumuss. OIHAM W3 BaXKHBIX CBOMCTB 30JICH SIBISETCS TO,
YTO UX YACTUILIBI UMEIOT IJCKTPUUECKHUE 3apsabl OJTHOTO 3HaKa. bia-
rojapsi ’TOMy OHHM HE COCJUHSIOTCS B 00Jie€ KPYIHBIC YACTHUIbI U
HEe ocaxkmaroTcs. s ocakaeHus 301 HEOOXOAUMO, YTOOBI €TI0
YaCTHUIIBl COCAMHUIUCH B OoJiee KpymHble arperatbl. CoequHEHUE
4yacTull B 0oJiee KpPYMHBIE arperatbl HA3bIBACTCS Koazyaauueil, a
OCaXXJCHHE MX MOJ BIUSHUEM CHUJIbI TSXKECTH — ceouMeHmauuell.
OOBIYHO KOAryysius MPOUCXOJUT B IMpoliecce MPpUOaBICHUU K 30-
JIO:

o CHWJIBHOT'O 3JICKTPOJINTA

o OPYroro 30Jis, YaCTUIbl KOTOPOTO UMEIOT MPOTH-
BOIIOJIOKHBIN 3apsi]

o IIPU HAarpEBaHUH.

3HaueHUE 30JI€H UCKIIIOUUTENIFHO BEJIMKO, TaK Kak OHU OoJiee
pACIPOCTPAHEHBI, YEM UCTHUHHBIE PACTBOPHIL. [IpoToruiazMa >KuBBIX
KJIETOK, KPOBb, COKM PACTEHUU — BCE ITO CJIOXKHBIE 30J4. MHOTO
30JIEW B TIOYBE, U OHUM MMEIOT BAXKHOE 3HAYCHUE I €€ IUI0I0PO-
JIUS.

NcTuHHBIE pacTBOPBI TMPEACTABISAIOT COO0N 2omozeHHblIe
CHUCTEMBI, TJIE PACTBOPEHHOE BEIIECTBO HAXOIUTCS B PACTBOPUTEIIEC
B BHJIE aTOMOB, MOJICKYJI MJIM HOHOB. TakuM 00pa3oM, B UCTUHHBIX
pacTBOpax OTCYTCTBYIOT IMOBEPXHOCTH paszjiena ¢ha3, OHU OJTHOPOI-

HBI IO COCTaBY.
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[To arperaTHOMYy COCTOSIHUIO PACTBOPBI MOT'YT OBITh JHCUOKUMU
(Hampumep, MOpcKas BojJa), 2azoobpasuvimu (HaIpUMEpP, BO3IYX)

U meepobimu (MHOTHE CILUIABbl METAJIIOB).

IIpupoaa npoueccoB pacTBOPEHUA

OOpazoBanue pacTBOpa SIBISETCS  CIOXHBIM  (PU3HKO-
XUMUYECKUM MponieccoM. Ilpoyecc pacmeopenus ece20a conposo-
aHcoaemcs y8enuueHuemM dHMponuU cucmemvl; Tpu 0Opa30BaHUU
pPacTBOPOB YacCTO MMEET MECTO BbIACICHHUE JIMOO MOTJIONIEHUE TeTl-
70Thl. MicTopruecku CIOXUIUCH ABA MOAX0Aa K 00pa30BaHUIO pac-
TBOPOB — (pU3nUecKasi TEOpUsi, OCHOBBI KOTOPOW OBUIN 3aJI0KEHBI B
XIX Beke, 1 XMMHUYECKasi, OJJTHAM M3 OCHOBOIIOJIOKHUKOB KOTOPOH
obu1 .. MenneneeB. Quzuueckas meopus pacTBOPOB paccMaTpH-
BACT MPOLIECC PACTBOPEHUS KAK PACIPEAECICHUE YaCTULl PACTBOPEH-
HOTO BEILIECTBA MEK/y YACTULIAMHU PACTBOPUTENS, MPEANIONaras oT-
CYTCTBUE KaKOT0-11M00 B3aUMOACHCTBUS MEXay HUMU. EAMHCTBEH-
HOW JABWXKYIIEW CUJIIOM TAKOTO MPOILECCa SIBJISIETCS YBEIMYEHUE DH-
Tponuu cuctembl AS; Kakue-Tu0o TEIIoBble WM OOBEMHBIE (-
dekThl TIpu pactBopeHun OTcyTcTBYIOT (AH =0, AV =0; Takue
pacTBOpHI MPUHATO HA3bIBaTh WICAIBHBIMM). Xumuueckas meopus
pPacTBOPOB paccMaTPHUBAET MPOLIECC PACTBOPEHUS KaK 0Opa3oBaHUE
CMECH HEYCTOMYMBBIX XUMHUYECKUX COCIMHEHUW MEPEMEHHOIO CO-
CTaBa, COIPOBOXKIAIOIIEECS TEIIOBBIM 3P(HEKTOM U YMEHBIIIEHUEM
oO0bemMa CUCTEeMBbI (KOHTPAKIIUEH), YTO YaCTO MPHUBOIUT K PE3KOMY
W3MEHEHUIO CBOMCTB PAacTBOPEHHOro BeniectBa. Hampumep, pac-

TBOopeHue OecieTHOrO cyiabdara Mmeaun CuSO, B Bojie MPUBOAUT K
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00pa30BaHUIO OKpPAIIEHHOTO PacTBOpa, U3 KOTOPOTO BBIJECIAETCS
rosiyooit kpuctamoruapatr CuSO,4 5H,0. Obpa3zoBaHue Takux co-
€IMHEHUI MO3BOJIAET 00CYXJAaTh aHAJIOTHI0 PACTBOPOB C XUMHUYE-
CKUMH coeuHeHusAMU. COBpEeMEHHAs TEPMOJIMHAMHUKA PACTBOPOB
OCHOBAaHAa HA CUHTE3€ 3TUX JABYX IOJIXOJIOB.

ITpu pacTBOpEHNN TPOUCXOAUT U3MEHEHUE CBOVWCTB U PACTBO-
pUTENIsA, U PACTBOPEHHOT'O BEIIECTBA, UTO OOYCIIOBJICHO B3aUMO/IC-
CTBHEM YaCTHUIl MEXIY COOOM IO pa3IMuHbIM TUIIAM B3aUMOJCHCT-
Busi: Ban-nep-BaanbcoBoro (Bo Bcex Clly4asx), HOH-AUIOILHOTO (B
pacTBOpax 3JEKTPOJUTOB B MOJISIPHBIX PACTBOPUTEIISIX), crieluu-
YECKUX B3aUMOJIEUCTBUM (00pa3oBaHuE BOJOPOIHBIX MU UHBIX J10-
HOPHO - aKIENTOPHBIX CBA3CH). YUeT BCEX 3THUX B3aUMOJCHUCTBUU
MPEJICTaBIISIET COOOM OUEHB CIOXKHYIO 3a/1a4y.

Kak mnpaBusio, oOpa3zoBaHue pacTBOPOB OMPEACISIETCA Clie-
TYIOIIUM YCIOBUEM: CHJIBI TPUTSIKEHUSI MEK]TY YaCTUI[AMH PACTBO-
PEHHOTO BEINIECTBA U PACTBOPHUTEIISI COMOCTABUMBI MO BEJIUYHMHE C
CUJIaMU TIPUTSIKECHUS MEXIYy CaMUMHM YacCTHUI[AMH PACTBOPEHHOIO

BCIICCTBA UJIK MCKAY CAMHUMHU YaCTHUIIAMU PACTBOPUTCIIA.
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Hanpumep, nonnoe coequnenne NaCl yerko pactBopseTcst B
8 +
O 5~ WOH - JIUMOJIbHBIC
5 CHUJIbI IDUTSKEHUS

BOJC.

+

Na__--O\H8+ G H;0 >(Na) - OH, D

Kpucramn NaCl

BzanmopeinicTBue Mexay
monekynamu H,O u no-
mamu Na“ u CI™ B NaCl

I'mpparuposannsie nousl Na' n Cl™

Korga kpucrann NaCl momemaior B BOJy, MOJIEKYJIbI BOIbI
OPUEHTHUPYIOTCS OMPENIEICHHBIM 00pa3oM Ha €ro MOBEPXHOCTU
Boja — nonsipHblil pacTBOPUTENIb, T.K. XUMUYECKasl CBA3b B MOJIEKY-
Je BOJbI KOBaJIEHTHAs MOJsipHas, yroa mexnay cBazsmu O - H co-

0
ctaBisgeT 104,5". Monekyay BOABl MOXHO H300pa3uTh B BHUJIE JU-

— JJUIMICA C 3apslaMH Ha €ro KOH1ax. [10JI0KUATEbHBIN KO-
Hell IUMOJIST MOJIEKYJIBI BOJIBI OPUEHTUPYETCS K OJIMbKaiilieMy HOHY
Cl™, a oTpunatenbHbIN KOHEI JUTIOJS MOJIEKYJIbI BOJBI OPUEHTUPY-
ercst B HarpasjaeHuu nona Na'. VOH - TUIONBHBIE CUJIBI IPUTSIKE-

s Mexay uwoHamu Na™ u ClI” u MonekynamMu BOIBI JOCTATOYHO
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BEJIUKHU, YTOOBI CJBUHYTH 3TU MOHBI U3 MOJIOKEHUHN, 3aHUMAaEMbIX
MMM B KpUCTaJUIE. Jlerye n3 KpucTtajuia yJIaJIsiFOTCS MOHBI, pacIo-
JIO’KEHHBIC Ha pedpe KpucTasia.

Kax Tonbko uonsl Na" u Cl” ypansrorcs U3 Kpucraiia, uxX OK-
pyKarT MOJIEKYJIbI BoJbl. [Ipoliecc B3auMoAencTBUSL paCTBOPUTENS
Y PacTBOPEHHOrO BEIIECTBA HAa3bIBAETCA coveamayuel. Eciu pac-
TBOPUTEIIEM CIYKHT 600d, BMECTO COJIbBATAIIMU HCIOIb3yETCS
TEPMUH 2UOpamayusi.

IIpu pactBOpeHUH coyiel B BOJE IMPOMCXOAAT JIBa Mpoluecca:
IHOOmMepMUYeCcKuil, CBI3aHHBIN C pa3pyuteHuem Kpucmaiiuieckou
peuwiemKku, U IK3omepmuyeckuil, oOyCIOBICHHBIN 63aumooeiicm-
sueM pacmeopeHHo20 eewecmea u 600bl ¢ 00pa30BaHUEM THJIpa-
TOB. B 3aBHCHUMOCTH OT TOTr0, KaKOW M3 3TUX IMPOIIECCOB Mpeodiaga-
€T, PHTaJIbIUs pacTBOpeHuss AH MOXeT ObITh WJIM MOJIOKUTEIBHON
(?HAOTEpPMHUYECKOE PACTBOPEHHE), WM OTPULIATEIHHON (IK30TEp-
MHYECKOE PACTBOPEHHUE).

Konuuecmeo mennomsi, noenowarowetics (8vioensiouielics)
npu pacmeopeHuu 00H020 MOJISl 8euecmed, HA3bl8Aemcs Menio-
moil pacmeopenHus 0anHo20 Geujecmada.

Ecnu sHeprusa paspylleHus KPUCTAUIMYECKOM PELIETKH
MEHBIIIE SHEPTrUM THApPATALNU PACTBOPEHHOIO BEIIECTBA, TO pac-
TBOPEHHUE UAET C BBIJCICHUEM TEIUIOTHL. Tak, pactBopenue NaOH —
sk3oTepMuueckuid mponecc (AH < 0): Ha pazpyllieHue KpUCTAILIU-
yeckoi pemérku Tpaturcs 884 kJIk/MoJb, a Ipu 00pa3OBaHUH
THAPATHPOBAHHEIX MOHOB Na' n OH’ BBIIeNsAeTCS COOTBETCTBEHHO

422 n 510 x/Dx/Monb. CienoBaTelbHO, AHOpaCTB. = — 48
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kJ>x/monb. Jlngs KOH AHopaCTB. = — 55,65 x/[x/mMorb).

PactBopenue B Bojae Hutpata ammonust (NH4NOj3) npencras-
JseT coboi suporepmuyeckuil npouecc (A H > 0). Pe3yapTupyro-
masi TEeIjioTa pacTBOPEHUsS HUTpaTa aMMOHMSI OTpUIlATEIbHAS:
SHEPrusl pa3pylIeHUs KPUCTAUIMUECKON PEIICTKU BhIIIE, YEM DHEP-
r'Usl TUApPATALAN: AHOpaCTB.(N H;NO3) = 26,48 kJI>x/MO7Ib.

OKCINEPUMEHTAIIBHOE OIPENICICHUE TEIJIOThl PACTBOPEHUS
MPOBOMST B MpuUOOpax, Ha3bIBaeMbIX Kasopumerpamu. CBeICHUS O
PacCTBOPUMOCTH TBEPIBIX TEN IEIMKOM OCHOBAaHbI Ha OMBITHBIX
JTAHHBIX.

[Ipu pacTBOpeHHMHM BeEHIECTBA BCErja MOATBEPKIAECTCS TOT
(daKT, 9TO OOIBIITON IKIOTEPMUUECKUM BKJIAJl B MPOIIECC PACTBOPE-
HUS OOYCIIOBJIEH MPUTSHKCHHEM MEXIy HOHAMH PAacTBOPEHHOTO
BEIIECTBA M MOJIEKYJIaMU PAcCTBOPHUTENSI — TaK Ha3bIBaGMbBIU COJlb-
8amayuUoOHHblU 6K1AO0.

Ot10 no3BoJsieT moHATh, moyemy NaCl He pacTBopsieTcs B He-
TOJISIPHBIX PACTBOPUTEIIAX, HapuMep, OeH3uHe. MOJeKyJbl yrie-
BOJIOPOJIOB, U3 KOTOPBIX COCTOUT OEH3MH, MOTYT B3aUMOJICHCTBO-
BaTh ¢ noHamu Na" u Cl™ juiub B pesyinbTare BOSHUKHOBEHHS Clia-
OBIX CHJI THIIA WOH - UHAYIIUPOBAHHBIM MOH, KOTOPHIE HEIOCTATOU-
HBI JIJI1 KOMIICHCAITUN CHJI B3aMMOJICHCTBUS MEXy HOHAMH B KPH-
cTajlIe.

Takoe ke paccyXJIeHHE MTO3BOJISIET MOHATh, IOUYEeMY MOJIsIpHAs
XKUJKOCTb HE CMEIIUBACTCS C HEMOJISIPHOM KUJKOCTHIO, HAITPUMED,
c 6enzonom. Csa3b O - H B MoJiekyliax BOJIbl OUY€Hb MOJIApHAs U3-3a

OOJIBIION Pa3HOCTH B BEJIMYMHAX OTHOCUTEIHHOM SJIEKTPOOTpHIIA-
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TEJILHOCTH aTOMOB, BXOSIIMX B €€ cocTaB. Kpome Toro, Mexmay
MOJIEKyJaMH BOJIbl CYIIIECTBYET OCOOBIN BUJI MEXKMOJEKYISIPHOIO
B3aMMOJICHCTBUSI — BOJOPOJHBIE CBSI3U, 3TH CBS3HM JOBOJILHO MPOY-
Hble. YTOOBI MOJICKYJIBI BOJbI MOTJIM PACIPEACIUTHCS MEXKIY MOJIe-
KyJIaM{d HEHOJIIPHBIMM MOJIeKyJlaMHu O€H30J1a, HYXKHO pPa3pyILIUTh
9TU BoJlopoaHbie cBsa3u. Cuibl nmputsokenuss H,O — 6eHzon ciabee,
YeM BOJIOPOJIHBIE CBSI3U, W HE KOMIICHCHUPYIOT CUJIbI MPUTSKEHUS
H,0 - H,O B cTpyKType BOABI. DT JOBOJbBI OOBSICHSIOT, B OIIPEIe-
JIEHHOM Mepe, HECMEIIMBAeMOCTh BOJIBI M OCH301a.

JIBa HEMOJIIPHBIX PACTBOPHUTENS, HAIPUMEP, YETHIPEXXJIOPHU-
CTBIM yIJIEpPOJl M TMeKCaH, CMEIIMBAIOTCS JAPYT C JIPYTOM B JIOOBIX
COOTHOIICHUAX. Pacmeopenue — camonpous8onbHblll Npoyecc u
00J1JiceH npomexamsv ¢ yMeHbuieHuem sHepeuu cucmemol. CHUIBI
MPUTSKEHUST MEKY MOJIEKYJIAaMHA  YETBIPEXXJIOPHUCTOTO yIyiepoaa
U TeKCaHa OTHOCAT K TUIMY (JOHAOHCKHMX) AUCIEPCUOHHBIX CHUII, U
3TU CWJIbl PUMEPHO COMOCTABUMBI MEXAy coboi. [Ipu cMmemenuun
YETRIPEXXJIOPUCTOTO YIJIEpPOJIa U TeKcaHa oOpasyeTcsi pacTBOp,
SHEPrusi KOTOPOro MPAKTUUECKH HE M3MEHWJIACh MO CPABHEHUIO C
VCXOJIHBIMU BelllecTBaMU. Ecii SHEprusi cuCTeMbl HE MEHSETCS, a
PacTBOPEHHE MPOTEKAET, TO ITOT MPOIECC OOBSICHAIOT TEM, 4YTO 00-
pa3oBaHUE pacTBOpPA MPOUCXOJUT B PE3YJIbTATE MOBBIMICHUS Xa0-
TUYHOCTH (OecTopsiiKa) CUCTEMBI, T.€. YBEJIMYCHUS SHTPOIHHU CHC-
TEMBL.

C npyroi CTOpPOHBI, MOJSPHBIC KUIKOCTH JIErYe CMEIINBAIOT-
Cid C TOJSPHBIMU PACTBOPUTEISAMH, HAMpPUMEp, allETOH C BOJOU

CMCIINBACTCA BO BCCX OTHOILICHUAX.
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OOpazoBaHre BOJIOPOJHBIX CBSI3€H MEXIYy PacTBOPEHHBIM
BEIIECTBOM M PACTBOPHUTEJIEM IOBBIIIACT UX B3aUMHYIO PaCTBOPH-
MocTh. Hampumep, Boga M 3TaHOJI HEOTPAHWMYECHHO CMEIIMBAIOTCS
JIpyT ¢ ApyromM. MoseKylbl ciupTa 00pa3yroT BOJOPOIHBIE CBI3H C
MOJIeKyJIaMH BOJBI TaK € JErko, Kak U Jpyr ¢ apyrom. O0Opa3oBa-
HHUE BOJOPOJHBIX CBSI3€M YPABHUBACT MEXMOJICKYJISIPHBIC CHIIbI
B3aNMOJCUCTBUSL MEXKIAY MOJIEKYJIAMU PACTBOPEHHOTO BEIIECTBA,
MEXIY MOJIEKYJIAMU PACTBOPUTEIIS, MEXKY MOJIEKYyJaMH PacTBO-
PEHHOTO BENIECTBA W MOJIEKyJIaMH pactBoputens. [Ipu cmemenun
ATHUX BEHIECTB B OKPYXKEHHUU KaXKJOW MOJIEKYJbl HE MPOUCXOIUT
CEepPbE3HBIX U3MCHEHUM M OIPEACIISIONIMM 3HaUYeHHEM B 00pa3oBa-
HAW TOMOTE€HHOTO PacTBOpa CTAHOBUTCA ITOBBIIIEHUE HEYMHOPSIO0-
YEeHHOCTHU CUCTEMEL.

PacTBOoprMOCTh CIIUPTOB B BOJAE C YBEJIMYEHHEM YHCIA aTO-
MOB yIJ€poja B LENU YMEHbIIAETCS. Y BEIIMYEHUE ITTUHBI YIIIEPOI-
HOU LIENW B COMPTE aBTOMAaTU4ecKu yMeHbiaet Bkiag OH — rpyn-
bl B MOJICKYJIE COUPTA, YMEHbIIAsl YHUCIO BOJIOPOJHBIX CBSI3EU C
BOJIOM, U MOJIEKYJIa CIIUPTa CTAHOBUTCS BCE OOJIbIIE MOXOXKEH Ha
YIJIEBOJIOPOA. AHAJIOTUYHBIE PACCYKICHHUS MOXKHO TMPUMEHHUTH K
OOCYXXJICHHIO PACTBOPUMOCTH B BOJIC MHBIX OPTraHUYECKUX COECU-
HEHHWI C MHBIMHU TOJSIPHBIMUA (DYHKIIMOHAIBHBIMU TpynmnamMu (ajib-
JIETUJIbI, KETOHBI, KApOOHOBBIE KUCJIOTHI U JIP.)

C yBeIMYEHHMEM K€ YKClla TUAPOKCUIBHBIX TPYNI B YIJIEPOI-
HOM IIEMH B MOJICKYJI€ TOBBIIIAETCS CIIOCOOHOCTh TaKOW MOJICKYJIBI
K 00pa30BaHHMIO BOJOPOIHBIX CBSI3€M C BOJIOM, a, CJIeIOBATEILHO,

YBEJIMYUBAETCSI PACTBOPUMOCTH (HampuMep, TIIF0K03a XOPOIIIO pac-
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TBOPSIETCS B BOJE — MPHU 17.5° C B 100 M BogBI pactBopseTcsa 83 r
TJTFOKO3BI).

M3ydyeHne B3aMMHON pPacTBOPUMOCTH BEIIECTB, IOJOO0HBIX
00CY>XIaBIIIMMCSI BBIIIIEC, U IIPUBEIO K 00001IeHUIO: "TTOJ00HOE pac-
TBOpsieTCS B 1MOJIOOHOM'" (MOJIIpHBIE PACTBOPUTENIM XOPOIIO pac-

TBOPAIOT HOJIAPHBIC BCHICCTBA U IINIOXO — HCIOJIAPHBIC, U Ha000-

poT).

Teopust 31eKTpOIMTHYECKON AN CCOLMATTUA
BeIlleECTB B BOJHBIX PacTBOpPax

BemectBa mo 3JI€KTPONPOBOJHOCTH HMX BOJHBIX PAaCTBOPOB
NENATCA Ha 3JEKTPOIUTBHI U HEANEKTPOJIUTBL. INEKMpPOoIumsl — ge-
wecmea, 600Hble pPACMEOPbl UIU PACNHIA8bl KOMOPLIX NPOBOOsm
anexkmpudeckuu mox. Teopus 3IEKTPOJUTHYECKON IUCCOLMALUN
pa3paboTaHa MBEACKUM XUMUKOM CBaHTe APPEHHYCOM.

CyTb TEOpHH 3aKITIOYAETCS B CICTYIOLIEM:

. IIPU PACTBOPEHHM DJIEKTPOJIMTHI pacnajaroTcsl Ha
3apsHKCHHBIC YaCTUIIBI (LOHDL);
. NoJ, JAEHUCTBUEM DIJIEKTPUUYECKOTO TOKA MOJIOKHU-

TEJIBHO 3apsKEHHBIC YaCTUIIbI, JABUXKYIIMECS K OTPULIATEIIb-

HOMY JJIEKTPOLY — KaTOdy, Ha3bIBAIOT KAMUOHAMU; OTPULIA-

TEJIbHO 3apsSKEHHbIE YaCTHUIIbI, IBHXKYIIHUECS K IMOJOKUTEIb-

HOMY DJIEKTPOAY — aHOZY, HAa3bIBAIOT AHUOHAMU,;

J IIPOLECC pacmnaza dJIEKTPOJIUTA HA UOHBI IOJ JCH-

CTBUEM TOJISIPHOTO PacTBOpUTENA (BOJIbI) HA3bIBACTCS 2/I€K-

mpoaumu4eckou ouccoyuayueu, 3TOT TPOLECC B TOU WU
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MHON Mepe COMPOBOXAAETCS 00paTUMBIM MPOLIECCOM — aCCO-
nuaiuei (CoeIMHEeHUe HOHOB B MOJieKyJibl). [loaTomy B ypaB-

HEHUAX 3J'I€KTpOJ'II/ITI/I‘IeCKOﬁ JAUCCOIMAllMM, KakK IIpaBUJIO,

CTaBsT 3HAaK oOpatuMocTH (=). B cimydae coenmHeHnit ¢ HOH-

HBIM THUIIOM CBSI3U MPOLIECC AUCCOIUAIIMU HEOOpaTUM.

[To crnocoOGHOCTU 3JEKTPOJUTOB paclagaThCsl HA MOHBI MPU
PacCTBOPEHUH OHU JENATCS Ha CWIbHBIE, CIa0ble U DJICKTPOJIUTHI
cpeaHer cuibl. XOpOIIO JUCCOLUUPYIOT BEIIECTBA C MOHHOM CBS-
3bI0 M MOJIAPHOW KOBAJICHTHOM CBs3b10. [Ipu 3TOM mpornecc nepexo-
Jla KIOHOB B PAacTBOP COIPOBOXKIAETCS MPOLECCOM UX CONbBAMAayuu
(rumparaiuu — B ciiy4ae BOJHBIX PaCTBOPOB).

[Ipu oOpa3oBaHUM COJIbBATOB BBIACISETCS DHEPIHsi, KOTOpas
MOJHOCTBIO WJIM YACTUYHO KOMIIEHCUPYET SHEPTUIO, 3aTPAYCHHYIO
Ha pa3pbIB CBSI3€M B KPUCTAJUIMYECKOM pemieTke. Onpenensromiee
3HAYEHHUE NIPU 3TOM MMEET BEIMYMHA TUDICKTPUYECKON IMPOHUIIAE-
MOCTHA PACTBOPHUTEIIS: 4eM OOJblle 3Ta BEIWYHMHA, TEM OO0JbIIE
COJIbBATUPOBAHHBIX MOHOB B PacTBOPE, a, 3HAYUT, U BBIIIE IHECPIHU
COJIbBATAIMU. JTO MPUBOAUT K OCIA0JICHUIO B3aUMOACHCTBUS MEXK-
1y Pa3HOMMEHHBIMH MOHAMHU, YTO cieayeT u3 popmysl 3akoHa Ky-
JIoHa: €1 €2

i g1’
rae F — criiia B3aumMoaencTBus MExXay 3apsjaMu €; U €p; I — pac-
CTOSIHUE MEXAY ILIEHTPAMH HOHOB; € — JIUAJIEKTPUYECKas MPOHU-
1aeMocTh pactBopuTens. Tak, s Boabl npu 20 °C & = 80, ciefo-
BaTEJIbHO, CUJIa NMPUTSXKEHUST HOHOB B BOJIHOM PAacTBOpPE OCTIa0s-

ercs B 80 pa3s.
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[Ipouiecc 3NMEKTPOJUTUYECKON IUCCOLMAIIMA B BOJHOM pac-
TBOpPE JJII COCAMHECHUN C TUIMMYHON MOHHOM CBS3bIO MOXKET OBITh
3aMuCcaH CIEIYIOINIMM 00pa3oM:

NaCl(xpuct) + (n + m) H,O — Na™ n H,0 + CI"- m H,0

JUTSL COEIMHEHUM C KOBAJIEHTHOM CBS3BIO BJICKTPOJIUTHYECKAS

Jrccolalus ooparuma:
CH3COOH()K) + (n + m) H,O = H20+ + CHgCOO_ - mH,0

HCl(ra3) + (n + m) H,O0 = H,0"+ ClI" - m H,0

I'mppatrupoBaHHBIE MOHBI MOTYT BKJIIOYATh KaK MOCTOSHHOE,
TaK U MEPEMEHHOE YHUCIIO MOJIEKYJ BOJbI. Tak, MOH BOJAOpOJIA H*
oOpa3yeT, KaK MpaBujo, THApPAT MOCTOSHHOTO COCTaBa, BKJIIOYAIO-
N OJTHY MOJIEKYJTY BOJIBI: B JIUTEpAType €ro MpUHSATO U300pakaTh
dopmynoit H30 1 Ha3EIBAIOT HOHOM 2UOPOKCOHUAL.

Kpurepruem cuiibl 3JIEKTPOIUTA SBISIETCS CTENEHb JJIEKTPO-
JUTHYECKON JUCCOIMAIMM 0, TTOKa3bIBaIoIIas, Kakas 4acTb MOJie-
KyJ (MJIM MHBIX CTPYKTYPHBIX YaCTHII) pacnanach Ha HOHBIL. I1o Be-
JIMYMHE CTENICHU JUCCOIMAIIMN BCE BJIEKTPOJIUTHI YCIOBHO AEIAT HA
TPH TPYIINBI — CUJIbHBIC, CJIA0bIC U CPETHEH CHUJIBI.

CUJIBHBIMH SIBJISIFOTCSA 3JIEKTPOJIUTHI, JJIs1 KOTOPBIX CTEIEHb
AIEKTPOJIUTHYECKOW auccoruanuu o B 0,1M BogHOM pacTtBOpE

oonbie 30 %. K suM oTHOCSTCS:

" [MO4YTHU BCC PACTBOPUMBIC B BOJAC COJIN
" MHOI'C MUHCPAJIbHBIC KUCJIOTBI:

HCIO,4, HCIO3;, HMnOy4,HCI, HBr, HJ, H,SO,4, HNO;

" OCHOBAaHMHA, O6pa3OBaHHBIe mMCcJIOYHbIMHU H



112
HIEJT0OYHO3EMEIbHBIMUA METAJUIAMMU:
LiOH, NaOH, KOH, RbOH, CsOH, Ca(OH),, Sr(OH),, Ba(OH),.
CaadbIMHu  SBJISIFOTCS DJICKTPOJIUTHI, JJII KOTOPBIX CTETNCHb
AIEKTPOJIUTHYECKOU aucconmanuu o B 0,1M BogHOM pactBOpe
Menble 3 %. K HuMm otHOCSATCS:
. MOYTH BCE OPraHUYECKUE BENIECTBA-3JICKTPOIUTHI

. HCKOTOPbLIC MUHCPAJIbHBIC KHUCJIOTBI:

H,Si03, H,CO3, H,S, HF, HNO,, HCN, HCIO

= OCHOBaHMS (32 MCKJIIOUCHHEM BBINIIEYKA3aHHBIX), a TaK-
ke NH,OH
u Hzo

JIJIs1 37EKTPONUTOB CPEHEW CHJIBI CTEHEHBb SJICKTPOJIUTHYE-
ckoil quccormanuu o B 0,1M BOJTHOM pacTBOpeE COCTABIAET OT 3 10
30 %. K HuM oTHOCSTCS:

= HEKOTOpble MUHEPaTbHbIe KUCIOTHI: H3POy4, H,SO3

u HekoTopble opranudeckue kuciaorsl: HCOOH, H,C,0,

. HekoTopbie ocHoBauus: Mg(OH)s,.

ITpuMeHUB 3aKOH IEUCTBUS MACC JJISL ITPOLIECCA DIIEKTPOJIUTH-
YECKOM JTUCCOLMAIIMA PACTBOPOB CIAOBIX AJIEKTPOIUTOB B COCTOS-
HUU JUHAMHYECKOTO PAaBHOBECHS, MOXXHO IOJYYUTh BBIPAKCHHUE
ona koncmanmul Oouccoyuauyuu (Kn). OHa paBHa OTHOIICHUIO
MPOM3BEJACHUS] PAaBHOBECHBIX KOHIIEHTpAIlMi MOHOB B PacTBOpPE B
CTEMEHSAX, PaBHBIX HMX CTEXHOMETPUYECKUM Kod(pHUIIMEeHTaM, K
PaBHOBECHOM KOHIICHTPAILIMU HEAUCCOLIMUPOBAHHBIX MOJICKY.I.

Hanpumep, ypaBHEHHE AUCCOLMALIMU CEPOBOJIOPOIHON KH-

o - +
CJIOTBI IO TIEPBOM CTAJIUM UMEET BU: H,S = HS + H".
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Torga COOTBCTCTBYIOIIAA KOHCTAHTAa AMCCOIHAIIMKU CCPOBO-

nopoanoi kuciotel Ka(l), umeeT ciaemyrolnyto 3ammch:
[HST[H']
[H.S]

KoHcTaHTa nuccoumanvu He 3agucum om KOHYEeHmpayuu
pacmeopa 31eKmpoauma, B OTIWYNAE OT CTENEHH JJIEKTPOIUTHYE-
CKOM JHMCCOLMAINY O, U TIO3TOMY SIBJIsieTCA O0Jiee TOUHON XapakTe-
PUCTUKOM CHIIBI JJIEKTpoanTa. Yem MeHblie K, TeM MEHbIIE HOHOB
B pacTBOpe, TeM ciabee d1aeKTpoiuT. B pa3baBieHHBIX pacTBOpax
CUJIBHBIX AJIEKTPOJIMTOB KOHIEHTPALWS HEAUCCOLMUPOBAHHBIX MO-
JIEKyJ1 MPAaKTUYECKH paBHa HyJt0, U Torna Kn yrpaunBaer ¢puzuye-

CKHUU CMBICII.

DJIEKTPOJIUTHYECKAS JUCCOMALUA KUCITIOT, OCHO-
BAHUU, COJIel B BOAHBIX PacTBOpax

1. Kucnomer — amo rnekmpoaumsl, Komopwvie npu Oucco-
uuayuu 6 600HLIX PACMEOPAX 6 Kauecmee KAmuoHoe o0pasyom-
ca monvko uoHwvl 6000poda H' (mounee, uonvt udpoxconus
H;0").

Yuciio nOHOB BOJOPOJIa B MOJIEKYJIE KUCIOTHI OMPEACIISIET €€
OCHOBHOCMb. IJEKTPOIUTHYECKAs AUCCOLMAIUS OAHOOCHOBHOM
KHUCJIOTHI MPOTEKAET B OJIHY CTAJIHIO; HNO; — H"+ NO;~

MHOroOCHOBHBIE KHUCJIOTHI, HaYWHAS C JIBYXOCHOBHBIX KH-
CJIOT, JUCCOLUUPYIOT cTyneH4yaTo (1o craausm). [Ipu sToM kaxmas

CIEIYIOIIAs CTaausl AUCCOLUUALNM MPOTEKAET MEHEE OXOTHO, YeEM
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npeapiayias (3To MOKHO BUJIETh U3 CpaBHEeHMS K1 111 COOTBETCT-

BYIOIIUX cTaauii). Hampumep, quccornuanus CepHUCTON KUCIOTHI:
| crymens:  H,SO3; = H™ + HSO3~
Kn(1)=1,3-10%
Il crymens: HSO3 = H + SO3%
Kn (11)=5,0-10"%
Juccounanus yrojibHOM KHUCIIOTHI TakK€ MPOTEKAeT B JBE
CTaJIUU:
| crymens: H,CO3 = H' + HCO;3
Kn(1)=4,4-107;
Il crymens: HCO; = H' + CO5*
Ka(Il1)=4,7-10""

2. OcHO8aHUA — IIEKMPOSIUMBL, KOMOPblE RPU OUCCOUUAUUU
oOpazylom ¢ Kauecmee AaHUOHOG MOJIbKO 2udpokcuo-uonnvt (OH").
Yucno eudpoxcuo-uonos (OH™) B MoJIeKyJie OCHOBaHMS ONpees-
€T KUCTOMHOCHIb OCHOBAHHSL.

CuibHBIE OCHOBaHMS JAUCCOLUUPYIOT Npakmuyecku Heoopa-
mumo (BCIIEICTBHE HOHHOCTH CBSI3U B KPUCTAIIIE):

KOH — K"+ OH~

MHOTrOKHCIOTHBIE Ca0ble OCHOBAaHHUS JHUCCOIIUHUPYIOT CTY-

neHyaro. Hampumep, a5ekTpoauTiyecKkas JUCCOIUAIUS THIPOKCH-

na ceuHia (1) mporekaer B 1€ cTaguu:

| crynens: Pb(OH), = PbOH" + OH™  Kx (1)=9,6-10%
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Il crymens: PhOH* =Pb?* + OH™ Kz (11)=3,0-10%.

3. Conu — Inekmpoaumesl, KOMopvie NPU OUCCOUUAUUU 00-
pa3ylom KamuoHbl Memannoé u GHUOHbl KUCIOMHBIX 0CHIAMKO8.
B 3aBuCcHMMOCTH OT cOCTaBa COJHU ACISATCS Ha CpeaHHe (HEHTpallb-
HbI€), KUCJIbIe, OCHOBHBIC, JIBOMHBIC M KOMILJIEKCHBIC (CTPOCHHE M
AICKTPOJIMTHYECKAsT AUCCOIMALMSA KOMIIICKCHBIX COJIEH paccMoT-
peHbl B T11.8  «KoMIIIEKCHBIE COSTMHEHHS ).

CpeoHue colli, C yYEeTOM MOHHOCTH CBSI3U B KpHUCTaJUIE, JUC-
COIIMUPYIOT B BOJHOM PACTBOPE MOJHOCMbIO U Heobpamumo ¢ 00-
pa30BaHMEM HMOHOB META/JIOB (MJIM MHBIX KaTHOHOB) M MOHOB KH-
cinotHbIX octatkoB: Na,SO; — 2Na™ + SO,%

OcHosHble conu (CofiepKaT B MOJICKYJIe OJHY WJIM HECKOIBKO
TUAPOKCOTPYIIN) JUCCOIUUPYIOT CTYNEHYATO: BHAYAJIe MPU JUCCO-
IIAAIIMU COJIU HOJIHOCMbIO U TIPAKTUYECKU Heobpamumo 00pa3yroT-
Csl TUIPOKCOKATUOHBI METAJVIOB M KUCJIOTHBIE aHUOHBI, Jlajiee T'v/l-
POKCOKATHUOHBI METAIIJIOB CMYNneHuamo U 0Opamumo pacraaaroTcs

Ha KaTHOHBI MCTAJIJIOB U THAPOKCHUI-UOHDI:
Zn(OH)CI — ZnOH" + CI”
ZnOH® = Zn%* + OH"
Kucnvie conu (cogepxaT B MOJICKYJIC OJMH MJIH HECKOILKO Ka-
THOHOB BOJOPOJIa) TAaKXKE JAUCCOIMHUPYIOT CTYIEHUYAaTO: BHAdalle
IpU JUCCOLMALIMU COJIM HMOJIHOCMbIO U Heobpamumo 00pa3yrTcs

KAaTHUOHBI MCTAJIJIOB U THUAPOAHHUOHBI KUCJIIOTHBIX OCTATKOB, KOTOPLIC

34aTCM cmyneH4anio U 06pamuM0 AUCCOIMUPYIOT HAa KAaTHOHBI BO-
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AopoJa 1 aHMOHBI KHUCJIIOTHBIX OCTATKOB!

KH2PO4 — K++ H2PO4_
H,PO, = H' + HPO,~

HPO,” = H" +PO,%.

BiusiHue pa3aM4HbIX (PAKTOPOB HA CTENEHb JJIeK-

TpOJIHTH‘IeCKOﬁ AUcCconmanmmu

OcCHOBHBIC q)aKTopBI, BJIHUATOIIMEC HA CTCIICHb JJICKTPOJIUTHUYC-

CKOU IUCCOIIHAIINU:

R/
0.0

L)

*

>

L)

npupooa pacmeopsemo2o eeujecmsa (00Cy Aan0Ch BbI-
mie);

npupooa pacmeopumeris: Y€M BBIIIIC BETUYUHA JTHDJICK-
TPUYECKON TPOHUIIAEMOCTH pacTBOpuTens (0Ocyxma-
JIOCh BBIIIE), TeM OOJIbIIIE CTETICHBb JJICKTPOIUTHUCCKOU
JIMCCOITMAIINHA PACTBOPEHHOT'O BEIIICCTBA;

memnepamypa - TPy TTOBBIIIICHUN TEMIIEPATYPhl CTETICHb
AIEKTPOJUTUUSCKON TUCCOIUAIINN CHUIBHBIX DJICKTPOJIH-
TOB , KaK MPaBWJIO, YMEHBIACTCS; Y CIAOBIX MPOXOIUT
gepe3 MaKCUMYM;

KOHYEHMpayus. pacmeopeHHo20 eewjecmed - TIPU pas-
OaBJICHUU pAcTBOpa CTEIEHb JJICKTPOJHMTHUCCKON JHC-
COIMAITMU YBEIIMYMBACTCS BCIICICTBUE YCHJICHUS IIPO-
I[ecca CoTbBaTaIiy HOHOB;

88e0eHlUe 8 PACMBOP UOHOB, OOHOUMEHHBIX C NPOOYKMA-
MU Oouccoyuayuy, yMCHBIIACT CTENCHb JIUCCOIHMAIIN

ANEKTPOJaUTa (B COOTBETCTBUM C HOpUHUUNOM Jle-
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[ITatenwe). Tak, npu BBEICHUU B PACTBOP YKCYCHOM KHU-
ciotel aneraT — noHoB CH3COO  (mpubaBieHueM pac-
TBOpa anerarta HaTpuss CH3;COONa) paBHOBeCcHE MEXTY
HenuccouuupoBanHbiMu MoJiekyiaamu CH3COOH u uno-
Hamu CH3;COO u H+ cmecturcs B cTOpoHy 00Opa3zoBa-
HUSI MOJIEKYJT KUCJIOThI U CTENEHb JUCCOLMAIUA KUCIIO-
Thl YMEHBIIUTCS. AHaIoTUUHBIN 3PEdEeKT aacT u BBele-
HUE B pacTBOp KaTMoHOB H+ (myTem mpubaBieHus pac-

TBOpA CHJIbHOUW KHUCJIOTBHI).

HNonooOMeHHBIE peakunm

VYuuTheiBas, 4TO B PacTBOPE DJIEKTPOJMUTHI HAXOIATCS B BUJIC
VOHOB, TO PEAaKLMU MEXKAY PacTBOPAMHU COJICH, OCHOBAHUU U KHU-
CJIOT — 3TO peaKkuu 0OOMEHa HOHAMHU, T. €. UOHOOOMEHHbIE PeaKyuu.
Peakunu oOMEHa ¢ y4yacTHEM HMOHOB 3JIEKTPOJUTOB MPOTEKAIOT B
HaIpaBJICHUU 00pa30BaHUs CJAOBIX IJEKTPOJUTOB, BblLIAEJICHUS
ra3oB U BbINAJECHUSA 0CAIKOB.

CylecTBYIOT ClIeNyIOIIUE MpaBwia JJisi HAMCAHUSI PEaKIUil
WOHHOTO THUTIA:

° dbopMyIBl MaJIOIUCCOLMUPYIONTUX BEIMIECTB (OCAIKOB,
ra3oB, CJIA0BIX JIEKTPOJIUTOB, KOMIUICKCHBIX HOHOB) 3alIMCHIBAIOT B
MOJIEKYJIIPHOM BUJIE;

o (GhOpMYyJIBI XOPOIIIO JUCCOIUUPYIONIMX BEIIECTB (CHIIb-
HBIE AJIEKTPOJIUTHI) 3aMUCHIBAIOT B HOHHOM BUJIE;

. peakiuu oOMeHa MUIIYTCS B MOJICKYJISIPHOM, MOJIEKY-

JLIPHO-MOHHOM XU MOHHOM BHC.
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Hanpumep, ruapokcup xenesa (III) oOpasyercs B pe3yiabrare
B3aMMO/JICUCTBUS JIOCTATOYHO KOHIICHTPUPOBAHHBIX BOJHBIX pac-
TBOpoB HUTpata xene3a (I1I) u rugpokcuma HaTpus. Moneky-
JISIPHOE YpaBHEHUE PEAKITUU:
Fe(NO3); + 3NaOH = Fe(OH)3| +3 NaNO3
[ToaHOE MOHHO-MOJIEKYJIIPHOE YpPAaBHEHUE PEAKIIUHU:
Fe®* + 3NO;™ + 3Na* + OH™ = Fe(OH)3, +3Na* + 3NO;~
CunbHble 3nekTponuThl — HUTpAT xene3a (III) u rugpoxcun
HaTpus B PacTBOpPE HAXOMSTCS B BUIE MOHOB. [ MAPOKCHUI kele3a
(I11) — cnmabwlii 37ICKTPOIMT, TOITOMY MOHOB JKeje3a M THAPOKCH/I-
HOHOB B PacTBOpE MPAKTUYECKH HE 00pazyercs. CiemoBaTeiabHO,
pearupyroT Mex1y coO0O0M TOIBKO MOHBI Fe** u OH Uckimouns no-
uel Na* 1 NO3 13 00enx yacTeil ypaBHEHHs, [10Jy4aeM COKpaleH-

HOC NOHHOC YPAaBHCHUC!

Fe’* + 30H = Fe(OH)3/

BoaopoaHbii mokasareiib BOAHbIX pacTBopoB pH

Bona — cnalerit amdoTrepHbIil 351eKTPOIUT. MOJIEKyIIbl BOBI
MOTYT KaK OTJaBaTh, TaK M NPUCOEIUHATL KaTHoHbl H' (aBTOMpO-
Tonn3). B pe3ynbrare B3auMOIEUCTBHS MEXKIY MOJIEKYJIAMH B YHC-
TOW BOJAE coaepxarcs, nmoMuMo Moiiekyl H,O, ruapoxcua-noHbI

OH u KaTHOHBI BoJOpoJa Bojgopoaa B Buae HsO" :  H,0 + H,0
= H,0" + OH".
Yacrto 3T0 paBHOBECHE M300pakarOT YIPOUICHHBIM YPaBHEHH-

CM:

H,OS H'+O0H
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Koncranra nqucconmnanuu Boasl mipu 22 °C ©UMeeT 3Ha4YCHUE:
[H]-[OH]
Kn = =1,8-107"° 1
[H;0] (1)
YuuTeiBas, 4To Macca 1 J1 BOAbl NPH yKa3aHHOM TeMIlepaType

coctaBngeT 1000 r (IOTHOCTH paBHA 1) U MpeHeOperas KOHIIEH-
Tpalue AUCCOMPOBAHHBIX MOJIEKYJ BOJABI (BBUY UX Majioil KOH-

I_ICHTpaI_[I/II/I), MOXHO BBIYUCJIIMTH MOJEIPHYKO KOHIOCHTPALIUIO BOJbI

[H20]:

[H,0] = _1000r_ = 55,56 moip

18 r/Monb

[Toncraisis 3To 3HaYeHUE B ypaBHeHue (1), moaydaem:
[H] - [OH]

Kn = =1,8-1071°
55,56 (2)

WIn
[H']:\[OH] = Ku [H,0] = 1,810 - 55,56 = 10™** (mpu 22 °C)
[H']:-[OH ] = KB (Ha3bIBaIOT UOHHBIM NPpOU3EEOEHUEM B0ObL),
OTCrO/1a
KB =Kz [H,0]=1,8-10"° - 55,56 = 10
KB = 10" (mpu 22 °C) 3)

Ntak, kpome koHcTaHThI Auccoranuu (Kma) Boma kak ciaoOblif
AIEKTPOJIUT XapaKTEPU3yEeTCsl MOHHBIM ITpou3BeneHuemM Bo/ibl (KB)

Honnoe npousseoenue 600wt (KB), paBHOE IPOU3BEICHUIO
KOHIICHTpAIlUX KOHOB BOAOPOJIa U THAPOKCHUI-UOHOB, 8eIUYUHA NO-
CMOAHHAA NPU ONPeOesleHHOU memMnepamype.

B 4ncrToi Boie U HEUTPAIBHBIX PACTBOPAX KOHLUEHTPALIUUA HO-

HOB BOJIOpO/ia PaBHA KOHIICHTPAIIMU THIPOKCU-UOHOB:



120
[H]=[OH] =10 "= 10" mons/n.

Cpena, B KOTOpPOW KOHIICHTpAllds HOHOB BOJOpOJa paBHA
KOHIleHTpanuu rugpokcua-nonos [H] = [OHT] , naseiBaerca ueii-
mMpanvbHOu.

Ecimu [H'] > [OH] - cpena kucnas;

eciu [H'] < [OHT] — cpena wenounas.

3Hasi KOHIICHTPAIMIO BOJOPOJHBIX MOHOB, JIETKO BBIYHCIUTH
KOHIICHTPAIIMIO THAPOKCHIbHBIX HOHOB. Hampumep, B 0,01 N pac-
TBOPE COJITHON KHCJIOTHI (CHIIBHBIN 3JIEKTPOJIUT, 0. = 1) KOHIIEHTpa-
U1 BOJOPOJIHBIX MOHOB NMPAKTHYSCKH paBHA KOHIICHTPAIIMH KUCJIO-
161 (HCl= H'+CI"):

[H'] = 0,01 = 102 mos /1. [ToACTABUB 3TO 3HAYCHUE B BBIPa-
xenue (3),

[OH]=10"/10"%= 10" moums /.

CopeprkaHrue KaTHOHOB BOJIOPOJa U THAPOKCH]I-MOHOB BBIpa-
KACTCs TAKXKe Uepe3 8000poousbiil nokazamens pH. UToObl HE orie-
PUPOBATh YHCIAMHU C OTPUIIATEIBHBIM ITOKA3aTelIeM CTEIICHH, YCIIO0-
BUJINCHh BBIPAXATh CPEJy pacTBOpa KaK OTPHUIATCIBHBIA Jorapuhm
KOHIICHTPAIIMS HOHOB BOJIOPOJa B PACTBOPE M HA3BaJId BEJIMUMHY —
8000pooHbLL noxazamenwv (0003Hauaercs PH): pH=—1g[H"]

Pexe ucnonb3yercs

pOH =—Ig[OH ];
pH + pOH = 14 (1151 pa30aBieHHBIX paCTBOPOB)
B uucmoii 600e u neitmpansnvix pacmeopax, xorna KOHIICH-

Tpalu HOHOB BOAOPOJa U THAPOKCHUA-NOHOB PABHLI,

pH=pOH=-1g107"=7.
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IIpu pH < 7 cpena pactBopa Ha3biBaeTCs Kucaou. B KUCIbIX
pacTBOpax KOHIIEHTpAIlUsl KATHOHOB BOJIOpPOAa OOJIbIIE KOHIIEHTpa-
LMY THAPOKCHA-HOHOB U, CIICA0BATEIbHO, Gobire 107 MOIb/I.

IIpu pH > 7 cpena pacTtBopa Ha3bIBaeTCs uierounou (B 1ie-
nounbIX pactBopax [OH—] > [H+], 1. e. Gombire 10" Moub/n).

Jlnst Tou”oro u3mepenusi pH uCnonb3yloT cnenuaibHbie Mpu-
O0opbl — HoHOMEpbl (pH-MeTpbl), JaTyMKaMH B KOTOPBIX CITyKaT
CTEKJISTHHBIE AJIEKTPO/IBI.

st mpubnusutensHoro onpeaenenus pH ciyxkar kuciommo-
OCHOBHblEe UHOUKAMOPbL — 3TO BEILIECTBA, KOTOPHIE U3MEHSIIOT OKpa-
CKy B 3aBucumocTu ot pH pactBopa. Hanbonee pacnpocTpaHeHHbI-
MU WHJIUKATOpaMU SBJISIOTCS JIaKMyC, (DeHOJI(pTaTeuH U METHUIIO-
paHX, OHU BEAYyT ceOsl B pacTBOpE Kak cjadble OpraHuYecKue Ku-
CJIOTHl WU OCHOBaHMs. Tak, JaKMyC MEHSIET OKPAaCcKy OT KpacHOM
no cunerd B untepaie pH 5,0 —8,0; METHUIIOBBIN OpaHKEBBIA — OT
xento 1o kpacHoul npu pH 4,4 —3,1; dbenondranenn — ot Oec-
IIBETHOM 710 MainHOBOW B nHTepBasie pH 8,2 —10,0.

Jlnst ompeneneHusi KUCIOro WM IIEJOYHOrO0 XapakTepa pac-
TBOpa MIUPOKOE PACTIPOCTPAHEHUE MOJIYUUIIU YHUBEPCANbHbLE UHOU-
Kamopwl, IPEJCTABIISIONINE COO0M MPONMUTAHHBIE CIEIUATBHO IO-
TOOpaHHON CMECHIO MHJIUKATOPOB MOJOCKH (DHIBbTPOBAILHON OyMa-
I , KaXJasi U3 KOTOPBIX MEHSIET CBOIO OKPAaCKy B OHPEOeNeHHbLX
unmepeganax 3HadeHu pH cpenbl. YHHUBEpCaIbHBIM HHIUKATOP
MMEET BETHYIO IIKATY; CPABHHUBAS [[BET YHUBEPCAIBLHOI'O MH]IUKA-
TOpa C LUBETHOM LIKAJIOW, MOXXHO YCTaHOBUTH pH 3TOTO pacteopa.

3nas BenuunHy pH wnn pOH, MOXXHO BBIYKCIUTH KOHUEHTPA-
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110 MoHOB Bogopoaa [H'] wmmm ruppoxcun -uonos [OH ] B pac-
TBOpe (IIOMHHUM, 4YTO CPEJy pacTBOpa OOBIYHO BBIPAXKAIOT Yepe3

KOHIIEHTPALUIO BOJAOPOAHBIX HOHOB [H]).

Ipumep 1. Beruucaurs [H'] B pacTBope, ecnmu pH = 5,2.
Pemenne:
Tak kak pH = - Ig [H*], T0
-1g [H*] = 5,2. 3nauur [H]=10°? =1/10°? = 6,3 -10° mons/1
(MOJIB/JT — e AMHUIA U3MEPEHUS MOJISIPHOU KOHIIEHTPAIUH)
OTBeT: KOHIIEHTpalMs HOHOB Bojopona [H'] pasna 6,3 .10®
MOJTB/JT
Ipumep 2. Beruucauts [H'] u [OH ] B pactBope, eciiu pOH = 5,2.
Pemenne:
pH + pOH =14, naxonum 3Hauenue pH, oHO paBHO 14 —
pOH= 14 -5,2 =8,8.
Jlanee Takoe ke pellieHne, Kak U B MpeabIAyIIeM MPUMepE:
pH =-lg [H"], orcrona
-1g[H']=8,8. [H]=10°°=1/10%° = 1,6-10°momns/x.
Ecmu pOH =52, 1o - Ig [OH ] =5,2; [OH]=10"*= 6,3 -10°
MOJIB/JT
OTBeET: KOHIIEHTpAIIMsI HOHOB BOJIOPO/Ia [H] paBHa 1,6-10'9M0nb/n,
a KOHIeHTparst Tuapokcua-nonos [OH ] =6,3 -10° moxs/1
IHpumep 3.
Konnentpanus noHoB Bojopona [H'] B pacteope paBHa
2,3-10°° mounb/n, onpenenuts pH pactBopa.

Peinenue:
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Tax xak pH = - Ig [H'], moacraBnsem npuBeneHHOE 3HAUCHUE
[H'] B ycnoBusix 3agaun. Torma pH = - Ig (2,3-107) = - Ig (0,0023)
= 2,64
Otser: pH pactBopa paseH 2,64.
Konuenmpauuio 1106020 uona 6 pacmeope 3ieKmponuma
BBIUUCIIAIOT 110 hopmyiie: Cy(nona) = Cy(a51€eKTpoaura) - o - N,
rae Cy(noHa) — MosisipHasi KOHIIEHTpalus noHa ( MOJIb/J)
Cum(pIIekTpoanTa) — MOJSpHAs KOHIIGHTpAIUs 2JJeKTposHTa (
MOJTB/JT)
0L — CTETICHb JMCCOIHAIIUH DJICKTPOJIUTA
N — KOJIMYECTBO JAaHHBIX HOHOB, KOTOPOE 00pa3yeTcs MpH JUCCO-
IIHAIUHA OHOW MOJICKYJIBI DJICKTPOJINTA.
Ecnu aekTpoauT oueHb ciadblil, TO 3HaYEHHUE CTETICHH JHC-

colmanuu (o) paBHO

Knucc.

o= \ ma) , Torma Cy(uoHa) = v Cy Knnmcec.

IIpumep 4. Beruuciuts pH 0,001N pactBOopa ruapokcuaa
HaATpHSL.

Pemenue:

NaOH — cumibHBIN 37€KTpOJIUT, B pacTBOpPE pacmagacTcs Ha
MOHBI MPAKTUYECKU MOJTHOCTHIO 1O CXEME:

NaOH — Na' + OH , cTemeHb JMCCOIMAIME MOKHO MPH-
HATH paBHOM 1.
Konnentpanus ruapokcua-uonos [OH] = 0,001 -1 -1 = 103
MOJIB/JI.

U3 [H']-[OH]=10* maxomum: [H']= 1010 = 10" momns/n
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T.x. pH = - Ig [H], moacrasnsem HaiinenHoe 3Hayenue [H'] =

=10, TormapH=-Ig (10" = 11.

Ipumep 5. Beruncours [H'] u pH 0,2 N pacTBOopa ykcycHOI
KHUCJIOTHI.

Pemenne:

VYkcycnas kucnota (CH3COOH) oTHOCHTCS K craObIM dJieK-
tponuram, Knuce (CH;COOH) = 1,8-10™.

Jlnst cinabbix srextpontoB Cy(noma) = V Cy- Krncec,

noxyaaem: [H'] = ¥ C cuycoon - Kauee (crcoon) =V1,8-10°-0,2
= \0,36:10° =1,9-10" moms/n
Tak xax pH = - Ig [H*], Torza pH = - Ig (1,9-10°) = - Ig (0,0019)=
2,12

Ortser: [H'] =1,9-10° mons/1; pH =2,72

ITIpousBeneHue pacTBOPUMOCTH

TBepabie BeliecTBa XapaKTEPU3YIOTCS pa3IudHON pacTBOpHU-
MOCTBIO B Bojie. Hapsimy ¢ XopoIo pacTBOPMMBIMHU BEIIECTBAMHU
CYIIECTBYIOT MajOpacTBOPUMBIC M IMPAKTUUYECKH HEPACTBOPUMBIE.
OnHako a0COIOTHO HEPACTBOPHUMBIX BEIIECTB B MpUpojie HeT. JIro-
00¢ BEIIEeCTBO, XOTS Obl B HUYTOKHOM CTEIIEHH, HO BCE K€ 00J1asacT

PacTBOPUMOCTHIO.

PaCTBOpI/IMOCTB BCIICCTBA OLICHUBACTCS 110 KOHLCHTpAalIlUHU €10
HAaCBbIIIICHHOI'O pacTBOpaA. KOHHCHTpaHI/I}I HaCbIIICHHOI'O PpacTBOpa

MaJIOPACTBOPHUMOI'O HIJIM IPAKTHYCCKH HCPACTBOPHUMOI'O BCIICCTBA
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OYeHb Malia, T.. PacTBOpP OYeHb paz0aBiieH. Eciou pacTBOpeHHOE
BEIICCTBO SIBJISICTCS JICKTPOJIMTOM, TO OHO B OYCHBH pa30aBIICHHOM

PacTBOPC MPAKTHICCKHU HALICJIO JUCCOIUHUPOBAHO HAa MOHEI.

B HachlllleHHOM pacTBOpE MPAKTUUYECKU HEPACTBOPUMOIO Be-
IIECTBA YCTAHABIMUBAETCS PABHOBECHE MEXIY JIByMsI MPOTUBOIIO-
JI0)KHO HaNpaBJICHHBIMU IPOIECCAMU: PACTBOPEHHUE M OCaXKIACHUE.
PaccmMoTpuM paBHOBECHE MEXKIY TBEPABIM OCAJKOM MajopacTBO-

pumoit conu, Hanpumep CaCOs, u €€ noHaMU B pacTBOPE:

2+ 2-
C&COg S Ca™ + COg
TBEP/IbIN pacTBoOp
B nacviyennom 600HOM pacmeope Maiopacmeopumo2o Cuilb-

HO20 INEKMPOIUMA NPOU3BeOeHUe KOHYEHMpPayuu UOHO8 Npu OdH-
HOU memnepamype ecmb GeIUYUHA NOCMOSAHHAS, HA3bIEAEMASI NPO-
uzeedenuem pacmeopumocmu. IIpousBeieHue pacCTBOPUMOCTH 000-
3Ha4YaroT 3HakoM [IP ¢ MHIEKCOM TOro 3JIEKTPOJUTa, O KOTOPOM
uzer peus. Jltst BelenpuBenertHoro npumepa:  [Ca”’] - [CO5~] =

[ToCTOSHCTBO TPOMU3BECHUS KOHIICHTPAIIMM WOHOB CJICIYET

N3 BBIPAKCHUA OJII KOHCTAHTBI PaBHOBCCHA IIPUMCHUTCIILHO K paB-

HOBECHUIO TBEPAOE BEIIECTBO < €r0 HACHIIIECHHBIM BOJHBIN pac-

TBOD:

_ [Ca*][COs"]
~ [CaCOq]

niin

[Ca *][CO5° ] =K [CaCO;] = ITP (CaCOs)

Ecmu BCIICCTBO ABJIICTCA CHIIBHBIM JJICKTPOJIMTOM M MaJoO
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pPaCTBOPUMBIM B BOAC, TO 3TO BCIICCTBO HAXOAUTCA B CUCTCMC B
TBCPAOM BHJAC W KOHLCHTpaOUA €TI0 IMPAKTHYCCKHU IIOCTOsSAHHA, U ,
TaKUM 06pa30M, 9Ta IIOCTOAHHAsA BCIMYHWHA BKIIIOYACTCA B BbIpa-

KCHUC IJI1 KOHCTAHTBI paBHOBCCHAI.

BenuunHa npou3BeJEHUS PACTBOPUMOCTU XapaKTEPU3YET
PacTBOPUMOCTh MaJIOPACTBOPUMBIX M MPAKTUYECKH HEPACTBOPHU-
MBIX BEIIECTB (IJEKTPOJUTOB) MPU MOCTOSTHHON TeMrepaType. 3Ha-

yeHus 1P NPpUBOAATCA B CIIPABOYHHUKAX U UX JICTKO HaMuTH.

IIpousBeneHne pacTBOPUMOCTH TO3BOJSAET BBIYUCIUTH KOH-
LIEHTPALUIO HACHIILEHHOI'0 PacTBOPa MajgopacTBOPUMOIO HUIIH ITPaAK-
TUYECKHA HEPACTBOPUMOT'O JIEKTPOJIUTA.

ITpousBeneHne pacTBOPUMOCTH TO3BOJISIET MIPEIBUIETH BhIIA-
JICHUE 0CaJIKa, a TAKIKE YCIOBUS €r0 PACTBOPECHUA:

J €CJIM MPOU3BEJICHUE KOHUEHTPAUU MOHOB B pacC-
TBOpE npeBbiaeT Bennuuny 1P, To ocamok BeIMaueT;

J €CIIM IPOU3BEIICHUE KOHLEHTPAUU MOHOB B pacC-
TBOpe He nocturaet Beanuunsl [1P, ocagok He oOpazyercs;

J €CJIM B HACBILIEHHOM PAacTBOPE UMEETCS OCANOK, U
MIPOU3BEJICHUE KOHIIEHTPAIlUM UOHOB B PACTBOPE CTAHOBUTCS
MeHbliie Benuuunbl [1P (k mpumepy, eciiv oauH U3 UOHOB Oy-
JIET CBSI3BIBATHCS B MOJIEKYJY WA MaJIOJIUCOUMUPYIOIIAN
MOH), 0CaJIOK PaCTBOPHUTCS.

