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BBenenue

Jucuumnuna « KoppekTupyromuii Kypc o XUMUW» OTHOCHTCS K AUCHUIUIMHE 0a30Boi yacTi. OHa
HarpaBjieHa Ha (OpPMHUPOBAHUE OOIIEKYJIBTYPHBIX, 00IIETPO(PECCHOHATBHBIX U
npoeCCUOHATBHBIX KOMIETEHIINH 00y4JatonIMXCsl B IPOLIECCE BHIMOIHEHUS paboT, ONpeIeIeHHBIX
oI'0C BO.

MeToauueckue yka3aHusl COCTaBJICHbI HA COBPEMEHHOM HayYHOM YPOBHE U PaCCUMTaHBI Ha
CTYACHTOB, 1o HanpasieHuto 15.03.02 TexHosiornueckue MamuHbl 1 000py10BaHHE.

[locnenoBaTenbHOCTh TEM COOTBETCTBYET JIOTMYECKOW CTPYKTYpE €€ MPOXOXKICHHUS.
IIpennaraeMple METONMYECKHE YKa3aHHMA COJEPKAT MaTepHall, KOTOPBIM PEKOMEHIyeTCs
HCIIOJIb30BATh CTYIEHTAaM IIPU MOATOTOBKE K MPAKTHYECKUM 3aHATHUSM.

1 MOATrOTOBKM K MPAKTUYECKUM 3aHATUSAM CTYIEHT [OJDKEH H3YyYWUTh MaTepual Io
COOTBETCTBYIOILIEH TEME, MWCIOJb3ysl OCHOBHYIO M JOIOJIHUTENBHYIO JIUTEPATYpy, a TaK IKe
UCIOJIB3Ys nepuoanueckue nzganus CMU.



TEMA 1. OCHOBHBIE IOHATHUA U 3AKOHBI XUMUMU.

ITPAKTUYECKOE 3AHSATHE 1. OCHOBHBIE KJIACCBl HEOPTTAHUYECKHUX
BEIIECTB. OCHOBHBIE 3AKOHbI XUMHUH

Heans 3ansaTus: OO600mEHNE, 3aKpeIryieHHEe W CHCTeMaTH3alMs 3HAHUKW O Ba)KHEHIIHMX
KJIacCax HEOPraHMYECKUX COCTMHEHUHN Ha MPUMEPE OKCUI0B, KUCJIOT, OCHOBAHUM U COJIEH.

3HaHuA H ymenus, npnoﬁpeTaeMble CTYAEHTOM B PE€3yJbTaTe 0CBOCHUN TEMbI

3HAaTB: OCHOBBHI CAMOOPTaHU3AIUN U CAMOOOPA30BaHYS;
3HaTh: CYIIHOCTH U 3HaYCHUE HH(GOPMALIUYU B PA3BUTHU COBPEMEHHOTO OOINECTBA; OCHOBBI MOJYUYCHUS U
00paboTKy HHPOPMAITUH U3 PA3THMIHBIX HCTOTHHKOB

3nartn: paOOTHI [0 pacUETy U MPOSKTUPOBAHUIO JETANCH U y3TI0B
MaIIMHOCTPOUTENIbHBIX KOHCTPYKIIMM B COOTBETCTBUU C TEXHUUECKUMU 3aJJaHUSIMU U

HCITIOJIB30BAHHUCM CTAHIAPTHBIX CPCACTB aBTOMATH3aAIIUU ITPOCKTUPOBAHUA

YMeThb: caMOCTOSITETIBHO CTPOUTH MPOIIECC OBJIAACHUS HHPOPMALIUEH, 0TOOpaHHOH U CTPYKTYpUPOBaHHON
IUISL BBITIOJTHEHUSI TPOECCHOHANBHON AATEIBHOCTH.

YMerTh: nonyyats v 00padaThIBaTh MH(GOPMALMIO U3 PA3TUYHBIX HCTOUHHKOB

Ymers: TPUHUMATH yUacTHe B pab0oTax Mo pacyery U NpOEeKTUPOBAHUIO JIeTajei U
y3JIOB MAaIIMHOCTPOUTEIBHBIX KOHCTPYKIIUI B COOTBETCTBUU C TEXHUYECKUMHU
3aJJaHUSIMA U UCITOJIb30BAHUEM CTAHAAPTHBIX CPEACTB ABTOMATU3ALUN

MIPOCKTUPOBAHUS
HanmMenoBanue (GpopMupyemMbIX KOMITETCHIIHHA

WNupexe DopMyIHPOBKA:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3AIUH U CaMOO0OPa30BaHUIO
OIIK-4 MOHMMAaHUEM CYIIHOCTH M 3HAYCHHSI MHPOPMAIMH B Pa3BUTHH

COBPEMEHHOT0 O0IIECTBA, CIOCOOHOCTHIO TIOJy4aTh U
00pabaThiBaTh HHPOPMAIIUIO U3 PA3TUYHBIX HICTOYHUKOB,
TOTOBHOCTBIO HHTEPIIPETHUPOBATH, CTPYKTYPUPOBATH U
ohopMIIATh HH(OPMAITHIO B IOCTYITHOM JIsI IPYTUX BUJE

TIK-5 CMOCOOHOCTBIO IPUHUMATH y4acTHe B padoTax Mo pacyery u
MPOCKTUPOBAHUIO ICTAJICH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKIIMH B COOTBETCTBHH C TEXHUYCCKUMHU 33aHUSIMH U
UCIIOJIb30BAHUEM CTaHAPTHBIX CPEIICTB ABTOMATH3AIIUH
POCKTHPOBAHUS

AKTYaabHOCTb TEMBI

K HeopraHuyeckuM COEAMHEHHUSM OTHOCST BCE€ COYETAHHUS XHUMUYECKUX DIIEMEHTOB,
KOTOpPBIE HE COZIEepKaT yIriepoa. boIbIIMHCTBO N3BECTHBIX COEAMHEHHUHN ABIISIOTCSI OPraHUYECKUMH,
OJTHAKO M3BECTHO O0KO0JIO 20 MUJJIMOHOB TE€X, KOTOpbIE NMPHUHAUIEKAT K KJIACCy HEOPraHUYECKHUX.
OrpoMHO€ KOJIMYECTBO BBI3bIBAET HEOOXOIUMOCTh MX KIACCU(PUKAIMMU, TO €CTh JACNCHHS Ha
rpynnsl. Kaxnoe u3 3THX BeIIeCTB 00J1aJaeT CBOMMH XapaKTEPUCTHUKAMH, U TO3TOMY MOKHO
BBIJICJIUTh OCHOBHBIE KJIACChl HEOPTaHWYECKHX COeNMHEHHMH. [ m1r000ro M3 HUX XapaKTepHBI
pa3aMyHble CHOCOOHOCTH B3aUMOAEHCTBHA C JAPYTMMHM BEIIECTBAMM, CBOM CBOMCTBA. XHMM,
KJIaCChl HEOPraHWYECKUX COEAMHEHWH B KOTOPOW 3aHMMAIOT BaKHOE MECTO, PACCMATPUBACT HX
KIIaCCU()UKALMIO C HECKOJIBKAX TOUEK 3PCHHSI.



Teopernyeckasi 4acThb

Heoprannueckue coeauHEHHUS KIACCHPHUIMPYIOTCS MO COCTaBy WM TIO CBOWCTBAM
(¢pyHkumoHanbHbIM Mpu3HakaM). [lo cocTaBy OHM JeNsTCS Ha MPOCThIE — ATO OJHOBJIEMEHTHBIE
COCTMHEHUS U CIIOKHBIC, IBYX)JIEMEHTHBIC (OMHApHBIC) K MHOTOAJIEMEHTHBIC (Tabmuma 1).

Tabnuya 1 — Knaccuguxayus Heopeanuyeckux coeOuHeHutl

[IpocTtsie CrnoxHble
Memannet (88 21eMEHTOB): eyxsnemenmusvie (OUHApHBIC)
S- 3JIEMEHTBI TUPHIEL LiH, NaH, CaH,,
(xpome H u He); KapOMIbI SiC, CaCz, AlsCs,
-3JIEMECHTBI
Al pGa In TL Ge HUTPHUJIBI Na,;N, Mg.N,,
én I;b éb ’Bi' ’ OKCHIBI CaO, ADO:s,
d -31eMeHTHhI; CyIb(H B K,S, ZnS,
f -3;eMenThI. TaTHIBI NaCl, FeCl.,.
Hememannwi (22 snementa): Mhuozosnemennmible
S- DIIEMEHTBI Comnt
H, He;
cpeaHue NaNO,, K,PO,,
P-3JICMEHTBI
B,C,Si,N,P, S KHUCJIbIE NaHSO,, KH,PO,,
0O, AS’G Se, Te, (rumpo-) Ca(HCO,),,
Fa“(’reH“;a;‘;‘“’pOﬂHHe ocuoeusie  MgOHCI, Al(OH),Cl,
(ruapoKco-) (CuOH),SO,;
I'mppoxcuer:

ocuosarnns KOH, Ni(OH),, Ba(OH),
ampomutsr Zn(OH), <> H,ZnO,;
Al(OH), «& H,AIO,

Kucnotsl

Be3KUCI0poJHbIE HF, HCI, HBr, HI
Kucnopoxaconepxamue HNO,, H,SO,

CroxHbIe HEOPraHUYECKUEe COEIMHEHMs, COrJIacHO Tabnuie 1, Kpome nojpaszienaeHuil 1mo
COCTaBy, B CBOIO OdYepedb MOAPA3ACIAIOTCS 10 (YHKIMOHATHLHOMY TPHU3HAKY Ha OKCHIBI,
THJIPOKCUBI (OCHOBHBIE U aM(OJUTHBIE), KUCIOTHI U COJH.

K OuHapHBIM COeTMHEHUSIM OTHOCSTCS:

1) okcHIBI — COETMHEHUS 3JIEMEHTOB C KUCIOPOJIOM CO CTEIEHbIO OKUCIEHUS (—2);

2) raJiujpl — raJoreHnpou3BoiHbIe (HTOPUIBL, XJTOPUIBI U JIP.);

3) cynbhuasl — COEAMHEHUS C CEPOil CO CTETIEHbIO OKUCTEHUS (—2);

4) HUTPUJIBI — COEMHEHUS C A30TOM CO CTENEHBIO OKUCIIEHUs (—3);

5) xkapOuIbl — COeAMHEHUS YTIEPOAa CO CTENEeHbI0 OKUCIeHus (—4);

6) dhochumel — coemuueHUs pocdopa co CTeNeHbI0 OKUCICHHS (—3).

Homenxnamypa  bunapuvix  coeounenuti. K — naTuHCKOMy — HasBaHHIO  Oolee
AJIEKTPOOTPHIIATEIIEHOTO 3JIEMEHTAa C OKOHYAHHEM «UO» JOOABISIOT PYCCKOE HA3BaHUE MEHEe
JIEKTPOOTPHUILIATEILHOTO AJIEMEHTA B POJUTEIBHOM MaJekKe, C YKa3aHUEM €ro CTENEeHU OKHUCICHUs
apaOckuMu nudpamu B KpyIJIbIX CKOOKaXx.

[Ipumepsr:

Cr, 0, — oxcun xpoma (+3);

O, F, — dropux xucnopoxa (+1);



Al,C, — xapbun amoMuHus;
CuBr, — 6pomun Meau (+2).

OcHoOBHbIE TIOHSITHS ¥ OCHOBHBIE 3AKOHbI XMMHH
Monb — KOTMYECTBO BEIECTBA, COAEPIKAIIEE CTOJIBKO KE CTPYKTYPHBIX eIUHHI (MOJEKYII,
aTOMOB, MOHOB, 3JICKTPOHOB WJIM JIPYTHX YaCTHI[), CKOJIBKO aTOMOB COIEpKUTCS B 12 r m3oTOma
yrepona '2C. Uucno 9acTui, COAEpKAmIUMXCS B OJHOM MOJb JIFOOOTO BEIIECTBA, COCTABIISET
6,02:10% cTpyKTYpHBIX equHHLL (nocmosnnas Aeo2adpo).
Monvnas (monspnas) macca — 3TO Macca OJHOTO MOJIb BEIIECTBA, BRIPAKCHHAS B TpaMMax,
YHCIIEHHO paBHAs OTHOCUTEIBHON MOJIEKYJIIPHON Macce 3TOTO BEIIECTBA.

Tax, MonexymsipHast Macca Mostekynsl Cl, pasua 70,90 a. e. M. (ATOMHBIX SAMHHI] MacCBhl).
Torma monpHas Macca MoJekyn xiopa pasHa 70,90 r/monb. Ho MonpHas Macca aToMa Xjiopa paBHa
35,45 r/momnb, mpraéM oxua Monb Mosekyn Cl, comepsxut 2 Momb aToMOB XI10pa.

Oxeusanenm — 3TO pealibHas WIM YCIOBHAas YacTHIA, KOTOpas B KHCIOTHO-OCHOBHOM

PCaKlu 3KBUBAJICHTHA OAHOMY HOHY BOJOpPOJd, a B OKHCIIHUTEIbHO-BOCCTAHOBUTEIILHOMU pcakuuu
— ogHOMY 3JIeKTpoHYy. Hanpumep, B KUCJIOTHO-OCHOBHOM peakInuf

3H,SO, + 2AIl(OH), = AlL,(SO,), + 6H,0.
IIECTH MOHAM BOJOpoJa (B TPEX pearnpyroIuX MOJIEKYJIaX CEPHOM KUCIIOThI) COOTBETCTBYIOT JIBE
monekynsl  Al(OH),, crenoBarensHo, ogHOMy HOHY BOZOpOZA SKBHBAICHTHA 1/3 MONEKYJIBI
Al(OH),, unaue rosops, sksusanent Al(OH), cocraBmser 1/3 moms Al(OH),. B peakuun
OKHUCIIEHUSA-BOCCTAHOBIICHHUSI

H,SO,(pa36.) + Mg = MgSO, +H, T
aTOM MAarHus TEPSICT JIBA 3JICKTPOHA: Mg0 -2¢ > Mg2+ U TO3TOMY OJIMH 3KBUBAJICHT MATHUS

cocraBiseT ‘2 Monb. Bemmumnael 1/3 w 1/2 (B 3THX mnpuMepax) HA3BIBAIOT QaKmMopom
9KEUBANEHMHOCTU.

Okeueanenmuas macca — 3TO Macca OJHOIO SKBHMBAJCHTA BELIECTBA BBIPAKCHHAA B
rpammax, T. €. pa3MEpHOCTbh SKBUBAJICHTHOH MacChl — I/MOJIb.

OOBEM, 3aHMMAaeMBblii TIPU JAHHBIX YCIOBHSX MOJIbHOW WJIM AKBHUBAJICHTHOW MAacCOH,
Ha3bIBAETCS] COOTBETCTBEHHO MOJIbHbIM WIIH IKEUBANEHMHbIM 00BEMOM ITOTO BEILECTBA.

Tax, monbrast Macca AI(OH), pasua 78,0 r/monb, a skBHBaeHTHast Macca cocTasisier 1/3
monbroi Maccst Al(OH),, T.e. 26,0 r/mMonb. AtomHast Macca MarHus paBHa 24,3 T/MOib, a €ro

SKBUBAJICHTHAs Macca (B MPUBEAEHHOM BBINIE MPUMEPE) COCTaBIsAeT 1/2 ero MOJIbHOM MacChl —
12,12 r/momnb.
B cooTBeTcTBUH C 3aKOHOM 3KBHBAJIEHTOB Macchl (00BEMBI) pearupyromux BemecTs m(X,)

(V(X,))n m(X,) (V(X,)) npsMmo npornopIroHaIbHbI X 3KBHBAJICHTHBIM Macca (00bEMam):
m(X,) _ m(X,)
M, (X)) M,(X,)

(1.1)

V(X)) V(X))
V(X)) Vy(X,) (1.2)

Bonpocel u 3aganus:

[TpuBeném nmpuMeps! BHITOTHEHUS TUITMYHBIX 3aJJaHU/, IPUBEIEHHBIX B padoTe.

Ilpumepl. CoctaBbTe (GopMyny HOpMaNbHON (CpenHeill) conu Oapusi U MBIIILIKOBOM
KHCJIOTBI.



Pemenne. ®opmyna MeiubikoBoit kucinorst [1;AsO,. Monekyna conu, obpazoBaHHas

2+ 3- .

noHoM Ba”™ W KUCIOTHBIM OCTATKOM AS04 , IOJKHA OBITH 3JIEKTpoHeWTpanbHa. HanMenbiee

oOmee kpaTtHoe unceln 2 u 3 (3apsasl HOHOB) paBHO 6, TO3TOMY MOJIEKYJIa JOJKHA CoJlepkaTh 6:2 =
3—

3 atoma Gapwust 1 6:3 = 2 kucnotssix ocratka AsO,” . Popmyna comn Ba,(AsO,),.

Ilpumep 2. CoctaBbTe (HOpMYTYy OCHOBHOM COJIM ATFOMUHUSI 1 OPOMOBOIOPOTHOM KUCIOTHI.
Pemienne. Monekyna OCHOBHOW COJIM JIOJKHA COAEPXKATh KHUCJIOTHBIE OCTAaTKA HMOHA

Br',uona AI’'u OH -rpymmsi. Tak kak B MoNeKy/le IMIPOKCHAA aloMHHHS Beero Tpu OH
rpymms;, a ocratka ¢ OH -rpynmamu Bosmoxuo asa: (AI(OH),))” u (AIOH)*", 1o wu
ocHOBHBIX coneii Oyzer Bcero ase: AI(OH),Br u AIOHBE,.

Ilpumep 3. CocTaBbT€ YpAaBHEHHSI pPEAKIMI MEXKIYy COOTBETCTBYIOUIMMH KHCIOTAMH M
OCHOBaHUSIMU, MIPUBOISAIINX K o0pa3oBaHUIO CJIETYFOIINX coJeil:

Ni(NO,),, NaHCO,, Fe,(SO,),.

Pemenne. Hopmamshyto comb Ni(NO,), MOXHO mHONydYnTh NIpH B3aHMOACHCTBHH
ocuoBanns N1(OH), u asotnoii kucrorst HNO;:

Ni(OH), + HNO, — NiNO, +2H,0.

Kucnyro comb, rugpokap6onat Hatpus NaHCO,, momywaror aefictBueM yriekucioro rasa

HaTUAPOKCU] HATPUS:
NaOH + CO, = NaHCO,.
Coms Fe, (SO, ), mMoxer ObITh CHHTE3MPOBAHA, HAIPUMED, TAK:
2Fe(OH), + 3H,SO, = Fe,(SO,), + 6H,0.

Xumuueckue peaxyuu udym 00 KOHYd, eciu 8 pacmeope oopazyemcs 0cadox, 2as, ciaoulil
INEKMPONUM UIU KOMNJIEKCHbIU UOH. Y paBHEHUS peakluii HOHHOro oOMeHa HeoOX0IMMO MUcaTh B
MOJIEKYJISIPHOM, TIOJTHON M COKpaméHHOM MOHHOH (opmax. Ilpum HanmucaHuM MOHHBIX ypaBHEHHUH
(hopMyJIBI Ta30B, 0CAKOB U CJIA0BIX 3JIEKTPOIUTOB CIEIYET 3alHUChIBAaTh B BUIE MOJIEKYJI.

CymMMa OJHOMMEHHBIX HOHOB M DJJIEKTPUYECKUX 3aps0oB B JIEBOM M IMPaBOM dYacTsX
ypaBHEHHUS JOJKHA ObITh OAMHAKOBA. B HacTosmem paszzene paccMaTpUBAIOTCS PEaKud HOHHOTO
oOMeHa.

Ilpumep 4. Hamumure B MOJEKYJISIPHOW M MOHHOW (opMax ypaBHEHHsI PEAKIIUA MEXITy
CJIEAYIOIIMMH BEILECTBAMMU:

1) Pb(NO,), n H,S; 2) BaCl, u Na,SO,; 3) Na,CO, nu HCL;4) NaOH n H,SO,;
5) CH,COONa u HNO,.

Pemienue. B mosiekyisipHOM BUJE:

1) Pb(NO,), + H,S =PbS{ +2HNO;; 2) BaCl, + Na,SO, = BaSO, ¢ + 2NaCl;
3) Na,CO, + HCl =2NaCl + CO, T + H,0; 4) NaOH + H,SO, = Na,SO, +2H,0;
5) CH,COONa + HNO, = CH,COOH + NaNO,.

B nonnowm Bune:



1) Pb** +2NO; + H,S =PbS{ +2H" +2NO;;

2) Ba® +2CI' +2Na’ + SO =BaSO, { +2Na* +2CI;
3)2Na‘ + COZ +2H +2Cl" =2Na* +2Cl' + CO, T +H,0;
4)2Na’ +20H +2H" +SO7 =2Na’ + SO; +2H,0;

5) CH,COO™ +Na" + H" + NO; = CH,COOH + Na" + NO;,.

WU B cokpaménnoii hopme:

1) Pb”* +H,S=PbS{ +2H" ;2)Ba* + SO =BaSO, {;
3) CO¥ +2H" =CO, T +H,0;4) OH +H' =H,0;
5) CH,COO™ + H" = CH,COOH.

Ilpumep 5. Tlo cokpall€HHBIM HWOHHBIM YPAaBHEHMSM HANUIIWUTE IOJHBIE MOJIEKYJISPHbBIE
ypaBHEHUS:

1) OH +H' =H,0;2) Cu* +S* =CuS+;3)2H" + CO> = H,CO..
Pemenue. B 1eBoil yacTu 3TUX MOHHO-MOJIEKYJSIPHBIX YPaBHEHUH yKa3zaHbl CBOOOTHBIE
HOHBI, KOTOpblE 00pa3yloTcs IpU AUCCOLMAIMM CHWIBHBIX 3J€KTpoJauTOB. CleqoBaTeslbHO, IpU

COCTaBJICHUH MOJICKYJIAPHBIX YPAaBHEHHUH CIIEYeT, MOJIb3YsCh TAOIUIeH pacTBOPUMOCTH, BEIOUPATh
CHJIBHBIC JJIEKTPOJIHTHI, COJCPIKAIe COOTBETCTBYroNMI HoH. Hanpumep, non H' conepxurcs B

cocrase cunbHoro snektpoauta HCl,a OH — 8 NaOH. Torna:

1) HC1 + NaOH = NaCl + H,O — moxexysipras popma;

H" +ClI' +Na" +OH =Na" + Cl' + H,O~ mnonnas wommas dopma; u Toraa
COKpaléHHast HoHHasi popma OyJeT UMETh 3aJaHHbIA BU/I:
H +0OH = H,O.
CrenoBaTebHO, MOJICKYJSIPHOE ypaBHEHHE COCTaBJICHO MpaBWibHO. OcTaBmivecs gBa

YPaBHEHUS COCTABIISIOTCS 110 aHAJIOTHYHBIM MPHHIUIIAM U COOTBETCTBYIOIINE UM MOJICKYJISIPHBIC
(OpMBI UIMEIOT BUJL:

2) CuCl, + Na,S =CuS { +2NaCl; 3) H,SO, + Na,CO, = H,CO, + Na,SO,.
Ilpumep 1. Beramcmute sxBuBaneHTs u dkBuBaneHtHsie Maccsl H,SO, u A1(OH), s

peaKLUusX, BBIPAXKCHHBIX YPABHECHUSAMU:

H,SO, + KOH =KHSO, +H,0 (1)
H,SO, + Mg =MgSO, +H, T (2)
AI(OH), + HC1 = A1(OH),C1 + H,0 (3)

AI(OH), + 3HNO, = AINO,), +3H,0.  (4)

Pemenne. DKBUBaNEHT (SKBUBAJIEHTHAs Macca) CIOXKHOIO BEIECTBA, KAK M JKBUBAJICHT
(?KBHBaJICHTHAsl Macca) 3JE€MEHTa, MOKET UMETh Pa3IMYHbIe 3HAYEHUS B 3aBUCHMOCTH OT TOTO, B
KaKyl0 peaKkL0 0OMeHa BCTyaeT 3TO BELIECTBO.

Oxeusarenmuas macca Kuciomel paBHa ee MoibHOM Macce (M), menenHoit Ha wmeno
aTOMOB BOJIOPOJIa, 3aMEILEHHBIX B JAHHOM pEeakLUu Ha METAIUL. DKGUBANEHMHAS MACCA OCHOBAHUS
paBHa ero mombHON Macce (M), meneHHOl Ha YMCIO THAPOKCHIIBHBIX TPYII, 3aMEIIEHHBIX B

JTaHHOM pCaKknu KUCJIOTHBIM OCTATKOM.



CnenosatensHo, sxkBuBanenTHas macca H,SO, B peakuun (1): M(H,SO,)/1= 98
r/momb, a B peaxumu (2): M(H,SO,)/2= 49 r/mons. Dxsusanenrnas macca Al(OH), B
peakuu (3): M(AI(OH),)/1="782/ monv;, a B peaxuuu (4): M(AI(OH),)/3 =262/ monv.

3ajmady MOXHO pemmuth H apyruM crmocodoM. Tak kak omun wmoms  H,SO,

B3aUMOJIENCTBYET ¢ oaHOM skBuBanenTHol Maccoit KOH wu nByms skBuBanenTHBIME Maccamu
MarHus, TO ee SKBUBaleHTHas Mmacca B peakuuu (1) pama M/1 r/mons, a B peakuun (2) —
M/2r/mons; Al(OH), B3aumopeiictByer ¢ oxmmoll dkBuBaneHTHOl Maccoir HCl u Ttpems

sksuBaeHTHbIME Maccamu HNO,, moatomy ero sxkBuBanenTHas Macca B peaxuuu (3) pasaa M/1
r/Monb, a B peakuun (4) — M/3 r/mons. Dxeusanentst H,SO, B peaxmmsax (1) u (2)

COOTBETCTBEHHO paBHBI 1 Momb u 1/2 momb; skBuBanentel Al(OH), B ypasrenmsix (3) u (4)
COOTBETCTBEHHO paBHBI | MOJb 1 1/3 MOJIb.

Ipumep 2. B xaxoit macce Ca(OH), comepxmuTcst CTONBKO e IKBUBATICHTOB, CKOIBKO B
624r Al(OH),?

Pemenne. DxsuBanentHas macca AI(OH), pasua 1/3 ero monsHo# Maccsl, T.e. 78/3 = 26
r/mons. CienoBaresbHo, B 624 T AI(OH)3 coaepxutrcs 624:26 = 24 >KBUBAJICHTA.
OxsuBanentHas macca Ca(OH), pasua 1/2 ero monbHoit maccel, T.e. 37 r/monb. OTcrona

24 sksusanenra Ca(OH), nmeror maccy 37,3-24 = 888 r.

IIpumep 3. Ha BoccTanosnenue 7,09 T okcuaa mertanna (+2) tpedyercs 2,24 am> Bogopoa
(HOpMasbHBIC YCIIOBUS). BBIUMCIUTE DKBHBAJICHTHYIO Maccy MeTaia. UemMy paBHa aTOMHas
Macca metauia?

Pemenue. MoJibHBIH 00BEM JIFOOOTO Ta3a MPU HOPMAJIbHBIX YCIOBUAX cocTaBiseT 22,4
am°. OTCIoa SKBUBAJICHTHBINA 00beM BOAOpPOZA V3 (HZ), MOJIEKYJIa KOTOPOI'0 COCTOUT U3 IBYX
aTOMOB BOJIOPOJia, paBeH 22,4/2 = 11,2 mv®.

B cooTBeTCTBUY ¢ 3aKOHOM KBUBAJICHTOB COCTABJISIEM COOTHOILICHHE:

m(MeQ) B V(H,)
M ,(MeO) V,(H,)
HO,I[CTaBI/IB COOTBCTCTByIOH_II/IC 3HAYCHHUA U3 YCJ'IOBI/IH 3aJgaydu, HOquaeM:

7,09 _ Ma(MQO); M, (MeO) = 7,09 11,2 =35,45 2/ monw.

2,24 11,2 2,24

Jlanee, yunthiBasi, 4TO OSKBHBajeHTHas Macca oxcuma M ,(MeQ)cknansiBactes us3

CYMMBI OSKBUBAJE€HTHBIX Macc wmertamia (M 3 (Me)) wu xucnopoma (M 3 (0)=8 2/ monwv),
HaMaEM:
M ,(Me) =M ,(MeO)— M ,(0)=35,45—-8=27,45 2/ mons.
AToMHas Macca MeTajjia COCTaBUT:

A(Me) =M ,(Me)-V(Me)=27,45-2=54,92/ mons.

OtBeT: 5T0T MeTa — Mapranen Mn .

Ilpumep 4. V3 1,64 T Hutpata MmeTtanna moiaydeno 1,36 r ero cynedara. Beraucnure
SKBHUBAJICHTHYIO Maccy MeTaJlIa.

Pemenue. [lpu pemieHun 3amauu ciiefyeT UMETb B BUAY, UTO 9KGUBANEHMHAA MAcCCA
XUMUYECK020 coeOuHeHusl paBHA CyMMe SKBHBAJIEHTHBIX MacC COCTABIISIIOIINX €0 YacTeil.

B naHHOW peakuumu ydacTBYIOT COJM: O9KG8UBANEHMHAS MACCA COAU pPABHA CYMMeE
9KBUBATIEHMHBIX MACC MEMAla U KUCIOMHO20 0CMAamKd.

IToaToMy: a) PKBHBaJIeHTHAsl Macca HUTpaTa paBHa CyMMe SKBHBAJECHTHBIX MACC MeTaula



U HUTPAT-IPYIIIbIL:
M ,(Me(NO,),), 2/ monb =M ,(Me)+ M ,(NO; ) =M ,(Me) + 62;

0) SKBUBaJICHTHash Macca cyibgama paBHA CyMME SKBHBAJCHTHBIX Macc MeTajia M
CyJb(haTHON TPYIIIIBI:

M ,(Me (SO,),), 2/ monw =M (Me)+ M (SO; )=
=M (Me) +%M(SO§‘) :Ma(Me)+%-96 =M _(Me)+48.

quTBIBaH CKa3aHHOC, HOJIy‘-II/IMZ
m(Me(NO,),) _ m(Me[(SO,),)
M,(Me(NOy),) M,(Me,(SO,),)’

uiau

1,64 B 1,36
M, (Me)+62 M (Me)+48
Omeem: M (Me)=20 2/ mono.

Bonpocs! u 3a1aHusA 1J1s1 CAMOCTOATEIBLHOTO PellIeHHs:
ba3oBblii ypoBEeHB
1. CocraBbre (HOpMYJIBI HOPMANBHBIX M KHCIBIX coineil MbimbskoBucton H,ASO, u

cepuoit H,SO, kucnor u marums.

2. MoxHo I MOJIYYUTh pactBop, coaepKamun OJTHOBPEMEHHO

Ba(OH), 1 HCI? CaCl, u Na,CO,? NaCl u AgNO,? KCl 1 NaNO,? Vxaxure, xaxie

KOMOHMHAIIM1 HEBO3MOXKHBI U ITI0UYEMY .

3. CoctaBbTe (hOpMyJIbl OCHOBHBIX COJIEH jkeJe3a U COJITHOW KUCIIOThI, aJIFOMUHUS U CEPHOM
KHCIIOTBHI.

4. JlokaxxuTe ypaBHEHMSIMH peakuuil aMQOJUTHOCTb CIEAYIOIIUX COEJUHEHUM:

ZnO, Al,0,, Sn(OH),, Cr(OH)..

5. Hamummre xumuueckue QopMmyssl ciexyrommx coned: cyiabpar wmeau  (+2),
THIPOCWINKAT HATpHs, aleraTr Kaius, XJOPUI AWTHApPOKcokene3a (+3), xapOoOHAT aMMOHWUS,
muruapodocdar TUTHS, TETPAruIPOKCOATIOMIHAT KAIH. Y KQKUTE TUIIBI IPUBEAEHHBIX COJICH.

6. CocTaBbTe€ MOJIEKYJIIPHBIE YpaBHEHMs pEaKIHil, KOTOpPbIE BBIPAXKAIOTCA CIEAYIOIIUMU
HOHHO-MOJIEKYJIIPHBIMU YPaBHEHUSIMU

1) Zn**+H,S =ZnS{ +2H";2) HCO,+ H" = CO, + H,0; 3) Ag" + Cl'= AgCl .
7. Kakme w3 semects: NaCl, NiSO,, Ba(OH),, NaHCO, - BzaumozeiictBytor c

pacTBOpPOM THApPOKcHAa HaTpus? HamummTe MOJIEKyJISpHBIE U MOHHO-MOJIEKYJISIPHBIC ypPaBHEHUS
COOTBETCTBYIOILINX PEAKIIUH.

8. CocraBbTe MOJIEKYJSIPHBIE W  HOHHO-MOJIEKYJISIDHBIE  YpaBHEHHUS  peakuuid
B3aMO/ICHCTBUS B PACTBOPAX MEXIY:

a) Na,PO, u CaCl,; 6) K,CO, u BaCl,; B) Zn(OH), n KOH.

9. CocraBbTe MOJEKYISIPHBIC YPAaBHEHUS PEAKIMH, KOTOPHIE BHIPAKAIOTCS CIEAYIOINMH
MOHHO-MOJICKYJISIPHBIMH yPaBHCHUSIMH:

1) Fe(OH),+ 3H" = Fe’'+ 3H,0; 2) Cd*'+ 20H™ = Cd(OH), ¥ ;
3) H'+ NO; = HNO,,.



10. CocraBbTe MOJIEKYJSPHBIE U  HOHHO-MOJIEKYJIIDHBIE  ypaBHEHHUS  PEaKIMM
B3aUMOJICCTBUS MEXKY:

1) FeCl, n KOH; 2) NiSO, u (NH,),S; 3) MgCO, u HNO,.
11. CocraBbTe MOJEKYJSPHBIE YPABHEHUS PEAKLMN, KOTOPHIE BBIPAXKAIOTCS CIIEIYIOIIMMHU
HMOHHO-MOJIEKYJIIPHBIMH YPaBHEHHUSMU:

1) Mg*" + COZ =MgCO, {;2)2H" +SiO¥ =H,SiO, | ; 3) Pb>" +2I' =Pbl, | .
12.  CocraBpTe€ MOJIEKYJSIPHBIE W  HMOHHO-MOJICKYJISIPHBIE  YPaBHEHHSI  peEaKIui
B3alMOJICMCTBHSI B PACTBOPAX MEKIY:

1) CdS(xkentsiit ocagok) u HCL;2) Cr(OH), u NaOH; 3) Ba(OH), u CoCl,.

13. CocraBbTE MOJEKYJSAPHBIE YPABHEHUS PEAKLMN, KOTOPHIE BBIPAXKAIOTCA CIIEIYIOIIMMHU
HMOHHO-MOJIEKYJISIPHBIMHU YPaBHEHUSMU:

1) Cu® +20H = Cu(OH), {;2) Zn** + S* =ZnS < ; 3) Ca® + CO} = CaCO, | .

14. Brraucnure SKBUBAJICHT " SKBUBAICHTHYIO Maccy dochopHoit
kucnorst H,PO, B peakumsax oGpasoBauus: a) ruapodocdara; 0)
nuruapocdocdara; B) dpocdara.

15. Ipu cropanuu 10,00 r metamma obpasyercs 18,88 T okcmma meramna. Onpepenure
SKBHUBAJICHTHYI0 Maccy Metauia. Oteet: 9,01 r/Moib.

16. Onpenenure SKBHUBAJICHTHbIE Macchl MeTasia U cephl,
ecnu 3,24 r metanna oOpasytoT 3,48 r okcuna u 3,72 r cynsduna.

17. Bpruuciaure KOJMYECTBO BEIIECTBA KBUBAJIECHTA U MOJAPHYIO MAcCy 3KBHUBAJIEHTA
uutpata guruapokcoxenesa Fe(OH),NO, wu aurugpoapcenara mmrus LiH,AsO, s

peaKnugX, BbIpa)KaCMbIX YPABHCHHUAIMMU!
Fe(OH),NO, + 2HNO, = Fe(NO,), +2H,0
LiH,AsO, + LiOH = Li,HAsO, + H,0.

[ToBbI1IEHHBINA YPOBEHB

1. C KXakuMH W3 TIEPEYMCICHHBIX HHKE BENIECTB MNPOPEATHPYET a30THAs KHUCIIOTA:
N,O;, AI(OH),, CaO, HCI, K,S? Mzo6pasure rpadudeckue (GopMyssl 3THX COCIUHCHHIA.

Hanumnre ypaBHEHUsI COOTBETCTBYIOLIUX PEAKIIU.

2. CocraBbTe ypaBHEHUS PEAKIUK B3aUMOJICVCTBHUS CICAYIOIINX COCTMHEHUI:

a) HUTpat cepebpa u noau. Kaiwus; 0) OKCH]I ITUHKA U TUIPOKCU]] HATPUSI.

3. CocraBbTe (POpPMYINIBI KHUCIBIX KaJMEBBIX COJeH OpTOPOCHOpPHON KHUCIOTHI, OCHOBHOM
LIMHKOBOW COJIM YTOJIbBHOW KUCIIOThI, OCHOBHBIX aJIFOMUHHUEBBIX COJIEHA COJISTHOW KUCIIOTBI.

4. CocraBbTe MOJIEKYJSIPHBIE W  HOHHO-MOJICKYJISIDHBIE  ypPaBHEHHUS  peaKkuui
B3aUMOJICUCTBHUS MEXKIY:

1) H,SO, u Ba(OH),; 2) FeCl, u NH,OH; 3) CH,COONa 1 HCL.
5. Ykaxure, B KaKUX U3 NPUBEIEHHBIX CIy4acB B3aUMOICUCTBUE IPOU30UAET:

1) Sn(OH), + NaOH — ?; 2) Na,SO, + HC1 > ?;
3) BaCl, + Na,SO, — ?7; 4) Na,S + HC1 > ?.

CoctaBbTe MOJEKYJSIpHBIE U HOHHO-MOJEKYJSIpHBIE YpPAaBHEHHS COOTBETCTBYIOIIHMX
pEeaKIuid.

6. Yemy paBeH npu HOPMAaJIbHBIX YCIIOBUSIX HKBHBAJICHTHBIH
o6wsem kucnopona? Ha cxuranme 3 r meramna (+2) tpebyercs 1,38 am® kuciopona (H.y.).
BBIYucauTh SKBUBAJICHTHYIO Maccy M MOJIbHYIO Maccy 3Toro meraimia. Otset: 12,15 r/mons; 24,3
I/MOJb.



7. DneMeHT obpasyer psii ra3000pa3HBIX COSUHEHUH, TNIOTHOCTh KOTOPBIX 1O BOJAOPOAY
8, 15, 22, 29. ConepxaHue 37I€MEHTA B JAHHBIX COCIMHEHUSIX COOTBETCTBEHHO paBHO 75,0; 80,0;
81,81 u 82,76 %. Onpenennte OTHOCUTENBHYIO aTOMHYIO0 MacCcy W Ha3BaHHe aneMeHTa. OTBerT:
12; C.
Cnucok JuTeparypbl, peKOMeHAyeMblil K HCIOJIb30BAHUIO M0 JAHHOM Teme

OcHoBHas1 JiuTEpaTypa:
1. Koposwun, H. B. O6mast xumus : yaueonuk / H. B. KopoBuH. - 13-e u3a., nepepad. u gorm. - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaBpuar). - Pek. MOuH P®. - [Ipuin.: c. 461. - bubauorp.: c.
486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. XuMus okpyskaromien cpepl : XUMHS KHUBBIX oprann3MoB. Kypc nexmmii / E.
C. Muxamuna, A. JI. Ilerenua. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 c. — ISBN 978-
5-87623-457-5. —TekcT : 31eKTpOHHBIN // DnekTpoHHo-0ubnmuoreynas cucrema [IPR BOOKS :
[caiit]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum goctyna: 11t aBTOpU3HP.
M0JIb30BaTENEN
JlonotHUTe/ILHAS JTUTEPATYypa:
1. I'munka, H. JI. O6mas xumus / H. I'. ['munka ; [Tox pen. A. U. Epmakoga. - U3a. 30-e, ucmp. -
M. : Unrerpan-IIpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - [Ipeam. ykas.: ¢. 706. - ISBN 5-89602-
017-1
2. XuMus METaJIoB : yueOHOe mocoOue (U1 CTyICHTOB XUMHUYECKOTO (paKyIbTeTa HampaBIICHUMA
OaxanaBpoB «XuUMUs» U «XuMHU4eckast TexHosorus») / cocraputenu O. A. ['onoBanoBa. — OMCK :
Omckuii rocygapctBeHHbI yHUBepeuteT um. @.M. Jloctoesckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — TekcT : a1eKTpOHHBIH // DnekTpoHHO Oubnmoreunas cucrema [PR
BOOKS : [ca#iT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: mas
aBTOPU3UD. [10JIb30BATEIEH
HNuTepHeT-pecypcenl:

1 http://window.edu.ru/ — eguHOE OKHO JOCTyTa K 00pa3oBaTeIbHBIM pecypcam

2 http://biblioclub.rt/ — 3bC «YHuBepcureTckas OMOINOTEKA OHIAWHY.

3 http://catalog.ncstu.ru/ — 37eKTPOHHBIN KaTaJIOT aCCOIMALINHU SJIEKTPOHHBIX OUOINOTEK
yueOHbIX 3aBeieHuit u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — DBC.
5 https://openedu.ru — OTkpbITOE 00Opa3zoBaHUE

TEMA 2. CTPOEHUE ATOMA

INPAKTUYECKOE 3AHATHE 2. 3JIEKTPOHHBIE ®OPMYJIbl ATOMOB

Heap 3anATHSI: 0000IUTE 3HAHUSA 00 JIEKTPOHHOM CTPOEHHU aTOMOB XMMHYECKHX 3JIEMEHTOB;
3aKpeNUTh YMEHUS U HABBIKM COCTABIICHUS 3JIEKTPOHHBIX (POPMYJT aTOMOB XUMUYECKUX 3JIEMEHTOB,
a TaKkKe UX rpaduyeckux u300paxeHui.

3HaHMA M YMeHUs1, IpuodpeTaeMble CTYIEHTOM B pe3yJibTaTe 0CBOEHUSI TeMbI

3HaTh: OCHOBBI CAMOOPTaHHU3ALUK U CAMOOOpa30BaHUS;
3HaTh: CyIIHOCTh U 3HaUYCHUE HH()OPMAIIMU B PA3BUTUU COBPEMEHHOTO OOINECTBA; OCHOBHI MOTYYCHUS U
00paboTK HHPOPMAITUH U3 PA3TMIHBIX HCTOTYHHKOB

3nartn: paOOTHI [0 pacUETy U MPOSKTUPOBAHUIO JETANCH U y3TI0B
MaIlIMHOCTPOUTENBHBIX KOHCTPYKIUWA B COOTBETCTBUM C TEXHUUECKUMHU 3aJaHUSIMU U
UCIIO0JIb30BaHUEM CTAHIAPTHBIX CPEJICTB aBTOMATH3ALIMH POECKTUPOBAHUS


https://openedu.ru/

YMeThb: caMOCTOSITETILHO CTPOUTH MPOIIECC OBJIAACHUS HHPOPMALIUEH, 0TOOpPaHHOH U CTPYKTYpUPOBaHHON
JUTSL BEITIOTHEHUS TIPO(ECCHOHAILHON JIesITeTLHOCTH.
YMmeTh: ToIy4aTh U 00padaThIBaTh HH(POPMAITHIO M3 Pa3THIHBIX HCTOYHHKOB

Ymers: IPUHUMATh yUacTue B paboTax 1Mo pacyery u NpOEeKTUPOBAHUIO JIeTajeil U
y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKIIHI B COOTBETCTBUH C TEXHUUYECKUMHU
3aJIaHUSIMH M UCTIOJIb30BAHUEM CTAHJIAPTHBIX CPEJICTB aBTOMATU3AIIT

IMPOCKTHUPOBAHUA
HaumenoBanue ¢opmupyembix KOMIIETEHIUN

WNupexe DopMyIHpPOBKA:
OK-7 CIIOCOOHOCTBIO K CAMOOPTaHU3alluy U caMO0Opa30BaHUIO
OIIK-4 NOHUMAHHUEM CYIIHOCTH U 3Ha4YCHUS MH)OPMAIUK B Pa3BUTHH

COBPEMEHHOT0 00IIeCTBa, CIIOCOOHOCTHIO MOIYYaTh U
00pabaTsiBaTh HHPOPMAIIUIO U3 PA3TUYHBIX HICTOYHUKOB,
TOTOBHOCTBIO HHTEPIIPETUPOBATH, CTPYKTYPUPOBATH U
oGopMIIsATh HH(OPMAITHIO B IOCTYITHOM JUIsl IPYTUX BUJIE

TIK-5 CIOCOOHOCTBIO IPUHUMATD yYacTHE B padOTaxX Mo pacyery u
POCKTUPOBAHUIO JICTAJICH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKIIMH B COOTBETCTBHH C TEXHUYCCKUMHU 33J[aHUSIMH U
UCIIOJIb30BAHUEM CTAHIAPTHBIX CPEIICTB ABTOMATH3AIIUH
POCKTUPOBAHUS

AKTYyaJIbHOCTBb TeMbI:

Ilepnonnueckuin 3akoH JI. M. MengeneeBa sBISETCS OCHOBOW COBPEMEHHOM XUMHH.
N3ydeHue cTpoeHus: aTOMOB BCKPBIBACT (PU3UUECKUN CMBICI MEPHUOAMUYECKOTO 3aKOHA U OOBSACHSET
3aKOHOMEPHOCTU HM3MEHEHHUs CBOMCTB JJIEMEHTOB B IEpPUOJAaX U B TIpyNmax MNEPUOIUYECKON
CHUCTEMBl. 3HAHHE CTPOEHHUS AaTOMOB SBISETCA HEOOXOAUMBIM JJIsi IOHMMAaHHUS IPUYHMH
00pa30BaHUsl XMMHUYECKOH CBSI3M, KOTOpas, B CBOIO O4YEpellb, OINpENeNsieT CBOMCTBA BEIIECTB.
[TosTOMY maHHBIN pa3aen SABIIETCS OJHUM W3 BOXKHEHIIIMX pa3/eioB OOIICH XUMHH.

[lepuonuueckass cucTemMa dJIEMEHTOB, paspaboTanHas BenukuM — yuéHeim  J[W.
MeHieneeBblM, CyMMHpOBajia BCe 3HaHHUA 00 3JEMEHTaX, UX CTPOCHHMM, Maccax, COCTaBe spa,
AJIEKTPOHHBIX 000JIOUEK, U ABISETCS CBOCOOpa3HOM IIMApraikoil o Bcei HeOpraHMYeCKoW XUMUH.

Teopernyeckas 4acThb

VYcToiiuMBOe COCTOSHME »JJIEKTPOHA B aTOME ONMCHIBAETCS 3HAUYCHUSMH UEThIpex
XapaKTePHCTUK — KBaHTOBBIX wmcen N, 1, m; um_ .CocrosHue >IeKTpOHA, OTBEYAIOLICE
ONPECICHHBIM 3HAYCHUSAM KBAHTOBBIX 4hcel N, | M 1M,, Ha3bIBAIOT aTOMHOW DJICKTPOHHOI

opOuTanpl0. DHEPreTHYECKUM IOJYypPOBHSM DJJEKTPOHA B aTOME, OTBEYAIONIMM Pa3THYHBIM
3HAueHMAM |, COOTBETCTBYIOT clienytomue OyKBEHHbIE 0003HAUEHHUS:

p—
(98]

[upposoe 0603HAYEHUE IHEPTETHUECKOTO MO TypOBHS 1: 2
BykBeHHOE 0003HaYeHHE YHEPTeTHIECKOTO MOAYPOBHs |: s|P|d|f
I'paduuecku kaxxmas opouTasb 0003HAYACTCS CUMBOJIOM-KJIETKOM:




ONEKTPOHBI B aTOME PACIHpPENEIAIOTCA COIJIacHO CIEAYIOIIMM MNPUHLIUIIAM: MPUHLIUIY
[Taynu, npuHIUNY HAaMMEHBIIEW JHEPIrUM C NONOJHEHUSAMH KI€4KOBCKOro M IpaBHIy
XyHza.

CornacHo mnpunuuny Ilaynu B atomMe He MOXeT OBITh JBYX OJJIEKTPOHOB,
XapaKTepU3YIOLIUXCsl OJIMHAKOBBIM HAOOPOM KBAHTOBBIX uMcel. M3 3TOro cienyer, 4To kasxcoas
AmMoMHAs I1eKMPOHHASL OpOUMATL MOdCem Oblmb 3aHAmMA He bosee Yem 08YMsl DIeKMPOHAMU:

Tl

MIPUYEM Pa3InYaThCs OHU OyIyT TOJNBKO CIIMHOBBIMU KBAaHTOBBIMU YHCIIAMHU.