CBs3pIBaHHE OJHOTO M3 MOHOB MaJOPACTBOPMMOIO BEIIECTBA
B PAacTBOPE B MOJIEKYJy MJIM MAJIOJAUCOLUUUPYIOIINN UOH HAPYIIAET
PaBHOBECHE MEXIY OCAaIKOM M PaCTBOPOM C JAJbHEMIINM IIEPEXO-

J0OM ocajika B pactBop. [Ipyu mpuinmMBaHUM K MpPaKTUYECKH Hepac-
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V) +
TBOPUMOMY KapOoHaTy Kanublus cosisiHo kuciotel (HClI = H™ +

_ 2_
CI"), nonsl Bojopoaa OyayT cBszbiBaThes ¢ monamu CO3”, oOpa3ys
cuayana nonsl HCOj3™, a 3aTem monekynbl H,CO3. D10 mipuBeaeT K
HapYIIECHHUIO paBHOBecusa Mexay ocaakoM CaCOsz M ero moHaMH B

2+ 2-
pacTBOpe, W Ipom3BeacHHEe KOHICHTpanuu noHoB [Ca “ |[[CO5;7]
ctaner MeHblie [P (CaCOj3), 4TO BBI3OBET Mepexoi ocajka B pac-

TBOp. M30BITOK CONSTHON KUCIOTHI MOJHOCTHIO PACTBOPSIET OCAOK.

KoHTpoOJIb YCBOCHUSA TEMBbI
1. PactBopnl (onpeaenenue). Ouznyueckas U XUMUYECKass TCOPUHU
00pa3zoBaHMs PACTBOPOB.

2. Paz0aBnennbie pactBopbl. Hackimennesie pactBopsl. Ilepe-
CBIIIIEHHBIE paCTBOPBI. PaCTBOPMMOCTH BEIIECTRA.

3. TepMoanHaMuKa Oporecca paCTBOPEHUS TBEPIOrO BEIIECT-
Ba B KUJKOCTHU. [[BMxKymas cuia pacTBopeHusi. MonsipHas SHTaJIb-
MUSI PaCTBOPEHUSI BEIIIECTBRA.

4. YkaxuTe CcTaauv, Ha KOTOPHIC YIPOIIEHHO MOXHO pasie-
JUTh TPOIECC pacTBOpEHUs BemiecTBa B Boje. Kakas w3 HuX s
OOJIBIIIMHCTBA COJICH SBIACTCS DHAOTECPMHUUYECKUM, a Kakas - K30-
TEPMHUYECKUM TTPOIIeCCOM?

5. Kak Ha3bIBalOTCS peakiuu, UAYIIUE C BBIICIECHUEM TEIUIA; C
norjiomenneM Teruia? Kakon 3HaK IMEIOT 3HAUYEHUST X DHTAILITNN?

6. IloueMy Bce KHUCIOTHI W IIEJIOYH PACTBOPSIOTCA B BOJIE C
BLIJIEJICHUEM TEIlIa, a OOJIBIINHCTBO COJIEH — C ITOTJIOIIEHUEM ?

7. Haiigutre B CIPAaBOYHHUKE COJIb, KOTOpas PacTBOPSAETCA C
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BBIJICJICHUEM TEIJIa U 00BSICHUTE IPUUUHY ATOTO SIBJICHUSI.

9. Ilouemy »HTanbOus B3aUMOJCUCTBUS THAPOKCHIA Ha-
TpUsl C PaA3IUYHBIMU CUJIBHBIMH KHCJIOTAMH HMEET OJWHAKOBOE
3Ha4YeHue?

10. Yrto siBAsieTCS NBMKYILIEN CUIION AIIEKTPOIUTHYECKOUN JTHUC-
cormanuu? Kak 3aBUCUT CIIOCOOHOCTH 3JIEKTPOJIUTOB K JIMCCOIMA-
UM OT BUJIA XUMHUYECKOM cBsi3u? [IpuBeCTH npumepsl.

11. Kakue BemiecTBa Ha3bIBalOT 3ekTponutamu? [lo kakomy
KPUTEPUIO UX PA3JCIISIIOT Ha CUJIbHBIC U CJIa0bIe DIEKTPOIUTHI?

12. Yka3arp, kakue W3 MEPEUUCICHHBIX COCAUHEHUN SIBIISIIOT-
Csl DJIEKTPOJIUTAMHA W HAINACATh YPABHEHUSA UX BJIEKTPOIUTAYECKOU
muccormanmu: HNO;, NaOH, FeCl;, C,HsOH, CH3;COOH,
C6H61 A|2(804)3, (CHg)QO, CH3COONH4, H3PO4.

13. Yro Takoe koHcTaHTa aucconuanuu? OT Kakux (pakTopoB
3aBUCcHUTAITa BeauunHa? Kakue ¢hakTophl HE BIMUSIOT Ha KOHCTaHTY
JTACCOIMAIIAN?

14. Yto Ha3bIBa€TCSI MOHHBIM MPOU3BEICHUEM BOJIbI, €r0 3Ha-
yenue mipu 22°C.

15. pH oanoro pactBopa paseH 3, npyroro 6. OnpenenuTs, B
KOTOPOM M3 PacTBOPOB 00beMoM 1 1 koHuenTpaims [H'] 6onbiue u
BO CKOJIBKO pa3?

16. Berauciuts [H'] B pactBope, eciiu pH = 6,2.

17. Beruuciute pH 0,01N pacTBOpa yKCYCHOW KHUCIOTHI.
Crenenb qucconualuy KUCIoThl B pacTBope paBHa (0,042.

18. Onpenenuts pH pactBopa, B 1 1 KOTOPOro COmepKUTCA

0,1 r rugpokcuaa HaTpUs.



129
19. YUto HaszpiBaeTcsa npousBeacHUEM pactBopuMocTu? Kako-
BbI YCJIOBUS 00pa30BaHUs U PACTBOPEHUS OCATKOB?
20. CocTaBUTh HOHHBIE W MOJICKYJIAPHBIE YpaBHEHUS CJiE-
JTYIOIIUX PEAKIINK:
a) CH;COOH + NaOH = ...
0) Zn(OH), + HNO3 = ...
B) CuSO4 + H,S = ...
r) BaCO; + HCl = ...

Mpunoxenue

[IpounsBenenne paCTBOPUMOCTH MaJIOPACTBOPUMBIX BEIIIECTB
(mpm 18-250C)

BemectBo I1P BemiecTBo I1P

AgBr 6 1071 Cr(OH), 1-107%
AgCN 71070 Cu(OH), 6 107%°
Ang 6 10—50 FE(OH)Z 1 10—15
AgSCN 1,1-107% Fe(OH); 1-10°%°
AgCl 1,8-107° Mg(OH), 6 10
Agl 1,1-107" Mn(OH); 1107
Al(OH); 1-107% Ni(OH), 1107
Ca(OH), 8:107° Zn(OH), 1-107"
Cd(OH), 1-10™ Co(OH), 2107
CuS 1 10—14 FeS 1 10—22
CdS 1 10—28 CoS 1 10—21
ZnS 1 10—24 MnS 1 10—16
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6.2. 'mapoau3s coJien

Couun, moaBepraumuecs ruJipoau3y

I'uaposIu30M Ha3bIBACTCS 0OMeHHAs Peakiys 11000ro Belle-
CTBa C BOJIOM («THUIPO» - BOJIA, «IU3UCH - pazioxeHue). [ maponus
COJIEN - YACTHBIN CIIy4Yau JaHHOTO MPOLECcca, MPUBOISIIIUN K MOJI-
HOMY Pa3JI0KEHUIO COJIM WU U3MEHECHUIO €€ COCTaBa, PU ITOM
HanboJiee BaXKHBIM CJICICTBUEM ITPOIIECCa THAPOJIN3a COJTH SIBIISET-
csa u3MeHenue pH cpeabl npu npoTeKaHUM JAHHOTO MPOLIECCA.

JIBYOKyILLIEN CUIIOM Iponecca ruIpoin3a BISECTC C8A3bl6AHUE
UOHO08, 00pA3YIOWUX COJIb, 6 MOJIEKYJIbl WU UOHbBL C1a0020 I1eK-
mpoauma.

Takum 00pazoM, BO3MOKHOCTH U 3 PeKTHBHOCTH NMpoIlecca
THAPOJIM3A ONIPENEAeTCS HA0OPOM HECTOKHBIX MPABWUIL:

¢ 'mnponnsy moaBepraroTcs coyii, 00pa3oBaHHbBIE C1aA00l
Kuciomou v ciadovim ochoeanuem. Conuv, B COCTaB KO-
TOPBIX BXOIST OCTATKH TOJBKO CHIIBHBIX 3JEKTPOJIUTOB,
TUAPOJIN3Y HE TTOABEPTAIOTCHL.

“* Eciii cotb COACPIKUT OCTATKH 00OHO20 CIabOT0O IICKTPO-
JIUTa, TO NPU OOBIYHBIX YCIOBUSIX B C CIlydae MHOT03apsj-
HBIX MOHOB THAPOJIM3 MPOTEKAET, KaK MPABUIIO, TOJIBKO HO
nepeoll cmaouu u 00pamumo.

“*Ecim conp oOpa3oBaHa Kak clla0Oi KHCJIOTOH, TaKk H
c1a0bIM OCHOBAHHMEM WJIM MPOAYKTHI TUAPOIIN3a BBIBOJATCS
u3 cephl peakiuu B BUJIE MAJIOPACTBOPUMOTIO WJIU JIETy4e-
ro COCIMHEHHUS, TO TUJIPOIU3 MPOTEKAET 10 KOHIA, T.€. JI0

00pa30BaHUsI UCXOJHBIX CJIAOBIX JIEKTPOIUTOB, U HeooOpa-
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mumo.

3anuch NpoueccoB ruapoJm3a. XapakTep cpeibl B
pacTBoOpax coJjieil, MoABePralIuXcs ruapoJIn3y

[Tpu 3anucu peakuuii THAPOIN3a Pa3IndaroT TpU HOPMBI:

1)  coxpawennas uonnas gpopma - MOKA3BIBACT JHIIb
YaCTHUIbl, HEMOCPEJICTBEHHO YYacCTBYIOIIME BO B3aMMOJEHUCT-
BUU;

2)  nonuas uonuas ¢popma - BKIIOYAET, IOMHUMO BHI-
IIeYKa3aHHBIX, TAK)KE YaCTHUIIbI, HE MPUHUMABIINE y4aCTHUS B
npoiiecce, T.€. MOHBI, MPUCYTCTBYIOIIME B PAacTBOpPE, HO OC-
TaBIINECS HEU3MEHHBIMU KaK JI0, TaK U TIOCIIEe PEaKIIUu;

3)  monexkyasapuas opma - yCIOBHas, MOCKOJBKY pe-
aJlbHO B PacTBOPE BCE YACTHUIIBI HAXOMASTCS B BUJAE, COOTBET-
CTBYIOILIEM MMOJHOW MOHHOM ¢opme. [lonoKUTETBHO U OTPH-
[aTEJIbHO 3apsHKCHHBIE MOHBI OOBEIUHSAIOTCS B HEUTpaJbHbBIC
yacTUIbl. 3amuch MO3BOJSET B 0oJjiee KOMHAKTHOW (opme
NpeACTaBUTh PE3yJbTaT Ipoliecca TUIPOJih3a, KOHCTATHUPO-
BaTh 00pa30BaHME KUCIBIX U OCHOBHBIX COJICH;

4)  credyem nomHumbs: IPUA PACTBOPCHUH COJIH B BOJIC
NpoliecCy TUAPOIU3a MPEIIECTBYET MPOIECC AJIEKTPOJIUTH-
YECKOW AMCCOIMAIMKA ATOTO BEUIECTBA, MO3TOMY HE0OXOdu-
MO

@ HaIlMcaTh YpaBHEHHE Mpoliecca BJIEKTPOIUTHYE-

CKOM JMCCOIIMAIIUH COJIU;

@ BBIJICIUTh MOH (MOHBI), SIBISIOIIMECS OCTaTKaMU

c1ab020 IEKTPOIIUTA,;
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o 3amucarth B3aWMOJICMCTBHE 3TOr0 MOHA (MOHOB) C
BOJOM B COKPBIIIEHHOW MOHHOM, IOJHOM MOHHOM U MO-
JeKyJisipHOU opmax dopmax;

0 XapakTep cpenbl (Kucias, HeWTpajabHas, IIeI0Y-
Has) ¥ obsiacTh pH B pacTBope cosn Haubojee HaTJISIAHO

BBISIBJISIFOTCS TIPU 3aIIMCHU COKPAIIEHHOW HOHHOU (hOpPMBI.

Ipumep 1.

Hanucamp peaxyuto cudpoau3a Memacuiukama Hampus

a) TPOIIECC AIEKTPOIUTUUECCKON JUCCOLMAIIUN COJIH:

N&gSiOg —> 2Na" + @32_

Conb MOXHO TPEICTaBUTh KaK pe3yJbTaT B3aUMOACHCTBUS
ocaHoBanus NaOH (cumbHBIH A5ekTpoauT) ¢ kucioton H,SiO3 (cma-
OBIi AeKTpONUT). UepTol BBIACICH MOH SiO;* Kak ocTaTok cia-
ooro snekrpoauta H,SiO3. CiaegoBaTeabHO, HOH Si0s” Oyner 3a-
6upath y Monekynsl Boasl HOH non H m mpucoeamssTh ero k ce-
0e; Ipu ATOM B pacTBOP NOCTYNUT cBOOOHBIN noH OH'.

0) MOCKOJIBKY COJIb COJICPKUT ABYX3APSIAHBIN OCTATOK 00HO20
c1ab0ro ANEKTPOJUTA, TUIPOJIN3 MPOTEKAET 0 MEPBOM CTaauu, T.€.
¢ mprcoeuHeHneM K noHy SiOs” oxgHoro nona H', u o6parumo:

Si0s¥ + HOH S HSiOz¥ + OH

DTO cokpalleHHass HoHHas Gopma, moKa3bIBaloas CyTh MPo-
1ecca, MPOTEeKAKIIEro B pacTBOPE.

Takum oOpa3zoM, B pesyibrare rugpoimsza coiu Na,SiO; B
pacTBOp MOCTYIIalOT CBOOOIHBIC (TOUHEE, THAPATUPOBAHHBIC) HOHBI

OH’, co3naetcs menounas cpeaa (odmacts pH>7).
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B) JJIsS 3aIllUCH IIOJHOW HMOHHON (DOPMBI, XapaKTepHU3YIOIIEH
NOJIHbLIL UOHHBLL COCMA8 pacmeopa A0 U TOCIIe PeaKIuy, 100aBUM B
JIEBYI0 M TPABYI0 YacTh YpaBHEHHUS, COOTBETCTBYIOIIETO COKpa-
IeHHON MoHHOH (opMe, noHsl Na', He TIPUHUMABIINE yJacTHS B
nporecce: 2Na™ + SiOs” + HOH S 2Na' + HSiO,* + OH
I) 3alUIIEM MOJIEKYJSIPHYIO (opMy, OOBETUHUB MOMAPHO TO-
JIOKUTEIBLHO U OTPUIATEIIBHO 3apsSKEHHBIE YaCTHUIIBI ¢ 00pa30BaHU-
em HedTpanbubix: Na,SiO; + HO S NaHSiO; + NaOH
Takum 00pa3zoM, B pe3yibTare TMAPOJIM3a COJIM, 0Opa3oBaH-
HOW cnaboiu Kuciomoiu W CUIIbHBIM OCHOBAHUEM, MPOTEKAET IO
aHUOHY; 00pa3yeTcs Kucias cojib. B pacTBOpe cou co3aaeTcs wye-

JIOYUHAs cpena.

Hpumep 2. I'maposau3s xy10puaa aJlOMUHUS

a) MPOLECC AIAEKTPOTUTUUECKON JUCCOIUMALIUNA COH:

AICI; > A" +3CI

Conb MOXHO TPEICTaBUTh KaK pe3yJbTaT B3aMMOACHCTBUS
ocaoBanus Al(OH); (ciabsrii anekTponut) ¢ kuciaoroin HCI (cub-
HBII 3JIEKTPOJIUT). UepTo BBIJIETIEH NOH AI®* kak ocratok ciaGo-
ro snekrponura Al(OH); . Cenosarensho, non  Al** Gyzxer 3a6u-
patb y mosiekyibl Bojbl HOH non OH u nipucoeuHsTh €ro Kk ceode;
TIPH 3TOM B PacTBOP MOCTYIHT cBOOOAHKIH HoH H.

0) MOCKOJIBKY COJb COAEPKUT TPEX3aPSAIHbIA OCTATOK 0OOHO20
c1aboro ANEKTPOIUTA, TUAPOJIN3 MIPOTEKAET MO NMEPBOM CTaauu, T.€.

3+ -
¢ mpucoearHeHreM K nony Al™ omHoro mona OH™ , u o6paTumo:

AP + HOH S AIOH* + H'



135

OTO cokpalleHHasi HoHHas Gopma, oKa3bIBaloas CyTh MPo-
1ecca, MpOTEeKarIIEro B pacTBOPE.

Takum 00pa3zoM, TUIPOJIN3 MIPOTEKAET MO KAaTUOHY; B PE3YJib-
TaTe TUAPOJIM3a COJIM B PACTBOP IIOCTYIIAIOT CBOOOIHBIC (TOYHEE,
ruapaTupoBanHbie) HoHB H', co3maercs kucmas cpega  (061acTh
pH<7).

B) Ui 3alMCH TIOJHOW MOHHOM (DOpPMBI, XapaKTepu3yrouien
HOJIHLIU UOHHBIL COCMAB pacmeopa J10 Y TIOCJE PeaKiuu, 100aBUM B
JIEBYIO W TPABYI0 YacTh YpPaBHEHUS, COOTBETCTBYIOIIETO COKpa-
IIICHHOM nMoHHOW (opme, nonsl Cl, He NpUHUMAaBIIUE y4acTHs B
npouecce: AIFY + 3CI'+ HOH S AIOH* + 3ClI'+ HY

I) 3alUIIeM MOJICKYJSIpHYIO (hopMy, 0OObETMHHB MOMAPHO TO-
JIOKUTEIBHO U OTPUIATENBHO 3apsyKEHHBIE YACTUIIBI C 00pa30BaHMU-
em HewtpansHbeix: AlCl; + H O & AI(OH)CI, + HCI

Takum 00pa3zoM, B pe3yibTare T'MAPOIU3a COJIM, 0Opa3oBaH-
HOU cr1abvim ocHOBaHUeM W CUJIBHOW KUCIIOTOM, 00pa3yeTcs 0CHO8-

Has colib. B pacTBOPC COJIN CO3MACTCA Kucjias cpecaa.

IIpumep 3. I'maposn3 kapOoHATA AMMOHUS

(NH,),CO; — 2NH," + CO3”

Conb comepxut octatku ciaboro ocHoBanuss NH,OH wu
cnaboit kuciaotrel H,CO3. CaegoBaTenbHO, THAPOIN3 MPOTEKAET KaK
110 KaTHOHY, TaK W M0 aHWoOHy. [Ipm 3TOM ToOJIHast M COKpalleHHas
HOHHBIE (OPMBI COBMAAAIOT MO BHUAY, MOCKOJBKY BCE MPHUCYTCT-
BYIOIIIME B PACTBOPE MOHBI MPUHUMAIOT y4acTHE B TIpOIIecCe:

noHHas dopma:
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2NH," + COs~ + 2HOH — 2NH,OH + H,CO,
MOJIEKYJIsipHas popma:

(NH4)2C03 + ZHOH —> 2NH4OH + H2C03 NN
(NH4)2C03 + ZHOH —> 2NH3T + COZT + 3H,0.
Takum oOpazoM, B pe3ysbTaTe TUIPOJIM3a COJIM, 00pa30BaH-

HOU cr1abvim ocHo8aHuem W clabou KUCIomou, o0pa3yroTcs ciadble

KHCJIOTAa ¥ OCHOBAaHME. XapaKTep CPeabl B paCTBOPE COJIM OJIM30K K

HEUTpanbHOMY( CMEIICHUE B KUCIYIO WM IIETOYHYI0 00JacTH OTl-

pEIeNsIeTCs COOTHOIIEHUEM CHIIBI 00pa3yeMbIX 3JIEKTPOIUTOR).
Muorue comn, oOpa3oBaHHBIE CJIa00H KHUCIOTOM W CIIaOBIM

OCHOBaHHUEM, B PACTBOPE HE CYIIECTBYIOT, TaK KaK IMOJABEPTarOTCs

THAPOJIN3Y M, CJIEJA0BaTEeNbHO, pa3jararoTci B MOMEHT o0Opa3oBa-

HUSL.

Conp THAPONU3YETCS HOIHOCMBIO U HeOOpamumo, KOraa mpo-

IYKTBI TUJIPOJIN3A BBIBOJATCS U3 C(hepbl peaknu (pacTBopa) B BUJIE

MaJIOPACTBOPUMBIX WM JIETYYUX COCTUHEHHM.

BiusiHue ¢(akTopoB HA NPOLECCHI THAPOJIHU3A

Db dekTUBHOCTh MpoIrecca TUAPOJINU3a OIpEeIsIeTCs cTerne-
HbIO THApoJmn3a h, koropas mokaspiBaeT, Kakas J0JS MOJCKYJ (B
JOJISIX €TMHUIIBI UM TIPOIIEHTaX OT OOIIEro KOJIMYeCTBa B PacTBO-

pe) MmoJiBepriach ruApoJIn3y:

h= %%y 100%

Cobwy .
CDaKTOpBI, BJIMAOIIMUEC Ha CTCIICHD I'MAPOJIN3a.

L npupoaa CoOJin, a UMCHHO CHJIa KHCIIOTBI U
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CHJIa OCHOBaHUSI, 00pa3yIOIINX COJb;
o TEMIEepaTypa;
. KOHIICHTPALUS COJIN

) XapaKTep CPeJIbl.

BiusiHue NpupobI COJIM HA CTeNeHb I'MAPO0JIn3a

Crenenp ruaponusza TeM OoJiblle, YeM ciiabee KUCIoTa WU
OCHOBaHHE, 00pa30BaBIIUE COJIb.

CreneHb TUAPOIN3A HO KAMUOHY YBETUINBACTCS B PSIAY:

Cd** < Mg™ < Mn* < Fe*" < Co* < Ni* < NH," <
Cu* < < Pb* < Zn"" < AP < Cr** < Fe**

CreneHs TUIPONIN3A HO AHUOHY YBEIIUUNUBACTCS B PAY:

F" < NO, < CH;COO <HCO; < HS < SO5° < HPO,”
< COs” < PO,” < §* < Si0s”.

Oco0eHHO CHIJIBHO THIPOIU3YIOTCS COJIU, 0Opa3oBaHHBIE Clla-
OOl KHCIIOTON M CHJIbHBIM OCHOBaHWEM. OHAKO Ja)e B 3TOM CIy-
yae CTEIEHb TMApOn3a HeBelnKa U He mpeBbimact 1%. [loatomy
IIPU TIPUTOTOBJICHUH BOJHBIX PACTBOPOB COJIEH pEaKIUIMH THAPO-
Jr3a 00BIYHO IIpEeHEeOperaroT.

B HekoTOpbIX cllyyasx THAPOIU3 COIU, 00pa30BaHHOM Ci1aboit
KHUCJIOTOU U CJIA0BbIM OCHOBAHUEM, MIPOTEKAET MPAKTUUYECKHU JI0 KOH-
11a, TO €CTh JO 00pa30BaHUs UCXOAHBIX CIAOBIX ANEKTPOIUTOB. ITO
MIPOUCXOUT B CIy4asx KOT/Aa MPOIYyKTHl THAPOJIU3a BBIBOISITCS U3
chepbl peakiuy B BUJIC MAJIOPACTBOPUMOTO BEIIECTBA WM rasa:

AlLS; + 6H,0 — 2AI(OH);d + 3H,ST

Takue conu B BOOHBIX PACTBOPAxX HE CYLIECTBYIOT, UX HEJb3
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MOJIYYUTh IO peakiiMi oOMEHa B BOJHBIX pacTBOpax (TUIPOIU3Y-
IOTCSl B MOMEHT O0Opa3oBaHMsl), TOITOMY UX MOJIY4YarT 0€3BOJHBIM
IyT€M, HampuMmep, CleKkaHueM. lIpuMepom Takux COJel MOTYyT
CIIYKUTh CYIb(PUbI, CyIbUTHI, KAPOOHATH U METACUIIUKATHI Al*,
crt, Fe*.
BiausiHue TemMnepaTypbl Ha CTelleHb THAPOJIN3a

VYuuThiBasi, 4TO MPOLIECC THIPOJIN3A - SHIOTEPMHUUECKAS PeaK-
WS, CJIENYeT OXWJaTh, YTO TMOBBIIICHUE TEMIIEPATYpPhl CIIOCOOCT-
BYET CMEILCHUI0O XMMHUYECKOTO PABHOBECHUSI JTAHHOTO OOpPaTUMOTO
mpoliiecca BIPaBo, T.€. B HaIpPaBICHUU YCWJIEHUS THUAPOJIH3A. ITO
BBIPAXKAETCs KaK B YBEJIIMUCHUHU CTETICHU TMPOJIM3a MO MEePBOM cTa-
JIMW, TaK ¥ B BO3MOXKHOCTH THJPOJIU3a MO MOCICAYIOIIUM CTaAUSIM
(ecnu THAPOIU3 MPOTEKAET MO KaTHOHY MHOTOKHCIIOTHOTO OCHOBA-
HUS WM O AHUOHY MHOT'OOCHOBHOM KHCIOTHI). Tak, THUIpOJIH3
kapOoHaTa HATpuUsl, KOTOPLIA MPU OOBIYHBIX YCIOBHUSX MPOTEKAET
JIUIIB TI0 TIEPBOM CTaUU:

Na,CO; + HOH S NaOH + NaHCOsg,

IIpU HarpeBaHUU YCUJIMBACTCS, U B pe3ysibTaTe 00pa3oBaHUs
H,CO3 Ha BTOpOIf cTaauu mpoiiecca:

N&@g_ + HOH S NaOH + H2C03

BbIACIsIeTCS yraekucibiid raz COy:

H,CO; S CO,T + H,O.

BinsiHue KOHUEHTPAUHU COJIM (Pa30aBJiieHHs) HA CTENEHb
THAPOJIHN3A

B cootBerctBUM ¢ npuniunom Jle-Illatense nobGaBnenue Bo-
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Abl, IPUBOAAIICC K YMCHBIICHUIO KOHIOCHTPALMK B PACTBOPC IIPO-
AYKTOB I'HApPOJIN3a, CHOCO6CTByeT CMCIICHUIO XUMHUYCCKOI'O paBHO-
BCCHUA pPCAaKIMH BIIPpAaBO, T.C. B HAIIPABJICHHH YBCIHNYCHUA CTCIICHU

THJIPOIIN3a COJIH.

Buinsinue 100aBOK KMCJIOTHI MJIM LIeJ10YH HA CTelleHb
THAPOIH3A COJIN
[Ipu oOpaTuMOM TUAPOU3E COJEH B PACTBOP MOCTYIAIOT HO-
+ -
Hbl H™ (ecnu rugponus uaer no anuony) uinu OH (ecnu rugponus
UJET MO0 KaTHOHY), MO3TOMY A00aBJIEHHE KUCIOThl WJIM OCHOBAHMUS
MOXET CIOCOOCTBOBATH MOAABICHUIO WJIM YCUJICHUIO THUIAPOJIU3a
conu B coorBeTcTBUU ¢ npuHuunom Jle-Illarense. Tak, B mporecce
TUAPOJIN3a METACUIIMKATA HATPUs (CM. BBIIIIE)
. 2- . 2- -
SIO;” + HOH S  HSIO;” + OH
n00aBJIeHUE IIEI0YH MPUBEAET K MOJABICHUIO THIPOJIN3a CO-
JM, a B PEAKIIUU C YYaCTUEM XJIOPUA ATFOMUHHUS (CM. BBIILIE)
3+ 2+ +
Al + HOH & AIOH™ + H
n00aBJIeHUE IEJI0YH, HAMTPOTUB, YCUIIUT MPOLIECC THAPOIU3A
+
BCJICJICTBUE CBsA3bIBaHUS MOHOB H' ¢ oOpazoBanuem momekyn H,O

H, COOTBCTCTBCHHO, CMCUICHHUA PABHOBCCHUA PCAKIIUU BIIPABO.
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KOHTpOJ’IL YCBOCHUA TEMBI

1. Uto Ha3bIBaeTCA TUAPOIU30M? MOKHO JIM Ha3BaTh T'M/I-
POJIM30M peaKkIuio B3auMojencTBus Oapus ¢ Bojmoi? OTtBer 000cC-
HYUTE.

2. UYto sBmsercs ABWXKyIIeH cwiod ruaponuza? [louemy
TUAPOJIN3Y HE MOJIBEPraroTCs COJIU, 00pa30BaHHbIE CUJIBHOW KHCIO-
TOU Y CUJIbHBIM OCHOBAHHEM ?

3. B kxakom cimydae ruapoaus nmporekaet Heoopatumo? Ilo-
YyeMy TaKue€ COJM HE CYHIECTBYIOT B pacTBope? Kakue BeniectBa
o0Opa3ytoTcs B pe3yiabTare B3anmmojeicTBus xiaopuma xpoma (I1) ¢
cyanbuaom Hatpus: a) cyabdun xpoma (lll); 6) cepoBomopon u
rugpokcusr xpoma (ll). OTBer moaTBEepaHTE ypaBHEHUSIMU DPEaK-
UMN.

4. Tlouemy noGaBiieHUE MUTHEBOW COJBI (THIpOKapOOHATa
HaTpus) B TECTO CIIOCOOCTBYET €ro pa3pbixjieHnut0? OTBET NOATBEP-
JIUTE YPAaBHEHUEM PEaKIINU.

5. Pacnonoxwute conu B MOpSAKE YBEIUYEHHUS] CTEIEHU
THIPOJIM3a TI0 TIEPBOM CTaJAWHM TIPU OJUHAKOBBIX YCIIOBHAX: a)
Ccylb(QUT HATPUSI, METACUIIMKAT HATpus, opTodocdar HATpusl, CYyIb-
bun Hatpus, kapOoHat HaTpus; ©0) xijopun xeneza(ll), xmopun
amomunud, xyuopun sxenesa(lll), xmopun nuHKa, XJIOpUJ MarHusl.

OTBeT 000OCHYHTE.

6. IlpuBecTn mpuMepsl pacTBOPUMBIX B BOJE COJEH, cpena
pPAacTBOPOB KOTOPBIX HEUTpabHAsA, KWcCaasd, mienoyHas. Hammcars
YpaBHEHUSI KX THUAPOJIM3a B MOJIEKYJISIPHOM W MOJIEKYJISIPHO-

HMOHHOM BUJAC.
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7. lIpuBecTr mpUMEPHI CONENU, THAPOIU3 KOTOPHIX UIET TOJIb-
KO MO KaTHUOHY, TOJBKO M0 aHUOHY, 110 KaTHOHY W IO aHUOHY O]I-
HOBpeMeHHO. HanurcaTe ypaBHEHUS UX THIPOIN3a B MOJIEKYJIIPHOM

HMOJICKYJIIPHOM- HOHHOM BHJC.

8. IlpuBecTu mpuMepbl COJIEN, THAPOJIN3 KOTOPBIX BO3MOXKEH
10 OJTHOM, IBYM U TPEM CTYyIIEHsIM. HanucaTe ypaBHEHUS UX THAPO-

JIN3a B MOJICKYJIIPHOM U MOJICKYJIIPHO-MOHHOM BHU/IC.

9. Hanucatb B HOHHOM M MOJIEKYJISIDHOM  BHUJIE€ YpaBHEHUS
THAPOJIN3a COCIUHEHHM, OOpa3yloIMXcs MpH B3aUMOACHCTBUM:
a) cyne(ara xpoma (IIl) u kapOonata Hatpus 0) HUTpaTa aTFOMHU-

HUS U CyJIbU]1a Kaausl.

10. Kak Bouser mo6aBmenune pactBopoB KOH, ZnCl, , Na,S,
coistHOM kucnoThl U TBeporo NaCl Ha ruaponn3 kapOoHaTa Kaius
(ruaponu3 yCuiIMBaeTcs, ocladiseTcs, BIUsSHUS He HaOmoaaercs?).

OTBeT 00OCHYMTE.

11. Kak Bauser noGaBinenue pactBopoB NaOH, Na,COs,
Al>(SOy)s, cepnoii kuciaotel U TBepAoro K,SO4 Ha ruaposIn3 Xiopu-
na IUHKa (TUAPOJW3 yCUIIMBAETCS, OClaliseTcs, BIUSHUS HE Ha-

omonaetca?). OTBeT 000CHYMTE.

12. Hanucath B MOJEKYJSIPHOM U MOHHOM BHJIE€ YpaBHEHUS
Tpex craauil rugponnsa xjuopuaa xenesa (I11). O0bsicHUTh, TOYEMy
pyU KOMHATHOW TeMmmepaType TUIPOJIU3 UAET TOJIbKO IO MEpBOM

CTaJauu, a IIPpHU KUILTYCHUHN pacTBOpa — 110 TPEM CTAIUAM.



142

6.3. IlpuroroBjieHue PacTBOPOB 3aJAHHOMN
KOHIEHTPALMH.
OCHOBHBIE THUIILI PACYETHBIX 327124

Beenenue

PactBOp, B 1I€pBY10 0OUYepeb BOAHBIM - 3TO Cpela, B KOTOPOH
IpoTeKaeT OOJBIIMHCTBO (IMpUMEpHO 99%) BCeX M3BECTHBIX XHUMMU-
4ecKux M OunoJsioruyeckux mpoieccoB. HeobxoauMocTh ucciaeaoBa-
HUS U UCTIOJIb30BaHUS PACTBOPOB MPU BBIMTOJHEHUHU KYyPCOBBIX, JH-
IJIOMHBIX PadoT, a Takke B Oyayiield HaydHOU U MpodhecCuoHab-
HOM JIESATEILHOCTH MPEAyCMaTPUBAET 3HAHUE OCHOBHBIX CIIOCOOOB
BBIPAKEHUSI KOHIICHTPAIlUK PAcCTBOPOB, YMEHHUE MPUTOTOBUTH pac-
TBOp 3aJaHHOW KOHIICHTPAIIMU PA3JIMYHBIMU CIIOCOOAMHM, BBITIOJ-
HUTh HEOOXOJMMBIE NJIA 3TOro pacdeThl. [Iporpamma Kypca XumMuu
0011e00pa30BaTENbHON CpeAHEN IIKOIbl MPETyCMaTPUBAET, Kak
MpaBWIO, PEIICHUE MPOCTEHINX 3a]au JAaHHOTO TUIMA C UCTOJIb30-
BaHUEM TOHSTUS «MaccoBas J0Jisi». IlepedeHp IIKOJ, B KOTOPBIX
peanuzyeTcsl yriryOJeHHOE M3yYeHUE XUMHUHU, B TOM YHCJIE B TIJIaHE
paccMaTpUBaeMbIX 3ajJad, HEBEJIHK. B CBS3M ¢ 3TUM pacyeThl IO
MPUTOTOBJICHUIO PACTBOPOB 3aJJaHHOM KOHIICHTPAITUU SIBJISTIOTCS
OJIHUM W3 HaubOoJiee CIOXKHBIX Pa3eioB BY30BCKOW THUCIUIIINHBI
«Heopranudeckas U aHaauTAYECKass XUMHs». [lomMoIls B U3ydeHUH
ATOTO pasjielia, B MEPBYIO O4Yepeab JJIsSI CTYJACHTOB 3a04HOU (POpPMBI
oOyueHus1, 6ecCIopHO HE0OX0anMa.

OnbIT aBTOpa, OCHOBaHHBIM Ha MPEINOJaBaHUU B IIKOJIAX Kyp-
ca, CBSI3aHHOTO C PEIICHUEM CJIOKHBIX XMMHUYECKUX 3a7ad, U 00y-

YCHUU CTYACHTOB B BY3€C INO3BOJIACT CACIATH BbBIBOJA O TOM, YTO CO-
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BPEMEHHbBIC IIKOJbHUKU M CTYACHTHI MPEANOUYUTAIOT MBICIUTH aj-

TOPUTMHUYECKH, YTO BIIOJIHE €CTECTBEHHO C YYETOM KOMIIbIOTEPH3a-
1MUY O0yUYCHHUS.

MmeHHO Tako# MOAX0]1 peaanu3yeTcs B JTaHHOM PYKOBOJCTBE K

BBITIOJTHCHHUIO paCUCTOB YKA3aHHOI'O THIIA.

OcCHOBHbBIE NIOHATHSA U onpeacjaIcHus

PacTBOp (MCTUHHBIN) - 3TO TOMOr€HHAas (OJJHOPO/HAsI) CUCTE-
Ma TIEPEMEHHOTO COCTaBa, COCTOAIIAs M3 JIBYX WM OoJiee KOMIIO-
HEHTOB M IPOJIYKTOB UX B3aUMOJICHCTBHSI.

Hampumep, BOIHBIN pacTBOP CEPHOU KUCIOTBI COCTOUT U3 MO-
nexyn H,0, H,SO4 1 IpoayKTOB UX B3amMozeiicTBus: HoHOB Hz0",
HSO,, SO,

ArperaTHO€ COCTOSIHHE PacTBOpPa MOKET ObITh KUJIKUM (Ha-
pUMeEp, PACTBOPBI KUCIIOT, IIEI0UYEH), TBEPABIM (CILIABHI), ra3000-
pa3HbIM (BO3AYX).

PacTBopuTeNb B CMECH BEUIECTB BHIACISAIOT MO MPU3HAKAM:

a)  €Clii CMEIIMBAaEMbI€ BEILECTBA HAXOJSTCS B Pa3HBIX ar-
pEraTHBIX COCTOSIHUSIX, TO PACTBOPUTEIIEM SIBIISIETCS BELIECTBO, ar-
peraTHoe COCTOSIHUE KOTOPOI'0 COBMAJAET C arperaTHbIM COCTOSHU-
€M TOJIY4YEHHOTO pacTBOpA.

Hanpumep, npu cMELIEHUU COJIU U BOJbI PACTBOPUTEIIEM SIB-
JSI€TCSl BOJIa, MOCKOJBKY TOJIYYEHHBIM PacTBOp MPENCTABISET CO-
0ol kuakocTh. llamnmaguii, HACHIIIEHHBI BOJOPOJOM, SIBISETCS

Pa3HOBHUIHOCTBIO TBEPJOTO PAacTBOpa, PaCTBOPHUTEIHL - OJaropo-
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HBIM METaJJI NaJIJIaIni.

0) eciMu cMelnIMBaeMbl€ BEIIECTBA HAXOASITCS B OJMHAKOBBIX
arperaTHbIX COCTOSIHHSIX, TO PACTBOPUTENIEM SBIIETCS BEIIECTBO,
KOTOPOTO B3SITO OOJIBIIIE.

Tak, B cMecu ciupT — BOJa PACTBOPUTEIIEM MOXKET SIBJISITHCA
KaK TOT, TaK M APYTOd KOMIOHEHT CMECHU B 3aBUCUMOCTH OT HX KO-
JMYECTBEHHOTO COOTHOWIEHHS. To e camMoe MOXKHO CKa3aTrh O
CIUIaBaX METAJIJIOB, CMECAX ra3oB (B YACTHOCTH, B COOTBETCTBUU C
OIpPEJIETIEHUEM, B COCTABE BO3/lyXa PAaCTBOPUTEIIEM SABIISIETCS a30T).

PacTBOpMMOCTBIO HA3bIBAETCS CIOCOOHOCTh YaCTHUIl BEILIECT-
Ba (MOJIEKYJI, aTOMOB, HOHOB) PaBHOMEPHO PaCIpEAEIAThCA B 00b-
€M€ PaCTBOPUTEIS.

PacTBopUMOCTh MOXKET OBITH OTPAHUYEHHOW WM HEOrPAHU-
4eHHOU. B ciydyae orpaHMYeHHOW pacTBOPUMOCTH YUYUTHIBAIOT KO-
ypunuenT pactBopumoctu (S), XapaKTEPU3YIONTHH MaKCUMAaITb-
HYIO MaccCy BellecTBa (B rpaMMax), ClIocOOHYI0 pacTBOpAThCs B 100
I BOJIbI (MJIM UHOTO PACTBOPUTEISI) MPU ONPENEICHHON TeMIlepaTy-
pe. B caydae ra3oB pacTBOPMMOCTH BBIPAKAOT MAKCHMAalIbHBIM
00BbEeMOM Ta3a (B JUTpax), KOTOPbIH pacTBopseTcs B 1 11 BoabI (WK
WHOT'O PACTBOPUTES) MPU JAHHBIX TEMIIEPATYPE U JABIICHUU.

C y4eToM HCKIFOUUTEIBHOM POJIM BOABI KaK PaCTBOPUTEIS B
nanbHenIeM o0CyKIeHUU OyAyT paccMaTpUBATHCS JIMIIb BOJIHBIC
pPacTBOPHI.

TBepabie BemiecTBa MO PaCTBOPUMOCTH B BOJIE MPU OOBIYHBIX
ycioBusax (temmeparypa 20°C) MOXHO TMOJpa3AeIUTh Ha XOPOIIO

pactBopumseie (S > 1 1), manopactBopumbie (S = 0,01 - 1,0 1) u
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npakTudecku HepactBopuMbie (S < 0,01 r). Ilpu sTtom crenyer
MIOMHHUTB, YTO HEJIb3s MOJHOCTHIO OTPHUIATh PAaCTBOPUMOCTh KaKO-
ro-11M00 BEIIECTBA, A0COIIOTHO HEPACTBOPUMBIX BEIIIECTB HE CYIIIE-
CTBYET.

[IpumepomM MasopacTBOPUMBIX B BOJE BEIIECTB MOTYT CIY-
KUTh TBEPJbIC BEIIECTBA: THIIC, CYJb(aT CBUHIIA; KUIKUE BEIIECT-
Ba: JUATHIOBBIM 3(up, 6€H301; razoo0pa3Hple BEIIECTBA: METaH,
a30T, KUCJIOPO/I.

[IpuMepoM XOpOIIIO PACTBOPHMBIX BEIISCTB B BOJIE MOTYT
CIIY)KUTb TBEPJBIC BEIIECTBA: caxap, MEIHBIH KyIOpOC, THIAPOKCH]T
HATpHS; JKUJKHE BEIIECTBA: CIIUPT, alleTOH; Ta3000pa3HbIC Bellle-
CTBa: XJIOPOBOJOPO/I, AMMHAK.

PacrBopumocts OosbImmHCTBA (HO HE Bcex!) TBEpABIX Be-
IIECTB C yBEJIWYCHUEM TeMIIepaTyphl YBEIMUUBACTCS, a PACTBOPH-
MOCTB Ta30B, HA00OPOT, YMEHBIIIACTCSI.

Mepoti pacmeopumocmu BeNIeCTBa MPU TaHHBIX YCIOBUSX SIB-
JSIETCA €r0 cooepicanue B HAcblugeHHomM pacTBope. B mporiiecce
pPacTBOPEHHUS BEIIECCTBO PaBHOMEPHO pacCHpenesseTcsl M0 BCEeMY
obbemy pactBopuTenss Onmaromaps nuddysuu. Ilporecc pacTBope-
HUS BEIIECTBA HAXOJMUTCS B JUHAMHYECKOM PaBHOBECHH C IPOIICC-
COM KPHCTAJTU3AI[MU 3TOTO BEIIECTBA: CKOPOCTh PacTBOPCHHUS Be-
IIIECTBA paBHA €T0 CKOPOCTU KPUCTAJIITU3AIUH.

[To COOTHOIICHUIO YHCIIa YACTHII, IIEPEXOAAIINX B PaCTBOP U
YAQISIOUUXCS U3 PacTBOPa, Pa3IMYalOT PACTBOPBI HACHIUEHHbIE,
HeHacvlujennvle U nepecviujernvie. PacTBop, B KOTOPOM JaHHOE

BEILIECTBO NP JaHHOM Temmeparype OoJibllle HE pacTBOPSETCS
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(pacTBOp, HAXOJALIUNUCS B JUHAMUYECKOM PABHOBECUU C PACTBO-
PSAEMBIM BEIIECTBOM) HA3bIBAIOT HACBHIUW{EHHbIM, A PACTBOP, B KOTO-
POM HAXOJIMTCSA MEHBIIIE BEIIECTBA, YEM MOXHO PACTBOPUTH, HA3BI-
BACTCS HEHAacbluieHHbIM. B nepecviuiennom pactBope BeENIECTBA
HaxoAuTCa OOJbllle, YeM B HACBIIIEHHOM pacTBOpE MHpPH TOM ke
temneparype. [lonydeHne nepecheHHOro pacTBOpa 3aKI0YaeTCs
B MIPUTOTOBJICHUU HACHIIIEHHOTO PpACTBOpPA MPHU MOBBIIIEHHON TEM-
neparype C MOCICAYIOIIUM €ro OXJIAKICHUEM, UCKITI0Yas ICHCTBUS,
BBI3BIBAIOIINE KPUCTAJIM3AIMI0 PAaCTBOPEHHOrO BemiecTa. Ilepe-
CBIIIICHHBIE PACTBOPHI OYEHb HEYCTOWUYMBBI, HEOOJBIIIOE BCTPIXHU-
BAHUE PACTBOpPA WM BHECEHUE KPHUCTAJJIMKA BEIIECTBA BBI3BIBACT
KPUCTAJIM3ALMIO PACTBOPEHHOTO BellecTBa. llepechiieHHbie pac-
TBOPBI UCHOJIB3YIOT JJII OYUCTKHA BEIIECTB OT MPUMECEU METOJ0M
KPUCTAJTA3ALNU: HAXOAIINECS B PACTBOPE MPUMECH HE BBINAJAIOT
B OCaJI0OK, TaK KaK PacTBOP IO OTHOIICHUIO K HUM SIBIIIETCA HEHa-

CBhIIITCHHBIM.

Cnoco0bI BbIpaKeHUs COCTaABa PACTBOPOB
KonuenTtpanueii pacTBopa Ha3bpIBa€TCS COOTHOIICHUE MEXKTY
KOJIMYECTBAMH, MaccaMHu, 00beMaMy pPAacTBOPEHHOTO BEIECTBA U
pacTBOPUTEIIS.
[TockonbKy /ISt OIIEHKH STOTO COOTHOIICHUS MOKHO HCTOJb-
30BaTh Pa3HbIC SIMHUIIBI U3MEPEHUS BEIMYWH, CYIIECTBYET JOCTa-
TOYHO OOJIbIIIOE pa3HOOOpa3re crnocoO0B BhIPAXKEHHUS COCTaBa pac-

TBOPOB.
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Konuuecmeennuie cnocoowl evipasriceHus cocmaea
pacmeopos
BaxxHenmmMu SBIISIFOTCS CIETYIONIUE:
a) MaccoBasi 10Jis1 (IIPOIEHTHAs KOHIICHTPAIUs) - MOKa3bIBa-
€T, CKOJIbKO 'paMMOB BeliecTBa cojepxurcs B 100 r pactBopa.
OO0o3HaueHue:  ; €AMHULIBI U3MEPEHHUS - J0JIM eAMHULBI WiIH %o

W (scwecmsa ) = m (sewecmsa ) (1)

m ( pacmsopa )

Hanpuwmep, 3anuces 25% NaOH o3nauaet, yto B 100 r pactBO-
pa coaepxkutcs 25 T NaOH u 75 r H,0.

HecnoxHo BBISIBUTH B3aMMOCBSI3b MEXKIY MAacCOBOM H0JieH

BCIICCTBA B HACBINICHHOM PaCTBOPC U PACTBOPUMOCTBLIO!

S
w (sewpecmea ) = ———— (2)
S + 100

0) MoJIsipHAsi KOHUEHTPAUsA - XapaKTePU3yeT KOJIUYECTBO
BelecTBa (MOJIb), KOTOPOE COAEPKUTCS B 1 J1 pacTBOpa.
O6o3nauenue: CM; eIMHUAIIA U3MEPEHUSI - MOJIb/JI

v (6ewecmsa )
C , (eewecmea ) = (3)
V ( pacmsopa )

Tak, 3ammucs 2M H,SO, o3nagaer, uyto B 1 11 pacTBOpa coaep-
skutest 2 moab H,SO,.

PacTBOp C coaepkaHHEM pacTBOPEHHOIrO BellecTBa 1 MoJIb/J
Ha3bIBaeTCs oounomoaapuvim;, 0,1 mMomw/n - oeyumonspuom; 0,01
MOJIb/JT - ~-caHTUMOISApHBIM; 0,001 MOJIB/T - MuLIUMONAPHBIM.

B) HOpMAaJibHasi (WM J3KBHUBAJIEHTHAS])) KOHIEHTPAIUS -
MOKa3bIBAET, CKOJILKO MOJIb DKBHBAJICHTOB BEIECTBA COJCPIKUTCS B

1 11 pacTBOpA.
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O6o3nauenue: C1/z; enuHUIA U3MEPEHUS — MOJIb/JI.

1
v — (sewpecmsa )

(eemecmea ): Z 4
V ( pacmeopa ) ( )

C

1
z

Hanpumep, B 1 1 5 # H3PO,4 conepxurcs 5 monp - SKBHBa-
neHtoB H3PO,. COOTBETCTBEHHO MCMOJIB3YIOTCSI MPUCTABKH JI€IH-,
CaHTU-U MIJUIM- B HA3BAHUSIX PACTBOPOB.

Tak)ke MOTYT UCTI0JIb30BaThCS UHBIE CITOCOOBI OLIEHKHU COCTaBa
PacTBOPOB:

r) MOJSJIbHASI KOHUEHTPAUSA - XapaKTepU3yeT KOJIude-
CTBO BelecTBa(Moub), coaepxkameecs B 1000 r H,O.

O6o3nauenue: Cm; enuauna u3mepenus - MoJb/Kr H,O.

DTa pa3HOBUAHOCTh KOHIICHTPAIUU UCTIOJIB3YETCSI B TOM CIIy-
yae, Korjia He00X0MMO UCKIIOUUTh 3aBUCUMOCTh OT TEMIIEPATYpHI,
TOr/la KaKk MOJISIpHasi M1 HOpMajbHas KOHIICHTpALUs U3MEHSIETCS C
TeMIepaTypou BCIEJACTBUE U3MEHECHUS 00beMa.

1) o0beMHas A0Jisl - OTHOIIIEHHE 00beMa KOMIIOHEHTA pac-
TBOpa K 00111eMy 00beMY pacTBoOpA.

O6o3HaueHue: @; CAUHULIBI U3MEPECHUS - 10U eTUHULBI uJan Y.

\%
o (ceweemsa ) = (sewecmsa ) (5)
V ( pacmeopa )

Hcnonw3yeTcs Mt XapaKTEPUCTUKH COCTaBa CMECEU Ta30B.
€) MOJIIPHAS J10JISl - OTHOIIICHUE KOJIUYECTBA BEIIECTBA KOM-
MOHEHTa (MOJIb) K 0011IeMy KOJIHUYECTBY BEIIECTB B PaCTBOPE.

OO06o3HaueHue: §; CAUHUIIBI U3MEPCHUS - A0 eIMHULIBLI MJIn Y.

7 (sewecmsa ) = Vv (sewgecmea ) (6)
> V( pacmeopa )
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B 3apgaugax pacCMaTpuBaACMOro0 THIIA TAKIKC HCIIOJIIB3YIOTCA

Cﬂedwomue ¢ODMV]Zbl U COOmHOUEeHUA.

1) v — KoJM4ecTBO BemecTBa (M0JIb)

v (seuecmea ) = m (sewecmea ) (7)

M (sewecmea )

JJIA T'a30B:

v (aasa ) = A2 (8)

Vm
rae Vm = 22,4 1/MoJb - MOJISIpHBIM 00beM J11000T0 Ta3a Mnpu

HOPMAJIbHBIX YCJIIOBHUAX.

2) M1/z - wmoasipHas mMacca DJKBHMBAJIEHTa BelleCTBA,
r/M0J1b(3KB)
1 M
M —(Kuwlombz )= (rucroms: ) (9)
yA z

IJI€ Z - OCHOBHOCTb KHCIIOTBI, KOTOpasi B 00IIIEM Cllyyae paBHA YHUC-
ny noHoB H', BXOISIUX B COCTaB ee MOJeKynisl. IIpu paccMoTpe-
HUN KOHKPETHOH XHMMHYECKOH peakIin N COOTBETCTBYeET uncay H',
3aMeNIaeMbIX B JJAaHHOW peakMyd Ha MOHBI MeTaia. Tak, B o0ueM
ciayuae st HsPOy4 z = 3; B peakuuu

H3;PO,+ 2NaOH—Na,HPO,+2H,0 mis Hs;PO, z = 2.

M (ocnosanus )

(ocnosanus ) = (10)

z

M

1
z

I7i€ Z - KUCIIOTHOCTh OCHOBAHMUSI, KOTOpasi OMpeesieTCs] Yuc-
oM noHoB OH', BXOoasIIUX B COCTaB OCHOBaHMS (B OOIIEM Cirydae)
uiu guciioM noHoB OH', 3aMeEIIeHHBIX Ha KHUCJIOTHBIE OCTaTKHU (C

Y4ETOM KOHKPETHOM XUMHYECKOW peakuuu). Hampumep, mis
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Ba(OH), z=2; B peakuuun Ba(OH),+HC1—-BaOHCI+H,O nmns
Ba(OH), z = 1.

M (conu
(com )= 2L0m) (11)

z

1
M J—
z

Z - IpOM3BEJICHNE CTEIICHN OKHCJICHHUS MeTajljaa, 00pasyrolle-
IO COJIb, HA YHCJIO €r0 aTOMOB.

[Mpumep: st Al,(SO,);3 z=32=6.
3) v1/Z - K0IHYeCTBO 3KBHBAJEHTOB BelleCTBA MOJIb(3KB)
m (eewecmea )

(6ewecmea ) = 1 (12)

M — (sewecmea )
z

1
vy —
z

4) B3auMOCBSI3b MEKIY Maccoii 1 00beMOM KHIKOCTH
m=V-p (13)

r7i€ p - TNIOTHOCTD KUJIKOCTH (T/MIT)

3Ha4YeHUs TIJIOTHOCTH PACTBOPOB PA3IMUYHOW KOHIICHTpAIUU

COJZIEpXKATCA B CIPABOYHON JIUTEPATYPE.
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Pacuersl ¢ HCITOJIL30BAHUEM IOHATHUS

«PacTBOPUMOCTBY»
(IpUTOTOBJICHHE HACKIIIICHHBIX PACTBOPOB)

3amaua 1. Uemy paBHa maccoBas nojs AlCl; B HackleHHOM

pacTBOpE ITOro BeliecTsa npu remmeparype 20°C?

JlaHo: Pemenue:
t =20°C B cootBercTBUU ¢ hopmyroii (2):
S=459T1 o(AIC )= S B9 5 (waun
ICI ) 5 S + 100 145 9.
o(A -
(AICI, 31,5%)

3agaya 2. Paccumraiite MunuMmaibHyro maccy K,COs, He0O-
XOJUMYIO IJI1 MNPUTOTOBJICHUS HACBIIMIEHHOTO TPHU TEMIIEPATYpe
20°C pactBopa 3Toro BeniectBa o0bemom 300 mu.

CrpaBounsle ganuble: npu t = 20°C S = 110,5 /100 r H,0

[I;TIOTHOCTH pacTBOpa YTOUYHSIETCS MO CIPABOYHHUKY IIOCIIE pacueTa

KOHIIEHTPAIIHH.

JlaHo: Pemenue:

t =20°C Maccy K,CO; MOXKHO OIpenennThb
S=110,5r JUIIH C YYETOM €T0 MacCOBOW JOJIM B pac-

V(pactBopa)=300mi1 | TBOpE:

mM(K2COg) - ? wo(k,c0 )= —— -2 o5 (mm 52,5%)

S + 100 210 52

YTOYHsSIEM IUIOTHOCTH PACTBOPA MO CHPABOYHMUKY: IUIOTHOCTH

cocraBister 1,567 r/mi npu o(K,CO3) = 53%.
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B cootBerctBuu ¢ popmynoii (1)
m (K,CO3) = m (pactBopa): ®(K,CO3)
m (pactBopa) = V(pactBopa) - p( pactBopa) (hopmyia (13)).
m (pactBopa) = 300mia -1,567 r/Mmn=470,1 r
CnenoBarensHo, M (K,CO3) =470,1 - 0,525 =246,8 1.

IIpuroroBjieHne pacTBopa myTeM CMeIleHHU s
BELIECTBA U PACTBOPUTEJIS

AJNTOPUTM pENIeHUs 3a/1a4uu:

1) 3anucars dhopMyiny i pacueTra COOTBETCTBYIOIIEH pa3HO-
BUJIHOCTH KOHIICHTpAIIUH;

2) BBISICHUTH, KaKHE€ BEJIMYMHBI U3BECTHBI U YTO HEOOXOAUMO
YTOUYHUTH;

3) paccuuTaTh HEJOCTAIOIIUE BEIIMUYNHBI;

4) BBIIOJTHUTH OKOHYATEJIBHBIN pacyeT B COOTBETCTBUHM C yC-
JIOBHEM 3aJ1auu;
[Ipumedanue: 1Jig ONTUMHU3AIIMN 3aIIUCH CITPABOYHBIC JJAHHBIC (3HA-

YeHUS IJIOTHOCTEW pacTBOPOB) BKIIKOYAIOTCS B YCIIOBHE 3aa4M.

3amaua 1. PaccumTaiiTe Maccy HUTpaTa Kajud U 00bEM BOJIbI,
KOTOpPBIC HYKHO B3SITh JUIS MPUTOTOBJICHHUS PAcTBOpAa C MAacCOBOWM
noiieit KNO3 16% oo6wemom 500 mur. ImotHocTh Boabel 1,0 r/mim

MJIOTHOCTH MOTydeHHOTO pacTtBopa 1,103 r/mi.
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Penienue:

Jano: 3anuceiBaeM GOpMyIy Ui pacuera
V(pactBopa)=500mun MAaCCOBOM JI0JIA BEIIECTBA:

p(pactBopa)=1,103r/mn m (KNO )
@(KNO3)=16%= 0,16

p(H,0)=1.0 r/mn

o (KNO 3): _—
m ( pacmeopa )

J1sT HaXOXKJICHUSI HICKOMOM BEJIMYM-

uel, a uMeHHO M(KNO3), HeoOxoaumo

yTOUYHUTH M(pacTBopa):

mM(pactBopa) = V(p-pa) - p(p-pa) = 500mma-1,103r/mMm1=551,51
Cnenosarearno, M(KNO3z)=m(p-pa) - ®(KNO3)=551,5r-0,16=88,2r
m(H,O)=m(pactBopa) - M(KNO3)=551,5r-88,2r=463,3r

m(H,0) 463 .32
p(H,0) 12/ mn

V(H,0)= = 463 ,3wn

Taxkum obpaszom, g nomydeHus: 16%-noro pactsopa KNO;
ooremoM 500 mur HeoOxomumo cmemiath 88,2 T KNO3 m 463 ma
H,0 unu nomectuth B MepHyto kosi0y Ha 500 mi 88,2 r KNO3 u

JIOBECTU 00BEM BOJOU 10 METKHU.

3ajaya 2 BbINOJHUTE pacuyeThbl, HEOOXOAUMBIE JJISI PUTOTOB-

nenust 2M pactBopa cynbbara meau (1) oobsemom 100 mi.

Jlano: Pemenue:
V(pactBopa)=100mn 3anumem (opMyiy M pacdera Mo-
Cm(CuSO4)=2moms/n | JAPHON KOHIEHTPALUN:
M(CuSQOy)-? ¢ (cuso ,)- 0D
V ( pacmeopa )

N3 popmynsr Haxonum v(CuSOy,), 9TO TTO3BOIUT 3aTEM pac-
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cautath M(CuSOy).
v (CuSO4)= Cm (CuSO,) - V(pactopa) = 2 moaw/1-0,1 1 = 0,2
MOJIb

N3 popmynsr (7):
M(CuSO,) =v (CuSO,)-M(CuSO,) = 0,2 monb-160 r/mMonb = 32 T.

CnenoBarenbHo, ais npurorosienus 2M CuSO,4 oobe-

MoM 100 mi HeoOxoaumo HaBecky CuSOy, (32 r) MOMECTUTh B MEp-
Hy10 K010y Ha 100 M1 1 JOBECTH BOAOM 10 METKH.

3agaya 3 PaccuuTaiiTe HOpMaJbHYIO KOHIEHTPAIUIO PacTBO-
pa, nonyyenHoro cmemienuem Na,CO3z maccoit 10,6 T ¢ Bogoit 00b-
emoM 100 mi. ITnoTHOCTH TONTydeHHOTO pactBopa 1,10 r/mi, miIoT-

HOCTB BOABI 1 I/MiI.

Pemenue:
Hano: dopmyJsia U1 pacdyeTra HOPMaJbHOU
m(Na,CO3)=10,6r KOHIICHTPAIINH:
V(H,0)=100mmn vY(Na,co )
p(pactBopa)=1,10r/mn ¢ i(Na 005) = \W
p(H,O)=1,0r/mn Heobxoaumo YTOYHUTH
C1/z (Na,CO3)-? v1/z(Na,CO3) u V(pactBopa). Ilo dpopmy-
ae (12):
g %(Na 0 )= ml(Na .20 ;)
M ~(Na,CO,)
ITo dpopmyne (11):
y i(Nazco )- M (Na,CO ) 106e/mom .

z 1.2 2
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1 10,6
Torma v=(Na,co,)= ——=— = 0,2.u0m

z 53 2 | monw

m ( pacmeopa .
V (pacmeopa ) = m (pacmsopa ) :
p (pacmeopa )

m(H,0)=100m:1-1,0 r/Mmonp=100r
m(pactBopa)=m(H,0)+m(Na,CO3)=100r+10,6r=110,6r.

110 ,6
CHGHOB&TCHBHO, V (pacmeopa ) = 2 10 ,5
1,10 2z / monw

Taxkum oOpazom, mociie YTOYHEHHUS YKa3aHHBIX BEJIMYUH pac-

cuuracm

0,2 monw
(Na ,CO ,)= ———=1,99 moms /.

0,1005

C

NP

IIpuMeyaHue: eciau B YCJIOBUU HOI[O6HOﬁ 3a/la41 HC YyKa3aHa

IUVIOTHOCTB paCTBOpaA, €€ MOKHO HaMTHu B CIIPAaBOYHHUKCE ITOCJIC IIPCAa-

BapUTEJILHOTO pacuera MaccoBoi 1011 Na,COs.

m(Na ,CO , 10,62

w[Na ,CO ,]= = 0,09 (9,6%) .

m ( pacmeopa ) ) 100 2 + 10 ,62
CrpaBoyHBIC JIaHHBIC: IDIOTHOCTH pacTBopa ¢ ®(Na,CO3) =

9,6% cocrasiger 1,10 r/min.

IIpuroroBjeHue pacTBopa 3aIaHHON KOHIUEHTPA-
MM MyTeM pa30aBJIeHUs UCXOAHOI0

JlaHHBIA THUI 3aJa4 — HauOOJIee BaKHBIH B MPAKTHYECKOM
OTHOLIEHWH, ITOCKOJBKY pPacTBOPbl MHOTMX BEIIECTB, B IIEPBYIO
ouepeslb KUCJIOT, TOTOBAT pa30aBlI€HUEM KOHIICHTPUPOBAHHBIX. B

ATOM CJIy4dae B pacueTax UCMOJb3YIOTCS XapaKTEPUCTUKHU JBYX pac-
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TBOPOB: UCXOJHOTO (pacTBOp 1) U TOro, KOTOPHIA HY>KHO MPUTOTO-
BUTH (pacTBOP 2).

[Ipu 5TOM HEOOXOUMO COOTIOIATh CICAYIONINE NPABUILA:

1) o0sA3aTenbHO OPOHYMEPOBATh XAPAKTEPUCTUKU TEPBOTO U

BTOpOro pactBopoB (Hampumep: Vi (pactBopa); p, (pacTBopa) u
T.J1.) JUIsl TOTO, YTOOBI UCKITFOUHUTH OIIMOKY B UX MCIIOJIb30BAHHUU;
2) pacueThl HAUYMHAIOT MCXOMS U3 XAPAKTEPUCTUK TOTO pac-

TBOpa, KOTOpBIﬁ HYKHO IIPUTOTOBUTD,

3) NOMHHUTB, YTO CYTh PEUICHUS 3aJ]aud 3aKJIIOYACTCS B TOM,
4TOOBI BBISICHUTH, B KAKOM 00BbE€ME HMCXOJIHOTO pacTBOpa 3aKjroya-
eTcsa Macca (WM KOJWYECTBO) PACTBOPEHHOI'O BEIECTBA, HEOOXO-
JTUMOE JIJIsI IPUTOTOBJICHUS] TPEOYEMOT0;

4) B pacTBOpax 00uHaxko8as macca (Uiu Koauuecmeo)

pacmeoperHoco eeujecmed, HO paBHBIﬁ 00BEM BOABI BCICACTBUC
paBGaBHCHI/IH HCXOAHOTO pacTBOpa AJIsI IMPUTOTOBJICHUS Tpe6yeM0-

Io.

AHFODI/ITM PCIICHUA 3a1a4H.

1. 3anucars Gpopmyny ajig pacueTa KOHIIEHTpPAlluu, COOTBET-

CTBYIOILEH TpeOYeMOMY pacTBOpY, U, MOCIE YTOUHEHHUS] HEOOXOIH-
MBIX BEJIMYMH, HAWUTU MACCy WU KOJTUYECTBO PACTBOPEHHOTO BeIIle-
CTBA.

2. 3anucaTh GopMyIy IS pacueTra KOHIIEHTpAIliu, COOTBET-

CTBYIOILIEW MCXOAHOMY PacTBOPY, U NMOACTABUTH B HEE HAUIAECHHOE

3HAYCHHUC MACChbl WJIM KOJIMYCCTBA PACTBOPCHHOI'O BCIICCTBA. Pac-

CUMTATh MacCy WM 00bEM HCXOIHOTO PacTBOpa, HEOOXOIUMOTO
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JIJIs1 IPUTOTOBJICHUS TPEOYyEeMOro.

3agaya 1. Kakoit 00beM KOHIIEHTPUPOBAHHOI'O PacTBOpa Cep-
HOM KHUCJIOTHI ¢ MaccoBon goiei H,SO,4, 96% u miotHOCTRIO 1.835
I/MJI HY>KHO B3STh JIJISI PUTOTOBJIEHHUS 2 M pacTBOpa 3TOro Bellle-

cTtBa 00beMoMm 250 mr?

JlaHo: Pemenue:
®1(H»S0,4)=96%=0,96 J1JIs1 BTOpOro pacTBopa yka3aHa
p1(pactBopa)=1,835r/M0ib | MOJIIpHAsk KOHLEHTpALUS:

CMmy(H,SO,4)=2Mob/1

v(H,S0 ,)

c,,(H,s0,)= . Orcrona

V, (pacmsopa )

V,(pactBopa)=250mi

Vi 1 v(H,SO,) = 2moms/m-0,251 = 0,5M0516
1(pactBOpa)-"

Jlns mepBOro pactBopa ykaszaHa

MaccoBas A0JIAd:

m(H ,SO ,)

o(H,S0,)= .
’ ‘ m, ( pacmsopa )

Jl1st HaxoxkAeHus my(pacTBoOpa) HYKHO HAlTH
m(H,SO,4)= v (H,SO4) - M(H,SO4) = 0,5 mons-98 r/mons = 49 T.

m(H,S0, 4.
CHGHOB&TCHBHO, m, (pacmeopa ) = = =5lz.
®, (H,50,) 0%

PaccunTaem 00beM UCXOIHOTO pacTBOPA:

m, ( pacmopa ) 512

Vl(pacmeopa ) = = 28 wn

p, (pacmeopa ) T 1835 -/

Taxkum obpazom, mist mpurorosienus 250 mia 2M H,SO, He-
obxomuMo 28 M KOHIEHTpupoBaHHOro pactBopa H,SO,; (¢ o
(H,SO,) = 96%) nepeHectu B MEpHYIO KOJIOY Ha 250 MII ¥ JOBECTH
00bEM BOJIOHN JO METKH.

3agaua 2. Paccuutaiite o0bemM 5 M pactBopa optodocdop-
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HOM KHMCJIOTBI, HEOOXOUMBIN 11 mpurotoBiaeHus 500 mi pacTBopa
¢ MaccoBoM noJieit 3toro BemiecTBa 30% u miaoTtHOCTRIO 1,18 /™M

o0bemoMm 500 mut.

Jano: Peuienue:
Cmy(H3;PO4)=5momb/n Jl71s1 BTOpOro pacTBOpa yKazaHa
®2(H3P0,)=30%=0,3 MAccoBast IONS: o, (1,0 ) - —(HsPO)

m, ( pacmeopa ) .
p1(pactBopa)=1,18r/Monb pacmsop

Hanngem
V,(pactBopa)=500Mm1

My(pactBopa) = Va(p-pa)-pa(p-pa) =
=500mu1-1,18r/M1 =590 .

Vi(pacTBOpa)-?

Torma m(H3PO,4) = my (pactBopa) ,(HzPO4) =590 - 0,3 =177 r.
J1J1s IepBOro pacTBOpa yKa3aHa MOJISIPHAS KOHIICHTPALIHS:

v(H ,PO
CMl(HSPOA): ( : 4)
V., (pacmsopa )

Jlns HaxoxaeHus Vi(pactBopa) HEOOXOIUMO HANTH

m(H ,PO 177
V(H3PO4): (, 2 = ° = 1,8 monw
M (H,PO ,) 982/ mom
v.(H ,PO 1,8 mo.
CJIGI[OBaTeJIBHO, V, (pacmeopa ) = :(H,PO ) = won . 0,36 (36OMH)
C,.,(H,PO ) Swmon /n

Takum o6pazom, st mpurotoBiaeHuss 500 mu 30%-HorO pac-
tBOpa H3PO,4 HyxHO 360 Mu1 SM H3PO,4 nepenectu B MEpHYIO KOJI-

Oy Ha 500 M1 u JoBeCTH 00BEM BOIOM 10 METKH.

IIpaBuio cmemienus
Cnoco6 pacuera, Ha3bIBAEMbIM MPABUIIOM CMELIEHHUS, MO3BO-

JBICT BBIICHUTDB, B KAKOM COOTHOLICHHUHU 11O MACCC HYKHO B35Tb JIBa
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HCXOJIHBIX PacTBOpa, YTOOBI IPH CMEIICHUH MOJYUYUTh TPETUM pac-
TBOP 3aIJaHHOM KOHIICHTPAIIUU.

OrpannyeHue cnocoOa: KOHILEHTPAIlMM PACTBOPOB JOJDKHBI

OBITH BBIPA’KCHBI TOJIbBKO B MaCCOBBIX JOJIAX.

Meronuka pacuera:

a \r/ﬂ
TN,

rac au b - maccoBble A0JIM BCIICCTBA B UCXOJHBIX PAaCTBO-

pax;

C - MaccoBas [J0Jis BELIECTBA B PAacTBOPE, KOTOPBIA HYKHO
IMPUTOTOBUTDH

d=1|b-c|

e=la-c|

IIOKA3bIBAIOT, B KAKOM MAaCCOBOM COOTHOIICHUU HYKHO B3SITh HC-
XOJIHbIC PACTBOPHI, @ HMCHHO:
d -moins pacTBopa a

e - 10JI pacTBopa b.

3agauva 1. Paccumraiite 00beMbl paCTBOPOB a30THOM KUCIOTHI
c maccoBorr mosneit HNO3; 20% (mmotHocts 1,115 /M) u 70%
(mnotHoCTh 1,415 1/MIT), KOTOPBIE HYKHO CMELIATh JJIsI IPUTOTOB-
nenust 40%-HOro pacTBOpa ATOro BemiecTna (II0THOCTE 1,245 r/mit)

maccoit 300 r.
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JlaHo: Pemenue:

®1(HNO3)=20%=0,2 05
' ~ 0,3

pi(pactBopa)=1,115r/mn 0.4 ~
©,(HNO3)=70%=0,7 07" o2
p2(pactBopa)=1,115r/mn CnenoBarenbHo, B 0OIIeil Macce
ms(pactopa)=300r pactBopa (300 r) mosg nepBoro pactsopa
og(pactopa)=40%=0,4 | (20%) cocrasuser
Vi(pacTBOpa)-? 03 .

02+03

V,(pacTBopa)-?

u g0yt BToporo pactBopa (70%)

0,2

=0,4
cocrapjager  %:2+03

Otcroma my(pactBopa) = 300 r-0,6 =180r;
my(pactBopa) =300 r-0,4 =120 .

ITo dpopmyne (13) paccuntsiBaeM 00BEMBI PACTBOPOB:

180 2
Vl(pacmsopa )= ———— =161 wn
1,115 2/ mn

120 2
v, (pacmeopa )= ———— = 85
1,415 2/ mn

Takum o6pazom, misa moiaydenust 300 T pacTBOpa ¢ MaccoBOMU
noneit HNO3 40% neoOxomumo cMmemath 161 Mo u 85 M pactBo-

oB ¢ maccoBoii noueit HNO320% u 70% coOTBETCTBEHHO.
3

[IpaBua0o cMelIeHUS TaK)KE UCIOJIb3VIOT, €CIH:

a) TOTOBAT PAacTBOP MyTeM pa30aBieHUs], T.€. CMEIIUBAIOT
pacTtBop M Boay. B 3TOM ciiyyae Boja paccMaTpUBAETCS KaK OJWH
U3 UCXOJHBIX PacTBOPOB C MACCOBOM JIOJIEM PACTBOPEHHOTO BEMIE-

cTBa, paBHoOM 0;
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0) pacTBOPSIOT KPUCTAUIOTHApPAT B BOJIE WM PacTBOpE.
B aTtoM ciydae kpucTauIorHapaT paccMaTpUBaeTCs KakK OJUH U3
HCXOJHBIX PACTBOPOB, MACCOBYIO JOJIKO PACTBOPEHHOTO BEIIECT-
Ba B KOTOPOM HEOOXOJAMMO MpeaBapUTEIbHO paccuuTarh. Ha-
npumep, MaccoBas goigs  Cry(SO4); B kpucramiorumgpare
Cr2(804)3‘18 H,O paBHa:

M (Cr, (SO ,),) 392 2/ monw

»(Cr,(s0,),)= =
M (Cr, (SO ,),-18H,0) 716 2/ mons

= 0,548 (54 ,8%)

Ilepecuer KOHUEHTPALMIA

[Ipu pabote ¢ pacTBOpaMH y HCCIEAOBATEIISI MOXKET BO3HHUK-
HYTh HEOOXOJMMOCTh pacyeTa MacCOBOM J0JIM BEIlleCTBA B PacTBO-
pe, Il KOTOPOro M3BECTHA MOJISIpHAs WJIM HOpMajbHash KOHIICH-
Tpaiusi, 1 Ha000poT. B 3TOM ciiydae, yuduThIBass HEJOCTATOK UCXOI-
HBIX JaHHBIX, HEOOXOJIWMO MCIIOJIb30BaTh AOMYIIECHUE (JIOMOJIHU-
TEILHOE YCIIOBUE).

AJITOpUTM pElICHUS 3aJa9H:

1)  Ilycts:

a) V(pactBopa) = 1 11 (ecim a1 pacTBOpa yKazaHa MOJISp-
Hasl WU HOpMaJibHasl KOHIICHTPAIHS );
0) M(pactBopa)=100r (ecnu AJjist pacTBOpa yKazaHa Macco-
Bas JI0JIs1 PAaCTBOPEHHOTO BEIIECTBA).
2) Hcxons u3 COOTBETCTBYIOIIEH PA3HOBUIHOCTU KOHLIEH-
TpaIuu yKa3bIBaCTCH:
a) KOJIMYECTBO (MOJIb) PACTBOPEHHOTO BEIIIECTBA C IOCTE-

JYIOIIMM IIEPEX0JIOM K Macce;
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O0)Macca (I) pacTBOPEHHOrO BEIIECTBA C ITOCICIYIOLIUM
MIEPEX0/I0M K KOJIMYECTBY BEIIECTRA.
3) BremoaHseTcs pacder TpeOyemol pa3HOBHIHOCTH KOH-
IIEHTPAaIlHH.
3agava 1. Paccuuraiite maccoByro gonro NaOH B 5 M pac-

TBOPE ITOTO BellecTBa (INIOTHOCTH 1,1851/M0IB).

JlaHo: Pemenue:

Cu (NaOH)=5mo:b/1 ITycts V(pacTBOpa) = 1 71, TOr1a
p(pactBopa)=1,185r/mn v(NaOH) = 5 moub.

® (NaOH)-?

m(NaOH) = v(NaOH) -M(NaOH) = 5 monb-40 r/mosb = 200 r.

m (NaOH )

PaccuntaeM o(NaoH )= . Hnsa atoro (¢ yuerom jo-

m ( pacmeopa )
nyIIeHus ) yTodHuM m (pactBopa) = V(pacTBopa)-p(pactBopa)

m (pactBopa) = 1000 m-1,185 r/mn = 1185 1.

200 2
o(NaOH )= = 0,169 (16 ,9%) .
1185 -

CnenoBarenbHo, MaccoBas noiasa NaOH B SM pactBope 3TOro

BeliecTBa cocTaBiisieT 16,9%.

3anada 2. Yemy paBHa HOpMajbHas KOHIIEHTpAIUs PacTBOpa C

MaccoBoii goieit H,SO,4 60% 1 mnotHocThIO 1,50 /M.

JlaHo: Pemenue:
®(H,S0,4)=60% ITycte m (pactBopa) = 100 r, Torma
p(pacteopa)=1,50r/mi | m(H,SO4) =60 T.

C1/z(H,S0,)-?
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1 m(H SO

v—(stoA‘):%.

z M = (H,S0,)
YA

ITo bopmyme (9)

1 M (H_ SO ,) 982/ monn
M —(H,S0,)= e
z 2 2

= 49 2 | monw

1 60
Torma v =(H,s0,) °

z 49 2 | monw

= 1,2 monv

1
v—(H,SO ,)

1
Paccumnraem ¢ ~(H,s0,)= —2———.
z V ( pacmeopa )

Jlst 9TOTO (c Y4ETOM JOTYIICHUS ) HalgeM
100
Vv (pacmsopa ) = M (pacmiopa ) = < = 66,7 m1 (0,067.]1)
p (pacmsopa ) 1,50 2/ mn
1 1,2 o;
Otcroga ¢ =(H,s0, )=~ _ 17 9momw /1.
z 0,067 x

CJ'IGI[OB&TCHBHO, HOPpMAJIbHAA KOHUCHTpPALHUA pacTBOpa C MacC-

cosoi poiuen H,SO, 60% cocraBnsger 17,9 moabs/i1 uiau 17,9M.
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KOHTpO.]'II) YCBOCHUSA TEMBbI

1. Yemy paBua maccoBas noiyist FeCls B pacTBope, HaChIIICH-
HOM nipu 20°C, eciim €ero paCTBOPUMOCTD TIPH JIAHHOW TEMIIEPATYPE
coctapisietr 91,9 r. (OtBet: 47,9%).

2. B Bome o6vemom 200 mi (rmotHOCTH 1,0 T/MIT) pacTBo-
puin ammuak oobemoM 67,2 1. PaccuuTaiite:

a) MaccoBy1o 0110 NH3 B ToIy4e€HHOM pacTBOPE;

0) MOJSIPHYIO KOHIICHTPAILMIO MOJYYEHHOTO pacTBOpa, €CIIU
ero miotHocTh 0,922 r/mn. (Otset: a) 20,3%; 6) 11 monb/n).

3. PaccunraiiTe Maccy XJopuja KajabliHs, HECOOXOIUMYIO IS
MPUTOTOBJIEHUS 7H pacTBOpPa 3TOro Bemectsa oobemom 300 mit.

(OtBeT: 115,5 1).

4. Yemy paBHa MOJIIpHAsl KOHIIEHTpAlUsl pacTBOpa, MOIy4EH-
Horo cmemieHueM NaOH maccoit 60 1 ¢ Bogoit o0bemom 240 mu.
[TnoTHOCTH BOABI 1,0 I/MIT; INIOTHOCTH MOTYYEHHOTO pacTtBopa 1,22
r/ma. (OtBet: 6,1 Momb/1).

S. Kaxkoit 06bem pactBopa ¢ MaccoBoii noseit HsPO4 70%
U TUJIOTHOCTHIO 1,52 T/MIT HYXHO B35ITh NJi1 MPUTOTOBJICHHUS 4M
pacTBopa 3Toro BeuiectBa oobeMoM 217 (Oteet: 736,8 mi).

6. Kaxoit o6bsem 10M H,SO,4 HY>KHO B35Th ISl PUTOTOB-
nenust 20%-Horo pacTtBopa 3Toro BemecTa (mIoTHOCTH 1,14 r/mi)
oobemom 500 mn? (OtBet: 120 mon).

7. PaccuuTaiite (1o mpaBwiy CMENIEHUs) 00BEMBI PACTBO-
poB ¢ maccoBoii moineit HCI 10% (mrotHocts 1,05 /M) u 30%
(mnotHOCTH 1,15 1/MIT), KOTOpPBIE HEOOXOAUMBI ISl IPUTOTOBJICHUS

25%-noro pactBopa HC1 maccoit 200 .
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(OtBer: 48 miu pactBopa ¢ maccoBoii goseir HCI 10% u 150 M pac-
TBOpa ¢ maccoBoii goseir HCI 30%).

8. Paccumraiite (1o mpaBuUly CMEIICHHS) 00bEM pacTBOpa C
maccoBoit noneit NaOH 40% (rmotHocTs 1,43 /M) 1 00beM BOJIBI
(mnotHoCTh 1,0 T/MJI), KOTOPBIE HY>KHO B3SITh JIJIsl TIOJIYYEHHUS pac-
TBopa ¢ MaccoBoit goneit NaOH 10% wmaccoit 400 r1?
(OtBet: NaOH 40% u 300 M H,O).

9. Kakoii 00beM KOHIIEHTPUPOBAHHOI'O PACTBOpaA COJISTHOM
kuciaoTel ¢ MaccoBor goiiei HC1 37% wm mnotrHocThiO 1,185 r/mn
HY)KHO B34Th JUIS NPUTOTOBJICHUS 2H pacTBOpa 3TOr0 BEIIECTBA
oobeMoM 250 mu? (OTBeT: 42 MiI).

9.10. Yemy paBHa MoJIsipHasi KOHIIEHTpAIUs pacTBOpa ¢ Mac-
coBoit nosieit NaOH 40% (rmmoTHOCTB pactBopa 1,43 r/mi).

(OtBeT: 14,3 moaw/1).
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IJIABA 7. OKMCJUTEJbHO-BOCCTAHOBUTEJBHBIE
PEAKLIMU

7.1. OCHOBHBIC TIOHATHS.
OKHCINTEIBHO-BOCCTAHOBUTEIbLHBLIC TOTEHIIMAJBI

OKHCIUTEIBHO - BOCCTAHOBUTEJIbHBIMUA HA3bIBAIOT TAKHE
pEaKLMH, B KOTOPBIX MPOUCXOAUT UZMEHEeHUe CMeneHu OKUCIeHUs
aTOMOB XHMHWYECKHX 3JIEMEHTOB, BXOJSIIMX B COCTAB PEArupyro-
X BEIIECTB.

[lon cmenenvio okucnenusa NOHUMAIOT YCIOBHBINA 3apsil aTo-
Ma XMMHUYECKOrO 3JIEMEHTa B COEJUHECHWH, BHIYUCICHHBIA HMCXOJIS
13 TPETOI0KEHUS, YTO B COEJJUHCHNUH BCE CBA3U UOHHBIE.

IIpr OKHCIUTENBHO - BOCCTAHOBUTEIBHBIX PEAKIUAX MPOUC-
XOJIUT OJHOBPEMEHHO JIBA MPOLECCA - OKUCIECHHE U BOCCTAHOBIIC-
Hue. Ilponecc eoccmanosnenun cBA3aH ¢ npucoeouHeHuem 3JjieK-
MPpOHO8 OTNICIILHBIMA aTOMaMH WJIA TPYNIIOM aTOMOB, COIPOBOXKIa-
€TCSl MOHWKEHUEM CTEIEHU OKHUCICHHUS XUMHYECKOIrO 3JIEMEHTA.
Amombl, MoNeKynbl UWIA UOHBL, KOTOPBIE NPUCOEOUHAIOM BIEKTPO-
HbI, HA3bIBAKOTCS OKUCTUMENAMU.

IIpouiecc okucnenus cBsizan ¢ omoaueu 31eKMpPOHO8 OTIEIb-
HBIMM aTOMaM{ WJIM TPYIION aTOMOB, CONPOBOXAAETCSI MOBBIIIE-
HUEM CTEIIEHU OKHUCJIEHUS XMMUYECKOTO 3JIEMEHTA. Amombl, Moje-
KVJbl WA UOHbL, KOTOPBIE omoaiom SJAEKTPOHBI, HA3BIBAIOTCS 60C-
cmanosumenamu. B OKUCIUTENBHO - BOCCTAHOBUTEIBHOW peEak-
AW OKUCTIUMENL 80CCMAHABIUBAEMCS, 80CCNAHOBUMENb — OKUCTS-
emcsl.

Tak kak oTaada 3JICKTPOHOB ATOMaMH OKHCJIAIOIICTO BCIICCT-
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Ba BCETJIa COMPOBOXKAACTCS OJHOBPEMECHHBIM HMX IPHUCOCIUHCHUEM
K aTOMaM BOCCTAaHaBJIMBAIOIIETO BEIIECTBA, TO PEAKIIMS OKHCIICHHS
HEOTJEIMMa OT PEaKIMH BOCCTAaHOBJICHHS, W KaXKaas W3 HUX CO-
CTaBIIICT OJHY M3 JABYX HEPa3phIBHO CBSI3aHHBIX CTOPOH €IMHOTO
Ipoliecca OKUCICHUS-BOCCTAaHOBJICHMUS.

Hampumep, B pe3ynbprare B3auMOICUCTBUS AJIFOMUHUSA C XJIO-
pom 2Al + 3Cl, = 2AICl;  npoucXoIuT oxuciexue aTrOMUAHUS
(Al oTmaeT 3JCKTPOHBI, OH SIBISACTCS 60CCMAHOBUMENEeM) W 80C-
cmanosnenue xaopa (Cl, mpuHHMMaeT SJIEKTPOHBI, OH SBIISETCS
oxucaumenem).

[Ipu ompeneiacHUHM CTeNEeHH OKHCJIEHHS XMMHUYECKOIO dJe-
MEHTAa UCITOIb3YIOT CIAEIYIOMIHNE TTOJIOKECHUS:

o CTEIIEHb OKHCJICHHMS XMMHUYECKOr0 3JIEMEHTA
B npocmom eeujecmee paBHa Hyt0. Hanpumep, creneHb
OKHCJICHUSI BOJOpOJA, a30Ta, KUCIOPOJa, XJIopa, CEPhI,
KaJIbIIMsI B COOTBETCTBYIOIIMX IPOCTHIX BemecTBax Ho,
Ny, Oy, Cl,, S paBHa HyII0.

o CTCIIEHb OKHCIICHHS KHCIOpOJa B XUMHUYE-
CKHMX COCJIMHCHMSIX, KaK IPaBHIIO, paBHA — 2 ; HCKITFOYe-
HHUE COCTABIISIFOT MEPOKCHU/IBI: HZOZ('l) : NaZOZ('l) u
nudTopu KUCIOpO1a O(+2)F2.

o CTEIIEHb OKHCJICHUS BOAOpPOAA B COCIMHCHU-
X, KaK TpaBUJIO, paBHa +1, MCKIIOYECHHE COCTABJISAIOT
TUJIPUIbI AaKTUBHBIX METAJIJIOB: NaH('l), CaHg('l).

o anreOpandeckas CyMMa BCEX CTETICHEH OKHC-

JICHUS XUMHUYECKHUX JICMEHTOB B HEUTPAIbHOM MOJIEKYJIE
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paBHa HYJIIO, B CJIOJKHOM HOHC — 3apAay HOHA.

Baxxneuiue OKHCJIUTEIH M BOCCTAHOBUTEJIH

BaxxHeHIIMMH OKMCJIATEISIMHM SIBJISIOTCS:

a) HEMETaJIbl, COJICPKAIIME XUMHUYECKUE IJIEMEHTHI C BBICO-
KUMHM 3HAYCHUSAMHU OTHOCUTEIBHOM BJIEKTPOOTPHUIATEILHOCTH: Ta-
norensl (F»,Cly, Bry, 1), kucnopog;

0) CI0XXKHBIC BEIIECTBA — B MEPBYIO OYEPEab KUCIOTHI M COJIH,
B KOTOPBIX LEHTPAJIbHBIA ATOM UMEET BbICULYI0 CMENEeHb OKUCTIeHUS
(HNOg, H,SOy, HCIOg, KNOs3, KCIOg, KMnNQOy,, chr207, 154 ,Z[p)

BasxHedIIMMH BOCCTAHOBUTEISIMHU SIBJISIOTCS:

a) MPOCThIE BEIIECTBA - METAJUIbI, B NIEPBYIO OYEPE/b AKTHB-
HbIE; HEKOTOpPbIE HEMETAJUIBI (BOJAOPO, YIIEPO, KPEMHHUI);

0) coeuHEHUs, B KOTOPBIX UMEETCS aTOM B Hu3uiel CmeneHu
oxucnenus (H,S, NHz, HCI, KBr, KI, FeSO,4, SNCl,, u ap.).

BemectBa, coaepxamue atoMbl B IPOMEXKYTOYHOU CTEIECHU
OKHCIICHHS, CIIOCOOHBI KaK MOBBINIATh, TAK M MOHMXATh CBOIO CTe-
IIEHb OKUCJICHUSI, T.€. OHU MOTYT BBITIOJIHATH POJIb KAK BOCCTAHOBU-
TEJIsl, TAK U OKHUCJIUTENS B 3aBUCUMOCTH OT YCJIOBUH PEAKIIMU U
JIPyroro KOMIIOHEHTa peaknuu. O TaKuX BEIIECTBaX TOBOPST, YTO
OHHM 00/1a/1al0T OKHUCIUTEILHO-BOCCTAHOBUTEIHLHON JBOMCTBEHHO-
CTBIO.

Hanpumep, H,SO3 BrICTyIaeT B poiiui OKUCIUTENS B pPeak-
oOuu C stI 2HZS + HZS(+4)O3 —> SS(O) + 3H20
B peakiun ¢ KMnO, 3Ta kucioTa BBICTYNAET YXKE B POJIU

BOCCTAHOBHTCIIA:
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5H,S"90; + 2KMnO, —2H,5"?0, + 2Mns*®0, + K,S"°0,
+ 3H,0.
OKucauTeNb U BOCCTAHOBUTENH PEArdpylOT MEXKIy COOOW B
COOTBETCTBUU C BEJIMUMHAMU ux OKUCIIUTEIBHO-

BOCCTAaHOBHUTCIIbHBIX 3KBHUBAJICHTOB.

XHMMHYECKHH DKBUBAJICHT OKHCJINTEIA UJIN
BOCCTAHOBHUTEJIA

IKeueaneHmom oOKucaIumenn uiu 60CCMAHOEUMEIA HA3bI-
BaIOT TaKOE€ €ro KOJUYECTBO, KOTOPOE OTBEYAET OJTHOMY IPUCOEIU-
HEHHOMY WJIM OTJAHHOMY OSJIEKTPOHY B JaHHOW OKHUCIUTEILHO-
BOCCTAaHOBUTEIJIbHOM peakiuu. JJisi onpeaeneHus MoaApHOU MacCbl
IK6UBAICHMA OKUCAUmMENA VIV BOCCTAHOBUTESl HAJI0 €ro MO-
JISIPHYIO MAcCCy Pa3JeIUTh HA YKCIIO 3JIEKTPOHOB, IPUCOEIUHEHHBIX
WJIM OTAAHHBIX OJHON MOJEKYJION OKHCIUTENS WA BOCCTAHOBUTEIS
COOTBETCTBEHHO.. B MaremaTuueckoit popme CBA3b MOJISIPHON Mac-
Chbl DKBHBAJICHTa OKHMCIUTENS WM BoccTtaHoButens (M1/z) c ero
MOJIsIpHOM Maccoil (M) onpenensieTcss OTHOLIEHHUEM:

M1/z (BemectBa) = M'1/z
rae Z = 1, 2, 3 ...- 4UCHO BJIEKTPOHOB, OTAAHHBIX WU MPUHSITHIX
OJTHOM MOJIEKYJIOW BOCCTAHOBHUTENSI WM OKHUCIHUTENS] COOTBETCT-
BEHHO.

OKuciaeHre W BOCCTAHOBJICHUE BBIPAXKAIOT 3JIEKTPOHHBIMU
YpaBHEHUSIMH, B KOTOPBIX YKA3bIBACTCSI U3MEHEHUE CTENIEHU OKHC-
JICHUSI BOCCTAHOBUTEIS M OKUCIUTENS, & TAKXKE KOJIMYECTBO AJICK-

TPOHOB, INPHUHATBIX OKHCIIMTCIICM H OTAAHHBIX BOCCTAHOBUTCIICM.
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[Toap3ysICh 3JIEKTPOHHBIMU YPAaBHEHUSIMU, MOKHO JIETKO MOJI00paTh
CTEXUOMETpUUYECKHUE KOA(DPUIMEHTHI B YPABHEHUAX MHOTHUX CJIOXK-
HBIX OKHUCIIUTEIbHO-BOCCTAHOBUTENBHBIX peakiui. OmnpeneneHue
CTEXMOMETPUUECKUX KOID(PUIMEHTOB B PEAKIUAX OKHUCICHUS —
BOCCTAHOBJIEHUSI TPOBOJAT JBYMSI METOJAMHU: METOJOM 3JIEKTPOH-

HOTO 0anaHca U METOJI0M IMOJTYpPEaAKIUM.

MeToa 3JIEKTPOHHOI0 0ajiaHca

B ocHOBE MeTOIa JIEKUT MPAaBUIIO BJIEKTPOHHOrO OanaHca:
«YHUCIO DIEKTPOHOB, MPUHATBHIX OKUCIUTEIEM, PABHO YUCIY DJIEK-
TPOHOB, OTIAHHBIX BOCCTAHOBUTEIEM». B 3TOM MeTOl€e CYILIHOCTHb
OKHCIIUTEIIbHO-BOCCTAHOBUTEIBHBIX IPOLICCCOB BBIPAXKAIOT JJIEK-
TPOHHBIMU cXeMaMHU. [IOpsAIOK BBIMOIHEHUS JEUCTBUM IO MOA00PY
CTEXHOMETPUYECKUX KOIPPUUMEHTOB sl OKUCJIUTEIbHO-
BOCCTAHOBUTEJILHOM peaKIMu:

1.  3anuceiBatoT (POPMYJIBI PEAreHTOB M MPOJIYKTOB pEak-
1M1 B MOJIEKYJIIPHOM BUJIE.

2.  OmnpenenstoT CTENEHU OKUCICHUS aTOMOB, U3MEHSIOIINX
€€ B [IPOLECCE OKUCIICHNUS Y BOCCTAHOBJICHMUS.

3. I[To u3MEHEHUIO CTEIEeHEW OKUCIICHUS YCTAaHABJIMBAIOT
YUCIIO 3JIEKTPOHOB, OTAAHHBIX BOCCTAHOBUTEJIEM, U YMUCIO JJIEK-
TPOHOB, MPUHITHIX OKUCIHUTENIEM, U COCTABIISIOT 3JIEKTPOHHBIN Oa-
JJAHC C YYETOM MPUHLIMIIA PABEHCTBA YMUCJIa OTAABAEMbIX U IPUHU-
MAa€MBIX JJIEKTPOHOB.

4.  MHOXUTENU BJIEKTPOHHOTO OajaHca 3aluChIBAIOT B

YPaBHCHUC OKHUCIUTCIIbBHO — BOCCTAHOBUTEIBHOU pC€aKInnu KaK OC-
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HOBHBIE CTEXHOMETpUUECKHUE KO PUIIMEHTHI.
5. IlombuparT crexuomerpudyeckue KodIhPUIUEHTH OC-
TaJbHBIX YYACTHUKOB PEAKIIUH B TIOCIICIOBATEILHOCTH:
d)  YpaBHUBAIOT aTOMbI METAJJIOB C TOCTOSHHOM CTe-
MIEHBIO OKUCJICHUS;
b)  ypaBHHMBAIOT KHCIOTHBIE OCTAaTKH (€CIU PEaKIUs
MIpOTEKaeT B KUCJIOM cpelie);
C)  ypaBHHUBAIOT aTOMbI BOJIOPO/IA.
Hamnpumep, aiist peakiuu:
(+1)(+3) (-2) (+1) (+7) (-2) (*D(H6)(-2) (+1)(+5)(-2) (+1) (+6)(-2) (+2) (+6)(-2) (+1)(-2)
NaNO, + KMnO4+ H,SO,= N3.N_03+ K,SO, + M£804+ H,O
U3 MOMYEPKHYTHIX B YPaBHCHUU XUMHUYECKHX 3JIEMEHTOB BHIHO,
yTo atoMm azota B NaNO,, umes crenenb okuciaenus (+3), oraaer 2
€ u nepexoaut B a30T B creneHu okucieHuss (+5) B NaNOsz. Atom
Maprasiia, umes ctenetb okuciienus (+7) B KMnQO,, npunumaer 5 €

U TEPEXOJUT B aTOM MapraHila B CTENEHU OKHUCIeHHs (+2) B

MnSQO,. DIIeKTPOHHBIE CXEMbI UMEIOT BUI:
(+3) (+5)
N-2—>N 5
(+7) (+2)
Mn +5¢&— Mn 2

Hudpst 5 1 2 — MHOXKUTEIN, KOTOPHIE YPaBHUBAIOT YHUCIIO
MPUHATHIX U OTJAAHHBIX 3JICKTPOHOB B JIAHHOW PEAKIIUH U SBIISTIOTCS
ko3 punuentamu npu dopmynax BoccraHoButens (NaNO;) u
okucnurenst (KMnQ,). IloacraBus ko3¢ duiiueHT 2 B J1€BOM 4acTH

nepen NaNO; u B npasoit yactu nepea NaNOs; koaddunment 7 B
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nesoi yactu nepen KMnO, u B ipaBoii wactu niepen MnSO, ypas-
+ 2+

HEHUS pEeaKIMu ¥, YIYUTBIBas, 4TO Ha CBA3b ¢ moHamu K™ u Mn

pacxoayercs 3 moib H,SO,4, monyyarotr ypaBHEHHUE:

5NaNO,+2KMnO, + 3H,SO,— 5NaNOs+ K,SO, + 2MnSO,4+3H,0
Jlanee 0TMEUaroT, YTO MPOIECC OTIAUU DJICKTPOHOB — MPOILIECC

okucnienusi, NaNO, -BoccTaHOBuUTENb;, MPOLECC MNPUCOCTUHECHUS

AJIEKTPOHOB - TMpoliecc BoccTanoBieHuss, KMnO, — okucnurens.

TUNbI OKUCJIUTEIBbHO-BOCCTAHOBUTEILHBIX
peakummn

PaznuyaroT Tpu THNa OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX pe-
aKIU.

o Mesicmonekynaprnoe OKHUCIECHUE-BOCCTAHOBIICHUE. OTO

peakiyy, B KOTOPBIX U3MEHSIOT CTENEHb OKHUCICHUS AaTOMBI

Pa3HBIX XUMHUYECKHE JIEMEHTOB, BXOJSIINE B COCTAB pa3iuy-

HbIX MOJieKYl (OKUCIUTENh U BOCCTAHOBUTEND SIBIISIIOTCS pas-

HBIMM BeliecTBaMu). Hamnpumep:

5H,5"0; + 2KMn*"0, —2H,590, + 2Mn*?50, + K,S0,
+ 3H,0.

o Buympumonekynapunoe OKACI€HHE-BOCCTAaHOBJICHHUE.

DTO peakluu, B KOTOPHIX U3MEHSAIOT CTENIEHb OKUCIICHUS aTO-

MbI PA3JIMYHBIX XUMHAYECKUX JIEMEHTOB, BXOISAIIME B COCTAB

OJHOM Y TOM K€ MOJICKYJIbL. Hale BCEro 3TOT TUIT pEaKIIUU

COOTBETCTBYET TEPMHUUECKOMY PA3JI0KEHUIO CIOKHBIX BE-

LECTB: 2KCI¥90,2 5 2K CIY + 30,9

J Jlucnponopuyuonuposanue. IT0 PEaKlUU, B KOTOPHIX
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U3MCHSIOT CTEIECHU OKHCJICHHUS aTOMbBI OJHOTO M TOI'O K€ XH-
MHUYECKOI'0 DJIEMEHTA, BXOJAIIHME B COCTaB OJHOM M TOM XK€
MOJIeKYJIbl. CTEEHb OKHMCJCHHUS 3TOTO 3JIEMEHTA W IMOBBIIIA-

€TCi, U ITIOHNXKACTCA:

3 K,Mn"®0, +2H,0 - 2 KMn®“"0, + Mn®“Y0, + 4 KOH

OKHMCIUTETbHO-BOCCTAHOBUTEIbHbIE MOTEHIIMAJbI

Hamnpagnenne u 3Q(HeKTUBHOCTh MPOTEKAHUS OKUCITUTEIBHO-
BOCCTAHOBUTEJIbHBIX PEAKIIMI B BOAHBIX PACTBOPAaX OMPEIECISIIOTCS
3HAUYCHUSIMU OKUCTUMENbHO-60CCHIAHOBUMENbHBIX NOMEHUUAI08
COOTBETCTBYIOLIUX OKUCIUTEIbHO-BOCCTAHOBUTEIIbHBIX CUCTEM.

BennurHbl OKUCIUTENbHO-BOCCTAHOBUTEIIbHBIX TOTEHI[MAJIOB
SBJISIIOTCA KOJIMYECTBEHHOM XapaKTEPUCTUKON OKUCIUTEIBHON U
BOCCTAHOBUTEIIbHOM aKTUBHOCTHU BEIIECTBA B pacTBOpe. Boicokoe
3HAYEHHE OKUCIUTEIbHO-BOCCTAHOBUTEIBLHOIO MOTEHIINAJIA XapaK-
TEU3YET OKUCIUMETbHYIO CTIOCOOHOCTh cucTeMbl. Hu3zkoe 3naue-
HUE BEJIMYMHBI OKUCIUTEIHbHO-BOCCTAHOBUTEIBHOIO MOTEHIINAIIA
MO3BOJISIET MPOTHO3UPOBATH BHICOKYIO 80CCIAHOGUMETbHYIO AK-
TUBHOCTbH TAHHOM CPEJIbI.

BenuurHa 1 3HaK OKUCIUTEIHHO-BOCCTAHOBUTEIBLHOTO IO~
TEHLHAJIa OMPEAEIAIOTCS SKCIEPUMEHTAIBLHO; 3aBUCAT, MIPEKIC
BCET0, OT TEMIIEPATYPhI, COOTHOIIEHUS AKTUBHOCTEN OKUCIEHHOU
¥ BOCCTAaHOBJIEHHOU (PopM.

B HacTosiiee Bpemsi He CyIIECTBYET METOA0B, C IIOMOIIBIO
KOTOPBIX MOKHO OBIJIO OBl U3MEPUTH MJIM PACCUUTATh AOCOIFOTHOE

3HAYCHHC JJICKTPOAHOI'O ITIOTCHIHUAJIA. MOXHO THUIIb HU3MCPUTDH OT-



174
HOCHUTEJIBHYIO BEIMUYMHY AJIEKTPOJHOTO TIOTCHIIMAA, CPABHUB €TI0 C
MOTEHIIMAJIOM DJIEKTPOa, BRIOPAaHHOTO B KAUECTBE ITAJIOHA. DJICK-
TPOJI, OTHOCUTEIIFHO KOTOPOTO MTPOU3BOIUTCS U3MEPEHUE TTOTCH-
1[Masa, Ha3bIBACTCS 91eKMPOOOM CPAGHEHUSL.

B xadecTBe Takoro 3JIeKTpojia (3JIEKTPoJia CpaBHEHHUS ) YacTO
UCITOJIB3YIOT BOJIOPOJIHBIN JIEKTPOJI B CTAHAAPTHHIX yClIoBUAX. OH
COCTOHUT W3 TUIATHHOBOM IUIACTHHKH, IMTOKPHITOMN MIIATHHOBOM Uep-
HBIO - IJICKTPOXUMHUYECKUM IyTEM OCAKJICHHOU IJIATUHOMW, HACHI-
IICHHOM BOJOPOJIOM. DIJIEKTPOJI TOTPYKEH B BOJHBIN PacTBOP cep-
HOH KHCIIOTHI C aKTHBHOCTBIO HoHOB H', paBHOit 1 MOnB/1 1 OMBI-
BaeTCsl CTpyel ra3000pa3HOro BOIOPO/aa Mo 1aBieHueM latm. Be-
JUYHMHY ITOTEHIIHAJIa TAKOTO AJIEKTPO/Ia YCIOBHO MPUHUMAIOT 32
HOJTb.

Kpome BogopoIHOTO 3JIeKTpOIa, B KAUECTBE JICKTPOJIOB
CpaBHEHHUS MCTIONB3YIOT XJIOpCepeOPSHBIN, KaJIOMEIbHBIN U HEKO-
TOpbIe Apyrue. Mo>KHO MepelTH OT OJTHOM ITKAJIbI TTOTCHITHAIOB K
npyroii. Hanpumep, cranaapTHBIN MTOTEHIIUAI IIMHKOBOTO AJICKTPO-
J1a TI0 BOJIOPOIHOM 11Kajie paBeH -0,76 B, a moteHuan xjiopcepeo-
psHOro 31ekTpoaa + 0,22 B (mo Toii ke mkaine). CienoBaTeiabHO,
MOTEHIIMAJ [IMHKOBOTO 3JIEKTPO/Ia O MIKaJIE XJIOpCepeOpsSHOTO
anekTpoja OyaeT paseH: - 0,76 - 0,22 = - 0,98 B.

DJIEKTPOIHBIN TPOIECC, MPOUCXOISAIINI Ha BOJOPOTHOM
snextpoze: 2H™ + 28 2 H,. [ToTeHnMan BogoOpoOIHOTO SIEKTPOIa

BOCITPOU3BOJUTCS C BBICOKOW TOYHOCTBIO, IIO3TOMY BOAOPOIHBIN
AJIEKTPOJI U IPUHSAT B KAYECTBE STAJIOHA MPHU CO3JAHUU IIKAIBI

SJICKTPOAHBIX IMOTCHIUAJIOB. CocTaBisioTCs TaJlbBAaHUYCSCKHUE IMapbl
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U3 JIBYX BJIEKTPOJIOB (OJIUH U3 AJIEKTPOJIOB — BOJIOPOAHBIN), U3MeE-
pseMbI€ TOTEHIIUAJIBI AJIEKTPOJIOB, OTJAIOIINE AIEKTPOHBI BOJI0-
POIHOMY DJIEKTPOAY, OyJAyT UMETh 3HAK «MUHYC)», & IPUHUMAIOIIIUE
AJIEKTPOHBI OT BOJAOPOIHOTO JIEKTPOaa OYIyT UMETh 3HAK «ILITIOCY.
[Ipornecchl Ha AIEKTPOAaX COMPOBOKIAIOTCI XUMUUECKUMHU PEaAK-
USIMU OKHMCJICHUS U BOCCTAHOBJICHUS C MEepepacipeaeieHueM
sHepruu B cucteMe. OKUCIUTENh TPUHUMAET SHEPTUIO OT BOCCTA-
HOBUTEJISI U BOCCTAHABIIUBAETCSI B COOTBETCTBUU C DHEPTETUUECKOM

CXEMOMU:

‘—
EOK + AEveoccm - Ered

KOTOpas TaKXKe SIBJISICTCS BHIPAKCHUEM 3aKOHA COXPAaHEHHMS dHE-
ruu, rae Ey — ucxomHas «d3Heprus» BEIIECTBA, SBISIOMIETOCS OKHC-
auteneMm, AEg ... — "3MEHEHHE SHEPTUH BOCCTAHOBUTENS, Eeq —

«QHEPIrus» BOCCTAHOBJICHHOT'O OKHUCIIHUTCIIA.

CylecTBYIOT CUCTEMBI, B KOTOPHIX U OKUCJICHHAsI M BOCCTa-
HOBJICHHas1 POpMBI HaxXoaATCs B pacTBope. [Ipu 3TOM IpOUCXOIUT
O0OMEH PJIEKTPOHAMHU MEXK1y HHEPTHBIM JICKTPOJOM U MOHAMH pac-
TBOpA. [IprmMepom citykaT penoKC-3JeKTPO bl (OKUCIUTEIHHO-

BoccTanoBu-TenbHbe) Fe?', Fe®+|Pt;  Sn®*, Sn** | Pt.

W3menenune ceoboonoii snepeuu (AG) npu XMMUYECKOH peak-
WU OTpEeNEIAeT deKTpoABKyyto cuiry (91C) ransBaHu4ecko-

I'0 3JICMEHTA.

£ = —AG/nF,
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rie AG — usMenenue cBo6o1HOM dHeprum [ ndoca,

N — YUCJIO0 PJICKTPOHOB, YUACTBYIOIIUX B PEAKIIUU;

F — nocrosunas @apanes; € - AJIEKTPOJBHKYINAS CUJIA.

N3BecTHO, uTO peakiys (MpH CTaHIAPTHBIX YCIOBHSX) BO3-
MoxHa, eciu  AG <0, cinegoBarenbHo, IAC odonrxcna ovimvs no-
JLOHCUMENbHOU CeJIUYUHON NITISI TOTO, YTOOBI DJIEKTPOXUMHUYECKAs

peaKknuA IIPOTCKaJla CaMOIIPOU3BOJIbHO!
€ = AE= EOK - EBOCCT

CHCI[OB&T@HBHO, 9I[C TaJbBaHHUYCCKOI'O 3JICMCHTA, COCTAaB-
JICHHOTO W3 JII0O00H Mapbl 3JICKTPOAOB, MOKHO BBIYHUCIIUTL HCXOIA
U3 3HAUYCHUU OKMCJIMTECILHO-BOCCTAHOBUTEIBHBIX IIOTECHIIMAJIOB, a

HMMCEHHO

N3 IIOTCHIKMAJIa KaToJda BBIYHUTACTCA ITOTCHOHAJ aHOAa (B rajJibBa-
HHUYCCKOM JJIEMCHTC KaTOAOM ABJISACTCA MOJIOKUTEIbHBIN SJICKTPOU,

aHOJIOM - OTPHUIIATEIIbHBIN).

Ecnu skcnepuMeHTaNbHO onpeAeianTh JBa 3HadueHus OJC
nzyyaeMon peakuun — E;u E; — XoTs Obl mpu IBYX TeMIiepary-
pax T1u Ty, TO, COCTaBUB CUCTEMY U3 IBYX YDABHEHUN:

AH—TlAS:—nAElF
AH - T, AS = —n AE,F
MO>KHO MIPOCTO BBIYUCIUTH TEPMOJUHAMUYECCKHE XaPAKTCPUCTUKU —

onmanvnuto ( H) v oumponuio ( S) peakiiuu B JaHHOM HHTEPBaJje

TEeMIIepaTyp.
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B3anmocss3p 3/1C 1 KOHCTaHTHI pABHOBECHUST OKHCIUTEIBHO-

BOCCTAaHOBUTEJIBHOM peakiiuu ONpPeAesieTCs] ypaBHCHUEM:

AG = - RTInK = -nFg
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KOHTPOJIB YCBOCHUA TEMBI

1. Cpenu coenunenwmii: xjmopun >kenesa (II), xmopun skenesa
(I1T), meTammuyeckoe Kene30; CepoBOOPO, CYIbMUT HATPHUS, Cep-
Has KUCJIOTa — yKa3aTh BOCCTAHOBUTEJMW, OKHUCIUTEIM U COCIUHE-
HUS C OKACJIUTEIbHO-BOCCTAHOBUTEIIBHON IBOMCTBEHHOCTBIO.

2. HazBaTh THIIBI OKMCIUTEIBHO — BOCCTAHOBUTEIBHBIX pEaK-
1. MeToaoM 3IEKTPOHHOI0 OajlaHca Moa00paTh CTEXHOMETpHUYEC-
ckre Kodh(PUIMEHThI B CXEMax YpPaBHEHHM MEXMOJICKYJISPHBIX
OKMCJIUTEJIbHO — BOCCTAHOBUTEJIBHBIX PEAKIMU. YKa3aTh B HHUX
OKHCJIUTEIb, BOCCTAHOBUTENb U CPEAY MPOTEKAHUS PEAKIIUU:

N02+ KOH + 02 —> KN03 + HZO

KNO, + H,SO4 + KI — NO + I, + K,SO,4 + H,0

K,Cr,0;+ H,SO4+ SO, — Cr,(S04)3; + K,SO4 + H,O

Na,SO,; + C —> Na,S+ CO

KNO; + H,SO4 + KMnOs— KNOsz+ MnSO,4 + K,SO,4 + H,O

Na,S + H,0, —» Na,SO, + H,O

KgSOg + KOH + Clg —> KzSO4 + KCI + H20
Na,O, + H,SO, +NaMnO, — O,+ MnSO, + Na,SO, + H,0,
KCIO; + C— KCI + CO,

K,Cr,0; +H,S0,+Na,SO; —Cr, (SO,); +Na,SO, +
K,SO,+H,0

NaCl + H,SO, + MnO, — Cly+ MnSO, + Na,SO, + H,0

KI +H,0, + H,SO, — 1, + K;SO, + H,0
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Cag(PO4)2 + S|02 +C—> P +CO+ CaS|O3

KN03+ KOH + MnO,2 KNO,+ K,MnO, + H,0O

H,S + KMnO,+ H,SO,— S + MnSO, + K,SO, + H,0
MnO, + KCIO3+ KOH — K,MnO,4 + KCI + H,O

3. MeTooM 3JIEKTPOHHOIO OajaHca ONMpeAeIuTh CTEXUOMET-
PHUYCCKHUC KOB(I)(I)I/IHI/IGHTLI B OKHCIIUTCIBbHO — BOCCTAHOBUTCJIBHBIX
pPC€aKIUAX AUCIIPOIIOPHIHUOHUPOBAHUA. Yxkazatb OKHUCJIHUTCIIb, BOC-
CTAHOBUTCIIb U CPCLY:

KCIO; —» KCIO, + KCI

KOH + Br, - KBr + KBrO3; + H,O
KOH + I, - KI + KIO3; + H,O
KOH + Br, -» KBr + KBrO + H,O

Na,O, + HCI — O, + NaCl + H,O
Ko:MnOy4+ H,O — + KMnOy4+ (MnO,+ H,0
Na,SO; — Na,S + Na,SO,
4. O0ocHYyHTE, KaKOW MPOIECC - OKUCICHUE WM BOCCTAHOB-
JIEHUE - IPOUCXOUT B MPEBPAIIECHUSIX BEUIECTB:

a) 2FeSO, — Fe,y(S0,);3

b) b) Fe,O;— 2Fe

c) ¢) NH; —» NO

d) 2CI" —» Cl,

e) CI'—> CIlO,

200, —> |,
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7.2. BzaumoaencTBHUEe KUCJIOT C MEeTAJLJIAaMHU

O0mmue moJ10KeHNA

IIponieccrl B3aMMOIEUCTBUS KUCJIOT C METAJIAMHA OTJIMYAKOTCS
pazHooOpaszuem MPOJYKTOB B3aMMOJECUCTBHUSA, YTO BBI3BIBAET
CJIOHOCTH B HW3YYECHUHW W IPOTHO3UPOBAHUU PE3YJIbTATOB ATHUX
nporeccoB. C Ipyro CTOPOHBI, CUCTEMA METAJIJT — KHUCJIOTA SIBJISI-
€TCS OJTHOUW M3 HamboJjiee BaXXHBIX B MPAKTHICCKOM OTHOIICHHUH H,
CJI€I0BATEIbHO, HEOOXOUMO OBJIQJICHUE XOTSA Obl MHUHUMAJIbHBIM
YPOBHEM 3HAHWH B 3TOW 00JACTH JJIsd MPUHIIAIIHAIHHON OICHKH
BO3MOXKHOCTH, 3()D(PEKTUBHOCTH W PE3YJIbTATOB B3aWMOJICUCTBUS B
YKa3aHHBIX CUCTEMaX.

CH0XHOCTBH POIIECCOB B3aUMOACHUCTBUS KUCIIOT C METalJlaMHu
00yCJIOBJIEHA KaK pa3jIMyueM B CBOMCTBaX KHCJOT, TaK U pa3InyM-
€M B CBOMCTBAX METAJIOB.

XUMHWYECKasl AaKTHUBHOCTb MEma/ii1068 W3MCHSCTCA B OYCHb

IIMPOKUX Mpe/iesiax: OT CBOMCTB IIEJIOYHBIX U IIEJIOYHO3EMENbHBIX,
KOTOpBIE HEIIb3d XPAHUThH HAa BO3AYXE, TAK KAK OHU AKTUBHO pPEaru-
PYIOT C KHUCJIOPOJIOM BO3JyXa U Mmapamu BOJbI, U 10 OJaropogHbIX,
BCTYMAIOIIUX B PEAKIUH C OYECHb OTPAHHUYECHHBIM KOJUYECTBOM
JIPYTUX BEIIECTB B JKECTKUX ycioBuax. OTcroga cieayeT, 4To 00-
CY>KJICHUE CBOMCTB METAJUIOB, B YACTHOCTH B3aUMOJEHUCTBUE UX C
KHUCJIOTAMHU, MOKHO BBIMIOJHSTH JIMIIL C YY€TOM XUMHUYECKOW aK-
TUBHOCTH. [[1s1 peakuuil 6 600HbIX pacmeopax XUMUYECKasi aKTUB-
HOCTb ONPEAECIACTCS MOJIOKEHUEM METaia B 271eKMPOXUMULECKOM
PpAOY HANpsAdCeHull Memasloé WIW, TOYHEE, PSIAY CTaHIApPTHBIX

SJICKTPOIHBIX ITOTCHIIMAJIOB MCTAJIJIOB!:
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YemMm JieBee pacioJioKeH MeTa/ul B PAAY HANPSAKEHU, TeM

0oJiblIe €ro XMMHYECKas AKTHBHOCTH (BOCCTAHOBHUTEJbHAA

CIOCOOHOCTB), KOI'/Ia OH B3fIT B BH/Ie IIPOCTOI0 BellecTBA.

B cokpaiiieHHOM BUJIE€ DJEKTPOXMMUUYECKUN Psii HAIPSKECHUN
METAJJIOB, KOTOPBINA TakKe, MO TMOHSATHBIM HPUYMHAM, Ha3bIBAIOT
PAOOM AKMUBHOCU MEMAJLI08, UMEET BUJL:

Li, K, Ba, Sr, Ca, Na, Mg, Be, Al, Mn, Zn, Cr, Fe, Co, Ni,
Sn, Pb, (H2), BI, Cu, Hg, Ag, Pt, Au

VY CIoBHO B psily aKTUBHOCTH METAJNIOB MOYKHO BBIACIUThH TPH
oOJacTu:

2) HanboJiee aKTHBHBIC METaJUIbl (IIEIOYHBIC U IIe-
JIOYHO3EMEJIbHBIE), CTOAIIME B psSIAYy aKTUBHOCTHU J10 MQ;
3) ymepenHo aktuBHbIe — 0T M@ 1o Cu;
4) MaJOaKTUBHBIE — CTOSIIUE B PNy AKTHUBHOCTH
HaymHas ¢ CU .
CxemaTuyecku psiJl aKTUBHOCTH MOKHO M300pa3UTh TaK:

aKmueHnble Mq VMEPEHHO AKMuUe6Hble CU manoaxkmugnble

IIpucyTrcTBUE B psily aKTUBHOCTH METAJLUIOB CUMBOJIA HEMeE-
taia Hy HeoOXoaumo mpu 0OCYKJIEHUH TPOIECCOB B3aMMO/ICHCT-
BUSA METAJUIOB C BOJOW M KuUciotamu. JIeee H, pacnonoxxeHsl Me-
TaJUIbl, UMEIOIIUE OTPUIATEIBLHBIE 3HAYCHUS CTAHAAPTHBIX 3JICK-
TPOJHBIX IMOTEHIIMAJIOB M, CJIEA0BATEILHO, CIIOCOOHBIE BOCCTAHAB-
JIMBaTh BOJOPOJ M3 BOJIBI U KHUCJIOT; MPAaBEE PaCIOI0KECHBI METall-
Jbl C TIOJIOKUTEIbHBIMU 3HAYCHUSIMH CTAHAAPTHBIX SJICKTPOIHBIX
MIOTEHIIMAJIOB, KOTOPBIE HE MOTYT OBITh OKHCJICHBI HOHAMHU BOJIOPO-

Jda BOJAbI KU KHUCJIOT.
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Takum oOpaszom, auddepeHurpoBaHHbIA MOAXO0J K 00CyXKie-
HUIO XMUMHUYECKOTO TOBEJICHUS METAJJIOB MPU B3aUMOJICUCTBUU C
KHUCJIOTaMH BIOJIHE OUYEBUJICH.
JI1st Toro, 4ToObI BBHIABUTH HAa MPUHIIUIIMAIIBHOM YPOBHE pas-

JUYUC B NOBCACHHUH Kucaom I11PpU BBaHMOHGﬁCTBHH C METalllaMu,

HE00XOJUMO OCMBICIIUTD CIEAYIOLINE MOTO0KEHHUS:

1) peakuusi B3auMOJEHCTBHSI METalIa U KUCIOThl — OKHUCIIH-
TEJIbHO-BOCCTAHOBUTEINbHAS; METaul (B BUAE IPOCTOrO BEIIECTBA)
MOXET OBITh TOJILKO BOccTaHoBHUTeneM. OTciofa CleAyeT OYEHb
Ba)KHBIN BBIBOJI:

JIwoasa kucroma no omuouwenu0 K Memauiiy
AenAemca OKucaumesnem

2) B kauecTBe OKHCIUTENS B COCTaBE KHCIOTHI MOTYT BEHI-
CTYyMNaTh:

a) KaTHoH (MoH Boxopoxa H')

0) aHMOH 3a CUeT aroMa 3JIEMEHTAa B MOJOKUTEJIbHOU CTere-
HU OKHCIIEHUSI, 00pa3yIoIEro KUCaoTy.

HazoBeM KHCIOTBI, COOTBETCTBYIOIIME BAPUAHTY «a», TO
€CThb O0JNaalIINe C1ab0 BbIPANCEHHBIMU OKUCTUMETbHLIMU CBOU-
cmeamuy, KUCJA0TaMu | rpynmbl; KUCIOTHI, COOTBETCTBYIOLIUE Ba-
pUaHTy «0», TO €CTb C APKO BbIPANCEHHbIMU OKUCTUMETbHbIMU
ceoucmeamu, kucaoramu |l rpynnel.

3) C y4eToM BEJIMYMH CTAHIAPTHBIX SJEKTPOIAHBIX MOTEHIMA-
JIOB KMCJIOTHI | rpynmnbl MOTyT OKUCHATH JIMIIb METAJUIbI, CTOSIIIINE
B psany akTuBHOCTH 10 Hy. IIpm 3TOM €IMHCTBEHHBIM MPOAYKTOM

BOCCTAHOBJICHUSI SIBJIIETCS Ta3000pa3HBIN BOJOPO/I.
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5) Kucaorsl |l rpynnbl MOTYT OKHCIATH KaK aKTHBHBIC,

TaK YU MaJOAKTUBHBIE (CTOSIIIME B PsAly aKTUBHOCTH HAuMHAas C
Cu) Metamibl; MPH 3TOM MPOMCXOAUT BOCCTAHOBJIICHHE aTOMOB
AJieMEeHTa, 00pPa3yIoIIETro KUCIOTY.

6) Meramibl, Ha KOTOPBIC HE JACHCTBYET HHU OJHA U3 WHJIM-
BUIYJIbHBIX KHUCJIOT, MOTYT B3aUMOJIEUCTBOBATh C «YAPCKOU 600-
KOU» — CMEChI0 KOHIIEHTPUPOBAHHBIX a30THOM U COJITHOM KUCIIOT
B cooTHouieHuu 1:3. B 3TOM ciiyyae UrparoT poJib HE TOJIBKO MPO-
LIECChI OKUCJIEHUS, HO M KOMILJIEKCOOOpa30BaHMUsI.