IlopAnok 3amoJIHEHUsS DJIEKTPOHAMU JHEPreTMYECKUX YpPOBHEH M MOAYPOBHEWU
OonpenenseTcss NPUHUMUIIOM HAaUMEHBINEH DHEPTUHU: JJIEKTPOHBI B aTOME PacCIOIararoTcs
Tak, 4ToOBbl MX HHeprusi Obuta HauMmeHblled. [1oCKONBbKY SHEPIruI0 SNIEKTPOHA XapaKTepU3YIOT Kak
IJIaBHOE 71, TAK U OpOMTaIbHOE | KBAaHTOBBIE YHMCIIA, TO EKTPOHBI MPEXKIIE BCETO 3aHUMAIOT MOJIOKEHUE,
COOTBETCTBYIOIEE MUHMMAaIbHOM cymme N+l — nepeoe dononnenue Kneuxosckozo. Ecan cymma
n+l omuHakoBa, TO AMEKTPOHBI 3aHUMAOT OPOMTAIL C MEHBIIMM 3HAYEHUEM N — 6Mopoe QONoaHeHUe
Kneukosckoezo.

Pacnipenenenue 5I€KTpOHOB B JHEPreTHUYECKOM IOAYPOBHE OIPENENSICTCS IPaBUIOM
XyHza: yCTOHYMBOMY COCTOSHHUIO aTOMa COOTBETCTBYET TAKOE PACIPENCICHUE JJIEKTPOHOB B
MOJypOBHE, NMPH KOTOPOM a0CONIOTHOE 3HAYEHHWE CYMMAapHOTO CIUHA OyAeT MaKCHUMalbHBIM.
IlosToMy pacnpeneseHue 53JI€KTPOHOB B IOAYPOBHE IPOUCXOIUT B MAKCHUMAJIBHOM YHUCIIE
opOuTaseit u ¢ mapaienbHbIMU CIIMHAMH:

Tak T WJI TaK L1l
(+1/2+1/2+1/2) = 3/2 | (-1/2-112-112) | =312
HO HE TaK m U ue tax
(+1/2-172+1/2)=1/2 (+1/2-172+1/2)=+1/2

H606XOI[I/IMO HUMCTh IOHATUC O KBAHTOBLIX YHCJIAX, TPCX YKa3aHHBIX IIPUHOUIAX H,
OImUpadaChb HaA HUX, YMCTb COCTABJIATDH 3JICKTPOHHBIC (i)OpMy.TIbI aTOMOB.

Bonpocel u 3aganus
Ilpumep 1. Kakoli mogypoBEHb 3aMOIHAETCS 3JEKTPOHAMU B aTOME IOCJE 3al0JHEHUS 3p -

Oy pOBHA?
Pewenue. 3p-noayposnio otBeyaeT cymma N+l , pasnas 3 + 1 = 4. Tlocie 3anoiHeHus

3p-moxypoBHs Bo3moxkHO 3amnonHenne 3d- wim 4s-noxyposus. Iloacumraem cymmy n+l B

oboux ciayuasx: 3d (3 +2) =35, a 4s (4 + 0) = 4. B cOOTBETCTBUM C HEPBBIM JOIOJHEHHEM
KI1€4KOBCKOTO 3JIEKTPOH CTPEMHTCS 3aHATH MOJNIOKEHHUE HAa 4S -IOYPOBHE, TaK KaK B OTOM CIIydae
cymma N+l Gyner HauMeHbIIEi.

Ilpumep 2. CocTaBbTe JJIEKTPOHHYIO (DopMysy aTomMa KpeMHUS U TpadUUYECKyI0 CXEeMy
3QMOJIHEHUS DJIEKTPOHAMM YPOBHEH M MOAYPOBHEH B HOPMAIBLHOM M BO30YKIEHHOM €TO
COCTOSTHUSIX.

Pewenue.  DOnexktponHas  ¢opmyiga  aromMa  KpPeMHHS ~ HMEET  CIETYIOLIHi
pun: 1s°25°2p®3s3p>3d°. I'papuueckas cxema HEBO3GYKICHHOTO ATOMa KDPEMHHS HMEET

CIEQYIOLNNA BU:

1457
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n=1 |1} | p
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BaneHTHpIMU OpOUTANIIMU 37€Ch SBISIFOTCA OPOMTANM TPETHETO BHELIHETO 3JIEKTPOHHOI'O
ypoBHs. B Bo30ysxneHHoM cocTostHuu (S1*) mpy MOIVIOmEHnH HEKOTOPOi SHEPIHH IIEKTPOH C 35-

O/ypOBHSI TEPEMIET Ha CBOOOAHYIO 3P -OpOuUTab:

Si*  1s°2s°2p®3s'3p’3d| T | 1 T 1
n=3
n=2 NI d
n=1 T P
S

ba3oBbIi1 ypoBeHb
1. Ctpyktypa BAJICHTHOTO 3JIEKTPOHHOT'O YPOBHS aToma
aJIeMeHTa BBIPAXKAETCA hopmyoi: a) 5s*5p*; 6) 3d°4s'. Onpenenure

MOPSIIKOBBIM HOMEP U Ha3BaHUE DIIEMEHTA.

2. Hammumure 3nekTpoHHBIE (POPMYIIBI aTOMOB 3JIEMEHTOB C MOPSAKOBEIMU HOMepaMu 24 1
33. CocraBbTe uX rpaduyeckue cxembl. K KakoMy 371€KTPOHHOMY CEMEHCTBY OTHOCHUTCS Ka)KIIbIi
W3 HUX U TToYemy?

3. CocTaBbTe 3EKTPOHHBIE (OPMYIBI aTOMOB 3JIEMEHTOB C MOPSIKOBHIM HOMEpoM 32 u
42. Y nocnenHero omuH S5S-snektpon «mposanuBaercs» Ha 4d-momyposens. K kakomy
3JIEKTPOHHOMY CEMENUCTBY OHU OTHOCSTCS?

4. Kakoii  moaypoBE€Hb  3aloOJHSAETCS B  aToMax  MOCJI€  3aloJHECHUs
5p -nonyposna? nocne 3anonuenus St -noayposma?

5. 3anumure AJIEKTPOHHEIE hopmyITbI aTOMOB JJIEMEHTOB c
3apsaom snpa 8; 13 u 18. CocTaBbTe 3JIEKTPOHHO-TPAPUUECKUE CXEMBI.

6. Kakoe MaKCHUMAJIbHOE KOJIMYECTBO 3JIEKTPOHOB MOXKET
pacronaratbcs B s-, p-, d- u f -monyposmax JTaHHOTO ypoBHs?

[Touemy? Hamucarhb 3JIEKTPOHHYIO CTPYKTYpPy aroMa ¢ 3apsaaom siapa Z = 22.
7. OneKkTpoHHAs CTpPYKTypa aroMa OIICBIBAETCS bopmymoi

1s°2s*2p°3s°3p°3d°®4s’. Kaxoii 510 smement?

8. CKOJIbKO aTOMHBIX OpOMTaNel CONEP>KUT BTOPOH IHEPreTUUECKUH ypOBEHb B aToMax
XMMHUYECKHUX 3JIEMEHTOB?

9. CKOJIBKO aTOMHBIX OpOHMTaJe COAEPKUT TPETUIl IHEPreTHUECKUl YpOBEHb B aTomMax
XMMHUYECKHUX DJIEMEHTOB?

10. CKONBbKO aTOMHBIX OpOMTaNeil COACPXKHUT TPETHH SHEPreTHMYECKH YpPOBEHb aToMa
nuHka? [IpuBenuTe 3MeKTPOHHYIO0 (POPMYITy aTOMa 3TOTO IEMEHTA.

11. CxkonbKo aTOMHBIX OpOuTaneil CONEP)KUT MATHIA PHEPreTHUECKUH YpOBEHb aToMa
nanraHa? [IpuBeaure 351eKTpOHHYIO (OPMYJTy aTOMa 3TOTO IEMEHTA.

12. CkonbKko aTOMHBIX OpOMTaNeil COAECPKUT IIECTOW SHEPreTUUYECKUH ypOBEHb aToMa
uepus? IlpuBeaure 31eKTPOHHYIO (OPMYITy aTOMa ITOTO 3JIEMEHTA.

13. Tlo 3apsmy simpa atoma (Z = 23) 3amMIIATE JIEKTPOHHBIE KOHPHUTYpAIIUUA BaJCHTHBIX

HOHypOBHeﬁ ", UCIIOJIB3YA ITpaBujia KJ'IC‘IKOBCKOFO, YKaXUTE MOCIICAOBATCIIbHOCTD UX 3allOJTHCHUSA.

I1oBbI1IEHHBIN YPOBEHB
1. Kakoe MaKCUMaJbHOE YUCIIO0 3JIEKTPOHOB MOXKET coziepKaTh
aToM B JEKTPOHHOM YpOBHE c TJIaBHBIM KBaHTOBBIM YHUCIIOM

n=5un=3?



2. CKOJBKO HE CHapEeHHBIX SJIEKTPOHOB COAEPKAT HeBo3OyxkaeHHble atombl B, S, Cr?

CocCTaBbTe MX DIEKTPOHHBIE M IPAQUIECKHE CXEMBL.

3. Kakue u3 ANEKTPOHHBIX bopmy, OTpaXKaroIINX CTpPOCHHE
HEBO30YKIEHHOTO aTOMa HEKOTOPOTO 3JIEMEHTA, HE BEPHBL:

1) 1s?2s22p°3s!; 2) 1522s22p%; 3) 1522522p®3s23p®3d*

4) 1522s22p®3s23p%4s?; 5) 1522522p°3s?3d* ? [Touemy?

4. VI3 IpMBEACHHBIX SMEKTPOHHBIX Koudurypawmii: 1p°, 2s°, 2p’, 3d', 3f7, 4p°, 55°, 3d"
BBIOEPHUTE T€, KOTOPBIE MIPAKTUYECKH CYIECTBOBATH He MOTYT. OOBACHUTE IPHYMHEL.

5. Tlo 5NEKTPOHHBIM KOH(UIypalUsM HOHOB ONpENEIMTE 3apsAl  SAep HX AaTOMOB:

D%:..3d"%4s%4p°; 27" ...35°3p°3d"4s". 3ammmumre snexTpoHHEBIE GOPMYIBI ATOMOB I

ANEKTPOHHBIE CTPYKTYPhl UX BHEIIHUX 000JI0YEK.

CHnuUCOK JuTepaTypbl, peKOMEHAyeMblil K HCIO0JIb30BAHUIO 110 JAHHOH TeMe

OcHoBHas1 IUTepaTypa:
1. Koporun, H. B. O6mas xumus : yueounuk / H. B. KoposuH. - 13-¢ u3a., nepepad. u mom. - M. :
Axanemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2. Muxanusa, E. C. XuMus okpyskaromiei cpepl : XUMHs KHUBBIX oprann3MoB. Kypc nexumii / E.
C. Muxamuna, A. JI. [lerenmna. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 c. — ISBN 978-
5-87623-457-5. —TexcT : 35eKTpoHHbIH // DnekTpoHHOo-0nbmroreunas cucrema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocryna: uis aBTopHu3mp.
M0JIb30BaTENEN
JlonoHUTeILHAS JTUTEpaTypa:
1. I'munka, H. JI. O6mas xumust / H. I'. I'munaka ; [Tog pen. A. U. Epmakosa. - U3a. 30-e, ucnp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuMHs METAJUIOB : y4eOHOE 1mocodue (711 CTyIEHTOB XUMHUYECKOT0 (paKyibTeTa HanmpaBIeHUN
OakanaBpoB «XUMU» U « XUMHUECKast TexHOJorus») / coctaputenu O. A. I'omoBaHoBa. — OMCK :
Omckuii rocynapctBeHHbIN yHUBepcuTeT uM. @.M. Jloctoesckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — TekcT : 37eKTpOHHBIN // DIeKTpOHHO OnbmnoTeunas cucrema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum nocryna: mis
ABTOPHU3UD. MOJIb30BATENICH
HNHTEepHET-pecypcehl:

1 http://window.edu.ru/ — enuHOE OKHO JIOCTyTa K 00pa30BaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcurerckas 6MOINOTEKa OHIANH.

3 http://catalog.ncstu.ru/ — 37IEKTPOHHBINA KATAJIOT ACCOLMUAIMH YJIEKTPOHHBIX OMOINOTEK
y4eOHBIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — 9BC.

5 https://openedu.ru — OTKpbITOE 0Opa3zoBaHue

TEMA 4. XUMHNYECKAS CBs3b
INPAKTUYECKOE 3AHATHE 3. XUMHNYECKAS CBA3b

Heab 3aHATHA: PACIIMPUTD U YIIIyOUTH 3HAHUS YUAIIUXCS IO TeMe « XUMHUYECKask CBSA3b)»

3HaHMS U YMEHUs, NpuodpeTaeMble CTYJEHTOM B pe3yJibTaTe 0CBOEHUSI TeMbI
3HaTh: OCHOBBI CAMOOPTAHHU3AITUHN B CaMOOOpa30BaHMS,


https://openedu.ru/

3HaTh: CYIIHOCTH U 3HaYCHHE MHOOPMAIIMU B PA3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBHI MOTyYCHHUS U
00paboTKy HH(DOPMAITUU U3 Pa3TMYHBIX HICTOYHUKOB

3nartn: paOOTHI [0 pacUETy U MPOSKTUPOBAHUIO JETAICH U y3TIOB
MaIIMHOCTPOUTENBHBIX KOHCTPYKIIUNA B COOTBETCTBUM C TEXHUUECKUMHU 3aJaHUSIMU U

HCITIOJIb30BAHUCM CTAHAAPTHBIX CPCACTB daBTOMATU3AlIUN ITPOCKTUPOBAHUA

YMeTh: caMOCTOSITETIBHO CTPOUTH HPOLIECC OBJIAACHUS HH(POPMaLuei, 0TOOpaHHOH U CTPYKTYpHUPOBaHHON
IUIS1 BBIIOJTHEHUS TPOGECCUOHANBHON AEATEIbHOCTH.

YmMern: nonydars 1 00padaThIBaTh MH(GOPMAIHIO M3 Pa3INYHBIX HCTOYHHKOB

Ymers: IPUHUMATh y4acTue B pab0OTax Mo pacyery U NpOEKTUPOBAHUIO JIeTajei U
y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKIHUI B COOTBETCTBUH C TEXHUYECKUMHU
3aJaHUSIMH U UCTIOJIb30BAHUEM CTAaHAAPTHBIX CPEICTB aBTOMATU3aLUU

IMPOCKTUPOBAHUA
HaumenoBanue ¢GopMHpyeMbIX KOMITETCHLIUH

HNupexc DopMyIHpPOBKA:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3aIH U CaMOOOPa30BaHUIO
OIK-4 NOHUMAaHUEM CYLTHOCTHU U 3HA4YCHUS WH(OPMALIUU B Pa3BUTHH

COBPEMEHHOT0 00I1eCTBa, CIOCOOHOCTHIO MOJIyYaTh U
00pabatbiBaTh HHGOPMAIIUIO U3 PA3JIMUYHBIX UCTOYHUKOB,
TOTOBHOCTBIO HHTEPIIPETUPOBATH, CTPYKTYPHUPOBATH U
oopMIIATh HHGOOPMAIIHIO B TOCTYITHOM JUISI IPYTHX BUIC

TK-5 CIIOCOOHOCTBIO MPUHUMATh yUacTre B paboTax 1Mo pacyery u
MPOEKTUPOBAHUIO JETAJIEH U y3JI0B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKIIMI B COOTBETCTBUU C TEXHUYECKUMU 33IaHUSIMU U
UCIIOJIb30BaHUEM CTAHAAPTHBIX CPEACTB ABTOMATU3ALINHI
MPOEKTUPOBAHMUS

CoBpeMeHHOE pa3BUTHE HAyKH W TEXHUKH TPHUBEIIO K PE3KOMY H3MEHEHHIO pellaeMbIX 3a/ad |
BBIJIBUHYJIO HOBBIE TPeOOBaHHUS KaK K BBICIIEMY 0OOpa3oBaHMIO BOOOIIE, TaK W K HAYYHOH IMOATOTOBKE
CTYJICHTa B 4YaCTHOCTU. B HacTosmiee BpeMs 0COOSHHOCTBIO CIIEIUATUCTA CIICAYET CYUTATh HAJHMUUE y HETO
TBOPYECKOTO MBINIUICHNS, OJHUM W3 BAKHEHIINX KA4eCTB KOTOPOTO SIBISETCS CHUCTEMHOCTh. [loaTomy
pa3paboTka CHCTEMHOTO TMOAXOJa K PAacCMOTPEHHIO paszziena "XuMudeckas CBs3p" B Kypce XHUMUU
MIPENICTABIISIETCS aKTyaTbHOM.

Teopernuyeckast 4acThb

Xumuyeckas ¢613b — COBOKYNHOCHIb  CUN, OeUCMBYIOWUX Mexcoy amomamu U
00y CcasIUBaOWUX YCMOu4U80Cmy OAHHOU cucmemsl. Pemarontyto poib B 00pa30BaHUM XMMHUUECKON
CBSI3M UIPAIOT He CHapeHHvle (8aleHmHubvle) JJeKmpOoHbl TPEIBHEUIHET0 WM  BHEIIHETOo
SHEPreTUdecKknx ypoBHel. CrapeHHbIE 3J1eKTPOHBI TMPU BO30YXKIEHHH CIIOCOOHBI pacrapuBaThCs,
o0ecrieurBasi BO3MOXHOCTh 0O0pa3oBaHUsI OOJBLIETO YHMCIAa XUMHUYECKUX CBsi3eil. BaneHTHOCTSD,
00yCIIOBJICHHAs OOIIMM YHCIIOM, UMEIOLIUXCS B aTOME€ HE CHApeHHBIX 3JIEKTPOHOB, HA3BIBACTCS
cnunganeHmHocmoio.  PeakllMOHHAs  CIIOCOOHOCTh ~ XMMHUECKOW  CBSI3U  OIpENeNsieTcss — ee
KOIUYECMBEHHBIMU XAPAKMEPUCMUKAMY, K YUCITY KOTOPBIX OTHOCATCA: OIUHA, BATIEHMHbII V20l
U 9Hep2Usl.

Teopuss XUMHYECKOW CBSI3M JAET BO3MOYKHOCTH OIMCATh PACHpPEACIICHUE SJIEKTPOHHOU
IUIOTHOCTH B MOJIEKYJe. Xumuyeckas césa3b umeem mMecmo mam, 20e 2J1eKmpOHHAs NIOMHOCMb
MedHcoy amomamu HauborbuLasl.

Jlns npubnr>keHHONW OIIEHKHU 3JIEKTPOHHOW MIOTHOCTHU MEXKIY aTOMaMH CYIIECTBYET JBa
MeTo/a: Memoo MonekyisapHulx opoumaneti (MO) n memoo earenmuwvix ceésazei (BC). Paznmuyaror
CIIE/TyIOLIHE OCHOBHBIE THIbI XMMUYECKOM CBSI3U: KOBAJIEHMHYI0, OCYIIECTBIsEMYI0 oOmieil mapoi



3JIEKTPOHOB; UOHHYI0, KaK Pe3yJIbTaT 3JIEKTPOCTATUYECKOrO0 B3aUMOJICUCTBUSL Pa3HBIX MO 3apsiay
MOHOB (MOHBI 00pa3yIoTCs 3a CUET MOJIHOTO MEePeXo/a HEKOTOPhIX BHEUIHUX AJIEKTPOHOB OJJTHOTO aToMa
K JpyroMy, Oojee »3IeKTpOOTPHLATEIBHOMY), H Memaiiuyeckyro. J{OHOpHO-akuenTopHas H
BOJIOPOIHAS CBSI3U PACCMATPUBAIOTCS KaK PAa3HOBUAHOCTH KOBAJIEHTHOM CBSI3H.

Bonpocel u 3aganus
Ilpumep. Tlonb3ysich DIIEKTPOHHOH CTPYKTypOH aToMa KpeMHHS B BO30Y>KICHHOM
cocTostHAM (CM. TIpuMep 2 B paszene 3), 00BbICHUTE MeXaHn3M 00pa3oBaHmst MoseKyibl S1iF, 1 noua

[SiF,]>.

Pemenne. AToM GTOpa HMeEeT SNEKTPOHHYI0 cTpyKTypy 18°25°2p:

“:? AEEEY
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YeTplpe HE CHApEeHHBIX JHJIEKTPOHA BO30YKIEHHOTO aTroMa KpEeMHHUs YYacTBYIOT B
00pa30BaHNM YETHIPEX KOBAICHTHBIX CBS3€H C YETHIPhMS aToMaMu (hTOopa, IMEIOIMMH 110 OJTHOMY
HE CIIapEHHOMY DJIEKTPOHY:

F\ /F
i
F -~ SNF

F 2276 .
-HOHBI UMEIOT HJIEKTPOHHYIO CTPYKTYpY 1S°2S"2p” — BCe BaJ€HTHBIE SJIEKTPOHBI B HEM
CHAPEHBI:

AR RN
1 ,

ba3oBblii ypoBEeHB

1. Ykaxure tun xummdeckoil csisu B monekynax H,, Cl, u HCL. Tlpusenute cxemy

o +
IIePEeKPBIBAHMS JJICKTPOHHBIX 00s1aKkoB. Kakue THIBI XMMU4ecKol cBs3u peanusyrorcs B NH, -

noHe?
2. YcTaHOBHUTE IPOCTPAHCTBEHHYIO CTPYKTYpy cirenyromux Morxekyr: H,S, SiH, u PH,.
3. Kakyro XUMUYECKYIO CBA3b Ha3bIBAIOT BOJOPOJHON?
Mexny MOJIEKYJIaMH KaKHX BEIIECTB OHa oOpasyercs? ITouemy
H,O u HF, umest MCHBIILYIO MOJICKYJISIPHY IO maccy, TUIaBSITCS u

KUIIAT TPH 00Jiee BHICOKUX TEMIepaTypax, YeM UX aHaJIOTU?
4. Kak meron BasieHTHBIX cBsizel (BC) oOBsICHSET IMHEWHOE CTpoeHue MOJIeKyJbl BeCl> n

Tetpasapuieckoe crpoerue mosexynst CH, ?

5. Ckonbko HE CIIAPEHHBIX JIEKTPOHOB uMmeeT aToM xJjiopa B
HOpPMaJIbHOM M BO30Y>KJEHHOM COCTOSHUAX? YeMmy paBHa BaJEHTHOCTb XJIOpA B HOPMAJIbHOM U



B030yxk/eHHOM cocTosiHUAX? [loueMy ¢rop He TpOSBISET BaJCHTHOCTh, PABHYIO CEMH, XOTS
SBJIIETCS DJIEKTPOHHBIM aHAJIOTOM XJI0pa?

6. Kak meron MO 00BsCHSIET TO, YTO B MOJICKYJIIpHOM HOHe F,” sHepruu cBs3u (318
kJ[x/Mounb) Oonbine, ueM B Monekyine F, (159 x[x/mons)? Kakas ¢popma 3amucu oTpaxaer

B Metoze MO crpoenue F,” u F,?

[ToBbI1IEHHBINA YPOBEHB
1. OnummTe ¢ MO3UIKK MeTo1a BaleHTHBIX cBsi3el (BC) anekTpoHHOE CTpOSHUE MOJICKYJIbI

BH, nunona [BH,] .

2. CpaBHure CITOCOOBI oOpaszoBaHUs KOBQJICHTHBIX CBsI3EH B

+

monekynax CH,, NH, nunone NH,.
3. Urto TaKoe O -CBSI3b u JT -CBA3b? Haiite 00BsCHEHHE Ha

npumepe morekyn C1,, N, u C,H,.
4. Kak meton MO o00bBsicHsET, MOYEMy MOJEKYJISpHBbIH HWOH He>" sHepreTHdyecKku

yCTo#uuB, TOrna kak mojekyna He> He cymiectByeT? Kakas Gopma 3amucu oTpakaeT B METOE
MO ctpoenne He>"? O6nanaet iu non He>" mapamarHuTHeIME cBoiicTBamMu? [Touemy?

Choucok JUTEPATYPHI, peKOMeHI[yeMblﬁ K HCI0JIb30BAaHUIO 110 JaHHOI TeMe

OcHoBHasi IuTEpaTypa:
1. Koposun, H. B. O6mas xumus : yueounuk / H. B. KopoBuH. - 13-e uzn., nepepad. u mom. - M. :
Axanemust, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - [Ipun.: c. 461. - bubmumorp.: c.
486. - ISBN 978-5-7695-8015-4
2. Muxanuna, E. C. Xumus okpyKaromei cpeipl : XUMUs KUBbIX oprann3MoB. Kypc nekiuii / E.
C. Muxamuna, A. JI. [lerenmua. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 ¢. — ISBN 978-
5-87623-457-5. —TexcT : 35eKTpoHHbIH // DnekTpoHHOo-0nbmroreunas cucrema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocryna: s aBTOpHu3Hp.
M0JIb30BaTENEN
JlonoHUTeILHAS JTUTEpaTypa:
1. I'munka, H. JI. O6mras xumust / H. I'. I'munka ; [Tog pen. A. U. Epmakosa. - U3a. 30-e, ucnp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuMHs METaJUIOB : y4eOHOE 1mocodue (71 CTYIEHTOB XUMHUUECKOTO (paKynbTeTa HanmpaBIeHUN
OakanaBpoB «XUMU» U « XUMHUECKast TeXHOJorus») / coctaputenu O. A. I'omoBaHoBa. — OMCK :
Omckuii rocynapctBeHHbIN yHUBepcuTeT uM. @.M. Jloctoesckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — TekcT : 37eKTpOHHBIN // DIeKTpOoHHO OnbmnoTeunas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum nocryna: mis
ABTOPHU3UP. MOJIb30BATENICH
HNHTEepHET-pecypcehl:

1 http://window.edu.ru/ — enuHOE OKHO JTOCTyTa K 00pa30BaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcurerckas 6MOINOTEKa OHIANH.

3 http://catalog.ncstu.ru/ — 37IEKTPOHHBINA KAaTAJIOT ACCOLMUAINH YJIEKTPOHHBIX OMOINOTEK
y4eOHBIX 3aBefieHui u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — 9BC.

5 https://openedu.ru — OTkpbITOE 0Opa3zoBaHue



https://openedu.ru/

TEMA 5. OBIIUE 3AKOHOMEPHOCTHU NIPOTEKAHUA XUMHUYECKHUX
PO ECCOB.

INPAKTUYECKOE 3AHATHUE 4. XUMHNYECKAA TEPMOJINHAMMKA.
JHEPI'ETUKA XUMHNYECKUX NTPOIECCOB. HAITPABJIEHHOCTD
XUMHNYECKHX ITPOLHECCOB

Ilens 3aHATHS: BBECTH TMEPBBIM 3aKOH TEPMOJMHAMHKH KaK 3aKOH COXpaHEHHs JSHEPTUU
TEPMOAMHAMUYECKON CHCTEMBI, PACKPHITh €r0 (PH3UYECKOe COAEp)KaHHEe TPH PACCMOTPEHHH KOHKPETHBIX
MPOIIECCOB, TPOJOJDKUTh (OPMHUPOBAHME YMEHHMU ONMCHIBATH TEIUIOBBIC MPOLECChl (DU3MUECKUMU
BEJIMYMHAMU U 3aKOHAMU;

3HaHuA M yMeHus, NpuodpeTaeMble CTYIEHTOM B pe3yJbTaTe OCBOCHHUSI TeMbI

3HaTBh: OCHOBBHI CAMOOPTaHU3AIUN H CAMOOOpA30BaHUS;
3HaTh: CyIIHOCTH M 3HaUYEHUE HH(OPMAIIMU B PA3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBHI MOTYYCHUS U
00paboTKN HH(DOPMAITUY U3 PA3THYHBIX UICTOYHUKOB

3narb: pabOTHI 10 pacyETy U MPOEKTUPOBAHUIO JETANEH U y3JI0B
MaIIMHOCTPOUTENBHBIX KOHCTPYKLWNA B COOTBETCTBUH C TEXHUYECKUMH 3aJaHUAMU U

HCITIOJIB30BAHUCM CTaAHAAPTHBIX CPEACTB aBTOMATU3allUK ITPOCKTUPOBAHUSA

YMeThb: caMOCTOSITEIbHO CTPOUTH IIPOIIECC OBNIACHMS HH(OpMAIUEH, 0TOOpAaHHOW U CTPYKTYPUPOBAHHOM
JUTSL BBITIOJTHEHUSI TPOGECCHOHANBHON ICATSIBHOCTH.

YMeTh: ToIy4aTh U 00padaTeIBaTh HH(POPMAITHIO M3 Pa3THIHBIX HCTOYHHKOB

Ymers: IPUHUMATh yUacTue B paboTax 1Mo pacyery u NpOEeKTUPOBAHUIO JIeTajeil U
y3JI0B MAllIMHOCTPOUTENBHBIX KOHCTPYKIUNA B COOTBETCTBUU C TEXHUYECKUMHU
3a/laHUSIMH 1 UCTIOJIb30BAHUEM CTAHJIAPTHBIX CPEICTB AaBTOMATHU3AIUU

IMPOCKTHUPOBAHUA
HaumenoBanue ¢opmupyembix KOMIIETEHIUN

HNunexc DopmyIHpPOBKa:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3alluy U CaMO0Opa30BaHUIO
OIK-4 MOHMMAaHWEM CYITHOCTH U 3HA4YCeHUs WH(OPMAIIUU B Pa3BUTHH

COBPEMEHHOT0 00IIECTBa, CIOCOOHOCTHIO MOJYy4aTh U
o0pabaTbiBaTh MHPOPMALIUIO U3 PA3IUYHBIX HICTOYHUKOB,
TOTOBHOCTBIO HHTEPIIPETUPOBATH, CTPYKTYPUPOBATH U
oGopMIIsATh HH(OPMAITHIO B IOCTYITHOM JIsl IPYTUX BUJIE

TK-5 CIIOCOOHOCTBIO IPUHUMATH YYaCTHE B pabOoTax Mo pacuery u
IPOCKTHPOBAHUIO JA€TaleH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKIIUH B COOTBETCTBHM C TEXHUUECKUMHU 3aTaHUSMH U
UCIIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB ABTOMATH3AIUH
IPOCKTHPOBAHHUS

AkTtyanpHOCTh pPaboThl. CHHTE3 HOBBIX COCIMHEHUH W W3YYCHHE HEU3BECTHBIX paHee
(bU3UKO-XMMHYECKUX CBOMCTB SIBIISIETCS aKTyaJIbHBIM U C TOYKU 3PEHHSI XMMHUYECKON HayKHd UMEeT
¢dbyHnameHTanbHbIN Xapakrep. C MOMEHTa BOSHUKHOBEHUS XHMHUYECKON TEPMOAMHAMUKH OJTHOM 3
BOKHEWIIMX 3aJa4 O3TOM HAyKW SBJISAETCA ONPENEICHUE CTaHAAPTHBIX TEPMOJMHAMUYECKUX
GyHKIMH WHANBUIYAIbHBIX BEIIECTB. Takue JaHHBIE HEOOXOIUMBI MPEXIE BCEro, IS pacdera
PAaBHOBECHI XMMHMYECKMX pEakUMi INpU pa3IudHbIX Temmoeparypax M JasiaeHuu. llpu stom
JTUMHUTHPYIOIIUM (DaKTOPOM B TaKMX pacuerax SBJISETCS, KaK MPaBUIO, OTHOCUTEILHO HH3Kas
TOYHOCTb B  ONPEACIICHUH SHTAJILIINY XUMUYECKOM pEakUuH, KOTOpas BBIUHCIACTCA  Kak



anredpandeckas cymMMa SHTaJIbII 00pa30BaHUs peareHTOB. B M3MepeHusX SHTPONHUH JOMYCTHMBI
00JIbIIKE MOTPEIIHOCTH, OCOOEHHO, €CIIU PEeYb UAET O PeaKlUsiX C YYaCTHEM KOHJIEHCHPOBAHHBIX
BEIIECTB. B 3TOM OTHOIICHUU ONpPEIEICHNE CTAaHIAPTHBIX YHTAIBINNA 00pa3oBaHus U aOCOFOTHBIX
SHTPOINHMKA UHANBUYJTBHBIX BEIIECTB SBJISETCS HEOOXOIMMON U aKTyaIbHOU 3aa4el XUMHUIECKOM
HayKH{ U TEXHOJIOTHH.
Teopernuyeckasi 4acThb

Hayka o0 B3auMHBIX @pEBpalleHUSAX pPa3JWYHBIX BUJOB OJHEPrMM  HA3BIBACTCS
MepMOOUHAMUKOU.

[Tpu XUMHUYECKUX PEAKIHIX MPOUCXOJAT NIyOOKHE KaUeCTBEHHbIE U3MEHEHHUS B CUCTEME:
PBYTCSL CBSI3U B MCXOJHBIX BEILECTBAX M BO3HUKAIOT HOBBIC CBSI3M B KOHEUHBIX MPOAYKTAaX. JTU
WM3MEHEHHE COMPOBOXKAAIOTCS MOTJIOIIEHNEM WIIN BbIIEJICHUEM SHEPTUU OOBIYHO B BUJIE€ TEIUIOTHI.

Paznen TepMoaMHAMHKH, W3y4aromuil TeraoBble 3((EKTbl XWMHUYECKHUX peakuui,
Ha3bIBAECTCS MePMOXUMUELL.

[Ipu mo6OM IpoLecce BHINONHAETCS 3aKOH COXpaHeHus: sHepruu. Tenioma Q)

noznowjennas cucmemotl, uoem na usmenenue eé enympenneti snepeuu AU u na coeepuenue
pabomvr A :

Q =AU+A. @)

BHYTpeHHSS 2HEpPrHsl XapaKTepU3yeT CKPBITYIO0 B BEIISCTBE SHEPTUIO (KUHETHUYECKYIO H
MOTEHIMATILHY0), KOTOpasi BRICBOOOXIAETCs MPH (PU3MYECKUX M XUMHUYECKUX TPOIIeccax.

Tennosvim  2¢hghekmom  peaxkyuu  HA36I8AEMCS  KOIUYECMBO  BbIOCIEHHO20  UNU
noenowenno2o menia. CTaHIapTHBIN TemnoBol 3((EKT COOTBETCTBYET CTaHIAPTHBIM YCIOBHUSIM
npoBeneHus peakmmii: T = 298,15 K, P = 101,3 Ila. Tennosoii a¢hghexm peaxyuu, npomexaroweti
npu NOCMOAHHOM 00beMe CUCTEeMbl, PABeH USMEHEHUIO GHYMPEHHell IHEPSUL:

Q, = AU. “2)

BONBbIIMHCTBO XUMUYECKUX pEaKIuil MPOTEKAeT MpPU MOCTOSHHOM JaBleHUH. 1ennogot
aghgpexm Xumuueckol peaxkyuu, npomexaioujel Npu NOCMOAHHOM OABNeHUU, DABEH USMEHEHUIO
SHMANLNUU:

Qp =AH. (4.3)
DHTaNIBINS paBHA CyMME BHYTPCHHEH SHEPTUH U PA0OTHI PACIIHPCHUSL:
H=U+pV.
p (4.3)

[TosToMy oumanenuro onpedenarom Kaxk dHepeUr0 PpPACUWUPEHHOU CUcmeMbl, €€
TEIUIOCOIepKaHue.

Peakuun,  KOTOpblE  CONPOBOXKIAIOTCS  BBIIEICHMEM  TEIUIOTHI,  Ha3bIBAIOTCA
axzomepmuyeckumu. TIpu MX MpoTeKaHWW Terioconepkanne cucrtembl ymenbsimaercs (AH < 0).

[lpy TPOTEKAHWM IKE OHIOTEPMHYECKUX DEAKIMH, WAYNMX C MOMJIONIEHHEM TEIIa,
temnocozepxkanue ysemuusaercs (AH > 0).

B 3aBucuMocTH OT XapakTepa MPOUCXOISAIIETO Tpoliecca pas3iidyaloT —TEeIIoOThI
o0Opa3oBaHMs, CropaHus, pacTBopeHus u 1.1. [loHsaTue o Terore 06pa3oBaHus BEIIECTBA SABISETCS
OJTHUM U3 BaXXHEHUIIIUX B TEPMOXUMUH.

Tennomoti o6pazosanus (AH ) nasviearom mennoeoii s¢hghexm peaxyuu 06pPaz06anUsL

o0pas.
00HO20 MOb CIONCHO20 6EUeCmEd U3 NPOCMbIX, VCMOUHUSHIX NPU CMAHOAPMHBIX VCI0GUAX
(T=298,15K; P=101,3 xlla). Temnorsr 06paszoBanusi HEKOTOPBIX BENIECTB MPUBEIEHBI B

tabnume 6.1. OOpaTuTe BHUMAHUWE HA TO, YTO MENI0mMbl 00pPA308AHUSL NPOCMbIX Beuecms,
YCTOMUYUBBIX MPH CTAHAAPTHBIX YCIOBUSIX, HPUHSNbL PAGHBIMU HYIIO.



Tennosou s¢hghexm xumuueckol peakyuu 3a8ucum om npupoovl U GuU3ULECKo20
COCMOSIHUSL UCXOOHBIX 8eujecms U NPoOyKmMo8 peaxkyuu U He 3d8UCUm Om Nymu eé npoeeoeHus.
TermmoBeie 3PPEKTH 3aBUCAT OT CTPOCHUS PEATHPYIOMIMX MOJEKYJ, MO3TOMY TEOPETHYECKU
paccuuTaTh UX HEBO3MOXKHO. 3akoH ['ecca Mo3BoJisieT HA OCHOBAHWH OTPAaHUYCHHOTO KOJUYECTBA
OTIBITHBIX JIAHHBIX IO TEIUIOTaM OOpa30BaHUs BBIYHCISATH TETUIOBBIE d(D(EKThI OONBIIOrO YHUCIa
peaKIuid.

OCHOBHBIM 3aKOHOM TEPMOXUMUU SIBISIETCS 3aKOH [ ecca, B OCHOBE KOTOPOTO IICKHUT
3aKOH COXpaHEHUS YHEPTUU:

Tabauya 4.1 — Teniomul 00pA308aHUSL HEKOMOPLIX BEUJECIE

Bewecmso AH 5. » Ko/ MOMD Bewecmeso AH 5., » Korc/mons
Al,O,(1) ~1675 H,O(r) 242
Al (S0,),(1) —3434 H,S(r) —20
CH,(r) -75 MgO(1) —601
C,H,(r) 85 Mg(NO,), (1) 790
CeH, (%) 49 NO,(r) 33
CO(r) -110 NaHCO, (1) 914
CO, () -393 Na,CO, (1) 1129
COS(r) “137 Na,S(1) 372
HCI(r) -92 Na,SO,(1) ~1090
HNO, (%) 173 Na,SO, (1) 1388
CuO(T) 165 POCI, () 7597
Cu(NO;), (1) -307 PCI, (1) 369
H,0(x) 286 SO, (r) 297

B cootBetcTBHE ¢ 3akoHOM ['ecca: mennogotl aghpexm psaoa nocredosamenvuvix peakyutl
paser meniosomy 3ggexmy opy2020 psoa nocied08amelbHbIX Peakyull, ecid UCXOOHbLe Belecmea
U npooyKmwl npespaujeHuti 00uHakoevl. Ha OCHOBaHWUM 3TOrO MOAXOAA C TEPMOXMMUYCCKHUMU
YpaBHEHHSIMA MOXXHO ONEPUPOBATh TaK K€, KaK M C alreOpanmdecKumu. TepmoxumuyecKkumu
HA3b18AIOMCI XUMUYECKUE YPAGHEHUSL, 8 KOMOPLIX YKA3AHbL MeNn108ble d¢hdexmul peakyuil.

M3BecTHO, YTO B HEM3O0JMPOBAHHBIX CHUCTEMax IPH OTCYTCTBUU BHEUIHHX BO3IEHCTBHI
CaMOTIPOU3BOJILHO MPOUCXOIAT IK30TEPMUUYECKUE PEAKIIHH (AH< 0). Oco0eHHOCThIO
XUMHAYECKHX MPEBPAICHUH SBISETCS y4acTHe B HUX OOJBIIOrO YHCia 4acTHIl. [ Takux cucteMm
Haubollee BEPOATHO COCTOSHUE OECHOpAIKA, XapaKTepu3yeMoe oSHrpornued S. H3MmeHeHwme

OHTPOIIHNU IPHU XUMUYCCKUX PCAKIUAX PACCUUTHIBACTCA Ha OCHOBAHUU CJIICACTBHA U3 3aKOHA I'ecca.
KauecTBeHHO 3HAK M3MCHEHHUS OHTPOIIMU MOYXHO OLCHUTL, COITIOCTABUB KOJIUYCCTBO Fa3006pa3HHX
BCIICCTB A0 U IIOCJIC pCaKIHH.

Bonpocs! 1 3aganus
Ilpumep 1. BBIUMCIUTD CTaHIAPTHYIO TEIJIOTY OOpa3oBaHUs OKcuua kenesa (+3) 1o

CJICAYIOIIUM TCPMOXUMUUCCKUM YPABHCHUAM!
1) 2Fe,, + O, =2FeO,; AH, =-532 k]Jlx;

(1)
2) 4FeQ,,, + O, = 2Fe,0,,; AH, = -584 x/x.

2(r)




Pewenue. 3amnuiieM TepPMOXMMHYECKOEe ypaBHeHHe oOpasoBanms Fe,O; u3 mpocreix

BCIICCTB:

3) 2Fe,, + 1,50, = Fe,0,; AH, = ?x/Joc.

2(r)
Juist TOro 4T0OBI U3 IBYX JaHHBIX YPaBHEHHUH MOIyYUTh HCKOMOE 3), Hy’)KHO ypaBHEHHE 2)

pa3nenuTh Ha JIBa U CIOXUTH ¢ ypaBHeHHeM 1). Takue ke anreOpanueckue AEHCTBUSI IPOBENIEM C

TerIoBbIMU 3 eKTaMu JaHHBIX PeaKiuil U momyuuM uckomyro semmunny AH p

2Fe,, + 1,50, =Fe,0,,; AH,  =0,5(-584) - 532 = -824 kJI)/MOIb.

2(r)

Jns pacdera TeIUIOBBIX I(PQPEKTOB XUMHUYECKHX PEaKIMH YacTO HCIONB3YIOT IEPBOE
CIIEJICTBUE U3 3aKOHa ['ecca:

Tennoeoii s¢ghgpexm xumuueckou peakyuu pasen cymme meniom oopazoeanus npooyKmos

peakyuu 3a 6bl4emom CyMMmbl meniom o0pazo6anus UCXOOHbIX 6EUjeCME:

_ obp. _ o6p.

AH,, =Y AHX = AH! 44

Ilpumep 2. Paccuuraiite TemnoBoi 3¢G(dEKT peakuu TOpPEeHHUs dTaHa HCXOIsl U3

CTaHJAPTHBIX TEIUIOT oOpa3oBaHus. Kakoe KOJMUYECTBO TEIJIOTHI BBIACTUTCS WIM IOTJIOTHTCA,

ecimu: a) cropaet 90 r stana; 6) o6pasosanock 89,6 am’
CO, (ny)).

Pewenue. 3anumem TCPMOXUMHYCCKOC YPABHCHUC PCAKIHN I'OPCHUA 3TaHa B paCuCTC Ha

1 Monb:

C,Hy,, +3,50,,, — 2CO,, +3H,0,,; AH, =? Kk,

6(r) 2(r) 2(r) (x)>

Paccunraem TernoBoit 3 ekt peakuuu mo nepBoMy CIEICTBUIO U3 3akoHa ['ecca:
AH,, =3AHf, +20H )~ AH,
AH gfp " =0, TaK KaK 3TO IIPOCTOE BEIECTBO.
[ToacTaBuM 3HaYEHMSI TETUIOT OOpa30BaHus U3 TaOIUIIHI 6. 1:
AH,, = 3+(-286) +2+(-393) + 85 = -1559 xJlx/Mors.

Tockonbky AH, |~ <0, peaxums sksorepmuyeckas.

Ilo ypaBuenmio peaxtun cropaer 1 moms C,H(, t.e. 30 r. Ilo ycmoBuio 3ama4u B

peakuuro Berymuno 90 T C,H , uro cocrasisier:

m
n(C,H,)=—"" = 02 =3 mons.
M 30 2/ monw

CyHg

Torpga xonuuecTBo TCIJIA4, BBIACJICHHOT'O IIPpU CrOpaHnuun 90T JTaHa, 6y,[[eTI



Q=nAH_, =3 - (-1559) =-4677 xJix.
I[lo ypaBHEHHIO PEaKLHUH M3 OXHOTO MOIb dTaHa oOpasyercs 2 mons CO,. Hamomuum,

YTO MOIb ra3a, IIpH H.y., 3aHUMaeT oobeM 22,4 nm’. Tlo ycroBuIo 3ama4n obpazosanoch 89,6 am°

CO,, gro cocrasiser:

Voo, 89,6

n= =4 monw.
224 22,4

Konunuectso TCILJIa, BBIACIACMOC IIPHU 9TOM, PaBHO:
Q=nAH,, =4-(-1559) = - 6236 KIIx.

TeroBo#l 3pGeKT XUMHUECKONW peakIMi MOXKHO TaK)K€ BBIYHCIHTH, UCIOJB3YsI BTOPOE
ciencTBue U3 3akoHa ['ecca:
Tennosoii 3¢pgpexm Xxumuueckou peaxkyuu pagen cymme mMeniom C2O0paHusi UCXOOHBIX

eewecne 3a 6bl4eniom CYyMmol meniom C2Opanusl KOHEYHbIX 6euecmsas.

AH_ =Y AH = AH 4.5)

ceop.

Tennomou ceopanus eewecmea AH Hazvleaemcs. mMenaoeou 3¢hghexm peakyuu

OKUCNIEHUsL OOHO20 MOJIb 8eWeCmBa KUCIOPOOOM ¢ 00pa308aHUuemM BblCUUX (YCMOUYUBHIX) OKCUOOS.
JlJiss OpraHMYecKUX COCAMHEHUU TEIUIOTON CrOopaHUs HA3bIBACTCSA TEIUIOBOM A(PGEKT peakiuu
IIOJIHOTO CropaHust | MOJb JaHHOrO opraHmdeckoro BemecrBa ¢ obpasosamnem CO, u H,0O.
CrannapTHble TEIUIOTHl CrOpaHMs NpUBeAeHBl B Tabmuue 6.2. OOpaTuTe BHHUMaHUE HA TO, YTO
Terotsl cropanust Beiciuux okcuaos (CO, u H,0 ) paBusl Hyi0.

Ilpumep 3. PaccumTaiite TerioBoil >PQexT peakiuu 3TepuUKAIUU HCXOIsS U3 CTaHIAPTHBIX

Tabauya 4.2 — Cmanoapmmuvle S3HMANGNUU CCOPAHUS HEKOMOPBIX COeOUHeHUll TETUIOT CrOpaHUsI.

Bewecmeo AH | x]Te/monw Bewjecmso AH <", klloc/mons
CO 283 CH,COOH -874
CH, -890 CH,COOC,H, -2254
C,H, -1300 C,H,COOH -1370
C,H, -1560 H, -286
C,H,OH -1367 NH, -383

N,O -69

Kakoe KkoiM4ecTBO TEIUIOTHI BBIACIUTCSA WM MOTJIOTUTCA, €CIM B peakiuio Betynwio 138 T
3TaHona?

Pewenue. 3anuieM TEpMOXUMUYECKOE YPABHEHUE PEAKIUU:



C,H,0H,,, + CH,COOH,,, T=-== CH,COOC,H,,, +H,0,,; AH,_ =7 kJlx.

50x) (x)°

TernoBoit 3¢ (heKkT XUMUIECKOH peakIy PacCYUTAEM 110 BTOPOMY CIICACTBHUIO U3 3aKOHA

T'ecca:

A H — f Frczop + ceop f Frczop
x.p.

C,Hs;OH CH,COOH ~— CH;COOC,Hs
ceop o
AH o = 0, Tak KaK BOJa — 3TO BBICIINI OKCHJI.

HOIICTaBI/IM YUCJICHHBIC 3HAYCHUA TCIUIOT CrOpaHUus U3 T3.6.HI/II_[I>I 6.2:

AH = -1367 - 874 + 2254 = 13 x]JI>x/Mou1b,

D -
tak kak AH e 0, peakuus >HIOTEpMHUYECKAS.
Io ypasuenuto peakuuu pearupyer 1 moms C,H,OH. ITo ycnosuro 3amaun B peaximo

serymuio 138 r C,H,OH, uro cocrasmser:

mCZHSOH _ 138 2
M 46 2/ moaw

CyHsOH

=3 moan.

n =

Torna Kkonu4ecTBO TC11J1a, IIOTJIOICHHOI'O B JIaHHOM p€aKkuunu:
Q=nAH_ =3-13 =39 k[lx.

CnenctBusa U3 3akoHa ['ecca MpUMEHSIOTCA TaKXKe MPU TEPMOXUMUUYECKHX pacyeTax s
OIMPCACIICHUS TCIIJIOT 06p3.30BaHI/I$I HJIN CTOpPaHus UCXOJHBIX BCIICCTB UJIM MPOAYKTOB PCAKIIUH.
Ilpumep 4. Beprauciure CTaHIAPTHYIO TEIDIOTY 0Opa3oBaHUs OEH30JIa Ha OCHOBAaHUHU

TEPMOXHUMHUYECKOT0 YPAaBHEHUS PEaKIMH €r0 CrOPaHMUs:

CoHyy, + 7,50, = 6CO,,, +3H,0,,; AH, =-3133 klx/mors.

6(r) 2(r) 2(r) (O

Pewenue. I1o nepsoMy cneactsuro U3 3akoHa ['ecca:

— o6p. oop. o6p.
AH, , = 3AHH20 + 6AHCO2 - AH

CsHs

op.
AH )™ =0, Tak Kak 3T0 POCTOE BEMECTBO. BhIpasum Temnory o6pasoBaus GeH3ona:

obp. __ o6p. o6p.
AH =3-AH,'s+6-AH 5 —AH .

X

[TogcTaBUM YHCIIEHHBIE 3HAUYEHUS U3 TAOIUIEI 6.1
AHZ = 6:(-393) + 3:(-242) + 3133 = 49 kJl/Mons.

Ipumep 5. Beranciure crangaptHyto temwioty cropauus anerunesa C,H, nHa ocHoBanuu

TEPMOXHUMHUYECKOTO YPaBHEHUSI:



C,H,,, +CO,, +H,0,, —> CH,=CHCOOH,,; AH_, =-213 kJ[/MOIb.
AKpHJIOBasd KHUCJIOTA

Pewenue. I1o BTOpOMY CiieACTBUIO U3 3aKOHa ['ecca:

_ ceop ceop ceop ceop
AHW.—AH +AH +AHH2O AH

G, C,H;COOH >

rne AH fj:g =0.
OTcr01a BBIPA3UM TEMIOTY CTOPAHKS aLleTHIIEHA:

ceop __ _ ceop ceop
AH ., =AH , —AH," +AH

C,H,COOH *
AH 3 = =213 +283 - 1370 = -1300 xJ[x/mMoub.

Ilpumep 5. PaccunTaiiTe U3MEHEHUE SHTPOMNUU IIPU CUHTE3€ aMMHUaKa.

I[JIH peuICHU 3a1a"y 3allUIIEM YPABHCHUC PCAKIIUU B paCuYCTC Ha 1 MOJIb aMMHAaKa:

0,5N, + 1,5H, =NH, ; AS_ =2 Ioic/ mors - K.

3HaK H3MEHEHUS OHTPOIIMU MOXHO YCTAHOBHTH IIO KOJHMYCCTBY MOJIb ra3006pa3Hbe

BCHICCTB:

An=n_ -n, =1-(05+1,5)=-1,
rac nKOH_ Hnmx. — KOJIHYCCTBO MOJIb KOHCYHBIX W HCXOIHBLIX BCIICCTB, An — usmeHeHue
KOJIMYECTBA MOJIb Ta3000pa3HBIX BEIIECTB MPHU PEAKITUH.

[Mockonmeky An < 0, To B pesynbrare peakuuu OECHOPAIOK B CHCTEME YMEHBINAETCH.

COOTBETCTBEHHO S3HTPOIUS pPaccMaTpUBaeMOW CHUCTEMBI Takxke yObiBaeT. [IpousBenem pacuer

HU3MCHCHUA SHTPOIINHU ITPU ITOU p€aKkuu B COOTBETCTBHUH CO CIICACTBUCM M3 3aKOHA I'ecca:
0 _ @0 0 0
AS? =S80, —0,5-8) ~15-S ..

X.p.

0
rac S — CTAHAAPTHBIC SHTPOIINU BCIICCTB.

HOI[CTaBI/IM UX YUCJIOBBIC 3HAUCHU A .
AS =192,8-0,5:191,6 - 1,5:130,6 = -98,9 Jlc/mons - K.

B usonuposaunoii cucmeme (npu omcymcmeuu oOMeHa dHepeuel U Beujecmsom Cco
cpeooli) 6o3pacmaHnue IHMPONUU ABIAEMC KpUmepuem camonpou3eoabH020 NPOMeKanus peaKyuil.

B npuBeneHHOM nprMepe caMONpOU3BOJIbHOE MPOTEKAaHUE MPSIMON peaklii HEBO3MOXKHO, TaK Kak

0
AS,, <0. Kak wu3BecTHO, HampaBJ€HHE MPOTEKAHUS XMMUYECKHX TMPOLECCOB OMNpEENIeTcs

neiicteueM 1ByX dakropos: suTanbmuitHoro AH p. (CTPEMIICHHE CHCTEMBI K MHHHMYMY SHEPTHH)



U SHTPONHUIHOTO ASx.p. (cTpeMiieHHE K TOCTH)KEHUIO MAaKCUMAIIbHOTO Xaoca). OHM 00beaHHSIOTCS

M300apHO-M30TEPMUIECKAM TIOTCHIIAATIOM:

AG,, =AH_, ~TAS, wo

Kpumepuem camonpouszgonvnoco npomekaunus peakyuu aeisiemcs Yoolib U300ApHO—

usomepmuyeckozo nomenyuara AG,  <0. Yem wmenpme pemumuuna AG, , Tem Gonblie

BEPOSITHOCTh MPOTEKAaHUS XUMHUYECKOM peakiuu. Takum o0pazoM, ¢ MOMOILBIO AGx.p. MO’KHO

MIPOTHO3UPOBATHh BO3MOKHOCTh XUMHUECKOTO MTPEBPAIICHUS U JCTaTh MPAKTHYECKUE BBHIBOIBI.
Ilpumep 6. BO3MOXHO JIM COBMECTHOE XpaHCHHE Ha CKJIAAC OSTHICHTIHKOIS
(arTUdpU3HAS KUAKOCTB) U KAIUHHON cenuTphl (ynoopenue)?

N3BecTHO, YTO STUIICHTIIMKOJb, KaK W MHOTHE OpPraHWYECKHE BEIIeCcTBa, 00Janaer
BOCCTAaHOBUTEIIBHBIMU CBOMCTBAMH, a KNO3 sBiseTcss okuciaureneM. OIeHHM, BO3MOXKHO JIU

IMPOTCKAHUC PCAKIIMKU MECXKIAY 3THUMU BEIICCTBAMMH. OI[I/IH N3 BO3MOXXHBIX BAPHAHTOB IPEBPAIICHHUA

3aIIUCBIBACTCS CIICAYIOIINM 06pa30M:
3C,H,0, + 10KNO, = 6CO, + 4H,0 + 10NO + 10KOH.

B cootBercTBUM co ciencTBHUeM U3 3akoHa ['ecca m300apHBIM MOTEHIMAN JaHHOTO
MIPEBpAILEHUs] MOXET ObITh BBIPAXKEH depe3 M300apHble MOTEHIMAIbl 00pa30BaHUS yYAaCTHUKOB

MIPEBPALICHUS:

AG

npesp = (

6-AGLy +4-AGyY, +10-AGy +10-AGy, ) —(3-AGY, ,, +10-AGE, ).

[ToxcTaBUM YKCIIOBBIE 3HAYEHUS U3 TAOJIHUIIBI 3:

AG.  =6-(-394,6) + 4(-228,8) +10-80,6 +10- (-379,3) - (3-(-319,4)+10- (-393,4)) =

npesp
— 1377,6 x]Tx.

Tenepp BbIUKCINM U3MEHEHHE U300apHOT0 TOTEHIIMAIa XUMHUUECKON peakly B pacuere Ha 1 Moib

OTHJICHIJTIMKOJIA:

AG, , =AG,,., /1o =—1377,6 Koic/3 mons =—459,2 kllic /| monw.

npeep
TakoMy M300apHOMY MOTEHIMATY COOTBETCTBYET TEPMOXUMHUECKOE ypaBHEHHUE:

C,H,0, + %KNQ =2C0, + %Hp + ?NO + ?KOH; AG,, =?

0
Tabnuya 4.3 — 3nauenus cmanoapmupix nomenyuanos obpazosanus nexomopwvix eewecms AG

(x/[oic/monb)

Bewecmso | AG? Bewe cmso | AG? .| Bewe AG? - Bewe AG?
obpas. obpas. Ccmeo obpas. Ccmeo obpas.




LiH —68,7 SrH, -140 | CHE, —644,7 C,,H, 201,0

NaH -33,6 | BaH, ~151 | CHCIF, | 4294 H,0, | —2288
KH -34 | Ca(OH), | —899 CF, 8889 | H,0,, |-2374
RbH -27.6 | Sr(OH), | -876 | CCLE, | 435 | H,0,,, | -1205
LiOH —439 | Ba(OH), | 855 C,F, —615,7 KNO, | -3934
NaOH -380 Co, -395 | C,H,0,| -319.4 KCl ~409,0
KOH -379 CH, -50,8 | C;H,(OH),|  -477 KMnO, | -729.6

RbOH ~374 CH,F | 2231 | C,H,O,| -1125 MnO, | —467,0

BeH, | +155| CH,0 | -110 |CH.CI| 893 NO 80,6

CaH, | -138 | CH,F, | 4183 |CH,CH, 1138

[TonryyeHHOE U3MEHEHNE N300apHOT0 MOTEHIMANIa PEAKI[UN MEHbIIE, YeM N300apHbIe
MOTEeHIIMaJbl 00pa3oBaHUs MHOTHX BenlecTB. [loaToMy npoTekaHue Takoil peakiiuy BecbMa
BeposATHO. OTCI0/Ia ClieyeT MPAKTHUECKUd BEIBOJI: COBMECTHOE XpaHEHHUE STUJICHIIMKOIS U

CCIIUTPBIL Hedonycmwwo, TaK KaK MOXCT NPUBECTU K CAMOBO3TOPaHHUIO.

Kpurepuit  AG, , <0 wmoxer ObTh NpUMEHEH M U8 aHAIM3a yCTOHYMBOCTH

XMMHUYECKHX COCIUHEHNH HAa OCHOBAaHMU BEJIMYMH X M300apHBIX NOTEHIMAIOB 00pa3zoBaHusd. YeM
menpme AG ».» TEM TIPOYHEE MOJIEKYJIa.
Ilpumep 7. Ha ocHOBaHMM H300apHBIX MOTEHIIMAIOB OOpa30BaHUS MOJIEKYJ CHEIalTe

BBIBOJI 00 yCTONYMBOCTH (PTOPIIPOU3BOJHBIX MOJIEKYJI METaHa.

Beimuirem u3 ta0iuiiet 4.3 n300apHbIC MOTCHIMATBI 00pa30BaHUS PTOPIPONU3BOIHBIX:

CH, [-508
CH,F |[-223,
CH,F, |-4183
CHF, |-6447
CF, —888,9

3 MNPpUBCACHHOI'0 psiAa BUAHO, YTO C YBCIWMYCHHUCM KOJHUYCCTBA ATOMOB (1)T0p8.

ycroitunBocts Moineky:1 Bospacraer. st monekyn CH, u CF, moxno Bbrunciuts nsobapHbie

norenuuanst (KQoic/ monw) cesseit AG.”) =—-13 u AG” =-222,2 . Dro rosopur o

BBICOKOM IIPOYHOCTU CBA3U C-F B 10 xe BpEMs B CMCHIAHHBIX T'aJIOTCHOBOAOPOAAX H306apHLIﬁ



MOTEHIMa o00pa30oBaHUs HE MOXET OBITh pacCYUTaH IIyTeM CYMMHUpPOBaHHS H300apHBIX

IIOTCHIINAJIOB CBSI3€I7[, YTO CBA3aHO CO B3aMMHBIM OTTAJIKUBAHUEM aTOMOB.

B mponecce xumudeckoro npespamierns Gyrkmus AG . YOBIBACT 10 TEX IOp, MOKa He

HAaCTYIIUT COCTOSAHUC XUMHYCCKOI'O PABHOBCCHA. B cocrosaun PaBHOBCCHA SHTAJBIUUHBIA U

SHTPONUIHBIN (PaKTOPBI CPAaBHUBAIOTCA. Y CIIOBUEM XHMHUYECKOTO PABHOBECHS SIBJISIETCS] PABEHCTBO

AG, , =0, coorserctyrowee pasenctsy AH = TAS.

Ta6muunsie smauenns AH’ mAS’  ormocsites k  craHmapTHEIM  yclIoBHAM
(T=298K; P=101325Tla). @opmyna mns pacuera wusobaporo morenmpara AG"
x.p.

npuodpeTaeT BULL:

0 _ 0o 0
AG’ =AH’ -TAS’, wn)

. 0
Ota GopMyia nMeeT IPHOIMKCHHBII XapaKkTep, HO o3BomsieT Ha ocHoBaHnd AG b= 0

paccuuThIBaTh TEMIIEPATYPY, COOTBETCTBYIOILYO0 PABHOBECHOMY COCTOSIHUIO CUCTEMBI:

0
r = Al .
pasH ASO (48)

[Ipu wucnonb3zoBaHUM 3TOH (OPMYJIBI HAAO MOMHMTH, YTO PA3MEPHOCTU TaOJIUYHBIX

3Hauennii He cormacoBanbl: AH msmepserca B k/Ix/mMons, a AS — B Jlx/mMons K. ITostomy npu

N 0
MOJICTAHOBKe TabNMUHLIX 3HadeHuit 3Havenne AH~ nepesoautcs B J[K/MONL C HOMOIIBIO
MuoxuTess 103,

Ipumep 8. Beruncanre n3o00apHble NOTESHIMAIBI IS PEaKIHH
2NO + 0, =2NO,

npu Temneparypax 600 — 1000 K, nmocrpoiite rpapux AG - T u cuenaiite BoiBoJ 0 HampasieHUH
peakuuy Ipy pa3HbIX TEMIIepaTypax.

3anuineM ypaBHEHHE peakliy B CTAaHIaPTHOM BUJIE:

2NO + 0O, =2NO,; AS_, =? I/ moms- K.

B cootBeTcTBUM CO CICACTBHEM H3 3aKOHaA Fecca, BbIpa3UM H3MCHCHUC SHTPOIUU IPU

XUMHYECKOH PCaKu 4€pe3 SHTPOIINU YHYACTHUKOB PABHOBCCH:

AS, =S](\),O2 —SYo —%ng =240—211—%-205=—73,5 Lowc | mons - K.

AHaJIOTUYHO HalJeM HTAJIBIINIO0 XUMHUYECKON peaKInu:

AH, = AH? — AH =32 —90 = =58 k/loic | mon.



HaHOMHI/IM, YTO TCIIJIOTHI 06pa30BaHI/I$I IMMPOCTBIX BCHICCTB MNPHUHATBHI PAaBHBIMU HYIJIIO
o6p. __
(AHZ? =0).
Tenepb BBIYHUCIIUM TEMIIEPATYpPYy, IIPpHU KOTOpOfI AOCTUTa€TCsd TCPMOIUHAMHUYICCKOC
PaBHOBECHUC!

-58.10°

pasn _73’

=789 K.

N3006apHbIil HOoTEHIMAT IpU pa3HbIX TeMIIEpaTypax paccyuTaeM 1o ¢opmyje ¢ yuyeToM

MHuOxHuTeas 1073:

AG’ =-58+73,510" x]Ix.

x.p.
[Mockoneky AS < 0, 10 QyHKIHA AGS. ,. = f(T) —Bospacraromas.

[ToncraBnsisi 3HAYeHUS TEMIEpaTyp W3 YCIOBHS TIpHMeEpa, Haiinem w300apHbIe

noTeHIMabI (K/oc/monb):
AGY, =-13,9; AGY,, = -6,55; AGY, = 0.8; AG’, = 8,15; AG’,, = 15.5.

Ha ocHOBaHUM 3TUX TaHHBIX CTPOUM TpaduK:

T,K 600 700 800 900 1000
AG" -13,9 —6,55 0,8 8,15 15,5
X.p.
ﬁG.Kﬂm’mnnL“
15
10 -
57 obpatHan
Tparn peakuus
0 // T T T ——

~-57| npamas

peakuus
~10

Pucynok 4.1. I'paduk 3aBHCUMOCTH U3MEHEHHsSI H300apHOTO TIOTEHIHAIA

OT TEMIIEpaTypbl

U3 rpaduka cnenyer, uto mpu 1 < T npeoOaanaeT npsmas peakuus, upu 1 > T

paBH. paBH.

— obparnas. [ToCKOJIBKY peakis dK30TepMUdecKas, To npu 1 < TpaBH_ HaNpaBJIEHHOCTh PEaKIUH

onpezenseTcss npeobiiagaHueM SHTaIbIMAHOrO, (akTopa, a mpu 1 > TpaBH. — BHTPONUHHOTO



¢dakropa. OTMETHM, YTO HACTYIUICHHE DPABHOBECHS BO3MOXKHO TOJBKO TOI/IA, KOT/Ia 3HAKU

nsmenenus Gpynkuui AH u AS onunaxossr.

ba3oBblii ypOBEHb

1. Beruncnure TCILJIOTY O6p330BaHI/I$I HO,Z[‘IépKHYTOl"O B YPAaBHCHHH BCUICCTBA, UCXOIA U3

TCPMOXUMHYCCKOI'O YPABHCHUA

Ne Ypasuenus peaxyuu AH Omeembl
3a0ayu xp2 AH
K/[oic | monw ’
K/[owc | monw

1 1) 4NH; + 50, =4NO + 6H,0,, -1169 90
2) 4NH, + 30, = 2N, +6H,0,, -1530

2 1) 4As ) + 30, =2As,0;, -1328 -925
2) As,Oyy + Oy = %@ -261

3 1) CuCl,,, +Cu,,, =2CuCl,,, -56 -136
2) Cu,,, +Cl,, = CuCl,,, -216

4 1) 2P, +3Cl,,, =2PCl,,, -574 -375
2) PCl,,, =PCl,,, +Cl,, 88

5 | 1)2Pb,, +0,, = 2PbO,, 433 277
2) 2PbO,,, = 2PbO,, + Oy, 116

2. Paccuuraiite TeroBoi 3¢ (eKT ykazaHHOM peakLMu UCXOHs W3 CTAaHAAPTHBIX TEIUIOT

O6p8.30BaHI/I$I. Breraucnute Takke KOJIUYECTBO TEIJIOTHI (Q), KOTOPOC BBIACIUTCA UIIU MTOTJIOTUTCA,

€CJIM B JJaHHYIO pCAaKIHMI0 BCTYNMJIO 111 T IIEPBOTO BEIICCTBA.

Ne Ypaenenus peaxyuu m,e Omeempi
3a0ayu Q, xlloc/mony

6 H,S, +CO,, =H,0, + COS, 102 102

7 Sa 12C0,,, =850, +2CO,, 64 538

8 CO,,, +4H,, =CH,, +2H,0 88 -332

9 PCl,,, +H,0,, =POCl,,, + 2HCI, 836 —680

10 | 2NaHCO,,, =Na,CO,, +H,0,, +CO,, | 252 9

3. Beruuciaute temioBod 3h(EKT yKazaHHOW peaklMM MCXOAS M3 CTaHIAPTHBIX TETUIOT
cropanus. PaccumrtaiiTe KOIWYECTBO TEIIOTHI, KOTOPOE BBIICIUTCS WM TOTJIOTUTCS, €CIU B

JaHHYI0 PEaKIUI0 BCTYIINUIIO V ,Z[M3 IepBOro rasa.

Ne Ypaenenus peaxyuu Omeempwi

V,om?




3adauu Q, xllc/monw
I 2CH,, +0,, =2CO +4H,, 89,6 ~140
12| 2NH,,, +20,,, =N,0,, +3H,0, 67,2 -1045,5
13| CH,, +2C0O,, =4CO, +H,, 112 590
14| CH,, +CO,, =2CO +2H,, 44,8 496
15 | C,Hy,, +H,,=2CH,, 56 -165

4. PaccuuTaiiTe CTaHIApPTHYIO TEIUIOTY OOpa3oBaHUs MEPBOIO B ypaBHEHHM BEILECTBA

.
WCXO/I W3 IPUBEIEHHOI0 TEPMOXUMHYECKOTO YPABHEHMS pPeakiuy M naHHbX o AH *7" .

Ne sadauu Vpasnenus pearyuu AH"
K/[orc | monw
16 2A1,0,,, + 650, +30,, =2A1,(S0,),, -1736
17 4NO,, + O, +2H,0,, =4HNO, ~252
18 2Mg(NO,),,, =2MgO,,, +4NO,, + O, 510
19 2Cu0,, +4NO,, + 0, =2Cu(NO;),, —416
20 Na,SO,,, =Na,SO,, +Na,S -176

5. Ilo nmaHHBIM TaOIMIBl BBIYUCIUTE M3MEHEHHE HW300apHOTO TMOTEHIMAlla 00paTUMOMN

peaxin npu temneparypax: 800, 900, 1000 u 1100 K. Beruucnure Taxxke temneparypy, npu

KOTOPO# OCYyIIECTBIIsIETCsl paBHOBecHe B cucreMe. Iloctpoiite TpadMk 3aBHCHMOCTH H300apHOTO

MOTEHIIMajJa OT TeMIepaTypbl M CIeNaiiTe BbIBOJIbI O HANpPaBICHUU PEAKIUH IPH Pa3HbIX

TeMIepaTypax.
Ne 3a0ayu Obpamumas peaxyusi AH® AS°
X.p.? X.p.?
K/oic/monw Jic/monn-K
L SO,,, +0,50,,, = SO0, -99 -93
2. Co,, +C, =2CO,, +173 +176
3. CO,, +H,, =C, +H,0 -132 ~134
4. CH,, +H,0, =CO +3H,, +207 +216
S. C,, +2H,, =CH,, ~75 -82
6. 3Fe(T) + ZCO(F) = Fe3C(T) + COZ(F) -149 —-155

I1oBbI1IEHHBIN YPOBEHB




1. Ucxons 3 ypaBHEHHs peakluy, JaliTe KaYECTBEHHYIO OLIEHKY U3 U3MEHEHUS SHTPOIHHU
MpsIMOTO Tpolecca (YYTUTE arperaTHble COCTOSHUSI YYaCTHHMKOB peakuuu). Vcronb3ys MoJibHbIE
SHTPOIUU ITUX BEIIECTB, YKaXuUTe, OyAeT JM NpOTEeKaTh JAaHHAs PEaKIHs CAMONPOU3BOJIBHO B

HSOHHpOBaHHOﬁ CHUCTEMC.

Vpasuenue peaxyuu Monvhuvie sHmponuu, Omeem
Neo Jlowc/monv K
3a0aqu 1 2 3 4 1 2 3 4 AS?
X.p.
1. NH3(F) + 3/402(r) = 3/2H20(F) + 1/2N2(F) 192 | 205 | 189 | 192 33,75
2. KCIO,,, = KCl,, +3/20,,) 143 | 83 | 205 2475
3. 2C(r) + 3H,,, = C,H, 74 | 131 | 229 -312
4 | CH,, +4Cl,, =CCl,, +4HCl, | 186|223 [ 215 | 187 [ -I15
5. C6H6()K) + NH3(F) = C6H5NH2(>1<) + H2(r) 173 | 192 | 191 | 131 -43

CHnuCoK JuTepaTypbl, peKOMEHAyeMblil K UCIO0JIb30BAHUIO 110 JTAHHOH TeMe

OcHoBHas1 IUTepaTypa:
1. Koporun, H. B. O6mas xumus : yueounuk / H. B. KoposuH. - 13-¢ u3a., nepepad. u mom. - M. :
Axanemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH PO®. - Ilpuin.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4
2. Muxanusa, E. C. XuMus okpyskaromien cpepl : XUMHs KHUBBIX oprann3MoB. Kypc nexuumii / E.
C. Muxamuna, A. JI. [leteaun. — M. : Uznarensckuii Jlom MUCuC, 2011. — 64 ¢c. — ISBN 978-
5-87623-457-5. —TekcT : 31eKTpOHHBIN // DnekTpoHHO-6ubnuoteunas cucrema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum noctyna: 1uis aBTOpHu3Hp.
I0JIb30BaTENCH
JlonoJHUTeIbHAS JIUTEepaTypa:
1. I'munka, H. JI. O6mas xumus / H. I'. I'nmunka ; Ilon pen. A. . Epmakosa. - U3n. 30-e, ucnp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1
2. X¥WMHs METAJUIOB : y4eOHOE 1MocoOue (71 CTYIEHTOB XUMHUYECKOTO (paKyibpTeTa HanmpaBIeHUN
6akanaBpoB «XUMUs» U «XUMHUYecKast TexHosorus») / cocraputenu O. A. ['onoBanoBa. — OMCK :
Omckuii rocynapctBeHHbIN yHUBepcuTeT uM. @.M. JloctoeBckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — TekcT : 351eKTpOHHbIH // DnekTpoHHO OubnuoreyHas cucrema [PR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum nocrymna: st
aBTOPU3HP. MOJIb30BaTENEH
HNuTepHeT-pecypcenl:

1 http://window.edu.ru/ — eanHOE OKHO AOCTyMa K 00pa30BaTEIbHBIM pecypcam

2 http://biblioclub.rt/ — 3bC «YHuBepcureTckas OMOINOTEKA OHIAWHY.

3 http://catalog.ncstu.ru/ — 3EKTPOHHBIIN KaTaIOT aCCOLMAIIUU AJIEKTPOHHBIX OMOITHOTEK
y4eOHBIX 3aBefieHui u opranuzanuii CKOO

4 http://www.iprbookshop.ru — OBC.
5 https://openedu.ru — OTKpbITOE 0Opa3zoBaHue



https://openedu.ru/

TEMA 5. OBIIUE 3AKOHOMEPHOCTHU NIPOTEKAHUA XUMHUYECKHUX
PO ECCOB.

MPAKTUYECKOE 3AHSTHE 5. CKOPOCTh XUMHUUYECKHNX PEAKITUT.
XUMHUYECKOE PABHOBECHE

Heab 3aHATHS: yrIyOUTh W 0OOOOLIMTH TEOPETHUYECKUE 3HAHHS OOYYaroIUXcs O CKOPOCTH
XMMHAYECKON pEeakUuH, 3aKpenuTh 3HaHUE (OPMYJ BBIPAKEHUS CKOPOCTH PpEaKIHi, HAyYUTbCS
BBITIOJIHATh ~ PacueThl, HWCHONB3ysd JaHHble (opmynbl. HayduTbcsi BBIBOOUTH KOHCTaHTY
XUMHAYECKOTO paBHOBECHSI.

3HaHMA M YMeHus1, npruodpeTaeMble CTYACHTOM B pe3yJibTaTe 0CBOCHHUSI TeMbI

3HaTh: OCHOBBI CAMOOPTAHU3AIMH U CAMOOOPa30BaHMS;
3HaTh: CYIIHOCTH U 3HAYCHHE MH(OOPMAIIMU B PA3BUTHH COBPEMEHHOTO OOIIECTBA; OCHOBHI MOyYCHHUS U
00paboTku HHPOPMAITUK U3 PA3THMIHBIX HCTOYHUKOB

3nate: PabOTHI IO pacyeTy U MPOEKTUPOBAHUIO I€TAJIEH U y3JI0B
MaIIMHOCTPOUTENIbHBIX KOHCTPYKIIMIA B COOTBETCTBUU C TEXHUUYECKUMU 3aJJaHUSIMU U

HCITIOJIB30BAHUCM CTAHAAPTHBIX CPEACTB aBTOMATU3allUK ITPOCKTUPOBAHUSA

YMeThb: caMOCTOSITEILHO CTPOUTH IIPOIIECC OBNACHMs HH(OpMAIUEH, 0TOOpaHHOW U CTPYKTYPUPOBAHHOM
JUTSL BBITIOJTHEHUSI TPOGECCHOHANBHON ICATSIBHOCTH.

YMeTh: moay4aTh U 00padaTeIBaTh HH(POPMAITHIO M3 Pa3THIHBIX HCTOYHHKOB

Ymers: IPUHUMATh yUacTue B paboTax Mo pacyery u NpOEeKTUPOBAHUIO JIeTajeH U
y3JI0B MAllIMHOCTPOUTENBHBIX KOHCTPYKIUNA B COOTBETCTBUU C TEXHUYECKUMHU
3aJIaHUSIMH ¥ UCTIOJIb30BAHUEM CTAHJIAPTHBIX CPEJICTB aBTOMATHU3AIUN

IMPOCKTHUPOBAHUA
HaumenoBanue ¢opmupyembix KOMIIETEHIUN

HNunexc DopmyIHpPOBKa:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3aluy U CaMO0Opa30BaHUIO
OIK-4 NOHUMAHHUEM CYIIHOCTH Y 3Ha4YCHUS MHOOPMAIUK B Pa3BUTHH

COBPEMEHHOT0 00IIECTBa, CIOCOOHOCTHIO MOJYy4aTh U
o0pabaTbiBaTh MHPOPMALIUIO U3 PA3IUYHBIX HICTOYHUKOB,
TOTOBHOCTBIO HHTEPIPETUPOBATH, CTPYKTYPUPOBATH U
ohopMIIsATh HHOOPMAITHIO B IOCTYITHOM JIsl IPYTUX BUJE

TK-5 CIOCOOHOCTBIO IPHUHUMATH YUACTHE B pad0Tax 1Mo pacyery
IPOCKTHPOBAHUIO JAETAlCH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKIIUI B COOTBETCTBHM C TEXHUUECKUMHU 3aTaHUSIMH U
UCIIOJIb30BAHUEM CTAHIAPTHBIX CPEACTB ABTOMATH3AIUH
IPOCKTHPOBAHHUS

AKTyanbHOCTb TEMBI. Bce nporieccsl, KOTOpble MPOUCXOAAT BOKPYT HAC U BHYTPHU HAcC, UAYT C
peoOpa3oBaHUEM YHEPTUH U, IPUUYEM C pa3HOI CKOpOCThIO. Tak, mpolecc nepeaayn HepBHOTO
UMITYJIbCa COBEPILACTCS B COTHIE JOJIM CEKYHIbI, POLIECCHI YCBOCHHS MUILU TPEOYIOT HECKOJIBKUX
4acoB, a MPOLECCHI CTAPEHUS MOTYT JUIMTHCS JAECATHIICTHS.

bosnbmioe npakTuueckoe 3Ha4YCHUE XUMUYECKOM KHHETUKHA COCTOUT B TOM, YTO OHA
pasperaeT onpeaeisaTh, BO3MOXKEH WM HEBO3MOKEH TOT WJIM HHOU MIPOLIECC, U B KAKUX YCIOBUAX
OH npoucxoaur. IIpakTnyeckoe 3HaueHnEe €€ OUEBUIHO, TaK KaK, TOJBKO 3Hasl 3aKOHbI KWNHETUKU U
MEXaHN3M PEAKIUN MOKHO YIPABIATh XUMHUUECKUMU ITporieccamu. OT CKOPOCTH XUMHYECKOM
pPEeaKI1K 3aBUCUT BBIXOJ NIPOAYKTOB, T.€. IPOU3BOAUTEIBHOCTD TPY/IA U alllapaTypsl.



Teopernyeckasi 4acTh

CropocTh XMMHUYECKUX pPeaKkiuii

VYpaBHeHHs] XUMHUYECKUX PEaKIUil, XapaKTepu3ysi MHOTHE CTOPOHBI MPOILIECCOB, HE BCETAa
JAI0T MOJIHOE PEICTaBICHNUE O CYIIIHOCTH MPOUCXOIALINX IPEBPALLICHU.

HekoTtopele XxuMHueckue NpPOLECCHl, HAMpUMEpP, PEeaKIUHU pPAa3I0KEHHUs B3PbIBYATHIX
BEIIECTB, 3aKAHYMBAIOTCA B TEUEHHUE A0l ceKyHAbl. OueHb OBICTPO 3aKaHUYMBAIOTCS PEAKIIMU
B3aUMOJICMCTBUSl KHUCJIOT, IIEI04Yed M cojed B pacTBope. OpraHMYeCcKHE K€ COCAUHEHHUS B
OOBIYHBIX YCIOBHAX B OOJIBIIMHCTBE CIy4yaeB B3aUMOACHUCTBYIOT MEXIy co0oil MemneHHO. Takum
o0pa3oM, pa3Hble peaklid COBEPIIAIOTCS B HEPaBHBIE MPOMEXKYTKH BPEMEHHU, T.€. MOTYT UATH C
pa3IMYHON CKOPOCTHIO. 1103TOMy Ha OCHOBaHUM TOJIBKO YPAaBHEHMM OJHUX XMMHUYECKUX PEAKLUN
HeJb35 CYyJIUTh O CKOPOCTH Ipoliecca.

Xumuueckas KuHemuka — 2mMO YueHue O CKOPOCMU XUMUYECKUX NPOYeccos, Ux
HanpaeieHHocCmu U 0 (paxkmopax Ha HUX GIUAIOUUX.

Ilenp u 3ama4M XUMUYECKOW KHMHETUKM — M3BICKAHME ONTHMAJBHBIX IapaMeTpoB IJIs
MIPOBEJICHUS] XMMHUYECKOI0 CHHTE3a, a UMEHHO: oOecreueHrne MaKCUMaIbHON CKOPOCTH Mpoliecca,
Hanboee paloHAILHOE UCIIONBb30BAaHUE CHIPhS U YHEPTOPECYPCOB U JIp.

YcTaHOBIEHO, YTO HA CKOPOCTh XHMHUYECKUX pEaKUUid BIUSIOT MHOTO (aKTOpoB —
KOHLEHTpAaLUs B3aMMOJEHCTBYIOIUX BEIIECTB, TEMIIEpATypa IpoLecca, Hajaudue (WIn OTCyTCTBHE)
Karajgu3aTopa u Jip.

OKCIEpUMEHTHI NT0Ka3ald, YTO YBEIMUYEHNE KOHLEHTPALUN B3aUMOJACHCTBYIOLIUX BEIIECTB
BBI3bIBACT YBEJIMUEHUE CKOPOCTH PEAKIUU.

Ecnu B 3akpbITOM cocyzle NpU 3aJaHHOM TeMIEepaType pearupyroT JABa BELIECTBa B
ra3o00pa3HOM COCTOSTHUH WJTU B pacTBOpE

AC + BD <~ AD + BC,

TO CKOPOCTh OTOH pEaKIMH OINpeseNnsieTcsl yMEHbIIEHHEM KOHIIEHTparuu (MOIb/IM>)
BemiectB AC u BD B enuHuny BpeMeHM (CEKyHIy, MUHYTY, 4yac). Tak Kak ¢ TE€YEHHMEM BPEMEHHU
KOHIEHTpAllMsl pearupyomiux BeHIeCTB MaJaeT, TO 3aBUCUMOCTh CKOPOCTHM pEaKIUud OT
KOHIICHTPALIMU MOKHO BBIPA3HUTh CIEAYIOUIMM 00pa3oM:

v=—(AC/At), (5.1)
rae &2 — cxopocts npsamoit peakimn, AC - MonspHast KOHIEHTpawws, t — BpeMsi.
I'paduuecku 3Ta 3aBUCUMOCTH N300pakeHa Ha pucyHke 5.1.

A

v =—(AC/A?)

_—
t1 t t
Puc. 5.1 3asucumocmo ckopocmu peaxyuu om epemeHu

JIOBOJILHO PACIIPOCTPAHECHBI PEAKIHH THIIA:
mA +nB—> cC, (5.2)
B KOTOPBIX Ha /M MOJICKYJI BEIIECTBA A TIPUXOUTCS 7 MOJICKYJI BEIIeCTBA B, IPU 3TOM M U 1
OOJIbIIIE €UHALIEL.



DKCIEpUMEHTAILHO YCTAHOBIIEHO, YTO ISl TAKOTO TPOIlecca CKOPOCTh MPSIMOM peakiuu
MOXET OBITh BBIPAKEHA CIEAYIOIINM 00pa3oM:

v=k[A]"-[B), (5.3)

-

rae K - koHCTaHTa CKOPOCTH IPSMON PEAKLMM — BEINYHMHA, PABHAS CKOPOCTH PEaKLUH
MIPU KOHLIEHTPAIUSAX PEareHTOB PaBHBIX €AMHUIIEC; OOPATHO MPOMOPIHMOHATBEHAS BPEMEHU; X U Y —
HEKOTOpBIE YHCIIa, ONPEIEsIEMbIEC ONIBITHBIM ITyTEM.

Koncmanma cxopocmu 3aBUCHT OT TeX ke (PaKTOPOB, YTO U CKOPOCTh TAaHHOM pPeaKluu, HO
He 3a8ucum om KOHYEHMpayull peaupyouux 6euecms.

KoHcTaHTa CKOpPOCTM XapakTepu3yeT peaklHio [UIs ONpEACTCHHBIX YCIOBUH —
memnepamypa, 0asjieHue, KOIUYeCmso U Kavecmeo Kamanuzamopa W T.A. Pa3nuuHble peakiuu
MO>KHO CPaBHUBATh TOJILKO €CIIM OHH MIPOTEKAIOT IPH CTPOTO OJAUHAKOBBIX YCIOBHSIX.

VYpaBuenus tuna (5.3), yCTaHaBIMBAIONIUME  OKCIIEPUMEHTAIBHO  ONpENCICHHYIO
3aBHUCUMOCTh CKOPOCTH pPEAaKIMHW OT KOHILEHTpAlMid pearupyrolmx BEIIECTB, Ha3bIBAIOT
KUHemu4eCKUMU YPasHeHUsMU PeaKyuil.

Kunernueckue ypaBHeHMs peakiuil (5.3) ABISIOTCA MAaTEMaTUYECKUM BBIPAKEHUEM 3aKOHA
JEHCTBUSL MacC — OCHOBHOTO 3aKOHA XUMHUYECKOW KHUHETHKHU: CKOPOCHb XUMUYECKOU peaxyuu
NPONOPYUOHANLHA NPOUEEOCHUI0 KOHYEHMPAYUU Peazupyroujux eeuecmes 6 cmenenu HeKOmopbix
yucen, onpeoensemvix dKkcnepumenmanvio (mnepsas ¢opmynupoBka — H.M. bekeros, 1865 r;
I'ynpa6epr u Bare, 1867 1.).

Tonpko MHOI/AA MMOKA3aTedN CTENEHU KOHIIEHTPAIMK ISl TaHHOTO BellecTBa (X, y U Jp.) B
KHHETUYECKUX YpaBHEHMX (5.3) COBMATAIOT C €r0 CTEXHUOMETPUIECKUM KOIPDUITUEHTOM (X = m;
=n ) B ypaBHeHHH peakiuu. OOBIYHO 3TO BBIMOIHIETCS AJIS AJIEMEHTAPHBIX PEaKIHid, T.€. peaKIHii
MPOXOAAILINX B OAHY CTAIHIO.

[Tpumepsl NPAMBIX 3JIEMEHTAPHBIX PEAKIUN:

NO + O — NOz,
H +Cl— HCI;
N204 — 2NO:.

JInsi  TakuxX peaknuid CTENMeHW B  KHHETHYECKHX YPaBHEHUSX COBMANAIOT  CO
CTEXHOMETPUYECKUMU KOI(PPHUIIEHTaMU PEareHTOB B YPAaBHEHUU PEAKITHH.

Ilokazamenvy cmenenu KOHYeHmMpayuu peazupyrowe2o 6eujecmsd 6 KUHemu4ecKkom
ypasHeHuu peaxyuu (X, y u 0p.) HA3bl8aAemMcsi NOPAOKOM peaxyuu no O0amHomy eewecmsy. Tak,
HarpumMmep, 1 peakuu (6.1.2) mopsnok 1o BemecTBy A paBeH x, o B — y. [lopsnkom ke peakiuu
B LIeJIOM (7) SIBJISIETCS CyMMa IMOPSJIKOB MO KaKIOMY peareHTy Ul JaHHOW peakiuu, Hampumep,
qutst peakiuu (6.1.2): n =x + y.

BenuuuHbl mopsika Mo peareHTam (X, y ¥ JAp.) U MO peakluud B LEJIOM (n) MOTYT OBITh
A00BIMU HEOOJIBIIUMU LiebIMU uncaamu (1, 2 u penko 3), paBHATHCS HYJIO UM OBITH IPOOHBIMU
yncnamu (1/2, 2/3, 3/4 u np.). Hanpumep, nms peakiimu CHHTE3a BOJIbI

2H>(2) + O2(2) < 2H20(2)

MOPSAIOK PEeaKkluu, B 3aBUCHUMOCTH OT MaplMaibHBIX JaBICHWA BOAOPOAA W KHUCIOPOAA,
nMeet apobHoe 3Hauenue — 1, 0,5 u 0,7 (cm. Tabmuiy 5.1).

Tabnuya 5.1 — 3asucumocms nopaoKa peaxyuu om naApYUaIbHuIX 0as1e Ul KUCI1opooa u
6000p00a

p(H2). Ia p(O2). Ia Bu/ KHHETHYECKOTO CyMMapHbIit
ypaBHEHHUS HOPSAIOK
10
130 — 2600 26600 — 53300 L= ka2 p02 1
2600 — 8000 20000 — 53300 L=k 0 0.5 0,5
B B Py 2 p O, ’
_7.,.0,4 .03
8000 — 50600 1330 —-5300 D= ka2 p02 0,7




HeoOXxomuMbIM  yCIIOBHEM XHMHUYECKOTO B3aWMOJICHCTBHS  SIBISCTCS  CTOJKHOBEHHUE
pearupyromux 4acTHUIl — MOJIEKYJI, aTOMOB, HOHOB U JIp. B MOMEHT CTOIIKHOBEHHUS 3JIEKTPOHHBIC
o0Jlaka peareHTOB CMEIIMBAIOTCS, 00pa3ys IPH STOM HOBBIC CBSI3H.

Yucno Mmonexyn, 00HOBPEMEHHBIM B3AUMOOEUCMBUEM MeHCOy KOMOPbIMU 6 MOMEHm
CMONKHOBEHUSL OCYWECMBISENCI AKIM XUMULECKO20 NPeBPAeHUsl, HA3bLBACMCsl MOLEKYIAPHOCIIBIO
peaxyuu.

Peakium  ObIBaloT MOHO-, OW- W  TPUMOJICKYJISAPHBIMH. TpUMOJNEKYJISIpHBIE U
TETPAMOJICKYJISIDHBIE ~ PEAaKIMH OYeHb peakd. VI3BECTHBI JIMIIb HECKOJBKO IMPUMEPOB
MIEHTaMOJICKYJISIPHBIX PEaKIINH.

B yacTHOCTH, K MOHOMOJIEKYJISPHBIM PEAKIIUSM OTHOCST PEAKIUU PA3JIOKECHUS MOJICKYT H
BHYTPUMOJICKYJISIPHBIX MIEPETPyTIIUPOBOK, HATPUMED, PEAKIIUIO Pa3TIOKESHHUS MOJICKYJT Ho/a:

Ix(2) < 21(2).

KuneTtnueckoe ypaBHEHHE 3TOTO MPOIECCa UMEET TIEPBhI TOPSIOK:

v =k[I].
[Tpumepbl OUMOIIEKYIISIPHBIX PEAKITHH:
2NO(2) <> N202(2); v = k[NOJ?

HBr(e) + H(e¢) < H2(2) + Br(c); v = k[HBr/[H] — KuHETHYECKOE YpaBHEHUE BTOPOTO
Mopsi/IKa.

TpumonexymsipHas peaxius:

Clx(2) + 2NO(2) < 2NOCl(2); v = k[CL2][NOJ? — KuHETHYECKOE YPAaBHEHHE TPETHETO
Mopsi/IKA.

JIJ1st IPUBEJICHHBIX PEAKIMK MOPSIO0K U MOJICKYJIIPHOCTh PEaKIUil COBIMAIAIOT, HO B 00IIEM
Cllydae OHU pa3In4HbI.

Tlopsiook peaxyuu onpedensiemcsi MOAEKYIAPHOCHbIO CAMOU MeONIeHHOU Cmaouu OAHHOU
peaxyuu.

Ecmu peakiust wper mo cramusM, TO €€ TOPSAOK PEaKIMW MEHbBIIE WIH pPaBeH
MOJIEKYJIIPHOCTH peakuuu. Tak, Hampumep, Mpu cUHTE3e BOAbI (cM. Tabmmiy 5.1) mpu mopsiake

peakiuu paBHOMY eauHune (n=1; U = kpjlgz pg ), peakius — MOHOMOJIEKYJIsipHast; ipu n = 0,5
2

(L= kpg[2 pg’zs ), peaKIus — MOHOMOJIEKYJIsipHast;, ipu n = 0,7 (D = kpg;j pé)j’ ), peakuus —
OMMOJIEeKyJIsIpHasl.

Ipumeuanue. HeoOX0MUMO TOMHUTH, YTO MOJICKYJIIPHOCTh PEAKIMH, B OTIMYHE OT e
nopsijika, Bceraa menoe uucio — 0, 1, 3.

3axon deticmsusi macc cnpasedus moavko OJisi MOHO-, Ou- u pexce OJisk MPUMOLEKYIAPHBIX
peaxyuil.

[Ipu sneMeHTapHON peakIuu B CHUCTEME IMPOTEKAeT TOJLKO OJUH TPOILECC M YpPaBHEHHUE
peaKIy pacKpbIBaeT €ro MeXaHU3M. BOJBIIMHCTBO peakUUid — CIOXKHBIE M MPEACTABIAIOT CO00M
CyMMapHBI pe3yJbTaT HECKOJBKHX 3JIEMEHTApPHBIX IMporeccoB (AByx u Oosee). [ToaTomy obmiee
CJIOKHBIX YPABHEHHUE PEaKIIHii HE OTPAXKAET MX PEabHBIA MEXaHU3M.

st cnodchvix peakyuil 3aK0H OelcCmaust MACC He NPULONCUM 6 YelOM, d CNPABEOIUs TUULb K
OmOoenbHbLIM €€ cmaousam Heboavwol monekyrsipuocmu. Hanpumep, obliee ypaBHEHHE peaKIdd
UMEeT BUJI:

24+ B < C,
COTJIACHO KOTOPOMY SIBJISIETCS SIKOOBI TPUMOJIEKYIIsIpHOM. OTHAKO MPOTEKAET B JBE CTa/IUU:
1) A+ B < D — ouenwv 6vicmpo;
2) D + A <> C — meonenHo.
24 + B < C.



Tak Kak MOPSAOOK PEAKIUU OMNPENEIIIETCS MOJIEKYJSPHOCTBIO CaMOM MEIUIEHHOM CTaauu
peakuuu, TO JaHHas peakuus — OuMoJeKyysipHas U BToporo mnopsaka. CrenoBaTenbHO,
KHHETHUYECKOE YPAaBHEHHE ITOTO B3aUMOACHUCTBUS OyIeT UMETh BH/I:

v =k[A][B], a ne v = k[A]?/B].

N3 (5.1) ciemyer, 4TO cKopocmb peakyuu — 6eIUYUHA OOPAMHO NPONOPYUOHANLHAS
8peMeHU.

BenenctBue paznuuHOW CKOPOCTH JIBUKEHHS MOJIEKYJ, OHM OONaJaloT pasiIudHON
KMHETH4eCKON 3Hepruei. Ilpu 3ToM KmHeTnyeckas dHeprusi nNpsMo MPONOPLIUOHAIBHA CKOPOCTH
JBUKEHUS MOJICKYJIBL.

Mornekynbl, KOTOpble 00J7a/1al0T BBICOKMM 3allacOM KHHETHYECKOW SHEpruH, Ha3bIBAIOTCS
AKTUBHBIMH.

JlononnumenvHylo sHepeuro, KOmopyl HA00 cOOOWUms MONEKYIaM Ol nepesood Ux 6
aKmueHoe cocmosiHue, Ha3vl8alom dHepauell akmusayuu. XUMHUECKas peaKkiys MOKET IPOU30HTH
TOJIBKO MPU CTOJIKHOBEHNN aKTHUBHBIX MOJIEKYJI.

Ckopocmb Xumu4eckot peakyuu npsamo nponOPYUOHANbHA YUCTY CIOIKHOBEHUU 8 eOUHULY
8pemeHU.

Ponp kartanuszaTopa, mpuMeHseMOro isi NPOTEKaHUs JaHHOIO XHMMMUYECKOro Ipoliecca,
3aKJIIOYaeTcs B cleAyromeM: 1) B TMOHMKEHMM DSHEpPruM akTUBalMM; 2) B 00ecredeHuH
He00X0IUMOM OpPUEHTAIIUH PEearnupyroINX YacTHUIl.

Bausinue TeMnepaTypbl Ha CKOPOCTh PeaKkuuu

C mOBBIIIEHUEM TEMIEPATYPhl YBEIUYUBAETCA CKOPOCTh JBMKEHHUS MOJEKYJI M HX
KMHETUYECKasi JHEPIrHsi. AKTUBHOCTb MOJIEKYJI BO3PACTAET, U CKOPOCTh PEaKLUU YBEINIUBACTCS.