7) B mo0Oom o0cyXJeHHH, KaK IPaBUIO, JOMYCKAETCS TOT
WM UHOW ypOBEHb OO0OOIIEHHUsI, YIPOIIEHUsI CUTyalnuu. B nanHom
BOIIPOCE YIPOIICHUE HEU30EKHO MO CIEAYIOIINM HAPaBICHUSAM:

¢ TEOPETUYECKH BO3MOXKHOE IMIPOTEKaHUE TIpoliecca Ha
MPAKTUKE OCJIOKHSIETCS 00pa30BaHUEM Ha MOBEPXHOCTHU
MeTajljla MPOAYKTOB, MPEMSATCTBYIOMIUX JTalbHEHIIIEMY
B3aMMOJICUCTBUIO. Tak, B COOTBETCTBUU C TOJIOKEHUEM
B psy aKTUBHOCTH CBHUHEI] CIIOCOOEH B3aMMOJCHCTBO-
BaTh C pa30aBIEHHON cepHOM KuciaoTor. Ho mockoybky
oOpasyromuiicss B mporecce peakuuu PbSO, obOpasyer
Ha IIOBEPXHOCTH MeETajla HEPaCTBOPHUMBIM 3allMTHBIN
CJIOM, CBUHEI MTPAKTUYECKU HE PACTBOPSIETCA B yKa3aH-
HOM Kuciore. [IpumepHO 1O TOM )Ke CXeMe MPOUCXOIAUT
MacCUBAIMS HEKOTOPHIX METAJIOB B KOHIICHTPUPOBAH-
HBIX a30THOM U CEPHOM KHUCIIOTaX;

¢ IIpU B3aMMOJICHCTBUU METAJIOB C KUcaoTamu || rpymmsl

00BIYHO 00pa3yeTcss HECKOJIbKO MPOJYKTOB BOCCTAaHOB-
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JICHUSI, ¥ B PEaKINH YKAa3bIBACTCS TOT MPOIYKT, KOTOPBIH
npeo0aaaeT B CMECH;

%* COCTaB IMPOAYKTOB BOCCTAHOBJICHUA IIPpU B3aMMOJIECHUCT-

L)

BUM METAJIOB ¢ KuciioTamu |l rpynibl CyiiecTBEeHHO 3a-
BHCHUT HE TOJIBKO OT aKTUBHOCTH METAJJIa, HO U OT KOH-
HEHTpAllUX KUCJIOTHI, TemnepaTypbl. HeBO3MOKHOCTH
TOYHOTO Yy4ueTa BCEX ITUX (PAKTOPOB B COBOKYIHOCTH U
BO BCEM MHTEPBAJIC UX U3MEHEHUS TAKXKE BBIHYXKJAET K
UCIIOJIb30BAaHUIO YIPOIIEHUN MNPU HAIMCAHUM COOTBET-

CTBYIOIIMX YPABHECHUMN PEAKIUNA.

B3aumoaelicTBue C MeTa/LIaMH KHCJIOT, 00J1aJal0IMX
¢J1a00 BbIPa:KeHHBIMHU OKHUCJIUTEIbHBIMHU CBOWICTBAMM

K kucmoram | rpymmel, rie OKHINTENb - HOHBI Bogopona H',
OTHOCHUTCS OOJBIIMHCTBO U3BECTHBIX KUCIIOT:

1) mpexnae Bcero, K HUIM OTHOCATCS OeCKUCI0POOHbLE
KHCJIOTHI, B KOTOPBIX aHUOH MPEICTaBIISIET COOOM aTOM HeMe-
Tajula B oTpunarenbHoi crernenn okucienus (HCI, HBr, HI,
H,S u npyrue). AHUOH 3aBEIOMO HE MOYKET MPOSBIISATH OKHC-
JINTEJIBHBIX CBOWCTB. boJiee TOro, mpM B3aMMOICUCTBUU C
OKUCIIUTEJISIMUA 3TH KUCIIOTHI 32 CYET AaHUOHA MOTYT MPOSIBISATH
ce0dss B poJid BOCCTaHOBUTENEW. B peaknusax c¢ meramiamu
OKUCIIUTEJIbHOE JICHCTBUE MOXXHO OXKUJATh JIUIIb OT HWOHOB
BOJIOpPOAA.

2) KUCIOPOJCOJEpKAIINE KHUCIOTHI, B COCTaBe KOTO-
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pPBIX aTOM HeEMeTajula, 0Opa3yIoIIero KHCJIOTY, HaXOIMTCS B
MOJI0KUTEJILHON CTENEHN OKHUCICHMS, HE SIBIISIONIEHCS Mak-
cumansHoi (HNO,, H,SOs, ...). B onpeneneHHBIX cUTyalusax
9TH KHUCJIOTHI TaKK€ MOTI'YT IPOSBIISATh BOCCTAHOBHMTCIIbHBIC
CBOWCTBA 3a CUET aHHOHA KUCJIOTHL. 110 OTHOIIEHUIO K METaJ-
JaM OKHCJICHHE MOJKET MPOUCXOAMTh JIHIIIb 32 CYCT HOHOB BO-
I0po/Ia.

3) KHCIOpOACOAEp KAIIUE KUCIOThI, B KOTOPHIX aTOM
nJIEMEHTa, 00pa3yIolIero KUCIOTY, HaAXOJAUTCS B MaKCHMallb-
HOM TI0JIOKMTEIILHOM CTEIEHN OKHMCIICHHS, HO TIOCKOJIbKY 3Ha-
YCHUE OTHOCUTEILHOM 3JICKTPOOTPHUIIATCIIBHOCTH aTOMa 3TOI0
9JIEMEHTA CPABHUTCIHHO HEBEIMKO, aTOM HE IPOSIBISET SIPKO
BBIPAYKEHHON CKJIOHHOCTH K TOHIIKCHHIO CTCIICHH OKHCICHUS
(HsPOy4, H,CO3, HySiO3, H3ASOy, ...), U B pOJIM OKHCIUTEIIS
110 OTHOIICHHUIO K METaJUIaM IO-TIPEKHEMY BBICTYIAIOT MOHBI
H". K xucnoram | rpymmst otHOocuTCs Takxke H,SO, paso.

Kak YK€ YKa3bIBaJIOCh, KHUCJIOTBI | rpyuiibl MOT'YT BSaHMOHCﬁ-

CTBOBATh JIHMIIb C aKTHMBHBIMU MCTAJIJIaMH (CTOHHII/IMI/I B piaay ak-

THUBHOCTH 10 CU), TaK KaK JIMIIb I1I0 OTHOIMCHUIO K aKTUBHBIM MC-

TallaM, JICTKO OTHAOIIMM BaJICHTHBIC 3JICKTPOHBI, MOKET OBITH

+
peannu3oBaHa OKUCIUTENIbHAs CIIOCOOHOCTh HOHOB Bojopoaa H '

Zn + 2HCI — ZnC|2 +H,
Ca + H,CO; — CaCO3+ H,

Ag + H,SO,4pa36. — B3aUMOJIEUCTBUE OTCYTCTBYET.
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B3aumoaelicTBHe ¢ MeTA/LUIAMH KHCJIOT, 00J1aJaI0IMX
SIPKO BbIPa’KeHHbIMH OKMCJUTEJIbHBIMUA CBOMCTBAMU

K kucnoram |l rpymnmbl OTHOCSTCS HEKOTOPHIE KHUCJIOPOICO-
JepoKalue KUCIOThl, 00pa30BaHHbIE aTOMaMH 3JIEMEHTOB C BBICO-
KUMHU 3HAQYEHUSAMHU BEIMYMH OTHOCUTEIIBHON 3JIEKTPOOTPHUIIATEb-
HOCTHU B COCTOSIHUM MAaKCHUMAJIbHOW MOJIOKUTEIbHON CTENEHU OKHUC-
aenusi. HanGonee BaxkapiMu n3 HUX sABiIgioTcss HNO; 110001 koH-
neHTpauuu u H,SO, konu. SIBHas CKIOHHOCTH aTOMOB a3oTa (B
MaKCUMaJIbHOM TOJIOKUTEIBHON CTENIEHU OKHUCJICHUS +5) U aTOMOB
cephl (B MAKCUMAJIbHOM MOJIOKUTEIIBHON CTENIEHU OKUCIIEHUS +6) K
MOHMKEHUIO CTENEHU OKHUCJIEHUS NPUBOJUT K TOMY, YTO, BO-
MEPBBIX, B MPOIECCaX OKUCIEHUS] METAIIJIOB UMEHHO OHU BBICTYyIIA-
0T B POJIM OKHUCJIUTENEH, W, BO-BTOPBIX, UX OKHUCIUTEIbHAS CIO-
COOHOCTB CYIIECTBEHHO BBINIE, YEM Y HOHOB BOJOPO/IA.

NmMenHo mo3TomMy KUCHOTHI |l Tpynmbl MOTyT OKUCIATH HE
TOJIbKO aKTHUBHBIE METAJUIbI, CTOSIIIIUE B PSAy aKTUBHOCTU J10 BOJO-
poaa, HO U MHOTHE U3 MaJIOAaKTUBHBIX, 32 UCKJIFOYEHHEM OJIaropo-
HBIX U HEKOTOPBIX JAPYTHUX.

MOXHO MPEeANnoa0KUTh, YTO OTCYTCTBUE SIPKO BBIPAKEHHBIX
OKHCJIUTEIBHBIX CBOWUCTB y pazbaBienHor H,SO, (B ornuuume ot
pasz6asnenHoli HNO3) cBA3aHO ¢ MEHBIIMM 3HAYEHHEM BEIHYHHBI
OTHOCUTEJIBLHOU 3JIEKTPOOTPUIIATEILHOCTH aTOMOB CEpBI MO CpPaB-
HEHHEM C aroMamu azoTta. [Ipu »TOoM, oJHAKO, HEOOXOAUMO TOM-
HUTh O HEM30€KHOCTHU YIPOIIEHUN B OJOOHBIX PACCYKICHUSIX, TAK

KaK pC€aJIbHO OKHUCIHUTCIIbHAsA CITOCOOHOCTh COCIUHEHUH 3aBUCHUT OT
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MHOTHX (DAKTOPOB U peaIM3yeTCsS B Pa3IMUHBIX MeXaHu3Mmax. Jloc-
TaTOYHO BCIOMHHUTH, YTO OKHCIUTEIbHAS CIIOCOOHOCTH XJIOPCO-
JIepKaIIuX KHCIOT YBEIUYUBACTCA B POy HCIO,, HCIO;,
HCIO, HCIO, To ecTh Mo Mepe yMEHBIIIEHUSI CTETICHU OKUCIICHUS
XJIOpa B COCIUHCHUSAX (B CBS3M C YMCHBIICHHEM YCTOWYHBOCTH
ATHUX COCIMHEHMH).

[TpoayKThl BOCCTAHOBJICHHUS Cepbl (1+6), BXOIAIICH B COCTaB
H,SO4 konn. u azota (+5), Bxoasmero B coctaB HNOs, mpu B3aumMo-
JNEUCTBUH dTHX KHUCJIOT C METajIaMH OIPEISISIOTCS PsIoM (akto-
POB:

o AKTHUBHOCTBIO METAJLIA;

o KOHIICHTPAIIUECH KUCIIOTHI;

o TEMIIEPATYPOU;

° HEKOTOPHIMH WHBIMH YCIIOBUSIMH, HaIpuMep,
HaJU4YieM TPHMECEeH B MeTallJie, COCTOSHHEM €ro MOBEPXHOCTH

JIPYTUMU OCOOCHHOCTSAMMU ITpOIIECcca.

B3aumoaencTBue METAIOB ¢ KOHICHTPUPOBAHHOU
CePHOM KUCJIOTOM

Hcxons 3 CTpoeHUs BHEITHETO 3JIEKTPOHHOIO CJIOA aroMa ce-
pPbI, MOKHO OXHWJATh IPOSIBIICHUS aTOMOM CEPBI CIICAYIOIINUX CTEIE-
HEl OKMCIICHUS M 00pa30BaHUS BAKHEUINIUX COCIWHEHUN, COOTBET-

CTBYIOIIUX 5THUM CTCIICHAM OKHUCJICHHA:

CTEIEHb —2 0 +4 +6
OKHCJICHUS

Baxxuenmme
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COECIMHECHHUSA H»S S SO, SO;

7 \
H,S0; H,SO,

MakcrumanbHasi CTETIEHb OKUCICHHSI aTtoMa cepbl (+6) peanu-
30BaHa B CEPHOM KHCJIOTE, U MPU B3aUMOJCUCTBUHU C METAILIAMH,
KaK yXe 00CYyXIaJloCh, MPOUCXOJAUT MOHUKEHUE CTENEHU OKHUCJIe-
HUS aTOMa cepbl ¢ 00pazoBaHueM quoKcHuaa cepbl SO,, 2IeMEHTHOM
cepsl S wiau cepoBogopoaa H,S. JIornaHo mpeamonoxuTh, 9TO TITy-
OrHa BOCCTAHOBJICHUSI CEPBI OYAET 3aBUCETh, B IEPBYIO OYEPEb, OT
AKTUBHOCTH METAJIJIa, TO €CTh OT TOr0, HACKOJIBKO OXOTHO aTOM Me-
Tajjia OTAAET CBOU BAJIEHTHBIE JIEKTPOHBI aTOMY CEPHI.

Pe3ynbTaTr 3TOr0 OKHCIUTEIHLHO-BOCCTAHOBUTEIHHOTO B3au-
MOJIEMCTBUS MOXKHO IPEACTABUTH CXEMOW, B KOTOPOU MPOCIEKUBA-
€TCS B3aUMOCBSI3b MEXK/1y aKTUBHOCTBIO METaJJIa U MPOJYKTOM BOC-
CTAHOBJICHUSI KOHIIEHTPUPOBAHHOW cepHOM KuciaoTel. HeoOxonu-
MOCTb YIPOILIEHU U 000011IeHNH B TOJOOHOTO POJIa PACCYKICHUSIX

000CHOBAHA BBIIIIE.

Hauoboee aKkmueHbvle Mg YMEPEHHO aKmueHbvle CUu wmanoaxkmuenvie

Memaivl Memaiivl (mo Pt, Au...)
\ \J \
H,S, S S (mast Mg, Zn) SO,

SO,
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C OOJIBIIIMHCTBOM MajIOAaKTUBHBIX U YMEPEHHO aKTUBHBIX Me-
TaJlJIOB KoHIleHTpupoBanHas H,SO, pearupyer Toiabko Npu Harpe-
BaHUU. XO0JOJHAs KOHIIEHTPUPOBAHHAsS CEpHAas KHUCJIOTa IacCHBH-
PYET KEJE30, IO3TOMY €€ MEPEBO3ST B KeJIe3HOU Tape. [laccusayu-
el Ha3bIBaeTCs IMpoliecc 00pa3oBaHUs TOHKOW OKCHAHOM (MJIM MHO-
ro COCTaBa) IUICHKU Ha MOBEPXHOCTHU METalllIa, KOTOpas MpensTCT-
BYyET MPOIIECCY JATbLHEUIIET0 B3aMMOJCHCTBUS METajjia ¢ KUCIIO-
TOM.

[IpoumttocTpupyeM CXeMy KOHKPETHBIMH MpUMEpaMH, a
MMEHHO MPOTHO3UPYEM PE3YJbTAT B3aUMOJICUCTBUS KOHIIEHTPUPO-
BAHHOM CEPHOM KHCIIOTHI ¢ MeJbI0 (MaJ0aKTUBHBIN METasll), Kallb-
1eM (IeJI0YHO3EMEIbHBI METaJlJI, TO €CTh OTHOCUTCSA K YUCITY

Hauboiee aKTI/IBHBIX) U IMHKOM (MeTaHJ'I CpeI[HefI aKTI/IBHOCTI/I).

Cu + 2H,SO4xom. = CuSO, + SO,T + 2H,0

4 Ca + 5H,SOsxomn. = 4 CaSO, + H,ST + 4H,0

IIpu B3auMOAEUCTBUU C IMHKOM CE€pHas KUCIJIOTAa BOCCTAHAB-

JIMBAETCsl TEM CUJIbHEE, YeM OOJIblIe TEMIIEpaTypa:

a) mpu HeOOIBIIIOM HarpeBaHUU

Zn + 2 H,SO,xomm. = ZnSO, + SO,T + 2 H,0O

0) npu 0osee BHICOKUX TEMIIEpaTypax

3Zn + 4H,SO4xom. = 32ZnSO, + SY + 4H,0
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B) B YCIIOBUSIX €I1I€ OOJIBIIINX TEMIIEPaTyp

47Zn + 5H,SO4kom. = 42ZnS0O, + H,ST + 4 H,0.
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B3auMoaencTBue METAJIOB ¢ A30THOM KUCJI0TOM

Bo3MoOXHBIE CTEIIEHU OKHMCJICHMS a30Ta B COCAUHEHUSIX U3Me-
HSIOTCA B MHTEpBajiE OT —3 10 +5. BaxxHeWmMMu BOJOPOJHBIMU U
KUCJIOPOJIHBIMHA CO€IMHEHUSIMH, COOTBETCTBYIOIIMMHU 3THUM CTEIIE-
HSIM OKHCJICHMUSI, SIBIISIOTCS:

CTCIICHD -3 0 +1 +2 +3 +4 +5
OKHCJICHUS
Baxneimue H3N N2 NZO NO N203 N02 N205
COCMHECHMUS
\! !
HNO, HNO;

A30THas KHCJIOTa MPHU B3aUMOJACHCTBUM C METaJlJIaMHd MOJXKET
BOCCTaHABJIMBATLCA KaK HE3HAYMTENBHO (10 «Oyporo raza» NO,),
TaK U 0O COSUHEHUH, OTBEUAOIUX Oojiee TITyOOKOMY BOCCTaHOB-
nennto (NO, «Becemsmuit raz» N,O, N,) Bmiors 10 ammuaka NHs,
kotopsiid B pactBope HNO3; o6pasyetr Hutpat ammonus NH4NOs.

Pe3ynbrar BOCCTAaHOBIICHHMS a30THOM KHCIIOTHI 3aBHCHT B
OUYCHb 3HAYMTEILHOW CTENCHU HE TOJIHKO OT aKTUBHOCTH METala,
HO ¥ OT KOHIICHTpAIIMX a30THOW KHCJIOTHL. [Ipu 3TOM HYXHO y4H-
THIBaTh, YTO TIPH B3aUMOJCHCTBHUU C OJHHUM M TEM XK€ METaJlJIOM
pa30aBJjieHHas1 a30THAasl KUCJI0TA BOCCTAHABJIUBAETCS CUIbHEe,
YyeM KOHIEHTPUMPOBAHHAsI. DTO OOBSCHAETCS TEM, YTO B KOHIICH-
TPUPOBAHHOM A30THOM KHUCJIOTE MPOIYKT BOCCTAHOBJICHHS BHOBD

oKucisgeTcs, kak mpaBuiio, 10 NO,. Uem Oombiiie pazdaBiieHa KH-
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CJI0Ta, TEM HWKE CTEIICHb OKHCJICHHS a30Ta B BBIJACISIONIEMCS Ta-
3000pa3HOM MPOJYKTE.

Taxke HEOOXOIMMO TOMHHUTH, YTO PEaJbHO BBIICIIICTCS

CMECh IMPOIYKTOB BOCCTAHOBIICHUS, ITIO3TOMY B MPHBEIACHHON HIDKE

cxeMe OyJieM yKa3bIBaTh JIUIIb TOT MPOAYKT, KOTOPBIN MpeodiaagaeT

B CMECH.
Hauoonee Mg  ymepenno CU manoakmuenvie
Merasapr: aKmueHble aKmueHble (mo Pt, Au...)
\X X X
HNO3 yonu. N,O NO, NO,
HNO3 pass. NH; N,O NO
(N H4N03) (I/IJ'H/I Nz)

Ha xonony v npu o0bI4HOM TEMIIEpaType KOHIEHTPUPOBAHHAS
HNO3; ne neiictByer Ha Fe, Co, Ni, Cr, Al, a Takxe Ha HepKaBeroO-
nMe cTalyd BclieqcTBUE naccuBauuv. OIHAKO MPU HarpeBaHUU
HNOg3 (on, B3aUMOIEWUCTBYET C 3TUMH MeTajuiamMu, o0pasysl COJib,
Boay u NO,.

IIpuBeneM HEKOTOPBIE NPUMEPHI PEAKUUN B3aUMOJACHUCTBUS
a30THOM KUCJIOTHI Pa3IMYHON KOHIIEHTPALUK C METaJJIaMU: 0apuem
(11eJ109HO3EeMENBHBINA METaJlT), IUHKOM (METaJll CPpEeIHEN aKTUBHO-

CTH) U cepeOpoM (MaTOaKTUBHBIA METAJLN).

4Ba + 10HNO; o = 4Ba(NO3), + N,01 + 5H,0
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4Ba + 10 HNOSpa36. = 4 B&(NOg)z + NH;NO; + 3 H,0

Zn + 4HNO;3 . = 42Zn(NO3), + 2NO,1 + 2 H,0

47Zn + 10HNOj s = 4Zn(NOs); + N,OT + 5 H,0

5Zn + 12 HNOqu_p%@ = 52”('\'03)2 + NzT + 6 H,0O

3Ag + 4HNO3,. = 3AgNO; + NOT + 2H,0

Ecnu meTani cnocoOeH pacTBOPATHCS B KMCIOTaX Kak |, Tak u
Il rpynm u mipu 3TOM TPOSIBISET NMEPEMEHHYIO CTEIIEHb OKHUCIICHMUS,
TO, YTO BIIOJIHE OUEBHUHO, B pACTBOPaX KUCJIOT ¢ Oojiee BhIpaKEH-
HBIMU OKHUCJIUTEILHBIMU CBOMCTBAMM CTEIICHb OKUCIICHUS MeTasla

OyIeT BBIIIIE:

Fe + HCI = FeCl, + H,

Fe + HySO4 6. = FESO4 + Hy

Fe + 6 HNO3K0Hu. (sarp) — FQ(NOg)g + 3 NO, + 3 H,0.

B3aumoaencreue METANIOB € KIAPCKON BOAKOMN»
«Ilapckon BOAKOW» HA3BIBAIOT CMECh KOHIUEHTPHUPOBAHHBIX
a30THOM U COJISIHOM KHUCJIOT B COOTHOIIeHUHU 1:3 mo o0wremy. Yka-

3aHHasi CMECh KHUCIIOT PAaCcTBOPSIET 0JIArOPOIHbIE METAILIBI (30JI0TO U
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MeTaJUTbl IJIATUHOBOM TPYIINBI), KOTOPbIE HE MOTYT OBITh OKHCIICHBI
HU OJTHOM M3 MHJIMBUIYAJIbHBIX KUCIIOT.

IToBeIIIEHHAS OKUCIUTEbHAS CIIOCOOHOCTD «IIapCKOM BOIKHY
00yCJIOBIEHa OCOOCHHOCTSIMH IPOIecca B3aUMOJASHCTBUS KUCIIOT C
MeTaJIaMH:

1) npu B3auMOAEHCTBUM aQ30THOM U COJISTHOM KHMCJIOT BBIJEIIS-
€TCS aTOMAaPHBIN XJIOp, 001aJaOIIUN SIPKO BBIPAKCHHBIMH OKHC-
JUTEIbHBIMUA CBOMCTBAMMU:

HNO; + 3HCI = 3Cl + NO + 2H,0

CrienoBaTenbHO, OKHUCIUTEIBHOE BO3JICMCTBUE HA METAJLIbI
CMECH COJISTHOM M a30THOM KUCIJIOT OKa3bIBaeTcs Oosee 3pdeKTuB-
HBIM, HEXKEJIM UHAWBUYaTbHON a30THOM KUCJIOTHI.

2) mpoiiecc TMepexoja METAUIOB B PacTBOpP CTAHOBUTCS Tep-
MOJMHAMHUYECKH BO3MOXXHBIM OJiarojiapsi 00pa3oBaHUIO B pacTBOPE
KOMILJIEKCHBIX COCIMHEHUI B YCIOBUSIX 3aBEOMO OOYCIOBIECHHO-

ro u36biTKa constHoi kuenotsl: [AUCl,], [PtCls]* u ap.:

Au + 3Cl + HCI = H[AUCI,]

Pt + 4Cl + 2HCI = Hg[PtCI6]

Takum 00pa3oM, CyMMapHbI€ YPaBHEHUSI OKUCJICHUSI BaXKHEM-

X 0JIAarOpOAHBIX METAIOB «IIAPCKOW BOJAKOW» UMEIOT BUJL:

Au + HNO; + 4 HCI = H[AUCl,] + NO + 2 H,0
Pt +4 HNO; + 18 HCI =3 H,[PtCl] + 4 NO + 8 H,0
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KOHTpOJ’Ib YCBOCHHUSA TEMbI

1. Peakuusa B3aMMOAEHUCTBHS METajla C KUCIOTOW IPOTEKAET
0€3 U3MEHEHUs CTENEHU OKHUCIICHHUSI aTOMOB 3JIEMEHTOB, BXOSIIUX
B COCTaB PEArHPYIOLINX BELIECTB, WU SIBISIETCS OKUCIUTEIBHO-

BOCCTAHOBUTENIbHOU? OTBET 000CHYHTE.

2. HO‘-ICMY KHCJIOTA 110 OTHOIICHHUIO K MCTAJLIIy MOJKCT BbBICTY-

IIaTb TOJIBKO B POJIX OKHCJIUTEIIA?

3. B 4eM nmpuHIMNUAIBHAS pa3HUIA B OKHUCIAIOIIEM BO3JICH-
ctBuM Ha metal kucioT | u |l rpynn? Kakue u3 Hux aBasitoTcst 00-

JIe€ CUIIbHBIMHU OKUCIIUTEIIMU?

4. Kakue MeTaiibl MOTYT OBITh OKUCIIEHBI KHcioTamu | rpym-

nibl? Kakou ra3 mpu 3TOM BBIIEIAETCA?

5. Kakue Mertamibl MOTyT OBITh OKHUCIEHBI Kuciotamu |l

rpynnbl? MOXKET JIU IIPUA 3TOM BBIIECIISITECS BOJIOPOA?

6. Uto Takoe maccuBanusi MeTaaioB? Ha MOBEpXHOCTH KaKHUX
METAJJIOB Ha XO0JO0Ay OoOpa3yeTcs 3allluTHasi MJIEHKA B KOHIIEHTPU-
POBaHHBIX CEpPHOM M a30THOM Kuciotax? CoxpaHseTcs Ju 3Ta

IJICHKA MPU HarpeBaHUU KUCIIOT?

7. Kakue mMeTalyibl He pacTBOPSIOTCS HU B OJHOM W3 WHJIUBU-
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JTyaJIbHBIX KUCJIOT?

8. B yem nmprurHa NOBBIIICHHON OKUCIUTEIBHON aKTUBHOCTH
«IIApPCKOM BOJKMWY, MO3BOJISIONICH pacTBOPATH OJIarOpoHbIC MeTa-

JIbI?

9. JlonucaTe mpaBble YaCTH ypaBHEHHUH, MOJ00paTh CTEXHO-
MeTpuuecKkrue K03 PUIUEHTHI:

Hg + HNO3KOHH. —

Fe + HNOgps —

Al + H;SO4pa6. —

7.3. DJIeKTPOJIn3

Anekmpoau3 — OKUCIUTEILHO-BOCCTAHOBUTEINIBHBIN MPOIIECC,
MPOTEKAOIIUM Ha BJEKTPOJAaX MNPU MPOXOKICHUU IMOCTOSHHOTO
ANIEKTPUUECKOIO0 TOKA YEpe3 paciuiaB WM PACTBOP 3JIEKTPOIUTA.
[Ipy 3TOM MNPOUCXOIUT PaA3JIOKEHHUE PACILJIABIICHHOTO BEIIECTBA B
cllyyae paciuiaBOB; PaCTBOPEHHOTO BEIIECTBA WJIM BOJBI B CIydae
pacTtBOpoB. Takum 00pazoM, 3JIEKTPOJIN3 O3HAYAET: «IU3HUC» - Pa3-
JI0KEHUE, «IJIEKTPO» - DIIEKTPUUECKUM TOKOM.

BaxxHO NOHUMATh: OKuUcAUmMeNbHOe U 60CCHAHOBUMENbHOE
delicmeue 31eKmMpuUdecKoz0 moKa 60 MHO20 pa3 cujibHee Oelicm-

GUS XUMUUECKUX 60CCMAHOBUmMEe e U OKUCUmEell.
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MexaHu3M JJIeKTPOJIM3a

DIIEKTPOJIN3 OCYIIECTBISIETCS B CHENUATIBHON €MKOCTH, Ha3bl-
BAEMOUN 2/1eKMPOIUMUYUECKOU GAHHOU WIH 3J1eKMOPOJIUIEPOM.
DIEKTPOJIUTUYECKYIO BAHHY 3aMOJIHSIIOT PACTBOPOM WJIM PACILIABOM
ANEKTPOIUTa (COJNHU, KUCIOTHI, OCHOBAHMS, OKCH/IA) U MOTPYyXKaT B
HEE JIB€ TOKOMPOBOISIINE TIACTUHBI (3IEKTPObI), U3TOTOBJIEHHBIE
U3 WHEPTHOTO MO OTHOIIEHUIO K BJIEKTPOJIUTY U NPOJYKTaM DJICK-
TpOJIN3a MaTepuaia.

- BJIEKTPOJI, MOJKIIOYEHHBIM K MOJIOKUTEIBHON KIIEMME, Ha-
3bIBACTCS AHOOOM;

- 3JIEKTPOJ1, MOJYYEHHBIA K OTPULIATEIIBHON KJIEeMME, Ha3bIBa-
ETCS KAmoOOM.

Mexy KaTogoM U aHOJOM YCTAaHABJIMBAIOT MOJYIPOHUIIAE-
MYIO0 TIEPErOPOJIKY, MPOIMYCKAIOIIYI0 WOHBI, HO HE MPITYCKAIOIIYIO
MOJIEKYJIbI, YTOOBI POAYKTHI 3JIEKTPOJIM3a HE B3aMMOJECHCTBOBAIU
MEXTy CO0O0M.

[Ipy HallO)KEHUU PA3HOCTH MOTEHUHAIOB OTPUIIATEIBHO 3a-
PSUKEHHBIE MOHBI (@HUOHBL) HATIPABIISIIOTCS K aHOAY, MOJIOAKUTEIBHO
3apsKEHHBIE MOHBI (KAmMuUOHbl) HANIPABIAIOTCA K KaTOJy BCIEICT-
BHE NPUTSKEHUS] PA3HOUMEHHBIX 3apsi0B.

Ha anode mpoucxomut mpoliecc oKucaenus anuonos (A" |
OH’ unu monexyn H,0):

A" -ng - A°

Ha kamoode npoucxoIut mpouecc 60cCmaHo61eHus Kamuo-
no¢ Me"", H u (umm) monexyn H,0):

K™ + ne > K°
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DIEeKTPOJIN3 PACILIABOB YJIEKTPOJIHTOB

TpyaHOCTLIO pealu3alyy DJIEKTPOIM3a PACILIABOB SBJISETCH
BLICOKAs TeMIIEpaTypa, HeoOXxoaumas JUis MMOJydYeHHs paciuiaBa. B
OCTAJILHOM DJIEKTPOJIM3 PACILIaBA HECIOXKEH: ¢ MOMEHTA II0Ja4M
HANPSDKEHMS Ha DIEKTPOJAX IPOTEKAIOT MPOLIECCHl OKUCIECHHS U
BOCCTAHOBJIEHHS] MOHOB, OOpA30BABLIMXCH INPH IIABIECHHU DIIEK-
TPOJIUTA. DTU NPOLECCH HE 3aBUCAT OT MATepHaia IEKTPOIOB U
IpUpOILI MOHOB. Eciu B pacruiaBe HaxXOOUTCA CMECh Pa3lIMYHBIX
SJIEKTPOJIMTOB, TO MOPAJOK UX Pa3pSAKU Ha DJIEKTPOAAX OIPeeis-
eTCsl MX DJIEKTPOJHBIMH NOTEHIUANIAMY (O° B JaHHBIX YCIOBUSIX:

- QHUOHBLI OKMCJISIOTCA Ha aHOJAE B IOPSIKE BO3pACTaHMs
SJIEKTPOIHOIO IMOTEHIHAIA (¢

- KaTHOHBI BOCCTAHABJIMBAIOTCA Ha KATOJAE B IOPSIKE yObIBa-

HMS DJIEKTPOIHOIO TOTEHIMAa ¢’

3J1€KTp0.]II/I3 PacTBOPOB 3JICKTPOJIUTOB

DNEKTPOIN3 PACTBOPOB AIEKTPOJUTO MPOTEKAET CIOKHEE,
YeM 3JIEKTPOJIU3 PACIIaBOB, OCKOJIBKY:

- B 9TOM CJIy4yae HEOOXOJIUMO YUUTHIBATh BO3MOXKHOCTh y4a-
CTHS B IIPOIIECCAX IEKTPOJIM3a MOJIEKYJI BOJIBI,

- XapakTep 00pa3yrouuXxcsl IPOIyKTOB B 3HAUYUTEILHOM CTe-
NIEHU 3aBUCUT OT MaTepuaa 3JIEKTPOJI0B, TPUPOJIbI HOHOB, TEMIIE-
paTyphbl, KOHLIEHTpauuu pactBopa, pH cpenbl, cuibl Toka. OcoOeH-
HO OOJIBIIIOE BJIMSTHUE OKa3bIBAET MaTepual, U3 KOTOPOTo U3rOTOB-

JICH aHO/I.
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IIpoueccol HA KaTOE

He 3aBucsr ot MaTcpHralia Katoaad, a 3aBUCAT OT IMOJIOKCHHUA

MeTajuia B pAay HaNpsHKEHUM, a UMEHHO:

¢ B IICPBYIO OUYCPCAb BOCCTAHABIMBAKOTCA KATUOHBI MAJIOAKTHB-

HBIX METAJIIOB, PACIIOJIOKEHHBIX B DALY HAPSDKESHUH T10CIe
H,:

* Me™ + ne > Me°
KAaTHOHBI METAIIOB CpeIHeil aKTHBHOCTH CTOAIIHE B Py Ha-
npspxernii Mmexny Al n Hy, BOCCTaHABIMBAIOTCS COBMECTHO C
monekynamu H,O 1 Ha KaTofe 0MHOBPEMEHHO MPOTEKAIOT [Ba
mporecca:

Me™ + ne > Me°

2H,0 + 28 — H,T + 20H

KaTHOHBI aKTUBHEIX MeTajuioB OT Li 70 Al (BKIIOUHUTEIHHO)
P AJIEKTPOJIU3E BOIHBIX PACTBOPOB HE BOCCTAHABIMBAIOTCS.
Ha karojzie B 3TOM ciiydae BOCCTAHABIMBAIOTCS MOJIEKYJIbI
HzoZ

e 2H,0 + 2&¢ — H,T + 20H
[Ipu 3neKTpoan3€e paCTBOPOB KUCIOT HA KaTOJE€ BOCCTAHABIIM-
BaroTCst HOHBI H'

2H" + 28 —» H,T

Katuonsl nmocjie BOCCTaHOBJICHUS a0 HeﬁTpaHbHBIX daTOMOB

0OBIYHO OCaKIAIOTCS Ha KAaTOJE B BUAE TOHKOU IUIEHKU. DTO HUC-

IMMOJIB3YIOT B I'aJIbBAHOTCXHUKC JJISI HAHCCCHUA HOKpBITHfI OJHHUX

MCTAJIJIOB HA APYTUC C LCJIbIO 3allIMTHI UX OT KOPPO3UHU, a4 TAKIKC B
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IOBEJIMPHOM JieJie (30J104€Hre, cepeOpeHne, XpOMUPOBAHUE).

IIpoueccsl Ha aHOAE

3aBUCHAT OT MaTepHaia aHOAA U IIPUPOJbI AaHHMOHOB.

AH00 nHepacmeopumblil (uHepmHbliL)

AHHMOHBI OECKUCIOPOTHBIX AHVOHBI OKCOKUCIIOT

kucior I, Br* S, CI S04*, NO3, CO03*, PO4*

OKUCIIAIOTCSA Oxkwucistores mosekyasl H,0O
A" - me > A° 2H,0 - 48 — O, + 4H"

Anunonsl OH AHNOHBI F

OKUCHAIOTCSA TOABKO OpH dJieK- | Okucisrores mosiekynsl H,O
TPOJIU3€E PACTBOPOB LIEIIOYEN 2H,0- 46 — 02 + 4H"

40H - 4e — 02 + 2H20

Ano0 pacmeopumuwiii (aKmueHbwlii)
- MOeT ObITh m3roToBiieH u3 Cu, Ag, Zn, Ni, Fe u npyrux me-

TauioB (kpome Pt, Au)

AHUOHBI HEe OKUCHSAIOTCS. IeT OKHUCIEHHEe aTOMOB MeTajljla aHO/1a
- +
Me® - ne — Me"

n+
Katnonsl Me' ™ nmepexoasat B pactBop. Macca aHOa yMEHBIIIAETCS.

KosanuyecTBeHHbIE pacyeTbl
KonnuecTBeHHBIE pacyeThl BHITIOJIHSIOT B COOTBETCTBUU C 3a-
koHamu Papajaes:

1. Macca BemecTB, BBIACIUBIIMXCS HA 3JEKTPOAAX, MPAMO
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MPONOPIIMOHATBHBI KOJWYECTBY SJIEKTPUUYECTBA, MPOLIEAIIEMY Ye-
PE€3 PacTBOP WJIM PACILIAB 3JIEKTPOJIUTA.

2. OnVHAaKOBBIE KOJMYECTBA DSJICKTPUYECTBA BBIACISAIOT Ha
AIEKTPOAAX KOJMYECTBA BEUIECTB, MPAMO MPONOPLUOHAIBHBIE UX
XUMHYECKUM IKBUBAICHTAM.

Macca Meraiuta M B rpaMmax, OCaXAArOWIAsCi Ha KaToJE,

MOXET OBITh BBIYHCIICHA TI0 hopMYyIIE:
DFI*t D *g

m =
F F

rae M Macca BeIIecTBa,0KHCICHHOIO WM BOCCTAHOBICHHOTO
Ha 3JIEKTPOJIC, T

D — MoJsIpHAas Macca SKBHBAJICHTA BEIIECTBA, I/MOJIb;

F — uucno dapazaes (F=96500);

| — cmna Toka, A;

t — IPOIOIKUTEIIEHOCTD JJICKTPOJIN3a, C;

( — KOJIMYECTBO JIEKTPUUECTBA, MIPOIICAIICE Yepe3 dICKTPO-
auT, A'c.

Penienne THNIOBLIX 3a1a4

3agaua 1. Kakue peakuuu OynyT mpoTeKaTh Ha AJIEKTPOAAX
MIpU 3JIEKTPOJIN3€ BOJHOTO pactBopa cyibdara meau (I1) ¢ menubim
aHoxoM?

Pewenue:

Ha kaTone nmpoucxoaut BocctaHoBlIeHHe KaTnoHOB Meau (11),
Tak kak Eq (Cu”’|Cu))=+ 0,34 B

karon (-) Cu* +2& =Cu.

Tak Kak aHOJl M3TOTOBJIEH U3 MeJU (PACTBOPUMBII), aHOTHBIN
nporiecc OyAeT CBsI3aH C OKHMCICHUEM MeTalia;

anan (+) Cu-2& =Cu®".

Takum 00pa3oM, B pe3yJibTaTe JIEKTPOIU3a MEIb PacTBOpSI-
€TCS Ha aHOJIe, HO TaKO€ € KOJMYECTBO MEIM BBIJCIACTCS Ha Ka-
Toga. CymMmapHOE ypaBHEHHE PEaKIMd B TaKOM Cllydae HamucaTb
HEJIB3S1.

Ilpumep.11.2. Cxoapko MeIHW BBIICIWUTCS Ha KaTojAe IpHU
anekTpoause pactBopa CuSQO, B Teuenuu 1 yaca? Cuna Toka 4 A

Pewenue:

B cootBercTBUu ¢ 3akoHamu Dapanest 1S JIEKTPOJIU3a.
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D*1*t
T F
IToxcraBnsis yucIeHHBIC 3HAYCHUS ¢ YIETOM TOTO, YTO MO-
JsipHas Macca SkBuBajeHTa meau B CuSO, paBHa:
63,5

D =——=231,452/ monw
2

O*1*t 31,45*4*60 *60
F 96500

m

m

Omeem: 7,73 T.

= 4,732

KoHTpoOJIb YCBOCHHUSA TEMBbI
1. Kakue npoaykThl 00pa3yroTcsi Ha KaToJe U aHOJI€ MPHU BJIEKTPO-
au3e paciiaBa NaCl? Hanuiure cxemMbl OKMCIUTEIBHO-
BOCCTAHOBUTEJIbHBIX MTPOLIECCOB, MPOTEKAIOIIMX HA KATOJE U aHO/E
¥ CyMMapHO€ YpaBHEHHUE AJIEKTPOJIN3a B MOJIEKYISIPHOU (popme.
2. B xakoMm cityyae 3JeKTpOJIU3 COJIM CBOJUTCS K Pa3I0KEHUIO CO-
JIM Ha BOAOPOA U KUCTIOPOA?
3. Kakue npoaykTel 00pa3yroTcsi Ha KaToJe U aHO/I€ MPH dIEKTPO-
nu3e pactBopa ZnSO4? Hanummre cXxemMbl OKUCIUTEIbHO-
BOCCTAHOBUTEIIbHBIX MTPOLIECCOB, MPOTEKAIOIINX HA KATOJE U aHO/E
U CyMMapHO€ YpaBHEHUE AJIEKTPOJIN3a B MOJIEKYJISIPHOU (hopme.
4. Bce nu conu miaBatcs 6e3 pasnoxxkeHusi? MoxHo Jid MoJBepr-
HYTh 3JIEKTPOJIU3Y COJb, KOTOPAsl pa3iaraeTcs Mpyu HarpeBaHuM?
5. Kakue npoaykTel 00pa3yroTcsi Ha KaToJie U aHOJI€ MPHU BIIEKTPO-
nuze pactBopa KOH? Hanuimre cxemMbl OKUCIUTEIBHO-
BOCCTAHOBUTEIIbHBIX MTPOIIECCOB, MPOTEKAIOIIMX HAa KATOJIE U aHOJEC

¥ CYMMAapHOE YpaBHEHHUE 3JIEKTPOJIU3a B MOJIEKYISIPHON (opMme.
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7.4. Koppo3usi MeTaJIOB

Koppozuss — 3T0  camMONpPOM3BOJIBHBIM  OKHUCIUTEIBHO-
BOCCTAHOBUTEJIBHBIN MPOLECC, TPOTEKAIOIINN HA TPAHULE pa3aeia
¢da3. OHa MOXET MPOTEKATh B ra3ax, B BO3JyXe, B BOAE U pacTBOpax
AJIEKTPOJIUTOB, B OPraHUYECKUX PACTBOPUTEIAX. MeTauibl B 3THX
CIIy4asiX OKMCISIOTCS, @ BEIIECTBA, C KOTOPBIMUA OHU B3aWUMOJIEUCT-
BYIOT, BOCCTaHABJINBAIOTCS.

OCHOBHBIE BUABI KOPPO3UH METAIJIOB ONPENEIISIOTCS XapakTe-
poMm pazpyuienus: 1) cruiomHas (paBHOMEpHAsi 1 HEpaBHOMEpHas ) —
pa3pylIeHUuEe OXBATHIBAET BCIO MOBEPXHOCTh METAJJIA; 2) MECTHas —
MOPAKEHUS JIOKAIbHBI, 0OJIbIlIas YaCTh MOBEPXHOCTH HE 3aTPOHYTA
— MOKET UMETh BUJ] MSTEH, TOUYEK, MUTTUHTOB (YriayOJeHue TOUYEK);
3) uHTEpKpUCTATUIUTHAS (MEKKPUCTAINIUTHAS) — KOPPO3Us TPOJIBU-
raeTcsi Brilyob 10 TPaHUIIE 3€peH MeTauia; 4) TpaHCKPUCTAUIUTHAS
— paccekaeT MeTaJll TPEIIMHOM Yyepe3 3epHa; 5) uzdbuparenbHas (ce-
JEKTUBHAs1) — B CILJIaBE pa3pyllaeTcsl OJUH KOMIIOHEHT, HalpuMep
00€CIIMHKOBAaHME JaTyHH; 6) MOJIMOBEPXHOCTHAS — KOPpPO3Hs, Ha-
YaBIIHCh C MMOBEPXHOCTH, B JAIBHEUIIEM MOPAXAET MOJIMNOBEPXHO-
CTHBIE CJIOM METaJLIA.

[To mMexaHW3My MPOTEKaHUSI KOPPO3MOHHOIO Pa3pylICHUS pas-
JUYAKOT JBA TUIA KOPPO3UM — XHUMHYECKYI0 M DJIEKTPOXHMMHYE-

CKYIO.

XuMHYeCKast KOPpPo3us
Xumuyeckou Koppo3ueil Ha3bIBAIOT pPa3pylICHUE METAJLIA

OKHCJIEHUEM €T0 B OKpYyXalolle cpene 0€3 BOZHUKHOBEHHS DJIEK-
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TPUYECKOT'O TOKA B CUCTEME.

B »TOM cilydae mpoHMCXOOUT B3aMMOACWCTBUE METalla C CO-
CTaBHBIMM YaCTSIMU CPEJibl — C Ta3aMHu U HEAJICKTPOJIUTAMH.

bonbiioi Bpea NpUHOCUT TaK Ha3bIBaeMas 2aA308aa KOppo3us,
T.€. OKHCJICHUE METAJJIOB KUCJIOPOJA0M BO3ayxa. CKOPOCTh OKUCIIE-
HUSI MHOTUX METaJIJIOB CHJILHO BO3pAcTaeT MPH MOBBIINICHHBIX TEM-
nepatypax. Tak, Ha xenese yxe npu 250-300 °C nosBasieTcs BumH-
Mas mieHka okcuaoB. IIpu 600 °C u BbIIE IMOBEPXHOCTh METaJlJIa
MTOKPBIBAETCS CJIOEM OKAJIMHBI, COCTOSIIEH M3 OKCUOB Keje3a pas-
anyHoil cteneHu okuciaeHus: FeO, Fe;O,4 Fe,Os;. Oxkannua He 3a-
IIUIIACT KEJI€30 OT JAIBHEUIIIEr0 OKUCIEHHUS, T.K. HE IPEMSTCTBYET
MPOHUKHOBEHHUIO KHUCJIOPOJa K METaIy, ITOCKOIBKY COJECPKUT
TpemHbl U nopkel. [loatomy npu HarpeBanum xenesa Boime 800 °Cc
CKOPOCTb OKHMCJIEHHUS €T0 OY€Hb OBICTPO pacTeT.

Y HEKOTOPBIX METALIOB COMPUKOCHOBEHUE C KHUCIOPOJOM BO3-
yXa CUJIBHO 3aMEIISIET MPOLECC KOPPO3UU. ITO MPOUCXOIUT IO-
TOMY, YTO Ha MOBEPXHOCTU MeTaia oOpa3yeTcs Tak Ha3bIBaemas
3alUTHAS OKCUOHAA NJIEHKA, KOTOpas MPEensATCTBYET MPOHUKHOBE-
HUIO K METAJUTY KaK ra3oB, TaK U KUJKOCTEN. TakonW METasl CTaHO-
BUTCS XMMUYECKH HEAKTUBHBIM, OH IEPEXOJUT B IACCUBHOE CO-
cTtosiHue. HanpuMep, KOHIIEHTpUPOBAHHAS a30THAs KUCIOTa JIETKO
MAaCCUBUPYET KEJIE30 — Ha €ro MOBEPXHOCTH 00pa3yeTcs 3aluTHas
IJICHKA W JKEJIE30 IMEpPEeCcTaeT PearupoBaTh ¢ KOHIEHTPUPOBAHHOMN
a30THOM KHUCJIOTOW. 3allluTHAsS IUICHKAa BCErJa UMEETCsl Ha MOBEpX-
Hocth amoMmuuus. Tommmua ee 0,00001 MM, oHa HE OTCTaeT MpH

0
u3rube, MpoBOIUT TOK, muiaButTcs mpu 2 050 “C, Torma kak alroMHu-
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HUM — 1ipu 680 °C. MMopo6HbIE TUIEHKH B CyXOM BO3JIyX€ 00pa3yroT-
cs Takke Ha Be, Cr, Zn, Ta u apyrux meramiax.

[IpuMepoM KOppO3UH B HEIJIEKTPOJIUTAX MOXKET CIY>KUTh pas-
pyIIEHUE IUIMHIPOB JIBUTATEJIEH BHYTPEHHETO CropaHus B >KUJ-
KOM TOIUIMBE. B TommBe copepkarcss mpuMecH — cepa U €€ COe/Iu-
HEHUS, KOTOPBIC TIPH CTOPAHUHU MPEBPAIIAOTCS B OKCHIbI cephl (1V)
u (V1) — xoppo3noHHO-aKTHBHBIC BeriecTBa. OHM pa3pyIIaroT dJie-
MEHTBI PEaKTUBHBIX JBUTATENEH — coria u Jip. Bee aTo oTHOCUTCS K

XAMHAYECKOU KOPPO3HUH.

DJIEKTPOXUMHUYECKAS KOPPO3Us

Inekmpoxumuueckou Koppo3ueil Ha3bIBAIOT PA3PyLICHUE MeE-
TaJUla B CpPElE BJIEKTPOJIUTA C BOZHUKHOBEHUEM BHYTPU CHUCTEMBI
AJIEKTPUYECKOT O TOKA.

B sToM ciiyyae Hapsiay ¢ XMMHYECKUMU Mpoleccamu (oTaada
AJIEKTPOHOB) MPOTEKAIOT U AIEKTPUUYECKHUE (ITEPEHOC IIIEKTPOHOB OT
OJIHOTO y4acTKa K Apyromy). B kaduecTBe mpumepa 3JIeKTpOXUMUYE-
CKOM KOPPO3HUH MOXKHO INPUBECTU KOPPO3UIO KeEje3a B KOHTAKTE C
M€JIbI0 B PaCTBOPE AJIECKTPOJIMTA — COJISTHOM KUCIOTHI (TP BBICOKOM
KOHIIEHTpaluK noHoB Bojopoaa H'). IIpu TakoM KOHTaKTe BO3HH-
kaeT rabBaHnueckuii anmeMent (-) Fe|HCI|Cu (+).

bonee akTUBHBIM METAUI — KEIE30 — OKHUCIAETCS, IMOChLUIAs
AJIEKTPOHBI aTOMaM MU, U MEPEXOJUT B PACTBOP B BUIE HUOHOB

Fe?*, 06pasys ¢ xiopua-noHamu cpesl xiuopua xeiesa (1) FeCl,.
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Honsl ke BOIOpOJA IBWXYTCS K Meau (KaTomy), TAe, IpUHUMAs
AJIEKTPOHBI, paspsbkarorcsi. B monHoit gopme 3T peakiuu MOryT
OBITH BBIPAKEHBI CYMMapHBIM YPaBHECHUEM:
Fe’ - 28 = Fe*'
2H" + 28 — H,T
WIN B MOJICKYJISIpHOU popMme:

Fe + 2HCI = FeCl, + H,T

B mporiecce Koppo3uu 3MEKTPOIbI rajdbBaHONAPhl TAKXKE MMOJIS-
pusytorcsa. B pesynbraTe mepexoja AJEKTPOHOB C aHOJa Ha KaToJ
MOTEHIIMAJl KaTo/Ia CTAHOBUTCS O0jiee OTpUIIATeNbHBIM, a TIOTCHIIH-
aJl aHojia 0oJiee MOJOKUTENbHBIM, T.€. IPOUCXOAUT BHIPABHUBAHUE
MOTEHIIMAJIOB ¥ KOPPO3HS 3aMEJIAETCS MM BOBCE MPEKpallaeTcs.
B sTtom ciywae monspuzanus — U3MEHEHHE MOTEHITUAIOB JIEKTPO-
JIOB TaJbBaHOMAPhl — UTPAET TOJOXKHUTEIbHYIO poiib. Eciiu Obl He
MIPOUCXOJIAIIO TOJSPU3ALUN SIEKTPOIOB, TO KOPPO3Hs IpoTeKasa
OBbI C 0OYEHB OOJIBIION CKOPOCTHIO.

[Tpu xOppo3uM MPOUCXOTUT W MPOIECC ACTOIAPU3ANUUA — TIO-
BBIIIACTCS MOTEHIMAI KaToaa. OKUCIUTENH, TPUHUMAIONTUE DJICK-
TPOHBI Y KaToJia, HA3bIBAIOT KATOJHBIMH Jcmoisipu3aTopmu. OHH
YMEHBIIAIOT Mojspu3anuo. KartogaeiMu JenosisspuzatopamMu Ciy-
kaT MoHbl Bojopona H' (mpm pH<7) m kucimopon Bosmyxa (Ipu
pH<7), Bcerna coaepxaiuiica B BOJI€ U €€ pacTBOpax.

[Tpu pabote ranpBaHomapsl Fe|Cu B amexrpomute HCI npowuc-
XOJIUT BOAOPOAHAS JEMOISpU3alNs KaToAa U BBIJIEISAETCS BOJOPO/L:
2H" + 2e = H,.

B HeiitpansHoMm snextponure, Hampumep NaCl, mpoumcxomut
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KHCIIOPOJIHOS JEMONISIpU3alnsl KaToAa U BOJAOPOJ HE BBIJIESAETCS:
O, +2H,0 + 48 = 40H’

Kakoii nporiecc OyzieT nporekatbh npu padboTe rajibBaHOMNAPHI,
3aBUCUT OT pH: B KUCIION cpene BbIAECIAECTCA BOAOPO, B HEUTPaJlb-
HOM M IIEJIOYHOM cpenax (IMpU KOPPO3MH CTallH, JKeje3a) MPOrCX0-
JUT KUCJIOPOJHAs JEMOosipu3alys KaToaa U BOJIOPO HE BhIJCIACT-
csi. B atoMm ciyuae oOpazoBasimecss nousl OH™ coenuusitores ¢ mne-
penreamuM B pacTBop noHamu xenesa (I1):

Fe?* + 20H = Fe(OH), |
I'uapoxcun xenes3a (11) B mpucyTCTBUU BOJBI U KUCIOPOAa BO3-
ayxa nepexoaut B ruapokcu xkeiesa (H1):
4Fe(OH), + 2H,0 + O, — 4Fe(OH)3 |
[TocnenHuii 4aCTUYHO OTHICTUISIET BOAY, 0Opa3yrolieecs coeau-
HEHUE MPUMEPHO COOTBETCTBYET IO COCTaBY Oypoil p>kaBUMHE:
Fe(OH); — FeOOH + H,0

N3-3a HEpaBHOMEPHOTO JOCTYMa KUCIOPOJAa K METAJNINYECKOU
MOBEPXHOCTH, TOKPHITON BJaroil (Hampumep, MoJ Karuieil BOJbI),
oOpasyercst ocobasi rajgpBaHoOMapa: y4acTOK, K KOTOPOMY AOCTYII
KHCJIOpOJia 3aTPyAHEH, OyJAeT aHOJO0M, a Y4acTOK, B OOJIbIIIeH CTe-
MIeHU TOKPBITHIA KUCIOPOJOM, OKaKeTCsl KatojoM. Kopposus ¢ Ku-
CJIOPOJIHOM JeTnosipu3aliie Haubosee paclpocTpaHeHa.

DIEKTPOXUMHUYECKYIO KOPPO3HIO BBI3BIBAIOT IJIaBHBIM 00pa3omM
a) IPUMECH IPYTUX METAJUIOB U HEMETAUIMUECKUX BEIIECTB; O) He-
OJIHOPOJIHOCTh MOBEPXHOCTU. COTrJIaCHO TEOPHUH AJIEKTPOXUMHUYE-
CKOM KOPpPO3HMM B ATUX CIydasX MPU COMPUKOCHOBEHHWU METaia C

AIEKTPOJIUTOM (JIEKTPOJIUTOM MOKET OBITh Bilara, ajicopoupyemas
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U3 BO3/yXa) Ha €ro MOBEPXHOCTU BO3ZHUKAIOT TAJIbBAHUYECKUE MUK-
posneMmenThl. Ilpu amom memann ¢ 60onee ompuyameabHvlm no-
MEHUUAIOM PA3PYULAeMCA — UOHBL €20 nepexooam 6 Pacmeop, a
I71IEKMPOHbL NEPEX00AM K MeHee AKMUBHOMY Memaiily, Ha KOMmo-
POM BPOUCXO0UmM 80CCHAHOBNIEHUE UOHO8 8000p00a (6000P0OHAA
0enonApu3ayua) uiu 60CCHIAHOB/ICHUE PACHIBOPEHHO20 6 600e
KUCao0pooa (Kuciopoonasn 0enoaapu3ayus).

OnHako KOPPO3UHU MOABEPKEHBI M COBEPIIIEHHO YUCThIE METaJ-
ael. Hampumep, npu Oonbpiiux 3HadeHusix pH pacTBopsieTcs: amto-
MUHHMI M OPaKTUYECKU HE pacTBopsieTcs xkemne3o. M3-3a amdorep-
Hoctn ZN(OH), koppo3us IHMHKa BO3pacTaeT Mpu OTKIOHeHHMH pH
oT 7 B 00€ CTOpOHBI. 30JI0TO, BECbMa CTOMKOE B OOBIYHBIX yCIOBU-
X, JIETKO oKucisgeTcs: B pacTBope nuanuaa kanus KCN Bcnenctaue
00pa30BaHUsl KOMIUIEKCHBIX COoeauHEeHUM. MneabHO KOPPO3MOHHO
CTOMKHMX METaUIOB HET. TakuM 00pa3oM, MpH dJIEKTPOXUMUUYECKON
KOppo3uM (Kak B ciiydae KOHTAKTa pa3HOPOJHBIX METAJIJIOB, TaK U B
ciydyae 00pa3oBaHUs TaJIbBAHMYECKUX MHMKPOAJIEMEHTOB Ha IIO-
BEPXHOCTU OJIHOTO METaJlJia) MOTOK JIEKTPOHOB HAaIpaBJlieH OT 00-
Jie€ aKTUBHOT'O METajjia (C MEHbIIEH BEIIMYMHON AJIEKTPOIHOIO IO-
TEHIIMaJla) K MEHEeEe aKTUBHOMY MPOBOJHUKY (C OOJbIIEH BEIUYU-
HOH 3JIEKTPOJHOTO MOTEHIIHANIAa) U 00Jiee aKTUBHBIA METaJlJT KOPPO-
nupyet. Ckopocme Koppo3uu mem 00jibuie, uem 0ajivuie pacno-
J10MCEHBL Opye Oom Opy2a 6 pady CMAHOAPDMHBLIX IJ1EKMPOHHBIX
HOMEHUUAI08 MEMAlbl, U3 KOMOPBIX 00pa3z06aica 2anbeanuye-
cKuil 3iemenm (2anveanuueckasa napa). Ha ckopocmv koppozuu

ejiusaem u xapakmep pacmeopa ijieKkmpoiuma. Qem meHbvue e2o
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PH, a maxoyce uem Oonvwe cooepircanue 6 Hem OKuUciumeeil,
mem Ovicmpeii npomeKaem Koppo3usa. SHaUUmMeIbHO 603pacmaem
KOppOo3us ¢ pOCmom memnepamypaol.

TakoBbI BBIBOJIBI U3 MEPBOM DIIEKTPOXUMHUUYECKOU TEOPUU KOP-
pO3UH, Ha3bIBAEMOW TAKXKE TEOPUEH MECTHBIX WJIH JIOKAJIbHBIX JIE-
MEHTOB. B Teopuu JIOKambHBIX 3JEMEHTOB MPEAIOIArajioch, 4TO
AHOJHBIN U KATOJHBIM MPOIECCHI JIOJKHBI ObITh MPOCTPAHCTBEHHO
pazaenensl. [Io COBpeMEHHBIM MPEACTABICHUSAM 3TH MPOILIECCHI MO-
I'yT TPOXOJUTh HA OJHUX U TEX XK€ ydyacTKax MoBepxHOCTU (0e3
POCTPAHCTBEHHOTO Pa3JeieHus). ITO UMEET MECTO MPU KOPPO3HUU
YUCTBIX METAJIJIOB U aMaJIbI'aM.

B nocnegnue roapl ycnemHo pa3BUBAETCS KMHETHUYECKAs TEO-
pUsi KOPpPO3UH, JArolasi UCTOJKOBAHHUE SBJICHUN 3JICKTPOXHMUYE-
CKOM KOPpPO3MH Ha OCHOBAHWUU 3aKOHOMEPHOCTEH 3JIEKTPOXUMHYE-

CKOU KHHETHUKH.

BaskHen e BUABI 3JIEKTPOXUMUYECKOUA KOPPO3UU

K BaXHBIM pa3HOBUIHOCTSM DHJIEKTPOXUMHUYECKON KOPpPO3UU
OTHOCSITCA aTMOc(epHasi, MOYBEHHAs] U KOPPO3Us MOJI JIEHUCTBUEM
OJTY>K1alOIINX TOKOB.

Ammocehepnaa Koppo3usa — KOpPpO3Us BO BIAXKHOM BO3IyXE
npu oObIYHOM TemmepaTrype. [loBepXHOCTh MeTajlsila MOKPHIBAETCS
IUICHKOW BJIArd, COJIEpKaIlEd KACIOPO. B 3TOM miIeHKe poTeKaeT
KOPPO3UsL C KUCIOPOIHOMN aenosspusanuei. MTHTEHCUBHOCTH KO-

PO3uKn BO3PACTACT C POCTOM BJIAJKHOCTH BO3YyXa, COACPIKAHUA B
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HeM ra3oB CO, u SO,, nbUIM, KONOTH, a TaK)KE€ OT HAJIWYHSI Ha I10-
BEPXHOCTU METaJlIa IIEPOXOBATOCTEM U TPEUIMH, OO0JIETYaArOIIUX
KOHJICHCAIIUIO BJIATU.

IHoueennana koppo3usa yrpoxkaeT TpyOOIpoBojaM, 000JI0UKaM
KabeJeil u BceM MOJ3EMHBIM COOpYyKeHUsIM. B 3ToM cityuae merani
COIIpHKAcCaeTCs C BJIAroM mouBbl, coAepkaiie kuciaopoa. Ocoden-
HO KOPPO3UOHHO aKTHUBHBI MOUYBBI C BHICOKOW BJIAXKHOCTBIO, HU3KHU-
MU 3HaueHusMH pH u xopoieil 3JeKTpU4ecKoi MPOBOIUMOCTHIO
(6onmoTtucteie U TopdsHUCTHIC). B Takux yciaoBusX TpyOONpOBOIbI
pa3pyllialoTcs B TEYEHHE IOJYrojia Mocjie UX YKIAJAKW, €CId He
MPUHATH MEP 3aIUTHI.

Anekmpuueckan Kopposus, WIA dJIEKTPOKOPPO3Usl, BBI3HIBACT-
csl Oy KIAIOIMMMHU TOKaMH, UCXOISIIUMU OT TpaMBasi, METPO, DJICK-
TPUUYECKUX KEJE3HBIX JOPOT U Pa3IMYHBIX 3JIEKTPOYCTAaHOBOK, pa-
OoTaroKUX Ha MOCTOSHHOM TOKe. biyXparomue TOKHA pa3pyliaroT
MOA3EMHBIE METAJUIMYECKUE COOPYKEHHS, TPYOOTPOBOMABI, 3JICK-
TpoKaOesid, BhI3BIBAIOT MOSIBJICHUE HA METAUIMYECKUX IpeaMeTax,
HaXOMSIIUXCS B 3eMJIe, Y4aCTKOB BXOJ1a M KaTOJAHBIC U aHOJIHBIC 30-
HBI, MPUYEM aHOJHBIC 30HBI, T.€. MECTa BBIXOJIa TOKA, IMOJIBEPTarOT-
cs koppo3uu. biyxaatomnue Toku gocturarot 300 A u JEHCTBYIOT B
paauyce HEeCKOJBKHX JECSITKOB KuUIoMeTpoB. Ilporiecc B aHOAHBIX
sonax: Fe - 28 = Fe®", [Iponiecchl B KaTOJHBIX 30HAX: 2H + 28 =
H, umu O, + 2H,0 + 48 = 40H'. bayxnaaromue TOKU OT UCTOYHH-
KOB TIEPEMEHHOTO TOKa BBI3BIBAIOT CIA0YI0 KOPPO3HIO Y MO3EMHBIX
W3EIUNA U3 CTaIU U CHJIBHYIO Y U3JIEIUN [IBETHBIX METAJIOB.

Koppo3us MeramioB npoTeKkaeT HENPEPHIBHO U MPUYUHSIET OT-
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poMHble YObITKH. [loAcumTaHo, 4TO MOpsIMbIE TOTEPH Kejie3a OT
Koppo3uu coctasisieT 0koyio 10% ero exxeromHou BelTiaBku. B pe-
3yJIbTAaTe KOPPO3UU METATUIMYECKUE U3JCIHS TEPSIOT CBOU IICHHBIC
TEXHUYECKUE CBOMCTBA. EKEromHbIC MOTEPU METALIA MPU KOPPO-
3UM 000PYJI0OBaHUS, UCTIOJIb3yEMOI'0 TOJIBKO B ’KUBOTHOBOJICTBE, CO-
crapysieT okoio 60 000 1. I[loaToMy 3amuyTa METAIIOB OT KOPPO3UH

— OTO Ba>XHas1 H&pOﬂHOXOBHﬁCTBeHHaH 3aJada.

3amurTa 0T KOppPO3UHU

[Ipobmema 3amuThl METAIIJIOB OT KOPPO3UM BO3HHKJIA MOYTH B
caMOM Hayajie UX UCIOJb30BaHus. JIt0aM MBITANUCh 3alIUTUTh ME-
TaJlIbl OT aTMOC(EPHOTr0 BO3JCUCTBUA C MOMOIIBIO KHUPa, Macel, a
MO3/IHEE W MOKPBITUEM APYTMMH METAJUIaMU U, IPEXKAE BCETO, JIET-
KOIUIaBKUM OJIOBOM. B Tpyzax apeBHerpeueckoro ucropuka I'epo-
nota (V Bek 10 H.3.) YK€ MMEETCS YIIOMHMHAHUE O MPUMEHEHHH
0JIOBA JIJIS 3aILUTHI XKeJe3a OT KOPPO3UHU.

B nHacTositiee Bpemsi METOJIbI 3allUThl METALIOB OT KOPPO3UU
BeChbMa Pa3HOOOpa3Hbl. BakHEHUIIMMU W3 HUX SBISIOTCS: 3alllUTa
MOBEPXHOCTHU METAJIJIa MOKPBITUSMH, CO3IaHUE CIIJIAaBOB C aHTUKOP-
PO3HOHHBIMU CBOMCTBaMU, 3JIEKTPOXUMUYECKUE METOJbI (MPOTEK-
TOpHAas 3alllUTa U JIEKTPO3AINTA), USMEHEHUE COCTaBa CPE/ibl. ITU
METO/IbI BBITEKAIOT U3 CAMOU CYIIIHOCTH KOPPO3UOHHBIX MPOIIECCOB.

B 3aBHCHMOCTH OT XapakTepa W yCJIOBUH €€ MpOTEKaHUs Mpu-
MEHSIIOTCSl Pa3JIUYHbIE METOJbI 3aluThl. BeIOOp TOTO MM HHOTO

criocoba omnpenensercs ero 3hPEeKTUBHOCTHIO B JAHHOM KOHKPET-
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HOM CJ1y4ac, a TaKKe AKOHOMMYECKOU HGJ’IGCOO6p3,3HOCTBIO.

BaIIII/ITHI)Ie IMOBEPXHOCTHBIC MOKPLITUA METAJIJIOB

(HeMeTaJLLINYeCKHUE, MeTAJLJINYEeCKHUe)

Takue MOKPBHITHSA U30JUPYIOT METAJUT OT BHEITHEH Cpelibl U MO-
I'yT OBITh KaK MeTaJITMYeCKHe (IMHK, 0JIOBO, CBUHEII, HUKEIb, XPOM
U JIPyTrue METaJuIbl), TaK U HEMeTa/UTMYecKue (JIaKu, KPacKu, SIMaH
U JPYTUE BEIIECTBA).

HemeTassinueckne nOKpbITUS

OmauM u3 Hambosiee PaclpOCTPAHEHHBIX CIIOCOOOB 3aIlUThI
METaJUIOB OT KOPPO3WHU SIBJISCTCS HAHECCHHE Ha WX IOBEPXHOCTH
3auUMHBIX NAEHOK: JIaKa, KPACKH, dMalld, IPYyTrux MeTauioB. Jla-
KOKPACOYHBIE MOKPHITHS HanboJiee JOCTYITHBI JJIs IIIMPOKOTO KpyTa
monei. Jlaku m Kpacku 00J1alafoT HU3KOM ra30- U MapoIpoHHUIae-
MOCTBI0, BOJOOTTAJIIKMBAIOIIMMH CBOHWCTBAMH, IOITOMY OHHU IIpe-
MSATCTBYIOT JOCTYIy K MOBEPXHOCTH METaylsla BOJbI, KUCIOpOAa |
coJiepaluxcs B aTrMochepe arpecCUBHBIX KOMIIOHEHTOB. Jliis
CHUKCHHUS CMAaYMBaeMOCTH BOJOW JIAKOKPACOYHBIC MOKPBITHS MHO-
I1a, B CBOIO O4Yepelb, 3alIUINAIOT BOCKOBBIMH COCTaBaMH WIIH
KPEMHHHOPTraHWYSCKUMHU COSAUHEHUSIMHU. YacTo IoJ JaKoKpacod-
HBIM CJIOW HAaHOCAT TPyHTOBKU. Cpeam BEIIECTB, PEKOMEHIYESMBIX
JUIsS TPYHTOB, Hanboiee 3¢pexTuBHbIM mpu3HaH PbyO,4 (CBUHIIOBBIM
Cypuk). BmecTto TpyHTOBKM HWHOTAa TPOBOAAT (ocdaTHpoBaHUE

IMOBCPXHOCTHU MCTAJLJIA. I[J'Iﬂ 9TOI'0 Ha YUCTYIO TOBCPXHOCTb KUCTBIO
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WM PaCIbUIMTENIEM HAHOCAT pacTBOphl opTodocdaTos xenesa (1),
mapradna (1) wan muaka (1), cogepskammx u camy oprodochop-
Hy10 KuciaoTy HzPO,.

Cunuxkammuole (Kepamuueckue) nokpvimus. J[s 3alUThl Me-
TaJJIOB OT KOPPO3UM HCHOJIB3YIOT CTEKJIOBUJIHBbIE U (hapdopoBbie
sMaliv, KOA()@PUIUEHT TEIUIOBOTO PACIIMPEHUS KOTOPBIX JOHKEH
OBITh OJIM30K K TAKOBOMY JIJIsl MOKPBHIBAEMBIX METAJIOB. IMAIUPO-
BaHHUE OCYIIECTBIISIOT HAHECEHHEM Ha MOBEPXHOCTh M3JICIUNA BO/I-
HOM CYCIIEH3WU WM CYXUM HamyApuBaHueM. BHayase Ha OYUIIECH-
HYIO TIOBEPXHOCTh HAHOCAT I'PYHTOBOYHBIN CJIOM U 00KUTAIOT €ro B
neuu. /lamee HAHOCAT CJIOM MOKPOBHOM AMAJIM U 00KUT TTOBTOPSIOT.
Hanbonee pacmpocTpaHeHbl CTEKJIOBUIHBIE dMajld — IMPO3PAUYHbIC
WM 3arameHHbie. X kommnoHeHTamu sBisioTcst SiO, (OCHOBHas
macca), B,Os3;, Na,O, PbO. Dmanu 061a1aroT BEICOKUMH 3al[ATHEI-
MU CBOMCTBaMU, KOTOPbIE 00YCIOBJICHBI U3 HEMTPOHU3AEMOCTbIO JIJIs
BOJIbI U BO3AyXa (Ta30B) Aa)e MpH JIUTEIbHOM KOHTakTe. VX Bax-
HBIM Ka4eCTBOM SIBJISIETCS BBICOKAs CTOMKOCTH NMPU TOBBIIICHHBIX
TemnepaTypax. K OCHOBHBIM HeJOCTaTKaM 3MajieBbIX MOKPBITUN
OTHOCSIT YyBCTBUTEIBHOCTh K MEXaHUUYECKUM U TEPMUUYECKUM yIia-
paMm. Ilpu mIuTenpbHON SKCITyaTalluM Ha MOBEPXHOCTH AMaJICBBIX
MOKPBITUM MOSIBISETCS CETKa TPEIIUH, KOTopas o0ecrednBaeT J10C-
Tyl JIaTW ¥ BO37yXa K METaJUly, BCJEJACTBHE 4YETO M HAYWHACTCS
KOppO3H4.

Ilemenmmuuie nokpoimus. J1ns 3al0UTHI YyTYHHBIX U CTAJIBHBIX
BOJISIHBIX TPYO OT KOPPO3UHU HCIOIB3YIOT IIEMEHTHBIC MOKPBITHS.

[Tockonpky KO3 (UIMEHTHI TEMJIOBOIO PACIIUPEHUs MOPTIaHIIe-
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MEHTa U CTajy OJU3KH, TO OH JOBOJBHO IMIUPOKO MPUMEHSETCS IS
aTUX Henerd. Hegoctatok mopTiaHALEMEHTHBIX HOKPBITUNW TOT XK€,
YTO W 3MAJICBBIX, - BBICOKAS UYBCTBUTEIBbHOCTh K MEXaHHYECKHUM
yaapam.

B nocnenanee Bpemst o4eHb 4acTh JJIs 3aIIUTHl 00OPYI0BaHUS U
CTPOUTEIIBHBIX KOHCTPYKIIMM OT KOPPO3WU MPUMEHSIETCS OOJIbIION
ACCOPTUMEHT Pa3JIMYHBIX XUMHUYECKH CTOMKHX MaTepHaJOB — JIHC-
TOBBbIE M IUICHOYHBIC MOJMMEpPHBIC MaTepHaibl, OHOILIACTMACCHI,
CTEKJIOIUIACTUKH, YTriaerpadUuToBble W JIPyrHe HEMETaIMYECKUE
XUMHYECKU CTOMKHE MaTepHabl.

MeTtaj/uinyeckue NOKPbITHS

MeTtaminyeckue IOKPBITHS YacTO HAHOCSAT TalbBaHUYECKUM
nyTeM. [IokpbITHE HAa3BIBAETCS AHOOHBIM, €CITA OHO U3TOTOBJICHO U3
MeTaiia ¢ 0oJiee AIEKTPOOTPHUIIATEIIBHBIM TOTEHIIMAIOM, YeM 3a-
HuiaemMoe uszenaue (0oaee akTUBHBINA METaL)

. [TokpbITHE HA3BIBACTCS KAMOOHBIM, €CITA OHO U3TOTOBJICHO U3
MeTalljia ¢ 0oJiee MOJOKUTEIbHBIM MTOTEHIINAIOM (MEHEE aKTUBHBIN
MeTaJl).

JI71s1 IOKPBITUS CIIJIABOB Ha OCHOBE JKeJie3a B IMEPBYIO TPYIITY
BXOJSIT IIUHK, aTIOMUHUM, XpoM. DTO 0OoJjiee 3JIEKTPOOTPUIIATEIb-
HBIE DJIEMEHTHI TI0 OTHOILICHUIO K JKeye3y. Bo BTopyto rpymmy BXo-
AT HUKENb, cepedpo, Meab, cBUHEN. WX moTeHuman Oojee moJio-
JKUTEJICH, YeM MOTEHIIMAJ 3allliIlaeMoro Metaia (Jkenesa).

B moBcenHEBHOM KW3HM YEJIOBEK Yallle BCETO BCTPEUYAECTCS C
MOKPBITUSIMU K€JI€3a IIMHKOM U 0JI0BOM. JIMCTOBOE K€eJ1€30, MOKPbI-

TOC IMHKOM, HA3bIBAKOT OIMHKOBAHHBIM JKCJIC30M, a IIOKPBITOC



215
0JIOBOM — O€JI0# KeCThI0 MIIM JIY>KEHBIM Kelie30M. IlepBoe B 00Jib-
IIMX KOJWYECTBAX UJET Ha KPOBJIO JOMOB, a BTOPOE Ha M3rOTOBJIE-
HHUE KOHCEpPBHBIX OaHOK. BmepBble cmoco0 XpaHEHHUS MHUIIEBBIX
MPOAYKTOB B JKECTSIHBIX OaHKax mpemioxkui mosap H.®. Anmep B
1810 r. U1 To, 1 npyroe »xeje30 MoaydaroT TJIaBHBIM 00pa3oM IIpo-
TATMBAHUEM JIMCTa JKejie3a uepe3 paciljlaB COOTBETCTBYIOIIETO Me-
Tajijia (3JEKTPOIU30M).

AHOOHOEe nOKpblmue 3anuiaeT MeTaJlJl U B TOM Clly4ae, Koraa
OHO HapyuieHo. Tak, cJIol IMHKA MPEIOXPaHsET KeJie30 OT KOPPOo-
3UM, XOTSI IIMHK — aKTUBHBIM MeTalll. OTO O0YyCIaBIMBAETCS TEM,
YTO IIMHK BCETJla MOKPBHIT CHAPYXU OKCUAHOM TieHkoul. IIpu mo-
BPEXKJACHUSIX IIMHKOBOI'O CJI0s (I[apamuHbl, MpoOOH KPHIII U T.J.) B
MPUCYTCTBUU BJIATM BO3HUKAET TajbBaHUYECKAs Mapa >KeIe30-11HK,
7€ KaTOJOM CIY>KHT JKeJIe30, a aHOJIOM — ITMHK. DJIEKTPOHBI Tepe-
XOJISIT OT IIMHKA K JKeJIe3y W CBSA3BIBAIOTCS MOJICKYJIaMU KUCIOpOJa
B MIPUCYTCTBUU MOJIEKYJ BOJbI, IMHK PACTBOPSIETCS, HO >KEJIe30 OC-
TaeTcs 3allUIIECHHBIM 10 TeX MOop, MoKa He OyJeT pa3pylieH BeCh
CJIOM IIMHKA, HA YTO TpeOyeTcs JOBOJILHO MHOTO BPEMEHH.

[Ipu HaApyLICHUU KamooH020 nokpvimusa (HapuMep, >KeJe30
MOKPBITH 0JIOBOM) KOPPO3HS METaJlJIa YCKOPSIETCHI.

IToxpbITHE KEIE3HBIX U3JIECIUNA HUKEJIEM, XPOMOM MOMHUMO 3a-

IIUTHI OT KOPPO3UU MPUIAAET UM KPACUBBIM BHEIIHUM BUJL.

Co3aaHue CIJIaBOB ¢ AHTUKOPPO3MOHHBIMY CBOMCTBAMU
OTOT c10co0 YMEHBIICHUSI KOPPO3UHU CTPOTO HENb3S OTHECTH K

3alluTe, HO BBEJCHUEM B COCTaB CTAIM 110 12% Xxpoma momaydaroT
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HEPXKABEIOIIYIO CTallb, YCTOMUHMBYIO K KOPPO3UU. Y CUIIMBAIOT aHTHU-
KOPPO3UOHHBIE CBOMCTBA CTAIM JOOABKU HUKENSA, KOOAIhTa U MEIH.
B 3TOM cilyyae MOBBINIAETCS CKJIOHHOCThH CILJIABOB K IMMACCUBAIIUHU.
Coznanue CIuiaBOB C aHTUKOPPO3MOHHBIMU CBOMCTBAMHU — OJIHO U3

BA)KHBIX HaIpaBjIeHUN 00pHOBI ¢ KOPPOZUOHHBIMU MOTEPSIMHU.

IIpoTeKkTOpHAs 3alUTA U JIEKTPO3AIMUTA

[IpoTekTopHas 3ammTa IPUMEHSETCS B TEX Clydasx, KOorjaa 3a-
HIMIIAETCS KOHCTPYKIMS (TOA3E€MHBIA TPyOOIpPOBOA, KOPIYC CY/I-
Ha), HAXOJSLIMECAd B Cpelie AJNEKTpoiHuTa (MOpPCKas BOAA, MOJA3EM-
HbI€, TOYBEHHBIE BOJBI U T.a.). CYIIHOCTh €€ 3aKJI0YaeTCsl B TOM,
YTO KOHCTPYKIIMIO COCIMHSIOT C IPOTEeKTOpoM (J1at. protector — 3a-
HIUTHUK, TOKPOBUTEN) — 00JIee aKTUBHBIM METAJIJIOM, YEM METaJll
3aIIMIIAEMON KOHCTPYKIHMHU. B KadecTBe MpOTEKTOpa IMpU 3alluTe
CTaJIbHBIX U3AEJHI OOBIYHO UCIOJIB3YIOT MarHuii, allOMUHHM, ITUHK
U WX CIUIaBbl. B mporiecce KOppo3uu NpOTEKTOP CIYKUT aHOAOM
pa3pylaercs, TEM CaMbIM MPEIOXpaHsd OT pa3pylIE€HUs] KOHCTPYK-
uuto. [1o Mepe pa3pyeHnss TpoOTEKTOPOB UX 3aMEHSIIOT HOBBIMU.

Ha stoM npuHuuie ocHoBana u anekrpo3amura. Koncrpykuus,
HaxoAsAAsACs B CPENIE€ DIJIEKTPOJINTA, TAKKE COEAUHSAETCS C IPYTHM
MeTaJJIoM (OOBIYHO KYCKOM JKejie3a, peibca U T.1.), HO Uepe3
BHEIIHUK MCTOYHUK TOKa. [Ipn 3TOM 3amumaemMyro KOHCTPYKIHIO
MIPUCOEAUHAIOT K KaTOAy, @ METAJI — K aHOAY MCTOYHHMKA TOKa. B

9TOM CJIydac 3JICKTPOHbI OTHUMAKOTCA OT aHOda MCTOYHHUKOM TOKaA,
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aHoJ (3alUIAIOIIMA METaJl1) pa3pyllaeTcs, a Ha KaToJie MPOUCXO-
JTUT BOCCTAHOBJICHUE OKHCIIUTEIISL.
DIIeKTpOo3aliTa UMEET IMPEHMYIIECTBO IEpe] IMPOTEKTOPHOM
3alIATON: paauyc AeucTBUs nepBoit okoso 2 000 M, BTOpor — OKOJIO

50 m.

HN3menenune cocraBa cpeasbl

JU1s 3aMeIUICHUsT KOPPO3UU METAJUIMYCCKUX U3ACIUN B DJIEK-
TPOJIUT BBOJST BEUIECTBA (Yallle BCEr0 OPraHM4eCKUe), Ha3bIBaeMble
3aMeJIUTENAMU KOPPO3UU WM MHTHOUTOpaMu. DTO UMeEeT O0b-
I0€ 3HAYEHHE B TEX CiIy4asX, KOrja MeTajyl HeoOXOJAMMO 3alllH-
maTh OT pazbedaHus KucioTaMu. COBETCKHE y4EHBIE CO3LAIM Pl
UHrHOUTOpOB (Mpenaparsl Mapok UM, I1b u ap.), KoTopsie, Oyayun
N00aBJIEHbI K KUCIIOTE, B COTHU pa3 3aMELISIIOT pacTBOpEeHHUE (KOp-

pOSI/IIO) MCTAJIJIOB.

Penienue THIOBBIX 3a7a4

3amaua 1.

Kak nmporcxouT Koppo3us [IUHKA, HAXOASIIETOCS B KOHTAKTE C
KaJMUEM B HEUTPaAJIbHOM W KHUCJIOM pacTBopax? Hamummre snek-
TPOHHBIE YPABHEHUS aHOJIHOTO M KaTOAHOrO mnpoieccoB. Kakos co-
CTaB MPOAYKTOB KOPpO3UU?

Pewenue. 1luak mMeeT OoJiee OTPHUIIATENIHHBIN MOTEHIIMAT (-

0.763 B), yeM KaaMui, MOPTOMY OH SIBJISIETCS QHOJIOM, a KaJAMUM
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KaTOJIOM.
AHOJHBIN TTPOLIECC:
zn° - 28 — Zn**
KaTOJHBIN ITPOIIECC:
B KHCJIOHN cpene 2H" + 28 — H,
B HelTpanbHol cpene O, + 2H,O + 48 — 40H.
Tax Kak nons! Zn°* ¢ TUIPOKCUIIBHOM TpyNIoNn 00pa3yroT He-

paCTBOpHMBIﬁ I'mAPOKCHU I, TO IPOAYKTOM KOPPO3HUH 6YI[€T

Zn(OH),.

Hpumep 2.

Kaxkoii meTamn nenecoodpasHeil BEIOpaTh AJisl IPOTEKTOPHOM
3alIUTHI OT KOPPO3UH CBHHIIOBOM o0Ooouku kabdems: Zn, Ni, Cr.
[Touemy? CocTaBbTe JIEKTPOHHBIC YPABHEHUSI aHOJHOTO U KaTO/I-
HOTO MPOILIECCOB aTMOc(epHOoit Koppo3un. KakoB cocTaB mpoayKTOB
KOppo3uu?

Pewenue. JIns mpoTEKTOPHOMN 3aITUTHI CBUHITOBOW 000JIOUKHU
kabest B atMocdepe Heo0X0AMMO BHIOPaTh IUHK.

CTaHmapTHEIE IEKTPO/HbIE OTeHIHaNbl MeTamioB EoPb*/Pb
=-0.13 B, EgNi**/Ni =-0/25 B, E,Cr"°/Cr =-0.74 B, E¢Zn"?/Zn =
-0.76 B.

N3 Bcex MeTaIOB ITMHK UMEET 00Jiee OTPHUIIATEeIIbHBIN TOTEH-
1[Maj, oH OyJeT aHOJAOM, a CBUHEI] KaTOJIOM.

AHOJHBIN TTPOLIECC, PA3PYILICHUE MAaTEpHUAIa IOKPBITHS:

27n - 4¢” — 2Zn*",

KaTOJIHBIA MpOIIeCcC, TP aTMOCHEPHOU KOPPO3UH BO BIAKHOM
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BO3YXC ACIIOJIAPU3ATOPOM ABJLACTCA KUCIOPOI:
0, +2H,0 + 48 — 40H
[TpoaykToM KOppo3uu OyJIeT HEPACTBOPUMBINA THIAPOKCHU]T LI H-
xa Zn(OH),.
27Zn** + 40H — Zn(OH),|

KoHTpoJib YCBOCHUS 3HAHUM

1. CocTaBbTe 3JIEKTPOHHBIE YPaBHEHHS] aHOJHOTO M KaTOAHOTO
IIPOLECCOB C KHUCIOPOJAHOM M BOJOPOJHOW JEMOJSAPU3ALUEN TPU
KOPPO3UU Hapbl MarHui — HUKeIb. Kakue npoyKThl KOPpO3UH 00-
Pa3yroTcs B IEPBOM U BO BTOPOM CIIy4dasix?

2. TloueMy XMMHUYECKH YUCTOE *Kejae30 0oyiee CTOMKOE MPOTUB
KOppO3HH, YeM TexHu4Yeckoe xkene30? (CocTaBbTe JJIEKTPOHHBIE
YpPaBHEHUSI aHOAHOTO M KaTOAHOTO MPOILECCOB, MPOUCXOASIIUX MIPU
KOPPO3HHM TEXHUYECKOTO JKEJI€3a BO BJIAXKHOM BO3yXE U B KHUCIIOU
cpexne.

3. Kak npoucxoaut armocgepHasi KOppo3us JIy>KEHOTO Keje3a
U Jy>)KEHOM MeIW NpU HapylmeHUH NOKpbITUA? CoCTaBbTE 3IIEK-

TPOHHBIE YPABHEHUSI aHOJTHOT'O M KaTOJIHOTO TTPOIIECCOB.

4, XKene3zHoe uzaenue NOKPhUIN KaaMueM. Kakoe 3To MOKphITHE
- aHogHoe wiau karojgHoe? Iloyemy? CocTaBbTe SJIEKTPOHHBIC
ypaBHEHHUS aHOJIHOTO M KaTOJHOTO IPOIIECCOB KOPPO3UHU ITOTO M3-

JIEJIAsI IPU HAPYLIEHUH TTOKPBITHSA BO BIIAXKHOM BO3AYyXE U B XJIOPO-
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BOJIOPOJHOM (coysiHOM) KuciaoTe. Kakue mpoayKThl KOppOo3uKu o0opa-

3YIOTCSI B IEPBOM M BO BTOPOM Clly4asx?

Psn cTaHmapTHBIX 3JIEKTPOJAHBIX MOTEHIIMATIOB E° (psia HANPSDKCHUI)

DneKkTpos
OxucneHHas BoccranoBnenHas Peakmus EO, B
dhopma dhopma
Li* Li Li*+e — Li -3.05
K* K K'+e > K -2.93
Ba™ Ba Ba” +2¢" — Ba -2.91
ca’* Ca Ca’* +2¢ — Ca 2.87
Na* Na Na*+e — Na -2.71
Mg Mg Mg”* + 2e" — Mg -2.36
AP Al AP + 3¢ — Al -1.66 s
Mn** Mn Mn®* + 2¢” — Mn -1.18 é
Zn** Zn Zn** +2e — Zn -0.76 ;
crf Cr Cr™+3e - Cr -0.74 S
Fe* Fe Fe** + 2¢” — Fe -0.44 é
Cd*™ Cd Cd™* +2¢ — Cd -0.40 §
Co™ Co Co® + 2" — Co -0.28 ‘E
Ni<* Ni Ni** + 2e” — Ni -0.25 §
Sn%* Sn Sn* +2¢ — Sn -0.14 >
Pb** Pb Pb* +2e" — Pb -0.13
H* H, H" +2e" — 2H 0
cu™ Cu Cu™ +2¢ — Cu 0.34
Hg** 2Hg 12Hg* +e — Hg 0.79
Ag’ Ag Ag +e — Ag 0.80
Pt** Pt Pt +2e” — Pt 1.20
Au® Au Au™ + 3¢ — Au 1.50
v
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I'nasa 8. KoMIiekcHBIE COeTUHEHUS

XHMMHYECKasi CBSI3b B KOMILIEKCHBIX COeIMHEHUSX

Komnnexchvlmu Haszvigaromces coeOuHenus, 8 KOMopvix npu-
CYmcmeyom O0OHA UNU HECKOIbKO KOBAJEHMHbIX C8s3ell, 00paszo-
BAHHBIX NO OOHOPHO-AKYENMOPHOMY MEXAHUIMY.

B TepMHUHOJIOTMM KOMIUIEKCHBIX COEJUHEHUN OOHOp DIIEK-
TPOHHOM Mapbl HA3bIBAIOT JIUCAHOOM, AKYEeNnmop — KOMNJ1eKcooobpa-
30eamesiem. B cootBercTBUU ¢ Teopueit Bepuepa (IlIseitapus, |l
noioBrHA | X Beka), KOMILIEKCOOOpa30BaTeNNb 1 JINTAHIBI 00Pa3yIOT
KoopounayuonHnyto (BHYTpPEHHIOW) cdepy KomIuiekca , KoTopas
MOKET ObITh HEUTpATBLHON WM 3apsbKeHHoU. Hampumep,

kamuonnsie komnaexcol: [CUNH3)4*", [Co(H,0)s 1%

anuonnvie komnaexcol:. [Fe(CN)g]”, [Co (NOL)e]™

Osotinvie (kamuon - anuonnwvie): [Ni(NH3) )% 2[Fe(CN)g]*

netimpanvivie komnaexcol. [Co(NH3)3(NO)s]° , [Ni(CO),]°

[Ipyn Hanucanuu GopMysbl KOMIIEKCHOTO COEIMHEHUSI KO-
OpJIMHAIIMOHHAs cepa 3aKII0YaeTCsl B KBaJpaTHble CKOOKU. B ciy-
yae, €Cclid KOMIUICKCHAsI 4acTulla 3apsiKEHHasl, B COCAMHEHUH TIPU-
CYTCTBYET 6HewiHAA chepa - npomueouoH, KOMIEHCUPYIOIIUHN 3a-
psan komrekcHoi gactuisl: [CU(NH3),]SO,  Ks[Fe(CN)g]. Ecnm
KOMIUIEKCHBIM MOH SIBJISIETCS KaTUOHOM, TO MOHAaMHU BHEITHEH cde-
pbl YaCTO SIBISIIOTCA KHCJIOTHBIE AHMOHBI WM THIPOKCHI-
nonsl(OH)".

[lenTpasibHOE MECTO B KOMILJIEKCHOM COCIMHEHUM 3aHUMAET

KOMILJIEKCO00pa30BaTe/ib — OOBIYHO MOJOKUTEIBLHO 3apsSyKEHHBIN
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WOH MeTaJla;
[Co(NH3)6]Cl; - koMImiekcooOpa3oBareiib KAaTHOH Co™",
K3[Fe(CN)g] - xomruiekcoobpasoBareis kaThon Fe™.

BakHeHIIUMH KOMILIEKCOOOpa30BaTeIISIMU SBJIsIOTCS O- 31e-
mentsl; Ag®, Au®, Cu’, Cu®, Hg”, Cd*, zn*, Fe*, Fe*, Co*,
Ni?*, Pt*", HekoTopbie Mertamts! rasubix moarpymnm ( AlIY, Mg®h), a
TaK)Ke HEKOTOPBIC HEMETAJUIbI, Harpumep, KpeMuui B Ho[ SiFg].

B ponu nurangoB oObIYHO BBICTYIAIOT AaHMOHBI WM MOJISIP-
Hble MosIeKyJsbl. Hanpumep, monexynsl NH3 saBisitoTcs nuranmamu
B [Co(NH3)s]Cls, ux uuncino mecth; anuoHbsl (CN) - jguranasl B
K;3[Fe(CN)g], ux Takxe 11ecTh.
HauGonee yacto BcTpeyaromuecs JIUrau bl
neumpanvusie monexyavl. H,O, NHz, NO, CO
uonwr: F,CI', Br', I, OH', CN', SCN", NO, CO3”, S,05"".

Yucno nuraHaoB OmpeneseT KOOPAWHAIMOHHOE YUCIO KOM-
miekcooopazoBatensd. KoopamHamuoHHoe 4YMCa0 (K.9)— YHUCIO
AJIEKTPOHOIOHOPHBIX IIEHTPOB JIMTAHAOB (aTOMOB WJIM T-CBSI3CH ), He-
MOCPEJCTBEHHO B3aMMOJCHCTBYIOIIMX C KOMILUIEKCOOOpa30BaTeleM.
Haubonee pacnpocrpanennsie k.4 = 2, 4 u 6. B cooTBeTcTBHM C KO-
OpJIMHAITMOHHOM Teopuer A. BepHepa, 3HaueHHE KOOPAUHAIIMOHHOTO
qHCiIa OMpeneNsaeTcs, MPek e BCEro, 3apsaoM KOMIUIEKCOOOpa3oBa-
TeJs: YeM OOJIbIIe 3apsii KOMIUIEKCOOOpa3oBartesis, TeM OOJbIIe KO-
OpAVHAIIMOHHOE YHCIIO. BEIsSBIEHA Takke 3aBUCHMOCTH KOOPIHHA-
IIMOHHOTO YHMCJIa OT XapaKTePUCTHK JINTaHJa: YBEIUUCHUE pa3Mepa
JUTaHa TPUBOAUT K YMEHBIIICHUIO KOOPJIUHAIIMOHHOTO YHCIIA; IS

HGfITpEU'IBHBIX JIM'TAaHAOB KOOPAHMHAIWMOHHOC 4YHCJIO, KaK IIpaBHIIO,
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BBIIIIE, YEM /IS 3apSHKCHHBIX.
Hanpumep, B [Co(NH3)6]Cl5 k.4 (Co®") paBHo mectn.

DJIEKTPOJUTHYECKAS] AUCCOHANNA KOMILJIEKCHBIX
coeIMHeHn |

[Ipr pacTBOpEHHM KOMIUIEKCHBIE COEAUHEHUSI (KpOME HEU-
TpPaJbHbIX) JUCCOLMUPYIOT HA KOMILJIEKCHBIE HOHBI U MOHBI BHEII-
Hel cdepbl. DTOT MPOIIECC HAa3bIBACTCS MEPBUYHON AMCCOITAAIUEH
KOMIUIEKCHBIX COCUHEHUN U MPOTEKAET OH KAK JJISI CHJIBHBIX 3JICK-
TPOJIUTOB: Ks[Fe(CN)g] — 3K" + [Fe(CN)g]*

JlanpHenIas auccouranus KOMIUIEKCHBIX HOHOB B pac-
TBOpax MPOTEKAECT HEZHAYUTEIILHO, TAK KaK JIMTAH/Ibl U KOMILJIEKCO-
oOpa3oBaTellb CBSI3aHbI IPOYHON KOBAJICHTHOM CBSI3BIO.
[Fe(CN)s]> S Fe** + 6 CN-

IIpuMeHUB 3aKOH IEUCTBYIOLIUX MAacC K PaBHOBECHUSIM JUCCO-

[UAIMU KOMIUJIEKCHBIX MOHOB KaK K CJIa0bIM 3JIEKTPOJIUTAM, MOJIY-

YUM BBIPpA)KCHUC KOHCTAHT HECTOMKOCTH KOMILICKCOB:

[Fe*"][CNT]°
Ky = =110
[[Fe(CN)6]* ]

KoHCTaHThI HECTOMKOCTH KOMIUIEKCHBIX MOHOB XapaKTECpHU3Y-
I0T TPOYHOCTh BHYTPEHHEH cQepbl KOMIUIEKCHOTO COCIUHCHUS.
UeM MeEHbIlIE KOHCTAHTAa HECTOMKOCTH, TEM YCTOMYHUBEE KOMILICKC,
TEM MEHBIIIE KOHUIEHTPALMS B PACTBOPE MPOCTHIX HOHOB, BXOJAIINX
B COCTAaB KOMIUIEKCHOTO MOHA. [[JIsI HArJISIAHOCTH MOKHO MPUBECTH

KOHCTaHThl HECTOMKOCTH JJIs1 KOMIIJICKCHBIX MOHOB MC/H.:
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[CUCN) ] & Cu*™ +4CN-  Ky=5 102
[Cu(NH3),]* S Cu** +4NH; Ky=4,6" 10"
[Cu(Cl)]* & Cu™ +4CI” Ky=2 10"

B npuBeneHHBIX mpuMepax BHUJHO, YTO CAMbIX CTOWKHUU

kommuiexe [CU(CN)4]?, a uecroiikuii - [Cu(Cl)4] .

Jns XapaKTEpUCTUKU YCTOMYMBOCTH KOMIUIEKCHBIX MOHOB

MPUMEHSIOT BEJIMYHHY, OOpAaTHYI0 KOHCTAHTE€ HECTOMKOCTH; €€ Ha-

3BIBAOT KOHCTAHTOM ycToMunBOCTH Ky. Ky =1/ K.

Juist [Cu(NH3), 1% Cu* +4 NH3 S [Cu(NH3),]*

[[Cu(NH3)4] 2+]
Ky = =21-10%
[Cu™][NH3]"

Ecnu HeoO0X0IuMO pa3pyliuTh KOMIIJIEKCHOE COCIMHEHUE, TO

MOH KOMILIEKCOOOpa30BaTeisl CBSI3bIBAIOT B MAJOPACTBOPUMOE CO-

eaMHeHue, npousBeaeHne pactsopumoctu (IIP) kotoporo ropasmo

MEHBIIIE, YEM KOHCTaHTa HeCTOMKOCTU (Kpy) KOMILIEKCHOrO HOHA.

Hampumep, npu AelCTBUU HA PAcTBOP KOMIUICKCHOM COJIM MEIH

CyJib(UI-aHUOHOM KOMIUIEKCOOOPa30BaTEIb CBS3BIBACTCS B MAJIO-

pactBopuMoe coenrHeHue CUS U BhIMagaeT B 0CAIOK.

[CU(NH3)4] ClL+K,S = CUS¢+ + 2KCIl + 4 NH;

Yewm 6ombiie Ky koMruiekcHOro noHa u uem menbiie [1P moiy-

YaIOIIeT0 COSAUHEHMS, TEM Jierde pa3pyIIuTh KOMILJIEKCHBINH HOH,
CIABUTAsI PAaBHOBECHUE JUCCOIMAIIMY KOMIIJIEKCHOTO MOHA BITPABO.

Ecnn HeoOXoauMo MOHU3UTH AUCCOIMAIMI0 KOMILJIEKCHO-

ro MOHA, T.€. CIBUHYTh PABHOBECUE JAUCCOLMALIMU BJIEBO, K PACTBO-

py, B cooTBeTcTBUU ¢ npuHIuoM Jle-IllaTtense, mobaBnsroT Bee-
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CTBa, BXOIINE B KAYECTBE JIUTAaHAOB B KOMIUICKCHBIM MOH. JIis
[Cu(NH3),] **(ero muccommarms [Cu(NH3),] > 5 Cu® + 4 NH,)
paBHOBecHsI cMecTuTcs BieBO ¢ BBeaeHueM NHj (ras3.) wnm  pac-

tBopa NH,OH.

HoMeHK/IaTypa KOMILIEKCHBIX COeIUHECHUH
B cooTBeTcTBUM C COBPEMEHHOM HOMEHKIIATYPOM, MPUHS-

Tor B 1963 roay, B Ha3BaHUSIX KOMIUIEKCHBIX COCAUHEHUN UCTIONb-
3YIOT CJIEAYIOIINE OCHOBHBIE ITOJIOXKECHUS:

% Ha3BaHHMC JI000r0 COCAMHCHUS YHMTACTCSA CIpaBa
HaJICBO, T.€. CHAYaJIa yKA3bIBACTCS AaHUOH, 3aTEM KaTUOH. JTO
MPABUJIO NPUMEHUMO K HA3BAHHUIO HE TOJBKO KOMIUJICKCHBIX,
HO JIIOOBIX XUMHYECKHUX COECINHEHUI,

**  Ha3bIBAaIOT AaHUOH B MMEHUTEIHHOM MAJIEXKE, 3aTEM
KaTUOH B POJIUTEIBHOM Tajexe. Ha3BaHue KOMILIEKCHOM
JacTUIIbl (HEUTpAIbHOM, KATHOHHOM, aHUOHHOM) - OJTHO CJIO-
BO;

¢ ©CIIM KOMIUICKC SIBJIICTCS KaTHOHHBIM, YKa3bIBaeT-

Csl pyCCKO€ Ha3BaHUE KOMILIEKCOOOpa3oBaTelisi B pooumens-

HOM TIAACIKE C YKA3AHUCM €CI'0 CTCIICHU OKHUCJIICHUSL:

/

** €CJIM1 KOMIIJICKC SABJIACTCA aHHUOHHBIM, TO HCIIOJIb-

3yeTCsl JIATUHCKOE Ha3BaHWE KOMILJIEKCOOOpa3oBatTens B ume-
HumelbHOM TAZiekKe ¢ 1oOaBiIeHneM cypduKkca «aT» U yKas3a-
HUEM CTETICHH OKHCJICHHUSI KOMIUIEKCOOOpa30BaTelis;

% eCJIM KOMIUICKC SIBIISIETCS HEWUTpaJbHBIM, TO HC-

MOJIB3YEeTCSl PYCCKOE Ha3BaHUE KOMIUIEKCOOOpa3oBaTess B
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UMCHUTEIPHOM IMaJie’ke 0€3 yKa3aHHsl €ro CTCIICHH OKHCIIe-
HUS,
%  HA3BaHHUs BaKHEHIMX JIUTAH/IO0B:
a) HehTpanpHbIX Mosekyl: H,O — akBa, NH3; — amMmuH,
CO — xap6onui, NO — autposuin , CS — THokapOOHUIT;
0) F- dropo, ClI'- xnopo, ', Br - 6pomo, | - nono, OH - runu-
pokco, CN'- nmuano, SCN - pomano uiu tuonuonaro, NO; -
HUTPO, C2042_0KcanaT0;
% YHCJIO JINTQJ0B B COCTaBE KOMIUICKCHOM YaCTHIIbI
YKa3bIBaCTCSA IPEUCCKUMH YUCIUTEIIBHBIMH;
% 10 BHUAY JHMIaHI0B KOMILICKCHBIC COCIUHCHUS
HOJIpa3/IC/ISAIOTCS Ha:
AKBAKOMNIEKChbL - TATAHJIAMH SBIISTFOTCS MOJICKYJIbI BOJIBI,
Hanpumep, [Cu(H,0)4]SO,4 — cynbdat terpaaxkBamenn (11),
[Cr(H,0)6]Cls — xmopun rexcaakBaxpoma (I11)
AMMUHOKOMNIIEKCbl — JUTAHJIAMHU SIBJISIIOTCS MOJICKYJIBI aM-
MUaKa, Halpumep,
[Ag(NH3),]OH — rugpokcun auammunacepedpa (1),
[Cd(NH3)s](NO3), — Hutpat rekcaammunkaamus (1)
2uopokcoxkomniekcol — nurangamu sipisirores (OH) ™ noHsl,
Harpumep, Na,[Zn(OH),4] - TeTparuapokconnHkaT HaTpus
Naz[Al(OH)g] - rekcarnapokcoaaoMUHAT HATPHUS
cMeulanHble — JIATAHIaMU SBIISTFOTCS Pa3HBIC MOJICKYJBI U
nonbl, Harpumep, [Co(NH3)4(NO,)CI] NO3 — HuTpar xiopo-
HUTpoTeTpaaMmmuukoOanbTa (111),

K3[Fe(CN)¢] - rexcanmanodeppar (1) kanus
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K[Pt(NH3)Cl3] - Tpuxnopoammuniiatudat (11) xamms:

[Pt(NH3),Cl,] - TeTpaxnopoanaMMHUHILIATHHA

KOHTpOJ’II) YCBOCHUA TEMBI

1. HasBare komiiekcuble coemuneHus: Kiz[Co(NO,)e],
Cs[Ag(CN)], Nas[Ag(S20s)2],  [Zn(NH3)4](NO3)2,
[Co(H,0),(NH3)4]Cly, Naz[AlFs] u Hammcath ypaBHEHHS 3JICK-
TPOJTUTHUYECCKON IUCCONMAIIMKM OATUX COCAMHCHHM, yKa3aTh B
ITHX COCIUHEHHUSX KOMIUIEKCHBIE MOHBI, KOMILIEKCOOOpa3oBa-
TENb, €r0 3apsj, K.4., JUTAH b, BHEITHIO U BHYTPEHHIOKI c(e-
DB

2. Hammcats KOOpIMHANMOHHBIE (POPMYIIBI, HCXOAS U3 TOTO,
yTo KoopauHauuoHHoe yucio Co (lll) paBHO 6, mjia ciaeayrommx
coenuuennii: a) Co(NO,); " 6 NHg, 0) Co(NO,)3 "3 NH3

B) Co(NO,); 'KNO, 2NH; 1) Co(NO,); 3 KNO,

Ha3paTh mojydYeHHbIC KOMILICKCHBIC COCIWHCHHUS, YKa3aTh
TUI xOMILJICKCHOI'O HMOHA, €ro 3aps/, BHEIIHIO W BHYTPECHHIOIO
chepbl, KOMIUIEKCOOOpa30BaTelh, JIUTAHIbI.

3. JlaTh ompejeneHre KOHCTaHThl HECTOMKOCTH KOMIUIEKCHBIX
WOHOB, IPUBECTH BBIPAKCHHE KOHCTAHTHI HECTOMKOCTH I KOM-
wiekcHoro coeaunenus: [ZN(NHs),4] Cl.

4. Koncrantel HecToiKOCTH KoMILIeKCHBIX HOHOB [AQ(CN),],
[Au(CN),]" , [Cu(CN),]” umerot 3naueHus, cooTBeTcTBEHHO: 110~
21, 510 39, 110" *. Kakoii u3 3TuX HOHOB camblii npouHbIii? Hamu-

CaTb YPAaBHCHHC AHMCCOLNHAIIMN KOMIIJIICKCHBIX MOHOB MW BBIPAKCHUC
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JUIS KOHCTAHTBl HECTOMKOCTU 3TUX KOMILJIEKCHBIX HOHOB.

5. Onpenenuts 3apsiji KOMIUIEKCHBIX MOHOB M COCTaBUTH (Pop-
MYJIbl KOMIUIEKCHBIX COCIMHEHUU C MPUBEACHHBIMU HUXKE KaTHUO-

HOM HJIX aHUOHOM:

[Bi3+|4] [C03+(H20)4C 5] [Cr3+(N H3)sCl]
[Ni®7(CN)], [Co®(NH;), (NOy)]  [P*I(NHa)s
(NO)]
[Cu®(NH3),]  [Cr®(H0),Cl;] [Pt )(NH;) Cly]
Mpunoxenue

Y CcTOWYHUBOCTh HEKOTOPHIX KOMIUJIEKCHBIX HOHOB B BOJIHBIX
pacTBOpax Mpu KOMHATHOUN TEMIIEPATYpE

Komruiekc- Kuger. | Kyer. KommnekcnHbiit | Kyger
HBIN 1OH WOH

[Ag(CN),]” |1°107% |1°10% | [Ag(S:05)]" |1'10°*
[Ag(NH3),]* |7-10% [1,5°10" |[Cd(CN),]* |1 10°%
[Co(NH3)e]”™ | 6-107°°% [1,3 10® |[CA(NH3),]” |8 10°°
[Cu(NH3), )" |5-10™ [2,5 10" |[Cu(CN), > |5 107
[CuCl,]* 2:10* |5 10° [Ni(NH3)e]™ |2-10°°
[Zn(NH3), )™ | 4-10° [25°10° [[Ni(CN),J> |3 10°%
[Zn(CN), > |6 10 |16 10"

[Fe(CN)s]~ |1°107% |1 10*

[Fe(CN) > |1 10* |1 10"
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JABOPATOPHbBIA NPAKTUKYM

Jlaboparopnasi padora Nel

OnpenesieHue MOJAPHOM MACChl IKBUBAJICHTA IUHKA

OobGopynoBanue U Matepuanabl. [Ipubop s ompenencHus
AKBHUBAJICHTHON MaccChl IIMHKA, OapoMeTp, TEPMOMETP, PACTBOP CO-
JISHOM KUCJIOTHI 1:1, HaBecka IIMHKA.

Jlns onpenenieHus SKBUBAJICHTHOM MacChl IIMHKA HEOOXOIUMO

cobpath pudbOop, N300pakeHHbBIN HA PUCYHKE 1.

Pucynok 1. [Ipubop nns onpeaeneHus MOJSIPHOU MACChl JK-
BUBAJICHTA LIMHKA.

1 - nuIUHApP, HAMOJHEHHBIA BOJON;  2- KpUCTAILJIU3ATOP;

3 — mTaTuB; 4 - MpoOUpKa ¢ Ta300TBOIHOMN TPYOKOH 5.

B kxpucrainuzaTtop HaduTh BOABI Ha JBE TPETH €ro o0bema,
HWIMHID 3arloJHIETCs BOAOM MOJHOCTHIO. Ha uwnuHap Hanertsb

KOJIbIIO, OIIYCTUTBb KOJbIO A0 OCHOBAHUA LUJIIMHIAPA, 3aTCM, 3aKPbIB
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OTBEPCTUE JTUCTOM OyMaru Wih PyKOW, aKKypaTHO MEPEBEPHYTh U
MOMECTUTh B KPHUCTAJUIM3ATOpP C BOJIOW, MPHUICPKHUBAas MPU HTOM
koJib110. [Toa BOJIOM B KpUCTAIIU3aTOPE JTUCTOK OyMaru yJasieTcs;
€CIM B LWJIMHAPE MPU COBEPIICHUM ITOU ONEpaIU MOSBUIICS BO3-
yX, TO BBIIMICONMUCAHHYIO OIEPAIMIO CIEAYET 3aHOBO IMOBTOPHUTb.
3aKkpenuTh C MOMOIIBbID MY(PThl KOJBIIO BMECTE C MWIMHIPOM B
IITaTHBE HAa TAaKOM YPOBHE, UTOOBI KOHEII IIJIMHIAPA HAXOAWICS Ha
PaCCTOSIHUM 2-3 CM OT JHA KpUCTAILUIM3aTopa.

B npoOupky, mTpoBEpEHHYI0 Ha T€pMETUYHOCThH, MOMECTHUTH
pacTBOpP COJSIHOM KUCTOTHI (1:1), 00BEMOM IPHUMEPHO OJHA TPETh
npooupku. [IpoOupky HAKJIOHHO C MOMOIIBIO JIAMIKU 3aKPENUTh B
mratiBe. HaBecka 1MHKa MoMemiaeTcs OJMKEe K OTBEPCTHUIO IMPO-
Oupku (HAKJIOH MPOOUPKU JOJDKEH OBITh TaKUM, YTOOBI ITUHK HE
Cpa3y OMYyCTHJICS B PACTBOP KHUCJIOTHI). AKKYpaTHO OTBEPCTUE MPO-
OMPKU 3aKPBITH TPOOKOH C ra300TBOIHON TPYOKOM, COCTMHEHHON C
KOHIIOM IIIJIaHra. BTOpo# KOHeI[ 1IJIJaHra BBOJAUTCS BHYTPh ITUJIMH-
Jpa Ha BBICOTY OKOJIO 5 CM (Ha KOHEII IIIJTAaHTa MOXHO HaJeTh CTEK-
JISTHHBIM HaKOHEYHUK). C MOMOIIbI0 U3MEHEHHS HaKJIOHA TTPOOUPKHU
HABECKY ITMHKA OMYCTUTh B PACTBOP COJSHOU KHUCIOTHL. Cpazy xe
HAYMHACTCSl PEaKIUs, BBIICIISIONINICS B BUJIC IMy3bIPHKOB BOJOPO/I
gyepes MIJIaHT TTOCTYIAeT B IUJINHIP, BHITECHSS BOY.

[To 3aBepmieHnn peakuuu (IPEKpAIIECHUE BBIAEIEHUS ITy3bIph-
KOB Ta3a) oTMeTuTh 00beM (V1) BbieraeHHoro Bojgoposa. [Ipubdop
pazo0paTh, BBUIMTH BOAY M3 KPUCTAUIM3ATOpa M LHJIMHAPA, COXpa-
HSISl TOJIOKEHUE HWJIMHAPA BBEPX THOM. BBINIOTHUTH KAYECTBEHHYIO

pEaKkIyio, MOATBEPKIAIOIIYID HAJIW4YWE B MUWIHHAPE BOAOPOAA
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(oO0beM BoJOpOJa HE NOJDKEH npeBblmath 100 Mi1): HampaBUTh 1IU-
JUHAP TOPU30HTAJIBLHO M TOJHECTH K OTBEPCTHIO 3XKKCHHYIO
cnudky. Pa3gaercs Xjomok, ykassIBaromuid Ha oOpa3oBaHUE B3pPHI-
BOOITACHOM CMECH BOJIOPOJA M KHUCJIOpOoJa. PeaknmoHHYyr0 CMeECh B
npoOupke, pa30aBuB BOJOW, BBUINTH B CHEIUAILHYIO OyTHIIb WM
pakoBuHy. [locne 3Toro npucTynuTh K 00paboTKe pe3yabTaToOB.

HOJ’IY‘IGHHBIG PE3YJIbTAThI O(I)OpMI/ITB B BUJC IIPOTOKOJIA:

. BBITIOJIHUTh PUCYHOK MpUOOpa
o 3alycaTh UCXOIHBIE JAHHbBIC
. BBITIOJIHUTh pPacueThl IO pacueTHbIM (opmyIam,

UCIIOJIb3YSl OCJe0BaTeIbHO GopMyJibl 3, 2, 1.
Hcxonubie naHHbBIE:
m (Zn) - HaBecka IMHKA, (T)
V1 (H>) - 06beM moTydeHHOTO BOAOPO/Ia B YCIIOBHSIX OTBITA, (MIT)
Py - 760 mM pTt. cTos10a
To -273 K
P(atm)— atmocdepHoe naBieHue (o 6apoMeTpy), MM pT. CTOJI0a
h (H,O) - naBnenne mapoB BoAbI (CIPABOYHHUK) B YCIIOBHSIX OMBITA
P, = P(atm) - h (H,O) - maBnmeHue moaydeHHOTO BOJOPOJA, MM PT.
cTOJI0a

t (KOMH) - TeMIIepaTypa BOJbI B KpUCTaILIH3aTope (Tepmomerp), 'C
T=(Ty+ tkomu) K

1/z(H) = 1mo5
M1/z(H) = 1,008 r/moyb(3KB)
(Vo-3xB(H,)) = 11,2 n1/M0ab(3kB) (H.Y.)
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1/z(Zn) (pacuernoe 3HayeHue) = 0,5 MOJb
M1/z(Zn) (pacueTHOe 3HaueHue) = 32,7 I/MOJIb-OKB

Pacuersr:

3Has Maccy BBIICIMBIIETOCS BOJIOPOIAa U IPUMEHUB 3aKOH K-

BHBAJICHTOB: m(Zn) ___M1/z(Zn)
m(H,) Ml1/z(H)

(bopmyna 1)
MO’KHO PacCYUTaTh MOJIIPHYIO MacCy DKBUBAJICHTA IIMHKA:

m(Zn) - M1/z(H)

M1/z(zn) = — 2

13 Gopmyiisl BUAHO, YTO As Belumcienus M1/Z neobxo-
MO 3HaTh Maccy BbITeCHEHHOro Bojopoaa M(H,). B mabopatop-
HOU paboTe ObLT omnpesneneH o0beM Bogopoaa (V) MeTo1oM BhITEC-
HEHHUSI; U3MEPUTh MACCY MOJYYEHHOIO BOJOPOJia OOBIYHBIM CIIOCO-
OOM B3BEILIMBAHUSI HEBO3MOKHO - BOJOPOJ JIETKOJETYy4YHi Ta3, a
ero Macca o4eHb Mayia. Bropoe cnenctBue 3akoHa ABOrajpo CBS-
3bIBAET 00BEM M Maccy ra3zoo0pa3Horo BemiecTna: “1 Moib J1IF000ro
razo00pa3HoOro BENIECTBAa MPU HOPMAJbHBIX YCIOBHSX (H.y.) 3aHU-

MaeT 00beM 22,4 17, T.e.:

1 monb Hy (2,016r) 3anumaet oobem 22,4 1 (22,4 103MJI)
m (H 2) VO(H 2)

Orcrona:

Vo(Hz) mia -~ 2,0l6r
M (Hy) = ~m-mmmmmmmemmeem e (popmyia 2)
22,4 10° M
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Takue pacdeThl CIpaBeIJIMBBI [ ra3000pa3HOTO BOJIOPOJA,
eciau Obl OH HAaXOJWJICA B HOPMAJIbHBIX YCJIOBHSX ( TemmepaTrypa
273 K u naBiaenue 760 MM pT. CT.).

JlabopatopHas paboTa BBINOJHEHA IIPY KOMHATHON TEM-
neparype u AaBieHUH Hike 760 MM PT. CT. (C yueToM reorpaduue-
CKOT'0 TMOJIOKEHHUSI Halllero peruoHa), modromy (V) HEoOX0auMO
MPUBECTU K TOMY 00BbEMY, KOTOPBIN OyAE€T 3aHUMATh MOTYyUYCHHBIN
BOJIOPOJT IIPH HOPMANTbHBIX yCiaoBusxX - Vo(H,).

N3 ypaBHEHHSI Ta30BOTO COCTOSIHUS (OOBEIMHEHHOTO 3aKOHA

boitns-Mapuotra u I'eii-JIroccaka) :

Po Vo PV
o = nerko Beipasuth Vo(Hy):
P,"T
Vo= l. - Vs
Po T ( popmyna 3)

Jlanee BBIYUCIIEHUS POBOJUTCS TIO BBHIIIETPUBEICHHBIM (Op-
MyJiaM: TIOJICTaBJIsSIsl MCXOJIHbIE AaHHbIE CHadayia B dopmyay (3),
Haxomat Vo(Hy), 3arem Haxomsat maccy m (H,), ucnonb3ys gpopmy-
ny (2) U, HaKOHEW, JJISI BBIYUCIECHUS MOJISIPHOM MacChl SKBUBAJICH-
Ta IIMHKA UCTIONIB3YIOT hopmyiy (1).

CpaBuuBass M1/z(Zn) (skclepuMEHTaIbHOE 3HAYCHUE) C
M1/z(Zn) (pacueTHOe 3Ha4YeHHUE), OIPEACIsIeM OTHOCHTEIbHYIO

omuoOKy ombiTa (A):

M1/z(Zn)(teop) - M1/z(Zn)(3kc)

A= '100%
M1/z(Zn)(teop)
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[TonydeHHbIE JaHHBIC OMBITA 3aHECTH B TAOJIUILY:

Ha- | Tem- | HaBue- | O0beM MogspHas Mmacca Omnbxa
BECKJ Mepa- | HUE, BOJIO- HKBHBAJICHTA ITUHKA OTIBITA
Typa MM PT. | poJa, r/MOJIB(9KB) %
0C, K |crt. MJI
M1/z(Zn) | M1/z(Zn)
PP, |V, |V, (pacuer) (akcmep.)

[IpoTokoJ moAnucaTh y npemnoiaBaTes.

Bmopou eapuanm obpabomku OarHbIX O 8bIYUCIEHUS

DKBUBATICHMA U DKBUBATICHMHOU MACChI YUHKA NOo360J151en UcCnojb3o-

samb 08e hopmynvi: popmyny (3) ona npusedenus oowvema (Vi)

oovemy (Vo), U, npumenss 8vlpadcenus 3aKOHA IKGUBANEHMOS OJis

2a3000pa3tblx ewecmes (Ulu, eciu 0OHO U3 Beujecms 2a3z000pas-

HO@), cpasy 6sbldUuciunib IKeuealeHm u MOJUIPHYIO MACCYy IK6UBaA-

JIleHma yuHka - no goopmyne la.

m (Zn)

__ M1l/z (Zn)

VO (H 2)

V01/Z(H2)

(hopmyna la)
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JlaGopaTopHas padora Ne2
Tema: CKOPOCTH XMMHYECKON peaKkuuun

Bausinve pa3jiu4yHbIX GAKTOPOB HA CKOPOCTh XUMMUYECKOM
peaku My Ha NpUMepe B3aUMOJACHCTBHUS THOCYIb(aTa HATPUSA U
CePHOM KHUCJIOThI

Peakuus npoTekaet 1mo cxeme:

NayS,03+ HaS0, — NaySO, + Sy + SO, + H,0

[Ipexxne yeM NOpUCTYNUTh K paboTe, HEOOXOAMMO O3HAKO-
MUTBCSI C JICMCTBUEM CEPHOM KHUCJIOTHI Ha TUOCYJIb(aAT HATPUS.
[IpenBapuTenbHO NPOBECTH KAYECTBEHHBIN OMBIT, JJISI 3TOTO B MPO-
oupky nomecTuth 5 — 10 kamenb 1H pacTBOopa THOCYJIb(aTa HATPUS
Na,S,03, nobaButh 4 — 5 kamenab 2H pacTBOpa CEPHOM KHCIOTHI.
Cwmech nepememiath BCTpsixuBaHuem. HaOmronath mosiBieHue cra-
00l OomajecUeHIMM pacTBOpa U JAIbHEWIIEE €ro MOMYTHEHHE OT
BbINIaBIIEH CBOOOJAHOM cepbl. C T€UEHHEM BpPEMEHU ITOMYTHEHUE
YCUJIMBAETCSA, TaK KAaK BO3pPACTAET KOHIEHTPALMS BBIACIISIONICCS
cepbl. B nanbHeineM npu BBITIOJIHEHUH ONBITOB OTMEYaTh BPEMS B
CEeKYH/IaX OT MOMEHTa CIIMBaHUsI PEareHTOB J0 BUAMMOM oOmajec-
LEHIIMU pacTBopa (MOJHOTO MOMYTHEHMSI PacTBOpa MpPHU MpOBEJe-
HUU PEAKIUU KJATh HE CIIEYyEeT). DTOT MPOMEXKYTOK IPUHUMAETCS
3a BpeMs MPOTEKaHUs peakuuu (T), u3MepsieTcst B ceKyHaax. Benu-
yyHa, oOpaTHasl T, MPOMOPIMOHATIEHA CKOPOCTH PEAKIUU ; CIUHUIIA
e€ U3MEepeHus — ¢, Jlanee mus YIPOIIEHUS 3Ty BEIUYUHY Oyaem

Ha3bIBATb CKOPOCTBIO PCAKIIUU.

OnbiT 1. 3aBUCHMOCTHh CKOPOCTH PeaKIMU OT KOHLEHTPA-

HUHU pearupyromux Beuecrs
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a) BJMsSIHUE KOHIEHTPAIUM THOCYJb(AaTa HATPHUS HA CKO-
POCTh peakuuu (ompeaejieHHe YACTHOTO MOPSIAKA pPeakUHu MO
THOCYJIb(ATy HATPUA)

Peaxmuewi: 1 1 pactBop Na,S,03, 2 H pactBop H,SO,4, Bona
(mucTui.), npoOUpPKH, CEKYHIOMED, MUTIETKHU.