3aBHUCHUMOCTh CKOPOCTH pEaKklMU OT TeMIepaTypsl onpeaensercs npasuwioM Bant-I'odda:
npu yeeaudenuu memnepamypwvl Ha kaxcovle 10°C ckopocms peakyuu 6o3pacmaem npumepHo 6 2
pasa. JlJisi HEKOTOPBIX PEaKUUid CKOPOCTh BO3pacTaeT B 3 — 4 pa3a. DTO 3aBUCHT OT NPUPOBI
pearupyoImux BEeIECTB.

Yucno, noxazviearoujee 60 CKOIbKO pa3z y8eaudUeaemcs CKOpoCms peaxyuu npu yeeaudenuu

memnepamypul Ha 10°C, nHazvieaemcsa memnepamypubvim Kod@duyuenmom u 0603Ha4aemcs 7/ .

V3MeHeHne CKOPOCTH PEAKIMU OT TEeMIEepaTypbl MOXKET OBITh BBIYMCICHO IO (hopMmyiie

Bant-T'odda:
t,—1

oy 10 (5.4)

rue Ut2 n UZ1 — CKOPOCTH pE€akIuu [pHh TeMmMueparypax t2 U ti COOTBETCTBEHHO, Y —

TemrneparypHblii koapduunent Bant-I'odda.
CKopocTh peaklIiy B reTeporeHHbIX cucTemMax. BansiHue karaiausaropa Ha
CKOPOCTh XUMHYECKHX peaKIuii

BemecTBa, n3MeHsIone CKOPOCTh XUMUYIECKOTO TPOIIECcca, Ha3bIBAIOTCA KaTaIH3aTOPAMHU.
Karanuzaropamu MOryT OBITH TBEp/bIE, XKUIKUE U ra3000pa3Hble BemlecTBa.VI3MeHeHHe CKOpOoCTH
XMMHYECKON peakIHWy TOJA BIMSHHUEM MPUCYTCTBYIOIIETO B CHCTEME MOCTOPOHHETO BELIECTBA,
COCTaB M KOJIMYECTBO KOTOPOTO K KOHIy PEAKIMHU OCTaloTCs 0e3 W3MEHEHMH, Ha3bIBalOTCS
KaTaJIN30M.

[Ipy roMoreHHOM KaTaju3e B3aWMOJCHCTBYIOIIME BELIECTBA M KAaTaJIU3aTOP COCTABISIOT
onHodasHyto cucteMmy. [IpH reTeporeHHOM KaTalu3e pearupyrollfe BeIIeCTBa W KaTalu3aTop
COCTaBIIAIOT CHCTEMYy U3 HeckoimbkuxX a3. Ilpu rereporeHHOM KaTanu3e B TNPUCYTCTBHU
HEeOOJIBIINX KOJIMYECTB KaTaln3aTopa MOTYT IPOpEarupoBaTh OTHOCUTEIHFHO OOJBIINE KOJINYECTBA
B3aMMOJICHCTBYIONINX BeIIeCTB. [IpM TrOMOTeHHOM KaTajlu3e CKOPOCTh PEAKIUU MPaKTUYECKU
MPOTIOPIIOHATIbHA KOJTMYECTBY KaTalu3aTopa.



AKTUBHOCTH KaTajlu3aTopa, a MHOTAA U CIEHU(PUYHOCTh MX JIEHCTBHSA, B OOJBIION Mepe
3aBUCUT OT TemImepaTyphl. [ Kakaoro mpouecca, CymecTBYIOT ONpEAeICHHbIE KaTalau3aTopsl,
94acTo Mo0MPAEMbIE SKCIIEPUMEHTAIBHBIM Iy TEM.

XuMHuYecKoe paBHOBecHe
Bce xummueckne peakiiuu MOXHO pa3zesiuTh Ha JIBa TUIA: 00paTUMble U HeoOpaTHUMBbIE.
MHorue peakuuu SBISIOTCS OOpPaTUMBIMH, T.€. TaKMMH, NPH KOTOPHIX O0Opa30BaBIIUECS
MPOIYKTHI B3aUMOEHCTBYIOT MEX 1y CO00i, MpeBpaliasich B UCXOIHBIE BEIIECTBA.
06paTI/IMBI€ pCaKku OrpaHUYCHLI OIMPCACIICHHBIM IIPEACIIOM: OHHU HC JOXOJAT OO0 KOHIIA.
OOmmit BUA ypaBHEHUSI OOPaTUMOM PEaKIIHH:

mA + nB<>pC + gD. (5.5)

CKOpOCTH TIPSIMOTO ¥ 0OPATHOTO MPOILIECCOB BBIPAKAIOTCS CIIEAYIONMMHU YPABHEHUSIMH:
v =k[A]"[B]" (5.6)
v=k[C]’[D]?. (5.7)

B MOMeHT ycTaHOBJIEHHSI paBHOBECHS MpsiMas M OOpaTHasl Peakluu He MPEKpaIiarTcs, a
MIPOAOIKAIOT IPOTEKATh B IPOTHBOIOJIOKHOM HAINPABIEHUH C PABHBIMU CKOPOCTSIMH.
I'paduaecku 310 MOKET OBITH TaK, KaK IMOKa3aHO Ha pUCyHKe 5.1.

UA

)

Pucynok 5.1 >
3asucumocmo npamou u A
0OpamHoll peakyuii Om epemeHu

Ecnu ckopocTtu npssiMoit 1 00paTHOM peakuil paBHbI (Vnp = Vosp. — MATEMATHUECKOE YCIOBHE
XMMHYECKOTO PAaBHOBECHS) , TO TIPaBble YacTH YypaBHEHHH (5.6) u (5.7), UX BbIpaXaroluX, TaKxKe
paBHBL:

k[4]"[B]" = k[Cc]’[D]. (5.8)
Ha ocHoBanuu 310r0 CHOPMYIHPOBAHO TMOJOKEHHE, HA3BAHHOE 3aKOHOM JCHCTBHS Macc
(BTOpast (hOpPMYJIUPOBKA): 8 MOMEHM PABHOBECUs NPOU3BEOCHUE KOHYEHMPAayull Oeucmeyiouux
MACC UCXOOHLIX GeujeCmeé HA KOHCMAHMY CKOPOCMU HPAMOU peakyuu pAasHO NpPOU38e0eHUI0
KOHYEeHmpayuil 0eticmeyouwux Macc 00pazyiouuxcs eeujecmes Ha KOHCMAanmy cKopocmu 00pamHoi
peaxyuu.
N3 ypaBuenus (5.8) ciaemyer, 4To

- < 4 q
P lclol (59
[4]"[B]"
OTHOH_IGHI/IG ABYX IOCTOAHHBIX BCJIIMYUH €CTh BCJIMUMHA ITOCTOSAHHAA, CJIICAOBATCIIBHO!:
%//?:Khm. (5.10)
[4]"[B]"

KoHcTaHnTOM XHMHYECKOTO paBHOBCCHUA KP wHaspIBaeTcsd OTHOIICHHE IMPOU3BCACHUA
PAaBHOBCCHBIX KOHHGHTpaIII/Iﬁ MMPOAYKTOB PCAKIIMU K NPOU3BCACHHUIO PABHOBCCHBIX KOHHGHTpaIII/Iﬁ
HUCXOJHBIX BCHICCTB, B CTCIICHU UX CTCXHUOMECTPUUCCKHUX K03(1)(1)I/II_[I/IGHTOB.



KP BpIpa)kaeT 3aK0H JEHCTBUS Macc IJIsl PaBHOBECHBIX CUCTEM: KOHCMAHMA XUMUYECKO20
PpasHogecusi He 3a8UCUM OM KOHYEHMPAyuu peazeHmos, HO 3a8UCUM Om memMnepamypvl u om
npupoobl peazupyroujux 6eujecms.

B MoMeHT xuMHuueckoro paBHOBeCHs M3MEeHEeHHE dHepruu [ md6ca He npoucxoaut — AG = 0.
KoHcTanTa xumMudeckoro paBHoBecHs cBsi3aHa ¢ AG COOTHOLIEHUEM:

AG’ = —RT InK? (5.11)

YuureiBas, uro [nK? =2,303 IgK? u R = 8,314 JIx/K-monb ypaBHenue (5.12) nmpeobpa3zyercs
710 BUJIA!

AG’=-19,14 T Igk? (5.13)

[Tonb3ysAck ypaBHEHHMEM  KOHCTAHTBI PAaBHOBECHSA, MOXKHO YIPABIATh XUMHYECKHM
IIPOLIECCOM, YTO BaXKHO B TEXHOJIOTMUECKUX LIEIIAX.

Ecin B paBHOBecHOU cucteme mA + nB<>pC + gD yBenuuuTh KOHLEHTpauuio A, TO B
cootHomeHuu (7.1.6) mns KP, MOIDKEH YBEJIMUYWTHCS YHUCIHUTENb WM YMEHBIIUTHCS BTOPOM
COMHOXMWTENb 3HAMEHATENs, T.€. BEJIUYMHA [B]. DT0 MOXKET MPOU30MTH B pe3yibTaTe CMEILEHUs
paBHOBECHS CJIEBA HAIIPABO, IPUBOJAAIIETO K 0Opa30BaHUIO HOBBIX KOJIMYECTB MPOTYKTOB PEAKIMH
—Cub.

Taxum oOpa3oM, Ipy yCTaHOBUBLIEMCSI HOBOM COCTOSIHUM PaBHOBECHS, KOHLIEHTPALIUHN BCEX
YETBIPEX BEILECTB, 10 CPABHEHUIO C NEPBOHAYAIBHBIMH, OKa)KyTCSI M3MEHUBLIMMUCS, a 3HaYCHHE
KOHCTaHTBI PABHOBECHUS HE U3MEHUTCS.

CrnenoBarenbHO, A1 CMEILEHUS] PABHOBECHS CJIEBAa HAIPAaBO HEOOXOIMMO WIIM yBEITUYUTh
KOHLEHTPALUIO OJHOIO W3 MCXOIHBIX BEHIECTB, WM YMEHBIIUTh KOHICHTPALMIO OJHOTO U3
MIPOJYKTOB pEAKLUH.

C NOMOIIBIO BBIPAKEHUS KOHCTAaHTBI PAaBHOBECUS MOXHO OIPEAEIATh KOHLEHTPALUU
BEILIECTB B MOMEHT DAaBHOBECHS, a €CIM HW3BECTHbI 3HadeHUs KP M HCXOJHBIE KOHILIEHTPALUH
BEIIECTB, TO MOXKHO ONPEICIIUTh UX PABHOBECHBIE KOHIICHTPALIUH.

Ecnu ucxoHyo KOHLEHTpaluio Bemectsa A 0003HaunTh uepe3 Co(4), a 4iciao MoJb €ro,

MPOpearupoBaBIINX K MOMEHTY paBHOBECHS, Uepe3 A C(4), To MonipHasi KOHIIEHTPAIUsI B MOMEHT
PaBHOBECHSI ONPEICIUTCS TAK:

[4] = Co(4) — A\ c(a).
PaBHOBecHe B TeTEpOreHHBIX CHCTEMaX OMpEeNSeTCs TOIbKO ra30BON MIIH KUIKOM (a3oid,
T.K. KOHLICHTPAIlM1 TBEPBIX BEILECTB HE BXOAAT B YPABHEHHE [UIsl CKOPOCTH PEAKLIMH.
Hamnpasnenue cmelieHuss paBHOBECHS CUCTEMbl IIPM  W3MEHEHUU  KOHIICHTPALUH,
TEMIIEPATypPhl WU AaBiieHus onpexaeinsercs npunuunoM Jle Ilarense:
«Ecnu na obpamumyr cucmemy, HAXO00AWYIOCA 6 NOOBUNHCHOM COCMOAHUU, OKA3AMDb
u3eHe Kakoe — nubo 6o3oeilicmeue, mo CUCHeMa Omeeuaen cCmeuleHuem pagHoeecuss maxKum

00pazom, umoowvl ocrabums 3mo 8030elcmaue).

Bonpocs! 1 3aganus

3amaua 1. Peakuust pasznoxeHus okcuaa azota (+5), mpoTekaromas 1mo ypaBHEHHIO OOIIEero
Buna 2N20s(2) <> 4NO2(2) + O2(2), npoTeKaeT B ABE CTAIHNH:

1) N20s(2) <> N203(2) + O2(2) — meonenno;
2) N20s(2) + N203(2) <> 4NO2(2) — bvicmpo.

Omnpenenute TOPSIIOK M MOJIEKYJIIPHOCTB ATOTO TPOIIECcca.

Pemenune. U3 ycnoBuii 3aauu cielyeT, 4TO CKOPOCTh PEAKIUH, B ICJIOM, OINPEIEISICTCS
nepBoi cranuei mpouecca. Mtak, CKOpoCTh peakiuy NporopiroHaibHa KoHeHTpauu N20s(r),
T.€. IPOIIECC PA3NIOKEHHS OKCHIA a30Ta (+5) — peakiiysi epPBOro MOPSIKa, MOHOMOJICKYJISIPHASI.

3amaya 2. Beruucnwure 3HaYEHUE KOHCTAHTBI CKOPOCTH TPH HEKOTOPOW TEMIIEpaType JyIs
snemenTtapHoit peakuuu C(2) + D(2) <> B(z), ecnu npu koruentpauusx [C] = 0,04 mons/am> u [D]
= 0,05 monb/mM> cKOpPOCTh peakiuu cocTasuia v = 3,2:1074,

Pemrenue: Tak kak peakius 3JeMEHTapHas, TO YPaBHEHUE PEaKIUU OTPAKAET € MEXaHU3M
— 3TO peaKIHs BTOPOTO MOPSIKA, T.e. KHHETHYECKOE YpaBHEHHUE 3TOTO Tporiecca OyIeT IMETh BH/I;



v 3210
[C][D] 0,04 0,05

v = E[C] [D], omciooa E =

9

3anmaya 3. [Ins peakuuu B ra30Boi ¢aze
24 + 3B < A2B3
MOJTy4YeHHAas 3aBHCHUMOCTh €€ CKOPOCTHM OT KOHIEHTpAllMU pPEareHTOB IMPE/ICTaBICHA B
tabimie 6.2.1.
Tabnuya 5.2. 3agucumocmos ckopocmu peakyuy om KOHYEeHmMpayuu peazeHnos
KoHIeHTpaIus, MoIb/Im’
BemectBo A4 0,20 0,40 0,50 0,60 1,20 0,20
Bemectso B 0,20 0,40 0,20 0,80 0,80 1,00

CKOpOCTb PeaKIum, MOJIb/(AM> MuH) 0.32 0.64 0.32 108 108 160

KakoB mopsinok peakuuu? Bpranciaure KOHCTaHTY ckopocTu. Kak HM3MEHHUTCS CKOpPOCTH
peakuuu Ipy yBEJIMYEHUH J1aBICHUS B J1Ba pa3a’

Pemenue:

1. [Ins HaxoKAeHUS NOpSAKaA PEAKLMH MPEXKIE BCEr0 Hal0 HAWTH KMHETUYECKOE YPABHEHHE

JUIS 9TOM CIOXXKHOM Xumudecko peakuuu. Ilpu 3TOM HEOOXOIMMO NPOTECTUPOBATH

YPAaBHEHHUS CICAYIOUINX TUIIOB:

1) mepBoro nopsiaka — v = k[A]; v = k[B],;

2) Broporo nopsaaka — v = k[A][B]; v = k[A]?; v = k[B]?;

3) Tperwero nopsanxa — o = k[AJ?[B]; v = k[A][B]°.

2 Kunetnueckoe ypaBHEHHUE OYyIET COOTBETCTBOBATH JIEHCTBUTEIBHOMY MEXaHU3MY
PeaKIiy, €Clii BEIYUCIEHHOE U3 HETO 3HAaU€HUE KOHCTAaHThl CKOPOCTH peakiuy OyeT OJMHAKOBBIM
(MM IPUMEPHO OJJMHAKOBBIM, C Y4€TOM MOTPELIHOCTH U3MEPEHUS B XOJI€ IKCIIEPUMEHTA).

3 TectupoBaHue ypaBHEHHUs IIEPBOTO MOpsAKA BUJA v = k[A]:

1) st mepBoi MpoOBI ky = i 0,32 =1,6;
[4]; 0,20
2) m1s BTOpOit poOsl ky = 22 0,04 =1,6;
[4]; 0,40
3) s TpeTbelt npoosl k3 = % 0,52 =0,
[4]; 0,50

Tak kak 3Haue€HUE KOHCTAHTbl CKOPOCTH HE OJUHAKOBBI Ul HCCIEAO0BaHHBIX NIPoO, TO
KMHETHUYECKOE YPaBHEHUE IEPBOro Mopsaka Buaa v = k/A/ He COOTBETCTBYET MEXaHU3MY JaHHOU
PEaKIMH.

TectupoBanue ypaBHeHHUsI IEPBOTO MOpsAKa BUIA v = k/B]:

1) nns nepBoii poOsl k| = el 032 = 1,6;
[B]; 0,20

2) nas BTOpO# npo0sl ky = %2 _ 0,64 =1,6;
[B], 0,40

3) s TpeTbelt npoosl k3 = s I 90,32 =L,6;

[B]; 0,20
4) Ui yeTBepTOit IPoOHI ky = Y4 _ 1,28 =1,6;
[Bl; 0,80

vs _128 .

5) nns narou npoOs! ks = 3] =080
5 U,

b



. Y 1,60
6) 11 wecToi npoOdsl kg = 6 7 ,0.
[Blg 100
Nrak, kKuHETHYECKOE YpaBHEHHE TaHHOW peakuuu: v = k/B/; KOHCTaHTa CKOpOCTH — k = 1,6.
4 YBenu4eHue NaBICHUS B CUCTEME B JIBa pa3a MOBBICUT KOHIICHTPAIUU peareHToB 4 u B
TOKE B JIBa pasa, 4ToO MPUBEAET B BO3PACTAHUIO CKOPOCTU PEAKIMH TaKXe B JBa pa3a. ITO MOXKHO
MOJTBEPIUTH PACUETOM:
vy  2k[B]
v k[B]
3amaua4 Ha ckoibKO HaI0 MOBBICUTH TEMIEPATYpy, YTOOBI CKOPOCTh PEAKIIMU BO3pOCIHA B
50 pas (y =2,3)?
Pemienue
Pacuet nposeném no popmyne Bant-I'odda:

h=h b

Ut v
—2 =y 10 tre 2 =50, y=23; orciona50=23 10

)
Ufl 1

[Tponorapudmupyem 06€ yacTv MOJIy4YEHHOTO PaBEHCTBA!
hh—h
1g2,3 = 1g50
10 8 8

¥ 1ocJie ero pemenus nomyunum At = 47 °C.
OtBet: UToOBI CKOPOCTH peakiu Bo3pocia B 50 pa3 Hajo MOBBICUTH TeMIepaTypy Ha 47
°C
3amaga 5. [Ipu 393 K peakuns 3akaHuuBaeTcs 3a 10 MHHYT. 3a CKOJIBKO MHUHYT 3Ta PEaKLHs
3akoHunTcs npu 363 K (y =3,0)?
Pemenue
Kak u3BeCTHO, YTO MEXJIy CKOPOCTHIO XHMHUYECKOM peakiuu U €€ MpOAOIKUTEIbHOCTHIO
CyllecTByeT 00paTHO MPONOPLHUOHATIbHAS 3aBUCUMOCTB!
U, _ 1y

- 9
Uy T2

TJI€ TI ¥ T2 — BpeMs NMPOTEKAHUS PEAKINK MPU TEMIIepaTypax // v {2 COOTBETCTBEHHO.
CnenoBatenbHO, ypaBHeHHe (7.2.2.1) MOKHO 3amMcaTh B CIEAYIOLIEM BUJIE:
I~
7
_— = }/ 10 5
)

OTKyJa
t—1 393-363

=15y 10 =10-3 10 =270 mun.
Otsert: npu Temnepatype 363 K sta peakius 3akanunBaercs 3a 270 MUHYT

ba3oBbIi1 ypoBEeHb

3amaya 1 Onpenenute U3MEHEHHE CKOPOCTHU NPSMBIX 3JIEMEHTAPHBIX Ta30BbIX pEAKLUN IIPU
YBEJIMYEHUS J1aBJICHHUS B JIBa pa3a:

1)H>+ O — H+ OH; 2)Cl+ H— HCI;

3) 2NO + Cl: — 2NOCI; 4) NO + O — NO..

JUid KaX10# peakuy ONpeAeIUuTe NOPSAA0K U MOJIEKYJISIPHOCTh M HAIMIINTE KUHETUYECKOE
YpaBHEHHE.

3amaay 2  Pe3ynbTaThl M3y4eHHMsS CKOPOCTH peakUMM MeExXOy BemectBaMu 4 u B
MpeACcTaBIeHBI B TabmuIe 5.3.



Tabnuya 5.3 3asucumocmv CKOpOCMU peakyuu Om KOHYEHMpayuu peazenmos
KoHIeHTpanus, MoJb/1m’

BemecTso 4 0,10 0,20 0,20 0,10

BemectBo B 0,10 0,10 0,20 0,05

CxopocTh peakiuu, Mosn/(av>-mun) | 0,004 0,016 0,016 0,004

KakoB nopsiiok 1 MOJIEKYJIIPHOCTh peakiun? BeMCINTE KOHCTAaHTY CKOPOCTH.

3amaya 3 Ilpu yBenuueHuM KOHIEHTpaluHu BemecTtBa A B 1,6 pa3a CKOpPOCTh pEaKIMH
BO3pacTaert B 2,93 pasza. KakoB nopsaok peakuuu no BeuiectBy 4? Otset: na = 1,83.

3amaua 4. CocTaBbTe BBIpaXCHHE /I KOHCTAHTBHl PaBHOBECHUS TOMOTEHHOIO IMpoIlecca,

OIHCBIBAEMOTO YPAaBHEHUEM:

4HCI + 02 e 2H20+ 2C12

3anaua 5. J{i1st paBHOBECHOM ra3000pa3HOil CUCTEMBbI
CO+Hy0 < COy + Hy K =1,0 (upu 830 °C).

Onpenenure KOHUEHTPAlMM BCEX BEIIECTB B MOMEHT paBHOBECHS, €CIM HaydajbHas
koHueHTpanus Co(CO) =2 moms/mm? 1 Co(H20) = 3 momn/mv>.

3anaya 6 Kak n3MeHHUTCS CKOPOCTh PEAKIMU

2H»S +30, <> 250, +2H50,

€CJIM KOHIIEHTPAIMH BCEX Ta30B YBEJIMUUTD B TpH pa3a? B cTopoHy mpsmMoit wiim 0OpaTHON peakinu
CMECTHUTCSI XMMUYECKOE paBHOBecHE?

[ToBbI1IEHHBINA YPOBEHB

3amaya 1 Peaknus mpoxoauT B ra3oBoil dase:
A+2B+D e C.
[Ipu yBenmdeHnn KOHIIEHTPALMK peareHTa A B 2 pa3a CKOPOCTh peaKIlMy BO3pociia B 2 pasa.
[Ipn yBenmueHHWH KOHIICHTpAIMU peareHTa B B 2 pa3a CKOPOCTh peakluu He u3MeHunach. [Ipu
YBEITUYCHUHU KOHIIEHTpAIMK peareHTa D B 2 pa3a CKOpOCTh peakluu Bo3pocia B 4 pasza.
Kax BBINTISIMT KMHETHYECKOE ypaBHEHHE 3TOM peakumn? Kak M3MEHUTCS] CKOPOCTh PEaKIvH Mpu
YBEJIMUEHUH OOILIETO JaBiieHus B 3 paza? OTBET: CKOPOCTh PEaKIMK MPU YBETMYEHUH OOIIETO JTaBJICHHs B 3

paza Bo3pacter B 27 pas.
3agaua 2 IIpu 25 °C xoHCTaHTa CKOPOCTHU PeakluK B ra30Boii (asze
N204 < 2NO:?
UMEET CIICAYIOIINEe 3HAYCHHS:
P, Ila 21590 34660 89040
k(yci. eTuHUIIBI) 4,4 4,8 6,0.

[ToueMy KOHCTaHTa CKOPOCTH BO3pacTaeT MpHU yBeludeHHH naBieHus? [loyemy KoHCTaHTa
CKOPOCTH Ha3BaHa KOHCTAHTOM, €CJIM OHA 3aBUCUT OT JaBJICHUs?
3anaua 3. B xakoM HanpaBlIEHUH CMECTUTCSI PABHOBECHE PEAKIINU

AHCI + 02 <> 2H20 + ZCZZ , AHp, = —114,42 xJIx/M07b,
ecnu: 1) moBbICUTH KOHIEHTpaLuio O2; 2) yBENIMIUTh KOHIEHTpauuio H20; 3) HOHU3KUTh JaBJICHHUE;

4) nosbicuTh TemnepaTypy Ha 50 °C (TemmeparypHblii K03()QUIMEHT OPAMON PeakUyy Yop = 2, a
Yobp. = 3)?

Cnmcok JuTeparypbl, peKOMeHAyeMblil K HCI0JIb30BAHUIO M0 JAHHOM Teme

OcHoBHas1 JiuTEepaTypa:

1. Koposwun, H. B. O6mast xumus : yaeonuk / H. B. KopoBuH. - 13-e u3a., nepepad. u gorm. - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaBpuar). - Pek. MOuH P®. - [Ipuin.: c. 461. - bubauorp.: c.
486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. XuMus okpyskaromien cpepl : XUMHS KHUBBIX oprann3MoB. Kypc nexmmii / E.



C. Muxamuna, A. JI. [lerenmua. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 ¢c. — ISBN 978-
5-87623-457-5. —TexcT : 35eKTpoHHbIH // DnekTpoHHO-0nbmmoreunas cucrema IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexxum nocryna: s aBTopu3mp.
M0JIb30BaTENEN
JlonoHUTeILHAS JUTEpaTypa:
1. I'munka, H. JI. O6mras xumust / H. I'. I'munka ; [Tog pen. A. U. Epmakosa. - U3a. 30-e, ucnp. -
M. : Unrerpan-Ilpecc, 2003. - 728c¢. - bubmuorp.: c. 704. - [Ipeam. ykas.: c. 706. - ISBN 5-89602-
017-1
2. XuMHs METAJUIOB : y4eOHOE 1mocodue (711 CTyIEHTOB XUMHUYECKOTO (paKybTeTa HanpaBIeHUN
OakanaBpoB «XUMU» U « XUMHUECKast TeXHOJorus») / coctaputenu O. A. I'onoBanoBa. — OMCK :
Omckuii rocynapctBeHHbIN yHUBepcuTeT uM. @.M. Jloctoesckoro, 2015. — 552 ¢. —
ISBN 978-5-7779-1875-8. — TekcT : 37eKTpOHHBIN // DIeKTpOHHO OnbmnoTeunas cucrema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum nocryna: mis
ABTOPHU3UD. MOJIb30BATENICH
HNHTEepHET-pecypcehl:

1 http://window.edu.ru/ — eauHOE OKHO JOCTyTa K 00pa30BaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — 3BC «YHuBepcurerckas OMOIMOTeKa OHIANHY.

3 http://catalog.ncstu.ru/ — 37IEKTPOHHBINA KaTAJIOT ACCOLMUAIMH YJIEKTPOHHBIX OMOINOTEK
y4eOHbIX 3aBeqeHnid u opranuzamnuii CKOO

4 http://www.iprbookshop.ru — 3BC.
5 https://openedu.ru — OTKpBITOE 0Opa3OBaHKE

TEMA 6. PACTBOPBI

ITPAKTUYECKOE 3AHSATHE 6. PACTBOPBI. CIIOCOBBI BBIPAKEHUSA
KOHIEHTPAIIUU PACTBOPOB. PACTBOPBI DJIEKTPOJIMTOB. PACTBOPbBI
HEJ3JIEKTPOJIMTOB

Heasb 3anaTHSA: (QopMHupoBaHHE O0a30BBIX 3HAHUM O clocobax oOmpeAeseHHus CBOWCTB H
KOHIIEHTpAIUil pacTBOPOB M HaBBIKOB ITPOBEICHUS PaCUETOB.

3HaHua u ymenus, npnoﬁpeTaeMble CTYAEHTOM B PE€3yJbTaTE 0CBOCHUN TEMbI

3HAaTB: OCHOBBHI CAMOOPTaHU3AIUN U CAMOOOPA30BaHYS;
3HaTh: CYIIHOCTH U 3HaYCHUE HH(DOPMAIIUU B PA3BUTUH COBPEMEHHOTO OOIIIECTBA; OCHOBBI MOJYyUYCHHUS U
00paboTku HHPOPMAITUN U3 PA3THMUYHBIX HCTOYHUKOB

3nate: PabOTHI IO pacyeTy U MPOEKTUPOBAHMIO I€TAIEH U y3JI0B
MAaIIMHOCTPOUTENbHBIX KOHCTPYKIUI B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUSIMU U

HCITIOJIb30BAHHUCM CTAHAAPTHBIX CPCACTB aBTOMATHU3alIUHN ITPOCKTUPOBAHUA

YMeThb: caMOCTOSITETILHO CTPOUTH MPOIIECC OBJIAACHUS HHPOPMALIUEH, 0TOOpPaHHOHM U CTPYKTYpUPOBaHHON
JUISL BBITIOJTHEHUSI TPOECCUOHANBHON AATEIBHOCTH.

YMerh: noxydats ¥ 00padaThIBaTh MH(GOPMALIHMIO U3 PA3TUYHBIX HCTOYHHKOB

Ymers: TPUHUMATH yUacTHe B paboTax Mo pacyery ¥ NpOEeKTUPOBAHUIO JIeTajeH U
y3JIOB MAalIMHOCTPOUTEIBHBIX KOHCTPYKIIMI B COOTBETCTBUU C TEXHUYECKUMHU
3aJJaHUSIMUA U UCITOJIb30BAHUEM CTAHAAPTHBIX CPEACTB aBTOMATU3ALlUN

MPOCKTUPOBAHUS
HanmMenoBanue (GpopMupyemMbIXx KOMITETCHIIHMA

WNupexe DopMyIHPOBKA:

OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3AIUH U CaMOO0OPa30BaHUIO



https://openedu.ru/

OIIK-4 NOHMMAaHHEM CYITHOCTH M 3HAYCHUS WH(POPMAIIUU B Pa3BUTHH
COBPEMEHHOT0 00IIECTBa, CIIOCOOHOCTHIO MOIYYaTh U
00pabaTsiBaTh HHPOPMAIIUIO U3 PA3TUYHBIX HICTOYHUKOB,
TOTOBHOCTBIO HHTEPIIPETUPOBATH, CTPYKTYPUPOBATH U
ohopMIIATH HH(OPMAITHIO B IOCTYITHOM JIsl IPYTUX BUJE

TK-5 CIOCOOHOCTBIO IPUHUMATD yYacTHEe B padoTaxX Mo pacyery u
POCKTUPOBAHUIO JICTAJICH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKIIMH B COOTBETCTBHH C TEXHUYCCKUMHU 33aHUSIMH U
UCIIOJIb30BAHUEM CTAHIAPTHBIX CPEIICTB ABTOMATH3AIIUH
POCKTUPOBAHUS

AxTtyanpHOCTh TeMbl. COBpeMEHHasi MOJICKYJISIpHAsi TEOPHsI PACTBOPOB MPEACTABISIET cO00i
OOLIMPHYI0, WHTEHCHBHO pa3BHUBAIONIyIOCS O0JIacTh MOJEKYJspHOH ¢(usuku. MomnekynspHas
TEOpUsl KHUJAKUX PACTBOPOB ONUPAETCS HA TEOPHIO YHUCTHIX OJHOKOMIIOHEHTHBIX >KMIKOCTEH H
TEOPHUI0 MEXMOJIEKYJISIPHBIX CHJI. PacTBOpPBHI 3JIEKTPOIUTOB - OCOOBINM KJIacC KOHACHCHUPOBAHHBIX
MOHHO-MOJIEKYJIIPHBIX CUCTeM. Upe3BblyaiiHas CIOXKHOCTh M3y4aeMOro OOBEKTa MpelonpeaesseT
MHOTOYMCJICHHBIE ~TPYAHOCTH M  MpoOJieMbl B 3TOM  OTpacid HAy4YHOTO  IO3HAHMS.

Teopernyeckas 4acTb
Cnoco0bl BbIpaKeHHs] KOHIEHTPAILUM PAacTBOPOB

Pacmeopamu mnazviearom mepmoounamuiecky ycmouyugvie O0OHOPOOHbIE CUCHEMDL,
cocmosiyue u3 08yx U 0onee KOMHOHEHMO8 (PACMEOPEHHbIX 6eujeCmse U pacmeopumens).
PactBopeHHbIE BemiecTBa — 3TO KOMIIOHEHTHI PAacTBOpa, KOTOPbIE MEHSIOT CBOE arperaTHoe
COCTOSIHUE TP ero 0Opa3zoBaHUU. PacTBopuTeNb — BELIECTBO, HE U3MEHSIOIIEE CBOETO arperaTHOro
COCTOSIHUS TIPU 00pa30BaHUU PACTBOpA.

HauOonee mupokoe pacrnpocTpaHEHHE MOJIYUYHIU BOJHBIE PAaCTBOPHI, PACTBOPUTEIEM B
KOTOPBIX SIBJISIETCS BOJA.

Baxneiimeil XapakTepHUCTUKOM pPacTBOPOB SBISETCS HX KOHLEHTpAlUs — Macca WM
KOJIMYECTBO BEUIECTBA, COJEPIKAILMECs B OINpPEIENEHHOW Macce WM 00beME pacTBOpa WIH
pacTBOPUTEIIS.

Maccoas mons BemectBa X — Mmacca BemectBa M(X) (B 1), comepkamasics B 100 T

pacTtBopa:

o(X).% =5 100,
My (6.1)

MonsiibHasi KOHIEHTpalus — KOJIMYECTBO MOJb BemectBa N(X), comepiamieecs B OJHOM

kmiorpamme (uiu B 1000 r) pactBopuTes:

MOJb _ n(X) m(X)

1000 =
Mp_na M(Xx Mp_nsa

-1000

C ().

K (6.2)

MoutsipHast KOHIIEHTpAIUs — KOJTMYECTBO MOJIb BEIIECTBA n(X) , CoZiepKaIeecs B OJHOM M’

(unm B 1000 cM?) pacTBOpUTEIS:

C,, (), 0 = X)) 000 =— "X 1900 6.3)
M Vp—II)I M(X Vp—.]'[ﬂ



MogsipHasi KOHIIGHTpAIMsl KONHMYECTBA SKBHMBAIEHTA (HOPMANbFHOCTH MM OJKBHBANECHTHAS
KOHL[eHTpaI_[I/IH) — KOJIMYECCTBO MOJIb DKBUBAJICHTA BCIICCTBA X, CoZCpKalcecss B OJHOM I[M3 (I/IHI/I B
1000 cm*) pacTBopuTENS:

1 (e X
C(—x), -5 j000= ”f( ) 1000 64
oo o, M X)W, |
ZX
rjae n(L) uM (L) — KOJMYECTBO MOJIb DSKBHBAJICHTA BeIIeCTBA (B MOJb-DKB) U €TO0
Zx Zx

SKBUBAJICHTHAs Macca (T/MOJIb) COOTBETCTBEHHO.

Ipumeuanue. Yncno 7 = HA3BIBAIOT  IKGUBANCHMHbIM — YUCIOM — WIA  YUCIOM
oxeuganenmuocmu —2Z > 1. 3HaueHne Z_ ONpENENSIOT 0 XUMHYECKOI PEakIUd, B KOTOPOH
y4acTByeT JaHHOE BellecTBO. Tak, B 4aCTHOCTH, JUIS I BEILECTB, yuacTByromux B OB-peaknusix,
SKBUBAJICHTHOE YHMCIO Zg sl BOCCTAHOBUTEISI PABHO YHCIY JJIEKTPOHOB, KOTOPOE OH OTAACT, a
IJISL OKHCIIUTENS — YUCIY DIIEKTPOHOB, KOTOpOoe OH mpuHUMaeT. Hampumep, it annona MnO) B
3aBHCHMOCTH OT Xapakrtepa peakiuu Z  MOKeT ObITb paBHO 5, 3, 1, Hanpumep:

MnO; +8H" + 5¢ =Mn*" + 5H,0; Z_ = 5; D(MnO;) = 1/5 mob;
MnO; +2H,0+3e" = MnO, +40H"; Z = 3; 3(MnO;) = 1/3 mouns;
MnO; +le" =MnO; ;Z, =1;3(MnO;) = 1/1 mons.
CnenoBaTenbHO, B 3TUX peaklUAX SKBUBAJICHT okucauTenss MnO, cOOTBETCTBEHHO paBEH

1/5, 1/3 u 1 Mob.
HeoOxonumo Beeria IOMHHTD, YTO 3HAYCHUE SKBUBAJICHTA JTFOOOTO BellecTBa X HE MPEBbINIACT
eauHuUIel, T. €. (X)) < 1.

OmnpeneneHne 3KBUBAIEHTHBIX YUCET HEOAUHAKOBO Ul 0OMeHHbIX 1 OB-peaxuuii.
B 00MeHHBIX peakIHsIX SKBUBAJIEHTHOE YHCIIO ONPELIIAIOT [0 CTEXHMOMeTpun peakuuu. Eciom ams
peakuu BUaa
viA+viB=v.C +v,D
Ha OJIUH MOJb BemecTBa A Tpebyercs VvyB/v,A monb BemectBa B, 0 Z, =v,/v,
MonbHast 10711 — OTHOLIIEHHE KOJIMYecTBa MOJIb BemecTBa N(X) k 00LieMy 4ucy MOJIb BCEX

BemiecTB V. 5 (X 1') , COCTABJIAIOIINUX PACTBOP:
N(X)

a(X)=—"L
Ny (X)) (6.5)

Tutp pactBopa BemecTBa X — Mmacca Bemectsa M(X) (B r), comepsKamascs B OTHOM CM

pacTBopa:
2 m(X
T'(X),—5= m(X) .
em VL (6.6)

Tutp pactBopa BemectBa B 1o onpesenseMoMy BelecTBy X — macca Bemectsa M(X) (B

I'), COOTBETCTBYIONIAA OJHOMY CM> CTAaHJAPTHOIO PACTBOPA BEIleCTBa B :



e _ m(X)
e’ V(B), (6.7)

p-pa

T(B/X),

BecbMa BakHBIM napamMeTpoM pPacTBOPOB ABJISICTCA HX IIJIOTHOCTH — OTHOIICHHUEC MAaCChI
pactBopa (B KI') K 00EMY 3TOTO pacTBOpa:

v (6.8)

p-pa

Ipumeyanue. B XuMuy yarie IpUMEHSIOT pa3sMEPHOCTh IFIOTHOCTH PACTBOPOB B I/CM>.
Jlyis mpoBeZieHNsI pacueToB MOJIE3HO 3HATh (opMyny (9), CBA3BIBAIOIIYIO KOJIMYECTBO MOIb
SKBUBAJICHTA BELIECTBA X C Pa3IMYHBIMU BUIAMH KOHIIEHTPALMI €r0 pacTBOPOB.

n(iX),MOJZb: m(])() = T(X)lV(X) = T(B/)l()V(B) -
z, M(—X) M(—X) M(—X)
z, z, Zx
1
_CEOED) 0(x),%p, 0 (X)
1000 1 '
10021 (- X) (6.9)

x

IIpy npuroToBIEeHNN pacTBOPOB C PA3IMYHON MAaCCOBOM J0JIEH BECHMA MOJIE3HBIM SIBISETCS
TaK Ha3bIBA€MOE MPABUIJIO CMELICHHUS (MM MIPABUIIO KKPECTA).
Cxema «kpecTa» UMEeT BUJ:

@, % — m,, T
0,
@_, %

®,, % — m,, I.

rae @,, Yo U @,, %o — MaccoBbIe IO HCXOMHBIX PACTBOPOB;
rn1=|a)2 —a)x| UM, =@, — @, — MacChl HCXOIHBIX PAacTBOPOB (B I) TOCIE CMEIICHHUs

KOTOPBIX OyZeT MOTy4eH PacTBOP C MAaccoBoi noneit @ , %o.

PacTBOpBI 2J1EKTPOJINTOB
Onekmpoaumamu  Ha3bIBAIOTCSI  BEILECTBA, KOTOpPbIE IPU pAcTBOPEHHMH B  BOJAE
MOJBEPraloTCcsl MNPOTONIM3Y (AMCCOLMUPYIOT WIM paclajaroTcs) Ha MOHBI U NPOBOASAT
BHGKTpI/I‘-IeCKI/Iﬁ TOK. HGOpFaHI/I‘-IGCKI/Ie KHCJIOTBI, OCHOBAHHA U COJIU SABJIAIOTCA DJICKTPOJIUTAMU.
Cuna 3JeKTposiuTa XapaKTepU3yeTcs CTENEeHbIO MpoToiM3a (¢ ), KOoTopas IMOKa3bIBaeT
OTHOIIICHKE YKCIIA MOJICKYJI, paciaBIuXxcst Ha HOHBI (N ), kK 00IIeMy 9uciTy MOJICKYJT SJICKTPOITHTA

B pactBope ( IV, ), i BBIpa)aeTcst B MPOLICHTAX:

azi-IOO%.
N

o

(6.10)



VCI0BHO CUHTAIOT SJIEKTPOJIUTHI, TOABEPTIIMECS MPOTONM3y Ha 3% U MeHee (T.e.
a < 3% ) — cnabeivu, a Ha 30% u 6onee (& > 30% ) — cunpHBIMA.

B pactBope  cmaboro  JNEKTPONMTA  yCTAHABIMBAETCS ~ PABHOBECHE  MEXKIY
HEIMCCOLMUPOBAHHBLIMU MOJNIEKYJIaMd M HPOAYyKTaMH HX pacmaga — HoHamu. Hanpumep, B
pacTBope c1aboii 0THOOCHOBHOH KHMCIIOTHI:

H,0 L
HA<__) H +4

KOHCTaHTa TaKoro paBHOBECHS BHIPAKAETCSs 4Yepe3 pPABHOBECHBIE KOHIIEHTPALMH

COOTBETCTBYIOIIMX YACTHUI] B PACTBOPE U HA3BIBACTCH KOHCMAHMOL NPOMONU3A Ul KOHCMAHMOTL

ouccoyuayuu K (HA):
[H7][4]

K,(HA) = T 611)

MHOIr0OOCHOBHEIE KHCIIOTHI pacmagaroTCsa CTYINCHYATO, KaxKJdasd CTYINCHb H3 KOTOPLIX
XapaKkTepu3yeTcs CBOer KoHCTaHToM. Hanpumep:

Ho . . [H[HS ]
HSc——H +HS ; K , =——;
D al [ Hz S]
[H1[S*]
[HS]
CornacHo 3akony pazbapnenus OctBaib/a, Ka U O/ CBSI3aHbl ypaBHEHUEM:

a’-C
K, (HA) "1 g’ (6.12)

HS =2 H" +8*; K, =

rae C — MonspHas KOHIEHTPAIHS SIEKTPOJIATA, MOJIB/ M.
[Ipu o << 1 ypasHeHue ynpomaercs:

K, (HA)=a’-C. 6.13)

I[J'ISI pacucToB, CBA3aHHBIX C IIPOTOJIMU30M KUCJIOT, 4aCTO UCIIOJIB3YIOT HC Ka , a IIOKa3aTcJib

KOHCTaHThI poTonu3a (aucconunanuu) pK, , koTopslii paBe:

PK, = ~lgK.. (6.14)

C Bo3pacTanuem Ka , T.€. C YBEITMYECHUEM CHJIbI KHCJIOTHI, 3HaYCHUE pKa YMEHBIIIAETCH,
clIeIOBaTEIbHO, YeM OOJIbIIIe pKa , TeM clrabee kuciora. Tak, 3HaYeHUS pKa JUIS CA0BIX KUCIIOT

or CH,;COOH no HCN nexar B npenenax ot 4,76 10 9,21.

Jast omHoocHOBHBIX kucior, Hampumep, ykcycuoii — CH,COOH, xonuexrpanmu

[H'] u [A"] paBrs! 1 cocTaBsIoT:
[H']=[CH,CO0]= «C.
C yuerom ypaBHenus (10.2.4) umeem:
[H*]=[CH,CO0 1~ K. -C.

PacTBOpBI HEITIEKTPOJINTOB
Pa30aBneHHbIe pacTBOPHI BELIECTB-HEIIEKTPOIUTOB 00IaaI0T PAAOM (PU3NKO-XUMUYECKUX
CBOﬁCTB, AJId KOTOPBIX KOJMYCCTBCHHOC BBLIPAKCHUC 3THUX CBOMCTB 3aBUCHUT TOJILKO OT YHUCJIA



HaxOoJSIIUXCA B PAacTBOPE YacTHI] PACTBOPEHHOTO BEIIECTBA M PACTBOPUTENS (KOJUIUTATUBHBIE
cBoiicTBa). HekoTophie M3 3THX CBOWCTB HCIOIB3YIOTCS ISl OTIPECICHUST MOJEKYISIPHOU MacChI
pPacTBOPEHHOIO BELIECTBA.

Tak, B COOTBETCTBUU CO 8mOpbIM 3aKOHOM Paynsa: TOBBIIIEHUE TEMIEPATYpPbl KUIIEHUS

) WIM TIOHW)KEHHE TEeMIIepaTypbl KpUCTaIM3aluu (Atkp) pa30aBlIeHHBIX PacTBOPOB

(At

HEAJIEKTPOJIUTOB MPOMOPIMOHAIBHO YUCITY YaCTUI[ PACTBOPEHHOTO BEIIECTBA M HE 3aBUCHUT OT €T0
MIPUPOIBI:

KHII.

At =KC
kp m? (6.15)
Atxnn. - ECm’ (616)
rac At — INOHHMXXCHUC TEMIICPATYPLI 3aMEp3aHUs WKW IOBBIMICHUC TCMIICPATYPbl KHUIICHUSA

pactBopa, rpag; K u E — kpuockonmueckas v 30yIUIMOCKONUYECKAs KOHCTAHTHI COOTBETCTBEHHO;
C,, — MoIsiIbHas! KOHIIEHTPALHS PaCTBOPEHHOTO BelecTBa, Mo/ 1000 r pacTBopHUTEIS.

Ipumeuanue. Kprockonuyeckasi u 30yJUTHOCKONNYECKAass KOHCTAHTBI TIPEACTABIISIFOT COOOM
MTOHIDKEHUE TEMIIEPATyphl 3aMep3aHus WU IOBBIMICHUE TEMIICPaTyphl KUIICHUS ISl PACTBOPOB
HEDJIEKTPOIIMTOB IIPU X KOHIEHTPALHUAX PABHBIX 1 MOJIL/mIM>.

Ecain m (r) HedIeKTposuTa, HMEIOIIEro MojbHyl Maccy M, pactBopeHsl B M pas (T)
PacTBOPUTEIIS, TO:

1
Atsaw = Kaaw ) aua ) 000 ) Zpaayc
/ M M@—ga mp—,m (6 17)
Al = B e 1999 epaoye
Ms—sa mp—,m (6 1 8)

@opMysBl  MO3BOJIAKOT ONPEAEIUTh TEMIIEPATypbl 3aMep3aHds W KHIICHHsS DPACTBOPOB
HEDJICKTPOJIUTOB II0 MX KOHLEHTpAlMM, a TaKXKEe HaXOAUTb MOJBHYI0 MacCy pacTBOPEHHOIO
BEILIECTBA 10 NOHM>KEHUIO TEMIIEPATyPbl KAIICHHs WIIN 3aMep3aHusl PaCTBOPOB.

Bonpocs! 1 3aganus

IIpumep 1. Hammcate MONEKyJISIpHOE M MOHHOE YpPAaBHEHHUS pPEAKLUUN B3aUMOJACUCTBUSA
pacTBOpOB HUTpaTa Oapus U cyjab(ara HATPHSL.

1 CocraBnsieM MOJIEKYJISIPHOE YPAaBHEHHUE PEAKIIH:

Ba(NO3), + Na,SO, = BaSO, \ +2NaNO;,

2 TlepenucsiBaeM 3TO ypaBHEHHS, U300pa3uB XOPOILO JUCCOLMUPYIOIINE BEIIECTBA B BUEC
HMOHOB, a YyXOZSIIUEe U3 cepbl peakuuud — B BUJIE MOJIEKYJ, T.€. COCTAaBIJIIEM IIOJHOE HMOHHOE
YpaBHEHUE JAHHOW PEaKIMH.

Ba** +2NO;3 +2Na* +SO;™ = BaSO, 4 +2Na* + 2NO5 .

3 BelnuceiBaéM HOHHOE YPAaBHEHUE PEAKIIMH B OKOHYATEIBbHOM BUJE (COKPAILIEHHOE HOHHOE
ypaBHEHUE):

Ba* +50; =BaS0O4 \,

KOTOpPOE OIpEAeNseT CyTh NpoIlecca B3aMMOICHCTBHS pPACTBOPOB HHUTpaTa Oapus W
cysbdaTa HATPHUA.



3amaua 2. Paccumraiite moHHyro cuiy pactBopoB RbNO3, CuClz u NasPOs, ecam ux
MOJIApHBIE KOHIIEHTparmy paBHsl 0,1 MOIb/aM>.
Pemenue. 1 B pactBope HuTpara pyouaus:

1 1
I :E(szfw + CNogzjz\ngj:E(O,l-lz +0,1-(-1)*)=0,1.
2 Jlnst pactBopa CuCla:
[= %(Ccﬁzéu% + Cc,zé,): %(0,1 2242.0,1-(-1)*) = 03.
3 Wonsl Na* 1 PO4™ co31a10T HOHHYIO CHITY:
1 ( 2 2 )_ 1 2 2y
1= \Cpp 2t + CropsZpops |= 5 (03 12+ 0,1-(3) = 0.6,

[pumep 3. Ckosbko cM® pacTBOpa I’MAPOKCH 1A HATPHs ¢ MaccoBoit foneit wi(NaOH) = 30% (p1
~ 1,300 r/cM®) Hano no6asuth k 300 cM® Boasl (p(H20) = 1,00 r/cm?®), 4ToOBI HOJNTYYHTH PacTBOp C
MaccoBoi noseit wx(NaOH) = 10%?

Pemenue. MOXHO IpeNIOKUTh TPY BAPUAHTA PEIICHUS TAKOM 3a1a4M:

1) mosTanHelii pacyer, C COCTaBICHUEM CUCTEMBI U3 JIByX YpaBHEHUH;

2) ¢ UCTIOIB30BAHUEM 3aKOHA YKBUBAJICHTOB;

3) IpUMEHUTH MPABUIIO KpECTa.

Bapuanm 1. Beraucnum maccy ruapokcuna Hatpus (m(NaOH), r), koropas AoixHA
COJIepXKAThCsl B UICXOJHOM PacTBOpE ¢ Maccoit mi, I:

100 r pactBopa ¢ ®1(NaOH) = 30% coxepxut 30 r NaOH

mi, I pactBopa ¢ ®1(NaOH) = 30% conepxutr m r NaOH

Ilepsoe ypasnenue: m(NaOH) = % my, I' = 0,3 “my, I.

Paccunraem mMaccy pactBopa ¢ maccoBoii foneit ox(NaOH) = 10%:
100 r pactBopa ¢ wx(NaOH) = 10% conepxut 10 r NaOH
(300 + mu), r pactBopa ¢ ®(NaOH) = 10% conepxxut m r NaOH.

Bmopoe ypasnenue: (300 + ml) -10=100- m(NaOH)

Hanee Boipaxenue a1 m(NaOH) u3 nepBoro ypaBHEHHMs IOJCTaBUM BO BTOPOE U PEIIMM
BHOBb IIOJIyY€HHOE YPABHEHHUEC OTHOCHTEIBHO MI — MCKOMOW MAacChl MCXOJHOIO pPacTBopa ¢
®1(NaOH) = 30%:

(300 + m;)-10=100-0,3m,; m, :%:150 r.

Teneps BbuncIuM 00beM, KOTOpBIA OyayT 3anuMaTh 150 r pactBopa ¢ wi(NaOH) = 30%,
ucnonb3ys hopmyiy (8):
m; 150
em® ==L =" =11539.
p; 130
Otser: K 300 cm® Boasl Hago mo6asuth 115,39 cm® (150 1) pactBopa ¢ oi1(NaOH) = 30%,
YTOOBI MOJIyYUTh pacTBOp ¢ MaccoBoi poieit wx(NaOH) = 10%.
Bapuanm 2 'Y 1o6HO Bocmonb3oBaThes popmysnoi (9), yuuTeiBas, 4To
w(NaOH)-m; ., (NaOH)-(300+ m
M (NaOH) M (NaOH)

VP‘P“ >




rae mi = p1Vi, T —Macca pactBopa ¢ ®1(NaOH) = 30%;
300 + mi=m2=p2Va, .
B urore:

@ (NaOH)-m; = 0, (NaOH)- (300 +my); m;=150T; V; =11539 o’

Bapuanm 3. TlpumeHuM MpaBUIIO «KpeCTa», yUUThIBas, uTo KoHieHTpauus NaOH B uucroit
BOJIC paBHA HYJIIO:

30% — mi, T
10, %
0,% — mo, T.

Breruncnum maccey pactBopa (mi, 1) ¢ @i(NaOH) = 30% u maccy Boabl (m2, T), KOTOpbIE
HaJI0 CMENIaTh, YTOOBI MOMYy4YHTh pacTBOp ¢ Wx(NaOH) = 10%:
m=10-0=10;m2=30-10=20r.
Utak, 4to6s1 nonyuuts pactBop ¢ ox(NaOH) = 10%, Hano k 20 r (20 cm®) Boxsl 106aBUTE
10 r pactBopa ¢ ®1(NaOH) = 30%, a k 300 r BoabI Ha10 100ABUTH:

mi =300 =19 30021502 vy, en® =115,39,
my 20

ba3oBblii ypOBEHb

3agaya 1. Hanmcatb WOHHO-MOJNEKYJSIPHBIE YpaBHEHUS pEaKIUWA B3aUMOJCUCTBUSA
CJIETYIOIINX BEIIECTB:
a) Pb(NO3)2 u NazS;
0) Cu(OH)2 u H2SO4;
B) CaCOs3 u HCI;
r) FeSO4 u HzS;
1) CuO u H2SOa.
3amaya 2. CocTaBbT€ MOJIEKYJSIPHbIE YPAaBHEHMS pEakUui, KOTOPBHIE BBIPAXKAIOTCA
CJIETYIOIIMMU KPATKUMU HOHHBIMU YPaBHEHUSIMHU:

a) H" +OH™ = H,0

6) Cu*t + 8% =CuS

6) COF +2H* = CO, + H,0

2) ZnOHY + H* = Zn** +H,0

0) HCO; +OH™ = CO7 + H,0

¢) Mg(OH), +2H" = Mg** +2H,O0.

3anaua 3. Paccumraiite aktuBHOcTH MoHOB K™ m SO4* B pactBOpe cynbgaTa Kamus c
MonspHoit kornentparuei C(K2SO4) = 0,1 moms/mm>.

3amaya 4. Paccuuraiite cpenHuil Ko3(pQUIMEHT aKTUBHOCTH MAJisi BOJHOTO pPacTBOpa
TUIPOKCUA HAaTpus ¢ MoIspHOH koHueHTpamueir C(NaOH) = 0,1 mons/mm® ¥ cpaBHUTE €ro ¢
SKCHEPUMEHTAIBHO HalIeHHOU BennunHou 0,764.

3agaua 5. Berumcnure mnpomssenenue pactBopumoctu Fe(OH)2, ecim B 100 cm® ero
HACBIIIEHHOTO pacTBOpa coJepxkuTcs 9,6 107 r aToro TUAPOKCHUA.

3agaua 6. Ilpoumssenenue pactBopumoctd AgrCO3 cocrtasnser 8:107'2. Paccumrats
pacTBOpUMOCTH KapOoHaTa cepebpa B MOJIb/aM> 1 r/am’,

3anaua 7. Beruncauts pacteopumocth CaF2 (B Moiw/am’) B Boge u B pactBope CaCly ¢
xonuenTpamueit C(CaClz) = 0,05 mons/mm® (ITP(CaF2) = 4-107'!). Bo ckonbko pa3 pacTBOPUMOCTE
BO BTOPOM cClly4yae MEHbIIE, 4eM B iepBoM? PacueTsl mpoBecTH ¢ y4eToM 1 0e3 yueTa HOHHON CHIIBI
pacTBopa.



3agaua 8. Ckonsko cm® pactsopa (Vi(H3PO4)) dochopuoit xkucaorsr (Ci(HzPO4) = 1,010
Monb/mM®) Hamo mo6aButh k 250 cm® pactBopa docdoproit xmciorsl (C2(H3POs) = 1,510
MOJIB/iM?), 9TOOBI TIONTYYHTh pacTBop ¢ w3(H3PO4) = 11,19% u p3 = 1,060 r/cm*?

3amada 9. Kakyto maccy kpuctamtoruapata kapoonata HaTpus NaxCO3-10H20 Hamo B3TH 151
npurotosienus 200 cM® ero BomHoro pactopa ¢ Maccoboit noneit m(Na2CO3) =10 % (p = 1,102 r/cm?)?

PaccunTarh 171 TIONy4eHHOTO PacTBOpa: THTP, MOJIPHYIO, MOJIPHYIO SKBHUBAJICHTA M MOJBUIBHYEO
koHteHTparwy Na2CO3. OueHuTh a0COMIOTHYIO ¥ OTHOCHTEITBHYO (YCIIOBHBIE! ) MOTPEITHOCTH IPUTOTOBIICHHS
3TOTO PacTBOpA.

3amaya 10. BpluuciuTh MOJSPHYIO KOHLIEHTPALMIO KOJMYECTBA IKBHUBAJIEHTA pacTBOpa
TUPOKCHA KaJHs TOTy4eHHOro MpH cMemmuBanuu pactBopos: 300 cv® ¢ C(KOH) = 0,8 momns/mm?
u 700 cm® ¢ ¢(KOH) = 1,2 mons/am*? Kakos tutp KOH no HCI?

[ToBbIIIEHHBIN YPOBEHB

3agaua 1. CKONBKO CM® BOIBI (p(H20) = 1 r/CM3) cienyetr 100aBUTH K 1 M pacTBopa
xnoposogopoaHoit kucnotel ¢ C(HCI) = 1,5 mons/mm®, uToObl MONYYUTH PACTBOP C MOJIAPHOI
KOHIIEHTpauuei pasHoi TouHo 1,0 MOJIB/TM>?

3amauda 2. B xakom 00b&Me HachieHHOro pactBopa AgsPOs comepkuTcst OJJUH IpaMM 3TON
comu (ITP(Ag3PO4) = 1,3:102%)?

3anaua 3. B 10 am® Haceimennoro pactsopa CaCOs conepsxutcs 0,0278 r MOHOB KalbIys.
Brraucnute npousBeieHue pacTBOPUMOCTH KapOOHATA KaJIBITHSL.

3agaua 4. O6pasyerca mu ocagok AgBr (IIP = 6,0-10%), ecnu ciuth paBHBIE 00BEMEI
pactBopoB AgNO3 u KBr ¢ konnentpanusamu C(AgNO3) = C(KBr) = 0,001 mons/mm>?

Cnucok JuTeparypbl, peKOMeHIyeMblil K HCIOJIb30BAHUIO M0 JAHHOM Teme
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TEMA 7. KOMIIVIEKCHBIE COEIUHEHMUAI.
ITPAKTUYECKOE 3AHATHE 7. KOMIVIEKCHBIE COEJUHEHMUS.

Heas 3ansaTusa: ChopMHpoBaTh y CTYJACHTOB CUCTEMHbIE 3HAHUSA O CTPOCHHUHU M CBOMCTBAaX
KOMIUIEKCHBIX coeluHeHud. HayuuTh CTyZlEeHTOB MoOJlydaTh KOMIUIEKCHBIE COCIUHEHUS W Ha
OCHOBAaHUU IIOBCACHHUSA KOMIIJICKCHBIX COCI[I/IHCHI/II\/JI B pacCTBOpax JA€JaTb BbIBOAbI 06 nux
YCTOWYUBOCTH.

3HaHMA M YMeHUs1, IpuodpeTaeMble CTYIEHTOM B pe3yJibTaTe 0CBOEHUS] TeMbI

3HaTh: OCHOBBI CAMOOPTaHU3ALUH U CaMOOOPA30BaAHNS;
3HaTh: CYIIHOCTH U 3HaYCHHE HH()OPMALMU B Pa3BUTHU COBPEMEHHOTO OOIIECTBA; OCHOBHI MOIYyYCHHUS U
00paboTKH HHPOPMALUH U3 PA3TUYHBIX HCTOYHHUKOB

3nate: pabOTHI IO pACUYETy U MPOCKTUPOBAHMIO JIETANICH U y3JI0B
MaIlIMHOCTPOUTENBHBIX KOHCTPYKIUNA B COOTBETCTBUM C TEXHUUECKUMH 3aJaHUSIMU U

HCIIOJIB30BAHHUCM CTAHIAPTHBIX CPCACTB aBTOMATHU3alIUHU IIPOCKTUPOBAHUA

YMeTh: CaMOCTOSATEIHLHO CTPOUTH IIPOIIeCC OBJIaAeHUS HHPOpMaIuei, 0TOOpaHHON B CTPYKTYPHUPOBAHHOMN
JUTSL BBITIOJTHEHHUS IPO(ECCHOHAIBHOM e TeILHOCTH.

YMeTh: TOy4aTh U 00padaThiBaTh HHPOPMAIHMIO U3 PA3INYHBIX UCTOYHUKOB

Ymers: IPUHUMATH YU4acTHE B pa0OTax MO pacyeTy U MPOEKTUPOBAHUIO JETaNICH U
y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKIIUM B COOTBETCTBUM C TEXHUYECKUMHU
3aIaHUSIMH U UCTIOJIb30BAHUEM CTAaHJAPTHBIX CPEIICTB AaBTOMATHU3aLUN

IMPOCKTUPOBAHUA
HaumenoBanue ¢GopMHpyeMbIX KOMIIETEHLIUH

HNunexc DopMyIHpPOBKA:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3aIlUK U CaMOOOPa30BaHUI0
OIIK-4 NOHUMAaHUEM CYLTHOCTH U 3HA4YC€HUS WH(OPMALIUU B Pa3BUTHH

COBPEMEHHOT0 00IIIeCTBa, CIOCOOHOCTHIO MOTYYaTh U
00pabaTsiBaTh HHPOPMAIIHIO U3 PA3TUYHBIX HICTOYHUKOB,
TOTOBHOCTBIO HHTEPIIPETUPOBATH, CTPYKTYPHUPOBATh
ohopMIIATh HHMDOPMAITHIO B IOCTYITHOM JIsl IPYTHUX BUJE

TK-5 CIIOCOOHOCTBIO MPUHUMATh yyacTre B paboTax 1Mo pacyery u
MPOEKTUPOBAHUIO JIETANICH U Y3JI0B MAIIMHOCTPOUTEIBHBIX
KOHCTPYKIIMH B COOTBETCTBHH C TEXHUYECKUMHU 3aTaHUSIMU U
MCIIOJIb30BAaHUEM CTaHAAPTHBIX CPEICTB aBTOMATU3AIINH
MIPOEKTUPOBAHMS

AkrtyanbHOCTh TeMbl. KomruiekcooOpa3zoBaHue MMeeT OOJIbIIOE 3HAYEHUE MPU MPOTEKaHUU
OMOJIOTHYECKUX IPOLECCOB B JKUBBIX OpraHu3Max. VIOHBI IIETOYHBIX U IIEIOYHO-3€MENbHBIX
METaJJIOB B OMOJIOTMYECKUX JKUIKOCTSIX HaXOJATCS B BHJI€ aKBAKOMIUIEKCOB, a HOHBI d-3J1IEMEHTOB,
SBJISISICH IPEKPACHBIMHU KOMILIEKCO00pa30BaTesiMU, 00pa3ytoT KOMIUIEKCHI, B KOTOPBIX B KaUeCTBE
JUTaH0B BBICTYNAIOT aMUHOKHUCIIOTHI, HyKJIEMHOBBIE KUCJIOThI, BATAMUHBI U TOpMOHBI. Hanpumep,
Kene30 BXOAUT B COCTaB TIeMorjoOuHa. HekoTopble KOMIUIEKCHBIE COEIMHEHHs O00JaaaioT
OMOJIOrMYECKON aKTUBHOCTBIO M NMPUMEHSIOTCS B KaUECTBE JIEKAPCTBEHHBIX MPENapaToB (BUTaMUH
B12). Kpome Toro, o0pa3oBaHue pacCTBOPUMBIX YCTOHUYMBBIX KOMIUIEKCHBIX COEIMHEHUN MO3BOJISET
BBIBOJIUTh W3 OpraHu3Ma COJIM TSDKENIBIX METaJlIOB, YTO CIIOCOOCTBYET JE€3MHTOKCHUKALIUU
OpraHusMa.

Teopernyeckas 4acTb



XUMHUYECKUE CBSI3U OCYILIECTBISIOTCS 3a CUET 0000LICHUS HE CIIAPEHHBIX JIEKTPOHOB WU
nepenayu 3JeKTPOHOB OJHUM M3 aTOMOB, BCTYMAlOIIMX B CBSI3b Apyromy. B pesynbrate Takoro
B3aUMOJICHCTBHS OOPa3yIOTCSl yCTOMUMBBIE KOH(UIypaluu, MMEIOIIME Ha BaJICHTHOH 00oj0uke
AJICKTPOHHBIA OKTET. Y CTOWYUBOCTH MOJOOHON CTPYKTYpPHI OOBSCHSETCS CXOJACTBOM B CTPOCHHUU C
MHEePTHBIMU razamu. CoelMHEHHs], OTyYaromuecs moo00HbIM 00pa3oM, Ha3bIBAIOTCS OMHAPHBIMH.

MHor¥1e aToMbI WA HOHBI, 00pa3yroIie OMHAPHBIC COCSMHEHHS, MOTYT SIRISTHCS IOHOPAMH YIEKTPOHOB
JUIs1 JPYTUX aTOMOB, TPYIII aTOMOB WM MOJIEKYJL, HE MIMEIOLLIMX MIEKTPOHHOIO OKTeTa. [ lomydeHHbIe TakuM Iy TéM
CJIOKHBIE MOJIEKYJIbl HA3bIBAIOTCS KOMIUIEKCHBIMM COGIMHEHWSIMA WM COSMHEHMSMH BBICIIIETO TIOPSIIKA.
Hanpumep, B coctas KomruiekcHoro coemunenust Ko/ PiCls] Bxonsr vonsl K u [PtCls]*.

[leHnTpasibHBII aTOM IUJIATHHBI CO CTEMEHBIO OKHUCIEHHS +4, BOKPYr KOTOPOTO
IpyNIIUpyOTCs (KOOPAUHUPYIOTCS) APYTHE aTOMBI, HA3bIBAETCS] KOMILUIEKCOOOpa30BaTEIIeM.

[Tpucoeaunstomuecs kK HeMy HOHBI C/” Ha3bIBAIOTCS JIUTaHAAMHU (WM aJICHIaMHU).

HekoTopsie nuranpl U MX Ha3BaHUS:

H>0 — axBa; NH3 — ammun; 0> — okco; OH — rugpokco; CN~ — nuano; SCN~ — poiaHo;
NO: — uurtpo; SO3*~ — cynsdpuro; NH20H — runpokcunamun; F- — ¢ropo; CI- — xnopo; Br~ —
o6pomo; I — itogo.

Yucno  AWraHjoB, MPHCOEAMHEHHBIX K  KOMIUIEKCOOOpa30BaTeNio,  HAa3bIBAIOT
KOOPIMHALMOHHBIM YUCIIOM (K.4.) KoMILIeKcoobpasoBarens. K.u. (Pr¥) = 6.

Wonsl K* — BHemHsAs koopauHauuoHHas cdepa (mpotuBouon); [PtCls]’ — BHyTpeHHsS
KoopauHaonHast cdepa. EE 3apsin(  TouHee, CTENEHb OKHCICHHUS X) OIpeAessieTcs
anreOpandecKol CyMMOI 3apsI0B KOMILIEKCO0Opa3zoBarens u nuranaos: x(/PtCls]*) = +4 +(—1)-6
=-2.

Ecmu BHYTpeHHSISI KOOpIMHALIMOHHAS cdepa MMEET TMOJNOKUTENBHBIN 3apsi, TO OHA Ha3bIBAaeTCS
KOMIUIEKCHBIM KaTHOHOM, €CJIM OTPHLATEBHBIN — KOMIUIEKCHBIM aHMOHOM. VIMeeTcst psin coenuHeHuil, B
KOTOPBIX BHYTPEHHsII KOOpIHMHAIMOHHAS chepa He Hec€T 3apsiia — HeHTpaibHble KOMIUIEKCHL [IprMepbl
YKa3aHHBIX TUIIOB KOMIUIEKCHBIX COSMHEHUI:

1) katuonnsie — [Pt (NH3)3CI]Cl (LO) [Pt(NH3);Cl]" + CI;
[Cr(H20)4Br2] Br (LO) [Cr(H20)4Br2]* + Br;
[Ni(H20)s]SO4 (i) [Ni(H20)s]** SO+,

2) annonnbie — K3/Fe(CN)s] (LO) 3K* + [Fe(CN)s]*;

(NHy)2[PH(OH):Cly <225 oNHL* + [PHOH)Cly
NasfdiFs] <295 sna* + [aiFsp

H,0
3) ueittpanbhble (HedaeKTponuThl) — [Cr(H20)4PO4] —2 > x;

[Rh(NH3)3(NO:2)3] (H—zO) X,

H,0
[Pd(NH20H):Clz] ¢—2—> x.

Ipumeuanue. KOMITJIEKCHl aHHOHHOTO THUIA TAaK)Xe €II€ Ha3bIBAIOT AllMJIOKOMILICKCHBIMH,
TaK KakK MpU TMEPBUYHOM MTPOTOIM3E OHH OTIICTUISIOT KOMIUICKCHBIN aHUOH.

Aneopummvl Ha36aHULl KOMNWIEKCHbIX coeOuHeHull: 1) KaTHOHHBIE KOMIUIEKCH — CHavalia
Ha3bIBAIOT BHENIHIOK cdepy, a 3aTeM B POJUTEIHHOM TaJie)ke MPHUBOAST HA3BaHUS JIMTAHIOB
BHYTpeHHEH c(epbl U PYyCCKOe Ha3BaHWE KOMIUIEKCOOOpa3oBaTeisi C yKa3aHHEM €ro CTEeTeHU
OKHCIICHHS apaOCKUMH nUppaMu, HaIpuMep:

[Pt (NH3)3Cl] Cl —xy0puJ TpuaMMUHXJIOPOIUIaTUHBI (12);
[Cr(H20)4Br2] Br —6pomun TeTpaakBaauopomoxpoma (+3);
[Ni(H20)6] SO+ — cynbdat rekcaakBaHukems (+2);



2) Ha3BaHUE aHMOHHBIX KOMIUIEKCOB HAUWHAIOT C BHYTPEHHEH cephl — Ha3BaHHUE JTUTAH/I0B
U JIATUHCKOTO KOMILIEKCOOOpa3oBarTeisi ¢ OKOHYaHUEM -am, 3aTeM — PYCCKOe Ha3BaHHWE KaTHOHA
BHEIIHEH cepsbl, HaIpUMep:

K3[Fe(CN)s] — rexcanmanodeppar (+3) xamus;
(NH4)2[Pt(OH):Cl4] — nuruapokcoTeTpaxjaoporiaTuHar (+4) aMMOHUS;
Nas[AlF's] — rexcadTopoalitoMUHAT HATPUS;

3) B HEHTpanbHBIX KOMIUIEKCAX BHAuYajle HA3bIBAIOT JIUTAHABI (C yueToM andaBuTa), 3aTeM
ClIelyeT pPyCCKOe Ha3BaHME KOMIUIeKcooOpa3oBaTensi 0e3 yKa3aHUs €ro CTENeHH OKHCIICHUs
(mocneaHsst OHO3HAYHO MOYKET OBITh OIpeJieNieHa ¢ YYETOM 3JIEKTPOHEHTPATbHOCTH KOMILIEKCa),
HampuMep:

[CrPO4(NH3)3] — TpuammundocdaTxpom;

[Rh(NO2)3(NH3)3] — TpMaMMHHTPHHUATPOPOINH;

[Co(NO2)3(NH3)3] — TpHaMMHAHTPHHATPOKOOATIBT.

CBsi3p MEXAy BHEIIHEH W BHyTpeHHEH cdepoil MMeeT HOHHBIH XapakTep, CBs3b BO
BHYTpEHHEH cepe — KOOPIUHALMOHHBIN (JOHOPHO - aKIENTOPHBINA, CEMUTIOSPHBIH).

BHyTpeHHss KOOpIMHAIVOHHAST cepa Uil KOMIUIGKCOB KATFIOHHOTO M aHHOHHOTO THIIOB YCTIOBHO
OTJIETISIETCS] OT BHEIIHEH chepbl KBATPATHBIMI CKOOKAMIL

CyImecTBYIOT CO€IMHEHUSI, COCTOSIIIINE U3 KOMIUIEKCHBIX KATHOHOB M aHUOHOB!

[Co(NH3)s][Cr(CN)s] — rexcatmanoxpomar (+3) rekcaaMmMiHKOOTbTa (+3);

[Cr(NH3)s] [Co(NO:)s] — rexcanuTpokobaibTar (+3) rekcaammuHxpoma (+3);

[Pt(NH3)3Cl] [Pt(NH3)Cl3] — aMMUHTPUXIOPOIUIATUHAT (+2) TPUaMMUHXIIOPOTUIATUHBI (+2).

Conmu HEKOTOPBIX METAJJIOB, OCOOCHHO B KOHIICHTPHPOBAHHBIX PACTBOpPAX, CIIOCOOHBI
pearupoBath MeXAy co00ii, 00pa3ysi KOMIUIEKCHBIE COSAUHEHUS — AYMOKOMNIEKCHL:

AuCl3+AuCl3 < Au[AuCls] — rekcaxmopoaypart (+3) 3o5o0ta (+3) ;
Cdl: + Cdl> « Cd[Cdl4] — TeTpaiiogokanmart (+2) Kaamusl.

Pa3nuuyaroT nepBUYHBIN U BTOPUYHBIA NPOTOJIN3 KOMIUIEKCHBIX coequHeHui. [lepBruHbIi
MPOTOJIN3 — OTIICTIJICHUE BHEIIHEH cepbl, OOBIYHO MPOTEKAET MO THUITY CHUJIBHBIX AJIEKTPOIUTOB.
Hanpumep, 11 KOMILIEKCOB:

K>[PtCls] <H—2O> 2K* + [PtCls]*;

[Cu(NH3), JcT, <229 5[ Cu(NH ) 417 +2C1 .

CreneHp MEPBUYHOTO MPOTOJIM3a JIJIsl pa30aBICHHBIX PACTBOPOB KOMIUICKCHBIX COCTMHEHUMN
00b14HO0 100 % nnu 6:1M3Ka K ATON BEIUYUHE.

BropudHOMy TpOTOJIM3Y TOABEPralOTCsS KOMILICKCHBIE HOHBI. [IpM 3TOM WX CTENeHb
MpoTOJIHM3a BecbMa Maina. Pacmag mpoTekaeT Mo THIy CiIa0BIX SJIEKTPOJIUTOB. TWm mporonmsa —
CTYIICHUYATBIN, KOTOPBIH ONMMCHIBACTCS YPAaBHCHUEM 3aKOHA JCHCTBUS MAacc.

KonmuecTBeHHO MpoIecchl MpOTOIN3a KOMIUICKCHBIX MOHOB XapaKTePU3yeTCs] KOHCTAHTOM
HecTOUKOCTH (Kuecr) Ml 0OpaTHOM el BeMMUnHOM — KOHCTaHTOU ycToHunBOCTH (Kyer).

Pa3nmuyaroT KOHCTaHTBI TPOTOJM3a CTyneHYarble W o0mme. CTymnmeH4YaThle KOHCTAHTBI
CBSI3aHBI C OTHICIUICHMEM OJIHOTO JIMTaHIa OT KOMIUICKCHOTO WOHA WJIM MOJICKYJIbI, a OOIIne
KOHCTaHTBl ~ yYWTHIBAIOT  PABHOBECHBIC  KOHIIGHTpAlMKM  KaK  JIMTAHIOB, TaK W
KOMILIEKCOOOpa3oBaress, 0o0pa3ylolHMxXcs B XOA€ NpOTONHM3a MO BceM cryrneHsm.Hampumep,
poTOJIN3 KOMILIEKCHOTo noHa [Cu(NH3)4]?" mpoTeKaeT B 4€THIPE CTYNEHH:



[[Cu(NH3)31** 1INH3]

1) [Cu(NH3)4 1t © [Cu(NH3)317 + NHy;  Kieers = ]2 =1,07-1072;
[[Cu(NH3)4]7"]
2+ 2
2) [Cu(NH3)3 1> & [Cu(NH3)2 12 + NHy;  Kypeers _[[Cu(NH3), ] ][;VH3] =186-1073;
[[Cu(NH3)317"]
2+ 3
3) [Cu(NH3), >+ [CuNH; > + NH;; Keerd _ [[CuNH3)] ]Usz3] —4,68-107";
[Cu(NH3)4]""]
2+ 4
4) [CuNH3 1> & Cu®* + NH;; Keer] = w =1,02:107*,
[[Cu(NH3)]™"]

CymMapHOe ypaBHEHHE NPOTOJIM3a BHYTPEHHEH KOOPAMHAIMOHHON cdephl BbIpaxkaeTcs
OOLIMM ypaBHEHHEM:

[Cu(NH3) 4 1% <229 5 [Cu(H,0)4 12" + ANH;.

3HayeHWe OOIIe KOHCTAHTBl HECTOMKOCTH ONpPENeNseTCs IPOM3BEICHUEM BCEX

CTYNEHYATBIX KOHCTaHT HecToMkocth. Hampumep, mns wmona [Cu(NH3)4/?* o0lias KOHCTaHTa
HECTOMKOCTH Oy/IeT HMETh BHI:
KHGCT([Cu(NH3)4]2+) = KHeCT] 'KHeCTz 'KHeCT3 'KHeCT4 =
_[Cu(H,0)41°*]-[NH3]*
[Cu(NH3) 41" |
Ilpumeuanue. Crynenuarsiii nporonans wuonHa [Cu(NH3)4/>" B BOEHBIX pacTBOpax
MIPEJCTABIICH B BUJIE, KOTOPBIA OTBEYACT NPUHYUNY COXPAHEHUS NOCOAHCMBA KOOPOUHAYUOHHO2O
yucna Komniekcooopazosamens. JlokazaHo, 4To MPU OTPHIBE OT KOMIUIEKCHOTO MOHA JIMTAHJA €ro
MECTO 3aHUMAIOT MOJICKYJIBI BOJIBI:
[Cu(NH3)4]?* + H20 < [Cu(NH3)3:H20]** + NH;
B mTore nporuecc J0IKEH 3aBepIINThCS 00pa3zoBanueM TeTpaaksakomiuiekca [Cu(H20)4]%".

Yem Ooubllle BEJIMYMHA KOHCTAHTHI HECTOMKOCTHM (WJIM  MEHBIIE KOHCTaHTa
YCTOWYMBOCTH), TEM MEHEE YCTOMYUBO JJAaHHOE KOMILJIEKCHOE COEIMHEHUE.

[IpoTONHM3 KOMIUIEKCHOTO HWOHAa BO MHOTHX CJIy4YasX JIOKa3bIBae€TCS C IIOMOIIBIO
YyBCTBHUTEIIBHBIX PEAKTHBOB, OOHAPYKHMBAIOIIMX B PACTBOPE KOMILICKCHOTO COCJAWHCHHUS HOHBI
KOMILIEKCOOOpa30BaTeJIsl U JIMTaH/IOB.

Hanpuwmep, nonsr Meau B KoMIuieKcHOM coeanneHnn [Cu(NH3)4] Cl> MOXHO OOHapyXHTh,
npuOaBUB K PACTBOPY 3TOH COJIU pacTBOP CyJb(hUaa HATPUS:
[Cu(NH3)4]1Cly + NayS = CuS 4 +2NaCl + 4NH5;

[Cu(NH3)4 1> + 572 = CuS L +4NH,
1501051 HYTCM CBA3BIBAHHUA aMMHaAKa B 60J'Ie€ HquHBIﬁ KOMIIJICKC — KATUOHBI aMMOHU .
[Cu(NH3)41Cly + 4HCI — CuCl, +4NH ,Cl,
[Cu(NH3), T +4H' > Cu®™ +4NH{.

Komnnexchvle coedunenus ¢ mManoycmonuugol HympenHel cghepotl, npomonu3 Komopou
npoOXOOUmM NPaKmMu4ecky NOTHOCHbIO — IMO OBOLHbLE CONU, HATIPUMED:

-951-10713,

H,0
[K(H20)6] [AI(H20)6] (SO4):2 23— K" + AP + 2804 + I2H>0; amoMoKaluesble
KBaCIbI

[2NH4(H:0)s] [Fe(H20)s] (SO4)2 (L> 2NH{ + Fet+2504 +12H:0;
cosb Mopa.
Teopuss BasnenTHbIX cBsizelt (TBC) 00bBACHAET CTpoeHME KOMILJIEKCHBIX COEIMHEHUMN
BO3HUKHOBEHHEM JOHOPHO-AKIENTOPHOM CBS3M MEXAY KOMIUIEKCOOOpA30BaTEEM U JIMTaHAAMM.



OOBIYHO JOHOPOM DJIEKTPOHHOM Mapbl CIYXHUT JIWTaH[, akLenTop — CBOOOAHBIE opOUTaNU
KOMILJIEKCOOOpa30BaTEsI.

TBC BO MHOruX ciy4asx MO3BOJIIET YCTAaHOBUTH 3JEKTPOHHYIO M IPOCTPAHCTBEHHYIO
KoMITIeKkca. TeopHst yIUTBHIBACT MPHU 3TOM XapaKTep BAJCHTHBIX OpOUTAICH EHTPATLHOTO aTOMa B
€ro THOPUIHOM MIJIM HETUOPUIHOM COCTOSIHUU.

OcHOBHBIE THUIIBI THOPUIHBIX COCTOSHHUN KOMIIJIEKCOOOPa30BaTEsl M COOTBETCTBYIOIINE
UM TIPOCTPAHCTBEHHBIE CTPYKTYpbl: sp — JnuHeWHas ([Ag(NH3)2]*, [Cu(NH3)2]"); sp® —
terpasapudeckas ([Cu(NH3)4?*, [NiClij?*); d’sp® ([CoFs]*) nma  sp’d® ([Co(CN)s]*)
okTasapuueckas. KBaJpaTHO-IUIOCKOCTHOM CTPYKTYpE OTBEYAET dsp’-ruOpUaM3anus, Halpumep,
1715 KOMIIEKCHOTO MoHa [Ni(CN)4]*".

Oco60 neHHy0 HHPOPMALUIO 00 MEKTPOHHOM CTPOCHUU U T€OMETPUUYECKON CTPYKType
KOMITJIEKCOOOpa30BaTesl UMEIOT €0 MarHUTHBIE CBOMCTBA. [lapaMarHUTHBIE KOMITJIEKCHI UMEIOT B
CBOEM COCTaBe HEMapHbIC JCKTPOHBI — OHU BTATHBAIOTCS B MarHUTHOE I0JIE, @ IMAaMarHUTHbIC, B
KOTOPBIX BCE 3JIEKTPOHBI CIIAPEHBI, U3 MATHUTHOTO TTOJISI BHITAJIKHBAIOTCSL.

MarauTHbelii MOMEHT KOMILIEKca (u) BbIpakaloT B MarHeToHax bopa (ogun M. b =
0,927-1072° spr/raycc), KOTOpblii MOET ObITh BHMUCIIEH U3 GOpMyIIa BUIA:

p=qn(n+2),
TJIe 71 — YUCJIO HE CIIapEHHBIX HJICKTPOHOB B aTOME MIT HOHE KOMIUIEKCO00pa30BaTes.

OKcriepuMeHTanbHass WH(POpPMAIUs O BEIWYMHAX MAarHUTHOTO MOMEHTa II03BOJISET
CYAMTH O TUIIC THOPUAN3AIMH [ICHTPAIEHOTO aTOMa M O TEOMETPUH KOMILJIEKCA B IIEJIOM.

VIMEeHHO BENMYMHBI MAarHUTHBIX MOMEHTOB [UII KOMILUIEKCOB C KOOPAMHAITMOHHBIM
4UCIIOM 6 TO3BOJIUIM BBECTH MOHATHUS GHEWHEOpOUManbHol nsnp nd’ v 6nympuopbumansHotl (n—
1)d’nsnp’ - ruGpunuzanum.

BHyTpropOuTanbHble KOMIUIEKCHI — TMaMarHUTHBI WM HU3KOCIIMHOBEIE, COJEPIKAT OJHH
WM gaBa  HecmapeHHbIX  onektpoHa  (/Co(CN)s]>> u  [PdCly?>~ —  1OuaMarHuTHel);
BHEIIHEOPOUTAJILHBIE — BHICOKOCITMHOBBIE, BKIKOYAIOT 3 — 6 HecnapeHHbIx dekTpona (/CoFs]? —
Uoen. = 4,8; 4 HecTIapeHHBIX 371eKTPoHa; [MnCls]>~ — piocen. = 5,95; 6 HECTIAPEHHBIX DIIEKTPOHOB).

TBC yOeauTtenbHO TMOSCHSET CTpOGHUE KapOOHWIIOB METAUIOB C HYJICBOH CTEIEHBIO
OKHCIICHHS.

Teopus kpuctamummyeckoro mons (TKII), B ommume or TBC, yuuThiBaeT
AJIEKTPOCTATUYECKOE BIMSHUE JUTAaHAOB Ha d-OpOUTaIM KOMIUIEKCOOOpa3oBaTels, KOTOpOe
HEOJMHAKOBO M3-3a X Pa3HOM MPOCTPaHCTBEHHOI OpUEHTAIINH.

JlokazaHo, uto d-°- u di’,?- opburamu (d- ypOBEHB) HCIBITHIBAIOT 0OOJIEE CUIBHOE
OTTAJIKUBAHUE TIOJ BIUSHUEM 3JICKTPOCTATHUECKOTO TIOJIS JIUTAH/0B, YeM OPOUTANH dx-y, dxz- U dy-z
(d:- ypoBeHB).

B oxrasapuueckoM mone d-opOuTanmm KOMIUIEKCOOOpas3oBarTens INPHOOPETAloT JBa
SHEPreTUIECKUX YPOBHA: 1) ¢ MEHbIIEH dHEPrueH d: — ypoBeHb, BKIIOYAIONIUI TP OpOUTAIH dy-y,
dy-=- v dy-z; 2) ¢ Golee BBICOKOM SHEPIUel dy- ypOBEHb, COAEpKAIIUiA IB€ d-*- U di’-,- opOuTan.

OHeprus pacuieruieHus (A) — pa3HOCTb MEXAY SHEPTUSIMH YPOBHEH dj- U de, YMCIIEHHAs
XapaKTEPUCTHKA PA3HOTO 3JIEKTPOCTATHYECKOTO ACUCTBHS TOJIS JIMTAaHJOB HA IPOCTPAHCTBEHHOE
pacrpeiesieHue dJIEKTPOHHOM IIIOTHOCTU d-OpOUTaliel KOMILIEKCOOOpa3oBaTes.

Bennunna A HeoMHAKOBa JUIsl Pa3HBIX JMTAHIOB M 3aBUCHUT OT MX NPHPOAbI. Bemnunna
SHEPIrUU PACHICTUICHHUS, BRI3bIBACMAsl Pa3HBIMH JIUTAHIAMH, BO3PACTAET B CIEAYIOIIEM MOPSIKE:
I <Br <CI <F <OH < C:04 < H:0 <NH; <NO> <CN <NO<CO,
T.. KOXKIbIA CIEAYIOIMH JUraHj co3gaét Oojee CUIIbHOE I0JIe, YeM MpeblayLIuil.
[TpuBeneHHAas TOCIEIOBATEIILHOCTD HA3BIBACTCS CREKMPOXUMULECKUM PAOOM.

Jlueanowvl cnaboeo nonsa pacrionararTcs B Hadaje psiga, 00jJagaloT BechMa Mayion A. d-
OpOuTanu KOMIUIEKCO00pa30BaTelis C TAKUMH JIMTaHIAMU 3aIOJTHIIOTCS B COOTBETCTBHH MPABUIIOM
XyHna (abcomomuas eiuduna CyMMapHo20 CRUHA 8 NOOYPOBHE O0NNCHA ObIMb MAKCUMATbHOL).
[Tpu 5TOM 3HEPrHUs OTTATKUBAHMUS IBYX CIIAPEHHBIX 3JICKTPOHOB OKA3bIBACTCS BBIIIE, YEM BEJIMUMHA
A. Kommuiekcsl, cofeprKaliye JUraasl ciadoro moss, BCeraa napaMmarHuTHBL.



Jlueanowl cunbHo2o nosia BHI3BIBAIOT BECbMa 3HAYMTENIbHYIO SHEPIUIO paciieruieHus. [Ipu
3TOM SHEPTUsl OTTATKUBAHUS JABYX CIAPEHHBIX DJIEKTPOHOB OKA3bIBAETCSI MEHBIIIE, YEM BEIMYUHA A.
[TocnenoBaTeabHOCTh 3aMOMHEHUS JIEKTPOHAMHU d-YPOBHS KOMIUIEKCOOOpa30BaTels CIeayIOomas:
CHayvaja UJAeT 3aMOoJIHEHUE OJIMHOYHBIMU, 3aTEM — CIIAPEHHBIMH 3JIEKTPOHAMU opOutaneut d., mocie
Yero >JMEKTPOHAMH 3aMONHAIOTCS dy-opOuTanu. KoMIuIeKCHbIE COeAMHEHUs, COepPIKALIIE JIUTaH bl
CWJIBHOTO TIOJISI, TMaMarHUTHBI UJTU SIBJISIOTCS. HU3KOCITUHOBBIMHU.

TKII 06BscHSIET OKpAaCKy KOMIUIEKCHBIX BEIIECTB C HATUYHEM y KOMIUIEKCOOOpa3oBaTes
BaKaHTHOU opOuTanu Ha dy- moxypoBHe. [Ipu mepexose 35ekTpoHa ¢ de- Ha dy- TIOypOBEHb SHEPTHS
norjomaemMoro ceera (£) mpu 3ToM aJeKkBaTHa PHEPIUMM paclueruieHus (A), 4ro ompenensercs
CJICIYIOIIUM COOTHOIIEHUEM (I OJJHOTO MOJIb BEIIIECTBA):

A, Towc/mone = ENa = hvNa = heNa/A = 0,1196/2, (6.2)

rae N4 = 6,02-10% — nocrosanas ABoraapo; & = 6,6:107* JIx-c — mocrosunas IInanka; ¢ =
3-10% mM/c — ckopocTh cBeTa; v(cM ') m A(M) — YacToTa M JUIMHA BOJHBI MOIJIOIIAEMOTO CBETA
COOTBETCTBEHHO.

IIBeT — 3TO 3pUTENBHOE OLIYLIEHUE FIEKTPOMAarHUTHOTO U3Iy4eHHs ¢ JiuuHaMu BoaH 400
— 760 um (1 5m = 107 M). Eciu Bce majaromye Jydu OTPaXKaloTCs, TO BELIECTBO — OECLBETHOE,
€CJIM TIONHOCTBIO TMOTJIOMAIOTC — dYepHoe. [lpu wu30uparenbHOM TMOTJIOUICHUH OIIyIICHHE
LBETHOCTHU CO3JAIOT IPOMIECININE WM OTPaKCHHbIE BEIIECTBOM JIy4H. Takoil IIBET Ha3bIBacTCA
JIOTIOTHUTEIHHBIM WIIH HAOII0IaEMBIM.

Meton MmonekynsapHbelx opOutaneir (MMO) sBisieTcs caMblM yHUBEPCAJIbHBIM IPU
OMMCAaHUU XUMHUYECKOH CBSI3M B KOMIUIEKCHBIX coenHEeHUsAX. MMO y4uThIBaeT B3aMMHOE BIIUSHUE
opbOuTaneil kKak KoMmIiekcooOpasoBaresns, Tak u Juranaos (B ornuune ot TKII) mpu obpazoBanun
XUMHUYECKHX CBSI3eH B KOMIUIEKCAX.

MMO ocHOBbIBaeTCS Ha B3aUMOJICUCTBHHM AaTOMHBIX OpOUTaNeH, MNPUBOIAIIUX K
00pa3oBaHUI0 MHOTOLIEHTPOBBIX MOJEKYJSIPHBIX OpOWTajneil, HUMEIONIMX pa3Hble DHEPIUU.
OOpa3oBaHue CBS3BIBAIOLIMX MOJIEKYJSIPHBIX OopOuTanei (o) uaéT Ha HUKHUX SHEPreTHUYEeCKUX
YPOBHSIX, Pa3pbIXJIAIOMUX (67“P) — 32 CUET BEPXHUX.

Mexy ypOBHSIMU ¢°° U 6°“P HAXOASTCS YPOBHH CIIa00 CBS3BIBAIOIINX, HE CBA3BIBAIONITUX
u cnabo paspeIXysomux opoutaneit (o:). MosekyssipHble OpOUTaIN 3aMOJHAIOTCS IEKTPOHAMH B
COOTBETCTBUM ¢ npuHIunoM [laynu u npaBunom XyHna.

MMO ocHOBaH Ha OYEHb CIOKHOM MaTE€MaTHYEeCKOM ammapaTre, YTO NPEMSTCTBYET €ro
UIMPOKOMY HCIIOJIb30BAHHUIO.

Bonpocs! 1 3aganus

[Tpumep 1 Hanummure ypaBHeHUSI IEPBUYHOTO MPOTOIU3A ISl KOMILIEKCOB:

1) [Co(NH3)s][CoFs]; 2) [Pt(NH3)4]Cl2; 3) K[Co(NO:)+(NH3)2]; 4) [Pt(NH3):Cl2].
Vkaxute uX THI, ONpEIETUTe CTEMeHb OKHUCIeHUs Komruiekcooopazosatens (KO), ero
koopauHaronnoe yucio (KY), naiite um Ha3BaHUeE.

OtBer.

1.1 [Pt(NH3)4]Cl2 (LO) [Pt(NH3)4]?* + 2CI- — tan katuonssii; KO — munaruna;

creniedb okucieHus KO: x(Pt) = +2 (paBeH 3apsay KOMIUIEKCHOI'O HMOHA, TaK KaK MOJIEKYJIbI
ammuaka Heiitpanbhbl); KUY (Pt) = 4; Ha3BaHUE — XJIOPU] AUAMMUHILIATUHBI (+2).

H
1.2 K[Co(NO2)4(NH3)2] (40) K" + [Co(NO2)4(NH3)2]~ — tun annonHbiit; KO —

kobaibT; creneHb okucneHust KO: x(K) + x(Co) + 4x(NO3) + 2x(NH3) = 0 wnu +1 + x(Co) + 4(-1)
+ 2(0) = 0, x(Co) = +3; KU(Co) = 6; Ha3BaHUE — AMAMMHHOTETPAHUTPOKOOATBTAT (+3 Kamus ).

H>0
1.3 [Pt(NH3):Cl2] —2 > x— HeanekTpoauT; KO — mimatuna; crenenp okucnenus KO:

x(Pt) + 2x(NH3) + 2x(Cl') = 0 wmu x(Pt) = — 2x(Cl) = -2-(-1) = +2; KU(Pf) = 4; Ha3zBaHue —
JMaMMUHIUXJIOPOTIJIATUHBI.

H,0
1.4 [Co(NH3)s] [CoFs] <=0 [Co(NH3)s]3" + [CoFs]? — TMN KaTMOHHO-aHUOHHBIIA;



KO B kaTmoHe U aHHOHE — KOOalbT, CTeneHb OkucieHHs KO B: a) KaTHOHHOM KOMILICKCE
[Co(NH3)s]?* — x1(Co) + 6x(NH3) = +3; xi(Co) = +3; 6) B anmonnom kommiekce [CoFs]> —
x2(Co) + 6x(F") =—3; x2(Co) = -3 + (=)-6x(F") =

=3 + (-)6:(—1) = +3; K4i(Co) = KU2(Co) = 6; HazBanue — rekcapropokodansrar (+3)
rekcaaMMuHKoOabTa (+3).

[Tpumep 2 Kak TBC o0O0OBACHSIET »SJIEKTPOHHOE CTPOCHHE U TPOCTPAHCTBEHHYIO
CTpYKTypy KapOonwna Hukens? KakoB TN THOpUAM3AIMN KOMIUIEKCOOOpa3oBaTeNlss M KaKoBa
reoMeTpUYIecKasi CTPYKTypa 3TOT0 KOMIUIeKca?

OtBeT

TBC BHoONHE YAOBIETBOPUTEIHHO OOBSCHSIET CTPOCHHE KOMIUICKCHBIX KapOOHWIBHBIX
COCIMHEHUH, B KOTOPBIX CTENEHb OKUCICHHS KOMIUIEKcOoOoOpa3oBaTelis paBHa Hymwo. lIpuBenem
MpPUMEP TAaKOTO OOBSICHEHWS Ul AJICKTPOHHOW CTPYKTYpPhI KOMIUIEKCA TETpakapOOHHIIA HHUKEIs
Ni(CO)sq.

Cxema dIIeKTPOHHOH CTPYKTYphI HEBO30YKJICHHOTO aTOMa HUKEIISI UMEET BUJI:

Ni’ 3d 4s 4p

NN NN T TN
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[ox Bustauem vetbipex Mosekya CO atom HuKens (g Ni™) nepexomut B Bo36Y)aeHHOE

*
-0
cocrostaue (g Ni ) myTeM clapuBaHUs ABYX d-3JEKTPOHOB M MEPEX0Jia Maphbl IEKTPOHOB C

4s-TIOAYpOBHSI Ha MATYIO BaKaHTHYIO 3d-opOuTains. B utore peanusyetcs 3IE€KTPOHHAs CTPYKTypa ¢
YETBIPHMS CBOOOTHBIMH OPOUTAISIME — OJTHOU 45- U TPEeX 4p-OopOuTaisimMu.