Buvinonnenue pabomul. 5 4UCTHIX MPOOUPOK MTOMECTUTH B IITA-
TUB, IPOHYMEPOBaTh UX. B mepByr0 mpoOUpKy MOMECTUTh 2 KaIulH
1 1 pactBopa Na,S,03, Bo BTOpyto mpoOupky 4 karmim 1H pacTBopa
Na,S,03, B TpeThio mpobupky — 6 kanenb 1 H pactBopa Na,S,03, B
4eTBEPTYIO poOupKy — 8 kamenb 1 H pactBopa Na,S,03, B maTyto
npooupky —10 kamens 1 H pactBopa Na,S,0s3. Ilocie 3Toro o6bem
pacTBOpa B KaXJOM mpoOupKe JOBeCTH 10 12 Kamenb, 100aBUB C
TIOMOIIIbIO TTUIIETKU B TEPBYIO MpooOupky 10 Kamenab AUCTHILIHPO-
BaHHOW BOJIbI, BO BTOPYIO MPOOUPKY — 8 Kamnenb JTUCTHILIUPOBAH-
HOM BOJIBI, B TPETHIO MPOOHMPKY — 6 Karelb JUCTUIUIMPOBAHHOU BO-
IIbI, B YETBEPTYIO MTPOOHUPKY — 4 Karuii AUCTUIUIMPOBAHHOM BOJIBI, B
ISATYIO MPOOUPKY — 2 KaIlid JUCTUUTMPOBaHHOW Boabl. Eciu mpu-
HATh KOHIICHTPAIIMIO CaMOro pa30aBJICHHOTO pacTBOpa B TMEPBOM
POOUPKE YCIOBHO 3a €IWHMILY, TO B CICAYIOIIUX MPOOUpPKaX pac-
TBOPBI TIOCJICIOBATEIIbHO MMEIOT KOHIICHTPAIIUIO JBa, TPH, YETHIPE
U [ATh. 3aTeM, 100aBUB K PacTBOPY MepBoit mpoOupku 1 xamito 2 H
pactBopa H,SO,, OBICTPO BCTPAXHYTH COAEPKUMOE TPOOUPKHU U TIO
CEKYHIOMEPY ONPEACIUTh BPpeMs MOSBICHUS BUIUMOMN OITaJIeCIICH-
nuu. [IpoBecTn moaoOHYI0 omepainuio il OCTaJIbHBIX PacTBOPOB,

KaXJIbIi pa3 OTMeYasi BpeMs IOSIBJIICHUS BUJIMUMOW OMNAJECIECHIUN
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(mpuMEepHO OJMHAKOBOM MHTEHCUBHOCTH JJIS BCeX OmbITOB). Iloiy-

YCHHBIC JaHHBIC OIIBITOB 3aHCCTU B Ta6J'II/II_Iy.

Ne mpo- | Hucno Yucno | Konuenrtpauus | Bpems CkopocTb
OWpKH | Kamenb | Kamelb | THOCyib(ara | peakiuu | peakiuu
(ombITa) | pactBopa | H,O HaTpus, T, C 1z, ¢*
Na,S,03 ¢ (ycn.en.)

1 2 10 Ic

2 4 8 2c

3 6 6 3c

4 8 4 4c

5 10 2 Sc

BbI4nCINTh CKOPOCTH PEAKIIUK U 3aHECTU JAHHbBIC B TAOJIUILY.

[TocTpouTh rpaduk 3aBUCUMOCTH CKOPOCTH PEAKIIUH OT KOH-
IEHTpaluu pactBopa Tuocyibdara Hatpus Na,S,03: Ha ocu albc-
HACC OTJOXHUTh B OMNPEIECICHHOM MacliTade OTHOCUTENbHBIE KOH-
nentpamuu Na,S,03, Ha ocu OpaWHAT BEIYUCIEHHBIE CKOopocTh. [lo
BUJly TpaduKa 3aBUCUMOCTH CKOPOCTH PEAKIMU OT KOHIEHTPAIIMU
YCTAaHOBUTh YACTHBI KUHETUYECKUN MOPSIAOK OTOW pEeaKkUuu IO
TUOCYJIb(aTy HATPUSI.

0) BJUSIHME KOHIEHTPAIMH CEPHOIl KUCJIOTHI HA CKOPOCTh
peakuuu (onpeaejaeHre MOPSIAKA PEAKIUU 10 CEPHON KUCI0TE)

Peaxmuswr: 1 1 pactBop Na,S,03, 2 H pactBop H,SO,4, Boga
(mucTui.), npoOUpPKH, CEKYHIOMED, MUTIETKHU.

Buvinonnenue pabomul. 6 4UCTHIX MPOOUPOK MTOMECTUTH B IITA-

THB, IPOHYMEPOBATh UX. B nepByto mpoOUpKy MOMECTUTH | Karuito
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2 H pactBopa H,SO,4, BO BTOpYIO NMpoOMpKYy 2 Kariu 2 H pacTBopa
H,SO, , B TpeThio mpobupky — 3 kamnenu 2 H pactBopa H,SOy,, Ilo-
cJie 3TOro o0bEeM pacTBOpa B KaXKJIOM M3 ATUX TPEX MPOOUPOK MPO-
OupKe TOBECTH /10 § Karelb, T00aBUB C TOMOIIbIO MUIIETKU B TEp-
BYI0O TPOOUPKY 7 Kamnenab JUCTUUTMPOBAHHOW BOJIBI, BO BTOPYIO
poOUpKy — 6 Kamneiab TUCTUITMPOBAHHOM BOBI, B TPETHIO TIPOOHP-
Ky — 5 Kanenb JTUCTWIIUPOBAHHON BOJBL. B WeTBepTYyIO, MATYIO H
IIECTYI0 TMPOOMPKH C MOMOIIBIO MUMETKH IMOMECTHTh IO 4 Karuid
1 H. pactBOopa Na,S,03 (B Kax1yt0 MpoOUpKy). 3aTeM, MOMAPHO CO-
SIMHHUTHL COJIEP)KUMOE IPoOupok, nodapiss pacteop H,SO,4 B mpo-
oupky c¢ pactBopom Na,S,03, usmepssi Bpemsi Kak U B OMBITE a).

HOHY‘ICHHBIG JaHHBIC OITBITOB 3aHCCTHU B Ta6J'II/IHy.

Ne  mpo- |Yucno |Ywucno |KonuenTpanus | Bpemss | CxkopocTh
OupKu kanenb | kanenb | H,SOy, ¢ PEAKINH | pEAKIINU
(omeita) | H,SO, | HO (ycn. en.) T, C 1/z, ¢*

1 1 7 lc

2 2 6 2c

3 3 5 3¢

BBIYUCINTE CKOPOCTH PEAKIINH U 3aHECTH JaHHBIC B TAOJIHITY.

[TocTponTth Tpaduk 3aBUCUMOCTH CKOPOCTH PEAKIIUHA OT KOH-
nentpanuu H,SO,4: Ha ocu abcruce OTI0XKUTHL B OMPEACICHHOM
MaciTabe oTHocUTeIbHbIe KoHIleHTpanuu H,SO,4, HAa ocu opauHAT
BBIYHCIICHHBIE CKOpocTU. 1o Buay rpadguka 3aBUCUMOCTHA CKOPOCTH
peaKkIiui OT KOHIICHTPAIIUW YCTAHOBUTh KHHETUYECKUU TOPSIOK

peakiuu 1o cepHoil kuciore. OnpenesanuB B ONbITE a) U OMNbITE 0)
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YaCTHBIM IOPSJIOK PEaKIUM, HAWTH, METOJOM CJIOXKEHHS, OOIIUM
KUHETUYECKUU TTOPSIIOK UCCICAYEMON PEAKIIUH.

OO0beMHUB M3MEPEHHBIC 3aBUCUMOCTH CKOPOCTH PEaKIUHU OT
KOHIICHTpAIIUi THOCYJIb(haTa HATPUS U CEPHOM KUCIOTHI, ITOJIy4ar0T
ypaBHEHUE, CBA3BIBAIOIIEE CKOPOCTh PEaKIMU C 00CUMHU MEPEMEH-
HBIMM KOHIIEHTPAIIUSIMU pPeareHToB. OTO M OyIeT ypaBHEHHUE 3aKOHA

ﬂCﬁCTBYIOIHHX MacCC WIN KHHCTUYCCKOC YPABHCHHUC PCAKIINH.

OnpiT 2. BiusiHue TeMnepaTypbl HA CKOPOCTh PeaKIuM B
rOMOTeHHOMH cucTeMe (onpeaejieHue JHEPTUM AKTUBAIIUN PeaK-
HHU MEeKIY THOCYJIb(AaTOM HATPHUS M CEPHON KHCJIOTOI)

Peaxmuewi: 1 1 pactBop Na,S,03, 2 H pactBop H,SO,, Bona
(auctuil.), MpoOUPKHU, CEKYHIOMED, MUMETKH, TEPMOCTAT (CTaKaH C
BOJION), TEPMOMETD.

Buvinonnenue pabomul. 4 4UCTHIX TPOOUPKHU MTOMECTUTH B IIITa-
TUB, 3aTE€M B KaXKIyI0 U3 TPeX MPOOUPOK MOMECTUTHh 2 Kariu 1 H
pactBopa Na,S5,0;, mo 10 xamenb AUCTUIIMPOBAHHOW BOMBI, B 4
npoOUpPKy moMecTuTh ~ 1mi 2 H pactBopa H,SO,4. Onny u3 npodu-
pok ¢ pactBopoMm Na,S,03 u npobupky ¢ pactsopom H,SO, momec-
TUTh B CTaKaH C BOJOW (OH BBITIOJIHACT POJIb TEPMOCTaTa), YCTAHO-
BUTH TEMIIEPATYyPy B CTaKaHE, KOHTPOJIUPYS €€ TEPMOMETPOM, BHI-
JepXaTb 3 MHUHYTBI, YTOOBI COAEPKUMOE MPOOUPOK MPUOOPEIO
TeMrepaTypy Te€pMoCTaTa. 3aTeéM ¢ MOMOIILI0 CTEKISHHOU TPyOKHU
U3 TepMocTaTupoBaHHOro pacteopa H,SO,4 onHy kamio ee momec-
TUTHh B TIpoOHpKy ¢ pactBopoM Na,S,03 (mepen mobaBieHnem cep-

HOM KUCJOTHI MpoOupKy ¢ pactBopoM Na,S,03 u3 crakaHa BEIHYTB).
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BBICTpO BCTPSAXHYTH COJEPKUMOE MPOOUPKH U IO CEKYHIIOMEPY
ONPEICIUTh BpeMs MOSIBIICHUSI BUAUMON onanectieHuu. [lomydyeHn-
HbIC U3MEPEHUS 3aHECTU B TAOJIHILY.

Jlasiee TIONHATH TEMIIEPATYpPy BOAbI B CTAKaHE Ha 10°C o
CPaBHEHHUIO C IMPOBEJICHHBIM OIBITOM, J00aBJsisl TOPAUYYIO BOLY U
KOHTPOJIUPYS TEMIIEpaTypy TEpMOMETPOM. BriepxaTbh mpoOUpKY ¢
pactBopoMm Na,S,03 u ipodbupky ¢ pactsopom H,SO4 3 MUHYTHI U
MPOBECTH PEAKIIMIO B TOM K€ IMOCIEI0BATEIHLHOCTH, KaK B MPEJIbI-
nyiieM onbite. [TomydeHHbIEe U3MEpPEHUsI 3aHECTH B TaOJIUILY.

[IpoBecTu MOJAOOHYIO PEAKIIMIO U CO CMEChIO B TPEThEU IIPO-
OupKe, MOJHSAB TEMIIEpaTypy €Il€ BBIIIC Ha 10°C, cobGmromast 1o-
CJIEIOBATEbHOCTh MPEABIAYIIUX ONBITOB. [lo/ydyeHHbIE U3MEpPEHUS

3aHCCTHU B Ta6J'II/II_Iy.

Ne npo- | Temniepary- | Temneparypa | Bpems CkopocThb
OupKu pa orbITa, onbiTa, K peaKlUuu, | peaKkuuy,
(ombITa) °Cc T, C 1/, ¢t

1

2

3

[TocTpouTh Tpaduk 3aBUCUMOCTH CKOPOCTH PEAKIIMH OT TEM-
nepaTyphl, OTJIOKKB Ha OcU abCIuce TemIieparypy ombita, K, a Ha
ocH opauHAT — BeauunHy 1/t. Caemath BBIBOJ O BIMSIHUHM TEMIIEpa-
Typbl HAa CKOPOCTh peakuuu. Mcrnonp3ys sKCepuMeHTalbHbIE JaH-
Hele U npaBuso Baut-I'odda, paccuurate TemmeparypHbiii Ko3¢-

(UIIMEHT CKOPOCTH JIJI IAHHOM peakilnu.
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JInd Kakaou mapel TEMIIEPATYP ONPEAEIUTh BEIIMYUHY dHEP-
MU aKTUBALMH, ONPEACIIUTD €€ CPEIHEE 3HAUCHUE, CIENATh BBIBOI.
Haiitu omuOky onbita. (CripaBouHble nanHbie: E, 1 nanHo# pe-

aKIMU cocTaBysieT 35 kJIK/MoJIb).
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JlaGopaTopHas padora Ne3

XUMHYECKOe paBHOBecUe

OmnbiT 1. CMeleHne XUMHUYECKOT0 PABHOBeCHSI B 00paTH-
MBIX Npoleccax

a) BJMsSIHHE KOHIEHTPAUMHM pearupylouux BellecTB Ha
XHMHUYeCKoe paBHOBeCHE

Peaxmuewi: 0,0025 1 pactBop FeCl;, HachleHHBIN pacTBOp
FeCls, 0,0025 H. pacTtBop ponanuna kanus (KSCN), HaceleHHbIN
pactBop KSCN, KCl(xpuct.), npoOupku, MAMETKH.

Buvinonnenue pabomwvi. B npobupky Hamuth 3 mu 0,0025 H.
pactBopa FeCl; u no6aButTh Heckonbko Kanenab 0,0025 H. pacTBopa
pomanmuma kamms (KSCN) mo mosiBneHust okpacku pactBopa. Biau-
MOJICHCTBHE MPOTEKAECT B COOTBETCTBUU C YPABHCHHUE PEAKITUU:

FeCl; + 3KSCN S Fe (SCN); + 3KClI

Pomanmn xenesa (111) Fe (SCN); umeeT kpoBaBo-KpacHOE OK-
pammBanne. CMech TiepeMeIniaTh BCTPIXUBAHUEM U Pa3eiauTh Ha 4
pOOHUPKH, TTOMECTUTh MX B IITATHUB. 3aTeM B TIEPBYIO MPOOUPKY
n00aBuTh HackleHHbI pacTBop FECls, Bo BTOpyro npoOupky Ha-
ceiieHHbId  pacTBop KSCN, B TpeTbio mpoOHpKy HECKOJIBKO KpH-
cramukoB KCl; geTBepTast mpoOupka — konmponvHas (3TaJoHHAS).
CpaBHUTH U3MECHEHHUS OKPACKH PacTBOPOB B TPEX MPOOUPKAX C HC-
XOJIHBIM IIBETOM PacTBOpa B YETBEPTOM MPOOUPKE.

HOJ’IY‘IGHHBIC JAaHHBIC OIIBITOB 3aHCCTH B Ta6J'II/II_Iy1
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Ne Pearenr Okpacka pacTBopa Hampasnenue
pOOUPKH (ycuinBaeTcs Ui CMEILICHUSI paB-
ocCJ1abIIsIeTCs) HOBECHS
1 FeCl;
2 KSCN
3 KCI

a) HamucaTh ypaBHEHUE OOpaTHMOW MOHOOOMEHHOW peakiuu
FeCl; ¢ KSCN wu BbIpakeHUE JIJIsi KOHCTAHThI PABHOBECHS TOU pe-
aKIu;

0) yka3aTbh, B KAKOM HaIlpaBJICHUH CMEIIAETCS PaBHOBECHUE Pe-
aKIMU B KOKJIOM U3 IIPOBEJCHHBIX OMBITOB U COOTBETCTBYET JIU OHO
npunuuny Jle [laremnbe.

0) BiIMSIHHE KOHLUEHTPAIIMM Pearupyrlilero BelmecTBa Ha
XHMHYECKOE PABHOBECHE

Peaxmuevl. 25%-Hb1i1 pacTBOp THAPOKCHUAA aMMOHUS, XJIOPH-
CThII aMMOHMH (Kpuctaml.), (eHoidTranernH, Boaa (IUCTUILIHPO-
BaHHAs), IPOOUPKHU, MUIIETKHU.

Buinonnenue pabomul. Kaxayto u3 1ByX NpoOUPOK 3aMOJTHUTh
JTUCTUILIMPOBAHHOM BOJOM Ha OJIHY TPETh UX 00bEMa, 3aTEM B Ka-
KIYI0 TPOOUPKY 100aBUTH 1O 5 Kanenb gpeHondraienHa U 1Mo TpU
kar 25%-Horo pactBopa ruapokcuaa ammonus NH4OH, cmech
nepeMeniaTh BCTPSAXUBAHUEM, OTMETUThH OJIMHAKOBYIO OKPAcCKy pac-
TBOpOB. Jlanee B 0JlHy U3 MpOOUPOK 100aBUTh HECKOJIBKO KpUCTAa-
JMKOB XJIOpUJa aMMOHMS, THIATEIbHO MEepeMeliaTh, OTMETUTh U3-

MEHEHUE MHTEHCUBHOCTU OKPACKH pacTBOpa MO CPaBHEHUIO C pac-
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TBOPOM BO BTOPO#l mpoOupke (BTOpas mpoOUpKa COXpaHSIETCA Kak
ATAJIOH).

Hanucate cxeMy paBHOBecHsI B BOJHOM pacTBOpE aMMHUaKa,
BBIpOKCHHUE 11 KOHCTAHTHI PAaBHOBECHS JTOH peaKIuu U 0O0bsic-
HUTh CMEIICHUE PABHOBECHUS MPH J00ABICHUH KPUCTAILTUYECKOTO
XJIOpUJIa aMMOHHUSI.

B) CMellleHHMe PaBHOBecHs IPH O00pPa3oBaHUU Majopac-
TBOPUMBIX BelllECTB

Peaxmuewi: 0.5 H. pacTBOp XJIOpUAA MarHus, HaCBIIEHHBIHI
pactBop xjopuaa ammonus, 1 H. pactBop KOH, 1 H. pactBop HCI,
POOUPKH, IMUIICTKH.

Buvinonnenue pabomsi. Tpu nmpoOUPKH TOMECTUTH B IITATUB, B
KaX]Iy10 TpoOupKy BHecTH 1o 3-4 karum 0.5 H. pacTBOpa XJiopuaa
MarHusi, 3aTeéM MEIJIEHHO J00aBUTh B KKy MpoOupKy lH. pac-
tBop KOH 10 oOpa3zoBanusi ocanka, cCMeCh NepeMenaTbh BCTPAXHU-
BaHueM. /lanee B mepByro mpoOUpKy J00aBUTH MO KarisiM 1 H. pac-
tBOop HCI 10 pacTBOpeHus ocajgka, BO BTOPYIO MPOOUPKY H00aBUTH
M0 KaIUIsIM HACBIIIEHHOTO pacTBOpa XJIOpUJAa aMMOHUS J0 PacTBO-
pPEeHHS 0CaKa, TPEThS MPOOUPKA COXPAHIETCS C OCATKOM.

3anucath ypaBHEHHE PaBHOBECHOTO IMporiecca oOpa3oBaHUs
ocagka MQ(OH), (TpeThs mpoOupka), pacCTBOPEHHE OCaJKa B pe-
3ylbTaTe€ €ro B3aMMOJICHCTBUS C COJISTHOW KHUCIOTOW (TepBasi mpo-
Oupka) ¥ pacTBOPEHHUE OCaJKa MPHU B3aUMOJCUCTBHH C XJIOPHIOM
aMMOHHUAI.

Ucxons 3 npunnuna Jle Illatense, 00bICHUTL HAOIO1aB-

MUecCsa SBJICHUA, 3allMCATh BbIPAKCHUEC KOHCTAHTBI PABHOBCCHUA
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JTAHHOM PEaAKIINHU.

Coenamsb 661600 00 YCA0BUAX U HANPABNEHUU CMEUJeHUS XUMU-
YeckKo2o pasHoBecUsl 8 0OpamuMblX peakyusix UOHHO020 OOMeHa 8
pacmeopax 31eKmpoaumos.

OnbiT 2. BiausiHue TeMnepaTypbl HA XUMUYECKOe PABHOBe-
cue

Peaxmuewi. 25%-Hb1i1 BOAHBIN pacTBOp aMMmuaka, (heHOJI-
draneus, Boaa (IUCTUIUTMPOBAHHAS ), TPOOUPKH, TTUTICTKH.

Buinonnenue pabomuol. I'mapoxcun aMMoHus (TUIpaT aMMHUaKa
NH3;'H,0) — cnaboe ocHoBaHHE, KOTOPOE B BOAHOM PAaCTBOPE JIHC-
COITMHPYET HA UOHBL:

NH;H,0 S NH,"+ OH + Q.

KomuuectBo runpokcua-uoHoB OH B pacTBope 3aBUCHUT OT
TemnepaTypbl. C MOBBIIICHUEM TEMIIEPATyphl paBHOBECHE CMeIlla-
€TCsS B CTOPOHY OOpaTHOM peakiuu, T.e. oopazoBanus NHz'H,O u
YMEHBIIICHUS KOHIIEHTpAIlUU Tuapokcua - uonos OH .

B npoOupky ¢ MOMOIIbIO KaneJbHOW MUIIETKU MOMECTUTH 2
kar 25%-HOT0 BOJHOTO pacTBOpa amMMHuaka , 3atem ~ 30 Kamenb
BOJIbI U 2 Karun (peHosdTanenHa, CMeCh MepeMeniaTh BCTPSIXUBA-
HueM. HarpeTb mpoOUpKYy C pPEakIMOHHONW CMEChI0 Ha CIUPTOBKE
(OTMETUTh M3MEHEHHWE HWHTEHCHUBHOCTHU OKpAalllMBAaHUE PacTBOpPA),
3aT€M CMECh OXJIAJIUTh MO CTPYEil BOJOMPOBOAHOMN BOJIBI (KaK M3-
MEHUJIaCh MHTCHCUBHOCTh OKpAacKH pacTBopa?). JlaTh 0O0BsCHEHUE
HaOJII0/1aeMbIM IBJICHUSIM ucxoAs u3 npuniuna Jle [llarenbe.

OnbiT 3. BiausiHHue cpeAabl pacTBOPAa HA XUMHYECKOe paB-

HoBecue Peaxmuswi: 0,1 H. pactBop K,Cr,O;, 0,1 H. pactBOp
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K,CrQy, 2 H. pactBop H,SO,4, 1 H. pactBop KOH, npoOupku, nu-
TIETKH.

Buvinonnenue pabomol. XpoM B HIECTUBAIIEHTHOM COCTOSIHUU
o0pasyer jBa aHHOHA: XpoMmar-HoH CrO,° (KeNTBIH LBET) U MIH-
xpomar-uoH Cr,0;° (opamkeBbIi [BET). B BOIHBIX pPacTBOpax
XpoMarT- U IUXpoMaT - HOHbI 00Pa3yIOT PAaBHOBECHYIO CUCTEMY:

2Cro, + 2H" S Cr,0;7 + H,0
XpoMaT-uoH TUXpOMAaT-HOH
(OKEJITBIN ) (OpaHKeBBIiN)
Wx cyiecTBOBaHUE oOlpeaenseTcs HanuuueM Ienounou (pH >7)
uu kuciout (pH < 7) cpensbi.
B kucino# cpene xpomaThl IPEBPAIAIOTCS B JUXPOMATHI:
2Cro,” + 2H" S Cr,0;7 + H,0
U JKeJITasg OKpacka pacTBOpa CMEHSIETCSl OPaH)KEBOM, a B IIEIOYHOM
cpene, HA00OPOT, AUXPOMATHI IEPEXOMSIT B XPOMATHI:
Cr,0,° + 20H S 2CrO,” + H,0

B npoOupky ¢ moMomibp0 NTUNETKH nmoMectutsh 3 - 4 karmu 0,1
H. pactBopa K,CrO4 1006aBUTH Takol xe 00beM 2 H. pacTBOpa
H,SO,4, cmech mepemeriaTh BCTpsIXMBaHHEM (OKpacka pacTBoOpa
OpaH’KeBasi, XapaKTepHasl [l aHWOHA Cr2072'), nanee B MPOOUPKY
no6asuth 4-5 xanens 1 H. pactBopa KOH (okpacka pactBopa cra-
HOBUTCS KEJITOM, XapaKTEPHOU 11 aHUOHA CrO42') :

B npoObupky ¢ moMouIpl0 MUNETKH MOMECTUTHh 3 - 4 Karu
0,1n. pactBopa K,Cr,0;, nobaButs 4-5 kanens 1 H. pactBopa KOH,
CMeCh MepeMeNiaTh BCTPSIXMBaHUEM (OKpacKa pacTBOpa CTAHOBUTCS

. . 2-
JKENTOM, XapakTepHol s annona CrO;”), namee B mpoOMpKy 10-
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0aBuTh 4 ka2 H. pactBopa H,SO,4, cMech nepemeniaTb BCTps-
XHUBaHHEM (OKpacKa pacTBOPACTAaHOBUTCS OPAHKEBOM, XapaKTepHOM
U1 aHMOHA Cr2072').

Hanucate MojekynsipHble ypaBHEHHS Iepexojla Xxpomara B
TUXpoOMaT U OOpaTHOTO Mpollecca, UCMHOJIb3Ysl BBIIIEC MPUBEICHHBIC
MOHHbBIE YpaBHEHUS.

CnenaTth BBIBOJ O BIUSIHUM CPEAbl HA 00Opa30BaHUE XPOMATOB
U TUXPOMATOB.

Imom Onvlm MOINCHO NPOBeCMU, UCNOAL3YS  UIU MOJbKO
Xpomam Kaaius uiu moabKo OUXpomam Kaaus, UaMeHssi cpedy pac-
meopa u Haba0as 3a UsMEeHeHUeM OKPACKU pacmeopa moabKo 00-

HO2O0 eeuyecmed.
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JlaGopaTtopnas padora Ne4

PacrBOpbl. PacTBOpUMOCTS.
TenuioBbie 3¢ (PeKThI NPU PACTBOPECHUHU

JKCNEePUMEHTAILHAA YACTh

OmnbiT 1. IloslyyeHHe rereporeHHbIX U TOMOTCHHBIX JdUC-
MEePCHBIX CUCTEM

a) MOJIyYeHHue CyCleH3un

Peaxmuewvt u nocyoa: Bona (qucTuil.), TJIMHA, MECOK, CTEK-
JSTHHAs BOPOHKA, OyMaKHBIM WJIM CTEKJISIHHBIM (QUiIbTp (BOpPOHKA
[llorra), xoHMueckue KoaObl eMkocThio S50-100 mu, mpoOupkwu,
CIIUPTOBKA.

Buinonnenue pabomui. B poOupKy HaauTh ~ 5 MJ BOJIBI, Ja-
nee BHecTH B mpoOupky 0,5-1 r cyxoil riaunbel. CogepxumMoe mpo-
OWpPKU BCTPSAXHYTh, OTMETUTh, UYTO BHEITHUW BHUJ pacTBOpa MyT-
HBIM, HE PACTBOPUBIIHMECS YACTHIIBI BUJIHBI HEBOOPY>KCHHBIM TJia-
3oM. [lepeHecTu conepkumMoe MNPOOUPKH HA OyMaxHbIM (UIBTP
(OyMaxkHbI (DUIBTP BIOKEH B CTEKJISIHHYIO BOPOHKY, BCTABJIECHHYIO
B KOHMYECKYIO K0JI0Y). Uepe3 HeKoTopoe BpeMsi: Ha (UIbTPE OCTa-
€TCs 0CaJIOK, a B KOJIOE MPO3pauyHblid PUILTPAT.

Bv1600: cycnensus — cemepoeennas cucmema, pazoeisnemcs Ha
KOMNOHEHMbl MeXaHuyecku (QuibmposaHuem).

0) moJryueHue SMYJILCHH

Peaxmusvr u nocyoa: Boga (AUCTWIL.), TOJyOJ, HNPOOUPKH,
JeIuTeNbHAs BOPOHKA.

Buinonnenue pabomol. B mpoObupKy HaauTh ~ 5 MJI BOJBI, J0-

0aButh ~ 3-5 mia tomyona. CoaepXKuMoe MPOOUPKU BCTPSIXHYTH,
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OTMETUTh, YTO BHEIIHWM BHUJI paCTBOpA MYTHBIN, BUHBI KANEIbKU
*KuakocTu. [lepenectu cosiepKuMoe NMPOOUPKH B ICIUTEIBHYIO BO-
POHKY (€ClIi IeIUTEIHbHON BOPOHKH HET, OCTABUTh PACTBOP B IPO-
oupke). UYepe3 HekoTOpoe Bpems HaOIroAaeTcs pasjieliecHHue pac-
TBOpPA Ha JBa CJOS C OTYETIIMBOM TPaHUIICH MEXAy HUMHU. Eciau
pacTBOp ObLI MEPEHECEH B JCIUTEIBbHYIO BOPOHKY, JIETKO OTJEIUTh
OJIUH CJIOW >KUJKOCTH OT JAPYroro, CIUB JO T'pAHUIIbI pa3jielia BHA-
qajie HUKHUM CJIOM XKUIKOCTH (4allle 3TO BOJAHBIN PacTBOp), a 3aTeEM
— BEpXHUM (OpraHUYECKUM CIION).

Bv1600: amynvcus — cemepozennas cucmemd, COCMoAwWas u3
08YX HeCMeuusarowuxcs HCUOKOCmel, npu CmOSHUU HCUOKOCMU
Ppazoesiomcs Ha 08a CJosL.

OMyJIbCUU 00pa3yIOTCS MPHU SKCTPAKIIUKM BEIIECTB KUBOTHOTO
WM PACTUTEIBHOTO MPOUCXOXKIAECHHUS W3 BOJHBIX PACTBOPOB Opra-
HAYECKUMHU PACTBOPUTEISIMU. JKCTPAKIHUSA - U3BJICUCHUE BEIIECT-
Ba M3 pacTBOpa (KaK MPaBUIO, BOJHOIO) B CIOM APYror, HECMEIIU-
BAIOIIEHCS BOJOM JKUAKOCTU - ADKCTpareHTa ( OpraHuyeckoro pac-
TBOPUTENS). ITOT CIIOCOO MIMPOKO UCIOIB3YETCSI B OPraHUUECKON 1

OHOJIOTUYECKOU XUMMUMU.

B) MOJIy4eHHe HCTHHHOTO pacTBopa
Peaxmusvr u nocyoa: Boma (muctumn.), NaCl (xpuctamn.),
POOUPKH.
Buvinonnenue pabomsei. B mpoOUpKy HaIUTh ~ 5 MJT BOJIBI, J10-
0aButh ~1 r NaCl (kpucramn.). Coaepkumoe poOUPKH BCTPSIX-

HYTbh, OTMETHUTh, YTO PACTBOP MPO3PAUYHBIN, OTHO(DAZHBIMN.
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Pa3znenuths Takol pacTBOp Ha JIBAa KOMIIOHEHTa METOJaMHM, UC-
MOJIb3YEMBIMHU JJII CYCIICH3UM W SMYJIbCUH, YK€ HEBO3MOXHO.
Cwmech He pa3fensieTcst U COXpaHseTcs: oJHO(a3HOM.
Bwv1600: pacmeop - 00HOpOOHAS MHO2OKOMNOHEHMHASL CUCTe-
Ma, COCTOsIIasi U3 PacTBOPUTEIIS, PACTBOPEHHBIX BEILIECTB M IPO-

AYKTOB HUX BSaHMOHeﬁCTBHH.

OmnbiT 2. O0Opa3oBaHue rUAPATOB MPH PACTBOPEHUH BelIECTB

Peaxmusvr u nocyoa: Boma (muctuil.), 0e3BOAHBIN CUSQy,
pOOUPKH, CITMPTOBKA.

Buvinonnenue pabomol. B mpoOUpKy HaMUTH ~ 5 MII BOABI, J0-
06aButh 1-2 r 6e3BogHOr0 CuSO, (6enbiii nBet). ComepKUMoe Impo-
OWPKHU BCTPAXHYTH, OTMETUTD, YTO PACTBOP MPO3pPavHbBINA, TOITyO0T0
nBera. I'omy0oii 1IBET pacTBOpa yKas3bIBaeT, YTO MPH PACTBOPCHHH
cyiabdaTa MeIU MPOUCXOANUT ero ruaparanus. C MOMOIIBIO CIHp-
TOBKH PacTBOp B NMPOOHMPKE yMapWUTh HAIOJOBHHY, OXJIaAUTh XO-
JOTHOM BOJOIMPOBOAHON BOJOM, OTMETUTH OOpa30BaHHE TOIYyOBIX
KPUCTAJUIOB MeEIHOro Kymopoca (kpuctamioruapata CuSQO4 5
H,0). OOBICHUTH MPOIIECCHI, MPOUCXOASIINE PU PACTBOPEHUU

cynbdara Meu.

Omnpit 3. TemuioBbie 3)(peKTHI IPH PACTBOPEHUHU BeNIECTB

a) pacTBOpeHMe TMAPOKCH/IA KAJIUS B BOJe

Peaxmuewvl u nocyoa: Boga (nucrt.), KOH (xpucr.), npodbupku,
TEPMOMETP.

Buvinonnenue pabomul. B ipobupky Haimuth 3-5 MJ BOJIBI, C
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MIOMOIIIBI0 TEPMOMETPA U3MEPUTH TEMIIEpaTypy BOJBL. 3aTeM 100a-
BUTh 2-3 Tpanyiabl  TBepaoro KOH, coaepxumoe mnpoOupku
BCTPSAXHYTh, OTMETUTH TEMITEpaTypy pactBopa. OObsICHUTD, TOYEMY
IIPU PACTBOPEHUH THAPOKCHAA Kajus MPOUCXOIUT Pa30TrpEeBaHHE
pactBopa. Kakue mporieccbl IpOUCXOAAT MPU PACTBOPEHUU IIIEIIO-
qu?

0) pacTBOpeHHEe HUTPATA AMMOHUSA B BOJe

Peaxmuesovr u nocyoa: Bona (muctuii.), NH4sNO;3; (kpuctamn),
IPOOUPKH, TEPMOMETP.

Buvinonnenue pabomul. B ipobupky HauTh 3-5 MJ BOJBI, C
TIOMOIIIBIO TEPMOMETPA U3MEPHUTH TEMIIEpaTypy BOJBL. 3aTeM J100a-
BUTHh HECKOJIbKO KPHUCTAJIJIOB CYXOr0 HHUTpaTa aMMOHHUS, COJCPIKH-
MOE€ TIpOOMPKH BCTPSAXHYTh, OTMETHUTH TeMIIEpaTypy pacTBopa.
OOBACHUTD, MMOYEMYy TIPU PACTBOPCHUH HUTpaTa aMMOHHMS IIPOUC-

XO0OUT OXJIAXKACHUC paCTBOPA.

Omnbit 4. IIpuroroBjieHre BOAHOTO M CIMPTOBOI0 PACTBOPOB HO-
na

Peaxmuevr u nocyoa: Boga (AUMCTUII.), 3TaHOT (0€3BOIHBIN),
I, (kpucTami), mpoOUpKH.

Buvinonnenue pabomwi. B onHy mpoOUpKy HaJIUTh 1-2 MJI BO-
IIbl, BO BTOPYIO MPOOUPKY CTOJIBKO K€ ITHJIOBOIO CHUPTA. 3aTeMm
N00aBUTh B KAXIYI0 MPOOUPKY HECKOIBKO KPUCTAJUIMKOB KPUCTAJI-
JUYECKOTO MOoJa, COAEPKUMOE MPOOHUPOK BCTPSAXHYTh, HAOIIOAATh
pa3Hyl0 pacTBOpUMOCTh Hoja. OOBSCHUTH, MOYEMY HOI Jydlle

pacTBOPSETCS B CIIUPTE, YEM B BOJIE.
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OnbiT 5. B3auMHasi pacTBOPUMOCTD KMJAKOCTEH HA NPUMe-
pe 3TaHO0JIa U BOABI

Peaxmuevt u nocyoa: Boga (AUCTUILL.), 3TaHOJ (O€3BOHBIN),
POOUPKHU.

Buinonnenue pabomuoi. B ipoOupKy HaauTh 3-5 MJI BOJBI, J10-
0aBUTH TaKOM k€ 00BEM ATAHOJIA, COJICPKUMOE MTPOOUPKU BCTPSX-
HYTh, OTMETHUTH MIPO3PAYHOCTh pacTBOpa. K mosydyeHHOMY pacTBOpy
n00aBUTH ~ 1 MJI ciupTa, COACPKUMOE MPOOUPKHU BCTPSIXHYTh, IIPO-
3pavyHOCTh pacTBOpa He u3MeHsercs. Jlanee Kk pacTBOpy /100aBUTh
~1 MJ1 BOJIbI, UBMEHEHUH C PACTBOPOM HE MPOUCXO/IHUT.

OOBICHUTH mpupony B3aMMHOM pPaCTBOPUMOCTH BOAbI U CITUPTA.
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JlaGopaTtopHnasi padora NeS

DJIEKTPOJUTHYECKAS JUCCOUMAIIAS KUCJIOT, OCHO-
BAHMH M COJIeHM B BOJAHBIX pacTBopax. I'mapoJus cojiei

OmnpIT 1. DJleKTpoIMTHYECKAS JUCCONUALNA KUCIOT H
OCHOBaHMI1

Peaxmueuwr: 0.1 1. pactBop HCI, 0.11 pactBop NaOH, na6op
UHIUKATOPOB: (eHon(TaIeuH, METUJIOBBIA OpaHXEBbIN, JIAKMYC,
BO/JIa JIUCT.

Buvinonnenue pabomwi. B kaxayro u3 Tpex mMpoOUPOK C ITOMO-
IO MUIIETKU MTOMECTUTH MO 8-10 Kamnenb JUCTUILTMPOBAHHONW BO-
IIbI, 3aTE€M B MEPBYIO MPOOUPKY H00aBuTh 1-2 karmm dhenondraneu-
Ha, (OTMETUTH ILIBET), BO BTOPYIO MPOOMPKY 100aBUTH 1-2 Karu
METUJIOpaHKa (OTMETUTD IIBET), B TPETHIO MPOOUPKY N00aBUTH 1-2
Karuii jJakMmyca (OTMETUTh I[BET), HAOJIIOJICHHS 3aHECTH B TaOIUIly
onbITa. [lanee B KaKIYyI0 U3 JPYyTUX TPeX MPOOUPOK MOMECTUTH IO
8-10 xamenpb 0.1 H pacTBOpa COJSIHON KHUCIOTHI U B KXyt fg00a-
BUTh MHJIMKATOPHI aHAJIOTUYHO OMBITY C JUCTUIIIMPOBAHHOUN BOJIOMH,
OTMETHUTH I[BET PACTBOPOB, HAOJIOJICHUS 3aHECTU B TAOJIMILY ONBITA.
3aTeM B KaXIyr U3 JAPYTUX TpeX MPOOUPOK moMecTuTh mo §8-10
kanenb 0.1 H pacTBOpa TMAPOKCH]Ia HATPUS U B KAXKIYIO I00ABUTH
WHJIUKATOPhl AaHAJIOTUYHO OMBITY C JUCTUIUIMPOBAHHOW BOJOM, OT-
METHUTh IIBET PACTBOPOB, HAOIIOJICHUSI 3aHECTU B TAOJIMILy OIBITA.
Hamucars ypaBHEHHUS DJIEKTPOJUTUYECKONW AUCCOLUUALUMN COJISTHOU

KHUCJIOTBI U THAPOKCHUIA HATPHUA.
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[{BeT uHaMKaTOpA

Nuaukarop B muct. HyO | B Kuciou cpe- | B HIEJTOYHOU

ae H" |cpexe OH"

deHondraneuH

MeTtuiiopanx

Jlakmyc

OmnpiT 2. CpaBHeHHE XUMUYECKON AKTUBHOCTH KHUCJIOT

a) B3auMo/ielicTBHUE COJISAHON U YKCYCHOH KHucJ0T ¢ CaCO;

Peaxmuewi: 2 H. pactBop HCI, 2 u pactBop CH3;COOH , Ca-
COj3 (mem), Zn (MEeTaINYeCKUi ).

Buvinonnenue pabomuol. B oqHy 13 1BYX MPOOUPOK C MTOMOIIBIO
MUTIETKA TTOMECTUTh MO 4-5 Kameib XJOPOBOJOPOTHON KHUCIIOTHI,
BO BTOPYIO MPOOMPKY MOMECTHUTH MO 4-5 Karmeib YKCYCHOW KHCIIO-
Thl. B KaX1y10 mpoOUpKy OMYyCTUTH MO OJHOMY OJMHAKOBOMY KY-
COUKY MeJa.

OTMeTuTh: B KakoW MNpoOUpKE Mpolecc MpOTEeKaeT Ooliee
sHepruuHo? Kakoi Beiaensierca ra3z? B pacTBope Kakoul KHCIIOTBI
BBIIIIC KOHIICHTPAIIUsS BOJOPOJHBIX MOHOB? Hammcatbs MoJeKyJsp-
HbIC ¥ HOHHBIC YPaBHEHHUSI PEAKITUH.

0) B3aumMojelicTBHE COJSIHOW M YKCYCHOW KHCJIOT C IHH-
KOM

Buvinonnenue pabomsi. B oquy 3 1ByX NpoOUPOK HAIUTH pac-
TBOP XJIOPOBOJOPOJIHON KHCIOTHI (~ OJHY TpPEeTh oObema mpoOup-

KH), BO BTOPYIO TPOOUPKY TaKOE K€ KOJUYECTBO YKCYCHOU KUCIIO-
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Thl. B Kaxayro mpoOUpKYy OIYCTUTh IO OJHOMY OJMHAKOBOMY KY-
COYKY METaJUIMYeCKoro IuHKa. OTMETUTh: B KaKOW IMPOOUpPKE Mpo-
1ecc nmporekaet Oosiee s3HepruuHo? Kakoit Beijensercs raz? Hamu-

CaTb MOJICKYJIAPHBIC 1 HOHHBIC YPABHCHU S peaKHI/If/'I.

OnbiT 3. BiusiHMe OJHOMMEHHOI'0 HOHA HA CTelleHb JMC-
COLMAIMHU CJ1a00T0 JJIEKTPOJIUTA

Peaxmuewi: 0.1 H. pacTBOp ykcycHOU KUCHOTHI, 0.1 H pacTBOp
NH,OH, naGop wunHaukaTtopoB: deHONPTAICHH, METHIOPAHXK,
NH,4CI (tB), CH3COONa (xpucr.).

a) BJIMSIHME ALeTAT-AHMOHOB HA JUCCOIHAIUI0 YKCYCHOI

KHCJIOTHI

Buvinonnenue pabomul. B xaxayio u3 IByX NpoOUPOK C MOMO-
HIbIO0 MUIETKU MOMECTUTh 0 5-6 kanensb 0,1 H. pacTBOpa YKCyCHOM
KHUCIIOThI, 3aTeM B 00€ mpoOupku J00aBUTH 1-2 Kamiaum METHIOpaH-
*a (OTMETHUThb, YTO PACTBOPHI HMMEIOT PO30BO-KPACHYIO OKpPacKy
(uBeT, XxapaKTepHBIN sl KUCJION cpenbl). Jlanee B ogHy U3 MpoOu-
POK TOMECTHTh HECKOJBKO KPHUCTAJUIMKOB allerara HaTpus
(CH3COONa), coaepxxumoe mpoOUPKH BCTPSIXHYTh, PACTBOP MpPH-
oOpen OpaH)XEBYIO OKPacKy, XapaKTepHYIO JJIsI HEHTpaabHOU cpe-
npl. Hammcate ypaBHeHHeE aucconuanuy YKCYCHOM KHCIIOTHL. YUTO
POUCXOJUT MpHU A00ABIICHUH alleTaT aHMOHOB (B BHUJIE alleTaTa Ha-
Tpus)? I1onb3ysach BeIpaKEHUEM KOHCTAHTBI JUCCOITHAIINM IS VK-
cycuoii kuciotsl K (CH;COOH) = 1,86-107, 00BSICHATH IPHYHHY

CMCHICHHA PABHOBCCUAI.
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0) BJUSIHME KATHOHOB AMMOHHS HA JUCCOUMALNIO THIAPO-
KCH/Ia aMMOHUA

Buinonnenue pabomei. B xaxyto u3 AByX NpoOUPOK C MTOMO-
b0 TIUIETKU MOMECTUTh Mo 5-6 kanenb 0,1 H. pacTBOpa ruapo-
KCUJa aMMOHUS, 3aTreM B 00e mpoOupku g00aButh 1-2 xammm ¢e-
HosTaenHa (OTMETUTh, YTO PACTBOPHI UMEIOT MAJIMHOBYIO OKpa-
CKy (LIBET, XapaKTEPHBIN IS MIET0YHON cpesbl). Jlanee B onHy U3
MPOOUPOK TOMECTUTh HECKOJBKO KPUCTAIIMKOB XJIOPUJIA aMMOHMUS
(NH4CI), conepxumoe HpOOMPKH BCTPSIXHYTh, PACTBOP OOECIIBe-
Tusica (LBET, XapaKTepHBIM g HEUTpaidbHOM cpenbl). Hamwmcath
ypaBHEHHUE AUCCOLMAIIMU THUIAPOKCHAA aMMOHHUs. UTO MpOUCXOIUT
npu 100aBJICHUM KaTHOHA aMMOHUA (B BHUJE XJIOpUIAa aMMOHWUs)?
[Tonp3ysiCh BhIpa)KE€HUEM KOHCTAHTBI TUCCOIUALINY JJIs1 THAPOKCU 1A
ammonns Kn (NH,OH) = 1,77-10°), 06BSICHHTD MPUYUHY CMEIlle-

HHA PaBHOBCCHA.

OmnbIT 4. CBolicTBa aM(OTEPHBIX JJIEKTPOJIUTOB

Peaxmuswer: 0.5 1. pactBop HCI, 0.5 u pacteop NaOH, 0.5 u
pactBop ZnSQy, 0.5 1 pactBop AIClIs.

Buvinonnenue pabomeir. B IipoOUpKy ¢ MTOMOIIBIO TTUTIETKU T0-
MecTuTh o 8-10 karens 2 H pacTtBopa cynbdaTa muHKa (ZNSOy),
no6aButh 3-4 kamau 0.5 H pactBopa NaOH, BeimamaeT 6enblii oca-
nok. CoepKuMoe MPOOUPKU BCTPSAXHYTh, Pa3ACIUTh HA JIBE YaCTH.
3ateM B oAHy U3 npoOupok nob6aButh 8-10 kamens 0.1 H pacTBOpa

COJISTHOM KUCIIOTBI, OCaJI0K pacTBOpuicsa. Bo o/iHy BTOpyro nmpoOup-
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Ky ¢ ocajgkoM j00aBuTh 8-10 xamens 0.5 H pactBopa NaOH, oca-
JIOK pacTBopuics. Hamucars ypaBHEHUsI peakunil, COOTBETCTBYIO-
IMX JIBOMCTBEHHOMN JUCCOLUMALMNIO TUAPOKCHIA IINHKA.
Ananornunbiit onsIT npoBectu ¢ 0.5 H pactBopoM AlCI;. Ha-
NUCaTh YPaBHEHUS pPEaKIUi, MNOATBEPKIAOIMMNX aMPOTEPHOCTh

I'MAPOKCHU A aJIFOMUHUA.

OmnbiT S. O0pa3oBaHue MAJIOPACTBOPUMBIX BelIECTB

Peaxmuseuor: 0.5 u. pactBop Na,SiOs, 0.5 1 pactBop NaOH, 0.5
H pactBop FeCls, 0.5 v pactBop HCI, 0.5 u pactBop BaCl,, 0.5 n.
pactBop H,SO,.

Buvinonnenue pabomol. B mpoOUpKy ¢ TOMOIIBIO MUTIETKH T10-
MECTUTh 1o 5-6 kanenb 0.5 H pacTBopa MeTacHJIMKaTa HaTpHs, J10-
0aButTh 5-6 kamenb 0.5 H pactBopa HCI, coxepxxumoe mpoOupku
BCTPSXHYTH, BhINAZAET OCNBIN 0CaOK METAaKPEMHUEBOW KUCIIOTHI.

3areM BO BTOpPYIO MPOOHPKY MOMeCTUTh 5-6 kamenb 0.5 H
pactBopa FeCl; u 6 xamens 0.5 H pactBopa NaOH, Beimanaet Oy-
phIii ocagok ruapokcuaa xeiesa (1),

B Tpetpto npobupky no6aButh 8-10 kamens 0.5 H. pacTBOp
H,SO, n na6asuth 8-10 xamens 0.5 H. pactBopa BaCl,, Beimanaer
Oenblii ocanok cyibdara Oapusa. Hamucate ypaBHEHUSI COOTBETCT-

BYIOIIIUX PEaKlMi B MOJICKYJISIPHOW U HOHHOM (hopmax.
I'mapoJus cojien

OmnpbiT 1. Peakuus cpeabl B pacTBOpax pa3jiMUYHbIX COJIeH
Peaxmuswr. AICI3 (TB), CH3COONa (kpuct.), Na,CO3(TB),
(NH,) ,CO;3; (tB), CH3COONH, (1B), KCI (TB), mnuct. BOja,
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Ha0Op MHAUKATOPOB: (peHondTaNICHH, METUIIOPAHK, YHUBEPCAJIbHAS
WHJIMKaTOpHas OyMmara.

Buinonnenue pabomer. 1IpuroToBUTH pacTBOphI cojei. B npo-
OUpPKY HAIUTH | MJI IUCT. BOJBI U J00ABUTHh HECKOJIbKO KPHUCTAJI-
mukoB AlCl;, comepkumoe MpoOUpPKH BCTPSIXHYTh, CMOYMTH pac-
TBOPOM YHHUBEPCAJIbHYIO HMHIUKATOpHYr0 Oymary. Otmeruts pH
cpeabl. [1og00HEIM 00pa3oM MPUTOTOBUTH M UCCIIEIOBATh BOJHBIC
PacTBOPBI AIlCl;, CH;COONa, Na,COs,, (NH4) ,C0O3, CH;COONH,4
, KCI. ITonyuennsie naHHble 3aHecTH B Tabnuiy. O dem cBuje-
TEIBLCTBYET cMelleHrue pH pacTBopa B KUCIYIO WU IIEJIOYHYIO 00-
nacth? Kakue conu u moyeMy noaseprarorcs ruaponaunsy? Hanu-
caTh ypaBHEHUS MPOIIECCOB THAPOIN3a Kaxaou conu (1 cramus) B

WOHHOM ¥ MOJIEKYJISIpHOU hopmax.

Tabnuma
dopmyJia conu Peakuus cpensl pH pactBopa
AIClI;

CH3COONa
Na,CO;
(NH,) ,CO3

OmnbIT 2. Binsinue 3apsiia KATHOHA HA MOJHOTY

I'HJIPpOJIn3a M0 KAaTHOHY

Peaxmuswr. FeCls (tB), FeSO,4 (TB), auct. Boga, HAOOp MHIU-
KaTopoB: (¢eHondTalenH, METUIOpaHXK, YHUBEpcalbHas WHIWKA-

TOpHas Oymara.
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Buvinonnenue pabomuwi. IIpuroToBUTH pacTBOPHI coieil. B mpo-
OUpPKY HAIUTH | MJI AUCT. BOJBI U J00ABUTH HECKOJIBKO KPHUCTAJI-
mukoB FeCls, coagepxumoe mpoOUpKH BCTPSIXHYTh, CMOUMTH pac-
TBOPOM YHHUBEPCAJIbHYIO HHIUKATOpHYH0 Oymary. Otmeruts pH
cpeanl. [lomoOHBIM 00pa3zoM mpUroToBuTh pactBop FeSO, u ompe-
nenutk pH cpenpl. CpaBauth pH pactBopoB FeSO,4 u FeCls. Kakas
U3 JIBYX COJIeH THAPOJU3YETCs CUiibHee U nmouemy? HamucaTh MOH-
HbIE€ U MOJICKYJISIDHBIE ypaBHEHUS TUIPOIU3A ITHUX COJICH IO Tep-

BOW CTYIIEHU TUAPOJIU3A.

OmnpiT 3. CpaBHeHHe THAPOJIU3YEMOCTH COJIM 110 AHUOHY

Peaxmusevr. Na,CO3 (1B), Na,SO3 (TB), aumcT. Boga, HaboOp
WHIAKATOPOB: (eHOoaDTAICHH, METHUIOPAH)K, yHUBEpCAIbHAs WH-

JIMKaTOpHasi Oymara

Buvinonnenue pabomwi. IIpUroToBUTH PaCTBOPHI  COJICH:
Na,CO3; u Na,SO3; aHamoruyHoO NMPUTOTOBJIICHUIO COJEH B TPEIbI-
nyuieM onbite. C MOMOIIBI0 YHUBEPCATLHON MHIUKATOPHON OyMa-
ru cpaBHUTH pH pactBopoB Na,SO3 u Na,CO3 . B oTtuére HammcaTh
WOHHBIC U MOJIEKYJIIPHBIE YpaBHEHHS THUAPOIU3a ITUX coiyier. [lo
BenmunHe pH ykaszaTh, B KaKOM U3 JBYX pPacTBOPOB OOJIbIIE: a) CTe-

NeHb ruipou3a; 0) konueHTpanus OH -uoHOB.

OnbIT 4. Bausinue psiga GpakTopoB HA cTeneHb THAPOJIU3A

Peaxmuswr: 0.5 H. pactBop FeCls, 0.2 H. pactBop FeCl; aucr.
BOJIa., HA0OP MHAMKATOPOB: (QeHoIPTaTICHH, METUIIOPAHK, YHHUBEP-
caJIbHasi HHIUKATOpHas Oymara

a) Bausinue xoHnentpauuu pacrBopa FeCl; nHa crenensn
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ruaposu3sa FeCl;

Buinonnenue pabomer. B ipobupky nomectuth 5 kamenb 0.5
H. pactBopa FeCl;. C nomomipio yHUBEpCAIBHON WHAMKATOPHOM
Oymaru yctaHoBUTh cpeny pactBopa (pH). PactBop B mpoOupke
pazbaBuTh BOAOM, yBeNInunB 00beM B 3—4 pasza u yctaHoBuTh pH

pa30aBIEHHOrO pacTBOpa.

Hanucate ypaBuenus: ruaposnusa FeCl; mo nepBoit u Bropoit
CTalMM B MOJIEKYJIIPHOM W MOHHOM Buje. Crenars BBIBOJ O BIIUS-

HUW KOHIICHTPAIIMH COJIM Ha MOJTHOTY MPOTEKAHUS THIPOIN3A.
0) Bausinue Temneparypsl Ha ctenenb ruapoJausa FeCl;

Buvinonnenue pabomwi. B mpoOupKy Ha OAHY TpeTh €€ oObema
noMectuTh 0.2 H pacTBOp xsopuaa xkenesza (I11), HarpeTs 10 Kure-
HUS U TPOKUIMSATUTH €ro 1-2 MHUHYTHI Ha cCIUpPTOBKE. PacTBOp mpu

KUIMSTYCHUU CTAHOBUTCSI MyTHBIM, NpoTekaeT rugapous FeCls.

B oruére nHanucars ypaBHeHus ruaponusza FeCl; B moneky-
JSIPHOM M MOHHOM BHUJE (BCE CTauM), UMEsl B BUAY, YTO BTOpas U

TPECThs CTAAWU THAPOJIN3a BO3MOXKHBI JIMIIb ITPU HAI'PCBAHUU.

[lo monydeHHBIM HAOMIOACHUSM CJejaTh OOIIUNA BBIBOA O
BJIMSIHUUA KOHIICHTPALIMUA PacTBOPA COJIU U TEMIIEPATYPHI HA TTOJHO-

Ty NPOTEKAHUS TUAPOJIU3A COJIEU.

OmnbIT 5. O0pa3zoBaHue OCHOBHBIX U KHCJBIX COJIeH MpH

TH/IPOJIU3e
Peaxmuewi: 0.5 1. pactBop AlCl3, 0.5 H. pactBop CH3COONa,
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Na,SO3 (TB), AucT. Boja., HAOOp HMHAMKATOPOB: (eHoNpTaICHH,

METWJIOPaHK, YHUBEpCaJIbHAsl MHIWKATOpHAs OymMara

a) THAPOJIN3 alleTaTa AJJIOMUHUA

Buinonnenue pabomsi. B ipoOUpKy MOMECTUTH 7 -5 Kamesb
0.5 H. pactBopa AICl3, no6aBuTh Takoii xe o0bem 0.5 H. pacTBOpa
CH3COONa. CoaepxxumMoe MpOOMPKUA BCTPSXHYTh, HArPETh CMECh
no kuneHus. Ormetuts nossieHue Al(OH),CH3;COO (pacTtBop
MyTHEET WM oOpasyercs ocanok). Hamucate ypaBHEHHE 00pa3o-
BaHMs arieTaTa aJFOMUHHMS M MOHHOE W MOJICKYJISIPHOE YpaBHCHHE
ero ruapoim3a. Ha Kkakoil cTymeHHM 00pa3oBajcsi OCaJoOK

AI(OH),CH3COO.
0) ruapoJiu3 cyjb¢ura HATpUs

Buvinonnenue pabomor. B mpobupky moMecTuTh 1-2 M auc-
TAJUTMPOBAHHOW  BOJbI, J100aBUTh HECKOJBKO KPUCTAIUIUKOB
Na,SO3, conepxumoe MpoOUpPKH BCTPSAXHYTh. C MOMOIIBIO YHUBEP-
CaJIbHOM WHIUMKATOPHON Oymaru yCTaHOBUTH cpedy pactBopa (pH).
Kakue B pacTtBope nosaBuiinch HOHBI? Kakast coJib sIBIsIeTCS MPOYK-
TOM THJIpOJIM3a MO NepBoil ctynenn? Hanmucath HOHHOE U MOJIEKY-

nsipHO€e ypaBHeHHe ruaponnsa Na,SOs.
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JlaGopaTopHas padotra Ne 6
OKHCJINTETIBHO - BOCCTAHOBHTEJIbHDIE PECaKIINN

OnbiTr 1. BiausiHue cpeabl Ha OKHC/IMTEIbHbIE CBOHCTBA
NMePMAHTaHATA KAJIUA
a) BocctanoBjienne KMnO, B kucJ10ii cpene cyiabGuToM HATPUs

Peaxmuewi: 0,11. pactBop KMnO,, 21 pactBop H,SO4, KpHcCT.
Na,SO:s.

Buinonnenue pabomei. B npoOUpKyY ¢ MOMOIIBIO MUIETKH T0-
MecTuTh 3 - 4 karu 0,1H. pactBopa KMnO,, 1006aBUTH TaKoil ke
o6beM 2H pactBopa H,SO, (okpacka pacTBopa po3oBo-(duosieToBas,
OHa XapakTepHa g anuona MnQy), nanee BHECTH B IPOOUPKY He-
CKOJIbKO KpynuHOK cyxoro Na,SOs. Conepxumoe npoOupKu
BCTPSAXHYTh, OTMETUTH, 9TO PAaCTBOP oOecuBeTHICS (OeCIIBETHBIN
BOJIHBIN PacTBOp COJIEH MapraHiia XapakTepeH JJis KaTHOHA Mn2+).
B cxeme peakuuu:

Na,SO; + KMnO,4+ H,SO; — Na S04+ MnSO, + K,SO,4 + H,0
[TogoOpats crexuoMerpuueckue KO3(Q(PUUIUEHTHI METOAOM 3JJICK-
TPOHHOTO OajlaHca, YKa3aTh OKUCIUTEIb U BOCCTAHOBUTEND.

0) BoccranoBiaenne KMnO, B 1meno4yHoii cpeae cyJib-
¢puTom HaTpus

Peaxmussr: 0,1 1. pactBop KMnO,, 21 pactBop KOH, Na,SO;
KPHCT.

Buinonnenue pabomoi. B mpoOUpKy ¢ MOMOIIBIO MUIIETKU T0-
MecTuTh 3 - 4 xamu 0,1H. pactBopa KMnO,4, 1006aBUTh Takou xe
oobeM 2H pactBopa KOH (okpacka pactBopa po30oBo-(huosieToBas,

OHa XxapakTepHa Jji1 annoHa MnQ,’), nanee BHECTH B MPOOUPKY He-
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CKOJIbKO KpynmuHOK cyxoro Na,SOs;. Conepxumoe npoOUpku
BCTPSAXHYTh, OTMETUTh, YTO PACTBOP MPUOOPET TEMHO-3EJIEHYIO OK-
pacKy, XapakTEepHY s aHHOHA MnO42'). B cxeme peakuumu:

Na,SO; + KMnO,+ KOH — Na,SO,+ K,MnO, + H,0
[TogoOpaTe crexuomeTpudeckue Kod(PEPUIHMEHTHI METOJ0M DJJICK-
TPOHHOTO OallaHCa, YKa3aTh OKUCIUTENb U BOCCTAHOBUTEIIb.

B) BoccTaHoBjJeHue KMnO, B HeHTpajabHOH cpeae

CYJb(UTOM HATPUA

Peaxmuser: 0,11. pactBop KMnO,4, Na,SO3 xpuct.,, H,0
JTUCT.

Buinonnenue pabomui. B ipoOHpKy € TOMOIIBIO MUIIETKH 11O~
MecTuTh 3 - 4 karuu 0,1H. pactBopa KMnQO,, 100aBUTH Takow xe
o0bem auctuimpoBanHoit H,O (okpacka pacTtBopa po3oBo - puo-
JIETOBAs, KaK U B MPEIBIAYIIUX OINbBITAX, OHA XapaKTepHa JJIsl aHHUO-
Ha MnOy), najiee BHECTH B MPOOUPKY HECKOIBKO KPYITUHOK CYXOTO
Na,SO3. Comepkumoe MpOOUPKU BCTPAXHYTH, BBIATAET OYpOTO
nBeta ocagok MnQO, . B cxeme peakiuu:

Na,SO; + KMnO,+ H,O — Na,SO,+ |MnO, + KOH
[TogoOpaTh crexmomeTpudeckue Kod(PQPUUIHUEHTHI METOJ0M 3JICK-
TPOHHOTO OajlaHca, yKa3aTh OKUCIUTEIb U BOCCTAHOBUTEb.