Ni?* 3d 4s
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co co Cco Co
VYuureiBas, 4To Bce ueTbipe Ni Q& CO - crsizu (3KCTIepUMEHTANIbHBIE JTAHHBIE) a0COIIOTHO

PABHOLEHHBI, BIIOJHE JIOTHYHO MPEINONOKUTL UX Sp -THOPUIU3AINI0, TO €CTh FE€OMETPHYECKAs
koH(purypaus Ni(CO)s— TeTpadapudeckas.

[Mlpumepa 3  OmpenmenuTs  THN —~ THOPUAM3AUMM  —  BHEUNIHEOPOWTANBHBIA WU
BHYTPHOPOUTAIBHBIN, I CleAyIomuX KoMmIiuiekcoB: [FeCly/”, NATh HE CIIApEHHBIX 3JEKTPOHOB;
[PdCl4]* nuamarautablit; [Mn(CN)s[*, u = 2,93, ecim 1 HUX M3BECTHO YMCIIO HE CHAPEHHBIX
JIEKTPOHOB MJIM TNPHUBOJMUTCA HKCHEPUMEHTAIbHO OIpPEAC/ICHHbIE 3HAUYE€HUS CyMMAapHOIo
MarHuTHOTO MOMEHTa (u).

Ortser.

3.1 IlaTe He cmapeHHBIX AIEKTPOHOB B MOHE [FeCly/~ OTBEUAIOT AJEKTPOHHOU CTPYKTYype

noHa xenesa Fe’' ... 3d°4s%4p” unu B rpaduueckoit popme

Fe* 3d 4s 4p
Yerbipe wuona-nuranga CI°  0o0pa3yloT dYeTbIpe XMMHUYECKHE CBS3M IO JOHOPHO-

aKIEeNTOPHOMY  MEXaHM3My 3a  CYeT  BaKaHTHBIX, OJHOM s- W  3p-opOuranei,
KoMILIeKcooOpasosarens Fe’'. Tonbko Takoe B3auMoJeicTBre opOuTanel xkenesa (+3) U ueThpex
1noHOB xj10pa C/” MOXeT COXpaHUTh apaMarHuTHbIE cBOICTBA KomIuiekca [FeCly] .

Urak, rpadpudeckas popmyna [FeCly/~ Oyaer UMETh CIECAYIONIHIA BU:

[FeClq]~ 3d sp’ — ruOpuansanus




NEEEEEEEREEERERIEREE
Cl Cl Cl Cl

Tun rubpuau3anuu — BHEIIHE OpOUTANIBHBIN; TeOMeTpHUYecKas popma — TeTpadipuyecKast.

3.2 B mmamarmutaoMm [PdCls? wony 4Pd?" cooTBeTcTByeT rpaduueckas 3JIeKTPOHHAs
CTPYKTYpa, KOTOpast He COACPKUT HE CHAPEHHBIX JIEKTPOHOB, YTO OOBSICHIETCS BIMSHHUEM IOJIS
yeThipex JurangoB Cl .

Pd** 4d Ss 5p

NN NN

B pesynbTare, Mo JOHOPHO-aKIIENITOPHOMY MEXaHU3MY, 00pa3yrOTCs YeThIpE CBSI3U: OJIHA 32
CYET BaKaHTHOW 4d-opOuTanu; TP — 3a CUET OJHOW Js- W JBYX — 3a CUET JIp-opOuTayiei
noxyposHeit Pd’".

B urore rpaduyeckas CTpyKTypa JMaMarHMTHOro komruiekca [PdClyJ> umeeT BuL:

Pd’t 4d 5s 5p
MEEEREEEEEEIEE

4d'5s'5p? — rubpuamzanus.

Tun rubpuanMsanuu — BHYTPHOPOMTANbHBIA; reomerpus [PdCly?~ — xBagpaTHO-
TUTOCKOCTHASI.

3.3 BennuuHa 5KCIIEPUMEHTAIBHO ONPEISICHHOTO CyMMapHOTO MarHUTHOTO MOMEHTaA (i =
2,93) ms komruiekcHoro uona /[Mn(CN)s/?~ mokasbIBaeT, 4T0 HOH-KOMILIEKCOOOpazoBarens Mn’*
COZICPIKUT JBa HE CHIAPCHHBIX AJIEKTPOHA.

JlBa HE CIAapEHHBIX DIIEKTPOHA OTBEYAIOT DIIEKTPOHHOM CTpyKType MoHa Mn’* ... 3d*4s%4p’
WiH B rpaduueckoit popme

Mn** 3d 4s 4p

NlIT T

[{nanua-uoHbI 00Pa3yIoOT MECTh XMMHUUECKUX CBA3EH 3a CYET BAKAHTHBLIX opOuTaneh Mn’™,
IBE — C 3d-; OIHY C 45- U TpU — ¢ 4p-opOUTaIIMU.
Torna rpadugeckas Gpopmyna [Mn(CN)s]?>~ GymeT IMETh CIIE Ty O BUI:

[Mn(CN)s]* 3d’sp’ — rubpuamzanus
SEENEEEEEEREEREREREE

CN CN CN CN CN CN
Tun rubpuanzanum — BHyTpUOPOUTAIIBHBIN; FreoMeTpruecKas (popma — OKTa3JpuyecKasl.

ba3oBbIi1 ypoBeHb

3amauva 1 KoGanmer B cocrosamu Co’" (3d’) obpasyer nBa Tuma KOMILIEKCOB,
Pa3IMYArOIUXCS 110 MATHUTHBIM CBOMCTBaM: HU3KOCIUHOBLIN Komiuiekce [Co(NO2)s]* (u = 1,73)
1 BeICOKOCTIMHOBLIN — [Co(H20)s]** (1 = 3,87). 306pasuTh cXeMy pacpeIeseHus SIEKTPOHOB 10
de- v dy- opOuTansm nona-komiuiekcoodpasosareis Co’”,

3agaga 2 OO0bsicaute ¢ mnosunmu  TKII 1uBetHOCTh coeauHeHud Memu (+2)
OCCIIBETHOCTh COeTMHECHHMI Mean (+1).
3amayga 3 CrexTp mornomeHus s KomiuiekcHoro wuoHa [Ti(H20)s]’" wumeer

MakcumMyM npu 504 HM. UTO HpOMCXOOUT NpHU MOIJIOIIEHHHM CBETa 3TUM HOHOM? Bbrumciauth
SHEPTUIO paclleIuieHns (Bo30yxkaeHus). B kakoil IIBET OKpalleH 3TOT KOMIUIEKC?



3anava 4 K 1 nm® pacteopa K:/Hgli ¢ xonuentpammein C(K2/Hgli]) = 0,001
Mons/mM>, comepxkaniero 0,05 Monb u30bITKa K/, IpubGaBHIN TaKyl0 Maccy MOHOB S°, KOTOpas
coaepxutcs B 1 M HACBIIIIEHHOTO pactBopa CdS. Bemaner nmu ocanok HgS KHeCT([Hth]Z’) =
1,5-1073%; TIP(CdS) = 7,9:107?; TIP(HgS) = 1,6:1072).

3anaya 5 HMonu3zanvoHHass W30MepUsl KOMIUIEKCHBIX COCIMHEHHMM 3aKJII04acTcs B
Pa3IMYHOM pacIpeielIeHHd MOHOB MEXy BHYTpEeHHEH M BHeEIIHel cdepamu, 4yTO CKa3bIBaeTCs Ha
pasHoM mnporekaHun npotonusa. Komruiekc coctaBa CoSO+Br(NH3)s cyumiecTByeT B BUIE ABYX
M30MEPOB: OJIMH C HUTpAaTOM cepedpa naét ocanok Ag2504, npyroii — AgBr; npu n1eicTBUM XJI0pHUIa
Oapus onuH 1aét ocanok BaSO4, npyroii ocaaka He 0Opasyer.

Hanummure xoopauHanvoHHBIE (OPMYJBI H30MEPOB, YUYHUTHIBAs, UYTO KOOPIUMHAIIMOHHOE
guciio kobanbTa (+3) paBHO IIECTH.

3agaua 6  Ilonb3ysice Homenknatypou MIOITAK, Ha3BaTh clienyromme KOMIUIEKCHI:
1) [Ptl4(NH3)2]; 2) [CoPO«(NH3)s]; 3) [Co(OH)3(NH3)3],; 4) [PtCIl3(NH3)2]; 5)
[Co(NO2):CI(NH3)3]; 6) [Cr(H20)3(CNS)3]; 7) [PtSO3(NH3)3]; 8) [Pt (NH3)4] [IrFs].

3anaya 7 Kakas cBsI3p Ha3bpIBaeTCs JOHOPHO-aKIenTopHOM? Kakoil aToOM WK HOH SIBIIsIETCA
JOHOPOM M KaKOM aKLENTOPOM B KOMIUIEKCHBIX MOHax: [BF4]-, [PtF6]%-, [H30]*, [Cu(CN)4**?
Omnpenenute B HUX CTENEHb OKUCIECHUSI KOMILUIEKCO0Opa3oBaTelisa U KOOPAMHAIIMOHHOE YHCIIO.

3amaua 8§ Kakue coequHEHUS HA3bIBAIOT aAMUAOKOMILICKCHBIMU? CocTaBbTe (OPMYITBI
KOMIUIEKCOB s woHa V2" ¢ wmomamu F-, CNS- u NO:2 B KadecTBe JIMIaHJIOB, €CIH
KOOPJMHAIIMOHHOE YKCIIOo V3 paBHO mecTw.

3amaya 9 Hanummre ypaBHEHHs peakiuil HUTpaTa cepedpa ¢ KOMIUIEKCAMH CJIETYIOIIEro
cocraBa: PtCly6NH;3,  PtCle5NH3,  PtCle4NHs,  PtCly3NH3;,  PtClyg2NHs.  CoctaBbre
KOOpJIUHAIIMOHHBIE (DOPMYJIBI ITHUX KOMIUIEKCOB, HA30BUTE UX M HAIMUIINTE yYPAaBHEHUS DPEaKIIHiA
MEPBUYHOTO TMPOTOJIM3A IS KAKJ0T0 M3 HUX. Kakoi M3 3TUX KOMIUIEKCOB — HEAJIEKTPOIHT?

3amaua 10 BeluuciauTe KOHLEHTPAUMIO (B MONBL/IM’) HOHOB KaiMUS B pacTBOPE C
xonnenrpanueit C(K2/Cdly]) = 0,1 mons/mm?, conepxarem ioaun kamus ¢ C(KI) 0,1 mons/mm?
(K*([Cdl4]?) = 7,94-107).

3amaga 10 Mapranen (0) 1 ko6aibT (0) 00pa3yroT AUMEpHBIC IBYXSACPHBIC KapOOHMILHBIC
koMIuiekcel [Co2(CO)s] wu [Mn2(CO)i9]. Kak TBC o0O0BsICHSET HX JIIEKTPOHHOE CTpOCHHE?
[IpuBeauTE COOTBETCTBYIOIINE SJICKTPOHHBIEC TPAdUIECKUAE CXEMBI.

3amaya 11 Kakoii Tunm ruOpuausaiuiy, BHEIIHE- WM BHYTPU OPOUTANbHBIN, aTOMHBIX
opouraneii Co’" B xommiekcueix moHax [Co(NH3)s]** (muamarmuren) wu [CoFs]*~ (tpm
HECMapeHHBIX ANEKTpoHa)?

3amava 12 Ompenenuth THOpUIHBIE OPOUTATM MEHTPATHHOTO HOHA M T€OMETPHUYECKYIO
CTPYKTYpy KOMIUIEKCOB, HJS KOTOPBIX YKa3bIBA€TCA YWCIO HE CIAPEHHBIX AJIEKTPOHOB WU
HalJIeHHOE ONBITHBIM IyTeM 3HadeHue u: a) [CoCls/~, TpU HECTIAPEHHBIX AJIEKTPOHA; 0)
[MnCl4]*, u=5,95; B) [AuCl4]~ — nuamarauThbiii; 1) [FeCly]~, NATh HECIAPEHHBIX DIIEKTPOHOB; 1)
[PdCl4]?*, nnamarnuthbiii; €) [Fe(CN)s]>~, %) [Fe(CN)s]*, nuaMarauTHbIi.

3amaya 13 Kakoif Tun rubpuauzanuu aTOMHBIX opoutaineit docdopa ocymiecTBIseTcsS B
nonax [PCl4* u [PCls]~, n3 KoTOpBIX coCcTOAT Kpuctamisl P2Cl10? KakoBa mpocTpaHCTBCHHAsS
KOH(UTYpaIus 3TUX HOHOB?

3amaua 14 Pactsop [Ni(H:20)s]>" umeet 3enenyio okpacky. OObSACHHTE, MOYEMy OKpacka
McYe3aeT MpU BBEJACHUH B 3TOT pacTBOp HOHOB CN .

3amaua 15 IlpeackakuTe MAarHUTHBIE CBOMCTBA MOHOB: a) [AI(H20)s]?*, 6) [Zn(H20)s]3",
B) [Cu(H20)4]3", 1) [Fe(H:0)s]’*, n) [Fe(H:20)s]?*, €) [Cr(H20)s]*". TIpenckaxure MarHUTHBIE
CBOICTBa HOHOB, y KOTOPBIX MOJIEKYJIbI BOABI 3aMelieHbl Ha NH3, F~ nmn CN-.

[ToBbILLIEHHBIN YPOBEHB

3anauva 1 Wou [CrFs/*> — mnapamarauted (uoxen. = 3,91). Tloctpoiite ero
SHEPreTUYECKYIO IuarpaMmy, ucnoiibzyst MMO. YkakuTe 4ucio U XapakTep XUMUYECKUX CBA3EH B
KOMILJIEKCE.



3anaua 2 Berunciante KoHIEHTpanuo noHoB Ag™ B pactBope, eciu C([Ag(NH3)2/NO3)
= 0,2 monb/nm® u C(NH3) = 0,5 monw/am>. O611asi KOHCTaHTA HECTOMKOCTH KoMmiekca [Ag(NH3)2] "
paBHa 6-107%.

1 Hammucate dopmynsl coequHenuii: 1) tpuammundocdaroxpoma (+3); 2)
TpuaMMuHTpuioaopoaus (+3); 3) IMaMMHUHTETPaXJIOPOIUIaTUHBI (+4); 4)
TpuaMMUHTpUHUTpopoaus (+3); 5) aIuruApOKCHIaAMHHIUXJIOponaaaus (+2); 6)
aMMUHTPUXJIOpOIUTATHHAT (+2) TpHaMMHUHXJIOpomaThHbl (+2); 7) rekcammaHokobamsTaT (+3)
rekcaMmmuHKkoOanbTa(+3); 8) rekcadropoxpomar (+3) rekcakBaxpoma(+3); 9)

TeTpaxyjoporiatuHat (+2) TterpaMMuHIUTHApPOKcoraTuHbl (+4); 10) rekcammanoxpomar (+3
rekcaMmmHHKOOabTa(+3); 11) rekcanutpo-kobdanetar (+3) rekcammuaxpoma(+3).

3anmaya 3 BeimageT im ocagok kapOboHaTa KaaMus (ITP(CdCO3)=2,5-10"'%), ecnu pacTBopy
¢ xonuentpanueit C(Cd(NH3)4S04) = 0,01 monbs/nm® 106aBUTH paBHBIH 06BEM PacTBOpPa COMBI C
xonnenrpanueit C(Na2CO3) = 1-107* mons/mm>? OtseT: ocagox CACO3 BeIaeT.

3anaya 4 BemectBo coctaBa PtSO+(OH)2(NH3)4 0Opa3yeT Ba MOHU3ALIMOHHBIX M30MeEpa.
BonHbIl pacTBOp OJHOrO W3 HUX HEWTpAJIEH, APYroro — MMeeT ILEJIOYHyr cpepy. Hanummure
KOOpAWHAIIOHHBIE ()OPMYJIIBI H30MEPOB, YUUTHIBASI, YTO KOOPAMHAIIMOHHOE YHCIIO MJIATUHBI PaBHO
niecty, a uoH SO4~ — OUECHTAHTEH.

3amaua 5 Kak TBC oOwsicasier crpoeHue kapOonminoB xpoma (0) u sxenesa (0)? Kakue
KoopauHarronHeie yncia umetor Cr(0) u Fe(()) B 3TuX KOMILIEKcax?

3anaya 6 B kakux 001acTsIX AJMEKTPOMArHUTHOTO CIIEKTPA MPOUCXOAMUT IMOTJIOLIEHUE, €CIH
pacTBOpbI UMEIOT OKpacky: NiCl> — 3enenyto, 7iCl3 — kpacHoO-yprypHyto, CuSOs — cuHI010?

3anaya 7 O0bacHuTE, nouemy coenquHeHust Au (+1) He okpaiueHnsl, a Au (+3) — OKpalleHBbI.

3asaua 8 MakcuMyM HorjiomieHus BoaHoro pacteopa [Cr(NHs)s[?* cocraBnser 460 uM, a
nns pacteopa [Cr(H20)s]’*— 710 mm. Kakyio OKpacKy HMMEIT PacTBOPHI JTHX KOMILIEKCOB?
Paccuuraiite sHEpruto pacuierieHus A1 STUX HOHOB.

3amaua 9 Kakoil aiMHE BOJHBI COOTBETCTBYET MAaKCHUMyM TMOTJIOIIEHHS JJISi BOJHBIX
pacTBOpoB uoHa [Mn(H20)s]?*, ecnu sHeprus pacuierienus 1s ds- U dy- noxypoBHei Mn’* paBna
250,5 x/Ix/mons? Kakyro okpacky UMEET 3TOT pacTBOp?

OTBeT: OKpacka opaHkeBasi; Amax = 472 HM.

3amaga 10 M300pa3uth cxeMy pachpeneicHHsl SJEKTPOHOB MO de- W dy-OpOUTAISIM
KOMILJIEKCOOOpa3oBaTeNss B KOMIUIEKCHBIX HoHaxX [Cr(H20)s/*" (usxen = 4,8) u [Cr(CN)s]**
(IrMaMarHUTHBIN).

3amaya 11 MoxHO nM cudTaTh MOJEKYJIbl METaHAa W aMMHaKa KOMILIEKCHBIMH
coequaenusMu? Kak MMO onmceiBaeT 00pa3oBaHue MOJICKYJISIpHBIX opoutaneit B CHs u NH3?

Cnucok JuTeparypbl, peKOMeHAyeMblil K HCIOJIb30BAHUIO M0 JAHHOM Teme

OcHoBHas1 JiuTEepaTypa:

1. Koposwun, H. B. O6mast xumus : yaeonuk / H. B. KopoBuH. - 13-e u3a., nepepad. u gorm. - M. :
Axanemus, 2011. - 496 c. : wi. - (bakanaBpuar). - Pek. MOuH P®. - [Ipuin.: c. 461. - bubauorp.: c.
486. - ISBN 978-5-7695-8015-4

2. Muxanuna, E. C. XuMus okpyskaromien cpepl : XUMHS KHUBBIX oprann3MoB. Kypc nexmmii / E.
C. Muxamuna, A. JI. Ilerenua. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 c. — ISBN 978-
5-87623-457-5. —TekcT : 31eKTpOHHBIN // DnekTpoHHo-0ubnmuoreynas cucrema [IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum goctyna: 11t aBTOpU3HP.
M0JIb30BaTENEN

JlonotHUTe/ILHAS JTUTEPATypa:

1. I'munka, H. JI. O6mas xumust / H. I'. ['munka ; [Tox pen. A. U. Epmakoga. - U3a. 30-e, ucrp. -
M. : Unrerpan-IIpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - [Ipeam. ykas.: ¢. 706. - ISBN 5-89602-
017-1

2. XuMus METaIOB : yueOHOe TocoOue (1 CTyICHTOB XUMUYECKOTO (paKyIbTeTa HalpaBICHUMA
OakanaBpoB «XuUMIs» U «XuMHU4eckast TexHonorus») / cocraputenu O. A. ['onoBanoBa. — OMCK :
Owmckuii rocygapctBeHHbI yHUBepeuteT uMm. @.M. Jloctoesckoro, 2015. — 552 ¢. —



ISBN 978-5-7779-1875-8. — TekcT : 3eKTpoHHBIH // DnekTpoHHO Oubnuoreunas cucrema [PR
BOOKS : [ca#iT]. — URL: http://www.iprbookshop.ru/59676.html. — Pexxum noctyna: mas
aBTOPU3UD. I10JIb30BATEIIEH
HNuTepHeT-pecypcenl:

1 http://window.edu.ru/ — egumHOE OKHO JOCTyMa K 00pa30BaTeIbHBIM pecypcam

2 http://biblioclub.ru/ — 3bC «YHuBepcureTckas OMOINOTEKA OHIAWHY.

3 http://catalog.ncstu.ru/ — 37eKTPOHHBIN KaTaJIOT aCCOLMALINHU 3JEKTPOHHBIX ONOINOTEK
yueOHbIX 3aBeieHnit u opranuzanuiit CKOO

4 http://www.iprbookshop.ru — OBC.
5 https://openedu.ru — OTkpbITOE 00Opa3zoBaHUE

TEMA 8. OKUCJIMTEJIBHO-BOCCTAHOBUTEJIBHBIE PEAKIIUHN

MPAKTUYECKOE 3AHSITUE 8. OKMCJIMTEJbHO-BOCCTAHOBUTEJIBHBIE
PEAKIIAU

Heab 3aHsATHA: 1) NOBTOPUTH OCHOBHBIE MOHATUS OO0 OKHUCJICHHH M BOCCTAHOBIICHUH,
PaccMOTPETh CYIIHOCTh OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIHIA;

2) BbIpabOTaTh YMEHUS MO COCTABJICHUIO YPAaBHEHUH XUMHUYECKUX PEaKIHii, MPOTEKAIOIINX B
Pa3IMYHBIX Cpeax METOIOM 3JIEKTPOHHOTO OallaHca;

3HaHuA H ymenus, npnoﬁpeTaeMble CTYAECHTOM B PE€3yJbTaTe 0CBOCHUN TEMbI

3HAaTB: OCHOBBHI CAMOOPTaHU3AIUN U CAMOOOPA30BaHUS;
3HaTh: CYIIHOCTh U 3HaYCHUE HH(POPMAIIUU B PA3BUTUH COBPEMEHHOTO OOIIIECTBA; OCHOBBI MOJYUYCHHUS U
00paboTKy HHPOPMAITUH U3 PA3TMIHBIX HCTOTYHHKOB

3nartn: paOOTHI [0 pacyeTy U MPOSKTUPOBAHUIO JETANCH U y3TI0B
MaIIMHOCTPOUTENIbHBIX KOHCTPYKIIMM B COOTBETCTBUU C TEXHUUECKUMU 3aJJaHUSIMU U

HCITIOJIb30BAHHUCM CTAHAAPTHBIX CPCACTB aBTOMATHU3alIUHN ITPOCKTUPOBAHUA

YMeThb: caMOCTOSITETIBHO CTPOUTH MPOIIECC OBJIAACHUS HHPOPMALIUEH, 0TOOpaHHOM U CTPYKTYpUPOBaHHON
IUISL BBITIOJTHEHUSI TPOECCUOHANBHON ACATETBHOCTH.

YMerh: nonyyats v 00padaTHIBATh MH(MOPMALHMIO U3 PA3TNYHBIX HCTOUHHKOB

Ymers: TPUHUMATH yUacTHe B paboTax Mo pacdery ¥ NpOEeKTUPOBAHUIO JIeTajeH U
y3JIOB MAIIMHOCTPOUTEIBHBIX KOHCTPYKIIMI B COOTBETCTBUU C TEXHUYECKUMHU
3aJaHUSIMA U UCITOJIb30BAHUEM CTAHAAPTHBIX CPEACTB ABTOMATU3ALUN

MIPOCKTUPOBAHUS
HanmMenoBanue (GpopMupyemMbIX KOMITETCHIIHHA

WNupexe DopMyIHPOBKA:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3AIUH U CaMOO0OPa30BaHUIO
OINK-4 MOHMMAaHUEM CYIIHOCTH M 3HAYEHUSI HH(GOPMAITUHU B Pa3BUTUU

COBPEMEHHOT0 O0IIECTBA, CIOCOOHOCTHIO TIOJy4aTh U
o0pabaThiBaTh HHPOPMAIIUIO U3 PA3TUYHBIX HICTOYHUKOB,
TOTOBHOCTBIO HHTEPIIPETHUPOBATH, CTPYKTYPUPOBATH U
ohopMIIATh HH(OPMAITHIO B IOCTYITHOM JIsl IPYTUX BUJE

TIK-5 CMOCOOHOCTBIO IPUHUMATD YYaCTHE B pabOTax Mo pacyery u
MPOCKTUPOBAHUIO ICTAJICH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKIIMI B COOTBETCTBHH C TEXHUYCCKUMHU 33aHUSIMH U
MCII0JIb30BAHUEM CTaHIAPTHBIX CPECTB aBTOMATU3AIMU



https://openedu.ru/

IMPOCKTUPOBAHUA

AKTyanbHOCTb TeMbI. OKHCINTENBHO-BOCCTAHOBUTENIBHBIE TPOLIECCH] PUHAMIEKAT K YACITY
Hanoboee PacCIpOCTPaHCHHBIX XUMHWYCCKUX peaKHI/Iﬁ U UMCIOT OI'pOMHOC 3HAUYCHUC B TCOPHUU H
IIPAKTHKE.

Teopernyeckas 4acTb
Teopusi OKHCIUTEIBLHO-BOCCTAHOBUTEIbHBIX PeaKIUii

Peaxyuu, 6 komopwix npoucxooum uzmenenue cmenenell OKUCIEHUs AMOMO8, HA3bl8aIOMCs
OKUCIUMENTLHO-60CCNAHOBUMENbHLIMU.

B mpocThIxX BelecTBax CTENEHU OKUCIECHUS aTOMOB PAaBHBI HYJIIO. IS CII0KHOM MOJIEKYJIbI
CyMMa CTeNeHel OKHCIEHHs BXOJAIINX B €€ COCTaB aTOMOB TAKXK€ JIOJDKHA ObITh paBHA HYJIIO; JJIs
HOHA — €0 3apsmy.

OxncienreM Ha3bIBa€TCS NPOLECC OTAAYN aTOMOM MOJIEKYJION HIIM HOHOM 3JIEKTPOHOB!

Al —3e — AP

Fe2+ EIPEN Fe3+

2CI —2e > Cly.
B nponecce OKUCICHUS NPOUCXOANUT IMOBBIIICHUC CTCIICHU OKHUCJICHU.
BoccTaHoBneHuemM Ha3bIBaeTCs MPOIECC MPUCOCTUHEHHS IIEKTPOHOB aTOMOM, MOHOM WIIH
MOJIEKYJIOM:

S+2¢— S+

Cly +2e — 2CI~

+e—> Fe™ .

[Ipu BoCCTaHOBIEHUH CTENIEHb OKUCIEHUS TOHMKAETCS.

B 3aBucuMocTH OT CHOCOOHOCTH OTAaBaTh WM NPUHUMATh SJEKTPOHBI BCE BEIIECTBA
JIENSATCS HA OKUCIIMTENIM U BOCCTAHOBHUTEIIH.

Oxucaumenu — 3mo amomvl, UOHbL UTU MOAEKYIbl NPUCOeOUHSIOWUE INeKmMpPOoHbl. Bo epems
peaxkyuu OoHU 80CCMAHABIUBAIOMCAL.

Boccmanosumenu — smo amomul, uOHBL ULU MOAEKYIbL, KOMOPbIE OMOAOM 3IeKMPOoHbl. Bo
8pemsl peakyuu OHU OKUCAAIOMCAL.

[Ipouecchl OKHMCIEHUST U BOCCTAHOBJICHHSI BCErJa MPOTEKAKOT MAPAIIIEIBHO, YTO MOKHO
BBIPA3UTh CIEAYIOLIEH CXEMOW:

BoccranoBurens (B7) — € <> oxucnurens (O))

Oxucnutens (02) + € €> BOCCTaHOBUTEND (B2).

CrnenoBatenbHO, OKUCIUMENbHO-80CCMAHOBUMENbHbIE PeaKyuu npeocmagiaiom coool
e0UHCMBO 08YX NPOMUBONOJIOHNCHBIX NPOUECCO8 — OKUCTEHUS U 80cCcmanosieHus. B 3TUX peakiusix
ofmiee 4YHUCIO  DIEKTPOHOB, OTAABAEMBIX BOCCTAHOBUTENEM, pPaBHO OOIIEMYy  4YHCIY,
MIPUCOEINHIEMOMY OKHCITUTEIIEM.

IIpy 3TOM HE3aBHCHMO OT TOIrO MEPEXOJAT JIM 3JIEKTPOHBI ¢ OJHOTO aToMa Ha JpYyrou
MOJIHOCTBIO WJIM JIMIIb YACTHYHO OTTATHUBAIOTCS K OJJHOMY U3 aTOMOB, YCJIOBHO FOBOPSIT TOJIBKO 00
OTJa4€ U IPUCOEANHEHNUHN DIIEKTPOHOB.

B OBP okuciautens M BOCCTAaHOBHUTEIb PEArHMpPyIOT APYr C APYrOM B HSKBUBAJICHTHBIX
KOJIMYECTBAX.

Oxeusanenmom oxkucaumens (O) unu soccmanosumens (B) nasvieaemces maxkoe xonuuecmeo
UX MOb, KOMoOpoe NpucoeouHsem uiu omoaem OOUH MONb IJIEeKMPOHO8, YUMo OmMpaicaemcs
ceoyrouumy popmynamu:



2(0), monv = RS w I(B), monb = L,
Ze Z@
II€ Ze — YHCIO DJJEKTPOHOB, KOTOpPO€ MPUHHUMAET OKucauTenb (O WIH OTHaeT
BOCCTaHOBUTEIIb B.
MonbHass (WM MOJSIpHAsl) Macca SKBUBaJieHTa OKucauTensi O W BOCCTaHOBHTENA B
BBIPAXKAETCS B I/MOJIb U OTIPEACIISETCS U3 COOTHOIICHHUH CIEIYIONIETO BU/IA:

1) nist oxucnurens — M (L 0),2/ monw; 2) nnsBoccTanoButens — M (L,B), 2/ monw.
e Ze

TonbkO B pOJIM OKUCIUTEINS BBICTYMAIOT YACTHUIbI, UMEIOIIME MAaKCHUMAaJIbHO BO3MOXKHbIE
CTENEHNW OKHUCJICHHsS (HampuMmep, Ui Mapranna — 371o (+7), mia azora (+5) W T.4.); TOJIBKO
BOCCTAHOBUTENS — C MUHUMAJIbHOM CTENEeHbIO OKHUCIIeHUs (711 cepbl — 310 (—2), 11t azota — (-3) u
T.J.).

Yacmuywl, umerowjue nPoMenHCymoutblie CmeneHy OKUCIeHUs, MO2Ym NPOA6Iiamsb C80OUCMEA
KaK oKuciumens, mak u eoccmauogumeis. IT0 00yCIOBICHO: XUMUYECKOM MPUPOJION peareHTa-
napTHEPA; YCIOBHUSIMU U XapaKTEPOM CpeJibl, B KOTOpbIX poTekaeT OBP.

Hanpasnennocte OBP omnpenensiercss BeTUUYMHAMU 3HAYEHUM CTaHIAPTHBIX MOTEHIIUAJIOB
peareHToB: okuciutendb O Bceraa umeeT Oonbiuil (0 anredpanyeckoil BEIMYUHE) CTaHIAPTHBIHA
MOTEHIMAJ, YeM BOCCTAaHOBUTEND B.

Hamnpumep, B kucinoit cpene cmemmubaiot Asa BemiectBa: KoCr207 u NaNOz. Kakoe u3 stux
BEIIECTB OyAEeT OKUCIHUTEIEM, KAKOE€ — BOCCTAHOBUTENIEM?

OGpatumcst K cripaBoubiM gauubiM: ¢'(Cr20772 + 14 H/2Cr3 + 7H20) = 1,33 B, ¢”(NOs
+ 2H"/NO2 + H20) = 0,78 B.

Ilpumeuanue. PexomeHIyeTcsl UCTONB30BaTh ydeOHoe mocobue: H.C. Axmero, M.K.
AsuzoBa, JI.U. banpirunaa. JlaGopatopHble U CeMUHAPCKUE 3aHATHS MO OOIIEH W HEOPTraHUIECKOM
xuMuHd. M.: Beici. mkosna, 2002.

Tak xak ¢’(Cr:072 + 14 H'/2Cr3 + 7H:0) > ¢°(NOs~ + 2H* / NO» + H20), mo
okucnurenem Oyaet sBusaTbesa K2Cr207.

KonnyecTBeHHo# xapakTepucTHKOW ryOuHbl mporekanuss OBP  sBnsercs 3HaueHue
KOHCTAHTBI PAaBHOBECHS:

0/ _ 0
ok -2 (©)=0"(B)
0,059

rne ¢’(0) u ¢’(B) — cramgapTHBIE NMOTEHIUANBI OKHMCIUTENss O W BOCCTAHOBHTENS B
COOTBETCTBEHHO, B; Zy — cymMMapHOEe KOJUYECTBO 3JIEKTPOHOB, MPUHUMAIOIINX YYacTHE B JaHHOU
OBP.

Koncranra paBunosecust OBP cBsizana c motenmnuanom ['u66ca ([x/mons K):

AG® = -2303RT1gK?

Dueprus ['m66¢ca, B cBOW0 ouepens, cesaszana ¢ DJC (Ap”) nocrosunoi ®apanes (F) u
YHCIJIOM 3JIEKTPOHOB, y4yacTByromux B OBP:

R

AGY, Jic/mons K = —nAgPF,
Ap’ = ¢%0) — ¢°B) — DJIC OKHCIHMTENLHO-BOCCTAHOBMTEILHON PpEAKIUHM MpH
CTaHJApTHBIX YCIOBHSIX, B.
s crannaptabix yenoBuit: 7= 298,15 K= 298,2 K; R = 8,314 [x/mMonsK; F=96450
~ 96500 k/MOIB-3KB, TOTYyUUM (HOPMYITy YIOOHYIO AJISl PACYETOB:

F 96500 )
2303RT ~ 2,303-8,314-298,2

B ycnoBusAX OTIIMYHBIX OT CTaHIAPTHBIX, OKACIUTEIBHO-BOCCTAHOBUTEIIBHBIE TOTCHIINAIIBI
(OBII) u OAC OBP, mportekaroumx B BOAHBIX PAacTBOpax, 3aBUCAT OT KOHLIEHTpALMH (TOYHEE,

lgK2, = Ap” =1690nA9".



AKTUBHOCTEW) YYacCTBYIOIIMX B TMPOIECCE HMOHOB. JTa 3aBUCUMOCTH BhIpaxkaeTcs (opmyroin
Hepscra:

[0]
[B]’

rae ¢’o/B— CTaHZAPTHBIN MOTEHIMA peareHTa (OKMCIUTENN WM BoccTanoBurens), B; [O] u
[B] — KOHIIEHTpAllUM OKHCJIEHHOH M BOCCTAHOBIEHHOH (DOpM peareHTa, MOJB/IM>; Z — YHCIIO
3JIEKTPOHOB B MOJYPEAKIINH AJIs1 JAHHOTO pPEeareHTa.

Ilpumeuanue. Cneayer Bcerma MOMHHTb, YTO KOHIEHTpaUMM BceX ydyacTHUKOB OBP B
ypaBHeHuUU (7.5) ABISIFOTCS MONSIpHBIMU KOHIeHTpauusMu (Cwy (X)), a He MOJSIpHBIMH SKBUBAJICHTA
(C(1/z X)).

Ha 3nauenne OBII u Ha xapakTep HpPOAYKTOB pPEAKUUU JOCTATOYHO CHUIIBHOE BIIUSHUE
okasbiBaeT pH pactBopa, B koTopom mporekaet OBP. Hampumep, npu pH < 7 3nHaueHue
CTaHIApPTHOIO MOTEHIMANA AJI1 CUCTEMBI:

o' (MnOg +8H™ | Mn** + 4H,0)=1,51B.
wpupH =7 @ (MnOg +2H,0/ MnO, +40H ) =0,6 B ,
ol >7 - @ (MnOy | MnOz%) =0,564 B.

Baxneiline BOCCTaHOBUTEIW: aTOMbl METAJUIOB, BoJOpoAd, yriepoxa, CO, H:S, H2S0;3,
NaNO:, Na:S:0s, HI, HBr, HCI, FeSO4, CrCl3, MnSO4, NH;.

Baxneiline OKUCIUTENH: TaJOTeHBl, XJOPAThl, KUCIOPOI, 030H (03), KMnO4, K:Cr207,
K>MnOg4, H202, H2S04 (kony.), HNO3, PbO:.

THIbI OKMCIIMTEIBHO-BOCCTAHOBUTEIBHBIX peakuui

Pa3znuyaroT Tpu THIIA OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKLIUMI:

a) BHYTPUMOJIEKYJISIpHBIE; 0) TUCTIPOIIOPLIMOHUPOBAHUS; B) MEXMOJICKYJISIPHBIE.

Buympumonexynapnoie OBP — smo makue peakyuu, 8 KOMOPLIX U OKUCIUMENb, U
80CCMAHOBUMENL HAXOO0AMCA 8 COCMaAge OOHOU MOJEKYNbl, HO AGIAIOMCA NPU IMOM PA3ZHbIMU
eMeHmamu:

0,059
o, B= ¢8/B +

lg

2KNO; —52KNO, + 0,
2N® —2e > NP

1207 +4e < 0,.
Peaxyuu oucnponopyuonuposanuss — OBP, 6 Xxo0e Kkomopvlx O00UH U3 31eMeHmOs,

codepofcau;edc;z 6 O0O0HOU MOJIeKyiie, 00H06p€M€HHO u noesvluiaent, U norudMCaem cmeneHb
OKUCJICHUAL:

Cl, +2KOH — KCIO + KCIl + H,0
1|Cly —2e <> 2CI"
1|Cly —2e <> 2CI .

K mucrpornopirnoHUpOBAaHUIO CIIOCOOHBI MIOYTH BCE YACTHIIBI, HMCIOIIHE MMPOMEKYTOIHYIO
CTETICHb OKUCIICHHSL.

HauGonee pactpocTpaHeHHBI PEaKIIUN TPETHETO THIIA, KOTOPHIE MPOTCKAIOT C H3MCHCHHEM
CTETICHH OKHUCIICHHS aTOMOB B Pa3HBIX MOJIEKYJIAX, T.€. OKUCIUTEIh U BOCCTAHOBUTENb HAXOSITCS B
pa3Hbix BemiecTBax. Croja ke CIeAyeT OTHECTH M PEaKIMU MEXIy pPa3HbIMU BEIIECTBAMH, B
KOTOPBIX aTOMBI OJJHOTO U TOTO e 3JIEMEHTa UMEIOT Pa3IMUHYI0 CTETIEHb OKUCIICHHUS:

SHCI + HCIO3 —> 3C12 + 3H20



112CI +10e <> CIY
512CI" —2e <> CIY .

AJITOPUTMBI COCTABJICHHUS NMOJTHBIX YPABHEHHI OKHCIMTEIbHO-BOCCTAHOBUTEIbHBIX
peakuuii

[IpaBmiIbHO cOCTaBlIEHHOE TOJHOE YypaBHeHHE peakuuun OBP 10ikHO yIOBIETBOPSTH
3aKOHY COXPAaHEHMs MacChl BELIECTB — YUCNIO OOHUX U MeEX Jce amOoMO8 8 UCXOOHbIX eujecmseax u
NpoOyKmax peaxyuu OOAHCHO Oblmb 00uHakosvimM. B wmoHHBIX ypaBHeHHssX OBP  momkHBI
BBINOJIHATBCS: 3aKOH COXPAHEHMS MAacChl BEIECTB M YCJIOBHE 3JIEKTPOHEHTPAIbHOCTU — CymMMma
cmeneHell OKUCTIeHUs UCXOOHbIX Geujecme OOIICHA Oblmb pasHa cymme cmeneHeu OKUCTEeHUs
NnPOOYKMO8 peaKyuu.

Kpowme 3toro, He06X01MMO OMHUTH, YTO CTENIEHb OKUCIIEHUS MOXKET OBITh OTPULIATENILHOM,
MIOJIOKUTETILHOM, PaBHOM HyJIO, a Takke U JpOoOHBIM uucioM. Tak, Hampumep, A COCTUHEHUs
KOz crenens okucienus Kkuciaopozaa paBHa (—)%a.

Cmenenv oxkucienuss ce20a npugooumcs co 3Hakom (3HaK IUIIOC HE OIyCKaeTcs, a BCerja
yKa3biBaetcs!).

IIpu cocrtaBieHUM ypaBHEHHH OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIMHA HCIOJIb3YIOT
JIBa METOJIa: METOJI AIEKTPOHHOIO OanaHca U METOJ ANEKTPOHHO-MOHHO-MOJIEKYJIIpHOro OanaHca
(meron monypeakuuit). [Tocneauuit MeTo HCMONB3yeTCs TOTrAa, KOTrJa peaklus MPOXOJUT B cpeie
anekTposnuta. [lpm 3TOM crabble B3JIEKTPONMTHI, a TaKK€ MaJOpacCTBOPUMBIE BEIIECTBA,
3aIMMCBIBAIOTCS B MOJIEKYJISIPHOM BUJIE, 4 CUIIbHBIE — B BUJIE HOHOB.

Aneopumm cocmasnenus ypasuenuti OBP:

1) ompenenstoT OKUCIUTENb U BOCCTAHOBUTENb (B TaOJIMIAX HAXOAAT COOTBETCTBYIOIIUE
3HAYEHUS CTaHJAPTHBIX MOTEHIIMAJIOB PEareHTOB TaHHOM peakiun);

2) ompenensioT, Kakue CTENEHH OKHCICHHMS MPUOOPETaloT BOCCTAHOBUTENb M OKHCIUTENb
nociie peakuuu. Yem Oosee CUIIbHBINA OKUCIUTENb YYaCTBYET B PEAKIMH, TaM BBILIE MOJHUMAETCS
CTETEeHb OKUCIIEHUS! BOCCTAHOBUTEIIS.

AnHanoru4Ho, yem 0oJsiee CHIIbHBI BOCCTAHOBUTEIb PEAarupyeT ¢ OKHCIUTEIEM, TEM CHUIIbHEe
MIOHMKAETCS CTENIEHb OKUCIIEHUS] OKUCIIUTEIS.

3) omnpenensior, B BUJE€ KaKMX COCIUHEHHUH CYIIECTBYIOT OKUCICHHBIE U BOCCTAHOBJICHHbBIE
3IIEMEHTHI B JAHHOM cpejie (KUCIIOM, IeT0YHO0M 1 HelitpanbHoii). Hanpumep, Fe*™ B xucnoit cpene
CyIIECTBYET B BHUJE coiu Fe (+3), a B IICIOYHOM Cpelle — B BUJE MaJIOPACTBOPHUMOIO OCaIKa
Fe(OH);.

4) HaxomsaT ko3 uHeHTs B ypaBHeHun OBP MeTomamu 35eKTpOHHOTO HMITH 3JIEKTPOHHO-
HMOHHOTO OaaHca.

B wMerome »anexTpoHHOro OanaHca paccMaTpUBAIOT — MOJYPEAKIMH  OKUCICHHS U
BOCCTaHOBJIEHUS C Y4aCTHEM aTOMOB, HAXOASIIUXCS B ONPEIEIEHHBIX CTETIEHAX OKUCIICHUS.

Bonpocs! 1 3aganus

[Tpumep 1. Mcnonb3yst MeTo 3JIEKTPOHHOTO OajaHca, COCTAaBUTh YpPaBHEHHE ClEIyIOIIEeH
OKHUCJIUTEIHHO-BOCCTAHOBUTEIBHON PEaKIINH:

FeCl3 + KI —>

VYKa3zaTb OKUCIIUTENIb U BOCCTAHOBUTEIIb; ONPENCINTh UX HKBUBAJIECHTHl M HKBUBAJIECHTHbBIC
MAaccChl; BBIUMCIUTh MOTeHIMan ['mb0ca M KOHCTAHTy PaBHOBECHS PEAKIMH M CIENaTh BBIBOJ O
rryOuHe e€ mpoTeKaHwUs.

Pemenue: 1) 3HaueHMs CTaHOAPTHBIX IOTEHILMAIOB PEAr€HTOB (CIPAaBOYHBIC JAHHBIE):
@'(Fe™/ Fe*?) = 0,76 B; ¢°(I/2I) = 0,54 B,

2) tak xak @’(Fe*3/ Fe*?) > ¢(I./2I"), 10 Fe™ — oxucautens, BoccTaHaBnuBaeTcs 10 Fe'?;
I - BOCCTaHOBUTEIb, OKUCIISIETCS 110 12;



3) cxema nanaoit OBP Oyner uMeTh claeayronuil BII:
FeCly + KI — FeCly + 1, + KCI .

Ilpumeuanue. Cxema OBP TOJIbKO MTOKA3bIBAET XapaAKTEP UCXOJAHBIX U KOHEYHBIX BEIIECTB.
4) 3anuiueM 3JeKTPOHHBIE YPABHEHUS JUIS I10JIy PEAKIIUM

2| F e 1e” & Fet? ; Fl e — OKHCJINTENb;

112l —2e <> 1; ] —BOCCTaHOBUTEIIb;

1 1
(= Fe+3) =1MoJib; MOJIbHAsg Macca 3KBUBAJICHTA —M(—Fe+3) = 56— ;

1 1 MOJIb

2 1 r 2
I(=1 )=1Monb; MonbHast Macca 3KBUBaJeHTa—M (=1 ) =127 ;

2 1 MOJIb

+3 - +2
2Fe +21 =2Fe + 1 2 — Kparkoe HoHHOe ypaBHeHue OBP (71T HETO BBITIOJTHSACTCS

3aKOH COXPaHEHMSI MACChl BEIIECTB U YCIOBHE ANEKTPOHEUTPATBHOCTH);
6) u, OKOHYATENBHO — MoHOe ypaBHeHUe OBP (111 Hero BHITIOIHSIETCS 3aKOH COXpaHEHUSs
MaccChl BEIIECTB):

2F€Cl3 +2KI = 2F€C12 +12 + 2KCI,

7) BBIMUCIUM H300apHO-TepMUUecKuil moreHnuan I'n60ca no dpopmyie AG? = —
nA@’F, JI>/MoJb 1 KOHCTaHTy paBHOBecHs peakiuu 1mo(10.1.86)
a) AG"=—1-2-(0,76 — 0,54) 96500 = — 42460 JIx/Monb = — 42,46 kJIK/MOJB;

6) lg K4pg =1690 nA¢" =16,90-1-2(0,76 - 0,54) = 7,436; Kby =107 ~2,73.107.

BoiBoa: rimyOuHa npoTeKkaHus NpSAMO peakuyd OTHOCUTENIbHO HEBEJINKA, YTO 00YCIOBIECHO
HE3HAYUTEJIbHBIM Pa3Iu4yleM BEIUYMH CTAHIAPTHBIX AJIEKTPOIHBIX MOTEHIIMATIOB PEareHTOB.

B memoode anekmpouno-uonnoco banamca (moumee — 31€KMPOHHO-UOHHO-MOJIEKYIAPHO20
bananca) paccmampusarom nepexoo 31eKmpoHO8 OM OOHUX AMOMO8 UU UOHO8 K OPY2UM C YYEMOM
xapaxkmepa cpeovl.

JIns ypaBHMBaHMS aTOMOB KHCJIOPOJA, a 3aTEM BOJOPOJA, B HEUTPAIBHOU PH=7)u
mesrounoi cpeae (pH > 7) ucnons3ytor: 1) OH™ — MOHBI, 9UCIIO KOTOPBIX OOBIYHO YIBAaUBAIOT; 2)
MOJIEKYJIBI BOJBI B Kucion (pH < 7): 1) monekynsl Boasl (miis kucnopoaal); 2) nporonst H (s
BOJIOPOAQ).

MeTon  3NMEKTPOHHO-MOHHO-MOJICKYJISIPHOTO ~ OanmaHca  Ha3bIBAIOT — TakXKe  METOJOM
MOJIypEaKIMii, U OH UMEET psJ] NPEUMYIIECTB 110 CPABHEHUIO C METOIOM 3JIEKTPOHHOro OanaHca:
BO-TIEPBBIX, HE HAA0 ONPEAENATh CTENEHU OKUCIEHUS DSJIEMEHTOB, TaK KaK pacyéT yucia
JJIEKTPOHOB IPOUCXOIUT IO 3aKOHY COXpPAHEHMs 3apsioB, M, BO-BTOPBIX, aBTOMAaTHYECKH
noaduparTcs Kod(PQPUIUEHTH B COKpAalIEHHOM HOHHOM ypaBHeHuH nanHod OBP. OcoGenno
BakeH nocienHuil metoq B OBP ¢ yuyacTuem opraHmdeckux COEIMHEHUH, TIE 4YacTO CJIOXKHO
ONPEJIETUTh T€ ATOMBI YIJIEPOJa, KOTOPhIE MEHSIOT CBOIO CTEIIEHb OKUCIICHMS.