Ecimm pactBop mpmoOpen TpaHATOBBIM IBET, TO IMPOHU3OILIO
obOpazoBanue mpomexyToudoro nmpoaykra MnO(OH), o cxeme:

Na,SO; + KMnO,+ H,O0 — Na,SO,+ MnO(OH),+ KOH

3aTeM OKHCIIEHHE pacTBOpa KHUCIOPOJOM BO3JyXa IPHUBO-
JUT K BbINaJieHnto Oyporo 1seta ocagka MnO,.

B karxou cpede nepmaHeanam Kajluid 60CCMAHAGIUBAEMCCA
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cufleee( Hauboee APKO NPOAGJIAAOMCA €20 OKUCIUME/IbHblE C80l-

cmea) ?

OnpIT 2. OKHMCIUTEIbHbIE CBOMCTBA TUXPOMATA KAJIUA
a) BocctanoBjaeHne K,Cr,O; B kmuciaoi cpeae cyJjbga-
ToM :kene3a(ll)

Peaxmuewi: 0,11. pactBop K,Cr,0;, 2u pactBop H,SO,, kpu-
crammnyeckuu FeSO,

Buvinoanenue pabomui. B mpoOUpPKY ¢ MOMOIIBIO MUTIETKH T10-
MecTuTh 3 - 4 karmm 0,1H. pactBopa K,Cr,0O7, 100aBUTH TakoM ke
oobeM 2H pactBopa H,SO, (okpacka pacTBopa opaH)KeBasi, OHa Xa-
paKTepHa JJIs aHHOHA Cr2072'), Jajee BHECTH B MIPOOUPKY HECKOJIb-
ko kpuctammukoB FeSO,. Comepxumoe mpoOUPKH BCTPSAXHYTh, OT-
METHTh M3MCHEHHE I[BeTa pacTBopa. JloO6aBUTH K cMecH 2 KaIliu
K4[Fe(CN)g] - pearenra Ha KaTHOH Keje3a Fe3+, oOpasyetcst TEMHO-
CUHUM 0CaJI0K
(0epnmuuckas nmazypn) Fes[Fe(CN)g]s. HasBaTh momyueHHOE KOM-
IJICKCHOE COSMHEHNE.

B cxeme peakuuu:
FeSO, + K,Cr,0;+ HySO4 — Fe, (SO4)3 + Cr, (SO4)st+ K,:SO4 +H,0
nogo0parh CTEXMOMETpuYeckrue KOdIQ(PUIUEHTBI METOJOM 3JICK-

TPOHHOT0 0ajlaHca, yKa3aTh OKUCIUTEIh U BOCCTAHOBUTENb.

0). BocctanoBjenne K,Cr,O; B KHCJI0ii cpejie HOAUI0OM KAJIUA
Peaxmuewi: 0,1H. pactBop K,Cr,0;, 2H. pactBop H,SOy,,
0,1H. pactBop KI.
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Buinonnenue pabomer. B mpoOUpKy ¢ HOMOIIBIO MUIIETKH I10-
MecTuth 3 - 4 karmm 0,1H. pactBopa K,Cr,0O7, 100aBUTH TakoM ke
o0beM 2H. pactBopa H,SO,4 (0kpacka pacTBopa opaHKeBasi, OHa Xa-
paKTepHa sl aHMOHA Cr2072'), najgee n00aBUTh 2 KaIlld pacTBOpa
0,11 KI.

PactBop oOKpacwics B KOPUYHEBBIM I[BET, MOSBUJICS TEMHBIN
ocanok. [lns moarBepkaeHus oopazoBanus |, B pacTBOp OImycKaeT-
cs KpaxmanbHas OyMa)kKa, IIBET KOTOPOW CTAaHOBUTCS TEMHO- CH-
HUM.

B cxeme peaknuu:

Kl + K,Cr,O;+ H,SO,—> |, + Cr, (SO4)3+ K,SO, + H,0O
moJ00paTh CTEXHOMETpPHUYECKHE KOAI(POHUIIMEHTHI METOJO0M JJICK-

TPOHHOT'O 6aﬂcha, YKa3aTb OKHUCJIIUTECIIb 1 BOCCTAHOBUTCIIb.

OmnbiT 3. OKHMCIUTETILHO-BOCCTAHOBUTE/IbHbIE CBOMCTBA
nepokcuaa sogopoaa H,O,.

a) BoccranoBJsienune H,O, B KUCJI01 cpee HOAUIOM KAJIUA

Peaxmuswer: 0,11. pactBop Kl, 20 pactBop H,SO,4, 3% wHbIi
pactBop H,0O,,

Buvinonnenue pabomei. B ipoOUpKy ¢ MTOMOIIBIO TTUTIETKU T0-
MecTuTh 3 - 4 karu 0,1H. pactBopa Kl, 1o6aButh Takoit xe 00beM
2H. pactBopa H,SO4, nanee no6aButh 3-4 kariu pactBopa 3% - HO-
ro pactBop H,O,. becusetHslii pacTBOp NMpruoOpeTaeT KOPUUYHEBYIO
OKpacKy BCJIEJCTBUE MOSBICHUS B pacTBOpE l».

B cxeme peakiun:

Kl +HZSO4 + H202_—) |2 +K2804+ H20
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nog00paTh CTEXUOMETpUUECKUE KOADPUIIMEHTHI ISl ITON peaKkiuu
METOAO0M 3JIEKTPOHHOTO OajlaHca, yKa3aTh OKUCIHUTENb U BOCCTAHO-

BUTCIJIb.

0) okucyaenue H,O, B KHCJI0i cpele MepMaHIaHATOM KaJusl

Peaxmuewi: 0,1H. pactBop KMnQO,, 28 pactBop H,SO4, 3%
HbIi pactBOp H,0),

Buvinonnenue pabomoei. B ipoOUpKy ¢ MOMOIIBIO TTUIMETKU TMO-
MecTuTh 3 - 4 kamm 0,1H. pactBopa KMnO,, m106aBUTh Takou ke
00beM 2H. pactBopa H,SO, (okpacka pacTBOpa pPO30BO-
dbuoineroBas), naiee n00aBUTh 3-4 Karmiud pacTtBopa 3% HOro pac-
tBOop H,O, PactBop obeciiBeunBaeTcsi, 4UTO yKa3blBaeT Ha 00paso-

2+
BaHue katuoHa Mn""), Beimensercs ra3. [Ipu BHeceHUU B MPOOUPKY

TJICIONIEH JIYYUHKH OHA BCIIBIXUBAET, YTO YKA3hIBAET HA BBHIJCICHUE

O,.

B cxeme peaknum:

H,O, + KMnO, +H,SO, — 0O, + MnSO,+ K,SO,+ H,0O

noa00paTh CTEXMOMETPUUECKHE KOI(PHUIMEHTH METOIOM DJICK-

TPOHHOTO OaJlaHCa, YKa3aTh OKUCIUTENb U BOCCTAHOBUTEIb.
Cohopmynupyiime 6v1600: nouemy nepoxcuo 8000p00a MONCem

NpoAGIAMb KAK OKUCIUMENbHbIE, MAK U 80CCMAHOBUMENbHbLE CEO -

cmea? Kakue npooykmsi obpasyromcs npu OKUCIEHUU U 80CCMA-

HOBJIeHUU NepOKCUOA 8000p0o0oa?
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JlaGopaTopHas padora Ne 7
Koppo3us merasios

Peaxmueor. 0.011 pacrBop HCI, 0.58 pactBop CuSQO,, 0.5u
pactBop CUCl,, uak (rpaHyibl), aTFOMUHNN (KYCOYKH IPOBOJIOKH),
MeHas mpoBoiioka, pactBop H,SO,, pactBop KsFe(CN)g (kpacHas
KpOBsIHAsI COJIb), ypoTponuH (cyxoit), NaCl (kpuctaminaeckuii).

OmnbiT 1. O0Opa3oBaHne raabBaAaHNYECKHUX IJIEMEHTOB
a) TpaHyJy [IMHKA OIyCTUTh B MPOOUPKY C pa30aBICHHBIM
pactBopom HCI (2-3 mur). [Ipoucxoaut peaxiusi:
Zn + 2HCI — ZnCl, + H,?1

Brinenenue my3pIpbKOB HIET MEIJICHHO.

B npyryro npoOGupKy ¢ KUCIOTOW ONMyCTUTh MEIHYIO MPOBOJIO-
Ky. YOeauTech, 9TO BBIJCICHUE My3bIphbKkoB H, Ha Menu He mpowuc-
XO/JIUT.

BBIHYTh MEIIHYIO MPOBOJIOKY M BBECTH €€ B MEPBYIO MPOOHUPKY
70 CONPUKOCHOBEHHS C TPaHyJIOW NMHUHKA. YOEIUTHCS, YTO Ha IIO-
BEPXHOCTH MEIH MJIET OypHOE BBIJICICHUE My3bIphKOB rasa (Hy).

Obvsachume Hab00aeMoe s6neHue.

0) B mpooOupky ¢ pactBopoM CuSO, (2-3 Mi1) OMyCTUTH TPAHYITY
nuHKa. Yepe3 3-5 MHH. CIUTh PacTBOP M OCTOPOKHO IPOMBITh
OMEIHEHHYIO TPaHyJly BOJOM.

B nBe mpoOupku HanuTh 1o 3-4 MJ1 pacTBOpa COJITHOM KHCIIO-
Thl. B 0JTHYy OIIyCTHTH IpaHyJly OMEIHEHHOIO IIMHKA, B IPYTYIO Ipa-

HYJIy IIMHKA, HE ToaBeprasiierocs aeructBuo CuSQOy,:

Zn + CuSO,4 — ZnSO, + Cu (omennenue Zn).
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Yoenurech, 4T0 B MEPBOM MPOOUPKE BOJOPOI BhIACIACTCS 00-
Jee PHEPruYHO. BHIHO, YTO MPOUCXOAWT «OTACICHHUE» MEITHOTO
TTOKPBITHS.

Kak cnedyem u3 pesyromamoe onvtma 1, Ha KOHTAaKTe JIBYX
MeTaiutoB Zn/CU BO3HUKAET rajJbBaHUUECKUN DIIEMEHT, I'IE

na anode: Zn - 28 — Zn*?, uuHk IIEPEXOJIUT B PACTBOP B BUJIC

HOHOB, OCTABJISS DJICKTPOHBI B MeTalIe (OKHUCIICHHUE)

na kamooe: 2H" + 28 — H,, n36BITOK SIEKTPOHOB TIEPEXOIHT K

MEJI ¥ COSMHSIETCS B pacCTBOPE C MOHAMHU BOJIOPO/Ia
(BOJIOpOTHAS ICTIONApU3AITHIS).

Koppo3us Meranna pe3ko yCHIUBAETCs, €CJIM OH COIPHUKacaeT-
Cs ¢ KaKUM-JIMOO JPYTrdM MEHEe aKTUBHBIM METAJJIOM, T.€. pacIo-
JIO’)KCHHBIM B PSJTy aKTHBHOCTH METAJIJIOB MPaBee €ro.

AHaJIOTHYHBIE TPOIECCHI MPOTEKAIOT MPH JISKTPOXUMUUSCKOM
KOPPO3UH METAJUIOB M CIJIABOB, KOTOPBIE BCETZIa SIBIISIFOTCS HEO/I-

HOPOIHBIMH.

OmnpIT 2. BiusiHMe OKCHIHBIX IUVIEHOK HA MPOIecC KOPPO3UHU
B nBe mpoOupku nmoMecTuth 1o 2-3 Kycouka aomMuHus. B of-
Hy no6aButh pactBop CuSQO,, B apyryro — CuCl,. ybemutech, 4To
otHomieHre Al k pacTBopaM B3sTBIX cojicii pasnuyHoe. B pacTBope

¢ CuCl, npoucxoauT ciemyromas peaxkius:

3CuCl; + 2Al — 3Cu + 2AICl;
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AJIFOMMHUM MOKPBIBACTCS CJIOEM MeaH (OMEIHSETCs). DTa pe-
aKIMs CTAaHOBUTCS BO3MOXHOH, T.K. B pactBope CuCl, mpucyrcr-
By1oT noHbI Cl, koTOophIe pa3pymaioT okcuaHyo wieHKy Al,Os; Ha
MOBEPXHOCTH METalla allOMHHHMS, T.€. CIIOCOOCTBYIOT €r0 KOppoO-
3HH.

Jlo6aBpTe kK pactBopy CuSO4 nemuoro NaCl (kpucr.). Yro Ha-
omonaerca? Koppo3rOHHBIC MPOIECChl MPOTEKAIOT MHTCHCHUBHEE.
Ha mnOBEpXHOCTH KYCOYKOB ATIOMHUHHS IPOUCXOIAUT OTJIOKEHHUE

MCIH, BOBHHUKACT TAaKXC rajJbBaHUYECKHUH 3JICMCHT.

OmngwiT 3. KaToaHoe 1 aHOAHOE MOKPBITHS
KauecTtBeHHO# peakiued s oOHapy>KEHUSI MOHOB Fe** (a
UMEHHO ATH UOHBI MOSBIISIIOTCS B paCTBOPE NMPU KOPPO3HUHU:
Fe’ - 28 = Fe”
SIBIIIETCS B3aUMOJICHCTBUE €0 C «KPACHOM KPOBSIHOW COJBIO» - TEK-
cartmanodepparom (1) xamus Ki[Fe(CN)g]. TIpu B3auMonaeiicTBun
Fe’* ¢ STHM peakTHBOM MOSBISETCS OCALOK TEMHOCHHErO LBETa
(«TypHOYIEBa CUHBY).
Hanelite B npoOupky cnabsiii pactBop FeSO,, npubasbsTe He-
ckonbko Kameiab Kiz[Fe(CN)g]. mosiBisieTcs cHHee OKpalluBaHUE

pactBopa. [Ipouecc onuceiBaeTcsi ypaBHEHUEM:

3FeSO, + 2K3[F€(CN)6] — Fe3[Fe(CN)6]2 + 3K,SO,

«KpacHasi KpOBsiHasl COJIb «TypHOYJIeBa CUHBY

B nBe mpoOupku HaIUTH 10 4-5 MIJI pacTBOpa CEPHOM KUCTIOTHI,
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N00aBUTH B KAXYIO MO 2 KaIllu pacTBOpa «KpacHOW KPOBSIHOM CoO-
au». B OJIHY OMyCTUTH MOJIOCKY OIMHKOBAHHOTO JKejie3a (aHOJIHOE
MOKPBITHE), B IPYTYIO — JYKEHOTO (KaToJHOE MOKPHITHE). MOXKHO
YBHUACTh, 4TO 4yepe3 5-10 MUHYT mo KpasM (MecTo pasjioma) Iijia-
CTUHKH JIY’)KEHOTO JKeJie3a TOSIBIISIETCS CHHEE OKpalllMBaHWE. JTO
CBHIETEIBCTBYET O [OCTyILICHHH HOHOB Fe*? B pactBop. [TogoGHOE
SBJICHUE HAXOJUT OOBICHEHUE B CJICAYIOIIEM.

AHnoonoe noxpvimue (OLIMHKOBAHHOE eJe30). [{luak Oosee ak-

TUBHBIA METAJIJI; E°

m/ .,

=-0.76 B, e’ .= -0.44 B. B ciyuae Hapy-

IIEHUST 1[€JJOCTHOCTH BO3HMKAET TaJIbBAHMYECKUM dJIEMEHT (-
)Zn | ZnSO, || CuSO, | Cu(+).
Zn - 28 — Zn*? - aHOJIHBIN MPOIECC;
2H" + 28 - 2H — H, — kaToaubIi nporiecc (Kucias cpeaa),
BOJIOPOJIHAS JACTIOJISIpU3AITHSL.

[Muak B X0/€ TmpoIecca NePeXoauT B pacTBOP, a KeJIe30 OCTa-
€TCs HE pa3pyIIEHHBIM JI0 TE€X IMOp, MoKa 0ojiee aKTUBHBIM MeTasll
HE pa3pyIInuTCS.

Kamoonoe noxpvimue (myxeHoe jxene3o). MeHee aKTHBHBIN

meramte’ . =-0.44 B, e} . =-0.14 B. npu HapymeHnn nenoct-

.
HOCTH TOKPBITHS (LIapamuHbl, U3rH0 METAJJIMYECKOr0 H3JACIUSI U
JIp.) HAUMHAET pa3pylaThbCs (OKUCIATHCS) 00Jiee aKTUBHBIM MeTaJl
w3nemns: Fe — 28 = Fe*,

TakuMm 00pa3oM, KOppo3us MeTaia pe3KO YCHIMBACTCS, €CIIU
OH COIIPHKACACTCS C KaKUM-JIU0O0 APYrMM MEHEe aKTMBHBIM MeTaJ-
JIOM, T.€. PACIOJOXEHHOM B 3JICKTPOXUMHUYECKOM DSy HaIpsiKe-

HUI TipaBee ero. Ho kKoppo3us 3aMeseTcst, €Cliu MeTalll COMpPUKa-
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CacTCAa C ApyruM MCTAJIIIOM, PACIIOJIOKCHHBIM JICBCC B J3JICKTPOXHU-

MUYECKOM Psily HANPSHKEHU METAJIOB, T.€. 00J1€€ aKTUBHBIM.

Omnpit 4. /lelicTBHe HHTHOMTOPOB KOPPO3UH

B nBe npoOupku BHecuTe 3-5 Ml 2H pacTBOpa COJISTHOM KUCIO-
ThI, OITYCTUTE B HUX MO rpaHyse uuHka. Korjga BeijeiaeHue Boaopo-
Jla CTaHET JOCTATOYHO MHTCHCHUBHBIM MPUOABUTH B OJHY U3 MPOOU-
POK MUKpOIINaTelb MOPOIIKa ypoTponuHa. HaGmromaem, 4yTto WH-
TEHCUBHOCTh BBIJICJICHUSI MYy3bIPHKOB BOJAOPOJa B 3TOW MPOOUPKE
CHUIKAETCSl. DTO MOXKHO OOBSICHUTH BBEJCHHUEM B JKUIKYIO CpEIy
CIEIUAIBHOTO OPTaHUYECKOTO BEIECTBA, 3aMEJJIUTEN KOPPO3UU
(uarmbuTopa). B xauecTBe MHTHOUTOPOB KOPPO3UU METAJIOB HC-
MOJIB3YIOT U JIpyrue BemiecTBa: GocdaThl, HUTPUTHI HATPUS, MOYE-

BHHY, (1)€HOJ'IBI, ApOMATUYICCKUEC aMUHBI U JIP.
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JlaGopaTopHnasi padora Ne 8
Tema: KoMILJIEKCHDBIE COCANHECHUA

OmnbiT 1. O0pa3oBaHue W JIEKTPOJIUTHYECKAS TUCCOIMA-

HMsl COeTMHEHNI C KOMIJIEKCHBIM KATHOHOM
a). [losmyyeHne KOMIJIEKCHOM COJIM HUKEJISI

Peaxmuseuwr: 0,1 H. pactBop NiSO,, 2H pactBop NaOH, 25%-
HBIM pacTBOP THAPOKCHIA aMMOHHUSI.

Buvinonnenue pabomei. B ipoOUpKy ¢ MOMOIIBIO MTUIMETKU TO-
MecTuTh 3 - 4 xamum 0,1 H. pactBopa NiSO, (oT™MeTHTH LIBET), I0-
O0aBUTH Takou ke oO0beMm 2H pactBopa NaOH, oOpasyercs ocagok
(ormetuTh 1BeT). K ocanky no0aButh 5 - 6 kamenb 25%-HOTO pac-
TBOpa THAPOKCHIA aMMOHHS, OTMETUTh PACTBOPEHUE OCaJKa U 00-
pa3oBaHKUE OKPAIICHHOTO pacTBOpa (OTMETUTH LBET) KOMILJIEKCHOTO
OCHOBaHMS HUKeJ (KoopauHanuoHHoe yucio Ni paBHO 6).

Ilpumep 3anucu oanHvix onvima:

o Hammcarp ypaBHeHHE peakiiuu oOpa3oBaHUsS THIPOKCH-
na aukens: NiSO, + 2NaOH = Ni(OH), | + Na, SO,

o Hanucare ypaBHEHUE peakiMu B3aUMOAEHUCTBUS THIPO-
kenna Hukels ¢ ammuakom (k.4.(Ni*) = 6):

Ni(OH), +6 NH,OH = [Ni(NHs)¢](OH), + 6 H,O
e HaszBaTh moJiydeHHOE KOMIUIEKCHOE COEIUHECHUE
HUKEJIS:

[Ni(NH3)s](OH), - rumpokcua terpaammuunukens (11)

e Hamucarh ypaBHEHHUE DJICKTPOJUTHYECCKON HUCCO-
mmmaruu [Ni(NHs)g](OH),:
[Ni(NHa)sJ(OH), 5 [Ni(NHg)e*" +2 OH
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e Hammcars ypasuenne muccommammn  [Ni(NH3)e]™

H BBIPAKCHUC IOJI1 KOHCTAHTBI HECTOMKOCTH KOMILJIEKCa

[Ni(NH3)e] 5 Ni% +6 NH;

[Ni “*][NHs]°
Ky = =2:10"°
[INi (NH3)]*']

e O0oCHOBaTh KaKO€ OCHOBAaHHME HHKEJS SBIISCTCS
0oJiee CUIIbHBIM: TIPOCTOE WM KOMIUJIEKCHOE, OCHOBBIBASICH
Ha JaHHBIX O PACTBOPUMOCTH.
[Tpoussenenue pacrBopumoctH (ITP) Ni(OH), paBao =1 10 ~
% (cpaBounsle mannbie), pacropumocts Ni(OH), HeBenuka, pac-
MaJi Ha MOHbl HE3HAYUTEJIEH, KOHIeHTpalusa B pactBope (OH) He-
OoJibIIIas.
Coengunenne [Ni(NHs)g](OH), pactBOpuMO, IHCCOIUUPYET
KaK CHJILHBIN DJICKTPOJIMT, CIEI0BATEIBLHO, KOHIICHTpAIUsS B pac-
tBope (OH)™ rumpokcorpyrin 3HauyuTeIbHA; KOHCTAaHTAa HECTOMKOCTH
[Ni(NH3)]*"=2" 10~ °, 6ombure, uem IIP (Ni(OH),).
Takum oOpa3oMm, KOMILJIEKCHOE OCHOBaHHE HUKeENs Ooliee
CUJIBHOE, Ye€M MPOCTOE.
0). IlonyyeHne KOMIJIEKCHO COJIA MeIU
Peaxmuswer: 0,1 1. pactBop CuSO,4, 25%-HBIi1 pacTBOp THAPO-
KCHJIa aMMOHHSI.
Buvinoanenue pabomwi. B mpoOUpKy ¢ MOMOIIBI0 MUIETKH T10-
MectuTh 3 - 4 kamu 0,1 H. pactBopa CuSO, MeajaeHHO, npu

BCTPSAXHMBAHUM 100aBUTH 4-5 Karenb 25%-HOro pactBopa rujipo-
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KCHJIa aMMOHHS, OTMETHUTh 00pa3oBaHWE OCaJKa OCHOBHOW COJIH
(CuOH),S0O,4 10 ypaBHEHHIO:

2 CuSO, + 2 NH,OH = (CuOH),SO, ¥ + (NH,), SO,

C MOCIEAYIONMM PACTBOPEHHUEM OCaJKa U 00pa30BaHUs OKpAIlICH-
HOTO pacTBOpa (OTMETHUTH I[BET) KOMIUIEKCHOT'O COCTMHEHUS MEJU —
cyasdara rerpaammuamenn (11) [Cu(NHz)4]SO,.

[IpoBecTr 3amuCh JaHHBIX OIBITA AaHAJTIOTUYHO TPEABITYIIEMY:

e Hanucarh ypaBHEHHE peakiMi B3aUMOJCHCTBUS THAPO-
KcocylbdaTta MeEIu C aMMHAKOM ¢ 0Opa3oBaHUEM KOM-
IUIEKCHOTO coeiuHeHUs — cyib(hara Terpaammuamenu (11).
e Hanucath ypaBHEHHE JIEKTPOIUTHUECKON TUCCOIUALINH
TIOJIYYEHHOTO KOMIUIEKCHOTO COSIMHEHUSI.

e Hanucare ypaBHEHHE BBIpaXE€HHE JI1 KOHCTAHTHI He-
CTOMKOCTH 3TOT0 KOMILJIEKCHOTO HOHA.

Onbir 2. IlosyyeHHe W HCCJIEJ0OBAHHE IMPOYHOCTH KOM-
IJIEKCOB cepeodpa

Peaxmuswt: 0,1 H. pactBop AgNOs3, 0,1 1. pactBop NaCl, 0,1.
pactBop Na,S,03, 0,1 H. pactBop Kl, 25%-HbI1i1 pacTBOp TUIPOKCH-
J1a aMMOHHUS.

Buvinonnenue pabomei. B ipoOUpKy ¢ MTOMOIIBIO TTUTIETKU T0-
MectuTh 4 - 5 kamenb 0,1 H. pactBopa AGNO3, pubaBuTh 5 - 6 Ka-
nens 0,1 H. pactBopa NaCl, Beimagaer ocamok xjopuaa cepedpa.
Paznenuth comep:xumMoe MpoOUpPKH Ha JiBe mpoOupku. B oaHy mpo-
Oupky 100aBUTH 25%-HbI pacTBOp THMAPOKCHIA aMMOHUS, B JIPY-
ryto - 0,1 H. pactBop Na,S,03. Ocanku B nepBoit 1 BTOpoit mpooup-

KaX pPacTBOPSIOTCSA, YTO CBHUACTEIBLCTBYET 00 0Opa30BaHUU KOM-
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IJIEKCHBIX COCIMHEHWM: B IIepBOM MpoOupke oOpasyercs
[Ag(NHS5),]Cl, Bo BTOpOii mpooupke — Naz[Ag(S,03),]. B xaxayro
npooupky nodasuth no 2 kamiu 0,1 H. pactBopa Kl u cogepxumoe
npoOUPOK BCTPsAXHYTh. Brinanenue ocanka Agl B ogHo# U3 npoOu-
POK yKa3bIBae€T Ha HEMPOYHOCTh KOMILJIEKCHOTO MOHA B IOJYYECH-
HOM KOMILIEKCHOM COE€IMHEHUH (Kakom?).

e Hammcars ypaBHeHHE peakuuu oOpa3oBaHUS XJIO-
puna cepeopa npu B3aumoaeiicteuu AgNO3; u NaCl.

e Hammcares ypaBHeHHE pEaKIIUM B3aUMOJCHCTBUS
xjopuga cepebpa ¢ aMMHakoM C  00pa3oBaHHUEM
[AG(NH2)]Cl, (x.1.(Ag") = 2).

e Hammcares ypaBHeHHE peakIUM B3aUMOJCHCTBUS
xjopuga  cepebpa ¢ Na,S,03 € obpasoBanuem
Nas[Ag(S,0s)2], (x.4.(Ag") = 2).

e HaszBarp mosyuyeHHOE KOMIUIEKCHOE COCIUHECHHE
[Ag(NHS>),]Cl, yka3aTh THI KOMIUIEKCA M €ro 3aps; yKas3aTh
KOMILIEKCOOOpa3oBarelib, €ro K.4., JIATAHJIbl, BHEIIHIOK H
BHYTPEHHIOIO Cc(ephl.

e HasBarp mosyuyeHHOE KOMIUICKCHOE COCIMHCHHE
Nas[Ag(S,03),], ykazarh THI KOMILICKCA M €TI0 3aps; yKa-
3aTh KOMILIEKCOOOpa30BaTellb, €ro K., JIATAH]IbI, BHEIITHIOIO
U BHYTPEHHIOIO C(ephl.

e  Hammcars ypaBHEHHE 3JEKTPOIUTHICCKON TUCCO-
muaruu - KoMiviekcHbIX — coeauHenuit  [AQ(NH3),]Cl  wu
Naz[Ag(S203)].

e Hamucarh ypaBHEHUE SJICKTPOJIUTHYECKON IUCCO-
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nuauu kominrekcHoro noHa [Ag(NH;),]" 1 BbIpakenue mis
KOHCTAHTBI HECTOMKOCTH 3TOr0 KOMIUIEKCHOTO HoHa. Kak
BiuseT BBeAcHue Kl Ha cIBUT paBHOBECHS AUCCOILMALIMHU ITO-
IO KOMIUIEKCHOT'O HOHA U €r0 YCTONYHUBOCTD?

e  Hammcarh ypaBHEHHE 3JCKTPOIUTHUYCCKON TUCCO-
Luauu KoMruiekcHoro uona [Ag(S;0s),] ° ~ u  BbIpaxenue
JUTSI KOHCTAHTBI HECTOMKOCTH TOr0 KOMILIEKCHOTO HoHa. Kak
BiuseT BBeaeHrue Kl Ha cIBUT paBHOBECHS THCCOIMAIIUN JTO-

'O KOMIIJICKCHOI'O MOHA U €10 YCTOfI‘{I/IBOCTI)?

OmngiT 3. [TosryyeHHe IBOMHOT0 KOMILIEKCHOTO COeAMHEHUS

Peakxmuswi: 0,1 H. pactBop NiSO, 0,1 u pactBOp
K4[Fe(CN)e], 25%-nb1ii pacTBOp THAPOKCHIA AMMOHHSI.

Buinonnenue pabomui. B mpoOUpKy ¢ MOMOIIBIO MUIIETKU T0-
mectuTh 2-3 karum 0,5 H pactBopa K4[Fe(CN)g] u 4 - 5 xamens 0,1
H. pactBopa NiSO,, o6pasyercs ocamok 310 Niy[Fe(CN)g] (otme-
TUTBH 1IBET).

K ocanky no6aButh 25%-Hblil pacCTBOpP TMAPOKCUA AMMOHUS,
COJIEP)KUMOE TPOOUPOK BCTPAXHYTh. [lojlydeHHBI paHee OcalioK
ucyesaer, oOpasyercss JBOWHOE KOMIUIEKCHOE COCIWHCHHE
[Ni(NH3)s]2[Fe(CN)g] B BUEe KpHCTAIIOB JTUIIOBOM OKPACKH.

e Hanucars ypaBHEHHE OOMEHHOW PEAKIUU MEXKITY
K4[Fe(CN)g] u NiSO, ¢ oopazobanrem Ni[Fe(CN)g].

e HasBaTh NOJYyYEeHHOE KOMIUIEKCHOE COCIUHEHUE
Ni,[Fe(CN)g], yka3zaTh THII KOMIUIEKCA W €ro 3apsj; Ha3BaTh

KOMIUIEKCOOOpa3oBaTeb, yKa3aTh €ro K.4., JUTaH/bl, BHEIII-
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HIOIO U BHYTPEHHIOIO Chephl.

e Hammcare ypaBHEHHE PEAKIMM B3aUMOJICHUCTBUSA
Ni;[Fe(CN)g] ¢ ammmakom ¢ 00Opa3oBaHHEM KOMILICKCHOTO
coemqunenus [Ni(NH3)¢]o[FE(CN)e]. Haszsare momydeHHOE
KOMILUIEKCHOE COCIMHEHHE, YyKa3aTh KOMILIEKCooOpazoBaTe-
7, WX K.4., JUTAH]IBI.

e Hammcars ypaBHEHHE 3JEKTPOITUTHICCKONU THCCO-
muanun komiuiekcHoro coenuHeHus [Ni(NHs3)g]lo[Fe(CN)g], u

€Io KOMIIJICKCHBIX MOHOB.

OnsiTr 4. Biausinue pacrBopuTesisi Ha 00pa3oBaHUE KOM-
IVIEKCOB KO00aJbTa

Peaxmuser:  xpuctammaeckuit CoCl, ~ 6H,0, »Tunossrit
CIIUPT, BOJIA.

Buinonnenue pabomer. B 1Be NpoOUPKU ¢ TOMOIIBIO HITTATENs
nomectuTh 1o 2-3 kpuctamumka CoCl, - 6H,0 (ormeruts 118eT). B
OJIHY TIPOOUPKY 100aBUTH ~ 0,5 MJI CIUpPTa, BO BTOPYIO CTOJBKO KeE
BOJbI, BCTPSAXHWBAHUEM COJICPKUMOTO B MPOOUPKE pPACTBOPHTH
CoCl;, ' 6H,0. OT™MeTuTh, 4TO B MPOOUPKE C BOJOW LIBET pacTBOpA
posoBsiii — user mona [Co(H,0)s]°*. Ilpu pacteopernn CoCl,
6H,O B Bome o0Opasyercsi aHMOHHOE€ KOMIUIEKCHOE COCIMHEHHE
[Co(H,0)s]Cly,. ITpu pactBopernun CoCl, 6H,0 B criupTe oOpa3yer-
cs KomiutekcHoe coeauHenue cocraBa [Co(H,0)4Cl,] (mposBiser-
Csl ACTUIPATHPYIOIIEe ACHCTBUE ATUIOBOTO CIIMPTA), TAK Ha3bIBaE-
MBI HEAJIEKTPOJIUT (HEUTPAIbHBIA KOMIUICKC). Takue KOMILIEKC-

HbI€ COCIMHEHUSI HE MMEIOT BHEIIHEW cephl, HE TUCCOLUUPYIOT B
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pacTBope.

Kommiekcnoe coemunenne [Co(H,0),Cl,] B cnupre mmeer
CHHIOIO OKpacky. [Ipu q00aBiacHMHM K CIIMPTOBOMY PacTBOPY BOJIbI
pacTBOp nproOpeTaeT po3oBsIit HBeT — odpasyercs [Co(H,O0)s]Cl..

o Ha3BaTh moNydeHHOE KOMIUICKCHOE COCJIMHCHHE
Co(H,0)6]Cl,, ykazaTh THII KOMILIEKCA U €0 3apsjl; yKas3aTh
KOMILICKCOOOpa3oBaTeib, €ro K.4., JUTAaHJbl, BHCIIHIOK H
BHYTPEHHIOIO c(hepbl KOMILJIEKCA.

e Hammcars ypaBHEHHE DJIEKTPOJUTHUYECKON IMCCO-
muanuu  komruiekcHoro coeaunenus [Co(H,O)g]Cl, u ero
koMiutekcHoro nona [Co(H,0)g]”" u  BbIpaxeHue s KoH-
CTaHThI HECTOMKOCTH TOT'0 KOMIIJICKCHOT'O HOHA.

e Ha3BaTh moJydYeHHOE KOMIUIEKCHOE COCIUHCHHE
Co(H,0)4Cl;], yka3aTe THUIT KOMIUIEKCAa M €0 3apsll; KOM-
IUIeKCO00pa3oBaTellb, €ro K.d., JIMTaHJbl; HaIKCaTh BbIpa-
KCHHE JIJI1 KOHCTAHTBI HECTOMKOCTH 3TOrO KOMILJIECKCHOTO

COCIMHCHMA.

OmnbIT 5. O0OMeHHbIe peaKIii B KOMILJIEKCHBIX COeTNHEHHSIX

Peaxmuewi: 0,1 H. pactBop CuSO, 0,1 H pacTtBOp
K4[Fe(CN)g].

Buinonnenue pabomui. B mpoOUpKy ¢ MOMOIIBIO MUIIETKU T0-
mectuth 3-4 kamau 0,1 v pactBopa Ks[Fe(CN)g] u cTombko ke Ka-
nenb 0,1 H. pactBopa CuSQO, oOpazyercs TIpsI3HO-KOPUYHEBBIN
ocasiok KomiuiekcHoro coenuaenus Cu,[Fe(CN)g].

e Hamnucarh ypaBHEHHE OOMEHHOW PEAKIUU MEXKITY
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K4[Fe(CN)e] u CuSO,4c obpaszoanuem Cu,[Fe(CN)g].

. Ha3Barh mojydeHHOE KOMILJICKCHOE COCAMHECHHE
Cu,[Fe(CN)g], ykazath THI KOMILIEKCA M €r0O 3apsij; Ha3BaTh
KOMILIEKCO00pa3oBaTellb, yKa3aTh €ro K.4., JMraHjbl, BHEIII-
HIOIO U BHYTPEHHIOIO Cephl.

e  Hammcars ypaBHEHHE 3JIEKTPOJUTHUECKON IHCCO-
uanun komruiekcHoro coeaunenus Cu,[Fe(CN)g], ero xowm-
miexcHoro uona [Fe(CN)g]*™ u BBIpaskeHHMe I KOHCTAHTbL

HECTOMKOCTH 3TOT0 KOMIUIEKCHOTO MOHA.

OneIT 6. OKMCJIUTEIbHO-BOCCTAHOBHUTEIbHASI PEAKIHS C
yyacTueM KOMILIEKCHBIX cOeIMHeHUi

Peaxmuser: 0,05 H. pactBop KMnO, 0,1 H pactBOp
K4[Fe(CN)g], 2 u pactBop H,SO,.

Buvinoanenue pabomoi. B mpoOUPKY ¢ MOMOIIBIO MATIETKH T10-
MectuTh 3-4 kamu 0,1 H pactBopa KMnO,, 106aBUTH CTOJBKO Ke
Karejlb CepHON KHCIOTHI JIs CO3JaHUs KHCIOW Cpeanl pacTBOpa
(uBeT pacTBOpa po30BO-pHONETOBBIN). [lanee, K coaepXKUMOMY
npooupku 1o karisaM go6asiath 0,1 H pactBop Ky[Fe(CN)g] nmpu
MIOCTOSTHHOM BCTpsixuBaHuU. [Ipomcxoaut obecrBeYyMBaHHE pac-
TBOpA, [epMaHraHaT-MOH BoccTaHaBimeaercst 1o Mn *% a xaruon
Kele3a B KOMIUIEKCHOM HOHe okucisercs 1o Fe™. K pacrsopy
K4[Fe(CN)e] nobaButh karmmo pactBopa FeCls, yka3ate et pac-
TBOpAa, Ha3BaTh HOBOE 00Opa3oBaBIIeecs KOMIUIEKCHOE COEAUHEHUE.

e  Hanucare ypaBHEHUE OKHUCJIUTEIBHO-

BoccTaHoBuTelbHOM peakiuu Mexay Ki[Fe(CN)e] u KMnO,
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c oopazoanueM Ks[Fe(CN)].

e Ha3paTh NOJIyYCHHOEC KOMIUICKCHOEC COCIMHCHHE
K;[Fe(CN)e], yka3aTh THI KOMILIECKCA M €ro 3apsj; Ha3BaTh
KOMILICKCOOOpa3oBaTeib, yKa3aTh €ro K.4., JIMTAHJbl, BHEII-
HIOIO U BHYTPEHHIOIO Cephl.

e Hamnucarh ypaBHEHHE OOMEHHOW pPEaKIUU MEXKIY
K4[Fe(CN)g] u FeCls, Ha3BaTh mOJydYeHHOE KOMILJICKCHOEC

COCAUMHCHHC.
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OCHOBHBIE PEKOMEHJIALIMMH 110 BBIIIOJTHEHHUIO "
O®OPMJIEHUIO KOHTPOJILHOM PABOTBHI

[IpucTtynaTe K BBIMOJHEHUIO KOHTPOJIBHON pPabOThl MOKHO
JVIIb TOCJIE U3YYEHHS TUCUUILUIMHBI B COOTBETCTBUM C IPOTpam-
Moi. Heo0x0oauMO MOMHUTH, YTO MPOTpaMMa JTUCHUILUIMHBI €AuHAs
JJI CTYJICHTOB COOTBETCTBYIOLIErO HAIPABJICHUS IMOJATOTOBKH HE-
3aBUCUMO OT (hOpM OOyUEHHUS.

. KOHTPOJIbHAs paboTa SIBJISIETCS KPUTEPUEM IOJATO-
TOBKH CTYJICHTa-3a0YHUKA K SK3aMECHAIIMOHHON CECCHH, IIOITOMY
JUIIb CAMOCTOSITEJIbHOE BBINOJHEHUE KOHTPOJIBHON paOOTHI SIB-
JISIETCS 3aJI0TOM YCIIEIIHOM Cauy 3K3aM€EHA MO NUCUUILINHE;

. BBHIOEpUTE CBOM BapUaHT KOHTPOJILHON pPabOThI B

COOTBETCTBUM C TOcienHed  1Iudpoil HoMepa 3a4eTHOM

KHUXKKU;
. oOpatuTe BHUMAaHHME: HyMepauus
3alaHUil - 1O pa3jesam;
u Ha BOIIPOCHI, U3JIOKECHHBIC B 3aJlaHUX (TTOTHAS 3a-

MUCh BOMpoca o0s3aTebHa), CIEAyeT OTBEUYaTh MO CYIIECTBY,
HC IICPCIUCBhIBAA MHOT'OCTPAHUYHBIX TCKCTOB U3 KHUT,

. OJIMHAKOBO HEJOMYCTUMBI KaK TOJBKO TEKCTOBBIE
OTBETHI 0e3 opMyJsl U ypaBHEHUN peakiivii, TaK U OTBETHI B
BUJI€ GOPMYJ U YpaBHEHUM 0€3 TEKCTa;

. 3aJlaHMsl COCTABJICHbl TAKUM 00pa3oM, YTO OHH CO-
OTBETCTBYIOT OCHOBHBIM pa3jieJiaM MPOTpaMMbl, TOITOMY pe-

KOMEH]IyeTCS BBIMOJIHATh KOHTPOJIbHYIO pabOTy MO3TAIHO, IO
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Mepe U3yUeHHUs pa3JesioB;

. CTyJICHTaM, HE€ WMEIOIIUM JOCTAaTOYHOTO YpPOBHSI
MOJATOTOBKH MO XMMHH B 00bEME CPEIHEH IIKOJIbI, PEKOMEH-
IyeTCsl MPEBAPUTEIbHO U3YyUYUTh YKa3aHHBIH KypcC MO IMOCO-
OUIO JJIs1 TOCTYMAIOIINX B BY3bI;

. IJIsI TOTO, YTOOBI BBISICHUTB, 00aaeTe 1 Bol Mu-
HUMaJIbHBIMHA HaBBIKaMHU 3amicu GOpMYJT U YpaBHEHUHN peak-
ITUH, BBITIOJTHUTE CJICIYIOIINE 3aaHNs:

1) HarmumuTe Gopmyibl coenuuenuii: okcua docdopa (111),
THApOKapOOHAT MarHus, METaCWUJIMKAT Kajaus, HUTPUT Oa-
pus, cyiab(UI AIIOMUHUS, IUTHIPOKCOCYNIb(aT Kejesa
(1), kap6onat xpoma (I11), runpoxcun ceunna (1V), opro-
docdart 6apust, muruapooprodocdar Kaaus.

2) ¢ KaKUM M3 YKa3aHHBIX BEIIECTB OyJIeT pearupoBaTh OK-
cup cepol (V): Boga; oprodocdopHas KUCIOTA; THAPOKCH/T
KaJIMsl; KalbIiui; okcup Oapusi; cynbdar keneza (l11); ok-
cu Maraus. Hanmummre ypaBHEHHS COOTBETCTBYIOIINX Pe-
aKIU.

B cnydae 3aTpynHeHHil HEOOXOAMMO OOpaTUThCA 3a
KOHCYJIbTAIlMEeH K TPENoaaBaTeIl0 XUMUHU, TaK KakK, B OT-
JUYHE OT U3YYCHHS TCOPETHUYECCKUX OCHOB, MPHOOpETESHHE
HABBIKOB XMMHUYECKOT0 MTUChMa TPeOyeT MOMOIIM CIIeIIHa-
JHUCTA,

. IIPU OCBOCHUU Kypca aHATUTUYECKOW XUMUU CaMOE
Ba)KHOE - pa3o0paThCs B CYUIHOCTH, T.€. IPUHIUIHAIBHOU OC-

HOBC MCTOJA, CJICAYCT MAKCHUMAJIbBHO HCIIOJIb30BATh CXCMbI U
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PHUCYHKH B OTBETaxX Ha BOIPOCHI;

. B KOHIIE pabOThl HEOOXOAMMO yKa3aThb MCIOJIb30-
BaHHYIO JIUTEPATYPY, IPOCTABUTH ATy BBHITIOJHEHUS PaOOTHI;

. HanOoJjiee CIoXKHBbIE i1 Bac 3amaHus MOXHO BEHI-
MOJIHUTH B MEPUOJ, CECCUM Ha OCHOBE JICKIIUN MJIM KOHCYJIbTa-
UM TIPENIOJaBaTENs;

. paboTa mpeacTaBisieTcss Ha kadeapy s mpoBep-
KM HE TIO3]THEE, YEeM 32 MATh JTHEH 10 IK3aMEHa;

= Ha TUTYJIBHOM JjucTe (oOpaszer JaeTcsi METOIM-
CTOM 3a0YHOTO0 OOy4YeHHs]) HEOOXOIWMO 00s3aTeIbHO yKa-

34Tb HOMCD 3a4CTHOM KHMIKKHU.
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TABJIMLA 3AJJAHUM J1JI1 KOHTPOJIbHOM PABOThI

[Tocnennsis
uupa Home- Homepa 3amanmii
pa 3a4eTHOi
KHMKKH
1,1, 1.22; 2.2; 3.10; 4.1; 4.16; 5.12;
0 6.1, 6.9; 7.1; 8.8; 9.6; 9.12; 10.5
1,4, 1.20; 2.3; 3.9; 4.2; 4.17; 5.13;
1 6.2; 6.10; 7.2; 8.4; 9.5; 9.13; 10.7
15; 1.21; 2.4; 38; 4.3; 4.18; 5.14;
2 6.3; 6.11; 7.4; 8.7; 9.4; 9.14; 109
16; 1.19; 2.1; 3.7, 4.4; 4.19; 5.15;
3 6.4, 6.12; 7.5; 8.3; 9.3; 9.15; 10.10
1,7, 1.22; 2.6; 3.6; 4.5; 4.20; 5.16;
4 6.5; 6.14; 7.6; 8.2; 9.2; 9.16; 10.11
1,9; 1.23; 2.7; 3.5; 4.6; 4.11; 5.1;
5 6.8; 6.15; 7.7; 8.10; 9.1; 9.17; 10.19
1,10; 1.20; 2.8; 3.4; 4.7, 4.12; 5.2;
6 6.16; 6.20; 7.9; 8.9; 9.8; 9.18; 10.14
1,11; 1.21; 2.10; 3.3; 4.8; 4.13; 5.3;
7 6.17; 6.21; 7.10; 8.6; 9.9; 9.19; 10.16
1,16; 1.23; 2.14; 3.2; 4.9; 4.14; 5.4
8 6.18; 6.22; 7.12; 8.5; 9.10; 9.20; 10.15
1,17; 1.19; 2.9; 3.1; 4.10; 4.15; 55;
9 6.19; 6.23; 7.8; 8.1; 9.11; 9.18; 10.18




3AJIAHUSA 111 KOHTPOJIBHOM PABOTBI

Pazneua 1. BakHeilinue XuMH4ecKue MOHATHSA M 3aKOHBI

1.1 OcHOBHBIE 3Tanbl Pa3BUTUSA ATOMHO-MOJIEKYJISIPHOTO YUCHUS
B xumuu. JlaiiTe onpeieieHre OCHOBHBIM MOHATUSAM: aTOM, MOJIEKYJIa,
OTHOCUTEJIbHASI aTOMHAs W OTHOCHUTENbHAash MOJIEKYJIsIpHas macca,
MOJIb, MOJISIpHAS Macca.

1.2. 3akon coxpaHeHus Macchl BemectB M.B. JlIomoHOocOBa, ero
3HaQYCHUE B XUMHUU. B3auMOCBSA3b MEXIYy MacCcod W DHEPrUei Mo
A.DVWHIITENHY.

1.3. 3akoH mocTosHCTBa cocraBa. JlanbTOHUIBI. bepToimubL.
[IpuBeauTE MPUMEPHI.

1.4. JlaiiTe onpenesieHuE YKBUBAJIICHTA MIPOCTOTO BEIIECTBA; JK-
BHUBAJICHTA CJIOKHOTO BelecTBa. Paccuurtaiite MOJISIpHBIE MacChl K-
BHUBAJICHTOB CJICIYIOIINX BEIIECTB: AJIFOMUHUIN; TUAPOKCHUI KaJbITUS;
opTodocdopHas kuciora, cyibdar xpoma (111).

1.5. 3akon ABoraapo. Crneactsue u3 3akoHa Aporaapo. Kakoit
00beM MPU HOPMAIBHBIX YCIOBUAX 3aHUMAIOT: a) KUCJIOPOJ Maccou 4
rpaMmma: aMMuak maccou 51 rpamm ?

1.6. Uucino ABoranpo. CKOJBKO MOJEKYJ COAECPKHUTCS B 3 MII
BOJIOPOJIa MPU HOPMAJIbHBIX yCHOBUSIX? CKOJIBKO MOHOB HATpHUsl CO-
nepxkurcs B 10 rpamMax ruipokcuia HaTpus?

1.7. Yucno ABoragpo. B kakom koymuecTBe (MOJIb) BeIIECTBa
cynb(daTa Kaius COACPKHUTCI: a) 3,01x10%° aromos KHuciaopoaa; 0)
3,01x10* aTomoB Kanus; B) 16 rpamMmoB cepbl?

1.8. [laWiTe omnpeneneHMe SKBUBAJCHTA IIPOCTOTO BEIIECTBA;

CJIO)KHOI'O BellecTBa. PaccuuTanTe MOJISIPHBIE MACChl SKBHBAJICHTOB
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clIenyomux BemiecTs: ruapokeun xenesza (I11); cepnas xucmota; Oa-

pH; HUTPAT aJTFOMUHUS.

1.9. ®ochop obpaszyer aBa pa3IMyHBIX 110 COCTABY XJIOpHA:
PCl; u PCls. DxBHBaNEHT KaKoro 3JieMEHTa COXPaHSIETCS B 3TUX CO-
€AUHEHUSX TOCTOSIHHBIM: (hocopa uiu xjaopa? OTBeT 000CHYMTE.

1.10. BriOepurte npaBuiibHBIC 3HAUYCHHUS DKBHUBAJICHTHBIX 0O0Be-
MOB KHCJIOpPOJa U BOJAOPOJa MPU HOPMANIBHBIX YCJIOBUsAX:  a) 11,2 1
O,u 224n1H,; 06)11,210,ull,2n1H,; B)56n10,ul1l1,21H..
OTBeT 00OCHYMTE.

1.11. OquHakoBa 1y MOJISIpHAsl Macca SKBUBAJICHTA JKEJe3a B CO-
enuHeHMIX FeSO,u Fey(SO4)3? OTBeT 000CHYHTE pacueTaMu.

Paccunraiite MOJISIpHBIE MAacChl SKBHUBAJICHTA CIIEAYIOIIUX CO-
equHeHuit: okcun yriepona (IV); yronpHas kuciora; kapooHaT Xpo-
ma(lll); ruapoxcua xpoma(lll).

1.12. Paccuuraiite MOJISIpHBIE MAacChl SKBUBAJICHTA CJIEIYIOIIAX
coeauHeHuit: optodocdopHas kuciora; oprodocdar Oapus; OKCHUI
dbochopa(V), rugpoxcua 6apusi.

1.13. Onpeaenutb MOJISIPHbIE MACChl SKBUBAJIECHTOB MeETAJljia U
cepsl, ecnu 3,24 © mertanna oopazyror 3,48 T okcuga u 3,72 T Cylib-
buna.

1.14. BelunucauTh MOJIIPHYIO MacCy SKBHBAJIEHTa AJIEMEHTA, OK-
CHJT KOTOPOTO COJEPKUT 22,2% Kuciopoa.

1.15. BplunCauTh aTOMHYIO MacCy JBYXBAJCHTHOIO METaJIa U
ONpPENEINTh, KAKOW ATO MeTal, eciau 8,34 r MeTaniaa OKUCISIOTCS
0,680 1 kuciaopoaa (H.y.).

1.16. Jlns pactBopenus 16,8 r meramia moTpedoBaiocs 14,7 T
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cepHOM KUCIOThI. OnpenenuTh MOISIPHYIO MacCy 3KBUBAJICHTa METaJ-

Ja 1 00beM BBIJICIMBILETOCS BOJIOpoa (H.Y.).

1.17. Kakoit 00beM Kuciopoja (H.y.) moTpedyeTcs s peakiuu
c 15 r s;memeHTa, MOJIIpHasE Macca SKBUBAJIIEHTA KOTOPOro paBHa 3
I/MOJIB-7KB?

1.18. BbryuciauTh MacCOBYIO JI0JIFO METAJIJIa B €r0 OKCHUJIE, €CIIH
MOJISIpHAs Macca SKBUBAJICHTa MeTaslia paBHa 56,2 1/MOJIb-2KB.

1.19. Ilpu HOpMaNbHBIX YCIOBUAX | T BO3AyXa 3aHMMAaET 00beM
773 mu1. Kakoit 00beM 3aliMET Ta K€ Macca BO3AyXa Mpu 0°C u JaBJie-
HuM, paBHoMm 93,3 klla (700 MM pT. CT.)?

1.20. JlaBieHue raza B 3aKpbITOM COCYJE IpHU 12°C paBHo 100
klla (750 MM pT. ct1.). Kakum ctaHeT naBiieHue rasa, €Cjid HarpeTh co-
cyad 10 30°C?

1.21. Ilpm 7°C nasnenue rasa B 3aKpBITOM cocyae paBHO 96,0
klla. Kakum cTaHeT naBieHue, eciid OXJIaguTh COCY 10 -33°C?

1.22. ITpu naBnenun 98,7 xlla u Temnepatype 91°C HEKOTOPOE
KOJIMYECTBO Ta3a 3aHumaeT oobem 680 mu. Halitu oObem raza mpu
HOPMAaJIbHBIX YCIOBUSIX.

1.23. Kakue ycioBusi Ha3bIBalOT HOpMaJIbHBIMU? Paccuuraiire,
CKOJIBKO JINTPOB KHUCJIOPOJa, U3MEPEHHOTO TP HOPMAaJIbHBIX YCIOBH-
X, oOpa3yercs npu pasziiokeHnn 2 Moib O6eptoseroBoit comm KCIO;
¢ oopazoanuem KCl u O,?

Paznen 2. Ctpoenue aroma. Ilepuoanveckas cucrema
xuMuyeckux iemMenToB .M. MenaeiieeBa

2.1. Oxapaktepu3yiTe COCTaB aToMa (KOJIMYECTBO IPOTOHOB,

HEUTPOHOB, JEKTPOHOB) U HANUIIUTE MOJHBIE 3JIEKTPOHHBIE (HOpMY-
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Jbl aTOMOB CJICAYIOUIMX 3JIEMEHTOB: YTJIEPOJ; XJIOP; MBIIIBSIK; MO-
TuOAEH; CBUHEI. YKaXUTE€ HOMEP BHEIIHErO JIEKTPOHHOTO CJIOS JJIsI
KKJIOT0 M3 yKa3aHHBIX aTOMOB 3JIEMEHTOB, YHCJIO 3JICKTPOHOB BO
BHEIITHEM CJIO€.

2.2. B3auMOCBSI3b MEXKIY CTPOCHHUEM atoma U CTpykTypou Ile-
PUOANYECKOUN CUCTEeMBbI XuMuueckux diiemeHToB J.M.Menneneesa. Ha
YTO YKa3bIBAIOT: ) MOPSIAKOBBIM HOMED AJIeMEHTa; 0) HOMEp mepuoa,
B KOTOPOM HaXOJUTCs dJeMeHT? UeMm ompeensieTcsi YMciao 3JIEMEHTOB
B TOM WJIH MHOM Iiepuojie? DIIeMEHThl KaKuX CeMeucrTB (S-, p-, d-, f-
AJIEMEHTHI) HAUMHAIOT 1 KaKue - 3aBepIIaroT 10001 nepuo’?

2.3. Kakue snemenThl (Mcxoas U3 Kiaccudukamuu S-, p-, d-, f-
AJIEMEHTHI) 00pa3yloT TJIaBHbIE U KaKue — MOOOYHBIE MoArpynmbi? B
yeM MpUHIUNHUATIbHAS pa3HUIla B 3alOJIHEHUW BHEIIHETO W Mpe-
BHEIITHETO JJICKTPOHHBIX CJIOEB MEXKIY 2JIEMEHTaMHU TJIaBHBIX U TO-
0ouHbIX TOATpyI? Kak 3T0 Cka3bIBaeTCs Ha CBOMCTBAX DJIEMEHTOB?

2.4. Yto Takoe OTHOCHUTEIbHAS SJEKTPOOTPUIIATEIHLHOCTh aTO-
MOB 3JIeMeHTOB? Kak M3MEHseTCs 3Ta XapaKTepHUCTUKa IO MepUoiam
U 1O TPYIIaM y 3JIEMEHTOB TJIABHBIX MmoAarpynn? Pacmonoxute 3iie-
MEHTBI B TOPSJKE YOBIBAHUS OTHOCHUTEIBHOM AJIEKTPOOTPHUIIATEIIHHO-
ctu: ochop, XJI0p, KUCIAOPOA, MBIIIBIK, HATPUIN, MarHUH.

2.5. Oxapaxktepu3zylte cocTaB aroma (KOJMYECTBO IMPOTOHOB,
HEUTPOHOB, AJEKTPOHOB) M HAIHUIINTE MOJHBIE JIEKTPOHHBIC (POopMYy-
JIBI CIEIYIOMIMX SJIEMEHTOB: KUCI0po, dhocdop, TUTaH, cypbMa, BHUC-
MyT. YKaXUTE HOMEP BHEIIHETO 3JEKTPOHHOTO CJOS JUISl KaX0ro U3
yKa3aHHBIX 3JIEMEHTOB, YUCJIO 3JIEKTPOHOB BO BHEIIHEM CJIOE.

2.6. Uto sBIISIETCSI OCHOBOM JJIs pa3/ieJICHUs 3JIEMEHTOB Ha Me-
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TaJyIbl M HeMeTasuibl? OxapakTepu3yuTe MOJIOKEHUE METAaJIOB B Ie-

puonnueckoit cucreme snemeHToB J.M.Menneneea. Kakue mMeranibl
SBJISIOTCS HanbOoJiee akTUBHBIMU? [louemy?

2.7. YUro Ha3wiBaeTca okuciaureneM? Kak M3MEHSIOTCA OKUCIH-
TEJbHBbIE CBOMCTBA B MEpPUOJAX M TPyINIax y aTOMOB 3JIEMEHTOB
[JIABHBIX MOATPYII? ATOMBI KaKUX 3JEMEHTOB MPOSIBISIOT HanboJiee
BBIPAYKEHHBIE OKUCIIUTEIIbHBIE CBOMCTBA?

2.8. Uro Ha3zbiBaeTcd BoccTaHoBUTENIEM? Kak M3MEHSIOTCA BOC-
CTAHOBUTEJILHBIE CBOMCTBA B MEPUOJaX U I'PYIMax y aTOMOB AJIEMEH-
TOB TJIABHBIX MOArPyNnn? ATOMBI KaKMX 3JEMEHTOB MPOSBISIOT HAU-
0oJiee BRIpAXKEHHBIE BOCCTAHOBUTENIbHBIE CBOMCTBA CBOMCTBA?

2.9. Kakue BaxHEHIIIME YaCTUIIHI BXOST B COCTaB sijipa aTroMa?
VYkaxuTe UX XapakKTepUCTUKH (3apsi, Macca). UTo Takoe U30TOMbI?
Kakue n30Tornbl Ha3pIBAIOTCS paanoakTuBHbIMU? [louemy y anemen-
TOB KOHIIA TEPUOIUUECKON CUCTEMBI (HAUMHAsI C KaKOTO 3JieMeHTa?)
BCE M30TOIBI paguoakTuBHbIC? [IpuMeHeHne N30TOMOB B OMOJIOTHH.

2.10. OxapakTepu3yinTe 1o MOJIOKEHUIO B IEPUOJUYECKOMN CUC-
TeMe 3JIEMEHTHI TyIaBHOU noAarpynmsl VI rpynmsl nepuoanueckoi
CHUCTEMBI Ha TIpUMepe Xjopa (3JeKTPOHHOE CTPOCHUE, BO3MOXKHBIE
CTETICHH OKHCIICHUS, BOJOPOIHBIC U KUCIOPOIHBIE COCTUHEHUS, UX
CBOMCTBA). B ueMm 3akiItouaroTcs v 4eM OObSICHAIOTCSI OCOOCHHOCTH
CBOMCTB (hTOpa?

2.11. OxapakTepu3yiTe Mo MOJOKEHUIO B MEPUOJIUYECKON CHUC-
TEME 3JIEMEHTHI TJIABHOM moArpymnmsl VI rpynmel nepuoguyecKoit
CUCTEMBl HAa MpUMEpEe cepbl (IEKTPOHHOE CTPOEHHUE, BO3MOYKHBIC

CTCIICHU OKHUCJICHUs, BOLJOPOAHBIC WM KHCJIOPOAHBIC COCIHHCHHA, HUX
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cBONCTBa). B yeM 3akitouaroTcs M 4eM OOBSCHSIOTCA OCOOCHHOCTH

CBOMCTB Kucyiopojaa?

2.12. OxapakTepuszyuTe no MOJIOKEHHUIO B TIEPUOJUUYECKON CHUC-
TE€ME 3JIEMEHTHI TJIaBHOW MOATrpYyIIbl V IPyMIbl MEPUOIAYECKON CHC-
TeMmbl Ha mnpumepe ¢ocdopa (JIEKTPOHHOE CTPOCHHUE, BO3MOKHBIC
CTEIICEHU OKHCJICHHUS, BOJOPOJIHBIC M KHUCJIOPOJHbBIC COCAUMHEHMS, UX
CBOKCTBa). B yeM 3akitouaroTcs M 4eM OOBSICHSIIOTCS OCOOCHHOCTH
CBOWCTB a30Ta?

2.13. OxapakTepu3yrTe MO MOJOKECHUIO B MEPUOJUYECKON CHC-
TEME DJIEMEHTHI TJIaBHOW moArpymnmbl VI rpynmbl nepuogudecKoit
CHUCTEMbI Ha IIpuUMepe yriiepoja (3JIEKTPOHHOE CTPOCHHUE, BO3MOKHbBIC
CTEIICHU OKMCJICHHUS, BOJOPOJIHbIC M KHUCJIOPOJHbBIC COCAUHEHMS, UX
CBOMCTBA). B ueM 3akiiro4aroTcsi 1 4eM OOBSICHSIOTCS OCOOCHHOCTH U
MHOT000pa3ue CBOMCTB COeAMHEHUH yTiiepoaa?