Meton nonypeakuuii mpuMeHMM Tosibko K TeM OBP, koTOpble mpoTekaroT B pacTBOpax,
[IOTOMY Ba)XXHO YYHUTBIBATH XapPaKTEp Cpelpl, B KOTOPOM MPOTEKAET JaHHAs OKHCIUTEIbHO-
BOCCTaHOBUTEJIbHAS pEAKLU.

[Tpumep 2. (pH < 7). Onpenenuts K03GGHUIMEHTH METOJOM IMOIYPEAKIMA B CIIEIYIOMEH
peakuuu:

KMTZO4 + Na2S03 + H2SO4 —>

Vka3aTh OKUCIUTEIb U BOCCTAHOBHTEIIb; ONPEICIUTh UX SKBUBAJICHTHI U SKBUBAJICHTHBIC
MacChl; BBIYUCIHTH MOTEHIUAN ['mO0Ca W KOHCTAHTYy PAaBHOBECHsl PEAKIMH M CHENaTh BBIBOJ O
riryOuHe e€ mpoTeKaHusl.



1) 0°(MnO; +8H™ | Mn** +4H,0) =1,51B;
9’ (SO3™ +2H™ (SO}~ + H,0) =0,22 B;

Ml’l04 — OKHCJIUTENIb, B KHCJIOW CpEAe BOCCTAaHABIMBACTCS [0 Mn?*; SO3 -

BOCCTAHOBHUTEIh, OKHCIIIETCS 10 SO4 ;
2) cxema nanHoit OBP umeer cnemxyrommii Bu:

KMnO4 + Na2503 +H2S04 —>—> K2S04 + N02S04 +MnSO4 +H20

3) SIEKTPOHHO-MOHHO-MOJIEKYJISIPHBIC YPaBHEHHsI TIOTYpPEaKInid, C yUeTOM KHCIIOW CpEelibl,
OyIlyT UMETh BU/I;

2| MnOj +8H™ +5¢ <> Mn** +4H,0
5| SOF ™ + HyO —2e <> SO; +2H".

MonbHbBIE MacChl YKBUBAJICHTOB OKHUCIUTENISI U BOCCTAHOBUTES COOTBETCTBEHHO:

1 1,1
L M(ESO32 )= -80=400

o
M( MnO7)=_-119=2338 d

b
MOJIb MOJIb

4) ymHOXkaeM 00€ MoJlypeaklM Ha X OOIIMe MHOXKUTENH (2 U 5 COOTBETCTBEHHO), MOCIIE
3TOr0 CYMMHpYEM IIOMApHO JIEBBIE W TIpaBble YacTH MOJNYPEaKLUUil, MPUBOJUM NOAOOHBIE H

moJiyda€M KpaTKOC NOHHOC YPABHCHUC!

2MnO; +5803" +6H" <> 2Mn** +5507 +3H,0;
5) npubaBisieM COOTBETCTBYIOIIME MPOTUBOUOHBI H MTOJTyYaeM I0JIHOE ypaBHeHUe faHHoi OBP:

2KM?ZO4 + 5N02S03 + 3H2SO4 == 2MnSO4 + 5N02S04 + K2SO4 + 3H20

Ilpumeuanue. TecT-IpOBEPKY MPOBOJUM IMOJCYETOM YHMCIIA aTOMOB KHCIOPOJa B JIEBOU U
IIpaBOW 4acTsIX MOJYyYEHHOTO MOJIHOTO ypaBHeHUs OBP.
Hamnpumep, unciio aToMOB KHCJIOPO/ia B 00€MX YacTAX COCTABIISACT MO 35 aTOMOB.

6) pacuet noteHuuana ['m66ca 1 KOHCTaHTHI PABHOBECHS PEAKILINU:
a) AG’ = —5-2+(1,51-0,22) 96500-10° = —1244,85 kJI/MOJIb;

AG? —1244,85

—23RT  _23.8314-107> -298,2
BoiBoa: rnyOuHa mnpoTekaHus NPSMONM peaklUdd OYeHb BEJIHMKAa, YTO OO0YCJIOBIEHO
3HAYUTEIBHBIM pa3IMYMEeM BEIMYMH CTaHIAPTHBIX 3JEKTPOJIHBIX IOTCHLIHAIOB pEareHTOB —
peakuus npakTHUYecKu HeoOpaTuma.
ITpumep 3. (cpena nedtpanbHas — pH = 7). CocTaBUTh ypaBHEHHE OKHUCICHHUS Cyib(ura
HaTpusl TIEpMAaHTaHATOM Kanus B HeWTpasbHOU cpene. Koaddunuentsr momoOpaTh METOI0M
MIOJTy pEaKLIUiA.

~21831; K2 =1021831 220.10%8,

P _
0) lg K298 = 208 ~

KMI’ZO4 + NazSO3 + H20 —>

Onpenenuthb rTyOMHY MPOTEKAHMS MPSIMOU PEAKIIHH.
3.1 OmnpenenuM HaNpaBIEHHOCTb OSTOW peakUMH, T.€. ONPEACIUM OKUCIMUTENb U
BOCCTaHOBUTEJb:



¢’ (MnOj +2H,0/MnO, +40H )=0,6 B;
¢’ (SO;” + H,0/(SO;™ +20H ) =—-0,93B.
N3 BenmnunH craHpaptHeix OB-MOTEHIMANIOB CHEAYET, 4YTO M”lOZ — OKHCIIMTEIIb, B

2
HEUTpaJIbHOW cpefie BoccTaHaBiMBaeTcss 10 MnOgz; S03 — BOCCTAHOBHUTEINb, OKHUCIICTCSA [0

Nora
3.2 3anumem cxemy aanHoi OBP

KMVLO4 + N02S03 + H20 —> MI’IOZ + N02S04 +...

[Toka Henb3si TOUHO ONPEICTUTh KaKoi enié OyeT MPOAYKT B TAHHON PEaKIUH.

3.3 CocTaBUM MOJTypeaKIuu JJisi: 1) OKUCIUTENS U 2) BOCCTAHOBUTETIS.

1) Mn 04 <> Mn 02 — cXema MOy peaKIIHiH.

YpaBHUBaHHE KHUCIOpPOJA BEACM C IOMOIIBIO YIBOCHHOTO YHWCIIA THIPOKCHJI - HOHOB, a

BOAOPOAAa — MOJICKYJI BOJBI:

MnOy +2H,0 +3e <> MnOy + 40H  — nonypeaxuus 11 okucauTens;

28037 > S04 _ cxema nonypeaxiui st BOCCTAHOBUTENS

2— - 2-
S03 +20H -2e<> SO4 +H 20 — MOJIypEaKLus 1l BOCCTAHOBUTEISL.

3.4 Tenepb cocTaBUM 3JIEKTPOHHO-MOHHO-MOJIEKYJISIPHBIE YPABHEHMUSL:

2| MnOy4 +2H,0 +3e <> MnO, + 40H
31S03™ +20H™ —2e <> SO3™ + H,0

3.5 IIpoBoauM aHanOrUYHbIE onepauuu (CM. mpumep 1) U nosryyaeM MOHHO-MOJIEKYJISIPHOE
ypaBHeHue OBP:

2MnOj +3S03™ + HyO <> 2MnO, + 3505 +20H ™.

HNonno-monekynspHoe ypasHenue OBP ynoBneTBopsier marepuainbHOMYy OanaHCy U
YCJIOBHIO AJIEKTPOHEUTPATBLHOCTH.
3.6 IIpubagsieM COOTBETCTBYIOIIKE MPOTUBOMOHBI U TIOJTy4aeM mojiHoe ypaBHeHne OBP:

2KMI’IO4 + 3Na2503 + HzO = 2Ml’l02 + 3N612SO4 +2KOH .

3.7 BruimonHeHue MaTepHanbHOro OanmaHca Juia mosHoro ypasHeHust OBP mposepsiem
MOJICYETOM aTOMOB KHCJIOPO/Ia B JIEBOUM M IpaBOM yacTax ypaBHeHus: ciieBa 17 O = cnpasa 17 O.

Kak BuAHO H3 3TOro mnpuMepa, METOJ SIEKTPOHHO-MOHHO-MOJIEKYJISIpHOTO OanaHca
MI03BOJISIET TAK)KE OMNPENEIUTh U HEKOTOpBIE, 3apaHee HEU3BECTHBIC, IMPOIYKTbl OKHCIUTEIBHO-
BOCCTaHOBUTEIIbHOM pEAKLIMH.

lgK fyg =169-nAp° =16,9-6- (0,60 - (-0,93)) ~155; Kfy ~10'>.

BeIBo: peakius npakTHUeCKu HeoOpaTuMa.
ITpumep 4. (pH > 7). Ilo npuBeaennoi cxeme OBP, ncnonb3ys MeTO/ 371€KTPOHHO-UOHHOTO
OayraHca cocTaBUTH MoTHOE ypaBHeHne OBP:

KMnO4 + NazSO3 + KOH —



Paccuurare OJIC naHHON cHUCTEMBI NpPU CTAHAAPTHBIX YCIOBUAX M IPHU CIEOYIOIIUX

PaBHOBCCHBIX KOHLICHTPALMIX pCarcHTOB: [MI’IOZ ] = 0,01; [Mn 2+] = 0,05;

[5032_ ] =0,01; [SOZ%_ ] = 0,05 u npu pH = 4.1 cranapTHBIC MOTEHIUANb OKUCIHTES U
BOCCTAHOBMTEJIS

o’ (MnOy | MnOF™) = 0,56 B; ° (SO~ + H,0/(SO3™ +20H ) =— 0,93 B;

MnO, — oKHCIUTENb, BOCCTAHABIUBAETCA 10 MnOf_; S 03 — BOCCTaHOBUTEIb, OKHCIIICTCS JI0
SOy
4.2 cxema panHoit OBP:

KMTZO4 + Na2503 + KOH — KQMI’Z04 + N612504 + H20

4.3 DAeKTPOHHO-NOHHO-MOJIEKYJISIPHBIE MTOJTypPEaKIIUU

2| MnOy +e < MnOL%_

1| SOF” +20H™ —2e <> SOF + H,0.

4.3 YMHOkaeM o0e TOJypeakiid Ha COOTBETCTBYIOIIME KOA(DPHUIIMEHTHI, CYMMUPYEM HX
JICBBIC u IMpaBbIC qacTu )41 nojryyacm HOHHO-MOJICKYJISIPHOC YpPaBHCHUC:

2MnOj +SO3™ +20H™ <> 2MnO;~ +S0;™ + H,0 .
4.4 J1oGaBnsis COOTBETCTBYIOIINE MPOTUBOUOHEI, ITOJTy4aeM ITOJIHOE YPaBHEHHUE PEaKIIUH:
2KMI’ZO4 + Na2S03 +2KOH = 2K2MI’ZO4 + Na2S04 + HzO .
4.5 IlpoBoaum TecT no kucnopoay: 130 (cnesa) = 130 (cnpaBa) — ycioBUEe MaTepHaIbHOTO
OanaHca BBITOJIHACTCA.
4.6 Pacuér O/IC cuctemsbl IpH CTaHAAPTHBIX YCIOBUSIX:
IC? = Ap? =" (MnOs/MnO#)—9°(SO+/S03*) = 0,56—(—0,93) = 1,49 B.

4.7 Ouenky 2/IC nmpu paBHOBECHBIX KOHIIEHTPALUAX PEAreHTOB BEIEM C HCIOJIb30BAHUEM
ypaBHenus Hepucra (10.1.10):

a) BBIYUCJICHUC PABHOBCCHOT'O IIOTCHIIMAJIA ICPMAHTAHAT-MAHI'AHATHOT'O 3JICKTPOJa:

_ _ MnO71-[H1® 1-18
o(Mn) = p° (MnO} | MnO;™ ) + 0,059 lg[ n04 | g I 056+ 0,01 1g 2" 65538
(MO 0,05
0) BbIUKCIICHHE PABHOBECHOT'O MOTEHIIMANA CyNb(aT-cCyTb(PUTHOTO SIEKTPOA:
2— +92 2
o(B) = (S0} /S0 )+ 0059, 1508 T _ 4 93.40,0095.19— 2% __03783:

[SOF] 0,01-10718
B) /IC = Ap = o(MnO+/MnO£)— p(SO£/SO:>) = 0,553—(~0,378) = 0,931 B.

ba3oBblii ypOBEHb
1 PaccuyuraiiTe crereHb OKHACIEHUS a30Ta B ero coenuHenusx: AIN, NoHs, NH2OH, N:2O,
NO, N203, N2O4, N20s.

2 Hanummre nomHoe ypaBHEHHE peakiMU, IPUMEHSS METOJIbI AIEKTPOHHOrO OanaHca
U MOJypeaKkIyii, O CICAYIOUIEH CXEME MOy PEeaKIINu:
K>Cr207 + SnSO4 + H2504 —



Omnpenenute SKBHUBAJICHTHI BOCCTAHOBHUTEIS M OKUCIIMTENS; PACCUYUTAUTE HX MOJIBbHBIC
Macchl.

3 K kakomy tunmy OBP otHOCHTCS peakuus pasznoxeHus H20:? Yem oOBsicHAETCS
CIOCOOHOCTh NMEPOKCHIA BOAOPOAA K TaKUM IpeBpalieHusM? 3aKOHUUTE ypaBHEHUs peakuuil u
HAIMIIUTE U1 KaXKI0H U3 HUX 3JIEKTPOHHO-HOHHBIE U MOJICKYJISIPHbIC YPAaBHCHHUS:

1) H2O2— ...; 2) H202 + KMnO4 — MnO: + ...; 3) H2O:+ PbS — PbO2> + S + ...

4. KucrnopoJl MOXHO MOJIY4YUTh B pE3yJIbTaTe Pa3I0KEHHsI TAKUX BEIIECTB:

1) KCIO3 — ...; 2) KMnO4 — ...; 3) K2Cr207 — ...

K kakomy tuny OBP otHocaTCs 3TH peakuuu? CocTaBbTe 3JIEKTPOHHBIE U MOJIEKYJISIPHBIE
YpPaBHEHUS 3TUX PEAKIUH.

5 K Bognomy pactBopy KCIO3 noGaBwin BOaHBIM pactBop K/3. B kakyio ctopony
MPOUJET peakiusi OKUCIeHUsI-BoccTaHoBIeHUs? Berunciure DJIC 3Toi peakiuu st CTaHIaPTHBIX
yCJIOBUM.

6 Kakumu cBoiictBamu Oyner o6manate NaNO:? llouemy? IlpuBeaute mnpumepbl

peakuuii, rie HUTPUT HaTPUs — OKUCIIUTENb, I/1€ — BOCCTAHOBUTEID?

7 Hcxons W3 3HAYEHHMM CTaHAAPTHBIX AJIEKTPOIHBIX NOTEHIMAJIOB, ONPENEINTE, IpsMas
WK obparHas peakius OyIeT MpOTeKaTh B 9TOW CHCTEME NPH CTaHIAPTHBIX yCioBusx: /) Fe’" +
ClO3~ + H & F&’* + CI + H20.

2) Cl; + Mn** + H20 < MnO+ +CI- + H*;

3) NOs + Fe’* + HY <> NO + Fe&’* + H20;

4) 105 + SO~ + H" & I, + SO4# + H20.

JUist KK 101 PSIMOM peaKIiy OLIEHUTE TITyOUHY TPOTEKaHUSI.

I1oBbI1IEHHBIN YPOBEHB

1 3aKOHYUTH COCTABJIEHNE YPABHEHUS CIEAYIOIIEH PEAKINU:
HAsO: + KMnO4 + H2SO4 — H3As04 + ...

Y COCTaBUTh ISl HETO 3JIEKTPOHHBIE U 3JIEKTPOHHO-UOHHBIE CXEMbI TIOJIYPEAKIIUH.

Paccuurate DJ1C peakuuu i1 CTAaHAAPTHBIX YCIOBUH.

2 3aBucur iu nporekanue OBP ot pH cpeasl? I'napokcunamMuH BoccTaHaBIMBAET (IIPU 3TOM
okucnsercs 1o azora; ¢'(N>+ 2H>0 + 2H'/2NH:OH) = —1,87 B) B KUCIOM PacTBOpe Cyib(aT
xene3a (+3) mo cynbdara sxenesa (+2), a B IIETOYHOM pPACTBOPE OKHUCIAET (CaM IPU STOM
BOCCTaHaBIMBaeTcs 10 ammuaka; '(NH2OH + 2H>O/NHs + 20H") = + 0,42 B) rupoKcu xKejesa
(+2) B rumpokcun xkenesa (+3). CocTaBUTh ANEKTPOHHBIE U HOHHO-IJICKTPOHHBIE YPaBHEHUS 00enX
peakuuii. YKka3aTb OKUCIHUTENb U BOCCTaHOBUTENb. OmnpenenuTh TiyOMHY HPOTEKaHUS MPSMOTOo
npoiiecca B 00enx ciyyasx.

3 [IpoxoauT i1 peakiusi B BOJHOM PacTBOPE MEXIy HOAMIIOM HATPHUS U CBOOOHBIM
xyiopom? JIns mpsMO¥N peakiuM BBIYUCIUTH MOTEHIHMAN ['mOOca W MPOBECTH OLEHKY TIyOWHBI
MPOTEKaHus Mpolecca.

4 BbIUUCIUTE SJCKTPOAHBIA moTeHuuan cuctembl CIO4 + S8HY/CI + 4H:0 mnpm
CJIe/IYIOIIMX PAaBHOBECHBIX MOMSAPHBIX KOHIEHTparusax (Mons/qm®) u pH: 1) [CIOs] = 0,1, [Cl] =
0,05; pH = 1; 2) [CIOs ] = 0,05, [CI'] = 0,1, pH =2; 3) [CIOs] =0,01; [CI] = 0,05, pH
=0,5.

12ITpu xaxkux 3HadeHHssXx pH BO3MOXHO BoccTaHOBiIeHUE MOHOB MnOs nonamu: 1) I 2)
Br3) CI?

CHnuUCOK JuTepaTypbl, peKOMEHAyeMblil K UCII0JIb30BAHUIO 110 JAHHOH TeMe

OcHoBHas1 IUTepaTypa:

1. Koporun, H. B. O6mas xumus : yueounuk / H. B. KopoBuH. - 13-¢ u3a., nepepad. u mom. - M. :
Axanemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®. - Ilpuin.: c. 461. - bubnuorp.: c.
486. - ISBN 978-5-7695-8015-4



2. Muxanuna, E. C. XuMus okpyskaromien cpepl : XUMH KHUBBIX oprann3MoB. Kypc nexmmii / E.
C. Muxamuna, A. JI. Ilerenua. — M. : U3parensckuii Jlom MUCuC, 2011. — 64 c. — ISBN 978-
5-87623-457-5. —TekcT : 31eKTpOHHBIN // DnekTpoHHo-0ubnmuoreynas cucrema [IPR BOOKS :
[caiiT]. — URL: http://www.iprbookshop.ru/56618.html. — Pexum goctyna: 11t aBTOpU3HP.
[0JIb30BaTENEN
JlonoJHUTeIbHAS JIUTepaTypa:
1. I'munka, H. JI. O6mas xumust / H. I'. ['munka ; [Tox pen. A. U. Epmakoga. - U3a. 30-e, ucrmp. -
M. : Unrerpan-IIpecc, 2003. - 728c¢. - bubnuorp.: c. 704. - [Ipeam. ykas.: ¢. 706. - ISBN 5-89602-
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2. XuMus METaIOB : yueOHOe TocoOue (I CTyICHTOB XUMHUYECKOTO (paKyIbTeTa HalmpaBICHUMA
OaxanaBpoB «XuUMUs» U « XuMHU4eckast TexHosorus») / cocraputenu O. A. ['onoBanoBa. — OMCK :
Omckuii rocygapctBeHHbIN yHUBepeuteT uMm. @.M. JloctoeBckoro, 2015. — 552 ¢. —
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TEMA 9. OCHOBHBIE ITOJIOKEHUSA SJIEKTPOXUMHUMN.

INPAKTUYECKOE 3AHATHE 9. TAJIbBAHUYECKHUE 2JIEMEHTBI. KOPPO3UA
METAJIVIOB. 2JIEKTPOJIN3

Heab 3anatusa: GopmupoBaHre HEOOXOIUMOT0 KOMIUIEKCA 3HAHHUA 00 3JEKTPOXUMHYECKHIX
rporeccax U UX KOJIMYECTBEHHBIX XapaKTepucTtukax. @OpMHpPOBAHHWE HABBIKOB HCIIOJIb30BAHMS
(yHIaMEHTAIbHBIX 3aKOHOB M OCHOBHBIX MOHSTHA XUMUYECKOW HAYKH B O0JIACTH AIEKTPOXUMHUU
JUTsl TOHMMAaHUs CBOMCTB ITPOLIECCOB, UCIIOIb3YEMBIX B COBPEMEHHON ITPOMBIIUIEHHOCTH

3HaHMA M YMeHUs1, IpuodpeTaeMble CTYIEHTOM B pe3yJibTaTe 0CBOEHHUS] TeMbI

3HaTh: OCHOBBI CAMOOPTaHHU3ALUK U CAMOOOpa30BaHUS;
3HaTh: CyIIHOCTh U 3HaUYCHUE HH()OPMAIIMU B PA3BUTUU COBPEMEHHOTO OOINECTBA; OCHOBHI MOTYYCHUS U
00paboTKy HHPOPMAITUH U3 PA3TMIHBIX HCTOTHHKOB

3nartn: paOOTHI [0 pacyETy U MPOSKTUPOBAHUIO JETANCH U y3TI0B
MaIlIMHOCTPOUTENBHBIX KOHCTPYKIUNA B COOTBETCTBUM C TEXHUUECKUMH 3aJaHUSIMU U

HCIIOJIB30BAHHUCM CTAHIAPTHBIX CPCACTB aBTOMATHU3alIWHU IIPOCKTUPOBAHUA

YMeTh: CaMOCTOSATEIHLHO CTPOUTH MPOIIecC OBJIaeHU nHPopMaIueit, 0ToOpaHHOW U CTPYKTYPHUPOBAHHOMH
JUTSL BBITIOJTHEHHUS IPO(ECCHOHAIBHOM e TeILHOCTH.

YMeTh: TOy4aTh U 00padaThiBaTh HHPOPMAIHMIO U3 PA3INYHBIX UCTOYHUKOB

Ymers: IPUHUMATH Y4acTHE B padOTax MO pacyeTy U MPOEKTUPOBAHUIO JeTalIeH U
y3JI0B MAIIMHOCTPOUTEIBHBIX KOHCTPYKIIMM B COOTBETCTBUM C TEXHUYECKUMHU
3aJaHUSIMH U MCTIOJIb30BAHUEM CTAaHIAPTHBIX CPEIACTB aBTOMATU3aLUU
IPOEKTUPOBAHUS


https://openedu.ru/

HaumenoBanue ¢GopMHpyeMbIX KOMITETCHLIUH

HNupexc DopMyIHpPOBKA:
OK-7 CIOCOOHOCTBIO K CAMOOPTaHU3aIH U CaMOO0Pa30BaHUIO
OIK-4 NOHUMAaHWEM CYLTHOCTH U 3HA4YCeHUS WH(OPMALIUU B Pa3BUTHH

COBPEMEHHOT0 00111eCTBa, CHOCOOHOCTHIO MOJIY4YaTh U
00pabatbiBaTh HHGOPMAIIUIO U3 PA3JIMUYHBIX UCTOYHUKOB,
TOTOBHOCTBIO HHTEPIIPETUPOBATH, CTPYKTYPHUPOBATh U
ohopMIIATh HH(DOPMAITHIO B IOCTYITHOM JISl IPYTHUX BUJE

TK-5 CIIOCOOHOCTBIO MPUHUMATh yyacTre B paboTax 1o pacyeTy u
MPOEKTUPOBAHUIO JIETANICH U Y3JI0B MAIIMHOCTPOUTEIbHBIX
KOHCTPYKIIMI B COOTBETCTBUM C TEXHUYECKUMHU 3aJIaHUSIMU U
UCIIOJIb30BaHUEM CTAHAAPTHBIX CPEACTB ABTOMATU3ALINHI
IPOEKTUPOBAHMS

OpnHuM 13 Hambosee OBICTPO Pa3BUBAIOIIMXCS HANpaBIECHUN MPUKIAJAHOM 3JIEKTPOXUMUH,
TECHO CBS3aHHOM C DJEKTPOTEXHUKOH, SBIseTCs pa3paboTKa HETPAJAULIMOHHBIX XHUMHYECKHX
ucToYHUKOB ToKa (XUT), mepcrneKTUBHBIMU CpEelM KOTOPBIX SABISIOTCS TBEPIO-IEKTPOIUTHBIE
XUT ¢ HaTpueBbIM U JTUTUEBBIM aHOAAMHU. [IprMeHEHHE 11IETOYHBIX METAJUIOB B KAYECTBE AaHOIAHBIX
MaTepUAJIOB BBITOJAHO TEM, UYTO OHM OONAaJalOT CaMbIMH HM3KUMH Ccpelu Jpyrux Me -oB
ANEKTPOXUMHUYECKUMHU SKBUBAJIEHTAMHU U BBICOKMMM OTPHULIATEIbHBIMU 3HAUEHUSMU AJIEKTPOIHBIX
noteHuuanos. [Tooomy 3HaHMS SIEKTPOXXUMUHN —aKTyaJIbHBI.

Teopernyeckas 4acTb

[Tpubop, B KOTOPOM XUMMYECKas IHEPIUs OKUCIUTEIbHO-BOCCTAHOBHUTEIBHOM peakLuu
MIPEBPALIAETCS B 3JIEKTPUUECKYIO, HA3bIBAETCS FAJIbBAHUYECKUM AJIEMEHTOM.

OcHOBHasl cocTaBHasl 4acTh TaJbBaHUYECKUX 3JIEMEHTOB — AIEKTponbl. Yaie Bcero oHu
OBIBAIOT METAJUIMYECKUMU. DJIEKTPOA, Ha KOTOPOM IPOUCXOAMUT IMPOLIECC OKUCIEHMSI, Ha3bIBaETCS
aHOJZIOM.

Tak, eciu B raJbBaHUYECKOM 3JIEMEHTE MMEIOTCS MEIHBIA U IIMHKOBBIA AJIEKTPOIBI, U B
MOCNIEHEM TIPOMCXOIHUT MPOLECC OKUCIIEHUs MHKA: Zn’ — 2¢ <> Zn®", TO LMHKOBBIN 2JIEKTPO.
OyzleT aHO/IOM.

OnexTpo, Ha KOTOPOM IPOMCXOAMT MPOLECC BOCCTAHOBJICHMsI, Ha3blBacTcs Karonom. B
BBILIENPHUBEIEHHOM IIPUMEPE KATOIOM SBISAETCS MeAHbIN onektpoa: Cu?t+ 2e > Cu’.

ONEKTPOHBI € BJIEKTPOJA, Ha KOTOPOM IPOUCXOJUT IPOLECC OKHUCIIEHUS, MEPEXOHAT Ha
ANEKTPOJ, TZIe IPOTEKAET MPOLIECC BOCCTAHOBIICHUSI.

Taxkum 00pa3oM, B ralbBaHUYECKOM 3JIEMEHTE, UMEIOLIEM B KayeCTBE KaToJa MEIHYIO U B
KayecTBE aHO/a LIMHKOBYIO TIACTHUHBI, 3JEKTPOHBI C IIMHKOBOH IUIACTHHBI OYyIyT MEPEXOAUTh Ha
MEIHYIO.

10.7 DnekTtpol B TrajJlbBAHWUYECKOM D3JIEMEHTE HAXOIUTCS B PACTBOpE 3jeKTponura. B
IIPOCTEHIIIEM CIIy4ae JIEKTPOJIUTOM SIBISETCS PACTBOP COJIM TOTO METalla, U3 KOTOPOIO CHEeaH
ANEKTPON.

Tak, B MEAHO-LIMHKOBOM TIajIbBAHMYECKOM 3JIEMEHTE LUHKOBBIM 3JEKTPOJ MOXKET ObITh
MoMeUIEH B pacTBOp cyib(dara MHKA, a MEIHBII — B pacTBOP CyJb(haTa MEIH.

CnenoBarenbHO: IUHK IOMEIIAIOT B PacTBOp, COJNEPKAlIUMi KaTHMOHBI LIMHKA, a MEIb B
pacTBOp, COAEPKAIINNA KATUOHBI MEH.

Cucrema, cocrosimas M3 MeTajlla, OIYLICHHOIO B pAacTBOpP, COACPXKAIUUKA €ro HOHBI,

n+
HA3BIBAETCS TMOTYIIEMEHTOM M 0003HAYALTCS Me"" | Me (cBepxy Bceraa okucieHHas Gopma).
JIBa momysieMeHTa, COeIWHEHHBIE MPOBOAHHKOM, OOpa3ylOT TalbBaHUYECKUH DIEMEHT
(pucyHnok 9.1):
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Pucynox 9.1 Cxema mMeOHO-YUHKOB0O20 2anb8AHUUECKO20 dNIeMeHmA

B rambpBaHMYECKOM 3JIEMEHTE OJIMH 3JICKTPOJ (aHOJ) pAcTBOPSETCS, T.€. MOHBI MeTalia
mepexonsaT B pacTBOp. Tak B MEIHO-IIMHKOBOM TalbBaHUYECKOM JJIEMEHTE MPOUCXOIHT
pacTBOpPEHUE IIMHKOBOM TUTACTHHKH.

B pesynbpraTe mepexona MOHOB IIMHKA C IUIACTHHKU B PAcTBOP Ha IUIACTHHKE OCTAETCA
M30BITOK AJICKTPOHOB, U OHA 3apshKacTCs OTpunaTebHo. C APyroi CTOPOHBI, IEPEX0,T HOHOB ITUHKA
B PaCTBOP MPHUBOJUT K YBEINYCHUIO UX KOHIICHTPAIIUH B PaCTBOPE.

braronaps mepexoy HOHOB IMHKA C TUTACTUHBI B PACTBOP BEC IIMHKOBOH IJIACTHHKH OYIET
YMEHBIIATHCS.

OMHOBPEMEHHO C 3TUM Ha MEJIHOM 3JICKTPOJIE TIPOUCXOIUT MPOIECC BOCCTAHOBIICHUS HOHOB

MEJI M3 PacTBOpa: Cu2+ +2e<>Cu .

3a cu€T 3TOro mnpoiecca KOHIEHTpAIUsi MOHOB MEAM B PAcTBOPE YMEHBIIAETCS, a Macca
MEIHOW MIACTUHKH YBEIUYUBACTCSI.

I[Tepexon nonos Cu®" U3 pacTBOpa Ha MIACTMHKY HPUBOAMT K TOMY, YTO MeHAs MIACTHHKA
3apsKACTCS MOJIOKUTETBHO.

PaccMoTpenHbIii TanmbBaHUYECKUW 3MeMeHT (diemeHT [lanmdns — SIkoOu) cxemMaTHYecKH
MOYHO 3aITUCaTh CJICAYIOMNUM 00pa3oM:

(-)2n|ZnSO4|CuSO4|Cu(+)
WU B MOHHOM popme:

(~)zn Zn*t

Cu2+|Cu(+)_

OnvHOYHBIE TMHUHU B CXeMax 0003HAYal0T IPaHUIly METaJlI — PacTBOp, a ABOWHBIC JTMHUU —
IpaHuIly MEeXAy pacTBopamu. OTpHULIaTEeIbHBIN JIEKTPOJI (aHO ) 3alMChIBAETCS CIIEBA.

B ocHoBe paboThl pa3oOpaHHOrO >JEMEHTa JIEKUT OKHCIUTEIbHO-BOCCTAHOBUTEIIbHAS
peaxkuus:

Zn+CuSOy4 — ZnSOy + Cu

WU B MOHHOM popme:

Zn+Cu2+ — Zn2+ +Cu .

B rampBaHMYeCKOM >J€MEHTE, COCTABICHHOM W3 JKEJIE3HOW IUIACTHHKH, OITyICHHOW B
pactBop FeSO4 ¥ CBUHIOBOW IUIACTUHKH, ONYLIEHHOW B pacTBOop Ph(NO3)2, xene3o sBIseTCs
aHozoM. Cxema 3TOro 3JIeMEeHTa CIIeAYIOIIas:

(—)Fe|FeSO4|Pb(NO3),|Pb(+),

Ha xene3nom QJICKTPOAC (aHoz[e) MMPOUCXOAUT OKUCIICHHC. ToT nponecc OIMMChIBACTCSA
CJICOYIOIUM 3JICKTPOHHO-MOHHBIM YPABHCHUCM!

FeO e Fez+_



JKene3Hsblii 3eKTpo] IPHOOPETAET OTPULIATEIILHBIN 3apsl.
Ha cBHHIIOBOM 31eKTpoje (KaToe) MPOUCXOAUT MPOIecC BOCCTAHOBIEHHS HOHOB Pb*" u3
pacTBopa:

2+ - 0
Pb" +2e <> Pb”,
CBUHIIOBBIN JIEKTPOJI 3aPSIKAETCS MOJIOKUTEIBHO.

Cymmupys o0a ypaBHEHUS, [TOJyYUM HOHHOE YPAaBHEHUE PEaKIMH, IPOTEKAIOLIEH B TaHHOM
raJbBaHUYECKOM DIIEMEHTE:

Fe+ Pb*t = Fe*" + Pb_

DJEKTPOHBI IO MPOBOAHKUKY, COCTUHSIONIEMY TUTACTUHKH, OYAYT MEPEXOIUTh OT KEJIC3HOU
IUTACTUHKH K CBUHIIOBOH.

Wtak, B TaJlbBAHUYECKOM JJIEMEHTE IO IMPOBOJIHHUKY, COCTUHSIONIEMY 3JIEKTPOJBI, TCUET
ANEKTPUYECKUH TOK.

[TosiBNICHHE DJICKTPUUYECKOTO TOKA CBUACTEIBCTBYET O HAIMYUHU PA3HOCTH TOTCHIIMAIOB
MeXay OonekTpogamu. HMHade TOBOps, HAa OJHOM U3 DJIIEKTPOJIOB BO3HHKAET KaKoM-To
oTnpeAeIEHHBINA TOTCHIIAAN, PA3TUYHBIN JIJISl PA3JTUYHBIX AJICKTPOIOB.

[ToTeHnuan, KOTOpBIM yCTaHaBIMBAETCA Ha METAITIMYECKOM OJJIEKTPOJE, MOMEUIEHHOM B
pPacTBOp COJM OJHOMMEHHOTO METAJUIA, HAa3bIBACTCS AJICKTPOIHBIM TTOTEHIIHAIOM MeTallIa.

W3mepeHHbIe B CTAaHIAPTHBIX YCIOBUSX MOTEHIIMAIBI METAJIIOB HA3BIBAIOTCS HOPMAJbHBIMU
(W CTaHMAPTHBIMHU) 3JIEKTPOJHBIMHA TMOTCHIMAJIAMU METa/UIOB. VX 3HAUeHWs A pa3iIndHbIX
METaJJIOB MpUBEeHBI B Tabnuie 9.1.

Uem nerye MeTaul OTAAET AJIEKTPOHBI, T.€. YeM JIETYEe OH OKHCISETCS, TEM OTpHUIlaTelbHEee
€ro AJIEeKTPOAHBIN MoTeHuuan. MHade roBops, MO BEIMYMHE SJEKTPOAHOTO MOTEHIMAla MOXKHO
CYJMTh O CIOCOOHOCTH METaJlJIa OTAaBaTh JIEKTPOHBI, T.€. 00 aKTUBHOCTH METaJLJIa.

bonee axTuBHBIA MeTamn wuMmeeT Ooyiee OTPULIATENbHYIO BEIUYUHY SIEKTPOIHOTO
noTeHnuana. Tak, HopMaabHbIC AIEKTPOIHBIC MOTEHITNABI MATHUS, ITMHKA ¥ MEJI COOTBETCTBEHHO
paBHbI (B B):

0° (Mg | Mg?t)=-234:0°(Zn/ Zn*") = -0,76;¢° (Cu/ Cu**) = +0,34.

CpaBHHBAas 3TH 3HAYCHHsI, MOKHO CJENaTh BBIBOJ, YTO HAaMOOJEe aKTUBHBIM M3 3THUX TPEX
METAJLJIOB SIBJISETCS MarHuii, a MEHEE aKTUBHBIM — MEJIb.

B rampBaHWMYEeCKOM »dJEMEHTE, HMMEIOIIEM JBa Pa3IMYHBIX METALIMYECKUX DJIEKTPOJaA,
aHooM OyJeT MeTa/sl ¢ MEHBIIeH BEIWYMHOW CTAaHAAPTHOTO SJIEKTPOAHOrO IMOTCHIMANA, T.C.

0oJiee aKTUBHBINA METAJLI.
Hanpumep, B raapBaHUYECKOM DIIEMEHTE

Mg Mngr Zn**|Zn

HaI/IGOHee OTpI/II_IaTeHeH BHGKTPOHHBIﬁ IIOTCHIMAJI Mar”Husd, H03TOMy MaI‘HHeBBIﬁ BJ'IGKTPOII
OyzleT aHO/IOM.
Ha maraueBom anektpoie (aHoAe) UAET MPOLIECC OKKUCIECHUS TI0 yPaBHEHUIO:

Mgo < Mg2+ +2e.
Ha nunakoBOM 31ekTpoje (kaTojie) MpoTeKaeT MPOIECC BOCCTAHOBJICHHS ITUHKA:
2+ -
Zn*t 1 2e¢ & zn" .

10.36 CymmapHO€ MOHHOE YpPaBHEHUE PEAKIMHU, MPOTEKAIONIEH B TaKOM TaJIbBAHUYECKOM
3JIEMEHTE, CIEAYIOLIEe:

Mg0 +7Zn*" > Mngr +zn° ,



BennuuHa 351eKTpOAHOTO MOTEHIMAlla METalla 3aBHCHUT, TJIABHBIM 00pa3oM, OT HPUPOIbI
MeTajula, TEMIIEpaTypbl W KOHICHTpAalMM MOHOB METAUIa B pacTBOpe. JTa 3aBUCUMOCTD
BbIpakaeTcs ypaBHeHHMeM HepHcra:

o 0,059
Q=0 (M@/M€n+) + Tlg C(M€n+), 9.1)

rae ¢ (Me/Me"") — HOpMaJbHBIN 2JIEKTPOIHBIN ITIOTEHIHAIT;

1 — 9HUCTIO OT/IaBaeMbIX (IPUHUMAEMBIX) METAJUIOM 3JIEKTPOHOB;

C(Me"") — KOHIIEHTpalLUs HOHOB METANA B PACTBOPE, MOJIB/IIM".

[Ipy KOHIIEHTpallMd HOHOB MeTajlla, paBHOM | MoJb/IM’, BTOpOHl uleH ypaBHEHHs
00pAIIaeTCs B HOJb, TOTIA @ = @, M.e. 2AeKMpPOOHbLL NOMEHYUAT MEMALIA NPU €20 KOHYCHMPayuu
1 monv/om® npeocmasnsem coboii cmanOapmmbiil 21eKMPOOHbLI NOMEHYUA.

OnexTpoABMKylas cuia FE ranbBaHMYECKOrO dSJeMEHTa OMNpEeNeNseTcs pPa3HOCTHIO

MOTEHIIMAJIOB KaToja U aHOA4a: E - @ K — (0 A-

Tak, 3/1C MarHueBO-IIMHKOBOI'O TaJibBAHUYECKOI'O AJIEMEHTa, MPU KOHIEHTPALUSIX HOHOB
COOTBETCTBYIOLIUX METaJIJIOB OJWH MOJIB/IM®,

cocrasmsier: E = ¢°(Zn/ Zn*") — ¢° (Mg | Mg?*) = -0,736 — (—2,34) = 1,604 B.
Yem 6OJ'II>H_IC Pa3HOCTh B 3HAUCHUAX CTAHAAPTHBLIX 3JICKTPOAHBIX ITOTCHIHAJIOB METAJIIOB,
tem Oombie 3/C raibBaHUYECKOTO 3JIEMEHTa, KOTOPBI 3TH METaJIIbl 00pa3yIoT.

CpaBanm  DJIC TONBKO 4YTO pa300paHHOTO MAarHUEBO-IIMHKOBOTO TaJlbBAHMYECKOTO
snemenTa ¢ 3/1C MarHneBo-MeJHOTO 3JIEMEHTA.

(—)Mg Mg2+ Zn2+|Zn(+);

C(Mg/Mg2+) = C(Cu/Cu2+) = 1monw/ om’
E=0°(Cu/Cu’t)—° (Mg/Mg?*)=+0,34—(~2,34) = 2,68 B.

Wtak, yem pjanplie Jpyr OT JApyra HaxoAsTCs MeTaibl B TaOJMLEe HOpPMaJbHbBIX
JIEKTPOAHBIX NOTEHIMATI0B, TeM Oosbiie D/[C raapBaHUYECKOrO 3JIEMEHTA.

Kak ormeudanoch paHee B pasjeie, 3aBUCUMOCTb BEJIMYUH 3JIEKTPOAHBIX MOTEHIIMAJIOB OT
KOHIICHTPALMU OKHCIUTEIbHON M BOCCTAaHOBUTENIbHOM (hopM peareHTta u oT pH cpenbl Bepaxaercs
ypaBHenueM Hepucra (9.1).

VYpasuenune HepHcra no3sosser npoBoauts pacueT D/]C ranbBaHMYECKHX JIEMEHTOB IIPH
YCIIOBUSIX OTJINYHBIX OT CTaH/IAPTHBIX.

W3menenne wu3o0apHoro moreHnuana [ubbca B cucTeMe YHCIEHHO paBHO paboTe,
COBepLIaeMOi B pe3yJIbTaTe MPOTEKAHUSI SJIEKTPOXUMHUUECKON peaKIIUu:

AG =—-A4 = —nAgF, (9.2)
rne A — paboTa >JIeKTPUIECKOr0 TOKa, paBHAs MPOHM3BEACHUIO YHCIIA MOJIb IEPEHECEHHBIX
3JIEKTPOHOB N, HAIpPSDKEHUS B AJEKTpUueckoll nenu A¢ u nocrosHHon @apages F = 96 454
Kn/mons =~ 96 500 Ki/mons.
JIns cTaHIapTHBIX YCIOBUM:

AG = A" = —nAg °F. (9.3)
KoHncTanTa paBHOBECHUS SHGKTpOXHMHqCCKOﬁ peakuuun sl CTAaHAAPTHBIX YCJ'IOBI/Iﬁ
ornpeensercss GopMyIIoi CIeIyrOIEero BHaa:
0
Ap°F
lgK P :”";T ~16,91A¢°. (9.4)

BeauuuHBl KOHCTaHT paBHOBGCI/II\/JI IJId PA3HBIX SJICKTPOXUMHUYCCKUX peaKuHﬁ IIO3BOJIAIOT
OIPCACIIATh CTCIICHDb UX H606paTI/IMOCTI/I.



ITockonbKy 3J€KTPOIHBIM MOTEHLMANT METalyla 3aBUCUT OT KOHLIEHTPALlMM PAacTBOpPA, TO
MO’KHO COCTAaBUTh LIE€Ib U3 OJMHAKOBBIX METANIMYECKUX JIEKTPOIOB, IIOIPYKEHHBIX B PACTBOPHI C
pa3sNMYHOM KOHIEHTpALME!d HMOHOB 3TOrO0 METAIA — 90 KOHYEHMPAYUOHHLIU 2a1b8AHUYECKUL
a/1eMenm.

3J1C KOHIEHTPAIIMOHHOTO 3JIEeMEHTa onpezenseTcs no Gopmyie:

C M z+
aﬂc=0,059lg 1( e )

9
z C2 (M e = )
I'lE C (MEZ+) — KOHLIEHTpAaLMs HOHA METAJJIa B IPUAJIEKTPOIHOM CIIOE, MO.HB/,I[M3, pU4eM
c1(me”") > ca(me*") ; z — cTeneHb OKUCIIEHHS HOHA.
DneKTpoan3
TeopeTnyeckre OCHOBBI
DIEKTPOIM30M Ha3bIBAETCA OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIN MTPOLIECC, TPOUCXOASAIINI Ha
3JIEKTPOJIaX MPHU MPOMYCKAHUU HOCMOAHHO20 SIEKTPUUECKOTO TOKA YEPE3 PACTBOP MJIU PacIljiaB
3JEKTPOJIUTA.
JI71st OCyIIECTBICHUS JICKTPOIN3a HEOOXOAUMO B COCY/] C pACTBOPOM HJIM PACILIABOM SJICKTPOJIMTA
BHECTH JIBa JIEKTPO/Ia, COCAMHEHHBIE C MOJIOCAMU BHEIIHETO UCTOYHUKA IMOCTOSTHHOTO TOKA.
DJEKTPOA, MPUCOCAUHEHHBIN K OTPULIATEILHOMY TIOJIFOCY BHEIIIHETO NCTOYHUKA

MOCTOSIHHOTO TOKa, Ha3bIBaeTcs karojioM (K).

[Ipornyckanue Toka 4epe3 JIEKTPOJIUT MPUBOJUT K TOMY, YTO HOHBI B PACTBOPE HAUMHAIOT
nepememiatbcs. [1on0XKUTEIbHBIE MOHBI, KAaTHOHBI, ABUXKYTCS K OTPHUIATEILHOMY 3JEKTPOIY —
katoay. OTpunaTeabHble HOHBI, AHUOHBI, ABMKYTCS K MOJIOKUTEIBHO 3aPSKEHHOMY AJIEKTPOAY —
aHoJy.

(9.5)

Ha katome uaér nporecc BOCCTaHOBJICHUS, T.€. MPOIECC MPUCOSTUHEHHUS JIEKTPOHOB. B
HauOoJIee MPOCTOM ClTydae KaTHOHBI BOCCTAHABIMBAIOTCS IO CXEMeE:

-
A +e> A
Ha anone unét npouecc okuciaeHus, T.€. Mpolecc OT1auyu 3JIEKTPOHOB HOHamMu. B
IPOCTEHIIIEM CITydae 3TOT MPOIECC BRIPAXKAIOT CIEAYIOIINUM 00pa3oMm:

B —-e<& B.
brnaromapst pabote MCTOYHHMKA TOKA AJIEKTPOHBI, OTJAaHHbIE HOHAMH Ha aHOJIe, TIEPEIA0TCS

Ha KatoJ1. B pe3ynbTaTe aHoa Bc€ BpeMsi 00eqHIETCS AICKTPOHAMHU, a KaTo/1 00oramaeTcs.
Ha pucynke 10.1 npeacraBieHa cxeMa 371€KTpoau3Epa.
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Pucynok 9.1 Cxema snexmponuzépa
PacruiaB xmopuga HaTpusi COXCpXKUT KathoHa Hatpuss Na® wu ammonsl Cl. Tlpu
IIPOITYCKaHUU Y€pe3 TOT PACIUIAB DJIEKTPUUECKOI0 TOKA K KaTOly HAIIPaBIISIFOTCS. HOHBI HATPHs, a K
AQHONy — XJIOPUJ] - UOHBI.



vy Karoaa I/II[éT nponecc BOCCTAaHOBJICHHUA B COOTBCTCTBUH C YPABHCHUCM:

2CI™ —2e <> Cl,

+ - 0
Na" +e<> Na" .
Y aHoJa UIET MPOLECC OKUCIIEHUS IO YPABHEHUIO:
Becrw nporiecc anexrponusa paciiaBa NaCl MOKeT ObITh 3aITMCaH B BHJIE CXEMBI:

K:Nat +e <> Na°
A:2C1 =2e > Cly.

Taxum 00pa3oM, MpH 3IEKTPOIU3E paciiiaBa XJIOpUa HaTpUs Ha KaToJle BBIIEIAETCS
HAaTpuH, Ha AaHOJE — XJIOP.

Wtak, npu 31€KTpOIN3€E pacIUIaBOB JJIEKTPOIMTOB Ha KAaTOJE Pa3psKAIOTCA KAaTHOHBI, a Ha
aHOJIe aHUOHBI, 00Pa3yIOIINE IEKTPOIIUT.

Boanble pacTBOpPHI 3JEKTPOIMTOB IOMUMO HMOHOB, Ha KOTOPBIE pacHanaercsi 3JIEKTPOJIUT,
COACPIKAT MOJICKYJIBI BOABI, CIIOCOOHEBIE MNPpUHUMATh Y4aCTHUC B KATOJAHBIX U aHOAHBIX ITPOLECCaX.