2.14. Yto Takoe OTHOCUTEIIbHAS JIEKTPOOTPHULIATEIBHOCTh aTO-
MOB 3jieMeHTOB? Kak M3MeHseTCs 3Ta XapaKTepUCTHUKA Y aTOMOB dJie-
MEHTOB TJIABHBIX M MOOOYHBIX MOArpyNn? PacmoyioKute 3JIeMEHTHI B
nopsiike yObIBaHUS OTHOCUTEIBLHON 3JIEKTPOOTPUIIATEILHOCTH: Kallb-
i, opom, drop, hocdop, KaTui.

2.15. Oxapakrepusyite cocTaB aTroMa (KOJIUYECTBO MPOTOHOB,
HEUTPOHOB, AJEKTPOHOB) M HAINUIIUTE MOJHBIE AJIEKTPOHHBIC (POopMy-
JbI CIEIYIONIMX DJEMEHTOB: a30T; BaHAJWM; CeJleH; WOJ; BUCMYT.
YkakuTe HOMEp BHEIIHETO 3JIEKTPOHHOTO CJIOS JJIsl KaKIOTo U3 yKa-

3dHHBIX 3JICMCHTOB, YUCJIO 3JICKTPOHOB BO BHCIIHEM CJIOC.
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Pa3nes 3. OCHOBBI TEPMOAUHAMUKHA XUMHUYECKUX

MPOoIECCOB
3.1. PaccuuTaiiTe KOJIMUYECTBO BEIllECTBA KUCIOPOJa, HEOOX0au-

Moe g nosydeHus 1000 x>k TermmoTel Mo peakuuu B CTAHIAPTHBIX
yenosusax:  2NO oy + Oy = 2NO; (), € yueToM, uTo

AH’5,(NO () = 90,3 kJx/Momb; AH’y,(NO; () = 33,5
KJ[>K/MOJIb.

3.2. BoasHolt ra3 npeacTaBiseT coboil cMech paBHBIX 00bEMOB
BoJioposa u okcuaa yraepoaa(ll). Paccunraiite Koau4ecTBO TEIIOTHI,
BBIJICTISIFOIIEHCST TIpU CokUTraHuu 112 71 BOASHOTO rasa, B3ATOrO IpHU
HOPMAaJIbHBIX YCIOBUSX.

3.3. 3aBucut JM TemIoBou 3(PEeKT peakiuu OT MPUCYTCTBUS B
cucteMe Katanu3atopoB? OTBeT 00OCHYHTE.

3.4. O0OBscHUTE, TOYEMY IIPOLIECCHl PACTBOPEHHUSI BEILIECTB B BO-
JI€ MOTYT CaMOIIPOU3BOJIBHO MPOTEKATh KaK C 3HIOTEPMUUYECKUM, TaK
U C DK30TepMHUUECKUM dPpeKkTom?

3.5. Beunciuts 3HaueHne AH ygg mtst IPOTEKAKOIMX B Opra-
HU3ME PEaKIU OKUCTIEHHUS TJIFOKO3bI:

a) CeH1206 () = 2CHsOH () + 2CO;

0) CeH1206 ) = 602 () + 6CO, () + 6H20 (4,

C YYETOM, UTO

AHC 16,(CeH 1206 ) = 1273 K JI/MOTB;

AH 5,(CoH50H (50) = -277,6 K JIK/MOTB;

AH’16,(CO, () = -393,5 KJIK/MOITB;

AH006p(H2O (x)) = -285,8 kJK/MOJIb.

Kakas 13 3TuUX peakiuil MOCTaBJISIET OpraHU3My OOJIbIIE DHEP-
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Tun?

3.6. Ha xauecTBEHHOM YypoBHE (HE MPOU3BOJAS BBIYUCICHUIN)
oGocHyiite 3HaK AS’ CIEAYIOMMX IPOLECCOB:

a)2COy ) = 2CO;p

0) 2NH3 y = Ny + 3Hyy

B) 2NO (y + Oz (n = 2NOy

3.7. Ilouemy mpu HHU3KUX TEMIEPATypax KPUTEPUEM, OMpPEIE-
JSIOIIMM HAMpaBJICHUE CaMOMPOU3BOJBLHOTO MPOTEKAHUS PEaKIuu,
MoxeT ciyxutb 3Hak AH’, a mpu BBICOKHX TeMmmepaTypax TakuM
KPUTEPUEM SIBJISIETCS 3HAK AS"?

3.8. Ob6ocnyiiTe, kakoB 3Hak AG mpoiiecca TasHUS JibAa MPU
temrepatype 263 K: a) AG <0; 0) AG = 0; B) AG > 0.

3.9. Coxoxensl ¢ oopasoBanneM HyO () paBHBIE 00BEMBI BOJOPO-
7la ¥ alleTHIICHA, B3SAThIC TIPU OJIMHAKOBBIX yCIOBUsIX. B kakom ciyuae
BBIJICJIUTCS O0JIbIlIe TEII0Th? Bo ckonbko paz?

AH006P(C02 m) = -393,5 k[x/MOb;

AH’5,(H20 (1)) = -241,8 JIx/MOb.

AH 5,(CoH, (1) = 226,8 KJIK/MOIT;

3.10. Kakue u3 mepedyucieHHbIX OKCHUJIOB MOTYT OBITh BOCCTa-
HoBJeHb! amomMuaueM npu 298 K: CuO, FeO, CaO, Cr,03, Sn0O,. Ot-
BET MOATBEPAUTE pacueTaMH.

3.11. Kakue u3 cieayronmx TepMOJUHAMUUECKUX (PYHKIIMM OT-
HOCATCS K (PYHKIHSIM COCTOSHHS CHCTEMBI: TEIUIOTa, SHTAJBITHS, JH-
Tpomus, paboTa paciupeHus ra3a, cBoooiHas sHeprus [ mo6oca?

3.12. Ilpu obpazoBannu 1 Moms razooo6pasnoro HF u3 mpocteix

BemecTB BeAenmioch 270,7 k/[x Temiorel. Uemy paBHa cTaHJapTHas
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SHTAJIBIINS 00pa3zoBaHus HTOPOBOIOPOAA?

3.13. Beruucnurs U3MEHEHHE CTaHAAPTHOW SHTAIBIINU CIIECIYO-
X PEAKIUAM:

a) CoHg(r) + 3,5 O,(r) = 2CO,(T) + 3H,0(x)

0) CoHsOH(x) + 30,(1) + 2CO,(T) + 3H,0(k)

3.14. B cMmecu, cocrosieit u3z 22,4 1 ¢ropa u 44,8 1 Bojgopoa,
npousonuia peakuus. OnpeaeanTb U3MEHEHUE CTaHJIapPTHOW AHTalb-
AU PEAKIIUH.

3.15. Yka3arb 3HaK U3MEHECHUS SHTPOIIMH B ITPOLIECCAX:

a) cropaHue BOJ0POa;

0) pasmo’keHue BOIbI HA BOJIOPOJI U KHUCIOPO;

Y 3HaK U3MEHEHUSI DHTPOMHUH B CICIYIOIIUX PEAKIIUIX:

a) NH3(r) + HCI(r) = NH4CI(TB)

0) COCly(r) = CO(r) + Cly(1)

B) PCl3(r) + Cly(1) = PCls(1)

r) Na(r) + 3H,(r) = 2NHj(r)

3.16. JIns Kakoro COCTOSHHUSI CHCTEM CHPaBEIJIUBO COOTHOIIIE-

Hue AH = T-AS? [Ins xakux peakuuid 3TO COOTHOLICHUE HEBBINOJ-

HAMO HU MPU KAKHAX YCIIOBUAX?
3.17. Bo3M0oHO I Ipu CTaHAApTHBIX ycioBusx (298 K) camo-
MIPOM3BOJIBHOE MTPOTEKAHUE PEAKIINU

Hy (1) + Cly(r)= 2HCI(r), ecnu AHp-1tuu = — 185 xJIx/Momb 1
ASp-tun= 20 JIx/(monb - K).
3.18. Bpruucauth BENMYMHY MU3MEHEHUSA CTAaHIAPTHOM SHEPTUU

['ubb6ca u ompeaeauTh BO3MOXKHOCTh CaMOIPOU3BOJILHOTO MPOTEKa-

HHA PCAKIINHA
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Fe,O3(tB) + Hy(r) = 2Fe(tB) + 3H,O(T) nipu TemnepaTtypax

300 K u 800 K.

3.19. CpopmynupoBaTh yCI0BHS CaMOIIPOU3BOJILHOI'O ITPOTEKa-
HUS PEaKIUi, COITPOBOKIAIOIINXCS:

a) yBEJIIMYEHHUEM DHTPOIIMH 1 SHTAJIBIINH;

0) YMEHBIIICHUEM SHTAIBIIMU U SHTPOIIHUH;

B) YBEJIMYECHUEM PHTPOIUU U YMEHBIIICHUEM SHTAJIBIINY;

I') YMEHBIICHHUEM SHTPOIUU U YBEJIMYEHUEM SHTAIBIIUU

Pa3znen 4. CkopocTb XMMM4YECKOH peaknuu. XUMHYECKOe
paBHOBeECHE

4.1. Kak 3aBHCUT CKOPOCTh XMMHUYECKOW pEAKIMU OT KOHIICH-
Tpalui pearupyromux BemectBs? Paccuuranre, BO CKOJIBKO pa3 yBe-
JIMYUATCS CKOPOCTh PEAKIIMHA B3aUMOJICHCTBUE CEPHOU KUCIIOTHI C TH]-
POKCUAOM HaTpusi IMpPU YBEIMYCHUU KOHIIEHTpaluil 00OMX pearu-
PYIOIIMX BEMIECTB B 2 pasa.

4.2. OkuciaeHrue aMMuaKa uAET MO YPaBHEHUIO:

2N H3 @) + 202(r) = NZO(F) + 3H20(r)

3anucaTth MaTEMATUYECKOE BBIPAKEHUE 3aBUCUMOCTU CKOPOCTH
ATOM PEaKLUUU OT KOHILIEHTPALUM pearupyroumumx BeuecTtB. Paccuu-
TaTh, KAK MU3MEHUTCS CKOPOCTh JAHHOW pEaKIMd IPU YMEHBIICHUU
KOHIICHTpAIMU KUCJIOPOJa B 5 pas.

4.3. Kak n3menntcs ckopocTb peakiyuu 2NO i+ O y—2 NO; (p,
eciu a) YBEJIMYUTH JIaBJICHUE B CUCTEME B 2 pasa,

0) YMEHBIIUTHh 00BEM CUCTEMBI B 2 pasa,

B) IMOBBICUTH KOHIIeHTpaIrio NO B 2 pa3a,
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') HOBBICUTH KOHIIeHTpamuo O, B 2 paza?

4.4, Kak 3aBHCHUT CKOPOCTh XMMHUUYECKOM peakIuyd OT TeMIepa-
Typbl? Kak M3MEHUTCS CKOPOCTh HEKOTOPOM XUMHUYECKOW peakiuu
npu yBeamueHuu temmepartypsl ot 40°C no 70°C, ecnu Temneparyp-
HBIH KOA(DGUITMEHT peakIuy Y UMEET 3HAaUCHHE:

a)y=2; 0)y=3; B)y=4

4.5. [lpu yBenuyeHUM TeMIepaTyphbl Ha 80° CKOPOCTb pEaKIuu
BO3pociia B 256 pas. Paccuutarh TemmeparypHbiii KO3(phUIIMEHT CKO-
pPOCTH JaHHOW XUMHYECKOU PEaKIIUH.

4.6. Kakue u3 BBIINIENEPEUNCICHHBIX PEaKIIUi TOMOIreHHBIC, Ka-
KHE — TeTepOoreHHbIe?

a) 2CO(F) + 02 T 2C02(r) 6) CH4 (r) + 202 (r) —> C02 (r) + 2H20(r)
B) C&CO3(TB) — CaO(TB) + COQ(F) F) C(TB.) + COQ(F) — ZCO(F)

Hanucate ypaBHEHMS, XapaKTepU3YIOIIHME 3aBUCUMOCTh CKOPO-
CTH JAHHBIX XMMHMYECKUX PEAKIMi OT KOHIICHTpAIMH pearupyronmx
BEIIIECTB.

4.7. KoHCTaHTa CKOPOCTH pEaKIuu A +2B — AB, paBHa
2 - 10 *° n/monb-cex; ONpEJICNIUTh CKOPOCTh PEAKIUM B HadalbHBIN
MOMEHT, €CJIM KOHIICHTpalusl BemiecTBa A, paBHas KOHIICHTpaIUU
BemiectBa B, cocrtaBiser 0,4 MOJb/; ONpENeNauTh CKOPOCTh 4depe3
HEKOTOPOE BpeMsl T , €CJIM K 3TOMY BpeMeHHM oOpaszoBaiioch 0,1
Moub/1 AB,.

4.8. Kunetndyeckoe ypaBHEHUE XUMUUYECKOW peaKIui UMEET BHU]T
v=k - Cs Cg. Kak u3MEHUTCS CKOPOCTh PEAKIIUU MIPU YBEIUUYCHUU
KOHIIEHTpanuii BemecTB A u B B 2 pa3za? MI3MeHuUTCS JIn pU 3TOM

KOHCTaHTa CKOPOCTH PEAKIINU?
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4.9. Yto Ha3bIBAETCSI CKOPOCThIO XUMHUUYECKOM peakiuun? Kak 3a-

BHUCHUT CKOPOCTb pEaKIMKU OT TeMIepaTtypbl? PaccuuTaiite, uemy paBeH
TeMrnepaTypHbli KOd((UIIMEHT peakiuu Y, €CIU MPU YBEIUYECHUU
temneparypsl oT 40°C 1o 60°C ckopoCTh peakuuu Bo3pocia B 6,25
pasa.

4.10. Yto Takoe SHEpPrusi aKTHBAIMW PEArupyrolUX BENIECTB?
BiusiHue kaTaiau3aTOpOB Ha BEJIMYMHY SHEPrUM akTUBaluv. Mexa-
HU3M MPOTEKaHUS PEaKIMU B MPUCYTCTBUU KaTaiu3aropa. OepMeHTHlI,
UX OMOJOTuYecKas poJb.

4.11. Kak 3aBUCUT CKOPOCTh XHUMHYECKOU PEaKIIMU OT KOHIICH-
Tpaluu pearupyrommx BemiectB? Paccunraiite, BO CKOJBKO pa3 yBe-
JUYUTCS CKOPOCTh PEaKIMU B3auMojeucTBUs opTodhocPopHOM Ku-
CJIOTHI C THUIPOKCHUAOM Kajus (C oOpa3oBaHMEM CpEIHEH COJi) TMpHU
YBEJIMUYCHUHU KOHIIEHTPAIIUY 000UX pearupyroliux BEnecTs B 3 pasa.

4.12. Yto Ha3bIBaeTCs XUMUYECKUM paBHOBecueM? Cdhopmyiu-
pyiite npunuun Jle-Illatenbe. OOBsicHUTE, B KaKOM HaIpaBJICHUHU
CMECTHUTCS] PABHOBECUE B CUCTEME

2C0ra3 + O2ra3 A 2C02ra3 , AHO <0

a) IpYU YBEJIWYEHUU JTaBJICHUSI; 0) nMpu yMEHBIICHUU TEMIIE-
parypsi; B) Npu yBenn4eHur KoHeHtpauuu CO,.

4.13. Yto Ha3bIBaeTCs XUMUYECKUM paBHOBecueM? Cdopmynu-
pyiite npunuun Jle-Illarense. OOBSICHUTH, B KaKOM HamNpaBICHUU
CMECTHUTCS] PABHOBECUE B CUCTEME

COpas + Cru 52CO,,,;  AH’ >0

a) TIPY YBEJIMYCHUHU JaBJeHUsI? 0) MpHU YMEHBIIICHUH TeMIepaTy-

pBI? B) pu yBenuueHun koHueHTpanuu CO,?
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4.14. Yto Ha3bIBaeTCs XMMHUYECKUM paBHOBecuem? ChopMyiu-

pyiite npunuun Jle-Illatense. OOBSICHUTH, B KaKOM HamNpaBICHUU
CMECTHUTCSI pABHOBECHUE B CUCTEME

4HCl s+ Oes 5 2Cl,+ H0; AH< 0

a) IpU YBEJIIMYECHUU J1aBJIICHUS; 0) mpyu yMEHBIICHUU
TEeMIEPATYPBHI; B) npu yBenuueHun KoHneHrpanuu Cl,.

4.15. Yro HazbiBaeTcs XxumMudeckuMm paBHoBecuem? Cdhopmynu-
pyiite npunuun Jle-Illarenbe. OOBSACHUTH, B KaKOM HampaBICHUU
CMECTHUTCSI PABHOBECHE B CUCTEME

250574, + Oy 5 2503,;  AH'<0

a) TIpY YBEJIMYCHUU TEMIIEPATYPHI; 0) Ipu YMEHBIIICHUU
JIaBJICHUS; B) IIpY YMEHbIIIEHUH KOHILIeHTparuu SO,.

4.16. Yto HazpIiBaeTCAd XUMHUUYECKUM paBHOBecueM? Cdhopmyiu-
pyite npunuun Jle-Illatense. OOBSICHUTH, B KaKOM HamlpaBJICHUU
CMECTHUTCSI pABHOBECHUE B CUCTEME

Coras + HZOras S COZra3 + H2ra3 ; AHO <0

a) NpY yBEJIWYEHUU JIABJICHUS; 0) mpu YMEHBIICHUU TEM-
IepaTypsl; B) Ipu yBeInueHUU KoHieHTpauuu CO,.

4.17. lath omnpeneneHue oOpaTUMON M HEOOpaTHMOM peaKIUH.
Kakue peakuyu sBJISIIOTCS HEOOpATUMBIMU ?

4.18. Uto Ha3bIBaeTCsl XUMUYECKUM paBHOBecueM? Ilouemy oHO
Ha3bIBaeTCsl AuHamMudyeckuM? Kakve KOHUEHTpAlluy pearupyrommx
BEIIIECTB HA3bIBAIOT PABHOBECHBIMU? BbIpaxkeHue isi KOHCTAHTHI
paBHOBecus. [IpuBeaute nmpumep.

4.19. Yto Ha3pIBalOT KOHCTAHTOM XMMHYECKOTO pPaBHOBECHS?

Kak 3aBuCHT OHa OT MPHUPOJBI PEATUPYIOIIUX BEIIECTB, UX KOHIICH-
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Tpaluu, TeMrneparypsbl, AaBjieHus? KakoBbl 0COOCHHOCTH MaTeMaTH-

YECKOW 3almcCH JIJI1 KOHCTAHTHl PaBHOBECHS B T'€TEPOTCHHBIX CHCTE-
Max?

4.20. Kak noBiusieT yBEJIMUYCHHUE JABJICHUSI Ha paBHOBECUE 00-
patumoii peakuuu Fe,03 (k) + 3 CO(r) 52 Fe(x)+ 3 CO, ? Hamu-
caTh BBIpOKCHHUE JJIsI KOHCTAHTHI paBHOBECHS TAHHOW PEaKITUu.

4.21. Kak MoBIUseT IMOBBIIIEHUE TEMIIEpAaTyphl HA PaBHOBECHE
oOpaTtumMoil peakiuu

CaCOs3 (x) S CaO(x) + CO; (r); AH® =171.,4 x/]x.

OTtBeT 00OCHYMTE.

Pa3pnen 5. PacrBopsl. PactBopumocts. Ilpupoaa npo-
neccoB pacteopeHusi. Croco0ObI BhIPAKEHUA COCTABA pPac-

TBOPOB
5.1 Knaccudukanus IucnepcHbIX CUCTEM IO IPU3HAKY arperar-

HOTO COCTOSIHUSL M UCXOJSl U3 Pa3MEpOB YacCTHUIl AUCIEPCHON (a3bl.
JlaTe onpenenenue rpy00IUCHEPCHBIX CUCTEM, KOJJIOUIHBIX CHUCTEM,
VMCTUHHBIX pacTBOpOB. [IpuBecTr nmpumepsl.

5.2. Kakue cucrembl Ha3bIBalOTCS KOJUIOWIHBIMU? B yem mpu-
YMHA YCTOMYMBOCTU KOJUIOMIHBIX cHUCTeM? [laTh omnpeneiieHue noHs-
TUN: MEeNTU3alus, Koaryasuus, ceaiuMenTaiusa. @akTopbl, ciocoOCT-
BYIOIIIME KOATYJISALUU KOJUIOUAHBIX CUCTEM.

5.3. OxapakTepu3oBaTh CTPOCHHUE MUIIEIIIbI, 00pa30BaHHOU MPH
B3aMMO/JICCTBUM XJIOpUJa Oapusi C CEpHOU KUCIOTON B MPUCYTCTBUU
n30bITKa XJopuaa 6apus. Kakoit 3apsi npuoOpeTyT KOJUTOUHBIE Yac-
tuipl? Kak npenoTrBpatuTh nentus3anuio ocajaka? Kakue moHbI, BXO-

JAIUC B COCTAB CUJIBHOI'O JJICKTPOJINTA, MOT'YT BbI3BATh KOAIr'yJIAIINUIO
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KoJutougHOM cucteMbl? Kak 3aBUCHUT Koaryiaupyroiasi CliocOOHOCTb

MOHOB OT UX 3apsija?

5.4. Yro HazmiBaetcs pactBopom? Kitaccudukaiusi pacTBOpOB
1o arperatHomy coctosiHuto. [Ipumepsl. Kputepun, mo KOTopbIM BbI-
nensiercst pactBoputenb. [IpuBenure npumepsl.

5.5. PactBopuMOCTb. 3aBUCUMOCTh PAacCTBOPUMOCTH OT (PaKTo-
POB: PUPOJIBI BEIIECTB, TEMIIEPATYPHI, JaBICHHUS.

5.6. TemnoBbie 3¢ dexTsl npu pacTBopeHuu. IIpupoaa mporiec-
coB pacTBopeHHsi. O 4YeM CBHUJICTEJILCTBYET BBIJICIICHUE TEIUIOTHI B
npolecce pactBopeHusi? B kakoM ciydyae Mpolecc pacTBOPEHUS CO-
MIPOBOXKJIACTCSI BBIACICHUEM DHEPTUH?

5.7. PactBopumocTts. Knaccuduxaius BEmecTB no pacTBOPUMO-
ctu. PazbaBnennbie pactBopbl. Hacwimenubsie pactBopbl. Ilepecsi-
IIICHHBIE PACTBOPHI.

5.8. YkaxuTe cTraguu, Ha KOTOPHIE YIPOIIEHHO MOXHO pasje-
JUTh TPOLIECC PACTBOPEHUA BemlecTBa B Boje. Kakas cragusa s
OOJIBIIIMHCTBA COJICH SBJISIETCS SHIOTEPMHUUECKUM, a Kakasi - 9K30Tep-
MHYECKUM MPOILIECCOM?

5.9. TloueMy Bce KHCJIOTBHI M IIEJTOYU PACTBOPSAIOTCS B BOJIE C
BBIJICJICHUEM TEIlJIa, a OOJIBIITMHCTBO COJICH — C MOTJIoMeHUuEM?

5.10. YUto BbIpakaeT MoOJsipHasi KOHIEHTpauus pactBopa? Pac-
CUMTAWTEe MacCcy THAPOKCHIA HATPHUs, HEOOXOIUMYIO ISl MPUTOTOB-
nenust 300 M 2M pactBopa 3TOro BemectBa. ONUINKTE MPOLECC
IPUTOTOBJIEHUS PACTBOPA.

5.11. Kakoit o6bem 5M pacTBOpa a30THOM KHCIOTHI HYXKHO

B3ATh Jiisi mpurotoBieHust 10%-Horo pacTtBopa 3TOro BEIIECTBA
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(mtotHocTh 1,06 r/mit) o6bemom 600 mi? OnuimmTe OPOILECC MPUTO-

TOBJICHUS PacTBOpA.

5.12. Yto BbIpaxkaeTr HOpMajbHas (3KBUBAJICHTHAs1) KOHIIEHTpa-
1us pactBopa? PaccuurtaiiTe HOpMaJIbHYIO KOHILIEHTPAIMIO PacTBOpA,
noiaydyeHHoro cmemienneM Na,COs; maccoit 10,6 T ¢ Bojioit 00beMoM
300 ma (mmmotHOCTh BoAbI 1,0 r/mi). IINMOTHOCTH MOJNYYEHHOI'O pac-
TBOpa MPUHSATH paBHOil 1,1 r/miL.

5.13. Kakoit o0bem 40%-HOTO pacTBOpa CEPHOW KHUCIOTHI
(totHOCTH 1,25 /M) HYXKHO B3sITh Juis ipurotosieHus 100 mu 2M
pacTBopa 3TOro BelecTra’?

5.14. Kakoit 06bemM 6M pacTBOpa CEpHOM KUCIOTHI HY>KHO B3SITh
s npurotoBiieHus 20%-HOro pacTBopa 3TO BelecTBa (IIOTHOCTH
1,12 r/mi) o6seMom 200 mi1? OnuimTe mporecc MpUroTOBICHUS pac-
TBOpA.

5.15. Kakoit o0beM 60%-HOTrO pactBopa optodocdopHOl Ku-
CJOTHI (IWIOTHOCTH 1,421/Mi1) HYXHO B34Th JJIsi ipurorosienus 300
MJ 2M pactBopa 3Toro BemiecTBa. ONMUIIUTE MPOIECC TPUTOTOBICHUS
pacTBopa.

5.16. Kakoit 06bem 40%-HOro pactBOopa THAPOKCHAA HATPHUS
(rotHOCTH 1,43 T/MJ1) HYXKHO B3SITh Ui ipurotosienus 400 mn 7M
pacTtBOpa 3TOro BemecTtBa? ONUIIKMTE MPOIECC MPUTOTOBJICHUS pac-

TBOpA.

Pa3nen 6. PacTBopsbl. Teopusi 3J1eKTPOJUTHYECKOM
AUCCOUMAIMU KUCJIOT, OCHOBAHUM U COJIeH B BOJAHBIX pac-

TBOpax. ['mapoJaus cojien
6.1. UTo Ha3bIBa€TCs CTENEHBIO AIEKTPOJIUTUUECCKON JUCCOLMA-
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1M, €€ 3HAUYCHHUE ISl CUIIbHBIX 3JICKTPOIUTOB, CJIA0BIX U JIEKTPOJIH-
TOB cpeaHer cuibl. OXapakTepU3yruTe CUIYy CICAYIOIIUX 3JICKTPOJIU-
TOB: CE€pHas KHUCJIOTa; TUAPOKCHUJ aTOMUHMS, HUTpar Oapus. Hamwm-
IIATE MPOUECCHl AJICKTPOJIUTHYECKON JUCCOLMALIMU ITUX COECIHHE-
HU.

6.2. CreneHb SJCKTPOJUTHYECKON AUCCOIMAIIUM, €€ 3aBUCH-
MOCTb OT (DaKTOpOB: a) MPUPOJIBI BEIIECTBA; 0) TeMIEepaTyphl; B) KOH-
LIEHTpAaLMHU pacTBOpA.

6.3. UTo Ha3bIBACTCS AJCKTPOJUTHUECKON auccouranuein? Yka-
JKUTE CUJIy BJICKTPOJIUTOB W HAMUIIUTE IMPOLECCH 3JIEKTPOJIUTHYC-
CKOM JUCCOLMAIUM CIEAYIOIMMNX COCAUHEHUN: CEpPOBOJOPOIAHAS KHU-
ciota; cyabdar meau (Il); ruapoxcun xxenesa (l11); cepaucras kucio-
Ta; TUIPOKCHU Oapusl.

6.4. Uto siBNseTCS ABWIKYIIEH CHUJION 3JIEKTPOJUTHYECKON THC-
cormanuu? Kak 3aBUCHUT CIOCOOHOCTH 3JIEKTPOJIMTOB K JUCCOIHAIIUU
OT BHJIa XUMHUUYECKOM cBsi3u? [lpuBenure npumepsl.

6.5. Yka3aTh, Kakue U3 NEePEUYUCICHHBIX COCIUHCHUMN SIBISIOTCS
AIEKTPOJIMTAMU Y HAIMUCATh YPABHEHUS UX BJICKTPOIUTHUYECKOUN JUC-
commammu: HNOj;, NaOH, FeCl;, C,HsOH, CH3;COOH, CgHg,
Al5(SOy)3, (CH3),0, CH3;COONHy,, H3PO,.

6.6. Uto Takoe koHcTaHTa aucconuanuu? Yem oHa oTiIHYaeTCs
OT CTEIICHU JUCCOLMAIMU U OT YEro 3aBUCHUT?

6.7. Uto Ha3pIBaeTCsl MPOU3BEACHUEM pacTBOpUMOCTH? KakoBbl
yCJI0BHS 00pa30BaHUS U PaCTBOPECHUS OCAJIKOB?

6.8. CocTaBUTh MOHHBIC W MOJICKYJISIPHBIC YPaBHEHHS CIICIYIO-

IAX PEaAKIUM:
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a) CH;COOH + NaOH = ...

6) Zn(OH), + HNO; = ...
F) CuSO, +H,S=...
I[) BaC03 + HCI = ...

6.9. Hamucarh B MOJIEKYJISPHOM M HOHHOM BHUJIC YPaBHECHHS
IPOLIECCOB TUAPOJU3a COEIUMHEHUU, OO0pa3yroumxcs B Ipolecce
B3auMozeicTBus : a) cyiabdarta xpoma (III) u xkapOonara Harpus 0)

HUTpaTa aTFOMUHHS U CyJIbpuaa Kaausl.

6.10. Kak Bauser mo6aBierue pactBopoB KOH, ZnCl, , Na,S,
coyistHOM KucioThl U TBepaoro NaCl Ha ruaponu3 xkapOoHaTa Kaaus
(Tuaposiu3 yCWIIMBAETCs, OClIaliseTcs, BIUSHUS He Habmromaercs?).

OTBeT 00OCHYMTE.

6.11. Kak Bauser noOamienue pactBopoB NaOH, Na,COsg,
Al>(SOy)s, ceproit kucinotel u TBepaoro K,SO4 Ha ruaposn3 xiopuaa
IIUHKA (TUAPOJIN3 YCUIIMBACTCS, OCIIA0IsCTCS, BIUSHUSA HEe HaOJI0/1a-

etcsa?). OTBeT 00OCHYHTE.

6.12. Hamucarhb B MOJICKYJISIPHOM W MOHHOM BHUJIE YpPaBHEHUS
Tpex ctagui ruaponnsa xjopunaa xenesa (II). OObscHUTH, mOUeMy
Py KOMHATHOM TeMIlepaType TUAPOJIU3 UAET TOJIbKO MO MEePBOM CTa-

AU, a ITPU KUILTYCHUU paCTBOpaA — I10 TPECM CTAAUAM.

6.13. B 0lHOMOJIApHOM PacTBOpPE HUTpATA IIUHKA BOJOPOIHBIN

nokazatenb (pH) paBen 2. Uemy paBHa cTeNeHb THAPOINU3a COJIH ?

6.14. Uto Ha3piBaeTcs ruaposn3oM? Kakue cosim moaBepraroTcs
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rugponusy? [lpu ruaponnse Kakux CoJIEU MPOUCXOoIUT u3mMeHenne pH

cpeanl? Hanuimure ypaBHeHUsT (B MOHHOM M MOJIEKYJISIpHON Popmax)
MPOIIECCOB TUIPOJIN3A CIACAYIOMINX COJICH: CYJIb(UT aTFOMUHUS; HUT-
pat meau (1) (mepBas cranus); HUTPUT Kanblug. OxapakTepuzyiTe
cpeny.

6.15. Uto Ttakoe BOgopoaHBIN Moka3arenb cpenabl (pH)? MaTep-
BaJIbl 3HAYE€HUN pH IJI KUCIBIX, HEUTPAIBHBIX U IIECTOYHBIX CPE.
CnocoOb1 u3mepenust pH. 3nauenus pH BakHEHIINX TPUPOIHBIX pac-
TBOpoB. Mcnonb3zoBanue pH mjist uzydeHus: OMOJOTrHYECKUX MPOILiec-
COB.

6.16. pH oanoro pactBopa paseH 3, apyroro 6. Onpeaenutb, B
KOTOPOM U3 PacTBOpoB 00beMoM 1 11 koHueHTpauus [H'] Gonbie u
BO CKOJIBKO pa3?

6.17. Beraucants [H'] B pactBope, eciu pH = 6,2.

6.18. Bermumciurs pH 0,01N pacTBopa YKCYCHOM KHCIOTHI.
CreneHp AuCCOMAAM KUCIIOTHI B pacTBope paBHa 0,042,

6.19. Omnpenemuts pH pactBOopa, B 1 1 KOTOPOro ComepKUTCS
0,1 r ruapokcuia HATpHUSI.

6.20. Kakue conu nogsepratorcs ruapoansy? Hanummre ypas-
HeHHs ( B MOHHOW U MOJIEKYJISIpHOM (hopMax) MpOLECCOB TUAPOIU3A
cinenyromux conei: xmopua xeneza(lll) (mepsas cragus); oprodoc-
dat Hatpus (neppas craaus); cyabdun xpoma (l11). Oxapakrepusyiite
cpeny.

6.21. Crenenp ruaponnsza. 3aBUCUMOCTb CTEIICHU THUIPOIU3a OT
(dakTOpoB: a) MpUPOJBI BellecTBa; 0) TeMIepaTyphl; B) KOHIIEHTpA-

IIMUA COJU B pacTtBope. Hamummre ypaBHEeHUS (B MOHHON U MOJIEKY-
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JsipHOM (popMax) MpOIECCOB TUAPOJIN3A CICAYIOIIUX COJICi: KapOOHAT
Kayus (mepBas CTaausi); HUTpAT IMHKa (mepBasi cTaausi); KapOoHat
xkenesa (111). Oxapakrepusyiite cpeny.

6.22. Kakue conm moasepraroTcs ruapoausy? Ilpu ruagponuse
KaKuX CoJIed MmpoucxoauT uameHenue pH cpenpl? Hanummre ypaBHe-
HUS (B MOHHOM M MOJEKYJIsIpHOM (hopMax) IMpoIEeCcCOB TUpOoJin3a
cieayroumx cojieit: opropocdar kamus (I cragus); Hutpar nuaka (|
ctaaus); kapooHat xene3a (l11). Oxapakrepusyiite cpeny.

6.23. B kakoM cllyyae mpoI1ecc TUIPOIn3a COIM SIBISETCS HEOO-
patumbiM? Hanuimure ypaBHeHUs (B COKpalleHHOW MOHHOM, HOHHO-
MOJIEKYJIIPHOM M MOJICKYJISIpHOM (¢opMax) MPOIECCOB THIPOJIN3A
CIICAyIONMX coiei: cynbhutr amomunus; Hurpat meau (1) (meppas

CTaI[I/ISI); HUTPUT KAJIbIIHA.

Pa3pnea 7. OKHuCJINTEIHLHO-BOCCTAHOBHUTEIbHBbIE PE€aAKIINU.
Psix CTAHAAPTHDLIX JJICKTPOAHLIX ITIOTCHIINAJIOB.
CpaBHI/ITeJH)Haﬂ XapakTepuCcTuKa ME€Ta1J10B.
B3aumoaenicTBHe KHCJIOT ¢ MeTALJIaMH

7.1. Kakue BeniecTBa Ha3bIBAaIOTCA BOCCTAHOBUTEIIMHU? Y KaXKU-
T€ MPOCTBIC M CIIOXKHBIE BEIIECTBA, SBIISIONMIMECS BAKHEHIITUMH BOC-
craHoButensiMu. I[logbepute crexumomerpuueckue KOIQOUITUEHTHI
(METOIOM 3JIEKTPOHHOTO OajlaHca), YKaKUTE OKUCIUTEIh U BOCCTAHO-
BUTEJIb B PEAKITUU:

Zn + K,Cr,0O;+ H,SO, — ZnSO, + Cr2(804)3 + K,SO,+ H,O

7.2. Kakmne BemiecTBa HA3BIBAIOTCS OKHCIUTEISIMH? YKaXKUTE
MPOCTHIC U CJIOXHBIC BEIIECTBA, SIBJISIONIMECS BaXXHEUIIMMU OKHUCIIH-

tensmu. [logbGepute crexmomerpuueckue Kod(PEGUIUEHTH (METOI0M
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AJIEKTPOHHOI'0 OajlaHca), YKaXHUTE€ OKHCIWTENIh U BOCCTAaHOBUTEIb B

pEaAKIUU:

K>S + KMnO,4+ H,SO, — S+ MnSO,4 + K,SO,4 + H,O

7.3, Tunbl OKUCIUTEIHLHO-BOCCTAHOBUTENIBHBIX PEAKIUNA: MEX-
MOJICKYJISIPHBIC, BHYTPUMOJICKYJISIPHBIC, JTACTPONOPIUOHUPOBAHUS.
[IpuBeauTe puUMeEpHI.

7.4. Cpenn coenuHenuii: xmopuna xene3a (II), xmopun xenesa
(I1T), MmeTamM4eckoe Kene30, CEPOBOAOPO, CYIb(PUT HATPUS, CEpHAs
KUCJIOTa — YKOKUTE BOCCTAHOBUTEIU, OKHCIUTEIU U COCAUHECHUS C
OKHUCINATEIHLHO-BOCCTAHOBUTEBLHON ABOMCTBEHHOCTHIO. OTBET 000C-
HYWTE.

7.5. ObocHyTE, KaKOM MPOIECC - OKUCICHNUE UM BOCCTAHOBIIEC-
HUE - IPOUCXOAUT B MPEBPAIIECHUSIX BEIIECTB:

a) 2FeSO, —» F92(804)3 b) F9203—> 2Fe C) NH; — NO

d) 2CI" — ClI, e) CIr—> CIO,, ) 210,—> |,

7.6. Victionb3ys psiJi akTUBHOCTU METAJIJIOB, YKAXUTE, KaKUe Me-
TaJUIbl B3aUMOJIEHCTBYIOT C BOJIOM: a) MPU OOBIYHBIX YCIOBUSX, 0) MpU
HarpeBaHWM, B) C MEPETPETHIM IAPOM, I') HE B3aUMOJCHUCTBYIOT IpHU
T00BIX YCIOBUAX. HamuimmTe COOTBETCTBYIONINE YCIOBUS PEAKIIHIMA.

7.7. Kakue mMeTtajuibl MOTYT B3aUMOJICMCTBOBATH C BOAOPOAOM?
Kakue CBOMCTBA, c TOUYKU 3peHusd OKUCIIUTEIBLHO-
BOCCTAHOBUTEJIBHBIX, MPOABJISIOT IPU 3TOM MeTal U Bogopoa? Ilo-
yeMy 0Opa3yromuecs MpU 3TOM THAPUIBI 00Jadal0T BBIPAKECHHBIMU
BOCCTAHOBUTEJIBHBIMUA CBOMCTBAMU?

7.8. Kakue CBOWCTBA, C TOYKHA 3PEHHUS OKHUCJIUTEIHHO-

BOCCTAHOBUTCIIbHBIX, ITPOABIISACT Jr00asi KHCJI0Ta II0 OTHOIIEHHIO K
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Metauty? B dem mpuHOMNUAIbHAS pa3HUIA MEXIY KHCIOTaMH Iep-

BOM M BTOpo# rpynnbl? Kakue u3 HUX 00ja1ar0T 00j1ee BhIPaKECHHBI-
MU OKUCJIUTEIbHBIMU CBOKMCTBaMH? B uem 3To nposBisieTcs?

7.9. B yeM 0COOEHHOCTH B3aUMOJICUCTBUS a30THON KHUCJIOTHI C
metamtamu? Jonummure ypaBHeHnue peakuun Al + HNO3 ja6—.. .,

noAOepUTe CTEXHMOMETPUUYECKUE KOAIDPULIMEHTH , YKaKUTE
OKHCJIUTENIb U BOCCTAHOBUTETb.

7.10. B yeM 0COOEHHOCTH B3aMMOJICHCTBUSI KOHIICHTPUPOBAH-
HOM CEepHOM KUCJIOTHI ¢ MeTajiaMu? Jlonuimmre ypaBHEHUE peaKIuu

Na + H,SO4 omn—- - -

noAOepUTe CTEXHOMETpUUECKHe KOAIDPUIIUEHTH (METOIOM
AJIEKTPOHHOIO OaJlaHCa), YKaKUTE OKUCIUTENIb U BOCCTAHOBUTEIIb.

7.11. ITouemy OyaropoaHbIe METAJIBI HE OKUCIISIIOTCS UHIAUBU-
TyalbHBIMA KOHIIEHTPUPOBAHHBIMU COJISTHOM M a30THOW KHCIIOTaMH,
HO OKHCJISIFOTCSI CMECBIO ATHUX KHCJIOT, TaK Ha3bIBAEMOM «IIapCKOM
BOJIKOM»? OTBET O0OOCHYHTE COOTBETCTBYIOIIMMHU YPaBHEHUSIMU pe-
aKIU.

7.12. B 4yeM 0COOEHHOCTh B3aMMOJCHCTBUS a30THON KHUCIIOTHI C
MeTayiamMu? JlomuimTe ypaBHEHHUE PEeaKIIUU

Ca+ HN03 paz6 7 -ees

noAOEepUTE CTEXUOMETpUUECKUE KOADPUIIMEHTHI (METOI0M
AJIIEKTPOHHOTO OallaHca), YKa)KUTE OKUCIUTEIb, BOCCTAHOBUTEIb.
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Pa3nes 8. OCHOBHBIE KJIACCHI HCOPTaHUYECKUX
coequHeHN. XUMHYECKHE CBOMCTBA OKCH/IOB,

KHMCJIOT, OCHOBAHMI1, COJIieH
8.1. Ykaxure, K KAKOMY THIy OTHOCATCS OKCHUJIBI: OKCHUJ| yTJIE-

poaa (IV); okcua kanbius; okcuj anomMuHus. Hanummre hopmyibi
COOTBETCTBYIOIIUX MM THUAPOKCHIIOB, HA30BUTE IMOJYYEHHBIE COEIIH-
HeHus. Hanuimre peakuyu, XapakTepHU3yOIMMEe XUMUYECKUE CBOMCT-
Ba TUJIPOKCHUAA ATFOMUHUS.

8.2. MoryT nu B3auMOJEHCTBOBATh MEXKIY COOOM: a) KHCIIOTa U
KUCJIOTHBIA OKCHJ? 0) KUCITOTHBIM OKCHUJI U OCHOBHBIN OKCHA? B) JiBa
OCHOBHBIX OKCHJA? T') KHCJIOTa U OCHOBAaHHE? J|) KUCJIOTA U COJb? €)
JIBE COJIU? 5K) KUCIIOTHBIA OKCUJ U COJIb? 3) KUCIOTHBIN OKCHJ U OC-
HoBaHue? Hanuimre ypaBHEHUSI BO3MOXKHBIX pEakIUi; AaiiTe HEOO-
XOJIMMBbIE TIOSICHEHUSI B OTHOUIEHUH YCIIOBHII U1 OCOOCHHOCTEHN MpoTe-
KaHUs MPOLIECCOB.

8.3. Hanmmmmure peakunu, XapakTepU3yIOIMe XUMHUIECKUE CBOM-
cTtBa: OopTO(OChHOPHON KHUCIOTHI; THIAPOKCHIA OapHsi; OKCHUJa CEphI
(VI); okcuma nuHKa.

8.4. Kakue mapsl BemecTB OyayT B3aMMOJCHCTBOBATH MEXKIY
coboii: okcua docdopa (V) u Boja; OKCHI KaJdblUs U THIPOKCHU] Ha-
Tpus; okcua yriaepoaa (1V) u ruapokcua 6apus; cojissHas KUCJIOTa U
xKene3o; cynb(dar MHKa U Meb; HUTpaTt cepedpa (1) u menn. Hamu-
IIUTE YPAaBHEHUSI COOTBETCTBYIOIIUX PEaKIIUi.

8.5. B ueM 0COOEHHOCTh CBOMCTB aM(OTEPHBIX OKCUJIOB U THUJ-
pokcusioB? OKCUIBI U THAPOKCHUIBI KaKHUX JIEMEHTOB 00JIaJaloT aM-
dboTepHbiMU cBoMcTBamMu? HanumnTe peaxkiuu, XapaKTepU3YHOLIue

aMm@oTepHbIe CBOMCTBA OKCHIA IIUHKA, THAPOKCUIa antoMudus. Hazo-
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BUTE MOJYyUYECHHbIE COCTUHEHHUS.

8.6. C KakuMU U3 HUKEIMEPEUHCICHHBIX BEIECTB OyJeT pearu-
poBathb okcup pocdopa (V): okcun yraepoaa (1V); ruapokcua kaaus;
okcua Maruus; cynbdat xene3a (111); Bona; azotnas kucnora. Hamu-
HIUTE YPABHEHUSI COOTBETCTBYIOMINX PEAKIUH.

8.7. Kakue oxcuabl Ha3bIBalOTCA KHUCIOTHbIMU? Hanummure
(bopMyJIbl BaXKHEUIIUX KUCJIOTHBIX OKCHUIOB U COOTBETCTBYIOIIMX UM
KUCIIOT. UTo oOpasyercs Nnpu B3auMOJEHCTBUM KUCIOTHOTO OKCHJIA C
BEILIECTBOM OCHOBHOTrO Xapaktepa? Hamuimurte ciepyronme ypaBHe-
HUS PCAKIIUN:

okcua azota(V) + rumpokcun 6apus

okcup dhocdopa (V) + okcua auThs

okcua kpemuus(1V) + rugpoxcun HaTpus.

8.8. Ykaxure, K KAKOMY THUITY OTHOCATCSI OKCUJIbI: OKCHUJI Oapus;
okcug dochopa (V); okena nunka. Hanummre hopmyibl COOTBETCT-
BYIOILIUX THAPOKCHUIIOB, Ha30BUTE MOJIydeHHbIE coenuHenus. Hamu-
HIUTE PEAKIMH, XapaKTepU3YIOIINe XUMUYECKUE CBOMCTBA THAPOKCH-
J1a IUHKA.

8.9. Kakue conu (Kucibie, CpeTHUE, OCHOBHBIE) MOTYT OBITh 00-
pasoBaHbl Npu B3auMojercTBuu ruspokcuaa xenesza () u cepuoit
KUCIOoThI? Hanuimre ypaBHEHHSI COOTBETCTBYIOIIMX peakunii. Hazo-
BUTE MOJYyYECHHBIE COJIH.

8.10. Kakue conu (Kucible, CpelHHE, OCHOBHBIE) MOTYT OBITh
o0pa3oBaHbl IPU B3aMMOACHCTBUN OpTO(POCHOPHON KUCTOTHI U TH-
pokcuna Meau(ll)? Hamummre ypaBHEHHS COOTBETCTBYIOIIUX PEaK-

unii. HazoBHUTE MOJTydEeHHBIE COJIH.
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Paznen 9. Xumuueckas cBsi3b. KoMIuIeKCHbIEC COeJUHEHUSA

9.1. Uto Ha3piBaeTCsi XUMUYECKON CBsI3bt0? OT 4YEro 3aBUCHUT
TUIl CBA3M MEXAY aTOMaMH B COCIUHEHUU? YKAXKHUTE TUI XUMHUYE-
CKOM CBSA3W MEXKAY aTOMaMU: BOJOPOJ U XJIOp; HATpUH U OpoMm; allro-
MHHUU U CEPA; KUCIOPO U KUCIOPOT; KEJIE30 U MapraHel.

9.2. KoBanienTHass xumuueckass cBs3b. [Ipupona crsazu. Mexa-
HU3MBI 00pa3oBaHus. [lokakuTe Ha KOHKPETHBIX MpUMEpax o0pa3o-
BaHME KOBAJICHTHBIX CBA3ed 1O OOMEHHOMY U  JOHOPHO-
aKIENTOPHOMY MexaHn3MaM. Kak Ha3bIBarOTCA COCIUHEHHS, B KOTO-
pbIX  NPHUCYTCTBYIOT  CBA3U, OOpa30BaHHBIE MO  JIOHOPHO-
aAKIENITOPHOMY MEXAaHU3MY?

9.3. Kakoil Tvn cBsI3u CIOCOOCTBYET OOpa30BaHUIO HEMOJIEKY-
JSIPHOW CTPYKTYpPbl COequHEHUW? KakoBbI CBOMCTBA COCIUHECHUN C
HEMOJIEKYJIIPHOM CTPYKTYpOU? YKAKUTE TUI XUMHYECKOW CBSI3H U
CTPYKTYPY (MOJIEKYISIPHYIO, HEMOJEKYJIAPHYIO) COCIUHEHUN MEXKIY
aTOMaMHM: cepa M KUCJIOPO; Kaabluil 1 OpoM; dhocdop u XJIop; a30T U
a30T; UWHK W [[UHK.

9.4. Temneparypsl kunenusi BF;, BCl;, BBr; u Bl; cooTBerct-
BEHHO paBHbI 172, 286, 364, 483K. O0bsicHuTe HaOJIIOJIaeMYI0 3aKO-
HOMEPHOCTB.

9.5. Mexny aToMaMi KaKuX 3JIEMEHTOB BO3MOXKHO 00pa3OBaHUE
MOHHOM cBs3u? Mcxoas U3 MpUpOJbl MOHHOW CBSA3U, OOBSICHUTE, MO-
YEeMy COOTBETCTBYIOIIME COCIUHEHHUS HWMEIOT HEMOJICKYISPHYIO
CTPYKTYpY, T.€. CYIIECTBYIOT B BUAE KPUCTAILJIOB.

9.6. Merannuueckass cBsa3b. Ilpupona cs3u. Kakue cBoiicTBa
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METAJJIOB OOYCIIOBJIEHBI OCOOCHHOCTSIMM METAJUIMYECKON CBS3U?

OO0oCHYyMTE OTBET.

9.7. UTto Ha3bpIBa€TCS XMMHYECKOM CBS3bIO? Mexay KakuMu
aToMaMu 00pa3yeTcs KOBaJIeHTHasi XUMHUYECKas CBI3b. ONMUIINTE TH-
bl (TossipHas. HenoJssipHas). [IpuBeaure npumepsl. CBOMCTBaA coenu-
HEHUI ¢ KOBAJICHTHBIM THUIIOM CBSI3H.

9.8. BogopoHasi cBsi3b KaK BaXKHEHIITUNA BUJT MEKMOJICKYJISIPHO-
ro B3auMojielicTBus. [Ipupona BogopoIHON CBA3U, HEOOXOIUMOE YC-
jJoBue oOpazoBaHusA. CTPYKTYyphl BEIIECTB C BOJOPOJHOU CBS3BIO.
buosiornueckas posb BOJIOpOAHOU CBs3U.I IpuMepHl.

9.9. Uto Ha3zwpIBaeTCS rHOpUAU3AIINCH IJIEKTPOHHBIX OpOUTaICH?

Bunbl rubpuauzanuu. [IpuBenure npumepsl.

9.10. - u m- cBsA3u. MexaHu3Mbl 00pa30BaHUs, IPOYHOCTH, MO-
Jsspu3yeMocTh. [IpuBenuTe npumepsl.

9.11. Kakne coemnHEeHUs Ha3bIBAKOTCA KOMIUIEKCHBIMU? Y KaXu-
T€ KOMIUIEKCHYIO YaCTHUIly, MPOTUBOMOHBI, KOMILJIEKCOOOpa30BaTEIIb,
€ro CTEMEeHb OKHCIICHUS, KOOPAMHAIMOHHOE YHUCIIO KOMILIEKCOOOpa-
30BaTelIsl, JUTAHIbl 1 HA30BUTE CIICAYIOIINE KOMIUIEKCHBIE COEIUHE-
HUS:

Nas/A1(OH)¢/,  [A9(NH3)o]Cl,  Ko[Cu(CN)4],  K/AuCly],
[Cu(H,0)4](OH),.

9.12. KakoBa mnpupoja CBSI3M B KOMIUICKCHBIX COCIWHEHUSIX?
VYKaxuTe KOMIUIEKCHYIO YacTHIly, MPOTUBOUOHBI, KOMILJIEKCOOOpa3o-
BaTelb, €r0 CTEICHb OKUCJICHMS, KOOPAMHAIIMOHHOE YHMCJIO0, JTUTaH IbI

U HazoBuTe cieayromue koMmiuiekcHele coeaunenus: [Al(H,0)q]Cls,

Ca[Cu(CN),], H[AuCl,], K[Ag(SCN).], [Ni(CO).].
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9.13. Hanucathe KoopAMHAIMOHHBIE (DOPMYIIbI, UCXOMSI U3 TOTO,

yto koopauHanroHHoe unucio Co (lll) paBHo 6, mis cienyronux co-
CIMHECHUM: a) CO(NOZ)g "6 NHs, 6) CO(N02)3 "3 NH;
B) CO(N02)3 "K' NO, 2 NHj F) CO(N02)3 '3 KNO,

9.14. Jlatp ompeneneHUe KOHCTAHThl HECTOWKOCTH KOMILICKC-
HBIX HMOHOB, NMPHUBECTH BBIPAKEHHE KOHCTAHTBhl HECTOMKOCTH  JIJIs
koMmIuiekcHoro coenuaenus [Zn(NHs)4] Clo.

9.15. KoHCTaHTBI  HECTOMKOCTH  KOMIIJICKCHBIX  HOHOB
[Ag(CN),]", [AU(CN),]™ , [Cu(CN),]  umeroT 3Ha4YCHHS, COOTBETCT-
BEHHO: 110 21, 510 39, 110" **. Kakoii u3 5THX HOHOB caMblii
npouHslii? Hanucath ypaBHEHHE NUCCOIMALIMM KOMIIJIEKCHBIX MOHOB
1 BBIp@XKEHUE JIJII KOHCTAHTHl HECTOMKOCTH ATHUX KOMIIICKCHBIX HO-
HOB.

9.16. Omnpenenuthb 3apsj KOMIUJIEKCHBIX HOHOB M COCTAaBUTH
bopMyIIbl KOMITIEKCHBIX COCIMHEHUM C MPUBEICHHBIMU HUXE KaTHO-

HOM HJIM aHUOHOM:

[Bi(3+)|4] [C0(3+)(H20)4C|2] [Cr(3+)(N Hs)sCl]
INiI®(CN),],  [Co®(NHa), (NO,)s]  [Pt*)(NHg)s (NOy)]
[Cu®)(NH3),]  [Cr®(H,0),Cl;] [Pt )(NH3) Cl3]

9.17. KoMIJIeKCHbIE KUCIIOTHI, OCHOBAHUSA, COJIU, HEAJICKTPOIIH-
ThL. YKaKUTE, K KAKOMY KJIacCy OTHOCUTCS KOMILUIEKCHOE COeIMHEHNE
u Hazosute ero: Na[AuCls], [Co[(NH3)e¢][Fe(CN)s], H[AuCl,],

[Cu(H20)4] (OH),, [PtBra(NHz)], [Cr(H20)4Cl],
[Cu(H20)6] SO4.

0.18. Hazosute xommiekcusie coeaunenus: K3[Co(NO,)e],

Cs[Ag(CN).],  Nas[AlFg], Nas[Ag(S203)2], [Zn(NH3)4](NO3),,
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[Co(H,0),(NH3)4]Cl, u HammmmTe ypaBHEHHS 3JICKTPOJIMTHUCCKOM

JUCCOIUAIUN ATUX COCANHCHUIM.

9.19. Tumnbl KOMIUIEKCHBIX COCIUHEHUM. YKAKHTE KOMILICKC-
HYIO 4acTHIly, TPOTHBOMOHBI, KOMILIEKCOOOpa3oBaTelb, €ro CTEIeHb
OKHCJICHUS, KOOPJAMHAIIMOHHOE YHUCIIO KOMIUIEKCOOOpa3oBaTess, -
raHJIbl 1 HA30BUTE CJICAYIOIINE KOMIIJIEKCHBIE COCMHEHUS:

[Ni(NH3)s]1Clz, K[Au(OH)4], Ki[Fe(CN)e], [PtCla(NHs).],

9.20. KakoBa mnpupoja CBSI3U B KOMIUICKCHBIX COCIUHEHMSIX?
YKaxuTe KOMIUIEKCHYIO YaCTUILy, TPOTUBOMOHBI, KOMILJIEKCOO0pa3o-
BaTejb, €r0 CTEIEHh OKHMCIICHUS, KOOPJAMHAIIMOHHOE YHUCIIO KPMILICK-
coo0Opa3oBatelisl, TUTaHbl U HA30BUTE CIEAYIONINE KOMILJIEKCHBIE CO-

CAUHCHU.

[Cu(NH3)4] (OH)y, K[Au(OH)4/, [Cr(H20)4C1o]Cl, Ca/Cu(CN),].

Pasnea 10. Ananuruyeckass XuMus

10.1. Yto uzyuaer ananutudeckas xumus? Knaccudukanus me-
TOJIOB aHanu3a. [Ipumepsl.

10.2. OnumuTe npaBuia or0opa Npod B XUMUYECKOM aHAJIH3E.

10.3. Xumuueckre METOJIbl aHAJIN3a. AHAJUTUYECKasT PEaKIHs,
ee mpu3Haku. CriocoObl BHITTOJIHEHUSI aHAIMTUYECKUX peakuuidl. AHa-
JIUTUYECKUM pearcHT. BaxkHelmme pa3HOBUAHOCTH XUMHUYECKUX MeE-
TOJOB aHAJIN3A.

10.4. TouHOCTH, YYBCTBUTEIILHOCTh METOJIOB aHAIN3a KaK BaxK-
HEUIINE XAPAKTEPUCTUKH AHAIMTUYECKUX ONpeneneHn. Makpo-,
MHUKPO- ¥ YIBTPAMUKPOMETOIbI aHATU3A.

10.5. TutpumeTprYECKU METOJ aHAIN3a, €r0 MIPUHIHUITHATIbHAS
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ocHOBa. OCHOBHBIE TOHATHUSA: THUTP, TUTPOBAHUE, AHAIU3UPYEMBIN
pacTBOp, padounii pacTBOp (TUIBI pabOYMX PACTBOPOB), TOUKA IKBH-
BAJICHTHOCTH.

10.6. OcHoBHas pacueTHas (popmysia B TUTPUMETPUUYECKOM Me-
TOJE aHajau3a. 3aKOH, BBIPAXXEHHEM KOTOPOTrO SIBIsETCS (opmyiia.
Pacuet tutpa.

10.7. Yto takoe tuTpoBaHue? ONUIIUTE MPOIECC TUTPOBAHMUS,
MpaBUJIa MOJIb30BAHUS OIOPETKOM, MUMETKOM.

10.8. Pa3HOBUIHOCTH TUTPUMETPUUYECKOTO METOAA aHAIM3a MC-
X0l U3 MPUPOIbI B3aUMOJICUCTBUSL MEXK]y pearupyrommuMi BEIIECT-
Bamu. O01acTU MPUMEHEHUS.

10.9. KucnotHo-ocHoBHOE TuTpoBaHue. CyuHocTs MeTona. O0-
JacTh NPUMEHEHHS. UTO Takoe TOYKa 3KBUBAJIECHTHOCTH, €€ OIpelie-
JIEHWE B KUCIIOTHO-OCHOBHOM TUTPOBAaHUM. BakHEWININE WHIANKATOPHI
KUCJIOTHO-OCHOBHOI'O TUTPOBAHMS, UX OKpACKa B KUCJION U IIETOYHOU
cpenax.

10.10. TlepmaHraHatoMeTpusi Kak pPa3HOBUIHOCTb OKHCIUTEIb-
HO-BOCCTAHOBUTEIBHOTO TUTpOoBaHUA. O0JIACTh MPUMEHEHHUS METO/IA.
XapakTepucTrka pabodero pactsopa. Y cloBusi TUTpoBanus. Omnpee-
JIEHWE TOYKHU 3KBUBAJIECHTHOCTHU. PacdyeT SKBUBAJICHTHON MacChl Bellle-
CTBa, YYaCTBYIOIIETO B OKUCIUTEIbHO-BOCCTAHOBUTEILHOM IPOILIECCE.

10.11. KoMIieKCOHOMETpUUYECKOE TUTPOBAHHE KaK Pa3HOBHU/I-
HOCTh THUTPUMETPUUECKOr0 MeToja aHaiau3a. O0jacTh MPUMEHEHUS.
OrnpeneneHre TOYKU YKBUBAICHTHOCTHU. Mcronb30BaHue AJisl onpeie-
JIEHUS OOIIEeN KECTKOCTHU BOJIBIL.

10.12. MepHble KOJ0BI KaK Ba)KHEUIIas pa3HOBUIHOCThL MEPHOU
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MOCYIbl, UX OCOOCHHOCTH (MOSACHUTH HAa PUCYHKE). BrinmosHuTe HEOO-

XOJIUMBIE PAacyeThbl W OMUIIUTE IMOCIEI0BATEILHOCTh ONEpalui Mo
IIPUTOTOBJICHUIO JABYMOJIIPHOTO pacTtBopa cyibhara meau (1) odbe-
MoMm 500 mut.

10.13. I'paBumeTpruueckuii MeTos aHanusa. CylIHOCTh METO/A.
O6nacTv NpUMEHEHUS.

10.14. Ocaxmaemas ¢opma. TpeboBaHus, HPEABABIIEMBIE K
ocaxkgaeMon dopMe. YcCIoBUS OCaXACHUS aMOP(PHBIX U KPUCTAIUIH-
YECKUX OCAJIKOB.

10.15. BecoBas dopma. TpeboBanusi, mpeabsBIseMble K BECO-
Boi popme. Tunsl punbrpos. [IpaBuna unsTpoBaHUs.

10.16. IlpuHuMOMaIBLHBIE OCHOBBI XpoMaTorpaduueckoro me-
Tona aHanuza. Kimaccudukanus MeToJIoB Xxpomarorpaduueckoro aHa-
nu3a. O0JacTy MPUMEHEHHUS.

10.17. KunakoctHas ancopOuuoHHass xpomarorpadus. Cymil-
HOCTh MeTo1a. O0acTh IPUMEHEHHUS.

10.18. Monooobmennast xpomarorpadus. CymHOCTh METOjA.
O6nacTh NpUMEHEHUH.

10.19. DnexrpoxuMuueckue MeToasl aHanuza. Kiaccudukarus
MeTonoB. [Torenunomerpus. Monomep, onpenenenue pH pactsopa.

10.20. AncopOuuoHHbIN cnekTpanbHbli aHanu3. Kiaccuduka-

oy METOOOB. HpI/IHI_II/IHI/IaJ'IbHBIG ocHOBEL. O0nacTu IMPUMCHCHU .
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