Ha xaTozie BO3M0KEH IIPOLIECC BOCCTAHOBIICHUSI MOJIEKYJI BOJBI 10 YPABHEHHUIO:

2H,0+2e <> Hy +20H

Ha anone Bo3MoxkeH mponecc OKUCICHUA BOIBI, KOTOpHﬁ IMPOTCKACT 10 CXEMC:

2H,0—4e<>4H" + 0,

Kakwue mporiecchbl OymyT MPOUCXOAUTH Ha 3JCKTPOJIaX — 3aBUCUT OT BEIMYMHBI HOPMAJIbHBIX
OKHUCJIUTEITHHO-BOCCTAHOBUTEIIBHBIX MTOTCHIIMATIOB TOTO FJIM MHOTO MpoIiecca.

HoHbl MeTaJuIOB C BechbMa MaJlOil ajreOpanueckol BEIMYMHON CTaHAapTHOTO
ANEKTPOJHOTO MOTEHIHANa, OT Li 10 Al BKIIFOUYUTEIIBHO, UMEIOT YPE3BBIYAIHO Majioe€ CPOJICTBO K
AJIEKTPOHAM, YCTyMas B 3TOM OTHOIIEeHHH MoHaM H' (cM. Tabm. 9.1). [losToMy mpH 3IIEKTPOJIH3E
BOJHBIX PACTBOPOB YKa3aHHBIX METAJUIOB HA KaTOJIE MTPOUCXOIUT BOCCTAHOBJIICHHE BOJIBI IO CXEME,
MIPUBEJICHHOH paHee.

KaTtnoHsl METauIOB C TMOJIOKHUTEIHHBIMUA 3HAYCHHUSMH CTAHJIAPTHOTO 3JICKTPOIHOTO
norennuana (Cu, Ag, Hg, Au u dp.) uMeroT GoJbliiee CPOJCTBO K JIEKTPOHAM, yeM HOHBI H ' (cM.
Tabs. 11.1). B urore, Ha kaToJ1€ BOCCTaHABIMBAIOTCS HOHBI METAJUIOB 10 CXEME:

Me"™ + ne <—Me'.

Katunons! MeTamios, 3aHuMaroime B psay HanpspKeHun cpeanee nojoxkenue (Zn, Fe, Cd, Ni
Y JIp.), BOCCTAHABIIMBAIOTCS HA KAaTOJ/Ie OJJHOBPEMEHHO C BOCCTAHOBIICHUEM KaTHOHOB BOJIOPO/IA.

Wrak, npu ompeneneHny MpoAyKTOB IIEKTPOIN3a BOJHBIX PACTBOPOB SJICKTPOJIHTOB,
HaJl0 PYKOBOJICTBOBATHCS BHIINICYKAa3aHHBIMU COOOpaXKCHUSMH, OCHOBAaHHBIMH Ha aHAU3e psja
HaIIpsHKECHUN.

Ha karome Jerde Bcero paspsykalOTCs TaKWe KaTHOHBL, KOTOpbIE MMEIOT Oolee
HOJIOXKUTENBHBINA DIIEKTPOJHBIA NOTeHnUat. HampuMep, ecim JIeKTPOIUT comepkut uonsl Cu’’ u
(o]

0 Cu

Zn’*, TO cpaBHUBas 3HAYCHUS

2+ = 10,34 B (0027 2+ =-0,76 B
Cu + , u 7n + = -0, , MOYHO

clenarh 3aKIOYEHHE, 4TO Jierde OyayT paspsokaThes WOHbl Cu’', Tak Kak WX O3JIEKTPOIHBIM
MOTEHIHAaN OOJIbIIIE.

Ha aHome erde  mpoucXoguT TOT  IIPOLIECC, HOPMAIbHBIA  OKHUCIUTEIBHO-
BOCCTAaHOBHUTEJIBHBIA IMOTEHIIMA KOTOPOrO MeEHbIe. Hampumep, M3 JBYX BO3MOJKHBIX AHOIHBIX
MIPOLIECCOB B PACTBOPE CEPHOM KUCIIOTHI:

2803™ —2e > S,087,0° = +2,01

u



2H,0—4e <> 4H" +0,,¢0° =+1,23

cllefyeT OTHaTh IpPEINOYTeHHE BTOPOMY, T.K. €My COOTBETCTBYET MEHbIIEE 3HAUYECHUE
MOTEHLIMAJIA.

Cpenu aHMOHOB HAWOOJBIIEH CIOCOOHOCTBHIO K OKHCIEHHIO HAa aHOjE O0JaJar0T aHUOHBI
Oeckucnopoansix kucior (CL, Br, I, $%). B pe3ynbrare 3JeKTpoiM3a pacTBOPOB, COAEPKAIMX ITH
HOHBI, Ha aHOJIE BBIJEIISAIOTCS CBOOOHBIE raJIONeHBbI MU cepa.

BoccranoBiieHre METaIOB U3 pacTBOPOB UX COJIEH MIET TOJIBKO B TEX CIIydasX, KOIIa
JAHHBIM MeTajul MMeeT OOJBIIMI JIEKTPOJHBIN MOTEHIMAN, YeM Yy allOMUHMs, T.e. Ha KaTone
BBIICIISIIOTCS T€ METAIUIBI, KOTOPBIE CTOST B PsAy HAIIPSHKEHUS IIPaBEE aIFOMUHUS.
Hamnpumep, anexktponu3 pactBopa ZnCl> moWaET mo cxeme:

K :Zn*" +2e < zn°
A:2C1 —2e <> Cl, .

IIpu snexTposnse pacTBOPOB COJIEM METAJLIOB, PACIOJIOKEHHBIX B PANY HANPSOKEHUS 10
QJIIOMUHUS BKJIIOUYUTENBHO, Ha KaTO/Ie MPOUCXOANUT BOCCTAHOBJIEHUE BOIbI 10 YPABHEHUIO:

2H,0+2e <> Hy T +20H ™

Onektponn3 pactBopa NaCl MOKHO N300pa3uTh CIASAYIOMIEH CXEMOM:

K :2H,O+2e <> Hy T +20H"
A:2CI —2e <> Cl, .

B xaTomHOM npocTpaHCTBE B pacTBOpe octarotcsi HoHbl Na™ u OH (wenous NaOH).

— — 3—
Kucnoponconepxaiiue aHUOHBI (N 03 ,SO4 , P 04 U JAp.) HUMET OOJbIIHH

OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBII TMOTEHIMAN, YeM IOTEHIUal Mpolecca OKHUCICHHUS BOJBI,
MO3TOMY TIPU JJIEKTPOJIU3E PACTBOPOB COJICH, CONIEPIKALIUX ITH AHUOHBI, HA aHOJE OKHUCISICTCS
BOJA.

OpHako €cTh W UCKIIOYEHMs, HAlpUMEpP, IPH DJIEKTPOIM3E IIEJOYHBIX PACTBOPOB
THUTIOXJIOPUTOB M XJIOPATOB HAa MHEPTHOM aHoje OKucistorcs aHuoHel CIO- u ClOs; no CIO3 n
ClO4 cOOTBETCTBEHHO.

Hanpuwmep, npu snexrponnse pactsopa K2SO4 npoTekaroT cienyromue mpoueccsl:

K :2H,0+2e <> H, +20H"
A:2H,0—4e <> O, +4H "

Ha xatonme oOpasyeTcst BOAOpOJ, HA aHOAE KHUCIOPOA. B KaTomHOM MpOCTpaHCTBE
HakaruMBaloTcs WOoHbI OH , B aHOJHOM — HWOHBI THUIPOKCOHHS, MO3TOMY OKpacka JaKMyca B
KaTOJIHOM IPOCTpPaHCTBE OyAET CHHEH, a B aHOAHOM — KPACHOM.

[[lupokoe mTpUMEHEHHWE HWMEET OJJEKTPOJIU3 C pacmeopumviMu anooamu. B kadecTBe
TAaKOBBIX MPUMEHSIOT MEIb, CEPeOPO, 30I0TO, HUKENIb U Apyrue Meramibl. [Iporecc amekrponuza
NP 3TOM 3aKJIIOYACTCs B OKHCICHWM MeETajula-aHoja 10 KaTHOHAa W B TIOCIEOYIOIIEM €ro
BOCCTaHOBJIEHUH BHOBD JI0 METANTUYECKOTO COCTOSTHUS Ha KaToJIe.

Cxema aexTpoiin3a BogHOTro pacTBopa CuSOs ¢ MEIHBIM aHOIOM:

A:Cu’ —2e & Cu*

] 2+ - 0
K:Cu”™ +2e<Cu.
CooTHolleHHe MeXay Maccoil (Wim 00bEeMOM) BEIIECTBA BBIJCIUBIIUXCS HA 3JEKTPOIaX
MPH DJICKTPOJIM3E W KOJWYSCTBOM 3aTPAdyeHHOTO JJICKTpUYECTBa ompenenser 3akoH dDapajes:



KoJuvecmeo eeujecmed, BbI0CIUBULECOCS npu aj1eKkmpojusze, npAmMo nponopyuoOrHalbHO Koauvecmey
aJlekmpuuecmaeda, npomedweeo yepes d1eKmpOoIum 3a 6pemsi t

1 X It
n(— X)), monv — 3k6 = mg ) :96ﬂM’
“ M(_X)
ZX
1
rme m(X) — Macca SJIEKTPOXMMHYECKM TNpeBpalleHHoro Bemectsa, o; M (— X ) —
Zx

MOJISIPHAS Macca SKBUBAJICHTA OTIPEIEIISIEMOT'0 BEIIIECTBA, 2/MO/Ib;

Z — YUCJIO AJIEKTPOHOB, YYACTBYIOIIUX B OKMCICHUH WJIM BOCCTAHOBIICHUH OJTHOTO MOHA; ¢ —
BpeMsI 3JIEKTPOJIN3a, C.

Wnu nig ra3os:

1
vV, — X)It
V(X)=— "t
96500
1
rne V(X) — 00beM DIEKTPOXMMHYECKH BBIIEICHHOrO rasa, oMm’; Vm (— X )—

[x
SKBHBAJIEHTHBIH 00BEM 3JIEKTPOXUMHUYECKH BBIIEIEHHOTO ra3a, oM’

IIpu snekTponn3e BOJIHBIX PACTBOPOB COJIEH METAVIOB, 3aHHMMAIOLIUX IPOMEXYTOUHOE
MIOJIOKEHUE B DSy HANpPSDKEHUM, Hapsily C BbIIEIEHHEM METaula Ha KaToJe WIET BbIACICHHE
BOOOpOOA. HpI/I 9TOM MaccCa BbIACIMBHICTOCA MCTAJIJIa HC 3KBUBAJICHTHA KOJIMYCCTBY IMPOLICAIICTO
4yepe3 pacTBOP JIEKTPUUECTBA, YACTh KOTOPOTO PAaCXOy€eTCsl Ha BbIICJIIEHUE BOAOPOAA.

Onekmponu3 ¢ HalodCeHUuem 6HeuwHe20 HAanpsadiceHus — TOK OT BHEIIHEr0 HMCTOYHUKA
IIPOXOAUT Yepe3 3JIEKTPOJUTHYECKYIO SUEHKy C HccleAyeMbIM pacTBopoM. IIpu 3Tom oOmiee
HanpspkeHne U CKIIaApIBaeTCs M3 MOTEHIHUalla pas3lloKeHUus Ep = Ean — Eki, NIEPEHANPSIKEHUN HA
aHoze 77An, KaTtoJe 771« u noreHnuana Ur = IR, HEOOXOAMMOTO JUTsI IPEOIOICHHUS COMTPOTHBIICHHS

anekrtpoaura R:
U= (Eaxn+ N an) — (Exi—N k) + Ur.

[lognepxuBasi omnpeneNeHHOEe 3HAYCHUE TMOTEHIMaJa KaToJa, MOXHO TPOBOJIUTH
MOCIIEJIOBATEIbHOE BBIJCJIICHHE METANIOB W3 HCCIEAYyeMOro pacTBOpa WM OTAEIEHHE OT
MEIIAIOIINUX TPUMECEH (TEKTPOIU3 TIPU KOHTPOIHPYEMOM TTOTCHITHAIIE).

[Iporuecc AmeKTponn3a CIyKHUT MPEXk/Ie BCETo AJIs MPOMBIILIEHHOTO MOTYUYEHUS aTIOMUHHUS,
M€, MHOTHX WICJIOYHBIX W WICJIOYHO3EMEIbHBIX WU JPYTUX METAJUIOB; ISl aHAJTUTHUYECKOTO
onpezaenenus: metamioB — Cu, Pb, Zn u mHOTHX 11p. KpoMe TOro, ¢ TOMOIIBIO 3IEKTPOIH3a MOXKET
OBITH TIPOBEICHO AHAJIMTUYECKOE pa3JelieHHEe psja METAIOB B W3 WX cMmeceil. Hampumep,
ANEKTPOJIU30M BEIYT OMpesesieHne Meu, CBUHIIA, OJI0BAa M IUHKA B JIATYHU METOJIOM Pa3AeIbHOTO
9JIEKTPOOCAXKIACHUSI TIPU KOHTPOJIHUPYEMOM TMOTeHInane. MeTon BHYTPEHHEro JJEKTPOJin3a
WCTIONIb3YETCS JUIsl aHATUTUYECKUX OMpEIeICHNH 0YeHb MalbIX KOJIMYECTB METAJUIOB B PacTBOpax,
KOTOPBIE€ HE MOTYT OBITh ONIPEIETIECHbI IPYTUMHA METOJAMHU.

KOPPO3U1A METAJIJIOB
TEOPETUYECKUWE OCHOBBI

Kopposueii memannos naswieaemcs npoyecc paspyulenus Memauid, Npoucxooaujuii noo
Oeticmeuem OKpydcaowel cpedvl. B pesynpraTe 3TOro Ipouecca MeTall NEepexXoauT U3
CBOOOJHOTO COCTOSTHUSI B XUMUYECKHU CBSI3aHHOE.

Tak, pacTBOpeHHE >Kelie3a B COJSHOM KHUCIOTE WM P)KaBICHHUE >KEJIE3HBIX HW3JIETUN Ha
BO3/yXE SIBJISIFOTCS MPOIIECCAMU Pa3pyIISHHs STOTO METala, T.€. IPOIeCCOM KOPpPO3UH.



[To MexaHusMy TMpOTeKaHHs TMpollecca KOpPpO3usi JEIUTCA Ha XHUMHUYECKYI0 U
EKTPOXUMUYECKYIO.

Xumuueckass KOppo3us HE COMPOBOXKAAETCS MOSBICHUEM DJIEKTPUYECKOTO TOKa, TaK Kak B
9TOM CJIy4yae HeT MPOCTPAHCTBEHHOTO pa3AeiIeHUs IPOLECCOB BOCCTAHOBICHUS U OKUCIICHMSL.

Xumuueckass KOppO3Hs TMPOTEKaeT Kak OObIluHAs XHWMHUYECKas peakius, Hampumep,
B3aUMOJICHCTBHE KeJIe3a C KUCIOPOAOM IPH BBICOKOH TeMnepaType:

4Fe + 302 41()2}76203_

DNEKTPOXUMHUYECKass KOPPO3Us HAONIOAAeTCs MPH COMPHUKOCHOBEHUWH METAIJIOB C BOJOM,
pacTBOpaMU JIEKTPOIUTOB, aTMOC(EPHBIM BO3TyXOM.

OcHogHoe omaudue 31eKmpoXUMULEeCKOl KOPPO3UU OmM XUMUYECKOU COCTMOUM 8 MOM, 4o
00was peakyusi 83auUMOO0elUCmeUss Memaila ¢ OKUCIUmenem Mmodxcem Ovbimb pazdeieHd Ha 08d
CAMOCmMOosMeNbHbIX npoyecca: 1) npoyecc oKuclienus uiu aHOOHwlll npoyecc, 2) npoyecc
B80CCMAHOBIEHUS UAU KAMOOHbIL.

[Ipr >1EKTPOXMMHYECKOW KOPPO3HMH TMPOLECC OKHUCICHUS W MPOIECC BOCCTAHOBIICHUS
MPOTEKAIOT HA PA3IMYHBIX YYacTKaX METaJia — AaHOJTHOM M KaTOJHOM COOTBETCTBEHHO. [Iporecchr,
MPOUCXOJIAIINE TPH DIICKTPOXUMHUYECKON KOPPO3HMHU, aHAJIOTHYHBI MpoIeccaM, MPOTEKAMIUM B
TAIbBAHMYECKUX JJIeMeHTaX. [Ipormecchl JJIEKTPOXUMHUYECKOM KOPPO3HH  COIMPOBOXKIAIOTCS
MEPEMEIICHUEM JIEKTPOHOB C AHOJHBIX YYACTKOB Ha KaTOIHBIC, T.C. JJICKTPOXUMHUYECKAsT KOPPO3HUs
COTPOBOXKAACTCS MOSIBJICHHEM B METAJIIE SJIEKTPHUUECKOTO TOKA.

AHOJIIHBIA TPOLIECC MPH DIICKTPOXUMHUYECKOH KOPpPO3MH — 3TO MEpPexoj] MeTaia W3
CBOOOJHOTO COCTOSIHHE B HOHHOE:

0 - n+
Me” —ne <> Me" "
Hanpumep, npu 31eKTpOXUMHUYECKON KOPPO3UH Kejle3a MPOUCXOAUT CIAEAYIONA aHOIHBIN
IIpoLECC:

Feo —2e Fez+,

KaTOHHBIﬁ HpOHCCC COCTOUT B BOCCTAHOBJICHHUHU OKHCHHTCJ’ICﬁ, T.C. B HpI/ICOC,I[I/IHeHI/II/I
3J'ICKTpOHOB K MOJ'IeKy.TIaM NJIN NOHAM U3 OKPY)KaIOHleﬁ CpeIH)I.

I/ITaK, BHCKTpOXI/IMI/I‘ICCKaH KOppOSI/IH MCTAJ1JIIOB — 9TO pGSYJ'ILTaT HeﬁCTBHH
MI/IKpOFaJII)BaHI/I‘-IGCKI/IX DJIEMCHTOB, 06pa3y101111/1xcs[ Ha HOBerHOCTI/I METalljia. B pﬂae cnyqaeB
O6p8.30BaHI/Ie TaKHUX raJILBaHOHap O6YCJ'IOBJ'ICHO HAaJIUYHUCM B MCTaAJlJIax HpI/IMeceﬁ NI KOHTAKTOM
JIBYX Pa3HOPOJHBIX METAJIJIOB.

Tak, mpu pacTBOpeHHH B pa30aBIEHHONW CEPHON KUCIOTE IMHKA, COAEPIKAIIEro MpUMECH
Kese3a, MPOUCXOIT CIEAYIONTUE MPOLECCHl: IIMHK C MPUMECHIO kKeje3a, TOMEIIEHHBIA B pacTBOP
CepHOﬁ KHCJIOTHI, Hpe,[[CTaBJ'IHeT CO6OI>i raJIbBAHUYECKUU DJIIEMEHT

(-)Zn|H,S0,|Fe(+).

AHOIOM B 3TOM TaJIbBAHUYECKOM DJIEMEHTE SIBIIAETCA OOJiee aKTHBHBIM MeTall HUHK. Ha
aHO/JIe TIPOUCXOAUT CIIETYIOIIHI MPOLIecC:

0 - 2+
n" —2e<>Zn"".
DneKkTpoHBl OT aHoja (IIMHKA) HAMpaBISIOTCS K KaTomy (kenesy), TAe MPOUCXOIUT
MPOIIECC BOCCTAHOBJICHHUS MOJIOKHUTEIBHO 3apsKCHHBIX HOHOB H© M3 pacTBOpa CEPHOM KUCIIOTHI:

2H" +2e<> Hj.

OnbIT TOKa3bIBaeT, YTO CKOPOCTh MpoIlecca PACTBOPEHMsI LIMHKA, MpH paboTe TaKoro
rajJbBaHMYECKOT0 3JIEMEHTa, Topa3fo OoJbIlle, YeM CKOPOCTh PEAKLUUU HEMOCPEICTBEHHOTO
B3aUMOJIEHCTBHUS [IMHKA C KUCIIOTOM.

Oco0blil MHTEpeC MPEeACTaBIsIET MNIEKTPOXUMUYECKass KOPpo3usi B HEUTPaIbHOH cpene, Tak
KaK 9TOT ciiy4yail HamOoisiee OIM30K K aTMOC(HEpPHON KOPpO3HH. DJIEKTPOJUTOM B TaKOM CiIydae



SABIISICTCS BOAA C PacTBOPEHHBIMH B Hel razamu (COz, Oz, 3auactyio — SOz, HITPO3HBIMH ra3aMH
NxOy u ap. ).

PacTBOpEHHBIN B BOJE KUCIOPOJ, a TAKXKE KUCIOPOJ BO3AyXa MOIyT IPUHUMATH y4acTHUE B
KAaTOAHOM IIPOLECCE, ITPU TOM IIPOUCXOIUT BOCCTAHOBJICHUE KHCIOPO1a COTVIACHO YPaBHEHUIO:

Oy +2H,0 +4e <> 40H ™~

PactBopenue B BOJie YTJIEKHCIIOTO Tra3a MPUBOIUT K OOpPa30BAaHUIO YTOJBHON KHUCIIOTHI,
KOTOpasi MPH AUCCOIHAITNH TaET HEOOIBIIOE KOJTUYECTBO HOHOB H

CO, + H,0 <> H,CO, <22, g.0" + HCO; « 29

<29 g0t + o

[Tpu 3TOM Ha KaTojie MOXKET MPOMCXOUTH BOCCTAHOBJIEHHE KaTHOHOB H':

2H" +2e<> Hj .

Yacto KaTOIIHI:II\/'I nponecc SABJIACTCA CMCHIAHHBIM, T.C. Ha KaToAC I/I,Z[éT mnponecc
BOCCTAHOBJIEHUS KHCIIOPOJa W MPOLECC BOCCTAHOBIEHHMs MOHOB H', mpuuéMm mocneaHuii, Kak
paBHJIo, UMECT HOI[‘II/IHéHHOG 3HA4YCHUC.

BemecTBa, ycunauBaionlyro — KOppoO3HIO,  Ha3blBatOTCs  akmusamopamu.  CUIBHO
JIEUCTBYIOIIMM aKTUBATOPOM SIBJISIETCSI MOH XJiopa. [1oaToMy mporieccsl KOppo3uu B MOPCKOM BOJiE
UIIyT TOPa3a0 MHTEHCUBHEN, YEM B MPECHOI.

BemecTBa, 3amesstonue mporece pa3pyuieHusi MeTallIOB, HA3bIBAKOTCS UHSUOUMOPAMU.

Jlig 3aluThl METAJIOB OT KOPPO3MM YacTO HCHOJb3YIOT pPa3nyHble MOKPBITHS, B TOM
qycie MeTajuimaeckue. B atom CJIy4ac MCTAJUIOIIOKPBITUEC JOJIZKHO 6I>ITI: yCTOﬁ‘-IHBI:IM K KOppO3uHu.

Hapymienne 1eTOCTHOCTH METAJUIMYECKOTO TMOKPBITHS MOMET MpHUBECTH JUOO K
COXPAaHEHHUIO OCHOBHOT'O METajlia, IN0O K YCUICHHONH KOPpPO3UHU. DTO 3aBHCHT OT CPABHUTEIHHON
AKTMBHOCTH 3aIllMIIAeMOr0 U 3allIUTHOTO METaslIa.

MeTtammmueckoe IMOKPLITUC H3 60)166 AKTUBHOI'O MCTaJlJIa, IPpHU HAPYHICHUH LECJIOCTHOCTHU
€ro CJI0s1, BBICTYMAET B POJIM aHO/a B 00pa30oBaBLIEMCS rajlbBaHUUYECKOM AJIEMEHTE.

OcHOBHOW MeTalI B mporecce paboThl TaKOro rajibBaHUYECKOTO JJIEMEHTa He Oyjaer
paspywathces. [TokpeiTe u3 HanboIee akTUBHOT'O METaJljIa Ha3bIBAETCS AHOIHBIM.

Korna NOKPBITUC CACTIAHO U3 MCHCC AKTHUBHOT'O MCTaJlJIa, TO HAPYIICHUEC LCIIOCTHOCTU 3TOI'0
MOKPBITUSL MPUBEAET K 0Opa30BaHUIO TaJbBAaHUYECKOTO JJIEMEHTa, aHOJAOM B KOTOpoM Oyzer
ABJIATHCA BaH_[PILLIaeMLIﬁ MCTAJUI, a KaToAOM — TIIOKPBITHC. Takne IMOKPLITUSA HA3bIBAKOTCA
KaToAHBIMU. B 3TOM citydae 0CHOBHOI MeTasu1 OyIeT pa3pyluaThCesl.

KaTOI[HOG MOKPLITUC SBJIACTCA MCHCC BbBI'OAHBIM, TaK KaK IpU HAPYIMICHUHU CTo
L[EJIOCTHOCTH OCHOBHOM METasll pa3pyIIaeTcs.

B ciydae aHOIHOTO IIOKPBITHS OCHOBHOM MeETaul IIPpU IOBPEXKICHUM IIOKPBITUS HeE
paspyiaetcs. B aTom ero npeumyuiecTso.

Bonpocel u 3aganus

[Ipumep 1 CrangapTHbIe 3JE€KTPOAHBIE TOTEHIMANBI 1151 IMHKA U cBUHIIA paBHbI — 0,76 B u
— 0,13 B cooTBETCTBEHHO. Y Kakoro M3 3JIEKTPOJOB, IIMHKOBOTO WJIM Yy CBHUHIIOBOTO, BBIIIE
IJIOTHOCTDH JIBOMHOTO AJIEKTPUUECKOTO €05, €CIi 00a AJIEKTPOo/1a TOMECTUTH B BOLLY?

Pemienue

Y IIMHKOBOTO 3JIEKTPOJA BEJIMYMHA CTAHAAPTHOIO 3JIEKTPOIHOIO MOTEHIIMAIa MEHbIIE, YEM
y CBHUHIIOBOTO, 4YTO CBSI3aHHO C OousblIell CIOCOOHOCThIO HOHOB IIMHKA THUIPATHPOBATHCA
MOJIEKYJIAMH BOJIBI M IEPEXOAUTH U3 TBEPJOM MOBEPXHOCTH B pacTBOp. B urore, y nuHka co3maercs
B TMPHUAJICKTPOJHOM CJI0o€ 0oJjiee MOIIHBIA JBOMHOM SJIEKTPUYECKHUM CIIOM, YeM y TOBEPXHOCTH
CBHHIIOBOI'O 3JIEKTPO/IA.



ITpumep 2 XenesHas u HUKeNEBas MJIACTHUHKH, OIPY>KEHHBIE B PACTBOP COJISTHOM KUCIIOTBI
¢ xonnentpanueit C(HCI) = 1 Momns/mM>, pacTBOpSIOTCS ¢ BBIAENeHHeM Bogopoaa. Kakoii mponecc
Ha4YMWHACTCA, €CJIU IIJIaCTUHKHU COCOAUHUTH HpOBOI[HI/IKOM?

Pemenne
2.1 Jlo coeMHEHUs TPOBOAHUKOM M JKEJIE30, M HUKEIb OKUCIINCH noHamMu H:
a) 1|Fe’ —2e < Fe?*; @' (Fe’*/Fe’) = — 0,44 B;
[12H" + 2e > H oO(2H/H>) = 0,00 B;
DCr = ¢’ 2H/Hz) — ¢ (Fe’*/Fe’) = 0,00 — (- 0,44) = 0,44 B;
6) I|Ni® — 2¢- > Ni2* oO(NiZ*/Ni®) = — 0,25 B;
1|2H" + 2¢” <> H21 @’ (2H'/Hz) = 0,00 B,

IC> = ’2H/Hz) — p"(Ni?*/Ni’) = 0,00 — (- 0,25) = 0,25 B.

Tak xak 3/[C; > 3/]C2, TO Ha XeNe3HOH TUTACTHMHKE BBIJCJIICHHE BOJOpOJa Oyner Oolee
WHTEHCHUBHBIM, YEM HA HUKEJIEBOU.

2.2 Tlocne coenWHEHHS IUIACTUHOK — 00pa3yeTcs TaJlbBAHUYECKUM DJIEMEHT, B KOTOPOM
OyAyT NPOTEKaTh PEaKIHH:

anon: I|Fe’—2e < Fe’*; o’ (Fe’*/Fe’) = — 0,44 B,

karon: I|(Ni’) 2H" + 2e™ <> H>1.

[ToTOK 37€KTPOHOB C JKEIE3HOM MIACTUHKM (aHOoAa) OyneT NEepexoIuTh Ha HHUKEJIEBYIO
(xaTomy) 1o mpoBOAHUKY. [IOBEpXHOCTh HUKEIEBOM MIACTUHKH, HAXOSACh B KOHTAKTE C PACTBOPOM
coaepxanm H', mepeaaer 3IeKTPOHBI ’TUM KaTHOHAM, YTO MPHBOAMT K 0OPa30BAHUIO MOJIEKYII
BOJIOPOJA.

ITpumep 3 Tok cumnoit /0 A TpoXoaAUT Yepe3 IEKTPOIU3EP C TUNIATUHOBBIMHU AJIEKTPOAAMH, B
KotopoM Haxonautcs 500 M pacTBopa THAPOKCUAA HATPUS C MaccoBoit fnoneit w(NaOH) = 4,5 %
(p = 1,05 2/cv’?). Hanummre MONHYIO CXeMy SJIEKTpoim3a BOgHOro pactBopa NaOH. CKoOIbKO
4acoB MOTpeOyeTcsl BECTH IEKTPOIH3, UTOObI MaccoBas A0is pactBopa NaOH nocturia 10 %?

Pemienue

3.1 Beruucnum Maccy BOJbI B UCXOJHOM PacTBOPE:

%
ml(HZO):%-(IOO—a)l)=

~1,05-500
100
3.2 Haiinem Maccy KOHEYHOTO pacTBOpa:

(] p1V1 4,5-1,05-500

(100 — 4,5) = 501,375 cae>.

=236,25T.

0y) 10
3.3 Ompenenum Maccy BOIbI, TOABEPTLICHCS AIEKTPOIU3Y:
Am(H,0) = Mp_pal — Mp-pa2 = L1 - Mp_pa2 =
=1,05-500 — 236,25 = 288,75T.
3.4 Bpewms niporiecca 3JIeKTPOJIH3a COCTaBUT:
e Am(H,»O) F 288,75 96500

1 I 1
M(—H-,O 18- —
(2 20) 5

=309604,2¢c =86,0u.

3.5 Peakiuu, npoTeKaroniye Ha 3JIeKTpoaax:
K :2H,0+2e <> HY +20H™
A:40H —4e <> 2H,0+ 0,

[Tpumep 4 DnexkTposnn3€p CONEPKUT PACTBOP HUTpaTa CBHHLA (+2), aHOJ — CBUHIIOBBI.
[IponomxurenbHOCTh 35ekTponu3a 2 4 40 mun 50 c, cuna Toka 5A4. BeluucianuTe TeopeTHuecKyro



yObUIb B Macce CBHHIIOBOIO aHOAa. HamnummuTe ypaBHEHHsS peakUMii, HPOMCXOAAIMX Ha
3IIEKTPOIAX.
Pemenue
4.1 BapuaHT ¢ pacTBOPMMBIM aHOJOM. MeTtaumndeckuii cBunen — anof (¢’(Pb’*/Pb’) = —

B +
0,126 B) nerue otmaer smextposr, uem momexyus Bomsl (2Hy0 —4e <> Oy +4H "

(0]

@ -i1238)

YpaBHEHUS peaklnil, MPOUCXOIAIIMX Ha IEKTPOIAX:

K : Pb* +2e <> Pb°
A:Pb° —2e <> P2t

4.2 TeopeTnyeckasi yObUIb Macchl CBUHIIA COCTABUT:

Am(Pb) :]—FT-M(%Pb) 2965 1

-207-—=5L75T.
96500 2

[pumep 5 Paccuuraiite Benmunnbl IJIC u AG’p. 1S IPOLECCOB KOPPO3HH, TIPOTEKAIOIIHX
10 YpaBHEHUSIM:
Me(x) +H20(0)+02(:) —>Me(OH)n),
rne Me — Fe, Ag. Kakoil n3 mpuBeJEeHHBIX METAUIOB OYyJEeT MOJBEPraThCsi KOPPO3UU BO
BJIQ)KHOM BO3ayXe?
OtBet
4.1 Ycnosus NpOTEKAHUS IPAMOM PEaKUK IPH CTaHAAPTHHIX yeaoBusax: IAC = Apxp. > 0
wm AG%p. < 0.
4.2 3anuieM ypaBHEHHUS 3THX MPOLECCOB M BeruucauM st Hux DJIC u AG%p.:
a) 1| Fe’—2e < Fe’t ; '(Fe’*/Fe’) = — 0,44 B;
anoo
1| 2H20 +0: + 4e” > 40H; ¢°(2H20 +02/ 40H") = +0,40 B;
Kamoo
OAC1 = App1 = ok — pa =+ 0,4 — (-0,44) = +0,84 B;
AGp1=—n Ao’ pF =—2:0,84-96,5 = — 162,12 klloc/mons
Fe(x) +H2000+02¢) —Fe(OH)2x).
Bv1600: camonpoun3BoibHAs KOPpO3Ms JKejle3a BO BIAKHOM BO3JAyXe INPHU CTaHIApTHBIX
YCIJIOBUSIX BO3MOYKHA.
6) Tak kak ¢’(Ag*/Ag’) = + 0,80 B > ¢"(2H20 +02/ 4OH") = +0,40 B, 1o cepebpo Oy et
SIBJIATHCS @HOJIOM, TOT A
IC2=A¢"p2= gk —pa =+ 0,40 — 0,80 =— 0,40 B;
AG%p2=-n A" pF =—2:(-0,40)-96,5 = + 77,20 x{oic/monw
Ag(x) +1/2H2000+1/402¢:) — xAg(OH) 2.
Bui600: Tak xak I7C2 = Ap’cp. < 0, a AG%p.2 > (), TO caMOTIPOU3BOJILHAS KOPPO3HsI
cepeOpa BO BIXHOM BO3JlyXe P CTAaHJAPTHBIX YCIOBUSIX HEBO3MOJXKHA.

ba30BbIil ypoBEHB
1 B raapBaHUYECKOM 3JIEMEHTE MPOXOJUT PEAKIUA:
Pb? + Cu?* = Pb** +Cu.
CocTaBUTh CXEMY 3JIEMEHTA, BEBIYUCIUTD CTaHAapTHYIO D/C M KOHCTaHTY paBHOBECHSI.
2 DJIC ranbBaHMYECKOIO AIEMEHTA, B KOTOPOM IIPOTEKAET pEaKLIUs
24g" + Zn’ = Zn’* + 24g°
paBHa 1,56 B (298 K). Paccuuraiite AG 1 KOHCTaHTYy paBHOBECHUS ITON PEAKIIUH.



3 CranpapTHbI€ 2JEKTPOJAHBIE TOTEHIMAIBI AJIs JKene3a u kaamus pasHsl — 0,44 B u — 0,40
B cooTBeTcTBEHHO. Y Kakoro M3 3J1€KTPOJOB, >KEJIE3HOIO MM KaJMHEBOBOI'O, BBIIIE IUIOTHOCTh
JIBOWHOTO 3JIEKTPHUUYECKOTO CIIOSI, €CIIA 00a 3JIEKTPOJIa IOMECTUTH B BOAY?

4 CraHgapTHBIN AJIEKTPOIHBIN TOTEHIIMA cepedpa paBeH

Agt +e > Ag’, ¢’ =08 B.

KakoB Oyner noteHuuman 1 Kr MeTalsIMu4eckoro cepeOpa, OMyIIEHHOrOo B pacTBOP HHUTpAaTa
cepebpa ¢ C(AgNO3) = 1 monn/qm>?

5 N3obpasute cxeMy pabOThl TAIbBAHUYECKOTO AJIEMEHTA, COCTABJICHHOTO M3 HUKEJICBOU U
cepeOpsSHON MJIACTHH, OMYIIEHHBIX B PAcTBOPbI MX HHUTPATOB. YKAKUTE KAaTOX M aHOA B 3TOM
rajJpBaHMUYECKOM 3ieMeHTe. Kakas Xumuueckas peakiys JeKUT B OCHOBE 3TOr0 I'ajJbBaHUYECKOTO
aneMeHTa? Beruucnute n3MeHeHnu noreHnuana ['mé6ca u KOHCTaHTY paBHOBECHS 3TOW peakluu.

6 CocraBbpTe CXe€My Tr'aJbBaHUYECKOIO JIEMEHTA, OJHUM M3 IEKTPOAOB KOTOPOTO SIBJISAETCS
KaaMueBas IUIaCTUHA, MOTPYKEHHAs B pacTBOp cyib(ara KaaMus, a IpyruM — MeJHas IJIacTUHA,
OIyILIEHHAsI B PACTBOP CyJb(ara MeIu.

Hanummure 5»1€KTpOHHBIE YpaBHEHHUS IPOLIECCOB, IMPOUCXOALIMX Ha 3JIEKTPOJAx IpH
paborte snemMeHTa. YKaxkuTe KaTtoJ U aHoA. CocTaBbTe CXEMyY 3JIEMEHTA.

7 Yemy paBHa D/IC n AG ranbBaHMYECKOIO JIEMEHTA

()21 ZnSO4| NiSO4|Ni(+),

ecli KOHIIEHTpanus HoHoB Zn’* u Ni** paBusl (B Mons/nv’): 1) 1,00; 2) 0,1; 3) 0,001?
8 Brruuciure 3/1C raibBaHUYECKOTO JIeMEHTa

(—)Fe|FeC12 ||SnC12 |Sn(+) ,

eciu C(Fe?™) = 0,1 monwv/om’, a C(Sn*") = 0,01 monv/om’.

9 CocraBbTe CXEMBI JIByX TallbBaHUYECKUX DJIEMCHTOB, B OJIHOM W3 KOTOPBIX CBHHEI]
SIBIIICTCSL KaToJOM, a B JApyroM — aHoioM. COCTaBbTE 3JICKTPOHHBIC ypaBHEHHS MPOIECCOB,
MPOMCXOASANIMX Ha 3JEKTPOAaX 3THX JJIEMEHTOB. BBIUMCIUTE IS KaKIOW pEaKkiMu KOHCTaHTY
CKOPOCTH.

10  OKHCIUTENHbHO-BOCCTAHOBUTEIIbHAS  PEAKIUs, MPOTEKAIoNas B TaJbBAaHUYECKOM
3JIEMEHTE, OITMCBIBACTCS CXEMO

(<)Pt| Fe** ,Fe> |MnOy ,Mn*" ,H™ | Pt(+)

VYkazaTe katoa U aHoA. Kakyro poib MrparoT MiIaTHHOBBIE 3JeKTpoabl? Hanummure noaHoe
ypaBHEHHUE 3TON peakiuu. Beruncnute 1151 He€ AG U cTaHAAPTHYI0 KOHCTAHTY CKOPOCTH.

11 DnexTpoaHbIM MOTEHIMAT MapraHIeBOrO 3JEKTPOJa, MOMEIIEHHOTO B PacTBOP COJHU
Mapranna (+2), cocrasisier — 1,1 B. BeruncauTs KOHIIEHTpAIMIO HOHOB MapraHiia B pacTBOpE.

12 B0o3MOXHO JIM pacTBOPEHUE HMKEIS U BbIJCIEHHE XpoMa MpH MOIPY>KEHUH HUKEIEBON
IJTACTUHKH B pacTBOpP coJid Xpoma (+3)?

B03M0KHO 11 pacTBOpeHHe XpoMa U BbIJICJIEHUE METAIIIMUECKOTO HUKEIS IIPH MOTPYKEHUU
XPOMOBOH IJIACTUHKY B pacTBOp conu Ni*?

OtBeT MOTUBHUpYITE.

13 TanpBaHMYECKHI AJIEMEHT COCTOUT M3 CTAaHJAPTHOTO BOJOPOJHOIO SJEKTpoAa U
BOJIOPOIHOTO 3JIEKTPOJAa, MOMEIIEHHOTO B pacTBOp ykcycHoil kucnotel ¢ C(CH3COOH) = 0,01
monv/om’. DJIC snemenra cocrasnser 0,200B. Borauciaunre pH pacTtBopa, KOHCTaHTY M CTENEHD
poToiM3a (Auccouranum) ykecycHoi kucinotel. Oter: pH = 3,39;

Ka= 1,7:107; 0 = 4,08:107 (4,08 %).

14 T'anbBaHWYECKHH 3JIEMEHT COCTOMT W3 CTaHAApPTHOTO BOJOPOAHOTO 3JEKTpona U
BOJOPOIHOTO JIIEKTPO/A, TIOMEIEHHOTO B pacTBop xjaopuaa ammonus C(NH4CI) = 0,01 mons/om’.
O/1C anemenra cocrasisier 0,366 B. Beruncioure pH pacTBopa, KOHCTaHTY M CTENEHb IPOTOIM3A
(ruppomuza) NH4CI. Otser: pH = 6,20; Kup = 5,56:10717; anp = 6,26-107 (6,26:107 %,).



15 Tlpu kakux KOHLEHTpauusax xjiopuaa uuHka (+2) 9JIC KOHLIEHTPAaUHOHHOTO 3JIEMEHTa
paHa 0,1 B? Hanumwure ypaBHEHUS OJJIEKTPOAHBIX pPEAKIUN. YKAKHUTE OKHUCIUTEIb U
BOCCTaHOBUTEb.

16 YkaxuTe NPOMYKTHI 3JEKTPOJIM3a BOAHBIX pacTtBopoB: H2850s4 Na:504 HCIl, NaCl,
CaClz, CoSOas.

17 AmOMHHHI B MPOMBIIIICHHOCTH TIOMYYarOT 3JIEKTPOIM30M paciiaBa cMecu A203(= 12
% mo macce) u Nas[AlFs] (= 88 % mo macce). Dnektpoasl — rpaduroBsie. [IpuBeauTe MOIHYIO
CXeMy dJIeKTpoJin3a. [ 4ero mpuMeHsI0T KOMIUIEKCHYTO colib Nas[AlFs]?

18 IIpombIlIEHHOE MPOU3BOJCTBO HATPUSA BEIYT DJICKTPOIU30M paciuiaBieHHoro NaCl u
NaOH. Hanuiurte ypaBHEHUS PEAKIUMA, MPOUCXOASAIINX HA AIEKTPOIAX.

19 Kaxue npoueccsl MPOUCXOIAT Ha AIEKTPOJAx IPU DBJIEKTPOIM3E PACTBOPA XJIOPHUAA
Hukens (+2), ecnu 00a MeKTpoa — HukeneBble? Kak m3MEHUTCS Macca aHoJia MOCe TIPOITy CKaHHs
toka cusnoit 3,2 4 B reuenue 30 mun? OtBeT: 1,76 2.

20 CocrtaBbTe YpaBHEHHUS CAMOIIPOU3BOJIILHO MPOTEKAIOIIMX PEAKIIUNA MPU KOPPO3UHU B BOJIE,
HaXOJAILIMXCS B KOHTAKTe IJIACTUH: a) IIMHKA U 0JI0Ba; 0)Xkene3a 1 HuHKa. ['1e CKOpoCTh MpoLeccoB
Kopposuu Beime? OTBeT 06ocHy#Te pacueramu cranaapTHbIX JJC u AG.

21 HazoBuTe HECKOIBKO METAJJIOB, KOTOpPbIE MOTYT CIYXHTh aHOAHBIM M KaTOJHBIM
MOKpbITUEM i skene3a. (CocTaBbT€ JIIEKTPOHHBIE YpPAaBHEHUS JJEKTPOIHBIX IPOLECCOB,
MPOUCXOSIINX MPH IEKTPOXUMHUUECKONW KOppo3uu: 1) XpOMHPOBAHHOTO; 2) HUKEIMPOBAHHOTO
JKelle3a BO BJIAXKHOM BO3/yXe U B KUCJIOU cpenie. CpaBHUTE CKOPOCTH MPOLIECCOB KOPPO3UU B ATUX
ciydJasix.

22 Yro Takoe pkaBunHa? Hammmure e€ mpumepHyro ¢opmyiy. Eciau rBo3as BOWTH BO
BJIQXKHOE JIEPEBO, TO PHKABUYMHON MOKPHIBAETCS Ta €r0 4acTh, KOTOpas HAXOAWTCS BHYTPH JEpeBa.
Yem 310 MOKHO 00BsICHUTH? Hanuimre ypaBHEHHsI aHOIHOTO M KaTOJHOTO rpolieccoB. [IpuBenure
ypaBHEHHUS 00pa30BaHUS BTOPUYHBIX MTPOIYKTOB pa3pylICHUS jKeme3a.

23 XKene3nble OOYKM NPUMEHSIOT A TPAHCHOPTUPOBKH KOHLEHTPUPOBAHHOM CEpHOM
kucnoThl. OJIHAKO TOCTe OCBOOOXKACHUS OT KUCIOTHI OOYKU Ype3BBIYAITHO OBICTPO Pa3pyIIarOTCs.
[Touemy? Uto sBisieTcss aHOAOM, 4TO — KaToaoMm? HamummTe COOTBETCTBYIOUIME YpPaBHEHMS
peakuuii. CoctaBbTe cXeMy 00pa3yromierocs mpu 3TOM ralbBaHHUECKOTO JIEMEHTA.

[ToBbIlIEHHBIN YPOBEHB
1 IIpu kakoii KOHIEHTpayu HoHOB Cu’" DIEKTPOIHBIM OTEHIUAN MEAU PABEH HYJIIO?

2 T'anpBaHMYEcKas 1eMb, COOpaHHAs W3 JABYX IIMHKOBBIX AJIEKTPOJOB, OJMH U3 KOTOPBIX
norpyseH B pactsop conu muuka ¢ Ci1(Zn’") = 0,1 mons/mm?, a apyroit — B pactBop ¢ Ca(Zn’") =
0,01 moms/am>. CocTaBbTe CXEMy KOHIIEHTPAIlMOHHOIO 3JIeMeHTa U paccuutaiite ero JJ1C.

3 Paccuuraiite DJIC KOHIIEHTPALIMOHHOTO JJIEMEHTA, COCTOSILETr0 W3 CTAHAAPTHOTO
BOZIOPOJHOTO 3JIEKTPOAA U BOJAOPOJHOTO IEKTPOAA, HAXOISIIErocs B YUCTON BOJIE.

4 TloTreHuHan METAIIMYECKOrO0 MapraHiia Mo OTHOIICHHWIO K CTAHAAPTHOMY BOJOPOAHOMY
3eKkTpoy B pactBopax MnCl: ¢ koHnenTpauusamu (B Momb/am>) 0,001; 0,01 u 0,1 cOOTBETCTBEHHO
coctaBun (B B): — 1,277; — 1,248 u —1,219. Boluucnure craHgapTHBIA 3JIEKTPOAHBIM MOTEHIUAT
Maprasua.

5 Paccuuraiite DJIC KOHIIEHTPAlIMOHHOTO 3JEMEHTA, COCTOALIETO M3 ABYX BOJOPOJHBIX
3JIEKTPOJIOB, MOTPYKEHHBIX B pacTBOPhI ¢ pH 2 u 4. CocTaBbTe CXeMy 3TOr0 3JIEMEHTA. Y KaXKUTE
KaToJ ¥ aHO/I.

6 BpruuciuTh MOTEHIIMAT CBHHIIOBOTO 3JIEKTPOJia B HACHIIICHHOM pacTtBope PbBr2, ecnu
xouuenrpaius C(Br-) = 1 monw/om®, a npoussenenue pacrBopumoctu I1P(PbBrz) = 9,1-107°.

7 Onpenenure, MOXHO JIM TIONYYUTh Ta3000pa3HbIi (PTOP AIEKTPOIU30M BOJHOTO pacTBOpa
¢bTopura HaTpUs, €CIU:

2H,0—4de<> Oy +4H @° _ 1123,



[e]
F2+2¢ 2F, P =+287B;
(¢}
2H' (6 H:0) + 2¢ > Hy, P =041 B.

OOcynuTe aHaJIOTMYHbII BOIPOC € yYaCTUEM JIPYTHX FaJlOr€HOB.

8 3aueM K pacTBOpY COJISIHOM KHUCJIOTBI, IPH MOIYYEHUH BOJOPOAA JEHCTBUEM €€ Ha LIMHK, B
KHCJIOTY J100aBJISSFOT HEMHOTO METHOTO Kymopoca? JlaiiTe 0ObsICHEHUSI C TIPUBEJCHUEM PEaKInH,
MIPOUCXOJAIIMX MpU 3TOM IpoueccoB. MoxkHo au BMecto CuSOys B3aTh Apyrue conu: AgNO3,
NiSO4, FeSO4?

9 Kak Biuser pH cpenbl Ha cKOpOCTh aTMOC(hEpHOI Koppo3uu xkene3a u uHka? [loyemy?
CocTtaBbTe ypaBHEHUS AaHOJHOT'O U KaTOJHOI'O MPOLIECCOB aTMOC(HEPHON KOPPO3UH ITUX METAIJIOB.
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